Pazgen 5. XUMMNYECKAA KNHETHUKA.
KATAJIN3. XUMHWYECKOE PABHOBECHUE

5.1. Xumuyeckas KMHETHKA

XuMuyeckas KHHETHKA. YUYeHHUE O CKOPOCTSIX U MeXaHU3Max
xumuveckux peaxyuii. OCHOBHBIMU BOIIPOCAMMU XUMUYECKON KMHETU -
KM SIBJISIIOTCSI: YCTaHOBJIEHUE (DAKTOPOB, BIUSIOLIMX HA CKOPOCHb XU~
Muyeckou peakyuu, N3y4eHNe TUIIA U CTPOECHMUST TTIPOMEXKYTOUHBIX CO-
eIMHEHNI (aKTUBMPOBAHHBIX KOMILUIEKCOB), OIPEICIISTIONINX peakK-
IIMOHHLII TIpoLIeCC.

Peaknpuonnas cnoco0HOCTh. XapaKTepUCTUKA XMMUUECKOM aK-
TUBHOCTM BELIECTBA, OINpEACNSIoNias ero BO3MOXHOCTb BCTYIAaTh B
Pa3INYHbIC XMMUYECKHE B3aMMOJCUCTBUS. 3aBUCUT OT CTPYKTYpPhI U
3JIEKTPOHHOT'O CTPOEHUS BEILECTBA, €r0 agpe2amHoeo COCMOSHUA, TIPU-
POIBI npodykmoe peaxuuu, YCIOBUM ee TpoTeKaHMs. OIpemesseTrcs
TaKXKe TePMOAMHAMWYECKUMHU TTapaMeTpaMi OO0pasylolIMXcs B IPO-
1ecce peakilny BEIIeCTB M KWHETUKOM (CKOPOCTBIO) IIPOTEKAHMS pa3-
JIMYHBIX CTAIMI Xumu4eckou peakyuu. YTIOTPEOJISISI TS pPMIH PeaKIHOH-
Hasl CIOCOOHOCTD CJICAYET ITOSICHSITh, C KaKMX MO3UIIMI OHAa paccMar-
puBaeTcs: ¢ TepMOAMHAMUYECKUX WM C KuHeTu4Yeckux. Eciau peakuu-
OHHAsI CIOCOOHOCTb PacCMaTPUBAETCI C TEPMOIMHAMMYECKIX TTO3ULIMIA,
TO TIPUHSTO UCITOJIL30BaTh TEPMUH “CTAOMIIBHBLIN M COOTBETCTBEHHO
“HecTaOWIBHBIN”. ECIIM TOBOPUTCS O peakIMOHHO#M COCOOHOCTH C IT0-
3ULUI KUHETUKU, TO UCITOIb3yeTCd TEPMUH “WMHEPTHBIN’, “HeaKTUB-
HBIIA” U COOTBETCTBEHHO “Ja0MJIbHBIN’ WIN “aKTUBHBIN .

CkopocTh XMMHYECKO# peakuuu, CKOPOCTh peakuuu. Ywucio
3JIEMEHTapHBIX aKTOB B3aMMOIEUCTBUS 3a €MUHUILY BPEMEHHU B €U~
HUIIe 00beMa WIN Ha eIUHUILIE TOBEPXHOCTH cHcTeMbl. CKOPOCTh X1~
MUWYECKOM peaKkIy OIPEeesioT 110 U3MEHEHHUIO KOJTMYECTBA OTHO-
TO W3 peazupyrouux eeujecme VI NpoOyKmoe peakyuu 3a eIMHUILY
BpEMEHHU, B eINHMIIe 00BbeMa CUCTEMBI

v=s Al
vV At
MOJIb MOJIb
TJ€ V — CKOPOCTb PeakInu, 3 [ WM j [k ; V— 00BbeM CUCTEMBI,
M WM J1; An— M3MEHEHWEe KOJIMYECTBa BEILECTBA, MOJb; At— Mpo-
MEXYTOK BpeMEHH, C.
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OTHOlIeHUEe KOJUYeCTBa BelllecTBa (n) K 00beMy CHCTe-
MbI (V) Ha3eIBaeTCs MOJISIpHOU KoHIIeHTpamuel (c). Tak kak
n_.,m0
v Ve, =2 ac
At
T1e v, — CPEHsIsl CKOPOCTb peakuuy. OnpeensieMast Takum
00pa3oM CKOPOCTh SIBJISIETCS cpedreli CKOpOCmblo PEaKlIM B JaHHOM
WHTepBaJie BPeMEHN B TOMOTEHHOW cucTeMe (TOMOTeHHOU cpeie)
TIPY TTOCTOSTHHOM OObeMe JTAaHHOW CUCTEMBI.
CpenH1 CKOPOCTh MOXKHO OMPENEIUTh KaK OTHOILIEHNE U3-
MEHEHUSI MOJISIPHOW KOHLIEHTPALlMX peareHTa K MpoMeXyTKY BpeMe-
HU, 32 KOTOPBI MPOU3OIILIO 3TO U3MEHEHUE.

