XUMHNYECKAASA
KHUHETHUKA

CKOpOCTH XUMHYECKON PEAKIIUM -
- pa3BUTHE PEAKIIUM BO BpeMEHHU



[lnaH nekunu

» 1. OCHOBHbIE NOHATUSA
» 2. Knaccudpumkauumsa npoueccoB
» 3. CKOpOCTb XUMNYECKON peaKLuuun

» 4. BnnaHue KoOHUeHTpauMun peareHTa
Ha CKOPOCTb peaKuuu

» 5. BnuaHue Ttemnepatypbl HA CKOPOCTb
» 6. ZlIBNeHune Kkatanusa




XHMMHYECKAasd KHHETHKA - pa3aes] XUMHUH,
N3YYAKIIAHA CKOPOCTh U MEXAHU3MbI
XMMHYECKHX peakKIuu

TepMoauHaMHuKa - HAyKa 0O
MaKpoOCHCTEeMAaX

XHMHYECKAsA KHHETHKA pacCCMATPUBAaeT
NX MEXAHHU3M PEAKIMHU HA YPOBHE
OTACJAbHBIX YACTHII

KHHeTHKA 1 TepMOAMHAMHUKA 1AK0T
EJIOCTHOE NMPEACTABJICHHE O
3AKOHOMEPHOCTHAX IMPOTCKAHUS PeaKIuu



Kiaccupukanus npoueccon 1o
(pa30BOMY COCTABY

1) roMmoreHHsbie - IPOTEeKAKOIIME 10 BCEMY
00beMYy pearupyrouniux BelecTn

2) rereporeHHsbIe - IPOTEeKAKIIHUE HA
rpaHuie ¢gas

3) TOMOXUMHUYECKHUE C M3MEHEHUEM
CTPYKTYPbI pearupyroiux TeepabiX B-B

IIpuMmep: pa3iioxeHue KapoOoOHATOB npu t°

CaCoO =Ca0Q +CO

3 (xp) (Kp) 2 (ra3s)



MoJ1eKyJISAPHOCTDh PeaKIuu

110 yKnc/1y MOJI€KYJ OMHOBPEMEHHO
YYACTBYIOIIHUX B XHM. IIPeBpaAllCcHUU
IPOCThIC PEAKIMHA ACIATCH HA:

MoHoMoJ1eKYJISIPpHBbIE
N204 =2NO2

buMOoJIEKYJISIPHBbIE
NO + H20 = NO2 + H2

TpumosiekyJasipHbIe
2NO + Cl2 = 2NOCI



CKOpOCTHh XUMHYECKOM peaKI U

ITO YHUCJIO JICMEHTAPHbBIX AKTOB
B3aMMOACUCTBUA, MIPOUCXOASIIIUX B
eJMHUIY BpEMEHHU B eMHHUIEe 00beMa
IJIsi TOMOI'€HHBIX PeaKIui WM HA
¢AMHHUIIC MOBEPXHOCTH pa3aeja ¢a3 aasa

reTePOreHHbIX PeaKIum:

An
VFOM — A—n — :E&VreTep — —
VAt At SAt



CKkopocTh KaK (PYHKIMS U3MEHEHUS
KOHLCHTPaAIlUU
B3aumMoaencrBusa aTOMOB M MOJICKY.I
(puKCHUPOBATH HEBO3MOKHO, II0ITOMY O
CKOPOCTSAX PeaAKIUHU CYAAT IO
N3MEHECHHMIO PA3JIHYHBIX IAPAMETPOB:

KOHLCHTPAIIUHY PeareHTOB WJIH
IIPOAYKTOB 32 OIpeAe/ICHHbIH
IIPOMEKYTOK BPpEeMEHH, (a4 TaAKKe MACCHI,
NaBJIeHHUsI, 00beMa, OKPACKH,
IEKTPONPOBOIHOCTH, U T. /1.)



CKopocTh cpeaHsisis 1 MTHOBEHHAas

C
Cpennsis  AC 2
At
CKOPOCTh: C,
MrHoBeHHAasI 1C t, t,
CKOPOCTH:  dt

AC



[Ona peakuuun B obLuem Buae
CKOPOCTb XUMUYECKOU
peakuun C y4eTOM CTeX-KUX
KO3 (MPUNLIMEeHTOB:
aA+bB=cC+dD
Vi = - (ﬁA d(l_B Q_CC dCo

dt dt dt dt



DaKTOPbI, BIAUAIOIIHE
HA CKOPOCTh pPeaKIuu
» Illpupoaa
» KoHIeHTpanus BelecTn
 Temnmeparypa
o Karanm3aropsl

