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BBeaenue

HucuunnuHa «Xumms»» OTHOCUTCS K ¢akynbratuBaM. (OHa HampaBjieHa Ha
dbopmupoBaHue  0oO0mEeNPOPECCHOHANBHBIX ~ KOMIIETCHIIMH  OOyYaroIMXCs B IpoIecce
BBITIOJIHEHHS paboT, ompeneneHHbIXx PI'OC BO. Meroauyeckue yka3aHUs COCTaBJICHBI Ha
COBPEMEHHOM HAay4YHOM YPOBHE M pPAacCUUTaHBl Ha CTYACHTOB, no HampasieHuto 13.03.02
DNEKTPOIHEPreTHKa U ICKTPOTEXHHKA .

[TocnenoBaTenbHOCTD JIAOOPATOPHBIX PAOOT COOTBETCTBYET JIOTMYECKOH CTPYKType ee
npoxoxzaenus. Ilpennmaraemple MeTOAMYECKHME YyKa3aHUS COJEp)KaT MaTepuan, KOTOPBIi
PEKOMEH/IyeTCsl UCTIONIb30BaTh CTYIEHTaM IIPU OCYILECTBICHUH JTaOOpaTOPHBIX padoT.



Tema 1. OcHOBHBIC MOHATHS M 3AKOHbI XUMHH.

JladopaTopnasi padora 1. OcHOBHBIE KJIacChl HEOPraHUYECKUX BeleCTB

Ilens pabGoTel: M3ydeHHE OCHOBHBIX KJIAaCCOB HEOPTaHMYECKHX COCAMHEHUH M HX
XAMHUYECKHUX CBOWCTB.

Teopernveckasi 4acThb
Oxcuanl

Crpoenne okcuaoB. OKCUIBI MPEACTABISAIOT COOOM CIIOKHBIE BEIECTBA, COCTOSIINE U3 aTOMOB
JIBYX JJIEMEHTOB, OJTHUM W3 KOTOPBIX SIBISICTCS KUCIOPO/I.

Takoe ompeneneHue OKCUIOB 0 JIEMEHTAPHOMY COCTaBY HE SBJISCTCS 3aKOHUCHHBIM M TpeOyeT
YTOYHEHHS: K OKCHJAaM CJIE[yeT OTHECTH TOJIbKO TaKHE KHUCIOPOJIHBIE COCTUHEHUS, B KOTOPBIX CTEIECHb
OKHCIICHHSI KUCIIOPO/ia paBHa — 2.

OKcHIIBI MOTYT 00pa30BbIBATH KAK METAJLIBI, TAK M HEMETAJLTHI.

Jiist Toro 4TOOBI COCTAaBUTh XUMHUYECKYIO GOpMYITy JH000TO OKCHIA, HEOOXOIUMO MIOMHHUTH, YTO
MOJIEKYJIBl XMMHYECKUX COCIUHEHUI OSJIEKTPOHEHTpalbHBl. OTO O03HAYaeT, 4YTO CyMMa CTeleHed
OKHCIICHHUS 3JIEMEHTOB, BXOJISIIUX B COCTaB MOJICKYJIbI, JOJDKHA OBITh PABHA HYIIIO.

Hanpuwmep:

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

Crenyer 3HaTh, YTO OOJBIIMHCTBO AJIEMEHTOB B 3aBUCHMOCTH OT YHCIa BO3MOXKHBIX CTENCHEn
OKHCIICHHUST MOTYT OOpa30BBIBaTh HECKOJIbKO OKCHJIOB. Hampumep, a30T oOpasyeT MsITh OKCHIIOB, T.K.
HUMEET IATh TOJOXKHUTEIbHBIX cTeneHer okucienus (+1, +2, +3, +4, +5): N2O, NO, N2Os, NO, N2Os.

Homenknarypa u rpaduyeckue Gopmynsl okcHaoB. Ha3BaHMe OKCHa CKIIAABIBACTCS U3 JIBYX
cnoB: 1) okcupa;, 2) pyccKoe Ha3BaHHE DJEMEHTA C YKAa3aHWEM B KPYIJIBIX CKOOKax €ro CTerneHH
OKHCIICHHS.

[Mpumedanue. Ecnu sneMeHT MMeeT B CBOMX COCMHEHHSIX TOJIBKO OJIHY CTEIICHb OKUCIICHHS, TO
e€ 0OBIYHO HE MPHUBOJIAT:

Zn0O — okcua nuaka; CaO — okcua kamenus, FeO — okcun xenesa (+2); SnO2 — okcnp o10Ba
(+4); Na20 — okcun Hatpust; Al;O3 — OKCH ATFOMHHUSL.

1. KucnotHele W  HEKOTOpble  aM(OIMTHbIE OKCHIbI  HA3BIBAIOTCS  aHTHUAPHIAMH
COOTBETCTBYIOIIUX KUCIIOT:

B0z — 6opHsIit aHTHIpHI, OKcn Oopa (+3);

SiO2 — KpeMHUEBBIN aHTUAPH]I, TUOKCUT KpeMHus (+4);

N2Os — a30THBIN aHTUAPUA, OKCU a30Ta (+5);

Sb203 — cypbMSHUCTBIN aHTUAPHI, OKCUJT CYPBMBI (+3).

2. Ha3BaHus OKCHJOB TIO0 MEXIYHApOJHON HOMEHKJIATYpE CKIAJbIBACTCS W3 CJIOBA OKCHII,
HaA3BaHUs JJIEMEHTA C yKa3aHUEM €ro CTEIEeHU OKHCIIeHHs (apaOCKuMu udpamMu B KPyribIX CKOOKax):

CuO — okcun menu (+2);

Cuz0 — okeua memu (+1);

FeO — okcwuy xenesa (+2);

Fe.O3 — okcun xxenesa (+3).

3. B 3aBUCHMOCTH OT CTENEHM OKHCIICHHUS SMIIMPUYECKUE U rpaduueckie GOpMybl OKCHIOB
UMEIOT BUJI:

2,0 5-0-D
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2,0, 0=2-0-2=0
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Knaccudukammss oxcumoB. Bce okcuapl (0 WX CBOWCTBAM) MOXHO pa3feluTh Ha
coNe00pas3yIoIe U HecoIeoopasyromme.

K neconeobpasyrommum otaocsarcst okcuasl: N2O, NO, CO.

Bce ocranbable oTHOCATCS K cosneoOpasyromuM. ConeoOpasyrolue OKCHIIbI, B CBOIO O4Yepenb,
MOYKHO Pa3esIUTh Ha TPU TPYIIIbL:

—  OCHOBHBIE;

—  KHCJIOTHBIE;

—  aMm{QOIHUTHEIE.

OcHOBHBIE OKCHBI. K ocHoBHBIM OKCHUJaM OTHOCATCA OKCHUABI, THMAPATBI KOTOPBIX ABJIAIOTCA
OCHOBAaHUAMU.

Hanpuwmep:

Na;O — NaOH;

Ca0 — Ca(OH);;

FeO — Fe(OH)..

4. Oxcunbl cambix akTUBHBIX MeTawioB (K, Na, Ca u 1p.) coeauHSIOTCS HEOCPEICTBEHHO C
BOJIOM, 00pa3ys pacTBOPUMBIE B BOJE CHIIbHBIC OCHOBAHMS — MIEIOYH:

Na,O + H,O = 2NaOH;

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

5.  BonpmmHCTBO 0cHOBHEIX oKcuaoB (CuO, FeO, Fe,Os u np.) ioxo pacTBOpSIOTCS B BOJIE.
[To3TOMY COOTBETCTBYIOIINE UM OCHOBAaHHUS (OHM TaKK€ HEPACTBOPUMEBI B BOJIE) MOJIYHaIOTCs KOCBEHHBIM
IyTEM.

6. XapaxkTepHbIM CBOHCTBOM OCHOBHBIX OKCHOB SIBJISETCSI B3aMMOJCHUCTBHE HX C KHCIOTaMH
WM KUCIIOTHBIMHU OKCHJIAMH C 00pa30BaHUEM COJICH:

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

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

7. OcHOBHBIE OKCHBI 00Pa3yIOTCs TOJBKO METAJIAMH.

KucnorHsie OKCH/FBI. K xucnotHeIM OKCHJaM OTHOCATCA OKCHUIbI, KOTOPBIM COOTBETCTBYIOT
KHCIIOTHI:

CO; > HzCOs;

SO3 —> HzSO4;

P205 —> H3PO4.

8. KucnotHbple OKCHABI 00pa3yIoT:



a) oxkcuasl HeMeTauioB — N2Os, N2Os, SOz, SOz, P03, P20s u mp.;

0) OKCHIBI HEKOTOPBIX METAJUIOB MOOOYHBIX MOATPYIII, MMEIONINX BEICIIYIO (PaBHYIO HOMEPY
TpyIIIbl) WU OJIU3KYO K Hel ctenenb okucienus — CrOs, V20s, Mn,O7, MnOs;, MoOs u 1.1.

9. KucnotHble OKCHABI B3aUMOJCHCTBYIOT C OCHOBAaHHSIMH M OCHOBHBIMH OKcHUAaMu. UM
COOTBETCTBYIOT THAPOKCH/IBI, POSIBIISIONINE KUCIOTHBIE CBOMCTBA:

SO, + 2NaOH = Na,SO; + Hzo;
SO, + K20 = K3SO0s;
SO, + H,0 = H,SO0s.

10. BonpmIMHCTBO KHUCIIOTHBIX OKCHIOB pPacTBOPMMO B BOJAE M, pearwpys C HeH, oOpasyer
KHCIOTHL. [103TOMY KHCIIOTHBIE OKCHJIBI HA3bIBAIOT TAK)KE aHTUAPUAAMH KHUCIOT («aHTUAPUI O03HAYACT
«Oe3BOIHBINY).

1) N.Os + H,O — (HzNzOe) — 2HNOs3;

2) SOs;+ HyO — H,SOy;

3) CrOsz + H,0 — H,CrOy;

4) Cl,0; + H,O > (H2C|208) - 2HC|O4;

5) Mn,O7 + H,O —» (HzMI’]zOs) — 2HMnNOa.

11. Crenenu OKHMCIIEHHUS SIEMEHTOB B OKCHJIE U B KMCJIOTE OJIMHAKOBBIE, HAIpUMep, B Mno"*O7 n
HMn™Q.,.

Amdomutaeie okcuabl. K aM(pOIMTHBIM OKCHIAaM OTHOCSTCS OKCHABI, OOIamaromrue
CIOCOOHOCTBIO pearnupoBaTh Kak ¢ KUCIOTaMH, Tak ¥ co menodamu: BeO, ZnO, SnO, PbO, Al,03, Cr.0a.

12. Ux ruapataeie QopMbl — aM(OIUTHBIE THAPOKCHUABI — OOJIQJAlOT CBOWCTBAMH Kak
OCHOBAHHWH, TaK M KUCIIOT, T.€. OHU BCTYMAIOT B PEAKINU B3aUMOACHCTBHS C KHCIOTAMH U [IEI0YaMHU.

13. AMQoauTHBIE OKCHIBI HEPACTBOPHUMEI B BOJIE.

14. AMdonuTHBIE OKCHIIBI, MPOSBIISAS CBOWCTBA OCHOBHBIX OKCHIIOB, PEarnpyrOT C KHCJIOTaMH,
o0pas3yst CoJib U BOJY:

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

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

15. AmdomuTHBIE OKCHABI TakXke 00pa3ylT CONHM TPH B3aUMOJICHCTBUM C OCHOBAHHSIMH U
OCHOBHBIMH OKCHJIaMHU:

CILTIaBJIICHUC

ZnO + Na2O0 ———— > Na2ZnOy;

CILUTaBJICHUEC

ZnO + 2NaOH —— > NaxZn0; + H,0;

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

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

1) non Meraiia aMm(pOJIUTHOTO OKCHIA (C TOM XKE CTENEHBIO OKUCIIEHHs) Zn?*;

2) ruapokcuibHble rpynnsl OH;

3) MOHBI MeTaJIa, BXOSIIETro B cOCTaB mgnoun, Na®.

Yucno ruapOKCHIIBHBIX TPYII (JMTaHAO0B), KOTOPOE MOXKET YACPKHBATh IIEHTPAIBHBIH aToM —
KOMIUTIEKCOOOpa3oBaTenb (MeTaul aM(pOIUTHOTO OKCHAA), OMPEeNseTcsi KOOPAUHAMOHHBIM YHCIIOM,
NPUCYIIMM JIAaHHOMY METaJLTy.

17. KoopaMHanuoHHbIe uncna paBHbl: Be?* — 4, Zn** — 4, Sn?* — 3, Pb** — 3, A" — 4, Cr¥* — 4.

18. Paccmorpum mpumep coctaBieHus: (HOpMYJIbl KOMIUIEKCHON COJH, TONydaroleicst u3
IMIPOKCH/IA [IMHKA M IIEN0uM. KOMIUIEKCHBIH MOH CONEPKUT KOMIUIEKCOOOpasoBareib Zn?* u 4eThipe
noHa ruapokcuiaa. CyMMapHbIi 3apsii KOMIUICKCHOTO HOHA PaBeH —2, a COCTaB €ro MOXHO HU300pa3uTh
popmynoii [Zn(OH)s]*. DTOT KOMIUIEKCHBIH MOH SIBJISETCS AHMOHOM. 3apsij KOMIUIEKCHOTO aHHMOHA
HEWUTpaIU3yeTCsl KATHOHOM, BXOJISIIUM B COCTaB MIEIOUH (IPOTHBOMOHOM). Ecim 3T0 01HO3apsIHbII HOH
(K* mmm Na'), To cocTaB KOMIUIEKCHOH COJM MOXHO 3amucaTh (HopMyliamu: K2[Zn(OH)4],
Naz[Zn(OH)a].

19. Ha3BaHus KOMIUIEKCHBIX COJICH (AHMOHHOI'O THIIA):

Naz[Be(OH)s] — terparunpokcobepuiuiar (+2) HaTpus;

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

K[Sn(OH)3] — tpuruapokcoctanHar (+2) kamusi;

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

Na[Al(OH)4] — TerparuapokcoamtomuHar (+3) HaTpus;

K[Cr(OH)4] — reTparuapokcoxpomar (+3) Kajus.

Kucaorsi
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Kucnoramu Ha3pIBalOTCA CIIOKHBIE BEIIECTBA, MOJICKYJIbI KOTOPBIX COCTOAT K3 KHCIIOTHOI'O

OCTaTKa M aTOMOB BOAOPOJIa, CIOCOOHBIX 3aMeIIaThCs Ha METaJI.

Kucnotel MoxHO paccMaTpuBaTb KakK IIPOAYKT BSaHMOHeﬁCTBHﬂ KHUCJIIOTHBIX OKCHIOB

(aHrUAPUAOB) C BOAOK:

SOz + H,O = HzSO4;
CO; + H,O = H,CO:s.
I1To KOJMYECTBY MOHOB BOJ0OpOAQ, CHOCO6HI)IX 3aMCIIaThCA Ha MCTAJlJI, B MOJICKYJIC KUCJIOTbBI

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

HCI, HNOs, HF — 01HOOCHOBHBIE KUCIIOTHI,

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

H3PO., H3AsO4 — TpEXOCHOBHBIE KUCIIOTEHI.

Ha3Banus kucinor:

HCI — xmopoBomopoHas (consHast);

H>S — cepoBoopoHas;

HF — ¢ ropoBomopomnas (TuraBukoBas);

HNO3 — a3oTHas;

H2SO. — cepnas;

H>CO3 — yronpHas;

H3PO, — oprodocdoprast.

KucnoTsr B3auMoI€HCTBYIOT C:

a) ocHoBanusaMu — HSO4 + 2NaOH = Na,SO4 + H,0;

0) ocHoBHBIMH okcHumaMu — HSO4 + CuO = CuSO, + H0;
B) comsamu — HSO4+ BaCl, = BaSO, + 2HCI.
I'paduueckue GopMyIIbl KUCIIOT.

N3zo0paxast rpaduuecKu KUCIOTY, CIIEAyeT UCXOJUTh U3 TOTO, YTO OHA COCTOUT U3 IICHTPATBHOTO

aTomMa HeMeTallla, COCIMHEHHOro ¢ ruapokcuiabHou rpymnmnodl OH™ u kucnopogom. Ilo komuuecTBy
aTOMOB BOJ0pOAda 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-0/ 0 O-H

Ecau MOJICKYJIa KHUCJIOThI COACPKUT JiBa HCHTPAJBHBIX aTOMa, TO IIpHU HEYETHOM YHCJIC aTOMOB

KUCIIOPOZIa OHHM COEAMHSIOTCS MEXAy cOOOH uepe3 aToM KHUCIOPOJAa, a TUAPOKCHIbHBIE TPYMNIBI U
OCTaJIbHBIE aTOMBI KHCJIOPO/1a PACIIPENEIIAIOTCS IIOPOBHY MEXY LIEHTPaJIbHBIMHA aTOMaMU:

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

OcHOBaHUS — CIIO)KHBIC BC€IICCTBA, COCTOAIME M3 KaTMOHA METallla U FI/I,I[pOKCI/IJ'H:HOf/i TpyIIIbL

I'pynmmy OH™ HassiBatoT runpokcus. OTCI0[ja OCHOBAHUS Ha3BIBAIOT:

LiOH — ruapokcua nutus;

Ca(OH); — ruapokcu KaabLus;

Fe(OH); — ruapokcup kenesa (+2);

Fe(OH)s — runpokcun xenesa (+3).

Uucno ruapoxkcwibHbIXx Tpynn OH™ B Monekyne OCHOBaHHS, CIIOCOOHBIX OTIIEIUIATHCS TPH

JIACCOITHAITIH, OTIPEICIISET €r0 KUCIOTHOCTE:



a) ogHokucioTHeie — NaOH, KOH,;

0) meyxkuciorusiec — Ba(OH), , Ca(OH)y;
B) TpéxkucnorHbie — Al(OH)s , Fe(OH)a.
I'paduueckue popmynsr:

Fe(OH)z Fe(OH)3
H-O- Fe -O-H /OH
Fe — OH
OcHOBaHHS B3aUMOJCHCTBYIOT: \
a) ¢ xucmoramu: 2HCI + OH Cu(OH); = CuCl; + 2H,0;
0) C KHCIOTHBIMH OKCHIaMHU: CO; + NaOH = Na,CO3 + H20;
B) ¢ corsimu: CuSO4 + 2NaOH = Cu(OH),4 + NazSO..

AMQOTUTHBIE THIPOKCUABI (TaK K€ KaK M WX OKCHABI) 00JIamaroT MBOMCTBEHHBIM XapaKTEPOM:
pearupyroT ¢ KHCIOTaMH — TPOSBIISIOT CBOWCTBA OCHOBAaHHWM, a TaKKE PEarupyroT C IIeIoYaMu —
IMPOABJIAIOT KUCJIOTHBIC CBOMCTBa

Zn(OH); + H2SO4 = ZnSO4 + 2H0;

CILIaBJICHUC

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

pactBop

Zn(OH); + 2NaOH —— > Naz[Zn(OH)4];

CILIaBJICHUC

AI(OH); + NaOH — %5 NaAlO; + 2 H;0;

pactBop

Al(OH); + NaOH ——— > Na[AI(OH)4].

Kak ykazano Bblie, aM(pOIUTHBIE OKCHIBI U THAPOKCHABI MOTYT pEarupoBaTh HE TOJNBKO C
pacTBOpamH Lienoyer, 00pasyst KOMIUIEKCHBIE COJM, HO U C TBEPABIMH OC3BOIHBIMH IIEIOYAMH ITYyTEM
cruiaBneHusi, oopasys NaAlO;, — MmeTaamroMuHAT HATPHSL.

IIpu pactBOopeHnu B Bome Oe3BoaHBIX coneit NaxZnO; um NaAlO, oHEM THUApaTHPYIOTCS,
npeBpaliasich B KPUCTAJUIOTHAPATHI:

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

HaoGopoT, ecnm BbImapuBaTh pPacTBOP COJIM KPUCTAIIOTHIpATa, a 3aTeM MpOKalBaTh

KpPHCTAUIOTHAPAT, TO TUApaTHas popMa pa3pyluaeTcs, a 3aTeM BOJIa YJIETyUHBaETCs

Naz[ZN(OH)s] ——> 2H,0 + Na,ZnOy.

Com
Conm MOXKHO paccMaTpHUBaTh KaK MPOIYKTHI MOJHOTO MM YaCTHYHOTO 3aMEIeHUs aTOMOB
BOJIOPOJa B MOJIEKYJIE KHCJIOTHI HA aTOM MeTalia, THOO THAPOKCIIBHBIX TPYII B MOJIEKYJIE OCHOBaHHUSI
Ha KUCJIOTHBIE OCTaTKH. PaznuyaioT conmu cpeiHne, KUCIble, OCHOBHBIE, IBOMHBIE.
Conu pa3nuyarot:
a) cpenane — Na;SOs ,AlCls , KsPOy;
6) kucibie — NaHSO,4 s KH,PO,4 s K2HP04;
B) ocHoBHBIE — AIOHCI; , Al(OH)ClI;
r) aoiiabie — KA1(SO4)2.
CpenHune Cony MOTyqaroT:
a) P B3aUMOJICHCTBIHA OCHOBHOTO OKCH/Ia C KUCIIOTHBIM OKCHIIOM:
Ca0 + CO2= CaCOg;
0) mpu B3aMMOAEWCTBUN OCHOBAHUSA C KUCIOTHBIM OKCHIIOM:
Ca(OH); + CO,= CaCOs + H;0;
B) IpH B3aMMOJACHCTBHM OCHOBAHHUS C KUCJIOTOW (€CNHM BEUIECTBA B3SATHl B SKBUBAJIECHTHBIX
KOJIMYECTBAX):
Ca(OH); + 2HNOs = Ca(NO); + 2H,0;
T') IpY B3aUMOACHCTBUN OCHOBHOI'O OKCHA C KUCIOTOM:
CuO + H,S0O4 = CuSO,4 + H,0;
) Tp1 OOMEHHOMN PeaKIy MY COJIBIO M KUCIIOTOM, WIIK BBINIAJIAET OCATIOK:
Na,COsz + H,SO,4 = Na,SO4 + CO, + H20;
BaCl; + H,S04 = BaSOul + 2HCI;



€) Ipu B3aUMOJCHCTBUM COJIM CO LIEJIOYbI0, B pe3ylpTare uero ooOpasyercs
MaJIOpPACTBOPUMOE OCHOBAHME WJIH JIETKOJIETY4ee COeIMHEHNUE!
CuSO4 + 2NaOH = Na,SO4 + Cu(OH)2;
NH4CI + NaOH = NaCl + NHsT + H0.
3AIIOMHMUTE, 4ro comu ¢ HepacTBopuMbIME ocHOBaHmsIMH HE PEATUPYIOT!
) Tpu OOMEHHOM B3aWMOJEHCTBUHM IBYX COJeH, B pe3ylbTaTe KOTOpPOro oOpazyercs
MaJIOpacTBOpUMast COJIb:
AgNO; + NaCl = AgC + NaNOs;
3) IpHU B3aMMOJECHCTBUM METAUIOB C HEMETAUIaMH, B Pe3ylbTaTe KOTOPOro o0pasyrorcs
COJIM OECKUCIOPOIHBIX KHUCIIOT:
2Al + 31, = 2Alls.
Kucneie conu. Kucnple conn MOXHO paccMaTpuBaTh Kak MPOAYKTHI HEMOIHOTO 3aMEILCHHS
BOJIOPOJHBIX HOHOB B MOJIEKYJIE KUCIIOThl HOHAMH METaJlIa!
H3PO4 + KOH = KH,PO4 + H,0:;
H3PO4 + 2KOH = K;HPO4 + 2H,0;
H3PO4 + 3KOH = K3PO4 + 3H:0.
KH2PO, — murunpodocdar kamust, kucasiii pocHOpHOKUCIBIN Kaluii OqHO3aMEeIIEHHEIH;
K2HPO4 — ruapodocdat kanus, KucIbsiii pochHOPHOKUCTBIN KAl [BY3aMeIIEHHbII;
K3PO4 — oprodocdar kanusi, pocdopHOKHCIBIN KaTHid.
Kucneie conu kanpuust GocopHOi KUCIOTH UMEIOT BUA:
Ca(H:PO4)2 —  murmmpodocdar  Kambiws, KHCIbIH  (POCHOPHOKUCIBIN  KalbIHid
OJTHO3aMEIIEHHBIN;
CaHPO, — ruapodocdar kanpims, KAcibiii PochOpHOKUCIBIN KalTuil TBy3aMeIIEHHBIMN.
OCHOBHBIE COJM — MPOAYKTHI HEMOJIHOTO 3aMELICHUS THAPOKCHIBHBIX HOHOB OCHOBaHMSA Ha
KHCJIOTHBIE OCTaTKU. TakuM 06pa3oM, B MOJIEKYJIe OCHOBHOW COJIM KpOME MOHOB METallia U KUCIOTHOTO
OCTaTKa COJePXkKAaTCsl U MOHBI THAPOKCHIIA:
AI(OH)s + HNO3 = Al(OH).NO3 + H:0;
Al(OH)3 + 2HNO3 = AIOH(NO3), + 2H0;
Al(OH)s + 3HNO; = A|(NO3)3 + 3H0.
Al(OH);NOs3 — HUTpaT AUTHAPOKCH]T ATFOMUHHS,
AIOH(NO3), — HUTpAT THAPOKCH] ATFOMUHUS;
AI(NO3)3 — HUTpAT aTFOMUHHSI.
3Has 3apsi HOHA BXOSIIETO B COCTaB OCHOBHOMN COJIM, @ TaKXXe 3apsia KHCIOTHOTO OCTaTKa,
HETPYAHO COCTaBUTH (HOPMYITy OCHOBHOHN COJH:
CocrapneHue ypaBHEHHS PEaAKITUI MOYICHHUS BCEX MBICTUMBIX COJICH MPU B3aUMOICHCTBUH
THIPOKCHA ATIOMHHHS M CEPHOM KHCIOTHI (HEOOXOAMMO IOMHHUTB, YTO HE BCE COJHM CIOCOOHBI
CYLIECTBOBATh):

CrOH(NO:3)2 Al(HSO,)
MgOHCI

Cr(OH):NO3 7 / Al(SO4)s
Cr(OH)s >  CrOHSO4 Mg(OHD); = (MgOH), CO;

4 \

[Cr(OH)2]2SO4 (MgOH), PO, N [AI(OH)2]2S04

Al(OH)3 + 3H,S0, = A|(HSO4)3 + 3H.0:;

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

Al(OH); + H,SO, = AIOHSO, + 2H,0;

Al(OH)3 + 3H,S0, = [A'(OH)2]2804 + 2H,0.

I'paduueckue dopmynsr comeit. s mnpaBUIbHOTO TIpad@HUUECKOT0 W300pPaKEHUS CONH
HEO00X0MMO OTYETIMBO NPEJACTABIATH rpaduueckue GOPMyIIbl KUCIIOTHBIX U OCHOBHBIX OCTaTKOB. Tak,
XJIOpHAsl KHCJI0Ta 00pa3yeT oauH KUCIOTHBIN ocTtaTok ClO4:

CepHas KucioTa — ABa: S04, HSO4:

dochopnas kucnora — Tpu: POs> , H,POs, HPO4>

Al(OH)3 > AIOHSO,

.0 H-0 H-0

\ \ \
-0-P=0 H-0O-P=0 -0-P=0
/ / /



IToaToMy ¢ THAPOKCHUAOM HATPHS STH KUCIOTH 00Pa3yIoT COJH:

NaClOg4 NaxSO4 NaHSO4
) OH Na—O O
/ / \
Cu _0- Cu S
\ \
[\ [\
O Na—-0O O H-0O O
NasPOg4 NaH2PO4 NaHPO4
Na—-O Na-O Na-O
\ \ \
Na-O-P=0 H-O-P=0 Na-O-P=0
/ / /

T'uapokcua meau (+2) — Cu(OH), o6pasyer asa octatka: Cu? u CuOH™
Y, CJIEZI0OBATENBHO, C a30THOM KMCIIOTON MOKET 00pPa30BbIBATH JIBE COJIH:

Cu(NO3)2 " CuOHNO:s3

0] 0]
T )
O-N H-O-Cu-O-N
/ \\ \\
/ 0] o]
Cu
\ @)
v 7
O-N
\\
@)

Peaknum B3amMHOTO TpeBpalieHus coyieidl. Panee ObLTH paccCMOTpPEHBI CONM KaK MPOAYKTHI
B3aMMOJICHCTBHUS KUCIOTHI U OCHOBaHUs. [Ipy HemocTaTke KUCIOTE 00pa3yroTCs OCHOBHEIE COJH, T.€. HE
BCE THIPOKCUIIHHBIE MOHBI MOTYT 3aMECTHTHCS Ha KHCJIOTHBIE OCTaTKHA. A TIpW HEAOCTATKE OCHOBAHMS
MOTYT MOJyYaThCsl KHUCHble conu. OTCofa CTAHOBUTCS MOHSATHBIM METOJ MEpeBOJa OAHOW COJU B
ApYTYIO.

Jns mepeBojia OCHOBHOW COJIM B HOPMAaJIbHYIO (CPEIHIOI0) WM KHCIYI0 HE00XOJnMO
JN00aBUTh KHCIIOTY, a TPH IEpPEeBOjIe KHCIOH CONM B CPEJHIOI0 WM OCHOBHYIO CIieNyeT J00aBHTh
ocHoBanue. [Ipu 3TOM yHOOHO WUCHOJNB30BATH OJHOWMEHHBIE OCHOBAaHWS W KHUCJIOTHI, 4YTOOBI HE
3arpoMOK/JIaTh YpaBHEHUE PEAKIIUU IPYTHUMH COJISIMHU:

a)

CaCOs3
(¢ (CaOH).CO; H,0;
(C Ca(HCOs3)2 )+ 2H,0;
5) ZCI’OHClz

Cr(OH)CI
CrCls



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

") CaHPO,
Ca(H2PO4)2—> Caz(POs): O:
(CaOH)3PO4 1,0:
. .7t 4H20;

- en e — g - - N - = —N - -~ - g~

(CaOH)3PO4
Casz(PO4), —>CaHPO4
Ca(H2P0a)2

1)

(CaOH):POs "

(CaOH)sPO4 +%HRQ5(PO4)Z + 3H,0:;
(CaOH)3P04 + H3PO4 = CaHPO4 + 3H.0:;

Caz(POa)2

e) yZ Al(HSO4)3
Alx(SOs)3 — AIOHSO:
Al(k ™ [AI(OH)3]:S04 30s + 6H;0.
Oo6patu HEeUTpanu3auuu UAET B MPUCYTCTBUU LIEIOYHU

NaOH, a ne ocroBanus Al(OH)s, T.k. mocie1Hee HEPACTBOPHMO.
AIOHSO4 + HSO4 = Alx(S04)s +2H:0;
[AI(OH);]2S04 + 2H,SO04 = Aly(SO4)s +2H,0.

OO6opynoBaHue U MaTepuaJbl
Oxcup xanpiusg CaO
WNunukatop dheHondranens
Okcupa meau CuO
Pactsop cepnoii kuciorsl H.SOs ¢ koruentpanueit C(H2SO4)=2 momn/mm3
Pacteop NaOH ¢ konuentpanueit C(NaOH) = 2 monb/nm®
Oxcun muaKa ZnO
Xnopuza kaamus CdCl,
Xnopun amomunus AlCl3
Cynbdart meau CuSOs
10. Xnopun 6apus BaCl,
11. JuctuinmpoBaHHas Boja
12. TIpoGupku
13. Jloxkeuka

CoNoa~WDE

Yka3zaHus 1o TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM

3IIEKTPOOOOPYIOBAHNH, HIEKTPOIPOBOJIKE, TPABHUIFHO O0OPYI0BAaHHOM BBHITSHKHOM LIKady.

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

3. Pabouee mecTo conepkaTh B MOPSIIKE U YUCTOTE.

4. Cyxwue peakTuBbl TpeOyeTcsa OpaTh YUCTHIM IIMATENEM WIN CHEIHATFHON JIOKEUKOM.

5. M3nuimek peakThBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLIT B3AT.

6. Bce ombITH ¢ BpeAHBIMY U MTIAXHYIUMH BEIIECTBAMU, a TAKKE yIIApUBAHHE KUCIOT U KUCIBIX
PacTBOpPOB MPOBOJIUTH B BBITSLDKHOM IIKaQy.

7. OcTaTKHu coeMHEHHUI cepedpa ClIMBaTh B 0COOBIC CKIISTHKH.
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8. Ilpu HarpeBaHHH PacTBOPOB B IMPOOUPKE BCEra CIEAyeT AepKaTh €€ TaKuM 00pa3oM, YTOOBI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT PaOOTAIOIIETO PSIOM COCea.

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

10. He cnexyeT BApIXaTh Maxy4due BEINECTBA U rasbl, OJIM3KO HAKIOHSSACH K COCYAY C 3TUMHU
BeniecTBaMy. HroxaTh BellecTBa MOKHO JIMIIb OCTOPOYKHO, HANPABIISS K ceOe Taphl WK ra3 JIBHKCHHEM
pYKH.

11. XpaHHTb pacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT U IIIEI0YCH B BBITSDKHOM IIKaQy.

12. BrbummBaTh pa30aBIeHHBIC KUCIOTHI U MEIOYHBIC PACTBOPHI CIIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOOBaTh XUMUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIETKO BOCIUIAMCHSIOIIUMUCS BellecTBaMu (3QUphI, OCH301, CEpOyTIepo U
T.J1.) HE JJOJDKHO OBITh PSJIOM OTHSI M BKITFOUCHHBIX TIHTOK.

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

16. Kareropuuecku 3arpemniacTcs OCTaBIATh paOOTaroIIMe TpUOOPsI 0€3 HAOIOICHUS.

17. B xumu4eckoi tabopaToprui HeoOX0IUMO paboTaTh B XajaTe.

3aganus

OmepiT 1. Bo3pMHuTE T0KEUKOH 04E€Hb HEOOIBILIOE KOJMYECTBO OKCUAA KaJIbIIMs, IOMECTUTE €r0 B
npoOupKy u n06aBbTe 3 cM® Bozibl. Ecin okeua kanbius CaO pacTBOpUIICS HE MOJHOCTBIO, 3TO 03HAYAET,
yTo B3IT M30bITOK CaO. Hammmute ypaBHeHue peakumu. J[00aBpTe B MPOOHpPKY, rAe oOpa3zoBaycs
TUAPOKCHUI Kajblms, 1-2 kammum wHaukatopa (eHondranenna. B kakoil mBeT OKpacwics pacTBOp B
npooupke? Kakas cpena pacteopa?

OmnpiT 2. Bo3pbMuTE JTOXKEUKOH HEOONBIIOE KOMMYECTBO OKCHIAA MEAW, MOMECTHTE €ro B
npo6upky. Tyna xe n06aBbTe 2-3 cM® pa30aBIeHHON CEPHOI KMCIOTHI, HATPEHTE TPOOUPKY 10 KUIICHHSI.
B xkakoii mnBer oxpacmics pacteop? CocrtaBpTe ypaBHeHHE peakiuuu. OTQUIBTPYHTE pPacTBOp OT
OCTABILErocs OKCHAA MEIM U K OXIaXAeHHOMY (puiabTpaTy (pacTBopy) no6aBbTe 2-3 c¢M® pacTBopa
mémoun NaOH. Uro mpowmsomo? Hanmmure ypaBHeHHe peaknmu. Temepb Harpeite mpooupky. Kax
u3MeHMIICS UBeT ocanka? CocTaBbTe ypaBHEHUE PEAKLMU Pa3I0KEHUS TUAPOKCUAA MEIH.

OmneiT 3. Bo3pmute nBe mpobOupku. [lomecture B HUX HEOONBIIOE KOMMYECTBO (HA KOHUHKE
JIOYKEUKH) OKCHJA LMHKA WM OKCHJA allOMHHMS. B oaHy mpoGupky Haieiite 2-3 cM® pa30baBieHHOM
CEpPHOIl KHMCJIOTHI, B Apyrylo 2-3 cM® KOHIEHTPUPOBAHHOTO pacTBOpa wmiejodn. Harpeiite BTOpyro
npobupky. Okcuipl B 00eWX MNpPOOHMPKAxX pacTBOPSIOTCS, YTO TMOATBEPKAACT HMX aM(OIUTHOCTE.
CocTraBbTe YpaBHEHUS PEAKITUH.

Onwir 4. Haneiite B mpo6upky 1,5 cm® pacteopa comu xaamus (xnopuaa CdCly mmu cymbdara
CdSO.) u Tyna xe mob6asbre 1 cm® pactBopa ménoun. Hanmummre ypaBHeHMs peakumii. B mpoGupke
obpazoBaiicsi ocagok. OtMmerbTe 1BeT ocanka. Coxepkumoe TpPOOUPKH, MpPEABAPUTEIBHO B300NITaB,
paszenure Ha 2 4yacTu, MEPeIuB OJHY M3 HUX B ApYryio npoOupky. K comepxkumomy oqHO# npoOupku
n06aBbTe 2 cM® pa3baBIeHHON CcepHOM KUCIOThl. Ocalok pacTBOPUICS. DTO MPOU3OILIO B PE3YIILTATE
peakuuu HeWTpanu3aluu oOcHOBaHMWA. Hammmurte ypaBHeHue peakiuu. K conmepxumomy ofHON
npobupku 106aBbTe 2 cM® pacTBopa mEnoun. OcagoK He pacTBOPUIICA, T.K. 00JIa1as TOIBKO CBOWCTBAMM
OCHOBAaHUS, CO LIETI0YaMHU HE B3aUMOACHUCTBYET.

Ongpit 5. Haneiite B mpoGupky 2-3 cm® pactBopa comu amomunus. J{o6aBbTe 1Mo Kamism (10
oOpa3oBanust ocazaka) pasoOaeineHHblii pactBop mienoun (KOH — winum NaOH). IlosiBuiics ocamok
ruapokcuna amomuHus Al(OH)z Oenoro mBera. Hanummmrte ypaBHeHume peaknuu. ComepKumoe
npoOUpPKH, MpeaBapUTENIbHO B300JITaB, pasnenure Ha aBe 4yacTu. K colnepXuUMOMy OJHOH NpOOUpPKH
no6aebTe 2-3 cm® pasOaBieHHON cepHOit KkucnoTel. Ocamok pactBopmiics. COCTaBbTE ypaBHEHHE
peakuuu. Bo BTOpyo mpo6upKy 106aBbTe 2-3 cM® KOHIEHTPUPOBaHHOIO pactBopa mmenoun (KOH umm
NaOH). Uto npoun3onuio ¢ 0cakoM rUIpoKcHaa amoMuHusa? Hanumure ypaBHEHUS peaKkiyy.

Onpit 6. Haneiite B mpobupky 2-3 ¢m® pactBopa cyibdaTa meau. J[06aBbTe HECKOIBKO Karesb
(ue 6onee aByx!) ménoun NaOH 10 o6pa3oBanus cBeTiIO-3e€HOr0 ocajaka ocHoBHOM cost (CuOH)2S0.4.
W36bITOK mI€Nn0uM npuBeaeT K 0Opa3oBaHuio ocaaka rugpokcuna meaun Cu(OH),.

Onpir 7. Haneiite B npobupky 2-3 cm® pactBopa xnopuaa Gapusi BaCl, m memnoro cepmoii
KHCIIOTBI JIO oOpa3oBaHms ocaaka. OTMeTsTe 1BEeT oOpasylomerocs ocamaka. VcmoetaiiTe Ha
PacTBOPUMOCTh IOJMYYEHHBIH OCaZOK B KHCIOTE M wIedoud. st 3Toro: coiepkuMoe HpPOOHpPKH,
npeaBapuTeIbHO B300NTAB, pa3aenuTe Ha aBe npooupku. K cogepskumomMy os1HON npoOupku 100aBbTe 2—
3cm® cepnoii kucnotel ¢ konnentpanueii C(H:SOs) = 2mons/am®, a B apyryio mpobupky — 2-3cm®
pactBopa wménoun ¢ kouuentpamuein C(NaOH) = 2 mons/nm® u norpeiite B IJIaMEHH ra30BOH FOPEIKH.
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OTMeThTe, MPOM3O0IILIO JIM PacTBOPEeHHE ocazka cyibdara Oapus. O0bsicHuTe nopeneHue ocaaka BaSOq
npu obpabdoTke ero pacreopamu H>SO, u NaOH monb3yschk Tabuumiei pacTBOPUMOCTH.
CocTaBbTe ypaBHEHUEC XUMHUECKOM peakiiuu o0pa3oBaHus Cyibdara Oapusl.

Conep:xkanue oTyera
[Tony4yennsie qanneie 3adukcupyiite B Tabnuue 1 mo cienyromieii popme:
Ta6ymmma 1. Pe3ynbpTaThl SKCIEpUMEHTA

Ne i/t | PearenTsl XuUMHUecKasi peaxius HaoOmronenus

1

gl lwinN

KoHTpoJibHbIE BOIPOCHI
ba3zoBrblii ypoBeHb
Uro Ha3biBaeTcsa okcuaaMu? Kakyro cTeneHb OKUCIEHUS IPOSBIIAET KUCIOPO B OKCUAAX ?
Jaiite kpaTKyro KIacCU(PUKAITUIO OKCHIAM.
Uro HaszwiBaeTcs kuciioramu? IIpuBeauTe nx KiiacCU(pUKAIUIO
Uro raszwiBaeTcs ocHoBaHmsMU? [IpuBeaure nx KiaccuuKaIiro

NS

IloBBIlICHHBI YPOBEHB
1. Kaxkwue 35eMeHTBI 00pa3yrOT OKCUIBI?
2. Kak cocraBnsieTcst xumuaeckas ¢hopmMyia okcuaa?
3. Kakue okcuapl 00pasyer a3ot?
4. Kakue okcuabl B3aUMOJICHCTBYIOT ¢ BoAou. [IpuBecTu mpumep.
5 Kakue coennnaenus HaspBatorcs consmu? [IpuBennre nx xkinaccuukanuto

Cnucok JIUTEPATyphbI, peKOMeHZ[yeMLIﬁ K HCITOJIB30BAHHUIO 110 HaH]—[Oﬁ TEME

OcHoBHasi TUTEpaTypa:
1 Koposun, H. B. O0mas xumus : yueOuuk / H. B. Koposun. - 13- uzn., nepepab. u norm. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuart). - Pek. MOuH P®. - IIpun.: c. 461. - buGnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XuMust okpysKaromei cpeibl : XuMus xKHuBbIX oprann3moB. Kypce nexuuii / E. C.
Muxanuna, A. JI. Iletenun. — M. : U3gatensckuii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Texkcr : 31eKTpoHHbIH // DnekTpoHHO-0nbaroTeunas cucrema IPR BOOKS :
[caiiT]. — URL.: http://www.iprbookshop.ru/56618.html. — Pexwum mocTyma: ajist aBTOPH3HP.
I10JIB30BATENEH
JlonoTHUTe/ILHAS JINTepaTypa:
1 'munka, H. JI. O6mas xumus / H. I'. I'nuska ; [lox pen. A. U. Epmakosa. - Uzn. 30-e, uctp. - M. :
Wurerpan [pecc, 2003. - 728c. - bubauorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-89602-017-1
2 XuMHS METaJIIoB : y4eOHOe mocodue (JUisl CTyIEHTOB XMMHUYIECKOTo (pakylbTeTa HallpaBIeHUH
OaxanaBpoB «XuUMUs» U «XHUMHUUECKas TexHonorus») / cocraButenu O. A. 'onoBaHoBa. — OMCK :
Owmckuii rocynapctBeHHbIi yHuBepcuteT uM. @.M. JloctoeBckoro, 2015. — 552 ¢. — ISBN 978-5-
7779-1875-8. — TekcT : aneKTpoHHBIN // DnekTpoHHO-0nbMMoTednas cucrema [IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum noctyna: s aBTopusmp.
M0JIb30BaTENEH

HHTepHET-pecypesl:
1 http://window.edu.ru/ — eauHOE OKHO TOCTyMa K 00pa30BaTEILHBIM pecypcam

2 http://biblioclub.ru/ — 5BC «YHuBepcuTeTcKas OnOIMOTEKA OHIAMHY.
3 http://catalog.ncstu.ru/ — s5eKTPOHHBIH KaTaIOT aCCOIMAIMHU IEKTPOHHBIX OMOINOTEK YUeOHBIX
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3aBeneHuit u opranmzanuii CKOO
4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTtkpsiTOoe 0OpazoBaHue

Tema 5. O6uIue 3aKOHOMEPHOCTH MPOTEKAHUSI XHMHYECKHX MPOIECCOB.
JIaﬁopaTopHaﬂ paﬁoTa 2. XuMHYyeckasi KHHETHKA H XUMHYECKoe paBHOBECHUE

HGHB pa6OTBI: HU3YyUCHHUC XUMHYCCKOM KHUHETUKH U paBHOBECUA, U q)aKTOpOB, BJIMAIOIINX Ha

CKOPOCTh U CMCUICHHUC PABHOBCCUA XUMHNYCCKUX peaKum?I.

TeopeTuyeckas 4acTb
CkopocTh XMMHYECKHUX peaKiui

VYpaBHeHUs] XMMMUYECKHUX pEaKluil, XapaKTepu3ys MHOTHME CTOPOHBI IPOLECCOB, HE
BCErJia JaroT MOJIHOE MPEACTABICHUE O CYIIIHOCTH TPOUCXOIAIIMNX MPEBPAILEHUH.

HekoTtopple XMMHMUYECKHE MpOLIECCHI, HANpUMEp, PEAKLHUH PA3I0KEHHUsI B3pPbIBUATHIX
BEIIIECTB, 3aKaHUMBAIOTCS B TeUEHME J0Jel ceKyHIbl. OueHb ObICTPO 3aKaHUYMBAIOTCS PEAKLUU
B3aMMOJICHCTBUS KUCIOT, LIeNo4Ye U conei B pacTBope. OpraHMdeckue >K€ COECIUHEHUS B
OOBIYHBIX YCIOBUSX B OOJBIIMHCTBE CIIy4aeB B3aHUMOAEUCTBYIOT MEXAy cO0O0H MeIIeHHO.
TakuMm 00pa3oM, pa3Hble peakliiy COBEPILAIOTCS B HEPABHBIE IPOMEXKYTKH BPEMEHHU, T.€. MOTYT
UATH C Pa3IMYHON CKOPOCTHIO. [103TOMY Ha OCHOBAaHUU TOJILKO YPAaBHEHUN OJHMX XUMHUYECKHX
peaxkLuil HeNb3s CyAUTh O CKOPOCTH IIpolLiecca.

Xumuueckas KuHemuxa — 2mMO Y4eHue O CKOPOCMU XUMUYECKUX HpOYeccos, ux
HANpasiIeHHOCMU U 0 PaKmopax Ha HUX GIUAIOUUX.

Henp m 3amaun XMMHYECKONM KUHETHKM — W3bICKAHUE ONTHMAJbHBIX IMapaMeTpoB AJIs
NPOBEIEHUS] XHMHUYECKOTO CHHTE3a, a HMMEHHO: o0ecledeHHe MaKCUMalbHOW CKOpOCTH
npolecca, HanboJsee paluoHaIbHOE UCIIOJIb30BAHUE ChIPhSI U SHEPTOPECYPCOB U JIp.

VYCTaHOBIIEHO, YTO Ha CKOPOCTb XMMHYECKHUX DPEaKLUUH BIUSIOT MHOrO (PakTopoB —
KOHIIEHTpallusi B3aUMOJICHCTBYIOIIMX BEILIECTB, TEeMIeparypa Ipolecca, Haaudue (Win
OTCYTCTBHE) KaTaJluzaTopa U Jp.

OKCHepUMEHTHl TOKa3ajd, 4YTO YBEJIUYEHHE KOHLEHTPALlUM  B3aUMOJICHCTBYIOIINUX
BELIECTB BBI3IBAET YBEJINYEHUE CKOPOCTH PEAKIIMH.

Ecnu B 3akpeiTOM cocyzae Mpu 3aJaHHOW TeMIepaType pearupyroT JBa BellecTBa B
ra3o00pa3HOM COCTOSIHUM UJIM B PaCTBOpE

AC + BD < AD + BC,

TO CKOPOCTb 3TOH pEaKIMM ONpeeNseTcs yMeHbIICHHEM KOHIEHTPAIUH (MOIb/IMS)
BenlecTB AC u BD B enunuily BpeMeHnu (CekyHay, MUHYTY, 4ac). Tak Kak ¢ Te4eHHEeM BpEMEHH
KOHLEHTpAllUsl PpEearupyrolnux BeELIECTB MaJaeT, TO 3aBUCHUMOCTb CKOPOCTHM pEAaKLIHUHU OT
KOHIEHTPALlUU MOYKHO BBIPA3UTh CIAEAYIOIIMM 00pa3oM:

v=—(AC/At) (2.1)
rne &2 — ckopocts npsmoit peakimn, AC - MonspHas KoHIEHTpauus, t — Bpems.
I'paduaecku 3Ta 3aBUCHMOCTh H300pakeHa Ha pUCyHKe 5.1.
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v=—(AC/At)

Cif—---

Cof-----

t1 b ——
Puc. 2.1 3asucumocmsv ckopocmu peakyuu om epemeHu
JIOBOJIBHO pacpOCTPaHCHBI PeaKIIMK TUTIA!
mA + nB—> ¢C, (2.2)

B KOTOPBIX HAa M MOJIEKYJ BellecTBa A MPUXOIUTCS N MOJEKYJ BElIecTBa B, Mpu 3TOM M
1 N OOJIBIIIE €TUHULIBI.

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

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

—

rae K - xoncranta CKOPOCTH MPSAMOIN PEaKIUK — BEIMYNHA, paBHAsI CKOPOCTH PEAKIIUU
IPU KOHIICHTPAIUSAX PEareHTOB PaBHBIX €IMHUIIE; 0OpATHO MPONOPIMOHATIbHAS BpEMEHU; X U Y
— HEKOTOPbIE YKCIa, OIPEIEIIIEMbIE OIIBITHBIM ITYTEM.

Koncmanma ckopocmu 3aBUCUT OT TeX ke (PaKTOPOB, UTO U CKOPOCTh JAHHOM peakiuy,
HO He 3a8Ucum om KOHYEHMpayuu peasupyioumux 6euecms.

KoHcTranTta cKOpOoCTH XapakTepus3yeT peakluio i ONPEAEICHHBIX YCIOBHM —
memnepamypa, 0agieHue, KOIu4ecmso u Kavecmeo kamaniusamopa v T.1. Pa3nudHble peakuuu
MO>KHO CPaBHUBATh TOJBKO €CJIM OHU MPOTEKAIOT MPU CTPOTO OJUHAKOBBIX YCIOBUSX.

VpaBuenuss Tumna (5.3), yCTaHaBIMBAIONIUE OSKCIEPUMEHTAIHHO  OIMPEICICHHYIO
3aBUCUMOCTh CKOPOCTHM pPEaKUUU OT KOHILIEHTPALUUW pearupyrolnx BEIIECTB, Ha3bIBAIOT
KUHemuuecKUMU ypasHeHUAMU Peakyuil.

Kunernueckue ypaBHeHus peakiuil (5.3) sSBISIOTCS MaTEeMaTHYECKHUM BBIPAKEHHEM
3aKOHA JIEWCTBUSA MacC — OCHOBHOIO 3aKOHAa XMMHUYECKOW KUHETHKHU: CKOPOCHb XUMUYECKOU
peaxkyuu nponopyYUOHAIbHA NPOU3BEOCHUN) KOHYEHMPAYUll peazupyioujux eeujecmes 8 cmenexu
HEKOMOopuIX uucel, onpeoensemvlx dkcnepumenmanvro (nepsas popmynuposka — H.U. bekeros,
1865 1; I'ynmeabepr u Bare, 1867 r.).

Tonpko MHOTA MMOKa3aTeNy CTENEeHU KOHIIEHTpAIMK Ui JaHHOTO BelecTsa (X, Y U 1p.)
B KMHETHUYECKUX YpaBHEHUX (5.3) COBMAIAIOT C €r0 CTEXMOMETPUUYECKUM KOd(PUIIEHTOM (X =
M; Yy =N ) B ypaBHeHUHU peakiuu. OOBIYHO 3TO BBIMOJIHAETCS AJIS 3JIEMEHTAPHBIX PEaKlUi, T.e.
peakluil MpOXOIAIIUX B OJIHY CTA/IHIO.

[IpuMepsl IPSMBIX 2JIEMEHTAPHBIX PEAKIIAN:

NO + O — NOy;
H +Cl — HCI;
N204 — 2NO..

Jigs  Takux peakuud CTENEeHW B KUHETHYECKUX YPAaBHEHMSIX COBNAJAIOT  CO
CTEXUOMETPUYECKUMU KOI(PPHUIIMEHTaMU PeareHTOB B ypaBHEHUHU PEaKITUH.

Iloxazamenv cmenenu KoHyeHmMpayuu peazupyiowe2o eewecmea 6 KUHEemuyecKkom
ypasuenuu peakyuu (X, y u 0p.) Hazvleaemcs NopsAOKOM peakyuu no OamHomy eewecmey. Tak,
HarpuMmep, s peakiuu (6.1.2) mopsimok mo BemecTBy 4 paBeH X, mo B — Y. Ilopsnkom ke
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peakiuu B 1esoM (N) SBJIseTCsl cyMMa MOPSAKOB MO KaKJOMY peareHTy AJis JaHHOW peakiiui,
Hanpumep, Ui peakuuu (6.1.2): n =X +y.

Benuuunbl nopsinka mo peareHtam (X, Y U JIp.) U MO peakiuu B 1ejoM (N) MOryT OBITh
Tr00bIMH  HeOobIMMHU 11eNbIMU yuciamMu (1, 2 u penko 3), paBHATHCS HYJIIO WK OBITh
npoOHbMu urciiamu (1/2, 2/3, 3/4 w np.). Hanpumep, a1 peakuuu CHHTE3a BOBI

2Hz(2) + O2(2) <« 2H20(2)

MOPSAZIOK PEaKIMK, B 3aBUCUMOCTH OT MapUUalIbHBIX JaBIECHUI BOJOpOAAa U KUCIOPOJA,
umeeT npooHoe 3HaueHue — 1, 0,5 u 0,7 (cm. Tabmuity 5.1).

Tabauya 2.1 — 3asucumocms nopsioka peaxkyuu Om napyudibHbix 0a61eHull KUCI0pooa U
6000p00a

| wonme | e |G
130 - 2600 26600 — 53300 v=kpy, P, 1
2600 — 8000 20000 - 53300 L= ka|2 pgf 0,5
8000 — 50600 1330 - 5300 L= kaI'j pb°2’3 0,7

HeoO0XomuMbIM  yCJIOBUEM XHMHUYECKOTO B3aMMOJCHUCTBHS SIBIIICTCSI CTOJKHOBCHHUE
pearupyroInux 4acTHIl — MOJICKYJI, aTOMOB, HOHOB U JIp. B MOMEHT CTOJIKHOBEHHSI 3JICKTPOHHBIC
o0J1aka peareHTOB CMEIIMBAKOTCS, 00pa3yst IPH STOM HOBBIC CBSI3H.

Yucno monexyn, 00OHOBPEMEHHbIM B3AUMOOCUCEUEM MeNCOY KOMOPLIMU 6 MOMEHM
CMONKHOBEHUL — OCYWeCMGIAemcs. — aKm — XUMUYECKO20  NpespawjeHus,  Ha3bléaemcsl
MONEKYISAPHOCMbIO PEaKYUl.

Peakiiun  ObIBalOT MOHO-, OW- ¥ TPUMOJICKYJISAPHBIMH. TpPUMOJICKYJISPHBIE U
TETPAMOJICKYJISIPHBIC PEAKIIMA OYeHb pEAKU. V3BECTHBI JIMIIb HECKOJIBKO TMPUMEPOB
MICHTaMOJICKYJIIPHBIX PEaKIIHH.

B wacTHOCTH, K MOHOMOJIEKYJIIPHBIM PEAKIUSIM OTHOCST PEAKIIUU Pa3JIOKEHHS MOJICKYII
U BHYTPUMOJICKYJISIPHBIX TIEPETPYIITMPOBOK, HAPHUMEP, PEAKIIMIO Pa3IoKEeHUs MOJIEKYIT Hoja:

l2(2) < 21(2).
KuneTtnueckoe ypaBHEHHE 3TOTO MPOIIECCa UMEET TIEPBhIH MOPAIO0K:
v =K[I2].
[TpuMepbl OUMOJIEKYIISIPHBIX PEaKITUH:
2NO(2) <> N202(2); v = k[NOJ?

HBr(2) + H(e) < Hz(2) + Br(e); v = K[HBr][H] — xunetndeckoe ypaBHEeHHE BTOPOTO
HopsiJIKa.

TpumosexyssipHas peaxius:

Cla(2) + 2NO(z) <> 2NOCI(2); v = K[CI][NO]? — kxuneTHuecKkoe ypaBHEHHE TPETHETO
opsiIKa.

Jlnsi MIpUBENECHHBIX PEaKIUN MOPSIOK U MOJIEKYJISIPHOCTh PEaKIUMi COBIAJAIOT, HO B
o011eM ciyyae OHU Pa3InYyHbL.

Tlopsook peaxyuu onpedensemcs MOIEKYIAPHOCMbIO CAMOU MeOeHHOU CMAouU OaHHOU
peaxkyuu.

Ecmu peakiuss uaer mo craausM, TO €€ TOPSAOK pPEaKIMd MEHbIIC WIH PaBEeH
MOJICKYJISIPHOCTH peakiuu. Tak, HampuMep, MPH CHHTE3€ BOJBI (CM. Tabnuiy 5.1) mpu mopsake

peakuuu paBHOMy eaunuie (N =1; U = kp]HZ pg ), peakuys — MOHOMOJIEKYJISIpHasi; Ipu N =
2

0 L05 0,4 ,,03
05 (=K ), - ;mpu n = 0,7 (L=Kp;"Ps"),
( sz p02 ), peakiysg — MOHOMOJEKYJSApHas; IpU ( sz po2 )

peakiusi — GUMOJIeKyIsIpHasl.
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Ipumeuanue. HeoOX0aMMO OMHUTH, YTO MOJICKYJIIPHOCTh PEAKIUHU, B OTIMYHE OT €€
nopsiaka, Beeraa menoe yucio — 0, 1, 3.

3axon Oeticmeusi Mmacc cnpageoius MoaAbKO Ol MOHO-, Ou- u pedce 0.
MPUMONEKYIAPHBIX PEaKYUll.

[Tpu sr1eMeHTapHON peakui B CUCTEME MPOTEKAET TOJBKO OJIUH MPOIECC H YPAaBHCHHE
PEaKIUU PACKPBIBAET €r0 MEXaHW3M. BONBIIMHCTBO peakluid — CIOXKHBIC W MPEACTABISIOT
cO00 CyMMapHBII Pe3ysIbTaT HECKOJIBKUX AJIEMEHTAPHBIX MPOIECCOB (IBYX u Ooiee). [ToaTomy
o0Iee CI0KHBIX ypaBHEHUE PEaKIIUK HE OTPAKAET MX PEaTbHbI MEXaHHU3M.

Jnsa cnodcuvix peakyuil 3aKoH O€UCMEUss MACC He NPUNONCUM 6 YelOM, d CHpasedus
UMb K OMOENIbHLIM €€ cmaousim Hebovuwou monexkyasapHocmu. Harpumep, oOuiee ypaBHEHUE
pEaKIMK UMEET BUJI:

2A+B < C,

COTJIACHO KOTOPOMY SIBIISIETCS SIKOOBI TPUMOJICKYJsipHOW. OIHAKO TPOTEKaeT B JBE
CTa/IUU:

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

24+ B C.
Tak kak MOPSIIOK PEaKIMK OMPEACNIACTCS MOJEKYISIPHOCTBIO CaMOM MEJICHHOW CTaluu
peakiuu, TO JaHHAas peakius — OWMOJeKylsipHas W BToporo mnopsaka. CrenoBaTensHO,

KHHETUIECKOE YPAaBHEHUE 3TOTO B3aUMOCHCTBHSI Oy/IeT UMETh BUI:
v =Kk[A][B], a ne v = k[AJ*[B].

N3 (5.1) cnenyer, 4TO0 CcKopocmb peaxkyuu — 6eiuUYUHA OOPAMHO NPONOPYUOHANbHAS
8peMeHU.

BenenctBue pasnudHOM CKOPOCTH JBMIKEHHS MOJIEKYJ, OHH OO0JaJaloT pa3inyHON
KUHETHYECKOU dHepruei. [Ipu 3ToM KMHETHYeCcKast SHEPTUs MPSIMO TPOINOPIIMOHATIbHA CKOPOCTH
JIBUKCHHSI MOJICKYJIBL.

Monekynbl, KOTOpbIe 00J1aAat0T BEICOKUM 3allacOM KHHETUYECKOW YHEPTHH, Ha3bIBAIOTCS
AKTUBHBIMHU.

Hononnumenvuyro sHepauio, KOmopyio HA00 cooOuums MOIEKYIAM Olsi Nepesood Uux 6
AKMueHoe COCMOsIHUe, HA3bIBAOM JHepeuel axmusayuy. XUMHAYECKas pEaKIus MOXKET
MIPOU30UTH TOJIBKO MPH CTOJIKHOBEHUH aKTUBHBIX MOJIEKYII.

Ckropocmb  XUMUYECKOU peakyuu npsamMo NPONOPYUOHAbHA YUCTY CMOJIKHOBEHUU 6
eOUHUYY BPEMEHU.

Ponp katanmszaTtopa, IpUMEHSEMOTO I MPOTEKaHUS JaHHOTO XHMHUYECKOTO Ipollecca,
3aKJII0YaeTCs B CleAymoomeM: |) B TOHIKEHHWH DHEPTUM aKTUBaluuu; 2) B oOecrnedeHuH
HEOOXOIUMOM OPUEHTAIMH PEarupyromuX 4acTHII.

Bausinne TeMnepaTypbl Ha CKOPOCTh PeaKIUH

C mOBBIICHUEM TEMIIEPATyphl YBEIIMYUBACTCS CKOPOCTH JIBFDKCHUS MOJICKYJI H WX
KMHETHYecKas SQHepTUs. AKTUBHOCTh MOJIEKYJ BO3pPAcTaeT, i CKOPOCTh PEAKIIMU YBEITUYUBACTCS.

3aBUCHUMOCTh CKOPOCTH pEakIWHh OT TEMIIEPATyphl OIMpeeNsIeTcss MpaBujioM BaHT-
Fodda: npu yseruuenuu memnepamypvr na rasxicovie 10°C ckopocms peakyuu o3pacmaem
npumepto 6 2 paza. [N HEKOTOPBIX peaKIMil CKOPOCTh BO3pacTaeT B 3 — 4 paza. DTO 3aBUCHUT OT
MPHUPOJIBI PEATHPYIOIINX BEIIECTB.

Yucno, nokasvisaioujee 60 CKOIbKO pd3 YEEIUYUBAEMCs CKOPOCMb peakyuu npu
yeenuvenuu memnepamypbi Ha 10°C, Hazvieaemca memnepamypHviM KodI@uyuenmom u

obo3navyaemcsi 7/ .

V3MeHeHne CKOPOCTH peakiMM OT TeMIIEPaTypbl MOKET ObITh BBIYMCIEHO IO (opMmyIe
Bant-T'ododa:

th—

Y, _ 10
=7 : (2.4)

Utl
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rae Utz 51 l)tl — CKOPOCTH peakiuu MpH Temneparypax t2 u ti COOTBETCTBEHHO; Y —

teMriepaTypHbiii kKoadduruent Bant-I'odda.
CKopocTh peakiuy B reTeporeHHbIX cucreMax. Bausinne karanuszaropa Ha
CKOPOCTh XHMUYECKHX PeaKIuid

BemectBa, HM3MEHSAIOIME  CKOPOCTh  XHMHYECKOTO  IpoIecca,  Ha3bIBAIOTCA
Kataim3aropamu. KaranuzaTtopamMu MOTYT OBITh TBEpible, JKHIKAE W Tra3000pa3HbIC
BerecTBa. MI3MEHEHHE CKOPOCTH XMMHUYECKOW PEaKIMy MO/ BIHUSHUEM MPUCYTCTBYIOIIETO B
CHCTEMe MMOCTOPOHHETO BEIIECTBA, COCTAB U KOJMYECTBO KOTOPOTO K KOHILY PEaKIUU OCTAKOTCS
0€3 U3MEHEHH, Ha3bIBAIOTCS KaTATU30M.

[Tpu roMOreHHOM KaTaau3e B3aHMMOJICHCTBYIONIME BEIIECTBA M KATAINU3aTOP COCTABISIOT
onHo(daszuyto cucremy. IIpu reTeporeHHOM KaTajau3e pearupyrollue BEUIeCTBAa M KaTalIU3aTop
COCTABJIIIOT CHUCTEMY W3 HecKoibkux (a3. [Ipum rereporeHHOM Karajau3e B IPHCYTCTBUU
HEOOJBIIUX KOJMYECTB KaTalM3aTopa MOTYT MPOpPearupoBaTh OTHOCHTEIHHO OOJbIINE
KOJINYECTBA B3aWMOJICHCTBYIOIIMX BemlecTB. [Ip rOMOTEHHOM KaTaliu3e CKOPOCTh PEaKIIMU
MPAKTUYECKH MTPOITOPIMOHAIbHA KOJIMYECTBY KaTaanu3aTopa.

AKTHUBHOCTB KaTaju3aTropa, a MHOT/IA M CIeUU(UIHOCTD UX JICHCTBHS, B OOJIBIION Mepe
3aBHCHUT OT TeMrepaTypsl. s Kaxaoro mporecca, CylIiecTBYIOT OIpeIeIeHHbIe KaTaln3aTophl,
Y4acTO MOIOMPACMBbIC IKCIIEPUMEHTAIBHBIM ITYTEM.

XuMu4ecKoe paBHOBeCHe
Bce xummueckue peakiiuyu MOXHO pa3ZiesiuTh Ha JiBa TUIA: 00paTUMbIE U HEOOpaTUMBbIE.
MHorue peakuuu sBISAIOTCS 00paTUMBIMU, T.€. TAKMMH, IPU KOTOPHIX 00pa30BaBLIMECS
IPOJYKTHI B3aUMOJICHCTBYIOT MEXKy CO00i, peBpaiasich B MCXOAHbBIC BEIIECTBA.
OOpatuMble peakliiy OrpaHUYEHbI ONPEICIEHHBIM IPEAEIOM: OHU HE JOXOJAT JJO KOHIIA.
OOwuit Buj ypaBHEHUs 00paTUMON pEeaKIUU:

mA + nB<«>pC + gD. (2.5)

CkopocTH IpsSIMOTO U 00PAaTHOTO MPOIIECCOB BBIPAKAIOTCS CICAYIONIMMH yPaBHEHUSIMHU:
v=k[A]"[B]" (2.6)
v=k[C]P[D]". 2.7)

B MoMeHT ycTaHOBJEHHs paBHOBECHS IpsiMasi M oOpaTHas peaKIMK He MPEeKpaIiaTcs, a
IIPOJOJDKAIOT MPOTEKATH B TPOTUBOIIOJI0KHOM HAIIPABJIIEHUN C PABHBIMHU CKOPOCTSIMH.
I'padruecku 310 MOKeT ObITh TaK, KaK MOKa3aHO HA pUCYHKE 5.1.

UA

L2

[
»

t

Pucynox 2.2 3asucumocms npsimoil u 00pamuoil peakyuti om epemeHu

Ecnu ckopocTu mpsiMOM M OOpaTHOH peakui PaBHBI (Vmp = Vosp. — MATEMATHYECKOE
p p

YCIIOBME XHUMHYECKOTO paBHOBECHs) , TO TpaBble 4YacTH  ypaBHeHud (5.6) u (5.7), ux

BBIPKAIOIINX, TAKXKE PaBHBI:

L m
K[AT"[B] = k[c]P[D. 8)

Ha ocHoBanuu 310oro chopMyInpoBaHO MOJOKEHHE, HA3BAHHOE 3aKOHOM JICHCTBUS Macc
(BTOpas GopMyInupOBKa): 8 MOMeHmM pABHOBECUs NPOU3BeOeHUe KOHYEHMPAYUll Oeticmsayouux
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MACC UCXOOHBIX Geujecms HA KOHCMAHMY CKOPOCMU NPAMOU Peakyuu pPAasHO NPOU38e0eHU0
KOHYenmpayuii  0eticmeylowux Macc 00pazyiouwuxcs eewecms Ha KOHCMAHMY CKOPOCMU
00pamHoll peakyuu.

N3 ypaBuenus (5.8) cienyet, 4To

ki lcl’b] (2.9)
[A]"[B]" |
OTtHoOILLIEHUE ABYX IMOCTOAHHBIX BEJIMYKWH €CTh BCIIMYKWHA IIOCTOSAHHAsA, CJI€A0BATEIIBHO!:
R’/E:}«”:Mp—@j (2.10)
[AI"[B]" |

KoHncranToii xuMuveckoro paBHOBecuss KP Ha3bIBae€TCS OTHOLICHHE MPOU3BEIACHUS
PABHOBECHBIX  KOHLIEHTPAIlMM TMPOJYKTOB pEaKIMH K TMPOMU3BEICHUIO PABHOBECHBIX
KOHIICHTPAIIUi HCXOHBIX BEIIECTB, B CTEIICHU X CTEXHOMETPUIECKHUX KOAPPHUIIMCHTOB.

KP BbIpa)kaeT 3aKOH JEMCTBUS Macc /Uil PABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
PABHOBECUsT He 3a8UCUM OM KOHYESHMPAYUU peazesmos, HO 3a6UCUMm Om memMnepamypsl u om
APUPOObI peazupyrouux eujecms.

B MOMeHT XMMHUYECKOTro paBHOBECHs M3MeHeHHe dHeprun ['no6ca He npoucxoaut — AG
= 0. KoHcTanTa XuMHU9IecKoro paBHoBecHs cBsi3aHa ¢ AG COOTHOIIEHUEM:

AG® = _RT InKP (2.11)

VaureBas, ugro INKP =2,303 IgKP u R = 8,314 JIx/K-mons ypaBuenue (2.12)
npeoOpaszyeTcst 10 BUa:

AG?=-19,14 T IgKP (2.13)

[Tonmp3ysick ypaBHEHHUEM  KOHCTaHTBI PABHOBECHS, MOXKHO YIPABISATh XUMHUYECKUM
MPOIIECCOM, YTO BXHO B TEXHOJOTHUYECKUX IEIISAX.

Ecnu B paBHOBecHOi cucteme MA + nB<«>pC + gD yBenuuuth KOHIEHTpaLUo A, TO B
cooTHomieHuu (7.1.6) mnga KP, NOMKEH YBENIWYUTHCS YMUCIMTENb WIM YMEHBUIMTHCS BTOPOU
COMHOXHTEJb 3HAMEHATENs], T.€. BEIUUYMHA [B]. 3T0 MOXKET NPOU30MTH B pe3ybTaTe CMEILEHUs
paBHOBECHsI cjeBa HANpaBo, NMPHUBOJAIIEIO K OOpPa30BaHUIO HOBBIX KOJUYECTB MPOIYKTOB
peakiuu — C u D.

Takum 00pazom, IpU yCTaHOBHUBILEMCSI HOBOM COCTOSIHUM PaBHOBECHS, KOHIIEHTPALUU
BCEX YETHIPEX BEIIECTB, 10 CPAaBHEHHWIO C TEPBOHAYAIBHBIMHU, OKAXYTCS W3MEHHUBIIMMUCS, a
3HaYeHHE KOHCTAHThI pABHOBECHUS] HE U3MEHUTCSL.

CrnenmoBarenbHO, JUIS CMEIIEHHS pABHOBECHS ClIeBa HAmpaBO HEOOXOOUMO WK
YBEJIMYNUTh KOHILEHTPAIMIO OJHOTO M3 MCXOJHBIX BELIECTB, WIM YMEHBUIMTh KOHLEHTPAIHIO
OJTHOTO U3 TIPOJYKTOB PEAKIIHU.

C nomouipo BBIPAXKEHUSI KOHCTAHTHI PABHOBECHS MOXHO ONPENENATh KOHIEHTPALUU
BEIIECTB B MOMEHT PaBHOBECHS, a €CIIM M3BECTHHI 3HaueHUs KP M HMCXOIHBIE KOHIEHTPAIHH
BEIIIECTB, TO MOKHO ONPE/IEIUTh UX PABHOBECHbBIE KOHIICHTPAIIUH.

Ecmu ucxoaHyro KOHIEHTpanuioo BemecTBa A 0003HaunTh uepes Co(A), a 4ucio MoJb

€Tro, MpopcarupoBaBUINX K MOMCHTY PAaBHOBCCH:, UCPEC3 A C(A), TO MOJIIpHAsA KOHLCHTpALus B
MOMCHT PaBHOBECHUA OIIPCACINTCA TaK:

[A] = Co(A) — A c).

PaBHOBEecHE B TETEPOTEHHBIX CUCTEMAaX OMNPEAENSIETCS TOJbKO Ta30BOM WIIM KUIAKOH
¢dazoi, T.K. KOHIIEHTPAIIUU TBEP/IbIX BEIIECTB HE BXOAT B YPaBHEHHE JUISI CKOPOCTH PEAKITHH.

HanpaBnenve cmemeHnss paBHOBECHS CHUCTEMbl NPU HU3MEHEHUM KOHIECHTPAIIWH,
TeMIepaTypbl Wid JaBlieHUs onpeaenserca npudiunoM Jle [larense:

«Ecnu Ha 00paTuMy0 CHCTEMY, HAaXOIAIIYIOCS B MIOJBUYKHOM COCTOSIHUH, OKa3aTh U3BHE
Kakoe — Ju00 BO3NEHCTBHE, TO CHCTEMa OTBEUAET CMEIICHHEM PAaBHOBECHUS TaKUM 00pas3oM,
9TOOBI OCJIA0HUTEL STO BO3JICHCTBHE.

ObopynoBanue 1 MaTepuaJIbl
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. Pactsop cepnoit kucnorsl HySO4 ¢ konuentpamumeit 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

Yka3aHus 1o TexHuke 0e301acCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCSA TPH HCIPABHOM
3IIEKTPOOOOPYIOBAHHH, HIIEKTPOIPOBOJIKE, MPABHIBHO 000PYIOBAHHOM BBITSDKHOM IIKaQYy.

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

3. Pabouee MecTo comepxKaTh B OPSAKE M YUCTOTE.

4. Cyxue peakTuBbl TpeOyeTcst OpaTh YMCTHIM IIATEIEM 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 BBITSHKHOM 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 HAIIPABIEHO B CTOPOHY OT pabOTAOIIETro PsIOM COCea.

9. He HaKJIOHATH JIMIO HAJ HATPEBAEMOH JKHIKOCTHIO WITH CIUIABIISIEMBIM BEIIECTBOM.

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 KUCIIOT H IIEN0YEH B BEITSHKHOM IIKAQYy.

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

13. Kareropuuecku 3armperaercsi mpoOoBaTh XMMHYECKUE BEIIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIErKO BOCILIAMEHSIOIIMMUCS BeliecTBaMH (3pupel, OSH30II, CEpOyIIepo 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 3anperiaeTcst OCTaBIATh padoTaroliye mpuoopsl 0€3 HaOIFOACHHS.

18. B xumuueckoii nabopatopun HeoOX0AUMO padoTaTh B Xanare.

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

a) NaS,03 + H,SO,4 = NaySO,4 + H»S503 - 6uictpo;
6) H2S903 = H0+ S0, + S { — meaento.
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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
pearupyommx BemecTB.

B Tpu npoGupku Haneiite mo 5 cM® cepHOIt KMCIIOTBI W3 GIOPETKH, 3aTEM BO3LMUTE TPH KOJIOOUKH
emkocTbio mo 50 cm® um maneiite: B mepByro 15 cm® Tmocynb(ara Hatpus, Bo BTopylo — 10 cm®
THOCYJIb(aTa HATpHA M 5 cM° BOABI M B TPeThiO — 5 cM® Thocynbdara Hatpus u 10 cm® Bomwl
COOTBETCTBEHHO. BynpTe TOYHBI NpPU OTMEpe HYKHBIX 00BeMOB BemiecTB. IlomeTbTe HOMepa KoJio.
Tenepp Mo odepenu B Kaxaylo KoJOy MPIUIMBaiiTe M3 MPOOHUPKH MPHUTOTOBIEHHBIA PacTBOP CEPHOU
KHCIIOTHL. BpeMs oTcunThIBaiiTe 10 CEKyHIOMEPY (MM CEKYHIHOW CTPENKE YacOB) C MOMEHTA CITMBAHUS
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 NMpOOMpPKH HAJEHTE MO 5 ¢cM> pacTBOpa CepHOI KHCIIOTHL, B TPH JPYTHE —
o 5 cm® pacTBOpa THOCYJIb(aTa HaTpus. [loMecTHTE BCe MPOOUPKH B BOAsHYIO OaHro. Uepes 5 - 7 MUHYT
MU3MEphTE TEMIIEPATypy pacTBOpa THOCYIb(haTa HATPUS M CIIEHTE COJAEPKUMOE OJHOM Maphl MPOOUPOK.
OtcumrtaiiTe BpeMsl OT CIMBaHHA MPOOMPOK JO TMOSIBIICHHS IMOMYTHEHHs. V3MepbTe Temmeparypy
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
MPOBOAAT Ipu Temmeparype Ha 20°C Bblllie MEPBOHAYAIBLHON. Pe3yJIbTaThl OMBITOB 3aHECUTE B TaOJIMILY
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 TIPOOHPOK OITyCTUTE KyCOUEK MeJa, a B IPYTYIO CCHIMTBTE MOPOIIIOK.

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 — OKcHuaa KpemHuus (+4). UerBepras npobupka — 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).

MornekynsapHoe ypaBHEHHE PEaKITHH:

FeCla(p) +3KNCS() <> Fe(NCS)3) +3KClp).

HNoHnHOE ypaBHEHHE:

Fe3+(p) +3NCS™(p) <> Fe(NCS)3(py.

OO0pasyromuiicsi B pe3ylbTaTe peaklMu KOMIUIEKC — THOLMAHAT kene3a (+3) olnagaer KpacHbIM
LIBETOM, MHTEHCUBHOCTh KOTOPOTO 3aBHCUT OT KOHUEHTpauuu. [loaToMy cmemieHne paBHOBECHS JIETKO
HaOJIFOIaTh 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>.

[Mony4yeHHBIN pacTBOp pazieliTe B YeThIpe MPOOUPKU TaK, YTOOBI OOBEMBI BCEX PACTBOPOB ObUIH
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 JUIS CPABHEHHSI.

Pesynbrath! onbiTa 3aHecuTe B Tabnuity 2.4.

Conep:xkanue oTuera
Jlna onvima 1.
Tabnuya 2.2 3asucumocms ckopocmu peakyuu 0Om KOHYeHmpayuu

KonmenTparust Bpems ot Hauana OTHOCHTENNbHAS CKOPOCTh
NazS203 oTCYeTa JI0 MOSIBJICHHUS peakiuu
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OF (Na28203 ), MOJZb/ om® = HOM};T}(I:EHH’I U -n
- VilNay$,05), Co(NayS,03)
p—pa

rae Vi (Nay$,03), en® =15;10;5;
Vi, parent® =Vi(NapS03)+V; (H20)+V (H250;).

Ha ocHoBanMy MexaHn3Ma peakUu{ YKaxuTe €€ MOpANOK W MOJIeKyJsipHOCcTh. Hammmmire
KUHeTHUYecKoe ypaBHeHue. [lonbiTaiiTech BBIYUCIUTD KOHCTAHTY CKOPOCTH.

IToctpoiite rpadguk 3aBUCUMOCTH CKOPOCTH PEAKLUH OT KOHIEHTPALUK Pearupyrollux BellecTB.
Kakoil nuHueil BblpakaeTcs HailneHHasi 3aBUCUMOCTb? IIpoXomuT M OHa yepe3 Hayano KOOpAUHAT?
[Touemy?

Jlna onvima 2.
Tabnuya 2.3 Bruanue memnepamypsl Ha CKOPOCMb peakyuu

NeNe TeMIepaTyDa obrra. °C Bpewms ot Hayana oTcueTa 10 OrHocuTenbHas CKOPOCTh
omnkbITa patyp ’ IIOMYTHEHHS, { peakiu, U = tt

Bripazure rpadudeckn 3aBUCHMOCTh CKOPOCTH DPEAKIHUH OT TEMIIEpPaTyphl, OTIOXKHUB Ha OCH
abclucc 3HaYCHUsI TEMIIEPATYPhl, 2 HA OCH OPAWHAT 3HAYCHUSI OTHOCUTENFHON CKOPOCTH peakimu. Yemy
paBHO 3HaYEHHE TeMIlepaTypHOro kK03 (uIreHTa B BaleM onbiTe?

Jlna onvima 3.

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

OOBsCcHUTE, OJUHAKOBO I MPOTEKAET IMPOIECC Pa3lioKeHus mnepokcuna Bogopona? CocTtaBbre
ypaBHEHHUE Pa3IOKEHUs Mepokcuaa Boxopona. Onpenenute THN Katann3a. Kakoe n3 BeliecTB okazaio
KaTaJINTUYECKOE NEHCTBUE?

Jlna onvima 5.

O0bscHuTE, uTO TIporcxoauT. CocTaBbTe BRIpaKEHHUE /ISl KOHCTAHTHI paBHOBecHs. Ha ocHoBaHMM
(bopMyINbl ISl pacdeTa KOHCTaHTHl PaBHOBECHS YKAKHUTE, M3MEHEHHE KOHIICGHTpAIMi 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

KoHTpoJibHBbIE BONIPOCHI

ba30BbIi1 ypoBEHB

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

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

3. Jaiite ompeneneHne CKOPOCTH XHMHYECKOW peaknuu. Kak BeIrasaur rpaduk,

OTpaXKAIOIINK 3aBUCUMOCTh CKOPOCTH 3JIEMEHTapHOU peakiuu Buga P + G <> Q ot: 1) KoHIEHTpanuu
pearenta G; 2) KOHIICHTpALUK IPOAyKTa peakuun Q?
4. Kak unrtaetcs nepBast popMynupoBKa 3aKOHA JCHCTBUS Macc?
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5. Kaxko#t cMBICT MMeeT KOHCTaHTa CKOpPOCTH peakmuii? OT 9ero 3aBHCHUT W OT YEero He
3aBUCHUT ITOT HapameTp?

6. [TpusoskuM 71 3aKOH JIEHCTBHUS MAacc K CIOXHBIM (MHOTOCTQAMIHBIM) peakiusim? OTBeT
MOSICHUTE Ha MpUMeEpe.
7. VYKaxuTre, Korja CKOPOCTh XMMHYECKOW pEeaKIMu ACHCTBUTEIBHO MPOMOPIIMOHAIBHA

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. Kak onpenenstor MOJeKyISIpHOCTh M MOPSIOK CIOKHBIX peakuuid? Ilosicaute oTBET Ha
npumepe.

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

I1oBbIIEHHBIN YPOBEHB

1. Kak m3mensieTcst sHeprus aKTUBAMKM B MIPUCYTCTBUH KaTann3zaTopa?

2. YTo MPOMCXOANT C pearupyIoNIMMHU YaCTUI[AMHU TIPH HATPEBaHUU?

3. [MpuBenute ¢dopmynupoBky mnpaBwia Bant-I'ohda. Kakas ¢dopmyna otpaxaer
MaTeMaTHYECKYIO 3aBUCHMOCTb BO3PACTAHUS CKOPOCTH C YBEITHUCHUEM TeMIEepaTyphl?

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

5. Ompenenure TeMIepaTypHbIi KOIGGHUINEHT CKOPOCTH PEAKIUH, €CIIU TPH TTOHKESHUU
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. Kakue xumMudeckre peakiny Ha3bIBarOT oOpaTuMbiMu? HeoOpatumbiMu? llpuBenuTe nmpumeps
TAKUX PEaKLUil.

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

9. Kakoil mapameTp Ha3bIBalOT KOHCTAaHTOW paBHoBecusi? Kak oTpaxkaeTcsi €€ 3aBUCHUMOCTb OT
KOHCTaHT NMpAMOI 1 00paTHOM peaxiuii?

10. Or xakux (akTOpOB 3aBUCUT KOHCTAHTa PABHOBECHUS? OT KAKUX HE 3aBUCHUT?

11. Ilouemy B BBIpaXEHHU KOHCTaHTbHI pABHOBECHs KOHLEHTPALIMH BEIIECTB YKa3aHbl B CTEIICHSIX,
COOTBETCTBYIOIIMX MX CTEXHOMETPHUECKUM KO3(P(HUIMEHTaM, & HE HKCIEPHUMEHTAIBHO OINpEeesieMbIM
quciam X, Y u ap.?

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

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

Cnucok JIUTEPATYypHbI, peKOMeHZ[yeMLIﬁ K HCITOJIB30BAHHUIO 110 HaH]—[Oﬁ TEME

OcHoBHasi TUTEpaTypa:
1 Koposwun, H. B. O6mas xumus : yueobnuk / H. B. KopoBuHs. - 13-¢ u3a., nepepad. u gom. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuart). - Pek. MOuH P®. - Ilpun.: c. 461. - Bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XuMust okpyskaromei cpeibl : XuMus )KUBbIX oprann3MoB. Kypce nexmmii / E. C.
Muxanuna, A. JI. [lereaun. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Texkcr : 31eKTpoHHbIH // DnekTpoHHO-0ubaroTeunas cucrema IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum noctyna: s aBTopusmp.
MOJIb30BaTENEN
JlonoTHUTE/ILHAS JINTepaTypa:
1 'munka, H. JI. O6mas xumus / H. I'. I'nuska ; [lox pen. A. W. Epmakosa. - Uzn. 30-e, uctp. - M. :
Wnterpan [pecc, 2003. - 728c. - bubnuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-017-1
2 XuMHS METaJIIoB : y4eOHOe mocodue (Jisl CTyIEHTOB XMMHUYIECKOT0 (pakylbTeTa HallpaBIeHUH
OaxanaBpoB «XuUMUs» U «XHUMHUUEcKas TexHonorus») / cocraButenu O. A. 'onoBaHoBa. — OMCK :
Owmckuii rocyaapcTBeHHbIH yHuBepeuTeT M. @.M. loctoesckoro, 2015. — 552 ¢c. — ISBN 978-5-
7779-1875-8. — TeKcT : aMeKTpOHHBIH // DneKkTpoHHO-0nbmnoTeuHas cucrema IPR BOOKS :
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[caitr]. — URL.: http://mww.iprbookshop.ru/59676.html. — Pexxum mocTyma: mist aBTOPH3HP.
MoJb30BaTeNnei

HNuTepHeT-pecypesbi:
1 http://window.edu.ru/ — exuHOE OKHO JOCTyMa K 00pa30BaTEeIbHBIM pecypcam

2 http://biblioclub.ru/ — DBC «YHuBepcurerckas OMOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — 35IeKTPOHHBIH KaTAIOT aCCOIMAIIMHI JIEKTPOHHBIX OHOINOTEK yUeOHBIX
3aBenieHui u oprannzanuit CKOO

4 http://www.iprbookshop.ru — 29BC.
5 https://openedu.ru — OTtkpeiTOoe 0Opa3oBaHue

Tema 6. PacTBopbI
JlabopaTopHasi padoTa 3. DJIEKTPOJIUTHYECKAS TUCCOLHALMS
Lens pabotel: N3yuenue mporecca 3IEKTPOIUTHYECKON JUCCOIMAIIMK B BOJHBIX PacTBOpax
AIEKTPOJIUTOB PA3HON CUIIBL.
DopmMHpyeMble KOMIETEHIMU WIM X YaCTH:

Kon DopmyIHpOBKa

OIIK-2 CriocobeH IpUMEHSTh COOTBETCTBYIONINH (PU3MKO-MaTeMaTHIECKUI
anmapar, MeTO/lbl aHaJIN3a U MOJEIMPOBAHNUS, TEOPETHUECKOTO U
PKCIIEPUMEHTAILHOTO UCCIIEI0BAaHUS IIPU PEILIEHUHU PO(EeCCUOHATbHBIX
3agau

Teopernveckasi 4acTh

Pacrnaz 371eKTpoIMTOB HA MOHBI TP UX PACTBOPEHUH B BOJIE HA3BIBAETCS IIPOTOIH30M.

