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Beenenune

HucuummmHa «OOmas W HeopraHudeckas XHMHsD) OTHOCHUTCS K JUCHUIUIMHE 0a30BOM
yactu. OHa HampaBiieHa Ha (OPMUPOBAHHE OOILEKYIbTYPHBIX, NPOPECCUOHANBHBIX W
o0mienpoeCCHOHANBHBIX KOMIIETCHIIMKA OOYJarOMMXCS B MPOILECCe BBHIMOTHEHHS padoT,
onpeaeneHubix ®I'OC BO.

Meroanueckue yka3zaHusl COCTaBJICHbI HA COBPEMEHHOM HAay4YHOM YpPOBHE U pacCUUTaHbl Ha
CTYAEHTOB, 110 HanpapieHuto 18.03.01 Xumuyeckas TEXHOIOTHS.

[TocnenoBarenbHOCTh JIA0OPATOPHBIX PabOT COOTBETCTBYET JIOTMUECKOH CTPYKType €€
npoxoxaenus. Ilpennmaraemple MeTOAMYECKHE YyKa3aHUS COJEp)KaT MaTepuan, KOTOPHIi
PEKOMEH/TYETCS HCIIOJIh30BaTh CTYICHTAM TPU OCYIIECTBIICHUHU JTA00paTOPHBIX PaboT.



Tema 1. OcHOBHBIC MOHATHSA M 3AKOHbI XUMHH.

.JIaﬁopaTopHaﬂ paGOTa 1. OcHOBHBIE KJIaCChI HEOPraHNvIeCKUX BEIIECTB

Ilens pabotel: M3ydueHHE OCHOBHBIX KJIAaCCOB HEOPraHWYECKUX COEIMHEHUHM M HX
XUMUYECKUX CBOMCTB.
®opmupyemble KOMIETEHIIMM WU X YaCTH:

TeopeTuyeckas 4acTb
Oxcuabl

Crpoenne okcuaoB. OKCHIBI MPEACTABISAIOT COOOH CIIOKHBIE BEIIECTBA, COCTOSIINE W3 aTOMOB
JIBYX 3JIEMEHTOB, OJTHUM U3 KOTOPBIX SBJISCTCS KUCIOPO/.

Taxoe onpeneneHue OKCHAOB MO IEMEHTAPHOMY COCTaBY HE SIBJISIETCS] 3aKOHUYEHHBIM M TpeOyeT
YTOYHEHHS: K OKCHJAM CIIEyeT OTHECTH TOJIbKO TAaKUE KHUCIOPOIHBIC COCITUHEHUS, B KOTOPBIX CTEIECHb
OKHCIICHHSI KUCIIOPO/ia paBHa — 2.

OKcubl MOTYT 00pa30BBIBATH KaK METAJLIBI, TAK M HEMETAJLHI.

J1s TOro 9TOOBI COCTABUTh XUMUYECKYIO (hOpMYITy JIFOOOTO OKCHIa, HEOOXOUMO TIOMHHUTB, YTO
MOJICKYJIBI XUMHUYECKUX COCAUHEHHM 3IEKTPOHEUTPATbHBI. DTO O3HA4aeT, 4YTO CyMMa CTEleHeH
OKHCIICHHUSI JIEMEHTOB, BXOJSIIIUX B COCTaB MOJIEKYJIbI, JOJDKHA OBITh PaBHA HYIIIO.

Hamnpumep:

Na,"02 — okcun narpus; P,°0s2 — okeun gocdopa (+5).

Crenyet 3HaTh, YTO OOJIBIIMHCTBO 3JIEMEHTOB B 3aBUCHMOCTH OT YKCIA BO3MOXKHBIX CTETCHEH
OKHCIICHHSI MOTYT OOpa3OBBIBaTh HECKOJBKO OKCHIOB. Hampumep, a30T oOpa3yeT MsITh OKCHIIOB, T.K.
HUMEET IATh TOJOXKHUTEIBHBIX cTeneHel okucienus (+1, +2, +3, +4, +5): N,O, NO, N2O3, NO, N2Os.

Homenknarypa u rpadudeckue Gopmynbl okcunoB. Ha3BaHue OKCHAa CKIAJBIBACTCS U3 JIBYX
cnoB: 1) okcum;, 2) pycckoe Ha3BaHUE 3JIEMEHTa C YKa3aHUEM B KPYIJBIX CKOOKax €ro CTeleHU
OKHCIICHHSI.

IMpumedanue. Ecnu sieMeHT UMeeT B CBOMX COCIMHEHHSIX TOJBKO OJIHY CTEICHb OKUCIICHHS, TO
e€ 0OBIYHO HE MPHUBOJIAT:

Zn0O — okcun 1ueka; CaO — okcun kanbius;, FeO — okcup xkenesza (+2); SnO2 — okcup onosa
(+4); Na20 — okcun Hatpust; Al,O3 — OKCHI ATFOMHHUSL.

1. KucnotHele W  HEKOTOpble  aM(OJIUTHBIC  OKCHJAbI  HA3BIBAIOTCS  AHTHUAPUIAMHU
COOTBETCTBYIOIIUX KHCIIOT:

B,O3 — OopHbIit aHruapu, okcus oopa (+3);

SiO2 — KpeMHHUEBBIN aHTUAPH/I, TUOKCHT KpeMHus (+4);

N2Os — a30THBIN aHTUAPUI, OKCH a30Ta (+5);

Sb>03 — cypbMSIHUCTBIN aHTUAPHI, OKCUJT CYPbMBI (+3).

2. Ha3BaHus OKCHJIOB MO MEXAYHApPOJIHOH HOMEHKJIATYpE CKIAIbIBACTCS W3 CJIOBA OKCHI,
Ha3BaHMS DJIEMEHTA C YKa3aHUEM €0 CTENICHU OKUCIICHUs (apaOCKuMu U(ppaMu B KPYTIIBIX CKOOKaX):

CuO — okcun meau (+2);

Cu.0O — okcnpg meau (+1);

FeO — okcup xenesa (+2);

Fe,Os — okcup xenesa (+3).

3. B 3aBUCHMOCTH OT CTENECHH OKHCIICHHUS IMITUPUYECKUE H rpadpuueckre GOpMyIbl OKCHIIOB
UMEIOT BUJI:
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Knaccudukamms oxcumoB. Bce okcuapl (0 WX CBOWCTBAM) MOXHO pa3feluTh Ha
coNeo0pas3yroIe U Hecoreoopasyromme.

K neconeobpasyromum otaocsrest okeuasl: N2O, NO, CO.

Bce ocranbable oTHOCATCS K cosneoOpasyromuM. ConeoOpasyroliue OKCHIIBI, B CBOIO O4Yepenb,
MOYKHO Pa3fesIUTh Ha TPU TPYIIIbL:

—  OCHOBHBIE;

—  KHCJIOTHBIE;

—  aMm{QOIUTHEIE.

OcHoBHble okcuapl. K OCHOBHBIM OKCHAAaM OTHOCSATCSI OKCHIBI, TUAPATHl KOTOPBIX SIBISIOTCS
OCHOBAaHUAMU.

Hanpuwmep:

Na;O — NaOH;

CaO0 — Ca(OH);;

FeO — Fe(OH)..

4. Oxcunbl cambix akTUBHBIX MeTawioB (K, Na, Ca u ap.) coeauHSIOTCS HEOCPEICTBEHHO C
BOJIOM, 00pa3ys pacTBOPUMBIE B BOJE CHIIbHBIC OCHOBAHMS — MIEI0YH:

Na2O + H,O = 2NaOH;

BaO + H,O = Ba(OH)..

5.  bBonpmmHCTBO 0cHOBHBEIX OKcHaOB (CuO, FeO, Fe O3 u mp.) ioxo pacTBOpSIOTCS B BOJE.
ITosTOMY COOTBETCTBYIOIIME UM OCHOBAHUS (OHU TaK)Ke HEPACTBOPHUMBI B BOJIE) MOIYHAIOTCS] KOCBEHHBIM
IIyTEM.

6. XapaxkTepHbIM CBOHCTBOM OCHOBHBIX OKCHJIOB SIBJISETCS B3aMMOJEHCTBHE UX C KHUCIOTaMU
WM KUCJIOTHBIMHU OKCHJIAMH C 00pa30BaHUEM COJICH:

Na,O + H,SO4 = Na,SO4 + H0;

Na,O + CO, = Na,CO:s.

7. OcHOBHBIE OKCHBI 00Pa3yIOTCs TOJBKO METaIAMH.

Kucnorasie OKCHbI. K xucimoTHeIM OKCHUJaM OTHOCATCA OKCHUIbI, KOTOPbIM COOTBCTCTBYIOT
KUCJIIOTBI:

CO;, > HzCOs;

SO3 —> HzSO4;

P205 e d H3PO4.

8. KucioTHbIE OKCHIBI 00pa3yroT:

a) oxkcuusl HemMeTauioB — N2Os3, N2Os, SOz, SOs, P03, P20s u mp.;

0) OKCHBI HEKOTOPBHIX META/UIOB MOOOYHBIX MOATPYIII, UMEIOIINUX BBICHIYIO (PABHYIO HOMEpPY
TPYIIIbl) Wik OJIM3KYIO K Hel cTerneHb okucienus — CrOs, V20s, Mn,O7, MnOs, MoOs u 1.1.

9. KucmotHsle OKCHABI B3aWMOIEHCTBYIOT C OCHOBAaHHSMH M OCHOBHBIMH OKCHAaMH. VM
COOTBETCTBYIOT THAPOKCHUIBI, IPOSIBIIAIOIINE KUCIOTHBIC CBOMCTBA!

SO; + 2NaOH = Na,SOs; + H:0;



SO; + Ko0 = K3SOs;
SO, + H,0O = H,SO0:s.

10. BoNBIIMHCTBO KHUCIOTHBIX OKCHIOB PAacTBOPHMMO B BOJIE W, pearupys ¢ Heil, oOpasyer
KUACHOTHIL. [109TOMY KMCIIOTHBIE OKCHABI HA3BIBAIOT TAK)KE aHTHAPUAAMHU KHCIIOT («aHTUAPUA» O3HAYaeT
«OE3BOTHEIN).

1) N.Os + H,O — (HzNzOe) — 2HNOs3;

2) SOs;+ HyO — H,SOy;

3) CrOs + H,O — HyCrOy;

4) Cl,07 + H,0 — (H2Cl208) — 2HCIOy;

5) Mn.O7 + H,O — (HzMI’les) — 2HMnNO..

11. Crenenu OKKCIIEHUS SIIEMEHTOB B OKCHJIE U B KMCJIOTE OJIMHAKOBBIE, HAIpuMep, B Mn2"*O7 u
HMI’]7+O4.

Amvdonutasie  okcuabl. K aMQOTMTHRIM OKCHIAM OTHOCATCS OKCHIBI, OOJaJaroIime
CIOCOOHOCTBIO pearupoBaTh Kak ¢ KUCIOTaMH, Tak ¥ co mienodamu: BeO, ZnO, SnO, PbO, Al,03, Cr.0a.

12. Ux ruapataeie QopMbl — aM(OIUTHBIE THAPOKCUABI — OOJIAJAlOT CBOWCTBAMH Kak
OCHOBaHUH, TaK ¥ KUCIIOT, T.€. OHH BCTYIAIOT B PEAKINN B3aUMOJICHCTBHS C KHCIOTAaMH H IIeT0YaMHU.

13. AMdonuTHBIE OKCHIBI HEPACTBOPUMBI B BOJIC.

14. AMdonuTHBIE OKCHIIBI, MPOSBISAS CBOWCTBA OCHOBHBIX OKCHIIOB, PEarnpyroT C KHCIOTaMH,
00pa3ys collb U BOIY:

Zn0O + H,S04 = Zn0O,4 +H>0;

PbO + 2HNOs = Pb(NOs3)2 + H20;
A|203 + 6HNO;3 = 2A|(N03)3 + 3H,0.

15. AMmdomuTHBIE OKCHABI Takke 00pa3ylT COJMM TpPU B3aMMOJCHCTBUM C OCHOBAHHSMH H
OCHOBHBIMH OKCHJIAMHU:

CIITIaBJICHHUEC

Zn0O + Na,O ——— > NaZn0y;

CIIIaBJICHHUEC

ZnO + 2NaOH ——— > Na2Zn0: + H20;

ZnO + 2NaOH + H,0 = Na; [Zn(OH)a].

16. Naz[Zn(OH).] — komIuiekcHas coiib. B cocTaB KOMITJIEKCHON COJIM BXOJISAT:

1) non Meraiuia aM(pOJIUTHOrO OKCHA (C TOM XK€ CTENEHBIO OKUCIIEHHs) Zn2*;

2) ruapokcwibHble rpynnsl OH;

3) WOHBI MeTaJUIa, BXOJAIIETO B COCTAB Mmiénoun, Na*.

Uwucno THAPOKCUIIBHBIX TPyl (JIMTaHJO0B), KOTOPOE MOXKET yJAepKHBaTh IEHTPAIbHBIN aToM —
KOMIUTIEKCOOOpa3oBaTenb (MeTaul aM(pOIMTHOTO OKCHAA), ONPEeseTcs] KOOPIAUHAMOHHBIM YHCIIOM,
NPUCYIIMM JIaHHOMY METalTy.

17. KoopaMHanuoHHbIe Yncna paBHbl: Be? — 4, Zn** — 4, Sn?* — 3, Pb** — 3, APF* — 4, Cr¥* — 4.

18. Paccmortpum mpuMmep coctaBieHHs (GOpMysbl KOMIDIEKCHOM COJIM, TOJIy4daromlehcst W3
TUIPOKCH/IA [IMHKA M IIEN0uM. KOMIUIEKCHBIH MOH CONEPKUT KOMIUIEKCOOOpasoBarenb Zn>* u 4eThipe
noHa ruapokcuia. CyMMapHBI 3apsi/] KOMILTIEKCHOTO MOHA PaBeH —2, a cOCTaB ero MOXKHO M300pa3uTh
dopmymoit [Zn(OH)s]*. DTOT KOMIUIEKCHBIH MOH SIBJISIETCS aHHOHOM. 3apsijl KOMIUIEKCHOTO aHHMOHA
HEWUTpaIM3yeTCsl KATHOHOM, BXOJISIIIMM B COCTaB MIEIOUH (IPOTHBOMOHOM). Ecim 3T0 071HO3apsIHbII HOH
(K* mwmm Na'), To cocraB KOMIUIEKCHOW COJHM MOXKHO 3alMcaTh (OPMYIaMHU: K2[Zn(OH)4],
Naz[Zn(OH)a].

19. Ha3BaHus KOMIUIEKCHBIX COJIel (AHHOHHOTO THIIA):

Naz[Be(OH).] — rerparuapokcobepuiuiaT (+2) HaTpHs;

Naz[Zn(OH)4] — TeTparuapokcoimakat (+2) HaTpus;

K[Sn(OH)3] — tpuruapokcocranHar (+2) xamusi;

K[Pb(OH)3] — tpuruapokcoruitomoat (+2) kanus;

Na[Al(OH)4] — TerparuapokcoantomMuHar (+3) HaTPHS;

K[Cr(OH)4] — Terparuapokcoxpomar (+3) kajusi.

Kucaorsi

KucnoramMmn Ha3bIBalOTCSl CIIOXKHBIE BENIECTBA, MOJEKYJBI KOTOPBIX COCTOST W3 KHCJIOTHOTO
oCTaTKa U aTOMOB BOJIOPO/Ia, CITIOCOOHBIX 3aMeIaThCs Ha METAILIL.

Kucnorsl MOXHO paccMaTpuBaTh Kak MPOAYKT B3aUMOACWUCTBHSI KHCIOTHBIX OKCHJIOB
(aHrHIPUIOB) C BOJOM:

SO3 + H,0 = H,SOy4;

CO, + H,O = H,COs.



Ilo KOJIMYECTBY MOHOB BOJOpOAa, CIIOCOOHBIX 3aMeIIaTbCAd Ha META/UI, B MOJICKYJIC KHCJIOTBI

MOIPa3AEISAIOTCS HA OJTHO-, JBYX-, TPEXOCHOBHBIE U T. 1.

HCI, HNO3, HF — omHOOCHOBHBIE KUCIIOTHL,

H>SO., H2CO3, H2S — 1ByXOCHOBHBIE KUCIIOTHI;

H3PO., H3AsO4 — TpEXOCHOBHBIC KHUCIIOTHI.

HaszBanus kucnior:

HCI — xnopoBonopoaHas (cossiHas);

H2S — cepoBomopoaHast;

HF — ¢ ropoBomopomnas (TuraBukoBas);

HNOs — a3oTHas;

H>SO4 — cepHas;

H>COs — yronbHas;

H3PO4 — oprodochopnast.

Kucnotsl B3auMoIeCTBYIOT C:

a) ocHoBauusmMu — H2SO4+ 2NaOH = Na;SO4 + H,0;

0) ocaoBHBIMH okcumaMu — HSO4+ CuO = CuSO, + H0;
B) comsamu — H,SO4+ BaCl, = BaSO, + 2HCI.
I'padmaeckue GopMyIbl KHUCIIOT.

N3zo0paxast rpaduuecKu KUCTIOTY, CIIEAyeT UCXOJUTh U3 TOTO, YTO OHA COCTOMT U3 IICHTPATBHOTO

aToMa HeMeTallla, COeOIUHEHHOTO C TuApoKcuibHOM rpymnmoid OH™ u kucnoponom. Ilo konnyectBy
aTOMOB BOJ0pPOAa B KUCJIOTE MOKHO CYJUTH O KOJIUYCCTBC T'MAPOKCUIIBHBIX I'PYIIIT B MOJICKYJIC!

H,PO, HNO, H,PO,
H-0\ 0 ,0-H
H-0"P=0  H-O0-N| H-0-P,

H-0O/ 0 O-H

Ecau MOJICKYJIa KHUCJIOThI COACPKUT JIBa HCHTPAJIbHBIX aTOMa, TO IIPpHU HEYETHOM YHCJIC aTOMOB

KHCJIopoaa OHU COCHUHANOTCS MCEKIAY coboit uepe3 aToM KHUCIO0pPOJda, a THUAPOKCUIIBHBIC TPYIIbI U
OCTAJIBHBIC aTOMbBI KUCJIOPOJa paCpeACIAOTCA IOPOBHY MEKAY LCHTPAJIbHBIMHA aTOMaMU:

H28207 H4P207
O O H-0O O-H
| | \ /
H-O-S-0-S-0-H O=P-0-P=0
| | / \
O O H-0O O-H
OcHoBaHus

OcHOBaHHUS — CIIOKHBIE BEIIECTBA, COCTOSINNE W3 KaTHOHA METaJula M THAPOKCHIIBHOM TPYIIIBI

I'pynny OH™ HassIBaroT rusipokcu. OTCI0[ja OCHOBAHUS Ha3bIBAIOT:

LiOH — ruapokcua nutus;

Ca(OH), — ruapoKcHI KaabIus;

Fe(OH), — runpokcuy xenesa (+2);

Fe(OH)s — runpokcun xenesa (+3).

Uucno ruapokcwibHbIX Tpynn OH™ B Monekyine OCHOBaHHS, CIIOCOOHBIX OTIIEIUISATHCS TMPH

aucconuranuu, ornpeacsA€T €ro KMCJIOTHOCTE!:

a) ogaokuciaotaeie — NaOH, KOH;
0) neyxkucinorusie — Ba(OH)2 , Ca(OH)2;
B) TpéxkucnotHbie — Al(OH)s , Fe(OH)a.
I'paduueckue popmyns:
Fe(OH): Fe(OH)3
OH
/
Fe - OH

OH



H-O- Fe -O-H

OcHOBaHHS B3aUMOJCHCTBYIOT:

a) ¢ kucaoramu: 2HCI + Cu(OH); = CuCl; + 2H,0;

0) ¢ kucnotHeiMu okcugamu: CO2 + NaOH = Na,COs + H;0;

B) ¢ comsmu: CuSOy4 + 2NaOH = Cu(OH),4 + NazSOa.

AMbonauTHBIE THAPOKCHBI (TaK K€ KaK U WX OKCHJBI) 00IaJat0T JBOWCTBEHHBIM XapaKTePOM:
pearupyroT ¢ KHCIOTaMH — TPOSIBIAIOT CBOMCTBA OCHOBAHWH, a TaKXKe PeardpyroT C INEIoYaMH —
HPOSIBIISIIOT KMCIIOTHBIC CBOWCTBA

Zn(OH), + H,SO4 = ZnSO4 + 2H,0;

CIIIaBJICHUEC

Zn(OH); + 2NaOH ————— > NaxZn0; + 2H,0;

pactBop

Zn(OH); + 2NaOH ————— > Nay[Zn(OH)4];

CIINIaBJICHUEC

AI(OH); + NaOH ——221e 5 NaAlO; + 2 H;0;

pactBop

AI(OH); + NaOH ———— > Na[AI(OH).].

Kak ykazano Bblie, aM(pOIUTHBIE OKCHIBI U THIPOKCHIBI MOTYT pEardpoBaTh HE TOJNBKO C
pacTBOpaMH IMIenouei, o0pa3ysi KOMIUIEKCHBIC COJIM, HO W C TBEPIBIMH OE3BOIHBIMH MIENIOYaMHU IMyTEM
crutaienus, 0opaszyst NaAlO; — MeTaamoMUHAT HATPHS.

[Ipu pactBOopeHnu B Bome Oe3BoaHBIX coneit NaxZnO; um NaAlO, oHEM THUApaTHPYIOTCS,
IpeBpaIasch B KPHCTAJUIOTHPATHL:

Na,ZnO; + 2H,0 — Naz[Zn(OH)4];
NaAlO2 + 2H20 — Na[Al(OH)4].

HaoOopoT, ecnu BbImapuBaTh pPacTBOp COJNM KPUCTALIOTHApATa, a 3aTeM IPOKalIuBaTh

KPHUCTAJUIOTHAPAT, TO THAPATHAS JopMa pa3pyIIaeTcs, a 3aTeM BOJA YIETYINBACTCS

Naz[Zn(OH);] ——> 2H,0 + Na;ZnO,.

Coau
Coan MOKHO paccMaTpuBaTh KaK MPOAYKTEI ITOJHOI'O0 WKW YaCTUYHOTO 3aMCIICHUSA aTOMOB
BOJIOPOJA B MOJIEKYJIE KHCJIOTHI HA aTOM MeTalia, THOO THAPOKCIIBHBIX TPYII B MOJIEKYJIe OCHOBaHHUSI
Ha KUCJIOTHBIE OCTaTKH. PasnudaroT colu cpeiHne, KUCIbIe, OCHOBHBIC, IBOMHBIE.
Conu pa3nuyarot:
a) cpeaane — NaxSO4 ,AlCI3 , K3POy;
6) kucibie — NaHSO,4 , KH,PO,4 , KQHPO4;
B) ocaoHble — AIOHCI; , AI(OH).CI,;
r) nBoiinbie — KAI(SO4)s.
CpenHue coy MoTy4aroT:
a) TP B3aUMOJICHICTBHHA OCHOBHOTO OKCH/Ia C KUCIIOTHBIM OKCHJIOM:
Ca0 + CO2= CaCOg;
0) mpu B3aMMOAEWCTBUN OCHOBAHUSA C KUCIOTHBIM OKCHIIOM:
Ca(OH)z + CO,=CaCO0Os3 + H0;
B) IIPH B3aUMOJICHCTBHHM OCHOBaHWS C KHCIIOTOU (€CIIHM BEIECTBA B3ATHI B 3KBUBAJICHTHBIX
KOJTMIECTBAX):
Ca(OH); + 2HNOs = Ca(NO), + 2H,0;
T') IpY B3aUMOACHCTBUN OCHOBHOT'O OKCHA C KUCIOTOM:
CuO + H,S04 = CuSO4 + H20;
) Tp1 OOMEHHOMN peaKIK MY COJIBIO M KUCIIOTOM, WIIK BBITIAIAET OCATIOK:
Na,CO3 + H,SO4 = Na,SO4 + CO; + H20;
BaCl, + H2SO, = BaSO4! + 2HCI;
€) Tpu B3aWMOJCHCTBMM COJIM CO IIEJOYbI0, B pe3yJbTare uero ooOpasyercs
MaJIOpaCTBOPUMOE OCHOBAHHE HITH JIETKOJIETY4ee COeIMHEHHUE:
CuSO; + 2NaOH = Na;S0, + Cu(OH)24;
NH,CI + NaOH = NaCl + NHsT + H0.
3AIIOMHMUTE, 4ro comu ¢ HepacTBopuMbiMu ocHOBaHmsIMH HE PEATUPYIOT!



) Tmpu OOMEHHOM B3aMMOJCHCTBHU IBYX COJICH, B pe3yJbTaTeé KOTOPOTO OOpa3yeTcs
MaJIopacTBOpUMast COJIb:
AgNO; + NaCl = AgCN + NaNOs;
3) IpH B3aWMOJICHCTBUHM METAIUIOB C HEMETaJUIaMH, B Pe3yJibTaTe KOTOPOro 00pasyroTcs
coJi OECKHUCIOPOTHBIX KHCIIOT:
2Al + 31, = 2All..
Kucnbie comu. Kucnple comm MOXKHO paccMaTpUBATh KakK MPOAYKTHl HEMOTHOTO 3aMEIICHHSI
BOJIOPOJHBIX HOHOB B MOJIEKYJIE KUCIOTHI HOHAMH MeTajla:
H3PO4 + KOH = KH,PO4 + H,0:;
H3PO4 + 2KOH = K;HPO4 + 2H0;
H3PO4 + 3KOH = K3PO,4 + 3H0.
KH2PO4 — murnapodocdat xamusi, kucmuslii hocHOpHOKUCIIBINA KaNuii 0AHO3aMEIEHHBIN;
K2HPO4 — runpodocdat kanus, KUCIbIid POCHOPHOKUCIBINA KA TBY3aMeIIEHHBII;
K3PO4 — oprodocdar xamst, HochOpHOKHUCIBINA KaTHH.
Kucneie conu kanpuust ocopHOi KUCIOTH UMEIOT BU:
Ca(H2PO4)2 — murmmpodocdar  Kambis, KHCIbIHA — (POCHOPHOKUCIBIN  KaJbIHid
OJIHO3aMEIIEHHEIH;
CaHPOQO4 — ruapodocdat kambius, KUCIbId GOCHOPHOKUCIBIN KU JBY3aMEIEHHBIH.
OCHOBHBIE COJIM — MPOAYKTHI HEMOJIHOTO 3aMENIeHUs] THIPOKCUIILHBIX HOHOB OCHOBaHHMS Ha
KHCJIOTHBIC OCTaTKU. TakuM 00pa3oM, B MOJIEKYJie OCHOBHOW COJTM KPOME HOHOB METAlIa ¥ KUCIOTHOTO
ocTaTKa COJIEPKATCS M MOHBI THAPOKCHUIIA:
Al(OH)3 + HNOs = Al(OH)2NOs + H>0;
AIl(OH)3z + 2HNO3 = AIOH(NO3), + 2H0;
A|(OH)3 + 3HNO; = Al(N03)3 + 3H,0.
Al(OH)2NO; — HuTpar AUrHIpOKCH T ATFIOMUHHS,
AIOH(NO3), — HUTpaT THAPOKCH]] ATFOMUHUS;
AI(NO3); — HUTpAT aTFOMUHHS.
3Hast 3apsil HOHA BXOSIIET0 B COCTaB OCHOBHOMW COJIM, a TAKXKe 3apsia KUCIOTHOTO OCTaTKa,
HETPYJHO COCTaBUTH (POPMYITYy OCHOBHOMN COJIH:
CocraBiieHHE YpaBHEHHS PEAKIIMH MONTYyUEHHS BCEX MBICIMMBIX COJICH TIPU B3aUMOICHCTBUU
THIPOKCU/IA ATIOMHHUS M CEPHOM KHCIOTHI (HEOOXOJMMO TMOMHHTb, YTO HE BCE COJHM CHOCOOHBI
CyIIIeCTBOBATH):

CrOH(NO3)2 AI(HSO4)
MgOHCI

Cr(OH)2NO3 7 / Alx(SO4)3
Cr(OH); ">  CroHSO, Mg(OH), = (MgOH), O,

4 \

[Cr(OH)2]2S04 (MgOH), PO, N [Al(OH)2]2SO04

AI(OH)s3 + 3H2S04 = AI(HSOs)s + 3H:0;

2Al(OH); + 3H2S04 = Aly(SO4)3 + 6H0;

Al(OH)3 + H2SO4 = AIOHSO4 + 2H,0;

Al(OH); + 3H2SO4 = [AI(OH)2]2SO4 + 2H:0.

I'paduueckue ¢opmynsr coneld. (s mpaBWIBHOIO TpadUUecKOro H300paKEHUs! COJH
HEOOXOUMO OTUETIMBO MPEACTABIATH Ipaduueckre GOpMYIIbl KUCIOTHBIX U OCHOBHBIX OCTaTKOB. Tak,
XJIOpHasi KHCJIOTa 00pa3yeT OJuH KUCIOTHBIN ocTaTok ClOy

Cepnas xucnora — asa: SOs> , HSO4

®dochopnas kucnora — tpu: POs> , H,PO4, HPO,>
[TosTOMY € THAPOKCHUAOM HATPHS 3TH KUCIOTHI 00pa3yloT CONH:

Al(OH)3 > AIOHSO,

-0 H-0 H-0
\ \ \
-0-P=0 H-O-P=O0 -0-P=0
/ / /
-0 -0 -0
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NaClOg4 NaxSO4 NaHSO4
) OH Na—O O
/ / \
Cu ~0- Cu S
\ \
[\ [\
O Na—-O O H-0O O
NasPOg4 NaH2POg4 NaHPO4
Na—-O Na-O Na-O
\ \ \
Na-O-P=0 H-O-P=0 Na-O-P=0

/ / /
Tuapokcua meau (+2) — Cu(OH), o6pasyer aBa octatka: Cu? u CuOH™
U, CJIEJIOBATEIIBHO, C a30THOM KHCIIOTONH MOKET 00Pa30BbIBATh JIBE COJH:

~ ~ ~

Cu(NO3)2 " CuOHNO:s3
@) @)
T T
O-N H-O-Cu-O-N
/ \\ \\
/ @) @)
Cu
\
\
(o

Peakiuu B3aMMHOTO TpeBpalieHus: coiell. Panee OBUTM pacCMOTPEHBI CONIM KaK MPOAYKTHI
B3aUMOJICHCTBUS KUCIIOTH M oCcHOBaHMA. [Ipy HepocTaTke KUCIOTHI 00pa3yr0TCs OCHOBHBIE COJH, T.€. HE
BCE€ THUAPOKCHIIBHBIE HOHBI MOTYT 3aMECTHTBCS Ha KHUCJIOTHBIE OCTaTKH. A IpPHU HENOCTAaTKE OCHOBAaHUS
MOTYT TOJNy4aTbcs KHUcibple conmu. OTCIoa CTaHOBWTCS TOHSATHBIM METOJ TI€PEBOJa OJHOM CONM B
ApYTYIo.

Jns mepeBoga OCHOBHOW COJNIM B HOPMalIbHYIO (CPEIHIOI) WM KHCIYI0 HEO00XOANMO
JN00aBUTh KHCIIOTY, a TPH IEpPEeBOjIe KHCIOH CONM B CPEJHIOI0 WM OCHOBHYIO CIielyeT J00aBHTh
ocHoBanue. [lpu 3ToM ynOOHO WCHONB30BATH OJHOMMEHHBIE OCHOBaHHS M KHCJIOTBI, YTOOBI HE
3arpoOMOXKJaTh YpaBHEHUE PEAKLIUU IPYTUMH COJISIMH:

2) CaCOs
(« (CaOH).COs3 H.0:
(« Ca(HCO3)2 ) + 2H,0;
5) CrOHCI;
Cr(OH):Cl
CI’( CrCls

11



Cr(OH).Cl + 2HCI = CrCl; + H,0;

") CaHPO,
Ca(H2PO4)2—> Caz(POs): O:
(CaOH)3P0O4 1,0:
.+ 4H,0;

R S - - N 7= AN - Vad

(CaOH)3PO4
Caz(PO4)2 =—>CaHPO4
Ca(H2P04)2

1)

(CaOH):POs”"

(CaOH)sPO4 +%HRQ5(PO4)Z + 3H,0:;
(CaOH)3PO; + HsPO, = CaHPO, + 3H,0;

Caz(POa)2

¢) 1 AI(HSO4)3
Alx(SOs)3 — AIOHSO:
Al( ™ [AI(OH)3]2S04 304 + 6H:0.
Ob6paru HEUTpaIM3alMu UAET B MPUCYTCTBUHU IIENOYU

NaOH, a ne ocroBanus Al(OH)s, T.k. mociefHee HEPACTBOPHMO.
AIOHSO; + H2SO4 = Al2(SO4)3 +2H20;
[AI(OH)2]2SO04 + 2H2S04 = Al(SO4)3 +2H20.

O0opynoBaHne U MaTepuasbl
Oxcup xanpiusg CaO
WNupukatop dpenondranenn
Oxkcuma meau CuO
PactBop ceproii kucnotsl HSO, ¢ kornenTpanueit C(H2S04)=2 MOJIB/M®
Pacteop NaOH ¢ konuentpanueit C(NaOH) = 2 monb/nm®
Oxcun muaKa ZnO
Xnopun kagmust CdCl,
Xnopuz amomunaust AlCl3
Cynbdar meau CuSOq4
10. Xnopun 6apus BaCl,
11. JuctmimpoBaHHas Bojia
12. TpoGupku
13. Jloxkeuka

CoNoaRrWNE

Yka3zaHus 1o TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM

3IIEKTPOOOOPYIOBAHNH, HIEKTPOIPOBOIKE, IPABIILHO O0OPYAOBAaHHOM BBHITSHKHOM LIKady.

2. T'a30BbIe KpaHBI U ra30MPOBO/I 1OJDKHBI HAXOIUTHCS B UCIIPABHOM COCTOSIHUH, TIEPUOINIECKU
MIPOBEPSTHCS.

3. PabGouee mecTo conepkaTh B IOPSJIKE U YUCTOTE.

4. Cyxue peakTHBbl TpeOyeTcst OpaTh YUCTHIM ILINATEIEM MU CIICIHAIbHON JTOXKEUKOH.

5. M3numek peakThBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLIT B3AT.

6. Bce ombITH ¢ BPEHBIMH U MIAXHYIIUMH BEIISCTBAMH, a TAKXKE yIapuBaHUE KHCIOT U KUCIBIX
PacTBOpPOB MPOBOJIUTH B BBITSLDKHOM IIKaQy.

7. OcraTKu coeqUHEHUI cepedpa cauBaTh B 0COObIE CKIAHKH.
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8. Ilpu HarpeBaHHH PAaCTBOPOB B IMPOOMPKE BCEra CIEAYET ACpiKaTh €€ TaKKMM 00pa3oM, YTOOBI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT PaOOTAIOIIETO PSIOM COCEa.

9. He HaKJIOHATH JUIIO HaJl HATPEBACMOM JKUIKOCTHIO WM CIUIABIIIEMBIM BEIICCTBOM.

10. He cnexyeT BApIXaTh Maxydue BEIIECTBA WM Ta3bl, OJIM3KO HAKJIOHSSACH K COCYAY C 3TUMHU
BeniecTBaMy. HroxaTh BelliecTBa MOKHO JIMIITh OCTOPOKHO, HANPABIISS K ceOe Taphl WK ra3 JBHXKCHHEM
pyKH.

11. XpaHHTb pacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT U IIEI0YCH B BEITSDKHOM IIKaQy.

12. BrbummBaTh pa30aBICHHBIC KUCIOTHI U MEIOYHBIE PACTBOPHI CIIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOOBaTh XUMUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIETKO BOCILIAMCHSIOIIUMUCS BelecTBaMu (3QUphI, OCH301, CEPOyTIepo U
T.J1.) HE JOJDKHO OBITh PSJIOM OTHSI U BKITFOUCHHBIX TUTMTOK.

15. IIpu paboTe cO CTEKIOM, XHMHUYECKOW TOCYIOH, HEOOXOAMMO COONIIO/ATh IpaBUIiIa
MPEIOCTOPOKHOCTH BO M30€KaHNE PaHEHUH OCKOJIKAMH CTEKIIA.

16. Kareropuiecku 3arpemniacTcs OCTaBIATh pa0OTarOIIMe TPUOOPHI 03 HAOIIOICHUSI.

17. B xumu4eckoit tabopaToprun HeoOX0aUMO paboTaTh B XajaTe.

3amanua

OmpiT 1. Bo3bpMHuTE 0KEUKOH 04€Hb HEOOIBILIOE KOJMUECTBO OKCUAA KaJIbIIMs, IOMECTUTE €r0 B
npoOupKy u no6aBbTe 3 cM® Bozibl. Ecn okeua kanbius CaO pacTBOpUIICS HE MOJTHOCTBIO, 3TO 03HAYAET,
yTo B3IT M30bITOK CaO. Hammmute ypaBHeHue peakumu. J[00aBpTe B MpOOHMpPKY, rae oOpazoBaics
TUAPOKCHUI Kajblms, 1-2 kammum wHauKatopa (eHondranenna. B kakoil mBeT OKpacwics pacTBOp B
npobupke? Kakas cpena pacteopa?

OmnpiT 2. Bo3bMuTE JTOKEUKOH HEOOINBIIOE KOMMYECTBO OKCHIAA MEAW, IMOMECTHTE €ro B
npo6upky. Tyna xe n106aBbTe 2-3 cM® pa30aBIeHHON CEPHOIl KMCIOTHI, HATPEHTE TPOOUPKY 0 KUIICHHSI.
B xkakoii mnBer oxpacwics pacteop? CocrtaBbTe ypaBHeHHE peakiuuu. OTQUIBTPYHTE pPacTBOp OT
OCTABILErocs OKCHAAa MEOM M K OXJaxAeHHOMY (uibTpaTy (pacTBopy) mo6aBbTe 2-3 cMm® pacTBopa
mémoun NaOH. Uro mpowmzomo? Hanmmure ypaBHeHHe peakiuu. Temepp Harpeite mpooupky. Kax
u3MeHMIICS BeT ocanka? CocTaBbTe ypaBHEHUE PEaKLMU Pa3I0KEeHUS TUAPOKCUAA MEIH.

OmneiT 3. Bo3pmure nBe mpobOupku. [lomecture B HUX HEOONBIIOE KOMMYECTBO (HA KOHUHKE
JIO)KEUKHM) OKCH/IA IIMHKA WJIM OKCHJA allOMHHMA. B oaHy mpoOupky Haneiite 2-3 cm® paszGaBieHHOM
CEpPHOIl KHMCJIOTHI, B APyrylo 2-3 cM® KOHIEHTPUPOBAHHOTO pacTBOpa wmiejaodn. Harpeiite BTOpyro
npobupky. Okcuipl B 00enx MNpPOOHMpKaxX pacTBOPSIIOTCS, YTO TMOATBEPKAACT HMX aM(OIUTHOCTE.
CocTraBbTe YpaBHEHUS PEAKITUH.

Onwir 4. Haneiite B mpo6upky 1,5 cm® pacteopa comu xaamus (xnopuaa CdCly mmu cynbdara
CdSO.) u Tyna xe mob6asbre 1 cm® pactBopa ménoun. Hanummre ypaBHeHMs peakumii. B mpoGupke
obpazoBaiicsi ocagok. OtmersTe 1BeT ocanka. Copepkumoe TpPOOUPKH, MPEABAPUTEIBHO B300NTaB,
paszenurTe Ha 2 yacTu, NEPeIuB OJHY M3 HUX B ApYryio npoOupky. K comepxkxumomy oqHOI npoOupKu
n06aBbTe 2 cM® pa3baBIeHHON CepHOM KUCIOThl. Ocalok pacTBOPUICS. DTO MPOU3OILIO B PE3YIILTATE
peakiuu HeWTpaiau3aluu ocHoBaHWs. Hamumunrte ypaBHeHue peakumu. K comepkuMomy ogHOU
npobupku 106aBbTe 2 cM® pacTBopa mEnoun. OcasoK He paCTBOPUIICA, T.K. 00JIa1as TOIBKO CBOWCTBAMM
OCHOBAaHUS, CO LIEJI0YaMU HE B3aUMOACHUCTBYET.

Ongpit 5. Haneiite B mpoOupky 2-3 cm® pactsopa comu amomunus. Jlo6aBeTe mo Kamism (10
oOpa3oBanust ocajaka) pasoOaeieHHblii pactBop mienoudn (KOH — winum NaOH). IlosiBuiics ocamok
ruapokcuna amomuHus Al(OH): Oenoro 1mBera. Hanwmmure ypaBHeHue peaknuu. CoaepKumoe
npoOUpPKH, MpeaBapUTENbHO B300JTaB, pasnenute Ha aBe 4yacTu. K colepXuUMOMy OJHOH NpPOOUpPKH
no6aebTe 2-3 cm® pasOaBieHHON cepHOM KucnoTel. Ocamok pactBopwics. COCTaBbTE ypaBHEHHE
peakuuu. Bo BTOpyo mpo6upKy 106aBbTe 2-3 cM® KOHIEHTPUPOBaHHOIO pactBopa mmenoun (KOH umm
NaOH). Uto npoun3onuio ¢ 0caikoM rUIpoKcuaa amoMuHusa? HanumuTe ypaBHEHUs peaKkiyi.

Onwit 6. Haneiite B mpoOupky 2-3 ¢m® pactBopa cyibdara meau. J[06aBbTe HECKOIBKO Karesb
(ue 6onee aByx!) ménoun NaOH 10 o6pa3oBanus cBeTIIO-3e€HOr0 ocajaka ocHoBHOM cost (CuOH)2S0.4.
M36bITOK mI€Nn0un npuBeaeT K oOpa3oBaHuio ocaaka rugpokcuna meaun Cu(OH),.

Onpir 7. Haneiite B npobupky 2-3 cm® pactsopa xnopuaa Gapusi BaCl, m memnoro cepHoii
KHCIIOTBI JIO oOpa3oBaHms ocaaka. OTMeTsTe IBET oOpasylomerocs ocamgka. Vcmoetaiite Ha
PacTBOPUMOCTh IOJNYYEHHBIH OCAZOK B KHUCIOTE W IIeioud. J{Ist 3TOro: coiepkumoe HpOOMpKH,
npeaBapUTeIbHO B300NTAB, pazaenuTe Ha aBe npodupku. K cogepskumomMy otHON npoOupku 100aBbTe 2—
3cm® cepnoii kucnotel ¢ konuentpanueii C(H:SOs) = 2mons/am®, a B apyryro mpodupky — 2-3cm®
pactBopa wmwénoun ¢ kouenTpauein C(NaOH) = 2 mons/nm® u norpeiite B IJIaMEHH ra30BOH FOPEIKH.
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OTMeThTe, MPOM3O0IILIO JIU PacTBOPEHHE ocazka cyibdara Oapus. O0bsicHuTe nopeneHue ocaaka BaSOq
npu obpabdoTke ero pacropamu H>SO, m NaOH monb3yschk Tabimnei pacTBOPUMOCTH.
CocTaBbTe ypaBHEHUEC XUMHUECKOHN peakiiuu o0pa3oBaHus Cyibdara Oapusl.

Conep:xanue oT4yeTa
[Tomyyennsie nanubie 3adukcupyire B Tadauie 1 mo cnenyromei hopme:
Tabmuua 1. Pe3ynprarel SKCiepuMeHTa

Ne /1 | Pearentsl XuUMUYecKasi peakius HaOmronenus

1

aglbwN

KonTpoJibHbIEe BOIPOCHI
ba3zoBrblii ypoBeHb
Uro Ha3biBaeTcsa okcuaaMu? Kakyro cTeneHb OKHCIEHUS IPOSBIIAET KUCIOPO B OKCUAAX?
Jaiite kpaTKyro KIIacCU(UKAITUIO OKCHIAM.
Uro Ha3zwiBaeTcs kuciioramu? IlpuBeauTe nx KiiacCUpUKAIIUIO
Uro razwiBaeTcs ocHoBaHWsMU? [IpuBeauTe nx KiaccuuKaIio

NS

IloBBIlICHHBIN YPOBEHB
1. Kaxkwue 35eMeHTBI 00pa3yrOT OKCUIBI?
2. Kak cocrapnsieTcst xumudeckas ¢popmyia okcruaa?
3. Kakue okcuapl 00pasyer a3ot?
4. Kakue okcuabl B3aUMOJICHCTBYIOT ¢ BoAou. [IpuBecTu mpumep.
5 Kaxkue coennuaenus HaspBatorcs consmu? [IpuBennre nx xiaccupukanuto

Choucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCI0JIb30BAaHHIO 10 JAHHOI TeMe

OcHoBHasi MTEepaTypa:
1. Koposun, H. B. O6mias xumus : yaeounuk / H. B. KopoBuH. - 13-¢ u3., nepepab. u gorm. - M.
: Axagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyskaromiei cpebl : XUMHsI )KUBBIX opranu3moB. Kypc neximii /
E. C. Muxanuna, A. JI. [Terenmma. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 271€KTPOHHBIN // DnekTpoHHO-01OMMoTeyHas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum goctyna: mst
aBTOPH3UP. MOJIb30BaTeNeH
JlonosiHUTEIbHAS JIUTEPATYypAa:
1. T'nmunka, H. JI. O6mas xumus / H. I'. I'nuska ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XWMHS METaJUIoB : ydeOHOe mocodre (JIIs CTYJACHTOB XHMHUYECKOTO (aKyJIbTeTa
HarpaBieHu# 0akanaBpoB «XUMHUS» U «XUMHUECKasi TeXHOJOTHs») / cocTtaButenu O. A.
I'onoBanoBa. — Omck : Omckui rocynapcTBeHHbIN yHuBepcuteT uM. @.M. JlocTtoeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DnekTpoHHO OnbnmmoreyHas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum noctyna: mis
aBTOPU3HUP. MOJIb30BATENEH
HuTepHeT-pecypces:

1 http://window.edu.ru/ — eauHOE OKHO OCTYIA K 00pa30BaTeIbHBIM pecypcam
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2 http://biblioclub.ru/ — 9BC «YHuuBepcuTeTckas OHOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOHAINN JICKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefieHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpbITOE 0Opa3oBaHKE

Tema 5. O01Iue 3aKOHOMEPHOCTH NMPOTEKAHUS XMMHYECKHUX MPOIECCOB.
JlaGopaTopHas padora 2. XuMuuyecKkasi KHHeTHKA H XHMHYECKoe paBHOBecHe

HGHB pa6OTBI: HU3YyUCHHUC XUMHYCCKON KUHETUKU U paBHOBECHA, U @aKTOpOB, BIIMAIOIIHNX Ha

CKOPOCTh U CMCUICHHUEC PABHOBCCUA XUMHNYCCKUX peaKum?I.

dopmupyemble KOMIIETEHIIMN WX UX YaCTH:
TeopeTuyeckas 4acTb
CkopocTh XMMHYECKHUX peaKuui

VYpaBHeHMs] XMMMUYECKHUX pEaKluil, XapaKTepu3ys MHOTHME CTOPOHBI IPOIECCOB, HE
BCErJia JaroT MOJIHOE MPEACTABICHUE O CYIIHOCTH MIPOUCXOIAIINX ITPEBPAILIEHUH.

HekoTtopple XuMHMUYECKHE MpOLIECCHI, HANpUMEp, PEAKLHUH PA3I0KEHHUsSI B3pPbIBUATHIX
BEIIIECTB, 3aKaHUMBAIOTCS B TeUEHME J0Jel ceKyHIbl. OueHb ObICTPO 3aKaHUYMBAIOTCS PEAKLUU
B3aMMOJICHCTBUS KUCIOT, LIeNo4Yed U coneid B pacTBope. OpraHMYecKHE € COCIUHEHUS B
OOBIYHBIX YCIOBUSX B OOJBIIMHCTBE CIIy4aeB B3aHMMOACHUCTBYIOT MEXAYy cOO0OH MeIIeHHO.
Takum 00pazom, pa3HbIE pEaKIK COBEPIIAIOTCS B HEPABHBIC MPOMEXYTKH BPEMEHH, T.€. MOTYT
UATU C pa3IMYHON CKOPOCThIO. [103TOMY Ha OCHOBaHMM TOJBKO YPAaBHEHUH OJTHUX XUMHUYECKUX
peakuuii HeJlb3sl CyAUTh O CKOPOCTH Ipoliecca.

Xumuueckas KuHemuxa — 2mMO YueHue O CKOPOCMU XUMUYECKUX NpOYeccos, Uux
HAaNpasiIeHHOCMU U 0 PaKmopax Ha HUX GIUAIOUUX.

Ilenp m 3amaum XMMHYECKONM KHUHETHKM — W3BICKAHUE ONTHUMAJBHBIX NapaMeTpOB JUIS
IPOBEJCHUSI XMMHUYECKOIO CHHTE3a, a HMEHHO: oOecliedeHHe MaKCHMalbHOW CKOpPOCTHU
npoiiecca, HauboJee palMoHaIbHOE UCIIOIb30BAHUE ChIPbs U SHEPIrOPECYPCOB U JP.

VYCTaHOBIEHO, YTO HA CKOpPOCTh XMMHUYECKHMX PEAKIUIl BIUSAIOT MHOIO (aKTOpOB —
KOHIIGHTpallusi B3aMMOJICHCTBYIOIIMX BEIIECTB, TeMIlepaTypa Ipolecca, Haiuuue (Win
OTCYTCTBHE) KaTajau3aTopa u Jip.

OKCIIEpUMEHTBI TI0Ka3ajd, YTO YBEJIWYEHHE KOHLEHTPALMKM  B3aUMOJEHCTBYIOIIUX
BEIIECTB BBI3bIBAET YBEJINUYEHUE CKOPOCTH PEAKIIUH.

Ecin B 3akpeITOM cocyzne NpU 3aJaHHOW TEMIIEpPAType pearupyroT [Ba BEIIECTBA B
ra3000pa3HOM COCTOSTHUH WJIM B PacTBOpE

AC + BD < AD + BC,

TO CKOPOCTH 3TOH PEAKINH OTNpeeNsercs yMeHbIIEHHEM KOHIEHTPAHMH (MOJb/IM°)
BemecTB AC u BD B enunully BpeMeHu (CEKyHy, MUHYTY, 4ac). Tak Kak ¢ Te4eHUEM BpeMEHU
KOHIEHTpAllUsl Ppearupyrollux BelIeCTB MaJaeT, TO 3aBHUCUMOCTb CKOPOCTH peakUuu OT
KOHIIEHTPALlMH MO>KHO BBIPA3UTh CIEAYIOIUM 00pazoM:

v=—(AC/At) (2.1)
raie &2 — CKOpOCTh MPSIMOit PeaKIiluy, AC - MOJIIpHas KOHLIEHTpanus, t — Bpems.
I'paduuecku 3Ta 3aBUCUMOCTb N300pakeHa Ha pucyHke 5.1.
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v =—(AC/AY)

Cif~—---

Cof-----

t1 b — g
Puc. 2.1 3asucumocmo cxopocmu peaxyuu om epemeHu
JI0BOJIBHO pacpOCTpaHEHbI PEAKIIMK TUIIA:
mA + nB—> ¢C, (2.2)

B KOTOPBIX Ha M MOJIEKYJ BellecTBa A MPUXOIUTCS N MOJIEKYJ BEIlecTBa B, Mpu 3TOM M
1 N OOJIBIIIE €TUHULIBI.

DKCIepUMEHTAIBHO YCTAHOBJICHO, YTO JIJIsl TAKOT'O MPOIlecca CKOPOCTh MPSIMOM peakiuu
MOJKET OBITh BBIPAXKECHA CIICIYIOIIMM 00pa3oMm:

v=K[A]*-[BY, (2.3)

—

rae /C - KoHCTaHTa CKOPOCTH NPAMOH PEaKIliK — BETHUHMHA, PABHAS CKOPOCTH PEaKIHU
IpU KOHUEHTPALUAX PEareHTOB PaBHBIX €AMHHUIE; OOPATHO MPONOPLUOHAIbHAS BpEMEHH; X U Y
— HEKOTOPbIE YKCIa, ONPEEIIIEMbIE OIIBITHBIM ITYTEM.

Koncmanma cxopocmu 3aBUCHT OT TeX K€ (AKTOPOB, YTO U CKOPOCTh JAAHHOW peakiuH,
HO He 3a6UcUm om KOHYEeHmMpayuu peaupyouux 6eujecms.

KoHcTaHTa CKOpOCTM XapakTepU3yeT PEaKLUI [UIsl ONPEACICHHBIX YCIOBHUM —
memnepamypa, 0aeieHue, KOIu4ecmso u Kavecmeo kamaniusamopa v T.1. Pa3nuuHble peakuuu
MO3KHO CPaBHUBATb TOJBKO €CJIM OHU IIPOTEKAIOT IIPU CTPOTO OAMHAKOBBIX YCIOBUSAX.

VpaBuenuss Tumna (5.3), yCTaHaBIMBAIONIME OSKCIEPUMEHTAIBHO  OIPEICICHHYIO
3aBUCHUMOCTb CKOPOCTH PpEaKIMH OT KOHILIEHTpAalWil pearupyroliux BeEUIECTB, Ha3bIBAIOT
KUHEeMuU4eCcKUMU YPasHEeHUAMU PeaKyuil.

Kunernueckue ypaBHeHUs peakuuil (5.3) SBISAIOTCS MaTEeMaTUYECKUM BBIPAKECHHEM
3aKOHa JIEWCTBUS MAcC — OCHOBHOIO 3aKOHAa XHMHYECKOW KHHETHKHU: CKOPOCMb XUMUYECKOU
peakyuu nponopYUOHAIbHA NPOUIEEOEHUI0 KOHYEHMPAYULl peasupyiouux eewecmes 6 cmenenu
HEKOMOopbIX uucel, onpeoensemvlx dkcnepumenmanvro (nepsas popmynuposka — H.U. bekeros,
1865 r; I'ynbabepr u Bare, 1867 r.).

Tonbko MHOTA MMOKa3aTeNy CTENEeHU KOHIEHTpAIMK Ui JaHHOTO BelecTsa (X, Y U ap.)
B KMHETHUYECKUX YpaBHEHUX (5.3) COBMAJAIOT C €r0 CTEXMOMETPUYECKUM KO3 PUIIMEHTOM (X =
M; Yy =N ) B ypaBHeHUHU peakiuu. OOBIYHO 3TO BBIMOJIHAETCS JJIS DJIEMEHTAPHBIX peaKIHid, T.€.
peaxkuuii NpOXOAsIINX B OJHY CTaHIO.

[IpuMepsl IPSMBIX 2JIEMEHTAPHBIX PEAKLIAN:

NO + O — NOg;
H +Cl — HCI;
N204 — 2NO:.

JUis  TakMx peakuuid CTENEeHW B KUHETHUECKUX YPAaBHEHMSIX COBMAJAIOT  CO
CTEXHOMETPUUIECKUMHU KO3 (DUIIMEHTaMU peareHTOB B yPaBHEHUHU PEaKLUH.

Ilokazamenv cmenenu KOHYeHMpayuu peasupyroujeco 6ewjecmed 6 KUHemu4yeckom
ypaenenuu peaxyuu (X, Yy u 0p.) Hazvleaemcs NOPAOKOM peakyuu no oanHomy eeujecmsy. Takx,
Hanpumep, Ui peakuuu (6.1.2) mopsimok mo BemecTBy 4 paBeH X, mo B — Y. [lopsakom xe
peakuuu B 1esoM (N) ABJISETCS cyMMa MOPSAKOB MO KaKIOMY pEareHTy AJis JaHHOW PEaKIuH,
HarpuMmep, s peaknuu (6.1.2): n =X +y.
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Benuunnbl nopsika mo peareHtam (X, Y U JIp.) U MO peaknuu B 1eoM (N) MOTyT OBITh
MOOBIMU HEOONMbIUMHU TeabiMH unciaamMu (1, 2 u penko 3), paBHATHCS HYJIIO WIA OBITH
npoousiMu uncinamu (1/2, 2/3, 3/4 u np.). Hanpumep, 171t peakiiuy CHHTE3a BOJIBI

2H>(2) + O2(2) <> 2H20(2)

MOPSIOK PEAKIMU, B 3aBUCMMOCTH OT MapIHMajIbHBIX JaBJICHUH BOJOPOAA U KUCIOPOJa,
umeer apobHoe 3Havenue — 1, 0,5 u 0,7 (cMm. Tabmuiy 5.1).

Tabnuya 2.1 — 3asucumocms nopsoka peakyuu om napyuaibHuiX 0a1eHUll KUCI0pood u
6000p00a

p(Hy), ITa p(02), ITa Ban i;‘;f;:;;;mm Cf(‘)“;;gg}‘fﬁ

130 — 2600 26600 — 53300 v=kpj, PQ, 1
2600 — 8000 20000 — 53300 V= ka|2 pgf 0,5
8000 — 50600 1330 — 5300 V= kp&;1 pgf 0,7

Heo0XoauMbpIM  yCcJIOBHEM XHWMHYECKOTO B3aMMOJICHCTBHS SIBIISICTCSI CTOJKHOBEHHE
pearupyroIux YaCTHUIl — MOJIEKYJI, aTOMOB, HOHOB U JIp. B MOMEHT CTOJIKHOBEHWUSI 3JICKTPOHHBIC
o0Jaka peareHTOB CMEIIMBAIOTCS, 00pa3ys IPU 3TOM HOBBIE CBS3H.

Yucno monexyn, 00HOBPEMEHHbIM G3AUMOOCUCEUEM MeNHCOY KOMOPbIMU 6 MOMEHM
CMONKHOBEHUSL ~ OCYUWeCmBNAemcss — aKm — XUMUYEeCKO20  NpeBpaujeHus,  Ha3bléaemcs
MONEKYISAPHOCMBIO PEaKyull.

Peaknum  ObIBatlOT MOHO-, OHM- ¥ TPHUMOJICKYISIPHBIMH. TpUMOJNEKYJISpHBIE U
TETPAMOJICKYJSIPHBIE PEAaKIMHA OYeHb peAKH. M3BECTHBI JHIIb HECKOJIBKO IPHMEPOB
MEHTAMOJIEKYISIPHBIX PEeaKIIHA.

B wacTHOCTH, K MOHOMOJIEKYIISIPHBIM PEAKIUSIM OTHOCST PEAKIIUU PA3JIOKEHUS MOJIEKYJT
U BHYTPUMOJIEKYJISIPHBIX MEPErpynnupOBOK, HAIPUMED, PEAKIIMIO Pa3IoKeHUsI MOJIEKYI Hoja:

l2(2) < 21(2).
KuneTtnueckoe ypaBHEHHE 3TOr0 Mpolecca UMEET MepBbIA NOPSII0K:
v =K[I2].
ITpumMepbl OUMOJIEKYIISPHBIX pPEeaKIUH:
2NO(2) <> N202(2); v = k[NOJ?

HBr(z) + H(e) < Hz2) + Br(e); v = K[HBr][H] — kunetndeckoe ypaBHEHHE BTOPOTO
HOpSIZIKA.

TpumonexymsipHas peakius:

Cla2) + 2NO(z) <> 2NOCI(2); v = K[CI2][NO]? — kuneTHdyeckoe ypaBHEHHE TPETHETO
Hopsi/IKa.

JInsi IpUBENEHHBIX PEaKIUi MOPSANOK M MOJEKYISPHOCTh PEaklIMi COBMHAJAOT, HO B
o0I11eM ClTyyae OHHM pa3IUyHBbI.

Tlopsiook peakyuu onpedensiemcsi MOJLEKYIAPHOCMbIO CAMOU MEOJIeHHOU CMaouu OaHHOU
peaxyuu.

Ecmu peakmust wmumer mo craausM, TO €€ TOPSAOK pPEaKkIWd MEHbIIe WIH PaBeH
MOJIEKYJISIPHOCTH peakiuu. Tak, HampuMep, MpH CUHTE3€ BOAbI (cM. Tabnuiy 5.1) npu nopsake

peakiuu paBHoMy eaunuie (N =1, U = l(p:|l_|2 pg ), peakuys — MOHOMOJIEKYJISIpHasi; Ipu N =
2

0 ,05 0,4 .,0,3
05 (V=K ), = : n=07W=Kp. P5)
( sz p02 ), peakuuss — MOHOMOJIEKYJISIpHAs; TpU ( sz p02 )

peakius — OGUMOJICKYIIIpHasl.
Ipumeuanue. HeoOX0IMMO MOMHUTH, YTO MOJICKYJISPHOCTh PEAKIMH, B OTIHYHE OT €
nopsiaka, Beeraa menoe uucio — 0, 1, 3.
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3axkon Oeticmgus Mmacc cnpageonus MoabKO Ol MOHO-, Ou- u pedce 0.
MPUMONEKYISAPHBIX PEAKYUIL.

[Tpu seMeHTapHO#N peakiui B CUCTEME IMPOTEKAET TOJBKO OJUH MPOLECC U YpPaBHEHHE
pPEaKIMK PACKPHIBAET €r0 MEXaHW3M. DBOJBIIMHCTBO peakIHMid — CIOXKHBIC W TPEACTABIISIOT
co00i1 cyMMapHbIil pe3ybTaT HECKOJIBKUX 3JIEMEHTAPHBIX IpoueccoB (AByx u Ooiee). [loaTomy
o0111ee CIIOKHBIX YpaBHEHUE PEAKIIMI HE OTPAXKAET X PEalIbHBIA MEXaHU3M.

Jna cnodxcuvix peakyuii 3aKOH OeUCMBUs MACC He NPUNONCUM 6 YElOM, d CHpPABedus
UMD K OMOENbHLIM €€ cmaousam Hebovuwou monexyaapnocmu. Harpumep, obiiee ypaBHEHHE
pEaKIMy UMEET BUJIL:

24+ B« C,

COTJIACHO KOTOPOMY SIBIISIETCS SIKOOBI TPUMOJEKYJIsipHOW. OMHAKO MpOTEKaeT B JBE
CTaJIuu:

1) A + B <> D — ouenw 6vicmpo;
2) D + 4 — C — meonenno.

24+ B < C.
Tak kak MOPSIOK PEaKIMU OMPEACIIACTCS MOJIEKYIIPHOCTHIO CaMOil MEJICHHOW CTaIuu
peakiu, TO JaHHas peakius — OMMOJIEKYJIIpHas W BTOporo mopsiaka. CiemxoBaTesbHO,

KMHETUYECKOE YpaBHEHHUE 3TOr0 B3aUMOACHCTBUS Oy/AeT UMETh BU:
v =K[A][B], a ne v = k[A]J?*[B].

N3 (5.1) cnemyet, 4TO0 CcKOpocmb peakyuu — GeIUUUHA OOPAMHO NPONOPUUOHATbHAL
8peMeHU.

BcenenctBue pasnuyHOM CKOPOCTH JBMKEHHSI MOJIEKYJ, OHM OO0JalaloT pPa3IdnyHOU
KMHETH4ecKol sHepruel. Ilpu 3ToM KuHeTHYecKas SHeprus NpsiMo MPONOPLHOHAIbHA CKOPOCTU
JBUKCHHS] MOJICKYJIBL.

Mouekynbl, KOTOpbIe 00J1aaI0T BBICOKUM 3allacOM KMHETUYECKOW SHEPrUH, Ha3bIBAIOTCS
AKTUBHBIMHU.

Jlonoanumenvnyio snepauio, KOmopylo Ha0o cooowums MoNeKyIam Ol nepesooa ux
AKMueHoe COCMOosIHUe, HA3bI8AIOM SHepeuel axkmueéayuy. XUMHYECKas peakius MOKET
MIPOU30UTH TOJIBKO MPH CTOJIKHOBEHUH aKTUBHBIX MOJIEKYIL.

Ckopocmb  xumuyeckou peakyuu HnpsamMo HPONOPYUOHANbHA YUCTY CMOAKHOBEHUU 8
eOUHUYY 8PEMEHU.

Ponp katanuzatopa, mpuMeHsieMOro Juisl MPOTEKaHUs AAHHOTO XMMUYECKOIro Ipolecca,
3aK/II0YaeTcs B cCleAylomeM: 1) B TOHMKEHUM DSHEPIUM akKTUBaluuu; 2) B o0ecnedyeHuu
HEOOXOUMOI OpUEHTAIH Pearupyrouux YacTHII.

Bansinne TeMnepaTypbl Ha CKOPOCTh pPeaKI UM

C mNOBBILLIEHWEM TEMIEpPATypbl YBEIMYMBAETCS CKOPOCTh IBUKEHHUS MOJEKYIT M UX
KMHETUYecKasi SHepTrus. AKTUBHOCTh MOJIEKYJ BO3pPAcTaeT, U CKOPOCTh PEaKIMU YBEIUUYHUBAETCS.

3aBUCHMOCTh CKOPOCTHM PEaKIUU OT TEeMIEpPaTypbl OINpeAenseTcss MpaBwioM BaHT-
Todpda: mpu yseruuenuu memnepamypor na rasxcovie 10°C cxopocmsv peakyuu eospacmaem
npumepHo 6 2 pasa. JIns HEKOTOPBIX peakIuii CKOPOCTh BO3pacTaet B 3 — 4 pa3a. DTO 3aBUCUT OT
MIPUPOJIBI pEaruPYIONINX BEIIECTB.

Yucno, nokasviearowee 60 CKOILKO pa3 YEeIudusaemcsi CKoOpocmv peaxkyuu npu
veenuuenuu memnepamypel Ha 10°C, Hasvieaemcs memnepamypHuiM Kodpduyuenmom u

obo3navaemcs )/ :

N3meHeHne cKopocTH peakiuu OT TeMIIepaTyphl MOXET ObITh BBIYHMCIEHO MO (popmyrie
Bant-T'odda:

-4
)
—2 =y 10 (2.4)
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rae Ut2 151 Utl — CKOpOCTH peaklUU Mpu Temieparypax 2 u {1 cCOOTBETCTBEHHO; Y —

TemneparypHslii koapduurent Bant-I'odda.
CkopocTh peakiuu B reTeporeHHbIX cucremMax. Biusinue karaausatopa Ha
CKOPOCTh XHMHUYECKHX peaKui

BemectBa, wu3MeHSIOIME ~ CKOPOCTh  XMMHYECKOrO  IIpoIecca,  Ha3bIBAIOTCA
Katanm3zaropamu. KaranmzatopamMu MOTYT OBbITH TBepAble, JKUIKAE U Tra3000pa3HbIe
BelecTBa. MI3MeHeHne CKOpPOCTH XHMHUYECKOH pEeaknuu TOJ BIMSHHUEM HPHUCYTCTBYIOIIETO B
CHCTEME ITOCTOPOHHETO BEILIECTBA, COCTaB M KOJIMUYECTBO KOTOPOIO K KOHILY PEaKIMH OCTAIOTCS
0e3 N3MEHEHHI, Ha3bIBAIOTCS KaTAJIN30M.

[Tpu roMOreHHOM KaTaju3e B3auMOAEHCTBYIONINE BELIECTBA U KAaTaN3aTOP COCTABISIOT
onHogasHylo cucrteMmy. [Ipy rereporeHHOM KaTaju3e pearupyrollye BEIIeCTBa M KaTaIu3aTop
COCTaBIJIIIOT CHUCTEMY W3 HecKoibkux (a3. IIpm rereporeHHOM Karajau3e B TPHCYTCTBUU
HEOOJBIINX KOJMYECTB KAaTalu3aTopa MOTYT IPOpearupoBaTh OTHOCUTEIBHO OOJbIIHNE
KOJINYECTBA B3aWMOJICHCTBYIOMMX BemIecTB. [Ipy rOMOTEHHOM KaTaln3e CKOPOCTb PEaKIUH
NPaKTHYECKH POMOPIIMOHATBHA KOJTMYECTBY KaTalu3aTopa.

AKTHBHOCTB KaTaju3aTropa, a MHOT/AA M CIeUU(UIHOCTD UX IEHCTBHSA, B OONBIION Mepe
3aBUCHT OT TeMIIepaTypbl. [ Kakaoro mporecca, CyIecTBYIOT ONpe/IeIeHHbIe KaTau3aTophl,
4acTo MOI0MPAEMBIE SKCIIEPUMEHTAILHBIM ITyTEM.

XuMHYecKoe paBHOBecHe
Bce xumuueckue peakiiuu MOXHO pa3eliuTh Ha JIBa THUIA: 00paTUMbIe U HeoOpaTHUMBbIE.
Mmuorue pPCaKkumn ABJIAIOTCA O6paTI/IMI)IMI/I, T.C. TAKUMH, IIPU KOTOPBIX O6pa30BaBHII/IeC$I
MPOJYKTHI B3aUMOJICUCTBYIOT MEXKYy COOOH, MpeBpaIasch B HCXOJHBIEC BEIIECTBA.
OO6patumbie peakiiuyi OrPAaHUYEHBI OTIPECTICHHBIM MPEEIOM: OHU HE JOXOMAT JI0 KOHIIA.
OOmuit Buj ypaBHEHUS 00paTUMON peaKInu:

mA + nB<«>pC + gD. (2.5)

CKOpOCTI/I npsaMoro u O6paTHOFO MpOHECCOB BbIPAKAOTCA CICAYOINIUMHA YPABHCHUSAMU:
v=k[A]"[B]" (2.6)
v =k[C]P[D]?. 2.7)

B MOMeHT ycTaHOBNIEHMS paBHOBECHUS IpsMasi U oOpaTHas peaklu He MpeKpalarTcs, a
MPOJOKAIOT MPOTEKATh B TPOTUBOIIOJI0KHOM HAIIPABJIEHUN C PABHBIMH CKOPOCTSIMH.
I'paduuecku 310 MOXKET OBITH TakK, Kak MOKa3aHO Ha pUCYHKe 5.1.

UA

L2

Pucynox 2.2 3asucumocms npsamoii u 0dpamuoil peaxkyuti om spemenu
Ecnmu cxopoctu mpsmoit U oOpaTHON peakiuii paBHBI (Vnp = Vosp. — MATEMAaTHYECKOE

yCIIOBUE XHUMHUYECKOTO paBHOBECHs) , TO MpaBble 4yacTd  ypaBHeHud (5.6) u (5.7), ux
BBIPAXKAIOIINX, TAK)KE PaBHBI:

e
k[A]"[B]" =k[C]’[D]". 28)

Ha ocHoBaHuu 3T0OT0 CHOPMYIUPOBAHO MOJIOKECHHE, HA3BAHHOE 3aKOHOM JICHCTBUS Macc
(BTOpast GOpMYITUPOBKA): 8 MOMEHM PABHOBECUS NPOU3BEOCHUE KOHYESHMPAYULl Oeticm8youux
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MACC UCXOOHBIX GeujeCms HA KOHCMAHMY CKOPOCMU NPAMOU pPeakyuu pasHo Npou3eedeHuro
KOHYenmpayuti  0eticmeyrowux Macc 00pazyiouuxcs eujecms Ha KOHCMAHMY CKOPOCMU
00pamHoll peakyuu.

N3 ypaBuenus (5.8) cienyeT, 4To

E/E::EEIiEzI{, (2.9)
[A]"[B]"
OTHOH_IGHI/IG [[BYX IIOCTOAHHBIX BCJIIMYHMH €CTh BCJIIMYHMHA ITIOCTOSAHHAsA, CJICA0BATCIIbHO:
WR=KP=Eﬂﬂ9E. (2.10)
[A]"[B]"

KoncranToif xumuyeckoro paBHoBecusi KP Ha3bIBae€TCS OTHOLICHHE MPOU3BEACHUS
PaBHOBECHBIX  KOHIEHTpallMid MPOAYKTOB peakUWd K IPOU3BEACHUIO PABHOBECHBIX
KOHIICHTPALUI NCXOAHBIX BEIIECTB, B CTETIEHU X CTEXHOMETPHUIECKUX KO PHUIIMECHTOB.

KP BbIpakaeT 3akoH ACMCTBUS Macc JUIsl PABHOBECHBIX CHUCTEM: KOHCMAHMA XUMUYECKO20
pasHogecusi He 3a8Ucum Om KOHYEHMPAyuu peazeHmos, HO 3a8UCUm Oom memnepamypul u om
nPUPOOLL Peazupyrouux euecma.

B MOMeHT XxuMHUYECKOTO paBHOBECHs M3MEeHEHHE dHeprun [ mboca He mpoucxoaut — AG
= 0. KoHncranTa xumudeckoro paBHoBecHs cBsizaHa ¢ AG COOTHOILIEHUEM:

AG? = —RT InKP (2.11)

VuauteiBas, uyro InKP =2303 IgKkP u R = 8,314 [Ix/K-monp ypaBHenue (2.12)
npeoOpa3yeTcst 10 BUJIA:

AG®=-19,14 T IgKP (2.13)

[Tonb3ysick ypaBHEHHMEM  KOHCTaHTBI PABHOBECHS, MOYKHO YIPABIATh XHUMHUYCCKHM
MPOLIECCOM, YTO BaKHO B TEXHOJIOTMUYECKUX LIETISX.

Ecnu B paBHOBecHOit cucteme MA + nB<«>pC + gD yBenuuuth KOHIEHTpaLUO A, TO B
cootHowmieHUH (7.1.6) mnst KP, MOJKEH YBEMWYUTHCS UYUCIUTENb WIM YMEHBIIUTHCS BTOPOM
COMHOXHTEIb 3HAMEHATEJs, T.€. BeNUYHHA [B]. DT0 MOXET MPOU30MTH B pe3yabTaTe CMEIIECHUs
paBHOBECHS ClieBa HAIPaBO, TPUBOIAMIETO K OOpPa30BaHUIO HOBBIX KOJHWYECTB MPOIYKTOB
peakiuu — C u D.

Takum 00pazom, TPy YCTaHOBHBIIEMCSI HOBOM COCTOSIHMM PAaBHOBECHs, KOHIEHTPAIIUU
BCEX YEThIpeX BEIIECTB, MO CPaBHEHUIO C MEPBOHAYATHHBIMU, OKAXYTCS HM3MEHHUBIIMMUCSA, a
3HaYeHHE KOHCTAHTHI pABHOBECHUS] HE M3MEHUTCS.

CnenoBatenbHO, MJii CMEIICHHWS pPaBHOBECHS CjeBa HampaBo HEOOXOJWMO WU
YBEIMYNATh KOHIEHTPAIMIO OJHOTO M3 MCXOJHBIX BEHIECTB, WIM YMEHBIIUTH KOHIIEHTPAIIHIO
OJIHOTO U3 IPOAYKTOB PEAKIIHH.

C momomIbio BBIPQKEHUS KOHCTAHTHI PAaBHOBECHS MOXKHO ONPEEINSATh KOHICHTPALUU
BEIIECTB B MOMEHT PaBHOBECHsI, a €CIM H3BECTHBI 3HaueHUs K’ M HUCXOJHBIE KOHIIEHTPALUU
BEIIECTB, TO MOKHO OTIPE/ICTUTh UX PABHOBECHBIE KOHIICHTPAIIHH.

Ecnu mcxoaHyro KOHIEHTpauuio BemecTBa A 0003HaunTh 4epe3 Co(A), a 4uciIo Mok

€ro, IPOpearupoBaBIInX K MOMEHTY PaBHOBECHUS, YEPE3 A C(A), To MomnsipHasi KOHLIEHTPALUS B
MOMEHT PaBHOBECHSI ONPEIEIIUTCS TaK:
[A] = Co(A) — A C).

PaBHOBecue B TIeTEpOTrE€HHBIX CHUCTEMax OIPENEISETCS TOJNBKO Ta30BOM WM JKUIAKOU
¢dazoi, T.K. KOHIIEHTPALIUU TBEP/IbIX BEIIECTB HE BXOJAT B YPaBHEHHE JUIsl CKOPOCTH PEAKIIHH.

HanpaBiieHne cmelieHuss paBHOBECHS CUCTEMBI IPH HM3MEHEHMM KOHILIEHTPALWH,
TEeMIIepaTyphl WIH JaBJIeHUs onpeaensercs npuauunoM Jle [Hlarense:

«Ecnu Ha 00paTUMYIO CUCTEMY, HaXOJSIIYIOCS B TIOJBM)KHOM COCTOSIHUM, OKa3aTh U3BHE
Kakoe — JM00 BO3JIEHCTBUE, TO CHCTEMAa OTBEUAET CMEIICHHEM PaBHOBECHUS TaKUM 00pa3oM,
4TOOBI OCTAOUTH ATO BO3JEHCTBHEY.

OO0opynoBaHne U MaTepuaJbl
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. PactBop cepnoit kucnorsl HySO4 ¢ konuentpanueit C(H2SO4)=2 mons/mm?
Tuocynbdara Hatpus NaxS;03
JIMCTUIUTMPOBAaHHAs BOJA
[Ipobupku
Jloxeuka
Bropertka
Bopsnas 6ans
TepmomenT
. Pactsop comsnoii kucnorsl HCIl ¢ kornenrpanueit C(HCH=2 momns/nm3
10. Kap6onar kanbius (mena) CaCOs
11. Iepokcua Bogopoaa
12. PactBop okcuaa mapranna (+4). MnO;
13. PactBOp okcupa xenesa (+2), FeO
14. PactBop okcuaa kpemuus (+4), SiO;
15. Pactop xnopuna xenesa (+3) FeCls (C(FeCls) = 0,002 mons/am®
16. Pacteop tHonmanara kamust C(KNCS) = = 0,002 mons/nm®
17. PactBop KCI

©PNDDAPWN

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH Ta0OpaTOpUM JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3IIEKTPOOOOPYIOBAHHH, HIIEKTPOIPOBOJIKE, MPABHIBHO 000PYIOBAHHOM BBITSDKHOM IIKaQYy.

2. Ta30BbIe KpaHBI U ra30MPOBO/] TOJKHBI HAXOTUTHCS B UCIIPABHOM COCTOSIHUH, TIEPHOANIECKU
MIPOBEPSTHCA.

3. Pabouee MecTo comepx’aTh B TOPSIAKE M YUCTOTE.

4. Cyxue peakTuBbl TpeOyeTcst OpaTh YMCTHIM ILIATEIEM MU CIICUAIbHON JTOXKEUKOH.

5. MUznumex peakTrBa HE BBUIMBATH OOPATHO B COCY/I, U3 KOTOPOTO OH OBLI B3SIT.

6. Bce ombITH ¢ BpeHBIMH U MIAXHYIIUMH BEIIECTBAMH, a TAKXKe yIapuBaHUE KHCIOT U KUCIBIX
PacTBOPOB MPOBOJUTH B BHITSHKHOM IIKady.

7. OcraTKu coeqUHEHUI cepedpa cIMBaTh B 0COObIE CKISHKH.

8. Ilpu HarpeBaHWM PacTBOPOB B NMPOOUPKE BCET/Ia cIeAyeT AepKaTh e€ TaKuM 00pazoM, 4TOOBI
OTBepCTHE MPOOUPKHU OBUIO HAINIPABJIEHO B CTOPOHY OT pabOTAOIIEro PSIOM COCea.

9. He HaKJIOHATH JIMIO HAJ HATPEBAEMOM KHIKOCTHIO MITH CIUIABIISIEMBIM BEIIIECTBOM.

10. He cnenyer BIbIXaTh IMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYIy C OTHUMHU
BerecTBaMu. HroxaTh BemecTBa MOYKHO JIMIIb OCTOPOXKHO, HANPABIISS K ceOe maphl WK ra3 JABHKEHUEM
PYKH.

11. XpaHuTh pacTBOPHI KOHIIEHTPUPOBAHHBIX KHCJIOT U IEJIOUEH B BHITSHKHOM MIKady.

12. BrpummBaTh pa30aBiIeHHbIC KUCIOTHI U METOYHBIE PACTBOPHI CIEAYET B CIIMBHYIO CKIISTHKY.

13. Kareropuuecku 3armperaercsi mpoOoBaTh XMMHYECKUE BEIIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIErKO BOCILIAMEHSIOIIUMUCS BellecTBaMH (3QUpbl, OCH30I, CEpOYIIepoa U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOUSHHBIX TUTUTOK.

15. Ilpu paboTe co CTEKIOM, XHMHUYECKOHW IOCYyHoi, HeoOXoauMo coOmogaTh NpaBHiia
NPEIOCTOPOKHOCTH BO M30€KaHNE PAHEHUH OCKOJIKAMH CTEKIIA.

16. Kareropuuecku 3anperacTcst OCTaBIATh padoTarolre mpuoopsl 0€3 HAOMIOACHUS.

18. B xumuueckoii nabopatopun HeoOX0AUMO padoTaTh B Xanare.

3aganus
OmeiT 1. Ompenennute CKOPOCTb B3aUMOJEHCTBHUS THOCYJIb(aTa HATPUSI C CEPHOM KHCIIOTOM.
IIpomecc MOXeT OBITH BBIPAKEH ABYMS CTATUSMU:

a) N325203 + H2804 = Na2804 + H282037 OBICTPO;
6) HyS503 = HyO+ S0, +S | — meanento.
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Ha Bropoii cragun peaknyu BBIICISETCS CBOOOIHAS cepa B BHJC OMAICCIUPYIONIETO BEIIECTBA.
BpeMmst oT Hauyana peakuuu 10 TOSBICHUS MEPBBIX BUIUMBIX CJIEIIOB CEPHl 3aBHCHT OT KOHIIEHTPAIUU
pearupyonmx BemecTB.

B Tpu npoGupku Haneiite mo 5 cM® cepHOIt KMCIIOTBI W3 GIOPETKH, 3aTEM BO3bMUTE TPH KOJIOOUKH
emkocTbio mo 50 cm® um maneiite: B mepByro 15 cm® Tmocynb(ara Hatpus, Bo BTopylo — 10 cm®
THOCYJIb(aTa HATpHS M 5 cM° BOABI M B TPeThiO — 5 cM® Thocynbdara Hatpus u 10 cm® Bomwl
COOTBETCTBEHHO. BynpTe TOYHBI MpPU OTMEpPEe HYKHBIX 00BEMOB BemecTB. [lomeTbTe HOMepa Koio.
Tenepp Mo odepenu B Kaxaylo KoJOy MPIUIMBaiiTe M3 MPOOHUPKH MPHUTOTOBIEHHBIA PacTBOP CEPHOU
KHCITIOTHL. BpeMs oTcunThIBaiiTE 10 CEKyHIOMEPY (MM CEKYHTHOU CTPENIKe 9acoB) C MOMEHTA CIIMBaHUS
pacTBOpOB J0 Hayaja MOMYTHEHHS.

Pesynbrare! onbiTa cBeuTe B TA0NUITY 2.2.

B nrore MOXHO NH cHenaTth BBIBOI: CKOPOCMb peakyuu 3asUcum Om HpUpoobsl peasupyroujux
gewiecmes u ux KonyeHmpayuu?

OnwiT 2. B Tpu cyXux MpOOMpPKH HAJEHTE MO 5 ¢cM> pacTBOpa cepHOIl KMCIIOTHL, a B TPH JPYTHE —
o 5 cm® pacTBOpa THOCYJIb(aTa HaTpus. [loMecTHTE BCe MPOOUPKH B BOAsHYIO OaHro. Uepes 5 - 7 MUHYT
M3MEphTE TEMIIEPaTypy pacTBOpa THOCYIb(haTa HATPUS M CIEHTE COJAEPKUMOE OJHOM Maphl MPOOUPOK.
OtcumrtaiiTe BpeMsi OT CIMBaHHs MPOOMPOK MO TMOSIBICHHA IMOMYTHEHHs. M3MepbTe TemIiepaTypy
pacTtBopa THOCynb(]aTa HaTpus B Ipyrod mpoOupke: OoHA JODKHA ObITh Ha 10° BBINIE, YeM B MEPBOM
cirydae.

CreiliTe copepKuMoe BTOPO#l mapbl IPOOUPOK U oTMepbTe BpeMs. OMBIT ¢ TpeThbel MpOoOUpKOi
MPOBOAT Tpu TemriepaType Ha 20°C Bl epBOHAYAIBHOU. Pe3ynbTaThl ONMBITOB 3aHECUTE B TAOIHUILY
2.3.

OneiT 3. Hanefite B nBe mpoOupku Ha 1/4 ux oObeMa COJITHOM KUCIOTHL. BbiOepute aBa
OJIMHAKOBBIX KyCOUKa MeJla U OJIUH U3 HUX Pa30TPHUTE B CTYIE B MOPOIIOK, 3aTEM OJIHOBPEMEHHO B OJIHY
13 TIPOOHMPOK OITyCTUTE KYyCOUEK MeJa, a B IPYTYIO CCHIMBTE MOPOIIOK.

Onbit 4. B yeThipe MpoOUpKH HaneiiTe 1m0 3 cM® pacTBopa MmepoKcHaa Boaopoaa. B Tpu 3 Hux
BCHITIBTE OJHOBPEMEHHO TI0 JIOXKEUKE: B OJJHY — OKCHIa Maprania (+4), B Apyryio — okcuaa xkemnesa (+2),
B TPEThI0 — OKcHaa KpemHuus (+4). UerBepras mpobupka — i cpaBHeHUs. HaOmoaeHus 3anumuTe B
TETPaJb.

OnpeitS. [lpumepom 00paTUMON peakIMM SBJSETCS B3aUMOJCHCTBHE MEXIy pa30aBiICHHBIMU
pacTBopaMH XJopuia >keie3a (+3) u THOIMAaHATa Kalus WIA aMMOHHS (TIPaKTHYECKH OECIIBETHBIC
pacTBOPBHI).

MounekynsapHOe ypaBHEHHE PEaKITUH:

FeClyy) +3KNCS ) <> Fe(NCS)3(p) +3KClypy .

HNoHnHOE ypaBHEHHE:

Fe>*(p) +3NCS ™ (p) <> Fe(NCS)3(py.

OO0pasyromuiicsi B pe3ylbTaTe peaklMu KOMIUIEKC — THOLMAHAT kene3a (+3) olnagaer KpacHbIM
LIBETOM, MHTEHCUBHOCTb KOTOPOT'O 3aBHCUT OT KOHUIEHTpauuu. [loaTomMy cMmelmieHne paBHOBECHS JIETKO
HaOJIFO/IaTh 110 U3MEHEHUIO HHTEHCUBHOCTH OKPACKH.

Creiite B k010y paBHble 00beMbl (10 — 15 cm®) pacteopa FeCls (C(FeCls) = 0,002 monb/nm®) un
pacTBOpa TMOLMOHATA Kanus (MM aMMOHuS) ¢ MoJsspHoii kornentpanuein C(KNCS) == 0,002 mons/am>.

[Mony4yeHHBIH pacTBOp pazieliTe B YeThipe MPOOUPKH Tak, 4TOOBI 00BEMBI BCEX PACTBOPOB OBLIH
IPUMEPHO OJMHAKOBBIMH. B mepByro nmpobupky nobasesre 1 cm® pactsopa FeCls; Bo Bropyro — 1 cm®
HACBIIIEHHOTO PacTBOpa THOLMaHaTa Kaus; B TpeThto — kpuctaumueckuii KCl (mm NH4Cl). YerBepras
npoOUpKa — ATAJIOH JUISI CPABHEHHSI.

PesynbTath! onbiTa 3aHecuTe B Tabnuity 2.4.

Conep:xanue oT4yeTa
Jlna onvima 1.
Tabnuya 2.2 3asucumocms ckopocmu peakyuu om KOHYeHmpayuu

KonmenTparust Bpems ot Hauana OTHOCHTENNbHAS CKOPOCTh
NazS203 oTCYeTa JI0 MOSIBJICHHUS peakiuu
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Ci(NayS,03), mony/ oa® = romyTHe3 D -
V;(Na,S,0 ’
Z—I(V 22 3)'Co(’\‘f:\zszos)
p—pa

rae Vi (Nay$,03), en® =15;10;5;
Vp—pm CM3 :Vi (Na28203)+Vi (H 20)+V(H 2804).

Ha ocHoBanMy MexaHn3Ma peakUu{ YKaxuTe €€ MOpANOK W MOJIeKyJsipHOCcTh. Hammmmire
KMHETH4eCKoe ypaBHeHHeE. [lonpITaliTech BBIYUCIUTH KOHCTAHTY CKOPOCTH.

[ocTpoiite rpaduk 3aBUCUMOCTH CKOPOCTH PEAaKIMU OT KOHICHTPALMH Pearupyromux BEeLUIeCTB.
Kakoil nuHueil BblpakaeTcs HailneHHasi 3aBUCUMOCTb? IIpoXomuT M OHa yepe3 Hayano KOOpAUHAT?
[Touemy?

Jlna onvima 2.
Tabnuya 2.3 Bruauue memnepamypsl Ha CKOPOCMb peakyuu

NeNe TeMIepaTyDa obrra. °C Bpewms ot Hayana oTcueTa 10 OrHocuTenbHas CKOPOCTh
OTbITa patyp ’ IOMyTHEHH, t peakiuu, U =t

Bripazure rpadudeckn 3aBUCHMOCTh CKOPOCTH DPEAKIHUH OT TEMIIEpPaTyphl, OTIOXKHUB Ha OCH
abclucc 3HaYCHUsI TEMIIEPATypPhl, a HA OCH OPAMHAT 3HAYCHUSI OTHOCUTEIFHON CKOPOCTH peakiuu. Yemy
paBHO 3HaYEHHE TeMIlepaTypHOro kK03 (uIreHTa B BaleM onbiTe?

Jlna onvima 3.

OOmBsicHHTE, B KaKOH U3 IPOOMPOK peakius nonnia ovictpee? [louemy?
Jlns onvima 4.

OOBsACHUTE, OJUHAKOBO JIM MPOTEKAET IMPOIECC Pa3lIoKeHus mepokcuna Bogopona? CocraBpre
ypaBHEHHUE Pa3IOKEHUs Mepokcuaa Boxopona. Onpenenute THN Katann3a. Kakoe n3 BeliecTB okazaio
KaTaJINTUYECKOE NEHCTBUE?

Jlna onvima 5.

O0bscHuTE, uT0 TporcxoauT. CocTaBbTe BRIpAKEHHUE /ISl KOHCTAHTHI paBHOBecHs. Ha ocHoBaHUM
(bopMyINbl sl pacdeTa KOHCTAHTHl PaBHOBECHS YKaKUTE, M3MEHEHHE KOHIICHTpAIMH KaKHX BEIIECTB
(MCXOHBIX WU MPOIYKTOB PEAKINK) BHI30BET OOJIee CyIIeCTBEHHBII CBUT PaBHOBECHS.

Tabnuya 2.4 Brusnue KonyeHmpayuu peazeHmos Ha XUMU4eckoe pasHosecue

. Ocnabnenue nin Hanpasnenue cmenienus
Howmep omnbiTa Job6aBneHHbIH pacTBOP
YCUJIEHHE OKPacKU paBHOBeCHS
1
2
3

KoHnTposabHbIe BONpockl

ba30BbIii ypoBEHB

1. Uro u3yyaeT XMMHYECKasi KHHETHKA U JJIs1 Y€T0 OHA CITY>KHUT?

2. Kakue dakTopsl HEOOXOAUMBI ISl BCTYIUICHUS B XUMUYECKYIO PEAKIMIO Pearrpyromux
qacTull?

3. Jaiite ompeneneHre CKOPOCTH XHMMHYecKoi peaknuu. Kak Bemisaur rpaduk,

OTpa)KAIOIINK 3aBUCUMOCTh CKOPOCTH 3JIEMEHTapHOU peakiuu Bujga P + G <> Q oT: 1) KoHIEHTpanuu
pearenta G; 2) KOHIICHTpALUK IPOAyKTa peakuun Q?
4. Kak unraetcs nepBast popMynupoBKa 3aK0HA JEHCTBHUS Macc?
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5. Kaxko#t cMBICT MMeeT KOHCTaHTa CKOpPOCTH peakmuii? OT 9ero 3aBHCHUT W OT YE€ro He
3aBUCHUT ITOT HapameTp?

6. [TpusokuM 71 3aKOH JIEHCTBHUS MAcC K CIOXHBIM (MHOTOCTQAMIHBIM) peakiusim? OTBeT
MOSICHUTE Ha MpUMeEpe.
7. VKaxuTre, Korja CKOPOCTh XMMHYECKOM peakiuyd JAeHCTBUTEIHHO MPOINOPIMOHATIbHA

NPON3BE/ICHUIO KOHLCHTPALMH PearupyromnX BEIIECTB B CTENEHSAX, PABHBIX HX CTEXHOMETPHUYECKHM
ko3 urmentam.

