9. ONPEAENNIEHNE KOHCTAHT PABHOBECUA U TEPMOANHAMUWYECKUNX
XAPAKTEPUCTUK PEAKLIUA CMEKTPAJIbHbIM METOJOM

CnekTpasnbHble MeToAbl MOryT MCNONb30BaTbCA A8 onpeaeneHums KOHLleHTpaLlMVI Unn gaBneHnA
napos BewWeCTB, W, COOTBETCTBEHHO, ANSIAd MoNy4vYeHUNA TEPMOAMHAMUYECKUX XapPaKTEPUCTUK
npoueccos, onpegenaembiX 3 TUMN BEJIMYNHaAMN. KOHCTAHT paBHOBECKA, 3HTaNLNUMN n 3HTpOI'IMﬁ

XUMUUECKUX peaKkuuin, pa3oBbiX NEpexoaos U T.4.

I. TEOPETUYECKOE BBEJIEHHUE

Xumuueckoe papaosecue N.Oy = 2NO,.

YcaoBue XUMHYECKOTO paBHOBECHU B pCaKIIUA

N,O,4 = 2NO, (1)

HUMECT BU

2/uNo2 ~ Hno, = 0 (2)

W3 ycnosus (2) cnenyer, 4To

(2/11(\)102 _ﬂgzo4)+RT1n(p§oz /pN204)/{(p1?102 )2 /p§204} =0 (3)

B ypaBHenusax (2) u (3) Hyo,>Hn,0,— XUMAYECKUE MOTEHUHMAIBl YYaCTHUKOB PEaKLUH,
0 0
Hyo, > Hn,0, — CTaHIAPTHBIC XMMHYCCKHE MOTCHLHANBI, Pyo, s Pn,0, — PABHOBECHBIC NaBICHUS

0 0
YYaCTHHKOB peakuuu, Pno,> PN,0, — CTaHIAPTHbIC IABJIECHAS, K&XKI0€ U3 KOTOPHIX paBHO 1 Gap.

W3 ypaBueHnus (3) npsmo cienyer ypaBHEHUE U30mepMbl XUMULECKOU peakyuu

AGy = 2uyo, = My 0,)=—RTInK (4)

K =(Plo, ! Pno )/ {(PRo,)’ / Pho,} (5)

Bennunna K HasbiBaercs mepmoounamuueckou xowcmanmotl pasnoeecus. OYEBHIHO, YTO OHA

6e3pa3mepHa. BeipaskeHue (4) cripaBeyiMBO BCera, BeIpaxkeHue (5) — TOJbKO B TOM Cilydae, Koraa

Y4aCTHHUKHU PCaKIIUU (1) — WJICAJIbHBIC I'a3bl. Ecan oxuciel a3ota NepeCTar0T NOAUYUHATHLCS 3aKOHaAM

WJI€aTbHbIX Ta30B, B ypaBHeHUs (3) U (5) BMECTO NABICHUU Dy, , Py o, CIEMYET MOJICTABUTH
2 24

(GyruTUBHOCTH fN02> szO4 . Ecmm yuvactHukm peakumu (1) — wupeanbHble Tas3bl, BMECTO



663p213MepH0171 KOHCTAHTBI K 9acCTO HUCIOJIB3YKOT KOHCTAHTY Kp. YucneHHo K nu Kp PaBHBbI, OAHAKO

K, — Bennuuna pasmepuas. s Hameii peakuun (1)

_ 0 N2/ ,.0 _ .2
K, = K{(pNOZ) /pN204} = Pno, /pN204 (6)
u K, nmeer pasmeproctr {6ap}. TemnepaTypHas 3aBUCHMOCTb KOHCTAHT PaBHOBECHs