+ & ~¢ Mombll

V=+§= —< =
At G-t i

[JIe C,— KOHIIEHTPALKs BELIECTBA B MOMEHT BPEMEHMU t, C,—
KOHLIEHTpAIMs BEIIECTBA B MOMEHT BPEMEHH t,, (t,>t)).

CKOpOCTh peakilMy Bcerma MmoyioxkuTeabHa, Dc (M3MeHeHue
KOHIIEHTpall1) UMEET TOJOXUTEJbHBIN 3HAK IJIs1 MPOAYKTOB U OT-
pULIATEIbHBINA IS peareHToB (puc. 36).
I'y L 3

peareHr npoRyxy

=

&

g T

(5] .

= c, I +AC !

b 3 ' t

3 ; :

e |l ¢t |

4 H ! .

L e
—> . o .
t, t, t, t,

apemn (1,¢)
Puc. 36. MI3MeHeHre KOHLIEHTpALUM peareHTa 1 MpoayKTa B XO/ie
peaxkiu

Ecim peakniyig mpouCXOINUT MEXIY BEIIeCTBAMM, HaXOIIIIIN -
MUCS B Pa3JIMYHOM arperaTHOM COCTOSIHUH, T.€. B TeTEPOTeHHOM C1-
CcTeMe, TO B 3TOM CJIyyae CKOPOCTh XMMHWYECKOM peakInu OyIeT:

An Ovonb O

Vzismt He el
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rae An— U3MEHeHUe YUCiia MOoJIell OTHOTO U3 MCXOMHBIX BEIIECTB (3HaK
MUHYC), WIN OQHOTO U3 MPOAYKTOB peakluu (3HaK IUIIC), S — 1Io-
magk pasnena ¢as. [To Mepe B3anMOmeiCTBYSI BEeIIeCTB KOHIICHTPALINH
HETIPepBIBHO MEHSIIOTCSI, MEHSIETCSI I CKOPOCTh XUMHUYECKOI peaKIIiH.
B xumuryeckoit KUHETHKE MOJIb3YIOTCS OHSATUEM UCTUHHOMN WM MTHO-
BEHHOI1 CKOPOCTH, T.€. U3BMEHEHEM KOHILIEHTPAlIMK1 BelllecTBa 3a Oec-
KOHEYHO MaJlblii MPOMEXYTOK BpeMeHU. MIHOBEHHast CKOPOCTh (V, )—
3TO CKOPOCTh PEAKIINU B TaHHBII MOMEHT BPEeMCHU:
. Ac _dc

y = lim —=—

At-0 At dt
B KOHCYHOM HTOT€ BHIPAXKAeTCsI IMIPOM3BOIHON KOHIICHTPAIIUH Bellle-
CTBa BO BPEMEHM.

CkopocTh XMMHYECKOH peakiMHd 3aBUCUT OT MHOTUX (haKTO-
POB: NIPUPOABLI U KOHIIEHTPALIMU PEarupyrolIrX BEIIeCTB, OT TEMIIe-
paTyphbl, 1aBjieHUs (B peaKIlUsIX ¢ yJaCTUEM Ia30B), OT MPUCYTCTBUS
KaTajau3aTopoB U MHIMOUTOPOB, OT MTOBEPXHOCTU Pearupyrolmx Be-
1IeCTB (IUIs1 BELIECTB B TBEPAOM COCTOSIHUM), CTEIIEHU ITUCIIEPCHOC-
TH BEIIECTB W IPYTHX.

T'omorennas cucrema. OmHOpOAHAsI CUCTEMa, COCTOSIIIAsT U3
pearupyolmx BelIecTB, He pa3aejeHHBIX TTOBEPXHOCTSIMU pasaea,
T.e. HAXOmSIIUXCSl B OfHOU (haze. [oMoreHHast cuctemMa COCTaBJsIeT
enuHoe 1enoe. Hampumep,

N, +3H, = 2NH,
H,CO, -~ H*+HCO,
CBolicTBa FOMOTe€HHOI CHCTEMbI BO BCEX €€ YaCTSIX OAMHAKOBHI.