Ilpumeuanue. K mponeccam npoTojmn3a OTHOCST BCE XMMHUYECKHE B3aUMOJCHCTBUS, B KOTOPBIX
ydactByoT MOHbI H30" u OH'. TepMuH «Iucconmanus» ycTrapes, BMECTO HEro PeKOMEHIYeTCsl
NPUMEHSTH — TIPOTOJH3.

OCHOBHbBIE TOJOXKEHHUSI TEOPUU MPOTONM3a (TOrIA—3JIEKTPOIUTHUECKON OUCCOLMAalMy) ObuIN
paspaboTansl B 1887 rogy mBenckum yaéHsiM CBaHTE APPEHIYCOM.

ONEeKTPONUTHl TP PACTBOPEHHWH B BOJE IIOJBEPraloTCs MPOTOIU3Y (pacmajaroTcs WM
JUCCOIIMUPYIOT) Ha TIOJIOKUTENLHBIE H OTPHULIATEIILHBIC HOHBI.

Ilon neiicTBHEM BIEKTPUYECKOTO TOKA IMOJIOKHUTENBHO 3apsKEHHbIE HOHBI JBIDKYTCS K KaTOLy
(KaTHOHBI), a OTPUNIATENFHO 3apsHKEHHBIE — K aHOY (aHHOHBI).

[pornecc mpoTtonm3a — nporecc 0OpaTUMBIH, T.€. MapalIeIbHO paclaay MOJIEKYJ Ha HOHBI HAET
NPOLIECC COETMHEHUS] HOHOB B MOJICKYJIBI.

Hampunep: CUSOy <> Cu’t + 505~

Cynbdar Meu B BOJHOM PacTBope pacnajaercs Ha katnoH Cu?* u annon SO42",

MexaHu3M poTonu3a (aucconranyn) Obi1 pa3padoTan pycckum xumukoMm M. A. KabmykoBbiM.

I'naBHOM npUYMHON MPOTOIM3A SIBJISETCS B3aWMOJIEUCTBUE MOJIEKYJ JIEKTPOJIUTA C MOJIEKYJIaMu
pactBopuTens (Boabl). MoJekyia BOJbI MOJISIPHAs, B3aUMOJICHCTBYS C AJIEKTPOJIMTOM, BoJia ocnabiser
3IIEKTPOCTATHYECKHE CHIIBI IPUTSDKEHUS HOHOB B KPUCTAJLIAX M CHJIBI B3aMMOJACHCTBHS MEXKIy aTOMaMHU
B COEMHEHHAX C KOBAJICHTHOM CBS3bIO, YTO U MPUBOAMT K X MPOTOIHU3Y (PHUCYHOK 2.1).

codlo §
@@@—@G@) C®)®—> DOE—E DB
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@) NOTAPHAsL MOTIEKYILA 8 HAYALEe cUOPAMAYUL,
0) nepexoo NoAPHOU MOJIEKYbL 8 UOHHYIO NOO Oelicmeuem Ounoael 600bl;
8) 2UOPAMUPOBAHHBLIL AHUOH,
2) euopamupoBaHHbLL KAMUOH.
Pucynok 3.1 — Cxema npomonusa nOISAPHOU MONEKYIb

OOpazoBaBiirecs HWOHBI OKPYKEHbI OOOJOYKOW W3 MOJIAPHBIX MOJICKYJ BOJBI M SIBISIOTCS
TUAPATHPOBAHHBIME HOHaMH. OHH yCTONYMBEI M CYIIECTBYIOT B PACTBOPE HE3aBUCUMO APYT OT APYTa.

l'unpatupoBaHHBIE HOHBI MOTYT UMETH KaK MIOCTOSIHHOE, TaK M MIEPEMEHHOE KOJTUIECTBO MOJIEKYIT
BOJIBL. ['HApaT MOCTOSHHOTO cOCTaBa 00pasyeT HOH Bogopoaa H*, yaepkuBarominii OfHy MOJIEKYJTY BOJIBI.
B HayuHoi1 1 yueOHO# nuTepaType ero obo3nadaror H:O" (i OH3™) 1 Ha3bIBalOT HOHOM THIPOKCOHHSI.

Cremyer MOMHHUTB, 4TO MOH H* B BOJe HE CYIIECTBYET, TaK KaK MOMCHTAJIBLHO PEarupyer C
MOJIEKYJIOH (MOJIeKyJIaMu!) BOJIBI U CYIIECTBYET ( B OCHOBHOM) TOJIBKO B BUEC HOHOB TUIPOKCOHUS:

H* + H,O — H30".

Cunvusie u crabwvie snexmponumsi. CUIBHBIC SIEKTPOIUTHI TTPH PACTBOPSHHUH B BOJIE TIOTHOCTHIO
(MM TIOYTH TTOJTHOCTHIO) TIOJBEPTAIOTCS MPOTONN3Y — PACIIAIAOTCS HA HOHBL.

Ipumeyanue. TIpuHATO CUMTATh CHIBHBIMH 3JICKTPOJUTAMH BCE TE COCIAMHCHUS, KOTOPHIC
pacnazgatorcs 6osee ueM Ha 30%.

K Hum oTHOCSTCS:

a) kucnotbl HaSO4 (Tosteko 1o meproii crymenn!), HNOs, HCI, HI, HBr, HMnO., HCIO3, HCIOq;

0) ocuosanus menounsix (NaOH, KOH, RbOH, CsOH, no ne LiOH!) u mienouno3emMensHbIX
metaiuioB (Ca(OH),, Sr(OH)z, Ba(OH)2 — Ho TosbKO M0 TIEpBO#i cTymeHu!);

B) IIOYTH BCE PACTBOPUMBIC COJIH.

CnaOble DJIEKTPOJIUTHI MPH PACTBOPSHUM B BOJE JIMIIb YaCTUYHO IMOJABEPraroTcs mporoymsy. K
crabbIM 3JIEKTPOJIMTAM OTHOCAT, Hampumep. ciaenyromue kucaotel: HCN, HNO,, HF, HCIO, HCOOH,
CH3COOH, H,COs, H2C04, H.S, H2SOs, H:SiOs, HsBOs wu mp.; ocHOBaHHMs MeTauioB (Kpome
OCHOBaHUI IIECJIOYHBIX W IEJI0YHO3eMEIbHBIX MeTa/ioB), a Takke NHsOH. K cimabeimM anmextposuram
OTHOCHUTCS TaKXXe U BOJA.

[Iporomu3 kucnor:

a)H,SO, + H,0 <> H30" + HSO, (100%);
[H3071[SOZF

[HSO, ]

HSO; + H,0 <> H30" +S027; K, (H,S0,) = =0,012;

6) HCIO; + H,0 <> H3;0™ + ClO3 ; (100%);
6) HBr + H,0 <> H3;0™ + Br~; (100%).
[IpoTonr3 MHOTOOCHOBHBIX KHCJIOT CTYNEHUYATHIH, IpU 3TOM YHCIO CTYNEHEH omnpenesnsiercs
OCHOBHOCTBIO KHCIIOTHI (3TO 7K€ OTHOCUTCS U K MHOTOKHCJIOTHBIM OCHOBAHUSIM).
[IpoTonu3 ocHOBaHMIA:

a) NaOH <& Na® +OH ~;
6) KOH & K* +0OH ~;
6) Ca(OH), <> CaOH " +OH .

[Iporonus coneit:
Cpeonue conu:

a) NaCl <> Na™ +CI~;
6) KNO3 <> K* + NO3;
6) Al,(SO,)5 <> 2AI%" +3502".
Kucnwvie conu:

KoHPO4 < 2K + HPO42 .

OcHosnvle conu:
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a) AIOH (NO3), <> AIOH %" +2NO; ;
AIOH 2t <> AI** +OH ~;
6) Al(OH),NO3 «>[AI(OH),|" + NO3;
[AI(OH),]" <> AIOH 2" +OH ~;
AIOH %" &> AI¥" +OH ~.
Komnnexcuwie conu.
a) K[Cr(OH),]«<> K* +[Cr(OH),];
[Cr(OH),] <> Cr3 +40H ~;
6)Na,[Zn(OH), ] <> 2Na* +[zn(OH), J*~;
[Zn(OH),J*~ <> Zn?* + 40H ~.
KOJ’IH‘IGCTBCHHO mpouecC NpoTojan3a MOKHO OXapaKTEPHU30BaATh C IOMOLIBIO cmeneHu npomoiusa
Q& , KOTOpasi MpeACTaBIsIeT COO0H OTHOLIEHHE YKcCia MOJb (Nx) TOABEPTIIMXCS MPOTOIM3Y MOJEKYH, K
0011eMy YUCIy MOJIb (Nosy) PACTBOPESHHBIX MOJICKYII:

n
o, % = —=X

-100. (3.1)
no6u4

Jnisi cUIBHBIX 3JEKTPOJIMTOB CTENeHb MmpoTonu3a Ommska k eaunune (100 %). [na cnabbix
HIIEKTPOJINTOB, MOJIEKYJIBl KOTOPBIX B OCHOBHOM HaXOSITCSl B PACTBOPE B MOJICKYJIIPHOM COCTOSIHUH, O
— MaJasi BeJIMIHHa.

CreneHp MPOTOJIN3a MOXKHO YBEJIWYHUTh MOHM)KEHHEM KOHICHTPAI[MH PAacTBOPEHHOTO BELIECTBA
(Tabnuma 2.1) Wiy MOBBIIICHUEM TEMIIEPATyPhl pacTBOpA.

Tabnuya 3.1. 3asucumocms cmenenu npomoaU3a yKCYCHOU KUCIOMbL OM KOHYEHMpPayuu npu
20°C

C(CH5COOH), mons/am® 0,1 0,01 0,001
o,% 1,4 4,2 12,4
Hamnpumep, 1151 yKCYCHOM KHCIIOTBI:
CH3;COOH + H0 «> CH3COO™ + H30";

- +
[CH;COO™] 100 = [H;07] .

C(CH3;COOH) C(CH3COOH)

HHH XapaKTCPpUCTHUKHU cJ1a0BIX QJICKTPOJIUTOB HCIIOJIB3YIOTCA KOHCTAHTBLI ITPOTOJIM3ad, KOTOPLIC
SABJIAIOTCA YaCTHBIM CIIy4a€M KOHCTAHT XMMUUYCCKOI'O PaBHOBCCHUA.

Iporiecc mpoTosn3a cinaboro AIEKTPOIUTA SBISACTCS PABHOBECHBIM, T.€. B CHCTEME MPOTEKAIOT
OJIHOBPEMEHHO J[Ba COMPSDKEHHBIX MPOLEcca: MPOTOJIM3 U MOoJjisipu3aiusa. Hampumep, 1 paBHOBECHOTO
MpoIiecca a30THCTON KUCIOTHI ¢ MOJIEKYJIaMH BOJIBI: 1) mpsiMast peakiiusi — IpoIecc MpoToin3a (pacmasa)

mouiekynn HNO. Ha uoHbl; 2) oOpaTHas peakius — Mossipusanus (cBs3biBanue noHoB H3O™ u NO; B
mostekyisl HNO2)

a(CH,COOH ), % =

HNO, + H,0 <> H3;0" + NO;.
Kosn4ecTBEHHO 3TO paBHOBECHE XapakTepusyeT KoHcTaHTa nporoiuza HNO,:
+ —
[H30"]-[NO; ]
[HNO, ]

JIJ11 MHOTOOCHOBHBIX KHCIIOT CYIIECTBYIOT HECKOJIBKO KOHCTAHT MPOTONN3a, KaKIasi U3 KOTOPBIX
KOJIMYECTBEHHO XapaKTEPU3yeT COOTBETCTBYIOILIYHO CTYIIEHb ITPOTOJIN3A.
Hampuwmep:

K, (HNO,) = =51.107%,

H,S+H,0 <> H;0" +HS;
H30*]-[HS "
al:[ 30" ]-[HS ]:1'10—7;
[H2S]

HS™ +H,0 <> Hy0" +5%;
_[H30"1-[8*7]
[HS™]

27

-11.1075,

a



[IpoTonu3 3MEeKTPONMUTOB IO TEpPBOM CTYHMEHW HWJIET JIerde U, CJEJOBATeIbHO, BEIHMYMHA
KOHCTAHTBI TIPOTOJIN3a MEPBOW CTYNEHH Bcernaa OOIbIe BETHMYWH KOHCTAHT MPOTOIH3a MOCIETYIOIIX
CTYIICHEH.

Koncmanma npomonuza mak oice, Kak u KOHCMAHMA XUMUHECKO20 PABHOBECUS, ABIAEMCS
BEUYUHOU NOCMOAHHOL NpU OAHHOU MeMnepamype U He 3a8UCUm om KOHYeHmpayuu eewecmad.

3aBUCHIMOCTh MEXIy KOHCTAaHTON PAaBHOBECHS W CTENEHBIO MPOTOIH3a OMPEAEISeTCS 3aKOHOM
pa3barienus OcTBaliba, HAPUMEP, JJIs OJTHOOCHOBHOM KUCIIOTHI (Tunia HA):

[H30"1-[47] _a*C(HA)

K (HA) = - >0,05 (5%
o (H4) [A] 1, pua (5%)
niim
H,0%]-[4~
K, (HA) :wzazC(HA) —npua < 0,05 (5%)

[H4]

Nonnrpie ypaBHeHHsS — 3TO (hopMa 3alMCH, OTPAKAIOMIash COCTOSHHE BEIIECTB B PACTBOPE H
pe3ynbTaT X B3aUMOJEHCTBHS APYT C IPYTOM.

IIpu cocTaBieHWU WOHHBIX YpaBHEHHW CcJEeIyeT pPYKOBOJCTBOBATHCS TEM, UYTO cradvie
INEKMPOAUMbL U MATOPACMBOPUMbLE 8elyecmea uzobpasicaiomes 6 sude monexyi. CuibHo pacmeopumoie
NEKMPOAUMDBL, KAK NOJHOCTNbIO UOHUIUPOBAHHbIE, NUULYMCS 8 8UOE UOHOB.

B MOHHBIX ypaBHEHHUSX JOKHO COOIOAATHCS YCIOBHE 3JICKTPOHEHTPAIBHOCTH — CYyMMA 3aPA008
8 €801l Yacmu YpasHeHust O0IHCHA ObIMb PABHA CyMMe 3aps008 NPAGol YaCmU YPAGHEHUS.

OO6opynoBaHue U MaTepuasbl
1. Pactsop cepnoii kucnorsl H,SOs ¢ konnentpamueii C(H2S04)=2 mons/mm?
2. PactBop consnoii kucnotsl HCI ¢ koruentpammeit C(HCI)=2 monn/am®
3. HWugukarop deHondranent
4., VHIuKaTop METHIOPAHKEBBIN
5. JlakmycoBas Oymara
6. PactBop NaOH ¢ konuentparueii C(NaOH) = 2 MOJTB/ M3
7. JlucTHIUTMPOBaHHAs BOJA
8. TIpobupku
9. Jloxeuka
10. PactBop NazSO4
11. PactBop (NH4).SO4
12. PactBop xnopua Gapust
13. PacTBOp cuivkaTa HaTpHs
14. PacTBOp COJSHOM KUCITOTHI
15. PactBop cynbdara meau (+2)
16. PactBop anerara narpuss CHsCOONa
17. KapGonar xansims (Men) CaCO3
18. PactBop cynbdara xpoma
19. PactBop eznkoro Hatpa

Yka3aHnus 1o TexHukKe 0e30I1aCHOCTH
1. Bce paboTl B XUMHYECKOH 1a0OpaTOpuUM JOJDKHBI IMPOBOJUTHCS TPH HCIPABHOM

ANEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOIKE, MPABUIEHO 000PYA0BAHHOM BBITSDKHOM IIKaQYy.

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

3. Pabodee mecTo comepkaTh B HOPSIKE U YHCTOTE.

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

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

6. Bce ombITH ¢ BPEHBIMH U MAXHYIIUMH BEIIECTBAMH, a TAKXKe yIapuBaHUE KHCIOT U KUCIBIX
PacTBOPOB MPOBOIUTH B BHITSHKHOM IIKady.

7. OcraTKu coeqUHEHUI cepedpa cIuBaTh B 0COObIE CKIIAHKH.
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8. Ilpu HarpeBaHMM PacTBOPOB B IMPOOUPKE BCEra CIEAyeT AepKaTh €€ TaKuM 00pa3oM, YTOOBI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT PaOOTAIOIIETO PSIOM COCEa.

9. He HaKJIOHATH JTUIIO HaJl HATPEBACMOM JKUIKOCTBIO UJIH CIUIABIIIEMbIM BEIICCTBOM.

10. He cnexyeT BAapIxaTh Maxydue BEIIECTBA U rasbl, OJU3KO HAKIOHSSACH K COCYAY C 3TUMHU
BeniecTBaMy. HroxaTh BelliecTBa MOKHO JIMIITh OCTOPOKHO, HANPABIISS K ceOe Taphl WK ra3 JBHXKCHHEM
pyKH.

11. XpaHHTb pacTBOpPHI KOHIICHTPUPOBAHHBIX KUCIIOT U IIIEJI0YCH B BBITSDKHOM IIKady.

12. BpummBaTh pa30aBICHHBIC KUCIOTHI U MEIOYHBIC PACTBOPHI CIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOOBaTh XUMUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JISrKO BOCILIAMCHSIFOIIUMUCS BemecTBaMu (3QUphl, OCH301, CEpOyriepos U
T.J1.) HE JOJDKHO OBITh PSJIOM OTHSI U BKITFOUCHHBIX TUTMTOK.

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

16. Kareropuuecku 3arpeniacTcs OCTaBIATh pa0OTaroNMe MPUOOPhI 03 HAOIIOICHUSI.

19. B xumu4eckoii 1abopaTopun HeOOX0AMMO paboTaTh B XajlaTe.

3aganus
Ongit 1. Hanelite B Tpu npo6upku mo 1-2 ¢cM® pacTBopa KUCIOTHI, MIEI0YM U BOAKL Jl06aBbTe B
KOKAYI0 npoOupky wuHaukatop (cMm. Tabm. 3.2.1). OOparuTe BHUMaHHE Ha IIBET HHIWKATOPOB B
Pa3IUYHBIX Cpelax: KUCIOH, IIEeTOYHON, HEUTPaTbHON.
Tabnuya 2.2 1leem unOuxamopog 6 pasiuiHsvlx cpeoax

Cpena
WNunukatop p
KHCnas HelTpanpHast HIeJI04Has
Jlakmyc KpacHBII (uosieToBBIN CHUHUU
OeHonPranenH OecrBeTHBII OeCIBETHBII MaJTHOBBIH
MertunopaHKeBblii PO30BBIi OpPaH>KEBBIN KEATBIN

Onwir 2. B aBe npoGupku Haneiite mo 1-2 cm® pactopos: B oany — NaxSOs, B apyryoo —
(NH4)2SO4. B xaxayro u3 mpobupok mpubaBbTe MO TAKOMY e 00beMy pacTBopa xyopuia Oapus. Bo
BCeX MpoOupkax oOpazyercst ocagok Oemoro nBera. CocTaBbTe MOJEKYJSIPHBIE M HMOHHBIE ypaBHEHUS
COOTBETCTBYIOIIUX PEAKLIUI.

Jiist Toro 4ToObl ONpeIeuTh Kakasi 3 00pa30BaBIINXCS COJIEH TPYAHOPACTBOPHUMA, IIOCMOTPHUTE
TaONMIy PAacTBOPHUMOCTH XHUMHYECKHX COCIMHEHWH. B BbIlllepacCMOTpEHHOM MpHMeEpe 3Ta COllb —
cynedat Oapws.

Onwit 3. Hanelite B npo6upky 2 cM® pacTBOpa CUIIMKaTa HATPHs, T0OABBTE TAKOE JKE KOJIMIECTBO
COJIIHOM KHUCNOTH. YTo mpom3onuio? Hamummure MOJIEKYISIpHOE, TOJHOE MOHHOE M KpPaTKoe HOHHOE
ypaBHEHUs 1aHHOH peakiuu. OOpaTuTe BHUMaHHUE, YTO KPEMHHEBask KUCIIOTA IJI0X0 pacTBOpHMa B BOJIE.

Onwit 4. Haneiite B mpooupky 2 cm® pactBopa cyibdara meau (+2). JIo6aBbTe pacTBOp IIENOUH
(NaOH wunu KOH). Yto BB HabmomaeTe? HamummTe MOJIEKYISIPHOE ypaBHEHHE peakiuu. 110ib3ysach
TabNMIe pacTBOPHMOCTH, OIpEJNENINTe, Kakoe M3 JBYX OOpa3oBaBIIMXCS COCTUHEHUH, BHIMAJacT B
ocajiok. Harmnmmre noiaHoe u KpaTkoe HOHHBIE YpaBHEHUA. Ocalok COXpaHUTE JUId OMbITa 5.

OneiT 5. B mpobupky ¢ ocaakoM THUAPOKCHAAa MeAu (TIOIYYEHHOTO B TMPEABIAYIIEM OIIBITE)
Nn00aBbTE HECKOJNBKO CM° pacTBopa COJSHOM KUCmoThl. OcCamok pacTBOpmIICS (€CIHM OCAaIOK HE
pacTBOPWIICS, TO BCTPSAXHUTE MNPoOMPKY). HamummTe MosiekynsipHOe, MOJHOE M KpPaTKOE HOHHBIE
YpaBHEHUSI.

Ongit 6. Hanelite B mpo6upky 2 cm® pacteopa anerata natpus CHs;COONa u 106aBbTe HEMHOTO
pa30aBIIEHHONW COJISTHOW KUCIOTHI (Wiau cepHoi). [losiBuiics 3amax, MpUCYIIMI MOJIEKYJaM YKCYCHOMU
KucHOThl. [IpM cocTaBneHWM HOHHOTO ypaBHEHMs He 3a0bIBaiiTe, 4TO YKCYCHas KHCIIOTa — CJIa0BbId
3IEKTPOJIUT.

OnpiT 7. B He0OIBIIOM KOJHYECTBE BOJBI B30OJITANTE IIEMOTKY PacTEPTOro B MOPOIIOK Mejia U
MIpUJIEITE HEMHOTO PAcTBOPa CONMSTHON KUCIOTHI. Kakoil ra3 mpu 3ToM BBIAEIUTCS?

BcenomunTe, 9TO yrompHas KUCIOTa OY€Hb HEYCTOMYNBA, Pa3araeTcs ¢ BBIAEIEHUEM Ty3bIPHKOB
YIJIEKHUCIIOro rasa.

Hanumure MonexynspHoe, KpaTKOE 1 IOJTHOE MOHHBIE YPaBHEHMSL.
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Onwir 8. a) Haneiite B npooupky 2-3 cm® pactBopa cymbdara Xxpoma M J06aBbTe MO KaIlIsAM
pacTBop emkoro Harpa (mo oOpaszoBaHms ocamka). OOpa3zoBayics OcCaIoK THIAPOKCHma xpoma (+3),
OTMEThTE IBET 0cajika. Hamummiure MoJIeKyJIIpHOE, MOJTHOE M KPATKOEC MOHHBIC YPABHCHUS PEaKIIHI.

0) OOpazoBaBmIuiics 0cagok B30OATaNTE U pa3aenuTe Ha nBe yacTH. K oqHoM yactu nmo0aBbTe 2-
3 ¢M® COMHOM KUCIIOTBI, @ KO BTOPOH — 2-3 ¢M® KOHIIEHTPHPOBAHHOTO PacTBOPA MIEJIOUH.

OO6paruTe BHUMaHHUE, 9TO OCAIOK B 00EHX MPOOMpKaX pacTBOPHWICA. BCTIOMHHTE, YTO THAPOKCHT
xpoma (+3) obOyamgaer amMQOIUTHBIMH CBOWCTBaMH, B3aMMOJCHCTBYS KaK C KHUCJIOTaMU, TaK U C
menouamu. [Ipm 3ToM BO BTOpOM ciydae oOpa3yercs KoMmIuleKcHas coiib. Kakas? Hammmmre eé
bopmyy.

[lo yka3zaHuio mpenojaBaTeNis MOXHO TIPOBECTH AaHAJIOTUYHBIC PEAKIMM C Y4acTUEM
TUAPOKCHIaMU JTFOMUHUS WU [IMHKA, KOTOPBIE TAKKe 001a/1at0T aM(OTUTHEIME CBOHCTBAMH.

CocraBbTe MONIEKYIISIPHBIE, TIOJHBIC U KPATKUE YPABHEHHUSI COOTBETCTBYIOIIUX PEAKITUH.

OneiT 9. [lonmb3ysiCh BBICTABJICHHBIMH Ha J1a00OpaTOPHOM CTOJIE PEAKTUBAMH, OCYIIECCTBUTH
PEaKIuio, BHIPAKEHHYIO CIICYIOIIUM HOHHBIM YPaBHEHUCM

Fe* +30H™ = Fe(OH)5 4.
Hanuimure MoneKynsipHOE ypaBHEHHUE PEAKLIUHU.

Omnprit 10. [Tome3yschk MONYYEHHBIM B OIBITE 9 0cagkoM THApPOKcHIA Keme3a (+3), OCyIIeCTBUTh
PEaKIIHI0, KOTOPYIO OMUCKHIBACT CIEAYIONIEe HOHHOE YpaBHCHHE:

Fe(OH); +3H " = Fe*" +3H,0.
Hamnucats HECKOJIBKO MOJIEKYJISIPDHBIX YPABHEHHN pEaKLUil, IPUMEHS [IPU 9TOM TaKHUe KUCIIOTHI,
KOTOPBIM OBl COOTBETCTBOBAJIU PACTBOPUMEIE conu Fe*
Conep:xkanue oTyera
[Tony4yennsie nannbie 3adukcupyiite B Tabnuie 3.2 mo ciexyomei Gopme:
Tabnuna 3.2. Pe3ynbrarhl 9KciepuMeHTa

Ne /1 | PearenTsl XUMUYECKask peakius Habmronenus

1

gl

KoHnTpoJibHBIE BONIPOCHI
ba30BbIi ypoBEeHB
1. Yto Takoe 3MEKTPOTUTHICCKAS UCCOLUAINS?
2. DNEKTPOIUTHI U HE DIEKTPOJIUTHL.
3. KT0 U3 XUMHUYECKUX COCUHEHUH SBISIETCS IEKTPOIUTOM?
IToBbIILIEHHBIN YPOBEHD
1. Hammummute MOJIEKYIISIPHBIE, TTOTHBIE U KpaTKHE NOHHBIE YPABHEHUS PEaKIIMA B3aUMOICHCTBUS:
a) kKapOOHaTa KaJlvsl C COJITHOM KHCIIOTO;
0) a30THCTO KUCIOTHI C THAPOKCHUIOM HATpHS;
B) KapOoHaTa MarHus ¢ a30THOM KHCJIOTO;
T') THIPOKapOOHaTa HATPHUS C €KUM HaTPOM;
) THAPOKCH/IA ATFOMUHUS C SIIKUM HATPOM;
€) COJISTHOM KUCJIOTHI C CHIIMKATOM HATPHSL.

Cnncok JuTepaTypbl, peKOMeHAYeMbIil K HCI0Jb30BAHUIO 110 JAHHOU TeMe

OcHoBHasl TuTepaTypa:
1 Kopogwun, H. B. O61ias xumus : yueonuk / H. B. KopoBus. - 13-¢ u3na., nepepad. u gom. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuar). - Pek. MOuH P®. - IIpui.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XuMust okpysKaromiei cpelipl : XuMus )KHUBbIX opranu3MoB. Kypce nekimii / E. C.
Muxanuna, A. JI. [lerenun. — M. : U3aarensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Texkcr : 31eKTpoHHBIH // DnekTpoHHO-0nbanoTeynas cucrema IPR BOOKS :
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[caitr]. — URL.: http://mww.iprbookshop.ru/56618.html. — Pexxum moctyrma: mist aBTOPH3HP.
MOJIb30BaTENEH
JlonmoJiHMTEIbHAS JINTEpaTypa:

1 I'muaka, H. JI. O6mas xumust / H. I'. I'muaka ; [ox pen. A. W. Epmaxkosa. - U3n. 30-e, uchp. - M. :
Wurerpan [pecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-017-1

2 XuMusi METaIIOB : y4eOHOe TTocoOue (I CTyICHTOB XUMUYECKOTO (paKyIbTeTa HanmpaBIeHUI
OakanaBpoB «XUMHUs» U «XUMUYECKas TexHoorus») / cocraBurenu O. A. ['onoBaHoBa. — OMCK :
Owmckwii rocyaapctBeHHbIi yauBepeuteT M. ©.M. JloctoeBckoro, 2015. — 552 ¢. — ISBN 978-5-
7779-1875-8. — TekcT : anekTpoHHBIN // DnexkTpoHHO-0nbnuoTeunas cucrema [IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum noctyna: ajis aBTopu3mp.
MOJIb30BaTENEH

HNuTepHeT-pecypesbi:
1 http://window.edu.ru/ — exuHOE OKHO J0OCTyMa K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — DBC «YHuBepcureTckas OMOIMOTEKA OHIIANHY.
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Tema 6. PacTBopbI
JlaGopaTopHas padora 4. [Iporosm3 coJieit
Lenb paboTel: M3yueHue npoiecca TuIpoan3a comeil.
DopMHUpyeMbIe KOMIETSHIIMU WIH UX YacTH:

Kon DopmyIIHpOBKa

OIIK-2 Crnioco0eH NpuMeHSTh COOTBETCTBYIOLIUI (PU3NKO-MaTeMaTUYECKU
anmnapar, METOAbI aHAJIN3a U MOJIEIIMPOBaHUS, TEOPETUUECKOTO U
PKCIIEPUMEHTAIILHOTO UCCIEI0BAaHUS IIPU PELIEHUHU NPOdECCHOHATBHBIX
3a1a4

Teoperuyeckas yactb

Ilpoyecc e83aumooleticmsuss UOHO8 CONU C MOAEKYAAMU B00bl, NPUBOOAWUL K 00pPA308AHUIO
c1aboouccoyuupyrowux eeuecms (MoaeKyl CiaObix KUCIOM UMY OCHOBAHUL, AHUOHO8 KUCAbIX UIU
KamuOHO8 OCHOBHBIX COJell) U conpogodcoaoujeecs usmenenuem pH pacmeopa, Hazvligaemcs
NPOMOAUIOM.

[IpoTonu3y moaBeprarTcs coiiu, 00pa3oBaHHbBIE cTA0BIM OCHOBAHHEM HITH CIIA00H KHUCIOTOH.

Crnabple 3JeKTPOJIUTHI B BOJIE JIMIITH YACTHYHO JUCCOIMUPYIOT HA MOHBL. K HUM OoTHOCATCS:

a) KHUCJIOTBI — HQS, HzSOg, H2C03, H3PO4, HNOZ, H3BOg, HC'O, HCN, HF, CH3COOH " ap.;

0) Bce ocHOBaHMsA MeTalioB (kpome mienoueit), a take NH4sOH. K cmabeiM 3sekTposintam
OTHOCHUTCSI TaK)Ke BOJA.

CuIbHBIC DIIEKTPOIHUTHI:

a) KUCJIOTBI — HzSO4, HNO3, HC', HBI’, HMnO4, HC|O3, HC|O4;

0) OCHOBaHWUSI MIEJIOYHBIX M IEIOYHO3EMENIBHBIX MeTaioB, kpome Mg(OH)2, Be(OH)..

CoctaBuM TalnMily cosned, OOpa30BaHHBIX PA3TUYHBIMM (KaK ClHa0bIMH, TaKk M CHJIHHBIMH)
KHCJIOTAMH ¥ OCHOBAHHUSIMU.
Tabnuya 4.1 Ilpomonus pasnuynozo muna coneti

Counn, 00pa3oBaHHBIC
CJ1a0BIMH KUCJIIOTAMHA U cJ1a0BIMHM KUCIIOTAMHA U | CHJIBHBIMH KHACIIOTAMUA
CJIa0BIMHY OCHOBAHUSIMU
CHJIBHBIMHA CHJIbHBIMHA Y CWIbLHBIMHU
W CWJIbHBIMH KUCJIOTAMH
OCHOBAHUSIMHA OCHOBAHMSIMH OCHOBAHHSIMHA
| I i v

31


https://openedu.ru/

AlLSs, NH4CN,

Na,COs3, K2S, Na;SO3 | AICls, CuSO4, MgCl2 Cry(COs)s

KCI, Na2SOs4, KNO3

pH>7 pH<7 pH=7 pH=7

PacTBOpbI BBIIIEYKA3aHHBIX COJEM HMMEIOT Pa3IUYHYyI0 pPEakLUIo: MIENIOYHYI0, KHCIOTHYIO WIIH
HEUTpaNbHYI0. DTO OOBSICHSETCS TEM, YTO HOHBI, 00pa3yroluecs MpU pacmaje 3TUX COJIeH, pa3IMYHbIM
00pa3oM B3aNMOEHCTBYIOT C BOJIOH.

IIpoToamn3 coJieil, 00pa30BaHHBIX CHJIbHBIM OCHOBAHHUEM M
¢J1200ii KUCJI0TOH

PaccMOTpUM TIpolecchl, IPOTEKAIoIMe IpH MpoTonuse kapOonara Hatpus. Na,COs; — comb
C.Ha60171 IlByXOCHOBHOﬁ erHBHOﬁ KHUCJIOTBI U CUJIBHOI'O OJHOKHCJIIOTHOI'O OCHOBAHUS NaOH 3aHI/IHICM
ypaBHEHHE TIPOTONIM3a JTOH CONM:

H,O0 + 2—
Na2CO3 «—2= y?2Na +COg .
Ilpumeuanue. TlpoTomusy WOHOB (THUAPONM3Y) BCErga IPEAIIECTBYET IIPOLECC MPOTOJIM3A

(mrcconuanym) Cou.
Oo0pasyroniuecs KapOOHAT-WOHBI B3aMMOJCHCTBYIOT ¢ MOJICKYJIaMU BOJIBI, TIPU 3TOM 00pa3yroTcs

AQHUOHBI HCO3_, a He Monekyibl HoCOs, Tak Kak MOHBI HCO3_ JTUCCOIMUPYIOT TOpa3ao TpyAHee,

yem Mosekynbel HoCOz. [loaTomy mpu OOBIYHBIX YCIOBHSAX MPOTONW3 KapOoHATa HATPHUS MPAKTHIESCKU
IPOTEKAET 110 NEPBOH CTYIEHHU.

HoHHO-MONEKyIJISIpHOE ypaBHEHUE NTPOTOIN3A CO3 I10 NIEPBOM CTYIEHU:

CO; +H,0 4 HCO; +OH; pH > 7.
B monexymspHoit popme:

Na2CO3 + Hzo <> NaHC03 + NaOH .

HoHHO-MONEKyJIIpHOE ypaBHEHUE MPOTOIHM3a H CO3 :

HCO5 +H50 <> H,CO; +OH™; pH > 7.
B monexynsipHO# Gopme:
NaHCO; + H,0 <> H,CO;3 + NaOH - npaxrnueckn ne nporekaer!

B pactBope mnosiBisercs u30biTok woHOoB OH', mosromy Bomubiii pactBop Na,COs umeer
MIETIOYHYIO PEAKITHIO.

KonryecTBEeHHO MPOIECChl MPOTOJIU3a cojiel XapakTepusytoT KOHCTAHThI (Kup) ¥ CTEreHb (Omp)
MIPOTOJIN3a, a TIIyOUHY MIPOTEKAHUS MPOTOJIN3a — U3MEHEHHUE peakiuu cpeanl (pH).

KoHncrater mpoTonm3a coiieli, 0Opa30BaHHBIX CHJIBHBIM OCHOBAaHHUEM U CIIa00M KHCIOTOM,
BEIYUCIISIFOT 110 JOPMYJIaM CIIeTyFOIIEro Buaa

K 4.1
Knpi — w , ( )
Ka,
roe K np; ~ KOHCTAHTa MPOTOIH3A MO I-CTyTIeHH;
K a i-f1 KOHCTaHTa MPOTOJK3a 00PA3YIOIIEHCS CONPSHKEHHON KUCIIOTHI.
CreneHb MpoToNIn3a;
2 Kip,  Kup, _ (4.2)
amp +a,, - - =0,
7 c? c?
rae C — KOHIEHTpAIMs COJIH, MOJIb/aM>,
Dopmyity (4.2) IPUMEHSIOT TOT/Ia, KOTJa CTeTeHb mpoToau3a mpessimaet 0,05 (5%).
Ipu i < 0,05 (5%):
L (4.3)
Ay = c

KoHneHTpanmuio THAPOKCHA-MOHOB, OMPEIENSIONNX TIIyOMHY NPOTEKaHHWA MPOTOIN3a, MOKHO
paccuuTaTh 10 YPaBHEHHUIO:
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[OH _]i ~ *'KnpiC : (44)

[Ipumennm, nHampumep, ¢opmyasl (3.1) — (3.4) Ansd KOJIMYECTBEHHOW OIEHKH IIPOIIECCOB
IIPOTOJIM3a 10 TIEPBOit M BTOPOii cTynensaM kapoonara Hatpus pu C(Na,COs) = 0,1 mons/mm®,
s nepBoi cTyIeHu:

oy K _ 10
gy (€05 Ka, (H,CO3)  4,6-10°1

K, 1074
a, z\/ n . [247-10 ~ 0,0466 (= 4,66%);
71 C 01

L 3 2 B _3 MOJIb
[OH ], = /Ky, C =1/21:107* -01=4,66-10 .

POH =—Ig[OH "], =—1g4,66-1072 =2,33; pH =14- pOH =11,67.

s BTOpo#l CTyNe€HU BBIYMCIIUM TOJIBKO KOHCTAHTY MPOTOJIN3a:

-217-107%:

K -14
(cory=— ‘tw ___ 10

_ —~222.108
oo Ko (H,CO3)  45.107

CooTHoOIIIEHUE MEPBO U BTOPOH KOHCTAHT MPOTOJIN3a kKapooHaT-nona (= 10 000)

npl(CO:;) 2,17-10
(C0Z) 222.10°®

~10-10*
l'Ip2

TI03BOJISET PACYETOM JI0Ka3aTh, 4To npotonu3 COs*" GpakTHUECKH IPOTEKAET TOJIBKO 110 MEPBOM CTYIEHH.
IIpoTonus coneil, 00pa30BaHHBIX CWIBHON KMCJI0TOM U CJ1a0bIM OCHOBAHHUEM

Paccmotpum nporonus comu CuSQOs. Cynbdat Meam — cojib C1aboro JBYKUCIOTHOI'O OCHOBAaHUS
Cu(OH): u cusbHOM 1BYXOCHOBHOU KHCIOTHI H2SO4.
[MepBUYHBIH POIIECC — MPOTOIH3 (JUCCOIUALINS) COITH:

CuSO, <22 5 cu? + 502"

3aTeM MOHBI MEJIU PEarupyroT ¢ MOJEKYJIaMH BOJBI, TO €CTh WAET MPOTOJIU3 HOHOB — BTOPHUUHBIN
nporiecc. KaTnous! Meau ¢ MosieKyiaMu BO/IbI 00pa3yroT KaTHOHBI 0CHOBHOM coimn CUOH™.
NonHO-MoNeKyIspHOe ypaBHeHue npotosmsa CU?* mo nepsoii crynenu:

Cu?" +2H,0 <> CuOH" + H30"; pH <7
WIN B MOJIEKYJISIPHOH (opme:
2CuSO, +2H,0 «> (CUOH), SO, + H,S0,.
Tak Kak B pacTBOpe IPUCYTCTBYET KUCIIOTA, TO ero pH < 7.

Beimagenue ocajka ruipokcuaa Mean (+2) He MPoUcXouT, Tak kak noHel CUOH™ qucconmupyror
ropaszuo tpyaHee, ueM monekyisr Cu(OH),.

CuOH* +2H,0 <> Cu(OH), + H30™; pH <7
WU B MOJIEKYJISIpHOH (hopme:

(CUOH ) 2 804 +2H 20 e 2(CUOH ) o + H 2804 — peakIys NPaKTHYECKU He HIeT.

Wtak, B OOBIYHBIX YCIOBHAX MPOTOJIN3 Cylb(aTa MEAN NPOTEKAET MPAKTUIECKU TOJIBKO 1O EPBOH
CTYIICHH.

@opMynbl, IO3BOJAIOIIME  KOJWYECTBEHHO  OLIGHUTHh  IMPOLECCHl  IPOTOJM3a  KAaTHOHOB
COOTBETCTBYIOIINM CJIa0BIM OCHOBAHUSIM:

k- Kw (4.5)
Ky
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rme K, — xoncranta MIPOTOJIN3A TI0 i-CTYIIEHH;
np;i

K bl — KOHCTaHTa IIpPOTOJInu3a I10 i-CTyr[eHI/I COIIPSIPKEHHOI'O OCHOBaHM:.

Crernenp mpoToIn3a;
K, K,
aly ta,, T, (4.6)
Yoc? c?

rae C — KOHLIEHTpaIus COJIH, MOJIB/ M.
®Dopmymy (3.6) IpUMEHSIOT TOT/Ia, KOT/Ia CTeTeHb mpoToiu3a npessimaet 0,05 (5%).
Ipu oupi < 0,05 (5%):

- Ko, . 4.7
Ay ~y|—
" C
KOHLEHTpalHMo0 KaTHOHOB THIPOKCOHWS, ONPENEIAIONMX TIIyOUHY NPOTEKAHHS MPOTOJIM3A,

MOYKHO PacCUUTaTh I10 YPAaBHEHHUIO:
[Hs0" 1, ~ /Ky C. (48)

IIpoTonu3 coeii, 00pa3oBaHHBIX CJ1a0bIM OCHOBAHHEM U CJ1a00H KUCI0TOI
PaccmoTpum kak mpotekaer nporonm3 anerata ammoHuss. CH3COONH,4 — conp cnaboit sTaHOBO#
KHCIOTHI U ciiadoro ocHoBaHus — NH4sOH. YpaBHeHne npoTosi3a 3Toi Coi MMEET CIIeIYIOIUHN B

H,0 -
CH3COONH , «—2>CH3COO™ + NH ;.
Hanee nousl CH3COO™ u NH4" momBepraroTest mpoTon3y — pearupyroT ¢ MOJICKYJIAMH BO/IBI:

CH,COO™ + NH + H,0 <> CH;COOH + NH,OH
WM B MOJICKYJISIpHOU (hopMe

CH3;COONH 4 + H,0 <> CH;COOH + NH,OH .

[Ipu nportonuse conei, 0Opa30BaHHBIX CJIAOBIM OCHOBaHMEM M CJA0OH KHCIIOTOW, peaKIusl
pacTBOpa 3aBUCHT OT CTENEHH NPOTOJHM3a O0pa3yroIIMX3csi NPOAYKTOB — KucioThl (Tuna HA) nu
ocaoBanus (tuna KtOH). Eciu nporomms ocroBanus KtOH mpeobnamaer Haj mpoTOMU30M  KUCIOTHI
HA, to konmentparwst noaoB OH™ 6onbiie xontenTpanun HsO™ —  cpema memounas, ecim HaobopoT —
[H3sO*] > [OH ], To kucas.

B 1aHHOM clydae, IIOCKOJBKY CTENEHH MNpoToiu3a ykcycHoi kucinotel (K, = 1,8:107°) nu
rugpokcuaa ammonmss  (Kp = 1,78:10°) npubGnusurensHo omunakosbl, To pH cpemsl Oyner
MPUOIU3UTETHHO PABEH CEMH.

Cnedyem nomMHUMb, YmMoO CcOAU, OOPA308AHHBIE CUNLHLIM OCHOBAHUEM U CUILHOU KUCIOMO,
NPOMONU3Y He NOOBEP2AIOMCA.

Hanpumep, xmopun natpust NaCl — conp cunproit kucinoter HCI u cupHOro ocroBanms NaOH.
Wonbl, oOpasyrommuecs B pe3yiabTaTe TUCCOLMALMM 3TOM COJHM, HE OOpa3yloT ¢ BOAOH claldbIx
anekTposnToB. Ilo3TOMY B OOBIYHBIX YCIIOBHSX pAaBHOBECHE HPOTOJM3a MOJEKYJN BOIBI B TaKHX
pacTBopax He HapyIIaeTCs W KOHICHTPAILUS UOHOB THUAPOKCOHHS M TUAPOKCHUI-HOHOB OCTAETCSl TAKOW
ke, Kak y yiucToi Boasl — pH = 7.

IosHbIii mpoTo/IM3

PaccMoTpuMm, Kakue MpoayKThl oOpasyrorcs npu cmemmBanuu pactBopoB Al(NOs); u K>COs.

Hurpar anroMuHust moiBepraercsi MpoTONIH3Y 10 KATHOHY, & KapOOHAT KaIUs - 10 aHUOHY:
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AI(NO,); <2 AI* +3NO,

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

AIOH * +2H,0 <> AI(OH); + H,0"
Al(OH); +2H,0 <> AI(OH), { +H,0"
K,CO, <L 52K" +COJ"

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

HCO; +H,0 & H,CO; +OH .

Ecnmu pacTBopbl HaXOAATCS B OJJHOM COCYZE, TO WAET B3aUMHOE YCHIICHHE MPOTOJIN3a KaXKIOU
conu, Tak kak oopasyromrecs: HoHbl H3O™ 1 OH' cBsI3bIBatOTCS ¢ 00pa30BaHUEM CITa00T0 JIEKTPOJIHTA —
BOJIBL. [Ipy 3TOM MPOTOIMTHYECKOE PABHOBECHE CMEIIASTCS BIPABO, & MPOTOJIN3 KAXKIOW COJIHM MPOTEKAET
JI0 KOHIIA.

HoHHO-MONEKYJIIpHOE ypaBHEHUE MPOTOIH3A:

2A1%" +3C03 +3H,0 <> 2AI(OH)5 4 +3C0, T.
B monexymspHoit popme:
2AI(NO3)3 +3K,CO;3 +3H,0 <> 2AI(OH); ¥ +3CO, T +6KNO;.
Jpyrumu npuMepaMy TakUxX Iap UOHOB SIBJISIOTCS:

1.Cr¥*uS*
2. AP u S*

2_
3.crvy CO;
2_
4. Feru CO;
+ o Y

OOGopynoBaHue U MaTepuaJbl
PacTBop uHIHKaTOpa
HuctunnupoBaHHas Boja
[Ipobupku
PactBop Na,COs
Pacteop AICl;3
Pactsop NaCl
PactBop xs1opua aMMOHUS
PactBop cyibdara amomunust 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

Ykazanus mo TexHuke 0€30MacHOCTH
1. Bce paboThl B XUMHYECKOH 11a0OpaTOpPHH JIOJKHBI TPOBOJAMTHCS MPU HCIPABHOM

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 IOPSJIKE U YUCTOTE.

4. Cyxue peakTHBbl TpeOyeTcst OpaTh YMUCTHIM IINATEIEM MU CIICHAIbHON JTOXKEUKOH.

5. MUznumex peakTuBa HE 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. OcTaTKHu coeIMHEHHUI cepedpa CIMBaTh B 0COOBIC CKIISTHKH.

8. Tlpu HarpeBaHWUM PACTBOPOB B MPOOUPKE BCET/Ia CIEIyeT AepKaTh e€ TaKuM 00pa3oM, 4TOObI
OTBEpCTHE MPOOUPKH OBLIO HAIIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsAOM coceaa.

9. He HaKIOHSTH IMIO HAJl HATPEBACMOM YKUKOCTBIO HIIH CIUIABIISIEMBIM BEILIECTBOM.

10. He cnenyer BIbIXaTh Maxy4ue BEIIECTBA W Ta3bl, ONU3KO 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 IEIOYCH B BRITSHKHOM IIKa(y.

12. BrbummBaTh pa30aBICHHBIC KUCIOTHI U MEIOYHBIC PACTBOPHI CIIEAYET B CIIUBHYIO 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 MOCYHoH, HeoOXoauMo coOmogaTh NpaBUiia
MPEIOCTOPOKHOCTH BO M30€KaHNE PaHEHUH OCKOJIKAMH CTEKIIa.

16. Kareropuuecku 3amperiacTcst OCTaBIATh padoTaroIre IpuOopsl 0€3 HAOIIOACHHU.

20. B xumugeckoi Jabopatopur HEOOXOANMO paboTaTh B XalaTe.

3aganus
OmnwiT 1. B 4eThipe npoOupky Haneiite mo 2-3 cmM3: B NepBYI0 — AMCTUIUIMPOBAHHOM BOJIBI, BO
BTOpYy10 — pactBopa Na;COs mwiu K2COs, B Tpetbio — pactBopa AlCIs mwiu Alx(SOs)s, B getBépTyro — NaCl
wim KCl. B kaxayro mnpoOHpKYy IOMECTHTE [0 MAJICHBKOMY KYCOYKY HWHIMKATOPHOW OyMaru.
[IpeaBapuTenbHO HM3yYUTE W3MEHEHHWE OKPAacKW HHIMKATOPOB B Pa3NUUHBIX cpeaax. CpaBHHUTE LBET
MHJMKAaTOPa B paCTBOPAX COJIEH C €r0 OKPACKOM B BOJE.

CocTaBbTe HMOHHO-MOJEKYISPHBIE WM MOJEKYIAPHbIE PEakIM{d MPOTOJIU3a COOTBETCTBYOLIMX
coneii. 3anonHuTe Tabnuiy 4.2.

Onwim 2. Haneiite B npo6upky 3 cMm® pacTBopa xjopujaa aMmonus. Jlo6aBbTe 1-2 Kamiu pacTsopa
nakmyca. OTMeThTe LBET pacTBopa. KpacHbIf LBEeT pacTBOpa yKasblBaeT Ha KHUCIYIO cpeny, T.e. B
pacTBOpe HMEIOTCSI CBOOOAHBIE MOHBI TMAPOKCOHMA. COCTaBbTE MOHHOE M MOJIEKYJSIPHOE YpaBHEHHS
npotosmza conmu NH4CI.

Onvim 3. Hanetire B mpodupky 2-3 cm® pactsopa cynbdara amomunus Al,(SOs)s u nobassre 1-2
KaruM pacTtBopa sakmyca. Kak m3menwics et mHaukatopa? CocTaBbTe MOHHOE M MOJEKYJISIPHOE
YpaBHEHHUSI TPOTOJIM3a JaHHOW COJIM, YYHMTBIBAs, YTO B Ciydae MPOTOJU3a MHOTO3apSAHBIX KATHOHOB
00pa3yroTcst KATHOHBI OCHOBHBIX COJICH.

Onwvim 4. Haneiite B npo6upky 2-3 cm® pactsopa pocdara narpus NasPOs u noGaBbre 1-2 karmm
pacTBopa Jakmyca. B kakoil uBer okpacuiicsa nakmyc? KakoBa cpena pactBopa? KakoBo 3nauenue pH
pactBopa? CocTaBbTe HOHHOE M MOJICKYJISIPHOE ypaBHEHH MPoToin3a hocdara HATPHUs, YIUTHIBAs, YTO B
pesynbrate oOpasyercs ruapodocdar Hatpus. JanpHelmunii npoTonau3 (0 BTOPOM M TpeThell CTYNEHH)
BO3MOXKEH JIMIIb B CIIydae OuYeHb pa30aBIEHHBIX PACTBOPOB M INPH MOBBILICHHON 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 pacTsopa
nakmyca. Kakoit nser npuobpén pactBop? CHHHE IBET JlakMyca TOKa3bIBaeT, YTO Cpelia B PacTBOpE
menoyHast. OOpaTuTe BHUMaHue Ha 3anax pactBopa. 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; +S% +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 u3 3Hauenuit koHcrant nportonu3a it NH4sOH u H.S, cnemaiite BbIBOg 0 XapakTepe
cpepl.
Ecnu Harpeth pacTBOp JAaHHOU cOJIM (ITPOKUIIATUTH), TO HPOTOIM3 CTAHOBUTCS HEOOPATUMBIM, TaK
KaK TpY HarpeBaHUH aMMHUAK U CEPOBOJIOPOJT YXOJIAT U3 CHEPHI peakiuu, CMellasi PABHOBECHS B CTOPOHY
00pa3oBaHMs MPOYKTOB POTOJIH3A.
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Onwvim 6. Haneiite B mpo6upky 2 cM® pacTBopa cyib(aTa aTroMUHHS B J00aBbTe 2 cM° cyabhuaa
Hatpust. OOpaTuTe BHUMaHKME HA I[BET BBHIMIABIIETO OCAJKA U 3araX. 3alHIINTe HOHHOE U MOJCKYISIPHOE
ypaBHeHHs1 poTosin3a cmecu pactBopoB Alx(SO4)3 n NaxS.

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 MOJHOTO MPOTONIM3a BBINAAAET OCAMO0K CEPO-3€EHOTO [BETA
Cr(OH); u BobimensitoTess my3sipbku  yriekuciaoro raza CO,. CocTaBbTe HOHHOE M MOJIEKYJISPHOE
ypaBHEHHSI POTEKAIOIINX POIIECCOB.

Conep:xkanue oTyera

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

[TomryueHnHbie qaHHBIC B OMbITaxX 2-7 3adukcupyiite B Tadbmuie 4.5 mo cienyromeit popme:
Tabnuna 4.3. Pe3ynbrarhl SKciepuMeHTa

Ne /1 | PearenTsl XUMUYECKask peakius Habmronenus

1

gl

KoHTpoJibHbIEe BOPOCHI
ba30BbIii ypOBEHB
1. Yro Ha3bIBaeTCS MPOTOIU3OM?
2. Kakue conu noaseprarorcs NpoToiausy?
[ToBbILIEHHBIN YPOBEHB
3. IlpuBeaure mpUMEpHl YETHIPEX THUIOB cCOJIeH, OOPAa30BAHHBIX CHIIBHBIMH WM CIa0BIMU
KHUCJIOTAMU ¥ OCHOBAHUSIMU.

CnHcok JIMTepaTyphbl, peKOMEHAYEMBbIH K MCI0JIb30BAHUIO 110 TaHHOH Teme

OcHoBHasi TUTEpaTypa:
1 Koposun, H. B. O0mas xumus : yueOnuk / H. B. Koposun. - 13- uzn., nepepab. u norm. - M. :
Axagemus, 2011. - 496 c. : nn. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XuMust okpyskaromei cpelisl : XuMus KuBbIX oprann3moB. Kypce nexuuii / E. C.
Muxanuna, A. JI. I[lereaun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Texkcr : 31eKTpoHHbIH // DnekTpoHHO-0nbroTeunas cucrema IPR BOOKS :
[caitr]. — URL.: http://mww.iprbookshop.ru/56618.html. — Pexxum moctyma: st aBTOPH3HP.
M0JIb30BaTENEH
JlonoTHUTe/ILHAS JINTepaTypa:
1 I'nmunka, H. JI. O6mas xumus / H. I'. I'nuska ; [lox pen. A. Y. Epmakosa. - Uzn. 30-e, ucnp. - M. :
Wnterpan [pecc, 2003. - 728c. - bubnuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-017-1
2 XuMHS METaJIIoB : y4eOHOe mocodue (JUIsl CTyIEHTOB XMMHUYIECKOT0 (pakylbTeTa HallpaBIeHUH
OakanaBpoB «XuMUs» 1 «XUMUYECKasi TeXHONOTHs») / coctaButenu O. A. ['onoBaHoBa. — OMCK :
Owmckuii rocynapctBeHHbIi yHuBepcuteT uM. @.M. JloctoeBckoro, 2015. — 552 ¢. — ISBN 978-5-
7779-1875-8. — TekcT : aneKTpoHHBIN // DnexTpoHHO-0nbnmoTeunas cucrema IPR BOOKS :
[caitr]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum moctyma: st aBTOPH3HP.
MOJIb30BaTENEH

HNHTepHeT-pecypcesl:
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1 http://window.edu.ru/ — emuHOE OKHO IOCTyIA K 00pa3oBaTEIbHEIM pecypcam
2 http://biblioclub.ru/ — DBC «YHuBepcurerckas OMOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTAIOT aCCOMUAIMH dJICKTPOHHBIX OHOMMOTEK YUeOHBIX
3aBeneHuit u opranmzanuii CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTKpeITOE 0Opa3OBaHHe

Tema 6. PacTBopsI
JladopaTopnas padora 5. [Ipou3BeeHne pacTBOPUMOCTH
HGHB pa6OTBI: HU3yUCHHUC yCHOBI/Iﬁ BbIIMIAACHUA W PAaCTBOPCHHUA OCAJAKOB U BJIMAHUC I1P
SJICKTPOJIMTOB HA UX CIIOCOOHOCTD K MEPCOCAKICHUIO.
Dopmupyemble KOMIETEHIIMH UITH UX YaCTH:

Kon DopMyIHpPOBKA

OIIK-2 CriocobeH IpUMEHSTh COOTBETCTBYIONINH (PU3MKO-MaTeMaTHIECKUI
anmapar, MeTO/lbl aHaJIN3a U MOJEIMPOBAHNUS, TEOPETHUECKOTO U
HKCIEPUMEHTAIBHOTO HCCIIEJOBAHUS TIPU PEIICHUH MPO(HECCHOHATBHBIX
3agau

Teopernveckasi 4acThb

YacTo B XMMMYECKMX PEAKLUUAX IPUXOJUTCA MMETh JE€I0 C PAaBHOBECHAMM, KOTOPBIE
YCTaHaBJIMBAKOTCS B TIETEPOTrCHHBIX CHCTEMax. Takol CUCTEMOH SBIAETCS, HAIpPHUMEP, HACBIILEHHBII
PacTBOp, COMPHUKACAIOIIMICSI ¢ OCAIKOM PAacTBOPUMOro BemiecTBa. OcaJoK M HACBHILICHHBIA pacTBOp —
pasnnuHble (a3bl TETEPOTeHHON CHCTEMBI.

Ecnu xakyro-HHOY b TPy IHOPACTBOPUMYIO cOJib, HanipuMep AJCI, npuBecTH B CONMPUKOCHOBEHHE
¢ BoJoit, To noHsl AQ" u Cl', ©3 KOTOPBIX MOCTPOEHBI KPUCTAIBI COJHM, MCIBITHIBAs MPHUTSDKCHHE CO
CTOPOHBI ONY)XJAIOIUX AWMNOJIEH BOIbI, OyIyT OTPBHIBATHCS OT MOBEPXHOCTH KPHUCTAJIOB U B BHIC
THJPaTUPOBAHHBIX MOHOB OYIYyT MEPEXOJUTh B PacTBOp, HO HAPsILy C MPOIECCOM pPacTBOpEHHs OyneT
NPOXOUTH U COMPsDKEHHBIH mporiecc — kpucTauuzanus. Mousr Ag™ u Cl, crankuBasich npu IBIKCHUU C
noBepxHOCThI0 KpucTawioB AQJCl W uchbITBIBas MPUTSHKEHHE CO  CTOPOHBI  [POTHBOIIOIONKHO
3apSPKEHHBIX HMOHOB KPUCTAJUIMYECKOM PEIIETKH, ACTUAPATUPYIOTCS W OCENAOT Ha IIOBEPXHOCTH
KpucTayuioB. CKOPOCTh KPUCTAJUIM3ALMK BO3PACTaeT MO MEpe YBEIWYEeHHsS KOHIIEHTpAaIMM PacTBOpA.
Korzma ckopocT mpoLECCOB PAcTBOPEHHS W KPHUCTAUIM3AaLUM CTAHOBATCS PaBHBI IpYyr Ipyry, TO B
TreTEepOreHHON CUCTEME PAaCTBOP — OCAJIOK HACTYMNAET MOJABMKHOE PAaBHOBECHE.

ITonmyuyuBHIMiiCS pacTBOP HA3bIBAE€TCS HACBHILICHHBIM, TaK KaK B HEM COJIEPIKUTCA NPENEIIBHOE JUIs]
JAHHOW TeMIlepaTypbl KOJMYECTBO pacTBOPEHHOro BemiectBa. B HacwimeHHnoMm pactBope AgCI
YCTAHABIIUBAETCS CIENYIOIIEE PABHOBECHE:

H,0 _
AgCl «= 5  Ag"+Cl
TBEépas dasza HACBIIIEHHbIH PACTBOP

[IpuMeHsia K 3TOMy paBHOBECHIO 3aKOH JIEMCTBHSI MAaCC U YUUTBIBASI, YTO KOHLIEHTpALUs TBEPAOU
(a3bl He BXOJMT B BBIpaKEHUE KOHCTAHTHI PABHOBECHS, MOYKHO 3aITUCATh:

K=[Ag"]I[CI"].

OTO ypaBHEHHE TIOKA3bIBACT, UYTO B HACHIUWEHHOM PACMEOpe  MmMpyOHOPACMEOPUMO2O
IAEKMPOIUMA NPOU3BEOCHUE KOHYSHMPAYULL €20 UOHO8 eCMb GeIUHUHA NOCMOAHHASL NpUu OAHHOU
memnepamype. Imy eIUYUHY HA3BIBAIOM NPOU3GEOeHUeM pacmeopumocmu u obosnayarom I1P.

Hamnpumep, nnst manopactsopumoro AgCI:

ITP(AQCI) = [Ag'][CI],

rae [Ag*] u [Cl] — paBHOBECHBIE KOHLIEHTPALIMH, BEIPAKEHHBIE B MOJIB/ M .,

PaBHOBecHas KOHIIEHTpalusl JIFOOOTO MOHA (DYHKIMOHAIBHO CBS3aHA C JAPYTUM MapaMeTpoM
CHCTEMBI — aKTUBHOCTBIO, HAIIpUMeEp, [T HoHa AQ™:

a ag+ = ng+ [Ag+]

Koapdumuenr mnpomopumonansroctn  f,  HaseiBaemblii  K03(p(PHUIIMEHTOM  aKTHBHOCTH,

XapakTepu3yeT CTENeHb OTKJIOHEHHS CHCTEMBl OT HIOCATBHOW 32 CYeT JIIEKTPOCTATHUYECKHX

38



https://openedu.ru/

B3aUMOJICHCTBUI HOHOB, YYaCTBYIONIMX B M3y4aeMOW pPEeaKiMd, ¢ IIOCTOPOHHUMH (MM COOCTBEHHBIMH,
€CIIi WX KOHIIEHTpAIlWs BBICOKA) MOHaMH. B mmeampHON cucteMe as = [A], Tak Kak K03()(HUIHEHT
aktuBHOCTH paBeH eaunuie (f = 1). DTo o3Ha4aeT, YTO 3IEKTPOCTATHUECKUE B3aMMOICHCTBHUS
OTCYTCTBYIOT.

Bennunna koadduiimenta akTHBHOCTH 3a8UCUM OM 3aps0a U UOHHOU CUIbl, CO31aBAeMOMN BCEMU
WOHAMH BJICKTPOIUTOB, IPUCYTCTBYIOIINX B PACTBOPE:

(L 2
| = — ZCiZi : (5.1)
2ia

rae | — nonnas cuia;

[Ci] — paBHOBeCHast KOHIIEHTPAIIHS HOHA,

Zi — ero 3apsi.

HerpynHo ycTaHOBUTH, UTO WOHHAS CHJIAa pacTBopa OmHapHOro snekTpoiura (tun AB) Bcerma
OyzeT paBHA MOJIIPHOW KOHIICHTpaImu 3ekrponuta — i = C(AB); mist Tpunaproro (tun A2B nmn AB»)
—u=3C (A2B) umu pn = 3C (ABy); nns TerpanapHoro (tun AzB) — p = 6C (AsB).

Koo duimeHTl aKTHBHOCTH HHIMBHUIYATbHBIX HOHOB MOXHO TEOPETHYCCKH OILCHHUTH TI0
dopmynam Jlebast — Xrokkes:

—Igf; = AziZ\/T, ecn | <0,01; (5.2)

AzZ1
—lgfi=—'——, ecm 1<0,L (5.3)
1+ BavJI

3neck A 1 B — KOHCTaHTBI, 3aBUCSALIUE OT TEMIEPATYPbl U TUANEKTPUUECKON MPOHUIAEMOCTH
pactBoputenas (mis Bomel mpu 20 °C A =~ 0,5 (toumee 0,509) u B ~ 0,3); a — paccrosuHue
MaKCHUMaJbHOTO COJIMDKEHUS] MOHOB; 3TH BEJIMYUHBI OOBIYHO HPUBOISATCA B CIPABOYHBIX TaOIMIAx.
HOCKOJ’H)Ky KOHG63HH}I B 3HAUCHHAX a HC CIHUIIKOM CKa3bIBAlOTCA Ha KOHCYHOM PE3YJbTATEC,

peKoMeH LyeTcs OpaTh MocTosiHHOE 3Ha4eHue a = 3 A%, CnieoBaTensHo,

0,5z/1
—lgfy =0
1++/1

KoadduimenT akTHBHOCTH MHIUBHIyaTbHOTO MOHA HEINb3s M3MEPHTh SKCIEPUMEHTAIBHO, TaK
KaK HEeJb3s MOJYYUTh PacTBOP, COAEPKAIIUNA MOHBI TOJBKO OJHOTO 3apsija. DKCIEPUMEHTAIBHO MOXKHO
OIPEACINUTh JIMIIb CpeaHuil Kod(duimeHtT aktuBHOCTH fr amextponuta AmBn, KOTOpBIA CBsS3aH ¢
K03 pHUIMEHTaMH aKTUBHOCTH MHIUBUAYaIbHBIX HOHOB fo 1 fg, cooTHOMIEHHSAMMU:

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

men
fi = m+\n/ fA fB — JUIsl 3JIEKTPpOoIuTa TUIA AmBh.

Cpenauii K03()(UIMEHT aKTUBHOCTH MOYKHO PacCUUTaTh M TEOPETHUYECKH, UCTIONb3YsS (HOPMYITBI
JleOast — Xrokkes

(5.4)

~lg f, = Az ,zg/l, ecmn  1<0,01;
gt - AzAzB\/T’
*  1+Bavl

3nech a, A u B nmeror Te xe 3HaueHus, uyTo U B popmynax (4.3) u (4.4), moaTomy
0,52 421
lgf, = .
* 1+/1

st Gonee TouHoro pacuera KodhuimeHToB aktuBHOCTH (1ipu | > 0,1) NpUMeHSI0T ypaBHEHHE
JaBrca, KOTOpOE MO3BOJISIET BEIYUCIUTh KOXQ(HUIIMEHTHI AKTUBHOCTH 3JIEKTPOJIUTOB ¥ HHIVMBHYATBHBIX
MOHOB i1 MOHHBIX cui 0,2 — 0,5 ¢ morpemHocTsio, He npeBbimatoniet 10%. Ypasuenue [sBuca ans
k03¢ puIeHTa aKTUBHOCTH HHIANBUAYaJIbHOTO HOHA UIMEET BH/I:

ecn |1<0,1

(5.5)
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05221
1+l

a ISl CpeTHeT0 KO3 PUIIMEHTa aKTUBHOCTH 3JICKTposuTa AmBn

052,21
—lgf, =48~ _01z,z.l. 5.7
J' 1+/1 A%B &7

Hus 6onee Beicokmx moHHBIX cua (0,5 — 0,8) pekoMeHIyIOT MpHUMEHSATh ypaBHeHHe [[3Buca
CIIEIYIONIEro BUJIA:

1++/1

a I cpeaHero ko3 uImeHTa akTHBHOCTH IEKTpoiuTa AmBn

JI
—lgf, =05z,z,| ———-0,21 |. 5.9
I e =02als ) &9

Benuuunbl K03 QHUINEHTOB aKTHBHOCTH WHIVUBHYAJIbHBIX HOHOB MIPU Pa3HBIX HOHHBIX CHJIAX H
cpeaare Kod((PUIMEHTH aKTUBHOCTH JUIsi PACTBOPOB  3JEKTPOJHMTOB pa3HOW KOHIIGHTpAIHH,
paccuntanuble o Qopmynam Jlebas-XioKKens, MPUBOAATCS B CIPaBOYHUKAX. 3Has KOIDPUIMECHTHI
AKTHBHOCTH, MOKHO OIICHUTh aKTUBHOCTH HOHA HJIH SJICKTPOINTA B pacTBope. i1t o0serdeHust pacueToB
MOYKHO TOJIb30BaThCS CIEIYIOMUMH AOMYIIECHUSIMU:

1 KoadduumeHtsl akTUBHOCTH HMOHOB OJMHAKOBOTO 3apsijia HE3aBHCHMO OT paguyca HOHOB
OpUMEpPHO paBHBL. [l09TOMy B CHpaBOYHMKAX NPUBOAATCS HMHOT/IA YCPEIHEHHBIC BEITMYHHBI
K03(pUIMEHTOB aKTUBHOCTH ISl O/THO-, IBYX-, TPEX- M YE€THIPEX3apSIHBIX HOHOB.

2 KoahunpeHTsl akTUBHOCTH HEUTPAIbHBIX YacTHUI] B pa30aBICHHBIX PACTBOPAX AIIEKTPOJIUTOB
HOJIaral0T PAaBHBIMH €IUHUIIC.

3 OueHp pa3z0aBieHHbIE pPACTBOPBI DJIEKTPOJIUTOB, HANpUMEp, HACHIIIEHHBII pacTBOp
MaJIOpPACTBOPUMOTO JIEKTPOJIUTA, MOKHO CUUTATH HJICATbHBIMH.

Yacro mpu pacdeTax CIOKHBIX paBHOBecHH KOI(DQUIMEHTH aKTUBHOCTH MPUHUMAIOT PaBHBIMU
enunuie. Takoe 1omynieHre OnpaBiaHo 1Mo Py MPHIHH.

Bo-niepBpIX, BenmuuMHBI KO3()(HUIMEHTOB aKTHBHOCTH, HalaeHHble 1o (opmynam [leGas —
XIOKKeJIsl, MOTYT B OTHX CIIy4asX OKa3aThCsl OYCHB JIaJIeKMMHU OT HCTHHHBIX.

Bo-BTOpBIX, BIMSHME XUMHYECKMX (DaKTOPOB Ha paBHOBecMe Topa3no Oojbplie, dYeM
ANEKTPOCTATHYECKUX CHJI, TOATOMY NMpeHEeOpeKeHHEe TOCISIHIMH TIPH PACUeTaX CIOKHBIX PAaBHOBECHI
HE BHOCHT OIIYTHMYIO OTPEIIHOCTh B PE3YIIbTATHI.

Ecnu Monekyna TpyIHOPAaCTBOPHMOTO BEILECTBA JUCCOLUMPYET ¢ 0Opa30BaHUEM HECKOJIBKUX
OJIMHAKOBBIX HOHOB, HAIIPHMED:

-lg f; — O,lzizl , (5.6)

Ig f, = 0,527 -0,21 |, (5.8)

Pby (PO, ), « 22 53Ph%" +2PO3;

TO TIIPU BBIYUCICHUH TIPOU3BCACHUA PACTBOPUMOCTH OTOIO COCAMHECHHUA KOHICHTPAIUn
COOTBETCTBYIOIINX MOHOB BO3BOJATCA B CTCIICHU PaBHBIC UX CTEXUOMETPHUUCCKUM KOSq)(i)I/IHI/IeHTaMl

IIP(Pby(PO,),) =[Pb* I’[PO; 1°.

B ob0mem cnywae, Ui ManopacTBOPUMOTrO cHiIbHOrO 3nekrponurta Tuna KtAny, nporonus
pacTBOPUMOI YacTU KOTOPOI'O NPOTEKAET II0 CXEME:

KtAny (i) XKt'™ + yAn*, (5.10)
BeIpaxkeHue 1iist [1P Oyzxer umets Buj
ITP(KtAny) = [KY ] [An Y. (5.11)

Cesi3p mapametpa 1P ¢ BenmmuuHol pactBopumoctu KixAny orpaskaercs: hopMyJIou:
MOJIb [P(Kt,Any )
SM(KtXAny),ig:X'i'y X y
M x*yY

(5.12)

nin
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. P(Kt, An)
S (Kt ANy ), — =2
IM X"y

3nHas 3Hauenue [IP, MoXHO TpeABHAETH BO3MOXKHOCTH I€PEX0/a PACTBOPEHHOTO BEIIECTBA B
0CaJioK WK Ha00OPOT — MEePEX0/] 0CaaKa B pacTBOP.

Ecam mpomsBenenue KoHIEHTpaIrii noHOB pacTBopéHHOro BemectBa (I1K,) MeHbIe 3HaUYCHUS
ero [IP, To BemmageHust ocamka He Oyner. Takoi pacTBOp Ha3bpIBa€TCS HEHACHIIICHHBIM, U B HEM emé
MOXKET WJTH pacTBOpEHHME JMAaHHOro BemiecTBa. B Haceimennom pactBope IIK, = IIP. Korna
NpOM3BE/IcHHEe KOHLEHTPALUW HOHOB pPACTBOPEHHOTO BEIECTBA CTAHOBUTCS OONBIIE 3HAYCHUS
MPOU3BEICHIS PACTBOPHUMOCTH, TO BBITIA/IAET OCAIOK.

Takum oOpazom, Hanpumep, st AgCI:

a) B HeHachiteHHoM pactBope ITK, = [Ag*][CIl] < [TPagc;

0) B HaceiienHoM pactBope ITK, = [AgT][CI'] = ITPagci;

B) B niepenacoinienHoM pactBope I1K, = [AgT][CI] > ITPagcl.

HenachpileHHslli pacTBOP Kakoro-IMOO 3JEKTPOJIUTAa MOXHO ClHIeNaTh HACBIIIEHHBIM M JaXe
TIePEeHACHIIIEHHBIM, TPUOABIISAsA K HEMY JIEKTPOJINT, COAEp KAl OHOMMEHHbIe HOHBI. Hanpumep, ecnu
K HenacbimennoMy pactBopy AQCIl mpunmusate HCI wiun KCI, To MBI TeM cambiM OyeM yBETHYHBATH
KOHIICHTPAIIMIO MOHOB XJIopa, 4To nmpuBoauT K yBenuuenuio I1K,. B ToT moment, xorga [1Kagc) cTanet
oonsmie ero IMP (1,56-102%), npousoiiner Brimanenue ocaaxa AgCl.

Jus  pacTBOpeHHsI OcaZka TPYAHOPACTBOPUMOTO JJEKTPOJIWTa HEOOXOJUMO YMEHBIIUTH
KOHIICHTPAIIMIO €r0 MOHOB B pacTBOpe A TOro, uToOnl BenmmunHa ero [1K, crama mensme I1P. Dtoro
MOYKHO JOOUTBCS, CBSI3bIBASI OAMH M3 MOHOB TPYAHOPACTBOPHUMOIO BEIIECTBA C MOHOM J00aBISIEMOTO
peakTuBa B c1aboAHCCONMUPYIOIIEE WITH JIETydee COeTNHEHHE.

PactBoprMOCh Ocazika ManopacTBOPUMOTO 3JIEKTPOJIATA YBEITUYUBACTCS TAKXKE MPH HATUYHAU B
€ro HachIIICHHOM PacTBOPE TOCTOPOHHUX MOHOB — 3TO SBIICHHE HA3bIBAIOT colegbim dghexmom. Tak,
HaIpuMep, YBEIMYUBAETCs pacTBopuMocTh ocajnka BaCOs npu BHeCEHHH B €ro HaCHIIIEHHBIH pacTBOP
HekoToporo kommdectBa comn NaNOsz; wim KBr u np. Bo3pactanme pacTBOpHMOCTH MajopacTBOPUMBIX
OCaJIKOB CHJIBHBIX 3JIEKTPOJIUTOB B INPUCYTCTBUU IOCTOPOHHHUX HOHOB OOBSICHAETCS YBEIWYCHHUEM
WOHHOM CHUJIbI pacTBOpA.

Wraxk, pacTBOpeHHe 0caka MOKET IPOUCXOIUTh:

1) mpu 0Opa3oBaHUM PACTBOPUMOTO CIA00IUCCONUUPYIOIIETO SIEKTPOIINATA!

Mg(OH), 4 +2NH; — 2Mg?** + 2NH ,OH
Fe(OH), ¥ +2H* — Fe*" +2H,0.

2) npu 006pa30BaHUM Ia3000pa3HOTO COETUHEHHUS:

FeSy+2H' - Fe® + H,S T

3) npu 0Opa3oBaHNU CIA0OAMCCOIMUPYIOIIEr0 KOMILIEKCHOTO HOHA:

AgCl 4 +2NH; —[Ag(NH3),]" +CI~

4) IIpU OKUCIIUTCIIBHO-BOCCTAHOBUTCIIbHBIX MTPOLIECCAX:

CuS{ +4H™ + 2NO3 — Cu?* + 2NO + SO, + 2H,0

5) Ipu HATUYNH TOCTOPOHHHUX HOHOB.

M (Kt,An,). (5.13)

OobopynoBanue 1 MaTepuaJIbl
PacTBop aMMuaka (KOHIIEHTpaIus pacTBopa ammuaka passa 0,1 Mons/mm1)
Pacteop xsopuna ammorust, C(NH4Cl) = 0,1 moms/mm3
PacTBOp XJ10pua Maruus ¢ MoJisipHoit konnentpauueit C(MgCly) = 0,1 mons/ave.
Kpucrannuecknit nojg
Mukpomnaresns
HacpleHHsli pacTBOp HOAMAA Kaus
Xnopun xaneiust (C(CaCly) = 0,1 moms/mv3
PacTBop kapOoHaTa u cynbdaTa HATPUS
. Heuumonsipusrii pacteop HCI
10. PactBop Na,S

LCoNoaR~WNE
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11. Conp nmHKa ¢ MOJISPHON KOHLIEHTpanuel nocneanei 0,1 Moys/mv3

12. Cactsop HCI, C(HCI) = 2 mons/gm3

13. PacTBOp YKCYCHO KUCIIOTBI

14. Pactsop cynbhuna natpus (C(Na.S) = 0,1 mons/am’)

15. Neunmonsipusiii pactBop CuSOs u FeSO4

16. Consnas xkucnora (C(HCI) = 0,1 mons/mmd).

17. Pactsop nurpara ceunna, C(Ph(NO;s),) = 0,1 mMons/mm?,

18. PactBop cynbgara u cynbhuaa narpus ¢ konnenrpanusamu C(NazSO4) = C(NazS) = 0,1 moms/am®
19. PactBop xpomara Kaius

Yxa3aHus 1o TexHuKe 0€30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3NEKTPOOOOPYAOBAHHH, SITEKTPOIIPOBOAKE, MPABUIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

2. T'a30BbIe KpaHbI U Ta30MPOBO IODKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOAHIESCKH
MIPOBEPSATHCA.

3. Pabouee mecTo conepkaTh B OPSIKE U YUCTOTE.

4. Cyxwue peakTuBbl TpeOyeTcsi OpaTh YHCTHIM IITIATENEM HIIH CIIEIUAIBHON JIOKEUKOH.

5. HM3numek peakTrBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLIT B3ST.

6. Bce ombITH ¢ BpeAHBIMH U TTAXHYIUMH BEIIECTBAMU, a TAKKE yIApUBAHHE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJIUTH B BHITSHKHOM IIKady.

7. OcTaTku coenHEHUH cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHWM PacTBOPOB B MPOOUPKE BCeT/ia cieayeT AepiKaTh e€ TaKuM 00pazoM, U4TOOBI
OTBepCTHE IPOOUPKHU OBUIO HANIPABIEHO B CTOPOHY OT pabOTAOLIEro psAA0M COCEa.

9. He HaKIOHATH JIMI0 HAJ HATPEBAEMOH KHIKOCTHIO MITH CILIABIISIEMBIM BEIIECTBOM.

10. He cnenyer BObIXaTh Maxy4due BEHIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYLy C OTHUMHU
BenlecTBaMy. HioxaTh BemecTBa MOKHO JIMIIb OCTOPOKHO, HANPABIIAA K ceOe Maphl WK ra3 ABHKEHHEM
PYKH.

11. XpaHuTb pacTBOPHI KOHIIEHTPUPOBAHHBIX KHUCIIOT U IEJIOYEH B BEITSHKHOM MIKady.

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

13. Kareropuuecku 3armpeniaercst mpoOoBaTh XMMUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIerK0 BOCILIAMEHSIOIIUMUCS BellecTBaMu (3QUphI, OSH301, CEpOyTIepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHSI U BKJIFOUEHHBIX TUTUTOK.

15. Tlpu pabGoTe cO CTEKIOM, XHMHYECKOW IOCYAOH, HEoOXoAMMOo coOMoIaTh TpaBUiia
HPEOCTOPO’KHOCTH BO M30€KaHUE PAHEHUH OCKOJIKAMH CTEKJIA.

16. Kareropudecku 3arpemniaeTcs OCTaBIsATh paOdoTaroNe IpruOopsl 63 HAOIIOIeHUS!.

21. B xuMuveckoit 1abopatopun He0OX0IUMO paboTaTh B Xajare.

3aganuda

Onwir 1. B nBe npoGupku BHecTH 1o 1 cM® pacTBopa ammmaka (KOHIEHTpAalMsi PacTBOpa
ammuaka pasHa 0,1 mons/nM®). B oaHy mpo6Gupky n06aBuTh 2 CM® BOABI, B JPYTYH 2 CM° pacTBOpa
xaopuna ammorus, C(NH4Cl) = 0,1 mons/am3. Tlocne storo B 06e npobupku BHecTH 1o 1 cM® pactBopa
XJ10pHa Maraus ¢ MossipHoii konnentpanuei C(MgCl,) = 0,1 Monb/nm3. OGpaTuTh BHUMAHHKE Ha TO, YTO
0CaJIOK BBITI/IAET TOJIBKO B IPOOUPKE, Iie HET XJIOPHIa aMMOHHUSL.

OmnsiT 2. B nBe mpoOupku BHECTH MO | MHKpOINIATEN0 KPUCTAIUIMYECKOTO moia. B mepByro
poOUpKy 106aBUTL 2-3 cM® BOJBI, BO BTOPYIO CTOJBKO K€ HACBHINIEHHOTO PAacTBOpa MOAWIA Kasus.
Y6eaurscs, 4TO O MaJIo paCTBOPSAETCS B BOJIE, HO XOPOILO PACTBOPSIETCS B HOIUIE KAJIUSI.

OneiT 3. B aByx mpoOupkax MOJyduTh OCAIKH KapOoHaTa W Cyib(aTa Kajblus JCHCTBHEM Ha
pacteop xsopuna kansuus (C(CaCly) = 0,1 mons/nm®), pactBopamu kapGoHata u cynbdara Hatpus. B
00e mpodupku nodaBbTe AenuMolsipHbIil pactBop HCI. 3aMetbTe, 4T0 MPOUCXOAUT pacTBOPEHUE TOIBKO
KapOOoHaTa KaJbIusl.

OmnpiT 4. B 1ByX mpoOupkax mony4yuTth ocajgku ZnS neiictBuem pactBopa NapS Ha pacTBop conn
IIMHKA ¢ MOJIIPHON KOoHLeHTpauueii ocaeanei 0,1 mons/mm®. B oxny npo6upky no6asuts 0,1 Moss/am®
pacteop HCI 1o pacteopenms ocamka, B Ipyryro Takoi ke 00béM 0,1 mons/am® pacTBOpa yKCYCHOM
KUCIIOTHI. Y O€IUTHCS, 9TO B YKCYCHOM KHCIIOTE CyJIb(H/ INHKA HE PACTBOPSETCS.
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OmnpiT 5. B 1Byx npoodupkax mosryuuth ocafaku CuS u FeS p3anmoeiicTBueM pacTBopa Cyabhuaa
natpus (C(NazS) = 0,1 mons/mm%), ¢ nemumonspasivMu pactBopamu CuSOs u FeSO4. B 06e npobupku
100aBUTh OJIMHAKOBBIE 00BEMBI pacTBopa consiHoii kucnotsl (C(HCI) = 0,1 mons/nmS).

OmeiT 6. B ogHoit mpoOupke mony4unutsh ocagok PbSOs, B apyroii — ocagok PbS neiictBuem Ha
pactBop mutpata ceunna, C(Pb(NOs),) = 0,1 mons/mm®, pacTBopamu cynbdarta u cynbduaa HaTpUs C
xonnenTparusamMu C(NaSOs) = C(NazS) = 0,1 moms/mM® CooTBeTCTBEHHO. B 00€ MpoOHpKH 100aBHTH
omMHaKoBblii 00bEM 0,1 Moib/aM® pacTBOpa Xpomara KauMsl M TIIATEJbHO mHepememarb. OTMETHTH
WU3MEHEHHE [BETA 0CaJKa B OJTHON M3 MPOOHPOK.

Conep:xanue oT4yeTa

Omeir 1. Hammcars ypaBHenus oOpazoBanust MQ(OH), B MOJeKyJsIpHOM ¥ HOHHOM BHJIE.
Jokazath pacyéToM BO3MOXHOCTH BbimageHus B ocamok MQ(OH), tombko B orcyrctBum NH4CI,
ucnoib3ys 3HaueHue [1P(Mg(OH),).

OmeIT 2. YOEauThCs, 9TO WOA MaJIO PaCTBOPSETCS B BOZAE, HO XOPOIIO PACTBOPSETCS B HOAHIIC
kamus. Yem 310 00BacHNTH? COCTaBUTH ypaBHEHHE peakinu B3amMopaencTBus nona ¢ Kl B monHoMm u
MOJIEKYJISIPHOM BHJIE.

Omneir 3. Kak, mpumensii nonsitue [IP u 3Has ycioBUS pacTBOPEHHUS OCAIKOB, OOBSCHHTH
HaOmomaemoe siBienue? CocTaBuTh ypaBHeHHs peakimu pactBopenuss CaCOs; B HCl B monHOM U
MOJIEKYJISIPHOM BHJIE.

OnbIT 4. O0BACHUTSH, ToUeMy ZNS pacTBOPSIETCS TOIBKO B CONSTHOM KUCIIOTE, YYUTHIBAsT Maylo
pacTBopuMOCTS 1 JieTydecth HoS. CoctaButh ypaBHeHus B3aumoeiicteust Mexxny ZnS u HCl B nonHom
¥ MOJICKYJIIPHOM BHJIE.

OmnepIT 5. OTMETUTH pacTBOPEHHE TONBKO FES 1 00BSICHUTE 3TO, HcnoNb3ys 3HaueHue [1P st FeS
u CuS. CocrtaBuTh ypaBHeHHUs B3aumoaeicTBust Mmeskay FeS u HCl B moHHOM M MOJIEKYIISIpHOM BHIE.

OmpiT 6. OOBSICHUTE MPOKMCXOIAIIEEe, MONIb3YACh 3HaueHusmu [IP mast PbS, PbSOs u PbCrOs.
CocTaBUTh ypaBHEHUS COOTBETCTBYIOIINX pEaKlUii B HOHHOM M MOJIEKYJISIPHOM BH/IE.

KoHTpoJibHbIE BOIPOCHI
ba30BbIi1 ypOBEHB

1. ChopmynupyiiTe MOHATHE IIPOM3BEICHUE PACTBOPUMOCTH». [ Kakoro TWma CoequHEHHI
oHo npuMeHnmMo? [IpuBeauTe mpruMepsl.

2. Hanummmre ypaBHEHUsI MPOLIECCOB MPOToin3a Jyis cienyromux coeaunennii: CaCOsz, AgaCrOy,
Al(OH)s. Kak OyayT BBIMISAETh COOTBETCTBYIOIIME UM BBIPOKCHHUS MPOHM3BEICHUI PacTBOPUMOCTH?
Haiinure nx 3Ha4eHUs B CIIPABOYHHKE M 3aIHIINTE.

3. Yro takoe akTBHOCTH? MoHHas cuna pactBopa? [lpuBenure Gpopmybl s UX pacyera.

IToBbILIEHHBIN YPOBEHD

1. Kax cBszans! [1P 1 pacTBOpUMOCTE MAJIOPACTBOPUMBIX CHIIBHBIX IEKTPOIUTOB? OTOOpa3nuTe
9Ty cBsi3b Ha mpuMepe AgzASOy.

2. Tlepeuncnure YCIIOBHS DPACTBOPEHHUS OCAJKOB MAallOpACTBOPUMBIX BemlecTB. Kak MOXKHO,
Harpumep, pacTBOpuTh ocagok Zn(OH),?