OTIpe/IeTISICTCS] YPABHEHUEM U300apbl XUMUYECKOU peaKyuu

dinK /dT =dInK,/dT = AHY/ RT? (7)
B He6o01b110M HHTEPBAJIE TEMIIEPATYP MOKHO MIPOUHTETPUPOBATH (7), CUUTAasi CTaHAaPTHBIE

sHTanbnuo AH g H SHTPOIIUIO AS? pEaKIMy HE 3aBUCAILLIMMU OT TEMIIEPATYPBI

0 0
InK =—AH? /RT +AS? /R @)
KoHCcTaHTy paBHOBECHSI MOKHO CBA3ATh C NPUBEOEHHBIM MEPMOOUHAMULECKUM NOMEHYUATOM Aq)g
_ 0 0
RInK =ADS —AHY,, /T 9)
Pacuer KOHCTaHTBI paBHOBecHs MO ypaBHeHHIO (9) TpeOyeT 3HaHHUS SHTAIBIHH PEAKIUU IMPU
temnepatype 0 K (wmu T = 298 K). [l pacdyera npuBe1eHHOTO TEPMOJUHAMHYECKOTO MTOTEHIIMATIA
HEOOXOAMMO 3HATh TEIUIOEMKOCTH YYaCTHUKOB peakiuu npu temmeparypax oT 298 K go T (wmm ot

0K mo T). DT TemI0eMKOCTH H3MEPSAIOTCS HKCIEPUMEHTAIBHO WM PACCUUTHIBAIOTCS METOJaMHU

CTaTHCTUYECKOM TEPMOAUMHAMUKMU.

Oco0eHHOCTH OIpeie/IeHIsI KOHCTAHT PABHOBECHS CIIEKTPAJbHBIMH METOIAMH

[IpumeHeHue CreKTpaabHBIX METOJOB JUIsl KOJUYECTBEHHBIX M3MEPEHUN MPU MCCIIETOBAaHUU
(U3UKO-XUMUYECKHX TPOIECCOB M XUMHUYECKHX PEaKIUid OCHOBAHO Ha HCIIOJb30BAaHUHM 3aKOHA
ceeronoryonienns  byrepa-JlamOepra-bepa 0  mpsAMOH  MPOMOPIMOHATBHOCTH — MEXKIY
KOHIICHTpAIIMEel/JaBJICHHEM Tapa BEIIECTBA U M3MEPSIEMOU ONTUYECKON IMIIOTHOCTHIO TOJOCHI €T0

MIOTJIOIEHHUS:

A=1g(I,/D) = el (10)
riae A — onruyeckas IOTHOCTh, /) - MHTEHCMBHOCTH MAAOIIEro CBeTa, / — HHTEHCUBHOCTh CBETA,
IpOILIEANIero yepe3 odpasel, £, — KO3 UIMEHT MOJIIPHOTO MorameHus (WIM 3KCTUHKIHMU) MpU

JUIMHE BOJIHBI A, C - KOHIEHTpALs BeUecTBa U [ — ToJIuHa norsomaruero cnost. Koaduuuent

MOJISIDHOI'O IIOTAaIlICHUSA &), I/IBMepfleMHﬁ 0OBLIYHO B MaKCUMYME II0JIOCHI ITOTJIOIICHUSA, ABJISICTCS



MOJIEKYJIIPHOM KOHCTAHTOM JAaHHOTO BEIIECTBA M HE 3aBUCUT OT KOHILIEHTpAlMU BEIEeCTBA U
TOJIIIMHBI MOTJIOMIAOIIETO CJIOS U MPUCYTCTBUSA B PEAKIIMOHHOW cMecH Apyrux BemiecTB. [loaTtomy
(dakTHUeCKH OmpeeIcHNEe KOHIICHTPAIMU WM TapIHajbHOTO JaBIICHUS JAHHOTO KOMITOHEHTA
CBSI3aHO TOJIBKO C U3BMEPEHUEM ONTUYECKOU TIOTHOCTH €TI0 MOJIOCHI MOTJIONIEHHUS.

