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OBILIAA XUMUA
BEJEHUE

Xumusi, Kak HayyHas oOpa3zoBareiibHas CHUCTEMa 3HAaHUW, BO BCE BpEMEHA
BXOJWJIA B COCTaB (yHIAaAMEHTa HAYYHOTO MUPOIIOHUMAHUS W HaIpaBJieHA Ha TI0-
3HaHHE (QyHIAMEHTAIBHBIX 3aKOHOB MPHUPOJIBI, KOTOPHIE XapaKTEPU3YIOT HAYIHYIO
XUMHUYECKYIO KapTUHY Mupa. Mamepusa — punocodckoe moHsTHe i 0003HaYe-
HUSI OOBEKTUBHOU PEAIbHOCTH, CYIIIECTBYIONIECH HE3aBUCUMO OT CO3HAHUS YelIOBe-
Ka ¥ IAHHOW €My B OIIYIIECHUSX.

W3BecTHBI nBe duszmueckre GOpMbI CYIICCTBOBAHUS MATCPUU — GeU{eCH 80
u noue.

Bewjecmeo — MarepuanbHoe 00pa3oBaHUE, COCTOAIIEE M3 YACTHIl, UMEIO-
X COOCTBEHHYIO Maccy, T.€. 3TO MaTepusi Ha Pa3HbIX CTAIUSAX €€ OpraHU3aIliu:
AJIEMEHTAPHBIE YACTHULIBI — SIJpa aTOMOB — aTOMbI — MOJIEKYJIbI — ATOMHbBIE, HOHHbIE
WJIM MOJIEKYJISIPHBIC arperanuu (TBepble Tela, KUIAKOCTH, Ta3bl) U T.1.

Ilone — matepuanbHas cpesia, TOCPEACTBOM KOTOPOM OCYIIECTBIISIETCS B3au-
MOJEHCTBUE MEXK]y YaCTHUIIAMU BEIIECTBA WJIM OTAEIbHBIMHU TenaMu. Hampumep,
rPaBUTALIMOHHOE, JIEKTPOMArHUTHOE MOJIs, MoJe siaepHbIX cuil. OCHOBHOM Xapak-
TEPUCTUKOMN ITOU POPMBI MATEPUH SIBIISICTCS IHEPUAL .

OCHOBHBIM CBOMCTBOM MAaTE€pUH, CIIOCOOOM €€ CYIIECTBOBAHUS SIBISCTCS
oguixcenue. KonmmuecTBEHHONM MEpPOM JBHXKEHUS MATEPUM CIIYKUT IHEpP2usl.
Mexy Maccoi U PHEPTUell CyIeCTBYEeT B3aUMOCBA3b, KOJUUYECTBEHHO BhIpa)kae-
Masi ypaBHeHHMeM DitHmreiina: E = m-c? , rne E — sHeprus, m — mMacca, ¢ — cKo-
POCTh CBETA B BaKyyMe.

@dopMbl ABMKEHUSI B3aUMOCBSI3aHbI M B3aWMOIIPEBpAIIAEMbl MEXY COOOH.
Hampumep, atoMbl MOTYT 00pa30BBIBaTh MOJICKYJIbI, MOJIEKYJIbI, pa3pymiasch, 00-
pa3yroT artoMbl. QOpMbl JIBUKEHUS MaTEPUM H3Y4YalOT pPa3HbIE €CTECTBEHHbIC
HayKu: XuMud, pusnka, ouonoruss u ap. Gopmbl IBIKEHHS MOTYT TEPEXOIUTH
Ipyr B Apyra. Hanmpumep, xumuueckast opMa — B JJIIEKTPUUECKYIO U T.]I.

XUMHS U3yd9aeT XUMUYECKYI0 (POpMy ABMXKCHHS MATEPHH, MOJ KOTOPOM MO-
HUMAIOT KA4eCcmeeHHOoe U3MeHEeHUe geujecme, T.c. IpeBpalicHue OJJHUX Be-
niecTB B Apyrue. [Ipu xumMudeckux mpoiieccax MpoOUCXoIUT 0OMEH MEXIy aToMa-
MU, pa3pylIeHUE OJJHUX CBS3EH M BOSHUKHOBEHHUE Apyrux. B pesynbrare xumuue-
CKHX MPOIIECCOB BOBHUKAIOT HOBBIE BEIIECTBA C HOBBIMU XUMUUYECKUMHU U (hu3nye-
CKMMH CBOMCTBAMH.

Takum oOpazom, XUMHUS — 3TO HayKa, U3ydarollas COCTaB, CTPOEHHUE, CBOM-
CTBa BEIIECTB, UX MPEBPALIECHUS U SIBJICHUS, COITPOBOXKAAIOIINE 3TU MPEBPAILICHHUS.

CoBpeMeHHass XUMHUS — 3TO PA3BETBJICHHAs CHUCTEMa MHOTHMX HayK: OOIIei
XUMUH, DJIEKTPOXUMHUH, OUOXUMHUH H T.]I.

Obwasa xumus n3ydaet oOITHEe 3aKOHBI U KOHICIIIINN XUMHH, BKITFOYas I1e-
PUOANYECKUN 3aKOH, TEOPUIO XUMUUYECKOUN CBSI3M, OCHOBHBIE 3aKOHOMEPHOCTH XH-
MUYECKUX MPOIECCOB, YUEHUE O PACTBOPAX, OKHUCIUTEIbHO-BOCCTAHOBUTEIIbHbBIC
peakiuu (OBP) u np.

JlaGopatopHbie paboOTHI SIBJISIOTCS HEOTHEMJIEMOW YacThIO Kypca oOIei Xu-
MUH, OJHUM M3 BOKHEUIIMX 3BEHbEB yueOHO-Tiearorudeckoro mpouecca. [lpu



U3yYeHUH XUMHH KaK HayKHd, OCHOBAaHHOH Ha SKCIIEPUMEHTE, BHITIOJIHEHHUE J1abo-
paTopHbIX pabOT — 00s3aTENbHBIN AJIEMEHT y4eOHOTro mpouecca. Boimonnenue na-
OOpaToOpHBIX pabdOT YKPEIUIAeT 3HAHUs B TAHHOW 00JIacTH, pa3BUBAET y CTY/ICHTOB
HKCMIEPUMEHTATOPCKHUE HABBIKA U CAMOCTOSATEIBHOCTE. [IprcTynast K BHIIOTHEHUIO
1a0opaTopHOIl paboThI, HEOOXOIUMO MU3YyUYUTh OCHOBHBIE TEOPETHUUECKUE MOJIOXKE-
HUS [0 U3y4aeMOM TeMme, MPEJCTaBIsATh LEeNb U IUIaH MPOBEACHUS palboThl, MpH-
HSITh MEPBI MMPEAOCTOPOKHOCTH.

OBILIUE ITPABUJIA PABOTBI B IABOPATOPUUA

JlaGopatopHble paOOThl MO XUMHUH MPOBOJAT B CIIELUATBHO 000pYAOBaHHON
XMUMHUYECKOH 1abopaTopuu. 3a KaXkIbIM CTYJIEHTOM Ha BpeMs pabOThl 3aKpEILISIOT
MeCTO Ha pabodeMm croie. B mpouecce paboTbl HEOOXOOUMO coAepkKaTh padouee
MECTO B MOPAJKE M YHMCTOTE. 3allpellaeTcsl KJIAcTh Ha CTOJI MOPTQENn, KHWIH,
CBEPTKH T.N., & 110 OKOHYAHUIO pabOThl HEOOXOAMMO yOpaTh pabouee MECTO U
TIIATEITFHO BEIMBITh XHMHUYECKYIO TIOCYY.

B xumudeckoil 1abopaTtopuu HY»KHO OCOOEHHO CTPOro coOJ0aTh MpaBUiIa
TEXHUKH O€30MAaCHOCTH, C KOTOPBIMH KaXKIBIA JOJDKEH XOPOIIO O3HAKOMHUTHCS B
NEPBBIN ke JIeHb paboThl. Hapyiienue nx MOXXeT MPUBECTH K HECUACTHBIM CITyda-
SIM.

[Ipn HarpeBaHUM HENb34 AEpHkKaTh MPOOMPKH OTBEPCTHEM K ceOe mim pado-
TAIOIIEMY PSAOM, HEb3sl HAKJIOHATHCS HAJ OTBEPCTHEM COCYZAa, B KOTOPOM IpO-
TEKaeT PEeaKIHsl.

WcnpIThIBaTh ra3bl Ha 3amax HYKHO OCTOPOXHO: MPOOUPKY CIENYET AepiKaTb
B JIEBOI pyKe Tak, yTOObl OTBEPCTHE HAXOJWJIOCh HUXKE YPOBHS HOCa, U IMpaBOu
pyKoW HampaBisATh K cebe cialOblii MoToK Bo3ayxa. Kaxaplil CTyAEHT HOJKEH
3HaTh, IJ€ B J1a0OPAaTOPUU HAXOJUTCS anTedykKa, MPOCTEHUIINE CPEeICTBA OTHETYIIe-
HUs (BO/A, TIECOK, KOIIMa (0J1esJ10), OTHETYIIUTEb).

[Ipu BbIMOJSIHEHNH TAOOPATOPHON PabOThl HEOOXOAMMO 3amucaTh B pabouuii
JTHEBHUK TEMY pabOThI, yKa3aTh 1eb OMbITa, CHOPMYIUPOBATH €T0 TEOPETUIECKOE
000CHOBaHME, 3aMKCcaTh HAOJIOJCHMS, YPABHEHMs MPOTEKAIOIUX PEaKUui, cje-
JaTh BHIBOBI.

IHNPABUJIA TEXHUKHU BE3OITACHOCTHU

1. K mroboit pabote ciienyer npucTynaTh TOJIbKO TOTA, KOTJa BCE dTallbl €€ U3-
BECTHBI ¥ HE BBI3BIBAIOT COMHEHUH.

2. PaGoTaTh B xuMHUuecKol 1ab0OpaTOpuu HY)KHO aKKypaTHo, 6e3 crnemku. Ha pa-
004eM CTOJIe TOKHBI HAXOAUTHCS TOJIBKO HEOOXOIMMBIE TPUOOPHI 1 paboUHii
JTHEBHUK.

3. JIns 3amuThl OACKIBI OT JEHCTBUS XMMHUYECKUX PEAKTUBOB HEOOXOAMMO pabdo-
TaTh B XaJyare.

4. Bce ombITHI C SIOBUTHIMU BEIIECTBAMH, KOHIIEHTPUPOBAHHBIMU KUCJIOTAMH, JIe-
TYYHUMH ¥ €IKHMH BEIIECTBAMH TPOBOJAUTH TOJIEKO B BBITSDKHOM ITKady, OT-
KpbIB ABepily mkada Ha 1/3.

5. He cnenyeT moip30BaThCsl peaKTUBAMH, €CITU OHU XPaHATCS B mocyne 0e3 3Tu-
KETOK.



6. Henb3s BpIIMBAaTH B PAKOBUHY OCTATKHM KHUCIOT, IIE€JI0YEH U OIHEONACHBIX Be-
IIECTB: UX HYXHO CJIUBAaTh B CIELIMAIBHO NMPEAHA3HAYEHHBIE JJI1 3TOrO CKJISH-
KU, HAXO/ISIIIMECS B BBITSDKHOM IIKady.

7. llpu pa36aBieHUU KOHLIEHTPUPOBAHHOW CEPHOM KHCIOTHI BIMBATH KHUCIOTY B
BOAY (a HE HA00OPOT) HEOOIBIIMMH MOPLUUAMU, TPH TIOMEIIUBAHUH.

8. 3ampenaercs paboTaTh C OTHEONMACHBIMU BEILIECTBAMU BOJIM3U BKIIFOUEHHBIX I'0-
PEJIOK WJTM AJIEKTPUUECKUX TPUOOPOB.

9. Henb3s BeIOpachiBaTh B paKOBHHY HENPOPEArMpOBABIINE OCTATKH METAILIOB.

10. T'opsiumie )KUAKOCTH HENb351 BBUIMBATH B TOHKOCTEHHYIO MOCY Ty .

11. Bo u3bexxaHue paHeHUs] OCKOJIKAaMH CTEKJIa CIeAyeT coOIoaaTh Mephl MPeao-
CTOPOXHOCTHU IpU pabOTe CO CTEKJITHHOM MOCY10M.

12. He nonmyckaTh momajiaHusi KUCIOTHI WM 1ienour Ha pyku! IIpu nmomananum
KHUCJIOTBI Ha KOXY OOOXOKEHHOE MECTO IMPOMOMTE OOJBIIMM KOJUYECTBOM
MPOTOYHOM BOABI, a 3aTeM oOpaboraiiTe pa3daBieHHBIM pacTBOpoM (1-3%-
HbIM) OnKapOoHaTa HaTtpus. [Ipy monagaHuy MEI0YM Ha KOKY BHAYalle TaKKe
MIPOMOITE MPOTOUYHON BOJOU, a 3aTeM paz0aBiIeHHBIM pacTBOPOM (3 %-HbIM)
YKCYCHOU WS OOPHOU KUCTIOTHI.

13. IIpu TepMudecKOM 0KOre KOXKY CleayeT OOMBITh CIHPTOM, a 3aTEM CMa3aTh
Ma3bl0 OT OXKOTOB.

14. Ilpu nmonagaHy peakTUBOB B IJ1a3a CleAyeT NPOMBITh UX CTpyed BOABI U 00-
paTUTHCS K Bpayy.

15. Ilpu otpaBieHuH razaMu HEOOXOAMMO OOECHEYUTH MOCTPAAABIIEMY MPUTOK
CBEXEro BO3yXa.

[TpeneOpexxenue TpeOOBAaHUSAMHU TEXHUKH OE€30MACHOCTH B pabOTE MOXKET
IIPUBECTU K HECUACTHBIM CIIy4asiM, )KEPTBAMHU KOTOPBIX YaCTO CTAHOBATCS HE CaMy
HapYIIUTEIH, a UX ToBapuIly 1o padore. Bee paboraromue B 1abopaTopuu J0JIK-
Hbl YMETh OKa3bIBaTh MEPBYIO MOMOIIb MPU 05KOraX U OTPABJICHUSIX.

HOPAAOK BBIITIOJIHEHUSA JIABOPATOPHBIX PABOT

1. Tlepen xaxoi nabopatopHON pabOTOM ClieayeT U3yYUTh OTHOCSIIUICS K Hel
TEOPETUYECKUIN MaTepuall.

2. HaunHATh OMBIT, TOJHKO BHUMATEIHHO MPOYHMTAB IMOJTHOE OMUCAHUE paldOTHI U
YSICHUB TIOPSIIOK €€ BBITTOJTHCHMSI.

3. JIaGopaTopHbie paOOThI BHITIOJHSAIOTCS UHAUBUIYATBHO, 32 UCKIIOUCHUEM TeEX,
KOTOPBIE TI0 YKa3aHUIO MPENOo1aBaTelisi MPOBOASITCS TPYIIITaMH.

4. He cnenyet OpaTh peakTHBBI B OOJIbIITEM KOJUYECTBE, YeM TPEOYETCS IS OIbI-
Ta.

5. HemspacxogoBaHHBIC WM B3SIThIC B M30BITKE PEAKTUBBI HEJIb3s1 BO3BpaIaTh 00-
paTHO B CKJISTHKU, UX HAJIO CIaBaTh JIAOOPAHTY.

6. He yHOCUTH peakTuBBI OOIIETO MOJIB30BaHMS Ha CBOE pabouee mecto. [IpuHATH
3a TIPaBUJIO: KaKIIBIM MPEAMET WM PEaKTHB BO3BpaIlaTh HA MECTO HEMEIJICH-
HO ITOCJIE UCTIOJIb30BaHMSI.

7. Bce paboThl ¢ KOHIICHTPUPOBAHHBIMU KHCJIOTaMH M IIEJIOYaMH ITPOBOJIUTH
TOJIBKO TTOJ] TATOW M HE TIEPEHOCUTh UX Ha CBOE pabodee MecCTo.



8. He myTath mpoOKM OT CKJISIHOK, a TAK)Ke LIMATEeNH, JIOTIATKU, MUIETKH IS B3S-
THUSl PEaKTHBOB.

9. Bymary, oTX0bl TBEP/IbIX BELIECTB CIEAYyET OpocaTh B ypHY WU B OAHKH.

10. Cobnronats B 1aOOpaTOPUH TUILUHY.

11. OGs3arennbHO BECTH 3allKMCh MPOBEIEHHBIX JIa0opaTopHbIX palboT. Iloka BbI-
TIOJTHEHHBIN OTIBIT HE 3aMHCaH, HE MEPEXOANUTD K CICAYIOUIEMY.

BEJAEHUE JIABOPATOPHOI'O )KYPHAJIA

B xypHas 3aHOCAT BCe HAONIOACHUS, YPAaBHEHUS pEaKLUii, BBIYMCICHUS, BbI-
BOJIbI, & TAK)KE OTBETHI HA BOIIPOCHI M pemieHue 3anad. He cinenyer Bectu 3anucu
Ha OTJEJIBHBIX JMCTKAX, T.K. OHU MOTYT IOTEPATHCA; KPOME TOrO 3TO IPUYYAET K
HepsuumBocTd. KoHcnekT nabopaTopHO paOOThl 3alMCBIBAIOT MO CIENYIOLIEH
CXeMe:

1. JlaTa.

2. Ha3Banue nabopaTopHOil pabOThI U €€ HOMEDP MO MOPSIKY.

3. Lens paboTel. OCHOBHBIE TEOPETUYECKUE TIOTOKEHUS, POPMYJIBL.

4. Ha3BaHue onbITa U €r0 HOMEP. Y pPaBHEHHUS pEaKLMi B MOJIEKYJIIPHOW U HOHHOM
dbopme, rpaduku, TaOIUIIBI.

5. Pacuersi.

6. BeIBOEL.

Jlabopamopuasa paboma 1
ONPEJEJIEHUE SKBUBAJIEHTHOM MACCHI METAJLJIA
IO OBBEMY BBITECHEHHOI'O BOJAOPOJA

Ilenv pabomot. onpenenuTh SKBUBAJICHTHYIO MAacCy HEM3BECTHOT'O METaJlia 1o
00bEeMy BBITECHEHHOT'O BOJIOPO/IA.

OCHOBHBIC MOHATHSA

XUMHUUYECKUM IK8UBaIeHmom 3jiemenma (O) HA3BIBACTCS TaKOe KOJIMYE-
CTBO €ro, KOTOpO€ COeAUHsIETCS ¢ 1 MOJIb aTOMOB BOJIOPO/IA WJIM 3aMEIIAeT TO JKE
KOJIMYECTBO aTOMOB BOJIOPO/1a B XUMHUYECKHUX PEAKITUSIX.

Monapuaa macca skeueanenma Bemectsa (Msx(B)) — aTo macca oHo-
ro MOJIsI SKBUBAJICHTA TOTO BEIIECTBA, BHIPAXKACTCS B KI/MOJIb WJIU I/MOJIb.

MonsipHass Macca SKBHBaJCHTa BOAOpoaa paBHa | T/MoJb, Kuciopoga — 8
r/Monb. MoJisipHasi Macca SKBUBAJICHTA AJIEMEHTA C MEPEMEHHOMN CTENEHbI0 OKHC-

JICHUS UMEET HECKOJIbKO 3HAUCHUI.

64
Hanpumep: Mossipaas macca skBuBajieHta Mead B CuO My (Cu) = = 32

6

r/mMoinb, ¥ B Cu,0 My, (Cu) = T4 = 64 1/MOJIb.

MousipHast Macca 3KBUBAJICHTOB CJIOXHBIX BEIICCTB PACCUMTHIBACTCS IO ClIe-
nytomumM dopmysiam: Mog(okcuna) = Mog(anmemenTa) + Msg(kucinopoaa) Hampu-
Mep: MoJispHas Macca okcuna xxenesa (I11) Fe,Oa:

M5k (Fe203) = My (Fe) + My (kucimopona) = % + 8 = 26,7 r/moub.



M (KUCIOTBI)

M (KMCIOTBI) = e

rae, M(KuCIoThl) — MoJisipHas macca Kuciaotsl, n(H™) — uucio 3amenieHHBIX
MOHOB BOJOPOJia, YYacTBYIOUIMX B JAHHOM peakuuu (OCHOBHOCTH KHCIIOTHI).
Hanpumep, B peakuusx:

H3PO,4 + NaOH = NaH,PO,4 + H,0
3(H3PO4) =1 MgK(H3PO4) = 98 r/MOIb
H3PO,4 + 2NaOH = Na,HPO,4 + 2H,0

3(HsPOs) == Mox(HsPOs) == =49 r/moms

2

HsPO4 + 3NaOH = NazPO, + 3H,0

3(H3PO,) = é Mok (H3sPO4) = % = 32,7r/mMomnb
Msy(ocHOBaHUs) = %

rae M(ocHoBaHus) — MoJsipHas Macca ocHoBauust, N(OH™) — yucio ruapoKcHiIb-
HBIX TPYII OCHOBAHMS, 3aMEIICHHBIX B JAHHOW PEaKIIH.

Hanpumep, B peakiusx:
Ba(OH), + HCI = BaOHCI + H,0O
3(Ba(OH),) =1 Ms5k(Ba(OH),) = 171 r/monb
Ba(OH), + 2HCI = BaCl, + H,0
171

3(Ba(OH),) = 12 Mox(Ba(OH),) = - = 85,5 r/mom

Monsipayto Maccy skBuBasieHTa coyid (MOK(comnun)) paccuntsiBatot no Gop-myse

M(cosm)
n-B

M»k(comn) =

i€ N- YUCJIO0 HOHOB MeTaiuia, B — 3apsan nona meramna. Hanpumep:

M3K(A|2(SO4)3) = M(AI;(S04)3) — M(Al,(504)3)

n(Al31)-By; 2:3

MonsipHyI0 MacCcy 3KBHUBAJIEHTA KUCJIONM M OCHOBHOM COJIEN ONPENENSIFOT UCXOJs
W3 YPABHEHUN PEAKIUI:

a) NaHSO, + NaOH = Na,SO, + H,0,
M»i(NaHSO,) = —MBK(Ni(HSO4)
6) Fe(OH),CH5COO0 + 2CH3;COOH = Fe(CH3COO); + 2H,0,
Moi(Fe(OH),CH3COO) = MoxFe(0f)2CH3¢00)

2

B) FeEOH(CH3COO), + 3HCI = FeCl; + 2CH3;COOH + H,0,

(3ameraercs oauH noH HY)

(3amerarorcst 18a nona OH™)



MgK(FeoH(CH3C00)2)
3

Msi(FeOH(CH5COO0),) =

IICHBI HA TPU XJIOPHUJ UOHA).
B o01iemM ciaydae MOJIIpHYIO Maccy 9KBHBAJIEHTa JIIOOOTO BEIIECTBA OIpee-
JSI0T 110 hopMyJIe:

(OH™ u aBa nona CH3COO™ 3ame-

Msk(BemecTBa) = Mog(BelecTBa) %

1
rae Mok(BelecTBa) — MOJISIpHasi Macca BEUIECTBA, 3 (haKkTOp IKBHBAJICHTHOCTH,
rae D — YuCio 3aMelleHHbIX BajieHTHOCcTed (vin monoB HY, i OH™ mim asek-
TPOHOB).

[TonsiTie 00 SKBUBAJICHTE MMEET OOJBIIOE 3HAYCHHE B XUMHUH, TIOCKOJIBKY C
€ro MOMOIIEI0 (OPMYIUPYETCS OJUH M3 OCHOBHBIX 3aKOHOB XUMUU — 3AKOH IK-
6UBAJIEHMO0B: MACCHl PEATHPYIOIIMX BEIIECTB MPOTOPIIMOHATIBHBI MOJSPHBIM
MaccaM SKBUBAJICHTOB 3TUX BEIIECTB

my m;
M, (1) My (2)

niIn, CCJIN OAHO M3 BCIICCTB HAXOAUTCA B Fa3006p213HOM COCTOsIHHUU,

my V2
M (1) Va(2)
rJIec M1 U My — Macchl pearupyronmx Bemiects; Mog(1l) u Msk(2) — MmonspHbie Mac-
Chbl SKBHBAJICHTOB pPEarupyromx BeniecTs; Vsk(2) — 00bEM dKBHBaJCHTa pearu-
PYIOIIEro BELIECTBA; Vo, — 00bEeM pearupyrouero razo00pa3Horo BemecTna (H.y.).

DKcnepumenmaibHO MOJSPHAs Macca SKBUBAJIEHTA MOXET OBITh HaiijieHa
ONpE/IeICHNEM KOJUYECTBA BOAOPOAA, KUCIOPOJa WM APYroro 3JIEMEHTa C W3-
BECTHOM 3KBUBAJICHTHOM MACCOM, IPUCOCIUHSIIONIMXCSA K JAHHOMY 3JIEMEHTY WIIH
3aMENIA0IINX €r0 B COEIMHEHUSX.

B nanHOi1 paboTe NMpou3BOAUTCS ONpPEAEIIEHHE MAaCChl XUMHYECKOTO SKBUBA-
JIEHTa MeTaJlJla METOJIOM BBITECHEHHUS BOAOPOAA U3 KUCIOTHI. [Ipu 3TOM M3mepsitor
00beM BOJOpOJAa U MPUBOJAT €r0 K HOpMalIbHBIM ycioBusiM. I[IycTh HaBecka me-
Taja m, 2, BeITeCHUNa Vo, M, BOJOPOJa TP HOPMaJIbHBIX YCIOBUsX. Toraa sk-
BUBAJICHTHAsI Macca OMpPeAeIIsIeTCsl U3 MPOIOPIIUU:

m, e, BeITecHsIeT Vo, 1, Hy pu H.y.
Mok, e/mons, BeiTecHsIeT 11,2, 1/monb, ipu H.Y.

m-11,2
Mok = '
Vo

Jns npuBeneHuss oObeMa BBITECHEHHOTO BOJOPOJa K HOPMAIbHBIM YCIOBUSM
IIOJIB3YIOTCSl yPaBHEHUEM

Po'Voz p-V
T, T



JKCIepUMEHTAIbHASA YaCTh

IIpubopwr u peaxmuswl: 6apomeTp, TepMomeTp (KoMHaTHBIHN). [Tomocku Ghums-
TPOBAIBHOW Oymaru, MeTayul (IIUHK, MarHUi, amfoMUHUR), consiHas kuciora HCI
(10%-ub1it pacTBOD).

Buvinoanenue pabomui

[Tpubop Amnst ombITa COCTOUT U3 ABYX OIOpeTok, B1 u By, HanonoBuHy 3amos-
HEHHBIX BOJOW M COCIMHEHHBIX BHHU3Y pe3nHOBoU TpyOkoi T. K omHoii u3 Grope-
TOK npucoeauHena npodupka I1. [lepen npoBeaeHneM oneiTa HEOOXOAUMO MPOBE-
pUTh NpUOOp Ha TePMETHUYHOCTh. I 3TOro HEOOXOAMMO OIOPETKY IUIOTHO 3a-
KpBITb NMPOOKOM, COETUHUTh C IPOOUPKON U 3aMETUTh YPOBEHb BOJBI B OIOpETKE
Bi.

[TonusaTe Oropetky B; Ha 15-20 cm, 3akpenuTh B 3TOM IOJIOKEHUU U HAOJIIO-
JIaTh B T€YEHHE 3-5 MUH 332 U3MEHEHUEM B HEll YPOBHS BOJBL. Eciii ypoBEHBb BOJBI
B OIOpETKE CHayajia HEMHOTO MOBBIIMIAETCS, HO MOTOM OCTAETCSI MOCTOSHHBIM, TO
pudOp repMETHYEH U MOKHO MPUCTYIUTh K paboTe, BepHYB OropeTKy B, B Takoe
MOJIO’KEHHE, YTOOBI BOJIa B 00eux OropeTkax Oblia Ha OJTHOM U TOM K€ YPOBHE.

B npobupky Hamuth 5-6 Ma 10%-HOro pactBopa cosistHOM KuciaoThl. [lomy-
YUTH y JIaDOPAHTA HABECKY METAJIA U 3aBEPHYTh €€ B HEOOJIBIIYIO MOJOCKY (PUIIb-
TpoBaibHOM Oymaru. CMOYMB BOJAOW YacThb OyMa)kKKH, IPHIIOKHUTh €€ K BHYTPEH-
HEll yacTu NMpoOUpKH Tak, YyToObl OHA HE Kacanach KHCIOThL. [LIOTHO 3aKpbITh
npoOupKy NpoOKoil. 3aTeM yCTaHOBUTH OIOPETKY TaK, YTOOBI MOJIOKEHUE BOJIbI B
Hell ObUIO TOYHO Ha OJHOM YpoBHE. OTMETUTH M 3alucaTh YpOBEHb BOJbI B 010-
petke Bi. CTpsxHyTh MeTa1 B KUCJIOTY, HAOMIOJaTh BbIAEIEHUE BOJOPO/Ia U BbI-
TEeCHEHHE BOJbl U3 OropeTku. Korzma Bech Meramn pacTBOPHUTCS, JaTh HpOOUpKeE
OCTBITh O KOMHaTHOM TeMmmeparypsl. [IpuBecTu nosjoxkeHue BoJbl B OIOpETKax K
OJTHOMY YPOBHIO, OTMETUTh M 3aIllMcaTh YpOBEHb BOJbI B Oroperke Bi. PazHocTh
JIBYX OTCYETOB JI0 ¥ MIOCJI€ PEAKLMU METaJlla C KUCIOTOM JaeT OOBEM BbIACIIHBILIEC-
rocs Bojopoaa Vi 3anucaTh NOKa3aHUs TEpMOMETpa, OapoOMeTpa U JABJICHHUE BO-
JSHBIX [1apOB MPU TEMIIEPATypPEe OMBITA.

@opma 3anucu
Hapecka meTamma m, r
VYpoBeHs Bozbl B OtopeTke B1, M
o omneita Vi
nocJie onbita Vs
Temnepartypa ombita, 1 ° C
ATMochepHOe TaBICHUE Pary, MM PT CT.

JlaBneHue mapoB BOJBI Ps, MM PT CT, 3alMcCaTh U3 TaOIUIIBI |

Taomuna 1.



I[aBHCHI/IC HACBIIICHHOI'O BOAAHOTIO I1apa IIPH pa3IMYHBIX TEMIICpAaTypax.

o

Temneparypa, | [Hasinenue | Temmneparypa, | [laBnenue | Temmneparypa, | [laBieHue
°C MM.PT. CT. °C MM.PT. CT. °C MM.PT. CT.
11 9,80 16 13,63 21 18,65
12 10,52 17 14,53 22 19,83
13 11,23 18 15,48 23 21,03
14 11,99 19 16,48 24 22,38
15 12,79 20 17,54 25 23,76

Buviuucnenus

O06béM BeIenuBIIerocs Bogopoaa: Vi =Vy — Vi M
AoGcomoTHas Temneparypa: T =273 +1, K
JlaBneHue BOIOPOAA: Py, = Parm — PB> MM PT CT.
OOBbeM BBIICTUBIIETOCS BOJOPO/AA, NMPUBEICHHBIN K HOPMAJIBHBIM YyCIIOBUSM,
MJT

v Vi - 273 - py,

°" 760-T

[TepeBecTr MoOMydYeHHBIH 00BEM M3 MII, B JI, M ITOJCTAaBUTh B (hOpPMYJTy pacdera
SKBHUBAJICHTHOW MacChl METajla

_ m-11,2
3K = V,

CpaBHUTH KCIIEPUMEHTAIbHOE 3HaUeHue M, ¢ TeopeTHuecKUM U paccuuTaTh
OTHOCHTEJIbHYIO OIIMOKY ombITa (§) B MPOIICHTAX:

- M, (Teop)— My (3Kcm) . 0
6=4% M,y (Teop) 100 A)

[Ipy mpaBUIBLHOM BBIMIOJHEHUU PAOOTHI OTHOCUTENIbHAS OIMMOKA OIbITAa HE

JOJDKHA TIPEBBIMIATh + 5 %0.

no

Bonpocs! 1J11 caMOnpoBepKHU

CKOJIBKO MOJIEKYJl M KaKoe KOJMYECTBO BEIIECTBa (MOJb) COACPKHUTCA B 15T
okcupa a3ota (11)? Kakoit 00beM 3aHUMAET 3TO YHCIIO MOJIEKYJ?

KakoBo MaTemaTHueckoe BbIpa)kKeHHUE 3aKOHA HKBUBAJIEHTOB?

Kak BBIYMCIUTH 3KBUBAJICHT M MOJISIPDHYIO MAacCy SKBHUBAJICHTa 3JeMEHTa?
CrnoxHoro BemecTsa?

[Tpu B3ammoneicTBrn 5,6 T Kene3a ¢ cepoi o0pazoBaioch 8,8 T cynbduIa xKe-
ne3a. Haiinure SKBUBaJEHTHYIO MaccCy ’KeJjie3a, €Clid M3BECTHO, YTO KBUBa-
JIEHTHAas Macca cepbl paBHa 16 1/MoJIb.

Bbluucnure aTOMHYI0 Maccy JABYXBAJIEHTHOTO METaJlJla U ONpPEAENIUTh, KaKoh
3T0 MeTai, ecnu 8,34 T metaima okucistores 0,68 n kuciopoaa (yciaoBus
HOpPMAJIbHBIE).

OrnpenenuTh 3KBUBAJIEHT MBIIIbSIKA, €CIM OH 00pa3yeT OKCHJl, B KOTOPOM CO-
nepxurcs 65,2% mbibsaka. Hanumure hopMyity 3Toro okcuaa.



10.

11.

12.

13.

14,

15.

16.

17.

18.

BrerurcnuTe MOJSIpPHYIO MacCy 3KBHBAJICHTA, SKBHBAJICHT U KHUCIOTHOCTh TPH-
ruapokcuaa amomunus, 3Has, uto 1,95 v Al(OH); mpopearuposano ¢ 3,15 r
HNQOj;. CoctaBbTe ypaBHEHHE PEAKIIHH.

