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Группа Т-19

Преподаватель Глебова Анна Викторовна

Учебная дисциплина Физическая и коллоидная химия

Тема занятия Определение кинетических параметров химических реакций. Определение параметра каталитических реакций. Вычисление концентрации реагирующих веществ и скорость химических реакции с помощью закона действия масс.
Форма Практическое задание
Содержание занятия:

Повторение

[image: image1.png]1. Haitte OnpeseNneH e TIOHATHS «CKOPOCTH XUMHUYECKOH PEaKLMH».




Изучение нового материала
 [image: image2.png]16. Pasioxenne N,O5 — peaKuns nepBOro Nopsaakd, KOHCTAHTa CKOPOCTH
koTopoii pasua 0,002 Muu~!. Onpeaennte, kakast yactb N,Os pasnoxuTcs 3a
2u. (Orser: 21,35 %.)

17. Peakiidsi BTOpOTO MOPSUIKA, AN KOTOPOH MCXOOHbIE KOHUCHTPAUWH
pearupyrouux BEWECTB OAMHAKOBEI, IpoTekaet 3a 10 MuH Ha 25 %. Ckobko
BPEMEHU TIOTPebYeTCs, YToBhE peakuus npotna Ha 50 % npu Toi Xxe Temre-
patype? (Otset: 30 MuH.)

18. KoHcTaHTa CKOPOCTH peaklinu npy TeMmeparype 300 K pasxa 0,02 mun™!,
anpu 350 K — 0,6 Mya~'. YeMy DABHET 3HepTHs aKTUBALIMH H NIPEASKCITOHEHEH -
WIbHBIH MHOXHUTETb B ypaBHeHUd Appenuyca? (Oteer: E = 59,4 k/Ix/MOb,
A=4,4-108)

19. Bo CKONBKO pas yBeJIMYAMTCS] CKOPOCTh PEAKUIHH pH Temiiepatype 500 K,
CCH KATATMU3ATOP YMEHBILAST SHEPTHIO aKTUBAUMK Ha AE = 50 xIlx/monb?
(Orser: B 1,7-10% pa3.)




[image: image3.png]XuMHYecKe peakli¥y He BCerJa MpoTekaloT Tak DIYyGOKo, 4ToBhI
MCXOIIHBIC BEIIECTBA MOMHOCTHIO MPEBPATHITNCH B TIPOAYKTHL. 3TO MPO-
UCXOAUT TIOTOMY, YTO IO MEpe HAKOIUIEHUS TIPONYKTOB MOTYT CO3/a-
BATHCSI YCITOBMSA WISl TIPOTEKAHHUS PEaKLUH B POTHBOIMOIOKHOM Ha-
npaicHuy. Peakuui npoTeKaioT SO YCTAHOBICHHS PABHOBECH, TIPH
KOTOPOM HMEIOTCS KaK TIPOAYKTBI, TaK W MCXOIHbIE BELIECTBA,
TCHACHUMH K M3MEHEHUIO UX KOHIEHTPAlWif He HaBGIonaeTcs.

PaccMOTpUM B KaueCTBe PYMeEpA peakLUIo CHHTe3a aMMuaka. Ecin
CMENIATh 430T ¢ BOAOPOLOM, TO NPH ONPEICICHHBIX BHEILIHUX YCAOBU-
X HAYHETCsI IPOLECT

N, + 3H, — 2NH;

Kak Tonbko B cMecH o6pasyioTcs MOJCKYJIH aMMHaka, BO3HHKAeT
oGparHbIit [pouece

2NH3 - Nz + 3H2

OueBHUAHO, YTO B 3TOM CJIy4yae He TIPOM3O0IIET HU MOJIHOTO Pa3/ioxe-
HUs aMMHAaKa 110 BTOpOil peakiK (TaK KaK MPONYyKThl PeaKlMu CIIo-
CcOoGHBI pearvipoBaTh MEXKITy cOGON), HU NOJNHOTO 06pa3oBaHUsT aMMH-
aKa Mo fepROM peakLnu.

XUMHYECKUE pEaKLIMM, KOTOpble NPU OAHUX M TEX XK€ YCAOBHUAX
MOLYT IPOTEKATh B MIPOTUBOIMIONKHEBIX HANPABICHUAX, HA3BIBAIOT 00-
pamumsmu.