I'ereporennas cucrema. Cucrtema, COCTOsIIAsI U3 pearupyro-
IIMX BEIIECTB, pa3lecHHBIX ITOBEPXHOCTSIMM pasena, T.C. HaXOms-
IIMXCS B pa3HBIX (a3ax, Harpimep:

VMF

Fe + 2H R + H,
TBEPIOE TEJIO |  pacrsop |  pacteop | ras
Zn + Cl, -~ ZnClI,

TBEpIOE TEJIO |  ras | TBepnoe Teno

3akon geiicTeyrommx Macc! . Ckopocmbv Xumu4eckoi peaKyuu B
KQXIbIA MOMEHT BPEMEHM TIPU TOCTOSSHHOW TeMIIEpaType B T'OMO-
TEHHOI Cpelie NPOnOPULUOHANbHA NPOU3Ee0eHUi0 KOHUeHmpayui peazi-
DPYIOWUX 8eujecmes, 8036e0eHHbIX 8 CMENeHU UX CMexuoMempu4eckKux
K03¢hpuyuenmos:

13aKOH JEACTBYIOLIMX MAacC OTKPHLIM HOPBEXCKHUE YUEHBIE: MaTe-
Matuk 1 pusuko-xumuk K.M. I'ynpa6epr u xumuk I1. Baare B 1867 romy.

104

nA + mB +.. - dC + ...
WcxonHble BelliecTBa ITpoaykThl peakuuu

v =k (c (A))"c (B))"

31ech ¢ (A)— KOHLeHTpalus BelecTa A, ¢ (B)— KoHLeHTpauus Be-
mectBa B, kK — KoahGUIIMEHT IPOIIOPLHIMOHATIEHOCTH, KOTOPBIi Ha-
3BIBAETCSI KOHCMAHMOU CKOPOCMU peakyuu, N, M— CTeXHMOMETpUYeC-
Kue Ko3(OUIIMEHTH B YpaBHEHUN PEaKIIMHU.

YacTo Ij1s1 TPOCTOTHI MCHOJB3YIOT U TaKylO 3aIlMCh:

m
B

M3 KuHeTnYecKoro YpaBHCHUA BUIHO, YTO

P S

(o{a))" cle(B)”

KoHcTaHTa cKkopocTH peakiuu K YrcIeHHO paBHA CKOPOCTHU V
MPY KOHILIEHTPALIMSIX peareHToB, paBHbIX eAuHULIE: ¢ (A)=c (B)=Imonb/11.
3aBUCHMOCTh MEXIY KOHIICHTPALMEH pearnpyroIrX BEIIECTB U CKOPO-
CTBIO PEaKLMU OOBSICHAETCS MPONOPLUOHAIBHOCTBIO YMC/Ia aKTUBHBIX
CTOJIKHOBEHMI XMMHMUYECKIX YACTHI] OT KOHIICHTPALINKI PEarcHTOB.

KoncraHTa cKOpOCTH peakiiny 3aBUCUT OT TEMTIEPATYPhI, TTPH-
pOMbl PEareHTOB W KaTaJu3aTopa, HO He 3aBUCUT OT KOHIEHTpalLUi
peareHTOB. Pa3muHbIe peakimy cpaBHUBAIOT MEXIY COOOM 11O BT~
YMHAM KOHCTaHT CKOPOCTEM.

Temnepatyphblii Ko duuuent ckopoctu (y). KoadbumeHT B
ypaBHenun Bant-T'odda, cBasbBalOlUil ckopocmu peakuuu v, M V,
npu temreparype T, u T,

—_— . n.
\% kca c

T,-T,
=y 10 (TZ > Tl)’

v T

VTI

IJIe V,~ CKOPOCTh PeaKiinu TpH Temreparype T, , v, — CKOpOCTb peakiin
npu Temriepatype T,, y — TeMrepatypHblii KO3(DMOULIMEHT PEAKLIMH.

Temnepamypuuili Ko3¢h@uyuenm peaxyuu TOKa3bIBaeT, BO
CKOJIBKO Pa3 M3MEHSIETCSI CKOPOCThb JaHHOM peakIuyd Mpu U3MeHe-
HUM TemrepaTypbl Ha 10°.

YcTaHOBIIEHO, YTO MPU MOBbILIEHUU TeMmnepatypbl Ha 10°C
CKOPOCTh peakiluy yBeJIuuuBaeTcs B 2— 4 pasa, T.e. y IPUHUMAET
3HayeHus ot 2 1o 4. Hanpumep, npu yBeJIMYEHUU TeMIIepaTypbl Ha
30°C cKoOpoCTh peakiuu Ipu Y = 3 Bo3pacteT B 33, T.e. B 27 pas.
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Cramus peakuun. OnipeneieHHas CTyIeHb, 3Tall MPOTeKaHUs
XUMUYECKON peaklMu (XMMHUYECKOTo IIpoliecca), MMeEIolas CBOU
OTJIMYUTENIbHbIE 0OcOOeHHOCTH. HampuMmep, B peakiiuu o0pa3oBaHUs
CO, MOXHO BBIIENTUTD IBE CTAIUN:

2C+0, - 2CO I cranus
2CO + 0, - 2CO, I cragua

DJeMeHTApHASA PeaKIus, CTaausa. XMMIIeCKHI IIPoIIece, IIpo-
TEKAIOLIUIA B OHY CTaIMIO.

