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Perntensent
KaHJIUIaT XUMHYECKUX HayK, noueHt H.B. KyBapaun

XuMHUYEeCKOe PABHOBECHE: METOJAMYECKUE YKa3aHUS 10 IUCIUIUINHE
"Heopranuueckas xumus" / FOro-3an. roc. yH-T; coct.: O.B. Bypbikuna,
®.®. Huszu Kypcek, 2015, 7c.:, bubmuorp.: 7c.

N3naratorcsi MeToAMYECKUe yKa3aHus MO MPOBEACHUIO J1Ta0OpaTOPHOM
paboThI IO TeMe «XMMHUYECKOE paBHOBecue» Kypca «Heoprannueckoil xu-
Mun». PaccMatpuBaroTCs yCI0BUSI BOBHUKHOBEHHUSI XUMUYECKOTO PaBHOBE-
CHsI, CIIOCOOBI CMEIICHUS XUMHUYECKOTO0 PABHOBECHS B Ty WJIM UHYIO CTOPO-
HYy

Mertonuueckue ykKazaHHWsl MpeaHa3HadyeHbl JJIs CTYJIEHTOB 1 Kypca
JTHEBHOTO oOTaeneHui HampasieHuss noaroroBku 04.03.01 (020100.62)
«Xumusi» u cnenuanbHocTd 04.05.01 (020201.65) «dyHnameHTadbHas U
OPUKJIAIHAS XUMUS», BBINOJHAIONIMX JA0OpaTOpHYIO paboTy MO Teme
«XUMHUYECKOE paBHOBecHE» MO aucuMIuiMHe «Heopranudeckas XuMUsH)
COTJIaCHO paboumx y4eOHBIX IIJIAaHOB HampaBjeHus moarotoBku 04.03.01
(020100.62) «Xumusi» u cneruanbHocTH 04.05.01 (020201.65) «dyHna-
MEHTaJbHAS U MPUKJIATHAS XUMUSD.

TekcT nmeuaraeTcs B aBTOPCKOU PENAKIINT

ITonmcano B meyaThb dopma 60x84 1/16.
Ve ned. 1. Yu.-uzag.  Tupax 30 sk3. 3akas. becnnatHo
FOro-3amaanbiii rocyapCTBEHHBIN YHUBEPCUTET.
305040 Kypck, yn. 50 net OxTsa0ps, 94.
XUMHNYECKPE PABHOBECHE



PCaKHI/II/I, KOTOPBIC IIPpU OAHUX U TCX KC YCIIOBUAX, MOT'YT IIPOTCKATb
KaK B IIpAMOM, TaK U B O6paTHOM HaIIpaBJICHHUH HAa3bIBAIOTCA 06DamuMbl-
MU.

VYcnoBre HEOOPaTUMOCTH TPoOIEcca — MPOAYKT PEaKIMu YXOJIUT M3
cepbl peakiu, HaIpuUMep yJIeTY4YHUBaETCS.

CylleCTBYET 1BA YCIOBUSA PABHOBECHS:

1) AG =0 - mepmodunamuueckoe yciosue pagHosecus

2) V1 = V,. — Kunemuueckoe yciogue paeHogecus.

XUMHYECKOE PABHOBECUE—ATO JIMHAMUYECKUN MPOLECC, MPU KOTO-
POM MIPOMCXOAUT HEMPEPHIBHOE 00Pa30BaHUE U PA3I0KEHHUE MOJICKYII.

Ha ocHOBaHMM paBeHCTBa CKOPOCTEW MpsiMOl U 0OpaTHOWM peakuuid
P PAaBHOBECHUU MOXHO HAIACATh:

K¢ = Knp/Koop

DTO COOTHOIIEHHUE HA3bIBAETCS KOHCTAHTOW PABHOBECHS.

OTHOILIIEHHE MPOU3BEJACHUSI PABHOBECHBIX KOHIICHTPALMK MPOIYKTOB
peaKklMi B CTEMNEHAX PAaBHBIX CTEXHOMETPUUYECKUM Kod(pduiimeHtam, K
MPOM3BEACHUID PABHOBECHBIX KOHIIEHTPAIMA MCXOJHBIX BEIIECTB B
CTETICHSIX PaBHBIX CTEXHMOMETPUUYECKUM KOA(PhHUIIMEHTaM MPU MOCTOSIHHOMN
TEMIIEpAType  SBJSETCA  NOCTOSIHHOM  BEJIMYMHOW W HA3bIBACTCS
KOHCHMAHMOU PABHOBECUSL.