8. Uro Ha3BIBAIOT MOJEKYJISIPHOCTBIO M MOPSIKOM XUMHYECKHX peakimii? Bcerma mu oHm
OJIMHAKOBBI?

9. Kaxk ompenenstoT MOJEKYJISIPHOCTh M MOPSJOK CIOXKHBIX peakuuit? [losicHuTe oTBET Ha
npuMepe.

10. Kakne dacTumbl Ha3bIBAalOT «akTHBHBIMH»? JlaliTe ompeneneHue MOHITHIO «IHEPTHs
AKTHBAIMN.

[ToBbIlIEHHBIN YPOBEHD

1. Kak m3mensieTcst sHeprus aKTUBAMKM B MIPUCYTCTBUH KaTann3zaTopa?

2. YTO MPOUCXOAUT C pearupyroMU YaCTUIIAMH TIPH HarpeBaHum?

3. [MpuBenute ¢dopmynupoBky mpaBwia Bant-I'odda. Kakas ¢dopmyna oTpaxaer
MaTeMaTHYECKYIO 3aBUCHMOCTb BO3PACTAHUS CKOPOCTH C YBEITHUCHUEM TeMIEepaTyphl?

4. Kakoii cMbicn umeeT TemrepaTypHblid koadduiuent? Uto o3Havaer, HaIpuUMep, eciu y
=3?

5. Ompenenure TeMnepaTypHbIii KOIPGHUIUEHT CKOPOCTH PEAKIUH, €CIIU TPH ITOHKESHUU
temneparypsl Ha 45 °C peakuus 3amemmnack B 30 pas. Otsert: v = 2,13.

6. IIpu 393 K peaxmus 3akaHuuBaercsd 3a 25 MuH. Uepe3 CKONBKO MHUHYT 3Ta peaklus

3akoHumuTCcs mpu 443 K (y =2,5)? Otset: 0,255 MuH.

7. Kakune xuMHYecKkre peakiny Ha3bIBalOT oO0paTUMbIMU? HeoOpaTumbiMu? llpruBenuTe nmpumeps
TAKUX PEaKLUil.

8. Ilpu KakuX ycIOBUSAX HACTYINACT XMMHUYECKOE PABHOBECHE B 00pPaTUMBIX CHCTEMaXx?

9. Kakoil mapameTp Ha3bIBalOT KOHCTAaHTOW paBHoBecusi? Kak oTpaxkaeTcsi €€ 3aBUCHUMOCTb OT
KOHCTaHT NMpSAMOM 1 00paTHOI peakiuii?

10. Or xakux (akTOpPOB 3aBHCUT KOHCTaHTa PABHOBECHUS? OT KAKUX HE 3aBUCHUT?

11. Ilouemy B BBIpaXEHHH KOHCTAHThl pABHOBECHs KOHLEHTPALMH BEIIECTB YKa3aHbl B CTCICHSX,
COOTBETCTBYIOIIMX MX CTEXHOMETPHUECKUM KO3(P(HUIMEHTaM, a HE HKCIEPUMEHTAIBHO ONpeNesIieMbIM
quciam X, Y u ap.?

12. KakuM COOTHOIIICHHEM CBs3aHa KOHCTaHTa paBHOBECHUs ¢ dHeprueli ['no0ca?

13. Ilpusenute ¢opmynuposky npuniuna Jle Illarense. Kakoe nmpakTuueckoe 3HaueHHE HUMEET
atot npuHiun? [IpuBeanure npumepsl.

Cnucox JUTEPATYPHI, peKOMeH}IyeMblﬁ K HCI0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHasi MTEepaTypa:

1. Koposun, H. B. O6mras xumus : yaeounuk / H. B. KopoBuH. - 13-¢ u3., nepepab. u jgom. - M.
: Axkagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpyskaromien cpebl : XUMHs )KHUBBIX oprann3MoB. Kypc nekuuii /
E. C. Muxanuna, A. JI. [lerenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum noctyna: s
aBTOPU3HP. MOJIb30BATENEN

JlonosiHUTEIbHAS JIUTEPATYypa:

1. T'munka, H. JI. O6mas xumus / H. I'. I'nmunka ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1

2. XuAMUS METAIIIOB : ydeOHOoe mocoOue (I CTYACHTOB XUMHUYECKOTO (haKyabTeTa
HarpaBieHui 0akanaBpoB «XUMHUA» U «XUMHUUECKask TEXHOJOTHs») / cocTaButenu O. A.

I'osmoBanoBa. — Owmck : OMckuii rocyiapcTBeHHbIM yHUBepcUTET UM. .M. JlocToeBCKOTO,
2015. —552c. —
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ISBN 978-5-7779-1875-8. — TekcT : aneKkTpoHHbIH // DnekTpoHHO 6ubinoreynas cucrema IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum mocryma: s
aBTOPU3HUP. N10JIb30BATEIEH
NuTepHeT-pecypcenl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYIA K 00pa30BaTeIbHBIM pecypcaM

2 http://biblioclub.ru/ — 9BC «YHuBepcuteTckas OHOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTaJIOT aCCOIMALINHN JICKTPOHHBIX OHOINOTEK
yueOHbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpbITOE 0Opa3oBaHKE

Tema 6. PacTBopsI
JlabopaTopHasi padoTa 3. DJIEKTPOJIUTHYECKAS TUCCOLHALUS

Lenb paboTel: Usyuenne mporecca 3IEKTPOIUTHYCCKON AUCCOIMAIMA B BOAHBIX PACTBOPAx

HIIEKTPOJINTOB Pa3HOW CHIIBI.
DopmupyeMbIe KOMIIETEHLIIMU WM UX YaCTH:
TeopeTuyeckas 4acTb

Pacnaa QJICKTPOJIMTOB HAa MOHEI ITPU UX PACTBOPCHUHU B BOJAC HA3BIBACTCA ITPOTOJIM3O0M.

IIpumeuanue. K mporeccaM NmpoTOIH3a OTHOCST BCE XUMUYECKHE B3aUMOJICHCTBHS, B KOTOPBIX
yuactByloT uHoHbl H3O" u OH'. TepMHH «IMCCOIHAIMs» yCTapea, BMECTO HEr0 PEKOMEHIYETCS
IIPUMEHSTD — IIPOTOIU3.

OCHOBHBIC TIOJIOKEHUSI TEOPUHM MPOTOJU3a (TOTAa—3JICKTPOIUTHYSCKON JTUCCOLMAIINN) ObUIH
paspabotansl B 1887 roay mBenckuM yuéHpiM CBaHTE APPEHIYCOM.

DNEKTPOJIUTHl TPH PACTBOPEHHH B BOJE TIIOJBEPralOTCs NPOTONM3Y (pacramaroTcs WIH
I[I/ICCOHI/H/IpyIOT) Ha MOJIOKUTCIIBHBIC 1 OTPULIATCIIbHBIC NOHBI.

[Tox nmeiicTBHEM 3JIEKTPUYECKOTO TOKA TTOJIOKHTEIBHO 3apsHKEHHbIE MOHBI JIBHKYTCS K KaTOMY
(KaTHOHBI), a OTPUIIATENHFHO 3apPsHKEHHBIE — K aHOY (aHHOHBI).

[pornecc mpoTtonmsa — nporecc 0OpaTUMBIH, T.€. MapaieIbHO paciaay MOJIEKYJ Ha HOHBI HAET
MPOIIECC COSTUHEHUSI HOHOB B MOJICKYJIbI.

Hampuep: CUSOy <> Cu®t +505~

Cynbdar Menu B BOJHOM pacTBOpe pacmajgaercs Ha katnoH Cu?* u anmon SO42.

MexaHu3M MPOTONN3a (IMCCOoMAIiK) ObUT pa3padoTaH pycckuM xumukoM U. A. KaOirykoBbiM.

['MaBHOW MPUYMHON MPOTONM3A SBISETCS B3aMMOACHCTBUE MOJIEKYI DIICKTPOJIUTA C MOJICKYJIaMH
pactBopuTenst (Boabl). MoJeKyna BOJBI MOJSIpHAs, B3aUMOJACHCTBYS C DJIEKTPOJIMTOM, BoJia ociadiser
ANIEKTPOCTATHYECKUE CUIIBI MIPUTSDKEHNST HOHOB B KPHCTAJUIAX U CHIIBI B3aUMOJICHCTBHS MEX/y aTOMaMu
B COEAMHEHHAX C KOBAJICHTHOM CBS3bIO, YTO U MPUBOJMT K X MPOTOIHU3Y (PHUCYHOK 2.1).

a) 6)® @ B) r)
< @—@@ @@@O@—QD@@

@) NOAAPHASL MOJEKYIa 8 Hauale 2uopamayuul;

0) nepexoo noaAPHOU MOIEKYAbL 8 UOHHYIO NOO Oelicmauem Ounoaell 800bl;

8) 2UOPAMUPOBAHHBLIL AHUOH,
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2) euopamupoBaHHbIL KAMUOH.
Pucynok 3.1 — Cxema npomonusa noIspHOU MONEKYbl

O6pasoBaBiimecss HMOHBI OKPY)KEHbI OOOJIOYKOW W3 TMOJIIPHBIX MOJIEKYJ BOJABI U SIBIISIOTCS
THIPaTUPOBaHHBIMU HOHaMHU. OHH yCTOWYMBEI U CYIIECTBYIOT B PACTBOPE HE3aBUCHMO JPYT OT JIpyTa.

l'unpatupoBaHHBIE HOHBI MOTYT IMETh KaK IIOCTOSIHHOE, TaK M MIEPEMEHHOE KOJTUIECTBO MOJIEKYIT
BOJIbI. [ MpaT MOCTOSIHHOTO COCTaBa 00pa3yeT HOH Bogopoaa H, yaep)kuBaronuii 0Hy MOJICKYITY BOJIBI.
B HayuHoi1 1 yueOHO# nuTepaType ero obo3nadaror H:O" (i OH3™) 1 Ha3bIBalOT HOHOM THIPOKCOHHSI.

Cremyer MOMHHUTB, yTO MOH H* B BOJe HE CYIIECTBYET, TaK KaK MOMCHTAJIBLHO PEarupyer C
MOJIEKYJIO# (MoNeKyaMu!) BOBI B CyIIecTBYeT ( B OCHOBHOM) TOJIBKO B BHJE HOHOB THIPOKCOHUS:

H* + H,O — H30".

CunvHvle u crnadvie snexmponumsi. CUIbHBIC SIEKTPOIUTHI IPU PACTBOPEHUH B BOZAE MOJTHOCTHIO
(M TIOYTH TTOJTHOCTHIO) TIOJBEPTAIOTCS MPOTONIN3Y — PACIAIAIOTCS HA HOHBL.

Ilpumeuanue. TIpUHATO CUUTATh CHUJIBHBIMH DJIEKTPOJIMTAMU BCE T€ COCOUHEHHs, KOTOpHIC
pacnanatorcs 6osiee ueM Ha 30%.

K uum otHOCSTCS:

a) kucaoTel HSOs (Tosbko mo nepBoit crynenu!), HNOs, HCI, HI, HBr, HMnQOs4, HCIO3, HCIOq;

0) ocuosanus menounsix (NaOH, KOH, RbOH, CsOH, no ne LiOH!) u menouno3emMenbHBIX
metaiuioB (Ca(OH),, Sr(OH)z, Ba(OH)2 — Ho TosbKO 1m0 TIEpBO# cTymeHu!);

B) TIOYTH BCE PACTBOPUMBIE COJIH.

Crna0ple AJIEKTPONUTHl IPU PACTBOPEHUH B BOJIC JIMIIL YaCTHYHO MOJBEPraroTcsi MpoTosnzy. K
CITa0BIM BJIEKTPOJINTAM OTHOCAT, Hampumep. creayiomue kucnotel: HCN, HNO,, HF, HCIO, HCOOH,
CHsCOOH, HyCOs, H2C04, H.S, H2SOs, H:SiOs, HsBOs wu ap.; ocHOBaHHs MeTauioB (Kpome
OCHOBAaHHWH MIETOYHBIX W LIeOYHO3eMeNbHbIX MeTaioB), a Takke NH4OH. K cnabeiv snexTponuram
OTHOCHUTCSI TaK)Ke U BOJIA.

[IpoTonu3 KkucnoT:

a)H,S0, + H,0 <> H,0" + HSO, (100%);

+ 2—
HSO, +H,0 <> Hz0" +SOZ7; Kop(H,S0,) = [HsO 1[S04 ]

[HSO; ]

=0,012;

6) HCIO; + H,0 <> H3O™ + ClO3'; (100%);
6) HBr + H,0 <> H3O™ + Br~; (100%).
[TpoTONIN3 MHOTOOCHOBHBIX KHCIIOT CTYNEHYATHIH, OPH 3TOM YHCIO CTYIEHEH ompenesnsieTcs
OCHOBHOCTBIO KHCJIOTBI (3TO 7K€ OTHOCUTCA U K MHOT'OKHCJIOTHBIM OCHOBaHI/ISIM).
[IpoTonu3 ocHOBaHMIA:

a) NaOH < Na® +OH ~;

6) KOH <& K" +OH ~;

6) Ca(OH), <> CaOH " +OH .
IIpoTonus cosnei:
Cpeonue conu:

a) NaCl <& Na™ +ClI~;
6) KNO; <> K* + NOg;
6) Al,(SO,); <> 2AI%" +3502".

Kucnvie conu:
KoHPO, <> 2K* + HPOZ
OCHOGHble CoJlu.
a) AIOH (NO3), <> AIOH " +2NO;;
AIOH % & A% 1 OH ™
6) Al(OH),NO3 «>[AI(OH),]" + NO3;
[AI(OH),]" <> AIOH 2" +OH ;
AIOH 2" & A% +OH ",

Komnnexcuwvie conu.
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a) K[Cr(OH),]«<> K* +[Cr(OH),];
[Cr(OH), ] <> Cr3 +40H ~;
6)Na,[Zn(OH), ] <> 2Na*t +[Zn(OH), J*;
[Zn(OH), ] <> Zn?" + 40H ~.
KomnuectBeHHO IIpoHeCC MPOTOJIMU3a MOXKXHO OXapaKTEPHU30BATE C IIOMOLIBIO CmeneHu npomaoiusa
Q , KOTOpasi MpEeACTaBIsIeT COO0H OTHOLICHUE YKCiIa MOJb (Nx) MOABEPTIIMXCS MPOTOIU3Y MOJEKYH, K
o0memMy 9ruciay Moiib (Nosy) PACTBOPEHHBIX MOJIEKYIL:

n
a,% =—=*—.100. (3.1)
no6u4

st cUJIBHBIX 3JEKTPOJIMTOB CTeleHb mpoTonu3a Onmska k eaunune (100 %). [na cmabbix
3JIEKTPOJINTOB, MOJIEKYJIBI KOTOPBIX B OCHOBHOM HaXOJAATCSI B pPaCTBOPE B MOJIEKYJISIPHOM COCTOSIHUU, (¥
— MaJias BelIM4YuHa.

CreneHp MpOTONN3a MOXHO YBEJIWYUTh MOHI)KEHHEM KOHIIEHTPAILlMd PAacTBOPEHHOI'O BELIECTBA
(Tabmnwma 2.1) nin MOBBIIIIEHHEM TEMITEPaTyPhl pacTBOpA.

Tabnuya 3.1. 3asucumocms cmenenu npomoU3a YKCyCHOU KUCIOMbL OM KOHYEHMPpayuu npu
20°C

C(CH3COOH), moms/mm® 0,1 0,01 0,001
a,% 1,4 4,2 12,4
Hamnpumep, 111 yKCYCHOM KUCIIOTBI:
CH3COOH + H,0 < CH3COO™ + H30*;

[CH;COO™] 100 [H;07]
C(CH3;COOH) C(CH3;COOH)

Jlnst XapakTepUCTUKU CHA0BIX DICKTPOJIUTOB HCHONB3YIOTCS KOHCTAHTHI MPOTONU3a, KOTOpHIC
SIBIISIFOTCS YACTHBIM CITy4aeM KOHCTAHT XMMUYECKOTO PABHOBECHSI.

[pornecc mpoTonmsa cnaboro AIEKTPOIUTA SBISETCS PABHOBECHBIM, T.€. B CHCTEME MPOTEKaIOT
OJTHOBPEMEHHO JIBa CONPSDKEHHBIX IMpoIiecca: MPOTONn3 U Molspu3aius. Hanpumep, a1 paBHOBECHOTO
nporiecca a30THCTOW KHUCIIOTHI ¢ MOJIEKYJIaMU BOJIBL: 1) MmpsiMasi peakiius — mpoliecc MpoTou3a (pacnaia)
moseky1 HNO; Ha wonbr; 2) obpaTHas peakius — mojspusamus (cBs3piBanre noHoB H3O m NO;™ B
mosekyibl HNO2)

a(CH,COOH ), % =

HN02 +H20 <~ H30+ + NOZ_
KonmuecTBeHHO 3TO paBHOBECHE XapakTepusyeT KoHcTanTa npoTonm3a HNO,:
+ —_
[H307]-[NO, ]
[HNO, |

J1J11 MHOTOOCHOBHBIX KHCJIOT CYIIECTBYIOT HECKOJIBKO KOHCTAHT MPOTOIN3a, KaXKasi U3 KOTOPBIX
KOJINYECTBEHHO XapaKTEePU3yeT COOTBETCTBYIOILYIO CTYIIEHb [IPOTOIN3A.
Hanpuwmep:

~51.107%,

K, (HNO,) =

+ -.
H28+H20(—) H3O + HS ,
+ p—
_[H307]-[HS]
a -
[H,S] ,
- + —-.
HS™ +H,0 & H3;O" +S77;
2_
[H307]-[S77] 13
S =11-1075,

[HS™]

HpOTOJ’II/I3 BJICKTpOJ'II/ITOB 110 HepBOfI CTyrIeHI/I naer Jerde M, CJICAOBATCIIBHO, BCIWMYHHA
KOHCTAHTHBI HpOTOJ’II/I3a HepBOﬁ CTyHeHI/I BCEraa 60.]'[]:]].[6 BCJIINYUH KOHCTAHT HpOTOHI/I3a HOCJ'IC,Z[YIOH.[I/IX
CTYIIEHEH.

ROHcmaHma npomoausza mak oce, KaKk u KOHCmaHma XumMudecKkoeco paeHoeecusl, A6J1emcs
6€ﬂulluHOT/7 }’IOCI’I’IOEHHOIJ npu aaHHOﬁ me/vmepamype U He 3asucum om KOHz/;eHmpauuu eeuecmed.

3aBHCUMOCTh MEXIY KOHCTAaHTON PaBHOBECHS M CTEICHBIO MPOTOJIM3a OMPEAEISIeTCS 3aKOHOM
pasbasnenus OcTBabaa, HATPUMED, IS OJTHOOCHOBHOM KUCIOTHI (THita HA):

-1.107";

a
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[H30']-[47] _a®C(HA)

K, (HA4) = [Fid] . —1pu a > 0,05 (5%)
Win

K (HA)—M— 2C(HA) - 0,05 (5%

a = [HA] =a mpu a < 0,05 (5%)

Nonnrpie ypaBHeHHs — 3TO (hopMa 3alMCH, OTPAKAIOMIash COCTOSHHE BEIIECTB B PACTBOPE H
pe3yabTaT X B3aUMOJEHCTBHS APYT C IPYTOM.

IIpu cocTaBieHWH HMOHHBIX YpaBHEHHH CcJeIyeT pPYKOBOACTBOBATHCS TEM, YTO cradvie
IAEKMPOIUMBL U MATOPACMBEOPUMDBLE Beuecmed uzoopasicaiomes 6 ude monexyi. CUuibHO pacmeopumbvie
NeKMPOAUMDBL, KAK NOJHOCNbIO UOHUZUPOBAHHbBIE, NUULYICSA 8 8UO€E UOHOB.

B nOHHBIX ypaBHEHHUSIX AOIKHO COOMIOAATECS YCIOBHE 3JCKTPOHEHTPATIBHOCTH — CYyMMA 3aPA008
8 11e601L Yacmu YpasHeHus 00MHCHA ObIMb PABHA CyMMe 3aps008 NPaeoll Yacmu YPaGHeHUs.

OO0opynoBanne U MaTepuasbl
1. Pactsop cepnoii kucinorsl H,SOs ¢ konnentpamueii C(H2S04)=2 mons/mm?
2. PactBop consnoii kucnorsl HCI ¢ koruentpammeit C(HCI)=2 monn/am®
3. Hupukarop penondranenn
4. VHauKaTop METHIOPAHKEBBIN
5. JlakmycoBas Oymara
6. PactBop NaOH ¢ konnenrpanueii C(NaOH) = 2 moms/am®
7. JlMcTHIUTMpOBaHHAs BOJA
8. IlpoOupku
9. Jloxeuxka
10. PactBop NazSO4
11. PactBop (NH4).SO4
12. PactBop xnopuza Gapust
13. PacTBOp cuivkaTa HaTpHs
14. PacTBOp COJSAHOM KUCITOTHI
15. PactBop cynbgara meau (+2)
16. PacrtBop anerara narpuss CHsCOONa
17. KapGonar xansums (men) CaCO3
18. PactBOp cynbgara xpoma
19. PactBOp ezkoro Hatpa

Ykazanus mo TexHuke 0e30MacHOCTH
1. Bce pa0oTel B XUMHYECKOH 1a0OpaTOpUM JOJDKHBI HMPOBOJUTHCS IPU HCIPABHOM

ANEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

2. Ta3oBbIe KpaHBI U Ta30MPOBO/T IOJKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOINIECKU
MIPOBEPSTHCS.

3. Pabodee mecTo comepkaTh B HOPSIKE U YHCTOTE.

4. Cyxue peakTuBbl TpeOyeTcs OpaTh YUCTHIM IIMATENEM WIN CIEIHATFHON JIOKEUKOM.

5. Uznumex peakTuBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLI B3ST.

6. Bce onbITH ¢ BpeAHBIMH U MIAXHYIIUMH BEILIECTBAMU, a TAKKE yIIapUBAaHHE KUCIOT U KUCIBIX
pacTBOPOB MPOBOJIUTH B BBITSDKHOM KA.

7. OcraTKu coOeqUHEHU cepedpa ciIMBaTh B 0COObIE CKISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUPKE BCer/a cieqyeT Aep)KaTh e€ TaKuM 00pa3oM, YTOObI
OTBepcTHE MPOOUPKHU OBUIO HANIPABIEHO B CTOPOHY OT pabOTAOIIEro PSIOM COCea.

9. He HaK/IOHSTH JIMTO HAJl HATPEBACMOM YKHUIKOCTHIO HIIM CIUIABIISIEMbIM BEIIECTBOM.

10. He cnenyer BIBIXaTh Maxy4due BEIIECTBA W ras3bl, OJU3KO HAKIOHSSICH K COCYLy C 3THMHU
BenlecTBaMy. HroxaTh BeliecTBa MOXKHO JIMIIb OCTOPOKHO, HAMIPABJISIS K ceOe Maphl WK ra3 ABKEHUEM

pYKHU.
11. XpaHuts pacTBOPHI KOHIEHTPUPOBAHHBIX KHCJIOT U IEJIOUEH B BBITSHKHOM LIKady.
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12. BrwummBaTh pa30aBIeHHbIC KUCIOTHI U METOYHBIE PACTBOPHI CIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3anpeniaercsi mpoOOBaTh XHMUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIETKO BOCIUIAMCHSIOIIUMUCS BellecTBaMu (3QUphI, OCH301, CEpOyTIepo U
T.J1.) HE JOJDKHO OBITh PSJIOM OTHSI U BKIIFOUCHHBIX TUIMTOK.

15. IIpu paboTe coO CTEKIOM, XHMHUYECKOW TOCYIOH, HEOOXOAMMO COONIIO/IATh IpaBUIiIa
MPEJOCTOPOKHOCTH BO M30eKaHIE PAHESHHI OCKOIIKAMK CTEKIIA.

16. Kareropuuecku 3arpeiniacTcs OCTaBIATh pa0OTarOIMe TPUOOPHI 03 HAOIIOICHUSI.

19. B xumu4eckoii 1abopaTopun HeOOX0AMMO paboTaTh B XajaTe.

3aganusa
Onepit 1. Haneiite B Tpu npooupku no 1-2 cM® pacTBopa KHCIIOTBI, IIEN0YH U BoAbl. Jl06aBbTe B
KOKAYI0 mnpoOupky wuHaukatop (cMm. tabm. 3.2.1). OOparuTe BHUMAaHHE Ha IIBET HHIUKATOPOB B
Pa3IMYHBIX CpeJax: KUCIIOH, IIEeJIOYHON, HEUTPATIbHOMU.
Tabauya 2.2 1leem unouxamopos 6 paziuinsix cpeodax

Cpena
WNunukatop p
KHCTast HeHTpabHast NIeT0YHAS
Jlakmyc KpacHBII (uosieToBBIN CHUHUU
denHondranenn OeCLBETHBIHN OeCLBETHBIN MaJIMHOBBIH
MertunopaHxeBbIil PO30BBIi OpPaH>KEBBIN KEATBIN

Onpir 2. B aBe mpobupku Haneiite mo 1-2 cm® pactBopos: B omHy — Na;SOs, B apyrywo —
(NH4)2SO4. B xaxayro u3 npoOHpok mpubaBbTe MO TAaKOMY JKe 00beMy pacTtBopa xsopuia Oapus. Bo
BCeX MpoOupKax oOpazyercst ocagok Oemoro nBera. CocTaBbTe MOJECKYJSIPHBIC M WOHHBIC ypPaBHEHUSI
COOTBETCTBYIOIIUX PEAKLUil.

st Toro 4ToObl ONpeseuTh Kakas u3 00pa3oBaBIIMXCS COJIEH TPYAHOPACTBOPUMA, IIOCMOTPHUTE
TabNMIy PAacTBOPHUMOCTH XHUMHYECKHX COCJMHEHHWH. B BbIIIepacCMOTpEHHOM MpHUMeEpe 3Ta COllb —
cynbdar Oapws.

Onwit 3. Hanelite B mpoGupKy 2 cM® pacTBOpa CUJIMKATa HATPHS, JOOABBTE TAKOE KE KOJIMIECTBO
COJsIHOM KucnoTel. Yto mpownzonuio? HamuimmnTe MOJIEKYIsipHOE, MOJHOE MOHHOE W KpaTKoe HMOHHOE
ypaBHEHUs 1aHHOU peakimy. OOpaTHTe BHUMAaHHE, YTO KPEMHHEBasl KUCIIOTA MJI0X0 pacTBOpUMa B BOJIE.

Onwit 4. Haneiite B mpo6upky 2 cm® pactBopa cyabdara meau (+2). JIo6aBbTe pacTBOp IIENOUH
(NaOH wunu KOH). Yto BBl HabmomaeTe? HamummTe MOJIEKYIIPHOE ypaBHEHHE peakiinu. 110b3ysch
TabNMIeH pPacTBOPHMOCTH, OIpEJNENINTe, Kakoe W3 JBYX OOpa3oBaBIIMXCS COCTUHEHUH, BHIMAJacT B
ocaziok. HamuimunTe noiaHoe u KpaTkoe HOHHBIE ypaBHeHMs. OcaoK COXpaHHUTE IS OIbITa 5.

OmpbiT 5. B mpoOupky ¢ 0cafKoM THIPOKCHAA MeOu (TOJIyYEeHHOTO B HPEABLIYLIEM OIIbITE)
100aBbTE HECKOJNBKO CM° pacTBOpa COJSHONW KUCIOThl. OcCamok pacTBOpmIICS (€CIM OCAaIoOK HE
pacTBOPWIICS, TO BCTPSAXHUTE MNpoOMpKy). Hamuimmre MosiekynsipHOe, MOJHOE M KpPAaTKOE HOHHBIE
YpaBHEHUSI.

Ongit 6. Hanelite B mpo6upky 2 cm® pacteopa anerata Hatpus CHsCOONa u 106aBbTe HEMHOTO
pa30aBieHHON CONSHOW KUCIOTH (Wiau cepHOM). [losBuiics 3amax, MPUCYIIMI MOJIEKyJIaM YKCYCHOU
KACHOTHL. IIpHM cocTaBneHMM HOHHOTO ypaBHEHHS HE 3a0BIBaliTe, 4TO YKCyCHas KUCJIOTa — CJIa0BbId
3IEKTPOIIUT.

OnpiT 7. B HE0OJIBIIOM KOJHYECTBE BOIBI B30OJTAMTE IIECMOTKY PacTEPTOro B MOPOIIOK Mejia H
MpUIIEHTEe HEMHOTO PacTBOpa COJsIHOM KucioThl. Kakoil ras npu 3ToM Beiaenurca?

BcnoMHuuTe, 4T0 yronpHas KUCJIOTa OUYeHb HEYCTOWYMBA, Pa3fiaracTcs C BbIICICHHEM ITy3bIPHKOB
YTIIEKUCIIOTO ra3a.

Hanumwure MonekynsipHoe, KpaTKOE U MOJTHOE HOHHbBIE YPaBHEHUSL.

Onwir 8. a) Haneiite B nmpobupky 2-3 cm® pactBopa cynb(dara xpoma M 100aBbTe MO KaIUIsAM
pacTBOp emkoro Harpa (mo oOpa3oBaHus ocaiaka). OOpasoBajicsi 0cagok rujapokcuma xpoma (+3),
OTMETHTE IIBET 0caJiKa. HanmuimuTe MoJeKyIsIpHOe, OJTHOE U KPATKOE MOHHBIE YPaBHEHHS PEaKIIUi.

0) OOpazoBaBmIuiics ocajok B30ONTalTe U pa3aenuTe Ha nBe yacT. K oqHol yactu nmobaBbTe 2-
3 ¢M® COMISTHOM KUCIOTBI, @ KO BTOPOH — 2-3 ¢M® KOHIIEHTPHPOBAHHOTO PacTBOPA MIEJIOUH.

OO0paruTe BHUIMaHHUE, 9TO 0CAIOK B 00EHX MPOOMpPKaX pacTBOPHWICS. BCIOMHHTE, YTO THAPOKCH]T
xpoma (+3) obnamaer aM(OTUTHBIMH CBOMCTBAMH, B3aMMOJCHCTBYS Kak C KHCIOTaMH, TaK U C

29



menodamu. Ilpm 3ToM BO BTOpOM cilydae oOpa3yercs KOMIUIeKCHas coib. Kakas? Harmummmure eé
bopmyy.

[lo yxazaHuio mpenojaBaTeNss MOXHO TIPOBECTH AaHAJOTHYHBIE pPEAKIUM C Y4aCTUEM
TUAPOKCHIaMU JTFOMUHUS WU [IMHKA, KOTOPBIE TAKKe 001a/1at0T aM(OTUTHEIME CBOHCTBAMH.

CocTaBbTE MOJIEKYIJIAPHBIE, TIOTHBIE U KPAaTKHE YPaBHEHUSI COOTBETCTBYIOIINX PEaKIIAH.

Onsir 9. Ilomb3ysick BBICTABICHHBIMH Ha Ja0OpaTOPHOM CTOJE PEAaKTHBAaMH, OCYIIECTBHUTH
PEaKIIMIO, BRIPAKCHHYIO CICAYIOIIUM HOHHBIM YpPaBHEHUEM:

Fe*" +30H ™ = Fe(OH);3 .

Harnmmire MoneKkysipHOe ypaBHEHHE PEaKIIvu.
Omnprt 10. [Tome3ysich MOIyYeHHBIM B OIBITE 9 0cagkoM THApOKcHa Kemes3a (+3), OCyIIeCTBUTh
pEaKIHI0, KOTOPYIO OMHUCHIBAET ClIAYIOlIee HOHHOE YpaBHEHHE:

Fe(OH)5; +3H ™ = Fe*" +3H,0.
Hamucate HeCKOJIBLKO MOJICKYJIAPHBIX ypaBHCHI/Iﬁ peaKm/Iﬁ, OpUMCHAA IPU 3TOM TaKHUEC KHUCJIOTHI,
KOTOPBIM OBl COOTBETCTBOBAJIU PACTBOPUMEIE conu Fe*
Conep:xanue oTyeTa
[Toryuennsie nanHbie 3aduxcupyiite B Tabnuue 3.2 no cienymooei hopme:
Tabmuna 3.2. Pe3ynbTarhl SKCIIEpUMEHTA

Ne /1 | Pearentsl XuMHYECKas peaKius HaOmronenus

1

gl wN

KoHTpoJibHbIE BOPOCHI
ba30BbIi1 ypOoBEHB
1. Yto Takoe 3MeKTpOTUTHYECKAs AUCCOMALINA?
2. DNIEKTPOIUTHI U HE IJEKTPOJIUTHI.
3. KT0 U3 XUMUYECKUX COCUHEHUH SIBISIETCS IIEKTPOIUTOM?
IToBbIILIEHHBIN YPOBEHD
1. Hanmmute MosleKynsipHbIE, MTOTHbIE U KPAaTKUE NOHHBIE YPABHEHHUS PEAKIIMi B3aUMOIeHCTBUS:
a) KapOOHaTa KaJlusl C COJITHOW KHCIIOTO;
0) a30THCTOI KUCIOTHI C THAPOKCHAOM HATpHS;
B) KapOoHaTa MarHus ¢ a30THOM KHCJIOTO;
T') THIPOKapOOHaTa HATPHUS C €KUM HaTPOM;
1) THAPOKCH/IA ATFOMUHUS C €KUM HaTPOM;
€) COJITHOM KHCIIOTBI C CHJIMKATOM HaTpHsL.

Cnucok Jurepatrypbl, peKOMEHAyeMblil K UCIIOJIb30BAHUIO 110 JAHHOH TeMe

OcHoBHasl JuTepaTypa:

1. Koposun, H. B. O6mas xumus : yaueounuk / H. B. KopoBuH. - 13-¢ u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpumn.: c. 461. -
bubnmorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpy>Kkaromieil cpeibl : XUMuUs *KUBbIX opranu3moB. Kypc nexuuii /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DneKTpoHHO-0nOmmoTeyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum noctyna: mis
aBTOPU3HUP. MOJIB30BATENEH

JlonoIHUTeIbLHAS JTUTEpPaTypa:

1. I'munka, H. JI. O6mas xumust / H. I'. ['munka ; [lox pen. A. Y. Epmaxoga. - U3x. 30-e, ucrp. -
M. : Uurerpan-Ilpecc, 2003. - 728c. - bubmuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
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2. XuMus METaJuIoB : yueOHOe mocobue (st CTYJCHTOB XMMHYECKOTO (aKyIbTeTa
HaIpaBJeHU OaKaJaBpOB «XUMHI» U « XUMHUUYECKash TEXHOJOTUs») / coctaButenu O. A.
['onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552c¢c. —
ISBN 978-5-7779-1875-8. — TekcT : anekTpoHHbIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexum goctyna: mis
aBTOPU3HUP. N10JIb30BATEIEH
NuTepHeT-pecypcenl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYIA K 00pa30BaTeIbHBIM pecypcaM

2 http://biblioclub.ru/ — 9BC «YHuBepcuteTckas OHMOIMOTEKA OHIIANRHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIHAINN JICKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefeHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpeiToe 06pazoBaHue

Tema 6. PacTBopsI
JlaGopaTopHas padora 4. [IpoTosm3 coJieit
Lenb paboter: M3yuenue mporecca TupoIin3a CoJIeH.
DopmMupyeMble KOMIETEHIMU WIM X YaCTH:

WNHupeke DopMynHpOBKa:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMOOOPA30BAHHIO
OIIK-4 NOHMMaHHUEM CYIIHOCTH M 3HaYCHHs MH(POPMAIMU B Pa3BUTUU

COBPEMEHHOT0 00IIEeCcTBa, CIIOCOOHOCTHIO MOJTy4aTh U 00pabaThIBaTh
HHq)OpMaHHIO M3 pa3JIMYHbIX UCTOYHHUKOB, TOTOBHOCTBIO HHTCPIIPETUPOBATD,
CTPYKTYPHUPOBATh ¥ 0GOPMIISATH MHOOPMAIUIO B JOCTYITHOM ISl APYTHX
BUC

IIK-5 CHOCOOHOCTBIO MPUHUMATh y4acTUe B paboTax Mo pacyeTry u
IPOEKTUPOBAHUIO JIETANIEH U y3JI0B MAlIMHOCTPOUTEIBHBIX KOHCTPYKIIHI B
COOTBETCTBUH C TEXHUYECKUMH 3aJJaHUSIMHU U UCIIOJIb30BAHUEM
CTaHJIAPTHBIX CPEACTB aBTOMATH3AI[MHN POEKTUPOBAHUS

Teoperuyeckas 4acTb

Ipoyecc 63aumodeiicmeust UOHOG COMU C MOJEKYAAMU BOObl, NPUBOOAWUL K 0OPA3Z06AHUIO
cnaboouccoyuupylowux eewecme (MoaeKyl Ciadvlx KUCIOM UIU OCHOBAHUL, AHUOHO8 KUCTBIX UMU
KAMUOHO8 OCHOBHBIX COJlel) u conpogodcoaroueecs usmenenuem pH pacmeopa, Haszvieaemcs
NPOMONUIOM.

[IpoTonuzy moasepraroTcs CONH, 00pa30BaHHbIE c1a0BIM OCHOBAHHEM HITH CI1a00H KHUCIOTOM.

Cna0ble 37IeKTPOIHUTHI B BOJIE JIMIIH YACTUYHO JUCCOLIUHUPYIOT Ha MOHBL. K HUM OTHOCSTCS:

a) kucnotel — HyS, HaSO3, Ho.CO3, H3PO., HNO,, HsBOs, HCIO, HCN, HF, CH3;COOH u np.;

0) Bce ocHOBaHHMs MeTauioB (kpome mienouei), a Taxke NHisOH. K cimaGeim snexrponuram
OTHOCHUTCSI TAK)KE BOJIA.

CubHBIC DIIEKTPOIHUTHI:

a) kucnoTel — HpSO4, HNO3, HCI, HBr, HMnQO4, HCIO3, HCIOy4;

0) OCHOBaHWUSI IIEIIOYHBIX U IEIOYHO3EMeNIbHBIX MeTasioB, kpome Mg(OH)2, Be(OH)..

CocraBuM Tabnmily cosed, 0O0pa3OBaHHBIX PAa3UYHBIMH (KaK CHa0bIMH, TaK M CHIbHBIMH)
KHCJIOTaMU 1 OCHOBAHUSIMH.
Tabnuya 4.1 Ilpomonus pasnuynozo muna coneti

Coun, 00pa3oBaHHbIE |
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CJIa0BLIMH KUCIIOTAMH U CJIA0BIMH KUCIIOTAMHA M | CHJIBHBIMU KHCJIIOTAMU
cJIa0BLIMHY OCHOBaHUSIMH
CUJIBHBIMA CUJIbHBIMHA U CWJILHBIMU
¥ CUIIbHBIMHU KHUCIIOTAMH
OCHOBAHWSIMHU OCHOBAaHUSIMH OCHOBAaHUSIMHU
| | i AV
AlS3, NH,CN
Na,CO3, K5S, Na,SO3 A|C|3, CuSQOq, MgC|2 ! ! KC|, Na,SOs, KNO3
CI‘z(CO3)3
pH>7 pH<7 pH~=7 pH=7

PacTBOpbI BBIMIEYKAa3aHHBIX COJEH WMEIOT Pa3UYHYI0 PEaKIWio: MICNOYHYI0, KHCIOTHYIO HIIH
HEUTpaNbHYI0. DTO OOBICHICTCS TEM, YTO HMOHBI, 00OPa3yIONIHECs MPH paclaje dTUX COJICH, pa3IuyHbIM
00pa3oM B3aMMOJICHCTBYIOT C BOJIOM.

IIpoTosau3 coneii, 00pa30BaHHBIX CHJILHBIM OCHOBAHHEM H
cJ1a00ii KucJI0TOM

Paccmotpum mporiecchl, mpoTekaromue npu mporonuse kapOoHata Hatpus. Na,COs — comnb
c1ab0il TBYXOCHOBHOHM YTOJNIBHOM KHCIOTHI M CHIIBHOTO OJHOKHCIOTHOro ocHoBaHms NaOH. 3amumem
YPABHEHUE MPOTOJIN3A 3TOU CONU:

H,O + —
Na,CO; «—2%—2Na™ +CO35 .
Ipumeuanue. Ilporonu3zy HOHOB (THUAPONM3Y) BCErxa MPEALIECTBYET NPOLECC MPOTOIU3a

(mmMcconmalym) couu.
O0pa3yromiuecs: kKapOOHAT-HOHBI B3aUMOJICHCTBYIOT C MOJICKYJIaMH BOJIbI, TIPH 9TOM 00pa3yroTCst

aHUOHBI HCO3_ , @ He MoJeKynsl HoCOs, Tak Kak MOHBI HC03_ TUCCOITUUPYIOT TOPa3ao TpyIdHEe,

yeM mousiekynbl H>COs. TloaToMy mpu OOBIUHBIX YCIOBHUSX MPOTOIHM3 KapOOHATa HATPHUSA MPAKTHUECKH
IIPOTEKAET 110 NIEPBOU CTYIIEHHU.

HoHHO-MONEKYIIIPHOE ypaBHEHUE IIPOTOIN3A CO3 0 MEePBOU CTYNEHH:

CO2™ + H,0 <> HCO3 +OH ~; pH > 7.
B monexymnspHoit popme:

Na,COj; + H,0 «> NaHCO; + NaOH .

HonHO-MONEKyIsIpHOE ypaBHEHUE MPOTOJIN3A HCO3_ :

HCO3 +H,0 <> H,CO3 +OH ~; pH > 7.
B monexymnspHoit popme:
NaHCO; + H,0 <> H,CO5; + NaOH - npaxruuecku ue nporexaer!

B pactBope mnosBnsiercss u30biTok noHoB OH, mosromy Boaneii pactBop NaCOsz umeer
HIEJTOYHYIO PEAKIHIO.

KonryecTBEeHHO MPOIeCChl MPOTOJN3a cojiel XapakTepu3ytoT KOHCTaHThbl (Kup) ¥ cTeneHb (Olup)
NPOTOJIN3a, a TIIyOMHY NPOTEKaHUs MPOTOJIN3a — U3MEHEeHue peakuuu cpensl (pH).

Koncratel mportonmsa coneil, 0oOpa3oBaHHBIX CHJIbHBIM OCHOBAaHHEM U CIIa0OW KHCIIOTOH,
BBIYHUCIISIOT 110 (hOpMYyIIaM CIIeTyFOIEro BUa

K - Kw (4.2)
mi = K !
8
rne K np; ~ KOHCTAHTa NPOTOJIN3A 110 I-CTyTIeHH;
|
K . — 191 KOHCTaHTa MPOTONIM3a 00Pa3yIOIIEHCs CONPSHKEHHON KUCIIOTBL.
|
Cremnenp mpoTOIN3a;
2 Koy Ky _ (4.2)
aap FQyy 5 2—0,
C C

rae C — KOHIEHTpAIKs COJH, MOJIB/IM>,
Dopmyny (4.2) IpUMEHSIOT TOT 1, KOTAa cTerneHs npoTtoiusa npesbimaet 0,05 (5%).
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K (4.3)
Olnp RN
C
KOHHeHTpaHI/I}O TUAPOKCUA-MOHOB, ONPCACIIAIONINX FJ‘Iy6I/IHy IMMPOTCKaHus MpOTOJIn3a, MOKHO

paccunTaTth 10 YPaAaBHCHUIO:
[OH "] = /K, C- (4.4)

[TpumennMm, Hampumep, Gopmyinsl (3.1) — (3.4) Angd KOMTUYECTBEHHOW OLIEHKM MPOLECCOB
IIPOTOJIM3a 10 TIEPBOii M BTOPOii cTynensM kapoonara Hatpus pu C(Na,COs) = 0,1 mons/mm®,
1 nepBoii cTyneHu:

Ky 10"
Ka, (H,CO3)  4,6-10™

K, 1074
U z\/ (20T 60466 (= 4,66%);
1 C 01

4 B 2 B _3 MOJIb
[OH ], ~ /K,y C =121-107* -01=4,66-10 K

Pl
POH =—Ig[OH "], =—1g4,66-107° =2,33; pH=14-pOH =11,67.

s BTOpO#l CTyNeHU BBIYMCIIUM TOJIBKO KOHCTAHTY MPOTOJIN3A!

2— -4,
Kip, (CO37) = =2,17-10%;

Ky 10
Ka, (H,C03)  4,5-107

CooTHoIIeHUE TIEPBO U BTOPOH KOHCTAHT MpoToin3a kapooHat-nona (= 10 000)

—-222.1078,

2
Kip,(CO3 )=

2—
Kip,(CO37)  217.107

—— = —~10-10°
Kp,(CO3™)  2,22:10

TI03BOJIIET PACYETOM JI0Ka3aTh, 4To npotosn3 COs? (aKTHMYECKH TPOTEKAET TOJIBKO 10 MEPBOM CTYIIEHH.
IIpoTonus coneil, 00pa30BaHHBIX CWILHON KHCJI0TOM U c1a0bIM OCHOBAHHUEM

Paccmotpum nportonus conmu CuSQO4. Cynbdat Menu — coib c1aboro ABYKHUCIOTHOTO OCHOBaHHMS
Cu(OH); u cusbHOM 1BYXOCHOBHOU KHCIOTHI H2SO4.
IlepBuuHBIH poIECC — MPOTOIN3 (AUCCOLMAINS) COJIH:

H,O 2+ 2—
CuSO, «22 5cu?t + 5027,
3aTeM HUOHBI MCIU peaeryIOT C MOJ'IeKyJ'IaMI/I BOJBI, TO €CTh I/I,Z[éT HpOTOHH3 HNOHOB — BTOpHQHBIIZ

nporecc. KaTHOHBI MeTi ¢ MOJICKYJIaMH BOJIbI 00pa3ytoT KaTHOHBI OCHOBHOM cosit CUOH™.
HOHHO-MOJIEKYIISIPHOE ypaBHEHHE npoTosn3a CU?* 110 nepBoi cTymenu:

Cu®" +2H,0«>CuOH * + H;0™; pH <7
WIN B MOJIEKYJISIPHOM (opMme:
2CuS0O, +2H,0 « (CuOH), SO, + H,S0,.
Tak kak B pacTBOpe MPHUCYTCTBYET KHCIO0TA, TO ero pH < 7.

Beimagenue ocajaka ruipokcuaa Mean (+2) He MPOUCXoIuT, Tak kKak noHbsl CUOH™ aucconmupyror
ropaszuo tpyaHee, ueM monekyisl Cu(OH),.

CUOH" +2H,0 <> Cu(OH), + H30"; pH <7
WU B MOJIEKYJISIpHOU hopme:

(CUOH )2 804 +2H 20 <> 2(CUOH )2 +H 2804 — peaxIus MPaKTHYEeCKH HE UJIET.
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Hrak, B 0OBIYHBIX YCIOBHIX IPOTOJIN3 CyIb(haTa MEIU IMPOTEKAET MPAKTHUECKU TOIBKO TI0 IIEPBOM
CTYIICHH.
@opMyInbl, NO3BOJAIIIME KOJIMYECTBEHHO OLEHUTH MPOLECCH  NPOTOJM3a KaTHOHOB
COOTBETCTBYIOIIUM CIa0bIM OCHOBaHUSIM:
K - Kw (4.5)
P 1
i K.
bi

e K np;~ KOHCTAHTa TPOTOJIN3A 110 I-CTYIICHH,
i

K b| — KOHCTaHTa IMpOoTOJin3a 1o i-CTyHeHI/I CONPSPKCHHOI'O OCHOBAaHMUA.

CremneHp mpoToIn3a;
K,, K,,
@y + 0y 5 =0, (@6)
C C

rae C — KOHIEHTPaIus COJIU, MOJIb/ M.
®Dopmyny (3.6) IPUMEHSIOT TOT 1A, KOTAa cTerneHs npoTtoiusa npesbimaet 0,05 (5%).
ITpu oupi < 0,05 (5%):

K (4.7)
np C
Konnentpanuio KaTHOHOB THAPOKCOHUS, ONPEACTSAIONINX TIIYOWHY NPOTEKaHHWS MPOTONH3a,

MOYKHO PacCUUTaTh 110 YPAaBHEHHUIO:
[Hs0']; ~ /Ky C- (4.8)

IIpoTonu3 coeii, 00pa3oBaHHBIX CJ1a0bIM OCHOBAHHEM U CJ1a00H KUCI0TOI
PaccmoTpum kak mpotekaer nporonm3 anerata ammoHuss. CH3COONH,4 — conp cnaboit sTaHOBO#
KHCIOTHI U ciiadoro ocHoBaHust — NH4sOH. YpaBHeHne mpoTosi3a 3Toi Coi MMEET CIIeIYIOIUN B

H,O —
CH,COONH , <22 5 CH,CO0™ + NH .
Hanee norsl CH3COO™ u NH4* noiBeprarotcst IpOTOIH3Y — PEarupyroT ¢ MOJICKYJIaMH BOJIbIL:

CH4COO™ + NH} + H,0 <> CH3COOH + NH ,OH
WM B MOJISKYJISIpHOU (hopMme

CH,COONH 4 + H,0 <> CH,COOH + NH ,OH |

[Ipu nportonuse conei, 0Opa30BaHHBIX CJIA0OBIM OCHOBaHMEM M CJa0OH KHCIIOTOW, peaKIusl
pacTBOpa 3aBUCHT OT CTEIEHH NPOTOJHM3a O0pa3yroIIMX3cid NPOAYKTOB — KucioTel (Tuna HA) u
ocaoBanus (tuna KtOH). Ecim mporomms ocroBanus KtOH mpeobnamaer Haj mMpoOTOTU30M  KUCIOTHI
HA, To xonmentparwst noaoB OH™ 6onbiie xontenTpanun HsO™ —  cpema memounas, eciim Haob0poT —
[Hz0*] > [OH™], T0O Kucas.

B naHHOM ciydae, MOCKOJBKY CTENEHM NpoTtonm3a ykcycHod kucnotel (Ko = 1,8:10°) mu
rugpokcuaa ammonmsi  (Kp = 1,78:10°) mnpubGnmsurensno omunakosel, To pH cpenst Gyner
MPHUOIM3UTETHHO PABEH CEMH.

Cnedyem nOMHUMb, YMO COAU, OOPA308AHHLIE CUTLHLIM OCHOBAHUEM U CUILHOU KUCIOMO,
NPOMoNU3y He NOOBeP2aArOMCs.

Hanpumep, xnopun Hatpus NaCl — conp cunproit kucinoter HCl u cumsaOoro ocnoBanms NaOH.
Wonbl, oOpasyrommuecs B pe3yiabTaTe IUCCOLHMALMHM 3TOH coimM, He oOpa3yloT ¢ BOJOH cialbix
9NeKTposuTOB. [lo3TOMY B OOBIYHBIX YCJIOBHSX PAaBHOBECHE NPOTOJHM3a MOJEKYJI BOABI B TaKUX
pacTBopax He HapylIaeTcs W KOHICHTPAILUS MOHOB THAPOKCOHHS M THIPOKCHI-HOHOB OCTAETCSl TAaKOW
ke, KaKk y yiucToi Boasl — pH = 7.

IosHbIii mpoTo/IM3

PaccMoTrpuMm, Kakue mpoaykThl obpasyroTcs mpu cMmenmBanud pactBopoB Al(NOs)s u KoCOs.

Hutpar anroMuHust moiBepraercsi MpoTONIH3Y 10 KATHOHY, a KapOOHAT KaIUs - 10 aHUOHY:
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AI(NO,), <25 AI* +3NO,

AI** +2H,0 <> AIOH > + H,0"

AIOH * +2H,0 <> AI(OH); + H, 0"
AI(OH); +2H,0 < AI(OH), ¥ +H,0"
K,CO, « 2 52K"* +COZ"

COZ +H,0 <> HCO,; +OH -

HCO; +H,0 <> H,CO, +OH .

Ecnmu pacTBopbl HaXoAATCS B OHOM COCYJE, TO WAET B3aUMHOE YCHIICHHE MPOTOJIM3a KaXKIOU
conu, Tak Kak oopasyromrecs: voubl H3O" u OH” cBsI3bIBatOTCS ¢ 00pa3oBaHUEM CIIA00TO JIEKTPOJIHTA —
BOJIBI. [Ipy 3TOM MPOTOIMTHYECKOE PABHOBECHE CMEIIACTCS BIIPABO, & MMPOTOJIN3 KaXI0H COM MPOTEKAET
JI0 KOHIIA.

HoHHO-MONEKYJIIpHOE ypaBHEHUE MPOTOJIH3A:

2A1%" +3C02% +3H,0 <> 2AI(OH); 4 +3CO, T.
B monexymspHoit popme:
2AI(NO3)3 +3K,CO;3 +3H,0 <> 2AI(OH)3 { +3CO, T +6KNO;.
Jpyrumu npuMepaMy TakUxX Iap UOHOB SIBJISIOTCS:

1.Cr¥*uS*
2. AP u S*

2_
3.Cr¥u C03

2—
4. Fe> u CO;

- N2

Oo0opynoBaHne U MaTepuasbl
PacTBop uHIHKaTOpa
HuctunnupoBaHHas Boja
[Ipobupku
PactBop Na,COs
Pacteop AICl;3
Pactsop NaCl
PactBop xs1opua aMMOHUS
PactBop cyibdara amomurust Alx(SO4)s
PactBop docdara nHatpus NazsPOa
10 PactBop (NH,)2S
11. PactBop cynbdara anoMUHNs
12. PactBop cynbgara xpoma Cra(SOs)s
13. PactBop pactBopa comust Na;COs

CoNoaR~WdDE

Yka3zaHus 1o TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJKHBI MPOBOJUTHCS IPH HCIPABHOM

ANEKTPOOOOPYAOBAHHH, IIEKTPOIIPOBOKE, MPABMIEHO 000PYA0BAHHOM BBITSDKHOM IIKadYy.

2. T'a30BbIe KpaHBI U ra30MPOBO/I 1OJHKHBI HAXOIUTHCS B UCIIPABHOM COCTOSIHUH, TIEPUOINIECKU
MIPOBEPSTHCS.

3. PabGouee mecTo conepkaTh B IOPSJIKE U YUCTOTE.

4. Cyxue peakTHBbl TpeOyeTcst OpaTh YUCTHIM ILINATEIEM MU CHICIHAIBHON JTOXKEUKOH.

5. Uznumex peakTuBa HEe BBUIMBATH OOPATHO B COCY/l, U3 KOTOPOTO OH OBLI B3ST.

6. Bce ombITHI C BpeHBIMHU 1 MTAXHYIIMMH BEIIECTBAMH, a TAKXKE YIIapPUBAHNE KUCIIOT M KUCIIBIX
PacTBOpPOB MPOBOJIUTH B BBITSDKHOM IIKaQy.
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7. OcTaTKu coeMHEHHUI cepedpa CIMBAaTh B 0COObIC CKIISTHKH.

8. Tlpu HarpeBaHWUUW PAcTBOPOB B MPOOUPKE BCET/Ia CIeMyeT AepkKaTh e€ TakuM 00pa3oM, 4TOObI
OTBEpCTHE MPOOUPKH OBLIO HAIIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsAOM coceaa.

9. He HaKIOHSTH MO HAJl HATPEBACMOM JKUKOCTBHIO HIIH CILIABIISIEMBIM BEILIECTBOM.

10. He cnenyer BIbIXaTh Maxy4ue BEIIECTBA W Ta3bl, OJIM3KO HAKIOHSSICH K COCYIy C DTHMHU
BeniecTBaMy. HroxaTh BelecTBa MOKHO JIMIITb OCTOPOYKHO, HANPABIISS K ceOe Taphl WK ra3 JBHKCHHEM
PYKH.

11. XpaHuth pacTBOPHI KOHIICHTPUPOBAHHBIX KHUCJIOT U IEJIOUYEH B BBITS)KHOM MIKady.

12. BpummBaTh pa30aBICHHBIC KUCIOTHI U MEIOYHBIE PACTBOPHI CIIEAYET B CIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercst mpoOoBaTh XMMHUUECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIETKO BOCIUIAMCHSIOIIUMUCS BellecTBaMu (3QUphI, OCH301, CEPOYTIepo U
T.JI.) HE TOJDKHO OBITh PSIIOM OTHSI U BKJTFOUCHHBIX TUTUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHYECKOW IOCYHOH, HEoOXoAMMO coOMogaTh NpaBUiia
MPEIOCTOPOKHOCTH BO M30€KaHNE PaHEHUH OCKOJIKAMH CTEKIIa.

16. Kareropuuecku 3ampemniacTcs OCTaBIATh padoTaroIIe IpuOOpsl 0€3 HAOIIOACHUS.

20. B xumugeckoi Jabopatopur HEOOXOANMO paboTaTh B XalaTe.

3aganusn
OmnwiT 1. B 4eThipe npoOupky Haneiite mo 2-3 cmM3: B NepBYI0 — AMCTUIUIMPOBAHHOM BOJIBI, BO
BTOpY10 — pactBopa Na;COs mwiu K2COs, B Tpetbio — pactBopa AlCIs mwiu Alx(SOs)s, B getsépTyro — NaCl
win KCl. B kaxayro mnpoOHpKYy IIOMECTHTE [0 MAJICHBKOMY KYCOYKY HWHIMKATOPHOW OyMarw.
[IpeaBapuTenbHO WM3yYUTE WU3MEHEHHE OKPACKH HHIMKATOPOB B paziIMyHbIX cpeaax. CpaBHHUTE LBET
MHJMKAaTOPa B paCTBOPAX COJIEH C €r0 OKPACKOM B BOJE.

CocTaBbTe HMOHHO-MOJEKYISPHBIE M MOJEKYIAPHbIE PEaKIHU HPOTOJIU3a COOTBETCTBYOLIMX
coneii. 3anonHuTe Tabnuiy 4.2.

Onwim 2. Haneiite B npo6bupky 3 cM® pacTBopa xjopujaa aMmonus. Jlo6aBbTe 1-2 Kamau pacTsopa
nakmyca. OTMeThTe LBET pacTBopa. KpacHbIf LBEeT pacTBOpa yKasblBaeT Ha KHUCIYIO cpeny, T.e. B
pacTBOpe MMEIOTCSI CBOOOAHBIE MOHBI TMAPOKCOHMA. COCTaBbTE MOHHOE M MOJIEKYJSIPHOE ypaBHEHUS
npotosmza conmu NH4CI.

Onvim 3. Hanetire B mpodupky 2-3 cm® pacteopa cynbdara amomunus Al(SOs)s u no6assre 1-2
Karui pacTtBopa jakmyca. Kak m3menwnics et umHaukatopa? CocTaBbTe MOHHOE M MOJEKYJISIPHOE
YpaBHEHHUSI TPOTOJIM3a JIAHHOW COJIM, YYHMTBIBAs, YTO B CiIydae MPOTOJIM3a MHOTO03apsIHBIX KaTHOHOB
00pa3yroTcst KATHOHBI OCHOBHBIX COJICH.

Onvim 4. Haneiite B npodupky 2-3 cm® pacteopa pocdara narpus NasPOs u no6asbre 1-2 Karu
pacTBopa Jakmyca. B kakoi uBer okpacuics nakmyc? KakoBa cpena pactBopa? KakoBo 3Hauenue pH
pactBopa? CocTaBbTe HOHHOE M MOJICKYJISIPHOE ypaBHEHHS MPOoTosin3a (hocdara HATPHUs, YIUTHIBAs, UYTO B
pesynbrate oOpasyercs ruapodocdar Hatpus. JanpHelmunii npoTonau3 (0 BTOPOM M TpeThell CTYNEHH)
BO3MOXKEH JIMIIb B CIIydyae OuY€Hb pPa30aBIEHHBIX PACTBOPOB M MpPH MOBBIIEHHON TeMIepaType.
Hanumwure MoHHBIE M MOJIEKYJSIpHBIE ypaBHEHHUs! TpoTonu3a ¢ocdaTra HATPUS MO BTOPOH M TpeTheit
ctynenu. Paccunraiite 3HaueHus koHcTaHT npoTonusa (Kipi, Kip2 1 Kips), crenenn npotonusa (Cupi, Olp2
¥ Op3) M [H3O*] st kaxaoii crynenu, cuntas C(NasPOg) = 0,1 moms/am®.

Onwim 5. Haneiite B npodupky 2-3 cm® pactsopa (NH4)2S u moGasere 1-2 kammm pacTtsopa
nakmyca. Kakoit nser npuobpén pactBop? CHHHE IBET JlakMyca TOKa3bIBaeT, YTO Cpelia B PacTBOpE
menoyHast. OOpaTuTe BHUMaHue Ha 3anax pacrBopa. Yem nmaxuet pactBop (NH4)2S? 3anummre nonsoe n
MOJIEKYJISIPHOE ypaBHEHHUS pOTon3a cyiabuaa Hatpus. [IpoTonus 3Tol conu MIET Kak 1Mo MepBoM, TaKk
Y 110 BTOPOM CTYIIEHHU:

NH; +5% + H,0 < NH,OH + HS ™

NH; + HS™ + H,0 <> NH,OH + H,S
Kb (NHsOH) =1,8-10"%; Ka1 (H2S) = 1,0-107; Kaz (H2S) = 1,0-10°5,
Hcxons w3 3HaueHuit koHcrant nportonusa it NH4sOH u H.S, cnemaiite BbIBO 0 XapakTepe
cpepl.
Ecnu Harpeth pacTBOp JAaHHOU cOJIM (ITPOKUIIATUTH), TO HPOTOIM3 CTAHOBUTCS HEOOPATUMBIM, TaK
KaK TpY HarpeBaHUH aMMHUAK U CEPOBOJIOPOJT YXOJIAT U3 CHEPHI peakiluu, CMellasi PABHOBECHS B CTOPOHY
00pa3oBaHMs MPOYKTOB POTOJIH3A.
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Onwim 6. Haneiite B mpo6upky 2 cM® pacTBopa cyib(aTa aTroMUHHS B J00aBbTe 2 cM° cyabhuaa
Hatpust. OOpaTuTe BHUMaHKME HA I[BET BBHIMIABIIETO OCAJKA U 3alaX. 3alHIIuTe HOHHOE W MOJICKYJISIPHOE
ypaBHeHHs1 poTosin3a cmecu pactBopoB Al(SO4)3 n NazS.

Onwim 7. Haneiite B npo6upky 2 cm® pactsopa cyibspara xpoma Cra(SO4)s u Tyza xe 106aBbTe 2
cm?® pactBopa coapl Na,COs. B pesynbTaTe MOIHOTO MPOTONHM3a BBINAAAET OCAMO0K CEPO-3€IEHOTO IIBETA
Cr(OH); u BbimensitoTess my3sipbku  yriekuciaoro raza CO,. CocTaBbTe HOHHOE M MOJIEKYISPHOE
ypaBHEHHSI POTEKAIOIINX POIIECCOB.

Conep:xanue oT4yeTa

Onvim 1.
Tabnuya 4.2 Pe3ynbmamul 9KcCnepumeHma
No Dopmyna BelecTBa IIBeT nnaMKaTOpa Peakius cpenpl
1
2
3
4

[ToryuenHble qaHHBIE B OombITax 2-7 3adukcupyiite B Tabnuie 4.5 no cienyromeit hopme:
Tabmmna 4.3. Pe3ynbTarhl SKCIIEpUMEHTA

Ne /1 | Pearentsl XuMHYECKask peaKius Habmronenus

1

agllbwN

KoHTpoJibHbIE BOPOCHI
ba30BbIil ypOoBEHB
1. YUto Ha3BIBAaETCS MPOTOU3OM?
2. Kakue conu noaBepraroTcs NpoToiausy?
[loBbILIEHHBIN YPOBEHB
3. IlpuBeaurte mpUMeEpHl YETHIPEX THUIOB COJIEH, OOPAa30BAHHBIX CHIIBHBIMH WM CIa0BIMU
KHCJIOTaMU ¥ OCHOBAaHUSIMHU.

Choucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHasi iMTEepaTypa:

1. Koposun, H. B. O6mras xumus : yaeounuk / H. B. KopoBuH. - 13-¢ u3., nepepab. u gor. - M.
: Axkagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpyskaromien cpebl : XUMHsI )KHUBBIX oprann3MoB. Kypc nekunii /
E. C. Muxanuna, A. JI. [lerenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum noctyna: s
aBTOPU3HP. NOJIb30BaTENEN

JlonosiHUTEIbHAS JIUTEPATYypa:

1. T'munka, H. JI. O6mas xumus / H. I'. I'nuska ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1

2. XUMHS METaJUIoB : ydeOHOe mocodre (JIIs CTYJACHTOB XMMHYECKOTO (haKyJibTeTa
HarpaBiIeHuH 0akanaBpoB «XUMHUA» U «XUMHUUECKask TEXHOJOTHs») / cocTaButenu O. A.
I'onoBanoBa. — Omck : Omckuii rocygapcTBeHHbI yHuBepcurer uM. @.M. JlocTtoeBckoro,
2015. —552c. —

ISBN 978-5-7779-1875-8. — TekcT : aneKTpOoHHBIN // DneKkTpoHHO OnbnmmoTeyHas cuctema [IPR
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BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum noctyna: mis
ABTOPHU3HUP. MOJIb30BATEIICH
HNuTepHeT-pecypcen:
1 http://window.edu.ru/ — eauHOE OKHO JOCTYIA K 00pa30BaTeIbHBIM pecypcam
2 http://biblioclub.ru/ — 5BC «YHuBepcuterckast OHOINOTEKA OHIIANHY.
3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIHAINN JICKTPOHHBIX OMOIMOTEK
y4eOHbIX 3aBenieHuit u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — DBC.
S https://openedu.ru — OTkpeIToe 06pa3oBaHue

Tema 6. PacTBopsI
JladopaTopnas padora 5. [Ipou3BeieHne pacTBOPUMOCTH
Ilens paboOTHI: W3ydeHHWE YCIOBUI BBHIMAJCHUS W DPACTBOPEHHSA OCAAKOB W BiusHue I[IP
3JICKTPOJIUTOB HAa UX CIIOCOOHOCTB K NEPCOCAKACHUIO.
Dopmupyemble KOMIETSHITMH UITH UX YaCTH:

Wupneke DopMynHpOBKa:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMOOOPA30BAHHIO
OIIK-4 NOHMMAaHHEM CYIITHOCTH ¥ 3Ha4EeHUS HHPOPMAIU B Pa3BUTUU

COBPEMEHHOT0 00IIECTBA, CIIOCOOHOCTHIO MOTy4aTh U 00pabaThIBaTh
UH()OPMAIIHIO U3 Pa3IMYHBIX HCTOYHHKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATH,
CTPYKTYPHUPOBATh ¥ 0POPMIISTH HHOOPMAIHIO B JOCTYITHOM JJISL APYTHX
BUJIC

IIK-5 CIOCOOHOCTBIO IPUHUMATH y4acTHe B paboTax 1Mo pacueTy u
IPOEKTHUPOBAHUIO JETalel U Y3J10B MAIIUHOCTPOUTEIbHBIX KOHCTPYKLIUH B
COOTBETCTBUH C TEXHUYECCKUMHU 33/IaHUSIMH 1 MCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEJICTB ABTOMATU3ALIMHU IPOESKTUPOBAHMSI

TeopeTuyeckas 4acTb

Yacto B XMMHYECKMX pEaKUUAX MPUXOJUTCS HUMETh JI€J0 C pPaBHOBECUAMH, KOTOpbIE
YCTaHaBJIMBAIOTCA B TE€TEPOTrE€HHBIX cCHUCTeMaX. Takod CHCTEMOHN SBISETCSA, HANPUMEP, HACBHIIICHHBIN
pPacTBOp, COMPHUKACAIOIIMICSI ¢ OCAIKOM PacTBOPUMOro BemiecTBa. OcaJoK U HACBILIEHHBIA pacTBOp —
pasiuyHbIe ()a3bl TeTEPOTEHHON CHCTEMBI.

Eciu kaKkyo-HHOYIb TPYAHOPACTBOPUMYIO coutb, Hammpumep AJCI, mpuBecTH B COMPUKOCHOBEHHE
¢ Bojoi, To woHbI Ag" u Cl, U3 KOTOPBIX MOCTPOEHBI KPHCTAUIBI COJIH, UCIBITHIBAS MPUTSHKEHHE CO
CTOPOHBI OJYXIAIONUX IWIIONEeH BOJABI, OyIyT OTPBIBATECS OT ITOBEPXHOCTH KPHUCTAIUIOB W B BHUIE
TUJIPATHPOBAHHBIX MOHOB OYAYT MEPEXOJUTh B PAacTBOP, HO HApsIy C MPOILIECCOM PAacTBOPEHUs OyneT
TIPOXOIUTH U CONMPSDKEHHBIN Tporiece — kpuctammmsarms. Mousr AgT u Cl', cTamkuBasch npy JBIKEHUH C
MOBEepPXHOCThIO KpucTaioB AQCl ¥  wWchbITHIBaS TPUTSHKEHHE CO  CTOPOHBI  MPOTHUBOIOJIOMNKHO
3apSKEHHBIX HMOHOB KPUCTAJUIMYECKON pPEmETKH, ACTUAPATUPYIOTCS W OCENal0T Ha MOBEPXHOCTH
KpuctamuioB. CKOPOCTh KPHUCTAJUTH3AIIAN BO3pACTacT 0 MEpPE YBEIMYCHHS KOHIICHTPAIMHW DPAacTBOpa.
Korna ckopoctu mpoleccoB pacTBOPEHHS U KPHUCTAJUIM3ALMU CTAHOBSITCS PaBHBI IpYr APYTy, TO B
TeTEePOreHHOM CUCTEME PACTBOP — OCAJA0K HACTYMIAET MOJBUKHOE PABHOBECHE.

ITonyuuBmmMiica pacTBOp Ha3bIBAE€TCS HACBHIIIEHHBIM, TaK KaK B HEM COJEPKUTCS MIPEAEIbHOE JJIsI
JIAHHOW TeMIepaTypsl KOJUYECTBO PACTBOPEHHOrO BemiecTBa. B  HackimeHHoMm pactBope AgCI
YCTaHABJIMBAETCS CIIEAYIOLIEE PABHOBECHE:

H,0 -
AgCl 2= Ag™ +ClI
TBEPHas daza HACBILIEHHBIN pacTBOP

[IpuMeHsia K 3TOMy paBHOBECHIO 3aKOH JCHCTBUS MacC M YYUTBIBASI, YTO KOHLIEHTpALUs TBEPAOU
(a3bl He BXOAUT B BBIPa)KEHHE KOHCTAHTHI PABHOBECHS, MOKHO 3aIHCATh!
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https://openedu.ru/

K =[Ag ][CI"].

OTO ypaBHEHHE TIOKa3bIBACT, 4YTO B HACHIUWEHHOM PACmEope  mpyoHOPACHEOPUMO2O
IAEKMPOIUMA NPOU3BEOCHUE KOHYSHMPAYUll €20 UOHO8 eCMb GeIUYUHA NOCMOAHHASL NPU OAHHOU
memnepamype. Imy eIUYUHY HA3bIBAIOM NPOU3EEOeHUeM pacmeopumocmu u obosnayarom I1P.

Hamnpumep, nis manopactsopumoro AgCl:

TIP(AQCI) = [AgT][CI],

e [Ag'] u [Cl] — paBHOBECHBIE KOHIIEHTPALIMH, BHIPAKEHHBIE B MOJIL/IMS,

PaBHOBecHass KOHICHTpAIMsl JIOOOr0 MOHA (YHKIMOHAIBHO CBS3aHA C JPYTUM HapaMeTpoM
CHCTEMbI — aKTUBHOCTBIO, HATIpUMep, 1si noHa Ag™:

a ag+ = ng+ [Ag+]

Koapdpuument mnponopumonaipHoctd f,  HasbiBaeMblil  KOA(QQUIMEHTOM  AKTHBHOCTH,
XapaKTepU3yeT CTENCHb OTKJIOHCHHS CHCTEMBl OT HJICAILHOW 32 CUYET AJIEKTPOCTATUYECKUX
B3aUMOJICHCTBUI MOHOB, YYAaCTBYIONIMX B M3y4aeMOW peaKiMd, ¢ MIOCTOPOHHUMH (MM COOCTBEHHBIMH,
eCIIM MX KOHLICHTpAalMs BbICOKa) MOHAMH. B maeanbHOM cucteme ax = [A], Tak Kak KOI(PPHIUCHT
aktuBHOCTH paBeH eaunuiie (f = 1). DTo o3HawaeT, YTO 3IEKTPOCTATHUECKHE B3aUMOJCHCTBHS
OTCYTCTBYIOT.

Bennunna koadduimenTa akTHBHOCTH 3a8UCUm 0N 3aps0d U UOHHOU CUIbl, CO31aBacMOM BCEMU
MOHAMH JJICKTPOJIMTOB, IPUCYTCTBYIOIINX B PACTBOPE:

n
| = 1 ZCizi2 . (5.1)
2iz

rae | — nonnas cuna;

[Ci] — paBHOBeCHast KOHIICHTPAIHS HOHA;

Zi — ero 3aps.

HetpynHo ycraHOBWTB, YTO MOHHAsl CHJIa pacTBopa OmHapHOro snexTponuta (Tum AB) Bcernma
OyzeT paBHA MOJIIPHOU KOHIICHTpaImu 3ekrposnuTa — U = C(AB); mist Tpunaproro (tun A2B nimn AB»)
—pn=3C (A2B) umu p = 3C (ABy); nns Terpanapaoro (tur AzB) — p = 6C (AsB).

KoadduimeHnTsl aKTUBHOCTH HMHIMBHIYaTbHBIX HOHOB MOXHO TEOPETHYECKH OILEHHUTH TI0
dopmynam Jlebast — XroKkes:

—lgf;, = AZiZ\/T, eccu | <0,01; (5.2)

AzENT
—lgfi=—'—~, ecm 1<0,L (5.3)

1+Bav1
3neck A u B — KOHCTAaHTBI, 3aBUCSIIHE OT TEMIEPATYPbl U JHAIIEKTPUUECKON MPOHUIIAEMOCTH
pactBoputens (mis Bomel mpu 20 °C A = 0,5 (tounee 0,509) u B ~ 0,3); ¢ — paccrosiHue
MaKCUMAaJIbHOTO COJNVKEHUS MOHOB; STH BEIMYUHBI OOBIYHO TPUBOJSATCS B CIPABOYHBIX TaOJIWIAX.
[Mockonbky KoeOaHWST B 3HAYEHHUSIX ¢ HE CIUIIKOM CKa3bIBAlOTCS Ha KOHEYHOM pe3ylibTare,

peKoMeHjLyeTcs 6paTh MocTosiHHOE 3HaveHue a = 3 A%, CrieioBaTensHo,

0,521
—lgfy =0
1++/1

Koaddunment akTHBHOCTH WHIAMBUAYAIBHOTO WOHA HENB3SI M3MEPHUTH AKCIEPUMEHTAIBHO, TaK
KaK HEJb3s MOJIYYUTh PacTBOP, COAEPKAIINUNA MOHBI TOJBKO OJHOTO 3apsAad. DKCIEPUMEHTAIbHO MOXKHO
OIIPEACINUTh JIMIIb CPeaHuil Kod(h(UIMEeHT akTUBHOCTH f:r smexTponmta AmBn, KOTOpBIH CBsizaH C
K09 HUIMEHTaAMU aKTHBHOCTH WHMBUAYaJIbHBIX HOHOB fa 1 fg, cooTHOMICHHAMMY:

fi = 4/ f A fB — 17151 OMHApHOTO AeKTponuTa AB;

men
fi = m+\nl f A fB — JUTSI BTIEKTPOSINTa THTIA AmBh.

Cpemuwii K03(h(HUIMEHT aKTUBHOCTH MOYXHO PaCCUMTATh U TEOPETHUYECKH, HCIIOIB3Ys (hOPMYIIBI
Jebas — XtoKkens

(5.4)
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—lgf, = Az 21, ectn 1 <0,01;
“igf, _ Az yzgil
7 14 BaVvl

3nech a, A u B umeror Te ke 3HaueHus1, uto u B popmynax (4.3) u (4.4), mostomy
0,52 4z /1
lgf = .
* 1++/1

s 6onee Touroro pacdera ko3¢ uineHToB akTuBHOCTH (Tipu | > 0,1) mpumeHsToT ypaBHEHUE
JlaBHCa, KOTOPOE TIO3BOJISET BHIYUCIUTH KOAPPHUIIMCHTHI aKTUBHOCTH DJICKTPOJIUTOB U MHIUBUIYAIbHBIX
noHOB A1 MoHHBIX cui 0,2 — 0,5 ¢ morpemHocThio, He mpeBbimatoneit 10%. Ypasnenue [»Buca ans
Kod(GUIHEeHTa aKTUBHOCTH HHIUBUAYAIBHOTO HIOHA NMEET BUI:

0,52%/1
FEN

a ISl CpeIHero KO3 PUIIMEHTa aKTUBHOCTH 3JICKTposiuTa AmBn
0,52 ;251
— g fi — A“B
1++/1

Hna 6onee Beicokux MoHHBIX cun (0,5 — 0,8) pekoMeHOyIOT NpUMEHATh ypaBHeHue J[[3Buca
CJIEIYIOIIEro BUA!

Ig f. = 0,527 ~0.21 |, 58
g i +\/— (5.8)

a JIJIs CpeIHero KO3 HUIMEeHTa aKTUBHOCTH 3JICKTposiuTa AmBn

i
—lgf, =05z,z,| ———0,21 |. 5.9
' ATB LT 59

Bennunabl k03()(GUIIMEHTOB aKTUBHOCTH MHIMBHYaTbHBIX HOHOB TIPH PAa3HBIX MOHHBIX CHIIAX H
cpeaaue Kod(h(UIMEHTB aKTUBHOCTH JUIi PACTBOPOB  3JEKTPOJIMTOB Ppa3HOHW KOHIEHTpAIWH,
paccuntanHble 10 Qopmynam JleOas-XioKKens, NMPUBOAATCS B CIPaBOYHHKAX. 3Has KOID(OUIMEHTHI
AKTUBHOCTH, MOKHO OIICHUTHh aKTUBHOCThH HOHA WJIM 3JIEKTPOJIUTA B pacTBope. Jiist 00aeryeHus: pacueToB
MOYKHO TOJIb30BaThCs CIAEAYIOMMMHU AOMYIIEHUSIMU:

1 KoadduumeHtsl akTUBHOCTH HMOHOB OJMHAKOBOTO 3apsiia HE3aBHCHMO OT pagulyca HOHOB
npuMepHo paBHBL [l03TOMy B CIpaBOYHUKAX TNPUBOJSATCS WHOTAA YCPEIHEHHBIC BEJIHMYHHEI
K03(pPHUIIMEHTOB aKTUBHOCTH JIJISl O/THO-, JIBYX-, TPEX- M YEeTHIPEX3aPSIHBIX HOHOB.

2 Ko3(hhuimeHTsl aKTUBHOCTH HEUTPAIbHBIX YacTHUIl B pa30aBIEHHBIX PACTBOPAX HIIEKTPOJIUTOB
MOJIararoT PaBHBIMU €IMHHILIE.

3 Ouens pa30aBiIeHHBIE PACTBOPHI 3JEKTPOJNUTOB, HAIlPUMEP, HACHIIIEHHBIH pPacTBOP
MaJIOpPACTBOPUMOT'O 3JIEKTPOJIUTA, MOKHO CUUTATEH HCATbHBIMH.

YacTto mpu pacueTax CIOKHBIX paBHOBeCHH KO3((HUIMEHTH aKTMBHOCTH NMPUHUMAIOT PaBHBIMH
eauHaALe. Takoe TOMyIIeHne ONpaBAaHo 10 PALy MPUIHH.

Bo-mepBbIX, Benu4uHBI KOA(PQPHUIMEHTOB AKTUBHOCTH, HaijeHHbIe 1Mo ¢opmynam Jlebas —
XIOKKeJIsl, MOTYT B 3THX CIIy4asX OKa3aTbCs OYEHb JaJCKHUMHU OT HCTUHHBIX.

Bo-BTophIX, BIHSHHE XHMHUYECKMX (aKTOPOB Ha paBHOBECHE Topasfo OoJblle, dYeM
3IEKTPOCTATUYECKUX CHII, TO3TOMY MPEHEOpEKEHNE TMOCIETHUMH TPU PacyeTax CIOKHBIX pPaBHOBECHI
HE BHOCHUT OLIYTHMYIO NOTPEIIHOCTE B PE3YJIbTATHI.

Ecnu monekyna TpyIHOpPacTBOPHUMOIO BELIECTBA AMCCOLUHPYET C OOpa30BaHUEM HECKOJBKUX
OJIMHAKOBBIX HOHOB, HATIPUMED:

ecu 1 <0,1

(5.5)

-lg f; = -0,1z 2I (5.6)

-01z 42,1 (5.7)

Pby (PO, ), «2253Pb%" + 2P0}
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TO TIIPpU BBIYUCICHUH TIIPOU3BCACHUA PACTBOPUMOCTH OTOIO0 COCAMHECHHUA KOHICHTPAIUN
COOTBETCTBYIOIIIMX MOHOB BO3BOJATCS B CTCIICHU PAaBHBIC UX CTCXUOMETPUICCKUM KOB(I)(I)I/II_II/IGHTaMZ

IIP(Pby(PO,),) =[Pb* P [POZ 1%

B obmem cnywae, i ManopacTBOPUMOIrO cuibHOro snekrponurta Tuma KitAny, mporonus
PacTBOPUMOI YacTH KOTOPOTO MPOTEKAET II0 CXEME:

KtxAny (H—ZO) xKt'™* + yAn*, (5.10)
BeIpakeHue Aiist [1P Oyzmer umeTh BuJ
ITIP(Kt,Any) = [KY T [AnT. (5.11)

Casi3p mapamerpa 1P ¢ BemmumHO# pactBopuMoctu KixAny oTpaskaercst GopMyIou:

MOJIb 1_[P(K'[xAny)

Sy (KtyAn,), —— =x+y (5.12)
M X y I[MB Xxyy
1503051
ITP(Kt, An
Sm(KtxAny),%zxw (KixAny) M (Kt,An,). (5.13)
M x*yY

3nas 3HaueHue [IP, MoXHO mpeABHAETH BO3MOXKHOCTH IE€pexojia PacTBOPEHHOIO BEIIECTBA B
0CaJZIOK WJIM Ha00OPOT — MEPEX0]] 0CaaKa B PacTBOP.

Ecnmm mpomsBeneHne KOHIEHTpaIuii HOHOB pacTBopéHHOro BemecTBa (I1K,) MeHbIe 3HaUeHUS
ero 1P, To BeImamenust ocaaka He OyneT. Takoil pacTBOp Ha3bIBaeTCs HEHACHIIICHHBIM, U B HEM emlé
MOXET HJITH PACTBOPEHUE MaHHOro BemecTBa. B HaceimenHom pactBope IIK, = IIP. Korma
NpOM3BECHNE KOHLEHTPALMI HOHOB pPACTBOPEHHOIO BEILECTBA CTAHOBUTCS OOJBLIE 3HAYCHHS
MIPOU3BEICHUS] pACTBOPUMOCTH, TO BBINAIAET OCAIOK.

Takum oOpazom, Hanpumep, st AgCI:

a) B HeHacwimeHHoM pactBope 11K, = [Ag*][CI] < ITPagc;

6) B HaceiennoMm pactope TTK, = [Ag*][CIl'] = [TPagc;

B) B niepeHacsoinienHoM pactope [1K, = [AgT][CI] > [TPagcl.

Henachpimensslid pacTBOpP Kakoro-inOo 3JEKTPOJIUTAa MOXHO CleNaTh HACBILIEHHBIM M JaXe
NePEeHACHIILICHHBIM, TPUOABIISISL K HEMY 3JIEKTPOJIUT, COJEP KAl OTHOMMEHHbIe HOHBL. Hampumep, eciin
k HeHacbieHHoMy pactBopy AQCI| mpunmusate HCI wim KCI, To MBI TeM cambiM OyzieM yBeTHYUBATH
KOHIICHTPAIMIO UOHOB XJIopa, 4To NMpuBoauT K yBenumuenuio I1K,. B Tor moment, korma [1Kagcl cTanet
6onpiue ero ITP (1,56-10719), npowu3oiier Boimaaenue ocaaka AgCl.

Jnst  pacTBOpEeHHs OCajika TpPYIHOPACTBOPUMOIO DSJIEKTPOJHTAa HEOOXOJUMO YMEHBIIHUThH
KOHIICHTPAIIMIO €T0 MOHOB B PacTBOpE IS TOro, uyToObl BemuwumHa ero [IK, crama mensine I1P. DToro
MOYKHO JOOUTBCA, CBSI3bIBASI OAWH M3 MOHOB TPYAHOPACTBOPHUMOI'O BEIIECTBA C MOHOM I00aBIISEMOTO
peaxTrBa B c1a00JHCCOLMUPYIOLIESE WIH JIETYy4Yee COeIUHEHHE.

PactBOoprMOCh Ocazka ManopacTBOPUMOTO 3JIEKTPOJIUTA YBETUUYUBAETCSA TAKXKE MPHU HAJTUYUU B
€ro HAchIIIEHHOM PacTBOPE NMOCTOPOHHHUX MOHOB — 3TO SBJICHHWE HA3bIBAIOT cosegbim dhhexmom. Tak,
HaIpyuMep, YBEIHUUBAECTCS pacTBOpUMOCTh ocanka BaCOsz npu BHECEHHM B €ro HaCBILICHHBIN pacTBOp
Hekoroporo konudectBa conu NaNOsz mim KBr u ap. Bo3pacranue pacTBOPHMOCTH MajOpacTBOPHMBIX
OCaJIKOB CHIJIBHBIX JJIEKTPOJIUTOB B TMPUCYTCTBUU IIOCTOPOHHHUX HOHOB OOBSICHAETCS YBEIWYCHHUEM
WOHHOM CHJIBI pacTBOpA.

Wrak, pacTBOpeHNe ocaska MOKET IPOUCXOIUTH:

1) mpu oOpa3oBaHUN PaCTBOPUMOTO CIa00INCCONUUPYIOIIETO SIEKTPOIINTA!

Mg(OH), ¥ +2NH; — 2Mg*" + 2NH ,OH
Fe(OH), ¥ +2H" — Fe®" +2H,0.

2) npu 00pa30BaHUM ra3000pa3HOTO COCAMHEHHS:

FeSy +2H" > Fe?" + H,S 1T

3) npu O6p330BaHI/II/I CJ'Ia60,Z[I/ICCOLII/II/IpyIOH.[€FO KOMILJICKCHOI'O MOHA:

AgCl 4 +2NH 3 —»[Ag(NH3),]" +CI~

4) Ipy OKUCITUTELHO-BOCCTAHOBUTEIHHBIX IIPOIIECCax:
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CuS 4 +4H* + 2NO3 — Cu?* + 2NO + SO, + 2H,0

5) Ipu HATMYNH TOCTOPOHHHUX HOHOB.

ObopynoBanue 1 MaTepuaJIbI
PacTBOp aMmMuaka (KOHIEHTpaLus pacTBopa aMmMuaka pasHa 0,1 mons/am®)
PactBop xmopuaa ammonusi, C(NH4CI) = 0,1 MOJTB/ M3
PacTBop XJ10pua Maraus ¢ Monspaoi konuentpamueir C(MgCly) = 0,1 mons/mve,
Kpucrammnueckuit noj
Muxporunarenb
HacwiieHnsliit pacTBop HoAUAa Kanus
Xnopun kansius (C(CaCly) = 0,1 Mons/nm®
PactBop xapOonara u cynbdara HaTpus
. Heuumonsipusrii pacteop HCI
10. PactBop NazS
11. Conb nuHKa ¢ MOJIAPHON KOHIEHTpaluei nocneaneii 0,1 momns/mm®
12. Cacteop HCI, C(HCI) = 2 mons/mm®
13. PacTBOp YKCYCHO# KHUCIIOTBI
14. Pactsop cynbpuna natpus (C(NazS) = 0,1 mons/am®)
15. Netmmonsipusriii pactBop CuSOs 1 FeSO4
16. Conanas kucnora (C(HCI) = 0,1 mons/am®).
17. Pacteop nutpata ceunna, C(Pb(NO3),) = 0,1 momn/mm?,
18. PactBop cynbdara u cynbhuna narpus ¢ konuenrpamusamu C(Na;SO4) = C(NazS) = 0,1 moms/am®
19. PactBop xpomara Kaius

LCoOoNoaR~WNE

Yka3aHus no TexHuke 0e30acCHOCTH
1. Bce paboTel B XUMHYECKOH Tab0OpaTOpWM MOIKHBI TMPOBOIAUTHCA TPH HUCHPABHOM
3JIEKTPOOOOPYIOBAHNH, HIEKTPOIPOBOJIKE, IPABIIEHO O0OPYIOBAaHHOM BBHITSHKHOM LIKady.

2. Ta3oBbIe KpaHBI ¥ ra30MPOBO/T IOJKHBI HAXOUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOINIECKU
MPOBEPSATHCA.

3. Pabouee mecTo conepkaTh B MOPSIIKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcsl OpaTh YMUCTHIM IITATEIEM WU CIICIATBHON JTOXKESUKOH.

5. Uznumex peakTrBa He BBUIMBATH OOPATHO B COCY/I, U3 KOTOPOTO OH OBLI B3SIT.

6. Bce onbITH ¢ BpeAHBIMH U MAXHYIIMMHU BEIIECTBAMU, a TAKKE yIIapUBAaHHE KUCIOT U KUCIBIX
pacTBOPOB MPOBOJMTH B BBITSDKHOM ITKaQYy.

7. OcraTKu coeqUHEHUi cepedpa ciMBaTh B 0COObIC CKIISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUPKE BCEr/a cieqyeT ACp)KaTh €€ TaKuM 00pa3oM, YTOObI
OTBEpCTHE MTPOOHUPKH OBUIO HAIIPABJIEHO B CTOPOHY OT Pa0OTAIOIIEro PSAOM COCeaa.

9. He HaKIOHSTH JIMIO HaJl HATPEBACMOM YKHUKOCTBHIO HIIH CILUIABIISIEMBIM BEIIECTBOM.

10. He cnenyer BIbIXaTh Maxy4due BEIIECTBA W ras3bl, OJU3KO HAKIOHSSICH K COCYLy C 3THUMHU
BemiecTBaMy. HroxaTh BemecTBa MOKHO JIMIIL OCTOPOXKHO, HAIPABIIAA K ce0e mapbl WK ra3 ABHKEHHEM
pYKH.

11. XpaHuth pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT U IEJIOUEH B BHITSHKHOM HIKaQy.

12. BrumBath pa30aBieHHbIE KUCIOTHI U IIETOYHBIE PACTBOPHI CIEAYET B CIMBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercst mpoboBaTh XMMHUYECKHE BEIIECTBA Ha BKYC.

14. Tlpu paboTe ¢ JIErKo BOCILIAMEHSIOIIUMUCS BeliecTBaMH (3QUphI, OCH30J, CEPOYIIepo U
T.J1.) HE IOJDKHO OBITH PSIIOM OTHSI M BKJIFOUEHHBIX TUTUTOK.

15. Ilpu paboTe co cCTEKIOM, XHMHYECKOHW MOCYyHoi, HeoOxXoauMo coOmogaTh NpaBHiia
MPEJIOCTOPOKHOCTH BO M30€KaHNE PAHEHHI OCKOJIKAMH CTEKIIA.

16. Kareropuuecku 3anpeiiacTcs OCTaBIATh padoTaroIe Ipruoopsl 0€3 HAOIIOCHUS.

21. B xumMuueckoit 1abopatopun He0OX0JuMO paboTaTh B Xajare.

3aganuda
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Oneir 1. B nBe npobupkm BHecTn mo 1 cm® pacTBopa amMmuaka (KOHIEHTpamus pacTBOpa
ammuaka pasHa 0,1 mons/aM®). B ogHy mpoGHpKy n06aBHTH 2 CM° BOABI, B APYTYKO 2 CM° pacTBOpa
xsnopuga ammonusi, C(NH4CI) = 0,1 mons/nme. ITocne storo B 06e npobupku BHectu o 1 cm® pacTBopa
XJ10pHia Maruus ¢ MossipHoii konnentpanuei C(MgCl,) = 0,1 monb/nm3. O6paThTh BHUMAHHKE Ha TO, YTO
0CaJIOK BBITIIACT TOIBKO B TIPOOUPKE, I/Ie HET XJIOPHUIa aMMOHHUSL.