3. Kakoe siBieHne Ha3bIBaIOT «coieBbIM 3 dexTom»? [IpuBenure mpumepsl.

Cnncok JuTepaTypbl, peKOMeHAyeMbIi K HCN0Jb30BAHUIO 110 JAHHOU TeMe

OcHoBHasl TuTepaTypa:
1 Kopogun, H. B. O61as xumus : yueonuk / H. B. KopoBus. - 13-¢ u3a., nepepab. u gom. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuart). - Pek. MOuH P®. - IIpun.: c. 461. - Bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XuMust okpyKaromiei cpelisl : XuMus )KHUBbIX oprann3MoB. Kypce nekimii / E. C.
Muxanuna, A. JI. [lereaun. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Texkcr : 31eKTpoHHBIH // DnekTpoHHO-0nbanoTeunas cucrema IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum mocTyma: ajist aBTOpH3HP.
I10JIB30BATENEH
JlonoiHUTe/ILHAS JINTepaTypa:
1 I'munka, H. JI. O6mas xumus / H. I'. I'nuska ; [lox pen. A. W. Epmakosa. - Uzn. 30-e, uctp. - M. :
Wurerpan Ipecc, 2003. - 728c. - bubauorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-89602-017-1

2 XuMHS METaJIIOB : y4eOHOe mocodue (15 CTyIEeHTOB XMMHUYECKOT0 (pakylbTeTa HalpaBIeHUH
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OakanaBpoB «XuUMHsI» ¥ « XUMHUECKast TeXHOJIOTHs») / coctaBuTenu O. A. 'onoBanoBa. — OMCK :
Owmckwii rocyaapctBeHHbIi yauBepcuTeT M. @.M. JloctoeBckoro, 2015. — 552 ¢. — ISBN 978-5-
7779-1875-8. — TekcT : anekTpoHHBIN // DnexkTpoHHO-0nbmuoTeunas cucrema [IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum noctyna: ajist aBTopusmp.
MOJIb30BaTENCH

HNuTepHeT-pecypesbi:
1 http://window.edu.ru/ — exuHOE OKHO JOCTyMa K 00pa30BaTEeIbHBIM pecypcam

2 http://biblioclub.ru/ — DBC «YHuBepcurerckas OMOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — 351eKTPOHHBIH KaTAIOT aCCOIMAIIMHI IEKTPOHHBIX OHOINOTEK YUeOHBIX
3aBeaeHuit u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTKpeITOE 0Opa3OBaHHe

Tema 6. PacTBopsI
JlaGopaTopHas padora 6. PactBopbI
enp paboThl: OCBOUTH METOAMKY NPUIOTOBJICHHS PACTBOPOB 3aJaHHON KOHIEHTpPAIIUH.
OCBOHTH apeOMETPUIECKHUI METOJ M3MEPEHHsSI TUIOTHOCTH PACTBOPOB. Y CBOUTH MOHSITHS aOCONIOTHOHN U
OTHOCHUTECJIbHOU NTOTrpCIIHOCTEN U3MCPCHUU.
DopmMupyemMble KOMIIETEHIUH WJIM UX YaCTH:

Kon DopmyIHpOBKa

OIIK-2 CriocobeH IpUMEHSTh COOTBETCTBYIONINH (PU3MKO-MaTeMaTHIECKUI
anmapar, MeTO/lbl aHaJIN3a U MOJAEIMPOBAHUS, TEOPETHUECKOTO U
HKCIEPUMEHTAIBHOTO HCCIIEIOBAHUS TPU PEIICHUH MPO(HECCHOHATBHBIX
3agau

Teoperuyeckas 4acTb
Pacmeopamu nazvigaiom eomozennvie cucmemvl, cocmosuue uz 08yx u 6oiee KOMNOHEHmMOo8, d
makaice npoOyKmos ux ezaumooeticmeus. Harpumep, BOJHBIA pacTBOP CEPHOM KUCIOTHI COACPIKHUT: BOLY
(pactBOpuTEND), ruapaTHpoBanHbie noHbl HSO4 xH20, HxH,0 u SO42-xH-0.
Crnoco0bl BbIpaKeHHsI KOHIIEHTPAIIMH PACTBOPOB
Baxneiinieit xapakTepHCTHKON pacTBOPOB SIBIISETCS WX KOHIIEHTPALUS — Macca WM KOJIHMYECTBO
BEILIECTBA, CO/ICPIKAIINECS B ONPEIEICHHON Macce MM 00beMe pacTBOPa MIIM PACTBOPUTEIIS.
MaccoBas fo:s BemecTBa X — macca BemectBa M(X) (B 1), coaeprkaasics B 100 r pacTBopa:
m(X)
w(X),% = —=2.100 6.1
m
p—pa
MorsiibHasi KOHLEHTpAIMs — KOJIMYECTBO Mojb BemectBa N(X), coxepikamieecs B OIHOM
kmtorpamme (v B 1000 1) pacTBOpUTENS:
m(X)

c (x), Mo _ N(X) 1000—
mt s M (X)m

p-ns p-as

-1000 (6.2)

MonspHas KOHIEHTpPAIHMs — KOJIMIeCTBO MOJIb BelecTBa N(X), coepikarieecss B OHOM AM° (K
B 1000 c™m®) pacTBOpHTENS:

Cyr (X),

MonsipHas KOHIIEHTpalus KOJMYECTBA OKBUBAJICHTa (HOPMAJbHOCTh WM SKBUBAJICHTHAs
KOHIIEHTPAIMs) — KOJMYECTBO MOJIb SKBUBAJIEHTA BellecTBa X, coepskaiieecs B ogHoM am° (umu B 1000
cm®) pactBopuTes:

MOIb _ n(X) 1000 = m(X)
me vV M (X)V

p-ns p-ast

1000 (6.3)
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n(i X)
C(Ex), MO __ Zx  10900-
z, s V- il
M XV p

X

MX) 1000, (6.4)

rae n(i) 1 M(—) — KonmuecTBO MOIb SKBMBAJIEHTa BEHIECTBA (B MOJB-DKB) M €TO
X X

SKBHUBAJICHTHAsI Macca (T/MOJIb) COOTBETCTBEHHO.

Ipumeuanue. Uncno Z, Ha3bIBAIOT SKGUBALEHMHBIM YUCIOM VI YUCTOM IKBUBANEHMHOCIU — Zx
> 1. 3nauenune Zy onpeAensioT M0 XUMUIECKON PeaKIiy, B KOTOPOH y4acTByeT TJaHHOE BemlecTBO. Tak, B
YaCTHOCTH, AJIS1 BEIIECTB, yyacTBYOMMX B OB-peaknusx, SKBUBAIEHTHOE YUCIO Zg I BOCCTAHOBUTES
PaBHO YHMCIy 3JIEKTPOHOB, KOTOpOE OH OTHAET, a Il OKHCIHUTENS — YUCIy SJIEKTPOHOB, KOTOPOE OH
npunuMaeT. Hanpumep, aas annona MnOs~ B 3aBHCHMOCTH OT XapakTepa peakiud Zyx MOXKET ObITh
paBHoO 5, 3, 1, HanpuMep:

MnO4 + 8H* + 5¢- — Mn?* + 5H,0; Z; = 5; 2(MnO4) = 1/5 Mo,

MnQOy4 + 2H,0+3e~ — MnO, +40H"; Z, = 3; 3(MnO4") = 1/3 Mous;

MnOs + le- — MnOs2; Z, = 1; 3(MnOy4) = 1/1 Mo7b.
CrnenoBaTenbHO, B 3THX peakiuax SkBuBajieHT okuciutesss MNOs™ cooTBeTcTBeHHO paseH 1/5, 1/3 u 1
MOJTb.
Heo6xomumo Bceria TOMHHTE, YTO 3HAYCHUE SKBUBAJICHTA TFOOOT0 BEIIeCTBA X HE MPEBBIIIACT
eauHuIipl, T. €. D(X) < 1.
Onpe/ieeHre 3KBUBAICHTHBIX YUCEIT HEOJMHAKOBO JijIsl 0OMEeHHBIX U OB-peakiuii.
B 00OMEHHBIX peakIUsx SKBUBAICHTHOE YHCIIO OMPECIISIOT MO CTEXHOMETPHH peakiuu. Eciu ams
peaxIuy BUA:
VaA+vEB = vcC + VDD (85)
Ha OJIMH MOJIb BelecTBa A TpeOyeTcs Ve/va MOITb BeliecTBa B, T0 Za= vp/va.

I[Tone3Ho 3HaTh, YTO 0151 0OHoOocHo8HbIx Kuciom (tuma HF, HCI, HBr, HI, HNO,, RCOOH u np.)
u oonokucromuwix ocrosanuil (tuma NH4OH, LiOH, NaOH, KOH, CsOH, RbOH wu ap.) sxsusanenm
6ce20a pase 0OUH MOJb.

J1J151 OJIMOCHOBHBIX KHUCIOT M TIOJMKHUCIOTHBIX OCHOBAHHUN BEIMYUHBI KBUBAJICHTOB 3aBHUCAT OT
Tuna peakuuil. Tak it peakuuu:

H,SO,4 + 2KOH = K,S04 + 2H,0,
Z (H2SOs) = 2, a axeusanenm ceproti kuciomol — I(H2SOs) = 72 monw, max kax Ha 00uH Mo
H2S0.1 mpebyemes 2 monw (0sa sxsusanenma!) KOH.
Hns peakuum:
H>SO4 + KOH = KHSO4 + H20
Z(H2SO4) = 1, a sxsusanenm cepnoii kucromot — I(H>SOs) = 1 monb, max kak ¢ 00uH Mo
H,SO4 peazupyem 1 mons (00un sxeusanenm!) KOH.

MorbHas 10Ji1 — OTHOIIEHHE KosmdecTBa Mojb BeriecTBa N(X) k o0meMy 4uciay MOJb BCeX

BemectB Ny (Xi), COCTaBISAIOMNX pacTBOP:

N(X)
Nz (Xj)

Tutp pactBopa BemectBa X — Macca BemectBa M(X) (B T), comepkamascs B OJHOM CM

pacTBopa:
e m(X)

a(X)= (6.5)

3

T(X), (6.6)
M p—pa

Tutp pactBopa BemectBa B mo ompenensemomy BemectBy X — Mmacca BemectBa M(X) (B 1),
COOTBETCTBYIOLIAS OJHOMY CM® CTaHIAPTHOIO PacTBOpA BellecTsa B:

. (6.7)
p—pa
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BecbMa BayKHBIM TTapaMeTpOM PacTBOPOB SBISIETCS UX IUIOTHOCTh — OTHOIIEHUE MACChl pACTBOPa
(B xT) K 00BEMY 3TOTO pacTBOpa!

P —3 = . (6.8)
M Vp-pa

Ilpumeuanue. B XuMuM yarie NPUMEHSIOT Pa3MEPHOCTh INIOTHOCTH PACTBOPOB B I/CM°.

Jnst mpoBeAeHus] pacyeToB Mojie3Ho 3HaTh Gopmyiny (8.10), cBA3BIBAIONIYIO KOJTUYECTBO MOJIb

SKBUBAJICHTA BEIIECTBA X C Pa3IMUYHBIMHU BUAAMH KOHIICHTPAIIUH €TI0 PaCTBOPOB.

n(ix)lmﬂb: m(1X) :T(X);/(X):T(B/)i)V(B):
Lx MC=X) MCX) M X)

1
OV 0(X),.%pp-paV (X)
~ 1000

100M (i X)
Zx
IIpy npUroTOBIEHNN PACTBOPOB C Pa3IM4YHON MAacCCOBOW JOJIEH BEChbMa ITOJIE3HBIM SIBIISIETCS TaK
Ha3bIBa€MOE MPABHUJIO CMELICHUS (WM IPABHIIO KKPECTA»).
Cxema «kpecTa» UMEET BHI:

1, % — msa, r
ox, % (5.10)
02, % — mZy T,

rae o1, % u 2, % — MaccoBbI€ 10JIM HCXOAHBIX PACTBOPOB;

M1 ¥ M2 — Macchl UCXOJIHBIX PACTBOPOB (B I') MOCIE CMEIIEHHUS KOTOPBIX, OyJIET MOy4YeH PacTBOP
C MaccoBoii goneit ox, %.

Honnoe npoussengenue Boasl 1 pH pacteopos

Bopma oTtHocuTCS K O4YeHb CIa0BIM BJIEKTPOJIMTaM, W TIpolecc e€ mpoToiu3a (pachajga WiIH
JUICCOIMAIK) SIBIIsIeTCsT oOpaTuMbIM. PaBHOBecME B 3TOM TIPOIIECCE CMEIEHO BIIEBO, B CTOPOHY
00pa3oBaHMs MOJIEKYT

H,O << H"+ OH. (6.11)

Ilpumeuanue. 1lpoTonn3oM Ha3bBIBAIOT MPOLECCHl KUCIOTHO-OCHOBHOTO —B3aMMOJCHCTBUS,
MIPOTEKAIOIHNE C yYaCTHEM PAaCTBOPUTEINA (7151 BOJHBIX PACTBOPOB — 3TO MOJIEKYJIBI BOJBI).

KoncranTta npotomnusa Bojs! ipu 22°C uMeeT clieayoliee 3HaYeHNe

+ —
_[HTJ[OH ]
Y LWL Ll
[H20]
TaK KakK HpOTOHI/I?: BOJBI BECbMa HEC3HAYUTCIICH, TO paBHOBeCHyIO KOHHeHTpaHI/HO MOHeKyﬂ BOJIbI
MOXHO HpI/IHﬂTB 3a HOCTOﬂHHyIO BeHI/I'{I/IHy, YUCJICHHO paBHyIO (§]¥] 06]l[eﬁ MOHf{pHOﬁ KOHHCHTpaHI/H/I, TO

ecThb cuntath, uto C(H20) = [H20] Momn/mm®.
I[Tposenem pacuer (npu ycnosuu, uto p(H20) = 1r/em®n M(H20) = 18 r/Moins):

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

€CTh MOJIIpHask KOHIeHTpaus Boabl, To ecth C(H20) = 55,56 Mombs/nme.
[Ipencrasum (8.13) B ciemyromnieM BUe:

[H™][OH"]=K,[H,0]

[NoacraBuB B (8.14) u3BecTHBIE BEIMYMHBI, OTYYUM BEITUUYMHY IPOU3BEICHUS KOHLICHTPALUH
MOHOB THJIPOKCOHMS 1 HOHOB T'HAPOKCUAA:

=18-10716. (6.12)

B 1 1m® Boawl comepxutca N(H20) = ~ 55,56 Monb — 3Ta BETUYUHA U
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[H*][OH 1=18-10".5556 =10 = K. (6.13)

Urak, npomssenenne Ky = [H][OH] = 10 nng umcroif BoAEI M ee pacTBOPOB, SBJIAETCS
BEJIMYMHOM TTOCTOSTHHOMN M Ha3BIBACTCS UOHHBIM npoussedenuem Boasl (0003HauaeTcs Kuw).

C coBpeMeHHOH TOUYKH 3peHHus He ogHa Moiyekyna Boasl HxO, a e€ numep — HsO2 nnmu 2H-0,
HO/IBEPrasich NPOTONH3Y (pacranasch), oopasyeT oauH katuoH rugapokconus (HsO%) u omun ruapokcn-
WOH:

2H,0 < H30" + OH~
B YUCTOU BOJIE KOHIICHTPALHS 3THX HOHOB paBHa u COCTaBJISICT

[H0%]=[OH 1=+v10" =10"" mons/on®.

B xucibIx pacTBopax KOHIICHTPAILUS MOHOB THIPOKCOHUS OOJIbINE KOHIICHTPAIMH THUIPOKCH/I-
nonos: [H30*] > [OH].

B mienmounsix pacTBopax, Ha000pOT, KOHICHTpalwst HOHOB OH~  GoJbllle KOHIIGHTPAIUK HOHOB
Bogopona: [HsO*] < [OH].

Omnako mpoussenenue [HsO'] u [OH] B mo6oM pacTBope (KHCIOM M IIEIOYHOM) SIBISICTCS
BEJIMYUHOW MMOCTOSHHOM.

Hcnonb3ys noHHOE nipou3sBeieHre Boabl Ky, MOKHO paccuuTarh;

a) KOHIICHTPAI[HIO HOHOB THPOKCOHUS B PACTBOPAX OCHOBAHUH

[H30+]: KW a (614)
[OH "]
0) KOHIICHTPAIINIO THAPOKCHI-IOHOB B KHUCIIOM PacTBOPE.
[OH ]= Ky | (6.15)
[H30"]

Ucnonesys BenmuuHy Ky ymaercst xapakTepu3oBaTh KHUCIOTHOCTh M OCHOBHOCTH PacTBOPOB IO
KOHIIEHTPAIIH TOJIHKO HOHOB THAPOKCOHUSI.

Hamnpumep:

a) B pacTBope consHoi kucaotel ¢ C(HCI) = 0,1 mons/mm® (cumTast NpOTOJIN3 KUCIOTHI TIOJIHEIM,
to ecth a(HCI) = 1) KoHIIEHTpaIMsl HOHOB BOAOPO/Ia PaBHA KOHIIEHTPAIIMK KHCJIOThI, TAK KaK MPOTOJIH3
KHUCJIOTHI TIOJIHBIN, CJIEIOBATEIBHO:

[H30*]1 = 0,1 mons/am® wmu  [H3O*] = 10 mons/nm3;

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

[H30*] = 0,001 = 10 moms/mm°.

B) B PacTBOpE WLIENOYHM, Hampumep, ¢ MossipHoi konuenrpanuein C(NaOH) = 0,1 momns/mm?,
KOHIIEHTPAIHs THIPOKCHI-HOHOB paBHA KOHIEHTPAIUH MIENIOYH, TaK KaK MPOTOIH3 MIEIIOYH MPOTEKaeT
nonHocteio (a(NaOH) = 1). Crenosatensno, [OH] = 0,1 = 10" mons/am®. YuuThiBas B3auMHYIO CBA3b
nonoB [H3O*] m [OH7], mosiBmsieTcss BO3MOXKHOCTH XapaKTEPH30BaTh ATOT IMIEJOYHON pacTBOp IO
KOHIIeHTparu noHoB [HzO™]:

K, 10

- = 10‘13 MOJTB/IM®;
[OH™] 10~

[H30"]=

r) B 0,001 M pactBOpe
[OH] = 0,001 = 10" mons/nm3;

K, 10
[OH"] 1073

Hnst Oonbinero ynoOCTBa XapaKTEPHCTHKY PEAaKLUUH Cpelbl BBIPAKAIOT HE KOHIEHTpaluen
BOJIOPOAHBIX HOHOB, TO €CTh BEJIMYMHAMH C OTPHUIATEIBHBIMU TIOKAa3aTesIMH CTETIeHH, a Tak
Ha3bIBa€MBIM BOJIOPOJIHBIM MTOKa3aTenem pH.

pH — necsitnunslii norapumM KOHIEHTPALUH BOJIOPOJHBIX HOHOB, B3SITHIX C OOPATHBIM 3HAKOM: .
pH =-Ig[H"] (6.16)

[H 30+] — — 10711 moms/mm®,

nu 60s1ee COBPEMEHHO

pH =-Ig[H30"], (6.17)
riae [HzO*] BeipakaeTcs B MOJTB/IM®.
Jiis onvcaHHBIX BhIIIE mpuMepos (1. 13 a, 0, B, r') pH cooTBeTcTBeHHO paBHbL: 1, 3, 13, 11.
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Nsmenenne [HsO'] m pH B 3aBHCHMOCTH OT KHCIIOTHOCTH WIH OCHOBHOCTH  CPEIBI
MpeACTaBIeHO B Tabmure 8. 1.

Tab6auya 6.1 3asucumocmo [HsO"] u pH om peaxyuu cpedwl

+ PN v © ~ ® o g 999 S
[HsO7] =23S89 S 39 = S28 8895
VBeanueHne KHCIOTHOCTH YBenmnueHne OCHOBHOCTH
7
< HEWUTp >
cpema
56 8 9 10 11 12 13 14
01234
pH Cnabo- Cnabo- mienovyHas CHIIbHO- IIEIOYHAS
CuibHOKHCIIAs cpenia
KHCTas cpesia cpena cpena

B uucroii Boge pH = 7.

B xucnotnoi cpeae pH < 7.

B mienounoi cpene pH > 7.

Takum 06pa3om, 4eM 6oJIbliie KOHIIEHTpaIus HOHOB Bogopoaa [HzO*], Tem GoJibiie KHCIOTHOCTh
pacTBOpa, TeM MEHbIIe BenuanHa pH.

Hao6oport, uem menbire [HzO*], Tem Gosibiiie OCHOBHOCTB pacTBopa u OoJibliie BenrnyrHa pH.

[IponorapupmMupyeM ypaBHEHHWE HOHHOIO MpOHU3BeACHUsS BOIbI (8.14) U, B3sAB JOrapudmsl C
o0OpaTHBIM 3HaKOM, TIoxy4drM (tipu 22°C):

pH+pOH =14
Otkyna: pH = 14 — pOH u pOH = 14 — pH.
Bv1600: KOMMUECTBEHHYIO XapaKTEPUTHKY PEAKLUK CPEIb BIIOJIHE OnpeaessieT 3HaueHue e€ pH.

O0opynoBaHne U MaTepuasbl
Pacteop NHsNO3

AMMHadHas CeIuTpa
CreknsHHas BOPOHKa
Kon6e na 100 cm®
Apeometp

[InaTens

Humuaap émkocteio 1,0 av®

Nogobownhe

YKa3zaHus 10 TEXHUKE 0€30IaCHOCTH
1. Bce pabGoThl B XUMHYECKOW 1a00paTOPUM JOJDKHBI TPOBOAMTHCS NPHU HCIPABHOM
3JIEKTPOOOOPYI0BAHUH, IJICKTPOIIPOBOJIKE, IIPABUILHO 000PYIOBAHHOM BBITSYKHOM IIKady.

2. T'a30BbIe KpaHBI U ra30MPOBO/I 1OJHKHBI HAXOIUTHCSA B HCIIPABHOM COCTOSIHUH, TIEPHOANYECKU
MIPOBEPSTHCS.

3. PaGodee mecTo comepkaTh B HOPSIKE U YHCTOTE.
4. Cyxue peakTuBbl TpeOyeTcsa OpaTh YUCTHIM IIMATENEM WIN CHIEIHATIFHON JIOKEUKOM.
5. Uznumex peakTuBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLI B3ST.

6. Bce ombITH ¢ BPEHBIMH U MIAXHYIIUMH BEIIECTBAMH, & TAKXKe yIapuBaHUE KHCIOT U KUCIBIX
pacTBOPOB MPOBOJIUTH B BBITSDKHOM ITKaQYy.

7. OcraTKu coOeqUHEHU cepedpa ciIMBaTh B 0COObIE CKIISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B NPOOUpKE BCEr/a cieayeT AepKaTh e€ TaKuM 00pa3oM, 4TOObI
OTBepcTHE MPOOUPKH OBUIO HATIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsIoM coceia.

9. He HaK/IOHSTH JIMIO HAJl HATPEBACMOM )KHIKOCTHIO HIIM CIUIABIISIEMbIM BEIIECTBOM.

10. He cnenyer BIbIXaThb Maxy4due BEIIECTBA W ras3bl, OJU3KO HAKIOHSSICH K COCYLy C 3THMHU
BemecTBaMy. HroxaTh BelecTBa MOKHO JIMIIL OCTOPOXKHO, HAIIPABIIsAA K ce0e Iapbl WK ra3 ABHKEHHEM
pYKHU.
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11. XpaHuth pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT U IEJIOUEH B BBITSKHOM MIKady.

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

13. Kareropuuecku 3amnpeiaeTcst IpoOOBaTh XMMUYCCKUE BEIICCTBA HA BKYC.

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

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

16. Kareropuuecku 3ampemiacTcs OCTaBIATh paOdoTaroIIre IpUOOpsl 0€3 HAOIIOACHUS.

22. B xuMu4eckoi 1abopaTopuy HEOOXOAMMO paboTaTh B XajlaTe.

3aganusa

Omprt 1. [IpuroroBnenue pacTBopa HUTpaTa aMMOHHMS ¢ MaccoBoi foner 10%

1 Paccunrars HaBecky NHsNOs, HeobxomaMyro 1yist mprrotosienus 250 cM® pacTBOpa ¢ MaccoBOM JIomel
®(NH/NO3) =10%.

2 Paccuurannyro HaBecky NH:NO; B3BecuTh B OIOKCE Ha TEXHHUECKHUX BecaX. Pe3ynbTarhl
B3BELIMBAHUS 3aHECTH B Ta0I. 5.2.

3 Hamecky amMMmayHOW CEIUTPHI OCTOPOXKHO IEPEHECTH C TOMOINBI0 CYXOH CTEKIISTHHOW
BOPOHKH B MEPHYIO KOJIOY BMECTUMOCTBIO 250 cm®.

4 Jlo6aBuTh K HaBecke B konde 100 cM® mucTumnmpoBaHHOM Boabl. TIIATENHHO HEpEMEIIATh
pactBop no momHOro pactBopeHust NHiNOs. [Jonuth KonOy AMCTHILTUPOBAHHONW BOMOHM IO KOJBIEBOH
OTMCTKHU IO HKHEMY MCHUCKY.

5 TumarensHO mepeMeniaTh MPUTOTOBICHHBIN PAcTBOP IBITH - LIECTHKPATHBIM TIEPEBOPAUMBAHHEM
KOJIOBI, TIOZIIIPYKUBAST TIPOOKY.

6 Usmepurs miotHocTs mpurotosieHHOro pactBopa NH:MNOs ¢ momombio apeomerpa. s
5TOr0 MPUTOTOBJIEHHBI PAacCTBOP MEPENHTh B WMMHAP EMKOCThIO 1,0 am3. OCTOPOXKHO TOTPY3HTH B
pacTBOp apeoMerp TakuM oOpa3oM, 4YTOOBI apeoMeTp He Kacajcsi CTEHOK IWIMHApa MU 3aHsUI
HETOABIXHOE oJIoxKeHne. CHATh MOKa3aHMs INIOTHOCTH CO LIKaJIbl apeoMeTpa U 3aHECTH B TabI. 6.2.

7 Paccunrtath MOJSIPHYIO KOHIICHTPAITMIO TIPUTOTORICHHOTO pacTBOpa. PacuéTHple JaHHbBIC U Pe3yibTaThl
V3MEpEHHIA 3aHeCT! B TaOI. 6.2.

8 OmnbITHOE 3HAYEHHE IUIOTHOCTH PACTBOPA HUTPATA AMMOHUS (Poxen) CPABHUTE C TEOPETHUECKUM  (TalmIa
8.3)(pacCUMTaHHBIM Preop,).

9 PaccumTarh aGCOMOTHYIO Agse(r/cM®) M OTHOCHTENBHYIO TOrpemHocTh ® (%) H3MepeHus
IUIOTHOCTHU MPUTOTOBJICHHIO PAacTBOPA.

Tabnuya 6.3 I[Inomnocms 8oonozo pacmeopa Humpama ammorus NH4NO3

KonuenTtpanus Konnenrpauus
p, T/eM® p, T/em®
®, % MOJIB/ M3 r/mm® o, % Moub/am® r/mm®

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 oTuyeTa
Tabnuya 6.2 Pezynomamul d9Kxcnepumenma

| Macca | Mg | Macca | C(NHaNO3), | pocns |  Puon | Aabe, | Aota.,
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Orokca, | + HaBecka, | HABECKH, MOJIB/ M3 r/em® r/em® r/em® %
Ms, T r My, T

KonTpoiibHbIE BOIPOCHI
ba3oBblii ypoBEHb
1 M3 xakux KOMIIOHEHTOB COCTOST BOJHBIE pacTBOphl cienyromux BemecTB: NasPOs, KySOs,

NaNOs? OTBeT naTh ¢ y4eTOM HPOIIECCOB MPOTOIN3a HOHOB.

2]lns yero mnpumeHstoT apeomeTp? KakoBa moCienoBaTeIbHOCTH OINEpalMidi IMPH  3aMepe

IIJIOTHOCTH )KI/IﬂKOCTI/I?

[ToBbIILICHHBIN YPOBEHB
3 III0THOCTB ¥ TUTP PaCTBOPOB UMEIOT OJMHAKOBYIO PasMepHOCTH (r/cm®). B e pasnuuune >THXx

napameTpoB?

4 TlpuBenuTe aaTOPUTM B3BEITHBAHUS TBEPIBIX BEIICCTR.

Cnucok JIUTEPATyphbI, peROMeHI[yeMBIﬁ K HCIIOJIB30BAHHUIO 110 )laHHOﬁ TEME

OcHoBHasi JTUTEpaTypa:

1 Koposwun, H. B. O6mas xumus : yuebnuk / H. B. Kopous. - 13-e u3a., mepepad. u gom. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuart). - Pek. MOuH P®. - IIpun.: c. 461. - buGnuorp.: c.
486. - ISBN 978-5-7695-8015-4

2 Muxanuna, E. C. XuMust okpy>Karoliei cpesl : XuMus KUBBIX opranu3mos. Kypc nexmmii / E. C.
Muxanuna, A. JI. Iletenun. — M. : U3gatensckuii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Tekcr : aneKkTpoHHBIH // DnekTpoHHO-O0MbIHMoTeynas cuctema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum mocTyma: ajst aBTOPH3HP.
I0JIB30BATENEH

JlonoJiHMTEIbHAS JINTEpaTypa:

1 'munka, H. JI. O6mas xumus / H. I'. I'nmuaka ; [lox pen. A. U. Epmaxosa. - Uzn. 30-e, uctp. - M. :
Wurerpan Ipecc, 2003. - 728c. - bubauorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-017-1

2 XMUs METAIUIOB : yueOHoe rocodne (i1 CTYIEHTOB XMMHUYECKOTo (PaKyIbTeTa HarpaBieHUH
OaxamaBpoB «XuUMHs» 1 « XUMHUYECKast TexXHOIOTus») / coctaButenu O. A. ['onoBaHoBa. — OMCK :
Owmckwii rocyaapctBeHHbIH yHuBepeuTeT uM. @.M. JloctoeBckoro, 2015. — 552 ¢. — ISBN 978-5-
7779-1875-8. — TekcT : aneKTpoHHBIN // DnekTpoHHO-0ubMMoTednas cucrema [IPR BOOKS :
[caiiT]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxwum mocTyma: ajst aBTOPH3HP.
ITOJIBL30BATEIICH

HNuTepHeT-pecypcen:

1 http://window.edu.ru/ — exuHOE OKHO J0CTYyMa K 00pa30BaTeIbHBIM pecypcam
2 http://biblioclub.ru/ — DBC «YHuepcureTckas OMOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — s5eKTPOHHBIH KaTaIOTr aCCOIMAIMH JIEKTPOHHBIX OMOINOTEK YUeOHBIX
3aBeneHuit u opraam3anuii CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OtkpsiTOoe 0Opa3oBaHue

Tema 7. KoMILiekcHbIE COeTUHEHUS
JlabopaTopHas padora 7. KoMmnjiekcHbie coelnHeHUsI
I_[CJ'IB pa6OTBIZ I/I3y‘IeHI/Ie KOMIIJIICKCHBIX COC,Z[I/IHGHI/If/i U UX XUMHYCCKUX CBOﬁCTB.

DopMupyemMble KOMIIETEHIIUN WM UX YACTH:

Kon DopmyIHpOBKa

OIIK-2 Crnioco0eH NpuMeHSTh COOTBETCTBYIOLINI (PU3NKO-MaTeMaTUYECKUN
anmnapar, METObl aHAJIU3a U MOJEIUPOBAHMS, TEOPETUIECKOTO U
HKCIEPUMEHTAIBHOIO UCCIIEOBAHUS NP PEIIEHUH MTPO(ECCHOHATBHBIX
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https://openedu.ru/

3aJa4

TeopeTuyeckas 4acTb
XUMHUYECKHE CBS3H OCYIIECTBISIOTCS 3a CYET OOOOIICHWS HE CHAPCHHBIX JJICKTPOHOB HITH
nepefayr AJICKTPOHOB OJHMM W3 aTOMOB, BCTYMAMOIMMX B CBSI3b JPYromMy. B pesynbrare Takoro
B3aUMOJICHCTBUSL  00pa3yloTcsi yCTOWYMBBIE KOHQHUIypalnud, HMEIONIMEe Ha BaJCHTHOW 000JI0uKe
9NEKTPOHHBIN OKTET. YCTOWYMBOCTH MONOOHOW CTPYKTYphl OOBSCHSIETCS CXOACTBOM B CTPOCHUHU C
WHEPTHBIMA Ta3amMu. CoeTMHEHNS, TTOTyJalonIiecs Mog00HBIM 00pa3oM, HA3BIBAIOTC OWHAPHBIMHL.

MHor#e aToMbI WIH HOHBI, 00pasyroIye OHHApHBIE COSMHEHFES, MOTYT SIRISITHCS JIOHOPAMH IEKTPOHOB TS
JPYrUX aTOMOB, TPYIII aTOMOB WM MOJICKYJL, He MMEIOLIUX IEKTPOHHOTO OKTeTa. [1omyueHHbIe TakuM IyTEéM CIIOKHBIE
MOJICKYJIbI Ha3bIBAIOTCS KOMIUICKCHBIME COGIMHEHYSIMA I COCIIMHEHMSIMU BBICITIETO Topsika. Hanprimep, B cocras
KxomIuieKcHoro coemmrernst Ko[PtCle] Bxonsr vorsr K i [PtCls] >

LenTpanpHblii aTOM IUIATUHBI CO CTENEHBIO OKUCICHHS +4, BOKPYT KOTOPOTO TPYNIHUPYIOTCS
(KOOpAMHUPYIOTCA) IPYTUE aTOMBI, Ha3bIBAETCS KOMIUIEKCOOOpa30BaTeIeM.
IMpucoemunstomuecs K Hemy nonsl Cl” Ha3pIBalOTCS JTMraHIaMu (WK aIICHIaMH).
HCKOTOpI)IC JJMTradJbl 1 UX Ha3BaHUA:
H,0 — axBa; NH; — ammun; O — okco; OH — ruapokco; CN™ — muano; SCN™ — pomano; NO; —
HuTpo; SO3% — cynbduro; NH,OH — runpoxcnnamun; F- — drropo; Cl™ — xopo; Br — 6pomo; |- — ifoo.

Yucno TMranioB, NPUCOSTUHEHHBIX K KOMILIEKCOOOPa30BaTEI0, HA3BIBAIOT KOOPIMHAIIMOHHBIM
apcioM (K.4.) KoMIuekcoobpasosarens. K.u. (Pt™) = 6.

Wonsl K* — BHemHsAs KOOpAMHAIMOHHAs cdepa (mpotuBomon); [PtCls]> — BHyTpeHHsA
KoopanHannoHHas cdepa. E€ 3apsan( TouHee, CTENEHb OKWCICHHS X) OMpPENENseTcsl aire0pandecKon
CYMMOi 3aps/10B KOMILTeKcooOpaszoBaTens 1 aurannos: x(/PtClg]*) = +4 +(-1)-6 = 2.

Ecnu BHYTpeHHSII KOOpIMHAIIMOHHAS cdepa HMMeeT MOJOKUTEIBHBIA 3apsi, TO OHAa Ha3bIBaeTCs
KOMIUIEKCHBIM KaTHOHOM, €CII OTPULIATEIIbHBIN — KOMIUIEKCHBIM aHUOHOM. VIMeeTcst psii COeIMHEHHH, B KOTOPBIX
BHYTPEHHSISI KOOP/IMHAIIMOHHAS chepa He HECET 3apsiia — HeHTpallbHbIe KOMILTEKCHL. [IprMepbl yKa3aHHBIX THIIOB
KOMIUIEKCHBIX COC/IMHEHUIA:

1) katuonnse — [Pt (NH3)sCI]Cl &) [Pt(NH3)sCI]* + CI;
[Cr(H20)4Br,]Br (—H—ZO—) [Cr(H20)4Br,]" + Br;
[Ni(H20)]SO4 <H—20> [Ni(H20)s]** SO

2) annonnsie — K3[Fe(CN)e] <LO> 3K* + [Fe(CN)e]*;

(NH4)2[Pt(OH).Cl4] <H—20> 2NH;" + [Pt(OH).Cls]%;

H
Nas[AlFs] (—LO—) 3Na* + [[AIFe]*;

H>,0
3) neiitpanbubie (HeaexTponutsl) — [Cr(H20)sPO04] «—2" x;

[Rh(NH3)3(NO2)3] (—ﬂ0—> x;

H,0
[PAd(NH20H)Cl,] —2—>x.

IIpumeuanue. KoMIuleKChl aHHOHHOTO THIIA TaKKe €lIé HAa3bIBAIOT AlMIOKOMIUIEKCHBIMHU, TaK
KakK P NEPBUYHOM POTOJIN3E OHU OTIICTUISIOT KOMIJICKCHBI aHHOH.

Aneopummel HA36AHUN KOMNJIEKCHLIX coeOuHenutl: 1) KaTHOHHbIE KOMIUIEKCHI — CHadaja
Ha3bIBAIOT BHEIIHIOI cepy, a 3aTeM B POAUTEIBHOM IaJIe)Ke NPUBOJIAT HA3BAHUS JIUTAHI0B BHYTPEHHEH
cepbl U pyccKoe Ha3BaHHWE KOMIUIEKCOOOPA30BaTeNsl C YKa3aHUEM €ro CTEIICHU OKHCIICHHs apabCKHUMHU
nudpamu, Harpumep:

[Pt (NH3)3CI]Cl - xmnopun TpuammusxioporiaTussl (+2);
[Cr(H20)4Br2] Br —6pomu TeTpaakBagubpomMoxpoma (+3);
[Ni(H20)6]SO: — cymnbdar rexcaaxBanukess (+2);

2) Ha3BaHWE AaHMOHHBIX KOMIUICKCOB HAYMHAIOT C BHYTPEHHEH cepbl — Ha3BaHWE JIMTAHIIOB M
JIATHHCKOTO KOMIUIEKCO00pa3oBaTesisi C OKOHYaHHEM -am, 3aTeM — PYCCKOe Ha3BaHHE KaTHOHA BHEIIHEH
cepsl, HalIpUMep:

Ks[Fe(CN)e] — rexcarmmanogeppar (+3) xanus;
(NH,)2[Pt(OH).Cl4] — murunnpoxcorerpaxioporiatuHar (+4) aMMOHHS;
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Nas[AlFg] — rexcadropoaaroMuHaT HATPHS;

3) B HEWTpaNbHBIX KOMIUIEKCAX BHA4alleé HAa3bIBAIOT JHTaHAbl (C ydeToM amndaBuTa), 3aTeM
CIIe/yeT PyCCKOE Ha3BaHHE KOMILIEKCOOOpa3oBaTels 0e3 yKa3aHUs €ro CTCICHU OKHCICHUs (TIOCIIeIHssA
OJTHO3HAYHO MOXKET OBITh OIPE/ICICHA C YUSTOM DICKTPOHEHTPATIbHOCTH KOMILIEKCA), HAPUMEP:

[CrPO4(NHs)s] — Tpuammurdocharxpom;

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

[Co(NO)3(NH3)3] — TpuaMMUHTPUHHUTPOKOOAIBT.

CBs13p MEXy BHEITHEH W BHYTpeHHEH cepoil MMeeT MOHHBIN XapaKTep, CBsI3b BO BHYTPEHHEH
chepe — KOOPAMHAITMOHHBINA (HOHOPHO - aKIENTOPHBIN, CEMHUTTIOJISIPHBII).
BHyTpeHHsIst KoOpIMHAIMOHHAS chepa s KOMITICKCOB KATHOHHOIO M aHHOHHOTO THITIOB YCTIOBHO OTIRISICTCS OT
BHEIIHeH chepbl KBAPaTHHIMH CKOOKAMU.
CyIecTBYIOT COSIMHEHUS, COCTOSIIINE W3 KOMIUICKCHBIX KATHOHOB M aHHOHOB:

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

[Cr(NH5)s] [CO(NO»)s] — rexcanvTpokobaisTar (+3) rekcaaMmuHXpoma (+3);

[Pt(NH3)sCI][Pt(NH3)Cl3] — aMMunaTpHXITOpOIDIaTHHAT (+2) TPHAMMHUHXIOPOIUIATHHE (+2).

Comi  HEKOTOPBIX METANIOB, OCOOCHHO B KOHIICHTPUPOBAHHBIX PACTBOpPAX, CIOCOOHBI
pearupoBath MEKIy co00#, 00pa3yst KOMILICKCHBIC COSAUHECHUS — AVMOKOMNIEKCHL:
AuCl3+AuCls <« Au[AuClg] — rekcaxmopoaypar (+3) 3osota (+3) ;
Cdl; + Cdl; < Cd[Cdl.] — TeTpaitomokaamar (+2) KaaMusi.
Pasnuuaror nepBUYHBIA M BTOPHYHBIM IIPOTOJIM3 KOMIUIEKCHBIX cOoeAuHEHMWM. llepBUYHBIN
NPOTOJIN3 — OTHICTUIGHUE BHEIIHEH cgepbl, OOBIYHO MPOTEKAET MO THIY CHIBHBIX JIIEKTPOJIUTOB.
Hanpumep, 17151 KOMIUIEKCOB:

K2[PtCle] <H—20> 2K* + [PtCle]%;
[Cu(NH3)41cl, <22 5[Cu(NH3)4 12" +2C1.

CreneHp MEPBUYHOTO TPOTONM3a JJS Pa30aBICHHBIX PACTBOPOB KOMIUIEKCHBIX COEIWHEHUHN
00bryHO 100 % nnun 61M3Ka K 3TOH BeIHMYNHE.

BropuuHOoMy TpOTONU3y TOJBEPralOTCsl KOMIUICKCHbIC HOHBI. [IpW 3TOM HX CTENeHb
NpoTOJIN3a BechMa Maya. Pacmaj mpoTekaeT MO THIY CJIa0bIX 3JIEKTPOIMTOB. TuN mpoTonm3a —
CTYIICHYATHII, KOTOPBIH ONMCHIBACTCS YPABHEHHUEM 3aKOHA JICHCTBUS Macc.

KosmvecTBEHHO MpOIECCHl MPOTONHM3a KOMIUICKCHBIX HOHOB XapaKTEepU3yeTCs KOHCTAHTOU
HEeCTOUKOCTH (Kyecr) HITH 0OPATHOI i BETMUMHOM — KOHCTAHTOU YCTOWIHBOCTH (Kyer).

PaznuuaroT KOHCTaHTHI MPOTOJIN3a CTyMeHYaThle U o0mpe. CTyneHYaTbie KOHCTAHTHI CBSI3aHBI C
OTUICTICHHEM OJIHOTO JIMTaHJa OT KOMIUIEKCHOTO MOHA MJTH MOJIEKYJIbI, a OOIIHe KOHCTAHTHl YUUTHIBAIOT
PABHOBECHBIC KOHIICHTPAIMKM KaK JIUTaHJOB, TaK M KOMIUIEKCOOOpa3oBarelis, 00Opa3yloIIuxcs B XOje
IpoToNM3a 1o BceM cTyneHsm.Hampumep, mportomus kommekcHoro moHa [Cu(NHs)4]?* mpotekaer B
YeThIpE CTYIICHH:

2+
1) [Cu(NH3) 41" © [Cu(NH3)g]™* +NH3;  Kyeers = [[CU(NH3)s] ]ENH:*] =107-1072;
[[Cu(NH3)4]*"]
2+ 2
2) [CU(NH3)3]% ©[CU(NH3),]%" +NH3,  Kpeers _[[CuNHy), ] ][2'\”"3] ~186-107%:;
[[Cu(NH3)3]"]
2+ 3
3) [Cu(NH3),1%* > [CUNH3]>" + NHj; Kyeen = L[Cu(NH5)] ][';'H3] ~4,68-107%:
[Cu(NH3)417]
2+ 4
4) [CUNH3]?" > Cu®" + NH3; Koo MG IINAST 5 4974

Tl ~
2+
[[Cu(NH3)1™"]
CyMMapHO€ ypaBHEHHE MPOTOJIN3a BHYTPEHHEW KOOPAMHALMOHHON cepbl BbIpaxkaeTcst 00mMM
YpaBHEHHUEM:

[Cu(NH3) 412" <229 [Cu(H,0)41%" +4NH;.
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3HayeHue OOMIeH KOHCTAHThI HECTOMKOCTH OIpENEISIETCs MPOM3BEIACHUEM BCEX CTYIEHUYATHIX
KOHCTaHT HecToikocTH. Hampumep, mist mona [Cu(NHs)s]?* o6utas koHCTaHTa HecTOHKOCTH GYeT NMeTh
BUI:

2
KHCCT([CU(NH3)4] +) = KHCCT]_ 'KHeCTz 'KHeCT3 'KHeCT4 =
_[Cu(H20)41°1-INH3]"
[Cu(NH3)41% )

Ipumeuanue. Crynenyarsiii nporonus nona [CU(NH3)4]** B BoAHBIX pacTBOpax MpeicTaBieH B
BHIE, KOTOPbIi OTBEYACT MPUHYUNY COXPAHEHUS NOCMOSHCMBA — KOOPOUHAYUOHHO2O — YUCIA
Komniekcoobpazoeamens. Jloka3zaHo, 4TO TPH OTPHIBE OT KOMIUIEKCHOIO HMOHA JIMT@HIa €ro MecTo
3aHHMAIOT MOJICKYJIbI BOJIBI:

—951.10713,

[CU(NH3)4]2+ + H,0 < [CU(NH3)3H20]2+ + NHs
B uTOre mpomecc 0IKEH 3aBepIINThCS 00pa3oBaHueM TeTpaakBakomiekca [Cu(H20)s]%".

Yem Oosibllie BeIWYMHA KOHCTAHTHI HECTOWKOCTH (MJIM MEHBIIE KOHCTaHTa YCTOWYHBOCTH),
TEeM MEHee YCTONYMBO TAaHHOE KOMIUICKCHOE COCIMHEHHE.

[IpoToiKM3 KOMIUIEKCHOIO HMOHA BO MHOTHX CIydasX JOKa3bIBacTCsi C I[MOMOIIBIO
YyBCTBUTEJIbHBIX PEAKTHBOB, OOHAPYKHUBAIONIMX B PACTBOPE KOMIUICKCHOTO COCTUHEHHS HOHBI
KOMIUIEKCO00pa30BaTes U JIUT'aHIOB.

Hanpumep, nonsl meau B kommiekcHOM coeauHenun [Cu(NHs)s]Cl, moxHO 006HapyXuTh,
npubaBHMB K paCTBOPY 3TOM COJIM PACTBOP Cy/Ib(huaa HATPHSL:

[Cu(NH3)4]Cl, + NayS = CuS 4 +2NaCl + 4NHg;
[CUu(NH3)4]%" +S72 = CuS { +4NH;

WJIK IIYTEM CBA3BIBaAHWA aMMHAKa B Ooiee HpO‘-IHbIﬁ KOMIIICKC — KATUOHBI aMMOHU

[CU(NH3)4]C|2 +4HCI > CUC|2 +4NH4C|,
[Cu(NH3)4]?" +4H* — Cu®t +4NHJ.

Komnnexcuvle coedunenus ¢ mManoycmouyueol eHympeHuel chepoii, npomonuz Komopou
nPOXo0Um NPAKmMu4ecky NOIHOCMbIO — MO 0GOUHbIE COMU, HATIPUMED:

H,0
[K(H20)6] [AI(H20)6](S0s). €——>—> K* + APF* + 250,% + 12H,0; amomokaimessie

KBAaCIIbI

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

Teopuss BaneHTHbIX cBsized (TBC) o0OBsICHAET CTpOGHHWE KOMIUICKCHBIX COEAMHEHHH
BO3HHKHOBEHHEM JIOHOPHO-aKIENITOPHOH CBSI3M MEXAy KOMIUIEKCOOOpa3oBaTelieM W JIMTaHJ[aMH.
OObIYHO [TOHOPOM 3JEKTPOHHOM Mapbl CIYXHUT JIUTAHA, akKLUenTop — CcBOOOIHBIE oOpOWTan
KOMIIJIEKCOOOPa30BaTEIS.

TBC BO MHOTHX CIy4asx IIO3BOJSIET YCTAHOBHTH 3JIEKTPOHHYIO H TPOCTPaHCTBEHHYIO
KoMIiekca. Teopusi YUUThIBAET MPH 3TOM XapaKTep BAICHTHBIX OpOWTaliel IEHTPaIbHOTO aToMa B €ro
rUOPUIHOM MJIM HETUOPHIHOM COCTOSTHHU.

OCHOBHBIE THIIBI THOPUIIHBIX COCTOSIHUI KOMIUTIEKCOOOpa30oBaTeNsi U COOTBETCTBYIOIUE UM
TIpOCTpaHCTBEHHBIE CTPYKTYphl: SPp — ymmeitnas ([Ag(NHs)2]*, [Cu(NHs):]"); sp® — terpasmpuueckas
([Cu(NHs)a]**, [NiClg]*"); d?sp® ([CoFe]*) unu sp®d?® ([Co(CN)s]*) — okrasmpuueckas. KpampaTHo-
TLIOCKOCTHOH CTPYKType oTBeuaeT dsp’-rubpuausaius, Hanpumep, 11 komiuiekcaoro nona [Ni(CN)4]?

Oco60 1eHHyI0 HHDOpMANUIO 00 JIIEKTPOHHOM CTPOCHHHM U TEOMETPUYECKOW CTPYKType
KOMITJIEKCOO0Pa30BaTeNs MMEIOT €ro MarHUTHBIE CBOMCTBA. [lapaMarHUTHBIE KOMILJIEKCHI IMEIOT B CBOEM
COCTaBe HeMapHBIC IEKTPOHBI — OHU BTATMBAIOTCA B MarHUTHOE I0JI€, a TMaMarHUTHBIE, B KOTOPBIX BCE
AJIEKTPOHBI CIIAPEHBI, H3 MATHUTHOTO ITOJISI BHITATKUBAOTCSL.

MarauTtHelii MOMEHT KOMIUTIEKca (i) BeIpakaloT B MarHeToHax bopa (oxun M. b = 0,927-10
apr/raycc), KOTOpbIi MOXKET OBITh BBIYHCIIEH U3 (hopMyIna Buaa:

u=-n(n+2), (7.1)
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rae N — 4KCIIo He CIIapEHHBIX SJIEKTPOHOB B aTOME HIIM HOHE KOMILIEKCOOOpa30BaTelIs.
DKcrepuMeHTaabHass HHGOPMAIUS O BEJIMYMHAX MarHUTHOIO MOMEHTA MO3BOJSIET CYIHTH O
THIE TUOPUAN3AIMH [IEHTPAIBLHOIO aTOMa U O TEOMETPHH KOMILIEKCA B LIEJIOM.
VIMeHHO BEJIMYHMHBI MarHUTHBIX MOMEHTOB JIJIsi KOMILUIEKCOB C KOODMHAIIMOHHBIM YHCIIOM 6
TIO3BOJIMIIM BBECTH TOHSTUS GHewneopbumanvroii NSNPnd? u enympuopbumansnoti (n—1)d’nsnp® -

THOPHTA3ATIHIH.
BHyTprHOpOHTAIBHBIE KOMILIEKCHI — JHaMarHUTHBI WM HU3KOCITHHOBBIE, COJEPIKAT OJUH HIIH
nBa Hecmapennbix sektpona ([CO(CN)e]* u /PdCls]* — nmamarHuTHBI); BHEIIHEOPOHTAIbHBIE —

BBICOKOCIIMHOBBIE, BKTIOUAIOT 3 — 6 HecrapeHHBIX amektpoHa ([COFs]® — fowen = 4,8; 4 HecmapeHHBIX
snektpona; [MNCls]® — fisen. = 5,95; 6 HecIapeHHBIX SIEKTPOHOB).

TBC y0OenutenbHO TOSCHSIET CTPOCHHE KapOOHHJIOB METAJUIOB C HYJIEBOW CTENEHBIO
oKHcIeHns. Bo30yXIeHHOE COCTOSIHAE aTOMa KOMILIEKCOOOpa30BaTelisi MOXKET MPUBECTH K CIIAPUBAHHIO

AE
d-2meKTPOHOB, HampHMep, y TAKMX aTOMOB Kak XpoM (... 3d°4S'4p° ————> 3d°4s%4p°), xeneso (...

3d°4S%4p° L)3d84s°4p°), nukens (... 30%4S%4p° L)3dl°4s°4p°). OTcroa TMOHSATHO
obpa3oBaHMe JHAMAarHUTHBIX KoMmiuiekcoB — kKapboumnoB: [Cr(CO)s], [Fe(CO)s] u [Ni(CO)4]
COOTBECTBEHHO.

Teopus xkpucrammnaeckoro moins (TKII), B otmuane ot TBC, yuuThiBaeT 35meKTpocTaTHUECKOE
BIIMSIHHUE JIUTaHI0B Ha 0-OpOMTaM KOMILIEKCOOOpa3oBaTelsi, KOTOPOS HEOJMHAKOBO M3-3a MUX pPa3HOM
MPOCTPAHCTBCHHOW OPUCHTAIINH.

Jlokazano, uro o> u d¢’y>- opburamu (d,- ypOBEHB) HCIBITHIBAIOT GOJee CHIBHOE
OTTAJIKUBAHHUE TOJ] BIMSHHUEM 3JIEKTPOCTATHUECKOTO TOJIS JINTAHO0B, YeM OpOuTamu Oy, Ox.- 1 Oy (de -
YPOBEHB).

B okrasgpuueckom mosie  d-opOHMTand  KOMILIEKCOOOpa3oBarenss MPHOOPETAIOT — 1Ba
9HEPreTUYECKHUX YPOBHs: 1) ¢ MeHbIel dHeprueil d; — ypoBeHb, BKIIOYAIOUIUA TPH OpOUTATH Uxy, Oxo- 1
dy2; 2) ¢ Gonee BEICOKOI 3Heprueii d,- ypoBens, conepxammii a8e d;*- u dy.,> opouTanm.

DHeprusi paciieryienust (A) — pasHOCTh MEXIYy SHEeprusiMd ypoBHew d,- u d., duciIeHHAas
XapaKTePUCTUKA PA3HOTO BJCKTPOCTATUYECCKOTO JEHCTBHUS TMOJISA JIMTAHJOB HA MPOCTPAHCTBEHHOE
pacnpernesieHnue AIEKTPOHHOH TIIOTHOCTH 0-opOuTaseil KoMIIeKcooOpa3oBaTels.

BenunumnHa A He0IMHAKOBA IS PA3HBIX JIMTAHAOB M 3aBUCUT OT WX MPUPObIL. BennunHa sHeprun
pacuienyIeHus, BbI3bIBAEMast Pa3HBIMU JIMTAHAAMH, BO3PACTACT B CICAYIOIIEM MOPSIKE:
I"<Br <ClI' <F <OH < C;04<H;0 <NHz <NO, <CN <NO<CO,
T.€. K&X/BIH CIEAYIOMUI TUTaH ] co3aa€T OoJiee CHIIbHOE MoJIe, 4eM mpeasiaynuil. [Ipusenennas
MOCJIEIOBATEILHOCTD HA3BIBACTCS CHEKMPOXUMUUECKUM PSIOOM.

Jlucanowr craboeo nons pacmojaraloTCs B Haudane psaga, o0jgamaroT BechbMa Maioi A. d-
OpOurtann KOMIUIEKCO0Opa3oBaTenss ¢ TaKUMHU JIUTAHJIAMU 3aIOJHSIOTCS B COOTBETCTBHU IPABUIIOM
XyHna (abconomuas GenuyuUHa CyMMapHO20 CRUHA 8 NOOYPOBHe O00NXCHA Oblmb Maxkcumanvrou). llpn
3TOM DHEPTUsl OTTAJIKWUBAHHS JIBYX CHAPEHHBIX DSJIGKTPOHOB OKA3bIBACTCS BBINIEC, YeM BelUYMHA A.
KoMrutekchl, copepikaiiye JUranpl ¢iadoro mois, BCeraa apaMarHiTHbI.

Jlueanowi curbHo20 NOJis BEI3BIBAIOT BEChMa 3HAYUTENBHYIO SJHEPTHUIO paciuerieHus. [Ipu sTom
SHEPrusl OTTAJKUBAHUS JIBYX CHAPEHHBIX DJJIEKTPOHOB OKA3bIBACTCS MEHBIIE, YeM BeIMuuHa A.
IMocieioBaTeIbHOCTh  3aIOJIHEHUST  AJICKTpOHAMU  O-YpOBHS KOMILIEKCOOOpa3oBaTelisi  CleAyromias:
CHaJaja WeT 3al0JIHCHNUE OJMHOYHBIMH, 3aTE€M — CIIAPCHHBIMH 3JIEKTPOHAMH opOuTaneii d,, mocie yero
AIIEKTPOHAMU 3amoiHA0TCs d,-opouTanu. KoMIiekcHble COSAMHEHNS, COACPIKALINE JIMTAH bl CHIIBHOTO
HOJIS1, THaMarHUTHBI WX SIBJSTFOTCS] HU3KOCITHHOBBIMH.

TKII 00bsicHIET OKpacKy KOMIUIEKCHBIX BEIIECTB C HAJIMYHEM y KOMILIEKCOOOpa30oBaTels
BakaHTHO# opOutanmu Ha O,- momypoBHe. [Ipu mepexone snmexTpoHa ¢ O, Ha O, MOXYpPOBEHb SHEPruUs
norjomaemMoro cera (E) mpu 3TOM aJeKBaTHAa SHEPTUHM paciierieHuss (A), 4YTO Omnpenensercs
CJICTYIOIIMM COOTHOIIICHUEM (11 OTHOT'O MOJIh BEIIIECTBA):

A, IPic/mons = ENa = hvNa = hcNa/A = 0,1196/1, (6.2)
rae Na = 6,02:102 — nocrosunas Asoraapo; h = 6,6:10°4 JIsx-c — nocrosnnas Ilnanka; ¢ = 3-108
M/C — CKOPOCTh CBeTa; V(CM 1) M A(M) — 4acTOTa U JJIMHA BOJIHBI HOIJIOIIAEMOTO CBETa COOTBETCTBEHHO.

LlBeT — 3TO 3pUTENbHOE OMIYIIEHHE JIEKTPOMArHUTHOTO U3Iy4YeHHs ¢ JuimHaMu BoiH 400 —
760 um (1 um = 107° m). Eciu Bce majarouye Jy4d OTPaXKAIOTCH, TO BEIIECTBO — OECIIBETHOE, €CIIU
HOJIHOCTBIO MOTJIONIAIOTCS — YepHoe. [Ipu n30upaTenbHOM MOTJIONICHHH OUTYIICHHUE IIBETHOCTH CO3AI0T
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NPOIIE/ANINE WM OTPAKEHHBIE BEIIECTBOM JIydd. Takod I[BEeT Ha3bIBACTCS JIOTIONHUTEIHHBIM HITH
HaOmoxaeMbIM (cM. Tabm. 9.1.35).

Merton MonekysipHbIx opoutaneir (MMO) sBisieTcss caMbIM YHUBEPCAIBHBIM TIPH OTIMCAHUU
XUMHYECKOHN CBSA3M B KOMIUIEKCHBIX coenHEeHUsX. MMO yunThIBaeT B3aMMHOE BIUSHUE OpOMTANICH KaK
KoMITIeKcooOpasoBares, Tak u urangoB (B ommuane ot TKII) npu o6pa3zoBaHNN XUMHUYECKHUX CBSI3EH B
KOMILIICKCaX.

Tabnuya 7.1 Tabnuya yeemnocmu

JnvHa BoJH, IBer

Hwm CrnekTpanbHblil Habaronaemplit
400 - 435 ®DuoneToBkIH 3eN1eHOBATO-XKENThIH
435 — 480 Cunnit Kentorit
480 - 490 3e/1eHOBaTO-CUHUI OpaHKeBbIit
490 - 500 CuHe-3e1EHbII Kpacubrit
500 - 560 3eneHslii [TyprrypHbIit
560 — 580 Kenro-3enensiit DuoNeTOBBIH
580 — 595 Kenterit Cunnit
595 - 605 OpaHxeBbIi 3ereHoBaTO-CUHUH
605 — 730 Kpacusrit CuHe-3eNeHbIi
730 — 760 [TypmypHbIit 3eneHbId

MMO ocHOBBIBacTCS Ha B3aMMOJICHCTBHU aTOMHBIX OpOHUTaleH, MPUBOAAIINX K 00pa30BaHUIO
MHOTOLIEHTPOBBIX MOJICKYJIAPHBIX OpOUTaJiel, UMEIOMMX pa3Hbie dHeprun. OOpa3oBaHUE CBSA3BIBAIOIINX
MOJIEKYJISIPHBIX opOuTaieit (6°°) naéT Ha HIKHUX SHEPreTHYECKUX YPOBHSX, paspbixistiomux (o”*F) — 3a
CYET BEpXHUX.

Mexny ypoBHAMU ¢ U ¢”*” HaXOmATCSA YPOBHHU CJ1a00 CBA3BIBAIOIIMX, HE CBS3BIBAIOLIUX W
c1abo paspeIXisronux opourtaneit (o;). MonekynspHble OpOWTaNd 3aloNHSAIOTCS JIIEKTPOHAMHU B
cooTBeTcTBHH ¢ npuHImunom [laymm u npasunom XyHna.

MMO ocHOBaH Ha OYEHb CIIO)KHOM MaTeMaTHYeCKOM ammapare, 4TO TPENsATCTBYEeT €ero
HIMPOKOMY HCITOJIb30BAHUIO.

Oo0pa3oBanne KOMIICKCOB KATHOHAMH

[IpucoenuHenne JNHUTaHIOB K KOMIUIEKCOOOPAa30BaTEN0 MOXET IMPOUCXOJUTh TOCPEACTBOM
00001IeHNs STIEKTPOHHOW Maphl, MPUCOCTUHSIONMIEHCS TPYIbl (KOMIUICKCH BHEIPEHUS) MM 32 CUET
3NIEKTPOCTATHYECKUX CHJI NPUTSDKEHHUS MOJIEKYJ, OOJaJaroluX IUIOJbHBIM MOMEHTOM (KOMILIEKCHI
NPUCOCANHEHHS).

Monekynbl W HWOHBI, CHOCOOHBIE BBHIMOJNHATH POJIb JIMTAHJIOB, IO AKTHBHOCTH MOXHO
PAacIIONIOKUTh B CIIELYIOLINHA P

H,0 >NH:;>NO, >CN>1>Br>Cl>F.

Ecan B kauecTBe JMIraHIOB HUCHOJB3YIOTCS HOHBI, MEPEYUCICHHBIE BBIIIE, TO MOJIYYarOTCS
KOMIUICKCHBIC COCIUHCHHMS THIA JBOWHBIX coJici. YeM OoJibllie BeIMUMHA KOHCTAHThI HECTOMKOCTH, TEM
MEHee MPOoUYeH KOMIUIEKC M TeM OJIFDKE 110 CBOMCTBAM JTaHHBIN KOMIUIEKC K JBOMHON COJIH.

KommuiekcHble coeMHeHUs ¢ BOAOH M TMAPOKCHIBHOHIPYIINOHA B KayecTBe JTUTAHA0B

UzBectHO, 4TO O€3BONHBIN cynbpar Mean (Mennblid kymopoc) CuSOs OecrBereH, HO TpH
JNO0aBIIEHNH BOJBI OH TMPHOOpETaeT CHHEe OKpallMBaHWE. DTO IMPOUCXOJIUT BCIEJCTBHE BHEIPCHUS
MOJIEKYJ BOJIBI BHYTPb KPUCTATMYECKON PEIETKH COMM U 00pa30BaHUsI KOMIUIEKCHOTO THAPATA.

[Ipn npeiictBuM  1enoded HaA COJNM  METALIOB (32 HWCKIIOYEHHEM  MICJIOYHBIX U
[IeTOYHO3EMENFHBIX) O00Pa3yIOTCs THUAPOKCHIBI, JIETKO DPAcCTBOPHMBIE B KHCIOTax, a amM(OTepHbIE
OCHOBAaHHUSI CIIOCOOHBI TaKK€ PAacTBOPATHCS B LIeoyax, o0pasys KOMIUIEKCHBIE HMOHBI C
COOTBETCTBYIOIIMM JaHHOMY OJJIEMEHTY KOOPAMHAIMOHHBIM ducioM. OOpa3oBaHME 3THX HOHOB B
pacTBOpe MOKHO paccMaTpuBaTh KaK IIPOLIECC ITOCTETIEHHOTO BBITECHEHHUS BOABI M3 THUAPATHOTO
KOMIUIEKCa HOHAMHU THAPOKCHIIA.

B 3aBucumoctn ot pH cpensl mpoTtonu3 cosied LIMHKAa NPOTEKaeT CTyneH4daro. B kucibix
pactBopax, rae pH<7 o6napyxusatorcs nous [Zn(H20)4]%" u [Zn(H20);0H]*.

B me#tpanpHBIX pacTBOpax, Tme pH = 7 oOpasyeTcs He HMEOIee 3apsga COSAMHCHHE
[Zn(H20)2(0OH).], xoTopoe serko tepsiet Boy, npepaiasick B ZN(OH)..
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B menounsix pactBopax, riae pH > 7 oGuapyxusatorcss monsl [Zn(OH)s]*. O6pasosanue
OPUBEICHHBIX BBIINIC COCAUHEHHH MOYKHO TaK)Ke PacCMaTpUBATh KaK CTYMEHYATYIO MOTEPIO0 MPOTOHOB
MoIeKyIaMH Bobl B Komiuiekce [Zn(H20)4]%.

Oo6pa3oBaHue KOMILIEKCHBIX AHHOHOB

MHoOTHE KHCIOPOACOACPIKAIIME KHUCIOThI TaK)KE€ MOYKHO paccMaTpuBaTh KaK KOMIUICKCHBIC
coenMHeHus. B KauecTBe KOMILIEKCOOOPa30BaTelisl BBICTYIIACT IIEHTPAIBHBIA aTOM KHUCIIOTHI, JIMTAHIaMH
OOBIYHO SBISIFOTCS. ATOMBI KHUCJIOPOIA, @ POJIb BHEIIHEH cepbl KOMIUIEKCHOTO COSTHHCHUS BBIMOIHSIOT
HOHBI BOIOpPOa. PaccMOTpUM 3TO Ha MpUMEpe KUCIOT XJIOPa.

MoH XJI0pa UMEET YeThIpe 3JIEKTPO HBIQIILY6 eTa, T.e. MOXKET SABIATHCA JOHOPOM SJIEKTPOHOB,
TIOMOJHSAS 3IEKTPOHHBIE 000JIOUKH JIPYTUX ATOMOB.

B 3aBUCHMMOCTM OT KOJNMYECTBA KHCIIOPOJA, NPUCOEIHMHEHHOTO K MOHY XJIOpa, MOXKET ObITh
00pa30BaHo 4 KMCIOPOCOAEPKALIMX KHCIOTHBIX OCTAaTKa.

[Ipy NpHCOEMHEHHH OJHOTO aToMa KHCIOpOAa 0Opa3yeTcs THIOXIOPUT- HOH, 3JIEKTPOHHOE

CTPOEHHUE KOTOPOTO MOKHO MPEACTaBUTh CIACAYIOLIUM 00pa3oM

ATOM KHCIIOpPOJa Ha BAJCHTHOW 3¢ Tp@-lH(@ -oosouke umeer 6 3JIEKTPOHOB, TMOITOMY
KHCJIOPOJy ISl 3allOJIHEHHSI JIEKTPOHHON 000JIOYKH 10 OKTeTa HE XBaTaeT JBYX DJIEKTPOHOB, a XJIOP,
UMes JIIEKTPOHHBIA OKTET, MOKET CITY>KUTh JOHOPOM DJICKTPOHOB.

Kucnopon 3aBepmiaet CBOO 3JIEKTPOHHYIO 000JI0UKY, OTTSATUBAs SJCKTPOHHBIN Jy0JIeT OT XJopa.
[Mapa 37eKTpOHOB, paHee MpUHAIEKAIIAS XJIOPY, CTAHOBUTCS OOIIel Il XJiopa U Kuciopoaa. Mexay
HUMH BO3HUKAET JIOHOPHO-AaKIIETITOPHASI CBSA3b, NPH 3TOM JOHOPOM 3JIEKTPOHOB CTaHOBHUTCS XJIOp, a
aKIENTOPOM — KHUCIIOPO/I.

BBuIy TOTO, YTO K XJIOPY MPHCOCTUHUICS HEHTPAIBLHBIA aTOM KHCIOPOa, 3apsi/i HOBOTO HOHA
OCTaJICS TIPEKHUM.

[Nogo6HO 00pa30BaHMIO MOHA TUMIOXIIOPUTA MOXKHO C MOHOM XJIOpa CBS3aTh JIBa, TPU WIIU YETHIPE
aToMa KHCJIOPO/ia, UCIIONB3Ys MPH 3TOM FOTOBBIE AJIEKTPOHHBIE TYOJIETHI XJI0pa.

Hammmmre dpopmynsi: a) xnoput-uoHa ClO, ; 6) xnopar-uona ClO ; B) nepxnopar-uona ClO .

CreneHb OKUCIICHHS XJIOpa PaBHA COOTBETCTBEHHO +1, +3, +5 u +7, a KOOpAMHAIIMOHHBIC YHCIIa
-1,2,3,u4.

KoMmuiekcHble coeqUHEHHS] B peakuusx o0MeHa

Jlns oOHapyeHHsT B pacTBOpax pa3jInYHbIX HOHOB YacTO YMOTPEONSIOT KOMILICKCHBIC
coeqmHeHus. B wacTHOCTH, /1 06Hapyx)eHus MoHa Fe™® mcnomb3yror pactop Ka[Fe(CN)s] — xentyro
KPOBSIHYIO COJIb, TECT Ha OTKPBHITHE HOHOB JKeje3a (+2) MpoBOAAT JCHCTBHEM pAacTBOpa KpPacHOM
kpossiroii cosn — Ks[Fe(CN)g].

OO6opynoBaHue U MaTepHaJIbI
PactBop xmopuma meau (+2)
PactBop cysbhuna Hatpust
PactBop ammuaka
PactBop cysbduna HaTpust
PactBop xene3oamMmmonmiinbix kBaciioB [NHiFe(SOs)2
PactBop pomanuna xamus nim ammonust (KCNS mim NH4CNS)
PactBop Ks[Fe(CN)sg]
PactBop NH4CNS.
PactBop cysbdara nuHKa
10. PactBop ménoun
11. PactBop nutpara prytH (+2)
12. PactBOp Moauaa Kaus
13. PactBopa xopuna xenesa (+3)
14. PactBop *enToii KPOBSIHOM COJN
15. PactBop KpHcTauIMuecKoro cynibgara sxenesa (+2)
16. npoGupku

CoNoaR~WNE
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Yka3aHnus 1o TexHuke 0e30IaCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3NEKTPOOOOPYAOBAHHH, SITEKTPOIIPOBOAKE, MPABMIEHO 000PYIOBAHHOM BBITSDKHOM IIKadYy.

2. T'a30BbIe KpaHbI U Ta30MPOBOJ IODKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOAHIECKU
HPOBEPATHCA.

3. Pabouee mecTo conepkaTh B OPSIKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcst OpaTh YMUCTHIM IITNATEIEM MU CIICIHAIbHON JTOXKESUKOH.

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

6. Bce ombITH ¢ BpeAHBIME U MTIAXHYIUMH BEIIECTBAMU, a TAK)KE YyIIApUBAHHE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJMTH B BBITSKHOM IIKAQYy.

7. OcTaTKu coequHEHUH cepedpa cIMBaTh B 0COOBIC CKIISTHKH.

8. Tlpu HarpeBaHWU PACTBOPOB B MPOOUPKE BCET/Ia CIeMyeT AepKaTh e€ TakuM 00pa3oM, 4TOObI
OTBEpCTHE MPOOUPKH OBLIO HAIIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsIOM coceaa.

9. He HaKJIOHATH JIMIO HAJ HATPEBAEMOH KHIKOCTHIO MITH CIUIABIISIEMBIM BEIIECTBOM.

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 IBUXKCHHUCM
PyKH.

11. XpaHHUTb pacTBOPHI KOHIICHTPUPOBAHHBIX KHCIIOT H IIEJIOYEH B BEITSHKHOM MIKady.

12. BbumBath pa30aBiicHHBIC KUCIOTHI U IIEJIOYHBIC PACTBOPHI CICAYET B CAMBHYIO CKIISTHKY.

13. Kareropuuecku 3armpeniaercst mpoOoBaTh XUMUYECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIErKO BOCILIAMEHSOIIUMUCS BemiecTBaMu (3QUphI, OEH301, CEpOyTIepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX IUTUTOK.

15. Ilpu paboTe coO CTEKIOM, XHMHYECKOW IOCYAOH, HEoOXoAuMo coOMoIaTh NpaBUiia
IPETOCTOPO’KHOCTH BO M30€KaHUE PAHEHUH OCKOJIKAMH CTEKJIA.

16. Kareropuiecku 3armpemiaeTcs OCTaBIsATh padoTaroMe IpruOOPH 6€3 HAOMFOIeHUSI.

23. B xumMuveckoit 1abopatopun He0OX0UMO paboTaTh B Xajare.

3aganusa

Omnwit 1. Kauecmsennas peaxyus na uon medu. B npoOupky momecture 10 kamenbs pactBopa
xynopusa (Wi cynbpara) mMeam (+2) W MO KamusiM JI0O0aBISIHTE pacTBOp Cyinbduaa HATpust 10
o0Opa3oBaHMs 0cajIka YEPHOTO I[BETA.

Hanmmure MonekynsipHoe 1 HOHHOE ypaBHeHHe. [IpoOupKy ¢ ocagkoM coxpaHuTe IJisl OIbITa 3.

Omnsit 2. [lonydnTe pacTBOp KOMIUIEKCHOM COJIM — aMMHakaTa MeAu. [ 3TOro moMecTuTe B
npobupky 10 kamenb pacTBopa XJIOpUa UK CyJib(aTa MEAH U 10 KaruisaM JT00aBISTHTEe pacTBOp aMMHUaKa
0 o0pa3oBaHMs 3€JIEHOTO OcajKka OCHOBHOIO xjiopuaa (cyinbgdarta) Menu. 3aTeM K NpOAyKTaM peakuu
no0aBbTe HM30BITOK aMMHaka [0 HCYE3HOBeHHs ocazaka. OOpasoBaics amMMmuakaT Menau. Pactsop
KOMIUIEKCHOM COJIM OCTaBbTE JIJIS CJAEAYIOUIETO OMbITA.

Hanumwure MomnekynspHoe ¥ HOHHOE ypaBHEHHE peaknuii. KakoBa KoHQHTypalusi KOMILIEKCOB
[Cu(NH3)4]** 1 [Cu(H20)]**? OnuimmTe X MarHUTHBIE CBOKCTBA.

Onpit 3. Jns o6HapykeHus noHoB Meau CU?* B KOMILIEKCHOI COMM K MOJTYYEHHOMY B OTBITE 2
aMMHaKaTy MeJ 110 KaIuIsiM MPHOABIISTHTE pacTBOp cylb(duaa HATpus 10 oOpa3oBaHHs YEPHOTO OcCaKa.
CpaBHUTE MOJIyUYEHHBIN 0CAI0K C 0CAJKOM, ITOJyUYEHHBIM B OIBITE 1.

3anumuTe MOJIEKYISIPHOE M MOHHOE YpaBHEHHS 00pa30BaHUs OCaAKa.

Hanummre ypaBHEeHMEe TEpBUYHOTO TMPOTOJIM3a M YPAaBHEHHA BCEX CTYMEHYATHIX IPOIIECCOB
MPOTONN3a KOMIUIEKCHOTO WOHA; 3alWIINTEe BBIPAKEHWS KOHCTAHT HECTOWKOCTH W OOpaTHBIX UM
KOHCTAHT YCTOMYMBOCTH Ul BCEX CTyNeHed mnporonu3a. Kak BBIMISAMT COOTHOLIEHHE AJsl OOLIeH
KOHCTaHTHI aMMuakara Menu? Haiinure Hy»)HYH WHQOpPMAIMIO B CIPaBOYHMKAX W BemumuTe e€. Kak
MOKHO 0OBACHUTH OKpacKy coenunenuii Cu?* ¢ mosuumii TKIT?

Omneit 4. Cpagnenue colicmea KOMIIEKCHOU U 080LiHOU coau. B mpobupky nomectute 10 kamnenb
pactBopa xene3oaMMoHUHBIX KBacoB [NHiFe(SOs)2], nobaBeTe Mo KarmisiM pacTBOp poJaHuIa Kaius
v ammonrns (KCNS ummn NH,CNS). TTosiBiisieTcst KpacHOe OKpaIIMBaHUe, XapakTepHoe I HoHa Fe** 3a
cuét oopazoBanus Fe(CNS)s.

Hanummre MonekynsipHOE W MOHHOE ypaBHEHHE peakiuu. Kakylo 4acTe BHAMMOTO CIIEKTpa
moronaer pacteop Fe(CNS)s?
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B mpyryro npobupky nmomecture 10 kanens pactBopa Ks[Fe(CN)s] u Takxke mo kamisM mobaBbTe
paBHblii 0666M NH,CNS. TTosBuock 11 kpacHoe okpammBanue? CoIepKuT M pacTBOp HOHEI Fe**?

OmeiT 5. [IpUroToBbTE THAPOKCH] LWHKA U MEpEeBEAUTE €ro B UMHKAT. /i1 3TOro K pacTBOpy
cyibdara nuHKa N00aBbTE MO KalllsM PAacTBOP WIEIOYM A0 MOSIBICHHS OcCaJKa TWApokcuaa muHka. K
MOJMYYeHHOH cMecH J00aBbTe HW30BITOK INENOYM JI0 TIOJHOTO PAcCTBOPEHUS ocajgka. Hamwmmmre
MOJIEKYJISIPHOE M HOHHOE YpaBHEHHE peakiuu 00pa3oBaHue THAPOKCHIA U [IMHKATA.

OmneiT 6. Haneiite B mpoOUPKY HECKONBKO Kareidb HUTpaTa pTyTH (+2) u m006aBbTe MO KarlisaM
pacTBOp MOAUAA KAIHS IO 00pa30BaHUsI OCaIKa.

Hanumvre MonekynsspHOe U HOHHOE ypaBHEeHHe peaknuu. K oOpazoBaBiieMycsi Ocaiky HOIUAA
pTyTH mnpuOaBbTe W30BITOK HOAWIA Kalusi A0 TIOJHOTO pacTBOpeHHs woaunpa pryTtd. OOpasyercs
KOMITIEKCHas conb. M300paszute GpopMyiy NoIydeHHOH COJM, 3HasA, YTO CTETIEHb OKMUCIICHHUS PTYTH paBHA
(+2), a xoopmuHarionHoe uwnciao 4. MoHBl #ioma — JWTaHIBI, WOHBI Kajlus — IPOTHBOHOHBI W,
CIIeZIOBATENbHO, PACIIONIOKEHBI BO BHEIIHEH KOOPAWHAIIMOHHOMW cdepe.

Hanumwure monekymnsapHoe W MOHHOE ypaBHeHHE oOpazoBaHMs KomiulekcHoM comu. Kak TBC
00BACHSET PEKTPOHHYIO CTPYKTYpY KoMILiekcHoro noHa [Hgls]®? Kakoii THII ru6puam3amyy KaTHOHA
Hg?" B sToM komiutekce? KakoBbl MaruuTHbIe cBoiicTBa [Hgls]* ?

Onwit 7. Tecm Ha omxpwimue owcenesa (+3). B mpobOupky momecture 10 kamenb pacTBopa
xyopuaa xemeza (+3), U Mo KarmmsaM J00aBISHTE PacTBOP JKENTOH KPOBSHOW CONM 0 00pa3oBaHUS
roiry0oro ocanka OepIMHCKOH JIa3ypH.

Onwit 8. Tecm na omxpvimue dcenesa (+2). B npoobupky nmomecture 10 karmenb pacTBOPEHHOTO B
BOJIE KPHCTALTHUECKOTO cyiabdara sxemeza (+2), mpubaBere 1o kamisiMm pactBop Ks[Fe(CN)e].
Habmromaercst oOpazoBaHme ocaika XapaKTepHOTO CHHETO IBeTa (TypHOYIUIeBa CHHB). JTO COCTUHEHHE
oOpasyeTcsi B pe3yJibTare HernoiaHoro 3amenieHus noHoB kaius B Ks[Fe(CN)s nonamu xenesa (+2).

Ipumeuanue. JIokazaHo, 4To TypHOYIJIeBa CHHb B OEPIIMHCKAS JIa3yph TOJTHOCTHIO UACHTHYHBI 1
HUMCIOT OJTUHAKOBBIE POPMYIIBI.

Hazosute, ucnonb3ys npaBuwia MIOITAK, xentyro U KpacHyr0 KpOBSIHYIO COJIb, HW3HAYaJIbHO
obpa3sylomuecss CoMM NpU OTKphITMH HoHOB Fe?* m Fe®'; xakoit (opmynoii omuceIBaeTCs cOCTaB
TypHOyJUleBoii cuHM u OepnuHckod nasypu? Jlaiite nHazBanue d5tod comu. Kak TKII omnmceiBaer
anexTponnsie cTpykTypsl [Fe(CN)s]* u [Fe(CN)s]®? YkakuTte nx MarHuTHbIE CBOHCTBA.

Conep:xaHue oTyeTa
[Tony4yennslie qaHHble 3auKcupyiite B Tabnuie 7.2 o cienyrouei gpopme:
Tabmuna 7.2. Pe3ynbpTaThl SKCIIEpUMEHTA

Ne i/ | PearenTtsl XHUMHUYECKas peakius HaoOmonenus

1

gl

KoHTpoJibHBbIE BONIPOCHI
ba30BbIii ypoBEHB

1. Kakue coeiiHEHNS HA3bIBAIOT KOMILUIEKCHBIMH?

2 Uem 00BSCHSIETCS UX MHOTO0Opasue?

3 Ilouemy TpyaHo paTh BceoObemimollee (OYEHb IOJHOE, HCUYEpIBIBAIONIEE) OIpeeiCHHEe
KOMIUIEKCHBIM COETMHEHUSIM?

4 Kto aBTOp KoopauHarmonHoi Teopuu KC? Korna ona mosBuiacs?

5 U3 kakux snemeHToB coctosit KC? [IpuBeaute npumepsl.

6 Kakas cBs3b HaspiBaeTcs JOHOPHO-aKLUENTOPHOW WM KoopauHauuoHHoW? Kaxol arom,
MOJIEKYJIa WK MOH siByisieTcst 1oHopoM B komiuiekcax [Cr(CO)s], [Ag(NH3)2]", [AlH4] ?

7 Kak paccuuThIBaeTCsS CTENEHb OKUCIIEHHS KOMIUIEKCOOOpa3oBaTelsi W 3apsii KOMIUIEKCHOTO
noHa? OTBET NMOSICHUTE Ha IPUMEPE KOMILIEKCOB Bolpoca 6.

8 Ha xaxue THIBI MOgpa3AEIAIOT KOMIUIEKCHBIE coenHenus? [IpuBenuTe mo aBa mpuMepa Takux
COCIMHEHWUN U TaliTe UM Ha3BaHUS.
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9 Yto Takoe KOOPIMHAIMOHHOE YHCIO KOMIUIeKcooOpazoBarens? Kakne 4acTHIBI HA3bIBAIOT

muraggamu? OTBET MOSCHUATE Ha TIpUMepax.
I1oBBIILIEHHBIN YPOBEHD

1 Yem OIICHMBAIOT MPOYHOCTH KOMILICKCOB? Hamuimure BhIpaKeHUs JUIsi KOHCTAHT HECTOHKOCTH
¥ KOHCTAHT yCTOWYMBOCTH [ist KomIuiekcHbIX HoHOB: [Ag(NHs)2]™, [Ag(CN)2], [Ag(NO)2] .

2 B uem oTiiM4MeE ABOWHBIX COJIEN OT «TUIUYHBIXY» KOMILIEKCOB?

3 Kakue KOMILIEKCHBIC COSTMHEHHS OTHOCAT K arumokomMiniekcam? Kakue k ayrokomriniecam?
IIpuBeauTe MpuMepHI.

4 Kak TBC o0mscHsieT 00pa3oBaHHe XUMHUIECKOM CBSA3HM B KOMILTIEKcax?

5 Kakue koMILIeKChl Ha3bIBatOT kapOoHuaamu? OObsICHUTE 00pa30BaHUE TAaKUX KOMIUICKCOB C
MO3UIIMH TCOPUH BAJICHTHBIX CBS3CH.

Cnncok JuTepaTypbl, peKOMeHAyeMbIi K HCN0JIb30BAHUIO 110 JAHHOU Teme

OcHoBHasi TUTEpaTypa:
1 Koporun, H. B. O6mas xumus : yueonuk / H. B. KoposuH. - 13-¢ u3n., nepepab. u gom. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuart). - Pek. MOuH P®. - IIpun.: c. 461. - buGnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XuMus okpy>Karoliei cpensl : XuMus KUBBIX opranu3zmMoB. Kype nexmmii / E. C.
Muxanuna, A. JI. Iletenun. — M. : U3gatensckuii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Tekcr : aneKkTpoHHBIHN // DnekTpoHHO-OMbIHMoTeynas cuctema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxwum mocTyma: ajsi aBTOPH3HP.
II0JIB30BATENEH
JlonmoiHUTeILHAS JIUTEPaTypa:
1 I'munka, H. JI. O6mas xumus / H. I'. I'nmuaka ; [lox pen. A. W. Epmaxosa. - Uzn. 30-e, uctp. - M. :
Wurerpan Ipecc, 2003. - 728c. - bubauorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-017-1
2 XMUs METAIUIOB : ydeOHoe 1mocoOue (1S CTYIGHTOB XMMHUYECKOTo (PaKyIbTeTa HalpaBiIeHUH
OaxamaBpoB «XuUMHs» U « XUMHUYECKast TeXHOIOTHs») / coctaButenu O. A. ['onoBanoBa. — OMCK :
Owmckwii rocyaapctBeHHbIi yHuBepeuTeT M. ©.M. Jloctoesckoro, 2015. — 552 ¢. — ISBN 978-5-
7779-1875-8. — TekcT : aneKTpoHHBIN // DnekTpoHHo-0ubmmoTednas cucrema [IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum mocTyma: st aBTOPH3HP.
I0JIB30BATENEH

HNuTepHeT-pecypceni:
1 http://window.edu.ru/ — exuHOE OKHO J0OCTyMa K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — DBC «YHuepcureTckas OMOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — 351eKTPOHHBI KaTAIOT aCCOIMAIIMHI JIEKTPOHHBIX OHOIHOTEK yUeOHBIX
3aBenieHuil 1 oprannzanuit CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OtkpsiTOoe 0Opa3oBaHue

Tema 8. OkHCIHUTEIBLHO-BOCCTAHOBUTEIbHbIE PeaKIIUM
JlaGopaTopHnas padora 8. OKHCIMTEIbHO-BOCCTAHOBUTEIbHbIE
[lens pa®oTel: M3yueHne OKUCIHTEIBHO—BOCCTAHOBHUTEIBHBIX PEAKIINiL. Y PaBHUBAHHE OKHCIIUTEIILHO-
BOCCTAHOBUTCIIBHBIX peaKLII/Iﬁ MCETOJAOM JJICKTPOHHOI'O OanaHca
®opmupyemble KOMIETEHIIMM WU X YaCTH:

Kon DopmyIHpOBKa

OIIK-2 Crnioco0eH NpuMeHSITh COOTBETCTBYIOLIUI (PU3NKO-MaTeMaTUYECKUN
anmnapar, METO/bl aHAJIN3a U MOJIEIMPOBAHUS, TEOPETUUECKOTO U
HKCIEPUMEHTAIBHOIO UCCIIEJOBAHUS MPU PEIIEHUH NPO(HECCHOHAIBHBIX
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3aJa4

TeopeTuyeckas 4acThb
Teopnﬂ OKHC/IUTECJIBbHO-BOCCTAHOBUTEJIBbHBIX pealcum”l

Peam;uu, 68 Komopbslx npoucxodum U3MeHeHUe cmeneHnell OKUCTeHUS amomos, HA3vblearomcs
OKUCIUMEJIbHO-60CCNMAHOBUMETbHBIMU.

B IMPOCTBHIX BEIIECTBAX CTCIECHU OKHUCJIICHHUA aTOMOB pPaBHBI HYJIIO. I[J'IH CIIOJKHOU MOJICKYJIbI
cymmMa CTerneHer OKUCICHUS BXOAAIIUX B €€ COCTaB aTOMOB TaKXK€ JOJIZKHa OBITh paBHA HYJIIO, IJI1 HOHA
— €ro 3apsanuy.

OKHclIEHHEM HA3bIBAETCS Impouecc OTAa4Ym aToMOM MOJ'IGKynOﬁ WM HOHOM BJICKTPOHOB:

Al —3e — AI3*
Fe’t —e - Fe®*
2ClI~ —2e - Cl,.