Omnpexenure Maccy OKCHIA JBYXBAJICHTHOI'O METaJUia, KOTOpas IMollia Ha pe-
aKkIMIo ¢ 5,6 1M BOZOpOJA, €CIM MOJISIPHAS MAacca SKBHBAEHTa OKCHIA Me-
tayuta 39,77 r/Monb.

Xnopug Kanbius conepxkut 36% kanbius u 64% xmnopa. Onpenenutb SKBUBA-
JICHT KaJbIWs, 3Has, YTO MOJISIpHAas Macca SKBHBaJCHTAa XJiopa paBHa 35,5
I/MOJIb.

BBIYuCIUTh S5KBUBAJICHTH I MOJISIPHBIE MACChl SKBUBAJICHTOB CIICAYIOIINX Be-
IIECTB:

a) H3PO4; Mn(OH),; FeSO4
6) HCI; Cr(OH)s; Ca(HCO3),
B) H3AsO,4; NaOH; CaSO4

r) CO,; Ca(OH),; Na,B,0O;
1) H3BOs; BaCl,; NH4NO;

Onpenenure SKBUBAICHT U MOJIIPHBIE MACChI 3KBHBAJIEHTOB CEPHOM KHMCIIOTHI
B PEAKLUAX:

H,SO4 + NaOH = NaHSO4 + H,0
H,SO, + Zn = ZnSO4 + HQT

OrnpenenuTh SKBUBAJICHT M 3KBHBAJICHTHYIO MAacCy MbIIIbSIKA, YIJIEpoaa U ce-
seHa B coequHennax: AsHs, CH4, HoSe. HasBates 3t coeqnHeHus.

N3 1,35 r okcupa Metaia nosiydaercs 3,15 r ero Hutparta. Beiunciuth 3KBH-
BAJICHTHYIO Maccy 3TOr0 MeTaslia.

HamnmcaTte ypaBHeHUMS peakuuii THIPOKCHIA ATIOMHUHUS C a30THOM KHUCJIOTOW,
IIPU KOTOPBIX 00Pa3yrOTCs CIEIYIONIUE COCTUHEHUS AIIOMUHUS: a) HUTPAT JIU-
TUAPOKCOATIOMUHUS; 0) AMHUTPAT TMAPOKCOATIOMHHMS; B) TPUHUTPAT ajko-
MUHHS. BBIYUCIUTH SKBUBAJICHT M YKBUBAJECHTHYIO MAacCy THAPOKCHIA allto-
MUHHS B KQXKJIOU U3 ATUX PEAKIIUMN.

N3 1,3 r rugpokcuaa Metaia noiydaercs 2,85 r ero cynbdara. Beraucauth
SKBUBAJICHTHYIO MacCy 3TOTO METaJLIA.

1,00 r HekoTOoporo Merayia coeauusercs ¢ 8,89 r 6poma u ¢ 1,78 r cepsl.
HaiiTu skBUBasieHTHBIE Macchl OpomMa W MeTajljia, 3Has, YTO AKBUBAJICHTHAs
Macca cepsl paBHa 16,0 r/MoJb.

DKBUBaJIEHTHAs Macca XJiopa paBHa 35,5 r/MoJib, MOJISIpHAst Macca aTOMOB Me-
v paBHa 63,5 r/MoJib. DKBUBAJICHTHASI Macca XJopuaa Meau paBHa 99,5
r/moinb. KakoBa dhopmyna xjmopuna meau?

1,60 r xanpuus u 2,16 T IUHKA BBITECHSIOT U3 KUCJIOTHI OJUHAKOBBIC KOJIMYE-
CTBa BOJIOpoJia. BeiunciuTe SKBUBAJICHTHYIO MacCy LIMHKA, 3Has, 4YTO SKBUBa-
JIeHTHast Macca Kanblus paBHa 20,0 r/MOJIb.



19. ComnocraBuTh 4uciao MoJieky, cojepxamniuxcs B Ir NHz u B 1r N2, B kakom
CJIy4ae M BO CKOJIBKO pa3 YMCIIO MOJIEKYJI OOJbIIe?

20. Bripa3uTh B TpaMMax Maccy OJHON MOJIEKYJIbI TUOKCUAA CEPBI.

21. OgunakoBo nu yucio Mojekyn B 0,001kr Hy u B 0,001xr O2? B 1 monb Hy u B
1 mosib O2? B1 1 Hy B 1 11 Oy ipy 0AMHAKOBBIX YCIOBUSX?

22. KakoBo CcOOTHOIIEHHE 00HeMOB, 3aHUMaeMbIX 1 Mob O, u 1 mMonbs O3 (ycio-
BHS OJMHAKOBHIC)?

23. B34ThI paBHbIE MacChl KUCIOPO/Ia, BOJOPOAa U METaHa MPHU OJIMHAKOBBIX YCJIO-
BUsiX. HaliTu oTHOIIEHHE 00BEMOB B3SITHIX T'a30B.

24 Macca 200mi1 aneTiiIeHa MpU HOPMaIbHBIX ycloBusix paBHa 0,232 r. Onpene-
JIUTH MOJIAPHYIO Maccy areTHIeHa.

25. BpruucnuTh MOJIIPHYIO Maccy rasza, eciiv macca 600 M ero nmpu HOpMaibHBIX
ycnoBusix paBHa 1,714 r.

26. Macca 0,001m3 raza (0 °C, 101,33 kIla) pasna 1,25 r. Berauciurs: a) Momsp-
HYI0 Maccy rasa; 0) Maccy OJJHOM MOJIEKYJIbI Ta3a.

27. Macca 0,001m3 rasa npu HOpManbHbIX ycnosuax pasHa 0,0021 xr. Ompene-
JIUTh MOJISIPHYIO MacCy ra3a M €ro IJI0THOCTh IO BO3YXY.

28. [TnmoTHOCTB 3THIIEHA TT0 KHcIopoay paBHa 0,875. OnpeneauTs MOJISPHYIO Mac-
Cy rasa.

Jlabopamopuas paboma ?2
TENJIOBOU D®®EKT XUMUYECKOU PEAKLIUU
Ienv pabomewr: onpenennTsb TEMIOBON 3P GEKT peaKiuy HeUTpaaIu3auu
OcHOBHbBIE IOHATHS

DHepreTuyecKkue HM3MEHEHUs, COMPOBOXKIAIOIINE MPOTEKAHHE XUMHUUYECKUX
peakiuii, UMEIOT OOJIBIIIOE MPaKTUYeCKoe 3HaueHue. MHorna oHu gaxke BakHee,
4YeM MPOUCXOIAIIee MpU JAaHHOW peakiny 00pa3oBaHUE HOBBIX BelIECTB. B kaue-
CTBE MPUMEPA TOCTATOYHO BCIIOMHUTH PEAKIHMHU TOPEeHUS TorumBa. [losToMmy Termn-
noBbie 3G (PEKTHI peakiuil y>ke JaBHO TIIATENbHO M3ydaroTcs. Pa3nen xumuu, no-
CBSIIICHHBIM KOJIMYECTBEHHOMY M3Yy4YEHHUIO TEIUIOBBIX A(DPEKTOB peakiuii, moiry-
YUJI HA3BAaHUE MEPMOXUMUU.

[Ipy MpoTEKaHUM XUMUYECKUX PEAKLINNA U3MEHSIETCS SHEPreTUYECKOE COCTO-
SHUE CUCTEMBI, B KOTOPOU HUIET 3Ta peakuus. COCTOSIHUE CUCTEMbI XapaKTEpU3Y-
€TCsl TepMOoJMHaMHYecKuMu napamerpamu (P, T, ¢ u ap.). [lpu u3meHenuu napa-
METPOB MEHSETCA U COCTOSIHUE CHUCTEMBI. B TepMOIMHAMHKE CBOMCTBA CUCTEMBI
paccMaTpUBAOTCA MPU €€ PABHOBECHOM COCTOSIHUU. Te€pMOJAMHAMUYECKOE COCTO-
SHUE CUCTEMbI HA3BIBAIOT PAGHOGECHbIM B TOM Cllydae, KOrja €ro TepMOJINHa-
MHYECKHUE MapaMeTpbl OJTMHAKOBBI BO BCEX TOYKAX CHCTEMbBI U HE U3MEHSIOTCS Ca-
MOTIPOM3BOJILHO (0e3 3aTpar paboThl) BO BpeMeHU. TepMoauHaMuKa U3ydaeT BO3-
MOYKHOCTb WJIK HEBO3MOKHOCTh CAMOIIPOU3BOJILHOIO ITEPEX0Ja CUCTEMBI U3 OJIHO-
ro COCTOSIHUS B JIpyroe u sHepretudeckue r3pPextsl 3Tux nepexoo8. Ho nepexo-
JIbl TOJKHBI OCYIIECTBIIATHCS TPU TEPMOJMHAMUYECKOM PABHOBECUU C OKPYKalo-
e cpeion, T.e. OUeHb MEJIJIEHHO, a B ujeane — 0ECKOHEYHO MEIJICHHO.



TepMoauHaMU4YeCKre CBOMCTBA CUCTEMbl MOXHO BBIPAa3UTh C IMOMOIIbIO HE-
CKOBKUX (DYHKIIUNA COCTOSIHHSI CHCTEMbI, HA3bIBAEMbBIX XAPAKMEPUCMUYECKU-
mu yuxkyuamu. K ocOOEHHOCTSIM XapaKTEPUCTHUECKUX (PYHKITUH OTHOCSITCS
UX HE3aBUCUMOCTH OT criocoda (IyTH) JOCTUAKEHUS JAaHHOTO COCTOSIHUSI CUCTEMBI,
a TaKXe 3aBUCUMOCTb MX BEJIMYMH OT KOJUYECTBA MUJIM MACChl BEIIECTBA, IOITOMY
WX TIPUHSITO OTHOCHUTH K 1 MOJb BemiecTBa. Jlajee Mbl pacCCMOTPHUM YeThIpe Hanbo-
Jiee UCIOJIb3yeMbIC B XMMHUH XapaKTepUCTUIeCKne GyHKIIUA — BHYTPEHHIOIO YHEP-
ruto U, sHranenuto H, sutponuto S u suepruto ['md66ca G.

[Ipu npoBeneHUN XMUMHUYECKOW pEaKIMU U3MEHSECTCS @HYMPEHHAA IHep-
2ua cucrembl U. BHyTpeHHsIsl SHEprusi BKIIIOYAeT B ce0si BCE BUJIbI SHEPTUU CH-
CTEMBI (PHEPTHUIO ABUKEHUS U B3aUMOJCHCTBUS MOJIEKYJI, aTOMOB, SII€p U JPYTUX
YacTHI]), BHYTPUSICPHYIO U APYTUE BUbI SHEPTUU, KPOME KUHETUUECKON YHEPrUuu
JBUKEHUS CUCTEMBI, KaK 1eJI0ro, U MOTEHIIMAIIbHON 3HEepruu ee nojoxkenus. Kak
U Jro0as xapaktepuctuueckas (QyHKIUs, BHYTPEHHSISI SHEPTUs 3aBUCHUT OT arpe-
TraTHOTO COCTOSIHMSI CUCTeMbl. BHYTpeHHsIsl JHeprus MpeacTaBJsieT co0oii cmo-
COOHOCTH CHCTEMbI K COBEpPIIEHHI0O PadoOThl MJIM Mepenadye TemjaoTbl. BHyT-
PEHHIOIO AHEPrUI0 M3MEPUTh Heb3s. OJHAKO MOXKHO HU3MEPUTh €€ H3MEHEHUE
AU npu nepexoe U3 OJHOTO COCTOSTHUE B IPYTO€

AU =U, — U,

rae U, u U; — BHYTpEHHSS SHEPIHs CUCTEMBI B KOHEYHOM U Ha4aJIbHOM COCTOSIHU-
AX.

3unauenue AU nonoxwurensHo (AU > 0), eciau BHYTPEHHSISI JHEPTHUS CUCTEMBI
BO3pacTaer.

W3meHeHne BHYTPEHHEW SHEPTUH MOXKHO M3MEPHUTh C MOMOIIbIO paOOThl U
TEIUIOThI, TAK KaK CHUCTEMa MOXET OOMEHUBATLCA C OKPYXAIOIIeH cpefoil Belie-
CTBOM WJIH SHepruei B popme TermtoTsl Q u paboTs A.

Tennora Q — konmuecTBeHHas Mmepa (dopma mepedaun >Hepruu). B Buae
TEIJIOTHI YHEPrusi 0OJiee HArpeTOro Teja MepeacTcs MEHee HarpeTomMy Teny (Ie-
PEHOC BEIIEeCTBA MPU ATOM HE MPOUCXOIMT).

PaboTa A — kKonuvecTBeHHas Mepa HAMPABJICHHOTO JBUKEHUS YacCTHUL, Mepa
DHEPIruHU, NepeaaBacMoOr OT OJHOM CHCTEMBI K JIPYrOM 3a CUET MEPEMEICHUs Be-
IIECTBA MO/ JCHCTBUEM TEX WINA UHBIX CHJL.

B cucreme CU temnora u pabora u3aMepsroTcs B HKOYyIax ([x) unu xkumon-
xoymsix (k). B nureparype BcTpeuaroTcsi BRIpaXKEHUS 3THX BEJIMYUH B KajlopH-
ax (1 xan (tepmoxum.) = 4,184 JIx). [lonoxxurenbHpIMU cunuTatoTCs padota (4 >
0), coBepiraemasi CUCTEMO MPOTUB JACUCTBUS BHEITHUX CHII, U TerioTa (Q > 0),
noJBoAMMas K cucreMe. B ornuune oT BHyTpeHHEW 3Hepruu, padborta W Tersora
3aBHUCAT OT CII0cO0a MPOBEACHUS MTPOLIECCa, T.€. SIBISAIOTCS QYHKIMSIMHU Ty TH.

Konn4yecTBEHHOE COOTHOILIEHHE MEXYy W3MEHEHUEM BHYTPEHHEH SHEPIHUH,
TEIJIOTON M pabOTON yCTaHABIMBAET MEPBHIM 3aKOH TEPMOJUHAMUKH

Q=AU +A 2.1



CornacHo BbIpakeHuto (2.1), Tenuora, noBeIeHHAas K CUCTEME, PACXOLyETCs
Ha MpUpalleHUue BHYTPEHHEH SHEPTruu CHCTEMbI U Ha pabOTy CHUCTEMBI HaJl OKpY-
JKAKOIIEW Cpeaoi.

[lepBbiii 3aKOH TEPMOIMHAMHKHU SIBISETCS (OPMOM BBIPAKEHHUS 3aKOHA CO-
XPAaHEHMs PHEPIUU: IHEPrus He MOKeT HH CO3/1aBaThCs, HU HMCYe3aTh,
HO MOKeT MpeBpamaTbcs U3 OAHON GOpMBI B IPYIYyIO.

Paboty 4 MOXHO pa3fenuTh Ha JBa cCllaraeéMblX: paboOTy pacIIupeHHs
pAV (p = const) u apyrue Buabl pabot AP™ (kpome paboThl pacIUpEHHS)

A= pAV + Apnew 2.2

rie p — BHelHee AaBieHue, AV — n3menenue oosema (AV =V, — V), V, — 00b-
€M IPOJYKTOB peakiuu, V/; — 00beM UCXOAHBIX BEIIECTB.
CooTBeTCTBEHHO, ypaBHeHUE (2.1) MpU MOCTOSHHOM JaBJICHUU 3aIUIIETCS B
BUJIC
Q=AU + A®™™ + pAV.

Ecnu uckimounTh U3 pacCMOTPEHUS JIEKTPUUYECKYIO0, MATHUTHYIO U BCE JIPY-
rue BUIBI paboThl, KpoMme paboTel pAV (mpu NpoTEKaHUH XUMUYECKOTO Mpoliecca
CIMHCTBEHHBIM BHJIOM pa0OTHI SBJIIeTCs paboTa pacmmpenus), To A" = 0.

B stom ciywae ypaBHenue (2.1) 3anumercs

Qu=AU + APHeU 4 pAV. 2.3

Nupekc p yka3plBaeT Ha TO, YTO NEPEHOC TEIJIOTHI MIPOUCXOAUT IPU MOCTO-
aaHoM nasnenud. [loncrasuB AU = U, — U; u AV =V, — V;, nonyuum

Qp=U; — Uy +pV, — pVy = (U + pV3) — (U + pVy). 2.4
Xapakrepuctuyeckast QyHKIUs
U+pV=H 2.5

Ha3bIBAECTCS DHTAJNbIMENW CHUCTEMBI. DTO OJHA U3 TEPMOAUHAMUYECKUX (YHK-
IUH, XapaKTEepPU3YIOUUX CUCTEMY, HAXOJSALIYIOCS MPU MOCTOSHHOM JIaBJICHUH.
[ToncraBuB ypaBHeHue (2.5) B ypaBHeHue (2.4), momydum

Qp=H, —H; = AH, 2.6

T.€. B ClIyyae p=CONst temiora, MOABEACHHAS K CHCTEME, paBHA M3MEHEHUIO H-
TaJIbIIMU CUCTEMBI. DHTAJIBIUSA 3aBUCUT OT KOJIUYECTBA BEILIECTBA, IOITOMY €€ U3-
MeHeHue (AH) 0ObIYHO OTHOCST K 1 MOJIb M BRIpAXKAIOT B KJ[>K/MOJIb.

Besikasg xumudeckasi peakiusi CONPOBOXKIAETCS BBIICIEHUEM WIH IOTJIOLIE-
HUEM SHEPIUH, Yallle BCEro B BUJE TEIUIOTH. Kom4ecTBO TEmn0Thl, BbIIEISAI0-
1eecsi MUY NMOTJIOIAKoIIeecs NMPU XUMUYECKOH peakuuM (IpH MOCTOSHHBIX P
u T), Ha3bIBaeTCs TeMJIOBBIM 3 (PeKTOM peaKuMu NPU YCJI0OBUH, YTO CUCTEMA
He CoBepLIaeT HUKAKOM APYrou padoTbl, KpoMe padoThl paclIMPEeHUS.

Ecnu ncxonnsle BemecTBa U MPOAYKTHI PEAKIIMU HAXOASTCS B CTaHAAPTHOM
cocTosiHUU (cM. Tabnuily 2.1), To TermaoBoi 3PQPeKT peakiry Ha3bIBAETCS CTAH-
AapTHOW JHTaJbNHell peakuuu u odo3Havdaercs AHC. BcnoMHUM, 4TO cTaH-
JAPTHBIM COCTOSIHMEM BEIIECTBA HA3bIBACTCS TAKOE €r0 arperaTHOE COCTOSHHUE,



KOTOpOC YCTOfI‘IPIBO IIpu CTAHAAPTHBIX YCIOBHUAX U O6J'I3.I[8.€T HanMCHBIINM 3Ha-
YCHUECM OHTAJIBIIUH.

Taomuma 2.1.
VY cIloBUS CTaHAAPTHOI'O COCTOSIHUS BEILIECTB
CocrogHue BelecTBa CranmapTHOE COCTOSIHUE BEIECTBA
[IpocToe TBep0€e BEMIECTBO Kpucrannuueckoe TBep10€ BEUIECTBO

[IpocToe xKuaKoe BEIIECTBO Yucrast KUIKOCTh

IIpocTtoe razooOpaszHoe Bemie- IlapruansHoe aasinenue 100 xIla (1 Gap)
CTBO WJIM OTHOCUTEIIBHOE JaBjicHuE 1.

[Tox OTHOCHTEIBHBIM JaBJICHHEM MOHUMAIOT OT-
HOILICHHE JIABJICHUS, BBIPAKEHHOTO B KMJIO Ilacka-
asx (xITa) x 100kI1a, T.e. p = p/100 = 0,01p

IIpocTtoe pactBopenHoe Bemie- KoHueHTtpamus 1 monb/n (012 udeanvHoco
CTBO pacmeopa)

AKTUBHOCTH 1 Monb/1 (0151 peanvroco pac-
meopa)

CranpapTHOe COCTOSIHME BELIECTB He 3aBHCHT OT TeMmieparypsl. Temo-
BOI 3 (eKT peakuy 3aBUCUT OT TEMIIEPATypPhbl, IO3TOMY B HHIEKCE OOBIYHO yKa-
3piBaeTcs Temneparypa AH, wiu AHP, nanpumep AH,qg i AHSgg. 3aBUCHMOCTD
OT TeMIIepaTypbl OTHOCUTEIBHO Majla U MPHU MPHUOIMKEHHBIX BBIYUCIICHUSAX B pac-
4eT HE IPUHUMAECTCH.

Ecnu B pe3ynpTaTe peakuMM TEIUIOTa BBIAEISAETCS, T.€. SHTAIBIMUS CHCTEMBI
nounmxkaercss (AH < 0), To peakivsi Ha3bIBaeTCS IK30mepmuueckoii. Peaxius,
MPOTEKAIOLIas C MOMJIONIEHUEM TEIJIOTHI, T.€. C MOBBIIICHUEM SHTAJIBIIUA CUCTEMBI
(AH > 0), Ha3BIBaETCS IHOOMEPMUUECKOIL.

VYpaBHEeHMs IPOLIECCOB, B KOTOPBIX YKa3aHbl TEIJIOBbIE 3 (EKThI, HA3bIBAIOT-
Csl TEPMOXMMHUUYECKUMU. TernoBoil 3ppeKT 3anuchiBaeTCs Nocie ypaBHEHUS peak-
IIMU U MOXET ObITh OTHECEH MJIM KO BCeW peakiuu (u3mepsiercs B k), uiam k of-
HOMY MOJb JIFOOOTO I-TOrO ydYacTHHKa peakuuu (u3Mepsercs B KJK/MoIb),
HaIpuMep, JUIsl peaKkIMi TOPEHUs] TEPMUTHOM CMECH

8 Al + 3F8304 = 9Fe + 4Al203 AHgggz —3347 KAH(

_ k/x _ il —
win AHfos= —418,4 —— AL, wim AHZoe= —1115,7 "= FesOs, wim AHZos=
—371,9 2 Fe, ymm AHZye= —836,8 25 Al,Os

MOJIb MOJIb

YTOOBI OTHECTH PHTAIBIIHNIO PEAKIIUU K OJHOMY MOJIb KAKOr0-JIM0O BEIIECTBA,
TEPMOXHUMUYECKHE YPAaBHEHUS MOTYT HHOTJIa UMETh APOOHBIE KOA(DPHUIIUEHTHI:



241+ 20, = AL,0, AHSs= —1675,7 k/lx

B nanHoMm ciydae terinoBoi 3gdekt otHoCAT K 1 Mons Al, O, HanpuMmep:
AHY9g= —1675,7 k/I>x/Monb Al,05.

[Ipu cocTaBiieHUH TEPMOXMMHUYCCKUX YPaBHCHHUU YUYUTBHIBACTCS COCTOSHHEC
YY4aCTBYIOIIMX B PEAKIMM BEIIECTB: TBepaoe (T), ®Kuakoe (k), razoodpasHoe (T),
Kpuctajuinueckoe (kp), amopdHoe (a), pactBopeHHoe (p) u T. 1. B ciyuae, ecnu
arperaTHbIe COCTOSHUS BEIECTB /IS YCJIOBHI PEaKIy o4eBHIHBI, Hampumep O,
N2, Al,O3 ipu 298 K, T0o ux 00bIYHO HEe yKa3biBatOT. C TEPMOXUMHUYECKUMH YpaB-
HEHUSMHU MOXHO OTIEpUPOBAThH KaK M C aIreOpanvdecKuMH YPaBHCHHSIMH.

JIro60€ CloKHOE BEIECTBO MOKHO TMIOTETUYECKH WJIM PeaslbHO CHHTE3UPO-
BaTh M3 COOTBETCTBYIOIINUX KOJWYECTB MPOCTHIX BEIIECTB B CTAHAAPTHBIX YCIOBH-
X, HATIPUMEP

Crpagur + O2(r) = CO2(ry, AHZ9g= —393,5 K/, 2.8
2Ky + 2 Crigpy + 3,5 Oy = K3C13 07y AH9g= —2033,0 k/Ix. 2.9

[IpocThie BemiecTBa, y4YacTBYIOIIME B TPHUBEACHHBIX PEAKIMSIX, TOJDKHBI
HaXOJUTHCSA B CTAHIAPTHBIX (TEPMOIMHAMUYECKH HAaNOOJIee YCTOMUNBBIX) COCTOS-
Husx. [Ipu cymiecTBOBaHMU y BElIECTBA ABYX WU 00Jiee alUTIOTPOMHBIX MOAUGU-
KAl CTaHJApPTHBIM COCTOSIHHEM CUUTAETCs HamOoJiee TEPMOJUHAMUYECKU CTa-
owibHas opma. Hampumep, g yriaepoja U3BECTHBI YEThIPE aJIIOTPOMHBIX MO-
nudukanuu: anmas, rpadur, kKapouH u QyJuiepeH, Ho Hauboyiee TepMOIUHAMUYE-
CKU YCTOWYUB IpaduT.

TemnoBoit »hdexT oOpazoBanus 1 Moyb BeliecTBa U3 MPOCTHIX BEIIECTB,
HaXOJAIIMNXCS B CTAaHAAPTHBIX YCIOBUSIX, YCTOMYMBBIX Npu 298 K u naBiaenun 100
klla, Ha3pIBalOT CTAaHJApPTHOW HHTaJbNUEN (TemyioToil) oOpa3zoBaHuUs
A¢H2s.

N3menenus sutanbpnuil B peakuusx (2.8) u (2.9) ecth cTaHAapTHBIE YHTAIIb-
nuu o0pa3oBaHusl TUOKCHUIA yTiepoaa U JuXxpomara Kajiusi, COOTBETCTBEHHO, TO-
r71a Kak U3MEHEHHE PHTaNbIuU B peakuuu (2.10) He sBIsgeTCs SHTaIbIINEH 00pa3o-
BaHMs yIJIepojaa, Tak kKak B peakuuu (10) yriaepon He HaXOMUTCS B CTAaHAAPTHOM
COCTOSIHUU:

Canmaz t Oz(r) = COZ(F), AH§98= —393,5 k/[x. 2.10

Ouranbnuio obpaszoBanus BemecTBa B o6osnauaror AgH (ot anri. formation
— oOpasoBaHue). BenmnunHbl SHTAIBINI 00pa30BaHUs OMPEIEICHBI C TOW WU HHOM
CTENEHBIO TOUHOCTH ISl HECKOJIBKUX THICAY BEIIECTB U CBEJICHBI B TaOIMIIbI. DH-
TaJbIUI0 00pPa30BaHUs MPOCTHIX BEUIECTB, YCTONUMBBIX npu 298 K u naBnenun
100 kIla, npyHUMAIOT paBHOW HYJIO. 3a HYJb NPUHUMAETCS TaKKE CTaHIapTHAas
SHTAIBIIMs 00pa3oBaHMsl KaTuoHa Bogopoxa HT B BomHoM pactBope. 3Haue-
Hust Ap H 11 pasHbIX COEAMHEHUH MOTYT OBITh KaK IOJOKHUTEIbHBIMHU, TaK U OT-
puuaTeabHbIMU. [[er0 B TOM, 4TO Mpoliecc 00pa3oBaHusl COCAMHEHUN U3 AJIeMeH-
TapHBIX BEUIECTB COCTOUT U3 IBYX CTAJIAN: Pa3JI0KEHHS MOJIEKYJ 3THX BEIIECTB Ha
aTOMBI ¥ TIOCJIEAYIOIIETO COEIMHEHNS 3TUX aTOMOB B HOBBIX COYETAHUSX.



B 1840 romy poccuiickuii yuenbiii [.1. 'ecc sxcriepuMeHTaIbHO yCTAHOBUII
3aKOH, HA3BaHHBIN €r0 UMEHEM: MEn10601 Ihhexkm xumuueckoiu peaKkyuu
3aeucum om npupoovl U COCMOAHUA UCXOOHBIX 6eUjeCme U KOHeUHbIX
npPoOOYyKmMo6, HO He 3A6UCUMmM Om Nymu peaKyuu, m.e. Om 4ucia u xa-
pPaKkmepa npoMedNCcymoyHvlX Cmaouil.

Bonbiroe mpakTuueckoe 3HaY€HUE JIJIsl pacueToB TEIIOBBIX A(P(HEKTOB XUMU-
YECKHUX peaKUUil UMEIOT CIEACTBUS U3 3aKoHa ['ecca:
> U3MEHEHHE SHTAIBIINN XUMUYECKON peakiMy He 3aBUCUT OT YHUCia €€ IMpo-
MEXYTOYHBIX CTaJIH;

»  DHTAJBNHA MPSIMON XMMHUYECKON pEaKIMH paBHA B3SATOW C MPOTHBOIIOIOXK-
HBIM 3HAKOM SHTaJIbIINU OOpaTHOU peaKkiny;

Tak, npu obpazoBanuu 1 monb okcuaa kanbiug CaO U3 NPOCTHIX BEIIECTB

KaJIbLIUs U KUcopoja Beiaensercs 635,1 kK TermnoThl:

Ca (x) + Y2 Oz (1) = CaO (), AH =-635,1 xJIx.

Takoe e KOIMYECTBO TEIUIOTHI MOJIOMIAETCA TPU PA3JI0KEHUN | MOJIb OKCH-
Jla KaJblUs HA KAJbIIUK U KUCIIOPO:

CaO(x) = Ca (x) + 2 Oz (1), AH =635,1 xJIx

> SHTANBIMUS MPSMOM pEaKlUMH paBHA CyMME SHTaJbIUN 0Opa3oBaHUsS IMPO-
JYKTOB MUHYC CyMMa 3HTaJIbIUi 00pa30BaHUs HCXOJHBIX BEIIECTB.

AH = ZHKOH_ ZHI/ICX-

TennoBoil 3PPEKT XUMUUECKUX PEaKIUil U3MEPSIOT C MOMOIIBIO ClelUalb-
HBIX IPUOOPOB — KaJJIOPUMETPOB.

3akoH I'ecca Taxke siBIsieTCS 4acTHOM (POpPMOI BhIpakeHUs OOLIETO 3aKOHA
COXpaHeHus dHepruu. 3akoH ['ecca pacpocTpaHseTcsl He TOJIBKO Ha XUMUYECKUE,
HO Ha BCE MPOLECCHI, COMPOBOXKAAIOLIUECS TEIUIOBBIMU 3(dexrtamu, — (a3oBbie
IPEBpaIICHHs], PACTBOPEHHE, KPUCTAIIIH3AINIO, HCTIAPEHHUE U T.JI.

[Tonp3ysck 3akoHOM ['ecca, MOKHO ONPENENUTH TEIJIOTY PEAKIMU HEUTPaAJIu-
3anuu. COTJIACHO TEOPUH DJICKTPOTUTUYECKON JUCCOIMAIINHN PEAKIUS MEXKIY pas-
0aBIIEHHBIMH PACTBOPAMHU CHUJIBHOW KHUCIIOTBHI U CUJIBHOTO OCHOBAHHS CBOAMTCS K
obpaszoBanuio Boabl u3 H™ 1 OH™ MOHOB HE3aBHCHMO OT TOTO, KaKhe CHIIBHBIC
KHUCIIOTHI UJTU CUJIbHBIE OCHOBaHUs ObUTH B3sThL. [loaTOMY TernoBoi a3 dexT obpa-
30BaHus BOJbI Oy/IE€T BCErya OJIMH U TOT JKe:

H*+ OH™=H,0, AHysp = — 56,9 x/Ix/Momnb.

TennoBoit 3¢ ekt 0OpaTHON peakiuu — Auccormanydu Boabl Ha HY u OH~
WOHBI — PaBEeH TEIUIOTE HEUTPATN3alluU, B3SITON C 0OpPAaTHBIM 3HAKOM.

3KCHepI/IMeHTaJILHaH 4acTb

HpU60pbl u peakmuesvt. TCXHOXHUMHUYCCKHUC BCChI, IBAd CTCKIIIHHBIX CTdKaHA BMC-

ctumocthio 300 u 100 mi, kopkoBasi mpoOka muamerpom 50-60 MM, TepMoMeTp
(rounocts 10 0,1 °C), 25 M 1 M HCI, 25 m 1 M NaOH.

Buvinonnenue pabomuwl



PaboTa npoBoAUTCS B yIPOILIEHHOM KaJOPUMETPE, KOTOPBII COCTOUT U3 JIBYX
CTaKaHOB: BHEIIHEro, BMECTUMOCThIO 300 M1, 1 BHyTpEeHHEr0, BMECTUMOCThIO 100
MJ1, KOPKOBOM MPpoOKH 1 TepMoMeTpa ¢ nenou aenenus 0,1°C. BHyTpeHHu# cTakaH
MOMEIIAETCS] HA KOPKOBYIO MPOOKY JIJIsl YMEHBIIECHHS TEMIOOTIauH.

BHyTpeHHUIl CTakaH KaJOpUMETpa B3BECUTHh C TOYHOCTHIO 10 0,1 r, 0003Ha-
YUTh ATy Maccy mj. 3aTeéM HAJIUTh B HETO U3 Oropetku 25 ma 1M pactBopa coss-
HOM KHCJIOTHI M IOMECTUTh CTakaH oOpaTHO B KajiopuMeTp. B npyroit cyxoi cta-
KaH HanuTh U3 OropeTku 25 mi 1M pactBopa mienouun. M3meputs temmeparypy
pactBopa KUcIoThl ¢ TOYHOCTHIO 10 0,1 °C. Temnepatypy pacTBopa LIETOYH MOXK-
HO HE U3MEPSATh, TaK KaKk 00a pacTBOpa XpaHATCSA B OJHUX YCIOBUSAX U UMEIOT O/I-
HY U Ty € TeMIEpaTypy.

