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Beenenune

JucuunnuHa «XuMUs» OTHOCUTCS K JUcCHMIUIMHE 0a30Boi yactu. OHa HampaBiieHa Ha
dbopMupoBaHHEe  OOMIEKYJIBTYPHBIX, MPOGECCHOHATBHBIX W 00menpodeccuoHaTbHBIX
KOMITETEHIIMI 00y4aromuxcst B poriecce BeIMOIHEeHus padboTt, onpeaeneHubix @I'OC BO.
Metoauueckue yka3zaHusi COCTaBJICHbl Ha COBPEMEHHOM HAay4yHOM YPOBHE M pacCUMTaHbl Ha
CTyAeHToB, o HanpasieHuto 09.03.02 MupopmannoHHbIE CUCTEMBI U TEXHOJIOTUN

[TocnenoBaTenbHOCTD JIAOOPATOPHBIX PAOOT COOTBETCTBYET JIOTMYECKOH CTPYKType ee
npoxoxaenus. Ilpennmaraemple MeTOAMYECKHE YyKa3aHUS COJEp)KaT MaTepuan, KOTOPHIi
PEKOMEHAYETCS NCIIOIB30BATh CTYACHTAM IIPH OCYIIECTBICHUH JIAOOPATOPHBIX PadoT.



Tema 1. OcHOBHBIC MOHATHSA M 3AKOHbI XUMHH.

.JIaﬁopaTopHaﬂ paGOTa 1. OcHOBHBIE KJIaCChI HEOPraHNvIeCKUX BEIIECTB

Lens paGotei: M3ydeHHe OCHOBHBIX KJIACCOB HEOPraHMYECKUX COCAMHEHUH UM HX
XUMHYECKHX CBOMCTB.

PopMupyeMbIe KOMIIETCHIIUU WUIU UX YaCTH:

TeopeTuyeckas 4acTb
Oxcuabl

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

Taxoe onpeneneHue OKCHAOB MO IEMEHTAPHOMY COCTaBY HE SIBJISIETCS] 3aKOHUYEHHBIM M TpeOyeT
YTOYHEHHS: K OKCHJAM CIIEIyeT OTHECTH TOJBKO TaKHE KHUCIOPOIHBIE COCTUHEHUS, B KOTOPBIX CTCIEHb
OKHCIICHHSI KUCIIOPO/ia paBHa — 2.

OKcubl MOTYT 00pa30BBIBATH KaK METAJLIBI, TAK M HEMETAJLHI.

J1s TOro 9TOOBI COCTABUTh XUMUYECKYIO0 (hOpMYITy JIFOOOTO OKCHIa, HEOOXOUMO TIOMHHUTB, YTO
MOJICKYJIbl XUMHUYECKUX COCAMHEHHM AIEKTPOHEUTPATbHBL. OJTO O3HA4aeT, 4YTO CyMMa CTEleHeH
OKHCIICHHUSI JIEMEHTOB, BXOJSIIIUX B COCTaB MOJIEKYJIbI, JOJDKHA OBITh PaBHA HYIIIO.

Hamnpumep:

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

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

Homenknarypa u rpaduyeckue Gopmynsl okcHaoB. Ha3BaHHE OKCHAA CKIAIBIBACTCS U3 JBYX
cnoB: 1) okcum;, 2) pycckoe Ha3BaHUE 3JIEMEHTa C YKa3aHUEM B KPYIJBIX CKOOKax €ro CTeleHU
OKHCIICHHSI.

IMpumeuanue. Eciu seMEHT UMEET B CBOMX COCJMHEHHSX TOJBKO OJHY CTETICHb OKUCIICHHS, TO
e€ 0OBIYHO HE MPHUBOJIAT:

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

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

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

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

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

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

2. Ha3BaHus OKCHJOB MO MEXKAYHApPOJHON HOMEHKJIATYpE CKIAJbIBACTCS W3 CJIOBA OKCHI,
Ha3BaHMS DJIEMEHTA C YKa3aHUEM €0 CTENICHN OKUCIICHUs (apaOCKuMU U(ppaMu B KPYTIIBIX CKOOKaX):

CuO — okcun meau (+2);

Cu.0O — okcnpg meau (+1);

FeO — okcup xenesa (+2);

Fe,Os — okcup xenesa (+3).

3. B 3aBUCHMOCTH OT CTENCHH OKHCIICHHUS IMITUpUYECKUe H rpadudeckue GopMynbl OKCHIOB
UMEIOT BUJI:

2,0 9-0-9

50 5=0

2,0, 0=D-0-2=0
0
|

20, ﬁ
9,



0 0

I I
2,0, ﬁ—O—ﬁ
9, 9,

0 0

I I
3,0, 0=ﬁ_0_ﬁ=0
0 0

50, 0=2=0

Knaccudukamms oxcumoB. Bce okcuapl (0 WX CBOWCTBAM) MOXHO pa3feluTh Ha
coNe00pas3yroIe U HecoIeoopasyromme.

K neconeobpasyromum otaocsarcs okcuasl: N2O, NO, CO.

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

—  OCHOBHBIE;

—  KHCJIOTHBIE;

—  aMm{QOIUTHEIE.

OcHoBHble Okcuapl. K OCHOBHBIM OKCHAAM OTHOCSTCSI OKCHIbI, THMAPAThl KOTOPBIX SIBIISIFOTCS
OCHOBAHUAMU.

Hanpuwmep:

Na;O — NaOH;

CaO0 — Ca(OH);;

FeO — Fe(OH)..

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

Na2O + H,O = 2NaOH;

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

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

6. XapaxkTepHbIM CBOHMCTBOM OCHOBHBIX OKCHOB SIBJISIETCSI B3aUMOJACHUCTBHE UX C KHCIOTaMHU
WM KUCJIOTHBIMHU OKCHJIAMH C 00pa30BaHUEM COJICH:

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

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

7. OcHOBHBIE OKCHBI 00Pa3yIOTCs TOJBKO METaIAMH.

Kucnorasie OKCHbI. K xucimoTHeIM OKCHUJaM OTHOCATCA OKCHUIbI, KOTOPBIM COOTBECTCTBYIOT
KUCJIIOTBI:

CO;, > HzCOs;

SO3 —> HzSO4;

P205 e d H3PO4.

8. KucioTHbIE OKCHIBI 00pa3yroT:

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

0) OKCHBI HEKOTOPBHIX META/UIOB MOOOYHBIX MOATPYIII, UMEIOIINUX BBICHIYIO (PABHYIO HOMEpPY
TpyIIIbl) Wik OJM3KYO K Hel cTeneHb okucienus — CrOs, V20s, Mn,O7, MnOs, MoOs u 1.1.

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

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



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

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

1) N.Os + H,O — (HzNzOe) — 2HNOs3;

2) SOs;+ HyO — H,SOy;

3) CrOs + H,O — HyCrOy;

4) Cl,07 + H,0 — (H2Cl208) — 2HCIOy;

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

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

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

12. Ux ruapataeie QopMbl — aM(OIUTHBIE THAPOKCUABI — OOJIAJAlOT CBOWCTBAMH Kak
OCHOBAHUM, TaK U KUCJIOT, T.€. OHM BCTYMAIOT B PEAKIMU B3aUMOACHCTBHSA C KUCIOTAMU 1 LIEJI0YaMU.

13. AMdonuTHBIE OKCHIBI HEPACTBOPUMBI B BOJIE.

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

Zn0 + H2SO4 = Zn04 +H20;

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

15. AMmdomuTHBIE OKCHABI TakXke OOpa3ylOT CONHM TPH B3aUMOICHCTBUM C OCHOBAHHSIMH H
OCHOBHBIMH OKCHJIAMHU:

CIITIaBJICHHUEC

Zn0O + Na,O ——— > NaZn0y;

CIIIaBJICHHUEC

ZnO + 2NaOH ——— > Na2Zn0: + H20;

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

16. Naz[Zn(OH).] — komIuiekcHas coiib. B cocTaB KOMITIIEKCHOM COJIH BXOISIT:

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

2) ruapokcwibHble rpynnsl OH;

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

Uwucno THAPOKCUIIBHBIX TPYyMIl (JIMTaHJO0B), KOTOPOE MOXKET yJepKMBATh LIEHTPAIbHBIN aTOM —
KOMIUTEKCOOOpa3oBaTenb (MeTaul aM(pOIUTHOTO OKCHAA), ONPEeseTcs] KOOPIAUHAIMOHHBIM YHCIIOM,
NPUCYIIMM JIaHHOMY METalTy.

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

18. Paccmortpum mpuMmep cocTaBieHHS (OPMyNbl KOMIDIEKCHOH COJIM, TOJyYaloumlehcst H3
TUIPOKCH/IA [IMHKA M IIEN0uM. KOMIUIEKCHBIH MOH CONEPKUT KOMIUIEKCOOOpasoBarenb Zn>* u 4eThipe
noHa ruapokcuia. CyMMapHBI 3apsi/] KOMILTIEKCHOTO MOHA PaBeH —2, a cOCTaB ero MOXKHO M300pa3uTh
dopmymoit [Zn(OH)s]*. DTOT KOMIUIEKCHBIH MOH SIBJISIETCS aHMOHOM. 3apsijl KOMILUIEKCHOTO aHHOHA
HEWUTpaIM3yeTCsl KATHOHOM, BXOJISIIIMM B COCTaB MIEIOUH (IPOTHBOMOHOM). Ecim 3T0 071HO3apsIHbII HOH
(K* mwmm Na'), To cocraB KOMIUIEKCHOW COJHM MOXKHO 3alMcaTh (OPMYIaMHU: K2[Zn(OH)4],
Naz[Zn(OH)a].

19. Ha3BaHus KOMIUIEKCHBIX COJIeH (AHHOHHOTO THIIA):

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

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

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

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

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

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

Kucaorsi

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

Kucnorsl MOXHO paccMarpuBaTh Kak MPOLYKT B3aUMOACWUCTBHS KHCIOTHBIX OKCHJIOB
(aHrHIPUIOB) C BOJOM:

SO3 + H,0 = H,SOy4;

CO, + H,O = H,COs.



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

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

HCI, HNO3, HF — onHOOCHOBHEIE KHCIIOTHL,

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

H3PO., H3AsO4 — TpEXOCHOBHBIC KHUCIIOTHI.

HaszBanus kucnior:

HCI — xnopoBonopoaHas (cossiHas);

H2S — cepoBomopoaHast;

HF — ¢ ropoBomopomnas (TuraBukoBas);

HNOs — a3oTHas;

H>SO4 — cepHas;

H>COs — yronbHas;

H3PO4 — oprodochopnast.

Kucnotsl B3auMoAeHCTBYIOT C:

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

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

N3o0paxast rpaduuecKu KUCTIOTY, CIIEAyeT UCXOIUTh U3 TOTO, YTO OHA COCTOMT U3 IIEHTPATEHOTO

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

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

H-0O/ 0 O-H

Ecau MOJICKYJIa KUCJIOThI COACPKUT JIBa HCHTPAJIbBHBIX aTOMa, TO IIpH HEYETHOM YHCIIC aTOMOB

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

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

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

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

LiOH — ruapokcua nutus;

Ca(OH), — ruapoKcHI KaabIus;

Fe(OH), — runpoxcuy xenesa (+2);

Fe(OH)s — runpokcun xenesa (+3).

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

aucconuranuu, ornpeacsA€T €ro KMCJIOTHOCTE!:

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

OH



H-O- Fe -O-H

OcHOBaHHS B3aUMOJCHCTBYIOT:

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

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

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

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

Zn(OH), + H,SO4 = ZnSO4 + 2H0;

CIIIaBJICHUEC

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

pactBop

Zn(OH); + 2NaOH ————— > Nay[Zn(OH)4];

CIINIaBJICHUEC

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

pactBop

AI(OH); + NaOH ———— > Na[AI(OH).].

Kak ykazano Bblie, aMpOJIUTHBIE OKCHABI W THUIPOKCUABI MOTYT peardpoBaTh HE TOJBKO C
pacTBOpaMH IMIenouei, o0pa3ysi KOMIUIEKCHBIC COJIM, HO W C TBEPIBIMH OE3BOIHBIMH MIENIOYaMHU IMyTEM
crutaienus, 0opaszyst NaAlO; — MeTaamoMUHAT HATPHS.

[Ipu pactBOopennu B Bome Oe3BoaHBIX coneit NaxZnO; um NaAlO, oHHM THUApaTHPYIOTCS,
IpeBpaIasch B KPHCTAJUIOTHPATHL:

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

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

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

Naz[Zn(OH);] ——> 2H,0 + Na;ZnO,.

Coau
Coan MOKHO paccMaTpuBaTh KaK MPOAYKTEI ITOJHOI'O0 WKW YaCTUYHOTO 3aMCIICHUSA aTOMOB
BOJIOPOJA B MOJIEKYJIE KHCJIOTHI HA aTOM MeTalia, THOO THAPOKCIIBHBIX TPYII B MOJIEKYJIe OCHOBaHHUSI
Ha KUCJIOTHBIE OCTaTKH. Pa3mudaroT coliu cpeiHne, KUCIble, OCHOBHBIC, IBOMHBIE.
Conu pa3nuyarot:
a) cpeaane — NaxSO4 ,AlCI3 , K3POy;
6) kucibie — NaHSO,4 , KH,PO,4 , KQHPO4;
B) ocaoHble — AIOHCI; , AI(OH).CI,;
r) nBoiinbie — KAI(SO4)s.
CpenHue coy MoTy4aroT:
a) TP B3aUMOJICHICTBHHA OCHOBHOTO OKCHU/Ia C KUCIIOTHBIM OKCHJIOM:
Ca0 + CO2= CaCOg;
0) mpu B3aMMOAEWCTBUN OCHOBAHUSA C KUCIOTHBIM OKCHIIOM:
Ca(OH)z + CO,=CaCO0Os3 + H0;
B) IIPH B3aUMOJICHCTBHHM OCHOBaHWS C KHCIIOTOU (€CIIHM BEIECTBA B3ATHI B 3KBUBAJICHTHBIX
KOJTMIECTBAX):
Ca(OH); + 2HNOs = Ca(NO), + 2H,0;
T') IpY B3aUMOACHCTBUN OCHOBHOT'O OKCHA C KHCIOTOM:
CuO + H,S04 = CuSO4 + H20;
) Tp1 OOMEHHOMN peaKIK MY COJIBIO M KUCIIOTOM, WIIK BBITIAIAET OCATIOK:
Na,CO3 + H,SO4 = Na,SO4 + CO; + H20;
BaCl, + H2SO, = BaSO4! + 2HCI;
€) Tpu B3aWMOJCHCTBMM COJIM CO IIEJNOYbIO, B pe3yibTaTe dero oOpasyercs
MaJIOpaCTBOPUMOE OCHOBAHHE HITH JIETKOJIETY4ee COeIMHEHHUE:
CuSO; + 2NaOH = Na;S0, + Cu(OH)24;
NH,CI + NaOH = NaCl + NHsT + H0.
3AIIOMHMUTE, 4ro comu ¢ HepacTBopuMbiMu ocHOBaHmsIMH HE PEATUPYIOT!



) Tmpu OOMEHHOM B3aMMOJCHCTBHU IBYX COJICH, B pe3ysIbTaTeé KOTOPOTO OOpa3yeTcs
MaJIopacTBOpUMast COJIb:
AgNO; + NaCl = AgCN + NaNOs;
3) IpH B3aWMOJICHCTBUHM METAIUIOB C HEMETaJUIaMH, B Pe3yJibTaTe KOTOPOro 00pasyroTcs
coJi OECKHUCIOPOTHBIX KHCIIOT:
2Al + 31, = 2All..
Kucnbie comu. Kucnple comy MOXKHO paccMaTpUBaTh KakK MPOAYKTHI HEMOJIHOTO 3aMEIICHUSI
BOJIOPOJHBIX HOHOB B MOJIEKYJIE KUCIOTHI HOHAMH MeTajla:
H3PO4 + KOH = KH,PO4 + H,0:;
H3PO4 + 2KOH = K;HPO4 + 2H0;
H3PO4 + 3KOH = K3PO,4 + 3H0.
KH2PO4 — nmurnapodocdat xamusi, kucmublii pochOpHOKUCIIBINA KaNuii OAHO3aMEIEHHBIN;
K2HPO4 — runpodocdar kanus, KUCIbIid POCHOPHOKUCIBIN KaTUil [BY3aMeIEHHBII;
K3PO4 — oprodocdar xamst, HochOpHOKHUCIBINA KaTHH.
Kucneie conu kanpuust ocopHOi KUCIOTH UMEIOT BU:
Ca(H2PO4)2 — murmmpodocdar  Kambis, KHCIbIHA — (POCHOPHOKUCIBIN  KaJbIHid
OJTHO3aMENIEHHBIN,
CaHPO4 — ruapodocdat kambius, KUCIbIH GOCPHOPHOKUCIBIN KA JBY3aMeIIEHHBIH.
OCHOBHBIE COJIM — MPOAYKTHI HEMOJIHOTO 3aMENIeHUs] THIPOKCUIILHBIX HOHOB OCHOBaHHMS Ha
KHCJIOTHBIC OCTaTKU. TakuM 00pa3oM, B MOJIEKYJie OCHOBHOW COJTM KPOME HOHOB METAlIa ¥ KUCIOTHOTO
OCTaTKa COJIEPKATCS M MOHBI THAPOKCHUIIA:
Al(OH)3 + HNOs = Al(OH)2NOs + H20;
AIl(OH)3z + 2HNO3 = AIOH(NO3), + 2H0;
A|(OH)3 + 3HNO; = Al(N03)3 + 3H,0.
Al(OH)2NO; — HuTpar AUrHIpOKCH T ATFIOMUHHS,
AIOH(NO3), — HUTpaT THAPOKCH]] ATFOMUHUS;
AI(NO3); — HUTpAT aTFOMUHHS.
3Hast 3apsil HOHA BXOJSIIETO B COCTaB OCHOBHOM COJIM, a TAKKe 3apsi/i KUCIOTHOTO OCTaTKa,
HETPYJHO COCTaBUTH (POPMYITYy OCHOBHOMN COJIH:
CocraBiieHHE YpaBHEHHS PEAKIIMH MONTYyUEHHS BCEX MBICIMMBIX COJICH TIPU B3aUMOICHCTBUU
THIPOKCH/IA ATIOMHHUS M CEPHOW KHCIOTHI (HEOOXOJMMO IMOMHHUTh, YTO HE BCE COJU CIOCOOHBI
CyIIIeCTBOBATH):

CrOH(NO3)2 AI(HSO4)
MgOHCI

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

4 \

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

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

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

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

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

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

Cepnas xucnora — asa: SOs> , HSO4

®dochopnas kucnora — tpu: POs> , H,PO4, HPO,>
[TosTOMY € THAPOKCHUAOM HATPHS 3TH KUCIOTHI 00pa3yIoT COJIU:

Al(OH)3 > AIOHSO,

-0 H-0 H-0
\ \ \
-0-P=0 H-O-P=O0 -0-P=0
/ / /
-0 -0 -0
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NaClOg4 NaxSO4 NaHSO4

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

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

Cu(NO3)2 " CuOHNO:s3

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

Peaknuu B3auMHOTO TpeBpallieHus: coneld. Panee ObUTM pacCMOTPEHBI COJIM KaK MPOIYKTHI
B3aUMOJICHCTBUS KUCIIOTH M ocHOBaHMSA. [Ipu HemocTaTke KUCIOTHI 00pa3yroTCs OCHOBHBIE COJH, T.€. HE
BCE€ THUAPOKCHIIBHBIE HOHBI MOTYT 3aMECTHTBCS Ha KHUCJIOTHBIE OCTaTKH. A IpPHU HENOCTAaTKE OCHOBAaHUS
MOTYT TOJy4aTbcs KHUcibple conmu. OTCIoa CTaHOBWTCS TOHSATHBIM METOJ TI€PEBOJa OJHOM CONU B
ApYTYIo.

s mepeBosa OCHOBHOW COJIM B HOPMaJIbHYIO (CPEAHIOI) HIIM KHCIYI0 HEO00XOANMO
JN00aBUTh KHCIIOTY, a TPH IEpPEeBOjIe KHCIOH CONM B CPEJHIOI0 WM OCHOBHYIO CIielyeT J00aBHTh
ocHoBanue. [lpu 3ToM ynOOHO WCHONB30BATH OJHOMMEHHBIE OCHOBaHHS M KHCJIOTBI, YTOOBI He
3arpoOMOXKJaTh YpaBHEHUE PEaKLUU JPYTUMH COJISIMH:

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

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

R S - - N 7= AN - Vad

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

1)

(CaOH):POs”"

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

Caz(POa)2

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

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

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

CoNoaRrWNE

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

3IIEKTPOOOOPYIOBAHNH, HIEKTPOIPOBOIKE, IPABIIEHO O0OPYI0BAaHHOM BBHITSHKHOM LIKady.

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

3. PabGouee mecTo conepkaTh B IOPSJIKE U YUCTOTE.

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

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

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

7. OcraTKu coeqUHEHU cepedpa cauBaTh B 0COObIC CKIISTHKH.
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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 JUIIO HaJl HATPEBACMOM JKUIKOCTHIO WM 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 pacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT U IIEI0YCH B BEITSDKHOM IIKaQy.

12. BrbuiuBaTh pa30aBIcHHBIC KUCIOTHI U MEIOYHBIC PACTBOPHI CIIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOOBaTh XUMUYECKUE BEIIECTBA HA BKYC.

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

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

16. Kareropuiecku 3arpemniacTcs OCTaBIATh pa0OTarOIIMe TPUOOPHI 03 HAOIIOICHUSI.

17. B xumu4eckoit tabopaToprui He0OX0aUMO paboTaTh B XajaTe.

3amanua

OmpiT 1. Bo3bpMHuTE 0KEUKOH 04€Hb HEOOIBILIOE KOJMUECTBO OKCUAA KaJIbIIMs, IOMECTUTE €r0 B
npoOupKy u no6aBbTe 3 cM® Bozibl. Ecn okeua kanbius CaO pacTBOpUIICS HE MOJTHOCTBIO, 3TO 03HAYAET,
yTo B3iT M30bITOK CaO. Hammmure ypaBHeHue peakumu. J[o0aBpTe B MpoOHMpKy, rae obOpa3oBaiics
TUAPOKCHUI Kajblms, 1-2 kammum wHauKatopa (eHondranenna. B kakoil mBeT OKpacwics pacTBOp B
npobupke? Kakas cpena pacteopa?

OmnpiT 2. Bo3bMuTE JTOKEUKOH HEOOINBIIOE KOMMYECTBO OKCHIAA MEAW, IMOMECTHTE €ro B
npo6upky. Tyna xe n06aBbTe 2-3 cM® pa30aBIeHHON CEPHOI KMCIOTHI, HATPEHTE TPOOUPKY 0 KUIICHHSI.
B xkakoii mnBer oxpacwics pacteop? CocrtaBbTe ypaBHeHHE peakiuuu. OTQUIBTPYHTE pPacTBOp OT
OCTABILErocs OKCHAAa MEOM M K OXJaxAeHHOMY (uibTpaTy (pacTBopy) mo6aBbTe 2-3 cMm® pacTBopa
mémoun NaOH. Yro mpowmzommo? Hanmmure ypaBHeHHe peakimu. Temepb Harpeite mpooupky. Kax
u3MeHMIICS BeT ocanka? CocTaBbTe ypaBHEHUE PEaKLMU Pa3I0KEeHUS TUAPOKCUAA MEIH.

OmneiT 3. Bo3pmure nBe mpobOupku. [lomecture B HUX HEOONBIIOE KOMMYECTBO (HA KOHUHKE
JIO)KEUKHM) OKCH/IAa IIMHKA WJIM OKCHJIa alloMHHHA. B oaHy mpobupky Haneiite 2-3 ¢m® pazGaBieHHOM
CEpPHOIl KHMCJIOTHI, B APyrylo 2-3 cM® KOHIEHTPUPOBAHHOTO pacTBOpa wmiejaodn. Harpeiite BTOpyro
npobupky. Okcuipl B 00enx MNpPOOHMpKaxX pacTBOPSIIOTCS, YTO TMOATBEPKAACT HMX aM(OIUTHOCTE.
CocTraBbTe ypaBHEHUS PEAKITUH.

Onwir 4. Haneiite B mpo6upky 1,5 cm® pacteopa comu xaamus (xnopuaa CdCl, mmu cymbdara
CdSO.) u Tyna xe mob6asbre 1 cm® pactBopa ménoun. Hanummre ypaBHeHMs peakumii. B mpoGupke
obpazoBaiicsi ocagok. OtmersTe 1BeT ocanka. Coxepkumoe TpPOOUPKH, MpPEABAPUTEIBHO B300JITaB,
paszenurTe Ha 2 yacTu, MEPeIuB OJHY M3 HUX B ApYryio npoOupky. K comepxumomy oqHO# npoOupku
n06aBbTe 2 cM® pa3baBIeHHON CepHOM KUCIOThl. Ocalok pacTBOPUICS. DTO MPOU3OILIO B PE3YIILTATE
peakiuu HeWTpaiau3aluu ocHoBaHWs. Hamumunrte ypaBHeHue peakunu. K comepkuMomy oOgHOU
npobupku 106aBbTe 2 cM® pacTBopa mEnoun. OcasoK He paCTBOPUIICA, T.K. 00JIa1as TOIBKO CBOWCTBAMM
OCHOBAaHUS, CO LIEJI0YaMU HE B3aUMOACHUCTBYET.

Ongpit 5. Haneiite B mpoOupky 2-3 cm® pactsopa conu amomuaus. Jlo6aBbTe 1Mo Karism (10
oOpa3oBanust ocazaka) pasoOaeineHHbli pactBop mienoun (KOH — wminu NaOH). IlosiBuiics ocamok
ruapokcuna amomuHus Al(OH): Oenoro 1mBera. Hanwmmure ypaBHeHue peaknuu. CoaepKumoe
NpoOUpPKH, TpeIBapUTENHHO B300JTaB, pa3ienurte Ha ABe yacTu. K colepXUMOMy OIHOW MPOOHPKHU
no6aebTe 2-3 cm® pasOaBieHHON cepHOM KucnoTel. Ocamok pactBopwics. COCTaBbTE ypaBHEHHE
peakuuu. Bo BTOpyo mpo6upKy 106aBbTe 2-3 cM® KOHIEHTPUPOBaHHOIO pactBopa mmenoun (KOH umm
NaOH). Uto npoun3onuio ¢ 0caikoM rUIpoKcuaa amoMuHusa? Hanumure ypaBHEHUS peaKkiyH.

Onwit 6. Haneiite B mpobupky 2-3 ¢m® pactBopa cyibdara meau. J[06aBbTe HECKOIBKO Karesb
(ue 6onee aByx!) ménoun NaOH 10 o6pa3oBanus cBeTIIO-3e€HOr0 ocajaka ocHoBHOM cost (CuOH)2S0.4.
W30bITOK mIE10UM MpUBEeT K 00pa3oBaHuio ocaaka ruapokcuaa Meau Cu(OH)s.

Onpir 7. Haneiite B npobupky 2-3 cm® pactBopa xnopuaa Gapusi BaCl, m memnoro ceproii
KHCIIOTBI JIO oOpa3oBaHms ocaaka. OTMeTsTe IBET oOpasylomerocs ocamgka. Vcmoetaiite Ha
PacTBOPUMOCTh IOJNYYEHHBIH OCAZOK B KHUCIOTE W IIeioud. J{Ist 3TOro: coiepkumoe HpOOMpKH,
npeaBapUTeIbHO B300NTAB, pazaenuTe Ha aBe npodupku. K cogepskumomMy oiHON npoOupku 100aBbTe 2—
3cm® cepnoii kucnotel ¢ konuentpanueii C(H:SOs) = 2mons/am®, a B apyryro mpodupky — 2-3cm®
pactBopa wwénoun ¢ konuenTpauein C(NaOH) = 2 mons/nm® u norpeiite B IJIaMEHH ra30BON FOPEIKH.
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OTMeThTe, MPOM3O0IILIO JIM PacTBOPEeHHE ocazka cyibdara Oapus. O0bsicHuTe nopeneHue ocaaka BaSOq
npu obpabdoTke ero pacropamu H>SO, m NaOH monb3yschk Tabimnei pacTBOPUMOCTH.
CocTaBbTe ypaBHEHUEC XUMHUECKOHN peakiiuu o0pa3oBaHus Cyibdara Oapusl.

Conep:xanue oT4yeTa
[Tomyyennsie nannble 3adukcupyite B Tadauie 1 mo cienyromei hopme:
Tabmuua 1. Pe3ynprarel SKCiepuMeHTa

Ne /1 | Pearentsl XuUMUYecKasi peakius HaOmronenus

1

aglbwN

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

NS

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

Choucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCI0JIb30BAaHHIO 10 JAHHOI TeMe

OcHoBHasi iMTEepaTypa:
1. Koposun, H. B. O6mras xumus : yaeouuk / H. B. KopoBuH. - 13-¢ u3., nepepab. u gorm. - M.
: Axagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyskaromien cpesl : XUMHsI )KUBBIX opranu3moB. Kypc neximii /
E. C. Muxanuna, A. JI. [Terenmma. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 271€KTPOHHBIN // DnekTpoHHO-01OMMoTeyHas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum goctyna: mst
aBTOPH3UP. MOJIb30BaTeNeH
JlonosiHUTEIbHAS JIUTEPATYypAa:
1. T'nmunka, H. JI. O6mas xumus / H. I'. I'nuska ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XWMHS METaJUIoB : ydeOHOe mocodre (JIIs CTYJACHTOB XHMHUYECKOTO (aKyJIbTeTa
HarpaBieHu# 0akanaBpoB «XUMHUS» U «XUMHUECKasi TeXHOJOTHs») / cocTtaButenu O. A.
I'onoBanoBa. — Omck : Omckuii rocyrapcTBeHHbIN yHuBepceuteT uM. d.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DnekTpoHHO OnbnmmoreyHas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum noctyna: mis
aBTOPU3HUP. MOJIb30BATENEH
HuTepHeT-pecypces:

1 http://window.edu.ru/ — enuHOE OKHO JOCTYIA K 00pa30BaTEIbHBIM pecypcam
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2 http://biblioclub.ru/ — 9BC «YHuuBepcuTeTckas OHOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOHAINN JICKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefieHui U opranusanuii CKOO

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

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

HGHB pa6OTBI: HU3YyUCHHUC XUMHYCCKOM KUHETUKH U paBHOBECHUA, U q)aKTOpOB, BJIMAIOIINUX Ha

CKOPOCTh U CMCUICHHUEC PABHOBCCUA XUMHNYCCKUX peaKum?I.

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

VYpaBHeHMsS] XMMMUYECKHUX peaKluil, XapaKTepu3yss MHOTHE CTOPOHBI IPOLECCOB, HE
BCErJa JaroT MOJIHOE MPEACTABICHUE O CYIIIHOCTH MPOUCXOAIINX MTPEBPAILCHUH.

HekoTtopple XuMHMUYECKHE MpOLIECCHI, HANpUMEp, PEAKLHUH PA3I0KEHHUsSI B3pPbIBUATHIX
BEIIIECTB, 3aKaHUMBAIOTCS B TeUEHME J0Jel ceKyHIbl. OueHb ObICTPO 3aKaHUYMBAIOTCS PEAKLUU
B3aMMOJICHCTBUS KUCIOT, LIeNo4ed U coneid B pacTBope. OpraHMYecKHE € COCIUHEHUS B
OOBIYHBIX YCIOBUSX B OOJBIIMHCTBE CIIy4aeB B3aHMMOACHUCTBYIOT MEXAYy cOO0OH MeIIeHHO.
Takum 00pazom, pa3HbIE pEaKIK COBEPIIAIOTCS B HEPABHBIC MPOMEXYTKH BPEMEHH, T.€. MOTYT
UATU C pa3IMYHOM CKOPOCTHIO. I103TOMY Ha OCHOBAaHMM TOJIBKO YPAaBHEHUH OJTHUX XUMHUYECKUX
peakuuii HeJlb3sl CyAUTh O CKOPOCTH Ipoliecca.

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

Ilenp m 3amaum XMMMYECKONM KMHETUKM — W3BICKAHUE ONTHMAJIBHBIX NapaMeTpoOB AJIs
IPOBEJCHUSI XMMHUYECKOIO CHHTE3a, a HMEHHO: oOecliedeHHe MaKCHMalbHOW CKOpPOCTHU
npoiiecca, HauboJee palMoHaIbHOE UCIIOIb30BAHUE ChIPbs U SHEPIrOPECYPCOB U JP.

VYCTaHOBIEHO, YTO HA CKOPOCTh XMMHUYECKMX PEAKIUIl BIUSAIOT MHOIO (aKTOpPOB —
KOHIIGHTpalusi B3aMMOJICHCTBYIOIIMX BEIIECTB, TeMIlepaTypa Ipolecca, Hamuuue (Wiu
OTCYTCTBHE) KaTajau3aTopa u Jip.

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

Ecin B 3akpeITOM cocyzAe NpU 3aJaHHOM TEMIIEpAType pearupyroT J1Ba BEILECTBA B
ra3000pa3HOM COCTOSTHUH WJIM B PacTBOpE

AC + BD < AD + BC,

TO CKOPOCTH 3TOH PEAKINH OTNpeeNsercs yMeHbIIEHHEM KOHIEHTPAHMH (MOJb/IM°)
BemecTB AC u BD B enunuily BpeMeHu (CEKyHIy, MUHYTY, 4ac). Tak Kak ¢ T€4eHHEM BPEeMEHHU
KOHIEHTpAllUsl Ppearupyroliux BeLIeCTB IMaJaeT, TO 3aBHUCUMOCTb CKOPOCTH peakUuu OT
KOHIIEHTPALlMH MO>KHO BBIPA3UTh CIEAYIOIUM 00pazoM:

v=—(AC/At) (2.1)
raie &2 — CKOpOCTh MPSIMOit PeaKIiluy, AC - MOJIIpHas KOHLEHTpanus, t — Bpems.
I'paduuecku 3Ta 3aBUCUMOCTh H300pa’keHa Ha pucyHke 5.1.
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v =—(AC/AY)

Cif~—---

Cof-----

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

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

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

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

—

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

Koncmanma cxopocmu 3aBUCHT OT TeX ke (AKTOPOB, YTO U CKOPOCTb JAHHOM peakLud,
HO He 3a6Ucum om KOHYEeHmMpayul peaupyouux 6eujecms.

KoHcTaHTa CKOpOCTM XapakTepU3yeT PEaKLUI [UIsl ONPEACICHHBIX YCIOBHUM —
memnepamypa, 0aeieHue, KOIu4ecmso u Kavecmeo kamaniusamopa v T.1. Pa3nuuHble peakuuu
MO>KHO CPaBHUBATb TOJBKO €CJIM OHU IIPOTEKAIOT IIPU CTPOTO OJAMHAKOBBIX YCIOBUSX.

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

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

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

[IpuMepsl IPSMBIX 2JIEMEHTAPHBIX PEAKLIAN:

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

JUis  TakMx peakuuid CTENEeHW B KUHETHUECKUX YPAaBHEHMSIX COBMAJAIOT  CO
CTEXHOMETPUYECKUMHU KO3(h(PUIIMEHTaMHU peareHTOB B YPaBHEHUH pEaKIUu.

Ilokazamenv cmenenu KOHYeHMpayuu peasupyroujeco 6ewjecmed 6 KUHemu4yeckom
ypaenenuu peaxyuu (X, Yy u 0p.) Hazvleaemcs NOPAOKOM peakyuu no oanHomy eeujecmsy. Takx,
Hanpumep, Ui peakuuu (6.1.2) mopsimok mo BemecTBy 4 paBeH X, mo B — Y. [lopsakom xe
peakuuu B 1esoM (N) ABJISETCS cyMMa MOPSAKOB MO KaKIOMY pEareHTy AJis JaHHOW PEaKIuH,
HarpuMmep, s peaknuu (6.1.2): n =X +y.
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Benuunnbl nopsika mo peareHtam (X, Y U JIp.) U MO peaknuu B 1eoM (N) MOTyT OBITh
TO0BIMU  HEOONMbIUMHU TIeibiMH unciaamMu (1, 2 u penko 3), paBHATBCS HYJIIO WU OBITh
npoousiMu uncinamu (1/2, 2/3, 3/4 u np.). Hanpumep, 171t peakiiuy CHHTE3a BOJIBI

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

MOPSIOK PEAKIMU, B 3aBUCMMOCTH OT MapIHMajIbHBIX JaBJICHUH BOJOPOAA U KUCIOPOJa,
uMeet apobHoe 3HadeHue — 1, 0,5 u 0,7 (cM. Tabnumy 5.1).

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

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

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

Heo0XoauMbpIM  yCcJIOBHEM XHWMHYECKOTO B3aMMOJICHCTBHS SIBIISICTCSI CTOJKHOBEHHE
pearupyroIux YaCTHUIl — MOJIEKYJI, aTOMOB, HOHOB U JIp. B MOMEHT CTOJIKHOBEHWUSI 3JICKTPOHHBIC
o0Jaka peareHTOB CMEIIMBAIOTCS, 00pa3ysl IPU 3TOM HOBBIE CBS3H.

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

Peaknum  ObIBatlOT MOHO-, OHM- ¥ TPHUMOJICKYISIPHBIMH. TpUMOJNEKYISpHBIE U
TETPAMOJICKYJSIPHBIE PEAaKIMKA OuYeHb peAKd. W3BECTHBI JHIIb HECKOJIBKO IPHMEPOB
MEHTAMOJIEKYISIPHBIX PEeaKIIHA.

B wacTHOCTH, K MOHOMOJIEKYIISIPHBIM PEAKIUSIM OTHOCST PEAKIIUU PA3JIOKEHUS MOJIEKYJT
U BHYTPUMOJIEKYJISIPHBIX MEPErpyNnupOBOK, HATPUMED, PEAKIIMIO Pa3IoKeHUsI MOJIEKYI Hofa:

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

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

TpumonexymsipHas peakius:

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

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

Tlopsiook peakyuu onpedensiemcsi MOJLEKYIAPHOCIbIO CAMOU MeOeHHOU CMaouu OaHHOU
peaxyuu.

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

peakiuu paBHoMy eaunuie (N =1, U = kp]H2 pg ), peaKiusi — MOHOMOJICKYJISIpHAsST; IPH N =
2

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

peakius — OGUMOJICKYIIIpHasl.
Ipumeuanue. HeoOX0IMMO MOMHUTH, YTO MOJICKYJISPHOCTh PEAKIMH, B OTIHYHE OT €
nopsiaka, Beeraa menoe uucio — 0, 1, 3.

17



3axkon Oeticmgusi Mmacc cnpageonus8 MoOabKO Ol MOHO-, Ou- u pedce 0/
MPUMONEKYISAPHBIX PEAKYUIL.

[Tpu seMeHTapHO#N peakiui B CUCTEME IMPOTEKAET TOJBKO OJUH MPOLECC U YpPaBHEHHE
pPEaKIMKA PACKPBIBACT €r0 MEXaHHW3M. BOJBIIMHCTBO peakluid — CIOXKHBIE M IPEACTABISIOT
co00i1 cyMMapHbIi pe3ybTaT HECKOJIBKUX 3JIEMEHTAPHBIX IIpoueccoB (AByx u Ooiee). [loaTomy
o0111ee CIIOKHBIX YpaBHEHUE PEAKIIMI HE OTPAXKAET X PEalIbHBIA MEXaHU3M.

Jna cnodxcuvix peakyuii 3aKOH OeUCMBUs MACC He NPUNONCUM 6 YElOM, d CHpPABedus
UMD K OMOENbHLIM €€ cmaousam Hebo ol monekyiapHocmu. Hampumep, oliiee ypaBHEHHE
pEaKIMy UMEET BUJIL:

24+ B« C,

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

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

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

KMHETUYECKOE YpPaBHEHHUE 3TOr0 B3aUMOJICHCTBHS OyAeT UMETh BU:
v =K[A][B], a ne v = k[A]J?*[B].

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

BcenenctBue pasnuyHOM CKOPOCTH JBMKEHHSI MOJIEKYJ, OHM OO0JalaloT pPa3IdnyHOU
KMHETH4ecKol sHepruel. Ilpu 3ToM KuHeTHUecKasi 3Heprus npsMo NPONOpIHOHaIbHA CKOPOCTH
JBUKCHHS] MOJICKYJIBL.

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

Jlonoanumenvnyio snepauio, KOmopylo Ha0o cooowums MoNeKyIam Ol nepesooa ux
AKMueHoe COCMOosiHUe, HA3bI8AIOm SHepeueu axkmueayuy. XHUMHYECKas peakius MOXKET
MIPOU30UTH TOJIBKO MPH CTOJIKHOBEHUH aKTUBHBIX MOJIEKYIL.

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

Ponp katanuzatopa, mpuMeHseMOro Juisl MPOTEKaHUs AAHHOTO XMMHUYECKOIo Ipolecca,
3aKJII0YaeTcss B cleylomeM: |) B NOHWKEHUM SHEPruu akTuBauuu; 2) B oOecnedyeHuu
HEOOXOUMOI OpUEHTAIH Pearupyrouux YacTHII.

Bansinne TeMnepaTypbl Ha CKOPOCTh pPeaKI UM

C mNOBBILLIEHWEM TEMIEpPATypbl YBEIMYMBAETCS CKOPOCTh IBUKEHHUS MOJEKYIT M UX
KMHETHYecKasi SHepTrus. AKTUBHOCTh MOJIEKYJI BO3PACTAET, 1 CKOPOCTh PEaKIMU YBEIUUYHUBAETCS.

3aBUCHMOCTh CKOPOCTHM PEaKIUU OT TEeMIEpPaTypbl OINpeAenseTcss MpaBwioM BaHT-
Todpda: mpu yseruuenuu memnepamypor na rasxcovie 10°C cxopocmsv peakyuu eospacmaem
npumepHo 6 2 pasa. JIns HEKOTOPBIX peakIuii CKOPOCTh BO3pacTaeT B 3 — 4 pa3a. DTO 3aBUCUT OT
MIPUPOJIBI pEaruPYIONINX BEIIECTB.

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

obo3navaemcs )/ :

N3meHeHne cKopocTH peakiuu OT TeMIlepaTypbl MOXKET ObITh BBIUKCIEHO MO (popmyrie
Bant-T'odda:

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

TemneparypHslii koapduurent Bant-I'odda.
CkopocTh peakuuH B reTeporeHHbIX cucremMax. Bausinue karaausaropa Ha
CKOPOCTh XHMHUYECKHX peaKui

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

[Tpu roMOreHHOM KaTaju3e B3auMOAEHCTBYIONINE BELIECTBA U KAaTaN3aTOP COCTABISIOT
onHogasHyto cucrteMy. [Ipyu rereporeHHOM KaTajau3e pearupyromlie BEeIecTBAa U KaTalu3aTop
COCTaBIJIIIOT CHUCTEMY W3 HecKoibkux (a3. IIpm rereporeHHOM Karajau3e B TPHCYTCTBUU
HEOOJBIINX KOJMYECTB KAaTalu3aTopa MOTYT IPOpearupoBaTh OTHOCUTEIBHO OOJbIIHNE
KOJINYECTBA B3aWMOJICHCTBYIOMIMX BemlecTB. [Ipy rOMOreHHOM Karain3e CKOPOCTb PEeaKIHu
NPaKTHYECKH POMOPIIMOHATBHA KOJTMYECTBY KaTalu3aTopa.

AKTHBHOCTB KaTaju3aTropa, a MHOT/AA M CIeUU(UIHOCTD UX IEHCTBHSA, B OONBIION Mepe
3aBUCHT OT TeMIIepaTypbl. [ Kakaoro mporecca, CyIecTBYIOT ONpe/IeIeHHbIe KaTau3aTophl,
4acTo MOJI0MPAEMBIE SKCIIEPUMEHTAILHBIM ITyTEM.

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

mA + nB<«>pC + gD. (2.5)

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

B MOMeHT ycTaHOBNIEHMS paBHOBECHUS IpsMasi U oOpaTHas peaklu He MpeKpalarTcs, a
MPOJOKAIOT MPOTEKATh B TPOTUBOIIOJI0KHOM HAIIPABJIEHUN C PABHBIMH CKOPOCTSIMH.
I'paduuecku 310 MOXKET OBITH TakK, Kak MMOKa3aHO Ha pUCYHKe 5.1.

UA

L2

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

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

e
k[A]"[B]" =k[C]’[D]". 28)

Ha ocHoBaHuu 3T0OT0 CHOPMYIUPOBAHO MOJIOKECHHE, HA3BAHHOE 3aKOHOM JICHCTBUS Macc
(BTOpast GOpMYITUPOBKA): 8 MOMEHM PABHOBECUS NPOU3BEOCHUE KOHYESHMPAYULl Oeticm8youux
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MACC UCXOOHBIX eujeCms HA KOHCMAHMY CKOPOCMU NPAMOU peakyuu paeHo NPOU3Ee0eHUIO
KOHYenmpayuti  0eticmeyrowux Macc 00pazyiouuxcs eujecms Ha KOHCMAHMY CKOPOCMU
00pamHoll peakyuu.

N3 ypaBuenus (5.8) cienyeT, 4To

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

KoncranToif xumuyeckoro paBHoBecusi KP Ha3bIBae€TCS OTHOLICHHE MPOU3BEACHUS
PaBHOBECHBIX  KOHIEHTpallMid MPOAYKTOB peakUWd K IPOU3BEACHUIO PABHOBECHBIX
KOHIICHTPALUI NCXOAHBIX BEIIECTB, B CTETIEHU X CTEXHOMETPHIECKUX KOI(PPHUIIMEHTOB.

KP BbIpakaeT 3akoH ACMCTBUS MacC /U PABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
pasHogecusi He 3a8Ucum Om KOHYEHMPAyuu peazeHmos, HO 3a8UCUm Oom memnepamypul u om
nPUPOOLL Peazupyrouux euecma.

B MOMeHT XxuMHUYECKOTO paBHOBECHs M3MEeHEeHHE dHeprun [ mboca He mpoucxoaut — AG
= 0. KoncranTa xumudeckoro paBHoBecHs cBsi3aHa ¢ AG COOTHOIIEHUEM:

AG? = —RT InKP (2.11)

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

AG®=-19,14 T IgKP (2.13)

[Tonb3ysick ypaBHEHHMEM  KOHCTaHTBI PABHOBECHS, MOXKHO YIPABIATh XHUMHUYCCKUM
MPOLIECCOM, YTO BaKHO B TEXHOJIOTMUYECKUX LIETISX.

Ecnu B paBHOBecHOit cucteme MA + nB<«>pC + gD yBenuuuth KOHIEHTpaLUO A, TO B
cootHowieHUH (7.1.6) mnst KP, nOJKeH YBEIUYMTHCS UYUCIMTENb WIM YMEHBIIUTHCS BTOPOM
COMHOXHTEIb 3HAMEHATEJs, T.€. BeNU4YHHA [B]. DT0 MOXET MPOU30iTH B pe3yabTaTe CMEIIECHUs
paBHOBECHS ClieBa HAIPaBO, TPUBOIAMIETO K OOpPa30BaHUIO HOBBIX KOJHWYECTB MPOIYKTOB
peakiuu — C u D.

Takum 00pazom, TPy YCTaHOBHBIIEMCSI HOBOM COCTOSIHMM PAaBHOBECHS, KOHIEHTPAIIUU
BCEX YEThIpeX BEIIECTB, MO CPaBHEHUIO C MEPBOHAYAIBHBIMU, OKAXYTCS HM3MEHHBIIMMUCSA, a
3HaYeHHE KOHCTAHTHI pABHOBECHUS] HE M3MEHUTCS.

CnenoBatenbHO, MJii CMEIICHHWS pPaBHOBECHS CjeBa HampaBo HEOOXOJWMO WU
YBEIMYNATh KOHIEHTPAIMIO OJHOTO M3 MCXOJHBIX BEHIECTB, WIM YMEHBIIMTH KOHIIEHTPAIHIO
OJIHOTO U3 MPOAYKTOB PEAKIIHH.

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

Ecnu McxoaHyr0 KOHIIEHTpauuio BemecTBa A 0003HauuTh uepe3 Co(A), a yuciIo Mok

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

[A] = Co(A) — A C).

PaBHOBecue B TIeTEpOTrE€HHBIX CHUCTEMAX ONPENENSIETCS TOJBKO Ta30BOM WIN KUAKOU
¢dazoi, T.K. KOHIIEHTPALIUU TBEP/IbIX BEIIECTB HE BXOJAT B YPaBHEHHE JUIsl CKOPOCTH PEAKIIHH.

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

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

OO0opynoBaHne U MaTepuaJbl
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. Pactsop cepnoit kucnorsl HySO4 ¢ konuentpanuei C(H2SO4)=2 mons/mm3
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. Iepokcun Bogopoaa
12. PactBop okcuaa mapranna (+4). MnO;
13. PactBOp okcupa xenesa (+2), FeO
14. PactBop okcuaa kpemuus (+4), SiO;
15. Pactop xnopuna xenesa (+3) FeCls (C(FeCls) = 0,002 mons/am®
16. Pacteop tHonmanara kamust C(KNCS) = = 0,002 mons/nm®
17. PactBop KCI

©PNDDAPWN

Yka3anus no TexHuke 0e30MacCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3IIEKTPOOOOPYIOBAHHH, HIIEKTPOIPOBOJIKE, MPABHIBHO 000PYIOBAHHOM BBITSDKHOM IIKaQYy.

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

3. Pabouee MecTo comepxKaTh B OPSAKE M YUCTOTE.

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

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

6. Bce ombITH ¢ BpeHBIMH U MIAXHYIIUMH BEIIECTBAMH, a TAKXKE YITAPHBAHUE KHCIIOT M KUCIIBIX
PacTBOPOB MPOBOJUTH B BHITSHKHOM IIKady.

7. OcraTKu coeqUHEHUI cepedpa cIMBaTh B 0COObIE CKISHKH.

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

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

10. He cnenyer BIbIXaTh IMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYIy C OTHUMHU
BemecTBaMu. HioxaTh BemecTBa MOYKHO JIMIIb OCTOPOKHO, HANPABIISS K ceOe Mmapbl WM Ta3 ABHKCHUEM
PYKH.

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

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

13. Kareropuuecku 3armperaercsi mpoOoBaTh XMMHYECKUE BEIIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIErKO0 BOCILIAMEHSIOIIUMUCS BellecTBaMH (3QUphI, OCH301, 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 3anpeiiacTcs OCTaBIATh paOdoTaroIe Ipruoopsl 0€3 HAOIOACHUS.

18. B xumuueckoii nabopatopun HeoOX0AUMO padoTaTh B Xanare.

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

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

B Tpu npoGupku Haneiite mo 5 cM® cepHOIt KMCIIOTBI W3 GIOPETKH, 3aTEM BO3bMUTE TPH KOJIOOUKH
emkocTbio mo 50 cm® um maneiite: B mepByro 15 cm® Tmocynb(ara Hatpus, Bo BTopylo — 10 cm®
THOCYJIb(aTa HATpHSA M 5 cM° BOABI M B TPeThi0 — 5 cM® Thocynbdara Hatpus u 10 cm® Bomwl
COOTBETCTBEHHO. BynpTe TOYHBI MpPU OTMEpPEe HYKHBIX 00BEMOB BemecTB. [lomeTbTe HOMepa Koio.
Tenepp Mo odepenu B Kaxaylo KoJOy MPIUIMBaiiTe M3 MPOOHUPKH MPHUTOTOBIEHHBIA PacTBOP CEPHOU
KHCITIOTHL. BpeMs oTcunThIBaiiTE 10 CEKYHIOMEPY (MM CEKyHIHOW CTPENIKEe YacOB) C MOMEHTA CIIMBAaHUS
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 IMpOOMpPKH HAJEWTE MO 5 cM> pacTBOpa CEpHOI KMCIIOTHL, @ B TPH JPYTHE —
o 5 cm® pacTBOpa THOCYJIb(aTa HaTpus. [loMecTHTE BCe MPOOUPKH B BOAsHYIO OaHro. Uepes 5 - 7 MUHYT
M3MEphTE TEMIIEPaTypy pacTBOpa THOCYIb(haTa HATPUS M CIEHTE COJAEPKUMOE OJHOM Maphl MPOOUPOK.
OtcumrtaiiTe BpeMsi OT CIMBaHHs MPOOMPOK [0 TMOSIBICHHS MOMYyTHEHHA. V3MepbTe TeMIiiepaTypy
pacTtBopa THOCynb(]aTa HaTpus B Ipyrod mpoOupke: OoHA JODKHA ObITh Ha 10° BBINIE, YeM B MEPBOM
cirydae.

Creiite copepkuMoe BTOPO#l mapbl TpoOUPOK 1 oTMepbTe BpeMs. OMBIT ¢ TpeThel MpoOupKoH
MpoBOAT Tipu TemriepaType Ha 20°C Bbllie MepBOHAYAIBHONU. Pe3ynbTaThl OMBITOB 3aHECUTE B TAOIHUILY
2.3.

OneiT 3. Hanefite B nBe mpoOupku Ha 1/4 ux oObeMa COJITHOM KUCIOTHL. BbiOepute aBa
OJIMHAKOBBIX KyCcOUYKa MeJla M OJTUH M3 HUX Pa3OTPHUTE B CTYIE B MOPOIIOK, 3aTEM OJHOBPEMEHHO B OJIHY
13 TIPOOHPOK OITyCTUTE KyCOUEK MeJa, a B IPYTYIO CCHITBTE MOPOIIOK.

Onbit 4. B yeThipe MpoOUpKH HaneiiTe 1m0 3 cM® pacTBopa MmepoKcHaa Boaopoaa. B Tpu 3 Hux
BCBINTBTE OAHOBPEMEHHO I10 JIOKEUKE: B OJIHY — OKCH/a Mapranma (+4), B Apyryio — okcuaa sxenesa (+2),
B TPeThi0 — OKcHuaa KpemHuus (+4). UerBepras npobupka — i cpaBHeHUs. HaOmoeHus 3anuimunTe B
TETPaJb.

OnpeitS. [lpumepom 00paTUMON peakIMM SBJSETCS B3aUMOJCHCTBHE MEXIy pa30aBiICHHBIMU
pacTBOpaMu XJjopuaa kene3a (+3) W THOLMAaHATA Kajlusl WIM aMMOHUS (TPAaKTUYECKH OCCIIBETHBIC
pacTBOPBHI).

MornekynsapHoe ypaBHEHHE PEaKITHH:

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

HNoHnHOE ypaBHEHHE:

Fe>*(p) +3NCS ™ (p) <> Fe(NCS)3(py.

OO0pasyromuiicsi B pe3ylbTaTe peaklMu KOMIUIEKC — THOLMAHAT kene3a (+3) olnagaer KpacHbIM
LIBETOM, MHTEHCUBHOCTh KOTOPOTO 3aBHCUT OT KOHUEHTpauuu. [losToMy cMmeleHne paBHOBECHS JIETKO
HaOJIFO/IaTh 110 U3MEHEHUIO HHTEHCUBHOCTH OKPACKH.

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

[ony4yeHHBIH pacTBOp pazieliTe B YeThipe MPOOUPKH TaK, 4TOOBI 0OBEMBI BCEX PACTBOPOB OBLIN
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.

PesynbTath! onbiTa 3aHecuTe B Tabnuity 2.4.

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

KonmenTparust Bpems ot Hauana OTHOCHTENNbHAS CKOPOCTh
NazS203 oTCYeTa 10 MOSBJICHHUS peakiuu
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Ci(NayS,03), mony/ oa® = romyTHe3 D -
V;(Na,S,0 ’
Z—I(V 22 3)'Co(’\‘f:\zszos)
p—pa

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

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

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

Jlna onvima 2.
Tabnuya 2.3 Bauanue memnepamypsi HA CKOPOCMb peakyuu

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

Bripazure rpadudeckn 3aBUCHMOCTh CKOPOCTH DPEAaKIHUH OT TEMIEpaTyphl, OTIOXKHUB Ha OCH
abclucc 3HaYCHUsI TEMIIEPATYPhl, 2 HA OCH OPAWHAT 3HAYCHUSI OTHOCUTEIBFHON CKOPOCTH peakuuu. Yemy
paBHO 3HaYEHHE TeMIlepaTypHOro kK03 (uIreHTa B BaleM onbiTe?

Jlna onvima 3.

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

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

Jlna onvima 5.

O0bscHuTE, uTo porcxonuT. CocTaBbTe BRIpAKEHHUE /I KOHCTAHTHI paBHOBecus. Ha ocHoBaHMH
(bopMyINbl sl pacdeTa KOHCTAHTHl PaBHOBECHS YKaKUTE, M3MEHEHHE KOHIICHTpAIMH KaKHX BEIIECTB
(MCXOHBIX WU MPOIYKTOB PEAKINK) BHI30BET OOJIee CyIIeCTBEHHBII CBUT PaBHOBECHS.

Tabnuya 2.4 BrusHue KonyeHmpayuu peazeHmos Ha XUMU4ecKoe pasHosecue

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

KoHnTposabHbIe BONpockl

ba30BbIii ypoBEHB

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

2. Kakue dakTopsl HEOOXOAUMBI ISl BCTYIUICHHS B XUMHUYECKYIO PEAKIHI0 PEearupyromnux
qacTull?

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

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

6. [TpusokuM 71 3aKOH JIEHCTBHUS MAcC K CIOXHBIM (MHOTOCTQAMIHBIM) peakiusim? OTBeT
MOSICHUTE Ha MpUMeEpe.
7. VYKaxuTe, Korja CKOPOCTh XMMHYECKOW pEeaKIMu ACHCTBUTEIHHO MNPOMOPIIMOHAIBHA

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

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

9. Kaxk ompenenstoT MOJIEKYJISIPHOCTh W MOPSIOK CIOXHBIX peakuuit? [losicHuTe oTBET Ha
npuMepe.

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

[ToBbIlIEHHBIN YPOBEHD

1. Kak m3mensieTcst sHeprus aKTUBAMKM B MIPUCYTCTBUH KaTann3zaTopa?

2. YTO MPOUCXOAUT C pearupyroMHU YaCTUIIAMH TIPH HArpeBaHUm?

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

4. Kakoii cMbicn umeer TemriepaTypHblii koadduiment? Uto o3Hauaet, HampuMep, €ciiu Y
=3?

5. Ompenenure TeMIepaTypHbIi KOIPOHUINESHT CKOPOCTH PEAKIUH, €CIIU TPH TTOHKESHUN
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

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

7. Kakue xumMuueckre peakiny Ha3bIBalOT 00paTUMBIMU? HeoOpaTumbiMu? llpruBenuTe nmpumeps
TAKUX PEaKLUil.

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

9. Kakoil mapameTp Ha3bIBalOT KOHCTaHTOW paBHoBecusi? Kak orpaxkaercsi €€ 3aBUCUMOCTb OT
KOHCTaHT NMpAMOI 1 00paTHOM peaxiuii?

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

11. Ilouemy B BBIpaXEHHH KOHCTAHThl pABHOBECHs KOHLEHTPALMH BEIIECTB YKa3aHbl B CTCICHSX,
COOTBETCTBYIOIIMX MX CTEXHOMETPHUUECKUM KOI(P(PHUIMEHTaM, a HE HKCIEPUMEHTAJIBHO OIpeIeieMbIM
quciam X, Y u ap.?

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

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

Cnucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHasi MTEepaTypa:

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

2. Muxanuna, E. C. Xumus okpyskaromien cpebl : XUMHs )KHUBBIX oprann3MoB. Kypc nekuuii /
E. C. Muxanuna, A. JI. [lerenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 37€KTPOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum noctyna: s
aBTOPU3HP. MOJIb30BATENEN

JlonosiHUTEIbHAS JIUTEPATYypa:

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

2. XuAMUS METAIIIOB : ydeOHOoe mocoOue (I CTYACHTOB XUMHUYECKOTO (haKyabTeTa
HarpaBieHul 0akanaBpoB «XUMHUS» U «XUMHUECKasi TEXHOJIOTUsA») / coctaButenu O. A.

I'osmoBanoBa. — Owmck : OMckuii rocyiapcTBeHHbIM yHUBepcUTET UM. .M. JlocToeBCKOTO,
2015. —552c. —

24



ISBN 978-5-7779-1875-8. — TekcT : aneKkTpoHHbIH // DnekTpoHHO 6ubinoreynas cucrema IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum mocryma: s
aBTOPU3HUP. N10JIb30BATEIEH
NuTepHeT-pecypcenl:

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

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

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajaor acCOIUAIMU dJIEKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefieHui u opranuzanuii CKOO

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

Tema 6. PacTBopsI
JlabopaTopHasi pa6oTa 3. DJIEKTPOJIUTHYECKAS TUCCOMAIUS

Lenb paboTel: Usyuenne mporecca 3IEKTPOIUTHYCCKON AUCCOIMAIMA B BOAHBIX PACTBOPAx

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

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

IIpumeuanue. K mporeccaM NmpoToiIH3a OTHOCST BCE XMMUYECKHE B3aUMOJICHCTBHS, B KOTOPBIX
yuactByloT uHoHbl H3O" u OH'. TepMHH «IMCCOIHAIMs» yCTapea, BMECTO HEr0 PEKOMEHIYETCS
IIPUMEHSTD — IIPOTOIU3.

OCHOBHBIC TIOJIOKEHUSI TEOPUHM MPOTOJU3a (TOTAa—3JICKTPOIUTHYSCKON JTUCCOIMALNN) OBLIH
paspabotansl B 1887 roxy mBenckuM yuéapiM CBaHTE APPEHIYCOM.

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

[Tox nmeificTBHEM 3JIEKTPUYECKOTO TOKA TTOJIOKHTEIBHO 3apsHKEHHbIE MOHBI JIBHKYTCS K KaTOMY
(KaTHOHBI), a OTPUNIATENFHO 3apsHKEHHBIE — K aHOY (aHHOHBI).

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

Hampuep: CUSOy <> Cu®t +505~

Cynbdar Menu B BOJHOM pacTBoOpe pacmagaercs Ha katnoH Cu?* u anmon SO42.

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

['MaBHOW MPUYMHON MPOTONM3A SBISETCS B3aMMOACHCTBUE MOJIEKYI DIICKTPOJIUTA C MOJICKYJIaMH
pactBopuTeist (Boabl). MoJieKyna BOJBI MOJSPHAs, B3aUMOJCHCTBYS C AJIEKTPOJIIMTOM, BoJa Ociadser
ANIEKTPOCTATHYECKUE CUIIBI MIPUTSDKEHNST HOHOB B KPHCTAJUIAX U CHIIBI B3aUMOJICHCTBHS MEX/y aTOMaMu
B COEAMHEHHAX C KOBAJICHTHOM CBS3bIO, YTO U MPUBOJMT K X MPOTOIHU3Y (PHUCYHOK 2.1).

a) 6)® @ B) r)
< @—@@ @@@O@—QD@@

@) NOAAPHASL MOJEKYIa 8 Hauale 2uopamayuis;

0) nepexoo noIsAPHOU MOIEKYIbL 8 UOHHYIO NOO Oelicmeuem Ounoaeli 800bl;

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

O6pasoBaBimecss MOHBI OKPY)KEHbI OOOJIOYKOW W3 TMOJIIPHBIX MOJIEKYJ BOJABI U SIBISIOTCS
THIPaTUPOBaHHBIMU HOHaMHU. OHH yCTOWYMBEI U CYIIECTBYIOT B PACTBOPE HE3aBUCHMO JPYT OT JIpyTa.

l'unpatupoBaHHBIE HOHBI MOTYT IMETh KaK IIOCTOSIHHOE, TaK M MIEPEMEHHOE KOJTUIECTBO MOJIEKYIT
BOJIbI. [ MpaT MOCTOSIHHOTO COCTaBa 00pa3yeT HOH Bogopoaa H, yaep)kuBaronuii OHy MOJIEKYITY BOJIBL.
B HayuHoi1 1 yueOHo# nuTepaType ero obo3nadaror H:O" (i OHs™) 1 Ha3bIBalOT HOHOM THIIPOKCOHHSI.

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

H* + H,O — H30".

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

Ipumeuanue. TIpUHATO CUUTATh CHUJIBHBIMH DJIEKTPOJIMTAMU BCE TE€ COCTUHEHUS, KOTOpPBIE
pacnanatorcs 0osiee ueM Ha 30%.

K uum otHOCSTCS:

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

0) ocuosanus menounsix (NaOH, KOH, RbOH, CsOH, no ne LiOH!) u menouno3emMenbHBIX
metaiuioB (Ca(OH),, Sr(OH)z, Ba(OH)2 — Ho TosbKO 10 TIEpBO# cTymeHu!);

B) TIOYTH BCE PACTBOPUMBIE COJIH.

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

[IpoTonu3 KkucnoT:

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

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

[HSO; ]

=0,012;

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

a) NaOH < Na® +OH ~;

6) KOH <& K" +OH ~;

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

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

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

Komnnexcuwvie conu.
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a) K[Cr(OH),]«<> K* +[Cr(OH),];
[Cr(OH), ] <> Cr3 +40H ~;
6)Na,[Zn(OH), ] <> 2Na*t +[Zn(OH), J*;
[Zn(OH), ] <> Zn?" + 40H ~.
KomnuectBeHHO IIpoHeCC MPOTOJIMU3a MOXKXHO OXapaKTEPHU30BATE C IIOMOLIBIO CmeneHu npomaoiusa
Q , KOTOpasi MpeACTaBIsIeT CO00H OTHOLICHHE Yrcia MOJib (Nx) TOABEPTIIMXCS MPOTOIM3Y MOJEKYH, K
o0memMy 9ruciay Moiib (Nosy) PACTBOPEHHBIX MOJIEKYIL:

n
a,% =—=*—.100. (3.1)
no6u4

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

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

Tabnuya 3.1. 3asucumocms cmenenu npomMoIU3A YKCYCHOU KUCTIOMbL OM KOHYEHMPAayuu npu
20°C

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

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

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

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

a(CH,COOH ), % =

HN02 +H20 <~ H30+ + NOZ_
KonmuecTBeHHO 3TO paBHOBECHE XapakTepu3yeT KoHcTaHTa poToin3a HNO;:
+ —_
[H307]-[NO, ]
[HNO, |

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

~51.107%,

K, (HNO,) =

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

[HS™]

HpOTOJ’II/I3 BJICKTpOJ'II/ITOB 110 nepBoﬁ CTyHeHI/I nacT Jerde u, CJaCcAO0BATCIIbHO, BCIWMYHHA
KOHCTAHTHBI HpOTOJ’II/I3a HepBOﬁ CTyHeHI/I BCEraa 60.]'[]:]].[6 BCJIINYUH KOHCTAHT HpOTOHI/I3a HOCJ'IC,Z[YIOH.[I/IX
CTYIIEHEH.

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

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

-1.107";

a
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[H30']-[47] _a®C(HA)

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

K (HA)—M— 2C(HA) - 0,05 (5%

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

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

IIpu cocTaBieHWH HMOHHBIX YpaBHEHHH CcJeIyeT pPYKOBOACTBOBATHCS TEM, YTO cradvie
AEKMPOIUMNBL U MATOPACMBEOPUMBLE 8euecmea uzoopasicaiomces 6 gude monexkyi. CuibHO pacmeopumbvie
NeKMPOAUMDBL, KAK NOJHOCNbIO UOHUZUPOBAHHbBIE, NUULYICSA 8 8UO€E UOHOB.

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

OO0opynoBanue u MaTepuasbl
1. Pactsop cepnoii kucinorsl H,SOs ¢ konnentpamueii C(H2S04)=2 mons/mm?
2. PactBop consnoii kucnorsl HCI ¢ koruentpammeit C(HCI)=2 monn/am®
3. Hupukarop penondranenn
4. VHauKaTop METHIOPAHKEBBIN
5. JlakmycoBas Oymara
6. PactBop NaOH ¢ konnentpanueii C(NaOH) = 2 momn/am®
7. JlMcTHIUTMpOBaHHAs BOJA
8. IlpoOupku
9. Jloxeuxka
10. PactBop NazSO4
11. PactBop (NH4).SO4
12. PactBop xnopuza Gapust
13. PacTBOp cuivkaTa HaTpHs
14. PacTBOp COJSAHOM KUCITOTHI
15. PactBop cynbgara meau (+2)
16. PacrtBop anerara narpuss CHsCOONa
17. KapGonar xansums (men) CaCO3
18. PactBOp cynbgara xpoma
19. PactBOp exoro Harpa

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

ANEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

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

3. Pabodee mecTo comepkaTh B HOPSIKE U YHCTOTE.

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

5. Uznumex peakTuBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLI B3AT.

6. Bce ombITH ¢ BpeAHBIMU U MAXHYIIMMH BEIIECTBAMU, a TAKKE yIIapUBAHHE KUCIOT U KUCIBIX
pacTBOPOB MPOBOJIUTH B BBITSDKHOM KA.

7. OcraTKu coOeqUHEHU cepedpa ciIMBaTh B 0COObIE CKISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B NPOOUpKE BCEr/a cieayeT AepkKarh e€ TakuM 00pa3oM, 4ToObI
OTBepcTHE MPOOUPKHU OBUIO HANIPABIEHO B CTOPOHY OT pabOTAOIIEro PSIOM COCEa.

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

10. He cnenyer BIBIXaThb Maxydue BEIIECTBA W ras3bl, OJU3KO HAKIOHSSICH K COCYLy C 3THMH
BemniecTBaMy. HioxaTh BelecTBa MOXKHO JIMIITb OCTOPOKHO, HAMPaBISIst K cebe maphl MK ra3 JBHKEHHEM

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

13. Kareropuuecku 3ampeniaercsi mpoOOBaTh XUMUYECKUE BEIIECTBA HA BKYC.

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

15. IIpu paboTe cO CTEKIOM, XHMHUYECKOW TOCYIOH, HEOOXOAMMO COONIIO/aTh IpaBUIiIa
MPEJOCTOPOKHOCTH BO M30eKaHNE PAHESHHI OCKOIIKAME CTEKIIA.

16. Kareropuuecku 3arpeiniacTcs OCTaBIATh pa0OTarOIMe TPUOOPHI 03 HAOIIOICHUSI.

19. B xumu4eckoii 1abopaTopun HeOOX0AMMO paboTaTh B XajaTe.

3aganusa
Onepit 1. Hanelite B Tp npooupku 1o 1-2 cM® pacTBopa KHCIIOTBI, IIENI0YX U BOoAbL. J00aBbTe B
KOKAYI0 mnpoOupky wuHaukatop (cMm. tabm. 3.2.1). OOparuTe BHUMAaHHE Ha IIBET HHIUKATOPOB B
Pa3IMYHBIX CpeJax: KUCIIOH, IIEeJIOYHON, HEUTPATIbHOMU.
Tabauya 2.2 1leem unouxamopos 6 paziuinsix cpeodax

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

Onpir 2. B aBe mpobupku Haneiite mo 1-2 cm® pactBopos: B omHy — Na;SOs, B apyrywo —
(NH4)2SO4. B xaxayro u3 nmpoOHpok MmpubaBbTe MO TAKOMY e 00beMy pacTBopa xyopuia Oapus. Bo
BCeX MpoOupKax oOpazyercst ocagok Oemoro nBera. CocTaBbTe MOJECKYJSIPHBIC M WOHHBIC ypPaBHEHUSI
COOTBETCTBYIOIIUX PEAKLUil.

st Toro 4ToObl ONpeseuTh Kakas u3 00pa3oBaBIIMXCS COJIEH TPYAHOPACTBOPUMA, IIOCMOTPHUTE
TaONMIy PAacTBOPHUMOCTH XHUMHYECKHX COCIMHEHHWH. B BhIlllepacCMOTpEHHOM MpHMeEpe 3Ta COllb —
cynbdar Oapws.

Onwit 3. Hanelite B mpoGupKy 2 cM® pacTBOpa CUJIMKATa HATPHS, JOOABBTE TAKOE KE KOJIMIECTBO
COJIIHOM KHUCNOTHl. YTo mpomszonuio? Hamummure MoJIEKYISIpHOE, TOJHOE MOHHOE M KPaTKoe HOHHOE
ypaBHEHUs TaHHOH peakiuy. OOpaTHTe BHUMAaHHE, YTO KPEMHHEBasl KUCIIOTA MJI0X0 pacTBOpUMa B BOJIE.

Onwit 4. Haneiite B mpo6upky 2 cm® pactBopa cyabdara meau (+2). JIo6aBbTe pacTBOp IIENOUH
(NaOH wunu KOH). Yto BBl HabmomaeTe? HamummTe MOJIEKYIIPHOE ypaBHEHHE peakiuu. 110b3ysach
TabNMIeH pPacTBOPUMOCTH, OIpEJNENINTe, Kakoe W3 JBYX OOpa3oBaBIIMXCS COCTUHEHUI, BHIMAJacT B
ocaziok. HamuimunTe noiaHoe u KpaTkoe HOHHBIE ypaBHeHMs. OcaoK COXpaHHUTE IS OIbITa 5.

OmeiT 5. B mpoOupky ¢ 0CaskoM THAPOKCHAA MeOu (TIONyYEeHHOTO B MPEABbIAYIIEM OIBITE)
Nn00aBbTE HECKOJIBKO CM° pacTBOpa COJSHONW KUCIoThl. Ocamok pacTBOpmiICsS (€CIHM OCAaIoOK HE
pacTBOPWIICS, TO BCTPSAXHUTE MNpoOMpKy). Hamuimmre MosiekynsipHOe, MOJHOE M KpPAaTKOE HOHHBIE
YpaBHEHUSI.

Ongit 6. Hanelite B mpodupky 2 cm® pacteopa anerata natpus CHs;COONa u 106aBbTe HEMHOTO
pa30aBieHHON CONSHOW KUCIOTH (Wiau cepHOM). IlosBuiics 3amax, MPUCYHIMI MOJIEKylNaM YKCYCHOU
KACHOTHL. IIpHM cocTaBneHMM HOHHOTO ypaBHEHHS HE 3a0BIBaliTe, 4TO YKCyCHas KUCJIOTa — CJIa0BbId
3IEKTPOIIUT.

OnpiT 7. B He0OIBIIOM KOJHYECTBE BOJBI B30OJTANTE IIEIIOTKY PACTEPTOrO B MOPOIIOK Mejia U
MpUIIEHTEe HEMHOTO PacTBOpa COJsIHOM KucioThl. Kakoil ras npu 3ToM Beiaenurca?

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

Hanumure MonekynsipHoe, KpaTKOE U MOJTHOE HOHHBIE yPaBHEHUSL.

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

0) OOpazoBaBmIuiics ocajok B30ONTaNTE U pa3aenuTe Ha nBe yacTH. K oqHON yactu mo0aBeTe 2-
3 ¢M® COMISTHOM KUCIOTBI, @ KO BTOPOH — 2-3 ¢M® KOHIIEHTPHPOBAHHOTO PacTBOPA MIEJIOUH.

OO6paruTe BHUMaHHUE, 9TO 0CAIOK B 00X IPOOMpPKaX pacTBOPHWICA. BCIOMHMTE, YTO THIPOKCHT
xpoma (+3) obnamaer aM(OTUTHBIMH CBOMCTBAMH, B3aMMOJICHCTBYS KaK C KHCIOTaMH, TaKk U C
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menodamu. Ilpm 3ToM BO BTOpOM cilydae oOpa3yercs KOMIUIeKCHas coib. Kakas? Harmummmure eé
bopmyy.

[lo yxazaHuio mpenojaBaTeNss MOXHO TIPOBECTH AaHAJOTHYHBIE pPEAKIUM C Y4aCTUEM
TUAPOKCHIaMU JTFOMUHUS WU [IMHKA, KOTOPBIE TAKKe 001a1at0T aM(POTUTHEIME CBOHCTBAMH.

CocTaBbTE MOJIEKYIJIAPHBIE, TIOTHBIE U KPAaTKHE YPaBHEHUSI COOTBETCTBYIOIINX PEaKIIAH.

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

Fe*" +30H ™ = Fe(OH);3 .