AHaTUTHYECKHE TIOJIOCHI BBIOUPAIOTCS C TAKUM PacyeToM, 4TOObI OHM ObUIH TOCTAaTOYHO (HO
HE CJIMIIKOM) HMHTEHCHUBHBI M XOPOIIO pa3pelieHbl; MHOT/AA WX BBIOOP TUKTYETCS YCJIOBHUSIMHU
JKCIIEpUMEHTa (MaTepuajgoM KIOBETHI, JOCTYNMHOM CHEKTpaJbHOM 00JacThio U Ap.). M3mepeHus
Jy4ille MPOBOJUTH MO MHTETPAJIbHBIM HHTEHCUBHOCTSAM IOJIOC, XOTS M3MEPEHHS MOTJIONMICHUS B
MaKCUMYyMaX TakKe€ 4acTO AAl0T YJIOBJIETBOPUTEIbHbBIC PE3YJIbTATHI .

Hcnonb3ys ypaBHEHHE COCTOSIHUS UACANBHOTO ra3a pV = nRT u, COOTBETCTBEHHO, p = cRT,

u3 BeipakeHus (10) MOXXHO MOMYYHUTh (POPMYITY JUTSI OTIPEICIICHUS TABIICHHS B BUJIC
p=ART/e;1 (11)
Jnst xummdgeckort peaknuu (1) , mporekaromieil B ra3oBoil ¢ase BbIpakeHHe (6) I KOHCTAHTBI

paBHoBecHs K, IPHHAMAET BH
2 2 2
Pho, AN02 &,no, RT
K,= = (12)

Pnx,o, AN2 0,¢1.5,0, [

CrnenoBarenbHO, U1l 3KCIEPUMEHTAIBHOTO ONPEAEIICHU KOHCTAHThl PaBHOBECHUS CIIEYET
M3MEPHUTDH ONTUYECKHE TIOTHOCTH TOJOC KOMIIOHEHTOB, UMETh /ISl HUX 3Ha4eHHUs KO3 PHUIIMEeHTOB
HKCTUHKIMH, A TAK)KE 3HATh YCJIOBUS SKCIIEPUMEHTA: TEMIIEPATypPy U JUIMHY MOTJIOMIAIOIETO CIOS.

[Ipu cnexTpaabHOM OINpeieIeHUH KOHCTAHT PABHOBECHS CJIOKHOCTU COCTOSAT, B OCHOBHOM,
B OTCYTCTBHU KO3(PPHUIIMEHTOB SKCTUHKIIUU TIOJIOC, JUISI HAX0XKIEHUSI KOTOPBIX CIIEAYET 10 3aKOHY
Bbepa noctpouth rpaaynupoBoUHbIe IpaUKH, YTO OKa3bIBAETCS HE BCEr/Ia BHITOJIHUMBIM BCIIEICTBUE
HEIOCTYITHOCTH UH/IMBU/YyaTbHBIX KOMIIOHEHTOB, HAIIPUMEP, B CiTy4ae ObICTPHIX PABHOBECHH H T.II.

Ecin um3BectHo xota Obl omHO 3HaueHue Kp (Hampumep, mpu Ttemmeparype 25°C wu3
CIOPAaBOYHBIX JIaHHBIX), TO C HCHOJb30BAaHMEM OSKCIIEPUMEHTAJIbHOW HHMOPMALUU MOXKHO
paccuMTath 3HaueHus Kp MpH Ipyrux TeMreparypax.

Jnis aToro nepenuieM ypaBHenue (12) B Buze:

2 2
vo,€anv0, RT A

[ A

2
NO2 BT

N, 0,

Kp:A

N,0,62.N,0,

1 OIIpCAC/IMM BCIUYHNHY



e
B = SAN0, B (13)
€m0, !
II0 U3BECTHOMY 3HAu€HHI0 K, ¥ M3MEPEHHBbIM ONTHYECKUM ILUIOTHOCTSAM KOMIIOHEHTOB, a 3aTeM
paccuuTaeM 3HaueHus K, Ipu Ipyrux TemMIepaTypax.