Iopsanok peaknun. Cymma ImoKasartejieii CTeIeHeil ITpu KOH-
LIEHTpaLUIX BEILIECTB B ypaBHEHUHU ISl CKOPOCTH XUMUYECKON peak-
. Hanpumep, mis peakuyu aA + BB = ¢C ckopocTbh peakLmu 3a-
muietrcst v = K (¢(A))*(c(B))®, a mopsimok peakuuu OyIdeT paBeH
cymme (a + B).

JlnvuTupyromas ctanusa peakuun. CaMast MeJUICHHAsI CTaMsl XU~
MUYECKOM peakiMM, MPOTEKaloIast Yepe3 psil MOC/IeaoBaTe/IbHbIX 3¢~
MEHTApHBIX CTA[MIi OT PEareHToB K IIpoaykTaM. Harmpumep, 1t peakumu

CI, + CHCI, - CCI, + HCI

IIOCJIEI0BATEIbHOCTh DJIEMEHTAPHBIX CTAAUI MOKHO IIpEeaCTa-
BUThH B CJICAYIOIIEM BUIE:

CI, 2 2CI

CI + CHCI, ~ HCI + CClI,

CCI, + CI - CCl,
Camoii MeajieHHOU U3 MPUBEICHHBIX CTaAuil OymeT BTOpasd,
KOTOpast ¥ ONpeIeisieT CKOPOCTh BCeil peaKIuy MO YPaBHEHUIO
v =k ¢(CI) - ¢ (CHCL,).
Postb camoii MeIeHHOM CTaauy peakiMK B OIIPENe/ICHUH CKOPO-
CTH XMMUYECKOT'O TIPOLIECCa MOXKHO CPAaBHUTD C IBMKCHMEM MHOXKECTBa
aBTOMOOMJIEI Yepe3 TOHHE b, B KOTOPOM CKOPOCTb BCErO ITOTOKA OIpe-
JIEJISIETCS. CKOPOCThIO MAILMH, UAYIIMX C HAMMEHbILEH CKOPOCTHIO.
MounekyasipHocTb peakuun. Yuciio morexyaspoix yacmuy, yda-
CTBYIOLINX B 3JIEMEHTAPHOM aKTe PeaKLMu:
H,O - H,+1/20,
MOHOMOJIEKYJIIPHAs PEAKLIUA
H, + CI, - 2HCI
OGUMOJIEKYJISIPHASA PEAKLIUS

MoJ1eKyISIpHOCTb PEAKIMH TIPEICTABIISET COOOM MOJIEKYISIPHO-KIUHE-
TUYECKYIO XapaKTEPUCTUKY CUCTEMBI.
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AKTHBHOE CTOJIKHOBeHHE XUMHYECKHX YacTHL. CTOJIKHOBEHUE
XUmMu4eckux vacmuy, TIPUBOJISIIEE K OCYILECTBICHUIO XUMUUECKOU
peaxyuy MexXIy HUMH.

Oneprua akrusanmn (E ) — munumanvnas snepeus, komopoii 0oa-
JICHBL 001a0amb yacmuybl 045 0CYUWeCMeAeHUs XUMU4ecKoeo e3aumodeli-
cmeus. C yBeJIMIYEeHUEM TeMIIepaTyphl A0S YaCTHULI, 00IadaroIX SHep-
rueit E> E_ GpicTpo yBennunBaeTcs. PacnipeneneHue yacTull 10 SHep-
ruam N, B cucteme st asyx temmeparyp T, u T, (T,> T,) mokazano
Ha puc.37. [lona yactvn, obnaparommx sHeprueii E = E_ zamrpuxosana.
VBenuuenue yncia yactuy ¢ E > E — rmaBHag npyyMHa yBETUYEHUS
CKOPOCTH XMMWYECKON peakiuy MpU MOBBILIEHUN TeMITepaTyphl.

e

[" -~ JHepeus aKxmueauiu

£

Puc. 37. PacnipeneneHue 4yacTull 1o 3HeprusM N, B cucteme 1Jis
aByx temnepatyp T, u T, (T, > T))

Hennasa peakuysa. Xumuueckas uau s0epHas peakyusi, B KOTO-
pOii TOSIBJICHWE aKTUBHOM YaCTUIIbI (CBOOOIHOTO paavKaja— B XH-
MMUYECKOI, HEMTPOHA— B SIIEPHOM peaklMu) BhI3bIBAET OOJIBILIOE
yucio (1Lemb) Mocaeq0BaTeIbHbIX IpeBpalleHN HEeaKTUBHBIX MOJIe-
KYJI WK s1aep. B LienmHoi# peakiiyy MOXHO BbIICIMTh HECKOJIBKO CTa-
JIUIA: CTAIMS 3apodcOenus yenu;, CTAIAs pa3gumus yenu; CTaaust oopol-
6a yenu. Cxema xumudeckoil nenHoii peakunu H, + CI, — 2HCI o
CTaIMsIM TIPEACTaBIcHA HIXKE:

DCIL, - CI'+ CI’

2)CI' + H, -~ HCI + H
H + CI, -~ HCI + CI’

3)H + H' - H, (Hi + Ht -~ H))
CI+Cr - ClI,
H' + CI' - HCI

OpnHa aktuBHas1 yactuia Cl°, odpasoBaBiliasics Mpu B3aMO-
neiictBuu ¢ ¢oroHoM MmoxkeT AaTh 1000000 xumumuyeckux akToB. I1o
MEXaHU3My LENMHOW peakiMd Pa3BUBAIOTCS MHOTHE IPOLIECCH Tope-
HUSI, B3pbIBA, OKUCICHUS, (pomoxumuueckue peakyuu, B 4aCTHOCTU
obpa3oBaHUe 030HA B atMocdepe. Ilennble peakmuu JieskaT B OCHOBE
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HEKOTOPBIX OMOJIOTMUECKHX MTPOLIECCOB, MOPOKIACMbBIX JIYUEBBIM 10-
paxeHnneM. CxeMa HeNHoii peakuun puBeacHa Ha puc. 38.

o

AR /N
AAAAAAAN

Puc. 38. Cxema LienHoOi1 peakunu

AxTuBHpoBaHHbIN KoMiLieke (AK), akTuBHbIii Kommaekc. [Tpo-
MEXXYTOUYHBII KOMIUIEKC, 00pa3yroluiics Ha HaYaJIbHOM CTaJIuu B3a-
MMOJEICTBUSI aKTUBHBIX XUMUYECKUX YACTHI] BELECTBA; XapaKTepu-
3yeTcsl HeCTaOMIbHOCThI0. OOpa3zoBaHue AK MOXHO IIpeaCTaBUTh CXe-
Moii (puc.39). PacueTsl 1oKa3bIBalOT, UYTO IMPOTEKaHWE peaKkiuy Yye-
pe3 obpazoBaHue AK sHepreTMuecku BHITOIHEE, YeM BO3HUKHOBE-
HHME HOBBIX XUMMUYECKUX CBSI3EH IOCIIE MTOJHOM AUCCOLMALIUM UCXOM-
HbIX KOMIIOHEHTOB.

A—A A-------- A A A

+ — | | —= | + |

B—B B--------- B B B
UcxonHble BelecTsa AK IMpoaykThl peakuuu

Puc. 39. Cxema o6pa3oBaHMsI aKTUBUPOBAHHOI'O KOMILIEKCa

5.2. Karamu3

Karamms. IsmeHnenuie ckopocmu xumuueckoi peakyuu nod oeti-
cmeuem eeujecme, Ha3vleaeMblx KaTanu3aTopamu. Pa3zinuaioT eomoeen-
Hblll, eemepoeHHbIll, KUCAOMHO-0CHOBHbIL KaTalu3.

Karanuzartop. Bewecmeao, uzmensiouwee cKopocms Xumu4eckou
peaxyuu, cnocooHoe NPUHUMAMb yuacmue 8 00pa308anuu NPomedncy-
MOuHbIX NPOJYKMOG, HO OCTAIOIEeCs TIOC/ie OKOHYaHUST peakuy B
XUMUWYECKM HEU3MEHEHHOM BMIIe U B TOM Xe KonudecTBe. Hampu-
Mep, B CUCTeMe U3 IBYX MCXOMHBIX KOMIIOHEHTOB A u B meiictBue
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karasmzaTopa (K) MoXXHO M300pa3uTh CXEMOIL:

A+ K- AK, AK+ B - AKB

AKB - AB+K

Burtore: A+ B+ K - AB + K,

rae AK 1 AKB— npomekyTouHble MTpOAYyKThI

Karanurnyeckas akTMBHOCTb. Beiuuuna, xapaxmepusyrnouas
U3BMEHeHUe CKOPOCMU PeaKuyuu npu 66edeHul 8 XUMUUECKYIo CUCMeMy
xamaauzamopa. Hanbonee TouHass Mepa KaTAIMTHICCKON aKTMBHOC-
TU— KOHCMAHMA CKOPOCMU XUMUYECKOU PeaKyuu.