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

Fe(OH)5; +3H ™ = Fe*" +3H,0.
Hamucate HeCKOJIBLKO MOJICKYJISAPHBIX ypaBHeHI/II‘/'I peaKuHﬁ, MNPUMCHSA MIPU 3TOM TaKHUE KHUCIIOTHI,
KOTOPBIM OBl COOTBETCTBOBAJIU PACTBOPUMEIE conu Fe*
Conep:xanue oTyeTa
[Toryuennsie nanHbie 3aduxcupyiite B Tabnuue 3.2 no cienymooei hopme:
Tabmuna 3.2. Pe3ynbTarhl 9KCIIepUMEHTa

Ne /1 | Pearentsl XuMHYECKask peaKius HaOmronenus

1

gl wN

KoHTpoJibHbIE BOPOCHI
ba30BbIi1 ypOoBEHB
1. Yto Takoe 3MeKTpOTUTHYECKAs AUCCOMALINA?
2. DNIEKTPOIUTHI U HE IJEKTPOJIUTHI.
3. KT0O U3 XUMUYECKUX COCAUHEHUH SIBISETCS SJIEKTPOIUTOM?
IToBbIILIEHHBIN YPOBEHD
1. Hanuute MosieKynsipHbIE, MTOTHbIE U KPaTKHUE NOHHBIE YPAaBHEHHUS PEAKIIMi B3aUMOIEHCTBUS:
a) KapOOHaTa KaJlusl C COJITHOW KHCIIOTO;
0) a30THCTOI KUCIOTHI C THAPOKCHAOM HATpHS;
B) KapOoHaTa MarHus ¢ a30THOM KHCJIOTO;
T') THIPOKapOOHaTa HATPHUS C €KUM HaTPOM;
1) THAPOKCH/IA ATFOMUHUS C €KUM HATPOM;
€) COJITHOM KHCIIOTBI C CHJIMKATOM HaTpHsL.

Cnucok Jurepatrypbl, peKOMEHAyeMblil K UCIIOJIb30BAHUIO 110 JAHHOH TeMe

OcHoBHasl JuTepaTypa:

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

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

JlonoIHUTeIbLHAS JJUTepaTypa:

1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [lox pen. A. . Epmakoga. - U3x. 30-e, ucrp. -
M. : Uurerpan-Ilpecc, 2003. - 728c. - bubmuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
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2. XuMus METajuioB : ydeObHoe mocobue (s CTYACHTOB XMMHYECKOTO (aKylbTeTa
HalpaBjeHUN OaKaJaBpOB «XUMHI» U « XUMUUYECKas TEXHOJIOTUs») / coctaButenu O. A.
['onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552c¢c. —
ISBN 978-5-7779-1875-8. — TekcT : anekTpoHHbIH // DnekTpoHHO 6ubnuoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum mocryma: s
aBTOPU3HUP. N10JIb30BATEIEH
NuTepHeT-pecypcenl:

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

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

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

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

Tema 6. PacTBopsI
JlaGopaTopHas padora 4. [IpoTosm3 coJieit
Lenb paboTel: M3yueHue npoiecca TuApOIN3a Coei.
DopmMUpyEMbIE KOMIIETEHIIMHU WJIM UX YaCTH:
Teopernveckasi 4acThb

Ilpoyecc 63aumooelicmeus UOHO8 COMU C MONEKYAAMU B00bl, NPUBOOAWUL K 0OPA308AHUI0
cnaboouccoyuupyowux eewecme (MoaeKyl Ciadvlx KUCIOM UIU OCHOBAHUL, AHUOHO8 KUCTLIX UMU
KAMUOHO8 OCHOBHLIX COZlell) U conposoxcoaroujeecs usmenenuem pH pacmeopa, Hasvieaemcs
NPOMONUZOM.

[TpoTonu3y nmojBeprarTcs CONM, 00pa3oBaHHbIE CI1a0bIM OCHOBAHUEM HITH C1a00H KHUCIIOTOM.

Cnabnie QJICKTPOJIMTHI B BOJC JIUIIb YaCTUYHO JUCCOUMUPYIOT HA HOHBL. K #HuMm otHocsTCS:

a) kucaotel — H,S, HaSO3, HoCO3, HsPO4, HNO,, H3BO3, HCIO, HCN, HF, CH3COOH u ap.;

0) Bce OCHOBaHMsA MeTaIOB (kpome mienoueii), a tawke NH4sOH. K cmabeiM 3sekTposintam
OTHOCHUTCSI TAK)Xe BOJIA.

CHITBHBIE DIIEKTPOJIUTHIL:

a) kucinotel — HaSO4, HNO3, HCI, HBr, HMnO4, HCIO;, HCIO4;

0) OCHOBaHWUSI MICIOYHBIX U IEIOYHO3EMENIbHBIX MeTasioB, kpome Mg(OH)2, Be(OH)..

CocraBuM Tabnuily cosed, 0O0pa3OBaHHBIX PAa3UYHBIMH (KaK CHa0bIMH, TaK W CHJIbHBIMH)
KUCIIOTAMU M OCHOBAHUSIMU.
Tabnuya 4.1 Tlpomonusz paziuurno2o muna conei

Comnu, o0pa3oBaHHBIC

C.Ha6BIMI/I KHUCJIOTaMH U CHa6BIMI/I KHUCJIOTaMH U CUJIbHBIMU KHUCJIOTaMHU
CJ'Ia6BIMI/I OCHOBAaHUSIMHU
CUJIbHBIMHU CUJIbHBIMH U CUJIBHBIMHU
1 CUJIBHBIMHU KHUCJIOTaAMH
OCHOBAHHUsAMUAU OCHOBAaHUsSIMHU OCHOBAHUsSIMHAU
| I i v
Al,Ss, NH,CN
N3.2C03, KzS, Na,SOs A|C|3, CUSO4, MgC|2 ! ! KC|, Na2804, KNOs
CI'2(CO:3)3
pH>7 pH<7 pH=7 pH=7

PacTBOpbI BBIIIEYKAa3aHHBIX COJEM HMMEIOT Pa3IMYHYI0 PEaKLUIO: IIENOYHYI0, KHCIOTHYIO HIIH
HEUTpaNbHYI0. DTO OOBSICHIETCS TEM, YTO MOHBI, 00pa3yIOIIHecs MPHU paclaje dTUX COJeH, pa3muyHbIM
00pa3oM B3aMMOJICHCTBYIOT C BOJIOH.

IIpoTosmn3 coJieil, 00pa30BaHHBIX CHJIbHBIM OCHOBAHHUEM U
¢J1200i1 KUCJIOTOH

31


https://openedu.ru/

PaccmoTtpuM mpomecchl, mpoTekaromue npu nporoinse kapOonara Hatpua. NaxCOz — conb
caboi JBYXOCHOBHOM yrOJBHOM KHCIOTHI M CHIBHOTO OJHOKHCIOTHOro ocHoBaHusi NaOH. 3amuiiem
ypaBHEHHUE MPOTOJHM3a ITOU COJIH:

Na,COz « 22 52Na* + CO3™.
Ipumeuanue. IlpoTonm3zy wOHOB (TUAPONM3Y) BCerJa NPEIIIECTBYET IMPOILECC MPOTOIN3a

(mucconuanym) Cou.
OO0pasytoniuecss KapOOHAT-HOHBI B3aUMOJICHCTBYIOT C MOJICKYJIAMU BOJBI, TIPU 3TOM 00pa3yOTCs

AQHUOHBI HCO3_ , a He Monekynbl HoCOs, Tak Kak HOHBI HCO:; JUCCOLMUPYIOT TOpa3ao TpyAHee,

yem Mosiekyibl HoCOs. TloaToMy mpH OOBIYHBIX YCIOBHSAX MPOTONU3 KapOOHATa HATPUS MPAKTUYCCKU
MPOTEKAET MO NIEPBOM CTYNECHHU.

HoHHO-MOJEeKyIsIpHOE YpaBHEHNE TPOTOIH3a CO3 IO TIEPBOW CTYIIECHH:

CO%™ +H,0 <> HCO3 +OH ~; pH > 7.
B monexynsipHO# Gopme:

Na,CO; + H,0 <> NaHCO, + NaOH .

HonHO-MONEKyIsIpHOE ypaBHEHUE MPOTOJIN3A HCO3 :

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

B pactBope mosBiusiercs u30biTok moHOB OH', mostomy Bomueni pactBop Na,COs wumeer
HIETIOYHYIO PEAKIIHIO.

KomudecTBEeHHO MPOIECCHI MPOTONH3a Coyiell XxapakTepu3yoT KOHCTaHThI (Knp) U cremensb (Onp)
MPOTONN3a, a TITyOWHY MTPOTEKaHUs MPOTOJIN3a — U3MEHEHHUe peakuuu cpeasl (pH).

KoncraTtel mpoTonusa coisiel, 0O0pa30BaHHBIX CHJIBHBIM OCHOBaHHMEM U cJa0Oi KHCIIOTOH,
BBIYHUCIISIOT 110 (hOpMYIIaM CIIeAYFOIIETo B

K 4.1
Knpl — w , ( )
Ka,
rie K np; ~ KOHCTAHTa NPOTONHN3a TIO I-cTyneHy;
|
K . — 1~ KOHCTaHTa NpOTOJIM3a 00pasyromieiicst CONpsKeHHON KUCIOTHI.
i
Crenenp MpoTOIN3a:
2 K”Pi K”Pi _ (4.2)
Anp +Qy, - - =0,
c? c?
rae C — KOHIEHTpaLys COJIU, MOJIB/IM".
®opmyiy (4.2) npUMEHSIOT TOTIa, KOTAa cTeneHb nmporoiusa npesbimaet 0,05 (5%).
Ipu i < 0,05 (5%):
| Ko (4.3)

a,, = C
KoHIeHTpaIuio THAPOKCUA-HOHOB, OINPEACISIONIUX [IIYyOMHY NPOTEKaHHS IPOTOJIN3a, MOXKHO

paccunuTaTth 10 YPABHCHUIO!:
[OH]; = /K, C- (4.4)

[pumennm, Hampumep, dopmynst (3.1) — (3.4) s KONMYECTBEHHOW OIIGHKH MPOIIECCOB
IPOTOJIM3a 1O TIEPBOIt M BTOPOii cTynensM kap6onara Hatpus pu C(Na,COs) = 0,1 mons/mm®,
[ns mepBoii CTyneHu:

K, 10"
Ka, (H,CO3)  4,6-10™

2- -4.
Ky, (CO37) = =2,17-107%;

32



K 1074
a, z\/ v (200 60,0466 (~ 4,66%);
n =\ "¢ 01
— B ) _3 MOJIb
[OH T = [, € =1/21:20°*- 012466 1072 ™2,

POH =—Ig[OH "], =—1g4,66-10~° =2,33, pH=14-pOH =11,67.
I[J'I?I BTOpOﬁ CTYIICHU BBIYHCIIUM TOJIBKO KOHCTAHTY IIPOTOJIU3a:
Ky 10

_ - —-222.1078,
Ky (H2CO3) 45.107

2—
K, (CO3™) =

CooTHolIeHHE TIEPBO U BTOPOH KOHCTAHT MpoTonu3a kapooHar-uona (= 10 000)

2—
Kip,(CO37) 217.10"

= —~10-10°
Kip,(CO3™)  2,22:10

TI03BOJISIET PACYETOM JI0Ka3aTh, 4To mpotonu3 COs?” (aKTHUECKH IPOTEKAET TOIBKO 10 MEPBOM CTYIICHH.
IIpoToau3 coseil, 00pa30BaHHBIX CWILHON KMCJI0TON U C1a0bIM OCHOBAHUEM

Paccmotpum nporonus comu CuSQOs. CynbhaT Meam — cojib C1aboro JBYKUCIOTHOTO OCHOBAaHUS
Cu(OH); u cunpHO# ABYXOCHOBHOM KUCIOTHI H2SO4.
[lepBuuHBIA IPOIIECC — TPOTOIIN3 (zmccounaum) comu:

CuSO, <22 5 cu?t + 502"

3aTeM MOHBI MEIIM PEarupyloT ¢ MOJIEKYJIAMU BOJBI, TO €CTh UJET MPOTOJINU3 NOHOB — BTOPUYHBIIMA
nporiecc. KatHoHbI Meii ¢ MOJIEKYJIaMK BOJIbI 00pa3yroT KaTHOHbI 0cHOBHOU coiin CUOH™.
NonHO-MoNeKyIspHOE ypaBHeHue npotosmsa CU?* mo nepsoii crynenu:

Cu?" +2H,0«>CuOH " + H,0"; pH <7
WM B MOJICKYJIIpHOU (hopMe:
2CuSO, +2H,0 <> (CuOH), SO, + H,SO,.

Tak Kak B pacTBOpe IPUCYTCTBYET KUCJIOTA, TO ero pH < 7.
Brimagenune ocaaka ruapokcuaa Meau (+2) He MporucXoauT, Tak Kak nousl CUOH™ muccormupyror
ropaszo TpyaHee, yeM mouiekysbl CU(OH)..

CuOH™ +2H,0 <> Cu(OH), + H30™; pH<7
HJIM B MOJICKYJISIDHOM (hopme:
(CUOH )2 504 +2H 20 <> Z(CUOH )2 +H 2304 — peaKIys NPaKTHIECKU He HIET.

Hrak, B 0OBIYHBIX yCIOBUSIX MPOTOIN3 CyIb(aTa MeIU MPOTEKAET MIPAKTHYECKH TOIBKO 110 TIEPBOH
CTYIICHH.
®@opMylibl, MO3BOJSIOIIME  KOJMYECTBEHHO OLEHUTh MPOLECCHl  MPOTOJM3a  KaTUOHOB
COOTBETCTBYIOIIUM CJIA0BIM OCHOBAHIISIM:
ko - Kw (4.5)
P 1
i K.
bi

rac K — KOHCTaHTa IIpOTOJIn3a 10 i- CTYIICHU,

K b| — KOHCTaHTa IIpOTOJin3a 1o i-CTyrICHI/I COIIPSIZKCHHOI'O OCHOBAHMUA.

CrernecHb mpoToJin3a:

K, K,
O[an + Olnp . ngl - ngl = O, (46)
C C
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rae C — KOHIEHTpAIMs COJIH, MOJIb/IM>,
®opmymny (3.6) IpUMEHSIOT TOT/Ia, KOT/Ia CTeTeHb mpoToiu3a npessimaet 0,05 (5%).
I[Tpu oupi < 0,05 (5%):

Kop, . 4.7)
KOHIEHTpalMI0 KaTMOHOB THIAPOKCOHHS, OIPEACIAIIIMX TIIIYOMHY HPOTEKaHUs IIPOTOJIH3A,

MOXXHO pacCHYUTATh MO YPAaBHCHUIO:
[Hs0"]; = [Kp C. (48)

IIpoToau3 coseii, 00pa30BaHHBIX CJ1A0BLIM OCHOBAHHEM M CJIa00i KHCI0TOM
PaccmoTpum kak mpotekaer nporonu3 anerata ammonus. CHsCOONH4 — conb cnaboit sTaHOBOM
KUCIOTH U cnadboro ocHoBanus — NH4sOH. Ypasrenue mpoTonusa 3To# COMM UMEET CIISAYIOIINI BU/:

H,O —
CH 3COONH 4«22 5CH,CO0™ + NH .
Hanee noust CH3COO™ u NH4* mogBepraroTest IpoTOIU3y — PEarupyroT ¢ MOJEKYIaMU BOIBL:

CH;COO™ + NH, + H,0 «>CH3;COOH + NH ,OH
WM B MOJICKYJISIpHOU (hopMe

CH3COONH , + H,0 <> CH3COOH + NH ,OH .

[Ipu mportommse coneir, 0Opa30BaHHBIX CIA0BIM OCHOBaHMEM H CIA00H KHCIOTOW, PEeaKIHs
pacTBOpa 3aBHCHUT OT CTENEHH IMPOTONH3a OOpa3yIoIMUX3Ccs MPOAYKTOB — KUCIOTHI (Thma HA) m
ocHoBanus (tuna KtOH). Eciu nporonus ocHoBanus KtOH npeoGnamaeT Haj MpOTOIU30M  KUCIOTHI
HA, to xonmentparwst nonos OH™ 6onbitie xontenTpanun HsO™ —  cpena menounas, eciin Haob0poT —
[H30*] > [OH™], To Kucnas.

B jaHHOM Ciy4ae, NOCKOJBKY CTENeHW mporonusa ykcycHon kuciotel (Ko = 1,8:10°) wu
rugpokcuaa ammonms  (Kp = 1,78:10°) npubnusurensHo opuHakoBbl, To pH cpemsl Oyner
NpUOTU3UTEIHHO PaBEH CEMH.

Cnedyem nomHumb, ymo coau, 0OPA308aHHBIC CUTLHLIM OCHOBAHUEM U CUIbHOU KUCIOMO,
nPOMONU3Y He NOOGeP2aArOMCSi.

Hanpumep, xmopun watpus NaCl — cons cusbroii kuciaotel HCl u cunbroro ocuoBanust NaOH.
Honel, oOpasyomecs B pe3yibTaTe OUCCOLMALMM 3TOW COJM, HE OOpa3yloT C BOAOH ci1albIX
9MeKTpouTOB. [103TOMy B OOBIYHBIX YCIIOBHSX pPaBHOBECHE MPOTOJIM3a MOJEKYJ BOJBl B TaKHX
pacTBopax He HapyIIAeTCs W KOHICHTPAILUS MOHOB THAPOKCOHHS M THAPOKCHA-HOHOB OCTAETCSl TAaKOW
K€, Kak y uucToi Boabl — pH = 7.

IHonHbIH IpOTOIH3

Paccmotpum, kakue npoaykThl oOpasytorcss mpu cmenmBaHud pactBopoB Al(NOs)z u KoCOs.

HuTtpar anromunust moasepraercsi IpoTONIK3Y 110 KATHOHY, a KapOOHAT KaJus - 10 aHUOHY:

AI(NO,), <2 AI* +3NO,

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

AIOH ** +2H,0 <> AI(OH); + H,0"
AI(OH)} +2H,0 <> AI(OH), { +H,0"
K,CO, «22 52K " +COZ"

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

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

Ecian pacTBOpsl HaxoAATCs B OZHOM COCyZAE€, TO MAET B3aMMHOE YCHJICHHE IPOTOJHM3a KaXIOH
cou, Tak Kak oopasyromuecs: noubl H3O™ u OH' cBsI3bIBatOTCS ¢ 00pa30BaHUEM CIIA0OTO IEKTPOJIHTA —
BoJibL. [pu 3TOM IpoTONIMTHYECKOE paBHOBECHE CMEILAETCs BIIPABO, a MIPOTOJIN3 K10 COJIHM MPOTEeKaeT
JI0 KOHIIA.

VonHO-MOJIEeKyIsIpHOE YpaBHEHHE IPOTOJIN3A:

34



2AI% +3C0Z +3H,0 <> 2AI(OH); 4 +3C0O, 1.
B MonexymsipHO# Gopme:
2AI(NO3)5 +3K,CO; +3H,0 <> 2AI (OH) 5 4 +3C0O, T +6KNO;.
Hpyrumu npuMepaMy TakUX Hap UOHOB SIBISIOTCSA:

1.Cr¥* u %
2. Al¥* u §*

2—
3.crru CO;
2_
4. Fer u CO;
. 2
5. NHZ u SIOS U JIp.

OO6opynoBaHue U MaTepuasbl
PactBop unnukartopa
HuctunnupoBaHHas Bosa
[Tpobupku
PactBop Na,COs
Pactsop AICl;
Pacteop NaCl
PactBop xsmopuga aMMoHMs
PactBop cynbdata amomunus Alx(SOs)s
. PactBop docdara narpus NasPOy
10. PactBop (NH.)-S
11. PactBop cysbtara amoMuHus
12. PactBop cynbgara xpoma Cra(SOs)3
13. PactBop pactsopa coxast Na,COs

CoNoaR~WDNE

YKa3zaHus 110 TEXHUKe 0€30IacCHOCTH
1. Bce paboTel B XMMHYECKOH 1a0OpaTOpUM JOJDKHBI HMPOBOJUTHCS IPU HCIPABHOM
3JIEKTPOOOOPYIOBAHNH, HIEKTPOIPOBOJIKE, IPABIILHO O0OPYIOBAaHHOM BBITSHKHOM LIKady.

2. Ta3oBbIe KpaHBI ¥ Ta30MPOBO/T IOJKHBI HAXOUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOINIECKU
MIPOBEPSATHCA.

3. Pabouee mecTo conepkaTh B MOPSIIKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcst OpaTh YMCTHIM IITIATEIEM WU CIIEIATbHON JTOXKESUKOH.

5. MUznumex peakTrBa He BBUIMBATH OOPATHO B COCY/l, H3 KOTOPOTO OH OBLI B3ST.

6. Bce onbITH ¢ BpeAHBIMH U MAXHYIIMMH BEIIECTBAMU, a TAKKE YIIapUBAaHHE KUCIOT U KUCIBIX
PacTBOPOB MPOBOAUTE B BBITSKHOM IIKAQYy.

7. OcraTKu coeqUHEHUI cepedpa clMBaTh B 0COObIE CKIISHKH.

8. Ilpu HarpeBaHMM PacTBOPOB B IMPOOMPKE BCErIa CIEAYET JIepiKaTh €€ TakuM 00pa3oM, 4TOOBI
OTBEpCTHE MPOOUPKH OBLIO HAIIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsAOM COCeaa.

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

10. He cnenyer BIbIXaTh IMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSISICH K COCYIy C DTUMHU
BemlecTBaMy. HroxaTh BemecTBa MOKHO JIMILIL OCTOPOXKHO, HANPABIIAA K ce0e maphl WK ra3 ABHKEHHEM
PYKH.

11. XpaHuth pacTBOPHI KOHIICHTPUPOBAHHBIX KHUCJIOT U IEJIOUEH B BBITSHKHOM MIKady.

12. BrumBath pa30aBieHHbIE KUCIOTHI U IETOYHBIE PACTBOPHI CIIEAYET B CIMBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercst mpoboBaTh XMMHUYECKHE BEIIECTBA Ha BKYC.

14. Tlpu paboTe ¢ JIErKO BOCILIAMEHSIOIIUMUCS BeliecTBaMH (3QUphI, OCH301, CEPOYIIIEepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHSI U BKJITFOUSHHBIX TUTUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHYECKOW IOCYAOH, HeoOXoauMo coOmogaTh NpaBHiia
MPEZIOCTOPOKHOCTH BO M30€KaHNE PAHEHHI OCKOIIKAMH CTEKIIA.

16. Kareropuuecku 3amperiacTcs OCTaBIATh pabdoTaroIIe IpruOopsl 0€3 HAOIOACHUS.

20. B xumMuueckoit 1abopatopun He0OX0JUMO paboTaTh B Xajare.
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3aganusa
Onpit 1. B 4eThlpe npoOupku HasielTe 1mo 2-3 cM®: B MEPBYIO — AMCTHILIMPOBAHHON BOJBI, BO
BTOpYt0 — pactBopa Na;COs mwiu KoCOs, B Tpetbto — pactBopa AlCIs mwiu Alx(SO4)s, B getsépTyro — NaCl
wim KCl. B kaxayio mnpoOHMpKy IOMECTHTE [0 MAaJICHBKOMY KYCOYKY HWHIMKAaTOPHOW OyMaru.
[IpeaBapuTenbHO HM3yYUTE WU3MEHEHHE OKPAaCKH HHIMKATOPOB B pasziIMuHBIX cpeaax. CpaBHHUTE LBET
HWHJIUKATOpa B pacTBOpax coJjel ¢ ero oKpackoi B BoJiE.

CocTaBpTe HMOHHO-MOJEKYJSPHBIE W MOJIEKYJSIPHBIE PEAKIUH TPOTOJIH3a COOTBETCTBYIOIINX
cojeii. 3anonuuTe Tabnumy 4.2.

Onwim 2. Hanelite B mpo6upKy 3 cM® pacTBopa xjopuaa aMMonus. J[o6aBbTe 1-2 Karmm pacTBopa
nmakmyca. OTMeThTe IBET pacTBopa. KpacHbIl mBeT pacTBopa yKas3plBaeT Ha KHCIYIO Cpedy, T.e. B
pacTBope UMEIOTCS CBOOOAHBIE MOHBI TUAPOKCOHMSA. COCTaBbTE MOHHOE M MOJEKYJSPHOE ypaBHEHHUS
npotosn3a conu NH4CI.

Onwim 3. Haneiite B mpoGupky 2-3 cm® pactBopa cynbdata amomunus Alx(SOs)s n nobasste 1-2
Karui pacTBopa jiakmyca. Kak m3meHwmncs et uHaukatopa? CocTaBbTe MOHHOE M MOJIEKYJISIPHOE
YpaBHCHUA IIPOTOJIM3a I[aHHOfI COJIM, YYUTBIBAasA, 4TO B CJIydac IPOTOJIM3a MHOI03apAAHbIX KaTHOHOB
00pa3yroTcs KaTHOHBI OCHOBHBIX COJIEH.

Onvim 4. Haneiite B mpodupky 2-3 cm® pactBopa docdara narpus NazPOs u 1o6aBsTe 1-2 Karmm
pacTBopa Jakmyca. B kakoit nBer okpacwics nakmyc? Kakosa cpena pactBopa? KakoBo 3nauenue pH
pactBopa? CocTaBbTe HOHHOE ¥ MOJICKYJISIPHOE ypaBHEHUS MPoToyn3a hocdara HATPHUs, YIUTHIBAs, 9TO B
pesynsTaTe obpasyercs rugpodocdar HaTpus. JanpHeHHA TPOTONMU3 (10 BTOPOH M TPEThEl CTYIEHH)
BO3MOXXEH JIMIIb B ClIy4ae OYCHb pa30aBJICHHBIX PACTBOPOB W MPHU MOBBIIICHHOW TeMIIEpaType.
Hanmumure MOHHBIE ¥ MOJIEKYJSIpDHBIC ypaBHEHHUs! Tporonu3a ¢ocdara HATpUs MO BTOPOH M TpeTheit
ctynenu. Paccuuraiite 3HaueHns koHCTaHT TipoToin3a (Kupi, Kup2 # Kips), crenenn mpotomusa (Oupi, Olup2
¥ Onp3) ¥ [H3O*] s kasxnoit crynenu, cautas C(NasPOg) = 0,1 Mons/nme,

Onwim 5. Haneiite B npobupky 2-3 cm® pactBopa (NHs):S u moGappre 1-2 kamiam pacTBopa
nmakmyca. Kakoit mBeT mpuoOpén pactBop? CHHHIA IBET JIaKMyca TOKa3bIBaeT, YTO Cpella B PacTBOpE
mestounast. O0paTuTe BHUMaHUe Ha 3amax pactBopa. Yem maxuet pactBop (NH4),S? 3anummre nonHoe u
MOJIEKYJISPHOE YPaBHEHUs MPOTOJIN3a Cyib(una HaTpus. [IpoTosn3 3Toi coiau uaét Kak 1o nepBoi, Tak
Y TI0 BTOPOW CTYIIEHHU:

NH; +5% + H,0 < NH,OH + HS ™~

NH; + HS™ + H,0 <> NH,OH + H,S

Kb (NHsOH) =1,8:107%; Ka1 (H2S) = 1,0-107; Kaz2 (H2S) = 1,0-10%3,

Ucxons n3 3navenwii koHcTaHT npotoims3a it NH4sOH u H.S, cnemaiite BeiBOog o xapaktepe
CpelIbl.

Ecnu HarpeTh pacTBOp JNaHHOM coyv (IMPOKHITATHTE), TO MPOTOJU3 CTAHOBUTCS HEOOPATHUMBIM, TaK
KaK [P HArpeBaHUM aMMHAK U CEPOBOIOPOJT YXOASIT U3 cephl PeakiluK, cMelas PaBHOBECHS B CTOPOHY
00pa3oBaHMs MPOJIYKTOB IPOTOJIH3A.

Onwvim 6. Haneiite B mpoOupky 2 cM® pacTBopa cyib(aTa amroMuHES B 106aBbTe 2 cM° cyabhuaa
Hatpust. OOpaTuTe BHUMaHKME HA I[BET BBHIMABIIETO OCAJKA U 3arax. 3aluiiuTe HOHHOE W MOJIEKYJIIPHOES
ypaBHeHus mporoiu3a cMmecH pactBopoB Alx(SO4)s u NaoS.

Onwvim 7. Hanelite B mpo6upky 2 cm® pactopa cynbpaTa xpoma Cra(SO4)s u Tyza ke 100aBbTe 2
cm?® pactBopa coasl Na,COs. B pesynbTaTe MOIHOTO NPOTONIHM3A BHINAAAET OCANO0K CEPO-3€IEHOrO 1IBETA
Cr(OH); wu BeiaensitoTcs my3bipbku yriekucioro raza CO,. CocTaBbTe HOHHOE M MOJICKYIISIPHOE
ypaBHEHUS MPOTEKAIOIIUX ITPOIIECCOB.

Conep:xkanue oTuera

Onwvim 1.
Tabnruya 4.2 Pe3yromambi IKcnepumenma
No dopmyna BelecTra IIBet unnukaTopa Peaxnus cpenbl
1
2
3
4
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[Tony4yeHHble JaHHBIE B ONBITAaX 2-7 3aduKkcupyiite B Tabmnuue 4.5 o cnenyrouiei popme:
Tab6ymma 4.3. Pe3ynbTarhl SKCIIEpUMEHTA

Ne /1 | Pearentsl XuUMUYeCcKasi peakius Habmronenus

1

allbwN

KoHTpoJibHbIE BOIPOCHI
ba30BbIil ypoBEeHB
1. Yto Ha3bIBaeTCS MPOTOIU3OM?
2. Kakue conu mosiBepraiorcsi mpoTonuzy?
[ToBbIILICHHBIN YPOBEHB
3. TlpuBenaure mnpuUMEphl YETHIPEX THUIIOB COJICH, OOpPa30BaHHBIX CHUJIBHBIMH HIIM ClIa0bIMH
KHCJIOTaMH U OCHOBaHUAMU.

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIO0JIb30BAHNIO M0 JAHHOM Teme

OcHoBHas iMTeparypa:
1. Koposun, H. B. O6mas xumus : yaeounuk / H. B. KopoBuH. - 13-¢ u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy>Karolieil cpeibl : XMMHUs )KUBBIX opranu3moB. Kypc nexiuii /
E. C. Muxanuna, A. JI. [lerenmua. — M. : Uzparensckuit JJlom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : eKTpOHHBIH // DnekTpoHHO-0nbanoreynas cucrtema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocryna: mis
aBTOPHU3HP. MOIb30BATENEH
JlonoJIHUTeIbHAS JIUTEpPaTypa:
1. T'nunka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tog pea. A. U. Epmaxosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METauIoB : ydeOHoe mocobue (I CTYJACHTOB XHMHUYECKOTO (aKyJIbTeTa
HampaBlieHU# O0akanaBpoB «XUMUI» U «XUMHUYECKas TEXHOIOTHs») / cocTaBuTenu O. A.
['onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbIN yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DnekTpoHHO 6ubimoredyHas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum moctyma: s
aBTOPU3HUP. OJIB30BATENIEH
HNuTepHeT-pecypcesr:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckast OMOINOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajaor acCOIHAINU dJIEKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefieHni 1 oprannzanuiit CKOO

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

Tema 6. PacTBopbI
Jlaboparopnas padora 5. [Ipou3sBeneHune pacTBOPUMOCTH
[lenp paOOTHI: wW3yueHHWe YCIOBUIl BBIMAJCHUS W PACTBOPEHUS OCAAKOB W Bimsaue [P
QJICKTPOJIMTOB Ha UX CIIOCOOHOCTE K MEPCOCAKICHULO.
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https://openedu.ru/

DopMHpyeMbIe KOMIIETCHIIUU WM UX YaCTH:

TeopeTuyeckasi 4yacThb

YacTo B XHMHYCCKHX PEAKIUAX TMPUXOTUTCS HMETh [eJI0 C PaBHOBECHSIMH, KOTOPBIE
YCTaHABJIMBAKOTCS B TIETEPOTrCHHBIX CHCTEMax. Takoil CUCTEMOMl SBISETCS, HAIpHUMEp, HACBIILIECHHBII
pPacTBOp, COMPHUKACAIOMIMICS C OCAIKOM PacTBOPUMOro BemiecTBa. OcaJoK M HACHIIMICHHBINH pacTBOp —
pasnuuHbie ()a3bl FETEPOTEHHON CHCTEMBI,

Ecnu kakyro-HHOYIb TPy IHOPACTBOPUMYIO COJIb, HanpumMep AJCI, npuBecTH B CONMPUKOCHOBEHHE
¢ Bozoii, To monsl Ag" u Cl', 3 KOTOpPBIX IMOCTPOEHBI KPUCTAJLIBI COJIM, MCIBITHIBAS MPUTKEHHE CO
CTOPOHBI OJyXIAIONUX IHUIIOJNCH BOJBI, OyIyT OTPBIBATHCS OT IMOBEPXHOCTH KPHUCTAUIOB M B BHJIC
THUAPATHPOBAHHBIX MOHOB OYIYT MEPEXOAWUTH B PACTBOP, HO HApSAY C MPOIECCOM pacTBOpeHus Oymer
MIPOXOIUTH U CONPSDKEHHBIN mporecc — kpucTammusamms. Mousr Ag* u Cl°, cTankuBascs npy IBIKEHUH C
MOBEPXHOCThIO KpucTaioB AQCl u wWCOBITBIBAS TPUTSHKEHHE CO  CTOPOHBI  MPOTHBOIOJIOMKHO
3apsOKEHHBIX HMOHOB KPUCTAUNIMYECKOM PEMIETKH, ACTUAPATUPYIOTCS M OCENal0T Ha TOBEPXHOCTH
KpucTauioB. CKOPOCTh KPUCTAJUTM3AIMK BO3PACTaeT MO MEpe yBENWYECHHS KOHIICHTpAIMH PacTBOpPA.
Korma ckopocTu mporeccoB pacTBOPEHUS M KPUCTAJUIM3AIMU CTAHOBSTCS PaBHBI JIPYr APYTY, TO B
TETEPOreHHON CUCTEME PAaCTBOP — OCAIOK HACTYIAET MOABHUKHOE PaBHOBECHE.

[omyuuBmmmiics pacTBOp Ha3bIBAETCS HACHIIIEHHBIM, TaK KaK B HEM COAEPIKUTCS MIPEASIbHOE IS
JAHHOM TeMIlepaTyphl KOJMYECTBO pAcTBOPEHHOTO BemiecTBa. B HaceimeHHoMm pactBope AgCI
YCTaHABIMBAETCS CIIEIYIONIEE PABHOBECHE:

H,0 -
AgCl 2 Ag™ +ClI
TBEpIas (asa HACBIIIEHHBINA PacTBOP

[Ipumensist K ’TOMY PaBHOBECHUIO 3aKOH JIEHCTBUS Macc U yUUTHIBAsl, YTO KOHIIEHTpALMs TBEPIOH
(a3bl He BXOAMT B BBIPAKEHUE KOHCTAHTHI PABHOBECHS, MOXKHO 3aIIUCATh!

K =[Ag "][CI].

DTO ypaBHEHHE TMOKa3blBaCT, 4YTO B HACHLIWYEHHOM pacmeope  mpyOHOPACMBOPUMO2O
IAEKMPOIUMA NPOU3BEOCHUE KOHYSHMPAYUL €20 UOHO8 eCMb GelUHUHA NOCMOSHHAS NpU OAHHOU
memnepamype. Imy 6eUNUHY HA3BIEAIOM NPOU3EEOeHUeM pacmeopumocmu u obosnayaiom I1P.

Hanpumep, mis mamopacteopumoro AgCl:

ITP(AgCI) = [AgT][CI],

rae [Ag*] u [Cl] — paBHOBECHBIE KOHIIEHTPALIMH, BEIPAYKEHHBIE B MOJIL/IM".

PaBHOBecHasi KOHIIGHTpaIys Jr00ro MoHa (YHKIMOHAIBLHO CBfA3aHA C JAPYTUM IapaMeTpoM
CHCTEMBI — aKTUBHOCTBIO, HATIpUMeEp, Ut HoHa Ag':

a ag+ = ng+ [Ag+]

Kospdunuent mpomnopimonaspioctd  f,  HasbiBaemblii  KOA()(UIMEHTOM  AKTHBHOCTH,
XapakTepU3yeT CTENeHb OTKJIOHEHHS CHCTEMBI OT WIEAIbHOW 3a CYET JJIEKTPOCTATHUECKUX
B3aMMOJICHCTBUI MOHOB, YYAaCTBYIOIMX B U3y4aeMOW pPeaKind, ¢ MOCTOPOHHUMHU (FJIH COOCTBEHHBIMH,
€ClIM WX KOHIICHTpAIMs BbICOKA) MOHaMH. B waeanbHON cucteme ax = [A], Tak Kak KO3(hPHIHUCHT
aktuBHOCTH paBeH exuwuuiie (f = 1). DTo o3HawaeT, YTO 3IEKTPOCTATHUECKHE B3aWMOICHCTBHS
OTCYTCTBYIOT.

Bennunna koadduiimenta akTHBHOCTH 3d8UCUm O 3apsdd U UOHHOU CUbl, CO3/1aBaeMOI BCEeMU
HOHAMH BJICKTPOJIUTOB, MPUCYTCTBYIOIINX B PACTBOPE:

10
| =— ZCiZi : (5.1)
2i=1

rae | — nonHas cuna;

[Ci] — paBHOBeCHAs KOHIIEHTPALIKS HOHA,

Zi — ero 3apan.

HerpynHo ycraHOBWTB, YTO MOHHAs CHJIa pacTBopa OuHapHOro snextponuta (tun AB) Bcernma
OyzeT paBHA MOJIIPHOW KOHLEHTpaImu >ekrponuTa — i = C(AB); st tpunaporo (tun A2B nimm AB»)
—u=3C (A2B) wm p = 3C (AB>); ms rerpanaproro (tun AzB) — p = 6C (AsB).

Koadduumentsl aKTUBHOCTH HHAMBHIYalIbHBIX HOHOB MOXHO TEOPETHYECKH OLEHHUTH II0
dopmynam Jlebast — XroKKes:
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~lg f; = Az*/1, ecnm 1<0,01; (5.2)

AzE1
—lgfi=—'——, ecm 1<0,L (5.3)
1+ BavJI

3nech 4 1 B — KOHCTaHTBI, 3aBHUCSIIME OT TEMIEPATypbl U AUICKTPUUECKON MPOHUIIAEMOCTH
pactBoputens (mias Boabl mpu 20 °C A =~ 0,5 (tounee 0,509) u B =~ 0,3); @ — paccrosiHue
MaKCHUMAJIbHOT'O COJIMDKCHHSI MOHOB; JTH BEJMYMHBI OOBIYHO HPHUBOIATCS B CIIPABOYHBIX TaOIHIAX.
[Tockonbky KoneOaHWs B 3HAYCHHAX «@ HE CJIMIIKOM CKa3bIBAIOTCS HAa KOHEYHOM pe3ysbTaTe,

peKOMeH TyeTcs OpaTh MocTosiHHOE 3HaveHue a = 3 A%, CnieoBaTensHo,

05281
1++4/1

KoadduuuentT akTHBHOCTH MHAMBHUIYaTbHOTO MOHA HENb3s M3MEPHTH SKCIEPUMEHTAIBHO, TaK
KaK HeJb3s MOJIY4YUTh PacTBOP, COAEPKAIIUN MOHBI TOJBKO OJHOTO 3apsija. DKCIEPUMEHTAIBHO MOXKHO
OIPEACIUTh JIMIIb CPeaHUil KO3(GUIMEHT akTUBHOCTH f:r smekTponuta AmBn, KOTOpBIH CBsi3aH C
K03 PUIMEHTaMH aKTUBHOCTH MHIUBUAYaTbHBIX HOHOB f 1 fg, cooTHOMIEHHAMMU:

fi = ./ f A fB — 1J1s OMHApHOTO 3JeKTponuTa AB;

Mmen
fi = m+\n/ f A fB — JUIsl 3JIEKTpoIuTa TUHA AmBh.

Cpenauii K03(h(UIMEHT aKTUBHOCTH MOYKHO PacCUUTaTh U TEOPETHUYECKH, HCIIONb3ysS (HOPMYIIbI
JleOast — XroKKems

—1g f; (5.4)

~lgf, = Az 75/, ecniu 1 <0,01;
gt < P2azeVT
' 1+BaJl

3neck a, A u B umeror Te ke 3HaueHus], uto u B popmynax (4.3) u (4.4), nosromy

0,52 4z p/1
-Ig fi: L (5.5)

st Gonee TouHoro pacuera Kod¢hGuIMeHToB akTuBHOCTH (TipH | > 0,1) IpUMEHSI0T ypaBHEHHE
JIPBHCa, KOTOPOE MO3BOJISCT BHIYUCIUTH KOIPPHUIIMEHTHI aKTUBHOCTHU DJICKTPOJIUTOB U MHIUBUIYAIbHbBIX
nOHOB Ayid MoHHBIX cui 0,2 — 0,5 ¢ morpemHocteo, He npespimatomeit 10%. Ypasuenue Jl3Buca ans
KO3 GUITMEHTa aKTUBHOCTH MHIUBUIYAIBHOTO HOHA MMECT BHUI:

0,521
gt = 22T
1+A/1

a Juist CpeiHero Kod(PUIMeHTa aKTUBHOCTH DIIEKTPOIUTa AmBny
g1 0,52 ;251
“lgf, =

1+/1

Jus 6onee Boicokux moHHBIX cua (0,5 — 0,8) pekOMEHIYIOT NpUMEHATh ypaBHeHUe [[IBuca
CJIeTyTOIIEro BUa:

lgf =05z° ———0.21 | 58
g1 i 1+\/T (5.8)

a JIJ1s1 CpeIHero KO3 HUIMeHTa aKTUBHOCTH 3JIEKTposiuTa AmBn

JI
——=0,21 |. 5.9
1+1 )

eccm 1<0,1

~01z71, (5.6)

-01z ,z,1 . (5.7)

—lgf, =052z,
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Bennunabl K03()(GUIIMEHTOB aKTUBHOCTH WHIMBHYaTbHBIX HOHOB TIPH PAa3HBIX MOHHBIX CHIIAX H
cpenare  KO3(D(UIMEHTH AKTUBHOCTH JUIi  PACTBOPOB  3JIEKTPOJIMTOB Pa3HONW KOHIICHTPAIIWH,
paccuntanubie 1o opmysam JleOas-XroKkens, TPUBOAATCS B CIPaBOYHUKAX. 3Has KOd(DOUIIMEHTHI
AKTUBHOCTH, MOYKHO OIICHHTh aKTUBHOCTH MOHA WJIM 3JICKTPOJIUTA B pacTBOpe. [ o0yeryeHus pacueToB
MOIKHO TIOJIb30BAThCS CIICTYIONUMH JOMYIIICHUSIMH:

1 KoadduumeHTsl aKTUBHOCTH WOHOB OJMHAKOBOTO 3apsja HE3aBHCHMO OT Pajguyca HOHOB
npuMepHO paBHbl. [lo3TOMy B CHpaBOYHMKAX MPUBOIATCS HMHOTNA YCPECIHEHHBIC BCIMYUHBI
K03(pPHUIIMEHTOB AKTUBHOCTH JIJISl OJTHO-, JIBYX-, TPEX- M YE€THIPEX3aPSIHBIX HOHOB.

2 KoadurmeHTsl akTHBHOCTH HEUTPATHHBIX YACTHIL B pa30aBIeHHBIX PACTBOpPaX AJICKTPOIUTOB
MOJIATAl0T PAaBHBIMU CIIUHUIIC.

3 OueHb pa30aBICHHBIE pPACTBOPHI 3JICKTPOJIUTOB, HAIMPUMEP, HACKHIIEHHBIH PacTBOP
MaJIOpPaCTBOPUMOTO 3JICKTPOJIUTA, MOYKHO CUUTATh HJCATbHBIMH.

Yacto npu pacyerax CIIOKHBIX PaBHOBeCUl K03()(PHUIMEHTHI aKTUBHOCTH MPUHUMAIOT PABHBIMU
eaunuIe. Takoe TOMyIICHUE ONPABAAHO 110 Py MPUYUH.

Bo-nepBbix, BenmmunHB KO3()PUIMEHTOB aKTUBHOCTH, HaiineHHele 1O (opmymam J[lebas —
XIOKKeIsi, MOTYT B 9THX CIy4asX 0Ka3aThCs OYCHb JAJCKHUMHU OT HCTHHHBIX.

Bo-BTOpBIX, BIUSHHE XUMHYECKUX (AKTOPOB Ha paBHOBECHE TIopa3fo OoJblle, YeM
ANIEKTPOCTATHYECKHUX CHII, IO3TOMY MPEHEOPEKEHUE TMOCIEIHUMHE MPH pacueTax CIOMXHBIX PaBHOBECUN
HE BHOCHT OIIYTHMYIO MOTPEIIHOCTh B PE3YJIbTATHI.

Ecnmu monekyna TpyTHOpPacTBOPHMOTO BELIECTBA JUCCOLMHPYET C 0Opa3oBaHHMEM HECKOJIBKUX
OAVNHAaKOBBIX NOHOB, HAITPUMEDP:

Pby (PO, ), «2253Pb%" + 2P0}

TO TIPU BBIYUCICHUM TPOU3BEACHUS PACTBOPUMOCTH OSTOTO COCTUHCHHUS KOHIICHTPAIMH

COOTBCTCTBYIOIINX MOHOB BO3BOJATCA B CTCIICHU PAaBHBIC UX CTCXUOMCTPUUCCKUM KOE)(I)(i)I/IHI/ICHTaMl

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

B o0mem ciydae, mis MamopacTBOPHMOTO CHIbHOTO 3jekTponurta tuma KitxAny, mporomnus
PacTBOPUMOI YaCTH KOTOPOT'O MPOTEKAET IO CXEMe:

KtAny (H—ZO) XKt'™* + yAn*, (5.10)
BeIpakenue 11 [1P 6yaeT umets BUa
I1IP(KtAny) = [K* T [An*T]. (5.11)

Cesi3b mapametpa 1P ¢ BenmnuuHo# pactBopumoctu KixAny orpaskaercs: popmyJiou:

MOJIb l_[P(K'[xAny)

Sy (Kt,An,), —— =x+y (5.12)
M X y I[MB Xxyy
501051
ITP(Kt, An
Sm(KtxAny),%=X+y (Kt Any) M (Kt Any). (5.13)
am x*yY

3nas 3Hauenue [IP, MOXHO MpeaBUAETH BO3MOXHOCTh NEPEX0Aa PAacCTBOPEHHOIO BEIIECTBA B
0CaJIOK WK HA00OPOT — IEPEX0J] OCa/iKa B pacTBOP.

Ecnam mpomsBenenue KoHIEHTparii noHOB pacTBopéHHOTO BemecTBa (I1K,) MeHbIe 3HAUYCHUS
ero 1P, To Bemagenus ocagaka He Oymer. Takoit pacTBOp Ha3bIBa€TCS HEHACHIMICHHBIM, W B HEM emIé
MOXET HJITH PACTBOPEHUE JaHHOro BewlecTBa. B HaceimenHom pactBope IIK, = IIP. Korama
MPOM3BEJICHNE KOHIICHTPAMA WOHOB PACTBOPEHHOTO BEIIECTBA CTAHOBHUTCS OOJbBINEe 3HAYCHUS
MIPOU3BEACHUS PACTBOPUMOCTH, TO BBITTATIAET OCATOK.

Takum oOpazom, Hanipumep, it AQCI:

a) B HeHacwiieHHOM pactBope [1K, = [Ag*][CI] < ITPagcr;

6) B HacemennoM pactope 11K, = [Ag*][CIl'] = [TPagc;

B) B iepeHachinienHoM pactope [1K, = [Ag*][CI] > [TPagcl.

HenacpIeHHbBIN pacTBOp KaKOro-IMOO 3JIEKTPOJIUTA MOXHO CJIeNIaTh HACHIIICEHHBIM H JIaXKe
MePEHACHIMEHHBIM, IPUOABIISST K HEMY DJIEKTPOJIUT, COAEPIKANTNN OTHOMMEHHBIE HOHBI. Hanpumep, ecim
K HeHachimeHHomy pactBopy AQCIl mpumusare HCI mmu KCI, To MBI TeM cambiM OyaeM yBeIHYMBAThH
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KOHLICHTPALMI0 MOHOB XJ0pa, 4To NpuBoAUT K yBennueHuto IIK,. B tor moment, korna I1Kagcr cTaner
6onpwe ero ITP (1,56-102%), mpownsoiiner Bemanenue ocaaka AgCl.

Jis  pacTBOpeHMsI Ocajka TPYAHOPACTBOPUMOTO 3JCKTPOJIMTA HEOOXOJUMO YMCHBIIUTH
KOHIICHTPAIIMIO €r0 MOHOB B pacTBOpE Jis TOro, uToObl BenmuuHa ero [1K, crama mensiie [1P. Dtoro
MOJKHO JTOOWTBCS, CBSI3bIBas OJWH M3 MOHOB TPYTHOPACTBOPHUMOIO BEIIECTBA C FMOHOM JOOABISIEMOTO
peaxTuBa B c1aboANCCONMUPYIONIEE WITH JIETydee COenHEHHE.

PactBopuMoOChk 0ocaika MagopacTBOPUMOIO 3JIEKTPOJIUTA YBEIUUMBACTCS TAKXKE MPU HAIUYUU B
€ro HaCBIIIEHHOM PAacTBOPE MOCTOPOHHUX HOHOB — JTO SIBIIEHWE HA3BIBAIOT co/ie8biM dhhekmom. Taxk,
HaIprUMep, YBEIHYUBAETCS pacTBOPUMOCTH ocanka BaCOsz mpu BHECEHHH B €ro HACHIIICHHBIH pacTBOP
HekoToporo kommyectBa coii NaNOsz; wiin KBr u np. Bo3pactanue pacTBOPHMOCTH MajiopacTBOPUMBIX
OCaJIKOB CHJIBHBIX 3JICKTPOJIUTOB B TMPUCYTCTBUU TOCTOPOHHUX HOHOB OOBSICHACTCS YBECIMYCHHUCM
WOHHOM CHJIBI pacTBOpA.

Hrak, pacTBOpeHHE OCaZKa MOKET MIPOUCXOIUTD:

1) pu 06pa3oBaHNH PACTBOPUMOTO CIA00ANCCOUUUPYIOLIETO IEKTPOIUTA:

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

2) ipu 00pa30BaHUH Ta3000pa3HOTO COSTUHEHMUS:

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

3) mpu 00pa3oBaHUH CIIA0OAMCCOMUPYIOIIET0 KOMILIEKCHOTO HOHA:

AgCl L +2NH; —[Ag(NH3),]" +CI~

4) npu OKUCIUTENHHO-BOCCTAHOBUTENIbHBIX IIPOIIECcCax:

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

5) Ip¥ HaNWYIMK TTOCTOPOHHUX HOHOB.

OOGopynoBaHue U MaTepuaJbI
PacTBOp aMmmuaka (KOHIEHTpanus pacTBopa ammuaka pasna 0,1 mons/am®)
PactBop xnopuma ammonwust, C(NH4Cl) = 0,1 MOJIB/IM®
PactBop xsopuaa Maraus ¢ MmoJisipHoi kornertparuein C(MgCly) = 0,1 MOJTB/ M.
Kpucrammaecknii noy
Mukpomnaresns
HaceplieHHblil pacTBOp HOaMAA KaIus
Xuopun kasibiust (C(CaCly) = 0,1 MOJIB/ M°
PactBop kapOoHaTa U cynbhaTa HATPHsI
. Heuumonsipubiit pacteop HCI
10. PactBop NazS
11. Conp nuHKa ¢ MOJISPHON KOHIEHTpaumel nocneanei 0,1 Mosns/am3
12. Cacteop HCI, C(HCI) = 2 mons/mm3
13. PacTBOp yKCYCHOM KUCIIOTBI
14. Pactsop cynsduaa natpus (C(NazS) = 0,1 mons/am3)
15. Tetmmounsipusiit pactBop CuSOs u FeSO4
16. Consnas xkucnora (C(HCI) = 0,1 mons/mmd).
17. Pactop nutpara ceunna, C(Ph(NO3)2) = 0,1 mons/mm?,
18. PactBop cynsdata u cynspuaa Hatpus ¢ koruenrpamuamu C(NazSOs) = C(NazS) = 0,1 momns/nm®
19. PactBop xpomata Kaus

CoNoaRWDNE

Yka3zaHus o TeXHUKe 0€30MaACHOCTH
1. Bce pabGoThl B XUMHYECKOW 1a00paTOPUM JOJDKHBI TMPOBOAMTHCS NPU HCIPABHOM
3JIEKTPOOOOPYI0BAHUH, IJICKTPOIIPOBOJIKE, IIPABUIBLHO 000PYTI0BAHHOM BBITSYKHOM IIKady.
2. I"azoBrBIC KpaHbI U Ta30IIPOBOJ JOJIKHBI HAXOAUTHCA B UCIIPABHOM COCTOSTHHUU, IICPUOJUUCCKU
MIPOBEPSTHCSL.
3. PabGouee mecTo conepkaTh B OPSIJIKE U YUCTOTE.
4. Cyxue peakTUBBI TpeOyeTCs OpaTh YUCTHIM IITIATEIEM WU CTICITHATBHOMN JIOKETKOM.
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5. MWznumek peakTrBa HE BEUITMBATH OOPATHO B COCY, W3 KOTOPOTO OH OBLIT B3ST.

6. Bce OmbITH ¢ BPSAHBIMHE U MAXHYIUMH BEIIECTBAMU, 4 TAKKE yIApUBaHUE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJMTH B BBITSKHOM IIKAQYy.

7. OcrtaTKu coeqUHEHUI cepedpa ciauBaTh B 0COObIE CKIISHKH.

8. Tlpu HarpeBaHWUUW PAcTBOPOB B MPOOUPKE BCET/a clenyeT AepkKaTh e€ TakuM 00pa3oM, 4TOObI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT PaOOTAIOIIETO PSIOM COCea.

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

10. He cnemyer BIbIXaTh Maxy4due BEIIECTBA W Ta3bl, OJIM3KO HAKIOHSSICH K COCYIy C DTHMHU
BeniecTBaMy. HroxaTh BeliecTBa MOKHO JIMIITh OCTOPOYKHO, HANPABIISS K ceOe Taphl WK ra3 JBHXKCHHEM
PyKH.

11. XpaHuTs pacTBOPHI KOHICHTPUPOBAHHBIX KHCJIOT U IIEJIOUEH B BBHITSHKHOM LIKady.

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

13. Kateropuuecku 3ampeniaercst IpoOoBaTh XMMHUUECKUE BEIIECTBA Ha BKYC.

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

15. Ilpu paboTe cO CTEKIOM, XHMHYECKOW TIOCYIOH, HEOOXOAMMO COONIIO/IATh IpaBUIiIa
MPEOCTOPOKHOCTH BO M30€KaHNE PaHEHHI OCKOJIKAMH CTEKIIA.

16. Kareropuiecku 3armpemiaeTcs OCTaBIsATh padOTaroNIe TpUOOPHI 63 HAOMFOIeHUSI.

21. B xuMudeckol rabopatopur HEOOXOANMO paboTaTh B XalaTe.

3aganus

Onpir 1. B nBe mpoOupku BHectw mo 1 cm® pacTBopa amMMuaka (KOHLIEHTpaLusi pacTBOpa
ammuaka pasHa 0,1 mons/aM®). B ogHy mpoGHpKy n006aBMTH 2 CM® BOABI, B APYTYK 2 CM° pacTBopa
xnopuaa ammonust, C(NH4CI) = 0,1 mons/nm3. Tlocne storo B 06e npobupku BHecTH 1o 1 cm® pacTBopa
XJIOpH/Ia Maruus ¢ MonspHoii koruenTpamuein C(MgClz) = 0,1 mons/mm®. OGpaTUTh BHUMaHKE Ha TO, YTO
0CaJIOK BBINIAIACT TOIBKO B POOUPKE, I/Ie HET XJIOPHUIa aMMOHHSL.

OmnsiT 2. B aBe mpoOWpKH BHECTH MO | MUKpOMITIATENO0 KPUCTAIUTMYECKOTO MoAa. B mepByro
npo6upKy n06aBuThH 2-3 ¢M® BOJBI, BO BTOPYIO CTOJBKO K€ HACBHIIIEHHOTO PAcTBOPA HMOJAMIA KAIHS.
YO6enuThes, 4TO MO MaJio PACTBOPSIETCS] B BOJIC, HO XOPOIIIO PACTBOPSIETCS B HOJIUJIC KA.

OmnpiT 3. B AByX mpoOHpKax MOJNYy4YUTh OCAIKH KapOoHATa W Cyibdara Kanblus ACHCTBHEM Ha
pactBop xsopuna kansiusa (C(CaCly) = 0,1 mons/nm®), pactBopamu kap6oHaTa u cyiabdara Hatpus. B
0be mpobupku m06aBbTe AenuMoisapHblii pactBop HCI. 3aMeThTe, UTO MPOUCXOIUT PACTBOPEHHE TOJIBKO
KapOOHAaTa KaJbIUs.

OmeiT 4. B 1Byx mpobupkax moiayuuts ocagku ZnS neiictBuem pactBopa NapS Ha pacTBop conn
LIMHKA C MOJIIPHOM KOHIeHTpanueit nocaenneii 0,1 mons/am®. B ogry npobupky no6asuts 0,1 mMoms/am®
pactBop HCI 1o pactBopenms ocazka, B Apyryio Takoii xe 00béM 0,1 Mons/nmM® pacTBOpa yKCyCHOM
KHCJOTBI. YOCAUTHCS, YTO B YKCYCHOM KHUCIIOTE CYIb(H] [IMHKA HE PACTBOPSIETCS.

OmeiT 5. B n1BYX npobupkax nomxyuuTs ocaaku CuS u FeS p3anmoneiicTBuem pactBopa cyibhuaa
natpus (C(NazS) = 0,1 mons/nm%), ¢ nemumonspasivMu pactBopamu CuSOs u FeSO4. B 06e npoOupku
100aBUTh OJIMHAKOBBIE 00BEMBI pacTBopa comsHoi kucnotel (C(HCI) = 0,1 moms/nms).

OmeiT 6. B oHo#t mpobupke mony4nuth ocagok PbSO., B apyroit — ocamok PbS neiictBuem Ha
pactBop Hutpata ceuHua, C(Pb(NO;s),) = 0,1 mons/mm3, pactBopamu cynbdaTa U cynbpuaa HATPHUS C
xonnenrpamusamu C(Na;SOs) = C(NazS) = 0,1 mons/am® CoorBeTcTBeHHO. B 06€¢ MpoOUpKu 106aBHTEH
omuHaKoBelii 00bEM 0,1 Mois/nM® pacTBOpa Xpomara KanMsi M THIATENBHO mNepememarb. OTMETHTH
W3MEHEHHE [IBETa 0CajIKa B OJTHOW M3 MPOOHPOK.

Conep:xkanue oTuera

Omeir 1. Hanwmcars ypaBHenus oOpazoBanusi MQ(OH). B MoyeKyJsIpHOM ¥ HOHHOM BHJIE.
Jloka3ate pacyéToM BO3MOXHOCTH BbimajeHus B ocagok MQ(OH), tombko B orcyrctBum NH4CI,
ucnoib3ys 3HaueHue [1P(Mg(OH),).

OmeIT 2. YOEauThCS, 9TO WO MaJIO PACTBOPSIETCS B BOZAE, HO XOPOIIO PACTBOPSETCS B WOAHIIC
kaiaua. Yem 310 00bsacHUT? COCTaBUTH ypaBHEHHE peakiuu B3auMoneiicTBus moga ¢ Kl B HOHHOM H
MOJIEKYJISIPHOM BHJIE.

Omeir 3. Kak, npumensist nonstue [IP u 3Has yclIoBUSL pacTBOPEHHUS OCAIKOB, OOBSCHUTH
Habmomaemoe siBitenne? CocraBuTh ypaBHeHMs peakuuu pactBopenust CaCOs; B HCl B momHOM H
MOJIEKYJISIPHOM BHJIE.
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OmnbiT 4. O0BSACHUTS, TOUEeMy ZNS PacTBOPSICTCS TOJIBKO B COJITHOM KHCIIOTE, YIUTHIBAS MaIyIO
pacTBopuMOCTS 1 JieTyuecth HoS. CoctaButh ypaBHeHus B3aumoeiicteust Mmexxny ZnS u HCl 8 nonHoM
Y MOJICKYJIIPHOM BHJIC.

OmnepIT 5. OTMETUTH pacTBOPEHHE TONBKO FES 1 00BSICHUTD 3TO, Hcnonb3ys 3HaueHue [1P mist FeS
u CuS. CoctaBuTh ypaBHeHHUs B3auMmoaeicTsus mexkay FeS u HCl B voHHOM 1 MONIEKYIISIpHOM BHIE.

OmpiT 6. OOBSICHUTE MPOKUCXOsAINEe, MOIb3ysAch 3HaueHusmu [IP mast PbS, PbSOs u PbCrOs.
CocTaBUTh ypaBHEHHUSI COOTBETCTBYIOUIMX PEAKIMA B HMOHHOM U MOJICKYJIIPHOM BHJIC.

KonTpoiibHbIE BOIPOCHI
ba3oBblii ypoBEHb

1. ChopmynupyiiTe MOHITHE «IIPOU3BEIEHUE PACTBOPUMOCTHY. Il KaKOro THMa COETUHEHHHA
oHo npuMeHnmo? [IpuBeaure nmpuMepsl.

2. Hannmwure ypaBHEHHS MpolieccoB mpoTonusa ais ciaenyromux coennHennii: CaCOs, Ag2CrOs,
Al(OH)z. Kak OyayT BBIMIAAETh COOTBETCTBYIOIIHE MM BBIPOKCHHS MPOM3BEIACHUH PAaCTBOPUMOCTH?
HaiinuTe nx 3HaUeHUs B COPAaBOYHHKE U 3aIIUIINTE.

3. Uro takoe akTMBHOCTH? MoHHas cuna pactBopa? [lpuBenure Gpopmybl s ux pacyera.

[ToBbIlLIEHHBIN YPOBEHB

1. Kaxk cBszansl [IP 1 pacTBOpEMOCTh MajOpacTBOPUMBIX CHIIBHBIX 3JEKTponuToB? OTOOpasuTe
9Ty cBsi3b Ha puMepe AgzASOs.

2. llepeuncnure YCIOBHS DPAacTBOPEHHUS OCAJKOB MaJlOpacTBOPUMBIX BemlecTB. Kak MOHO,
Harpumep, pacTBOpuTh ocagok ZN(OH),?

3. Kakoe siBiieHue Ha3bIBaIOT «COJIEBBIM 3 dexTom»? [IprBeaure npumepsl.

Chnucokx JUTEPATYPHI, peKOMeH}]yeMblﬁ K HCI0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHas1 JIMTepaTypa:
1. Koposun, H. B. O6mas xumus : yueOunuk / H. B. KopoBuH. - 13-¢ u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust okpy»Karoiieil cpeibl : XMMHUs XKUBbIX opranu3moB. Kypc nexuuii /
E. C. Muxanuna, A. JI. [Terenmua. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 31eKTpOHHBIN // DnekTpoHHO-0MOnnoTeyHas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
JlonmoJIHUTeIbHAS JIUTEpaTypa:
1. T'nunka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tog pea. A. U. Epmaxosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHS METaJUIoB : ydeOHOe mocodne (JIIst CTYJICHTOB XMMHYECKOTO (aKyJIbTeTa
HarpaBiieHul 0akanaBpoB «XUMHUA» U «XUMHUECKasi TEXHOJIO0TUsA») / coctaButenn O. A.
I'onoBanoBa. — Omck : OmMckui rocygapcTBeHHbI yHuBepcurer uM. @.M. JlocTtoeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : 2eKTpoHHBIH // DekTpoHHO Oubnmorednas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: mist
aBTOPU3HUP. MOJIB30BATENEH
HNuTepHeT-pecypcesr:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckas OHOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajIor acCOIUAIMU AJICKTPOHHBIX OHOIHOTEK
yueOHBbIX 3aBefieHuni u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpeIToe 06pa3oBaHUEe
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Tema 6. PacTBopsI
JlaGopaTopHas padora 6. PactBopbl

enp paboThl: OCBOMTH METOAMKY HPUIOTOBICHHS PACTBOPOB 3aJaHHON KOHIEHTpPAIIWH.
OCBOUTH apeOMETPUIECKUI METOA W3MEPEHHS TNIOTHOCTH PACTBOPOB. Y CBOUTH MOHATHS aOCOMIOTHON U
OTHOCHUTEJILHOM MOTPEIIHOCTEN U3MEPEHUN.

dopmupyemMble KOMIIETEHIIUHA WJIM UX YaCTH:

TeopeTuyeckas 4acTb

Pacmeopamu nazvigaiom eomozennvie cucmemvl, cocmosuue uz 08yx u Ooiee KOMNOHEHmMos, a
maxkaice npooyKmog ux gzaumooericmausi. Harmprumep, BOJHBIN pacTBOp CEPHON KUCIOTHI COACPKUT: BOAY
(pactBOpUTEND), rHApaTHpoBanHble HoHbl HSO4xH20, HxH,0 u SO42-xH-0.

Cnoco0bl BbIpaKeHUs1 KOHIEHTPAIUH PACTBOPOB

Baxxneiinieii XxapakTepHCTUKON PacTBOPOB SIBJISIETCS X KOHIIEHTPALHS — Macca WIH KOJIMYEeCTBO
BEIIIECTBA, COJCPIKAIINECS B ONPEICIICHHON Macce WM 00beMe PacTBOpa WM PACTBOPHTEIIS.

Maccoas nois BemecTBa X — Macca Bemectsa M(X) (B 1), conepkamascs B 100 T pactBopa:

m(X
w(X),% = mX) -100 (6.1)
mP‘Pa
MossiibHasi KOHIEHTpAIMs — KOJIMYECTBO MOJh BemectBa N(X), coaepikamieecs B OTHOM
kunmorpamme (uu B 1000 1) pacTBopHTENS:
Mol N(X m(X
C, (X), _ X)) 40002 MX)
KT My M (X)mp_m
MonsipHas KOHIIEHTpaIus — KOJIMYECTBO MOJIb BemecTsa N(X), coaepkanieecs B OAHOM M (MK

B 1000 cm®) pacTBOpHTENS:
Cpr (X), o7 = (X 1000=—MX)
JIM Vp-JI)I M (X )Vp-JBI

MouisipHasi KOHIIGHTPALMs KOJMYECTBA OKBUBAJCHTa (HOPMAJBbHOCTh MJIM SKBHBAJICHTHAS
KOHILIEHTpAIMs) — KOJIMYECTBO MOJIb SKBUBAJICHTA BEIeCcTBa X, coziepsKaieecs B ogHoM am° (umu B 1000
cm®) pacTBOpHTENS:

-1000 (6.2)

-1000 (6.3)

1
n(— X
1 MOJTb (Zx ) m(X)
C(—X), —%'= -1000 = .1000 , (6.4)
Zy IM p-ns M (7 X)Vp-nﬂ
Zx

rie n(i) U M (—) — KOIMYeCTBO MOJIb DKBMBAJIEHTA BEIIECTBA (B MOJIBL-3KB) M €TO
X X

9KBUBAJICHTHAsI Macca (I/MOJIb) COOTBETCTBEHHO.

Ilpumeuanue. Uncno Zx Ha3bIBAIOT IKEGUGANEHMHBIM YUCIOM U YUCAOM IKEUBANEHMHOCIU — Ly
> 1. 3navyeHne Z, ONpeesioT M0 XUMHUECKON PEeaKIiH, B KOTOPOil y4acTByeT JJaHHOE BellecTBO. Tak, B
YacTHOCTH, ISl BEIIECTB, yuacTByIOmuX B OB-peakuusix, 3KBUBaJICHTHOE YHCIO Zg 715l BOCCTAaHOBUTEIIS
PaBHO YHMCIIy 3JIEKTPOHOB, KOTOPOE OH OTHAET, a Ul OKHCIHMTENS — YUCIy 3JIEKTPOHOB, KOTOPOE OH
npuauMaet. Hanpumep, mist annona MnO4~ B 3aBUCHMOCTH OT XapakTepa peakiuu Zx MOXET OBITh
paBHoO 35, 3, 1, Hanpumep:

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

MnOs + 2H,0+3e” — MnO; +40H"; Zyx = 3; 3(MnOs") = 1/3 moJb;

MnOs + le- — MnOs?2; Z, = 1; D(MnOys") = 1/1 Mob.
CrnenoBaTensHO, B 3THX peakiusax SkpuBalieHT okuciutesss MnOs™ cooTBeTcTBeHHO paBeH 1/5, 1/3 u 1
MOJIb.
Heo0Oxoaumo Bceria IOMHHUTb, YTO 3HAUYCHHE SKBUBAJICHTA JIFOOOr0 BElecTBa X HE MPEBBIIIACT
eauHuIlpl, T. . 9(X) < 1.
Omnpe/eneHre 3KBUBAICHTHBIX YUCEN HEOAMHAKOBO JIJIsi 0OMeHHBIX 1 OB-peakiuii.
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B 00OMEHHBIX peaKIUsiX SKBUBAJICHTHOE YHCIIO OMPEACIISAIOT [0 CTEXHOMETPUH peakiinu. Eciu s
pEaKIiy BHIA:
VvaA+veB = VcC + VDD (85)
Ha OJIMH MOJIb BelecTBa A TpeOyeTcs Ve/va MO BeliecTBa B, TO Za= va/Va.
IMonesHo 3HATh, UTO 02151 0oHoocHosHbix Kuciom (tuna HF, HCI, HBr, HI, HNO,, RCOOH u mp.)
1 oonokucromuwvix ocnosanui (tuna NH4OH, LiOH, NaOH, KOH, CsOH, RbOH wu ap.) sxsusanenm
6ce20a paser 0OUH MOJlb.
JI71s1 TOJTMOCHOBHBIX KUCIIOT U MOJIMKUCIOTHBIX OCHOBAHUI BETMUMHBI SKBHUBAJICHTOB 3aBUCST OT
tuna peakuuil. Tak 11 peakiuu:
H>SO4 + 2KOH = K,S0s + 2H-0,
Z (H2SOs) = 2, a axeusanrenm ceproti kuciomol — I(H2SOs) = 72 monw, max kax Ha 00uH Mo
H>SO0. mpebyemcs 2 monw (ds6a sxeusanenma!) KOH.
s peakuyu:
H2,S04 + KOH = KHSO4 + H,0
Z(H2S04) = 1, a sxeusanenm ceproii kuciomoi — I(H2SO4) = 1 mons, max kak ¢ 00uH Moib
H,SO4 peazupyem 1 mons (00un sxeusanenm!) KOH.
MosbHas 107 — OTHOIIEHHE KoindecTBa Mojb BemtecTBa N(X) k 00mieMy 4uciay MOJNb BCEX
BemectB Ny (Xi), COCTaBISAIOMNX pacTBOP:

N(X)
Nx (Xj)
Tutp pactBopa BemectBa X — Macca BemectBa M(X) (B T), comepkamascsi B OJHOM CM®
pacTBopa:
2 m(X)

3
M p—pa

a(X)= (6.5)

T(X), (6.6)

Tutp pactBopa BemectBa B mo ompenensemomy BemectBy X — macca BemiectBa M(X) (B 1),
COOTBETCTBYIOIIAs OJTHOMY CM® CTaHIapTHOTO PacTBOpa BemlecTsa B:

T(B/ x), % = MX)
CM3 \% (B ) p—pa

BecbMa BayKHBIM ITapaMeTPOM PacTBOPOB SIBISETCS X IUIOTHOCTh — OTHOILIEHUE MAacChl pacTBOpa
(B xr) K 00BEMY 3TOTO pacTBOpa:

. (6.7)

— , 6.8

P 3=y (6.9)
M p-pa

Ipumeuanue. B XiMuy yale IPUMEHSIOT Pa3MEPHOCTh IIOTHOCTH PACTBOPOB B I/cM>.

Jlyis poBeZicHUsT PacyeToOB MOJIe3HO 3HATh (Gopmyny (8.10), CBA3BIBAIOIIYIO KOJIMYECTBO MOJIb
SKBUBAJICHTA BellecTBa X € pa3sIHMYHBIMK BUAMU KOHIICHTPAIUI €ro pacTBOPOB.

n(iX)Ml/lOﬂb: m(lx) :T(X)I/(X) _T(B/ ?)V(B) _
zZ, M(TX) M(Z—X) M(TX)
1
) CC XV (X) _ 0(X)%pppaV (X) | 69
1000 100|v|(zi X)

X
IIpy npUroTOBIEHNN PACTBOPOB C PA3IM4YHON MAacCCOBOW JOJIEH BEChbMa IOJIE3HBIM SIBJISIETCS TaK
Ha3bIBa€MOE MPAaBHUJIO CMELICHUS (MK IPaBHIIO «KPECTaA»).
Cxema «kpecTa» UMEET BUI:

1, % — mi, r
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ox, % (5.10)
w2, % — my, T,

rae 1, % 1 w2, % — MaccoBBIC TOJIM HCXOIHBIX PACTBOPOB,;

M1 ¥ My — Macchl HICXOIHBIX PACTBOPOB (B T') MOCIE CMEIIEHUS KOTOPBIX, OyJET MOIydeH pacTBOp
C MaccoBoii gonei mx, %.

HNonnoe npousseaenne Boabl u pH pactBopoB

Boga otHocHWTCS K O4YeHB CaOBIM D3JEKTPONMTAM, M Tporiecc e€ MpoToim3a (pacmaga WU
JUccolManyu) sBiseTcs oOpatuMmbiM. PaBHOBecMe B 3TOM TIPOLIECCE CMEIIEHO BIIEBO, B CTOPOHY
00pa3oBaHHS MOJIEKYIT

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

Ilpumeyanue. 1lpoTOMM30M HA3BIBAIOT TPOIECCH KHUCIOTHO-OCHOBHOTO —B3aMMOJEHCTBHS,
MIPOTEKAIOMIHE C yYaCTHEM PACTBOPUTEINSA (711 BOJHBIX PACTBOPOB — 3TO MOJIEKYIIBI BOJBI).

Koncranra npotonusa Bojs! pu 22°C UMeeT clieayroliee 3HaueHue

+ —
_[HT][OH]
, =
[H,0]
TaK KakK HpOTOHI/I3 BOJBI BECbMAa HE3HAYUTCIICH, TO paBHOBeCHyIO KOHHeHTpaHI/HO MOHeKyH BOJbI
MO’KHO MIPUHATD 32 TIOCTOSHHYIO BEJIMUYKMHY, YUCICHHO PaBHYIO e¢ 00IIell MOJISIPHON KOHIIEHTPAIMH, TO

ectb cunTaTh, uto C(H20) = [H20] Mons/mve,
I[Tposesem pacuet (pu yciosu, uto p(H20) = 1r/cm®u M(H20) = 18 r/mons):

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

€CTh MOISpHAsk KOHIEeHTpaus Bobl, To ecth C(H20) = 55,56 mons/mve,
[Ipeacrasum (8.13) B cieayromieM BUIE:

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

[ToncraBuB B (8.14) n3BecTHBIE BEIMYNHBI, TOTYYUM BETHUMHY MTPON3BEAECHHUS KOHIEHTPAIUI
MOHOB 'MJIPOKCOHUS U HOHOB THAPOKCHA:

[H*][OH ]=18-10"°.5556 =10 = K. (6.13)

Urak, npoussenenne Ky = [H][OH] = 10 nna uucrtolt Boabl M ee pacTBOPOB, SBISETCS
BEIIMYMHOM TIOCTOSTHHOM U HAa3bIBACTCS UOHHBIM npousgedeHuem Bobl (06o3Ha4yaetcs Ky).