He BbIHMMAas U3 pacTBOpPA KUCIOTHI TEPMOMETP, OBICTPO BBUIUTH PACTBOD I1IE-
Jo4d B KUCIOTY. OCTOPOXKHO TMEpEeMeIIaTh pacTBOP TEPMOMETPOM, HabJroas 3a
U3MEHEHUEM TeMIiepaTypbl. Korna nosblieHue TeMnepaTrypbl IpeKpaTUTCS, OTME-
TUTh MaKCUMaJIbHYIO TEMIIEPATYPY PacTBOpa.

Korma pactBop oxmaaurcs 10 KOMHATHOW TeMIIEpaTypbl, B3BECUTh BHYTPEH-
HUM CTakaH KaJIOpUMETpPa C pacTBOPOM € TOYHOCTHIO 110 0,1 r, 0003HAYUTH 3Ty
Maccy mo.

@opma 3anucu

Macca BHyTpeHHEro cTakaHa My, T

O06bem pacTBopa menou, Vy, Ml

O06bem pacTBOpa KUCIOTHI, Vi, MII
Konnentparust kusotsl Cy, MOJIB/J1T
KonnenTparus menoun Cy, MOJIB/IT

HauanbeHas Temnepatypa pactsopa ty, °C
Koneunas temneparypa pactsopa tp, °C

Macca BHyTpEeHHEro cTakaHa ¢ pacTBOpoM My, T

Buiuucnenus

Termiora, BBIAEICHHAS TMPHU PEAKIUMUA HEUTPAIM3ALMU U pacxoayemas Ha
HarpeBaHHe pacTBOPA:

q="C-m:-(t,-tp).

Temnoemkocth pactBopa C npunsTh paBHou 4,0 [Ix/T -°C.
Macca pactBopa: m = m, — m;.
[loncunTaHHOE 3HAYEHWE TEIUIOTHI ( MOJY4YEHO NpHU HeuTpanuszauuu 25 mu 1M
pactBopa, T.€. 0,025 mounb. TemnoBoil xe r¢pdext peakunu AH oTHOCHTCS K OJJHO-
My MoJb. OTCroz1a
q [Jx
0,025 ’momnp
Paccuutath TemnoBoit addexT nanHoi peakiuu (B K/[/Mob) 1 onpenenuTh

OTHOCHTEIIbHYIO OIIMOKY ombITa (§) B MPOIIECHTAX:
6 — i AH TEOp™ AH 3KCIT

—AH =

- 100%.

Teop



Bonpocsl 1j11 caMonpoBepKu

1. OnuHAaKoB JH TEIJIOBOM 3PPEKT peaKIifii B3aUMOICHCTBUIN COISTHONW KUCTIOTHI C
TUAPOKCHJIOM HATpHsI U TUAPOKCHIOM Kajusi?

2. OauHaKOB JU TEIJIOBOM 3(PPEeKT peakuuu B3auMOACUCTBUS THIPOKCHIA Oapus
C COJISIHOM KUCTIOTOM U CEpHOU KUCIOTOU?

3. Hcxons u3 ypaBHeHUs

NaOH + HCI = NaCl +H,0, AH =-56,9 k/Ixk,

OTIPEICIUTh KOJWYECTBO TEIUIOTHI, BBIJCIMUBIICHCS MpU HeWTpaiuzanuu 3,21
NaOH skBuBanenTHo# maccoit HCI.

4. BpuucnuTh TEII0BOM 3(D@EeKT U HammcaTh TEPMOXUMHUYECKOE ypaBHEHUE pe-
aKkIu ropeHus 1 Moyib MeTaHa, B pe3yJbTaTe KOTOPOil 00pa3yroTcs Mmaphl BO-
Il U IMOKCHU]I yTIIepoa.

5. Hamucath TEpMOXUMHYECKOE YpaBHEHHE PEAKIIUM BOCCTAHOBJICHHUSI OKCHJA
xpoma (III) amromunuem. Beramcnute TermmoBod >PhexT, eciu Ajisl peakiuu
B3ATh | KT ICXOJHOU cMecHu?

6. Bpraucauts TemnoBoii 3@ dext obpazoBanus 200 KT cepHO KHCIOTHI IO ypaB-
HEHUIO: SO3(>K) + Hzoo{() = H2804()K).

7. Ilpu obpazoanuu 39,6 r okcuna mbibska (I11) U3 mpocThIX BElIECTB BhIIES-
ercst 131kJ[k TermoTsl. 3amUIIMTe TEPMOXUMUYECKOE YPaBHEHUE, BHIYUCIIHUTE
SHTAJIBITHIO 00pa3oBaHus okcuaa Mblbska (111).

8. Hammmure TepMoxuMudeckoe ypaBHeHHe pactBopenus okcuaa meau (II) B co-
asiHOM kucnoTe. CKOJMBKO TEIJIOTHl BIAEIUTCS Tipu pactBopeHuu 100 r okcu-
na?

9. Ilpu B3ammopeicTBuM Tpex Moib okcuaa azora (I) ¢ ammmakom obpazyercs
a3oT u mapel Bonbl. [Ipu stom Beiaensiercs 877,7 klx Terorel. Hanumure
TEPMOXUMHUYECKOE YPABHEHUE ITOU PEAKIIMUA U BBIYUCIUTE SHTAIBIINIO 00pa30-
BaHus okcuja azota (I).

10. DHTanenus OOpa3oBaHWS aMMHaka M3 a30Ta W Bojgopoda paBHa —46,2
kJ[>x/Moib. CKOJIBKO JIMTPOB a30Ta IONLIO Ha 3Ty peakiuo (H.y.), eClIu B pe-
syabTare Beiaenutces 23,1 Kk TenioTs?

11.Peakiust ropeHust 6€H30J1a TPOTEKAET MO yPaBHEHUIO:

CGHG()K) +15/2 Oz(r) =6CO, + 3H20()K).

Kakoe konmuecTBO TEIIOTHI BBIACISITCS IPU cropanuu 1 outpa 6eH3ona (H.y.)?
12.Ilpsamas wnu oOpaTHasi peakiusi OyAeT SBIATHCS dK30TEPMUUECKON MPHU CTaH-
napTHeIX ycnoBusxX B cucteMe: CHypy + COyry 2 2CO(ry + 2Hy(. [lomunraiite
AH° n naiite Ha OCHOBAHHUU ATOI'O MOJICUETA OTBET.
13.Berunicnute CTaHAapTHBIC 3HAYEHUS HTAIBIINN peakiuil (IpeIBapuTeaIbLHO T0-
n00paB KOA(DPUIIUEHTHI):

CSa010 + Oary = CO(ry + SOxm
NiO(T) + Al(T) = Ni(T) + A|203(T)



Jlabopamopuasa paboma 3
CKOPOCTb XUMHUUYECKUX PEAKIIUHA

Ilenws pabomet: onpeienUTh BIUSHUE PA3TUYHBIX (PAKTOPOB HA CKOPOCTh XUMUYE-
CKHMX PEaKIui.

OCHOBHbBIC MOHATHUSA

Ckopocmb XumMuueckou peakyuu paeHa UZMEHEeHUI0 KOoAuuecmed
sewjecmea 8 eOUHUY)Y @peMeHU 8 eOuHUYe 00vbemMa peakyuoHH020 Npo-
cmpaHcmaa.

B 3aBucumocTH OT TUNA peakiuu (rOMOreHHasi UJIM TeTepOreHHast) MEHSIETCs
XapaKTep peaKkIMOHHOr0 MpocTpaHCcTBa. ['OMOreHHOM peakiueil Ha3bIBaeTCs peak-
1Ms, TpoTeKarouas B OAHOPOJIHOM cpene. I'eTeporeHnble peakiuu IpoTeKaroT Ha
rpaHulle pasaena a3 (TBepAoH U KUIKOM, TBEPAOH U ra3000pa3HON).

PeakImoHHBIM MPOCTPAHCTBOM TOMOT'€HHBIX PEaKIMid SBISETCS 00bEeM, 3a-
MTOJTHEHHBIN peareHTaMu. CKOPOCTh TOMOT€HHOM PEAKIIMY PaBHA NU3MEHECHUIO KOH-
IIEHTPAIMN WCXOIHBIX BEIIECTB WA MPOAYKTOB PEakIud BO BpeMeHHU. Paznudaror
CPEIIHIOI0 1 MTHOBEHHYIO CKOPOCTH peakiuu. CpeaHsisi CKOPOCTh PEaKIMK pPaBHA:

v=it=- 0 3.1
rae Co n C1 — KOHIIEHTPalluK HCXOIHOTO BEIIECTBA B MOMEHTHI BpeMeHH 1 U t;.

CKOpOCTh peakuMd NPUHUMAETCS BCErJa IOJOKUTEIBHOW, MO3TOMY 3HAK
MUHYC O3HAQ4aeT, YTO KOHLUEHTpAIUsl UCXOAHOTO BEIIeCTBA yMeHbIIaeTcsa. B xome
pEaKlUKU CKOPOCTh PEAKLUMU U3MEHSIETCS, TaK KaK U3MEHSAIOTCS KOHIIEHTPALUH pe-
arvpyromux BelecTB. MrHOBEHHAs: CKOPOCTh PEAKIIMH L, paBHA:

v= 42 3.2
At

[Tpou3BogHasT MCXOTHBIX KOHLIEHTpalUUi OepeTcsi O 3HaKOM MHHYC, a Mpo-
JYKTOB PEAKLUU — CO 3HAKOM ILIIOC.

Paznnuaror snemenmapHvle XUMAYECKHE PEAKIMH, MPOTEKAIOIINE B OIHY
CTaJMI0 (PJIIEMEHTAPHBIN aKT). BOJBIIMHCTBO XMMUYECKUX PEAKUUN SIBISIOTCA HE
JJIEMEHTAPHBIMU, & CIOJICHbIMU, TTIOCKOJIIBKY OHU IIPOTEKAIOT BO BPEMEHHU 4€PE3
HECKOJIbKO OTJIMYAIOIIMXCA APYT OT APYyra 3J€MEHTAPHBIX CTaaui U IPOMEKYTOU-
HBIX BEILIECTB, COBOKYITHOCTb KOTOPBIX HA3BIBACTCA MEeXAHU3MOM CIOKHOMN peak-
uuu. B cloXHBIX peakiusax, HapsAy ¢ pacxojoBaHueM peareHtoB D, B u o6pa3o-
BaHMEM MpoAyKToB R, M, Ha OTAENbHBIX CTaAUsAX BO3MOKHO 0Opa3oBaHUE U pac-
XOJIOBaHUE NPOMENCYMOUHBIX Geujecme, KOTOpbIE B Cllydae JTOCTaTOYHOU XH-
MUYECKOW yCTOMYMBOCTH MOTYT OBITh BbIIECICHBI M UICHTU(DUIIUPOBAHBI.

C nmo3unuii KUHETUYECKOW 0OpaTUMOCTH BCE PEaKIMU MOXKHO pa3/eiUTh Ha
08ycmoponHue (KUHETUYECKH 00paTUMBbIE), MPOTEKAIOUINEe OJHOBPEMEHHO KaK B
OpsIMOM, TaKk U B OOpaTHOM HampaBlICHUSIX, U 0OHOCMOpOoHHUe (KUHETHYECKU
HEOOpaTUMBbIE), KOTOPbIE UAYT B OJAHOM HAIIPaBJICHUU 10 MPAKTUUYECKH MOJHOTO
ucuepnaHus XOoTs Obl OJHOTO U3 PEarcHTOB.

K xuHeTnyecku oOpaTUMBbIM MPOLIECCAM OTHOCSITCS, HAIPUMEDP, CUHTE3 MO0~
BOJIOpOZia U3 MPOCTHIX BELIECTB B ra30BOi (ase:



Har) + b 2 2HI ),
JIMMEpPU3aIis JHOKCHIA a30Ta:
2NOz(ry 2 N2Oyr),
KaTaJIUTUYECKUI CHHTE3 aMMMaKa U3 a30Ta U BOAOPO/Ia:
N, + 3H, 2 2NHs.

[TpumepaMu KMHETHYECKH HEOOPATUMBIX pEaklUil SBISAIOTCA pacrhaj Mepok-
CUJA BOIOPOJA MOJ ACUCTBUEM CBETA UM KAaTaau3aTopa:

hVv WU KaT
H202p) —— H2O0px) + 0,501,
B3aUMOJENCTBUE U3BECTHAKA C COJITHOU KUCIJIOTOM:

C&COg(K) + 2HC|(p) — C&C'z(p) + HgO()K) + COz(r)T-

Crnenyer OTMETUTh, YTO MOHSATUS KUHETHUYECKOW U TEPMOJAMHAMUYECKON 00-
paTUMOCTH HE COBNAJAIOT: JBYCTOPOHHUE PEAKIIMU B TEPMOJUHAMUYECKOM CMBbIC-
je oOpaTUMBbI TOJIBKO BOJIM3HM COCTOSTHUSI XMMHUUECKOIO PaBHOBECHS, KOI/Ia CKOPO-
CTH IPAMOM U U 00paTHOM U peakuuii OTAMYaroTcs Ha OECKOHEUHO MAJIyl0 BElM-
YUHY.

B o6miem ciyvae, sl CTaTUYECKUX YCIOBUM CKOPOCTh PEAKIIMU 3aBHCHUT OT
MHOTHX (DaKTOPOB: MPUPOJIBI PEATUPYIONINX BEUIECTB, TEMIIEPATYPhl, KOHIIEHTPA-
IIUHA UCXOJHBIX BEIIECTB U MPOAYKTOB, a TaKXkKe APYrux (PakTopoB (KaTaiuzaTop,
oOiydenue u ap.). PaccMoTpum HEOOpAaTUMYIO 3JIEMEHTAPHYIO PEAKIIMIO:

dD + bB — rR + mM, 3.3

UayIIyio B m3otepMudeckux ycnosusx (T = const).

JIro0ast XuMHUYecKasi peakiys — 3TO BEPOSITHOCTHBIN MPOIIECC, 3aBUCAIIUN OT
BO3MOYKHOCTH CTOJIKHOBEHUSI HEOOXOJUMOTO YKCIIa YaCTHI] B JAHHOWU TOYKE MPO-
CTpPaHCTBA B KaKOW-THOO MOMEHT BpeMeHU. BeposTHOCTh 3TOTO mpoliecca onpese-
JISI€TCSl TPOU3BEICHUEM BEPOSITHOCTEH, B TAHHOM ClTydae — KOHIIEHTpaIued XuMHu-
YECKUX peareHToB. YeM BBhIIIE KOHIICHTPAIMS, TEM OO0JIbIIE BEPOSITHOCTh CTOJKHO-
BEHMUS, a, CJIEIOBATENIbLHO, OOJIbIIE CKOPOCTh peakiuu. Mcxos u3 3Toro, CKOpoCTh
XUMHUUYECKON pEeaKIUu JOJKHA OBITh MPOMOPIMOHANIBHA MPOU3BECHUIO KOHIICH-
Tpalliy pearupyromux BemecTs. Takum o0pa3om, ObLT chOpMyIMPOBaH OCHOBHOM
MOCTYJIaT XUMHUYECKOW KWHETUKH, WU 3AdKOH O0elcmeyrnuux Macc. npu no-
CMOAHHOU memnepamype CKOPOCHb INNeMEHMAPHOU XUMUUECKOU peakuuu
NPONOPUUOHAIbHA NPOU3EEOCHUI0 KOHUEHMPAUUIL Peazupyrouiux 6eujecme 6
CMEneHAX, PAGHBIX UX CIMEXUOMEMPUYECKUM KOIPPuyuenmam. IT0 TaK HA3bI-
BaeMasi KuHeTH4eckas ¢opma 3akoHa nerictByromux macc (3IM). Jlns peaxiuu
(3.3) ¢ yueroM CTEXMOMETPUH 3aKOH JIEUCTBYIOIIMX MAacC MAaT€MaTUYECKH BbIpa-
KAETCSI KHHETUYECKUM YPaBHEHUEM

v=k-C%-CD, 3.4

rae k — ko3 puImeHT mponopIMoOHAIBHOCTH, Ha3bIBAEMbI KOHCTAHTOW CKOPOCTH
XAMHUYECKON peakiuu. [Ipr eIMHUYHBIX KOHLIEHTPAUUSIX PEarupyromnX BEIIECTB,



CKOPOCTb pEaKIMM YKMCIEHHO paBHAa KOHCTAHTE CKOPOCTH, MO3TOMY Kk HWHOTIA

HAa3bIBAIOT YJEIBHON CKOPOCTBhIO XUMUYECKOHN peakuuu. [Ipu nanHou temneparype

k sBRsileTCS BEMMYMHOM IMOCTOSTHHOM, HE 3aBUCSIICH OT KOHIICHTPAI[UN PEarcHTOB.
[IprMEHUTENBHO K ABYCTOPOHHEN 3JIEMEHTAPHOW peaknu

dD+bB 2rR +mM

MO>KHO MOJYYUTh CBS3b KUHETUYECKUX U TEPMOAUHAMUYECKHUX XaPAKTEPUCTHK.
Ha ocHOBaHMM 3aK0Ha AEMCTBYIOIMX MACC CKOPOCTh NPSIMOM PEaKLIMU

$=k-Cct-ct, 3.5
a CKOPOCTh 0OpaTHOM peaKIuu
=k-Cr-cm. 3.6

B cocTosiHuM XUMHUYECKOTro PaBHOBCCHA ﬁ = 1(3, Ha6J'II-OI[aCMaSI CKOpPOCTD IIponcC-

ca paBHa HYJIO (Uyas, = 0). O003HaYMB paBHOBECHbBIE KOHIIEHTPALIUM PEarceHTOB
Cp,pasn = [D] n npupasuss Beipaxenus (3.5) u (3.6), nomy4nm:
_ [R]" [M]™ _

R
AT >

TemnepaTypa oka3bIBaeT Ha CKOPOCTh 00Jiee CUIIBLHOE BIUSIHUE, YeM KOHIICH-
Tpauus pearupyronux BemniectB. CaMu KOHIIEHTpaluu JUOO0 c1abo 3aBUCAT OT
TEMIIepaTypbl, JUOO COBCEM OT HEE HE 3aBHUCST, MMOATOMY M3 ypaBHEeHHs (3.4)
MOXHO CJIeJIaTh BBIBOJI, YTO TEMIIEpaTypa BIMUSET HAa CKOPOCTb Yepe3 KOHCTAHTY
CKOPOCTH K.

N3BecTHBI 1Ba BUAA 3aBUCUMOCTH CKOPOCTH PEAKLIHUH OT TEMIIEPATYPHI. dM-
nupudeckoe npasuio Baut-I'odda u Oonee crporoe ypaBHeHrne AppeHuyca.

B o0nactu ymepeHHBIX TeMmIiepaTyp JUisi TOMOT€HHBIX U MHOTHUX T€T€pOTCH-
HBIX peakiui crpaBemBo npaBuiio Baut-I'obda: npu nocmoaunnvix konyen-
mpayusax peazupyrowux geuwjecme ygeauvenue memnepamypuor na 10 °C
(unu 10 K) npusooum k eo3pacmanuio ckopocmu 6 2+ 4 pasa:

T2-Ty
U=V Yy 10, 3.8
II€ U, U VU; CKOPOCTH peakluy npu temreparypax T, u Tq; v — TeMnepaTypHsbIi
kodpunmrent Bant-I'odhda, 3HaueHre KOTOPOro isi SHAOTEPMHUUECKON peaKIuu
BBIIIIE, YEM JIJISI DK30TEPMHUUECKON PEaKIINH.

CrnemyeT 3HaTh COOTHOIIICHUSI CKOPOCTEM, KOHCTAHT U BpeMeH (T) MpOoTeKaHuUs

pEaKINK:

UT+10 _ kT+10 — TT+10 _ y. 39

Ut Kt Tr

VYpaBHeHue AppeHuyca MOKa3bIBAa€T BIUSHHE TEMIIEPATypbl Ha KOHCTAHTY
CKOPOCTH XUMUYECKOW PEaAKINHU:

k =k, exp [-Ea/ RT],



rae R — yauBepcanbHas razoBas nocrossHHas ([[x/mons K); T — aGcomtoTHast TeM-
neparypa; E, — sHeprust aktuBanuu (Jx/mons). J{ns 6onpmmHCTBA peakiuii E, =
50 + 500 xJI>x/MOIb.

BKCHepI/IMeHTaﬂbHaﬂ 4acTb

IIpubopwi: cexynnomep. «TepmoctaT» (aBa ctakaHa eMKOCThI0 200-250 mu)
U KpBbIIIKa K HEMY ¢ oTBepcTheM s npodupok. Tepmomerp Ha 100 °C. Crekmnsan-
Has naynoudka. [luneTku kamenbHbIE, PUIBTpOBaNIbHAS OyMmara, mmarenb. Peakmu-
evi: MNO,, pacTBOpsl THOCYIb(aTa HaTpus (1 H), cepHON KHUCIOTHI (2 H), MEPOK-
cunma Bojopoaa (3%-Hbiil), THOIMaHaTa aMMOHMs (KOHIL.), cyibdara meau (1)
(1m), xmopunaa xenesa (1) (ko).

Buvinonnenue pabomuol

OIIBIT 1. BiusiHue KOHUEHTPALUK PEAruPYIOIIUMX BEIIECTB HA CKOPOCTh XUMUYE-
CKOM PEaAKIIUHU.
Peakus THocynb(hara HaTPHUS C CEPHOM KUCIOTOM MPOTEKAET 10 YPABHEHUIO:

Na,S,03 + H,SO4 = Na,SO4 + Sl + SO, + H,0.

B pe3ynbTaTe peakiuu oOpa3yeTcs cepa, BBIACISIONIAsACcS B BUJIE MYTH.

B tpu cyxue npoOupku BHECTU: B NEpBYI0 — 4 Kamm |H pacTBopa THocyib(ara
HaTpus U § Kamenb BOJbI, BO BTOPYI0 — & Karlesib 1H pacTBopa u 4 Karuu BOJbI, B
TpeThio — 12 Kamenb TOro ke pactBopa TUocyyb(ara Hatpus. [lepByto U BTOpyIO
POOUPKU OCTOPOKHO BCTPSAXHYTh.

B kaxnayro npoOupky 100aBUTH 1O OJHOW Kamjie 2H CEpHOW KHUCIOTHI U
ObIcTpo momemaTh. 1lo cekyHIOoMepy OTMETHTb, CKOJBKO BPEMEHH MHPOHAET OT
MOMEHTa J10OaBJIEHUS] KUCIIOTHI J0 IMOSBJICHUS B PaCTBOPE 3aMETHOM OIajecleH-
un. OTHOCHUTEbHast ckopocTh peakimu v = 100/t, rae t — Bpems, c.

Buumanue! Ilocne uzmepenusn epemenu peaxuyuu HeoOX00UMO cpaszy ice 6bl-
Mblmb BPOOUPKU.
Pe3ynbraThl HAOMIOIEHUI U BBIYMCICHUN MTPEACTABUTH B BUjE Tab.3.1

Tabmuua 3.1
Ne O6wem O6wem B | O0beM B | O6mmit | OtHocu- | Bpems Bennuuna,
Opo- | B KaIUISIX | KaIIsIX | Kauigx | o0bem TeNbHAS JI0 Haya- | MPOIOPIIH-
Ooupku | pactBopa | pactBopa | H20 pacTBOpa | KOHIICH- J1a IOMYT | OHaJIbHAS
H2SO4 Na2S203 (amcio Tparmus HEHUs CKOPOCTH
kanenb) | NaxS203 T, C. v =100/ T
1 1 4 8 13 C
2 1 8 4 13 2C
3 1 12 0 13 3C

[IpenocraBuTh JaHHBIC OMBITA B BUJE TpadHKa, WILTIOCTPUPYIOIIETO 3aBUCH-
MOCTbh CKOPOCTH PEaKIIM{ OT KOHIICHTPAIIUH pearupyromux BemecTs. Ha ocu abc-
IIUCC OTJIOKHUTH B OMPEICICHHOM MacIiTade OTHOCHUTEIbHBIC KOHIICHTPAIIMHA THO-
cynb(dara HaTpHs, a HA OCH OPAUHAT — COOTBETCTBYIOIINE CKOPOCTH (B YCIOBHBIX
eAUHUILIAX ).

CrenaTh BBIBOJ O 3aBUCHMOCTH CKOPOCTH PEAKIIMH OT KOHIICHTPALIHH.



OIIBIT 2. BaustHue temnepatrypbl HA CKOPOCTh XUMUYECKON peaKIIuu.

OnpIT BBINOJHSAETCS MPU TPEX Pa3IUUHBIX TeMmIepaTrypax. Temreparypbl
OMbITA ONPEAEISIIOTCS CIECAYIOIUM 00pa3oM: MEPBBIA OMBIT MPOBOAAT MPU KOM-
HATHOM Temneparype, BTopoil — npu Temneparype Ha 10 °C Bble TemMneparypsl
nepBoro oneita, Tpetuid — Ha 20 °C BpIlIE TeMmepaTypbl EPBOro ombiTa. Toraa
MO>KHO 3anucaTh npaBmwio Bant-I'odda cremyronum odpazom:

At
ZTt: = y10 =y, TaKk kak At =10 °C
Y3 _ o5 =
vtz
Nty
cp 2

B tpu cyxue npobupku BHectu no 10 kamens 1H pacTBopa TuOCyib(aTa
HaTpusA. B oHy KOHHUYECKYIO CYXYIO MPOOUPKY HAJIUTH 2H PacTBOpa CEPHOM KHC-
JOTHI U OMYCTUTH B HETO MUIETKY. [IepBhIii OMBIT IPOBOAST HAa BO3AyXE, N3MEPUB
IpeIBapUTENbHO TeMmrepaTypy Bo3ayxa. KoHmueckyio mpoOUpKy C pacTBOPOM
CEpHOI KHUCIIOTHI U BTOPYIO MPOOUPKY C PacTBOPOM THOCYJb(aTa MOMEIIAIOT B
BOJSIHYIO OaHIO, TeMIepaTypa KOTOPOW JOJDKHA MPEBBIMIATH MPEABIAYIIUN OMBIT
Ha 10 °C + 3 °C (na TeruiooOMeH). Brinep:kuBaroT pacTBOphl B 0aHe 3 — 4 MUHYTHI
u npwmBaioT oaHy kKarwmo HpSO4 B mpobupky ¢ pactBopom NapS;03 (He BEIHUMAS
npoOMpOK U3 TepMmocTaTta). Bpems mosBiaeHUs MyTH 3aCE€KaroT MO CEKyHAOMEpY.
3aTeM pacCUMTHIBAIOT CKOPOCTh peakluu. AHAJIOTUYHO MPOBOAST ONBIT I JpY-
roil TeMnepaTyphl.

JlaHHble 3aHOCAT B Tabnuily 3.2, pacCUUTHIBAIOT CKOPOCTh PEAKIUU MPHU pas-
HBIX TeMIIepaTypax U CpeHUI TeMIiepaTypHbIi KO3 PHUIHEHT.

Tabnuma 3.2
Howmep | Temneparypa | Bpewms no Hauana Bennuuna, TeMneparypHbIid
ombITa | ombITa, t, °C MOMYTHEHUS MPONOPLUOHATbHAS KodhGUIIUEHT
T, CEK. CKOPOCTH Y
v =100/t

1

2

3

BnusiHue Temnepartypbl Ha CKOPOCTh XMMHUYECKOM PeakIMy BbIpa3UTh rpadu-
YEeCKH, OTKJIa/IbIBasi Ha OCH aOCLHUCC 3HAUEHUS TEMIIepaTyphl, a HA OCH OpAMHAT —
OTHOCHUTENIBHYIO CKOPOCTh PEAKIINH.

Crenatb BBIBOJ O 3aBUCHMOCTH CKOPOCTH XMMHYECKON pEaKuu OT TemMIepa-
Typbl. OnpeieTuTh TeMIEpaTypHbIA KOI(PPUIIUEHT CKOPOCTU JaHHOU pEaKIIUH.

OIIBIT 3. Bnusaue kataan3aTopa Ha CKOPOCTh XUMUYECKON PEAKIUU.

1. Kamanumuueckoe pa3znodicerue nepokcuoa 8000pooa (2emepoenvlil Ka-
manus3)



B npoOupky Hamuth 2 Mia 3%-HOro pactBopa nepokcuja Boaopoga. Orme-
TUTh, YTO B OOBIUHBIX YCJIOBHIX 3aMETHOTO Pa3JIOKEHUs MEPOKCHAA BOJAOPOIa HE
HaOmogaeTcss. 3aTeM K pacTBOpY M00aBUTh MHUKPOIIIATEIEM HEMHOTO OKCHJa
mapranna (IV) u HabmonaTe SHEPrUYHOE pa3IoKEeHHE MEPOKCUAA BOIOPOIA C BbI-
JEJIEHUEM KHUCJIOopoJa (Tierolas JIy4ynuHa, MOJHECEHHAs: K OTBEPCTUIO MPOOUPKH,
3aropaercsd). Hamucath ypaBHEHUE peaklLMM pPa3iOKEHHUS NEPOKCHAA BOAOPOJA.
Kakyto pons urpaer okcua mapranua (IV) B atoit peakuumn?

2. [ omocennwlii kamanus

B aBe npoOupku HaMUTH 1O 3 MJI KOHIIEHTPUPOBAHHOTO PacTBOpa THOILMAaHA-
ta amMoHusi NH4SCN u no 3 xarnm HaceieHHoro pactsopa FeCls. B oqny u3 Hux
no06aBuTth 2 karu 1H pactBopa CuSO4 (kaTanuzarop), mocie yero, 106aBuB B 00€
npobupku 1o 3 M 0,5H pactBopa NayS;03, cpaBHUTH CKOPOCTh 00€CIIBEUNBAHUS
pacTBOPOB B 00eux npodupkax. Peakius npoTekaer o ypaBHEHUSIM

3NH4SCN + FeCl; 2 Fe(SCN); + 3NH4CI
2Fe(SCN); + 2Na;S;03 2 NaySs0s + 2NaSCN + 2Fe(SCN),.
KpacHBIN p-p OCCI[BETHBIH p-p

Bonpocsl 1j1s1 caMoOnpoBepKHU

1. HartmcaTth MaTeMaTH4YECKHE BBIPAKCHHUA CKOPOCTHU CICAYIOIMINX pCaKHHﬁI

a) 2Al + 3Clyry = 2AICH e) 2Ham + Oz = 2H,0
6) 2COq + 02y = 2CO;, %) ZNgo + 2HClp) = ZnCl, + Hy

8) 2NO( + Oy = 2NO, 3) 3Feqq + 4H,0(map) = FesO4 + 4H,
r) Ny + 3Hz oy = 2NH3 1) 4NHg(ry + 502 = 4NO + 6H,0

J:[) 4HC|(F) + Og(r) =2H,0 + 2Cl, K) Nz(r) + 3H2(r) = 2NH;

2. Kak uzmenutcs ckopocth peakiuu 250, + Oy = 2503, eciii yMEHbIIUTh 00BEM
ra3oBoi cMecu B 3 paza?

3. Kak usmenurcs ckopocts peakuun Hp + Cl; = 2HCI, ecniu ymenbIuTh 1aBie-
HUE B CUCTEME B JBa pasza?

4. B Kakux eIMHULAX U3MEPSIETCA CKOPOCTh peakunn? KakuM 3aKOHOM BBIPAKAET-
Csl 3aBUCHMOCTb CKOPOCTH PEAKIMKM OT KOHLUEHTPAIM! PEarupyrouux BemecTs?
Bo ckoibpko pa3 Bo3pacTaeT CKOPOCTh PEAKIMH MPU MOBBIIICHUHA TEMIIEPATYPhI
¢ 20 1o 40 °C? TemmepaTypHbIi KO3PHHUIIMESHT CKOPOCTH PEAKIUH Y = 3.

5. Bo CKOJBKO pa3 yMEHBIIUTCS CKOPOCTh PEAKIIMU PU MOHMKEHUU TEMIEPATYPhI
ot 100 mo 50 °C, ecnu ipu oxyaxkaeHuu cuctemMbl Ha 10 °C cKOpoCTh peakiuu
yMeHbLIaeTcs B 2 pasa?

6. [Ipu yBenmmuenun temneparypsl Ha 50 °C ckopocTh peakiiuu Bo3pocia B 32 pa-
3a. Beraucauts TemmepatypHbii KO3 OUITMEHT PeaKIIvu.



7. Ha ckoJbKO rpagycoB HEOOXOJUMO TMOIHSATH TEMIIEPATYpPy pearupyroiux Be-
IIECTB, YTOOBI CKOPOCTh peakiuu Bo3pocia B 30 pa3, eciu TeMIepaTypHbIid KO-
a¢uiueHT paseH 2,5.

8. Hanmnmmre MaTeMaTn4ecKoe BhIPAXKEHUE JJISI CKOPOCTH TETEPOrE€HHON PEaKIUU:
2Crpaaut) T 3Hor = CoHepx) 1 onpenenute, BO CKOJIBKO pa3 YBEIUYUTCS CKO-
POCTh IIPU YBEIMYEHUHN KOHIICHTPAIIMU BOJOpOJa B 3 pasa.

9. Peakumst unet mo ypaBHeHuto 2CO + Oy 2 2CO,. KoHneHTpaiys UCXOIHBIX
BemectB: [CO] = 0,02 monp/m; [O2] = 0,03 monb/n. Kak U3MEHHTCS CKOPOCTH
NPSIMOM PEaKIMM, €ClIu YBEIHMUUTh KoHIeHTpaluo O, 10 0,10 Mosb/i1 U KOH-
neaTparuio CO mo 0,05 Mons/n?