B npouecce okucneHus NpoUCXOANT MOBBIIEHUE CTCIIEHH OKUCICHHUS.
BoccranosinenneM Ha3bIBaeTCsl MpOIECC NPUCOECTUHEHHS 3JEKTPOHOB aTOMOM, HOHOM WITU
MOJIEKYJIOMH:

S +2e —S2*

Cl, +2e — 2CI~

Fe3* +e > Fe?™

[Ipu BocCTaHOBIEHHUN CTETIEHb OKHMCIICHHSI IIOHIKACTCS.

B 3aBucuMocTH OT ciocOOHOCTH OTaBaTh WM IPHHUMATE DIIEKTPOHEI BCE BEIIECTBA AEISATCS Ha
OKHUCJIUTENN U BOCCTAHOBUTEIIH.

OKuciumenu — 3mo amomsvl, UOHbL UTU MOJIEKYIbl NPUCOOUHAIOWUe 3ieKmponsl. Bo epems
peaxkyuu OHU 80CCMAHABIUBAIOMCAL.

Boccmanosumenu — smo amomvl, UOHbI UlU MOJIEKYbl, KOMOpble OMOAOm 21eKmponsl. Bo
8peMs peakyuy OHU OKUCISIIOMCA.

[Iportecch OKUCIIEHUS ¥ BOCCTAHOBIICHHUS BCET/IAa TIPOTEKAIOT MapaUIebHO, YTO MOYKHO BBIPA3UTh
CIEYIOLENH CXEMOM:

Boccranosurens (B1) — € <> okucaureins (O1)

Oxkucnurens (0z) + € € BoccTaHOBHUTEND (By).

CrnenoBaTenbHO, OKUCIUMENbHO-80CCIMAHOBUMETIbHbIE PEAKYUU NpedCmasisiom coool eOuHCmao
08YX NPOMUBONOIONCHBIX NPOYECCO8 — OKUCIEHUs U 8OCCMAaHO6IeHUs. B 3TuX peaknusax oOmiee 4nucio
AJIEKTPOHOB, OT/IABAEMBIX BOCCTAHOBHUTENIEM, PABHO OOIIEMY YHCITY, IPHCOCTUHIEMOMY OKHCIUTEIICM.

[Ipu 5TOM HE3aBUCHMO OT TOTO MEPEXOISAT JIHM MIEKTPOHBI C OHOTO aTOMa Ha APYTOi MOJIHOCTHIO
WINA JIMIb YaCTUYHO OTTATMBAIOTCS K OJHOMY M3 aTOMOB, YCJIOBHO TOBOPST TOJBKO 00 OTHaue u
MPUCOCMHEHUH DIICKTPOHOB.

B OBP oxucnurenp W BOCCTAaHOBUTENb pEArHPYIOT JPYT C JPYrOM B 3KBHUBAJIEHTHBIX
KOJINYECTBAX.

Oxeusanenmom oxkucaumens (0O) uru eoccmanogumensn (B) Hazvieaemcs makoe KOAUYECMBO UX
MOJlb, KOMOPOe NPUCOeOUHAem Ui Omoaem OOUH MONb INEKMPOHOS, YMO OMPANCAEMC s Ce0YVIOuUMU
Gopmynamu:

2(0), monv = 3 uinu I(B), monb = i,
Zg Zg
IJI€ Ze — YHCIIO HJIEKTPOHOB, KOTOPOE MPUHUMAET OKHUCIUTEH O WM OTIAET BOCCTAHOBUTEID B.
MonbHast (MM MOJIIpHAs) Macca SKBUBAJIEHTA OKMCIUTENS O M BOCCTAHOBUTES B BBIPAXKAETCS B
[/MOJIb U OTIPENIEIISIETCS U3 COOTHOLIEHUH CIIEIYIONIETO BU/IA:

1) st okmcuressi— M (i 0), 21 monw; 2) nnstBoccTanoBuress — M (i ,B), 2! monw -
Ze e
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TonbKO B pOIH OKHUCIHUTENS BRICTYTAIOT YaCTHUIIBI, UMEIOIINE MaKCHMaIbHO BO3MOYKHBIE CTETICHH
OKHCeHU (HampuMep, Ul Mapranma — 31o (+7), misd azora (+5) ¥ T.1.); TOTBKO BOCCTAHOBHTEIS — C
MUHHMAJTBHOW CTETEHBIO OKUCICHHUS (T cephl — 310 (—2), amst azota — (-3) u T.11.).

Yacmuysl, umerowue npomMedcymoyHvle CmeneHyu OKUCIEHUS, MO2YM NpPOAGIAMb CEOUCMBA KAK
oKuciumens, mak U 80CcCmManosumens. ITO OOYCIOBICHO: XUMHUYECKON MPHUPOION peareHTa-mapTHEPa;
YCIIOBUSIMH U XapaKTEPOM Cpefibl, B KOTOphIX potekaer OBP.

Hampaenennocts OBP  ompenensiercss BenMYWHAMHM 3HAYCHHWH CTaHJAPTHBIX TOTCHIMAJIOB
peareHTOB: okucauTenh (O Bcerma wmMmeeT Oonpmmid (10 anreOpandecKodl BeIMYHMHE) CTaHOApTHBIN
MOTEHIMAII, Y€M BOCCTaHOBHTEN B.

Hampumep, B kucnoii cpene cmemmbaror nea BemectBa: KoCroO7 m NaNO,. Kakoe u3 3tux
BEIIECTB OyJeT OKHCIUTENIEM, KAKOe — BOCCTaHOBUTENEM?

O6paTuMcs K crpaBouHbIM gaHHBIM: ¢°(Cr.072 + 14 H*/2Cr*® + 7TH,0) = 1,33 B; ¢°(NOs™ +
2H"/ NO; + H,0) = 0,78 B.

Ipumeuanue. Pexomennyercs ucnonb3oBath yueOHoe nocodue: H.C. Axmero, M.K. Asu3oBa,
JLU. banpruna. JlabopaTopHbIE W CEMHHApPCKUE 3aHATHS IO OOIIeH W HEOPTraHMYECKOW XMMHH. M.:
Bricm. mkona, 2002.

Tak xak p°(Cr.07 2+ 14 H*/2Cr*3 + 7TH,0) > ¢°(NO3 + 2H*/ NO; + H;0), mo oxucnurenem
oynet sBasThcs KoCraO7.

KonmuecTBeHHON XapakTepucTHKOM TiryonHbl nmpotekanns OBP sBrsercs 3HaueHre KOHCTaHTHI

paBHOBECHS:
0/Ay_ .0
|ng:¢>KD ¢ (B)
0,059

rie ¢°%(0) m ¢°B) — craHmapTHEIE NOTEHIMANbl OKHCHHTeNs O W BOCCTAHOBHTENS B
COOTBETCTBEHHO, B; Zy — cyMMapHOe KOJMYECTBO ANEKTPOHOB, MPUHUMAIOIINX ydacThe B qaHHoi OBP.
Koncranra pasaoBecust OBP cBsizana ¢ norenimanom ['ub6ca (Ix/moins-K):

AG? = -2,303RT Ig K P (8.2)
Dueprusa I'n66ca, B cBoro ouepesp, caasana ¢ IJIC (A¢p®) nocrosuuoit ®apanes (F) u uuciom
3JIEKTPOHOB, yuacTByonux B OBP:

AG®, Jioc/mons-K = —nAg°F, (8.3)
Ap® = ¢°(0) — ¢°(B) — DJIC OKHMCIHTENHHO-BOCCTAHOBHTEIBHOH PEAKIIMH TIPU CTAHJAPTHBIX
yCIOBHSIX, B.
s cranpaptheix yenosuid: T = 298,15 K = 298,2 K; R = 8,314 JIx/monbK; F = 96450 =
96500 K/MOITB-3KB, TTOTYYUM POPMYITY YIO0OHYIO JUTsl pACUETOB:

GK P F 96500
gKzgg = =
2,303RT 2,303-8,314-298,2

nAp® =16,90nA¢°.

(8.4)

B ycrnoBusiX OTNMYHBIX OT CTaHAAPTHBIX, OKHCIWUTEIbHO-BOCCTAHOBUTEIBHBIC MOTEHIIHUAIIBI

(OBII) u 5AC OBP, nporekalommx B BOIHBIX PacTBOPax, 3aBHCAT OT KOHIIEHTpaluuH (TOYHEE,
AKTUBHOCTEH) y4aCTBYIOIIMX B MPOLIECCE HOHOB. DTa 3aBUCMMOCTD BhIpakaeTcsi popmynoit HepHera:

0,059, [O]
lg =t
[B]
riie 90/ — CTAaHMAPTHBIH MOTEHIMAN pearenTa (OKHCIUTEH 1M BoccTaHoBuTens), B; [O] u [B] —
KOHIIEHTPALMK OKMCIEHHON M BOCCTAHOBJIEHHOW (pOPM pEareHTa, MOJIL/IM®, Z — YUCIIO JIEKTPOHOB B
MOJTypeaKLy 7Sl JAaHHOTO peareHTa.
Ipumeuanue. Cnemyer Bcerjia HOMHUTH, YTO KOHIIGHTpAINX BceX ydacTHUKOB OBP B ypaBHeHHH
(7.5) sBnstoTest MmonsipHbIME KoHIICHTpatusiMu (Cy (X)), a He MonspabiMu dkBuBasieHTa (C(1/2 X)).
Ha 3nauenne OBII n Ha xapakTep NPOAYKTOB PEAKIIMH JOCTATOYHO CUIBHOE BIUSHUE OKA3bIBACT
pH pactBopa, B kotopom mporekaer OBP. Hampumep, npu pH < 7 3HaueHue cTaHIApPTHOIO
MOTEHIHAIA JJIsl CHCTEMBI:

@’ (MnO; +8H ™" /Mn** + 4H,0) =151B .

¢,B= gong + (8.5)
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wpupti=7- @0 (MNOg +2H,0/MNO, +40H ) =06 B .
on>7- @ (MnOZ / MnO32) = 0,564 B.

Baknelime BOCCTAaHOBUTENN: aTOMBI META/UIOB, Bogopoa, yriepon, CO, H.S, H.SOs;, NaNO,
Na»S,03, HI, HBr, HCl, FeSQOq,, CrCI3, MnSO4, NHs.

Bakneiirme OKHCIUTENN: TAIOTEHEI, XJIOpaThl, KKHCI0po, 030H (O3), KMNnOa4, K2Cr,07, KoMnOs,
H202, H2SO4 (xony.), HNOs, PbOs.

TUNBI OKMCINTETHHO-BOCCTAHOBUTEIbHBIX PeaKkuid
PaznnuaroT Tpu THIIA OKUCIUTEIHHO-BOCCTAHOBUTEIIBHBIX PEAKIIMIM:
a) BHYTPUMOJIEKYJISIpHBIE; 0) TUCITPOTIOPLIMOHUPOBAHUS; B) MEKMOJIEKYIISIPHEIE.
Buympumonexynapuvie OBP — 2mo maxkue peakyuu, 6 KOMOPLIX U OKUCAUMENb, U
60CCMAHOBUMENb  HAXOOAMCA 6 COCMmage OOHOU MONEKYbl, HO AGIAIOMCA NpU IMOM  PAIHLIMU
9neMeHmamu.

2KNO; —->2KNO, + 0,
2N —2e > N*°
12072 + 4e <> O,.

Peaxyuu  oucnponopyuonuposanuss — OBP, 6 x00e Komopulx O00uUH U3 JJIEMEHMOS,
cooeparcawyetics 8 00HOU MoeKyile, 0OHOBPEMEHHO U NOGbIULAEN, U NOHUMCAEN CIeneHb OKUCTIeHUSL.

Cl, + 2KOH — KCIO + KCI + H,0
1|C|2 —2e & 2CIT
1|Cl, —2e <> 2CI™

K amcnipornoplimoHMpOBaHWIO CIOCOOHBI TIOYTH BCE YACTHUIBI, WMEIOIIUE IMTPOMEXYTOUYHYIO
CTEIEHb OKUCIICHUS.

HauGosee pacrnpocTpaHeHHBI pEaKlMd TPEThEro THIA, KOTOPHIE MPOTEKAIOT C HM3MECHEHUEM
CTETNICHH OKHCIICHHS aTOMOB B Pa3HBIX MOIIEKYJIaX, T.e. OKHUCIHTENh M BOCCTAHOBHUTEIh HAXOMIITCA B
pasHbIx BemiecTBax. Cro/ia ke CleyeT OTHECTH W PEaKIMH MEXIY Pa3HBIMH BEIIeCTBaMH, B KOTOPBIX
aTOMBI OJTHOT'O U TOTO K€ DIIEMEHTA UMEIOT PA3TUIHYIO CTCTICHb OKUCICHUS:

5HCI + HC|03 —> 3C|2 +3H20
112C1™ +10e <> CI3
512CI~ —2e & CIS

OobopynoBanue 1 MaTepuaJIbl
PacTtBop Opomuaa Hatpust
PactBop Gen3omna
[Ipobupku
PacTtBop lo1HOM BOJIBI
PacTBOp KpHCTAIIIOB HOANAA KAIHS
[Tepexucs Bogopoaa
Kpucrannos nepmaHranaTa Kaius
PactBop Na,SO3
PactBop HUTpHTa HATPUSL
10. PactBop Guxpomara Kajus
11. PactBop GpoMHOIi BO/IBI
12. Topomkoo6pasHast cepbl

©CoNoasWdDE
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13. TuoranaT Kanust

14. PactBop comnu xene3a (+3)

15. PactBop SnCl;

16. PactBop cynbdara meau CuSOq

17. XKenesuslii rBo31b

18. PactBop nepmanranara kaaus KMnO, ¢ xonnenTpanumeii C(KMnOg) = 0,02 mons/am3,
19. pactBopa ceproii kucnotsl kucnota HaSO4 ¢ konuenTpanmeii C(H2S04) = 2 Mons/ame,
20. Pacteopa ménoun NaOH ¢ konuentpamumeit C(NaOH) = 2 mons/mm®

21. PactBopa cynbdura nHatpus Na,SOj3 ¢ konnenrparueii C(Na,SOs) = 2 mons/ame.

22. PactBopa cynbdata xenesa (II) FeSO4 ¢ konnentparuein C(FeSO4) = 2 monb/am3.

23. PactBop azotnoii kucaotel HNO3,p(HNO3) = 1, r/em®

24. meyiHas POBOJIOKA

25. Tuxpomar kamus K,Cr.07 ¢ xonuenTpanmeii C(K,Cr,07) = 2 mons/am?

26. Pactopa Hutpura Hatpus NaNO; ¢ konnenrpamueii C(NaNO2) = 2 mons/mm®,

Yka3aHus 1o TexHuke 0e301aCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3IIEKTPOOOOPYIOBAHHH, HIIEKTPOIPOBOJIKE, MPABHIBHO 000PYIOBAaHHOM BBITSDKHOM IIKAQYy.

2. T'a30BbIe KpaHbI U ra30MPOBOJ IODKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPUOIHIESCKU
MIPOBEPSTHCA.

3. Pabouee MecTo comepxkaTh B OPSAKE M YUCTOTE.

4. Cyxwue peakTuBbl TpeOyeTcsi OpaTh YHCTHIM IITIATENEM HIIH CIIEIUAIbHON JIOKEUKOI.

5. Uznumex peakTrBa HE BBUIMBATH OOPATHO B COCY/l, U3 KOTOPOTO OH OBLI B3SIT.

6. Bce ombITH ¢ BpeAHBIMH U TTAXHYIUMH BEIIECTBAMH, & TAKKe yapuBaHUE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJIUTH B BHITSHKHOM IIKady.

7. OcraTKu coeqUHEHUI cepedpa ciMBaTh B 0COObIC CKISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUPKE BCeT/a cieayeT AepiKaTh e€ TaKuM 00pazoM, 4TOOBI
OTBepCTHE MPOOUPKHU OBUIO HAINIPABJIEHO B CTOPOHY OT pabOTAOIIEro PsIOM COCea.

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

10. He cnenyer BIbIXaTh MMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYIy C THUMHU
BerecTBaMu. HroxaTh BemecTBa MOYKHO JIMIIb OCTOPOXKHO, HANPABIISIA K ceOe Mmapbl WM Ta3 ABHKCHUEM
PYKH.

11. XpaHuTh pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT U IEJIOUEH B BHITSHKHOM IIKady.

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

13. Kareropuuecku 3amperiaercsi mpoOoBaTh XMMHUYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIErKO BOCILIAMCHSIOIIUMUCS BellecTBaMH (3QUphI, OCH30J, CEPOYIIIEpPO U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHSI M BKJIFOUSHHBIX TUTUTOK.

15. Ilpu paboTe coO CTEKIOM, XHMHYECKOW TIOCYNIOH, HEOoOXOAMMO COOIIIO/IaTh IpaBUIIa
IPEOCTOPO’KHOCTH BO M30€KAaHUE PAHEHUH OCKOJIKAMHU CTEKJIA.

16. Kareropuuecku 3arnpeiiacTcs OCTaBIATh pa0doTaroIMe IpuOopsl 0€3 HAOIIOICHUS.

24. B XxuMHYecKoO JabopaTopun He0OX0IUMMO paboTaTh B Xajare.

3ananus

Omeir 1. K pactBopy Opommna HaTpust B HNpoOMpKE NpHICHTE HEMHOTO XJOPHOM BOABI U
HECKOJIbKO Kamenb OeH3ona. BerpsixauTe comepskumoe mpoOupku. BepxHuit cioit okpacuics B Oypbrit
uBeT. UTto sABNsAeTCS MPUYMHON OKpacku? HammmimTe ypaBHEHHE PEaKIMH W COCTABBTE AIIEKTPOHHYIO
CXEeMy U3MEHEHHUS CTeNeHeN oKucaeHus a1eMeHToB. Onpenenure 3/C 3Toil peakum.

OnpiT 2. (ONBIT MPOBOAUTE B BHITSHKHOM Hikady). B mpobupky Haneiite 1 cm® fogHol Bojbl 1
TakoH jxe 00bEM OeH3oJ1a. [IpoOUPKY BCTPSIXHUTE HECKOJILKO pa3. OOpaTHTe BHUMAHKE Ha I[BET BEPXHETO
OenzonbHOrO cios. IlomyueHHbI pacTBOp COXpaHUTE AJIsi CPAaBHEHUSI.

B cyxyio npoOupky HachllbT€ HEMHOTO KPHCTAIIOB HMOAMIA Kajus (OCTOPOXKHO!), IO CTEHKE
npobupku TpubaBpTe 2-3 Kamil pacTBOpa KOHIIEHTPHPOBAHHON CEPHON KHCIOTHL. Beimemsercs
razoo6pasueiii mpoaykT ¢ 3amaxom HzS. K comepxumomy mpoOupkm mpuieiite 1 cm® Gensona u
OCTOPOXHO BCTPAXHHUTE HECKOJBKO pa3. OOpartuTe BHUMaHUE HA OKpacKy OeH3ompHOro ciosi. CpaBHHTE
3Ty OKPACKy C OKPACKOM, IMOTYICHHON BaMH TIPH BCTPSIXUBAHUH HOTHOM BOIBI ¢ OCH30JIOM.
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Hanumure ypaBHeHus peakiuil. CocTaBbTe MOHHO-3JIEKTPOHHYIO CXEMY M3MEHEHMS CTeleHen
OKHCJICHHSI aTOMOB PEarupyoIyx BemeCTB.

Omnmit 3. K 2 cm® pactBopa nepmanranara kanus KMnO4 106aBbTe paBHbIii 00bEM pa30aBiIeHHOI
CepHOW KHUCIOTHI M Mepekucu Bomopona. OOpaTtuTe BHHUMaHHE Ha HM3MEHEHHME IBeTa B pacTBope. K
OTBEPCTHIO TPOOWPKH TIOJHECHUTE TICION[YI0 JYy4dnHKY. UTo mpm sToM HaOmomaercs? Kakoit ras
BBLIEIACTCA?

Hanumwure ypaBHeHHe NaHHOW peakluM B MOJEKYISIpHON M moHHOH (opmax. Koaddumments:
OIIpEeJIeJINTE C IIOMOIIBIO0 METO/1a 3JIEKTPOHHO-MOHHOTr0 OanaHca.

OmnpiT 4. (OnBIT TPOBOAUTCA B BBHITSHKHOM mIKady). B cyXyio mpoOupKy HacBHITBTE HECKOJBKO
KpPHCTAJIOB NIEpMaHraHaTa Kajusl U OCTOPOYKHO MPHUIIEHTE HECKOJIBKO Karellb pa30aBIeHHOTO pacTBOpa
consiHoi kucaoTe (1:1). Beinensercs ra3 (ocTopoxHo!), HOHIOXANTE ero.

Hanumure ypaBHeHHE NaHHOM peakUHM M COCTABbTE 3JICKTPOHHO-MOHHYIO CXEMY HW3MEHEHHS
CTETIEHEeH OKHCIICHHUS 3JIEMEHTOB, YUYaCTBYIOIINX B PEAKLIUH.

OnwiT 5. B Tpu otnenbHble npobupku BHecute 1-2 cm® pactBopa KMnOy, a 3aTeM 106aBbTE B 5TH
MPOOHPKH paBHBIE OOBEMBI: B TIEPBYIO M3 HUX — PAaCTBOP pa30aBICHHON CEPHOM KHUCIOTHI, BO BTOPYIO —
BOy, B TPETbI0O — KOHLEHTPUPOBAHHBIA pacTBOp Iieioud. [locme yero B KaxIylo u3 HPOOHPOK
npubasbTe 1-2 cm® pactBopa Na;SOs. UeM 00BACHUTL MpOMCIIEANINE U3MeHeHns? Hanuiure moaHbie
ypaBHenus: OBP, ncmonb3yss HOHHO-3NEKTPOHHBIA MeTol. OneHnTe rIyOnHY MPOTEKaHUs MPOIECCOB B
KaxzaoM ciryyae. OT 4ero 3aBUCUT OKHUCIUTENbHAsI aKTUBHOCTh IIEpMaHTaHT-HOHA?

OnwiT 6. K nBymM cM® pacTBopa HMTpUTAa HATpus MpHIEHTE PaBHBIA 00BEM pacTBOpa CepHOM
KHCJIOTHI U JOOABbTE IO KaIIsiM HEOOJbIIOe KOJMUECTBO pacTBopa noauaa kanus. OOpaTute BHUMaHHE
Ha U3MEHEHHE 1IBETa pacTBOpa.

Kaxoe BemectBo Bbienuinochk? CocTaBbTe ypaBHEHHE COOTBETCTBYIOIIEH peakuuu. Onpenennure
KO3 GUITUSHTHI METOIOM IOJTypEaKIInH.

Onpir 7. Haneiite B mpo6upky 1-2 cm® pacTBopa Guxpomara Kanus, 100aBbT€ K HEMY JBOMHON
00BEM pa36aBIeHHOM cepHON KHMCIOTHI M 4-5 cM® pacTBopa HuTpuTa HaTpus. OOpaTHTe BHUMAHHE Ha
W3MEHEHHUE [[BETa pacTBopa. Hamuimmre MosieKyasipHOe ¥ MOHHOE YpaBHEHUs aHHOH peakuuu. [logbop
K03(pPUILIMEHTOB OCYIIECTBUTE METOJOM 3JIEKTPOHHO-HOHHOTO OajaHca.

OmnmiT 8. K 2-3 oM® OpOMHOH BOJBI TIPHUJIEHTE PACTBOP IIEJIOYH IO MOIHOTO 00ECIBEYNBAHHS
pactBopa. CocTaBbTe 3JICKTPOHHO-MOHHOE YPaBHEHHE JaHHOW PEaKIMU M ONpeaeianuTe Kod(QHuimeHTs
METOJIOM TOJIYpEaKIUH.

Omnwit 9. K 2-3 ¢M® KOHIEHTPUPOBAHHOTO PAacTBOPA THAPOKCHIA HATPHS 100aBbTE HEOOJBIIOE
KOJINYECTBO MOPOIIKOOOPa3HOW cepbl. CMeCh KUIISITUTE JI0 NCUE3HOBEHHUs cepbl. COCTaBbTE IEKTPOHHO-
WOHHBIE CXEMbI I3MECHEHHsI CTETICHEeH OKMCIICHHs PearnpyrollnuX BemecTB. Hanummire HoHHOE U TIOJTHOE
ypaBHeHus1 aaHHOM peakuuu. K xakomy tunmy OBP oTHOcuTcst manHOoe mpeBpamienue? IloueMy atomsl
Cepbl CIOCOOHBI K TAKUM MPEBPAILCHUAM ?

Ot 10. K pacteopy ( 1-2 cm®) TmonmanaTa kanvs (WM aMMOHUS) IPHOABBTE TAKOH JKe 00BEM
pactBopa comu xene3a (+3). Kakoif mBeT moydeHHOTO pacTBopa? 3aTeM K OKpaIIeHHOMY PacTBOPY
HpHOABIISIOT MO KaruisiM 10 TMOJHOro obecuBeurnBanus pactBop SNCly. Kakue mporiecchl mpoucxXoasT B
pactBopax u nodemy? Paccunmraiite DJIC peaximm BocctaHoBneHus Fe®" momamm Sn?*. Paccumraiite
u3MeHeHne >Heprun I'm66ca (4G’ ,.) u xoucranTy paBHOBecus (K¥.,) mmst dToii peakimu. OleHHTe
riyOuHy €€ mpoTeKaHusl.

Onwir 11 B npoGupky naneiite 1-2 cm® pactsopa cymbdara menu CuSOs u omyctute Tyna
3QUHMIICHHBIA ¢ MOMOIIBIO HAXIa4yHOW OyMaru »Kejie3Hbli rBo3/b. [locTaBbTe MPOOUPKY B LITATUB Ha 5
MHUHYT. Yepe3 5 MUHYT OTMETbTE M3MEHEHHsI IIOBEPXHOCTHU JKEJIE3HOTO TBO3AA M 3aHECHTE UX B rpady
«HaOmroneHus».

Hanumwvre ypaBHEHHE OKHCIHTEIbHO-BOCCTAHOBUTEIEHOW PEAKIUM U YPaBHSIUTE ee 10 METOIY
AJNIEKTPOHHOTO OajnaHca. YKaXUTE OKUCIUTEIh W BOCCTAHOBUTENb. [lONB3ysiCh PSJIOM HaNpsDKEHH,
YKa)KUTE, KAKUE METAJUIBl MOTYT BBITECHSTH MEb U3 PACTBOPOB €€ CoeH.

Onpir 12 B Tpu mpoGupku Haneiite mo 2-3 cm® pactBopa mepmanranara xamus KMnOs ¢
xounerTpanueir C(KMnO4) = 0,02 mons/mv3,

- B nepayto npodupky no6asste 1-2 cM® pactBopa ceproii kucnotsl kuciaora HaSO4 ¢
koHneHrpamueit C(H2SO04) =2 MOJIB/ M.

- Bo BTOpYI0 Npo6upKy 106aBbTe 1-2 ¢M® AUCTHILTMPOBAHHOMN BOJIBL.

B tpethio npobupky nobassTe 1-2 cm® pactBopa ménoun NaOH ¢ koruenrpanueit C(NaOH) = 2
MoJTb/aM°,
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Bo Bce mpobupku Haneiite mo 3-4 cm® pactBopa cynbdura Hatpus Na,SO; ¢ KoHIEHTpanueit
C(NazS03) = 2 mons/am3,

OTMeThTE U3MEHEHHE IIBETA PACTBOPOB B KAXKIOW U3 MPOOUPOK C yUETOM 3aBHCUMOCTH OKPACKU
COEIMHEHMI MapraHma oT ero CTerneHu okucieHus: non MnOs~ umeeT GrOIETOBYIO OKpacKy, MnOs> —
3enényro, Mn?* — cmaGopo30ByI0, a IPH MaJoil KOHIEHTPAIMHU — OECLBETHYIO. 3aHECUTE HAOIIONCHHS B
rpady «HabmoneHws.

Hanumwure ypaBHeHUS! OKUCITUTEIHHO-BOCCTAHOBUTEBHBIX PEaKIMi U YpaBHSINTE X IO METOAY
3IIEKTPOHHOTO OanaHca. YKaKUTE OKUCIUTENh U BOCCTAHOBHUTEIIb.

Omneit 13 B npo6upky Haneiite 1-2 cm® pactsopa nepmanranata kanust KMnOgs ¢ koHIeHTpanuei
C(KMnOg4) = 0,02 mons/nm® mobasbre 1 cm® pactBopa ceproii kucnotel HoSOs ¢ KoHIEHTpauuei
C(HzS04) = 2 mons/am® u npuseiite 1 cm® pacteopa momuna kanus Kl ¢ konuenrpanmeit C(KI) = 2
MOJIB/ M,

3adukcupyiite U3MEHEHHE [BETA paCTBOPA M 3aHeCUTe HaOmoneHus B rpady «HabmoneHus».

Hanumwure ypaBHeHUS! OKUCITUTEIHHO-BOCCTAHOBUTENBHBIX PEaKIMi U YpaBHSINTE UX IO METOAY
3IIEKTPOHHOTO OanaHca. YKaKUTe OKUCIUTENh U BOCCTAHOBHUTEIIb.

Oneir 14 B mpobupky Hamedite 1-2 cm3 pactBopa mnepmanraHata kamms KMnO4 ¢
koHueHTpanuein C(KMnO4) = 0,02 mons/nmm3, mobaBere 1 cM3 pactBopa cepHoii kuciaoTsl H2S04 c
kounenrpamueir C(H2SO4) = 2 mone/mm3 u mpuieiite 1 cMm3 pactBopa cymbdara sxenesa (II) FeSO4 ¢
koHnerTparnueir C(FeSO4) =2 moms/am3.

3adukcupyiiTe U3MEHEHHE 1IBETa PACTBOPA M 3aHeCUTE HaOmoneHus B rpady «BeiBoabl. HabmoneHus».
Hanuimwure ypaBHEHHS OKHCIHTEIEHO-BOCCTAHOBUTENBHBIX PEAKIUN M YPaBHANUTE UX MO METOLY
3JIEKTPOHHOTO OajlaHca. Y KaXUTe OKUCIUTEIb U BOCCTAHOBUTENb.

Omnsit 15 B npo6upky Haneiite 1-2 cm® konnenTpupoBanHoii a3otHoi kuciaorsl HNOg,p(HNO3)
= 1, r/em® .OnycTuTe B NpOOHMPKY 3aUMINCHHYIO HaXKIAuHON OymMaroil MemHyro IpoBosoky. Harpeiite
NpoOUpPKY HA TIAMEHU Ta30BOM TOPENIKU 1 MOCTaBbTe €€ B IITATHB Ha 5-10 MUHYT.

3adukcupyiite BbIgENCHHE Ta3a B MPOOUpKE, IIBET BBIACISIONICTOCS ra3a M M3MEHEHHE IIBETa
pactBopa. 3aHecute HaOmoneHus B rpady «HabmoneHvs».

Hanumwure ypaBHEHHs] OKUCITUTEIHHO-BOCCTAHOBUTENBHBIX PEaKIMi U YpaBHSINTE X IO METOY
AJNIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENh U BOCCTAHOBHUTENb.

Onwir 16 Haneiite B npobupky 1 cm® pactBopa nuxpomara kamust KoCr,O7 ¢ KoHIEHTpanueii
C(K2Cr,07) = 2 mons/am® Jlo6aBbTe B pobupky 2-3 cm® ceproit kucnotsl HoSO4 ¢ KoHIEHTpanuei
C(H2S04) = 2 mons/mm® u 2-3 cm® pactBopa murpura Hatpus NaNO: ¢ koruentpauuneir C(NaNO,) = 2
MOJIB/ M3,

3adukcupyiiTe HM3MEHEHHE LBETa pacTBOpa. 3aHecuTe HaOmoAeHus B rpady «BoIBOIEL
HaGuronenus».

Hanumure ypaBHEHHs] OKUCITUTEIHHO-BOCCTAHOBUTENBHBIX PEaKIMi U YPaBHSINTE X IO METOY
3JIEKTPOHHOTO OajlaHca. YKaXUTe OKUCIUTEIb U BOCCTAHOBUTENb.

Conep:xanue oT4yeTa
[Tony4yennbie nanubie 3adukcupyiite B Tabnume 8.1 mo ciemyromeit popme:
Tabnuua 8.1. Pe3ynbTarhl 9KCIIEpUMEHTA

Ne i/ | Pearentsl XHUMHYECKasi peaKus Habmonenus

1

bW

KoHTpoJibHBbIE BONIPOCHI
ba30BbIii ypoBEHB
1 Yro Ha3pIBalOT CTeleHbI0 okuciieHua? Kak e€ 0003HauyalOT M KakKue 3HAUEHHUS MOXKET OHa
npuHuMaTh? OTBET NOSCHUTE HA IPUMEpPaXx.
2 Kak omnpenensercs MakCUMallbHas 1 MUHUMAJTbHASI CTCTICHU OKHUCIICHUS 3JICMEHTOB?
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3 Kakwue peakuuu Ha3bIBalOT OKUCIUTEILHO-BOCCTAHOBUTENbHBIMI? [IprBeaANTE IPUMEPEI.

4 Kakue peareHTbl Ha3bIBalOT BOCCTAHOBUTEIISIMH, KAKHUE — OKUCIUTENIMH?

5 B 1em cyTb MeTO#a nomypeakiuii? J{1st Kakux CUCTeM OH MPUMEHUM?

6 Kaxk BeIpaXkaeTcsi KOHCTaHTa PABHOBECHUS PEaKIM U YTO OHA BhIpakaeT?

7 Kak MO)XHO paccuuTaTh KOHCTaHTY paBHOBecusi? IIpuBenure cooTBeTcTBYIOIINE (HOPMYIIBI.

8 Ot Kakux (aKTOPOB 3aBHCUT IPOTEKAHNE OKUCIUTEIHEHO - BOCCTAHOBUTEJIBFHBIX peaKuuii?

9 3aBuUCHMOCTB OT KaKUX apaMeTpoB OTpakaeT ypasHenue Hepucra?

[ToBbIILICHHBIN YPOBEHB

1 Kak oLEeHMBAaIOT 3KBUBAJICHTHl OKHMCIWTENsl M BOCCTaHOBUTENsA? B Kakux enmHHIAX OHHU
BBIpaykaroTcsi?

2 Yto Ha3bIBaIOT MOJBHOW Maccol OKUCIWTENs W BocctaHoBuTensi? KakoBa mx pasMepHOCTH?
IIpuBeauTe MpuMepHI.

3 KakoBa cTpykTypa ajropuTMa MeTOla 3JIEKTpoHHOro Oananca? OTBeT HILTIOCTPUpPYHTE
pUMepamH.

Cnucok JuTepaTypbl, peKOMeHyeMblil K HCII0JIb30BAHUIO 110 JAHHOH TeMe

OcHoBHas JuTeparypa:
1 Koposwun, H. B. O6mas xumus : yuebnuk / H. B. Kopous. - 13-e u3a., mepepad. u gom. - M. :
Axanemus, 2011. - 496 c. : ui. - (bakanaspuar). - Pek. MOuH PO®. - IIpumn.: c. 461. - bubmuorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XuMust okpy>Karoliei cpesl : XuMHus KUBBIX opranu3mos. Kypc nexmmii / E. C.
Muxanuna, A. JI. I[lerenmun. — M. : U3garensckuii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Texkcr : 31eKTpoHHbIH // DnekTpoHHO-0nbanoTeunas cucrema IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum noctyna: ajist aBTOpu3mp.
MOJIb30BaTENEH
JlonoiHUTe/ILHAS JINTEpaTypa:
1 I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tox pen. A. W. Epmakosa. - Uzn. 30-e, ucnp. - M. :
Wurerpan Ipecc, 2003. - 728c. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-017-1
2 XuMHs METaJIOB : y4eOHOe mocodue (IJisi CTyIEHTOB XMMHUYECKOT0 (pakylbTeTa HallpaBIeHUH
OaxanaBpoB «XuMUS» U «XUMHUUEcKas TexHonorus») / cocrapurenn O. A. ['onoBanoa. — OMCK :
Owmckuii rocyaapcetBeHHbI yHuBepeuteT M. ©.M. loctoesckoro, 2015. — 552 ¢. — ISBN 978-5-
7779-1875-8. — TekcT : aNeKTpOHHBIN // DnekTpoHHO-0nbnmoTeunas cucrema [IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum moctyna: ajist aBTOpH3HP.
MOJIb30BaTENEH

HNuTepHeT-pecypcebl:
1 http://window.edu.ru/ — eauHOE OKHO IOCTyIa K 00pa30BaTENBLHBIM pecypcam

2 http://biblioclub.ru/ — DBC «YHuBepcuTeTckas OHOIHOTEKA OHIAWHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBII KaTAIOT aCCOMUAIMH JICKTPOHHBIX OHOMMOTEK YUeOHBIX
3aBefeHuil u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 5BC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHHe

Tema 9. OcHOBHBIE MOJIOKEHUS IJTEKTPOXUMUM.
JlaGopatopHnas paGora 9. 'anbBaHMYeCKHe 3JIEMEHThI
[{enb paboOThI: OCBOUTH COCTABICHHE CXEMbI FAJIbBAHUYECKOTO 3JIEMEHTA U METO/Ibl HAITUCAHUS
YPaBHEHUH IEKTPOIHBIX ITPOLIECCOB.
PopMupyeMble KOMIIETEHIIUN WM UX YACTH:

Kon DopmMyIHpOBKa

OIIK-2 CniocoOeH MpUMEHSTh COOTBETCTBYIOINUMA (PU3UKO-MAaTEeMaTHIECKUI
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arrapar, MCTOJbl aHAJIN3a U MOACTIMPOBAHUS, TCOPCTHUICCKOI'O U
OKCIICPUMCHTAJIBHOI'O UCCIICJOBAHUS IIPU PECIICHUN HpO(beCCI/IOHaJ'IBHI)IX
3a1a4

TeopeaneCKaﬂ 4acTb
[Tpuobperaembie komrerennuu OOIl mpu m3ydeHNM MaTepuana paszena:

OakanaBp JOHKEH NOHUMATh POJIb OXPAHbI OKPYKAOIIEH Cpellbl U pallHOHAIBHOTO
IPUPOJIONIOIB30BAHUS Il Pa3BUTHS M COXpPAHEHMs LMBUIM3aLMK; 00JIaaaTh
CIOCOOHOCTBIO M TOTOBHOCTBIO BJIQJI€Th OCHOBHBIMH METOJAMH, CIIOCOOAMH H
CpPEIACTBAaMH IOJIyYE€HHUs, XpaHEHMs, IepepaOboTKu HH(OpMAalMH, HCIOIb30BaTh
KOMIIBIOTEp KaK CPeACTBO pabOThl C MH(OpMALIUEN; a Tak ke CaMOCTOATEIbHOIO
npuoOpeTeHus: (U3MYECKUX 3HAHUW, Ui TMOHMMAHHUS MPUHIMIIOB pPadOTHI
npuOOpOB U YCTPOMCTB, B TOM YHCJE BBIXOASIIUX 32 MPEJENIbl KOMIETEHTHOCTH
KOHKPETHOTO HampamjieHusa. bakanBap OyaeT cHnocoOeH JIeMOHCTPUPOBATH
0a30Bble 3HAaHWA B OOJACTH E€CTECTBEHHOHAYYHBIX [WCLUUIUIMH W TOTOBHOCTBIO
UCIIOJIb30BaTh OCHOBHBIE 3aKOHBI B IMTPO(ECCHOHANIBHOM 1€ATEIbHOCTH, IPUMEHSTh
METO/Abl MAaTEMaTUYECKOTO aHaliu3a M MOJECIUPOBAHUSA, TEOPETUYECKOIO0 U

OKCIICPUMCHTAJIbHOI'O UCCIICIOBAHMA.

Teopernyeckue 0CHOBBI
[Ipubop, B KOTOPOM XMMHUYECKAsI SHEPrUsi OKUCIUTEIbHO-BOCCTAHOBUTEIBLHON peakiuu

MpeBpalaeTcs B AIEKTPUUECKYIO, Ha3bIBACTCS TaIbBAHUYECKUM DIIEMEHTOM.

OcHOBHas COCTaBHAsl YaCTh raIbBAHHUECKUX DJIEMEHTOB — 3JIEKTpoAbl. Yaie Bcero oHu
OBIBAIOT METAUIMYECKUMHU. DJIEKTPOJl, HAa KOTOPOM MPOUCXOTUT TPOIECC OKHUCIICHUS,
HAa3bIBAETCS aHOJIOM.

Tak, ecnu B raJlbBAHMYECKOM 3JIEMEHTE UMEIOTCS MEIHBIN U IIUHKOBBINA 3JIEKTPOJIBI, U B
TIoCyIeTHEM TIPOMCXOIMT TIPOIECC OKUcIeHus muHKa: Zn® — 2™ «» Zn?*, To MHKOBKII A71eKTPoa
OyzeT aHO/IOM.

DNEeKTPO, Ha KOTOPOM ITPOUCXOIUT MPOIIECC BOCCTAHOBIICHHUS, HAa3bIBACTCS KaTojoM. B
BEITIETIPHBEIEHHOM TIPEMEpPE KAaTOIOM SBIISETCS MeHbI anekTpox: Cu>t+ 2e” « Cu’.

DNEKTPOHBI C ANEKTPOJIa, HA KOTOPOM MPOUCXOAMT MPOIECC OKUCIEHUS, MePeXoIsiT Ha
AJIEKTPOI, TJIe IPOTEKAET MPOIIECC BOCCTAHOBIICHHUS.

TaKI/IM O6p330M, B TaJIbBAHUYECKOM JJIEMEHTC, UMCIOIIIEM B KAaUE€CTBE KaToda Me)]Hy}O 158
B Ka4ecTBE aHOJa IUHKOBYIO IJIACTHHBI, SJICKTPOHBI C IIMHKOBOM TUIACTUHBI OYIyT MEPEeXOIUTh

Ha MEIHYIO.
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10.7 DnexkTpon B rajdbBaHMYECKOM 3JIEMEHTE HAXOJIUTCS B pacTBOpPE AJEKTpoiuTa. B

HpOCTGfILHCM CJIydac SJICKTPOJIUTOM SABJIACTCA paCTBOP COJIM TOIrO METAJlJIa, U3 KOTOPOTO CACIaH

AIEKTPO/I.

TaK, B MEIHO-IMHKOBOM TraJIbBAHHUYECKOM 3JICMCHTC HHHKOBBIﬁ QJICKTPOA MOXET OBITh

MOMEIIEH B pacTBOP Cylb(dara IIUHKA, a METHBINA — B pacTBOp CyJb(hara Meau.

CJIGI[OB&TGJIBHOI IUHK IIOMCUIAKOT B pacTBOpP, coaepmamnﬁ KaTHOHbI TMHKAa, a MCAb B

pacTBOp, COAEPKAIIMN KATUOHBI MEU.

CI/ICTeMa, cocCTosAass M3 METalljla, OIYINEHHOI'o B pacCTBOp, conepmamnﬁ €ro HOHBEI,

Me"t / Me
HaA3bIBACTCs l'IOJ'IyBJ'IeMeHTOM H 0603HaqaeTc;1 (CBerY BCeraa OKHCIICHHAas

dbopma).
JlBa moJyasieMeHTa, COeAMHEHHBIE MPOBOJIHUKOM, O0pa3yrOT raJiIbBAHUYECKUN JIEMEHT

(pucynok 9.1):

e /y\\
g &

Zn Cu
— 3042- 111

— +

D9 iy el
S e = by
Zn?*+S0,? Cu?*+S04°

Pucynok 9.1 Cxema meoHO-YUHKOB020 2anb8AHUYECKO20 INeMeHma

B ranpBaHMuYeckoM 3eMeHTe OAMH 3JEKTPOJ (aHOM) pacTBOpSETCS, T.€. MOHBI MeTaslia
nepexoAsT B pacTtBop. Tak B MEAHO-IIMHKOBOM TaJbBAaHUYECKOM JJIEMEHTE MPOUCXOIUT
pacTBOPEHUE IUHKOBOM IMJIACTUHKH.

B pesynprare nepexona MOHOB LIMHKA C IUIACTUHKU B PAaCTBOP Ha IUIACTUHKE OCTAETCS
M30BITOK DJIEKTPOHOB, M OHA 3apshKaeTcsl oTpuuaTenbHo. C Ipyro CTOPOHBI, MEPEeXo] MOHOB
[MHKA B paCTBOP MPHUBOAUT K YBEJIIMUCHUIO UX KOHIIEHTPALIUH B PACTBOPE.

bnarogapst mepexony MOHOB LIMHKA C TJIACTHHBI B PAacTBOP BEC IIMHKOBOM IJIACTUHKHU
OyIeT yMEHBIIAThCA.

O,Z[HOBpCMCHHO C 3TUM Ha MCIOHOM DOJJICKTPOAC MPOUCXOAUT MNPOUCCC BOCCTAHOBJICHUA

2+ 1 2e &> Cu.

HOHOB MC€IK U3 pacTBOpPA: Cu
3a cuér aToro nmponecca KOHOCHTpAausa HOHOB MCHU B paCTBOPC YMCHBLIIACTCA, 4 MaCCa

MG}IHOI>'I ITAaCTUHKH YBCJIUYNBACTCA.

Iepexon momoB Cu?* m3 pacTBOpa Ha IIACTHMHKY TPHBOAMT K TOMY, 4TO MeHAs

IJIAaCTUHKA 3apsiKaCTCA IMMOJIOKUTCIIBHO.
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PaccmoTpenHbIi ranpBaHMYECKUi AeMeHT (3neMeHT Jlanuamst — SlkoOu) cxematndecku

MO>KHO 3aITUCaTh CICAYIOIINM 00pa3oM:
(-)Zn[ZnS04|CusOylCu(+)
WU B HOHHOM opMme:

(—)Zn‘Zn2+ Cu?*lCu(+).

OauHOYHBIE JIMHUU B CXeMax 0003HAavaloT IPpaHuIly METajll — pacTBOp, a IBOMHBIC TUHUU
— TpaHuIly MeX1y pacTBopaMu. OTpULIATENIbHBIIN 3JEKTPO/] (aHO) 3alIMChIBACTCS CIIEBA.
B ocHoBe paboThl pa300paHHOTO 3JIEMEHTA JIEKHUT OKHCIUTEIbHO-BOCCTAHOBUTENIbHAS

peakuus:

Zn+CuSO, — ZnSO, +Cu

WM B HIOHHOU (hopme:

Zn+Cu®t - Zn®t +Cu.

B rampBaHMUYECKOM 3JIEMEHTE, COCTABJIICHHOM M3 JKEJIC3HOW IUIACTHHKH, OIYIIECHHOW B
pactBop FeSOs, u CBHHIIOBO# TacTHHKH, onyiieHHOH B pactBop Pb(NOz3)2, sxene3o siBisiercs

AHOIOM. Cxema AToro JIeEMEHTA cJeayromas:
(—)Fe|FeSO4|Pb(NO3),|Pb(+).

Ha xene3nom QJICKTPOAC (aHOI[e) MPOUCXOAUT OKUCIICHHC. 2TOT Imponecc OIMUCBIBACTCA

CICOYIOUM 3JICKTPOHHO-MOHHBIM YPAaBHCHUCM!

Fe¥ — 2e > Fe*
Kenes3Hblid 3€KTPOT MPUOOPETAET OTPUTIATEIBHBIN 3apsijl.

Ha cBHHIIOBOM 31eKTposie (KaToje) MPOMCXOIHUT TIPOIecC BOCCTAHOBIEHHS HOHOB Ph?*

H3 paCTBOpa:

2+ A 0
Pb=" +2e <> Pb~,
CBUHIOBBIN 3JIEKTPO 3apSKAETCS OJT0KUTENBHO.

CYMMI/Ipyﬂ oba YpaBHCHUS, NOJTYYUM HOHHOC YPABHCHHUC pPCAKIHUH, HpOTCKaIOH_ICﬁ B

JaHHOM TaJIbBAaHUYCCKOM DJICMCHTC!

Fe+Pb%" — Fe?* +Pb.

DNEeKTPOHBl MO MPOBOJHUKY, COEIUHSIONIEMY IUIACTUHKH, OYyIyT MEpexXoJuTh OT

JKEJIE3HON INIACTUHKU K CBUHIIOBOM.
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Wtak, B raJpBaHMYECKOM 3JIEMEHTE 110 MPOBOAHUKY, COCIUHSIOIIEMY IEKTPObI, TEUET
ANEKTPUYECKUN TOK.

[osiBeHE 3JIEKTPUUECKOTO TOKA CBUICTEIBCTBYET O HAIMYMU PA3HOCTH MOTCHIHAIOB
MEXIy 3/eKTpogamu. lHade roBops, Ha OJHOM M3 D3JEKTPOAOB BO3HUKAeT  KaKOH-TO
onpeeNEHHbINA OTECHIMA, PA3JIUYHbIA U1 Pa3JIMUHBIX 3JEKTPOJIOB.

[Torenmuan, KOTOPBIA yCTAaHABIMBACTCS HA METAJLUTMYECKOM 3JIEKTPOJIE, TOMEUIEHHOM B
pacTBOp COJIM OJTHOMMEHHOTO METaJla, HA3bIBACTCS HIIEKTPOAHBIM MTOTEHIIAJIOM METajlIa.

W3mepeHHble B  CTaHIAPTHBIX YCJIOBHUSAX IOTEHLMAIbl METANIOB  HAa3bIBAIOTCSA
HOPMaJIbHBIMU (MJIM CTaHAAPTHBIMM) 3JIEKTPOAHBIMU MOTEHIMaJaMu MeTajuioB. WX 3HadeHus
JUISL pa3JIMYHbIX METAJIJIOB NIPUBEAEHBI B Ta0auie 9.1.

Yem 1erye Metayur OTHAET DIEKTPOHBI, T.€. YEM JieTde OH OKHCISETCS, TeM
OTpHIIATEJIbHEE €ro AJIEKTPOAHbIN mNoTeHnMan. VMHade roBops, MO BEIWYMHE 3JIEKTPOIHOIO
HOTEHIMAJa MOKHO CYyJUTh O CIOCOOHOCTU METajla OT/AaBaTh JIEKTPOHBI, T.€. 00 aKTUBHOCTU
MeTaia.

Bosee akTuBHBIA MeTa/ul MMeEET Oojiee OTPHUIATEIbHYIO BEIMYMHY 3JIEKTPOTHOTO
noreHnuana. Tak, HOpMajbHbIE 3JEKTPOJHBbIC TIOTEHLUANbl MarHus, LHMHKA U MeIH

COOTBETCTBEHHO paBHHI (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
METAJJIOB SBJISICTCSI MarHUH, a MEHEee aKTUBHBIM — ME/Ib.

B TaJIbBAHUYCCKOM DJJIEMEHTE, MMCIOIIIEM JIBa pa3J'II/I‘-IHI)IX MECTAIINITNYCCKUX 3J'I€KTpOI[a,
aHOJIOM OyJIeT METaJUl C MEHBIIEH BEIIMYMHON CTaHAAPTHOTO JJIEKTPOJHOTO MOTEHIHANA, T.C.
0osee aKTUBHBIM METAILII.

HaanMep, B raJIbBAHNYCCKOM JJICMCHTC
I\/Ig‘l\/lg 2*zn*|zn

HauOoJyiee OTPHUIATEICH DJIEKTPOAHBIM TIMOTEHIIMAd MAarHusi, I03TOMY MAarHUEBBIN
AIIEKTPO] OYJET aHOAOM.

Ha marnueBom snexTpo/ie (aHoAe) UAET MPOIIECC OKUCIEHUS TI0 YPAaBHEHUIO:

Mg® <> Mg?* +2e.

Ha IIMHKOBOM BHCKTpOI[e (KaTOIIe) HpOTeKaeT l'IpOLleCC BOCCTAHOBJICHUS IIMHKA:
2+ - 0
nN“T +2e > 7Zn7
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10.36 CymmapHOE MOHHOE YpaBHEHHUE PEAKIUH, IPOTEKAIOIICH B TAKOM raJlbBAHUYECKOM

9JICMCHTE, CIICAYIOIICC:

0 2+ 2+ 0
Mg®” +Zn“" - Mg“" +2Zn",
BenuunHa 31€KTpoAHOrO MOTEHIMAIA MeTalljla 3aBUCUT, TJIaBHBIM 00pa3oM, OT IPUPOIbI

MeTaljia, TEMIICpATypbl KW KOHICHTpalMKM HOHOB MCETalllla B pPacCTBOPE. OTa 3aBHCHMOCTH

BbIpaxkaeTcst ypaBHeHueMm HepHcra:

. 0,059
o =p°(Me/Me"") + = lg C(Me"™), ©.1)

rie ¢ (Me/Me™) — HopMasbHBIH 21EKTPOIHBIN TTOTEHIIHAT;

N — 9HCII0 OTAABAEMBIX (IPHHUMAEMBIX) METAJIOM AJIEKTPOHOB;

C(Me"™) — KOHIIEHTpaIs HOHOB METAIIIA B PACTBOPE, MOJIB/IM .

[Ipy KOHIIEHTpAaIlMM HOHOB METajia, PaBHOW 1 MONB/mIM®, BTOpOil ulleH ypaBHEHHS
obpamiaercs B HOMb, TOTAA @ = @, m.e. I1eKMPOOHbII NOMEHYUAl Memanid Rpu e20
xonyenmpayuu 1 monu/om® npedcmasnsiem co6oii cmanOapmHblil 2NeKMPOOHbLI NOMEHYUAL.

9J'IeKTp0,Z[BI/I)Ky1_I_Iaﬂ cuila F TanbBaHMUYECKOrO JJIEMEHTa onpeacsiCTCa pasHOCTbIO

MOTEHIMATIOR KATONA U aHofa: & = Pk —PA.

Tax, 3JIC MarHueBO-IIMHKOBOTO TaJlbBAHUYECKOTO 3JIEMEHTa, IMPH KOHLEHTPALUIX
MOHOB COOTBETCTBYIOLINX METaJUIOB OJIH MOITB/IM?,
coctapnser: E = ¢°(Zn/ Zn’*) — ° (Mg / Mg?*) = 0,736 — (—2,34) =1,604 B.

YeMm OobIIe Pa3HOCTD B 3HAYCHHUAX CTAHAAPTHBIX SJICKTPOAHBIX IMOTCHIIMAJIOB MCTAJIJIOB,
teMm Oosbire DJ]C raapBaHHYECKOTO 2JIEMEHTA, KOTOPBIA AT METaJIBl 00pa3yIoT.

CpaBHI/IM BI[C TOJBKO YTO pa306paHHor0 MAargsuc€BO-IIMHKOBOI'O TraJlbBaAHHYCCKOI'O

QJIECMCHTA C 3I[C MAardimeBO-MCIHOT' O 3JICMECHTA.
(- Mg|Mg* 202" zn(s )
C(Mg/Mg?*)=C(Cu/Cu?") =1mow/om®

E =¢°(Cu/Cu?*)—¢°(Mg/Mg?") = +0,34 — (—2,34) = 2,68B. .
Wtak, yeM panelie Apyr OT Jpyra HaxoJsaTcs MeETalibl B TaOlMIle HOPMAaJIbHBIX
ANIEKTPOAHBIX TOTEHIMANOB, TeM Ooubiie J/IC raabBaHMYECKOTrO JIEMEHTA.
Kak orMeuanocek paHee B pa3zaene, 3aBUCUMOCTb BEJIMYHH JIEKTPOIHBIX MOTEHIIMAIOB OT
KOHIEHTPAllUl OKUCJIUTEIbHOW M BOCCTAHOBUTENbHON ¢opM peareHta u oT pH cpensl

BbIpaxkaeTcst ypaBHeHueM Hepacra (9.1).
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VYpaBaenue HepHcra mosBossieT nmpoBoauTh pacueT ID/[C ranpBaHUYECKUX 3JIEMEHTOB
IIPU YCJIOBUSAX OTJIIMYHBIX OT CTAHIAPTHBIX.
N3menenne wu3obapHOro mnoTteHmuana [mOOca B cUCTEMe 4YHCIEHHO paBHO paboTe,
COBEPILAEMON B pe3yIbTaTe NPOTEKAHUS HIEKTPOXUMUYECKON PEaKLIUHU:
AG =—-A = -nAgF, 9.2)
rie A — paboTa »>JIEKTPUUECKOTO TOKA, paBHAs MPOU3BEICHUIO 4YHUCIA MOJb
IIEPEHECEHHBIX IEKTPOHOB N, HAIIPSKEHUS B JJIEKTPUYECKOU Lenu Ag U nocrossHHon Papanes
F =96 454 Ki/monb = 96 500 Kn/moss.
Jnst cTaHIapTHBIX YCIIOBHIA:
AG?=-A%=_nAyp F. (9.3)
KoHcranta paBHOBeCHs JJIEKTPOXUMHUYECKOM pEaKkUMM Uil CTAHJAPTHBIX YCJIOBHUH

omnpezensercs GopMyIoi cleayoIero BUaa:

lg K = =16,9nA¢° . (9.4)

y

BenuuuHbl KOHCTAHT paBHOBCCI/Iﬁ JJIA Pa3HBIX 9JICKTPOXUMUYCCKUX peaKL[I/Iﬁ IIO3BOJIAIOT
ONpCACIIATh CTCIICHDb UX H606paTI/IMOCTI/I.

HOCKOJIBKy BHGKTpOHHLIﬁ MNoTeHOMall METaJlJyla 3aBUCUT OT KOHLCHTpALUHU pacTBOpa, TO
MOKHO COCTaBUTH 1C€Ib HW3 OAWHAKOBBIX MCTAJNIMUCCKHUX JJICKTPOHAOB, IOIPYKCHHBIX B
pacTBOpPLI C pa3J'IPI‘-IH01>i KOHI_ICHTpaI_II/IeI\/’I HOHOB 3TOro MErTajuja — 35mo KOHL!eHmp(lL;MOHHbllZ
2aNbBAHUYECKUL ITICMEHM.

3/1C KOHIIEHTPAIIMOHHOTO 3JIEMEHTA OTPEEsIETCs IO popMyIie:

Z+
e - 0059 C,(Me?")

z 7 Cy(Me™)

rae C(Me”") — KOHLEHTpalysl HOHA METalIa B IIPUAIEKTPOIHOM CIIOE, MOJIB/ M, pu4YeM

(9.5)

C1(Me*") > Co(Me*") ; Z — cTeneHb OKUCIIEHHS HOHA.

OobopynoBanue 1 MaTepuaJIbl
JlBa crakaHa éMKkocTbio 100 cMm®
PactBop CuSOs, C(CuSOs) = I monw/om®.

PactBop ZnSO4, C(ZnSO4) = I mons/om®.
MenHas niacTUHKA

[{uHKOBAs TIACTHHKA

MenHbie TpOBOIOYKH

BoubT™meTp

U — obpasnas TpyOKa

. pactBop KClI

0. Arap-arap

SN ARW ME
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Yka3aHnus 10 TexHuKe 0e30I1aCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3NMEKTPOOOOPYAOBAHHH, IITEKTPOIPOBOAKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

2. T'a30BbIe KpaHbI U Ta30MPOBOT IOJDKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPUOIMIECKH
HPOBEPATHCA.

3. Pabouee mecTo conepkaTh B MOPSIKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcst OpaTh YMCTHIM IITATEIEM MU CIICIHAIbHON JTOXKESUKOH.

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

6. Bce ombITH ¢ BpeAHBIMH U MTIAXHYIIUMH BEIIECTBAMU, a TAKKE yIapUBaHHE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJMTH B BBITSKHOM IIKAQYy.

7. OcTaTKM coequHEHUH cepedpa cIMBaTh B 0COOBIC CKIISTHKH.

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

9. He HaKIOHATH JIMI0 HAJ HATPEBAEMON KHUIKOCTHIO MIIH CIUIABIISIEMBIM BEIIECTBOM.

10. He cnemyer BABIXaTh Maxydue BEIIECTBA M Ta3bl, OJM3KO HAKIOHSACH K COCYIY C ITHMH
BCLICCTBaAMMU. Hroxatb BCHICCTBA MOJXHO JIMIIb OCTOPOXKXHO, HAIIPaBJIAA K ce6e Iapbl WJIK ra3 ABUXKXCHUCM
PyKH.

11. XpaHuTb pacTBOPHI KOHIEHTPUPOBAHHBIX KHUCIIOT H IIEJIOYEH B BEITSHKHOM MIKady.

12. BbumBath pa30aBiicHHBIC KUCJIOTHI U IICJIOYHBIC PACTBOPHI CICAYET B CAMBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOdoBaTh XUMHUYECKHE BEIISCTBA HA BKYC.

14. TIpu paboTe ¢ JIerKO0 BOCILIAMEHSOIIUMUCS BemiecTBaMu (3QUphI, OEH301, CEpOyTIepo U
T.JI.) HE JTIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX TUIUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHUYECKOW MOCYAOH, HEoOXoAuMo coOMoIaTh NpaBUiia
IPEIOCTOPOKHOCTH BO M30€KaHUE PAHEHUIH OCKOJIKAMH CTEKJIA.

16. Kareropuiecku 3arpemiaeTcs OCTaBIsATh padOTaroNIe TPUOOPH 63 HAOMFOIeHUSI.

25. B xumMudeckoit 1abopatopun He0OX0UMO paboTaTh B Xajare.

3aganusa

Onvim 1 Bo3pMuTe 1Ba cTakanHa éMmkocTsio 100 cM®. B oamH M3 HUMX HaneiTe pacTBOp
CuSOs, B apyroit — pactBop ZnSOs. Konmentparuu pactBopoB oauHakoBbl: C(CuSQOs) =
C(ZnSO4) = 1 monv/om®.

B mepBblif cTakaH ONMycTUTE MENHYIO IUIACTMHKY, BO BTOpPOH — IuHKOBYI0. K obenm
IUIACTUHKAM TPUKPENUTE MEIHble MPOBOJOYKH, KOTOpPBHIE COEIMHHUTE YEepe3 BOJBTMETP.
PactBophl B crakaHax coeaunute U — oOpasHoil TpyOkoii, HamomHeHHo# pactBopom KCI B
cMecu C arap-arapoMm. HaOnromaeTcst OTKIIOHEHHWE CTPENKH, T.€. B IIENH TOSBISETCS
ANEKTPUYECKUN TOK.

Tabnuya 9.1 Cmanoapmmuouie 31eKmpoOHble NOMEHYUATIbL MEMAIL08

YVpaBHeHHE T0TypeaKkuu ¢,B YpaBHEeHHE T0TypeaKIuy 0, B
Agt+ e oAg +0,7994 Hg5 "+ 2e o Hg +0,792
AR + 3¢ > Al -1,66 Kfr+eeo K -2,923
AUt + 3e & Au* +1,41 Lit+eo Li -3,04
AUt + e o 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* + 3e & Cr -0,74 Pb** + 4e & Pb +0,77
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Cd** + 2e & Cd -0,403 Pd?* + 2e <> Pd +0,915
Cu?* + 2e & Cu +0,345 Pt°* + 2e & Pt ~+1,2
Cu* + e e Cu +0,531 Rb* +e — Rb -2,924
Fed* + 3e o Fe -0,058 Sbh%* + 3e & Sh +0,20
Fe?* + 2¢ <> Fe -0,473 Sn** + 2e <> Sn -0,140
2H* + 2e & Ho 0,0000 Sr* + 2e o Sr -2,89
Hg?* + 2e & Hg +0,850 Zn** + 2e «— Zn -0,764

Conep:xkanue oTyera
Hanmmnre ypaBHEHHs 3JIEKTPOAHBIX IIPOLECCOB U CYMMAapHOM PEaKLMU, IIPOUCXOISAIINX

IIpu pa60Te DJICMCHTA. Onpez[eJmTe KaToa W aHO[. CocraBbTe CXEMY JJICMCHTA, pacchTaﬁTe

OJIC, AG u cTaHIapTHYIO KOHCTAHTY CKOPOCTH.

KoHTpoJibHbIE BOIPOCHI
ba30BbIi1 ypOBEHB

1Kakue mporecchl Ha3bIBAIOT JNEKTpPOXUMHUYECKUMHU? YeM OHU OTIMYaITCA OT
00bsraHBIX OBP?

2KakoBbl MPUYHHBI BO3HUKHOBEHUS JABOWHOTO JJIEKTPHUYECKOTO CJIOS HA MOBEPXHOCTH
METaJUIMYeCKOU IJIACTUHBI B BO/IE?

3 Kakoe ycTpoiicTBO Ha3bIBaIOT rajbBaHUYECKUM 31eMeHTOM? [IpuBeaute ero cxemy
Ha KOHKPETHOM IIpUMEpE.

4 Kakue ameKkTponbl Ha3bIBAalOT aHOJAMM, KaKMe — KaTroAaMH? YKaXUTe aHOI H
KaTo/ B LIMHK-CEPEOPSIHHOM I'aJIbBAHUYECKOM 3JIEMEHTE.

5 MoXHO 1M ompenenuTh aOCONIOTHOE 3HAYEHUE 3JIEKTPOJHOIrO IMOTEeHIuana?
Kakoli anexkTpos BbIOpaH B Ka4eCTBE AIEKTPOAA CPaBHEHUS?

6 Kak ycTpoeH cranpapTHbI BOAOponHbIA anektpon? IlpuBenure ero cxemy u
00BSACHUTE MPUHIUI PaOOTHI.

7 Yro Takoe «psn HanpsHKEHUN MeTauioB»? Uto oH onpenenser?

[loBbIlLIEHHBIN YPOBEHB

1 Kakoll «XMMHYECKHMI CMBICI» HMEIOT 3HAaKH «+» M «—» 1 CTaHAApTHBIX
AJIEKTPOJHBIX TOTEHLINATIOB OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX CUCTEM?
2 Kax onenuBaror 3/]C rampBanndeckoro sneMenta? OTBET MOSICHUTE HA TIpUMEPE

KaJIMUI-MEIHOI0 raJIbBAHUYECKOIO JJIEMEHTA.

3 Jlmst wero mpumeHsroT ypaBHeHne Heprera? Hanmmmmre dhopmyity IpuBEISHHOTO BHIA
JTOr0 YpaBHEHHS.

4 Kaxkue npubopsl Ha3bIBAIOT aKKyMyJisTopaMu? KakoBbl UX TUIIBI?

5 Kak ycrpoeH cBUHIOBBIM akkymynstop? IlpuBenute ypaBHEHUS, ONHMCBHIBAIOLIME
IIPOLIECCHI €T0 3apsiia-paspsna.

Cnucok JIUTEPATyphbI, peKOMeHZ[yeMBIﬁ K HCITOJIB30BAHHUIO 11O )IaHHOi;[ TEME

OcHoBHasi TUTEpaTypa:

1 Kopogwun, H. B. O6mas xumus : yueonuk / H. B. KopoBuHs. - 13- u3a., nepepad. u gom. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuar). - Pek. MOuH P®. - IIpui.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4

2 Muxanuna, E. C. XuMust okpyskaromei cpelibl : XuMus )XUBbIX oprann3MoB. Kypc nekmmii / E. C.
Muxanuna, A. JI. I[lereaun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Texkcr : 21eKTpoHHbIH // DnekTpoHHo-0ubaroTeunas cucrema IPR BOOKS :
[caitr]. — URL.: http://www.iprbookshop.ru/56618.html. — Pexxum moctyrma: mist aBTOPH3HP.
MOJIb30BaTeNeH
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JlonoJiHMTe/IbHAS JINTepaTypa:

1 I'muaka, H. JI. O6mas xumust / H. I'. I'muaka ; [ox pen. A. W. Epmaxkosa. - Uzn. 30-e, uchp. - M. :
Wurerpan Ipecc, 2003. - 728c. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-017-1

2 XuMHs METaJIIOB : yueOHOe mocodue (1 CTyIECHTOB XMMHUIECKOTO (DakylbTeTa HalpaBIeHUH
OakamaBpOB «XUMHUSI» U «XUMHUYEcKas TexHOJIOTHs») / coctaButenn O. A. ['onoBarnoBa. — OMCK :
Owmckuii rocyaapctBeHHbIH yHuBepeuTeT M. @.M. loctoesckoro, 2015. — 552 ¢c. — ISBN 978-5-
7779-1875-8. — TekcT : anekTpoHHBIN // DnekTpoHHO-0nbnmoTeunas cucrema [IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum mocTyma: ajist aBTOPH3HP.
M0JIb30BATENEH

HNuTepHeT-pecypcen:
1 http://window.edu.ru/ — exuHOE OKHO JOCTyMa K 00pa30BaTeIbHBIM peCypcam

2 http://biblioclub.ru/ — DBC «YHuBepcurerckas OMOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — 35IeKTPOHHBIH KaTAIOT aCCOIMAIIMHI JIEKTPOHHBIX OHOINOTEK yUeOHBIX
3aBeaeHui u opranuzamnuit CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OtkpsiTOoe 0Opa3oBaHue
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BBenenue

Juctumimna «Xxumus» OTHOCUTCS K pakynpTaTiBaMm. OHa HampaBjieHa Ha pOpMHUpOBaHUE
o0uIenpoecCUOHANbHBIX ~ KOMIETEHIIMH O0yJaromMXcsi B IMPOLECCe BBINOJHEHUA pador,
onpeaeneHubix ®I'OC BO.

MeTtoauueckue ykazaHusl COCTaBJIEHbI HA COBPEMEHHOM HAayYHOM YPOBHE M PacCUMTaHbl Ha
CTYACHTOB, 110 HarnpayieHuto 13.03.02 DyiekTposHEpreTuKa U IEKTPOTEXHUKA .

[TocnenoBaTeabHOCTh TEM COOTBETCTBYET JIOTMYECKOM CTPYKTYpEe €€ MPOXOXKICHUSI.
[IpemyiaraeMble METOOMYECKHE YKA3aHHUS COJEpKAT MaTepuay, KOTOPbIH pPEKOMEHAYEeTCs
WCII0JIb30BaTh CTYIEHTAM IPHU MOATOTOBKE K MPAKTUYECKUM 3aHSITHSIM.

s MOATOTOBKHM K MPAKTUYECKUM 3aHSATHSM CTYACHT JOJDKEH H3Y4YMTh MaTepuai Io
COOTBETCTBYIOIIEH TeMe, MCIIOJIb3yd OCHOBHYIO U JIONOJHUTENIbHYIO IUTEpaTypy, a TaK xKe
ucnonb3ys nepuogudeckue nganus CMU.



TEMA 1. OCHOBHBIE ITIOHATHUA U 3AKOHBI XUMHUMN.

IMNPAKTUYECKOE 3AHATHUE 1. OCHOBHBIE KJIACCBI HEOPTAHNYECKHUX
BEIIECTB. OCHOBHBIE 3AKOHbI XUMWHU

Hean 3ansaTusi: OO60O0ICHUE, 3aKpeIJIeHUE M CHCTeMaTH3alus 3HAHUKW O BaKHEHIIMX
KJIacCaX HEOPraHMYECKUX COCMHEHUH Ha IMPUMEPE OKCUIOB, KHCIOT, OCHOBAHUM U COJIEH.

3HaHMsA ¥ yMeHHUs, IpHodpeTaeMble CTYACHTOM B pe3yJibTaTe 0CBOCHUSI TeMbI
3HaThb ¢u3nKo-MaTeMaTHYECKUN — amnmapar, METOAbl aHalu3a W MOJICIMPOBAHUS,
TEOPETUYECKOTO U DKCIEPUMEHTAIBLHOTO UCCIIEI0BaHU
YMeTb NpPUMEHSTh COOTBETCTBYIOIIMHN (PH3UKO-MAaTEMAaTUUECKUN amIapar, METO/Ibl aHaIu3a
U MOJEIUPOBAHUSA, TEOPETUYECKOIO U OSKCIEPUMEHTAIBHOIO HCCIEJOBAHHUA IPU PEIICHUU
npo¢ecCHOHATBHBIX 33124
HaumenoBanue (GpopMupyeMbIX KOMIIETEHLUH

Konx dopMynHrpoBKa

OIIK-2 CriocobeH MpUMEHSTh COOTBETCTBYIONINH (PU3MKO-MaTeMaTHIECKUI
anmapar, MeTO/ibl aHaJIN3a U MOJEIMPOBAHNUS, TEOPETHUECKOTO U
HKCIEPUMEHTAIBHOTO HCCIIEIOBAHUS TPU PEIICHUH MPO(HECCHOHATBHBIX
3ajgau

AKTYaJlbHOCTb TEMBI

K HeopraHuyeckuM COEIMHEHUSM OTHOCST BCE COYETAHUS XHUMUYECKUX 3IIEMEHTOB,
KOTOpBIE HE COZIEPKAT YriaepoA. BoabIIMHCTBO NU3BECTHBIX COEIMHEHUN SBISIOTCS OPraHUYECKUMU,
OJIHAKO M3BECTHO OK0JI0 20 MWIJIMOHOB T€X, KOTOpblE IMPHUHAJIEKAT K KJIACCy HEOPraHUYECKHUX.
OrpomMHO€ KOJMYECTBO BBI3BIBAET HEOOXOAMMOCTh HUX Kiaccu(UKalMM, TO €CTh JAENEeHUs Ha
rpynmnsl. Kaxaoe u3 3THX BellecTB 00JalaeT CBOMMM XapaKTePUCTHUKAMM, U TO3TOMY MOXHO
BBIJICIUTh OCHOBHBIE KJIACChl HEOPraHWYECKUX coequHeHMH. [[ng m1r000ro M3 HUX XapaKTepHBI
pa3aMYHBIE CHOCOOHOCTH B3aMMOJEHCTBHMA C JPYTMMHU BEIECTBAMHU, CBOM CBOMCTBA. XHMM,
KJIACChl HEOPraHWYECKUX COEAMHEHHH B KOTOPOW 3aHMMAIOT BaXHOE MECTO, PACCMATPUBAECT HX
KJIACCU(UKALINIO C HECKOJIBKUX TOUYEK 3PEHUSI.

Teoperuyeckasi 4acTh

Heopranuueckue coeauHeHHs] KIaCCUQHUIMPYIOTCS IO COCTaBy WJIM IO CBOMCTBaM
(pynkumoHanbHBIM Mpu3HakaMm). I[lo cocTaBy OHM AENATCS HA MPOCThIE — 3TO OAHOAJIEMEHTHBIE
COEJIMHEHUS U CIIOKHBIE, ABYX3JIEMEHTHBIE (OMHapHBIE) 1 MHOTOAJIEMEHTHBIE (Tabnuma 1).

Tabnuya 1 — Knaccugpurayus Heopeanuueckux coeOuHeHutl

IIpocTeie CroxxHbIe
Memannet (88 211eMEHTOB): Jeyxsnemenmuvie (OMHAPHBIC)
S- 2JIEMEHTHI TUJPUIBL LiH, NaH, CaH,,
(kpome H 1 He); KapOuIbI SiC, CaCy, AlsCs,
P-2J7I€MEHTHI
Al, Ga, In, I, Ge, HHTPHAE! NazN, Mg,N,,
Sn. Pb, Sb, Bi: OKCH/IBI Ca0, Al»03,
d -aneMeHTHI; CyIbGu b K.S, ZnS,
f -onemenTBI. TaJIUIbI NaCl, FeCls,.
Hememannwt (22 snementa): Miozosnemenmible
S- SI{IICI;_/IIteITLI Conn
> 1S, cpennue NaNQO,, K,PO,,
P-2JIE€MEHTBI




Bl Cy SI! N) P) S KHCJIBIC NaHSO4, KHZPO4,

0O, As, Se, Te,
raJloreHsbl, OJ1aropoaHbIe (ruzpo-) Ca(HCO,),,
rasbL. OCHOBHbBIE MgOHCI, AlI(OH),ClI,
(rupoKco-) (CuOH),SO,;
I'mppoxkcusr:

ocnosanus KOH, Ni(OH),, Ba(OH),
ampomnrer ZN(OH), <> H,ZnO,;
Al(CH), < H,AIO,

Kucnotsr

Be3kucopoaabie HF, HCI, HBr, HI
Kucnopoaconepxamune HNO,, H,SO,

CrnoxHble HEOpraHUYECKUE COEIUHEHMS, corjacHo Tabiuie 1, kpome noapasjeneHuid 1o
COCTaBy, B CBOK O4Yepe/Ib MOAPA3ACISIFOTCS M0 (PYHKIMOHAIBHOMY MPHU3HAKY HAa OKCHJIBI,
TUAPOKCHIBI (OCHOBHBIE M aM(OJIMTHBIE), KUCIIOTHI U COJIU.

K GuHapHBIM COCTUHEHUSM OTHOCSTCSI:

1) OKCHJIBI — COEIMHEHUS 3JIEMEHTOB C KUCIOPOIOM CO CTEIICHBIO OKHUCIICHUS (—2);

2) ranuapl — rajJoreHInpou3BoHbIC ((DTOPHUIBI, XJIOPHUJIBI U JIP.);

3) cynbuIBI — COSTMHEHUS C CEPOI CO CTEIICHBIO OKUCIICHUS (—2);

4) HUTPHUIBI — COSTMHEHHS C a30TOM CO CTEIICHbIO OKHCIEeHUS (—3);

5) KapOuIbI — COCTUHCHHUS YIIIEPOa CO CTEIEHbIO OKHCIcHUS (—4);

6) dochunsl — coenuneHus Gocdopa co CTeneHbo oKucacHus (—3).

Homenxknamypa  6unapnvix  coeounenuti. K matuHckomy — Ha3BaHuio  OoJjee
3JIEKTPOOTPHUIIATEILHOTO 3J€MEHTa C OKOHYAaHUEM «u0» H00aBISIOT PYCCKOE Ha3BaHUE MEHee
AIIEKTPOOTPHIIATEILHOTO AIIEMEHTa B POJUTEIHHOM MAJEKe, C YKa3aHUEM €Tr0 CTETIeHW OKHUCIICHUS
apaObCKUMHU IIU(ppaMU B KPYTJIBIX CKOOKaX.

IIpumepsr:

Cr,O, — okcnn xpoma (+3);

O,F, — dropun kucnopona (+1);

Al,C, — xapbun amomunus,;

CuBr, — 6pomun meau (+2).

OcHoOBHbIE MOHATHS U OCHOBHbIE 3AKOHbI XUMHUH

Monb — KOTUYECTBO BEIIECTBA, COJEPIKAIlee CTOJIBKO )K€ CTPYKTYPHBIX €IUHUL] (MOJIEKY,
aTOMOB, MOHOB, 3JIEKTPOHOB MJIM IPYTMX YacTHI[), CKOJbKO aTOMOB COJIEpPKUTCSA B 12 T u3orona
yraepoga '2C. UHCIO 49acTHI, COAEPIKAIIUMXCA B OJHOM MOIb JIFOGOTO BEIIECTBA, COCTABIAET
6,02-10% cTpYKTYpHBIX eIUHHIL (nocmosnnas Aeo2adpo).

Monvnas (monspnas) macca — 3TO Macca OJJHOTO MOJIb BEILIECTBA, BHIPAXKEHHAs B TpaMMax,
YHCJIEHHO paBHAasi OTHOCUTEIbHOM MOJIEKYJISIPHON Macce 3TOro BEIECTBA.

Tax, monexynsipaas macca Mosekysl Cl, pasua 70,90 a. e. M. (aTOMHBIX eMHHUI] MACCHI).

Torna monbpHas Macca Mosekyn xjopa paBHa 70,90 r/mons. Ho MonbHas macca aToMa XJjiopa paBHa
35,45 r/monb, mpuuém oaun Monb mMonexyn Cl, comepsut 2 monb atomoB xopa.
OKkeuseanenm — 3TO peallbHas WIM YCIOBHAs 4YacTHUIA, KOTOpas B KHCIOTHO-OCHOBHOM

PCaKMu 3KBUBAJICHTHA OJHOMY MOHY BOAOpPOda, a B OKHUCIIMTEILHO-BOCCTAHOBUTEILHOMN pCaKkuuun
— OJHOMY 3JICKTPOHY. HaHpI/IMCp, B KHCIIOTHO-OCHOBHOM pCaknumn

3H,S0, + 2AI(OH), = Al,(SO,), + 6H,0.



[IECTH MOHAM BOJOPOa (B TPEX pearnpyrolMX MOJIEKYJIaX CEPHOU KHCIOThI) COOTBETCTBYIOT JIBE
mosnekyast Al(OH),, crnenosarensro, omHomy MoHY BOmOpoaa SKBUBaleHTHA 1/3 MOJEKysbI

Al(OH),, unaue rosops, skeusanentr Al(OH), cocrasnser 1/3 mons Al(OH),. B peakuun

OKHCJICHUA-BOCCTAHOBJICHUSA
H,S0, (pa36.) + Mg =MgSO, + H, T

0 - 2+
aToM Marnums TepseT asa onekrpona: M@~ - 26° — MQ” u mosTomMy o1MH SKBUBANEHT MarHus

cocraBisieT ‘2 Moib. Bemwuumnel 1/3 u 1/2 (B 3TuX mnpuMepax) Ha3blBAIOT hakmopom
9KBUBAEHMHOCU.

OKkeusaneHmuas macca — 3TO Macca OJIHOTO SKBUBAJICHTa BEIIECTBA BbIpaXKCHHAs B
rpaMMmax, T. €. pa3MEPHOCTh YKBUBAJICHTHONH MacChl — I/MOJIb.

O0BEM, 3aHUMaeMbIi MpPHU JAaHHBIX YCIOBUSAX MOJBHOW WJIM SKBHUBAJICHTHOM MacCOM,
HA3bIBAETCS COOTBETCTBEHHO MOIbHbIM WIH IKEUBANEHMHbIM 00BEMOM TOTO BEILIECTBA.

Tax, monbras macca Al(OH), pasua 78,0 r/mounb, a sxBuBaneHTHas Macca cocTasiser 1/3

mossHOl macest Al(OH),, T.e. 26,0 r/monb. Atomuas macca maruus pasHa 24,3 r/MoIb, a €ro

SKBHMBAJICHTHAs Macca (B MPHUBEACHHOM BBIIIE MPUMEPE) COCTaBisAeT 1/2 ero MOJbHOM MacChl —
12,12 r/moib.

B cooTBeTcTBUM C 3aKOHOM KBHBAJIEHTOB Macchl (00bEMBI) pearnpyromux semects M(X;)

(V(X,))u m(X,) (V(X,)) npsiMo mponopuuoHaIbHBI HX SKBUBAJICHTHBIM Macca (00bEMam):

m(X,) _ m(X,)
ML(X)  ML(X,) -
V(X)) _ V(X,)
V(X)) Vo(X,) (12)

Bonpocs! u 3a1anus:

[TpuBenéM mpuMepsl BHITOTHEHUS TUIIMYHBIX 33JaHU, IPUBEIEHHBIX B paboTe.
Ilpumepl. CocrtaBbTe (QopMyly HOpMambHOU (cpemHeil) comu Oapusi M MBIIIBIKOBOM
KHUCIIOTBHI.

Pemenne. ®opmyna MermbsikoBoi kuciaotsl HASO,. Monekyna comu, oGpasoBaHHast
noHom Ba®* u xucnotHBIM oCTaTKOM ASO43_, JOJDKHA OBITH 2JeKTpoHeWTpanbHa. HanmMeHbinee
obmiee kpaTHOE yrcel 2 u 3 (3apsIsl HOHOB) PaBHO 6, TO3TOMY MOJIEKYJIa JIOJDKHA COAepkaTh 6:2 =
3 atoma Gapus u 6:3 = 2 kucnorusix octatka ASO, ™. dopmyna comn Ba,(AsO,),.

Ilpumep 2. CoctaBbTe GOpMYITy OCHOBHOW CONU aIFOMUHUS U OPOMOBOJOPOTHOM KHCIOTHI.
Pemienne. Monekyna OCHOBHOW COJM JOJDKHA COJEpP’KAaTh KHUCJIOTHBIE OCTAaTKM HOHA

Br,mona AI**u OH -rpynmsi. Tak kak B MoleKyle THADOKCHIA amOMHHHS Beero Tpu OH
rpynmbi, a ocrarka ¢ OH -rpymmamu Bosmoxno msa: (AI(OH),))" u (AIOH)**, 10 n

ocnosHbIx coneii Oyner Beero ase: Al(OH),Br u AIOHBE,,.

Ilpumep 3. CocTaBbTe YpaBHEHMsI pEaKIUHd MEXAY COOTBETCTBYIOIIMMHU KHUCIOTaMU M
OCHOBaHHSIMHU, TIPUBOISTITNX K 00pa3oBaHUIO CIIETYIOIINX coJeil:

Ni(NO,),, NaHCO,, Fe,(SO,),.
Pewenne. HopmanbHyro conb Ni(N03)2 MOXXHO TIIOJIy4UTh IIPU B3aUMOJECHUCTBUU

ocuosannst Ni(OH), u azornoit kucorsr HNO,:



Ni(OH), + HNO, — NiNO, + 2H,0.

Kuciyto cons, rugpokapbonar Harpus NaHCO,, nonyqaror neiictuem yrnekucnoro rasa

Ha THJIPOKCH]T HATPUS:
NaOH + CO, = NaHCO,.

Coms Fe,(SO,), moxer ObITb cHHTE3MPOBaHA, HALPUMED, TAK:

2Fe(OH), + 3H,S0, = Fe,(S0O,), + 6H,0.

Xumuueckue peakyuu udym 00 KOHYA, eCiu 8 pacmeope obpazyemcs 0calok, 2az, ciadwlil
INEKMPOIUM UIU KOMNJIEKCHbIY UOH. Y PaBHEHUS pEaKIMil HOHHOTO 0OMeHa HEOOX0IMMO MKCaTh B
MOJICKYJISPHOM, TIOJHOM M COKpaméHHON MoHHOW (opmax. [Ipu HammcaHWM MOHHBIX YpaBHECHHM
(bopMyIIBI ra30B, OCAIKOB H CIA0BIX SJIEKTPOIUTOB CIEAYET 3aIUCHIBATh B BHJIE MOJICKYIL.

Cymma OJHOMMEHHBIX HOHOB M JJIGKTPUYECKUX 3apsiioB B JIEBOM M MPaBOM YaCTIX

ypaBHEHHS JOJDKHA OBITH OJMHAKOBA. B HacTosmieM paszene paccMaTpUBAIOTCS PEAKIIUH HOHHOTO
oOMeHa.

Ilpumep 4. Hanummre B MOJEKYJISPHOM M MOHHOM (OpMax ypaBHEHUS PEAKIUN MEXIY
CJICAYIOIIMMU BEIleCTBAMMU:

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,.

Pewenune. B mosnekyisipaom Buje:

1) Pb(NO,), + H,S = PbS{ + 2HNO,; 2) BaCl, + Na,SO, = BaSO, 4 + 2NaCl;
3) Na,CO, + HCI = 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, 4 +2Na* + 2CI’;
3)2Na* + COZ +2H*+2Cl" =2Na" +2Cl +CO, T +H,0;
4) 2Na* + 20H" +2H" + SOY =2Na"* + SO? + 2H,0;

5) CH,COO +Na" + H" + NO; = CH,COOH + Na" + NO;.

U B cokpaménnoit popme:

1) Pb** + H,S=PbS{ +2H" ;2) Ba* + SO? = BaSO, J ;
3) CO¥ +2H* =CO, T +H,0;4) OH +H" =H,0;
5) CH,COO™ + H* = CH,COOH.

Ilpumep 5. 110 COkpall€HHBIM MOHHBIM YPAaBHEHUSM HAIUIIUTE IIOJIHBIE MOJIEKYJISPHBIC
YPAaBHEHUS:

1) OH +H* = H,0; 2) Cu? +S* = CuSy; 3) 2H* + COZ = H,CO,.
Pemenne. B neBoil yacTu 3THX MOHHO-MOJIEKYJISIPHBIX YpPaBHEHUH YyKa3aHbl CBOOOJHBIE
MOHBI, KOTOpBIE 00pa3yloTCs NPU JAUCCOUMAIMH CHIIBHBIX 3JEKTpONIUTOB. Cle0oBaTeNbHO, TPU

COCTaBJICHHH MOJIEKYJISIPHBIX YPaBHEHUH CIlIeyeT, TOIb3ysACh Ta0IuLell pacCTBOPUMOCTH, BHIOMPATh
CHJILHBIE DJIEKTPOJIUTHI, COJEPIKAIKE COOTBETCTBYOIMI HoH. Hanpumep, noH H' CONEPKUTCS B

cocrase cunbHoro anektpornta HCl,a OH — 8 NaOH. Torna:

1) HCI + NaOH = NaCl + H,O — monekynsipuas popma;



H"+ClI"+Na" +OH =Na" +Cl + H,O~ nonunas wuonmas d¢opma; u Torma
COKpaléHHas HoHHas GopMma OyIeT MMETh 3a/JaHHbIH BHI:
H"+OH = H,0.
Crle0BaTENbHO, MOJIEKYJIAPHOE YPaBHEHHME COCTABJIEHO IIpaBMiIbHO. OcCTaBLIMECS JBa

YpaBHEHHUS COCTABIIAIOTCS MO aHAJOTUYHBIM MPHUHIIUIIAM U COOTBETCTBYIOIIUE UM MOJEKYISIPHbBIC
(GbOpMBI UMEIOT BU/I:

2) CuCl, + Na,S =CuS{ +2NaCl; 3) H,SO, + Na,CO, = H,CO, + Na,SO,.
Ilpumep 1. Boramcnure skBuBaneHTsl W 3kBuBaneHtHeie mMaccsl H,SO, u A1(OH), B

pCaKknusiX, BEIPAKCHHBIX YPAaBHCHUAMM:

H,SO, + KOH = KHSO, + H,0 (1)
H,SO, + Mg =MgSoO, +H, T (2)
AI(OH), + HC1 = A1(OH),C1 + H,0 A3)

AI(OH), + 3HNO, = AI(NO,), +3H,0.  (4)

Pemenne. DkBUBaJleHT (9KBUBAJICHTHAs Macca) CIOXKHOIO BELIECTBA, KAK M JKBUBAICHT
(9KBHBaJIEHTHAs Macca) 3JEMEHTa, MOKET UMETh Pa3IMYHble 3HAUCHHS B 3aBHCUMOCTH OT TOTO, B
KaKyl0 Peaklilo 0OMeHa BCTYMAET 3TO BELIECTBO.