MexaHu3M eiicTBUS KaTaau3aTopa— U3MEHEHUE SHepeuu aK-

mueayuu xumuueckoll peaxuyuu (puc.40).
(8]

IHTANBNAR

A+B+(K)

KoopAavHarTa peakunmM
Puc. 40. ViaMeHeHWe SHTANIBIUM CUCTEMBI IJIs1 KaTaauThudeckoi (1)

¥ HEeKaTaJIUTUIeCcKoi (2) peakuuii

T'omorennblii Katamu3. Xumuueckuii npoyecc, npu KOmMopom Ka-
maauzamop u peazupylouue eeujecmea Haxodsmces 6 o0Hou ghaze. Ha-
MpUMep, pas3ioxXeHue TNepokcuna (MepeKrucu BOAOPOJA) B MPUCYT-
CTBUU MOHOB MOJA:

HO,+ 1" -~ HO + 10~
H,0,+10" - HO + 1"+ O,

T'eteporennnlii Katamu3. Xumuueckuii npoyecc, npu Komopom
Kamaauzamop u peazupyioujue 8ew,ecmea Haxoo0sames 6 pasHuix (asax.
[Tpu rereporeHHOM KaTajnu3e peakiius MPOTeKaeT Ha TPaHULIE pa3ae-
Ja ¢a3, a KaTtaam3aTop OOBIYHO SIBIIsieTCST TBepabiM TestoMm (K = Pt,
Pd, ALO,, V,0,,). Harrpumep,

V,0,(1)
280,(r) + O,(r) = 280

3
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AKTHBHbBIE HEHTpPBI KaTaiu3aTopa. [loBepXHOCTHBIE XUMUYEC-
KY€ YacTULbl M (PYHKIMOHAJbHBIE TPYMIIbI KaTajau3aTropa, Crocoo-
HBIE aIcOpOMPOBATh XMMUUYECKHE BellecTBa. Kak ImpaBMIIO COCTABIISI-
FOT HEOOJIBIIYIO JOJIIO TTOBEPXHOCTH KaTam3aTopa. [1posBIsaioTcs mpu
2emepoeeHHOM Kamainuse.

KucnoTHo-ocHOBHBI KaTaau3. Xumuveckas peakyus, B KOTO-
pOIi poJIb KaTaJM3aTopa BHITTOTHSIIOT KMCIIOTHI 1 OCHOBAHMS.

Karamarnaeckune siapl. Xumuueckue eeujecmea, 9aCTUIHO WA
MOJTHOCTBIO MOJABJISIONINE aKTUBHOCTD KaTann3aTopoB. Kak mpasu-
JIO, K HUM OTHOCSITCS BEllleCTBa, “OTpaBJISIOlINe” KaTaau3aTop Jaxe
MpY HE3HAYMTEJTbHOM COJIEpPXKaHMM UX B ChIphe. JleiicTBre KaTauT-
YECKUX SIIOB 3aKJII0YACTCSI B XemMocopbyuu NX Ha aKTUBHBIX LIEHTpax
Karanusaropa. OTpaBieHue KaTanuzaTopa oopatuMo. OH MOXET OBITh
BOCCTaHOBJIEH 00pabOTKOM APYTMMU BelllecTBaMU. JlelicTBre KaTaim-
TUYECKUX OB CIIETMMOUIHO IS OTIPENeIeHHOTO KaTajm3aTopa.

5.3. XumMmuyeckoe paBHOBeCHE

PaBHOBecHbIe peakuuu, oOpaThMble peaKmud. XMMHUUCCKUN
MPOLECC, XapaKTepU3YIOIIMICI MPOTEKAHMEM TIPSIMOM U OOpaTHOM
peakiuii ¢ OMMHAKOBBIMU CKOPOCTSIMU MPU MOCTOSSHHBIX TEPMOIU-
Hamuueckux yciaoBusx. Ha puc.41 nmokasaHo usMeHeHre KOHLIEHTpa-
LIl peareHTOB B XMMMUYECKOM crcTeMe BO BpemeHu npu T= 720 K.

Konuenrpaums HI, %

0 20 9‘0 5‘0 5‘0 10‘0 Bpewmsi, MmuH
Puc. 41. Xon peakiuu obpaszoBanus u pacnana HI mpu 720 K
B 00paTHMBbIX XHMHYECKHX PEAKIMAX LUCXOOHbIE Geujecmea 00-

pasyIoT npodykmet peakiyuu, KOTOPHIE MOTYT pacIiafaThCs VI B3au-
MOJIECTBOBATh MeXIy OO0, CHOBA 00pa3ysl MCXOAHbIE BEILECTBA.
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B YPaBHCHUAX OﬁpaTl/lelX XUMHUYECKHMX peakiyii BMECTO 3HaKa PaBEHCTBA
CTaBAT ABE IIPOTUBOIIOJIOXKHO HAIIPpaBJICHHBIC CTPEJIKU. Haan/IMep:

N,+3H, = 2NH,
PCI, - PCI,+CI,

OﬁpaTI/IMbIe XUMHYECKHE PEAKIIMU ITPOTEKAIOT HE JO KOHIIA.