10. Hanmumwure BbIpa)keHUE 11 KOHCTAHTHI PAaBHOBECHUS TOMOT€HHOM CHUCTEMBI
CH; + CO2 2 2CO + 2H;. Kak crnenyer U3MEHUTh TEMIIEPATYpy U JIaBJICHUE,
4TOOBI MOBBICUTH BBIXOJ Bojopoaa? Ilpsmas peakmus — oOpa3oBaHusl BOJAOPOIA
— BHAOTEPMUYECKAS.

JlabopaTtopnas paGora 4
XUMHNYECKOE PABHOBECHE

HeJlb pa60mbl: OIIPpCACINTD BJIIMAHHNC KOHLOCHTPpAIINHN PCATMPYIONIHNX BCIOCCTB Ha
CMCHICHUC XMMHUYCCKOI'O paBHOBCCH:I.

OCHOBHbBIC MOHATHUSA

BoapmIMHCTBO XMMHUYECKUX peakuuid oOpatumo. Korna ckopoctu npsMou u
0oOpaTHOM peakuuy CTAHOBITCS OAMHAKOBBIMU, HACTYNAET COCTOSIHUE XUMUYECKO-
ro paBHOBecHs. /{111 paBHOBECHON CUCTEMBI:

dD+bB 2rR+mM

KOHCTaHTa paBHOBeCHsI uMeeT BUJ (cM.3.7):

_ IR [M]™
Kpam = (o 57

B Takoii ¢opme 3aK0H NEHCTBYIONMIUX Macc JUisl 00OpaTUMOMN peakIuu mpruMe-
HUM TOJIEKO B TOM CJIy4ae, €ClId CHCTeMa TOMOTeHHA. Peakiun, B KOTOPBIX KpoMe
ra3000pa3HbIX U PAaCTBOPEHHBIX BEIIECTB yYaCTBYIOT TAK)KE€ TBEPJbIC BEINECTBA,
IIPOUCXOAAT HA TMOBEPXHOCTH TBEPIOTO BEIIECTBA, TUIONIAh KOTOPOTO MPaKTHYIEC-
CKH HE MEHSETCs. B 3TOM ciyyae KOHIIEHTpaIMs TBEPJOTO BEIeCTBA MPHHUMACT-
Csl 3a TIOCTOSHHYIO BEIMYMHY. B Takux peaknusx CKOPOCTh 3aBUCHUT TOJBKO OT
KOHIICHTPAIIUHU ra3000pa3HbIX WIIM PACTBOPCHHBIX BEIICCTB.

V3MeHeHne yCIIOBUH CYIIECTBOBAHHUS XMMHUYECKOTO PaBHOBECHs (TeMIIepary-
pa, KOHIICHTPAIIUs PEarrpyrollnX BEIIECTB, JABJICHHE) BBI3bIBACT CMEIICHUE XH-
MHYECKOTO paBHOBecus. HampaBiieHne, B KOTOPOM CMEIIAeTCs paBHOBECHUE, OTIpe-
nensiercs mpuHmunom Jle Ilarteawve. ecaiu na cucmemy, HAX00AWYIOCSA 8
pasHosecuu, oKazvleaemcs Kakoe-iubo gozdelcmeaue, mo cucmema pe-
azupyem makum oO6pazom, umoobvl YMeHbUWUMb MO 8030elcmeue, m.e.
pasHogecue cmewaemcs 8 CMOpPOHY Mou peakyuu (npamou uiu oopam-
HOll), Komopas ociabasem amo 8o30elicmaiue.



[TosicHMM 3TO NMPaBWIO HAa MPUMEPE PEAKIUU CHHTE3a aMMMAKA, MPOTEKAO-
LIEH 110 YPABHEHUIO

Nz(r)'l‘ 3H2(r) pad 2NH3(r) AHggg = —92K[[H(/M0ﬂb 4.1

Ecnu yBenuuuth KoHuenmmpauyuio BOIOPOJA, TO PABHOBECHE CMECTUTCS
BIIpaBo, MO0 TpsiMas peakius (Bzaumosaeiicteue Ny ¢ Hy) mpuBeneT Kk yMeHbIIIe-
HUIO KOHIIEHTpauuu Hy, T.e. 0C1a0JIeHNI0 BHEIIHETO BO3ICUCTBUS.

[Ipu MOBBIIICHUN MemMnepamypsl PAaBHOBECUE CMECTUTCS BIEBO, HOO 00Opat-
Has peakiusi, MPOTEKAONIasi C TIOTJIONEHUEM TeIlia, MPUBEAET K MOHMKCHHIO
TEMITepaTyphl, T.€. YMEHBIIICHUIO BHEIITHETO BO3/ICHCTBHSI.

Ecnn B Hame cucreMe IOBBICUTH Od6leHue, TO PABHOBECHE CMECTUTCS
BIIPaBO, MO0 MpsMasi PEakiysi COMPOBOXKAACTCS 00pa30BaHUEM MEHBIIETO YHCIIa
MOJIEKYJT ¥, TAKMM 00pa30M, IPUBOJANUT K YMEHBIIICHUIO JTABJICHHS, 110 CPABHCHHIO
c oOpaTHOM peakiuei.

W3meHeHue naBiieHUsl HE BBI3BIBAE€T CMEIIICHUSI PAaBHOBECHSI, HAIIPUMED, B pe-
akuuu Nz + Oz 2 2NO, Tak Kak 4MCIIO MOJIEKYJ B JICBOW YaCTH YPAaBHEHHs PaBHO
YUCITy MOJIEKYJI B IPABOM YaCTHU 3TOM 0OpATUMON PEaKIIMH.

V3MeHeHne MaBICHHs B CIIydae Ta30BBIX PEAKIIUH PaBHOCHILHO M3MECHEHHIO
KOHIICHTpAIlMi pearupyroIux ra3oB, TaKk KakK, HapUMeEp TOBBIMICHUE TaBICHUS
OCYIIIECTBIISIETCS YMECHBIIICHHEM 00bheMa PEeaKITMOHHOW CMECH, TOTJa KaK KoJIhde-
CTBO B3aMMOJICUCTBYIOIINX BEIICCTB OCTACTCS MPEKHUM M, CJIEIOBAaTEILHO, KOH-
IIEHTPAITNS BEIIECTB YBEIMINBACTCS.

W3meHeHue naBiaeHUsl HE MPUBEIET K CMEIICHUIO PABHOBECHUSI B KOHJICHCUPO-
BaHHBIX CHCTEMaX, T.€. CUCTeMax 0e3 ra3oBoil (a3bl.

[Ipumenenue kamanuzamopa He BHI3BIBAET CMEIICHUSI PAaBHOBECHS, TaK Kak
KaTaau3aTop B OJAMHAKOBOW CTEMEHU YCKOPSET (OTpUIATENbHBIA KaTalau3aTop —
3aMeJIsieT) MPSMYI0 M 00paTHYIO peakIui 00paTUMOro mpolecca, T.€. JUIIb YKO-
psieT (MU 3aMeIIAeT) TOCTHKEHHE COCTOSIHUS paBHOBecus. [Iporecc cunTe3a aM-
Muaka (4.1) sBISeTCA K30TEPMHUUYECKHM, IMOATOMY €ro CIAEAyeT BECTH IPH BO3-
MO>XHO HHM3KOW TEMIIepaType, UYTO BBI3BIBACT M3-32 BBHICOKOW DHEPTHUU aKTHUBAIIUU
ATOTO TPOIIECCa 3aMETHOE CHIDKCHHE CKOpPOCTH peakiuu. [lodTomMy Ha mpakTHke
peaxiuio mpoBoAsT mpu Temneparype ~500 °C, oqHOBpeMEHHO MOBHIIIAs J1aBJe-
aue 10 1,013-10° Ia (c nenslo cMemenus paBHOBECHS BIIPaBo). IIpuMeHeHue ke
KaTaam3aTopa, pe3Ko YCKOPSIOIIEro Mpolecc CMHTE3a aMMHAaKa, MO3BOJISIET CHU-
3uTh gasnenue 1o 1,013-10% Ia.

3KCHepI/IMeHTaJILHaH 4acTb

Ipubopvl u peakmugwvl: TPOOUPKH, IITATUB 711 TPOOUPOK. CTEKIISIHHBIE MATOYKH.
Pacmeopur: xmopuna xenesa (111) (0,0025 H) v HachIIIEHHBIN, THOIIMAHATA AMMO-
Hus (0,0025 H) 1 HackllleHHBIH, xaopuaa aMMoHus, xpomara kanus (0,0025 n),
nuxpomata kanus (0,0025 ), rugpokcua kanus (pasz0.), cepHON KUCIOTHI (paso.).

Buvinonanenue pabomuwl

OIIBIT 1. BnusHWe KOHLEHTpALMU PEarupyrolnux BEIIECTB HA XUMUYECKOE
paBHOBECHE.



Peakuus mexay xmopumom keiesa (1) FeCls u Thormanarom aMMOHWMS
NHiSCN mpoTtekaeT mo ypaBHEHUIO

FeCls + 3NH,SCN 2 Fe(SCN)s + 3NH.CI.

PasnuyHas OKpacka MCXOIHBIX M IMOJYYAOIIMXCS BEIIECTB JaeT BO3MOX-
HOCTh HaOJII0JaTh CMEIIECHHEe XUMHUYCCKOIO PAaBHOBECHS B 3aBUCHMOCTH OT KOH-
neHtpanuu  BemecTB. OOpasylomuiics B pe3yibTaTe peakiud THOIMAHAT
xene3a(lll) Fe(SCN); umeer kpoBaBo-KpacHbIN 1BeT. [10 M3MCHEHHIO WHTCHCHB-
HOCTH OKPAaCKH PacTBOpPa MOKHO CYAUTH O €ro KOHICHTparuu. Eciiu npu u3meHe-
HUH YCJOBHI KpacHas OKpacka yCHJIMBACTCS, TO PAaBHOBECHE CMEIIAETCs BIIPABO.
[Tpu yMeHbIIIEHHH HHTEHCUBHOCTH OKPACKH PABHOBECHE CMEIACTCS BICBO.

B uetsipe nmpoOupku BHecTH 110 5 — 7 kanensb 0,0025 H pacTBoOpa xjnopuaa
xene3a (I11) u 0,0025 H pacTBOpa THOUMaHaTa aMMOHUA. PacTBOphI pazmemiarb
CTEKJISTHHOM MaJIoOYKOM M MOCTaBUTh B mITaThB. KpacHas okpacka pacTtBopa oOy-
CIIOBJICHA cojiepkanneM B HeM TrornaHata xenesa (111) Fe(SCN)s. ITo usmene-
HUIO MHTEHCHUBHOCTH 3TOW OKpPAaCKH MOXKHO CYIUTh O HAIPaBJIICHUH CMEIICHUS
paBHOBECHSI ITPH H3MEHEHUH KOHIIEHTPAIIUY OJTHOTO M3 PEarupyIOIINX BEIIECTB.

OnHy npoOUpKy € HOJYyYEHHBIM PacTBOPOM COXPAHUTH JJISi CPAaBHEHUS pe-
3yJlbTAaTOB ONbITAa. B ocTaibHble MPOOMPKHU T0OABUTH CIIEAYIOIINE PEAKTUBBI: B
HIEPBYIO — OJIHY KaruTio HachklmeHHOro pactBopa FeCls, Bo BTOpyro omHY Karuiro
HacbIienHoro pacteopa NHsSCN, B TpeThio — Heckoabko kpuctamumkoB NH4Cl.
Habmro1aTh M13MEHEHNE OKPaCKU PAaCTBOPOB IO CPABHEHUIO C OKPACKOM 3TaJIOHA.

Pe3ynbraTsl HAOMIOIEHU MTPECTaBUTD B BUae Tabn.4.1.

Tabnuma 4.1
N3MeHeHue nHTEH- Hanpasnenue cme-
Ne npobupku Urto nobaBieHo CUBHOCTH OKPAaCKH LIEHHUsI PaBHOBECHS

OOBSACHUTH PEe3yIbTaThI ONBITA, McX0 1 13 npuHIuna Jle [larense. 3anucaTth
BBIPAKECHUE JJI1 KOHCTAHThl PAaBHOBECUS M3YYEHHOW PEAKIUM, CIEJIaTh BBIBOJ O
HAIPaBJICHUU CMEIICHUS PAaBHOBECHS.

OIIBIT 2. Bausiaue cpeabl Ha CMEMIEHUE XUMUYECKOTO PABHOBECHS.

Conu XpOMOBOM KHMCJIOTBI — XPOMAaThl — OKPAILIEHbI B YKEITHIM LBET, @ COJU
JUXPOMOBOM KHCIIOTBI — AUXPOMATHI — B OPAaHXKEBBIM. B pacTBOpax 3THX coien
UMEET MECTO PAaBHOBECHE

2Cr0;~ + 2H* 2 Cr, 04~ + H,0,
YKEJITHIN OpaHXEBBIN
KOTOpOE JIETKO CMELIAETCs IIPYU U3MEHEHUH KOHLIEHTPALlM HOHOB BOJIOPOAA.

B npobupky BHecTH 5 — 6 Kamenb pacTBOpa AUXpoMara Kajus U CTOJIBKO XKe
Karenab pa30aBICHHOTO pacTBOpa TUAPOKcUAa Kamus. HabmonaTs mepexoa okpac-



K. 3aTe€M K 9TOMY K€ PacTBOpY IO KarisiM IpuoaBisath pactBop H2SOs go Tex
op, MOKa OKpacka pacTBopa He cTaHeT npekHei. OOBICHUTD, UCXOSI U3 TIPUHITU-
na Jle [llarenbe, "3MEHEHUE OKPACKH PACTBOPA.

BOHpOCLI I CAMOIIPOBEPKH

1. O6parumas peaxius Belpaxaercs ypaBuenueM A + 2B 2 C. Ilpu yctaHOBuUB-
IIeMCsI PAaBHOBECHUM KOHIICHTPAIMs YYACTBYIOIIMX B PEAKIIUM BEIIECTB pPaBHSI-
nack: [A] = 0,3 monw/i; [B] = 0,6 mons/m; [C] =1,08 Monb/n1. Berauciauts KoH-
CTaHTY paBHOBECHS M HCXOJIHbIC KOHIICHTpAIlUU BemecTB A U B.

2. B xakyro cropoHy cmectutcs paBHoBecue 2S0; + O, 2 2503, ecnu
a) YBEITMIUTH JaBiicHrE? 0) YMEHBIIUTH KOHIIEHTpaInio Oy?

3. HanmcaTh BbIpa)keHHE KOHCTAHTHI XMMHUYECKOTO PAaBHOBECHS IJISI OOPaTUMOTO
nporecca No + Oy 2 2NO u BBIUHCIUTH 3Ty BEIUYHHY, €CJIH PaBHOBECHBIC
KoHIeHTpaluu (MoJb/11) paBHbl: [N2] = 0,5; [O2] = 0,02; [NO]=0,5.

4. OnpenenuTe paBHOBECHYIO KOHIICHTPAIIUIO BOJIOPOJIa B CUCTEME
2HI 2 H; + |5, ecnu ucxonuas koHuentpaius HI cocrassia 0,05 Mons/nme, a
KoHcTaHTa paBHOoBecus K = 0,02.

5. Hpunnun Jle [larense. Ykaxure, B KAKOM HAIPaBJICHUU MPOU30MIET CMEIIIE-
HUE PABHOBECHS IIPU MOHMKEHUU JaBJICHUS B CUCTEMAX:

N, + 3H, 2 2NHs,
250, + O, 2 2S0:s.

HanumuTe Bblpa)keHus 151 KOHCTAHT PABHOBECHS TAHHBIX CHCTEM.

6. Kak usmenutcs ckopocts npsamoint peakuuu: 2CO + O — 2CO;, nipu yBenuye-
HUU: a) KOHLIEHTPALUK OKCUa yriepoja B 2 pasa; 0) KOHIEHTpaIUKU KUCI0poaa
B 2 pasa; B) KOHIIGHTpallMM O00OMX BelIecTB B 2 pasza? Hamuimure BbIpakeHHe
JUISl KOHCTaHTBI PAaBHOBECHUS JAHHOUN CHCTEMBI.

7. HanucaTph BbIpa)k€HHUE KOHCTAaHThl XMMHYECKOIO paBHOBECHS Ui 0OpaTHMOTO
npouecca: Cem + 2Hyry @ CHs ¥ BBIUHCINUTD €€, €CIIM PaBHOBECHBIE KOHIICH-
tpaumu (Mois/n) paBHbl: [Hz] = 0,2; [CH4] = 0,4.

8. [Ipumensia npunun Jle [larenbe, ykaxuTe, B KAKOM HaIlPaBICHUH POU30UIET
CMENIEHUE PaBHOBECHE CHUCTEMBI

CO(l") + HZO()K) 2 Oz(r) + Hz(r), AH = +2,85 KI[)I(,

€CJIM a) MOBBICUTH JIaBJIEHUE; 0) MOBBICUTH TEMIIEpaTypy (TeMnepaTypHbIid KO-
s pureHT npsiMoil 1 0OpaTHOM peaKIIUU OJIUHAKOBBIN); B) YBEJIMUUThH KOHIICH-
Tpanuo okcuaa yrieposaa (11).

9. HUcxonnsie koHueHTpanuu okcuaa yriepoaa (ll1) u mapoB Boasl paBubl 0,05
MoJb/nme. Beraucnuts paBHOBecHble KoHUeHTpamun CO, H,O n H, B cucteme
CO + HxO 2 CO; + Hp, ecniu paBHOBecHas koHueHTpauus CO; paBHsuiacs 0,01
MOJIb/iM®. BBIMHCINTE KOHCTAHTY PABHOBECHSI.

JlabopaTopHnasi padora 5
KOMIIJVIEKCHBIE COE/IUHEHUS



Lenv pabomer: I3yueHne CBONCTB KOMIUIEKCHBIX COCMHEHUN U JIBOMHBIX COJIEH,
MOJy4YEHUE KOMIUIEKCOB PA3JIMYHOrO THIMA, HCCIEAOBAHUE YCTOWYMBOCTH KOM-
IJIEKCHBIX COEIMHEHUN C MOMOUIBIO KAUECTBEHHBIX PEAKIIUH.

OCHOBHbBIC MOHATHUSA

KommnekcubiMu coeaunenusiMu (KC) Ha3bIBaroT BELIECTBA, B y3JaX KpHU-
CTATMYECKON PEIIETKH KOTOPBIX HaXOISATCS CIOYKHbIE KOMIUIEKCHBIE HMOHBI, CIIO-
COOHBIE K CaMOCTOSITEJIbHOMY CYIIECTBOBAaHHUIO KAaK B pacTBOPE, TaK U B KpHUCTAJI-
JMYECKOM cOCTOSIHUU. K HUM OTHOCUTCS] OOIIMPHBIN KJIaCC HEOPTaHUUYECKUX U Me-
TaJJIOOPTaHUYECKUX COETMHEHUM:

K3[F€(CN)6] H

CH,—O :,(IJ—CH2
KpacHas kpoBsiHasi coib
(TpuBHAIEHOE HA3BAHUE) .
CH—O: 0—CH
K4[Fe(CN)s] L ?
JKénras kpoBsHas COJb I'makomst memu (1)

Haunbonee ygauyHO CBOWCTBA U CTPOCHHE KOMIUIEKCHBIX COCTUHEHHI 0O0bsC-
HACT Koopounauyuonnas meopus A. Bepuepa(1893) , momonHeHHas PyCCKUMH
yueHbiMH JI.A. UyraeBsim, A.A. I'pundeprom u ap.

C mo3uuuu COBPEMEHHOW KOOPAWHAIMOHHOW TEOPUU CTPOCHHUE KOMILICKC-

HBIX coemuHenni, Hanpumep K [Fe™ (CN),]", Bermsammt crnemyromum oGpazoMm:

~ CN- _
K CN ' /CN‘ K
<
K" e on | KT
. N

1. Hentpansnoe mecto B KC 3anumaer komniexcoobpasosamenb — OOBIYHO
3TO KaTHOH MeTamna. B manHom npumepe — Fe?*,

2. Bokpyr komruiekcooOpa3oBaTeNss CKOOPAWHHUPOBAHBI J1UcAHObL, 3TO MOTYT
HMOHBI WJIM HEUTpaJIbHbIE MOJIEKYJIbI. MIX KOJIMUECTBO OMNpeAeisieT KoopOUuHa-
yuonnoe yucno (K4). B npuBeaeHHOM NpuMepe TuraHiaMu SIBJISIIOTCS [Ua-
uua-annonsl CN-, KY = 6.

3. KommiekcooOpa3oBarenb W JMTaHabl 00Opa3ylOT BHYTPEHHIOK cdepy KOM-
TJIEKCA — CIIOKHBIA KOMILIEKCHBIH HoH. B sToM ciayuae [Fe(CN)g]* (on Bceraa
3aIMChIBACTCS B KBAJAPATHBIX CKOOKAX).

4. HoHbl, HE BOLIEIIINE BO BHYTPEHHIOW chepy, COCTABISAIOT BHEIIHIOW chepy
KomIuiekca. B maHHOM ciyuae — geThipe nona K.

5. ConomHas muHUA B rpadudecKoM U300paKeHUH KOMILUIEKCa 03HA4aeT XUMHU-
YECKYIO CBSI3b, BO3HUKIIYIO TTI0 OOMEHHOMY MEXaHU3My (MEXaHU3MY CIlapuBa-
HUS), a TyHKTUPHAs JHHUS — CBsI3b, OOPa30BaHHYIO IO JOHOPHO-
aKIETITOPHOMY MEXaHU3MY.



6. IlpuunnHa oOpa3oBaHUS KOMIUJIEKCA — CTPEMJIEHHE aTOMOB K HACBIIIAEMOCTH
(MakcuMaabHOM BAJIGHTHOCTH).

[Ipupona meHTpaIbHOTO MOHA (PJICKTPOHHAS KOH(HUTYparus, pasmMep U CTe-
MEHb OKHUCJICHHS) OMpENeNisieT MHOTHE CBOMCTBA KOMIUIEKCHOTO COCIMHCHWS, B
TOM YHCIIe OKPacKy, TePMUUYECKYI0 YCTOMYHMBOCTh, MATHUTHBIE U IPYTHE CBOWCTBA.
KomrmekcoobpazoBareneM MOTyT ObITh KaK HETIEPEXOJHBIC, TaK M MEPEXOIHBIC
METaJUTbl, TIOCTEAHNE 3HAYNTEIIBHO Yallle.

[ToaTOMy XUMHIO KOMITJIEKCHBIX COSIMHEHHUI 4acTO OTOXIECTBIISAIOT C XUMHU-
el MepexoIHbIX AJEMEHTOB. THUIBI KOMIUIEKCHBIX COCAMHEHUI BEChbMa Pa3INYHBbI.
Cpean KOMIUIEKCHBIX COEAMHEHUIN MMEIOTCS KUCIOThI, OCHOBAHUSA U COJIH; €CTh
BEI[ECTBA, HEANCCOLIMUPOBAHHBIE HA MOHBI, TO €CTh HEANEKTPOIuThl. K kucinoram
MOXHO oTHectH, Hampumep, H[AuCls], Hz[SiFg]. OcnoBanus — [Ag(NHs);]JOH,
[Cu(NH3)4](OH),. Comm — [Ni(NH3)s](NOs),, Nas[AlFg]. Heanexrpomuter —
[Pt(NH3)2Cl,], [Fe(CO)s].

[To uucny mecm, 3aHUMAEMBIX JIMTAHAAMHU B KOOPAMHAITMOHHON cepe pasnm-
YaloT:

1. Monooenmammuvie nucanowvl. Takue NUranapl ObIBAIOT HEUTpAIbHBIMU (MO-
aexynsl H,O, NHs, CO, NO u ap.) u 3apsokenasivu (noasl CN™, F~, CI7, OH-,
SCN-, u np.).

2. buoenmammuoie nuecanowl. llpumepamMu Ciy»aT JUTAHIBI: UOH aMHUHOYKCYC-
HOM KHCJOTHI, OKcanaTHeIl MoH C,0%~, xap6oHaT-uoH CO3~, cynbdar-uOH
S0%~, Tnocynbdar-uoH S, 03,

3. [lonuoenmamuole nueanovl. Hampumep, KOMIUIEKCOHBI — OPTaHUYECKHUE JIH-
raHJbl, COJIepKalne B CBOEM coctaBe Heckosbko rpynn —C=N unu —COOH
(eTnenauamuHTeTpayKcycHas kuciora — DJITA). I{ukinnyeckrue KOMIUICKCHI,
oOpa3yeMble HEKOTOPHIMH TOJIMCHTATHBIMH JIMTAHIAAMHU, OTHOCSIT K X€JIaTHBIM
(remorno6uH u ap.). K rpymmne xeaaToB OTHOCITCSA U BHYTPUKOMILICKCHBIE CO-
CAMHCHUS, B KOTOPBIX IICHTPAJIBHBI aTOM BXOJWUT B COCTaB IMKJA, 00pa3ys
KOBAJIGCHTHBIC CBSI3W C JIMTAaHJAAMH Pa3HBIMH  CIIOCOOaMHU:  JIOHOPHO-
aKIIETITOPHBIM U 33 CYET HECTIAPCHHBIX aTOMHBIX 3JIEKTPOHOB.

OcnoBsl HOMeHKIIaTypbl KC Obutn pa3zpadboransl Bepuepom. B 1960 r. Mex-
JTyHApOAHBIA cOr3 1Mo yuctol u npukiagHol xumun (MIOITAK) omy6nukoBan
HOBYIO HOMEHKJIATypy 0 KOOPJIWHAIIMOHHOW XUMHH, 10 CYTH, HE3HAYUTEIHHO OT-
JUYAIOIIYIOCS OT HOMEHKJIATyphl Beprepa. OCHOBHOE OTJIMUME COCTOUT B 3aMCHE
OKOHYaHUU M Cy(P(HUKCOB, IMOKA3BIBAIOIINX CTEICHh OKUCIICHHS, PUMCKUMU I (}-
pamu B ckoOkax (BepHep mpenmaran o6o3Ha4yaTh CTENEHU OKHCIICHUS IEHTPAIIb-
HOTO MOHA CIICIMAILHBIMU CyPhUKCaMU, YTO SIBISETCS HE COBCEM YIOOHBIM).

CeronHst HOMeHKIAMYPa KOMIUIEKCHBIX COCIMHEHUN BKIIFOYAET B CEOS Psif
TIPaBUIT:

1. CHauania Ha3bIBalOT KOMILIEKC.

2. CocTaBHBIC YaCTH KOMIUICKCA HA3bIBAIOT B CICIYIONICH IMOCICIOBATEILHOCTH:

JIUTaHIbI-aHUOHBI, JIUTaH/IbI-MOJICKYJIbI, KOMIJIEKCOOOpa30BaTellb. 3aIMMCHIBAIOT
dbopmysly KOMIUIEKCa B 00paTHOM moclieioBarebHOCTH. K Ha3BaHMUSAM JIMTaH-


https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D1%86%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D1%86%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A9%D0%B0%D0%B2%D0%B5%D0%BB%D0%B5%D0%B2%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%B0%D0%BC%D0%B8%D0%BD%D0%BE%D0%BA%D0%B0%D1%80%D0%B1%D0%BE%D0%BD%D0%BE%D0%B2%D1%8B%D0%B5_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D1%82%D1%80%D0%B8%D0%BB
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B1%D0%BE%D0%BA%D1%81%D0%B8%D0%BB
https://ru.wikipedia.org/wiki/%D0%AD%D1%82%D0%B8%D0%BB%D0%B5%D0%BD%D0%B4%D0%B8%D0%B0%D0%BC%D0%B8%D0%BD%D1%82%D0%B5%D1%82%D1%80%D0%B0%D1%83%D0%BA%D1%81%D1%83%D1%81%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%A5%D0%B5%D0%BB%D0%B0%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BC%D0%BE%D0%B3%D0%BB%D0%BE%D0%B1%D0%B8%D0%BD

JIOB-aHUOHOB J100aBJIAIOT OKOHYaHUE «0». HelTpanbHbIe MOJIEKYJIbI COXPAHSIOT
CBOM OOBIYHBIE Ha3BaHUs 3a peakuM uckimoueHuem: NHsz — ammun; H,O — akBa.

3. Yucno auraHiioB KakJIOTO poja YKa3bIBAlOT IPEYECKUM YHCIUTENbHBIM: JIH-,
Tpu-, TeTpa- U T.A. llocne naTMHCKOro Ha3BaHMsA KOMIUIEKCOOOpa3oBaTelsl B
CKOOKaxX pUMCKOM (POl yKa3bIBAIOT €r0 CTENeHb OKUCIeHUs. Eciu koMIuiek-
cooOpa3oBarennb BXOAUT B COCTaB KOMIUIEKCHOTO aHMOHA, TO K €ro Ha3BaHUIO
N00aBIIAIOT OKOHYAHUE «aT».

4. B nociieHIO0 o4epeib Ha3bIBAalOT MOHBI BHEIIHEN C(epBhl.

C yd4eToM 3TUX MpaBWJI HA30BEM HEKOTOPHIC KOMIUICKCHBIC COCIAMHCHUS:
[Co(NH3)sCI]SO,4 — xnoponenraammunkobanst (1) cynsdar, K4[Fe(CN)g] — rek-
carmanoeppar (1) xamus, [Pt(NH3).Cl,] — nuxiaopoaguammunmiatuna (11).

Knaccugurxayus KOMIUICKCHBIX COCTUHCHUN B CBS3HM C UX MHOT00Opasuem
3aTpyaHeHa. KoMIUIEKCHBbIC COSIMHEHUS JIENAT Ha TPYIIbI, KaK M0 XapakTepy 3a-
psiia KOMIUIEKCHOTO MOHA, TaK W IO XapakTepy JmrannoB. [lo xapakrepy as7ex-
MpuuecKo2o 3apsaoa eHympeHuell cghepvl KOMILUIEKCHBIC COCTUHEHHS OBIBAIOT Ka-
THOHHBIC, aHUOHHBIC W HEWTpanbHble. KaTHOHHBIM KOMIUICKCOM SIBJISICTCS KOM-
IUICKCHOE COCTMHEHHE C MOJIOKHUTEIBHBIM 3aps0M BHYTpEHHEH cepbl, HalpuMep
[Cu(NH3)4]Cl,. AHMOHHBIM KOMIUIEKCOM SIBJIICTCS KOMIUIEKCHOE COCJIMHEHHUE C
OTpHUILIATENILHBIM ~ 3apsiAoM BHyTpeHHer cdepsr, Hanpumep Ks[Cr(NOy)g].
HeiiTpaibHO€ KOMILJICKCHOE COSIMHEHHE MPEACTABICHO TOJBKO OJHOW BHYTpPEH-
Hel chepoit, koTopas sBisieTcs daekTponenTpanbHoi, Hampumep [Cr(H20)sClg].

[To xapakTepy iuear006 KOMIUICKCHBIC COSTUHCHHSI JICIIST Ha:

a) alMI0OKOMIUICKCHI, JINTAHIaMU KOTOPBIX SIBJISIFOTCS aHUOHBI KHCIIOT, HAaIIPUMeED,
K3[F€(CN)6];

0) TUAPOKCOKOMITIICKCHI, TUTAHAMH B KOTOPBIX SIBIISTIOTCS TUAPOKCUIHBIC WOHBHI,
Harnpumep Naz[Zn(OH)4];

B) aMMHaKaThl (aMMHH-KOMIUJICKCHI), JIMTAHAAMH KOTOPBIX SIBJISIFOTCS MOJICKYJIBI
ammuaxa, Hanpumep [Cr(NH;)s]Cls;

I') aKBaKOMITJICKCHI, JINTAHIaMH B KOTOPBIX SIBJISTFOTCS MOJICKYJIBI BOJBI, HAIPUMED
[CU(H20)4]SO4;

1) HEOJAHOPOHBIC KOMIUICKCHI, JIMTAHAAMH B KOTOPBIX SIBJISIFOTCS Pa3JIMYHBIC MO-
nexy u vonbl, HarpuMep [Ni(NH3)sCI]Cly;

€) JABOWHBIE COJIM — 3TO KOMIUIEKCHBIE COEAUHEHUSI C MaJIOW YyCTOWYUBOCTHIO
BHyTpeHHeH cdepsl, Hanpumep (NH4)2FeSO,.

JI71s1 KOMITJICKCHBIX COCAMHEHUI XapaKTEpHO SBJICHUE uzomepuu. V3yueHue
ATOTO SIBJICHUS TIO3BOJIMIIO BIIEPBBIC YCTAHOBUTH WX MPOCTPAHCTBEHHOE CTPOCHUE.
OCHOBHBIE THITHI H30MEPUHU KOMIUIEKCHBIX COCTMHEHUH CIICTYIOIIHNE.

1. ConmpBaTHasi, B YaCTHOCTH, THApPATHAs W30MEPHS XapaKTEpHA JJIs BEIICCTB
UMEIONUX OJMHAKOBBIN COCTaB, HO Pa3IUYAOIINXCSI QYHKITUAMH (XapaKkTepoM
CBSI3M) MOJICKYJ BOJBI, BXOJAIIUX B COCTaB coenuHeHWid. Hampumep,

[Cr(H20)6]Cl3 rexcaaksaxpom (II1) xmopum MOKET UMETh CIEAYIONINE CTPYKTY-
PBI: [CI‘(HQO)5C|]C|2'H20, [Cr(H20)4C|2]C|2H20



2. MoHu3aryionHas u3oMepus (MeTaMepusi) CBs3aHa ¢ pa3InYHBIM pacpeaeicHu-
€M HOHOB MEXIY BHEIIHEH M BHYTpPeHHEH cdepamu KOMIUIEKCHOTO COEIUHE-
aus. Hanmpumep, metamepbl [CO(NH3)sBr]SO4 n [Co(NH3)sSO4]Br.