Dkeusanenmnas macca xuciomwi paBHa ee MonbHoi macce (M), menennoit ma wmcio

aTOMOB BOJOPO/ia, 3aMEILEHHBIX B JAHHOW peaKUM Ha METaJUl. DKEUBAIEHMHAS MACCA OCHOBAHUSA
paBHa ero mombHoi macce (M), nemenHo# Ha YMCIO THAPOKCHMIBHBIX TPYIII, 3aMENIEHHBIX B

JIAHHOM PEAaKIUK KUCIOTHBIM OCTATKOM.
CrenoBarensHo, skBuBanenTHas macca H,SO, B peakuun (1): M(H,SO,)/1= 98

r/monb, a B peakunn (2): M(H,SO,)/2= 49 r/mons. DxBusanenrnas macca Al(OH), B
peakuu (3): M(AI(OH),)/1="782/ mons;, a B peaxuuu (4): M(AI(OH),)/3 =262/ monv.
3ajauy MOXHO pewnTh H apyrum  cmocobom. Tak kak ommn wmoms  H,SO,

B3auMoJielicTByeT ¢ oxHoll skBuBanentHoi maccoii KOH u nByms skBuBaneHTHBIME Maccamu
Maruus, TO ee dKBUBaneHTHas Macca B peakuuu (1) pasma M/L r/moms, a B peakmuu (2) —
M/2r/mons; AI(OH), BsanmopneiictByer ¢ ommoii dkBuBanentHoil Maccoit HCl u Tpemst

skeuBaneHTHeIME Maccamn HNO,, mostomy ero sxkBuBasnenTHas Macca B peakuuu (3) paBHa M/1
r/monb, a B peakimu (4) — M/3 r/moms. Dxeusanentst H,SO, B peakmusx (1) u (2)

cOOTBETCTBEHHO paBHbl | Monmb u 1/2 monb; skeuBanentsl Al(OH), B ypasmenusx (3) u (4)
COOTBETCTBEHHO paBHbI 1 Moub U 1/3 MoJIb.
Ipumep 2. B xaxoit macce Ca(OH), conepxmurcst cTONBKO e IKBUBAIEHTOB, CKOIBKO B

624 r AI(OH),?
Pemenne. DxeuBanentnas macca Al(OH),; pasua 1/3 ero monsro# maccel, T.e. 78/3 = 26

r/monb. Cnemosatensio, B 624 r Al(OH), comepxurcs 624:26 = 24 oskBuBaneHTa.

DxeuanentHas macca Ca(OH), pasma 1/2 ero monbnoii macchl, T.e. 37 r/mMonb. Otcrona

24 sxeusanenta Ca(OH), umeror maccy 37,3-24 = 888 .

Ipumep 3. Ha Boccranosienne 7,09 T okcuaa Metama (+2) Tpebyercs 2,24 mM° Boopoa
(HOpMallbHBIE YCIOBHS). BBIYmMCINTE >KBHBAJCHTHYIO Maccy Metaia. Yemy paBHa aToMHas
Macca metayuia?

Pemenne. MonbHBINH 00BeM T000TO ra3a IpU HOPMAJIBHBIX YCIOBUAX cOocTaBuseT 22,4

am®. Otciona SKBUBaIeHTHBIH 00bem Bogopona V., (H,), mMonexyna kotoporo cocrout uz aByx



aTOMOB BOJIOpoAa, paBeH 22,4/2 = 11,2 M.
B coOTBETCTBUH C 3aKOHOM 3KBUBAJIEHTOB COCTABIAEM COOTHOIIEHHUE:

m(MeO) V(H,)
M, (MeO) V,(H,)
HO,I[CTaBI/IB COOTBECTCTBYIOIIUEC 3HAYCHUA U3 YCIIOBUA 3aJa4H, I10JIydacM:

7,09 _ Ma(MeO); M., (MeO) _7_09 11,2 =35,45 2/ monw.
2,24 11,2 2,24

Janee, yuntbiBas, 4rto oSKkBuBaneHTHas Mmacca okcupa M ,(MeO)cknansaercs u3

cymmbl okBuBanentHbIx Macc Meramnta (M,(Me)) u xucnopoma (M,(0) =8 2/mons),
HaWuJIEM:
M,(Me)=M,(MeO)-M,(0)=35,45-8=27,45 2/ moxw.
ATOMHas Macca METaula COCTaBHT:

A(Me) =M, (Me) -V (Me) = 27,45-2=54,92/ moxw.

Otset: 3TOT MeTamn — mapranen; Mn.

Ilpumep 4. U3 1,64 r Hutpata metamna moiaydeHo 1,36 r ero cynbdara. Beruucnure
SKBHUBAJICHTHYIO Maccy MeTajuIa.

Pemenue. [lpu pemienun 3agauyu cieqyeT UMETh B BUIY, UTO IKBUBAIEHMHASA MaAcca
XUMUYECKO20 COeOUHeHUs PaBHA CyMMeE SKBUBAJIEHTHBIX MacC COCTABIISAIOIINX €0 YacTei.

B paHHON peakuuu y4acTBYIOT COJM: JKEUBALEHMHAS MACCA CONU PABHA CYMMe
9KBUBANEHMHBIX MACC MEMANLA U KUCTOMHO20 OCMAMKA.

[TosToMy: a) PKBHUBaAJEHTHAsl Macca HUTpaTa paBHAa CyMME SKBHUBAJICHTHBIX Macc MeTalljia
Y HUTPAT-TPYMIIbL:

M, (Me(NG,),), e/ mone =M ,(Me) + M ,(NO; ) = M ,(Me) + 62,

0) SKBHBAJCHTHAs Macca cyibghama paBHAa CyMME SKBHUBAJICHTHBIX Macc MeTaula U
cyibGhaTHON TPYMIIIbL:

Ma(l\/lex(SO4)y), el monv =M (Me) +M3(SOf_) =
=M, (Me) +%M (SO;7) = MB(I\/Ie)Jr%-QG: M, (Me) + 48.

qu/ITBIBaﬂ CKa3aHHOC, HOHy‘-II/IM:
m(Me(NG;),) _ m(Me,(SO,),)
M, (Me(NO,).) I\/Ia(Mex(SO4)y)’

unu

164 136
M,(Me)+62 M (Me)+48
Omeem: M (Me) =20 2/ monv.

Bomnpocsl 1 3agaHus 11 CAMOCTOSTEIbHOI0 PelIeHUA:
ba3o0BbIi1 ypoBeHB

1. CocraBpre (hOpMyNBI HOPMATBHBIX W KHCIBIX COJIEM MBIIITBIKOBUCTON H3A803 51
ceproit H,SO, kucnor u maruust.

2. MoxHo B10 MIOJYyYUTh pacTBop, coaepKaIun OJIHOBPEMEHHO

Ba(OH), u HCI? CaCl, u Na,CO,? NaCl u AgNO,? KCIl 1 NaNO,? Vkaxure, kakue

KOM6HHaHI/II/I HCBO3MOJXHEI U ITIOUEMY.



3. CocraBbTe (hOpMYITBI OCHOBHBIX COJICH KeJle3a U COSTHOW KHCIIOTHI, aTFOMUHUS U CEPHOM
KHCJIOTBI.
4. JIoOKaXuTe YpaBHCHUSMH peakuuid aM@OIUTHOCTh CIEAYIOMUX COCIUHCHUM:

Zn0O, Al,O,, Sn(CH),, Cr(OH)..

5. Hamummre xumuueckue (GOpMynbl CIEAYIOMMX cojiel: cyiabdar wmemn (+2),
THIPOCWIINKAT HATpHs, ameraT Kauus, XJIOPHI AUTHApoKcoxkene3a (+3), kapOoHAT aMMOHUS,
auruapodocdar IUTUs, TETPAruIPOKCOATIOMUHAT KaKs. YKaKUTe TUIIBI IPUBEAEHHBIX COJICH.

6. CocraBbTe MOJEKYJISPHBIC YPAaBHEHUS PEAKIHid, KOTOPBIE BBIPAXKAIOTCS CIICAYIOIIUMHU
MOHHO-MOJICKYJISIPHBIMH yPaBHEHHUSMU:

1) Zn*+H,S=2ZnS{ +2H"; 2) HCO,+ H* = CO, + H,0; 3) Ag* + CI'= AgCI .

7. Kaxue wu3 semects: NaCl, NiSO,, Ba(OH),, NaHCO, - BsaumoneiictByror ¢
pacTBOpoM ruapokcuaa HaTpusa? Hanuiuure MONEKyJISpHBIE ¥ MOHHO-MOJIEKYIISPHBIC YPABHEHUS
COOTBETCTBYIOIUX PEAKIIMIA.

8. CocraBpTe MOJEKYISIDHBIE W  HMOHHO-MOJICKYJISIDHBIE  YpaBHEHHSI  peakuuit
B3aUMOJICHCTBUS B PACTBOpPAX MEXIY:

a) Na,PO, u CaCl,; 6) K,CO, u BaCl,; B) Zn(OH), u KOH.
9. CocraBbTe MOJCKYJSPHBIC YPABHCHHS PEAKIIMH, KOTOPHIE BBIPAKAIOTCS CIIEAYIONUMHU
HOHHO-MOJICKYJISIDHBIMU YPABHCHUAMMU:

1) Fe(OH),+ 3H*= Fe* + 3H,0; 2) Cd* + 20H" = Cd(OH), { ;
3) H*+ NO, = HNO,.

10. CocraBbTe MOJEKYJISpHbIE M  HOHHO-MOJICKYJSIPDHBIE  YpaBHEHHS  peakuui
B3aUMOJICVCTBUS MEXKY:

1) FeCl, n KOH; 2) NiSO, u (NH,),S; 3) MgCO, 1 HNO,.
11. CocraBbTe MOJICKYJISIDHBIC YPABHCHUSA peaKuHﬁ, KOTOPLBIC BBIPAKAKOTCA CICAYIONIUMU
HOHHO-MOJICKYJIIPHBIMU YPABHCHHUAMMU:

1) Mg* + CO? = MgCO, {; 2) 2H" + SiOZ =H,SiO, ; 3) Pb* + 21 =Pbl, {.
12.  CocraBbTe MOJEKYJSIpHBIE H  HOHHO-MOJIEKYJSIPHBIE  YPaBHEHUS  PEaKIHH
B3aHMO,[[eI>'ICTBH}I B paCTBOpax MCKIAYy:

1) CdS(xentsiit ocanok) u HCI;2) Cr(OH), u NaOH; 3) Ba(OH), u CoCl,.

13. CocTaBbTe MOJICKYJISIPHBIE YPAaBHEHHS PEAKIIHI, KOTOPBHIC BBIPAKAOTCS CICIYIOIIHMH
MOHHO-MOJIEKYJIIPHBIMUA YPAaBHEHUSAMMU:

1) Cu*" +20H =Cu(OH), ¥; 2) Zn** +S* =ZnS{ ; 3) Ca® + COZ =CaCO, .

14. Boruncnure SKBUBAJIEHT WU SKBHUBAJICHTHYIO Maccy dbocdopHoit
kucnorsl H,PO, B peaknusx oGpasoBanus: a) rumpodocdara; 0)
auruapogocdarta; B) pocdara.

15. TIpu cropanun 10,00 T meTtamta obpasyercs 18,88 r okcuaa mertamna. Onpenenure
HKBHMBaJIEHTHYIO Maccy MeTtamia. Oteet: 9,01 r/mMoJb.

16. Omnpenenure SKBUBAJICHTHBIE Macchl MeTaia " CepHI,

ecnu 3,24 r metaina o6pasyiot 3,48 r okcuaa u 3,72 r cynspuna.
17. BoluuciauTe KOJMYECTBO BEIIECTBA HKBHUBAJIEHTA U MOJISIPHYIO Maccy SKBHBAaJIEHTa

uurpara auruapokcoxkenesa FE(OH),NO, wu auruppoapcemara murus LIH,AsO, s
PeaKIusAX, BEIPAKAEMBIX yPABHEHUAMHU:

Fe(OH),NO, + 2HNO, = Fe(NO,), + 2H,0
LiH,AsO, + LiOH = Li,HAsO, + H,0.



I1oBbIIIEHHBIN YPOBEHD
1. C KakuMU U3 TEPEUUCIICHHBIX HIYKE BELIECTB MPOPEArupyeT a30THAs KHUCIIOTa:
N,O,, Al(OH),, CaO, HCI, K,S? Usobpasute rpapuueckue (opMyisl 3THX COEAMHEHHIA.

Hanumure ypaBHEHHS! COOTBETCTBYIOLIUX PEAKIIUH.

2. CocraBbTe ypaBHEHUS PEAKIIUK B3aUMOICUCTBUS CICIYIOMINX COCTUHEHUN:

a) HATpat cepeOpa u noauI Kaus; 0) OKCHJI IUHKA U TUAPOKCU]] HATPHSL.

3. CocraBbTe (GOpPMYINIBI KHUCIBIX KaJMEBBIX COJieli opTodocopHOil KHUCIOTHI, OCHOBHOM
LIMHKOBOW COJIM YTOJIbHOW KUCIOThI, OCHOBHBIX AJIIOMUHHUEBBIX COJICH COJISTHOW KUCIIOTHI.

4, CocTtaBbT€ MOJICKYJSPHbIE M  HOHHO-MOJICKYJIIPHBIE  ypaBHEHHS  PEaKIUi
B3aUMOJICVCTBUS MEXKY:

1) H,SO, u Ba(OH),; 2) FeCl, n NH,OH; 3) CH,COONa u HCIl.

5. YkaxkuTe, B KAKUX U3 MPUBEIEHHBIX CITy4aeB B3aMMOJICHCTBHE MMPOU3OHIET:

1) Sn(OH), + NaOH —>?; 2) Na,SO, + HCl —?;
3) BaCl, + Na,SO, —?; 4) Na,S + HCl —?.

CocTaBbTe MOJIEKYJSIPHBIE ¥ HOHHO-MOJICKYJIIPHBIC YPaBHEHHUS COOTBETCTBYIONINX
peaKIuid.

6. Uemy paBeH pu HOPMAaJIbHBIX YCIIOBUSAX SKBUBAJICHTHBII
o6beM kucimopoma? Ha cxuramme 3 T meramna (+2) tpeGyercsa 1,38 am® xmcmopoma (H.y.).
BeIyuciauTh 3KBUBAJICHTHYIO MacCy U MOJBHYIO Maccy 3Toro meramia. Oteer: 12,15 r/mons; 24,3
I/MOJIb.

7. DneMeHT o0Opa3yeT psll ra3000pa3HbIX COCAMHCHHM, MIIOTHOCTh KOTOPHIX MO BOJIOPOIY
8, 15, 22, 29. ConepxaHue 31eMeHTa B JaHHBIX COCAUHEHUAX COOTBETCTBEHHO paBHO 75,0; 80,0;
81,81 u 82,76 %. Onpenenute OTHOCUTEIbHYIO aTOMHYIO MacCy W Ha3BaHue 3jieMeHTa. OTBeT:
12; C.

Cnmcok JIUTEPaATyphbI, peKOMeH}IyeMBIﬁ K HCITOJIB30BaHUIO IO [[aHHOﬁ TEeME

OcHoBHasl TUTEpaTypa:
1 Koposun, H. B. O6mas xumus : yueObnuk / H. B. Koposusn. - 13-e u3a., nepepad. u gom. - M. :
Axagemus, 2011. - 496 c. : nn. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XumMus okpy>karomen cpesipl : XUMUst KHUBbIX opraHu3moB. Kype nexuwuii / E. C.
Muxanuna, A. JI. I[lerenun. — M. : U3garensckuii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Tekcr : 31eKTpoHHBIH // DnekTpoHHO-0nbaroTeunas cucrema IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum noctyna: st aBTOpH3HP.
MOJIb30BaTENEH
JonoaHuTeNBHAS JINTEPATYpA:
1 'nmuuka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tox pen. A. U. Epmaxkosa. - M3a. 30-e, ucnp. - M. :
Wurerpan Ipecc, 2003. - 728c. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-017-1
2 XvMUsI METaJUIoB : yuyeOHoe ocobue (JUIs CTYIGHTOB XUMHUYECKOTO (aKy/IbTeTa HalpaBIeHUH
OakanaBpoB «XuMUs» 1 «XHUMUYECKast TeXHoNorus») / coctaButenu O. A. I'onoBaHoBa. — OMCK :
Owmckuii rocynapcTBeHHbIN yHuBepcuteT uM. @.M. Jloctoeckoro, 2015. — 552 ¢. — ISBN 978-5-
7779-1875-8. — TekcT : aneKTpoHHBIN // DnekTpoHHO-0ubMMoTednas cuctema [IPR BOOKS :
[caitr]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum moctyma: st aBTOPH3HP.
M0JIb30BaTENEH

HNuTepHeT-pecypcehl:
1 http://window.edu.ru/ — emuHOE OKHO AOCTYMA K 00pa30BATEIBHBIM PEeCypcaM

2 http://biblioclub.ru/ — 3BC «YHuBepcuTeTcKas OndIMOTEKA OHITANHY.

3 http://catalog.ncstu.ru/ — s5eKTPOHHBIH KaTaIOr aCCOIMAIMH IEKTPOHHBIX OMOINOTEK YyUeOHBIX
3aBenieHui u opraauzanuii CKOO

4 http://www.iprbookshop.ru — 5BC.
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TEMA 2. CTPOEHUE ATOMA

IMPAKTUYECKOE 3AHATHE 2. 3JIEKTPOHHBIE ®OPMYJIbl ATOMOB

Heuan 3anaTHSI: 0000IIMTH 3HAHUS 00 JIEKTPOHHOM CTPOCHUU aTOMOB XMMHYECKHX DJIEMCHTOB;
3aKpENUTh YMEHUS M HaBBIKM COCTABIICHHS AJIEKTPOHHBIX POPMYII aTOMOB XUMHUECKUX AJIIEMEHTOB,
a TakKe uX rpadUuecKuX U300pakKeHH.

3HaHUSA H YMeHHsI, IPHOOpeTaeMble CTYIEHTOM B pPe3yJIbTaTe 0CBOEHHUS TEMbI
3HaThb ¢u3nKo-MaTeMaTUUYECKUN — ammapar, METOAbl aHalu3a W MOJICIMPOBAHMUS,
TEOPETUYECKOT0 U IKCIIEPUMEHTAIBHOTO UCCIICIOBAHUS
YMeTh NpHUMEHSATh COOTBETCTBYIOIIUM (PU3MKO-MaTeMaTUUECKHUM armapar, MEeTO/lbl aHaJIn3a
U MOJICIMPOBAHUS, TEOPETHYECKOTO M IKCICPHUMEHTAIbHOTO KCCIEIOBAHUS IPH PEIICHUH
npoeCCHOHATBHBIX 33124
HaumeHoBaHue (OpPMHUPYEMBIX KOMIICTCHIIUIT

Konx dopMynHpoBKa

OIIK-2 CriocobeH MpUMEHSTh COOTBETCTBYIOIINH (PU3MKO-MaTeMaTHIECKUI
anmapar, MeTO/ibl aHaJIN3a U MOJEIMPOBAHNUS, TEOPETHUECKOTO U
HKCIEPUMEHTAIBHOTO HCCIIEIOBAHUS TIPU PEIICHUH MPO(HECCHOHATBHBIX
3ajgau

AKTYaJIbHOCTb TEMbI:

Ilepnonnueckuit 3akoH JI. M. MenaeneeBa sBISIETCS OCHOBOM COBPEMEHHOM XUMUMU.
W3yueHne cTpoeHUs] aTOMOB BCKpPBIBAeT (PU3MUECKUI CMBICI MEPHUOANYECKOTO 3aKOHA U OOBICHSET
3aKOHOMEPHOCTH H3MEHEHUs CBOMCTB JJIEMEHTOB B IEPHOJAX M B TPYIIAX I[NEPUOAUYECKOU
CHUCTEeMbl. 3HaHUE CTPOCHUS aTOMOB SIBISETCS HEOOXOAMMBIM JJsi TOHUMaHMUsS TNPUYUH
00pa3oBaHMsl XMMHUYECKOH CBSI3U, KOTOpas, B CBOK OYEpelb, ONpPENENsIeT CBOMCTBA BELIECTB.
ITosTOMy aHHBIN pa3aen SBISETCS OJHUM M3 BaXKHEHMIINX pa3/iesioB O0IEeH XUMHH.

[lepuoanueckas cucremMa 3JIEMEHTOB, paszpaboTaHHass BeiaukuM  yuéHeim .U
MeHieneeBbIM, CyMMHUpOBaa Bce 3HaHUS 00 3JIeMEHTax, MX CTPOEHMH, MaccaxX, COCTaBe spa,
ANEKTPOHHBIX 000JI0UEK, U SIBJISIETCS CBOCOOPa3HON MIMAPTajaKoi M0 Bcell HEOPraHUYEeCKOW XUMHH.

Teopernueckast 4acTb

YcToiunBO€ COCTOSIHME DJIEKTPOHA B aTOME€ ONMCBHIBAETCA 3HAYEHUSAMHU YEThIpeX
XapaKTepUCTHK — KBaHTOBBIX umcen N, I, M, 1 m,.CocTossHUE DIEKTPOHA, OTBEYANOILIEE
ONpEACICHHBIM 3HAYCHUAM KBAHTOBBIX YHCCII n, I Hml, Ha3bIBAIOT aTOMHOM 3J'ICKTpOHHOI71
opOUTaNIbl0. DHEPreTMYECKUM TMOJYPOBHIM 3JIEKTPOHAa B aTOME, OTBEYAIOUIMM pa3IHMYHBIM
3HaueHuaM |, cooTBeTCTBYIOT Cleaylomue 6YKBEHHbIE 0603HAUCHHUS:

Iudposoe 0603HAYEHHE YHEPTETHIECKOTO MOAYPOBHS | 0|1 ]2 |3

BykBeHHOE 0003HAYEHNE YHEPTETHIECKOT0 NOAypoBHS | s|P|d|f
I'paduuecku Kaxaas opoUTanb 0603HAYAETCA CHMBOIOM -KJIETKOIL:
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3H€KTpOHbI B aTroMC pPacupCACIdrOTCA COTJIaCHO CICAYIOIMUM NPUHOUIIAM: NPUHIOUITY
[Taynu, mOpUHUUIY HauMMEHBIIEH JHEPIUU C JONOJHEHUAMHU KIIeUKOBCKOrO M mpaBuUIly
XyHna.

CornacHo mnpunuuny Ilaynm B aToMe He MOXET OBITh JBYX 3JIEKTPOHOB,
XapaKTEepU3YIOLIUXCSl OJJMHAKOBBIM HA0OpOM KBaHTOBBIX uucen. M3 aroro cnenyer, uro xascoas
AMOMHAsL I1eKMPOHHASL OpOUMAb Modicem Obimb 3anama He bonee yem 08yMs JNeKMPOHAMU:

Tl

MpUYEM pa3inyaThbCsi OHU OYYT TOJBKO CIIMHOBBIMU KBAHTOBBIMH YUCIIAMHU.

[Topsimok 3amoiHEHUs OJJICKTPOHAMU DJHEPTeTHYECKUX YPOBHEW U TOJAYpPOBHEM
onpeaenseTcs MPUHIMIIOM HAaMMEHbIEH >HEpPruu: FIEKTPOHBI B aTOME paclojiararTcs
Tak, 4ToOBl WX JHEpPrus ObUIa HauMeEHbIEH. [IOCKObKY SHEPIHIO AJICKTPOHA XapaKTEPH3YIOT Kak
[JIaBHOE 71, TAK U OpOUTaIbHOE | KBAHTOBBIE YKCIIA, TO AIEKTPOHBI MPEXKIE BCETO 3aHUMAIOT MOJIOKEHHE,
COOTBETCTBYIOIEee MUHUMabHON cymme N+l — nepsoe dononnenue Kneuxoscrozo. Ecim cymma
N+l omuHakoBa, To AMEKTPOHBI 3aHUMAIOT OPOUTANL ¢ MEHBITIM 3HaueHHeM N — smopoe OononHeHue
Kneuxosckoeo.

Pacnipenenenne 5Ie€KTPOHOB B SHEPreTHYECKOM IOJYPOBHE OINPEAENSeTCS MPaBUIOM
XyH/Ia: yCTOMYMBOMY COCTOSHHUIO aTOMa COOTBETCTBYET TaKO€ PAaCIpENICICHHE JJICKTPOHOB B
MOAYpPOBHE, MPU KOTOPOM aOCOTIOTHOE 3HAYEHHE CYMMAapHOTO CIHHA OyAeT MaKCUMAalbHBIM.
[ToaTomy pacmpeneneHue SJICKTPOHOB B IOAYPOBHE NPOUCXOAUT B MAKCHUMAaJIbHOM YHCIIE
opbuTaneit u ¢ napauieIbHbBIMHU CIIMHAMHU:

Taxk T WJINA TaK LIl
(+1/2+1/2+1/2) = 3/2 | (-1/2-1/2-1/2) | =312
HO HE TaK W He Tak -
(+1/2-1/2+1/2)=1/2 (+1/2-1/2+1/2)=+1/2

HCO6XOI[I/IMO HMCTh IOHATHUC O KBAHTOBBIX YHCIAX, TPEX YKA3daHHBIX MNpPUHOUIIAX U,
OIMUpasiACh HA HUX, YMETH COCTABJIATH 3JICKTPOHHBIC q)OpMy'J'IBI aTOMOB.

Bonpocs! u 3a1aHus

Ipumep 1. Kaxoii Mo lypOBEHb 3aMOJHAETCS SIEKTPOHAMHU B aTOME TMOCIIE 3aTloNHeHns 3 -
MoAypOBHs?

Pewenue. 3P -noayposrio otBedaer cymma N+l , pasmas 3 + 1 = 4. IMocne 3amonnenus

3p -nonyposHst Bo3MoxkHO 3anonmHenne 3d- wim 4S-momyposus. IMoxcuutaem cymmy N+l B

obonx cmygasx: 3d (3 +2) =5, a 45 (4 + 0) = 4. B COOTBETCTBHHU C TIEPBBIM JONOTHEHHEM
KI1e4KOBCKOTO 3JIEKTPOH CTPEMHTCS 3aHATh MOJNOKEHHE Ha 4S -oypoBHE, Tak Kak B 3TOM CIIydae
cymma N+l Gyner manmensmreii.

Ilpumep 2. CocTaBbTe JNIEKTPOHHYIO (OPMYIy aTroMa KpPeMHHS U TpaUUuecKylo CXemy
3allOJTHEHHS DJIEKTPOHAMH YpOBHEH M TIOJYpOBHEH B HOPMAIBHOM H BO30YXKICHHOM €ro
COCTOSIHUSIX.

Pewenue. DJIEKTpOHHAsA dbopmyna aToMma KpEeMHUS WMEET [ (14%{01117051

Bun:15°25°2p°3s°3p?3d°. Tpaduueckas cxema HEBO3OYKIEHHOrO atoMa KpEMHHS HMeeT

CHEAYIONIUI BU:
14 Si

=3[1i[1 |1 T T
211 T 10 |1l d




n=1|1 | p
s

BanentHeiMu opOUTAISIMU 37€Ch SBISIIOTCS OpOMTAIM TPETHETO BHEUIHETO AJICKTPOHHOTO
ypoBHs. B Bo30ysxkaennom coctostaun (SI*) npu morsomenu HeKOTOPOi SHEPIUHU 3JIEKTPOH ¢ 3S-

TIOJLypOBHS TIEPERHIET HA CBOOOHYIO 3[) -OpOUTAID:

Si*  1s°2s°2p°3s'3p®3dP T | T | T | 1T
n=3
n=2 PR d
n=1 1l P
S

ba30BbIi1 ypoBeHB
1. Ctpykrypa BaJICHTHOTO 3JIEKTPOHHOTO YPOBHS atoma
>JIEeMEHTa BBIPAXKAETCS (popMmyIoii: a) 5s°5p*; 6) 3d°4s'. Onpenenure

MOPSIAKOBBIM HOMEP U Ha3BAHUE 3JIEMEHTA.

2. Hanmmute 37€KTpOHHBIE (POPMYIIBI AaTOMOB 3JIEMEHTOB C TIOPSAKOBBIMH HOMepamu 24 u
33. CocraBbTe ux rpadpudeckue cxeMpl. K KkakoMy 371€KTPOHHOMY CEMEHCTBY OTHOCUTCS Ka)bIil
13 HUX U ToYeMy?

3. CocraBbTe 3IEKTPOHHBIE (HOPMYIBI aTOMOB 3JIEMEHTOB C IMOPSAIKOBBIM HOMEpPOM 32 U
42. Y mocnemHero omuH DS -3meKTpoH «apoBanmBaercs» Ha 40 -momyposens. K kaxomy
3JEKTPOHHOMY CEMENCTBY OHM OTHOCSTCS?

4. Kakoil  moAaypoBeHb  3amoJHSIETCI B  aroMax  IOCje  3alOJHEHHS
5p -noxyposrs? nocie zanonuenns St -moxyposus?

5. 3anuimure 3JIEKTPOHHBIE bopmybl aTOMOB 3JIEMEHTOB c
3apsaoM saapa 8; 13 u 18. CoctraBbTe 3J€KTPOHHO-TPAPHUUECKUE CXEMBI.

6. Kaxoe MaKCUMaJIbHOE KOJIUYECTBO 3JIEKTPOHOB MOXKET
pacmoaaraTtbes B S-, P, d-uf -IIOAYPOBHIX JaHHOTO ypOBH#?

[Mouemy? HanucaTh 31eKTPOHHYIO CTPYKTYPY aToMa ¢ 3apsanoM siapa Z = 22.
7. DJIEeKTPOHHAS CTPYKTYpa aToMa ONUCHIBAETCSA dbopmynoii

1s°2s%2p°3s*3p°3d°4s?. Kakoii 510 amement?

8. CKOJIBKO aTOMHBIX OpOWTaNel CONEPKUT BTOPOI IHEPreTHUECKU ypOBEHb B aTOMax
XUMHUYECKHUX 3JIEMEHTOB?

9. CKOJBKO aTOMHBIX OpOHTAaJel COACPKUT TPETHH DHEPreTHUECKH YpOBEHb B aTOMax
XUMHYECKHUX 3JIEMEHTOB?

10. CxombKO aTOMHBIX OpOWTAaNel COACPKUT TPETUH HHEPreTUUYECKUH YpOBEHb aroma
nuHka? [IpuBenuTe 31eKTpOHHYIO (POpMYITy aTOMa 3TOTO JIEMEHTA.

11. CkonbKO aTOMHBIX OpOHUTallell COJAEPXKUT MATHIH PHEPreTUUECKUi ypOBEHb aTroma
nantana? [IpuBenuTe 31eKTPOHHYIO (POPMYITy aTOMa 3TOTO JIEMEHTA.

12. CKoOnbKO aTOMHBIX OpOWTANel COMEPKHT IIECTOW SHEPTeTHYECKHA YPOBEHb aToMa
uepus? IlpuBeanTe 371eKTPOHHYIO (HOPMYITy aTOMa 3TOTO JIEMEHTA.

13. Tlo 3apsiny sinpa aroma (Z = 23) 3anummTe JICKTPOHHBIE KOH(OUTYpAIIUN BaJTCHTHBIX

HO,Z[ypOBHCfI H, UCIIOJIb3YS IpaBHJia KJ'IC‘-IKOBCKOTO, YKA)KUTC MMOCJICA0OBATCIIbHOCTL UX 3aIIOJIHCHUS.

I1oBbIIIEHHBIN YPOBEHD
1. Kakoe MaKCUMaJIbHOE YHUCIIO JJIEKTPOHOB MOXET CoZIepKaTh
aToM B 3JIEKTPOHHOM YPOBHE c TJIABHBIM KBaHTOBBIM YHUCIIOM

N=5un=3?



2. CKOJBKO HE CIApeHHBIX SIEKTPOHOB Cojep:KaT HeBo3Oyxkaenusle atomel B, S, Cr?

CocTtaBbTe UX JEKTPOHHBIC U IPaPUUECKHE CXEMBI.

3. Kakue u3 3IEKTPOHHBIX dopmyun, OTpPaKAKOLINX CTpOEHHE
HEBO30YXKJEHHOIO aTOMa HEKOTOPOTO SJIEMEHTA, HE BEPHBIL

1) 1s%2s22p°3st; 2) 1s%2522p°; 3) 1522522p®3s23p°3d*

4) 1s22522p°®3s?3p®4s? ; 5) 1s22522p°3s23d? ? [Touemy?

4. W3 npuBeIEHHBIX SIEKTPOHHBIX KOH(DUTypaLuii: 1p2, 252, 2p7, 3d*, 3f7, 4p6, 5s°, 3d™

BbIOEpUTE T€, KOTOPHIE MPAKTUYECKH CYIIECTBOBATH HE MOTYT. OOBSCHUTE MPUYUHEI.
5. Ilo »onexkTpoHHBIM KOH(pUTrypalusM HMOHOB ONpENeNuTe 3apsiag  sAep HUX aTOMOB:

: 10 4.2 2
D¥:...3d"%4s*4p°; ¥ ...35°3p°3d"4s. 3anmummre snexTpoHHEE HOPMYIE ATOMOB K
3JIEKTPOHHBIE CTPYKTYPBI UX BHELIHUX 000JI0YEK.

Cnncok JuTepaTypbl, peKOMeHAyeMbIi K HCN0JIb30BAHUIO 110 JAHHOU Teme

OcHoBHasl TUTEpaTypa:
1 Koposun, H. B. O6mas xumus : yaeonuk / H. B. Koposus. - 13-e u3z., nepepad. u gorr. - M. :
Axanemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpun.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XuMus okpy>Karomieil cpeibl : XUMust )KUBBIX opranuzMoB. Kypc nexmuii / E. C.
Muxanusa, A. JI. I[lerenmun. — M. : U3garensckuii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Tekcr : 31eKTpoHHBIH // DnekTpoHHO-0nbanoTeunas cucrema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum mocTyma: ajisi aBTOPH3HP.
MOJIb30BaTENEH
JonoaHuTeIBbHAS JINTEPATYpA:
1 'nmunka, H. JI. O6mas xumus / H. I'. I'nmunka ; [Tox pen. A. U. Epmaxkosa. - M3a. 30-e, ucnp. - M. :
WuTerpan Ilpecc, 2003. - 728c. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-017-1
2 XuMUs METaJuIoB : yuyeOHoe mocobue (I CTYAGHTOB XUMHUYECKOTO (haKyIbTeTa HalpaBIeHHH
OakanaBpoB «XUMUS» U «XHUMUYECKasi TeXHONOTHs») / coctaButenu O. A. 'onoBaHoBa. — OMCK :
Owmckuii rocyaapctBeHHbI yHuBepeuteT M. ©.M. loctoesckoro, 2015. — 552 ¢. — ISBN 978-5-
7779-1875-8. — TekcT : aneKTpoHHBIN // DnekTporHo-0ubmmorednas cucrema [IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum noctyna: st aBTOpH3HP.
MOJIb30BaTENEH

HNuTepHeT-pecypcehl:
1 http://window.edu.ru/ — eanHOE OKHO JOCTYIA K 00pa30BaTEIbHBIM pecypcam

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

3 http://catalog.ncstu.ru/ — 351eKTPOHHBI KaTAIOT aCCOMAIIMHI JIEKTPOHHBIX OHOIHOTEK yUeOHBIX
3aBefeHul u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTkpeITOe 0Opa3oBaHue

TEMA 4. XUMHNYECKAS CBA3b
MNPAKTUYECKOE 3AHATHUE 3. XUMHNYECKAS CBSI3b

I_le.m, 3aHATUA: PACIIUPUTE U yTJ'IY6I/ITB SHAHUA yJalquxcs 110 TEMC «XHUMHUYECKas CBS3b»

3HaHHUA U yYymeHnus, npnoﬁpeTaeMble CTYACHTOM B PE€3yJabTaTEC 0OCBOCHUHA TEMbI
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3HaThb ¢u3nKo-MaTeMaTUUYECKUN — ammapar, METOAbl aHalM3a W MOJICIMPOBAHUS,
TEOPETUYECKOTO U DKCIIEPUMEHTAIBbHOTO UCCIIEI0BAaHU
YMeTb NpPUMEHSTh COOTBETCTBYIOIIUH (PH3UKO-MAaTEMAaTUUECKUN amImapar, METO/bl aHaIu3a
U MOJEIUPOBAHUSA, TEOPETUYECKOIO M OKCIIEPUMEHTAIBHOTO HCCICIOBAaHUS IIPU  PELICHUH
npodecCHOHANTBHBIX 3a]1a4
HaumenoBanue (GpopMupyeMbIX KOMIIETEHLIUH

Kon DopmyJIHpPOBKa

OIIK-2 CriocobeH mpUMEHSTh COOTBETCTBYIOLINH (PU3MKO-MaTeMaTHUECKUI
anmapar, METO/lbl aHaJIN3a U MOJEIMPOBAHNUS, TEOPETHUECKOTO U
HKCIEPUMEHTAIBHOTO UCCIIEIOBAHUS TPU PEIICHUH MPO(HEeCCHOHATBHBIX
3agau

COBpeMeHHOC Pa3sBUTUEC HAYKHW W TEXHUKHU IIPUBECJIO K PE3KOMY HM3MCHCHHIO PEIIAC€MBIX 3adad U
BBIABUHYJIO HOBBIC Tpe6OBaHI/I${ KaK K BbICHIEMY o6pa30BaHmo BOO6I]_IC, TaK U K Hay‘lHOfI IIOATOTOBKEC
CTyACHTAa B YaCTHOCTH. B HACTOAIIEC BPEMA 0COOEHHOCTBLIO crienuaiucTra CJICAYCT CUHUTATh HAJIMYME Y HETO
TBOPYECCKOI'O MLINJICHMS, OOHHUM U3 BaXHEHIITUX KadeCTB KOTOPOTO ABJISACTCA CUCTEMHOCTD. HOC‘)TOMY
pa3paboTKa CHCTEMHOIO IIOJXOJa K pPacCMOTpeHHIo paszzaena "Xumuueckas CBsI3b" B Kypce XUMHH
HPEACTABISIETCS AKTYAJIBHOM.

Teopernveckasi 4acThb

Xumuueckas 6436 — COBOKYNHOCMb CUN, OeUCMBYIOWUX MeHcOy amomamu U
00yCasIuBarOWUX yCmoudugocms OaHHOU cucmemyl. Pelmaronryro pojab B 00pa30BaHUN XUMUYECKOH
CBSI3M WUIPAIOT He CHapeHHvle (8ajleHmHubvle) JJeKmpOHbl TPEIBHEIIHET0 WM BHEIIHErO
SHEpreTudeckux ypoBHeil. CrnapeHHble 3JE€KTpPOHbI IpU BO30YXKIEHHM CIOCOOHBI pacnapuBaThCs,
obecrieunBasi BO3MOXKHOCTH 00pa3oBaHMs OOJNBIIETO YHCIa XMMHUYECKHX CBs3eld. BalleHTHOCTS,
00yCIIOBJICHHAsT OOIIUM YHCJIOM, UMEIONINXCS B aTOMe HE CIIAPEHHBIX JJICKTPOHOB, HA3BIBACTCS
cnuneaneHmHuocmoilo.  PeakllMoHHasT  CMOCOOHOCTh  XMMHYECKOW  CBSA3UM  ONpeeNnsercs  ee
KOAUYECME8EHHbIMU XAPAKMEPUCMUKAMY, K YUCITY KOTOPBIX OTHOCSTCS: OIUHA, 8ANEHMHbIU Y20
U 9Hep2Usl.

Teopust XUMHUYECKOW CBS3M JIA€T BO3MOXKHOCTb ONHCATh PaCHpeeiieHUe SIIEKTPOHHOM
TUIOTHOCTH B MOJIEKYIe. Xumuyeckas c6si3b umeem mMecmo mam, 20e 2JNeKMPOHHAS NIOMHOCHb
MedHcoy amomamu Hauboabuas.

Jns mpuOnrXeHHON OIIEHKHU SJIEKTPOHHON TJIIOTHOCTH MEXIY aTOMaMH CYIIECTBYET JBa
METOJIa: Memoo MoaeKyisapHuix opoumanei (MO) n memoo eanenmuuvix cesazeti (BC). Pazmuuator
CIIEITyIOIIE OCHOBHBIE THIBI XUMHYECKOH CBS3U: KOBAIEHMHYI0, OCYIIECTBIsIEMYyI0 0OIIeil mapoi
AJIEKTPOHOB; UOHHYI0, KaK PE3yJbTaT 3JEKTPOCTATUYECKOTO B3aMMOJICHCTBHUS Pa3HBIX MO 3apsiay
MOHOB (MOHBI 00pa3yroTCs 3a CUET MOJIHOTO MEPEX0/ia HEKOTOPHIX BHEITHUX AIIEKTPOHOB OJJHOTO aToMa
K Jpyromy, Ooyiee 3JIEKTpPOOTPULIATENBHOMY), M Memaiiuyeckyio. JIOHOpHO-aKLENTOpHas WU
BOJIOPOJIHAS CBS3U PACCMATPUBAIOTCS KaK Pa3HOBUAHOCTH KOBAJIEHTHOM CBSA3H.

Bonpocsl u 3an1aHus
Ilpumep. Tlonab3ysach DSJIEKTPOHHOM CTPYKTYpOoH aTomMa KpeMHHS B BO30YXICHHOM
COCTOSIHHH (CM. TIpuMep 2 B pazzeine 3), OObsICHUTE MEXaHU3M 00pa30BaHUsT MOJICKYITBI SiF4 U MOHA

[SiF]>.
Pemenne. AToM (TOpa MMEET MEKTPOHHYIO CTPyKTypy 15°25°2p°:
n=2

ERRE AR

n=1
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YeTplpe HE CHAPEHHBIX OHIEKTPOHA BO30YKICHHOTO aroMa KpEeMHHUS Yy4YacTBYIOT B
00pa30BaHUM YEThIPEX KOBAJIECHTHBIX CBSI3€H C YEThIpbMs aTOMaMH (TOpa, UMEIOLIUMHU 110 OJHOMY
HE CIIApEHHOMY JJIEKTPOHY:

F~_ _—~F
Si
-

- 2902916 "
F’-uonsr nmerotr snexTponnyro crpykrypy 1S°2S°2P° — Bce BasleHTHBIE 2JIEKTPOHBI B HEM

CITapeHbI:
o FEREREEERY
n=1 T p

ba30BbIi1 ypoBEeHB

1. Vkaxure tun xumuueckoii cszu B monekynax H,, Cl, m HCL. Tlpusenure cxemy

o +
MEPCKPbIBAHUA 3JICKTPOHHBIX o6OmaxkoB. Kakme THIIBI XMMHYECKON CBSI3H PCAIMU3YIOTCA B NH4 -

noue?
2. VCTaHOBHTE IPOCTPAHCTBEHHYIO CTPYKTYpY cieayrommx monekysr: H,S, SIH, u PH,.
3. Kakyro XUMHYECKYHO CBSA3b Ha3bIBAIOT BOJIOPOTHOM?
Mexny MOJICKYJIAMH KaKuX BEIIIECTB OHa obpazyercs? [Touemy
H,O u HF, uMest MECHBIITYIO MOJIEKYJISIPHYTO Maccy, TUTaBSITCS u

KUIIAT NpH 0o0Jiee BHICOKUX TEMIIepaTypax, YeM UX aHaJIOTU?
4. Kak meron BaneHTHbIX cBsizell (BC) oObsicHseT nuHeiHoe cTpoeHne Moiekyibl BeClz

Terpaspuyeckoe crpoenue mosekynsl CH, ?

5. Ckonbko HE CIIapEHHBIX JJIEKTPOHOB UMEET aToM XJiopa B
HOPMaJIbHOM M BO30YXKIEHHOM COCTOSHMSIX? UeMmy paBHa BaJIeHTHOCTb XJIOpa B HOPMaJbHOM U
BO30YXJIeHHOM cocTosiHUAX? [loueMy (Top He MpOSIBIsET BaJEHTHOCTh, PaBHYIO CEMH, XOTs
ABJISICTCA JIEKTPOHHBIM aHAJIOIOM XJ0pa’?

6. Kak meronx MO 00BsicHSET TO, YTO B MOJEKysipHOM HoHe F,” sHeprum cBsizu (318
k/[x/mMoub) Gonbure, vem B Monekyie F, (159 x/Ix/mons)? Kakast ¢popma 3amncu oTpaxkaer

B Metone MO crpoenne F,” u F,?

[ToBbI1IEHHBIN YPOBEHB

1. Onumute ¢ mo3uiuii MeToa BajJeHTHBIX cBsizel (BC) anekTpoHHOE CTPOCHHE MOJIEKYIIBI
BH, uuona [BH,] .

2. CpaBHute CHIO0COObI oOpa3oBaHUs KOBAQJIEHTHBIX CBsI3e B
monexynax CH,, NH, u none NHj.

3. Yro TaKkoe O -CBI3b u JT -CBSI3b? Jaiite 00BsSCHCHHE Ha
npumepe monekyn Cl,, N, u C,H,.

4. Kak metoq MO o00BsSCHAET, MOYEMY MOJIEKYIAPHBI HOH Heo® 3HEpPreTHYECKH

yCTOWYMB, TOT/Ia Kak Mojekyna He, He cymectByer? Kakas ¢opma 3amucu oTpakaeT B METOJIE
MO crpoenne Heo™? O6nanaer mu non Hep™ mapamarautabiME cBoiicTBamu? ITouemy?



CnHCcoK JIMTepPaTyphbl, peKOMeHAyeMblil K HCN0JIb30BAHUIO 0 IAHHOI TeMe

OcHoBHas1 TuTEpPATYpA:
1 Koposun, H. B. O6mias xumus : yuebnuk / H. B. KoposuH. - 13-e u3j., nepepab. u jgor. - M. :
Axanemus, 2011. - 496 c. : un. - (bakanaBpuar). - Pek. MOuH P®. - [Ipuin.: c. 461. - bubmuorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XuMus okpy>karoliei cpesibl : XUMUsl ’KHUBBIX opranu3moB. Kype nekuuii / E. C.
Muxanuna, A. JI. I[lereaun. — M. : Uzparensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Tekcr : 31eKTpOHHBI // DnekTpoHHO-0nbanoTeunas cucrema IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum noctyna: ajist aBTopu3mp.
MOJIb30BaTENCH
JlonoiHuTe/IbHAS JINTepaTypa:
1 'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pen. A. U. Epmaxkosa. - U3a. 30-e, ucnp. - M. :
Wnrerpan [pecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipeam. yka3.: c. 706. - ISBN 5-89602-017-1
2 XuMusi METaJuIoB : yuyeOHoe mocodue (I CTYIGHTOB XUMHUYECKOTO ()aKyJbTeTa HarnpaBlIeHUH
OaxanaBpoB «XuUMU» U «XHUMHUUEcKast TexHonorus») / cocraputenu O. A. ['onoBanoa. — OMCK :
Ownmckuit rocynapcTBeHHbIN yHuBepcuTeT uM. @.M. JloctoeBckoro, 2015. — 552 ¢. — ISBN 978-5-
7779-1875-8. — TeKcT : AMeKTPOHHEIH // DnekTpoHHO-0nbmmoTeunas cucrema [PR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum noctyna: ajist aBTOpU3Hp.
II0JIB30BATENEH

HNuTepHeT-pecypcehl:
1 http://window.edu.ru/ — eauHOE OKHO AOCTYyIa K 00pa30BATEIBLHBIM PECYpPCaM

2 http://biblioclub.ru/ — 3BC «YHuBepcuTeTcKas ONOIMOTEKA OHITAHHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIIN KaTAIOT aCCOMUAIMH JICKTPOHHBIX OHOIMOTEK yUeOHBIX
3aBefeHuil u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTkpbITOe 0Opa3oBaHue

TEMA 5. OBIIIUE 3AKOHOMEPHOCTH MPOTEKAHUSI XUMHUUYECKHX
MPOLIECCOB.

IMPAKTUYECKOE 3AHATHUE 4. XUMHNYECKAS TEPMOJNHAMMKA.
JHEPI'ETUKA XUMHNYECKUX NPOLECCOB. HAITPABJIEHHOCTb
XUMHUYECKHUX ITPOOECCOB

eap 3aHATHA: BBECTH TMEPBBIA 3aKOH TEPMOJMHAMUKMA KaK 3aKOH COXPAHEHHS JHEpPruu
TEPMOJMHAMHYECKOW CHUCTEMBI, PAaCKpPBITh €ro (U3MYECKOe COJIep)KaHUe MPH PACCMOTPEHHUH KOHKPETHBIX
MPOIIECCOB, TPOJODKUTh (HOPMUPOBAHWE YMEHUH ONHCHIBATH TEIUIOBBIE TMPOIECChl  (DU3NYECKUMU
BEIMYMHAMH U 3aKOHAMU;

3HaHUA U ymenud, npnoﬁpeTaeMble CTYACHTOM B PE€3yJbTaTEC 0CBOCHUA TEMbI

3HaTh ¢u3uKO-MaTeMaTHUECKUN  ammapar, MeTOJAbl aHalu3a W MOJEIMPOBAHUS,
TEOPETHYECKOTO M IKCIIEPUMEHTAITLHOTO MCCIIeIOBAHNUS
YMeTb NpPUMEHSTh COOTBETCTBYIOIIMHI (PM3UKO-MAaTEeMAaTHUYECKUN ammapar, METO/bl aHalIu3a
U MOJEIUPOBAHMs, TEOPETUYECKOTO U OIKCIEPHUMEHTAIBHOTO MCCIEOBAaHUS TPU pPELIeHUU
npodeccuoHanbHbIX 3a7a4
HaumeHnoBanue ¢GopMHpyeMBbIX KOMIIETEHIUH

|K0;1 |CDOpMyJ'II/Ip0BKa



https://openedu.ru/

OIIK-2 Cnoco6eH MpUMEHSTh COOTBETCTBYIOIMNUNA (PU3UKO-MAaTeMaTHIECCKUN
arrapar, METOJbl aHAJIM3a U MOACTIUPOBAHUA, TCOPECTHUICCKOI'O U
AKCIEPUMEHTAIBHOTO HCCIICIOBAHUS TIPU PEIICHUH MPO(HECCHOHATBHBIX
3aga4

AKTyanbHOCTh pPa0boThl. CHHTE3 HOBBIX COCIMHEHUN M H3yue€HUE HEM3BECTHBIX paHee
(DU3UKO-XMMHYECKUX CBONCTB SIBJISICTCS aKTyaJbHBIM M C TOYKH 3PCHUS XUMUYCCKOW HAYKH UMEET
¢dbyHnamenTanbHbIi Xapakrep. C MOMEHTa BO3HUKHOBEHHSI XMMHUYECKON TEPMOJAMHAMUKH OJTHOM U3
BOXKHEHIIMX 3a/ad OTOM HAyKH SBISAETCS ONPEAECICHUE CTAHAAPTHBIX TEPMOAMHAMUYECKHUX
GyHKIUI MHAMBHUIYANbHBIX BELIECTB. Takue JaHHble HEOOXOAMMBI MpPEXAe BCEro, IUis pacyeTa
PaBHOBECHUI XMMHUYECKMX PEAKUMM NpU Pa3IUYHBIX TemIeparypax H jaasieHud. [Ipu stom
JTUMUTHPYIOIIUM (PaKTOPOM B TaKMX pacueTax SBIISETCS, KaK MPaBUIIO, OTHOCUTEIBHO HHU3Kas
TOYHOCTh B  ONPEACIICHUM SHTAIILIINY XUMAYECKOM pEaKUHUH, KOTOpas BBIYUCIACTCS Kak
anreOpandecKas CyMma SHTAIbINI 00pa30BaHUs PeareHTOB. B M3MepeHusX S3HTPONUHU JTOMYCTHMBI
OO0JIBbIIIAE MOTPEITHOCTH, OCOOSCHHO, €CITM Pedb WJIET O PEAKIHUSAX ¢ YIaCTHEeM KOHJICHCHPOBAHHBIX
BelIECTB. B 3TOM OTHOILIEHUH OMNpe/esieHrne CTaHAAPTHBIX SHTAIBINN 00pa30BaHus U a0COMIOTHBIX
SHTPONUI WHIUBUIYAIHHBIX BEIIECTB SBISCTCS HEOOXOIMMOW M aKTyaTbHOU 3aaueii XUMHUIEeCKOH
HayK{ U TEXHOJIOTHH.

TeopeTuyeckas 4acTb

Hayka o B3auMHBIX TIPEBpAlICHUSAX PA3NIMYHBIX BHJOB JHEPTrUU  HA3BIBACTCS
MepMOOUHAMUKO.

[Tpr XUMHUYECKUX PEAKIHSIX MPOUCXOJIAT NIYOOKHE Ka4eCTBEHHBIC H3MEHEHUS B CHCTEME:!
PBYTCSl CBSI3M B MCXOJIHBIX BEIIECTBAX W BO3HUKAIOT HOBBIC CBSI3U B KOHEUHBIX MPOAYKTaX. DTH
W3MEHEHHUE COMPOBOKIAFOTCS IMOTJIOMICHUEM WIIH BBIICIICHUEM SHEPTUU OOBIYHO B BHJIC TETUIOTHI.

Paznen TepMonMHAMHKHM, W3YYalOUIMid TeIUIOBbIe A((GEKThl XUMHUYECKUX PEaKIIHid,
HA3bIBACTCS MepMOXUMUEU.

[Ipu moGoM mpolecce BBHIMOIHAETCS 3aKOH coXpaHeHus osHepruu. Tennoma Q,

noznowennas cucmemoti, udem Ha usmenenue eé enympenneti snepeuu AU u na coeepuwenue
pabomer A

Q =AU+A. 4.1)

BHyTpeHHss 3HEprusi xapakTepu3yeT CKpPBHITYIO B BEILECTBE PHEPIUI0 (KMHETHUYECKYI0 U
MOTEHLIMAJIbHYI0), KOTOpasi BBICBOOOXKAAeTCs MPU (PU3NUECKUX U XUMUYECKUX MPOIIECCaX.

Tennosvim  s¢pghexkmom  peakyuu  Hazvieaemcs  KOIUYECMBO  BbIOENEHHO20  UU
noz2nowenno2o menaa. CTaHAAPTHBIN TEIUIOBOW A(PPEKT COOTBETCTBYET CTaHIAPTHBIM YCIOBUSIM
npoBeaenus peakuuii: T = 298,15 K, P = 101,3 kIla. Tennosou s¢pgpexm peaxyuu, npomexaroweii
npu NOCMOAHHOM 00beme CUCeMbl, PABEeH USMEHEHUIO GHYMPEHHEN IHEePUL:

Qv =AU. (4.2)

BoNbIIMHCTBO XMMUYECKUX peakiuil MpOTeKaeT MpU MOCTOSHHOM JaBJIeHHUH. 1ennogotl
aphexm xumuueckoli peakyuu, npomexaroweu npu NOCHMOSHHOM OdGLeHUlU, PAGEH U3MEHEHUNO
SHMATLNUU:

Qe =AH. (4.3)

OHTaNBIHU paBHA CyMME BHYTPEHHEH SHEprUH U paboThl pacIIupEeHuUs:

H=U+pV. 43)




[Toaromy oumanvnuio onpedensirom Kak 9HEPIUI0 PACWUPEHHOU CUCHEMbl, €€
TEII0CoIep KaHuUe.

Peakiiuu,  KOTOpbIE  CONMPOBOXKAAIOTCS  BBIACIIEHUEM  TEIUIOThI,  HA3bIBAIOTCS
axzomepmuueckumu. TIpu UX MpoTekaHuu Terwiocozepxanue cuctembl ymenbiaerca (AH < 0).

[Ipy OpoTEKaHWH Ke OHIOTEPMUYECKUX PEAKIMil, HIYNIMX C TOMVIOMEHAEM TEILIa,
ternocozepxanue ysemuuupaercs (AH > 0).

B 3aBucumocTM OT XapakTepa IPOUCXOJSAIIET0 IIpoLecca pas3indyaroT TEeIIOThI
oOpa3oBaHMUsl, CrOpaHus, pacTBopeHus U T.1. [loHaTHe 0 TerioTe 0Opa3oBaHUs BEILECTBA SBISETCS
OJIHMM M3 BaXXHEUIITUX B TEPMOXUMUMU.

Tennomoii obpazosanus (AH ) nazviearom mennosoii s¢ppexm peaxyuu 06pazosanus

obpa3.
00H020 MOJNb CILOJCHO20 BeWeCmed U3 NPOCMbIX, YCMOUYUGbIX NPU CMAHOAPHIHBIX YCAOGUAX
(T =298,15 K; P =101,3 klla). Tennorsl 06pa3oBaHus HEKOTOPHIX BEIIECTB IPUBEICHHI B

tabmune 6.1. OOparuTe BHUMaHHE HA TO, YTO MENIOMbl 00OPA308AHUSL NPOCMBIX GeUjecms,
YCTOMUYUBBIX TPU CTAHAAPTHBIX YCIOBUSX, NPUHAMbL PAGHBIMU HYTIO.

Tennosoii a¢hghexm xumuueckou peakyuu 3a6UcCUm om HpuUpoosbl U GUIUYECKO20
COCMOAHUSL UCXOOHBIX 8eujeCms U NPOOYKIMO8 peakyuu U He 3a8Ucum om nymu e€ NnposeoeHusl.
TeroBbie 3Q(EKTb 3aBUCAT OT CTPOCHHS PEArupyIOMIUX MOJEKYJ, TO3TOMY TEOPETHYECKH
paccunTaTh UX HEBO3MOXHO. 3aKOH I'ecca 1mo3BoisieT Ha OCHOBAaHUHM OTPAaHMYEHHOTO KOJIWYECTBA
OIBITHBIX JAaHHBIX 0 TEIJIOTAaM OOpa30BaHUs BBIUUCIIATH TEIUIOBBIE 3(M(EKThI OOJBIIOTr0 YUCIia
peaKkuuid.

OCHOBHBIM 3aKOHOM TEPMOXUMUM SIBISIETCA 3akoH [ecca, B OCHOBE KOTOPOTO JIEKHT
3aKOH COXPaHCHHSI SHEPTUU:

Tabauya 4.1 — Tennomol 06pazoeanusi HEKOMOPLIX BEUECME

Bewecmeso AH06pa3_, K{oic/monb Bewecmeso AH06pa3' , Koc/monw

Al O, (1) ~1675 H,O(r) 242

ALL(SO,), (1) 343 H,5(r) 0
CH,(r) ~75 MgO(t) -601
C,Hq(r) -85 Mg(NO,), (1) —790

CeH¢ (%) 49 NO, (r) 33
CO(r) -110 NaHCO,(r) -914
CO,(r) -393 Na,CO,(r) -1129
COS(r) -137 Na,S() —372
HCI(r) 92 Na,SO,(1) -1090
HNO, (k) -173 Na,SO, () —1388
CuO(r1) -165 POCI, (k) -997
Cu(NO,), (1) -307 PCI, (1) -369
H ZO()K) —286 SO, (r) —297

B cootBetcTBUM ¢ 3akoHOM ['ecca: mennogoti aghghexm psoa nocredosamenvbHbix peakyuti
pasen meniogomy 3¢gexmy 0py2o20 psoa nocied08amenbHulX peaKyutl, eciu UCXOOHble eueCcmed
U npodykmwl npespaujenuti 0OuHaxosvi. Ha OCHOBaHMM 3TOr0 MOJXO0/Aa C TEPMOXUMHUYECKUMHU
YpaBHEHHMSIMH MOYXKHO OIEPUPOBaTh TaK K€, KaK M C alreOpamdecKuMH. epmMoXuMuyecKumu
HA3b18AIOMCA XUMUYECKUE YPABHEHUs, 8 KOMOPbIX YKA3aHbl MeNnn08ble dh@exmul peakyui.

M3BecTHO, 9YTO B HEM3OJIHMPOBAHHBIX CHUCTEMax IMPH OTCYTCTBUH BHEUIHHX BO3IEHCTBHIA
CaMOITPOU3BOJILHO NIPOUCXOIAT IK30TEPMUUYECKUE PEAKIIUU (AH< 0). OCOoOEHHOCTBIO
XUMHAYECKHUX TPEBPAIICHUH SBISETCS y4acTHe B HUX OOJBIIOTO YHCia YacTHIl. [ Takux cucteM




Haubojlee BEPOATHO COCTOSHUE OecHopsaka, XapakTepusyeMoe SHTpomueil S. W3MmeHeHue

OHTPOIHNU NTPHU XUMUYCCKHUX PCAKIUAX PACCUHHUTHIBACTCA HAa OCHOBAHWU CJICACTBUA U3 3aKOHA I'ecca.
KadecTBeHHO 3HAK M3MEHECHHUS SHTPOIIMU MOKHO OLHCHHUTH, COIIOCTaBUB KOJINYCCTBO r33006p33HI)IX
BCIICCTB A0 U IIOCJIC PCaKIINU.

Bonpocs! u 3a1aHus
Ilpumep 1. BuIUUCINTH CTAaHAAPTHYIO TEILIOTY oOpa3oBaHHs OKcuua xeneza (+3) mo

CJICAYIOIUM TCPMOXUMHUUCCKUM YPABHCHHUAM:
1) 2Fe,, +O,,, =2Fe0,,; A
2) 4Fe0,,, + 0, = 2Fe,0

=-532 xJIx;

= -584 xJIx.

2(r) 3(r )’

Pewenue. 3anviieM TepMOXHMHYECKOe ypaBHeHue obpazosanust F€,0, u3 mpoctsix

BCIICCTB:

3) 2Fe,, + 1,50, =Fe,0;,; AH,  =?x/uc.

Jly1s TOoro 4To0bI U3 ABYX JaHHBIX YPAaBHEHUH MOJYYUTh UCKOMOE 3), HY’)KHO YpaBHEHHE 2)

pa3acInTb Ha ABa U CJIOXUTH C YPABHCHUCM 1) Takue xe anre6paﬂquKI/Ie ﬂeﬁCTBHH IMpOBCACM C

TEIUIOBBIMU 3((PpeKTaMu TaHHBIX PEaKIUi U IMOIYIUM HCKOMYIO BETHUUHY AHX.p. :

2Fe,, + 150, =Fe,0,,; AH,, =0,5:(-584) - 532 = -824 KJlxc/mon.

Jns pacuera TeIOBBIX 3(P(EKTOB XUMHUYECKUX PEAKUUH YacTO HCIOIB3YIOT IEpBOEC
CIIECTBUE U3 3aKoHa ['ecca:
Tennosoti s¢ghgpexm xumuueckou peakyuu pageH cymme menjiom oopazosanus NPpooyKmos

peaxkyuu 3a 6bl4eniom CymMmobl meniom 06pa306aHu}1 UCXOOHDBIX eeuecms.

AH, , =Y AH = AH” (4.4

Ilpumep 2. PaccuumTtaiiTe TeIUIOBOM H(PQEKT peakuuu TOpeHHs STaHa MCXOas U3
CTaHJApTHBIX TEIUIOT oOpa3oBaHus. Kakoe KOIMUYECTBO TEMJIOTHI BBIACIUTCS WIM MOTJIOTHTCH,

ecru: a) cropaet 90 T 9TaHa; 6) o6pazosanock 89,6 1M1
CO, (m.y.).

Pewenue. 3anuimemM TepMOXMMHUYECKOE YPABHEHUE PEAKIIMU TOPEHHUS dTaHa B pacyeTe Ha
1 MoB:
C,H

+3,50,,, — 2CO,, +3H,0,; AH,, =2 k/lx.

6(r) 2(r)

PaccunTaem TemnmoBoit 3(1)(1)CKT p€aKkinu 110 NEPBOMY CIECACTBUIO U3 3aKOHA T'ecca:
_ o6p. obp. o0p.
AH,, =3AH}"; + 2AH — AH,

GHg

op.
AH ;" =0, Tax Kak 9T0 IIPOCTOE BELIECTBO.



[ToxcraBuM 3HaYeHHS TEIIOT 00pa3oBaHus U3 Ta0IHIbI 6.1:

AHXP‘ =3+(-286) +2+(-393) + 85 =-1559 x/x/MoOJb.
Mockonexy AH, =~ <0, peakuus sx3orepmuyeckas.
Ilo ypasaenuto peaxuuu cropaer 1 moms C,H, t.e. 30 r. Ilo ycnoBuio 3agaun B

peaxruro Berynuiao 90 r C,H , uto cocrasisier:

M.y 902
M 30 2/ monw

CaHg

=3 monw.

n(czHe) =

Toraa koaM4ecTBO Teria, BbIACNIEHHOro Mpu cropanuu 90 r sTana, OyAer:
Q=nAH,_, =3 - (-1559) =-4677 xx.
[To ypaBHEHHIO peaklUd U3 OJHOTO MOJIb 3TaHa oOpaszyercs 2 MOJIb COz. Hanomuum,

YTO MOJb Ia3a, IpH H.y., 3aHUMaeT oobeM 22,4 av°. Tlo yciosuio 3anaun obpaszosanock 89,6 v

CO,, uro cocrasuser:

V
n= COZZ@ZLI-MOJZU
224 22,4

KonnuectBo TCILIA, BBIACIIACMOC IIPpHU 3TOM, PABHO:
Q=nAH,, =4-(-1559) = - 6236 KJl.

TemoBoil 3¢(HeKT XUMUYECKON peakuu MOXHO TAaK)X€ BBIUMCIMTH, UCIOJb3Ys BTOPOE
CIIECTBUE U3 3aKoHa ['ecca:
Tennosoti 3¢pgpexm xumuueckou peaxyuu pageHn cymme Menjiom C20paHus UCXOOHLIX

eeuecmes 3a 6bl4enom CYMmbl meniont CCOpaHusl KOHe4Hblx eeiecmse.

AH =D AHE” = AHE (4.5)

o ceop. o
Tennomoii ceopanus sewecmea AH“”" nasvieaemcss mennosoii s¢ppexm peaxyuu

OKUCTIeHUsL 00HO20 MOJb 8eUleCmed KUCIOPOoOOM ¢ 00pa308aHUuemM GblCUUX (YCMOUYUBLIX) OKCUOO8.

Jliss OpraHMYecKUX COENMHEHUHU TEeIJIOTOM CropaHusl Ha3bIBaeTCS TEIJIOBOH JPQEKT peaxiuu
TIOJIHOTO CropaHusi | MoNb JaHHOTO opraHudeckoro Bemectsa ¢ obpasosannem CO, n H,O.
CranmapTHbIE TEIJIOTHl CTOpAaHMS TpUBENCHBI B Tadnuie 6.2. OOparuTe BHHMaHHE HA TO, YTO

terotel cropanus Beicmmx okennos (CO, n H,0) pasust myso.

Bewecmeo AH P i ]Tc/monw Bewecmeo AH " x[oic/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
N,O -69

Ilpumep 3. Paccumtaiite TeroBor 3G EKT peakuuu STepUPUKAIUA HCXOAS M3 CTaHIAPTHBIX
Tabnuya 4.2 — Cmanoapmuule SHMATLAUU C2OPAHUSL HEKOMOPBIX COeOUHeHUll TEIUIOT CrOpaHusl.
Kakoe komM4yecTBO TEIJIOTHI BBIACTUTCS WJIM MOTJIOTUTCS, €CIM B peakuuio BcTymwio 138 r

3Tagosa’?

Pewenue. 3armmiem TEPMOXUMHNYCCKOC YPABHCHUC PCAKIIUN:

C,HsOH,,, + CH,COOH,,, ===2=> CH,COOC,H;,,, +H,0,,; AH,, =? K/l

TernoBoii 3¢ (heKkT XUMUIECKOH peaKkIMyi PaCCYUTAEM IO BTOPOMY CIIEAICTBHIO U3 3aKOHA

T'ecca:

_ ceop ceop _ ceop
AH, , =AH y op + AH oy cooy —AH,

CHLCOOC,H,

AH ,cjfg = (), TaK KaK BOJIa — 3TO BBICIINI OKCHJI.

[ToacTaBUM YUCIIEHHBIE 3HAYEHHS TEMUIOT CTOPAHMS U3 TaOIMIbl 6.2:
AHx‘p_ = -1367 - 874 + 2254 = 13 x/>x/Mmob,

Tak kak AH > 0, peakuus sHIOTEPMUYECKAS.

Io ypasrenuio peakiun pearupyer 1 mons C,H.OH . Tlo ycnosuio 3anaun B peakimio
serymuio 138 1 C,H.OH , uro cocrasnser:

mC2H5OH _ 138 2

M uon 462/ monw

n= =3 monn.

Torma KOIMYECTBO TEIIa, MOMIOIMEHHOTO B JAHHOW PEaKIUU:
Q=nAH, =313 =39 x/Dx.

CrnenctBust u3 3akoHa ['ecca mpUMEHSIOTCS TakXke MPU TEPMOXUMUUYECKUX pacdeTax st
oTpeieNIeHUs TEIIOT 0Opa30BaHUs WM CTOPAHUS UCXOHBIX BEIIECTB MM MPOIYKTOB PEAKIIUU.
Ilpumep 4. BpunucnuTe CTaHAAPTHYIO TEIUIOTY OOpa3oBaHUsi OCH30J1a HA OCHOBAaHUH

TEPMOXMMHUYECKOTO YPABHEHMS PEAKIIUU €TI0 CTOPaHUs:

CeHey + 7,50, = 6CO,,, +3H,0,,; AH,, =-3133 x/lx/Mous.



Pewenue. I1o nepsoMy cinencteuto u3 3akona ['ecca:

_ oop. oop. oop.
AH, = 3AHH20 + GAHCO2 —AH

CGeHe *

op.
AH ;" =0, Tak Kak 5T0 IPOCTOE BEMECTBO. Bhipasum Tennory obpazosanus Gensomna:

oop. __ oop. oop.
AH _3‘AHH20 +6-AHCO2 —AH

x.p."

[ToxcTraBuM YKCIEHHBIC 3HAYCHUS U3 TAOIUIBI 6.1:
AHZ: = 6(-393) + 3:(-242) + 3133 = 49 xJLx/mMors.
IIpumep 5. BeluncauTte cTaHAapTHYIO TEIIOTY cropanus aneruiena C ,H, Ha ocHoBanuu

TCPMOXUMHUYCCKOI'0 YPaBHCHUSA:

C,H,, +CO, +H,0, —> CH,=CHCOOH,,,; AH,  =-213 kJ[x/M0Jb.

AKPpHJIOBas KHCJIO0Ta

2(r)

Pewenue. I1o BTOpomy ciiencTBUIO U3 3aKoHa ['ecca:

_ ceop ceop ceop ceop
AH , =AH., +AH., +AH, ;,—AH

CH, C,H,COOH
rie AHIC;ZOOP =0.
Orcros1a BBIpa3UM TEIUIOTY CTOPaHUS AlleTHIICHA:

ceop __ _ ceop caop
AH.y =AH, , —AH.," +AH

C,H,COOH "
AHE? = -213 + 283 - 1370 = -1300 x/l/mos.

Ilpumep 5. PaccunraiitTe n3aMEeHEeHHE SHTPOIUM [TPU CUHTE3€ aMMHaKa.

Jlns penieHus 3aaun 3anuilieM ypaBHEHHE peakliiy B pacyeTe Ha | Mob aMMuaka:
0,5N, +1,5H, =NH; ; AS =7 /[oic/ monw- K.

3HaK H3MEHEHUS OHTPOIIMU MOXKXHO YCTAaHOBUTH II0 KOJHUYCCTBY MOJIb Fa3006p33HI>IX

BCIICCTB.
An=n_ -n_ =1-(05+15)=-1,

rac nKOH. I/Inmx_ — KOJIHYCCTBO MOJIb KOHCYHBIX WM HCXOJHBIX BCHICCTB, An — HU3MCHCHUC

KOJINYECTBA MOJIb ra3000pa3HbIX BELIECTB IPU PEAKIINU.
[ockomsky AN <0, To B pesyinbrare peakuum OGecHOPAIOK B CHCTEME YMEHBINAETCS.
COOTBETCTBEHHO JHTPOMUS paccMaTpUBAaeMOW CHCTEMBbl Takke yObIBaeT. llpousBemeM pacuer

HU3MCHCHUSA SHTPOINUU IIPpU 3TOH pCakuu B COOTBETCTBUHU CO CIICACTBUCM U3 3aKOHA I'ecca:
0 _ 0 0 0
AS®, =S5, —0,5-S% ~15-S0 .,

0
rac S — CTaHAAPTHBIC SHTPOIINU BCIICCTB.



[ToACTaBUM HX YHCIIOBBIE 3HAYEHUS:
ASQ ,, =192,8 - 0,5-191,6 - 1,5-130,6 = -98,9 Jlx/mons - K.

B uzonuposannoii cucmeme (npu omcymcmeuu o00OMeHa SHepauell U BeujeCmeom co
cpeooii) 8o3pacmarue IHMPONUU ABIAEMCA KpUmepuem camonpoussoIbH020 NPOMeKaHUs peaKyul.

B IMPUBCACHHOM IIPUMEPE CaMOIIPOMU3BOJIBHOEC ITPOTCKAHUEC pr[MOﬁ PE€aKun HEBO3MOXXHO, TaK KakK

0
AS, o < 0. Kak u3BeCTHO, HampaBlicCHHE IIPOTEKAHMS XMMHUYECKUX IPOLECCOB OINpPEEIIETCs
neiicTBueM JBYX (akTopoB: sHTaNbNMAHOr0 AH x.p. (cTpemiieHHEe CUCTEMBI K MUHUMYMY DHEPIHH )

U SHTPOIUIHOIO ASX_p_ (cTpeMyieHHE K JOCTH)KEHUIO MaKCUMAJIbHOTO Xaoca). OHM 00beANHSIOTCS

I/1306apHO'I/I3OTepMI/ILIeCKI/IM INHOTCHLHAJIOM:

AG, =AH,, ~TAS,, “s)

KpumepueM CAMONPOU360IbHOCO NPONMEKAaArus peaxkyuu Ae61Aemcs y6bl/lb u306apH0—

usomepmuueckozo nomenyuara AG_ , < 0. Yem wmenbure BenmumHa AG, ,.» TeM Oombiie

BCPOATHOCTb IIPOTCKAHHA XUMHYECKOH pCaKIuu. Takum O6p8.30M, C IIOMOIIBIO Apr MOXXHO

IPOTHO3UPOBATh BO3MOKHOCTh XMMHUYECKOTO IPEBPAIICHUS U JAEaTh PAKTUYECKUE BHIBOBI.
Ilpumep 6. BO3MOXHO JIM COBMECTHOE XpaHEHHE Ha CKJIaJe ASTHICHIIUKOISI
(anTH(]pU3HASA KUAKOCTD) U KAIUHHOMN cenuTpsl (yrodpenue)?

N3BecTHO, YTO STUJICHTJIMKOJIb, KaK W MHOTHE OpPraHWYECKHE BEIIeCTBa, 00JamaeT
BOCCTAHOBUTEIHHBIMU CBOMCTBAaMH, a KNO3 sBIIsIeTCS okmcauTeneM. OneHHM, BO3MOXKHO JIH

MMPOTCKAHUC PCAKIIMU MCKAY 3TUMH BCIICCTBAMU. O)II/IH N3 BO3MOJKHBIX BAPHUAHTOB IIPECBPAIICHUA

3aIMUCBIBACTCA CICAYIOIIUM o6pa30M:
3C,H,0, + 10KNO, = 6CO, + 4H,0 + 10NO + 10KOH.

B cootBerctBUM cO cieacTBUEM U3 3akoHa l'ecca M300apHBI MOTEHLMAN JIAHHOTO
MIPEBpALICHUS] MOKET OBbITh BbIpAaXKEH depe3 M300apHble MOTEHIMalbl 00pa30BaHUS Y4aCTHUKOB

MIpEeBpaLCHHUS:

AG,,,, =(6-AGYE +4-AG;", +10- AG;7 +10-AG, ) —(3-AGZ, , +10-AGLT, ).

npeep = (
HOIICTaBI/IM YHUCJIOBBIC 3HAUYCHUA U3 Ta6HI/IHLI 3:

AG,  =6-(-394,6) + 4(-228,8) +10-80,6 +10- (-379,3) - (3-(-319,4)+10 - (-393,4)) =

npesp

= -1377,6 xJIx.

TCHCpB BBIYHMCJIUM U3MCHCHUC I/IBOGapHOl"O MMOTEHIIHala XUMUYECKOM pCaKknnn B paCcucTC HA 1 MOTIBb

OTUIICHTJINKOJIA:



AG,, =AG,,,, N 0, =—1377,6 k/Joic/ 3 mons = —459,2 k/[oic| monw.

npesp
TakoMy n306apHOMY HOTEHIIHATy COOTBETCTBYET TEPMOXHUMHUYECKOE YPaBHEHHUE:!

C,H.0, +%KN03 =2CO, +%HZO+%NO+%KOH; AG,, =7

0
Tabnuya 4.3 — 3nauenus cmanoapmmuvlx nomenyuanos obpasoséanus nexkomopuix eewecme AG

(x/[orc/monv)

Bewecmso | AG° Bewe cmeo | A\G® | Bewe AG? Bewe AG°
obpas. obpas. cmeo obpas. cmeo obpas.
LiH —68,7 SrH2 -140 CHF3 —644,7 C10H8 201,0
NaH -33,6 BaH, -151 CHCIF, —429,4 HZO(F) —228,8
KH -34 Ca(C)H)2 -899 C F, —888,9 HZO(X) —237,4
RoH | 276 | Sr(OH), | 876 | CCLF, | 435 | H,0,, | 1205
LiOH —439 Ba(OH)2 —855 C2F4 —615,7 KNO3 -393,4
NaOH -380 co, -395 | C,H,0,| -3194 KCI —-409,0
KOH -379 CH, -50,8 | C;H;(OH),| 477 KMnO, | -729,6
RbOH 374 CH,F -2231 | C,H,0,| -1125 MnO, —467,0
BeH, +15,5 CHZO -110 C6H5C| 89,3 NO 80,6
CaH, -138 CH,F, -418,3 C,H,CH, 113,8

[TonryueHHOE M3MEHEHHE N300apHOTr0 MOTEHIMAla PeaKIIMY MEHbIIE, YeM U300apHbIe
MOTEeHIIMaJIbl 00pa30oBaHUs MHOTHX BenlecTB. [103TOMy npoTekaHue Takoil peakliuyu BecbMa
BepoATHO. OTCr0/1a ClIeyeT IPAKTUYECKUM BBIBO/I: COBMECTHOE XPAHEHHUE dTUIICHITIMKOISA U

CENUTPHI HeQONyCMuUMO, TaK KaK MOKET IIPUBECTH K CAMOBO3TOPAHMIO.
Kpurepuiit  AG, , <0 moxer OwTh mpumenen u I8 aHAIM3A  YCTOHYMBOCTH
XUMHUYCCKUX COC}II/IHGHI/Iﬁ Ha OCHOBAHUHM BCIINYWH HUX I/1306apHI)IX IIOTCHIINAJIOB 06pa30BaHI/I$I. Yem
menbue AG ».» TEM TIPOUHEE MOJIEKYa.

Ilpumep 7. Ha ocHOBaHMM HM300apHBIX MOTEHIMAIOB O0Opa30BaHUS MOJIEKYN ciaeaiTe
BBIBOJI 00 yCTONYMBOCTH (PTOPIPOU3BOJHBIX MOJIEKYJ METaHa.

Bermumrem u3 ta0mmiiet 4.3 n300apHbIe MOTSHIIMATBI 00pa3oBaHUS (PTOPIPOU3BOTHBIX:

CH, 50,8




CH,F [-2231
CH,F, |-4183
CHF, |-6447
CF, —888,9

U3 INPpUBCACHHOI'0 psga BHUIHO, 4YTO C YBCIWYCHHEM KOJHUYCCTBA AaTOMOB (bTopa

ycroitunBocth Mosekyn Bospacraer. [ monekyn CH, u CF, moxuo BBIumcnnTs n306apubie

norenumanst (K] monv) cemseit AGZ”) =—13 u AG" =-222,2 . Do rosoputr o

BbIcOKOI mpounoctu ceasu C-F. B To e BpeMs B cMeIIaHHBIX raloreHoBOAOPOIAX H300apHBbIH
MOTEHLIMad O00pa3oBaHHsS HE MOXET OBbITb paccuyuTaH IIyTEM CYMMHUPOBAHUSA H300apHBIX

ITOTEHIIMAJIOB CBS3EH, YTO CBS3aHO CO B3aWUMHBIM OTTAJIKUBAHUEM aTOMOB.

B mpouecce xumuueckoro npeBparieHust QyHKIus AGx_p_ yOBIBaeT A0 TeX MOp, OKa He
HACTYIIUT COCTOSIHUE XUMHUYECKOrO pPaBHOBECHsA. B COCTOSHMM pPaBHOBECUS DHTAJIBIUNHBIA U
SHTPONUIHBIN (DaKTOPBI CPABHUBAIOTCS. Y CIIOBHEM XUMHUYECKOTO PAaBHOBECHUS SBIISICTCS PaBEHCTBO

AG, , =0, coorserctsyiomee pasenctsy AH = TAS.

0 0
Tabnuynbie 3HAa4YCHUA AH n AS OTHOCATCA K CTaHAAPTHBIM YCIOBUAM

(T=298 K; P=101325T1la). dopmyna mms pacueTa H300apHOTO MOTEHIMANA AGS

p.

npuoopeTaeT BUA:

0 _Apg0 0
AGx.p. - A[—Ix.p. TASx.P- (47)

. 0
Ota dopMyna uMeeT HPUOIIKCHHBIHA XapaKkTep, HO 03BoisieT Ha ocHoBanun AG_ b= 0

PacCUYUTHIBATh TEMIIEPATYPY, COOTBETCTBYIOIIYIO PABHOBECHOMY COCTOSTHUIO CHCTEMBI:

AH?
L paon = 357 (4.8)

[lpr wmcnonp30BaHWUU 3TOW (GOPMYIBI HAZO MOMHHUTB, YTO Pa3MEPHOCTH TaOIMYHBIX

3HaueHnit e cornmacosanbl: AH msmepsercsa B x/lx/mMons, a AS — B JIxx/mons K. ITosromy mpu
. 0

HOJCTaHOBKE Tabmu4HbIX 3HadeHuii 3Hauemme AH™ nepesomurcs B JI/MOIb C HOMOIIBIO

muOkuTeNs 10°.

IIpumep 8. Beraucnute n3o0apHbBIE MOTSHITHABI TSI PEaKITUN

2NO + 0, = 2NO,



npu temneparypax 600 — 1000 K, noctpoiite rpapuxk AG - T u cpenaiite BbIBOJ 0 HanpaBiIeHUH
peaKkuuu Npy pa3HbIX TeMIlepaTypax.

3anumem YpaBHCHHE PEaKIMKU B CTAHAAPTHOM BH/JC:

2NO + 0O, =2NO,; AS, | =? [l mons- K.

B cootBeTcTBHE CO CJIICACTBHECM K3 3aKOHa FCCCEl, BbIpa3UM HU3MCHCHUC SHTPOIIUU IIPU

XHUMHYECKOH p€aKkuu 4€pe€3 SHTPOIINU YHAaCTHUKOB PABHOBCCHS:

AS, , = S,(\)lo2 — S,go —%ng =240—- 211—%- 205=-73,5 /[oc! monw- K.

AHaJOrMYHO HalJIeM SHTAJIBINI0 XUMUYECKON peakluu:
0 _ o0p. _ oop. __ _ -
AH, , =AH, —AH G =32 —90=-58 k/lowc] monw.
Hanmomuum, 4ro TemioTsl 00pa3oBaHUs MNPOCTHIX BEIIECTB MPUHATHI PAaBHBIMU HYIIIO
oop. _
(AHZ" =0).
Tenepp BBYMCIMM TEMIEPATypy, NPHU KOTOPOM JOCTHUraeTcs TEPMOAMHAMHUYECKOE
paBHOBECHE:
3
-58-10

= =789 K.
paen =735

N3006apHbIil TOTEHIMAT TPU Pa3sHBIX TEMIIEpaTypax paccyuTaeM Mo (GopMmyie ¢ y4deToM

MHOKHTETS 1072;

AG? =-58+73,510° k/x.

0
X.p.
Hockomnbky AS < 0, To byHKIHS AG)?_p_ =f(T) - Bospacraromas.

[ToncraBnsss 3HaueHWs TeMmepaTyp W3 YCIOBHMsS IpUMepa, Haijiem wu3o0apHble

MOTEHIUAIBI (K/{otc/MOTb):
AGY =-13,9; AGY, =-6,55; AGY, = 0,8; AG%, = 8,15; AG’, = 155.
Ha ocHOBaHWH 5THX JAaHHBIX CTPOUM rpaduK:

T,K 600 700 800 900 1000
AG? -13,9 —6,55 0,8 8,15 15,5
x.p.
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Pucynoxk 4.1. I'paduk 3aBECHMOCTH H3MEHEHUS H300apHOTO OTEHIIHATIA

OT TEMIIEPATYPBI

U3 rpaduka cnemyer, uto mpu | < T npeobnagaeT npsamas peakuus, npu | > |

paBH. paBH.

— obparHas. [IocKOJIBKY peakiys dK30TepMUdecKas, To mpu | < TpaBH. HaIPaBJIEHHOCTh PEAKIINU

onpezienseTcs npeobIagaHueM SHTalbIOMiHOrO, (axropa, a mpu [ >-TpaBH. — OSHTPOIUNHHOTO

q)aKTopa. OTMGTI/IM, 4YTO HACTYIUICHHUC paBHOBECHUA BO3MOXHO TOJIBKO TOrjJga, KOraa 3HAKH

usmenenus Gynakuuii AH 1 AS onunakossl.

ba3o0BbIi1 ypoBeHB
1. Beruucnure TemioTy oOpa3oBaHMs MOAYEPKHYTOTO B YPaBHEHUHU BEIIECTBA, UCXOMS U3

TEPMOXUMHUYCCKOI'0 YPaBHCHHUA

No Ypasnenus peaxyuu AH._ Omeemul
3a0aqu P AH %
ke | monw ’
ki | monw

1~ |1)4NH, +50, =4NO + 6H,0,, -1169 90
2) 4NH, + 30, = 2N, +6H,0,, -1530

2 1) 4As,, + 30, =2As,0,, -1328 —925
2) As,0y + O, = As,0; -261

3 | 1)CuCly,, +Cu,, =2CuCl,, -56 136
2) Cu,, + Cl,,, = CuCl,,, -216

4 1) 2P(T) + 3C|2(r) = 2PC|3(>K) -574 -375
2) PCI,, =PCl,, +Cl,, 88




5 |1)2Pb, +0,, =2PbO,, -438 -277

2) 2P0, = 2PbO,, + O, 116

2. Paccunraiite temnoBoi 3¢ (deKT ykazaHHOW peakluu UCXOJS U3 CTaHIAPTHBIX TEIJIOT

O6p3,30BaHI/ISI. Brrunciaute Takke KOJIMYSCTBO TEILIOTHI (Q), KOTOPOC BBIACIIMTCS WUJIU MOTJIOTUTCA,

€CJIM B JaHHYIO p€AKIIUI0 BCTYIIUIIO Mmr IIEPBOro BEUICCTBA.