[Ipy HamUcaHWM YpaBHeHUH oBpaTUMbIX peakuUWii BMECTO 3HaKa
PABEHCTBA CTABAT ABE MPOTHBOTIONOXHO HANPABICHHBIE CTPEITKY:

k
N, + 3H, & 2NH;

)

Peakiinio, TIpOTEKAIOIIYIO cJleBa HaTpaBO HasbIBAlOT npamoi (k; —
KOHCTAHTa CKOPOCTY NPSMOM peakuuu), & crpasa Haleso — ofpam-
Hotl (k, — KOHCTAHTa CKODOCTH OOpaTHOH peaklnn).

B 06paTMMBIX peakiMsIX CKOPOCTH IIPAMO# peakiii BHAYATE HMeeT
MakCUMaJIbHOe 3Ha'E€H¥e, 3aTeM YOHIBAET BCJACACTBUEC YMEHBINEHUS




[image: image4.png]KOHLIEHTPAI[MW UCXOAHBIX BeltecTB. U HaoBopoT, ckopocTh 06paTHOM
PEaklin B HaYalbHBI MOMEHT MUHMMANTLHAA U YBETHUWBAETCHA MO
Mepe pocTa KOHLIEHTPALIMM TIPOAYKTOB peakunu. HakoHeu, Hactymaer
TaKO# MOMEHT, KOrXa CKOPOCTHY NPpAMOi X OOpaTHON peaxiiuii CTaHo-
BATCA paBHBIMM. COCTOSIHHE CHCTEMBI, TIPH KOTOPOM TIpsiMast ¥ o0pat-
Hast peakUMH MpOTeKAaloT ¢ OTNHAKOBOH CKOPOCThIO, HAZBIBAIOT XUMU -
yeckum pastogecueMm. COCTOSIHHE XUMUYECKOTO PABHOBECHUS KOJIU-
4eCTBeHHO XapaKTepU3yeTcd KOHCTAHTO! PaBHOBECHSA.

COOTHOLLEHUE CKOPOCTEii MPsiMON 1 0BPaTHOM peakLyii COTTacHO
3aKOHY JEHCTBYIOLIMX MAcC 3aBUCHUT OT COOTHOIUCHUA KOHLCHTPalMi
pearupyrolumx BenecTs. Tak, L1 o0paTUMOolt peakuny, KoTopas Mo-
KeT ObITh OMKCAHA ONHUM CTeXHOMETPUYECKUM YPABHEHUEM (10 BO3-
MOXHO JaJIeKO He BCernd, HO MBI OYIeM paccMaTpUBaTb UMEHHO Ta-
KO cayyaii):

aA+bB 2 ¢cC+dD

COTJIACHO 3aKOHY OEeMCTBYIOIIUX MAcC BEIPAXKESHUS [T CKOPOCTH TIPsi-
MO# w| ¥ CKOPOCTH 0GpaTHOH w, peaklluM UMEIOT CNSAYIOUINNA BHUA:

w, = kCiCE,
Wy = kyCECH.

B MOMEHT JOCTHXEHUS XUMHUECKOTO PABHOBECHST CKOPOCTH MPSIMOit 1t
00paTHOH peakluil paBHbI

4CICE = kyCeCl

ki _ CeCl
PN

rie K — KOHCTaHTa XWMHUYECKOTO PaBHOBECHS] — OTHOIICHUE KOH-
CTaHT CKOpOCTEN MpstMoii ¥ o6paTHO peakiuir.

Takum 06pa3oM, KOHCMAHMA pasroéecuss — 3TO OTHOLUCHHE TIPO-
HM3BEICHUS PABHOBECHBIX KOHIIEHTPAUWHN NPOAYKTOB PeakUUM K Npo-
W3BEJEHHUIO PaBHOBECHBIX KOHUEHTPallUil UCXOAHBIX BEWECTB, BO3BE-
IEHHBIX B CTETICHH, COOTBETCTRYIONINE CTEXMOMETPHUIESCKUM KO -
LIMEHTaM DTHX BEUIECTB B ypaBHEHUM XUMHUYECKOH peaklinu.