3. KoopauHarioHHast ©30MEpHs MIPHUCYIAa TEM KOMILICKCHBIM COSIHHEHUAM, B KO-
TOPBIX KaK KaTHOH, TaK M aHHUOH SIBJSIOTCS KOMIUIEKCHBIMH, T. €. UMEETCS JBa
atoMa  KomIuiekcooOpasoBatenss. Hampumep, [Cr(NHs)e][Co(S204)3] m
[Co(NH3)6][Cr (S204)3], mporcxoauT 0OMeH 3aMECTHTEIISIMHU.

4. T'eomeTpuueckas, WIM MPOCTPAHCTBCHHAS, M30MEPHs CBs3aHA C Pa3IMYHBIM
IIPOCTPAHCTBEHHBIM PACIOI0KEHUEM JIMTAHIOB BOKPYT KOMILIEKCOOOpa3oBare-
JISL.

5. OnTuyeckas U30MEpHUs CBS3aHa CO CIIOCOOHOCTHIO HEKOTOPBHIX KOMILIEKCHBIX
COCIUHCHMI CYIICCTBOBATh B BUIC ABYX (DOPM, HE COBMEIIACMBIX B TPEXMep-
HOM IIPOCTPAHCTBE M SBJISIONIMXCS 3€PKAJBbHBIM OTOOpa)KCHHEM ApYT JApyra,
Kak JieBas pyka u mpaBas. [109ToMy ONTHYECKYI0 H30MEPHIO HA3BIBAIOT MHOTIA
enl€ 3epKaIbHON U30MEPHUEH.

PaBHOBecue B pacTBOpax KOMINIICKCHBIX CO€I[I/IHCHI/H7L

[Tpu qucconuanuu B pacTBOpaX U MHOTHUX XMMHUCCKHX PEAKIHSIX KOMIUICKC
COXpaHseTcs

[Ni(NH3)4]S04 2 [Ni(NH3)4]?* + SOZ~;
[Ni(NH3)4]SO4+ BaCl, — [Ni(NH3)4]Cl, + BaSO, .

OOBIYHO KOMILIEKCHBIE COEAMHEHUS B PACTBOpaX AUCCOLMHUPYIOT Ha BHELIHIOW U
BHYTPEHHIOIO KOOPAMHALIMOHHBIE CPEePbl MPAKTUUECKU MOJIHOCTHIO MO TUITY CHJIb-
HBIX 3JIEKTPOJUTOB (nepeuunasn nucconuanus). KommiekcHble COeUHEHHs 00-
JaJa0T Pa3IMYHON NPOYHOCTHIO BHYTPEHHEW KOOpAMHALIMOHHOM cdepsl. Hapsaay
C COEAMHEHUSIMHU, BHYTPEHHs c(epa KOTOPBIX OTIMYAETCA 3HAYUTEIBHOW MpOy-
HOCTBIO U JUJI1 KOTOPBIX AUCCOLMALAS HUYTOXKHO Maja, CYyIIECTBYIOT COCIUHEHUS
C KpaililHe HEeMpPO4YHOW BHYTpeHHEH c(epoil. PacTBOpBI 3TUX COEAMHEHUI MpPaKTH-
YECKHU HE COAEPKAT KOMIUIEKCHBIX HOHOB, TaK KaK OHU MOJHOCTBIO JUCCOLUUPYIOT
Ha CBOU COCTABHBIC YaCTH (JIBOMHBIC COJIN).

Jucconmarysi BHyTpeHHEH KOOPIUHAIIMOHHOU c(ephl HOCUT HAa3BaHUE 81 O-
pU4HOU, SIBISETCS OOpaTUMBIM MPOLIECCOM U MPOXOIMUT IO TUITYy CIAObIX 3JeK-
TPOJIUTOB. MOMEHT HACTYILICHUsI PABHOBECHUS XAPAKTEPU3YETCs KOHCTAHTOU paB-
HOBECHs, KOTOPasi B CIy4ae KOMIIJIEKCHOTO MOHA HOCUT HAa3BaHHME KOHCTAHTHI He-
croiikoctu (Ky). Eciun koMriekcHas coub rekcanranodeppar (I11) kamus, sBissich
CUJIBHBIM JJIEKTPOJINTOM, B BOJIHOM pPacTBOpPE IPAKTHUUYECKU ITOJHOCTBIO JTUCCOLM-
UpYeT Ha MOHBI BHEILIHEN U BHYTpPEHHEH cdep:

Ku[Fe(CN)e] & 4K* + [Fe(CN)e] ™,

TO KOMIUICKCHBIA HOH JAUCCOOUHPYCET B HE3HAUYUTEJIILHOM CTEIEHU Ha COCTAaBJISIO-
mue €ro 4aCTUlbI:

[Fe(CN)s]* 2 Fe?* + 6CN-.



KoHcTaHnTa paBHOBECHS 3TON peakliu B JAHHOM Cllydae sIBJIICTCS KOHCTaHTOW He-
crorikocTH (Ky) KoMIuiekca:

[Fe**]-[CNT]°
[Fe(CN)6]*]

3HaueHUs KOHCTAHT HECTOMKOCTHU Pa3JINYHbIX KOMIIJICKCHBIX HMOHOB K0JIeO-
JIIOTCA B HIMPOKHUX IIPCACTIaX U MOT'YT CIIYKHUTb MGpOﬁ YCTOP'IQHBOCTH KOMIIJICKCA.
YeM MeEHbIIEC 3HAYCHUE KH, TeM Ooiee IIpO4YCH I[aHHBIﬁ komiuiekc. Ha nmpuMepe

KOHCTAHT HECTOMKOCTH COSIMHECHMI cepedpa MOKHO OIICHUTh YCTOMYUBOCTH KOM-
IJIEKCOB (cM. Tabmnuiry 5.1).

KH=

Tabmuma 5.1.
Kommmexke  [Ag(NO2)2]"  [Ag(NHs)]"  [Ag(S:03)]”  [Ag(CN).]
Ky 1,3:10°3 5,9-1078 1,0-1078 1,0-107%

HavMeHee yCTOWYMBBIM M3 3THX HMOHOB sBJsieTcs auHuTpoapreHtat (l)-uoH, a
HaunOoJiee ycToiunBeIM aunpaHoapreHTar (1)-non. OueBUAHO TakXKe, YTO MPH OJI-
HOU U TOH kK€ MOJIIPHOM KOHIIEHTpAIlMi KOMIUIEKCHOTO COCJIMHEHHS KOHIICHTpa-
111t HOHOB Ag* OyzieT OoJibllie B pacTBOPE MEPBOrO COCTUHCHHS M MCHBIIIE B pac-
TBOPE MOCJIETHETO.

Tak Kak AUCCOIMANUsA KOMIUIEKCHOI'O HMOHA SIBJISIETCS MPOILECCOM OOpaTH-
MBIM, TO, BBIBOJS U3 c(hephl PeaKIMU MOCHLIACMBIC M HOHBI, MOXKHO MPAKTHYECKU
pa3pyIuTh KOMIUIEKC. B kauecTBe mpumMepa paccMorpum B3aumoaeiicteiue HNO;
¢ [Ag(NHs)2]" u Cl~ . KomruiekCHBIN HOH TUCCOLUUPYET YACTUIHO:

[Ag(NH3)2]+ = Ag+ + 2NH;

Housl Bogopoaa cBs3biBaioT Mosiekyisl ammuaka NH; + HY = NH,™ u BeiBomsT mx
U3 peakiuu, B pe3yibrare yero HoBble HoHbI [AQ(NH3)2]" moaBepratorcs aucco-
IUaIy (11 BOCCTAHOBJICHHUS PaBHOBECHS), B PACTBOPE YBEIMIMBACTCS KOHIICH-
tpauus Ag'. A TOCKOJIBKY TaM HUMEIOTCS XJIOPHI-HOHBI, TO MPOM3BEICHUE KOH-
nenTpanuii cBo6oaubIXx HoHOB AJ™ u CI™ mpesbimmaet [1Pagc) 1 AQCI Brmanaer B
0CaJIoK.

CyMMapHO BECH MPOLIECC MOXKHO 3aIucaTh TaK:

[Ag(NH:3)2]Cl + HNO3; = AgCI + 2NH4NO3
nJIn

[Ag(NHs),]+ + Cl- + 2H* = AgCN + 2NH,*

Pa3pymienne koMiiekca MOKET MPOM30HTH U B pe3yJibTaTe 0O0pa3oBaHUS
KaKoro-im6o 0ojee mMpoYHOro KOMILIEKCa, T. €. 001amaromiero MeabInei Ky:

[Ag(NH3)]Cl + 2KCN = K[Ag(CN),] + KCI + 2NH
NI B NOHHOM BUJIC:

[Ag(NH3)2]+ +2CN- = [Ag(CN)Q]_ + 2NH;



a TaKXX€ B PC3YyJIbTAaTC OKHCIUTCIbHO-BOCCTAHOBHUTCIILHBIX pCaKHI/II\/’I, HarpuMmcep:
K5[Ni(CN)4] + Br, + 6KOH = 2Ni(OH); + 2KBr + 8KCN

boubiioe 3HaUueHNE KOMIUIEKCHBIM coequHeHusM npuaasain .M. Mennene-
€B. MOXHO CKa3aTh, YTO HayKa O KOMIUIEKCHBIX COCIMHEHUAX Pa3BUBAIACH U3 XU-
MHYECKOM TEOPHUH PaCTBOPOB MeHENeeBa, TaK KaK yKe U3 3TOM TEOPUU BBITEKAIIN
CYIIIECTBOBAHHE MOIOOHBIX COETMHEHUHN U UX BAXKHOCTb.

bonpinas 3acimyra B pasBUTHM yYEHHUS O KOMIUIEKCHBIX COEAUHEHUSX IPH-
HajnexuT JI. A. UyraeBy, KOTOPbIN BBIOJTHUI Psi KJIACCUYECKUX UCCIEA0BAHUN
0 KOMIUIEKCHBIM coefauHeHusiM Pt, OS u apyrux MertamioB. UyraeB mHOSydui
KOMILUIEKCHBIE COCIMHEHUS, T/I€ JTUTAHAaMU SIBIISIFOTCS OpraHUYECKUE BEILECTBA, U
NpUMEHWIT UX B aHanuThyeckod xumuu. B 1905 romy um Obuta OTKpBITA OYEHD
YyBCTBHTENIbHAS KaueCTBEHHAsd peakuus Ha Ni?* ¢ moMompo IMMETUINIHOKCHMA
(peakuust Yyraesa).

SKCHepHMeHTaHLHaH 4acTb

Ilpubopwvr u peaxmuewi: TPOOUPKH, IITATUB JJISI MPOOUPOK. Pacmeopwi. cyibdaTa
menu (0,1 M), ruapokcuaa ammonus (0,1 M), nutpara cepedpa (0,1 M), xnopuna
Hatpusa (0,1 M), azoTHOM KHCIOTHI (pa3d.), ruapokcuaa kamus (pas0.), xjJopuaa
amomurus (0,1 M), murpara xpoma (I11) (0,1 M), *xkene30aMMOHHIHBIX KBaCI[OB
(0,1 M), u rekcaunanodeppara (l1l) xanusa (0,1 M), xnopuna 6apus (0,1 M), xjo-
puna xenesa (111) (0,1 M), rekcarmanodeppara (1) xkamus (0,1 M), Trormanara
ammonus (0,1 M), xopuna ammonus (0,1 M).

Buvinonnenue pabomuol
OIIBIT 1. ITonyyeHrne KOMIUIEKCOB Pa3JIMYHOrO THUIIA.
a) [Monyuenne ammuakara meau — [CU(NH3)4]SO..

B npoOupky npunuth 3 kamu pactBopa cyiabdarta mean CuSOq, 3atem noba-
BUTh 2 Karmum ruapokcuna amvmonus NH,OH. HaGmromate BwImameHue ocaaka
ocaoBHOM comn [CUOH],SO4. OTMETHTH LIBET OCajJKa M 3amucaTh YpaBHCHHUE pe-
aKIINH.

K monyuennomy ocaaky npruOaBUTh U30BITOK KOHIIEHTPHUPOBAHHOTO PACTBOPA
amMMuaka (B BBITSDKHOM mikady). Uto mabmromaetcsi? 3amucaTh ypaBHEHHE peak-
UK ToJTy4eHus cynbgarta Terpaammuamend (I1) U ypaBHeHHE IUCCOLMAIMA TTO-
JIYYEHHOU COJIH.

0) [Monyuenue ammuakara cepedpa — [Ag(NHs3)2]Cl.

K 1 kamne pactBopa mutpara cepedbpa AGNO; nmpubaBuTh 2 Karum pacTBOpa
xnopuaa Hatpus NaCl wium kamust KCI. K mosydenHOMy ocaiky npruOaBUTh W30bI-
Tok ruapokcuaa ammouuss NH4OH mo monnoro pactBopenust ocaaka AgCIl. Co-
CTaBUTh YpPaBHEHHUsI peakuuid oOpa3oBaHUs MOJYUYUBIIMXCS coeauHeHuil. Hamu-
caTh YpPaBHEHHE TMCCOIMAIIMU KOMILJIEKCHOM COJIU.

B 1npoOupky ¢ mOJNlydeHHBIM pacTBOPOM XJIOpHIA JUAaMMHHCEpeOpa
[Ag(NHs),]Cl npubasiisate no karisim pazbasienHou a3oTHOH KucioTel HNO;3 (3-5



karenb). HamucaTe ypaBHEHHE peakIMu M OOBSCHUTHL 00pa30BaHHME OCajKa IPH
npubasieann HNOs.

B) O0Opa3zoBaHue r’UAPOKCOKOMILIIEKCOB.

B xoHuueckue npoOUpKU BHECTH 1O 2 — 3 KaIlJId PacCTBOPOB COJICH: B IIEPBYIO
— AP, Bo Bropyio — Zn%*, B TpeTbio — Cr¥*, u mpubaBuTh B KaXIyl0 PacTBOp IIe-
noun. OOpa3syromuecs 0CaIKi PaCTBOPUTH B M30BITKE pacTBopa 1menoun. Oopasy-
IOTCA  KOMILICKCHBIE ruapokcocoin, coaepxamue uoHbl [Al(H20)2(0H)4],
[Zn(OH)4)%, [Cr(OH)e]*~. Hanmcats ypaBHEHHS peakLuii B MOHHOM (opMe.

OIIBIT 2. JIncconmanus KOMIJICKCHBIX U TBOMHBIX COJICH.

HUccnengyiite  mpouecchl  JTUCCOLMALIMM  JKEJIE30aMMOHUMHBIX — KBAacIOB
NH4Fe(SO.)2, u rexcammmanodeppara (1) xkamms Ks[Fe(CN)g].

CHayasia MpeanonokuTe, HaTN4KUA KaKUX HOHOB B PACTBOPE MOXKHO OKUIATh
npu auccormann NH4Fe(SO,)2; cocTaBpTe ypaBHEHHE MpeEAIoaraeéMoro Ipo-
necca aucconuaiuu. [IpoBepbre HalMuuEe B pacTBOPE KATUOHOB aMMOHHUS ITyTEM
pUOABJICHUS K UCCIIEyEMOMY PAaCTBOPY KOHIIEHTPUPOBAHHOTO PACTBOpA MIEIOYU
IIpU HarpeBaHUM. Y CTAaHOBUTE, BBIACISAETCS JIM aMMHaK (IO 3armaxy BbLICISIOIIe-
rocs ra3a ¥ MOCUHEHUIO MOJTHECEHHON K OTBEPCTUIO MPOOUPKH KPACHOM BIIaXKHOM
JJAKMYCOBOM Oymarmu).

B npyryto npobupky K UccieyeMoMy pacTBOpY MpUOaBbTE pacTBOP THOIIM-
anara ammonuss NH,SCN. Ecnu B pactBope ecth KaTnoHbl Fe**, oH okpacurcs B
KpaCHBIN LIBET.

WcnbITaiiTe, €CTh M B MCCIEAYEMOM pacTBOpe MOHBI SO4%~, IPUMEHUB B Ka-
4YecTBe peakTuBa pacTBop xiopuaa 6apus BaCl,. Uro mabmronaercs?

[IpoBepbTe, MOATBEPAUIOCH I STUMHU IKCIIEPUMEHTAMHU COCTABIICHHOE BaMU
ypaBHEHUE JAUCCOLUALINN KETC30aMMOHHUITHBIX KBAaCIIOB.

Teneps NpeANoNIOKUTE, KaK MOWAST auccolmanus rexcarronodeppara (111)
kaimusi. CoctaBbTe ypaBHEHHE mpoliecca auccouuanuu. [IpoBeppre sxcnieprMeH-
TaJbHO, IIPUCYTCTBYIOT JIX B pacTBOpe MoHbI Fe**, ¢ momomkio pacteopa NH,SCN.

[IpoBepbTe, MOATBEPAMIOCH JIM ITHUM SKCIIEPUMEHTOM COCTaBJIEHHOE BaMH
ypaBHEHHE AUCCOIUAIIINH UCCIIETYEMOTO BEIECTRA.

CocTaBbTe ypaBHEHHsI TUCCOIMAIINN BEIECTB, SIBISIOMIMXCS PEaKTHBAMH Ha
OTJEJIbHBIC HOHBI.

CocTaBbTe ypaBHEHHs pEakUUid, COMPOBOKIAIOIINXCS AHATUTUYECKUMH -
dbexTaMu, B HOHHOU (popMme.

CnenaiiTe BBIBOJ O TOM, KaKO€ BEILECTBO SBJISETCS ABOMHOM COJIBIO, 4 KAKOE
— KOMIUIEKCHBIM COSMHEHHEM, 000CHYHUTE 3TOT BHIBOJ.

OIIBIT 3. KoMIuteKCHbIE COSTMHEHHUS B PEAKIIUIX OOMEHA.

[Tomyuenune «o6epnuHckoi nazypu». ['excarmanodeppar (1) kanus — peaktus
Ha MoHbI Fe3*,

K pas6asiennomy pactBopy FeClz nobaBbTe pacTBOp rekcarmanodeppara
(I xamus Ka[Fe(CN)g]. Uto nabmogaercsa? CocTaBbTe ypaBHEHHE PEAKIIMU B MO-
JIEKYJISIPHON U MOHHOU (hopmax.



Bonpocsl 1j11 caMonpoBepKu

. OnpenenuThb 3aps KOMIUICKCHOTO MOHA, KOOPIUHAIIMOHHOE YHCIIO M CTCIICHb
OKHCIICHHUSI KOMITIeKcooOpaszoBareis B cienytonmx coenuaeHusx: Ks[Cr(CN)s];
Na[Ag(NOZ)z]; Kg[MOFg]; [Zn(NH3)4]SO4.

. CoctaBHTh (HOPMYJIBI CEMU KOMIUIEKCHBIX COCAUHCHHA, KOTOPBIE MOXKHO IOy~
uuth n3 coderanus yactui: Cri*, H,O, NO,, Na*. Hanucare ypaBHeHHs HX
JUCCOITMAIIMN B BOJAHBIX pacTBOpax. Kakoe W3 3THX COCTMHECHHM SBIISICTCS KOM-
IUIEKCHBIM HednekTponutoM? Koopaunanuonnoe uucio Cr2* pasHo 6.

. CocTaBHUTh KOOPIMHAIIMOHHBIC (DOPMYJIBI M HAITUCATh YPABHCHUS TUCCOIHAIIIH
koMIUIeKCHbIX coennHeHui tuatulbl: PtClo-KCI-NH;; PtCl,:2KCl; PtClo:2NH;
B BOJIHBIX pacTBopax. Kakoe M3 3TUX COCJIMHEHUN SBJISACTCS KOMILICKCHBIM He-
snextpourom? Koopaunanuonroe uncio Pt?* pasro 4.

. OnpeneuTh 3apsy CISAYIOMNX KOMILIEKCHBIX HOHOB:

a) [PA(NH3)2(H0)CI];  B) [PtCI(OH)s];

6) [CO(N02)4(NH3)2]; F) [AU(CN)QBI’g].

CreneHnu okucIeHus KoMiuiekcooopasosateneii: Pd?*; Co®*; Pt*; Audt.
Hanucatb GpopMyJIsl coeTMHEHUH, COIepIKAIINX TH KOMIUICKCHBIC HOHBI.

. CocTaBUTh KOOpJAMHAIIMOHHBIC ()OPMYJIBI U HAMMKUCATh YPABHEHUS TUCCOLHUAIIUN
IOJyYEHHBIX KOMIUIEKCHBIX coemunenuii: CoBri4NH;2H,0; CoCls-4NHs;
CoCl3-4NH3-H,0; Co(CN)3-3KCN — B BoaHbIX pacTBopax. KoopauHaioHHOE
gncno Co® pasHo 6.

. Onpenenuth, YeMy paBHBI 3aps]i KOMIUIGKCHOTO MOHA, CTCIICHb OKUCIICHUS U
KOOpJAMHAIIMOHHOE 4YHCI0 CcypbMbl B coeauHeHusx: RD[SbBr4]; K[SbClg];
Na[Sb(SO0,),]. Kak qucconuupyroT 3TH COSAMHEHHS B BOAHBIX pacTBOpax?

. UTo Ha3bIBaeTCsl KOHCTAHTON HECTOMKOCTH KOMILJIEKCHOTO noHa? Hamucars BbI-
pakeHHe KOHCTAHThI HECTOMKOCTH Mg KOMIUIEKCHBIX HOHOB: [CuCl,];
[Cu(NH3)4]*; [Fe(CN)e]*.

. CocTaBUTh KOOPIWHAITMOHHBIC (POPMYJIBI KOMIUIEKCHBIX COSTUHEHHI cepedpa,
KOTOpbIE BBIpAXAIOTCS  chaeAyromumu  aBoiHbiMu  coisimu:  AgCIl-2NHg;
AJCN-NaCN; AgNO2-KNO,. KoopauHanmmoHHOE 4UCIO cepedpa paBHO JIBYM.
Hanucath ypaBHEHHS TUCCOLMAIIAN 3TUX COSAMHECHUI B BOJHBIX PAaCTBOPax.

. PactBOpEHI coselt kagmust oOpa3ytoT co menodamu ocagok Cd(OH),, a ¢ cepoBo-
nopojioM — ocaniok CdS. Uem MOXHO OOBSCHUTH, YTO PACTBOP TETpaIllMaHOKA/I-
mata (Il) xamus K;[Cd(CN)4] oOpa3yer ocamok ¢ cepoBOJOPOIOM M HE JAeT
ocajka co menouybro? Hanncars COOTBETCTBYIOIME YPABHEHUS PEAKLIUN.

10. U3 coueranus gactun Co®*, H,O, Br- u Na* Mo»kHO cocTaBuTh ceMb KOOP/IH-
HAITMOHHBIX (OPMYJT KOMIUICKCHBIX COSAMHCHHI KOOaJIbTa, OJHA M3 KOTOPHBIX
[Co(H20)6]Brs. CocraButh GopMysbl elie MIECTH COSAWHECHHA W Hamucarhb
YpaBHECHUS MX JTUCCOIMAIIMU B BOJIHBIX pacTBopax. /[aTh Ha3BaHHS BCEM KOM-
IUICKCHBIM COCTUHCHHSIM.

. Kakoil KoMIekcHbIi HOH gnokeH ObiTh mpounee: [Co(NHj)s]?* wnmm
[Co(NH3)s]**; [Fe(CN)e]> mmu [Fe(CN)e]*; [CA(NH3)4]** wmm [CA(CN)4]*?

HO‘-ICMY? OTser AaTb, HC IIOJIb3YACHh YHCJIOBBIMU KOHCTAHTAMH HECTOMKOCTH



3TUX KOMIUIEKCHBIX MOHOB. Hamucarh ypaBHEHUS! TUCCOIMAIMN JTAHHBIX KOM-
TUTCKCHBIX HOHOB M BBIPKEHUE KOHCTAHTBI HECTOWKOCTH.

12. Kakue KOMIUIEKCHBIE COEAUMHEHUSI HA3bIBAIOT JABOMHBIMU coiisimu? HammcaTh
ypaBHeHus auccornmanuu coieit: Kq[Fe(CN)s] u (NH4)2Fe(SO4),. K xaxmoit u3
HUX TPWIMIIA PacTBOP THAPOKCHIA Kaius. B Kakom ciydae BBIIAJAET 0CAIOK
ruapokcuaa xeesa (11)?

13. Hanucarts BeipakeHUE 711 KOHCTAHT HECTOMKOCTH CIICIYIOIIUX KOMIUIEKCHBIX
noHoB: [AQ(CN)2]7; [Ag(NH:)2]*; [A9(CNS),]~, 3Hast, 4TO OHU COOTBETCTBCHHO
pasuel: 1,0-107%; 6,8-:108; 2,0-107!! . VkasaTs, B kakoM pacTBope, comepika-
IIIEM OTH HOHBI, IPU PaBHOM MOJIIPHOIN KOHIIEHTpAIMK O00bIie HOHOB AQ™.

14. TTouemy npu 106aBICHUHN a30THOM KUCIOTHI K PACTBOPY XJIOPHAA JHAMMUHCE-
peopa (1) [Ag(NHs)2]Cl o6pasyercs ocagok AgCI? Hammcats MonekysipHOe U
MOHHO-MOJICKYJIIPHOE YPaBHEHUS PEaklUi M OOBSICHUTH MPUYHUHY Pa3pylICHUS
KOMIUIEKCHOTO HOHA.

15. Koncranra necroiikoctu komiuiekcHbIX HoHOB [CO(NH3)s]®*; [Fe(CN)e]*;
[Fe(CN)¢]*>~ coorserctBenno pasubr 6,2:107%°%; 1,0-107°7; 1,0-10*. Kaxoii u3
9THX WOHOB sIBIIAEeTCS Oosiee mpouyHbiM? HamucaTh BhIpaKeHHE IS KOHCTAHT
HECTOWKOCTH KOMILJICKCHBIX MOHOB M (DOPMYJIBI COCTUHEHHM, COJIEPKAIINX ITH
VOHBI.

16. PactBOpEI coeir Mmeau co enodamu oopasyior ocagok Cu(OH),, a ¢ cepoBo-
noponoM — ocagok CuS. Uem MOXHO OOBSICHHTH, YTO KOHIIEHTPHPOBAHHBIN
pactBop cynbdara Terpaammuamenn (1) [Cu(NH;)4]SO4 06pasyet ocanok ¢ ce-
POBOJIOPOJIOM U HE 00pa3yeT ocajka co mesioubio? OTBET MOTUBHUPOBATH COOT-
BETCTBYIOIIMMH YPAaBHCHUSMHU PEAKITHIA.

17. TTouemy mipu TipuOaBICHUHM M30BITKA HOMUIA Kaidwsl K HUTpATy cepedpa, BbI-
naBIvii B Havaie ocagok Agl pacteBopsiercs? Hammcats MOJCKYIIpHBIC W HOH-
HO-MOJICKYJISIPHBIC YPAaBHCHHS COOTBETCTBYIOIIUX PEAKITHIA.

18. IIpu npubasiennn KCN k pactBopy terpaammunnmuaka Zn(NHs)]SO4 o6pa-
3yeTcs pacTBOpuMbIi TerpannaHonuHkaT kanust Ko[Zn(CN),]. Hamucats more-
KYJISIPHOE ¥ MOHHO-MOJICKYJISIPHOE ypaBHEHUs peakiuu. KoHcTaHTa HECTOWKO-
ctu kakoro nona: [Zn(NH;)4]?* wmm [Zn(CN)4]*~ — 6onbme? Iouemy?

MPUJIOKEHUSA
Ilpunooscenue 1

Ilpucmaexku k eounuyam CH ona oopazoeanus Kpamuvix u 00, 1bHbIX €OUHUY,

MHoXuTtenb MpuctaBka  O603HavyeHne MHOXUTEND MpuctaBka  O603HauveHUe

107! aeum il 10 feKka aa
1072 CaHTU c 102 reKkTo r
1073 MU M 103 KMo K
107° MUKPO MK 10° mera M

10~° HaHO H 10° rmra r
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Ipunoorcenue 2
Koncmanmot ouccoyuayuu Hekomopwvix c1adwix 31eKmpoaumos

BewectBo Kn Bewectso Kn
HCOOH K=1,77-10"* H3PO4 Ki=7,5-107
CHsCOOH K=1,75-10"° K.=6,31-10"%
HCN K=7,9-10"% Ks=1,3-10"?
H.COs3 Ki=4,45-10"7 HAIO: K=6-10"%
K,=4,8-10""! H3BO3 Ki1=5,8-1071°
HF K=6,61-10"" K,=1,8-10"3
HNO K=4-10" Ks=1,6-10"1
H>SO3 Ki=1,7-1072 H.O K=1,8-10""
K,=6,3-108 NHs3-H20 K=1,79-10"°
H2S Ki=1,1-10"7 AI(OH)s3 Ki=1,38-107°
K,=1-10"" Zn(OH)2 Ki=4,4-107°
H,SiO3 Ki=1,3-1071° K,=1,5-107°
K;=2-107% Cd(OH)> K,=5-1073
Fe(OH), K,=1,3-10" Cr(OH)s Ks=1-1071°
Fe(OH)s K,=1,82-10" AgOH K=1,1-10"
Ks=1,35-107*2 Pb(OH)2 Ki=9,6:10™
Cu(OH)2 K, =3,4-1077 K,=3-10"8
Ni(OH) K,=2,5-10"

Ipunoocenue 3

Tpaduuuouubte Ha3eanus Kkuciaom u 06pa3yeszx umu coneu
(npouepk o3Hauaem, ymo Kucioma He cymecmeyem)

Kucnora KucnoTtHblii ocTatok
HASO; — MeTaMBITITBIKOBHCTAS AsO,™ — MeTaapCeHHT
H3AsO, — MblbsIKOBas AsO4*~— apcenar
HBO; — metabopHas BO,™— merabopar




H,B,0;— 6opnas B,O;2~— terpabopar

H,COs3;— yronbHas CO3z*" — xapboHaTt

— HCO3;™— ruapokapOonar

HCIO — xnoproBatucras ClO™ — rumoxsopur
HCIO; — xiopucras ClO,™— xmopur

HCIO; — xiopHoBaras ClO3;™— xmmopar

HCIO, — xnopHast ClO4~— mepxmopar
H,CrO4 — xpomoBas CrO4*~ — xpomar
H,Cr,07 — muxpomoBas Cr,07*~ — nuxpomar
HMnO, — mapranmoBas MnO,~ — mepmaHranar

— MnO,>~ — manTaHaT

HNO, — azoTucras NO,™ — HuTpur
HNO3; — azoTHas NO;™ — HuTpar
HPO3; — metadochopras PO3;~ — metadocdar
H3PO4 — opTodochopnas PO, oprodocdar

— HPO,*~ — rugpooprodocdar

— H,PO,~ — muruapooprodocdar

H4P,07— mudocdopnas P,O;*— mudocdar
H,SOs — cepuucras SO3* — cynbgur
H,SO3— cepnas SO4*~ - cynbdar
H,(SOsS) — tocepnas S03S*™ — trocybdar
H,SiO3; — meTakpemHmeBas SiO3%~ — MeTacuHMKAaT
H,Si04 — opTokpeMHUEeBast SiO4* — oprocunukar

lIpunoowcenue 4
Cmanoapmusie sumansnuu oopazoeanus AHYgg , sumponuu Sdqg u 3nepzuu

T'ub6ca obpazosanusn AGYgg nekomopuix eeugecme npu 298K (25 °C)
Bewecmeo AHYog , kKDtcimons — S9g , Iric/(mons-K)  AGYog , K/Iotc/Monb
Al, 05 (¥) -1676,0 50,9 -1582,0

C (rpadmur) 0 5,7 0




CCl, (%)
CH, (r)
C,H, (1)
C,H, (1)
C,H (r)
CeH (k)
C,HsOH (%)
CsHy,04 (rmokosa)
CO (1)
Co, (r)
CaCo; (x)
CaF, (x)
CazN, (k)
Ca0 (x)
Ca(0H), (x)
Cl, (r)
CL,0 (r)
Clo, (r)
Cl,0, (x)
Cr,05 (k)
Cu0 (x)
FeO (x)
Fe,05 (k)
Fe0, (k)
H, (r)
HBr (1)

HCN (1)

-135,4
-74,9
226,8
52,3
-89,7
82,9
-227,6
-1273,0
-110,5
-393,5
-1207,0
-1214,6
-431,8
-635,5

-986,6

76,6
105,0
251,0

1440,6
-162,0
-264,8
-822,2

-1117,1

-36,3

135,0

214,4
186,2
200,8
219,4
229,5
269,2

160,7

197,5
213,7
88,7
68,9
105
39,7
76,1
2229
266,2

257,0

81,2
42,6
60,8
87,4
146,2
130,5
198,6

113,1

-64,6
-50,8
209,2
68,1
-32,9
129,7
-174,8
-919,5
-137,1
-394,4
-1127,7
-1161,9
-368,6
-604,2

-896,8

94,2

122,3

1050,0
-129,9
-244.3
-740,3

-1014,2

-53,3

125,5



HCL (1)
HF (r)
HI (r)
HN3 (x)
H,0 (r)
H,0 (x)
H,S (r)
KCI (%)
KCl0; (x)
MgCl, (k)
Mgs3N, ()
MgO (x)
N (r)
NHj (r)
NH,NO, ()
Bewecmeo
NH,NO; (k)
N,0 (r)
NO (r)
N,0; (r)
NO, (r)
N,0, (r)
N, 05 (k)
NiO (x)
0, (r)
OF, (r)

P,05 (x)

-92,3
-270,7
26,6
294,0
-241,8
-285,8
-21,0
-435,9
-391,2
-641,1
-461,1
-601,8
0
-46,2

-256

AHYog , k/IocImons

-365,4
82,0
90,3
83,3
335

9,6
42,7

-239,7

25,1

-820,0

186,8
178,7
206,5
328,0
188,7
70,1
205,7
82,6
143,0
89,9
87,9
26,9
191,5

192,6

5% , ouc/(monvK)