Ne Vpasnenus peaxyuu m, 2 Omeembr
3a0ayu Q, Toclons

6 HZS(r) + CO2(F) = Hzo(r) + COS(F) 102 102

7 |'s, +2C0,, =50, +2CO,, 64 538

8 COZ(F) + 4H2(r) = CH4(F) + 2H2O(r) 88 332

9 | PCly, +H,0,, =POClI,,, +2HCI, 836 580

10 | 2NaHCO,,, = Na,CO,, +H,0,, +CO,, | 252 %

3. Beruncnute TemmoBoi 3(pQeKT ykazaHHOH peakIuHu UCXOHs W3 CTaHIAPTHBIX TETUIOT
cropanusd. PaccuMraiiTe KOJIMYECTBO TEIUIOTHI, KOTOPOE BBIAEIUTCS WM IOIJIOTHTCA, €CIU B

NaHHyto peakiuio Berynuino Vo am® nepsoro rasa.

Ne Ypasnenus peaxyuu V, on® Omeemul
3a0auu Q, xloclmons

111 2CH,,, +0,, =2CO,, +4H,, 89,6 ~140

12| 2NH,,, +20,, =N,0, +3H,0,, 67,2 ~1045,5

13 | C,H,, +2CO,, =4CO,, +H,, 112 590

14 CH,, +CO,, =2CO, +2H,, 44,8 496

15 | CHg(, +H,,=2CH, 56 ~165

4. PaccuMTaiiTe CTaHJApTHYIO TEIJIOTY OOpa3oBaHMs NEPBOTO B YPAaBHEHUU BEIIECTBA

op.
HUCXOH U3 MPUBCACHHOTO TCPMOXUMHUUYCCKOI'O YPABHCHUA PCAKIIUN U JAHHBIX I1O AH o .

Ne sadauu Vpasnenus pearyuu AH"
K/ | mono
16 2A1,0,,, +6S0,, + 30, =2Al,(S0,), -1736
17 ANO,,, + O, +2H,0,, =4HNO, —252
18 2Mg(NO,),,, =2MgO,, +4NO,, + 0, 510

19 2CuO,, +4NO

0 20 1 Oy = 2CU(NO;),, —416




20

Na,SO

3(r)

= Na,SO

4(r)

+ NaQS(T)

-176

5. Tlo nmaHHBIM TAaONUIBl BHIYMCIHTE WU3MEHEHHE H300apHOro MOTEHIMana oOpaTHMOn

peaxuuu ipu temneparypax: 800, 900, 1000 1 1100 K. Boraucnute Taxxke temueparypy, mpu

KOTOPOIl OCyIecTBIIsIeTCsl paBHOBecHe B cucteMe. IlocTpoiiTe rpaduk 3aBHCUMOCTH H300apHOTO

NoTCHIMAaIa OT TCMICPATYphl H cneﬂaﬁTe BBIBOZIBI O HaNpaBJICHUU PCAKIUN IIPU PA3HBIX

TeMIIepaTypax.
Ne 3a0auu Obpamumas peakyus AHZP,, AS )?.p-,
Koic/monb Jowe/monw K
L SO2(r) + O’SOz(r) = 803@) -99 03
> COy * €y = 2C0, +173 +176
3. CO(r) + H2(r) = C(T) + H2O(r) -132 134
4. CH4(F) + HZO(F) = CO(F) + 3H2(F) +207 +216
> Cp +2H,, =CH,, ~75 82
6. 3Fe(T) + ZCO(F) = Fe3C(T) + COz(r) —149 155

IloBbI1IEHHBIN YPOBEHB

1. HCXOI{?I N3 YpaBHCHHA pCaAKIINH, I[ElflTC KauCCTBCHHYIO OLICHKY U3 U3MCHCHHA SHTPOIIHNU

IpsIMOTO Tpolecca (yu4TUTE arperaTHble COCTOSIHUSI YYaCTHUKOB peakiuu). VMcrnonab3ys MonbHbIE

OHTPOIIMU JTUX BCHICCTB, YKAXUTC, 6y,[[eT JIX MPOTCKAThb AaHHAA pCaKnuss CaMOIIPOU3BOJIBHO B

I/I3OJIPIpOBaHHOI>’I CUCTEMC.

Ypaseuenue peaxyuu Monvuble snmponuu, Omeem
Ne Lo/ mons K

3a0ayu 1 2 3 4 1 2 3 4 ASP
X.p.

1. | NH,,, +3/40,, =3/2H,0,, + 1/2N,, | 192 | 205 | 189 | 192 | 337

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 CeHepy + NH,,) = C(H;NH, +H, | 173 | 192 | 191 | 131 | -43

Cnucok JIUTEPaATyphbI, peKOMeHZ[yeMBIﬁ K HCITOJIB30BAHHUIO 110 HaH]—[Oﬁ TEME

OcHoBHasl TUTEpaTypa:
1 Koposun, H. B. O6mas xumus : yuebnuk / H. B. Koposun. - 13-e u3a., nepepal. u gom. - M. :

Axanemus, 2011. - 496 c. : wi. - (bakanaspuart). - Pek. MOuH P®. - Ilpun.: c. 461. - BuGnuorp.: c.

486. - ISBN 978-5-7695-8015-4

2 Muxanuna, E. C. XumMus okpy>karomiei cpesibl : XUMUsl KHUBbIX opraHu3moB. Kype nexuuii / E. C.

Muxanuna, A. JI. [lereaun. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Tekcr : a1eKTpoHHBIH // InekTpoHHO-0nbaroTeunas cucrema IPR BOOKS :




[caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum noctyna: s aBTopusmp.
MOJIb30BaTENEN
JonoaHuTeNBLHAS JINTEPaTypa:

1 'muuka, H. JI. O6mas xumus / H. I'. I'nmunka ; [Tox pen. A. U. Epmaxkosa. - U3a. 30-e, ucnp. - M. :
Wurerpan Ipecc, 2003. - 728c. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-017-1

2 XuMUsI METaJUIoB : yuyeOHOoe Tocodue (JUIs CTYICHTOB XUMHUYECKOTO (DaKyJIbTeTa HapaBIeHUH
OakanaBpoB «XUMHU» U «XUMUYECKas TexXHoIorus») / cocraBurenu O. A. T'onoBanoBa. — OMCK :
Owmckuii rocyaapcTBeHHbIH yHuBepeuTeT M. ©.M. Jloctoesckoro, 2015. — 552 ¢c. — ISBN 978-5-
7779-1875-8. — TeKcT : 3MeKTpOHHBIH // DaeKTpoHHO-0nbmnoTeuHas cucrema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum mocTyma: ajst aBTOPH3HP.
MOJIb30BaTENEN

HNuTepHeT-pecypcebl:
1 http://window.edu.ru/ — emuHOE OKHO AOCTYMA K 0Opa30BATEIBHBIM PECypcaM

2 http://biblioclub.ru/ — 3BC «YHuBepcHuTeTCKass OMOIHOTEKA OHITANH.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIIN KaTAIOT aCCOMUAIMH JICKTPOHHBIX OHOIMOTEK yUeOHBIX
3aBefeHuil u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTkpeITOE 0Opa3OBaHHE

TEMA 5. OBIIUE 3AKOHOMEPHOCTHU NIPOTEKAHUA XUMNYECKHUX
IMPOLECCOB.

IMPAKTHYECKOE 3AHSATHE 5. CKOPOCTh XUMHWYECKHNX PEAKIIAI.
XUMHUYECKOE PABHOBECHE

Hean 3ansiTHsA: yrayouTh U OOOOIIMTH TEOPETUUYECKHE 3HAHUS OOYy4YaloIMUXCA O CKOPOCTH
XUMHUECKON peaKlMM, 3aKperuTh 3HaHUuE (OPMYJl BBIPAKEHUS CKOPOCTH pEeaKlUid, HAyYUTbCS
BBIIIOJIHATh  PacyeTbl, HCIHOJB3YysAd JAaHHble @opmyinbsl. HayuuTbcsi BBIBOAMTH KOHCTaHTY
XUMHUYECKOTO PAaBHOBECHS.

3HaHMA ¥ yMeHHUs, IpHo0peTaeMble CTYACHTOM B Pe3yJIbTaTe 0CBOCHHUSI TeMbI
3HaTb ¢u3nKo-MaTeMaTUUYEeCKUH  ammapar, METOAbl aHalM3a W MOJICJIIMPOBAHMUS,
TEOPETUYECKOTO U KCIIEPUMEHTAIBHOTO UCCIIEIOBAHNUS
YMeTh NpUMEHSTh COOTBETCTBYIOIIMHN (PM3UKO-MAaTEeMAaTHUYECKUN ammapar, MeTO/bl aHalIu3a
U MOJECIUPOBAHMS, TEOPETUYECKOIO0 M OKCIIEPUMEHTAIBHOIO MCCIECI0BAaHUSA IIPU PELICHUH
npodeccHOHANIbHBIX 3a]1a4
HaumenoBanue ¢opmupyeMbIx KOMIIETEHIUI

Kon DopmyIMpoBKa

OIIK-2 CriocobeH NpUMEeHSTh COOTBETCTBYIOLINH (PU3HKO-MaTeMaTHUECKUI
amrmapar, MeTOJIbl aHAJIN3a U MOJICTIMPOBAHNS, TEOPETHUECKOTO U
HKCHEPUMEHTAIBHOTO UCCIIEJOBAHUS TP PEIIEHUH MPO(HECCHOHATBHBIX
3amaqy

AKTyannbHOCTB TeMBI. Bce mponecchl, KOTOpbIe MPOUCXOIAT BOKPYT HAC M BHYTPH HAC, UIYT C
npeoOpa3oBaHUEM SHEPTHH U, IPHUEM € Pa3HOH CKOpOCThIO. Tak, mporece nepeaays HepBHOTO
MMITYJIbCA COBEPIIAETCS B COTHIE JI0JIU CEKYH/IbI, POIIECCHl YCBOSHMSI MUY TPEOYIOT HECKOJIBKUX
4acoB, a NPOLECCHI CTAPEHUS MOT'YT JUIUTHCS NECATUIICTHS.


https://openedu.ru/

Bonbuioe npakTrueckoe 3HaAYCHUE XUMUYECKOW KHHETUKH COCTOUT B TOM, YTO OHA
paszpelaeT onpenessTh, BO3SMOXKEH UM HEBO3MOXKEH TOT WJIM MHOU MPOLECC, U B KAKUX YCIOBUSIX
OH npoucxoauT. [IpakTuyeckoe 3HaueHue €€ OUYEBUIHO, TaK KaK, TOJbKO 3HAsl 3aKOHbI KHHETUKHU 1
MEXaHHU3M PeaKIUi MOKHO YIPABIIATh XUMHUECKUMH IpolieccaMi. OT CKOPOCTH XUMUYECKOM
pCaKiuu 3aBUCUT BBIXOJ IMPOAYKTOB, T.C. IPOU3BOAUTCIILBHOCTE TPpyAa U allliapaTypshl.

TeopeTuyeckas 4acTb

CxopocTh XMMHYECKHX peaKkuui

VYpaBHEHHs] XUMUYECKUX PEaKLUi, XapaKTepu3ys MHOTHME CTOPOHBI MPOLECCOB, HE BCEria
JAI0T MOJIHOE IPEACTABICHUE O CYIIIHOCTU IIPOMCXOIAIINX IPEBPAILICHUI.

Hekoropele XHMMHYECKHE MPOLECCHI, HANpUMEp, PEAKIMU PaA3JIO0KEHUs B3PbIBYATHIX
BEIIECTB, 3aKAHYMBAIOTCA B TEUEHHUE Joyel ceKyHIbl. OueHb OBICTPO 3aKAaHYMBAIOTCS PEAKIIUU
B3aUMOJICHCTBUS KHUCIIOT, IIejgoded M cosiell B pactBope. OpraHuuyeckue k€ COEIUHEHUs B
OOBIYHBIX YCJIOBUAX B OOJBIIMHCTBE CIy4YaeB B3aMMOACHCTBYIOT MEXIY COOOW MeajeHHO. Takum
00pa3oM, pa3Hble pPEeaKLUU COBEPIIAIOTCS B HEPaBHbIC MPOMEKYTKH BPEMEHH, T.€. MOTYT HJATH C
pa3nuyHoOi ckopocThio. [103TOMYy Ha OCHOBAaHMM TOJIBKO YPaBHEHUH OJHMX XMMHYECKUX pEeaKIUi
HEJIb3sl CyJUTh O CKOPOCTH IIpOLECCa.

Xumuveckas Kunemuka — 5mMO YuyeHUe O CKOPOCMU XUMUYECKUX NpOYeccos, Ux
HANpasieHHOCMU U 0 (PaKmMmopax Ha HUX GIUAIOUUX.

Ilenp ¥ 3a7aud XMMHUYECKOM KMHETUKM — H3BICKAHHWE ONTHMAJbHBIX IapamMeTpoB IS
IIPOBE/ICHUS] XUMUYECKOTO CHHTE3a, @ MMEHHO: 00€CIeUeHNEe MAaKCHUMaJIbHON CKOPOCTH IIpoLecca,
HauboJiee palMOHAIbLHOE UCIIOJIb30BAaHUE ChIPhS M SHEPrOpPECYpPCOB U JIp.

YCTaHOBIIEHO, YTO Ha CKOPOCTh XHMHUYECKHUX pEaKIHi BIHUSIOT MHOTO (DaKTOpOB —
KOHIIEHTpAaLUs B3aUMOJICHCTBYIOIUX BELIECTB, TEMIIEpaTypa Mpoliecca, Halnuyue (WM OTCYTCTBHE)
KaTaju3aropa u Jp.

OKCIEpUMEHTHI NT0KA3aJI1, YTO YBEIMUYEHUE KOHLEHTPALUN B3aUMOJEHCTBYIOIINX BELLECTB
BbI3bIBAET YBEIMUYEHUE CKOPOCTU PEAKIIUH.

Ecnn B 3akpbeIToM cocyle Ipu 3aJaHHOM TeMIleparype pearupyroT JiBa BEIIeCTBa B
ra3000pa3HOM COCTOSIHUM UJIM B PACTBOPE

AC + BD < 4D + BC,

TO CKOPOCTh OTOH pEAaKIHH OIpeNeTseTcs YMeHbIIEHHEM KOHIEHTPAIUU (MOJb/IM’)
BemectB AC u BD B equnuily BpeMeHH (CeKyHAy, MUHYTY, 4ac). Tak kKak ¢ Te€4eHHEeM BpeMEHHU
KOHILEHTpAallMsl pearupyromux BEIIeCTB MaJaeT, TO 3aBUCHUMOCTb CKOPOCTHM pPEAaKIUH OT
KOHIIEHTPALMU MO>KHO BBIPA3UTh CIEAYIOIUM 00pa3oM:

L=— (AC/TAYL) | (5.1)

rie &2 — ckopocts npsmoii peakunn, AC - monsiprast KOHIEHTpars, t — Bpewms..
I'paduuecku 3Ta 3aBUCUMOCTh N300pa’keHa Ha pucyHke 5.1.

A

v =—(AC/AY)

Puc. 5.1 3asucumocmo cxopocmu
peaxyuu om epemenu

> JloBospHO

t pacnpocTpaHeHbI peakuuu

THIIA:



mA + nB—> ¢C, (5.2)
B KOTOPBIX Ha M MOJIEKYII BellecTBa A MPUXOIUTCS N MOJIEKYJI BElecTBa B, mpr 5TOM M u N
OOJIbIIIE €MUHHALIEL.
DKCIIepUMEHTAIBLHO YCTAHOBJCHO, YTO JUIS TAKOTO IMPOIECca CKOPOCTh MPSAMON peakiuu
MOJKET OBITh BBIPAYKEHA CIICAYIOLIMM 00pa3oM:

v=K[A]*-[BY, (5.3)

-

rne K - xoucranra CKOPOCTU NPSIMOM peaklMy — BEJIMYUHA, paBHAsE CKOPOCTU PEAKIUU
IIPY KOHLIEHTPALIUAX PEareHTOB PAaBHBIX €IUHHIIE; 0OpAaTHO MPOIMOPLUOHANIbHAS BPEMEHHU; X U Y —
HEKOTOPbIC YUCIIA, ONIPEICTSAEMBIE ONBITHBIM MYTEM.

Koncmanma cxopocmu 3aBUCHUT OT TeX ke (PAKTOPOB, UTO M CKOPOCTh JAaHHOW peakluu, HO
He 3asucum om KOHYEeHMpayuil peazupyioujux 6euecms.

KoncTanta ckopocTH XapakTepu3yeT peaklMi0 s ONpEeAeNIeHHBIX YCIOBHM —
memnepamypa, 0asleHue, KOIU4ecmso U Kauecmeo kamaiuzamopa W T.A. Pa3znuuHble peakuuu
MO>KHO CPAaBHUBATH TOJBKO €CIIM OHU MPOTEKAIOT MPU CTPOTO OAMHAKOBBIX YCIOBUSX.

VpaBuenuss tuna (5.3), ycCTaHaBIMBAIOUIME  OKCICPUMEHTAIBHO  OMPEACIICHHYIO
3aBHUCHUMOCTh CKOPOCTH pPEaKIUUu OT KOHIICHTpAlMii pearupyronmx BeUIeCTB, Ha3bIBAIOT
KUHemu4ecKUMU YPasHeHUsMU peaKyul.

Kunernyeckue ypaBHeHUs peakuuii (5.3) sBISIOTCS MaTeMaTHYECKUM BBIPAKEHUEM 3aKOHA
JEHCTBUSL MacCc — OCHOBHOI'O 3aKOHA XUMHUYECKOW KHUHETUKHU: CKOPOCHb XUMUYECKOU pearyuu
NPONOPYUOHANLHA NPOU3BEOCHUI0 KOHYEHMPAYULL peasupyrouux eeuecms 8 CmeneHu HeKoOmopbix
yucen, onpeoensemvlx dKcnepumenmanvho (nepsas ¢GopmynupoBka — H.M. bekeros, 1865 r;
I'ynbnGepr u Bare, 1867 1.).

TosibKO MHOTAA MOKa3aTeau CTENEHU KOHIEHTpAIlMu JJI1 JaHHOTO BemiecTna (X, Y U 1p.) B
KMHETUYECKUX YpaBHEHUSX (5.3) COBMAAAIOT C €r0 CTEXMOMETPUUECKUM KOdPPHUIeHToM (X = m; Yy
=N ) B ypaBHeHUHU peakiuu. OOBIYHO TO BBIMOIHACTCS JUISI JIEMEHTAPHBIX PEaKIHi, T.€. peaKIui
MPOXOASIINX B OAHY CTAJUIO.

IIpuMepsl IPSIMBIX 2JIEMEHTAPHBIX PEAKIIAMN:

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

Jnst  Takux peakuMid CTENEHW B KHHETHYECKUX YpPaBHEHUSX COBMAJAIOT  CO
CTEXHOMETPUYECKUMU KO PHUIIMEHTaMU PeareHTOB B yPAaBHEHUU PEAKIUU.

llokazamenvy cmenenu Komyenmpayuu peazupyloueco ewecmea 6 KUHeMmUYecKoM
ypasHenuu peakyuu (X, Y u Op.) Hazvieaemcsi NOPSOKOM peaxyuu no OarHHomy eewecmgy. Tak,
HarpuMmep, ajis peakuu (6.1.2) mopsiok mo BeecTBy A paBeH X, o B — Y. [lopsakom ke peakiuu
B 11e7oM (N) SBJIsIETCS CyMMa MOPSIKOB MO0 KaKIOMY peareHTy JUIsl JaHHOW peakiiu, Harmpumep,
g peakuuu (6.1.2): n=Xx+Yy.

Benuuunbl mopsiaka mo peareHTam (X, Y M JIp.) U MO peakuuu B 1enoM (N) MOTyT OBITh
M00BIMUA HEOONBIIUMU 1IEeTbIMU unciaMu (1, 2 u peako 3), paBHIATHCS HYIIO WIN OBITH APOOHBIMH
guciamu (1/2, 2/3, 3/4 n ap.). Hanpumep, 11st peakiiuu CHHTE3a BOJIBI

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

MOPSIZIOK PEaKIMK, B 3aBUCHUMOCTH OT IMapIUaIbHBIX JABICHUN BOJIOPOJa W KHUCIOPOJA,
uMmeeT npooHoe 3HaueHue — 1, 0,5 u 0,7 (cm. Tabnumy 5.1).

Tabauya 5.1 — 3asucumocms nopsioka peaxkyuu om napyuaibHovIX 0a1eHull KUCI0poOd U
8000p00oa

p(Hz), I1a p(O2), [1a

Bun kuHeTnyeckoro CymmapHsbIit
YpaBHEHUS MOPSIAOK

130 - 2600 26600 — 53300 v=kpy, Pg, 1




0 .05
2600 — 8000 20000 — 53300 v=Kk ' 05
P, Po,

0,4 ,.03
8000 — 50600 1330 - 5300 v=kp. px’ 0,7
Py, PO,

HeoOxoauMbpIM  yCIOBHEM XHMHYECKOTO B3aWMOJCUCTBHS SBISETCS CTOJIKHOBEHHE
pearupyroImx 4acTUll — MOJICKYJI, aTOMOB, HOHOB H JIp. B MOMEHT CTOJIKHOBEHUS JICKTPOHHBIC
o0Jlaka peareHTOB CMEIIMBAIOTCS, 00pa3ys NPU 3TOM HOBBIE CBS3H.

Yucno monexyn, 0OHOBPEMEHHbIM 63AUMOOCUCIMBUEM MeNCOY KOMOPLIMU 6 MOMEHM
CMONKHOBEHUSL OCYUWECBIACTNCS KM XUMUYECKO20 NPespayeHUsl, Ha3bl8aemcs MOAEKYIAPHOCbIO
peaxkyuu.

Peakiuu  ObIBalOT MOHO-, OHM- W  TPUMOJCKYISIPHBIMH. TpUMOJICKYJSIpHBIE U
TETPAMOJICKYJISIPHBIE ~ PEaKUMH OYeHb pPEAKH. VI3BeCTHBI JHMIIb  HECKOJBKO IPHMEpPOB
MICHTAMOJICKYJISIPHBIX PEAKIIUH.

B wacTHOCTH, K MOHOMOJIEKYJIIPHBIM PEAKIMAM OTHOCST PEaKIHU Pa3IoKEHHS MOJICKY] U
BHYTPUMOJICKYJISIPHBIX MIEPErPYIIUPOBOK, HAIPUMED, PEAKIIUIO Pa3I0KEHHs MOJICKYII foza:

l2(2) < 21(2).

Kunerndeckoe ypaBHEHHE 3TOTO MPOIECcCa UMEET TePBbIil MOPSIIOK:

v = K[I2].
[Tpumepsl OUMOJIEKYIISIPHBIX PEAKIIUH:
2NO(2) <> N202(2); v = k/NOJ?

HBr) + H) < Hz@) + Br); v = k[HBr][H] — kunernveckoe ypaBHEHUE BTOPOTO
HOPSIIIKA.

TpumosniekyssipHast peakius:

Clyz) + 2NO(z) <> 2NOCI(2); v = K[CI;][NO]? — xunermueckoe ypaBHEHHE TPETHETO
HOPSIIIKA.

JInst IpUBEICHHBIX PeakIuid MOPSIIOK U MOJIEKYJIIPHOCTh PEaKLUi COBIAJal0T, HO B 00IIeM
cllydae OHH Pa3InYHbI.

Ilopsook peaxyuu onpeoensemcs MONEKYIAPHOCMBIO CAMOU MeONleHHOU Cmaouu OaHHOU
peaxyuu.

Ecnm peakuuss wmaer mo craausM, TO €€ MOPSNOK pEeakiMud MEHbIIE WM pPaBeH
MOJICKYJIIPHOCTH peakiuu. Tak, HampuMmep, MpH CHHTe3¢ BOIBI (CM. Tabuuily 5.1) mpu mopsiake

peakuuu paBHOMY equnuie (N =1; U = kpjl'_|2 pg ), peakus — MOHOMOJIeKy sipHast; ipu N = 0,5
2

(L= kpa pg’s), peaxius — MOHOMoJeKyIsipHast; ipu N = 0,7 (U = kpa’4 p’c())’s), peakuus —
2 2 2 2
OMMOJIeKyIsIpHasl.

Ilpumeuanue. Heo6X01MMO NMOMHUTH, YTO MOJIEKYJISIPHOCTh PEAKIMU, B OTIUYME OT €€
nopsiaka, Beera menoe gucio — 0, 1, 3.

3akon delicmsus macc cnpageonus moavko 01 MOHO-, Ou- U pedxce 01 MPUMOJIEKYIAPHbIX
peaxkyuii.

[Tpu sneMeHTapHON peaklUMu B CUCTEME MPOTEKaeT TOJIbKO OJUH MPOLECC U ypaBHEHHE
peaKIMH pacKphIBaeT €ro MeXaHW3M. BOJBIIMHCTBO peaKIuii — CIOXKHBIE M TPEACTABISIOT COOO0M
CYMMapHBIH pe3yibTaT HECKOJIBKUX AJIEMEHTApHBIX MpoleccoB (nByx u Oonee). [ToaTomy obiee
CIIO’)KHBIX YpaBHEHHE PEAKIIMiA HE OTPaXKaeT X PEabHBI MEXaHU3M.

s cnodcnvix peakyuti 3aKoH 0eUCmeUs Macc He NPUNLONCUM 8 YeNOM, d CNPABedIus IULb K
OmMOeNbHLIM €€ cmaousam Hebonvbulol monekyiapHocmu. Hanpumep, oOiee ypaBHEHHE peaKIuu
uMeeT BUJI:

24 +B - C,
COIJIACHO KOTOPOMY SIBJISIETCS SIKOOBI TPUMOJIEKYIsIpHOM. OTHAKO MPOTEKAET B JIBE CTaIUU:
1) A + B < D — ouenw 6vicmpo;



2) D + 4 < C — meonenno.

24+ B« C.
Tak kak MOPSAOK pPeaklMH OMpPEeNessieTCss MOJIEKYISPHOCThIO CaMOW MEIJICHHOM CcTaauu
peakuuu, TO JaHHas peakuuss — OUMOJeKylspHas W BToporo mnopsjaka. CrenoBaTenbHO,

KHHETUYECKOE YPAaBHEHUE ITOTO B3aMMOJICHCTBUS OyIeT UMETh BU/:
v =Kk[A][B], a ne v = k/A)*/B].

N3 (5.1) caemyer, 4To cKopocmb peakyuu — 6eIUYUHA OOPAMHO NPONOPYUOHANbHAS
8peMeHU.

BenencTBue paznuuHOM CKOPOCTH JIBHKCHHS MOJIEKYN, OHM OO0JIQJaloT Pa3IuyHON
KUHETHYECKOW 3Heprueil. IIpu 3ToM KuHeTHYecKas SHEpPrus HpsSMO NPOMOPIHOHAIBFHA CKOPOCTH
JIBUKCHHSI MOJICKYJTBI.

Mosekybl, KOTOpbIe 00JIaJar0T BHICOKMM 3allaCOM KHHETHYECKOW JHEPTHH, Ha3bIBAIOTCS
AKTUBHBIMH.

Jlononnumenvhyo 3Hepeuro, KOmMopyl HA00 COOOWUMb MOJEKYAAM OISl nepesood ux 6
AKmMusHoe cocmosnue, Ha3vlearom Hepeuell akmugayuu. XUMAYECKas peaklns MOXKET MPOU30HTH
TOJILKO MPH CTOJKHOBEHUU aKTHBHBIX MOJICKYII.

Ckopocmb xumuueckou peakyuu npsamo nPonoPYUOHALbHA YUCTY CMOIKHOBEHUL 8 eOUHUYY
8peMeHU.

Ponp kartanmszatopa, MpUMEHSEMOTrO ISl MPOTEKAaHUs JaHHOTO XHMHYECKOTO Ipolecca,
3aKIII0YaeTcsl B CIEAyIOmeM: 1) B TIOHMKCHHU OJHEPrUM aKkTHBalMu; 2) B OOCECIICYCHHUU
HEO0OXOIMMOM OPUEHTAIH PEarupyIOIIUX YACTHII.

BinsiHue TeMInepaTypbl Ha CKOPOCTh PeaKkuu

C TOBBIICHWEM TEMIEPATyphl YBEIMYHUBACTCS CKOPOCTH JBW)KCHHS MOJICKYJI W WX
KUHETHYECKAs SHEPTHsl. AKTUBHOCTh MOJICKYJI BO3PACTACT, U CKOPOCTh PEAKIIUH YBEITUIUBACTCS.

3aBUCHMOCTh CKOPOCTH PEAKIIMU OT TeMIIepaTyphl ompeneisercs npaswiom Baat-I'odda:
npu ysenudenuu memnepamypsi Ha kadxicovle 10°C ckopocms peaxyuu 6ospacmaem npumepHo 6 2
pasza. JlJis HEKOTOPBIX PEAKIUUA CKOPOCTh BO3pacTaeT B 3 — 4 pa3a. DTO 3aBHCHUT OT HPUPOIbBI
pearupyrouux BemecTs.

Yucno, nokaszvisaioujee 60 CKOILKO pa3 Y8eIUUUBAEMC sl CKOPOCMb PeaKyuu npu yeeaudeHuu

memnepamypwi Ha 10°C, Hazvieaemcsa memnepamypHuim Kodgpuyuenmom u 0003Havyaemcs 7/ .

M3MeHeHne CKOPOCTH PEaKIMH OT TEMIIEpaTypbl MOXET OBbITh BBIYMCIEHO NO (opmyie
Bant-T'odda:

v, tzlz)tl
— =Y , (5.4)
Utl
rae Uy, U Uy — CKOPOCTH pEaKIMH TpH TeMIepaTypax to ¥ t1 COOTBETCTBEHHO; Y —

TemneparypHblii koapduuneHnt Baut-I'odda.
CKopocTh peaklinu B reTeporeHHbIX cucreMax. Biusinue karajau3aropa Ha
CKOPOCTh XUMHUYECKHX peaKuui

BemecTBa, n3MeHSIONME CKOPOCTh XUMUYIECKOTO TPOIecca, Ha3bIBAIOTCA KaTaIH3aTOPaMHU.
Karanuzaropamu MoryTt ObITh TBEpJbIE, )KUJIKUE U Ta3000pa3Hble BemecTBa.MI3MeHeHne CKopocTu
XUMHAYECKOH DPEaKIWU TIOJ BIMSHHEM IPHCYTCTBYIOIIETO B CHCTEME IMOCTOPOHHETrO BEIIECTBa,
COCTaB M KOJIMYECTBO KOTOPOTO0 K KOHIy pEaKLUU OCTAloTCs 0e3 HM3MEHEHHil, Ha3bIBaloTC
KaTaJIM30M.

[Tpy romMoreHHOM KaTtanu3e B3aUMOICHCTBYIOIIME BEIIECTBA M KaTaJIW3aTOp COCTABISIOT
onHodasHyo cucteMy. [Ipn reTeporeHHOM KaTaau3e peardpyrolide BEeIIecTBa W KaTaln3aTop
COCTABIISIIOT CHCTEMY U3 HECKOJbKUX (a3. I[Ipu rereporeHHOM Karaiu3e B MPUCYTCTBHH
HEOOJIBIINX KOJMYECTB KaTaJn3aTopa MOTYT IMPOPEarupoBaTh OTHOCUTENFHO OOJBIINE KOJTHYECTBA



B3aUMOJCHUCTBYIOIIUX BeleCTB. [IpM rOMOre€HHOM Karainu3e CKOPOCTh PEaKIUU IPAKTUYECKH
IIPONIOPLIMOHAJIEHA KOJIMYECTBY KaTaau3aTopa.

AKTUBHOCTh KaTajau3aTopa, a MHOT/A M CHEHU(PUUHOCTh UX JOCHCTBHA, B OONBIION Mepe
3aBUCHUT OT TemIepaTypsl. Ul KakIoro mnporecca, CyIeCTBYIOT ONpPENEICHHbIE KaTaau3aTophl,
94acTo MOI0MpaeMble FIKCIIEPUMEHTAILHBIM ITYTEM.

XHuMH4YecKoe paBHOBecHe
Bce xumuueckue peakiiuy MOXKHO pa3feuTh Ha J1Ba THMA: 00paTuMble U HeoOpaTUMBbIE.
MHorue peakuuu SBISIOTCS OOpPaTUMBIMH, T.€. TaKMMH, MPH KOTOPBIX OOpa30BaBIIMECS
MPOJYKTHI B3aUMOICHCTBYIOT MEX]y COOOM, MpeBpaIasch B HCXOIHbIE BEIIECTBA.
OOpaTuMble peakuy OrpaHUYEHBI ONPEAEIEHHBIM IIPEIEIOM: OHU HE JJOXOIAT 10 KOHIIA.
OOmuit BUJ ypaBHEHUSI OOpPaTHMOM PEaKIINH:

mA + nB<«pC + gD. (5.5)

CKOpOCTI/I MMpsAMOIo U 06paTHOr0 IIPOLECCOB BBIPAXKAKOTCA CICAYIOIIUMHA YPaBHCHUSAMU
v=k[A]"[B]" (5.6)
v =k|[C]°[D]*. (5.7)

B MOMEHT ycTaHOBIEHUSI paBHOBECHS IpsiMas U OOpaTHas peakiMu He MPEeKpamlarTcs, a
MPOJIOJIKAIOT MPOTEKATh B MPOTHUBOIIOJIOKHOM HAIPABIICHUH C PABHBIMU CKOPOCTSIMHU.
['padmyecku 3T0 MOKET ObITh TaK, KaK MOKa3aHO Ha pUCYHKE 5.1.

UA

L2

Pucynox 5.1
3asucumocmv npamoii u t
00pammoll peakyuti om pemeHu

v

Ecnu ckopocTu npsiMoit 1 00paTHOM peakuuid paBHBI (Vnp = Vogp. — MATEMATHUECKOE YCIOBUE
XUMHUYECKOTO paBHOBECHS) , TO MpaBble YacTu ypaBHeHUM (5.6) u (5.7), UX BbIpaKaroOLIUX, TaKkKe
PaBHBI:

k[A"[B]" = k[C]P[D]". (5.8)
Ha ocHoBanum 3T10r0 cOpMyIMpOBaHO MOJOKEHHE, HA3BAHHOE 3aKOHOM JEWCTBUS Macc
(BTOpass (GOpMYITUPOBKA): 8 MOMEHM pPABHOBECUsl NPOU3BeOeHUe KOHYEHMPAayull Oetucmsayouux
MACC UCXOOHBIX Geuwjecme Ha KOHCMAHMY CKOPOCMU NPSIMOU Peaxkyuu PAeHO NPOU3EEOEHUNO
KOHYeHmpayuil 0eticmayroumux Macc 00pasyouuxcs 6ewecmes Ha KOHCMAanmy CKOpoCmu 0OpamHoi
peaxyuu.
U3 ypasuenus (5.8) ciemyet, 4To

k/k = [€]Plof* . (5.9)
[A]"[B]"
OTHOHIGHI/IG JABYX IIOCTOSAHHBIX BECJIMYHMH €CTh BCJIIMYHMHA ITOCTOSIHHAsA, CJIC€J0BATCIBHO!:
Fiokp -lcl’[off

WPl (5.10)



KoHcTanTtoli xumuueckoro paBHoBecusi KP Ha3plBacTCd OTHOILEHUE IPOU3BEACHMUS
PaBHOBECHBIX KOHLEHTpALUH MPOAYKTOB PEAKIMU K IIPOU3BEICHHIO PABHOBECHBIX KOHLIEHTPALMH
MCXO/IHBIX BEILIECTB, B CTETIEHU X CTEXHOMETPHUECKUX KOIPPHUIIUEHTOB.

KP BbIpaxkaer 3akoH J€HCTBHSA Macc Ul PaBHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
PpasHogecusi He 3a6ucum Om KOHYEHMpayuu peazenmos, HO 3a6UCUM OMm MeMnepamypuvl u om
npUpoobl peazupyroujux eeujecms.

B MoMeHT xuMu4eckoro paBHoBecHs u3MeHeHue sHepruu [ m66ca ve mpoucxoaut — AG = 0.
KoHcTaHnTa XMMHueckoro paBHoBecus cBsizaHa ¢ AG COOTHOLIEHHEM:

AG® = -RT InKP (5.11)

YuuteiBas, uro INKP =2,303 IgKP u R = 8,314 J[)x/K-mMonb ypaBuenue (5.12) nmpeodpasyercs
710 BUJIA:

AG®=-19,14 T IgKP (5.13)

[Tonb3ysick ypaBHEHMEM  KOHCTAHThl PAaBHOBECHUS, MOXKHO YIIPABIAThH XUMHYECKUM
IIPOLIECCOM, YTO BAYKHO B TEXHOJOTHMUECKUX LEIISAX.

Ecnmu B paBHOBecHOi cucteme MA + nB<«>pC + gD yBenuuuTh KOHIEHTpanuio A, TO B
cootHomeHuu (7.1.6) s KP, NOMKEH YBEIMYUTbCS UHUCIUTENb WIM YMEHBIIUTHCS BTOPOM
COMHOXXMTEJb 3HAMEHATENs, T.€. BelIMuuHa [B]. DT0 MOXET MPOM30MTH B pe3ysbTaTre CMELICHUS
paBHOBECHsI CJIeBa HAIIPaBO, IPUBOASAIIETO K 0Opa30BAHNIO HOBBIX KOJIMYECTB NMPOJYKTOB PEAKIUU
—CubD.

Taxkum 06pa3oM, Ipy yCTAaHOBUBILIEMCS HOBOM COCTOSIHUM PaBHOBECHS, KOHLIEHTPALIUH BCEX
YEThIPEX BELIECTB, 10 CPABHEHUIO C IMEPBOHAYAIbHBIMU, OKAXKYTCS MU3MEHUBIIMMMUCS, a 3HAUCHUE
KOHCTaHThl PaBHOBECHUSI HE U3MEHUTCSL.

CrnenoBarenbHO, JUIsl CMEIIEHUs PaBHOBECHUS CJIEBAa HAllpaBO HEOOXOJUMO WIM YBEIUYUTH
KOHIIGHTPALMIO OJIHOTO M3 HCXOJHBIX BEIIECTB, WJIM YMEHBIIUTh KOHIEHTPALMIO OJHOTO W3
IIPOJYKTOB PEAKIUH.

C mnomouipio0 BBIPRKEHUS KOHCTAHTHl PABHOBECHS MOYKHO ONPENENATh KOHLEHTPALUU
BEUIECTB B MOMEHT DPABHOBECHUS, a €CIM U3BECTHbI 3HadeHUs K’ U MCXOJHBIE KOHILIEHTpalUH
BELIECTB, TO MOKHO ONPEAEIUTh X PABHOBECHbIE KOHIIEHTPAIIUH.

Ecnu ucxoqHyro KOHIEHTpanuio BemectBa A 0003HaunTth yepe3 Co(A), a 4riciIo MoJjb ero,

MIpOpearupoBaBIINX K MOMEHTY paBHOBECHS, Uepe3 A C(A), To MOJIsIpHAs! KOHIICHTPAIMS B MOMEHT
pPaBHOBECHSI ONIPEACTUTCS TaK:

[A] = Co(A) — A c).
PaBHOBecue B reTeporeHHbIX CUCTEMaX ONpeAeNseTCs] TOJIbKO Ta30BOM MITH KUAKOW (a3ol,
T.K. KOHICHTpAallKu TBEPABbIX BEIICCTB HEC BXOAAT B YPABHCHUC IJIsI CKOPOCTH PCAKIUU.
HaHpaBHCHHC CMCIIICHUA paBHOBeCI/Iﬂ CUCTCMBI HpI/I N3MCHCHHUHU KOHIIGHTpaIII/II/I,
TEMIICPATYPhI TN AABJICHUSA ONPEACIIACTCA ITPUHIIUTIOM Jle larenre:
«Ecnu na 06pamumylo cucmemy, Hax00}lu4y100}1 6 NOOBUINCHOM cocmosHuu, oKasamo
u3zeHe Kaxkoe — auoo 30308[!(3”18”(3, mo cucmema omeeuaem CmMeuleHuem pasHoeecus maxKum

00pazom, umoowvl ocradbums IMoO 8030elUcCmeue)).

Bonpocel u 3aganus

3amaua 1. Peaknus pasznmoskeHus: okcuaa azota (+5), mpoTekaromias mo ypaBHEHHIO 00IIero
Buga 2N20s(2) <> 4NO2(2) + Oz(2), mpoTekaeT B ABE CTAIUH:
1) N2Os(2) <> N2Os(e) + Oz(2) — meonenno;
2) N2Os(2) + N2O3(2) «» 4NO2(2) — 6vicmpo.
Omnpexnenute TOPSIOK M MOJIEKYJISIPHOCTD ATOTO TIPOIIecca.
Pemenue. U3 ycrnoBuii 3amaun cienyer, 4YTO CKOPOCTh PEAKIMH, B IEJIOM, OMpPEIesieTCs
MepBoOl crajguelt mporecca. Mtak, CKOpOCTh peakiuu mponopimoHaibHa KoHmeHTpamuu N2Os(T),
T.€. POIIECC PAIOKEHHSI OKCHA a30Ta (+5) — peakius NepBoro MopsaKa, MOHOMOJIEKYIISIpHAsI.



3amava 2. Beuucnure 3HaYeHHE KOHCTAHTBI CKOPOCTH MPU HEKOTOPOW TeMmIeparype Aus
snemenTapHoit peakuu C(z) + D(z2) <> B(z), ecn npu kornenrpamusax [C] = 0,04 momns/am® u [D]
= 0,05 Mons/mM3 ckOpOCTh peakiuyu cocTaBmia v = 3,2:1074,

Pemrenue: Tak Kak peakius dJIeMEHTapHasl, TO YPaBHEHHE PEaKIUM OTPaKaeT € MEXaHH3M
— 93TO peaKIHs BTOPOTO MOPSIKA, T.e. KHHETHYECKOE YpaBHEHHUE 3TOTO Mpoliecca OyIeT MMETh BH/I:

v 32-10%
[C][D] 0,04-0,05

v = R[C] [D] , OMCl00a R = 0,16.

3amaua 3. [l peakiuu B ra30Boi daze
24 + 3B <> A2B3
MOJIyuYeHHAas! 3aBUCUMOCTh €€ CKOPOCTH OT KOHIIGHTpAI[MM pEareHTOB IPEJCTaBlICHa B
tabmuie 6.2.1.
Tabauya 5.2. 3asucumocmos cKopocmu peakyuu om KOHYEeHmMpayuu peazesmos
KoHueHTparms, MoIs/aM°
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

CKOpPOCTb PEAKIINHU, MOJIB/(IM>-MUH) 032 | 064 0.32 128 128 | 160

KakoB mopsinox peakuuu? Bprunciaure KOHCTaHTY ckopocTd. Kak HM3MEHHUTCS CKOpPOCTb
peakuuu Ipy yBEJIMYCHUH JaBJICHUs B J1Ba pa3a?

Pemennue:

1. /g HaxoKAeHMS MOPsIIKa PEAKIMK MIPEK]IE BCEro HaJ0 HAWTH KMHETUYECKOE YPaBHEHHE

JUIsL 3TOM CIOKHOM XuMuyeckol peakuuu. Ilpu 3ToM HEoOXoAMMO NPOTECTUPOBATH

YPaBHEHHUS CIEAYIOIIMUX TUIIOB:

1) mnepsoro nopsaka — v = k[/A],; v = k/BJ;

2) Broporo nopsiaka — v = K[A][B]; v = k[A]%; v = k[B]?;

3) Ttpersero mopsaka — o = k/AJ?/B]; v = k[A][B]>.

2 Kunernyeckoe ypaBHEHHE Oyle€T COOTBETCTBOBATh JICHCTBUTEIBHOMY MEXaHU3MY
peaxkuuu, ecliv BHIYMCIEHHOE U3 HEr0 3HaYeHHE KOHCTAHThl CKOPOCTH PEAKIMH OyAET OAMHAKOBBIM
(MM IPUMEPHO OJIMHAKOBBIM, C YUETOM MOTPEIIHOCTH U3MEPEHHs B X0JI€ IKCIIEPUMEHTA).

3 TectupoBaHue ypaBHEHHUs TIEPBOTO Mopsiika Buaa v = K/A]:

1) st nepBoi mpooOsI Ky = e - 032 =1,6;
[Al; 0,20
2) st BTopoit mpoosl Ky = vp 064 _ 1,6;
[A]l, 0,40
3) st TpeTbeit mpobsl K3 = % 032 =0,
[Alz 0,50

Tak kak 3HaueHHE KOHCTAHTBI CKOPOCTH HE€ OJMHAKOBBI IJI HMCCIEIOBaHHBIX MpPoO, TO
KAHETHYECKOE YpaBHEHUE TEPBOro Mopsiaka Buaa v = K/A] He COOTBETCTBYET MEXaHU3MY JTaHHOM

peakuuy.
TectupoBaHue ypaBHEHHS IIEPBOTO Mopsiaka Buaa v = K/BJ:
1) st nepBoi mpooOsI Ky = - 032 =1,6;
[Bly 0,20
2) st BTOpOit mpo0sl Ky = bp 064 1,6;
[B], 0,40
3) anst Tpetbeit npoos! K3 = U 032 _ 1,6;

[Bl; 020



vg 128
[Bl, 080

vs 128
[Bls 080
v5 160 _,
[Blg 1,00
Wrak, KHHETHUECKOE YpaBHEHUE TaHHOU peakimu: v = K/BJ; koHctanTa ckopoctu — K = 1,6.
4 VBenuueHue JaBJIeHHUs B CUCTEME B JiBa pa3a MOBBICUT KOHLIEHTPALUU peareHToB 4 u B

TOXE B J[Ba pa3a, 4YTO IPUBEIET B BO3PACTAHUIO CKOPOCTH PEaKIUH TAaKXkKe B J[Ba pa3a. DTO MOXKHO
HOJTBEPIUTH PACUETOM:

4) muist ueTBepTOit MPoOBI Kyg = 1,6;

5) st nsiToit pookl Kg = 1,6;

6) nns mectoit mpodsl Kg =

vp _2K[B] _,

vor  K[B]
3amaga4 Ha CKOJIBKO HAJO MOBBICHTH TEMIIEPATYPY, YTOOBI CKOPOCTh PEaKIIMHA BO3pPOCIa B
50 pa3 (y =2,3)?

Pemenue
Pacuer mpoBeném no dhopmyne Baut-I'odda:
Ut LY -ty
2 _ 10 Y% a5 e . 10
=y ,rne —==50; y=2,3; orcroma 50 =2,3
Ut Utl

1
[Tponorapudmupyem ob6e 4acTh MOTYICHHOTO PABEHCTBA:

th-4
< _=|g23=1Ig50
10 g g

¥ TIOCITE €ro pentenus nomydnm At = 47 °C,
OtBet: UToObl CKOpPOCTh peakuuu Bo3pocia B 50 pa3 Hago MOBBICUTH TeMIepaTypy Ha 47
oC
3amaua 5. [Ipu 393 K peakius 3akanuuBaercs 3a 10 MUHYT. 3a CKOJIBKO MUHYT 3Ta peakius
3akoHuuTcs npu 363 K (y =3,0)?
Pemenue
Kak n3BeCTHO, YTO MEX]y CKOPOCTbIO XMMHUYECKOW PEaKIUu U €€ MPOAO0IKUTEIbHOCTHIO
CYIIECTBYET 0OpaTHO NPONOPLHUOHATIbHAS 3aBUCUMOCTb!
¥
b _ 1

&)

1
U
b
T7I€ T1 ¥ T2 — BpeMsI MPOTEKaHUsI pEaKINK MpU TeMiiepaTypax t1 u t, COOTBETCTBEHHO.
CrnenoBarenbHO, ypaBHeHUE (7.2.2.1) MOXKHO 3amucaTh B CIEAYIONIEM BUJIE:
-4
n
L=y 10 ,
2
OTKyJa
t,—t; 393-363
rn=1p-y 10 =103 10 =270 mun.

Otser: nipu Temnepatrype 363 K sta peakinus 3akaHunBaercs 3a 270 MUHYT

ba3oBbIi1 ypoBeHB

3aj:[aqa 1 Onpe;[enHTe N3MCHCHHUEC CKOPOCTH MPAMBIX 3JIEMCHTAPHBIX I'a30BbIX peaKI_II/Iﬁ npu
YBCIIUUCHUA TaBJICHUS B IBA pasa:

1)Hz + O — H + OH; 2) Cl + H — HCI;



3) 2NO + Cl; — 2NOCI; 4) NO + O — NO:..
Jlis kXm0l peakiuy onpeaeanuTe NopsSI0K U MOJEKYJIIPHOCTh U HATUIIUTE KUHETUYECKOEe
ypaBHEHUE.
3amaau 2  Pe3ynbTaThl HM3y4deHUs CKOPOCTHM peaKIMu MeXay BemectBamu 4 u B
MpEeJCTaBIICHBI B TabmuIe 5.3.
Tabauya 5.3 3asucumocmsv ckopocmu peakyuu 0m KOHYEHMpayuu peacenmos
KoHueHTparms, MoJs/aM°
BemecrBo 4 0,10 0,20 0,20 0,10
BemectBo B 0,10 0,10 0,20 0,05
CKOpOCTh peaxiuy, Mous/(mve-muH) | 0,004 0,016 0,016 0,004
KakoB nopsiiok ¥ MOJIEKyIIpHOCTh peakiu? BrraucinTe KOHCTAHTY CKOPOCTH.
3amaua 3 Ilpu yBenmueHMHM KOHIIEHTpauuu BemectBa 4 B 1,6 pa3a CKOpOCTh peakuuu
Bo3pacraerT B 2,93 paza. KakoB nopsigok peakiuu mo BemiectBy 4?7 Oteet: Na = 1,83.
3amaua 4. CocrtaBbTe BBIpAXKEHHE JII KOHCTaHThl PABHOBECHUS TOMOTE€HHOIO Mpollecca,
OIHCHIBAEMOTO YPaBHEHHUEM:

AHCI + 0y <> 2H,0+ 2Cl,.

3amaua 5. [lns paBHOBECHOM ra3000pa3HOI CHCTEMBI
CO+ Hzo (—)COZ + H2 , K? = 1,0 (ipu 830 °C).
Omnpenenute KOHIEHTPAI[MM BCEX BEHIECTB B MOMEHT pPAaBHOBECHS, €CIIM HadallbHAs
xonnenrpanus Co(CO) = 2 mons/mm® u Co(H20) = 3 momb/mm°.
3anaya 6 Kak u3MeHHUTCS CKOPOCTh peaKLUU
2H23 +302 <> 2502 + 2H20 )

€CITM KOHIICHTPAIIMH BCEX Ia30B YBEIUYUTh B TPH pa3a? B cTropoHy npsmoi wim oOpaTHON peakiuu
CMECTHUTCSI XUMUYECKOE paBHOBECHE?

[ToBbIlIEHHBIN YPOBEHB

3amaua 1 Peakuust mpoxoauT B ra3oBoi ¢ase:

A+2B+D e C.

[Ipu yBenuueHUn KOHIIEHTPAIMK peareHTa 4 B 2 pa3a CKOPOCTh peaKI[iu BO3pociia B 2 pasa.
[Ipu yBennueHWM KOHIICHTpAIlMM peareHTa B B 2 pa3a CKOPOCTh peakiud He u3MeHminach. [lpu
YBEITUYCHUHU KOHIIEHTpaIu pearenta D B 2 pa3a CKOpocTh peakiuu Bo3pocia B 4 pasa.

Kak BBINNISIUT KMHETUYECKOE ypaBHEHHE 3TOi peakimn? Kak M3MEHUTCSI CKOpOCTh Peakiiy Mpu
YBEJMYEHUH 00I11ero AaBiieHus B 3 paza? OTBET: CKOPOCTh PEAKIMY TIPH YBEIMUSHUH OOIIETO JIABJICHUS B 3

paza Bo3pacrer B 27 pas.
Bamaua 2 ITpu 25 °C KoHCTaHTa CKOPOCTH PEaKIHy B Ta30BOH (aze
N204 <« 2NO2
UMEET CIICAYIONINE 3HAYCHUS:
P, 1la 21590 34660 89040
K(yca. equHUIIBI) 4,4 4,8 6,0.

[Touemy KOHCTaHTa CKOPOCTH BO3pacTaeT MpHU yBelduueHHH naBiieHus? [loueMy KOHCTaHTa
CKOpPOCTH Ha3BaHa KOHCTAHTOM, €CJTM OHA 3aBUCHUT OT JaBJICHUS?
3amada 3. B kakoM HampaBJICHUU CMECTHTCS PABHOBECHE PEaKIIUU

AHCI + 02 <~ 2H 20 + 2C|2 , AHOx'p' = —114,42 xJIx/M07b,

ecnu: 1) MOBBICUTH KOHIIEHTpaIuio O2; 2) yBeTUYHUTh KOHIIEHTpanuio H20; 3) MOHU3UTH JaBJICHUE;
4) moBsIcHTH Temrepatypy Ha 50 °C (TemmepaTypHbIii K0dG(HUIMEHT IPSAMO PEaKIud Ynp = 2, a
Yoop. = 3)?

Cnucok JIUTEPATyphbI, peKOMeHZ[yeMBIﬁ K HCITOJIB30BAaHHUIO 110 HaH]—[Oﬁ TEME
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TEMA 6. PACTBOPBI

MNPAKTUYECKOE 3AHATHUE 6. PACTBOPBI. CIIOCOBbI BBIPAKEHU A
KOHIEHTPAIIMU PACTBOPOB. PACTBOPBI QJIEKTPOJIMTOB. PACTBOPbBI
HEJJIEKTPOJIMTOB

Heap 3ansaTus: QopmupoBaHue 0a30BbIX 3HAHUH O CHOCOOAaX OMpeNeNeHUs CBOWCTB U
KOHIIEHTpAllUil pacCTBOPOB U HABBIKOB IPOBEJEHUSI PACUETOB.

3HaHuA U ymenus, npnoﬁpeTaeMble CTYACHTOM B PE€3yJbTaTe 0CBOCHUA TEMbI

3HaThb (1)I/I3I/IKO-MaT€MaTI/I‘I€CKI/II\/’I arrmapar, MCETOJAbl aHaJIM3a W MOJACINPOBAHMA,
TEOPETUYECKOTO M SKCIIEPUMEHTAILHOTIO HCCIeI0BaHUS
YMeTh NpUMEHSATh COOTBETCTBYIOIIUHN (PU3HKO-MaTeMaTHUECKHM armapar, MeTO/Ibl aHaJIn3a
U MOJEIUPOBAHMs, TEOPETUYECKOTO U OIKCIEPHUMEHTAIBHOTO MCCIEOBaHUS TPU PELICHUU
npodeccuoHanbHbIX 3a7a4
HaumeHnoBanue ¢GopMHpyeMbIX KOMIIETEHIUH

Konx dopMynHrpoBKa

OIIK-2 Crnioco0eH NpuMeHSTh COOTBETCTBYIOLIUI (PU3NKO-MaTeMaTHYECKUN
anmnapar, METO/bl aHAJIU3a U MOJEIUPOBAHNS, TEOPETUIECKOTO U
PKCIIEPUMEHTAJILHOTO UCCIIEeI0OBAaHUS MPU PELIEHUH MPOPECCHOHATBHBIX
3a1a4

AKTyalbHOCTh TeMbl. COBpEMEHHAsI MOJIEKYJISIpHAsI TEOpUsl PaCTBOPOB IMPEACTaBIsET co00it
OOIMPHYI0, WHTEHCHUBHO PAa3BUBAIOIIYIOCS 00JacTh MOJEKYJSIpHONW (Qu3NKu. MonexkynspHas
TEOpHUs KUIKUX PacCTBOPOB ONMUPAETCS HA TEOPUI0 YHUCTBIX OJHOKOMIIOHEHTHBIX KHUIKOCTEU M


https://openedu.ru/

TEOPHIO MEKMOJEKYJISPHBIX CHJI. PacTBOpBI AJIEKTPOIMTOB - OCOOBIM KJIaCC KOHJACHCHPOBAHHBIX
HMOHHO-MOJIEKYJISIPHBIX CUCTEM. Upe3BblYyaiiHasi CI0XKHOCTh M3y4aeMOro 0ObEKTa MpelonpesesieT
MHOTOYHCIICHHbIE ~TPYIAHOCTH W TpoOJeMbl B O3TOM OTpacid HAYYHOTO  ITO3HAHMA.

Teopernyeckasi 4acThb
Cnoco0bl BbIpakeHNsi KOHIEHTPALUMUA PACTBOPOB

Pacmeopamu nazvigarom mepmoouHamuiecky Yycmouyugvle 00OHOPOOHblE CUCHEMbL,
cocmoswue u3z 08yx u 0Oonee KOMHOHEHMO8 (PACMBOPEHHLIX 6eujecms U pacmeopumers).
PactBopenHble BelecTBa — 3TO KOMIIOHEHTHI PacTBOpPa, KOTOPHIE MEHSIIOT CBOE arperaTHoe
coCTOsIHME Mpu ero oOpa3zoBaHuu. PacTBoputens — BElecTBO, HE U3MEHSIOIIEE CBOEIO arperaTHoro
COCTOSIHUS TIPY 00pa30BaHUU PACTBOPA.

Haubonee mupokoe pacrnpocTpaHeHHE IMOJYYUIIM BOJHBIE PAaCTBOPBI, PACTBOPUTEIIEM B
KOTOPBIX ABJIACTCA BOAA.

Baxkneiimeld XxapakTepUCTUKOW pacTBOPOB SIBJISETCA HMX KOHIIGHTpalUs — Macca WId
KOJIMYECTBO BEIIECTBA, COJEPXKAIIUECS B OIpPEICIIEHHOW Macce WM O0beMe pacTBopa WIH
pacTBOPUTEIIS.

Maccopas jons BemectBa X — macca BemectBa M(X) (B 1), comepxamascs B 100 T

pacTBopa:

_m(X)

(X), %= -100.

My pa (6.1)

MossiibHas KOHLEHTpalus — KomuuecTso Monb BemectBa N(X), coxmepikaieecs B 0gHOM
kwiorpamme (unu B 1000 r) pactBopuTens:

moib _ N(X)
KT

m(X)
M (X)m

-1000 = -1000

C, (X)

(6.2)

-1 -1

MossipHas KOHIEHTpalus — KoJandecTBo MoJib BemectBa N(X), comepskaiueecs B oHOM aM°
(unm B 1000 CM3) pacTBOpUTEIS:

1 (%), 2o N 0002 — M) 4009
V.. M (X Vip-n (63)

MOJ‘IHpHaH KOHIOCHTpalusd KOJIMYCCTBA OSKBUBAJICHTA (HOpMaJIBHOCTL WX DKBUBAJICHTHAA
KOHIIEHTPAIHs1) — KOJTMYECTBO MOJb IKBUBAJIEHTA BENIECTBA X, COJAepIKalIeecss B OMHOM aM° (M B
1000 cm®) pacTBOpHTENS:

1
n(— X) X)
MOJIB Z m
C(—X) 1000 = — 1000 64
M .
2y p-s M(— X )Vp-nﬂ
Zx
1
rne N(—) u M(—) — KOIMYeCTBO MOJb OSKBHBAJCHTa BellecTBa (B MOJb-DKB) H €r0
X Zx
AKBUBAJICHTHAas Macca (T/MOJIb) COOTBETCTBEHHO.
Ipumeuanue. Yncno Z,  Ha3BIBAOT  OKGUGAICHMHGIM — HUCAOM — WIH  HUCIOM

oxeusarenmnocmu —Z,, = 1. 3nauenue Z, onpemensior Mo XMMHUYECKOH PEAKUUH, B KOTOPOH



y4acTBYET JaHHOE BelIecTBO. Tak, B YaCTHOCTH, JUIsl JUIsl BEUIECTB, yyacTByrommux B OB-peakuusix,
SKBHBAJICHTHOE YMCJIO ZB JUUIL BOCCTAHOBUTEIISI PABHO YHKCIIYy 3JIEKTPOHOB, KOTOPOE OH OTHAET, a

JUISL OKUCIIMTENS. — YHCITy JIEKTPOHOB, KOTOpoe OH mpuHuMaer. Hanpumep, 1ist annona MnO); B
3aBUCHMOCTH OT XapakTepa peakuun Z, MOXKeT ObITh paBHO 5, 3, 1, Hanpumep:
MnO;, +8H" +5¢" = Mn* +5H,0; Z, =5; 2(MnO,) = 1/5 Moib;
MnO; + 2H,0+3e" = MnO, +40H"; Z, = 3; 3(MnO;) = 1/3 moms;
MnO, +1e =MnO;j ;Z, =1; 2(MnO,) = 1/1 Mos.
Ciie10BaTeIIbHO, B 9THX PeaKLHAX SKBUBAICHT okuciuTens MnO, cOOTBETCTBEHHO paBeH

1/5, 1/3 u 1 Mob.
Heo6xoa1Mo Bceria HOMHHTB, YTO 3HaYE€HHE SKBUBAJICHTA JIIOOOro BenecTBa X HE IPEBhINIACT
eauHuIpl, T. €. I(X) < 1.
Ornpezenenye SKBUBAJIEHTHBIX YHCE HEOJANHAKOBO Ul 0OMEeHHBIX M OB-peakiuii.
B 0OMeHHBIX peakuusax 3KBUBAJIEHTHOE YUCIIO ONPENEIISIOT 10 CTEXUOMETPUHU peakiuu. Eciu aist
peak1Mu BUA
viA+v,B=v.C +v,D
Ha OIMH MoJIb BemecTBa A Tpebyercs vgB/v,A monb BemectBa B, 10 Z, =Vv;/Vv,
MoibHas 1071 — OTHOIICHUE KonrdecTBa Mok BemmecTBa N(X) k obmemMy 4ncity MOJIb Bcex

BCILICCTB NZ (X;) , cocrapnsomux pacTBop:

N (X
a(X)= N(X)
Ny (X;) (6.5)
Tutp pactsopa BemectBa X — Macca Bemtecta M(X) (B ), coneprkaiiascsa B 0HOM cM>
pacTBopa:

2 m(X)
e V. (6.6)

p-pa

T(X),

Tutp pacTBopa BemectBa B mo onpenensemomy BemectBy X — macca Bemectsa M(X) (s
r), COOTBETCTBYIOIIAs OJIHOMY CM> CTAaHIapTHOTO pacTBopa BelecTsa B :

T(BIX). :ng - (6.7)

p—pa

BecbMa BakHBIM HapaMeTPOM pacTBOPOB SBISETCS WX IUIOTHOCTh — OTHOILIEHHE MAaccChl
pacTBopa (B Kr) K 00bEMY 3TOT0O pacTBopa:

PV (6.8)

Ipumeuanue. B XuMuy daiie IPEMEHSIOT Pa3MEPHOCTB IIOTHOCTH PACTBOPOB B I/CM°.
Jlnist IpOBEZIeHUsI pacyeToB IMOJIE3HO 3HaTh (GopMyiny (9), CBA3BIBAIOIIYIO KOJUYECTBO MOJb
SKBHMBAJICHTA BEIIECTBA X C Pa3IMYHBIMHU BHIaMU KOHIIEHTPALUI €ro pacTBOPOB.



m(X) _T(X)V(X) _T(B/X)V(B) _

n(zi X), mone=

1 1 1
: MGEX) M%) M%)
1
~CEXWNVIX)  (X),%p,,.V (X)
B 1000 B 1 ’
100M (ZX X) (69)

IIpu npuroToBiIeHUN pacTBOPOB C PA3IUYHOM MACCOBOM J0JIEH BECbMa IOJIE3HBIM SBIISIETCS
TaK Ha3bIBa€MOE IPAaBUIIO CMELICHUS (MU MPaBUIIO «KPECTay).
Cxema «kpecTa» UMEET BUJL:

w,% — m, r
0
@,, %

@, % — m,, T.

rae @, Yo u @,, % — MaccoBble 101 HCXOAHBIX PACTBOPOB;

m,=|w, —&,| nm, =, -

« — MacCCbl HCXOIHBIX PAaCTBOPOB (B F) IIOCJICE CMCUICHUA

KOTOPBIX Oy/IET MOTyYeH PACTBOP ¢ MaccoBo nouneii @, , %0.

PacTBOpBI DJ1€eKTPOJIUTOB
Onekmporumamu  Ha3bIBAIOTCS  BEIECTBA, KOTOpPbIE TMPU PACTBOPEHHUH B  BOJE
MOJIBEPTafOTCsl  MPOTOJIM3Y  (TUCCONMUPYIOT WM  PACIAAIOTCsA) HAa HMOHBI W TPOBOJST
aNeKTpudecKuit Tok. Heopranmueckre KUCIOTHI, OCHOBAHUS U COJIU SIBJISTIOTCS DJIEKTPOIUTAMH.
Cwiia 3JIeKTpOJIUTa XapaKTepU3yeTcs CTEMEHbI0 MpoToyin3a (¢ ), KOTOpasl MOKa3bIBaeT
OTHOLIEHHUE YKCIIa MOJIEKYJI, pacnasinuxcs Ha HoHbl ( N ), kK 06meMy drcy MoeKys1 3IeKTpoIuTa

B pactBope ( N, ), 1 BoIpaxkaercst B poLeHTax:

a :ﬁ-lOO%.
N

(0]

(6.10)

VYCIOBHO CYHUTAIOT AJIEKTPOJUTHI, TOABEprimuecs mnporonn3dy Ha 3% wu MeHee (T.e.
a < 3%) - cnabeivu, a Ha 30% u Gonee (& = 30%0) — cunprbMA.

B  pactBope cmaboro  SJEKTpONUTa  YCTAaHABIMBAETCS  PABHOBECHE  MEXIY
HEJVCCOIMUPOBAHHBIMA MOJIEKYJIaMH W TIPOAYKTaMH HX pacraga — HoHamu. Hampumep, B
pactBope ciaboii OTHOOCHOBHOM KHCIIOTHI:

H,0 N _
HAT==_= HY + A

KoHcTanTa Takoro paBHOBECHsS BBIPaXKAeTCs 4Yepe3 paBHOBECHBIE KOHIEHTpAIUU

COOTBETCTBYIOIIMX YAaCTHI[ B PACTBOPE W HA3BIBACTCS KOHCMAHMOU NPOMOAU3A UU KOHCHAHMOU

ouccoyuayuu K, (HA):
_[HIIAT]



MHOrOOCHOBHBIE KHCIJIOTHI pPACMalalOTCsl CTYNEHYaTo, Kaxzjas CTYNeHb M3 KOTOPBIX
XapakTepu3yeTcs cBoeil KoHcTaHToil. Hanpumep:

H,5 2o H 1 Hs; K, - A HS ],
[H,S]

L H . H*1[S*]
HS ——2 5 H* +5%: K _HIIs7]
— 27 [HS]

CorunacHo 3akony pasbasienns OctBanbaa, K, U & cBs3anbl ypaBHeHHEM:
2
a -C
]

K,(HA) = (6.12)

rae C — MonspHAs KOHIEHTPAIHs deKTPOJIHTA, MOJIb/IM>,
[Ipu ¢ << 1 ypaBHenwue ymnpomaercs:

K,(HA) =a’®-C. (6.13)

I[JISI PacucCToOB, CBA3AHHLIX C IMIPOTOJIU30M KHUCIIOT, YaCTO UCIIOJIB3YIOT HEC Ka , a II0Ka3aTciib

KOHCTaHTHI Ipotoimsa (xuccounanuu) PK, kotopslii pasen:

PK, = —lgK,. (6.14)

C Bospacranuem K, T.e. ¢ yBennueHneM cuibl KucioThl, 3HaueHne PK, ymenbuaercs,
ciepoBarenbHo, e Gonbie PK, tem cinabee kucnora. Tak, 3uasenns PK, st cnabbix kucnor
or CH,COOH no HCN nexar B npexenax or 4,76 10 9,21.

Jlast omHOOCHOBHBIX  KMcioT, Hanpumep, ykcycnor — CH,COOH, xonuenrpaimn

[H+] 1 [A"] paBHbI 1 COCTABISIOT:
[H']=[CH,COO] = aC.
C yuetom ypaBHenus (10.2.4) umeem:

[H]=[CH,CO0 1~ /K, C.
PacTBOpbI HEJIEKTPOJIUTOB

Pa3baBneHHbIE pacTBOPHI BEIIECTB-HEIEKTPOIUTOB 00JIAAI0T PSIOM (PU3UKO-XUMHUECKUX
CBOMCTB, UIsl KOTOPBIX KOJIMYECTBEHHOE BBIPAXKEHHE 3THX CBOMCTB 3aBUCUT TOJIBKO OT YHCIA
HaXOJSIIUXCS B PACTBOPE YACTHI] PACTBOPEHHOTO BEIIECTBA M PACTBOPUTENS (KOJUIMTATUBHBIE
cBoiicTBa). HekoTophie M3 STUX CBOWCTB HMCIONB3YIOTCS TSl OMPEICIICHHUs] MOJEKYISIPHOM MacChl
PacTBOPEHHOTO BEIIECTBA.

Tak, B COOTBETCTBHM CO GMOpbIM 3aKOHOM Payns: TOBBIIIEHNE TEMIEpPaTypbl KUIEHUS

) WIM TIOHW)XEHUE TEeMIIEpaTyphl KPUCTAJUIN3ALUU (Atkp) pa30aBIeHHBIX PAacTBOPOB

(At

HEDJIEKTPOJIUTOB IIPONOPLIMOHAIBHO YHCIY YAaCTHUL[ PACTBOPEHHOIO BEILECTBA U HE 3aBUCUT OT €0
MIPUPOJIBI:

KHII.

Al =KEy,, (6.15)

AL, =EC,., (6.16)



rie Al — mnonwkenuwe Temmeparypsl 3aMep3aHHs WM IOBBIILICHUE TEMIIEPATYPbl KHIIEHUS
pactBopa, rpan; K u E — kpuockonuyeckas u 50ymmockonu4yeckas KOHCTAHTBI COOTBETCTBEHHO;

C,, — MOJsUIbHAs. KOHLEHTPALKs PACTBOPEHHOTO BeweCTBa, Moiib/ 1000 T pacTBopuTelsL.

Ilpumeuanue. Kprockonuueckasi ¥ 30yJUTMOCKOITNYECKass KOHCTAHTBI TPEJICTABISIOT COOOM
IMMOHMKCHHUEC TCMIICPATYPhI 3aMCP3aHUs WA IMOBBIIICHUC TEMIICPATYPbl KUIICHUA JI1 PpaCTBOPOB
HEYIEKTPOJIUTOB MPU MX KOHIIEHTPAIUAX PaBHBIX 1 Momb/mM°,

Eciu M (r) HesnexTpomura, UMeroIero MoiabHyro mMaccy M, pactBopensr B My (1)

pPacTBOPUTEIIA, TO:

m
Ataaw = Kaajw P 1000 ) Zpaayc
“ Ms—ga mp—,m (617)
m
Atmm = Exun s 1000 ) Zpaayc
M@—sa mp—flﬂ (618)

@opMynbl  MO3BOJISIIOT ONPENEIUTh TEMIIEPATypbl 3aMEP3aHUs M KHUIIEHHWS DPACTBOPOB
HEJJICKTPOJIUTOB II0 MX KOHLEHTpalUd, a TaKKe HaXOAUThb MOJIBHYIO MacCy pPacTBOPEHHOIO
BEILIECTBA 10 NOHMKECHUIO TEMIIEPATyphl KUIICHUS UJIU 3aMEpP3aHUs PACTBOPOB.

Bonpocsl u 3a1aHu

IIpumep 1. Hanumcare MOJIEKYJIIpHOE M HMOHHOE YPAaBHEHMS PEAKUUN B3aUMOJICUCTBUSA
pacTBOpOB HUTpaTa Oapus U cynbdara HATPUSL.

1 CocraBnsieM MOJIEKYJISIPHOE YpaBHEHHE PEaKLIUU:

Ba(NO3), + Na,SO, = BasSO, { +2NaNO;

2 IlepenrchiBaeM 3TO ypaBHEHHSI, H300pa3HB XOPOIIO JAUCCOIUUPYIONINE BEIIECTBA B BHUJIC
HMOHOB, a yXoAsmue u3 cepbl peakllud — B BHUJE MOJEKYJ, T.. COCTAaBISIEM MOJIHOE HOHHOE
YpaBHEHUE JAHHOW PEaKIUH.

Ba®" +2NO; +2Na" +S07 = BaSO, ¥ +2Na* + 2NO3..

3 BrinucbiBaeM HOHHOE YpaBHEHHE PEAKLIMU B OKOHUATEIbHOM BUJI€ (COKPALLIEHHOE HOHHOE
ypaBHEHHUE):

Ba®" + SO, =BaSO, Y,

KOTOpO€ OIpeAensieT CyTh Mpollecca B3aWMOJCWUCTBUS pPACTBOPOB HUTpaTa Oapus Hu
cynbdara HaTpUS.

3agaya 2. Paccumtaiite moHHyro cuiy pactBopoB RDNOz, CuClz m NasPOs, ecmm ux
MOJISIpHBIE KOHIIEHTpauy pasHbI 0,1 Mos/aMC.
Pemenue. 1 B pactBope HuTpaTa pyouaus:

1 2 2 1 2 N2y
=2 Copr 2+ *+ Cro Zhgs =5 0117 401 (%) =01

2 nst pactBopa CuCly:

1 2 2\ 1 2 2\
I _E(CCU2+ZCU2+ +CC|ZC|)—E(O,1'2 +20,1('1) )—0,3.

3 Honsr Na* u PO4~3 cosnaror noHHYIO cHity:



1 ( 2 2 ) 1 2 2
I == 2 CNa+ ZNa+ + CPOZ3 ZPOZS - 2 (Oa3 ‘1 + 011. ( 3) ) - 016 .

Ipumep 3. Cxombko cM® pacTBOpa r’HAPOKCHIA HATPHs ¢ MaccoBoit noneit w1(NaOH) = 30% (p1
~ 1,300 r/cM®) Hamo no6aButh K 300 cM® Bomsl (p(H20) = 1,00 r/cm®), 4ToOBI HONYYUTH PACTBOP C
maccoBoii goseit ox(NaOH) = 10%?

Pemenune. MOXHO IIPEUIOKUTH TPH BapHAHTA PEIICHUS TAKOH 3a/1a4H:

1) mosTamHbIiA pacyeT, ¢ COCTaBICHUEM CUCTEMBI U3 IBYX YPaBHECHU;

2) ¢ UCIIOTIb30BAaHUEM 3aKOHA DKBUBAJICHTOB,

3) IpUMEHUTH IPABUIIO KPECTA.

Bapuanm 1. Berumcnum maccy ruapokcuma Hatpusi (M(NaOH), r), koropas moinkHa
COJIEPKAThCS B UICXOJHOM PacTBOPE C Maccoi My, T:

100 r pactBopa ¢ w1(NaOH) = 30% conepxut 30 r NaOH

m1, T pactBopa ¢ ®1(NaOH) = 30% coxepxut m r NaOH

Ilepsoe ypasnenue: m(NaOH) = % My, T = 0,3 mq, T.

Paccunrtaem Maccy pactBopa ¢ maccoBoit goneir ox(NaOH) = 10%:
100 r pactBopa ¢ wx(NaOH) = 10% coaepsxut 10 r NaOH

(300 + my), r pactBopa ¢ w(NaOH) = 10% coaepxutr m r NaOH.
Bmopoe ypasnenue: (300 + ml) :10=100- m(NaOH ) .

Hanee Boipaxenue s M(NaOH) u3 nepBoro ypaBHEHUS MMOJCTaBUM BO BTOPOE U PEIIUM
BHOBb IIOJIyYCHHOE YpaBHEHHE OTHOCHTEIBHO M1 — HMCKOMON Macchl MCXOJHOIO pacTBOpa ¢

o1(NaOH) = 30%:
(300+m,)-10 =100-0,3m;; m, = %80 =150 .

Tenepb BbUMCIUM 00beM, KOTOPBIH OyayT 3anuMaTh 150 r pactBopa ¢ w1(NaOH) = 30%,
ucrnons3ys popmyny (8):
m; 150
em® ==L =" =11539,
1 1,30
Otset: K 300 cm® Bogel Hamo mo6aButh 115,39 cm® (150 1) pactBopa ¢ w1(NaOH) = 30%,
YTOOBI MOJTYYUTh pacTBOp ¢ MaccoBoit moneit mx(NaOH) = 10%.
Bapuanm 2 'Y 106HO Bocnob30BaThest popmyinoit (9), yauTeiBasi, 4To
@ (NaOH)-m; w,(NaOH)-(300+m
M (NaOH ) M (NaOH)
rae My = p1Vi, T — Macca pactBopa ¢ w1(NaOH) = 30%;
300 + my=mz = p2Va, .
B wutore:

w,(NaOH)-m; = w, (NaOH)- (300+m,); m;=150r; V; =11539 cne®.

Vo—pa

Bapuaum 3. TlpuMeHUM MPaBUIIO «KpecTay, yuauThiBas, uTo KoHIeHTparus NaOH B gncroit
BOJIC paBHA HYIIIO:
30% — miy, r
10, %

0,% — ma, T.



Beruncium maccy pactBopa (mi, 1) ¢ 1(NaOH) = 30% u maccy Bojsl (M2, T), KOTOpPBIC
HAJI0 CMeNIaTh, YT00BI OTyuuTh pacTBOp ¢ ®x(NaOH) = 10%:
m=10-0=10r;m,=30-10=20r.
Wtak, 4To6sl momyduts pactop ¢ mx(NaOH) = 10%, nano k 20 r (20 cm®) Boas! 1006aBUTH
10 r pactBopa ¢ w1(NaOH) = 30%, a k 300 r BobI HaJ 10 100ABUTH:
10

m =% .300="-.300=1502; V4, cu® =11539.
mo 20

ba30BbIi1 ypoBeHB

3amaua 1. Hanmcarb HMOHHO-MOJIEKYJISIDHBIE YpPaBHEHUS PEaKIUM B3auMOJEHCTBUS
CJIELYIOIINX BEILECTB:
a) Pb(NO3)2 u NazS;
6) Cu(OH)2 u H2SO4;
B) CaCOz u HCI,
r) FeSO4 u H2S;
1) CuO u HzSO0s.
3agaua 2. CocTaBbTe€ MOJEKYJISIDHbIE YPAaBHEHHUS peaklHil, KOTOpbIE BBIPAKAKOTCS
CJIEYIOIIMMHU KPATKUMU MOHHBIMHU YPaBHEHUSMM:

a)H" +OH™ =H,0

6) Cu?* +52~ =CuS

6) CO2~ +2H* =CO, + H,0

2) ZNOH™ +H™ = Zn*" +H,0

0) HCO3 +OH ™ =CO3™ +H,0

e) Mg(OH), +2H " = Mg?" + 2H,,0.

3amaua 3. Paccuwmraiite aktuBHOCTH mMoHOB K* u SO4% B pacTBOpe cymbdaTa Kamus c
MouspHoii koHneHTpanueit C(K2S04) = 0,1 MOJTB/IM®.

3amaua 4. Paccuuraiite cpeaHuil Kod(pPUIMEHT aKTUBHOCTH JJsi BOJHOTO pacTBOpa
THAPOKCHIA HATpHs ¢ MojspHoil konuentpamueii C(NaOH) = 0,1 mons/nm® u cpaBHHTE ero c
AKCIIEPUMEHTAJIbHO HalZIeHHOH BennuuHoi 0,764.

3amaua 5. Berumciute mnpomssenenue pactsopumoctu Fe(OH)z, ecmu B 100 cM® ero
HACHIIIEHHOTO PacTBOpa coiepkuTca 9,6-107° T 3TOro ruapokcua.

3amaua 6. Ilpomssenenme pactBopumoctH AgoCOs coctaBnser 8:107*2 PaccumraTh
PacTBOPUMOCTH KapOoHaTa cepedpa B MOJIB/IMS 1 T/IM°.

3amaua 7. Berumcnuts pactBopumocTs CaFz (B Monws/am®) B Boge u B pactBope CaCly ¢
xoruenTparmeii C(CaClz) = 0,05 mons/nm® (TTP(CaF2) = 4-10711). Bo ckonbko pa3 pacTBOPUMOCTE
BO BTOPOM ciy4yae MeHbIlIe, YeM B repBoM? PacueTsl mMpoBecTH ¢ yueToM U 0e3 yueTa HOHHOM CHIIbI
pacTBopa.

3amaua 8. Cxombko cM® pactBopa (Vi(H3POs)) dochoproii kucnorsr (C1(HsPOs) = 1,010
Monb/mm®) Hamo mo6asuTh k 250 cM® pacTtBopa docopHoit xucmotsr (Ca(HsPOs) = 1,510
MOJIL/;LM3), 9T00BI MOJTy4uTh pacTBop ¢ ®3(H3PO4) = 11,19% u p3 = 1,060 r/cm®?

3amaua 9. Kakyro maccy kpuctammtoruapata kapoonara Hatpust NaxCOs-10H20 Hamo B3sITH 1ist
nprrotornenns 200 cM® ero BOTHOTO pacTBopa ¢ MaccoBoii nomeit m(NazCO3) =10% (p = 1,102 r/em®)?

Paccunrars 11 TIOIy9eHHOTO PacTBOpa: THTP, MOJEIPHYIO, MOJBSIPHYIO SKBHBICHTA W MOJSUTHBHYEO
koHteHTparry NaCOs. OueHuUTh abCOMIOTHYIO ¥ OTHOCHTEITBHYIO (YCIIOBHBIE! ) MOTPEITHOCTH TPUTOTOBIICHHS
3TOTO PacTBOpA.

3agaya 10. BerumcauTe MOJSPHYIO KOHIIEHTPALMIO KOJMYECTBA SKBHUBAJICHTAa pacTBOpa
THIPOKCH/IA KAJKs MOTYYeHHOTo TIPH cMeruBaHud pactBopos: 300 cm® ¢ C(KOH) = 0,8 moms/am®
1 700 cm® ¢ ¢(KOH) = 1,2 mons/nm>? Kakos tutp KOH no HCI?

[ToBbIIEHHBIN YPOBEHB



Ramaua 1. CKOIBKO CM® BOJIBI (p(H20) = 1 r/CM3) crenyer no0aBuUTh K 1 M pacTBopa
xnopoBogopoxHoii kucaotel ¢ C(HCI) = 1,5 mons/aM>, 4TOOB MOMYYUTH PACTBOP C MOJSPHOM
KOHIIEHTpaIMeil paBHOi TouHo 1,0 Moms/mm3?

3amaua 2. B kakom 00bEMe HachieHHOro pactBopa AgsPOs comepXUTCs OIMH TpaMM 3TOH
comu (ITP(AgsPOs) = 1,3-10729)?

3amaua 3. B 10 am°® HacemeHHOro pactBopa CaCOs3 conepxkurcs 0,0278 r HOHOB KaJIbIIUSI.
BrerancnuTh mpou3BeieHNe paCTBOPUMOCTH KapOoHAaTa KaIbITHS.

Bamaua 4. O6pasyercs mu ocagok AgBr (ITP = 6,0-107%), ecnu ciuth paBHBIE 06BEMBI
pactBopoB AgNO3 u KBr ¢ xornentpamusvu C(AgNO3) = C(KBr) = 0,001 moss/am>?

Cnncok JuTepaTypbl, peKOMeHAyeMbIi K HCN0JIb30BAHUIO 110 JAHHOU Teme

OcHoBHas JquTeparTypa:
1 Koposun, H. B. O6mias xumus : yuebnuk / H. B. KoposuH. - 13-e u3j., nepepab. u jgor. - M. :
Axanemus, 2011. - 496 c. : ui. - (bakanaspuart). - Pek. MOuH P®. - Ilpumn.: c. 461. - Bubauorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XuMus okpysKaromieil cpeibl : XUuMust )KUBBIX opranu3MoB. Kypc nexmuii / E. C.
Muxanuna, A. JI. I[lerenmun. — M. : U3garensckuii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Tekcr : 31eKTpoHHBIH // DnekTpoHHO-0nbanoTeunas cucrema IPR BOOKS :
[caiiT]. — URL.: http://www.iprbookshop.ru/56618.html. — Pexwum mocTyma: ajsi aBTOPH3HP.
MOJIb30BaTENEH
JonoaHuTeIbHAS JINTEPATYpa:
1 'muuka, H. JI. O6mas xumus / H. I'. I'munka ; [ox pen. A. U. Epmaxosa. - U3a. 30-e, ucnp. - M. :
WuTerpan Ipecc, 2003. - 728c. - bubmumorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-017-1
2 XyMUsl METaJuIoB : yuyeOHoe ocobue (T CTYACHTOB XUMHUYECKOTO (aKyIbTeTa HanpaBIeHUH
OaxanaBpoB «XuUMUS» U «XHUMHUUECKasi TexHONorus») / coctaButenu O. A. I'onoBaHoBa. — OMCK :
Ownmckuit rocynapcTBeHHbIN yHUBepcuTeT uM. .M. JloctoeBckoro, 2015. — 552 ¢. — ISBN 978-5-
7779-1875-8. — TekcT : aneKTpoHHBIN // DnekTpoHHO-0nOMMoTeunas cucrema [IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum noctyna: ajist aBTOpU3Hp.
MOJIb30BaTENEH

HNuTepHeT-pecypcenl:
1 http://window.edu.ru/ — eanHOE OKHO JOCTYIA K 00pa30BaTEIbHBIM pecypcaM

2 http://biblioclub.ru/ — 3BC «YHuBepcuteTckas OUOIMOTEKA OHIAHHY.

3 http://catalog.ncstu.ru/ — 351eKTPOHHBI KaTAIOT aCCOMAIIMHI JIEKTPOHHBIX OHOIHOTEK yUeOHBIX
3aBefeHuil u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTkpeITOe 0Opa3oBaHue

TEMA 7. KOMIUVIEKCHBIE COE/IMUHEHMUSI.
INPAKTUYECKOE 3AHSATHE 7. KOMIVIEKCHBIE COEAUHEHMUSI.

Heanb 3ansaTus: CHopMupoBaTh y CTYIACHTOB CUCTEMHBIC 3HAHUS O CTPOCHHHM M CBOWCTBAX
KOMIUIEKCHBIX coeAuHeHni. HayuuTh CTYJIE€HTOB MOJydaTh KOMILUIEKCHBIE COCIMHEHUS W Ha
OCHOBAaHUU TIOBEACHHUS KOMIUIEKCHBIX COEIWHEHUH B pacTBOpax [elaTh BBIBOABI 00 UX
YCTOHYUBOCTH.

3HaHMA M yMeHHUs, IpHo0peTaeMble CTYACHTOM B pe3yJIbTaTe 0CBOCHUSI TeMbI

3HaTh (I)H3I/IKO-MaTCMaTH‘{CCKHﬁ afrmapar, MCETOJAbl aHAJIM3a W  MOJACIUPOBAHUA,
TECOPETUYCCKOTO U OKCIICPUMCHTAJIBHOT'O HCCIICJOBAHUA


https://openedu.ru/

YMeTb NpPUMEHSTh COOTBETCTBYIOIIMHN (PU3UKO-MAaTEMAaTUUYECKUN ammapar, METO/Ibl aHalIu3a
U MOJEIUPOBAaHUSA, TEOPETUYECKOIO U OSKCIIEPUMEHTAIBHOIO HCCIEJOBAHHUA IPU PEIICHUU
npoeCcCHOHATBHBIX 33124
HanmenoBanue (GpopMupyeMbIX KOMIIETEHLUH

Kon dopmyJIHpOBKa

OIIK-2 CnocoOeH NpUMEHSTh COOTBETCTBYIOIHMHA (PU3UKO-MAaTEeMaTHICCKUI
anmnapar, METO/bl aHAJIM3a U MOJICTUPOBAHUS, TEOPETUUECKOTO U
DKCIIEPUMEHTAIILHOTO UCCIICIOBAHUS TIPU PEIICHUU MPOGECCHOHATHHBIX
3aa4y

AxTtyanbHOCTh TeMbl. KommiekcooOpa3oBanue uMeeT OONbIIOE 3HAUCHHE MPH MPOTEKaHUU
OMOJIOTMYECKUX IPOLECCOB B JKUBBIX OpraHu3Max. VOHBI LIETOYHBIX U IIEIOYHO-3EMEIbHBIX
METAJUIOB B OMOJIOTMYECKHX KHUJIKOCTAX HAXOJATCS B BH/I€ aKBAKOMIUIEKCOB, @ HOHBI d-3JIEMEHTOB,
SBJISISICH IPEKPACHBIMHM KOMILIEKCOOOpa3oBaTeIsiMu, 00pa3yloT KOMIUIEKCHI, B KOTOPbIX B KauecTBE
JIMTaHJI0B BBICTYAIOT aMUHOKHUCIJIOTHI, HYKJIEMHOBbIE KUCIOThI, BATAMUHBI U ropMoHbl. Hanpumep,
XKEJIe30 BXOJUT B cocTaB TIeMoriobuHa. HekoTopble KOMIUIEKCHBIE COEIUHEHHs 00JalaroT
OMOJIOTUYECKOI aKTHBHOCTBHIO U NMPUMEHSIOTCS B KAUECTBE JICKAPCTBEHHBIX MpEnapaToB (BUTaMHUH
B12). Kpome Toro, o6pa3oBaHie pacTBOPUMBIX YCTOHYMBBIX KOMIUICKCHBIX COCTUHEHUHN MO3BOJISET
BBIBOJIUTh W3 OpPraHu3Ma COJU TSDKEJBIX METaJJIOB, YTO CIOCOOCTBYET JI€3MHTOKCHUKAIMU
OpraHmsma.