C coBpeMEHHOHN TOUYKH 3peHHs He ogHa Moiyekyna Bogsl HxO, a e€ numep — HsO2 nimm 2H20,

HO/IBEprasich NpoToiu3y (pacnanasck), oopasyeT oauH katnoH ruapokconus (HsO") u omun ruapokcn-
WOH:

~1,8-107%6 (6.12)

B 1 am® Boawl comepxures N(H0) = =~ 55,56 Monb — 3Ta BEIUYMHA U

2H,0 << H3;0*+ OH"
B YUCTOMN BOJIC KOHICHTpAaIUA 3TUX HNOHOB paBHa nu COCTAaBJISIET

[H;0"]=[OH ]=~v10" =107 mom/on°.

B kuciwix pacTBOpax KOHUCHTpauud HOHOB T'HIAPOKCOHUA 6OHI)IHC KOHICHTpAOIu TUAPOKCHUI-
nonos: [H30*] > [OH].

B 1mienouHbIx pacTBOpax, HAOOOPOT, KOHIeHTpanus noHoB OH™  GoJbilie KOHIICHTPAI[MK HOHOB
Bogopozna: [H3O'] < [OH].

Onnako mpoussenenne [HzO™] m [OHT] B mo6om pactBope (KHCIOM H IIETOYHOM) SIBISETCS
BEJIMYMHOM MOCTOSHHOM.

Hcnonb3yst HOHHOE MPOHU3BeIcHHE BOIBI Ky, MOXHO pacCUUTATh:

a) KOHIIEHTPAIMIO HOHOB THAPOKCOHUS B pACTBOPaX OCHOBaHHM

[H30+]:ﬂ; (6.14)
[OH"]
6) KOHOCHTPAUIO THAPOKCHI-UOHOB B KMCJIOM PACTBOPC.
[OH " ]= Ky . (6.15)
[H307]
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Ucnoneiys Bemmuuny Kw ymaercss xapakTepu3oBaTh KHCIOTHOCTh M OCHOBHOCTH PAacTBOPOB IO
KOHIIEHTPAIIIH TOJHFKO HOHOB THAPOKCOHUSI.
Hamnpumep:
o D= 3
a) B pactBope coisinoi kuciotel ¢ C(HCI) = 0,1 mons/am® (cumTas MpOTOIU3 KUCIOTHI ITOTHEIM,

to ectb a(HCI) = 1) KoHLEHTpanKs HOHOB BOAOPOAA paBHA KOHIEHTPAIMH KHCIOTHI, TaK KaK IPOTOJIN3
KHCJIOTHI MTOJTHBIH, CIIC0BATEIbHO:

[Hs0*]=0,1 mons/mm® wunu  [Hz0*] = 107 mons/nm3;

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

[H30%] = 0,001 = 10 moms/mm°.

B) B pacTBOpE ILEJNOYM, HAlpuMmep, ¢ MospHoil konuentpamuein C(NaOH) = 0,1 mons/ame,
KOHIICHTpAIHs THAPOKCHA-UOHOB PaBHA KOHIEHTPALMH MIEJIOYH, TaK KaK MPOTOJIU3 IIEIIOUH MPOTEKaeT
nonnocteio (a(NaOH) = 1). Crenosatensno, [OH] = 0,1 = 10 mons/am®. YunThiBas B3auMHYIO CBA3b

noHoB [H3O*] u [OH7], mosBisieTcss BO3MOXKHOCTH XapaKTepH30BaTh 3TOT WLICJIOYHOM PacTBOp IO
KOHIeHTpalmu noHoB [H3O™]:

K, 107

— —10713 moms/nv’;
[OH"] 107

[H307]=

r) B 0,001 m pactBOpe
[OH] = 0,001 = 10 mons/am>;
R‘W B 10—14
[OH"] 10°°
Jinst Gomblrero yao0cTBa XapaKTEPUCTHKY PEAaKIUM CPEIbl BBIPAXKAIOT HE KOHIEHTpALHeH

BOJOPOJIHBIX HOHOB, TO €CThb BEIWYMHAMH C OTPULATEIIBHBIMM ITOKAa3aTEIsIMA CTENEHH, a TakK
Ha3bIBa€MbIM BOJIOPOJHBIM IMOKa3areneM pH.

pH — necsitnuHslii torapu™M KOHIEHTPALUK BOJIOPOJHBIX HOHOB, B3STHIX C OOPATHBIM 3HAKOM: .
pH =-Ig[H"] (6.16)

[H50*]= 10711 o/

niu 00Jiee COBPEMEHHO

pH = —Ig[Hs0], (6.17)
rae [H3O*] Beipaskaercst B MOJIB/ M2,
Jiia onrcanHbIX BhIIE puMepos (1. 13 a, 0, B, ) pH cooTBercTBeHHO paBHsr: 1, 3, 13, 11.

Nsmenenne  [HsO] m pH B 3aBUCHMOCTH OT KHCIIOTHOCTH WM OCHOBHOCTH  CPEIBI
TIpeJICTaBIeHO B Tadnuie 8.1.

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

+ I L D ®» 2 2 49 3g53
o oo oo o O O ¢ 56 O ¢
[HgO] A A — - - \—1\—13 3388
VYBenuueHne KUCI0THOCTH VBenudenrne 0OCHOBHOCTH
7
< HEUTp >
cpena
56 89 10 11 12 13 14
01234
pH Cmabo- Cnabo- menoyHas CuIbHO- TIEJI0YHAS
CunbHOKHCIIAs cpena
KHUCJas cpea cpena cpena

B uucroii Bone pH = 7.

B xucnotnoit cpene pH < 7.

B menounoii cpene pH > 7.

Taxum 00pa3oM, yeM 6oJIbIIe KOHIIEHTPAIMs HOHOB Boopoza [HzO*], Tem Gosbliie KMCIOTHOCTD
pacTBopa, TeM MEHbIIe BenrnunHa pH.

Hao6opot, yem menbIie [HzO*], Tem GoJibiiie OCHOBHOCTH PacTBOPA U OoJbiiie BeauurHa pH.

[IposnorapupmMupyeM ypaBHEHHE HOHHOIO IpoH3BeAcHUs Boubl (8.14) u, B3AB JOrapudpmsl ¢
00paTHBIM 3HaKOM, Noxy4uM (mipu 22°C):
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pH + pOH = 14
Otkyna: pH = 14 — pOH u pOH = 14 — pH.
Bv1600: KOTMYECTBEHHYIO XapaKTEPUTHUKY PEaKIIMU CPEIbl BIIOJIHE ONpeelseT 3HaueHue eé pH.

OO0opynoBaHne U MaTepuaJbl
PactBop NH:NOs
AMMmadHas ceuTpa
CrekisiHHasI BOPOHKA
Kon6e na 100 cm®
Apeometp
Inarens
Lmmanap émkoctsio 1,0 ave

NooabkowhE

Yka3anus no Texnuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3IIEKTPOOOOPYIOBAHHH, HIIEKTPOIPOBOJIKE, MPABHIBHO 000PYIOBAaHHOM BBITSDKHOM IIKAQYy.

2. T'a30BbIe KpaHbI U Ta30MPOBOJ IODKHBI HAXOUTHCS B HCIIPABHOM COCTOSIHUH, TIEPUOIHIESCKU
MIPOBEPSTHCA.

3. Pabouee MecTo comepxKaTh B OPSAKE M YUCTOTE.

4. Cyxwue peakTuBbl TpeOyeTcsi OpaTh YUCTHIM IITIATENEM HIIH CIIEIUAIbHON JIOKEUKOH.

5. Uznumex peakTrBa HE BBUIMBATH OOPATHO B COCY/l, U3 KOTOPOTO OH OBLI B3AT.

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

7. OcraTKu coeqUHEHUI cepedpa cuBaTh B 0COObIC CKISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUPKE BCET/a cienyeT AepKaTh e€ TakuM 00pa3oM, 4ToObI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT PabOTAIOIIETO PSIOM COCea.

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

10. He cnenyer BIbIXaTh MMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYIy C DTHUMHU
BenlecTBaMy. HioxaTh BelecTBa MOKHO JIMIIb OCTOPOKHO, HANPABIISAS K ceOe Tapbl WIIK ra3 JABHKEHUEM
PYKH.

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

12. BrwummBaTh paz0aBiIeHHbIC KUCIOTHI U METOYHBIE PACTBOPHI CIEAYET B CIIMBHYIO CKIISTHKY.

13. Kareropuuecku 3arperiaercsi mpoOoBaTh XMMHYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIerko BOCILIAMEHSOIIUMUCS BellecTBaMu (3QUphI, OSH301, CEpOyTIepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHSI U BKJIFOUSHHBIX TUTUTOK.

15. Ilpu paboTe co CTEKIOM, XHMHYECKOW TIOCYIOH, HEOoOXOAMMO COONIIO/IaTh IpaBUIIa
IPEIOCTOPOKHOCTH BO M30€KaHUE PAHEHUH OCKOJIKAMH CTEKJIA.

16. Kareropuuecku 3arpeiiacTcs OCTaBIATh paOdOTaroIIMe IpUuOOpsl 0€3 HAOIOICHUS.

22. B xuMuvecKkoit 1abopatopun He0OX0IUMO paboTaTh B Xajare.

3aganusa

Omrt 1. [IpuroroBnenne pactBopa HUTpaTa aMMOHHS ¢ MaccoBoi fonert 10%

1 Paccunrars Haecky NHsNOjs, HeoOxomamyro yist purotorienus 250 cM® pacTBOpa ¢ MacCoBOM JI0MEl
®(NHNO3) =10%.

2 Paccunrannyro HaBecky NHiNOs B3BecuTh B OIOKCe Ha TEXHHMUYECKHX Becax. Pe3ynbrarsl
B3BEIIMBAHUS 3aHECTH B TaOII. 5.2.

3 HaBecky aMMHayHOH CENUTPBHI OCTOPOXKHO IIEPEHECTH C IOMOLIBIO CYXOHM CTEKJISIHHON
BOPOHKH B MEPHYIO KOJIOY BMECTUMOCTBIO 250 cMm®.

4 Jlo6aButh K HaBecke B konoe 100 cm® mucTminmpoBanHOM Boabl. TIIATENBHO MEpEMEIIaTh
pactBop mo momHOro pactBopeHUs NH:NOs. Jlomwuths k010y NUCTHUTMPOBAHHOW BOMOM JO KOJBIIEBOM
OTMETKH 110 HIPKHEMY MEHHCKY.

5 TumarensHO TepeMeniaTh MPUTOTOBICHHBIN PACTBOP IBITH - MIECTHKPATHBIM TIEPEBOPAUMBAHHEM
KOJIOBI, TTIOICPKIBAS TIPOOKY.
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6 UMsmepurp miotHocTh mpurororieHHoro pacrBopa NHiNOs; ¢ momornsio apeomerpa. [lis
5TOTO MPHUIOTOBJIEHHBIA PACTBOP IEPEIUTh B LWIMHAP EMKOCTBIO 1,0 am®. OCTOPOXHO MOrpy3uTh B
pacTBOp apeoMeTp TaKuM O00pa3oM, YTOOBI apeoMeTp He Kacalics CTCHOK IMJIMHApPA H 3aHsul
HETOABIKHOE MmoJioxkeHne. CHATH MOKa3aHus TUTOTHOCTH CO KAl apeoMeTpa U 3aHeCTH B Tab. 6.2.

7 Paccuurars MOJSIPHYIO KOHIICHTPAIAIO TIPUTOTORIICHHOTO pacTBopa. Pacu€THbIe NaHHbIe U pe3yJIbTaThI
M3MEpPEHHI 3aHeCTH B Ta0I. 6.2,

8 OrnbITHOE 3HAUCHHE TIOTHOCTH PACTBOPA HUTPATA AMMOHHUS (Paxen) CPABHUTE C TCOPETHYCCKMM (Ta0MNHIIA
8.3)(pacCUMTAHHBIM Preop.).

9 PaccumTaTh aGCOMOTHYIO Auee(I/cM®) M OTHOCHTENBHYIO NOTPemHOCTh ® (%) H3MepeHus
IUIOTHOCTH MPUTOTOBJICHHTO PACTBOPA.

Tabnuya 6.3 I[Inomnocme 6oonozo pacmeopa Humpama ammorus NHaNO3

KonuenTtpanus Konnenrpanus
p, T/eM® p, T/em®
®, % MOJTB/mM° r/mm® o, % MOJTB/mM° 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 1479 1,057 55 8,602 688,5 1,252
16 2,1290 170,4 1,065

Conep:xanue oT4yeTa
Tabnuya 6.2 Pezynomamul s9xcnepumerma

Macca Mg Macca
C(NHsNO3), Poxers Pradny Aabec., AoTH.,
Orokca, | + HaBecka, | HaBECKH, 3 3 3 3 0
MOJIB/IM r/cm r/cm r/cm Yo
Mg, T r My, T

KoHnTposabHbIe BONPOCHI
ba30BbIi1 ypOoBEHB

1 M3 xakux KOMIIOHEHTOB COCTOSIT BOJHBIE pacTBOphI ciemyromux BemecTB: NasPOs, KySOs,
NaNQ3? OtBeT AaTh C Y4ETOM MPOIIECCOB MPOTOJIN3a HOHOB.

2lns yero mpumeHstoT apeoMerp? KakoBa mOCIeNOBaTENbHOCTh OINEpAlUMid IPH  3aMmepe
IUIOTHOCTH KUIKOCTH?

IToBbIILIEHHBIN YPOBEHB

1 [110THOCTb M TUTP PacTBOPOB UMEIOT OJMHAKOBYIO Pa3MepHOCTH (I/cm®). B ueMm paznuuue >THx
napameTpos?

2 [IpuBennTe aIrOPUTM B3BEIIMBAHUS TBEPBIX BEIIECTB.

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0Jb30BAHNIO M0 JAHHOM Teme

OcHoBHas iMTEpaTypa:

1. Koposun, H. B. O6mras xumus : yaeouuk / H. B. KopoBuH. - 13-¢ u3., nepepab. u jgom. - M.
: Akanemus, 2011. - 496 c. : uin. - (bakanaBpuart). - Pek. MOuH P®. - ITpun.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. XuMus okpyskaromien cpeabl : XUMHs )KHUBBIX oprann3MoB. Kypc nekuuii /
E. C. Muxamuna, A. JI. [letenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN
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978-5-87623-457-5. —TekcT : 31eKTPOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pexxum mocryma: s
aBTOPU3HUP. N10JIb30BATEIEH
JlonoiHUTeIbHAS JTUTepaTypa:
1. T'munka, H. JI. O6mas xumus / H. T'. I'nuaka ; [Tog pea. A. U. Epmakosa. - U3a. 30-e, ucmp. -
M. : Unterpan-IIpecc, 2003. - 728c¢. - bubmmorp.: ¢. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XYMHsI METAIIJIOB : y4eOHOE IMOocoOue (7151 CTYIEHTOB XMMUYECKOTO (DaKyabTeTa
HanpaBieHui O0akanaBpoB «XUMHUA» U «XUMHUUECKask TEXHOJOTHsD») / cocTtaButenu O. A.
I'omoBanoBa. — Owmck : OMckuii rocyiapcTBeHHbI yHUBepcUTET uM. .M. JlocToeBCKOTO,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : 31eKTpOoHHBIN // DneKkTpoHHO OnbimoTedHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
aBTOPU3HP. MOJIb30BATENEH
HNuTepHeT-pecypcenl:

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

2 http://biblioclub.ru/ — DBC «YHuBepcuterckas OHOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — saeKTpOHHBII KaTajaor acCOIHAINN dJICKTPOHHBIX OHOIMOTEK
yueOHBbIX 3aBefeHuil u opranuzanuii CKOO

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

Tema 7. KoMmimieKkcHbIE coeANHECHUusA
JlaGopaTopHas padora 7. KoMmmjiekcHbie coelnHeHUsI
HCJ'IB pa6OTBI: HN3YyUYCHHNEC KOMIUICKCHBIX COG,Z[I/IHeHI/Iﬁ 1 UX XUMHUYECKUX CBOMCTB.

@opMHpyeMBbIe KOMIIETEHIIUN WA UX YACTH:

Teoperuyeckas 4acTb
XUMHUUYECKHE CBS3H OCYIICCTBISIOTCS 3a CYET OOOOIICHWS HE CHAPCHHBIX JJICKTPOHOB WM
nepefayr SJICKTPOHOB OJHMM W3 aTOMOB, BCTYMAIONIMX B CBSI3b JpPyromy. B pesynbTare Takoro
B3aUMOJICHCTBUSL  00pa3yloTcsi yCTOWYMBBIE KOHQHTypalud, HMEIONIEe Ha BaJIeHTHOW 000J0YKe
SNIEKTPOHHBIA OKTET. YCTOHYMBOCTH MOJOOHON CTPYKTYphI OOBSCHSECTCS CXOJCTBOM B CTPOCHHUH C
WHEPTHBIMU Ta3aMu. COeTMHEHUS, MOMYYaoIHecs OA00HBIM 00pa30M, Ha3bIBAIOTCS OMHAPHBIMHU.
MHorve atoMbl M HOHBI, 00pasyrollje OMHAPHBIE COSIMHEHYIST, MOTYT SIBISITRCS JIOHOPAMH AEKTPOHOB JTST
JIPYrUX aTOMOB, TPYITI aTOMOB WM MOJIEKYJT, He MMEIOIIUX HIEKTPOHHOTO OKTeTa. [10TydeHHbIe TAKUM ITyTEM CIIOKHBIE
MOJICKYJIbI Ha3bIBAIOTCS KOMIUICKCHBIME COGIMHEHVSIMA M COCIIMHEHMSMHU BBICIIIETO Topsika. Hanprimvep, B coctas
KoMIIekcHoro coeamrerrs Ko[PtClg] Bxomstr norsr K u [PtCle]?.
LeHTpanbHbIil aTOM IUIATHHBI CO CTENCHBIO OKUCIEHHs +4, BOKPYT KOTOPOTO TPYNITUPYIOTCS
(KOOpAMHUPYIOTCA) IPYTUE aTOMBI, HAa3bIBAETCS KOMILUIEKCOOOpa30BaTeIeM.
[Mpucoenuustommuecs k Hemy nonsl Cl” Ha3pIBalOTCS JIMraHIamMu (WM 3 ICHIaMH).
HexoTtopsie uranipl ¥ MX Ha3BaHUS:
H,0 — akBa; NH3 — amvun; O° — okco; OH — runpokco; CN™ — rmano; SCN™ — ponano; NO; —
HuTpo; SO3* — cynbduro; NH,OH — runpokcunamun; F- — dropo; CI™ — xnopo; Br- — 6pomo; I™ — itozio.

Yucio MranioB, MPUCOSTMHEHHBIX K KOMIUIEKCOOOPa30BaTEeIt0, Ha3bIBAIOT KOOPIMHAIIMOHHBIM
upciIoM (K.4.) KoMruiekcooOpaszosatens. K.u. (Pt™) = 6.

Wonbl K* — BHemmHss koopauHanuoHHas coepa (mpotusouon); [PtCls]> — BHyTpenHss
KoopauHanuoHHas cdepa. E€ 3apsaa( TouHee, cTENEeHb OKUCIECHHUS X) OINpeneNnsercs ajaredpanyecKoi
CYMMOif 3aps/10B KOMILIeKcooOpaszoBaTes 1 aurannos: x(/PtClg]%) = +4 +(-1)-6 = -2.

Ecnu BHYTpeHHSII KOOpIMHALMOHHAS cdepa HMMEeT MOJIOKUTEIBHBIA 3aps, TO OHAa Ha3bIBaeTcs
KOMIUIEKCHBIM KaTHOHOM, €CIIH OTPULIATENbHBIN — KOMIUIEKCHBIM aHHOHOM. VIMeeTcs psii CoelMHeHHH, B KOTOPBIX
BHYTPCHHSISI KOOP/IMHAIMOHHAS cdepa He HeceT 3apsiyia — HeHTpabHbIe KOMITIEKCH. [IprMeps! yKa3aHHBIX THIIOB
KOMIUIEKCHBIX COCIMHEHUIA:
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1) katromsre — [Pt (NHs)sCIICl PRECPUEN [Pt(NHs)sCI]* + CI:
[Cr(H20).Br2]Br PRECHEEN [Cr(H:0):Br:]* + Br:
[Ni(H20)¢] SO PRECPUEN [Ni(H20)6]%* SO

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

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

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

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

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

Ipumeuanue. KoMIuiekchl aHMOHHOTO THIIA TakKKe el Ha3bIBAIOT AIllMJOKOMILICKCHBIMH, TaK
KaK MpU TePBUYHOM MPOTOJIM3E OHU OTHICTUISIIOT KOMIUIEKCHBINH aHHOH.

Aneopummol HaA36aHULl KOMNIEKCHbIX coeOuHeHuli: 1) KaTHOHHBIE KOMIUIEKCHI — CHadJala
Ha3bIBAIOT BHENIHIOK cepy, a 3aTeM B POTUTEIHHOM MaIeKe MPUBOIAT HA3BaHUS JIUTAHIOB BHYTPCHHEH
cdepsl U pycckoe HazBaHHE KOMILIEKCOOOpa30BaTelis C YKa3aHHEM €ro CTETEHH OKUCICHHS apaOCKUMU
nuQpamu, HarpuMmep:

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

2) Ha3BaHWEC AaHMOHHBIX KOMILJICKCOB HAUYMHAIOT C BHYTpeHHEW chepbl — HAa3BaHUE JIUTAHJIOB H
JATUHCKOTO KOMIUIEKCOOOpa3oBaTelsl ¢ OKOHYAHUEM -ami, 3aTeM — PYCCKOE Ha3BaHUE KATHOHA BHEITHEH
cdepsl, HaITpUMep:

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

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

[CrPO4(NH3)3] — tpuammundocharxpom;

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

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

CBs3b MEXKy BHEIIHEH U BHyTpeHHel chepoii nMeeT HOHHBIN XapakTep, CBSA3b BO BHYTPEHHEH
chepe — KOOPAMHAIIMOHHBIH (JIOHOPHO - aKIENTOPHBIN, CEMUITOJISIPHBIH).

BHyTpeHHsIs KOOPIMHAIMOHHAST cdepa s KOMITICKCOB KATVIOHHOIO M aHHOHHOTO TUTIOB YCIOBHO OTIIRNISICTCS OT
BHEIIHeH chepbl KBAIPATHHIMH CKOOKAMH.
CyIlecTBYIOT COSIMHEHMSI, COCTOSIINE U3 KOMIUIEKCHBIX KATHOHOB H aHHOHOB!

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

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

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

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

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

BtopuunoMy mnpoTONM3y MOABEPraloTCs KOMIUIEKCHbIE HOHBI. [Ipu 3TOM uX CTeneHb
MpOTOJM3a BechMa Maja. Pacmaj mpoTekaer mo TUMY CiIaObIX 3JCKTPONMTOB. THIT mporoin3a —
CTYIEHYAThII, KOTOPBIN ONHUCHIBAECTCA YPAaBHEHUEM 3aKOHA ACHCTBUS Macc.

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

Pa3nn4aroT KOHCTaHTHI MPOTONN3a CTyneH4daTsle u obmue. CTyreHYaTble KOHCTAHTHI CBA3AHBI C
OTIIEIUIEHHEM OJJHOTO JIMTaH/a OT KOMIUIEKCHOTO HOHA MITH MOJIEKYJIBI, a OOIINe KOHCTAHTHl YIUTHIBAIOT
PaBHOBECHBIC KOHIICHTpAIMM KaK JIMTAaHJOB, TaK W KOMIUIEKCOOOpa3oBareis, oOpa3ylomuxcs B X0Je
npoTonM3a 1o BceM cryneHsm.Hanpumep, mpotonns xommuekcroro mona [Cu(NHs)4]?* mporekaer B
YeTBIpe CTYTEHU:

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

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

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

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

—951.107 13

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

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

[IpoTonu3 KOMIUIEKCHOTO HWOHA BO MHOTHX CIy4asx JIOKa3blBaeTCs C TIOMOIIBIO
YYBCTBHUTENBHBIX PEAKTUBOB, OOHApY>KMBAIOIIMX B PACTBOPE KOMIUIEKCHOTO COCAMHEHHS HOHBI
KOMITJIEKCOO0Pa30BaTeNs U JIUTaH/IOB.

Hampumep, nonbsl meau B komiwiekcHOM coeauHenun [Cu(NHs)s]Cl, moxHO 00HapyXuTh,
nprOaBHB K PaCTBOPY 3TOU COJIM PACTBOP CYIb(PHIA HATPUS:

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

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

Komnnexcuvle coedunenus ¢ manoycmouuugou eHymperuell cghepoii, npomonu3 Komopotu
NPOXOOUM NPAKMUYECKU NOTHOCHbIO — 2O 080LHbIE COU, HATIPUMED:

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

KBacCIbI

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

Teopus BameHTHBIX cBsized (TBC) o0OBsSCHAET CTpOCHHE KOMIUIEKCHBIX COCIWHECHUN
BO3HUKHOBCHHEM JOHOPHO-aKLECNTOPHOW CBSI3M MEXKAYy KOMIUIEKCOOOpa3oBaTeaeM U JIMIaHIaMH.
OOBIYHO JTOHOPOM 3JIGKTPOHHOM Tapbl CIY)XUT JIMTAHI, AaKLENTop — CBOOOAHBIE OpOUTAIN
KOMILTIEKCO00pa3oBaTesl.

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

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

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

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

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

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

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

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

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

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

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

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

Jokaszano, uro 0> u d¢’y> opburamu (d,- ypOBEHB) HCIBITHIBAIOT GOIEe CHIBHOE
OTTAJKMBAaHHE IOl BIMSHUEM 3JIEKTPOCTATUYECKOTO MOJIS JIUTAHIO0B, YeM opOuTaiu Oyy, Oxz- 1 Oy (d; -
YPOBEHB).

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

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

Jluzanowr crabozo nons pacmojaraloTCs B Haudajle psaga, o0jgamaroT BechbMa Majoi A. d-
Opbutanu KoMILIEKCOOOpa3oBaTeisi ¢ TaKUMH JIMTAaHJAMH 3aloJIHSIOTCS B COOTBETCTBHH IPABHIIOM
XyHnaa (abcomomuas GeIuyUHA CYMMAPHO2O CRUHA 8 NOOYPOBHE OO0NNCHA Oblmb Maxkcumanvrou). Tlpn
3TOM DSHEPTusl OTTAJKWBAaHUS [BYX CIIAPEHHBIX DJIEKTPOHOB OKAa3bIBAECTCS BBIIIE, €M BeNW4MHA A.
Komrmiekcsl, cogepskaiiye JIMranabl ¢1adoro moist, BCeria mapaMarHuTHEL.

Jlueanowi curbHo20 NoJis BEI3BIBAIOT BEChbMa 3HAYUTENBHYIO SHEPTUIO paciuerieHus. [Ipu sTom
SHEpPrusl OTTAIKWUBAaHUS JIBYX CHApEHHBIX DJJIEKTPOHOB OKAa3bIBA€TCS MEHBIIE, 4YeM BelnndnHa A.
[TocrenoBaTeIbHOCTh  3AIOJHEHUST JICKTPOHaMHU d-ypOBHS KOMILIEKCOOOPA30BaTessl  CICIYIOIIas:
CHavaja UIET 3alO0JIHCHUE OJMHOYHBIMH, 3aTE€M — CIIAPCHHBIMH 3JIEKTPOHAMH opOuTaneii d,, mocie 4ero
3JICKTPOHAMH 3anoHAOTCs d,-opouTanu. KOMIUICKCHBIE COSMHEHMUS, COJCPIKAIIHe JINTAHIbl CHIIBHOTO
TOJIS, TMAaMarHUTHBI WIH SIBJISIFOTCS] HU3KOCTIMHOBBIMH.

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

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

L[BeT — 3TO 3pUTENBHOE ONIYIIEHUE IEKTPOMArHUTHOTO M3ITY4YeHHUs ¢ JIMHaMu BosH 400 —
760 um (1 um = 107° m). Ecau Bee majaromue dydu OTPaKaroTCs, TO BELIECTBO — OECIBETHOE, €CIIH
MOJTHOCTHIO TIOTIIOMIAIOTCS — YepHoe. [Ipu n3bupaTenbHOM MOTIIOMIEHUH OIYIIEHHE [IBETHOCTH CO3/IAI0T
NpOIIEANINEe WM OTPAKEHHBIE BEIIECTBOM JIydd. Takod I[BET Ha3bIBAETCS JIOTIOJHUTEIHHBIM MU
HabmogaemMbM (cM. Tadm. 9.1.35).

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

Tabnuya 7.1 Tabauya ysemnocmu

JnuHa BomH, LBer

Hwm CrexTpaJibHbBIN Habmronaemprit
400 — 435 duoneToBbId 3e1eHOBATO-KENThIM
435 - 480 Cunuit Kenterit
480 — 490 3eneHoBaTO-CHHIH OpaHXeBbIit
490 — 500 Cune-3enéHbli KpacHbrii
500 — 560 3eneHsblit [TyprypHbIii
560 — 580 XKenro-3enenpiit ®duoseTOBBIIM
580 — 595 Kenreiit Cunnit
595 — 605 OpaHKeBbIii 3e1eHOBaTO-CUHU I
605 — 730 KpacHbrit CuHe-3eNeHbli
730 - 760 [TypmypHBIi 3eneHbrit

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

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

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

OO0pa3zoBaHue KOMILIEKCOB KATHOHAMU

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

Mornekylibl M HMOHBI, CIIOCOOHBIC BBIMIOJHATH POJb JUTAHAOB, [0 AKTHBHOCTH MOXHO
PaCTOIOKHUTh B CIETYIOIINN P

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

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

KoMiuiekcHble coefMHEHHS ¢ BOJAOI U TMIPOKCUJIBLHOMIPYIIO B KayecTBe JIMTaAHA0B

UzBectHO, 4TO O€3BOMHBIN cynbpar Mean (Mensblidi kymopoc) CuSOs OecrBereH, HO mpU
no0aBJieHMH BOJABI OH NPHOOPETAET CHHEE OKpallMBaHHE. JTO MPOUCXOOUT BCJIECACTBHE BHEAPCHUS
MOJIEKYJ BOJIbI BHYTPb KPUCTAITMYECKON PEIETKH COTM U 00pa30BaHUs KOMIUIEKCHOTO THAPATA.

I[lpu ngeiictBuM  ImeIOYEe HA COJIM  METAUIOB (32  HMCKJIIOYCHHEM  IICIOYHBIX U
HIEJIOYHO3EMEJIbHBIX) 00pa3yloTCsi THIPOKCHIBI, JIETKO pPACTBOPHMBIE B KHCJIOTaX, a aMQoTepHbIE
OCHOBAaHHUSI CIIOCOOHBI TaKK€ pAcTBOPATBCS B LIedoyax, o0pasys KOMIUIEKCHBIE HOHBI C
COOTBETCTBYIOIIUM JAaHHOMY OJJIEMEHTY KOOPAMHAIMOHHBIM ducioM. OOpa3oBaHWE 3THX HOHOB B
pacTBOpe MOYKHO paccMarpuBaTh KaK IIPOLIECC IOCTETIEHHOTO BBITECHEHUS BOJBl U3 THAPATHOIO
KOMIIJIEKCa HOHAMH THIPOKCHIIA.

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

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

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

Oo6pa3oBanue KOMIIEKCHBIX AaHHOHOB

MHorue KHCIOpOACOAEpKAIe KUCIOTHl TakXe MOXHO paccMaTpuBaTh KaK KOMIUIEKCHBIE
coeauHeHMs. B kadecTBe KOMIIIIEKCOOOpa30BaTesis BHICTYIAET LIEHTPAILHBIN aTOM KHUCIIOTHI, JINTaHAaMHU
OOBIYHO SIBIISIIOTCS aTOMBI KHCIIOPOAA, a POJIb BHELIHEH c(hepbl KOMIUIEKCHOTO COCIMHEHUS! BBIOJIHSAIOT
MOHBI BoJopoa. PaccMoTpum 3T0 Ha mpuMepe KUCIOT XJIopa.

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

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

[Ipy NpUCOEIMHEHHH OJHOTO aTOMa KHMCIOpOJa OOpasyeTcs TMIIOXJIOPUT- HOH, 3JIEKTPOHHOE
CTPOEHHE KOTOPOr0 MOKHO TIPEJCTABUTE CIIEAYIONIUM 00pa3om

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

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

[Nogo6HO 00pa3oBaHKIO0 MOHA TUTIOXIIOPUTA MOXKHO C HOHOM XJIOpa CBSI3aTh ABa, TPU WU YETHIPE
aToMma KHCJIOPOJa, UCIONb3YS MPH 3TOM FOTOBBIE AIEKTPOHHBIE YOJIETHI XJI0pa.

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

CrereHp OKWCIICHUS XJIOpa paBHA COOTBETCTBEHHO +1, +3, +5 1 +7, a KOOpIWHAIIMOHHBIC YHCIIA
-1,2,3,u4.

KoMmiekcHble coeqUHEeHNs] B PeakuusX 00MeHa

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

Oo0opynoBaHne U MaTepuaJbl
PactBop xmopuna meau (+2)
PactBop cynsduna Hatpus
PactBop ammuaka
PacTBop cynbduna HaTpus
PactBop xene3oamMmmonmiitbix kBacioB [NHiFe(SOq)2
PactBop ponanuna xanus mwin ammonust (KCNS min NH4CNS)
PactBop Ks[Fe(CN)s]
PactBop NH4CNS.
PacTBop cynbdara nuHKa
10. PactBop miénoun
11. PactBop Hutpata pryTH (+2)
12. PactBop noamma Kaius
13. PactBOpa xs0puaa xenesa (+3)
14. PactBop enTOi KPOBSIHOM COMN
15. PacTBOp KpHcTauMueckoro cyibgara xenesa (+2)
16. npobupku

CoNoaR~WDNE

YKa3zaHus 10 TEXHUKE 0€30IaCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
ANEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

2. T'a30BbIe KpaHBI U ra30MPOBO/ TOJHKHBI HAXOUTHCS B HCIIPABHOM COCTOSTHUH, TIEPHOINICCKU
MIPOBEPSATHCA.

3. Pabouee MeCTO cojiepKaTh B OPSAAKE H YUCTOTE.

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

5. MUznumex peakTuBa HE BBUIMBATH OOPATHO B COCYIl, U3 KOTOPOTO OH OBLI B3AT.

6. Bce ombITH ¢ BPEHBIMH U MIAXHYIIUMH BEIIECTBAMH, a TAKXKe yIapuBaHUE KHCIOT U KUCIBIX
PacTBOPOB MPOBOAMTH B BBITSKHOM IIKAQYy.

7. OcraTKu coeqUHEHU cepedpa ciMBaTh B 0COObIE CKIISHKH.

8. Ilpu HarpeBaHUM PacTBOPOB B NMPOOUPKE BCET/Ia CIENyeT JepkKaTh e€ TakuM 00pa3oM, 4ToObI
OTBepcTHE MPOOUPKH OBLIO HATIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsIoM coceia.

9. He HaKIOHSTH MO HAJl HArPEBAEMOM JKUIKOCTBHIO HJIH CIUIABIISIEMBIM BEILIECTBOM.

10. He cnemyer BIbIXaTh IMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYIy C 3THMHU
BenlecTBaMy. HroxaTh BeliecTBa MOKHO JIMIIL OCTOPOKHO, HANPABJISS K ceOe Taphl WIIH ra3 JIBHKEHHEM
pyKH.

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

12. BrbummBaTh pa30aBlIeHHbIC KUCIOTHI U MENOYHBIE PACTBOPHI CIIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3armpeniaercst mpoboBaTh XMMHUYECKUE BEIIECTBA Ha BKYC.

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

16. Kareropuuecku 3arpeniacTcs OCTaBIsATh pa0OTaroIMe TpUOOPsI 03 HAOIIOICHUS.

23. B xumMuueckoit 1abopatopun He0OX0JUMO paboTaTh B Xajare.

3aganusa

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

Hanumwure monekynspHoe 1 HoHHOE ypaBHeHue. IIpoOupKy ¢ ocagkoM coXpaHuTe AJIs OIbITa 3.

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

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

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

3anummTe MOJIEKYJISIPHOE M MOHHOE YpaBHEHHS 00pa30BaHUs OCaIKa.

Hanumwure ypaBHeHHE TEPBUYHOTO MPOTONM3a W ypPaBHEHHUS BCEX CTYINEHYATHIX MPOIECCOB
IPOTOJIN3a KOMIUIEKCHOTO HOHA; 3allMIIUTE BBIPAKEHHUS KOHCTAHT HECTOMKOCTH M OOpaTHBIX UM
KOHCTAHT YCTOMYMBOCTH Ui BCEX CTyMeHeWd mporosn3a. Kak BBIMISAWT COOTHOIIEHHME AJSl OOIIeH
KOHCTaHTHI aMMuakata Meau? Haiinute Hy)HYI0 WHQOpPMaIUIO B CIpaBOYHMKAX W BeIHmuTe e€. Kak
MOYHO O0BACHHUTH OKpacKy coeauHennii Cu?* ¢ mosummii TKIT?

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

Hanmmwure MonekynsipHOe ¥ MOHHOE ypaBHEHHE peakiuu. Kakyio 4acTh BHAMMOTO CIIEKTpa
mortontaet pactBop Fe(CNS)s?

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

OmeiT 5. [IpuUTOTOBETE TUAPOKCHI ITUHKA U MEPEBEIUTE €ro B IMHKAT. [ 3TOTO K pacTBOpPY
cyiabdara nuHKa 100aBbTE MO KaljlsiM PAacTBOP LIEIOYM A0 IMOSIBICHMS OCaJKa Tmapokcuaa muHka. K
NOJYy4YeHHOH cMecH A00aBbTe W30BITOK INENOYM [0 IOJHOTO PAacTBOpEeHus ocaigka. Hamwmmmire
MOJIEKYJISIPHOE M MOHHOE YpaBHEHHE peakiiuu 00pa3oBaHue THAPOKCHIA U IMHKATA.

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

Hanmmwure mMonekynsipHOe M HOHHOE ypaBHEHHe peaknnu. K oOpazoBaBiieMycsi ocajiky HOUa
pPTYTH TpubaBbTe H30BITOK HOIMAA Kajlus 0 IOJHOTO pacTBOpeHus uoauaa prytd. OOpasyercs
KOMILIEKCHas1 conlb. M300pazute GpopMyiy NoaydeHHOH cod, 3Has, YTO CTENEHb OKMCIICHHUS PTYTH PaBHA
(+2), a xoopauHanuoHHoe umcino 4. MoHbl Hojga — JUraHabl, MOHBI Kajius — NPOTHBOMOHBI W,
CJIeJIOBATENHLHO, PACIIONOKEHBI BO BHEIIHEH KOOPANHAIIMOHHOMW cdepe.

Hanumure monexkymnspHoe ¥ MOHHOE ypaBHeHHE oOpazoBaHMs KomiulekcHoM comu. Kak TBC
00BACHAET FIEKTPOHHYIO CTPYKTYpY KoMriiekcHoro uona [Hgls]®? Kakoit Tun rubpuam3anyy KaTHOHA
Hg®* B aTom kommekce? KakoBsl MarauTHbIE cBolicTBa [Hgl4]*?

Onwit 7. Tecm na omxpwimue owcenesa (+3). B npobOupky momecture 10 kamenb pacTBopa
xyopuza xenesa (+3), ¥ Mo KamwisiM J00aBJsiiTe pacTBOp KENTOHW KPOBSHOW coJM 10 0Opa3oBaHUs
rojy0oro ocajka OEpIHHCKON JIa3ypH.

OmwiT 8. Tecm na omxpuimue dceneza (+2). B mpodbupky momecture 10 kamens pacTBOPEHHOTO B
BOJIC KpPUCTAUIMYECKOro cynbgara xene3a (+2), mpubaBbre 1o Karmisim pactBop Ks[Fe(CN)s].
Habmiomaetcst oOpa3oBaHue 0caika XapakTEPHOTO CHHETO IBeTa (TypHOyJuIeBa CHHB). JTO COSAMHEHHE
obpasyercs B pe3yabTaTe HEMoIHOTo 3amernerus nonoB Kanus B Ks[Fe(CN)s nonamu xemesa (+2).
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Ilpumeuanue. JlokazaHo, 9To TypHOYIIEBa CHHb U OEPIMHCKAS JTa3yph IMOJHOCTHIO HICHTHYHBI U
MUMEIOT OTMHAKOBBIE (hOPMYITBI.

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

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

Ne /1 | Pearentsl XUMUYEeCKasi peakius HaOmronenus

1

gl wIN

KoHTpoJibHBbIE BOPOCHI
ba30BbIil ypOBEHB

1. Kakue coenrHeHus Ha3bIBAIOT KOMIUIEKCHBIMU?

2 Uem 00BsCHSETCS UX MHOTOOOpazme?

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

4 Kro aBTOp koopauHanmoHHOH Teopun KC? Korna ona nosiBunacs?

5 U3 kakux snemeHToB coctosit KC? [IpuBeante nmpumepsl.

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

7 Kak paccuuThIBaeTCsS CTEHNEHb OKUCJICHHsS KOMIUIEKCOOOpa3oBatTeliss M 3apsii KOMIUIEKCHOTO
noHa? OTBET MOSCHUTE HA IPUMEPE KOMITJIEKCOB BOIIpoca 6.

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

9 Yto Takoe KOOpAMHALMOHHOE YHCJIO KOMIUleKcooOpas3oBatensi? Kakue yacTHIBI Ha3bIBalOT
nuradggamu? OTBET MOSCHUTE Ha TPUMEpax.

IToBbILIEHHBIN YPOBEHD

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

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

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

4 Kak TBC o0bscHsieT 00pa3oBaHNEe XUMHUYECKOH CBS3H B KOMIUIEKCax?

5 Kakue koMIuleKkchl Ha3bpIBalOT KapOoHmnamu? OObsicHUTE 00pa30BaHUE TAKUX KOMIUIEKCOB C
MO3UIMH TEOPUH BAJIEHTHBIX CBA3EH.

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0Ib30BAHNIO M0 JAHHOM Teme

OcHoBHas iMTEpaTypa:

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

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

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

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

2 http://biblioclub.ru/ — DBC «YHuBepcuterckast OHOINOTEKA OHIIANHY.

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

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

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

Teoperuyeckas 4acTb
Teopusi OKHCINTETbHO-BOCCTAHOBUTEIbHBIX peaKkuuii
Peaxyuu, ¢ xomopwix npoucxooum uzmeHeHue cmeneHeu OKUCIEHUs amoMO8, HA3bl8AIOMCs
OKUCTUMENTbHO-60CCIMAHOBUMETTLHBIMUL.
B mpocTeix BemecTBax CTENEHW OKUCICHHMS aTOMOB paBHbI HYJIO. ISl CIOXXHOHW MOJIEKYJIBI
cymmMma CTerneHen OKUCIECHUS BXOAAIIUX B €€ COCTaB aTOMOB TaK>XK€ JOJI’KHa OLITH paBHA HYJIIO, IJI1 HOHA

— ero 3apsmy.
OKHUCIEeHNEM Ha3bIBAETCS mnponuecc OTaAa4m aToMOM MOHCKyJ’IOfI HUJIM NOHOM JJICKTPOHOB:

Al —3e —> AI3*

Fe?" —e > Fet

2ClI~ —2e »Cl,.

B nponecce okucneHus NPOUCXOIUT MOBBILICHUE CTEIEHU OKUCIICHHUS.
BoccranoBinenneM Has3bpIBae€TCS MPOILECC MPUCOSAWHEHHS AJICKTPOHOB aTOMOM, HWOHOM WIIH
MOJIEKYJIOM:

S +2e —»S%*

Cl, + 28 = 2CI~
Fe3 +e > Fe?t
HpI/I BOCCTAHOBJICHHUHU CTCIICHb OKHUCJIICHHUA ITOHUXKXACTCA.
B 3aBUCUMOCTHU OT CHOCO6HOCTI/I oTaaBaTh UJIN HpI/IHI/IMaTL BHGKTPOHBI BCE BCUICCTBA ACIATCA HA
OKHUCJIIUTECIIN U BOCCTAaHOBUTCIIN.
OKuCﬂumeﬂu — 9mo amomsl, UOHbL UIU MO]leKlebl npucoe@uﬂﬂlou/;ue 3ﬂ€Kmp0Hbl. BO GpeMﬂ
peakuuu OHU B60CCMAHABIUBAIOMCAL.
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Boccmanosumenu — 3mo amomvl, UOHBI UIU MOJIEKY/bl, KOMOpble OMOAm 31eKmponsl. Bo
8peMs peaxyuy OHU OKUCTISIIOMCA.

[Iporieccol OKUCICHUS U BOCCTAHOBJICHUS BCETIa MPOTEKAIOT MapaUIeIbHO, YTO MOXKHO BBIPA3UTh
CIEAYIOLIEH CXEMOM:

BoccranoButens (B1) — € € okucnurens (O1)

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

CrenoBaTenbHO, OKUCIUMENbHO-60CCIMAHOBUMENbHBLE PeaKyul npedcmagiaiom coool eOuHCmao
08YX NPOMUBONONONCHBIX NPOYECCO8 — OKUCTEHUS U 80CCMAHO06IeHus. B 3TuX peaknuax oOIlee 4ncIiio
AJIEKTPOHOB, OTAaBa€MbIX BOCCTAHOBHUTEJIEM, PABHO O0IIEMY YHUCITy, TPUCOEANHIEMOMY OKHCIUTENIEM.

[Ipu 5TOM HE3aBHCHMO OT TOTO MEPEXOIAT JIM AIEKTPOHBI C OJHOTO aTOMa Ha APYTod MOIHOCTHIO
WIA JIMIIb YaCTUYHO OTTATHBAIOTCS K OJHOMY M3 aTOMOB, YCJIOBHO TOBOPAT TOJNBKO 00 OTHade M
MIPUCOEANHEHUH JIEKTPOHOB.

B OBP oxucnurens W BOCCTAaHOBUTENb pEArHPyIOT OPYT C JIPYIOM B 3KBHUBAJIEHTHBIX
KOJIMYECTBAX.

Oxeusanenmom oxucaumens (O) unu 6occmanosumens (B) nazvigaemces maxoe xonuuecmeo ux
MOTIb, KOMOpOe NPUcoeOuHsem Uil omoaem 00U MONb INEKMPOHO8, YMO OMPANCAENCs CIe0YVIOuUMU
dopmynamu:

2(0), monv= 3 wi I(B), monb= i,
Zg Zg
TO€ Ze — YUCIIO 3JIEKTPOHOB, KOTOPOC NPUHUMAET OKUCIUTECIIb O wm OTAACT BOCCTAHOBHUTCIIb B.
MomnrHasg (I/IJ'II/I MOJ'IHpHaH) Macca SKBUBaJIeHTa okuciutensd O U BOCCTAaHOBUTENS B BBIpAXKacTCA B
T/MOJIb ¥ OTIPEIENISAETCS W3 COOTHOIIEHUH CIIeAYIOIEero BU/Ia:

1) nnst okucnurens— M (i 0),2! monw; 2) nasiBoccranoBmensi— M (i ,B),2l mons
Ze Ze

TonbKO B pOIH OKHUCHHUTENS BHICTYIAIOT YaCTHUIIBI, UMEIOIIHE MaKCHMAaIhbHO BO3MOKHBIEC CTETICHH
OKHUCIIeHUs (Hampumep, s Maprania — 310 (+7), ans azoTa (+5) U T.1.); TOIBKO BOCCTAHOBUTENS — C
MUHHMAJIBHOW CTEMEHBIO OKUCICHHUS ([T cephl — 310 (—2), ams azota — (-3) ¥ T.11.).

Yacmuysl, umerowue npomMelCcymoyHvle CmeneHu OKUCIEHUS, MO2YM NpPOAGNAMb CEOUCMBA KAK
oKucIumens, mak u 80CCMarosumens. IT0 OOYCIOBICHO: XUMHUECKON TIPUPOJON peareHTa-mapTHEPa;
YCIIOBUSIMH U XapaKTepPOM Cpeibl, B KOTOphIX npoTekaeT OBP.

Hanpasnennocts OBP  onpezensiercss BelWMYMHAMU 3HA4YeHUI CTaHIAPTHBIX IOTEHIHATIOB
peareHToB: okuciuTenb (O Bcerma uMmeeT Oonpmmid (MO anreOpandeckoil BENWYHMHE) CTaHIApTHBINA
MOTEHIAI, YeM BOCCTaHOBHUTEIb B.

Hanpumep, B kucioit cpeae cmemmubator jnBa BemectBa: KoCroO7 m NaNO,. Kakoe u3 atux
BEIIECTB OyJET OKUCIIUTENEM, KaKOe — BOCCTAHOBHUTEIEM?

O6patumcs k crpaBounbiM aaHHbM: ¢°(Cr,072 + 14 HY/2Cr*3 + 7H,0) = 1,33 B; ¢°(NOs +
2H"/ NO; + H0) = 0,78 B.

Ilpumeuanue. PexomenayeTcs: ucmonb3oBaTh yaeonoe nocoomue: H.C. Axmero, M.K. A3u3oga,
JLU. bappiruna. JlabopaTopHblE W CeMUHApCKHUE 3aHATHS 1O OOIIell M HeopraHW4eckod xumum. M.:
Beici. mixosa, 2002.

Tak xak p°(Cr.072 + 14 H*/2Cr*3 + 7TH,0) > ¢°(NOs + 2H*/ NO; + H,0), mo oxucnurenem
oynet sBasThes KoCraO7.

KonuuecTBeHHON XapakTepucTHKOM riryouHbl npotekanus OBP sBisercs 3HaueHHe KOHCTaHTHI

paBHOBECHS:
0/Ay_ .0

lgK P = ? ©)-¢°(B) ,
0,059

rne ¢°(0) u ¢°(B) — cTaHAapTHBIE MNOTEHIHMANbl OKHCaUTens (O W BOCCTAHOBHTENS B
COOTBETCTBEHHO, B; Zy — cyMMapHO€E KOJIMYECTBO 3JCKTPOHOB, MPUHUMAIOIINX yyacTue B qanHoi OBP.
Koncranra pasaoBecust OBP cesizana ¢ noreninanom ['ub6ca (Ix/mois-K):

AG? = -2,303RT IgK P (8.2)
DHeprus I'n66ca, B cBoro ouepespb, cBsana ¢ IJIC (A¢p®) nmocrosuuoit ®apanes (F) u unciom
3JIEKTPOHOB, yuacTByionmux B OBP:

o (8.1)
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AG®, oie/mons-K = —nAp°F, (8.3)
Ap® = 9°(0) — ¢°(B) — DJIC OKMCIIHTEIbHO-BOCCTAHOBHTEIBHOM PEAKIUU MPU CTAHIAPTHBIX
yCIoBHsIX, B.
Hns cranpaptaeix yenosuid: 7= 298,15 K = 298,2 K; R = 8,314 Jx/monbK; F =96450 =
96500 K/MOTB-3KB, TOTYIUM GOPMYITY YIOOHYIO TSI PACUETOB:

F 96500
IgKJog =

= nAp® =16,90nA¢°.
2,303RT  2,303-8,314-298,2

(8.4)

B ycioBusSIX OTIMYHBIX OT CTaHAAPTHBIX, OKHCIUTEIbHO-BOCCTAHOBUTEILHBIC MOTCHIUAIIBI

(OBII) m DJIC OBP, mpoTekalomux B BOAHBIX PacTBOPAx, 3aBUCAT OT KOHIICHTpAIMd (TOYHEE,
aKTHBHOCTEW) YYaCTBYIOIINX B MPOIIECCe HOHOB. DTa 3aBUCUMOCTD BhIpakaeTcs popmymnont HepHera:

0,059, [O]
lg =i
[B]
e ¢°o/s— CTAaHAAPTHEII MOTEHIMA peareHTa (OKMCIMTENHN il BoccTaHoBuTens), B; [O] u [B] —
KOHIIEHTPALMK OKMCIEHHOM M BOCCTAHOBJIEHHOW (hOPM pEAreHTa, MOJIBL/IM®, Z — 4UCIIO JIEKTPOHOB B
MOJTypeaKuy 7Sl TaHHOTO pearcHTa.
Ipumeyanue. Cnenyer Bcerna NOMHUTh, YTO KOHIEHTpAIMK Becex ydacTHUKOB OBP B ypaBHeHuu
(7.5) sBnsitoTest MonsipHbIME KoHIeHTpatmsamu (Cy (X)), a He mosipabiMu 3kBuBaiieHra (C(1/z2 X)).
Ha 3nauenne OBII 1 Ha xapakTep OIpPOAYKTOB pPEaKIUKU JOCTATOUHO CHIIBHOE BIUSHUE OKA3BIBAECT
pH pactBopa, B koTopom nporekaer OBP. Hampumep, npu pH < 7 3HayeHue cTaHIApPTHOIO
MOTEHIMANA JJIl CUCTEMBI:

(oo(MnOZ +8H T /Mn?t +4H50)=151B .
wpupt=7- @X(MNO; +2H,0/MnO, + 40H ) =06 B
oi>7- @2 (MnOg / MnOz2) = 0,564 B.

Bakneiimme BOCCTAaHOBUTENN: aTOMBI METaJUIOB, Bojopox, yriepon, CO, HoS, H.SOs, NaNO,
Na23203, HI, HBr, HC', FESO4, CrC|3, MnSO4, NHs.

Bakuelitme OKUCIUTENH: TalIOTEHBI, XJI0paThl, KHCI0po I, 030H (O3), KMNnOa, KoCr,07, KoMNOs,,
HzOz, HzSO4 (KOHL;.), HNOs, PbOZ.

».B=pdp + ©5)

THUIBI OKMCIUTEIBHO-BOCCTAHOBUTEIBHBIX PeaKIuii
PaznuuaroT Tpu THIIA OKUCIUTEIHHO-BOCCTAHOBUTEIIBHBIX PEAKIIUIA:
a) BHYTPUMOJIEKYJISIpHBIE; 0) TUCIPONIOPLMOHUPOBAHUS; B) MEKMOJIEKYIISIPHBIE.
Buympumonexynapnvie OBP — 2mo makue peakyuu, 8 KOMOPLIX U OKUCIUMENb, U
B0CCMAHOBUMENL HAXOOAMCA 6 COCMAge OOHOU MONEKYNbl, HO AGIAIOMCA NpU IMOM  PASHLIMU
9NeMEeHmamu.

2KNO3 —>2KNO, + O,
AN -2e > N*
1207% + 4e <> O,.

Peaxyuu  oucnponopyuonuposanuss — OBP, 6 x00e KOmopulx O00uH U3 2JIEeMEHMOs,
codepoicawjeticst 8 0OHOU MONEKYe, OOHOBPEMEHHO U NOGLIUIAEN, U NOHUIICAEN CIENneHb OKUCTIEHUSL.

Cl, + 2KOH — KCIO + KCI + H,0
1|Cly —2e <> 2CI*
1|Cly —2e <> 2CI ™.
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K amcnpornoprinoHMpOBaHMIO CHOCOOHBI TOYTH BCE YACTHUIBL, HMEIOIIHE IMTPOMEXYTOUYHYIO
CTETICHb OKUCIICHUSI.

HauGonee pacrpocTpaHeHHBI pPEaKIMU TPEThErO THIA, KOTOPHIE MPOTEKAIOT C HM3MECHEHUEM
CTEMEHU OKHCIICHUS aTOMOB B Pa3HBIX MOJIEKYJaX, T.€. OKHUCIMUTEIb W BOCCTAHOBHUTENb HAXOMISITCS B
pasubix BemiecTBax. Crosa ke cjemyeT OTHECTH M PEaKIMH MEXAY pa3HbIMH BEIIeCTBAMH, B KOTOPBIX
aTOMBI OZHOTO M TOTO YK€ DJIEMEHTa UMEIOT Pa3IMIHYI0 CTeIIEHb OKHCICHMS:

5HCI + HCIO3 — 3Cl, + 3H,0
112C1"° +10e > CIY
5/2CI~ —2e <> CI3.

OobopynoBanue 1 MaTepuaJIbl

PactBop Opomuma HaTpus

PactBop 6enzomna

[Tpobupku

PactBop HlonHOM BOZIBI

PacTBOp KpHCTaIII0B HOANAA KAIHs

[Iepexucs Bogopona

KpucrannoB nepMaHranara Kamus

PactBop Na,SOs3

PactBop HUTpUTa HATPUSL
. PacTBOp Omxpomara Kanus
. PactBOp OpoMHOI1 BO/IBI
. IlopormkooOpasHas cepbl
. Tuonmanat xanus
. PactBOp comm xene3a (+3)
. PactBop SnCl,
. PactBop cynbdara menu CuSO,
. Kene3uslii rBo316

PactBop nepmanranara kanmus KMnO; ¢ konnentpanueii C(KMnOs) = 0,02 mosn/mm3,

. pacTBOpa cepHoi kKucoThl kucinora H,SO4 ¢ konnentpamuein C(H2SO04) = 2 Monb/nme,
Pacteopa ménoun NaOH ¢ konuentpanueit C(NaOH) = 2 mons/om3,
PactBopa cynbdura Hatpust Na;SOs ¢ kornenrpanueii C(NaSO3) = 2 mons/am3,
. PactBopa cynbdara xenesa (II) FeSO4 ¢ konuentpanueit C(FeSO4) = 2 mons/am3.

BoOooo~NoGa~wNE

N NNNNRPRRRRRERRE R
W NPOOWO~NOOURARWNEREO

. PactBop azotnoii kucnorel HNO3,p(HNO3) = 1, r/ecm®

. MEeJTHast IPOBOJIOKA

. Auxpomar kamust KoCr20O7 ¢ kornenTparmeit C(K2Cr.07) = 2 MOJTB/IM°.

. PactBopa nurpura Harpust NaNO- ¢ konnentpamuein C(NaNO2) = 2 monb/nme,

NN N
(SR @) N

Yka3aHnus 1o TexHuke 0e30I1aCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJKHBI MPOBOJUTHCS IPH HCIPABHOM

3IIEKTPOOOOPYIOBAHNH, HIEKTPOIPOBOJIKE, IPABIILHO O0OPYIOBAaHHOM BBHITSHKHOM LIKady.

2. T'a30BbIe KpaHBI U ra30MPOBO/I 1OJHKHBI HAXOIUTHCS B UCIIPAaBHOM COCTOSIHUH, TIEPHOANIECKU
MIPOBEPSATHCA.

3. PaGodee mecTo comepkaTh B HOPSIKE U YHCTOTE.

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

5. MUznumex peakTrBa He BBUIMBATH OOPATHO B COCY/l, U3 KOTOPOTO OH OBLI B3SIT.

6. Bce ombITH ¢ BPEHBIMH U TIAXHYITUMH BEIIECTBAMH, a TAKXKE yITapUBaHUE KHCIOT U KHACIBIX
PacTBOPOB MPOBOAMTH B BBITSKHOM IIKAQYy.

7. OcraTKu coOeqUHEHU cepedpa ciIMBaTh B 0COObIE CKISHKH.

8. Ilpu HarpeBaHUM PacTBOPOB B MPOOUPKE BCET/Ia CIEyeT AepKaTh e€ TaKuM 00pa3oM, 4TOObI
OTBEpCTHE MPOOUPKH OBLIO HAIIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PSAOM COoceaa.

9. He HaKIOHSTH MO HAJl HArPEBAEMOM JKUIKOCTBIO HIIH CIUIABIISIEMBIM BEILIECTBOM.
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10. He cnenyer BIbIXaTh IMaxy4due BEIIECTBA W Ta3bl, ONU3KO HAKIOHSSICH K COCYIy C DTUMHU
BeniecTBaMy. HroxaTh BeliecTBa MOKHO JIMIITb OCTOPOXKHO, HAMPABJISISA K ceOe Maphl WM ra3 ABMKECHHEM
PyKH.

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

12. BrbummBaTh pa30aBIeHHbIC KUCIOTHI U MEIOYHBIC PACTBOPHI CIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOoBaTh XHMHUYECKUE BEIIECTBA HA BKYC.

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

15. IIpu paboTe cO CTEKIOM, XHMHYECKOW TOCYIOH, HEOoOXOAMMO COONIIO/ATh IpaBUIiIa
MPEIOCTOPOKHOCTH BO M30€KaHNE PaHEHUI OCKOJKAMH CTEKIIA.

16. Kareropuecku 3arpemiacTcs OCTaBIATh paOOTaroIMe TPUOOPHI 03 HAOIIOICHUSI.

24. B xuMu4ecKoH J1abopaTopuy HEOOXOAMMO paboTaTh B XajaTe.

3amanusa

Omeir 1. K pactBopy Opommna HaTpusi B NpOOMpKE MpHICHTE HEMHOTO XJIOPHOW BOABI U
HECKOJIBKO Karenb OeH3ona. Berpsixaure conepkuMoe mpoOHpKu. BepxHuii cioil okpacuics B Oypblid
uBer. Uto sBiseTcs NpUYUHOM OKpacku? HamummTe ypaBHEHUE PEaKLMd U COCTAaBBTE 3JIEKTPOHHYIO
CXEMy U3MEHEHUS cTeneHel okucienus anemMeHToB. Onpeaenure 3/C 3Toil peakuuu.

OnpiT 2. (ONBIT MPOBOAUTE B BHITSHKHOM HIKady). B npobupky Haneiite 1 cm® fiogHol Boasl 1
Takol xe 00péM OeH3omna. [IpoOupKy BCTpAXHUTE HECKONBKO pa3. OOpaTuTe BHUMAaHKE Ha IIBET BEPXHETO
6enzonpHOrO cnos. IlomyueHHbIH pacTBOp COXpaHUTE AJIsl CPAaBHEHUSI.

B cyxyro npoOupKy HachklllbTe HEMHOTO KPHCTAJUIOB HOAMAA Kajus (OCTOPOXKHO!), MO CTEHKe
npoOupkn TpubaBbTe 2-3 Kamik pacTBOpa KOHIIGHTPUPOBAHHOM CEpHOH KHCIOTHL. Briaensercs
razoo0pasHelii mpoaykT ¢ 3amaxom HzS. K comepsxumomy mpoOupku mpuieiite 1 cm® Gensoma u
OCTOPOXHO BCTPAXHHUTE HECKOJBKO pa3. OOpaTuTe BHUMAaHUE HA OKpacKy OeH3oibHOro ciosi. CpaBHHTE
3Ty OKPacKy ¢ OKPacKOM, MOJTyYeHHOW BaMH MPU BCTPSIXUBAHUU HOAHOM BOJIBI ¢ OEH30JIOM.

Hanmumure ypaBHeHusa peakuuid. COCTaBbTE MOHHO-3JIEKTPOHHYIO CXEMY HM3MEHEHHs CTEIICHEU
OKHCJICHHSI aTOMOB PEarupyroIx BemecCTB.

Omngit 3. K 2 cm® pactBopa nepmanranara kanus KMnO4 no6aBbTe paBHbIi 00bEM pa30aBIeHHOM
CepHOW KHUCIOTHl M MepekucH Boxopona. OOpartuTe BHHUMaHHE Ha HM3MEHEHHME LBeTa B pacTBope. K
OTBEPCTUIO NPOOMPKM IOJHECHUTE TICIOMYI0 Iy4uHKY. Uto mpum sToM Habmomaercsi? Kakol ras
BBIAEITISIETCS?

Hanumwure ypaBHeHHEe NaHHOW peakMM B MOJEKYISIpHOM M moHHOH (opmax. KoadduimenTts:
OIIpeJIeJIUTE C IIOMOIIBIO0 METO/1a 3JIEKTPOHHO-MOHHOTO OanaHca.

OmnpiT 4. (OOBIT IPOBOAMUTCS B BBITSDKHOM IKady). B cyxyro mpoOupKy HachIllbTe HECKOJIBKO
KpPHCTAIJIOB TIEpMaHraHaTa Kajlusi 1 OCTOPOKHO MPWIICHTE HECKOJIBKO Karellb pa30aBieHHOTO pacTBopa
consiHoM kucioThI (1:1). Beinensercs ra3 (octopoxHo!), HOHIOXaMTE ero.

Hanummure ypaBHeHHE NaHHOM peakUUM W COCTABbTE 3JIEKTPOHHO-MOHHYIO CXEMYy HM3MEHEHHS
CTEeTeHeW OKUCIEHHS 3JIEMEHTOB, YUACTBYIOIIMX B PEAKIUH.

Ongit 5. B Tpu otaensHble npooupku Baecute 1-2 cm® pactBopa KMnOys, a 3aTeM n06aBbTe B 3TH
npoOUpPKH paBHBIE OOBEMBI: B IEPBYIO U3 HUX — PAacTBOP pa30aBIEHHON CEPHOM KUCIIOTHI, BO BTOPYIO —
BOJIY, B TPEThI0 — KOHIICHTPHUPOBAHHBINH pacTBOp Immienouyu. [locie dero B KaXAyl0 H3 NPOOUPOK
npubasbre 1-2 cm® pactBopa Na,SOs. UeM 0ObsicHUTL nmpoucuiemue usmeHenns? Hanummre monmsie
ypaBHenus: OBP, ucnone3yst HOHHO-3IEKTPOHHBIN MeToa. OueHuTe riyOrHY NMPOTEKaHHUs MPOLECCOB B
KaKaoM citydae. OT 4ero 3aBUCHUT OKHCIIUTENbHAs aKTUBHOCTh IEPMaHTaHT-HOHA?

Onpir 6. K nBym cM® pacTBopa HUTpWTAa HATpHsi NMPHIIEHTE PaBHBIH OOBEM pacTBOpa CEPHOMN
KHCJIOTHI ¥ J0OaBbTE 110 KaIIsiM HeOOJIbIIOEe KOJMYECTBO pacTBopa noAuaa kanus. OOpaTute BHUMaHUE
Ha U3MEHEHHE 1[BETa pacTBOpA.

Kaxoe BemecTtBo Bbinenminochk? CocTaBbTe ypaBHEHHE COOTBETCTBYIOIIEH peakuuu. Onpenennrte
KO3 GHUIUEHTHI METOIOM IOJIypEaKIIni.

Onwir 7. Haneiire B npo6upky 1-2 cm® pacTBopa 6uxpomara Kajus, 100aBbTe K HEMY IBOMHOMN
00bEM pa3baBleHHOM cepHON KMCIOTHI M 4-5 cM® pacTBopa HuTpuTa HaTpus. OOpaTuTe BHUMAHHE Ha
M3MEHEHHe 1IBeTa pacTBopa. HamummTe MonekynapHOe M HOHHOE ypaBHEHUS NaHHOW peakuuu. [lomgbop
K03(p PULIMEHTOB OCYIIECTBUTE METOJOM 3JIEKTPOHHO-MOHHOTO OajaHca.

Onwir 8. K 2-3 cm® GpoMHOI BOJIBI TIPWJIEHTE PAacTBOP IIETOYH 10 MOJHOTO OOECIBEYMBAHUS
pactBopa. CocTaBbTe 3JIEKTPOHHO-MOHHOE ypaBHEHHE AAHHOM peakuuy M onpenesnuTe Kod()UIMEHTH
METOJIOM IOJTypeaKLnil.
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Onpir 9. K 2-3 cM® KOHIIEHTPHPOBAHHOTO PacTBOpPA TUAPOKCHAA HATPUS N0OABHTE HEOOJBINOE
KOJIMYECTBO MOPOIIKO0Opa3Hoi cepbl. CMeCh KUILSITUTE JI0 HCYE3HOBEHHUs cepbl. COCTaBbTE IEKTPOHHO-
WOHHBIE CXEMBI I3MECHEHHSI CTETICHEe OKMCIICHHS pearupyrolux BemecTB. Hanummre HOHHOE U TIOJTHOE
ypaBHeHus1 jaaHHOM peakiuu. K xakomy tunmy OBP otHocuTcs nannoe mpespamienue? I[louemy aTombl
CepBI CITOCOOHBI K TAKUM TIPEBPAIICHHASIM?

Omngir 10. K pacteopy ( 1-2 cm®) TMonmanaTa kanus (MM aMMOHHS) IPHOABBTE TAKOH e 00BEM
pactBopa comu xene3a (+3). Kakoil uBer momydeHHOro pactBopa? 3aTeM K OKpAIICHHOMY PacTBOPY
OpUOABIIAIOT MO KAIUIAM 10 MOJHOTO oOeciBeunBanus pactBop SNCly. Kakue mporiecchl MpoUCXoasT B
pactBopax u mouemy? Paccumraiite DJIC peakumm BoccTaHoBIeHHs Fe®" momamu Sn?*. Paccunmraiite
u3Menenne >Heprun I'm66ca (4G’ ,.) u xoucranTy pasHoBecus (KPy,) mns dToii peaxiuu. OleHuTe
ri1yOuHy €€ mpoTeKaHusl.

Oneir 11 B npobupky maneiite 1-2 ¢cm® pactBopa cymsdara mean CuSOs m omyctute Tyna
3a4YHIICHHBIA C MMOMOIIBIO0 HAXAAYHOW OyMaru >keyie3Hblid TBo3Ab. [locTaBbTe MpoOHPKy B IITATHB Ha 5
MUHYT. Yepe3 5 MUHYT OTMETbTE M3MEHEHHsI MIOBEPXHOCTHU JKEJIE3HOTO TBO3AA M 3aHECHTE UX B rpady
«Habmroneunsn».

Hanumvre ypaBHEHME OKHCIMTENbHO-BOCCTAHOBUTEIBHOW PEaKIUM U YPABHAUTE e¢ 0 METOIY
JNIEKTPOHHOTO OanaHca. YKaXUTE OKUCIUTEIb W BOCCTAaHOBUTENb. [loNb3ysich psAOM HampsbKEHHH,
YKQXHUTE, KAKAE METAIUTBI MOTYT BBITECHATH ME/Ib U3 PACTBOPOB €€ CoJeH.

Oneir 12 B Tpu mpobupku Haneiite mo 2-3 cm® pactBopa mepmanranara kamus KMnOs ¢
xonnenrpanueit C(KMnOg) = 0,02 Moms/am®.

- B nepByto nmpobupky no6asbre 1-2 cm® pacTBopa cepHoii kucnotsl kuciota HaSOs ¢
xonnenrpamuei C(HzS04) = 2 Momn/am®,

- Bo BTOpyIo npo6upky 106aBbTe 1-2 M3 IMCTHILIMPOBAHHON BOJIBL.

B tpetsio npobupky no6asbre 1-2 cm® pactopa ménoun NaOH ¢ konuentpanueit C(NaOH) = 2
MOJIB/IM>,

Bo Bce mpoGupku Haneiite mo 3-4 cm® pactsopa cymbdura Hatpus Na;SOz ¢ KOHLEHTpanueit
C(NazS03) = 2 mons/name,

OTMeThTe N3MEHEHHUE IIBETA PACTBOPOB B KAXKIOW U3 MPOOUPOK C YUETOM 3aBUCUMOCTH OKPACKH
COEIMHEHMIT MapraHia OT €ro CTENEHU OKHCIeHUs: HoH MnO4s~ umeeT GpuoneToByro okpacky, MnO4s> —
3enényro, Mn?* — c1abopo30ByI0, a IIPH MaJION KOHIEHTPALUK — OECLBETHYIO. 3aHECHTE HAaOIIOIEHNUS B
rpady «HabmroneHus».

Hanwumvre ypaBHEHUST OKUCITUTEIHHO-BOCCTAHOBUTENBHBIX PEAKIMi U YPaBHINTE UX MO METOLY
3IIEKTPOHHOTO OanaHca. YKaxuTe OKUCIUTEIh U BOCCTAHOBHUTENb.

Ongit 13 B npo6upky Haneite 1-2 cm® pacteopa nepmanranata kanus KMnOg ¢ KoHIeHTpanuei
C(KMnQO,) = 0,02 momns/nm3 no6asere 1 cm® pactBopa cepHoit kuciotel H.SO4 ¢ KOHIEHTparmeit
C(H2S0y4) = 2 mons/nm® u npuneiire 1 cm® pactBopa nomuaa kamus Kl ¢ xonmenrparmein C(KI) = 2
MOJIB/ M.

3adukcupyiiTe U3MEHEHHE [IBETa paCTBOpA M 3aHeCUTe HaOmoneHus B rpady «HabmoaeHus».

Hanwumvre ypaBHEHUST OKUCITUTEIHHO-BOCCTAHOBUTEBHBIX PEAKIMN U YPABHSINTE UX MO METOJY
AJNIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENh U BOCCTAHOBHUTENb.

Oneir 14 B mpobupky Hanedte 1-2 cm3 pactBopa mnepmanraHata kamugs KMnO4 c
kounenrparuein C(KMnO4) = 0,02 mons/mm3, nobaBsre 1 cM3 pactBopa cepHoii kuciaoret H2SO4 ¢
koHueHTpanuein C(H2SO4) = 2 mons/amM3 u mpuneiite 1 cm3 pactBopa cynbdara xenesa (II) FeSO4 ¢
kouneHrpaiueir C(FeSO4) = 2 monbs/am3.

3adukcupyiite ©3MEHEHHE 1IBETA pacTBOpa M 3aHecuTe HaOmoaeHus B rpady «BoBoasl. Habmoaenus».
Hanummre ypaBHEHHs] OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEaKUid U YpaBHINTE UX 110 METOIY
ANIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENh U BOCCTAHOBHUTENb.

Onwir 15 B npo6upky Haneiite 1-2 ¢cm® konnentpuposannoii azotaoit kucnorsr HNOs,p(HNO3)
= 1, r/em® .OnycTuTe B NpOOMPKY 3aYMINEHHY0 HaXKIA4HOM Oymaroil MemHyro mpoBosoky. Harpeiite
npoOUpPKY Ha INIAMEHU Ta30BOM FOPENIKU U MOCTaBbTe €€ B IITAaTUB Ha 5-10 MUHYT.

3adukcupyiite BeIgeNCHHE Ta3a B NPOOMpKE, IBET BBHIACIAIOMICIOCS ra3a M M3MEHEHHE IIBETa
pacTBOpa. 3aHecute HaOmoaeHus B rpady «HaobmoaeHusy.

Hanumvre ypaBHEHHST OKUCITUTEIHHO-BOCCTAHOBUTENHHBIX PEaKIMi U YPaBHSIUTE UX MO METOLY
3NIEKTPOHHOTrO OanlaHca. YKaKUTe OKUCINTEIb U BOCCTAHOBHUTENb.

Onpir 16 Haneiire B mpobupky 1 cm® pactsopa muxpomara kamust K,Cr.O7 ¢ KoHIeHTpamueit
C(K2Cr,07) = 2 mons/nm® Jlo6aBeTe B mpoOupky 2-3 cm® cepHoii kucinotel HoSOs ¢ KOHLEHTpanmeit
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C(H2S04) = 2 mons/am® u 2-3 cm® pactBopa mutpura Hatpus NaNO; ¢ konuentpamueii C(NaNOy) = 2
MOJIB/IM®,

3aduxcupyiiTe W3MeHeHHE IBETa pACTBOpA. 3aHecuTe HaOmoaeHus B rpady «BBIBOIBL
Hao0mronennsny.

Hanunmre ypaBHEHHS! OKMCIUTEIBHO-BOCCTAHOBUTENBHBIX PEAKINI U YPABHANWTE UX 110 METOY
5JIEKTPOHHOTO Oananca. YKa)uTe OKUCIUTETh U BOCCTAHOBHTEb.

Conep:xanue oT4yeTa
[Tomyyenusie nannbie 3adukcupyire B Tadauie 8.1 mo ciemxyromieit hopme:
Tabmuna 8.1. Pe3ynbTarhl SKCIIepUMEHTa

Ne /1 | Pearentsl XuUMUYecKasi peakius HaOmronenus

1

agllbhwiN

KonTpoJibHbIEe BOPOCHI
ba3oBbIli ypoBEHb

1 Yto Ha3pIBatoT cTemeHplo okucieHus? Kak e€ 0003HA4arOT M KakWe 3HaUYeHUS MOXKET OHa
npuHuMaTh? OTBET NOSICHUTE HA IPUMEPAX.