151,0
219,9
210,6
307,0
240,2
303,8
178,0
38,0
205,0
247,0

173,5

-95,2
-272,8
1,8
238,8
-228,6
-237,3
-33,8
-408,0
-289,9
-591,6
-400,9

-569,6

-16,7

AGYog , K/Io1c/monb

-183,8
104,1
86,6
140,5
51,5
98,4
114,1

-211,6

0

42,5



P,05 () -1492,0 1145 -1348,8

PbO (k) -219,3 66,1 -189,1
PbO, (x) -276,6 74,9 -218,3
S0, (r) -296,9 248,1 -300,2
SO5 (r) -395,8 256,7 -371,2
SiCl, () -687,8 239,7
SiH, () 34,7 204,6 57,2
Si0, (xsapiy) -910,9 41,8 -856,7
Sn0 (x) -286,0 56,5 -256,9
Sn0, (k) -580,8 52,3 -519,3
Ti () 0 30,6 0
TiCl, () -804,2 252,4 -737,4
Ti0, (k) -943,9 50,3 -888,6
W0s (x) -842,7 75,9 -763,9
Zn0 (x) -350,6 43,6 -320,7
VYcnoBHbIe 0003HAYEHUS: K — KPUCTAJUIMYECKUM; T — ra3000pa3HbIif; K —

KUIKANA; poMO. — pOMOMUYECKHUIA.
Ipunooicenue 5
Ilpouszeedenue pacmeopumocmu (IIP) mpyonopacmeopumvix eeuiecme

npu 25°C
BemectBo I1P BemectBo I1p

AgCN 7-10°% MnS 2,5-1010
AgCI 1,76-1010 PbCOs 7,5-101
AgBr 5,3-1013 PbCl, 1,6-10°
Agl 8,3-10Y PbCrO,4 1,8-10%
Ag2CO3 8,2-1012 Pbl, 1,1-10°
Ag2C,04 3,5-101 PbSO, 1,6-10®
Ag2CrO, 1,1-10%2 ZnCOs3 1,5-10
BaCO; 5,1-10° ZnS 1,0-10%




BaC;0, 1,1-107 Al(OH); 6,5-10%
BaCrO, 1,2.10%0 Ca(OH), 6,8-10°
BaSO, 1,1-101° Cr(OH); 2.2.10%
CaCOs 4,6-10° Cu(OH), 1,0-102
CaC,04 2,3-10° Fe(OH), 3,2:107%5
CaCrOq4 7,1-10* Fe(OH); 6,0-10-38
CaSO, 9,1.10° Mg(OH), 1,0-100
CdS 1.10% Mn(OH). 1,1.10%
Cus 6-10° Pb(OH), 6,307
MgCOs 2,1-10° Sn(OH), 7.1-107
MgNH,4PO, 2,5-10%2 Zn(OH), 1,1.1078

Ipunooicernue 6
Koncmanmut necmoiikocmu
HEKOMOPbIX KOMNJIEKCHBIX UOHO8

¥ PaBHEHHE JCCOLHAIIHH Koncranta Hecroiikoctu Ky
KOMIUIEKCHOTO HOHA
[Ag(CN).]- 2 Ag* + 2CN~ 1,00 -107%
[Ag(NHs)]" @ Ag™ + 2NH; 589 - 1078
[AQ(S203).]>" 2 Ag* + 25,05~ 1,00 - 107!
[AIFs]*~ 2 AP + 6F 1,45 - 1072°
[Au(CN),]* @ Au* + 2CN~ 5,01 - 107%
[Cd(CN)4]> 2 Cd*" + 4CN~ 1,00 - 1077
[CdIs]> 2 Cd** + 41~ 7,94 - 1077
[CA(NH3)4]?" @ Cd?* + 4NH; 8,00 - 1078
[Co(SCN)4]*~ 2 Co** + 4SCN~ 5,50 - 1073
[Co(NH3)s]?" @ Co? + 6NH;3 8,50 - 107
[Cu(CN).]” 2 Cu* + 2CN~ 1,00 - 107
[CU(CN)4J*~ 2 Cu* + 4CN~ 5,13 - 10728
[Cu(NH3)4]?" 2@ Cu?* + 4NH; 2,33 - 1078
[Fe(CN)g]*~ 2 Fe?* + 6CN~ 1,00 - 107




[Fe(CN)e]*~ 2 Fe** + 6CN~ 1,00 - 1073
[H9ClsJ*~ = Hg?" + 4CI~ 6,03 - 1071
[H9(CN)4]*~ = Hg*" + 4CN™ 3,02 - 107%
[HY(SCN)4J*~ 2 Hg?* + 4SCN~ 1,29 - 1072
[Hgl)*~ =2 Hg* + 41~ 1,38 - 107
[Ni(CN)4]* 2 Ni?* + 4CN~ 3,00 - 10716
[Ni(NHg)e]*" 2 Ni** + 6NH3 9,77 - 107°
[Zn(CN)a]*~ 2 Zn** + 4CN~ 2,00 - 1077
[Zn(SCN)4J*~ 2 Zn** + 4SCN~ 500 - 1072
[Zn(NH;)a]*" 2 Zn** + 4NH, 4,00 - 10710
[Zn(OH)4]*~ 2 Zn*" + 40H~ 7,08 - 1071

Ipunoowcenue 7

Pacmeopumocms coneit u ocnosanuil 6 600e
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VYcnoBHbIE 0003HaUEeHUS: P — pacTBOpUMOC, M- MaJIOPaCTBOPUMOC, H- MMPAKTUYCCKU HEPAC-
TBOPUMOC. HpoqepK 0O3Ha4acT, 4YTO BCUICCTBO HEC CYIMICCTBYCT HMJIM pasjiaractcia BOJIOﬁ.



OKUCJIUTEJBHO-BOCCTAHOBUTEJIBHBIE
PEAKIIUH B PACTBOPAX

OBIIUE ITPABUJIA PABOTHBI B IABOPATOPUUA

JlabopatopHble pabOThI IO XUMHH MPOBOJAT B CIICIUATBHO 000pYA0BaHHOMN
XUMHUYECKOH 1abopaTopuu. 3a KaKIbIM CTYJIEHTOM Ha BpeMsi pabOThl 3aKPEIUISIOT
MeCTO Ha pabodem ctoje. B mporiecce paboThl HEOOXOIUMO CoAepkKaTh pabouee
MECTO B TOPSAJIKE W YMUCTOTE. 3ampeliaercs KIacTh Ha CTOJ MOopTdeau, KHHUTH,
CBEPTKH T.II., & IO OKOHYAaHUH PabOTHI HEOOX0ANMO yOpaTh pabouee MECTO U TIIa-
TETHHO BHIMBITH XUMUYECKYIO ITOCYTY.

B xumMuyeckoii 1abopaTopuu HY>KHO OCOOEHHO CTPOTO COONIONATh MpaBUiia
TEXHUKH OE30MAaCHOCTH, C KOTOPBIMH KaXKIBIA JOJDKEH XOPOIIO O3HAKOMHUTHCS B
NEPBBIN ke JIeHb paboThl. Hapyiienue ux MOXXeT MPUBECTH K HECUACTHBIM CIIyda-
SIM.

[Ipn HarpeBaHUM HENb34 AEpHkKaTh MPOOUPKH OTBEPCTHEM K ceOe min pado-
TAIOUIEMY PSAOM, HENb3sl HAKJIOHATHCSA HaJ OTBEPCTHEM COCYJa, B KOTOPOM TPO-
TEKaeT PEeaKIIusl.

HcnpIThIBaTh ra3bl Ha 3amax HYKHO OCTOPOXHO: MPOOUPKY CIENYET AepiKaTb
B JIEBOI pyKe Tak, yTOObl OTBEPCTHE HAXOJWJIOCh HUXKE YpOBHS HOCa, U IMpaBOu
pyKO# HampaBiATh K cebe clnadblii MOTOK BO3ayXa. KaKIplif CTYACHT TOJDKEH
3HaTh, IJ€ B J1a0OPaTOPUU HAXOJUTCS anTedykKa, MPOCTEUIINE CPEICTBA OTHETYIIe-
HUs (BO/A, MECOK, KOIIMa (0JIes1J10), OTHETYIIUTEb).

[Ipu BbIMONHEHNU JTAOOPATOPHON PabOTHI HEOOXOIMMO 3amucaTh B pabouuit
JTHEBHUK TEMY pabOThI, yKa3aTh 1€b OMbITa, CHOPMYIUPOBATH €T0 TEOPETUIECKOE
00OCHOBaHUE, 3amucaTh HAOMIOEHUS, YpaBHEHUS MPOTEKAIOIINX PEaKIHid, cle-
JaTh BHIBOBI.

IHPABUJIA TEXHUKH BE3OITACHOCTH

1. K mroboit pabote ciienyer npucTynaTh TOJIbKO TOTA, KOTJa BCE ATalbl €€ U3-
BECTHBI ¥ HE BBI3BIBAIOT COMHEHUH.

2. PaGoTaTh B xuMHuuecKon 1abOpaTOpuu HYXKHO aKKypaTHo, 6e3 crnemku. Ha pa-
004eM CTOJI€ TOKHBI HAXOAUTHCS TOJIBKO HEOOXOIMMBIE TPUOOPHI 1 paboUmii
JTHEBHUK.

3. JIns 3amuThl OACKIBI OT JEHCTBUS XUMHUYECKUX PEAKTUBOB HEOOXOAMMO pabdo-
TaTh B XaJare.

4. Bce ombITHI C SIOBUTHIMU BEIIECTBAMH, KOHIIEHTPUPOBAHHBIMU KUCJIOTAMH, JIe-
TYYHUMH ¥ €IKHUMH BEIIECTBAMH TPOBOAUTH TOJIBKO B BBITSDKHOM IIKady, OT-
KpbIB ABepily mkada Ha 1/3.

5. He cnenyeT moip30BaThCsl peaKTUBAMH, €CIIM OHU XPaHATCS B Mocyje 6e3 ITu-
KETOK.



6. Henb3s BpIIMBAaTH B PAKOBUHY OCTATKHM KHUCIOT, IIE€JI0YEH U OIHEONACHBIX Be-
IIECTB: UX HYXHO CJIUBAaTh B CIELIMAIBHO NMPEAHA3HAYEHHBIE JJI1 3TOrO CKJISH-
KU, HAXO/ISIIIMECS B BBITSDKHOM IIKady.

7. llpu pa36aBieHUU KOHLIEHTPUPOBAHHOW CEPHOM KHCIOTHI BIMBATH KHUCIOTY B
BOAY (a HE HA00OPOT) HEOOIBIIMMH MOPLUUAMU, TPH TIOMEIIUBAHUH.

8. 3ampenaercs paboTaTh C OTHEONMACHBIMU BEILIECTBAMU BOJIM3U BKIIFOUEHHBIX I'0-
PEJIOK WJTM AJIEKTPUUECKUX TPUOOPOB.

9. Henb3s BeIOpachiBaTh B paKOBHHY HENPOPEArMpOBABIINE OCTATKH METAILIOB.

10. T'opsiumie )KUAKOCTH HENb351 BBUIMBATH B TOHKOCTEHHYIO MOCY Ty .

11. Bo u3bexxaHue paHeHUs] OCKOJIKAaMH CTEKJIa CIeAyeT coOIoaaTh Mephl MPeao-
CTOPOXHOCTHU IpU pabOTe CO CTEKJITHHOM MOCY10M.

12. He nonmyckaTh momajiaHusi KUCIOTHI WM 1ienour Ha pyku! IIpu nmomananum
KHUCJIOTBI Ha KOXY OOOXOKEHHOE MECTO IMPOMOMTE OOJBIIMM KOJUYECTBOM
MPOTOYHOM BOABI, a 3aTeM oOpaboraiiTe pa3daBieHHBIM pacTBOpoM (1-3%-
HbIM) OnKapOoHaTa HaTtpus. [Ipy monagaHuy MEI0YM Ha KOKY BHAYalle TaKKe
MIPOMOITE POTOYHON BOOM, a 3aTeM pa3daBiieHHbIM pacTBOpoM (3%-HbIM)
YKCYCHOU WS OOPHOU KUCTIOTHI.

13. IIpu TepMudecKOM 0KOre KOXKY CleayeT OOMBITh CIHPTOM, a 3aTEM CMa3aTh
Ma3bl0 OT OXKOTOB.

14. Ilpu nmonagaHy peakTUBOB B IJ1a3a CleAyeT NPOMBITh UX CTpyed BOABI U 00-
paTUThCA K Bpayy.

15. Ilpu otpaBieHuH razaMu HEOOXOAMMO OOECHEYUTH MOCTPAAABIIEMY MPUTOK
CBEXEro BO3yXa.

[TpeneOpexxenue TpeOOBAaHUSAMHU TEXHUKH OE€30MACHOCTH B pabOTE MOXKET
IIPUBECTU K HECUACTHBIM CIIy4asiM, )KEPTBAMHU KOTOPBIX YaCTO CTAHOBATCS HE CaMy
HapYIIUTEIH, a UX ToBapuIly 1o padore. Bee paboraromue B 1abopaTopuu J0JIK-
Hbl YMETh OKa3bIBaTh MEPBYIO MOMOIIb MPU 05KOraX U OTPABJICHUSIX.

BBEJEHUE

OKUCANTENTFHO—BOCCTAHOBUTENBHBIE PEAKIIMA — PEAKIIUU, COMPOBOXKIA0-
HIMecss N3MEHEHUEM CTETICHH OKMCIICHUS aTOMOB, BXOSIIUX B COCTaB pearupyro-
IIMX BEIIECTB, B PE3yJIbTAaTe MEPEMEIICHHS JIEKTPOHOB OT aTOMa BOCCTAHOBHUTEIS
K atoMmy okucnutens. OHU — caMble paclpocTpaHeHHBIE B Mpupojae (0OMeH Be-
IIECTB, JbIXaHue, OpoXkeHHe, THUeHre, (POTOCUHTE3) U B MPOMBIIIJIECHHOCTH (CTO-
paHue TOIUIMBa, paboTa XMUMHUYECKMX HCTOYHUKOB TOKA, MOJYYEHHE MPOCTHIX U
CJIOJKHBIX BEIIECTB, KOPPO3HsI METAJIOB, MPOIECCHI JIera3alui U JIC3UH(CKIHH).
«Ku3Hb 5TO HENMpephIBHAS 1IE€TIh OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX MTPOIIECCOBY
A.-JI.JIaBya3be.

INOHATHUE O CTEIIEHU OKUCJIEHUA

Hrak, mog OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIMUA TPEBPALICHUAMH IOHUMAIOT
TaKue MPOLECCHl, B KOTOPBIX MPOUCXOIUT MEPEAAYA MIEKTPOHOB OT OJHUX YACTHII
K IpyruM. PaccMOTpuM peakiuu:

1. Fe+S — FeS



Fe® — 28 — Fe?* — okucnenue,

S° + 28 — S~ — BoccTaHOBIIEHHUE.
2. CuSO4+Zn — ZnSO4 + Cu
Zn® — 28 — Zn%** — okwucieHue,

Cu?* + 28 — Cu® — BoccTaHOBJIEHHE.

Yuciio 37€KTPOHOB, CMEIIEHHBIX OT aToMa JAHHOT'O 3JIEMEHTA K COCEAHEMY
aTOMY B COCIMHEHUU, Ha3bIBAIOT CHENEHbI0 OKUucaeHua. IIoHsTHe CTeNeHn OKucC-
JIEHUS CBA3AHO C 3JIEKTPOOTPULATENBHOCTHIO aTOMOB. [Ipu 3TOM npouiecc omoauu
AJIIEKTPOHOB HA3bIBAIOT OKUCIEeHUeM, a Npunamue — goccmanosienuem. OT-
Jaya 3JIEKTPOHOB YBEJIMYMBAET 3HAYEHHUE CTEIIEHU OKHUCIICHUS B MOJIOKUTEIbHYIO
CTOPOHY:

Cr9 — 3¢ — Cr3t;

20% — 48 — 07,
[IpuHSATHE 3JIEKTPOHOB CHIDKAET CTCIIEHb OKHUCIICHHUS:

2H* + 28 — HY;

Cl3. + 28 —2Cl~.

ATOMBI, MOJEKYJIbl WM HOHBI, OTHAIOIIME AJIEKTPOHBI, HA3bIBAIOTCS 80C-
cmanosumenamu. B mpouecce peakiiMi OHU OKHCISAIOTCS. ATOMBI, MOJIEKYJIbI
WJIM WOHBI, TPUHUMAIOLIME 3JIEKTPOHBI, Ha3bIBAIOTCH oKucaumeniamu. B npouec-
CE pEaKIM1 OHU BOCCTAHABIIMBAIOTCS.

[loHsiTHE CTENEHH OKUCIEHUS SJIEMEHTOB B COCJUHEHUU HMMEET YCJIOBHBIN
XapakTep (3TO pacyeTHOE 3HAUYEHHE), TAK KaK HE OTpaKaeT peaybHbI 3(h(PEeKTUB-
HBIN 3aps yacTullbl. PacueTHoe 3HaU€HHE MOTy4YaeTcs U3 yCIOBUS, YTO BCE MOJe-
KYJIbl DJIEKTPUYECKHA HEUTPaAIbHBI, @ HEKOTOPBIE AIEMEHTHI UMEIOT B OOJIBIIMHCTBE
COEIMHEHMI €IMHCTBEHHYIO U TIOCTOSHHYIO cTenens okucienus (HY, 072),

Tak, B Monekyse cepHoil kucnotel HYS160,2 non S*° peansHo He cymie-
CTBYET, a JIMIIb MPEIO0JIAracTCsl HAIMYME HOHHOM CBSI3M MEXAy aToMaMu. Peanb-
HO K€ cyllecTByeT MoH SOZ~, Mo’TOMy B MEPBOM CIIydae 3HAK CTaBAT nepeo
yugpoii, a BO BTOPOM — noce.

[IoHsiTHE CTENEHW OKUCIEHUS OTPAX]aeT JUUIb YCIOBHOE CMEUICHUE DJIEK-
TPOHHOM IUIOTHOCTH, IO3TOMY €TI0 3HAYEHHWE MOKET HE COBNAJIATH C 6A1€HMHO-
Cmbpl0, KOTOPask XapaKTepU3yeT YUCIO XUMUYECKUX CBSI3€H MEXIy aromMamu, 00-
pPa30BaHHBIX 3a CUET IEKTPOHHBIX Map.

Tak, B MOJIEKyJI€ a30THOM KUCJIOTHI pacUyETHAs CTENEHb OKUCIIEHU a30Ta +3,
XOTSI @30T HE MPOSABIISAET TAKOW BaJCHTHOCTU U3-3a OTCYTCTBUS MATH HECTIAPEHHBIX
aneKTpoHOB. A30T B Mosekysne HNO3z; MoxeT o0pa3oBbIBATH JIMIIL YETHIPE DJIEK-
TPOHHBIE MAPBI: TPU — 32 CYET OOMEHHOM CBSI3M C aTOMaMU KUCJIOPOJia U OJIHY 00-
HIYI0 MEXJy HMMEIOLIEHCs AJIEKTPOHHOM Mapod a3oTa M JBYMsI HECIApEHHBIMU
AIIEKTPOHAMHU, OCTABIIMMHUCS Y aTOMOB KHUCIOPOAA.
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ATtom mpexeajleHnHoco a3ora UMECT Pa3JIMYHbIC CTCIICHU OKUCJICHUA B CO-
CAUHCHUAX.

-3 +1 -2 +1 -1 +1 2 +1

NHs, N2Hs, NH2OH.

AHaJIOTUYHBIE MPUMEPHI MOKHO MIPUBECTH JIJI1 aTOMA YIJIEpOJia B OpraHuye-
CKHMX MOJIEKYJIax, TJie yIJIepo] UMeeT BAICHTHOCTH |V

441 2+ -1 042 -1 42+ -1 44 -1
CHa4, CH3Cl, CH:Cl,, CHCIs, CCl,.
TakuMm 00pa3oM, HE ClIeyeT MPUITUCHIBATh TEPMHUHY CTEIIEHb OKUCIICHUS CO-
JepKaHUs, OTIIMYHOTO OT JOPMATBHOTO, M TIOAMCHSITh UM TTOHSITHE BaJICHTHOCTb.
B coenMHEHUAX HEKOTOPHIE AJIEMEHTHI MPOSIBISIFOT BCETIa TMTOCTOSTHHYIO CTE-
MIEHb OKHUCJICHHSI, HO JJI OOJBIITMHCTBA DJIEMEHTOB OHA B PA3JIMYHBIX COCTMHCHH-
X paznyHa. B KaXKIOM KOHKPETHOM CJIydae CTEIICHh OKUCIICHUS PacCUNTHIBACT-
cst o (hopMyIie COeTMHECHMS, TIPU STOM MPUMEHSIOT OTIPE/ICIICHHBIC TTpaBHia.

1. CteneHpb okuciieHHs (€.0.) aTOMa B IMIPOCTOM BEIIECTBE paBHA HYJIIO (IS
OJTHOATOMHBIX MOJIEKYJI CMEIICHHE HE HaOMIoAaeTCs, a Il MHOTOATOMHBIX — HET
CIBHUra JJIGKTPOHHOW IUIOTHOCTH W3-3a OJMHAKOBOW AJIEKTPOOTPHIIATEIHLHOCTH
AJIIEMEHTOB)

0 0 0 0

H.,Cl;,03, Ps.

2. Boaopon B coeAMHEHUSIX UMEET C.0. (+1), KpoMe THAPUAOB U HEKOTOPBIX
npyrux coequHenuii(—1); LiH.

3. Kucnopon B coenvHEHHSIX MPOSBISET C.0. (—2), KpOME MEePOKCUIOB
(Naz0,), nannepokcuaoB (KO3), o3ouunoB (KOs3) u dropumor kuciaopoaa (OF,,
O2F).

4. dTOp B COCTUHEHUAX BCeria umeer c.o. (—1).

5. CreneHb OKHUCICHHUS OAHO3apSAAHBIX M JBY3apsIHBIX OJHOATOMHBIX
MOHOB paBHa 3apsily MOHA.

6. MakcuManbHO BO3MOXHAas C.0. JIEMEHTA paBHa HOMepy rpynsl B [lepu-
oanveckou cucreme snemeHToB .M. MenneneeBa, B KOTOpOl OH PacIOiOXKEH, a
MUHHMaJIbHAS — (8 — HOMEp TPYIIIIBI).

7. AnreOpanueckas cymMMa CTENEHEW OKHCICHHUS aTOMOB B HEHUTpalbHBIX
COEJIMHEHHUSAX paBHA HYJIIO, a B CJI0)KHOM MOHE — 3apsAly HOHa:

S0,, Cr,02".

N3n0keHHBIE BBILIE MTPABUIIA MTO3BOJISIOT JIETKO OMPEAENATh CTEIEHb OKUC-
JICHUSI KaXJI0TO 3JIEMEHTA B COEIMHEHUH, @ HEOOXOAUMOCTb TBEPJIOTO 3HAHUS ITO-
ro MOHATUS TPeOyeT 3HAYNTEIHLHON TPEHUPOBKU B BHIYUCIICHUH CTENIEHEH OKUCIIe-
HUS DJIEMEHTOB.



KJIACCH®HUKAIINA OKUCJIUTEJIBHO-BOCCTAHOBUTEJIBHBIX
PEAKIIUM

Peakuuu MENHCMONEKYNIAPHO2O0 OKUCIIEHUA-B60CCMAHO61E€HUA — 3TO PCAKIINH, B
KOTOPBIX aTOM-OKHUCJINTCIIb 1 aTOM-BOCCTAHOBHUTCIIb IIPUHAJICIKAT PA3HBIM BCHIC-
CTBaM. OTH BCUICCTBA MOT'YT OBITH KaK IMPOCTBIMH, TAK U CIIOKHBIMMU.

AN"H; + 509 — 4NO + 6H,072

BOCCTAaHOBHUTCIIb OKHUCIUTEIb

Peakuuu GHYMPUMOIEKYTIAPHO2O OKUCIEHUA-60CCMAROBIEHUA — ITO PCaAK-
OHUH, B KOTOPBIX AaTOM-OKUCIHUTCIIb U aTOM-BOCCTAHOBUTCIIb BXOIAT B COCTAaB OI-
HOH U TOM XKe MOJICKYJIbI UJIX OAHOT'O X TOI'O KC MOHA.
HaHpI/IMep, Pa3JI0KCHUC XHOpHOBaTHCTOﬁ KHCJIOTBI

2HCI"O2 — 2HCI-+ 03

OKHUCIIUTCIIb BOCCTAHOBHUTCJIb

Peam;uu ducnponopuMOHupoeaHuﬂ (CCZMOOKMCJZQHZ/IG — CAMOB0OCCMAHOBIE-
Hue) — 9TO pCaKIuH, B KOTOPBIX Q)YHKHI/IIO OKHUCIIUTCIIA KU BOCCTAaHOBHUTCIIAA BBIIIOJI-
HACT OAWH MU TOT K€ aTOM MOJICKYJIbI HJIM MOHA, HaXOI[SIHII/II‘/’ICH B HpOMG)KYTO‘-IHOﬁ
CTCIICHH OKMCJICHM. HaHpI/IMepI

4KCI*03 — 3 KCI*'04 + KCI~

BOCCTAHOBUTCIIb OKHUCJIUTCIIb

Peaxyuu xonmymayuu — peakuuu BHYTPUMOJEKYJSIPHOTO OKHCIICHUS-
BOCCTAHOBJICHUS, B PE3yJIbTATE€ KOTOPHIX MPOUCXOAUT BHIPABHUBAHUE CTENEHEU
OKHCIIEHHS] aTOMOB OJIHOTO M TOTO k€ 3yieMeHTa. Hanmpumep:

N_3H4N+502 = NZ + 2H,0
BOCCTAHOBHUTCJIb OKHUCIIUTCIIb

METOA 3JEKTPOHHOI'O BAJIAHCA

MeTon 37EKTPOHHOrO OanaHca OCHOBAaH Ha OMNpPEAETCHHHM OOIIero uwucia
AJIEKTPOHOB, NEPEMEILABIINXCS OT BOCCTAHOBUTENS K okucaurento. IIpu pacuere
KOA(p(UIMEHTOB B OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIUSAX MOJIb3YIOTCS
npaguiom 31eKMpPOHHO20 OANAHCA. CYMMAPHOE YUCAO INEeKMPOHO8, mepsi-
eMblX occmanogumenem, OONNCHO OblMb PAGHO CYMMAPHOMY HUCLY
91eKMPOHO8, NPUODPEmaemMvlX OKUCIUMELEeM.

Jns cocraBneHuss ypaBHEHUS OKHCIMTEIBHO-BOCCTAHOBUTEIBHOM pEaKLUU
HE0OXO0AMMO, MPEXJIE BCEro, 3HaTh XUMHUUYECKHE (HOPMYJIbI HCXOAHBIX BEIECTB U
MOJTYYarOIIMXCs MPOAYKTOB. MICXOIHBIE BEMIECTBA HAM U3BECTHBI, a IPOIYKTHI pe-
aKIUM yCTAHABJIMBAIOTCA JMOO 3KCIEPUMEHTANIBHO, JIMOO Ha OCHOBAHUM W3BECT-
HBIX CBOMCTB 3JIEMEHTOB. Y4YacTHE BOJABI B PEAKIIMU BBICHIETCS MPU COCTABIECHUN
YpaBHEHUS.



[Ipu cocTaBiieHMM ypaBHEHUSI OKHUCJIUTEILHO-BOCCTAHOBUTEIBHOW peakiuu
HEOOXOAMMO COOJIIOIATh CIAEAYIONIYI0 JIOTHUECKYIO MOCIEA0BATEIbHOCTh OTepa-
1105078

1. YcranaBnuBaem (HOpMyJIbI BEIIECTB, MOJYYAIONINXCS B PE3yIbTaTe peak-
IIUH.

P+ HCIO; + H,O — H3PO, + HCI

2. OnpenensieM CTENIEHU OKUCIICHUS 3JIEMEHTOB, KOTOPhIE U3MEHMIIU €€ B IIPO-
11eCCe PeaKIuu.

PO + HC|+5O3 + H,0 — H3P+504 + HCI~
[lo n3sMeHeHnIo 3Ha4YeHUH C.0. YCTaHaBJIWBACM OKUCIUTCIIb U BOCCTAHOBUTCIIb.

P°— 58— P* 6  BOCCTAHOBHUTEID
Cl*®*+6e—CI- 5  OKHUCIUTEIb

3. Haxoamm ocHOBHBIC KOADGUIIUEHTHI, T. €. KOA(PPHUITUESHTHI IPH OKUCTUTEIIS
Y BOCCTAaHOBUTEIIE.

6P + 5HCIO; + H,O — H3PO,4 + HCI

4. PaccraBisieM k03¢ (GUIMEHTHI B MPABOM YacTU ypaBHEHUS (IIPOIYKTHI peak-
[IMH1) TIEpe]l OKUCIICHHOM U BOCCTAHOBJIECHHOM (pOopMaMHu.

6P + 5HCIO; + H,O — 6H3PO, + 5HCI

6. [IpoBepsieM UnCIO aTOMOB KaXA0I0 3JeMEeHTa (KpoMe BOJOPOJIa U KUCIOPO-
Jla) B UCXOJIHBIX BEILIECTBAX U MPOJAYKTaX peakUud M MOJBOJUM OajiaHC MO 3TUM
AJIEMEHTaM, paccTaBisisl KOA(DPHUIIUEHTHI.

7. IIpoBepsieM 4nCIIO aTOMOB BOAOPOAA B JIEBOM U NPABOM 4aCTAX YPABHECHHS U
OIIPENEIAEM YUCIIO YYACTBYIOUINX B PEAKIIMN MOJIEKYJI BOJIBI.

6P + 5HCIO; + 9H,0 = 6H3;PO, + 5HCI

8. I[IpoBepsieM cyMMy aTOMOB KHCJIOpO/ia B JIEBOUM U MPaBOM YaCTAX YpaBHECHMUSI.
Ecnu 6aianc Mo KUCIOPOAY CXOAMUTCS, TO YpPaBHEHHE PEaKLUU COCTABIICHO Ipa-
BUJIBHO.

OCOBBIE CJIYYAHU COCTABJIEHUSI YPABHEHHUM
OKHCJIUTEJBHO-BOCCTAHOBUTEJIBHBIX PEAKIINI

PaccMoTpeHHass METOAMKA COCTAaBJICHUS OKHUCIMTEIbHO-BOCCTAHOBUTEIIBHBIX
peakiuii MpuMeHNMa K OOJIBIIIMHCTBY MPOCTHIX M CIOXKHBIX MporieccoB. Ho B He-
KOTOPBIX CTICIIMAIIBHBIX CITydasiX HEOOXOAUMbI JOTIOTHUTEIHHBIC TTOSICHEHUS.

1. Ecam 4ncio 27eKTpoHOB, OTAAaBA€MOE BOCCTAHOBUTENIEM, U YHCIIO DJIEKTPO-
HOB, MPUCOEAUHSIEMOE OKHUCIHMTENIEM, UMEIOT OOIIMKA HAWOOJIBIINKA AENUTENb, TO
pU HAXOXKJIEHUHU Ko3(PuimeHToB 0ba uncna aenar Ha Hero. Hanpumep, B peak-
1002078

HCI*’O4 + 45*0; + 4H,0 = 4H,S*°0, + HCI~



S —28—S*% | 8 |4 BoccTranoBUTED
Cl'’"+8e —>ClI- | 2 | 1 oxucnurens

OCHOBHBIMHU KO3 dHULIMEHTaMH 11 BOCCTAHOBUTEISI K OKUCIIUTEIS Oy IyT HE 8 U 2,
adul.

Ecnu yncio y4acTBYIOIIMX B PEAKIUM JIEKTPOHOB HEUYETHO, a B PE3yJibTaTe
MOJIy4aeTcsl Y4eTHOE YUCIIO aTOMOB, TO KO3 puiMeHTsl yaBauBatoTcs. Hampumep,
B pEaKIuu

2F€3+C|3 + 2HI = |20 + 2F€2+C|2 + 2HCI

- —-1&e—-1° 1 | 2 BOCCTAaHOBUTEID
Fel*+1e > Fe?* | 1 | 2 oxucaureb

OCHOBHBIMU KO3 duninentamu Oynytae 1l u 1,a2 u 2.

2. OKHCIUTENb WIM BOCCTAHOBUTEIb MHOI/IA JJOTIOJIHUTEIBHO PACXOLYETCS HA
CBSI3bIBAHUE IOJIyYAIOIIUXCSl MPOAYKTOB (cosneoOpazoBanue). Hanpumep, B peax-
UH

47n ?HNO3 + 8Hl\£3 = 4Zn(NOs), + No,O+ 5H,0
Ha OKMCIICHUE Ha CBS3BbIBAaHUE

Ha 4 atoma BoccTaHoBuTe ZN° TpebyeTcs M OKUCIEHHS 2 MOJIEKYJIbl OKHCIIH-
tenis HNOs; kpome Toro, Ha oOpa3oBaHHE HUTpaTa HUHKA (YETBIPEX MOJICKYJI)
Tpedyercs eme 8 monekya HNO; st cBsi3bIBaHUS YeThIpEX aTOMOB ITMHKA. Ta-
KUM 00pa3oM, OOLIMI pacxoj] a30THOM KHUCIIOTBI: 2 MOJIEKYJbl Ha OKHCIICHHE
Iroc 8 MOJIEKYJT Ha CBsi3bIBaHUE (cojieoOpa3zoBaHue), To ecTh Becero 10 monekyn
HNOs. 1 okoH4aTensHO ypaBHEHHE IPUMET BU/I:

47n +10HNO; = 4Zn(N03)2 + N,O+ 5H,0.