OmnpiT 2. B aBe mpoOMpKH BHECTH MO | MHKPOINIATENO0 KPUCTAIUITMYECKOTO MoAa. B mepByro
poOUpKy 106aBuTL 2-3 cM® BOJBL, BO BTOPYIO CTOJBKO K€ HACBHINIEHHOTO PAacTBOpa MOAWIA Kasus.
Y06enuThbes, 4TO MO MaJIo PACTBOPSIETCS B BOJIC, HO XOPOIIO PACTBOPSIETCS B HOJIUJIC KA.

OmnpiT 3. B nByX mpoOHpKax MOMyYUTh OCAaKHd KapOoHaTa M Cyib(aTa Kanblus JEHCTBHEM Ha
pactBop xsopuna kansuus (C(CaCly) = 0,1 mons/nm®), pactBopamu kapGoHaTta u cynbgara HaTpus. B
00e mpobdupku nodaBbTe AenuMoisipHbIil pactBop HCI. 3aMeTbTe, 4TO MPOUCXOAUT pacTBOPEHUE TOIBKO
KapOOHaTa KaJIbITHS.

OmeiT 4. B 1Byx mpobupkax mony4yuts ocagku ZnS neiictBueM pactBopa NapS Ha pacTBOp comn
IIMHKA ¢ MOJIIPHOM KoHLeHTpauueii nocaeanei 0,1 mons/mm3. B oxny npo6upky no6asuts 0,1 Moss/am®
pactBop HCI 1o pactBopenmst ocazmka, B Apyryio Takoii xe 00béM 0,1 Moms/nmM® pacTBOpa yKCyCHOM
KHCJOTBI. YOCAHUTRCS, UYTO B YKCYCHOUM KHUCIIOTE CYIb(H/] [INHKA HE PACTBOPSETCSL.

OmeIT 5. B nBYX npobupkax nomxyunTs ocaaku CuS u FeS B3aumoneiicTBuem pactBopa cyibhuaa
natpus (C(NazS) = 0,1 mons/am®), ¢ memumonsapusiMu pactBopamu CuSOs u FeSOs. B 06e npoOupku
100aBUTh OJIMHAKOBBIE 00BEMBI pacTBopa comsnoi kucnotel (C(HCI) = 0,1 moms/nvs).

OmeiT 6. B ogHoit mpoOupke mony4unutsh ocagok PbSOs, B apyroii — ocagok PbS neiictBuem Ha
pactBop mutpata ceunna, C(Pb(NOs)2) = 0,1 mons/mm®, pacTBopamu cynbdarta u cynbduaa HATpUs C
xonnenrpamusamu C(Na;SOs) = C(NazS) = 0,1 moms/am® CoorBeTcTBEeHHO. B 06€¢ MpoOMpKU 106aBHTE
OJMHAKOBEIH 00BEM 0,1 MOJIB/ M3 pacTBopa Xpomara Kajaus W THIATENbHO Mepemeriarb. OTMETHTH
M3MEHEHHE 1IBETa 0CcajKa B OJTHON M3 MPOOHUPOK.

Conep:xanue oTyeTa

Omneir 1. Hanmcare ypaBHeHus oOpazoBanusi MQ(OH). B MonekysipHOM ¥ HOHHOM BHJIC.
JlokazaTth pacyéToM BO3MOXHOCTH BbimajgeHus B ocagok MQ(OH), tombko B orcyrctBum NH4CI,
ucnosb3ys 3HaueHue [TP(Mg(OH),).

OneIT 2. YOEauThCS, YTO MO MO PACTBOPSIETCS B BOJE, HO XOPOIIO PACTBOPSETCS B UOIHUJIC
kaiaua. Yem 310 00bscHUTH? COCTaBUTH ypaBHEHHE peakUUH B3auMojeiicTBus uoga ¢ Kl B HOHHOM H
MOJIEKYJISIPHOM BHJE.

Omneir 3. Kak, mpumensisi nonsitie [IP u 3Has ycioBUS pacTBOPEHHUS OCAJKOB, OOBSCHHTH
Habmomaemoe siienne? CocraBuTh ypaBHeHMs peakuun pactBopennst CaCOs; B HCl B momHOM u
MOJIEKYJISIPHOM BHJE.

OnbIT 4. O0BACHUTS, TOUeMy ZNS pacTBOPSIETCS TOJIBKO B CONSTHON KUCIIOTE, YYUTHIBAsT MaITyIO
pacTBOPUMOCTH U JieTyuecTh HoS. CoctaButs ypaBHEHMSs B3aumoaeicTBus Mexxy ZnS u HCI B norHOM
Y MOJIEKYJISIDHOM BUJIE.

OmpIT 5. OTMETUTH PacTBOPEHHE TOIBKO FES 1 00BSICHUTD 3TO, Hcnonb3ys 3Hauenue [1P s FeS
u CuS. CocraBuTh ypaBHeHHUs B3aumoeicTBus mexxay FeS u HCl B moHHOM 1 MOJIEKy ISIpHOM BHIE.

OmpiT 6. OOBSICHUTE MPOKMCXOJIAINEE, MONIB3YACh 3HaueHusiMu [IP st PbS, PbSOs u PbCrOs.
CocTaBuTh ypaBHEHHUS! COOTBETCTBYIOIIUX PEAKIUI B MOHHOM M MOJIEKYJISIPHOM BHJE.

KoHnTposabHbIe BONpockI
ba30BbIi1 ypoBEHB

1. ChopmynupyiiTe MOHITHE «IPOU3BEIEHHE PACTBOPUMOCTWY. {11 KaKoro THUMa COETUHEHHN
oHo npuMeHnmMo? [IpuBeaure npuMepsl.

2. Hanmmmmre ypaBHEHHS MPOIECCOB MpoToim3a s cienyrommx coeannennii: CaCOs, Ag.CrOs.,
Al(OH)z. Kak OyayT BBIMISAETh COOTBETCTBYIOIIUE MM BBIPAKCHHS MPOM3BEIACHUH pPAaCTBOPUMOCTH?
HaiinuTe nx 3HaUeHUs B COPAaBOYHMKE U 3alIMIINTE.

3. Yto Takoe aktuBHOCTH? MoHHas cuna pactBopa? IlpuBenure GopMyIisl A1 UX pacyera.

IToBbI1LIEHHBIN YPOBEHB

1. Kak cBszanst [IP 1 pacTBOpEMOCTH MajOpacTBOPHUMBIX CHIIBHBIX AJIEKTPONUTOB? OTOOpasuTe
a1y cBs3b Ha npuMepe AgzAsSOs.

2. Ilepeuncnure yCioBHS PAcTBOPEHHS OCAJKOB MalOpacTBOPHMBIX BemlecTB. Kak MOXXHO,
HaIpUMep, PacTBOPUTE ocamok Zn(OH),?

3. Kakoe siBneHue Ha3bIBaIOT «COIEBBIM dddexTom»? [IpuBeaure npumepsl.
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Chucox JIUTEPATYPHI, peKOMeHHyeMBIﬁ K MCI0JIb30BAHHUIO 10 JAHHOI TeMe

OcHoBHasi iUTEpaTypa:
1. Koposun, H. B. O6mas xumus : yae6uuk / H. B. KopoBuH. - 13-¢ u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - [Ipuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyKaroien cpeabl : XUMHs KUBBIX opranu3MoB. Kypc nekmuii /
E. C. Muxanuna, A. JI. [lerenmun. — M. : U3parensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTpOHHBIH // DnekTpoHHO-O0nOMHoTeyHas cuctema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum nocryna: mis
aBTOPU3HP. MOJIb30BATENEH
JlonoIHUTeILHAS JTUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pen. A. U. Epmaxkoga. - M3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XUMHS METaJUIOB : ydeOHOe mocodue (JIIsi CTYICHTOB XMMHYECKOTO (haKyIbTeTa
HanpaBlieHU# O0akanaBpoB «XUMUI» U «XUMHUYECKas TEXHOJIOTH») / cocTaBuTenu O. A.
["'onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbI yHUBepcuTeT uM. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKkTpoHHBIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: s
aBTOPU3HUP. OJIb30BATENEH
HNuTepHeT-pecypces:

1 http://window.edu.ru/ — eauHoe OKHO JOCTyIa K 00pa30BaTeIbHBIM peCypcam

2 http://biblioclub.ru/ — 9BC «YHuBepcuteTckas OMOINOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — 371eKTPOHHBIIH KaTaaOT aCCOIMUAIIMH dJICKTPOHHBIX OUOIHOTEK
yueOHbIX 3aBefieHni u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 3BC.

S https://openedu.ru — OTkpbiToe 0OpasoBaHue

Tema 6. PacTBopbI
JlaGopaTopHas padora 6. PacTtBopbI
enp paGoThl: OCBOMTH METOAWKY MPUTOTOBICHUSI PACTBOPOB 3aJaHHOW KOHIIEHTPAI[HH.
OCBOUTH apEOMETPUUECKUI METOJ U3MEPEHMsI INIOTHOCTH PAaCTBOPOB. Y CBOUTH MOHSATHS aOCOIOTHOMN U
OTHOCHUTEJILHOM MOIPEIHOCTEN U3MEPEHUM.
dopmupyemble KOMIETEHIIMH UIIH UX YaCTH:

Wnpeke DopMynHpOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3aIMH U CaMOOOPa30BaHUIO
OIIK-4 MOHMMaHHUEM CYIIHOCTH U 3HaueHUs HH(OPMAIUU B Pa3BUTHU

COBPEMEHHOT0 00IIIeCcTBa, CIIOCOOHOCTHIO MOTy4aTh U 00pabaThIBaTh
MH(OPMALIMIO U3 Pa3IMYHbIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATS,
CTPYKTYPHUPOBATh M 0POPMIISATH MHOOPMAIHIO B JOCTYITHOM ISl APYTHX
BHUC

IK-5 CHOCOOHOCTBIO MPUHUMATH y4acTHe B paboTax 1o pacueTy
MPOEKTUPOBAHUIO JIETANIeN U Y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIIHI B
COOTBETCTBUH C TEXHUYECKUMH 3aJJaHUSMU U HCIIOJIb30BaHUEM
CTaHJIApPTHBIX CPEACTB aBTOMATH3AI[MH MPOSKTHUPOBAHUS

Teoperuyeckas 4acTb
Pacmeopamu naszvisarom comoeennvle cucmemvl, cocmosiuue u3 08yx u 6oiee KOMIOHEHMO8, d
makdice npooyKkmos ux ezaumooeticmeusi. Hanpumep, BOJHBIN pacTBOP CEPHON KHCIOTHI COJCPIKUT: BOILY
(pactBOpuTENs), ruapaTHpoBanHbie HoHbl HSO4xH20, HxH,0 u SO42-xH-0.

44



https://openedu.ru/

Cnoco0bl BbIpaskeHHs1 KOHIIEHTPAIMU PACTBOPOB
Baxueiiiend XxapakTepuCTUKON pacTBOPOB SIBISECTCS UX KOHLEHTPAIIMS — Macca WU KOJIUYECTBO
BEIIECTBA, COACPIKAIIMECs B ONPEICIEHHON Macce Wi 00beMe pacTBOpa UiIH PaCTBOPHUTEIS.
MaccoBas gons BemecTBa X — Macca Beriectsa m(X) (B 1), conepxamasica B 100 r pactBopa:
m(X)
w(X),%=——"=-100 (6.1)
m
p—pa
MonsnpHasi KOHIIEHTpamWs — KOJMYECTBO MOJb BemecTBa N(X), coiepikaimieecss B OIHOM
kunorpamMMe (unu B 1000 r) pacTBopuTens:
moiib  N(X) m(X)
C, (X), = .1000 =

KT My, M (X)M,

1000 (6.2)

MOHHpHaH KOHICHTpaHud — KOJIMYCCTBO MOJIb BEIICCTBA n(X), coacpikalicecs B OAHOM ILM3 (I/IJ'H/I

B 1000 cM®) pacTBOpUTENS:
C, (X), MOJ'I31> _ n(X) 1000 = m(X)
AaM Vp—n;{ M (X )Vp-J'ISI

ModsipHasi KOHLEHTpaLusi KOJUYECTBA SKBHUBAICHTa (HOPMAJbHOCTh WIM SKBUBAJICHTHAS
KOHIEHTPAIMs) — KOJMYECTBO MOJIb SKBUBAJIEHTA BelecTBa X, copepskaiieecs B ogHoM am° (umu B 1000
cm®) pacTBOpHTENS:

-1000 (6.3)

1
n(—X
1 MOJTb (Zx ) m(X)
C(— X), 3= -1000 = -1000 , (6.4)
Ze o Vo M (- X Vpn
Zx

rae n(i) 1 M (—) — KOIM4YeCTBO MOJIb DKBHMBAJIEHTA BEIIECTBA (B MOJIBL-3KB) H €rO
X X

SKBHBaJICHTHAs Macca (T/MOJIb) COOTBETCTBEHHO.

Tpumeuanue. Yncno Zy Ha3BIBAKOT IKEUGANCHMHBIM YUCIOM WA YUCTIOM IKEUEANEHMHOCTU — Ly
> 1. 3HaueHune Zy ONPENENSIOT 0 XMMHYECKON PEAKIIMK, B KOTOPOM y4acTBYET JaHHOE BEIIECTBO. Tak, B
YaCTHOCTH, /I BELIECTB, YYacTBYOMUX B OB-peakuusx, SKBUBAIEHTHOE YMCII0 Zg I BOCCTAHOBUTEIIS
PaBHO YMCJTy SJIEKTPOHOB, KOTOPOE OH OTHAET, a JUIS OKUCIHUTENS — YUCIy 3JIEKTPOHOB, KOTOPOE OH
npunumaer. Hanpumep, mis anvona MnOs~ B 3aBHCHMOCTH OT XapakTepa peakiuu Zyx MOXKET ObITh
paBHoO 5, 3, 1, Hanpumep:

MnOs + 8H* + 5¢- — Mn?* + 5H,0; Zx = 5; 2(MnQO4") = 1/5 Moy,

MnOs + 2H,0+3e” — MnO; +40H"; Z, = 3; 3(MnOys") = 1/3 moms;

MnOs~ + le- — MnO4s2; Zy= 1; (MnOys") = 1/1 mons.
CrneoBaTeNibHO, B 3THX peaklusax dkpuBasieHT okuciautesst MnOs coorBeTcTBeHHO paBeH 1/5, 1/3 u 1
MOJIb.
Heo6xomumo Bceria MOMHHTE, YTO 3HAYCHUE KBUBAJICHTA JTFOO0TO BEIleCcTBa X HE MPEBBIIIACT
eanHALBL, T. €. H(X) < 1.
Omnpenesienne SKBUBAJIEHTHBIX YHCENT HEOANHAKOBO Tt 0OMeHHBIX 1 OB-peakuuii.
B 00MEHHBIX peakIisix SKBUBAICHTHOE YUCIIO OMPEACISIOT MO CTEXHOMETPHH peakituu. Ecimu mis
peaKiuy BUA:
VaA+veB =vcC +vpD  (8.5)
Ha OJIMH MOJIb BelecTBa A TpeOyeTcs Ve/va MO BelliecTBa B, TO Za= vi/va.

ITones3Ho 3HaTh, uTO 02151 0oHoocHosHbix Kuciom (tuna HF, HCI, HBr, HI, HNO,, RCOOH u mp.)
u oonokucromuwix ocrosanuil (tuma NH,OH, LiOH, NaOH, KOH, CsOH, RbOH wu ap.) sxsusanenm
6ce20a pasen 00UH Mob.

JIJ1st IOJTMOCHOBHBIX KMCIIOT Y ITOJMKHCIOTHBIX OCHOBAHHI BEJIMUNHEI SKBUBAJIECHTOB 3aBUCAT OT
tuna peaxkuuil. Tak i peakuu:

H,SO,4 + 2KOH = K;S04 + 2H,0,
Z (H2SO4) = 2, a sxeusanrenm ceproti kuciomol — I(H2SOs) = 72 monws, max kax na 00un monw
H2SO4 mpebyemces 2 monw (06a sxeusarenma!) KOH.

45



Hns peakuym:
H.SO4 + KOH = KHSO4 + H20
Z(H2S04) = 1, a sxeusanenm cepnoii kuciomuol — I(H2S04) = 1 monv, max kak ¢ 00un monw
H.SO4 peazupyem 1 monw (00un sxeusanenm!) KOH.
MonbHasi 1o — OTHOIIEHHWE KoindecTBa Moib BemecTBa N(X) k o0meMy 4HCIly MOJb BCEX
BemectB Ny (Xj), COCTaBISAIOMUX pacTBOP:

N (X)
Ny (X;)
Tutp pactBopa BemectBa X — Macca BemectBa M(X) (B T), comepikamiascs B OJHOM cM®
pacTBopa:
2 m(X)

3
M p—pa

a(X) = (6.5)

T(X), (6.6)

Tutp pactBopa BemectBa B mo ompenensemomy BemecTBy X — macca Bemjecta M(X) (B 1),
COOTBETCTBYIOIIAs OJHOMY CM® CTAH/IAPTHOTO PAcTBOpPA BelecTBa B:

2 m(X)
81X, o’ v (B) p-pa

BecbpMa BayKHBIM ITapaMeTPOM PacTBOPOB SIBISETCS HX IUIOTHOCTh — OTHOIIIEHUE MacChl pacTBOpa
(B KT) K 00BEMY 3TOTO pacTBOpA:

. (6.7)

M p-pa
IIpumeuanue. B XMMuH Yale IPUMEHSIOT Pa3sMEPHOCTh TNIOTHOCTH PaCTBOPOB B I/cM®,
Juia mpoBefieHnsT pacyeToB MOJe3HO 3HATh Gopmyny (8.10), CBA3BIBAIOIIYI0 KOJIHYECTBO MOJb

OKBHMBAJICHTA BCIICCTBA Xc Pa3IMYHbIMH BUJAMU KOHI_IeHTpaI_II/Iﬁ €Tro pacTBOPOB.

n(ix),mﬂb: m(1X) :T(X)I/(X):T(B/)i)V(B):
Zx M(=X) M(=X)  M(X)
Z)C Z)C Zx
1
_SGIVOO 0 %0V () | (6.9)
1000 100M(ZiX)

X
[Ipu PUTOTORJICHUH PACTBOPOB C Pa3IMYHON MAcCOBOW JI0JICH BechMa MOJIE3HBIM SBJISIETCS TakK
Ha3bIBAEMOEC MPABUIIO CMEIICHUS (MU TIPABHIIO «KPECTA).
CxeMa «kpecTay UMeeT BU:

o, % — My, T
wx, % (5.10)
(DZ, % — m2y rv

rie o1, % U 2, % — MaccoBbI€ JIOJIU HCXO/IHBIX PACTBOPOB;

My ¥ M2 — MacChl HCXOIHBIX PACTBOPOB (B T') MOCJIE CMEIMICHHUS KOTOPBIX, OYAET MOIy4YeH pacTBOP
C MaccoBoii gonei wx, %.

Honnoe npoussenenne Boasl u pH pacTBopoB

Boga otHocuTCs K O4YeHBb CaOBIM D3JIEKTPONHMTAM, M Tporiecc e€ MpoToimn3a (pacmaga WU
JUccolMaliu) sBiseTcss oOpatuMmbiM. PaBHOBecME B 3TOM HPOLIECCE CMEIICHO BIIEBO, B CTOPOHY
00pa3oBaHHs MOJIEKYI

H,O < H"+ OH. (6.11)
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Ilpumeuanue. 1lpoTOIM30M HAa3bBIBAIOT IPOLIECCHl KUCIOTHO-OCHOBHOIO B3aMMOJCHCTBUS,
IPOTEKAIOLINE C YYaCTHEM PacTBOPUTENS (AJ1s1 BOAHBIX PACTBOPOB — 3TO MOJIEKYJIBI BOJBI).
Koncranra npotonusa Bojs! npu 22°C UMeeT cleayroliee 3HaueHUe

+ —_
_[HT][OH™]
p =
[H,0]
TaK KakK HpOTOHH?) BOABI BECbMAa HE3HAUUTECICH, TO paBHOBeCHyIO KOHHCHTpaHI/I}O MOﬂeKyﬂ BObI
MOXHO HpI/IHHTI) 3a HOCTOHHHyIO BCHHLH/IHy, YUCICHHO paBHyIO (§]¥] O6HICI71 MOHHpHOﬁ KOHHCHTpaHI/H/I, TO

ectb cunTaTh, uto C(H20) = [H,0] Mons/mve,
IIposenem pacuer (npu ycnosuu, uto p(H20) = 1r/em®u M(H,0) = 18 r/Momns):

m(H,0) 1000
M(H,0) 18

€CTh MOJIApHas KOHIeHTpaus Bosl, To ecth C(H20) = 55,56 Momn/mme.
[Ipencrasum (8.13) B ciieayromnieM BUE:

[H*][OH 1=K ,[H,0]

[oncraBuB B (8.14) U3BeCcTHBIE BEJIMYMHBI, OTYYUM BETUUYMHY IPOU3BECHUS KOHIICHTPALUT
MOHOB I'MJIPOKCOHUS U HOHOB THAPOKCHA:

- -1 ~14
[H*][OH ]=18-10"%°.5556 =107 = K. (6.13)
Urak, npoussenenne Ky = [H*][OH] = 10! nna uucroit Boabl M ee pacTBOPOB, SBISETCS
BCJIUYUHOM TIOCTOSIHHOM U HA3BIBACTCS UOHHBIM npoussedenuem Bobl (06o3Havaercst Ky).
C coBpeMEHHOW TOYKH 3peHHUsl HE oAHa Moiiekyaa Boael H>O, a e€ aumep — H4O, mnu 2H0,

HO/IBEprasich NPOTONU3Y (pachanaasck), oopasyet oauH katuoH ruapokconus (HsO") u omun ruapokcna-
WOH:

=18-107%6 (6.12)

B 1 am® Boawl comepxurcs N(H0) = ~ 55,56 Monp — 3Ta BEIMYNHA U

2H,O0 <& H3;0*+ OH"
B YUCTOU BOJIE KOHIICHTPAIHS 3TUX HOHOB paBHa u COCTaBJISIET

[Hy0"]=[OH 1=~10"" =10"" mom/on®.

B kucnbIX pacTBOpax KOHICHTPAIUS MOHOB THAPOKCOHUS OOJIbIE KOHIICHTPAIMH THUIPOKCH/I-
nonos: [H3O*] > [OH].

B mienouHbix pactBopax, Ha000POT, KOHIeHTpanus noHoB OH™  GoJbilie KOHIICHTPAI[MH HOHOB
Bogopoa: [HsO*] <[OH].

Onnako mpoussenenue [HzO™] u [OHT] B mr060M pactBope (KHCIOM H IICTOYHOM) SIBISETCS
BEJIMYMHON MOCTOSTHHOM.

Hcnonb3ys HOHHOE MPOU3BeIcHHE BOIBI Ky, MOXKHO pacCUUTATH:

a) KOHIIEHTPAIMIO HOHOB THAPOKCOHHS B PACTBOPAX OCHOBAHUI

[H30+]= KW a (614)
[OH "]
0) KOHIICHTPAIINIO THAPOKCH/I-IOHOB B KHCIIOM PacTBOPE.
[OH = Ky (6.15)
[H30"]

Ucnonb3ys Benmmunny Ky ynaercst XapakTepu30BaTh KUCIOTHOCTh M OCHOBHOCTH PacTBOPOB IO
KOHIICHTPAIMH TOJEKO HOHOB THIPOKCOHUSI.

Hanpumep:

a) B pactBope cossanoi kuciaotel ¢ C(HCI) = 0,1 Mons/nm® (cumrtas mpoToIM3 KUCIOTHI MOIHBIM,
to ecth a(HCI) = 1) KoHIIeHTpalHsi HOHOB BOJOPO/Ia paBHA KOHIICHTPAIIMH KHCIIOThI, TaK KaK MPOTOJIU3
KHCJIOTHI [TOJTHBIH, CIIEA0BATEIbHO:

[Hs0*]1=0,1 mons/am®  mmm [H3O*] = 10 mons/am3,;

0) B pacteope ¢ C(HCI) = 0,001 mons/am® (o= 1)

[H30%] = 0,001 = 10" moms/mm°.

B) B pacTBOpE ILIENOYM, HarpuMmep, ¢ MouspHoi konuentpamuein C(NaOH) = 0,1 mons/ame,
KOHIICHTPAIMS THPOKCUI-MOHOB DPaBHA KOHICHTPAIMH IIEJIOYH, TaK KaK IMPOTOJIU3 IIEIOYN MPOTEKAET
nonuocteio (a(NaOH) = 1). Cnenosatensro, [OH] = 0,1 = 10! mons/nm3. VuuTeIBas B3aUMHYIO CBSI3b
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nonoB [H3O*] m [OH™], mosiBmsieTcs BO3MOXKHOCTH XapaKTEPH30BaTh ATOT IMIEJOYHON pacTBOp II0

KOHIeHTparwu nouos [HzO*]:

BOJOPOAHBIX HWOHOB, TO €CTb BCIWMYMHAMH C OTPULATCIbHBIMU IIOKa3aTCJIAMU CTCIICHU,

r) B 0,001 M pacTBOpE

K, 107

[H30"]=

[OH ™

] 107

— 10_13 MOJIB/IM®;

[OH] = 0,001 = 10" monb/am?;

K, 107

[H307]=

[OH -

] 1073

—1071 moms/am®.

I[J'I}l 0OJIBIIIETO yI[O6CTBa XapaKTCpUCTUKY pPEaKIUHU CpPpCAbl BbIpaXXarOT HE KOHHCHTpaHHeﬁ

Ha3bIBa€MBIM BOJIOPOIHBIM TTOKa3aTenem pH.
pH — necsitnunblit morapudm KOHIEHTPAIIMH BOAOPOIHBIX HOHOB, B3ATHIX C OOPATHBIM 3HAKOM: .

a Tak

pH =—Ig[H"] (6.16)

nim 6oJiee COBPEMEHHO

pH = -Ig[H30"], (6.17)
rae [HsO'] Belpaskaercst B MO/ aM®.
Jlyis onmcaHHBIX BhIIE mpuMepos (1. 13 a, 0, B, ') pH cooTBeTcTBeHHO paBHbL: 1, 3, 13, 11.
Nsmenenne  [H3O*] u pH B 3aBHCHMOCTH OT KHCJIOTHOCTH WIH OCHOBHOCTH  CPEIbI

TpeJICTaBIeHO B Tabmmuie 8.1.
Tabauya 6.1 3asucumocmov [HsO"] u pH om peaxyuu cpedw
o = ™ < o © ~ ® o g 94 9 9 3
+ OO O ¢ Ly : N :
[H:07] =332 SRS = 2329 2883
VBenuueHue KUCIOTHOCTH VBeanyeHne 0OCHOBHOCTHU
7
< HEUTp >
cpena
56 8 9 10 11 12 13 14
01234
pH Cmnabo- Cnabo- menoyHas CHnbHO- e T0YHas
CuIIbHOKHCIIAs cpenia
KHCTas cpesia cpena cpena

ogakrwnE

B uucroii Boge pH = 7.

B xucnotHoit cpeae pH < 7.
B menounoii cpene pH > 7.
Takum 06pa3om, yeM 0oJIbIIe KOHIEHTpalks HOHOB Bogopoaa [HzO'], Tem Gosbliie KHCIOTHOCTh
pacTBopa, TeM MEHbIIE BeanynHa pH.
Hao6oport, uem menbiire [HzO*], Tem Gosibiiie OCHOBHOCTH pacTBopa U 0oJiblie BeanyrHa pH.

[Iponorapupmupyem ypaBHEeHHE HOHHOro NpousBeleHus Boabl (8.14) u, B3sB yorapudmsl c
00paTHBIM 3HaKOM, Noxy4uM (mipu 22°C):

pH+pOH =14

Otkyna: pH = 14 — pOH n pOH = 14 — pH.
Bv1600: KOMMUECTBEHHYIO XapaKTEPUTHKY PEAKLUK CPEAbI BIIOJIHE oNpeaessieT 3HaueHune e€ pH.

PactBop NH:NO;
AMMuavHas cenuTpa
CreknsHHas BOPOHKA
Kon6e na 100 cm®
ApeomeTtp

[Inarens

OobopynoBanue U MaTepuaJIbl
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7. Uumaagp émkoctsio 1,0 ov3

Yka3anus 1o TexHuke 0e30IaCHOCTH
1. Bce paboTel B XUMHYECKOW J1Ta0OpaTOPWH AODKHBI IIPOBOIUTHCS IIPH HCIIPABHOM
3NEKTPOOOOPYAOBAHHH, SITEKTPOIIPOBOAKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKadYy.

2. T'a30BbIe KpaHbI U Ta30MPOBOJ IOJDKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOAHIECKH
HPOBEPATHCA.

3. Pabouee mecTo conepkaTh B MOPSIKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcst OpaTh YUCTHIM IIMATEIEM MU CIICHHAIbHON JTOXKESUKOH.

5. HM3numek peakThBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLIT B3AT.

6. Bce OmBITH C BpeHBIMU M TTAXHYIIMMH BEIIECTBAMH, a TAKKE YIIAPUBAHNE KUCIIOT M KHCIIBIX
PacTBOPOB MPOBOJMTH B BBITSKHOM IIKAQYy.

7. OcTaTKu coequHEHUH cepedpa cIMBaTh B 0COOBIC CKIISTHKH.

8. Tlpu HarpeBaHUM PAcTBOPOB B MPOOUPKE BCET/Ia CIEIYeT AepKaTh e€ TaKuM 00pa3oM, 4TOObI
OTBEpCTHE MPOOUPKH OBLIO HAIIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsAOM Coceaa.

9. He naximousTh JIMIO Haxg HaI‘peBaCMOﬁ KUJIKOCTBIO MJIN CIIJIaBJIACMbBIM BCIICCTBOM.

10. He cnemyer BABIXaTh Maxydue BEIIECTBA M Ta3bl, OJM3KO HAKIOHSACH K COCYIY C ITHMH
BCLICCTBaAMMU. Hroxatb BCHICCTBA MOKHO JIMIIb OCTOPOKHO, HAIIPABJIAA K ce6e Iapbl WIK ra3 IBUKCHHUCM
PyKH.

11. XpaHuTb pacTBOPHI KOHIIEHTPUPOBAHHBIX KHCIIOT U IIEJIOYEH B BHITSHKHOM IIKady.

12. BeumBaTh pa30aBiIeHHBIE KUCIOTH H IIEJIOYHBIE PACTBOPHI CIEAYET B CIMBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercst mpoOoBaTh XMMUUECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIErKo BOCILIAMEHSFOIIMMUCS BemecTBaMu (3(PHUphI, OEH30J, CEepoyTiIepoa U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX IUIUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHUYECKOW IOCYAOH, HEoOXoAMMO coOMoIaTh NpaBUiia
MPEOCTOPOKHOCTH BO M30€KaHNE PAHEHHH OCKOJKAMH CTEKIIA.

16. Kareropuuecku 3anpemiaeTcs OCTaBIATh padOTaIoIIIe TPUOOPH Oe3 HAOIIOICHNSI.

22. B xuMuveckoit 1abopatopun He0OX0UMO paboTaTh B Xajare.

3aganuda

Omerr 1. [IpuroroBnenue pacTBopa HUTpaTa aMMOHHMS ¢ MaccoBol gomneit 10%

1 Paccuurars Hasecky NHaNOs, HeoGxomaMyro st ipurotoBierns 250 cM® pacTBopa ¢ MacCoBOM 1ol
®(NH/NO3) =10%.

2 Paccunrannyro HaBecky NHiNOs B3BecuTh B OIOKCe Ha TEXHHUYECKHX Becax. Pe3ynbrarhl
B3BEIIMBaHUS 3aHECTH B TabI. 5.2.

3 Hamecky aMMHMa4yHOW CEIHMTPBI OCTOPOKHO MEPEHECTH C IOMOIIBI0 CYXOM CTEKJISTHHOU
BOPOHKH B MEPHYIO KOJIOY BMECTUMOCTEIO 250 cm®,

4 Jlo6aBuTh K HaBecke B konde 100 cm® JNUCTWUIMPOBAHHOU BoAbl. TIIATENBHO IEpeMellaTh
pactBop no monHOro pactBopeHust NHiNOs. [Jonute konOy AMCTHILTUPOBAHHON BOIOH 10 KOJBIIEBOU
OTMETKH 10 HIJKHEMY MEHHCKY.

5 TumarensHO mepemeniaTh NPUTOTOBICHHBIM PAcTBOP IBITU - LIECTHKPATHBIM IIEPEBOPAUNBAHHEM
KOJIOBI, TIOJIIEPKMBASt IPOOKY.

6 Wsmepurh 1uiotHocTh TpurotoBieHHOTo pactBopa NH:MNOsz ¢ momomibio apeomerpa. s
3TOTO NPUTOTOBIEHHBIH PACTBOP MEPENHTh B HMIMHAP EMKOCTBIO 1,0 am3. OCTOpOkKHO MOrpys3uTh B
pacTBOp apeoMerp TakuM o0pa3oMm, 4YTOOBI apeoMeTp He Kacajcsi CTEHOK IWIMHApa MW 3aHsul
HETOIBIKHOE oJioxkeHne. CHATh MOKa3aHHs TUIOTHOCTH CO NIKAJIBI apEOMeTpa u 3aHeCTH B Tabm. 6.2.

7 Paccunrtath MOJSIPHYO KOHIICHTPAIIMIO TIPUTOTORICHHOTO pacTBopa. PacuéTHple JaHHbBIC U Pe3yiTbTaThl
M3MEpEHHI 3aHeCT! B TaOI. 6.2.

8 OrnbITHOE 3HAUCHHE TIOTHOCTH PACTBOPA HUTPATA AMMOHHS (Paxen) CPABHUTE C TEOPETHYECKUM (Ta0MNHIIA
8.3)(pacCUMTAHHBIM Preop,).

9 PaccuntaTh abCOMOTHYIO Agse(r/cM®) M OTHOCHTENBHYHO MOrpemHocTh o (%) U3MEpeHus
IUIOTHOCTH MPUTOTOBJICHHIO PAacTBOPA.

Tabnuya 6.3 ITnomnocme 6o00no2o pacmeopa Humpama ammonus NHaNO3

KoHnuenrtpanus p, T/cm® KonueHnrpanust p, T/cm®
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o, % Moub/am® r/om° o, % Moub/am® r/om®
1 0,1252 10,023 1,002 18 2,415 193,3 1,074
2 0,2514 20,12 1,006 20 2,705 216,5 1,083
4 0,5071 40,58 1,015 24 3,299 264,1 1,100
6 0,7668 61,38 1,023 28 3,912 313,2 1,119
8 1,0300 82,50 1,031 35 5,033 402,9 1,151
10 1,2980 103,9 1,0397 40 5,873 470,1 1,175
12 1,5710 125,7 1,048 50 7,656 612,8 1,226
14 1,8480 147,9 1,057 55 8,602 688,5 1,252
16 2,1290 170,4 1,065
Conep:xanue oTyeTa
Tabauya 6.2 Pesyniomamol sKcnepumenma
Macca Ms Macca
Orokca, | + HaBecka, | HaBECKH, C(NH4NO§)’ P e P Ta6”§ Aa6cé, AoTH.,
MOJIE/ IM r/cMm r/cMm r/cm %
Mg, T r My, T

KonTpoJibHbIEe BOPOCHI
ba3oBblli ypoBEHb

1 13 xakux KOMIIOHEHTOB COCTOSIT BOAHBIE pacTBOph! ciemyromux BemecTB: NasPOs KySOs,
NaNQO3? OtBeT AaTh ¢ Y4ETOM MPOILIECCOB MPOTOJIN3a HOHOB.

2 lns vero upuMeHsoT apeomeTp? KakoBa mocienoBaTeNbHOCTh OMNepaluid Opu  3amepe
IUIOTHOCTH >KUAKOCTH?

[loBbIlLIEHHBIN YPOBEHB

1 [110THOCTB M TUTP PacTBOPOB UMEIOT OIMHAKOBYIO Pa3MEPHOCTH (/cm?). B uem pasnuuue s1Hx
napameTpoB?

2 IlpuBeanTe anropuT™ B3BEIIMBAHUS TBEPIBIX BEIIECTB.

Cnucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHas1 JIMTepaTypa:

1. Koposun, H. B. O6mas xumus : yaue6uuk / H. B. KopoBun. - 13-e u3a., nepepab. u jomn. - M.
: Akamemust, 2011. - 496 c. : wi. - (bakanaBpuar). - Pek. MOuH P®. - ITpun.: c. 461. -
Bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpy>Kkaromieil cpeibl : XUMuUs *KUBbIX opranu3moB. Kypc nexuuii /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 27eKTPOHHBIN // DneKTpoHHO-0nOmmoTeyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum noctyna: mis
aBTOPH3UP. MOJIb30BaTeNeH

JlonosiHUTEIbHAS JIUTEPATYypa:

1. T'munka, H. JI. O6mas xumus / H. I'. I'nunka ; [log pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1

2. XuAMUSI METAIIIOB : ydeOHOoe mocoOue (I CTYZACHTOB XMMHUYECKOTO (aKyabTeTa
HarpaBiIeHuH 0akanaBpoB «XUMHUA» U «XUMHUUECKask TEXHOJOTHs») / cocTaButenu O. A.
I'osmoBanoBa. — Owmck : OMckuii rocyiapcTBeHHbIM yHUBepcUTET UM. .M. JlocToeBCKOTO,
2015. —552c. —

ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIN // DneKTpoHHO OnbInoTeuHas cuctema IPR
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BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum noctyna: mis
ABTOPHU3HUP. MOJIb30BATEIICH
HNuTepHeT-pecypcen:
1 http://window.edu.ru/ — eauHOE OKHO JOCTYIA K 00pa30BaTeIbHBIM pecypcam
2 http://biblioclub.ru/ — DBC «YHuBepcuterckast OMOINOTEKA OHIIAINH.
3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIHAINN JICKTPOHHBIX OMOIMOTEK
y4eOHbIX 3aBenieHuit u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — DBC.
S https://openedu.ru — OTkpeIToe 06pa3oBaHue

Tema 7. KoMmiiekcHbIe coeTMHEHUA
JlaGopaTopHas padora 7. KoMmmjiekcHbie coelnHeHUsI
L{ens paOOThI: M3ydeHHE KOMIUIEKCHBIX COETUHEHNI H UX XMMHUYECKHX CBOMCTB.

DopMupyeMble KOMIIETEHIIUU WIH UX YaCTH:

Wupeke DopMynHpOBKa:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3alUH U CaMO0Opa30BaHHUIO
OIIK-4 MOHMMaHHUEM CYIIHOCTH U 3HaueHHs HH(OPMAIUU B Pa3BUTUU

COBPEMEHHOT0 00I11eCTBa, CIIOCOOHOCTHIO MOTYYaTh U 00pabaThIBaTh
UH(OPMAIINIO U3 PA3TUYHBIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATh,
CTPYKTYPUPOBATh ¥ 0POPMIISATH HHOOPMAITHIO B JOCTYITHOM ISl APYTHX
BUJIE

I1K-5 CIIOCOOHOCTBIO MMPUHUMATH Y4acTHe B paboTax Mo pacyery u
IPOEKTUPOBAHUIO JIETANIEN U y3JI0B MAlIMHOCTPOUTEIBHBIX KOHCTPYKIIHI B
COOTBETCTBUH C TEXHUYECKUMH 3aJJaHUSIMHU U UCIIOJI30BAHUEM
CTaHJIApPTHBIX CPEACTB aBTOMATH3AI[MH MPOCKTUPOBAHUS

TeopeTuyeckas 4acTb
XUMHUYECKHE CBS3H OCYIIECTBISIIOTCS 32 CYET 00OOIICHWS HE CHAPEHHBIX SJIEKTPOHOB HWIIH
nepenayd dJIEKTPOHOB OJHUM W3 aTOMOB, BCTYMAIOIIMX B CBA3b Jpyromy. B pesymbrare Takoro
B3aUMOJICHCTBUSL  00pa3yloTcsi yYCTOWYMBBIE KOHQPHTypalud, HMEIONIHEe Ha BaJleHTHOW 000J0YKe
AJNIEKTPOHHBIN OKTET. YCTOWYHMBOCTH MOJOOHOW CTPYKTYPhl OOBSCHSIETCS CXOJCTBOM B CTPOCHHUHU C
UHEPTHBIMU Ta3amMu. COeTMHEHNS, TOTyYaroIIiecs MoJOOHBIM 00pa30M, Ha3bIBAIOTCSl OMHAPHBIMH.
MHorvie aToMbl WM HOHBI, 00pa3yIOIye OMHAPHBIE COSMHEHNS], MOTYT SIBIISTHCS JIOHOPAMU YISKTPOHOB JUTS
JIPYrUX aTOMOB, TPYITI aTOMOB WM MOJIEKYJT, He MMEIOIIUX HIEKTPOHHOTO OKTeTa. [10TyueHHbIe TaKUM ITyTEM CIIOKHBIE
MOJICKYJTbI Ha3bIBAFOTCSI KOMIUISKCHBIMA COCIIMHEHVSIMA WTH COCIIMHEHISIME. BBICIIIETO Topsiyika. Hampumep, B coctas
KoMIIekcHoro coemrenrs Ko[PtClg] Bxoms norsr K u [PtClg]?.
LeHTpanpHbIil aTOM IUIATUHBI CO CTENICHBIO OKUCIEHHs +4, BOKPYT KOTOPOTO TIPYMITUPYIOTCS
(KOOPIMHUPYIOTCS) IPYTHE aTOMBI, HAa3bIBAETCS KOMILIEKCOOOpa3oBaTeeM.
[Mpucoenuustommuecs k Hemy nonsl Cl” Ha3pIBalOTCS JIMraHaamMu (WM 3 ICHAaMH).
HexoTtopsie Turanipl ¥ MX Ha3BaHUS:
H,0 — akBa; NH3 — amvun; O° — okco; OH — ruypokco; CN™ — rmano; SCN™ — ponano; NO; —
HuTpo; SO3* — cynbduro; NH,OH — runpokcunamun; F- — dropo; CI™ — xnopo; Br- — 6pomo; I~ — ito1o.

Yucnno MranioB, NPUCOSTUHEHHBIX K KOMIUIEKCOOOPa30BaTeNio, Ha3bIBAIOT KOOPANHALIMOHHBIM
upciIoM (K.4.) KoMruiekcooOpaszosatens. K.u. (Pt™) = 6.

Nomsl K* — BHemmHss koopiauHaumuoHHas coepa (mporusonon); [PtCls]> — BHyTpenHss
KoopauHanuoHHas cdepa. E€ 3apsaa( TouHee, cTENEeHb OKUCIEHHUS X) OINpeneNnsercs aiaredpanyecKon
CYMMOif 3aps/10B KOMILIeKcooOpaszoBaTes 1 auranios: x(/PtClg]%) = +4 +(-1)-6 = -2.

Ecrnu BHYTpeHHSISI KOOpIMHAIMOHHAS cdepa HMMeeT TMOJIOKUTEIBHBIA 3apsi], TO OHA Ha3bIBaeTCs
KOMIUIEKCHBIM KaTHOHOM, €CIIH OTPULIATENbHBIN — KOMIUIEKCHBIM aHHOHOM. VIMeeTcs psii CoelMHeHHH, B KOTOPBIX
BHYTPEHHSIS KOOP/IMHAIIMOHHAS chepa He HECET 3apsiia — HeHTpabHble KOMIUTEKCHL. [IprMepbl yKa3aHHbBIX THIIOB
KOMIUIEKCHBIX COCTMHEHHIL:
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1) katromsre — [Pt (NHs)sCIICl PRECPUEN [Pt(NHs)sCI]* + CI:
[Cr(H20).Br2]Br PRECHEEN [Cr(H:0):Br:]* + Br:
[Ni(H20)¢] SO PRECPUEN [Ni(H20)6]%* SO

2) anmnonnsie — K3[Fe(CN)e] (i) 3K* + [Fe(CN)e]*;

(NH[PHOM):CL] <—222 5 oNH,* + [PHOM)CLI?

H
Nas[AlFe] (#O> 3Na* + [[AIFe]*;

H,0
3) neitrpanbubie (HeanekTpouThl) — [Cr(H20)4P04] —2x;

H,0
[Rh(NH3)s(NO2)s] ¢—2—> x;
[Pd(NH20H):Cl2] (i) X,

Ipumeuanue. KoMIuiekchl aHMOHHOTO THIIA TakKKe el Ha3bIBAIOT AIllMJOKOMILICKCHBIMH, TaK
KaK MpH TEPBUYHOM MPOTOJIM3E OHU OTHICTUISIOT KOMIUIEKCHBIN aHHOH.

Aneopummol HaA36aHULl KOMNIEKCHbIX coeOuHeHuli: 1) KaTHOHHBIE KOMIUIEKCHI — CHadJala
Ha3bIBAIOT BHENIHIOK cepy, a 3aTeM B POTUTEIHHOM MaIeKe MPUBOIAT HA3BaHUS JIUTAHIOB BHYTPCHHEH
cdepsl U pycckoe HazBaHHE KOMILIEKCOOOpa30BaTells C YKa3aHHEM €ro CTETEHH OKUCICHHS apaOCKUMU
nuQpamu, HarpuMmep:

[Pt (NH3)sCI]Cl - xsopun TpuaMMuHXIOpOILIATHHEI (12);
[Cr(H20)4Br2] Br —6pomun terpaakBaanopomoxpoma (+3);
[Ni(H20)6]SO: — cynbdar rexcaaxBanukess (+2);

2) Ha3BaHWE AaHMOHHBIX KOMILJICKCOB HAUYMHAIOT C BHYTpeHHeW chepbl — HAa3BaHUE JIUTAHJIOB H
JATUHCKOTO KOMIUIEKCOOOpa3oBaTelsl ¢ OKOHYAHUEM -ami, 3aTeM — PYCCKOE Ha3BaHUE KATHOHA BHEITHEH
cdepsl, HaITpUMep:

Ks[Fe(CN)g] — rekcarmanodeppar (+3) xanus;
(NH.)2[Pt(OH).Cl4] — murumpokcoreTpaxsioporiatuHar (+4) aMMOHHS;
Nas[AlFs] — rekcadTopoantoMiuHaT HATPHUS;

3) B HEHWTpaJIbHBIX KOMIUIEKCaX BHayalle Ha3bIBAIOT JIMTaHAbl (C ydeToM ajidaBuTa), 3aTeM
CJIeJlyeT PYCCKOE Ha3BaHHE KOMILIEKCOOOpa3oBatelis 0e3 yKa3aHUsl ero CTENeHH OKUCICHHS (TTOCITe THSIS
OJTHO3HAYHO MOKET OBITh OIpeJieNieHa C YIETOM AIIEKTPOHEHTPAILHOCTH KOMILIEKCa), HAlpUMep:

[CrPO4(NH3)3] — tpuammundocharxpom;

[Rh(NO2)3(NH3)3] — TpraMMHUHTPHHUTPOPOTHIA;

[Co(NO2)3(NH3)3] — TpuaMMHUHTPUHHTPOKOOANIBT.

CBs3b MEXKy BHEIIHEH U BHyTpeHHel chepoii nMeeT HOHHBIN XapakTep, CBsA3b BO BHYTPEHHEH
chepe — KOOPAMHAIIMOHHBIH (JIOHOPHO - aKIENTOPHBIN, CEMUITOJISIPHBIH).

BHyTpeHHsIs KOOPIMHAIMOHHAST cdepa s KOMITICKCOB KATVIOHHOIO M aHHOHHOTO TUTIOB YCIOBHO OTIIRNISICTCS OT
BHEIIHeH chepbl KBAIPATHHIMH CKOOKAMH.
CyIlecTBYIOT COSIMHEHMSI, COCTOSIINE M3 KOMIUIEKCHBIX KATHOHOB H aHHOHOB!

[Co(NH3)e] [Cr(CN)g] — rexcarmanoxpomar (+3) rekcaammunakoOaibTa (+3);

[Cr(NH3)s] [CO(NO-)e] — rexcanmrpokobansTar (+3) rekcaammuaxpoma (+3);

[Pt(NH3)sCI][Pt(NH3)Cl3] — ammuHTpuXIOpOImIIaTHHAT (+2) TPUAMMHHXJIOPOIUTATHHBI (12).

Conm  HEKOTOPBIX METaJIOB, OCOOCHHO B KOHIEHTPHUPOBAHHBIX PACTBOPAX, CIIOCOOHBI
pearupoBath MEXKIy CO00ii, 00pa3yst KOMIUIEKCHbIE COSIUHEHUS — AYMOKOMIIEKCHL.
AUCI3+AuCl; < Au[AuClg] — rexcaxmopoaypar (+3) 3omora (+3) ;
Cdl; + Cdl; <« Cd[Cdl4] — TeTpaitomokaamat (+2) KaaMusL.
PaznuuaroT mepBUYHBIA M BTOPUYHBINA MPOTONHU3 KOMIUIEKCHBIX coeAuHeHuil. IlepBuuHbIM
NPOTOJIN3 — OTHICTUIGHUE BHEITHEW CcQepbl, OOBIYHO TPOTEKAET MO THITY CHILHBIX JIIEKTPOJIUTOB.
Hanpumep, 17151 KOMIUIEKCOB:

K2[PtCle] <LO> 2K* + [PtCls]%;
[Cu(NH3)41C1, <222 5[Cu(NH3),1%* +2C1~.
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CremeHp TEPBUYHOTO IPOTOJIM3A IS Pa30aBICHHBIX PACTBOPOB KOMIDIEKCHBIX COCTWHEHUN
00b14H0 100 % mian 0aM3Ka K 9TOM BEIUYHHE.

BtopuunoMy mnpoTONM3y MOABEPraloTCs KOMIUIEKCHbIE HOHBI. [Ipu 3TOM uX CTeneHb
MpOTOJM3a BechMa Maja. Pacmaj mpoTekaer mo TUMY CiIaObIX 3JCKTPONMTOB. THIT mpoToin3a —
CTYIEHYAThII, KOTOPBIN ONHUCHIBAECTCA YPAaBHEHUEM 3aKOHA ACHCTBUS Macc.

KonmuaecTBeHHO Tporiecchl MPOTONM3a KOMIUIEKCHBIX HOHOB XapaKTepU3yeTcs KOHCTaHTOM
HEeCTOMKOCTH (Kieer) MITM 0OpaTHOI €ii BEMTMUMHON — KOHCTAaHTOW YyCTOWIMBOCTH (Kyer).

Pa3nn4aroT KOHCTaHTHI MPOTONN3a CTyneH4daTsle u obmue. CTyreHYaTble KOHCTAHTHI CBA3AHEI C
OTIIEIUIEHHEM OJJHOTO JIMTaH/a OT KOMIUIEKCHOTO HOHA MITH MOJIEKYJIBI, a OOIINe KOHCTAHTHl YIUTHIBAIOT
PaBHOBECHBIC KOHIICHTpAIMM KaK JIMTAaHJOB, TaK W KOMIUIEKCOOOpa3oBareis, o0Opa3yroomuxcs B XOJe
npoTonM3a 1o BceM cryneHsm.Hanpumep, mpotonns xommuekcroro mona [Cu(NHs)4]?* mporekaer B
YeTBIpe CTYTEHU:

2+
1) [Cu(NH3)4]%" < [Cu(NH3)3]%* + NHg; Koot _[ICu(NHs)s] ]ENH3]:1,07.10‘2;
[[Cu(NH3)4]7"]
2+ 2
2) [Cu(NH3)3]% ©[Cu(NH3),]%* +NH3,  Kipers _[ICu(NHs)o] ][2'\""3] ~186-10"3:
[[Cu(NH3)3]""]
2+ 3
3) [Cu(NH3),1% > [CUNH3]> + NH3; Koo _ [ICu(NHs)] ][?Hﬂ ~468-107*:
[Cu(NH3)4]""]
2+ 4
4) [CUNH3]?" > Cu®* + NH3; Kierl =wzl,oz-10‘4.
[[Cu(NH3)I"]

CyMmMapHO€ ypaBHEHHUE MPOTOJIM3a BHYTPEHHEH KOOPAMHAIIMOHHOHN cephl BhIpakaeTcsi OOIIMM
YpaBHEHHUEM:
2+  4H,0 2+
[CU(NH3)4] (—2)[CU(H20)4] +4NH3.
3HaueHue OOIIeH KOHCTAHThI HECTOWKOCTH OIPEIENSIeTCS IMPOU3BEICHUEM BCEX CTYICHUYATBIX
KOHCTaHT HecToitkoctn. Hampumep, mst mona [Cu(NHs)4]?" o61mas KoHCTaHTa HECTOWKOCTH Oy/IeT UMETh
BUJI:

2
KHCCT([CU(NH3)4] +) - KHCCT]_ ’KHeCTZ 'KHeCTg 'KHeCT4 =
_[Cu(H20)41°"1-INH3]*
[Cu(NH3),1%*

Ipumeuanue. Crynenyarsiii nporonus nona [CU(NH3)4]** B BOAHBIX pacTBOpax NpesicTaBieH B
BUJIe, KOTOPBI OTBEUACT MPUHYUNY  COXPAHEHUS  NOCMOAHCMBA  KOOPOUHAYUOHHO20 — YUCLA
Komniexcoobpazogamens. JlokazaHO, YTO NPHU OTPHIBE OT KOMIUIEKCHOTO HOHA JIMTaHIA €ro MECTO
3aHUMAIOT MOJIEKYJIBI BOJBI:

—951.107 13

[Cu(NH3)4]** + H>0 < [Cu(NH3)3H20]%*" + NH3
B uTOre Iporecc J0JKEH 3aBepIINThCS 00pa3oBaHueM TeTpaakBakomiiekca [Cu(H20)4]%".

Yem Oosipllle BelIWYMHA KOHCTAHTHI HECTOWKOCTU (WM MEHbLIE KOHCTaHTa YCTOWYMBOCTH),
TEM MEHee YCTOWYHMBO JJAHHOE KOMILIEKCHOE COCIMHEHHE.

[IpoTonnu3 KOMIUIEKCHOTO HWOHA BO MHOTHX CIy4asx JIOKa3blBaeTcsi C TOMOIIBIO
YYBCTBHUTENBHBIX PEAKTUBOB, OOHApY>KMBAIOIIMX B PACTBOPE KOMIUIEKCHOTO COCAMHEHHS HOHBI
KOMITJIEKCOO0Pa30BaTeNs U JIUTaH/IOB.

Hampumep, nonbsl meau B komiwiekcHOM coeauHenun [Cu(NHs)s]Cl, moxHO 00HapyXuTh,
NprOaBHB K PACTBOPY 3TOU COJIM PACTBOP CyIb(PHIa HATPUS:

[Cu(NH3)4]Cl, + NayS = CuS ¥ +2NaCl + 4NHj;
[Cu(NH3)41%" +572 =CuS | +4NH3

WJIN ITYTCM CBA3BIBAHWA aMMUAKa B Ooree HpO‘lHBIfI KOMILICKC — KaTUOHBI aMMOHMU A
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[CU(NH3)4]C|2 +4HCl —» CUC|2 +4NH4C|,
[Cu(NH3)41?" +4H' — Cu®" +4NH].

Komnnexcuvle coedunenus ¢ manoycmouuugou eHymperuell cghepoii, npomonu3 Komopotu
NPOXOOUM NPAKMUYECKU NOTHOCHbIO — 2O O80LUHbIE CONU, HATIPUMED:

H>,0
[K(H20)s][Al(H20)6] (SO4)- (—L_) K* + AI** + 250,* + 12H,0; amoMoKanueBkie

KBacCIbI

[2NH4(H20)s] [Fe(H20)6] (SO4)2 &) 2NH,*+ Fe**+2S0,% +12H.0;
cosib Mopa.

Teopus BameHTHBIX cBsized (TBC) oOBsCHSET CTpOCHHE KOMIUIEKCHBIX COCIWHECHUN
BO3HUKHOBCHHEM JOHOPHO-aKLECNTOPHOW CBSI3M MEXKAYy KOMIUIEKCOOOpa3oBaTeaeM U JIMIaHIaMH.
OOBIYHO JTOHOPOM 3JIGKTPOHHOM Tapbl CIY)XUT JIMTAHI, AaKLENTop — CBOOOAHBIE OpOUTAIN
KOMILTIEKCO00pa3oBaTesl.

TBC Bo MHOruMX ciydasx TO3BOJIIET YCTaHOBHUTH JJCKTPOHHYI0O U IMPOCTPAHCTBEHHYIO
KoMIutekca. TeopHs y4uThIBACT MPH ITOM XapakTep BaJCHTHBIX OpOUTAJeH IIEHTPAIbHOTO aToMa B €ro
TUOPUIHOM FITH HETHOPUIHOM COCTOSHUH.

OCHOBHBIC THUIIBI THOPUIHBIX COCTOSHHH KOMIUIEKCOOOPA30BaTesisi M COOTBETCTBYIOLIHE MM
TIPOCTpaHCTBEHHBIE CTPYKTYphl: SPp — mmueitnas ([Ag(NHs)2]*, [Cu(NHs):]1"); sp® — terpasmpuueckas
([Cu(NHz3)a]?*, [NiCls]?"); d?sp® ([CoFe]®) mmn sp®d? ([Co(CN)s]*) — okrasmpuueckas. KpampaTHo-
IIOCKOCTHO# CTPYKType oTBeuaeT dsp’-rubpuansanus, Hanpumep, 11 Komurekcaoro nona [Ni(CN)4]? .

Oco00 11eHHYI0 HH(pOpPMAIMIO 00 SJIEKTPOHHOM CTPOCHHU W T'€OMETPHYECKOW CTPYKType
KOMITJIEKCOO0Pa30BaTeNsd HMEIOT €ro MarHUTHBIE CBOMCTBA. [lapaMarHUTHBIE KOMILJIEKCHI HIMEIOT B CBOEM
COCTaBe HeTlapHbIC 3JIEKTPOHBI — OHU BTATHBAIOTCS B MarHUTHOE TIOJIC, a THaMarHUTHbIE, B KOTOPBIX BCE
AIIEKTPOHBI CHAPEHBI, U3 MATHUTHOTO TIOJISl BHITAIKUBAIOTCSI.

MaruuTHblii MOMEHT KOMILIEKCA (1) BBIpaXkaroT B MarHeToHax bopa (oaun M. b = 0,927-10%
apr/raycc), KOTOpbIii MOXKET OBITh BRIYHCIICH U3 (popMyIa Buaa:

u=n(n+2), (7.1)

rJe N — YKCIIO HE CIIaPEHHBIX SJIEKTPOHOB B aTOME WIIM HOHE KOMILIEKCOOOPA30BaTeIs.
DKcrepuMeHTabHas HHGOPMAIMst O BEIMYMHAX MATHUTHOIO MOMEHTA IMO3BOJIAET CYIUTh O
THIIE TUOPUAN3AIMU [IEHTPAILHOIO aTOMa U 0 TEOMETPHH KOMILIEKCA B LIEJIOM.
VIMEHHO BEJIMYMHBI MarHUTHBIX MOMEHTOB JUISi KOMIUIEKCOB C KOOPJAMHAIIMOHHBIM YHCIIOM 6
TIO3BOJNMIIM BBECTH TOHSTHS GHewneopoumanvhoii NSNPnd® u enympuopbumansuoti (n—=1)d’nsnp® -

rUOpHUIN3aIINY.
BHyTpHOpOHTAIEHBIE KOMILIEKCHI — JHaMarHUTHBI WM HU3KOCITHHOBBIE, COJIEP)KAT OJUH HIIH
nsa Hecmapennbix dnektpoHa ([CO(CN)e]* u /PdCly]* — nmamarHuTHBI); BHEIIHEOPOHTAILHBIE —

BBICOKOCIIMHOBBIE, BKIIOUAIOT 3 — 6 HecmapeHHsIX 2nektpoHa ([COFs]® — tiowen = 4.,8; 4 HecrapeHHBIX
anexTpona; [MNCls]® — toxen. = 5,95; 6 HeCTIAPEHHBIX IEKTPOHOB).

TBC y0OenutenbHO NOSCHSIET CTPOCHHE KapOOHWJIOB METAIUIOB C HYJIEBOW CTEHECHBIO
okucieHus. Bo30yxaeHHOe COCTOsIHME aToMa KOMIUIEKCOOOpa30BaTeNs MOXKET NIPUBECTH K CIIAPUBAHUIO

AE
d-31eKTPOHOB, HANpPUMep, y TAKUX aTOMOB Kak XpoM (... 3d°4S'4p? ————>3d%4s4p?), xeneso (...

3d°4S%4p° L)3d84504p0), nukens (... 3d%4S%4p° L)3d104504p0). OTcroa TOHSATHO
oOpa3oBaHHMe JMaMarHUTHBIX KomiuiekcoB — kapOonmnoB: [Cr(CO)s], [Fe(CO)s/ u [Ni(CO)a]
COOTBECTBEHHO.

Teopus kpucrammmueckoro moins (TKII), B ormuune ot TBC, yauThIiBaeT 35eKTpocTaTHUECKOE
BIIMSTHAE JIUTaHa0B Ha d-OpOMTaM KOMILIEKCOOOpa3oBaTelnsi, KOTOPOe HEOJMHAKOBO M3-3a MX DPa3HOM
HPOCTPAHCTBEHHOI OpHEHTAIHH.

Jokaszano, uro 0> u d¢’y> opburamu (d,- ypOBEHB) HCIBITHIBAIOT GOIEe CHIBHOE
OTTAJKMBAaHHE IOl BIMSHUEM 3JIEKTPOCTATUYECKOTO MOJIS JIMTAHIO0B, YeM OopOuTaiu Oyy, Oyz- 1 Oy (d; -
YPOBEHB).

B okrasgpuueckom moie d-opOuTamM  KOMIUIEKCOOOpa30BaTelst MpPHOOpPETAaoT — IBa
9HEPreTUYECKHUX YPOBHs: 1) ¢ MeHbIeH sHeprueil d; — ypoBeHb, BKIIOYAIONIUN TPH OpOUTATH Uxy, Ox.o- 1
dy.2; 2) ¢ Gonee BBICOKOI HHeprueii d,- ypoBeHb, copepskaruii 18e d,>- u 0y, opouTay.
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DHeprusi pacuieryieHust (A) — pa3HOCTh MEXIY SHEeprusiMd ypoBHew d,- u d., ducieHHas
XapaKTePUCTHKA PAa3HOTO JIIEKTPOCTATHYECKOTO ACHCTBHA IO JIMTAHAOB Ha IPOCTPAHCTBEHHOE
pacnpenesieHue AIEKTPOHHOM II0THOCTH 0-opOuTasei KoMIiekcooOpa3oBaTels.

Bennunna A HeoguHaKOBa [T Pa3HbIX JIMTAHAOB M 3aBUCHUT OT WX MpUPOAbl. Bennunna sHeprun
pacIeruieHns1, BhI3bIBaeMasi pa3HbIMH JIUTAHAAMH, BO3PACTAET B CIICAYIOIIEM MTOPSIKE:
I"<Br <ClI'<F <OH < C;044<H,0 <NH;<NO; <CN < NO<CO,
T.. Kbl CIEAYIOIIUI Jurany co3aaét 0ojee CHIBHOE MoJie, YeM npeablnymuii. [I[puBeneHnas
MOCIIEIOBATEIEHOCTD HA3BIBACTCS CHEKMPOXUMULECKUM PAOOM.

Jluzanowr crabozo nons pacmojaraloTCs B Haudajle psaga, o0jgamaroT BechbMa Majoi A. d-
Opbutanu KOMILIEKCOOOpa3oBaTeilss ¢ TAaKUMH JIMTAaHJIAMH 3aloJIHSIOTCS B COOTBETCTBHH IPABHIIOM
XyHnaa (abcomomuas GeIuyUHA CYMMAPHO2O CRUHA 8 NOOYPOBHE OO0NNCHA Oblmb Maxkcumanvrou). Tlpn
3TOM DSHEPTusl OTTAJKWBAaHUS [BYX CIIAPEHHBIX DJIEKTPOHOB OKAa3bIBAECTCS BBIIIE, €M BeNW4MHA A.
Kommiekcsl, cogeprkaiine JTMranabl ¢1adoro mois, BCera mapaMarHuTHEL.

Jlueanowi curbHo20 NoJis BEI3BIBAIOT BEChbMa 3HAYUTENBHYIO SHEPTUIO paciuerieHus. [Ipu sTom
SHEpPrusl OTTAIKWUBAaHUS JIBYX CHApEHHBIX DJJIEKTPOHOB OKAa3bIBA€TCS MEHBIIE, 4YeM BelnndnHa A.
[TocenoBaTeIbHOCTh  3AIOJHEHUST JICKTPOHaMHU  d-ypOBHS KOMILIEKCOOOPA30BaTessl  CICIYIOIIas:
CHavaja UIET 3alO0JIHCHUE OJMHOYHBIMH, 3aTE€M — CIIAPCHHBIMH 3JIEKTPOHAMH opOuTaneii d,, mocie 4ero
3JICKTPOHAMH 3anoHAOTCs d,-opouTanu. KOMIUICKCHBIE COSMHEHMUS, COJCPIKAIIHe JINTAHIbl CHIIBHOTO
TOJIS, TMAaMarHUTHBI WIH SIBJISIFOTCS HU3KOCTIMHOBBIMHU.

TKII 0ObsICHSET OKpacKy KOMIUIEKCHBIX BEIIECTB C HAIMYHMEM y KOMILIEKCOOOpa3oBaTes
BakaHTHO# opOutanu Ha d,- momypoBHe. Ilpu mepexone snekTpoHa ¢ O, Ha O, MOXYpPOBEHH SHEPruUs
morJonaeMoro ceera (£) mpu 3TOM aJeKBaTHA HHEPTHH paclielieHus (A), 9TO OIpenenseTcs
CJIEIYIOIIMM COOTHOLIEHUEM (17151 OTHOT'O MOJIb BEIIECTBA):

A, IPic/mons = ENa = hvNa = hcNa/A = 0,1196/, (6.2)
rae Na = 6,02:102 — nocrosunas Asoraapo; h = 6,6:1034 JIx-c — nocrosunas Ilnanka; ¢ = 3-108
M/C — CKOPOCTB cBeTa; V(cM ) 1 AM(M) — 4acTOTa M JJIMHA BOJIHBI MOTIIOIAEMOTO CBETA COOTBETCTBEHHO.

L[BeT — 3TO 3pUTENBHOE ONIYIIEHUE IEKTPOMArHUTHOTO M3ITY4YeHHUs ¢ JIMHaMu BosH 400 —
760 um (1 um = 107° m). Ecau Bee majaromue dydu OTPaKaroTCs, TO BELIECTBO — OECIBETHOE, €CIIH
MOJTHOCTHIO TIOTIIOMIAIOTCS — YepHoe. [Ipu n3dupaTen-HOM MOTIIONIEHUH OIYIIEHHE [IBETHOCTH CO3/IAI0T
NpOIIEANINEe WM OTPAKEHHBIE BEIIECTBOM JIydd. Takod I[BET Ha3bIBAETCS JIOTIOJHUTEIHHBIM MU
HabmogaemMbM (cM. Tadm. 9.1.35).

Metoa monexynsapHbix opOutaneir (MMO) siBisieTcst caMbIM YHUBEPCAIBHBIM IPH ONMCAHUH
XUMHYECKOH CBS3M B KOMIUIEKCHBIX coennHeHussx. MMO yunThIBaeT B3aMHOE BIUSHHE OpOHUTANel KaKk
KOMITJIEKCOO0paszoBarens, Tak u Juranjos (B orauuue ot TKII) npu oOpa3oBaHNM XMMUYECKHUX CBsI3EH B
KOMILUIEKCAX.

Tabnuya 7.1 Tabauya ysemnocmu

JnuHa BomH, LBer

Hwm CrexTpabHBIN Habmronaembrit
400 — 435 duoneToBbId 3e1eHOBATO-KENThIM
435 - 480 Cunuit Kenterit
480 — 490 3eneHoBaTO-CHHIH OpaHXeBbIit
490 — 500 Cune-3enéHbli KpacHbrii
500 — 560 3eneHsblit [TyprypHbIii
560 — 580 XKenro-3enenpiit ®duoseTOBBIIM
580 — 595 Kenreiit Cunnit
595 — 605 OpaHKeBblii 3e/1eHOBAaTO-CUHU I
605 — 730 KpacHbrit CuHe-3eNeHbli
730 - 760 [TypmypHBIi 3eneHbrit

MMO ocHOBBIBaeTCsl Ha B3aUMOJCHCTBUM aTOMHBIX OpOHMTajlel, MPUBOAAIIMX K 00pa30BaHUIO
MHOTOIIEHTPOBBIX MOJIEKYJISIPHBIX OpOWTaNel, IMEIomuUX pa3Hble dHepruu. OOpa3oBaHue CBA3BIBAIONINX
MOJIEKYJISIPHBIX opOuTaieit (0°°) naéT Ha HIKHUX HEPreTHYECKUX YPOBHSX, paspoixisitomux (o7*F) — 3a
CYET BEPXHUX.
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Mexny ypoBHAMU ¢ U ¢°“? HaAXOIATCSA YPOBHH C1ab0 CBS3BIBAIONINX, HE CBS3BIBAIOIINX H

c1abo paspeIXisronux opourtaneit (o;). MonekynspHble OpOWTanyd 3aloNHSAIOTCA JIIEKTPOHAMHU B
COOTBETCTBUHM ¢ puHIUNoM [laynu u npaBunom XyHpa.

MMO ocHOBaH Ha OYCHb CIO)KHOM MaTEMaTHYECKOM amrmapaTe, YTO TMPEMmsSTCTBYEeT €ero
MIIPOKOMY HCIIOJIB30BaHUIO.

OO0pa3zoBaHue KOMILIEKCOB KATHOHAMU

[IpucoearHeHWEe IMTaHIOB K KOMILIEKCOOOPA30BATEII0 MOXET IPOUCXOAMTH TOCPEIACTBOM
0000MIeHHsT AIIEKTPOHHOW TAaphI, MPUCOSAMHSIOMEHCS TPyNmbl (KOMIUIEKCHI BHEAPEHUS) M 3a CUET
ANIEKTPOCTATHYECKUX CHII TMPHUTHKEHUS MOJEKYJ, OONaJaroNuX IUIMOIHHBIM MOMEHTOM (KOMILIEKCHI
MIPUCOCUHEHUS ).

Mornekylibl ¥ HMOHBI, CIIOCOOHBIC BBIMIOJHATH POJb JIUTAHAOB, [0 AKTHBHOCTH MOXHO
PaCTOIOKHUTh B CIETYIOIINN P

H.0 > NH;>NO5 >CN > 1>Br>Cl>F.

Ecnu B KauecTBe JMraHAOB HCHOJB3YIOTCSI HMOHBI, MEPEYHCICHHBIE BBIIIE, TO MOJYYarOTCs
KOMIUICKCHBIC COCIUHCHHS THIA JBOWHBIX coJiel. UeM OoJibllie BEIMYMHA KOHCTAHTHI HECTOMKOCTH, TEM
MeHee MPOoUYeH KOMIDIEKC B TeM OJFDKe TI0 CBOMCTBAM JaHHBIM KOMIUIEKC K IBOMHON COJH.

KoMiuiekcHble coefMHEHHS ¢ BOJAOI U TMIPOKCUJIBLHOMIPYIIO B KayecTBe JIMTaAHA0B

UzBectHO, 4TO O€3BOMHBIN cynbpar Mean (Mensblidi kymopoc) CuSOs OecrBereH, HO mpU
n00aBlieHMH BOJABI OH NPHOOPETAET CHHEE OKpalIMBaHHE. JTO MPOUCXOOUT BCJIECACTBHE BHEAPEHUS
MOJIEKYJ BOJIbI BHYTPb KPUCTAITMYECKON PEIETKH COTM U 00pa30BaHUs KOMIUIEKCHOTO THAPATA.

I[lpu ngeiictBuM  ImeIOYEe HA COJIM  METAUIOB (32  HMCKJIIOYCHHEM  IICIOYHBIX U
HIETIOYHO3EMETIbHBIX) 00pa3yloTcsi THIPOKCHIBI, JIETKO pPACTBOPHMBIE B KHCJIOTaX, a aMQoTepHbIE
OCHOBAaHHUSI CIIOCOOHBI TaKK€ pAcTBOPATBCS B LIedoyax, o0pasys KOMIUIEKCHBIE HOHBI C
COOTBETCTBYIOIIUM JAaHHOMY OJJIEMEHTY KOOPAMHAIMOHHBIM ducioM. OOpa3oBaHWE 3THX HOHOB B
pacTBOpe MOYKHO paccMarpuBaTh KaK IIPOLIECC IOCTETIEHHOTO BBITECHEHUS BOJIBl U3 THUAPATHOTO
KOMIIJIEKCa HOHAMH THIPOKCHIIA.

B 3aBucumoctu ot pH cpeasl mporonn3 coneidl LHMHKA NPOTEKAeT CTyMeH4YaTo. B KUCIbIX
pactBopax, rie pH<7 obnapysxuatorcs nous! [Zn(H20)4]** u [Zn(H20);0H]".

B mHeiitpansHbix pacTtBopax, rae pH = 7 oOpasyercss He umeromee 3apsja COCIUHEHHE
[Zn(H20)2(0OH).], xoTopoe sierko Tepsiet Boy, npespariasics B ZN(OH)..

B menounsix pacTtBopax, rae pH > 7 oGHapyxmBaiorcs mombl [Zn(OH)s]?. O6pasoBanue
MIPUBEIEHHBIX BBIIIE COCTUHEHUH MOYKHO TaKKe paccMaTpHBaTh KaK CTYNEHYAaTyIO MOTEPI0 NMPOTOHOB
MoJIeKyTaMu Bojibl B Komruiekce [Zn(H20)4]%".

Oo6pa3oBanue KOMIIEKCHBIX AaHHOHOB

MHorue KHCIOpOACOAEpKAIe KUCIOTHl TakXe MOXHO paccMaTpuBaTh KaK KOMIUIEKCHBIE
coenHEeHMs. B kadecTBe KOMIIIEKCOOOpa30BaTesis BHICTYIAET LIEHTPAIBHBIN aTOM KHUCIIOTHI, JINTaHAAMHU
OOBIYHO SIBJISIIOTCS aTOMBI KHCJIOPOAA, a POJIb BHELIHEH c(hepbl KOMIUIEKCHOTO COCJUHEHUS! BBIOJIHSIIOT
MOHBI BoJopoa. PaccMoTpum 3T0 Ha mpuMepe KUCIOT XJIopa.

WoH XJ10pa MMEET YETHIPE BJIEKTPO HBIQID;Y6 €Ta, T.€. MOXKET SBIIATHCSA JOHOPOM BJIEKTPOHOB,
TIOTIOJIHSASE 3IEKTPOHHBIE 00O0JIOUKH JIPYTUX aTOMOB.

B 3aBUCHMMOCTH OT KOJMYECTBA KHUCIIOPOJA, MPHUCOEIMHEHHOTO K HOHY XJIOpa, MOXET ObITh
00pa3oBaHo 4 KUCIOPOICOAEPKAIMX KUCTOTHBIX OCTATKA.

[Ipy NpUCOEIMHEHHH OJHOTO aTOMa KHMCIOpOJa OOpasyeTcs TMIIOXJIOPUT- HOH, 3JIEKTPOHHOE
CTPOEHHE KOTOPOrO MOKHO MPEICTABUTE CIIEAYIONIUM 00pa3om

ATOM KHCIIOpOJa Ha BAJCHTHOW »Iie Tp@JH(@ -oosiouke nmeer 6 3JIEKTPOHOB, TOATOMY
KHCJIOPOIy JUIsl 3arlOJIHEHHS JIEKTPOHHOM 000JIOUKM O OKTeTa HE XBaTaeT JBYX 3JIEKTPOHOB, a XJIOP,
nMest DIIEKTPOHHBINA OKTET, MOXKET CIIYKUTh JJOHOPOM 3JIEKTPOHOB.

Kucnopon 3aBeprraet cBOIO 37I€KTPOHHYIO 000JI0UKY, OTTSATHBAs ANEKTPOHHBIN TyOJIeT OT XJopa.
[lapa >neKTpOHOB, paHee MpUHAAJIEKAIAS XJIOPY, CTAHOBUTCS 00LIeH A Xjopa U Kuciopona. Mexay
HUMH BO3HUKAeT JOHOPHO-aKLIENTOpHAs CBA3b, MPU ITOM JIOHOPOM 3JIEKTPOHOB CTAaHOBHUTCS XJIOp, a
aKIIETITOPOM — KHCIIOPO/I.
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BBuay TOTO, 4TO K XJIOpY NMPHCOCTUHUICS HEHTPAILHBIA aTOM KHCIOPOa, 3apsi/i HOBOTO HOHA
OCTAJICS TIPEIKHHM.

[Nogo6HO 00pa3oBaHKIO0 MOHA TUTIOXIIOPUTA MOXKHO C HOHOM XJIOpa CBSI3aTh ABa, TPU WU YETHIPE
aToMa KHCJIOPO/a, UCIONB3YS MPH 3TOM FOTOBBIE AIEKTPOHHBIE yOJIETHI XJI0pa.

Hanummure gpopmynsi: a) xnoput-uona ClO, ; 6) xnopar-uona ClO; ; B) nepxnopar-uona ClO, .

CrereHbp OKHCIICHHS XJIOpa paBHA COOTBETCTBEHHO +1, +3, +5 1 +7, a KOOpAWHAIIMOHHBIC YHCIIA
-1,2,3,u4.

KoMmiekcHble coeqUHEeHNs] B PeakuusX 00MeHa

Hns oOHapyXeHHsI B pacTBOpax pa3lMYHbIX HOHOB YacTO YMNOTPEONAI0OT KOMILICKCHBIC
coenuHenns. B wactHOCTH, IS 0OHapyxeHus noHa Fe*? ncnonesyror pacteop Ki[Fe(CN)s] — xenryro
KpPOBSIHYIO COJIb; TECT HAa OTKpBITHE HOHOB ene3a (+2) IpoBOIAT NEHCTBHEM pacTBOpa KpacHOU
kpoBsiHoii conu — K3[Fe(CN)g].

Oo0opynoBaHne U MaTepuaJbl
PactBop xmopuna meau (+2)
PactBop cynsduna Hatpus
PactBop ammuaka
PacTBop cynbduna HaTpus
PactBop xene3oammonmiinbix kBaciioB [NHiFe(SOq)2
PactBop ponanuna xanus mwin ammonust (KCNS min NH4CNS)
PactBop Ks[Fe(CN)s]
PactBop NH4CNS.
PacTBop cynbdara nuHKa
10. PactBop miénoun
11. PactBop Hutpata pryTH (+2)
12. PactBop noamma Kaius
13. PactBOpa xs0puaa xenesa (+3)
14. PacTtBop enTOi KPOBSIHOM COMN
15. PacTBOp KpHcTauMueckoro cyibgara xenesa (+2)
16. npobupku

CoNoaR~WDNE

YKa3zaHus 10 TEXHUKE 0€30IaCHOCTH
1. Bce paboThl B XUMHUECKON a00OpaTOPUH JODKHBI TMPOBOAMTHCS NPU HCIPABHOM
3JIEKTPOOOOPYI0BAHUH, JICKTPOIIPOBOJIKE, TIPABUIHLHO 000PYTIOBAHHOM BBITSXKHOM IIKady.

2. T'a30BbIe KpaHBI U ra30MPOBO/T TOJHKHBI HAXOUTHCS B HCIIPABHOM COCTOSTHUHM, TIEPHOINICCKU
MIPOBEPITHCS.

3. Pabouee MeCTO cojiepKaTh B OPSAAKE H YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTCs OpaTh YHCTHIM IIMATEIEM HITH CIICIUATIBHON JTOXKESUKOM.

5. HM3nwuimek peakTuBa HE BHUIMBATH OOPATHO B COCY/I, M3 KOTOPOTO OH OBLT B3AT.

6. Bce ObITH ¢ BPEAHBIMH U NTAXHYIIUMHU BEIIECTBAMH, a TAK)KE YIIaPUBAHUE KHCIOT U KUCIIBIX
PacTBOPOB MPOBOJUTH B BRITSHKHOM HIKaQdy.

7. OcTaTku coelMHEHUH cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHHM PacTBOPOB B IMPOOUPKE BCETaa CICAYET JIEPKaTh €€ TaKUM 00pa3oM, u4TOObI
OTBepcTHE MPOOUPKH OBLIO HATIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsIoM coceia.

9. He HaKJIOHATH TUII0 HAJl HATPEBAEMOM JKUIKOCTHIO WM CIUIABIISIEMBIM BEIIECTBOM.

10. He cneayer BapixaTh Naxydue BEIIECTBA M rasbl, OJU3KO HAKIOHSACH K COCYAY C 3TUMHU
BeniecTBaMu. HioxaTh BelllecTBa MOXKHO JIMIIL OCTOPOXKHO, HAMpPaBIsisl K ce0Oe maphl WK ra3 JIBHKEHUEM
pyKH.

11. XpaHHTb pacTBOPHI KOHIEHTPUPOBAHHBIX KUCIIOT U IIIEI0YEH B BEITSDKHOM IIKady.

12. BbumBath pa30aBiicHHbIEC KUCIOTHI U IICJIOYHBIC PACTBOPHI CJCAYET B CJAMBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeiaercsi IpoOOBaTh XUMHYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIerKo BOCILIAMEHSIOIIUMUCS BellecTBaMH (3QUphI, OSH301, CEpOyTIepo U
T.JI.) HE TIOJDKHO OBITH PSIIOM OTHSI U BKJITFOUCHHBIX TUTUTOK.
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15. IIpu pabote cO CTEKIOM, XHUMHYECKOW TOCya0H, HEOOXOMUMO COONIOAaTh IIpaBHIIA
MPEOCTOPOKHOCTH BO M30eKaHNE PAHESHHI OCKOIIKAMH CTEKIIA.

16. Kareropuuecku 3arpeniacTcs OCTaBIsATh pa0OTaroIMe TpUOOPsI 03 HAOIIOICHUS.

23. B xumMuueckoit 1abopatopun He0OX0JUMO paboTaTh B Xajare.

3aganusa

Onvir 1. Kauecmeennas peaxyus na uor meou. B mpoOupky momectute 10 kamenp pactBopa
xynopuaa (unn cynepara) Meam (+2) W MO KamusiM J0OaBIsIHTE pPacTBOp cCynbduaa HaATpus A0
0o0pa3oBaHMs OcaaKa YEPHOTO LIBETA.

Hanumure monekynsipHoe 1 HoHHOE ypaBHeHue. [IpoOupky ¢ ocaakoM coxpaHuTe 1Jisl OIbITa 3.

OmepiT 2. [lomyunte pacTBOp KOMIUIEKCHOW COJNIM — aMMHakata MeAd. [[ns 3Toro momectute B
npobupky 10 kamenp pacTBopa XJIOpUAa WK cysib(aTa MEAH U 1O KarlisaM T00aBISIHTEe pacTBOpP aMMHUaKa
0 00pa3zoBaHMs 3€IEHOTO OCaJKa OCHOBHOTO Xjopuia (cymbdara) Memu. 3aTeM K MPOAYKTAM PEaKIHU
no0aBbTe M30BITOK aMMHaka IO HCYE3HOBeHHs ocaaka. OOpasoBaics amMuakaT medu. PactBop
KOMITJIEKCHOH COJIM OCTaBbTE ISl CIIEIYIOMIETO OTbITA.

Hanumure monekynspHoe U MOHHOE ypaBHeHHE peakuuii. KakoBa KOHGHUrypauus KOMIIJIEKCOB
[Cu(NH3)4]?** 1 [Cu(H20)s]?*? Onmmmte UX MarHUTHBIE CBONHCTBA.

Onpit 3. Jlna o6HapykeHus noHoB Meau Cu?* B KOMIUIEKCHOI COMM K MOJTYYeHHOMY B OTIBITE 2
aMMMaKaTy MEIH IO KaluIsiM MpHOaBIIsHTe pacTBOp cyiabduaa HaTpus 40 oOpa3oBaHMs YEPHOTO OCalIKa.
CpaBHHTE OITYYEHHBIA OCAIOK C OCAJAKOM, [TOJIYYCHHBIM B ONbITE 1.

3anummTe MOJIEKYJISIPHOE M MOHHOE YpaBHEHHS 00pa30BaHUs OCaIKa.

Hanumwure ypaBHeHHE TEPBUYHOTO MPOTONM3a W ypPaBHEHHUS BCEX CTYINEHYATHIX MPOIECCOB
IPOTOJIN3a KOMIUIEKCHOTO HOHA; 3allMIIUTE BBIPAKEHHUS KOHCTAHT HECTOMKOCTH M OOpaTHBIX UM
KOHCTAHT YCTOMYMBOCTH Ui BCEX CTyNeHed mporonn3a. Kak BBIMISAWT COOTHOILIEHHME AJSl OOIIEH
KOHCTaHTHI aMMuakata Meau? Haiinute Hy)HYI0 WHQOpPMaIUIO B CIpaBOYHMKAX W BeIHmuTe e€. Kak
MOYHO O0BACHHUTH OKpacKy coeauHennii Cu?* ¢ mosummii TKIT?

Omnsit 4. CpagueHue ceolicmea KOMIIEKCHOU U 08otHol conu. B mpodupky momectute 10 kamnenb
pactBopa xene3oaMMoHuiiHbIX KBaciioB [NHiFe(SO4)2], no6aBbTe MO KaruisiM pacTBOp pOJaHUIA Kajus
nmi ammonus (KCNS mmi NH,CNS). [osiBisieTcst KpacHOe OKpalIuBaHue, XapakTepHoe 11 noHa Fe¥* 3a
cuét obpazoBanust Fe(CNS)s.

Hanmmwure MonekynsipHOe M MOHHOE ypaBHeHHE peakiuu. Kakyio uyacTb BHIMMOTO CIIEKTpa
mortontaet pactBop Fe(CNS)s?

B apyryro npobupky nmomectute 10 karens pactBopa Ks[Fe(CN)g] u tarxke mo kamisM go6aBbTe
pasnbiit 068M NH4CNS. Tlossuiiock nu kpacHoe okparmpanue? CoaepKuT i pacTBOp HOHbI Fe**?

OmeiT 5. [IpuUTOTOBETE TUAPOKCHI ITUHKA U MEPEBEIUTE €ro B IMHKAT. [ 3TOTO K pacTBOpPY
cyiabdara nuHKa 100aBbTE MO KaljlsiM PAacTBOP LIEIOYM A0 IMOSIBICHMS OCaJKa Tmapokcuaa muHka. K
MOJY4YeHHOH cMecH A00aBbTe W30BITOK INENOYM [0 IOJHOTO PAacTBOpPEHus: ocagka. Hamwmmmre
MOJIEKYJISIPHOE M MOHHOE YpaBHEHHE peakiiuu 00pa3oBaHue THAPOKCHIA U IMHKATA.

OmneiT 6. Haneiite B mpoOHPKY HECKONBKO Kareib HUTpaTa pTyTH (+2) u 100aBbTe MO KarlisiM
pacTBOp MOANAA Kaus 10 00pa30oBaHUs OcajKa.

Hanmmwure MonekynsipHOe M HOHHOE ypaBHeHHe peaknuu. K oOpazoBaBiieMycsi ocajiky HOJUIa
pPTYTH TpubaBbTe H30BITOK HOIMAA Kajlus 0 IOJHOTO pacTBOpeHus uoauaa prytd. OOpasyercs
KOMILIEKCHas1 conlb. M300pazute GpopMyiy NoaydeHHOH cod, 3Has, YTO CTENEHb OKMCIICHHUS PTYTH PaBHA
(+2), a xoopmuHaroHHoe uucio 4. WoHBI #oma — JMTaHnbl, WOHBI Kajus — MPOTHBOWUOHBI H,
CJIeJIOBATENHLHO, PACIIONOKEHBI BO BHEIIHEH KOOPANHAIIMOHHOMW cdepe.

Hanumure monexkymnspHoe ¥ MOHHOE ypaBHeHHE oOpazoBaHMs KomiulekcHoM comu. Kak TBC
00BACHSET FIEKTPOHHYIO CTPYKTYpY KoMmriiekcHoro uona [Hgls]®? Kakoit Tun ruGpuamsanyy KaTHOHA
Hg®* B aTom kommekce? KakoBsl MarauTHbIE cBolicTBa [Hgl4]*?

Onwit 7. Tecm na omxpwimue owcenesa (+3). B npobOupky momecture 10 kamenb pacTBopa
xyopuza xenesa (+3), ¥ Mo KamwisiM J00aBJsiiTe pacTBOp KENTOHW KPOBSHOW coJM 10 0Opa3oBaHUs
rojiyboro ocazka OepIMHCKOM JIa3ypH.

OmwiT 8. Tecm na omxpuimue dceneza (+2). B mpodbupky momecture 10 kamens pacTBOPEHHOTO B
BOJIC KpPUCTAUIMYECKOro cynbgara xene3a (+2), mpubaBbre 1o Karmisim pactBop Ks[Fe(CN)s].
Habmiomaetcst oOpazoBaHue 0cajika XapakTEPHOTO CHHETO IBeTa (TypHOyJIeBa CHHB). JTO COSAMHEHHE
obpasyercs B pe3yabTaTe HEMoIHOTo 3amernerus nonoB Kanus B Ks[Fe(CN)s nonamu xemesa (+2).
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Ilpumeuanue. JlokazaHo, 9To TypHOYIIEBa CHHb U OEPIMHCKAS JTa3yph IMOJHOCTHIO HICHTHYHBI U
MUMEIOT OTMHAKOBBIE (hOPMYITBI.

Hazosure, ucnone3ys npaBmwia MIOITAK, xenTyio u KpacHYH KpPOBSHYIO COJIb; H3HAYaIbHO
obpasyrolyecss ComM NpU OTKpHITHH HoHOB Fe’* u Fe®"; kakoif dopmymoii ommchIBaeTcs COCTaB
TypHOyIieBo cwuHM u OeprnuHckoi nazypu? Jlaiite HazBanme stor comu. Kak TKII omumceiBaer
anextponnsie cTpykTypsl [Fe(CN)s]* 1 [Fe(CN)s]® ? YkakuTte nx MarHuTHbIE CBOHCTBA.

Conep:xanue oT4yeTa
[Tomyyennbie nanubie 3aukcupyite B Tadaue 7.2 1o cieayromnieit popme:
Tabmuua 7.2. Pe3ynbTarhl SKCIIEPUMEHTA

Ne /1 | Pearentsl XUMUYEeCKasi peakius HaOmronenus

1

gl wIN

KoHTpoJibHbIE BOPOCHI
ba30BbIil ypOBEHB

1. Kakue coenrHeHus Ha3bIBAIOT KOMIUIEKCHBIMU?

2 Uem 00BsCHSETCS UX MHOTOOOpazme?

3 Ilouemy TtpymHO maTh BceoOBeMIIIOIMIEE (OYEHB IOJTHOE, WCUYEPIBIBAIOIIEE) OIpeeTIeHIe
KOMIUIEKCHBIM COETMHEHUSIM?

4 Kro aBTOp koopauHanmoHHOH Teopun KC? Korna ona nosiBunacs?

5 U3 kakux snemeHToB coctosit KC? [IpuBeante nmpumepsl.

6 Kakas cBs3p Ha3bIBacTCs JOHOPHO-aKICNTOPHOM WM KoopauHanuoHHOW? Kakoit arom,
MOJIEKYJIa MJIK MOH siBJiseTcst toHopoM B komiutekcax [Cr(CO)s], [Ag(NH3)2]", [AlH4]?

7 Kak paccuuThIBaeTCsS CTEHNEHb OKHCIICHHsS KOMIUIEKCOOOpa3oBaTelisi M 3apsii KOMIUIEKCHOTO
noHa? OTBET MOSCHUTE HA IPUMEPE KOMITJIEKCOB BOIIpoca 6.