YpapHenue (3.1) — onHO M3 BhIpAXeHUH 3akoHa AeHCTBYIOILMX
Macc [IPU XUMUYECKOM PaBHOBECUH. KKOHCTAHTA PABHOBECHS CBSI3b{Ba-
€T PABHOBECHBIE KOHIIEHTPALIMY BCEX BEWIECTB, yY4aCTBYIOLIHX B peak-
uuw. TIpu 3TOM KOHUEHTPAuVsl HU OZHOTO U3 BELUECTB HE MOXET GHITh
W3MEHEHA TaK, UTo6bl KOHUEHTPallnY BCeX OCTAMBHBIX BEINECTR OCTa-
JIMCh HEUSMEHHBIMH NPH JAHHOM 3HAYEHHY KOHCTAHTH pABHOBECHS B
KOHKPETHBIX YCIOBHAX.

3.D




[image: image5.png]CocTostHMEe XMMUYECKOTO PAaBHOBECHS IIPY HEM3MEHHBIX BHEILTHIX
YCIOBHAX TEOPETHIECKH MOXET COXPAHATECS Moboe Bpemsi. U3MeHe-
HUE YCIJIOBUI HapylllaeT COCTOSIHME PABHOBECHA, TaK KaK NpH 3TOM
CKOPOCTM IIPOTUROTOIOXHO HANPABIEHHBIX MPOLECCOB U3MEHSIIOTCS
1 pa3Hoit cTerieHH. OJHAKO CITYCTA HEKOTOPOE BpeMsl CHCTEMa BHOBb
MPUXOAMT B COCTOSIHUE PABHOBECHS], HO yXe OTBEUAIOLICE HOBBIM yC-
SOBUSIM.

CMeleHHe paBHOBECHS B 3aBHCHUMOCTH OT YCJIOBHIL B OOLLEM CITY-
qae onpenensaercst apunyunom Je Illamenve (MM NPUHLMIIOM IIO-
JIBIKHOTO paBHoBecHsT) (1884): BHelllHee BO3NEWCTRHE HA CHUCTEMY,
HAXOMALLYIOCH B COCTOAHUN PABHOBECHS, IPUBOIUT K TOMY, YTO CUCTE-
Ma [epPeXOnUT B TAKOe COCTOSIHUE, TIPH KOTOPOoM 3bdeKT BHelIHero
BO3TENCTBUA ocabepaeT. BHElIHEE BO3MIECHCTBUC HA CUCTEMY H3MCHSI -
CT COOTHOUICHHME CKOPOCTEN MPIMOT0 U ofpaTHOTO MPOIeccoB, 6ra-
FOTPUSITCTBYSE TOMY U3 HUX, KOTOPHI MPOTUBOAEHCTBYET BHEIIHEMY
BO3NEHCTBHIO. TaK, NPH MOBBILIEHNH TEMIEPATYPbl PABHOBECUE CMEMIAET-
Csl B CTOPOHY SHAOTEPMHUYECKON peaKLMK, a IPH ITIOHMXEHHMHU TEMIIEPaTy-
pbl — B CTOPOHY 3K30TepMuyecKoil peakuuy. [TopblieHYe JaBIeHMS
cMellaeT paBHOBECHE B HAIIPaBJICHUHU IIPOIEcca, CONMPOBOXAAIOIIE-
rocsl YMeHsllIcHHEM 00beMa, a MOHMXKeHHe JaBIeHHA — B MPOTHBO-
[OJIOKHYIO cTOpoHy. Ecan peakuys mpotekaet 6€3 M3MeHEHHs YHCTa
Moneit Fa3006pa3HbIX BEIUECTB, TO JABJICHUE HEC BJIUSACT HA ITOJIOXE-
HUe paBHOBecus B 9T0li cvicteMe. Hanpumep, noBbilieHNE TeMepaTy-
PBl IPY TPOBEAEHUH OGPAaTUMOMN PeaxIin

3Hy + Ny 2 2NHjs, AH; 398 = -91,8 K[k

cNoCOGCTBYET PasIoXeHUIO aMMHUaKa Ha BOKOPOZ, U a30T, TaK KaK 3TOT
npotiece SHAOTepMUUeckuii. TToBbIeHHe TARTEHNA CMEIHAET PABHO-
BecHe B CTOPOHY O0pa30BaHUs aMMUaKa, MOCKOJIBKY MPH 3TOM YMEHb-
nraetest 00ueM (4UCa0 Moel razoo6pa3HbIx BellecTs). IIpu yeemmye-
HUHM KOHLEHTPALMN OJHOTO M3 PeardpyIOIIKX BELIECTB PABHOBECHE
CMEIUAETCS B CTOPOHY PacXoja 3TOTO BelecTBa, NPU YMEHBIICHUH
KOHIICHTPAlIMM — B CTOPOHY 00pa30BaHUs ITOTO BEIUECTBA.