TeopeTuyeckas 4acTb
XUMUYECKUE CBSI3U OCYIIECTBISIOTCS 3a CUET 0000IIEHUsI HE CIApEHHBIX AIEKTPOHOB HUIU
nepeaayn dJIEKTPOHOB OJHMM M3 aTOMOB, BCTYMAIOIIUX B CBS3b JApyromy. B pesymprare Takoro
B3aMMOJICHCTBUS 00pa3zyloTCs YCTOMUYMBBIE KOH(UTypaluy, MMEIOIIUE Ha BAJICHTHOH 0005104Ke
ANEKTPOHHBIN OKTET. Y CTOHYMBOCTh MOJOOHOM CTPYKTYpPbI OOBSICHSETCA CXOJCTBOM B CTPOEHUU C
MHEpTHBIMU razamu. CoeTMHeHNs, TIOTyJarorecs Mo00HkIM 00pa30oM, HA3bIBAIOTCS OMHAPHBIMH.

MHorue atoMbl WM HOHBL, 00pasyroliie OMHAPHbIE COSMHEHNST, MOT'YT SIBJISITHCS IOHOpaMU JIEKTPOHOB
VISt IPYTHX aTOMOB, TPYIII aTOMOB MJTH MOJIEKYJI, HE IMEFOLIIMX JIEKTPOHHOTO OKTeTa. [ loMmydeHHbIe TakuM ImyTéM
CIIO’KHBIE MOJICKYJTbI HAa3bIBAIOTCS KOMIUICKCHBIMA COSIMHEHMSIMA UM COSMHEHVSIMA  BBICIIIETO  TTOPSITIKA.
Hanpunvep, B cocTa KomruiekcHoro coerprerns Ko[PtClg] Bxomsr norst K u [PtCle] 2.

[leHTpanbHBIA aTOM IUIATHHBI CO CTENEHBIO OKHCIeHHS +4, BOKPYT KOTOpPOTO
TPYIIHUPYIOTCS (KOOPIUHUPYIOTCS) IPYTUE aTOMBI, HA3bIBAETCS] KOMILIEKCO0Opa30BaTEIEM.
[Mpucoenuusronmecs k Hemy HoHbl Cl” Ha3bpIBarOTCS TUraHIaMu (MM aJIJICHIAMH ).
HekoTopsie nuranpl ¥ X HA3BAHUS:
H>0 — akBa; NH3 — ammun; 0% — okco; OH™ — tuapokco; CN™ — mmano; SCN™ — poznano;
NO2~ — nutpo; SO3%> — cympduro; NH,OH — ruapoxcunamun; F~ — dropo; CI- — xmopo; Br —
opomo; I~ — #to0.

Yucno  OUraHAoB, NPUCOCOUHEHHBIX K  KOMIUIEKCOOOpa3oBaTenro,  Ha3bIBAaIOT
KOOP/IMHAIIMOHHEIM YHCIIOM (K.9.) KoMIUIekcoobpasosatens. K.u. (Pt™*) = 6.

Nonws K — BHemmHsas koopauHamuonHas cdepa (mpotuBouon); [PtClg]?> — BHyTpeHHss
koopauHanvonHass cdepa. EE 3apsam( TouyHee, CTENEHb OKHUCIEHUS X) OIPEACIsIeTCs
anreGpandecKoil CyMMOii 3apsA0B KoMILIeKcoobpasosaTens u aurannos: x(/PtClg]?) = +4 +(—1)-6
=-2.

Ecm BHYTpeHHSS1 KOOpAMHALMOHHAs cepa MMEET MOJIOKHUTENBHBIM 3apsil, TO OHa Ha3bIBAeTCA
KOMIUIEKCHBIM KaTHOHOM, €CJIA OTPHULATENIbHBIA — KOMIUIEKCHBIM aHHOHOM. MIMeeTcst psii COeMHEHMI, B
KOTOPBIX BHYTPEHHsISI KOOPJIMHAIMOHHAs cdepa HE HEcET 3apsiia — HeHTpaibHble KOMIUIEKCHI. [Iprmepbl
YKa3aHHBIX TUTIOB KOMILJIEKCHBIX COSIMHEHUM:

1) katronnsie — [Pt (NH3)3CI]Cl (H—ZO) [Pt(NH3)sCI] " + CI~;




[Cr(H20)4Br2]Br (—&O—) [Cr(H20)4Br2]* + Br;

[Ni(H:0)6]50: <—27—> [Ni(H:0)e]** SO

H
2) annonnsie — K3[Fe(CN)s] (—LO—) 3K* + [Fe(CN)e]*;

(NHa4)2[Pt(OH)2Cl4] (_ﬂO_) 2NH4* + [Pt(OH).Cls]Z;

H
Nas[AlFs] (;O) 3Na* + [[AlFe]®;

H,0
3) Heiirpanbuble (Hevnekrpoautsi) — [Cr(H20)4P0s] ¢—2—>x;

[Rh(NH3)3(NO2)3] (H—ZO) x;

[Pd(NH20H):Cl] (LO) .

Ipumeyanue. KoMIUIEKChl aHUOHHOTO THIIA TAKXKe eUI¢ HA3bIBAIOT allUJIOKOMIUICKCHBIMH,
TaK KaK [PHU NEPBUYHOM MPOTOIU3E OHU OTIIEIUISIOT KOMIUIEKCHBIA aHHUOH.

Aneopummvl HA38aHULl KOMNIEKCHbIX coeOuHenuli: 1) KaTUOHHBIE KOMIUIEKChl — CHadasa
Ha3bIBAIOT BHEIIHIOK cdepy, a 3aTeM B POAMTEIBHOM IaJICKE TPUBOMIAT HA3BaHHs JIUTAHIOB
BHYTpPEHHEH cQepbl M pPyCcCKOe Ha3BaHUE KOMILIEKCOOOpa3oBaTeNs C YKa3aHUEM €ro CTEINeHU
OKHCJICHHS apaOCKUMH ITU(PpaMu, HapUMep:

[Pt (NH3)3Cl] Cl — xnopun TppaMMHHXIOPOILIATHHBI (12);
[Cr(H20)4Br2] Br —6pomu g TeTpaakBagudopoMoxpoma (+3);
[Ni(H20)6]SO4 — cynbdat rekcaakBanukess (+2);

2) Ha3BaHUE AaHWOHHBIX KOMIUIEKCOB HAYMHAIOT C BHYTPEHHEW cepbl — Ha3BaHHE JIMTaH/I0B
U JIATUHCKOTO KOMILIEKCO00pa30BaTelsi ¢ OKOHYaHUEM -am, 3aTeM — PYCCKO€ Ha3BaHWE KaTHOHA
BHEIIHEH cepbl, HarTpuUMep:

Ks[Fe(CN)e] — rexcanmanodeppat (+3) kamnus;
(NH4)2[Pt(OH)2Cl4] — nuruapokcoreTpaxaoporuiaTHHar (+4) aMMOHHS;
Nas[AlF¢] — rekcadropoamoMuHaT HATPHS;

3) B HEWTpaJIbHBIX KOMIUIEKCAX BHAualle HA3bIBAIOT JIMTAHJBI (C y4eTOM aiaBUTa), 3aTeM
CIIEyeT pPYCCKOe Ha3BaHUE KOMIUIEKCOoOOpa3oBarens Oe3 yKa3aHWs €ro CTEeIEeHHW OKHCIICHHS
(mocneqHsIsT OJTHO3HAYHO MOXKET OBITH OTIpeieNieHa C YU4ETOM AJIEKTPOHEHTPAILHOCTH KOMIUIEKCA),
HanpuMep:

[CrPO4(NH3)s] — TpuamMmmuHpochaTxpom;

[Rh(NO2)3(NH3)3] — TppaMMHUHTPUHUTPOPO,THIA;

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

CBsi3p MeXxay BHEIIHEW M BHYTpEHHEW cdepoil MMeeT HOHHBIH XapakTep, CBS3b BO
BHYTpPEHHEH cepe — KOOpIMHAIMOHHBIHN (JJOHOPHO - aKIIENITOPHBIHM, CEMUTIONSPHBIN).

BHyTpeHHsist KoOpIMHAIMOHHAS cepa Uil KOMIUISKCOB KATMOHHOIO M aHWOHHOTO TUITIOB YCJIOBHO
OTJIETIETCS OT BHEIIHEH cpepbI KBaIPaTHIMK CKOOKAMIL
CymiecTBYIOT COETMHEHUSI, COCTOSIINE U3 KOMIUIEKCHBIX KATHOHOB M aHUOHOB:

[Co(NH3)s] [Cr(CN)e] — rexcarmanoxpomar (+3) rekcaaMmuHKoOabTa (+3);

[Cr(NH3)s] [Co(NO»)e] — rekcanutpokobabTar (+3) rekcaaMmuaxpoma (+3);

[Pt(NH3)3CI] [Pt(NH3)Cl3] — ammunTpUXIOpOmIaTuHat (+2) TpUaMMUHXJIOPOIUTATHHBEI (+2).

Cony HEKOTOPHIX METaIOB, OCOOCHHO B KOHIIEHTPHPOBAHHBIX PAaCTBOPAX, CHOCOOHBI
pearupoBatb MEXIy Co00i, 00pa3yst KOMIUIEKCHBIE COSTUHEHUS — A)MOKOMNILEKCHL.
AUCl3+AuClz <> Au[AuCle] — rekcaxmopoaypat (+3) 3os0ta (+3) ;
Cdlz + Cdlz < Cd[Cdl4] — TeTpaitogoxkaamar (+2) kaaMusi.
PaznuuaroT nnepBUYHBIN U BTOPUYHBIA TPOTOJIN3 KOMIUIEKCHBIX COeIUHEHUN. [IepBUUHbBIMI
NPOTOJIU3 — OTIICIJICHUE BHEIIHEH cepbl, 0OBIYHO MPOTEKAET MO TUITY CHIBHBIX JJICKTPOJIHUTOB.
Hanpumep, 111 KOMIUIEKCOB:

K2[PtClg] <H—20> 2K* + [PtClg]?;



[Cu(NH3)4ICl, <222 5[Cu(NH3), 12" +2C1~ .

CreneHp MEPBUYHOTO MPOTOJIM3A IS pa30aBICHHBIX PACTBOPOB KOMIUIEKCHBIX COCTMHEHUH
00br9H0 100 % nu 61M3Ka K 9TOW BENUYHHE.

Bropu4HOMY MpOTONIM3Y IMOABEPralOTCs KOMIUICKCHBIE HOHBI. [Ipy 3TOM WX CTeleHb
MPOTOJIN3a BechbMa Maia. Pacman mpoTekaeT mo TUMy CiaObIX 3JCKTPOIMTOB. TwI mporonimsa —
CTYIICHYATHIH, KOTOPBI ONMCHIBACTCSI YPABHCHUEM 3aKOHA JCHCTBUS Macc.

KonuuecTBeHHO MpoIiecchl MPOTOIN3a KOMIUIEKCHBIX HOHOB XapaKTEPHU3yeTCs: KOHCTAaHTON
HecTOUKOCTH (Kiecr) HITH 0OpaTHOM eii BeTHMYUHOM — KOHCTaHTOU ycToitunBocTH (Kyer).

PaznuuaroT KOHCTAaHTBI MPOTONW3a CTyneHYaTble W o0mue. CTyneH4aTble KOHCTAHTHI
CBSI3aHBI C OTIICIUICHHEM OJHOTO JIMTaHia OT KOMIUICKCHOTO HWOHA WJIM MOJICKYJbl, a 00mue
KOHCTaHThl ~ YYHTHIBAIOT  PABHOBECHBIC  KOHIEHTpAlMM  Kak  JIMTAHJIOB, TaK U
KOMIUIEKCOOOpa3zoBareisi, 00pa3yrommxcs B XOA€ MNPOTOoHM3a MO BceM crymneHsm.Hampumep,
nporosu3 KomrekcHoro nona [Cu(NHs)s]?" npotekaer B 4eThIpe CTYIEHHU:

2+
1) [Cu(NH3) 412" & [Cu(NH3)3]%" + NH3; KHem:[[C“(NH?’)?’] ]ENH3]=1,07.10—2;
[[Cu(NH3)4]7"]
2+ 2
2) [CUNH3)s T o [CuNHa) T2 4 NHg; Ky = Lo 02l Iy 5,445
[[Cu(NH3)3]™"]
2+ 3
3) [Cu(NH3),]%" <> [CUNH3]?* + NH3; KHeCT2=[[C“(NH3)] ][?Hﬂ ~468.107
[Cu(NH3)4]7"]
2+ 4
4) [CUNH3]?" > Cu? + NHy; Koecrl _MCTIINAL 5y 194
[ICu(NH3)1**]

CymMapHOe ypaBHEHUE MPOTOJIM3a BHYTPEHHEH KOOPIMHAIIMOHHOW Cdepbl BbIpa)aercs
OOLINM YpaBHEHHEM:

[Cu(NH3) 412 <2129 [Cu(H,0)41%" +4NH3.

3HayeHne OOmIe KOHCTAHTBI HECTOWKOCTH ONpEAENSeTcs IPOU3BEIECHHEM  BCEX
CTyTEeHYaThIX KOHCTAaHT HecToifkoctu. Hampumep, mns monma [Cu(NHs)s]?* obuias xoucranTa
HECTOMKOCTH OyIeT UMEeTh BHI:
Kyecr ([CU(NH3)4]2+) = Kyecer1 * Kuecra 'KHeCTg ‘Kyecrs =
_[Cu(H,0)41*"]-[NH3]*
[cutNH) a1 |
Ipumeuanue. Crynenuatsiii mportomus wuona [CU(NH3)4]?* B Bommbx pacTBOpax
MIPEJICTAaBIICH B BUJIE, KOTOPBIA OTBEUACT NPUHYUNY COXPAHEHUS NOCMOSHCMBA KOOPOUHAYUOHHOZO
yucna komniekcooopaszoeamens. JlokazaHo, 4TO MPU OTPHIBE OT KOMIUIEKCHOTO MOHA JINTaHJIa €ro
MECTO 3aHHMAIOT MOJICKYJIBI BOJIBI:
[Cu(NHs3)4]?" + H20 <> [Cu(NH3)sH20]?" + NHs
B mTore mporiecc A0MKeH 3aBepIINTHCA 00pa3oBaHNeM TeTpaakBakoMiiekca [Cu(H20)4]% .

Yem Oomnple BeJMYMHA KOHCTAaHThl HECTOMKOCTHM (WM  MEHBIIE KOHCTaHTa
YCTOWYMBOCTH ), TEM MEHEE YCTOWYUBO JJAHHOE KOMILJIEKCHOE COEIMHEHNE.

[IpoTONM3 KOMIUIEKCHOTO HOHAa BO MHOTHMX CJIy4asx JIOKa3bIBae€TCsl C IOMOIIBIO
YYBCTBUTEIBHBIX PEAKTHBOB, OOHAPYKMBAIOIIMX B PacTBOPE KOMIUIEKCHOTO COCIMHEHUS HOHBI
KOMILJIEKCO0Opa30BaTesst U JIUTaH I0B.

Hamnpumep, nonsl Meau B kommuiekcHoM coemaunernn [Cu(NHz)4]Clo MoxxHO 00HApYXHTH,
npubaBUB K paCTBOPY 3TOH COJIM PacTBOP CyIb(HIa HATPUS:
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[Cu(NH3)41Cl, + Nay$S = CuS 4 +2NaCl + 4NHg;

[Cu(NH3),J?* +572 = CuS { +4NH;

HJIN ITYTCM CBA3bIBAHUS aMMHUAKA B OoJtee HpO‘IHBIfI KOMIIJICKC — KATUOHBI aMMOHMHA .
[Cu(NH3)41Cl, + 4HCI —> CuCl, + 4NH,CI;

[Cu(NH3)4]? +4H* - Cu®t + ANHJ.

Komnnexchvle coeounenus ¢ Manoycmounyugol HympenHell cghepotl, npomoau3 Komopou
nPOXOOUmM NPAKMU4ecKu NOTHOCHbIO — MO 08OUHbLE CONU, HATIPHUME:

H,0
[K(H20)6] [Al(H20)6] (SO4): 2> K"+ APt + 2502 + 12H,0; amroMoKanueBLIe
KBAaCIIbI

[2NH4(H20)6] [Fe(H20)6](SO4)2 (L) 2NHs*"+ Fe¥*+2504% +12H,0;
cosib Mopa.

Teopust BamentHpIx cBsizeli (TBC) 0OBACHSET CTpOCHHE KOMILICKCHBIX COCIMHEHUI
BO3HUKHOBEHUEM JIOHOPHO-aKLIENTOPHOMN CBSI3M MEXJy KOMIUIEKCOOOpa3oBaTeleM U JIMTaHJIaMH.
OOBIYHO JOHOPOM DJJICKTPOHHOW TMaphl CIY)KHT JIMTaHJ, aKIeNTop — CBOOOJHBIC OpOUTAIN
KOMILIIEKCO0Opa3oBaTesl.

TBC BO MHOTHX CiydYasx MO3BOJIICT YCTAHOBUTH JJEKTPOHHYIO M MPOCTPAHCTBEHHYIO
KoMIuIekca. Teopusi yuuThIBaeT IPU 3TOM XapaKTep BaJICHTHBIX OpOUTajel LEeHTPaIbHOIo aToMa B
€ro ruOpUTHOM UM HETUOPUTHOM COCTOSTHUU.

OcHOBHbIE TUIIBI THOPUIHBIX COCTOSHHM KOMIUIEKCOOOpa3oBaTelsi U COOTBETCTBYIOIIUE
MM TIPOCTPaHCTBEHHblE CTPYKTypsl: SPp — mumeitmas ([Ag(NHs)2]*, [Cu(NHs)2]*); sp® —
terpasapuueckas ([CU(NHs)a]?*, [NiCls]?"); d?sp® ([CoFe]®) mma  sp®d? ([Co(CN)s]®) —
oKTadIpuueckas. KBaIpaTHO-IIOCKOCTHOH CTPYKType OTBeuaeT OSp>-rmbpmawsanus, Hampumep,
st KomiuiekcHoro nona [Ni(CN)4]%.

Oco060 1ieHHy0 nHPOPMALHUIO 00 3JIEKTPOHHOM CTPOSHUHU M T€OMETPUUYECKON CTPYKType
KOMILIEKCO0Opa3oBarTessi UMEIOT ero MarHuTHbIE cBoMcTBa. [lapaMarHuTHbIE KOMIIEKCHl UIMEIOT B
CBOEM COCTaBE HETapHBIE AIEKTPOHBI — OHH BTATHBAIOTCS B MarHUTHOE TOJIE, & JUaMarHUTHBIC, B
KOTOPBIX BCE 3JIEKTPOHBI CIIAPEHBI, U3 MATHUTHOTO I10JIs1 BBITAIKHBAOTCS.

MarHuTHbIi MOMEHT KOMILIeKca (u) BbIpakaloT B MmarHeToHax bopa (ogun m. b =
0,927-10~2 spr/raycc), KOTOpBI MOKET ObITh BHIUHCIIEH U3 (hOpMyIa BUJA:

u=+/n(n+2),
rzie N — 9ucio He CIapeHHBIX 3JIEKTPOHOB B aTOME WJIM HOHE KOMIUIEKCOOOpa3oBaTels.

OKcriepuMeHTanbHass WH(pOpPMAIUs O BEIWYMHAX MAarHUTHOTO MOMEHTa TI03BOJISET
CYAMTb O TUIE 'MOpUIU3AMH HEHTPATILHOTO aTOMa U 0 TEOMETPUHU KOMIUIEKCA B IIEJIOM.

VIMeHHO BENMYMHBI MAarHUTHBIX MOMEHTOB IUIi KOMIUJIEKCOB C KOOPAWHAIIMOHHBIM
qncioM 6 MO3BOMMIN BBECTH MOHATHS 6HewHeopbumansrotl nsnpnd? u enympuopbumanvroii (N—
1)d?nsnp® - ru6puansamnum.

BHyTpHropOuTanbHble KOMIUIEKCH — TMAMarHUTHBI MJIM HU3KOCIIMHOBBIE, COZIEPKAT OJUH
win  1Ba  HecmapeHHmIX  omektpoHa  ([CO(CN)e]* u  /PdClj]*> - nmamarsuTHBI);
BHENIHEOPOUTAIbHEIE — BHICOKOCITHHOBBIE, BKIIOYAIOT 3 — 6 HecmapeHHBIX dnekTpoHa ([CoFe]® —
Uoken. = 4,8; 4 HecriapeHHBIX A1eKTpoHa; [MNCls]? — fisken. = 5,95; 6 HecITapeHHBIX YEKTPOHOB).

TBC yGenuTenbHO MOSICHAET CTPOEHHE KapOOHWIIOB METAIJIOB C HYJIEBOM CTENEHBIO
OKHCIICHHSI.

Teopuss kpucrammuueckoro mons (TKII), B ornmuume ot TBC, yuutsiBaer
ANEKTPOCTATUYECKOE BIMSHHE JIMTaHAOB Ha O-opOWTanu KOMIUIEKCOOOpa3oBarels, KOTOpOe
HEOJJMHAKOBO M3-3a UX Pa3HOM MPOCTPAHCTBEHHON OpUEHTAIHH.

Jlokaszano, uto 02- m Oily?- opburtamu (0,- ypoBeHB) HCHEITBIBAIOT (GOJEE CHIIBHOE
OTTAJKUBAHUE TIOJ BIMSHUEM 3JIEKTPOCTATHUECKOTO TOJIS JIUTaHI0B, YeM opOuTanu dx.y, Oxz- 1 dy-
(d; - ypoBens).



B oxrasapuueckom mone d-opOuTanm KOMIUIEKCOOOpa3oBareis MPHOOPETAIOT JBa
IHEPreTUYEeCKUX YpOBHS: 1) ¢ MeHbIIel sHeprueii d; — ypoBeHb, BKIIOYAMOIIHNA TpH OpOUTanu Ox.y,
Ox- 1 dy-z; 2) ¢ Gonee BBICOKOI dHEpruei d,- ypoBeHb, comepkamuii aBe 0,2 u dx’.y>- opouTamy.

DHeprus pacuieruieHust (A) — pa3HOCTh MEXLy SHEPrusiMu ypoBHe# d,- u d., dncieHHas
XapaKTepUCTHKA PA3HOIO 3JIEKTPOCTATUUYECKOIO ACUCTBUS IO JUTAHJOB HA MPOCTPAHCTBEHHOE
pacmpeeneHue AEKTPOHHOU TIOTHOCTH d-opOuTaneil KOMILUIEKCO00pa3oBaTeis.

Bennunna A HeoguHakoBa JUIsl pa3HbIX JIMTAHIOB M 3aBUCUT OT UX HpHponbl. Bennuuna
SHEPTUM PACIICTIIICHUS, BbI3bIBAEMAas pa3HbIMU JIMTAHAAMH, BO3PACTAET B CIEAYIOLIEM MOPSIKE:

I"<Br <ClI' <F <OH < C204 < Hz0 <NH3 <NOz <CN <NO<CO,

T.. KaXIBbIA CIHeAYIOUUN Jurang co3gaér Oosee CHIIbHOE I0Jie, 4YeM MPEeAbLAYIIHA.
[IpuBeneHHas MOCAEA0BATEIbHOCTD HA3bIBAETCS CHEKMPOXUMUYECKUM PAOOM.

Jlueanowl cnabozo nois pacnojaratloTcs B Havajae psja, 00jgamaroT Bechbma Maioi A. d-
OpOuTany KOMIUIEKCOOOpa30BaTessl C TAKUMH JIMTaHAaMU 3alIOJHSIIOTCS B COOTBETCTBHU MTPABUIIOM
XyHaa (abconomnas eiuduna CyMMapHo20 CRUHA 8 NOOYPOBHE OOJINCHA OblMb MAKCUMATILHOLL).
[Ipu 3TOM 3HEprus OTTAJKUBAHMS IBYX CIIAPEHHBIX JIEKTPOHOB OKa3bIBAETCS BBIIIE, YEM BEJIMYMHA
A. Kom1uiekcsl, cofiepKaline JUraiibl ciadoro moss, BCeraa napaMarHuTHBL.

Jlueanowl cunbHo20 nosia BHI3BIBAIOT BECbMa 3HAUUTEIbHYIO SHEPrUIO paciuerienus. [lpu
STOM SHEPTrusl OTTATKUBAHUS JBYX CIIAPEHHBIX 3JIEKTPOHOB OKA3bIBAETCSI MEHBIIIE, UEM BEIHUMHA A.
[TocieoBaTenbHOCTh 3aMOJIHEHHS dJICKTPOHAMH (-YpOBHS KOMILIEKCOOOpa30oBaTelisi CICIYIOIIas:
CHaJaja UeT 3al0JHEHHE OJMHOYHBIMH, 3aT€M — CIIAPEHHBIMU 3JIEKTpOHaMH opbuTtaiei d., mocie
4ero AJICKTPOHAMH 3anoNHSOTCS d,-opOoutanu. KoMIUIeKCHBIE COSTMHEHUS, COICPIKAIINE JTUTaH bl
CHJIBHOTO TIOJIS, TMaMarHUTHBI UJTU SIBJISIFOTCS] HU3KOCITMHOBBIMHU.

TKII o0OBsicHSET OKpacKy KOMIUIEKCHBIX BEILIECTB C HAIMYMEM Yy KOMILIEKCooOpa3oBaTes
BakaHTHOW opbutanu Ha d,- moaypoBHe. [Ipu mepexoe snekTpona ¢ dg- Ha d,- O IyPOBEHD SHEPTHSI
norjom@aemMoro ceera (£) mpu 3TOM aJeKBaTHAa 3HEPIMM paclieruieHus (A), 4To ompenensercs
CJIETYIOIIUM COOTHOIIIEHUEM (JIJIs1 OJJHOTO MOJIb BELIECTBA):

A, /Dic/mone = ENa = hvNa = hcNa/A = 0,1196/4, (6.2)

rae Na = 6,02:10% — nocrosinHas Asoraapo; h = 6,6:1073* JIx-c — mocrosnnas [lnanka; ¢ =
3-10® m/c — ckopocTs cBera; v(cMl) um A(M) — YacTOTa M JIMHA BOJHBI MOIJIOIIAEMOTO CBETa
COOTBETCTBEHHO.

[IBeT — 3TO 3pUTENBHOE OLIYIIEHNUE AMEKTPOMArHUTHOTO U3IYy4eHUs ¢ JyIMHaMU BOJIH 400
— 760 v (1 am = 107 M). Eciu Bce maparomue Tydu OTPakaroTcs, TO BENIECTBO — GECIBETHOE,
€CJIM TIOJHOCTHIO TMOTrJomaTcss — dYepHoe. IIpu wn30uparenbHOM MOTJIOUIEHUM OIIYILEHHE
LBETHOCTH CO3/AaI0T MPOILEALINE UM OTPaXCHHBbIE BEIIECTBOM JIydd. Takoi IBET Ha3bIBaeTCs
JIOTIOJTHUTEIBHBIM MIJIM HAOJI0/1a€MBIM.

Meton MonekymspHbeIx opOutaneit (MMO) sBnsercss caMblM YHUBEPCAIbHBIM MpPU
OMMCAaHNUU XMMHUYECKOH CBSI3U B KOMIUIEKCHBIX coeMHEeHUAX. MMO yuuThIBaeT B3aMMHOE BIIMSHHE
opOuTaneit Kak KoMIUIeKcooOpa3oBaTels, Tak U JuranaoB (B orauuue ot TKII) npu obpasoBanuu
XMMHYECKHX CBSI3€M B KOMIUIEKCAX.

MMO ocHOBBIBaeTCS Ha B3aUMOACUCTBUM ATOMHBIX OpOHUTaleil, NPUBOAALIMX K
00pa30oBaHHI0 MHOTOLEHTPOBBIX MOJEKYISPHBIX OpOMTaneil, HMEIOUIMX pa3Hble DSHEPIUu.
OOpa3oBaHue CBS3BIBAIOLINX MOJEKYISIPHBIX opOuTaneil (6°°) uaér Ha HIKHHUX SHEPreTHYECKUX
YPOBHSX, pa3pbIxistonux (07**) — 3a cuetr BepXHHUX.

Mexny ypoBHSIMU ¢ U ¢7“P HAXOAATCS YPOBHU clab0 CBSA3BIBAIOIINX, HE CBSA3BIBAIOIINX
1 c1ab0 pa3phIXIIAIONINX opOuTaneit (oz). MonekynspHbie OpOUTaIN 3aMOTHIIOTCS YIEKTPOHAMH B
COOTBETCTBHH ¢ IpuHIHNoM [Taynu u npasuiom XyHja.

MMO ocHOBaH Ha OYE€Hb CIIOKHOM MaTeMaTH4YECKOM ammapare, 4To MPEnsTCTBYET €ro
LIMPOKOMY MCIOJIb30BAHUIO.

Bonpocs! 1 3aganus

[Ipumep 1  Hanwuiure ypaBHEHHs IEPBMYHOIO MPOTOIU3A Il KOMILUIEKCOB:
1) [Co(NHz)e][CoFe]; 2) [Pt(NH3)4]Cl2; 3) K[Co(NO2)a(NHs)2]; 4) [Pt(NH3)Cl:].



YkaxuTe UX THUI, ONpeAenuTe CTENeHb OKHUCIeHUus KoMmiuiekcooopaszoBatens (KO), ero
koopauHanronHoe yucio (KY), naiite um HazBaHUeE.
OrTBer.

1.1 [Pt(NHs)4]Cl2 (_ﬂO_) [Pt(NHs)4]?* + 2CI~ — tun karuonnslt; KO — miaruna;

crenieHb okucienust KO: x(Pt) = +2 (paBeH 3apsiiy KOMIUIEKCHOIO HOHA, TaK KaK MOJICKYJIbI
amMuaka Heirpanbhbl); KU(Pt) = 4; Ha3BaHUe — XJIOpU AMAMMUHILIATHHBI (12).

H
1.2 K/Co(NO2)s(NH3),] (40) K* + [Co(NO2)4(NH3)2]- — tun anuonusiii; KO —

k00anbT; crenens okuciaeHus KO: X(K) + x(Co) + 4xX(NO2) + 2x(NH3) = 0 wiu +/7 + x(Co) + 4(-1)
+ 2(0) = 0; x(Co) = +3; KU(Co) = 6; Ha3BaHUE — NTMAMMHHOTETPAHUTPOKOOATBTAT (+3 Kamus ).

H,0
1.3 [Pt(NH3)2Cly] ¢——2"—>x — neanexrponut; KO — miatusa; crenens oxucnenus KO:

X(Pt) + 2x(NH3) + 2x(CI") = 0 wmm x(Pt) = — 2x(CI") = —2-(=1) = +2; KU(Pt) = 4; na3Banue —
JIMAMMUHUXJIOPOTIIATHHBI.

1.4 [Co(NHzs)e][CoFe] (i) [Co(NH3)s]®* + [COFs]® — Tnn KaTHOHHO-aHMOHHBII;
KO B kxatmone wu aHWOHE — KOOaibT; creneHb okucieHus KO B: a) KaTHOHHOM KOMILUICKCE
[Co(NH3)6]®* — x1(Co) + 6X(NHs3) = +3; x1(Co) = +3; 6) B aHmonHoM Kowmmekce [CoFg]® —
X2(Co) + 6X(F) =—3; X2(Co) = -3 + (—)-6x(F") =

=3 + (-)6°(-1) = +3; KU1(Co) = KU2(Co) = 6; na3zBanue — rekcapropokodaiprat (+3)
rekcaaMMHuHKOOasbTa (13).

Ilpumep 2 Kak TBC 00BACHSET JJIEKTPOHHOE CTPOCHHE K MPOCTPAHCTBEHHYIO
CTPYKTYpy KapOonwiaa Hukens? KakoB THI TrHOpHAM3alldM KOMILIEKCOOOpA3oBaTelsi M KakoBa
reoMeTpUYECKast CTPYKTypa 3TOro Komruiekca?

OTtser

TBC BronHe yIOBIETBOPHTEIBHO OOBSICHAET CTPOCHHE KOMILIEKCHBIX KapOOHMIIbHBIX
COCIMHEHUH, B KOTOPBIX CTENCHb OKHCICHHS KOMILIEKCOOOpasoBaTess paBHa HyJro. IIpuBemem
pUMEpP TaKOro OOBACHEHUS ISl JEKTPOHHOM CTPYKTYphI KOMILICKCAa TeTpakapOOHHIa HHUKES
Ni(CO)a.

CxeMa 3JIeKTPOHHOM CTPYKTYPhI HEBO30YKIEHHOTO aTOMa HUKEIIS HMEET BHUI:

Ni® 4s 4p

3d
I I D M B

0
[ox BusHreM veThipex Mosiekya CO atom HUKeENs (g NI ) IepeXOoUT B BO30YKIEHHOE

%
0
cocrosnue (9g NI ) MyTeM CrapuBaHusl IBYX O-3JEKTPOHOB W TEepexoja Mapbl AIEKTPOHOB C

4S-1I0IypOBHSL HA MATYIO BakaHTHYHO 3d-opOuTaib. B uTore peanusyercs SJIeKTPOHHASI CTPYKTYpa C
YeThIPbMsI CBOOOJHBIMU OpOUTANISIMUA — OJJHOMU 4S- 1 Tpex 4p-opourtaisimu.

Ni%" 4s 4p

3d
NN N NN (9% [00 98|93

co co Co Co
VunTsisas, uto Bce gerhipe Ni @ & CO — cssu (sxcriepumenTanbHble JaHHbIE) a0COTIOTHO

PaBHOIEHHEI, BIIOJNHE JIOTHYHO IIPEANONOKUTL MX SP-THOPUIM3AIMIO, TO €CTh IeoMeTpUuecKas
koHpuryparms Ni(CO)s— TeTpasapudieckasi.

[Mpumepa 3  OmpenenuTh  THN — THOPUAM3AIMKM  —  BHEUIHCOPOMTATIBHBIN  WIU
BHYTPUOPOUTAJIBHBIN, i cienyromux komiuiekcoB: [FeCls]™, maTh He cmapeHHBIX 3JIEKTPOHOB;
[PACIs]* muamarsursis; [Mn(CN)s]®, 1 = 2,93, ecnn 1 HUX W3BECTHO YHCIIO HE CHAPEHHBIX
ANIEKTPOHOB WM TIPUBOAUTCS OKCIEPUMEHTAIBHO OIpPE/CICHHBIC 3HAYCHUS CYMMapHOIO



MarHMUTHOTO MOMEHTa ().
Otser.
3.1 Ilarp He cmapeHHbIX 31eKTpoHOB B MoHe [FeCls]™ oTBeuaroT anekTpoHHOU CTPYKTYype
noHa xene3a Fe** ... 3d°4s%4p® ywm B rpadmueckoii popme

Fe3* 3d 4s 4p
Yerbipe wnona-muranna ClI-  oOpasyloT deThlpe XHMHUYECKHE CBSI3M I1I0 JJOHOPHO-

aKIeNTOPHOMY  MEXaHM3My 32  CUeT  BaKaHTHBIX, OAHOW S- U  3p-opOuTanei,
xommiekcoobpasosatens Fe*. Tonbko Takoe B3auMoseiicTBie opOuTaneii sxenesa (+3) u yeThIpex
noHOB xJiopa Cl™ MOkeT cOXpaHUTh MapaMarHuTHbIE cBolcTBa Komiutekca [FeClq] .

HUrak, rpapuueckas ¢popmysa [FeCls]™ Oyner umers crieayrommmii BU:

[FeCl4]™ 3d sp? — rubpum3anus
P A1 T 1] 1 ©0] 00| 0000

Cl Cl Cl Cl
Tun rubpuau3anuy — BHEIIHE OPOUTANBHBII; TeoMeTpruiecKas popma — TeTpadIpUIecKasl.
3.2 B muamaruutHoM [PdCls]* momy 46Pd?* cooTBeTcTByeT rpadmueckas 3neKTpOHHAS
CTPYKTYypa, KOTOpasi HE COJCPIKUT HE CIAPEHHBIX JJICKTPOHOB, YTO OOBSCHSCTCS BIUSHHUEM IO
yerbipex juranios Cl .

Pd2* 4d 5s 5p

NININ N

B pesynbTare, Mo 1OHOPHO-aKIIENTOPHOMY MEXaHH3MY, 00pa3yIOTCs YEThIPE CBS3H: OJIHA 3a
cuer BakaHTHOW 4d-opOuTanu; Tpu — 3a c4yeT OAHOW 5S- M JNBYX — 3a cuer Sp-opOuTaneii
noxyposHeii Pd?*.

B utore rpadudeckas cTpyKTypa AuamarautHoro kommiekca [PdCla]? umeer Bun:

Pd2* 4d 5s 5p

NN NN (90|08 |08 93

4d'5s'5p? — ruGpuM3anmsL.

Tun ruGpumusanuy — BHyTpHOpOUTambHbIA; reomerpus [PACls]*> — xBampatHo-
TUTOCKOCTHASI.

3.3 BenuunHa SKCIIEPUMEHTAIBLHO OMPEIETICHHOT0 CyMMapHOT0 MAarHUTHOTO MOMEHTa (i =
2,93) mna kommekcHoro nona [Mn(CN)s]®~ nokaseisaer, uto moH-KOMIIIEKcoo6pazoBatens Mn®*
COJICPIKHT JIBA HE CIIAPEHHBIX 3JIEKTPOHA.

JIBa He cIapeHHBIX HIEKTPOHA OTBEUAIOT NEKTPOHHON cTpykType moHa Mnd* ... 3d%4s%4p?
win B rpaduueckoit popme

Mn3* 3d 4s 4p

NIT T

[{nanna-noHBl 00pa3yIOT MIECTh XMMHUYECKUX CBSI3E€H 3a CUET BaKaHTHBIX opOuTaneit M
nBe — ¢ 3d-; onHy ¢ 4S- u TpH — ¢ 4pP-opOUTATAMH.
Torna rpadudeckas popmyna [Mn(CN)e]>~ 6ymer nMeTs creayroniuii BH:

ns*,



[Mn(CN)e]* 3d2sp® — rubpummsanus
ML 00|00 | 00 00|00 |88

CN CN CN CN CN CN
Tun rubpuan3anuu — BHyTpUOPOUTANIbHBIN; reoMeTprueckast opma — OKTadJpuyecKasl.

ba3oBblii ypoBEeHb

3amaua 1 Ko6aner B cocrosuuu Co?* (3d’) oOpasyeT 1Ba Tuma KOMILIEKCOB,
Pa3INYAIONIMXCS 10 MATHUTHBIM CBOMCTBAaM: HU3KOCTIMHOBBIH kKommiekce [CO(NO2)s]* (1 = 1,73)
1 BbIcOKoCTTHOBBIH — [CO(H20)6]** (1 = 3,87). U306pa3uth cxemy pacrpeeneHus eKTPOHOB 110
d.- u d,- opObuTansam noHa-KomIIeKcoodpazosatens Co*.

3amaya 2 OO6bsichute ¢ nosunuu TKII uBerHocts coeauHeHudt wMemu (+2) u
OeCIIBETHOCTh CoeTMHEeHU Menu (+1).
3anmaga 3 ChekTp mornomenus s KommiekcHoro uoHa [Ti(H20)s]®* umeer

MakcumMyM mpu 504 HM. UTO TPOMCXOIUT NPU TOTJIOMIEHHH CBETa THM HOHOM? Bbramciauth
SHEPruIo pacuieryienus (Bo30ykaeHus). B kakoi IIBET OKpamieH 3TOT KOMIUIEKC?

3amava 4 K 1 mm® pactBopa Kz[Hgls] ¢ xommemtpammein C(Kz[Hglsg) = 0,001
Monw/aM°, comepxkariero 0,05 Mons m36bTka Kl, mpuGaBmmm TaKyl0 Maccy HOHOB S?°, koTopas
comepxurcs B 1 am° HaceimenHoro pactBopa CdS. Bemazer mu ocanok HYS  Kueer([Hgl2]?) =
1,5-107%%; TIP(CdS) = 7,9-107%; TTP(HgS) = 1,6:107°?).

3amaya 5 WNonuzanrionHass W30MepHUsi KOMIUIEKCHBIX COEIUWHEHUN 3aKIII04aeTcsl B
pa3IMYHOM paCIpE/ICIICHUU HOHOB MEXKIY BHYTPEHHEH M BHEIIHEH cepaMu, 4TO CKa3bIBaeTCs Ha
pa3HoMm nporekanuu mnporonusa. Komruiekc coctaBa CoSO4Br(NHs)s cymiectByer B Bujae IBYX
M30MEPOB: OJIMH ¢ HUTpaToM cepedpa naét ocagok Ag2SO4, apyroii — AgBr; mpu neiicTBuuM Xjaopuaa
Oapus onuH 1aét ocanok BaSOs, npyroit ocaaka He 00pasyer.

Hanummre KoOpIuHAIMOHHBIE (OPMYJIBI W30MEPOB, YYHTBIBAas, YTO KOOPAWHAIIMOHHOE
qrcIiio KoOanbTa (+3) paBHO MIECTH.

3agaua 6 Ilonb3ysace Homenknarypoir MIOITAK, Ha3Bath crenyrolye KOMIUIEKCHI:
1) [Ptla(NH3)2]; 2) [CoPO4(NH3)s]; 3) [Co(OH)3(NHs)s]; 4) [PtCIs(NHa)-]; 5)
[Co(NO2)2CI(NH3)s]; 6) [Cr(H20)3(CNS)s]; 7) [PtSO3s(NH3)s]; 8) [Pt (NH3)4] [IrFe].

3amaua 7 Kakasi CBsI3b Ha3bIBACTCS IOHOPHO-akienTopHoi? Kakoit aToM WM UOH sIBISIETCS
JIOHOPOM M KaKoOil aKIeNTopoM B KOMIUIeKCHBIX moHax: [BF4]~, [PtF6]%, [H30]", [Cu(CN)s]**?
Omnpenenute B HUX CTENEHh OKUCIEHUS] KOMIUIEKCOOOPa30BaTeNsl M KOOPAMHAITMOHHOE YHCIIO.

3amaua 8 Kakue coeanHeHHs Ha3bIBAIOT anuaoKoMIUIeKCHbIMU? CocTaBbTe (opMysbl
KoMmiuiekcoB s woHa V' ¢ wmomamum F, CNS™ u NO2 B KauecTBe JMTaHIOB, €CIH
KOOpAMHAIMOHHOE uncio V3" paBHO mecTy.

3amaua 9 Hammmmre ypaBHEHUs! peakimii HATpara cepedpa ¢ KOMIUIEKCAMH CIETYOIIETO
cocraBa: PtCls:6NH3, PtCls-5NHs,  PtCls-4NHs,  PtCls:3NHs3,  PtCls:2NH3z.  Cocrasbre
KOOp/AMHAIIMOHHBIE (POPMYITBI ATHX KOMIUIEKCOB, Ha30BUTE WX W HAINMIIATE YPAaBHEHHS PEaKIIHA
NEPBUYHOIO MPOTOJIN3A AT KAKJ0ro U3 HUX. Kakol U3 3TUX KOMIUIEKCOB — HENEKTPOIUT?

Bamaua 10 Belumciute KOHIEHTpammio (B MOJB/AMS) HOHOB KaAMHS B pacTBOpe C
kounenrpanueii C(K2[Cdls]) = 0,1 MOJTB/IMS, conepxamiem Homua kaiust ¢ C(KI) 0,1 MOJTB/IM°
(K™T([Cd14]?) = 7,94-1077).

3anaua 10 Mapranen (0) u ko6anbsT (0) 006pa3yroT TuMepHbIe IBYXsAepHbIE KapOOHUIIbHBIE
komiiekebl [C02(CO)g] u [Mn2(CO)10]. Kak TBC 00BsicCHSET HX DICKTPOHHOE CTpOCHHUE?
[TpuBenuTE COOTBETCTBYIONIUE IIEKTPOHHBIE TPAPUUECKUE CXEMBI.

3amaya 11 Kakoi tunm ruOpuauszanuy, BHEIIHE- WM BHYTPH OpOUTANbHBINA, aTOMHBIX
opouraneit Co®* B xommekcubix noHax [CO(NH3)e]®* (nmamarmmren) u [CoFe]® (Tpm
HECITapeHHBIX JIEKTPOHA)?

3amaua 12 Ompenenuts THOpUIHBIE OpPOUTANM LEHTPAJIHHOIO MOHA U T€OMETPUYECKYIO
CTPYKTYPY KOMILJIEKCOB, JUISI KOTOPBIX YKa3bIBAETCS YWCIO HE CHApEHHBIX SJEKTPOHOB WA
HalJICHHOE OMBITHBIM IyTeM 3HauyeHue u: a) [CoCls]”, Tpu HecnapeHHBIX IIEKTPOHA; 0)



[MnCl4]?%, 11 = 5,95; B) [AUCls]~ — nuamarauTHeri; T) [FeCly], naTh HeCAPEHHBIX HIEKTPOHOB; 1)
[PACl4]?, muamaruutasii; e) [Fe(CN)s]*, k) [Fe(CN)s]*, muaMarHuTHBIA.

3amava 13 Kakoil Tunm ruOpuansanuy aTOMHBIX opOuTaneil ¢ochopa ocymecTBiseTcs: B
nonax [PCls]™ u [PCls]", u3 xoropeix cocroar kpuctamibl P2Clig? Kakoa mpocTpancTBeHHas
KOH(UTypanus STUX HOHOB?

3amaua 14 Pacteop [Ni(H20)6]?" umeer 3enenyro okpacky. OOBSCHHTE, IOUYEMy OKpacKa
MCYe3aeT MPHU BBEJACHUH B 3TOT pacTBOp HoHOB CN™.

3amaua 15 IIpenckaxknte MarHuTHBEIE cBoiicTBa MOHOB: a) [Al(H20)6]%*, 6) [Zn(H20)6]®,
B) [Cu(H20)4]%*, r) [Fe(H20)6]*", n) [Fe(H20)s]%*, e) [Cr(H20)s]®*. Ipenckaxure MarHuTHBIE
CBOMCTBa HOHOB, Y KOTOPBIX MOJIEKYJIbI BOJIbI 3aMenieHbl Ha NH3, F~ nou CN™.

[ToBbIlIEHHBIN YPOBEHD

3amaua 1 Hon [CrFe]> — mapamarauTeH (toxen. = 3,91). TIlocTpoiite ero
SHEPTEeTUUECKYIO Tharpammy, ucnoiab3yss MMO. YkaxuTe 4nucio U XxapakTep XUMHUUECKUX CBS3CH B
KOMILJIEKCE.

3anaua 2 Brrunciute kKoHienTpauo nonoB Ag* B pacteope, eciin C(/Ag(NH3)2]NO3)
= 0,2 moms/am° 1 C(NH3) = 0,5 mons/mm®. O61as koHcTaHTa HecToiikocTn Kommuekca [Ag(NHs)2]*
pasHa 6:1078,

1 Hanucats popmynsl coenunenuii: 1) tpuammundocdaroxpoma (+3); 2)
TpuaMMHHTpuonopoaus (+3); 3) IMaMMUHTETPAXJIOPOIUIaTUHEI (+4); 4)
TpuaMMHUHTpUHUTpOpoaus (+3); 5) IUrHApOKCHIaMHHAUXJIoponamiamus (+2); 6)
aMMHUHTpUXJIOpOIUIaTUHAT (+2) TpuaMMHHXJIOpoIUIaTUHbl (+2); 7) rekcaunaHokobanpTaT (+3)
rekcaMMuHKOOabTa(+3); 8) rexcadropoxpomar (+3) rexcakBaxpoma(+3); 9)

TeTpaxjoporiatuHar (+2) terpamMMmuHauruapokcomnatudsl (+4); 10) rekcaumanoxpomar (+3
rekcaMMHHKOOabTa(+3); 11) rekcanuTpo-kob6ansrat (+3) rekcammuaxpoma(+3).

3anaua 3 Beimazer mm ocanok kap6onara xagmus (ITP(CACO3)=2,5-101%), ecu k pacTBopy
¢ xonuentparmeii C(Cd(NH3)sS04) = 0,01 monb/nM® 106aBUTH PaBHEIl 00BEM PAacTBOPA COMIBI C
xonuenTparmueii C(NazCOz) = 1-107* mons/mm3? Otget: ocagox CAdCO; Bemazer.

3amgaya 4 BemectBo coctaBa PtSO4(OH)2(NH3)s 06pa3yer aBa HOHU3AIMOHHBIX H30MEpA.
BoaHbIil pacTBOp OZHOrO M3 HUX HEWUTPAJIECH, APYrOro — MMEET MIEIO4YHyr cpeny. Hamummmre
KOOPIMHAIIMOHHBIE (DOPMYIIBI H30MEPOB, YUUTHIBAS, YTO KOOPAWHAIMOHHOE YUCIIO IJIATUHBI PaBHO
mectH, a non SO4° — GUICHTAHTEH.

3agaua 5 Kak TBC oOwscuser crpoenue kap6onHmioB xpoma (0) u xenesza (0)? Kaxue
koopauHarronHbie yncna umetor Cr(0) u Fe(0) B atux xomrmiekcax?

3amgaya 6 B xakux 00IacTsAX AJEKTPOMArHUTHOTO CHEKTPa MPOHUCXOAUT IMOTJIOIICHHE, €CITU
pactBopsl umeroT okpacky: NiCly — 3enenyro, TiCls — kpacHo-iypriypayto, CuSO4 — cuHI00?

3amaya 7 O0wsicHUTE, IoUueMy coenuHenust AU (+1) He okparieHsl, a AU (+3) — OKpaleHsl.

3amaya 8 MakcumyM nornomenus Bogaoro pactopa [Cr(NHs)s]®* cocrasmser 460 HM, a
nns pactBopa [Cr(H20)s]**— 710 mm. Kakyio OKpacky HMEIOT pacTBOPHI JTHX KOMILIEKCOB?
PaccumnraiiTe sHEPrUIO paclICIIEHUs I STUX HOHOB.

3agaya 9 Kakoi MJIMHE BOJIHBI COOTBETCTBYET MAKCHUMYM IIOTJIOIICHUS JUISI BOJHBIX
pactBopos nona [Mn(H20)6]%*, ecim sneprus pacmerienns ms d.- u d,- mogyposreit Mn®* papna
250,5 xJIx/mons? Kakyro okpacky uMeeT 3TOT pacTBOp?

OTBeT: OKpacka opaHkeBasi; Amax = 472 HM.

B3amaua 10 M300pasuth cxeMy pacmnpeaeieHus 3JeKTpoHoB mo .- u  d,-opOuTamsam
KoMILIeKcoobpasoBatens B komruiekcHbIX HoHaXx [Cr(H20)6]®" (toxen = 4,8) m [Cr(CN)s]®*
(ImaMarHUTHBII).

3amagya 11 MOXXHO IIM CYMTaTh MOJEKYJIbl METaHAa M aMMHaKa KOMIUICKCHBIMU
coemuaeHusMI? Kak MMO ommckiBaeT 00pazoBaHue MOJEKYIISIpHBIX opOuTaneit B CHs nu NH3?

Cnucok JUTEPaATyphbI, peKOMeHZ[yeMBIﬁ K HCITOJIB30BAaHHUIO 110 HaH]—[Oﬁ TEME
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TEMA 8. OKUCJIMTEJIBHO-BOCCTAHOBUTEJIBHBIE PEAKIINU

MPAKTUYECKOE 3AHSITUE 8. OKMCJIMTEJIbHO-BOCCTAHOBUTEJIbHBIE
PEAKIIAM

Henab 3ansTHsi: 1) NOBTOPUTH OCHOBHBIE MOHATHUS 00 OKHUCIEHMM M BOCCTAaHOBJICHUH,
PaccCMOTPETh CYLIHOCTh OKUCIIUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKLIUM;

2) BeIpabOTaTh YMEHMSI IO COCTABICHUIO YPABHEHUM XUMUYECKUX PEAKIIUM, IPOTEKAIOLUINX B
Pa3NIUYHBIX CpeZax METO/I0M 3JIEKTPOHHOTO OanaHca;

3HaHMsA M yMeHHUs, IpHoOpeTaeMble CTYAeHTOM B pe3yJibTaTe 0CBOCHUS TeMbl
3HaTb ¢u3uKo-MaTeMaTHUYEeCKUH  amnmapar, METOAbl aHalM3a W MOJICJIIMPOBAHUS,
TEOPETHUYECKOT0 U SKCIIEPUMEHTAIBHOTO UCCIIEIOBAHNUS
YMeTh NpPUMEHSTh COOTBETCTBYIOIIMHN (PM3UKO-MAaTEeMAaTUUYECKUN ammapar, METO/Ibl aHalIu3a
U MOJEIUPOBAHMS, TEOPETUYECKOIO M OKCIIEPUMEHTAIBHOIO MCCIENOBAHMUS IIPU  PEIICHUHU
npodecCUOHANBHBIX 3a]1a4
HaumeHnoBanue ¢GopMupyeMbIX KOMIETEHIIHMA

Kon DopmyIMpoBKa

OIIK-2 CriocobeH NpUMEHSTh COOTBETCTBYIOLINH (pHU3MKO-MaTeMaTHUECKUI
arfrmapar, MeTOJIbl aHAJIN3a U MOJICTIMPOBAHUS, TEOPETHUECKOTO U
HKCHEPUMEHTAIBHOTO UCCIIEJOBAHUS TPU PEIIEHUH NPO(HEeCCHOHATBHBIX
3amaq



https://openedu.ru/

AKTyaJII:HOCTI: TeMbl. OKUCIUTENLHO-BOCCTAHOBUTEILHBIE MponeCChbl NPUHAMICIKAT K YHUCITY
HauboJjiee paclpoCTpaHEHHBIX XUMHUYECKUX PEAKIUil U MMEIOT OrPOMHOE 3HAUY€HHE B TEOPUU U
MPaKTUKE.

TeopeTuyeckas 4acThb
Teopusi OKMCIUTEIbHO-BOCCTAHOBUTEILHBIX peaKIuii

Peaxyuu, 6 komopuix npoucxooum uzmeHneHue cmeneHeli OKUCIEHUsI AMOMO8, HA3bI8AIOMC S
OKUCTUMENIbHO-80CCMAHOBUMETbHLIMU.

B npocTbix BelecTBax CTENEHU OKUCICHHSI aTOMOB PaBHBI HYJIO. I CIIOKHON MOJIEKYJIbI
CymMMa CTCIICHEH OKMCIICHHS BXOAAIIUX B €€ COCTaB aTOMOB TaKXXC JOJDKHA GBITB PpaBHaA HYIIO; IJId
MOHA — €ro 3apsy.

OxucneHreM Ha3bIBaeTCs MPOLECC OTAAYU aTOMOM MOJIEKYJION MJIM HOHOM 3JIEKTPOHOB:

Al —3e — AIST

Fe’t —e - Fe®"

2CI~ —2e —>Cls, .
B MpoHeCCe OKUCIICHUA MPOUCXOANUT MOBBIICHUC CTCIICHU OKHUCIICHUS.
BoccranoBneHneM Ha3bpIBae€TCs MPOLIECC MPUCOSAMHEHHS SJIEKTPOHOB aTOMOM, HOHOM WU
MOJIEKYJIOM:

S +2e —S2*

Cl, +2e —» 2ClI™
Fed* +e — Fe*.
[Ipu BoccTaHOBJIEHUM CTENIEHb OKUCIIEHHUS MTOHMXACTCHI.
B 3aBucuMocTH OT CHOCOOHOCTH OTJaBaTh WJIM MPUHUMATh JJIEKTPOHBI BCE BEIECTBA
JIEIATCS HA OKUCIIMTEIN U BOCCTAHOBUTEIIH.
Oxucnumenu — 3mo amombl, UOHbL UL MOJIEKYIbl NPUCOEOUHAIOUWUE dTIeKMPOHbL. Bo epems
peaxryuu OHU 80CCMAHABIUBATOMCAL.
Bocemanosumenu — amo amomul, uOHbL UlU MOAEKYIbL, KOMOPbIE OMOAOM 3IeKMpoHbl. Bo
8peMsl peakyuu OHU OKUCTISAIOMCAL.
[Ipouecchl OKHCIIEHMSI MU BOCCTAaHOBJIEHHUSI BCErJa MPOTEKAKOT MapajIeIbHO, YTO MOKHO
BBIPA3UTh CIEAYIOLIEH CXEMOM:

BoccranoBurens (B1) — € <> okuciurens (O1)

Oxwucnutens (O2) + € <> BoccTaHOBHUTEID (B2).

CrnenoBatenbHO, OKUCIUMENLHO-60CCMAHOBUMENbHbIE pPeaKyuu npeocmagiaiom coool
eOUHCMBO 08X NPOMUBONOJIOHNCHBIX NPOYECCO8 — OKUCTEHUS U 80CCMAaHO08eHus. B 3TuX peakiusax
obIlee YWCIO DBJIEKTPOHOB, OT/AABAEMBIX BOCCTAHOBHUTEJEM, pAaBHO OO0IEeMy  4YHCIY,
MIPUCOEAUHIEMOMY OKUCITUTENIEM.

[Ipy 5TOM HE3aBUCHMO OT TOTO MEPEXOMAAT JU AJIEKTPOHBI C OJHOTO aromMa Ha Jpyroiu
MOJTHOCTBIO WJIM JIUIIh YAaCTUYHO OTTATHBAIOTCS K OJJHOMY M3 aTOMOB, YCIIOBHO TOBOPST TOJIBKO 00
OTJaue U MPUCOETUHEHNUH DIICKTPOHOB.

B OBP okwuciurens M BOCCTAaHOBUTEIb PEArupyrOT IPYr C APYIOM B 3KBHBAJICHTHBIX
KOJINYECTBAX.

Oxeusanenmom okucaumens (O) unu eoccmanosumens (B) nasvieaemces maxoe xonuvecmeo
UX MOJb, KOMOpoe NPUCOeOuHsem uiu omoaem O0OUH MOJb NeKMPOHOS, UMO OmMpatcaemcs
CcedyrouuMu Gopmynamu.

2(0), monw = 3 uinu I(B), mons = i,
Zg Zg



A€ Ze — YWCIO DJIEKTPOHOB, KOTOPOE MpPUHUMAET oOKucauTenb (O WIM  OTHAET
BOCCTAHOBHUTEIIb B.

MounbHasg (WM MoJsipHas) Macca SKBUBaJIeHTa okuciautenss O U BOCCTaHOBUTEN B
BBIPA)KAeTCsl B I/MOJIb U ONPENENIAETCS U3 COOTHOUICHUH CIIEAYIOIEro BUAa:

1) nyast okmcrens— M (i 0), 2l monw; 2) nasBoccTaHoBHresS — M (i ,B), 2l monw.
e e

Tonpko B pOJIM OKUCIHUTENS BBICTYMAIOT YACTHIIbI, UMEIOIIUE MAKCUMalIbHO BO3MOYKHbBIE
CTENEHU OKHUCJICHHsS (Hampumep, Juisi mapraHuna — 31o (+7), mana azora (+5) W T.1.); TOJIBKO
BOCCTAHOBHTEJIS — C MUHHUMAJIBHOM CTETEHBbIO OKUCIICHHS (17151 cepbl — 310 (—2), s azora — (-3) u
T.1.).

Yacmuyol, umerowjue npomexcymounsie CmeneHu OKUCIeHUs, MO2ym NpOoseiamsb CE0UCMEa
KaK OKUciumesns, mak u 60ccmanosumens. IT0 00yCIOBICHO: XUMHUYECKOW MPHUPOJIOA peareHTa-
napTHEpa; YCIOBUSIMHU U XapaKTepOM Cpelibl, B KOTOpbIX mpoTekaeT OBP.

Hanpasnennocts OBP onpenensiercs BenuunHaMH 3HAYEHUW CTAHIAPTHBIX MOTECHIIMAJIOB
peareHToB: okucautenb O Bcerga umeeT Oonbiui (1o anredpanyecKoil BEIMYUHE) CTaHIAPTHBIH
MOTEHITMAN, YeM BOCCTAaHOBHUTENE B.

Hampumep, B kucnoit cpeae cmemmubaroT nBa BemectBa: KoCroO7 u NaNO». Kakoe u3 atux
BEIIECTB Oy/IET OKUCIIUTENIEM, KAKOE€ — BOCCTAHOBHUTEIEM?

O6paTumcs k cripaBounbiM gaHHBIM: p°(Cro0772 + 14 H/2Cr*3 + 7H,0) = 1,33 B; ¢°(NO3™
+ 2H"/ NOz + H20) = 0,78 B.

Ilpumeuanue. PexomeHnmyercss ucnoib3oBarh yueOHoe mnocobue: H.C. AxmeroB, M.K.
AsuzoBa, JIL.U. baapiruna. JlaboparopHble 1 cEMUHApCKUE 3aHATHS MO OOLIEH U HEOPraHUYECKOU
xuMuHd. M.: Berci. mkomna, 2002.

Tak kak ¢°(Cr.072 + 14 H*/2Cr*3 + 7H,0) > ¢°(NOs™ + 2H" / NOz + H:0), mo
okucnurenem Oynet sBisaThes KoCr20Oy.

KonmyecTBeHHON XapakTepucTUKOi riyounsl mnportekanuss OBP  sBisiercss 3HaueHue

KOHCTAHTBI PAaBHOBCCH:
0/~ _ .0
gKkp -2 @ -0°®)
0,059

rne ¢°(0) n ¢°(B) — crammapTHBIE MOTEHIMANBl OKMCIUTeNs O W BOCCTAHOBHTENS B
COOTBETCTBEHHO, B; Zy — cyMMapHOe KOJMYECTBO JEKTPOHOB, MPUHUMAIONINX y4acTHE B JaHHOU
OBP.

Koncranra paBHoBecust OBP cBsizana ¢ notenmmanom ['u66ca ([Jx/mons K):

AG? = -2,303RT Ig K P

DHeprus I'mb6ca, B cBoro ouepens, cesana ¢ DJC (Ap°) mocrosuuoit ®apanes (F) u
YHCIIOM 3JIEKTPOHOB, ydyacTBytouux B OBP:

IR

AG?, Jlorc/monv K = —nA(pOF,
Ap® = ¢°%0) — ¢°B) — DJIC OKHCIMTENTBHO-BOCCTAHOBHTENHHOH PEAKIUH MpPH
CTaHJApTHBIX YCIOBUSAX, B.
s cramaptHeIX yenoBuid: T = 298,15 K = 298,2 K; R = 8,314 Jl/Mons'K; F =96450
~ 96500 K/MOJIB-3KB, MOTYIHM (HOpMYITy yIOOHYIO JUIS PaCcUETOB:

K F 96500
gKogg = =
2,303RT 2,303-8,314-298,2

B ycnoBusAX OTIMYHBIX OT CTaHAAPTHBIX, OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE MOTEHIIMAIIBI
(OBII) u 5IC OBP, mporekarouiyx B BOJHBIX PacTBOpax, 3aBUCAT OT KOHLEHTpAIMH (TOYHEE,
aKTUBHOCTEH) yYacTBYIOIIMX B IPOILECCE HOHOB. JTa 3aBUCUMOCTb BBIpaxkaeTrcs GopMyIioi
HepHncra:

nAp® =16,90nA¢°.



0,059, [O]

Ig 8]’

rae 9’0/ — CTAaHIAPTHBINA MOTEHIMAN peareHTa (OKMCIUTENH MM BoccTaHoBHTeNs), B; [O] u
[B] — KOHLEHTpauu OKMCIEHHOH M BOCCTAHOBJIEHHOW (OpM peareHTa, MONB/IMS; Z — YHCIO
3JIEKTPOHOB B MOJIYPEAKIUH JUIsl JaHHOTO peareHTa.

Ilpumeuanue. Cnegyer Bcerja MOMHHUTb, YTO KOHIEHTpalmMu BceX ydyacTHUKOB OBP B
ypaBHEeHUH (7.5) ABisA0OTCS MOJIIpHBIMU KOHLeHTpauusaMu (Cy (X)), a He MOJSIPHBIMHU DKBUBAJICHTa

0
»,B=¢op +

(C(1/2 X)).
Ha 3nauenne OBII u Ha xapakTep NpPOIYKTOB pPEAKIUMU JOCTATOYHO CHIJIBHOE BIUSHUE
okazpiBaeT pH pactBopa, B koTopoM nporekaer OBP. Hampumep, npu pH < 7 3nHauenue

CTAMAGPTHOTO MOTEHIMANA U3 CHCTEMBL
@°(MnOz +8H " /Mn** + 4H,0) =151B .
wpupt=7 - @2 (MnNOZ +2H>0/MnO, + 40H ") =0,6 B
oi>7- 00 (MnOz /MnOz2) = 0,564 B.

BaxkHeiilmre BOCCTaHOBUTENW: aTOMbl MeETalIOB, Bomopox, yriepon, CO, HzS, H2SOg,
NaNO-, Na,S;03, HI, HBr, HCI, FeSOg4, CrCls, MnSO4, NHs.

Ba)kHeiilre OKUCIMTENN: TalloreHbl, XJopaThl, Kuciopoxa, 030H (03z), KMnOs, K2Cr07,
KoMnOs, H202, H2SO4 (kony.), HNO3, PbOo.

THIBI OKMCIHTEIHLHO-BOCCTAHOBHTEIbHBIX PeaKIUi

Paznuuarot Tpu THITA OKUCITHTEIFHO-BOCCTAHOBUTEIHHBIX PEAKIIUN:

a) BHYTPUMOJICKYJISIPHBIC; 0) IUCIPOTIOPIIMOHUPOBAHUS; B) MEXKMOJICKYIISIPHBIE.

Buympumonexynapnvle OBP — smo makue peaxyuu, 6 KOMOPbIX U OKUCIUMENb, U
80CCMAHOBUMENb HAXOO0SMCSL 8 COCMABe OOHOU MONEKVIbl, HO SGISIOMCS NPU SMOM PA3HbIMU
dNeMeHMAaMU.

2KNO; —->2KNO, + 0,
AN -2e > N*

1207% + 4e <> 0,.

Peaxyuu oucnponopyuonuposanuss — OBP, 6 xode KOmoOpwviX 0O0uH U3 21eMeHmMO8,
cooeporcaweiicss 6 OOHOU MOJIeKyle, OOHOBPEMEHHO U NO8blulaem, U NOHUICAen CMeneHb
OKUCTIeHUA.:

Cl, + 2KOH — KCIO + KCI + H,0
1|Cl, —2e <> 2CI*
1|Cl, —2e <> 2CI~.

K AUCTTPONTIOPIUOHHUPOBAHUTO CIIOCOOHBI TIOYTH BCE JaCTHULbI, UMCIOIIUC MMPOMCIKYTOYHYIO
CTCIICHb OKHCJICHHA.

HawubGomee pacnnpoCTpaHCHHBI PCAKIINN TPETHETO THUIIA, KOTOPLIC MPOTCKAKOT C U3SMCHCHUCM
CTCIICHU OKHMCJICHHA aTOMOB B Pa3HbIX MOJICKYJIaX, T.€C. OKUCIIMTEIb U BOCCTAHOBUTCIIb HAXOJATCA B
Pa3HbBIX BCHICCTBAX. CIOI[a KE CICAYCT OTHECTU M PCAKIHUU MCKAY pPAa3HbBIMU BCUICCTBAMH, B
KOTOPBIX aTOMBI OJHOT'O M TOT'O K€ 3JICMCHTA UMCIOT PAa3JINYHYIO CTCIICHb OKHUCIICHHUA:

5HCI + HC|03 —)3C|2 +3H20

112C1™ +10e <> CIY



512C1~ —2e <> ClIJ .

AJITOPUTMBI COCTABJICHHUS MOJHBIX YPABHEHUI OKMCIUTEIbHO-BOCCTAHOBUTEIbHBIX
peakuuit

[IpaBuiibHO cocTaBleHHOE TMONHOE ypaBHeHUe peakuuu OBP 10mKHO yHOBIETBOPATH
3aKOHY COXPAHEHUSI MacChl BELLECTB — YUCLO OOHUX U MeX Jice amoMo8 8 UCXOOHbIX eujecmeax u
NpOOyKmax peaxkyuu OO0JHCHO Obimb oouHakosvimM. B moHHBIX ypaBHeHUsX OBP  nomkHbl
BBITIOJTHATHCS: 3aKOH COXPAHEHUS MAacChl BEUIECTB U YCIOBHE 3JEKTPOHEUTPATLHOCTH — CYyMMdA
cmenenell OKUCTEHUsl UCXOOHBIX Geujecme OOJICHA Oblmb pAaéHa cyMme cmeneHeu OKUCTeHUS
nPOOYKMO8 peaxkyuu.

Kpowme 3T0ro, He06X0AMMO MMOMHUTH, YTO CTEIIEHb OKUCIIEHUS MOKET ObITh OTPUIIATENILHOM,
II0JIO)KUTEIbHON, PABHOM HYJIIO, a TakXe W JApOOHBIM uMciaoM. Tak, Hampumep, JUlsl COEIUHEHUS
KO; crenenb OKUCICHUS KHCIOPOIa paBHa (—)Y2.

Cmenenv oxucienus 6cec0a npusoOumcs co 3Hakom (3HaK IUTIOC HE OIyCKaeTcs, a BCeraa
yKa3bIBaeTcs!).

[Tpu cocTaBlieHUM ypaBHEHUH OKHCIUTEIEHO-BOCCTAHOBUTEIBHBIX PEAKIIMA HCITOJIB3YIOT
JIBA METOJ]a: METOJ] AJIEKTPOHHOIO OanaHca U METO[ AJIEKTPOHHO-MOHHO-MOJIEKYIIpHOro OanaHca
(Merox momypeaknwmii). [Tocieqauit METOT UCTIONB3YETCS TOTA, KOT/Ia pEaKIHs MIPOXOIUT B Cpelie
anekTponuta. [lpm >TOM crnabble SJIEKTPOIMTHI, a TakKe MaJopacTBOPUMBIE BEIIECTBA,
3aIUCHIBAIOTCS B MOJICKYJIIPHOM BHJIC, & CUJIbHBIC — B BHJIC HOHOB.

Aneopumm cocmaenenus ypaenuenuti OBP:

1) ompenenstoT OKHCIUTENIb U BOCCTAHOBHUTEh (B TAOIHMIIAX HAXOIAT COOTBETCTBYIOIIUE
3HAYEHUS CTAHJIAPTHBIX MMOTEHIIMAJIOB PEAareHTOB TaHHOM peaklun);

2) ONpeNensIoT, KaKue CTEICHU OKHCICHHUS MPUOOPETal0T BOCCTAHOBUTEIh U OKHCIUTEIb
nociie peakuuu. Yem Oosiee CHIIbHBIN OKUCIUTENb YYACTBYET B PEAKIMH, TaM BBIIIE MMOJHUMAETCS
CTCTICHb OKUCJICHHUSI BOCCTAHOBHTEIIS.

AHaJOTH4HO, yeM OoJiee CHIIbHBIA BOCCTAHOBUTEINb PEarUPYET C OKUCITUTENEM, TEM CUJIbHEEe
MTOHVKACTCS CTETICHb OKUCIICHHSI OKHACITUTEIIS.

3) ompenensioT, B BUJIEe KaKUX COSAMHEHUN CYIIECTBYIOT OKHUCICHHBIE U BOCCTAHOBJICHHBIE
3JIeMEHTHI B JIJAHHOM cpesie (KHCIIOH, IeNounoi 1 HeifrpanbHoii). Hapumep, Fe** B xucioit cpene
cymiecTByeT B Bujae conmu Fe (+3), a B meno4yHoil cpeae — B BUAE MajJOpacTBOPUMOIO OCajaKa
Fe(OH):s.

4) naxonsat kod3pdunrentsl B ypaBHeHnu OBP MeTonaMu 3MeKTpOHHOTO WM AJIEKTPOHHO-
MOHHOTIO OanaHca.

B Merome oanekTpoHHOro OamaHca paccMaTpUBAIOT TMOJYPEAKIMH OKUCICHHS H
BOCCTAHOBJICHHS C YIaCTHEM aTOMOB, HAXOISAIIUXCS B OTIPECIIEHHBIX CTETICHIX OKUCIICHHUS.

Bonpocs! 1 3aganus

HpHMep 1. I/ICHOHBSyﬂ METOJ 3JICKTPOHHOI'O 6ancha, COCTaBUTb YpPAaBHCHHUC cnez[y}omeﬁ
OKHUCIIUTEIILHO-BOCCTAHOBUTEIILHOM peaKknu:

FeClg + KI —

VYka3zaTh OKHCIHTENb M BOCCTAHOBUTEI; OMPECIUTh WX DKBUBAJICHTHI M YKBUBAJCHTHBIC
Macchl; BBIYUCIUTH TMOTeHIHan [ mO0ca W KOHCTaHTY PAaBHOBECHS PEAKIMH M CIENIaTh BBIBOJA O
riyOuHe e€ mpoTeKaHusl.

Pemenne: 1) 3HayeHHs] CTaHAAPTHBIX MOTEHIHMAJIOB PEAareHTOB (CIpPaBOYHBIE JIAHHBIE):
o°(Fe*®/ Fe*?) = 0,76 B; ¢°(12/21") = 0,54 B;

2) tak xax p°(Fe*3/ Fe™?) > ¢%(12/21), To Fe*® — okucmurens, BoccranaBmmuBaercs g0 Fe'?;
I~ - BoccTaHOBUTENB, OKUCIsAETCS 10 l2;

3) cxema manHoit OBP Oyner uMeTs ciaeayrommii BUI:



FeCI3 + Kl - FGC'Z + |2 + KCI .

Ilpumeuanue. Cxema OBP TOBKO MMOKa3bIBACT XapAKTEP UCXOAHBIX U KOHEYHBIX BEIIECTB.
4) 3anuieM 3JIeKTPOHHBIE YPABHEHUS ISl TTOTYPEAKLUI

2 | Fe+3 +e © Fe+2; FeJr3 — OKUCJIUTEND,
1121 —2¢ < 1y; | —BoccranoBUrEND;
1__+3 1_.+3 r
I(=Fe™) =1momnb; monbHast Macca SkBHBasieHTa —M (= Fe™~) =56 ;
1 1 MOJIb
2 1 r %)
3(=1") =1monb; MonbHas Macca 3kBUBaieHTa —M (=1 ) =127 ;
2 MOJTb
2Fet 1217 =2Fe*? 41
e "+ =2F€ ~ + 12 — xparkoe nonnoe ypasnenue OBP (11 Hero BhINOJHSAETCS

3aKOH COXPaHEHMSI MACChl BELIECTB M YCIIOBUE IIEKTPOHEUTPAIILHOCTH);
6) 1, OKOHYATEJIbHO — MoHOe ypaBHeHHEe OBP (711 HEero BHIMOIHAETCS 3aKOH COXPAHCHHS
MAacChl BEUIECTB):

2FeCI3 + 2Kl = 2F€C|2 + |2 + 2KC|,

7) BbUKCINM H300apHO-TepMUUYECKU MoTeHnuan ['ubbca mo dpopmyne AGY = —
NA@°F, Jl>x/Momb 1 KOHCTaHTY paBHoBecus peakimu 11o(10.1.86)
a) AG® =—1-2-(0,76 — 0,54) 96500 = — 42460 JIx/Monb = — 42,46 kJIK/MOIb;

6) Iy KR =1690nA¢° =16,90-1-2(0,76-0,54) = 7,436; KL =10"** ~2,73.10".

BriBo: riryOmMHa mpOTEeKaHUs MPSIMOM PEaKIIMK OTHOCHTEIBHO HEBEJIMKA, YTO 00YCIOBICHO
HE3HAYUTEJIBHBIM Pa3JIM4ieM BEIMUUH CTAHIAPTHBIX IEKTPOJHBIX IOTCHIIMAJIOB PEAreHTOB.

B memoode snexmpouno-uonnoz2o oananca (mounee — 31€KMPOHHO-UOHHO-MONEKYIAPHOS0
bananca) paccmampugarom nepexoo 21eKmpoHO8 Om OOHUX AMOMO8 UL UOHOG K OPY2UM C YUEMOM
xapaxkmepa cpeovl.

s ypaBHMBaHUSA aTOMOB KHUCJIOPOJA, a 3aTEM BOJOPOJAA, B HEUTPAIbHOU PH=7)nu
mienouHout cpeae (pH > 7) ucnons3ytor: 1) OH™ — HOHBI, YUCIO KOTOPHIX OOBIYHO Y/IBAUBAIOT; 2)
MoueKybl BoAbl B kucion (pH < 7): 1) Monekynsl Boasl (s kucnopoaal); 2) nporonst H® (s
BOJIOpOIA).

Meton  31€KTPOHHO-MOHHO-MOJIEKYJIAPHOTO  OajaHca  Has3bIBalOT TakXke  METOAO0M
MOJIypEaKLIUii, 1 OH UMEET Psijl MPEUMYIIECTB IO CPAaBHEHUIO C METOAOM 3JIEKTPOHHOro OajaHca:
BO-TIEPBBIX, HE HAJ0 ONPENENATH CTENEHU OKUCIECHMs DJEMEHTOB, TaK KakK pacdy€T vucia
JJIEKTPOHOB MPOUCXOJUT IO 3aKOHY COXPaHEHUs 3apsAlloB, MU, BO-BTOPBIX, ABTOMATHYECKHU
noaouparoTcst K03pPUIUEHT B COKpallEHHOM HOHHOM YypaBHeHuUM naHHOi OBP. OcobGenno
BakeH mociennuit metoq B OBP ¢ yuacTeM OpraHMuecKuX COEIUHEHUM, TJEe 4YacTO CJIOKHO
ONPEJEIUTh T€ ATOMBI YIJIEPOJa, KOTOPHIE MEHSIOT CBOIO CTEIIEHb OKUCIICHHUS.

Meron nonypeakiuii mpumMeHuM Tosbko K TeM OBP, koTtopeie mpoTekaroT B pacTBopax,
[I03TOMY Ba)KHO YYMTHIBATh XapaKTep Cpelbl, B KOTOPOH NPOTEKAET JaHHAs OKUCIMTEIbHO-
BOCCTAHOBUTEJIbHAS PEAKIIMS.

[Tpumep 2. (pH < 7). Onpenennts k03(GGUIMEHTH METOJIOM MOJIYPEeaKUUid B CIeayromei
peakuuu:

KMnO4 + N3.2803 + H2804 —>

VYKa3zaTh OKHCIIHTENb M BOCCTAHOBUTEIb; ONMPEICIUTh WX DKBUBAJICHTHI M YKBUBAJCHTHBIC
Macchl; BBIYUCIUTH MOTeHIHan ['mb0ca M KOHCTaHTY PAaBHOBECHs PEAKIMH M CHIeNaTh BBIBOJ O
riyOuHe e€ mpoTeKaHusl.



1) @°(MnO; +8H* /Mn?" + 4H,0) =151B;
o°(S02~ 1 2H* /(SOZ~ + H,0) =0,22 B;

MnO4 — OKHUCIIUTE]Ib, B KHCIIOM CpEle BOCCTAHABIMBAETCA JI0 Mn?*; SO3 -

BOCCTaHOBUTEb, OKUCIIIETCS 0 SO4 X
2) cxema gannoit OBP umeer ciemyromiuii BUI:

KMnO4 + NﬂzSOB + H2504 ——> K2304 + N8.2804 + MnSO4 + Hzo

3) 2JMEKTPOHHO-UOHHO-MOJICKYJISIPHBIC YPAaBHEHHUS MOTYPEAKINI, C YIETOM KHUCIION CPEe.IbI,
OyIyT UMETh BUJI:

2| MnOZ +8H ™ +5e > Mn?" +4H,0
5| SO5~ +H0—2e <> SO5 +2H™

MOJII)HI)IC MAacCChl OKBUBAJICHTOB OKHCIIHUTECIA U BOCCTAHOBUTECIIAA COOTBETCTBCHHO!

|v|( |v|o4)_— .119=238 : |v|( SOZ )_— 80 = 40,0
MOJIb MOJ'IB
4) yMHo>KaeM obe HOJ‘IypeaKI_[I/II/I Ha UX 00IIHe MHOXHUTEIH (2 U 5 COOTBETCTBEHHO), TIOCIIC
3TOr0 CYMMHpPYEM TIIONApHO JICBBIC W IPaBble YaCTH IOJTYPEAKIUi, MPUBOAMM IOAOOHBIC W
MoJIy4aeM KpaTkoe HOHHOE YPaBHEHUE:

2MnO; +5502™ +6H " <> 2Mn** +5507™ +3H,0;
5) nmpubaBsieM COOTBETCTBYIOIIHE MPOTUBOMOHBI U TTOJIy4aeM MoJHOe ypaBHeHHe nanHori OBP:

2KMnOy +5NaySOz +3H»S0, == 2MnSO,4 +5Na,SO, + K»SO, +3H ,0

IIpumeuanue. TecT-IpOBEpKY MPOBOAUM IOJCUYETOM YHUCIIA aTOMOB KHCJIOPOAA B JIEBOH U
IIPaBOX 4acTAX MOJyYEHHOTO NOJIHOTO ypaBHeHUs OBP.

Hanpumep, 4nciio aroMoB KUCIIOpO/ia B 00EHUX YaCTAX COCTABISAET IO 35 aTOMOB.

6) pacueT noteHuuana 'n60ca 1 KOHCTAaHTHI pAaBHOBECHUS PEAKLIUU:

a) AG® = —5-2-(1,51-0,22) 96500-107 = —1244,85 xJI/MOIB;

0
6) Ig K fog = 2G = ‘1244’8_53 ~2183L KR, =10%831 £ 2,0.10%8,
SRT -23.8,314.107° . 298,2

BoiBoa: rnyOnMHa mnpoTekaHus HpsIMOWM peaklUMyd OYeHb BEJNIHMKA, 4YTO O0O0YCJIOBIIEHO
3HAUUTENIBHBIM Ppa3JIMYMEM BEJIUYMH CTAaHAAPTHBIX DJIEKTPOJHBIX ITOTEHLIMAJIOB pEareéHTOB —
peaxiusi IpakTHUeCKu HeoOpaTuma.

[Tpumep 3. (cpena HeittpanbHas — pH = 7). CoctaBuTh ypaBHEHUE OKHUCIEHUS CYIbpUTa
HaTpUsl TEpMaHraHaToM Kaiusg B HeWTpaibHOH cpexe. Koadduumentsl momodbparb MeTOI0M
MTOJTypPEaKIIAN.

KMnO4 + N&2803 + Hzo —>

Onpenenuth NIyOUHY MPOTEKAHUS MPSIMOI peaKIuu.
3.1 OmnpenenuM HamNpaBJI€HHOCTh JTOM pEAKIHUH, T.€. ONPEACIUM OKHUCIUTEIb |
BOCCTAHOBUTENb:



¢’ (MnO; +2H,0/MnO, +40H ) =0,6 B;
¢°(SOZ™ + H,0/(SO5™ +20H ) =—0,93B.
N3 Bennumn cranaaptHeix OB-TOTEHIIMANOB ClIEAYET, YTO MnOAT — OKHCIIUTEIIb, B

2—
HEUTpaJbHOW cpene BoccTaHaBiuBaercs 10 MnOg; SOS — BOCCTAHOBUTEIb, OKUCISAETCS 10

SO;
3.2 3anumem cxemy nanHoi OBP

KMnO4 + Na2803 + Hzo —> MﬂOZ + Na2804 +...

[Toka Heb3st TOUHO ONPENEIUTh Kakoil ené OyaeT MPOAYKT B JaHHON peaKIiH.

3.3 CocraBuM monypeakiuu uisf: 1) OKUCIAUTENS U 2) BOCCTAHOBUTEIIS.

1) MNO4 <> MnOy — cxema nonypeaxuun.

VYpaBHUBaHME KHCIOPOJA BEIEM C MOMOIIbK YJBOEHHOI'O YHMCIa TMAPOKCHZ - MOHOB, a
BOJIOPOJIa — MOJIEKYJI BOJBIL:

MnOZ +2H 20 +3e > Mn02 +40H - TOJTyPEAKIIMS TSI OKUCITHTEIS;

2_ _
2) S03 <~ SO4 — cXeMa IOJypeaKkluy AJi1 BOCCTAHOBUTEIS,

2— - 2—
803 +20H -2e & S04 +H 20 — TIOJTyPEaKIUs JIJIs1 BOCCTAHOBUTEIIS.

34 TenepL COCTaBUM JJICKTPOHHO-NOHHO-MOJICKYJISIPHBIC YPABHCHUA!

2|MnOj + 2H,0 + 3e <> MnO, + 40H ~
31502 +20H ™ —2e <> SO~ + H,0

3.5 [IpoBoauM aHaIOTHYHBIE Oomepanuu (CM. mpuMep 1) u moilydyaeM HOHHO-MOJEKYISpHOe
ypaBHenue OBP:

2MnOjZ +3S05™ + H,0 <> 2MnO, + 3505 + 20H

HNonno-monekymnsipuoe ypaBHenune OBP  ynoBneTBopsier marepuanbHOMYy OajaHCy U
YCIIOBHIO 3JIEKTPOHEUTPAIBHOCTH.
3.6 IIpubasisieM COOTBETCTBYIOIIME TPOTHBOUOHEI M TTOJy4aeM NojHoe ypaBHeHue OBP:

2KMHO4 + 3N&2803 + Hzo = 2Mn02 + 3Na2804 + 2KOH .

3.7 BeimonHeHwe MaTepualbHOrO OanaHca g monHoro ypaBHeHus OBP mpoepsiem
MOJICYETOM aTOMOB KHCJIOPO/Ia B JIEBOM M MpaBOM YacTsAxX ypaBHeHHs: cieBa 17 O = cnpasa 17 O.

Kak BuaHO u3 3TOro mpHMepa, METOA dJIEKTPOHHO-HOHHO-MOIEKYJSIPHOTO OanmaHca
MO3BOJISIET TAKXKE OMPENETUTh W HEKOTOphIE, 3apaHee HEM3BECTHBIC, MPOIYKTHI OKHCIUTEIBHO-
BOCCTAHOBUTEIBHOMN PEAKIUU.

lg KZ%S =16,9- nA(DO =16,9-6- (0,60 — (0,93)) ~ 155; szgg <1015

BriBoa: peakiusi mpakTHUECKH HeoOpaTuMma.
[Tpumep 4. (pH > 7). Ilo npuBeaennoit cxeme OBP, ncnonb3ys MeTos 371€KTPOHHO-HOHHOTO
OanaHca coCTaBUTh NOJHOE ypaBHeHHe OBP:

KMnO4 + Na2803 + KOH —>



Paccunrars OJIC naHHOH cHCTEMBI NpPU CTAHAAPTHBIX YCIOBUSAX M TPU CIEAYIOLIMX

PaBHOBECHBIX KOHIIEHTPAIUIX peareHToB: [M nOZ ] =0,01; [M n 2+ ] =0,05;

[SOS _] = 0,01, [804_] = 0,05 " 1pu pH =4.1 CTaHAAPTHBIC IMTOTCHIUAJIBI OKUCIIUTCIIA U

BOCCTaHOBUTCIIA

9’ (MnOZ / MNnOZ ™) = 0,56 B; 0 (SOZ~ + H,0/(SO%~ + 20H ) =— 0,93 B;
MnO, — okucnuTENh, BOCCTAHABIMBAETCA [0 MnOf_ ; S03 o BOCCTAHOBUTEIb, OKUCIAETCS 10

SO; ™.
4.2 cxema mauuoii OBP:

KMnO4 + N&zSOs + KOH —> K2MnO4 + N&zSOAr + Hzo

4.3 QHGKTpOHHO-I/IOHHO-MOJ'IeKy.]'IHpHBIe MoJIypeakuuun

2l MnO4 +e & Mnof_
1 SO +20H ™ —2e <> SOZ™ +H,0.