8 Ha kakwue THITBI TOJPA3JICISAIOT KOMIUIEKCHBIE coequHenus? [IpuBeauTe mo 1Ba mpruMepa Takux
COE€IVHEHNN U JaliTe UM Ha3BaHUI.

9 Yto Takoe KOOpAMHALMOHHOE YHCIO KOMIUleKcooOpaszoBarensi? Kakue yacTHIBI Ha3bIBalOT
nuradggamu? OTBET MOSCHUTE Ha TPUMEpax.

IToBbILIEHHBIN YPOBEHD

1 Yem oneHMBaIOT NpOYHOCTHh KOMIUIEKCOB? Hamumure BoIpaKeHUs AJ1s1 KOHCTAHT HECTOHKOCTH
¥ KOHCTaHT YyCTOWYMBOCTH s KoMIuteKcHbIX noHOB: [Ag(NH3)2]", [AJ(CN)2] -, [Ag(NO2)2] .

2 B u4eMm oTinune IBOMHBIX CONEN OT «TUIIMYHBIXY» KOMILUIEKCOB?

3 Kakue KOMIUIEKCHBIE COCAMHEHMS OTHOCAT K auupokomiuiekcam? Kakue x ayrokommiecam?
[IpuBeauTe npuMepsbI.

4 Kak TBC o0bscHsieT 00pa3oBaHNEe XUMHUYECKOH CBS3H B KOMIUIEKCax?

5 Kaxkue koMIuleKchl Ha3bpIBalOT KapOoHmnamu? OObsicHUTE 00pa30BaHUE TAKUX KOMIUIEKCOB C
MO3UIMH TEOPUH BAJIEHTHBIX CBA3EH.

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0Ib30BAHNIO M0 JAHHOM Teme

OcHoBHas iMTEpaTypa:

1. Koposun, H. B. O6mas xumus : yae6unuk / H. B. KopoBuH. - 13-¢ u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpumn.: c. 461. -
Bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpy>karomieil cpeibl : XUMuUs *KUBbIX opranu3moB. Kypc nexuuii /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DnekTpoHHO-0nOmmoTeyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum noctyna: mis
ABTOPHU3UP. MOJIH30BATENICH

Jlono/JIHUTeIbHAS JIUTepaTypa:
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1. T'munka, H. JI. O6mas xumus / H. I'. I'nmuska ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Unterpan-IIpecc, 2003. - 728c. - bubmmorp.: ¢. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XYMHsI METAIIJIOB : y4eOHOE MocoOue (1Sl CTYICHTOB XUMHUYECKOTO (DaKybTeTa
HanpaBiieHui 0akanaBpoB «XUMHU» U «XUMHUUECKask TEXHOJOTHs») / cocTtaButenu O. A.
I'omoBanoBa. — Owmck : OMckuii rocyiapcTBeHHbI yHUBepcUTET uM. .M. JlocToeBCKOTO,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : 35eKTpoHHBIN // DnekTpoHHO OnbiroTeyHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
aBTOPU3HP. MOJIb30BATENEH
HNuTepHeT-pecypcen:

1 http://window.edu.ru/ — enuHOE OKHO JOCTYIA K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — 5BC «YHuBepcuterckast OMOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — saeKTpOHHBII KaTajaor acCOIHAINN dJIEKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefeHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpeITOE 06pa3zoBaHue

Tema 8. OkHCJINTETbHO-BOCCTAHOBHUTEIbHBIE PeaKIIUU
JlabopaTopnasi pa6ora 8. OKHC/JIUTEIbHO-BOCCTAHOBUTEIbHbBIE
L{enb paboThl: M3ydeHne OKUCIUTETBHO—BOCCTAHOBUTEIBHBIX PEAKIIMIA. Y PABHUBAHUE OKMCIIUTEIHLHO-
BOCCTAaHOBUTCIIbHBIX peaKuHﬁ METOJOM JJICKTPOHHOI'O OajaHca
®opmupyembie KOMIETEHIIMH UITH X YaCTH:

WNHpeke DopMynHpOBKa:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3alUK U CaMOOOPa30BaAHHIO
OIlK-4 MOHMMAaHHUEM CYITHOCTH U 3HAYCHHS NH()OPMAIIUY B Pa3BUTUU

COBPEMEHHOT0 00IIeCcTBa, CIIOCOOHOCTHIO MOJTy4aTh U 00pabaThIBaTh
HHq)OpMaHHIO M3 pas3IMYHbIX UICTOYHHUKOB, TOTOBHOCTBIO HHTCPIIPETUPOBATD,
CTPYKTYPHUPOBATh ¥ 0POPMIISATH MHOOPMAIMIO B JOCTYITHOM ISl APYTHX
BUC

IIK-5 CHOCOOHOCTBIO MPUHUMATh y4acTHe B pab0Tax 1o pacueTy
IPOEKTUPOBAHUIO JIETANIEH U y3JI0B MAlIMHOCTPOUTEIBHBIX KOHCTPYKIIHI B
COOTBETCTBUH C TEXHUYECKUMH 3aJJaHUSIMHU U UCIIOJIb30BAHUEM
CTaHJIaPTHBIX CPEACTB aBTOMATH3AI[MHN POEKTUPOBAHUS

Teoperuyeckas 4acTb
Teopusi OKHCINTETbHO-BOCCTAHOBUTEIbHBIX peakuuii
Peaxyuu, 6 xomopuvix npoucxooum uzmeneHue cmeneuell OKUCIEHUS AMOMO8, HA3bIBAIOMC
OKUCTIUMENbHO-60CCIMAHOBUMENbHIMUL,
B mpocThix BemecTBax CTENEHH OKUCIICHUS aTOMOB PaBHBI HYNIO. JJI CIIOKHOW MOJEKYIIBI
CyMMa CTETIEHEH OKHCIICHUs BXOAIINX B €€ COCTaB aTOMOB TaKXKe JIOJDKHA OBITH paBHA HYJIIO; JUIsl MOHA

— €ro 3apsmy.
OKucIeHUEM HA3bIBAETCS mnpouecc OTaa4m aToMoOM MoneKynoﬁ HJIM NOHOM 3JICKTPOHOB!

Al —3e — Al

Fe?t —e > Fe>'

2ClI~ —2e —»Cl,.

B MMpOLCCCC OKUCIICHUA IMPOUCXOIUT MOBBINICHUC CTCTICHU OKHCJICHUA.
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BoccraHoBieHneM Ha3bIBae€TCSl IPOLIECC IPUCOCAUHEHUS JJIEKTPOHOB aTOMOM, HOHOM WIIH
MOJIEKYJIOMH:

S +2e St

Cl, + 2e — 2CI~

Fe3t +e > Fe?".

[Ipu BocCTaHOBIEHNUN CTETIEHb OKHUCIICHHSI IIOHIKASTCS.

B 3aBUCHMMOCTH OT CITOCOOHOCTH OT/IaBaTh WM MPUHUMATH DJICKTPOHBI BCE BEIIIECTBA ACIATCS Ha
OKHCIIUTENN U BOCCTAHOBUTEIH.

OKucaumenu — 3mo amomsl, UOHbL UMU MOJIEKYIbl NPUCOeOUHAIOWUe 3leKmpoHsl. Bo epems
peaxkyuu oOHu 80CCMAHABIUBAIONICSL.

Boccmanosumenu — smo amomvl, uOHbI UM MONEKYIbl, KOMOPblE OMOarOm 31eKkmpoHvl. Bo
8peMsl peaKyuy OHU OKUCTISIIOMCA.

[Tporieccrl OKUCICHHS M BOCCTAHOBJICHUS BCETIa MPOTEKAIOT MapalIeIbHO, YTO MOXKHO BBIPA3HUTh
CIEAYIOLENH CXEMOM:

Boccranosurens (B1) — € € okucaurens (O)

Oxucnurens (Oz2) + € € BoccTaHOBHUTEND (B2).

CrenoBaTeNbHO, OKUCIUMENbHO-60CCIMAHOBUMENbHbLE PEAKYUU NPedCmAagIsion coboll eOUHCME0
08YX NPOMUBONONONCHBIX NPOYECCO8 — OKUCTEHUS U 80CCMAHO06IeHus. B 3TUX peaknuax oOllee 4ncIiio
3IIEKTPOHOB, OTIABAEMBIX BOCCTAHOBHUTEIIEM, PABHO OOIIEMY YHCITY, TPUCOCAHHIEMOMY OKHCIIUTEIEM.

[Tpu 5TOM HE3aBUCHMO OT TOTO MEPEXOIAT JIH MIEKTPOHBI C OJTHOTO aTOMa Ha JAPYrOl MOJHOCTHIO
WIM JIHOIb YaCTUYHO OTTATHBAIOTCS K OJHOMY K3 aTOMOB, YCJIOBHO TOBOPAT TOJNBKO 00 oOTHade M
MPUCOCAMHEHUH DIICKTPOHOB.

B OBP oxucioutens U BOCCTAHOBUTENIb PEArdpyrOT JPYyr C JPYrOM B 3KBHUBAJIEHTHBIX
KOJINYECTBaXx.

Oxeusanenmom oxucaumens (0O) unu 6occmanogumens (B) Hazvieaemes maxkoe KOAU4ecmao ux
MOb, KOMOPOEe NPUCOCOUHAEM UTU OMOAem 0OUH MOb JJIeKMPOHOS, YN0 OMPANCAEMC sl CAEOYIOUWUMU
dopmynamu:

2(0), monv= 3 wi I(B), monb= i,
Zg Zg
TA€ Ze — YUCIIO 3JICKTPOHOB, KOTOPOC IIPUHUMACT OKHUCIIUTCIIb O wmm OTAa€T BOCCTAHOBUTCIIb B.
MoinpHasg (I/IJ'II/I MOJ'IHpHaH) Macca dKBUBaJIeHTa okuciurenasd O U BOCCTAHOBUTENS B BBIPAXXacTCsA B
T/MOJIb ¥ OTIPEIENSAETCS U3 COOTHOIIEHUH CIIeAYIOIIEro BU/IA:

1) nnst okucnurens— M (i 0),2! monw; 2) nasiBoccranoBmensi— M (i ,B),2l mons
Ze Ze

TonbKO B POIM OKHCIHUTEINS BBICTYAIOT YACTHIIBI, IMEIOLINE MAaKCUMaIbHO BO3MOYKHBIE CTEIICHN
OKHCIIeHUs (HarmpuMep, A Maprania — 3to (+7), ams azora (+5) u T.1.); TONBKO BOCCTAHOBHUTENS — C
MHUHHMAJILHOM CTEMEHBIO OKUCIEHHS ([T cephl — 310 (—2), ams azota — (-3) ¥ T.11.).

Yacmuywl, umerowue npomMedCymoyHsvle CmeneHy OKUCIEHUS, MO2YM NPOAGIAMb CEOUCMEA KAK
oKucIumens, maxk u 6occmanosumens. IT0 0OyCIOBICHO: XMMUYECKOW MPUPOJON peareHTa-mapTHEPA;
YCIIOBUSIMH U XapaKTepOM Cpeibl, B KOTOphIX poTekaer OBP.

Hanpasnennocts OBP  onpexensiercss BelWMYMHAMU 3HA4YE€HUI CTaHIAPTHBIX ITOTEHIHAJIOB
peareHToB: OKHchHTENb (O Bcerja MMeeT OoNbIIMK (MO anreOpanyuecKod BeTUYMHE) CTaHAAPTHBINA
MOTEHIIXA, YeM BOCCTAaHOBUTENb B.

Hanpumep, B kucnoit cpege cmemmusator jnBa BemectBa: KoCroO7 m NaNO,. Kakoe u3 atux
BEIIECTB OyJIeT OKHCIIUTENIEM, KAKOe — BOCCTAHOBHUTENEM?

O6paruMcst K crpaBodnbiM aaHHbM: 9°(Cr,072 + 14 HY/2Cr* + 7TH,0) = 1,33 B; ¢°(NOs +
2H"/ NO; + H20) = 0,78 B.

Ilpumeuanue. PexoMeHIyeTCSl UCIIONIB30BaTh yueOHoe nocoome: H.C. Axmero, M.K. A3u3oBa,
JLU. bagpiruna. JlaGopatopHble M CeMHHApCKHE 3aHATHS MO OOLIEH M HEOPraHWYecKOW XUMHHU. M.:
Bricm. mkona, 2002.
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Tak kak ¢°(Cr,072 + 14 H*/2Cr*™® + 7TH,0) > ¢°(NOs + 2H" / NO;™ + H;0), mo oxucnurenem
oyner sBisaThes KoCraOy.
KosnuecTBEHHOM XapakTepUCTHKOM Ti1yOuHbl nportekanus OBP sBisercs 3HaueHHe KOHCTAHTBI

paBHOBECHS:
0/Ay_ .0

gKk? 2 ©)=0"(®)
0,059

rie ¢°(0) u ¢°(B) — craHAapTHbIE MOTEHUMATbl OKHCauTeNs O W BOCCTAHOBHTENsS B
COOTBETCTBEHHO, B; Zy — cyMMapHOE KOJIMYECTBO AIEKTPOHOB, MPUHUMAKOIIUX yuacThe B naHHou OBP.
Koncranra pasaoBecust OBP cBsizana ¢ norenimanom ['ub6ca (Ix/moins-K):

AG? = -2,303RT IgK P (8.2)
Dueprus I'n66ca, B cBoro ouepesp, camana ¢ IJIC (A¢p®) nocrosunoit ®apanes (F) u uuciom
AIIEKTPOHOB, y4yacTByromux B OBP:

AG®, Jioic/mons-K = —nAg°F, (8.3)
Ap® = ¢°(0) — ¢°(B) — DJIC OKHCIUTETHHO-BOCCTAHOBHTEIBHON PEaKIHH TPH CTAHAAPTHBIX
yCIOBHSIX, B.
Jusa crannaptaeix yenosuid: 7= 298,15 K = 298,2 K; R = 8,314 JIx/monsK; F =96450 =
96500 K/MOJIB-3KB, TOJYYUM (OPMYITY YIO0OHYIO JUIsl PACUCTOB:

F 96500
IgK Jog =

— nA@® =16,90nA¢°.
2,303RT  2,303-8,314-298,2

(8.4)

B ycnoBusix OTAMYHBIX OT CTAHAAPTHBIX, OKHUCIMTEIBHO-BOCCTAHOBHUTENBHBIC IOTEHLHAIIBI

(OBII) u 2/JIC OBP, mporekarommx B BOJHBIX pacTBOpaX, 3aBUCAT OT KOHIEHTparuu (TOYHEe,
aKTUBHOCTEH) YYaCTBYIOIIMX B MPOIIECCE HOHOB. DTa 3aBUCUMOCTh BhIpaXkaeTcsi popmysioni HepHera:

0,059, [O]
Ig 1
[B]
rzie ¢°0/5— CTAHIAPTHBII NOTEHIMAN pearenTa (OKHCIUTENN MM BoccTaHouTens), B; [O] u [B] —
KOHIEHTPALMU OKUCJIEHHON M BOCCTaHOBJIEHHOH (pOpPM peareHTa, MOJbL/IAMS; Z — YHCIIO JIIEKTPOHOB B
MOJTypeaKky 7151 TaHHOTO peareHTa.
Ipumeyanue. Cnenyer Bceraa MOMHUTH, YTO KOHIEHTpAIMK Becex ydacTHUKOB OBP B ypaBHeHuu
(7.5) sisrotest mostsipubiME KoHteHTparmsamu (Cy (X)), a He mossipabivu skBuBanienra (C(1/z2 X)).
Ha 3nauenne OBII u Ha XapakTep NPOAYKTOB PEAKIMH JOCTATOYHO CUIBLHOE BIUSHHME OKA3bIBAET
pH pactBopa, B koTtopom nporekaer OBP. Hampumep, npu pH < 7 3HaueHue cTaHIApPTHOIO
MOTEHIIMAIA ISl CHCTEMBI:

@2 (MnOg +8H " IMn?* + 4H,0) =151B .
wpnpti=7— @ (MNOg + 2H,0/MnO, + 40H ) =0,6 B .
oi>7- @2 (MnOg / MnOz2) = 0,564 B.

BakHeliime BOCCTAaHOBUTENIM: aTOMBI METa/IOB, Bogopoa, yriepoa, CO, H.S, H.SOs, NaNO,
Nazszos, HI, HBr, HCl, FESO4, CrCI3, MnSO4, NHs.

BaxkHelime OKUCIUTENH: TaTOTeHbI, XJIOPaThl, KKUCI0po, 030H (O3), KMNnO4, KoCr,07, KoMnOs,,
H202, H2S04 (xony.), HNOs, PbOs.

0.B=pdp + ©5)

THUIBI OKMCIUTEIBHO-BOCCTAHOBUTEJIBHBIX PeaKIuii
Pa3nnyaroT Tpu TMIIA OKHUCIUTENBHO-BOCCTAHOBUTENBHBIX PEAKIIMN:
a) BHYTPUMOJIEKYJIApHBIE; 0) AUCTIPOMOPIIMOHNPOBAHUS; B) MEKMOJIEKYIISIPHEIE.
Buympumonexynapuvie OBP — 2mo maxkue peakyuu, 6 KOMOPLIX U OKUCAUMENb, U
60CCMAHOBUMENL HAXOOAMCA 6 COCMAase OOHOU MONEKYNbl, HO AGIAOMCA NpU IMOM  PASHLIMU
9NeMEHMaAMU.
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2KNO3 —-52KNO, + O,
2N —2e«> N ™
1207% + 4e <> O,.

Peaxyuu  oucnponopyuonuposanuss — OBP, 6 x00e Komopulx O00uH U3 2JIeMEeHMOs,
cooepaicawyeticst 8 00HOU MOEKY1e, O0HOBPEMEHHO U NOGbIUAE, U NOHUIICAem CIMEeNneHb OKUCTICHUS.

Cly, + 2KOH — KCIO + KCI + H,0
1|Cly — 28 <> 2CI*
1|Cly —2e < 2CI™.

K nucnponopiuioHMpOBaHWIO CHOCOOHBI MOYTH BCE YACTHUIIBI, MMEIOUIME IMPOMEXKYTOUHYIO
CTETEeHb OKUCIICHUSI.

HauOonee pacnpocTpaHeHHBI pPEakLUM TPETbEro THUIA, KOTOPBIE MPOTEKAIOT C H3MEHEHHEM
CTETICHN OKHCIICHUS aTOMOB B Pa3HBIX MOJIEKYyJaxX, T.€. OKHCIHMTENIb M BOCCTAaHOBUTEIb HAXOISITCA B
pasHbIx BemecTBax. Crosa ke cienyeT OTHECTH M PEaKIMHM MEXIY pa3HbIMM BEIIECTBaMH, B KOTOPBIX
aTOMBI OJJHOTO U TOT'O K€ IEMEHTa UMEIOT Pa3IMYHYI0 CTEIICHb OKHCICHUS:

5HCI + HC|03 —> 3C|2 +3H20

112C1™ +10e <> CIJ
512Cl~ —2e <> CIJ.

OOGopynoBaHue U MaTepUaJIbI
PactBop 6pomua HaTpust
PactBop 6enzomna
[Ipobupku
PacTtBop lonHOM BOJIBI
PacTBOp KpHCTaIIIOB MOAMIA KaTHS
ITepexucs Bogopona
Kpucranios nepmanranarta Kaius
PactBop Na,SOs
PactBop HuTpHTA HAaTPU
10. PacTBOp GuxpomaTa Kajms
11. PactBop GpoMHOIi BO/IBI
12. TTopomikooGpasHas cepbl
13. Tuonmanar kamus
14. PactBop comnu xene3a (+3)
15. Pactsop SnCl;
16. Pacteop cynbdara meau CuSO4
17. YKene3usiii rBo31b
18.  Pactsop nepmanranara kamus KMnOs ¢ koruentpammeit C(KMnOg) = 0,02 moss/am®.
19. pactBopa cepHoii kucnotsl kuciora HoSOs ¢ konuentpanueit C(H2SO04) = 2 mons/ame.
20. Pacteopa ménoun NaOH ¢ konuentpammein C(NaOH) = 2 mons/mm®
21. PactBopa cynbgura Hatpust Na;SOjs ¢ konuentparmeit C(Na;SOs) = 2 Monb/nme,
22. PactBopa cynbdara xenesa (II) FeSO4 ¢ konnentpanueit C(FeSO4) = 2 monb/am3.

CoNoa~WDE

23. PactBop azotnoii kuciorel HNO3,p(HNO3) = 1, r/em®

24. meytHas IPOBOJIOKA

25. Tuxpomar kamus K,Cr.07 ¢ xonuenTpanueii C(K,Cr,07) = 2 mons/am?

26. Pacteopa mutpura Hatpus NaNO; ¢ konuentpanueit C(NaNO2) = 2 moms/mve.
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Yka3anus 1o TexHuke 0e30IaCHOCTH
1. Bce paboTel B XUMHYECKOH JIaODOpaTOpUH JOJKHBI IPOBOIUTHCSA IIPH HMCIPABHOM
AIIEKTPOOOOPYAOBAHNH, FITEKTPOIPOBOJIKE, MPABMIHFHO 0OOPYIOBAaHHOM BBITSHKHOM IIKa(dy.

2. T'a30BbIe KpaHBI U ra30MPOBO/] TOJHKHBI HAXOJUTHCS B UCIIPAaBHOM COCTOSIHUH, TIEPUOANIECKU
MPOBEPSTHCA.

3. PabGoudee MecTo conepikaTh B OPSIIKE U YUCTOTE.

4. Cyxue peakTuBbl TpeOyeTcs OpaTh YUCTHIM IIMTATENEM I CHEIIHATFHON JIOKEUKOM.

5. Uznumex peakTuBa HE BBUIMBATH OOPATHO B COCYIl, U3 KOTOPOTO OH OBLI B3AT.

6. Bce OmbITH ¢ BPSAHBIMHE U MAXHYIUMH BEIIECTBAMU, & TAKKE yIApUBAaHUE KUCIOT U KUCIBIX
pacTBOPOB MPOBOJUTH B BBITSDKHOM IIKaQYy.

7. OcraTKu coeqUHEHUI cepedpa cauBaTh B 0COObIE CKISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUpKE BCET/a ClenyeT AepkKaTh e€ TakuM 00pa3oM, 4ToObI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT PaOOTAIOIIETO PSIOM COCea.

9. He HaKIOHSTH MO HaJl HATPEBACMOM YKUKOCTBIO HIIH CILIABIISIEMBIM BEILIECTBOM.

10 He CJICAYCT BAbIXaThb IMaxy4Yuc BCIICCTBA U Ira3bl, OJIN3KO HAKJIOHSICH K cocyny € 3TUMHU
BenlecTBaMy. HroxaTh BelecTBa MOKHO JIMITh OCTOPOYKHO, HANPABIISAS K ceOe Maphl WK ra3 JBHKCHUEM
pyKH.

11. XpaHuTh pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT U IIEJIOUEH B BHITSHKHOM MIKady.

12. BruiuBaTh pa30aBICHHBIC KUCIOTHI U MEIOYHBIC PACTBOPHI CIIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampemiaeTcsi poOOBAaTh XUMHYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIErKO BOCILIAMCHSIOIIUMUCS BellecTBaMH (3QUphI, OSH301, CEpOYIIepo U
T.I[.) HE NOJDKHO 6])IT]) PAAOM OrHA U BKIIFOUYCHHBIX ITJIMTOK.

15. IIpu paboTe co CTEKIOM, XHMHUYECKOW TOCYM0H, HEOOXOAMMO COONIIO/IaTh IpaBUIIa
MPEJOCTOPOKHOCTH BO M30€KaHNE PaHEHHI OCKOJIKAMH CTEKIIA.

16. Kareropuuecku 3arnpeiniacTcs OCTaBIATh padOTaroIIMe TPUOOPsI 0€3 HAOIOICHUS.

24. B xuMu4ecKol 1abopatopur HeOOXOANMO paboTaTh B XalaTe.

3amanusa

Omeir 1. K pactBopy Opommza HaTpusi B HMpoOWpKe NpHIIEHTe HEMHOIO XJIOPHOH BOIBI U
HECKOJIBKO Karenb OeH3ona. BerpsixHure conepkuMoe mpoOHpKu. BepxHuii cinoil okpacuics B Oypblid
uBeT. Yto sBisieTcss MpUUMHON Okpacku? Hammiumre ypaBHEHHME peakUUH M COCTaBbTE AIIEKTPOHHYIO
CXEeMy U3MEHEHHs CTEeNEeHeN OKHUcIeHus 31eMeHToB. Onpenenure 3/C 310l peakum.

Onpit 2. (OnbIT IPOBOAUTE B BHITsHKHOM mKady). B nmpobupky maneiire 1 cm® iioanoii Boasl u
Takol jxe 00bEM OeH3oJ1a. [IpoOUpPKY BCTPAXHUTE HECKOJIBLKO pa3. OOpaTUTe BHUMAHKE Ha I[BET BEPXHETO
6enzonbHOrO ciost. IlomyueHHbI pacTBOp COXpaHUTE AJIsi CPAaBHEHUSI.

B cyxyio npoOupKy HachlllbT€ HEMHOTO KPHCTAIJIOB MOAMIA Kajusl (OCTOPOXKHO!), O CTEHKE
npoOupkn TpubaBbTe 2-3 Kalik pPacTBOpa KOHIIGHTPUPOBAHHON CEpHON KHCIOTHL. Boiaensercs
razoo0pasHelii mpoaykT ¢ 3amaxoMm HzS. K comepsxumomy mpoOupku mpuieiite 1 cm® Gensoma u
OCTOPOXHO BCTPAXHHUTE HECKOJBKO pa3. OOparuTe BHUMaHUE Ha OKpacKy OeH3onbHOro ciosi. CpaBHHTE
3Ty OKpacKy ¢ OKPacKOM, MOJTyYeHHOW BaMH MPU BCTPSIXUBAHUU HOAHOM BOJIBI C OEH30JIOM.

Hanummre ypaBHenns peaknwii. CocTaBbT€ MOHHO-IJIEKTPOHHYIO CXEMY HM3MEHEHHS CTETeHel
OKHCJIEHUS] aTOMOB pEarupyroninx BEIIECTB.

Omngit 3. K 2 ¢m® pactBopa nepmanranara kanus KMnOg4 no6aBbTe paBHbI 00bEM pa30aBIeHHOM
CEepHOH KHUCIOTHI M Tiepekucu Bomopona. OOparure BHHUMaHWE Ha W3MEHEHHE IBeTa B pactBope. K
OTBEPCTUIO NPOOMPKHM IMOJHECHUTE TICIOMYI0 Jy4yHMHKY. YTo mpu sToM Habmogaercs? Kakol ras
BbIETSAETCS?

Hanmmwvre ypaBHeHHE NaHHOW peakiMM B MOJEKYISIpHOH M moHHOW (opmax. KoadduimenTs:
OTIpeJICJIUTE C IIOMOIIBIO0 METO/1a 3JIEKTPOHHO-MOHHOTO OanaHca.

OmnpiT 4. (OOBIT IPOBOAMTCS B BBITSHKHOM IKady). B cyxyro mpoOHpKy HachImbTe HECKOIBKO
KPHUCTAIJIOB TIEpMaHTaHaTa KaJlusl H OCTOPOYKHO TPWIICHTE HECKOJIBKO Karellb pa30aBlIeHHOTO pacTBopa
consHoM kucaoTsI (1:1). Beimensiercs ra3 (ocropoxHo!), HOHIOXaMTE €ro.

Hanummre ypaBHEHME NaHHOW peaklMU M COCTaBbTE 3JIEKTPOHHO-MOHHYIO CXEMY H3MEHEHMS
CTETIeHEeW OKHUCIICHHS SJIEMEHTOB, YUACTBYIOIINX B PEAKIIHH.

Omngit 5. B Tpu otaensHbie mpooupku BHecuTe 1-2 cm® pactBopa KMnOa, a 3aTeM 106aBbTe B 3TH
NpoOUPKH paBHBIE OOBEMBI: B TIEPBYIO U3 HUX — PAacTBOP pa30aBIEHHON CEPHOM KUCIIOTHI, BO BTOPYIO —
BOJy, B TPETbI0O — KOHIECHTPUPOBAHHBIA pacTBOp mieioud. [locime 4yero B KakIylo W3 HPOOHPOK
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npu6aseTe 1-2 cM® pactBopa Na;SOs. UeM 00BACHATH NpoucHIeKe H3MeHeHns? Hanumure mosHble
ypaBHeHus: OBP, ucnone3yst HOHHO-31E€KTPOHHBIN MeTon. OueHuTe riyOMHY MPOTEKAaHMs MPOLECCOB B
KaxaoM cirydae. OT 4ero 3aBUCHT OKHUCIHUTENbHAsI aKTHBHOCTh TIEpMaHTaHT-HOHA?

OnwiT 6. K 1Bym cM® pacTBopa HMTpUTAa HATpus MPHIIEHTE PaBHBIA 00BEM pacTBOpa CepHOM
KHCJIOTHI U 0OAaBbTE 10 KAIUIIM HEOOJIbIIOE KOJMYECTBO pacTBOpa noauaa kanus. OOpaTure BHUMaHUE
Ha U3MEHEHHE 1IBETa pacTBopa.

Kaxoe BemectBo Beienunochk? CocTaBbTe ypaBHEHHE COOTBETCTBYIOIIEH peakuuu. Onpenennre
KO3 HUITUEHTHI METOIOM TTOTypEaKIINH.

Omnpir 7. Haneiire B mpo6upky 1-2 cm® pacTBopa Guxpomara Kanus, 100aBbTE K HEMY JBOMHON
00BEM pa3baBIeHHON cepHON KUCIOTHI M 4-5 cm® pacTBopa HuTpuTa Hatpus. OOpaTHTE BHUMaHHE Ha
M3MEHEHHUE LBeTa pacTBopa. Hamummre MosieKkyasipHOe M MOHHOE ypaBHEHUs JTaHHOH peakuuu. [logbop
KOA(HUIIMEHTOB OCYIIECTBUTE METOIOM JIEKTPOHHO-MOHHOTO OajaHca.

Onwir 8. K 2-3 cm® GpoMHOI BOJIBI TIPWJIEHTE PAacTBOP IIETOYH 0 MOJHOTO 0OECIBEYMBAHHUS
pactBopa. CocTaBbTe 3JEKTPOHHO-MOHHOE ypaBHEHHE AaHHOW peakUuu W ompeaenute KodQQuumeHTs
METOI0M IOJIypEaKLUil.

Onpit 9. K 2-3 ¢M® KOHIIEHTPUPOBAHHOTO PACTBOPA THUAPOKCHIA HATPHS J00aBbTE HEOOJIBIIOE
KOJINYECTBO MOPOIIKO0Opa3Hoi cepbl. CMeCh KUIISTHUTE 10 HCUE3HOBEHHUsI cepbl. COCTaBbTE 3JIEKTPOHHO-
VOHHBIE CXEMbl U3MECHEHHSI CTEIICHEH OKUCIICHHS pearupyromux BemecTs. Hanummre noHHOE U IOJTHOE
ypaBHeHUs1 AaHHOM peakuuu. K xakomy tumy OBP otHocutcs manHoe npeBpaiueHue? Ilouemy aTtoMbl
CepBI CIIOCOOHBI K TAKUM MPEBPALLIEHUSIM?

Omnwit 10. K pactopy ( 1-2 cm®) THONMAaHaTa Kaus (MM aMMOHHS) NPUOABBTE TaKOM ke 00bEM
pactBopa conm sxene3a (+3). Kakoil 1mBeT monydeHHOTO pacTBopa? 3areM K OKpaIIeHHOMY PacTBOpPY
npuOaBIIAIOT MO KaIUIsAM 10 NMOJNHOTO oOecieurnBanus pactBop SNCly. Kakue mporecchl mpoucxoasr B
pactBopax u nodemy? Paccumraiite DJIC peaximm BocctaHoBneHus Fe*" momamm Sn?*. Paccumraiite
u3MeHeHne >Heprun I'm66ca (4G°,.) u xoHcranTy paBHOBecus (KPy,) st 3Toii peaxrmn. OleHHTE
rIyOuHY €€ IpOTeKaHusI.

Onpir 11 B npobupky naneiire 1-2 cm® pactBopa cyinbpara meau CuSOs m omycTute Tyna
3aYUINECHHBIA C TIOMOIIBI0 HAXKJIAYHON Oymaru >kene3Hblid TBo3b. IlocTaBbTe MPOOUPKY B IITATUB HA 5
MHUHYT. Yepe3 5 MUHYT OTMETbTE M3MEHEHHsI MIOBEPXHOCTHU JKEJIE3HOTO TBO3/AS U 3aHECUTE UX B rpady
«HaGmonenus».

Hanummure ypaBHEHHE OKUCIUTEIBLHO-BOCCTAHOBUTENILHOW PEAaKIMU U YPaBHSIUTE €€ M0 METOY
9JIEKTPOHHOr0 OanaHca. YKaXHTE OKHUCIUTEIb M BOCCTAHOBHUTENb. 1lONb3ysch psSAOM HanpspKEHHH,
YKa)XUTE, KAKUE METAJUIbl MOTYT BBITECHSTH MEIb U3 PACTBOPOB €€ CoeH.

Onpir 12 B Tpu mpoGupku Haneiire mo 2-3 cm® pacteopa mepmanranara kanmus KMnOs ¢
koHnenrpanueir C(KMnOy) = 0,02 MOJTB/IM®.

- B nepsyro npobupky no6assTe 1-2 cM® pactBopa cepHoii kucaotel kucaora HaSOs ¢
xonnenTpanuei C(H2S04) = 2 mons/mve,

- Bo BTOpyto npobupky n06asbte 1-2 ¢cM® IMCTUIIIMPOBAHHOM BOIBL.

B tpeTsio mpobupky no6assre 1-2 cm® pacteopa ménoun NaOH ¢ konnenrpanueii C(NaOH) = 2
MOJIB/IM®,

Bo Bce mpoGupku Haneite mo 3-4 cm® pacteopa cynbdura Hatpus NaySOz ¢ KOHUEHTpanueit
C(NazS0s) = 2 mons/nme,

OTMeThTe U3MEHEHHUE 1IBETA PACTBOPOB B KAXKIOW U3 MPOOUPOK C YIETOM 3aBUCUMOCTH OKPACKU
COEJIMHEHHUI MapraHia OT €ro CTENEeHH OKHMCIeHHs: HoH MnOs uMmeeT GHOIETOBYI0 OKpacKy, MnO4? —
3enényr0, Mn?" — c1aGopo30ByI0, a P MOl KOHLEHTPAIUMH — OECIBETHYIO. 3aHECUTE HAOIIOIEHUS B
rpady «Habmonenus».

Hanumvre ypaBHEHUs] OKUCITUTETHLHO-BOCCTAHOBUTENIHLHBIX PEaKIMi U YPaBHSNTE HX TIO METOY
3IEKTPOHHOTO OajaHca. YKaKUTe OKHCIUTENh U BOCCTAHOBUTEIT.

Onwit 13 B npo6upky naneite 1-2 cm® pactBopa nepmanranara kamas KMnO; ¢ koHIeHTpanueii
C(KMnO,) = 0,02 mons/nm3 no6aseTe 1 cm® pactBopa cepHoii kuciotsl HxSOs ¢ KOHLEHTpanmeit
C(H2S04) = 2 mons/nm® u npuneiite 1 cm® pactBopa moauna xamus Kl ¢ konnenrpamuern C(KI) = 2
MOJIB/IM®.

3adukcupyiite ©3MEHEHHE IBETA PacTBOPa M 3aHecuTe HaOmoaeHus B rpady «HabmogeHus».

Hanumvre ypaBHEHUs] OKUCITUTEIHHO-BOCCTAHOBUTEIHHBIX PEaKIMi U YPaBHSITE HX TIO METOY
AJNIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENh U BOCCTAHOBHUTENb.

Omeir 14 B mnpobupky Hanedite 1-2 cm3 pactBopa mnepmanraHara kammsa KMnO4 c
kouneHrpamueir C(KMnO4) = 0,02 mons/mm3, nobaesTe 1 cMm3 pactBopa cepHoit kuciorel H2SO4 ¢
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kounenrpamueir C(H2SO4) = 2 mons/mm3 u npuineiite 1 cM3 pactBopa cynb(ara sxenes3a (1) FeSO4 ¢
koHneHtparmeit C(FeSO4) = 2 mMons/mm3.

3adukcupyiite ©3MEHEHHE IIBETA pacTBOpa U 3aHecuTe HaOmoaeHus B rpady «BoBoasl. Habmoaenus».
Hanummte ypaBHEHHsI OKUCTUTEIbHO-BOCCTAHOBUTEIBHBIX PEaKUid U YpaBHINTE UX 110 METOAY
SIIEKTPOHHOTO OanaHca. YKaKUTe OKUCIUTENh U BOCCTAHOBHUTEIIb.

OmnwiT 15 B npo6upky Haneiire 1-2 ¢cm® konnentpuposannoii azotnoit kucnotsr HNOs,p(HNO3)
= 1, r/em® .OnycTuTe B MPOOHMPKY 3aYMINEHHYIO HaXJa4HOM OymMaroil MemHyro ImpoBosoky. Harpeiite
npoOUpPKY Ha TNIAMEHU Ta30BOM TOPENIKU U MOCTaBbTe €€ B IITAaTUB Ha 5-10 MUHYT.

3adukcupyiite BhIgENCHHE Ta3a B MPOOWpKE, IBET BBIACIAIONICIOCS ra3a M M3MEHEHHE IIBETa
pactBopa. 3aHecute HaOmoneHus B rpady «HabmoaeHs».

Hanumwure ypaBHEHHS OKUCITUTEIHHO-BOCCTAHOBUTENBHBIX PEAKIMi U YpaBHSITE X IO METOAY
3NEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENb U BOCCTAHOBHUTENb.

Onpir 16 Haneiire B npobupky 1 cm® pactBopa muxpomara kamus KoCr,O; ¢ koHmeHTpamuei
C(K2Cr;07) = 2 moms/am® Jlo6asbTe B mpobupky 2-3 cm® ceproii kucnotel H2SO4 ¢ KOHIEHTpanueit
C(H2S04) = 2 mons/am® u 2-3 cm® pactopa nutpura Hatpuss NaNO; ¢ konnentpanueii C(NaNO2) = 2
MOJIB/ M2,

3adukcupyiiTe W3MEHEeHHE I[BETa pacTBopa. 3aHecuTe HaOmoAeHus B Tpady «BBIBOABL
Habnronenus».

Hanumwure YpaBHCHUSA OKHUCIIUTECIIBHO-BOCCTAHOBUTCIIBHBIX pCaKHI/Iﬁ u ypaBHHI\/'ITe HX 110 METOAY
AIIEKTPOHHOTO OanaHca. YKaKUTE OKUCIUTENh U BOCCTAHOBHUTEITb.

Conep:xanue oTyeTa
[Toryuennsie nanuble 3aduxcupyiite B Tabnuue 8.1 no cienyromeit hopme:
Ta6muna 8.1. Pe3ynbpTarhl SKCriepuMeHTa

Ne /1 | Pearentsl XuMHYECKask peaKius HaOmronenus

1

gl wIN

KoHnTposabHbIe BONPOCHI
ba30BbIil ypOBEHB

1 Yto Ha3pIBaiOT cTemeHbio okucieHus? Kak e€ o0o03Ha4aroT M KakWe 3HaueHUs MOXKET OHa
npuHUMaTh? OTBET NOSCHUTE HAa IpUMepax.

2 Kak onpenensercst MakCUMajlbHas 1 MUHUMAJIbHAS CTETIEHN OKUCIICHUSI DJIEMEHTOB?

3 Kakue peaknun Ha3bIBalOT OKHCIUTELHO-BOCCTAHOBUTENbHBIMU? [IpHrBeIMTE TPUMEPHI.

4 Kakue peareHTbl Ha3bIBalOT BOCCTAHOBUTEISIMH, KAKUE — OKUCIUTENSIMH?

5 B uem cyTb MeToma nomypeakuuii? J{i1st Kakux CUCTeM OH MPUMEHUM?

6 Kak BeIpaXkaeTcsi KOHCTaHTa PABHOBECHUS PEAKIMH U YTO OHA BhIpakaeT?

7 Kak MOXHO paccuHMTaTh KOHCTaHTY paBHOBecusi? [IpuBenute cOOTBETCTBYIOIINE (GOPMYIIBI.

8 Or kakux (HakTOpOB 3aBUCHUT NPOTEKAHHE OKUCIUTENFHO - BOCCTAHOBUTEIBHBIX PEaKIHi?

9 3aBUCHMOCTB OT KaKUX ITapaMeTPOB OTpakaeT ypaBHenue Hepucra?

IloBbIILIEHHBIN YPOBEHB

1 Kaxk ouEHMBAIOT 3KBHBAJECHTHl OKHUCIWTENS M BOCCTaHOBHUTENsA? B Kakux enuHHIAXx OHHU
BBIpayKaroTcsi?

2 Yro Ha3bIBAIOT MOJIBHON MacCoOW OKHCIUTENs M BoccTaHoBuTesn? KakoBa Mx pa3mMepHOCTH?
IIpuBenuTe npuMepsl.

3 KakoBa cTpykTypa ajroputMa MeETOHIa 3JIEKTpOHHOro OanaHca? OTBET MIUIIOCTpUpPYHTE
MpUMepamH.

Cnucok JuTepaTrypbl, peKOMEHAyeMblil K UCIIOJIb30BAHUIO 110 JAHHOH TeMe
OcHoBHas JuTepaTypa:
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1. Koposun, H. B. O6mas xumus : yaeouuk / H. B. KopoBuH. - 13-¢ u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - [Ipuin.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyKaroimen cpeabl : XUMUs KUBBIX opranu3MoB. Kypc nekmuii /
E. C. Muxanuna, A. JI. [lerenmun. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 2NeKTpOHHBIH // DnekTpoHHO-O0MOMHoTeyHas cuctema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum nocryna: mis
aBTOPU3HP. MOJIb30BATENEH
JlonoIHUTeILHAS JTUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pen. A. Y. Epmakoga. - M3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubnuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METaJuIoB : ydeOHoe mocobue (71 CTYJACHTOB XUMHUYECKOTO (aKyJIbTeTa
HaIpaBJeHUN OaKaJaBpOB «XHUMHI» U « XUMUUYECKas TEXHOJIOTUs») / coctaButenu O. A.
['onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbI yHUBepcuTeT uM. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : anekTpoHHBIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: s
aBTOPU3HUP. N0JIb30BATENEH
HNuTepHeT-pecypces:

1 http://window.edu.ru/ — eauHoe OKHO JOCTyIa K 00pa30BaTeIbHBIM PeCypcam

2 http://biblioclub.ru/ — DBC «YHuBepcuteTckast OMOINOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOHAINU JIEKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpbiToe 0OpasoBaHue

Tema 9. OcHOBHBIE MOJIOKEHUS YJIEKTPOXUMMHU.
JlaGopaTopHas padora 9. 'anbBaHMYeCKHe 3JIEMEHThI
[{enb paboOThI: OCBOUTH COCTABICHHE CXEMbI FAJIbBAHUYECKOTO 3JIEMEHTA U METO/Ibl HAITUCAHUS
YPaBHEHUH IEKTPOIHBIX ITPOLIECCOB.
DopMHpyeMble KOMIIETEHIIUN WIH UX YaCTH:

WNHpeke DopMyIHpOBKa:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3aIMK U CaMOOOPa30BaHUIO
OIIK-4 MOHMMAHHUEM CYLTHOCTHU U 3HAYeHUs HH()OPMALIUU B Pa3BUTUU

COBPEMEHHOT0 00IIIeCcTBa, CIIOCOOHOCTHIO MOTyYaTh U 00pabaThIBaTh
MH(GOPMALIMIO U3 Pa3INYHbIX UCTOYHUKOB, TOTOBHOCTBIO MHTEPIPETUPOBATD,
CTPYKTYPHUPOBATh M 0POPMIISATH MHOOPMAIHIO B JOCTYITHOM ISl APYTHX
BHUJC

IK-5 CHOCOOHOCTBIO MPUHUMATH y4acTHe B paboTax 1o pacueTy
MPOEKTUPOBAHUIO JIETANIeN U y3JI0B MAlIMHOCTPOUTEIBHBIX KOHCTPYKIIHI B
COOTBETCTBUM C TEXHUYECKUMH 3aJIaHUSIMHU U UCII0JIb30BAaHUEM
CTaHJApPTHBIX CPEACTB aBTOMATH3AIIUU POEKTUPOBAHUS

Teoperuyeckas 4acTb
[Tpuo6petaembie kommerennuu OOIl nmpu M3ydeHUM MaTepuana pasjena:

OakanaBp JOHKEH TIOHUMATh POJIb OXPAaHBl OKPYKAIOIIECH CPeIbl U PalliOHATBHOTO

MNPpUPOJOIIOJIBb30BaAHUA IJIsI PA3BUTUA W COXPAHCHHA LUBUIN3AINH, O6J'IaI[aTB
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CHOCOOHOCTBIO M TOTOBHOCTBIO BJIQJI€Th OCHOBHBIMH METOAAMH, CIIOCOOAMH H
CpEICTBaMH TMOJIy4C€HHUS, XpaHEHHs, TepepaboTKu HH(OpPMAIMH, HCIOIb30BaTh
KOMIIBIOTEP KaK CPeACTBO pabOThl C MH(OpMALIUEN; a Tak ke CaMOCTOATEIbHOIO
npuobpereHuss (U3NYECKUX 3HAHWMA, i1 TOHUMAaHHUS NPUHIUIOB pPabOTHI
npuOOpPOB U YCTPOMCTB, B TOM YHCJE BBIXOASIIUX 32 MPEIEIIbl KOMIETEHTHOCTH
KOHKPETHOrO HampasiieHus. bakanBap Oyzaer crmoco0eH J1eMOHCTpUpPOBATH
0a30Bble 3HAHUSA B OOJIACTH €CTECTBEHHOHAYYHBIX AUCHUHUIUIMH U TOTOBHOCTBHIO
UCIIOJIb30BaTh OCHOBHBIE 3aKOHBI B MPO(ECCUOHANBHOMN AESITEIbHOCTH, IPUMEHATD
METOAbl MATEMAaTHYECKOTO aHajln3a WM MOJEIUPOBAHMS, TEOPETHUYECKOTO U

9KCIICPUMCHTAJIbHOI'O UCCICAOBAHMNA.

TeopeTnveckue 0CHOBBI
[Tpubop, B KOTOPOM XMMUYECKAsI SHEPTUs OKUCIUTEIbHO-BOCCTAHOBUTEIHLHON pPEeaKInu

IPEBpAIAeTCs B JIEKTPUUYECKYIO, HA3bIBACTCSI FAJIbBAHUYECKUM 3JIEMEHTOM.

OcHOBHas1 COCTaBHAsI 4acTh raJbBaHUYECKUX DJIEMEHTOB — OJICKTPOJBI. qame BCCIro OHU
OBIBAIOT METAJUIMYECKUMHU. OJIEKTPOJ, HAa KOTOPOM IIPOUCXOIUT MPOLECC OKHUCIEHUS,
Ha3bIBAETCS AHOJIOM.

Tak, ecnu B raJlbBAHMYECKOM 2JIEMEHTE UMEIOTCS MEIHBIN U IUHKOBBIM DJIEKTPOBI, U B
TocyieTHeM TIPOUCXOMT TIPOIECC OKUcIeHus muaka: Zn® — 2™ «» Zn?*, To MHKOBKII HIeKTPOa
OyneT aHOJIOM.

OneKTpos, Ha KOTOPOM IIPOMCXOIUT MIPOLIECC BOCCTAHOBJICHNUS, Ha3bIBacTCs KaroaoM. B
BBINIENPUBEAEHHOM MPUMEPE KAaTOOM SBIAETCA MEHbIH d1ekTpo: Cu? + 2e” «» CuP,

DNEeKTPOHBI C 3IEKTPOJia, HA KOTOPOM IPOUCXOAMT MPOLIECC OKUCIEHUS, MepeXoasiT Ha
AIIEKTPOJI, TJI€ IPOTEKAET MPOILIECC BOCCTAHOBIICHMUSI.

Takum 006pazom, B rajibBaHU4YECKOM JIEMEHTE, UMEIOIIEM B KauecTBE KaToAa MEIHYIO U
B KAQUeCTBE aHOJIa LIMHKOBYIO TUIACTHHBI, JIEKTPOHBI C IUHKOBOM IMJIACTUHBI OyIyT MEepeXOaANUTh
Ha MEJIHYIO.

10.7 DnexTpol B rajabBaHWYECKOM JJIEMEHTE HAaxXOIMTCS B PacTBOpPE JJIEKTpoiuTa. B
IIPOCTEHILEM CITydae IEKTPOIIUTOM SIBISIETCS. PACTBOP COJIM TOTO METAJlIA, U3 KOTOPOTO CAEIaH
DIIEKTPOLI.

TaK, B MEIHO-ITMHKOBOM TI'aJIbBAHHYECKOM 3JJICMEHTEC HHHKOBBII;'I QJICKTPOA MOXKET ObBITH
MOMEIIEH B pacTBOpP Cylb(dara IUHKA, a METHBIA — B pacTBOp CyJb(daTa Meau.

CrnenoBaTenbHO: IIMHK MTOMEIIAIOT B PacTBOp, COAEPKALMN KAaTHOHBI LIUHKA, a MEIb B

pacTBOp, cofep KAl KAaTHOHBI MEIH.
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Cucrema, cocTosmias W3 MeTallla, OMYIICHHOTO B PAacTBOpP, COJACPIKAIINN €ro HOHBI,

n+
HA3bIBACTCSl TOJYIEMEHTOM M 0003HauaeTcs Me'™ / Me (cBepxy Bcerja OKHCICHHAs

dbopma).
JlBa monyasieMeHTa, COeAMHEHHBIE MPOBOJHUKOM, O0pa3yrOT raJibBAHUYECKUN JIEMEHT

(pucynoxk 9.1):

€ (%)
J_ Y

Zn Cu

— 5042- 1]

N :
O ‘_—g"—_
v g i
Zn**+S04? Cu?*+S0.,?

Pucynox 9.1 Cxema MeOHO-YUHKOBO2O 2AIb8AHUYECKO20 d1leMeHmAa
B ranpBaHMuYeCKOM 3JIEMEHTE OAMH 3JIEKTPOJ (aHOM) pacTBOpsETCs, T.€. MOHbl MeTasula
NepexoJsiT B pacTBop. Tak B MEIHO-IIMHKOBOM TajbBAHMYECKOM JJIEMEHTE IIPOUCXOJUT

pPaCTBOPCHUC IIMHKOBOM MJIACTHUHKH.

B pesynbTare mepexoja MOHOB IIMHKA C MJIACTMHKH B PACTBOp Ha IUIACTHHKE OCTaércs
M30BITOK JIEKTPOHOB, M OHA 3apskaeTcsl oTpuuaTesnbHo. C Ipyroi CTOPOHBI, MEPEXO] MOHOB
[IMHKA B paCTBOP MPHUBOJMT K YBEIIMYEHHUIO UX KOHIIEHTPAIIMU B PAaCTBOPE.

brnaronapst mepexo/ly MOHOB IIMHKA C IUIACTUHBI B PAacTBOP BEC LMHKOBOW IUIACTUHKHU

OyIeT yMEHBIIAThCA.

OI[HOBpeMeHHO C OTUM Ha MCAHOM OJICKTPOAC MPOUCXOAUT MNPOUECC BOCCTAHOBJIICHUA

2+ | ng
nonoB memm 3 pacteopa: CUT + 28 <> CU .
3a c4éT 3TOro mporecca KOHIEHTPAIUsS HOHOB MEIU B PACTBOPE YMEHBUIAETCSA, @ Macca

MG)IHOfI ITAaCTUHKH YBCINMYNBACTCA.

Hepexoz[ HOHOB CU2+ U3 pacTBOpa Ha INIACTUHKY IIPUBOJAUT K TOMY, 4YTO MCIHAA

IJIAaCTUHKA 3apsKaCTCA IMOJIOKUTCIIBHO.

PaccmoTpenHslii raibBaHMuecKui 3meMeHT (3nemeHT Januang — SIko0u) cxemaTH4ecku

MOYHO 3aITUCaTh CIICIYIOIIAM 00pa3om:
(-)2Zn[znSOy|[cusoy/Cu(+)
WM B HIOHHOU (hopme:

(—)Zn‘Zn2+ Cu?*|Cu(+).
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OnIMHOYHBIC TMHUU B CXeMaX 0003HAYAIOT MPaHMILy METAJLI — PACTBOP, & JIBOMHBIC IMHUN
— rpaHuUIly MEXIy pacTBopamu. OTpUIIATeIbHBIN 3JEKTPOT (aHO ) 3aIMChIBACTCS CIICBA.
B ocHoBe paboThl pa3o0paHHOTO AJIEMEHTa JICKHUT OKUCIUTEITHHO-BOCCTAHOBUTEIIBHAS

peaKknus:
Zn+CuSQO4 — ZnSO,4 +Cu

WM B HOHHOU (hopme:

Zn+Cu?* > zZn%t +Cu.

B rajbBaHMYECKOM 3JIEMEHTE, COCTABICHHOM W3 KEJIE3HOW IUIACTUHKHU, ONYILICHHOM B
pactBop FeSOs, u cBHHIIOBO# MmacTHHKHU, onyiieHHOH B pactBop PB(NOz3)z, sxene3o siBisiercs

AHOOOM. CXGMa 9TOr'0 3JIEMCHTA CJICAYIoIIan:
(—)Fe|FeSO4|Pb(NO3),|Pb(+).

Ha >xene3nom snextpone (aHOzA€) MPOUCXOIUT OKHUCICHUE. DTOT MPOIECC OMUCHIBACTCS

CICAYIOIUM 3JICKTPOHHO-MOHHBIM YPAaBHCHUCM!

Fe¥ — 2e <> Fe?*
XKenesHblid 371€KTPOJI MPUOOPETAET OTPULIATEIBHBIN 3apsi.

Ha cBuHIIOBOM 31iekTponie (KaToje) MPOUCXOIUT MPOIECC BOCCTAHOBIECHUSI HOHOB =

U3 pacTBopa:

2+ - 0
Pbc" +2e < Pb",
CBHHHOBLIﬁ BHCKTpOI[ 3ap>1>1<aeTc;1 ITOJIOKUTCIIBHO.

CymMmupyst o6a ypaBHEHHUsI, MOJyYUM HOHHOE YpPAaBHEHHE PEAKIIUH, MPOTEKAIOIIECH B

JaHHOM TaJIbBAHUYCCKOM DJICMCHTC!

Fe+Pb°"t — Fe’" +Pb.

DNEeKTPOHBI MO TMPOBOJHUKY, COCIUHSIONIEMY IIJIACTHHKH, OYIyT MEepeXOoAuTh OT
JKeJIe3HOM TTIAaCTUHKU K CBUHIIOBOM.

Urak, B raibBaHUYECKOM 3JIEMEHTE MO MPOBOJAHUKY, COCAUHSIONIEMY 3JIEKTPOJIbI, TEUET
ANEKTPUYECKUN TOK.

[TosiBEHME IIEKTPUUYECKOrO TOKA CBUAETEIBCTBYET O HAJIMYUM PA3HOCTH MOTEHLIHAJIOB
MEXIy OdJiekTponamu. IHaue roBOps, Ha OJHOM M3 JJIEKTPOAOB BO3HHMKAET  KAKOM-TO
onpeAeNEHHbIN MOTEHIUAII, PA3JIMYHBINA JIJI PA3JIMYHBIX AJIEKTPOIOB.

[ToreHiman, KOTOPhIM yCTaHABIUBAETCA HA METAJUIMYECKOM 3JIEKTPOJIE, MOMEIIEHHOM B

pacTBOp COJIH O,Z[HOI/IMéHHOFO MCTaJlJIa, HA3bIBACTCA SJICKTPOAHBIM ITOTCHIHUAJIIOM METAJlJIa.
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I/I3MepeHHHe B CTaHJAPTHBIX YCJIOBHUAX IOTCHHOUAIBI MCTAJUIOB  HA3bIBAKOTCSA
HOpMaJIbHBIMU (I/IJII/I CTaHI[apTHbIMI/I) SJICKTPOAHBIMU MOTCHLOUAJIAMU MCTAJIJIOB. Hx 3naueHus
AJId pa3]IMYHbIX METAJIJIOB IPUBCACHLI B T3.6JII/ILI€ 9.1.

Yem nerue MeTajl oTHaET OJICKTPOHBI, T.€. 4YEM JIEr4d€¢ OH OKHUCILICTCA, TEM
OTpULATCIIBHEE €TI0 3J'IeKTp0,I[HBII71 IIOTCHOMUAJI. WNnaue TOBOpsA, IO BEIUYHMHE JJICKTPOAHOI'O
MnoTeHuuaia MOXHO CyIUTb O CIIOCOOHOCTH MeTalljia OTAaBaThb 3JICKTPOHBI, T.C. 00 aKTHUBHOCTHU
McETajjia.

Bonee akTHUBHBIH MeTajla HMeET Ooliee OTpULATCIIBPHYIO BCIHNYHUHY JJICKTPOAHOI'O
IIOTCHIUAJ1a. TaK, HOPMAJIBbHBIC OJICKTPOJAHBLIC IIOTCHIHAJIBI MarbHusa, ILIHHKa W MCEAU

COOTBETCTBEHHO paBHbI (B B):

0° (Mg/Mg?*) =—-2,34:9° (Zn/ Zn**) = -0,76;¢° (Cu/Cu®*) = +0,34.

CpaBHI/IBaﬂ 9TH 3HAYCHUA, MOXKHO CACJIaTh BBIBOJ, UTO HaH6onee AKTUBHBIM N3 3TUX TpéX
MCTAJIJIOB ABJISICTCA Mal“HHfI, a MCHEC aKTUBHBIM — MC/Ib.

B ragpbBaHHYECKOM 3JEMCHTE, MMECIOIIEM JIBa PA3IMYHBIX METAUIMUECKHUX JJICKTPOJa,
aHOZIOM OyJeT MeTajul C MEHbBINEH BEIMYMHOW CTAHAAPTHOIO AJIEKTPOJHOTO MOTCHIUAIA, T.C.
0oJjiee aKTUBHBINA METaI.

Hamnpumep, B raibBaHM4ECKOM 2JIEMEHTE
Mg‘l\/lg2+ Zn*|zn

HauOoJiee OTPHUIATEIICH OJJICKTPOJHBIM MMOTEHIMA MarHus, TO03TOMY MAarHUEBBIH
ANEKTPO] OyAET aHOIOM.

Ha maraueBom anexTpose (aHoie) uAET MPOoIecc OKUCICHUS TI0 YPaBHEHHUIO:
0 2+ -
Mg~ <> Mg“" +2e.
Ha IIMHKOBOM 3J'ICKTpOJIC (KaTOIIC) HpOTeKaeT HpOLICCC BOCCTAHOBJICHUS IIMHKA:
2+ - 0
N +2e72n".

10.36 CymmapHO€ HOHHOE YpaBHEHHE PEAKIMHU, TPOTEKAIOLIEH B TAKOM TaJIbBAHUYECKOM

DJIEMEHTE, CIIeTyIONIee:

0 2+ 2+ 0
Mg” +Zn“" > Mg°" +4n" .
Benmnunna SJICKTPOAHOT'O IMMOTCHIMAIa METAJlJIa 3aBUCUT, I'NTaBHBIM 06paSOM, OT IPpHUPOALI

MCTaJlJIa, TEMIICpATYypbl W KOHLUCHTpAalMUM HOHOB MCETAllla B PacCTBOPC. DTa 3aBHCHUMOCTH

BbIpaXkaeTcsl ypaBHeHHeM HepHcra:
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. 0,059
@ =@’ (Me/Me"*) + - Ig C(Me"™), ©.1)

rae ¢ (Me/Me"™) — HopManbHbIi YIeKTPOAHbII TOTEHIIHAT;

N — YHCII0 OTAABAEMBIX (IPHHUMAEMBIX) METAJIOM SJIEKTPOHOB,;

C(Me"™) — KoHIIeHTpaIis HOHOB METAIIA B PACTBOPE, MOJIL/IM .

[Ipy KOHIIEHTpAalMM HOHOB METajia, PaBHOW 1 Monb/mM°, BTOpOil ulleH ypaBHEHHS
obpalaercss B HONb, TOTAA @ = @, m.e. 21eKMpOOHbl NOMEHYUAN MEemanna npu e2o
xonyenmpayuu 1 Monu/om® npedcmasnsiem co6oii cmaHOapmMHbLIL 2NEKMPOOHbLI NOMEHYUA.

3JICKTpOI[BI/I)Ky1_LIaSI cuna E raapBaHHYECKOTO 3JIEMEHTa OonpecaACIACTCA Pa3HOCTBIO

IOTCHIINAJIOB KAaTO/Ia ¥ AHOMA: E= Ok —PA.

Tax, 3JIC MarHueBO-IIMHKOBOTO TaJlbBAHMYECKOTO 3JIEMEHTa, IPH KOHILIEHTpaLMsIX
HMOHOB COOTBCTCTBYIOIIHX METAJIJIOB OaANH MOJ'II)/I[MS,
cocragnsier: E = ¢°(Zn 1 Zn%*) — °(Mg/Mg?*) = —0,736 — (—2,34) =1,604 B.

YeM Ooutbliie pa3HOCTh B 3HAUCHHSX CTAHAAPTHBIX JIEKTPOIHBIX IOTEHIIMATIOB METAJIIIOB,
teMm Ooubiie D/]C raapBaHMYECKOTO 3JIEMEHTA, KOTOPBIA 3TH METaJIbl 00pa3yIoT.

CpaBaum JJIC TOABKO YTO pa3oOpaHHOTO MAarHUEBO-IIMHKOBOT'O TajbBaHUYECKOTO

2JICMCHTA C 3]_—[(3 MAardimeBO-MCIHOT' O 3JICMECHTA.
(-)Mg
C(Mg/Mg?*) =C(Cu/Cu®") =Luosl on®

Mg?* |zn®*|zn(+);

E =¢°(Cu/Cu?")—p°(Mg/Mg?*) =+0,34 — (-2,34) = 2,68 B. .

Wtak, ueM pnanblie JIpyr OT Jpyra HaxXxoAsTCs MeTalibl B TaOJMlle HOPMallbHBIX
ANIEKTPOAHBIX MOTEHIHANOB, TeM Ooubiie D/IC raabBaHMYECKOrO HJIEMEHTA.

Kak ormeuanocs paHee B pa3ziese, 3aBUCUMOCTD BEJIMYMH 3JIEKTPOIHBIX TOTEHIIMAIOB OT
KOHIEHTPAllUd OKUCIUTEIbHOW M BOCCTAaHOBUTENbHON ¢GopM peareHta u oT pH cpensl
BbIpaxkaetcst ypaBHenueMm Hepuera (9.1).

VYpaBuenne HepHcra no3Bosisier npoBoauTh pacueT DJ[C raapBaHHYECKUX DIIEMEHTOB
IIPU YCIOBUAX OTIIMYHBIX OT CTAHIAPTHBIX.

N3menenne wn3o00apHoro moreHmuana ['mbOca B cucTeMe YHCICHHO paBHO padoTe,

COBEPIIIAEMON B PE3yJIbTaTe MPOTEKAHUS DIEKTPOXUMUUIECKON PEAKIINHU:

AG =—A = NAgF, (9.2)
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rne A — pabota 5SIEKTPUYECKOrO TOKAa, paBHAas MPOU3BEACHUIO 4YHUCIA MOJb
IIEPEHECEHHBIX IEKTPOHOB N, HANIPSKEHUS B JJIEKTPUYECKOU Lenu Ag U nocrosiHHon dapanes
F =96 454 Kn/mons = 96 500 Kn/mob.
Jnst cTaHIapTHBIX YCIIOBHIA:
AG?=-A%= nAgp°F. (9.3)
KoHcranta paBHOBeCHs JJIEKTPOXUMHUYECKOM pEaKkUUM Uil CTAHJAPTHBIX YCJIOBHUM
orpenensercss GopMyIIoi ciaenyromero Buja;

0

p AP F 169nA00. (9.4)
2,3-RT

BennuuHel KOHCTAaHT paBHOBeCI/Iﬁ JJIA Pa3HbIX SJICKTPOXUMHUUYCCKUX peaKuHﬁ ITIO3BOJIAKOT
OIIPEACIIATh CTCIICHD UX HeO6paTI/IMOCTI/I.

HOCKOHBKy SHGKTpO[[HBH\/JI IIOTCHOHAJI METaJlJla 3aBUCUT OT KOHHCHTpaIII/II/I paCTBOpa, TO
MOXHO COCTAaBUTh LCIIb HN3 OIAWHAKOBBIX MCTAJNIMYCCKUX 3HeKTpOI[OB, HOpr)KeHHI)IX B
pacTBOPBI C Pa3IMYHON KOHIICHTPALMEHd HOHOB 3TOr0 METalla — 9/M0 KOHYEHMPAYUOHHBIL

2aNbBARUYECKULL DTICMEHM.

3J1C KOHLEHTPAIIMOHHOTO 3JIEMEHTa onpeAenseTcs mo Gopmyie:
_ 0059, C,(Me™")
Z T Cy(Me™)

rae C(Me”") — KOHLEHTpalysl HOHA METallIa B IIPUAIEKTPOIHOM CIIOE, MOJIB/ M, pu4YeM

IC (9.5)

C1(Me*) > Co(Me*") ; Z — cTeneHb OKUCIIEHHS HOHA.

Oo0opynoBaHne U MaTepuasbl
. JIBa crakaHa émKocThio 100 cm®
. PactBop CuSOs, C(CuSOs) = I monw/om®.

1

2

3. PactBop ZnSO4, C(ZNSO4) = 1 mons/om>.
4. MenHast niaacTUHKA

5. IlMHKOBas MJIACTUHKA

6. MenHble MPOBOIOYKH

7. BoapT™eTp

8. U — obOpa3nas TpyOka

9. pactBop KCI

10. Arap-arap

Yka3zaHus 1o TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTopuyl JOJDKHBI IMPOBOJUTHCS TPH HUCIPABHOM

ANEKTPOOOOPYAOBAHHH, IIEKTPOIIPOBOKE, MPABMIEHO 000PYA0BAHHOM BBITSDKHOM IIKaQYy.

2. T'a30BbIe KpaHBI U ra30MPOBO/I 1OJHKHBI HAXOIUTHCS B UCIIPABHOM COCTOSIHUH, TIEPUOINIECKU
MIPOBEPSTHCS.

3. PabGouee mecTo conepkaTh B IOPSIJIKE U YUCTOTE.

4. Cyxue peakTHBBbI TpeOyeTcst OpaTh YMUCTHIM IITNATEIEM MU CIICIHAIbHON JTOXKESUKOH.

5. Uznumex peakTuBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLI B3ST.
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6. Bce OmbITH ¢ BPEHBIMH U MAXHYITUMH BEIIECTBAMH, a TAKXKe yIapuBaHUE KHCIOT U KUCIBIX
pacTBOPOB MPOBOJIUTH B BBITSDKHOM IKaQYy.

7. OcrtaTKu coeqUHEHUI cepedpa cIuBaTh B 0COObIC CKIISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUpKE BCer/a cieayeT AepKaTh e€ TaKuM 00pa3oM, YTOOBI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT PaOOTAIOIIETO PSIOM COCEa.

9. He HaK/IOHSITH JIMIIO HAJl HATPEBACMOM KHUIKOCTHIO HITH CIUIABIISIEMbIM BEIIECTBOM.

10. He cnexyeT BAapIxaTh Maxydue BEIIECTBA U rasbl, OJU3KO HAKIIOHSSACH K COCYAY C 3TUMHU
BeniecTBaMy. HroxaTh BeliecTBa MOKHO JIMIITb OCTOPOKHO, HANPABIISAS K ceOe Taphl WK ra3 JBHXKCHHEM
pYKH.

11. XpaHHTb pacTBOPHI KOHIIECHTPUPOBAHHBIX KUCIIOT U IIIEJI0YCH B BBITSDKHOM IIKady.

12. BoumBath pa30aBicHHBIEC KUCIOTHI U IIEIIOYHBIC PACTBOPHI CICAYET B CIMBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOOBaTh XUMUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIErKO BOCILIAMCHSIFOIIUMUCS BelecTBaMH (3QUPhI, OCH301, CEpOyTIepo U
T.J1.) HE JJOJDKHO OBITh PSJIOM OTHSI U BKITFOUCHHBIX TUTMTOK.

15. IIpu paboTe cO CTEKIOM, XHMHUYECKOW TOCyIOH, HEOOXOAMMO COONIIO/AaTh IpaBUIiIa
MPEOCTOPOKHOCTH BO H30SKAHNE PAHECHHUI OCKOIIKAME CTEKIIA.

16. Kareropuuecku 3arnpeiniacTcs OCTaBIATh padOoTaroNIMe IPUOOPsI 03 HAOIIOICHUSI.

25. B xuMudeckol 1abopatopur HEOOXOANMO paboTaTh B XallaTe.

3aganusa

Onvim 1 BospmuTe nBa cTakana émkocTsio 100 cM®. B oaun u3 Hux HaneiiTe pacTBop
CuSO4, B apyroit — pactBop ZnSOs. Konrentparmu pactBopoB oaumHakoBel: C(CuSOs) =
C(ZnSO4) = 1 monv/om.

B nepBblii cTakaH ONMycTUTE MEIHYIO IUIACTUHKY, BO BTOpPOM — HMHKOBYI. K obeum
IUTACTHHKAM TPUKPENUTE MEIHBIE MPOBOJOYKH, KOTOpPHIE COCAMHHUTE 4YEpe3 BOJBTMETP.
PactBophl B crakaHax coeaunute U — oOpasHoii TpyOkoii, HamomHeHHo# pactBopom KCI B
cMecu c arap-arapoMm. HaOmromaeTcst OTKIIOHEHHWE CTpENKW, T.6. B IENU TMOSABJISAETCA
ANEKTPUYECKUN TOK.

Tabauya 9.1 Cmanoapmuvie 51eKmpoOHble NOMEHYUAIbl MEMAILIO8

VpaBHEHHUE M0JTyPEAKIHU ¢,B VpaBHEHHUE MOJTyPEAKIHU 9o, B
Ag*+ e —Ag +0,7994 Hg %Jr + 2e > Hg +0,792
ARY + 3¢ > Al -1,66 Kt+eeo K -2,923
AUt + 3e > Au* +1,41 Lit+eo Li -3,04
AUt + e > Au +1,50 Mg?* + 2e Mg -2,37
Aut + e < Au +1,68 Mn?* + 2e < Mn -1,17
Ba’* + 2e¢ < Ba -2,91 Mo®** + 3e & Mo -0,2
Ca’* + 2e o Ca -2,79 Na™ + e < Na -2,713
Co®" + 3e & Co +0,46 Ni%* + 2e & Ni -0,228
Co** + 2e & Co -0,29 Pb%* + 2e & Pbh -0,126
Cr3* + 3¢ & Cr -0,74 Pb** + 4e < Pb +0,77
Cd** + 2e & Cd -0,403 Pd** + 2e <> Pd +0,915
Cu®* + 2e & Cu +0,345 Pt** + 2e & Pt ~+1,2
Cut+e— Cu +0,531 Rb* +e < Rb -2,924
Fe3* + 3¢ o Fe -0,058 Sh®* + 3e & Sh +0,20
Fe?* + 2¢ < Fe -0,473 Sn?* + 2e & Sn -0,140
2H" + 2e & H> 0,0000 Sr¥* + 2e o Sr -2,89
Hg** + 2e < Hg +0,850 Zn** + 2e — Zn -0,764
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Conep:xanue oT4yeTa
Hanumure ypaBHEHHUs 3JIEKTPOAHBIX POLECCOB U CYMMAapHOM PEaKLUU, IIPOUCXOIAIINX

npu padore snemenrta. Onpenenure katox u aHod. CocTaBbTe CXeMy DJIEMEHTa, pacCcuuTaiire

DJIC, AG u cTaHIapTHYIO KOHCTAHTY CKOPOCTH.

KoHTpoJibHbIe BONIPOCHI
ba3oBblii ypoBEHb

1Kakue mporecchl Ha3bIBAIOT JJIEKTPOXUMHUUECKUMHU? YeM OHM OTIMYAIOTCS OT
00b1uHEIX OBP?

2KakoBbI MPUYWHBI BO3HUKHOBEHUS JBOWHOTO JJIEKTPHUYECKOTO CJIOS HA TOBEPXHOCTH
METaJUIMYECKOM IJTACTUHEI B BOJIE?

3 Kakoe ycTpoHCTBO Ha3BIBAIOT TrajbBaHUYECCKUM 3eMeHTOM? [IpuBeauTe ero cxemy
Ha KOHKPETHOM IIpUMEpE.

4 Kakue anexkTposabl Ha3bIBalOT aHOJAMM, KakMe — Karojgamu? YKaXuTe aHOI U
KaToJl B LIMHK-CEPEOPSHHOM ralbBAHUYECKOM 3JIEMEHTE.

5 MoxHO 71U ompenenuTh abCONIOTHOE 3HAUYEHHE DSJIEKTPOJHOr0 IOoTeHuuana?
Kakoii anexTpo/1 BbIOpaH B KauecTBE IEKTPOa CPABHEHUA?

6 Kak ycTtpoen cranpaptHbiii BojgoponHbiii anextpoa? I[lpuBeaute ero cxemy u
OOBSCHUTE MPUHIIUAI PAOOTHI.

7 Uro Takoe «ps] HanpsKeHUu MetaiuioB»? Uto oH onpenenser?

[ToBbILIEHHBIN YPOBEHB

1 Kakoli «XMMHUYECKHUH CMBICI» HMEIOT 3HaKU «+» U «—» Uil CTaHAapTHBIX
AJIEKTPOJIHBIX MMOTEHIINAJIOB OKUCIUTEIIBHO-BOCCTAHOBUTEIBHBIX CUCTEM?
2 Kaxk ouenuBatror 3/]C rampBannueckoro sneMeHnta? OTBET MOSICHUTE HA NIPUMEPE

KaJIMUH-MEIHOTO rajlbBaHUYECKOIO AJIEMEHTA.

3 Jlnst uero npumeHsitoT ypaBHeHre Hepuera? Hanummure ¢popmyiny nIpuBeAEHHOTO BUIA
3TOr0 ypaBHEHUSI.

4 Kakue npubopbl Ha3bIBAIOT akkyMysiTopamMu? KakoBbl X TUIIBI?

5 Kak ycrpoen cBuHIOBBIN akkymynstop? IlpuBeaute ypaBHEHHS, ONMCHIBAIOLINE
IIPOLIECCHI €T0 3apsiia-paspsiaa.

Cnucok JiuTeparypbl, peKOMEHIyeMblii K HCII0JIb30BAHMIO 110 IAHHOH TeMe

OcHoBHasi iMTEpaTypa:

1. Koposun, H. B. O6mras xumus : yaeounuk / H. B. KoposuH. - 13-¢ u3., nepepab. u jgom. - M.
: Akanemus, 2011. - 496 c. : uin. - (bakanaBpuart). - Pek. MOuH P®. - ITpun.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpy»Karomiei cpe/ipl : XUMUs )KUBBIX opranu3moB. Kypc nexuuii /
E. C. Muxanuna, A. JI. [lerenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum noctyna: s
aBTOPU3HP. NOJIb30BATENEN

JlonosiHUTEIbHAS JIUTEPATYypa:

1. T'munka, H. JI. O6mas xumus / H. I'. I'nmunka ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1

2. X¥AMUSI METAJUIOB : ydyeOHOe mocoOure (It CTYACHTOB XUMHUECKOTO (haKyIbTeTa
HarnpaBieHu# O0akanaBpoB «XUMHUA» U «XUMHUUECKask TEXHOJOTHs») / coctaButenu O. A.
INosmoBanoBa. — Owmck : OMckuii rocynapcTBeHHbIM yHUBepcUTET UM. .M. JlocToeBCKOTO,
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2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : 3neKTpOoHHBIN // DaeKTpoHHO OnbimoTeyHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
ABTOPH3UP. MOJIb30BaTEIICH
HNuTepHeT-pecypcen:

1 http://window.edu.ru/ — enuHOE OKHO JOCTYIA K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — DBC «YHuBepcuterckast OMOINOTEKA OHIIANHY.
3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOHAINN JICKTPOHHBIX OMOIMOTEK
y4eOHbIX 3aBenieHuit u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — DBC.
S https://openedu.ru — OTkpeIToe 06pa3oBaHue
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Meroanueckue ykazaHusi pa3paboTaHbl B COOTBETCTBUHM C TPEeOOBaHUAMHU
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BBEJAEHUE

JucuuruimHa «Xumus»y OTHOCUTCA K JUCHMILIMHE 0a30Boii yacTu. OHa HampaBiieHa Ha
dbopMupoBaHHe  OOMIEKYIbTYPHBIX,  OOMICTIPOPECCHOHANBHBIX U MPO(HEeCCHOHATBHBIX
KOMITETEHIIMI 00y4aromuxcst B porecce BeIMOIHEeHUs padboTt, onpeaeneHubix @I'OC BO.

MeTtoanyeckre yKa3aHusi COCTaBICHBI HA COBPEMEHHOM HAayYHOM YpPOBHE M PAaCCUHUTAHBI
Ha CTYJEHTOB, 10 HampasieHuo 15.03.02 TexHoIOrMuecKue MalIvHbl U 000PYAOBaHHE.

ITocnenoBaTrenbHOCTh TE€M COOTBETCTBYET JIOTMYECKOH CTPYKTYpe €€ IpPOXOXKICHHUS.
[Ipenyaraemple METOAMYECKUE YKa3aHUs COJEpXKaT MaTepual, KOTOPbI peKOMeHIyeTcs
UCIIOJIb30BaTh CTYIEHTaM IIPU MOJArOTOBKE K IPAKTUYECKUM 3aHATHSIM.

JUisi MONTOTOBKHM K MPAKTHYECKHM 3aHSATUAM CTYACHT JOJDKEH M3YYHTh MaTepual I10
COOTBETCTBYIOLIIEH TeMe, MCIONb3ysl OCHOBHYIO M JIOTIOJIHUTENBHYIO JIUTEPATypy, a TaK JKe
UCToNb3ys nepuoandeckue n3aanus CMU.

80



Tema 1. OcHOBHBIE NOHATHA U 3aKOHBI XUMHH.
IpakTuyeckoe 3anAaTHE 1. OCHOBHBIE KJIACCHhl HEOPTAHMYECKUX BemecTB. OCHOBHBbIE
3aKOHBI XUMHH
Hean 3ansaTus: OO60OIIEHNE, 3aKpeIJICHHe U CUCTEMAaTH3allys 3HAHUK O BaKHEHITUX

KJ1acCaX HECOPTraHNUYCCKUX COC,HI/IHGHHI;'I Ha IpuUMEpE OKCUI0B, KUCIIOT, OCHOBaHUM U COJICH.

3HaHMsA M yMeHUSs, IpHo0peTaeMble CTYA€HTOM B pe3yJibTaTe 0CBOEHUSI TeMbI

3HaTh: OCHOBBI CAMOOPTAHU3AIMH B CaMOOOpa30BaHNS;
3HaTh: CyIIHOCTH U 3HaUYCHHE MH(OPMAIMY B Pa3BUTUN COBPEMEHHOTO O0IIECTBA; OCHOBBI IIOJIyUCHHS
1 00paboTKH MHPOPMAIH U3 Pa3THYHBIX HICTOUHHKOB
3uarb: pabOTHI [0 pacyeTy U MPOSKTUPOBAHUIO JIeTAJIeH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKUMUA B COOTBETCTBUM C TEXHUYECKUMU 33JaHUAMU U UCIIOJIb30BAHUEM CTaHAAPTHBIX
CpeICTB aBTOMATU3aLMU IIPOECKTUPOBAHUA
YMeThb: caMOCTOSTENHFHO CTPOUTH MPOIECC OBIaieHus nH(opManuei, OTOOpaHHOU U
CTPYKTYPUPOBAHHOMW JJIS1 BHITIOTHEHUSI TPOPECCUOHATLHON IEATETLHOCTH.
YmeTh: momydats 1 00pabaThIBaTh HHG)OPMALIHIO U3 PA3THYHBIX HICTOYHUKOB
YMerh: TPUHUMATh ydacTHe B pabOTax Mo pacyeTy U MPOCKTUPOBAHUIO JETAICH U Y3JI0B
MAaIIMHOCTPOUTENIBHBIX KOHCTPYKLMI B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HCTIOJIb30BAHMEM CTAHIAPTHBIX CPEACTB aBTOMATHU3ALNHU MPOECKTUPOBAHUS

HanmenoBanne ¢GopMHpyeMBIX KOMITETCHINH

AKTYyalIbHOCTb TEMBI

K Heopranndeckum COEIMHEHUSM OTHOCST BCE€ COYETaHUSI XUMHYECKHX DJIEMEHTOB,
KOTOpbIE HE COJAEpXk aT yIIepoA. bDONBIIMHCTBO W3BECTHBIX COEIWHEHHM  SBIIAIOTCS
OpraHWYECKUMH, OJHAKO M3BECTHO OKOJIO 20 MIIJITMOHOB T€X, KOTOPBIE MPUHAIEKAT K KIIACCy
Heoprannyeckux. OrpoMHOE KOJMYECTBO BBHI3bIBAET HEOOXOIMMOCTh WX KIACCU(UKALUU, TO
€CTh JeNeHus: Ha Tpymnnbl. Kaxkaoe U3 3TUX BelecTB 00aJaeT CBOMMHU XapaKTePUCTHKAMHU, U
MO3TOMY MOYKHO BBIJIEJTUTh OCHOBHBIE€ KJIACCHI HEOPTraHWYECKHX coenuHeHuil. s moboro u3
HUX XapaKTEPHBI Pa3IMYHBIE CMOCOOHOCTH B3aMMOJICUCTBHUS C JIPYTMMU BEIIECTBAMHU, CBOU
CBOMCTBA. XHUMHUS, KIACChl HEOPTAHMYECKUX COCIMHEHUN B KOTOPOUM 3aHUMAIOT BaKHOE MECTO,
paccMaTpuBaeT UX KIACCU(DUKAIIUIO C HECKOJIBKUX TOYEK 3PEHUS.

Teopernueckast 4acTb

Heoprannueckue coeauHeHMs] KIACCUPHUIMPYIOTCS IO COCTaBy WM IO CBOHCTBaM
(pyHkmoHanbHEIM npu3HakaMm). Ilo cocTaBy OHUM JeNATCS Ha MPOCThIE — 3TO OJHOAIEMEHTHBIE
COEJIMHEHUS U CIIOKHBIE, ABYX3JIEMEHTHBIE (OMHAapHBIE) 1 MHOTOAJIEMEHTHBIE (Tabnuma 1).

Tabauya 1 — Knaccuguxayus Heopeanuyeckux coeOuHeHutl

ITpocTeie ClioxHbIe
Memannvt (88 >I1€MEHTOB): Heyxsnemenmusvie (OUHAPHBIC)
S- 9IIEMEHTBI THPAJTBT LiH, NaH, CaH,,
(xpome H 1 He); KapOu b SiC, CaC», Al4Cs,
AI’pGaéiTell\r/]I,eI_*II_TI,HGe’ HUTPUIBI Na3N, Mg3N 2
Sn. Pb, Sh. Bi: OKCHJIBI Ca0, Al,03,
d ->meMenTsI; Cyab(ubI K.S, ZnS,
f -onemenTsL. ranuisl NaCl, FeCl,.
Hememannwr (22 >neMeHTa): Miozosnemenmible
S- DJICMCHTHI Conu
H, He; cpeHue NaNQ,, K,PO,,
P-2JIEMEHThI
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B,C,Si,N,P,S KHCJIbIE NaHSO,, KH,PO,,

O, As, Se, Te,
raJIoreHsl, 0JIaropoIHbIe (ruzpo-) Ca(HCO;),,
rasel. OCHOBHBIE MgOHCI, AI(CH).ClI,
(ruIpoKCo-) (CuOH),SO,;
I'mppoxcunst:

ocuosarnss KOH, Ni(OH),, Ba(OH),
ampomuter ZN(OH), <> H,Zn0O,;
AI(CH), < H,AIO,

KuciaoTtel

Be3kucnopoueie HF, HCI, HBr, HI
Kucnoponconepxamue HNO,, H,SO,

Cr0XHbBIC HEOPTraHUYECKHE COCMHEHUS, COTJIaCHO Tabuuie 1, KpoMe MoJpa3/iesieH i 1Mo
COCTaBy, B CBOIO O4Yepelb MOAPA3ICIAIOTCS MO0 (DYHKIMOHAIBHOMY IpPH3HAKY HAa OKCHIBI,
THJIPOKCHU/IBI (OCHOBHBIC ¥ aM()OJIUTHBIC), KUCIIOTHI U COJIH.

K OuHapHBIM COSAMHEHHUSIM OTHOCSTCS:

1) OKCHIBI — COCTUHEHHUS SJIEMEHTOB C KHCIOPOIOM CO CTEIICHBIO OKUCIICHHS (—2);

2) rainuapl — rajJoreHNnpou3BoAHbIC ((DTOPHUIBI, XJIOPHUJIBI U JIP.);

3) cynbduaBI — COSTUHEHHUS C CEPOIt CO CTEIICHBIO OKUCIICHUS (—2);

4) HUTPUBI — COSMHEHHS C a30TOM CO CTENCHBIO OKHCIIEeHUS (—3);

5) kapOHIbI — COCTMHEHHMS yIIIEPOia CO CTCIeHbIO0 OKUCIeHUs (—4);

6) dochuasl — coenunenus Gocdopa co CTEHEHbI0 OKUCTEHHS (—3).

Homenknamypa  ounapuvix  coedunenuti. K maTHHCKOMy  Ha3BaHHIO — Oojee
AIIEKTPOOTPHUIIATETILHOTO AJIEMEHTA C OKOHYAaHUEM «u0» JT00aBISAIOT PYCCKOE Ha3BaHUE MEHEe
AIIEKTPOOTPHIIATEIIFHOTO DJIEMEHTAa B POAUTEIILHOM TaJeke, C YKa3aHHEM €ro CTeleHU
OKHCIICHHsI apaOCKUMH LU(pPaMu B KPYTJIbIX CKOOKaX.

[Ipumepsr:

Cr,O, - oxcua xpoma (+3);

O,F, — dropux kucnopona (+1);

Al,C, — xapGuy amomunus;

CuBr, — 6pomna memm (+2).

OCHOBHbIE IOHATHS M OCHOBHBbIE 3aKOHBI XUMHH

Monb — KOIMYECTBO BELIECTBA, COJEPIKAIlee CTOJIBKO K€ CTPYKTYPHBIX €IUMHHII
(MoJteKyI1, aTOMOB, HOHOB, JIEKTPOHOB HJIM JAPYTHX YACTHUII), CKOJIBKO aTOMOB COJICPKHUTCS B 12
r u3otona yraepoga ?C. Uucio WacTHI, COAEPIAIIUXCA B OJHOM MOJb JIIOGOTO BEIIECTBA,
cocrasnser 6,02-10%3 crpykTypHBIX euHNAL (nocmosnnas A6o2adpo).

Monvnas (monapuas) macca — 3TO Macca OJHOTO MOJb BEIIECTBAa, BbIpaKEHHas B
rpaMMax, YUCIIEHHO paBHasi OTHOCHUTEIILHOW MOJIEKYJISIPHOM Macce ATOTO BEIIECTBA.

Tak, MonekynspHas macca MOJIEKYJIbI Cl2 paBHa 70,90 a. e. M. (ATOMHBIX €IUHUI
Macchl). Torma MosbHas Macca MoJiekys xyopa paBaa 70,90 r/mons. Ho MonsHas macca atoma
xi10pa pasHa 35,45 r/monb, npruéM oaus Mons Moxekyn Cl, conepxur 2 monb aromoB xiopa.

Jkeueanenm — 3TO pcajibHasA WJIM YCJIOBHAd 4YacCTHlla, KOTOpas B KHCJIOTHO-OCHOBHOM
PC€aKniik DJSKBHUBAJICHTHA OJHOMY HOHY BOJ0pOJa, a B OKHCIIHUTEIHFHO-BOCCTAHOBUTEIILHOM
pPCakiu — OAHOMY 3JICKTPOHY. HaHpHMep, B KHCIIOTHO-OCHOBHOM pcaknuun

3H,S0, + 2Al(OH), = Al,(SO,), + 6H,0.
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HIECTH MOHAaM BOAOPOJa (B TPEX pearupyronux MOJIEKYJaX CEPHON KUCIOTbI) COOTBETCTBYIOT
JIB€ MOJICKYJIbI A|(OH)3, CJIeIOBaTENIbHO, OJHOMY HOHY BOJIOpOJa SKBHBajJieHTHa 1/3

monekyist Al(OH),, unade ropops, sxsusanent Al(OH), cocrasuser 1/3 mons AI(OH),. B
PEaKIMK OKUCIIEHUS-BOCCTAHOBICHHUSI

H,SO, (pa36.) + Mg = MgSO, +H, T

0 - 2+
aTOM MarHus TepseT [Ba JJICKTpPOHA: Mg -2 > Mg U MO3TOMY OJUH JKBUBAJICHT

MarHusi COcTaBisieT 2 Moib. Benuuunsl 1/3 u 1/2 (B 3TUX mpuMepax) Ha3bIBalOT (Paxmopom
9KEUBANEHMHOCTU.

Oxeusanenmuas macca — 3TO Macca OJHOTO SKBHBAJCHTAa BEIECTBA BBIPAKEHHAs B
rpaMMax, T. €. pa3MEpPHOCTh YKBUBAJICHTHON MacChl — I/MOJIb.

O0bEM, 3aHMMAaEeMbIl TPU JAHHBIX YCIOBUSX MOJBHOW WIJIM SKBUBAJECHTHOM MAacCOM,
Ha3bIBACTCS] COOTBETCTBEHHO MOJIbHbIM WIIN IKEUBANEHMHBIM 00BEMOM ATOTO BEIIECTBA.

Tak, MollbHast Macca Al(OH)3 paBHa 78,0 T/MOJIb, @ SKBUBAJICHTHAS Macca COCTABIISCT

1/3 MOIBLHOM Macchl A|(OH)3 , T.e. 26,0 r/MOnb. ATOMHAast Macca Maraus paBHa 24,3 r/Moiib, a

€ro SKBHBAJICHTHAsl Macca (B MPUBEIEHHOM BBIIIE TPUMEPE) COCTABIISACT 1/2 €ro MOJIBHOI Macchl
— 12,12 r/M0mb.

B cooTBeTCTBUM C 3aKOHOM SKBHMBAJICHTOB MAacChl (0OBEMBI) pearupyroIIuX BEIICCTB
m(X;) (V(X,))) u m(X,) (V(X,)) npsMo mponopuuOHaIbHBl MX 3KBHUBAJICHTHBIM Macca

(oOBEMam):

m(X) _ m(X,)
ML (%) ML (X,) -
V(X)) _ V(X,)

V,(X,) V,(X,) (12)

BOl'lpOCI)I " 3aJaHUs .

[IpuBeném mprMepsl BHIIOJHEHUS TUIIMYHBIX 3ajaHUH, IPUBEIEHHBIX B padoTe.
Ilpumepl. CoctaBbTe (hopMyndy HOpMalbHOU (cpenHeil) coiau OGapusi M MBIIIBIKOBON
KHCJIOTBI.

Peurenne. ®opmyina MermibsakoBoit kucnorst H,ASO,. Monekyna comu, oOpasoBaHHas

2+ 3- o
wonom Ba® wu xuenotuem ocratkom  ASO,”, nomkHa OBITE ONEKTPOHEHTpANBHA.
Hawnmenbiee obmiee kpaTHoe uncen 2 U 3 (3apsiibl HOHOB) paBHO 6, TOITOMY MOJIEKYJIa JTOJDKHA
3—
cojepxarb 6:2 = 3 aroma Oapus u 6:3 = 2 KUCIOTHBIX OCTaTKa ASO4 . ®opmyna conn
Ba,(AsO,).,.