2 Kak ompenensercs MakCUMalbHass 1 MUHUMAJIbHASL CTETICHN OKUCIICHUS SJIEMEHTOB?

3 Kakwue peakiuu Ha3bIBalOT OKACIUTEIHHO-BOCCTAHOBUTEIBHBIMU? [[puBeInTE IpUMEDHI.

4 Kakue peareHTHI Ha3bIBAIOT BOCCTAHOBUTEISIMH, KAaKHE — OKUCITUTEISIMU ?

5 B uem cyTh MeTo1a TIOypeakiuii? s Kakux CHCTEM OH IPUMEHUM?

6 Kak BbIpakaeTCsi KOHCTaHTa PABHOBECHS PEAKIIUU M YTO OHA BBIPAXKACT?

7 Kak MO>XKHO paccuuTaTh KOHCTaHTY paBHOBecus? [IprBennTe cOOTBETCTBYIOIINE (hOPMYIIBL.

8 Ot kakux (pakTOPOB 3aBUCUT NMPOTEKAHNUE OKUCIUTEIBHO - BOCCTAHOBUTEIILHBIX PEaKIIUN?

9 3aBuUCHMOCTb OT KaKUX IapaMeTPOB OTpakaeT ypaBHenue Hepucra?

[loBbIlLIEHHBIN YPOBEHB

1 Kak oOIeHMBaIOT 3KBUBAJICHTHI OKHCIUTENS M BOCCTaHOBHUTENs? B Kakux eIWHWIIAX OHHU
BBIpaKaroTcsi?

2 Yro Ha3bIBAIOT MOJIBHON MacCoi OKHCIUTENs M BoccTaHoBUTeNsA? KakoBa Mx pa3MepHOCTH?
[IpuBenuTe mpuMepHI.

3 KakoBa cCTpykTypa ajropuTMa MeTOJa 3JIEKTPOHHOro OayaHca? OTBET WLIIOCTPUPYHTE
MpUMepaMH.

Cnucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHas JuTepaTypa:

1. Koposun, H. B. O6mras xumus : yaeounuk / H. B. KopoBuH. - 13-¢ u3., nepepad. u jgom. - M.
: Akanemus, 2011. - 496 c. : uin. - (bakanaBpuart). - Pek. MOuH P®. - ITpun.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4

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

JlonosiHUTEIbHAS JIUTEPATYypa:

1. T'munka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tog pea. A. W. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
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2. XuMus METaJuIoB : yueOHOe mocobue (st CTYJCHTOB XMMHYECKOTO (aKyIbTeTa
HaIpaBjeHUH OaKaJaBpOB «XUMH» U « XUMHUYECKask TEXHOJOTHs») / coctaButenu O. A.
['onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552c¢c. —
ISBN 978-5-7779-1875-8. — TekcT : anekTpoHHbIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum mocryma: s
aBTOPU3HUP. N10JIb30BATEIEH
NuTepHeT-pecypcenl:

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

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

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

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTKpbITOE 0O6pa3oBaHKE

Tema 9. OcHOBHBIE MOJIOKEHUS FJIEKTPOXUMMHU.
JladopaTropnasi padora 9. 'aabBaHHYEeCKHE IJIEMEHTHI
[{enb pabOTBI: OCBOUTH COCTABICHUE CXEMBI TAIbBAHUYECKOTO 3JICMEHTA U METO bl HAITUCAHUS
YPaBHEHUH 3JIEKTPOJHBIX MPOLIECCOB.
@opMHpyeMbIe KOMIIETEHIIUU WA UX YaCTH:
Teopernveckasi 4acTh

[Tpuoo6petaembie kommnerenuuu OOIl nmpu u3ydeHUU maTepuana pasjela:
OakaaBp JOHKEH MOHUMATh POJIb OXPaHbl OKPYKAIOIIEH CpeJibl U pallMOHATIBLHOTO
MPUPOIOTIONB30BAHUS JIJII PA3BUTUS M COXPAHCHMs I[MBWIM3ALMU; 00Ja1aTh
CIIOCOOHOCTBIO M TOTOBHOCTBIO BIAJETh OCHOBHBIMH METOJAMH, CIIOCOOaMHU H
CpEIICTBAMH TIOJYyYCHUs, XpaHEHUs, MepepadoTKu HHQPOpPMAIlMU, HCTIOIB30BaTh
KOMITBIOTEP KaK CpencTBO paboThl ¢ MH(pOpMAIMEH; a TaK K€ CaMOCTOSITEIbHOTO
npuoOpeTeHus: (U3MYECKUX 3HAHWUW, IS TOHUMAHUS TPUHIIMIIOB PabOThI
npuOOpOB U YCTPOMCTB, B TOM UHKCJE BBIXOASIIUX 32 MPEJEsIbl KOMIETEHTHOCTH
KOHKPETHOTO HampamjieHusa. bakanBap OyaeT crnocoOeH JIeMOHCTPUPOBATH
0a30Bble 3HAHUS B OOJIACTH €CTECTBEHHOHAYYHBIX AHUCHUUIUIMH U TOTOBHOCTBHIO
UCITI0JIb30BaTh OCHOBHBIE 3aKOHBI B IPO()ECCUOHATLHOM €SI TeIbHOCTH, IPUMEHSTh
METO/Abl MAaTEMaTHYECKOTO aHaiu3a M MOJECIMPOBAHUSA, TEOPETUYECKOrOo U

OKCIICPUMCHTAJIBHOI'O UCCIICIOBAHMA.

TeopeTnyeckue 0CHOBBI
[Tpubop, B KOTOPOM XMMHUYECKasi SHEPTUsi OKUCIUTEIbHO-BOCCTAHOBUTEILHON peakinu

MMpeBpaIacTCs B 3JICKTPUICCKYHO, HA3bIBACTCA T'AJIbBAHUYCCKUM 3JICMCHTOM.
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OcHOBHas cOCTaBHAsl YacTh TAIbBAHMYECKHUX AJIEMEHTOB — 3JIEKTpoAbl. Yarie Bcero oHu
OBIBAIOT METANTMYECKUMHU. OJEKTPOJ, Ha KOTOPOM HPOUCXOAUT TPOLECC OKHCICHHS,
Ha3bIBACTCS AaHOJIOM.

Tak, ecnm B raJbBaHUYECKOM 3JIEMEHTE UMEIOTCS MEAHBIA M IIMHKOBBIN AJICKTPOJBI, U B
ToCHIeIHEM TIPOMCXOIUT HPOIIECC OKUCTIeHUs uHKa: ZN° — 28° <> ZNn?*, To UHKOBLIH 371eKTpos
OyneT aHOJIOM.

DNeKTpoJ, Ha KOTOPOM IPOMCXOTUT MPOIECC BOCCTAHOBJICHUS, Ha3bIBAeTCs KaToJ0M. B
BBIIEIPUBEAEHHOM MPUMEPE KATOJOM SBIAETCA MeIHbIH d1ekTpoa: Cu?*+ 2e” «» CuP,

DNEKTPOHBI C JIEKTPO/a, Ha KOTOPOM MPOUCXOINUT MPOLECC OKUCICHHUS, IePexXoIsIT Ha
AIIEKTPOJ, TJI€ POTEKAET MPOIIECC BOCCTAHOBIICHHS.

Taxum O6p2130M, B IraJIbBAHUYCCKOM 3JICMCHTEC, HMCIOIEM B KaUCCTBC KAaTOJa MCIHYIO U
B KauecTBE aHO/a IIMHKOBYIO IJIACTHHBI, 3JICKTPOHBI C IIMHKOBOM IIACTHHBI OYIyT MEPEXOANThH
Ha MEJIHYIO.

10.7 DnexTpoa B rajJbBaHUYECKOM 3JIEMEHTE HAaXOJUTCS B PAacTBOpE 3JeKTpoauTa. B
IPOCTEHIIEM CITy4ae IEKTPOIUTOM SIBIISIETCS PACTBOP COJM TOT'O METalIa, U3 KOTOPOTO ClIeNIaH
JIIEKTPOI.

Tak, B MeIHO-ITMHKOBOM T'aJIbBAHUYECKOM 3JIEMEHTE IIMHKOBBIH 3JIEKTPOJ MOXKET OBITh
MOMENIEH B pacTBOP Cyib(daTa IIMHKA, a MEAHBINA — B PaCTBOP CyJib(aTa M.

CrnenmoBarenbHO: IUHK MMOMENIAIOT B PAcTBOP, COJAEPKAIIMN KaTHOHBI IMHKA, a MEIb B
pacTBOp, CoIepIKaINNA KaTHOHBI MEJIH.

CI/ICTCMa, COoCTOAIIasA M3 METalllla, OIYIIEHHOI'0 B pacTBOp, conepmamnﬁ €ro HOHBI,

n+
Ha3bIBACTCS MOJYIEMEHTOM U 0003HA4aeTcs Me ™ /Me (cBepxy Bcerma OKHCIICHHAs
dopma).
JIBa momrysneMenTa, COeANHEHHBIE MMPOBOJHUKOM, 00pa3ylOT rajJbBaHMYECKUN JJIEMEHT

(pucynoxk 9.1):

€ /\\
g e

Zn Cu
= SO +
— +
D 5= L
_ = g
Zn2++SO42 CU2++SO42

PMCyHOK 9.1 Cxema me HO-YUHKOBO2O 2A/IbBAHUYECKO20 dlIEMeHmA
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B ranpBaHnueckoM 3eMeHTe OAMH 3JEKTPOJ (aHOJ) pacTBOpsETCS, T.€. MOHBI MeTasula
nepexoAsT B pacTtBop. Tak B MEAHO-IIMHKOBOM TaJbBAaHUYECKOM JJIEMEHTE IPOUCXOIUT
pPacTBOPEHHUE MHKOBOM IIJIACTUHKH.

B pe3ynbrare nepexona MOHOB LIMHKA C IUIACTMHKU B PacTBOP Ha IJJACTUHKE OCTAETCS
U30BITOK JIEKTPOHOB, M OHA 3apsbKaeTcsl oTpuuatenbHo. C Ipyrod CTOPOHBI, MEPexXo] MOHOB
LIMHKA B paCTBOP MPUBOAUT K YBEJIIMUCHUIO UX KOHIIEHTPALIUH B PACTBOPE.

bmarogaps nepexony MOHOB LIMHKA C IJIACTHHBI B PAaCTBOP BEC IMHKOBOM IJIACTUHKU
OyIeT yMEHbIIAThCS.

O,Z[HOBpeMeHHO C OTUM Ha MCIHOM DOJICKTPOAC IPOUCXOAUT IPOHECC BOCCTAHOBJICHUA

uonos meau u3 pactsopa: CU 2+ +2e<>Cu.

3a c4€r 3TOrO IMpolecca KOHIEHTpAIUsl HIOHOB MEU B paCTBOpPE YMEHbLIAeTCs, a Macca
MEJHOM IUIACTUHKU YBEJIIMYUBACTCS.

Ilepexon monoB CU?* W3 pacTBOpa Ha IUIACTMHKY ITIPHBOAMT K TOMY, 4TO MeJHas
IUTACTUHKA 3apsKACTCS MOJIOKHUTEIBHO.

PaccmoTpenHslil ranpBaHndeckuil aneMeHT (daemMeHT anuans — SkoOu) cxemarnuecku

MOKHO 3aITUCATh CIEIYIOMNM 00pa3om:
(-)2Zn[znSOy|[cusoy/Cu(+)
WA B MOHHOH (opMe:

(—)Zn‘Zn2+ Cu?*|Cu(+).

OauHOYHBIE JIMHUU B CXeMax 0003HAYaI0T IPAHUILy METaJll — PacTBOP, a IBOMHBIC THHUU
— TpaHuIly MeXy pacTBopaMu. OTpUIIATENbHBIN A1IEKTPO/] (aHO) 3alMChIBACTCS CIIEBA.
B ocHoBe paboThl pa300paHHOTO 3JIEMEHTAa JIEKHUT OKHCIUTEIbHO-BOCCTAHOBUTENIbHAS

peakuus:
Zn+CuSQO4 — ZnSO,4 +Cu

WM B HIOHHOU (hopme:

Zn+Cu?t = Zn?* +Cu.

B ranpBaHMuYecKOM 3JIEMEHTE, COCTABICHHOM M3 KEJE3HON IUIACTUHKHU, OIMYIICHHON B
pactBop FeSOs, u cBUHIIOBOH TUIaCTHHKH, omylneHHOW B pactBop PD(NO3)2, xkene3o sBiseTcs

agogoM. CxeMa 3TOro dJjIeMeHTa CJICayromas:

(—)Fe|FeSO4|Pb(NO3),|Pb(+).
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Ha >xene3Hom snekTpone (aHO/e) MPOUCXOAUT OKUCICHHE. DTOT MPOIECC ONMMCHIBACTCS

CICAYIOIUM 3JICKTPOHHO-MOHHBIM YPAaBHCHUCM!

0 »~4 2+
Fe© -2e & Fe™".
XKernesHslii 251eKTPOA MPUOOPETAET OTPULIATEIBHBIN 3apsi.

Ha cBHHIIOBOM 31eKkTposie (KaToje) MPOUCXOIUT TPOIEcC BOCCTAHOBIEHHS HOHOB Ph?*

U3 pacTBopa:

2+ - 0
Pb“™ +2e & Pb".
CBI/IHHOBHﬁ BHGKTpOI[ 3apﬂ>1<aeTc;I ITIOJIOKUTCJIIBHO.

CYMMI/IPYH 00a YpaBHCHUS, HOJTYUYUM HOHHOC YPABHCHHUEC pPCAKIHUH, npOTeKanmeﬁ B

JaHHOM TaJIbBAHHUYCCKOM D2JICMCHTC!

Fe+Pb%" > Fe’" +Pb.

DNEKTPOHBI 1O MPOBOJHUKY, COCIUHSIONIEMY IUIACTUHKH, OYIyT TMEpeXoIuTh OT
JKEJIe3HOM TTIACTHHKY K CBUHIIOBOM.

Wrak, B raibBaHUYECKOM 3JIEMEHTE MO MPOBOJHUKY, COCAUHSIOIIEMY 3JIEKTPObI, TEYET
ANEKTPUYECKUN TOK.

[TosiBeHME IIEKTPUUYECKOr0 TOKA CBUAETEIBCTBYET O HAIMYUHM PA3HOCTH MOTEHIHAJIOB
MEXIy OJJiekTponamu. IHaue rOBOps, Ha OJAHOM M3 DJIEKTPOAOB BO3HHMKAET  KAKOM-TO
onpeeNEHHbIN NOTEHLINAN, Pa3IMYHbIN AJI Pa3IMYHBIX JIEKTPOJIOB.

[Toreniman, KOTOPBI yCTaHABIMBAETCS HA METALUIMYECKOM BJIEKTPOJIE, MOMEIIEHHOM B
pacTBOp COJIM OAHOMMEHHOTO METAJIJIA, HA3hIBAETCS SJIEKTPOJAHBIM MOTEHIMAIOM METAJLIA.

N3mepenHble B CTAaHJAPTHBIX YCIOBUSAX IMOTEHIMAIbl METAJJIOB  Ha3bIBAIOTCS
HOPMaIbHBIMU (WJIM CTAaHAAPTHBIMU) AJIEKTPOJHBIMH TOTEHIIMATIaMU MeTaiioB. X 3HaueHus
JUISL pa3JIMYHbIX METAJIJIOB NPUBEACHBI B Tabauie 9.1.

Uem gerye MeTtaysm OTHAET DIEKTPOHBL, T.€. YEM JIETYE OH OKHUCISAETCS, TEM
OTPULATEIIBHEE €r0 JJIEKTPOAHBIM IMOTeHIUan. MHadye roBops, IO BEIUYUHE IJIEKTPOIHOTO
MOTEHIIMada MOXHO CYJUTh O CHOCOOHOCTH METajlla OT/IaBaTh AJIEKTPOHBI, T.e. 00 aKTUBHOCTU
MeTallia.

bonee axkTuBHBIH MeTaT WMeeT OoJjiee OTPHUIATEIBHYIO BEIUYHHY JJIEKTPOIHOTO
noTeHMana. Tak, HOpMajbHbIE SJEKTPOAHBIE TMOTEHUMANbl MarHus, LUHKAa W MEIu

COOTBETCTBEHHO paBHHI (B B):

0° (Mg/Mg?*) =—2,34:0° (Zn/ Zn°*) = -0,76;¢° (Cu/Cu’*) = +0,34.
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CpaBHI/IBaﬂ 9TH 3HAYCHHA, MOXKXHO CIACJIaTh BbIBOA, YTO HanOosee aKTUBHBIM U3 3THX TpéX
MCTAJJIOB ABJIACTCA MaFHHﬁ, a MCHCC aKTUBHBIM — MCIb.
B ranpBannueckoM 9JICMCHTC, MUMCIOIICM JIBa PA3JIMYHBIX MCTAJUIMYCCKUX IJJICKTPOAA,

aHOAOM 6yz[eT METaJUI ¢ MEHBIICH BEIMUMHOMN CTaHJAPTHOI'O J3JICKTPOJHOTO IMOTCHIHKAalIa, T.C.

0osiee aKTHUBHBIM METaJIII.

Hanpumep, B raibBaHU4E€CKOM 3JIEMEHTE

Mg‘Mg2+ Zn2+|Zn

HauoOonee OTpHULATCIICH BJ'IGKTpOI[HHﬁ IMOTCHIOUAJI MAarHuvs, I03TOMY MarHHEBBIN

AIEKTPOA OyJeT aHOJOM.

Ha maruueBom snextpojie (aHoae) UAET NPOLECC OKUCIEHUS 110 YPAaBHEHUIO:
0 2+ a
Mg~ <> Mg“" +2e.

Ha nuakoBom QJICKTPOJAC (KaTOIIe) IMPOTCKACT IIPOLECCC BOCCTAHOBJICHUA IIMHKA:

Znt +2e &> 7n%

10.36 CymmapHO€ HOHHOE YpaBHEHUE PEAKIMH, IPOTEKAOUIEH B TAKOM I'aJIbBAHUYECKOM

QJIEMCHTC, CIICAYIOLICC:

0 2+ 2+ 0
Mg” +Zn“" > Mg°" +4n" .
BenuunHa 31€KTpoAHOrO MOTEHIMAIa MeTalljla 3aBUCUT, TJIaBHBIM 00pa3oM, OT IPUPO/Ib

MeTajuia, TeMIepaTypbl W KOHIEHTpAIlMd HOHOB MeTajlla B pacTBOpe. OJTa 3aBUCHUMOCTH

BBIPAXKACTCA YPABHCHHUEM HepHCTaI

¢=¢°(Me/Me”+)+$lg C(Me"), ©.1)
rze ¢ (Me/Me™) — HopMmanbHbIi H1eKTPOHbII TTOTEHINAT;
N — YUCIIO0 OTAaBaeMbIX (IPHHUMAEMBIX) METAILIIOM DJIEKTPOHOB;
C(Me"") — KOHIIEHTpAIHs HFOHOB METaJlIa B PACTBOPE, MOJIB/IM".
[Ipy KOHIIGHTpAaIlMM HOHOB MeTailia, paBHOW | Momb/mM°, BTOpOil ulleH ypaBHEHHS
obpamaercsi B HONb, TOTAA @ = ¢, m.e. 21eKMPOOHbl NOMEHYUAN MEemaiia npu e2o

xonyenmpayuu 1 monw/om® npedcmasnsiem co6oii cmanOapmubwlii S1eKMpoOHbILL NOMEHYUA.

QHCKTpO)IBI/DKYHIa?I cuna FE ranpBaHMYECKOTO 3JIEMEHTA OonpeaAcIACTCA Pa3sHOCTHIO

MOTEHIMAIOB KaTo/Ia U aHO/Ia: E= Ok —PA.
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Tak, D3/JIC MarHMeBO-IIMHKOBOI'O TaJlbBAHUYECKOTO SJIEMEHTA, IPU KOHIEHTPALMIX
HMOHOB COOTBGTCTBYIOIJ_II/IX MCTAJIJIOB OUH MOJIB/I[MS,
cocrapmsier: E = ° (Zn/ Zn?*) — 0° (Mg / Mg?*) = —0,736 — (—2,34) = 1,604 B.

Uewm 6osbIle pa3HOCTh B 3HAYCHUSAX CTAHIAPTHBIX AJICKTPOIHBIX MOTSHIIUMAIOB METAIIOB,
teMm Oosbire DJ]C raapBaHMYECKOTO 3JIEMEHTA, KOTOPBIA ATH METaJUIB 00pa3yIoT.

CpaBaum OJIC TOABKO 4YTO pa300paHHOTO MarHWEBO-IIMHKOBOI'O TaJlbBAHHMUYECKOIO

anemenTa ¢ 3J1C MarHueBo-MeIHOTO JJIEMEHTA.
(-)Mg
C(Mg/Mg?*) =C(Cu/Cu®") =Luosl on®

Mg®* |zn®*|zn(+);

E =¢°(Cu/Cu®")—9p°(Mg/Mg?*) = +0,34 — (=2,34) = 2,68 B. .

Wrak, wem pnanpime JOpyr OT Jpyra HAXOMITCS METALIBl B TaOJMIE HOPMAbHBIX
AJIEKTPOJIHBIX MOTEHIIMATIOB, TeM Oouibie DJ]C raqrbBaHUYECKOTO JIEMEHTA.

Kak ormeuanocs panee B pasjese, 3aBUCUMOCTb BEJIMYUH AJIEKTPOJHBIX MOTSHIIMAIOB OT
KOHIIEHTPAllMU OKUCIUTEIbHOW M BOCCTAaHOBUTENbHOH ¢opM pearenta u oT pH cpendsl
BbIpakaeTcs ypaBHenuem Hepucera (9.1).

VYpaBuenue Hepucra mo3Bomsier npoBoauth pacuer J/IC raabBaHUYECKUX DJIEMEHTOB
MIPU YCIOBUSX OTIIMYHBIX OT CTAH/IAPTHBIX.

N3menenne wuzobapHoro moTeHmuana [nOOca B cucTeMe 4YHMCIEHHO paBHO padore,
COBEpPIIAEMOH B pe3yJIbTaTe MPOTEKAHUS IIEKTPOXUMUIECKON PEaKIIH:

AG =—-A = —nAgF, (9.2)

rnie A — paboTra DSIEKTPUYECKOTO0 TOKa, paBHAas MPOU3BEIECHUIO YHCIa MOIb

MIEPEHECEHHBIX JIEKTPOHOB N, HAMPSHKEHUsI B DJIEKTpUUECKol 1ienu A¢ u noctosHHoit Dapanes
F =96 454 Kii/moub = 96 500 Ki/moos.

JInst cTaHIapTHBIX YCIIOBHIA:

AGY =-A%=_nAypOF. (9.3)

KoHcTanTa paBHOBecHs SJIEKTPOXMMHUYECKON pEaKIUu i CTaHJAPTHBIX YCIOBUMN
ornpenensercss GopMyIoil ciaeryromero BUja:

0
p _DAPF _169na00. (9.4)
2,3-RT

Benmu4rHBI KOHCTAaHT PaBHOBECHH IS Pa3HBIX YJICKTPOXHUMHUYECKUX PEAKIIHHA MTO3BOJISIOT
OTIpeNIeNATh CTETIeHb HX HeOOPaTHMOCTH.

[TockonbKyY AJIEKTPOMHBIN MOTEHIIMAI METaIa 3aBUCUT OT KOHIIGHTPAIIMHA PacTBOpa, TO

MOKHO COCTaBUTH 1C€Ib HW3 OAWMHAKOBLIX MCTANIMYCCKUX JJICKTPOAOB, IOIPYKXCHHBIX B
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pacTBOpBl C pa3IMYHON KOHIEHTpALKEHd HOHOB 3TOr0 MeTajla — 210 KOHYEHMPAYUOHHbLU
2ANbBAHUYECKUL DTIEMEHM.

5/1C KOHLIEHTPALIMOHHOTO JIEMEHTA OIPEIeNsIeTCS 0 hopMyIie:

C M Z+
e 0099 Cr(Me™)

2 T Cy(Me?)’

rie C(Me?") — KOHLIEHTpAIUs MOHA METAJIA B IPUIIIEKTPOIHOM CJIOE, MOJIB/IMS, IpHYeM

(9.5)

C1(Me*") > Co(Me*) ; Z — cTeneHb OKUCIIEHHS HOHA.

OO0opynoBaHne U MaTepHaJIbI
. JIBa crakana émkoctbio 100 cm®
. PactBop CuSOs, C(CuSOs) = I monw/om®.

1

2

3. PactBop ZnSO4, C(ZnSOs) = I monv/om>.
4. MepaHas naacTUHKA

5. llunakoBas racTUHKA

6. MenHble MPOBOJIOYKH

7. BonbT™meTp

8. U — obOpa3nas TpyoOka

9. pactBop KCI

10. Arap-arap

YKa3zaHus 0 TEXHUKe 0€30IacCHOCTH
1. Bce pa0oTel B XUMHYECKOH 1a0OpaTOpHUM JOJDKHBI HMPOBOJUTHCS IPU HCIPABHOM
ANEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

2. Ta30oBbIe KpaHBI U Ta30MPOBO/T IOJKHBI HAXOUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOINIECKU
MPOBEPSATHCA.

3. Pabouee mecTo conepkaTh B MOPSIIKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcst OpaTh YMCTHIM IITATEIEM WU CIIEIHATBHON JTOXKESUKOH.

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

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

7. OcraTKu coeqUHEHUI cepedpa cIMBaTh B 0COObIE CKISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B NPOOMPKE BCErAa cilenyeT AepKaTh e€ TaKuM 00pa3oM, 4TOObI
OTBepCTHE MPOOUPKHU OBUIO HANIPABIEHO B CTOPOHY OT pabOTAOIIEro PSIOM COCEa.

9. He HaK/IOHSTH JIMIO HaJl HATPEBACMOM YKHUIKOCTBHIO HIIH CILIABIISIEMBIM BEIIECTBOM.

10. He cnenyer BIBIXaTh Maxy4due BEIIECTBA M ras3bl, OJIM3KO HAKIOHSSICH K COCYLy C 3THMHU
BemlecTBaMy. HioxaTh BemecTBa MOKHO JIMIIL OCTOPOXKHO, HAIPABIISAA K ce0e maphl WK ra3 ABHKEHHEM
PYKH.

11. XpaHuts pacTBOpPHI KOHIEHTPUPOBAHHBIX KHCJIOT U IIEJIOUEH B BBITSHKHOM HIKady.

12. BrumBath pa30aBieHHbIE KUCIOTHI U IETOYHBIE PACTBOPHI CIIEAYET B CIMBHYIO CKIISTHKY.

13. Kareropuuecku 3arpeniaercst mpoOoBaTh XMMUYECKUE BEIIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIErKO BOCILIAMEHSIOIIUMUCS BeliecTBaMH (3QUpbI, OCH301, CEPOYIIepo U
T.J1.) HE IOJDKHO OBITH PSIIOM OTHSI 1 BKJIFOUEHHBIX TUTUTOK.

15. Ilpu paboTe coO CTEKIOM, XHMHYECKOW IOCYHOH, HEoOXoauMo coOmogaTh NpaBHiia
MPEZIOCTOPOKHOCTH BO M30€KaHNE PAHEHHI OCKOJIKAMH CTEKIIA.

16. Karteropuuecku 3ampeniaercsi OCTaBiIsATh paboTarole Npuoopsl 03 HaOIIOACHUS.

25. B xumMunueckoii 1abopatopun He0OX0JuMO paboTaTh B Xajare.

3aganusa
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Onwvim 1 Bossmute qBa crakana émkxoctbio 100 cM®. B oauH W3 HUX HajeiiTe pactBop
CuSOs, B apyroit — pactBop ZnSOs4. Konmentparuu pactBopoB oauHakoBbl: C(CuSQOs) =
C(ZnSO4) = 1 monv/om®.

B mepBbIii cTakaH OMyCTUTE MEIHYIO IUIACTHHKY, BO BTOPOH — IUHKOBYH. K oOenm
IUTACTHHKAM TPHKPENUTE MEIHBbIE MPOBOJOYKH, KOTOpPBHIC COCAMHHUTE 4YEpe3 BOJBTMETP.
PactBopel B crakanax coemunute U — oOpasHoil TpyOkou, HanoiHeHHO# pactBopoM KCIl B
cMecu C arap-arapoMm. HaOnromaeTcss OTKIIOHEHHWE CTPENKH, T.6. B IIENH TOSBISAETCA
ANEKTPUUECKUH TOK.

Tabauya 9.1 Cmanoapmuvie 51eKmMpoOHble NOMEHYUATbL MEMALILO8

YpaBHEHHE NOJypeaKkuu ¢,B YpaBHEHUE NTOJTYypEAKLIU 9 ,B
Ag* + e o>Ag +0,7994 Hg 5" + 2e o Hg +0,792
APRY + 3¢ > Al -1,66 Ktr+eeo K -2,923
AU + 3e o Au* +1,41 Li* +eo Li -3,04
Audt + e o Au +1,50 Mg?* + 2e Mg -2,37
Au* + e o Au +1,68 Mn?* + 2e < Mn -1,17
BaZ* + 2e¢ <> Ba -2,91 Mo3* + 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 < Pb -0,126
Cr¥* +3e o Cr -0,74 Pb** + 4e & Pb +0,77
Cd** + 2e & Cd -0,403 Pd** + 2e < Pd +0,915
Cu** + 2e & Cu +0,345 Pt** +2e o Pt ~+1,2
Cu*+e< Cu +0,531 Rb* +e < Rb -2,924
Fe’* + 3¢ < Fe -0,058 Sh** + 3e <> Sh +0,20
Fe?* + 2¢ <> Fe -0,473 Sn%* + 2e > Sn -0,140
2H" + 2e & H> 0,0000 Sr2* + 2e < Sr -2,89
Hg** + 2e < Hg +0,850 Zn** + 2e < Zn -0,764

Conep:xanue oT4yeTa
Hanummre ypaBHEHHs 7IEKTPOIHBIX MPOILIECCOB U CYMMAapHOW peaKluy, MPOUCXOISIINX

npu pa60Te 9JICMCHTA. OHpe,Z[eJ'II/ITe KaTroa u aHO/. CocraBbTe CXEMY J3JICMCHTA, paCCQHTaﬁTC

3/1C, AG 1 cTaHIapTHYIO KOHCTaHTY CKOPOCTH.

KoHTpoJibHBbIE BONIPOCHI
ba30BbIii ypoBEHB

1Kakue mnporecchl Ha3bIBalOT 3NMEKTPOXUMHYECKUMHU? YeM OHHM OTIMYaloTCi OT
o0pryHBIX OBP?

2 KakoBbl TPUYMHBI BO3HUKHOBEHUS JIBOMHOTO JJIEKTPUYECKOTO CIIOS HA TOBEPXHOCTH
METAJIJINYECKON IUIACTUHBI B BOAE?

3 Kakoe ycTpoiicTBO Ha3BIBAIOT TallbBaHWYECKUM dieMeHToM? [IpuBeante ero cxemy
Ha KOHKPETHOM IIpUMEpE.

4 Kakne smekTpoabl Ha3bIBalOT aHOJAMHM, KakhMe — KaToAaMu? YKaXuTe aHOI W
KaToJ1 B IMHK-CEPEOPSHHOM TaJIbBAHUYECKOM DJIEMEHTE.
5 MOXHO M OINpeAeIuTh a0COMIOTHOE 3HAYEHHUE OAJIEKTPOJHOTO MOTEeHIHama?

Kakoii a1exTpo/1 BBIOpaH B KauecTBE IEKTPOa CPABHEHUS?
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6 Kak ycTpoeH cranpapTHbI BoAoponHbI anekrpoa? IlpuBeaure ero cxemy u
OOBSCHUTE MPUHIIUAI PAOOTHI.
7 Uro Takoe «ps] HanpsKeHui MetauioB»? YTto oH onpenenser?

I1oBBIILIEHHBIN YPOBEHD

1 Kakoll «XMMUYECKMI CMBICI» HUMEKOT 3HAKU «+t» U «—» IJIs CTaHIAPTHBIX
3JIEKTPOJIHBIX MOTEHIIUAJIOB OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX CUCTEM?
2 Kaxk ouenuBatror 3/]C rampBanndeckoro sneMenta? OTBET MOSICHUTE HA MIpUMEPE

KaJIMMI-METHOT'O raJIbBAHUYECKOI'O JIEMEHTA.

3 s gero npuMeHstoT ypaBHenne Hepacra? Hamumure dopmyny mpuBeIeHHOTO BHIA
3TOT0 ypaBHEHHS.

4 Kakue npuOOopsl Ha3bIBAIOT akKKyMysiTopaMu? KakoBbl MX THUIIBI?

5 Kak ycrpoen cBuHIOBBINA akkymyistop? IlpuBeaute ypaBHEHHS, OMHCHIBAIOLINE
IIPOLIECCHI €T0 3apsAa-paspsaia.

Choucokx JUTEPATYPHI, peKOMeH)IyeMBIﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHas1 JIMTepaTypa:
1. Koposun, H. B. O6mas xumus : yueOunuk / H. B. KopoBuH. - 13-¢ u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy>Karolieil cpeibl : XMMHUs *KUBBIX opranu3moB. Kypc nexiuii /
E. C. Muxanuna, A. JI. [lerenmua. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : eKTpOHHBIH // DneKTpoHHO-0nbanoreynast cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocryna: mis
aBTOPHU3HP. MMOIb30BATENEH
JlonmoJIHUTeIbHAS JIUTEpaTypa:
1. T'nunka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tog pea. A. W. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHS METaJUIoB : yudeOHOe mocodue (ISl CTYICHTOB XMMHYECKOTO (aKyIbTeTa
HamnpaBlieHUH OakanaBpoB «XUMHUI» U «XUMHUYECKasi TeXHOJoTus») / coctaButenu O. A.
['onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbIN yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DekTpoHHO 6ubimoteynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum moctyma: s
aBTOPU3HUP. OJIB30BATEIEH
HNuTepuer-pecypcesl:

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

2 http://biblioclub.ru/ — 5BC «YHuBepcuterckas OHOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajIor acCOIUAINU dJIEKTPOHHBIX OMOIMOTEK
yueOHBbIX 3aBefieHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 06pa3OBaHUEe
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MuHHCTEpCTBO HAYKH U BHICIIETO oOpa3zoBanus Poccuiickoit denepanun
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METOAUYECKHUE YKA3AHHUA
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15.03.02 TexHOJOrMYECKHE MAIIMHBI U 000pyA0BaHHE
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Meroanueckue ykazaHusi pa3paboTaHbl B COOTBETCTBUHM C TPEeOOBaHUAMHU
®I'OC BO wu paboueld mnporpaMMbl JUCHUIUIMHBL «XUMUS». YKa3zaHUA
npeIHa3HaYeHbl M CTYACHTOB OYHOW (OpMbl OOy4YeHHs] HaIpaBJICHUS
noaroroBku 15.03.02 TexHonoruueckue MaiiuHbl 1 000OPYAOBaHUE.

Conepx’aT OCHOBHBIE pa3feibl M3y4a€MOIO0 TEOPETHUYECKOIO0 MaTepuala,
NepeyYeHb 3aJaHui, HEOOXONMMBIX [IJIi MpPOpabOTKHU, a TaKXKe CIHUCOK
PEKOMEHYEMOM JINTEPATYPHI.

Cocmasumenu T.C. Yepeonuuenko, Kamo.xum.HayKk
K.C. Cuinko, accucmenm.
Omes. pedakmop AJL. IlpocKkyphun, Kano.xum.HayK, OOYyeHm.
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BBE/IEHUE

JucuummmHa «Xumus» OTHOCHTCS K JAUCHUILIMHE 0a30Boi wactu. OHa HampaBlieHa Ha
dbopMupoBaHre  OOMIEKYIbTYPHBIX,  OOMICTIPOPECCHOHANBHBIX U MPO(HEeCCHOHATBHBIX
KOMITETEHIIMI 00y4aromuxcst B porecce BeIMOIHEeHUs padboTt, onpeaeneHubix @I'OC BO.

MeTtoanyeckre yKa3aHusi COCTaBICHBI HA COBPEMEHHOM HAayYHOM YpPOBHE M PAaCCUHUTAHBI
Ha CTYJEHTOB, 10 HampasieHuo 15.03.02 TexHoIOrMuecKue MalIvHbl U 000PYAOBaHHE.

[TocnenoBarenbHOCTh TEM COOTBETCTBYET JIOTMYECKOM CTPYKTYpe €€ MPOXOXKIACHHUS.
[Ipennaraemple METOAMYECKHE YKa3aHHS COJEp)KaT MaTepuai, KOTOPBIA pPEKOMEHAYETCs
UCIOJIb30BATh CTYACHTAM IPH MOATOTOBKE K MPAKTUYECKUM 3aHATHUSM.

JUisi MOTOTOBKHM K IMPAKTHUYECKHM 3aHATHUAM CTYICHT JIOJDKEH M3Y4YHUTh Marepuai 1o
COOTBETCTBYIOLIIEH TeMe, MCIONb3ysl OCHOBHYIO M JIOTIOJIHUTENBHYIO JIUTEPATypy, a TaK JKe
UCToNb3ys nepuoandeckue n3aanus CMU.
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Tema 1. OcHOBHBIE NOHATHA U 3aKOHBI XUMHH.
IpakTuyeckoe 3anAaTHe 1. OCHOBHBIE KJIACCHl HEOPTAaHMYECKUX BemecTB. OCHOBHbIE
3aKOHBI XUMHH
Hean 3ansaTus: OO60OIIEHNE, 3aKpeIJICHHe U CUCTEMAaTH3allys 3HAHUK O BaKHEHITUX

KJ1acCaX HECOPTraHNUYCCKUX COC,HI/IHGHHI;'I Ha IpuUMEpE OKCUI0B, KUCIIOT, OCHOBaHUM U COJICH.

3HaHMsA M yMeHUSs, IpHo0peTaeMble CTYA€HTOM B pe3yJibTaTe 0CBOEHUSI TeMbI

3HaTh: OCHOBHI CAaMOOPTAHU3AIMH W CaMOOOpa30BaHNS;
3HaTh: CyIIHOCTH U 3HaUYCHHE MH(OPMAIMY B Pa3BUTUN COBPEMEHHOTO O0IIECTBA; OCHOBBI IIOJIyUCHHS
1 00paboTKH MHPOPMAIH U3 Pa3THYHBIX HICTOYHHKOB
3uarb: pabOTHI [0 pacyeTy U MPOSKTUPOBAHUIO JIeTAJIeH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKUMUA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U UCIIOJIb30BAHUEM CTaHIAPTHBIX
CpeICTB aBTOMATU3aLMU IIPOECKTUPOBAHUA
YMeThb: caMOCTOSTENHHO CTPOUTH MPOIECC OBIaieHus HH(OopMaIneit, 0TOOpaHHON U
CTPYKTYPUPOBAHHOMW JJIS1 BHITIOTHEHUSI TPOPECCUOHATLHON IEATETLHOCTH.
YmeTh: momydats 1 00pabaThIBaTh HHG)OPMALIHIO U3 PA3THYHBIX HICTOYHUKOB
YMerh: TPUHUMATh ydacTHe B pabOTax Mo pacyeTy U MPOCKTUPOBAHUIO JETAICH U Y3JI0B
MAaIIMHOCTPOUTEJIBHBIX KOHCTPYKLMKA B COOTBETCTBUM C TEXHUYECKUMHU 3aJaHUSIMU U
HCTIOJIb30BAHUEM CTAHJIAPTHBIX CPEACTB aBTOMATU3AIMHA IPOCKTUPOBAHUS

HanmenoBanne ¢GopMHpyeMBIX KOMITETCHINH

AKTYyalIbHOCTb TEMBI

K Heopranndeckum COEIMHEHUSM OTHOCST BCE€ COYETaHUSI XUMHYECKHX DJIEMEHTOB,
KOTOpbIE HE COJAEpXk aT yIIepoA. bDONBIIMHCTBO W3BECTHBIX COEIWHEHHM  SBIIAIOTCS
OpraHUYECKUMH, OJHAKO M3BECTHO OKO0JIO 20 MUJUIMOHOB T€X, KOTOPbIE MPUHAJIEKAT K KiIaccy
Heoprannyeckux. OrpoMHOE KOJMYECTBO BBHI3bIBAET HEOOXOIMMOCTh WX KIACCU(UKALUU, TO
€CTh JeNleHus1 Ha Tpymnmnbl. Kaxaoe U3 3THUX BEIIeCcTB 00JIaJaeT CBOMMH XapaKTePUCTUKAMH, U
MOATOMY MOYKHO BBIJICJTUTH OCHOBHBIE KJIACChl HEOPTaHWUYECKHX coenuHeHuil. s moboro u3
HUX XapaKTEPHBI Pa3IMYHBIE CMOCOOHOCTH B3aMMOJICUCTBHUS C JIPYTMMU BEIIECTBAMHU, CBOU
CBOMCTBA. XHMHUS, KIACChl HEOPTAHUYECKUX COCIMHEHUN B KOTOPOM 3aHMUMAOT BaKHOE MECTO,
paccMaTpuBaeT UX KIACCU(DUKAIIUIO C HECKOJIBKUX TOYEK 3PEHUS.

Teopernueckast 4acTb

Heoprannueckue coeauHeHMs] KIACCUPHUIMPYIOTCS IO COCTaBy WM IO CBOHCTBaM
(pyHkmoHanbHEIM npu3HakaMm). Ilo cocTaBy OHUM JeNATCS Ha MPOCThIE — 3TO OHOAIEMEHTHBIE
COC/IMHCHUS H CIIOKHBIC, JIBYXDJIEMEHTHbIC (OMHAPHBIC) M MHOTO3JIeMEHTHBIE (Tabnuia 1).

Tabauya 1 — Knaccuguxayus Heopeanuyeckux coeOuHeHutl

ITpocTeie ClioxHbIe
Memannvt (88 >I1€MEHTOB): Heyxsnemenmusvie (OUHAPHBIC)
S- 9IIEMEHTBI THPAJTBT LiH, NaH, CaH,,
(xpome H 1 He); KapOu b SiC, CaC», Al4Cs,
AI’pGS;ell\r’]I,eI_*II_TI,HGe’ HUTPUIBI Na3N, Mg3N 2
Sn. Pb, Sh. Bi: OKCHJIBI Ca0, Al,03,
d ->meMenTsI; Cyab(ubI K.S, ZnS,
f -onemenTsL. ranuisl NaCl, FeCl,.
Hememannwr (22 >neMeHTa): Miozosnemenmible
S- DJICMCHTHI Conu
H, He; cpeHue NaNQ,, K,PO,,
P-2JIEMEHThI
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B,C,Si,N,P,S KHCJIbIE NaHSO,, KH,PO,,

O, As, Se, Te,
raJIoreHsl, 0JIaropoIHbIe (ruzpo-) Ca(HCO;),,
rasel. OCHOBHBIE MgOHCI, AI(CH).ClI,
(ruIpoKCo-) (CuOH),SO,;
I'mppoxcunst:

ocuosarnss KOH, Ni(OH),, Ba(OH),
ampomuter ZN(OH), <> H,Zn0O,;
AI(CH), < H,AIO,

KuciaoTtel

Be3kucnopoueie HF, HCI, HBr, HI
Kucnoponconepxamue HNO,, H,SO,

Cr0XHbBIC HEOPTraHUYECKHE COCMHEHUS, COTJIaCHO Tabuuie 1, KpoMe MoJpa3/iesieH i 1Mo
COCTaBy, B CBOIO O4Yepelb IMOAPA3ICIAIOTCS MO (YHKIMOHAILHOMY NpPU3HAKY Ha OKCHUIBI,
THJIPOKCHU/IBI (OCHOBHBIC ¥ aM()OJIUTHBIC), KUCIIOTHI U COJIH.

K OuHapHBIM COSAMHEHHUSIM OTHOCSTCS:

1) OKCHIBI — COCTUHEHHUS SJIEMEHTOB C KHCIOPOIOM CO CTEIICHBIO OKUCIICHHS (—2);

2) ranuapl — rajJoreHNpou3BoIHbIC ((PTOPUABI, XJIOPHIBI U JP.);

3) cynbduaBI — COSTUHEHHUS C CEPOIt CO CTEIICHBIO OKUCIICHUS (—2);

4) HUTPUBI — COSMHEHHS C a30TOM CO CTEIICHbIO OKHCIIEeHUS (—3);

5) kapOHIbI — COCTMHEHHMS yIIIEPOia CO CTCIeHbIO0 OKUCIeHUs (—4);

6) dochuasl — coenunenus Gocdopa co CTEHEHbI0 OKUCTEHHS (—3).

Homenknamypa  ounapuvix  coedunenuti. K maTHHCKOMy  Ha3BaHHIO — Oojee
AIIEKTPOOTPHUIIATETIFHOTO AJIEMEHTA C OKOHYAaHUEM «u0» JT00aBISIOT PYCCKOE Ha3BaHUE MEHEe
AIIEKTPOOTPHIIATEIIFHOTO DJIEMEHTAa B POAUTEIILHOM TaJeke, C YKa3aHHEM €ro CTeleHU
OKHCIIEHUsI apaOCKUMK LU(PPaMHU B KPYIJIBIX CKOOKaX.

[Ipumepsr:

Cr,O, - oxcua xpoma (+3);

O,F, — dropux kucropoxa (+1);

Al,C, — xapGuy amomunus;

CuBr, — 6pomna memm (+2).

OCHOBHbIE IOHATHS M OCHOBHBbIE 3aKOHBI XUMHH

Monb — KOIMYECTBO BEILIECTBA, COJEPKAIlee CTOJIBKO JK€ CTPYKTYPHBIX €IUHHIL
(MoJTeKyI1, aTOMOB, HOHOB, JIEKTPOHOB WJIM JPYTUX YACTHII), CKOJIBKO aTOMOB COJEPKUTCS B 12
r u3otona yraepoga ?C. Uucio yacTHI, COMEPIANIUXCA B OJHOM MOJb JIIOGOTO BEIIECTBA,
cocrasnser 6,02-10%3 crpykTypHBIX euHNAL (nocmosnnas A6o2adpo).

Monvnas (monapuas) macca — 3TO Macca OJHOTO MOJb BEIIECTBAa, BbIpaKEHHas B
rpaMMax, YUCIIEHHO paBHasi OTHOCHUTEIILHOW MOJICKYJISIPHOM Macce ATOTO BEIIECTBA.

Tak, MonekynspHas macca MOJIEKYJIbI Cl2 paBHa 70,90 a. e. M. (aTOMHBIX €IWHUI
Macchl). Torma MosbHas Macca MoJiekys xyopa paBaa 70,90 r/mons. Ho MonsHas macca atoma
xi10pa pasHa 35,45 r/monb, npruéM oaus Mons Moxekyn Cl, conepxur 2 monb aromoB xiopa.

Jkeueanenm — 3TO pcajibHasA WJIM YCJIOBHAd 4YacCTUlla, KOTOpas B KHCJIOTHO-OCHOBHOM
PC€aKniik DJSKBHUBAJICHTHA OJHOMY HOHY BOJ0pOJa, a B OKHCIINTENHLHO-BOCCTAHOBUTEIIHLHOM
pPCakiu — OAHOMY 3JICKTPOHY. HaHpHMep, B KHCIIOTHO-OCHOBHOM pcaknuun

3H,S0, + 2Al(OH), = Al,(SO,), + 6H,0.
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HIECTH MOHAaM BOAOPOJa (B TPEX pearupyronux MOJIEKYJIaX CEPHOM KUCIOTHI) COOTBETCTBYIOT
JIB€ MOJICKYJIbI A|(OH)3, CJIeIOBAaTENIbHO, OJHOMY HOHY BOJIOpOJa JKBHBajeHTHa 1/3

monekyist Al(OH),, unade ropops, sxsusanent Al(OH), cocrasuser 1/3 mons AI(OH),. B
PEaKIMK OKUCIIEHUS-BOCCTAHOBICHHUSI

H,SO, (pa36.) + Mg = MgSO, +H, T
aTOM MarHusi TepseT JIBa JJICKTPOHA: Mg° -2 > |\/|g2+ U TOATOMY OJWH SKBUBAJICHT

MarHusi COcTaBisieT 2 Moib. Benuuunsl 1/3 u 1/2 (B 3TUX mpuMepax) Ha3bIBalOT (Paxmopom
9KEUBANEHMHOCTU.

Oxeusanenmuas macca — 3TO Macca OJHOTO SKBHBAJICHTA BEIECTBA BBIPAKEHHAs B
rpaMMax, T. €. pa3MEpPHOCTh YKBUBAJICHTHONH MAacChl — I/MOJTb.

O0bEM, 3aHMMAaEeMbIl TPU JAHHBIX YCIOBUSX MOJBHOW WIJIM SKBUBAJECHTHOM MAacCOM,
Ha3bIBACTCS] COOTBETCTBEHHO MOJIbHbIM WU IKEUBANEHMHBIM 00BEMOM TOTO BEIIECTBA.

Tak, MollbHast Macca Al(OH)3 paBHa 78,0 T/MOJIb, a SKBUBAJICHTHAs Macca COCTABJISET

1/3 MOIBLHOM Macchl A|(OH)3 , T.e. 26,0 r/MOnb. ATOMHAast Macca Maraus paBHa 24,3 r/Moiib, a

€ro SKBHBAJICHTHAs Macca (B MIPUBEIEHHOM BBIIIEC TPUMEPE) COCTABISET 1/2 €ro MOJIbHOM MacChl
— 12,12 r/M0mb.

B cooTBeTcTBUM ¢ 3aKOHOM SKBHBAJICHTOB MAaccChl (OOBEMBI) pearupyroliux BEUICCTB
m(X;) (V(X,))) u m(X,) (V(X,)) mpsMo mponopuuoHaIbHbl MX SKBHUBAJCHTHBIM Macca

(oOBEMam):

m(X) _ m(X,)
ML (%) ML (X,) -
V(X)) _ V(X,)

V,(X,) V,(X,) (12)

BOl'lpOCI)I " 3aJaHUs.

[IpuBeném mprMepsl BHIIOJHEHUS TUIIMYHBIX 3ajaHUH, IPUBEIEHHBIX B padoTe.
Ilpumepl. CoctaBbTe (hopMyndy HOpMalbHOU (cpenHeil) coiau OGapusi M MBIIIBIKOBON
KHCJIOTBI.

Peurenne. ®opmyina MermibsakoBoit kucnorst H,ASO,. Monekyna comu, oOpasoBaHHas

2+ 3- o
wonom Ba® wu xuenotuem ocratkom  ASO,”, nomkHa OBITE ONEKTPOHEHTpANBHA.
Hanmenbiee obmiee kpaTHoe uncen 2 U 3 (3apsiibl HOHOB) paBHO 6, TTOITOMY MOJIEKYJa JOHKHA
3—
cojepxarb 6:2 = 3 aroma Oapus u 6:3 = 2 KUCIOTHBIX OCTaTKa ASO4 . ®opmyna conn
Ba,(AsO,).,.

Ilpumep 2. CoctaBbTe (POpPMYITy OCHOBHOW COJH QIIOMHHUS W OPOMOBOAOPOJTHOU
KHCIIOTBI.
Pemienne. Mosnekysia OCHOBHOM COJM JIOJDKHA COAEpKaTh KHUCIOTHBIE OCTAaTKM HOHA

Br’, nona AI*u OH -rpymmsi. Tak kak B MoleKylle THIPOKCHAA alioMHHHS Beero Tpu OH
rpynmbi, a ocrarka ¢ OH -rpynmamu Bosmokmo asa: (AI(OH),))" u (AIOH)*, 10 u

ocHoBHBIX coneii Oyner eero ase: Al(OH),Br u AIOHBEL,,.

Ilpumep 3. CocTaBbT€ YpaBHEHHsI PEAKIUN MEXKIYy COOTBETCTBYIOIIMMH KHCIOTaMHU U
OCHOBaHUSIMH, MPUBOISALINX K 00pa3oBaHUIO CIIEYIOIINX coJeil:

Ni(NO,),, NaHCO,, Fe,(SO,),.
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Pemenne. Hopmansuyio coms Ni(NO,), MoxHO momyduts mpu B3auMozpeHcTBHH
ocuosanust Ni(OH), u asoruoit kucnorsr HNO,:
Ni(OH), + HNO, — NiNQ, +2H,0.
Kucnyio comb, ruapokapbonar natpus NaHCO,, momyqaror neiictBuem yrmekucmoro
rasa Ha ’UJPOKCH/L HATPUS:

NaOH + CO, = NaHCO,.
Coms Fe,(SO 4)3 MOJKET OBITh CHHTE3UPOBaHa, HAIPUMED, TaK:
2Fe(OH), + 3H,S0, = Fe,(SO,), + 6H,0.
Xumuyeckue peaxyuu uoym 00 KOHYA, eciu 6 pacmeope o0pazyemcsi 0cadok, 2das,
Cnabwlll  INEKMPOAUM  UIU KOMNIEKCHbIN UOH. YPaBHEHUS pPEaKIUii HMOHHOTO oOMeHa
HEOOXOAMMO THCaTh B MOJEKYISPHOW, IOJHOM M COKpaméHHOW WOHHOH ¢opmax. [Ipu

HAIKMCAaHUK MOHHBIX YPaBHEHHUI (OPMYIIBI Ta30B, OCAIKOB M CIAOBIX 3JIEKTPOJIUTOB CIICAYET
3aIMChIBATh B BUIEC MOJICKYJL.

Cymma OJHOMMEHHBIX HMOHOB M 3JEKTPUUECKHUX 3apsiioB B JIEBOM M MpaBOM 4YacTAX
ypaBHEHUs [OJDKHA OBITh OJMHAKOBA. B HacTOsAIIEM pasjeie pacCMaTpPUBAIOTCS PEaKIUU
HOHHOI'0 OOMeHa.

IIpumep 4. Hanummre B MONEKYISIPHON U MOHHOW (hopMax ypaBHEHHsS PEaKIUil MEXITY
CJIEIYIOIMMH BEIIECTBAMMU:

1) Pb(NO,), u H,S; 2) BaCl, u Na,SO,; 3) Na,CO, n HCL;4) NaOH u H,SO,;

5) CH,COONa u HNO,.

Pemenue. B mosnekyisipaom Bue:
1) Pb(NO,), + H,S =PbS{ +2HNO,; 2) BaCl, + Na,SO, = BaSO, { + 2NaCl;
3) Na,CO, + HCl =2NaCl + CO, T + H,0; 4) NaOH + H,SO, = Na,SO, + 2H,0;
5) CH,COONa + HNO, = CH,COOH + NaNO,.

B nonnom Buje:

1) Pb® +2NO; + H,S =PbS{ + 2H" + 2NO;;

2) Ba® +2CI" +2Na* + SO% =BaSO, { +2Na* + 2CI;

3) 2Na* + CO? + 2H*+2CI" =2Na* +2CI' + CO, T + H,0;

4) 2Na* + 20H" +2H" + SO} =2Na" + SO} + 2H,0;

5) CH,COO™ +Na* + H" + NO; = CH,COOH + Na* + NO;.

U B cokpaménnoii hopme:

1) Pb* +H,S=PbS{ +2H" ;2) Ba* + SO¥ =BaSO, { ;

3)COY +2H" =CO, T +H,0;4) OH +H" =H,0;

5) CH,COO™ + H* = CH,COOH.

IIpumep 5. 110 cOKpallEHHBIM MOHHBIM YPAaBHEHHSAM HAIUIIATE IOJHBIE MOJIEKYJISPHBIE
YpaBHEHUS:

1) OH +H* =H,0; 2) Cu® + S =CuSY{; 3) 2H* + CO? = H,CO,,
Pemrenue. B neBoil yacTu »THUX HOHHO-MOJICKYJISIPHBIX ypaBHCHI/Iﬁ YKa3aHbI CBO6OI[HBIC

MOHBI, KOTOpbIe 00pa3zyloTcs MpU JUCCOLUUAIMN CHIIBHBIX 3JIEKTPOJaUTOB. ClieoBaTeabHO, MPU
COCTaBJICHUM MOJICKYJSIPHBIX YpaBHEHHH CIIeAyeT, IOJNb3YysACh TaONMuIeld pacTBOPHUMOCTH,
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BBIOMPATH CHJIBHBIC JIEKTPOJIUTHI, COAEPIKAIME COOTBETCTBYIONMI noH. Hanpumep, won H'
conepxwurcs B coctare cunpHoro anekrponuta HCl,a OH -8 NaOH. Torna:
1) HCI + NaOH = NaCl + H,O - monekyusipaas hopma;
H* +ClI'+Na" +OH =Na" +ClI" + H,0 - nonnas wounas dopma; u Torna
cokpaménHas nonHas Gpopma 6yaeT UMeTh 3aaHHbIA BUI:
H* +OH = H,0.
Cre10BaTeNbHO, MOIEKYISPHOE ypPaBHEHHE COCTABJIEHO HpaBuibHO. OcTaplivecs IBa

YpaBHEHUsI COCTAaBJSIOTCS 1O AHAJOTUYHBIM MPUHLUAINAM U COOTBETCTBYIOLIUME UM
MOJIEKYJISIpHBbIE (POPMBI UMEIOT BU:

2) CuCl, + Na,S = CuS{ + 2NaCl; 3) H,SO, + Na,CO, = H,CO, + Na,SO,.
Ipumep 1. Boraucnute skBuBaneHtsl u sksuBanentueie maccsl H,SO, u A1(OH), B

PCaKkuAaX, BBIPAKCHHBIX YPABHCHUAMMU:

H,SO, + KOH = KHSO, + H,0 (1)
H,SO, + Mg=MgSO, +H, T 2)
AI(OH), + HC1 = A1(OH),C1 + H,0 (3)

AI(OH), + 3HNO, = AI(NO,), + 3H,0.  (4)

Pemenne. DxkBUBaNEHT (SKBHUBAJICHTHAS Macca) CIOKHOTO BEIIECTBA, KaK M SKBUBAJICHT
(3KBUBaAJIEHTHAs Macca) 3JIEMEHTa, MOKET UMETh Pa3JInYHbIEe 3HAUEHUS B 3aBUCUMOCTHU OT TOTO,
B KaKyI0 PEaKinio 00OMeHa BCTYIMAET 3TO BEIIECTBO.

DKeueanenmuas macca Kuciomsi pasHa ee mMonbHo# Macce (M), nememnoit Ha umcio

aTOMOB BOJIOPOJla, 3aMEIICHHBIX B JAaHHOW peakUUuM Ha MeTalUl. JK6UBANEHMHAS Macca
ocrnosanus paBHa ero mombHoi Mmacce (M), nemenHol Ha uUMCIO THAPOKCHIBHBIX TPYII,

3aMeIIEHHbIX B JAHHOH PEaKIHH KHCIOTHBIM OCTAaTKOM.
CruenosarenbHo, sksuBanentras macca H,SO, B peaxuun (1): M(H,SO,)/1=

98 r/monb, a B peakuun (2): M(H,SO,)/2 = 49 r/mons. Dxsusanenrnas macca Al(OH), B
peaKIum 3): M(AI(OH),)/1=782/ mons;, a B peaxuumn 4):
M(AI(OH),)/3=262/ monw.

3ajgady MOXKHO pemmTb M ApyrmM  crocobom. Tak kak omun moms H,SO,

B3auMOIeiicTByeT ¢ onHol sxBuBanenTHON Maccoii KOH u nBymst oxBuBanenTHBIMEH Maccamu
Mareus, To ee dKBHBaneHTHas macca B peakuuu (1) pasaa M/1 r/mons, a B peakuuu (2) —
M/2 r/mons; Al(OH), B3aumozeiictByer ¢ oxHolt skBuBanentHoil Maccoii HC1 u tpewms

skeuBanentHbiMu Maccamu HNO,, nmostomy ero sksuBanenTHas mMacca B peakuuu (3) paBHa
M/1 r/mons, a B peakumn (4) — M/3 r/mons. Dxeusanentst H,SO, B peaxumsx (1) u (2)

COOTBETCTBEHHO paBHbI 1 Monb 1 1/2 monb; okBuBanentst Al(OH), B ypasrenusx (3) u (4)
COOTBETCTBEHHO paBHbI | Moub U 1/3 MoIIb.
Ipumep 2. B xaxoit macce Ca(OH), comepxutcst CTOIBKO 5Ke SKBUBAICHTOB, CKOJIBKO B

624 AI(OH),?

Pewenue. Dxsusanentras macca Al(OH), pasua 1/3 ero momnbHolt Maccsl, T.e. 78/3 =
26 r/momb. Cuenosarensho, B 624 r Al(OH), comepxurcs 624:26 = 24 oksusaieHTa.
OxsuanentHas macca Ca(OH), pasna 1/2 ero monbHoii Maccsl, T.e. 37 r/moub. OTcoaa
24 sxeusanenta Ca(OH), umetor maccy 37,3-24 =888 r.
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ITpumep 3. Ha Boccranosnenue 7,09 T okcuma metamna (+2) tpeGyerca 2,24 am®
BOJIOpO/ia (HOpMaJbHBIC YCIOBHS). BbIumciinTe SKBUBAJICHTHYIO Maccy MeTaia. Uemy paBHa
aTOMHas Macca MeTasia?

Pemenne. MoJibHBIH 00BeM T00OT0 Tra3a MPU HOPMAJbHBIX YCIOBUSX COCTABIISICT
22,4 am®. Otcroza skBuBaneHTHbIH 06beM Bogopona V,(H,), monexyna kotoporo cocrout
W3 JIByX aTOMOB BOJIOpOJa, paBeH 22,4/2 = 11,2 e,

B cooTBeTcTBUY C 3aKOHOM YKBHBAJIEHTOB COCTABIISIEM COOTHOIIICHUE!

m(MeO) V(H,)
M,(MeO) V,(H,)
HOI[CTaBI/IB COOTBCTCTBYIOIIUC 3HAYCHHUA U3 YCJIOBUA 3aladH, ITOJTydaCM:

7,09 _M,(MeO). 1 (meoy =19 11,2 35,45 2/ vioms.
224 112 2,24

[[aﬂee, YUYUTEBIBAA, 9TO ODKBUBAJICHTHAA MacCCa OKCHIa |\/|3(|\/|eO) CKJIaAbIBACTCsA M3

cymmbl okBuBaneHTHbIX Macc Meramra (M,(Me)) u xucnopona (M, (0) =8 2/ mons),
HaWIEM:
M, (Me) =M, (MeO)-M,(0) =35,45-8=27,45 2/ mons.
ATOMHas Macca MeTalljla COCTaBUT:
A(Me) =M, (Me) -V (Me) =27,45-2=54,92/ mons.

Otser: 5TOT MeTasut — mapranen, Mn.

Ilpumep 4. V3 1,64 r nutpara metaia nonxydero 1,36 r ero cynedara. Beruucnure
HKBUBAJICHTHYIO Maccy MeTaJuIa.

Pemenne. [Ipu pemenun 3agayu cienyeT UMETh B BUNY, YTO IKEUBANIEHMHAA MACCA
XUMUYECKO20 cOeOUuHeHUs paBHa CyMMe SKBUBAJIEHTHBIX MacC COCTaBIISAIOIINX €0 YacTeH.

B nmaHHO# peakiuy y4acTBYIOT COJH: IK6UBALEHMHAS MACCA CONU PABHA CYMMe
9KBUBANEHMHBIX MACC MEMALd U KUCTOMHO20 OCMAMKA.

[TosTomMy: a) SKBHUBaJEHTHas Macca HHUTpaTa paBHa CyMMe€ JKBHBAJCHTHBIX MaccC
MeTaJlIa U HUTPAT-TPYIITIBI:

M, (Me(NGQ,),), e/ mono =M ,(Me) + M ,(NO; ) = M ,(Me) + 62;

0) SKBUBaJIeHTHAas Macca Cyabg)ama paBHA CyMME 3KBHBAJICHTHBIX Macc MeTaia U
Cynb(haTHOU TPYIIIHL:

M, (Me,(SO,),), 2/ mone =M (Me) +M (SO;7) =
=M, (Me) +%M (SO ) =M, (Me) +%-96 =M, (Me) + 48.

YuurteiBas CKa3aHHOC, HOJ‘Iy‘{I/IMI
m(Me(NO,),) _ m(Me,(S0,),)
M,(Me(NO,),) M, (Me,(S0O,),)’

uitu

164 136
M,(Me)+62 M (Me)+48
Omgem: M_ (Me) =20 2/ monw.

Bomnpocskl 1 3a1aHus 1JI51 CAMOCTOATEILHOTO PellIeHNs:
ba3oBblii ypOBEHb
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1. CocraBbTe hOpMyYIBI HOPMAIBHBIX M KHCHBIX coneil MbimubskoBucToi H ASO, n

ceproit H,SO, kucmor n Marumust.
2. MoxHo M HOJTyYUTh pacTBop, CoJIep KMt OJIHOBPEMEHHO

Ba(OH), u HCI? CaCl, u Na,CO,? NaCl u AgNO,? KCI u NaNO,? Ykakure,

KaKue KOMOWHAIIMN HEBO3MOXHBI U TIOYEMY.

3. CocraBbTe (DOpPMYIIBI OCHOBHBIX COJICH jKeje3a M COJSIHOM KHCIIOTHI, alOMUHHS M
CEpPHOM KHUCJIOTBHI.

4. JlokaxxuTe YypaBHEHUSMHU pEaKIuid aM(OIUTHOCTh CICAYIONIMX COCITUHCHUN:
ZnO, Al,0,, Sn(OH),, Cr(OH),.

5. Hamummre xumuueckue (OpMynbl CIEAYONMX coniei: cyiabdar meam (+2),
THJIPOCHIIMKAT HATPUSs, aleraT Kalius, XJOpU JUTHIpOKcokene3a (+3), kapOoHAT aMMOHHS,
muruipodocdat IMTUs, TETParupOKCOUTIOMIHAT Kallusl. Y KaXKUTE TUIIBI TPUBEAEHHBIX COJICH.

6. CocTaBbTe MOJICKYJISIDHBIC YPaBHEHHS PEAKIIUi, KOTOPHIC BBIPAXKAIOTCS CIICTYOIUMHE
MOHHO-MOJICKYJIIPHBIMU YPaBHEHUSIMHU:

1) Zn*+H,S=2ZnS{ +2H*; 2) HCO,+ H* =CO, + H,0; 3) Ag* + CI'= AgCI{ .

7. Kaxne u3 semects: NaCl, NiSO,, Ba(OH),,, NaHCO, - esanmozeiictsytor ¢
pacTBOpoM THpoKcHaa Hatpua? Hamummrte MONEKY/ISApPHBIE M HMOHHO-MOJIEKYJISPHbIC
ypaBHeHI/IFI COOTBeTCTByIOHII/IX peaKHHﬁ.

8. CocraBbTe MOJIEKYIApHbIE ¥ HOHHO-MOJIEKYJISPHBIE ypaBHEHUS  peakuui
B3aMMO/ICHCTBHUS B PaCTBOPAX MEXKIY:

a) Na,PO, u CaCl,; 6) K,CO, u BaCl,; B) Zn(OH), u KOH.
9. CocraBbTE MOJICKYJISIPHBIC YPABHCHUA pCaKHHﬁ, KOTOPBIC BBIPAKAKOTCA CICAYHOIINMU
MOHHO-MOJIEKYJIIPHBIMU YPaBHCHUSAMMU:

1) Fe(OH),+ 3H" = Fe¥ + 3H,0; 2) Cd* + 20H" = Cd(OH), { ;
3) H*+ NO;, = HNO,.

10. CocraBbTe MOJEKYISApHBIE W HOHHO-MOJICKYJISIDHBIE YpaBHEHHS PEaKIHii
B3aUMOJCUCTBUSA MEXKY:

1) FeCl, u KOH; 2) NiSO, u (NH,),S; 3) MgCO, u HNO,.
11. CocraBpTe MOJNEKYJISPHbIE YpaBHEHUS  PEAKIUil, KOTOpPbIE BBIPAXKAIOTCS
CJIEYIOIIMMH HOHHO-MOJIEKYJIIPHBIMUA YPABHEHUSIMU:

1) Mg* + CO¥ =MgCO, {;2) 2H" + SiOZ =H,Si0O, ¥ ; 3) Pb* + 21" = Pbl, .
12. CocraBpTe MOJEKYISIpHbIE W HOHHO-MOJIEKYJIIPDHBIE YpaBHEHMs peakIuii
B3aMMO/ICHCTBUS B PAaCTBOPAX MEXKIY:

1) CdS(xkenTsrit ocanok) u HCI;2) Cr(OH), n NaOH; 3) Ba(OH), 1 CoCl,.
13. CocraBbTe MOJCKYISIDHBIE ypaBHEHUS pEaKIHMd, KOTOpPBIE BBIPAKAIOTCS
CJIEIYIOIMMY HOHHO-MOJIEKYJISPHBIMU YPaBHEHUSMU:

1) Cu® +20H =Cu(OH), ¥ ; 2) Zn* +S* =ZnS; 3) Ca* + CO? =CaCO, J.

14, BeiumciauTe  SKBHUBAJEHT W JKBUBAJICHTHYIO  Maccy  docdopHOi
kucaorsl H,PO, B peakuusix o6pasoanus: a) rumpodocdara; 0)
nurunapodocdara; B) Gpocdara.

15. ITpu cropanuu 10,00 r metamta ob6pasyercsa 18,88 r okcuaa meranna. Onpenenure
HKBHUBAJIEHTHYIO Maccy Metamia. Otet: 9,01 r/mMorb.

16. Onpenenure SKBHUBAJICHTHbIE MacChl Meraiia u cephl,
ecnu 3,24 r metamia o6pasyroT 3,48 r okcuna u 3,72 r cynbpuaa.

17. Beruucnure KOJIMUECTBO BEIlECTBA HKBUBAJICHTA U MOJISIPHYIO MacCy 3KBUBAaJICHTA

nutpara muruapokcoxenesa Fe(OH),NO, u purumpoapcenara mutus LIH,ASO, s
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peaKUUsX, BBIPA)KAEMbIX YPABHCHUSIMMU:
Fe(OH),NO, + 2HNO, = Fe(NO,), + 2H,0
LiH,AsO, + LiOH = Li,HAsO, + H,0.

I1oBBIIIEHHBIN YPOBEHb
1. C xakuMM M3 NEPEUYHUCIECHHBIX HUXKE BEILECTB IIpOpearupyer a3oTHas KHUCJIOTa:

N,O, Al(OH),, CaO, HCI, K,S? W306pasute rpadudeckue GopMybl ITUX COCAHMHCHHIA.

Hanummre ypaBHEHHsI COOTBETCTBYIOLIMX PEAKLIUH.

2. CocraBbTe ypaBHEHUS pPEaKIMM B3aUMOJICHCTBUS CIEAYIOIUX COEAUHEHNMN:

a) HUTpAT cepedpa U noau1 Kayus; 0) OKCHJ ITMHKA U THAPOKCH]T HATPHS.

3. CocraBbTe (POPMYIIBI KUCIBIX KAJIMEBBIX cosieil opTohochOpHOI KUCIOTHI, OCHOBHOM
IIUHKOBOH COJIN YrOJIbHOM KMCIIOThI, OCHOBHBIX QJIFOMUHHUEBBIX COJICH COJITHONW KUCIIOTHI.

4. CocraBpTe MOJICKYJISApHbIE W HWOHHO-MOJICKYJISIDHBIE  YpPaBHEHHUS  PEaKIHA
B3aUMOJICHCTBUS MEXKTY:

1) H,S0, 1 Ba(OH),; 2) FeCl, 1 NH,OH; 3) CH,COONa 1 HCI.
5. YKaxuTe, B KaKUX U3 MPUBEAEHHBIX CIy4aeB B3aUMOAECUCTBUE TPOUZOMAET:

1) Sn(OH), + NaOH —?; 2) Na,SO, + HCl - ?;
3) BaCl, + Na,SO, — ?; 4) Na,S + HCl — 7.

CocTaBbTe MOJIEKYJISIPHBIE U HOHHO-MOJICKYJSIPHBIE YpPaBHEHHUS COOTBETCTBYIOLIUX
peaKuHuii.

6. Yemy paBeH pu HOPMAaJIbHBIX YCIOBUSAX SKBHBAJICHTHBIN
o6nem kucnopona? Ha cxuranme 3 r meramna (+2) tpebyerca 1,38 am® kucnopona (u.y.).
BrluncnuTh 2KBHBAJICHTHYIO MacCy U MOJBHYIO Maccy 3Toro merania. Oteer: 12,15 r/mons;
24,3 T/MOb.

7. DnemeHT oOpaszyeT psi Ta3000pa3HbIX COEOUHEHUH, MJIOTHOCTh KOTOPBIX TIO
Bojopony 8, 15, 22, 29. CoxpepxkaHue 3JIeMEHTa B JAHHBIX COCIMHEHUSX COOTBETCTBEHHO
paBHo 75,0; 80,0; 81,81 u 82,76 %. Onpenenute OTHOCUTEIbHYIO aTOMHYIO MacCy M Ha3BaHHUE
snementa. Otser: 12; C.

Cnucok JINTepaTypbl, peKOMeHIyeMblii K HCM0JIb30BAHMIO 10 TAHHOH TeMe

OcHoBHasi MTEepaTypa:

1. Koposwun, H. B. O6mas xumus : yaeonuk / H. B. KopoBuH. - 13-e u3zg., nepepad. u jorr. - M.
: Axkagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpyxaromei cpeapl : XUMUS KUBBIX opraHu3moB. Kypc nexmii /
E. C. Muxanuna, A. JI. [lerenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum noctyna: mas
aBTOPU3HP. NOJIb30BaTENEN

JlonosiHUTeIbHAS JIUTEPATYypAa:

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

2. XUMHS METaJUIOB : ydeOHOe ocodre (JIIs CTYJICHTOB XMMHYECKOTO (aKyJIbTeTa
HarnpaBieHul 0akanaBpoB «XUMHUS» U «XUMHUECKasi TEXHOJOTUA») / coctaButenu O. A.
I'onoBanoBa. — Omck : Omckuii rocygapcTBeHHbI yHuBepcurer uM. @.M. JlocTtoeBckoro,
2015. —552c. —

ISBN 978-5-7779-1875-8. — TekcT : aneKTpOoHHBIN // IneKTpoHHO OMbimoTevyHas cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum noctyna: mis
ABTOPHU3HP. MOJIH30BATENICH
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HNuTepHeT-pecypcenl:
1 http://window.edu.ru/ — eauHOE OKHO JOCTYIA K 00pa30BaTeIbHBIM pecypcam

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

3 http://catalog.ncstu.ru/ — saeKTPOHHBII KaTajaor acCOHAIMN JICKTPOHHBIX OMOIMOTEK
y4eOHbIX 3aBenieHuid u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbeITOE 0OpazoBaHKe

Tema 2. CTpoeHue aToma
IIpakTHyeckoe 3ausiTHe 2. JiIeKTPOHHbIEe GOPMYJIbI ATOMOB

Hesas 3auaTHA: 0000IIUTH 3HAHUS 00 JIEKTPOHHOM CTPOCHUU aTOMOB XUMHUECKUX JIEMEHTOB;
3aKpenuTh YMEHHS W HAaBBIKA COCTABJICHUS DIEKTPOHHBIX (OPMYyNT aTOMOB XHUMHUYECKUX
AIIEMEHTOB, a TAK)KE UX IpapUUECKUX N300pasKeHHH.