HDHHHPIH Jle Wartenne NPUMEHWUM HE TOJIBKO K XUMHWYECKUM peak-
UMSIM, HO M K HU3MYECKUM IIPOLeccaM, TAKUM KaK IUIABACHUE, apo-
obpa3oBaHUE U T.O.

H3yyeHne XMMUYECKOTO pABHOBECHS MMEET OOJIbIIOE 3HAYEHUE KaK
JUIE TEOPETUIECKUX UCCTENOBAHUI, TaK U T PelIeHnsl TpaKTHyie-
cKuX 3anay. Ompenesss MoA0XeHre PaBHOBECHS UL PA3IMYHBIX 3HAUe-
HUT TEMITEPATYPbI M AABJIEHVS], MOXHO BBIOpaThL Hanbosee BraronpusT-
Hble YCIOBUS IPOBEACHUS XUMUECKOTo Tpolecca. OKOHYATeIbHBIH
BLIOOP YCJIOBHIL TPEOYET yueTa UX BIMSIHUS Ha CKOPOCTD npotiecca. Hanpu-
Mep, TIPH CHUHTE3¢ aMMMaka YBETUMEeHHE JABTeHUs] U CHUXEHUE TeM-
nepaTyps! IPUBOAMT K CMELUEHHWIO PaBHOBECHUSL B CTOPOHY 0Opa3oBa-
HUA amMuaka. OaHaKo Npd HU3KUX TeMilepaTypax CUHTE3 aMMHaKa




[image: image6.png]MpOTEKAET O4eHb MeUIEHHO. KOMITPOMUCCHEIM pelIeHUEM SIBNSTIOTCS
chenyoume yeaosus: remieparypa ~ 500 °C, napiaeHue ~350 aTm.




[image: image7.png]3.2. KoHCTaHTa XMMHYECKOIO PABHOBECHS

Ins peakunn aA + bB 2 ¢C + dD B razoBoit ¢ase KOHCTAHTY
PaBHOBECHS MOXHO BBIPA3HTh Y€Pe3 PABHOBECHBIE TaPLIMATBHbIE JAB-
JICHAS| YJACTHUKOB PEaKIINU:

< pd
K, =%, (3.2
Daby
ILnst uieanbHBIX Ta30BLIX CMeceit KOHCTaHTa paBHOBecUs K, 3aBUCHT
TOJBKC OT TEMHEPATypEl ¥ HE 3aBUCHUT OT JABJIEHUSI B CHCTEME.

TMoncraensasg B BoIpaxehue (3.2) MapuMaTbHbe I4BICHHUS P, OIpe-
nensdeMBble U3 yPaBHCHUs cocTossHus (pV = nRT) HECATBHEIX ra30B:

_ mRT
7

[OJNYUUM COOTHOLIEHUE MEXNY KOHCTaHTaMu paBHobecust K, u K¢
paccMaTpUBAEMO peaKIMu:

_ CE(RTYCA(RTY _ CeCy
" CL(RTY CYRTY ~ C5CE

WJIH B ODLLIEM BUIE
K, = Kc(RTY, Kc = K(RTY™,

TAE AV — WIMEHEHUE YMCia Mosiel ra3000pa3HbIX PearcHTOB B Pe3yiIb-
Tare peakuvu. [ WAeanbHBIX Ta30BBIX CMecel KOHCTAHTA PaBHOBE-
cusi K¢ 3aBHCHT TOSIBKO OT TEMIEPaTyphl.

3navenus K, u K¢ COBIANAIOT TOJIBKO TS peakIItit, IPOTeKAOmUX
6e3 U3MEHEHUS Yuc/Ia Moseit (Av = 0).

IMocKonbKy ISl HACANBHbIX Ta30B NaplUanbHble JaBICHU p; CBI-
3aHbl C ODLIMM JaBIEHUMEM p IO 3aKOHY JlanrbroHa p; = pX;, TO non-
CTaB/IHs OTH BEJIMYMHBI /151 KAXIOTO KOMIIOHEHTA B BHIDAXKEHHE VIS
K,, nonyanm

» = GRT,

(R T)(ud)A(zub)

cyd
_ X&Xp plerd)-tarb)
’ ]
X3X3
M B o61eM Buze
K, = Kyp®.
B ormune ot K, u K¢ BenuunHa Ky 3aBUCUT He TOJIEKO OT TeMIepa-
TYPHl, HO ¥ OT OGLLETro JaBIeHUs Ta30BOil CMECH.