Ilpumep 2. CoctaBbTe (POpPMYITy OCHOBHOW COJH QIIOMHHUS W OPOMOBOAOPOJTHOU
KHCIIOTBI.
Pemienne. Mosekysia OCHOBHOM COJIM JIOJKHA COJEPkKAaTh KHUCIOTHBIE OCTAaTKM HOHA

Br’, nona AI*u OH -rpymmsi. Tak kak B MoleKylle THIPOKCHAA alioMHHHS Beero Tpu OH
rpynmbi, a ocrarka ¢ OH -rpynmamu Bosmosxmo asa: (AI(OH),))" u (AIOH)*, 1o u

ocHoBHBIX coneii Oyner eero ase: Al(OH),Br u AIOHBEL,,.

Ilpumep 3. CocTaBbT€ YpaBHEHHsI PEAKIUN MEXKIYy COOTBETCTBYIOIIMMH KHCIOTaMHU U
OCHOBaHUSIMH, MPUBOISALINX K 00pa3oBaHUIO CIIEYIOIINX coJeil:

Ni(NO,),, NaHCO,, Fe,(SO,),.
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Pemenne. Hopmanshyio coms Ni(NO,), MoxHO momyduts mpu B3auMozpeHcTBHH
ocuosanust Ni(OH), u asoruoit kucnorsr HNO,:
Ni(OH), + HNO, — NiNQ, +2H,0.
Kucnyio comb, ruapokapbonar natpus NaHCO,, momyqaror neiictBuem yrmekucmoro
rasa Ha ’UJPOKCH/L HATPUS:

NaOH + CO, = NaHCO,.

Coms Fe, (304)3 MOJKET OBITh CHHTE3UPOBaHa, HAIPUMED, TaK:

2Fe(OH), + 3H,S0, =Fe,(SO,), + 6H.,0.

Xumuyeckue peaxyuu udym 00 KOHYA, eciu 6 pacmeope obpazyemcsi 0cadox, 2as,
Cnabwlll  INEKMPOAUM  UIU KOMNIEKCHbIN UOH. YPaBHEHUS pPEaKIUii HMOHHOTO oOMeHa
HEOOXOAMMO THCaTh B MOJEKYJISIPHOW, IOJHOW W COKpaméHHOW WoHHOH ¢dopmax. [lpu
HAITMCAaHWHM MOHHBIX YPaBHCHHU (OPMYJIBI Ta30B, OCAJKOB M CIA0BIX JJICKTPOJIHMTOB CIEAYET
3aMKChIBaTh B BUJI€ MOJICKYIL.

CymMMa OJHOMMEHHBIX HMOHOB WM 3JICKTPHYCCKHUX 3apsjoB B JICBOM M TPABOH HYaCTAX

ypaBHEHUs [O/DKHA OBITh OJMHAKOBA. B HACTOAIIEM pasjiene pacCMaTpUBAIOTCS PEaKIUH
WOHHOr0 0OMeEHa.

IIpumep 4. Hanummre B MONEKYISIPHON U MOHHOW (hopMax ypaBHEHHsS PEaKIUil MEXITY
CJIEIYIOIMMH BEIIECTBAMMU:

1) Pb(NO,), u H,S; 2) BaCl, u Na,SO,; 3) Na,CO, n HCL;4) NaOH u H,SO,;

5) CH,COONa u HNO,.

Pemenue. B mosnekyisipaom Bue:
1) Pb(NO,), + H,S =PbS{ +2HNO,; 2) BaCl, + Na,SO, = BaSO, { + 2NaCl;
3) Na,CO, + HCl =2NaCl + CO, T + H,0; 4) NaOH + H,SO, = Na,SO, + 2H,0;
5) CH,COONa + HNO, = CH,COOH + NaNO,.

B nonnom Buje:

1) Pb® +2NO; + H,S =PbS{ + 2H" + 2NO;;

2) Ba® +2CI" +2Na* + SO% =BaSO, { +2Na* + 2CI;

3) 2Na* + CO? + 2H*+2CI" =2Na* +2CI' + CO, T + H,0;

4) 2Na* + 20H" +2H" + SO} =2Na" + SO} + 2H,0;

5) CH,COO™ +Na* + H" + NO; = CH,COOH + Na* + NO;.

U B cokpaménnoii hopme:

1) Pb* +H,S=PbS{ +2H" ;2) Ba* + SO¥ =BaSO, { ;

3)COY +2H" =CO, T +H,0;4) OH +H" =H,0;

5) CH,COO™ + H* = CH,COOH.

IIpumep 5. 110 cOKpallEHHBIM MOHHBIM YPAaBHEHHSAM HAIUIIATE IOJHBIE MOJIEKYJISPHBIE
YpaBHEHUS:

1) OH +H* =H,0; 2) Cu® + S =CuSY{; 3) 2H* + CO? = H,CO,,
Pemrenue. B neBoil yacTu »THUX HOHHO-MOJICKYJISIPHBIX ypaBHCHI/Iﬁ YKa3aHbl CB060,Z[HBIC

MOHBI, KOTOpbIe 00pa3zyloTcs MpU JUCCOLUUAIMN CHIIBHBIX 3JIEKTPOJaUTOB. ClieoBaTeabHO, MPU
COCTaBJICHUM MOJICKYJSIPHBIX YpaBHEHHH CIEAyeT, TMOJIb3YsACh TaOiauIeld pacTBOPUMOCTH,
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BBIOMPATH CHJIBHBIC JIEKTPOJIUTHI, COAEPIKAIME COOTBETCTBYIONMI noH. Hanpumep, won H'
conepxwurcs B coctare cunpHoro anekrponuta HCl,a OH -8 NaOH. Torna:
1) HCI + NaOH = NaCl + H,O - monekyusipaas hopma;
H* +ClI'+Na" +OH =Na" +ClI" + H,0 - nonnas wounas dopma; u Torna
cokpaménHas nonHas Gpopma OyaeT UMETh 3aIaHHBIHA BUJI:
H* +OH = H,0.
Cre10BaTeNbHO, MOIEKYISPHOE ypPaBHEHHE COCTABJIEHO HpaBuibHO. OcTaplivecs IBa

YpaBHEHUS COCTABJSIOTCS MO AHAJOTUYHBIM MPUHIMIAM M COOTBETCTBYIOIIHME UM
MOJIEKYJISIpHBbIE (POPMBI UMEIOT BU:

2) CuCl, + Na,S = CuS{ + 2NaCl; 3) H,SO, + Na,CO, = H,CO, + Na,SO,.
Ipumep 1. Boraucnute skBuBaneHtsl u sksuBanentueie maccsl H,SO, u A1(OH), B

PCaKkuAaX, BBIPAKCHHBIX YPABHCHUAMMU:

H,SO, + KOH = KHSO, + H,0 (1)
H,SO, + Mg=MgSO, +H, T 2)
AI(OH), + HC1 = A1(OH),C1 + H,0 (3)

AI(OH), + 3HNO, = AI(NO,), + 3H,0.  (4)

Pemenne. DxkBUBaNEHT (SKBUBAJICHTHAs Macca) CIOKHOTO BEIIECTBA, KaK M SKBUBAJICHT
(9KBUBAJIEHTHAsA Macca) 3JIEMEHTA, MOXKET UMETh pa3JIM4YHbIE 3HAUEHUS B 3aBUCUMOCTH OT TOTO,
B KaKyI0 PEaKinio 00OMeHa BCTYIMAET 3TO BEIIECTBO.

DKeueanenmuas macca Kuciomsi pasHa ee mMonbHo# Macce (M), nememnoit Ha umcio

aTOMOB BOJIOPOJla, 3aMEIICHHBIX B JAaHHOW peakUUM Ha MeTalUl. JK6UBANEeHMHAS Macca
ocrnosanus paBHa ero mombHoi Mmacce (M), nemenHol Ha uUMCIO THAPOKCHIBHBIX TPYII,

3aMeIIEHHbIX B JAHHOH PEaKIMH KHCIOTHBIM OCTATKOM.
CruenosarenbHo, sksuBanentras macca H,SO, B peaxuun (1): M(H,SO,)/1=

98 r/monb, a B peakuun (2): M(H,SO,)/2 = 49 r/mons. Dxsusanenrnas macca Al(OH), B
peaKIum 3): M(AI(OH),)/1=782/ mons;, a B peaxuumn 4):
M(AI(OH),)/3=262/ monw.

3ajgady MOXKHO pemMTb M ApyruM crocobom. Tak kak omun wmoms  H,SO,

B3auMOIeiicTByeT ¢ onHol sxBuBanenTHON Maccoii KOH u nBymst oxBuBanenTHBIMEH Maccamu
Mareus, To ee dKBUBaneHTHas macca B peaknuu (1) pasaa M/1 r/mons, a B peakumu (2) —
M/2 r/mons; Al(OH), B3aumozeiictByer ¢ oxHolt skBuBanentHoil Maccoii HC1 u tpewms

skeuBanentHbiMu Maccamu HNO,, nmostomy ero sksuBanenTHas mMacca B peakuuu (3) paBHa
M/1 r/mons, a B peakumn (4) — M/3 r/mons. Dxeusanentst H,SO, B peaxumsx (1) u (2)

COOTBETCTBEHHO paBHbI 1 Monb 1 1/2 monb; sksuBanentst Al(OH), B ypasrenumsx (3) u (4)
COOTBETCTBEHHO paBHbI | Moub U 1/3 MoIIb.
Ipumep 2. B xaxoit macce Ca(OH), comepxutcst CTOIBKO 5Ke SKBUBAICHTOB, CKOJIBKO B

624 AI(OH),?

Pewenue. Dxsusanentras macca Al(OH), pasua 1/3 ero monbHolt Maccsl, T.e. 78/3 =
26 r/momb. Cuenosarensho, B 624 r Al(OH), comepxurcs 624:26 = 24 oksusaieHTa.
OxsuanentHas macca Ca(OH), pasna 1/2 ero monbHoii Maccsl, T.e. 37 r/Moub. OTc0aa
24 sxeusanenta Ca(OH), umetor maccy 37,3-24 =888 r.
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IIpumep 3. Ha Boccranosnenue 7,09 T okcuma metamna (+2) tpebyerca 2,24 am®
BOJIOpO/ia (HOpMaJbHBIC YCIOBHS). BbIumciinTe SKBUBAJICHTHYIO Maccy MeTaia. Uemy paBHa
aToOMHas Macca MeTasia?

Pemenne. MoJibHBIH 00BeM T00OT0 Tra3a MPU HOPMAJbHBIX YCIOBUSX COCTABIISICT
22,4 am®. Otcroza sxBuBaneHTHbIH 06beM Bogopona V,(H,), monexyna kotoporo cocrout
W3 JIByX aTOMOB BOJIOpOJa, paBeH 22,4/2 = 11,2 e,

B cooTBeTcTBUU C 3aKOHOM SKBHUBAJIICHTOB COCTABIISIEM COOTHOIIICHUE:

m(MeO) V(H,)
M,(MeO) V,(H,)
HOI[CTaBI/IB COOTBCTCTBYIOIIUC 3HAYCHHUA U3 YCIIOBUA 3aJa4U, IMOJIydacM:

7,09 _M,(MeO). 1 (meoy =19 11,2 35,45 2/ vioms.
224 112 2,24

[[aﬂee, YUYUTEBIBAA, 9TO ODKBUBAJICHTHAA MacCCa OKCHIa |\/|3(|\/|eO) CKJIaAbIBACTCsA M3

cymmbl okBuBaneHTHbIX Mace Meramra (M,(Me)) u xucnopona (M, (0) =8 2/ mons),
HaWIEM:
M, (Me) =M, (MeO)-M,(0) =35,45-8=27,45 2/ mons.
ATOMHas Macca MeTalljla COCTaBUT:
A(Me) =M, (Me) -V (Me) =27,45-2=54,92/ mons.

Otser: 5TOT MeTasut — mapranen, Mn.

Ilpumep 4. V3 1,64 r autpara metaia noiaydeHo 1,36 r ero cynedara. Beruucnure
HKBUBAJICHTHYIO Maccy MeTaJuIa.

Pemenue. [Ipu pemenun 3agayu cieayeT UMETh B BUIY, YTO 9KEUBANEHMHAS MACCA
XUMUYECKO20 cOeOUuHeHUs paBHa CyMMe SKBUBAJIEHTHBIX MacC COCTaBIISAIOIINX €0 YacTeH.

B nmaHHO# peakiuy y4acTBYIOT COJH: IK6UBALEHMHAS MACCA CONU PABHA CYMMe
9KBUBANEHMHBIX MACC MEMALd U KUCTOMHO20 OCMAMKA.

[TosTomMy: a) SKBHUBaJEHTHas Macca HHUTpaTa paBHa CyMMe€ JKBHBAJCHTHBIX Macc
MeTaJlIa U HUTPAT-TPYIITIBI:

M, (Me(NGQ,),), e/ mono =M ,(Me) + M ,(NO; ) = M ,(Me) + 62;

0) SKBUBaJIeHTHAas Macca Cyibgama paBHA CyMME 3KBHBAJICHTHBIX Macc MeTaia U
Cynb(haTHOU TPYIIIHL:

M, (Me,(SO,),), 2/ mone =M (Me) +M (SO;7) =
=M, (Me) +%M (SO ) =M, (Me) +%-96 =M, (Me) + 48.

YuurteiBas CKa3aHHOC, HOJ‘Iy‘{I/IMI
m(Me(NO,),) _ m(Me,(S0,),)
M,(Me(NO,),) M, (Me,(S0O,),)’

uitu

164 136
M,(Me)+62 M (Me)+48
Omgem: M_ (Me) =20 2/ monw.

Bomnpocskl 1 3a1aHus 1JI51 CAMOCTOATEILHOTO PellIeHNs:
ba3oBblii ypOBEHb
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1. CocraBbTe hOpMyIBI HOPMAIBHBIX M KHCHBIX coneil MpimbsaxoBuctoii H ASO, n

ceproit H,SO, kucmor n Marumust.
2. MoxHo M HOJTyYUTh pacTBop, CoJIep KMt OJIHOBPEMEHHO

Ba(OH), u HCI? CaCl, u Na,CO,? NaCl u AgNO,? KCI u NaNO,? Ykakure,

KaKue KOMOWHAIIMN HEBO3MOXHBI U TIOYEMY.

3. CocraBbTe (DOpPMYJIBI OCHOBHBIX COJICH Kejie3a W COJSTHOM KHUCIIOTHI, aIFOMUHUS U
CEpPHOM KHUCJIOTBHI.

4. JlokaxxuTe ypaBHCHHSMH peakiuii aM(OIUTHOCTh CICAYIONIMX COCTUHCHUN:
ZnO, Al,0,, Sn(OH),, Cr(OH),.

5. Hamummre xumuueckue (OpMynbl CIEAYONMX coniei: cyiabdar meam (+2),
THJIPOCUIIMKAT HATPUSs, aleraT Kalius, XJIOpUJ AUTHAPOKcokene3a (+3), kapOOHAT aMMOHWUS,
muruipodocdat IMTUs, TETParuIpPOKCOUTIOMIHAT Kallusl. Y KQKUTE TUITBI TPUBEIEHHBIX COJICH.

6. CocTaBbTe MOJICKYJISIDHBIC YPaBHEHHS PEAKIIUi, KOTOPHIC BBIPAXKAIOTCS CIICTYOIUMHE
MOHHO-MOJICKYJIIPHBIMU YPaBHEHUSIMHU:

1) Zn*+H,S=2ZnS{ +2H*; 2) HCO,+ H* =CO, + H,0; 3) Ag* + CI'= AgCI{ .

7. Kaxne u3 semects: NaCl, NiSO,, Ba(OH),,, NaHCO, - esanmozeiictsytor ¢
pacTBOpoM THpoKcHaa HaTpusa? Hanummrte MONEKYISpPHBIE M HOHHO-MOJIEKYJISPHbIC
ypaBHeHI/IFI COOTBeTCTByIOHII/IX peaKHHﬁ.

8. CocraBbTe MOJIEKYIApHbIE ¥ HOHHO-MOJIEKYJISPHBIE ypaBHEHUS  peakuui
B3aMMO/JICHCTBUS B PACTBOPAX MEXKIY:

a) Na,PO, u CaCl,; 6) K,CO, u BaCl,; B) Zn(OH), u KOH.
9. CocraBbTE MOJICKYJISIPHBIC YPABHCHUA pCaKHHﬁ, KOTOPBIC BBIPAXKANOTCA CICAYHOIIUMU
MOHHO-MOJIEKYJIIPHBIMU YPaBHCHUSAMMU:

1) Fe(OH),+ 3H" = Fe¥ + 3H,0; 2) Cd* + 20H" = Cd(OH), { ;
3) H*+ NO;, = HNO,.

10. CocraBbTe MOJEKYISApHBIE W HOHHO-MOJICKYJISIDHBIE YpaBHEHHS PEaKIHii
B3aUMOJCUCTBUSA MEXKY:

1) FeCl, u KOH; 2) NiSO, u (NH,),S; 3) MgCO, u HNO,.
11. CocraBbTe MOJNEKYISpPHbIE YpAaBHEHMsI peaklui, KOTOpPbIE€ BBbIPAKAIOTCS
CJIEYIOIIMMH HOHHO-MOJIEKYJIIPHBIMUA YPABHEHUSIMU:

1) Mg* + CO¥ =MgCO, {;2) 2H" + SiOZ =H,Si0O, ¥ ; 3) Pb* + 21" = Pbl, .
12. CocraBpTe MOJEKYISIpHbIE W HOHHO-MOJIEKYJIIPDHBIE YpaBHEHMs peakIuii
B3aWMO/JICVCTBUS B PACTBOPAX MEXKIY:

1) CdS(xkenTsrit ocanok) u HCI;2) Cr(OH), n NaOH; 3) Ba(OH), 1 CoCl,.
13. CocraBbTe MOJEKYISIPDHBIE YpaBHEHHUS peEaKklHid, KOTOPBIE BBIPAKAIOTCS
CJIEIYIOIMMY HOHHO-MOJIEKYJISPHBIMU YPaBHEHUSMU:

1) Cu® +20H =Cu(OH), ¥ ; 2) Zn* +S* =ZnS; 3) Ca* + CO? =CaCO, J.

14, BeiumciauTe  SKBHUBAJEHT W JKBUBAJICHTHYIO  Maccy  docdopHOi
kucaorel H,PO, B peaxuusix obpasoaunus: a) rumpodocdara; 0)
nuruapodocdara; B) gocdara.

15. ITpu cropanuu 10,00 r metamta ob6pasyercsa 18,88 r okcuaa meranna. Onpenenure
HKBHUBAJIEHTHYIO Maccy Metamia. Otet: 9,01 r/mMorb.

16. Onpenenure SKBHUBAJICHTHbIE MacChl Meraiia u cephl,
ecnu 3,24 r metamia o6pasyroT 3,48 r okcuna u 3,72 r cyns puaa.

17. Beruucnure KOJIMUECTBO BEIlECTBA HKBUBAJICHTA U MOJISIPHYIO MacCy 3KBUBAaJICHTA

nutpara muruapokcoxenesa Fe(OH),NO, u purumpoapcenara nurus LIH,ASO, s
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peaKUUsX, BBIPA)KAEMbIX YPABHCHUSIMMU:
Fe(OH),NO, + 2HNO, = Fe(NO,), + 2H,0
LiH,AsO, + LiOH = Li,HAsO, + H,0.

I1oBBIIIEHHBIN YPOBEHb

1. C kakuMM U3 IIEPEUHCIICHHBIX HMKE BELIECTB MPOpPEarupyeT a3oTHas KMCIOTa:
N,O, Al(OH),, CaO, HCI, K,S? 13o6pasute rpadudeckue HopMyIbl STHX COSAHHCHHIA.

Hanummre ypaBHEHHsI COOTBETCTBYIOLIMX PEAKLIUH.

2. CocraBbTe ypaBHEHUS pPEaKLIMA B3aUMOJEHCTBHS CIEAYIOLUIUX COEINMHEHUM!

a) HUTpAT cepedpa U noau1 Kayus; 0) OKCHJ ITMHKA U THAPOKCH]T HATPHS.

3. CocraBbTe (POPMYIBI KUCIBIX KAIUEBBIX coyell opTodoc(OpHOIl KHCIOTHI, OCHOBHOM
IIUHKOBOH COJIN YrOJIbHOM KMCIIOThI, OCHOBHBIX QJIFOMUHHUEBBIX COJICH COJITHONW KUCIIOTHI.

4. CocraBbTe MOJICKYJIAPHBIE ¥  HWOHHO-MOJICKYJISIDHBIE  YpPaBHEHHUS  PEaKIHA
B3aUMOJICHCTBUS MEXKTY:

1) H,S0, 1 Ba(OH),; 2) FeCl, 1 NH,OH; 3) CH,COONa 1 HCI.
5. YKaxuTe, B KAKUX U3 MIPUBEAEHHBIX CIy4aeB B3aUMO/IEHCTBUE IPOU3OMAET:

1) Sn(OH), + NaOH —?; 2) Na,SO, + HCl - ?;
3) BaCl, + Na,SO, — ?; 4) Na,S + HCl — 7.

CocTaBbTe MOJICKYJISIPHBIE U HOHHO-MOJIEKYJSpHbIE YpPaBHEHHUS COOTBETCTBYIOIIMX
peaKuHuii.

6. Yemy paBeH pu HOPMAaJIbHBIX YCIOBUSAX SKBHBAJICHTHBIN
o6nem kucnopona? Ha cxuranme 3 r meramna (+2) tpebyerca 1,38 am® kucnopona (u.y.).
BrluncnuTh 2KBHBAJICHTHYIO MacCy U MOJBHYIO Maccy 3Toro merania. Oteer: 12,15 r/mons;
24,3 T/MOb.

7. DnemeHT oOpa3yeT psa Ta3000pa3HbIX COEAMHEHUH, IUIOTHOCTH KOTOPBIX TIO
Bojopony 8, 15, 22, 29. CoxpepxkaHue 3JIeMEHTa B JAHHBIX COCIMHEHUSX COOTBETCTBEHHO
paBHo 75,0; 80,0; 81,81 u 82,76 %. Onpenenure OTHOCUTENIbHYIO aTOMHYIO MacCy U Ha3BaHUE
snementa. Otser: 12; C.

Cnucok JINTepaTypbl, peKOMeHIyeMblii K HCM0JIb30BAHMIO 10 TAHHOH TeMe

OcHoBHasi MTEepaTypa:

1. Koposwun, H. B. O6mas xumus : yaeonuk / H. B. KopoBuH. - 13-e u3zg., nepepad. u jorr. - M.
: Axkagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpyxaromei cpeapl : XUMUS KUBBIX opraHu3moB. Kypc nexmii /
E. C. Muxanuna, A. JI. [lerenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum noctyna: mas
aBTOPU3HP. MOJIb30BaTENEN

JlonosiHUTeIbHAS JIUTEPATYypAa:

1. T'munka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1

2. XUMHS METaJUIoB : ydeOHOe mocodue (i1 CTYJACHTOB XMMHUYECKOTO (haKyJibTeTa
HarpaBiIeHuH 0akanaBpoB «XUMHUA» U «XUMHUUECKask TEXHOJOTHs») / cocTaButenu O. A.
I'onoBanoBa. — Omck : Omckuii rocygapcTBeHHbI yHuBepcurer uM. @.M. JlocTtoeBckoro,
2015. —552c. —

ISBN 978-5-7779-1875-8. — TekcT : 2neKTpOHHBIN // IneKTpoHHO OMbimoTedyHas cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum noctyna: mis
ABTOPHU3HP. MOJIH30BATENICH
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HNuTepHeT-pecypcenl:
1 http://window.edu.ru/ — eauHOE OKHO JOCTYIA K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — DBC «YHuBepcuterckas OMOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIHAIMN JICKTPOHHBIX OMOIMOTEK
y4eOHbIX 3aBenieHuid u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbeITOE 0OpazoBaHKe

Tema 2. CTpoeHue aToma
IIpakTHyeckoe 3ausiTHE 2. DJIEKTPOHHBbIE (POPMYJIBI ATOMOB

Hesas 3auaTHA: 0000IIUTH 3HAHUS 00 JIEKTPOHHOM CTPOCHUU aTOMOB XUMHUECKUX JIEMEHTOB;
3aKpenuTh YMEHHS W HaBBIKA COCTABJICHUS DJEKTPOHHBIX (OPMYNI aTOMOB XHWMHYECKHX
AIIEMEHTOB, a TAK)KE UX IpapUUECKUX N300pasKeHHH.

3HaHUA M yMeHNsl, IpUodpeTaeMble CTYIEeHTOM B pPe3yJibTaTe 0CBOEHUS TeMbI
3HaTh: OCHOBBI CAMOOPraHU3ALUH U CAMOOOpa30BaHus;
3HaTh: CYyIIHOCTh U 3HAUYCHUE MH()OPMALIMU B PA3BUTUH COBPEMEHHOT'O OOIIECTBA; OCHOBBI TIOJIYYCHHS
1 00paboTKu WH(GOPMAITUH U3 PA3THYHBIX HCTOYHUKOB
3uaTh: PabOTHI MO pacyeTy ¥ MPOSKTHPOBAHUIO JIETAJICH U y3JI0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKIHUI B COOTBETCTBUU C TEXHUUYECKUMU 33JJaHUSMH U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpEZICTB aBTOMATU3alHNH ITPOCKTUPOBAHUS
YMeTh: caMOCTOSTENLHO CTPOUTH MPOIIECC OBIaAeHUs] HH(popMannei, 0TOOpaHHON U
CTPYKTYPUPOBAHHOM ISl BEIITOJTHEHHS TPOPECCHOHATBHON IESITeNFHOCTH.
YMerh: nomydaTh 1 00padaThIBaTh HHPOPMALIMIO U3 PA3IMYHBIX HCTOYHUKOB
Ymerb: MPUHUMATH YUaCTHE B pad0OTaxX MO pacyeTy U MPOSKTUPOBAHUIO JETaleil U y3J10B
MAaIIMHOCTPOUTENIBHBIX KOHCTPYKIIMI B COOTBETCTBUH C TEXHUYECKUMU 3aaHUSAMH U
HCTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB aBTOMATHU3aUU POEKTUPOBAHUA

HaumenoBanue ¢GopMupyeMbIX KOMIETEHIIHIA

Wnpneke DopMyIHpOBKa:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3aIMKA U CaMOOOpPa30BaHUIO
OIIK-4 NOHMMaHHMEM CYIIHOCTH U 3HaueHHs HH(OpMAIUU B Pa3BUTUU

COBPEMEHHOT0 00111eCTBa, CIIOCOOHOCTHIO MOIyYaTh U 00padbaThIBaTh
UH(OPMALINIO U3 PA3TUYHBIX MCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATH,
CTPYKTYpUPOBATh U 0POPMIIATH HH(OPMALIUIO B TOCTYITHOM I JPYTUX
BUJIE

IIK-5 CIIOCOOHOCTBIO MPUHUMATh y4acTHe B paboTax o pacuery u
POEKTHUPOBAHUIO JETale! U Y3JI0B MAITUHOCTPOUTEIbHBIX KOHCTPYKIIUH B
COOTBETCTBUH C TEXHUYCCKUMHU 33/IaHUSIMH 1 MICTIOJIb30BaHUEM
CTaHJAPTHBIX CPEJICTB ABTOMATU3AIIUH TPOSKTUPOBAHHMS

AKTYaJIbHOCTb TEMbI:

[Tepuonnueckuii 3akoH /. WI. MeHneneeBa sBISE€TCS OCHOBOM COBPEMEHHOM XWUMHH.
N3yuenne cTpoeHHS aTOMOB BCKPHIBACT (U3MUECKHUN CMBICT TIEPUOJUYECKOTO 3aKOHA U
OOBSCHSET 3aKOHOMEPHOCTH WM3MEHEHUS CBONCTB DJIEMEHTOB B TMEpHOJaX W B Tpymmax
MEePUOIUUECKON CHCTEMBbl. 3HAHWE CTPOCHHS aTOMOB SIBJISIETCSI HEOOXOAMMBIM JIJISI TIOHUMAaHUS
NpPUYMH O00pa30BaHUS XMMHUYECKOH CBSI3M, KOTOpas, B CBOIO OuYepellb, OIMpPEAEseT CBONCTBA
BemecTB. [1oaTOMY HaHHBIN pa3ien SABIIETCS OJHUM U3 BAXKHEHUIIUX Pa3esioB OOIIEeH XUMUH.
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https://openedu.ru/

[lepuonuueckass cucremMa »>IEMEHTOB, pa3paboTaHHass BenuKuM yuéHeiMm [
MeneneeBbIM, CyMMHUpOBaJla BCe 3HaHUS 00 3JIEMEHTaX, X CTPOCHUH, Maccax, COCTaBe sA/pa,
AIIEKTPOHHBIX 000JIOUEK, W SBJISIETCS CBOECOOPAa3HOW INMAprajkoil MO BCe HEOPraHWYEeCKOH
XUMUH.

Teoperuuyeckasi 4acThb

YCcTOMYNBOE COCTOSIHHE 9JICKTpOHA B aTOMC OIHCBIBACTCA 3HAYCHHUAMU YCTBIPCX
XapaKTCPUCTUK — KBAHTOBBIX YHCEII n, I, ml I/ImS.COCTOHHI/Ie OJICKTPOHA, OTBCYAIOIICEC
ONPCACICHHBIM 3HAYCHUAM KBAHTOBBIX YHCECII n, I n ml, Ha3bIBAIOT aTOMHOM BHGKTpOHHOﬁ

Op6I/ITaJ'II>IO. :‘)HepFeTI/I‘IeCKI/IM IIOAYPOBHAM DJJICKTPOHA B aTOMC, OTBCYAIOIIUM pa3IMYHbIM
3HA4YCHUAM | , COOTBETCTBYIOT CICAYIOIINEC 6y1(BeHHBIe 0003HaYEeHHUS:

[EEN

2 |3

BykBeHHOE 0003HAYEHNE SHEPreTHIECKOro NoAypoBHs | : S|P |d]|f
I'paduuecku kaxaas opOuTanp 0603HaAYAETCS CUMBOJIOM -KJIETKOM:

udpoBoe 0603HAUCHNE SHEPTETHIECKOrO MOAypoBHs | 0

DIEKTPOHBI B aTOME PACIPEEIAIOTCS COIJIaCHO CIEAYIOIUM NPUHLIMIIAM: MPUHIUITY
[Taynu, npruHUMNY HAUMEHBIIEH 3HEPTUMU C AONOJHEHUSAMU KII€eYKOBCKOTO M MpaBuly
XyH[a.

Cornacuo mnpunnuny Ilaynu B atrome HE MOXET OBITh JBYX OJJICKTPOHOB,
XapaKTepU3YIOIIUXCS OJMHAKOBBIM HAa0OpOM KBAaHTOBBIX 4yHcen. M3 »Toro cuemyer, 4To
Kaxcoas amomHas 31eKmpoHHAs. opoOumans modcem Obimb 3aHama He Oolee yem 08yMs
NIeKMPOHAMU:

T

MpPUYEM pa3uyaThCsl OHU OYIYT TOJIBKO CIIMHOBBIMU KBAHTOBBIMH YHCIIAMHU.

[lopsAnok 3amosHEHUs HJIEKTPOHAMH HHEPreTMYECKMX YPOBHEW M IOIYpPOBHEH
omnpenenseTcs NPUHUUIIOM HAauMEHbIIEH SHEPTUM: FJIEKTPOHBI B aTOME paclojararorcs
TakK, 4TOOBI WX PHEprusi ObUTa HauMeHbIed. [10CKONMBbKY SHEPIUI0 AIIEKTPOHA XAPAKTEPU3YIOT KaK
[JIaBHOE #, Tak W opOuTaibHOe | KBaHTOBBIE YMCIIA, TO SJIEKTPOHBI TPEKIE BCETO 3aHHUMAIOT
TIONIOYKEHHE, COOTBETCTRYOMEe MUHManbHOH cymme N+l — nepsoe dononnenue Kneuxoscrozo.
Ecim cymma N+l onuHakoBa, To 3IeKTPOHBI 3aHAMAIOT OpOMTATH C MEHBIIMM 3HAueHHEM [1—
emopoe oononnenue Kneukoeckozo.

Pacrnipenienienrie 3I€KTPOHOB B DHEPIETUYECKOM IIOJIYPOBHE OIpPEAENSETCs MPaBUIOM
XyHaa: yCTOWYMBOMY COCTOSIHUIO aTOMa COOTBETCTBYET TAKO€ paCIpeAeNICHHE SJIEKTPOHOB B
MOJypOBHE, MPU KOTOPOM aOCOJIOTHOE 3HAUEHHWE CYMMApHOTO CIHMHA OyJeT MaKCHUMAallbHbBIM.
[TosToMy pacnpeneneHre >3JEKTPOHOB B MOJYPOBHE MPOUCXOJAUT B MAaKCUMaJIbHOM YHCIIE
opOuTasneit u ¢ mapauieTIbHBIMA CITHHAMU

Taxk T WJINA TaK U N
(+1/2+1/2+1/2) = 3/2 | -1/2-172-12) | =312
HO HE TaK M ne tak -
(+1/2-1/2+1/2)=1/2 (+1/2-1/2+1/2)=+1/2

HGO6X0)II/IMO HMETh IIOHATHUC O KBAHTOBBIX YHUCJIAX, TPEX YKA3aHHBIX IPUHOUIIAX U,
OnupasChb HA HUX, YMCThb COCTABJIATH 3JICKTPOHHBIC (I)OpMyJ'IBI aTOMOB.

Bonpocsl u 3ananus
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Ilpumep 1. Kaxoli moaypoBeHb 3aIOJIHIETCS JIEKTPOHAMH B aTOME IOCIE 3allOJHEHHUs
3p -noxyposHs?

Pewenue. 3P -noayposHio oreeyaer cymma N+l | paBras 3 + 1 = 4. ITocne 3anonnenus
3p -noxyposHs BozMoxkHO 3anonHenne 30- wmm 4S-noxyposns. Ioxacunraem cymmy N+l B

o6oux crmyyasx: 3d (3 +2) =5, a 45 (4 + 0) = 4. B cOOTBETCTBHH C TIEPBBIM JIOMOTHEHAEM
KJ1e4KOBCKOTO »JIEKTPOH CTPEMHTCS 3aHATh IM0JIokKeHHe Ha 4S-moaypoBHe, Tak Kak B 3TOM

cnydae cymma N+l Gyner nanmensmeii.

Ilpumep 2. CocTaBbTe 3JICKTPOHHYIO (HOPMYITYy aToMa KpEeMHHS U TPapHUECKYI0 CXEMY
3aMOTHEHHUS DJIEKTPOHAMH YpPOBHEH W TOMYpOBHEH B HOPMATbHOM M BO30YXKICHHOM €ro
COCTOSTHUSIX.

Pewenue.  DnextpoHHas  ¢gopMmyra  aTomMa  KpPeMHHsS ~ UMEET  CIETYIOLIHi

2902916222220
Bun:15°25°2p°3s°3p“3d”. I'papuueckas cxema HeBO3OYKIEHHOTO aTOMa KPEMHMS HMEET
CIEAYIOLIUIA BU:

14SI
n=3[11[1 |1 ]
n=2 1L [t [10 |1l d
n=11|1] P
S

BaneHTHbIMU OpOUTANISAMU 371€CH SIBIIAIOTCS OPOUTAIIN TPETHETO BHELIHETO JIEKTPOHHOIO
ypoBHsi. B Bo36yxneHHoM coctostanu (SI1*) mpu mornomennn HEKOTOPOil SHEPTHH HIEKTPOH C

3s-noaypoBHs nepeiier Ha cBOOOAHYI0 3P -OpOUTAID:

Si*  1s?2s?2p°3s'3p*3df T T | T | 1
n=3
n=2 [ A d
n=1 Tl P
S

ba30BbIii ypoBEHB
1. Crpykrypa BAJICHTHOT'O ANEKTPOHHOI'O YPOBHS aToma
5JeMeHTa  BbIpaXkaerca  (OpMyJIoi:  a) 5s°5p*; 6) 3d°4s'. Onpenenure

MOPSAKOBBIM HOMEP W Ha3BaHHE DJIEMEHTA.

2. Hanumute 31eKTpoHHBIE (POPMYJIIBI aTOMOB 3JIEMEHTOB C MOPSAIKOBBIMU HOMEpaMu 24
u 33. CocraBpTe uX rpaguueckue cxeMbl. K KakoMmy 3J€KTPOHHOMY CEMEHCTBY OTHOCHUTCS
KaX/IbIi U3 HUX U 1TouemMy?

3. CocraBbTe JEKTPOHHBIE (OPMYIIBI ATOMOB JIIEMEHTOB C TIOPSTKOBBIM HOMEPOM 32 1
42. Y mocnemnero omauH 5S-snekTpon «ipopanubaercsa» Ha 4d-moayposens. K kakomy
AIEKTPOHHOMY CEMENCTBY OHHM OTHOCATCA?

4. Kakoii moAypoBeHb  3amoJHSAETCAs B  aroMax IOCle  3aloJHeHUs
5p -nonyposus? nocne 3anonuenns S -noxyposns?

5. 3anumure 3JI€KTPOHHBIE (bopMyibl aTOMOB JJIEMEHTOB c
3apsaoMm anpa 8; 13 u 18. CocTaBbTe 371€KTPOHHO-TPAPUUECKHE CXEMBI.

6. Kaxkoe MaKCUMaJIbHOE KOJIMYECTBO 3JIEKTPOHOB MOXET
pacmonararbcs B S-, p-, d- u f -moaypoBHaX JTaHHOT O ypOBH?

[Mouemy? HamucaTh 3J1€KTPOHHYIO CTPYKTYpY atoMa ¢ 3apsaaoMm sapa Z = 22.
1. DIIeKTPOHHAS CTPYKTypa aToma ONUCHIBAETCSA bopmymnoit

1s%2s2p°3s°3p°3d°4s®. Kaxoit 910 s1emenT?
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8. CKOJBKO aTOMHBIX OpOWTaNel CONEPKHUT BTOPOM SHEPreTHMUECKUH YPOBEHH B
aTOMax XMMUYECKUX JIEMEHTOB?

9. CKOJIBKO aTOMHBIX OpOHTANEH COACPKHUT TPETHI SHEPreTUUECKUN YPOBEHB B aTOMax
XUMHUYECKHX 3JIEMEHTOB?

10. CkoabKO aTOMHBIX OpOHTAJICH CONEPKHUT TPETUH SHEPreTUYECKH YPOBEHb aToMa
nuHka? [IpuBenute 351eKTpOHHYIO (POPMYITy aTOMa 3TOTO JIEMEHTA.

11. Ckonbko aTOMHBIX OpOUTaNEd COAEPKUT IATHI SHEPreTUUYECKUI YpOBEHb aToMa
nantaHa? [IpuBenute 351eKTpOHHYIO (HOPMYITy aTOMa 3TOrO HJIEMEHTA.

12. CkonbKO aTOMHBIX OpOHMTAaJeH COJAEPKUT IIECTON YHEPreTUIECKUN YPOBEHb aToMa
nepus? IlpuBeanTe 31eKTPOHHYIO (HOPMYITy aTOMa 3TOTO IEMEHTA.

13. Ilo 3apsny sapa aroma (Z=23) 3anuiiuTe O3JIEKTPOHHBIE KOH(UTYpaLUU

BAJICHTHBIX HO,Z[ypOBHeﬁ H, UCIIOJIb3Yys IIpaBHJIa KJ'IGLIKOBCKOFO, YKaXXUTE IMOCICA0BATCIbHOCTD
HX 3aI10JIHCHHA.

[ToBbIIIEHHBIN YPOBEHb

1. Kakoe MaKCHUMaJIbHOE YHUCIIO AJIEKTPOHOB MOXKET CoJIepKaTh
aToM B ANEKTPOHHOM YpOBHE c TJIaBHBIM KBaHTOBBIM YHCIIOM
N=5un=3?

2. CKONbKO He CIapeHHBIX SIEKTPOHOB coiepikaT HeBo3Oyxaenusie arombl B, S, Cr?

CocTaBbTe HX JICKTPOHHBIC U TPAPHUECKUE CXCMBI.

3. Kakue u3 3JIEKTPOHHBIX dbopmy, OTpaXKaKOIIUX CTpOEHHUE
HEBO30YXJICHHOTO aTOMa HEKOTOPOT'O 3JIEMEHTA, HE BEPHBI:

1) 1s%2s22p°3st; 2) 1s22s%2pb; 3) 1s22522p°®3s23p83d*

4) 1s%25%2p®3s%3pP4s? ; 5) 1s22s22p°3s23d2 ? [Touemy?

4. V3 npuBeNEeHHBIX 3JIEKTPOHHBIX KOH(QUTYPALIUA:
1p2, 252, 2p7, 3d*, 3f7, 4p6, 5s®, 3d* BBIOEPHUTE TE, KOTOPBIE IPAKTHYECKH

CYyILIECTBOBAaTh HE MOTYT. OOBSICHUTE IPUUNHBI.
5. Ilo »57eKTpOHHBIM KOH(UIypalHsM HOHOB OIpEAeIuTe 3apsi sJIep HUX aTOMOB:

3- 10 4.2 46, ™3 24,6240 4.0
D%:..3d74s4p°; D7": ..3s"3p°3d"4s”.  Bamummmre SMeKTpOHHBIE  (HOPMYIIHI
aTOMOB U 3JIEKTPOHHBIE CTPYKTYPhI KX BHEIIHUX 000JIOYEK.

Choucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCI0JIb30BAaHHIO 10 JAHHOI TeMe

OcHoBHas1 JiMTepaTypa:

1. Koposwun, H. B. O6mas xumus : yaeonuk / H. B. KopoBuH. - 13-e u3zg., nepepad. u jorr. - M.
: Axagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumust okpykaromei cpeapl : XUMUS KUBBIX opraHu3moB. Kypc neximii /
E. C. Muxanuna, A. JI. [lerenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 21eKTPOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum noctyna: s
aBTOPH3UP. MOJIb30BaTeNeH

JlonosiHUTEIbHAS JIUTEPATYypa:

1. T'munka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1

2. XUMHS METaJUIOB : ydeOHOe ocodre (JIIs CTYJICHTOB XMMHYECKOTO (aKyJIbTeTa
HarpaBieHu# 0akanaBpoB «XUMHUS» U «XUMHUECKasi TEXHOJIOTUsA») / coctaButenu O. A.
['onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbIH yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552c. —

ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // IneKTpoHHO OMbimoTeyHas cuctema [PR
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BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum noctyna: mis
ABTOPHU3HUP. MOJIb30BATEIICH
HNuTepHeT-pecypcen:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYIA K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — 5BC «YHuBepcuterckast OMOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIUAIMN JIEKTPOHHBIX OHOIHOTEK
y4eOHbIX 3aBenieHuit u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe

Tema 4. XUMHNYECKAS CBSI3b
IIpakTnueckoe 3auarue 3. XUMHNUYeCKAS CBSI3b
Leapb 3aHATHSA: PACIIUPUTH U YIIYOUTh 3HAHUS YUAIIUXCS IO TeME «XUMUYECKas CBSI3b)»

3HaHMsA M yMeHHUs, IpHodpeTaeMble CTYAeHTOM B pe3yJibTaTe 0CBOCHUSI TeMbI
3HaTh: OCHOBBI CAMOOPraHU3ALUH U CAMOOOpa30BaHus;
3HaTh: CyIIHOCTH U 3HaUYCHHE MH(OPMAIMK B Pa3BUTUU COBPEMEHHOTO OOIIECTBA; OCHOBBI IIOIYyYEHUS
1 00paboTKH WH(GOPMAITUH U3 PA3THYHBIX HCTOYHUKOB
3uarh: pabOTHI IO pacyeTy U MPOSKTUPOBAHMIO JIeTaJIeH U Y3JI0B MAIIMHOCTPOUTEIHHBIX
KOHCTPYKIMIA B COOTBETCTBUH C TEXHUYECKUMU 3aJaHUSAMU U UCIIOJIb30BAHUEM CTaHIAPTHBIX
CpeICTB aBTOMATU3aLUU IPOEKTUPOBAHUA
YMeThb: caMOCTOSTENHHO CTPOUTH MPOIECC OBIaieHus HH(opMalneit, 0TOOpaHHON U
CTPYKTYPUPOBAHHOMW JJIS1 BHITIOHEHUSI TPOPECCUOHATLHON IEATETLHOCTH.
YMmern: monydaTh 1 00padaThBaTh HHPOPMALIUIO U3 PA3IMYHBIX HCTOYHUKOB
YMerb: MPUHUMAThH YYacTHE B pabOTax MO pacyeTy U MPOEKTUPOBAHUIO JETajeil U y3J10B
MAaLIMHOCTPOUTENIBHBIX KOHCTPYKIMKA B COOTBETCTBUM C TEXHUUYECKUMH 3aJaHUSIMU U
HCIIOJIb30BAHUEM CTAaHIAPTHBIX CPEACTB aBTOMATU3ALUU IIPOCKTUPOBAHUS

HaumenoBanue ¢opmupyeMbIx KOMIIETEHIUI

Wnpeke DopMynHpOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AIMK U CaMOOOPa30BaHUIO
OIIK-4 MOHUMAaHHEM CYIIHOCTH U 3HaYCHUS HHPOPMAIMU B Pa3BUTUU

COBPEMEHHOT0 00IIeCcTBa, CIIOCOOHOCTHIO MOTy4aTh U 00pabaThIBaTh
HHq)OpMaHHIO M3 pa3IMYHbIX UCTOYHHUKOB, TOTOBHOCTBIO HHTCPIIPETUPOBATD,
CTPYKTYPUPOBATh U 0POPMIIATH MHYOPMAIHIO B JOCTYITHOM ISl APYTHX
BUC

IIK-5 CHOCOOHOCTBIO MPUHUMATH y4acTHe B paboTax 1o pacueTy
MPOEKTUPOBAHUIO JIETANIEN U Y3JI0B MAlIMHOCTPOUTEIBHBIX KOHCTPYKIIHI B
COOTBETCTBUU C TEXHUYECKUMH 3aJIaHUSMHU U UCII0JIb30BAaHUEM
CTaHJIApPTHBIX CPEACTB aBTOMATH3AIIUU POEKTUPOBAHUS

CoBpeMeHHOE pa3BUTHE HAYKH M TEXHHUKH MPUBENIO K PE3KOMY U3MEHEHHIO pellaeMbIX 3a/ad U
BBIJIBUHYJIO HOBbIe TPeOOBaHUS KakK K BhICIIEMY OOpa3oBaHWIO BOOOIE, TAK M K HAYYHOH IOJTOTOBKE
CTYAEHTa B YaCTHOCTU. B Hacrosiee BpeMsi 0COOEHHOCTBIO CHEIHMAINCTa CIEeLyeT CUATATh HAIUYHE Y
HEro TBOPYECKOTO MEIIIJICHNS, OJHUM W3 BAXHEUIIMX KA4eCTB KOTOPOTO SIBIIIETCS CHCTEMHOCTH.
ITosToMy pa3zpaboTka CHCTEMHOTO IMOAXOAa K PacCMOTPEHHIO pasfena "XuMmudeckas CBs3bp" B Kypce
XUMUH MPEJICTABISIETCS aKTyalIbHOM.

TeopeTuyeckas 4acTb

Xumuyeckas €636 — COBOKYNHOCHIbL CUNl, OeUCMBYIOWUX MeHcoy amomamu U

00yCIaBIUBAIOWUX  YCIMOUYUBOCIL  OAHHOU  cucmembl. Pemaroniyro poib B 00pa3oBaHUM
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XUMHYECKOW CBSI3UM WUTPAIOT He CHnapeHHvle (8aieHmmubvie) 91eKmpOoHbl TIPEABHEIIHETO WU
BHEIITHETO SHEPreTHdeckux ypoBHeW. CHapeHHbIE AJIEKTPOHBI TMPH BO30YXKIEHUU CIOCOOHBI
pacrmapuBarbCsi, 00ecrednBasi BO3MOXKHOCTb 00pa30BaHUs OOJBIIETO YMCIa XUMHYECKUX CBS3EH.
Banentnocts, o00ycioBieHHass OOMIMM 4YHUCIOM, HMEIOIIUXCS B aroMeé HE CIapeHHBIX
AIIEKTPOHOB, HA3BIBACTCS CHUHBALEHMHOCMbIO. PeakllMoHHasi CIOCOOHOCTh XMMHYECKOH CBSI3H
OTIPEIICTISIETCS. €€ KOJNUYECMBEHHLIMU XAPAKMEepUCMUKamy, K YUCIY KOTOPBIX OTHOCSITCA:
ONIUHA, BAIEHMHBIU Y201 U DHEPUSL.

Teopust xumHuyeckoil CBA3M JaeT BO3MOXKHOCTb ONUCATh pPACHpelelieHHe >JIEKTPOHHOM
IUIOTHOCTH B MOJIEKYJIE. XuMuueckas cesa3b umeem mMecmo mam, 20e 91eKmpoHHas NI0MHOCMb
MedHcoy amomamu Hauboibulasl.

s npubIMKeHHON OLECHKH A3JIEKTPOHHOW IIIOTHOCTH MEXKIy aTOMaMH CYIIECTBYET
JIBA METOAA: Memoo MoaeKyisapHuix opoumaneiu (MO) u memoo eanenmuvix ceésazei (BC).
Pasnuyaror cnemyronme OCHOBHBIC THITI XMMHUYECKOH CBS3U: KOBAIEHMHYIO, OCYIIECTBIIIEMYIO
oOmieil mapoil 3JEKTPOHOB; UOHHYIO, KAaK PE3YNbTaT DJEKTPOCTaTUUYECKOTrO B3aUMOJCHCTBUS
pa3HBIX IO 3apsjy MOHOB (MOHBI OOpa3yrOTCs 3a CYET MOJHOTO TEePEeX0jia HEKOTOPBIX BHEITHHX
AJIEKTPOHOB OJJHOTO aroMa K JApyromy, Ooiiee 3JeKTPOOTPULATEIBHOMY), U MEmaniuiecKkyro.
JIOHOPHO-aKIENITOPHAS ¥ BOJOPOJIHAS CBSI3M PACCMATPUBAIOTCS KaK Pa3HOBUIHOCTH KOBAJICHTHOM
CBSI3U.

Bonpocs! n 3axanus
Ilpumep. Tlonp3ysch 3IEKTPOHHON CTPYKTYpOW aroMa KpeMHHUS B BO30YXIEHHOM
cocrosiHUU (CM. mpuMep 2 B paszelne 3), 00bsSCHUTE MeXaHu3M obpasoBanus Moiekyis SIF, u

uona [SiF,]?.

Pemenne. AToM (TOpa MMeET YIEKTPOHHYIO cTpyKTypy 15°28°2p°:

n=2
AU O A I N B )
n=1 n
P
Tl

N}

UYerblpe HE CHAapeHHBIX 3JIEKTPOHA BO30YXKJIEHHOTO aToMa KPEMHHUS Y4YacTBYIOT B
00pa30BaHUM YETHIPEX KOBAJIEHTHBIX CBsA3eH C 4YEThIpbMs aroMamMu (ropa, MMEIOLUMH I10
OJIHOMY HE CIIapEHHOMY JJIEKTPOHY:

F\S_/F
|
-

: 25e2 b
F -uons! umeror snexrponnyto crpykrypy 1S°2S°2p° — Bce BajeHTHBIE 2JIEKTPOHBI B

HEM CITAPEHBI:

e | TN

n=1 | 1l p
S

ba3oBb1i1 ypoBeHb
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1. Ykaxure tun xumudeckoii cessu B Monekynax H,, Cl, mw HCL. Ilpusemure cxemy

o +
NEPCKPbIBAHUSA 3JICKTPOHHBIX o0akoB. Kakue THUIIBI XMMHUYECKOHN CBS3U PCAIU3YIOTCA B NH4 -

uoHe?

2. VYcTaHOBUTE  NPOCTPAHCTBEHHYIO CTPYKTYpPY  CICAYIOUIMX  MOJICKY:
H,S, SiH, u PH,,.

3. Kakyro XUMHYECKYIO CBSI3b Ha3bIBAIOT BOJOPOJHON?
Mexny MOJIEKYJIaMH KaKuX BEILIECTB OHa oOpasyercs? [Touemy
H,O u HF, nMest MEHBLIYO MOJIEKYJISPHYIO Maccy, IUTaBATCS u

KHUIIAT TP 00JIee BEICOKUX TEMIIEpaTypax, YeM UX aHaJIOTH?

4. Kak metop BaneHTHBIX cBszeil (BC) oObscHseT nmuHeitHOE cTpoeHue Mojekyinbl BeCl2
¥ TeTpasapuueckoe crpoenne Monekyast CH, ?

5. CkombkO  HE  CHApeHHBIX  JJIEKTPOHOB  HMMEET  aroM  XJopa B
HOPMAJIBHOM U BO30YKJIEHHOM cocTOsiHUAX? Uemy paBHA BaJIEHTHOCTh XJIOpa B HOPMAJIbHOM U
BO30YXJIeHHOM cocTostHuAX? [louemy (hTop HE MpOSBISIET BAJIEHTHOCTH, PAaBHYIO CEMH, XOTS
SBIISIETCS DJIEKTPOHHBIM aHAJIOTOM XJiopa?

6. Kak meromx MO 0OBSCHSIET TO, YTO B MOJIEKYJISIpHOM HOHEe F,” sHepruum cBs3u
(318 kIx/monb) Gonbiue, dem B Moiekyne F, (159 x/lx/mons)? Kakas ¢popma 3ammcu

orpaxaer B Metoze MO crpoenne F,” u F,?

I1oBBIIIEHHBIN YPOBEHb
1. Onummte ¢ no3unuii Merona BajeHTHBIX cBs3el (BC) anexTpoHHOE cTpoeHHe

monexynst BH, unona [BH,] .
2. Cpasuure CII0CO0BI obpazoBaHust KOBAJIEHTHBIX cBsI3eit B
+
monekynax CH,, NH, u none NH,.

3. Yro TaKoe O -CBA3b 51 TT -CBA3B? Jaiite 00BsICHEHHE Ha
npumepe morneky1 CL,, N, u C,H,.

4. Kak meron MO 00bsACHSET, TOYEMY MOJIEKYJIAPHbIH HOH Hep™ dHepreTHYecKu
yCTOWYHUB, TOorjaa Kak Mojekyna He, He cymecTByer? Kakas ¢dopma 3amucu OoTpaxaeT B
metone MO ctpoenne Hep"? ObGnamaer nu uoH He;® mapaMarHUTHBIMH CBOMCTBaMuU?
[Touemy?

Cnmcok JuTeparypbl, peKOMEHAyeMblil K HCIIOJIb30BAHUIO M0 TAHHOW Teme

OcHoBHasi iMTEpaTypa:

1. Koposwun, H. B. O6mas xumus : yaeonuk / H. B. KopoBuH. - 13-e u3zn., mepepad. u joir. - M.
: Akanemus, 2011. - 496 c. : uin. - (bakanaBpuart). - Pek. MOuH P®. - ITpumn.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumust okpykaromei cpeasl : XUMUS KUBBIX opranu3moB. Kypc neximii /
E. C. Muxanuna, A. JI. [lerenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DnekTpoHHO-0uOnuoTeyHas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum noctyna: s
aBTOPU3HP. MOJIb30BaTENEN

JlonosiHUTEIbHAS JIUTEPATYypa:

1. T'munka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1

2. XYMHSI METAIIJIOB : y4eOHOE IMocooue (1sl CTYIEHTOB XMMHUYECKOTO (haKyIbTeTa
HarnpaBieHuH O0akanaBpoB «XUMHUA» U «XUMHUUECKask TEXHOJOTHs») / coctaButenu O. A.
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I"'onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
2015.—552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : anekTpoHHbIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum mocryma: s
aBTOPU3HUP. N10JIb30BATEIEH
NuTepHeT-pecypcenl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYIA K 00pa30BaTeIbHBIM pecypcaM

2 http://biblioclub.ru/ — DBC «YHuuBepcuteTckas OHMOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIM KaTaJIOr aCCOIHALIUN JICKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefeHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKE

Tema 5. O61Iue 3aKOHOMEPHOCTH NMPOTEKAHUSI XUMHUYECKHX MPOIECCOB.
IIpakTuyeckoe 3ansaTHe 4. XuMHUYeCKasi TEPMOJIMHAMUKA. JHEPreTHKa XUMHYECKHX
npoueccos. HanpapjieHHOCTH XUMHYECKHX IIPOLECCOB
Iegp 3aHATHA: BBECTH TMEpBBIH 3aKOH TEPMOJMHAMHKHM KaK 3aKOH COXPAaHEHUS OJHEPIUu
TEPMOIUHAMUYECKON CUCTEMBI, PACKPBITH €r0 (PU3MYECKOEe COAEPKaHUE MIPU PACCMOTPEHUN KOHKPETHBIX
IPOLIECCOB, NPOJODKUTH (OPMHPOBAHHE YMEHHIl ONKCBHIBATH TEIUIOBBIE IPOLECCHl (PU3UUIECKUMU
BEJIMYMHAMH U 3aKOHAMU;

3HaHUA M yMeHHs, IpuodpeTaeMbie CTYIeHTOM B pPe3yJibTaTe 0CBOCHUS TeMbI
3HATh: OCHOBBI CAMOOPTAHU3AIMH U CaMOOOPa30BaAHHS;
3HATh: CYIIHOCTH M 3HAYCHHE HH(OPMAIMK B Pa3BUTHU COBPEMEHHOTO OOIIIECTBA; OCHOBBI MOTYUCHHUS
1 00paboTKK HH(GOPMAIUH U3 PA3TMYHBIX HCTOUHUKOB
3uarh: pabOTHI MO pacyeTy U MPOSKTUPOBAHMIO JIeTaNIeH U Y3JI0B MAIIMHOCTPOUTETHHBIX
KOHCTPYKIIMI B COOTBETCTBHH C TEXHUYECKUMU 3aIaHUSMH U UCITOJIb30BAaHUEM CTaHAPTHBIX
CpeICTB aBTOMATU3aLMU ITPOEKTUPOBAHUA
YMeThb: caMOCTOSTENHFHO CTPOUTH MPOIECC OBIaieHus HH(opMalnueit, 0TOOpaHHON U
CTPYKTYPUPOBAHHOM JJIS1 BEITIOTHEHUSI TPOPECCUOHATLHON JIEATETLHOCTH.
YmeTh: monyvats 1 00pabaThIBaTh HH(YOPMAIIUIO U3 PA3THYHBIX HICTOYHUKOB
YMeTh: TPUHUMATh y4acTHe B pabOTax Mo pacyeTy U MPOCKTUPOBAHUIO JETAICH U Y3JI0B
MAaIIMHOCTPOUTENIBHBIX KOHCTPYKIMKA B COOTBETCTBUM C TEXHUUYECKUMHU 3aJaHUSIMU U
HWCTIOJIb30BAHMEM CTAHIAPTHBIX CPEACTB aBTOMATHU3ANHU MPOCKTUPOBAHUS

HaumenoBanue ¢opmupyeMbIx KOMIIETEHIUI

WNHupeke DopMyIHpOBKa:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3aIMH U CaMOOOPa30BaHUIO
OIIK-4 MOHMMAHHUEM CYLTHOCTHU U 3HAYeHUs HH(OPMALIUK B Pa3BUTUU

COBPEMEHHOT0 00IIIeCcTBa, CIIOCOOHOCTHIO MOTyYaTh U 00pabaThIBaTh
MH(OPMALIMIO U3 Pa3IMYHbIX UCTOYHUKOB, TOTOBHOCTBIO MHTEPIPETUPOBATD,
CTPYKTYPHUPOBATh M 0POPMIISATH MHOOPMAIHIO B JOCTYITHOM ISl APYTHX
BUIC

IK-5 CHOCOOHOCTBIO MPUHUMATH y4acTHe B paboTax 1o pacueTy
MPOEKTUPOBAHUIO JIETANIeN U y3JI0B MAlIMHOCTPOUTEIBHBIX KOHCTPYKIIHI B
COOTBETCTBUM C TEXHUYECKUMH 3aJIaHUSIMHU U UCII0JIb30BAaHUEM
CTaHJIapTHBIX CPEACTB aBTOMATH3AIIUU POEKTUPOBAHUS

AktyanpHOCTh paOoThl. CHMHTE3 HOBBIX COCIUHEHHMH M M3Y4Y€HHE HEM3BECTHBIX paHee
(U3UKO-XMMHUYECKUX CBOICTB SIBISETCS AKTyaJbHBIM U C TOYKH 3PEHUS XUMHUYECKOW HAYyKH
umeeT pyHnaMeHTanbHbIN XapakTep. C MOMEHTa BOSHUKHOBEHHSI XUMUYECKON TepMOIUHAMUKH
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OJHOM W3 BAXHEWIIMX 3aJa4d DJTOM HAyKu SBJISETCS  ONPENEIEHUE CTaHIAPTHBIX
TEPMOJIMHAMUYECKUX (YHKIIUHA WHIUBUIYAJIbHBIX BEIIECTB. TakWe JaHHbIE HEOOXOIMMBI
MIPEXkJIe BCETO, /IS pacueTa paBHOBECUM XMMHUYECKUX PEaKIMi IIPH Pa3IMUHBIX TeMIepaTypax u
nasieHud. [Ipu 3TOM nuMUTHpYROIMM (AaKTOPOM B TaKHUX pacueTax SBISETCS, KaK IMpaBUIIo,
OTHOCUTEIIbHO HHW3Kas TOYHOCTb B ONPEACICHUU SHTAIBLITNY XUMUUYECKON pPEaKIMH, KOTopas
BBIYHCIIICTCS] KaK anredpanmveckas cyMMa SHTasIbInii 00pa3oBaHUsl peareHToB. B m3MepeHusx
SHTPOIIMH JOIYCTUMBI OOJIBIIKME IOIPEHIHOCTH, OCOOCHHO, €CIM peuYb HICT O PEeaKIUAX C
y4acTUEM KOHJECHCHUPOBAHHBIX BEIIECTB. B 3TOM OTHOUIEHUM OMNPEACICHUE CTaHJIAPTHBIX
SHTAJBIUN 00pa30oBaHUS W aOCOJNIOTHBIX SHTPONHI HWHIWUBUIYAJIbHBIX BELISCTB SBIISCTCS
HEOOXOMMOM M aKTyaJIbHOM 3a/1aueii XMMHUYECKON HAyKH M TEXHOJIOTHH.
TeopeTuyeckas 4acThb

Hayka o B3auMHBIX TpeBpaIICHUSX pa3IMYHBIX BUJIOB HSHEPIHMHM Ha3bIBACTCS
MepMOOUHAMUKOU.

[Ipy XUMUYECKHMX pEaKIUAX MPOUCXOIAT TIIyOOKHE KadeCTBEHHBIC W3MCHCHHS B
CUCTEME: PBYTCS CBSI3M B HMCXOJHBIX BEIIECTBAX M BO3HUKAIOT HOBBIC CBS3M B KOHCUHBIX
HOPOAYKTaxX. OTH H3MEHEHHE COIMPOBOXKIAIOTCS IOTJIONICHUEM WJIM BBIICICHUEM 3HEPruu
OOBIYHO B BUJIC TETUIOTHI.

Paznmen TepMoIMHAMHMKH, W3ydYarOUIMi TEIUIOBbIE 3(P(EKThl XUMHUYECKUX PpEaKIIHid,
Ha3bIBACTCS MepMOXUMUEL.

[Ipu moOOM IIpollecce BHINOJHAETCS 3aKOH coxpaHeHus sHepruu. Tentoma Q,

noanowennas cucmemoti, uoem na usmenenue eé enympenneti snepeuu AU u na coeepuwenue
pabomut A

Q =AU+A. 1)

BHyTpeHHss sHeprus XxapakTepu3yeT CKPBITYIO B BEIIECTBE SHEPTUI0 (KUHETHUECKYIO U
MOTEHIMATBHYIO), KOTOPast BRICBOOOKIAETCS MTPH (PU3NIECKUX H XUMUYECKHX TPOIIECCaXx.

Tennogvim s¢hpexmom peaxyuu HA3bLIBAEMCA  KOIUYECTNBO — BbIOCNIEHHO20 U
noznowennozo menia. CTaHAAPTHBIN TEIUIOBOH 3(h(HEKT COOTBETCTBYET CTAHJAPTHBIM YCIOBHUSIM
npoBenenust peakuuid: T = 298,15 K, P = 101,3 «lla. Tennosoii s¢pgpexm peaxyuu,
npomexaroueli npu NOCMOSAHHOM 00beme CUCeEMbL, PABeH USMEHEHUIO 6HYMPEHHel IHEPULL:

Q, = AU. @2

BOonpmMHCTBO XUMUYECKUX PEAKIIMKA MPOTEKAET MPU MMOCTOSSHHOM JaBJICHUU. 1enosoi
ahpexm xumuueckol peakyuu, npomexarowel npu NOCMOSAHHOM OAGIEHUU, PAGEH U3MEHEHUIO
OHMANLNUU.

Qe =AH. (4.3)
DOHTANBNNS paBHA CyMMe BHYTPEHHEH SHEPTHH U paObOTHI paCIINPEHUS:
H=U+pV.
P (4.3)

[loaTomy osumanvnuio onpeodensiom Kax 5SHEpeUrd pPACWUPEHHOU CUcmemsl, €€
TEIUIOCOIEp/KaHuUE.

Peakuun, KOTOpblE  COMPOBOKIAIOTCS  BBIIEJICHHEM  TEIUIOTHI,  Ha3bIBAIOTCA
okzomepmuyeckumy. Ilpu HUX TNPOTEKAaHUM TEIUIOCOAEPKAHUE CHCTEMBl YMEHBIIAETCS
(AH < 0). Ipu npoTexanuu e YHAOTEPMHUYECKHMX PEAKIMH, UAYIMX C TOTIOMEHHEM TeIla,

ternoconepsxanue ysemmaupaercs (AH > 0).

B 3aBucumoctH OT XxapakTepa MNPOMCXOMSIIEro Ipolecca pa3indyaioT TeIIOTh
oOpa3oBaHusi, cropaHusi, pacTBopeHuss u T.1. [loHsATHE O Temuore oOpa3oBaHMs BEIIECTBA
ABIISIETCS. OTHUM U3 BaXXHEUILINX B TEPMOXUMUH.
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Tennomoii  obpazosanus (AH06pa&) Ha3vl6aom menioeou 3¢pgexm peaxkyuu

06pa308aHUA 0OHO20 MOb CIIOACHO20 GeUecmea U3 NPOCMbIX, YCMOUMUEHIX NPU CMAHOAPWHBIX
yenoeusx (T = 298,15 K; P =101,3 xI1a). Temnorsl 06pa3oBaHus HEKOTOPBIX BEIIECTB

npuBezieHbl B Tabnuue 6.1. OOpatuTe BHUMaHUE HA TO, YTO /MenIomsl 00pa308aHUsl NPOCMbIX
seuyecms, yCTONYUBBIX TIPU CTaHAAPTHBIX YCIOBUSX, NPUHSMbL PAGHBIMU HYJO.

Tennosoti 3¢pgpexm xumuueckoii peakyuu 3asucum om Npupoovl U QU3UYECKO20
COCMOSHUSL UCXOOHBIX 8eUjeCmE U NPOOYKMO8 Peakyuu U He 3a8UCUm Om nymu e€ npoeeoeHus.
TemoBeie 3G (}HEKTHl 3aBUCAT OT CTPOCHHS PEArupyOMUX MOJIEKYJ, MO3TOMY TEOPETUYECKH
paccuMTaTh WX HEBO3MOXHO. 3akoH ['ecca MO3BOJIIET Ha OCHOBAaHMHM OTPAHUYCHHOTO
KOJIMYECTBA ONBITHBIX JAaHHBIX IO TEIJIOTaM OOpPa30BaHMS BBIYHUCIATH TEIIOBBIE A(D(EKTHI
OOJIBIIIOTO YHCITa PEAKIINH.

OCHOBHBIM 3aKOHOM TEPMOXUMUH SIBISETCS 3aKoH Iecca, B OCHOBE KOTOPOTO JICKHT
3aKOH COXPaHEHUs SHEPTUH:

Tabauya 4.1 — Tennomul 06pazo06anus HEKOMOPLIX BeUIeCNE

Bewecmeo AH06pa3', K/oic/monw Bewjecmeso AH()Gpag,,
K/[oic/monw
ALLO, (1) ~1675 H,O(r) —242
Al,(SO,);(1) 3434 H,S(r) —20
CH, (r) 75 MgO(1) —601
C,H, (D) -85 Mg(NO,), () 0
C,H, (%) 49 NO, (r) 33
CO(r) -110 NaHCO,(r) —914
CO, () 393 Na,CO,(r) -1129
COS(r) 137 Na,S(r) —312
HCI(r) 92 Na,SO, (1) —1090
HNO, () 173 Na,SO, (1) 1388
CuO(1) 165 POCI, () —597
Cu(NO,), (1) -307 PCI,(r) 369
H,0(x) 286 SO, (r) 297

B cootBercTBUM ¢ 3akoHOM [ecca: mennogoii a¢pghexm psoa nocnedosamenvhbix
peakyuii paseH MmMenjiogomy 3pgexkmy 0pyeoco psaoa NOCie008aMeNbHblX peakyull, eciu
UCXOOHblE Beujecmaa U nPoOyKmul npeepaujeHutl oouHakogvl. Ha 0OCHOBaHMM 3TOTrO IMOJAXOa C
TEPMOXUMHUYECKAMHU YPaBHEHUSMH MOXHO OIEPHPOBATH TaK K€, KaK M C anreOpamdecKUMH.
Tepmoxumuueckumu HA3bIBAIOMCA XUMUYECKUE YPABHEHUs, 6 KOMOPbIX YKA3AHbl Menogvle
aghghexmul peaxyuil.

W3BecTHO, 4TO B HEM3O0JIMPOBAHHBIX CHCTEMaX MPHU OTCYTCTBUU BHEIIHUX BO3JEHCTBUIA
CaMOIIPOU3BOJIBHO MPOUCXOAT IK30TEPMUUECKUE PEAKIIHH (AH< 0). OcobOeHHOCTbIO
XUMHUYECKHX MPEBpAllleHUH SBJSETCS ydyacTHe B HHUX OOibLIOro yMciaa yactull. Jms Takux
cucTeM HauOolee BEPOSATHO COCTOSIHME OecropsnKka, XapaKTepu3yeMoe DSHTponuei S,

HN3menenne OHTPOIINU IMMPU XUMHUYCCKUX PCAKIUAX PACCUHUTBIBACTCA HAa OCHOBAHHWM CIICACTBUSA U3
3akoHa I'ecca. KadecTBeHHO B3HAK M3MCHCHUS OHTPOIIMU MOKHO OICHHUTL, COIIOCTAaBUB
KOJIMYECTBO F33006p33HBIX BCIICCTB A0 U MOCJIC pCaKIINU.

Bonpocsl u 3aganus
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Ilpumep 1. BBIMUCINUTD CTAaHAAPTHYIO TEIJIOTY OOpa3oBaHMs OKcuua xene3a (+3) mo

CICAYIOIUM TCPMOXUMUYICCKHUM YPABHCHUAM!
1) 2Fe,, +O,,, = 2Fe0,,; AH, = 532 KJlx;
2) 4Fe0,, + 0, = 2Fe,0,,; AH, = -584 K.

Pewenue. 3anumeM TepMOXMMHYECKOe ypaBHeHHe obpasoBanus F€,0, u3 mpoctsix

BCIICCTB:

3) 2Fe,, + 1,50, =Fe,0,,; AH, = ?x/c.

2(r) 3(1)?
Jl1g Toro yToOBl U3 IBYX JaHHBIX YPABHEHUH MTOJIyUYUTh UCKOMOE 3), HYy’)KHO YpaBHEHHE

2) pa3menuTh Ha JBa M CIOXHUTH C ypaBHeHHeM 1). Takue ke anreOpamdeckue ACHCTBUS

IPOBEZIEM C TEILIOBBIMH (G (eKTaMU JaHHBIX PEaKLHii U IOJyIuM HeKoMyto Benranay AH b

2Fe,, +1,50,, =Fe,0,,; AH, , = 0,5:(-584) - 532 = -824 k/[/MO1Ib.

2(r) 3(1)°

Jlnst pacueTta TETUIOBBIX A(P(EKTOB XMMUYECKHX PEAKIM 9acTO UCIONB3YIOT IEpBOE
ciencTBe U3 3akoHa ['ecca:

Tennoeou sphgexm xumuueckor peakyuu pagew cymme meniom o00pa308aHus

npodykmoe peakyuu 3a 6blvemom Cymmobl meniom 06pa306aH1/l}Z UCXOOHDBIX eeuecmses.

A[{x.p. = ZAHZZ-II,) - ZAHfo (44)

Ilpumep 2. Paccuutaiite TeruioBord 3¢(GEKT peakluuu TOPEHUs 1TaHa HUCXOAs U3
CTaHJApPTHBIX TEMJOT oOpa3oBaHus. Kakoe KOIMYECTBO TEMJIOTHI BBIJETUTCS WIM MOTJIOTUTCS,
eciu: a) cropaeT 90 r oTaHa; 6) 06pasosanock 89,6 M
CO, (n.y.).

Pewenue. 3anmmeM TEpPMOXUMHUYECKOE YPaBHEHUE PEAKIMH TOPEHUS dTaHa B pacyere
Ha | MOB:

C,Hy,, +3,50,,, — 2CO,,, +3H,0,,; AH, =? xJlx.

2(r) (x)°

Paccunraem TeroBoit 3pexT peakiuu 1o mepBomy CIeCTBUIO U3 3aKoHa ['ecca:
AH, , =3AH" +2AHY — AHZ

AH gfp " = (, TaK KaK 3TO IIPOCTOE BELIECTBO.

[ToncTaBuM 3HaUeHMSI TETUIOT 0Opa30BaHMs U3 TAOIUIIHI 6. 1:

AH,, = 3+(-286) +2+(-393) + 85 =-1559 xJl/Morb.

TMockombky AH, <0, peakuus sx3orepmuyeckas.
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o ypasuennio peakuuu cropaer 1 moms C,H, t.e. 30 r. Ilo ycnoBuio 3anaun B

peakmio Berymuno 90 r C,H, uTo cocrasiser:

m
n(C,H,)=—2"= %02 =3 monb.
M 302/ monw

CoHg

TOFI[a KOJIMYCCTBO TCI1JIa, BRIACJICHHOI'O IIPpU CropaHrun 90r J9TaHa, 6yz[eT:

Q=nAH,_ =3 - (-1559) =-4677 kJIx.

[To ypaBHEHUIO peakuu U3 OJHOTO MOJIb 3TaHa 00pa3zyeTcst 2 MOJb COZ. Hanomuum,
YTO MOJIb Ta3a, IIPH H.y., 3aHUMaeT 0obeM 22,4 mv®. TTo ycnoBuio 3ama4un 06pazoBanock 89,6 am°

C >, 9TO COCTABJIACT:

V, 9,6
CO
N=—=2=——=4 nuonw.
224 22,4
KOJ'II/ILIGCTBO TCI1J1a, BBIACIIIEMOC HpI/I 9TOM, paBHO:

Q=nAH,  =4-(-1559) = - 6236 kJIx.

TemnoBoii 3 pexT XuMuYecKol peakuu MOYKHO TaK)Ke BBIYUCIUTD, UCIIOIB3YsI BTOPOE
CIIeICTBUE U3 3aKOoHa ['ecca:
Tennoeou s¢hghexm Xxumuueckou peaxkyuu paseH cymme meniom C2OPaHusi UCXOOHBIX

seulecnis 3a 6bl4eniom CYyMmobl meniom ccOpaHusl KOHE4YHblX 6eecme.

AH = AH = AHE (4.5)

o ceop. %
Tennomoti ceopanus eewecmea AH“”" nasvisaemca mennosoii s¢ppexm peaxyuu

OKUCNIeHUSL 0OHO20 MOJlb eeuecmea KuC/ZOpOaOM c 06pasoeaHueM 6blCULUX (yCWZOZZLlZ/leDC)

OKCUOO8. Z[J'ISI OpTraHU4Y€CKUX COCAUHCHUU TEIIOTOM CTOpaHusA HA3bIBACTCA TEIJIOBOH 3(1)(1)CKT

PEaKIuu MOIHOTO cropaHus | MOJb JAHHOTO OPTaHMYECKOTO BEIIECTBa ¢ 00pa3oBaHUEM CO2 "
HZO . CTangapTHBIE TEIJIOTHI CrOpaHus MpUBeIeHbI B Tabymile 6.2. ObpaTuTe BHUMaHUE Ha TO,

aro TernoTsl cropanus Beicmux okcuzos (CO, n H,O) pasusr nymo.
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Ilpumep 3. Paccumtaiite TeruioBoi 3h(dEKT peakiuu >TepuuKauu UCXOAsS M3 CTaHIAPTHBIX

Tabauya 4.2 — Cmanoapmuuvle SHMATGAUU CCOPAHUSL HEKOMOPBIX COCOUHEeHUT TeTITIOT CrOPaHUsL.

Bewecmeo AH <", klloic/mons Bewecmeo AH <", klloc/monn
CO -283 CH,COOH -874
CH, -890 CH,COOC,H, -2254
C,H, -1300 C,H,COOH -1370
C,H; -1560 H, -286
C,H,OH -1367 NH, -383

N0 -69

Kakoe KOIWYECTBO TEILIOTHI BBIACIIMTCA WJIM HNOTJIOTUTCA, €CJIM B PCAKLIUIO BCTYIHIIO 138 r

yTaHona?

Pewenue. 3anumem TEPMOXUMHUYCCKOC YPABHCHUC PCAKIIUU:

C,H,OH,,, + CH,COOH,,, T="2=> CH,COOC,H,,,, +H,0,,; AH, =? kJlx.

TernoBoit 3¢ (hexT XUMUUECKOH PeaKkUy PaCCUUTAEM IO BTOPOMY CIIEICTBHUIO U3

3akoHa ['ecca:

AH_ =AHZ? . +AH Y AHZY
X.p.

C,HOH crcoon — DM cpcooc, Hy
AH Ic;:g = (), TaK KaK BOJIa — 9TO BBICIINNA OKCHU/I.
[TocTaBUM YUCIEHHbIE 3HAUEHHS TEMIOT CTOPAHUS U3 TaOIUIIbI 6.2

AH, , = -1367 - 874 + 2254 = 13 x/Ix/mo,

Tak kak AH e 0, peakuus sHEOTEpMUYECKAs.

Io ypahennio peaxumn pearupyer 1 moms C,H.OH. Ilo ycrmouio 3amaun B
peakimio Berymuino 138 r C,H.OH, gro cocrasmser:

mc2H50H . 1382

n= =
Mg uon 462/ mone

=3 moun.

Torma KOJIM4eCTBO TEIJIa, MOTJIONEHHOTO B JAHHOW PEaKIUU:
Q=nAH, =313 =39 x/Ix.

CJ'ICI[CTBI/ISI u3 3akoHa ['ecca MNPUMCHAIOTCA TAKXKE TPH TCPMOXHUMUUYCCKHUX pacCuYCTaAxX

IJI1 ONMpEeACIICHUA TCIIOT O6pa3OBaHI/I$I WM CTOpaHUuA HUCXOAHBIX BCHICCTB WU IMPOAYKTOB

peaKIum.
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Ilpumep 4. BurauciauTe CTaHAAPTHYIO TEIJIOTY 00pa3oBaHHs OCH30J7a HAa OCHOBAaHUU

TEPMOXUMHUUYECKOI'O YPAaBHEHUS PEAKIIMH €0 CrOPaHMSL:

CeHg, + 7,50, =6CO,,, +3H,0,; AH,  =-3133 x/Dx/mMoib.

Pewenue. I1o nepBomy creactsuio u3 3akona ['ecca:

— 0oop. 06p. obp.
AH, , =3AH7 +6AH — AH

CeHe

op.
AH J" =0, Tak KaKk 9T0 IPOCTOE BENMECTBO. Bhipasum Temnory o6pazosanus Gensona:

obp. __ oop. oop.
AH" =3 AH +6- AHE — AH

CeHs x.p.t

[ToxcraBuM YMciIeHHBIE 3HAYEHUA U3 Ta0IULb! 6.1:
AHZ: = 6(-393) + 3-(-242) + 3133 = 49 Kli/mob.
Ilpumep 5. Bpluncnure CTaHIAPTHYIO TEIUIOTY CrOpaHUs aleTusIeHa C2H2 Ha

OCHOBAaHMHU TCPMOXHUMHUUCCKOI'0O YPAaBHCHUA:

C,H,, +CO,, +H,0,, — CH,=CHCOOH,, ; AH, , = -213 xJlx/Mors.

AKpUJIOBaA KHUCJIOTa

2(r) )

Pewenue. [1o BTOpOoMy ClIeICTBUIO U3 3aKOHa I'ecca:

_ czop czop ceop ceop
AH , =AH;, +AH.," +AH, ,—AH

C,H,COOH 1
C20,
roe AH Hzg =0.
OTcro/1a BHIPa3uM TEILIOTY CTOPAHHUS alleTHIICHA:

ceop __ _ caop ceop
AH., =AH , —AH.," +AH

C,H,COOH "
AHE? = -213 + 283 - 1370 = -1300 x/l/mos.

IIlpumep 5. PaccunTtaiiTe M3BMEHEHNE SHTPOIIUY IIPU CUHTE3€ aMMHUAKa.

JInst petieHus 3a/1auu 3anuiiieM ypaBHeHHE PEakilni B pacueTe Ha | MOJib aMMHaKa:
0,5N, +1,5H, =NH, ; ASXP. =? Jlorc| monw - K.

3HaK M3MCHCHUS OHTPOIIMU MOXHO YCTAHOBUTH IO KOJMYCCTBY MOJIb 1"83006pa3HBIX

BCIICCTB:

An=n_. -n_ =1-(05+15)=-1,

KOH.

Trac nKOH_ nun — KOJIMYECTBO MOJIb KOHCYHBIX M HMCXOJHBIX BCIICCTB, An — HU3MCHCHHC

HCX.

KOJIMYECTBA MOJIb Ia3000pa3HbIX BEUIECTB MPU PEAKIINU.
Iockonsky AN < 0, To B pe3ynbrare peakuuu GeCOPSNOK B CUCTEME YMEHBIIAETCS.

COOTBETCTBEHHO SHTPOIHUS PacCMaTPUBAEMOM CHUCTeMbI Takke yObiBaeT. IIpomsBenem pacuer

WU3MEHEHMs SHTPOIUH NIPH STON peaklMi B COOTBETCTBUHU CO CIIEACTBUEM U3 3aKoHa ['ecca:
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AS®, =S5, —0,5-8% ~15-S% .,

0
rac S — CTaHAAPTHBIC SHTPOIIMHU BEIICCTB.

HOI[CTaBI/IM HX YUCJIOBBIC 3BHAUYCHUA .
AS° =192,8-0,5191,6 - 1,5:130,6 = -98,9 Jlc/mons - K.

B uzonuposannoii cucmeme (npu omcymcmeuu o6MeHa dHepeuel U 6eujecmeom Cco
cpeooli) eo3pacmanue SHMPONUU ABNAEMC KpUumepuem Ccamonpou38oibH020 NPOMeEKaAHUs

peaxyuu. B TpuBeNIeHHOM NpHUMEpPE CaMOMNPOU3BOJIBHOE MPOTEKAHUE MPSIMOW pEeaKIUH

0
HEBO3MOXKHO, Tak Kak AS, " < 0. Kak M3BeCTHO, HampaBlICHHE IPOTEKAHMS XMMHYECKHUX
TIPOLIECCOB ONpENeNsIeTcs NeHCTBUEM IBYX (hakTOpoB: sHTambmuitHoro AH, o. (cTpemmenue

CUCTEMBl K MHUHUMYMY O3HEpPIHMHM) U JHTPOIUUHOIO ASX b (cTpemiieHHE K JOCTUKEHHIO

MaKCHUMAJIbHOI'O Xaoca). Onn O6’[>C,HI/IH$IIOTC$I H306apHO'I/ISOTepMI/I‘leCKI/IM IIOTCHOHUAJIOM:

AG,, =AH_, ~TAS,, @6

Kpumepuem camonpouszgonvHo2o npomexanus peakyuu seisgemcs YOwlib U300apHO—

U30MEPMUECKO20 NOMEHYUANA Apr < 0. Yem MeHble BeIHMUHHA Apr, TeM OOoJIbIIe

BCPOATHOCTL IPOTCKAHUSA XHUMHYECKOMN pCaKknuunu. Taxkum 06pasoM, C IMMOMOIIIBIO AGx.p. MOXHO

IPOTHO3UPOBATh BO3MOXKHOCTh XUMHUECKOTO IPEBPALLICHUS U /I€1aTh IPAKTUYECKHUE BBIBOJIBI.
Ilpumep 6. BO3MOXHO 1M COBMECTHOE XpaHEHHE Ha CKJIaJe STHICHIIUKOJIS
(anTH(dpU3HASA KUAKOCTD) U KAIMHHON cenuTpshl (ynoOpenue)?
W3BecTHO, YTO STWICHTJIHMKOIb, KAK M MHOTHE OpPraHMYECKHE BEIIECTBA, OOJagaeT

BoccranoBuTenbHbIME cBoiictBamu, a KNO, siBisiercst okncnmrenem. OueHnM, BO3MOXKHO JIn

IPOTEKaHWE peakUuu MeXAy OTUMHU BemlecTBaMu. OJUH K3 BO3MOXKHBIX BapHaHTOB
IPEBpAILECHHS 3alIUChIBAETCS CIIETYIOIUM 00pa3oM:
3C,H,0, + 10KNO, = 6CO, + 4H,0 + 10NO + 10KOH.
B cootBercTBHM CO cleAcTBMEM U3 3aKOHa ['ecca M300apHBI MOTEHLUA JaHHOTO
MIpPEBpaIeHHs] MOXKET OBITh BbIpaXK€H uepe3 M300apHble MOTEHIHAIbI 00pa30BaHMs Y4aCTHUKOB

MIpEeBpaLCHHUS:

AG,, =(6-AGYY +4-AG;”, +10-AGy7 +10-AG;Z, ) - (3-AGY, , +10-AGLY, ).

npeep

IloacTaBuM 4MCIIOBBIC 3HAYCHUS U3 Ta6HI/ILIBI 3:
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AG,  =6-(-394,6) + 4(-228,8) +10-80,6 +10-(-379,3) - (3-(-319,4)+10 - (-393,4)) =

npesp
=-1377,6 xJIx.

Tenepb BBIYHMCIIMM H3MCHCHHC I/I306apHOFO IIoTCHIHAaIa XHMHYSCKOM p€akKuuu B PacyCTC Ha 1

MOJIb OTUJICHT JTIMKOJIA:

AG,, =AG, .. N .0, =—1377,6 k/]oic/ 3 mone =—439,2 k/[orc [ mone.

npesp
Takomy n300apHOMY OTEHIHATY COOTBETCTBYET TEPMOXHUMHUYECKOE YPAaBHEHHE:

C,H,0, +%KNO3 = 2C0, +%HZO+%NO+%KOH; AG,, =?

Tabauya 4.3 — 3nauenus cmanOapmHvLIX NOMEHYUAN08 0OPA308AHUSL HEKOMOPLIX BEUeCE

AG° (k/oc/monv)

obpas.

Bewecmeo | AGO Bewe cmeo | A\G® .| Bewe AGY - Bewe AG?
obpas. obpas3. Ccmeo obpas. CcCmeo obpas.
LiH -68,7 SrH, -140 CHF, —644,7 C,oHs 201,0
NaH -33,6 Ba‘H2 -151 CHCIF, -429,4 HZO(F) —228,8
KH -34 Ca(OH)2 -899 CF4 —888,9 H ZO()K) -237,4
RDH | 276 | SrOH), | 876 | CCI,F, | 438 | H,0,, | 1205
LiOH —439 Ba(OH)2 —855 C2F4 —615,7 KNO3 -393,4
NaOH —-380 C02 -395 CZHGOZ -319,4 KCI —409,0
KOH -379 CH4 -50,8 C,H,(OH), 477 K|\/|n(_)4 —729,6
RbOH -374 CHSF -223,1 (:5H4(_)2 -112,5 |\/||']O2 -467,0
BeH2 +15,5 CHZO -110 C6H5C| 89,3 NO 80,6
CaH2 -138 CH 5 F2 —418,3 C,H.CH, 113,8

[Tony4yenHoe n3MeHeHHE N300apHOTO MOTEHIIMANIA PEAKIIUU MEHBIIIe, YeM U300apHbIe
MOTeHLIMa bl 00pa3oBaHMsI MHOTHX BemiecTB. [Io3ToMy mpoTekanue Takoil peakiiuy BecbMa
BepoATHO. OTCrOAa ClleyeT MPAaKTUYECKUM BBIBOJ: COBMECTHOE XPAHEHUE STHIICHIJIMKOJIS U
CEIUTPBI Hedonycmumo, Tak Kak MOXKET IPUBECTH K CAMOBO3TOPAHUIO.

Kpurepuit AGX_ » O wMmoxer OBIThb NpPUMEHEH M Ul AHAIN3a YCTOWYMBOCTH

XUMHNYECKUX CO@)II/IHGHI/Iﬁ Ha OCHOBaHHWHN BCIIMYHUH HX H306apHBIX IIOTCHIIMAJIOB O6pa3OBaHI/I$I.

YeMm MeHBbIIIE AGx.p. , TEM IIPOYHEC MOJICKYJIA.
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Ilpumep 7. Ha ocHOBaHMHU M300apHBIX MOTEHIIMAIOB 00pPa30BaHUS MOJICKYJ CIACIAlTe
BBIBOJ] 00 yCTOMYMBOCTH (PTOPIIPOM3BOAHBIX MOJIEKYII METAHA.

Beimumiem u3 tabiuiibl 4.3 n300apHbIe MOTEHIMAIBI 00pa30BaHus (TOPIIPOU3BOTHBIX:

CH, |-508
CH,F |-2231
CH,F, |-4183
CHF, |-6447
CF, —888,9

13 MNPpUBCACHHOI'O0 piaAda BUAHO, YTO C YBCIMYCHUCM KOJIMYECTBA ATOMOB Q)Topa

yeroitunBocTs Mosekyin Bospacraer. st monekyn CH, u CF, moxuo Bbruncints nsoGapHeie

norenumanst (Kowc/ monwv ) ceszeit AG =-13 u AG”Y =—-222,2 . Dro rosopur o

BbICOKOM mpounoctn cBssu C-F. B To ke BpeMsas B CMEmIaHHBIX TaJOr€HOBOJOPOJAAX
n300apHbBI MOTEHIMaN O00pa30BaHUS HE MOXXET OBITh pAcCYUTaH MIYyTEM CYMMHPOBAHUS

1300apHBIX OTEHIMAIOB CBsI3€il, YTO CBSI3aHO CO B3aUMHBIM OTTAJIKUBAaHUEM aTOMOB.

B nponecce xummdeckoro npespauterns Gpyrkumst AG ,. YOBIBACT 10 TEX IIOP, TOKa
HE HACTYIIUT COCTOSIHHE XMMHYECKOT0 PaBHOBECHS. B COCTOSHMM paBHOBECHS SHTAIBIIUNHBIN 1
SHTPONUMHBIA (QaKTOpPhl CpPaBHUBAIOTCS. YCIOBUEM XHMHUYECKOTO pPaBHOBECHUS SIBISETCS

pasenctso AG, =0, coorsercrayromee pasenctsy AH = TAS.