Bo MHorux cmyuasix, ogHako, 0ojiee Ba)KHBIM OKa3bIBA€TCSl ONpeiesieHHe He 3HaueHUus
KOHCTaHThl PaBHOBECHUS, a TEPMOAMHAMHYECKUX XapakTEpPUCTUK mporecca. VX HaxoxaeHHe u3
DKCIIEPUMEHTAJIbHBIX JIAHHBIX OCHOBAHO HA M3YYEHUM TEMIIEPAaTypHOM 3aBUCUMOCTH K.
JleficTBUTENBHO, KaK CcIeAyeT U3 ypaBHeHHUs (8), 110 KodhpuIMeHTy JIMHeiHOo) 3aBucuMocTH InK), oT
00paTHOI TeMIiepaTypbl MOXHO MOJYYUTh DHTAJIBIIHIO MPOIIECCa, a U3 OTPe3Ka HAa OCHU OpAMHAT —
€T0 SHTPOMHUIO.

JUis  9KCTIEpUMEHTAIbHOTO ONpEeNeHUs] TEePMOAMHAMUYECKHX IapaMeTpoB Ipolecca
U3MEPSIOT MHTEHCHUBHOCTH TII0JIOC TIOTJIOIIEHUS] KOMIIOHEHTOB IIPU pa3HbIX TeMIeparypax Hu
HaXoJsT 3aBUCHUMOCTh UX OTHOLIEHHMS OT oOpaTHO#l Temmeparypsl. Ilpu sTom TemmeparypHOii
3aBHCUMOCTBIO KOX(PQUIIMCHTOB SKCTUHKIMU (TOYHEE, WX OTHOIICHUs, CM. ypaBHeHue (12))

HpeHe6peraIOT, YTO B OOJIBIINHCTBE CJIY4acB ABJISICTCS JOCTATOYHO XOPOIIHUM HpI/I6J'II/I)KeHI/IeM.

Jlns mpocroit peakunn N <—= M ypaBuenue (8) MOKHO NPEICTABUTE B BUJIE

0 0

A4, RT &, (14)

1 €€ DHTAJIBIINA PCAKIUHU ONPEACIIACTCA HETOCPCIACTBECHHO U3 TAHI'CHCA YTJIa HaKJIOHA COOTBCTCTByIOHIeI\/‘I HpﬂMOﬁ, a It

BBIUUCIICHHUS U3MEHEHUS SHTPOIHNHU peakuu (13 CBOOOAHOTO WieHa YPaBHEHNs) TOTIOJIHUTEIBHO ONPEACISIIOT 3HAUCHUE
OTHOLICHUS SM/ &EN. DTO MOXHO CllenaTh UCXOJS U3 YCIOBUS, YTO NpHU 000 TeMIIEpaType Pm + PN = Pobuw, H,
cnenosarenvio, Ayl eyl + AN/ Enl = Poom, otkyna Ay = (-l EN)ANTEUl Posm, 1 MCKOMOE OTHOIIEHHE HAXOAUTCS
U3 3aBUCUMOCTHU A s OT Ay TIPU HECKOJIBKUX PA3IUUHBIX TEMIIEpaTypax dKCIepUMEHTa (Tak Ha3bIBaeMblid TecT DelTnn).

Peakuuss npucconmanuu yeThipexokucu aszotra (1) sABIsSeTCs TpUMEpPOM paBHOBECHS,
KOHCTaHTa KOTOPOTO CHJIBHO 3aBUCUT OT TeMIepaTyphl. 3a NPOTEKaHUEM pEaKIHUU JIETKO
Ha0JII0/1aTh, HAIPUMEP, TI0 U3MEHEHUIO OKPACKU paBHOBeCHOU cmecu. [Ipu oOmem naBienuu 1 atm
ra3oBasi CMeCh MPAKTUYECKH Mpo3payHa npu temnepatype — 20°C (comepkut Toapko NyOy ), a mpu

temriepatype okosio 100°C umeet TeMHO-0ypyr0 OKpacky (Coaepkut, B oCHOBHOM, NO»).