JIJ11 TOMOTEHHOM peaKuu BUIa

aA( BBy < 1l it ey
KOHCTaHTAa PABHOBECHS BBIPAXKAETCS PABEHCTBOM
K. = [A]" [E]°/ [A]" [B]®

s peakiuii, MpOTEKAIOMIUX MEXIYy Ta3000pa3HBIMH BEIIECTBAMH,
4acTO MNPUMEHSETCS  BBIPAKEHUE  KOHCTAHTBHI  PABHOBECHS  4Yepe3
MapUrAIbHbIE JABJICHUS

K, =px pe’/pa’ P8’

B BBIpaskeHrE KOHCTAHTHI PABHOBECHS T€TEPOIeHHON PEaKIIUU BXOJISAT
TOJIBKO KOHIOCHTPALMHU BCIICCTB, HAXOAAIIUXCS B )KI/II[KOI\/II nJjIn F33006pa3-
HOU (1)336, TaK KaK KOHLCHTpAalIMUKU TBEPAbIX BCHICCTB OCTANOTCA ITOCTOSAH-
HbBIMH. HJ'IOHIaﬂI) IMOBCPXHOCTHU HC BJIMACT HAa 3HAYCHHUC KOHCTAHTBLI paBHO-
BECHSI B TETEPOr€HHOM IPOIIECCe, IOTOMY YTO M IpsMas, 1 0OpaTHas peak-
MU ITPOTCKAKOT Ha O,HHOﬁ Iomaan IMoBECpXHOCTH.

B o0miem cirydae A1 reTepOreHHOro mporecca

aA() T BBs) = eEq + 1/l

KOHCTAHTa PAaBHOBCCHU:A BbIPAKACTCA paBeHCTBOM:

Ke = [E]° [A]"/ [A]*



Ha  mpakTuke  KOHCTaHTy  pPaBHOBECHSI  BBIYMCIAIOT U3
AKCIEPUMEHTAIBLHO HAMICHHBIX PABHOBECHBIX KOHIICHTPAIIUH.

KoHneHTpanium peareHTOB IMpU  yCTAHOBUBILIEMCSI PaBHOBECUH
HA3BIBAIOTCS PABHOBECHbIMU Y 0003HAYAIOT [ ].

N3MeHeHuEe BHEIIHUX YCJIOBHM (JIaBJEHUE, TeMIrepaTypa, KOHIICH-
TpalUM BEILIECTB B CUCTEME) MPUBOJUT K HApyIIEHUIO paBHOBecus. OniHa-
KO, 4Yepe3 HEKOTOPOE BpPEMsI IIPU HOBBIX YCIIOBUSIX PaBHOBECHE BOCCTAHAB-
JIMBAETCS, HO C HOBBIMU PAaBHOBECHBIMU KOHIICHTPAIUSMHU.

ITepexon cuUCTEMBI W3 OAHOTO PABHOBECHOTO COCTOSIHUS K JIPYTOMY
HA3bIBACTCSl CMeU{eHUEeM VI COBULOM PAGHOBECUS .

XapakTep CMEIICHUS XUMHUYECKOrO PAaBHOBECHUS TMOJ BIHUSHUEM
BHEIIHUX BO3JCHCTBUI MOXXHO MPOTHO3UPOBATh, MPUMEHSI npuHuun Jle
Hlamenve:

Ecnu na cucmemy, Haxooawyocss 6 cOCMOSHUU XUMUUECKO20 PABHO-
gecusi, OKa3amov KaKoe-1ubo 6osoelcmaue, mo 8 cucmeme YCUIU8aromcs me
npoyeccol, KOMopovle CIMpPEMAMCs C8ECMU IMO 8030eUCMBUE K MUHUMYMY .

1.  TloBbleHHe TeMnepaTypbl IPUBOJUT K CMEIICHUIO XUMUYECKO-
IO PaBHOBECHS B HAITPABIICHUU SHIOTEPMUYECKON PEAKIIUU.

2.  lloBbllieHUE AaBIEHUS BBI3BIBAET CMEIICHUE XUMUYECKOTO PaB-
HOBECHS B HAITPABIICHUU PEAKIMHU, PUBOIAIIEH K TOHUKEHHIO JTaBJICHUS.

3. YpaaneHue u3 CUCTEMbl OJHOTO U3 MPOJYKTOB PEAKIIUU BEIET K
CMEILICHUIO PABHOBECUS B CTOPOHY ITPSIMOW pPEAKIINH.

4.  YMeHbIlICHUE KOHIICHTPAIMM OJHOTO0 M3 HCXOJHBIX BEILECTB
OPUBOAUT K CIBUTY XHUMHYECKOIO PABHOBECHS B HANpaBJICHUU OOpaTHOMN
pEaKInH.