0 0
TaGmuunbie 3mauenns AH™ u AS OTHOCATCS K CTaHJApTHBIM  YCIOBHUSM

(T=298 K; P=101325T1Ia). dopmyna ans pacuera u300apHOTO MOTEHIHANA AGS

.p.

puoOpeTaeT BUA:

0o _ 0 0
AGx_p_—AHx_p_ TASx_p_ @.7)
Ora Qopmyna uMeeT NPUOMKEHHBIM XapakTep, HO TO3BOJIIET HAa OCHOBAHHUH
0 _
AG, » =0 paccunThIBaTH TEMIEPaTYpy, COOTBETCTBYIOLIYK) PABHOBECHOMY COCTOSHHUIO
CHCTEMBI:

AH°
Ty = 350 (4.8)

[Ipu ucnonp3oBaHUM 3TOW (GOPMYNBI HAJO0 MOMHHUTH, YTO PAa3MEPHOCTH TaOJIMYHBIX

3Hauenuii He cornacoBanbl: AH u3mepsercs B kJIx/Monb, a AS — B Jlx/Mons K. TosTomy 1pu
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" 0
MOJICTAHOBKE TAOJIMYHBIX 3HaueHwil 3Hauenwme AH nepeBoaAuTCcsS B J[K/MOJIB C TIOMOIIBIO
muOoKuTEIs 108,

I1pumep 8. Brrancnure n300apHble TOTSHIUAIBI U PEAKIIUN
2NO + 0, = 2NO,

npu Ttemmeparypax 600 — 1000 K, mocrpoiite rpapuk AG-T wu cnenaiite BeIBOL ©
HAIpPAaBJICHUU PeaKIUU IPU Pa3HbIX TeMIepaTypax.

3anumeM YpaBHCHHUE pC€aKIMU B CTAHAAPTHOM BHJIC:

2NO + 0O, =2NO,; AS, | =? [/ mons- K.

B cooTBeTcTBUM cO ciieacTBUEM U3 3akoHA ['ecca, BbIpa3uM MU3MEHEHHE SHTPONMHU IPU

XUMHYCECKOM peaKknun 4€pe3 SHTPOINU YHACTHUKOB PABHOBCCHUS:

AS, , = S,(\)IOZ ~Spo —%ng =240— 211—% -205=-73,5 /[orc| monw - K.

AHaNOrHYHO HalJIeM SHTAJIBIIHI0 XUMUYECKOI peaKiuu:
0 _ o0p. _ obp. __ _ —
AH, , =AH, —AH S =32 —90=-58 k/]ic/ mone.
HaHOMHI/IM, YTO TCIIJIOTHI 06pa3OBaHI/I$I IMPOCTBIX BCHICCTB MPHUHATHI PaBHBIMH HYJIIO
oop. _
(AH 0, =0).
Tenepp BBUHCIUM TEMIIEPATypy, IPH KOTOPOM JOCTUTAETCS TEPMOJMHAMHUYECKOE
paBHOBecHe:
3
—58-10

= =789 K.
pn =735

N306apHbIif mOTEHIMA IPU pa3HbIX TEMIIEpATypax paccyuTaeM 1o Gopmyse C y4yeToM

MHOKHTEIs 1073:

AG? =-58+73,5-10° k/Ix.

0
X.p.
Hockomeky AS < 0, To pynxmus AGS.p' =f(T) - Bospacraromas.

[loncraBnsisi 3HAUeHUs TeMIIEpaTyp M3 YCIOBUA IpUMeEpa, Haiem wu3o0apHbIe

NOTEHIMAIBI (K/[1c/MOb):
AGY, =-13,9; AG%, = -6,55; AGS, =0,8; AG, = 8,15; AG’,, = 15,5.

Ha ocHOBaHUM 3THX TaHHBIX CTPOUM IpaduK:

T,K 600 700 800 900 1000

AG? 139 6,55 0,8 8,15 155
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AG,kIx/Monb o

15
10 -
57 obpaTHan
Tpml PeaKiHA
0 / / T 7

I
600 700 800 %0 T,K
~57| npamax

peaKuHs

~10

Pucynok 4.1. I'paduk 3aBUCUMOCTH U3MEHEHHS H300apHOT0 MOTEHIIMATa

OT TCMIICPATYPbI

U3 rpadpuka cneayer, uro npu | < TpaBH_ npeoOyiagaeT mpsiMas peakius, Mpu

T>T,,. — obparnas. IlockombKy peakums ok3oTepmudeckas, To npu T <T

HAIIpaBJICHHOCTb PCaKIHUH OIIPCACIIACTCA HpeO6J'IaI[aHI/IeM BHTaHLHHﬁHOFO, (l)aKTOPa, a IIpu

T >TpaBH' — SHTpoOnuiHOTO (akTopa. OTMETUM, YTO HACTYIUIEHHE PABHOBECHS BO3MOYKHO

TOJIbKO TOT/Ia, Kor/a 3Haku usmenenus Gpynkuuit AH 1 AS onunakosbL.

ba30BeIil ypOBEHB
1. Beruncnute Temnory oOpa3oBaHus MOAYEPKHYTOIO B YPAaBHEHUM BEIIECTBA, UCXOMS

N3 TCPMOXUMHUUCCKOTO YPABHCHUA

No Ypaenenus peaxyuu AH, o OmBeI;’lbl
3adayu e o AH -
k/[oc | monw

1 |1)4NH, +50, =4NO + 6H,0,,, -1169 90
2) ANH, + 30, = 2N, +6H,0,,, -1530

2 1) 4As, +30,, =2As,0,, -1328 -925
2) A0y, + Oy = AS,0; -261

3 |1)CuCl,,, +Cu,,, =2CuCl,, -56 -136
2) Cuy,, + Cl,,, = CuCl,,, -216

4 |1)2pP, +3Cl,, =2PCl, -574 375
2) PCly,,, = PCl,,, +Cl,, 88
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-438 =277

116

5 [1)2Pb, +O
2) 2PbO,,,

2w = 2PbO,

=2PbO,, + O,

2. Paccumraiite TeruioBod 3(P¢eKT yKa3aHHOW peakIuu HCXOJs W3 CTaHIAPTHHIX

TCIIJIOT 06pa3OBaHI/I${. Brrancanre Takke KOIWYECTBO TEIIOTHI (Q), KOTOPOE€ BBIACIUTCA HUIIN

MOTJIOTUTCH, €CJIM B JAHHYIO PCAKIIUIO BCTYIIHUJIO mr IEpBOTO BCUICCTBA.

No Ypasnenus peaxyuu m, c Omeemul
3adauu Q, xdoclmons

6 | HS, +CO,, =H,0, +COS, 102 102

7 [s, +2C0,, =S0,, +2CO,, 64 538

8 CO,,, *+4H,, =CH,, +2H,0, 88 -332

9 | PCly, +H,0, =POCl,, +2HCI 836 ~680

10| 2NaHCO,,, = Na,CO,, +H,0, + CO, 252 96

3. Beruucnure temiaoBoi 3 PeKT ykazaHHON peakIy UCXOAs U3 CTAHIAPTHBIX TEIUIOT

CropaHus. Paccuuraiite KoImuecTBO TCIUIOTBI, KOTOPOC BBLIACIUTCA HJIM IOTJIOTUTCA, €CJIN B

JAaHHYI0 p€aKIUIO BCTYIIUIIO V ,Z[M3 IICpBOro rasa.

Ne Ypasnenus peaxyuu V, on® Omeemvl
3a0auu Q, xoclmons

1 2CH4(F) + OZ(r) = 2CO(F) + 4H2(r) 89,6 -140

121 2NH,,, +20,, =N,0, +3H,0, 67,2 -1045,5

I3 | C,H,,, +2C0,, =4CO,, +H,, 112 590

14 CH,, +CO,, =2CO, +2H,, 44,8 496

15| CHg(, + Hy,=2CH, 56 ~165

4. PaccuMTaiiTe CTaHAAPTHYIO TEIJIOTY 00pa30BaHUs MEPBOTO B YPaBHEHUHU BEIIECTBA

op.
HUCXO0Jd U3 NPUBECACHHOTO TCPMOXUMHUYCCKOT'O YPABHCHUA PCAKIIUN U JAHHBIX I1O AH o .

Ne 3a0ayu VYpasenenus peaxyuu AH %",
ki | monw
16 2A1,0,, +6S0,, +30,, =2Al,(S0,), ~1736
17 ANO,, + O, +2H,0,, =4HNO,, —232
18 2Mg(NO,),,, =2MgO,, +4NO,, + O, 510
19 2Cu0,, +4NO,, + 0, =2Cu(NO,),, 416
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20 NaZSO3(T) = Nazso4(T) + NaZS(T) e

5. Tlo naHHBIM TaGJHUIBI BEIYUCIMTE U3MEHEHHE M300apHOr0 MOTEHIMANA 00paTUMOiL
peakiuu npu Temneparypax: 800, 900, 1000 u 1100 K. Brlunciure Takxke Temieparypy,
IpU KOTOPOH OCYIIECTBISETCS paBHOBEcHE B cucTeMe. IlocTpoiiTe rpaduk 3aBUCHMOCTH
M300apHOro MOTEHLMATa OT TEMIIEPaTyphl M ClelaiiTe BHIBOAbI O HAIpPABJICHUH PEAKLUU MPH

pa3HbIX TEMIIEpaTypax.

Ne 3a0auu Obpamumas peakyus AH° AS°
x.p.! x.p.!
K/[orc/monw Jlorc/monv K
1. SOZ(F) + 0’502(r) = SO}(T) -99 -93
2. CO,,, +C,, =2CO,, +173 +176
3. CO(F) + H2(r) = C(T) + HZO(F) -132 -134
4. CH,, +H,O, =CO, +3H,, +207 +216
5. C(T) + 2H2(r) = CH4(F) —75 —-82
6. 3Fe,, +2CO, =Fe,C, +CO,, -149 155

[ToBbIIIEHHBIN YPOBEHb
1. Mcxons w3 ypaBHEHHs pEaKLUH, JalTe KaueCTBEHHYIO OIIEHKY M3 HM3MEHEHUs

SHTPOIIMU [PpAMOro Iponecca (y‘ITI/ITe arperaTHbIC COCTOSHUA YYAdCTHUKOB peaKI_II/II/I).
HCHOHBSYSI MOJIBHBIC OHTPOIIUHN I3TUX BCIICCTB, YKAXUTCEC, 6YI[€T JIK MPOTCKATh JaHHasd peaKIusd

CaMOIIPOU3BOJILHO B HSOJIPIpOBaHHOfI CHCTEMC.

Ypaeuenue peaxyuu Monbuble snmponuu, Omeem
Ne Lo/ monv K
3a0ayu 1 2 3 4 1 2 3 4 AS?
X.p.
L | NH,, +3/40,,, =3/2H,0,, + 1/2N,, | 192 [ 205 [ 189 | 192 [ 3375
2. KCIO,,, = KCl,, +3/20,,, 143 | 83 | 205 2475
3. 2C(r) + 3H,,, = C,H,, 74 | 131 | 229 -312
4. CH,,, +4Cl,, =CCl,, +4HCI | 186 | 223 | 215 | 187 | -115
5. | CgHgp + NH,,, = CH NH,, +H, | 173 | 192 | 191 | 131 | -43

Cnucok JuTepaTrypbl, peKOMEHAyeMblil K MCII0JIb30BAHUIO 110 JAHHOM Teme

OcHoBHas JuTepaTypa:

1. Koposun, H. B. O6mas xumus : yuebnuk / H. B. KopoBuHs. - 13-e u3zn., nepepab. u gor. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpumn.: c. 461. -
Bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. MuxamuHa, E. C. XuMus OKpyKaroIei cpesl : XUMUS )KUBBIX OpraHu3mMoB. Kypc neximii /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 37eKTPOHHBIN // DnekTpoHHo-0nOmoTeyHas cucrema IPR
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BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum noctyna: mis
aBTOPU3HP. MOJIb30BATENEH
JlonoIHUTeILHAS JTUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [Tox pen. A. Y. Epmakoga. - M3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METaJuIoB : yueOHOe mocobue (sl CTYJCHTOB XMMHYECKOTO (aKyIbTeTa
HalpaBJeHUN OaKaJaBpOB «XHUMHI» U « XUMUUYECKas TEXHOJIOTUs») / coctaButenu O. A.
["'onoBanoBa. — Omck : OMckuil rocyaapcTBeHHbI yHuBepcuTeT uM. @.M. JlocToeBckoro,
2015. —552c¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKkTpoHHbIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum mocryma: s
AaBTOPHU3UP. NIOJIH30BATENEH
HNuTepHeT-pecypces:

1 http://window.edu.ru/ — eauHoe OKHO JOCTyIa K 00pa30BaTeIbHBIM peCypcam

2 http://biblioclub.ru/ — 9BC «YHuBepcuteTckas OMOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBINM KaTaIOr aCCOLMALUN JICKTPOHHBIX OMOINOTEK
yueOHbIX 3aBefeHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe

Tema 5. O61Iue 3aKOHOMEPHOCTH MPOTEKAHUSI XUMUYECKHX MPOIECCOB.
IIpakTuyeckoe 3ansaTHe 5. CKOPOCTH XMMUYECKHUX peakiuii. XuMHYecKoe paBHOBeCHE
Heap 3aHaTHSA: YrIyOUTh W OOOOIIUTH TCOPETHUYECKHE 3HAHUS OOYYAIOIIUXCS O CKOPOCTH

XUMHUYECKON peakliy, 3aKpernuTh 3HaHHE (OpPMYJ BBIPAKEHUS CKOPOCTU pEaKLUH, HayuyUThCsS
BBIMOJIHATh pacueThl, HCHOJb3ysd JAaHHble ¢GopMmyisl. HayuuTbcs BBIBOJUTH KOHCTAHTY
XUMHYECKOIO0 PaBHOBECHS.

3HaHMA ¥ yMeHHUs, IpHo0peTaeMble CTYACHTOM B pe3yJIbTaTe 0CBOCHHUSI TeMbI
3HaTh: OCHOBBI CAMOOPraHM3ALMH U CaMOOOPa30BaHMUS;
3HaTh: CyIIHOCTH U 3HaYCHHE MH()OPMAIMU B Pa3BUTHH COBPEMEHHOTO O0IIECTBA; OCHOBBI ITOJIyYCHHS
1 00paboTKH MHPOPMAIMH U3 Pa3THYHBIX UICTOYHHKOB
3HaTh: pabOTHI IO PacUYeTy U MPOESKTUPOBAHUIO JIeTalleil U y3JI0B MAITMHOCTPOUTEIBHBIX
KOHCTPYKIMI B COOTBETCTBUHU C TEXHUYECKUMU 33JaHUSMH U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpPEACTB aBTOMAaTHU3alUH IIPOEKTUPOBAHUS
YMeTh: caMOCTOSATENIFHO CTPOUTH MIPOIIECC OBIaJeHUsI HH(popMannei, 0oTOOpaHHON
CTPYKTYPUPOBAHHOM AJIs BBIITOJTHEHHS TPOGECCHOHATIBHON IESITeIbHOCTH.
YMeTb: noiydarb 1 00padaThIBaTh HHOOPMALIUIO U3 Pa3IMYHBIX UCTOYHHKOB
VYmerb: MPUHUMATH YYacTHE B paboTax Mo pacyeTy U MPOESKTUPOBAHUIO JeTaliell U y3JI0B
MaIIUHOCTPOUTEIbHBIX KOHCTPYKIUN B COOTBETCTBUU C TEXHUYECKUMU 3aJaHUSAMU U
HCIIOJIb30BAHUEM CTAaHIAPTHBIX CPEICTB aBTOMATU3ALUU ITPOECKTUPOBAHUS

HaumenoBanue ¢GopMupyeMbIX KOMIETEHIIHHA

MNHunekc DopMyIHpOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3aAIMH U CaMOOOPa30BaHHIO
OIIK-4 MOHMMAaHHUEM CYLTHOCTHU U 3HAYeHUs HH(OPMALIUU B Pa3BUTUU

COBPEMEHHOT0 00IIeCTBa, CIIOCOOHOCTHIO MOTy4aTh U 00pabaThIBaTh
MH(OPMaLIMIO U3 Pa3IMYHbIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATD,
CTPYKTYPUPOBATh ¥ 0POPMIISATH HHOOPMAITHIO B JOCTYITHOM ISl APYTHX
BHUJIC
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IIK-5 CIOCOOHOCTBIO MMPUHUMATH YYacTHE B pab0Tax IO pacueTy
IIPOEKTUPOBAHUIO JETAIIEH U Y3JI0B MAIIMHOCTPOUTEIIbHBIX KOHCTPYKIIUH B
COOTBETCTBUU C TEXHUYECKUMH 3aJaHUSIMU U UCIIOJIb30BAHUEM
CTaHJIapTHBIX CPEACTB ABTOMATH3AI[UHN IPOEKTUPOBAHUS

AKTyalnbHOCTh TeMbl. Bce mporiecchbl, KOTOpble MPOUCXOAAT BOKPYT Hac U BHYTPH HAC,
UAYT ¢ IpeoOpa3oBaHUEeM YHEPTUU U, IPUUYEM C pa3HOM ckopocThio. Tak, mporece nepeaayn
HEPBHOI'O UMITYJIbCA COBEPIIAETCS B COTHIE JI0JIU CEKYH/IbI, IPOLIECCHl YCBOCHHUS MUILHU TPEOYIOT
HCCKOJIBKHX YaCOB, a MMPOLECCChI CTAPCHUA MOT'YT JJIMTHCA ACCATUIICTHA.

Bbonbiioe npaktuyeckoe 3HaY€HUE XUMUYECKOW KMHETUKH COCTOUT B TOM, YTO OHA
paspeniaeT onpeaesiTh, BO3MOXKEH WJIM HEBO3MOKEH TOT WJIM MHOM IPOLIECC, U B KAKUX
YCIIOBUSX OH Mpoucxoaut. [IpakTruueckoe 3HaueHue €€ 0YEBUAHO, TaK KaK, TOJIbKO 3Hask 3aKOHBI
KHHCETUKHN U MEXaHU3M peaKLII/If/'I MOKHO YHPaBJIATb XUMHUYCCKUMU IIPOLCCCaMU. O CKOPOCTH
XUMHUYECKON PEaKIMK 3aBUCHUT BBIXOJ] IPOIYKTOB, T.€. MPOU3BOAUTEIHHOCTh TPYAa U
arnmnaparypsl.

TeopeTuyeckas 4acTb

CkopocTh XMMHYECKHUX peaKuuii

VYpaBHeHMS] XMMMUECKHUX pEaKlui, XapaKTepu3ysi MHOTHE CTOPOHBI IPOLECCOB, HE
BCErJia JaroT MOJIHOE MPEACTABICHUE O CYIIIHOCTH MIPOUCXOAIINX MTPEBPaILeHUH.

HekoTtopple XMMHMYECKHE MpOLIECCHI, HANpUMEp, PEAKLHUHM PA3I0KEHHUsSI B3pPbIBUATHIX
BEIIIECTB, 3aKaHUMBAIOTCS B TEUCHHE JI0JeH CeKyH]pl. OueHb ObICTPO 3aKaHUYMBAIOTCS PEAKLHU
B3aMMOJICHCTBUS KUCIOT, LIeNo4Yed U coned B pacTBope. OpraHMYecKHE K€ COCIUHEHUS B
OOBIYHBIX YCIOBUSX B OOJBIIMHCTBE CIIy4aeB B3aHMMOACHUCTBYIOT MEXAy cOO0OH MeIIEeHHO.
Takum 00pazom, pa3HbIe pEaKIK COBEPIIAIOTCS B HEPABHBIC MPOMEXYTKH BPEMEHH, T.€. MOTYT
UATH C pa3IMYHOM CKOPOCThIO. [103TOMY HAa OCHOBAaHMM TOJIBKO YPAaBHEHUH OJTHUX XUMHUYECKUX
peakuuii Hellb3sl CyAUTh O CKOPOCTH Ipoliecca.

Xumuueckas KuHemuxa — 2mMO YueHue O CKOPOCMU XUMUUECKUX NpOYeccos, Uux
HANpasiIeHHOCMU U 0 PaKmopax Ha HUX GIUAIOUUX.

Lenp 1 337124 XUMHUYECKOM KMHETHKM — W3bICKAaHME ONTHMAJbHBIX [AapaMeTpoOB IS
IPOBEJCHUS XMUMHUYECKOIO CHHTE3a, a HMEHHO: oOecliedeHue MaKCHMalIbHOW CKOpPOCTH
npoiiecca, HauboJee parMoHaNIbHOE HCIIOIb30BAHNE ChIPbs U SHEPIrOPECYPCOB U JP.

VY CTaHOBIEHO, YTO HA CKOPOCTh XMMHUYECKHMX PEAKIUIl BIHAIOT MHOrO ()akTOpOB —
KOHIIGHTpalusi B3aMMOJICHCTBYIOIIMX BEIIECTB, TeMIlepaTypa Ipolecca, Haauuue (Wiu
OTCYTCTBHE) KaTajau3aTopa u Jip.

OKCIIEpUMEHTBI TIOKa3aj{, YTO YBEJIWYEHHE KOHLEHTPALMHM  B3aUMOJEHCTBYIOIIUX
BEIIECTB BBI3bIBAET YBEINUEHUE CKOPOCTH PEAKIIUH.

Ecin B 3akpeITOM cocyzAe NpU 3aJaHHOW TEMIIEpAaType pearupyroT [Ba BELIECTBA B
ra3000pa3HOM COCTOSTHUM WJIM B PacTBOpE

AC + BD < AD + BC,

TO CKOPOCTH 3TOH PEAKINH OINpeensercs yMeHbIICHHEM KOHIEHTPAIHMH (MOJb/IM’)
BemecTB AC u BD B enunuily BpeMeHu (CEKyHIy, MUHYTY, 4ac). Tak Kak ¢ TeYeHHUEM BPEMEHHU
KOHIEHTpAallUsl Ppearupyroliux BeLIeCTB IMaJaeT, TO 3aBHUCUMOCTb CKOPOCTH peakUuu OT
KOHIIEHTPALlMH MO>KHO BBIPA3UTh CIEAYIOIIUM 00pazoM:

v=—(AC/At) (5.1)
rie &2 — cxopocts npsivoit peaximu, AC - monspras KoHueHTpaIws, t — BpeMsL.
I'paduuecku 3Ta 3aBUCUMOCTh H300pa’keHa Ha pucyHke 5.1.
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Cif-----

Cof-----

ty tt ———
Puc. 5.1 3asucumocmo ckopocmu peaxyuu om epemenu
HOBOJ’IBHO PacIpoCTpaHCHbI PCAKIIMU THUIIA:
mA + nB—> ¢C, (5.2)

B KOTOpBIX Ha M MOHeKy.H BCIICCTBA A HpI/IXOZ[I/ITCH n MOHeKyJI BCIIECCTBA B, HpI/I 3TOM M
U N OOJIBLIE €IUHULIBL.

3KCH€pHMCHTaJH)HO YCTAHOBJICHO, YTO JIsI TAKOT'O IMponecca CKOPOCTh HpﬂMOﬁ pCaknuun
MOKET 6BITI> BbIpa’XC€Ha CJIICAYIOIIHUM O6paSOMZ

v=Kk[A*-[BYY, (5.3)

—

rae /C - KOHCTaHTa CKOPOCTH IIPAMOH PEaKIMK — BEITHYHMHA, PABHAS CKOPOCTH PEaKLlin
IpY KOHIEHTPAIHAX PEareHTOB PAaBHBIX €AMHHUIIE; 0OPATHO MPOMOPLUMOHAIBHAS BpEMEHH; X U Y
— HEKOTOpPBIE YUCIIA, OIPEEIeMble OIIBITHBIM IIyTEM.

Koncmanma ckopocmu 3aBUCHT OT TeX e (PaKTOPOB, UTO U CKOPOCTb JAHHOUN peakiuy,
HO He 3a8UCUM OM KOHYEHMPAayull peazupyrouux 6euecms.

KoHcTanTa ckopocTH XapakTepu3yeT pPEakLU [UIsl OINpEAETICHHBIX YCIOBUM —
memnepamypa, 0asnexue, Koauiecmso u Kayecmeo Kkamaiuzamopa U T.1. Paznuynble peakuuu
MO>KHO CPaBHUBATh TOJIBKO €CJIM OHU MPOTEKAIOT IIPH CTPOTO OJMHAKOBBIX YCIOBUSX.

VYpaBuenuss tuna (5.3), yCTaHABIMBAIOLIME S3KCIEPUMEHTAIBHO ONPEAEICHHYIO
3aBUCHUMOCTh CKOPOCTH pEaKIMHM OT KOHIIEHTpalMil pearupyromux BeUIeCTB, Ha3bIBAIOT
KUHeMU4eCKUMU YPAGHEHUAMU PeaKyull.

Kunernueckue ypaBHeHus peakiuil (5.3) sBISIOTCS MaTeMaTHYECKUM BBIpAKEHHEM
3aKOHA JEWCTBUS MacCc — OCHOBHOIO 3aKOHA XUMHUYECKOW KHUHETUKU: CKOPOCMb XUMUYECKOU
peakyuu nponopyUoOHAIbHA NPOU3BEOEHUI0 KOHYEHMPAyuli peasupyrouux 6eujecme 6 cmeneHu
HEeKOmopbIX yucel, onpeoensemvix skcnepumenmanvro (nepsas popmynuponka — H.W. beketos,
1865 r; 'ynmpabepr u Bare, 1867 1.).

Tonbko MHOTJa OKa3aTeNy CTENeHH KOHLEHTpAIMK sl JaHHOTO BemiecTBa (X, Y U 1p.)
B KUHETUYECKUX ypaBHEHUSX (5.3) coBmanaroT ¢ €ero CTEXMOMETPUUECKUM KO3 PUIreHTom (X =
M; Y =N ) B ypaBHeHUHU peakiuu. OOBIYHO 3TO BBINOJIHIETCS JUIS JIEMEHTApHBIX peakluil, T.e.
peaxkuil NpOXOAsIIUX B OHY CTaIHIO.

[TpumMepbl NPSAMBIX IEMEHTAPHBIX PEAKIIUMA:

NO + O — NO2;
H +Cl — HCI;
N2O4 — 2NO:.

Jns  Takux peakuuid CTeNeHM B KHHETHUECKHMX YPaBHEHHUSX COBIAAAIOT  CO
CTEXUOMETPUYECKUMU KOI(PPUIIMEHTaMU PeareHTOB B YPaBHEHUU PEaKIUH.

Ilokazamenvy cmenenu KOHYEHMpAyuu peasupyroujeco eewjecmed 6 KUHemu4yeckom
ypaeuneHuu peaxyuu (X, Y u 0p.) Hazvieaemcs nOpsaoOKoM peaxkyuu no OaHHomy eewecmsy. Tak,
Hanpumep, Ui peakuuu (6.1.2) mopsinok nmo BemecTBy 4 paBeH X, no B — Y. Ilopsnkom xe
peakiuu B 1esnoM (N) SBJIseTcs cyMMa MOPSAKOB MO KaKIOMY peareHty JJis JaHHOW peakilnd,
HanpuMmep, U1 peakuuu (6.1.2): n =X +y.
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Benuunnbl nopsika mo peareHtam (X, Y ¥ JIp.) U MO peakiuu B 1eJIoM (N) MOTYT OBITH
TOOBIMU  HEOONMBIUMHU TieibiMu uyuciaamMu (1, 2 u penko 3), paBHATHCS HYIIO WU OBITh
npoousiMu uncinamu (1/2, 2/3, 3/4 u np.). Hanpumep, 171t peakiiuy CHHTE3a BOJIBI

2H>(2) + O2(2) <> 2H20(2)

MOPSIOK PEAKIMU, B 3aBUCMMOCTH OT MapIHMajIbHBIX JaBJICHUH BOJOPOAA U KUCIOPOJa,
uMeet apobHoe 3HadeHue — 1, 0,5 u 0,7 (cM. Tabnumy 5.1).

Tabnuya 5.1 — 3asucumocms nopsioka peakyuu om NApYUAIbHLIX 0AGIeHUll KUCI0poOd U
6000p00a

p(Hy), ITa p(02), ITa Ban i;‘;f;:;;;mm Cf(‘)“;;gg}‘fﬁ

130 — 2600 26600 — 53300 v=kpj, PQ, 1
2600 — 8000 20000 — 53300 V= ka|2 pgf 0,5
8000 — 50600 1330 — 5300 V= kp&;1 pgf 0,7

Heo0XoauMbpIM  yCcJIOBHEM XHWMHYECKOTO B3aMMOJICHCTBHS SIBIISICTCSI CTOJKHOBEHHE
pearrupyroIuUx YaCTUIl — MOJIEKYJ, aTOMOB, HOHOB | JIp. B MOMEHT CTOJIKHOBEHHS 3JICKTPOHHBIC
o0Jaka peareHTOB CMEIIMBAIOTCs, 00pa3ys IPHU 3TOM HOBBIE CBS3H.

Yucno monexyn, 00HOBPEMEHHbIM G3AUMOOCUCEUEM MeNHCOY KOMOPbIMU 6 MOMEHM
CMONKHOBEHUSL ~ OCYUWeCmBNAemcss — aKm — XUMUYEeCKO20  NpeBpaujeHus,  Ha3bléaemcs
MONEKYISAPHOCMBIO PEaKyull.

Peaknum  ObIBatlOT MOHO-, OHM- ¥ TPHUMOJICKYISIDHBIMH. TpUMOJIEKYJISpHBIE U
TETPAMOJICKYJSIPHBIE PEAaKIMKA OuYeHb peAKd. W3BECTHBI JHIIb HECKOJIBKO IPHMEPOB
MEHTAMOJIEKYISIPHBIX PEeaKIIHA.

B wacTHOCTH, K MOHOMOJIEKYIISIPHBIM PEAKIUSIM OTHOCST PEAKIIUU PA3JIOKEHUS MOJIEKYJT
U BHYTPUMOJIEKYJISIPHBIX MEPEerpynnupOBOK, HAIPUMED, PEAKIIMIO Pa3IoKeHUsI MOJIEKYI HoJa:

l2(2) < 21(2).
KuneTtnueckoe ypaBHEHHE 3TOr0 Mpolecca UMEET MepBbIA NOPSII0K:
v =K[I2].
ITpumMepbl OUMOJIEKYIISPHBIX pPEeaKIUH:
2NO(2) <> N202(2); v = k[NOJ?

HBr(z) + H(e) < Hz2) + Br(e); v = K[HBr][H] — kunetndeckoe ypaBHEHHE BTOPOTO
HOpSIZIKA.

TpumonexymsipHas peakius:

Cla2) + 2NO(z) <> 2NOCI(2); v = K[CI2][NO]? — kuneTHdyeckoe ypaBHEHHE TPETHETO
Hopsi/IKa.

JInsi IpUBENEHHBIX PEaKIUi MOPSANOK M MOJEKYISPHOCTh PEaklIMi COBMHAJAOT, HO B
o0I11eM ClTyyae OHHM pa3IUyHBbI.

Tlopsiook peakyuu onpeodensiemcst MOJLEKYIAAPHOCMbIO CAMOU MEOIeHHOU CMaouu OaHHOU
peaxyuu.

Ecmu peakmust wmumer mo craausM, TO €€ TOPSAOK pPEaKkIWd MEHbIIe WIH PaBeH
MOJIEKYJISIPHOCTH peakiuu. Tak, HampuMep, MpH CUHTE3€ BOAbI (cM. Tabnuiy 5.1) npu nopsake

peakiuu paBHoMy eaunuie (N =1, U = l(p:|l_|2 pg ), peakuys — MOHOMOJIEKYJISIpHasi; Ipu N =
2

0 ,05 0,4 .,0,3
05 (V=K ), = : n=07W=Kp. P5)
( sz p02 ), peakuuss — MOHOMOJIEKYJISIpHAs; TpU ( sz p02 )

peakius — OGUMOJICKYIIIpHasl.
Ipumeuanue. HeoOX0IMMO MOMHUTH, YTO MOJICKYJISPHOCTh PEAKIMH, B OTIHYHE OT €
nopsiaka, Beeraa menoe uucio — 0, 1, 3.
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3axkon Oeticmgusi Mmacc cnpageonus8 MoOabKO Ol MOHO-, Ou- u pedce 0/
MPUMONEKYISAPHBIX PEAKYUIL.

[Tpu seMeHTapHO#N peakiui B CUCTEME IMPOTEKAET TOJBKO OJUH MPOLECC U YpPaBHEHHE
pEaKIMK PACKPHIBAET €r0 MEXaHW3M. DBOJBIIMHCTBO peakIHMid — CIOXKHBIC W TPEACTABIISIOT
co00i1 cyMMapHbIi pe3ybTaT HECKOJIBKUX 3JIEMEHTAPHBIX IIpoueccoB (AByx u Ooiee). [loaTomy
o0111ee CIIOKHBIX YpaBHEHUE PEAKIIMI HE OTPAXKAET X PEalIbHBIA MEXaHU3M.

Jna cnodxcuvix peakyuii 3aKOH OeUCMBUs MACC He NPUNONCUM 6 YElOM, d CHpPABedus
UMD K OMOENbHLIM €€ cmaousam Hebovwou monexyaapnocmu. Hampumep, oOiiee ypaBHEHHE
pEaKIMy UMEET BUJIL:

24+ B« C,

COTJIACHO KOTOPOMY SIBIISIETCS SIKOOBI TPUMOJEKYJIsipHOW. OMHAKO MpOTEKaeT B JBE
CTaJIuu:

1) A + B <> D — ouenw 6vicmpo;
2) D + 4 — C — meonenno.

24+ B < C.
Tak kak MOPSIOK PEaKIMU OMPEACIIACTCS MOJIEKYIIPHOCTHIO CaMOil MEJICHHOW CTaIuu
peakiu, TO JaHHas peakius — OMMOJIEKYJIIpHas W BTOporo mopsiaka. CiemxoBaTesbHO,

KMHETUYECKOE YPaBHEHHE ITOT0 B3aUMOCHCTBHS OyAeT UMETh BU:
v =K[A][B], a ne v = k[A]J?*[B].

N3 (5.1) cnemyet, 4TO0 CcKOpocmb peakyuu — GeIUUUHA OOPAMHO NPONOPUUOHATbHAL
8peMeHU.

BcenenctBue pasnuyHOM CKOPOCTH JBMKEHHSI MOJIEKYJ, OHM OO0JalaloT pPa3IdnyHOU
KMHETHYecKol sHepruei. Ilpu aToM KuHeTHueckas 3Heprus npsiMo NponoprroHaIbHa CKOPOCTH
JBUKCHHS] MOJICKYJIBL.

Mouekynbl, KOTOpbIe 00J1aaI0T BBICOKUM 3allacOM KMHETUYECKOW SHEPrUH, Ha3bIBAIOTCS
AKTUBHBIMHU.

Jlonoanumenvnyio snepauio, KOmopylo Ha0o cooowums MoNeKyIam Ol nepesooa ux
AKMueHoe COCMmOosiHUe, HA3bI8aloOm dSHepauel axkmueéayuy. XHUMHYECKas peakius MOXKET
MIPOU30UTH TOJIBKO MPH CTOJIKHOBEHUH aKTUBHBIX MOJIEKYIL.

Ckopocmb  xumuyeckou peakyuu HnpsamMo HPONOPYUOHANbHA YUCTY CMOAKHOBEHUU 8
eOUHUYY 8PEMEHU.

Ponp katanuzatopa, mpuMeHsieMOro Juisi MPOTEKaHUs AAHHOTO XMMHUYECKOIro Ipolecca,
3aKJII0YaeTcss B cleylomeM: |) B NOHWKEHUM SHEPruu akTuBauuu; 2) B oOecnedyeHuu
HEOOXOUMOI OpUEHTAIH Pearupyrouux YacTHII.

Bansinne TeMnepaTypbl Ha CKOPOCTh pPeaKI UM

C mNOBBILLIEHWEM TEMIEpPATypbl YBEIMYMBAETCS CKOPOCTh IBUKEHHUS MOJEKYIT M UX
KMHETHYecKasi SHepIrusi. AKTUBHOCTh MOJIEKYJ BO3PACTaET, U CKOPOCTh PEaKIMU YBEIUUYHUBAETCS.

3aBUCHMOCTh CKOPOCTHM PEaKIUU OT TEeMIEpPaTypbl OINpeAenseTcss MpaBwioM BaHT-
Todpda: mpu yseruuenuu memnepamypor na rasxcovie 10°C cxopocmsv peakyuu eospacmaem
npumepHo 6 2 pasa. JIns HEKOTOPBIX peaKkIuil CKOPOCTh BO3pacTaeT B 3 — 4 pa3a. DTO 3aBUCUT OT
MIPUPOJIBI pEaruPYIONINX BEIIECTB.

Yucno, nokasviearowee 60 CKOILKO pa3 YEeIudusaemcsi CKoOpocmv peaxkyuu npu
veenuuenuu memnepamypel Ha 10°C, Hasvieaemcs memnepamypHuiM Kodpduyuenmom u

obo3navaemcs )/ :

N3meHeHne cKopocTH peakiuu OT TeMIIepaTypbl MOXKET ObITh BBIUKCIEHO MO (popmyrie
Bant-T'odda:

-4
)
—2 =y 10 (5.4)
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rae Ut2 151 Utl — CKOpOCTH peaklUU Mpu Temieparypax 2 u {1 cCOOTBETCTBEHHO; Y —

TemreparypHslii koagduuuent Bant-I'odda.
CkopocTh peakiuu B reTeporeHHbIX cucremMax. Biausinue karaausaTopa Ha
CKOPOCTh XHMHUYECKHX peaKui

BemectBa, wu3MeHSIOIME ~ CKOPOCTh  XMMHYECKOrO  IIpoIecca,  Ha3bIBAIOTCA
Katanm3zaropamu. KaranmzatopamMu MOTYT OBbITH TBepAble, JKUIKAE U Tra3000pa3HbIe
BelecTBa. MI3MeHeHne CKOPOCTH XMMHYECKOH pEaKIHW IOJA BIMSHHUEM HPHUCYTCTBYIOIIETO B
CHCTEME ITOCTOPOHHETO BEILIECTBA, COCTaB M KOJIMUYECTBO KOTOPOIO K KOHILY PEaKIMH OCTAIOTCS
0e3 N3MEHEHHI, Ha3bIBAIOTCS KaTAJIN30M.

[Tpu roMOreHHOM KaTaju3e B3auMOAEHCTBYIONINE BELIECTBA U KAaTaN3aTOP COCTABISIOT
onHogasHyto cucteMy. [Ipu rereporeHHOM KaTajau3e pearupyroolire BellecTBa W KaTalnu3aTop
COCTaBIJIIIOT CHUCTEMY W3 HecKoibkux (a3. IIpm rereporeHHOM Karajau3e B TPHCYTCTBUU
HEOOJBIINX KOJMYECTB KAaTalu3aTopa MOTYT IPOpearupoBaTh OTHOCUTEIBHO OOJbIIHNE
KOJINYECTBA B3aWMOJICHCTBYIOMIMX BemIecTB. [Ipy rOMOTEHHOM KaTalM3e CKOPOCTh PEaKIIHU
NPaKTHYECKH POMOPIIMOHATBHA KOJTMYECTBY KaTalu3aTopa.

AKTHBHOCTB KaTaju3aTropa, a MHOT/AA M CIeUU(UIHOCTD UX IEHCTBHSA, B OONBIION Mepe
3aBUCHT OT TeMIIepaTypbl. J[is kaxmoro mporecca, CyIecTBYIOT ONpeIeIeHHbIE KaTall3aTophl,
4acTo MOJI0MPAEMBIE SKCIIEPUMEHTAILHBIM ITyTEM.

XuMHYecKoe paBHOBecHe
Bce xumuueckue peakiiuu MOXHO pa3eliuTh Ha JIBa THUIA: 00paTUMbIe U HeoOpaTHUMBbIE.
Mmuorue pPCaKkumn ABJIAIOTCA O6paTI/IMI)IMI/I, T.C. TAKUMH, IIPU KOTOPBIX O6pa30BaBHII/IeC$I
MPOJYKTHI B3aUMOJICUCTBYIOT MEX]y COOOH, MpeBpaIasch B UCXOJHbIEC BEIIECTBA.
OO6patumbie peakiiuyi OrPAaHUYEHBI OTIPECTICHHBIM MPEEIOM: OHU HE JOXOMAT JI0 KOHIIA.
OOmuit Buj ypaBHEHUS 00paTUMON peaKInu:

mA + nB<«>pC + gD. (5.5)

CKOpOCTI/I npsaMoro u O6paTHOFO MMpoOHeCCOB BbIPAKAIOTCA CICAYIOIIUMHA YPABHCHUSAMU:
v=k[A]"[B]" (5.6)
v =k[C]P[D]?. (5.7)

B MOMeHT ycTaHOBNIEHMS paBHOBECHUS IpsMasi U oOpaTHas peaklu He MpeKpalarTcs, a
MPOJOKAIOT MPOTEKATh B TPOTUBOIIOJI0KHOM HAIIPABJIEHUN C PABHBIMH CKOPOCTSIMH.
I'paduuecku 310 MOXKET OBITH TakK, Kak MOKa3aHO Ha pUCYHKe 5.1.

UA

L2

Pucynox 5.1
3asucumocmo npsamou u t
00pamHoll peakyuii om 8pemeHu

v

Ecnu cxopoctu mpsiMoit U oOpaTHOW peakiuii paBHBI (Vmp = Voop. — MATEMaTHUYECKOE
yCIIOBUE XHUMHYECKOTO pPaBHOBECHSA) , TO NpaBble uyacTH  ypaBHeHud (5.6) u (5.7), ux
BBIPAXKAIOIINX, TAK)KE PaBHBI:

K[AI"[B]" = k[C]P[D]". 69

Ha ocHoBaHuu 3T0OT0 CHOPMYIUPOBAHO MOJIOKECHHE, HA3BAHHOE 3aKOHOM JICHCTBUS Macc
(BTOpast GOpMYITUPOBKA): 8 MOMEHM PABHOBECUS NPOU3BEOCHUE KOHYESHMPAYULl Oeticm8youux

115



MACC UCXOOHBIX GeujeCms HA KOHCMAHMY CKOPOCMU NPAMOU pPeakyuu paeHo NpOouU36eo0eHuio
KOHYenmpayuti  0eticmeyrowux Macc 00pazyiouuxcs eujecms Ha KOHCMAHMY CKOPOCMU
00pamHoll peakyuu.

N3 ypaBuenus (5.8) cienyeT, 4To

E/E::EZHIEH?, (5.9)
[A]"[B]"
OTHOH_IGHI/IG ;[Byx IIOCTOAHHBIX BCJIIMYHMH €CTh BCJIIMYHMHA ITIOCTOSIHHAsA, CJICA0BATCIIbHO:
WR=KP=Eﬂﬂ9E. (5.10)
[A]"[B]"

KoncranToif xumuyeckoro paBHoBecusi KP Ha3bIBae€TCS OTHOLICHHE MPOU3BEACHUS
PaBHOBECHBIX  KOHIEHTpallMid MPOAYKTOB peakUWd K IPOU3BEACHUIO PABHOBECHBIX
KOHIICHTPALUI NCXOAHBIX BEIIECTB, B CTETIEHU X CTEXHOMETPHUIECKUX KO PHUIIMECHTOB.

KP BbIpakaeT 3akoH ACMCTBUS MacC /U PABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
pasHogecusi He 3a8Ucum Om KOHYEHMPAyuu peazeHmos, HO 3a8UCUm Oom memnepamypul u om
nPUPOOLL Peazupyrouux euecma.

B MOoMeHT xuMHUecKoTro paBHOBecHs U3MeHEeHHEe dHepruu [ mboca He mpoucxoaut — AG
= 0. KoncranTa xumudeckoro paBHoBecHs cBsi3aHa ¢ AG COOTHOIIEHUEM:

AG? = —RT InKP (5.11)

VuauteiBast, uyto InKP =2303 IgKP u R = 8,314 [Ix/K-monp ypaBHenue (5.12)
npeoOpa3yeTcst 10 BUJIA:

AG®=-19,14 T IgKP (5.13)

[Tonmp3ysick ypaBHEHHWEM  KOHCTAHTBHl PABHOBECHS, MOXKHO YIPABIATh XUMHUYECKUM
MPOLIECCOM, YTO BaKHO B TEXHOJIOTMUYECKUX LIETISX.

Ecnu B paBHOBecHOit cucteme MA + nB<«>pC + gD yBenuuuth KOHIEHTpaLUO A, TO B
cootHowieHUH (7.1.6) mnst KP, nOJKeH YBENUYMTHCS UYUCIMTENb WIM YMEHBIIUTHCS BTOPOM
COMHOXHTEIb 3HAMEHATEJs, T.€. BeNU4YHHA [B]. DT0 MOXET MPOU30iTH B pe3yabTaTe CMEIIECHUs
paBHOBECHS ClieBa HAIPaBO, TPUBOIAMIETO K OOpPa30BaHUIO HOBBIX KOJHWYECTB MPOIYKTOB
peakiuu — C u D.

Takum 00pazom, TPy YCTaHOBHBIIEMCSI HOBOM COCTOSIHMM PaBHOBECHS, KOHIIEHTPAIUU
BCEX YEThIpeX BEIIECTB, MO CPaBHEHUIO C MEPBOHAYAIBHBIMU, OKAXYTCS HM3MEHHBIIMMUCSA, a
3HaYeHHE KOHCTAHTHI pABHOBECHUS] HE M3MEHUTCS.

CnenoBatenbHO, MJii CMEIICHHWS pPaBHOBECHS CjeBa HampaBo HEOOXOJWMO WU
YBEIMYNATh KOHIEHTPAIMIO OJHOTO M3 MCXOJHBIX BEHIECTB, MJIM YMEHBIIUTH KOHIIEHTPAIIHIO
OJIHOTO U3 MPOAYKTOB PEAKIIHH.

C momomIbio BBIPQKEHUS KOHCTAHTHI PAaBHOBECHS MOXKHO ONPEEINSATh KOHICHTPALUU
BEIIECTB B MOMEHT PaBHOBECHsI, a €CIM H3BECTHBI 3HaueHUs K’ M HUCXOJHBIE KOHIIEHTPALUU
BEIIECTB, TO MOKHO OTIPE/ICIUTh UX PABHOBECHBIE KOHIICHTPAIIHH.

Ecnu McxoHyr0 KOHIIEHTpauuio BemecTBa A 0003HauuTh uepe3 Co(A), a yuCcIo MOk

€Tro, MpopcarupoBaBUINX K MOMCHTY PAaBHOBCCH:, UCPEC3 A C(A), TO MOJIIpHAsA KOHLCHTpALus B
MOMCHT PaBHOBECHUA OIPCACIUTCA TaK:

[A] = Co(A) — A C).

PaBHOBecHe B TeTEpOTreHHBIX CHCTEMAax OIPENENIeTCsl TOJNBKO Ta30BOM MM SKUAKON
(a30ii, T.K. KOHIICHTPAIIUHN TBEP/IBIX BEIIECTB HE BXOASAT B YPaBHEHHUE JUISI CKOPOCTH PEAKIINH.

HanpaBnenue cMelieHuss paBHOBECHUS CHCTEMBbl INpU HM3MEHEHHMH KOHIEHTpAIUH,
TEeMIIepaTyphl WIH JaBJIeHUs onpeaensercs npuauunoM Jle Hlarense:

«Ecnu na oopamumyio cucmemy, HaxX00AWYIOCA 6 NOOBUNHCHOM COCHOAHUU, OKA3AMb
U36He KaKoe — 1ubo eo3oelicmeue, mo cucmema omeeyaem cmeuieHuem pasHoeecus maxKum
00pazom, umoowvl ocnadume IMo 6030elicmeue».

Bonpocel 1 3aganus
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3amaua 1. Peakuus pasznoxxkeHust okcuaa aszora (+5), mporekaromias Mo ypaBHEHUIO
obmero Buma 2N20s(2) «» 4NO2(2) + Oz(2), mpoTekaeT B 1BE CTaIUU:

1) N2Os(2) <> N2O3(2) + Oz(2) — meonenno;
2) N2Os(2) + N2O3(2) «> 4NO2(2) — 6bicmpo.

Omnpexnenute NOPSIO0K U MOJIEKYISIPHOCTH 3TOTO TpoIIecca.

Pemenue. 13 ycnoBuii 3aauu ciefyeT, YTO CKOPOCTh PEAKIUH, B IIEJIOM, ONpeAesieTcs
nepBoi cTaauel mporecca. Mtak, CKopocTh peakiuu mpornopiimoHanbaa KoHieHTpauu N2Os(r),
T.€. IPOILIECC PA3JIOKEHUS OKCUa a30Ta (+5) — peakius NepBoro MopsaKa, MOHOMOJIEKYJIpHasI.

3anaga 2. Beruucnnute 3Ha4eHUE KOHCTAHTHI CKOPOCTH TIPU HEKOTOPOH TeMIepaType s
sneMeHTapHoii peakuun C(z) + D(z) <> B(z), eciu npu xonnentparmsx [C] = 0,04 mons/mv® u
[D] = 0,05 mons/aM® cKOpOCTh peakiuu cocTaBuna v = 3,2-107%,

Pemenne: Tak kak peakiusi dJIeMEHTapHas, TO YpaBHEHHE pEaKIHH OTpaxaer e¢
MEXaHH3M — 3TO PEAKIHsl BTOPOTO IMOPSJIKA, T.e. KHHETHMYECKOE ypaBHEHHE 3TOTO Ipoliecca
OyIeT uMeTh BUJ:

v 32-10%
[C][D] 0,04-0,05

= k[C] [D], omciooa K = ,
3amaua 3. [{ns peakiuu B ra3oBou (aze
24 + 3B <> A2B3
MOJIy9YeHHAsI 3aBUCHMOCTh €€ CKOPOCTH OT KOHIICHTpAI[MM PEarcHTOB IPECTABIICHA B
Tabymue 6.2.1.

Tabnuya 5.2. 3asucumocms CKOpOCMU peakyuu 0m KOHYEHMpayuu peazeHmos

Konnenrpanus, MOJTB/ M

BemecTBo 4 0,20 0,40 0,50 0,60 1,20 0,20

BemectBo B 0,20 0,40 0,20 0,80 0,80 1,00

CKopocCTh peakiui, MOHB/(Z[M3'MPIH) 032 064 032 128 128 160

KakoB nopsinok peakuuun? Beramciure KoHCTaHTY ckopocTd. Kak M3MEHHTCS CKOPOCTB
PEaKIMU MPH YBEJIIMYCHUH JaBJICHUS B JiBa pa3a’

Pewenue:

1. Jlna HaxoXaeHUs NOpsAKa pPEaKkUHUH NPeXkIe BCEro HaJA0 HAWTH KUHETUYECKOe

ypaBHEHHE [UIi JTOH CIOXKHOW XHMHUYecKod peakuuu. [Ipm 3TOM HeoOXomumo

MPOTECTUPOBATh YPABHEHHUS CIICAYFOIIMX THITOB:

1) mepsoro nopsaka — v = k/A4]; v =Kk/BJ;

2) Broporo nopsiaka — v = K[A][B]; v = k[A]?; v = k[B]?;

3) Tpertbero nopsaka — v = K/AJ?[B]; v = k[A] [B]?.

2 Kunernmueckoe ypaBHEHHE OYJET COOTBETCTBOBATh JCHCTBHTEIBHOMY MEXaHH3MY
pEaKIK, eCJIM BBIYMCICHHOE W3 HEro 3HAYCHHWE KOHCTAHTBl CKOPOCTH pEaKIuu OyneT
OJTMHAKOBBIM (MJIM TPUMEPHO OJWHAKOBBIM, C YYETOM TIOTPEIIHOCTH H3MEPEHHS B XOJC
IKCIEPUMEHTA).

3 TectupoBaHue ypaBHEHHUS MEPBOTO Mopsiika Buma v = K/AJ:

1) nnist mepBoi poOsl Ky = s % =16;
[A;, 0,20
2) niist BTopoit mpoosl Ky = P2 064 =16,
[Al, 0,40
2
3) st TpeTbeit mpobsl K3 = [:—i = % =0,

Tak kak 3Ha4YCHHE KOHCTAHTHI CKOPOCTHU HC OJUHAKOBBI IJIsI MCCICOOBAHHBIX Hp06, TO

KHHETHYECKOE YPaBHEHHE IEPBOr0 mopsaka Buga v = K/A] He COOTBETCTBYET MEXaHH3MY
JTAHHOW peaKLH.
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TecTupoBaHue ypaBHEHHs TIEPBOTO Mopsiaka Buaa v = K/BJ:

1) st mepBo# mpoOsl Ky = e - 032 =16;
[B]; 0,20
2) st BTopoit mpoOsl Ky = Y2 _ 064 =16;
[B], 0,40
3) s TpeTbeit mpoosl K3 = Y3 _ 032 =16;
[Bls 0,20
4) muist yetBepTOit IPoObI Ky = o4 _ 128 =16;
[Bls 0,80
5) nust nsToit mpoOkl Kg = 9 128 =16;
[B]ls 0,80
6) s mectoii mpoos! Kg = 6 _ 160 =16.
[Ble 1,00

WTak, KHHETHYECKOE YpaBHEHHE JaHHOW peakuuu: v = K/BJ; KOHCTaHTa CKOpoCcTH — K =
1,6.
4 YBenuueHHe AaBJICHNs B CHCTEME B JiBa pa3a MOBBICUT KOHIICHTPAIIUH pearcHToB 4 u B
TOKE B JIBa pasa, 4TO NMPHUBEAET B BO3PACTAHUIO CKOPOCTH PEAKIUH TAKXKe B JBa paza. ITO
MOYKHO TIOJITBEPAUTH PACUCTOM:
vy _ 2K[B] _ 5
vy K[B]
3amagad Ha cKkoIbKO HAZ0 TOBBICUTH TEMIIEPATYPY, YTOOBI CKOPOCTh PEAKIIMU BO3POCIIA
B 50 pa3 (y =2,3)?

Pemenne
Pacuer nposeném no popmyne Bant-I'odda:
U, b=t -4
l _ 10 Yty . oa _ 10
=y ,rne —==50; y=2,3; orcrona50 = 2,3
Ut Utl

1
[Iponorapudmupyem 06e yacTH MOITYYEHHOTO PaBEHCTBA:
-4
lg 2,3 = Ig 50
10 g g
¥ TIocJie ero pemmenus momyanm At = 47 °C.
Otget: UT0OBI CKOPOCTH peakiiy Bo3pocia B 50 pa3 HaJ 0 MOBBICUTH TeMIepaTypy Ha 47

oC
3anaua 5. [Ipu 393 K peakuus 3akanuuBaercs 3a 10 MUHYT. 3a CKOJIBKO MUHYT 3Ta peakLus
3akoHumTcs npu 363 K (y =3,0)?
Pemenue
Kak u3BecTHO, 4TO MEXIy CKOPOCTHIO XUMUYECKOW peakiuu U e€ MpoA0KUTEIbHOCTHIO
CylIecTBYeT 00paTHO MPONOPIMOHAIIbHAS 3aBUCUMOCTb!
v
b _n

)

19)
t
IJIe T1 U T2 — BpeMs IPOTeKaHMs PeaKI[uU pK TeMIeparypax t1 u t COOTBETCTBEHHO.

CnenoBatenbHo, ypaBHeHUE (7.2.2.1) MOXKHO 3aMucaTh B CIEAYIOIIEM BUJE:

&)

tr -ty
4
=y 10
72

OTKyzia
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ty—t 393-363
=15y 10 =10.3 10 =270 mun.
OtBert: nipu Temnepatrype 363 K sta peakius 3akaHuuBaercs 3a 270 MUHYT

bazoBblii ypoBEHB
3amaua 1 OmnpenenuTe M3MEHEHHE CKOPOCTH MPSIMBIX JJIEMEHTAPHBIX Ta30BBIX PEaKITUil
MIpU YBEJIMYEHUS JJABJICHUS B JIBA pa3a:
)H, + 0 — H + OH; 2)Cl+ H— HCI;
3) 2NO + Cl, — 2NOCI; 4) NO + O — NO..
JImsi  KaKI0oW peakiuu ONPEACNIUTEe TOPSAIOK W MOJEKYISIPHOCTh M HAIMIIWTE
KHHETHUYECKOE YpaBHEHUE.
3amaau 2 Pe3ynbTaThl HM3ydeHHs] CKOPOCTH pEaKIMU MEXIy BemecTBaMu A u B
IpeJcTaBiIeHbl B Ta0nuie 5.3.
Tabauya 5.3 3asucumocms cKOpocmu peaxyuu Om KOHYEHMpayuu pedzeHmos
Konuenrpanus, MOJIB/IM®
BemectBo 4 0,10 0,20 0,20 0,10
BemectBo B 0,10 0,10 0,20 0,05
CKOpOCTh peaKiuy, MOJH)/(I[MS-MI/IH) 0,004 0,016 0,016 0,004
KaxoB nopsiiok u MOJIEKyIIpHOCTh peakiuu? BeraucinTe KOHCTAaHTY CKOPOCTH.
3amaua 3 Ilpu yBenuyeHHu KOHILEHTpalmu BemecTBa 4 B 1,6 pa3za CKOPOCTh peakiuu
Bo3pacrtaeT B 2,93 pasza. KakoB nopsiaok peakuuu 1o BemiectBy A? OtBet: na = 1,83.
3amaua 4. CocTaBbTe BBIpRXEHHE JUIsI KOHCTAHTHl PABHOBECHsSI TOMOT'E€HHOTO IpoIiecca,
OIKCHIBAEMOTO YPABHEHHEM:

AHCI + 0y <> 2H,0 + 2Cl,

3anava 5. /]ist paBHOBECHOM ra3000pa3HON CUCTEMBbI
CO+H20 <> COy +Ho k7 = 1,0 (mpu 830 °C).

Onpenenute KOHIEHTPAIIMM BCEX BEIIECTB B MOMEHT pAaBHOBECHS, €CIIM HadalbHas
kornenTpamus Co(CO) = 2 mons/mm® u Co(H20) = 3 Moms/mm®.

3anava 6 Kak n3MeHHUTCS CKOPOCTh pEeaKIMU

2H28 +302 <> 2802 + 2H20 )

€CJIM KOHIIEHTpallMM BCEX ra3oB YBEIMUUTh B Tpu pa3a? B cTopoHy mpsmoil uiam oOpaTHOI
PEaKIMK CMECTUTCSI XUMUYECKOe paBHOBecHE?

I1oBBIIIEHHBIN YPOBEHb

3amaua 1 Peakumst mpoxoauT B Ta30Bo ¢ase:
A+2B+D e C

[Ipn yBenuueHMM KOHUEHTpAMU peareHTa 4 B 2 pa3a CKOPOCTh PEaKLIHUH BO3pocia B 2
paza. [Ipu yBeIM4YeHUN KOHIIEHTPALIMKM peareHTa B B 2 pa3a CKOPOCTh peaKuu HE U3MEHUIACh.
[Ipu yBenuuenuu KoHIeHTpanuu pearedta D B 2 pa3za ckopocTh peakiiuu Bo3pociia B 4 pasa.

Kak BeIIauT KMHETHYECKOE YpaBHEHHE 3TOM peakimu? Kak n3MeHHUTCsl CKOPOCTh PeaKiy Mpu
YBEJIMYEHUH 00IIETO JaBiieHus B 3 paza? OTBET: CKOPOCTh PEaKI|H MPH YBEIIMUSHUH OOIIETO JaBIICHUS B
3 paza Bo3pacrer B 27 pas.

3amaua 2 Tlpm 25 °C KoHCTaHTa CKOPOCTH PeakIiH B Ta30Boil dase

N204 <« 2NO2
HMEET CIIEAYIOIINE 3HAYEHUS:
P,Tla 21590 34660 89040
K(yci. equHUIIBI) 4,4 4,8 6,0.

IloueMy KOHCTaHTa CKOPOCTH BO3pacTaeT Ipu yBeJIWYeHUM pAaBieHus? Ilouemy
KOHCTaHTa CKOPOCTH Ha3BaHA KOHCTAHTOM, €CIIM OHA 3aBUCUT OT JABJICHUA?
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3anaua 3. B KakoM HarpaBJIEHHMH CMECTUTCS PABHOBECUE PEAKIMH
4HCI + 02 <> 2H 20 + 2C|2 , AHOx_p_ =—] 14’42 KI[)I(/MOHB,

ecnu: 1) MOBBICUTH KOHUEHTpamuioo (2; 2) yBeIWYUTh KOHLEHTpauuio H20; 3) NmOHU3UTH
naBinenue; 4) moBbicuTh Temmeparypy Ha S50 °C (TemmeparypHblii K03(Q(UIHEHT mpsMoil
PEAKIMHU Yrp = 2, @ Yoop. = 3)?

Cnucok JuTepaTrypbl, peKOMEHAyeMblil K UCII0JIb30BAHUIO 110 JAHHOH TeMe

OcHoBHas JuTepaTypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBuHs. - 13-e u3zn., nepepad. u gor. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - [Ipuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxamuna, E. C. XuMus okpy>karomiei cpe/ibl : XUMHUS )KUBBIX oprann3mMoB. Kypc nexumii /
E. C. Muxanuna, A. JI. [lerenmun. — M. : Uzparensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : yeKTpOHHBIH // DnekTpoHHO-0nbanoreynas cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocryna: mis
aBTOPHU3HP. MMOIb30BATENEH
JlonoJIHUTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pen. A. . Epmakoga. - M3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XUMHS METaJUIOB : ydeOHOe mocodue (IS CTYICHTOB XMMHYECKOTO (aKyIbTeTa
HanpaBlieHU# O0akanaBpoB «XUMHSI» U «XUMHUYECKas TEXHOIOTHs») / cocTaBuTenu O. A.
["onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbI yHUBepcuTeT uM. @.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKkTpoHHBIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum moctyma: s
aBTOPU3HUP. OJIB30BATENIEH
HNurepuer-pecypcesl:

1 http://window.edu.ru/ — eauHoe OKHO JOCTYyIa K 00pa30BaTeIbHBIM Pecypcam

2 http://biblioclub.ru/ — DBC «YHuBepcuTeTckast OMOIHOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 37eKTPOHHBIH KaTaJOT ACCOMMAIIMH dJICKTPOHHBIX OUOIHOTEK
yueOHbIX 3aBefieHni u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 3BC.

5 https://openedu.ru — OTkpeiToe 00pa3zoBaHue

Tema 6. PacTBopsbI
IIpakTnuyeckoe 3ansitue 6. PacTBopbl. Cioco0bl BIPasKeHU KOHIEHTPALUH
pacTBOpoOB. PacTBOpHI 3JIeKTPOJIUTOB. PAaCTBOPHI HEJIEKTPOJIUTOB

Heap 3ansiTusi: QopmupoBaHue 0a30BBIX 3HAHMM O croco0ax oOINpeAeseHUs] CBONCTB U
KOHIIEHTpAllUi pacCTBOPOB U HABBIKOB MPOBEJICHUS PACUETOB.

3HaHus U yMEeHUs, IpUuodpeTaeMble CTYJIEHTOM B pPe3yJIbTaTe 0CBOEHHSI TeMbl
3HaTh: OCHOBBI CAMOOPTaHU3ALMH U CaMOOOPa30BaHHUS;
3HaTh: CyIIHOCThH M 3HaUYEHHE MH(OPMALMY B Pa3BUTHH COBPEMEHHOTO OOIIIECTBA; OCHOBHI TIOJTYUICHHS
1 00paboTKH MH(OPMAITUH U3 PA3TMYHBIX HCTOYHUKOB
3uaTh: PabOTHI MO pacyeTy ¥ MPOSKTHPOBAHUIO JIETAJIEH U y3JI0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKIMI B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSMH U UCITOJIb30BaHUEM CTaHAAPTHBIX
CpeACTB aBTOMATU3alUU IPOEKTUPOBAHUS
YMeTb: CaMOCTOSTEIFHO CTPOUTH IMPOIIECC OBIAICHUI HHPOPMAIUEH, 0TOOpaHHOH 1
CTPYKTYPUPOBAHHOM JJIs1 BRITIOTHEHUSI TPOPECCUOHATLHON JIEATSITLHOCTH.
YMmern: momydaTh 1 00padaThIBaTh HHPOPMALIUIO U3 PA3TIMYHBIX HCTOYHUKOB
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VYMmerh: NMPUHUMATH YUacTHE B pabOTaxX MO pacyeTy U NPOSKTHPOBAHUIO JAETANICH U y3JI0B

MAaIIMHOCTPOUTENIBHBIX KOHCTPYKIMHI B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSAMU U

HCIIOJIb30BAaHUEM CTAHJIAPTHBIX CPEICTB ABTOMATU3ALUH IPOCKTUPOBAHUS
HaumenoBanue ¢GopMHpyeMbIX KOMIIETSHLIUH

Mupekc DopMynHpOBKa:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3alUHA U CaMOOOpPa30BaHHIO
OIIK-4 MOHUMAaHHUEM CYLTHOCTHU U 3HAYeHUs HH(OPMALIUU B Pa3BUTUU

COBPEMEHHOT0 00IIEeCTBa, CIIOCOOHOCTHIO MOTy4aTh U 00pabaThIBaTh
UH(OPMALHIO U3 PA3IMYHBIX HCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETHPOBATH,
CTPYKTYPUPOBATh ¥ 0POPMIISATH HHOOPMAITHIO B JOCTYITHOM ISl APYTHX
BUJIC

IIK-5 CHOCOOHOCTBIO MPUHUMATH y4acTHe B paboTax 1o pacueTy
POEKTUPOBAHUIO JIETAJCH U y3JI0B MAITMHOCTPOUTEIBHBIX KOHCTPYKIINH B
COOTBETCTBUH C TEXHUYECKUMHU 33/IaHUSIMH U MCTIOJIb30BaHUEM
CTaHJaPTHBIX CPEACTB aBTOMATH3ALIUHU TPOCKTHPOBAHHUS

AkrtyanbHOCTh TeMbl. COBpEMEHHAsE MOJIEKYJIIpHAsh TEOpUS PacTBOPOB IPEICTABIISAET
co00i1  OOIMMPHYIO, HWHTEHCUBHO pa3BUBAIONIYIOCA O00JIAcCTh MOJEKYJISAPHOM  (PHU3UKH.
MounekynsipHas TEOpHsI KHUAKUX PacCTBOPOB OIUPAETCS HA TEOPUIO YHUCTBIX OJHOKOMIIOHEHTHBIX
KUAKOCTEH M TEOPUI0 MEXMOJEKYISIPHBIX CHI. PacTBOpBI 3IEKTPOIUTOB - OCOOBIN Kiacc
KOHJCHCUPOBAHHBIX HMOHHO-MOJIEKYJIIPHBIX CHCTEM. Ype3BbluaiiHas CIOXHOCTb H3Yy4aeMOro
0o0BeKTa MpeAoIpenesieT MHOTOUUCICHHbIE TPYJHOCTH U MPOOJIEMBI B 3TON OTPaciId HAyYHOTO
MO3HAHUS.

Teoperuyeckas 4acTb
Cnoco0bl BbIpaKeHUs] KOHIEHTPAIUM PACTBOPOB

Pacmeopamu nazvieatom mepmoouHamuyecku ycmouyugvle 0OHOPOOHbIE CUCTEMbL,
cocmosiyue u3 08yx u 0Oonee KOMNOHEHMOS8 (PACMBOPEHHLIX Gewecms U pacmeopumensy).
PacTBOpeHHBIE BelECTBA — ITO KOMIIOHEHTHI PacTBOpPA, KOTOPBIE MEHSIOT CBOE arperaTHoe
COCTOSIHUE TIpU €ro oOpazoBaHuU. PacTBopuTeslb — BELIECTBO, HE HW3MEHSIOIIEE CBOETO
arperaTHOro COCTOSTHUSI ITPH 00pa30BaHUU PacTBOPA.

Haubonee mmpokoe pacnpocTpaHeHUE OIYUYHIA BOJHBIE PACTBOPHI, PACTBOPUTEIIEM B
KOTOPBIX SIBJISIETCS BOJA.

Baxneiimen XapakTepUCTUKOW pacTBOPOB SIBISETCS MX KOHLEHTpalUs — Macca WU
KOJINYECTBO BEILECTBA, COJIEpIKAIllMECs] B OIpPENeNeHHOW Macce MM o0beMe pacTBOpa WU
pacTBOpPUTEISL.

Maccosas nons BemectBa X — macca BemectBa M(X) (B 1), comepxamascs B 100 r

pacTBopa:

0(),% =X 100,

My (6.1)

MonsnpHas KOHIEHTpaIus — KoamdecTso Mok Bemectsa N(X) , coneprkameecs B oHOM
kunorpamme (wiu B 1000 1) pacTBOpHUTENS:

Mo _ N(X)
m

.10002&

p-ms M (X) Mp- s

-1000

Cm(XL (6.2)
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MonspHas KOHLEHTpamus — kKoaudecTso Monb Bemectsa N(X), cogepsxameecss B oaHOM
am® (wma B 1000 cm®) pacTBOpUTES:

C,, (X), % _NX) 10002 —MX) 4000
oV M (X Vp-ns

(6.3)

MonsipHasi KOHIIEHTpalKsl KOJMYECTBA SKBUBAJICHTAa (HOPMAIbHOCTh MJIM HKBUBAJICHTHAS
KOHIIEHTpAIlUs) — KOJMYECTBO MOJNb SKBMBAIEHTA BellecTBa X, COIEp/KAlleecs B OJHOM AM°
(umu B 1000 cm®) pacTBOpuUTEIS:

(L x)
MOTb _ Z m(X)
C(——X) £ -1000 = T -1000 6.4)
x I[M Vp_m M (? X )Vp_m .

X

1 1

rae N(—) u M(—) — KonMyecTBO MOJb ODKBHBajJe€HTa BellecTBa (B MOJb-3KB) M €TI0
Z)C ZX

9KBUBaJICHTHAas: Macca (T/MOJIb) COOTBETCTBEHHO.

HpuMeuaHue. Yucio Zx Ha3bIBAKOT  OK6UBATIEHNHbIM YUuciom U Yuciom
9K8UBATICHMHOCMU —Zx > 1. 3nauenmue ZX ONPEIEIAIOT 110 XMMUYECKOM peakuu, B KOTOPOH
y4acTBYET JaHHOE BellecTBO. Tak, B YaCTHOCTH, JUIsl JJsl BeUIeCTB, yyacTBywoomux B OB-
peaKuuAax, SKBUBAJICHTHOC YHCIIO ZB AJIs BOCCTAHOBUTCIISL PAaBHO YHCITY 3JICKTPOHOB, KOTOPOC
OH OTAACT, a AJIA OKHUCIUTCIIA — YHUCIY JJICKTPOHOB, KOTOPOC OH MNPUHHUMACT. HaHpI/IMep, JIIA
annona MnQO, B 3aBUCHMOCTH OT XapakTepa peaKluH ZX MOXeT ObITh paBHO 5, 3, 1,
Hanpumep:

MnO; +8H" +5¢" = Mn** +5H,0; Z, =5; 3(MnO,) = 1/5 mons;
MnO;, + 2H,0+3¢" = MnO, +40H"; Z, = 3; 9(MnO,) = 1/3 mMous;
MnO, +1le =MnO; ;Z, =1; 5(MnO;) = 1/1 moib.
CJ‘ICI[OBaTeJ'ILHO, B OTUX PCAKIUAX SKBUBAJICHT OKHUCIINTECIIA |\/|I']O;1 COOTBCTCTBCHHO pPaBCH

1/5,1/3 u 1 mounb.
HeoOxoaumo Bceria MOMHUTb, YTO 3HaY€HHE SKBUBAJICHTA JIOOOTro BemecTBa X He
MPEBBIIIAET €AUHULBL, T. €. H(X) < 1.
OmnpeneneHne SKBUBAJICHTHBIX YMCENT HEOAWHAKOBO Ul 0OMEeHHBIX 1 OB-peakiuii.
B 00MEHHBIX peaknusx SKBUBAJICHTHOE YUCIIO ONPEIEIISIIOT IT0 CTEXHOMETPHH peakiun. Eciu
JUISL peakIuy BUA

VaA+ veB=v.C +v,D
Ha OJIMH MOJIb BemectBa A Tpebyercs vgB/v,A monb BemectBa B, 10 Z, =Vvp/V, .
MounpHast 107151 — OTHOLIEHUE KOJIM4YecTBa MoJib BemecTBa N(X) k o0meMy 4ncity MoJb BCex

Bemects N » (Xi ) , COCTaBIISIOIINX PACTBOP:

a(x) = N
Ny (X;) (6.5)

Tutp pactBopa BemectBa X — Macca Bemectsa M(X) (B r), comeprkamiascs B OTHOM cM°

pacTtBopa:
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e m(X)
eV ' (6.6)

p-pa

r(X),

TuTp pacTBopa BemecTBa B mo onpenensemomy Bemectsy X — macca Bemectsa M(X)
(B T), COOTBETCTBYIOIIAs OJHOMY CM® CTaHJApPTHOTO PacTBOpa BelecTa B :

T(B1X), cjf :ng - 6.7)

p-pa

BecbMa BaXHBIM MapamMeTpoOM PACTBOPOB SIBISIETCS WX IUIOTHOCTh — OTHOIICHHE MAcCChl
pacTBopa (B KI') K 00bEMY 3TOTO pacTBOpa.:
Ke njvpa

VIR (6.8)

-pa

Ipumeuanue. B XUMWUH yalle TPHIMEHSIOT Pa3MEPHOCTh TLIOTHOCTH PACTBOPOB B I/CM°.
Jlyist mpoBeIeHUsT pacueToB TOJIE3HO 3HATH GopMyITy (9), CBSI3BIBAOIIYIO KOJIUIECTBO MOJIb
9KBHBAJICHTA BEIIECTBA X C PA3IMYHBIMH BHJIAMH KOHIICHTPAIIUH €r0 PacTBOPOB.

n( X)), rono= m(1><) :T(X)I/(X):T(BIE)V(B):
zZ, M(Z—X) M(Z—X) M(Z—X)

x x x

1
~CEXWVIX) (X)), %p,,.V (X)

1000 1
100M (Z—X) (69)

x

[Ipy TpHUTOTOBIIEHMH PACTBOPOB C PA3JIMYHOW MACCOBOHW [0Jiel BecbMa MOJIE3HBIM
SBJISIETCS TaK Ha3bIBAEMOE MPABUIIO CMEIICHUS (U MPABUIIO «KPECTa»).
Cxema «kpecTa» UMEET BUJ:

w,% — m,, T
w,, %
w,, % — m,, I.

Trac a)l, % nu 0)2, % — MacCCOBBIC JOJIM UCXOAHBIX paCTBOPOB;

« — MacChl HCXOJIHBIX PaCcTBOPOB (B T) noCJIC CMCIICHUA

m,=|w, —o,| nm, =, -
KOTOPBIX OYZET MOTydeH pacTBOp ¢ MaccoBoil poneit @, , %0.
PacTBOpBI 3J1EKTPOJIUTOB
Onekmpoiumamu Ha3bIBAIOTCS BEINECTBA, KOTOPBIE IIPH PACTBOPEHMH B BOJC
HOJBEPraloTCd MNPOTONM3Y (IUCCOUMMPYIOT WIJIM PACHafaroTcsi) Ha MOHBI M IIPOBOJAT
BJ'IGKTpI/I'—IeCKI/II\/'I TOK. HeOpFaHI/I‘IeCKI/Ie KHCJIOTBI, OCHOBAHHA U COJIU ABJIAIOTCA DJICKTPOJIMTAMU.
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Cuna 37eKTpoInTa XapakTepu3yeTcs CTENeHbI0 MpoToiau3a (& ), KOTopasi MOKa3bIBaeT
OTHOIIEHME 4YHWCIa MOJeEKys, pacnaBmmxcs Ha uoHbl (N), k 00meMy wumciay MoJexyi

snextponuTa B pacteope (N o )» ¥ BBIDOXKAETCS B IPOLICHTAX:

N
— . 0
a= N 100%. (6.10)

0

VYCIIOBHO CUMTAIOT 3JIEKTPOJIUTHI, MOABEprimuecs mnporonusy Ha 3% u meHee (T.e.
o < 3%) — cnabsivu, a Ha 30% u Gonee (& = 30%0) — cubHBIMY.

B pactBope cmaboro aJIEKTpONMTAa  YCTAHABIMBACTCS  pPABHOBECHE  MEXKIY
HEJIMCCOLMUPOBAHHBIME MOJICKYJIaMH M TIPOAYKTaMM HMX pacmaga — HMoHamu. Hampuwmep, B
pactBope cnaboil 0THOOCHOBHOM KHCIIOTBI:

H,0 + _
HAT=== HY + A

KoHcTanTa Takoro paBHOBECHS BBIPQKACTCS 4Yepe3 PaBHOBECHBIC KOHICHTPALUH

COOTBETCTBYIOIIMX YAaCTHUI] B PACTBOPE M HA3BIBACTCS KOHCMAHMOLU NPOMOAUZA UNU KOHCIMAHMOLL

ouccoyuayuu K, (HA):
_[H7I[AT]
K,(HA) = THAT (6.11)

MHOroOCHOBHBIE KHCJIOTHI PACMaJaloTCsl CTYMEHYATO, KaXKIash CTYMEHb U3 KOTOPBIX
XapakTepusyeTcsi cBoei KoHcTaHTol. Hampumep:

H28$O_)H++Hs—, Ka]_:[H ][HS ]

[H,S]

+ 2—
HS =2+ 4 52 K, —LHIIS™]

< _
a2 [HS ]
Cornacuo 3akony paz6asnennst OctBanbaa, K, M o cBs3ans ypaBHeHHeM:
2
a -C
K, (HA) =——,
2 (114) 1—a (6.12)

rae C — MonspHas KOHIIEHTPAIHs 2EKTPOJIHTA, MOJB/ M,
Ipu o << 1 ypaenenwue ynporuaercs:
— 2 .
K,(HA)=a"-C. (6.13)

I[J'ISI pacycCToB, CBA3aHHLIX C IIPOTOJU30M KUCJIOT, YaCTO UCIIOJIB3YIOT HE Ka ,a

NOKa3aTeCJIb KOHCTAHTHI IIPOTOJIN3a (I[I/ICCOI_II/IaLII/II/I) pKa , KOTOpLII\/'I PaBCH:

PK, = ~lgK,. (6.14)

C Bo3pacraHuem Ka, T.e. C YBEJIMYEHHEM CHJIbI KHUCIOThI, 3HAUYECHHE pKa
YMEHBIIIAETCs, CIEI0BATENILHO, YeM OOoJIbIIe pKa , TeM ciabee kuciioTa. Tak, 3HAUCHUS pKa

IUIA CIA0BIX KUCIOT OT CHSCOOH 110 HCN nexar B npenenax or 4,76 10 9,21.

Jlnst onroocHoBHBIX kucnor, Hanpumep, ykeychoii — CH,COOH, xonnenrparmu

[H*] v [A] paBrst u cocrapsior:
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[H'] = [CH,CO0] = aC.

C yuerom ypaHeHwus (10.2.4) umeem:

[H*]=[CH,COO ]~ /K, -C.

PacTBOpbI HEXJIEKTPOJIUTOB
Paz0aBiieHHbIEe pPAacTBOpBI  BEIIECTB-HEIIEKTPOJIUTOB OONAaJal0T psAAOM  (U3UKO-
XUMUYECKHUX CBOWCTB, JUUISl KOTOPBIX KOJIMYECTBEHHOE BBIPAXKECHUE ITUX CBOMCTB 3aBUCHUT TOJBKO
OT YHMCJIa HaxO[AUIMXCA B pPAcTBOPE YACTUL PACTBOPEHHOIO BEIECTBA W PACTBOPUTEISA
(kosMraTuBHbIE cBOMCTBa). HekoTopple M3 3TUX CBOMCTB MCHOJIB3YIOTCS ISl OINpENETIEHUs
MOJIEKYJIIPHOM MacChl paCTBOPEHHOT'O BELLIECTBA.
Tak, B COOTBETCTBUU CO 6mMOpbIM 3aKoHOM Paynsa: NOBBILIEHUE TEMIIEPATYPbl KUIICHUS

(At

HEAJIEKTPOJUTOB MPONOPLUHUOHATIBHO YHCIY YacTHI] PACTBOPEHHOTO BEIIECTBA M HE 3aBUCHUT OT
€ro MPUPOJIBL:

) WM TOHIKEHUE TEeMIEpaTypbl KPUCTAIUIH3ALUU (Atkp) pa30aBiIeHHBIX PAaCTBOPOB

KUII.

At = KC
kp m’ (6.15)
At =EC
KU, m’ (6.16)
rne Al — monmwkenue Temmeparypsl 3aMep3aHWs WM IIOBBILIEHME TEMIIEPATYPHI KUIIEHUS
pactBopa, rpax; K u E — kpuockommueckas wum 56ymimockonmmuecKas KOHCTaHTBI

coorBerctBeHo; C = — MOIsIbHAS KOHLEHTpALWs PACTBOPEHHOro BelecTBa, Monb/1000 T

pPacTBOPHUTEIIS.
Ilpumeuanue. Kpuockomnudeckass ¥ 30YyIIMOCKONUYECKAass KOHCTAHTHI IPEACTABISIOT
co0Ol MOHMXKEHHE TeMIIepaTypbl 3aMep3aHMs WM TOBBILIEHHE TeMIIEpaTypbl KHUIIEHUS IS
PACTBOPOB HEDIEKTPOJIUTOB MPU X KOHIIEHTPAIMAX PAaBHBIX 1 MOJIB/IM .
Ecnu M (r) He3IEKTpoIUTa, UMEIoNIero MonbHyto Maccy M, pacteopenst B M .z (T)
pacTBOpHTEIIS, TO:

m 1000
At =K .5 , 2paoyc
3am 3am Mgiga mp7 y p y (617)
m 1000
At =F .65 , epaoyc
Kun Kun Mg_ga mp_'m p y (6.18)

(DOpMy.TIBI IMMO3BOJIAIOT OIPCACIIUTL TCMIICPATYPhI 3aMCP3aHUA U KUIICHUA PACTBOPOB
HEBJICKTPOJUTOB IO HMX KOHOCHTPALNUH, a TAKXKEC HAXOAWUTH MOJIBHYIHO MaccCy paCTBOpéHHOFO
BCIICCTBA IO MOHUKCHUIO TEMIICPATYPHI KUIICHUSA W 3aMCP3aHUA paCTBOPOB.

Bonpocel 1 3aganus

IIpumep 1. HammcaTe MOJIEKYJISIPHOE M MOHHOE YpPaBHEHMS PEaKLMM B3aUMOJEHCTBUS
pacTBOpPOB HUTpaTa Oapus U cyiabdaTa HATPUSI.

1 CocraBisieM MOJIEKYISIPHOE YpaBHEHHE PEAKIIHH:

Ba(NO5), + Na,SO, = BaSO, 4 +2NaNO,

2 IlepenuchiBaeM 3TO ypaBHEHHs, M300pa3vB XOPOIIO JAUCCOIMHUPYIOUINE BEIIeCTBa B
BHJIC MOHOB, a yXO/sIIHe W3 Ccepbl peakiMd — B BHUJAEC MOJICKYJ, T.€. COCTaBJseM ITOJIHOE
MOHHOE YpaBHEHUE JaHHOU peaKIluu.
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Ba®" +2NO;z +2Na' + SO2~ = BaSO, ¥ +2Na* + 2NOj..

3 BeimuceiBaeM MOHHOE YpaBHEHHE pEakIMUd B OKOHYATEIbHOM BHUAE (COKpaIIeHHOE
MOHHOE YpaBHEHHE):

Ba®* + S0~ =BasOy {,

KOTOpOE OmpelelsieT CyTh Ipolecca B3aWMOJCHCTBHS pPAacTBOPOB HHUTpaTa Oapus H
cynbdara HaTpHsL.

3amaua 2. Paccumraiite monnyio cuiy pactBopoB RbDNOs, CuCl; u NasPOs, eciu ux
MOIISIPHBIE KOHIIEHTpauu pasubl 0,1 Moib/av°,
Pemenue. 1 B pactBope HuTparta pyouaus:

21 2 2 \_1 2 N2y
"E(CszRw +CNO§ZNO§j—E(O,l-1 +0,1-(-1)2) =0,1.
2 st pactBopa CuCly:

1 1
| = E(CCUZ+ 22 2o +Cei 26 ): 5(0,1- 22+2.0,1-(-1)%) =0,3.
3 Hons Na* u PO4~3 cospnaror nonnyto cuy:
_ 1( 2 2 )_ 1 2 2\
I = E CNa+ ZNa+ + CPOZ3 ZPOZ?, - 5(013°1 + 011. (_3) ) - 016 :

Ipumep 3. Ckombko cM® pacTBOpa THAPOKCH/IA HATPHS ¢ MaccoBoit goneii w1(NaOH) = 30%
(p1 = 1,300 r/cM®) Hazo nobasuts k 300 cM® Bomsl (p(H20) =~ 1,00 r/cM®), 4TOOBI HONTYYUTH PACTBOP
¢ maccoBoii noreit wx(NaOH) = 10%?

Pemenue. MOXHO IPEMIOKUTh TP BAPUAHTA PELICHUS TAKOM 3aa4H:

1) mosTanHeli pacyer, C COCTaBIEHUEM CUCTEMBI U3 JIBYX YpaBHEHUM;

2) ¢ UCIIOIB30BAHNEM 3aKOHA SKBUBAJICHTOB;

3) NpUMEHUTH MPABUIIO KPECTA.

Bapuanm 1. Beraucium maccy ruzapokcuaa Hatpus (M(NaOH), r), kotopas noybkHA

COZIEPIKaThCsl B HCXOTHOM pacTBOPE C MacCoM My, T
100 r pactBopa ¢ m1(NaOH) = 30% coxepsxut 30 r NaOH
mz, r pactBopa ¢ ®1(NaOH) = 30% coxepxut m r NaOH

Ilepsoe ypasHenue: m(NaOH ) = % My, T = 0,3 My, T.

Paccunraem maccy pactBopa ¢ MaccoBoit noneii wx(NaOH) = 10%:
100 r pactBopa ¢ mx(NaOH) = 10% coaepxxut 10 r NaOH
(300 + my), r pactBopa ¢ ®(NaOH) = 10% conepxut m r NaOH.

Bmopoe ypasnenue: (300 + ml) -10=100- m(NaOH ) .

Hanee Boipaxkenue 1 M(NaOH) u3 nmepBoro ypaBHEHHS MMOJICTABUM BO BTOPOE M PELIHM
BHOBb IOJYYEHHOE YpaBHEHHE OTHOCHTEIBHO M1 — MCKOMOM Macchl MCXOJHOIO pacTBopa ¢

®1(NaOH) = 30%:
(300+m;)-10=100-0,3m;; my = %80 =150 .

Tenepr BblumcIUM 00BEM, KOTOpBIH OynyT 3aHuMaTh 150 r pactBopa ¢ ®wi(NaOH) =
30%, ucnons3ys popmymy (8):
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m; 150
V, parem® =—1="""=11539,
P1 1,30

Otsert: K 300 cm?® Bogs! Hazmo n06asuts 115,39 em® (150 1) pactopa ¢ w1(NaOH) = 30%,
9TOOBI MOJYYUTh pacTBOp ¢ MaccoBoi noneit wx(NaOH) = 10%.

Bapuanm 2 'Y no6HO Bocnonb3oBatbes Gpopmyiioi (9), yauTheiBasi, 4To

w;(NaOH)-m; @, (NaOH)-(300+m
M (NaOH) M (NaOH)

rae M1 = p1Vi, r — macca pactBopa ¢ w1(NaOH) = 30%;
300 + my=mz = p2Va, .
B wurore:

o, (NaOH)-m; = @, (NaOH)-(300+m,); m,=150Tr; V; =11539 cx°.

Bapuanm 3. TlpuMeHHM TpaBUIO «KpecTa», y4duTbiBas, 4to koHueHtpamus NaOH B
YKHCTOHN BOJIE PaBHA HYJIIO!

30% — mz, T
10, %
0,% — my, T.

Borurcinm maccy pacteopa (Mg, 1) ¢ ®1(NaOH) = 30% u maccy Boasl (M2, T'), KOTOpbIE
HAJI0 CMEIIaTh, YTOOBI MOTy4nuTh pacTBop ¢ Wx(NaOH) = 10%:
m=10-0=10r;m=30-10=20r.
Utak, uTo6s momyunts pactBop ¢ wx(NaOH) = 10%, Hamo x 20 r (20 cm®) BoAmI
n06asuth 10 r pactBopa ¢ w1(NaOH) = 30%, a k 300 r BosI Ha 0 T00ABHUTS:
m 10

mj =—%.300 =—-300 =150 2; Vj, ca® =115,39.
mo 20

ba30BbIii ypOoBEHB

3amaya 1. HamwcaTh HOHHO-MOJIEKYJIAPHBIE YpaBHEHHS pEaKIMii B3auMOICHCTBHUS
CIICTYIOIIUX BEIIECTB:
a) Pb(NO3)2 u NazS;
0) Cu(OH)2 u H2SO4;
B) CaCOz u HCI,
r) FeSOs u HS;
1) CuO u HzSO4.
3amaya 2. CocTaBbTe MOJCKY/ISIPHBIC YpPaBHEHHUS PEAKIHi, KOTOPHIC BBIPAXKAIOTCS
CIIEIYIOIIMMHU KPATKUMH HOHHBIMH YPaBHEHHSIMHU:

a)H" +OH™ =H,0
6) Cu?* +52” =Cus
6) COZ™ +2H* =CO, + H,0
2) ZnOH ™ +H* =Zn%" +H,0
0) HCO3 +OH ™ =COZ +H,0
e) Mg(OH), +2H " = Mg?" + 2H,0.
3amaua 3. Paccuwmraiite aktmBHOCTH MOHOB K' m SO4% B pactBope cyib(dara Kamus ¢
MonsipHo#i korteHTpanuei C(K2S04) = 0,1 Momb/nve.
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3amaua 4. Paccumraiite cpenHuil KOA(QQHUIMEHT aKTHBHOCTH JJIsI BOJHOTO pacTBOpa
THIPOKCHIa HATpust ¢ MosipHoi konnenTpanueir C(NaOH) = 0,1 mons/aM® n cpaBHHTE €ro ¢
AKCIIEPUMEHTAIbHO HaliIeHHOH BesnnuuHoi 0,764.

3amaya 5. Berumcmure npowmssenenue pactBopumoctd Fe(OH)z, ecnm B 100 cm® ero
HACHIILIEHHOTO PacTBOpa cozepkuTcs 9,6-107° r 3T0ro ruapoKcua.

3amaua 6. IlpomseemeHme pactBopumoctH AQ2COs cocraBmser 8-10712. Paccunrtats
PacTBOPUMOCTH KapOoHaTa cepedpa B MO/ AM® U T/mm>.

3anaua 7. Beramcnnts pactBopuMocts CaFz (B Monb/mM°) B Boje u B pactBope CaCly ¢
konuentpamueii  C(CaCl,) = 0,05 moms/mv® (ITP(CaFz) = 4-10!). Bo ckombko pas
pPacTBOPUMOCTh BO BTOPOM CiIy4yae MEHbIIIE, ueM B repBoM? PacueTsl nmpoBecTu ¢ yueToMm u 0e3
y4eTa MOHHOW CHJIBI PacTBOpA.

3anaua 8. Ckombko cMm® pactBopa (V1(H3POs)) docdoproii kucnotsr (C1(HsPOs) = 1,010
Monb/aM°) Hazmo mo6aButh k 250 cM® pactBopa docdoproit xkucmorsr (C2(HsPOs) = 1,510
MOITB/IMS), 4T0OBI TOTy4nTh pacTBop ¢ w3(H3PO4) = 11,19% u p3 = 1,060 r/cm>?

3anmaga 9. Kakyro maccy kpucramtoruapara kapbonara Hatpus Na,COs-10H20 Hamo B34TH
vt puroTorierns 200 cM ero BOTHOTO pacTBopa ¢ Maccosoii noneit m(NaCOs) = 10 % (p = 1,102
r/em®)?

Paccumrath 1s momydeHHOTo pacTBOpa: TUTP, MOJISIPHYIO, MOJISIPHYIO SKBUBAICHTA U MOJISUTBHYIO
koHreHTpairy  NapCOs.  OueHuth  a0CONMIOTHYIO ¥ OTHOCHTEIIBHYIO — (YCJIOBHBIC!) —TIOTPEIIHOCTH
MIPUTOTOBRJICHHST ITOTO PacTBOPA.

3anaya 10. Beluucinuth MOJSIpPHYIO KOHIIEHTPALMIO KOJIMYECTBA SKBHBAJIEHTA PAacTBOpPA
TUAPOKCHAA Kaluus MOTy4eHHOTO IIpH CMemmBaHHM pacTBopoB: 300 cm® ¢ C(KOH) = 0,8
Mouts/mM° 1 700 cm® ¢ c(KOH)=1,2 Mouts/mm>? Kakos tutp KOH mo HCI?