HeoﬁpaTanle peaKknu, HEPABHOBECCHbIC PECAKIUM. Xumuuec-

KHNE IMpOoUCCChl, MPOTEKAIOIINE B OAHOM HAIIpaBJICHHNU ITPAKTUYCCKHN
IO ITIOJTHOI'O pacXxoaoBaHMs NCXOOHBIX BCICCTB:

CaCO, + 2HCI ~ CaCl, + H,0 + CO,t
2KCIO, — 2KCI + 30, 1
BaCl, + H,SO, - BaSO,. + 2HCI

CrpellkaM# YKa3bIBAIOT yOAJICHHUE IPOMYKTOB M3 ChepHl pe-
akuuu (1 — BBEpX— B BUJE ra30oB, | — BHU3— BBINAJEHNE OCA/KA).

Xummyeckoe pasHoBecue. CocmosiHie XUmu4eckou cucmemblt, npu
KOmMOpom CKOpocmu NPAMOU U 00pamHoll peakyuti pagHsl. XUMIUYECKOE
paBHOBecUe SIBISIETCS JuHAMU4eckum, TaK Kak B COCTOSTHUM pPaBHO-
BecHs npsAmas (v,) U obpatHas (V,) peakluyu HE TPEKpallalTcs, a
MIPONOJIKAIOT UATU C PABHBIMU CKOPOCTSIMMU.

Vl
2HI 2 H,+1,
V2

PaBHoBecHass kKoHueHTpaumusa. KoHlleHTpalysi peareHTa Wiu
MPOAYKTA PeaKINU B COCTOSTHUM XUMUUYECKOTO paBHOBecHs1. B cocto-
SIHUM TMHAMMWYECKOI0 paBHOBECHSI PAaBHOBECHBIE KOHIIEHTpaLUK MPU
HEU3MEHHBIX TEPMOIMHAMUYECKUX YCIOBUSIX ITOCTOSTHHBI.

Koncranra xumuueckoro paBHosecus. [loctossHHast mist maH-
HOW TeMITepaTyphl U NaBJIEHUS BEJIMUUHA, XapaKTePU3YIOIasi paBHO-
BeCUE B XMMMYECKOU cucTteme. YMCIEHHO paBHA OTHOILIEHWIO KOH-
CTaHT CKOPOCTEl IpsIMOM M 0OpaTHOM peakiuu. PaccMoTpum Tpo-
CTYIO PEaKIINIo:

H,+ CI, 2 2HCI

Hcnonb3ysa 3aKkoH IEHCTBYIOIIMX Macc, 3allMILEM BbIpaxe-

HME /I CKOPOCTH NPAMOM (V,) W 0OpaTHOM (V,) peakumii:
v, =k, [H,] [CL], v,= k, [HCI]?
IMpn paBHOBECHM V, = V,, CTIEIOBATEIBHO:
k, [H,] [CL] = k, [HCI]?
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IMTockoIbKY KOHCTaHTBI CKOPOCTH K, ¥ K, TPY JaHHBIX TEMITe-
patype U JaBlIeHUU HEe MEHSIIOTCS, TO U UX OTHOIIEHUE Takxke OymeT
MOCTOSIHHOM BEJIMUYMHOM, Ha3bIBa€MOI KOHCTAHTON XMMHYECKOro
pasHoBecus (K):

k, _ [Ha)?

INCHICH

I'ereporenHoe paBHOBecue. PaBHOBecHe B XMMIYECKOM CHCTEME, B
KOTOPOI pearnpyrolye BelIeCTBA HAXOMATCS B pa3HBIX (ha3ax, HalIprMep:
c +0, 2 CO,

TBEpIOE ra3s ras
TEI10
B aTOM Cityuae xkorcmanma pasHosecuss B OKOHIATEILHOM BUIIE
3aIUIIETCS CJIEAYIOIMM 00pa3oM:

= [CO,] ! écoz]
[do.] — fo.]”

T.K. [C] w1 paHHOI CHCTeMBbI ITPaKTUYECKU HE BJIMSIET Ha CKOPOCTh
peaxkuui.

CwMeinenne paBHOBecHs, CIBAT paBHOBecHst. CMEIeHNe XUMU-
YeCKOTO paBHOBECHSI IIPY M3MEHEHWH BHEIITHNX YCJIOBUIA. KauecTBeHHO
OLICHMBAETCsl Ha OCHOBe npuHyuna Jle-Illamenve.