3. Ecu B peaknum 9uciio 3JIEMEHTOB, U3MEHSIONINX CBOIO CTEMEHb OKHCIIC-
HUsI, OOJbIIE JBYX, TO YCTaHABIMUBAIOT OOIIEE YUCIO BJIEKTPOHOB, OTIABAEMBIX
BOCCTAaHOBHUTEISAMHU, U OOIIIEEe YHUCIIO DJCKTPOHOB, MPUCOCIUHICMBIX OKHUCIATEIIS-
MH, & B OCTQJIbHOM COOJIIOJIaeTCs OOIUI MOPSIA0OK COCTaBJICHUS YPaBHEHHUS peak-
unu. Hampumep,

3As37S3™ + 28HN*°03 + 4H,0 — 6H3As™®0,4 + 9H,5*°0, + 28N*20

2As* — 48 — 2As* | —28c | 3

35 — 248 — 35%

N> +38 > N* +3& | 28

4. O6a sneMeHTa — M OKHUCIIUTEh, U BOCCTAHOBUTENIb — HAXOMATCS B OJTHOM

U TOM K€ MOJIEKyJie. OTO peakiusi BHYTPUMOJEKYISIPHOTO OKUCICHUS-
BOCCTAHOBJICHUS U PEAKIUU JTUCIIPOTIOPIIMOHUPOBaHUs. B 3TOM ciyuae mpu pac-
CTaHOBKE KOX(D(UIIMEHTOB paccMaTpHUBAIOT MPOIECC KakK Obl WIAYIIUM CIpaBa
HaseBo. Hanpumep,

3HN+302 — HN+503 + 2N*20 + H->0

N* +&8 5> N2 | 2



N*® —28 > N* 1

BAKHEUIIUE OKUCJIUTEJU U BOCCTAHOBUTEJIA

DNEeMEHThI B BBICIIEH C.0. TOJHKO OKHUCIUTENHU, T.K. UX aTOMbI CIIOCOOHBI
NI OPUHUMATH JIEKTPOHBI M NOHMXKATh ¢.0.: S™®(H,SO4), N**(HNOs u Hurpa-
THI), Mn+7(KMnO4), CI’+6(K2CI’O4, K2Cr,07), Pb+4(Pb02)

DJIEeMEHTHl B HU3ILIEH C.0. TOJIBKO BOCCTAHOBUTEIH, T.K. UX aTOMBI MOTYT
TOJILKO OTIABATh 3JICKTPOHKI ¥ IOBLIIIATE ¢.0.: S2, N3 1L,

BemiecTBa, coaep:kaiiine 3JI€MEHThl B TPOMEXKYTOUHBIX €.0. 00JIaJal0T OKHUC-
JUTEIHLHO-BOCCTAHOBUTEIBHON TBOMCTBEHHOCTHIO. Takue BellecTBa CIIOCOOHBI U
MPUHUMATh, U OTJIaBaTh JIEKTPOHBI, B 3aBUCUMOCTH OT MApTHEPA, C KOTOPHIM OHU
B3aMMOJICHCTBYIOT, U OT YCJIOBUU NPOBEICHUS PEAKLIAM.

OKHUCJIMTEJIN

1. Tunnunsie Hemetaisl (Fa, Cly, Bry, I, O2) B anemenTapHoM (CBOOOIHOM)
COCTOSIHUH. ["ajioreHpl, BBICTYNAsk B KAYECTBE OKUCIUTEIICH, MpHoOpeTaroT c.o. —1,
npudeM oT ¢pTopa K HOAy OKHCIHUTEIbHBIE CBOMCTBA OCIa0EBAOT:

2F; + 2H,0 = 4HF + O,
4Cl; + H,S + 4H,0 = 8HCI + H,SO,
I, + H,S=2HI +S

Kucnopoa, BoccTaHaBIMBasCh, IEPEXOTUT B cocTostHUe okucieHHocT —2 (H20
i OHY);

4NH3; + 50, = 4NO + 6H,0
4FeSO,4 + O, + 2H,0 = 4(F€OH)SO4

2. Cpenu KUCIOPOACOAEPKAIIUX KHUCJIOT U UX COJIel K HamboJiee BaKHBIM
okucnutesiM otHocaTcs KMnO,, KyCrO4, KyCro07, KoHLIEHTpHpOBaHHAsT cepHast
KHCJIOTa, A30THAs! KUCIIOTa U HUTPATHI, KUCIOPOACOAEPKAIINE KUCIOTHI FaJOT€HOB
U UX COJIH.

Xpomar ¥ JUXpoMar Kajvs BbICTYIIAIOT B POJI OKUCIIUTEIIEN B KUCIION Cpelie,
BOCCTaHaBJMBasACh 10 noHa Cr*3, [TocKoIbKy B KMCIIO Cpejie PABHOBECHE

2Cr05~ + 2H* 2 Cr,0%~ + H,0
CMEILEHO BIPABO, TO OKUCIIUTENEM CIyKHT HoH Cr, 037 :
K>Cr,0O7 + 3H,S + 4H,S0, = Crz(SO4)3 + 3S + K,SO, + 7H,0.

KoHIleHTpupOoBaHHas cepHas KHCJIOTa TPOSBISICT OKHUCIUTCIBHBIC CBOHCTBA
3a CYET Cephbl B CTEMEHU OKHUCJICHHUS +6, KOTOpas MOXKET BOCCTAHABIIMBATHCH JI0
c.0. ¥4 (S0O,), 0 (cBoboanas cepa) wiu —2 (H,S). CoctaB mpoyKTOB BOCCTaHOBIIC-
HUS OTPEJEISICTCS TIIaBHBIM 00pa30M aKTMBHOCTHIO BOCCTAHOBUTEIIS, a TAKXKE CO-
OTHOIIEHUEM KOJMYECTB BOCCTAHOBUTENS U CEPHOM KHUCIIOTHI, KOHIIEHTpPAIMEH
KHUCIIOTBI 1 TEMIIEPATYpPOil CUCTEMBI. UeM aKTHBHEE BOCCTAHOBHUTEIb M BHIIIEC KOH-



IEHTpaIus KUCIOThl. Tem Gosee riy0oko mpoTekaeT BoccTaHoBIeHHE. Tak, Mao-
aktuBHbIe MeTa/utbl (CU, Sb u 1p.), a Takke OpPOMOBOAOPO U HEKOTOPHIC HEME-
TaJUTBl BOCCTAHABIUBAIOT CEPHYIO KUCIOTY 110 SOy,

Cu + 2H,S0O,4 xorn) = CuSO4 + SO; + 2H,0
2HBr + H,SO,4 = Br, + SO, +2H,0

C + 2H,S0,4 = CO; + 250, +2H,0
AKTHBHBIE METAJUTHI (M T.II.) BOCCTAHABIMBAIOT KOHIIEHTpUPOBaHHYI0 H2SO4
JI0 CBOOOJIHOM cephl WM CEepOoBOJIOpoJa (MHOTIIA MPU BOCCTAHOBJICHUM CEPHOMU
KHCJIOTHI OJJHOBPEMEHHO 00pa3yroTcs B pa3IndHbIX cooTHOIIeHUsX H,S, S u SOy):

3Mg + 4H,S0, = Sl + 3MgSO4 + 4H,0
47n + 5H,SO4 = H,S + 42nS04 + 4H,0

ABOTHasl KUCJIOTA MPOSBISIET OKUCIUTENIbHBIE CBOMCTBA 32 CUET a30Ta B C.O.
+5, npudem okuciutenbHas criocooHocte HNOj3 ycunmBaeTcst ¢ pocToM ee KOH-
IeHTpaui. B KOHIICHTPUPOBAHHOM COCTOSTHUHU a30THAsl KHUCIOTa OKUCISAET OOJIb-
IITMHCTBO AJIEMEHTOB JI0 MX BBICIICH cTeneHu okuciieHnus. CocTaB MpOAYKTOB BOC-
cranoBieHns HNO;3; 3aBHCUT OT aKTMBHOCTH BOCCTAHOBUTEJS M KOHIICHTpAITUU
KHUCTIOTBI; Ye€M AaKTHBHEE BOCCTAHOBHUTENb W Ooyiee pa3daBiieHa KHCIOTa, TEM
rIIy0ke MPOTEKaeT BOCCTAHOBJICHUE a30Ta:

N02—>NO—>N20—>N2—>NHI.

[ToaToMy mipu B3ammoselicTBuu koHeHTprupoBanHoH HNO3 ¢ nHemeramiamu
WM MaJIOAKTUBHBIMH METaJIJIaMU 00pa3yeTcsi AMOKCHUJI a30Ta:

P + 5HNO; = H3PO,4 + 5NO, + H,0O
Ag + 2HN03(KOHH) = AgN03+ NO, + H,0.

[Ipu nelictBumn Ooiiee pa30aBICHHOW A30THOM KHUCJIOTHI HAa MajOAKTUBHBIE
METaJIJIbI MOJKET BhIIEIAThCS okcu azota (I1)

3Cu + 8HNO5(35%) = 4Cu(NO3), + 2NO+ 4H,0,

a B ClIy4ae aKTUBHBIX METaJUIOB — okcuj a3oTa (l) wim cBoOoAHBIN a30T (Kak mpa-

BHJIO, B TOMOOHBIX CIlydasx oOpasyeTcs CMeCh MPOAYKTOB BOCCTAHOBJICHHS
HNOg):

4Zn + 10HNO3(pas6) = 4Zn(NOs), + NoO+ 5H,0,
5Zn + 12HNOs(pa36) = 5Zn(NO3), + N, + 6H,0.

CunpHO p336aBHeHHa$I 4a30THadA KHUCJIOTa IIPpH I[CﬁCTBHH €€ Ha aKTHUBHBIC MC-
TaJlJIbl MOXXCT BOCCTAHABJIMBATBCA A0 MOHA aMMOHUI, 06pa3y}omer0 C KHCJIOTOM
HHUTPAT aMMOHUNA:

4Mg +10HNO;3(ouens pa36) = 4Mg(NOs), +NH4NOs+ 3H,0.

B ormnuue ot nona SOZ~, non NO3 HposBIsSeT OKMCIUTENbHBIE CBOMCTBA HE
TOJIBKO B KMCJIOM, HO U B 1Ien04HOM cpexe. [Ipu atom B pactBopax non NO; Boc-
CTaHAaBJIMBAETCS aKTUBHLIMHU MeTajuiamMu 10 NHs:



47n + NaNO; + 7NaOH + 6H,0 = 4Na,[Zn(OH)4] + NHs,
aB paCHHaBaX — 10 COOTBeTCTBYIOH_[I/IX HI/ITpI/ITOB:
Zn + KNO3 + 2KOH = K»,Zn0O, + KNO; + H,0.

Kucnoponconepkamme kuciiotel rajoreHoB (Hampumep, HOCI, HCIOs,
HBrO3) u ux conm, IeWCTBYS B KaueCTBE OKHCIUTENEH, OOBIYHO BOCCTAaHABIIMBA-
I0TCS 10 CTENEHH OKHCIIeHUs rajoreHa —l (B ciyuae xyopa wiu Opoma) ninu 0 (B
ciydae hoja):

KCIO; + 6FeSO,4 + 3H,S0O, = KCI + 3F€2(SO4)3 + 3H,0
KBrO + MnCl, + 2KOH = KBr + MnO, + 2KCI + H,0O
HI1O;3 + 5HI = 31, + 3H,0

3. Bomopoa B c.0. +1 BbICTyIaer Kak OKUCIUTENb IPEUMYIIIECTBEHHO B pac-
TBOpax KHUCIOT (KaK MpPaBWJIO, NMPU B3aUMOJICUCTBUH C METANIAMU, CTOSIIIUMH B
PAly HAIIPSKEHU 10 BOAOPOAA):

Mg + H2SO4(paz6) = MgSO, + Hy.

OI[HaKO Inpu B33HMOI[€IZCTBPIPI C CHUJIbHBIMH BOCCTAHOBHUTCIIIMU B KAQ4CCTBC OKMC-
JIUTCIIL MOKCT ITPOSBIIATD cedsa u BOOOPO/, BXOI[?IIHI/Iﬁ B COCTaB BOABI.

2K + 2H,0 = 2KOH + Ho.

4. VoHbI METaJIOB, HAXOISAIIMECS B BBICIICH CTETIEHU OKUCIICHUS (HarpuMmep,
Fe3*, Cu®*, Hg?"), BeImonHsAs (GyHKIMIO OKUCIUTENEH, MPEBPAIaloTCs B HOHEI C
00J1€€ HU3KOH C.0.:

2FeCl; + H,S = 2FeCl, + S + 2HCI.

BOCCTAHOBUTEJIN

1. Cpenu 3neMEHTapHBIX BEIIECTB K TUIWYHBIM BOCCTAHOBUTENSIM MPUHAI-
JIekKAT aKTUBHbIE METAJUIbI (IIEJIOYHBIE U MIEJIOYHO3EMENbHBIE, [INHK, ATFOMUHUM,
JKEJe30 W JIp.), a TAKKe HEKOTOPhIE HEMETAJUIbl, TAKhe, KaK BOJOPOJ, yriiepoa (B
BUJIE YISl UM Kokca), Gocdop, kpemHuil. [Ipu 3TOM B KUCIIOI cpene MeTasuibl
OKHUCIISIFOTCS 710 TIOJIOKUTEIBHO 3apsKEHHBIX MOHOB, a B IIEJIOYHOM Cpejie Te Me-
TaJUIbl, KOTOpPbIE 00pa3yroT aM(pOTEpHBIC TUIPOKCUIBI (HATPUMEp, IIUHK, aTOMHU-
HUM, 0JIOBO), BXOJST B COCTAB OTPULIATENILHO 3apsiKEHHBIX aHMOHOB WJIM THIPOK-
COKOMILIEKCOB. YTiepon yanie Bcero okucisiercs 4o CO unu CO2, a ¢pocdop, npu
JIENCTBUH CUJIBHBIX OKHcanuTenei, — 10 HiPOs.

2. B 6eckucnoponubix kucinorax (HCI, HBr, HI, H,S) u ux consax Hocurens-
MU BOCCTAaHOBUTEIHHOUN (DYHKIIMH SIBISIOTCS aHUOHBI, KOTOPHIE, OKUCTISSACH, OOBIU-
HO 00pa3yIoT 3JIeMEHTapHBIC BEIIECTBA. B psiy raioreHr10B BOCCTAHOBUTEIIbHBIE
cBoricTBa ycumBatorest ot Cl™ o I

3. 'uapubl MIETOYHBIX U MIETOYHO-3€MENIbHBIX METAIOB, COJIEpPKAIle NOH
H~, mposBIISIIOT BOCCTAaHOBUTENBLHBIE CBOWCTBA, JIETKO OKHCIISISICH JJO CBOOOTHOTO
BOAOpOJA:



CaH, + 2H,0 = C&(OH)z + 2H>.

4. Meranisl B Hu3IIel creneHn okucienus (Monsl Sn?*, Fe?*, Cu*, Hgi™ u
1p.), B3aUMOJCHCTBYSI C OKHMCIUTEISIMH, CIIOCOOHBI IOBBINIATH CBOKO CTEICHD
OKUCJICHUS

SnCl; + Cl; = SnCl,,
5FeCl; + KMnO4 + 8HCI (pa36) = 5FeCl; + MnCl; + KCI + 4H,0.

OKHUCJIUTEJBHO-BOCCTAHOBUTEJBHASA IBOMCTBEHHOCTD

Huxe IMPUBCACHLI TUIINYHBIC IIPUMCPLI COCHHHCHHﬁ, CITOCOOHBIX ITIPOABIIATH
KaK OKHUCIIUTCIIBHBIC, TAK 1 BOCCTAHOBUTCJIBHBIC CBOMCTBA.

1. I/IOI[ B CBO6OI[HOM COCTOAHHNH, HCCMOTPA Ha Oonee BBIPA’KCHHYIO OKHCJIH-
TCIbHYIO ®YHKHHm, crocooeH IIpu BBaHMOHeﬁCTBHH C CUJIBHBIMH OKHCIUTCIIAAMUA
HUIrpaTb poJib BOCCTAaHOBUTCIIS, HAIIPUMED:

I, + 5Cl, + 6H,0 = 2HIO3 + 10HCI.

Kpome Toro, B mieno4Ho# cpee A BCeX rajJoreHoB, UCKI0Yast (Top, XapakTep-
HBI PEAKIIUH TUCITPOITOPIIMOHUPOBAHHUS:

Cl, + 2KOH = KCIO + KCI + H,0O (Ha X0J1071€)
3Cl; + 6KOH = KCIO; + 5KCI + 3H,0 (TIpu HarpeBaHKH)

2. Ilepokcua BOJOpOJa CONEPKUAT KUCIOPOJ B CTEIIEHH OKUCIIEHHS —1, KOTO-
PBIil B IPUCYTCTBUHM BOCCTAHOBUTENEN MOYKET OHUKATh CTENEHb OKUCIIEHUS 0 —
2, a IpHU B3aMMOJICUCTBUH C OKUCITUTEISIMU CITIOCOOEH MOBHIIIATh CTENEHb OKHUCIIE-
HUS ¥ TIPEBPAIIATHCS B CBOOOHBIN KUCIOPO/I:

5H,0, + |, =2 HIO; + 4H,0 (HzOz— OKI/ICJIHTGJIL)
3H,0, + KMnO4s = MnO, + 2KOH + 30, + 2H,0 (HzOz —BOCCTaHOBI/ITeJII))

A3oTHCTas KHACIOTa U HUTPUTHI, BBICTYIIAasi B Ka4eCTBE BOCCTAHOBUTENIEH 3a
cueT noHa NO, , OKUCISAIOTCA 10 A30THOW KHUCIJIOTBI UJIU €€ COJIEH:

5HNO, + KMnO,4 + 3H,SO,4 = 5HNO3 + 2MnS0O, + K,SO,4 + 3H,0.

JleticTBys B KauecTBe okucautTens, noH NO, BoccTaHaBiauBaeTcs o0braHO 10 NO,
a B PEAKIUSIX C CHILHBIMHA BOCCTAHOBUTEIISIMH — 10 00JIee HU3KUX CTEIICHEH OKHC-
JICHUS a30Ta:

2NaNO, + 2Nal + 2H,S0, = 2NO + |, + 2Na,SO,4 + 3H,0.
Jlutepatypa: [3]

BJIUSAHUE CPEJIbBI HA XAPAKTEP IPOTEKAHUA OKUCJIUTEJIBHO-
BOCCTAHOBUTEJIbHBIX PEAKIIUI

Peakiiuy OKHCIIEHUA-BOCCTAHOBJIEHUSI MOTYT MPOTEKATh B PA3JIMYHBIX Cpeaax
(KUCIIOM, HEUTPATBHON U IIEJOYHON), MPU 3TOM B 3aBUCUMOCTH OT CPEIbl MOXKET



U3MEHATHCSA XapaKTep IPOTEKAHWS PEaKUUU MEXIAYy OAHUMU U TEMH K€ Belle-
CTBaMH.

[lepMaHraHaT Kajms, IPOSBIIAsA OKUCIHUTENBHBIE CBOMCTBA 3a cueT Mn*’, Boc-
CTAHABJIMBAETCA 10 PA3HBIX POIYKTOB B 3aBUCUMOCTH OT KMCIIOTHOCTU CPEJBI:

1. Kucnas cpena:
2KMn*704 + 5K,S*03 + 3H,S0,4 — 2Mn*2S0, + 6K,5*°0, + 3H,0
2. HeittpanbHas cpena:
2KMn*"04 + 3K,S*03 + H,0 — 2Mn**0; + 3K,S*°0, + 2KOH
3. lllemounas cpena:
2KMn*'0, + K503 + 2KOH — KoMn*0, + 2K,5*%0, +H,0

CxemaTuyecku 3TO MOXKHO IpeaACTaBUTh TaK.

Oxucnennass  BoccranoBnenHas ¢popma
dbopma

Mn*2, GecLBETHBII pacTBOP
MnO; — MnQO,|, Oypsblit ocanok
MnOZ%~, pacTBOp 3eJ€HOro I[BeTa

OOBIYHO 1711 CO37aHMsl B PACTBOPE KHUCIIOW CPElbl UCIIOIb3YIOT CEPHYIO KHC-
JOTY. A30THYIO U COJISIHYIO KMCJIOTHI MPUMEHSIIOT PEIKO: MepBas cama SIBISETCA
OKHCIIUTEJIEM, BTOpas CHOCOOHA OKUCHATBCS. [Iisl co3maHus IIEIOYHOW CpeJibl
IIOJIB3YIOTCSL PACTBOPAMHU TMAPOKCHIOB HATPUS I KaJIHsL.

HAITPABJIEHUE TPOTEKAHUSA OKUCJIUTEJBHO-
BOCCTAHOBUTEJIbHBIX PEAKIIUI

JIJisi KONMMYEeCTBEHHOTO OMpPEACTICHUs] BO3MOXHOCTH TPOTEKAHUSI OKHCIIH-
TEJIHbHO-BOCCTAHOBUTEIBHBIX PEAKIIUN HWCIONB3YIOT 3HAYCHHS OKHUCIUTEIBHO-
BOCCTAHOBUTEIHHBIX MOTEHITUATIOB (PEIOKC-TIOTEHITNAIOB). 3HAYECHUS HEKOTOPBIX
CTaHIAPTHBIX AJICKTPOIHBIX MMOTSHITUAIOB MPUBEICHBI B TIPUIIOKCHHH.

CraHmapTHBIM OKHCJIHUTEIBHO-BOCCTAHOBUTEIBHBIM IMOTCHIIMAIOM
(E°) HasbIBacTCsS SHEPrusl MOJypeakIMH, W3MEPECHHAs 10 OTHOIICHUIO K CTaH-
JAPTHOMY BOJIOPOJHOMY 3JIEKTPOJY, MOTEHIIMAI KOTOPOTO YCIOBHO MPHUHUMAIOT
paBHBIM HyIiO (Ejp,+ H,™ 0). YUem MmeHble anreOpanueckas BEIUYMHA PEIOKC-

MOTEHIINAIA, TEM CUJIbHEE BBIPAXKEHA BOCCTAHOBHUTEIbHAS CIOCOOHOCTH TOype-
aKIUK, ¥ HA000pOT, YyeM Oosbine E°, TeM akTHBHEE OKUCIUTENbHAS (DYHKIIHS T10-
aypeakuud. Bo3MOXKHOCTh MPOTEKAHHSI OKUCIUTEILHO-BOCCTAHOBUTEIBHBIX MPO-
1IECCOB 3aBUCHUT HE TOJIbKO OT MPUPOJIbI PEATUPYIOIIUX BEIMIECTB, HO U OT UX KOH-
HEeHTpaIuy, TemiepaTrypsl, pH-cpensl. Bee aTi pakTopbl KOIMYECTBEHHBIX pacue-
TOB YUUTHIBAIOTCSl YHUBEpPCAJIbHBIM ypaBHeHHEM HepHcra:

E=E+ ~—

Aox.popma
In———,
nF Agoc.popma



rac E — OKHCIIUTENIbHO-BOCCTAHOBUTEILHBIN NOoTCHO Al COHpSDKCHHOﬁ naphbl; E° —

CTaHIAPTHBIN OKHCIIUTEIBLHO-BOCCTAHOBUTEIBHBIA MOTEHUUAN; R — YHU Bepcalib-
Ik
MoJib-K
HOB, YYaCTBYIOIIHX B peakiuu; nocrosinHas Dapanes, pagaas 96500 Kit; agx ¢opma

— aKTUBHOCTb OKHMCIICHHOM (DOPMBI B CHCTEME; Qpocdopma — AKTUBHOCTH BOCCTA-

Has ra3oBasi OCTosiHHAas, 8,314 ; T — temnepatypa, K; N — 4ncio snekTpo-

HOBJIGHHOUW (pOpMBI B cucTeMe (B pa30aBICHHBIX PacTBOPAaxX BMECTO aKTUBHOCTEH
MOJIB3YIOTCSI KOHUEHTPALUSAMU).

Eciu B ¢gopmyny HepHcra mopctaBuTh 3HA4eHHsS KOHCTAHT, MEPEBECTH
HATYpaJIbHbII JIorapup™M B ACCITUYHBIA W BMECTO AKTUBHOCTEH HCIOJIB30BaTh
KOHIICHTpAIMH, TO ypaBHeHue A1t pacuetoB E mpu 298 K (25 °C) npumet BU1

0,059 ok.popMa
E = E°o 4 222 g loxdopma]
[BoC.dopMa]
I[JUI CJIOKHBIX HOHOB, HPCTCPICBAIOIINX H3MCHCHHC B COCTaBC, PCIOKC-
IIOTCHIINAJ 3aBUCUT OT pH-CpGI[BI. HaHpI/IMep, JJIs T1aphl

MnO; +8H* + 58/ Mn** + 4 H,0

0,059 [Mno;][HT]®

[Mn?*]

E=E°+ lg

Peaknust OKUCIEHUA-BOCCTAHOBIICHUS OCYILIECTBIISIETCS. B TOM HAIlPaBJICHUH,
B KOTOPOM Pa3HOCTh MOTEHIHMANIOB OKHciuTeNlss u BoccraHoButens (DJ1C) Oyner
BEJIMYMHOU MMOJIOKUTEIbHOMN
(AE = Eox — Egoc > 0)

KoncranTa paBHOBecHst K OKHCIUTENHLHO-BOCCTAHOBUTEILHOW PEAKIIUU CBS-
3aHAa C OKHUCIIHMTEIbHO-BOCCTAHOBUTEIBHBIMUA MOTCHIMAIAMU CIEAYIOIIAM COOT-
HOILICHUEM:

(Eox—Egoc)n - AEn
0,059 0,059

IgK =

YeMm 00s1blIe KOHCTAHTA PABHOBECHSI, TEM IOJIHEE MJIET MPOLECC OKUCIICHHUS -
BoccTaHoBieHus. JIuteparypa: [3]

JlaGopaTopHnasi padora

OKUCJIMTEJIBHO-BOCCTAHOBUTEJ/IBHBIE PEAKLIUU
L]env pabomvi: poBeIEHNE KAUECTBEHHBIX ONBITOB, PACKPHIBAIOIINX OKUCIUTEIb-
HBIE U BOCCTAHOBUTEJILHBIE CBOMCTBA OTAEIbHBIX BELIECTB.

JKCIEePUMEHTAJIbHASA YaCTh

Ilpubopvl u peaxmuewi. IITATUB, TNPOOUPKH; PaACTBOPHI CYyJb(UTA HATPHS
(NazS03), nmepmanranata kamus (KMnQOy), ceproii kucinotsl (H2SO4), ruapokuia
kamust (KOH), auxpomara kamust (K,Cr,07), cynedara xenesa (I1) (FeSO,), nur-
puta Hatpust (NaNO;), nomuaa kamus (KI), nuxpomara ammonus ((NH;)2Cr,07,



rekcannanodeppara (I1) xamus K [Fe(CN)¢], rexcanmanodeppara (I11) xamus
K3;[Fe(CN)g]. Kpucrammuueckuit Hurpar meau (I1) (Cu(NOz)2-3H,0.

Onwvim [. OKUCIUTEIBbHBIC CBOMCTBA IICpMaHraHaTa KaJus B Pa3HbIX CpCaax.

a) Oxucnenue cynbpura Hatpus (Na,SOsz) mepmanranatom kamums (KMnOs) B
KHUCJION cpefe.

Hanuts B mpoOHpKy HECKOJIBKO Karelb (2 — 3) pacTBopa nepMaHraHara Ka-
7M1, TakoH ke 00beM 2H. pactBopa HoSO4, 3aTeM MO KarisiM npudaBiIsTh CyIbQUT
HATpPHs 10 OJIHOTO 00€CIIBEUHBAHUS PACTBOPA.

B Kakylo CTeneHb OKMCIEHUs nepexoaur Mn*’ B kucnoii cpene? Hamucats
ypaBHEHUE PEaKILMU, PACCTaBUTh KOAPPUIIMEHTHI U YKa3aTh KaKyl0 (DYHKIIUIO BbI-
MOJIHSIET B HEH CyIb(MUT HATPUSI U CepHast KUCIIOTA.

0) Oxucnenue cynbhpurta Hatpus (NapSOsz) nmepmanranarom kaimusi (KMnOs) B
HEUTPAJIBLHOM CpeJie.

Hamute B mpoOupky Heckosbko Kamelnb (3 — 5) pacTBopa nepmMaHraHata Ka-
JMsl ¥ IPUMEPHO Takoil ke 00beM cynbpuTa HaTpus. Kak MeHsieTcs B 3TOM ciiydae
nBer pactBopa? Kakoe coenunHenue oOpazoBanock B ocanke? Kakas creneHb
OKHCJICHUSI MapraHiia yCTOMYMBA B 1I€JI0YHON U c1ab00CHOBHOM cpene? Hamucarts
YPaBHEHUE PEAKIUU U PACCTABUTH KOAP(DUIIMECHTBHI.

B) Okucnenue cynsputa HaTpusa (NaSO3) nepmanranarom kamust (KMnQOy) B mie-
JIOYHOM cpene.

Hanuts B mpobupky 10 — 15 xanens koHIeHTpHupoBanHOro pactBopa KOH,
Takoil ke obveM cymbdura HaTpus (Na,SOs), 3atem 2 — 3 Kamim pacTBopa
KMnO,. Kak n3menunace okpacka pactBopa? Kakoit moH mpumaer pacTBopy Ta-
KyI0 okpacky? Hanummre ypaBHeHHE peakllMM U paccTaBbTe KOAPPUIUEHTHI.

Ha ocHoBaHuU ONBITOB cenaTh OOUIHMM BBIBOJ O XapaKTepe MPOIYKTOB BOC-
CTAHOBJICHUs II€pMaHraHaT-uoHa B 3aBHUCMMOCTH OT pH cpenpl. B kakoul cpene
NEepMaHraHaT-uOH MPOSIBIIAET 00JIEe BHICOKYIO OKHCIUTENbHYIO aKTUBHOCTh?

Oneim 2. OxucnutenbHble cBoMicTBa auxpomara kamus (KoCr,07).
OnpenenuTh BO3MOKHOCTh MPOTEKAHUS PEAKITHH
Cr,02 + 14H* + 6 8 = Cr3* +7H,0

NpY KMCIIOJIb30BAaHUM B KauyecTBe BoccTaHoBUTenei momuna kamus (KI), autputa
Hatpus (NaNO,) u cynedara sxenesa (FeSO,), paccuntaB D/IC kaxma0i peakiiuy.
[TonTBepAUTH MPaBUIBHOCTH OTBETA OIMBITHBIM ITyTeM. J[J1s1 3TOr0 B Tpu MpoOUpKU
BHecTH 10 3 — 4 karu pactBopa auxpomara kamus (KoCr,07) u mo 3 — 4 kamm
pazbasiennoro pactsopa H,SO,4. B nepByto npoOupky 100aBUTH pacTBOp MOIWIA
kanus (Kl), Bo BTopyto — pactBop mutpura HaTpusi (NaNO,), B TpeTbio — pacTBOp
cyabdata xeneza (FeSO4) no mosBiaeHUs yCTOHYMBOW OKpacku. HammcaTh ypas-
HEHUS PEaKINi, pacCTaBUTh KOAXPPUIIUEHTH U yKa3aTh OKUCIUTENb U BOCCTAHO-
BUTETIb.



Onvim 3. OKUCIUTEIIBHO-BOCCTAHOBUTEILHBIC CBOMCTBA COCI[I/IHCHI/Iﬁ 9JICMCHTOB,
HaxXoAAIMKNXCs B HpOM@)K}’TO‘-IHOﬁ CTCIICHH OKUCJICHHA.

Jlnst Toro 4toObl yOeIUThCS B OKHUCIUTEIbHO-BOCCTAHOBUTEIHLHOW JIBOM-
crBeHHocTu HUTpUTa HaTpHUs (NaNO,), Hamo:

a) B OJHY MPOOUPKY OMECTHUTH 3 — 4 KaIjlu pacTBOpa MEpMaHTaHATa KaJIHsI
(KMnO,), noakucauTh pacTBOp pa30aBICHHBIM pacTBOPOM CEPHOM KHUCJIOTHI H JIO-
6aButh pactBop HUTpUTa HaTpHst (NaNO;) 1o obeciBeunBaHus pacTBOpa;

0) B apyryoo npoOupky BHecTH 3 — 4 kamuiu pactBopa moauaa kamus (Kl),
MOJKUCIUTh Pa30aBICHHBIM PACTBOPOM CEPHOM KUCIOTHI U J0OABUTH PACTBOP
NaNQO; 1o u3MeHeHus1 OKpacKH.

Kak oObsicHuTh Habmoaaemsbie siBiieHus? Hanucarbh ypaBHeHus: peakuuid. B
KaKOM CJIy4ae HUTPUT-UOHBI MPOSBIIAIOT BOCCTAHOBUTEIBHBIE U B KAKOM OKHCIIH-
TenbHble cBOMcTBa? [IpU BOCCTAHOBIIEHUN HUTPUT-UOHOB BBIJIETSETCS a30T, a IPH
UX OKHCIIEHUH 00pa3yroTCsl HUTPAT-UOHBI.

Onwvim 4. BHyTpUMOJNEKYJIAPHBIE OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE IIPOLIECCHI.

a) BHyTpuMoONIeKyIapHOE OKHCIIEHNE-BOCCTAHOBICHUE TUXPOMAaTa aMMOHHSI
((NH4)2CI’207).

Ha xene3nyro ninm kepaMH4YeCKyrO IUIACTUHKY MOMECTUTH 2 — 3 rpamMma M-
xpomata ammouHs ((NH4)2Cr,07), nns Hayana peakimu HarpeTh, MOCIE YEro Ipe-
KpaTuTh HarpeBanue. OOpaTUTh BHUMAHNE Ha OCOOCHHOCTH MPOTEKAHUS PEaKITuu
U €€ MPOIYKThI — Ira3000pa3Hbie (a30T U nmapsl Bojbl) U TBepbIil (Cr,O3 ero uBer).