» Ha cKOpOCTh reTeporeHHbIX p-Iiui KpoMe
TOI'0 BJIMSAECT BeJIMYMHA IOBEPXHOCTH, T.€.
pasMep YacTHUIl TBEPAOIo BelecTBa

» Ha CKOpOCTH LIEMHBIX PEAKIIUH —
pasMepsl U popMa peaKIIMOHHOI0 COCY/Ia



Biusinue mpupoabl 1 KOHIEHTPAIHH
pearecHTOB HA CKOPOCTh pPeaKIuH

3aKOH JeHCTBYIOUIUX MACC

K. I'vaba0epr, I1. Baare (1867), 4. Bant-1 0 ¢
(1877)

CKOpOCTH IPOCTOM peaKI U IPHU
IOCTOAHHOU TeMIIeparType
IPONOPIHMOHAJIBHA MPOU3BEACHUIO
KOHICHTPAILIUN PEareHTOB B CTCNEHU
HX CTEXHOM-X KOA(DPHUIIMECHTOB



B obOwem cnyu4ae:




KuHeTHYECKOE YPABHECHHE
JIJIsl MpoCTON peaKiumn:

aA +bB =cC +dD
MareMaTuuyeckoe Boipaxkenue 3/1M:
Vv=kC?*CP
V — ckopocth peakumnu A B
Kk — KOHCTaHTa CKOPOCTH pPeaKInu
CA 1 CB — MoJasipHbIe KOHI-LIMH pear-B

a u b — xunernyecknii NOPAIOK peakunu
110 BelleCTBY A U B COOTBETCTBEHHO



IlpuMep 3anuc KHHETHYECKOIO
YPaABHEHHS MPOCTON pPeaKIuU

1) C2H50H = C2H4 + H20
V=kC(C2H50H)
2) 2HI =H2 + 12
V =k C*(HI)
3) 2NO + Cl2 = 2NO(l
V =k C*(NO)C(CL)
OO0 KHUHETUY-H MOPALOK IIPOCTOM
peakuuu paBeH ee MOJIEKYJIAPHOCTH



KuHeTHYeCKOE YPABHCHHE
CJI0KHOU PeaKIUHU

aA + bB=cC + dD
V=kCIC}

m 1 N — He0OJIbIIIME 1eJbIe HJIN
APOOHBIE YHUCJIA, ONIPEAECIATCS
ONBITHBLIM IIYyTEM (He COBIAJaeT ¢
KO3 PpUIIUEHTAMHU B YPABHCHUH)



» Ilpumep: Peakumio 2H, 2’y =2H, O
[IPOBEJIH IIPHA OJTHOM Jj[aB}IEHI/II/I, a 3aTeM |

npu aasjeHuu B 10 pa3 0osbiem.

Kak u3MeHIJ1aCh CKOPOCTHh PEAKIMH ,
€CJIM KHHETHYECKOEe YPaAaBHEHHE CJI0KHOM
[HEeMHON peaKIuu MMeeT BH/:

V =k [H2]™« [02]"”
» Pemenmue:
Ilpu pocre P B 10 pa3 [H:z] u |O:] yB-csa B 10
pa3, torna V, = k(10[H,])**(10[0,])"* = 10"’
» OTBeT:! CK-Tb yBea-cb B 10°7, 1.e. B 5 pa3



CKOpOCTH reTeporeHHbIX peakinnuu

3ABHCUT OT YIAECJbHOHU IOBEPXHOCTH H
KOHI[EHTPAIlUM PEarecHToB B I'a30BOH
(pbasze WM B pacTBope

V=KSya(pear)C(pear)
IIpumep: Ca()(K)+COZ(F)=CaC()3(r)
V=kSYH(CaO)C(C()2)

Syﬂ(CaO) — ylI. IOBEPXHOCTh OKCH/IA



o Y. MOBEPXHOCTH 10 X0y PEaAKIUN MAJIO
N3MEHSAETCH , IOITOMY €€ 00bEeAUHAIOT C
KOHCT. CKOPOCTH P-LIAH

o llpumep: 3anucaTb KHHETHYECKOE
YPABHEHHE I'eTEPOreHHOU PEeAKIMHA:

C(x) + O,(r) =CO, (1)
00BSICHUTD, II0YEMY HA TEILIOBBIX

IEKTPOCTAHIHUSAX YIroJIb Iepe
Co)KMT'aHUEM HU3MEJIbYal0T

Or1BeT:V = kSm(C)C(Oz) wim V =k' C(0,)