[ToBbIIIEHHBIN YPOBEHb

3amaga 1. Ckombko cm® Bomsl (p(H20) = 1 r/em®) crnemyer mo6asuth k 1 am® pacTsopa
xnopooopoaHoit kucnotsl ¢ C(HCI) = 1,5 mMons/mm®, 4T06BI TIONYYNTE PacTBOP ¢ MOMSAPHOI
KOHIIEHTpanuen paBHoit Touno 1,0 MOJTB/IM?

3anaua 2. B xakom o0bEéMe HachiieHHOro pactBopa AgsPOs comepkuTcst ouH rpamMm
atoit comu (ITP(AgsPO4) = 1,3:10720)?

3amaua 3. B 10 am® maceimensoro pactBopa CaCOs comepsxurcs 0,0278 r HOHOB
KaJbIUs. BEIYUCTUTH MPOU3BEICHNE PACTBOPHUMOCTH KapOOHATa KAIBIIUS.

3anaua 4. O6pasyerca mu ocagok AgBr (TP = 6,0-107%%), ecnur ciuth paBHEIE 06BEMBI
pactBopoB AgNO3 u KBr ¢ xornentpamusvmu C(AgNO3) = C(KBr) = 0,001 moms/am>?

Choucox JUTEPATYPHI, peKOMeH}IyeMblﬁ K HCII0Jb30BAHMIO 110 JAHHOM TeMe

OcHoBHasi iMTEepaTypa:

1. Koposwun, H. B. O6mas xumus : yaeonuk / H. B. KopoBuH. - 13-e uzn., mepepad. u joir. - M.
: Akanemus, 2011. - 496 c. : uin. - (bakanaBpuart). - Pek. MOuH P®. - ITpumn.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpykaromei cpeapl : XUMUS KUBBIX opranu3mMoB. Kypc neximii /
E. C. Muxanuna, A. JI. [lerenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum noctyna: s
aBTOPU3HP. MOJIb30BaTENEN

JlonosiHUTEIbHAS JIUTEPATYypa:

1. T'munka, H. JI. O6mas xumus / H. I'. I'nuska ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1

2. XuAMUs METAIUIOB : ydyeOHOe ocoOue (I CTYACHTOB XMMHUYECKOTO (haKyIbTeTa
HarnpaBieHu# O0akanaBpoB «XUMHUA» U «XUMHUUECKask TEXHOJOTHs») / coctaButenu O. A.
I'omoBanoBa. — Owmck : OMckuii rocyiapcTBeHHbIM yHUBepcUTeT uM. .M. JlocToeBCKOTO,

128



2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : 3neKTpOoHHBIN // DaeKTpoHHO OnbimoTeyHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
ABTOPH3UP. MOJIb30BaTEIICH
HNuTepHeT-pecypcen:

1 http://window.edu.ru/ — enuHOE OKHO JOCTYIA K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — DBC «YHuBepcuterckast OMOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIN KaTaJIOr aCCOIHALUU dJICKTPOHHBIX OHOINOTEK
y4eOHbIX 3aBenieHuit u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbeITOE 0Opa3oBaHKe

Tema 7. KoMIuieKcHbIE COeIMHEHUS.
IIpakTnyeckoe 3ansaTne 7. KoMmnjiekcHble coeMHeHHS.

Hean 3anaTusi: ChopMupoBaTh y CTYACHTOB CUCTEMHBIC 3HAHUS O CTPOSHUU U CBOMCTBAX
KOMILIEKCHBIX CO€IMHEHUU. HayuuTh CTYJEHTOB MOJy4aTh KOMIUIEKCHBIE COEAMHEHUS U Ha
OCHOBaHUHU TIOBEJCHUSI KOMIUIEKCHBIX COEIMHEHUH B pacTBOpax JeNiaTh BBIBOJABI 00 HX
YCTOMYUBOCTH.

3HaHUA M yMeHNsl, IpUoOpeTaeMble CTYICHTOM B pe3yJIbTaTe 0CBOCHHUS TeMbl
3HaTh: OCHOBBI CAMOOPTaHU3ALUH U CAMOOOPa30BaHuS;
3HaTh: CYIIHOCTh M 3HaYCHUE MH(OPMALIMH B Pa3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBBI TTOJTyYCHUS
1 00paboTKK MH(GOPMAITUH U3 PA3IMYHBIX HCTOUHUKOB
3uaTh: pabOTHI MO pacyeTy ¥ MPOSKTHPOBAHUIO JICTAJIEH U y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIUI B COOTBETCTBUU C TEXHUYECKUMU 33JJaHUSMH U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpEJICTB aBTOMATU3allNHU ITPOECKTUPOBAHUS
YMeTh: caMOCTOSTENILHO CTPOUTH MPOIIECC OBIaeHUs] HH(popMalnei, 0TOOpaHHOU U
CTPYKTYPUPOBAHHOM JJIS1 BEITIOTHEHUSI TPOPECCUOHATLHON JIEATETLHOCTH.
YMeThb: moiydath M 00padaThiBaTh HHOOPMALIUIO U3 Pa3IHIHBIX HCTOYHHKOB
YMeTh: TPUHUMATh ydacTHe B pabOTax Mo pacyeTy U MPOESKTUPOBAHUIO JETAICH U Y3JI0B
MAaIIMHOCTPOUTEIIBHBIX KOHCTPYKIMI B COOTBETCTBUM C TEXHUUYECKUMHU 3aJaHUSIMU U
HWCTIOJIb30BAHMEM CTAHJIAPTHBIX CPEACTB aBTOMATHU3ANHU MPOECKTUPOBAHUS

HaumenoBanue ¢opmupyeMbIx KOMIIETEHIUI

WNHpeke DopMyIHpOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3aIMK U CaMOOOPa30BaHUIO
OIIK-4 MOHMMAHUEM CYIITHOCTHU U 3HAa4eHMsI UH(OpMalluK B pa3BUTUU

COBPEMEHHOT0 00IIeCcTBa, CIIOCOOHOCTHIO MOTy4aTh U 00pabaThIBaTh
MH(OPMaLIMIO U3 Pa3IMYHbIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATD,
CTPYKTYPHUPOBATh M 0POPMIISATH MHOOPMAIHIO B JOCTYITHOM ISl APYTHX
BUJIC

IK-5 CHOCOOHOCTBIO MPUHUMATH y4acTUe B paboTax 1o pacueTy u
MPOEKTUPOBAHUIO JIETANIeN U Y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIIHI B
COOTBETCTBUH C TEXHUYECKUMH 3aJIJaHUSMHU U UCIIOJIb30BAaHUEM
CTaHJApPTHBIX CPEACTB aBTOMATH3AI[MH MPOSKTHUPOBAHUS

AktyanpHOCTH TeMbl. KommiekcooOpa3oBaHue uMeeT O0IbIoe 3HaUeHHE TPU MPOTEKaHUU
OMOJIOTMYECKUX TIPOIECCOB B JKUBBIX OpraHu3Max. VOHBI MIETOYHBIX W MIEIOYHO-3€METbHBIX
METAJIJIOB B OMOJOTHMYECKHX KHJIKOCTSX HAXOMATCS B BHJE aKBAKOMILUIEKCOB, a HWOHHI d-
AJIEMEHTOB, SBISACH TPEKPACHBIMH KOMILJIEKCOOOpa3oBaTeNIsIMi, OOpa3yloT KOMIUIEKCHI, B
KOTOPBIX B KaUECTBE JIMTAHJOB BHICTYMAIOT AMHUHOKHUCIOTHI, HYKJIEMHOBBIE KUCIOTHI, BUTAMUHBI
U TopMoHBL. Hampumep, >xene3o0 BXOAUT B cocTaB remoriioOnHa. HekoTopble KOMIUIEKCHbBIE
coequHeHUsT 001amal0T OWOJIOTMYECKOW AaKTUBHOCTBIO M TPHUMEHSIOTCS B  KadecTBe
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JIeKapCTBeHHbIX TmpemnaparoB (ButamMuH B12). Kpome Ttoro, oOpa3oBaHue pacTBOPUMBIX
YCTOMUYUBBIX KOMIUIEKCHBIX COEAMHEHHWH MO3BOJIAET BBIBOJUTH M3 OpPraHU3Ma COJM TSDKENbIX
METaJIOB, 41O CIIOCOOCTBYET JI€3MHTOKCUKALUU OpraHusma.

TeopeTnueckasi 4acTh
XUMHUECKUE CBSI3M OCYHICCTBISIFOTCS 3a CYET 00OOIICHUST HE CIAPEHHBIX JJICKTPOHOB
WIN TIepeiayd 3JIEKTPOHOB OJHUM M3 aTOMOB, BCTYMAIOUIMX B CBsI3b Jpyromy. B pesynbrare
TAKOTO B3aUMOJICHCTBHS OOpa3yrOTCS yCTOWYHMBBIC KOH(QUTYpAIMK, UMCIONIME Ha BaJCHTHOU
000JI0YKe AJIEKTPOHHBIN OKTET. Y CTOMYMBOCTH MOAOOHOM CTPYKTYPBI OOBACHSIETCS CXOJCTBOM B
CTPOCHUU C WHEPTHBIMH Ta3amu. CoOeJMHEHUs, TOJyYarmuecs MTOJ00HBIM 00pa3oM,
HA3BIBAIOTCSI OMHAPHBIMH.

MHorve artomMpl WM WOHBL, OOpasyrolye OMHAPHBIC COSIMHEHHS, MOTYT SIBIIITBCS JIOHOpAMHU
MEKTPOHOB YIS JIPYrMX aTOMOB, IPYINT aTOMOB WM MOJIEKY, HE MMEIOIIMX 3JIEKTPOHHOTO OKTETA.
[NonydeHHble TakMM TIyTEM CIIOXKHBIC MOJICKY/IbI HA3bIBAIOTCS KOMIUICKCHBIMUA —COCIMHCHUSMHA WA
COEMHEHHAMH BBICIIEro nopsika. Harpumep, B cocras komiutexcHoro coemunerns Ko[PtClg] sxonsr norst K+
u [PtCls]?.

LleHnTpanbHBId aTOM IUIATUHBI CO CTENEHBIO OKHCICHHUA +4, BOKPYr KOTOpPOTO
IPYNIUAPYIOTCS (KOOPAUHUPYIOTCS) IPYTHE aTOMBI, Ha3bIBAETCSI KOMILIEKCOOOPa30BaTEIIEM.
[Mpucoenuusronyecs kK Hemy noHbl Cl” Ha3pIBarOTCS MUraHgamMu (WK aICHIaMH ).
HexoTtopbie UraHibl U MX Ha3BaHHS:
H>0 — axBa; NH3 — ammun; 0% — okco; OH — ruzpoxco; CN™ — ruano; SCN™ — ponaso;
NOz~ — mutpo; SOs* — cympduro; NH,OH — ruppoxcunamun; F- — ¢ropo; CI- — xmopo; Br —
opomo; |~ — #iomo.

Yucno  JIMTaHIOB, TPUCOCIMHEHHBIX K  KOMIUIEKCOOOPA30BaTEN0,  HA3bIBAIOT
KOOP/IMHAITMOHHBEIM YHCIIOM (K.4.) KOMIUIeKcoobpasosatens. K.u. (Pt™) = 6.

Wonsl K* — BHemHsAs KoopauHaruonHas cdepa (mpotusouon); [PtCls]* — uyTpennss
KoopauHanmonHas cdepa. EE€ 3apsa( TouyHee, CTENEHb OKHUCICHUS X) OMpeesieTcs
anreGpandeckoil CyMMOil 3apsAI0B KOMIIEKCoo6pasoBarens u nurannos: x(/PtClg]%) = +4 +(—
1)6=-2.

Ecrmu BHyTpeHHsIs KOOpAMHALMOHHAs chepa MMeeT TOJOKUTENbHBIN 3apsil, TO OHA HA3bIBAETCS
KOMIUIEKCHBIM KaTHOHOM, €CJI OTPHULIATENBHBIN — KOMIUIEKCHBIM aHHOHOM. VIMeeTcst psiz| coeTMHEeHNi, B
KOTOPBIX BHYTPEHHSISI KOOPIMHAIIMOHHAS c(hepa HEe HEeCET 3apsiia — HeMTpaibHbIe KOMILIEKChL. [IprmMephl
YKa3aHHbIX TUIOB KOMIUIEKCHBIX COS/TMHEHMIA:

1) xatronusie — [Pt (NH3)3CI]Cl (H—ZO) [Pt(NH3)sCI]" + CI~;

[Cr(H20)4Br2]Br (i) [Cr(H20)4Br2]* + Br;

[Ni(H:0)s1S0s <2 [Ni(HO)J?* S04

H
2) aunonnsie — K3[Fe(CN)sg] (#O) 3K* + [Fe(CN)s]*;

H
(NH)2[POH):CL] <225 oNH,* + [PHOH).CliJ;
H
Nas[AIFs] <2225 3Na* + [[AIFe]*:

H,O
3) HeitrpanbHbie (HeomekTpointsi) — [Cr(H20)4P0s] ¢—2"—> x;

[Rh(NH3)3(NO2)s] <H—20> X

[PA(NH:0H)Cl] «—22 5

prweltaHue. Kommnnekcnr AHHUOHHOI'O THIIA TaKXC emie Ha3bIBarOT
AMUIOKOMINIICKCHBIMH, TaK KaK IIpU IECPBHYHOM IIPOTOJM3EC OHHU OTIHCIUIAKOT KOMIIICKCHBIN
AHHOH.
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Aneopummvl Hazeanul KOMNIEKCHbIX coeOuHenuli: 1) KaTHOHHBIE KOMIUJIEKCHI — CHavasia
Ha3bIBAIOT BHEIIHIOK Cdepy, a 3aTeM B POJUTEIBHOM MaeKe MPUBOIAT HA3BAHUS JIUTAHJIOB
BHYTpPEHHEH c(epsl M PyCcCKOe Ha3BAHHUE KOMILICKCOOOPA30BaTeNsl C YKa3aHUEM €ro CTEMCeHH
OKHCJICHUSI apaOCKUMU IU(ppaMH, HAITpUMeEp:

[Pt (NH3)3CI]Cl —xnopun TppaMMHHXIOPOILIATHHBI (1+2);
[Cr(H20)4Br2] Br —6pomu g TeTpaakBagudopoMoxpoma (+3);
[Ni(H20)6]SO4 — cynbdat rekcaakBanukens (+2);

2) Ha3BaHWE AHMOHHBIX KOMILJICKCOB HAYMHAIOT C BHYTpEHHEH c(epbl — Ha3BaHHE
JIMUTaHI0B M JIATHHCKOTO KOMILIEKCOOOpa3oBaTeiss C OKOHYaHHUEM -am, 3aTeM — PYCCKOe
Ha3BaHWE KATHOHA BHEIHEH cephl, HAIPUMEP:

Ks[Fe(CN)e] — rekcanmanodeppar (+3) kanus;
(NH4)2[Pt(OH)2Cl4] — auruapokcorerpaxioporuiaTHHat (+4) aMMOHUS;
Nasz[AlF¢] — rekcadropoamomMuHaT HaTpUS;

3) B HEWTpaJbHBIX KOMIUICKCAX BHAYale HAa3bIBAIOT JIMTaHAbI (C ydeToMm andaButa),
3aTeM CIIe[yeT PYyCCKOe Ha3BaHWE KOMIUIEKCOOOpa3oBarensi 0e3 yKa3aHHs €ro CTeleHH
OKHCIIeHUs (MOCIIEAHSSA OJJHO3HAYHO MOYKET OBITh OIPE/IEICHA C YUETOM 3JICKTPOHCHTPATbHOCTH
KOMILJIEKCa), HallpuMep:

[CrPO4(NH3)3] — Tpuammundocharxpom;

[Rh(NO2)3(NH3)3] — TppraMMHHTPpUHHTPOPOIHIA;

[Co(NO2)3(NHz3)3] — TpuaMMUHTPHUHUTPOKOOAIBT.

CBs3p MeXJly BHELIHEH M BHYTpEHHEH cQepoill MMeeT MOHHBIN XapakTep, CBsA3b BO
BHYTpEHHEH chepe — KOOPAMHAIIMOHHBIN (IOHOPHO - aKIIENTOPHBIN, CEMHUITOJISPHBIN).

BHyTpeHHs1s1 KoOpIMHAIMOHHasT cepa [JTsi KOMITICKCOB KATHOHHOIO M AHHOHHOTO THIIOB YCJIOBHO
OTAQIBIETCS OT BHEITHEH cpepbl KBAIPATHBIMK CKOOKAMEL
CyIIeCTBYIOT COCAMHEHUSI, COCTOSIINE U3 KOMILJICKCHBIX KATHOHOB U aHHOHOB:

[Co(NH3)s] [Cr(CN)e] — rexcarmanoxpomar (+3) rekcaaMmmuHKoOabTa (+3);

[Cr(NH3)s] [Co(NO»)e] — rexcarmtpokobanbTar (+3) rekcaaMmuaxpoma (+3);

[Pt(NH3):CI][Pt(NH3)Cl3s] — ammuHTpuXIopomiatdHar (+2) TpHaMMHHXJIOPOIUTATHHEI
(+2).

Cosl HEKOTOPBIX META/UIOB, OCOOEHHO B KOHIIEHTPHPOBAHHBIX PACTBOPAX, CIIOCOOHBI
pearupoBaTh MKy CO00i, 00pa3yst KOMILICKCHBIC COCAUHEHUSI — AYMOKOMNILEKCHL
AuCl3+AuClz <> Au[AuCle] — rekcaxmopoaypar (+3) 3o050T1a (+3) ;
Cdlz + Cdlz < Cd[Cdl4] — TeTpaitogokaamar (+2) KaaMus.
Pa3nnu4aioT TEPBUYHBIA W BTOPHYHBIA TMPOTOIHM3 KOMIUIEKCHBIX COEIMHEHHU.
[epBUYHBIN MPOTOJIN3 — OTINEIUICHHE BHEMIHEN Cepbl, 0OBIYHO IPOTEKAET O THITY CHIIbHBIX
3NIEKTPOaUTOB. Hampumep, /isi KOMIUIEKCOB:

K2[PtCle] (LO) 2K + [PtClg]%;

[Cu(NH3)4]Cl, <222 5[Cu(NH3) ]2 +2C1 ™.

CreneHp TEPBUYHOTO TMPOTONM3a JJsi pa30aBIE€HHBIX PACTBOPOB KOMIUIEKCHBIX
coennnennii 00b19H0 100 % miy OIM3Ka K OTOH BEIUYHHE.

BropuyHOMY MpOTONIM3Y MOABEPraroTCs KOMIUICKCHBIE MOHBI. [Ipu ATOM uX cTeneHb
MpOTONIM3a BechMa Mainia. Pacnaa mpoTekaer Mo THUMY Cla0bIX AJIEKTPOIUTOB. THI MPOTOIM3a —
CTYMEHYATHIN, KOTOPBI ONMHUCHIBACTCS YPaBHEHUEM 3aKOHA JCHCTBUS Macce.

KonnuecTBeHHO mporecchl  MPOTOM3a KOMIUIEKCHBIX ~ HOHOB — XapaKTepHU3yeTcs
KOHCTAHTON HECTOMKOCTH (Kieer) MM 0OpaTHOM €l BETMYMHOW — KOHCTAHTOW YCTOMYHMBOCTHU
(Kyer)-

Paznu4aroT KOHCTaHTBI MPOTOJNM3a CTymeHdarble W oOmue. CTymeHYaTble KOHCTAaHTHI
CBSI3aHBI C OTHICTUIEHUEM OJHOTO JIUTAaHJa OT KOMIUIEKCHOTO MOHA WU MOJEKYIbI, a 00Iue
KOHCTAaHTBHl ~ yYUTBHIBAIOT  PAaBHOBECHBIC  KOHIIGHTpAIlMM  Kak  JIMTAHJIOB, TaK |
KOMIUIEKCOOOpazoBaTelsi, 00pa3yromxcs B XOJe MPOTOiM3a Mo BceM cryneHsM.Hampumep,
npoTonu3 kommiekcHoro nona [CU(NH3)s]?* mporekaer B 4eThIpe CTyTIEHH:
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[[Cu(NH3)3]% 1INH;]

1) [Cu(NH3)4]%* & [Cu(NH3)3]%" +NHg, Koot = . =107-107%;
[[Cu(NH3)4]""]
2+ 2
2) [CUNH3)g 12" 6 [CUNH )12 + NHg; Ky = oo rta)e] ][;\'H3] =186-10%;
[[Cu(NH3)3]"]
2+ 3
3) [Cu(NH3),]% <> [CuNH3]?* + NH3; Koo _[ICu(NHs)] ][';'H3] ~4,68-1074:
[Cu(NH3)4]""]
2+ 4
4) [CUNH3]*" & Cu?" + NH3; K oerl =w=1,02-10‘4.
[[Cu(NH3)]“"]

CyMMmapHOe ypaBHEHHE MPOTOJIN3a BHYTPEHHEH KOOPAMHAMOHHON cepbl BhIpakaeTcs
OOLIMM YpaBHEHUEM:

[Cu(NH3) 412" <2729, [Cu(H,0),41%" + 4NH5.

3HaueHue oOOLIEl KOHCTAaHTbI HECTOMKOCTH OINpEAENseTcss IPOU3BEACHUEM BCEX

CTYMEHUYaThIX KOHCTAaHT HecToiikocTH. Hanpumep, mis mona [Cu(NHs)s]?* obmas koncTanTa
HECTOMKOCTH Oy/IET UMETh BUI:
KHCCT([CU(NH3)4]2+) = Kyecry * Kueerp * Kuecrs * Kuecrg =
_[Cu(H20)41°*]-[NH]*
[Cu(NH3)a]*
Ipumeuanue. Crynenyarsiii nportonus uoHa [CU(NH3)s]?* B Bommbix pacTBOpax
NPEICTABICH B  BHJAE, KOTOPBI  OTBEYACT  NPUHYUNY  COXPAHEHUs — NOCMOSHCMEA
KOOPOUHAYUOHHO20 — 4UCIA KOMNJIeKkcoobpazosamens. Jloka3aHo, 4YTO TIPH OTPhIBE OT
KOMILTICKCHOTO MOHA JIMTAH/1a €0 MECTO 3aHUMAIOT MOJIEKYJIBI BOJIBL:
[Cu(NH3)4]?" + H20 <> [Cu(NH3)sH20]?" + NH3
B wrore mporecc MOMKEH 3aBEpINUTHCS O0pa3oBaHWEM TETPaaKBaKOMILIEKCA
[Cu(H20)4]?".

Yem Oomblile BeIMYMHA KOHCTAHTHI HECTOMKOCTH (WM MEHbIIE KOHCTaHTA
YCTOIYMBOCTH), TEM MEHEE YCTOHYHMBO JaHHOE KOMILUICKCHOE COCHHEHHUE.

[TpoTONM3 KOMIUIEKCHOTO HOHA BO MHOTHX CIydasiX JOKa3bIBAeTCSl C IOMOIIBIO
4yBCTBHUTEIIBHBIX PEAKTHBOB, OOHAPYKHUBAIOIIMX B PACTBOPE KOMIUIEKCHOTO COCTMHEHHS HOHBI
KOMILTEKCOOOPa30BaTEIS U JIUTAHIOB.

Hampumep, wuonbt wmeau B komiuiekcHOM coexuHeHnn [CUu(NH3z)4]Clz  moxHO
00HApPYXHTh, TPHUOABHB K PACTBOPY 3TOU COJIM PACTBOP CY/Ib(UIa HATPHS:
[Cu(NH3)41Cl, + Na,S = CuS 4 +2NaCl + 4NHg;

[Cu(NH3)41%" +572 =CuS { +4NHg
HJIN ITYTCM CBA3BIBAHUS aMMUAKa B 60.]'[66 HpO‘-IHLIfI KOMIIJICKC — KATHUOHBI aMMOHUS .
[CU(NH3)4]C|2 +4HCI —» CUC'Z +4NH4C|,
[Cu(NH3)41%" +4H* - Cu?* +4NH].

Komnnexcnvie coedunenuss ¢ manoycmouuusou 6HympeHHel cgepot, npomoaus
KOMOPOU NPOXOOUmM NPpAKmMu4ecku NOIHOCMbIO — MO 0BOlHbIE CONU, HATIPUMED:

—951.10713,

H,0
[K(H20)6] [AI(H20)6] (S04)2 €——2—> K* + AIP* + 250,42 + 12H,0;
AJTFOMOKAJINCBBIC KBACIIbI

H,0
[2NH4(H20)6] [Fe(H20)6](SO4)2 «—=> 2NHs*+ Fe**+2504% +12H.0;
cosib Mopa.
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Teopust BaneHTHBIX cBs3eil (TBC) oOBsSCHSIET CTpoeHHE KOMIUIEKCHBIX COSAMHECHHIA
BO3HUKHOBEHHEM JOHOPHO-AaKIENTOPHOM CBS3M MEXAY KOMIUIEKCOOOpazoBareieM U
murangamMu. OOBIYHO JOHOPOM BJIEKTPOHHOW IMAphl CIYKUT JIUTAHJ, aKIENTOp — CBOOOJHBIC
opOuTau KoMILIeKcooOpa3zoBaTels.

TBC BO MHOTHX Clly4asiX O3BOJISIET YCTAHOBUTH JEKTPOHHYIO U MPOCTPAHCTBEHHYIO
KOMIUIeKca. Teopusi y4MTHIBA€T IMPU 3TOM XapaKTep BaJIEHTHBIX OpOUTalel IIEHTPaIbHOIO
aToMa B €ro THOPHUIHOM HJIM HETUOPUTHOM COCTOSIHUU.

OcHoBHBIE ~ TUIBI ~ TUOPUIHBIX  COCTOSHHUH  KOMILIEKCOOOpa3oBareiss U

COOTBETCTBYIOIIME WM IPOCTPAHCTBEHHBIC CTPYKTYphl: SpP — Jmneinas ([Ag(NHs)2]™,
[Cu(NH3)2]*); sp® — terpasmpuueckas ([Cu(NHs)4]%*, [NiCls]?*"); d?sp® ([CoFe]®) mm spid?
([Co(CN)s]*) — oxrasmpuyeckas. KBampaTHO-IIIOCKOCTHOH CTPYKType oOTBedaeT OSp2-

rUOpUM3aINs, HarpuMep, 11 KomiuiekcHoro rona [Ni(CN)4] %

Oco60 1eHHyr0 wuHGpOpMAIMIO 00 HIEKTPOHHOM CTPOSCHHH U TE€OMETPUYECKOU
CTPYKTYpE KOMIUIEKCOOOpa3oBaTeNsi HMMEIOT €ro MarHuUTHbIE CBolcTBa. IlapamarHuTHbIe
KOMIUIEKChI MMEIOT B CBOEM COCTAaBE HEMAPHBIC 3JICKTPOHBI — OHU BTATUBAIOTCS B MarHUTHOE
noje, a JIUAMarHUTHBIE, B KOTOPBIX BCE OJJIEKTPOHBI CIAPEHbl, M3 MAarHUTHOTO MOJIS
BBITAJIKABAIOTCSL.

MarauTHbIii MOMEHT KOMILIEKca (i) BbIpakaroT B marHeroHax bopa (omuu M. b =
0,927-107% spr/raycc), KOTOpBIi MOYXET OBITH BHIYUCIEH U3 (hOPMyIIa BHIA:

u=-n(n+2),
r7ie N — YKCJI0 HE CIIApEHHBIX 3JIEKTPOHOB B aTOME WJIM MOHE KOMILJIEKCOOOpa3oBatTess.

DkcriepuMeHTanbHas MHGOpMAs O BETMYMHAX MArHUTHOTO MOMEHTa IO3BOJISET
CYIUTh O TUIE THOPUIU3AIMY [IEHTPAIBHOTO aTOMa M O TEOMETPHUH KOMIIJICKCA B IIETIOM.

VIMeHHO BENMYMHBI MArHUTHBIX MOMEHTOB [IJIi KOMILJIEKCOB C KOOPJAMHAIIMOHHBIM
YHCIOM 6 TIO3BOJIMIIM BBECTH IHOHSTHS GHewneopbumanvnoii NSNP3Nd? u enympuopbumansoi
(n-1)d?nsnp® - rubpuamsauy.

BHyTpruopOuTanbHble KOMIUIEKCHl — JUAMAarHUTHBI WJIM HU3KOCIUHOBBIE, COJAEpKAT

omuH wmn gBa HecmapeHHBIX odnektpoHa ([CO(CN)s]*™ u /PdCld?* — nmamarsurtebI);
BHENIHEOPOUTATILHEIE — BHICOKOCTIHHOBbIE, BKIIOYAIOT 3 — 6 HecnapeHHbIX snextpona ([CoFg]®
— loken. = 4,8; 4 HecmapeHHBIX dmekTpoHa; [MNCls]? — foxen. = 5,95; 6 HecmapeHHBIX
3JIEKTPOHOB).

TBC ybGeautenbHO MOSCHSET CTPOCHHE KapOOHMJIOB METAJIJIOB C HYJEBOH CTENEHBIO
OKHCIICHHS.

Teopuss kpucrasummueckoro mnons (TKII), B ommune or TBC, yuuTeiBaer
3IEKTPOCTATUYECKOE BIIMSIHUE JIMTAaHIOB Ha O-opOHTany KOMILUIEKCOOOpa3oBarelsi, KOTOpOe
HEOJMHAKOBO U3-3a UX PA3HOM MPOCTPAHCTBEHHON OPUEHTALINH.

Jlokazano, uto 0,2 u di’,> opburamu (d,- ypoBeHb) HCHIBITBIBAIOT OONee CHIBLHOE
OTTAJIKUBAHUE IMO]] BIMSHUEM JICKTPOCTATHYECKOTO IMOJISl JIMTAH/IOB, YeM OpOUTAIH Oxy, Oxz- U
dy-z (d: - ypoBens).

B okrasgpuueckom mose d-opOuTany KOMIUIEKCOOOpa3oBaTesi MPHOOPETAlOT JBa
DHEPreTUYeCcKUX ypoBHS: 1) ¢ MeHbIeil sHeprueit 0, — ypoBeHb, BKIIOYAIOLIHN TPU opOouTanu dx-
y» Oezm 1 yz; 2) ¢ Gomee BHICOKOM dHeprueit d,- yposeHs, comepxkammii mse 2 u Oy
opourany.

OHeprusi pacuiervieHust (A) — pa3HOCTh MEXAy JHeprusMud ypoBHedl d,- u d,
YUCJICHHAsT XapaKTePUCTUKA PA3HOTO D3JIEKTPOCTATHUECKOTO JEHCTBUS IO JIMTAHIOB Ha
IPOCTPAHCTBEHHOE pacmpeneseHue ANEKTPOHHON TUIOTHOCTH d-opbOuraneit

KOMILIEKCOOOpa3oBaTesl.
Bennunna A HeoaMHAKOBa J Pa3HBIX JUTAHIAOB M 3aBUCUT OT UX MpHUPOJbl. Bennunna
SHEPTUU PACUICTUICHHMS], BbI3bIBA€Masi Pa3HbIMU JIMTAHJIAMU, BO3PACTAaET B CJIEAYIOLIEM MOPSIIKE:
I-<Br <ClI"<F < OH < C;044< H,0 < NH3 < NO;” < CN- < NO<(O,
T.€. KaXIbIM CIEAYIOUUN JuraHa co3gaér Ooyiee CHIIBHOE MOJIe, YeM MPEIbLTYIIHA.
[TpuBeneHHas mocnea0BaTEIbHOCTh HA3bIBACTCS CHEKMPOXUMULECKUM PAOOM.
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Jlueanovl craboeo noss pacroyiaraloTcs B Havale psijia, 00aaroT BechbMa Manon A. d-
OpOutanu KoMmIieKcooOpa3oBareiasi C TaKUMHU JIMTAHAAMU 3aloJHSIIOTCS B COOTBETCTBUU
npaBwioM XyHpaa (abconromuas 6eIudyuHa CYMMAPHO20 CHUHA 6 NOOYPOBHE OOJHCHA ObiMb
maxcumanvHotl). [Ipy 5TOM 3HEprus OTTAIKUBAHUS JBYX CIIAPEHHBIX AJIEKTPOHOB OKa3bIBAETCS
BeIle, uyeM BeianmuuHa A. KoMriuiekcbl, copepikamipe Juranisl ci1adoro moss, Bcernaa
napaMarHUTHBL.

Jlueanowl cunbHo20 nojs BBI3BIBAIOT BECbMa 3HAYMTENFHYIO DHEPTUIO PACIICIUICHUSI.
[Ipu »TOM 5Heprusi OTTAJIKMBAaHHUS JBYX CHAPEHHBIX DJIEKTPOHOB OKa3bIBACTCS MEHbBIIE, YeM
BEJIMYMHA A. ITocnenoBarenbHOCT 3aI0JHEHUs NIEKTPOHAMHU d-ypoBHs
KOMIUIEKCOOOpazoBaTes CleAyIolasi: cHavajla HUIEeT 3aloJHEHHE OJUHOYHBIMU, 3aTeM —
CIIAPEHHBIMH 3JICKTPOHAMHU opOuTaliei dg, Mmociie Yero 3JaeKTpoHaMu 3anoiHsorces d,-opOutaim.
KommuiekcHble coenuHeHus, COJAepKalllhe JUTraH[bl CUJIBHOTO TMOJs, JWAaMarHUTHBI WX
SIBIISTIOTCSI HU3KOCITMHOBBIMU.

TKII  oObsicHSeT  OKpacKy  KOMIUIEKCHBIX  BEIIECTB C  HajJU4YueM Yy
KOMIUIEKCOOOpa3oBaTessi BAKaHTHOH opOutanu Ha d,- mogyposHe. [Ipu mepexoje 3JIeKTpoHa ¢
d:- Ha d,- momypoBeHb SHEprus MorjiomaeMoro ceera (E) Hpud 5TOM ajgeKBaTHA SHEPTUU
pacuieruieHust (A), 4YTO OMNpeAeNseTcs CIEIYIOIUM COOTHOIICHHEM (JIi OJHOTO MOJb
BEIIIECTBA):

A, /Pic/mone = ENa = hvNa = hcNa/A =0,1196/4, (6.2)

rae Na = 6,02-10% — mocrosiHHas Asorazpo; h = 6,6:1073* Jlx-c — nmocrosinnas [lnanka; ¢
= 3-108 m/c — ckopocTh cBeTa; V(cM ) M A(M) — 4aCTOTa ¥ JUIMHA BOJHBI MOTJIONMAEMOTO CBETa
COOTBETCTBEHHO.

LIBeT — 3TO 3pUTENBHOE OIIYILEHUE 3JIEKTPOMArHUTHOIO U3IYyYEHHsI C JJIMHAMU BOJIH
400 — 760 M (1 HM = 10°° M). Ecnu Bce maparomiue Jiydd OTpakaroTcsl, TO BELIECTBO —
OeclBETHOE, €CITM MOJHOCTHIO MOMIIOMIAIOTCS — uepHoe. [Ipu u30uparenbHOM NOTIIOMICHHH
OIYIIEHUE I[BETHOCTU CO3AAIOT MPOILEIIINE WIH OTPaKEHHbIE BEIIECTBOM JIy4H. Takoi IBET
Ha3bIBACTCSI IOMOIHUTENIbHBIM WU HAOII0JaeMbIM.

Meton monexymspHbeIx opbutaneit (MMO) sBnsieTcs cambIM YHHMBEpCAJIbHBIM IpU
ONMCAaHUHM XWMHUYECKOW CBSI3M B KOMIUIEKCHBIX COEAMHEHHUsSX. MMO yuuThIBaeT B3aWMHOE
BIMSIHHE OpOMTajell Kak KOoMIUleKcooOpas3oBaTelns, Tak U JuranaoB (B ominuue ot TKII) mpu
00pa30BaHMHM XUMUYECKHUX CBA3EH B KOMILIEKCaX.

MMO ocHOBBIBaeTCSI Ha B3aUMOJICHCTBUM aTOMHBIX OpOUTaNe, NPUBOAALIMX K
00pa30BaHUI0 MHOTOLEHTPOBBIX MOJEKYJISPHBIX OpOuTaNeld, HMMEIOIUX pa3Hble SHEPIUU.
OO0pa3oBaHue CBA3BIBAIOIINX MOJEKYJISIPHBIX opouTanelt (0°°) uaET Ha HUKHUX SHEPreTHUECKUX
YPOBHSIX, pa3pbIxisitonux (07“*) — 3a c4eT BEpXHUX.

Mexnay ypoBHAMH o u P HaxoJATCd YpPOBHM ci1abo CBS3bIBAIOIIMX, HE
CBS3BIBAIONIMX H C€JIa00 pa3peIxisitomux opoutanedt  (o07). MonexkynspHble opouTan
3aI0JIHAIOTCS 3JIEKTPOHAMH B COOTBETCTBUU ¢ npuHLUIoM [laynu u npaBunom XyHna.

MMO ocHOBaH Ha OY€Hb CIOKHOM MAaTEMATHYECKOM amnmnapare, 4To MPEnsTCTBYET €ro
HIMPOKOMY MCIOJIb30BaHUIO.

Bonpocsl u 3apanus

[Tpumep 1 Hanumvre ypaBHeHUS! IEPBUYHOTO MPOTOJIM3A JIJIs1 KOMILJIEKCOB:

1) [Co(NH3)s][CoFe]; 2) [Pt(NH3)s]Cl2; 3) K[Co(NO2)a(NHz)2]; 4) [Pt(NHz)2Cl].
YKakuTe WX THUI, OMNpeAenuTe CTeNneHb OKHUCIeHHs KoMiuiekcooOpaszosarens (KO), ero
koopauHanronHnoe uucio (KY), maitte um HazBaHue.

Ortser.

1.1 [Pt(NHs)4] Cl> (LO) [Pt(NH3)4]?* + 2CI- — tun xatuounsii; KO — niatuna;

crenenb okucienus KO: x(Pt) = +2 (paBeH 3apsay KOMIUICKCHOTO HMOHA, TaK KaK MOJIEKYIIbI
ammuaka Heiitpabhbl); KU(Pt) = 4; HazBanue — XJ10pU] THAMMHUHIUIATAHBI (+2).
H,0
1.2 K/Co(NO2)a(NH3)2] ¢—2—> K* + [Co(NO2)a(NHs)2]~ — tum annonHsii; KO —
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ko0asbT; crenenb okucienus KO: x(K) + x(Co) + 4x(NO2) + 2x(NH3) = 0 wim +/7 + x(Co) +
4(-1) + 2(0) = 0, x(Co) = +3; KU(Co) = 6; HazBaHHE — AMAMMHUHOTCTPAHUTPOKOOaIbTaT (+3
Kauus ).

H,0
1.3 [Pt(NH3)2Clz] «——2=—> x — Heanekpomut; KO — IaTHHa; CTENCHD OKHCICHHS

KO: x(Pt) + 2x(NH3) + 2x(CI") = 0 wim x(Pt) = — 2x(CI") = —-2-(=1) = +2; KY(Pt) = 4; na3Banue
— TMaMMUHTUXJIOPOILJIATHHEI.

H
1.4 [Co(NH3)s][CoFs] (40) [Co(NH3)e]®** + [CoFe]> — Tunm kaTHOHHO-

annonHeli; KO B karmoHe wu aHWoOHEe — K0OaibT; creneHb okucieHus KO B: a) kKaTHOHHOM
xommiekce [CO(NH3)s]®* — x1(Co) + 6X(NH3) = +3; x1(Co) = +3; 6) B aHHOHHOM KOMILIEKCE
[CoF6]®> — Xx2(Co) + 6X(F) = — 3; x2(Co) = -3 + (—)-6X(F) =

=3 + (-)6°(-1) = +3; KU1(Co) = KU2(Co) = 6; nazanue — rekcadropokodansrar (+3)
rekcaaMmMuHKOOanbTa (+3).

[Tpumep 2 Kak TBC o00BsICHSET 3JEKTPOHHOE CTPOCHHUE W TPOCTPAHCTBEHHYIO
CTPYKTYpy kapOonuina Hukens? KakoB tum ruOpuanzanuu KOMIUIEKCOOOpa3zoBaTels M KakoBa
reoMeTpuuecKasi CTpyKTypa 3TOro KoMruiekca?

Otser

TBC BmosHEe yJIOBIETBOPHUTEIBHO OOBSICHSAET CTPOCHUE KOMILICKCHBIX KapOOHHMIBHBIX
COEIMHEHUH, B KOTOPBIX CTENEHb OKHUCICHUS KOMILIeKcooOpa3oBaTens paBHa Hymo0. [IpuBenem
MPUMEP TAKOTO OOBSICHEHUS JJISl SJEKTPOHHOW CTPYKTYPhI KOMITJIEKCA TeTpaKapOOHWIa HUKEIS
Ni(CO)a.

CxeMa 3IeKTPOHHOU CTPYKTYPBI HEBO30YKJIEHHOTO aTOMa HUKEJIS UMEET BU/I;

Ni° 3d 4s 4p

NN NI T TN

-0
ITon Bmusnuem 4vetbipex Monekyn CO atom HuKens (9g NI™) mnepexomur B

.0*
BO30YKIEHHOE COCTOSHHE (28 NI ) IMyTeM chapuBaHusi JByX O-3JIEKTpOHOB W mepexoja

napbl IEKTPOHOB € 4S-MOIYpOBHS Ha MATYI0 BakaHTHYI0 3d-opOurtans. B mrore peamusyercs
AJIEKTPOHHAsI CTPYKTypa C YETHIpbMsI CBOOOJHBIMU OpOUTANSAMU — OnHOW 4S- u Tpex 4p-
opOUTaJISIMHU.

Ni% 4s 4p

3d
NI [N [T [®0]e0] e8] 86

co co CoO co
VYuureiBas, 4TO BCE YETHIPE Ni®®CO — cemu (9KCTIepUMEHTATbHBIC JTAHHBIC)

abCOMIOTHO PABHOILIEHHBI, BIOJHE JIOTMYHO IMPEANONOKUTL HX SP>-THOPUAM3AIMIO, TO €CTh
reomerpuueckas koHpurypaius Ni(CO)s— TeTpasaprueckas.

[Mpumepa 3  OmpenenuTh TUN  THOPUAM3AIMKM —  BHENIHCOPOWTAJBHBIN WK
BHYTPUOPOUTAJIBHBIMN, s cineayromux kommiekcoB: [FeCls]™, math He capeHHBIX JIEKTPOHOB;
[PACIs]?> muamarsuTheit; [Mn(CN)s]®, 1 = 2,93, ecnm 11 HEX W3BECTHO YMCIIO HE CTIAPEHHBIX
SJICKTPOHOB WJIM TPHBOJUTCS 3KCIIEPUMEHTALHO OIPE/CICHHbIC 3HAYCHHS CYMMAapHOTO
MarHUTHOTO MOMEHTA ().

Ortser.

3.1 Ilarp He capeHHbIX 271eKTpoHOB B HoHEe [FeCls]™ oTBeuaroT ek TpoHHO# CTPYKTYpe

voHa xenesa Fe** ... 3d°4s%4p° umu B rpaduueckoii hopme

Fe3t 3d 4s 4p
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Yerpipe uoHa-nmuranga ClI-  oOpa3yioT deTblpe XUMHYECKHE CBSI3HM IO JOHOPHO-
aKIENTOPHOMY  MEXaHW3My 3a CYeT BaKaHTHBIX, OJHOH S- W  3p-opOuTaineii,
KoMIiekcooOpazoparens Fe3*. Tomeko Takoe B3amMoseiicTeue opOutaneii sxemesa (+3) u
4eThipex noHOB xJiopa ClI™ MoxkeT coxpaHuTh mapamarHuTHbIe cBoiicTBa komiuiekca [FeCls] ™.

Urak, rpaduueckas popmyna [FeCls]™ Oyner umers cnenyrommii BII:

[FeCls]™ 3d sp® — ruGpuaM3anus
AT AT A AT 1 0] 60 @8

Cl Cl Cl Cl
Tun rulOpuausanu —  BHEIIHE OpOWTalbHBIA; reoMeTpuyeckas ¢opma —
TETPadIPUICCKas.
3.2 B muamarautHOM [PdCls]% mony 46Pd?* cooTBeTcTBYyeT rpauueckas IMeKTPOHHAS
CTPYKTypa, KOTOpasi He COAEPKUT HE CIIAPEHHBIX SJICKTPOHOB, YTO OOBACHIETCS BIMSHUEM OIS
yeTbIpex aurannaos Cl-.

Pd?* Ad 5s 5p

NN NN

B pesynbrare, 1o TOHOPHO-AKIIEITOPHOMY MEXaHU3MY, 00pa3yIOTCs Y€THIPE CBSI3U: OJIHA
3a cyeT BakaHTHOW 4d-opOuTanu; TpU — 3a CUeT OJHON 5S- M IBYX — 3a cueT ISp-opOuraieit
nomypoBHeit Pd?*,

B uTore rpadudeckas CTpyKTypa guaMarauTHoro kommiekca [PAdCls]% umeer Bun:

Pd?* Ad 5s 5p
W[ 1L [Tl 08880888

40'5s'5p? — rubpuausanus.

Tun TuOpumM3auMM — BHYTpHOpOMTANbHBIA; reomerpus [PdCls]?> — xsampatHO-
TUTOCKOCTHAsI.

3.3 BenuunHa 3KCIIEPIMEHTAIBHO ONPEACTICHHOTO CYMMapHOTO MAarHUTHOTO MOMEHTa (
= 2,93) mns kommaekcHoro uona [Mn(CN)s]® moxaseiBaet, 4To MOH-KOMIIIEKCOOGpA30BaTENh
Mn3* comepuT Ba He CAPEHHBIX HIEKTPOHA.

JIBa He CHApEHHBIX >JEKTPOHA OTBEYAIOT DJIEKTPOHHOH CTpyKType moHa Mn®*
3d%45%4p° wmu B rpaduueckoit Gopme

Mn3* 3d 4s 4p

2 A

[{naHua-uoHBl 00pa3yrOT MIECTh XMMHYECKHX CBSI3€H 3a CUeT BaKaHTHBIX OpOuTaen
Mn®*, nBe — ¢ 3d-; omHy ¢ 4S- 1 TpH — ¢ 4P-OpOUTATAMH.
Tornaa rpaduueckas popmyna [Mn(CN)e]® 6yner umers cnemyrommii Bu:

[Mn(CN)s]* 3d2sp® — rubpummsanysa
N T 00 00| 00 90 | 9% | O%

CN CN CN CN CN CN
Tun ruGpuauszanuu — BHyTpHOPOUTANIBHBIN; TeoMeTpuyeckas (popMa — OKTadApuvecKas.
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ba30BbIil ypoBEHB

3amaua 1 KoGamstr B cocrosuun Co®* (3d’) obpasyer 1Ba THIA KOMILIEKCOB,
Pa3IMYAOIIMXCS O MATHUTHBIM CBOMCTBaM: HHU3KocmuHOBBIH kommiuekce [CONO2)e]* (1 =
1,73) u BeicokocrmuOBHEIT — [CO(H20)6]*" (1 = 3,87). U300pa3uth cxeMy paclpeelcHus
371eKTPOHOB 110 J.- n 0~ opbuTanaM HoHa-KoMIIekcooOpaszosarens Co? .

3agaua 2 O06bsicauty ¢ mo3unuu  TKII nBeTHOCTh coenmuHeHnit meau (+2) u
OeclBeTHOCTh coeluHeHuit menu (+1).
3amgaua 3 CrekTp morinomenus s komiuiekcHoro woHa [Ti(H20)6]®" mmeer

MakcuMyM 1ipu 504 HM. UTO NPOUCXOJMT MPH TOTJIOMICHHHA CBETa 3TUM MOHOM? BBIYHCIHTH
SHEPruro pacuieruieHus (Bo30ykaeHus1). B kakol IIBET OKpaIIeH 3TOT KOMIUIEKC?

3amaya 4 K 1 am® pactBopa Kz[Hgls] ¢ xommentpammeii C(Kz[Hgls) = 0,001
Monb/aM°, comepxkamero 0,05 Mo m36bTka Kl, mpubasmmm Takyro Maccy HOHOB S2-, KoTopas
comepxurcs B 1 am° HaceimenHoro pacteopa CdS. Bemaner mu ocagok HGS  Kueer([Hgl2]?) =
1,5-107%%; TIP(CdS) = 7,9-107?; ITP(HgS) = 1,6:107°?).

3amaua 5 HNonunzamnmonnass u3oMepusi KOMIUIEKCHBIX COCIMHEHMM 3aKII04uaeTcs B
Pa3InYHOM paCIpE/IC]ICHUH HOHOB MEX/y BHYTPCHHEH M BHEIIHEH cepaMu, 4TO CKa3bIBaeTCs
Ha pa3HoM mporekanuu nporonu3a. Kommiaekc cocraBa C0SO4Br(NHz)s cymectByer B Buie
JIBYX M30MEPOB: OJUH C HUTpaToM cepedpa naét ocamok Ag2SOs, npyroit — AgBr; npu aeiictBun
xyopua 6apust oquH 1aét ocanok BaSOs, npyroii ocaika HE 00Opasyer.

Hanwummre KoopauHaMOHHBIE (OPMYIIBI H30MEPOB, YUUTHIBAS, YTO KOOPIMHAIMOHHOE
4yucio KobanbTa (+3) paBHO IIECTH.

3amaua 6 Ilonme3ysce HomenknaTypoir MIOITAK, Ha3BaTh ciemyromiye KOMILJICKCHI:
1) [Ptl4(NHa)2]; 2) [CoPO4(NHz3)s]; 3) [Co(OH)3(NH3)s]; 4) [PtCIs(NHa)2]; 5)
[Co(NO2)2CI(NH3)s]; 6) [Cr(H20)3(CNS)s]; 7) [PtSOs(NHs)s]; 8) [Pt (NHs)4] [IrFe].

3amaya 7/ Kakas cBsi3b Ha3bIBaeTcsl JOHOpHO-akuenTopHoi? Kakxoil arom win HOH
ABJIACTCS JOHOPOM M KAaKOH aKIENTOpOM B KOMILIEKCHBIX MoHax: [BF4]~, [PtF6]%, [HsO]",
[Cu(CN)4]?"? OmnpenenuTe B HHX CTENeHb OKHCJIEHHS KOMILIEKCOOOpa3oBaTens U
KOOPAWHAIIMOHHOE YUCIIO.

3amaua 8 Kakue coenuHeHHs] Ha3bIBAIOT aluIoKOMIUICKCHBIME? CocTaBbTe (OPMYIIBI
xoMmiiekcoB s wona V' ¢ wmomamm F, CNS™ u# NO; B KadecTBe IMraHmoB, €CIH
KOOpPIMHAIMOHHOE yicio V' paBHO mmecTH.

3amaua 9 HanmmmTe ypaBHEHUS peakifii HUTpaTa cepedpa ¢ KOMILIEKCAMH CJIETyIOIIETO
cocraBa: PtCls-6NHs, PtCls-5NH3, PtCls-4NHs, PtCls-:3NH3, PtCls-2NHs.  Cocrasbre
KOOPIMHAIIMOHHBIE (DOPMYIIBI 3TUX KOMILICKCOB, HA30BUTE UX U HAIMIIHUTE YPABHCHHUS PEaKIUit
NEPBUYHOTO MPOTOIN3A IS KAXKIOTO U3 HUX. Kakoi U3 9THX KOMILIEKCOB — HEANIEKTPOIUT?

3amaua 10 BerumcnuTe KoHIEHTpammio (B MOIL/IM°) HOHOB KaAMHS B PAacTBOPE C
xonnenrpanueit C(K2[Cdls]) = 0,1 MO/ IM>, coxepkamiem woaua kamus ¢ C(KI) 0,1 MOJTB/ M
(K™T([Cd14]?) = 7,94-1077).

3amaua 10 Mapranen (0) u kobaneT (0) 00pa3yroT JUMEpHBIE JBYXSAEpHBIE
kapoouumsHbIe KomIuiekebl [C02(CO)s] u [Mn2(CO)10]. Kak TBC 00BsiCHSET HX 3JIEKTPOHHOE
ctpoenue? [IpuBenuTe COOTBETCTBYIOIINE 3JEKTPOHHbIE IpaNIECKUE CXEMBI.

3amaya 11 Kakoill Tun ruOpuausaniy, BHEIIHE- WIM BHYTPU OpPOUTAIBHBIN, aTOMHBIX
opbutaneit Co®" B kommnekcHsix noHax [CO(NHs)s]®* (mmamarmuren) u [CoFe]® (tpm
HECIapeHHBIX AJIEKTPOHA)?

3amgaya 12 Omnpenenuts rHOpUAHBIE OPOUTANTN IIEHTPAILHOTO MOHA M T€OMETPHUECKYIO
CTPYKTYPY KOMIUIEKCOB, JJIsl KOTOPBIX YKAa3bIBACTCS YMCIIO HE CHAPEHHBIX AJIEKTPOHOB WIIH
HalIecHHOE ONBITHBIM myTeM 3HadeHue u: a) [CoCls]~, Tpu HecapeHHBIX JIEKTPOHA, 0)
[MnCls)%, = 5,95; B) [AuCls]” — nuamarautssiii; T) [FeCls]™, maTh HecapeHHBIX IEKTPOHOB;
1) [PdCl4]?, nmamarauTasiii; ¢) [Fe(CN)s]*, x) [Fe(CN)s]*, amamMarsuTHbIii.

3anava 13 Kaxoif Tun ruGpuanzanuu aTOMHBIX opouTtaneit ¢pocdopa ocyuiecTBisieTcs B
nonax [PCls]™ u [PCle], u3 xoropsix cocrost kpucramibl P2Clig? Kakoa mpocrpancTBeHHast
KOH(UTYpanus STUX HOHOB?

137



3anaua 14 Pactop [Ni(H20)s]?* umeer 3enenyio okpacky. OObICHHUTE, TOYEMY OKpacka
yicye3aeT IpH BBEICHUH B 3TOT pacTBop HoHOB CN™.

3anaua 15 IpenckaxuTte MarHUTHEIE cBoiicTBa MOHOB: a) [Al(H20)s]%*, 6) [Zn(H20)6]%",
B) [Cu(H20)4]*", 1) [Fe(H20)6]*", n) [Fe(H20)6]?", e) [Cr(H20)s]**. ITpenckaxure MarHuTHEIE
CBOICTBA MOHOB, Y KOTOPBIX MOJIEKYJIbI BoAbI 3amereHsl Ha NHs, F~ mmu CN-.

IToBbIlICHHBI YPOBEHD

3amaga 1 Uon [CrFe]* - mapamarureH (toxen. = 3,91). Iloctpoiite ero
SHEPreTUYECKyI0 Juarpammy, ucnoib3ys MMO. VKaxuTe YHCIO W XapakTep XHUMHYECKUX
CBSI3€M B KOMILIEKCE.

3amaua 2 Beluvcnuth  KoHueHtpauuro  uoHoB  Agt B pacTtBOpe,  eciu
C(/Ag(NH3)2]NO3) = 0,2 moms/mm® 1 C(NH3) = 0,5 momns/nm®. O61mas KOHCTaHTa HECTOHKOCTH
kommiekca [Ag(NHs)2]* pana 6:1078,

1 Harmucate dopmynsl coenquaenuii: 1) rpuammuradocdaroxpoma (+3); 2)
TpuaMMUHTpuoaopoaus (+3); 3) AMaMMUHTETPaXJIOPOIIaTHHBI (+4); 4)
TpUaMMHUHTpUHUTpOpoaus (+3); 5) auruapokcunamuHauxaoponamaaus (+2); 6)
aMMUHTPUXJIOPOIUIATUHAT (+2) TpUaMMHUHXJIOPOIIATUHBI (+2); 7) rekcarmumanokoOanbTaT (+3)
rekcammuako6ansTa(+3); 8) rekcadropoxpomar (+3) rexcakBaxpoma(+3); 9)

TeTpaxJioporyiaTuHat (+2) TerpaMMHUHAUTUAPOKCcOIIaTUHbl (+4); 10) rexkcanmanoxpomar (+3
rekcaMMHHKOOanbTa(+3); 11) rekcanutpo-kodansTar (+3) rekcammuaxpoma(+3).

Bamaya 3 Bemager mu ocamok kapbonara kaamus (IIP(CAdCO3)=2,5-101%), ecim k
pactBopy ¢ konnenrtpanmeii C(CA(NH3)sSOs) = 0,01 mons/mv® 100aBUTH paBHEIH 00BEM
pactBopa coxbl ¢ Konmentparueir C(NaxCO3z) = 1-10* moms/mm®? Otser: ocamoxk CdCOs3
BBINAJICT.

3amava 4 BemiectBo coctaBa PtSO4(OH)2(NH3)s 06pa3yer 1Ba HOHH3AIMOHHBIX H30MEPA.
BoaHbI pacTBOp OJHOIO M3 HUX HEWTPAJIEH, APYTOro — MMEET IIEJNO4HY cpeay. Hamummre
KOOp/IMHAIIMOHHBIE (DOPMYJIBI M30MEPOB, YUMTHIBAsl, YTO KOOPAMHALMOHHOE YHCIIO IJIATHHBI
paBHO 1ecTH, a HoH SO4> — GUIEHTaHTEH.

3amaua 5 Kak TBC oObscuser ctpoenue kapb6onmioB xpoma (0) u xenesa (0)? Kakue
koopauHarroHHbie yncia umeror Cr(0) u Fe(0) B aTux xomriekcax?

3amauya 6 B kakux 006JacTSX 3JIEKTPOMarHUTHOIO CHEKTpa MPOMCXOAUT MOIJIOIIECHUE,
ecnu pactBopbl uMmeroT okpacky: NiClo — semenyro, TiCls — kpacHo-myprnypayto, CuSOs —
CUHIOIO?

3amaya 7 OOwscHuTe, mo4yeMy coeamHenus AU (+1) He okpamens, a Au (+3) —
OKpAIIIECHBI.

3anaua 8 Makcumym mornomenus Boguoro pactsopa [Cr(NHs)e]®* cocrapmser 460 um,
a s pactBopa [Cr(H20)s]*"— 710 am. Kakylo okpacky MMEIOT PacTBOPHI STHX KOMILIEKCOB?
Paccunraiite sHEprHIO pacenieHus A1 3TUX NOHOB.

3amaua 9 Kakoil juyiMHE BOJHBI COOTBETCTBYET MAaKCHMYyM MOTJIOIIEHUS JUISI BOJHBIX
pactBopoB moHa [Mn(H20)6]%", ecnu smeprus pacmernenns misa de- u d,- mogyposreit Mn®*
pasHa 250,5 k/[x/monb? Kakyro okpacky UMeeT 3TOT pacTBOp?

OTBeT: OKpacka opaHXeBas; Amax = 472 HM.

3agaya 10 M300pa3uTh cxemy pacnpeneneHus 3eKTpoHOoB No O, u d,-opOutamsm
KOMIIIeKcooOpaszoBarenst B KoMiulekcHBIX HoHax [Cr(H20)6]®" (usxen = 4,8) u [Cr(CN)g]®*
(IMaMarHUTHBIH).

3amaua 11 MOXHO 1M CYHMTaTh MOJIEKYJIBI METaHa W aMMHaKa KOMIUIEKCHBIMHU
coequnenusmMu? Kak MMO onucbiBaeT o0pa3oBaHre MoJeKyIsipHbIX opoutaneit B CHa u NH3?

Cnucok JinTeparypbl, peKOMEHyeMblii K HCII0JIb30BAHMIO 110 IAHHOH TeMe
OcHoBHasi iMTEpaTypa:
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Tema 8. OkMcCANTEIBLHO-BOCCTAHOBUTEIbHBIE PeAKIINH
IpakTuyeckoe 3ansiTue 8. OKUCIUTETHHO-BOCCTAHOBUTEIbHbIE PeAKIIUH
Hesab 3aHATHA: 1) TOBTOPUTH OCHOBHBIE MOHATHS 00 OKHUCIEHHH U BOCCTAHOBIICHUH,
PaccMOTPETh CYIIHOCTh OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIINIA;
2) BeIpa0OTaTh YMEHHS 10 COCTABICHUIO YPAaBHEHUM XMMUYECKUX PeaKIUii, IpOTEeKaroIuX
B Pa3JIMUHBIX CpeJax METOJIOM 3JIEKTPOHHOro OanaHca;

3HaHMsA M yMeHHUs, IpHoOpeTaeMble CTYAeHTOM B pe3yJibTaTe 0CBOEHHS TeMbl
3HaTh: OCHOBBI CAMOOPraHU3aLMU U CaMOOOPa30BaHMUS;
3HaTh: CyIIHOCTH U 3HaYCHHE MH(OPMAIMY B Pa3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBBI ITOJIyUCHHS
1 00paboTKH MHPOPMALIMH U3 PA3IMYHBIX HICTOYHHKOB
3HaTh: pabOTHI MO PacyeTy U MPOESKTUPOBAHUIO JIeTaIeH U y37I0B MAITMHOCTPOUTEIIBHBIX
KOHCTPYKIMI B COOTBETCTBUHU C TEXHUYECKUMU 33JaHUSAMH U UCIIOJIb30BAHUEM CTaHIaPTHBIX
CpPEACTB aBTOMAaTU3aLUH IIPOECKTUPOBAHUS
YMeTb: caMOCTOSITENIHO CTPOUTH NPOLIECC OBNIaAeHHs HH(pOpMalel, 0TOOpaHHOH! U
CTPYKTYPUPOBAHHOM /IS BBINOIHEHHS TPOGECCUOHATBHON €S TENbHOCTH.
YMmeTh: momydars 1 00pabaThBaTh HHYOPMALIMIO U3 PA3TMYHBIX HICTOYHUKOB
VYmerb: MPUHUMATH yYacTHE B paboOTax Mo pacyeTy U MPOESKTHUPOBAHUIO JAeTajel U y3JI0B
MaIlIUHOCTPOUTEIbHBIX KOHCTPYKIUN B COOTBETCTBUU C TEXHUYECKUMU 3aJaHUSAMU U
HCIIOJIb30BAHUEM CTaHIAPTHBIX CPEACTB aBTOMATU3aIUU IIPOEKTUPOBAHUA

HaumenoBanue ¢GopMupyeMbIX KOMIETEHIIHHA

Wunekc DopMynHpOBKa:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMOOOPa30BaHUIO
OIIK-4 NOHUMAaHHEM CYIITHOCTH Y 3HaYCHUS HHPOPMAIMU B pa3BUTUU
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COBPEMEHHOTO O0IIEeCTBa, CTOCOOHOCTHIO MOJyYaTh U 00pabaThIBaTh
UH(OPMALIKIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTHIO HHTEPIPETUPOBATH,
CTPYKTYPUPOBATh ¥ 0POPMIISATH HHOOPMAITHIO B JOCTYITHOM JJISL APYTHX
BUJIC

I1K-5 CHOCOOHOCTBIO IPUHUMATh y4acTHe B paboTax 1o pacueTy
IIPOEKTUPOBAHUIO JETAJIIEH U Y3JI0B MAIIMHOCTPOUTEIbHBIX KOHCTPYKIIUH B
COOTBETCTBUU C TEXHUYECKUMH 3aJaHUSIMU U UCIIOJIb30BAHUEM
CTaHJAPTHBIX CPEJICTB aBTOMATH3ALUU ITPOCKTUPOBAHNS

AKTyanbHOCTh TeMbl. OKUCIUTENbHO-BOCCTAHOBUTEIbHBIE — IMPOLIECCHl MPUHAMIEKAT K
qrClly HanOoliee pacpOCTPAHCHHBIX XHMHUYECKUX PEAKINi U UMEIOT OTPOMHOE 3HAYCHHE B
TEOpPUU U MPAKTHUKE.

Teopernyeckasi 4acThb
Teopusi OKMCJIUTEIbHO-BOCCTAHOBUTEIbHBIX PeaKIMid

Peaxyuu, 6 xomopuvix npoucxooum usmeHeHue cmeneHel OKUCIEeHUs amoMos,
HA3bl6AI0OMCA OKUCIUMENTIBbHO-60CCMAHOBUMETIbHBIMU.

B npocteix BemecTBax CTENEHH OKHUCIEHHS aTOMOB paBHbBI HYJO. [l CloKHOM
MOJIEKYJIBI CyMMa CTENEeHEW OKHCICHMS BXOMSIIUX B €€ COCTaB aTOMOB TaKXKe JOJDKHA OBITh
paBHa HYJIIO; JJI1 HOHA — €T0 3apsy.

OxucneHreM Ha3bIBaeTCs MPOIecC OTAaYl aTOMOM MOJIEKYJION MJIM HOHOM 3JIEKTPOHOB:

Al —3e — AI3*
Fe?t —e > Fe>
2ClI~ —2e »Cl,.

B mponecce OKUCICHUS NPOUCXOAUT ITOBBIIICHUC CTCIICHU OKHCJIICHU.
BoccranoBnenneM HasblBaeTCs MPOLIECC MPUCOEAUHEHMS SJEKTPOHOB aTOMOM, MOHOM
WJIM MOJIEKYJIOM:

S +2e St

Cl, +2e — 2CI~
Fe*" +e > Fe?".
IIpu BocCTaHOBIIEHUU CTENIEHD OKUCIICHUS TOHMKAETCSI.
B 3aBHCHMOCTH OT CIIOCOOHOCTH OTAaBaTh HWJIM NMPUHHUMATL 3JICKTPOHBI BCC BCHICCTBA
JIENATCSA HAa OKUCIIUTEIN U BOCCTAHOBUTEIH.
Oxucnrumenu — 3mo amomvl, UOHbL UIU MOJIEKYIbl NPUCOCOUHAIOWUE INeKMpOHbl. Bo
6pems peakyuy OHU 60CCMAHABIUBAIOMICA.
Boccmanosumenu — smo amombi, UOHbL UNU MOJIEKYIbl, KOMOPble 0OMOAOm 1eKMpOHbL.
Bo epemsa peaxyuu onu oxucisaomces.
[Ipouieccrl OkMCIEHUS U BOCCTAHOBJICHUS BCETJa MPOTEKAIOT MapaijIeIbHO, YTO MOXHO
BBIPA3UTH CIEAYIOLIEH CXEMOM:

Boccranosurens (B1) — € <> okucnurens (O1)

Oxwucmutens (O2) + € <> BoccTaHOBHTEND (B2).

Crie10BaTenbHO, OKUCIUMENbHO-80CCMAHOGUMENbHBIE PEeaKyUl NpeoCmasision coool
€OUHCMBO 08YX NPOMUBONONONCHBIX NPOYECCO8 — OKUCTEHUs U B0CCMAHOGIeHus.. B aTHx
peaknusix o0Iee YHCIO AIIEKTPOHOB, OTAaBAEMbIX BOCCTAHOBHTEIEM, PAaBHO OOIIEMY YHCIY,
HPUCOCAUHIEMOMY OKUCIHTEIICM.

ITpu 5TOM HE3aBUCHMO OT TOTO MEPEXOIST JIM DJIEKTPOHBI C OJHOTO aTOMa Ha JAPYrou
MOJIHOCTBIO WUJIHU JIMIIb YaCTUYHO OTTATUBAIOTCA K OAHOMY U3 aTOMOB, YCJIOBHO I'OBOPSAT TOJIBKO
00 oTaue ¥ IPUCOSTUHEHUH 3JIEKTPOHOB.
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B OBP oxucnurens U BOCCTAaHOBUTENb PEAarupyroT APYr ¢ APYIOM B 3KBUBAJEHTHBIX
KOJIMYECTBAX.

Oxeueanenmom okucaumens (O) unu 6occmanosumens (B) nazvieaemcs marxoe
KOIUYeCma8o Ux MoJlb, KOMOpoe NPUCOeOUHSAem Ul omoaem O0OUH MOIb INeKMPOHO8, UMO
ompasicaemcst CiedyiowuUMu GopmMyi1amu.

9(0),1140%:i WIH 3(3),M0ﬂb:i,
Zg Ze
II€ Ze — YHCIO ODIEKTPOHOB, KOTOPOE IPHUHUMAET OKHMCIHMTENs (O WIM OTHAeT
BOCCTAHOBUTEID B.
MonbHass (WM MOJISIpHasi) Macca DKBUBAJIEHTa OKHMCIuMTelss O W BOCCTAaHOBUTENS B
BBIPAXKAETCS B T/MOJIb U OIIPEAEISIETCS U3 COOTHOIIEHHUH CIIEAYIOMIETO BU/IA:

1 1
1) nns oxucaurens— M (— O), el monw, 2) nnsiBoccranoBwensi—M (—, B), 2/ monw
Ly e

Tonbko B poaM OKMCIUTENS BBICTYNAIOT YAaCTHIIbI, UMEIOIME MAaKCUMAIbHO BO3MOXKHbBIE
CTENIEHM OKHUCIIEHHUs (Hampumep, JUisi MapraHua — 3to (+7), mist azora (+5) U T.A.); TOJIBKO
BOCCTAQHOBHTEIISI — C MUHUMAJILHOM CTEIICHBI0 OKUCICHUs (I cepbl — 310 (—2), s azorta — (-3)
U T.J.).

Yacmuyvl, umerowue npomedxnCymoyHvle CMeneHu OKUCIeHUS, MO2Yym NpOsEIimb
CBOUCMBA KAK OKUCIUMEIA, MAK U 60CCMaHogumeris. 10 00YCIOBIEHO: XUMHUYECKOU IPUPOIOH
peareHTa-nmapTHEPa; yCIOBUAMM U XapaKTEPOM Cpeibl, B KOTOPbIX IpoTekaer OBP.

Hampasnennocts OBP  ompenpensiercs  BeIMYMHAMU ~ 3HAYEHUW  CTaHAAPTHBIX
INOTEHIMAJIOB PEareHToB: oOkucaurenb (O Bcerga umeer Ooibiiui (1o anreOpanyeckont
BEJIMYMHE) CTAaHAAPTHBIN MOTEHIMAJ, YeM BOCCTaHOBHUTEb B.

Hanpumep, B xucnoii cpeae cmemmuBaroT asa BemectBa: KoCr.07 u NaNOz. Kakoe u3
ATHX BEIECTB OYAET OKHCIUTEIEM, KaKOe — BOCCTAHOBUTETIEM?

OOpatumcsi K CIPaBOYHBIM JTAHHBIM: (pO(Crzof2 + 14 H*/2Cr*3 + 7HO) = 1,33 B;
@°(NOz + 2H*/NOz + H20) = 0,78 B.

Ilpumeuanue. Pexomenayercs ucnonb3oBaTh yueOHoe mocobue: H.C. Axmeros, M.K.
AsuzoBa, JI.M. banpiruna. JlaGopaTopHble HW CEeMHHApCKHME 3aHATHS 10 OOIEH H
HeopraHuuyeckoi xumuu. M.: Beicur. mkona, 2002.

Tak xax @°(Cr.0772 + 14 H*/2Cr*3 + 7TH,0) > ¢°(NOs~ + 2H* / NO;~ + H:0), mo
okucnutenem oyner saBasaTbest KoCr20y7.

KonnuecTBeHHOM XapakTepucTUKOM riayOuHbl mporekanus OBP sBasercs 3HaueHue

KOHCTAHTBI PaBHOBCCHUA:
kP~ 2 (0)-9°(B)
g = Ly,
0,059

rae ¢°(0) u ¢°(B) — crammapTHBIE MOTEHIMANBl OKHCAUTENs O M BOCCTAHOBHUTENS B
COOTBETCTBEHHO, B; Zy — cyMMapHOE KOJMYECTBO DJJIEKTPOHOB, MPUHUMAIOIINX y4dacTHE B
nmaunou OBP.

Koncranra paBHoBecust OBP cBsizana c norenmuanom ['u66ca (Jx/momnp K):

AG? =—2,303RT Ig K P
Dueprus I'm66ca, B cBoro odepens, cazana ¢ IJC (Ap®) mocrosuol dapanes (F) u
YHCIIOM 3JIEKTPOHOB, ydacTByroumx B OBP:
AG®, [Doic/mons K = —nAg°F,
Ap® = ¢°%0) — ¢°B) - DJIC OKMCIMTENIBHO-BOCCTAHOBHMTEIBHON pEaKIMH MHpH
CTaHJAPTHBIX YCIOBHSX, B.
s crangaptaeix yenoBuit: 7 = 298,15 K = 298,2 K; R = 8,314 Ix/monb-K; F =
96450 =~ 96500 k/M0OIIb-3KB, MOTY4UM (HOpMYITy YIOOHYIO JIJIsi PACUETOB:
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oKD F 96500
9K g = =
2303RT 2,303-8,314-298,2

B  ycrnoBusix OTAMYHBIX OT CTaHAAPTHBIX, OKUCIUTEIbHO-BOCCTAHOBHUTEIIbHbBIC
noteHimansl (OBII) u DJIC OBP, mnporekammmx B BOJAHBIX pacTBOpax, 3aBUCAT OT
KOHIIGHTpaluu (TOYHEEe, aKTUBHOCTEW) y4YaCTBYIOIIMX B IMPOILIECCE MOHOB. JTa 3aBHUCHUMOCTH

BBIpakaeTcst popmysnoit Hepuera:
0,059, [O]
B= 0 4+ I ,
»,B=P0/B . g [B]

rne ¢°os — CTAHIAPTHBIA TOTEHIMAN peareHTa (OKHCIMTEIN WM BOCCTAHOBHTENs), B;
[O] u [B] — KOHLIEHTpAIUK OKHMCIECHHOH M BOCCTAHOBICHHOH (hOPM peareHTa, MOIb/IM; Z —
YKCJIO 3JIEKTPOHOB B MOIYPEAKIMH JIJIS JAHHOTO pearcHra.

Ilpumeuanue. Cnenyer Bcerja MOMHUTh, YTO KOHIIEHTpAalLMHM BceX ydacTHMKOB OBP B
ypaBHeHuu (7.5) sBIAOTCS MOJSIpHBIMH KoHueHTpauusmu (Cy (X)), a HEe MOJIIPHBIMU

nAp® =16,90nA¢°.

skBuBanienra (C(1/2 X)).
Ha 3nauenue OBII u Ha xapaktep MpOAYKTOB PEaKIMH JOCTATOYHO CHJIBHOE BIIMSHUE
okasbiBaeT pH pactBopa, B koropoM npotekaer OBP. Hanpumep, npu pH < 7 3HaueHue

CTAHAGPTHON® NOTCHIHAN LIS CHCTEMBL:
°(MnOy +8H ' /Mn*t + 4H,0)=151B .
wpupH =7 @2 (MNOg + 2H,0/MNnO, + 40H ™) =0,6 B -
oi>7- @0 (MnOz / MnOz2) = 0,564 B.

Bakneiiimme BOCCTaHOBUTENH: aTOMBI METaJIoB, Bojopon, yriepon, CO, H.S, H2SOs,
NaNO-, Na2S,03, HI, HBr, HCI, FeSOg, CrCls, MnSO4, NHs.

BakHeiiiie OKUCIUTENH: TaJOreHbl, XJI0paThl, KKCI0po, 030H (O3), KMnOs, K2Cr207,
KoMnOs, H202, H2SO4 (kony.), HNO3z, PbOo.

THunbl OKHCJIUTEIHHO-BOCCTAHOBUTEILHBIX PeaKIUi

PaznuyaroT Tpu THITA OKUCITUTEIHFHO-BOCCTAHOBUTEIBHBIX PEaKIIN:

a) BHYTPUMOJIEKYISpHBIE; 0) AUCTIPOTIOPIIMOHUPOBAHUS; B) MEKMOJICKYJIISIPHBIE.

Buympumonexynapuvie OBP — smo maxue peaxyuu, 8 KOMOPbIX U OKUCIUMENb, U
B0CCMAHOBUMENL HAXOOSIMCSL 8 COCMABE OOHOU MOJEKYbl, HO SAGISIOMCS NPU IMOM PA3HLIMU
oNleMeHmamu.

2KNO3 ——52KNO, + 0,
AN —2e > N*¥

1207% + 4e <> O,.
Peaxyuu oucnponopyuonuposanus — OBP, 6 x00e KOMOpbIX 00UH U3 21eMeHmMOs,

CO@@prCGW@IZC}Z 6 00HoU MOJIEKYIE, OdHOGpéMeHHO u noesvluiaem, U nNOHUMNCAEM CMeENnEeHb
OKUCTIeHUSL.

Cl, + 2KOH — KCIO + KCI + H,0
1|Cl, —2e <> 2CI"
1|Cl, —2e <> 2CI~.

K aucnponopiuoHMpPOBaHHMIO  CIIOCOOHBI  TMOYTH  BCE  YACTHIIBI, HMMEIOIINE
MIPOMEKYTOUHYIO CTETIEHb OKHUCIICHHUS.
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Haubonee pacmpocTpaHeHHbI pPEaKLUMU TPEThEro THIMA, KOTOpPBIE MPOTEKAIOT ¢
U3MEHEHHEM CTEleHH OKHUCIIEHHs aTOMOB B pa3HbIX MOJIEKyJlaX, T.e. OKHUCIMTENb U
BOCCTAHOBUTEINb HAXOJATCS B pa3HbIX BellecTBax. Crofa ke CielyeT OTHECTH U PEaKLUU MEXay
pasHBIMHU BEIIECTBAMM, B KOTOPBIX aTOMbl OJHOTO M TOTO K€ 3JIEMEHTa MMEIOT Pa3IMYHYIo
CTENEHb OKUCIICHUSL:

5HCI + HCIO3 — 3Cl, + 3H,0
112CI1*° +10e <> CIS
512C1~ —2e <> CI3 .

AJITOPUTMBI COCTABJICHHUSI MOJTHBIX YPABHEHUIH OKHCJIHTEIbHO-BOCCTAHOBUTEIbHBIX

peakuuit

[IpaBuabHO cocTaBiI€HHOE MONHOE ypaBHeHue peakuuu OBP nomkHO ynoBieTBopsATh
3aKOHY COXPAHEHHSI MAcCChl BEIIECTB — YUCIO OOHUX U MeX JHce AmMOMO8 8 UCXOOHBIX 8euecmeax
U npoOyKmax peaxyuu O00JNCHO Obimb 00unakogvim. B MoHHBIX ypaBHeHHsX OBP nomxHbl
BBITOJIHATHCS: 3aKOH COXPAHEHUS MAcChl BELECTB U YCIOBUE AIEKTPOHEHUTPATIbHOCTU — cyMMda
cmenenell OKUCHeHUsl UCXOOHbIX Gewecme O0NJICHA OblMb paeHa cymme CmeneHeli OKUCeHUs
NPOOYKMO8 peaxkyuu.

Kpome »3rToro, HeoOXOOUMO IMOMHHUTb, YTO CTENEHb OKHUCIEHUS MOXET OBbITh
OTPULATENIbHOM, TIOJIOKUTEIBHOM, PAaBHOW HYIIO, @ TaK)Ke U APOOHBIM uuciioM. Tak, Harpumep,
i coeauHenust KOz crenenb OKMCIEHHs KUCIOPOAa paBHA (—) 2.

Cmenens oxucieHus 6ce20a npugooumcs co 3Hakom (3HaK IUTIOC HE OIYCKaeTcs, a BCerjaa
ykasbiBaetcs!).

[Ipu cocraBiaeHUN ypaBHEHUI OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIMNA HCIIONb3YIOT
JIBA METOJIa: METOJ OJJIEKTPOHHOro OajlaHca M METOJ 3JIEKTPOHHO-MOHHO-MOJIEKYISPHOTO
Oamanca (Meron monypeakiuit). [locaeaHuii MeToJ HMCHONB3yeTCS TOT/A, KOTAa peakius
IPOXOJAUT B cpese AneKkTpoiuTa. IIpu 3Tom crnalOble 31eKTPOIUTHI, a TaKkKe MajlopacTBOPUMbIE
BEIIECTBA, 3alMCHIBAIOTCS B MOJIEKYJISIPHOM BHJIE, @ CUJIbHBIE — B BUJIE HOHOB.

Aneopumm cocmasnenus ypasuenuii OBP:

1) onpenensoT OKUCIUTENb U BOCCTAHOBUTEND (B TaOJIMLIaX HAXOASAT COOTBETCTBYIOIINE
3HAYEeHUs CTAHJAPTHBIX MOTEHIMAJIOB PEareHTOB JJAaHHON peaKlun);

2) onpenensioT, Kakue CTENeHU OKUCIEHUs TPUOOPETal0T BOCCTAHOBUTENb U OKUCIIUTENb
nociae peakunu. Yem Oosiee CHUIBHBIA OKUCIMTENb Y4YacTBYeT B pEaKLMH, TaM BbIIIE
MOJIHUMAETCSI CTENIEHb OKUCIIEHNS BOCCTAHOBUTEISL.

AnHanoru4Ho, yem OoJyiee CHJIBHBIH BOCCTAHOBUTENIb PEATUPYET C OKHUCIUTENIEM, TeM
CUJIbHEE MTOHMKAETCS CTETIEHb OKUCIICHUS OKUCIUTEIS.

3) omnpemensioT, B BHJIE KaKUX COCIMHEHHH CYIIECTBYIOT OKHCIEHHBIE U
BOCCTAaHOBJICHHBIC DJICMEHTHI B JAHHOU cpeje (KUCIIoN, MeIOYHOM U HelTpansHOo#). Hampumep,
Fe3* B kucnoii cpeme cymecTByer B Buje conu Fe (+3), a B memouHoif cpene — B BUIE
masiopacTBopumMoro ocaaka Fe(OH)s.

4) wnHaxomaT kodpduuueHTsl B ypaBHeHMH OBP MeTomamMu 3JE€KTPOHHOTO WM
AJIIEKTPOHHO-UOHHOTO OajaHca.

B Mertome oanekTpoHHOro 0OanaHca paccMaTpUBAIOT TOJYPEAaKLIHWU OKHUCICHHS U
BOCCTAHOBJIEHHSI C YUaCTHEM aTOMOB, HAXOJIIINXCS B ONPEACTEHHBIX CTENEHIX OKUCIICHUS.

Bonpocsl u 3apanus

HpI/IMCp 1. I/ICHOJ'IL3YSI MCTO/ 3JICKTPOHHOT'O GaHcha, COCTaBUTb YPABHCHUC cneﬂyromeﬁ
OKHCJIUTEIHFHO-BOCCTAHOBUTEIILHOM pPCaKknuun:

FeClg + KI —
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Yka3aTh OKHCIUTENb U BOCCTAHOBUTEID; ONPEACTUTh HX SKBUBAICHTHI U SKBUBAJICHTHBIC
MAacChl; BBIYMCIUTH NMOTeHIHad ['n60ca  KOHCTAaHTY PaBHOBECHS PEaKIMH U CIENaTh BBIBOJ O
r1yOUHE €€ NPOTEKaHusl.

Pemenue: 1) 3HaueHusi CTaHIAPTHBIX MOTEHIIMAJIOB PEAareHTOB (CIPABOYHBIC JTaHHBIE):
¢°(Fe*™®/ Fe*™?) = 0,76 B; ¢°(12/21") = 0,54 B;

2) Tak kak @°(Fe*®/ Fe*?) > ¢%(12/217), To Fe*™® — okmcnmurens, BocCTaHABIMBACTCS JI0
Fe*?: | - BoccTaHOBHUTEIB, OKUCISIETCS 10 l2;

3) cxema nanHoit OBP Oynmer uMeTh ciaeayrommi BUI:

FeCI3 + Kl — FGC'Z + |2 + KCI )

Ilpumeuanue. Cxema OBP TONBKO MOKa3bIBa€T XapakTep HCXOJHBIX M KOHEUHBIX
BEILIECTB.
4) 3amuIeM 3JIEKTPOHHBIE YPAaBHEHHS IJIs TTOJTYPEaKIIHA

2| Fe+3 +e & Fe+2; Fe+3 — OKUCJIUTEJID |
1121 =28 <> ly; | —BoccTaHOBUTED;
1 1
(= Fe+3) =1mMmonb; MonbHAS Macca SkBuBajeHTa —M (= Fe+3) — 56—~
1 1 MOJTb
2 1 r %)
I(=17) =1momb; MospHas Macca skBuBajiieHra—M (=17) =127 ;
2 1 MOJTb
+3 - _ +2
2Fe™ +21 =2Fe"" + |y — kparkoe nonnoe ypasnenne OBP (ji1s1 Hero BbITONHAETCS

3aKOH COXPAHEHMs MACChl BEILIECTB U YCIOBUE AIEKTPOHEUTPAIBHOCTH);
6) M, OKOHYAaTeIbHO — IMoJHOe YypaBHeHHe OBP (1 Hero BBINOJHAETCS 3aKOH
COXpaHEHHUs MacChl BELIECTB):

2F€C|3 + 2Kl = 2F6C|2 + |2 + 2KC|,

7) BBIYMCIUM H300apHO-TepMUYecKuil moteHuuan ['mdoca no popmyie AGY = —
NA@°F, JI/Momb U KOHCTAaHTY paBHOBecHus peakiuu 110(10.1.86)
a) AG% =—1-2-(0,76 — 0,54) 96500 = — 42460 JIxx/Momb = — 42,46 kJIK/MOIB;

6) Ig Kfog =16,90nA¢° =16,90-1-2(0,76 —0,54) = 7,436; KRg =10"%° ~2,73.10".

BeiBoa: rnyOmMHa TNpOTEKAaHUs TMPSIMOM pEakUMH OTHOCHTEIbHO HEBENHKA, YTO
00yCIJIOBJIIEHO HE3HAYUTEIbHBIM Pa3IMuieM BEIMUUH CTaHJAPTHBIX 3JEKTPOIHBIX MOTEHIUAIOB
pEareHToB.

B memooe snexmponno-uonnozo banranca (mounee — 31eKmMpPOHHO-UOHHO-MOTIEKVIAPHO20
bananca) paccmampusaiom nepexoo 31eKmpOHO8 Om OOHUX AMOMO8 UIU UOHO8 K Opyeum C
Vuémom xapaxkmepa cpeoul.

Jlnst ypaBHUBaHUs aTOMOB KHUCIIOPOJaA, a 3aTEM BOJAOPOAA, B HEUTPaIbHOU (PH=7)n
miesiouHoi cpeze (pH > 7) ucnons3yroT: 1) OH™ — HOHBI, 9UCITO KOTOPBIX OOBIYHO YABAUBAIOT; 2)
MOJIEKYJTBI BOJIBI B KCiIoi (pH < 7): 1) Mosekyisl Bobl (1i1st kucimopoaa!); 2) nporoust HY (st
BOJIOPOQ).

MeTtoa  3MEKTPOHHO-WMOHHO-MOJIEKYJSIPHOTO  OajaHca Ha3bIBAIOT TaKke METOAO0M
MOJIypeaklui, 1 OH UMEET psAJ] MPEUMYIIECTB [0 CPAaBHEHUIO C METOJIOM 3JIEKTPOHHOTO OanaHca:
BO-TIEPBBIX, HE HAJO0 ONPEIENATH CTENEHU OKHUCIEHHUS 3JEMEHTOB, TaK KakK pacuér 4ucia
AIIEKTPOHOB TMPOMCXOJUT MO 3aKOHY COXpAaHEHHUS 3apsAoB, U, BO-BTOPBIX, ABTOMATUYECKU
noaouparoTcs Ko3QQHUIHUEHTH B COKpAIEHHOM MOHHOM ypaBHeHUH JNaHHoi OBP. Ocobenno
BakeH mocienHui meroq B OBP ¢ ydyacTueM OpraHM4ecKux COECIMHEHHUM, TIe YacTO CIIOAKHO
OINPEAEIUTD T€ aTOMBI YIJIEPO/a, KOTOPBIE MEHSIOT CBOKO CTENIEHb OKUCIICHUS.
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Meton nonypeakuuil mpuMeHUM Tosbko K TeM OBP, koTopble poTeKaroT B pacTBOpax,
MO3TOMY BaXHO YYHUTHIBATh XapaKTep Cpellbl, B KOTOPOW MPOTEKAeT JaHHAs OKUCIUTEIbHO-
BOCCTAaHOBUTEIIbHAS pPEaKITusl.

[Tpumep 2. (pH < 7). Onpeaenutb K03GHUIMEHTH METOIO0M IOJYPEAKIIU B CICTYIOIIEH
peaKInu:

KMnO4 + Na2803 + H2804 —>

VYka3aTb OKHCIUTENb U BOCCTAHOBUTEIb; ONPEAETUTh UX SKBUBAJICHTHI U SKBUBAJICHTHBIC
MAacChI; BBIYMCIUTh NOTeHIIMAN [ mOOca U KOHCTAaHTY PaBHOBECHS PEAKIIMHU U CJIENATh BBIBOJ O
riyouHe e€ mpoTeKaHusl.

1) @°(MnO; +8H* /Mn?* + 4H,0) =151B;
o°(SOZ~ +2H* /(SO2™ + H,0) =0,22 B;

MnO4 — OKHCIIUTE]Ib, B KHCIOH Cpele BOCCTaHABIMBACTCS O Mn?2*; 803 -

BOCCTAHOBHUTEIIH, OKHCIISIETCS 710 SO4 ;
2) cxema manHoit OBP uMeer crienyromnuii BUI:

KI\/InO4 + N8.2803 + H2804 —>—> K2804 + N&2804 + MnSO4 + Hzo

3) DJIEKTPOHHO-MOHHO-MOJIEKYJSPHBIE ypaBHEHUS MONypeakUuid, C Yy4eTOM KHCIIOH
cpenbl, OyayT UMETh BUJL:

2| MNO; +8H ™ +5e <> Mn?* +4H,0
5| SO§™ +Hy0 —2e ¢>SOF +2H™*

MoapHBIE MacChl SKBHBAJICHTOB OKHCINUTEIS M BOCCTAHOBUTES COOTBETCTBEHHO:

M(%Mno;):%-ng:zs,s T M(%sog—)zé.sozm,o

r

)
MOJIb MOJIb

4) yMHO)kaeM 00e TOoNypeaklud Ha MX OOIue MHOXUTETH (2 U 5 COOTBETCTBEHHO),
MOCJIE ATOTO CYMMHUPYEM TIOTIAPHO JIEBBIC U MPaBbie YaCTH MOJTYpPEaKIINil, MPUBOIUM MOI00HBIE

H TTOJIY4aeM KPAaTKOC NOHHOC YPABHCHHUC!

2MnO; +5S02™ +6H* <> 2Mn?* +5S07™ +3H,,0;
5) mpubagsieM COOTBETCTBYIOIIHE MPOTHBOMOHBI U TTOJTy4aeM MoJiHOe ypaBHeHHe qanHori OBP:

2KMHO4 +5N8.2803 +3H 2804 == 2MnSO4 +5N8.2804 + K2304 +3H 20

Ilpumeuanue. TecT-IpoBEPKY NPOBOAUM IIOJICUETOM YHCIIAa ATOMOB KHCJIOPO/IA B JIEBOU U
IIPABOM YacTAX MOJYyYEHHOIO MOJIHOTO ypaBHeHHst OBP.

Hanpumep, uncio aToMoB KHUCI0pOJa B 00EUX YacTIX COCTaBISET 1O 35 aTOMOB.

6) pacuet noteHuuana ['m60ca 1 KOHCTaHTHI PaBHOBECHS PEAKIIUU:

a) AG® = —5-2+(1,51-0,22) 96500-103 = —1244,85 K /I/MOIB;

0 _
6) Iy K Jog = = S ~2183L Kjgq =
-23RT  _23.8314-1073.298,2

BoiBoa: riyOuHa mpoTeKaHUs NPSIMOM peaklIMM O4YeHb BEIHKa, 4YTO OOYCIIOBJIEHO
3HAUUTENBHBIM DPA3IMYUEM BEIMYUH CTAHJIAPTHBIX 3JIEKTPOJIHBIX MOTEHIIMAJIOB PEareHTOB —
peaxiusi IpakTUYeCKU HeoOpaTuma.

10 218,31 20-10 218.
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[Tpumep 3. (cpena neiitpansHast — pH = 7). CocTaBUTh ypaBHEHUE OKHCICHHS CyIb(puTa
HaTpuUs NEPMaHraHaTOM Kaius B HeitpanbHOW cpene. Koaddunuentsl nogodpaTe MeTOI0M
IIOJIypPEaKLIAM.