[image: image8.png]Bun BeIpaxXeHHA KOHCTAHTH PABHOBECHS U €€ YUCIOBOE 3HAYEHUE

OMPedeNsOTCs CTEXMOMETPUYECKHUM YPABHEHUEM DPCAKIIMAH. Tak, w1
PEAKIIMM CUHTE3a ABYX MoOJieH aMMHyaKa

3H, + N, = 2NH,

KOHCTaHTa PABHOBECUS MOXET OBITD BbIpaXeHa yepe3 PABHOBCCHLIC
AaBJIeHNS

P
K. = Py,
P=3 :
P H; PN,
JIng peakiMy CUHTE3a OJHOTO MONS AMMHAKA
SHH, + 1/aNy = NH,
TIOTYIHM UHOE BHIPAXEHHE 1 MHOE 3HAYEHHE KOHCTAHTH PABHOBECHS

y_ PNy o
KP TN R .

Ph, PN,

I8 peaklUMM pas3ioXeHUs aMMHaKa
2NH; =3H,; + N,
KOHCTaHTa PaBHOBECHSt MMEET BUA

. Py, 1
k=Pl 1

P, K,




[image: image9.png]CJICHOBZ‘ITCJIBHO, VKAa3bIBasl YUCITOBOE JHAYECHNEC KOHCTAHTE! PABHO-
BECUS, CNEAYET MPUBOAUTL BHIPAXCHUE KOHCTAHTHI PABHOBCCHUA HIH
COOTBETCTBYIOULEE CTEXMOMETPHUYECKOE YPaBHEHUE XUMUYECKOU peak-
n.




[image: image10.png]pumep 1. Tlycre TpebyeTes HalTH COCTAB PABHOBECHOUW CMECH,
YYacTBYIOILEN B peakuuu

H;+ 1, 2 2HI,

ecnu K, = |, manneHue p, Temreparypa T, YHC/IO MOJEH KaKIOTO UC-
XOIHOTO KOMITOHEHTA PABHO ero CTEXMOMETPHYECKOMY KO3(prliueH~
Ty B YpaBHEHUU PeaKUHU.

OGo3HauuM x — umcio moneit HI, o6paszosasiuvixcs K MOMeHTY
YCTAHOBJEHUS paBHoBecHs. Tak Kak BelUeCTBa pearnpyioT B CTEXHO-
METPUYECKHX COOTHOILUCHUAX, TO WIS NOMydeHHsi X Moneil H1 Tpedy-
etcs x/2 moneit H, n x/2 mMoneit 1,, CrenoBarenpHO, B PaBHOBECHOMN
cMecH okaxercs (1 — x/2) moneit H, u (1 — x/2) Moneit 1,. Mockomeky
LTS paccMmarpusaeMoii peakumu Av = 0, 10 K, = Ko = Ky = K, u,
CNIEIOBATETLHO,

2 2 2
p n 4x
K - Hl —_ He -

PPy Awny (2-x) .

Mpu K, = 1 vimeem x = 0,67 moneit HI, crenosatenbHo, B paBHO-
BECHOM cMecH OyayT Haxoauteesa | — x/2 = 1 - 0,67/2 = 0,665 Monei
H, n croxeko xe moxeit L.

Tax Kax obiee Yucjao Moieit B paBHOBECHOM CMECH PaBHO IIBYM, TO CO-
CTaB paBHOBECHOM cMecH craenyiottuit: (0,665:2)-100=33,25 mon. % H,;
3325 Moa. % [+ (0.67:2)-100 =33 5 Mon. % HI.




Домашнее задание

Конспект

Решить задачу

[image: image11.png]10. TIpu cMmemennn 1 kMo BeinecTea A ¢ 1 kmoneM BeniecTBa B B pesynb-
TaTe peaklMH A + 2B 2 AB, B paBHOBECHOM cMecH 06pa3oBasioch 0,2 KMoaa
AB, Onpenenute sHauenue K, npu obiem Aabrernu 10° Tla, ecim Bee Belue-
CTBA HAXOLATCH B COCTOSTHUM MIEANBHOrO rasa. (OTBeT: 1 77 l0 0 ['la'z)