PaccmoTpuMm  BiMsAHME  BHEMIHMX  (aKTOPOB HA  CMEIICHUE
XUMHYECKOTO PABHOBECHS HA PUMEPE PEAKIIUU MTOITYUECHUSI BOJIOPOAA:

CH,; +2H,0 =CO;, +4H;; AH >0

1.Ecniu B cucremy 100aBUTH HCXOJIHBIE BEIIECTBA, TO YCKOPSETCA
OPsSIMOM MPOIIECC, T.€. pPABHOBECUE CMEIIAETCS BIPABO.

2. Eciii B cucTeMy BBECTH JOMOJHUTEIBHOE KOJIMYECTBO MPOIYKTOB
peaKkIuu, TO PaBHOBECHE CMECTUTCS B CTOPOHY OOpaTHOM peakiuu, T.€.
BJIEBO.

3. IlpsiMas peakuusi MPOTEKAET C YBEIWYEHHWEM 4YHCJa MOJEH rasa.
[TosTOMy yMeHbIlIeHUE AaBJICHUS OyAET CMEIIaTh PaBHOBECHE B €€ CTOPOHY
1 Hao0OpOT.




4. Tlpssmoii mponecc sHporepmuueckuii (AH >0), T.e. mporekaer ¢
3aTparamMu TeIula, TMO3TOMY YBEIHYCHHE TeMIlepaTypbl OyneT cMmemaTh
PaBHOBECHE B CTOPOHY MPSAMOMN pEaKIIiH.

ITpu npumenenunu npunuuna Jle Ilarense k rereporeHHOMY
MpoLIecCy HYXKHO UMETh B BUILY, UTO meepoble UCXOOHble 8eulecmaa U
NPOOYKMbl peakyuu He GIUION HA CMeWeHUue 2emepoceHH020 XUMUUECKO20
pasHosecusl.

JIABOPATOPHASA PABOTA
Ounbit 1: Bauanue konyenmpayuu na cmeujeHue Xumuiecko2o
pasnogecus.

B3aumoneiictBue tpuxiopuaa xeneza FeCls ¢ poganuaoM aMMOHMS
NH;NCS (umu pomarmmom kanus KNCS) npuBoaut k 00pa3oBaHUIO pojia-
au xene3a Fe(NCS);, koTophlii puaaeT pacTBOPY KPaCHYIO OKPACKY.

[To n3meHenuto nHTEHCUBHOCTH OKpacku FE(NCS); MoskHO cyauTh 00
M3MCHCHUN KOHIICHTPAIIMH, T.€. O CMCIICHUH XHMHUYECKOTrO PaBHOBECHS B
Ty WIA UHYIO CTOPOHY.

B xon0y o6semom 100 M Hanelite 2,5mi pactBopa FeCl; n modaBbsTe
2,5m1 pactBopa NH,CNS (KCNS). Iloayuennyio cMmech pa30aBbTe JHC-
TWJJTMPOBAHHOM BOJIOM 110 METKHM Ha KoJjioe. [IpUroToBiieHHBIM pacTBOp
pa3MeliainTe YJHEPrUYHbIM BCTPSAXHUBAHUEM.

MepHO# MUNETKOW pa3iuTh MOJTYYEHHBINM pacTBOpP B UEThIpE MPOoOUp-
ku 110 10MJ1 B Kaxk1y1o.

B niepByto npoOupky 100aBbTe U30BITOK pacTBOpa TPUXJIOPHUIA Kele-
3a, BO BTOPYIO — pOJIaHK]1a aMMOHHUS (pOJIaHK 1a Kajausi), B TPEThIO — XJIOPH-
J1a aMMOHMS (XJIOpUAa KaJlus), YETBEPTYIO0 MPOOUPKY OCTaBbTE sl CpaBHE-
HUSL.

IIPUMEYAHUE: obvem pacmeopos, Komopwvlil HeobXooumo 006as-
JISIMb 8 NPOOUPKU, YMoObl NOTYUUMb UDLIMOK MO20 UTU UHO20 peazeHmd,
npenooasameiv 3a0aem KOHKPEemHo 0Jisl Kaxicootl opu2aokwl.

JI1s Kaxka0ro U3 MOJIyYEHHBIX PacTBOPOB OMPEAEIUTE 3HAUYCHHUE OII-
TUYECKOM IJIOTHOCTH UCTIONB3Ys (DOTOKOJIOPUMETP.