II. SKCIIEPUMEHTAJIbHASI YACTDb

1. Attmaparypa 1 00J1acTh H3MEPEHHS CHEKTPOB

B pab6ore ucnonsiyercs MK-criekrpodoToMeTp, OCHAIIEHHBIH TEPMOCTATUPYEMOM KaMepoit
C JIByMs IIAPOBBIMU KIOBETAMH M3 ONTHUYECKOTO KBaplia, OJHA U3 KOTOPHIX HAIOJHEHA CMECHIO
OKCHJIOB a30Ta. Temmeparypa TepMOCTaTHPYEMOU KaMepbl U3MEPSAETCS KOHTAKTHBIM TEPMOMETPOM.

WK-criekTp cMecH peructpupyercst B obmacti 2800-3100 cm™', rie pacioNOKeHbI MONOCH
norjomenus moisiekysl NO, (coctaBHasi mosnoca vi+ vi ¢ MAKCUMyMOM OKoJio 2936 CM'l) a N>Oq
(cocraBHas moJioca Vst+vi; ¢ MAaKCUMyMOM OKoJio 2974 CM'I). [TockonbKy CHEKTp 3amuchIBae€TCs B
JIOCTATOYHO y3KOM CIIEKTPAJIBHOM HHTEpBAJIE, M, CJIEJOBATEIBHO, 3a JIOCTATOYHO KOPOTKOE BpeMs,
TO MOXXHO MpPHHATH, YTO TEMIIepaTypa SKCIIEPHUMEHTa OCTAaeTCs NOCTOSHHOU. Crlemyer Takxke
MMOMHHUTB, YTO B KaXKIOM DKCIIEPUMEHTE 3aIUCh CIIEKTpa HAJ0 HAYMHATH B O0JACTH, T1I€ HET IOJIOC
TIOTJIOMIEHUS (JIJ1s1 OTIpe/IeNieHUs] HyJIEBOM JIMHUM), a 3aKaHYNBATh TIOJHBIM TIEPEKPHIBAHUEM KaHaJa

oOpa3na (11 3anucu JIMHuM, cootBeTcTByomei 100% nornomenus).

2. ITopsanok BeIIOJHEHUS PAOOTHI

1. CoBMECTHO C COTPYAHMKOM IIPaKTHKyMa YCTAHOBUTE HAarpeBacMyl Kamepy ¢
KOHTAaKTHBIM ~TEpPMOMETPOM B KIOBETHOE OTJEJCHHE CIEKTpOopOoTOMETpa U  BKIIOYUTE
cnekrpooromerp. Ilycture B pyOamiky KaMmepbl XOJOAHYIO BOXY, MOAOXKIUTE YCTAHOBICHHS
MUHUMaJIbHOU TemnepaTypsl kamepsl (~10°C) u 3anuimmure nepBblil CIEKTp.

2. BpIkmouuTe BOJY M BKJIIOYMTE CHCTEMY HarpeBaHUs KaMepbl, IpeJBapUTEIbHO
YCTAaHOBUB KOHTAaKTHBIM TEPMOMETPOM TeMIIepaTtypy Ha 5 — 7° Bblllle MUHHUMAaJIbHOK. Y0enurecsh,
YTO JOCTUTHYTas TEMIEpaTypa JeHCTBUTENBHO HE MEHSETCs, U II0CJIE 3TOr0 3alMILIUTE CIeAY 0L
CHEKTD.

3. AHaJIOTUYHBIM 00pa30M 3aMMIIKNTE €lIe HECKOJIBKO CIEKTPOB C HHTEPBAJIOM TEMIIEpaTyp
5 — 7°. Ilpu stom onHy Temmepatypy (25° C) HeoOXOAMMO BBICTaBUTH IOCTATOYHO TOYHO, TaK Kak
10 3TO TeMIepaType ciaelyeT ONpeesInTh KOHCTaHTY B ypaBHeHus (4).

4. Ilo oxoHYaHUU pa6OTLI BBIKJIIFOUHUTC CHeKTpO(l)OTOMeTp 1 CUCTEMY HArp€BaHUsI KaMCpPHhI.
PaboTy MOXHO MNPOBECTM M B OOpPaTHOM HOpPAIKe — OT CaMOM BBICOKOM TeMIepaTypel IO CaMoM
HU3KOM. I[IpK 3TOM OXJIaXOeHMEe KaMepsl BeOeTCA INePUMOAMYECKMM IMPONYyCKAaHMEM XOJIOOHOM BOHEL B

pyfalKy KaMepsl.