KoHcTaHTa paBHOBeCHSA

C NNO3NIINMN KHHCTUKHU
JIJ1st MpoCTOM 00PATUMOMN PEeAKIUM:

aA+bB < cC+d /]
V=Vmp—Voop = kanZ CII; —k06pCE C;l)
B cocTossHHHM paBHOBECHSA:
Vip = Voop; knp[A]*[B]” = keop[C][]°

"[CI* (D)
SRR VVERTIE




3aBHCHUMOCTDH CKOPOCTH OT
TeMIIEPaATYyPhbI
(IIpaBuiio Baur-I'oda)
Ilpu yBeJIMYeHHMH TeMIIepPaTyphbl HA

10 rpaaycoB CKOpPOCTHb IPOCTOH
peakuuu Bo3pacraer B 2 +~ 4 pa3a:




Teopua akTuBaumm AppeHuyca

XUM. peakuma MOXeT NpPpouUcxoanTb
TOSIbKO NPU CTONMKHOBEHUU aKTUBHbIX
yacTuu, T.e. Tex, KoTopble obrnaparoT
XapaKkTepHOU AnNA AaHHOU peaKuuun
3Heprueun, Heoobxoaumou ans
npeoaosieHus CUn oTTankuBaHusa Mmexay
3NIeKTPOHHbLIMU 00ONOYKaMM YacTuu



JHEPrus aKTUBAILIUH

(Ea, kI:x/M041b) — 3TO
N30BITOYHBIN 3A11AC YHECPIrUH
MOJIEKYJIbI HA/l CPeaHe
CTATUCTUHYECCKHM 3aI1aCOM
YHEPIrUuM, MO3BOJIAIOIIAH
MOJIEKYJIEe peaJin30BaTh XMM.
B3aMMO/CHCTBHE



» CoritacHO MOJIEKYJISIPHO-
KHHETHYECKON TEOPHUM Ira30B
JIS KAYKTAOU CUCTEMBbI
cyliecTByeT opor 3Heprum E_,
HAYHUHAA ¢ KOTOPOIro YHEPrus
TOCTATOYHA IJIs IPOTECKAHUSA
peaKIuu

E mensiercs ot 0 10 SO0k /1:x/mM0J15



E - Be/HKa, CKOPOCTH PEAKINH —

MaJia

E - maJja, ckopocTh — BeJIUKa

YpaBHeHHue AppeHuyca

E
K=A-exp(——2
p( RT)




OnpenejieHue YJHEPru aKTUBAIMHA

E
k=A-ex
-E2)
nk=InA—_ts
RT
£ _RT-T, |k _23RT.T, | k

a T1_T2 kz Tz T k1






o Karam3 — 310 ABJICHHE YCKOPEeHU S
peaKkI UM 1MoJ JeMCTBHMEM BelIeCTB
He PAacCXOAYIIIUXCH B PpeaKIuu

» KaraauTnuyecKkue peakmum — 3T0
peaKkiuu, B KOTOPbIX H3MEHACTCH
NYTh IPY HEU3MEHHBIX peareHTrax
U MPOAYKTAX



» KaTaau3arTop — 310 BemecTBo,
KOTOPO€ MHOTOKPATHO YY4aCTBYeT
B IPOMEKYTOYHBIX CTAAMAX
peaKkuu, HO BHIXOJUT U3 Hee
XHUMHYECKH HeM3MEHHBIM

» Ka IpOMEKYTOYHBIX CTAUHA C
y4acTHEM KaTajau3aTropa MeHblIIe,
yeMm Ea p-nium 0e3 karaauzaropa



I oMOreHHBIN KATAJJIN3

(KaT-p M peareHT 00pa3yroT OaHY (ha3y)

IIpumep: noxy4yenune SO, okucjienuem SO,
B TeXHOJIOTuM nmoJjyyenusi H,SO,
Karamuzarop NO, ; Bce BelllecTBa - Ta3bl

1) SO, + NO, = SO, + NO
2) NO +1/20, = NO,
SO, + 1720, = SO0,



Il eTeporeHHbIN KAaTAJIHU3
o Illonyyenne H SO, ¢ nomomnbio Pt kaT-pa

S0, ., +1/20,  =S0, |

e D(PPEeKTUBHOCTb I'eTEPOreHHbIX KAT-POB
0o0JIbIIIE YeM IOMOI'€HHbIX

o CKOpoOCTHh peaknuy B rOMOI'€HHOM
KaTaJIu3e 3aBUCUT OT KOHIEHTPAIMH KAT-
pa, a 1JI reTePpOreHHoro - OT ero
YACJIbHOU IMOBEPXHOCTH