[Tpu opopmiieHnH pe3yJbTaTOB OIbITA HEOOXOAUMO

1. 3amucaTh ypaBHEHUE PEAKIIUU MEXKAY TPUXIOPHUIOM Kejie3a U Po-
JAHUJOM aMMOHMUS (POJAAHUIOM Kajus);

2. HamucaTh BbIpa)KE€HHUE KOHCTAHThI PABHOBECHS JJAHHOM PEAKIINH;

3. OTMETUTh U3MEHEHHE UHTCHCUBHOCTU OKPACKHU B KaXKJOM Cilyyae,
KOT/Ia IPUJIMBAIM U30BITOK pacTBOpa TOTO WMJIM MHOTO peareHTa v 3arucaTh
TUTSL KXKJIOTO CiTydas 3HaYeHUE ONTUYECKOH MJIOTHOCTH PacTBOPa;



4. cpaenath BBIBOJ O HAPABJICHUH CMEIICHUSI XUMHUYECKOTO PABHOBE-
cus U 00 U3MEHEHHHM KOHIICHTPAllUM Ka)KJI0ro KOMIIOHEHTa B CiIy4yae J10-
OaBJICHUS: a) TPUXJIOpHJIA >Keje3a, 0) pogaHHAa aMMOHUS (pojaHUIA Ka-
JUs), B) XJOpHUaa aMMOHHUS (XJIOpUJa Kajaus).

OunbIT 2. B3aumooeiicmeue coneit Mazuusa ¢ pacmeopom amMmuaxa

Buectu B mpoOupky 4 Kariy pacTBOpa XJI0pHaa MarHus U Mo KaruisiM
100aBUTH PACTBOP aMMHaKa J0 MOsIBJICHUs ocajika. K moaydeHHOMY OCaJKy
n00aBUTh IO KaIUIsIM KOHIIEHTPUPOBAHHBIA PAacTBOp XJOpHUAAa aAMMOHMSI.
Uto mpoucxoaut? 3areM MO KarisiM J00aBUTh PacTBOp THUJIPOKCHIA Ha-
Tpus. Uto Bel HaOmogaeT?

Hanumure ypaBHEHUsI NPOUCXOJAIINX MPOILIECCOB U OOBSICHUTE TPO-
UCXOMSIINE SBJICHUSI.

Onbit 3. Céoiicmea mpuxnopuoa cypomol.

B npoOupky BHeCTH 5 Kareiib pacTBOpa TUXJIOPUIA CYPbMBI M MOCTE-
MEHHO 0 KaruisiM J00aBUTh BOAY. UTO mpoUCXoauT? 3aTeM B ATy K€ IMPO-
OUpPKYy JOOWTH MO KaIUIAM COJISIHYIO KUCJIOTy. Kakue m3meHenus: Bel Ha-
osroaere B mpobdupke?

Hanumure ypaBHEHUsI TPOUCXOAIIMX MPOLIECCOB U OOBICHUTE MPO-
UCXOJIAIINE SIBICHUS..

OnbiT 4 H3yuenue xpomam — Ouxpomamozo pagnogecus

Conm XpoMOBOM KHCIJIOTBI — XpOMaThbl — OKpAII€Hbl B JKEJITHIN 1IBET
(uBet mona CrO,”), COIM JBYXPOMOBOM KHUCIOTHI — XHXPOMATHI — OKpa-
LICHBI B OpamkeBbli meer (1Ber moHa Cr,O;”). 3aluiNTe PaBHOBECHE,
KOTOPOE MOXKET YCTAHOBUTHCS MPU UBMEHEHUHN KUCJIOTHOCTH CPEJIbI, YUU-
ThIBas, YTO B KUCJION CpeJie CYIIECTBYET JUXPOMAT MOH, a B IICJIOYHON —
XpoMar.

B npoOupky nomecture 1 mi pacTBopa auxpomara U npudaBbTe 5
Kamnenb 2H pacTtBopa Truapokcuaa HaTpus. Uto HaOmromaere? 3aTeM K
ATOMY € PAacCTBOPY MO KaruIsiM NpUOaBIsiTe 2H PacTBOP CEPHOM KHUCIIO-
Tbl. OOBSICHUTE U3BMEHEHUE OKPACKHU PACcTBOPA.

OnbIT 5. Bauanue memnepamypsl Ha COCMOAHUE
XUMUYECKO20 PABHOGeCUs

B npoOupky Hanelte 5 M1 Bojibl U 100aBbTe 1-3 Karm pactBopa de-
HOJIPTaJIeMHa W HECKOJBbKO Kareidb KOHIICHTPUPOBAHHOIO pPAacTBOpa aM-
Muaka. B pactBope HaOm01aeTCsl paBHOBECHE:!

NH; + H,O «NH,OH;
NH,OH «<>NH, " + OH".



Harpelite nonydeHHyro cmech. JlaiiTe OOBSICHEHUS] MPOUCXOMSIINX
sBieHnil. Paccumtaiite AH’, UCIIONb3ysl TaOnuuHble AaHHble. CrenanTe
BBIBOJ] O TEIJIOBOM 3(PPEKTEe peakuuu U BIUSHUU HAa CMELICHUE €€ PAaBHO-
BECHSI TEMIIEPATYPHI.
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