Hamucate ypaBHeHHE peakluM, pPacCTaBUTh KOIPDHUIMEHTHI U YyKa3aTh
OKHUCJIUTENIb U BOCCTAHOBUTEITb.

0) BayTpuMonekyasipHOe OKHCIeHHE-BoccTaHOBIeHne HuTpaTa meau (11).

B npoOupky BHECTM  HECKOJBKO  KPUCTAJUIOB  HUTpaTa  MeIu
(Cu(NOs3)2:3H20). 3akpenuTh NMpOOMPKY B IITATHBE M OCTOPOKHO HArpeBarth,
HaOro1asi U3MEHEHHE LBETa KPUCTAJUIOB M LIBETAa BbLAENsIOUIerocs raza. Hamu-
caTh ypaBHEHUE peaklnu pa3noxeHus Hurpata menu (1), yunteiBas okpacky BoO3-
MOJKHBIX MpoaykToB peakiuu: 0e3Boaubiii CU(NO3), — 6enbrit; CU(NO,), — He cy-
mectByeT; CUO — uepnsbiit; Cu — kpacusblil; Nz, NO, u O, — 6ecriBetHbie Ta3sr; NO,
— Oypblii ras.

VYkazarh OKHCJIMTEIh U BOCCTAHOBUTEIb B MoJieKyJie HuTpara meau (11).

Onvim d. Biusinue KOMITJIEKCOOOpa30BaHMS Ha OKHUCIIUTENIbHO-
BOCCTAaHOBUTEIHHBIC CBOWCTBA BEIIECTB

CTaHHapTHBIﬁ OKHCJINTEIbHO-BOCCTAHOBUTEILHBIN MMOTCHIO A JJIA IIPOCTBIX
HOHOB KCJIC3a 6OJ'H:IHG, 9EM AJI1 HMaHUAHBIX KOMIIJICKCHBIX HOHOB!

Ere+s/re+2 = 077 B, [re(cm)el*/Fe(cnyql = 0,36 B.

ITo 3nauenusim E° onpenenurs:



a) kakue MoHbl Fe*? um [Fe(CN)g]*™ MoryT GbITh OKHMCIEHBI HOIHON BO-
bi(s)7 (E?Z/ZI— = 0,54 B);

6) xakue noHsl Fe*® umm [Fe(CN)g]3 ciocoOHBI OKMCIHMTH HOAUI-HOHEL
OTBeT MOATBEPAUTH IKCIIEPUMEHTAIBHO.

Jiist aTOro B poOUpKH BHECTU 10 3 — 4 Karii HOJHOM BOJbl. B onHy mpo-
OMpKy 100aBUTh 3 — 4 KAk pacTBOpa cojM, cojepxkaieil Fe*?, a B gpyryio — 3 —
4 xarum pactBopa K,[Fe(CN)g]. B kakoif mpoOupke HaOmrogaeTcss o0ecIiBeYrnBa-
HUE UOJHOMN BOJbI?

B nBe apyrue npobupku BHectH 3 — 4 karum pactBopa umoauaa kanus Kl,
MOJKUCIUTH pa3zdaBieHHbIM pacTBOpoM H2SO,. 3aTeM B 0iHy NpoOUpPKY 100aBUTH
3 — 4 xarmm pactBopa xyiopuaa xkenesa (1) FeCls, a 8 apyryio — 3 — 4 kamu pac-
TBOpa rekcarmanodeppara (111) kamus Kz[Fe(CN)g] .

B xakoif mpobupke BoiaensieTcss ¢cBoOOMHbIN noa? Caenath BBHIBOA O BIIHSI-
HUM KOMILIEKCOOOPa30BaHUs Ha OKUCIUTENBHBIE CIOCOOHOCTH HOHOB Fe*3,

Jlutepatypa: [4]

Bomnpoce! Aj1s1 caMmonpoBepKn
1. Kaxkue u3 peakuuii ABiIstOTCS OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIMU:

a) Zn + H,SO4 = ZnSO, + H,

6) 3Zn + 4H,S0, = 3ZnS0, + S + 4H,0
B) Zn(OH), + H,SO4 = ZnSO4+ 2H,0

r) Zn(OH), + 2NaOH = Nay[Zn(OH)4]?

1. K xakoMy THIy OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIMIA OTHOCUTCS KaX-
JbI IPUBEICHHBIN ITPUMED:

a) NazAsOs + |, + H,O = NazAsO4 + 2HI
0) Cl, + 2NaOH = NaClO + NaCl + H,0
B) 2A9N03 = 2Ag + 2NO, + O,?

3. KaKI/Ie 13 BCIICCTB MOFyT HpOHBHHTB KaK OKHCIIUTCIBHBIC, TAK 1 BOCCTAHOBHU-
TebHBIE CBOUCTBA; KMnO4, NaBrOS, Kl, HNOZ, N&zSOg, KzMnO4, V205?

4. Kaxo#i okuciuTelb aBisiercs Hanoosee cuiabHeiM: MnO,, PhO,, Ko,Cr,07?
5. B xakoM HampaBieHUU OyJeT MPOTEKATh PEAKIIHS:
2KCrO; + 3Br; + 8KOH = 2K,CrO,4 + 6KBr + 4H,0?

6. JommcaTh ypaBHEHHs peakiuii U Mmoao0paTth KOAPGUIIMEHTHI METOJIOM JJICK-
TPOHHOTO OanaHca.

KMnOg4+ Zn + H,SO4 =
Clz +1,+ H,0 =
K>Cr,07 + FeSO, + H,SO,4 =



7. Ilonbepute K03 PUITMEHTH METOJIOM SJIEKTPOHHOI'O OaiaHca B ypaBHEHUSX pe-
aKIUH, YKAKUTE OKUCITUTENb U BOCCTAHOBUTEb.

7.1.
7.2.
7.3.
7.4.
7.5.
7.6.
7.1.
7.8.
7.9.

7.10.
7.11.
7.12.
7.13.
7.14.
7.15.
7.16.
7.17.
7.18.
7.19.
7.20.
7.21.
1.22.
7.23.
7.24.
7.25.

K:MnQO,4 + H,O = KMnO,4 + MnO, + KOH

PbS + H,0, = PbSO,4 + H,O

NaBrO; + NaBr + H,SO,4 = Br, + Na,SO4 + H,0O

Cul + H,SO4 + KMNnO4 = CuSOq4 + I+ MNSO4 + K,SO4 + H0
CaH,+ H,0 = Ca(OH), + H,

Naz[Cr(OH)g] + NaOH + PbO, = Na,CrO,4 + H,0 + Nay[Pb(OH),]
Cr(NO3); = Cr,03 + NO, + O,

Fe,03 + KNO3; + KOH = K;FeO, + KNO; + H,0

Cr,03+ Na,C0O3; + O, = Na,CrO,4 + CO;

Na,SO3; = Na,S + Na,SO4

Cr,03 + NaNO3; + NaOH = Na,CrO4 + NaNO; + H,0
K2Cr,07 + H,S + HySO4 = Crp(SO04)3 + S + KySO4 + H0

Br, + SO, + H,O = HBr + H,SO4

H,S + H,SO; =S + H,0

KMnO, + NaNO, + H,O = MnO;, + NaNO3; + KOH

NaBr + NaBrO; + H,SO4 = Na,SO,4 + Br, + H,0O

As + Cl, + H,O = H3AsO, + HCI

K,Cr,0; + HBr = Br, + CrBrs + KBr + H,0

KCIO; + HCI = KCI + CI; + H,0

FeCl, + KCIO; + HCI = FeCl; + KCI + H,0

Cry(S04)3 + H,0O, + NaOH = Na,CrO4 + Na,SO4 + H,0

Mg + HNO3; = Mg(NO3), + N, + H,0

KMnQO, + H,S + H,SO4 = MnSQO4 + S + K,SO4 + H0

Zn + H,SO,4 = H,S + ZnSO, + H,0

KMnO,4 + H3PO3; + H,SO4 = MnSO4 + H3PO,4 + K;SO4 + H,0

Jluteparypa: [2], [3], [5]

Hpuiaoxenue

Cmandapmubte OKUcCjiumejlibHO-60ccmaHoeumeibHble nomenuuaibl

HeKomopbslx cucmem 6 eodubtxpacmeopax



Inexkmpoonwlit npoyecc | E B

A. Dnexmpoxumuueckuil pao HANPANHCEHUTL MEMANN08

Li*+e=1Li —3,045
Rb*+&=Rb —2,925
K*+e=K —2,924
Ba**+2&=Ba —2,905
Ca’*+2e=Ca —2,866
Na"*+& =Na -2,714
La*+3&=La —2,520
Mg* +2&=Mg —2,363
Y*+3e=Y —2,370
Sc¥*+3&8=Sc —2,080
Be** +2&=Be —1,847
AP + 38 =Al —1,663
Ti**+2&=Ti -1,630
Mn**+2&=Mn -1,179
Cr**+2e=Cr -0,913
In*+2e=7n —0,763
Cr¥*+3e=Cr —0,744
Ga** +38=Ga —0,560
Fe**+2&=Fe —0,440
Cd**+2&=Cd —0,403
In**+3¢e=1In —0,330
Co**+2¢&=Co 0,277
Ni**+2&=Ni -0,250
Sn**+2e=S5n —0,136
Pb**+2&=Pb —0,126
Fe** +3&=Fe —0,037
H*+&e=1/2H, +0,000
Cu*+28=Cu +0,337
Cu"+e=Cu +0,520
Hg2*+2&8=2Hg +0,788
Hg?>*+2&=Hg +0,850
Agt+e=Ag +0,799
Au +3e=Au +1,498
Pt>*+2@8="Pt +1,188

b. Oxucaumenvno-eoccmanosumeJibHovle nomenuuaibl cucmem

Inexkmpoonwlit npoyecc E B

Bro,+2e=2Br" +1,09

2HBrO + 2H"+2 &= Br, + 2H,0 +1,60




HBrO + H"+2¢&=Br + H,0

+1,34

2BrO;+ 12H*+ 10 &= Br, + 6H,0 +1,52
BrO; + 6H" +6¢&=Br + 3H,0 +1,45
BrO3; +3H,0 +6&=Br +60H” +0,61
CH3COOH + 2H* +2 & = CH3CHO —0,12
2C0, + 2H*+ 2 € = H,C,04 -0,49
Cl,+2¢&=2Cl +1,36
2HOCl+2H"+2¢e=Cl, + H,0 +1,63
HOCl+H"+2&=Cl"+ H,0 +1,50
ClO-+H,0 +2¢&=Cl +20H" +0,88
ClO;+6H"+6¢&=Cl +3H,0 +1,45
2Cl037 + 12H* +10& = Cl, + 6H,0 +1,47
Clo, +8H"+8¢=Cl"+4H,0 +1,39
Cr3*+e=Cr? +0,41
Cr(OH),.+2¢&=Cr + 20H” —1,40
Cr(OH)3;.+3&=Cr + 30H” -1,30
CrOZ +4H' +3&=Cr0, + 2H,0 +0,94
Cr05~ +2H,0 +3&=Cr + 40H” -1,20
Cr,05~ + 14H* + 6 € =2Cr** + 7TH,0 +1,33
Cr02~ +4H,0 +3 &= Cr(OH)s + 50H- -0,13
F,+2¢&=2F" +2,87
F,+2H"+2¢=2HF +3,06
Fe® +&=Fe? +0,77
Fe(OH);+&=Fe(OH),; + OH” —0,56
2H* (10" mone/n) + 2 & = H; -0,41
H,+2¢&=2H" —2,25
2H,0 +2&=H, + 20H" —0.83
[, +28=2I +0,54
2HIO + 2H* +2& =1, + 2H,0 +1,45
HIO+ H"+2&é=1"+H,0 +0,99
103+ 5H" +4e = HIO + 2H,0 +1,14
2107+ 12H* +10& =1, + 6H,0 +1,19
2107+ 6H,0 +10&=1,+ 120H" +0,21
107 +6H"+6&=1"+3H,0 +1,08
105 +3H,0 + 6¢ = I'+60H +0,26
Mndt + & = Mn?* +1,51

Inexkmpoonwstit npoyecc E° B
MnOZ~ +4H" + 2 & = Mn0,+ 2H,0 +2,26
MnO, + 40H" — 2 &8 = Mn02™ + 2H,0 +0,65
MnO, +&=MnO;~ +0,56




MnO, +4H"+ 3 &=MnO, + 2H,0 +1,69
MnO, +2H,0 +3 &= MnO, + 40H" +0,6
MnO; +8H*+5&=Mn?* +4H,0 +1,51
HNO,+H"*+&=NO + H,0 +0,90
NO;+ H,0 +&¢=NO + 20H" —0,46
2HNO, +6H"+6¢€ =N, +4H,0 +1,44
NO; +3H"+2&=HNO,+ H,0 +0,94
NO3; +H,0 +2&= N0, + 20H" +0,10
NO3; +2H"+&=NO; + H,0 +0,80
NO; +4H"+3&=NO + 2H,0 +0,96
NO;+ 10H*+8 &= NH; + 3H,0 +0,87
0;+2H"+2&=0,+H,0 +2,07
O3+ H,0+2&=0,+20H +1,24
0,+4H"+4&=2H,0 +1,23
0, + 4H*(10~" mons/n) + 4 € = 2H,0 +0,87
0,+2H,0 +4¢& =40H +0,40
0,+2H*+2&8=H,0, +0,68
H,0, +2H"+2¢&=2H,0 +1,77
P +3H,0 + 3¢ =PH; + 30H" —0,89
H;P0,+ 2H* + 28 = H;PO; + H,0 -0,29
Pb* + 2 & =Pb* +1,8
Pbh0O, + 4H' + 2 & = Pb*" + 2H,0 +1,46
S+2eg=S5* —0,48
SO057+6H"+4&=S5+3H,0 +0,50
S,067 +2¢8=25,05" +0,09
SO0; +4H"+2&=H,50; + H,0 +0,17
S0; + H,0 +2¢&=S05"+20H" —0,93
SO0;+8H"+6&=S+4H,0 +0,36
S0; +4H,0 +6&=S + 80H —0,75
S,05 +2¢&=250;" +2,01
H,S0;+4H"+4¢&=S + 3H,0 +0,45
SOZ +8H'+8¢&=S5% +4H,0 +0,15
S0;~+10H"+8¢&=H,S +4H,0 +0,3
H,Si0;+ 4H" +4¢&=Si+ 3H,0 +0,74
Sn*t+2e=5n* —-0,15

SJEKTPOXUMUWYECKHUE MMPOIIECCHI B XUMHUUYECKOM TEXHO-
JJOI'nn




Jlaboparopnas padota 1. XUMNYECKHWE NCTOYHUKU TOKA
Lenv pabomui: CobpaTh raJibBaHUYECKUE AJIEMEHTHI U paccuntaTh ux IC.
IKCINEepPUMEHTAIbHAS YaCTh

Ilpubopwvl u peakmugol: TUHKOBAsI, MEIHAs, CBUHIIOBAs TUIACTUHBI (3JIEKTPObI), |
M pactBopsl ZnSO4, CusO4, NaSQy, 25 % - ubrit pactBop H2SO4, conmeBoit Mo-
CTHK, TPOBOJA, HAXKJa4Has OyMara, CTEKJIIHHbIE CTaKaHYMKU S0 MIT A7 3JIEKTPO-
noB, U- oOpa3Has TpyOKa, ICTOYHUK TOKa, ITATUB, PacTBOp (heHoN(TaNeHHA.

3AJIAHME 1. Dnement Sxo6wu - JlaHmaiis

B nBa crakanunka o0beMoM 50 MIJT KaKIbIl HAIWUTBH: B OJJUH — PAcTBOpP Cyybdara
[IMHKa ¥ OMYCTUTh B HEro IIMHKOBYIO IUIACTHHY, BO BTOPOH — pacTBOp cyibdar
MEAH U OMYCTUTh B HETO MEAHYIO TutacTuHy. COeTMHUTH CTAaKaHYHKHU C pacTBOpa-
MU COJIEBBIM MOCTHKOM. K 00enM MeTanindecKuM IMJIaCTHHKAM MPUKPETHUTh MeJI-
HbIE MPOBOJIOYKU M CBOOOIHBIE KOHIIBI ONMyCcTUTh B U- 00pa3Hyto TpyOKy ¢ pac-
TBOpPOM cyJib(ara HaTpus. JJoOaBUTh HECKOJBKO Karelb (peHoadTarenHa B KOJIEHO
TpyOKH, KyJna TOTpyeHa IMPOBOJOKA, COCIWHEHHAs C IUWHKOBBIM 3JIEKTPOIOM.
Halmronats MaTMHOBOE OKpaIlIMBaHKUE pacTBOpa Cyiab(dara HATpHUS.

Hanucatp ypaBHEHHE OKHCIUTEIBHO - BOCCTAHOBUTEIBHBIX MTPOLIECCOB, TPOUCXO-
JSIIUX Ha 3JIEKTPOJAaX, HOHHBIE M MOJEKYJISIPHbIE YPAaBHEHHSI TOKOOOPA3yHOMIMX
peakluii, MPOTEKAIOIUX NpHU padOTe JAHHBIX TaJIbBAHUYECKUX 3JIEMEHTOB. Pac-
cuuTaTh TeopeTndeckue 3HaueHus J/C.

3AJAHUE 2.CBUHLOBBIN aKKyMYJIATOP.

HeoOxoaumo npeaBapuTebHO MpUrotoButh PHO, — anekTpon. s storo B 25 %
- HbI pactBop HySO4 omyckaroT ABa CBUHIIOBBIX JJICKTPOA, COSAMHEHHBIX C HC-
TOYHMKOM TOKa, U BEIYT DJIEKTPOJIM3 O TE€X IMOp, MOKa Ha aHOJE He oOpasyercs
KOpUYHEBBIM ocasok okcuaa ceuHia (1V). CoOpaTh cxeMy 3apssKeHHOTO CBHHIIO-
BOT'O aKKyMYJISITOpA:

(-)Pb | H2SO4 | PbO, | Pb (+)

HammcaTe mpoTekaronige Ha JJIEKTPOJaX peakiuu. PaccuuraTh TeopeTHyecKue
sHaueHus DJ1C.

JlaGoparopuas pabora Ne2. DJIEKTPOXUMUYECKASA AKTUBHOCTbL ME-
TAJIJIOB

Llenv pabomul: Y CTaHOBUTH OMBITHBIM MYyTEM OTHOCUTENIbHYIO aKTUBHOCTb IMpE-
JI0’KEHHBIX METAJUIOB: MEJIH, JK€JIe3a, CBUHIIA, [INHKA, HUKENSA, KaJIMUS, MarHUs.

IKCIEePUMEHTAJIbHASA YaCTh

Ilpubopvr u peaxmuswi. [IpoOupku, MeaHas, >Kelie3Has, CBHHIIOBas, HHUKEIICBasd,
KaJIMUEBas, MarHUEBas TJIaCTUHA WM MPOBOJIOKA U CTPYXKKa, HaXxAayHasi Oymara,



1M pactBopsl coneri CuSO4, Pb(NO3),, CdSO,4, ZnSO,4, FeSO4, MgSO,, dunbtpo-
BaJibHas Oymara, CTEKJISIHHbIE NaJI0YKU, | M pacTBOp COJISIHOW KHCIIOTHI.

OmnpiT 1. Bee MeTaiibl mepel HauajaoM OMbITa HEOOXOUMO TIIATENIbHO 3aYUCTHUTh
HaxnauyHoi 6ymaroi. Hamute B mpoOupku mo 1,0 -1,5 M1 yka3aHHBIX BBIIIE pac-
TBOPOB. B kaxxayro npoOUpKy MOMECTUTh Ha 2-3 MHUH MO TUIACTUHKE CBUHIIA, KPO-
Me MPOOUPKHU C pacTBOPOM HUTparta cBUHIA. HabmrogaTh: B Kakoil mpoOupKe CBU-
HEll MOKPBUICS HAJIETOM JIPYroro MeTajia? Kakod MeTallll OKa3ajicsi MEHEe aKTHB-
HbIM 4eM cBuHen? Hamumcare ypaBHeHue mnporekaromeil peakuuu. Jlocrate u3
POOHPOK CBUHIIOBBIE TUIACTUHKU.

OnycTuTh B KaXAyl MPOOHUPKY KEJIE3HBIE IJIACTUHKHU, KpOME MPOOUPKHU C pac-
TBOPOM COJM Jkene3a. HaOmronars: Kakue MeTaulbl BBITECHSIOTCS U3 PACTBOPOB
xenezoM? Hammcarh ypaBHEHHMs peaklUMil. YKa3aTh MEpPEX0] 3JIEKTPOHOB U POJIb
xKeje3a B MPOTEKAIOIINX OKUCIHMTEIbHO- BOCCTAHOBUTENBHBIX peakuusax. Kakoa
BOCCTAHOBUTENIbHAS aKTUBHOCTD eJe3a N0 CPABHEHHIO C BBITECHEHHBIMU METAJI-
namu?

[IpoBenuTe aHATOTUYHBIE ONBITHI C IIJIACTUHKAMU MEAM, KaIMUS, IUHKA U MarHusl.
HabGnrogaiiTe kKaxkplil pa3, B Kakux MpoOUpKaxX MPOUCXOJUT BHITECHEHHUE METalia
U3 pacTBopa coiau. Hamummre ypaBHEHHS MPOTEKAIOIIMX PEAKIHUM C YKa3aHUEM
HaIIPaBJICHUS IIEPEXOAA DJIEKTPOHOB.

Pacnionoxure vcciienoBaHHbIE METAJUIbl B MOPsAKE yObIBaromel aktuBHocTU. Ka-
KOW METaJUl CaMblid CWJIBHBIM BOCCTAaHOBUTENb? Hanmummure B MOJYy4YEHHOM psny
AKTUBHOCTH IOJ KaKJIbIM METAJJIOM €ro CTAHAAPTHBIA JJIEKTPOAHBIN MOTEHINAIL.
COOTBETCTBYET JIM COCTABJIEHHBIN BaMU PsAJl aKTUBHOCTH PACIIOJIOKEHUIO METall-
JIOB B Py CTaHAAPTHBIX IEKTPOAHBIX MOTEHIIMAIOB?

OmnpiT 2. TTomecTuTh B Kaxayto npooupky no 1 kycouky Cu, Fe, Pb, Cd, Zn, Ni,
Mg u mpunuts o 1-2 mut 1M pacTtBopa constHoM kucioTsel. Habmonate gepes 2-3
MUHYTHI: HAa KaKuX MeTajulax o0pa3yroTcs My3bIPhKH raza; NpoOUpKY CO CBHHIIOM
MOAOTPETh, TAK KaK 00pa3ylolascs B peakiuu cojb — xjopu ceuHia PbCly; — npu
KOMHATHOM TeMIiepaType TPYJHO pacTBOPHMMA M BCJIEACTBUE ATOTIO MPEMATCTBYET
peakiuu. Bo Bcex iau mpobupkax mpoucxoauT peakiusa? Jlath oObICHEHHE; cocTa-
BHUTh MOJICKYJISIPHBIC U HIOHHBIC YPABHECHUS PEAKITHM.

JlaGopatopHas padota Ne3. DnexTposin3

Lenv pabomvi: VI3yunTh HSKCIIEPUMEHTAILHO MPOLIECC AJIEKTPOIN3a BOJHBIX pac-
TBOPOB COJIEH C paCTBOPUMBIM M HEPACTBOPUMBIM aHOJAMHU.

3KCHepI/IMeHTaJIbHaH 4acTb

Ilpubopsr u peakmuswi. U- obpa3Hasi TpyOKa, HCTOYHUK TOKA, IITATUB, METHBIC U
rpaduTOBBIC AMEKTPOIBI, BOAHBIN pacTBOp CUSO,4 koHIIeHTpanmei 0,5 MOb/I.

3AZIAHME 1. DnexkTposii3 BOAHOTO pacTBOpa COJIA MEIM C PACTBOPUMBIM aHOJIOM



Hanute B asekTposim3ep BOAHBIN pacTBOp Cyib(paTa MeAM 33JaHHON KOHLEHTpa-
. OMyCTUTHh B OJJHO KOJICHO 3JIEKTpOoJin3epa rpaduTOBBIN 3JIEKTPOJI, COEICHHB
€ro IPEABAPUTEIIBHO C OTPULIATENIBHBIM IIOJIOCOM MCTOYHHKA TOKA. B npyroe ko-
JICHO 3JIEKTPOJIU3Epa OMYCTUTh MEIHBIN 3JEKTPOMd, KOTOPBIM OYJIET CIy>KUTh aHO-
JIOM, U TIPUCOEIVHUTD €T0 K IOJOKUTEIBHOMY ITOJIIOCY UCTOYHHKA TOKa. Bkirro-
YUTh TOK M MPOIyCKaTh €ro B TedeHue §-10 MuHyT. OTKIIOYUTH TOK, BBIHYTh I'pa-
(GUTOBBIN ANIEKTPOJ U HAOMIOAATh HA HEM KPACHBINA 0CaJI0K MEIU. 3aTeM MMOMEHSTh
HOJIAPHOCTh: MEJHBIA 3JIEKTPOJ CAENaTh KaToJA0M, a TpaduToBblii aHoaoM. [Ipo-
IIyCKaTh TOK B TE€YCHUE HECKOJIIBKUX MUHYT.

YTo mpou30muI0 C OCaJAKOM MEIU Iocie mponyckaHus Toka? Kakue mporeccs
IpoTeKaIn B 000OMX Coyyasx Ha KaTtoje U Ha aHoje? Hamummre ypaBHEHHs COOT-
BETCTBYIOIIUX PEAKIIMIA.

3AJJAHUE 2. DnekTposin3 ¢ HepaCTBOPUMBIM aHOJAOM

Hanute B 351eKTponu3ep BOAHBIA pacTBOp Cysb(aTa MeIu 3aJaHHOM KOHIIEHTpa-
nuu. BeTaBuTh B 00a KOHIA 3J€KTpoJiM3epa rpauTOBbIE AJIEKTPOIBI U MOAKIIO-
YUTh MX K UCTOYHUKY ToKa. [IpomyckaTe TOk B TeueHue 10 munyt. Habmronate
BBIICJICHUE Ta30BbIX My3bIPbKOB Ha aHOJE. 3aTEM BBIKIIOYUTH TOK U YOEIUTHCS B
TOM, 4YTO Ha KaTOJ€ BbIAEIMIACh Meab. HanncaTe ypaBHEHUS 3JEKTPOAHBIX PEaK-
1007078

JlaGoparopHas padota Ned. Koppo3us meTanion

L]eny pabomsi: 0O3HAKOMUTHCA C XUMUYECKON U 3JIEKTPOXUMHUYECKOU KOPpO3Ueh U
METOJaMH 3alIUThl METANIOB OT KOPPO3UHU.

3KCHepl/IMeHTaJIbHaH 4acTb

Ilpubopvl u peaxmuevl: XUMUYECKHE CTakaHbl 00beMoM 50 MII, pacTBOp CEpHOM
KHUCIIOTHI KOHIIeHTpaluu 0,1 MOJIb/J1, pacTBOP COJITHON KHCIIOTHI KOHIICHTpanuen 1
MOJIB/JI, pacTBOpP cyib(ara u XJopuaa Menu KoHueHntpamuei 0,5 Moib/1, pacTBOp
POJAHKUCTOrO HATpUsi M pacTBOp KpacHoi kpossiHou coim Ks[Fe(CN)g] xoHieH-
Tparueit 0,5 MOJb/1, TUHKOBBIC, MEIHBIE JIEKTPObI, JKEJIE3HbIC TUIACTUHKHU TI0-
KPBIThIC OJIOBOM U IIMHKOM, KYCOUKHM AJTIOMUHMS W IIMHKA, KEJIEe3Has CTPYKKa,
XJIOPH]T HATPUSI, YPOTPOITUH.

3AZIAHUE 1. DnekTpoxumMudeckasi KOppo3usi Ipu KOHTAKTE METAIIIIOB

B xumMuyeckunii CTakaH HaJIUTh PACTBOP CEPHOM KHUCIOTHI. [lorpy3uts B pacTtBOp
[IMHKOBYIO IJIACTUHKY W HAOJIIOAaTh BbIACICHUE Bojopoaa. [lorpy3uts B 3TOT ke
CTaKaH MEJHYIO MPOBOJIOKY, HE TOBOJS €€ JO CONPUKOCHOBEHHS ¢ HMHKOM. [Ipo-
MCXOJUT JIA BBIJIETIEHUE BOJIOpoa Ha Meau? IIpuKOCHYyThCsI MEAHOUN MPOBOJIOKOM
K IIUHKOBOM macTuHKe. OOBACHUTH BBIICIIEHHWE BOJIOPOJAa HA MEIU B OTOM CIIy-
gae. CocTaBUTh CXeMy O0Opa30BaBIIETOCS MHUKPOTAIbBAHUUECKOTO JJIEMEHTA,
HAIMCaTh YPaBHEHHS MPOTEKAIOMMX peakunil. Kak moBIMsI KOHTAKT C MEJbIO Ha
KOPPO3UIO I[UHKA?



3AJJAHUE 2. BausiHue HOHOB XJIOpa Ha KOPPO3HIO

[TomecTuTh B ABE MPOOUPKHU 10 2-3 KyCOUKa alFOMUHUS U 100aBUTh B OJHY U3 HUX
pactBop cyibhara Meau, B APYryl0 — pacTBOp XjJopuaa Meau. Y OeAUThCS B TOM,
YTO OTHOIICHHE AJTIOMUHHUS K PacTBOpaM B3ATHIX COJie pa3iauuHo. B mpoOupky,
CoJlepKalllyl0o pacTBOp cyibdara Meau, T100aBUTh HEMHOIO CYXOTo XJOopuia
HaTpus. Yto HabGmogaeTcsa? HanmmcaTs ypaBHEHUS peaKIui.

3AJJAHUE 3. 3amutHbie CBOMCTBA METATUTMYECKUX TTOKPBITHI

B 2 npoGupku HanmuTh 1o 4-5 MJ pacTBOpa CEpHOM KHUCIIOTHI 33JJaHHON KOHIICH-
Tpaluu U J00aBUTH MO JBE KaIUIM PacTBOpa POJAAHUCTOTO HATPHUS U pacTBOpa
KpacHOU KpOBSIHOU cofii. B oHy mpoOupKy ONMyCTUTH MJIACTUHKY Kejie3a MOKpbI-
Tyl0, YACTUYHO IIMHKOM, a B JIPYTYIO IUIACTHUHKY JKeJie3a, YaCTUYHO MOKPBITYIO
0JIOBOM. 3apuKCHUpOBaTh, B KaKOW M3 MPOOUPOK Yepe3 HECKOJIbKO MUHYT HaOIro-
JlaeTCs CUHEE OKpalnBaHue. HamncaTh cXeMbl MUKPOTaJIbBaHUYECKHUX AJIEMEHTOB
Y YpaBHEHUSI PEAKIIUMA, MPOTEKAOLIUX TIPU UX padoTe.

3AJIAHUE 4. Bnusaue uHruouTOpa Ha KOPpPO3UI0 METAILJIOB

Hanute B Tpu npoGupku no 2-3 MiI pacTBOpa COJSTHOM KUCIOTHL. B oaHy U3 mpo-
OMpPOK MOMECTUTh KYyCOYEK LIMHKA, B JPYTYIO — XKEJIE3HbIE CTPYXKKH, B TPETHIO —
Kycouek altoMUHUA. Ecinu B kakoi — 1100 13 mpoOUpOK peakuus NPOTEKaeT MeJ-
JeHHO, HarpeiiTe ee. Koraa Beienenrne BoAOpoaa CTAaHET UHTEHCUBHBIM, 100aBbTE
B KaXXy10 U3 MpoOupok yporponuH. Uto Habmonaercsa? Bo Beex nu ciayyasx ypo-
TPONUH SABJsETCS 3()(PEKTUBHBIM HHTMOUTOPOM KOPpO3Un?

TpeboBanue k 0POPMIICHHIO OTYECTOB
1. Yka3piBaeTcsi Ha3BaHUE padOTHI;
2. Yka3bIBaeTcs 11eJ1b padOoThI;

3. Kpatko uznaratorcst TEOpeTHUYECKUE OCHOBBI PaOOThI, 3aMUCHIBAIOTCS PACUECTHBIE
(bopMyIIbI, OTUCHIBAIOTCS METOAMKU PACUETOB;

4. TlpuBoasaTcs pe3ynbTaThl U3MEPEHUI U PACUETOB B BUJI€ TaOIUI] U TpadUKOB;

5. IIpuBoasTCs BBIBOABI IO padoTe.
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	8. Напишите термохимическое уравнение растворения оксида меди (II) в соляной кислоте. Сколько теплоты выделится при растворении 100 г оксида?
	9.  При взаимодействии трех моль оксида азота (I) с аммиаком образуется азот и пары воды. При этом выделяется 877,7 кДж теплоты. Напишите термохимическое уравнение этой реакции и вычислите энтальпию образования оксида азота (I).
	10.  Энтальпия образования аммиака из азота и водорода равна −46,2 кДж/моль. Сколько литров азота пошло на эту реакцию (н.у.), если в результате выделится 23,1 кДж теплоты?
	11. Реакция горения бензола протекает по уравнению:
	C6H6(Ж) +15/2 O2(Г) = 6CO2 + 3H2O(Ж).
	Какое количество теплоты выделятся при сгорании 1 литра бензола (н.у.)?
	12. Прямая или обратная реакция будет являться экзотермической при стандартных условиях в системе: CH4(г) + CO2(г) ⇄ 2CO(г) + 2H2(г). Подчитайте ∆Но и дайте на основании этого подсчета ответ.
	13. Вычислите стандартные значения энтальпий реакций (предварительно подобрав коэффициенты):
	CS2(Ж) + O2(Г) = CO(Г) + SO2(Г)
	NiO(Т) + Al(Т) = Ni(Т) + Al2O3(Т)
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