KI\/InO4 + N&2803 + Hzo —>

Omnpenenuth rITyOMHY POTEKAHUS TPSMON PEaKIINU.
3.1 OmnpenenuM HaMpaBIEHHOCTh 3TOM pPEAKUUU, T.€. ONPEACIUM OKHCIUTEIb U
BOCCTaHOBUTEIIb:

¢°(MnO; +2H,0/MnO, +40H ) =0,6 B;
9°(SO2™ + H,0/(SO% +20H ") =—0,93B.
I/I3 BCIIMYMH CTAHAAPTHBIX OB-HOTGHHI/I&HOB cnez[yeT, 4YToO Mno4_— OKHUCJIIMTCIIb, B

HeﬁTpaHBHOﬁ cpeac BOCCTAHABIMBACTCA 110 MnOZ; 803 — BOCCTAaHOBUTCJIb, OKUCIIACTCA A0

SOy .
3.2 3anumem cxemy nanHoit OBP

KMnOy + Na,S03 + Hp0 — MNnO, + Na,SOy + ..

[Toka HeNb3s1 TOYHO ONPEACTUTH KaKoH emé OyaeT MPOayKT B JAHHOW PEaKIUu.
3.3 CoctaBuM Motypeakiuu Juist: 1) OKUCTUTENs U 2) BOCCTAHOBUTEIIS.

1) MNO; <> MnO, — cxema nonypeaxuun.

ypaBHI/IBaHI/Ie KHCJIOpOJa BEACM C IMOMOIINBKO YABOCHHOI'O YHUCJIa TUAPOKCHU[] - UOHOB, a
BOOOpOJa — MOJICKYJI BOJbI:

MnQO, +2H,0 +3e <> MnO, + 40H  — nonypeakmus as oxucaurens;

2 —
2) 803 g S’04 — cXeMa IOoJypeaKkluu JJisi BOCCTaHOBUTEIIS;

_ _ 2_
503 +20H -2e & 804 +H 20 — MOJIypeaKUus Uil BOCCTAHOBHUTES.

34 Tenepb COCTAaBUM JJICKTPOHHO-UOHHO-MOJICKYJIAPHBIC YPABHCHU:

21MNOy +2H,0 + 3¢ <> MNO, + 40H
31SO%™ +20H™ —2e <> SO~ + H,0

3.5 IlpoBogum aHanoruyHple omnepauuu (cM. Hpumep 1) M NOIydyaeM HOHHO-
MoJieKyJsipHoe ypaBHeHue OBP:

2MNO; +3505~ + H,0 <> 2MnO, +3502 ™ +20H

HNonno-monekynspuoe ypaBHeHue OBP ynosierBopsier marepualbHOMY OallaHCy H
YCIOBHIO 3JIEKTPOHEUTPATLHOCTH.
3.6 IlpubagisieM COOTBETCTBYIOIIME TPOTUBOMOHEI | MOTy4aeM monHoe ypaBHeHrne OBP:

2KMNOy + 3NaySO3 + H,0 = 2MnO, + 3Na,S0, + 2KOH

3.7 BeimonHeHne marepuaigbHOro OanaHca ajis mojHoro ypasHeHus: OBP mposepsiem
IIOJICYETOM aTOMOB KHCJIOpOJA B JIEBOM M IPAaBOM 4HacTAX ypaBHeHus: cieBa 17 O = cmpasa 17
0.

Kak BHIHO M3 3TOro mnpumepa, MeTOJ 3JIEKTPOHHO-MOHHO-MOJIEKYJIIPHOrO OanaHca
MIO3BOJIIET TAK)KE€ ONPEAEIUTh U HEKOTOPBIE, 3apaHEe HEU3BECTHBIC, IPOAYKTHl OKUCIUTEIBHO-
BOCCTAHOBUTEJIBHOM PEAKIIMH.
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lg KD =169-nAp® =16,9-6- (0,60 — (-0,93)) ~155; Kb, ~10™%.

BriBoa: peakius npakTHUeCKU HeoOpaTuma.
[Ipumep 4. (pH > 7). Ilo npueaenHoit cxeme OBP, mcmonb3ys MeTOn 3JIEKTPOHHO-
MOHHOTO OajlaHca COCTaBUTH MojHOe ypaBHeHue OBP:

KMnOj + Na,SO; + KOH —>

Paccuutate DJIC naHHOW cucTeMbl MPHU CTAaHAAPTHBIX YCIOBUSX M MHPHU CICAYIOIIUX

pPAaBHOBECHBIX ~ KOHIICHTPAlUAX  PEarcHTOB: [MI’]OZ ] = 0,01, [Mn2+] =0,05;
[503_] =0,01; [504_] =005 u nmpm pH = 4.1 crammaprHBIe NOTEHIHATBI

OKHCIINTECIIA U BOCCTAaHOBUTCIIA

0°(MNnO; / Mn0Z ™) = 0,56 B; ¢° (SO3~ + H,0 /(SO5™ + 20H ) =— 0,93 B;

MnQO, — okucnuTenb, BOCCTAaHABINBACTCS 10 MnO;%_ ; SO3 — BOCCTAHOBHUTEJb, OKHUCIISIETCS

hi(y SO4_-
4.2 cxema gannoit OBP:
KI\/InO4 + Na2803 + KOH —» KZI\/InO4 + Na2804 + Hzo

4.3 DeKTPOHHO-NOHHO-MOJIEKYJISIPHBIE [TOJIYPEaKIINH

2l MNO, +e & Mnof_
1 SOF™ +20H™ —2e <> SOZ™ +H,0.

4.3 YMHO)kaeM 00€ MoJypeakIiii Ha COOTBETCTBYOIINE KOI(D(DUIIMEHTBI, CYMMUPYEM HX
JeBple M IpaBble  YaCTU U TOJy4yaeM  HOHHO-MOJIEKYJSIPHOE  YpaBHEHHE:

2MnOj; +SO5™ +20H ™~ <> 2MnO;~ +S0Z~ +H,0 .
4.4 Jlo6aBiisisi COOTBETCTBYIOIIME TPOTUBOMOHBI, TOJITY4aeM MTOJIHOE YPAaBHEHUE peaKUu:
2KMﬂO4 + N8.2803 +2KOH = 2K2MnO4 + Na2804 + Hzo )

4.5 TIlpoomum Tect mo kucimopoxy: 130 (cmeBa) = 130 (cmpaBa) — ycioBue
MaTepuaIbHOro OanaHca BIMOIHIETCS.

4.6 Pacuér D/1C cuctemsl IpH CTAaHAAPTHBIX YCIOBHSAX:

N = Ap® =p°(MNnOs /MNO4>")—¢°(S04* /SOs*) = 0,56-(-0,93) = 1,49 B.

4.7 Ouenky OJIC mnpu paBHOBECHBIX KOHLEHTPALMAX pPEareHTOB BEAEM C
ucrnosnb3oBanueM ypasHeHus Hepucra (10.1.10):

a) BBIYUCIIEHNE PABHOBECHOTO MOTEHIIMAIa IEpMaHTraHaT-MaHTaHATHOTO JIEKTPOIa:

M -1. H +18 . 8
@(Mn) =° (MnO; /MnOZ™) + 0059 (MO 1-IH 1" 564 0,01 g2 o553
5 [MnOf_] 0,05
6) BBIYUCJICHUC PABHOBCCHOT'O ITOTCHIIMATIA CYJIB(I)aT-CyJ'IL(I)I/ITHOFO 9JICKTpOaA:
2— +12 2
o(B) =¢°(S0Z ™ /S0%7) + 0059, SO THT 49300005 Ig % = -0,378 B;
2 [SO37] 0,01-10~

B) IC = Ap = p(MnO4/MnO4s>)— p(SO42/SOs2) = 0,553—(-0,378) = 0,931 B.

ba3oBblii ypoBEHb
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1 Paccuuraiite creneHb okucieHus azora B ero coemuHenusx: AIN, NoHs, NH2OH,
N20, NO, N203, N2O4, N2Os,

2 Hanumure mnonHoe ypaBHEHHE peakUuu, IPUMEHSAS METOAbl 3JIEKTPOHHOIO
OanaHca U MOJIypeaKIIHii, Mo cIeayIoulei cxeme noiaypeakiuuu:

K2Cr207 + SnSO4 + H2SO4 —

Omnpenenure SKBUBAJICHTHl BOCCTAHOBUTENS M OKHUCIHTENS; PacCUYUTAlTE MX MOJIbHBIC
MAacCBhl.

3 K xakomy tumy OBP oTHocutcsi peakmus paznoxeHus H>02? Uem oOBACHICTCS
CIIOCOOHOCTH MEPOKCH/Ia BOJIOPO/IA K TAKUM IpEBpalIeHUsIM? 3aKOHUUTE YPaBHEHUS pPEeaKLUi U
HANUIINATE JJIs1 KOKIOU U3 HUX AJIEKTPOHHO-UOHHBIE U MOJIEKYJISIPHBIC YPaBHEHUS:

1) HO2— ...; 2) HO2 + KMnO4 — MnO3 + ...; 3) H2O2+ PbS — PbO2 + S + ...

4. Kucnopo/l MOKHO MOIYYHUTh B PE3YJIbTATE Pa3IOKEHUS TAKUX BEIIECTB:

1) KCIO3 — ...; 2) KMnOs — ...; 3) KoCroO7 — ..

K xakomy Ttuny OBP otHocarcs 5t peakuuu? CocTtaBbTe€ SJIEKTPOHHBIE U
MOJIEKYJISIPHBIE YPABHEHUSI 3TUX pEaKLUid.

5 K Bogromy pactBopy KCIO3 no6asumu Boausiii pactBop Kls. B kakyio cropony
OPOMIET peakus OKUCIeHUs-BoccTaHoBiIeHUsA? Borunciure O9J[C sToi peakuum ais
CTaHJapTHBIX YCIOBHUH.

6 Kakumu cBoiictBamu Oyner obmamate NaNO2? Ilouemy? [lpuBemure mpumepsl
peaxui, riae HUTPUT HATPUsI — OKUCIUTENb, I/I€ — BOCCTAHOBUTEH?

7 Hcxons U3 3HaYEHUM CTaHAAPTHBIX IEKTPOJHBIX NOTEHIUAIOB, OIPEAEINUTE, psMas
MM 06paTHAs peakiys OyleT IPOTeKaTh B ITOH CHCTEME TpH CTaHIAapTHBIX ycaosusax: 1) Fe?*
+ ClO3™ + H* < Fe¥* + CI” + H.0.

2) Clz + Mn?* + H20 < MnO4s~ +CI~ + H™;

3) NO3™ + Fe?* + H* <> NO + Fe** + H,0;

4) 103” + SO3% + H* <> I + SO4% + H20.

JUig KaXKoi MpsIMON peaKIuK OLEHUTE MIyOUHY NPOTEKaHUSI.

I1oBBIIIEHHBIN YPOBEHb

13akoH4YMUThH COCTABIEHUE YPABHEHUS CIEAYIOLIEH peakluu:
HAsSO2 + KMnO4 + H2SO4 — H3AsO4 + ...

Y COCTAaBHTb ISl HETO DIIEKTPOHHBIE U AIIEKTPOHHO-MOHHBIE CXEMBI TTOTYpEaKIni.

Paccunrtate DJIC peakuuu 1Jist CTAHIAPTHBIX YCIOBUM.

23asucut nu nporekanue OBP ot pH cpenpl? I'mapokcunaMuH BOCCTaHABIMBAET (NpU
sToM okmcnserca 1o azota; p°(No+ 2H20 + 2H*/2NH,OH) = —1,87 B) B kucimom pacTBope
cynbdat xene3a (+3) g0 cynbdara xeneza (+2), a B IMIETOUYHOM PACTBOPE OKHUCISAET (caM Mpu
5TOM BOCCTaHAaBJIMBACTCS JI0 aMMHaKa; goO(N H>OH + 2H>O/NH3 + 20H") = + 0,42 B) ruapokcu
xkenesa (+2) B rumpokcup xene3a (+3). CocTaBUTH DIIEKTPOHHBIE W HMOHHO-JIEKTPOHHBIE
ypaBHEHHMsT 00euX peakuui. YKa3aTh OKHUCIHMTEIb U BOCCTAHOBUTENb. ONpenenuTh TIyOuHy
MPOTEKaHUS PSMOTO TIpoIecca B 00EHX CIrydasx.

3 [IpoxoauT 75U peakiuss B BOJHOM pacTBOpE MeXIy HOIUAOM HaTpus U
CcBOOOTHBIM XJ10poM? J[i1st IpsiMO# peakiiy BEIYMCINUTD MOTeHIHAN [ mO0ca u MpoBECTH OIEHKY
rIIyOMHBI IPOTEKAHUS TpolIecca.

4 Beruucnure 5eKTpoaHbiii moteHnuman cucrembl ClOs~ + 8HY/ClIm + 4H.O mpu
CIIETYIOIIMX PAaBHOBECHBIX MOJIIPHBIX KOHIeHTparmsx (Mons/mv?) u pH: 1) [ClO4] = 0,1; [CI]
=0,05; pH =1; 2) [CIO47] = 0,05; [CI"] =0,1; pH = 2; 3) [CIO47] =0,01; [CI] =0,05;
pH =0,5.

1211pu kakux 3HaueHusx pH Bo3MoxHO BoccTaHoBIeHHE HOHOB MNOy4 ronamu: 1) I7; 2)
Br; 3) CI™?

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHUIO M0 JAHHOM Teme
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OcHoBHas JuTepaTypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBuHs. - 13-e u3zn., nepepad. u gor. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - [Ipumn.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxamuna, E. C. XuMus okpy:Karomiei cpeibl : XMMHUS )KHBBIX opraHnu3moB. Kypc neknuii /
E. C. Muxanuna, A. JI. [lerenmun. — M. : U3parensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 2NeKTpOHHBIH // DneKkTpoHHO-0MOMHoTeyHas cuctema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocryna: mis
aBTOPU3HP. MOJIb30BATENEH
JlonoIHUTeILHAS JTUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['muaka ; [Tox pen. A. Y. Epmakoga. - M3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubnuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XUMHS METaJUIOB : ydeOHOe mocodue (JIIsi CTYICHTOB XMMHYECKOTO (aKyIbTeTa
HamnpaBlieHU# O0akanaBpoB «XUMHUI» U «XUMHUYECKas TEXHOIOTHs») / cocTaBuTenu O. A.
["onoBanoBa. — Omck : OMckuil rocyaapcTBeHHbI yHuBepcuTeT M. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKkTpoHHBIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum noctyma: s
aBTOPU3HUP. NOJIb30BATEIEH
HNuTepHeT-pecypces:

1 http://window.edu.ru/ — eauHoe OKHO JOCTYyIa K 00pa30BaTeIbHBIM PeCypcam

2 http://biblioclub.ru/ — DBC «YHuBepcuteTcKkast 0MOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOHAINN JIEKTPOHHBIX OMOIMOTEK
yueOHBbIX 3aBefeHuil u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTkpeiToe 00pa3zoBaHue

Tema 9. OcHOBHBIE N0J105KEHUS JTeKTPOXHUMHUH.
IIpakTnyeckoe 3ansaTue 9. I'anbBanuueckue daeMeHThl. Koppo3ust Mmerasiios.
JIEKTPOJIN3

Hear  3ansatusi:  dopmupoBaHue  HEOOXOJUMOrOo  KOMIUIEKCAa  3HaHUH 00
NIEKTPOXMMHUYECKUX TPOLECCaX M HX KOJMYECTBEHHBIX XapakTepucTukax. PopmupoBaHue
HAaBBIKOB HUCIIOJIB30BaHU (1)YHZ[aM€HTaJ'II>HI>IX 3aKOHOB M OCHOBHBIX MOHATHH XUMHUYECKOM HAayKH
B 00JIaCTH 3JIEKTPOXHUMUM U1l TOHUMAHUS CBOMCTB MPOIIECCOB, UCIOIb3yEMBIX B COBPEMEHHON
IMPOMBIIIJICHHOCTH

3HaHus U yMEeHHUs, IpuodpeTaeMble CTYJIEHTOM B pe3yJIbTaTe 0CBOEHHUSI TeMbl
3HaTh: OCHOBBI CAMOOPraHU3aILMH U CaMOOOPa30BaHMUS;
3HaTh: CYIIHOCTH U 3HaYCHHE HH()OPMAIMK B Pa3BUTHH COBPEMEHHOTO OOIIECTBa; OCHOBBI IOJIyYCHHS
1 00paboTKH MHPOPMALIH U3 Pa3TMYHBIX HICTOUHHKOB
3uarn: pabOTHI MO pacyeTy U MPOSKTUPOBAHHIO JIETANICH U Y3JI0B MAIIMHOCTPOUTEIHHBIX
KOHCTPYKIIMIA B COOTBETCTBHH C TEXHUYECKUMU 3aJaHUSAMH U UCIIOJIb30BAaHUEM CTaHIAPTHBIX
CpEACTB aBTOMaTU3alUU IIPOCKTUPOBAHMUS
YMeTh: caMOCTOSATENFHO CTPOUTH MIPOIIECC OBJIaAeHUsI HHpopManne, 0TOOpaHHOU
CTPYKTYPUPOBAHHOW AJIS1 BHIIOJHEHHSI TPOPECCUOHAILHON 1EATETbHOCTH.
YMmeTh: momydats 1 00pabaThIBaTh HHYOPMALIMIO U3 PA3TMYHBIX HICTOYHUKOB
VYmerb: MPUHUMATH YYacTHE B paboTax MO pacyeTy U MPOSKTHUPOBAHUIO JeTajeil U y3JI0B
MAaIIMHOCTPOUTENIBHBIX KOHCTPYKIMI B COOTBETCTBUH C TEXHUYECKUMU 3aJaHUAMU U
HCIIOJIb30BAaHUEM CTAHIAPTHBIX CPEACTB aBTOMATU3alUU IPOEKTUPOBAHUA
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HanmMenoBanue (GpopMupyeMbIX KOMITETCHIIUHA

NHupeke DopMynHUpoOBKa:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMOOOPa30BAHHIO
OIIK-4 NOHUMAaHHEM CYIIHOCTH Y 3HaYCHUS HHPOPMAIMU B Pa3BUTUU

COBPEMEHHOTO O0IIECTBa, CTIOCOOHOCTHIO MOJy4YaTh U 00pabaThIBaTh
UH(OPMAIIHIO U3 PA3TUYHBIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATh,
CTPYKTYpUPOBATh U 0POPMIIATH HHGOPMAIIHIO B JOCTYITHOM JIJIS APYTUX
BUJIE

I1K-5 CHOCOOHOCTBIO IPUHUMATh y4acTHe B pab0Tax 1o pacueTy
IIPOEKTUPOBAHUIO JETAIIEH U Y3JI0B MAIIMHOCTPOUTEIbHBIX KOHCTPYKIIUM B
COOTBETCTBUU C TEXHUYECKUMH 3aJaHUSIMU U UCIIOJI30BAHUEM
CTaHJAPTHBIX CPEJICTB aBTOMATH3ALUU ITPOCKTUPOBAHNS

OpnnuM 13 Haubosee OBICTPO Pa3BUBAIOLINXCS HAIPABICHUM MPUKIAIHON JIEKTPOXUMUH,
TECHO CBSI3aHHOW C AJIEKTPOTEXHUKOMW, SBISETCS pa3paboTKa HETPaaMLIUOHHBIX XUMHYECKHX
UCTOYHUKOB ToKa (XUT), mepcrneKTUBHBIME CPEI KOTOPBIX SBISIOTCS TBEPI0-JIEKTPOIUTHBIC
XUT c HaTpWeBBIM W JIMTHEBHIM aHOAaMH. lIpMMeHEHHEe IIEeNOYHBIX METAJUIOB B KayecTBE
AQHOJHBIX MAaTEPHAJIOB BHITOJHO TEM, YTO OHHM OOJAaJAr0T CaMbIMH HM3KHUMH cpeau Aapyrux Me -
OB DJIEKTPOXMMHYECKHMH SKBHBAJICHTAMH M BBICOKUMH OTPHLATEIbHBIMUA 3HAUYCHHUSIMH
JJIEKTPOIHBIX NOTEHIUAIOB. [1090My 3HaHUS AIEKTPOXXUMHH —aKTyaIbHBI.

Teopernveckasi 4acThb

[TpuGop, B KOTOPOM XMMHUYECKass SHEPTHS OKHCIUTEIHHO-BOCCTAHOBUTEIFHOU PEaKINH
NPEBPAIIACTCS B SIEKTPUUYECKYIO, HA3bIBACTCS TAIbBAHMYECKUM 3JIEMEHTOM.

OcHOBHas cocTaBHAs 4acTh TaJbBAaHMYECKUX DJIEMEHTOB — 3JIEKTpoJIbl. Yare Bcero oHu
OBIBAIOT METAIMYECKMMHU. DJIEKTPOJ, Ha KOTOPOM IPOUCXOTUT IMPOIECC OKUCICHHUS,
Ha3bIBACTCS AaHOJIOM.

Tak, ecnu B ralbBaHMUECKOM 3JIEMEHTE MMEIOTCS MEJHBIN U IIMHKOBBIA 3JIEKTPO/IbI, U B
TocyieTHeM TIPOMCXOMT TIPOIECC OKUcIeHus muaka: Zn® — 2™ «» Zn?*, T0 MMHKOBKII HIeKTPOa
OyZIeT aHOAOM.

DNeKTpoJ, Ha KOTOPOM IPOMCXOTUT MPOIECC BOCCTAHOBJICHUS, Ha3bIBACTCs KaToJ0M. B
BBINIENPUBEAEHHOM MPUMEPE KATOOM SBIAETCA MeIHbIH d1ekTpo: Cu? + 2e” «» CuP,

DJNEKTPOHBI C 3JIEKTPO/a, HA KOTOPOM TPOUCXOAUT IMPOIECC OKUCIICHUS, MIEPEXOIIT Ha
3IIEKTPOJ, TJIe MPOTEKAET MPOLECC BOCCTAHOBICHMS.

Takum 00pazom, B rallbBAHUYIECKOM DIIEMEHTE, UMEIOIIEM B Ka4eCTBE KaToaa METHYIO U
B KAQ4eCTBE aHOJIa LIMHKOBYIO IUIACTHHBI, JIEKTPOHBI C IUHKOBOM MJIACTUHBI OyIyT MEepeXOaAUTh
Ha MEIHYIO.

10.7 DnexTpoa B rajJbBaHHMYECKOM 3JIEMEHTE HAXOAWUTCS B PacTBOpe 3JeKTpoiuTta. B
MPOCTEUTIIEM CITydae JIEKTPOIUTOM SIBISIETCSI PACTBOP COJIM TOTO METalia, U3 KOTOPOTO ClIeNIaH
AIIEKTPOJI.

Tak, B METHO-IIMHKOBOM TaJIbBAHMYECKOM 3JIEMEHTE ITMHKOBBIN JIEKTPOJI MOXKET OBITh
MOMEIIEH B pacTBOp Cyib(aTa IMHKA, a MEIHBIA — B pacTBOp Cyib(ara MeIu.

CrnenmoBarenbHO: IMHK MMOMENIAIOT B PAcTBOP, COJIEPKAIINN KAaTHOHBI IMHKA, a MEIb B
pacTBOp, CoIepIKAIINNA KaTHOHBI MEJIH.

Cucrema, cocrosimasi W3 MeTajlia, OIYIIEHHOTO B PacTBOp, COJEpPXAIIUN €ro HOHBI,

HA3bIBACTCSI TMONYIEMEHTOM H 0003HauYaeTcs Men+ / Me (cBepxy Bcerja OKHCIIEHHas
dbopma).

JIBa moy»lieMeHTa, COeAMHEHHBIE MPOBOJHUKOM, 00pa3yOT TralbBaHUYECKHI SJIEMEHT
(pucynoxk 9.1):

e /v\\
I~
Zn 1 Cu
:? SOy %:
N kA0 — p 4—




Pucynok 9.1 Cxema meoHO-YUHKOB020 2anb8AHUYUECKO20 dN1eMeHma

B ranpBaHMYECKOM 3JIEMEHTE OJMH 3JIEKTPOJ (aHO) pacTBOPSETCS, T.C. HOHBI METaJLIa
NepexonaT B pacTBOp. Tak B METHO-IIMHKOBOM TallbBAHUYECKOM JJEMEHTE IMPOUCXOIUT
pacTBOPCHKE IMHKOBOM IJIACTUHKH.

B pesynbTare mepexoja MOHOB IMHKA C MJIACTHMHKU B PACTBOP HA IUIACTHHKE OCTA&TCA
U30BITOK DJIEKTPOHOB, M OHA 3apspKaeTcs oTpuuaTesibHo. C Ipyrol CTOPOHBI, MEPEX0] HOHOB
[IUHKA B PACTBOP MPUBOJUT K YBEIIMYCHUIO UX KOHIIEHTPALIUU B PACTBOPE.

bnaronmapsi mepexojy MOHOB IIMHKA C TUIACTHHBI B PAacTBOP BEC IIMHKOBOW IIACTUHKHU
OyJeT yMEeHbIIaThCSl.

OMHOBPEMEHHO C 3THM Ha MEIHOM 3JICKTPOJE IMPOUCXOIUT MPOIECC BOCCTAHOBICHHS

HOHOB MEH U3 PACTBOPA: Cu 2+ +2e & Cu.

3a cyéT 3TOro npoiecca KOHUEHTPALMs HOHOB MEIM B PACTBOPE YMEHBUIAETCS, a Macca
MEJIHOW IUIACTUHKH YBEJIIMYMBACTCS.

Ilepexon monoB CU?* m3 pacTBOpa Ha IUIACTMHKY IPHBOAMT K TOMY, 4TO MeJHas
IJIACTUHKA 3apsKAETCA MOJ0KUTEIBHO.

PaccMmoTpenHbIi ranpBaHYecKUi dmeMeHT (3aeMeHT JaHuas — SIkoOu) cxemarudecku
MO>KHO 3aIUCaTh CIEAYIOIIUM 00pa3oM:

(-)2Zn[znSOy|[cusoy/Cu(+)
WM B MIOHHOU (hopme:

(-)zn[zn?*|cu®*|cu(+).

OnuHOYHBIE JIMHUM B CXeMaxX 0003HAYal0T TPaHUILy METAILTT — PACTBOP, a IBOWHBIC JIMHUHI
— TpaHuIly MeX1y pacTBopaMu. OTpUIIATENbHBIN SJIEKTPO/] (aHO) 3alMChIBACTCS CIIEBA.

B ocHoBe paboThl pa300paHHOTO 3JIEMEHTa JIEKHUT OKHCIUTEIbHO-BOCCTAHOBUTENIbHAS
peaxius:

Zn+CuSQO4 — ZnSO,4 +Cu

WM B HIOHHOU (hopme:

Zn+Cu?t > 7Zn%t +Cu.

B ranpBaHMYECKOM 3JIEMEHTE, COCTABICHHOM W3 KEJIE3HOW TUTACTUHKH, OITYIICHHOH B
pactBop FeSOs, u cBUHIIOBOH TUIaCTHHKH, omylneHHOW B pactBop PDB(NO3)2, xene3o sBiseTcs
aHozioM. CxeMa 3TOTro AJIeMEHTa CIIeAYIOIast:

(—)Fe\Feso4HPb(No3)2\Pb(+)_

Ha xene3nom anektpone (aHOJE) MPOUCXOAUT OKUCIEHHE. DTOT MPOLECC OMUCHIBACTCS
CJIEIYIOLIUM 3JEKTPOHHO-UOHHBIM YPaBHEHHUEM:

Fe — 2e > Fe?*
KenesHblid 37EKTPOT TPUOOPETAET OTPUTIATEIBHBIN 3apsiI.
Ha cBUHIIOBOM 31eKTpojie (KaToje) MPOUCXOMUT TPOIEcC BOCCTAHOBIEHHS HOHOB Ph?*
U3 pacTBopa:
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2+ - 0
Pb“" +2e < Pb"~.
CBHHIIOBBIN 3JEKTPOJ 3apsyKAETCSI MTOTOKHUTEIBHO.

Cymmupys o0a ypaBHEHHUs, IOJyYUM HOHHOE YpaBHEHHE pEaKIMH, MPOTEKaloled B
JTAHHOM TaJIbBAHUYECKOM 3JIEMEHTE:

Fe+Pb%" > Fe’" +Pb.

ONEeKTpPOHbl IO IPOBOJHUKY, COCIUHSIOLIEMY IIJJACTUHKH, OyIyT IEpeXOAUTH OT
JKEJIE3HOM NJIaCTUHKU K CBUHLIOBOIA.

Nrak, B ralbBAHUYECKOM 3JIEMEHTE 110 IIPOBOJHUKY, COCAUHSAIOIIEMY JIEKTPObI, TEYET
JNEKTPUYECKUH TOK.

[losiBiIeHHE 3JIEKTPUYECKOrO0 TOKA CBUAETEIBCTBYET O HAJIIMYUU PA3HOCTU IOTEHLUHAIOB
MEXIy dJIeKTponaMu. [Hade roBops, Ha OJHOM U3 DJEKTPOJOB BO3HUKAECT  KAaKOU-TO
OIPEIEIEHHBIN OTEHIIAAN, PA3JIMYHbIN U1 Pa3JIMYHBIX HIEKTPOIOB.

IToTeHunan, KOTOPBIN yCTaHABIMBACTCS HA METAUIMYECKOM JJIEKTPOJE, MOMEIIEHHOM B
pacTBOpP COJIM OJHOMMEHHOI'O METAJUIA, Ha3bIBAETCS MIEKTPOJHBIM IOTCHIIMAIOM METAJLIA.

W3mepenHple B CTaHJApTHBIX YCIOBMSX IOTEHLUUAIbl METAJUIOB  Ha3bIBAIOTCS
HOPMaJIbHBIMU (WJIM CTaHAAPTHBIMU) AJIEKTPOJHBIMHU MOTEHIMAIaMU MeTauioB. VX 3HaueHus
JUIS Pa3IMYHbIX METAJJIOB IIpUBEeHBI B Tabuuue 9.1.

Yem userye wmetayur OTAAET DJIEKTPOHBL, T.€. YEM JIErde OH OKHUCIAETCA, TeM
OTpULIATENIBHEE €r0 JJIEKTPOAHBIM NoTeHuuan. MHade rosops, MO BEIWYMHE 3IIEKTPOIHOIO
MOTEHIMAJIa MOKHO CYJUTh O CIIOCOOHOCTH METajlla OT/AaBaTh JEKTPOHEI, T.€. 00 aKTHBHOCTH
MeTalla.

Boiee akTuBHBIA MeTa/ul MMeEeT Oojiee OTPHUIATEIbHYI0 BEIMYUHY 3JIEKTPOTHOTO
noTeHuuana. Tak, HOpPMaJIbHBIE DJIEKTPOJHBIE IIOTEHLHMAJAbl MAarHus, LUHKA U MeEIu
COOTBETCTBEHHO paBHbI (B B):

0° (Mg/Mg?*) =—-2,34:9° (Zn/ Zn**) = -0,76;¢° (Cu/Cu®*) = +0,34.

CpaBHuBasi 3TH 3HaUEHUS, MOXKHO CIENaTh BBIBOJ, UTO HaN0OJIee aKTUBHBIM U3 3TUX TPEX
MCETAJIJIOB ABJISICTCA Mal"HI/II\/'I, a MCHEC aKTUBHBIM — MC/Ib.

B ranbpBaHuMYecKkoM 3J€MEHTE, UMEIOUIEM JIBa PAa3IUYHBbIX METAUIMYECKUX 3JIEKTPOJa,
aHOJIOM OyJeT METaJUl C MEHBIIECH BEIMYMHON CTaHAAPTHOTO JJIEKTPOJHOTO MOTEHIHANA, T.C.
0osee aKTUBHBIM METAILII.

Hamnpumep, B rarpBaHYECKOM dJIEMEHTE

Mg|Mg?* Zn2+|Zn

HauOoJyiee OTPHUIATEICH DJEKTPOAHBIA TIOTEHIIMAd MAarHus, IO03TOMY MAarHUEBbIN
AIIEKTPOJI OYJET aHOIOM.
Ha maraueBom anexTpose (aHoe) uAET MpOoIecc OKUCICHUS TI0 YPaBHEHUIO:

Mg <> Mg?* +2e.

Ha niuakoBoMm anexTpoae (kaTojie) MpOoTeKaeT Mpolecc BOCCTAHOBJICHHUSI LIMHKA:

2+ A 0
N +2672n"
10.36 CymmapHO€ HOHHOE YpaBHEHHUE PEAKIMHU, TPOTEKAIOLIEH B TAKOM TaJIbBAHUYECKOM
DIIEMEHTE, CIIeIYIoIIee:

0 2+ 2+ 0
Mg” +Zn“" > Mg°" +4n" .
Beanunna QJICKTPOAHOTO MMOTCHIMAJIa MCTAJlJIa 3aBUCHUT, I'NIaBHBIM 06p2130M, OT NPpHUPOABLI

MeTalljia, TeMmrepaTypbl M KOHLEHTPAallMd HOHOB MeTajjla B pacTBOpe. JTa 3aBUCUMOCTD
BbIpaxkaeTcst ypaBHeHueMm HepHcra:
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. 0,059
@ =@’ (Me/Me"*) + - Ig C(Me"™), ©.1)

rae ¢ (Me/Me"™) — HopManbHbII YIEKTPOHBINA MOTEHIIHAT;

N — YHCII0 OTAABAEMBIX (IPHHUMAEMBIX) METAJIOM AJIEKTPOHOB;

C(Me"™) — KOHIIeHTpaIis HOHOB METAIIIA B PACTBOPE, MOJIB/IM .

[Ipy KOHIEHTpAalMM HOHOB MeTajia, paBHOK 1 Monb/mM®, BTOpOil ulleH ypaBHEHHS
obpaiaercss B HONb, TOTAA @ = ¢, m.e. 21eKMpOOHbl NOMEHYUAN MEemania npu e2o
xonyenmpayuu 1 Monu/om® npedcmasnsiem co6oii cmaHOapmMHbLIL 2NEKMPOOHbLI NOMEHYUA.

DnexTpoABMKYyIIasi cwia FE TambBaHUYECKOTO »JJIEMEHTA ONPENENsIeTcs Pa3HOCTHIO

NOTEHIIMAJIOB KaToJda U aHOoJa: E = (0 K — (0 A.

TaK, B,HC MAariu€BO-IMHKOBOI'0 TIaJlbBAHHUYCCKOI'O0 3JJICMCHTA, IIPpW KOHLCHTpalUAX
HNOHOB COOTBCTCTBYIOIIHX MCTaJIJIOB OJIMH MOJIB/I[M3,

coctasser: E = ¢°(Zn/ Zn?") — p° (Mg/ Mg?*) =—0,736 — (—2,34) =1,604 B.

Uem OoJtbIlie pa3HOCTH B 3HAYCHUSX CTAHJAPTHBIX JICKTPOIHBIX MOTCHIIMAIOB METAIIIOB,
TeM Oombitie DJIC raibBaHU4YEeCKOTO JIEMEHTa, KOTOPBIH 3TH METAJLIbl 00Pa3yroT.

CpaBaum JJIC TOABKO YTO pa3o0paHHOTO MAarHUEBO-IMHKOBOT'O TajbBaHUYECKOTO
aneMenTa ¢ DJIC MarHueBO-MEHOTO 3JICMEHTA.

(-)Mg|Mg?*|zn%F|zn(+);

C(Mg/Mg?*) =C(Cu/Cu®") =Luoxsl on®
E =¢°(Cu/Cu®")—p°(Mg/Mg?*) = +0,34 — (=2,34) = 2,68 B. .

Wtak, ueM pnanblie JIpyr OT Jpyra HaxXxoAsTCs MeTallbl B TaOJMlle HOpPMallbHBIX
ANIEKTPOAHBIX OTEHIHANOB, TeM Ooibiie D/1C raabBaHMYECKOrO 3JIEMEHTA.

Kak ormeuanocek panee B pa3zene, 3aBUCUMOCTb BEJIMYHH JIEKTPOIHBIX OTEHIIMAIOB OT
KOHIIGHTPAllM OKMUCJIMTEIbHOM M BOCCTaHOBUTEIbHOM ¢opM peareHta u oT pH cpens
BhIpakaeTcs ypaBHenuem Hepucra (9.1).

VYpaBuenne HepHcra noszBossier npoBoauTh pacueT DJ[C raapBaHHYECKUX DIIEMEHTOB
IIPU YCIOBUSAX OTIIMYHBIX OT CTaH/IaPTHBIX.

W3menenune wn3obapHoro mnoreHnuanga I'mb60ca B cucTeMe 4YMCIEHHO paBHO pabote,
COBEPIIAEMON B PE3yJIbTaTe NPOTEKAHUS NIEKTPOXUMUYECKON PEAKIIUHN:

AG =-A =-nAgpF, (9.2)
rne A — paboTra »DJIEKTPUYECKOrO0 TOKa, paBHAas MPOU3BEIEHUIO YHCIa MOJIb
IIEPEHECEHHBIX JIEKTPOHOB N, HANIPSHKEHMSI B DJIEKTpUUEeCcKon 1ienu A¢ u noctosHHon dapanes
F = 96 454 Kn/momns = 96 500 Kin/mos.
JI1st CTaHIapTHBIX YCIIOBHMA:

AG® =-A%=_nAyp°F. (9.3)

KoHcTanTa paBHOBecHs DJIEKTPOXMMHMUYECKON pPEAKLUU I CTaHJAPTHBIX YCJIOBUM
onpenensercss opMysoi ciaeryromero Buja:

p _nAp°F
2,3-RT

BenuunHbBI KOHCTaHT PaBHOBECHUI AJI Pa3HbIX JIEKTPOXUMHUECKUX PEAKIMH MO3BOJISIOT
OTIpEeAeIATh CTENEeHb UX HEOOPAaTUMOCTH.

ITockosIBKY RJIEKTPOIHBIN MOTEHIMA METaJllIa 3aBUCUT OT KOHILIEHTPALlMKA pacTBopa, TO
MOKHO COCTaBUTh L€Mb M3 OJMHAKOBBIX METAUIMYECKUX JJIEKTPOJIOB, IOTPYKEHHBIX B
pacTBOpBl C pa3IM4YHOM KOHLEHTpAlMeldl HOHOB 3TOr0 METAUIA — 910 KOHYEHMPAYUOHHbIU
2aNIbBAHUYECKULL DTNEMEHM.

3J1C KOHLEHTPAIIMOHHOTO 3JIeMEHTa onpeaesseTcs mo Gopmyie:
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0,059 . C,(Me?)
z T Cy(Me™)

I'JIE C(ME#") — KOHIIEHTpaIMs MOHA METaJlIa B IPUIIIEKTPOIHOM CIIOE, MOJIL/IMS, IpuueM
c1(me*") > co(me?*) ; Z — cTeneHsb OKUCIIEHHS NOHA.
DneKTpoau3
Teopernueckre OCHOBBI
DJEKTPOIN30M Ha3bIBAECTCS OKUCIIUTEIbHO-BOCCTAHOBUTENBHBIN NPOLIECC, IPOUCXOASIINN Ha
3JIEKTPOJIAX IPU MPONYCKAHUU NOCHMOAHHO20 dIEKTPUUECKOTI0 TOKA YEPEe3 pacTBOP WM PacIliaB
AJIEKTPOJIUTA.
Jl1s ocyliecTBIIeHUS AJIEKTPOIIN3a HEOOXOIMMO B COCYJ] C PAaCTBOPOM WJIH PACILIaBOM
AJIEKTPOJIMTA BHECTHU [1BA MIEKTPOJIA, COCIUHEHHBIE C IIOJ0CAMU BHEIIHETO UCTOYHHUKA
MIOCTOSIHHOT'O TOKA.

DNeKTpoa, MPUCOSAMHEHHBIN K OTPUIIATEILHOMY MOJIFOCY BHEIIIHETO UCTOYHUKA
MOCTOSTHHOTO TOKa, Ha3biBaeTcs karoaoM (K).

[Iponyckanue TOKa Yepe3 SJIEKTPOJUT MPUBOJUT K TOMY, YTO HOHBI B PAaCTBOPE
HayuHaKT nepeMewatbesa. [lonoKuTenbHbIE MOHBI, KaTHOHBI, ABUXKYTCS K OTPULATEIbHOMY
MEKTpoy — Kartoxy. OTpunatenbHble HWOHBI, AHUOHBI, JBIDKYTCS K TIOJIOKHUTEIHHO
3apsA’KEHHOMY 3JIEKTPOAY — aHOJly.

Ha xarone unér npouecc BOCCTaHOBJIEHUS, T.€. IIPOLECC IPUCOECIUHEHNS dJIEKTPOHOB.
B nau6osee npoctom ciyyae KaTHOHBI BOCCTAHABIMBAIOTCSA MO CXEME:

.-
A"+e o A,
Ha anone uaér npouecc OKUCIeHUs, T.€. MIPOLIECC OTAAYH JICKTPOHOB MOHAMU. B
HpOCTCfII.HGM cnyqae I9TOT npouecc BBIpa)KaIOT CJ'IG,I[YIOH_II/IM 06pa30M:

B -e<B.
bnarogapss paboTe HCTOYHMKAa TOKAa OJJIEKTPOHBI, OTJAaHHbIE HOHAMHU Ha aHOJE,
nepefalTcs Ha KaTtoj. B pesynbraTe aHon Bc€ BpeMs 0OeqHSETCS SJIEKTPOHAMH, a KaTOA
oOorarmaercs.
Ha pucynxke 10.1 npencrasieHa cxema 31eKTpONIH3Epa.

IC = (9.5)

_ :‘T@”_ _

Pucynox 9.1 Cxema snexmponuzépa
PacriaB xyopujia Hatpust coaepkuT KatnoHa Hatpus Na* w amwonsr Cl. Ilpwm
NPOMYCKAaHUH Yepe3 3TOT PACIUIAB JIEKTPUUECKOT0 TOKA K KaTo/Ay HANpaBiIAIOTCS HOHBI HATPHS,
a K aHOJly — XJIOPUJ - UOHBI.
VY karona uAET MpoLEcC BOCCTAHOBIIEHUSI B COOTBETCTBUH C YPaBHEHHEM:

2Cl~ —2e <> Cl,
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+ 4 0
Na" +e <> Na".
VY aHoza UAET MPOLIECC OKUCIICHUS 110 YPaBHEHHIO:
Becsw nporiecc 3ekTponu3za pacruiaBa NaCl moxer ObITh 3amucaH B BUJC CXCMBI:

‘Nat L a 0
K:Na" +e<«> Na
A:2ClIT -2e < Cly.

Taxum 00pa3oM, pH 7AEKTPOIU3E paciliaBa XJIOpUIa HaTPUs HAa KaTO€ BbLAEISAETCS
HaTpHUH, Ha aHOJE — XJIOP.

Wrak, mpu 31€KTpOoau3e paclliaBOB 3JIEKTPOJIUTOB HA KaTOAE Pas3pspKalOTCs KaTHOHBI, a
Ha aHOJIE AaHWOHBI, 00pa3yIOINeE IEKTPOJIUT.

Bozanble pacTBOPBI 2IEKTPOIMTOB IOMUMO HOHOB, Ha KOTOPBIE pacnafaeTcs dJIEKTPOJIUT,
COACpIKAT MOJICKYJIbI BOJBI, CIIOCOOHBIE NpUHUMATb Y4YaCTUC B KAaTOJAHBIX HW AHOJHBIX

mpouneccax.
Ha xaTone Bo3aMoxkeH mponecc BOCCTAaHOBJICHUA MOJICKYJI BOABI 110 YPABHCHHIO!

2H,0+2e <> H, +20H .

Ha anoae Bo3MOxeH mponecc OKMUCJICHUA BOABI, KOTOpBIfI IMPOTCKACT 110 CXCMC!

2H,0—-4e <> 4H" + 0,

Kakue mpomeccel OyayT NpPOWCXOAUTh HA DJIIEKTPOJAX — 3aBUCUT OT BEIHYUHBI

HOPMAJIbHBIX OKHCJIUTEIIbHO-BOCCTAHOBUTEIHHBIX TTOTCHIIMAIOB TOT'O WJIM HHOTO MpoIlecca.

HMoHbl MeTaJuloB C BecbMa Maliol anreOpanmyecKol BEIMYMHON CTaHAApPTHOTO
3JIEKTPOAHOIO MOTeHIIHANA, OT Li 710 Al BKIFOUNTEIHHO, UMEIOT YPE3BBIUYAHO MAJIOe CPOJCTBO K
3JIEKTPOHAM, YCTyIas B 3TOM OTHOLIEHUW noHaM H™ (cM. tabi. 9.1). [TosToMy mpu 3J1€KTpoIU3e
BOJIHBIX PACTBOPOB YKAa3aHHBIX META/UIOB HA KAaTOJE MPOHUCXOJUT BOCCTAHOBIICHUE BOIBI IIO
cxeme, IpUBEIEHHOH paHee.

KaTtnoHsl MeTauioB ¢ TOJOXHUTEIBHBIMA 3HAYCHHUSIMH CTAHJIAPTHOTO 3JIEKTPOIHOTO
norennuana (Cu, Ag, Hg, Au u 0p.) uMeroT Golbliee CPOACTBO K 3IEKTPOHAM, ueM HOHBI H™ (cM.
tabis. 11.1). B urore, Ha kaTo/1e BOCCTAaHABIMBAIOTCS HOHBI METAJUIOB IO CXEME:

Me"™ + ne” —Me°.

KarnoHbl MeTaioB, 3aHIMAIOIIKE B PSIIy HANPsODKEHUH cpeanee mosoxenue (Zn, Fe, Cd,
Ni u ap.), BOCCTaHABIMBAIOTCS Ha KaToAe OJHOBPEMEHHO C BOCCTAHOBJICHHEM KAaTHOHOB
BOJIOpO/IA.

Wtak, npu onpeneneHny TpoAyKTOB AJIEKTPOIIN3a BOJHBIX PaCTBOPOB AIIEKTPOIUTOB,
HAJ0 PYKOBOJICTBOBATKLCS BHINICYKA3aHHBIMH COOOPaKCHHUSIMH, OCHOBAHHBIMH Ha aHAIHM3E psja
HaIpsHKCHUN.

Ha xartome Ierde BCEro pa3pspKAlOTCS TaKWE KaTHOHBI, KOTOpPBIE HWMEIOT 0Ooliee

TIOJIOKUTENBHEIH AIEKTPOIHBINA MoTeHIMaN. Hanpumep, ecii SIeKTPOIUT COAepKUT HOHBI Cu?*

°Cu °Zn
u Zn’*, 1o ¢ P = P =
" PAaBHUBAS 3HAYCHUS Cu2+ +0,34 Bu Zn2+ =-0,76 B, MOXHO

clenaTh 3aKIIOYeHHe, 4To Jerde OyayT paspspkatbes MoHBI CUZY, Tak Kak WX SIeKTpOHEIH
IMOTEHIIAAN OOJBIIIE.

Ha anome gnerue mpoWcXOAMT TOT  TpoOIecc, HOPMAIbHBIH  OKHCIUTEIHHO-
BOCCTaHOBI/ITeHBHBII\/’I IIOTCHIIHAJI KOTOpOFO MCHBIIIC. Haan/IMep, nu3 JABYX BO3MOXHBIX aHOAHBIX
MIPOIIECCOB B PACTBOPE CEPHOM KUCIOTHI:

2502~ —2e <> $,057,¢° = +2,01

n
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2H,0 —4e <> 4H " + 0y, 0" = +1,23

ClieyeT OTAATh MPEANOYTCHHE BTOPOMY, T.K. €My COOTBETCTBYET MCHBIIICEC 3HAUYCHUE
MOTEHLIKaNA.

Cpenu aHMOHOB HAUOOJIBINEH CITIOCOOHOCTHIO K OKUCIICHHUIO HA aHOJIe 00JIadar0T aHMOHBI
6eckucnopoaubix kucnot (CI, Br, I', $%). B pesyabTaTe dIeKTpOIH3a PaCTBOPOB, COAEPIKAIINX
9TH MOHBI, HA aHOJIE BBIJENIAIOTCS] CBOOOHBIE T'aJIOTEeHBI UJIH Cepa.

BoccraHoBiieHHE METAJUIOB U3 PACTBOPOB MX COJEH HJET TOJIBKO B TEX CIy4asX,
KOrJa JaHHBIA MeTaul UMeeT OOJBIIUN AJEKTPOJAHBIN MOTEHIMAN, YeM y aJlOMUHUS, T.. Ha
KaTOJC BBIACIIAIOTCA TC MCTAJJIBI, KOTOPBIC CTOAT B PAAY HAIIPSIKCHUA ITPABCC aJIlOMUHHA.
Hamnpumep, anexrponu3 pacrBopa ZnClz moiiaér mo cxeme:

K :Zn* +2e <> zn°
A:2Cl~ —2e <> Cl,.

HpI/I QJICKTPOJIMU3C PAaCTBOPOB coyen MCTAJIJIOB, PACIIOJIOKCHHBIX B PAAY HAIPSAXKCHUA 0O
AITIOMHWHUA BKIIIOYUTCIIBHO, HA KaTOAC IMTPOUCXOAUT BOCCTAHOBJICHHUEC BOJbI IO YPABHCHHIO!:

2H,0+2e <> H, T+20H ",

Dnektponu3 pactBopa NaCl MokHO H300pa3uTh CIIEAYIONICH CXEMOH:

K:2H,0+2e <> H, T+20H"
A:2CI~ —2e <> Cl,.

B KkaTosHOM IpOCTpaHCTBE B pacTBope ocrarorcs noubl Na* u OH (menous NaOH).

_ 2_ 3—
Kucnoponcoaepxamnme aHUOHBI (NO3 ,804 ,PO4 U Jp.) UMEIOT OONBIIHiA

OKHCITUTEITFHO-BOCCTAHOBUTEIBHBIN MOTEHIMAJ, YeM IOTEHIIHAT IpOoIlecca OKUCICHHS BOJIBI,
MO3TOMY IIPH JIEKTPOJIM3E PACTBOPOB COJIEH, COEPIKAIIMX 3TH aHUOHBI, HA aHOJI€ OKHCISeTCs
BOJIA.

OnmHako ecTb M HCKIIOYEHHUS, HalpuMep, HpPU DIIEKTPOJIH3E IIEJIOYHBIX PACTBOPOB
THIIOXJIOPUTOB M XJIOPATOB Ha MHEPTHOM aHoje okucisitoTes annonbl CIO™ u ClO3™ no ClOs™ u
ClO4™ cOOTBETCTBEHHO.

Hanpuwmep, npu anexrponuse pactBopa K2SO4 mpoTekaroT cieayromue mpouecceh:

K:2H,0+2e <> H, +20H -
A:2H,0-4e <> 0, +4H"
Ha KaToae 06pa3yeTc;1 BOOOpPOd, Ha aHOAC KHCIIOPOA. B KaTOAHOM IIPOCTPAHCTBE

HakarmBaroTcsi MoHbl OH , B aHOJTHOM — MOHBI THIPOKCOHMS, MOATOMY OKpacka JlakMyca B
KaTOJHOM MPOCTPAHCTBE Oy/AeT CHHEH, a B aHOJTHOM — KPacHOH.

[Iupokoe NMpHUMEHEHHWE HMMEET AJIEKTPOIU3 C pacmeopumvlmu anooamu. B kadectBe
TAKOBBIX MPHUMEHSIOT MeJb, CEPeOpO, 30JI0TO, HUKEIb U Apyrue Metaiuibl. [Iporecc anekrponusa
IOpU STOM 3aKJIIOYAeTCs B OKUCIICHUH MeTalla-aHoJa 10 KaTHOHA W B TOCIEAYIONIEM €ro
BOCCTaHOBJICHUU BHOBB JI0 METAJNTMYECKOTO COCTOSTHUS Ha KaTOJIe.

Cxema 37ekTposu3a BogHoro pactBopa CuSO4 ¢ MeTHBIM aHOIOM:

A:Cu® —2e &> Cu?
K:Cu® +2e <« Cu’.
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CooTHoteHne MeXay Maccoi (M 00beMOM) BEIISCTBA BBIICTUBIINXCS HA AJIEKTPOIaX
P DJICKTPOJIM3E M KOJUYECTBOM 3aTPAueHHOrO 3JICKTPUYECTBA OmpejelisseT 3akoH dapajes:
KOUYeCmB0  Beujecmsd, BblOeUBULe20Css Npu  dJeKmpoauze, Npsamo  NPONOPYUOHAILHO

KOUYeCmay 3J1eKmpudecmad, npoueoue20 uepes 21eKkmpoaum 3a epems t

m( X
n(iX),MOJlb—BK6= (1 ) = 96I5tOO’
x M (> X)
ZX
1
rac m()() — Macca BHeKTpOXI/IMI/I‘IeCKI/I MIpEeBpaICHHOI'O BCIIIECTBA, 2, M (_ X) —
X

MOJISIPHASI MAcCa SKBUBAJICHTA OIPEICIIIEMOT'0 BEILISCTBA, 2/MOJb,

Z — YUCIIO AJIEKTPOHOB, YYACTBYIOUIUX B OKMCJICHUH WJIM BOCCTAHOBJIEHUU OJHOTO MOHA;
{ — Bpemst anekTponmsa, c.

Wnn g razos:

YNES
z
V(X)= - :
96500
rae V(X) — o00beM 3IIEKTPOXMMHYECKH BBIIEIEHHOrO TIa3a, om®: Vm (i X)—

Zx

SKBUBAJIEHTHBIH 00HEM NEKTPOXUMHYECKH BBILIEIEHHOTO Ta3a, OM°.

[Ipy DIIEKTPONM3€e BOAHBIX PACTBOPOB COJIEH META/LIOB, 3aHUMAIOMIAX MPOMEKYTOUHOE
TIOJIO)KEHUE B PsAy HANPsOKEHUI, HApsAAy C BHIAEIEHMEM METAlIa Ha KaTOJE UAET BBIICICHUE
Bogopona. Ilpm 5TOM Macca BBIAEIUBIIETOCS METAAIa HE OJKBHBAICHTHA KOJHYECTBY
IPOILENIEr0 YePe3 PACTBOP DIEKTPUUECTBA, YACTh KOTOPOIO PACXOIYETCs Ha BBIICIECHUE
BOZOPOJIA.

3ﬂ€KmpOﬂM3 C HAJIOHCEHUEeM 6HeUulHeco HCll’lp}ZDfC'eHZ/lﬂ — TOK OT BHCHIHCIO HCTOYHHKA
IPOXOJMT YePE3 DIEKTPOIUTHIECKYIO SUEHKY C HCCIELyeMBIM pacTBOpoM. Ilpu sToM obImee
Hanpsokenre U CKIaapIBaeTCs M3 MOTEHIMAIA pa3aokeHus £, = E4n — Eki, TIEPEHANPSHKEHUH Ha
aone I]an, xarome 7]kt m moremmmana Ur = IR, HeoOGXoauMMoro Juis MHpeojONeHHs

COTPOTHUBIICHUS deKTponuTa R:
U= (Ean+ T]an) — (Exi—T]x) + Ur.

[TognepxuBasi oOmpeAeieHHOE 3HAYEHHWE IMIOTEHIMaja Karoja, MOXHO TMPOBOIUTH
MOCJIEIOBATEIbHOE BBIJICJICHUE METANIOB U3 HCCIEAYEMOIr0 pacTBOpa WU OTIEICHUE OT
MEMIAIONUX TPUMECEH (3JIEKTPOIIU3 MPU KOHTPOJIUPYEMOM IMOTEHIIHATIE).

[Ipomiecc naneKTponaM3a CIYXKUT MPEeXKAEC BCEro Mg MPOMBIIUIEHHOTO MOJIYYeHHS
QTIOMUHHMS, MEIW, MHOTHX IICJOYHBIX M IICIIOYHO3EMEIbHBIX M JIPYTUX METAJUIOB; IS
AHAJTUTHYECKOTO ompeereHus: metaioB — Cu, Pb, Zn u mHorux np. Kpome Toro, ¢ moMoIisto
AJIEKTPOJIM3a MOXKET OBITh TMPOBEICHO AaHAJTUTHYECKOE Pa3CIICHHE ps/la METaUIOB B U3 HX
cMeceid. Hanpumep, 3neKTpoin30oM BEAyT ONpPEACIICHHE MEIM, CBUHIIA, OJIOBA M IIMHKA B JIATYHU
METOJIOM PA3CIBHOTO JJIEKTPOOCAXKIACHUS TPU KOHTPOJUPYEMOM TOTEHIHaie. MeTon
BHYTPEHHETO 3JIEKTPOJIM3a HMCHOJIb3YEeTCS M AHAIMTUYECKUX OIpPEeAeNICHUH OYeHb MallbIX
KOJIMYECTB METAJUIOB B PACTBOPAX, KOTOPHIE HE MOTYT OBITh ONPEEICHBI PYTUMHU METOIaMH.
KOPPO3USA METAJIJIOB
TEOPETUYECKHWE OCHOBBI
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Kopposueii memannog nazvieaemcs npoyecc paspyuwieHusi Memaiid, npoucxoosiyuti noo
Oelicmsuem oxpyxcaroujeli cpeovl. B pesynbrare 3TOro mpoiecca MeTall IMEePeXOAuT U3
CBOOOJHOTO COCTOSTHUSI B XUMHUYECKHU CBSI3aHHOE.

Tak, pacTBopeHHe Kelle3a B CONSIHONW KUCIIOTE WJIM P)KaBJICHUE JKEJIEe3HBIX M3/ETUi Ha
BO3/yX€ SBJISAIOTCS MPOIIECCaMH pa3pyIIeHUs 3TOr0 METallIa, T.€. IPOLIECCOM KOPPO3HUH.

[lo MexaHu3mMy mpoTeKaHHs Mpolecca KOppo3us JEIUTCS Ha XUMHUYECKYI0 H
AIIEKTPOXUMHUYECKYIO.

XuMudeckasi KOppo3us HE COMPOBOKIACTCS MOSIBICHUEM DJIEKTPUUYECKOr0 TOKa, TaK Kak
B TOM CJIy4ae HET MPOCTPAHCTBEHHOTO Pa3/IeICHHUs POIIECCOB BOCCTAHOBIICHHS U OKHCIICHHUS.

XuMuyeckass KOppo3us MpOTeKaeT Kak OObIYHAs XMMHMYECKas peakilus, Hampumep,
B3aMMO/ICHCTBHE jKeJe3a ¢ KUCIOPOIOM IIPH BBHICOKOH TeMIeparype:

4Fe +30, — 52Fe,05.

DneKTpoxXuMHUecKas KOppo3usi HabJIr0AaeTcsl IPU CONTPUKOCHOBEHUH METAJIOB C BOJIOH,
pacTBOpaMu 3JIEKTPOIUTOB, aTMOC(HEPHBIM BO3TYXOM.

OcHogHoe omauuue 31eKMPOXUMULECKOU KOPPO3UU OM XUMUYECKOU COCMOUm 6 Mmom,
umo obwasn peaxyus 63auMoOeticmsus Memaiida ¢ OKucaumenem modxcem Ovims pazoenena Ha
06a camocmosmenvuwix npoyecca: 1) npoyecc oxkucnenus uiu anoOHwlil npoyecc, 2) npoyecc
80CCMAHOBNIEHUS UNU KAMOOHbII.

IIpn 27EKTPOXUMUYECKOM KOPPO3UHM IPOLECC OKUCIECHMS U IPOLECC BOCCTAHOBIICHUS
IIPOTEKAIOT HAa PA3JIMYHBIX YYacTKax MeTaJlla — aHOJHOM M KaTOJHOM COOTBETCTBEHHO.

ITpoueccel, mnpoucxoxdiue TMpU  DIEKTPOXMMHUYECKOM KOPPO3HMH, AHAJIOTHYHBI
mmporeccaM, MNPOTEKAOIIMM B TajlbBaHWUYECKUX JJeMeHTax. lIpomecchl aIeKTpOXUMHUYECKON
KOPpPO3UHU COIPOBOXAAIOTCS NEPEMEILEHUEM 3JIEKTPOHOB C aHOJHBIX YYaCTKOB Ha KaTOIHBIE,
T.€. DJIEKTPOXUMHUYECKAsE KOPPO3UsI COIPOBOKIACTCS IOSBICHUEM B METAUIE JJIEKTPUYECKOIrO
TOKa.

AHOIHBIN TIpoLECC MPH DIIEKTPOXUMHUYECKONM KOPPO3UM — ITO MEPEXO] MeTaula W3
CBOOOJTHOTO COCTOSIHUE B MOHHOE:

0 & n+
Me” —ne<>Me'"" .
Hampumep, npu >30€KTpOXMMHYECKOW KOPPO3MM Kejle3a  MPOUCXOIUT CIEAYIOIINI
AHOJIHBIN MPOLECC:

Fe® — 2e > Fe?"

KaTO)IHBIfI nmponecc COCTOUT B BOCCTAHOBJICHHUUN OKHCHHTGHGﬁ, T.C. B IMPUCOCANHCHUUN
AJIEKTPOHOB K MOJIEKYJIaM WJIM HOHAM U3 OKpPYXKarolel Cpeabl.

Nrak, »snexkTpoxuMuueckas KOppO3us METauIOB — O3TO pe3yibTaT JIECUCTBUSA
MUKpOTaTbBaHUYECKHUX IJIEMEHTOB, 00pa3yIOIIMXCs HA TIOBEPXHOCTU MeTalia. B psge coydyaes
o0pa3oBaHMEe TaKWX TrajdbBaHOMap OOYCIOBICHO HAJWYHEM B MeTa/Ulax MpUMeced WIn
KOHTaKTOM JIBYX Pa3HOPOJHBIX METAJJIOB.

Tak, mpu pacTBOpeHNHU B pa30aBICHHON CEPHOM KHCIIOTE IIMHKA, COJEPIKAIIETO TPUMECH
JKere3a, MPOMCXOAAT CIENYIOLIME MPOLECChl: LIMHK C MPUMEChIO jKelle3a, MOMEIIEHHBIH B
PacTBOP CEPHOI KHUCIOTHI, MPEACTABIISAECT COOOM raTbBaHUUECKHUI DJIEMEHT

(-)Zn|H,SO, |Fe(+).

AHOIIOM B 3TOM TaJIbBAHHYECKOM JIEMEHTE ABIISIETCS O0Jiee akTUBHBINA MeTailT IMHK. Ha
aHOJIe MTPOUCXOIUT CJICIYIONIUI MPOIIECC:

0 - 2+
n" —-2e > 7n“T,
DNEeKTPOHBI OT aHoja (I[MHKA) HAMPaBJISAIOTCS K Karody (Kenesy), IAe MPOUCXOAUT
npouecc BOCCTAHOBJICHUSA ITOJIOXKHUTCIBHO BapSDI(eHHBIX HOHOB H+ u3 paCTBopa CGpHOffI KHUCJIOTHI:

2HT +2e <> Hy.
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OneIT MOKa3bIBaET, YTO CKOPOCTH MPOIEcca PACTBOPEHHUs IMHKA, MpU paboTe TaKOro
raJbBaHUYECKOTO JJIEMEHTa, ropa3io OoJbIle, YeM CKOPOCTh PEAKIMH HEMOCPEICTBEHHOTO
B3aNMMOJICHCTBHS IIMHKA C KHUCIIOTOM.

OcoOblii UHTEpEC MPEICTABIACT IJICKTPOXUMHYECKAs KOPPO3Hs B HEHTpaJIBHOU cpeje,
TaKk Kak 3TOT Ciy4aili Hambosiee OIM30K K aTMOC(hEpHOW KOPPO3UH. DICKTPOIHUTOM B TaKOM
ciIy4ae SIBIIIETCS BOJa C pacTBOPEHHBIMU B Hel razamu (CO2, O2, 3adactyio — SO2, HUITPO3HBIMU
razamu NxOy u 1ip. ).

PacTBOpEHHBIN B BOJIE KUCIOPO/I, & TAKAKE KUCIOPOJI BO3yXa MOTYT PUHUMATh y4acTHE
B KaroOAHOM IIpOLECCE, MPU OTOM IMPOUCXOAUT BOCCTAHOBJIEHUE KHUCIOPOJA COIIACHO
YpaBHEHHUIO:

O, +2H,0 + 4e <> 40H ™~

PacTBOopeHue B Boj€ YIVIEKHCIIOTO ra3a MPUBOJAUT K 0Opa30BAaHUIO YTOJIBHOW KHUCIIOTHI,
KOTOpast IIPH JUCCOIUANNH JTAET HEGONIBIIOE KOJTUIECTBO HOHOB H™:

CO, + H,0 «> H,CO, <22 , H, 0" + HCO; «22,

+ —
129, 0" +coZ.
HpI/I OTOM Ha KaToJ€ MOKCT IIPOUCXOANTH BOCCTAHOBJICHUC KATHMOHOB H+:

2H" +2e <> H,.

YacTto KaTOIHBIM MHpolecC ABJIAECTCA CMELIAaHHBIM, T.€. Ha KaroAe HIET INPOLECC
BOCCTAHOBJICHUSI KHCJIOPOJAa U MPOIECC BOCCTAHOBJICHUS MOHOB H', mpuuém mocnennuii, Kak
IIPABWJIO, UMEET MOJUMHEHHOE 3HAUYCHNUE.

BemecrBa, ycHIMBAIOLIYI0 KOPpPO3UIO, Has3bplBAOTCA  akmusamopamu. CHIBHO
JEHCTBYIOIMM aKTHMBAaTOPOM SBISIETCA HMOH XJiopa. IloaToMy mporecchl KOppo3uu B MOPCKOM
BOJIE UAYT TOPa310 MHTEHCUBHEH, YEM B IIPECHOM.

BemectBa, 3ameuisione Mporece pa3pymeHusi MeTalIoB, Ha3bIBAIOTCS UHSUOUMOPAMU.

JUist 3aIlMTHl METAJUIOB OT KOPPO3WHM 4acTO MCHOJB3YIOT Pa3jIMUHbIE IOKPBITUS, B TOM
quciae MeTaIMYecKue. B 3ToM ciiyyae MeTayuIONOKPBITHE JOJDKHO OBITh YCTOWYHMBBIM K
KOPpO3UH.

Hapymienre 1eI0CTHOCTM METaJIMUECKOro TOKPBITHS MOXKET NpPUBECTH JHO0 K
COXpPaHEHHMIO OCHOBHOIO MeTajla, MO0 K YCHJIEHHOM KOppO3UU. OTO 3aBUCUT OT
CPaBHUTEIBHON aKTUBHOCTH 3AILUIIAEMOI0 U 3alIUTHOIO METajlIa.

Mertannnueckoe MoKpbITHE U3 O0JIee aKTUBHOTO MeTalljia, IIPU HapyIIEHUHU 11€I0OCTHOCTH
€ro CJI0s1, BBICTYIIAET B POJIM aHOJAA B 00pa30BaBIIEMCS ralbBaHUYECKOM AJIEMEHTE.

OcHoBHOI MeTaJ1 B Ipolecce paboThl TaKOTO TalbBAHUYECKOTO 3JIEMEHTa He Oyner
pa3pymarbes. [TokpbiTue 13 Hanbosee akTHBHOTO MeTalljla Ha3bIBAE€TCS aHOTHBIM.

Korna nokpeiTHe caenaHo M3 MEHEe aKTHBHOI'O METajula, TO HapyLIEHHE LEI0CTHOCTU
ATOr0 MOKPBHITUS MPUBEAET K OOPAa30BaHMUIO TaJlbBAHUYECKOTO AJIEMEHTAa, aHOJIOM B KOTOPOM
OyZeT SABIATHCS 3alMIAeMblii METalll, a KaTOJJOM — MOKpbITHE. Takue MOKpPhITHUS HA3bIBAIOTCS
KaToAHBIMU. B 3TOM ciryyae ocHOBHOM MeTai OyIeT pa3pyuarbCs.

KaronHoe mNOKpbITHE SBISETCS MEHEE BBITOJHBIM, TaK Kak IPpU HapyLIEHUH €ro
LEJIOCTHOCTH OCHOBHOM METaJlI Pa3pyIIaeTcsl.

B ciydae aHOZHOTO MOKPBITUS OCHOBHOM METAN IIPU IMOBPEKIAECHUU IOKPBITUS HE
paspymaercsa. B 3ToM ero npenMyiecTso.

Bonpocs! 1 3aganus
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ITpumep 1 CranmapTHbIE AJIEKTPOAHBIE TOTEHIMAIBI ISl IMHKA U CBUHIA paBHBI — 0,76
B u — 0,13 B cooTBETCTBEHHO. Y KaKOTO U3 3JEKTPOJ0B, IMHKOBOIO WJIM Y CBUHIIOBOTO, BBIIIE
MJIOTHOCTB JBOMHOTO 3JIEKTPUUECKOTO CIOsI, €CJIK 00a 3JIEKTPO/1a IOMECTUTh B BOY?

Pemenne

VY IMHKOBOrO 3JIEKTpOJa BEIWYMHA CTaHJIAPTHOTO 3JEKTPOJHOIO MOTEHIIMAlIa MEHBIIIE,
YeM y CBHHIIOBOTO, YTO CBSI3aHHO C OOJIBIIEH CITOCOOHOCTHIO MOHOB ITMHKA THAPATUPOBATHCS
MOJIEKYJIAMH BOJBI M INEPEXOAUTh U3 TBEPAOW IOBEPXHOCTH B pacTBop. B wrore, y nuHKa
CO37aeTCSl B TMPHUAJIECKTPOJHOM cjioe Oojiee MOIIHBIA JIBOMHOW 3JIEKTPUUYECKUMA CIIOH, YeM Yy
MMOBEPXHOCTU CBUHIIOBOTO 3JIEKTPOJIA.

[Ipumep 2 JKene3nas W HUKeNEeBas IUJIACTUHKU, MOTPY)KEHHBIE B PACTBOpP COJISTHOM
kucaotsl ¢ xonuentparmeit C(HCI) = 1 moms/mM3, pacTBOPSIOTCS ¢ BBIIETEHHEM BOIOPOJA.
Kakoii nporiecc HauMHaeTCA, €y MIACTUHKU COCTMHUTD MTPOBOTHUKOM?

Pemenue
2.1 HO COCIMHCHUA ITPOBOAHHUKOM U KCJI€30, U HUKEJIb OKUCIAINCh HOHAMHU H+:
a) 1|Fe® — 2e” « Fe?t,; ¢°(Fe**/Fe®) = - 0,44 B;
12H* + 2¢” — Hot ¢°(2H*/Hz) = 0,00 B;
DIC1 = ¢°(2H*IH,) — p°(Fe?*/Fe®) = 0,00 — (- 0,44) = 0,44 B;
6) 1|Ni° — 2e” < Ni?*; ¢°(Ni?*/Ni®) = - 0,25 B;
1|2H* + 2~ — Hot ¢°(2H*/H2) = 0,00 B;

DNIC> = ¢°(2H*/H,) — °(Ni?*/Ni°) = 0,00 — (- 0,25) = 0,25 B.

Tak kak 3/[C1 > 3/[C>, TO Ha KeJE3HON TUIACTHHKE BBIJCJIICHHE BOJIOpoJia OyaeT Oosee
UHTEHCUBHBIM, YEM Ha HUKEJIEBOM.

2.2 Tlocne coeqMHEHUs TUIACTHHOK — 00pa3yeTcsl TajJbBaHUYECKHH 2JIE€MEHT, B KOTOPOM
OyAyT IPOTEKaTh PEaKIMH:

amon: 1|Fe’—2e « Fe?; ¢°(Fe**/Fe®) = - 0,44 B;

karox: 1|(Ni%) 2H* + 2e < Hof.

[ToTOK 3JIEKTPOHOB C *eJEe3HOW IUIACTUHKU (aHo/Aa) OynleT MepexoJuTh Ha HHUKEIIEBYIO
(karomy) 1o HpoBOAHHMKY. IlOBEpXHOCTh HUKENIEBOM IUIACTMHKHM, HAXOASIChb B KOHTAKTE C
pacTBOpoM cojiepKaiuM H', TepemaerT BIEKTPOHBI OTHM KAaTHOHAM, YTO MPUBOJUT K
00pa30BaHUIO MOJIEKYJI BOJIOPOJIA.

I[Ipumep 3 Tox cunoit /0 A mnpoXOAUT uYepe3 HIIEKTPOJIU3EpP C IJIAaTUHOBBIMU
3NEKTPOJIaMH, B KOTOpoM Haxoautcs 500 cm® pacTBopa TMAPOKCHIA HATPUS C MAccOBOi foneit
owMNaOH) = 4,5 % (p = 1,05 2/cv®). HanummTe MOTHYIO cXeMY 3IEKTPOIIH3a BOJHOTO pacTBOpa
NaOH. Ckonbko yacoB noTpeOyeTcst BECTH 3JIEKTPOJIu3, YToObI MaccoBas 1o pactBopa NaOH
nocturia 10 %?

Pemenue
3.1 Beraucium mMaccy BOJIbI B ICXOJTHOM pacTBOpE:
ml(H 20) = ,01_\/]_ . (100 — (l)]_) =
100
~1,05-500
100

3.2 Haitgem Maccy KOHEYHOTO pacTBopa:

_ a)lplvl _ 4,5-1,05 -500

PPaz T, 10

- (100 — 4,5) =501,375 cx°.

m =236,25T.

3.3 Onpenenum Maccy BOAbL, TOABEPTUIEHCS AIEKTPOIU3Y:
AM(H20) =Mppa1 = Mppa2 = PIV1 —Mppar =
=1,05-500 — 236,25 = 288,75T.

3.4 Bpems nipoiiecca 3JeKTpoian3a COCTaBUT:

160



- Am(H0) F _ 288,75 96500

T
2

=309604,2¢c =86,0 4.

M( H20)

3.5 Peakuuu, npoTekaromye Ha 3JIeKTpoJaax:
K 12H,0 +2e <> HS + 20H"~
A:40H™ —4e <>2H,0+0,.

[Tpumep 4 DnexTponus3Ep COAEPKUT pacTBOP HUTpaTa CBUHLA (+2), aHOA — CBUHIIOBBIM.
[IponomkutenbHOCTH 3ekTpoun3a 2 4 40 muH 50 ¢, cuiia Toka SA. BelunucanuTe TeOpeTU4YEeCKyIo
yObUIb B Macce CBHUHIIOBOIO aHoja. Hamummre ypaBHEHHMS peakuui, MPOUCXOJAIIMX Ha

3JIEKTPOJIaX.
Pemenue

4.1 BapuaHT ¢ pacTBOPHMBIM aHOOM. MeTaiumueckuii ceuner; — anox (p°(Pb?*/Pb%) = —

a +
0,126 B) serdye ormaer >A€KTPOHBI, YEM MOJIEKYIIBI BOJBI (ZHZO —4e & 02 +4H ,

o

@ -i1238B)

YPaBHeHI/IH peaKuHﬁ, IMPOUCXOIAINUX Ha SJICKTpOAAX:

K : Pb?* +2e <> PB°
A:Ph? —2e <> Pb?*.

4.2 Teoperuueckasi yOblIb MacChl CBUHIIA COCTABUT:
Am(Pb) ='—FT. M(%Pb): 2960 5571

——207-==5175T.
96500 2
Ipumep 5 Paccumraiite Bemuuunnl DJC u AG%, 111 mnpoleccoB Kopposuw,
MPOTEKAIOIINX M0 YPABHEHHSIM:
Me(x) +H2006+02) —Me(OH)ng),
rne Me — Fe, Ag. Kakoll U3 npuBeileHHBIX METAJUIOB OyJeT MOJABEpraThCcsi KOPPO3UU BO
BIIQYKHOM BO37yxe?
OTtser
4.1 YcnoBus MpoTeKaHUs MPAMOI peaKIuu TIpH CTaHAApTHHIX yernoBusx: JC = Ap’s,
> 0w AG%, <0.
4.2 3anuimeM ypaBHEHHS 3THX MpoleccoB U BeraucauM ans Hux DJIC u AGY
a) 1| Fe’—2e Fe?t; pO(Fe**/Fe®) = - 0,44 B;
amoo
1| 2H20 +0; + 4e™ <> 40H; ¢°(2H20 +02/ 40H") = +0,40 B;
Kamoo
DIC1L=A¢% 1 = pk— ga =+ 0,4 — (-0,44) = +0,84 B;
AG® 1= N Ap’,F =—2:0,84-96,5 = — 162,12 xlloic/mons
Fe(k) +H2000+02¢) —Fe(OH)20.
Bv1600: camonpou3BoiIbHAs KOPPO3HUsS Kejle3a BO BIAKHOM BO3JyXe MpPH CTaHIApTHBIX
YCIIOBUSX BO3MOKHA.
6) Tax kak p°(Ag*/AQ®) = + 0,80 B > ¢°(2H20 +02/ 4OH") = +0,40 B, T0 cepebpo Oyner
SIBIISITHCSI aHOJIOM, TOTIa
IC2 = App2 = pk— pa =+ 0,40 — 0,80 = — 0,40 B;
AG% 2= -nAp%,F =—2:(=0,40)96,5 = + 77,20 klJoc/monn
AQ(k) +1/2H20(5)+1/403) — *xAg(OH) ).
Bw1600: Tak kak /]C2 = A’ <0,aAG% > >0, To caMONpOM3BONEHAS KOPPO3HS
cepedpa BO BIaXXHOM BO3/1yX€ NP CTAaHAAPTHBIX YCIOBUSAX HEBO3MOXKHA.
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ba3oBblii ypoBEHb
1 B ranpBaHUYECKOM 3J€MEHTE TPOXOJAUT PEAKIIUS:
Pb® + Cu?* = Pb?* +CUC.
CocTaBUTh CXeMy AJIEMEHTa, BEIYUCIUTH CTaHAapTHYIO D/]C 1 KOHCTaHTY paBHOBECHSI.
2 D]J1C ranpBaHMYECKOTO 3JIEMEHTa, B KOTOPOM MPOTEKAET PeaKius
2Ag* + Zn% = Zn?** + 2Ag°

paBHa 1,56 B (298 K). Paccumnraiite AG 1 KOHCTaHTY paBHOBECHS 3TOH PEaAKIIUU.

3 CranmapTHbBIE AJIEKTPOJIHBIC TOTECHIIMAIBI JJIs XKelne3a U Kaamus paBabl — 0,44 B u —
0,40 B coOTBETCTBEHHO. Y Kakoro M3 3JEKTPOJOB, KEJIE3HOTO WM KaJMUEBOBOIO, BBIIIE
TUIOTHOCTh JIBOMHOTO AJIEKTPUIECKOTO CIIOS, €CJIA 00a AJIEKTPO/1a TOMECTUTH B BOY?

4 CrannapTHbBIN 2JIEKTPOHBIN MOTEHLIMAN cepedpa paBeH

Ag* +e > Ag’, ¢°=08B.

KakoB Oyner notreHuuan 1 Kr MeTaJuIMYECKOro cepedpa, OMyIIEeHHOT0 B pacTBOp HUTpATa
cepebpa ¢ C(AgNO3) = 1 momns/mm3?

5 N3o0pazute cxemy pabOThl ralbBaHUYECKOTO 3JIEMEHTA, COCTABICHHOIO U3 HUKEJIEBOM
U cepeOpsHOM IUIACTHH, OMYIIEHHBIX B PACTBOPHI MX HUTPATOB. Y KAKUTE KaTOJ M aHOJ B 3TOM
raJibBaHUYECKOM dyeMeHTe. Kakas XuMudeckas peakiusi JIeKHUT B OCHOBE ATOTO
rajibBaHUYECKOro »3jemMeHTa? Bprunciure wu3MeHeHWH TMOTeHIMana [ubbca W KOHCTaHTY
paBHOBECHS STOM PEaKIUU.

6 CocraBpTe CXEeMy TaIbBAHHYECKOTO JJIEMEHTa, OJHHM U3 JJCKTPOIOB KOTOPOTO
ABIISIETCS KaJIMUEBas IIACTUHA, TIOTPYKEHHAs B PacTBOp CcyibdaTa KaaMus, a JpyruM — MeIHas
MJIaCTHHA, OIYIICHHAs B PaCTBOP CyJibdaTa Meau.

Hanummre »nekTpoHHbIE ypaBHEHHUS MPOIECCOB, MPOUCXOASIIMX Ha 3JEKTPOoAax Mpu
pabote snemenTa. YKaxxuTe KatoJ U aHoa. COCTaBbTE CXEMY JIEMEHTA.

7 Yemy paBHa DJIC u AG rajibBaHU4eCKOro 3J1€MEHTa

(—)Zn|ZnSO4| NiSO4|Ni(+),

€CITU KOHIICHTpAIIHsI HOHOB Zn%* u Ni?* paBHEI (B mons/av°): 1) 1,00; 2) 0,1; 3) 0,001?
8 Beruncnute D/IC ranpBaHUYECKOTO DJIEMEHTA

(—)Fe|FeCly|SnCly[Sn(+)

ecm C(Fe?™) = 0,1 monwv/om®, a C(SN?") = 0,01 monv/om>.

9 CocraBbTe CXEMBl JIByX TallbBAHMUYECKUX DJIEMEHTOB, B OJJHOM M3 KOTOPBIX CBUHEI]
SBJISIETCSI KaTOJIOM, a B JApyroM — aHoAoM. COCTaBbTE AJIEKTPOHHBIC YpPaBHEHHsI IMPOIIECCOB,
MIPOUCXOMSIINX Ha BJIEKTPOJAX dTUX DJIEMEHTOB. BpluncinTe I KAKIOW PEAKIMU KOHCTAHTY
CKOpOCTH.

10 OxucnuTenbHO-BOCCTAHOBUTENbHAS PEAKIHsl, MPOTEKaolas B TalbBAaHHUYECKOM
DJIEMEHTE, OTTMCBIBAETCST CXEMOM

(L)Pt| Fe*, Fe3*|Mnoy, Mn®t H | Pt(+)

Vkazarb karonx u aHoiA. Kakyro ponp WUrparoT miatuHoBble 3iiekTpoabl? Hammmmure
MOJTHOE ypaBHEHHWE JTOW peaknuu. Beraucimrte mns Heé AG W CcTaHAApTHYIO KOHCTaHTY
CKOPOCTH.

11 DnexTpoAHbBIN MOTEHLIMAT MapraHIeBOro 3JEKTPOja, OMEIIEHHOTO B PacTBOP COJHU
mapranua (+2), cocrasnser — 1,1 B. BeluncinTh KOHIEHTpAIMIO HOHOB MapraHiia B pacTBOpe.

12 Bo03MOXHO I pacTBOpPEHHE HUKENS W BBIICICHHE XpOMa TIPH TOTPYKEHUH
HUKEJIEBOH IIACTUHKHU B pacTBOP coiu xpoma (+3)?

Bo3MOXHO 1M pacTBOpeHHE XpOMa M BBIJIEJICHUE METAUIMYECKOr0 HHUKENIs IpHU
TIOTpyKEHHH XPOMOBO#1 [IaCTHHKK B pacTBop comu NiZ*?

OTBET MOTUBHUPYHITE.
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13 TanbpBaHWYECKUN DJIEMEHT COCTOMT W3 CTaHJAPTHOTO BOJOPOIHOTO JJCKTpoAa U
BOJIOPOJIHOTO 3JIEKTPO/Ia, TTOMEIIEHHOT'0 B PacTBOp yKcycHou kuciotel ¢ C(CH3COOH) = 0,01
monv/om®. DJIC snementa coctapiser 0,200B. Boruncaure pH pacTBopa, KOHCTAHTY U CTENEHb
MpoTOIM3a (AUCCoNMaNm) yKeycHo# kucinotel. OtBet: pH = 3,39;

K.~ 1,7-10°, a = 4,08102 (4,08 %).

14 TanbBaHMYECKUN DJIEMEHT COCTOUT M3 CTaHJAPTHOTO BOJOPOJHOTO 3JEKTpoAa U
BOJIOPOJIHOTO 3JICKTpOJa, MOMEIIEHHOro B pactBop xiopuaa ammonuss C(NH4CI) = 0,01
monwv/om>. DJIC anementa cocrasuser 0,366 B. Berunciure pH pacTBopa, KOHCTAHTY U CTETICHbB
npotommsa (ruapomnsa) NH4Cl. Otser: pH = 6,20; K,p = 5,56-10°°; anp = 6,26:10°° (6,26-1073
%).

15 Ilpu kakux KOHUEHTpauusax xjaopuaa quHka (+2) 31C KOHIEHTPalOHHOIO MJIEMEHTA
paeHa 0,1 B? Hanummre ypaBHEHHS O3JIEKTPOJHBIX pEaKIHUH. YKAKUTE OKUCIUTENb |
BOCCTAaHOBUTEb.

16 YkakuTe IpOAYKTHI 3JICKTpoin3a BOAHBIX pacTBopoB: H2SOs4, NaSOs, HCI, NaCl,
CaCly, CoSOs.

17 AntoMUHHI B MPOMBIIIICHHOCTH MOJIYYAOT 3JIeKTposn3oM paciuiaBa cmecu AlpOs(=
12 % mo macce) u Nas[AlFs] (= 88 % mo macce). Daektponsl — rpadurossie. [IpuBeaure
HOJIHYIO CXEMY 3JIeKTposn3a. J[jis 4ero npuMeHsroT KoMIuiekcHyro cosib Nas[AlFg]?

18 TIpomblIlUIEHHOE TPOU3BOJCTBO HATPHUS BEAYT 3jeKkTposn3oM paciuiaBieHHoro Nacl
u NaOH. Hanummmre ypaBHeHUs peakiuii, MPOUCXOIALINX Ha dIIEKTPOJIaX.

19 Kakue mpoueccsl IpOUCXOASAT Ha 3JEKTPOJaxX IPH AIEKTPOJIM3E pacTBOpa XJIOpHja
Hukens (+2), ecnm oba snekTpoaa — HuKeneBble? Kak M3MeHHTCS Macca aHoAa Iociie
nponyckanus Toka cuioi 3,2 4 B reuenue 30 mun? OtBert: 1,76 2.

20 CoctaBbTe ypaBHEHHsI CaMOIIPOM3BOJBHO MPOTEKAIOIIUX pEaKUUid MpU KOPPO3UU B
BOJIC, HAXO/SILMXCSl B KOHTAKTE IUIACTUH: a) IIMHKA U 0JIOBa; O)xkene3a U UHKA. ['1e ckopocTh
nporeccoB kopposuu Beiie? OTBeT o0ocHyiiTe pacuetamu crannaptHeix DJIC u AG.

21 HazoBuTe HECKOJIBKO METAUIOB, KOTOPHIE MOTYT CIIY)KHUTh AHOJHBIM W KaTOJIHBIM
MOKPBITUEM Ui Jkene3a. CocTaBbTE JJIEKTPOHHBIC YPAaBHEHHSI JIIEKTPOJHBIX IPOIIECCOB,
MPOUCXOISAIINX MPH IIEKTPOXUMUICCKOU KOPPO3HUH: 1) XpOMHUPOBAHHOTO; 2) HUKEIMPOBAHHOTO
JKeJle3a BO BIAXKHOM BO3JyX€ M B KUCJIOHN cpene. CpaBHUTE CKOpPOCTH INPOLIECCOB KOPPO3UH B
ATUX CIIy4asiX.

22 Yrto Takoe pxaBunHa? Hamummte e€ mpumepnyto popmyny. Ecnu rBo3as BOUTH BO
BJIQXKHOE JIEPEeBO, TO PIKABUMHOW MOKPHIBAETCS Ta €r0 YacTh, KOTOpas HAXOIWTCS BHYTPHU
nepeBa. Uem 310 MOKHO 00BscHUTH? Hanummre ypaBHEHHsS aHOAHOTO U KaTOJHOTO MPOIIECCOB.
[IpuBenuTe ypaBHEHHS 00pa30BaHUsI BTOPUYHBIX MTPOIYKTOB Pa3pyIIECHUS Keae3a.

23 XKene3nble O0YKU MPUMEHSIOT I TPAHCIIOPTUPOBKU KOHIIEHTPUPOBAHHOM CEpHOM
kuciaoTbl. OJHAaKo mocie OCBOOOXKIEHUS OT KHUCJIOThl OOYKHM 4Ype3BbIYAHO OBICTPO
pazpymatotcs. [Touemy? Urto sBiseTcs aHOAOM, U4TO — KarogoM? HamuimumTe cOOTBETCTBYIOIINE
ypaBHeHus peakiuil. CocTaBbTe CXeMy 00pa3yIoLerocs Ipyu TOM rajibBAHUYECKOTO dJIEMEHTA.

I1oBBIIIEHHBIN YPOBEHb
1 ITpu xaKoii KOHIEHTpauy HoHOB CUZ* SIIeKTPO THBIN MOTEHIMAT MEIH PABEH HYITIO?

2 'anpBaHMYECKas 1eNb, COOpaHHAs M3 JIBYX IIMHKOBBIX JIEKTPOJIOB, OJWH M3 KOTOPBIX
TOTpyKeH B pacTBop coiu nuHKa ¢ C1(Zn?*) = 0,1 Mons/amS, a apyroii — B pactBop ¢ Co(Zn?*) =
0,01 mons/mm3. CocTaBbTe cXeMy KOHIIEHTPAIMOHHOTO dIeMeHTa M paccunTaiite ero JJIC.

3 Paccunraiite DJIC KOHLIEHTPAIIMOHHOTO 3JIEMEHTA, COCTOAILIEr0 U3 CTaHAAPTHOTO
BOJIOPOJTHOTO JIEKTPOA U BOJOPOIHOTO JIEKTPO/Ia, HAXOJSIIEroCs B YHCTOH BOJIE.

4 TloTeHmas METaJNIMYeCKOTr0 MapraHiia 1o OTHOIIEHHUIO K CTAaHJApPTHOMY BOIOPOIHOMY
anekTpoy B pactBopax MnCly ¢ kormentpammsmm (B Mmons/mv®) 0,001; 0,01 u 0,1
cooTBeTCTBeHHO coctaBmi (B B): — 1,277; — 1,248 u —1,219. Beluucnure craHmaapTHBINA
DIIEKTPOIHBIN MOTEHIIMAT MapraHIia.
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5 Paccunraiite 3/1C KOHIEHTPALIMOHHOTO 3JIEMEHTA, COCTOSIIETO U3 JIBYX BOAOPOIHBIX
3JIEKTPOJIOB, IOrpyKeHHbIX B pacTBOphI ¢ pH 2 1 4. CocTaBbTe CXEMY 3TOr0 IEMEHTA. Y KaKUTe
KaToJ U aHOJ.

6 BprumcianTh MOTEHIHMA CBHHIIOBOIO AJICKTPOJa B HAchIIEHHOM pactBope PDbBr2, ecnu
xounentpauus C(Br-) = I monw/om®, a npoussenenue pacrsopumoctu [7P(PbBr2) = 9,1-10°°.

7 Ompenenure, MOXHO JU THOJIY4YUTh TIa3000pa3HbIl (TOP 3JIEKTPOJIIM30M BOJHOIO
pacTBOpa GTOpUAA HATPHUS, ECIINU:

2H,0-4e <> 0y +4HT @° _1123B;

[e]
Fo+2e o 2F, @ =+2387B;
[¢]
2H* (6 H20) + 26~ < Hpo, P =041 B.

OO0cyauTe aHAJIOTMYHBIM BOIIPOC C YYaCTUEM JAPYTUX TaJOrEHOB.

8 3auemM K pacTBOpY COJITHOW KHCJIOTBI, IPU TOJYYCHHUU BOJOpOJA JCHUCTBHEM €€ Ha
IIHK, B KUCIIOTY JIO0ABJISIIOT HEMHOTO METHOro Kyrnopoca? JlaiiTe 00bSICHEHHUS ¢ PUBEICHUEM
pEeaKIMii, MPOUCXOASIINX MPU ATOM TporeccoB. MoxxkHo 11 BMecTo CUSOg4 B3SITh APYrHe COJIH:
AgNO3, NiSO4, FeSO4?

9 Kak Bimmser pH cpeapl Ha CKOpPOCTh aTMOC(HEPHOW KOPPO3UHU JKejle3a W IUHKa?
[Touemy? CocTaBbTe ypaBHEHHUS aHOJHOTO M KATOIHOTO TPOIECCOB aTMOCHEPHON KOPPO3HU
9THX METaJLIOB.
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