4.3 YMHOXkaeM 00€ IMOJypeaki Ha COOTBETCTBYIOIINE KOA(P(PHUIMEHTHI, CYMMHPYEM HX
JIeBBIC u npaBbIe 4acTH u HOoJTy4aeMm MOHHO-MOJIEKYJISIPHOE ypaBHEHHE:

2MnOy +S05™ +20H ~ «» 2Mn0OZ~ + S04~ + H,0 .
4.4 I[O6aBJ'I$I$I COOTBCTCTBYIOIIHEC ITIPOTHBOUOHBIL, ITIOJTYHACM IMOJIHOC YPABHCHUC PCAKIIUU:
2KMﬂO4 + Na2803 +2KOH = 2K2Mn04 + Na2804 + Hzo ]

4.5 TlpoBogum Tect 1o kucinopoay: 130 (cneBa) = 130 (crpaBa) — yclioBUE€ MaTepUATILHOTO
OayaHca BBIOJTHSIETCS.

4.6 Pacuér D/1C cuctembl IpH CTaHAAPTHBIX YCIOBUSAX:

C° = Ap° =p°(MNO4s/Mn04>)—¢°(SO4%7/S0s*) = 0,56—(—0,93) = 1,49 B.

4.7 Ouenky D/1C npu paBHOBECHBIX KOHIICHTPALMIX PEareHTOB BEAEM C MCIOJIb30BAHUEM
ypaBHenus Hepucra (10.1.10):

a) BBIYMCIIEHUE PAaBHOBECHOTO MOTEHIIMAJIa [IEpMaHIaHaT-MaHT'aHATHOTO 3JIEKTPOa:

MO+ 1.TH +18 o
o(Mn) = p° (MnO; / Mn02") + 2059 IMnO4 ] £ I 056.+0,01.1g 2L _ 05535
[MnO;~] 0,05
0) BBIUKCIIEHHE PABHOBECHOIO MOTEHIMANA CyJIb(PaT-Cyab(QHTHOTO SIEKTPOIA:
2— +12 2
o(B) =p°(50§ 1503 )+ 220 g O LI T 93, 0,0905.19 20T _ 03785
2 [SO57] 0,01-10~

B) DJIC = Ap = p(MnO4s /MNnO+> )— p(SO4?/SO3%") = 0,553—(-0,378) = 0,931 B.

ba30BbIi1 ypoBeHB

1 Paccuwuralite crenenp okuciieHus azora B ero coenuuenusx: AIN, NoHza, NH2.OH, N2O,
NO, N203, N20O4, N2Os.

2 Hanumwure mojiHOe ypaBHEHUE peaKIMy, TIPUMEHSST METOJIbI DJICKTPOHHOTO OayiaHca

U TOJTyPEaKIInii, TI0 CIACIYIONIeH CXeMe TMOTypeaKIiH:
K2Cr207 + SnSO4 + H,SO4 —



Omnpenenute SKBUBAJICHTHI BOCCTAHOBHUTENSI M OKUCIUTENS; PAcCUMTAUTE HMX MOJIbHBIC
MAacCBI.

3 K kakomy tmmy OBP orHocutcs peakius paznoxenuss H>(0»? Uem oO0bscHSETCS
CHOCOOHOCTH MEpPOKCHIA BOJOPOJAa K TaKUM IpeBpalieHUusIM? 3aKOHYUTE YpaBHEHUS peakiuil U
HAMMIIUTE U151 KQXKI0W U3 HUX 3JIEKTPOHHO-HOHHBIE U MOJICKYJISIPHBIC YPAaBHCHHUS:

1) H2O2 — ...; 2) H O2 + KMnO4 — MnO: + ...; 3) H202+ PbS — PbO2 + S + ...

4. KuciaopoJ MOKHO MOJIY4YHUTh B PE3YJIbTATE PA3JIOKEHUS TAKUX BEIIECTB:

1) KCIO3 — ...; 2) KMNnOs — ...; 3) KoCr07 — ..

K kaxomy tuny OBP otHocsTCs 3TN peakuun? CocTaBbTe 3JIEKTPOHHBIE U MOJIEKYJIIPHBIE
YpaBHEHHUSI STUX PEaKIUH.

3) K Bomnomy pactBopy KCIO3 nobasmim Bomublii pactBop Kls. B kakyroo cropony
MPOUJET peakiusi OKUCIeHUsA-BoccTaHoBIeHUs? Borunciure DJ1C 3T0i peakuuu st CTaHAapTHBIX
YCJIOBUU.

6 Kakumu cBoiictBamu Oynmer oOmamate NaNO.? ITlouemy? IlpuBegure mnpumepsl

peaxkuui, rae HUTPUT HaTPUsI — OKUCIIUTENb, I71€ — BOCCTAHOBUTEb?

7 Vcxons u3 3HAYEHMM CTaHAAPTHBIX JIEKTPOJHBIX IMOTEHLMAIOB, ONpeNesIuTe, Mpsmas
Wi oOpaTHas peakius OyaeT NpoTeKaTh B 9TOH CHCTeMe MpH CTaHAAPTHHIX ycnopusax: 1) Fe?* +
ClO3™ + H* « Fe3* + CI- + H,0.

2) Clz + Mn?* + H20 <> MnO4~ +CI~ + H*;

3) NOs™ + Fe?* + H* «» NO + Fe** + H,0;

4) 105~ + SO3* + H" < I, + S04% + H0.

JUis kax10i psiIMOi peakIiy OLleHUTE INIyOUHY IPOTEKAHHUS.

IloBbI1IEHHBIN YPOBEHB

13aKOHYHUTH COCTABICHUE YPABHEHUS CICAYIOIICH PEaKIIUK:

HAsO2 + KMnO4 + H2SO4 — H3AsO4 + ...

¥ COCTaBHTBH JIJISl HETO AJICKTPOHHBIE U DJICKTPOHHO-HOHHBIE CXEMBI ITOJYPEaKIUii.

Paccunrars DJ1C peakuuu as CTaHIAPTHBIX YCIOBUH.

23asucut iu npotekanue OBP ot pH cpenpl? 'mapokcnuinaMuH BoccTaHaBIUBAET (IIPU 3TOM
oxucnsgercst 1o asora; ¢°(No+ 2H20 + 2H*/2NH,OH) = —1,87 B) B xucinom pactBope cyibhar
xeneza (+3) mo cynedara >kenesa (+2), a B IIETOYHOM pPacTBOPE OKHUCIAET (caM MPU ITOM
BoccTaHapmuBaercs 1o ammuaka; p°(NH2OH + 2H,0/NHs + 20H") = + 0,42 B) tuapokcuy xemnes3a
(+2) B runpokcua xenesa (+3). CocTaBUTh 3JIEKTPOHHBIE U MOHHO-3JIEKTPOHHbIE YPaBHEHUS 00enX
peakuuii. YKka3aTb OKHCIWUTEIb U BOCCTAaHOBUTEIb. OmpenenuTh INyOMHY NMPOTEKaHHUS MPSMOTO
npoiiecca B 00eux ciaydasx.

3 [TpoxoauT M peakuus B BOJIHOM PAacTBOPE MEXAY HOIMIOM HATpUs U CBOOOJHBIM
xyopoMm? JIns mpsIMOM peakiMM BBIYMCIUTH MOTeHIMal ['mb60ca M MpoBECTH OLEHKY INTyOHHBI
MIPOTEKaHMS MpoIiecca.

4 Bplukcnure 3eKTpoaHbI norenmuan cucrembl ClOs~ + 8H/CIT + 4HO mpu
CIeIyIOIMX PaBHOBECHBIX MOJAPHBIX KOHIeHTpanusx (Moas/av°) u pH: 1) [Cl04] = 0,1; [CI] =
0,05; pH =1; 2) [CIO4] = 0,05; [CIT] =0,1; pH = 2; 3) [CIO4] =0,01; [CI] = 0,05; pH
=0,5.

1211pu kakux 3HadeHusx pH Bo3amoxHO BoccTaHoBieHue noHOB MNnOgmonamu: 1) 17 2)
Br; 3) CI?

Cnncok JuTepaTypbl, peKOMeHAyeMbIi K HCN0Jb30BAHUIO 110 JAHHOU TeMe

OcHoBHas quTepaTypa:
1 Koposun, H. B. O61as xumus : yueonuk / H. B. Kopoeus. - 13-e u3z., nepepad. u o1 - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuart). - Pek. MOuH P®. - Ilpun.: c. 461. - Bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XuMus okpykarolieid cpejibl : XUMUsl )HUBbIX opranu3moB. Kypc neknuii / E. C.
Muxanuna, A. JI. [lereaun. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN 978-5-



87623-457-5. —TekcT : 31eKTpOoHHBIH // DnekTpoHHO-0nbanoTeynas cucrema IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum noctyna: ajist aBTopu3mp.
MOJIb30BaTENCH
JlonoJiHUTEIbHASI JINTEpaTypa:

1 'munka, H. JI. O6mas xumus / H. I'. I'nmunka ; [Tox pen. A. U. Epmaxkosa. - M3a. 30-e, ucnp. - M. :
Wnrerpan [pecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipeam. yka3.: c. 706. - ISBN 5-89602-017-1

2 XVMUSI METAJJIOB : y4eOHOe ocoOue (A1 CTYICHTOB XUMHYECKOTr0 (haKyJIbTeTa HalpaBIeHHN
OakanaBpoB «XUMHU» U «XUMUYECKas TexXHoIorus») / cocraBurenu O. A. ['onoBaHoBa. — OMCK :
Owmckwii rocyaapctBeHHbIi yHuBepcuTeT M. @.M. JloctoeBckoro, 2015. — 552 ¢. — ISBN 978-5-
7779-1875-8. — TeKcT : 3neKTpOHHBIH // DaeKTpoHHO-0nbmoTeuHas cucrema IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum noctyna: ajist aBTopu3mp.
MOJIb30BaTENCH

HNuTepHeT-pecypcesnl:
1 http://window.edu.ru/ — emuHOE OKHO AOCTYMA K 0Opa30BATEIBHBIM PECypcaM

2 http://biblioclub.ru/ — 3BC «YHuBepcuTeTcKas OnubIMOTEKA OHITARHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIIN KaTAIOT aCCOMUAIMH dJICKTPOHHBIX OHOMMOTEK YUSOHBIX
3aBefeHuil u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTtkpsiTOE 0Opa3oBaHue

TEMA 9. OCHOBHBIE IIOJIOKEHUS DJIEKTPOXUMMHAMU.

MNPAKTUYECKOE 3AHSATHE 9. TAIbBAHUYECKHUE 3JIEMEHTBI. KOPPO3US
METAJIJIOB. 2JIEKTPOJIN3

Hean 3ansaTus: opMupoBaHre HEOOXOIUMOTO KOMIUIEKCA 3HAHUN 00 JIEKTPOXUMHUYECKUX
mpoleccax M UX KOJIMYECTBEHHBIX XapakTepUCTHUKaX. POpMHUpPOBAHHWE HABBIKOB HCIIOIb30BAHMS
(dbyHIaMEHTAIBHBIX 3aKOHOB W OCHOBHBIX MOHATUM XWMHUYECKOW HAYKH B OOJIACTH DJIEKTPOXUMHUU
JUTsl TOHUMAaHUS CBOMCTB MPOLIECCOB, UCIIOIb3YEMBIX B COBPEMEHHON MTPOMBIIIUIEHHOCTH

3HaHUsA U yMeHUsl, NpUodpeTaemMble CTYIEHTOM B pe3yJIbTaTe OCBOEHHS TeMbl
3HaThb (1)I/I3I/IKO-MaT€MaTI/I‘I€CKI/II\/’I arrmapar, MCETOJAbl AaHaJIM3a W MOJACIUPOBAHMA,
TEOPETUYECKOTO M SKCIIEPUMEHTAILHOIO HCCIeI0BaHUS
YMeTh NpHUMEHSATh COOTBETCTBYIOIIUHN (DPU3MKO-MaTeMaTHUECKHM armapar, MEeTOJIbl aHaIn3a
U MOJEIUPOBAHMs, TEOPETUYECKOIO M SKCIEPUMEHTAIBHOTO MCCIEOBAHUS NpPU PELIeHUU
npodeccuoHanbHbIX 3a7a4
HaumenoBanue (GpopMHUpyeMbIX KOMIIETEHLUH

Kon dopMynHrpoBKa

OIIK-2 Crnioco0OeH NpuMeHSTh COOTBETCTBYIOLIUI (PU3NKO-MaTeMaTUYECKUN
anmnapar, METO/bl aHAJIU3a U MOJEIUPOBAHNS, TEOPETUIECKOTO U
HKCIIEPUMEHTAJILHOTO UCCIeI0BaHUS IIPU PellieHNnH MpodecCHOHATbHBIX
3a1a4

OpauM u3 Hambosiee OBICTPO PA3BUBAIOIIUXCS HAMpPABICHUN MPHUKIATHOW AIEKTPOXUMUM,
TECHO CBSI3aHHOM C DJEKTPOTEXHHUKOM, SBISIETCS pa3palOTKa HETPAAUIIMOHHBIX XHMHYECKUX
uctouyHUKOB Toka (XUT), mepcrneKTUBHBIMU Cpeld KOTOPBIX SIBISIFOTCS TBEPIO-IJICKTPOIUTHBIC
XUWT c HaTpueBbIM U JTUTUEBBIM aHOAaMU. [[puMeHeHne MEeTOYHBIX METAIIIOB B KAYECTBE aHOAHBIX
MaTepUajoB BBITOJHO TEM, YTO OHHM OOJIAJAIOT CaMbIMH HU3KUMH cpeau apyrux Me -os
AJIEKTPOXUMHYECKUMH SKBUBAJICHTAMHU M BBICOKUMHU OTPUILIATEIBHBIMU 3HAYEHHUSIMHU 3JIEKTPOIHBIX
MOTeHIMaNoB. [1030My 3HaHHS ANEKTPOXXUMUU —aAKTYyaJIbHBI.

Teoperuyeckas 4acTb



https://openedu.ru/

[Tpubop, B KOTOPOM XUMHYECKAs DHEPIHsS OKUCIUTEIHbHO-BOCCTAHOBHTEIBHOU pPEaKIIMH
MPEeBpaIaeTCs B SJICKTPUYCCKYIO, Ha3bIBACTCS FAJIbBAHHMYECKUM DJIEMEHTOM.

OcHOBHasi COCTaBHas 4acTh T'aJbBAHUYCCKUX DJIEMEHTOB — JJICKTPOJABI. YaIrie BCero OHH
OBIBAIOT METAJUTMYCCKUMHU. DJIEKTPOJI, Ha KOTOPOM IMPOUCXOIMT MPOIECC OKUCIICHHS, Ha3bIBACTCS
aAHOJOM.

Tak, eciii B TaJbBaHUYECKOM DJIEMEHTE UMEIOTCS MEIHBIA M IIMHKOBBIH 3JICKTPOJIBI, U B
TIOCIIETHEM TIPOMCXOIUT TIPOIece OKHMCIeHHs muHKa: Zn° — 2 <> Zn?*, To IMHKOBBIHA 3NEKTPOX
OyIeT aHOJIOM.

DNEKTPoJ, Ha KOTOPOM TPOUCXOAMUT MPOIECC BOCCTAHOBJICHHS, HA3BIBACTCS KaTOIOM. B
BBIIICIPUBEIEHHOM IPUMEpE KaTOIOM SBIISIETCS MEIHBIH nmekTpon: Cu?t+ 2e” > CuP,

DIEKTPOHBI € JJIEKTPOJIa, HA KOTOPOM IMPOUCXOTUT TPOIECC OKUCICHHUS, TEPEeXOJsIT Ha
AJIEKTPOI, TJIe IPOTEKAET MPOIIECC BOCCTAHOBIICHUS.

TakuMm 00pa3oM, B TaIbBAHHYECKOM JJIEMEHTE, HMEIOIIEM B KaueCTBE KaTo/la MEJAHYIO U B
Ka4eCTBE aHOJia IIMHKOBYIO IUIACTHUHBI, 3JICKTPOHBI C [IMHKOBOMW IUIACTHHBI OyIyT MEPEXOIUTh Ha
MEIHYIO.

10.7 DnexkTpoa B rajibBaHUYECKOM »JJIEMEHTE HAxXOJUTCS B PACTBOpPE JJIEKTposiuTa. B
MPOCTEHIIIEM CITydae JICKTPOJIUTOM SIBIISICTCSI PACTBOP COJIM TOTO MeTaylla, U3 KOTOPOTO CICNaH
AJIEKTPO/I.

Tak, B METHO-IIMHKOBOM TaJIbBAHHYECKOM JJIEMEHTE ITMHKOBBIA JJICKTPOJ MOXET OBITh
MOMENIEH B pacTBOP cylib(darta MHKA, a MEIHBIH — B pacCTBOP CyJIb(ara Me/Iu.

CrnenoBarenbHO: IUHK MOMEMIAIOT B PacTBOP, COJCpIKAIIMA KAaTHOHBI IIMHKA, a MEIb B
pacTBOp, CoAepKAIINUNA KATHOHBI MEIH.

Cucrema, cocrosilias W3 MeETalla, OMYIICHHOTO B pPAacTBOp, COACPXKAIIMA €ro HWOHEI,

n+
Ha3bIBACTCS MOJYIJIEMEHTOM U 0003HAYaeTCA Me™™ [/ Me (cBepxy Bceria OKucieHHas Gopma).
JlBa moiry3ieMeHTa, COCIUHEHHBIC MPOBOJHHKOM, OOpa3yrOT TallbBAHUYECKUN 3IIEMEHT

(pucynok 9.1):

e /y\\
} N %
Zn,-f/’d Cu
m/‘f SO42- =
[
1 Nt
4= =NE
Z;++S_O42 C:_uZ++S(i2

Pucynox 9.1 Cxema mMeOHO-YUHKOBO2O 2AIb8AHUYECKO20 dIeMeHmAa

B ranpBaHHYecKOM 3J€MEHTE OJUH 3JEKTPOJ (aHOX) pacTBOpseTcs, T.€. MOHBI MeTajlla
epexonar B pacTBop. Tak B MEIHO-IIMHKOBOM TaJbBaHWYECKOM JJIEMEHTE IPOUCXOAUT
pacTBOpeHNE IMHKOBOM TUIACTUHKH.

B pesynbpTate mepexojila MOHOB LIMHKA C IUIACTUHKH B PacTBOp Ha IUIACTUHKE OCTa&Tcs
M30BITOK 3JIEKTPOHOB, U OHA 3apspKaeTcs oTpuuarenbHo. C Ipyroil CTOPOHBI, HEPeXo1 HOHOB IIMHKA
B PacTBOP NMPUBOAUT K YBEIMUYEHUIO UX KOHIEHTPALIUU B PACTBOPE.

bnaronaps nepexony MOHOB IIMHKA C IJIACTUHBI B PAaCTBOP BEC IIUHKOBOM IUIACTHUHKH OyneT
YMEHBIIATHCA.

OnHOBpPEMEHHO € 3TUM Ha MEHOM 3JIEKTPOJIE MPOUCXOANUT MPOLIECC BOCCTAHOBIIEHUSI HOHOB

2+ | o4
e w3 pacteopa: CU™ " +2€ <> CU .
3a cYéT 5TOro mpolecca KOHLEHTPAIs HOHOB MEIM B PACTBOPE yMEHBUIAETCS, a Macca
M€,71HOI71 IIJIACTUHKH YBCIUYNBACTCA.



Iepexon nonos CuU?* u3 pacTBOpa Ha MIACTHHKY IIPHBOAUT K TOMY, YTO MeJHAs TJIACTHHKA
3apsKaeTCs MOJIOKHUTEITBHO.

Paccmotrpennsblil ranbBaHudeckuil snemMeHT (daemeHT Janwdng — SIkoOHu) cxeMaThyecku
MO>KHO 3aIIUCaTh CIEAYIOUIIM 00pa3oM:

(-)Zn[ZnS04|CusOyicu(+)
WM B MOHHOU (hopme:

(-)znzn?*|cu?tICu(+).

OnMHOYHBIC TMHUU B cXeMax 0003HAYaIOT TPAHUILy METaJlI — PaCTBOP, a IBOMHbIEC IMHUH —
rpaHuIly Mexay pactBopamu. OTpULiaTeIbHBIN 2JIEKTPO]T (aHO) 3aIHUChIBACTCS CIIEBA.

B ocHoBe paboThl pazoOpaHHOTO 3IIEMEHTA JICKUT OKUCIUTEIbHO-BOCCTAHOBHUTEIbHAS
peakuus:

Zn+CuSO4 — ZnSO4 +Cu

WK B HIOHHOH (opMme:

Zn+Cu®t = Zn®t +Cu.

B rambBaHMYECKOM JJIEMEHTE, COCTABICHHOM H3 JKEJIC3HOW IUIACTUHKHU, OIMYIICHHOW B
pactBop FeSOs, u cBHHIIOBOW MacTHHKH, omyiieHHOW B pactBop PD(NOs)2, *kene3o sBisercs
aHogoM. Cxema 3TOro 3JIEMEeHTa CIIeAYIOIas:

(—)Fe|FeSO4|Pb(NO3),|Pb(+).

Ha xene3nom asnekTpojse (aHOIE) MPOUCXOIUT OKHUCICHHE. DTOT MPOIECC OMUCHIBACTCS
CIICAYIOIIAM DJICKTPOHHO-MOHHBIM YPAaBHEHUEM:

Fe¥ — 2e > Fe*
Kenesnslii 371€KTpo1 MPHOOPETAET OTPUIIATETBHBIN 3apsijl.

Ha cBHHIIOBOM 371eKTpojie (KaToze) TIPOMCXOMHUT TIPOLECC BOCCTAHOBIEHHs HOHOB Ph?* w3
pacTBopa:

2+ - 0
Pb<" +2e & Pb*
CBHHHOBBIﬁ BHCKTpO)I 3ap;1>1<aeTc;1 TITOJIOKUTCIIBHO.

Cymmupyst 00a ypaBHEHUs, TTOJIYYMM HOHHOE YpPaBHEHUE PEAKIINH, MPOTEKAIOIIEH B TAHHOM
rajgbBaHUYECKOM DJIEMEHTE:

Fe+Pb%" — Fe?" +Pb.

DJEKTPOHBI N0 MPOBOJHUKY, COSIUHSIONIEMY TUIACTUHKH, OYAYT MEPEXOJUTh OT JKEIe3HON
TUTACTUHKH K CBUHIIOBOH.

WTak, B TaJbBaHMYECKOM 3JEMEHTE TI0 MPOBOJHUKY, COCIHHSIONMEMY JJIEKTPOIBI, TEUET
AJIEKTPUUYECKUI TOK.

[TosiBneHHE AIEKTPHUUECKOTO TOKA CBHUIETENBCTBYET O HAIMYHUU PAa3HOCTH IOTECHIIMAJIOB
MEXIy OdJeKTpojamu. MHaue roBops, Ha OJHOM U3 DJEKTPOJOB BO3HUKAET  KaKOW-TO
OTIpeIeIEHHBIN TTOTSHIIUAI, PA3ITUYHBIA JJTsT Pa3IIUYHBIX SJICKTPOJIOB.

[Torennuan, KOTOPBIH YCTaHABIMBAETCS HAa METAJUIMYECKOM DJIEKTPOJE, NMOMEIEHHOM B
pacTBOp COIHM OJHOMMEHHOTO METAJlIA, HA3bIBACTCS HIICKTPOJHBIM TOTCHIMAIOM MeTallia.

W3MepeHHbIe B CTAaHIAPTHBIX YCIOBUAX MOTEHIMAIBI METAIJIOB HAa3bIBAIOTCS HOPMaIbHBIMH
(MM cTaHAApPTHBIMH) SJIEKTPOJHBIMH TIOTCHIMATIAMU METaIoB. VX 3Ha4YeHWs IS pa3IIMIHBIX
METaJUIOB NpUBEAEHBI B Tabauie 9.1.



Yem jerde metaml OTHAET DIEKTPOHBI, T.€. YeM JIeT4e OH OKUCISETCS, TeM OTpHUIaTelbHEee
€ro JJIEKTPOJHBIA MOTeHIaI. VHaue ToBOps, MO BEIUYMHE DJICKTPOIAHOTO TOTEHIMATA MOXKHO
CYAMTBH O CHOCOOHOCTH METajljla OT/1aBaTh 3JIEKTPOHBI, T.€. 00 aKTHUBHOCTH METaJlIa.

bonee akTHBHBIA MeTasT uMeeT 0ojee OTPUIATEIBHYIO BEIHYUHY AJIEKTPOJHOTO
noTeHnuana. Tak, HopMaabHbIC JIEKTPOJIHBIC MOTCHIIMAIIBI MATHUS, ITMHKA ¥ MEJIU COOTBETCTBEHHO
paBHsI (B B):

0° (Mg /Mg?*) =-2,34:0° (Zn/ Zn°*) = -0,76;¢° (Cu/Cu**) = +0,34.

CpaBHI/IBaﬂ 9THU 3HAUYCHUA, MOKHO CIACJIaTh BbBIBO, YTO HaH60nee AKTHUBHBIM M3 OTHUX TpéX
MCETAJIJIIOB ABJIACTCHA MaFHHfI, a MCHCC aKTUBHBIM — MCb.

B TaJJbBaHU4Y€CKOM DJJICMCHTC, HMCHOIICM JBa paSJ'II/ILIHBIX MCETAJIJTIMYECCKUX SJ'ICKTpOI[a,
aHOIOM 6yI[€T METallll C MCHLH.IGI71 BCHH‘IHHOﬁ CTaHI[apTHOI‘O BHGKTpOHHOI‘O IIoreHuuama, T.C.
60]'[66 aKTHBHBIﬁ METaJlJl.

Hanpumep, B ralbBAHM4ECKOM DJIEMEHTE

Mg|Mg % *||zn®*|zn

HanOoJIee OTPUIATENICH MJICKTPOIHBIN MOTEHIIMAT MAarHus, MO3TOMY MAarHHEBBIA JJICKTPO
OyZeT aHoIoM.
Ha maraueBom a1ektpoie (aHoAe) UAET MPOIIECC OKUCIICHUS TI0 YPAaBHEHUIO:

Mg <> Mg?* +2e.

Ha nunakoBoM 351exTpoze (kaTtoie) NpOTEKaeT MPOoLecC BOCCTAHOBICHUS LIMHKA!

2+ A 0
n“" +2e <> 2Zn"
10.36 CymMMapHOe MOHHOE ypaBHEHHME PEaKLMH, MPOTEKAIOIIEH B TaKOM TraJbBAHUYECKOM
3JIEMEHTE, ClIeAYIolIee:

0 2+ 2+ 0
Mg®” +Zn“" > Mg“" +2Zn",
BennuuHa 351€KTpOJHOrO MOTEHLMANa METalla 3aBHCUT, IVIABHBIM 00pa3oM, OT MPHUPOJbI
MeTajljla, TEMIEpaTypbl M KOHIIEHTpalMM MOHOB MeETaula B pacTBope. OTa 3aBUCUMOCTH
BBIpa)kaeTcsl ypaBHeHHeM HepHcra:

o =¢°(Me/Me") +@ lg C(Me"™), ©.1)
- .

rIe ¢°(Me/ Me"*) — HopMalbHBIH SIEKTPOAHBIN MOTEHIIUAI;

N — YUCJIO OTAABACMBIX (MPUHUMACMBIX ) METAJIJIOM JJICKTPOHOB;

C(Me"™) — KOHIIEHTpaIHs HOHOB METAIIA B PACTBOPE, MOJIB/IM .

[Ipy KOHIEHTpAaIMM MOHOB MeTalla, PaBHOW 1 MOJB/IMS, BTOpOi uleH ypaBHEHHS
obpamaercs B HOJb, TOTJA ¢ = (0, M.e. 21eKMPOOHbILl NOMEHYUAL MEeMAaiid npi e20 KOHYeHmpayuu
1 Monwv/OM® npedcmasnsem coboii cmandapmuulil 371eKmMpoOHbLY NOMEHYUA.

DNEeKTPOABMKYIIas cuida FE ralbBaHUYECKOrO DJIEMEHTa OMPENENseTcs Pa3HOCTHIO

MOTEHINAJIOB KaTO/Ia M aHO/A: E= Pk —PA.

Tak, 9/IC MarHneBO-IMHKOBOIO TajJbBaHUYECKOTO 3JIEMEHTA, IPU KOHLEHTPAUUsX HOHOB
COOTBETCTBYIOIINX METaJIOB OJIMH MOIB/aMS,

coctasmser: E = ¢°(Zn/ Zn?*) — ° (Mg / Mg?+) = —0,736 — (—2,34) =1,604 B.

Yem Oosbllie pa3HOCTh B 3HAYEHMSIX CTAHJAPTHBIX 3JIEKTPOIHBIX MOTEHIIMAJIOB METAJJIOB,
TeM Oonbire D/IC raibBaHUYECKOT0 3J€MEHTa, KOTOPBIN 3T METaJJIbl 00pa3yIoT.

CpaBaum  DJIC TONMBKO dYTO pa300paHHOTO MAarHHWEBO-IIMHKOBOTO TaJIbBAHUYECKOTO
aneMmeHTa ¢ DJ[C MarHneBo-MeIHOro JIEMEHTA.



(—)I\/Ig‘Mg 2+ HZnZJr Zn(+),

C(Mg/Mg?*)=C(Cu/Cu?") =L1mos/ om®
E =¢°(Cu/Cu®")—¢p°(Mg/Mg?") =+0,34— (—2,34) = 2,68 B.

Wrak, dYeM pampliie Jpyr OT Jpyra HAXONATCS METAUIbl B TaOMUIlE HOPMAbHBIX
ANEKTPOAHBIX MOTEHLIHUAIOB, TeM Ooubie 3/IC ranpBaHUYECKOT0 JIEMEHTA.

Kak ormeuanoch paHnee B paszelie, 3aBUCUMOCTb BEJIIMUMH AJIEKTPOJHBIX MOTEHIIMAJIOB OT
KOHIEHTPALUU OKUCIUTEIHHONW U BOCCTAHOBUTENBHOUM (opM peareHTa u oT pH cpensl Beipakaercs
ypaBHenueM Hepucra (9.1).

VYpaBaenue HepHcra no3Bossier nmpoBoauth pacyeT DJIC rajbBaHHMYECKUX 3JIEMEHTOB MPHU
YCJIOBUSIX OTJIMYHBIX OT CTAaHAAPTHBIX.

W3menenne wuzobapHoro mnoTeHnuana ['ub6bca B cucTeMe YHCIEHHO paBHO pabore,
COBEpIIIAEMOM B PE3yJbTaTe MPOTEKAHUS IJICKTPOXUMUUYECKON PEAKIINU:

AG =-A = -nAgF, (9.2)

riae A — paboTra IEKTPUISCKOr0 TOKA, paBHAs MPOU3BEICHUIO YUCIIA MOJIb TICPEHECCHHBIX

AJICKTPOHOB N, HANpPsDKEHUS B AJICKTPUYECKOW 1enu A@ u moctosHHon Dapanes F = 96 454
Ki/moib = 96 500 Ki/monb.

Jns craHIapTHBIX YCIIOBUM:

AG® =-A%=_nAp°F. (9.3)

KoncTanta paBHOBecHsI DSIEKTPOXMMHUYECKOW peakUud M CTAaHJApTHBIX YCJIOBUMN
orpeaenseTcs GopMyIIOH CIeaYIONIeTo BUIA:

0
P :2@"%:16,%@0. (9.4)

BenuunHbl KOHCTAHT PaBHOBECHM JUIsl pa3HbIX 3JIEKTPOXUMHUECKUX PEAKLMUH MO3BOJSIOT
OTIpE/EIIAThH CTENEHb UX HEOOPATUMOCTH.

[TockonpKy 27EKTPOAHBIM NMOTEHLMANI METajlla 3aBUCUT OT KOHLIEHTPALlUM PAcTBOpPA, TO
MO>KHO COCTaBUTH LI€TIb U3 OAMHAKOBBIX METAIIMUECKUX AJIEKTPOAOB, IOTPYKEHHBIX B PACTBOPHI C
pa3NIUYHOM KOHIIEHTpalueil MOHOB 3TOr0 MeTaljla — 9/M0 KOHYEHMPAYUOHHBIU 2a1b8AHUYECKUL
S/1eMeHM.

3J1C KOHLIEHTPALIMOHHOTO 3JIEMEHTA onpeenseTcs no Gopmyie:

Z+
= 0059 C,(Me™)

]
z C,(Me*")
I'JIE C(ME*") — KOHIIeHTpaIys HOHA METaJlIa B IPUANEKTPOIHOM CJIO€, MOJIB/IMS, IPHYEM
c1(me”) > co(me*) ; Z — cTeneHb OKUCIIEHHS HOHA.
DneKkTpon3
TeopeTnyecKkue OCHOBBI
DJIEKTPOIN30M HA3bIBACTCS OKHCIUTEIIBHO-BOCCTAHOBUTEIIBHBIN MPOIIeCC, MPOUCXOISIINN Ha
ANEKTPOAAX MPHU MPOMYCKAHUH HOCHOAHHO20 dTIEKTPUUECKOTO TOKA Yepe3 pacTBOP WM paciliaB
AIIEKTPOJIHTA.
J111s oCcyIecTBIEHUS DIIEKTPOIIN3a HEOOXOIUMO B COCYJ] C PACTBOPOM MJIM PACILIABOM DIIEKTPOIIUTA
BHECTH JIBa JICKTPOa, COCTUMHEHHBIC C TIOJIOCAMU BHEITHETO0 HCTOYHUKA ITOCTOSTHHOTO TOKA.
DNeKTPOJ, MPUCOCTUHEHHBIN K OTPUIIATEILHOMY TIOJIFOCY BHEIIHEr0 UCTOYHUKA

MTOCTOSTHHOTO TOKa, Ha3biBaeTcs kKatogaoMm (K).

[Ipomyckanue Toka yepes dMEKTPOIUT MPUBOAUT K TOMY, YTO HOHBI B pACTBOPE HAUMHAIOT
nepemeniaThCs. [10J0KUTEIIbHBIE MOHBI, KAaTHOHBI, JBHXKYTCS K OTPHUIATEIIBHOMY JJIEKTPOIY —
karoxy. OTpuliaTenbHbIE UOHBI, AHHOHBI, TBUKYTCS K TMOJOKUTEIBHO 3apsDKEHHOMY SJIEKTPOAY —
aHoJy.

lg K

(9.5)



Ha xarone uaér nmpouecc BOCCTaHOBJIEHUS, T.€. MPOLECC NPUCOEAUHEHHS JIEKTPOHOB. B
HauboJiee MPOCTOM CclIydyae KaTHOHBI BOCCTAHABIMBAIOTCS IO CXEME:

L -
A" +e A
Ha AaHOIC I/I,I[éT npouecc OKI/ICJ’IGHI/ISI, T.C. npouecc oTaauyun BJICKTpOHOB HNOHaAMMU. B
MPOCTEHILIEM CITydae 3TOT MPOIECC BBIPAXKAIOT CIAETYIOIIUM 00pa30M:

B -e<—B.
bnarogapsi paboTe HCTOUHMKA TOKA 3JIEKTPOHBI, OTJaHHbIE HOHAMH Ha aHOJe, NepeaatoTcs
Ha Katoj. B pe3ynbraTe aHo BCE Bpemst 00eqHIETCS IIEKTPOHAMH, a KaToJl 000TramaeTcs.
Ha pucynke 10.1 npeacrapiieHa cxema 3JIeKTpoIn3€Epa.

_ :‘TG)”_ _

Pucynox 9.1 Cxema snexmponuzépa
PacriaB xsopuaa HaTpus coiepxkuT katuona Hatpus Na* u ammonsr Cl. Ilpu
MPOITYCKaHUH Yepe3 3TOT PACIUIAB JICKTPUUYECKOTO TOKA K KaTOy HAINIPABJISIFOTCS HOHBI HATPHSI, a K
aHOJy — XJIOPUJ - UOHBI.
VY xaToma uAET MpoIecc BOCCTAHOBJICHUSI B COOTBETCTBHHU C YPAaBHEHUEM:

2Cl~ — 2e <> Cl,

+ 0
Na' +e < Na” .
YV a”oza UAET MpoLecC OKUCIECHUS IO YPABHEHUIO:
BCCB l'[pOI_leCC 3J‘IeKTp0J‘II/I3a pacrmaBa NaCI MOXET 6LITB 3aIlIMCaH B BUJC CXCMBbI:

‘Nat L a 0
K:Na" +e<«< Na
A:2ClIT -2e < Cls.

TakuMm oOpa3om, IpH IEKTPOJIM3E pacIulaBa XJIOpHia HATpUs Ha KaTOJ€ BhIJIENsIeTCs
HaTpHUH, Ha AaHOJE — XJIOP.

Wtak, npu 31€KTpoJIM3€e pacIljlaBOB 3JIEKTPOJIUTOB HA KaTOJE Pa3psKaroTCs KaTUOHBI, a Ha
aHOJIe aHHMOHBI, 00pa3yIOIINE IIEKTPOIIHUT.

BoaHbie pacTBOPBI 3MEKTPOJIUTOB ITOMUMO MOHOB, Ha KOTOPBIE PACMANAETCA SJIEKTPOJINT,

COACPIKAT MOJICKYJIbI BOJHI, CIIOCOOHBIC MNPUHUMATh Y4aCTUC B KATOJAHBIX U aHOAHBIX MTpOoLECCax.
Ha KaToa€ BO3MOIKCH IMPOLECC BOCCTAHOBIICHHA MOJICKYJI BOABI IO YPABHCHUIO!:

2H,0 +2e <> Hy +20H ~

Ha anozae Bo3mMokeH MponeCcC OKUCICHUA BOIbI, KOTOpBIﬁ IMMPOTEKACT IO CXEMC!

2H,0—4e <> 4HT +0,.



Kakwue nporieccbl OyayT MPOUCXOIUTH Ha AJIEKTPOJIaX — 3aBUCUT OT BETUIMHBI HOPMATbHBIX
OKHUCJIUTEIbHO-BOCCTAHOBUTENIBHBIX MTOTEHIIMATIOB TOTO HJIM HHOTO IIpOLiecca.

HNonbl metayioB ¢ BecbMa Mayiod  anreOpanyeckod BEITWYMHON CTaHAapTHOTO
ANIEKTPOTHOrO MOTeHIMana, ot Li g0 Al BKIIOYNTETHHO, HMEIOT YPE3BbIYAWHO MAJIOe CPOJCTBO K
3JIEKTPOHAM, YCTyINast B 3TOM OTHOLIEHHH noHam H' (cm. Tabm. 9.1). TTosToMy IpH 3IIEKTpOJH3e
BOJHBIX PaCTBOPOB YKa3aHHBIX METAJUIOB HA KaTOJE MPOUCXOIUT BOCCTAHOBIICHHUE BOJBI 110 CXEME,
IIPUBEJICHHOM paHee.

Kartnonsl MeTauioB C MOJOXKUTEIBHBIMU 3HAUYEHUSIMHU CTAHJAPTHOTO 3JIEKTPOJHOTO
norenrmana (Cu, Ag, Hg, Au u dp.) uMeroT Oolblee CPOACTBO K DJIEKTPOHAM, YeM HOHBI H (cM.
tabiu. 11.1). B urore, Ha KaTo/1e BOCCTaHABIUBAIOTCSA HOHBI METAJIIOB 10 CXEME:

Me"™ + ne” «<>Me’.

KaTnoHsl MeTa/LI0B, 3aHUMAIOIIKE B Py HaNpsuKeHUH cpennee monokenue (Zn, Fe, Cd, Ni
U JIp.), BOCCTaHABJIMBAIOTCS HAa KAaTOJ/I€ OAHOBPEMEHHO C BOCCTAHOBJIECHUEM KaTHOHOB BOJOPO/A.

Wrak, npu omnpezeneHnu MPOAYKTOB 3JEKTPOJIU3a BOJHBIX PACTBOPOB AJEKTPOJIUTOB,
HaJ0 PYKOBOJICTBOBATHCS BHINMICYKA3aHHBIMH COOOPaKCHUSMHU, OCHOBAaHHBIMH Ha aHAIIU3E psjia
HaNPsHKEHUM.

Ha xarome merue Bcero paspskaloTCs TakKU€ KaTHOHBI, KOTOpbIE HWMEIT Oolee
TIOJIOKUTENBHEII AIEKTPOAHBIH MoTeHnuan. Hanpumep, eciu IeKTPOIUT coaepkuT HoHbl CU?™

°Cu °Zn
Zn’*, to ¢ ¢ = +0,34 B P = 0,76 B
, paBHUBAs 3HAYCHUS Cu2+ , u 7n 2+ ,76 B, MoxHO

clenaTh 3aKIIOYeHHe, 4To Jierde OyAayT paspsokatbes MoHbl CU?Y, Tak Kak HMX 97MEKTPOHBI
MMOTEHIIMaI OONbIIIE.

Ha aHome serye mOPOMCXOAUT  TOT  IPOIECC, HOPMAIbHBIH  OKHCIHUTEIIBHO-
BOCCTAHOBUTEIIbHBIN IMMOTCHIIMAJI KOTOPOTO MeHbIe. Hampumep, U3 ABYX BO3MOXKHBIX aHOJHBIX
IIPOLIECCOB B PACTBOPE CEPHOM KUCIIOTHI:

2507 — 26 <> S,08 7, p° =+2,01

)51

2H,0 —4e < 4H" +0,,¢0° =+1,23

ClelyeT OTHaTh NPEANOYTEHHUE BTOPOMY, T.K. €MY COOTBETCTBYET MEHBILIEE 3HAYCHHE
MOTEHIIMaJa.

Cpenu aHHOHOB HaWOOJbIIEH COCOOHOCTBIO K OKHMCIEHHIO Ha aHOJe 00JalaloT aHHWOHBI
6eckuciopoanbix kuciot (CI, Br, I', S¥). B pe3ynbrare 1MeKTpOIH3a PacTBOPOB, COAEPIKAIINX ITH
MOHBI, Ha aHOJIE BBIJEISAIOTCS CBOOOAHbIE IaJIOTEHBI HITU Cepa.

BoccTraHoBneHne MeTalsioB U3 pacTBOPOB UX COJIEH MIET TOJIBKO B TEX CIIydasiX, KOraa
JaHHBIM MeTayl MMeeT OOJNbIIUI JIEKTPOJHBIN MOTEHIMAJ, YeM Yy alIOMUHU, T.e. Ha Karoje
BBIJIETISIIOTCS T€ METAJUIbI, KOTOPBIE CTOST B PAY HaIlPsDKEHUS [TpaBee aTlOMUHHUS.
Hanpumep, anextpoins pactsopa ZnClz moiaér no cxeme:

K :Zn?* +2e < zn°
A:2ClI~ —2e <> Cl,.

HpI/I QJICKTPOJIN3C PaCTBOPOB coleit MCTAJIJIOB, PACIIOJIOKCHHBIX B pAAY HAIPSAXKCHUSA OO
AJIIOMHHUA BKIIFOYUTEIIBHO, HA KaTOAC IMMPOUCXOANT BOCCTAHOBJICHUC BOJBI IO YPABHCHUIO!:

2H,0+2e <> Hy T+20H .

Onexkrponus pactBopa NaCl MmoxxHO n300pa3uTh ciiemyromeil cxeMon:

K:2H,0+2e <> H, T+20H "~



A:2ClI" —2e < Cly,
B xarogHOM IpoCTpaHcTBe B pacTBope ocTaroTcs noHbl Na™ u OH (mwenous NaOH).
— _ 3—

Kucnopoaconepxamiye aHuoHbl ( NO3 ,SO4 ) PO4 U Jp.) HUMEIT OOJbIIHi
OKHUCJIUTEIbHO-BOCCTAHOBUTENIbHBIN TOTEHIMAN, Y€M IOTEHI[MAN MpoLecca OKHUCICHHUS BOJBI,
MOSTOMY TIPH DJIEKTPOJIM3E PACTBOPOB COJICH, COJEPIKALIMX ITH AHUOHBI, HA AHOJE OKHCISIETCS
BOJA.

OnHako ecTh W HWCKIIOYCHHS, HANPUMEp, MNPH OJICKTPOJIHM3E IIETOYHBIX PACTBOPOB
THIIOXJIOPUTOB U XJIOpAaTOB Ha mHepTHOM aHojae okucistorcs anuoHbl ClIO™ u ClOs™ mo ClO3 u
ClO4™ cooTBETCTBEHHO.

Hanpuwmep, npu snexrponuse pactsopa KoSO4 mpoTekaroT clieqyonne Iporeccehl:

K:2H,0+2e <> H, +20H"
A:2H,0-4e <> 0, +4H"

Ha karonme oOpasyercss BOIOpOJ, Ha aHOAE KHUCIOpold. B karogHom npocTpaHcTBe
HaKanjauBaroTcsi MOoHbl OH, B aHOJHOM — HOHBI T'MAPOKCOHHA, NO3TOMY OKpacka JakKMyca B
KAaTOJHOM IPOCTPaHCTBE OYAET CUHEH, a B aHOJIHOM — KPaCHOM.

[ITupokoe HpUMEHEHHE HMEET SJEKTPOJIU3 C pacmeopumvlmu anodamu. B KkadecTBe
TaKOBBIX IPUMEHSIOT MeJb, CepeOpo, 30JI0TO, HUKENb U JIpyrue Metauibl. IIpouecc anexkrponusa
OpU 3TOM 3aKJIIOYaeTCsl B OKHUCIEHMM MeTalyla-aHoJa [0 KaTHMOHa M B IIOCIEAYIOIEM €ro
BOCCT@HOBJICHHH BHOBb J]O METAJUIMYECKOIO COCTOSIHUS HA KaTOJE.

Cxema aniektponusa BoaHoro pacrsopa CuSO4 ¢ MeTHBIM aHOOM:

A:Cu’ —2e & Cu*

K:Cu® +2e < Cu’.
CooTtHomieHre Mexay Maccod (MM 0o0beMOM) BEIIECTBA BBIJECIMBIIUXCS Ha 3JIEKTPOJaxX
IIPU IEKTPOJIN3E M KOJMYECTBOM 3aTPAdyeHHOIO JJIEKTpUYECTBA ompeaenseT 3akoH Papapnes:
KOJIUYeCmeo Geujecmed, Gbl0enuguiecocss NPU 1eKmpoause, npsamo npONnOPYUOHATbHO KOIUYECEY
aJleKmpuuecmeda, npomedmeeo uyepes IJIeKmpoaum 3a epems t

m(X
n(iX),MOJlb—SKe: (1 ) =96|t00,
Zy M( X) S
ZX
1
Trac m()() — MaccCa DJBJICKTPOXUMHYCCKU IIPCBPAIICHHOI'O BCIICCTBA, 2, M (_ X) —
ZX

MOJIIpHAsT Macca SKBUBAJICHTA OMPEIEIIIEMOTO BEIECTBA, &/MOb,

Z — YKCJIO JIEKTPOHOB, YYAaCTBYIOIIUX B OKMCIIEHUU WUJIM BOCCTAHOBJIIEHUU OJHOTO MOHA; t —
BpEMS AJIEKTPOIIN3A, C.

Wnu s ra3oB:

V. (2 X))t
Z
V(X)= - :
96500
rne V(X) — o0beM 3JICKTPOXUMHYECKH BBIJICJICHHOTO Trasa, on®; Vm (i X)—

[x
3KBI/IB2U'ICHTHBIﬁ 06’BCM Z—)HGKTpOXI/IMI/IquKI/I BBIACJICHHOI'O I'a3a, ajl/l3.



[Ipu snexTponm3e BOMHBIX PACTBOPOB COJIEH METAUIOB, 3aHMUMAIOIIUX IMPOMEKYTOUHOE
MOJIOKEHHE B PsAY HANPSDKCHWH, HApsTy C BBIICIICHHEM MeTalla Ha KaToJe HMJIET BbIICICHHE
Bojopoza. IIpu 3ToM Macca BBIIENUBIIErocs METaJIa HE SKBUBAJIEHTHA KOJIMYECTBY MPOILIEIIIETO
4yepe3 pacTBOP AIEKTPUIECTBA, YACTh KOTOPOTO PacXOyeTcsl Ha BBIACICHNE BOAOPOIa.

Onekmponus ¢ HanodceHueM GHewHne20 Hanpsad)ceHuss — TOK OT BHEIIHEr0 HCTOYHHKA
IPOXOJHUT Yepe3 HICKTPOIMTHYECKYIO SYEHKY C HcciemayeMbIM pacTBopoM. [lpm stom obmiee
HanpspbkeHnne U CKiIajgpiBaeTCsl U3 MOTEHIMANA pasioxeHus E, = Egn — Ext, EPEHANPSHKCHUN HA
anozie 1] an, xatone 1) ki u morennmana Ur = IR, He00X0aMMOT0 1St TIPEOI0ICHUS CONPOTHBIICHHS

anexkTpoiuta R:
U= (Eam~+ 1] an)—Exi—H k) + Ur.

[lonnepkuBasi  ompejelieHHOE 3HAaUY€HHWE MOTEHLMajda KaToJa, MOXHO IPOBOAMTH
MOCJIE/IOBATEILHOE BBIJCJICHHE METAUIOB M3 MCCIEAYEMOT0 pacTBOpa WM OTICICHHE OT
MEMIAIIIUX TpUMece (3JeKTPOIU3 MPU KOHTPOIUPYEMOM MOTEHITHATIE).

[Iporiecc 251eKTPOIN3a CIYKUT MPEXKIE BCErO sl MPOMBIIIICHHOTO MOJYyUYeHUs ATFOMUHUS,
MeIHM, MHOTHUX INEJIOYHBIX M IIEJIOYHO3EMENbHBIX M JPYIHMX METAJJIOB; IS aHAJTUTHYECKOTO
omnpenenenus: MmetauioB — Cu, Pb, Zn u muorux np. Kpome TOro, ¢ moMoIipio 3JIeKTpoIn3a MOXKET
ObITh TPOBENECHO AHAIWTUYECKOE pa3lielieHHe psAga MeTaluioB B M3 HMX cMecedl. Hampumep,
AJIEKTPOJIM30M BEAYT OINpPECICHIE MEU, CBUHIIA, OJIOBA U IIUHKA B JIATYHU METOJIOM Pa3eIbHOTO
ANEKTPOOCAXKACHUS TPU KOHTPOIUPYEMOM TMOTEeHUHande. MeToJ BHYTPEHHEro 3JIeKTPOJn3a
WCIIONIB3YETCS ISl aHAIMTHUECKUX OMPENeTICHUN OUYeHb MaJIbIX KOJMYECTB METAJUIOB B pacTBOpax,
KOTOpBIE HE MOTYT OBITh OMPEeNIEHbl IPYTUMHU METOIaMHU.

KOPPO3UA METAJIJIOB
TEOPETUYECKHME OCHOBbBI

Kopposueu memannos uasvieaemcsi npoyecc paspywieHusi Memaiid, NPOUCXo0Awuti noo
Oelicmsuem OKpydcarowel cpedvl. B pe3ynbrare 3TOro Impoiecca MeTal NepexXoauT U3
CBOOOJTHOTO COCTOSIHHSI B XMMHUYECKHU CBSI3aHHOE.

Tak, pacTBOpeHHE ’Kee3a B COJSHOM KHCIOTE WA PrKaBICHHUE >KEJNE3HBbIX H3JeNui Ha
BO3JIyX€ SIBJISIIOTCS MPOIECCAMU Pa3pyIIECHUS TOTO METaslia, T.€. MPOIECCOM KOPPO3HH.

[lo MexaHu3My TMpOTEKaHUs MpoLecca KOppo3us [JIEIUTCS Ha XUMHYECKYI0 U
AIEKTPOXUMHUUECKYIO.

XuMHuueckasi KOppo3usi He COIMPOBOXKIAETCS MOSBIEHUEM 3JIEKTPUUECKOr0 TOKA, TaK KaK B
ATOM CJIy4ae HET MPOCTPAHCTBEHHOTO Pa3ACIICHUsI MPOIECCOB BOCCTAHOBJICHUS U OKUCIICHHUS.

XuMuyeckasi KOppo3us TpOTeKaeT Kak oOObIUHAs XUMHUYECKas peakius, Harpumep,
B3aUMO/ICHCTBUE KeJie3a C KUCIOPOJAOM IPHU BBHICOKOH TeMIeparype:

4Fe + 302 L)ZFEzOg,

DIEKTPOXUMHUYECKas KOPPO3HUsl HAOIIOJAETCS MPU COMPUKOCHOBEHWH METAJUIOB C BOJOH,
pacTBOpaMH 3JIEKTPOIUTOB, aTMOC(HEPHBIM BO3TYXOM.

Ocnognoe omaudue 21eKmpoOXUMU4ecKol KOPpO3UU om XUMUYECKOU COCMOUm 8 mom, 4mo
obwas peakyus 83auMoOelUcmeus Memaild ¢ OKUCIUmenem modxcem Oblmb pazoeieHa Ha 08d
camocmosamenvHulx npoyecca: 1) npoyecc oOKucnenuss uiu aHoOHwulU npoyecc, 2) npoyecc
80CCMAHOBNIEHUS UNU KAMOOHDBIU.

[Tpu >7IEKTPOXUMHUYECKOW KOPPO3MM MPOIECC OKHUCIEHUS U MPOILECC BOCCTAHOBJICHUS
IIPOTEKAIOT Ha PA3JINYHBIX Y4acTKaX MeTajljla — aHOJJTHOM U KaTOAHOM COOTBETCTBEHHO. [Ipouecchl,
MMPOUCXOAAIINE IIPpU 3J'I€KTpOXI/IMI/IIIeCKOI\/'I KOppO3WH, aHAJIOTMYHBI IponeccamM, IMPOTCKAOIUM B
raJlbBAaHUYECKUX dJieMeHTaX. [lpoleccel 3IEKTPOXMMHYECKONH KOPPO3HH  CONPOBOKIAIOTCS
MepeMeeHUEeM JIEKTPOHOB C aHOAHBIX YYaCTKOB Ha KaTOJIHBIE, T.€. AJIEKTPOXUMHUECKas KOPPO3Us
COIIPOBOXAAETCS MOSIBJICHUEM B METAIIJIE DJIEKTPUUECKOT O TOKA.

AHOIHBIN TMpolecc NpU AIIEKTPOXUMUYECKOM KOPpO3UM — 3TO MEpexo] MeTaia W3
CBOOOJTHOTO COCTOSIHUE B HOHHOE:



0 & n+
Me" —ne <> Me
Hanpumep, npu 31€KTpOXMMHUYECKON KOPPO3HH KEJI€3a MPOUCXOIUT CIACAYIOIINN aHOIHBIN
rpotecc:

Fe¥ —2e > Fe?*

KaTO,HHBIﬁ Hpouecc COCTOUT B BOCCTAHOBJICHUH OKHCHHTeHeﬁ, T.€. B HpI/ICOCHI/IHeHI/II/I
3IICKTPOHOB K MOJICKYJIaM MJIA HOHAM U3 OKPYXKAIOIICH CPe/IbL.

I/ITaK, 3HeKTpOXI/IMI/I‘IeCKaH KOppO3I/I${ MCETAJIJIOB — 9TO pe:«;yanaT I[eﬁCTBHH
MI/IKpOI‘aJIBBaHI/I‘-IeCKI/IX 3JIEMCHTOB, O6pa3YIOU_II/IXCSI Ha HOBerHOCTI/I MmcecTallia. B p}I):[e Cﬂy“IaCB
o6pa30BaHHe TaKNUX raanaHonap O6YCJ'IOBJ'ICHO HaJIM4UEM B METaJIJIaX HpI/IMeceﬁ NI KOHTAKTOM
JIBYX Pa3HOPOJHBIX METAJIJIOB.

Tak, pu pacTBOPEHHH B Pa30aBIICHHOW CEPHOW KHCJIOTE ITMHKA, COACPIKAIIEro MPHUMECH
Kelesa, MPOUCXOAT CIEAYIONIUE TMPOIECChl: IUHK C MPUMECHIO XKelle3a, MOMEIIEHHBI B PACTBOP
CepHOﬁ KHCJIOTHI, HpeﬂCTaBHﬂeT CO6OI>1 raHBBaHI/IquKHﬁ DJICMCHT

(-)Zn|H,SO,|Fe(+).

AHOIOM B 3TOM TajIbBAHUYECKOM DJIEMEHTE SBJIAETCSA OOJiee aKTUBHBIM MeTayul IIMHK. Ha
aHo/JIe MPOUCXOAUT CIIEIYIOIINIA MPOLIECC:

0 A 2+
n" —2e < 7Zn°"
DOnexTpoHbl OT aHoja (LMHKA) HaIpaBJIAIOTCS K Karoay (Kenesy), Te MPOUCXOIUT
IPOLIECC BOCCTAHOBJICHUS TIOJIOKHUTEIBLHO 3apsHKEHHBIX HOHOB H™ U3 pacTBOpa CepHOM KUCIIOTHI:

2H" +2e <> H,.

OnbIT TMOKA3bIBAaCT, YTO CKOPOCTH TPOIECCa PACTBOPECHHS IMHKA, MpH paboTe TaKoro
raJbBaHHYECKOTO 3JEMEHTa, Tropa3fo OOJbIlle, YeM CKOPOCTh pEaKIMU HEMOCPEACTBEHHOIO
B3aHMOII€I>'ICTBI/I$I OUHKAa C KHUCIIOTOH.

OcoOblif MHTEpeC MPEACTABISAET ANEKTPOXUMUYECKAsT KOPPO3Usi B HEUTPaNbHOU cpesie, Tak
KaK 3TOT Ciiy4ail HamOojee OJM30K K aTMOC(PEpPHON KOPPO3UU. DJIEKTPOJIUTOM B TaKOM CIIydae
SBIIETCS BOJAA ¢ pacTBOPEHHBIMU B Hel razamu (CO2, O, 3auactyto — SOz, HUTPO3HBIMHU Ta3aMH
NxOy u ap. ).

PacTBOpEHHBIN B BOJIe KUCIOPO, a TAaKXKE KUCIOPOA BO3yXa MOTYT MIPUHUMATh y4acTHE B
KaTOJTHOM TIPOIIECCE, TP ATOM IPOUCXOUT BOCCTAHOBIICHHE KHCIOPO/Ia COTJIACHO YPaBHEHUIO:

O, +2H,0 + 4e <> 40H ~

PacTtBopeHre B BOj€ YIJEKHCIOro raza MPUBOJUT K OOPAa30BAHMUIO YTrOJIbHOW KHCIIOTHI,
KOTOpast IPH AUCCOIMALINY JAAET HEGOIBIIOE KOJUYECTBO HOHOB [

CO, + H,0 <> H,COy <22 , H,0" + HCO; «122,

_+_ —
«H20 .0t +co?.
[Tpu 5TOM Ha KaTtojie MOXKET IIPOUCXOIUTH BOCCTAHOBJICHHE KaTHOHOB H:

2H" +2e <> H,.

Yacto KaTroAHbI IIpoOLIECC SBJIAETCS CMEIIAHHBIM, T.€. Ha KaroAe HIET IIpoLece
BOCCTAHOBJIEHUSI KHCIIOPOJa M MPOIECC BOCCTAHOBJIEHHS MOHOB HY, mpuuéMm mnocnemanuii, kak
[IPaBUJIO, UMEET NNOJYMHEHHOE 3HAaUCHUE.

BemecTtBa, ycmnIMBamOmIyl0 — KOPPO3HMIO,  HAs3bIBalOTCA  akmueamopamu.  CHIBHO
JEUCTBYIOLUM aKTUBATOPOM SBJIIETCS MOH Xjopa. [IoaToMy mpoueccsl KOppo3ud B MOPCKOU BOJE
UIyT ropas3ao NUHTEHCUBHEH, YeM B IIPECHOM.

Bemiectsa, 3ameisionue NpoLece pa3pymeHust MeTaJlJIoB, Ha3bIBAIOTCS UHSUOUMOPAMU.



Jlis 3amuTel METa/IOB OT KOPPO3MM YacTO HUCHOJIB3YIOT pa3jIMyHble MOKPHITUS, B TOM
quclie MeTaJuTnueckue. B 3ToM ciydae MeTa/ionoOKpPhITHE JOIKHO OBITh YCTOMUMBBIM K KOPPO3HH.

Hapymenue 1eI0CTHOCTM METAJUIMUECKOTO IOKPBITUS MOXKET IpHUBECTH JHOO K
COXPAaHEHHIO OCHOBHOI'O METailjia, JIM0O K YCHJICHHOH KOPpPO3UHU. DTO 3aBUCHUT OT CPAaBHUTEIHHON
aKTUBHOCTH 3alllMIIAEMOI0 U 3alllUTHOIO METaJIa.

Mertannnueckoe MOKpbITHE U3 O0jiee aKTUBHOIO METalljia, MPU HAPYLIEHUH LEIOCTHOCTU
€ro cJ0s, BBICTYIIAET B POJIM aHOZA B 00pa30BaBLIEMCs TaJIbBAHMYECKOM HIIEMEHTE.

OcHoBHOM MeTall1 B mporecce pabOThl TakOro rajabBaHMYECKOro 3JIeMEHTa He Oyner
paspymatsces. [lokpeiTue u3 Hanbosee aKTUBHOTO METaJlIa Ha3bIBAETCS aHOTHBIM.

Korna nokpbITHe clienaHo U3 MeHee akTUBHOTO METajlia, TO HapyIIeHHE LEeI0CTHOCTH 3TOTO
MOKPBITUSL TPUBEAET K OOPa30BaHUIO TallbBAaHUYECKOTO 3JIEMEHTA, aHOJOM B KOTOpOM Oyzer
SBIIATHCA 3alllMIIAEMbIIl MeTayul, a KaTOJOM — TOKpbITHE. Takue MOKpPBITHUS HAa3bIBAIOTCA
KaTOJIHBIMU. B 3TOM citydae OCHOBHOI MeTaul OyJeT pa3pymaTbCs.

KaronHoe mokpeiTHE SIBISETCS MEHEE BBITOAHBIM, TaK KaK I[P HApyLIEHUH €ro
LIEJIOCTHOCTH OCHOBHOM METalll pa3pyIiaercs.

B ciydae aHOAHOrO TOKPBITHS OCHOBHOW METAI MPU TOBPEXKICHUU TMOKPBITHUS HE
paspyuiaercs. B aToMm ero npeumyIiectso.

Bonpocsl n 3axanns

[Tpumep 1 CrangapTHbIe SIEKTPOAHBIE TOTEHIIUANBI JJI LIMHKA U cBUHIIA paBHBI — 0,76 B u
— 0,13 B cooTBETCTBEHHO. Y Kakoro H3 3JIEKTPOJOB, IIMHKOBOTO WJIM y CBHHIIOBOI'O, BBIIIE
IJIOTHOCTD JIBOMHOTO AJIEKTPUYECKOTO CIIOS, €CIIU 00a AJIEKTPO/1a TOMECTUTH B BOAY?

Pemienue

Y UMHKOBOTO AJIEKTPO/Ia BEIMYMHA CTAHIAPTHOTO SJIEKTPOAHOrO MOTEHIMAIa MEHbIIIE, YeM
y CBHUHIIOBOTO, YTO CBSI3aHHO C OOJIbIIEH CIIOCOOHOCTBIO HMOHOB ITMHKA THIPATHPOBATHCS
MOJIEKYJIaMH BOJIbI U TIEPEXOJIUTH U3 TBEPIOI MOBEPXHOCTH B pacTBOp. B nrore, y 1iuHKa co3maercs
B TPHUAJIEKTPOJHOM CJIo€ 0OJiee MOIIHBIA JABOMHOM SJEKTPUUYECKUN CIIOM, YEM Yy TMOBEPXHOCTU
CBHHIIOBOTO JIEKTPOA.

[Mpumep 2 XKene3Hast U HUKeNIEBas TUIACTHHKH, ITOTPYKEHHBIE B PACTBOP COJISTHON KHUCIIOTHI
¢ xonnentpanueii C(HCI) = 1 mMons/mm®, pacTBopsIoTCS ¢ BBIIEIeHHEM Boopoaa. Kaxoit mporecc
HAYMHAETCS, €CIIH IIACTUHKU COSTUHUTH ITPOBOJTHUKOM?

Pemenue
2.1 Jlo coequHeHUs TPOBOIHUKOM H KEJIE€30, M HUKEIb OKUCIIIIUCH noHamu HY:
a) 1|Fe® — 2~ & Fe?*; ¢°(Fe?*/Fe®) = — 0,44 B;
12H" + 2e” < Hot ¢°(2H*/H2) = 0,00 B;
YIC1 = g*(2H*IHz) — °(Fe?* IFe®) = 0,00 — (— 0,44) = 0,44 B;
6) 1INi® — 2 > NiZ*; oO(NiZ*/Ni%) =~ 0,25 B:
12H* + 2~ o Hat ¢®(2H*IHz) = 0,00 B:

DJIC> = ¢°(2H*IH2) — p°(Ni?*/Ni% = 0,00 — (- 0,25) = 0,25 B.

Tak xak 3C1 > 3/]C2, To Ha *KeNne3HOW TUIACTUHKE BBIACIEHUE BoIOpoAa Oymer Oonee
HMHTEHCUBHBIM, UEM Ha HUKEIECBOM.

2.2 Tlocne coeaMHEHUs IUIACTHHOK — OOpa3yercsi rajJlbBaHUYECKUH HJIEMEHT, B KOTOPOM
OyAyT NpOTEeKaTh PEaKIINU:

anom: 1|Fe® - 2e” « Fe?*; ¢°(Fe?*/Fe®) = — 0,44 B;

katox: 1|/(Ni%) 2H* + 26~ < Hp1.

[ToTok >7IEKTPOHOB C >KEJNE3HOH IMIacTUHKU (aHona) OyJeT NMepexoauTh Ha HUKEJIEBYIO
(xaToay) o nmpoBoHUKY. [IOBEpXHOCTh HUKEIEBON IIIACTUHKH, HAXOSCh B KOHTAKTE C paCTBOPOM
cozepKaiuM H', TiepeaaeT dJIEKTPOHBI OTHM KaTHOHAM, YTO MPUBOJUT K 0OPa30BAHHIO MOJIEKYIT
BOJOpPOJA.

[Tpumep 3 Tok cunoii /0 A poXOAUT Yepe3 AIEKTPOIU3Ep C MIIATUHOBBIMU 3JIEKTPOIaMH, B
KoTopoM HaxomuTcs 500 cM® pacTBopa THAPOKCHA HATPHS ¢ MaccoBoit noneit w(NaOH) = 4,5 %



(p = 1,05 2/cv®). Hanumure HojiHyo cxeMmy 3iekTponmsa BopHoro pactsopa NaOH. Ckombko
4acoB MOTpeOyeTCsl BECTH JIEKTPOIH3, UToObl MaccoBas nous pactBopa NaOH nocturna 10 %?

Pemenue
3.1 Beruuciaum maccy BOJIbI B HCXOJHOM PacTBOPE:
PIV1
my(H,0)==—==-(100-@) =
1(H20) 100 ( 1)

~1,05-500
100
3.2 Haiizem maccy KOHEUHOT'O pacTBOpa:
_ a)lplvl _ 4,5 . 1,05 -500

Mppa2 = — 236,25
PPz, 10

- (100 — 4,5) =501,375cn°.

3.3 Onpenenum Maccy BOJABI, MOABEPTIICHCS AIEKTPOIIH3Y:
Am(H 20) = mp-pal - mp-pa2 =pV1 - mp-pa2 =
=1,05-500 — 236,25 =288, 75r.
3.4 Bpewms mipoiiecca 3JeKTpoIn3a COCTaBUT:
. Am(H-,0) F _ 288,75 96500

1 | 1
M(=H->O 18. —
(2 20) 5

=309604,2¢c =86,0u.

3.5 Peakuuu, mpoTeKaronme Ha 3JIeKTpoJIax:
K :2H,0+2e <> HS +20H ™
A:40H™ —4e <>2H,0+0,,

[Ipumep 4 DnexTponau3Ep COAECPKHUT PacTBOp HUTpaATa CBUHIA (+2), aHOJ — CBHHIIOBBIM.
IIponomxurensHocTh 3ekTponusa 2 4 40 mun 50 ¢, cuiia Toka 54. Berunciaure T€OpEeTHUECKYIO
yObUIb B Macce CBHUHIIOBOTO aHoja. Hamuiurte ypaBHEHMsI peakuUuid, NPOUCXOASAIIMX Ha
JIEKTPOAAX.

Pemenue
4.1 BapuaHT ¢ pacTBOPMMBIM aHOOM. MeTasmnueckuii ceunen — anon (p°(Pb**/Ph%) = —

A o+
0,126 B) serue oTmaeT SIEKTPOHBI, YEM MOJIEKYJIbI BOJIbI (2H20 —4e 02 +4H ,

(@]
@ —11238B)

YPaBHeHI/Iﬂ peaKHHﬁ, MPOUCXOAAIINHNX Ha 3JICKTpOHAaX:

K : Pb% + 2e < Pb°
A:Pb® —2e <> Pb%t

4.2 Teopernueckasi yObUTH MacChl CBHHIIA COCTABHT:

Am(Pb) = IFT M (% Pb) = 59650 547 1 _ 51,75T.

96500 2
[Tpumep 5 Paccunraitte Benmunnbl /C u AGox,p_ JUTA TIPOIIECCOB KOPPO3HH, MPOTEKAIOIINX
10 YPABHEHHUSIM:

Me(x) +H2050)+02¢) —Me(OH)ngw),
rne Me — Fe, Ag. Kakoii U3 mpHUBEICHHBIX METAUIOB OYJET MOABEPraThCsi KOPPO3UU BO
BJIAJKHOM BO311yXe?
OTBeT

4.1 YcnoBus mpoTeKaHus IPAMOH PEeakIiy TPy CTaHAapTHEIX yeosusax: IJC = Ap%, >0
wm AGY,, <0.



4.2 3anuieM ypaBHEHHs STHX Mporieccos U Beruncium mis aux DJC u AGY
a) 1| Fe®—2e o Fe?*; p°(Fe**/Fe®) =— 0,44 B;
anoo
1| 2H20 +0; + 4~ «— 40H"; ¢°(2H20 +02/ 40OH) = +0,40 B;
Kamoo
DNCL =Ag% 1 = ok — pa =+ 0,4 — (-0,44) = +0,84 B;
AGC 1= -NAY°,F =—2:0,84:96,5 = — 162,12 x/]oic/mons
Fe(x) +H2050+02:) —Fe(OH)24.
Bb1600: caMOIIpOM3BOJIbHAS KOPPO3HS JKeJle3a BO BIAKHOM BO3JyXe INPH CTaHIAPTHBIX
YCIIOBUSX BO3MOYKHA.
6) Tak kak p°(Ag*/Ag®) = + 0,80 B > ¢°(2H20 +02/ 40H") = +0,40 B, To cepebpo Oymer
SBIIATHCSA aHOJIOM, TOTJa
Co = Ap° 2 = ok — pa =+ 0,40 — 0,80 = — 0,40 B;
AG% ,2=-nA@%,F =—2:(=0,40)-96,5 = + 77,20 x/loc/monw
AQ(x) +1/2H209+1/405) — xAg(OH)2 .
Bw1600: Tak Kak /[C2 = A%, <0,aAG’ > >0, To caMONpOM3BONIbEHAS KOPPO3HS
cepeOpa BO BIKHOM BO3/1yX€ MPH CTAaHIAPTHBIX YCIOBHUIX HEBO3MOXKHA.

ba30BbIi1 ypoBeHB

1 B ranbpBaHNYECKOM 3JIEMEHTE MPOXOIUT PEAKIINS:

Pb? + Cu®* = Pb?* +CuC.
CocraBuTh CXeMy 3JI€MEHTa, BEIUUCIUTH cTaHAapTHYIO DJIC 1 KOHCTaHTy paBHOBECHSI.
2 O]J1C ranpBaHMYECKOTO 3JIEMEHTa, B KOTOPOM MPOTEKAET PeaKius

2Ag* + Zn® = Zn?** + 2Ag°

paBHa 1,56 B (298 K). Paccuuraiite AG 1 KOHCTaHTY paBHOBECHS 3TON PEaKIIHH.

3 CrangapTHbIC 3JIEKTPOIHBIC TOTESHITMAIIBI IS Jkeje3a u kaamust paBabl — 0,44 B u — 0,40
B cooTBercTBEHHO. Y KakKoro u3 3JIEKTPOJOB, JKEJIE3HOTO WU KaIMHEBOBOIO, BBIIIE IUIOTHOCTh
JBOMHOTIO AJIEKTPUYECKOTO €05, €CJIi 00a 3JIEKTPOo/ia IOMECTUTH B BOAY?

4 CtaHIapTHBIN 2JIEKTPOHBIN MOTEHIIMAN cepedpa paBeH

Ag* +e > Ag® o =08B.

KakoB Oyzmer moTeHmman 1 Kr MeTalUIMUecKoro cepedpa, OMymieHHOro B pacTBOp HUTpaTa
cepebpa ¢ C(AgNO3) = 1 moms/am>?

5 U3o06pa3zute cxemy pabOThI TaIbBAHUYECKOTO JIEMEHTA, COCTABIIEHHOTO U3 HUKENEBOU U
cepeOpsHON IIJIACTHH, OIMYIIEHHBIX B PACTBOPHI MX HHUTPATOB. YKaXKHTE KATOM M aHOA B ITOM
ralbBaHUYECKOM dJieMeHTe. Kakas XxumMudeckasi peakius JIeKUT B OCHOBE 3TOTO TaJIbBAHHMYECKOTO
anemenTa? Beraucnure n3aMeHeHnH noreHnuana [ mo6ca 1 KOHCTaHTY PaBHOBECHS STOW PEAKIIHH.

6 CocraBbTe CXe€My raJlbBAHUYECKOTO JIEMEHTA, OJHUM U3 3JIEKTPOAOB KOTOPOTO SIBIISETCS
KaJMHEBas TUIACTUHA, MOTPYKEHHAs! B pacTBOp cyib(paTa KaaMus, a IpyruM — MeIHas IUIacTHHa,
OIyIICHHAs B PacTBOp cyibdaTa Meu.

HanwmuTe >neKTpOHHBIE YpaBHEHHUS MPOIECCOB, MPOUCXOAIIMX Ha DJIEKTPOAax NpHU
pabote rremMeHTa. YKaKuTe Karoa U aHoja. CocTaBbTe CXEMY 3JIEMEHTA.

7 Yemy paBHa DJIC n AG raqpBaHHYECKOTO AJIEMEHTA

(~)Zn|ZnSO4|NiSO4|Ni(+),

ecnm KoHIeHTpanus noHoB Zn* u Ni?* pasnsI (B mons/amY): 1) 1,00; 2) 0,1; 3) 0,001?
8 Beruuciute DJIC raapBaHMYECKOrO dJIEMEHTA

(—)Fe[FeCl,|SnCl,|Sn(+),

ecm C(Fe?) = 0,1 monv/om®, a C(SN>) = 0,01 monv/om®.
9 CocraBbTe CXeMbl JBYX TaJbBaHUYECKUX O3JIEMEHTOB, B OJHOM M3 KOTOPHIX CBUHEIL
ABIISETCA KAaTOAOM, a B JIpyroM — aHofoM. COCTaBbTe SJIEKTPOHHBIE YPaBHEHHUS IIPOLIECCOB,



MNPOUCXOAAIINX Ha JJICKTPOAAX I3THUX 3JICMCHTOB. Breraucnure JIIsL KaX(HOﬁ pPCakKlMn KOHCTAHTY
CKOpPOCTH.

10 OxucnIuTEILHO-BOCCTAHOBUTEILHAS pcakuud, IMPOTCKAIas B TaJIbBAHUYCCKOM
DJICMCHTC, OIIMCBhIBACTCS cXeMoM

(-)Pt| Fe**, Fe**|MnOZ , Mn®* H™ | Pt(+).

VYka3arb karoa u aHoll. Kakyro posib UrparoT MIaTUHOBBIE 31eKTpoasl? Hanmummre nomHoe
ypaBHEHHE TOU peakiuu. Beraucnure nis He€ AG U cTaHIapTHYIO KOHCTAHTY CKOPOCTH.

11 DnekTponHBIM MOTEHLIMAA MAapraHleBOrO 3JIEKTPOJa, IMOMEIIEHHOTO B PacTBOP COJIHU
Maprasia (+2), cocrasisieT — 1,1 B. BiunciauTs KOHIIEHTpaAILMIO HOHOB MapraHiia B pacTBOPE.

12 B0o3MOKHO J1M pacTBOPEHUE HUKEJS U BbIIEJICHHE XpPOMa IMPHU MOTPYKEHUH HUKEIEBON
IJITACTUHKH B pacTBOP cojiu Xxpoma (+3)?

Bo3M0kHO 11 pacTBOpEHUE XPOMa U BbIJIEJICHHE METANIMYECKOT0 HUKEIIS MIPH MOTPYKEHUN
XPOMOBOI1 IITACTUHKHU B pacTBOp comu NiZ*?

OTtBeT MOTUBHpYNTE.

13 TampBaHMYECKWI DJIEMEHT COCTOMT M3 CTAHIAPTHOTO BOJOPOIHOTO JIJIEKTPOAa U
BOJOPOJTHOTO 3JIEKTPOa, MOMEIIEHHOT0 B pacTBOp ykcycHoW kuciotel ¢ C(CH3COOH) = 0,01
monv/om®. DJIC snementa cocrasnser 0,200B. Berunciute pH pacTBOpa, KOHCTAaHTY M CTEIEHb
poToNn3a (Auccorualm) ykcycHoit kucnotel. Otet: pH = 3,39;

K.~ 1,710 o= 4,08-107% (4,08 %).

14 TanpbBaHMYECKHI DJIEMEHT COCTOUT W3 CTAHJIAPTHOTO BOJOPOJHOTO 3JEKTpoaa |
BOJIOPOJIHOTO SIEKTPO/Ia, MOMEMEHHOTO B pacTBop Xiopuaa ammonus C(NHaCl) = 0,01 mons/on®.
O/1C snemenra cocrasisier 0,366 B. Boruucnure pH pactBopa, KOHCTaHTY U CTENEHb MPOTOIN3A
(runpommsa) NH4Cl. Otset: pH = 6,20; Ky = 5,56 107%%; aup = 6,26-107° (6,26-107° %).

15 Ilpu xakux KOHUEHTpauusax xjopuaa uuHka (+2) 3/C KOHIEHTPAIMOHHOTO AJIEMEHTa
paBua 0,1 B? Hamumure ypaBHEHHS 3JIEKTPOIHBIX pEAKIUN. YKAKUTE OKUCIUTEIb |
BOCCTAaHOBUTEb.

16 VYkaxuTe MPOIAYKTHI 3JEKTpoju3a BOAHBIX pacTBopoB: H2SOs, NaxSO4, HCI, NaCl,
CaCly, CoSOa.

17 AnroMUHUIT B MPOMBIIIICHHOCTH MOJIYYarOT 3JIEKTpon3oM paciutaBa cmecu Al2O3(= 12
% mo Mmacce) u Nas[AlFes] (= 88 % mo macce). DaekTpoasl — rpadutoBsie. [IpuBeuTe MOTHYIO
cXeMy aJIeKTposin3a. JIjis 4ero mpuMeHsIoT KoMIuieKcHyro coib Nas[AlFe]?

18 TIpombIlUIeHHOE TPOU3BOICTBO HATPHSI BEAYT JeKTpoi3oM paciuiaBieHHoro NaCl u
NaOH. Hanummre ypaBHEHUS peaKIHii, TPOUCXOSAIINX Ha dJEKTPOIax.

19 Kakume mporecchl MPOMCXOIAT HA AJIEKTPOAAaX NPU DIIEKTPOJIHM3E PacTBOpa XJIOpHUAA
Hukens (+2), ecnu o0a 3nekTpoaa — HukeneBble? Kak n3MeHUTCs Macca aHo/1a OCie MPOIyCKaHUs
ToKa cwioit 3,2 A B reuenne 30 muu? OtseT: 1,76 2.

20 CocraBbTe YpaBHEHHUS CAMOIPOM3BOJIBHO MPOTEKAIOIINX PEaKIMi PH KOPPO3UH B BOJIE,
HaXOJSAIIMXCS B KOHTAKTE IJIACTHH: a) IIMHKA U 0JI0Ba; 0)ene3a U LuHKa. [ 1e CKopocTh MpolieccoB
Koppo3uu Bele? OTBeT 06ocHyiiTe pacueramu cranaapTHbix D/J1C u AG.

21 HazoBuTe HECKOJIBKO METAJIOB, KOTOPHIE MOTYT CIY)KHTh aHOIHBIM M KaTOJHBIM
MOKpbITUEM Ui skene3a. (CocTaBbTE DIIEKTPOHHBIE YPAaBHEHUS DJIEKTPOIAHBIX IPOLECCOB,
MPOUCXOSIINX MPHU DIEKTPOXUMHUUECKONH KOpPpo3uu: 1) XpOMHUPOBAHHOTO; 2) HUKEIMPOBAHHOIO
JKeJle3a BO BJIAXKHOM BO3JyX€ M B KUCJOH cpeae. CpaBHUTE CKOPOCTH MPOLIECCOB KOPPO3UU B ITHX
ClIydasx.

22 Yto Ttakoe pxkaBunHa? Hammmmure e€ mpumepnyto ¢opmyny. Eciu rBo3np BOUTH BO
BJIQ)KHOE JIEPEBO, TO P>KAaBUYMHON MOKPHIBAETCS Ta €ro 4acTh, KOTOpas HaXOAUTCS BHYTPU JE€peBa.
YeM 3T0 MOXKHO 00BsicHUTH? Hanuimre ypaBHeHHs: aHOAHOTO M KaToIHOTO TporeccoB. [IpuBeaure
ypaBHEHHUs 00pa30BaHuUsl BTOPUYHBIX NMPOJIYKTOB pa3pyLICHUs jKeje3a.

23 JKenezHble OOYKM MPUMEHSIOT JUIS TPAHCIOPTUPOBKHM KOHLIEHTPUPOBAHHOW CEpPHOM
kucnoThl. OJIHAKO Toce OCBOOOXKIEHUS OT KUCIOThl OOYKU Ype3BBIYAITHO OBICTPO Pa3pyIIatOTCS.



ITouemy? Urto sBiseTcss aHOAOM, 4TO — KatogoMm? Hamummre COOTBETCTBYIOIIME YpaBHEHUS
peakiuii. CocTaBbTe cxeMy 00pa3yroIerocs pu 3TOM I'ajJbBaHUUYECKOIO 3JIEMEHTA.

[ToBbIlIEHHBIN YPOBEHD
1 Tpu kakoii koHIEeHTpanuy HoHOB CU* 51IeKTPOAHEII MOTEHIMAN MEU PaBEeH HYITIO?

2 T'anbpBaHuMueckas 1emnb, coOpaHHas M3 JBYX LMHKOBBIX 3JIEKTPOAOB, OAMH M3 KOTOPBIX
norpyeH B pactBop conu ruuka ¢ C1(Zn?*) = 0,1 mons/mm3, a mpyroii — B pactBop ¢ C2(Zn?*) =
0,01 mons/mm®. CocTaBbTe CXeMy KOHIIEHTPAIOHHOTO 3IeMeHTa 1 paccuuTaiite ero JJIC.

3 Paccumraiite D/IC KOHIEHTPAIIMOHHOTO JJIEMEHTA, COCTOSILIET0 W3 CTAaHAAPTHOTO
BOJIOPOJTHOTO 3JIEKTPOa U BOJAOPOJHOTO IEKTPOIa, HAXOSIIET0Cs B YUCTON BOJIE.

4 TloTeHIMad METAUIMYECKOTO MapraHiia 1Mo OTHOIIEHUIO K CTaHIAPTHOMY BOJIOPOIHOMY
sekTpoay B pactBopax MnClz ¢ kornenTpanmsamu (B Monb/am) 0,001; 0,01 1 0,1 cooTBETCTBEHHO
cocraBun (B B): — 1,277; — 1,248 u —1,219. Beruncnute CTaHAAPTHBIA 3JICKTPOAHBINA MMOTCHIIHAI
Mapraia.

5 Paccunraiite O/IC KOHIEHTPALIMOHHOTO 3JIEMEHTA, COCTOSIIET0 U3 JIBYX BOJOPOJHBIX
ANEKTPOIOB, MOrPYKEeHHBIX B pacTBOphl ¢ pH 2 u 4. CocTraBbTe CXeMY 3TOTO 3JIEMEHTa. Y KaKUTe
KaToJ U aHO[I.

6 BbIUHCIMTH MOTEHIMAT CBHHIIOBOTO 3JIEKTPOJa B HAcChIleHHOM pactBope PbBr2, ecmu
xonnentpanus C(Br) = I monw/om>, a nponssenenne pacreopumoctu [IP(PbBr2) = 9,1-107°,

7 Onpenenute, MOXKHO JIM MOJTYYUTh Ta3000pa3HbIi GTOP AJIEKTPOIU30M BOJHOTO PacTBOpa
bTopuna HaTpUS, €CIIH:

2H,0—4e<>0, +4H" @° 1135

o
Fo+2e o 2F, P =+2878;
o
2H* (6 Ho0) + 26~ <> Ho, P =-0,41 B.

OOcynuTe aHAIOTMYHBIN BOTIPOC C YYaCTHEM IPYTHX IajJOreHOB.

8 3auem K pacTBOPY COJISIHOM KHUCIIOTHI, TIPH MOJYYSHUH BOJOPO/a JCUCTBHEM €€ Ha IIUHK, B
KUCIIOTY J00aBISIFOT HEMHOTO MeIHOro Kymopoca? Jlaiite 0ObsICHEHHUSI C MPUBEACHUEM PEaKIIHid,
MPOUCXOIIMX TP 3TOM mporeccoB. Moxuo s BMecto CuSOs B3sate npyrue comu: AgGNOs,
NiSO4, FeS04?

9 Kaxk Bimmsier pH cpensl Ha CKOpOCTh aTMOC(EpHO KOppo3uu skene3a u muHka? [louemy?
CocraBbTe ypaBHEHHUS aHOTHOTO M KaTOJAHOTO MPOILIECCOB aTMOC(HEPHOI KOPPO3HUHU ITHX METAILIOB.

CnHcok JIMTepaTyphbl, peKOMEHAYEMBbIH K HCI0JIb30BAHUIO 110 TaHHOH Teme

OcHoBHas quTepaTypa:
1 Koposun, H. B. O6mas xumus : yuebnuk / H. B. Koposun. - 13-e u3a., nepepad. u gom. - M. :
Axanemus, 2011. - 496 c. : ui. - (bakanaspuar). - Pek. MOuH P®. - IIpui.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2 Muxanuna, E. C. XuMus okpykarolieid cpejibl : XUMUsl )HUBbIX opranu3moB. Kypc neknuii / E. C.
Muxanuna, A. JI. I[lereaun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN 978-5-
87623-457-5. —Tekcr : aneKTpoHHbIH // DnekTpoHHo-0ubaroTeunas cucrema IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum mocTyma: ajist aBTOPH3HP.
M0JIb30BaTENEH
JonoaHuTeNBHAS JINTEPATYpa:
1 'nmuuka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tox pen. A. U. Epmakoga. - M3a. 30-e, ucnp. - M. :
Wnterpan [pecc, 2003. - 728c. - bubnuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-017-1

2 XvMus METaJuIoB : yuyeOHoe mocobue (JUIs CTYIGHTOB XUMHUYECKOTO ()aKyJbTeTa HarpaBlIeHUH



OaxanaBpoB «XUMUS» U «XHUMHUUECKas TeXHOJIOTUs») / coctaButenu O. A. ['onoBanoBa. — OMCK :
Owmckuii rocyaapcTBeHHbIH yHuBepeuTeT M. ©.M. Jloctoesckoro, 2015. — 552 ¢c. — ISBN 978-5-
7779-1875-8. — TeKcT : aMeKTpOHHBIH // DaeKTpoHHO-0nbmoTeuHas cucrema IPR BOOKS :

[caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum mocTyma: ajist aBTOpH3HP.
MOJIb30BaTENEN

HNuTepHeT-pecypcebl:
1 http://window.edu.ru/ — emuHOE OKHO AOCTYIA K 00pa30BaATEIBHBIM PEeCypcaM
2 http://biblioclub.ru/ — 3BC «YHuBepcuTeTCKass OMOIHOTEKA OHITANH.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTAIOT aCCOMUAIMH dJICKTPOHHBIX OHOMMOTEK yUeOHBIX
3aBeneHuit u opranmzanuii CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTKpEITOE 0Opa3OBaHIe



https://openedu.ru/
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