II1. 3BAITMCH U OBPABOTKA 3KCHHEPUMEHTAJIBHBIX PE3YJIbTATOB
1. Ilo mony4YeHHBIM CHEKTpaM pPacCUUTAWTEe 3HAYEHUS] ONTHYECKUX IUIOTHOCTEU

3apeTrUCTPUPOBAHHBIX MOJI0C Konebanuit Mmonekys NO; u N,Oy4 (eMm. puc.1).

100% mpomycxaHas

Puc. 1 Onpepenenune I u Iy N3 CNEKTPOB MNOrnoLwWeHns

oN

7o N[——

P
F

2

0% mpomyCKa:usi y ¢ i

2.Ecnu oauH M3 9KCMNEPUMEHTOB MPOBOIWICSA MpHU TemmepaTtype 25°C, To 1o crnpaBOYHBIM
JAHHBIM PAacCUMTAlTe KOHCTAHTY PAaBHOBECHS PEAKIUU IMPH 3TOHW Temrieparype (IpoIie BCEro 3TO
clienaTh C MCIoyib3oBaHUEeM BelWdnH AfG°9g.15), 3aTeéM KOHCTaHTY B 1o ypaBHeHHUIo (4) u mociue
ATOTO CHOBA IO YpaBHEHHUIO (4) - 3HaUeHUs1 Kp TIPU OCTAIBHBIX TeMIepaTypax. B HacTosei 3anaye

ypaBHeHUE (4) 3aMUChIBACTCS Kak

Kp=[A(NO,)*/A(N,0,)]T-B

[TomyuenHble 3HaUEHUS MIPEJICTABbTE B BUJIE TaOIULIBI 1.

Ta6bnuua 1.

/T, Kp Kp InKp
T.°C IToxoca NO, ITomoca N,Og4
1/K (Teop) (axcmep) | (aKcmep)

IO‘I‘A IO‘I‘A

3. Ecnu Temnieparypa 25°C He UCI0JIb30Balach B 3KCIIEPUMEHTE, TO PACCUUTANTE BEIUUUHY

[A(NO,)*/A(N,04)]T ypasrenns (4') u n0JTydeHHbIe 3HAYEHHS IPECTABLTE B BUJIE TAGIHIIBI 2.

Tabnuua 2.

T,
7,°C K Ionoca NO, Honoca N,Oy | [AINO2)/ANL0)]T | In[A(NO,)*/A(N,04)]T

10‘1‘/1 10‘1‘/1




4. o manHbM Tabmu 1 umu 2 noctpoiite rpaduku InKp(sxenep) = f(1/7) win
In[A(NNO,)*/A(N,04)]T = f(1/T), COOTBETCTBEHHO.

5. O6paboTaiiTe Ha KOMIBIOTEPE AaHHbIe TaObnul 1 wimm 2 o ypaBHeHusM (6) uinu (4).

IV. NIPEJACTABJIEHUE P3YJIbTATOB PABOTbI

Otuet 0 paboTe 10KEH BKIIOYaTh:

1. KpaTkoe onucaHue cofepKaHus 3aja4i ¢ ypaBHEHHAMH, HEOOXOIUMBIMH 1715 pacyera K,
AH, AS.

2. O6pa31ibl OJIyYEHHBIX CIIEKTPOB € UX 00PabOTKOM.

3. Pe3ynbraThl pacyeToB B Bujae Tabmuil 1 wim 2.

4. Tpaduk InKp(axcrep)=A1/T) nau In[A(NO,)*/A(N,04)]T = A1/T).

5. Pe3ynbTaThl KOMIBIOTEPHBIX PACYE€TOB: YpaBHEHHE I 3aBUcUMOCTH InKp(dkem.)=f(1/T) n

BEJIMYMHBI TEPMOJIUHAMUYECKHUX (PYHKIIHIA PEaKIH C OLIEHKON MX MOTPEIIHOCTH.
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