3HaHUA M yMeHNsl, IpUodpeTaeMble CTYIEHTOM B pe3yJibTaTe 0CBOEHHUS TeMbI
3HaTh: OCHOBBI CAMOOPraHU3ALUH U CAMOOOpa30BaHus;
3HaTh: CYIIHOCTH U 3HaUCHHE HH(OpPMAIMK B Pa3BUTUH COBPEMEHHOTO 00IIECTBA; OCHOBBI IMOTyUCHHS
1 00paboTKu WH(GOPMAITUH U3 PA3THYHBIX HCTOYHUKOB
3HaTh: PabOTHI MO pacyeTy ¥ MPOSKTUPOBAHUIO JACTAJICH U y3JI0B MAIIMHOCTPOUTEIIbHBIX
KOHCTPYKIHUI B COOTBETCTBUU C TEXHUUYECKUMU 33JJaHUSMH U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpEJICTB aBTOMATU3aLNU ITPOCKTUPOBAHUS
YMeTh: caMOCTOSTENLHO CTPOUTH MPOIIECC OBIaAeHUs] HH(popMannei, 0TOOpaHHON U
CTPYKTYPUPOBAHHOM IS BEITOJTHEHHS PO(GECCHOHATBHON IESITeNFHOCTH.
YMerh: nomydaTh 1 00padaThIBaTh HHPOPMALIMIO U3 PA3IMYHBIX HCTOYHUKOB
Ymerb: MPUHUMATH YUaCTHE B pabOTax Mo pacyeTy v MPOCKTHPOBAHUIO JAeTajei U y3JI0B
MAaIIMHOCTPOUTENIBHBIX KOHCTPYKIIMK B COOTBETCTBUU C TEXHUYECKUMU 3aJJaHUSIMU U
HCTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB aBTOMATHU3aUU POEKTUPOBAHUA

HaumenoBanue ¢GopMupyeMbIX KOMIETEHIIHIA

AKTYaJIbHOCTD TeMbI:

[Iepnonnueckuint 3axkon JI. M. MeHneneeBa sBIIIETCS OCHOBOM COBPEMEHHOM XHMMH.
W3yueHne CTpOeHHsS aTOMOB BCKpbIBaeT (DU3UYECKHI CMBICT TMEPHOAMYECKOIO 3aKOHa H
OOBSCHSET 3aKOHOMEPHOCTH HM3MEHEHUS CBOMCTB JJIEMEHTOB B IE€pUOJaX W B Ipymnmax
NEepUOJINYECKO cUCTeMbl. 3HAaHHE CTPOCHMS aTOMOB SIBJISIETCS HEOOXOAMMBIM Ul TTOHMMAaHUS
IPUYMH O00pa30BaHUS XMMHMYECKOH CBSI3M, KOTOpas, B CBOIO OYe€pellb, OINpenessieT CBONCTBA
BemiecTB. [loaToMy naHHBIN pa3jen SBISeTCsS OJHUM U3 BXKHEHIINX pa3aeoB o0IIeld XUMUH.

[lepuognueckast cucremMa »SJIEMEHTOB, pa3paOoTaHHas BedukuM yuéHbiM .M.
MemnieneeBbIM, CyMMUpPOBaJIa BCe 3HaAHUA 00 AJIEMEHTaX, X CTPOCHHMH, MaccaxX, COCTaBe sJIpa,
AIIEKTPOHHBIX O0OJIOUEK, U SIBJIIETCA CBOEOOPA3HOM MIMaprajikol Mo Bced HeopraHUYecKoi
XUMUH.

Teoperuyeckas 4acTb

VcTounBoe COCTOSHUE OJICKTpOHa B AaTOMC OIHUCBIBACTCA 3HAUYCHUAMH UYCTBIPEX
XapaKTCPUCTUK — KBAHTOBBLIX YHUCCII n, I, ml I/ImS.COCTOHHI/Ie 9JICKTpPOHA, OTBCYANOLICC

ONPCACICHHBIM 3HAYCHUAM KBAHTOBBIX YHCCII n, I n ml, Ha3bIBalOT aTOMHOM BHGKTPOHHOﬁ
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OpOHTaNBI0. DHEPreTHUYEeCKUM IOAYPOBHSAM JJIEKTPOHA B AaTOME, OTBEYAIOUIMM pa3IHMYHbIM
3HayeHusM |, cooTBeTCTBYIOT CIeayIomue 6YKBEHHbIE 0603HAUCHHUS:

R
N
w

udposoe 0603HAYEHNE DHEPTETHIECKOTO MOAYPOBHS | 0

BykBeHHOE 0003HaYEHHE IHEPreTHUECKOTO MOAypoBHs | : S|P |d|f
I'paduueckn kaxgas opOuTanb 0003HAYAETCS CHMBOJIOM -KJIETKOM:

DNEKTPOHBI B aTOME PACIPEACIISAIOTCS COTJIACHO CICAYIOINM MPUHIMIAM: MPUHIAITY
[Taynu, NpUHIIMITY HAUMEHbIIECH YHEPTHU C JOMOJHEHHAMH KIJIEUKOBCKOTO M MPaBUIY
XyHza.

CornacHo mnpuHouny Ilaynm B aTtoMe HE MOXET OBITH JBYX 3JEKTPOHOB,
XapaKTePU3YIOMUXCS OJMHAKOBBIM HAa0OpOM KBAaHTOBBIX dHcen. M3 3Toro cuemyer, 4ro
Kaxicoas amomMHas 31eKMpOHHAs opoumans modxcem Ovlmb 3aHama He Oonee yem 08YMs
INEKMPOHAMU.

Tl

MMpHUYEM pa3indaTbCsa OHU 6YILYT TOJIBKO CIIMHOBBIMH KBAHTOBBIMH YHCJIAMH.

IlopAnok 3amojgHEHUs DJJIEKTPOHAMU HHEPreTMYECKUX YPOBHEW M IMOAYpPOBHEH
OonmpeaAciaiaACcTCd NPUHIOUIIOM HauMEHb IICH OHECPIruu: 3JCKTPOHBI B aTOMEC pacClojaararoTcd
Tak, 4ToObl MX 3HEprusi ObUIa HauMMeHbIIEeH. [10CKONMbKY PHEPruI0 JIEKTPOHA XapaKTEepH3YIOT Kak
[JIaBHOE 7, TaK W OpOWTaIbHOE | KBAHTOBBIE YMCIA, TO SJICKTPOHBI INPEXKAE BCETO 3aHUMAIOT
TIONIOKEHHE, COOTBETCTRYIOMEee MUHIMAnbHOH cymme N+l — nepsoe dononnenue Kneuxosckozo.
Ecmu cymma N+l onumaxosa, To SJIEKTPOHBI 3aHMMAIOT OpOWTATh C MEHBIIMM 3HadeHueM N —
enmopoe oonoanernue Kneuxoeckozo.

Pacnipenenenne 31€KTPOHOB B DHEPrETUYECKOM IIOAYPOBHE OIPEACIACTCS IPaBUIOM
XyHza: yCTOMYMBOMY COCTOSIHHUIO aTOMa COOTBETCTBYET TAaKO€ PACIPENEIECHUE DIEKTPOHOB B
HOJIYpOBHE, NMPH KOTOPOM a0COJIFOTHOE 3HAYEHHE CYMMAapHOro CHMHA OyAeT MaKCHUMaJbHBIM.
[TooTomMy pacnpeneleHue 3JIEKTPOHOB B IOLYPOBHE IPOMCXOAMT B MAKCHUMAJIBHOM YHCIIE
opbutaneil ¥ ¢ napanaeabHbIMU CIIMHAMMU:

Tak T HITA TaK Y
(+1/2+1/2+1/2) = 3/2 | (-1/2-1/2-1/2) | =3/2
HO HE TaK M ne Tax -
(+1/2-1/2+1/2)=1/2 (+1/2-1/2+1/2)=+1/2

HeO6XOI[I/IMO HMCTHb TOHATHUC O KBAHTOBBIX YHUCIIAX, TPECX YKA3AHHBIX NPHUHIOUIIAX H,
OmnmupasChb HAa HUX, YMCTb COCTABJIATH 3JICKTPOHHBIC q)OpMy.]'II)I aTOMOB.

Bonpocsl u 3axanus
Ilpumep 1. Kakoil momgypoBEHb 3alOJHSETCS AJEKTPOHAMHU B aTOME IOCJE 3aMOJHEHUS
3P -nonypoBHs?

Pewenue. 3P -mogyposrio orseyaer cymma N+l | papmas 3 + 1 = 4. Iocne 3anonnenus
3p -noxypoBHs Bo3sMoxkHO 3amonHenne 30- mmm 4S-noxyposus. Ioacunraem cymmy N+l B

o6oux cnyyasx: 3d (3 +2) =5,a 4S (4 + 0) = 4. B cOOTBETCTBHH C TEPBLIM JOMOTHEHUEM
KIIeUKOBCKOTO 3JIEKTPOH CTPEMHTCS 3aHATh MoNokeHne Ha 4S-moxypoBHe, Tak Kak B 3TOM
cnydae cymma N+l Gyner nanmensmeii.

IIpumep 2. CocTaBbTe 3JEKTPOHHYIO (POPMYITYy aTOMa KPEMHHS M TPapHUECKyl0 CXeMy
3allOJTHEHHS AJIGKTPOHAMH YPOBHEH M IOAYPOBHEH B HOPMAJIBHOM H BO30YXJICHHOM €ro
COCTOSIHHSIX.

88



Pewenue.  DnextpoHHas  QgopMmyra  aTomMa  KPeMHHsS ~ UMEET  CIEIYIOUIHHA
2929062221220
Bu:15°25°2p°3s°3p“3d”. I'paduueckas cxema HeBO3OYKIEHHOTO aTOMa KPEMHHS HMEET
CIEAYOLIMNA BU:

14SI
n=3[11][1 [1 L
n=2 (1L [1L |1l |1 d
n=1 |1l P
S

BaneHTHBIMU OpOUTANIAMU 371€CH SIBIIIIOTCS. OPOUTANIN TPETHETO BHELIHETO IEKTPOHHOTO
ypoBHsi. B Bo36yxnennoM coctosauu (SI*) mpu mornomesnn HEKOTOPOit SHEPTHH HIEKTPOH C

3s-noaypoBHs nepeiier Ha cBOOOAHYI0 3P -OpOUTAID:

Si*  1s°2s°2p°3s'3p%3d? T | T | T | 1T
n=3
n=2 [ A d
n=1 1l P
S

ba3oBbIli ypOBEHb
1. Crpykrypa BAJICHTHOI'O AIEKTPOHHOIO YPOBHs aToma
5JeMeHTa  BhIpaXkaerca  (OpMyJIoi:  a) 5s°5p*; 6) 3d°4s'. Onpenenure

MTOPSITKOBEIN HOMEP 1 Ha3BaHUE DJIEMEHTA.

2. Hanmmure 31eKTpoHHBIE (OPMYITBI AaTOMOB JIEMEHTOB C MOPSAKOBBIMH HOMEpamu 24
u 33. CocraBpTe ux rpaduueckue cxembl. K KakoMy 3JIE€KTPOHHOMY CEMEMCTBY OTHOCHTCS
KKIBIA U3 HUX U TToueMy?

3. CocTaBbTe 3JIEKTPOHHBIE (DOPMYJIIBI AaTOMOB DJIEMEHTOB C TOPSIKOBEIM HOMEPOM 32 U
42. 'V mnocnegHero oauH DS-smektpon «ipopanuBaerca» Ha 4d-momyposens. K kakomy
JJICKTPOHHOMY CEMEHCTBY OHM OTHOCSTCS?

4. Kakoii moaypoBeHb 3alONHSIETCSs B  aroMax T[OCJIEe  3alOoJIHEHUS
5p -nmoxyposra? mocne 3anonaerns Sf -nogyposma?

S5. 3anumure AIEKTPOHHBIE bopmyIsl aTOMOB 3JIEMEHTOB c
3apsgom anpa 8; 13 u 18. CocTaBbTe 371€KTPOHHO-TPaPUUECKHE CXEMBI.

6. Kaxoe MaKCHUMaJIbHOE KOJIMYECTBO AIEKTPOHOB MOXET
pacnosnararbcs B S-, p-, d- u f -moaypoBHaX JIaHHOT O ypOBHs?

[Touemy? HanucaTh >J€KTPOHHYIO CTPYKTYpY aToMa ¢ 3apsijaom sapa Z = 22.
1. DIIEKTpOHHAs CTPYKTypa aToma ONMCBIBAETCS bopmynoit

1s%2s*2p°3s°3p°3d°4s®. Kaxoit 910 snemenT?

8. CKOJBKO aTOMHBIX OpOWTAaNel CONEPKUT BTOPOH DHEPreTHUECKUH YPOBEHb B
aTOMax XUMUYECKUX 3JIEMEHTOB?

9. CKOJIBKO aTOMHBIX OpOHTANEH CONEPKHUT TPETHH YHEPTeTUIECKUN YPOBEHB B aTOMax
XUMHYECKHX IJIEMEHTOB?

10. CKOJBKO aTOMHBIX OpPOUTAJNICH CONEPIKUT TPETUH DHEPreTHUECKUI YPOBEHb aTOMa
nuHka? [IpuBenure 351eKTpOHHYIO (POPMYITY aToMa 3TOTrO AJIEMEHTA.

11. Ckonbko aTOMHBIX OpOUTaNe COAEPMKUT MATHI SHEPreTUUYECKUl YpOBEHb aTroma
nantana? [IpuBenuTe 351eKTpOHHYIO (POPMYITY aTOMa 3TOTrO HJIEMEHTA.

12. CkoNbKO aTOMHBIX OpOHTAaJe COIACPKUT MIECTON YHEPTeTUIESCKUN YPOBEHb aToMa
nepus? [IpuBennTe 31€KTPOHHYIO (HOPMYITy aTOMa 3TOTO JIEMEHTA.
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13. Ilo 3apsny sapa aroma (Z=23) 3anuiiuTe O3JIEKTPOHHBIE KOH(PUTYpaLUU

BAJICHTHBIX IIOJYPOBHEW W, UCIOJIb3Yys npaBuia KileUKOBCKOIO, yKaKHUTE IOCIEA0BATEIBHOCTD
UX 3aI0JHCHHUS.

IToBbILICHHBI YPOBEHD

1. Kakoe MaKCHUMaJIbHOE YHUCIIO0 AJIEKTPOHOB MOKET COJIEpKaTh
aToM B AIEKTPOHHOM yYpOBHE c TJIaBHBIM KBaHTOBBIM YHCIIOM
N=5un=3?

2. CKOIbKO HE CIapeHHBIX SIEKTPOHOB coiepikaT HeBo3Oyxknaenusie atromsl B, S, Cr?

CocTaBbTe HX JICKTPOHHBIC U TPAQHUECKUE CXEMBI.

3. Kakue u3 3JIEKTPOHHBIX dbopmy, OTpaXaKIINX CTpOEHUE
HEBO30YKJIEHHOTO aTOMa HEKOTOPOTO 3JIEMEHTA, HE BEPHBI:

1) 1s%2s22p°3st; 2) 1s?2s5%2pb; 3) 1s22522p°®3s23p°3d*

4) 1s%25%2p®3s%3pP4s? ; 5) 1s22s22p°3s23d2 ? [Touemy?

4. V3 npuBeIEeHHBIX 3JIEKTPOHHBIX KOH(QUTYPALIUA:
1p2, 252, 2p7, 3d', 3f7, 4p6, 5s®, 3d* BBIOEPHUTE TE, KOTOPBIE IIPAKTHYECKH

CYyILIECTBOBaTh HE MOT'YT. OOBSICHUTE IPUUUHBI.
5. Ilo »27eKTpOHHBIM KOH(UIypalMsM HOHOB OIpEeIuTe 3apsi sJep HUX aTOMOB:

3- 10 42 4 -6. 3 24,6410 4.0
D%:..3d74s4p°; D7: ..3s"3p°3d"4s”.  Bamummmre >neKTpOHHBIE  HOPMYIIBI
aTOMOB U >JIEKTPOHHBIE CTPYKTYPhI HX BHEIIHUX 000JIOYEK.

Choucokx JUTEPATYPHI, peKOMeH)IyeMBIﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHasi iMTEpaTypa:
1. Koposwun, H. B. O6mas xumus : yaeonuk / H. B. KopoBuH. - 13-e u3zn., nepepad. u jorr. - M.
: Axagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyxaromei cpeapl : XUMUS )KUBBIX opraHu3moB. Kypc nexiuii /
E. C. Muxanuna, A. JI. [Terenmua. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTpOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
JlonoJiHUTeIbLHAS JTUTepaTypa:
1. T'nunka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tog pea. A. U. Epmaxosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XWMUSI METAIIIOB : y4yeOHOe mocodure (I CTYACHTOB XUMHUECKOTO (haKyIbTeTa
HarpaBiIeHuH 0akanaBpoB «XUMHUA» U «XUMHUUECKask TEXHOJIOTHs») / cocTaButenu O. A.
I'onoBanoBa. — Omck : OmMckui rocygapcTBeHHbI yHuBepcurer uM. @.M. JlocTtoeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DnekTpoHHO Oubnmotedynas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: mis
aBTOPU3HUP. MOJIB30BATENEH
HNuTepHeT-pecypcesr:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckast OHOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajIor acCOIUAINU dJIEKTPOHHBIX OHOIMOTEK
yueOHbIX 3aBefieHni 1 oprannzanuiit CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0OpazoBaHKe
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Tema 4. XUMHNUYECKAS CBSI3b
IIpakTuueckoe 3anaTue 3. XUMHNUYeCKAS CBA3b
Leapb 3aHATHS: PACIIUPUTH U YTITYOUTh 3HAHUS YUAIIUXCS TI0 TeEME «XUMUYIECKas CBSI3b)

3HaHUA M yMeHNsl, IpuodpeTaeMbie CTYIeHTOM B pPe3yJibTaTe 0CBOEHUS TeMbI
3HaTh: OCHOBBI CAMOOPTaHU3ALMH U CaMOOOPa30BaAHHS;
3HaTh: CYIIHOCTH U 3HaYCHHE HH()OPMAIMY B Pa3BUTUH COBPEMEHHOTO 00IIECTBa; OCHOBBI IMOTyUCHHS
1 00paboTKM HHPOPMAITUN U3 PA3TMIHBIX HCTOTYHHKOB
3uaTh: PabOTHI MO pacyeTy ¥ MPOSKTUPOBAHMIO JIETANICH U y3JI0B MAIIMHOCTPOUTEIIBHBIX
KOHCTPYKUMIA B COOTBETCTBUH C TEXHUYECKUMU 33JaHUAMU U UCIIOJIb30BAHUEM CTaHIAPTHBIX
CpEACTB aBTOMATU3ALUU IPOEKTUPOBAHUSL
YMeTb: CaMOCTOSTEILHO CTPOUTH IPOIIECC OBIAICHUI HHPOpMAIHEH, 0TOOpaHHOH 1
CTPYKTYpPUPOBAaHHOM /ISl BBITOJTHEHHUS TPOPECCHOHATFHON A TETFHOCTH.
YMmern: monydaTh u 00padaThBaTh HHPOPMALIUIO U3 PA3TMYHBIX HCTOYHUKOB
VYmerb: MPUHUMATH YYaCTHE B pabOTaX MO pacyeTy v MPOCKTHPOBAHUIO JAeTajei U y3JI0B
MAIIMHOCTPOUTEIIbHBIX KOHCTPYKIIMIA B COOTBETCTBUM C TEXHUYECKUMH 3aJaHUSIMU U
KCIIOJIb30BAHUEM CTAHIAPTHBIX CPEJICTB ABTOMATU3AIMU ITPOECKTUPOBAHUS

HaumenoBanue ¢GopMupyeMbIX KOMIETEHIIHIA

CoBpeMEHHOE pa3BUTUE HAYKU U TEXHUKHU MPUBEIO K PE3KOMY M3MEHEHMIO PEIIacMbIX 3a7ad U
BBIJIBUHYJIO HOBbIe TPeOOBaHUS KaK K BhICHIEMY OOpa30BaHUIO BOOOIE, TAK M K HAYYHOH MOATOTOBKE
CTyACHTAa B 4YaCTHOCTH. B HaCTOAIIEC BPEMs 0COOEHHOCTBIO criequaiucra CICayeT CHUTAaTh HAJIUYUEC 'y
HETO TBOPYECKOI'O MLIIJICHWS, OOHHM U3 Ba)KHCHIIIIX KadeCTB KOTOPOTO SABJIACTCA CHUCTEMHOCTD.
[ToaToMy pa3paboTka CHCTEMHOTO IMOAXO0Ja K PacCMOTPCHHIO paszfiena "Xumuueckas CBs3p" B Kypce
XUMUHU NPCACTABIIACTCA aKTyaHBHOi/'I.

TeopeTuyeckas 4acTb

Xumuyeckass c6436 — COBOKYNHOCHMb CUNl, OCUCMBYIOWUX MeHcOy amomamu u
006ycnasnuearOwWux ycmoudugocms OanHou cucmemel. Pemamonryro poab B 00pa3oBaHUM
XMUMUYECKOW CBSI3U UTIPAIOT He CnapeHHvle (8aleHmHuvle) 271eKmpoHbl TPEIBHEUIHETO WIN
BHEIITHETO DHEPreTHYecKrX ypoBHeW. CHapeHHbIE SIIEKTPOHBI TMPH BO3OYXKIEHUU CIOCOOHBI
pacrapuBaTbcsi, 00ecreunBas BO3MOXHOCTb 00pa30BaHUS OOJIBIIIEr0 YUCIA XUMHUYCCKHX CBS3CH.
BanentHocts, o00ycioBiIeHHas OOIIMM 4YHCIOM, HMEIOIIUMXCS B aroMe HE CIapeHHBIX
AIIEKTPOHOB, HA3BIBAECTCSI CHUHBANEHMHOCMbIO. PeakllMOHHAsT CIOCOOHOCTh XMMHUYECKOM CBS3U
OTIPEIICTISICTCSL €€ KOJNUYECMBEHHLIMU XAPAKMEePUCMUKamy, K YUCITY KOTOPBIX OTHOCSTCS:
ONUHA, 8ATEHMHBIU Y207 U IHEPIUSL.

Teopust XxuMHYECKOH CBS3M JaeT BO3MOXKHOCTH OMUCATh pAaCHpeNelieHHe >IEKTPOHHOM
IUIOTHOCTH B MOJIEKYJIE. Xumuyeckas c8a3b umeem mMecmo mam, 20e 9J1eKmpoHHAsl NIOM HOCMb
MedAHCOY AMOMAMU HAUOONbULASL.

Jns npuOIMKEHHON OIIEHKH JJIEKTPOHHOW IUIOTHOCTH MEXIY aTOMaMH CYIIECTBYET
JIBA METOMA: Memoo MOAeKyIaApHuix opoumaneu (MO) u memoo eanenmuvix cesazei (BC).
Paznmuyaror cremyromye OCHOBHBIE THITBI XUMHUYECKOW CBSI3U: KOBAIEHMHYI, OCYIIECTBISIEMYIO
oOmield mapoi SJIEKTPOHOB; UOHHYIO, KaK PE3yJabTaT DJIEKTPOCTATHYECKOTO B3aUMOJICHUCTBUS
pa3HBIX MO 3apsily MOHOB (MOHBI 0OPa3yIOTCS 3a CYET MOJHOTO MepeXxo/ia HEKOTOPBIX BHEITHHX
ANIEKTPOHOB OJHOTO aroMa K JApyromy, Oojiee 3JEKTPOOTPULATENbHOMY), U MEmAanliuidecKkyio.
JIOHOpHO-aKIENITOPHAS ¥ BOJOPOJIHASL CBSI3M PACCMATPUBAIOTCS KaK Pa3sHOBUIHOCTH KOBAJICHTHOM
CBSI3U.

Bonpocsl u 3axanus
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Ilpumep. Tloap3ysch SNEKTPOHHOH CTPYKTYpOH aTromMa KpeMHHS B BO30YXKIECHHOM
COCTOAHUU (CM. puMep 2 B paszene 3), 0ObACHUTE MEXaHU3M 00pa30BaHUsI MOJIEKYIIbI SiF4 u

wona [SiF,]?.
Pemmenne. AToM (TOpa MMEET IEKTPOHHYIO CTpyKTypy 1525 2p°:
n=2
n=1

(I I R B A B
b
T

S

YeTplpe HE CHApEHHBIX 3JIEKTPOHA BO30YXKJIEHHOI'O aToOMa KPEMHHUS Y4YacTBYIOT B
00pa30BaHUM YETHIPEX KOBAJICHTHBIX CBA3EH C YETBIpbMsS aroMamu (propa, MMEIOUUMH I10
OJIHOMY HE CIIapEHHOMY JJIEKTPOHY:

F\Si/F
-

] 29a29n6
F -uonsr umeror snexrponnyto crpykrypy 1S°2S°2p° — Bce BaeHTHBIE 2JIEKTPOHBI B
HEM CIApEHBI:

e | TN

n=1 |1l p
S

ba30BbIii ypoBEeHB

1. Yxaxure tun xumudeckoit cs3u B Monekynax H,, Cl, mw HCIL. Ilpusenute cxemy

o +
NEPCKPbIBAHUSA SJICKTPOHHBIX o0nakoB. Kakue THIIBI XUMHYECKON CBSI3H PCAINU3YIOTCA B NH4 -

UoHe?

2. VYcTaHOBUTE  TPOCTPAaHCTBEHHYIO CTPYKTYpY  CIEAYIOUMX  MOJIEKY:
H.S, SiH, u PH,.

3. Kakyro XUMHYECKYIO CBSI3b Ha3bIBAIOT BOJOPOJIHOM?
Mexny MOJIEKYJIaMH KaKuX BEIIIECTB OHa obpazyercs? [Touemy
H,O u HF, nMest MEHBIIYO MOJIEKYIIAPHYIO Maccy, TUTABATCS u

KUIIST IIpH 0oJiee BBICOKUX TEMITEpaTypax, YeM UX aHajIoru?
4. Kax metox BaneHTHbIX cBs3ell (BC) oObscHseT nuHeitHoe cTpoenue Mosekyisl BeCla

¥ TeTpasapuueckoe crpoenne Morekyast CH, ?

5.  CkombkO  HE  CHApeHHBIX  DJJEKTPOHOB  HMeeT  aToM  XJjopa B
HOPMaJIbHOM U BO30YKJIEHHOM cOCTOsIHUAX? UeMy paBHa BaJIEHTHOCTh XJIOpa B HOPMAJIBHOM U
BO30YXJIeHHOM cocTosiHUAX? [Touemy (hTop He MpOsBIsET BaJEHTHOCTb, PAaBHYIO CEMH, XOTS
ABIISIETCA HJIEKTPOHHBIM AHAJIOTOM XJ10pa’?

6. Kak meronr MO 00BsCHSIET TO, YTO B MOJIEKYJIsIpHOM HOHe F,” »Hepruu cBsizu
(318 x/lx/monb) Gombure, ueM B Mouekyne F, (159 xJx/mons)? Kakas dopma 3amucu

orpaxaer B Metoze MO ctpoenne F,” u F,?

[ToBbILICHHBI YPOBEHD

92



1. Onumwmre ¢ no3unuii Meroaa BajneHTHbIX cBsizedl (BC) snexTtpoHHOE cTpoeHue
monexynst BH, unona [BH,] .

2. CpaBuute CIIOCOOBI o0pa3oBaHUs KOBQJICHTHBIX cBsi3ei B
monexynax CH,, NH, u none NHj.

3. Yro TaKoe O -CBsI3b u 7T -CBsA3b? Jatite 00BbsSICHCHHE Ha
npumepe monekyn CL,, N, u C,H,.

4. Kak meron MO 00BscHSET, MOYEeMy MOJEKYIAPHbIH HOH Hez" dHEpreTHYeCKH
yCTOMYMB, TOI/a Kak Moiiekyia Hez He cymectByer? Kakas ¢opma 3amucu oTpaxkaeT B
merone MO crpoenne Heo™? OOGnamaer nu woH He;' mapaMarHUTHBIMH CBOMCTBaMu?
[Touemy?

Choucox JIUTEPATYPHI, peKOMeHHyeMBIﬁ K MCI0JIb30BAHHUIO 110 JAHHOI TeMe

OcHoBHas1 JIMTepaTypa:
1. Koposun, H. B. O6mias xumus : yuebnuk / H. B. KopoBus. - 13-e u3zn., nepepab. u gorm. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpumn.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust oKpyKaromei cpeasl : XUMUS )KUBBIX opraHu3mMoB. Kypc neximii /
E. C. Muxamuna, A. JI. Iletenun. — M. : U3narenbckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN
978-5-87623-457-5. —TekcT : 21€KTpOHHBIN // DnekTpoHHO-0nOmmoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: s
aBTOPU3HUP. NOJIb30BATEIEH
JlonoIHUTeIbHAS JUTepaTypa:
1. T'munka, H. JI. O6mas xumus / H. T'. I'munka ; [lox pen. A. W. Epmaxkosa. - U3a. 30-e, uctp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubauorp.: c. 704. - [Ipenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METaJuIoB : yuyeOHoe mocobue (A7 CTYJeHTOB XMMHUYECKOTo (akyibTeTa
HanpaBJieHUu# O0akanaBpoB «XUMUA» U «XUMHUYECKas TeXHOJorus») / coctaButenu O. A.
I'onoBanoBa. — OmMck : OMcKHi rocyaapcTBeHHbI yHuBepcuTeT M. @.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : 2neKTpoHHbIH // DnekTpoHHO 6ubinoreynas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
HNHuTepHeT-pecypcen:

1 http://window.edu.ru/ — eauHoe OKHO JOCTYyIa K 00pa30BaTeIbHBIM PeCypcam

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

3 http://catalog.ncstu.ru/ — saeKTPOHHBII KaTajaor acCOIHAINN dJIEKTPOHHBIX OMOIMOTEK
yueOHBbIX 3aBefeHuni u opranuzanuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0OpazoBaHKe

Tema 5. O61Me 3aKOHOMEPHOCTH NMPOTEKAHUA XUMHYECKHUX MPOLECCOB.
IIpakTuyeckoe 3ansaTHe 4. XMHUYecKass TEPMOAUHAMUKA. JHEPreTHKa XUMHYECKUX
npoueccos. HanpaBieHHOCTH XUMHYECKHUX NIPOLECCOB
He.]'lb 3aHATHUHA: BBECTU HepBLIfI 3aKOH TCEPpMOJAWMHAMUKHN KaK 3aKOH COXpPAaHCHHSA OHEPTHUU
TEPMOJIMHAMUYECKOW CUCTEMBI, PACKPBITH €r0 PU3MUYECcKOe COepKaHue MPU PACCMOTPEHUN KOHKPETHBIX
mpoucccoB, MNpPOAOJIZKUTH (l)OpMI/IpOBaHI/Ie yMeHI/Iﬁ OIMUCBIBATH TCIJIOBBIC IIPOLICCCHI (1)I/I3I/I"IGCKI/IMI/I
BCIIMYMHAMH U 3aKOHAMU,;
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https://openedu.ru/

3HaHus U yMEeHUSs, IpUodpeTaeMble CTYJIEHTOM B pe3yJIbTaTe 0CBOEHHSI TeMbI
3HaTh: OCHOBBI CAMOOPTaHU3ALMH U CaMOOOPa30BaAHHUS;
3HaTh: CyIIHOCThH M 3HaUYEHUE HH()OPMAIINU B PA3BUTHU COBPEMEHHOTO OOIIECTBA; OCHOBHI MOIYYCHHUS
1 00paboTKM HHPOPMAITUH U3 PA3TMIHBIX HCTOTHHKOB
3uaTh: PabOTHI MO pacyeTy ¥ MPOSKTHPOBAHUIO JICTAJICH U y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKUMIA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U UCIIOJIb30BAHUEM CTaHIAPTHBIX
CpEACTB aBTOMATU3ALUU IPOEKTUPOBAHUSL
YMeTb: CaMOCTOSTEILHO CTPOUTH IPOIIECC OBIAICHUI HHPOpMAIHEH, 0TOOpaHHOH 1
CTPYKTYPUPOBAHHOMW AJIS1 BHITIOTHEHHSI TPOPECCUOHATLHON IEATETbHOCTH.
YMmern: momydaTh 1 00padaThIBaTh HHPOPMALIUIO U3 PA3IMYHBIX HCTOYHUKOB
VYmerb: MPUHUMATH YYaCTHE B pab0OTaX IO pacyeTy v MPOCKTHPOBAHUIO JACTAJICH U y3JIOB
MAIIMHOCTPOUTEIIBHBIX KOHCTPYKIIMIA B COOTBETCTBUU C TEXHUUYECKUMHU 3aJaHUSIMU U
HCTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB aBTOMATU3ALMHA IPOCKTUPOBAHUS

HaumenoBanue ¢GopMHpyeMBbIX KOMITETCHIUH

AKTyanbHOCTh paboThl. CHHTE3 HOBBIX COCIMHEHUM W W3yYE€HHE HEM3BECTHBIX paHee
(UBUKO-XUMHYECKUX CBOWCTB SIBJIICTCS aKTYaJbHBIM M C TOYKH 3PCHHUS XUMHUYECKON HAYKH
uMeeT (pyHIaMEeHTAIbHBIA XapakTep. C MOMEHTa BOBHHMKHOBEHHUS XMMHYECKON TEPMOJIUMHAMMKN
OAHOM M3 BaXHEWIIMX 3aJad dTOM HAyKH SBJISETCS  ONpEAeiCHUE CTaHIApPTHBIX
TEPMOJIMHAMUYECCKUX (YHKIUHA WHIUBUIYaJbHBIX BCIICCTB. TakKWe JaHHBIC HEOOXOIMMBI
MIPEXJIE BCETO, /ISl pacueTa paBHOBECUM XMMUYECKUX PEaKIUil IPU Pa3IMUHbIX TEMIIepaTypax 1
napieHud. [Ipu 3TOM TUMHUTHPYIOIIMM (DAaKTOPOM B TaKWUX pacderax SBISICTCS, KaK MPaBUIIO,
OTHOCUTEJIbHO HHU3Kasi TOYHOCTb B OMNPEACICHUU SHTAIBLIINY XUMUUYECKON pEaKlMu, KOTopas
BBIUUCIIACTCS KakK aireOpanyeckas cyMma dHTaJbInii 00pa3oBaHMs pearcHTOB. B m3MepeHmsx
SHTPOMHM JOMYCTUMBI OOJBIINE IMOTPEIIHOCTH, OCOOCHHO, €CIIM peub HACT O PEeaKIUsAX ¢
y4acTUEM KOHJICHCUPOBAHHBIX BEIIECTB. B 3TOM OTHOIIEHUM ONpEJeIeHUEe CTaHJIapTHBIX
SHTANBIUN 00pa3oBaHUSI W aOCOJNIOTHBIX SHTPONMHUI WHIUBUIYAJTBHBIX BEHIECTB SBISICTCS
HEOOXOUMOM 1 aKTyalbHOM 3a/1a4eii XUMUYECKOW HAYKH U TEXHOJIOTHH.

Teoperuyeckas 4acTb

Hayka o0 B3aMMHBIX [pEBpaliEeHUsIX pa3IUYHBIX BHUIOB DJHEPIMM HA3BIBAETCSA
MepMOOUHAMUKOU.

[Ipy XUMHYECKHX peaklIMsIX MPOUCXOAAT TIyOOKHE KAaYeCTBEHHbIE W3MEHEHUS B
CHUCTEME: PBYTCA CBSI3M B MCXOJHBIX BEIIECTBAX M BO3HUKAIOT HOBBIE CBSI3M B KOHEUYHBIX
NPOAYKTaXx. ODTU HM3MEHEHHE COIMNPOBOXKIAIOTCS IMOTJIOIMIEHUEM WM BBIICIICHUEM DSHEPrUu
OOBIYHO B BUJIC TEIIOTHI.

Paznen TepMoaMHAMUKH, HM3y4arOmIMi TeruioBble A((EKThl XUMHUYECKHUX pPEaKIuii,
HAa3bIBACTCS mepMOoXuMuel.

IIpu mo6oM Ipollecce BHIIONHSETCS 3aKOH coxpaHeHus osHepruu. Tentoma Q,

noznowennas cucmemoti, uoem na usmenenue eé enympenneti snepeuu AU u na coeepuwenue
pabomut A

Q =AU+A. 1)

BHyTpeHHss SHEpTusi XapaKTepu3yeT CKPBITYIO B BEIIECTBE SHEPTHIO (KUHETUYECKYIO U
MOTCHIINATBHYIO0), KOTOPasi BEICBOOOXK1aeTCs IPpH (PU3MIESCKUX M XUMUYIECKHUX MPOIeccax.

Tennosvim a¢hghexmom  peakyuu HaA36186AEMCA  KOAULECMBO  GbIOEIEHHO20  UNU
noznowenno2o menia. CTaHIAPTHBIN TETIIOBOH 3(h(HEeKT COOTBETCTBYET CTAaHIAPTHBIM YCIOBUSIM
npoBeneHus peakiuit: T = 298,15 K, P = 101,3 «lla. Tennogou sghgpexm peaxyuu,
npomexaroueti npu NOCMOSIHHOM 00beMe CUCEMDbL, PABEH USMEHEHUIO 6HYMPEHHEeU IHePU.:

Qu =AU. (4.2)
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BonbIIMHCTBO XMMHUYECKUX PEAKIIMNA MPOTEKAET MPU ITOCTOSHHOM JaBJIEHUH. Tenosot
aghghexm xumuueckoli peakyuu, npomexaroujeli npu NOCMOSHHOM OABLeHUU, PABEH USMEHEHUIO
SHMANLNUU.

Q. = AH. w5
9HT3HBHI/IH paBHa CYMMe BHy’I‘peHHefI 3HeprI/II/I U pa6OTBI paCH_H/IpeHI/IH:
H=U+pV.
P 43)

[loaTomy osHmanvnuio onpeodensiom Kax 5SHEPeUrd pPACWUPEHHOU CUCmeMbl, €€
TEIUI0COIEpKaHue.

Peakuun, KOTOphIE  COMPOBOKIAIOTCS  BBIIEJICHHEM  TEIUIOTHI,  HA3bIBAIOTCSA
okzomepmuueckumy. Ilpu HMX NOPOTEKAHUM TEIUIOCOAEP)KAHUE CHCTEMbl YMEHBIIAETCS

(AH < 0). Ipu npoTexkanuu e YHAOTEPMUYECKHX PEAKIHi, HAYIIMX C MOTTIOMEHHEM TeIla,
Temnoconepxkanue ysenmuusaercs (AH > 0).

B 3aBucuMOCTM OT XapakTepa TMPOHMCXOJSINEIO MpoLecca pa3inyarT TEIUIOTHI
00pa3oBaHusi, CropaHusi, pacTBopeHus W T.I. [loHsTHE O TeruioTe 00pa30BaHUS BEILIECTBA
SIBIISICTCS OJTHUM U3 BOXHEUIIIMX B TEPMOXHMUHU.

Tennomoui obpazosanus (AH06pa3.) Ha3vlearom menioeou 3¢pgexm peaxyuu

06pa308aHUA 00HO20 MOb CIIOIACHO20 GeUeCBa U3 NPOCMbIX, YCIMOUUEHIX NPU CIAHOAPIHBIX
yenosusx (T =298,15 K; P =101,3 k[1a). TenmnoTsl 06pa3oBaHus HEKOTOPHIX BEIIECTB

npuBeieHbl B Tabnumne 6.1. OOpatuTe BHUMaHUE HA TO, YTO /Meniomsl 00pA308aHUs NPOCMbIX
eeuyecms, yCTOMUUBBIX IIPU CTAaHAAPTHBIX YCIOBUSX, NPUHAMbL PAGHBIMU HYTIO.

Tennosoti 3¢pghexm xumuueckoii peakyuu 3agucum om NPUpoobl U QU3UYECKO20
COCMOANUS UCXOOHBIX 8eUjeCm8 U NPOOYKMO8 peakyuu U He 3a8Ucum om nymu e€ npoeeoeHusl.
TemoBble 3G (EKTH 3aBUCAT OT CTPOCHHS PEarupyrolux MOJIEKYJ, MO3TOMY TEOPETHYECKH
paccuMTaTh WX HEBO3MOXKHO. 3akoH ['ecca mMo3BoJII€T Ha OCHOBAaHMM OTPAHUYEHHOTO
KOJINYECTBA OTBITHBIX JAaHHBIX IO TEIUIOTaM OOpa3OBaHMs BBIYHCIATH TEIUIOBBIE APPEKTHI
0O0JIBIIOrO YKCIIA PeaKLni.

OCHOBHBIM 3aKOHOM TEPMOXUMUH SIBISETCS 3aKkoH I'ecca, B OCHOBE KOTOPOIO JIEKHUT
3aKOH COXPaHEHUs SHEPTUu:

Tabauya 4.1 — Tennomul 06paz06anUss HEKOMOPLIX BEUeCNE

Bewecmeo AHoﬁpaS., K/{orc/mono Bewecmeso AHoﬁpa&,
K/[orc/monw
AlLO, (1) 1675 H,O(r) —242
Al,(S0O,);(1) —3434 H,S(r) —20
CH,(r) —75 MgO(1) —601
C,Hq(m) —85 Mg(NO;,), (1) 790
C.H, () 49 NO, (r) 33
CO(r) ~110 NaHCO, (1) —914
Co, (1) 393 Na,CO, (1) —1129
COS(r) 137 Na,S(t) —372
HCI(r) —92 Na,SO,(r) 1030
HNO, () 173 Na,SO, (1) 1388
CuO(1) 165 POCI, () —597
Cu(NO,), (1) -307 PCI (1) —369
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H,0(x) —286 SO, (r) 297

B cootBerctBHM ¢ 3akoHOM ['ecca: mennosou s¢hgexm psoa nocredosamenvHwulx
peaxkyuil paseH meniosomy 3Ppgexmy O0pyeoco psada NOCie008aMeNbHbIX PeaKyuil, eciu
UCXOOHblE Beujecmsa U NPooOyKmuvl npeepaujeHutl 00uHakoevl. Ha OCHOBaHMH 3TOTO IMOIXOJa C
TEPMOXUMHUYECCKIMH YPABHCHHSIMH MOYKHO OIEPHPOBATH TaK Ke, KaK M C aNreOpamuecKUMHU.
Tepmoxumuueckumu HA3bLIBAOMC XUMUYECKUE YPABHEHUs, 6 KOMOPbIX YKA3AHbl Meniosvle
aghghexmol peaxyuii.

W3BecTHO, 4TO B HEM30JIMPOBAHHBIX CHCTEMaX MPH OTCYTCTBUU BHEIIHUX BO3JICHCTBHIA
CaMONPOU3BOJILHO MPOUCXOIAT IK30TEPMUUECKUE PEAKIIUU (AH< 0). Oco0eHHOCThIO
XUMHYECKHX TPEBPAIICHUI SIBISCTCS ydacTHe B HUX OOJBIIOro 4mcia vactull. Jimst Takux

cUCTeM HaubOJiee BEPOSTHO COCTOSHHE OECIOpPSIKA, XapaKTEpU3yeMOe OJHTponuei S.

HN3meHeHue OHTPOIIMU MMPU XUMHUYCCKUX PCAKIUAX PACCUUTHIBACTCA HAa OCHOBAHWUU CIICACTBUSA U3
3akoHa ['ecca. KadecTBeHHO 3HAaK W3MEHEHUS OHTPOIIMKM MOXHO OICHUTHb, COIIOCTaBUB
KOJIMYECTBO Fa3006pa3HBIX BCIICCTB A0 M MMOCJIC pCaKIINU.

Bonpocel u 3a1aHu
Ilpumep 1. BpIYUCIUTH CTaHIAPTHYIO TEIUIOTY OOpa3oBaHUsA OKcHaa jkenesa (+3) mo

CICAYIOIUM TCPMOXHUMUYCCKHUM YPABHCHUSAM!
1) 2Fe,, + O, = 2FeO,,; AH, = -532 kJl;
2) 4Fe0,,, + O, = 2Fe,0,; AH, = -584 kJlx.

Pewenue. 3anmmeM TepMOXHMHYECKOE ypaBHeHHe obpasoBanmst F€,0; n3 mpocteix

BCHICCTB:

3) 2Fe,, + 1,50, =Fe,0,,; AH, = ?x/c.

3(m)?
Jlnist Toro 4ToOBl U3 ABYX JAHHBIX YPaBHEHUH MOIYYUTh UCKOMOE 3), HY’)KHO YpaBHEHUE
2) pa3menuTh Ha JBa M CIOXWUTHb C ypaBHeHHeM 1). Takue ke anreOpanyeckue IeHCTBUS

IPOBEJIEM C TETUIOBBIMU 3P (HEKTaMM JaHHBIX PEAKIMIA M MOTyIMM UCKOMYI0 Bennuuny AH xp.-

2Fe, + 1,50, =Fe,0,,; AH, , = 0,5:(-584) - 532 = -824 K/lx/Mob.

2(r)
Jlna pacueta TermiaoBbIX 3(H(PEKTOB XMMHUECKHX PEaKIMi 4acTO HMCIONB3YIOT MEepBOE
cleICTBUE U3 3aKoHa ['ecca:
Tennoeou spppexm xumuueckor peakyuu pagen CcymMme meniom o00pa3oeaHus

npoc)ykmoepeakuuu 3a 6blyemom CyMmobl menjiom 06p03060H1/l}l UCXOOHDIX eewecms.

A[{x.p. = ZAHZZf o ZAH;)CG; (44)

Ilpumep 2. Paccuutaiite TeruioBord 3¢GEKT peakuuu TOPEHUs 1TaHa HUCXOMAs U3
CTaHJApPTHBIX TEIUIOT oOpa3zoBaHus. Kakoe KOMMYECTBO TETIOTHl BBIACIUTCS WM TOTIIOTHTCS,

ecnu: a) cropaet 90 r sTana; 6) o6pazosanock 89,6 am°

CO2 (H.y.).
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Pewenue. 3anuiieM TepMOXUMUYECKOE YPaBHEHHUE PEAKIIMKM TOPECHUS dTaHA B pacyeTe
Ha | MOJIB:

C,Hy,, +3,50,,, — 2CO,,, +3H,0,,; AH, =? K]k,

2(r) ()2

PaccuuTaeM TerioBoii 3pdexT peakiyu 1o IepBoMy CIEACTBUIO U3 3aKoHa ['ecca:
AH, , =3AH " + 2AHZ — AHZY: |
AH gfp " = (), TaK KaK 3TO IPOCTOE BELIECTBO.
[ToxcraBuM 3HaYEHUS TEIIOT 0Opa3oBaHUs U3 TaOIHIIB 6.1:
AHx‘p. =3+(-286) + 2+(-393) + 85 =-1559 kJIk/MOJb.
Tockomeky AH, <0, peaxums sksotepmuteckas.

o ypasuennio peakuuu cropaer 1 moms C,H, t.e. 30 r. Ilo ycnoBuio 3anaun B

peakuuio Berymno 90 r C,H, uto cocrasiser:

n(C H ): mC2H6 = 9.
M 302/ monw

CoHg

=3 monn.

Torna Konu4ecTBO TerIa, BeIICICHHOTO pu cropanuu 90 r sTaHa, OyaeT:
Q= nAHX,p' =3 - (-1559) =-4677 xJIxk.
Io ypaBHEHMIO PeaKIHH U3 OXHOTO MOk dTaHa obpasyercs 2 Mo CO,. Hamomumm,

YTO MOIb ra3a, MpH H.y., 3aHUMaeT 06beM 22,4 ave. TTo yenosuio 3anauu obpasoBanock 89,6 am?

CO,, uTo cocTaBnseT:

V
=% Zﬂzél-MOﬂb.

n=
22,4 22,4

KonngecTBo Teruia, BeACTSAEMOE TIPH 3TOM, PaBHO:
Q=nAH,, =4-(-1559) = - 6236 K[lx.

TemnoBoii 3 pexT XuMHUIeCcKol peakIuu MOYKHO TaK)Ke BEIYUCIUTH, UCIIOIB3YsI BTOPOE
CleICTBUE U3 3aKoHa ['ecca:
Tennoeou s¢hghexm Xxumuueckou peaxkyuu paseH cymme meniom C2OpPanusi UCXOOHBIX

seulecnie 3a 6bl4eniom CYyMmol meniom CccOpaHusl KOHEYHbIX 6eecme.”

AH = AHE" = AHE (4.5)

o ceop. %
Tennomoti cecopanusi éewjecmeéa AH“”" nasvisaemca mennoseoii s¢ppexm peaxyuu

OKUCNIEHUs1 OOHO20 MOJIb Beujecmed KUCIOPOOOM C 00pa308anuem Gulcuux (YCmouuusvix)

oKkcu00g. JIns OpraHMYeCKUX COEAMHEHHH TEIUIOTOM CropaHusi Ha3bIBaeTCs TEIoBOH 3¢ ekt
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PEaKIuy MOJHOTO CropaHus | MOJb JAHHOTO OPTAHMYECKOTO BEIIECTBA ¢ 00pa3oBaHUEM C02 u
HZO . CTaHmapTHBIE TEIUIOTHI CTOPaHUs MIPUBEACHEI B TabmuIe 6.2. O0paruTe BHUMaHUeE Ha TO,

gro ternothl cropanus Beicinx okernnaos (CO, u H,O) pasusr mymo.

Ilpumep 3. Paccuuraiite TeminoBoi 3dekT peakuuu dTepruUKAIN UCXOJS U3 CTaHIAPTHBIX

Tabauya 4.2 — Cmanoapmusie SHMATLRUU C2OPAHUSL HEKOMOPBIX COCOUHEHUL TETIJIOT CTOpPaHUsI.

Bewecmeo AH <", klloic/monw Bewecmeo AH <", klloc/monn
cO -283 CH,COOH -874
CH, -890 CH,COOC,H, -2254
C,H, -1300 C,H,COOH -1370
C,H, -1560 H, -286
C,H.OH -1367 NH, -383

N0 -69

Kakoe KOIWYECTBO TEILIOTHI BBIACIIMTCA WJIM HNOTJIOTUTCA, €CJIM B PCAKLIUIO BCTYIHJIO 138 r

sraHosa’?

Pewenue. 3anmumem TEPMOXUMHUYCCKOC YPABHCHUC PCAKIIUHU:

C,H;OH,,, + CH,COOH,,, === CH,COOC,H,,, + H,0,,; AH, =? klx.

TennoBoii 3¢ heKT XMMUUECKON peaKIMKi pacCUUTaeM 110 BTOPOMY CIIEJICTBUIO U3

3akoHa ['ecca:

_ ceop ceop _ ceop
AH, = AHCZHSOH + AHCHSCOOH AH

CH,COOC,Hj

AH ch:g = (), TaK KaK BOJIa — 9TO BBICIINNA OKCHU/I.

[TocTaBUM YUCIEHHbIE 3HAUEHUS TEMUIOT CTOPAHUS U3 TaOJIHUIIbI 6.2
AHx_p_ = -1367 - 874 + 2254 = 13 x/I>x/Monb,

Tak kak AH > 0, peakuus sHHEOTEpMHUECKAs.

o ypaBHennto peaxumu pearupyer 1 moms C,H.OH. Ilo ycnosuto 3amaun B

peaxuuto Berymmo 138 1 C,H.OH, uro cocrasmnser:

mCZH5OH _ 1382
M 46 2/ monw

CoH50H

n= =3 Mmoun.

Torma KoJIM4ecTBO TCI1J1a, IOTJIOIICHHOI'O B }IaHHOI\/II peaKkunu:

Q=nAH,, =313 =39 kll.
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CrnenctBust U3 3akoHa ['ecca MpUMEHSIOTCA TakXKe IMPU TEPMOXUMHUYECKHX pacueTax
JUTSL OTIPENICTICHHsI TEIUIOT OOpa3oBaHUsl WJIM CTOPaHUs WCXOIHBIX BEIICCTB HIIM IMPOIYKTOB
peaxkuu.

Ilpumep 4. BbluncnuTe CTaHIApTHYIO TEIUIOTY oOpa3oBaHHs OeH30j7a Ha OCHOBAaHUU

TEPMOXUMHUYCCKOI'0 YpaBHCHHUA PCAKIUHN €T'0 CrOpaHUA:

CeHy(, +7,50,,, = 6CO,,, +3H,0,; AH,, =-3133 kJl/mos.

2(r) ()

Pewenue. I1o nepsomMy ciieacTBuio U3 3akoHa ['ecca:

— oop. o0p. obp.
AH,, =3AH7; +6AH — AH

CeHe "

op.
AH ;" =0, Tak KaK 5T0 IPOCTOE BENIECTBO. BbIpasuM Temory o6pasosatus Gensorna:

obp. __ 00p. 0oop.
AHZ =3 AH(?, +6- AHY — AH

CoHs x.p.t

TToacraBuM unciieHHBIE 3HaAUEHUS U3 TA0IUIEL 6.1
AHZ: = 6(-393) + 3-(-242) + 3133 = 49 KJli/mob.
Ilpumep 5. Bpluncnure CTaHIAPTHYIO TEIUIOTY CrOpaHUs aleTuiIeHa C2H2 Ha

OCHOBAaHMHU TCPMOXHUMHUUCCKOI'0O YPAaBHCHUA:

C,H,, + CO,, +H,0,, —> CH,=CHCOOH,, ; AH,_, = -213 xJlx/mor.

AKpUJIOBAA KHUCJIOTAa

Pewenue. I1o BToOpoMy clieaCTBHIO U3 3aK0Ha ['ecca:

_ czop czop ceop ceop
AH , =AH., +AH ;" +AH, ,—AH

C,H,COOH ’
rie AH]C;:O” =0.
OTCI0/1a BEIPA3HM TEILIOTY CTOPAHHUS AlleTHIICHA:

ceop  __ _ ceop ceop
AHC2H2 =AH, , —AH;," +AH,

C,H,COOH "

AHE” = -213 + 283 - 1370 = -1300 xJ[x/Moub.

GH,
Hpumep 5. PaccuuTaiiTe U3BMEHEHHE OHTPOIINH IIPU CUHTE3C aMMHaKa.

Jlnst pemienus 3a1a4u 3anuileM YpaBHEHUE PEAKIIUK B pacyeTe Ha 1 MoJIb aMMuaKa:

0,5N, +1,5H, =NH, ; AS =7 /loic/ mons - K.

3HaK M3MCHCHUS OHTPOIIMU MOXHO YCTAHOBUTH IO KOJMUYCCTBY MOJIb 1"83006pa3HBIX

BCIICCTB:

An=n_ -n_ =1-(05+15)=-1,

KOH.

rne N un — KOJIMYECTBO MOJb KOHEYHBIX M MCXOAHBIX BemecTts; AN — nu3MeHeHHe

HCX.
KOJINYECTBA MOJIb I'a3000pa3HbIX BELIECTB MPU PEaKIUH.
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Iockonsky AN < 0, To B pe3ynbrate peakiuu GeCHOPSANOK B CUCTEME YMEHBIIAETCS.

COOTBETCTBEHHO OHTPOIIHA paCCManHBaeMOﬁ CHUCTCMbI TaKXKC Y6HBa€T. HpOI/ISBCI[eM pacucT

HU3MCHCHUA SHTPOIINU IIPpH 3TOM p€aKknun B COOTBETCTBHUH CO CIICACTBUEM M3 3aKOHA I'ecca:

AS®, =80, —0,5-S5 ~15-S%, .,

0
rac S — CTaHAAPTHBIC SHTPOIINHU BEIICCTB.

HOI[CTaBI/IM HX YHUCJIOBBIC 3BHAYCHU A .
AS° =192,8-0,5-191,6 - 1,5:130,6 = -98,9 Jlc/mors - K.

B uzonuposannoii cucmeme (npu omcymcmeuu o6MeHa dHepeuell U 6eujecmeom co
cpeooli) eo3pacmanue SHMPONUU ABNAEMC KpUumepuem Ccamonpou38oibH020 NPOMeKaHUs

peakyui. B TIpuBEJEHHOM MpUMEpPe CaMOINPOU3BOJIBHOE MPOTEKaHHE TMPSIMON peaKInu

0
HEBO3MOXKHO, Tak Kak AS, o < 0. Kak M3BeCTHO, HampaBlIeHHE IPOTEKAHMS XMMHUECKHUX
TIPOLIECCOB ONpENeNseTcsl AeHCTBUEM IBYX (akTopoB: sHTambnuitHoro AH, . (cTpemiieHue

CUCTEMBl K MHUHUMYMY O3HEpPIHMM) U JHTPOINUUHOIO ASX b (cTpemiieHHE K JOCTUKEHHIO

MaKCHUMAaJIbHOI'O Xaoca). Onn O6’[>C,HI/IH$IIOTC$I H306apHO'I/ISOTepMI/I‘leCKI/IM IIOTCHOHUAJIOM:

AGx.p. = AI_[)c.p. - TASx.p. (46)

Kpumepuem camonpouzeonvnoco npomexanus peaxyuu seisemcs yovlib U300apHO—

uzomepmuvecrozo nomenyuara AG_ <0. UYem wmempme pemmumma AG, -, Tem Gombme

BCPOATHOCTL IPOTCKAHUSA XHUMHYECKOMN pCaKkuunu. Taxkum 06pasoM, C MOMOIIIBIO AGx.p. MOXHO

IPOTHO3UPOBATh BO3MOKHOCTh XUMHUECKOTO MIPEBPALLICHHS U 1€7aTh IPAKTUYECKHE BBIBOIBI.
Ilpumep 6. BO3MOXHO 1M COBMECTHOE XpaHEHHE Ha CKJIaJe STHICHIIUKOJIS
(anTH(dpU3HASA KUAKOCT) U KAIMHHON cenuTpsl (ynoOpenue)?
W3BecTHO, YTO STWIICHTIMKOIb, KAK M MHOTHE OpPraHMYECKHE BEIIeCTBa, OOJagaeT

BoccranoBuTenbHbIME cBoiictBamu, a KNO, siBisiercst okncnmrenem. OueHnM, BOSMOXKHO JIn

MNPOTCKAHUC PpCAKIHUU MCKAY OTHMU BCHICCTBAMU. OI[I/IH U3 BO3MOXKHBIX BapHUaHTOB

MMpEeBpalICHUA 3alMUCBIBACTCA CICAYIOIIHUM 06pa30M:
3C,H,0, + 10KNO, = 6CO, + 4H,0 + 10NO + 10KOH.

B cooTtBercTBUUM cO cieicTBHEM U3 3akoHA [ecca M300apHBIM MOTEHIMAT JAHHOTO
MIPEBPAICHHS] MOKET OBITh BBIPAXKEH Yepe3 n300apHbIe MOTEHIUAIB 00pa30BaHUs YIACTHUKOB

MIpEeBpaLCHHUS:

npeep

AG,,, =(6-AG!Y +4-AG;”, +10-AGy +10-AG;Z, ) - (3-AGY, , +10-AGLY, ).
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[ToxcraBuM YMCIOBEIE 3HAYEHUS U3 TaOIUIIEI 3:

AG,  =6-(-394,6) + 4(-228,8) +10-80,6 +10-(-379,3) - (3-(-319,4)+10 - (-393,4)) =

npeep
=-1377,6 xJIx.

Tenepb BBIYMCINM M3MEHEHHE M300apHOTO MOTEHIMAla XUMUYECKOH peakuuu B pacyere Ha |

MOJIb OTUJICHTJTIMKOJIA:
AG,, =AG, .. IN. o =—1377,6 kl]oic/ 3 mone =—439,2 k/]oic | mone.

Takomy n300apHOMY OTEHIMATY COOTBETCTBYET TEPMOXHUMHUYECKOE YPaBHEHUE:

C,H.0, +%KN03 = 2CO, +%HZO+%NO+%KOH; AG,, =?

Tabauya 4.3 — 3Hauenus cmanoapmHulX NOMEHYUAL08 0OPA308AHUSL HEKOMOPLIX 8eUeCm8

AG?° (k/oc/monv)

obpas.

Bewecmso | AGO Bewe cmeo | A\G® .| Bewe AGY - Bewe AG?
obpas. ob6pas. Ccmeo obpas. CcCmeo obpas.
LiH —68,7 SrH2 -140 CHF3 —644,7 ClOHS 201,0
NaH -33,6 BaH2 -151 CHCIF, -429,4 HZO(F) —228,8
KH -34 Ca(OH)2 -899 CF4 —888,9 H ZO()K) -237,4
ROH | 276 | Sr(OH), | 876 | CCLF, | 4% | H,0,, | 1205
LiOH —439 | Ba(OH), | 855 C,F, —615,7 KNO, -393,4
NaOH —-380 C02 -395 CZHGO2 -319,4 KCI —409,0
KOH -379 CH4 -50,8 C,H,(OH), 477 K|\/|n()4 —729,6
RbOH -374 CH3F -223,1 C5H4C)2 -112,5 |\/|n()2 —467,0
BeH2 +15,5 CHZO -110 C6H5C| 89,3 NO 80,6
Ca_H2 -138 CH2F2 -418,3 C,H.CH, 113,8

[TonydyeHHOe U3MeHeHHe U300apHOTo MOTEHIMAIa PEaKI[Mi MEHbIIIE, YeM N300apHbIe
MOTEHLIMaIbl 00pa3oBaHMsI MHOTHX BemiecTB. [lo3ToMy mpoTekaHue Takoil peakiiny BecbMa
BepoATHO. OTCr0/1a CllelyeT IPAKTUYECKUI BBIBO/I: COBMECTHOE XPAHEHUE dTUIICHIIMKOIISA U
CEIUTPBI Hedonycmumo, Tak Kak MOXKeT IPUBECTH K CAMOBO3TOPAHUIO.

Kpurepunii AGW. <0 wmoxer ObITH NpUMEHEH W JUI aHAIM3a YCTOWYMBOCTHU

XUMHNYECKUX CO@)II/IHGHI/Iﬁ Ha OCHOBaHHWHN BCIIMYHUH HX H306apHBIX IIOTCHIIMAJIOB O6pa3OBaHI/I$I.

Yewm menbure AG ».» TEM TIPOYHEE MOJICKYJIa.
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Ilpumep 7. Ha ocHOBaHMU M300apHBIX MOTCHITHAIOB 00Pa30BaHUS MOJIEKYJ CIACIAlTe
BBIBOJ] 00 yCTOMYMBOCTH (PTOPIIPOM3BOAHBIX MOJIEKYII METAHA.

Beimumiem u3 tabiuiibl 4.3 n300apHbIe MOTEHIMAIBI 00pa30BaHus (TOPIIPOU3BOTHBIX:

CH, |-508
CH,F |-2231
CH,F, |-4183
CHF, |-6447
CF, —888,9

13 MNPpUBCACHHOI'O0 piaAda BUAHO, YTO C YBCIMYCHUCM KOJIMYECTBA ATOMOB Q)Topa

yeroitunBocTs Mosekyin Bospacraer. st monekyn CH, u CF, moxuo Bbruncints nsoGapHeie

norenumanst (Kowc/ monwv ) ceszeit AG =-13 u AG”Y =—-222,2 . Dro rosopur o

BbICOKOM mpounoctn cBssu C-F. B To ke BpeMsas B CMEmIaHHBIX TaJOr€HOBOJOPOJAAX
n300apHBIM MOTEHIMal 00pa30BaHUs HE MOXKET OBITh pacCuWTaH IYyTeM CYMMHpPOBaHUS

1300apHBIX OTEHIMAIOB CBsI3€il, YTO CBSI3aHO CO B3aUMHBIM OTTAJIKUBAaHUEM aTOMOB.

B nponecce xummdeckoro npespauterns Gpyrkumst AG ,. YOBIBACT 10 TEX IIOP, TOKa
HE HACTYIIUT COCTOSIHHE XMMHYECKOTO paBHOBECHS. B COCTOSHMM paBHOBECHS DHTAIBIIMIUHBIN U
SHTPONUMHBIA (QaKTOpPhl CpPaBHUBAIOTCS. YCIOBUEM XHMHUYECKOTO pPaBHOBECHUS SIBISETCS

pasenctso AG, =0, coorsercrayromee pasenctsy AH = TAS.

0 0
TaGmuunbie 3mauenns AH™ u AS OTHOCATCS K CTaHJApTHBIM  YCIOBHUSM

(T=298 K; P=101325T1Ia). dopmyna ans pacuera u300apHOTO MOTEHIHANA AGS

.p.

puoOpeTaeT BUA:

0o _ 0 0
AGx_p_—AHx_p_ TASx_p_ @.7)
Ora Qopmyna uMeeT NPUOMKEHHBIM XapakTep, HO TO3BOJIIET HAa OCHOBAHHUH
0 _
AG, » =0 paccunThIBaTH TEMIEPaTYpy, COOTBETCTBYIOLIYK) PABHOBECHOMY COCTOSHHUIO
CHCTEMBI:

AH°
Ty = 350 (4.8)

[Ipu ucnonp3oBaHUM 3TOW (GOPMYNBI HAJO0 MOMHHUTH, YTO PAa3MEPHOCTH TaOJIMYHBIX

3Hauenuii He cornacoBanbl: AH u3mepsercs B kJIx/Monb, a AS — B Jlx/Mons K. TosTomy 1pu
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" 0
MOJICTAHOBKE TAOJIMYHBIX 3HaueHwil 3Hauenwme AH nepeBoaAuTCcsS B J[K/MOJIB C TIOMOIIBIO
muOoKuTEIs 108,

IIpumep 8. Brrancnure n3o00apHble TOTEHIMAIBI IS PEAKIHH
2NO + 0, = 2NO,

npu Ttemmeparypax 600 — 1000 K, mocrpoiite rpapuk AG-T wu cnenaiite BeIBOL ©
HAIpPAaBJICHUU PeaKIUU IPU Pa3HbIX TeMIepaTypax.

3anumeM YpaBHCHHUE pC€aKIMU B CTAHAAPTHOM BHJIC:

2NO + 0O, =2NO,; AS, | =? [/ mons- K.

B cootBercTBHHE CO CJIICACTBHEM U3 3aKOHa Fecca, BbIpa3uM U3MCHCHUC SHTPOIINHU IIPHU

XUMHYCECKOM peaKknun 4€pe3 SHTPOINU YHACTHUKOB PABHOBCCHUS:

AS, , = S,(\)IOZ ~Spo —%ng =240— 211—% -205=-73,5 /[orc| monw - K.

AHaNOrHYHO HalJIeM SHTAJIBIIHI0 XUMUYECKOI peaKiuu:
0 _ o0p. _ obp. __ _ —
AH, , =AH, —AH S =32 —90=-58 k/]ic/ mone.
HaHOMHI/IM, YTO TCIIJIOTHI 06pa3OBaHI/I$I MMPOCTBIX BCUICCTB IMPUHATHI PABHBIMH HYJIIO
oop. _
(AH 0, =0).
Tenepp BBUHCIUM TEMIIEPATypy, IPH KOTOPOM JOCTUTAETCS TEPMOJMHAMHUYECKOE
paBHOBecHe:
3
—58-10

= =789 K.
pn =735

N306apHbIif OTEHIMA IPU pa3HbIX TEMIIEPATypax paccyuTaeM 1o Gopmyse C y4yeToM

MHOKHTEIS 1073:

AG? =-58+73,5-10° k/Ix.

0
X.p.
Hockomeky AS < 0, To pynxmus AGS.p' =f(T) - Bospacraromas.

[loncraBnsisi 3HAUeHUs TeMIIEpaTyp M3 YCIOBUA IpUMeEpa, Haiem wu3o0apHbIe

NOTEHIMAIBI (K/[1c/MOb):
AGY, =-13,9; AG%, = -6,55; AGS, =0,8; AG, = 8,15; AG’,, = 15,5.

Ha ocHOBaHUM 3THX TaHHBIX CTPOUM IpaduK:

T,K 600 700 800 900 1000

AG? 139 6,55 0,8 8,15 155
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AG,kIx/Monb o

15
10 -
57 obpaTHan
Tpml PeaKiHA
0 / / T 7

I
600 700 800 %0 T,K
~57| npamax

peaKuHs

~10

Pucynok 4.1. I'paduk 3aBUCUMOCTH U3MEHEHHS H300apHOT0 MOTEHIIMATa

OT TCMIICPATYPbI

U3 rpadpuka crmenyer, uto npu | < TpaBH_ npeoOyiagaeT mpsiMas peakius, Mpu

T>T,,. — obparnas. IlockombKy peakums ok3oTepmudeckas, To npu T <T

HAIIpaBJICHHOCTb PCaKIHUH OIIPCACIIACTCA HpeO6J'IaI[aHI/IeM BHTaHLHHﬁHOFO, (baKTopa, a IIpu

T >TpaBH' — SHTpoOnuiHOTO (akTopa. OTMETUM, YTO HACTYIUIEHHE PABHOBECHS BO3MOYKHO

TOJIbKO TOT/Ia, Kor/a 3Haku usmenenus Gpynkuuit AH 1 AS onunakosbL.

ba30BeIil ypOBEHB
1. Beruncnute Temnoty oOpa3oBaHus MOAYEPKHYTOIO B YpaBHEHUH BEIIECTBA, UCXOAS

N3 TCPMOXUMHUUCCKOTO YPABHCHUA

No Ypaenenus peaxyuu AH, o OmBeI;’lbl
3adayu e o AH -
k/[oc | monw

1 |1)4NH, +50, =4NO + 6H,0,,, -1169 90
2) ANH, + 30, = 2N, +6H,0,,, -1530

2 1) 4As, +30,, =2As,0,, -1328 -925
2) A0y, + Oy = AS,0; -261

3 |1)CuCl,,, +Cu,,, =2CuCl,, -56 -136
2) Cuy,, + Cl,,, = CuCl,,, -216

4 |1)2pP, +3Cl,, =2PCl, -574 375
2) PCly,,, = PCl,,, +Cl,, 88
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-438 =277

116

5 [1)2Pb, +O
2) 2PbO,,,

2w = 2PbO,

=2PbO,, + O,

2. Paccuwmraiite TeruioBod 3(P¢eKT yKa3aHHOW peakIMu WCXOAS W3 CTaHIAPTHBIX

TCIIJIOT 06pa3OBaHI/I${. Brrancanre Takke KOIWYECTBO TEIIOTHI (Q), KOTOPOE€ BBIACIUTCA HUIIN

MOTJIOTUTCH, €CJIM B JAHHYIO PCAKIIUIO BCTYIIHUJIO mr IEpBOTO BCUICCTBA.

No Ypasnenus peaxyuu m, c Omeemul
3adauu Q, xdoclmons

6 | HS, +CO,, =H,0, +COS, 102 102

7 [s, +2C0,, =S0,, +2CO,, 64 538

8 CO,,, *+4H,, =CH,, +2H,0, 88 -332

9 | PCly, +H,0, =POCl,, +2HCI 836 ~680

10| 2NaHCO,,, = Na,CO,, +H,0, + CO, 252 96

3. Beruucnure temiaoBoi 3hexT ykazaHHOW peakiuu UCXOAsl U3 CTaHIAPTHBIX TEILIOT

CropaHus. Paccuuraiite KoImuecTBO TCIUIOTBI, KOTOPOC BBLIACIUTCA HJIM IOTJIOTUTCA, €CJIN B

JAaHHYI0 p€aKIUIO BCTYIIUIIO V ,Z[M3 IICpBOro rasa.

Ne Ypasnenus peaxyuu V, on® Omeemvl
3a0auu Q, xoclmons

1 2CH4(F) + OZ(r) = 2CO(F) + 4H2(r) 89,6 -140

121 2NH,,, +20,, =N,0, +3H,0, 67,2 -1045,5

I3 | C,H,,, +2C0,, =4CO,, +H,, 112 590

14 CH,, +CO,, =2CO, +2H,, 44,8 496

15| CHg(, + Hy,=2CH, 56 ~165

4. PaccuMTaiiTe CTaHAAPTHYIO TEIJIOTY 00pa30BaHUs MEPBOTO B YPaBHEHUHU BEIIECTBA

op.
HUCXO0Jd U3 NPUBECACHHOTO TCPMOXUMHUYCCKOT'O YPABHCHUA PCAKIIUN U JAHHBIX I1O AH o .

Ne 3a0ayu VYpasenenus peaxyuu AH %",
ki | monw
16 2A1,0,, +6S0,, +30,, =2Al,(S0,), ~1736
17 ANO,, + O, +2H,0,, =4HNO,, —232
18 2Mg(NO,),,, =2MgO,, +4NO,, + O, 510
19 2Cu0,, +4NO,, + 0, =2Cu(NO,),, 416
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20 NaZSO3(T) = Nazso4(T) + NaZS(T) e

5. Tlo naHHBIM TaGMUIBI BEYMCIMTE U3MEHEHME M300apHOro IMOTEHIMaNa 06paTuMoil
peakiuu npu Temneparypax: 800, 900, 1000 u 1100 K. Brlunciure Takxke Temieparypy,
IpU KOTOPOH OCYIIECTBISETCS paBHOBEcHE B cucTeMe. IlocTpoiiTe rpaduk 3aBUCHMOCTH
M300apHOro MOTEHLMATa OT TEMIIEPaTyphl M ClelaiiTe BHIBOAbI O HAIpPABJICHUH PEAKLUU MPH

pa3HbIX TEMIIEpaTypax.

Ne 3a0auu Obpamumas peakyus AH° AS°
x.p.! x.p.!
K/[orc/monw Jlorc/monv K
1. SOZ(F) + 0’502(r) = SO}(T) -99 -93
2. CO,,, +C,, =2CO,, +173 +176
3. CO(F) + H2(r) = C(T) + HZO(F) -132 -134
4. CH,, +H,O, =CO, +3H,, +207 +216
5. C(T) + 2H2(r) = CH4(F) —75 —-82
6. 3Fe,, +2CO, =Fe,C, +CO,, -149 155

[ToBbIIIEHHBIN YPOBEHb
1. Mcxons w3 ypaBHEHHs pEaKLUH, JalTe KaueCTBEHHYIO OIIEHKY M3 HM3MEHEHUs

SHTPOIIMU [PpAMOro Iponecca (y‘ITI/ITe arperaTHbl€ COCTOSIHUA YYaCTHUKOB peaKI_II/II/I).
HCHOJ’IBSYSI MOJIBHBIC OHTPOIIUHN I3TUX BCIICCTB, YKAXUTCEC, 6YI[€T JIK MPOTCKATh JaHHasd peaKIusd

CaMOIIPOU3BOJILHO B HSOJIPIpOBaHHOfI CHCTEMC.

Ypaeuenue peaxyuu Monbuble snmponuu, Omeem
Ne Lo/ monv K
3a0ayu 1 2 3 4 1 2 3 4 AS?
X.p.
L | NH,, +3/40,,, =3/2H,0,, + 1/2N,, | 192 [ 205 [ 189 | 192 [ 3375
2. KCIO,,, = KCl,, +3/20,,, 143 | 83 | 205 2475
3. 2C(r) + 3H,,, = C,H,, 74 | 131 | 229 -312
4. CH,,, +4Cl,, =CCl,, +4HCI | 186 | 223 | 215 | 187 | -115
5. | CgHgp + NH,,, = CH NH,, +H, | 173 | 192 | 191 | 131 | -43

Cnucok JuTepaTrypbl, peKOMEeHAyeMblil K HCIIOJIb30BAHUIO 110 JAHHOH Teme

OcHoBHas JuTepaTypa:

1. Koposun, H. B. O6mas xumus : yuebnuk / H. B. KopoBuHs. - 13-e u3zn., nepepab. u gor. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpumn.: c. 461. -
Bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. MuxamuHa, E. C. XuMus OKpyKaroIei cpesl : XUMUS )KUBBIX OpraHu3mMoB. Kypc neximii /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 31eKTPOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR

106




BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum noctyna: mis
aBTOPU3HP. MOJIb30BATENEH
JlonoIHUTeILHAS JTUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [Tox pen. A. Y. Epmakoga. - M3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METaJuIoB : yueOHOe mocobue (sl CTYJCHTOB XMMHYECKOTO (aKyIbTeTa
HalpaBJeHUN OaKaJaBpOB «XHUMHI» U « XUMUUYECKas TEXHOJIOTUs») / coctaButenu O. A.
["'onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbI yHUBepcuTeT uM. @.M. JlocToeBckoro,
2015. —552c¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKkTpoHHbIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum mocryma: s
aBTOPU3HUP. N10JIb30BATEIEH
HNuTepHeT-pecypces:

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

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

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIM KaTaIor acCOLMALUU 3JCKTPOHHBIX OHOINOTEK
yueOHbIX 3aBefeHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.

5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe

Tema 5. O61Iue 3aKOHOMEPHOCTH MPOTEKAHUSI XUMUYECKHX MPOIECCOB.
IIpakTuyeckoe 3ansaTHe 5. CKOPOCTh XMMHUYECKUX peaKiuii. XuMHYecKoe paBHOBeCHE
Heap 3aHaTHSA: YrIyOUTh W OOOOIIUTH TCOPETHUYECKHE 3HAHUS OOYYAIOIIUXCS O CKOPOCTH

XUMHUYECKON peakliy, 3aKpernuTh 3HaHHE (OpPMYJ BBIPAKEHUS CKOPOCTU pEaKLUH, HayuyUThCsS
BBIMOJIHATh pacueThl, HCHOJb3yd JAaHHble ¢GopMyabl. HayuuTbcs BBIBOOUTH KOHCTaHTY
XUMHYECKOIO0 PaBHOBECHS.