IIpunoun Jle-Ilarense. Eciv Ha paBHOBECHYIO XUMUUYECKYIO
CUCTEMY OKAa3bIBAa€TCS BHEIIHEE BO3JEHCTBME 3a CYET M3MEHEHUS
TeMIIEPaTyphl, TaBICHMS WM KOHILIEHTPAIU, TO PAaBHOBECHE B CHCTE-
M€ CMEIIAeTCsI B CTOPOHY IPOTEKAHMSI IIPOILIECCOB, KOTOPHIC YMEHBIIIA-
OT BBIIIICyKa3aHHBIC BO3IECUCTBIS (€CIIM TAKOE CMEIIIEHIE BOZMOXHO).

1. BausiHue moBbimenuss Temmnepatypbl (T) Ha paBHOBECHYIO
pPeaKiMIo COCTOUT B CMEIIEHUU PaBHOBECHUS B CTOPOHY MPOTEKAHUS
SHIOTEPMUYECKOi PeaKluu, a MPY MOHMKEHUH TeMIepaTypbl — B CTO-
POHY ITPOTEeKaHUs IK30TePMUYECKOii peakuun. Hanmpumep:

2580, (r)+ O,(r) 280, (r) + Q, AH* =-791,6 xJx

ITpu yBenmmuernun T paBHOBeCHE peaKIIMU CMEIIACTCS BICBO;
mpu yMeHbllleHnn T paBHOBecUe peakilMy CMEIaeTcsT BITPaBo.

2. Ins peakuuu ¢ yyacTUeM ra3000pa3HbIX BEIIECTB IO-
BbILLIEHUE MABJICHUS] MPUBOIUT K YBEJMUYECHUIO YMCIa MOJEKYI B
enuHuie oobema. CiegoBaTesIbHO, B 3TOM Cjlyyae paBHOBECHE

K=

—
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CMECTUTCS B CTOPOHY YMEHBIICHUS YMCIIa MOJICKYJI, T.€. B CTOPOHY
peaKkIuny, IPOTEeKAIIei ¢ 00pa3oBaHUEM Ta3000pa3HBIX BEIECTB,
3aHUMAIOIINX MEHBIINI 00beM. Hampumep:

2H,+ O, 2 2H,0

CMellleHIe paBHOBECHS: BIPABO — IPH NOBBLINIEHAH IaABJIe-
HUS, BI€BO — TPH MOHIKEHUN TABJICHHS.

3. BnusiHre KOHIEHTpanud BemeCcTB Ha paBHOBECHYIO CHCTE-
My. YBeJIMYeHHe KOHIEHTPAIMH BEIeCTB CMeIaeT paBHOBECHE B CTO-
POHY MX pacXoJ0BaHMs, a YMeHbIIIEHHE — B CTOPOHY MX 00pa30BaHu.
Hanpumep:

CO +H,0,, = CO,+ H,

IMpu ysennyennu Konuentpauun CO u H,O paBHOBecue
peaklMy CIBUIaeTcsl BIpPaBO, a MPU YMEHbLUIEHUWU KOHLIEHTPaIU
STUX KOMIIOHEHTOB — BJIeBO. BhIBalOT cuTyaluu, Koraa Mpy BHEII-
HEM BO3ICUCTBMU Ha CHCTEMY CMEIIIeHUS paBHOBeCHs HE HAOIIOma-
ercs. Harmpumep:

H, + CI, Z22HCI

751 aTOM peakly 00beMbl UICXOMHBIX BEIIECTB 1 MPOAYKTOB
peakumy paBHBL. [103TOMY M3MeHEeHNEe OaBIeHUS IUIST JAHHOM CHCTe-
MBI HE BBI30BET CMEIIICHIS PAaBHOBECHS.

BBemeHume B crcTeMy KaTaau3aTopa, KakK MpaBUiIo, HE BBI3BI-
BaeT CMEIIICHMST paBHOBECHS, TaK KaK KaTaJIM3aTOp OOBIYHO M3MEHSI -
€T CKOPOCTb MPSIMOI M 0OpaTHOM peakiuii B OAMHAKOBOE YMCIIO pa3.

IMpunuun Jle-llarense cnpaBemaauB U UIsI YCIOBHO paBHO-
BECHBIX IIPUPOAHBIX CUCTEM, B TOM UMCIIE 3K010euteckux. s ouo-
cdepsl IeHiCTBHE YKAa3aHHOTO IPUHIIMIIA OOSCIIeYNBACT COXpPaHECHIE
€e YCTOMYMBOCTH M cTabMiabHOCTH. OMHAKO B MOCIETHEe BpeMs Ha-
OromaeTcst Bce OOJIbIIE IIPUMEPOB HAPYIIICHHST JAHHOTO IIPUHITUIIA.
OgHMM U3 TIOATBEPXKIEHUI STOro SIBJSIETCS YCUJIEHUE ITPOLECCOB
OITyCTBIHMBAHUS Ha Halllel TIJIaHeTe.
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