3HaHMA ¥ yMeHHUs, IpHo0peTaeMble CTYACHTOM B pe3yJIbTaTe 0CBOCHHUSI TeMbI

3HaTh: OCHOBBHI CAaMOOPTaHU3AINH U CAaMOOOPa30BAHNS;
3HaTh: CyIIHOCTH W 3HaUYEHUE HH()OPMAIINY B PA3BUTHH COBPEMEHHOTO OOIIIECTBA; OCHOBHI TIOTYUYCHHS
1 00paboTKK MH(GOPMAIUH U3 PA3TMYHBIX HCTOUHUKOB
3uarh: pabOTHI MO pacyeTy U MPOSKTUPOBAHMIO JIeTaNIeH U Y3JI0B MAIIMHOCTPOUTETHHBIX
KOHCTPYKIMIA B COOTBETCTBUH C TEXHUYECKUMU 3aJaHUSAMU U UCIIOJIb30BAHUEM CTaHIAPTHBIX
CpeICTB aBTOMATU3aLMU ITPOEKTUPOBAHUA
YMeTh: caMOCTOSTENHHO CTPOUTH MPOIECC OBJIa/ieH s HH(opMalneit, 0TOOpaHHON U
CTPYKTYPUPOBAHHOM JJIs1 BBITIOTHEHUSI TPOPECCUOHATLHON JICATEITLHOCTH.
YMmern: nomydaTh 1 00padaThIBaTh HHPOPMALIUIO U3 PA3IMYHBIX HCTOYHUKOB
YMeTh: TPUHUMAThH ydacTHe B pabOTax Mo pacyeTy U MPOCKTUPOBAHUIO JIETAICH U Y3JI0B
MAaIIMHOCTPOUTENIBHBIX KOHCTPYKIMI B COOTBETCTBUH C TEXHUYECKUMU 3aJaHUAMU U
HCTIOJIb30BAHMEM CTAHIAPTHBIX CPEACTB aBTOMATHU3ANHY MPOCKTUPOBAHUS

HaumenoBanue ¢GopMupyeMbIX KOMIETEHIIHHA

AKTyalbHOCTb T€MBI. Bce mpoliecchbl, KOTOpbIE MPOUCXOIAT BOKPYT HaC U BHYTPH Hac,
UIYyT ¢ IpeoOpa30BaHUEM SHEPTUH U, IPUUYEM C Pa3HOM CKOPOCTHIO. Tak, mporiecc nepeaadn
HEPBHOT'O UMITYJIbCA COBEPIIIAETCS B COTHIE IOJIU CEKYH/IBI, MPOIIECCHl YCBOSHHUS MUIIU TPEOYIOT
HECKOJIBKHX YaCOB, a MPOLECChI CTAPCHUA MOT'YT JUINTHECA ACCATUIICTHUA.

Bonbioe npakTuueckoe 3HaYEHUE XUMHUUECKOW KHHETUKH COCTOUT B TOM, YTO OHA
pas3pelaeT onpeneisaTh, BO3MOXKEH UM HEBO3MOXKEH TOT WJIM MHOW IPOIECC, U B KaKHX
YCIIOBHSIX OH Ipoucxoaut. [IpakTuueckoe 3HaueHHE €€ OUEBUIHO, TAK KaK, TOJIBKO 3HAsI 3aKOHBI
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KMHETUKH U MEXAHU3M pEaKkLUi MOKHO YIPABIATh XMMHUUECKUMHU Iporeccamu. OT CKOPOCTH
XMMHUYECKON peakluy 3aBUCUT BBIXOJ] IPOAYKTOB, T.€. IPOU3BOIUTEIBHOCTh TPYAA U
annaparypsl.

Teopernueckasi 4acTb

CxopocTh XMMHYECKHX peaKkuui

VpaBHEHUs] XMMHYECKHUX pEaKLUH, XapaKTepu3ys MHOTHE CTOPOHBI IPOLIECCOB, HE
BCErJa JaloT [10JIHOE IPEACTABICHUE O CYHIHOCTH IPOUCXOIAIINX [IPEBPALLICHUI.

Hekotopble XuMmMuueckue IpOLECChl, HAIPUMEp, PEaKLUH pPa3JI0KEHHUS B3PbIBYATHIX
BEIIIECTB, 3aKAaHUYMBAIOTCS B TEUCHHE A0Jel CeKyHIbl. OueHb ObICTPO 3aKaHUYMBAIOTCS PEAKLIUU
B3aUMOJICHCTBUSA KHCJIOT, Lieqouyel u coneil B pactBope. OpraHumdeckue k€ COEAUHEHUs B
OOBIYHBIX YCIOBUSIX B OOJBIIMHCTBE CIIy4acB B3aHMMOACUCTBYIOT MEXAYy COO0OH MeIIeHHO.
Taxkum 006pa3zom, pa3Hble peakii COBEPLIAIOTCS B HEPAaBHbIE IPOMEXYTKH BPEMEHH, T.€. MOTYT
UATH C Pa3IMYHON CKOpOCThIO. [103TOMY Ha OCHOBaHUU TOJIBKO YPaBHEHUHN OJHUX XUMHUYECKHUX
peakuuii Henb3s CYyIUTh O CKOPOCTH Ipoliecca.

Xumuueckas KuHemuxa — 23mMO Y4eHue O CKOPOCMU XUMUYECKUX Npoyeccos, ux
HanpaejleHnocmu u o cﬁaxmopax HA HUX 6JIUAIOWUX.

]_IGJII) n 3aaa4du XUMHUUYECKOM KWHETHKH — HM3BICKAHHE ONTHUMAaJIbHBIX nmapamMeTpoB JIA
IPOBEIEHUS] XHMHUYECKOTO CHHTE3a, a MMEHHO: oO0ecledeHHe MaKCUMaJbHOW CKOPOCTU
npoliecca, HauboJiee palMOHAIBHOE UCIIOIb30BAHUE ChIPbs U DHEPIrOPECYPCOB U AP.

VYCTaHOBIIEHO, YTO Ha CKOPOCTb XMMHYECKHUX DPEaKLUUH BIUSIOT MHOIO (DaKTopoB —
KOHLEHTpalusi B3aUMOJICHCTBYIOIIMX BEIECTB, TEMIEparypa Mpolecca, Haauuue (Uiau
OTCYTCTBHE) KaTajluzaTopa U Jp.

3KCH€pI/IM€HTI)I MMoKasaJii, 4YTO YBCIMYCHUC KOHLCHTpAIIUU B3aHMOH€ﬁCTBYIOHIHX
BEILIECTB BBI3bIBAET YBEJIMUYEHUE CKOPOCTH PEAKIIUU.

Eciu B 3akppiTOM cocyzae Npu 3aJaHHOW TeMIEpaType pearupyroT JiBa BEIECTBA B
ra3o00pa3HOM COCTOSIHUHM MJIM B PacTBOPE

AC + BD < 4D + BC,

TO CKOPOCTH ATOH PEAKIUH OINpeeNsercs yMeHbIIEHHEM KOHIEHTPAIUH (MOJb/IM’)
BemecTB AC u BD B ennnully BpeMeHHu (CEKyHy, MUHYTY, 4ac). Tak Kak ¢ Te4eHUEM BpEeMEHU
KOHICHTpaud pearupyrommux BCOIECTB IMMaaacT, TO 3aBUCUMOCTb CKOPOCTH pE€aKuuu OT
KOHIIEHTPALMM MO>KHO BBIPA3UTh CIEAYIOIUM 00pa3oM:

E——

v=—(AC/At) (5.1)

rae &2 — cKOpOCTh MPSIMOI pPeaKiuy, AC - MoJIIpHasi KOHIIEHTpauus, t — Bpems.
I'paduuecku 3Ta 3aBUCUMOCTh N300pakeHa Ha pucyHke 5.1.

—(AC/ AY)

Cif----

Cof-----

»
»

ta b —

Puc. 5.1 3asucumocms ckopocmu peaxkyuu om epemeHu
JI0BOJIBHO paclpOCTpaHEHbl PEAKIIMK TUIIA:
mA + nB—> ¢C, (5.2)
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B KOTOPBIX Ha M MOJIEKYJ BelleCTBA 4 MPUXOIUTCS N MOJIEKYJI BEIIECTBA B, IpH 3TOM M
U N OoJiblIe €AUHHULIBL.

DKCNepUMEHTAIBHO YCTAHOBJIEHO, YTO JJIsl TAKOI'O MPOIECCa CKOPOCTh IPSIMON peakluu
MOJKET OBITh BBIPAYKEHA CIIEIYIOLUIMM 00pa3oM:

v=Kk[A]*-[BY, (5.3)

-

rae K - xoucranta CKOPOCTH IPSMOM PEAKIUH — BEINYNHA, paBHAsI CKOPOCTH PEAKLINH
IPU KOHIICHTPAIUSIX PEareHTOB PaBHBIX €IMHUIIE; 0OpAaTHO MPONOPIMOHATIbHAS BpEMEHU; X U Y
— HEKOTOPBIE YKCIa, ONPEAEIIIEMBIE OIIBITHBIM ITYTEM.

Koncmanma ckopocmu 3aBUCUT OT TeX ke (PaKTOPOB, UTO U CKOPOCTh JAaHHOW peaklluu,
HO He 3a8Ucum om KOHYEHMpayull peazupyouux 6eujecms.

KoHncranta ckopoctu XapakTepu3yeT pEakIUio [Uisi OINpeAeTCHHBIX YCIOBHM —
memnepamypa, 0agieHue, KoIu4ecmso u Kavecmeo kamaiusamopa W T.1. PaznuuHble peakuuu
MO’KHO CPAaBHUBATh TOJBKO €CJIM OHU IPOTEKAIOT IIPU CTPOTO OJMHAKOBBIX YCIOBUSX.

VYpaBuenuss Tuna (5.3), ycTaHaBIMBAIOUIME JKCIEPUMEHTAIBHO OMPEICICHHYIO
3aBUCHUMOCTh CKOPOCTH pEaKIMH OT KOHILIEHTpalMil pearupyrolux BeUIeCTB, Ha3bIBAIOT
KUHemu4ecKUMU YPasHeHUsMU peaxyuil.

Kunernueckue ypaBHeHus peakuuil (5.3) sBIAIOTCS MaTeMaTUYECKUM BBIPAKEHHEM
3aKOHa JIEHCTBUS MacC — OCHOBHOTO 3aKOHAa XUMHYECKOW KHUHETHKHU: CKOPOCHb XUMUYECKOU
peaxkyuu nponopyUoOHAIbHA NPOU3EEOCHUI0 KOHYEHMPAYUli peazupyomux eeuwecme 6 cmenenu
HEeKOmopuIX ducel, onpeoensemvlx skcnepumenmanvro (nepsas popmynuposka — H.U. beketos,
1865 r; I'ynpabepr u Bare, 1867 r.).

Tonpko MHOTA MMOKA3aTeNy CTENeHU KOHIICHTPAIMK Ui JaHHOTO BelecTBa (X, Y u ap.)
B KMHETHUYECKUX YpaBHEHMX (5.3) COBMAIAIOT C €r0 CTEXMOMETPUIECKUM KOd(PUIIEHTOM (X =
M; Yy = n ) B ypaBHeHUU peakuuud. OOBIYHO 3TO BBINOIHSACTCS ISl SJIEMEHTApHBIX PEaKkiuu, T.e.
peakuuii IpOXOIAIIUX B OJHY CTaIHIO.

[TpuMepbl NPSMBIX EMEHTAPHBIX PEAKIIUMI:

NO + O — NO2;
H +Cl— HCI;
N204 — 2NO:.

JUis  Takux peakuuid CTeNeHH B KHHETHMUECKHMX YPAaBHEHHUSX COBIQJAIOT  CO
CTEXHOMETPUUYECKUMU KOI(PPUIIIEHTaMU PEareHTOB B YpaBHEHUHU PEAKIUH.

Ilokazamenvy cmenenu KOHYeHMpayuu peazupyrouie2o eeujecmsd 68 KUHemuiyeckom
ypaeueHuu peaxkyuu (X, Y u Op.) Hazvieaemcs NOpsaOKoOM peaxkyuu no OaHHomy eewecmsy. Tak,
Hanpumep, uid peakuuu (6.1.2) nmopsnok mo BemiectBy A paBeH X, mo B — Y. Ilopsakom xe
peakuuu B 1enoM (N) ABISETCS cyMMa MOPSAAKOB MO KaKJOMY peareHTy AJis JaHHOW peakiiuH,
HanpuMmep, Ui peakuuu (6.1.2): n =X +y.

Benuuunbl nopsiaka mo peareHtam (X, Y U JIp.) U MO peakuuu B 1eoM (N) MOryT OBbITh
T00BIMM  HEOONBIIMMHU 1eNbIMU uuciaMu (1, 2 u peako 3), paBHATbCA HYNIIO WIH OBITH
npoOHbMu urciiamu (1/2, 2/3, 3/4 w np.). Hanpumep, s peakuuu CHHTE3a BOBI

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

MOPSAZIOK PEaKIMK, B 3aBUCUMOCTH OT MapUUalbHBIX JaBIE€HUI BOJOpOAa M KUCIOPOJA,
umeeT npooHoe 3HaueHue — 1, 0,5 u 0,7 (cm. Tabnuiy 5.1).

Tabauya 5.1 — 3asucumocms nopsioka peaxkyuu Om napyuaibHbX 0d61eHUll KUCI0PoOad U
6000po0oa

p(H2), TTa p(02), TTa Bun kuHeTHyeCckoro CyMMapHBIit
YpaBHEHUs MIOPSIIOK
_nl 0
130 - 2600 26600 — 53300 L= ka ) p02 1
2600 — 8000 20000 — 53300 v=Kk 0 0.5 0,5
} ) B sz poz '
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0,4 ,.0,3

8000 — 50600 1330 — 5300 L= ka2 Po, 0,7

HeoOxoauMbIM ~ YCIIOBHEM XHMHUYECKOTO B3aUMOJCHCTBUS SIBISICTCS CTOJIKHOBEHHE
pearupyromux 4acTUIl — MOJIEKYJI, aTOMOB, HOHOB H JIp. B MOMEHT CTOJIKHOBEHHUS SJIEKTPOHHBIC
o0Jaka peareHTOB CMEIIMBAIOTCS, 00pa3ysl IPU 3TOM HOBBIE CBS3H.

Yucno monexyn, 0OHOBPEMEHHbIM B3AUMOOEUCEUEM MeHCOY KOMOPLIMU 6 MOMEHM
CMONIKHOBEHUA ~ OCYWeCmEIAemcs — aKm  XUMUYECKO20  NpespawjeHus,  Ha3bl8aemcs
MONEKYIAPHOCMBIO PEAKYUU.

Peakiuu ObIBalOT MOHO-, OHM- ¥ TPUMOJICKYJSPHBIMU. TpHUMOJICKYJSpHBIE U
TETPaMOJICKYJIAPHbIE PEAaKUMH O4YeHb pEOKd. VI3BECTHBI JHIIb HECKOJIBKO IPHMEPOB
HICHTAMOJICKYJISIPHBIX PEAKIUi.

B yacTHOCTH, K MOHOMOJIEKYJISIPHBIM PEAKIUSM OTHOCST PEAKLUH PA3I0KEHHUS MOJICKYJT
Y BHYTPUMOJICKYJISIPHBIX IEPErpyHIHPOBOK, HAIIPHUMED, PEAKIHIO PA3JIOKESHUS MOJICKYJT Ho/a:

l2(2) < 21(2).
Kunetndeckoe ypaBHEHHE 3TOTO MPOIECCa UMEET TIEPBbIil MOPSIOK:
v = K[I2].
[Tpumepsl OUMOJIEKYJISIPHBIX PEAKIIUU:
2NO(2) <> N202(2); v = k/NOJ?

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

TpumMosneKkyssipHast peaKIusi:

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

JIns mpuBENEHHBIX PeakUui MOPSJOK M MOJICKYJSIPHOCTh PEAKIid COBIAJAIOT, HO B
o011eM ciyyae OHU Pa3JInyHbI.

Tlopsook peaxyuu onpedensemcs MOIEKYIAPHOCMbIO CaMOU MeQJIeHHOU CMAaouu OaHHOU
peaxyuu.

Ecnu peakmust maer mo cTagusM, TO €€ TOPSNOK pEaKIWu MEHbIIE WIM paBeH
MOJICKYJISIPHOCTH peakiiu. Tak, HalpuMep, Ipu CUHTE3€ BOJBI (CM. Tabmuily S.1) npu mopsiake

peakuuu paBHoMmy eaunune (N =1, U = |([:):|L_|2 p(O) ), peaKiysi — MOHOMOJIEKYJIsIpHas; Ipu N =
2

_1,x0 K05 ) _ _1,n,0,4 .,0,3
05 (L ka2 p02 ), peakius — MOHOMOJIEKYJSIpHas, Tmpu N 0,7 (L ka2 p02 ),
peakius — OUMOJICKYIISIpHAs.

Ipumeuanue. HeoOX0aMMO MOMHUTH, YTO MOJICKYJIIPHOCTh PEAKIUH, B OTIHYHE OT €6
nopsiaka, Beerna menoe uucio — 0, 1, 3.

3axon Oeticmeus macc cnpageoiu8 mMoaAbkKo ONsi  MOHO-, Ou- u pegce O
MPUMOJIEKYISIPHBIX PeaKyull.

[Tpu syieMeHTapHOMN peakiuk B CUCTEME MPOTEKAET TOJBKO OJIUH MPOIECC M YPABHCHHE
peaKIMK PacKphIBA€T €ro MeXaHW3M. DBOJBIIMHCTBO peaKIHMid — CIOXKHBIE U MPEACTABIISIOT
c000# CyMMapHBIH Pe3y/IbTaT HECKOJIBKUX DJIEMEHTAPHBIX MPOIECCOB (ABYX H OoJee). [ToaTromy
o0I111ee CIIOKHBIX YPaBHEHUE PEAKIIM HE OTPAKAET UX PealIbHbIA MEXaHU3M.

st croscuvix peakyuil 3aKOH OetiCmeusi Macc He NPULONCUM 6 YeloM, d CHpasediug
JUWbL K OMOENbHbIM e€ cmaousam Hebonvbuloll monexyiapHocmu. Hampumep, oOiiee ypaBHEHUE
peaKIMy UMEET BHUI:

24+ B < C,

COTJIACHO KOTOPOMY SIBISICTCS SIKOOBI TPUMOJIEKY/IsipHOM. OIHAKO TPOTEKaeT B JBE
CTaJIuu:

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

Tak Kak MOpAIOK peaklUu ONMpeAeseTcs MOJIEKYIIPHOCThIO caMOil MEeIJICHHOW CTaauu
peakuuu, TO [aHHasg peakuuss — OWMOINeKyNsipHas M BTOoporo mnopsjaka. CremoBarenbHO,
KMHETUYECKOE YpaBHEHHUE 3TOr0 B3aUMOACHCTBUSI OyAeT UMETh BUJ:

v =K[A][B], a ne v = k[AJ?*[B].

N3 (5.1) cnemyet, 4TO0 CcKOpocmb peakyuu — GelUUUHA OOPAMHO NPONOPUUOHATLHA
8peMeHU.

BcenenctBue pa3nuyHOM CKOPOCTH JBMKEHHSI MOJIEKYJ, OHM OO0JalaloT pPa3InyHOU
KMHETUYECKOM sHepruen. [Ipu 3ToM KMHETHYECKast SHEPrUs NPsIMO MPOITOPLUOHATIBHA CKOPOCTH
JBUKCHUS] MOJIEKYJIbL.

Morexysbl, KOTOpble 001a/1al0T BEICOKMM 3a11acOM KHHETUYECKON YHEPIHH, HAa3bIBAIOTCS
AKTUBHBIMHU.

HononnumenvHyro sHepauio, KOmMopylo HA00 CoOOWUMb MONEKYIAM Ol Nepesood Ux 6
aKmueHoe COCmosHUe, HA3bl6AOM IHepauel axkmugayuy. XUMUYecKas peakiuss MOMKET
MIPOU30UTH TOJIBKO MPH CTOJIKHOBCHHH aKTUBHBIX MOJICKYIL.

Ckopocmb  XUMU4eckoll peakyuu HpAMO HPONOPYUOHANbHA YUCTY CHMOJKHOBEHUl 6
e0UHUYY 8PEeMEHU.

Ponp xatanuzatopa, mpuMeHsIEMOro AJis MPOTEKaHUS JAaHHOTO XMMUYECKOTo IMpolecca,
3aK/II0YaeTcs B CleaylomeM: |) B INOHWKEHUM S3HEPIruM akTuBauuu; 2) B o0ecnedyeHuu
HEOOXOUMOI OpUEHTAIMH PEarupyrouux YacTHII.

Bausinne TeMmnepaTypbl Ha CKOPOCTh PeaKI[uu

C mnoBbILIEHUEM TeMIepaTypbl YBEIUYUBACTCS CKOPOCTh JABIDKEHHS MOJIEKYT M HX
KAHETHYECKas SHEPTHsl. AKTUBHOCTh MOJIEKYJI BO3PACTAET, M CKOPOCTh PEAKIMH YBEITHUNBACTCS.

3aBHCHUMOCTh CKOPOCTH pPEaKIMu OT TeMIepaTyphl OIpeaesseTcss MpaBuwioM Bant-
Fobda: mpu yseruuenuu memnepamypor na rasicovie 10°C ckopocms peaxyuu 8o3pacmaem
npumepHo 6 2 paza. JIns HEKOTOPBIX peakiuii CKOPOCTh BO3pacTaeT B 3 — 4 pasza. ITo 3aBUCUT OT
MIPUPOJIBI PEATHPYIOIINX BEIIECTB.

Yucno, nokasvigarowee 60 CKOIbKO pda3 YEeIUdU8aemcs CKOpoCmb peaxkyuu npu
yeenuyenuu memnepamypul Ha 10°C, naszvieaemcs memnepamypHviM Kodpouyuenmom u

obo3navaemcs )/ :

V3MeHeHne CKOPOCTH pEeakIMy OT TeMIIEPaTypbl MOXKET OBITh BBIYHCIEHO IO (opMmyIie
Bant-T'odda:

t,—t
Uy 274

2 _
=y 10, (5.4)
Utl
rae Ut2 n Utl — CKOPOCTH pEaKIHWW Ipu Temneparypax t2 u ti COOTBETCTBEHHO; Y —

TemneparypHslii koapduurent Bant-I'odda.
CKopoCTh peaklny B reTeporeHHbIX cucremMax. BiausiHue karaiusaropa Ha
CKOPOCTh XUMUYECKHX peaKui

BemectBa, m3MeHsSIOmME  CKOPOCTh ~ XHMHYECKOTO  IIpoIecca,  Ha3bIBAIOTCA
Katanmzaropamu. KatanuzatopamMu MOTyT ObITh TBepible, JKMIKHE U Tra3o00pa3Hble
BeniecTBa. MI3MeHeHHEe CKOPOCTH XWMHUYECKOW PEeaKIMH IT0J BIUSHHEM IPHCYTCTBYIOIIETO B
CHCTEeME MMOCTOPOHHETO BEIECTBA, COCTaB M KOJIMYECTBO KOTOPOIO K KOHIYy pEeaklUU OCTAIOTCS
0e3 N3MEHEHH, Ha3bIBAIOTCS KATAIN30M.

ITpu roMoreHHOM KaTajau3e B3aMMO/ICHCTBYIOLINE BEIIECTBA U KAaTAIU3aTOP COCTABISAIOT
onHodas3Hyto cucteMy. [Ipn rereporeHHOM Karaaw3e pearnpyrollfe BEeIeCTBAa W KaTalau3aTop
COCTaBIJIIIOT CHUCTEMY U3 HecKoibkux (a3. Ilpum rereporeHHOM Kartajau3e B TPHCYTCTBUU
HEOONBIINX KOJMYECTB KAaTalM3aTopa MOTYT IIPOpearupoBaTh OTHOCHUTEIBHO OOJbINHE
KOJINYECTBA B3aWMOJICHCTBYIOMMX BemlecTB. [IpM rOMOreHHOM KaTaliu3e CKOPOCTh PEaKIHH
NPaKTHYECKH IPOMOPIIMOHATBHA KOJTWYECTBY KaTaIu3aTopa.
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AKTHBHOCTB KaTaju3aTropa, a MHOT/AA M CIEeUU(UIHOCTD UX IEHCTBHS, B OONBIION Mepe
3aBHCHUT OT TeMIeparypsl. I KaXI0ro mpouecca, CyIecTBYIOT ONPECIICHHbIE KaTalIu3aToPBl,
4acTo MOAOUpAEMbIE IKCIIEPUMEHTAIbHBIM ITyTEM.

XuMH4YecKoe paBHOBecHe
Bce xuMuueckue peakiiuu MOKHO pa3/eiiTh Ha JIBa TUIIA: 0OpaTUMBbIC H HEOOpAaTUMBbIC.
MHorue peakiuu sBJISIOTCS 00paTUMBIMU, T.€. TAKUMHU, [P KOTOPBIX 00pa30BaBIIHECS
MIPOJIYKTHI B3aUMOJICHCTBYIOT MEK/Ty COOOM, MpeBpaIiasch B HICXOAHBIC BEIIECTBA.
OOpaTumbIe peakIuy OrpaHUYCHBI ONPEICTICHHBIM IIPEIEIIOM: OHH HE JOXOAT 10 KOHIIA.
OO0mwmit Bu ypaBHEHUS 00OpaTUMON PEaKIINH:

mA + nB «>pC + gD. (5.5)

CKOpOCTI/I IpsAMOIro u O6paTHOFO IMPOLECCOB BBIPAXKAIOTCA CICAYIOINIUMHA YPABHCHUSAMU
v=k[A]"[B]" (5.6)
v =k[C]°[D]. (5.7)

B MoMeHT ycTaHOBIeHHs paBHOBECHS MpsiMasi M oOpaTHas peaKIK He MPEeKpaIlaTcs, a
MIPOJIOJDKAIOT MPOTEKATh B MPOTUBOIOJIOAKHOM HAMPABICHUU C PAaBHBIMU CKOPOCTSIMHU.
I'pacdmyecku 310 MOKET OBITh TaK, KaK MOKa3aHO Ha pUCYHKE 5.1.

UA

L2

Pucynox 5.1
3asucumocms npamou u t
00pammoll peakyuti om pemeHu

v

Ecnu cxopoctu mpsmoit u oOpaTHOW peakuuii paBHBI (Vnp = Vosp. — MATEMaTHYECKOE
YCIIOBHE XHWMHUYECKOTO paBHOBECHS) , TO TpaBble 4yacTu  ypaBHeHuil (5.6) u (5.7), ux
BBIPAKAIOIINX, TAK)KE PaBHBI:

k[A]"[B]" =k[C]’[D]". 58)
Ha ocHoBanuu 31010 c(hOpMyIMpOBaHO MOJIOKEHHE, Ha3BAaHHOE 3aKOHOM JIEHCTBUS Macc
(BTOpast GOpMYITUPOBKA): 8 MOMEHM PABHOBECUS NPOU3BEOEHUE KOHYEHMPAYUL Oeticm8yrouux
MACC UCXOOHBIX Geujecms HA KOHCMAHMY CKOPOCMU NPIMOU Peakyuu paeHo NpOU38e0eHuUo
KOHYeHmpayuti  0eticmeylowux Macc 00pazyiouuxcs ewjecms Ha KOHCMAHMY CKOPOCMU
06pamuoll peakyuu.
N3 ypaBuenus (5.8) cienyeT, 4To

k/k = [€]Plof* . (5.9)
[A]"[B]"
OTHOI_HeHI/Ie ABYX IIOCTOSHHBIX BECJIIMYHUH €CTh BEJIMYHHA ITOCTOsSIHHAsA, CJI€A0BATCIIbHO:
E/R:Kl’:w. (5.10)
[A]"[B]"

Koncranroii xumuyeckoro paBHOBecHsi K?P Ha3bIBA€TCS OTHOILICHHUE MPOU3BEIICHUS
PAaBHOBECHBIX  KOHIIEHTpPAUMUW NPOAYKTOB pPEAKIUMM K IPOU3BEICHHUID PaBHOBECHBIX
KOHIICHTPAIIUi NCXOIHBIX BEIIECTB, B CTETICHN UX CTEXHOMETPHUUECKUX KOIP(DUIIUEHTOB.
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KP BbIpa)kaeT 3aKOH JeHCTBUS Macc /Uil PABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
pasHosecusi He 3a8Ucum Om KOHYEHMPAayuu peazesmos, HO 3a8UcCum Om memnepamypbl u om
npUpoObl peazupyroujux 6eujecms.

B MoMeHT xuMudeckoro paBHoBecHs u3MeHeHue 3Heprun ['n66ca ne npoucxogur — AG
= 0. Koncranra xumMu4eckoro paBHoBecHs cBs3aHa ¢ AG COOTHOIIEHUEM:

AG? = -RT InKP (5.11)

VuaureBas, uro InKP =2303 IgKP u R = 8,314 JIw/K-mons ypaBuenue (5.12)
npeoOpasyeTcst 10 BUaa:

AG®=-19,14 T IgKP (5.13)

ITonp3ysicb ypaBHEHHEM  KOHCTaHTbl PABHOBECHs, MOXKHO YIIPABIATh XUMHUYECKUM
IPOIIECCOM, YTO BXXHO B TEXHOJOTMYECKHX IIETISX.

Ecnu B paBHOBecHOi cucteme MA + nB<«>pC + D yBennuuth KOHLEHTpAIHIO A, TO B
cootHowieHu (7.1.6) mnst KP, NOJKEH YBEIWYUTHCS YHUCIUTENb WIM YMEHBIIUTHCA BTOPOM
COMHOJKUTEJb 3HaMEHAaTes, T.€. BeJIMUnHa [B]. DT0O MOKeT NPOU30UTH B Pe3ysIbTaTe CMELICHUs
paBHOBECHS CIlieBa HAIPaBO, MPHUBOIAIIETO K OOpPa30BAHUIO HOBBIX KOJWYECTB MPOAYKTOB
peakuu — C u D.

Takum 00pazom, IpU YCTaHOBHBIIEMCSI HOBOM COCTOSIHUM PAaBHOBECHs, KOHIICHTPALIUU
BCEX YEThIPEX BEIECTB, [0 CPAaBHEHHIO C IEPBOHAYAIbHBIMHU, OKAXKYTCS U3MEHHUBILIUMHUCS, a
3HaYeHHE KOHCTAHTHI PABHOBECHUS] HE M3MEHUTCS.

CrnenoBarenbHO, JUIsl CMEILEHUS PABHOBECUS ClIeBa HAlpaBO HEOOXOJUMO WU
YBEIMYUTh KOHIEHTPAIMIO OJHOTO M3 MCXOJHBIX BEUIECTB, WIM YMEHBUIMTH KOHIEHTPAIHIO
OJIHOTO U3 IPOAYKTOB PEAKILIUU.

C momouipio BBIPAKEHUS KOHCTAHTHI PABHOBECHS MOXKHO ONPEENSATh KOHICHTPALUU
BEIIIECTB B MOMEHT PaBHOBECHUS, a €CJIM M3BECTHBI 3HAaueHUs K¥ M MCXOIHbIE KOHLEHTpaIUU
BEIIECTB, TO MOKHO OTIPE/ICIUTh UX PABHOBECHBIC KOHIICHTPAIIHH.

Ecnu ncxoHyr0 KOHIIEHTpaluio BemiectBa A 0003HauuTh yepe3 Co(A), a 4MCIO MOJIb

€Tro, MpopcarunpoBaBUInX K MOMCHTY PABHOBCCHS, UCPEC3 A C(A), TO MOJIIpHAA KOHLCHTpALUs B
MOMCHT pPaBHOBECHUA OIPCACIUTCA TaK:

[A] = Co(A) — A CA).

PaBHOBecHe B TeTEpOreHHBIX CHCTEMax OIpeNeNseTcsl TOJbKO Ta30BOM WM SKHUIAKOU
(a30ii, T.K. KOHIICHTPAIIUHN TBEP/IBIX BEIIECTB HE BXOASAT B YPaBHEHHUE JUIsI CKOPOCTH PEAKIINH.

HanpaBnenue cMelieHuss paBHOBECUS CHCTEMbl IpU HM3MEHEHHMH KOHIEHTpAlMH,
TEMIIepaTyphl WIH JaBJICHUs onpeaeisercs npuauunoM Jle Hlarense:

«Ecnu na oopamumyro cucmemy, HaxX00AWYI0CA 6 NOOGUNHCHOM COCIMOAHUU, OKA3AMb
u3eHe Kakoe — n1ubo 6030eiicmeue, mo cucmema omeeuaem cMeweHuemM pagHoeecus maKum
o0pazom, umoowl ocnadums IMO 6030€UCmEUECH.

Bonpocsl u 3apanus

3amava 1. Peakius pasnokeHuss okcuia asora (+5), mporekaromias MO YPaBHEHHUIO
obmero Buaa 2N20s(2) <> 4NO2(2) + Oz(2), mpoTekaeT B 1BE CTAIUU:

1) N2Os(2) <> N203(2) + O2(2) — meonenno,
2) N2Os(2) + N2O3(2) «> 4NO2(2) — 6bicmpo.

Omnpenenure NOPSIOK U MOJIEKYIISIPHOCTB 3TOTO TIpoLecca.

Pemenue. 13 ycnoBuii 3a1aun cneayeT, 4TO CKOPOCTh PEAKIIMH, B LIEJIOM, OIIPEACIISIETCS
nepBoi crajauei mporecca. Mrak, ckopocTh peakuuu nponopuuoHansHa konneHTpanuu N2Os(T),
T.€. IPOIIECC PA3NIOKESHHST OKCHIA a30Ta (+5) — peakIus MepBoro Mopsiika, MOHOMOJIEKYIISIPHASL.

3amgaya 2. Beruuciure 3HaueHHE KOHCTAHTBI CKOPOCTH MIPU HEKOTOPOH TeMIieparype A
anementapHoii peaxiuu C(2) + D(2) <> B(z), ecnu npu xornentpamusx [C] = 0,04 mons/am® u
[D] = 0,05 momb/am® ckopocTh peakiuu coctaBuna v = 3,2:1074,

Pemenne: Tak Kkak peaknusi dSJeMEHTAapHas, TO ypaBHEHHE pEaKIUH OTpakaeT ¢
MEXaHHU3M — 3TO PEaKIHs BTOPOTO IMOPSJIKA, T.e. KHHETUYECKOE ypaBHEHHE JTOTO Ipolecca
OyzeT UMeTh BHI:
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L

~32-10"

v = R[C] [D], omcroa R =

3anmaga 3. [lns peakiuu B Ta30BOM ¢aze

[C][D] 0,04-0,05

24 + 3B <> A2B3
MOJIyYCHHAs] 3aBUCHUMOCTh €€ CKOPOCTH OT KOHIICHTPALMU PEarcHTOB IpEJCTaBiicHa B

Tabymue 6.2.1.

Tabnuya 5.2. 3asucumocms cKOpOCmMu peakyuy 0m KOHYeHMpayuu peazenmos

Konnenrpanus, MOJTB/ M

BemiectBo 4 0,20 0,40 0,50 0,60 1,20 0,20
Bemiectso B 0,20 0,40 0,20 0,80 0,80 1,00
CKOpPOCTh PEaKINH, MOJIB/(IM°-MUH) 032 064 032 128 128 160

Kaxos MOpAA0K peaKI_[I/II/I? Breraucnute KOHCTAHTY CKOPOCTH. Kak m3meHurcs CKOpPOCTb

peakuuy Ipy yBEJIMYEHUH J1aBJICHUS B /1Ba pa3a’?

Pemenne:

1. Jlns HaxoxAeHUs IMOpsAKa peakuuu IpekKIe BCEro Haa0 HalTH KHHETUYECKOE
ypaBHEHME JUIs O3TOM CIOXKHOM XuMuyeckod peakuuu. Ilpu sToM HeoOXxoaumo

[IPOTECTHPOBATH YPABHEHHUS CIICAYIONIUX THITOB:
1) nepsoro nopsaka — v = k[/A],; v =K/BJ;
2) Broporo nopsiaka — v = K/A][B]; v = K[A]%; v

= k/BJ?;

3) tperbero nopsiaka — v = K/AJ?/B]; v = k[A] [B]?.
2 Kunernmueckoe ypaBHeHHE OyIe€T COOTBETCTBOBAThH JCHCTBHTEIBHOMY MEXaHH3MY

pe€aKkuuu, ¢€CJIM BbIYHUCIICHHOC HN3 HCTO 3HAYCHUC KOHCTAHTBI CKOPOCTH pCaKIUKU 6y,[[€T
OJJVMHAKOBBIM (I/IJII/I MIPpUMCPHO OJUWHAKOBBIM, C YYCTOM MOIPCHIHOCTH HU3MCPCHUA B XOAC

HKCIIEPUMEHTA).

3 TecrupoBaHue ypaBHEHHS MIEPBOTO MOPSIKA B

1) st mepBoit mpods Ky =
2) nust BTOpOit pobst Ky =

3) st TpeTheit npolsl K3 =

una v = k[/AJ:

v 032 1
[A, 020
%) _ 0,64 =1,6;
[Al, 0,40

b3 032 46

[Al; 0,50

Tak kak 3Ha4€HHE KOHCTAHTHI CKOPOCTHU HC OJUHAKOBBI IJIsI MUCCICOOBAHHBIX Hp06, TO

KMHETUYECKOE YpPaBHEHHE II€PBOr0 MOPSAKAa BHAA D
JTAHHOW peaKLH.

= k[A] He COOTBETCTBYET MEXaHH3MY

TectupoBanue ypaBHEHHUs TIEPBOTO Mopsiaka Buaa v = K/B/:

1) st mepBoi mpodsl Ky = o032 1,6;
[B]; 0,20

2) niist BTopoit mpoosl Ky = Y2 _ 0,64 =16;
[B], 0,40

3) st Tpetbeit mpobbl K3 = 3 932 =16;

[B]s 0,20
4) st ueTBepTOit PoObI Ky = b4 _ 128 =1,6;
[Bls 0,80
5) mis nsitoit poOsl Kg = 5 128 =16;
[B]s 0,80
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6) 1u1s mectoii mpoosl Kg = ﬁ = % =16.
6 1

Wtak, KuHETHYECKOE YpaBHEHHUE JaHHOW peakiuu: v = K/BJ; koHCcTaHTa cKopocTH — K =
1,6.

4 YBenuveHue 1aBJICHHUs B CUCTEME B JIBa pa3a MOBBICUT KOHIICHTPALIUK peareHToB A u B
TOKE B JIBA pa3a, 4TO MPUBEIET B BO3PACTAHUIO CKOPOCTH pEAKLMM TakkKe B JBa pa3a. ITo

MOYKHO TIOJTBEPAHUTH PACUETOM:
vy  2K[B] 5

v k[B]
3anagad Ha cKkoiIbKO HAJ0 TOBBICUTH TEMIIEPATYPY, YTOOBI CKOPOCTh PEaKIIMU BO3POCTA
B 50 pas3 (y =2,3)?

Pemenue
Pacuer npoBeném o popmyne Bant-T'odda:
t b=h . -4
—2 = /4 10 , Tae i =50; y=2,3; orcronas0 = 2,3 10
Ut Utl

1
[Iponorapudmupyem 06e yacTH MOITYYEHHOTO PaBEHCTBA:

-4
< _=1g2,3=1g50
10 g 0

¥ TIoCJIe ero pemenus nomyanm At = 47 °C.
OtBeTt: UToOBI CKOPOCTH peakiuu Bo3pocia B 50 pa3 HaJ0 MOBBICUTH TeMIepaTypy Ha 47
oC
3anmaua 5. [Ipu 393 K peakuust 3akanunBaercs 3a 10 MUHYT. 3a CKOJIBKO MHUHYT 3Ta peaklus
3akoHuuTcs npu 363 K (y =3,0)?
Pemenue
Kak u3BecTHO, 4TO MEXKIy CKOPOCThIO XUMUYECKOW peaklUy U €€ MPOJOKUTEIbHOCTHIO
CyIIIECTBYET 00paTHO MPOMOPIIMOHANIEHAS 3aBUCUMOCTD:
¥
b _ 01

Uy (%)

1
T7I€ T1 ¥ T2 — BpeMs MPOTEKaHUs peaKIuK Mpu TeMriepaTypax t1 u t, COOTBETCTBEHHO.
CrnenoBarenbHO, ypaBHeHHe (7.2.2.1) MOKHO 3amucaTh B CIEAYIOUIEM BHUJIE:

tr-ty
4
=y 10 ,
72
OTKyza
ty—t 393-363

nn=1p-y 10 =10.3 10 =270 mun.
Otset: nipu Temnepatype 363 K sta peakinus 3akaHunBaercs 3a 270 MUHYT

ba30BBIil ypOoBEHB

3amaua 1 OmpenenuTe N3MEHEHHE CKOPOCTH MPSIMBIX JJIEMEHTAPHBIX Ta30BBIX PEaKITHil
MIpU YBEJIMYEHUS JABJIECHUS B JIBA pa3a:

1)H,+ 0 — H + OH; 2)Cl+ H— HCI;

3) 2NO + Cl2 — 2NOCI; 4) NO + O — NO..

JIist  KaKI0M peaknuu ONpeAeNIUTEe TOPSAOK W MOJEKYISIPHOCTh ¥ HAIWIINATE
KHHETHUYECKOE YpaBHEHUE.

3amaau 2 Pe3ynbTaThl HM3y4eHHs] CKOPOCTH pEaKIMU MEXIy BemmecTBaMu A u B
MpeICTaBJICHBI B Ta0nwHIIe 5.3.
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Tabnuya 5.3 3asucumocms cKOpoCmu peakyuu om KOHYEHmMpayuu peazeHmos
KoHuenTparms, MoIs/am°
BemectBo 4 0,10 0,20 0,20 0,10
BemecrBo B 0,10 0,10 0,20 0,05
CKOpOCTb pEaKilny, MOJ'II)/(,Z[MB'MI/IH) 0,004 0,016 0,016 0,004
KakoB mopsiiok 1 MOJIEKYJISIPHOCTh peakunu? BeiuucinTe KOHCTaHTY CKOPOCTH.
3amaua 3 Ilpu yBenuMveHWH KOHIICHTpaluH BemectBa 4 B 1,6 pa3a CKOPOCTh peaKIuu
Bo3pacraer B 2,93 pasza. KakoB nopsigok peakiuu 1o BemiectBy A? OtBet: na = 1,83.
3amauya 4. CoctaBbTe BBIpa)KEHHUE JI1 KOHCTAHTHl PaBHOBECHS TOMOTE€HHOTO Ipoliecca,
OMUCHIBAEMOT0 YPAaBHEHHUEM:

4HCI +02 <> 2H20+ 2C|2

3anaua 5. J{nst paBHOBECHOH Ta3000pa3HOM CUCTEMBI
CO+Hy0 < COy +Hy, k7= 1,0 (npu 830 °C).
Onpenenure KOHIIEHTpPAIlMM BCEX BEIIECTB B MOMEHT PABHOBECHS, €CIIM HayalbHas
koruentparus Co(CO) = 2 mons/nm° u Co(H20) = 3 momns/mv>.
3agava 6 Kak M3BMEHUTCSI CKOPOCTh PEakiuu
2H,S +30, <> 250, +2H50,

€CJIM KOHIIEHTpallMM BCEX ra3oB YBEIMUUTh B Tpu pa3a? B cTopoHy mpsmoil uiam oOpaTHOMN
pEeaKLuu CMECTUTCS XMMUUYECKOE paBHOBECUE?

I1oBBIIIEHHBIN YPOBEHb

3anaua 1 Peakuust mpoxoauT B ra30Boi (aze:
A+2B+D o C

IIpn yBennmueHNn KOHUEHTpaluu peareHTa 4 B 2 pa3a CKOpOCTb peaklUu BO3pOCia B 2
paza. IIpu yBennueHun KOHILIEHTpAIMK peareHTa B B 2 pa3a CKOPOCTh peaKIMM HE U3MEHUJIACh.
ITpu yBennueHnH KOHIEHTpaluu peareHTa D B 2 pa3za ckopocThk peakiiuu Bo3pocia B 4 pasa.

Kax BBINISIUT KMHETHYECKOe ypaBHEHHUE 3TOH peakimu? Kak N3MEHUTCSI CKOPOCTh PEaKLU Mpu
YBEJIMUEHUH OOIIeTO 1aBieHus B 3 pa3a? OTBET: CKOPOCTb pPeaKLMU IPY YBEITMUEHUH OOLLETO JIaBIICHHS B
3 paza Bo3pacrer B 27 pas.

3amaua 2 Ipu 25 °C koHCTaHTa CKOPOCTH peakiiuy B ra3oBoii dasze

N204 < 2NO>
HUMEET CIIEYIOIINE 3HAYCHHUS:
P,Tla 21590 34660 89040
K(ycit. equHHUIIBI) 4,4 4.8 6,0.

[loueMy KOHCTaHTa CKOpPOCTM BO3pacTaeT IpH yBeludeHun pAasieHus? Ilouemy
KOHCTaHTa CKOPOCTH Ha3BaHA KOHCTAHTOM, €CJIM OHA 3aBUCUT OT JaBJICHUSA?
3anaua 3. B kakoM HampaBICeHUU CMECTHTCSI PABHOBECHE PEaKIIUU

4HCI + 02 <~ 2H 20 + 2C|2 , AHOx_p_ =-114,42 xJI>x/MO7b,

ecnu: 1) moBbICUTH KOHIEHTpauuioo O; 2) yBeIUYUTh KOHUEeHTpauuio /H20; 3) HOHU3UTH
naBnenue; 4) moBwicHTh TemmepaTypy Ha 50 °C (TemmeparypHblif kod(QUIMEHT mpsAMOii
PEAKIUH Yrp = 2, a Yoop. = 3)?

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0JIb30BAHUIO M0 JAHHOM Teme

OcHoBHas iMTEpaTypa:
1. Koposwun, H. B. O6mas xumus : yaeOonuk / H. B. KopoBuH. - 13-e u3g., mepepad. u joir. - M.
: Akanemus, 2011. - 496 c. : nin. - (bakanaBpuart). - Pek. MOuH P®. - ITpun.: c. 461. -

bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust OKpy»Karolien cpesibl : XUMHS )KUBBIX opraHnu3mMoB. Kypc nexrmii /
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E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 2NIeKTpOHHBIH // DneKkTpoHHO-0nOMHoTeyHas cuctema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum nocryna: mis
aBTOPU3HP. MOJIb30BATENEH
JlonoIHUTeILHAS JTUTEpPaTypa:
1. I'munka, H. JI. O6mas xumust / H. I'. I'munka ; [lox pen. A. Y. Epmakoga. - M3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubnuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METaJuioB : yueOHoe mocobue (s CTYJACHTOB XHMHUYECKOTO (aKylIbTeTa
HalpaBJeHU OaKaJaBpOB «XUMHI» U « XUMUUYECKas TEXHOJIOTUs») / coctaButenu O. A.
["'onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552c¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKkTpoHHbIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum mocryma: s
aBTOPU3HUP. NOJIb30BATEIEH
HNuTepHeT-pecypces:

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

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

3 http://catalog.ncstu.ru/ — sneKTPOHHBII KaTajaor acCOHAIMN JIEKTPOHHBIX OHOIMOTEK
yueOHbIX 3aBefeHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — DBC.

5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe

Tema 6. PacTBOpBI
IIpakTuyeckoe 3ausaTue 6. PactBopbl. Cioco0bl BhIpaskeHHs] KOHIEHTPAUNU
pacTBOpoB. PacTBOpHI 2/1eKTPOJINTOB. PacTBOPBHI HEIEKTPOJINTOB

Heap 3ansiTusi: GopmMupoBaHue 0a30BBIX 3HAHMKM O crOco0ax OMpeAeNeHuss CBOWCTB U
KOHIIEHTPAllUi paCTBOPOB U HABBIKOB MPOBEJICHUS PACUETOB.

3HaHMA ¥ yMeHHUs, IpHo0peTaeMble CTYACHTOM B pe3yJIbTaTe 0CBOCHHUSI TeMbI
3HaTh: OCHOBBI CAMOOPraHU3aLMU U CaMOOOPa30BaHMUS;
3HaTh: CYIIHOCTH U 3HaUYCHHE MH(OpMAIMK B Pa3BUTHH COBPEMEHHOTO 00I11€CTBa; OCHOBBI IIOIYUEHHS
1 00paboTKH MHPOPMAIH U3 PA3THYHBIX UICTOUHHKOB
3HaTh: pabOTHI MO PacyeTy U MPOESKTUPOBAHUIO JIeTalleil U y3JI0B MAILTMHOCTPOUTEIBHBIX
KOHCTPYKIMI B COOTBETCTBUHU C TEXHUYECKUMU 33JaHUSMH U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpeICTB aBTOMATU3alUH IIPOEKTUPOBAHUA
YMeTh: caMOCTOSATENIFHO CTPOUTH MIPOLIECC OBJIaJeHUsI HH(pOopManrei, 0TOOpaHHON
CTPYKTYPUPOBAHHOM AJIs BBIITOJTHEHHS TPO(GECCHOHATBHON IESITeIbHOCTH.
YMmeTh: momydars 1 00pabaThBaTh HHYOPMALIMIO U3 PA3TMYHBIX HICTOYHUKOB
VYmerb: MPUHUMATH yYacTHE B pabOTax Mo pacyeTy U MPOEKTUPOBAHUIO JeTajeil U y3/10B
MAaIIMHOCTPOUTENIBHBIX KOHCTPYKIMI B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HCIIOJIb30BAHUEM CTAaHIAPTHBIX CPEICTB aBTOMATU3ALUU ITPOECKTUPOBAHUS

HaumenoBanue ¢GopMupyeMbIX KOMIETEHIIHHA

AxTyanbHOCTh TeMbl. COBpeMEHHass MOJIEKYJIIpHas TEOpHUS PACTBOPOB IPENCTABISAET
co00il  OOIMPHYIO, HWHTEHCUBHO pa3BUBAIONIYIOCA 00JAaCTh  MOJEKYJISIPHOM  (PHU3UKH.
MonekymnsipHasi TEOpHsl KHUJIKUX PACTBOPOB ONMUPAETCS HA TEOPHIO YUCTBIX OJHOKOMITOHEHTHBIX
KHUIIKOCTEH M TEOPHI0O MEKMOJEKYJSIPHBIX CHJ. PacTBOPBI AJIEKTPOJIMTOB - OCOOBIA Kiacc
KOH/ICHCUPOBAHHBIX HMOHHO-MOJIEKYJISIDHBIX CHCTeM. Upe3BbluaiiHas CI0XKHOCTb H3y4yaeMoro
00beKTa MpeoNpeeNIieT MHOTOYHCICHHBIC TPYIHOCTH B TIPOOJIEMbI B 3TOH OTPACIN HAyYHOTO
IIO3HaHUA.
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TeopeTuyeckas 4acThb
Cnoco0blI BbIpakeHUs] KOHIEHTPAILUM PacTBOPOB

Pacmeopamu nasviearom mepmoounamuuecku ycmouuugble 0OHOPOOHbIE CUCIEMDL,
cocmoswyue U3 08yx u 0Oojiee KOMHOHEHMO8 (PACMBOPEHHLIX 6eWeCms U pacmeopumens).
PacTBOpeHHBIE BemECTBA — 3TO KOMIIOHEHTHI PacTBOpA, KOTOPBIE MEHSIOT CBOE arperarHoe
COCTOSIHME TIpU ero oOpa3oBaHWU. PacTBopuTens — BELIECTBO, HE HW3MEHSIOIIEE CBOETO
arperaTHOro COCTOSTHUSI ITPH 00pa30BaHUU PacTBOPA.

Haunbonee mmupokoe pacpocTpaHeHUe MOIYYMIH BOAHBIE pACTBOPHI, PACTBOPUTEIIEM B
KOTOPBIX SIBJISETCS BOJA.

Baxneiien XapakTepUCTUKONW pacTBOPOB SIBJISETCS MX KOHLEHTpAalUs — Macca WU
KOJINYECTBO BEILECTBA, COJEprKAalllMecs] B OIpPENEIEHHOW Macce WM o0beMe pacTBOpa WU
pPacTBOPUTEIIA.

MaccoBas jons Bemectsa X — macca Bemectsa M(X) (B 1), conepxkamascsa B 100 r

pacTBopa:

0(x),% =) 100
My pa (6.1)

MomsnpHas KOHIEHTpaIus — KomrdectBo Monb Bemectsa N(X), comepxkameecs B oxHOM
kmitorpamme (nau B 1000 r) pacTBopuTEs:

MOTb _ n(Xx) m(X)

-1000 =
Mpi5 M (X)My_

-1000

c, (X)

KT (6.2)

MonsipHas KOHIEHTpamus — kKoaudecTso Monb Bemectsa N(X), cogepsxameecs B oqHOM
am® (wma B 1000 cm®) pacTBOpHUTENS:

C,, (X), % _NX) 1000 M) 4000
oV M (X Vs

(6.3)

MornsipHasi KOHIIGHTpAIMs KOJIMYECTBa SKBUBAICHTA (HOPMAIbHOCTh WM 3KBHBAJCHTHAS
KOHIIEHTpAIlUs) — KOJMYECTBO MONb SKBHUBAIEHTA BellecTBa X, COIEP/KANIEecs B OJHOM AM°
(umu B 1000 cm®) pacTBOpHUTENS:

MoMb _ Z m(X)
C(— X), *.1000= 1000
x 'HM Vp-ns[ M (i X) (64)

p-ns
x

1 1

roe N(—) u M(—) — KoiaM4YecTBO MOIb OSKBHUBAJICHTA BelllecTBA (B MOJIb-DKB) H €rO
Z)C ZX

SKBHMBaJIEHTHas Macca (T/MOJib) COOTBETCTBEHHO.

Ilpumeuanue. Ywucno ZX Ha3BbIBAIOT  OKBUBANICHMHBLIM  YUCAOM HWIH  YUCIOM
IKBUBAIEHMHOCU — ZX > 1. 3Hauenue ZX ONPEACIISIIOT 10 XUMUYECKOM PEAKLIUH, B KOTOPOU
Y4acTBYeT JaHHOE BEMIECTBO. Tak, B YAaCTHOCTH, I JUIs BEIIECTB, ydacTByromux B OB-
peaKum{x, 3KBHUBAJICHTHOC YHUCJIO ZB IJIs1 BOCCTaAHOBHUTCIIA paBHO I-II/ICJIy BHCKTpOHOB, KOTOpOe
OH OTHACT, a JJIs OKUCIMUTENSI — YUCIY JJIEKTPOHOB, KOTOpOe OH IpuHuMaer. Hampumep, mis
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anroHa MnO, B 3aBHCHMOCTH OT Xapaktepa peakuud Z, MOXeT ObITh paBHO 5, 3, 1,
HarpuMmep:
MnO, +8H" +5¢" = Mn* +5H,0; Z, =5; 3(MnO,) = 1/5 moJb;
MnO, + 2H,0+3e” = MnO, +40H"; Z, = 3; D(MnO,) = 1/3 mos;
MnO, +1e =MnO; ;Z =1;3(MnO;) = 1/1 Mo,
CrnetoBarenbHO, B 3THX PEaKLUIX SKBUBAJIEHT okucauTens MnO, coOTBETCTBEHHO paBeH

1/5, 1/3 u 1 MOJIb.
Heo6xomuMo Bcerga MOMHUTE, YTO 3HAYEHHE DKBUBAJIEHTA JIIOO0ro BemecrBa X HE
npeBblIIaeT eAUHULBL, T. €. I(X) < 1.

Ormpezenenne SKBUBAJICHTHBIX YUCEI HEOAUHAKOBO JUIsl 0OMEHHBIX 1 OB-peakiuii.
B 00MeHHBIX peakIusaX 3KBUBAJIEHTHOE YUCIIO ONPEENAI0T 10 CTEXUOMETpUHM peakiuu. Eciu
JUIsL peakIuy BUJA

viA+v,B=v.C +v,D
Ha O/IMH MoJIb BemiectBa A Tpebyercs vyB/v,A Mmoib BemectBa B, 10 Z, =v,/v, .
ModbHast 107151 — OTHOIICHHE KoJindecTBa MoJib BemecTBa N(X) k o01emMy 4nciy MOJb BeexX

semects N 5 (Xi ) , COCTaBIISIOIINX PACTBOP:

N (X
o0 NO)
Ny (X:) (6.5)
Tutp pacteopa BemectBa X — macca semectsa M(X) (B r), coxeprkamiascs B OTHOM cM°
pacTBopa:

Z
T(X)’%‘ v (6.6)

Tutp pactBopa Bemectsa B mo onpenensemomy Bemectsy X — macca semectsa M(X)

(B T), COOTBETCTBYIOIIAs OHOMY CM° CTaHJApPTHOTO PacTBOpa BelecTa B :

(6.7)

p—pa

BecbMa BaxxHBIM IapaMeTpOM PACTBOPOB SIBISETCS UX IMJIOTHOCTh — OTHOIIIEHHUE MAacChl
pactBopa (B KI') K 00EMY 3TOTO pacTBOpa:

PV (6.8)

Ipumeuanue. B XumMuy game IpEMEHSIOT Pa3MEPHOCTb IIIOTHOCTH PACTBOPOB B I/CM .
Jlnist mpoBeieHus pacueToB IMOJIE3HO 3HATh (hopMyy (9), CBA3BIBAIOLIYIO KOJIMYECTBO MOJIb
HKBHMBAJIEHTA BEIIECTBA X C Pa3IMYHbIMHU BHIaMU KOHIEHTPALU €ro pacTBOPOB.

n(L X, sons= m(1X) :T(X)Y(X):T(Blﬁ)V(B):
Z M(Z—X) M(Z—X) M(Z—X)

x

C(%X)V(X) (X),%p,

1000 100M (Z1 X)

x

V(X) (6.9)

a
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[Ipy npuroroBieHUH pacTBOPOB C PA3JIMYHOW MACCOBOM J[0JIed BecbMa IOJIE3HBIM
ABJISIETCA TaK HAa3bIBAEMOE MPABUIIO CMEIIECHUS (U ITPABUIIO «KPECTa»).
Cxema «kpecTa» UMEET BUJ:

w,% — m,, T
,, %
@, % — m,, I.

rac Ct)l, % nu 0)2, % — MAacCCOBBIC JOJIM HCXOOHBIX PACTBOPOB,

— MacCChbl UCXOOHBIX PACTBOPOB (B r) IOCJIE CMCIICHUA

m,=|w, —o,| nm, =w, -,

KOTOPBIX OyZeT MOTydeH pacTBOp ¢ MaccoBoii poneit @, , %0.
PacTBOpBI 3J1eKTPOJIUTOB
Onexmponumamy Ha3bIBAIOTCA BEIIECTBA, KOTOPBIE IIPH DPACTBOPEHHH B BOJE
MOJIBEPraloTCsl MPOTONHM3Y (AMCCOLMUPYIOT WM pacHafaloTcs) Ha HMOHBI M MPOBOJSAT
BHGKTpI/ILIeCKI/Iﬁ TOK. HGOpFaHHqCCKHC KHCJIOTBI, OCHOBAHHA U COJIU ABJIAIOTCA 3JICKTPOJIMTAMMU.
Cuiia 3JIeKTpOJIUTa XapaKTepU3yeTcs CTENEeHbI0 MPOoTou3a (& ), KOTopas MOKa3bIBaeT
OTHOIIEHHE 4YWCIAa MOJIEKyN, pacmaBmumxcs Ha uoHel (N ), k 00meMy wumciay MoJeKyi
snektponuta B pactBope ( N ), i BeipaxkkaeTcst B pOIEHTAX:

a=£-100%.
N

0

(6.10)

YCI0BHO CYHTAIOT QJICKTPOJIATBI, MOABCPTIIHUECH IIPOTOJJIU3Y HaA 3% u MeHee (T.e.

a < 3%) — ciabsivu, a Ha 30% u Goxee (& = 30%0) — cunbHBIMIL

B pactBope cmaboro SIeKTpoNUTa  yCTAHABIMBAETCS  PaBHOBECHE  MEXIY
HECANCCOUMHUPOBAHHBIMHU MOJICKYJIaMU W TMPOAYKTaMM HX paclaga — HOHAMH. HaHpHMep, B
pacTtBope crnaboi 0THOOCHOBHOM KHCIIOTHI:

HATT2= H + A

KoncranTta Ttakoro PAaBHOBECUSA BBIPAKACTCA UYEPE3 PABHOBCCHBIC KOHICHTPAIHUU
COOTBCTCTBYIOIINX YaCTUIl B paCTBOPC U HA3BIBACTCHA KOHCMAaHmMou npomoausa uiu KOHCMAHMOU

ouccoyuayuu K, (HA):

_[H'I[AT]
Ky (HA) == 611

MHOroOCHOBHBIE KHUCIIOTBI PACIIANAIOTCS CTYIIEHYaTO, KaKAasi CTYIEHb U3 KOTOPBIX
XapakTepu3yeTcsi CBoel KoHcTaHTol. Hanpumep:
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HGRIGES)

H,0
H,Sc———H"+HS; K ;
T GRS

o ] H1S*]
HS 2o H* 487 K, = .
T ?[HS]

CornacHo 3akony paz6asnenus OcTBaibia, Ka W O CBA3aHbI yPABHEHUEM:
2
a” -C
1

K, (HA) = (6.12)

rne C — MonspHas KOHLEHTPAIHS YIEKTPOIHTA, MOIB/IM .
IIpu ¢ << 1 ypasuenue ympomaercs:

K,(HA)=a’-C. (6.13)

HJ’IH pacyeToB, CBA3aHHBIX C IIPOTOJIU30M KUCJIOT, 4aCTO UCIIOJIB3YHOT HE Ka ,d

TOKa3aTelb KOHCTAHThI poToiu3a (auccormarmu) PK, , KoTopslit paBeH:

PK, = -lgK,. (6.14)

C Bospacranuem K

a> TI.C. C YBCIMYCHHUCM CHJIbI KHCJIOTBI, 3HAYCHHC pl‘(a

yMeHblIaeTes, cregosarensto, yeM Oomnbue PK,, tem cnabee kucnora. Taxk, snauenns PK,
st cnabbix kucior or CH,COOH 1o HCN nexar B npenenax ot 4,76 10 9,21.

Jlnst oxHoocHOBHBIX Kucnot, Hanpumep, ykeycHoii — CH,COOH, xonnenrparmu

[H+] U [A’] paBHBI ¥ COCTABISIOT:
[H"]=[CH,COO] = aC.

C yuerom ypaBHenus (10.2.4) umeem:

[H*]=[CH,CO0 ]~ /K, C.

PacTBOpbI HEJIEKTPOJIUTOB
Pa30aBneHHble pacTBOpBHl  BEIECTB-HEAIEKTPOJIUTOB 00NanalT psaoM  (pusuko-
XUMHUYECKHX CBOWCTB, JUIsl KOTOPBIX KOJMUECTBEHHOE BBIPAXKEHUE 3TUX CBOIMCTB 3aBHCUT TOJIBKO
OT YHCJa HaXOSIIUXCS B PACTBOPE YACTHIl PACTBOPEHHOTO BEIIECTBA WM PACTBOPUTEIIS
(KonnmuratuBHble CBOMCTBa). HekoTopble M3 3THUX CBOWCTB MCIONB3YIOTCS JIS ONpENeIeHus
MOJIEKYJISIPHON MacChl paCTBOPEHHOTO BEIIECTBA.
Tak, B COOTBETCTBUU CO MOpbiM 3aKOHOM Payns: NOBBILIEHUE TEMIIEpaTypbl KUIIEHUS

(At

HERJIEKTPOJIUTOB IPONOPLIUOHAIBHO YNCIY YacTHUIl PaCTBOPEHHOIO BELIECTBA M HE 3aBHCHUT OT
€ro MPUPOJIBL:

) WA TIOHWKEHHME TEMIIEPATYPhl KPUCTAIU3ALUN (A'[kp) pa30aBiIeHHBIX PaCTBOPOB

At, =KC
kp m’ (6.15)
At =EC
KHIL m’ (616)
rne Al — monwkenue Temmeparypsl 3aMep3aHWs WIHM TOBBIILIEHHE TEMIIEPATYPHI KUTICHUS
pacteopa, rpax; K wu E — kpuockommueckas wu »6ymmmockonmueckas KOHCTAHTEI
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coorserctBeHo; C =~ — MONsIbHAsS KOHIEHTPALMsS PACTBOPEHHOrO BerecTa, Momb/1000 T

pacTBOPUTEIIS.
Ilpumeuanue. Kpuockonuyeckass U 30yJIJIMOCKONUYECKAs KOHCTAHThl IPEICTABIISIOT
co00il TOHMXKEHHE TeMIIepaTypbl 3aMep3aHus WU TOBBIIICHHE TEMIIEpaTypbl KHUIICHUS IS
PACTBOPOB HEJIEKTPOIUTOB IIPU MX KOHLEHTPAIUAX PABHBIX 1 MOIB/IM®.
Ecmr M (r) HESIEKTPOIUTA, HMEIOLIEro MONbHYI0 Maccy M | pactBopensl B M oz (T)

pacTBOPHUTEIIs, TO:

m 1000
At =K .5 , 2paoyc
3am 3am Mgiga mp7 . p y (6_ 17)
m 1000
At =F .. , epaoyc
Kun Kun MS_Ba mp_jm p y (6.18)

CDOpMy.TIBI IMMO3BOJIAOT OIPCACIIUTE TEMIICPATYPhI 3aMCP3aHUA U KHUIICHUSA PaCTBOPOB
HEIJICKTPOJIMTOB IO HMX KOHLOCHTPALUWH, a TAKXKC HAXOAUTb MOJIBHYIO MaccCy paCTBopéHHOFO
BCIIECTBA IO IMTOHUKCHUIO TEMIICPATYPBI KUIICHUSA WA 3aMCP3aHUA paCTBOPOB.

Bonpocsl u 3aganus

[Ipumep 1. HanucaTe MONEKYJISIpHOE M MOHHOE YpaBHEHHUS PEakLMil B3aMMOJEHCTBHS
pacTBOpOB HHUTpaTa Oapwusi U Cyib(dara HATPHS.

1 CocraBisieM MOJIEKYISIPHOE YpaBHEHUE PEAKIIUU:

Ba(NO5), + Na,S0, = BaSO, 4 +2NaNO,

2 HepeHI/ICBIBaCM OTO YpaBHCHUH, I/I306pa3I/IB X0pomo AUCCOIUUPYROIIUEC BCIICCTBA B
BUJC HOHOB, a yXOoAsAIIME M3 cq)epm p€akuuun — B BUAC MOJICKYJ, T.C. COCTAaBJIACM IIOJIHOC
HOHHOC YpaBHCHUC JTaHHOM pcaKknuu.

Ba®" +2NO;z +2Na't + SOZ~ = BaSO, ¥ +2Na* + 2NOj..

3 BrimucbiBaeM HMOHHOE YpaBHEHHE pPEAaKIWU B OKOHYATEIBHOM BHIE (COKpAIEHHOE
HMOHHOE ypaBHEHHE):

Ba®" +S0O; =BasSO, 4,

KOTOpOE OIpeAenseT CyThb IpOLEecca B3aUMOJCHCTBHA pPacTBOPOB HHUTpaTa Oapus U
cyibdara HaTpHs.

3amaua 2. Paccuwmraiite nonnyio cuiy pactBopoB RbDNOs, CuCly u NasPOs, ecnu ux
MOTIApHbIE KOHIIEHTpauy paBHbI 0,1 Moms/ave,
Pemenue. 1 B pacTtBope HuTpara pyouaus:

1 2 2 1 2 2\
"Q(szw +CN03_zN03_)_§(0,1-1 +0,1-(-1)2) =0,1.
2 Ins pactBopa CuCly:

1 2 21 2 2y
I _E(CCUZ+ZCUZ+ +CC|ZC|)—E(O,1'2 +20,1('1) )—0,3.

3 Wonst Na* n PO4~® co31at0T HOHHYIO cuiy:
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1 ( 2 2 ) 1 2 2
I = 2 CNaJr ZNa+ + CPOZEZPOZS B 2 (0’3.1 +0.L- ( 3) ) =06.

Ipumep 3. Ckobko cM® pacTBOpa THAPOKCHIA HATPHS ¢ MaccoBoit noneit 01(NaOH) = 30%
(p1 =~ 1,300 r/cM®) Hazo nobasutk k 300 cM® Bomsl (p(H20) ~ 1,00 r/cM®), 4TOOBI HONYYUTH PACTBOP
¢ maccoBoii goaeit wx(NaOH) = 10%?

Pemenune. MOXKHO NPEIOKUTH TPH BapUaHTA PEIICHHS TAKOH 3a1a4uu:

1) mo3TanHbIi pacyeT, ¢ COCTaBICHUEM CHCTEMBI U3 IBYX YPaBHCHHIA,

2) ¢ UCTIOJIb30BAaHUEM 3aKOHA DKBUBAJICHTOB;

3) IpUMEHUTH IPABUIIO KPECTA.

Bapuanm 1. Beramcaum maccy ruapokcuaa Hatpus (mM(NaOH), r), koTopas mobKHA
COJIePKATHCS B HICXOTHOM PAacTBOPE C Maccoit My, T

100 r pactBopa ¢ w1(NaOH) = 30% conepxut 30 r NaOH

my, r pactBopa ¢ ®1(NaOH) = 30% coxepxut m r NaOH

Ilepsoe ypasHenue: m(NaOH ) = % My, T = 0,3 My, T.

Paccuuraem maccy pactBopa ¢ MaccoBoii goseit wx(NaOH) = 10%:
100 r pactBopa ¢ wx(NaOH) = 10% coxepsxut 10 r NaOH
(300 + my), r pactBopa ¢ ®(NaOH) = 10% coaepxutr m r NaOH.

Bmopoe ypasnenue: (300 + ml) -10=100- m(NaOH ) :

Janee Boipaxkenue 1t M(NaOH) u3 nepBoro ypaBHEHUsI [MOJICTaBUM BO BTOPOE M PELIMM
BHOBb IOJYYEHHOE YPAaBHEHHE OTHOCHTEIBHO M1 — MCKOMOW Macchl MCXOJHOIO pacTBOpa ¢

®1(NaOH) = 30%:
(300+m,)-10 =100-0,3m;; m, = % =150 r.

Tenepr BhluMCIUM 00BEM, KOTOpBIH OynyT 3aHuMaTh 150 r pactBopa ¢ ®wi(NaOH) =
30%, wucnons3ys popmyny (8):
m; 150
V, parem® =—1="""=11539,
P1 1,30
Otsert: K 300 cm?® Boas! Hazo 106asuTs 115,39 em® (150 1) pactopa ¢ w1(NaOH) = 30%,
YTOOBI MOJIYYUTh pacTBOp ¢ MaccoBoi nosieit wx(NaOH) = 10%.
Bapuanm 2 'Y 106H0 Bocnonb30Bathest Gopmynoit (9), yauTeiBas, 4To
@;(NaOH) -m; @, (NaOH)-(300+m
M (NaOH ) M (NaOH )

rae My = p1Vi, r — macca pactBopa ¢ w1(NaOH) = 30%;
300 + my=my = p2Va, .
B urore:

o, (NaOH)-m; = @, (NaOH)-(300+m,); m,=150Tr; V; =11539 cx°.

Bapuaum 3. TlpuMeHUM TpPaBWIIO «KpPEeCTa», YIUTHIBas, 4ro KoHmeHtparus NaOH B
YUCTOW BOJIE paBHA HYJIIO!

30% — mi, r
10, %
0,% — my, T.
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Beruuciium maccy pactsopa (mz, 1) ¢ w1(NaOH) = 30% u maccy Boabl (M2, T'), KOTOpBIE
HAJI0 CMEIIIaTh, YT00BI OTYdUTh pacTBOp ¢ ®x(NaOH) = 10%:
m=10-0=10r;m,=30-10=20r.
Utak, uto6sl momyunts pactBop ¢ ox(NaOH) = 10%, mamo x 20 T (20 cm®) Bomsl
no6aeuth 10 1 pactopa ¢ ®1(NaOH) = 30%, a k 300 r BobI Ha/10 TOOABHUTH:
10

m =1 .300=>>.300=1502; Vi, ewd =115,39.
mo 20

ba3oBblii ypoBEHb

3amaya 1. HamucaTe HMOHHO-MOJIEKYJISIDHBIE YpaBHEHHUS pEaKLMH B3aUMOAEHUCTBUSA
CIIEIYIOIINX BEIECTB:
a) Pb(NO3)2 u NazS;
6) Cu(OH)2 u H2SOg;
B) CaCOz u HCI,
r) FeSO4 u H2S;
1) CuO u HzSOs.
3agaua 2. CocTaBbT€ MOJICKYJSPHbIE YpPaBHEHMsI PEAKLUH, KOTOpbIE BBIPAKAKOTCS
CIEIYIOIMH KPATKUMHA HOHHBIMU YPaBHEHUSIMMU:

a) H* +OH~ =H,0

6) Cu®* +S% =Cus

6) COZ~ +2H* =CO, + H,0

2) ZnOH ™ +H* =Zn%" +H,0

0) HCO3 +OH ™ =COZ +H,0

e) Mg(OH), +2H " = Mg?" + 2H,0.

3amaua 3. PaccumTaiite aktmBHOCTH HoHOB K' m SO4% B pacTBOpe Cymbdara Kamus C
mostsipHoit koHnenTpanueit C(K2SO4) = 0,1 Mot/ M.

3amaua 4. Paccuwmraiite cpemnHuii Kod()PUIIMEHT aKTUBHOCTH [JII BOJHOTO pacTBOpa
THIPOKCU/IA HATpHs ¢ MomsapHoii konnenTpamnuein C(NaOH) = 0,1 mons/mm® u cpaBHuTE €ro ¢
AKCIIEPUMEHTAIIbHO HalfieHHOU BennuuHou (,764.

3amaua 5. Berumcnurte mpoussenenue pactBopumoctu Fe(OH)2, ecnm B 100 cm® ero
HACHIIIEHHOTO PacTBOpa cozepkuTcs 9,6-107° r 3Toro ruapokcua.

3amaua 6. ITpomsBenenue pactsopumoctu AgoCOs cocrapister 8-10712. Paccumrath
PAcTBOPHMOCTE KapboHaTa cepedpa B MOJIB/IM® 1 I/1MC.

3amaua 7. Beraucauts pactBopumocts CaF, (B Mons/am®) B Boje u B pactope CaCly ¢
koruenTparmeii  C(CaCl,) = 0,05 moms/mv® (ITP(CaFz) = 4-10!). Bo ckompko pas
pPacTBOPUMOCTH BO BTOPOM Cllyyae MEHbIIE, 4eM B IiepBoM? PacueTsl MpoBecTH ¢ y4eToM u 0e3
y4eTa MOHHOW CHJIBI PacTBOpa.

3anaua 8. Cxombko cM® pactopa (V1(HsPO4)) docdoproii kucmorsr (C1(HsPOs) = 1,010
Mons/mv®) Hamo mobaBuTh k 250 cM® pactBopa docdopuoit kucnorsr (C2(HsPOs) = 1,510
MOJ'IL/,Z[M3), 4T00BI OJTyuuTh pacTBop ¢ ®3(H3PO4) =11,19% u p3 = 1,060 r/em3?

3amaua 9. Kakyro maccy kpuctammoruapata kapoonara Hatpust NaxCOs-10H20 Hano B3sTH
ju1s1 ipuroTornerns 200 cM® ero BOTHOTO pacTBopa ¢ Maccosoii nomeit m(NaCOs) = 10 % (p = 1,102
r/em®)?

Paccuntath /1151 OTy4eHHOTO pacTBOpa: TUTP, MOJISIPHYIO, MOJIIPHYIO SKBUBAJIEHTA U MOJIUTBHYIO
koureHTpai  NapCOs.  OreHuTs aOCOMIOTHYIO W OTHOCHTENBHYIO (YCJIOBHBIE!) TIOTPEITHOCTH
HPUTOTORJIEHHS 3TOTO PACTBOPA.

3amada 10. BeraucinTe MOJSIDHYIO KOHILIEHTPALMIO KOJIMYECTBA HKBHBAJIEHTA pacTBOpa
THIPOKCHIA Kalus MONY4eHHOTo MpH cMemmBaHum pactBopoB: 300 cm® ¢ C(KOH) = 0.8
mons/nve 1 700 em® ¢ ¢(KOH) = 1,2 mons/am>? Kaxos tutp KOH 1o HCI?
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[ToBbILIEHHBI YPOBEHD

3amaua 1. Cxompko cM® Bomsl (p(H20) = 1 r/em®) cinenyer mo6asuth k 1 qm® pactBopa
xnoposogopoanoit kucnotsl ¢ C(HCI) = 1,5 mMons/mm®, 4T06BI TIONYYUTH PacTBOp ¢ MOISPHOI
KOHIIEHTpalueu paBHoit Touno 1,0 MOJIB/IM?

3amaua 2. B xakom o0béMe HachimenHoro pactBopa AgsPOs comepxuTcst OOUH rpaMm
sroit comn (TTP(AgsPO4) = 1,3-107%0)?

3amaua 3. B 10 am® macemmennoro pactsopa CaCOs comepxutcs 0,0278 T HOHOB
KaJbIusl. BeIuucIuTh npousBeieHne paCTBOPUMOCTH KapOOHATa KaJbIusl.

3anaua 4. O6pasyercs mu ocagok AgBr (ITP = 6,0-107%%), ecnu cauth paBHBIE 06BEMEI
pactBopoB AgNO3 n KBr ¢ kornenrpanmsamu C(AgNO3z) = C(KBr) = 0,001 momns/am>?

Cnucok JuTepaTrypbl, peKOMEHAyeMblil K UCII0JIb30BAHUIO 110 JAHHOH TeMe

OcHoBHas JuTepaTypa:
1. Koposun, H. B. O6mas xumus : yueobnuk / H. B. KopoBuHs. - 13-e u3zn., nepepab. u gorm. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpumn.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyKaromei cpeisl : XuMusl )KUBBIX opranu3mMoB. Kypc nekuuii /
E. C. Muxamuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTpOHHBIN // DnekTpoHHO-0nOmmoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: s
aBTOPU3HUP. NOJIb30BATEIEH
JlonoIHUTeIbHAS JUTepaTypa:
1. T'munka, H. JI. O6mas xumus / H. T'. I'muaka ; [Tox pen. A. U. Epmakosa. - U3a. 30-e, uctp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubauorp.: c. 704. - [Ipenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METaJuioB : yuyeOHoe mocobue (s CTYJeHTOB XMMHUECKOTo (akyibTera
HamnpaBlieHU# 0akanaBpoB «XUMUSI» U «XUMHUYECKas TeXHOIOorus») / coctaButenu O. A.
I'onoBanoBa. — OmMck : OMcKkHi rocyaapcTBeHHbI yHuBepcuTeT M. @.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHbIH // DekTpoHHO 6ubinoreynas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
HNHuTepHeT-pecypcenl:

1 http://window.edu.ru/ — eauHOE OKHO J0CTYIA K 00pa30BaTeIbHBIM pecypcaM

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

3 http://catalog.ncstu.ru/ — saeKTpOHHBIH KaTajIor acCOIHAINN dJIEKTPOHHBIX OMOIMOTEK
yueOHBbIX 3aBefieHni u opranuzanuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0OpazoBaHKe

Tema 7. KoMmnjieKcHbIE cOeIMHEHUS.
IIpakTnyeckoe 3ansaTue 7. KoMmnjiekcHble coeMHeHNS.

Hean 3ansaTusi: ChopMupoBaTh y CTYJACHTOB CUCTEMHBIC 3HAHUS O CTPOSHUU U CBOMCTBAX
KOMIUIEKCHBIX COEIUHEHHH. HayduTh CTYZAEHTOB IOJy4aThb KOMIUIEKCHBIE COEOUHEHUS U Ha
OCHOBaHWHW TIOBEICHUS KOMIUJICKCHBIX COCIUHEHH B pacTBOpax JenaTh BBIBOABI 00 HX
YCTONYUBOCTH.

3HaHUA U ymenus, npnoﬁpeTaeMble CTYACHTOM B PE€3yJabTaTEC 0CBOCHUA TEMbI

3HATB: OCHOBBI CAMOOPTaHU3AIMH U CAMOOOPa30BAHNS;
3HAaTh: CYIIHOCTH U 3HAUCHHE HHOOPMAIIMY B PA3BUTUH COBPEMEHHOTO OOIIECTBA; OCHOBBI ITOJTYUCHHS
1 00paboTKM HHPOPMAITUN U3 PA3THMIHBIX HCTOTHHKOB
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3uarh: pabOTHI MO pacyeTy U MPOSKTUPOBAHHIO JIETANICH U Y3JI0B MAIIMHOCTPOUTEIHHBIX
KOHCTPYKIIMIA B COOTBETCTBUU C TEXHUUYECKUMU 3aJaHUSIMU U UCIIOJIb30BAHUEM CTaHAPTHBIX
CpEJICTB aBTOMATU3AaLUU ITPOECKTUPOBAHUS
YMeTh: caMOCTOSATENFHO CTPOUTH MPOIIECC OBIaAeHUsI HH(popManne, 0TOOpaHHO! U
CTPYKTYPUPOBAHHOMW AJIS1 BHITIOTHEHUSI TPOPECCUOHATLHON IEATETbHOCTH.
YmeTh: momydats 1 00pabaThIBaTh HHGOOPMALIMIO U3 PA3THIHBIX ICTOYHUKOB
VYmerb: MPUHUMATH YYaCTHE B pab0OTaX IO pacyeTy v MPOCKTHPOBAHUIO JCTAJICH U y3JIOB
MAIIMHOCTPOUTENIBHBIX KOHCTPYKIIMIA B COOTBETCTBUU C TEXHUUYECKUMHU 3aJaHUSIMU U
HCTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB aBTOMATU3ALUHU IIPOECKTUPOBAHUS

HaumenoBanue ¢GopMHpyeMbIX KOMIIETCHIUH

AxTtyanbHOCTh TeMbl. KomiiekcooOpa3oBaHue UMeeT 00JbII0e 3HaYeHNE IPU IPOTEKaHUU
OMOJIOTMYECKHUX IPOLIECCOB B KUBBIX OpraHu3Max. MOHBI MIENOYHBIX M ILIEI0YHO-3EMEIbHBIX
METAJUIOB B OHOJIOTMYECKUX JKUAKOCTSIX HAaXOIATCS B BMJIE AKBAKOMIUIEKCOB, a HMOHBI d-
AJIEMEHTOB, SIBIISISICH NPEKPACHBIMU KOMIUIEKCOOOpa3oBaTeIsiMi, OOpa3yloT KOMILUIEKCHI, B
KOTOPBIX B Ka4eCTBE JIMTAH/I0B BBICTYAI0T aMUHOKHUCIIOTHI, HYKJIE€MHOBBIE KMCIOThI, BATAMUHbI
u ropMoHbl. Hampumep, ’kene3o BXOIUT B cocTaB remorioOunHa. HekoTtopble KOMIIIEKCHbBIE
COeMHEHUs: o0yafjaloT OMOJOrMYECKOW aKTUBHOCTBIO M INPUMEHSIOTCS B  KadyecTBe
JeKapCTBEHHbIX IpemnaparoB (ButamuH Bl12). Kpome Toro, o0pa3oBaHue pacTBOPUMBIX
YCTOMUYUBBIX KOMIUIEKCHBIX COEAMHEHHUM MO3BOJIAET BBIBOJUTH M3 OpPraHU3Ma COJHM TSDKENbIX
METaJIOB, 41O CIOCOOCTBYET JI€3UHTOKCUKALUU OpraHusma.

Teopernveckasi 4acThb
XUMUYECKUE CBSI3M OCYIISCTBIIIOTCS 3a CUET 000OIIEHUS HE CIApEHHBIX JJICKTPOHOB
WIHM TIepelaydl 3JICKTPOHOB OJHMM M3 aTOMOB, BCTYMAIOMIMX B CBA3b Jpyromy. B pesynbrarte
TAaKOTO B3aWMOJICUCTBUS OOPa3yIOTCS YCTOWYHMBBIC KOH(PUTYpAIMH, UMCIOIINE Ha BaJCHTHON
000JI04KE AIIEKTPOHHBIN OKTET. Y CTOMUMBOCTH MOJOOHOM CTPYKTYPBI OOBACHIETCS CXOJICTBOM B
CTPOCHUH ¢ WHEpTHbIMH Ta3amMu. CoequHEeHHs, IMOJyJalomuecs TOJ00HEIM 00pa3om,
HA3BIBAIOTCS OMHAPHBIMH.

MeHorvie artoMbl WIM HOHBIL, OOpa3yroIie OMHAPHBIC COCHMHEHHs, MOIYT SIBIATHCS JIOHOPaMHU
MEKTPOHOB /YT JIPYTMX aToOMOB, IPYIIT aTOMOB WM MOJIEKYN, HE MMEIOHIMX 3JIEKTPOHHOTO OKTETa.
[NonydeHHble TakMM TIyTEM CIOXKHBIE MOJIEKY/IbI HA3bIBAIOTCS KOMIUICKCHBIMUA — COGIMHEHMSIMH  WJTH
COEMHEHUSIMH BBICIIIETO TIopsika. Harprmep, B cocras koMruiexcHoro coemunerust Ko[PtClg] Bxomsr vors1 K+
u [PtClg]?.

llenTpanpHblii aTOM TMJIATHHBI CO CTENEHBIO OKHUCIEHUS +4, BOKPYT KOTOpPOTO
TPYIIHUPYIOTCS (KOOPIUHUPYIOTCS) IPYTUE aTOMBI, Ha3bIBAETCS KOMILIEKCO0Opa30BaTEIICM.
[Mpucoenunsronrecs Kk Hemy woHbl Cl” Ha3bIBarOTCS JUraHaMu (WK aJeHIaMH).
HekoTopsie nuranpl ¥ MX HA3BAHUS:
H>0 — axBa; NH3 — ammun; O — okco; OH — rusipokco; CN™ — rmmano; SCN™ — poxaHo;
NO;™ — mutpo; SOs%” — cynmpduro; NH20H — ruapokcumamun; F- — dropo; CI- — xmopo; Br —
opomo; I~ — #iofo.

Yucno  IUTaHJIOB, TPHCOCAMHEHHBIX K  KOMIUIEKCOOOPa30BaTeNlto,  HAa3bIBAIOT
KOOPAMHAIIMOHHEIM YHCIIOM (K.4.) KoMIIekcoobpasosatens. K.u. (Pt™) = 6.

Wonsl K* — BHemHAsS KoopauHamonHas chepa (mpotusonon); [PtClg]* — BayTpenHsas
KoopauHanuoHHas cdepa. EE 3apsa( TouHee, CTENeHb OKHUCIEHUS X) OMpeensercs
anreGpamvecKoil CyMMO#t 3apsI0B KOMILIeKcooOpaszoBaTens u nuraniaos: x(/PtClg]?) = +4 +(—
1)6 =-2.

Ecrmm BHyTpeHHSIS1 KOOpAMHAIMOHHAS c(hepa MMeeT TIOJIOKUTENBHBIN 3apsil, TO OHA HA3bIBACTCS
KOMIIIEKCHBIM KaTHOHOM, €CITH OTPHIIATETBHBIN — KOMILIEKCHBIM aHHOHOM. VIMeeTcst psif coeTMHEeHHH, B
KOTOPBIX BHYTPEHHSISI KOOPAMHAIMOHHAS cpepa He HeCET 3apsiia — HEUTpaIbHbIe KOMIUIEKCHL. [ Iprumepbt
YKa3aHHBIX TUTTOB KOMITJIEKCHBIX COSIMHEHUIA:

H.
1) karnonnsie — [Pt (NH3)3CI] Cl (#O) [Pt(NH3)sCI]" + CI;
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[Cr(H20)4Br2]Br (i) [Cr(H20)4Br2]* + Br;

[Ni(Hz0)6150s <225 [Ni(H.0)e]7* S0

2) annonnsie — Ka[Fe(CN)s] (i) 3K* + [Fe(CN)s]®;

(NH.)2[Pt(OH)Cl4] (ﬂ) 2NH4* + [Pt(OH).Cls]%;

H
Nas[AlFe] (i) 3Na* + [[AlIFe]®;

3) meiitpanbhbie (HeanekTponuTsl) — [Cr(H20)4P04] (i)

[Rh(NH3)3(NO2)3] (L)

[Pd(NH20H)Cl:] (ﬂ)

Ilpumeuanue.  KoMIuleKChbl ~ aHMOHHOTO  THIA  Takke  emE  Ha3bIBaKOT
AIlMJOKOMILJICKCHBIMH, TaK KakK IPHU TMEPBHYHOM MPOTOJIM3E OHH OTHICIUISIOT KOMITJIEKCHBIN
AQHHOH.

Aneopummvl Haz6aHULl KOMNIEKCHBIX coeOuHeHull: 1) KaTHOHHBIE KOMIUJICKCHI — CHaJasa
Ha3bIBAIOT BHEIIHIOK Cepy, a 3aTeM B POJUTEIBHOM MaJeKe MPUBOIAT HA3BAHMsS JIUTAHJIOB
BHYTpEHHEH c(epbl U pycCKOe Ha3BaHHWE KOMILICKCOOOpPA30BaTellsl ¢ yKa3aHHWEM €ro CTEMeHH
OKHCJICHUSI apaOCKUMU LU(ppaMH, HaIIpUMep:

[Pt (NH3)3Cl] Cl —xnopua TpraMMUHXIOPOILIATHHEL (+2);
[Cr(H20)4Br2] Br —6pomu TerpaakBagudopomoxpoma (+3);
[Ni(H20)6]SO4s — cynbdat rekcaakBanukess (+2);

2) Ha3BaHWC AHHMOHHBIX KOMILICKCOB HAUMHAIOT C BHYTpEHHEH c(epbl — Ha3BaHHE
JIMTaHJ0OB M JIATHHCKOTO KOMIUIEKCOOOpa3oBareiis ¢ OKOHYAHHEM -am, 3aTeM — PYCCKOe
Ha3BaHUE KATUOHA BHEIIHEH Cepbl, HalpUMep:

Ks[Fe(CN)s] — rexcartmanodeppar (+3) kanus;
(NHa)2[Pt(OH).Cls] — murunpokcoterpaxioporuiaTuHat (+4) aMMOHUS,;
Nas[AlFe] — rekcadTopoamtoMuHaT HATPHSL;

3) B HEUTpaJbHBIX KOMIUIEKCAX BHauaje Ha3bIBAIOT JIMTAHIKl (C ydeToMm aidaButa),
3aTeM CIeIyeT pYCCKoe Ha3BaHHWE KOMILIEKCOoOpa3oBaTedst Oe3 yKa3aHUsl €ro CTeNeHU
OKHCIIeHUs (TIOCIIEHSSA OJJHO3HAYHO MOXKET OBITh OIPE/ICTICHA C YUETOM JICKTPOHEHTPATbHOCTH
KOMILIIEKCa), HalprUMep:

[CrPO4(NHs)3] — TprammunpochaTxpom;

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

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

CBs3p MeXIy BHEUIHEH W BHYTPEHHEH C]epoil MMeeT MOHHBIA XapakTep, CBS3b BO
BHYTpPEHHEN cepe — KOOpIMHAMOHHBIHN (JJOHOPHO - aKIIENITOPHBII, CEMUTIOJIIPHBIN).

BHyTpeHHsist koopavHAIOHHas cepa il KOMIDIEKCOB KATHOHHOTO M aHHOHHOTO TUITIOB YCTIOBHO
OTZIIBSIETCS OT BHEITTHEHN c(pepbI KBAPATHBIMI CKOOKAMEL
CymIecTBYIOT COSTUHEHUSI, COCTOSIINE U3 KOMIUIEKCHBIX KATHOHOB U aHUOHOB:

[Co(NH3)s] [Cr(CN)e] — rexcarmanoxpomar (+3) rekcaammuHko0asTa (+3);

[Cr(NH3)s] [Co(NO»)e] — rexcanmtpokobanbTar (+3) rekcaaMmuaxpoma (+3);

[Pt(NH3)3CI][Pt(NH3)Cls] — ammuHTpuXIOpomiaTHar (+2) TpUaMMHHXJIOPOIUTATHHEI
(+2).

Cosi HEKOTOPBIX META/UIOB, OCOOCHHO B KOHIIEHTPHPOBAHHBIX PACTBOPAX, CIIOCOOHBI
pearupoBath MeXay co00i, 00pa3ysi KOMILIEKCHBIE COSAUHEHUS — AYMOKOMNIEKCDL.
AUCI3+AuClz <> Au[AuCle] — rexcaxmopoaypart (+3) 3omota (+3) ;
Cdlz + Cdlz < Cd[Cdl4] — TeTpaitogokaamar (+2) KaaMus.

Paznuyaror mepBHYHBIA W BTOPHYHBI TPOTOJIM3 KOMIUIEKCHBIX —COCTHHEHHIH.
[TepBUYHBII MPOTOIN3 — OTIIEIUICHUE BHEUIHEH cepbl, 0OBIYHO MPOTEKAET MO THITY CHIIbHBIX
ANEKTPOIANTOB. Hampumep, Ui KOMIUIEKCOB:
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K2[PtCle] (LO) 2K* + [PtCle]%;

[Cu(NH3)4]Cl, <222 5[Cu(NH3) ]2 +2C1 ™.

CreneHb TEpPBUYHOTO MPOTOIM3a Ui pa30aBIEHHBIX PACTBOPOB KOMIUIEKCHBIX
coequnennii o0braH0 100 % minn O/IM3Ka K OTOM BEIUYHHE.

BropuuHoMmy npoTosn3y moABEpraroTcsi KOMILIEKCHbIE HMOHBI. IIpu 3TOM MX cTeneHb
IpOTOJIM3a BechbMa Mana. Pacnaj nporekaer mo THIy ciaalObIX 3JeKTposnToB. Tum mporosnnsa —
CTYIIEHYAaTbIil, KOTOPBII ONUCHIBAETCSA YPAaBHEHUEM 3aKOHA JEMCTBUSI Macc.

KonnuecTBeHHO mpolecchl MPOTOIM3a KOMIUIEKCHBIX  HMOHOB — XapaKTEpHU3yeTcs
KOHCTaHTOH HECTOMKOCTH (Kiecr) MM 0OpaTHOM eif BENIMYMHON — KOHCTAHTOH YCTOHYHMBOCTH
(Kyer).

PaznuuaroT KOHCTaHTHI MPOTOJIM3A CTymeH4yarble W obOmue. CTyneH4aTble KOHCTaHTHI
CBSI3aHbl C OTILEIUIEHHEM OJHOTO JIMIaHAa OT KOMIUIEKCHOI'O MOHA WJIM MOJIEKYJIbI, a o0Iue
KOHCTaHTbl ~ YYUTBHIBAIOT  PABHOBECHBIE  KOHILIEHTpallMM  Kak  JIMTaHJIOB, TaKk U
KOMILIEKCOoOpa3oBares, o0pa3yloIIUXcst B XOJe MpOoToiu3a Mo BceM cTyneHsMm.Hanpumep,
npotomu3 komrnekcHoro nona [CU(NHs)4]?* mpoTexaeT B yeThIpe CTYNEHH:

2+
1) [Cu(NH3) 412" ©[Cu(NH3)3]? +NH3: Kot _ [ICu(NH3)s] ]ENH3]:1,07-10—2;
[[Cu(NH3)4]"]
2+ 2
2) [CUNH )3T O [CNHg) T2 4 NHg; Ky = 02l INT 145
[[Cu(NH3)3]""]
2+ 3
3) [Cu(NH3),1%" < [CuNH3]?* + NH3; Kﬂeﬂ2=[[C“(NH3)] ][';'H3] =4,68-107%;
[Cu(NH3)4]""]
2+ 4
4) [CUNH3]?" > Cu? + NHy; Kol MG IINHST g o 4074
[[Cu(NH3)1**]

CyMmapHOe ypaBHEHHE MPOTOJIN3a BHYTPEHHEH KOOPAWHAMOHHON cepbl BhIpaKaeTcs
OOIIMM ypaBHEHUEM:

[Cu(NH3) 1%+ <2729, [cu(H,0)41%" + 4NHs3.

3HaueHne OOIIEH KOHCTAHTHI HECTOMKOCTH OIpEIeIseTCsl TPOU3BEJACHUEM BCEX
CTYNEHYaThIX KOHCTAaHT HecToikocTH. Hampumep, mms mona [Cu(NHs)s]?* obmas koHcTaHTa
HECTOMKOCTHU OyJIET UMETh BHI:
KHGCT([CU(NH3)4]2+) = KHecn 'KHeCTz 'KHeCT3 'KHeCT4 =
_[Cu(H20)41*"1-INH]*
[cuNHg) 1%
IMpumevanue. Crymeruaterii mpotomus woHa [CUu(NHs)s]?* B BomHEIX pacTBOpax
NpEICTaBICH B  BHJE, KOTOPBIA OTBEYACT  MPUHYUNY  COXPAHEHUs  NOCHOSHCMEA
KOOPOUHAYUOHHO20 —YUCIA KOMHAeKkcoobpazosamens. Jloka3aHo, YTO TIpU OTPBIBE OT
KOMILJIEKCHOT'O MOHA JIMTaH[a €r0 MECTO 3aHUMAIOT MOJICKYJIbI BOJIBI:
[Cu(NHs)4]?* + H20 < [Cu(NHs)sH20]?* + NH3
B wurore mpoiecc JOKEH 3aBEpIIMTHCS OOpa30BaHHEM TETPAaaKBaKOMILIEKCA
[Cu(H20)4]?".
Yem Ooubllic BeNMYMHA KOHCTAHTHI HECTOWKOCTH (WJIM MEHBIIE KOHCTAaHTa
YCTOHYHMBOCTH), TEM MEHEE YCTOWYMBO JaHHOE KOMIUIEKCHOE COEeIMHEHUE.
[TpoTONHM3 KOMIUIEKCHOTO HMOHAa BO MHOTHX CIIydasX JIOKa3bIBaCTCS C IOMOIIBIO
YYBCTBUTEIBHBIX PEAKTHBOB, OOHAPYKHBAIOIINX B PACTBOPE KOMIUIEKCHOTO COCIMHEHUSI MOHBI
KOMILIEKCO00pa30BaTeis 1 JIMTaH 0B,

-951.107 13,
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Hanpumep, wonbt wmeau B komiuiekcHOM coeauHeHud  [Cu(NHs)s]Clo  moxHO
00OHapYKUTh, IPHOABUB K paCTBOPY 3TOM COJIM PACTBOP CYy/Ib(HIa HATPHSL:
[Cu(NH3)4]ICl, + NayS = CuS | +2NaCl + 4NHg;

[Cu(NH3)41%" +S72 =CuS { +4NHg

HJIM ITYTEM CBA3BIBAHUS aMMHAKa B Ooiee HquHBIﬁ KOMIIJICKC — KaTHOHBI aMMOHMS
[CU(NH3)4]C|2 +4HCI — CUC|2 + 4NH4C|,

[Cu(NH3)41%" +4H = Cu?* +4NH].

Komnnexchvie coedunenusi ¢ Mmanoycmouuusou eHympenHel cghepou, npomoaus
KOMOPOU NPOXOOUn NPAKmu4ecKu NOJTHOCHbIO — MO 0BOLHbIE CONU, HATIPUMED:

H,0
[K(H20)s][AI(H20)6] (SO4)z > K" + AP + 250> + 12H0;
AJIFOMOKAJIMCBBIC KBACIIbI

[2NH4(H20)6] [Fe(H20)s](SO4)2 <—H—20—> 2NHs*+ Fe**+2504% +12H0;
conb Mopa.

Teopus BaneHTHbIX cBsA3eil (TBC) o0bscHSET cTpOoeHHE KOMIUIEKCHBIX COEAMHEHMM
BO3HUKHOBEHHEM  JJOHOPHO-aKLENTOPHOM CBS3M MEXAY KOMIUIEKCcOooOpa3oBaTelieM U
murangamMu. OOBIYHO JOHOPOM 3JIEKTPOHHOM TMaphl CIY)KHUT JIMTaHJ, aKUENnTop — CBOOOIHBIC
opOUTaNIN KOMILIEKCOOOpa30BaTeIs.

TBC B0 MHOruX Cily4asiX MO3BOJISIET YCTAHOBUTH AIEKTPOHHYIO U IPOCTPAHCTBEHHYIO
KoMIlIeKca. Teopuss yd4uTHIBa€T MPH ATOM XapaKkTep BaJEHTHBIX OpOMUTajel LEeHTPaIbHOIo
aToMma B €ro THOPUIHOM MM HErHOPUTHOM COCTOSTHUH.

OcHOBHBIE ~ TUNBl  THOPUIHBIX  COCTOSIHUH  KOMILIEKCooOpa3oBarens U

COOTBETCTBYIOIIME WM IPOCTPAHCTBEHHBIE CTpYKTyphl: SP — JmHeinas ([Ag(NHs)2]™,
[Cu(NH3)2]*); sp® — terpasmpuueckas ([Cu(NHs)4]%*, [NiCls]?*"); d?sp® ([CoFe]®) mm sp’d?
([Co(CN)s]*) — oxrasmpudeckas. KBampaTHO-IIOCKOCTHOH CTPYKType oOTBedaeT OSp2-

ruGpUIM3aIMs, HAIpUMep, A1s kKoMiekcHoro uona [Ni(CN)s]%.

Oco0o0 mneHHyro wuHpOpMaIUI0 00 BIEKTPOHHOM CTPOEHUM M TIE€OMETPHUYECKOMN
CTPYKTYpE KOMILIEKCOOOpa3oBaTelisi MMEIOT €ro MarHuUTHbIE CBOWCTBA. IlapamarHuTHBIE
KOMIUIEKChI MMEIOT B CBOEM COCTAaBE HEIMApHBIC DJICKTPOHBI — OHU BTATHUBAIOTCS B MarHUTHOE
noje, a JIUMAMarHUTHBIE, B KOTOPBIX BCE OJJIEKTPOHBI CIAPEHbl, M3 MAarHUTHOTO TMOJIS
BBITAJIKABAIOTCS.

MarauTHbIii MOMEHT KOMILIEKca (i) BhIpakaroT B mMarHeroHax bopa (ogmH M. b =
0,927-107% spr/raycc), KOTOpBIi MOYXET GBITH BBIUUCIEH 13 (HOPMyITa BHA:

H#=+n(n+2),
r7ie N — YKiCJI0 He CIIapeHHBIX AJIEKTPOHOB B aTOME MJIM HOHE KOMIUIEKCOO0pa3oBaTes.

DkcnepuMeHTa bHass WH(OpMAINUs O BEIMYMHAX MArHUTHOTO MOMEHTA MO3BOJISIET
CYAWTH O TUTIE THOPUAN3AIMH [ICHTPAIBHOTO aTOMa M O TEOMETPUHU KOMILIEKCA B IIETIOM.

MIMEHHO BETMYMHBI MArHUTHBIX MOMEHTOB ISl KOMIUICKCOB C KOOPIMHAIIMOHHBIM
yucoM 6 TIO3BOMIM BBECTH MOHATHS 6Hewneopbumanvhoti NSNP°nd? u enympuopbumanvhoi
(n-1)d?nsnp® - ruGpuamsanuy.

BHyTpropOuTanbHple KOMIUIEKCHl — JHAMarHUTHBI MJIM HU3KOCIIMHOBBIE, COJEpIKaT

omuH wim gBa HecmapeHHBIX dnektpoHa ([CO(CN)s]*~ u /PdCld?* — nmamarsurtebI);
BHENTHEOPOUTATILHEIE — BHICOKOCTIHHOBEIE, BKIIOUAIOT 3 — 6 HecnapeHHbIX dnextpona ([CoFg]®
— toxen. = 4.8; 4 HecmapeHHBIX smekTpoHa; [MNCls]? — fixen = 5,95; 6 HecmapeHHBIX
AJIEKTPOHOB).

TBC Y6C,Z[I/ITCHBHO MOSICHACT CTPOCHHUC Kap6OHI/IJ'IOB METAJJIIOB C HyJICBOﬁ CTCIICHBIO
OKHCJICHHA.
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Teopuss xkpucramwimueckoro mnoiss (TKII), B orauune or TBC, yuuthiBaeT
JJIEKTPOCTATUYECKOE BIIMSHHE JIUTaHI0B Ha J-opOuTamu KOMILIEKCOOOpa3oBaTessi, KOTOPOe
HEOJMHAKOBO U3-3a UX PA3HOM IPOCTPAHCTBEHHON OPUEHTALIUH.

Jlokazano, uto 02~ m Ox’.%- opbutanu (d,- ypoBeHB) MCHBITHIBAIOT 0OJ€e CHUIHLHOE
OTTAJIKUBAHUE IOJ] BIMSHUEM DJICKTPOCTATUYECKOTO IMOJISl IUTAHIOB, YeM opOuTanu Oxy, Oxz- U
dy-; (d: - ypoBeHb).

B oxrasapuueckoMm mose d-opOMTanu KOMILIEKCOOOpa3oBaTelsi MPUOOPETAIOT Ba
9HEPreTUYECKUX YpoBHS: 1) ¢ MeHbIIel sHeprueii d; — ypoBeHb, BKITIOYAIOLIHIA TPU OpOUTain Ox-
y, Oxz- 1 dyz; 2) ¢ Gomee BeICOKOH sHeprueii d,- ypoBeHs, comepskammii ase 07~ m Oy
opOuTaIu.

Oueprust pacuiericaus (A) — pa3HOCT MeXay dHeprusMu ypoBHeir O, u d,
YHUCJICHHAs XapaKTEPUCTHKA PAa3HOrO 3JCKTPOCTATHUECKOrO [CHCTBUS TMOJS JIMTAHIOB Ha
POCTPAaHCTBEHHOE pacrnpezeneHue AIIEKTPOHHOU TUIOTHOCTH d-opOuraneit

KOMILIEKCO0OpazoBaTes.
Bennumna A HeoqMHAKOBA JUIS PAa3HBIX JIMTAHJOB M 3aBUCUT OT MX MPHUPOJBL. Benmnunna
SHEPTUU paclUIeTICHUs], BbI3bIBa€Masi pPa3HbIMU JIMTAHAAMH, BO3pAcTaeT B CJIEIYIONIEM OPsIKeE:
I"<Br <ClI'<F <OH < C;04 < H;0 <NH3<NOz <CN <NO<CO,
T.€. KaXIbI clIeAyromui auranj co3naét Oonee CUIbHOE IoJie, YeM MPEeIbITyIIui.
[TpuBeneHHAs TOCIEIOBATEIBHOCTD HA3BIBACTCS CHEKMPOXUMULECKUM PAOOM.

Jlueanowvl craboeo nons pacroyiaraloTcs B Havalie psajaa, 00aamaroT Bechma Maoi A. d-
Opbutasin  KOMIUIEKCOOOpa3oBaTesi ¢ TAaKUMU JIUTaHJAAMH 3alOJHSIOTCS B COOTBETCTBUU
npaBwioM XyHAa (abconromuas 8eluduHa CyMMAapHOo20 CRUHA 8 NOOYPOBHe OO0NNCHA Oblmb
maxcumanvrou). IIpu 3TOM SHEPrus OTTAIKUBAHUS JIBYX CIAPEHHBIX JIEKTPOHOB OKA3bIBACTCS
Bblle, uyeM BenuunHa A. KoMriuiekcel, copepxamiyde Iuranabl ci1aboro moss, Bcerja
napaMarHuTHBIL.

Jlueanowi cunvbHo2o nois BBI3BIBAIOT BEChbMa 3HAYUTEIBHYIO SHEPTUIO PACHICTUICHUS.
[Ipu 5TOM SHEprusi OTTAIKHBAHMSA JIBYX CIIAPEHHBIX AJJIEKTPOHOB OKA3bIBACTCS MEHBIIE, YeM
BEJIMYMHA A. [TocnenoBareabHOCTH 3aMoTHEHHUS AIIEKTPOHAMH d-ypoBHst
KOMILIEKCOOOpa3oBarens Cienylomas: CHadajla WAET 3aloJHEHHE OJMHOYHBIMH, 3aTeM —
CIapeHHBIMH 3JIEKTPOHAMHU opOuTanei d,, mocie 4ero MeKTpOHAMH 3amoIHs0TCs O,-opOuTay.
KomriekcHble COeMHEHHs], COJNEpKAllue JUTaHAbl CHJIBHOTO TIONS, JAWaMarHUTHBI WA
SBIISIIOTCS HU3KOCTIMHOBBIMH.

TKII  oObsicHSeT  OKpacKy  KOMIUIEKCHBIX  BEIIECTB C  HaJU4YueM Yy
KOMILIIEKCOO0pa3oBarelsi BaKaHTHON opOutanu Ha d,- momypoBHe. [Ipu mepexoje 3J1eKTpoHa ¢
d:- Ha d,- MomypoBeHB SHeprus moriomaeMoro cera (£) HpU ITOM ajeKBaTHA SHEPTUU
pacuierieHus (A), 4To oOmpenensercs CIEeIyIOIUM COOTHOIIEHHEM (A7 OJHOro MOJjb
BEIIIECTBA):

A, IPic/mons = ENa = hvNa = hcNa/A = 0,1196/4, (6.2)
rie Na = 6,02:10% — mocrostHRas ABoraapo; h = 6,6:1073* JIxx-c — mocrosaHas [Inanka; ¢
= 3-108 m/c — ckopocTh cBeTa; v(cM 1) U A(M) — 4acTOTa M JUIMHA BOJHBI MOTJIOMAEMOTO CBETa
COOTBETCTBEHHO.

LIBeT — 3TO 3pUTENbHOE OLIYLIEHUE HIEKTPOMArHUTHOIO U3JTyYeHUS C JUIMHAMHU BOJIH
400 — 760 um (1 mM = 107° m). Ecin Bce majaromue Tydd OTPAaXKAIOTCSA, TO BEMIECTBO —
OeclBETHOE, €CITU MOJHOCThIO MOMIOMIAIOTCS — uepHoe. [Ipu u30uparenbHOM MOTIIOMIEHUH
OIIyIICHNE IIBETHOCTH CO3/IAI0T TPOIIEAININE UM OTPAKEHHBIE BEIIECTBOM JIy4d. Takoi IBeT
HA3BIBACTCSI IOTIOTHUTENLHBIM U HAOTI0JaeMbBIM.

Meton monexynspHbix opoOutaneit (MMO) sBnsieTcss caMbIM YHUBEPCAJIbHBIM MpU
OMHMCAHUM XUMHUYECKOW CBS3M B KOMIUIEKCHBIX coenuHeHusx. MMO yduThIBaeT B3aMMHOE
BIMSIHUE OpOHuTallell Kak KOoMIUIeKcooOpa3oBaTelns, Tak U JuranjnoB (B orianuue ot TKII) npu
00pa30BaHUM XMMHYECKHX CBSI3€H B KOMIUIEKCAX.

MMO ocHOBBIBaeTCS Ha B3aMMOJICUCTBHM aTOMHBIX OpOWTanel, NPHUBOASIIHUX K
00pa30BaHUI0 MHOTOLIEHTPOBBIX MOJEKYISIPHBIX OpOWTaneld, WMEIOIUX pa3Hble SHEPrUM.
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OO0pa3oBaHue CBA3BIBAIOIINX MOJEKYJISPHBIX opouTtaneit (0°°) uaeT Ha HUKHUX YHEPTEeTHUECKUX
YPOBHSIX, Pa3phIXJAIONIHX (6*P) — 3a CUET BEPXHUX.

Mexnay ypoBHsSMH o u ¢”” HaxomATCS YPOBHU CJ1a00 CBS3BIBAIOUINX, HE
CBA3BIBAIOIIMX H C€Ia00 pa3peIxisitomux opourtanedn  (o07). MonekynspHble opOuTaIH
3aI0JIHSIOTCS 3JIEKTPOHAMU B COOTBETCTBUM ¢ puHIMIOM [laynu u npasuinom XyHua.

MMO ocHOBaH Ha OYEHb CIOKHOM MaTEeMaTHMYECKOM ammnapare, YTO MPEMsTCTBYET €ro
HIMPOKOMY MCIOJIb30BaHUIO.

Bonpocsl u 3ananus

[Tpumep 1 Hanummure ypaBHEeHUSs: NEPBUYHOTO MPOTOIH3A JIJIsI KOMILIEKCOB:

1) [Co(NH3)s][CoFs]; 2) [Pt(NH3)s]Cl2; 3) K[Co(NO2)a(NHz)2]; 4) [Pt(NH3).Cl2].
YKaxuTe UX THUI, OINpeAenuTe CTeneHb OKUcCIeHus KomiuiekcooOpaszoBarens (KO), ero
koopaunanronnoe uucio (KY), gaitte um Hazpanue.

Ortger.

1.1 [Pt(NHs)4] Cl> (LO) [Pt(NH3)4]?* + 2CI- — Tun xatuounsii; KO — nnaruna;

crenenb okucienuss KO: x(Pt) = +2 (paBeH 3apsiy KOMIUIEKCHOTO HOHA, TaK KaK MOJICKYIIbI
ammMuaka Heitrpanbhbl); KU(Pt) = 4; HazBaHue — XJI0pU1 AMaAMMHHIUIATHHBI (+2).

H
1.2 K/Co(NO2)a(NH3),] (40) K* + [Co(NO2)s(NH3)2]™ — Tun anuonnsiii; KO —

kobaibT; creneHb okuciaenus KO: X(K) + x(Co) + 4x(NO2) + 2x(NH3) = 0 mwnu +1 + x(Co) +
4(-1) + 2(0) = 0; x(Co) = +3; KU(Co) = 6; nHazBaHHEC — AMAMMHUHOTETPAaHUTPOKOOaIbTaT (+3
KaJus ).

H,0
1.3 [Pt(NH3)2Cly] «—2>—> x — neanexrpoaut; KO — miaTiHa; CTeNCHb OKUCICHHS

KO: x(Pt) + 2x(NHz3) + 2x(CI") = 0 wim x(Pt) = — 2x(CI") = —=2-(=1) = +2; KY(Pt) = 4; na3Banue
— IMaMMUHTUXJIOPOILIATHHBL.

1.4 [Co(NH3)s][CoFs] (LO) [Co(NH3)s]** + [CoFs]* — Tum karmonHO-
anuonHblii; KO B kaTHoHEe U aHMOHE — KOOanmbT; cTemeHb okucieHus KO B: a) kaTHOHHOM
kommiekce [/CO(NH3)s]®" — x1(Co) + 6X(NH3) = +3; x1(Co) = +3; 6) B aHHOHHOM KOMILIEKCE
[CoF6]® — x2(Co) + 6x(F) = —3; x2(Co) =3 + (—)-6X(F) =

=3 + (-)6°(-1) = +3; KU1(Co) = KU2(Co) = 6; nHazBanue — rekcadropokobansrar (+3)
rekcaaMMUHKOOanbTa (+3).

[Tpumep 2 Kak TBC o0OBSICHAET JJIEKTPOHHOE CTPOEHHWE U MPOCTPAHCTBEHHYIO
CTPYKTYpy KapOonumna Hukens? KakoB Tum ruOpuanzanuu KOMIUIEKCOOOpa3zoBaTens M KakoBa
reoMeTpuuecKasi CTpyKTypa 3TOro Komruiekca?

Otser

TBC BnosHE yIOBIETBOPUTEIBLHO OOBSICHSIET CTPOCHHE KOMIUIEKCHBIX KapOOHMIIBHBIX
COEIMHEHUH, B KOTOPBIX CTENEHb OKHUCIECHUS KOMILUIEKcooOpa3oBaTens paBHa HyM0. [IpuBenem
MpUMEP TaKOTO OOBSCHEHUS ISl DJIEKTPOHHOW CTPYKTYpPhI KOMIUIEKCA TETpaKapOOHUIIAa HUKEIIS
Ni(CO)as.

Cxema gHeKTpOHHOﬁ CTPYKTYPBI HEBO30YKJICHHOTO aTOMa HUKEJSI UMEET BU:

Ni 4s 4p

3d
NN NPT TN

-0
ITon Bmusnmem 4vetbipex Monekyn CO atom HuKens (9g NI™) mnepexomur B

.0*
BO30YKIEHHOE COCTOSHHE (28 NI ) TMyTeM chapuBaHus ABYX O-3JIEKTpOHOB W mepexoja

naphl 3JIEKTPOHOB ¢ 4S-TOJIypOBHS Ha TATYH BakaHTHYHO 3d-opOutans. B wrore peamusyercs
AJICKTPOHHASI CTPYKTypa C YETBHIPhbMs CBOOOJHBIMH OpOMTaIsIMU — OfHOW 4S- u Tpex 4p-
OpOUTAIISIMHU.
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Ni%* 3d 4s 4p

MR ERERERER

co co Cco cCo
VunursiBas, urto Bce uerhipe Ni@Q&CO — cBszM (IKCHEPUMEHTANBHbIC JAHHBIC)

abCOMIOTHO PABHOIIECHHBI, BIOJIHE JIOTMYHO TNPEANONOKUTh MX SP>-THOPUIM3AIMNIO, TO €CTh
reomerpuueckas koudurypamus Ni(CO)s— teTpasapuueckast.

[Mpumepa 3  OmpenenuTh  TUN  THOPUAM3ALMK —  BHEHIHCOPOWTAJBHBIN WM
BHYTPUOPOUTAJIBHBIMN, s ciieAyromux kommiekcoB: [FeCls]™, nath He crapeHHBIX 3JIEKTPOHOB;
[PACl4]* muamarautssii; [Mn(CN)e]®, 1 = 2,93, ecu 171 HEX M3BECTHO YMCIIO HE CHIAPEHHBIX
9JIEKTPOHOB HWJIM TPHBOAUTCS OKCIEPUMEHTAILHO OMpPEACICHHBIC 3HAYEHUS CyMMapHOIo
MarHUTHOT'O MOMEHTa ().

Ortger.

3.1 Ilatp He cnapeHHbIX 371eKTpoHOB B HoHEe [FeCls]™ oTBeuaroT 31nekTpoHHO# CTPYKTYpe

noHa xenesa Fe** ... 3d°4s%4pC wmu B rpadmueckoit Gpopme

Fe3* 3d 4s 4p
Yerpipe wuoHa-nmurangaa ClI-  oOpa3yloT ueTblpe XUMHYECKHE CBSI3H IO JOHOPHO-

aKIENTOPHOMY  MEXaHW3My 3a CYeT BaKaHTHBIX, OJHOW S- W  3p-opOuTaseii,

KoMIIekcooOpasoparenss Fe3*. Tomeko Takoe B3amMoseiicTBHe opOuTtanei xemesa (+3) u

yeThipeX HOoHOB XJiopa Cl™ MoxeT coxpaHuTh MapamMarHuTHbIC cBoicTBa Komiuiekca [FeCls] ™.
Urak, rpaduueckas popmyna [FeCls]™ Oyner umers cnemyrommii BII:

[FeCls]™ 3d sp® — ruGpuaM3anus
FT AT A AT 1 90| 003 08

Cl @) Cl Cl
Tun rubpuauzauuu — BHENIHE OpOWTANbHBIN; Treomerpuueckas ¢opma —
TeTpasApHyecKas.
3.2 B qmamarautHoM [PdCls]? mony 46Pd®* cooTeTcTBYeT rpaduueckas 31eKTpOHHAs
CTPYKTYpa, KOTOpasi HE COACPIKUT HE CIIAPEHHBIX DJIEKTPOHOB, YTO OOBSICHACTCS BIUSHUEM ITOJIS
ueTbIpex auranaos Cl™.

Pd?* Ad 5s 5p

NN NN

B pesynbTare, Mo JOHOPHO-aKIENITOPHOMY MEXaHH3MY, 00pa3yIOTCS YEThIpE CBS3U: OJTHA
3a cuer BakaHTHOW 4d-opOuTanu; Tpu — 3a CYET OJHOW 5S- M JBYX — 3a cyeT Sp-opOuranei
noyposHeit Pd?*.

B uTore rpadudeckas CTpyKTypa guaMarauTHoro kommiekca [PAdCls]?% umeer Bun:

Pd2* 4d 5s 5p
MEIEREEEIEEIERIER

4d'5s'5p? — rubpum3zamsL.
Tun ruGpuausanuu — BHyTpHOpOuTambHbIA; reomerpus [PACli]?> — xBampaTHO-
IUIOCKOCTHASL.
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3.3 BenuuunHa 3KCNEPUMEHTAIBHO ONPEIEICHHOIO CYMMAapHOT0 MArHUTHOTO MOMEHTA (1
= 2,93) s xommaekcHoro nona [Mn(CN)s]®™ mokassIBaeT, 4TO MOH-KOMIIIEKCOOOPA30BaTENb
Mn®* comepuT Ba He CHAPEHHBIX JIEKTPOHA.

JIBa He CIApeHHBIX OIEKTPOHA OTBEYAIOT >JIEKTPOHHOH CTpykType HoHa Mn®*
3d%45%4p° umu B rpaduueckoii Gopme

Mn3* 3d 4s 4p

2 N

[uaHua-noHBl 00pa3yroT IMIECTh XMMHYECKHMX CBA3€H 3a CYET BAKaHTHBIX OpOHUTaieit
Mn**, nBe — ¢ 3d-; omHy ¢ 4S- u TpH — ¢ 4P-OpOUTATAMHY.
Torna rpaduueckas popmyna [Mn(CN)s]> Gyzer nMersb ciemyromuii BU:

[Mn(CN)s]* 3d2sp® — rubpummsamys
N T 00|00 00 30 | 9% | 89

CN CN CN CN CN CN
Tun rubpuauzanun — BHyTpUOPOUTANIbHBIN; reoMeTprueckas popma — OKTaspuyecKasl.

ba30BbIil ypOBEHB

3anaua 1 Ko6amer B coctosmuu Co?* (3d’) obpasyer aBa Tuma KOMILIEKCOB,
pasIMYaIOIMXCA O MATHUTHBIM CBOicTBaM: HU3KocruHOBBIA kommaekce [CO(NO2)s]* (u =
1,73) u BeicokocrmuOBHIT — [CO(H20)6]*" (1 = 3,87). HU300pa3uth cxeMy pacmpeeleHus
371eKTpoHOB 110 U.- n d,- op6uTanam nona-kommiekcoobpasoparens Co®*.

3amaua 2 O6bscauty ¢ mnosuumu TKII nBerHocts coenuHeHuit menu (+2) u
OeclIBETHOCTh coeAMHEeHUN Mean (+1).
3amaua 3 CrmekTp mornomenus mis KomruiekcHoro uoHa [Ti(H20)s]®* umeer

MakcuMyM 1pu 504 HM. UTO HMPOMCXOIUT HpPHU MOIJIOLIEHUH CBETA 3TUM HOHOM? BhIYMCIUTH
SHEPTHUI0 pacuieneHus (Bo30yxaeHus). B kakoil uBeT okpalieH 3T0T KOMILIEKC?

3amava 4 K 1 am® pactBopa Kz[Hgls] ¢ xommentpammein C(Kz[Hgls) = 0,001
Mons/aMS, comepskamero 0,05 Monb u36biTka Kl, mpubaBuu Takyio mMaccy HOHOB S2°, KOTOpast
comepxurcs B 1 am° HackimeHHoro pacteopa CdS. Bemaner mi ocanok HS  Kueer([Hgl2]?) =
1,5-1073%; TIP(CdS) = 7,9-107%7; TIP(HgS) = 1,6:107°2),

3amaua 5 HNonunzarnmonnass u3omMepusi KOMIUIEKCHBIX COCIMHEHHM 3aKIouaeTcs B
Pa3IMYHOM paclpe/ie]IeHn HOHOB MEX/y BHYTpPEHHEH M BHeIHel cdepamu, 4TO CKa3bIBaeTCs
Ha pa3HoM Tmporekanuu nporonu3a. Kommiuekc cocraBa C0SO4Br(NHz)s cymectByer B Buie
JIBYX U30MEPOB: OJIUH C HUTpATOM cepedpa naét ocanok Ag2SO4, apyroit — AgBr; npu aelicTBun
xyopuja 6apust oauH 1aét ocanok BaSOs, npyroii ocaika He 0Opa3yer.

Hanummre xoopauHalMoOHHBIE (GOPMYIIBI H30MEPOB, YUUTHIBAS, YTO KOOPAMHAIMOHHOE
qucio KobanbTa (+3) paBHO IIECTH.

3amaua 6 Ilomb3ysce Homenkmatypoit MIOITAK, Ha3BaTe cienyroniye KOMIUIEKCHI:
1) [Ptla(NHs)2]; 2) [COPO4(NHa)s]; 3) [Co(OH)s(NHs)s]; 4) [PtCls(NHa)o]; 5)
[Co(NO2)2CI(NHs3)s]; 6) [Cr(H20)3(CNS)s]; 7) [PtSOs(NHs)s]; 8) [Pt (NHs)4] [IrFe].

3amaya 7 Kakas cBsi3b Ha3bIBaeTcsi JOHOpHO-akuenTopHoi? Kakoil arom uium MoH
ABNISETCA JOHOPOM M KaKOH aKIENTopoM B KOMIUIEKCHBIX MoHax: [BF4]~, [PtF6]%, [Hs0]",
[CUu(CN)4]?*? Ompenennte B HHX CTENeHb OKHCICGHHS KOMILIEKCOOOpa3oBaTens U
KOOP/AMHAIIMOHHOE YHUCIIO.

3amaua 8 Kakme coennHeHHsI Ha3bIBAIOT alUIOKOMITICKCHBIMU? CocTaBbTe ()OPMYIIBI
KomruiekcoB s mona V' ¢ momamm F-, CNS™ u# NO2 B KadecTBe JIMTaHIOB, ECIH
KoOpAMHAIMOHHOe uncio V3* paBHo mectn.
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3amgaya 9 Hanwmire ypaBHEHHS Peakiiii HUTpaTa cepedpa ¢ KOMIIEKCAMHE CIIEIYIOIIETO
cocraBa: PtCls:6NH3z, PtCls:5NHs, PtCls4NHs, PtCls-3NH3, PtCls-2NHs.  Cocrasbre
KOODPIMHAI[MOHHBIE (DOPMYIIbI 3THX KOMILICKCOB, HA30BUTE WX M HAIMIIKUTE YPABHCHUS PEAKIUi
HEPBUYHOTO MPOTOJIN3A IS KX I0T0 M3 HUX. Kakoi U3 3TUX KOMILJIEKCOB — HEAJIEKTPOIUT?

3amaga 10 Bprumcnute KOHIEHTpanuioo (B MOJIL/;[M3) MOHOB KaJgMHUs B pPacTBOpe ¢
xonuentpanueii C(K2[Cdls]) = 0,1 mons/nm®, comepxamenm ioaun kamus ¢ C(KI) 0,1 moms/mm3
(K™T([Cdl4]*) = 7,94-107).

3amaua 10 Mapranen (0) um kobamsT (0) 00pa3yrOT AMMEpPHBIE IBYXSJIEpPHBIC
kapoonmbHbIe KoMmIuieKehl [C02(CO)g] u [Mn2(CO)10]. Kak TBC 00bsicHSET MX 3JIEKTPOHHOE
crpoenue? [IpuBeauTe COOTBETCTBYIOIINE HIEKTPOHHBIC TPAQUIECKUE CXEMBI.

3amaua 11 Kakoii Tun ruOpuau3anyy, BHEIIHE- WM BHYTPU OpOHMTAJIbHBIN, aTOMHBIX
opbutaneii Co®* B xommekcHbix uoHax [CO(NH3)s]®* (mmamaramren) u [CoFs]® (1pm
HECIapEHHBIX AJIEKTpoHa)?

3amgaya 12 Omnpenenuts rHOpUIAHBIE OPOUTAIU IEHTPAILHOIO HOHA M TEOMETPHUECKYIO
CTPYKTYPY KOMIUIEKCOB, JUIS KOTOPBIX YKa3bIBAE€TCS YHCJIO HE CIIAPEHHBIX 3JIEKTPOHOB HIIH
HaWCHHOE ONBITHBIM IyTeM 3HaueHue u: a) [CoCls]™, Tpu HeCHIapEHHBIX AIICKTPOHA,; 0)
[MnCls)%, i = 5,95; B) [AUCls]” — nuamarautssiii; T) [FeCls]™, naTh HecapeHHBIX HIEKTPOHOB;
1) [PdCls)%, nmamaraurhsiii; ¢) [Fe(CN)s]*, x) [Fe(CN)s]*", anamMarHuTHBIIA.

3amaua 13 Kakoii Tan rubpuams3anuy aTOMHBIX opouTaneii ¢pochopa OCyecTBiseTcs B
nonax [PCls]™ u [PCls]", u3 xoropsix cocrost kpucramisl P2Clio? Kakosa mpocrpancTsenHas
KOH(HUTYypaIHst STUX HOHOB?

3amaua 14 Pactop [Ni(H20)6]?" umeer 3enenyto okpacky. OObSCHUTE, MOYEMY OKpacka
HCYe3aeT P BBEJAECHUH B 3TOT pacTBOp HOHOB CN™.

3amaua 15 Ipeackakute MarHUTHBIE cBoiicTBa HOHOB: a) [Al(H20)6]%*, 6) [Zn(H20)6]*",
B) [Cu(H20)4]3", r) [Fe(H20)6]>", m) [Fe(H20)6]?", e) [Cr(H20)s]**. IIpenckaxknre MareuTHLIE
CBOICTBa HOHOB, Y KOTOPBIX MOJIEKYJIbI BO/bI 3amerienbl Ha NHs, F~ nmu CN™.

I1oBBIIIEHHBIN YPOBEHb

3anaya 1 Non [CrFe]* — mapamaramreH (uoxen. = 3,91). TlocTpoiite ero
OSHEPTeTUUYECKYI0 AuarpaMmy, HUCmoiab3yds MMO. VYkaxuTe 4YuCIO M XapakTep XUMHUYECKHX
CBsI3€H B KOMILJIEKCE.

3amaua 2 Beluncnute  KoHueHTpanuio — woHoB  Agt B pacTtBOpe,  eciu
C(/Ag(NH3)2]NO3) = 0,2 moms/mm® u C(NH3) = 0,5 mons/mm®. O6mas KOHCTaHTa HECTOHKOCTH
xommekca [Ag(NHs)2]* pasna 6-:1078.

1 Hamucats Gopmyinel coeaunenuii: 1) tpuammundocdaroxpoma (+3); 2)
TpuaMMHHTpHUo0poans (+3); 3) AMaMMHMHTETPaxXI0pOoIIaTHHbI (+4); 4)
TPUAMMUHTPUHUTpOpOAUA (+3); 5) AUruapoKcuIaMUHIMXIOponauagus (+2); 6)
aMMUHTPUXJIOpOIUIaTUHAT (+2) TpUaMMHUHXJIOPOIUIaTUHBI (+2); 7) rekcanuaHokoOanbTar (+3)
rekcammuHkoOansTa(+3); 8) rekcadropoxpomar (+3) rexcakBaxpoma(+3); 9)

TeTpaxJopoIyiaTUHaT (+2) TeTpaMMUHIUTHIApOKcOIuIaTulbl (+4); 10) rekcanuanoxpomar (+3
rekcaMmMHHKOOanbTa(+3); 11) rekcanutpo-kobansTat (+3) rekcaMMuuaxpoma(+3).

3amaua 3 Bemager mm ocamok kapborara kagmus (ITP(CACOs)=2,5-10), ecrm x
pactBopy ¢ konmentpamueii C(CA(NH3)sSOs) = 0,01 moms/nm® 106aBUTH paBHBIA 00BEM
pactBopa combl ¢ koHnentpamueir C(NaxCOsz) = 1-10* moms/nm>? Otset: ocamox CdCOs
BBITIAJIET.

3amaua 4 BemectBo cocraBa PtSO4(OH)2(NH3)s 06pa3yeT 1Ba HOHHU3AIMOHHBIX H30MEPA.
BonHbIit pacTBOp 0HOTO M3 HUX HEHTpajeH, APYroro — MMeeT HIEJIOYHYI0 cpeay. Hamummre
KOOPJMHAI[MOHHBIE (OPMYJIBI M30MEPOB, YUUTHIBAs, YTO KOOPAWHAIIMOHHOE YHCIIO IJIATHHBI
paBHO mecTy, a uoH SO4% — OUJIEeHTaHTEH.

3anaya 5 Kak TBC o0bscHsier ctpoeHne kapoonmnoB xpoma (0) u xenesa (0)? Kakue
koopauHarroHHbie yncia umetor Cr(0) u Fe(0) B aTux xommiekcax?
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3amaua 6 B kakux 00JacTSX 3JIEKTPOMArHUTHOTO CIEKTPa MPOUCXOMUT MOTJIOIICHUE,
ecnu pactBopel umeroT okpacky: NiClo — semenyro, TiCls — kpacHo-mypmypayro, CuSOs —
CUHIOIO?

3amaua 7 OObscuHute, modemy coeamHeHuss Au (+1) He okpamrens, a Au (+3) —
OKpAILICHBI.

3amaua 8 Makcumym mornomieHust Boguoro pactsopa [Cr(NHz)e]°™ cocrasisier 460 HM,
a ans pacteopa [Cr(H20)6]%"— 710 Bm. Kakylo OKpacKy HMEIOT pacTBOPBI STHX KOMIIIEKCOB?
PaccuuTaiiTe SHEpPruto pacileIruIeHus IIsl STHX HOHOB.

3amaya 9 Kakoif ainvHE BOJHBI COOTBETCTBYET MAKCHUMYM IMOTJIOLMICHUS JUIS BOJHBIX
pactBopoB mona [Mn(H20)6]®", ecnu sueprus pacmemnnenus aisa d.- u d,- mogyposreir Mn®*
paBHa 250,5 x/[>x/Monb? Kakyto okpacky UuMeeT 3TOT pacTBop?

OTBeT: OKpacka opaHXeBas; Amax = 472 HM.

3amaua 10 M300pa3uth cxemy pacmpeseieHust 3eKTpoHoB 1o J.- u d,-opOutaism
KOMIIIeKcooOpa3oBarenst B KoMiuleKcHbIX HoHax [Cr(H20)6]®" (usen = 4,8) u [Cr(CN)s]®*
(IMaMarHUTHBIN).

3agaya 11 MOXHO M CYHMTaTh MOJICKYJbl METaHA W AaMMHAKa KOMILICKCHBIMH
coequaenusiMu? Kak MMO onwuceiBaeT o0pa3oBaHie MOJEKyIsipHbIX opoutaneid B CHa u NH3?

I*

Choucox JUTEPATYPHI, peKOMeH)IyeMBIﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHas1 JIMTepaTypa:
1. Koposun, H. B. O6mas xumus : yuebnuk / H. B. KopoBus. - 13-e u3zn., nepepab. u goi. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpumn.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxamuna, E. C. Xumust okpyKaromei cpesl : XUMUS )KUBBIX opranu3mMoB. Kypc neximii /
E. C. Muxamuna, A. JI. Ilerenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DneKTpoHHO-0nOmmoTeyHas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pexxum moctyma: s
aBTOPU3HUP. OJIB30BATENIEH
JlonoJIHUTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [lox pen. A. Y. Epmaxoga. - U3xa. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METaJuIoB : yuyeObHoe mocobue (A7 CTYJeHTOB XMMHUECKOTo (akyibTeTa
HampaBlieHUu# O0axanaBpoB «XUMHUI» U «XUMHUUYEcKas TexHoJorusn») / cocraBurenu O. A.
I'onoBanoBa. — OmMck : OMcKkHi rocyaapcTBeHHbIH yHuBepcuTeT M. @.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHbIH // DnekTpoHHO 6ubinoreynas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
HNHTepHET-pecypcenl:

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

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

3 http://catalog.ncstu.ru/ — smeKTPOHHBIH KaTaaor acCOIHAINN dJIEKTPOHHBIX OMOIMOTEK
yueOHBbIX 3aBefieHuni u opranuzanuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0OpazoBaHKe

Tema 8. OkHCIUTETHHO-BOCCTAHOBUTEIbHBIE PEAKIHH
IIpakTnyeckoe 3ausaTHEe 8. OKHCIUTETHHO-BOCCTAHOBUTEIbHbIE PEAKIIUT
Heap 3anaTHA: 1) MOBTOPUTH OCHOBHBIC TOHATHS OO0 OKHMCICHHH W BOCCTAaHOBIICHUH,
pPacCcMOTPETh CYIIHOCTh OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIU;
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2) BeIpabOTaTh YMEHHS 10 COCTABJICHUIO YPAaBHEHUN XUMUYECKUX PEaKIUil, IPOTEKAIOIINX
B Pa3JIMYHBIX CPe/lax METOJIOM 3JIEKTPOHHOI 0 OanaHca;

3HaHus U yMeHHUSs, IpUodpeTaeMble CTYJIEHTOM B pe3yJIbTaTe 0CBOEHMSI TeMbI
3HaTh: OCHOBBI CAMOOPTaHU3ALMH U CaMOOOPa30BaAHHS;
3HaTh: CyIIHOCThH M 3HaUYEHUE HH()OPMALINU B PA3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBHI TOJTYUCHHS
1 00paboTKM HHPOPMAITUN U3 PA3TUIHBIX HCTOTYHHKOB
3uaTh: PabOTHI MO pacyeTy ¥ MPOSKTHPOBAHUIO JIETAJICH U y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKUMUA B COOTBETCTBUM C TEXHUYECKUMU 33JaHUAMU U UCIIOJIb30BAHUEM CTaHAAPTHBIX
CpEACTB aBTOMATU3aLUU IPOECKTUPOBAHUS
YMeTb: CaMOCTOSTEILHO CTPOUTH IPOIIECC OBIAICHUI HHPOpMaIHeH, 0TOOpaHHOH 1
CTPYKTYPUPOBAHHOMW AJIS1 BHITIOTHEHUSI TPOPECCUOHATLHON IEATETbHOCTH.
YMmern: momydaTh 1 00padaThIBaTh HHPOPMALIUIO U3 PA3IMYHBIX HCTOYHUKOB
VYmerb: MPUHUMATH YYACTHE B pab0OTaX IO pacyeTy U MPOCKTUPOBAHUIO JCTAJICH U Y3JI0B
MAaIIMHOCTPOUTEJIBHBIX KOHCTPYKLMKA B COOTBETCTBUM C TEXHUYECKUMHU 3aJaHUSIMU U
HCTIOJIb30BAHMEM CTAHIAPTHBIX CPEACTB aBTOMATHU3ALNHU MPOECKTUPOBAHUS

HanmenoBanune ¢GopMHpyEeMBIX KOMITETCHIIUH

AKTyanbHOCTh TeMbl. OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE  MPOLECCHl NPUHAMJIEKAT K
YUCITy HauOoJIee PacHpOCTPAHEHHBIX XHWMHUUYECKHX PEAKIHA M MMEIOT OrPOMHOE 3HAYCHHUE B
TEOpPUU U MPAKTHUKE.

TeopeTuyeckas 4acTb
Teopusi OKMCIUTETbHO-BOCCTAHOBUTEIbHBIX peaKIuii

Peaxyuu, 6 romopuvix npoucxooum usmeneHue cmeneHel OKUCTIEeHUs amoMos,
HA3bl6AI0OMCA OKUCIUMENTIBbHO-60CCMAHOBUMETIbHBIMU.

B npocteix BemecTBax CTENEHH OKHUCIEHUS aTOMOB paBHbI HYIO. [l ciokHOM
MOJIEKYJIbI CyMMa CTEMEeHEH OKHCICHHS BXOMSIIUX B €€ COCTaB aTOMOB TaKXKe JOJKHA OBITh
paBHa HYJIIO; JJI1 HOHA — €T0 3apsy.

OxkuclieHreM Ha3bIBAETCs MPOLIECC OTAAYH aTOMOM MOJIEKYJION MIJIM HOHOM 3JIEKTPOHOB:

Al —3e — At
Fe?t —e > Fe>'
2ClI~ —2e > Cl,.

B nponecce okuciaeHus IpOUCXOAUT MOBBIICHUE CTEIIEHU OKUCICHUS.
BoccranoBneHneM Ha3blBaeTCs IMPOLECC NMPUCOECAMHEHMS JJIEKTPOHOB ATOMOM, HOHOM
WJIU MOJIEKYJION:

S +2e —»S%*

Cl, +2e — 2CI~
Fedt +e  Fe?".
HpI/I BOCCTAHOBJICHHUU CTCIICHb OKHUCIICHUA ITOHUXKXACTCA.
B 3aBucumocTu OT CIOCOOHOCTH OTNaBaTh WM MPUHUMATh SJEKTPOHBI BCE BEIIECTBA
JIENSATCS HAa OKUCIIUTENN U BOCCTAHOBUTEIIH.
Oxuchumenu — 3mo amombvl, UOHbL ULU MOJEKYIbl NPUCOeOUHAIOWUE INeKMpPousl. Bo
8peMs peaxKyuu OHU 80CCMAHABIUBAIOMCSL.
Boccmanosumenu — smo amomwl, UOHBL UL MOJEK)Ibl, KOMOPble OMOAIOM 3JIeKMPOHDL.
Bo epems peakyuu onu oxucnsaromes.
[Iporecchl OKHCIIEHHS] M BOCCTAHOBJIEHHUS! BCETJa MPOTEKAIOT MapajuiesIbHO, YTO MOXHO
BBIPA3UTh CIEAYIONIECH CXEMOM:

BoccranoBurens (B1) — € <> okuciurens (O1)
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Oxucnurens (O2) + € <> BoccTaHOBHUTEND (B2).

CrnenoBaTenbHO, OKUCIUMENbHO-80CCMAHOBUMENbHbIE DeaKyuu NpeoCcmasisom codoll
€0UHCMBO 08YX NPOMUBONOJONCHBIX NPOUECCO8 — OKUCIEHUS U B0CCMAaHO08NeHus. B 3Thx
peaknusax oOIee YUCIO DJIEKTPOHOB, OTJAAaBAa€MbBIX BOCCTAHOBUTEIEM, PaBHO OOIIEMY YHCIY,
MPUCOSANHICMOMY OKHCITUTEIIEM.

[Ipu 3TOM HE3aBUCHUMO OT TOTO MEPEXOJAT JIM AJIEKTPOHBI C OJHOTO aTroMa Ha JIPyroi
MOJTHOCTBIO WJIM JIMIIb YACTHYHO OTTSTUBAIOTCS K OJJHOMY M3 aTOMOB, YCJIOBHO TOBOPST TOJBKO
00 oTAa4e ¥ MPUCOCTUHEHHUH YJIEKTPOHOB.

B OBP oxucnurens U BOCCTAaHOBUTENb PEAarupyroT APYr ¢ APYIOM B 3KBUBAJIEHTHBIX
KOJIMYECTBAX.

Oxeueanenmom okucaumens (O) unu e6occmanosumens (B) Hazvieaemcs makoe
KOIUYeCma8o Ux Mojlb, KOMOpoe NPUCOeOUHSAem Ul omoaem OOUH MOJb IAEKMPOHO8, UMO
ompasicaemcst CiedyiowuUMu GopmMyiLamu.

3(0),1140%:i win S(B)Jl/lojlb:i,
Zg Ze
II€ Ze — WYHCIO OJJIEKTPOHOB, KOTOPOE MPUHUMAET OKUciauTenb O WM OTHaeT
BOCCTaHOBUTEJIb B.
MonbHas (naM MOJSIpHas) Macca SKBUBAJIEHTa OKuciauTenss O U BOCCTaHOBUTENA B
BBIPa)KAeTCsl B I/MOJIb U OIPEEIIeTCs U3 COOTHOIIEHUH CIIeyIOIero Bujaa:

1 1
1) st oxkucnutens— M (— O), el monw; 2) ansiBoccranoBmwenas—M (—, B), e/ monw
e Ze

TonbKO B pOJM OKMCIUTENS BBICTYIIAIOT YAaCTHIIBI, UMEIOIINE MAaKCUMAIILHO BO3MOXKHBIE
CTENIEHW OKHUCJICHHWs (Hampumep, Ui mapraHina — 371o (+7), miusg aszora (+5) U T.A.); TOJBKO
BOCCTaHOBHUTEIIS — C MUHUMAJILHOU CTETEHbIO OKUCICHHS (17151 cephl — 310 (—2), s azota — (-3)
U T.J.).

Yacmuywl, umerowue npomexcymounvie Cmenenu OKUCIeHUs, MO2Ym HpOAEIamb
CB0LICMBA KaK OKUCIUmMes, mak u 60ccmanogumers. IT0 00yCIOBIEHO: XUMUUECKOW MPUPOI0H
peareHTa-napTHEPA; YCIOBUSAMH U XapaKTEPOM CpeIbl, B KOTOPHIX mpoTekaeT OBP.

Hanpasnennocte OBP  onpegensercs  BenmuuMHamMHM — 3Hau€HMM  CTaHAAPTHBIX
MOTEHIIMAJIOB pEareHTOB: OKuciauTenbr (O Bcerma wumeer Oonbmuil (Mo  anrebpanyeckon
BEJIMYMHE) CTAaHAAPTHBIN MOTEHIMAJ, YeM BOCCTAaHOBUTENb 5.

Hanpuwmep, B xucnoii cpeae cmemmBaroT aBa BemectBa: KoCr.O7 m NaNOz. Kakoe u3
ATHUX BELIECTB OYyAET OKUCIUTEIEM, KaKOe — BOCCTAHOBUTEIEM?

O6patumcs k crpaBounbiM gaHEbM: ¢°(Cr.072 + 14 H*/2Cr** + 7TH,0) = 1,33 B;
¢°(NOs~+ 2H*/ NO2 + H.0) = 0,78 B.

Ilpumeuanue. Pexomenmyercss ucnosib3oBaTh ydeOHOe mocodue: H.C. Axmero, M.K.
AsuzoBa, JLU. bagpiruna. JlaGoparopHble U CEMUHApCKUE 3aHATHS 1O oOwmEel wu
HeopraHnyeckon xumuu. M.: Beicur. mkosna, 2002.

Tak kak ¢°(Cr.072 + 14 H*/2Cr*3 + 7H,0) > ¢°(NOs~ + 2H* / NO;~ + H20), mo
okucymreseM oynet sBisaTees KoCroOy7.

KonnyectBeHHON XapakTtepucTukoil rinyOuHbl mpoTekanus OBP sBnsercs 3HaueHue
KOHCTaHTBI paBHOBECHSI:

O ACORAC)
0,059

rie ¢°(0) n ¢°(B) — crammapTHBIE MOTEHIMANBI OKMCIHTENs O M BOCCTAHOBUTENS B
COOTBETCTBEHHO, B; Zy — cyMMapHOE KOJMYECTBO D3JIEKTPOHOB, MPUHUMAIOIINX y4dacTHE B
mauuour OBP.

Koncranra paBaoBecust OBP cBsizana c morennuanom ['u66ca (Ix/mons-K):

Ly,
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AG? = -2,303RT IgK P
DHeprus I'n66ca, B cBoro ouepenb, cBsana ¢ IJIC (Ap°) mocrosuuoit Dapanes (F) u
YHCJIOM AJIEKTPOHOB, yuacTByromux B OBP:
AGY Jlowc/mone K = —nAgoOF,
Ap® = ¢°0) — ¢°%B) — DJIC OKHCIUTENTHHO-BOCCTAHOBUTEIBHON pPEaKIMK IpHU
CTaHJapPTHBIX YCIIOBUSX, B.
s crangaptabeix yenouit: 7= 298,15 K = 2982 K; R = 8,314 Ix/monb-K; F =
96450 =~ 96500 k/M0OJIb-3KB, MOTYy4UM (HOpMYITy YIOOHYIO JIJISl PACUETOB:

19K Jog = L 96500 nAp® =16,90nA¢°.
2,303RT  2,303-8,314-298,2

B  ycrnoBusix OTAMYHBIX OT CTaHAAPTHBIX, OKUCIUTEIbHO-BOCCTAHOBHUTEIIbHbBIC
noteHimansl (OBIT) u DJIC OBP, mnporekamommx B BOJHBIX pacTBOpax, 3aBHCAT OT
KOHLEHTpaluu (TOYHEE, aKTUBHOCTEN) Y4acTBYIOLIUMX B IPOLECCE HMOHOB. JTa 3aBUCHUMOCTb

BbIpaxaetcs popmyroi Heprera:
0,059, [O]

g-—,
[B]
rne ¢°op — CTAHIAPTHBIA TOTEHIMAN peareHTa (OKHCINTEIN WM BOCCTAHOBHTENS), B;
[O] u [B] — KOHLEHTpaLMy OKHMCJIEHHOH M BOCCTAHOBIEHHOH (hOpPM peareHTa, MOJIB/IAMS, Z —
YHCJIO 3JIEKTPOHOB B MOJYpEaKMy AJIs JAHHOT'O peareHTa.
Ilpumeuanue. Cnenyer Bceraa MOMHUTh, YTO KOHIIEHTpAalLMHM Bcex ydacTHMKOB OBP B
ypaBHeHuu (7.5) sBIAOTCS MOJSpHBIMH KoHueHTpauusmu (Cy (X)), a HE MOJISIPHBIMU

?,B=pd +

skBuBanienra (C(1/2 X)).
Ha 3nauenue OBII u Ha xapakTep MpOAYKTOB PEaKIMHM JOCTATOYHO CHJILHOE BIIMSHUE
okasbiBaeT pH pactBopa, B koTopoMm mporekaer OBP. Hanpuwmep, npu pH < 7 3HaueHue

CTAHAGPTHOr® NOTCHIHAN LIS CHCTEMBL:
°(MnOy +8H " /Mn*t + 4H,0)=151B .
wpnpH =7 @2 (MNOg + 2H,0/MNnO, + 40H ™) =0,6 B -
oi>7- @0 (MnOz / MnOz2) = 0,564 B.

Bakneiimme BOCCTaHOBUTENH: aTOMBbI METAIIOB, Bojopoa, yriepon, CO, HzS, H2SOs,
NaNO-, Na2S,03, HI, HBr, HCI, FeSOg4, CrCls, MnSO4, NHs.

BakHeiiiie OKUCIUTENH: TaJOreHbl, XJI0paThl, KKciaopo, 030H (O3), KMnOs, KoCr207,
KoMnOs, H202, H2SO4 (kony.), HNO3z, PbOo.

THunbl OKUCIUTEIHHO-BOCCTAHOBUTEILHBIX PeaKIUii

PaznuyaroT Tpu THITA OKUCITUTEIFHO-BOCCTAHOBUTEIBHBIX PEaKIIN:

a) BHYTPUMOJIEKYISIpHBIE; 0) AUCTIPOTIOPIIMOHUPOBAHUS; B) MEKMOJICKYJIISIPHBIE.

Buympumonexynapuvie OBP — smo makue peakyuu, 6 KOMOPbIX U OKUCIUMENb, U
80CCMAHOBUMENL HAXOOSIMCSA 8 COCMABe 0OHOU MOAEKYIbl, HO AGNAIOMC NPU IMOM PAZHbIMU
/IleMEHMAaAMU.

2KNO3 ——52KNO, + 0,
AN™® —2e > N™
1207% +4e <> O,.
Peaxyuu oucnponopyuonuposanus — OBP, 6 xo0e Komopuvlx 00uH u3 371eMeHmOos,

codepofcameﬁc;z 6 O00HOU MOJIeKYie, 00H06p€M€HHO u noesvluiaem, U nNOHUMNCAEmM CMmeneHb
OKUCTIEeHUSAL.

138



Cl, + 2KOH — KCIO + KCI + H,0
1|Cl, —2e <> 2CI"
1|Cl, —2e <> 2CI~ .

K aucnponopuuMoOHHMpPOBAaHMIO — CIIOCOOHBI  IOYTHM  BCE  YACTHUIBl, HMEHOIIUE
IIPOMEXYTOUHYIO CTEIIEHb OKHUCIICHHUS.

Haubonee pacmpocTpaHeHHbI pPEAaKUMU TPETHEr0 THIA, KOTOpPBIE MPOTEKAIT ¢
U3MEHEHHUEM CTCIICHH OKHUCICHHMS AaTOMOB B pa3HbIX MOJEKyJaX, T.€. OKHUCIUTEIb U
BOCCTAaHOBUTEINb HAXOJATCS B pa3HbIX BellecTBax. Crofa ke CielyeT OTHECTH U PEeaKLUU MEX1y
pa3sHbIMM BELIECTBAMH, B KOTOPBIX aTOMBI OJHOTO M TOIO K€ DJIEMEHTAa UMEIT Pa3IudHyIO
CTEIIEHb OKMCIICHHUS:

5HCI + HCIO3 — 3Cl, +3H,0
112C1*° +10e <> CIS
512C1~ —2e <> CI3 |

AJITOPUTMBI COCTABJICHHUS MOJHBIX YPABHEHUH OKMCIUTEIbHO-BOCCTAHOBUTEIbHBIX

peakuuii

[IpaBmiibHO cocTaBiIeHHOE MOJIHOE ypaBHeHue peakuuu OBP nomxHO yaoBieTBOPATH
3aKOHY COXPAHEHUSI MAcChl BELIECTB — YUCIO OOHUX U MeX Jce amOoMO8 8 UCXOOHbIX Geujecmeax
U NPoOYyKmax peaxkyuu OO0JHCHO Obimb 00uHakosvim. B moHHBIX ypaBHeHMsX OBP momxHbI
BBINOJIHATBCS: 3aKOH COXPAaHEHHsI MacChl BEIIECTB M YCIOBHE 3JIEKTPOHEUTPATbHOCTH — CYMMA
cmenenel OKUCTeHUSl UCXOOHBIX Gewecme OO0NICHA OblMb PaeHa CyMMme CmeneHell OKUCIeHUS
NPOOYKMO8 peaxyui.

Kpome »sToro, HeoOXoIUMO TOMHUTb, 4YTO CTENEHb OKHUCICHHS MOXET OBbITh
OTPHIIATENIbHOM, MOJIOKUTENLHON, PAaBHOM HYJIIO, a Takke U ApoOHBIM yucioM. Tak, Harpumep,
st coenuaennst KO cTenenb OKMCIEHUsT KUCIIOPo/ia paBHa (—)Ya.

Cmenenb oxucienus 6cec0a NpusoOUmMcs co 3Hakom (3HaK IUTIOC HE OIyCKaeTcs, a BCeraa
ykasbiBaetcs!).

IIpu cocraBiaeHNM ypaBHEHUIN OKUCIUTEIBHO-BOCCTAHOBUTENBHBIX PEAKIIMHA HCIIONb3YIOT
JIBa METOJa: METOJ| JJIEKTPOHHOro OajlaHca U METOJ| 3JIEKTPOHHO-MOHHO-MOJEKYJISPHOTIO
Oamanca (Merton mnoaypeakuuif). [locmenHuit MeTon HCHOJB3yeTCsl TOTAA, KOT/AA peakius
IPOXOJTUT B cpele aekTponauta. [lpu sToMm crnabble 3€KTPOIUTHI, a TaKKE MaJllopacTBOPUMBbIE
BELIECTBA, 3AIIMCHIBAIOTCS B MOJIEKYJISIPHOM BHUJIE, @ CUJIBHBIE — B BUE HOHOB.

Aneopumm cocmasnenus ypasnenuti OBP:

1) onpenensoT OKUCIUTENh U BOCCTAHOBUTENb (B TAOJIHMIIAX HAXOAAT COOTBETCTBYIOIINE
3HAYEHMs CTaHJAPTHBIX NOTEHLMAIOB PEareHTOB JaHHOW peakiun);

2) omnpenensioT, Kakue CTeIEeH! OKUCICHUs TPUOOPETaloT BOCCTAHOBUTENb U OKUCIIUTEINb
nocine peakuuu. Yem Oosee CUIbHBIM OKUCIHMTENb YYacTBYET B pEaklUu, TaM BbIIIE
MIOJTHUMAETCS CTENIEHb OKUCIIEHHUS BOCCTAHOBUTEIS.

AHanornuyHo, yeM OoJiee CHIIbHBI BOCCTAHOBUTENb PEArUPyeT C OKHUCIHUTEIEM, TEM
CUJIbHEE ITOHMKAETCS CTENIEHb OKUCIIEHUS OKACIUTENS.

3) ompenensioT, B BHUAE KAKUX COECIUHEHUI CYIIECTBYIOT OKHCIEHHBIE U
BOCCTAHOBJICHHBIE JIEMEHTHI B IaHHOM cpefie (KUCioM, MIeNI0YHON U HelTpaibHo#). Hanpumep,
Fe3" B xmcmoit cpene cymecTByer B Buae comm Fe (+3), a B menouHoil cpene — B BHIE
marnopacTBopuMoro ocanka Fe(OH)s.

4) mnaxomat koddduuuentel B ypaBHeHun OBP MeTomamu 57I€KTPOHHOIO WM
3JIEKTPOHHO-MOHHOTO OajaHca.
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B Merome oanekTpoHHOro 0OanaHca paccMaTpUBAIOT TOJTYPEAaKLUHWU OKHUCICHHS U
BOCCTaHOBJIEHUS C Y4aCTHEM aTOMOB, HaXOASALIMXCS B OIPEACIEHHBIX CTEIIEHAX OKUCICHHS.

BOI[pOCLI H 3aJaHusA

[Tpumep 1. Ucnonb3ysa MeTo1 3IEKTPOHHOTO OanaHca, COCTaBUTh YPABHEHUE CIEIYIOIIeH
OKUCITUTEIHHO-BOCCTAHOBUTEILHON PEAKIUU:

FeClg + KI —

VYKa3aTh OKMCIUTENb U BOCCTAHOBUTEIIb; ONPEAEIUTh UX SKBUBAJICHTHI U SKBUBAJICHTHBIE
Macchl; BBIYMCIUTH MOTeHIMaN ['n60ca 1 KOHCTAaHTY paBHOBECHS PEAKLIMU U CHIENaTh BHIBOJ O
riyOuHe e€ MpoTeKaHusl.

Pemenue: 1) 3HaueHus CTaHIAPTHBIX MOTEHIMAJIOB PEAareHTOB (CIIPABOYHBIE JIAHHBIE):
¢°(Fe*™®/ Fe*?) = 0,76 B; ¢°(12/21") = 0,54 B;

2) tak xak °(Fe*3/ Fe*?) > ¢%(12/21"), To Fe*® — oxucnurens, BOCCTAHABIMBAETCA JIO
Fe*?; | - BoccTaHOBHTENB, OKHCIsIETCS 10 |2

3) cxema npannoit OBP Oyner uMeTs cieayrommi BUI:

FeClg + KI — FeCl, + 1, + KCI .

Ilpumeuanue. Cxema OBP TONBKO mMOKa3bIBa€T XapaKTep HCXOIHBIX M KOHEYHBIX
BEIIECTB.
4) 3anuieM >IeKTPOHHBIE YPaBHEHUS IS MTOTYpEaKIIHii

2| Fet3+e <> Fe™; Fe™ —okucmrens;
1121 —2¢ < 1y; | —BOCCTaHOBUTEIID;
1_.+3 . 1_+3 r
I(=Fe ") =1monb; MonbHas macca skBuBajieHra —M (= Fe ™) =56
1 MOJTb
2 1 ; °)
3(=17) =1momb; MobHas Macca dkBuBajeHra—M (=17) =127 ;
2 1 MOJTb
2Fe™ 4217 =2Fe* 41
e "+ =¢F€ ~ + 19 — kparkoe nonnoe ypasuenue OBP (1711 Hero BBIIOJHSETCS

3aKOH COXPaHEHHs MAacChl BEIIECTB U YCIOBHE IEKTPOHEHTPATHLHOCTH);
6) u, OKOHUaTeabHO — moJiHOe ypaBHeHHMe OBP (a1 HEro BHIMIONHSIETCS 3aKOH
COXPaHEHUS MaCChI BEUIECTB):

2F€C|3 + 2Kl = 2F€C|2 + |2 + 2KC|,

7) BBIUMCIINM HM300apHO-TepMHUUecKuil noteHman ['n66ca mo popmyse AG® = -
NA@°F, JIx/MOJh U KOHCTAaHTY paBHOBecus peakim mo(10.1.86)
a) AG® = — 1-2-(0,76 — 0,54) 96500 = — 42460 Jlx/Monb = — 42,46 kJ/MOIb;

6) Ig Kfyg =16,90nA¢° =16,90-1-2(0,76 —0,54) = 7,436; .KJRg =10"% ~2,73.10".

BreiBox: rTnyOuMHa mpoTEeKaHWS MPSAMOM pPEaKIMH OTHOCHUTENHFHO HEBEIWKa, 4YTO
00yCIJIOBJIEHO HE3HAYUTEIbHBIM Pa3jINurieM BEIMUYMH CTaHAApPTHBIX 3JIEKTPOJHBIX MOTEHIUAIOB
peareHToB.

B memooe anexmponno-uonnozo bananca (mounee — 31eKmMpOHHO-UOHHO-MONEKVIAPHO20
bananca) paccmampusaiom nepexoo 31eKmpOHO8 Om OOHUX AMOMO8 UIU UOHO8 K Opyeum C
Vuémom xapaxmepa cpeoul.

Jlnst ypaBHUBaHUs aTOMOB KHUCIIOPOJa, a 3aTEM BOJOPOJA, B HEUTPAIBHOU (PH=7)n
miesiouHoi cpeze (pH > 7) ucnons3yroT: 1) OH™ — HOHBI, 9UCIIO KOTOPBIX OOBIYHO YABAUBAIOT; 2)
MOJIEKYITBI BOJBI B KCiIoi (pH < 7): 1) Mosekyisl Bobl (171 kucimopoaa!); 2) nporoust HY (st
BOJIOPOQ).
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MeTon ANEKTPOHHO-MOHHO-MOJIEKYISIpHOro OajaHca HAa3bIBAIOT TaKXKEe METOIOM
MOJIypeaKkLUid, 1 OH UMEET psJ] MPEUMYIIECTB [0 CPABHEHHUIO C METOJIOM 3JIEKTPOHHOTr0 OanaHca:
BO-TIEPBBIX, HE HAJ0 OMNPEAENSATh CTEINEHH OKHCIICHMSI 3JIEMEHTOB, TaK Kak pacy€ér uucia
9JIEKTPOHOB MPOMCXOAUT IO 3aKOHY COXPAaHEHUs 3apsAIoB, M, BO-BTOPHIX, aBTOMAaTHYECKH
noaouparoTcs Ko3(PQHUIUEHTH B COKpPAIIEHHOM MOHHOM ypaBHeHUH naHHOH OBP. Ocobenno
BakeH mocienHui meroq B OBP ¢ yyacTueM OopraHMyecKux COEIMHEHUM, I 4acTO CIIOAKHO
ONPEJIETUTH T€ aTOMBI YTIEPO/1a, KOTOPhIE MEHSIOT CBOIO CTETIEHb OKUCIICHHUS.

Merton nonypeakuuii mpuMeHuM ToJabKo K TeM OBP, koTopsie nmpoTekarT B pacTBOpax,
MO3TOMY Ba)XKHO YUMUTHIBATH XapakTep Cpeibl, B KOTOPOH MPOTEKAET JaHHAs OKUCIUTEIIbHO-
BOCCTAHOBUTEJIbHAS PEAKIHSI.

[Mpumep 2. (pH < 7). Onpenenutb K03QPUIHESHTH METOAOM MOITYPEAKINI B CIIETYIOIICH
peaxkuu:

KMnO4 + N3.2803 + H2804 —>

VYKazaTh OKHCIUTENb U BOCCTAHOBUTEID; ONPEACIUTh X SKBUBAJICHTHI H SKBUBAJICHTHBIC
MacChl; BRIYUCIUTH MOTEHIMAA ['n00ca 1 KOHCTAaHTYy PaBHOBECHSI PEAKIMH U CIIENIaTh BHIBOJ O
rI1yOuHe €€ NpOoTeKaHusl.

1) °(MnO; +8H* | Mn?" + 4H,0) =151B;
9°(SOF~ +2H™" /(SOS™ + H,0) =0,22 B;

MnO4 — OKHCIIUTENIb, B KHCIOH Cpele BOCCTAaHABIUBACTCA JO Mn?*; SOB -

BOCCTaHOBUTEIIb, OKUCIISIETCS 10 SO4 ;
2) cxema nannoit OBP uMmeer crenyromuii BU:

KI\/InO4 + Na2803 + H2804 ——> K2804 + N32804 + MnSO4 + Hzo

3) SIEKTPOHHO-UOHHO-MOJEKYIISIPHBIC lypaBHeHI/ISI MOJypEeaKHil, C YYETOM KHUCION
cpenpl, OyayT UMETh BU:
2| MnO; +8H * +5¢ <> Mn“* +4H,0
5| SO§™ +Hy0 —2e > SO +2H™*

MoapHBIE MacChl SKBUBAJIEHTOB OKHCIUTEIS U BOCCTAHOBUTENS COOTBETCTBEHHO:

M(%Mnog):é-ll9:23,8 . M(%SO§‘)=%-80=40,0

r

)
MOJIb MOJIb

4) ymHOXKaeM o0€ MOJypeaKkIiuyd Ha uX oOIue MHOXUTENTH (2 U 5 COOTBETCTBEHHO),
MOCIIe 9TOTO CYMMHPYEM TMOMAapHO JIeBbIE U MPaBble YaCTH MONYpeaKIHii, MPUBOANM MOJT00HbBIE

H ITOJIy4a€M KpPaTKOC NMOHHOC YPABHCHUC!

2MnO; +5S02™ +6H " <> 2Mn?* +55072~ +3H,0;
5) HpI/I6aBJ'I}ICM COOTBCTCTBYIOIIHEC ITPOTHUBOUOHBI U TTOJIYYAEM ITOJIHOC YPABHCHUC I[aHHofI OBP:

2KMﬂO4 +5N8.2503 +3H 2804 == 2MﬂSO4 +5N8.2804 + K2804 +3H 20

Ipumeyanue. TecT-poBepKy MPOBOAUM IMOACUETOM YUCIIA AaTOMOB KHCIIOPO/Ia B JIEBOU U
MPaBOM YaCTSIX MOJY4EHHOTO MOJHOro ypaBHeHust OBP.

Hanpumep, uncio aToMOB KACIOPO/Ia B 00EUX YacTSIX COCTABISET MO 35 aTOMOB.

6) pacuer noteHnuana ' moé06ca 1 KOHCTAHTHI PABHOBECHSI PEAKITUH:
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a) AG® = —5-2+(1,51-0,22) 96500-1073 = —1244,85 xJI/MOB;
0
AG —1244 85
p )
6) Ig KJgg =

-23RT  _23.8314.107%.298,2
BreiBox: miiyOMHa TpOTEKaHWs TPSIMOM pEaKIMH OYeHb BEJIHMKA, YTO OOYCIIOBICHO
3HAYUTENIbHBIM Pa3IMYMeM BEJUYMH CTAHJAPTHBIX AJEKTPOJHBIX MOTEHIMAIOB PEareéHTOB —
peakius MpakTUYeCKu HeoOpaTuMma.
[Ipumep 3. (cpena veritpanpHas — pH = 7). CocTaBUTh ypaBHEHHE OKHUCIICHHSI CYJIbpUTA
HATpUs TIEPMAHTaHATOM Kaius B HelTpanpHOU cpene. Koadduimentsl momodpare METOAOM
MOJTypEaKInid.

~2183L K =10%831 £2,0.10%8,

KMnO4 + Na2803 + Hzo —>

Onpenenuthb rIyOUHY MPOTEKAHUS MPSIMOM peaKInu.
3.1 Omnpenenum HaAMpaBICHHOCTh HTOM peaklMH, T.€. ONPEACTUM OKHUCIUTEIb W
BOCCTaHOBUTEIIb:

¢°(MnO; +2H,0/MnO, +40H ) =0,6 B;
¢°(SOF™ +H,0/(SO3™ +20H ) =—0,93B.
I/IB BCIINMYUH CTaHI[apTHLIX OB-HOTGHHH&HOB cnenyeT, qToO Mno4_ — OKI/ICJII/ITGJII), B

2_
HEUTpaJbHOU cpene BoccTaHaBiauBaercs A0 MnOo; SOS — BOCCTAHOBHUTEJb, OKUCIIETCS 110
SO .
3.2 3anuiem cxeMy nanHoi OBP

KMnQ, + NapSO3 + H,O — MnO, + NaySOy + ...

[Toka Henb3st TOYHO ONPEAETUTH KaKo emlé OyAeT MPOayKT B JaHHOW peaKIuu.
3.3 CocraBUM MOJTypeakiuu AJisi: 1) OKUCIUTENS U 2) BOCCTAHOBUTETIS.

1) MnO; <> MnGy — cxema nonypeaxuun.

YPaBHI/IBaHI/Ie KHCJIopoJa BC€IACM C IIOMOIILIO YABOCHHOI'O 4YHCja TUAPOKCHUA - NOHOB, a
BOJOpPOJa — MOJICKYJT BOAbI:

MnOZ +2H 20 +3e <> M nOZ +40H - MOJTYPEaKIHs JAJIS1 OKUCITHTENS,

2) 803 A\ gd SO4 — cXeMma MOJypPeaKIuu JJi1 BOCCTAHOBUTETIS;

_ _ 2_
SOg +20H -2e & SO4 +H 20 — NOJTypEaKys JJisl BOCCTAHOBHUTEIS.

3.4 Tenepb cOCTaBUM 3JIEKTPOHHO-MOHHO-MOJIEKYJISIPHBIE YPAaBHECHHUSL:

2|MnQ; +2H,0+3e <> MnO, +40H
31S0%™ + 20H™ —2e <> SO~ + H,0

3.5 IIpoBogum aHanoruyHple omepauuu (cM. mpumep 1) M TojdydyaeM HMOHHO-
MoJIeKyJsipHoe ypaBHeHne OBP:

2MnO; +3505™ + H,0 <> 2Mn0, +3502 ™ +20H

HNonno-monekynspaoe ypaBuernne OBP ynosinerBopsier martepuanbHOMY OanaHCy H
YCIIOBHIO AJIEKTPOHEUTPATBLHOCTH.
3.6 IIpubagrsieM COOTBETCTBYIOIIHME MPOTUBOMOHBI U TIOJIydaeM mnojHoe ypaBHeHne OBP:
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2KMNOy + 3NaySO3 + H,0 = 2MnO, + 3Na,S0, + 2KOH .

3.7 BeimosHeHue MmaTepuanbHOro OamaHca s mojHoro ypaBHeHus OBP mposepsiem
[IOJICYETOM aTOMOB KMCJIOPOJa B JIEBOM M IpaBod 4acTax ypaBHeHus: cieBa 17 O = cnpasa 17
0.

Kak BuaHo u3 3TOoro mnpumepa, METOJ 3JIEKTPOHHO-HOHHO-MOJEKYJspHOro OanaHca
MO3BOJISIET TAKXKE OMPEICNIUTh U HEKOTOphIE, 3apaHee HEU3BECTHbBIC, IPOAYKThI OKUCIUTEIbHO-
BOCCTAHOBUTEJILHOMN PEAKIUU.

lg K2p98 =16,9- nA(po =16,9-6- (0,60 — (—0,93)) »155; K

BriBoa: peakius npakTHUeCKU HeoOpaTuma.
[Ipumep 4. (pH > 7). Ilo npuenaenHoit cxeme OBP, mcmonb3ys MeTOn 3JIEKTPOHHO-
MOHHOTO OajlaHca COCTaBUTH MojiHOe ypaBHeHue OBP:

KMnOy + Na,SO; + KOH —>

Paccuntath BI[C ,Z[aHHOﬁ CUCTCMBbI IIPpU CTAHAAPTHBIX YCJIOBHUAX W IIPU CICAYIHOHIUX

PAaBHOBECHBIX  KOHIIGHTPAlUAX  PEarcHTOB: [M nOZ ] = 0,01, [M n 2+ ] =0,05;

P _1n155

[503_]20,01; [804_]20,05 u npu pH = 4.1 cranmaptHele NOTEHIUAIBI

OKHUCJIUTCIIA U BOCCTAHOBHUTCIIA

9’ (MnO; / MNnOZ~) = 0,56 B; p°(SO% ™~ + H,0 /(SO%™ + 20H ) =— 0,93 B;

- 2—. -
MnO4 — OKHCJIIMTCIIb, BOCCTAaHABJIIMBACTCA OO MnO4 y 803 — BOCCTAHOBUTCJIb, OKUCIACTCA

bi (o) SO4_
4.2 cxema ganHoit OBP:
KI\/InO4 + N3.2803 + KOH —» KZI\/InO4 + Na2804 + Hzo

4.3 DAeKTPOHHO-NOHHO-MOJIEKYJISIPHBIE MTOJIYPEaKIINH

2l MNO, +e & Mnof_
1 SO + 20H™ —2e <> SO2™ + H,0.

4.3 YMHO)aeM 00e MoJypeakiiii Ha COOTBETCTBYOIINE KOI(D(DUIIMEHTHI, CYMMUPYEM HX
JeBple M IpaBble  YaCTU U IOJy4YaeM  HMOHHO-MOJIEKYJSIPHOE  YpaBHEHHE:

2MnOj +SO%™ +20H ™ <> 2MnO;~ +S0OZ~ + H,0 .
4.4 Jlo6aBiisisi COOTBETCTBYIOIIME MPOTUBOMOHBI, ITOJIY4aeM TOJIHOE YpaBHEHHE peaKuu:
2KMﬂO4 + N8.2803 +2KOH = 2K2MnO4 + Na2804 + Hzo )

4.5 TlpoBomuM Ttect mo kuciopoxy: 130 (cmeBa) = 130 (cmpaBa) — ycioBue
MaTepuaibHOro OalaHca BBIMOIHSIETCS.

4.6 Pacuér 5/1C cuctemsl IpHU CTAaHAAPTHBIX YCIOBHSAX:

C° = Ap° =p°(MnO4/Mn04?)—¢°(SO4%>/S0s*) = 0,56—(-0,93) = 1,49 B.

47 Ounenky OJIC mpu paBHOBECHBIX KOHIIEHTPALMSIX PEAreHTOB BEAEM C
ucrnonb3oBanueM ypasHeHus Hepucra (10.1.10):

a) BBIYHMCIICHUE PAaBHOBECHOTO MOTEHIIMAJA TIEpMaHTaHAT-MAaHTaHATHOTO JIEKTPOIa:

-1. +18 18
L0089 IMnO;1-[H'T" (o g g 0012

0 — 2—
o(Mn) = ¢° (MnO; / Mn0OZ2")
4 5 [MnOZ] 0,05

=0,553 B;

0) BBIUKCIICHHE PAaBHOBECHOTO MOTEHIIMANA CYNb(aT-cyTb(GUTHOTO INEKTPOIa:
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0,059 o [SOF ]-[H]? 0,05-12

o(B) =¢°(S0Z ™ /S0%7) + =-0,93+0,0295 - Ig 5 =—0378B;
2 [SO%7] 0,01-10~

B) AC = Ap = p(MNnOs/MnO4%)— ¢(SO4*/SO3%") = 0,553—(-0,378) = 0,931 B.

ba3oBb1i1 ypoBeHb

1 Paccuwuraiite creneHb okuciieHusa azora B ero coemmHeHusx: AIN, NoHz, NHoOH,
N2O, NO, N203, N2O4, N2Os.

2 Hanumwure mnonHoe ypaBHEHUE pEaKIUH, MPUMEHSS METOJAbl AJIEKTPOHHOIO
OaslaHca U MOJIypEaKIHii, [0 CIEAYIOUIEH cXeMe MOoIypeaKuu:

K2Cr207 + SnSO4 + H2SO4 —

Ornpenenure 3KBUBAJICHTHl BOCCTAHOBUTENS M OKUCIUTENS; PACCUUTANUTE UX MOJIbHBIC
MAacCCBhl.

3 K kakomy tumy OBP ortHocutcs peakmusi pasnoxeHuss H.(0,? Uem oOBsSICHsSETCS
CIIOCOOHOCTH MEPOKCHIAa BOJOPOA K TAKUM IpeBpalieHusIM? 3aKOHUNTE YPAaBHEHUS PEaKIuid U
HaIUIIUTE JJI KQKI0W U3 HUX AJIEKTPOHHO-UOHHBIE U MOJICKYJIIPHBIC YPABHEHHUS:

1) H202— ...; 2) H202+ KMnOs — MnO2 + ...; 3) H2O2+ PbS — PbO2 + S + ...

4. Kucnopoa MOXHO MOJTYYUTh B PE3YJIbTATE PA3JIOKEHUS TAKUX BEIIECTB:

1) KCIO3 — ...; 2) KMnO4 — ..., 3) KoCr07 — ..

K xakomy tuny OBP otHOcaTcs 3t peakuun? CocTraBbTe€ 3JIEKTPOHHBIE H
MOJICKYJISIPHBIE YPABHEHUS STUX PEAKIUH.

5 K Bognomy pactBopy KCIO3 no6asmiu Boansiii pactBop Kls. B kakyio cropony
NpONJET peakiusi OKUCICHUs-BoccTaHOBIeHUs? Boruucaurte OJIC 3ToM  peakiuu  uist
CTaHJAPTHBIX YCIOBUM.

6 Kakumu cBoiictBamu Oyner obnanate NaNO.? ITouemy? IlpuBenute mpumepsl
peaKkIuii, TJie HUTPUT HATPHUS — OKUCIIUTEIIb, T/I€ — BOCCTAHOBUTEI?

7 Hcxons U3 3HaYEHUH CTaHAAPTHBIX AJNEKTPOJHBIX TOTEHIIUAIOB, ONPEAEIUTe, MpsMast
WM 00paTHas peakiys OyleT IpOTeKaTh B OTOH CHCTeMe MpH CTaHAapTHBIX ycaosusx: 1) Fe?*
+ CIO3™ + H* « Fe** + CI- + H0.

2) Clz + Mn?* + H20 <> MnO4~ +CI~ + H*;

3) NOs™ + Fe?* + H* < NO + Fe** + H0;

4) 105~ + SO3* + H" <> I, + SO4> + H0.

J1ia KaXKa0 mpsIMON peakIuy OlEHUTE MIyOUHY MPOTEKaHUSI.

I1oBBIIIEHHBIN YPOBEHb

13akoHYMUTH COCTABIEHUE YPAaBHEHHS CIEAYIOUIEH peaKiuu:
HAsO, + KMnOs + H2SO4 — H3AsO4 + ...

Y COCTaBUThH JJIS HETO DJIEKTPOHHBIE U AIEKTPOHHO-UOHHBIE CXEMBI MOJTYPEaKIIHiA.

Paccunrate OJIC peakuuu Uil CTAHIAPTHBIX YCIOBHM.

23aBucut nu nporekanue OBP ot pH cpenpi? ['mapokcunamMuH BOCCTaHABIMBAET (MIpH
stoM okmcisercss o azota; ¢°(Nz+ 2H20 + 2H*/2NH,OH) = —1,87 B) B kucmom pacTBoOpe
cynbsgar xeneza (+3) g0 cynbdara xene3a (+2), a B MEIOYHOM PACTBOPE OKUCIIET (caM MpH
3TOM BoccTaHapimBaercs o ammuaka; p°(NH20H + 2H,O/NH3 + 20HY) = + 0,42 B) ruapokcun
xkene3a (+2) B ruapokcua kenesa (+3). CocTaBUTHh DIEKTPOHHBIE M HOHHO-DJIEKTPOHHBIC
ypaBHEHHUs 00€MX peakiuil. YKa3aTh OKHCIHUTENIb W BOCCTAaHOBUTENh. OmNpenenuTs TIIyOHHY
MIPOTEKAHUS MIPSMOTO TIpoIiecca B 00EuX Clrydasix.

3 [IpoxomuT nu peakiuss B BOJHOM pAacTBOpPE MEXKIAy HOAUIOM HATpHS H
CcBOOOTHBIM XJ10poM? JIi1st ipsiMO# peakiiny BEIYUCTUTH MoTeHIMal ['u60ca u mpoBeCcTH OIEHKY
TIIyOMHBI TIPOTEKAHUS MpoIiecca.

4 Beruucioure dnexTpoiHbiii morennuan cucremel ClOs~ + 8HY/CIm + 4H0 mpu
CIIETYIOIIUX PABHOBECHBIX MOJIIPHBIX KOHIIEHTPAITUIX (Mob/mM°) 1 pH: 1) [CIO4] =0,1; [CIT]
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=0,05; pH =1; 2) [CIO4] =0,05; [CI] =0,1; pH = 2; 3) [CIO47] = 0,01; [CIT] = 0,05;
pH=0,5.

1211pu kakux 3HayeHusix pH Bo3moxHO BoccTaHoBIeHHEe HOHOB MNOy4 nonamu: 1) 17; 2)
Br; 3) CI?

Chucox JIUTEPATYPHI, peKOMeHHyeMBIﬁ K MCI0JIb30BAHHUIO 10 JAHHOI TeMe

OcHoBHas1 JIMTepaTypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBus. - 13- uzn., nepepab. u mom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - IIpumn.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust okpyKaromei cpeasl : XUMUS )KUBBIX opranu3mMoB. Kypc neximii /
E. C. Muxamuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21€KTPOHHBIN // DneKTpoHHO-0nOmmoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: s
aBTOPU3HUP. NOJIb30BATEIEH
JlonoIHUTeIbHAS JTUTepaTypa:
1. T'munka, H. JI. O6mas xumus / H. T'. I'muaka ; [Tog pen. A. U. Epmakosa. - U3a. 30-e, uctp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubauorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METaJuIoB : yuyeObHoe nocobue (sl CTYJeHTOB XMMHUECKOro (akyibTera
HarpaBieHuH 0akanaBpoB «XUMHUS» U «XUMHUECKasi TEXHOJIOTHs») / coctaBuTenu O. A.
I"'onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbl yHuBepeuTeT uM. @.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — Tekcrt : anekTpoHHbIN // DnekTpoHHO OubnunoreyHas cucrema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNEH
HNHTepHeT-pecypcenl:

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

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

3 http://catalog.ncstu.ru/ — saeKTpOHHBIH KaTajaor acCOIUAIMU dJIEKTPOHHBIX OHOIHOTEK
yueOHBbIX 3aBefeHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe

Tema 9. OcHOBHBIE MOJIOKEHHUS YTEKTPOXHUMHUH.
IIpakTnueckoe 3ansaTne 9. I'asbBaHu4yeckue 31eMeHThI. Koppo3ust MmeTasiios.
DJIeKTPOJIH3

Heab  3anstus:  dopMupoBaHHe  HEOOXOAMMOIo  KOMIUIEKCAa  3HAHMA 00
AIIEKTPOXMMHUYECKUX TMpoOIeccax M HX KOJIMYECTBEHHBIX XapakTepucTukax. PopMupoBaHue
HaBBIKOB UCIIOJIb30BaHUS (PYHAaMEHTAIbHBIX 3aKOHOB M OCHOBHBIX MOHATHI XUMHUYECKON HAYKU
B 00J1aCTH 3JIEKTPOXUMUM ISl IOHUMAHUSI CBOIMCTB MPOLIECCOB, UCIOJIB3YEMBIX B COBPEMEHHOMN
IIPOMBIIIJIEHHOCTH

3HaHMA M yMeHHUs, IpHo0peTaeMble CTYACHTOM B pe3yJIbTaTe 0CBOCHHUSI TeMbI

3HAaTB: OCHOBBI CAaMOOPTaHU3AIMH U CAMOOOPa30BAHNUS;
3HaTh: CyIIHOCTh U 3HAUYECHUE MH(OPMALIMU B PA3BUTHH COBPEMEHHOI'O OOIIECTBA; OCHOBBI IMOTY4YCHHUS
1 00paboTKM HHPOPMAITUN U3 PA3TMIHBIX HCTOTHHKOB
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3uarh: pabOTHI MO pacyeTy U MPOSKTUPOBAHHIO JIETANICH U Y3JI0B MAIIMHOCTPOUTEIHHBIX
KOHCTPYKIIMIA B COOTBETCTBUH C TEXHUYECKUMU 3aIaHUSMM U UCIIOJIb30BAHUEM CTaHJAPTHBIX
CpEJICTB aBTOMATU3AaLUU ITPOECKTUPOBAHUS
YMeTh: caMOCTOSATENFHO CTPOUTH MPOIIECC OBIaAeHUsI HH(popManne, 0TOOpaHHO! U
CTPYKTYPUPOBAHHOMW AJIS1 BHITIOTHEHUSI TPOPECCUOHATLHON IEATETbHOCTH.
YmeTh: momydats 1 00pabaThIBaTh HHGYOPMALIUIO U3 PA3THIHBIX HICTOYHHKOB
VYmerb: MPUHUMATH YYaCTHE B pab0OTaX IO pacyeTy v MPOCKTHPOBAHUIO JCTAJICH U y3JIOB
MAIIMHOCTPOUTENIBHBIX KOHCTPYKIIMIA B COOTBETCTBUU C TEXHUUYECKUMHU 3aJaHUSIMU U
HCTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB aBTOMATHU3ALNHU POECKTUPOBAHUS

HaumenoBanue ¢GopMHpyeMbIX KOMIIETCHIUN

OpnauM 13 Hanbosee OBICTPO PA3BUBAIOIIMXCS HAMPABICHUA MPHUKIATHON dJIEKTPOXUMUH,
TECHO CBS3aHHOW C DJIEKTPOTEXHHUKOM, fABISETCS pa3padOTKa HETPAJAULIUOHHBIX XUMHUYECKHX
ncTouHUKOB Toka (XUT), nmepcrneKTUBHBIMU Cped KOTOPBIX SIBISIOTCS TBEPIO-3JICKTPOIUTHBIC
XUT c HaTpueBbIM M JIMTHEBBIM aHoOJaMU. [IpUMeHEHHE IIETOYHBIX METAJUIOB B KayeCTBE
AHOAHBIX MAaTCPUAJIOB BBI'OAHO TEM, YTO OHU O6JIaI[aIOT CaMbIMH HU3KHUMH CPCIU APYTUX Me -
OB 3JIEKTPOXMMHUYECKMMHU HKBUBAJIEHTAMU M BBICOKMUMU OTPULIATEIBHBIMU 3HAYEHUSIMU
3JIEKTPOJHBIX MOTEHUNANOB. [1030My 3HaHUS 3TEKTPOXXUMHUU —aKTyalIbHBI.

Teopernveckasi 4acTh

[TpuGop, B KOTOPOM XMMHUYECKass SHEPTHS OKHCIUTEIHHO-BOCCTAHOBUTEIFHOU PEaKINU
MIPEBPAILAETCS B 3JIEKTPUUECKYIO, HA3bIBAETCS FAJIbBAHUYECKUM JIEMEHTOM.

OcHOBHasI COCTaBHAsI 4acTh raJbBaHUYECKUX DJIEMEHTOB — OJICKTPOJBI. anIe BCCIro OHU
OBIBAIOT METAJUIMYECKUMHU. DIEKTPOJ, Ha KOTOPOM MPOUCXOTUT MPOLECC OKHUCICHUS,
HAa3bIBACTCS AHOJIOM.

Tak, ecnu B rajlbBaHUYECKOM 3JIEMEHTE UMEKOTCS MEIHBIM U LIUHKOBBIA 3JIEKTPOJIbI, U B
TIOCTIE/THEM MPOMCXOIUT MPOLEcC OKKMCTIeHus muHKa: ZNn° — 2 <> Zn?*, To IIMHKOBBIH 21EKTPO
OyZIeT aHOAOM.

DNeKTpoa, Ha KOTOPOM MTPOUCXOJMT MPOIECC BOCCTAHOBIICHHUS, HAa3bIBACTCS KaToa0M. B
BEIIETIPHBEIEHHOM TIPEMEpPE KAaTOIOM SABJISETCS MeHbI anekTpox: Cu?t+ 2e” «» Cu’.

DNEKTPOHBI C AJIEKTPOJIa, HA KOTOPOM MPOUCXOIUT TMPOILIECC OKUCICHUS, MEPEXOaiT Ha
AIEKTPOL, T/I€ MPOTEKAET IIPOLECC BOCCTAHOBIIEHUS.

Taxkum o6pa30M, B raJIbBAHUYCCKOM J3JICMCHTE, HMCIOIIEM B KAUCCTBC KaTOJa MCIHYIO U
B KayecTBE aHO/a IUHKOBYIO MJIACTHHBI, SJIEKTPOHBI C IIMHKOBOM TUIACTUHBI OYIyT MEPEXOIUTh
Ha MEJIHYIO.

10.7 DnexkTpoa B rajibBaHUYECKOM JIIEMEHTE HAaxXOJMUTCS B PacTBOpE 3JIeKTpoiuTa. B
MPOCTEUIIIEM CITy4dae JIEKTPOIUTOM SBISETCS PACTBOP COJM TOTO METaJIa, U3 KOTOPOTO ClIEJIaH
AIEKTPOL.

TaK, B MCEIHO-IIMHKOBOM TraJIbBAHHUYECCKOM JJICMCHTC IIHHKOBBIfI QJICKTPOA MOXKET OBITH
MOMEIIEH B pacTBOP Cynb(dara IMHKA, a METHBIN — B paCTBOP CyIb(haTa MeIu.

CrienoBatenbHO: IIUMHK MOMEIIAIOT B PAacTBOP, COJEPXAIIMA KAaTUOHBI IIMHKA, a MEJb B
pacTBOp, COAEPKAIIMN KATHOHBI MEH.

CucremMa, cocrosias M3 MeTauia, OMYHIEHHOTO B PacTBOp, COAEpKAIIUA €ro HOHHI,

HA3bIBAETCSI TMONYIEMEHTOM M 0003HauaeTcs Men+ / Me (cBepxy Bcerja OKHCICHHAs
dbopma).

JIBa moyniieMeHTa, COeAMHEHHBIE MPOBOJHUKOM, 00pa3yrOT TralbBaHUYECKUI SJIEMEHT
(pucynoxk 9.1):

€ (%)
;_ T\

Zn Cu

= 8042_ 1]

— +
D | 146 AR
— = -
Zn%*+S04? Cu®*+S0,2




Pucynok 9.1 Cxema meOHO-YUHKOB020 2anb8AHUYECKO20 dN1eMeHma

B ranpBaHMYECKOM 3JIEMEHTE OJMH 3JICKTPOJ (aHOJ) pacTBOPSETCS, T.C. HOHBI METajlIa
NepexonaT B pacTBOp. Tak B METHO-IIMHKOBOM TallbBAHUYECKOM JJIEMEHTE IMPOUCXOIUT
pacTBOPCHKE IIMHKOBOM IJIACTUHKH.

B pesynbTare mepexoja MOHOB IMHKA C MJIACTHMHKU B PACTBOP HA IUIACTHHKE OCTA&TCA
U30BITOK JIGKTPOHOB, M OHA 3apspKaeTcs oTpuuartesibHo. C Ipyrold CTOPOHBI, MEPEX0J HOHOB
[IMHKA B PACTBOP MPUBOJIUT K YBEIIMYCHUIO UX KOHIIEHTPALIUU B PACTBOPE.

bnarogapst mepexojy MOHOB IIMHKA C IUIACTHHBI B PAacTBOP BEC IMHKOBOHM IUIACTHHKU
OyJleT yMEHbIIaThCS.

OMHOBPEMEHHO C 3THUM Ha MEJIHOM 3JICKTPOJIC MPOHUCXOIUT MPOIECC BOCCTAHOBIICHUS

HOHOB MEH U3 PACTBOPA: Cu 2+ +2e & Cu.

3a cyéT 3TOro npoiecca KOHUEHTPALMs HOHOB MEIM B PAaCTBOPE YMEHBUIAETCS, a Macca
MEJIHOW IUIACTUHKH YBEJIIMYUBACTCS.

Ilepexon monoB CU?* W3 pacTBOpa Ha IUIACTMHKY INIPHBOAMT K TOMY, 4TO MeJHas
TJTACTUHKA 3apSKaeTCs MOJIOKUTEIBHO.

PaccMmoTpenHbIi ranpBaHMYecKUi dmeMeHT (3aeMeHT JaHuas — SIkoOu) cxemarudecku
MO>KHO 3aITUCaTh CIEAYIOIIUM 00pa3oM:

(-)2Zn[znSOy|[cusoy/Cu(+)
WU B HOHHOM (opme:

(-)zn[zn**|cu®*|cu(+).

OavHOYHBIE JIMHUU B CXeMax 0003Ha4aloT IPaHUILy METaJll — pacTBOP, a IBOMHBIEC TUHUU
— TpaHuIly MeXy pacTBopaMu. OTpUIIATENbHBIN SJEKTPO/] (aHO) 3alMChIBACTCS CIIEBA.

B ocHoBe paboThl pa300paHHOTO 3JIEMEHTAa JIEKHUT OKHCIUTEIbHO-BOCCTAHOBUTENIbHAS
peakius:

Zn+CuSQO,4 — ZnSO,4 +Cu

WM B HIOHHOU (hopme:

Zn+Cu?t > zZn%t +Cu.

B ranpBaHWYECKOM 3JIEMEHTE, COCTABJICHHOM W3 KEJIE3HOW TUTACTUHKH, OIMYIICHHON B
pactBop FeSOs, u cBUHIIOBOH TUIaCTHHKH, omylneHHOW B pactBop PD(NO3)2, xene3o sBiseTcs
aHozioM. CxeMa 3TOro AJIeMEHTa CIIeAYIOIast:

(—)Fe\Feso4HPb(No3)2\Pb(+)_

Ha xene3Hom anektpose (aHOJE) MPOUCXOAUT OKUCIEHHE. DTOT MPOIECC OMUCHIBAETCS
CJIEIYIOLIUM 3JEKTPOHHO-UOHHBIM YPaBHEHHUEM:

0 : 2+
Fe© —-2e & Fe™ ",
KenesHblid 31€KTPOT MPUOOPETAET OTPUTIATEIBHBIN 3apsijl.

Ha cBuHI1I0BOM QJICKTPOAC (KaTO,Z[C) MMPOUCXOAUT ITPOLECCC BOCCTAHOBJICHHA MOHOB Pb2+
M3 paCTBOpa:

Pb2* +2e <> Pb?.

CBHHIIOBBIH 31EKTPO 3apsKAETCS MTOJTOKHUTEIBHO.
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Cymmupyst ob6a ypaBHEHHS, MOJIyYUM HOHHOE YpaBHEHHE PEaKIUH, MPOTEeKaromeld B
JJAHHOM T'aJIbBAHUYECKOM DJIEMEHTE:

Fe+Pb%" —>Fe’" +Pb.

DNEeKTPOHBI MO MPOBOJHHUKY, COCIUHSIONIEMY IUIACTUHKH, OyIyT MEpexXOoJuTh OT
JKEJIE3HOH IUIACTUHKU K CBUHI[OBOM.

Wrak, B raJpbBaHUYECKOM 3JIEMEHTE MO MPOBOJHUKY, COSAUHSIOIEMY AIIEKTPOAbI, TEUET
ANEKTPUYECKUN TOK.

[TosiBieHHE IEKTPUUECKOTO TOKA CBUIETENIHCTBYET O HAJMYHMM PAa3HOCTH MOTEHIUAIOB
MEXIy OJJeKTpogamu. MHadye TroBOps, Ha OJHOM M3 ODIEKTPOAOB BO3HUKAET  KaKOH-TO
onpeAenEéHHBIN MOTSHLIUAN, Pa3INYHbIN ISl pa3IUYHbIX AJIEKTPOIOB.

[Torenmuan, KOTOPHIA yCTaHABIMBACTCA HA METAJUTMYECKOM 3JIEKTPOJIE, TOMEUIEHHOM B
pacTBOpP COJIM OAHOMMEHHOTO METallla, Ha3bIBACTCS AIEKTPOJAHBIM MOTEHIIMAIOM METaJlIa.

W3mepeHHble B CTaHIAPTHBIX  YCIOBUSX IOTCHIMAIBI METAIOB  HAa3bIBAIOTCS
HOPMaJIbHBIMU (WJIM CTAaHAAPTHBIMU) AJIEKTPOJHBIMH MOTEHIIMATIaMU MeTaioB. VX 3HaueHus
JUISL pa3JIMYHbIX METAJIJIOB NIPUBEEHBI B Ta0auie 9.1.

Yem gnerye weraul OTHAET DIEKTPOHBI, T.€. YeM Jierde OH OKHUCIAETCSA, TeM
OTpHIIATEIbHEE €r0 AJICKTPOJHBIN MoTeHIHaid. VHade TOBOps, MO BEIWYHMHE SJIEKTPOTHOTO
MOTEHIIMada MOXHO CYJUTh O CHOCOOHOCTH METajula OT/IaBaTh AJIEKTPOHBI, T.€. 00 aKTUBHOCTHU
MeTaia.

Bbonee axkTuBHBIM MeTannm uMeeT Oojee OTPUIATENBHYIO BEIUYUHY DSJIEKTPOTHOTO
noreHnmana. Tak, HOpPMaibHBIE JJEKTPOJHBIC TIOTCHUMAIBl MarHus, LHWHKA H MEAH
COOTBETCTBEHHO paBHHI (B B):

0° (Mg/Mg?*) =-2,34:p° (Zn/ Zn°*) = -0,76;¢° (Cu/Cu’*) = +0,34.

CpaBHI/IBaﬂ O9TH 3HAUYCHUA, MOXKHO CACJIaTh BbIBO/J, UTO HaI/I60H€€ AKTHUBHBIM U3 3TUX TpéX
METAJIOB SABISETCS MarHui, a MeHee aKTUBHBIM — MEb.

B rampBaHWYECKOM 3JIEMEHTE, MMCIOIIEM JIBa Pa3IMYHBIX METAUTMYECKHUX JJICKTPOJA,
aHOJIOM OyJeT MeTajsl C MEHbIIEH BETUYMHON CTaHJAPTHOTO 3JEKTPOJHOrO MOTEHIMana, T.e.
0oJjiee aKTUBHBIH METaI.

Hanpumep, B ranbBaHUYECKOM 3JIEMEHTE

Mg|Mg?* Zn2+|Zn

HaumOoJee OTpUIIaTeleH »JJICKTPOAHBIA TOTEHIMAN MarHus, I[OATOMY MarHUEBbIH
AJIEKTPO]T OYJIET aHOIOM.
Ha maruueBom snexTpo/ie (aHoAe) UAET MPOIECC OKUCIEHUS TI0 YPAaBHEHUIO:

Mg® <> Mg?* +2e.
Ha [UHKOBOM J3JICKTPOIC (KaTOIIC) IMPOTCKACT IMPOLCCC BOCCTAHOBJICHU ITUHKA:
Zn’t +2e > Zn°.

10.36 CymmapHOE MOHHOE YpaBHEHHUE PEAKIUH, IPOTEKAIOIIECH B TAKOM raJlbBAaHUYECKOM
DIIEMEHTE, CIEAYIOLIEE:

0 2+ 2+ 0
Mg” +Zn“" - Mg +4n" .
BenuunHa 37€KTpoAHOrO MOTEHIMAa MeTalljla 3aBUCUT, TJIaBHBIM 00pa3oM, OT IPUPO/IbI

MeTajljja, TEMIEpaTypbl M KOHLEHTPAlMM HOHOB MeETajlyla B pacTBOpe. JTa 3aBUCUMOCTb
BBIpa)KkaeTcs ypaBHeHneM HepHcra:
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. 0,059
@ =@’ (Me/Me"*) + - Ig C(Me"™), ©.1)

rae ¢ (Me/Me"™) — HopManbHbII YIEKTPOHBINA MOTEHIIHAT;

N — YHCII0 OTAABAEMBIX (IPHHUMAEMBIX) METAJIOM AJIEKTPOHOB;

C(Me"™) — KOHIIeHTpaIis HOHOB METAIlIa B PACTBOPE, MOJIb/IM .

[Ipy KOHIEHTpAalMM HOHOB METajia, paBHOKM 1 Monb/mM®, BTOpOil ulleH ypaBHEHHS
obpaiaercss B HONb, TOTAA @ = ¢, m.e. 21eKMpOOHbl NOMEHYUAN MEemania npu e2o
xonyenmpayuu 1 Monu/om® npedcmasnsiem co6oii cmaHOapmMHbLIL 2NEKMPOOHbLI NOMEHYUA.

DNEeKTPOJABMKYILAs CWiIa FE TalbBaHUYECKOTO 3JIEMEHTA OINPEACISIeTCS Pa3HOCTHIO

NOTEHIIMAJIOB KaToJda U aHOoJa: E = (0 K — (0 A.

TaK, B,HC MAariu€BO-IMHKOBOI'0 TIaJlbBAHHUYCCKOI'O0 3JJICMCHTA, IIPpW KOHLCHTpalUAX
HNOHOB COOTBCTCTBYIOIIHX MCTaJIJIOB OJIMH MOJIB/I[M3,

coctasser: E = ¢°(Zn/ Zn?") — p° (Mg/ Mg?*) =—0,736 — (—2,34) =1,604 B.

UYem OoJtbIlie pa3HOCTh B 3HAUCHUSX CTAHJAPTHBIX AJIEKTPOIHBIX MOTCHIIMAIOB METAIIIOB,
TeM Oombitie DJIC raibBaHU4YEeCKOTO JIEMEHTa, KOTOPBIH 3TH METAJLIbl 00Pa3yroT.

CpaBaum JJIC TOABKO YTO pa3o0paHHOTO MAarHUEBO-IMHKOBOT'O TajbBaHUYECKOTO
aneMenTa ¢ DJIC MarHueBO-MEHOTO 3JICMEHTA.

(-)Mg|Mg?*|zn%F|zn(+);

C(Mg/Mg?*) =C(Cu/Cu®") =Luoxsl on®
E =¢°(Cu/Cu®")—p°(Mg/Mg?*) = +0,34 — (=2,34) = 2,68 B. .

Wtak, ueM pnanblie JIpyr OT Jpyra HaxXxoAsTCs MeTallbl B TaOJMlle HOpPMallbHBIX
ANIEKTPOAHBIX OTEHIHANOB, TeM Ooibiie D/1C raabBaHMYECKOrO 3JIEMEHTA.

Kak ormeuanocek panee B pa3zene, 3aBUCUMOCTb BEJIMYMH IEKTPOIHBIX OTEHIIMAIOB OT
KOHIIGHTPAllM OKMUCJIMTEIbHOM M BOCCTaHOBUTEIbHOM ¢opM peareHta u oT pH cpens
BhIpakaeTcs ypaBHenuem Hepucra (9.1).

VYpaBuenne HepHcra noszBossier npoBoauTh pacueT DJ[C raapBaHHYECKUX DIIEMEHTOB
IIPU YCIOBUSAX OTJIIMYHBIX OT CTAHJAPTHBIX.

N3menenune wn3o6apHOro mnoreHnuaiga ['mbOca B cucTeMe YUCIEHHO paBHO padoTe,
COBEPIIAEMON B PE3yJIbTaTe NPOTEKAHUS NIEKTPOXUMUYECKON PEAKIIUHN:

AG =-A =-nAgpF, (9.2)
rne A — paboTra »DJIEKTPUYECKOrO0 TOKa, paBHAas MPOU3BEIEHUIO YHCIa MOJIb
IIEPEHECEHHBIX JIEKTPOHOB N, HANPSHKEHMsSI B DJIEKTpUUEeCcKor 1ienu A¢ u nocrosHHon dapanes
F = 96 454 Kn/momns = 96 500 Kin/mos.
JI1st CTaHIapTHBIX YCIIOBHMA:

AG® =-A%=_nAyp°F. (9.3)

KoHcTanTa paBHOBecHs DJIEKTPOXMMHMUYECKON pPEAKLUU I CTaHJAPTHBIX YCJIOBUM
onpenensercss opMysoi ciaeryromero Buja:

p _nAp°F
2,3-RT

BenuunHbBI KOHCTAaHT PaBHOBECHUI AJIs Pa3HbIX JIEKTPOXUMHUECKUX PEAKIIMH MO3BOJISIOT
OTIpEeAeIATh CTENEeHb UX HEOOPAaTUMOCTH.

ITockosIBKY RJIEKTPOIHBIN MOTEHIMA METaJllIa 3aBUCUT OT KOHILIEHTPALlMKA pacTBopa, TO
MOKHO COCTaBUTh L€Mb M3 OJUHAKOBBIX METAJUIMYECKUX JJIEKTPOAOB, NOIPYKEHHBIX B
pacTBOpBl C pa3IM4YHOM KOHLEHTpAlMeldl HOHOB 3TOr0 METAUIA — 910 KOHYEHMPAYUOHHbIU
2aNIbBAHUYECKULL DTNEMEHM.

3J1C KOHLEHTPAIIMOHHOTO 3JIeMEHTa onpeaesseTcs mo Gopmyie:
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0,059 . C,(Me?)
z T Cy(Me™)

I'JIE C(ME*") — KOHIIEHTpaIMs MOHA METaJljla B IPUINEKTPOIHOM CJIOE, MOJIL/IMS, Ipruuem
c1(me*") > co(me?*) ; Z — cTeneHsb OKUCIIEHHS NOHA.
DneKTpoau3
Teopernueckre OCHOBBI
DJEKTPOIN30M Ha3bIBAECTCS OKUCIIUTEIbHO-BOCCTAHOBUTENBHBIN NPOLIECC, IPOUCXOASIINN Ha
3JIEKTPOJIaX IPU MPONYCKAHUU NOCHMOAHHO20 dIEKTPUYECKOTI0 TOKA YEPE3 pacTBOP WM PacIliaB
AJIEKTPOJIUTA.
Jl1s ocyliecTBIIeHUS AJIEKTPOIIN3a HEOOXOIMMO B COCYJ] C PAaCTBOPOM WJIH PACILIaBOM
AJIEKTPOJIMTA BHECTHU [1BA MIEKTPOJIA, COCIUHEHHBIE C IIOJ0CAMU BHEIIHETO UCTOYHHUKA
MIOCTOSIHHOT'O TOKA.

DNEeKTpoa, MPUCOCAMHEHHBIN K OTPUIIATEILHOMY TOJIFOCY BHEIIIHETO UCTOYHUKA
MOCTOSTHHOTO TOKa, Ha3biBaeTcs karoaoM (K).

[Iponyckanue TOKa Yepe3 SJIEKTPOJUT MPUBOJUT K TOMY, YTO HOHBI B PAaCTBOPE
HayuHaKT nepeMewatbesa. [lonoKuTenbHbIE MOHBI, KaTHOHBI, ABUXKYTCS K OTPULATEIbHOMY
MEeKTpoy — Kartoxy. OTpuiaTesnbHble HWOHBI, AHUOHBI, JBIXKYTCA K TIOJIOXXHUTEIBHO
3apsA’KEHHOMY 3JIEKTPOAY — aHOJly.

Ha xarone unér npouecc BOCCTaHOBJIEHUS, T.€. IIPOLECC IPUCOECIUHEHNS dJIEKTPOHOB.
B nau6osee npoctom ciyyae KaTHOHBI BOCCTAHABIMBAIOTCSA MO CXEME:

.-
A"+e o A,
Ha anone uaét npouecc OKUCIECHUS, T.€. IPOLIECC OTAAYU SJIEKTPOHOB MOHAMU. B
HpOCTCfII.HGM cnyqae I9TOT npouecc BBIpa)KaIOT CJ'IG,I[YIOH_II/IM 06pa30M:

B -e<B.
bnarogapss paboTe HCTOYHMKAa TOKAa OJJIEKTPOHBI, OTJAaHHbIE HOHAMHU Ha aHOJE,
nepefalTcs Ha KaTtof. B pesynbrate aHon Bc€ Bpemsi oOeqHSETCS IJIEKTPOHAMH, a KaToJ
oOorarmaercs.
Ha pucynxke 10.1 npencrasieHa cxema 31eKTpONIH3Epa.

IC = (9.5)

_ :‘T@”_ _

Pucynox 9.1 Cxema snexmponuzépa
PacriaB xyopujia Hatpust coaepkuT KatnoHa Hatpus Na* w amwonsr Cl. Ilpwm
IPOMYCKAaHUH Yepe3 3TOT PACIUIAB IEKTPUUECKOTO TOKA K KaTOAy HalpaBIAIOTCS HOHBI HATPUS,
a K aHOJly — XJIOPUJ - UOHBI.
VY karona uAET MpoLEcC BOCCTAHOBIIEHUSI B COOTBETCTBUH C YPaBHEHHEM:

2Cl~ —2e <> Cl,
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+ 4 0
Na" +e <> Na".
VY aHoza UAET MPOLIECC OKUCIICHUS 110 YPaBHEHHIO:
Becsw nporiecc anekrponusa paciuiaBa NaCl Mmoxker ObITh 3aricaH B BUIEC CXCMBI:

‘Nat L a 0
K:Na" +e<«> Na
A:2ClIT -2e < Cly.

Taxum 00pa3oM, pH 7AEKTPOIU3E paciliaBa XJIOpUIa HaTPUs HAa KaTO€ BbLAEISAETCS
HaTpHUH, Ha aHOJE — XJIOP.

Wrak, mpu 371€KTpOoau3e pacIlIaBOB JIEKTPOJIUTOB HA KaTOJE Pa3pspKAIOTCS KaTHOHBI, a
Ha aHOJIe AaHWOHBI, 00Pa3yIOLINE HIEKTPOIIHT.

Bozanble pacTBOPBI 2IEKTPOIMTOB IOMUMO HOHOB, Ha KOTOPBIE pacnafaeTcs dJIEKTPOJIUT,
COACpIKAT MOJICKYJIbI BOJBI, CIIOCOOHBIE NpUHUMATb Y4YaCTUC B KAaTOJAHBIX HW AHOJHBIX

mpouneccax.
Ha xaTone Bo3aMoxkeH mponecc BOCCTAHOBJICHHUA MOJICKYJI BOABI IO YPABHCHUIO:

2H,0+2e <> H, +20H .

Ha anoae Bo3MOxeH mponecc OKMUCJICHUA BOABI, KOTOpBIfI IMPOTCKACT 110 CXCMC!

2H,0—4e <> 4H ™" + O,

Kakne mnpoueccsl OyAayT MHpOUCXOIUTh Ha ODIEKTPOAAX — 3aBUCUT OT BEIHMYUHBI

HOPMAJIbHBIX OKUCIUTEIFHO-BOCCTAHOBUTEIBHBIX MOTEHIIMAIOB TOTO WM UHOTO MpoIiecca.

HMoHbl MeTaJuloB C BecbMa Maliol anreOpanmyecKol BEIMYMHON CTaHAApPTHOTO
IIEKTPOHOTO MOTeHIHaNa, oT Li 1o Al BKIIIOUHTENTLHO, UMEIOT YPE3BBIYAHO MaJIOE CPOJICTBO K
3JIEKTPOHAM, YCTyIas B 3TOM OTHOLIEHUW noHaM H™ (cM. tabi. 9.1). [TosToMy 1pu 3J1eKTpoIn3e
BOJIHBIX PAacTBOPOB YyKa3aHHBIX METAIJIOB HA KAaTOJAE MPOUCXOIUT BOCCTAHOBIIEHHE BOJBI 10
cxeMme, IpUBEJICHHOMN paHee.

KaTnoHbl MeETaNIOB C TOJIOKUTEIBHBIMUA 3HAYEHUSIMH CTAHIAPTHOTO 3JIEKTPOTHOTO
norennuana (Cu, Ag, Hg, Au u dp.) uMeroT Golbliee CPOACTBO K 3IEKTPOHAM, ueM HOHBI H (cM.
tabis. 11.1). B urore, Ha kaTo/1e BOCCTAaHABIMBAIOTCS HOHBI METAJUIOB IO CXEME:

Me™ + ne” «<>Me°.

KarnoHbl MeTaioB, 3aHIMAIOIIKE B PSIIy HANPsODKEHUH cpeanee mosoxenue (Zn, Fe, Cd,
Ni u fap.), BOCCTAaHAaBIMBAKOTCS HA KaToJe OJHOBPEMEHHO C BOCCTAHOBICHHEM KAaTHOHOB
BOJIOpOJA.

Wrtak, npu onpeaeraeHnn IpoLyKTOB 3JIEKTPOJIN3a BOJAHBIX PACTBOPOB JIEKTPOJIUTOB,
HAJI0 PYKOBOJICTBOBATHCS BBIIICYKAa3aHHBIMU COOOpaKEHUSIMH, OCHOBAaHHBIMH Ha aHaIHM3€ psja
HaIpsHKCHUN.

Ha karome mnerde Bcero paspsoKaroTCsi TakWe KAaTHOHBI, KOTOpBIE HWMEIOT Oolee

TIONOKHUTENBHEIH 2MEKTPOIHBIN MoTeHIHa. Hanpumep, ecliu SIeKTpOIuT coaepkut nousl Cu?*

°Cu °Zn
u Zn’*, 1o ¢ P = P =
" PAaBHUBAS 3HAYCHUS Cu2+ +0,34 Bu Zn2+ =-0,76 B, MOXHO

clenaTh 3aKIIOYeHHe, 4To Jerde OyayT paspspkathes moHbI CUZY, Tak Kak WX SIeKTpPOIHBIH
IMOTEHIIAAN OOJBIIIE.

Ha anome gnerue mpoWcXOAMT TOT  TpoOIecc, HOPMAIbHBIH  OKHCIUTEIHHO-
BOCCTaHOBI/ITeHBHBII\/’I IIOTCHIIHAJI KOTOpOFO MCHBIIIC. Haan/IMep, nu3 JABYX BO3MOXHBIX aHOAHBIX
MIPOIIECCOB B PACTBOPE CEPHOM KUCIOTHI:

2502~ —2e <> $,057,¢° = +2,01

n
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2H,0 —4e <> 4H " + 0y, 0" = +1,23

ClieyeT OTAATh MPEANOYTCHHE BTOPOMY, T.K. €My COOTBETCTBYET MCHBIIICEC 3HAUYCHUE
MOTEHLIKaNA.

Cpenu aHMOHOB HAUOOJIBINEH CITIOCOOHOCTHIO K OKUCIICHHUIO HA aHOJIe 00JIadar0T aHMOHBI
6eckucnopoaubix kucnot (CI, Br, I, $%). B pe3yabTaTe 5MeKTpoNIH3a pacTBOPOB, COAEPIKALINX
9TH MOHBI, HA aHOJIE BBIJENIAIOTCS CBOOOHBIE T'aJIOTEHBI UJIH Cepa.

BoccraHoBiieHHE METAJUIOB U3 PACTBOPOB MX COJEH HJET TOJIBKO B TEX CIy4asX,
KOrJa JaHHBIA MeTaul UMeeT OOJBIIUN AJEKTPOJAHBIN MOTEHIMAN, YeM y aJlOMUHUS, T.. Ha
KaTOJC BBIACIIAIOTCA TC MCTAJIJIbI, KOTOPBIC CTOAT B PAAY HAIIPSXKCHUA MTPAaBCC aJIlOMUHHA.
Hamnpumep, anexrponu3 pacrBopa ZnClz moiiaér mo cxeme:

K :Zn* +2e <> zn°
A:2Cl~ —2e <> Cl,.

HpI/I QJICKTPOJIMU3C PAaCTBOPOB coyen MCTAJIJIOB, PACIIOJIOKCHHBIX B PAAY HAIPSAXKCHUA 0O
AITIOMHWHUA BKIIIOYUTCIIBHO, HA KaTOAC IMTPOUCXOJUT BOCCTAHOBJIICHHUEC BOJbI 110 YPABHCHHIO!:

2H,0+2e <> H, T+20H ",

Dnektponu3 pactBopa NaCl MokHO H300pa3uTh CIIEAYIONICH CXEMOH:

K:2H,0+2e <> H, T+20H"
A:2CI~ —2e <> Cl,.

B kaTosHOM IpocTpaHcTBe B pactBope octarorcs nonbl Na* u OH (menous NaOH).

_ 2_ 3—
Kucnoponcoaepxamnme aHUOHBI (NO3 ,804 ,PO4 U Jp.) UMEIOT OONBIIHiA

OKHCITUTEITFHO-BOCCTAHOBUTEIBHBIN MOTEHIMAJ, YeM IOTEHIIHAT IpOoIlecca OKUCICHHS BOJIBI,
MO3TOMY IIPH JIEKTPOJIM3E PACTBOPOB COJIEH, COEPIKAIIMX 3T aHUOHBI, HA aHOJ/IE€ OKHCISEeTCs
BOJIA.

OnmHako ecTb M HCKIIOYEHHUS, HalpuMep, HpPU DIIEKTPOJIH3E IIEJIOYHBIX PACTBOPOB
THIIOXJIOPUTOB M XJIOPATOB Ha MHEPTHOM aHoje okucisitoTes annonbl CIO™ u ClO3™ no ClOs™ u
ClO4™ cOOTBETCTBEHHO.

Hanpuwmep, npu anexrponuse pactBopa K2SO4 mpoTekaroT cieayromie mporecchl:

K:2H,0+2e <> H, +20H -
A:2H,0-4e <> 0, +4H"
Ha KaToae 06pa3yeTc;1 BOOOpPOd, Ha aHOAC KHCIIOPOA. B KaTOAHOM IIPOCTPAHCTBE

HakaramBaroTcsi MoHbl OH , B aHOJTHOM — MOHBI THAPOKCOHUS, IMOTOMY OKpacka JlakMyca B
KaTOJHOM MPOCTPAHCTBE Oy/AeT CUHEH, a B aHOJTHOM — KPacHOH.

[Iupokoe NMpHUMEHEHHWE HMMEET AJIEKTPOIU3 C pacmeopumvlmu anooamu. B kadectBe
TAKOBBIX MPHUMEHSIOT MeJb, CEPeOpO, 30JI0TO, HUKEIb U Apyrue Metaiuibl. [Iporecc anekrponusa
OpU STOM 3aKIIIOYAeTCs B OKUCIICHHM METajla-aHo/a 10 KAaTHOHA W B IOCIEAYIOIIEM €ro
BOCCTaHOBJICHUU BHOBB JI0 METAJNTMYECKOTO COCTOSTHUS Ha KaTOJIe.

Cxema 37ekTposu3a BogHoro pactBopa CuSO4 ¢ MeTHBIM aHOIOM:

A:Cu® —2e &> Cu?
K:Cu® +2e <« Cu’.
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CooTHomeHne Mexay Maccoi (Wi 00beMOM) BEIISCTBA BBIICTUBIINXCS HA AJIEKTPOIaX
IIPH DJICKTPOJIM3E M KOJUYECTBOM 3aTPAuyCHHOrO 3JICKTPHUECTBA ompeaeiseT 3akoH Dapajes:
KOUYeCmB0  Beujecmsd, BblOeUBULe20Css Npu  dJeKmpoauze, Npsamo  NPONOPYUOHAILHO

KOUYeCmay 3J1eKmpudecmad, npoueoue20 uepes 21eKkmpoaum 3a epems t

m( X
n(iX),MOJlb—BK6= (1 ) = 96I5tOO’
x M (> X)
ZX
1
rac m()() — Macca BHeKTpOXI/IMI/I‘IeCKI/I IpEeBPaICHHOTO BE€IICCTBA, 2, M (_ X) —
X

MOJISIPHASI MAcCa SKBUBAJICHTA OIPEICIIIEMOT'0 BEILISCTBA, 2/MOJb,

Z — YUCIIO AJIEKTPOHOB, YYACTBYIOUIUX B OKMCJICHUH WJIM BOCCTAHOBJIEHUU OJHOTO MOHA;
{ — Bpemst anekTponmsa, c.

Wnn g razos:

YNES
z
V(X)= - :
96500
rae V(X) — o00beM 3IIEKTPOXMMHYECKH BBIIEIEHHOrO TIa3a, om®: Vm (i X)—

Zx

SKBUBAJIEHTHBIH 00HEM NEKTPOXUMHYECKH BBILIEIEHHOTO Ta3a, OM°.

[Ipy DIIEKTPONM3€e BOAHBIX PACTBOPOB COJIEH META/LIOB, 3aHUMAIOMIAX MPOMEKYTOUHOE
TIOJIO)KEHUE B Py HANPsOKEHU, HapsAy C BHIAEICHHEM METAJIa Ha KaTOJe UJET BBIIEICHUE
Bogopona. Ilpm 5TOM Macca BBIAEIUBIIETOCS METAAIa HE OJKBHBAICHTHA KOJHYECTBY
IPOILENIEr0 YePe3 PACTBOP DIEKTPUUECTBA, YACTh KOTOPOIO PACXOIYETCs Ha BBIICIECHUE
BOZOPOJIA.

3ﬂ€KmpOﬂM3 C HAJIOMNCEHUEM 6HEUIHe2O0 Hanpﬂ.?fceHHﬂ — TOK OT BHCHIHCIO HMCTOUYHHKA
IPOXOJMT YePE3 DIEKTPOIUTHIECKYIO SUEHKY C HCCIELyeMBIM pacTBOpoM. Ilpu sToM obImee
Hanpsokenre U CKIaapIBaeTCs M3 MOTEHIMAIA pa3aokeHus £, = E4n — Eki, TIEPEHANPSHKEHUH Ha
aone T]an, xarome 7)ki m moremmmanma Ur = IR, HeoOGXoauMMOro Ui MpeojONeHHs

COTPOTHUBIICHUS deKTponuTa R:
U= (Ean+ T]an) — (Exi—T]x) + Ur.

[TognepxuBasi OmMpeAeNeHHOE 3HAUYCHHWE TMIOTEHIIMajda KaToaa, MOXKHO IPOBOJUTH
MOCJIE/IOBATEIbHOE BBIJICJICHUE METAIJIOB M3 HCCIEAYEMOIO pPAacTBOpa WM OTIECIEHHE OT
MEMIAIONUX TPUMECEH (3JIEKTPOIIU3 MPU KOHTPOJIUPYEMOM IMOTEHIIHATIE).

[Ipomiecc naneKTponaM3a CIYXKUT MPEeXKAEC BCEro Mg MPOMBIIUIEHHOTO MOJIYYeHHS
QTIOMUHHMS, MEIW, MHOTHX IICJOYHBIX M IICIIOYHO3EMEIbHBIX M JIPYTUX METAJUIOB; IS
AHAJTUTHYECKOTO ompeneseHus: metaioB — Cu, Pb, Zn u mHorux np. Kpome Toro, ¢ moMoIisto
AJIEKTPOJIM3a MOXKET OBITh TMPOBEICHO AaHAJTUTHYECKOE Pa3CIICHHE ps/la METaUIOB B U3 HX
cMeceid. Hanpumep, 3eKTpon30oM BEAYyT ONMpPEACIIEHHE MEIH, CBUHIIA, OJIOBA U LIMHKA B JIATYHU
METOJIOM PA3CIBHOTO AJIEKTPOOCAKIACHUS TPU KOHTPOJUPYEMOM TOTEHIHaie. MeTon
BHYTPEHHETO 3JIEKTPOJIM3a HMCHOJIb3YEeTCS M AHAIMTUYECKUX OIpPEeAeNICHUH OYeHb MallbIX
KOJIMYECTB METAJUIOB B PACTBOPAX, KOTOPHIE HE MOTYT OBITh OMPE/EICHBI IPYTUMHU METOTaMHU.
KOPPO3USA METAJIJIOB
TEOPETHMYECKHWE OCHOBBI
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Kopposueii memannog nazvieaemcs npoyecc paspyuwieHusi Memaiid, npoucxoosiyuti noo
Oelicmsuem oxpyxcaroujeli cpeovl. B pesynbrare 3TOro mpoiecca MeTall IMEePeXOAuT U3
CBOOOJHOTO COCTOSTHUSI B XUMHUYECKHU CBSI3aHHOE.

Tak, pacTBopeHHe Kelle3a B COJSHOW KUCJIOTE WM PrKaBIIEHUE JKEJIE3HBIX M3/ETUi Ha
BO3/yX€ SBJISAIOTCS MPOIIECCaMH pa3pyIIeHUs 3TOr0 METallIa, T.€. IPOLIECCOM KOPPO3HUH.

[lo MexaHu3mMy mpoTeKaHHs Mpolecca KOppo3us JEIUTCS Ha XUMHUYECKYI0 H
AIIEKTPOXUMHUYECKYIO.

XuMudeckasi KOppo3usi HE COMPOBOKIACTCS MOSBICHUEM AJIEKTPUYECKOTO TOKA, TaK Kak
B TOM CJIy4ae HET MPOCTPAHCTBEHHOTO Pa3/IeICHHUs POIIECCOB BOCCTAHOBIICHHS U OKHCIICHHUS.

XuMuyeckass KOppo3us MpOTeKaeT Kak OObIYHAs XMMHMYECKas peakilus, Hampumep,
B3aMMO/ICHCTBHE jKeJe3a ¢ KUCIOPOIOM IIPH BBHICOKOH TeMIeparype:

4Fe +30, — 52Fe,05.

DNeKTpoXuMHYECKast KOppo3usi HabJIr0AaeTCsl IPU CONIPUKOCHOBEHUH METAJIOB C BOJIOH,
pacTBOpaMu 3JIEKTPOIUTOB, aTMOC(HEPHBIM BO3TYXOM.

OcHogHoe omauuue 31eKMPOXUMULECKOU KOPPO3UU OM XUMUYECKOU COCMOUm 6 Mmom,
umo obwasn peaxyus 63auMoO0eticmsus Memaiia ¢ OKUcaumenem modxcem Obims pazoeneHa Ha
06a camocmosmenvuwix npoyecca: 1) npoyecc oxkucnenus uiu anoOHwlil npoyecc, 2) npoyecc
80CCMAHOBNIEHUS UNU KAMOOHbII.

IIpn 27EKTPOXUMUYECKOM KOPPO3UHM IPOLECC OKUCIECHMS U IPOLECC BOCCTAHOBIICHUS
IIPOTEKAIOT HA PA3JIMYHBIX YYacTKax MeETaJlla — aHOJHOM M KaTOJHOM COOTBETCTBEHHO.

ITpoueccel, mnpoucxoxdiue TMpU  DIEKTPOXMMHUYECKOM KOPPO3HMH, AHAJIOTHYHBI
mmporeccaM, MNPOTEKAOIIMM B TajlbBaHWUYECKUX JJeMeHTax. lIpomecchl aIeKTpOXUMHUYECKON
KOPpPO3UHU COIPOBOXAAIOTCS NEPEMEILEHUEM JJIEKTPOHOB C AHOJIHBIX YYacTKOB Ha KaTOJHBIE,
T.€. DJIEKTPOXUMHUYECKAsE KOPPO3Us CONPOBOKIACTCS MOSBICHUEM B METAUIE JJIEKTPUYECKOIrO
TOKa.

AHOIHBIN TIpoLECC MPH DIIEKTPOXUMHUYECKONM KOPPO3UM — ITO MEPEXO] MeTaula W3
CBOOOJTHOTO COCTOSIHUE B MOHHOE:

0 & n+
Me” —ne<>Me'"" .
Hampumep, npu 531€KTpOXMMHYECKON KOPPO3UM Kejle3a  MPOUCXOIUT CIEAYIOIINI
AHOJIHBIN MPOLECC:

Fe® — 2e > Fe?"

KaTO)IHBIfI nmponecc COCTOUT B BOCCTAHOBJICHHUUN OKHCHHTGHGﬁ, T.C. B IMPUCOCANHCHUUN
AJIEKTPOHOB K MOJIEKYJIaM WJIM HOHAM U3 OKpPYXKarolel Cpeabl.

Wrak, »snexkTpoxuMuueckas KOppO3Ws METauIOB — 3TO pe3ynbTaT JEHCTBHSA
MUKpOTaTbBaHUYECKHUX IJIEMEHTOB, 00pa3yIOIIMXCs HA TIOBEPXHOCTU MeTalia. B psge coydyaes
o0pa3oBaHMEe TaKWX TrajdbBaHOMap OOYCIOBICHO HAJWYHEM B MeTa/Ulax MpUMeced WIn
KOHTaKTOM JIBYX Pa3HOPOJHBIX METAJJIOB.

Tak, mpu pacTBOpeHNHU B pa30aBIICHHON CEpHOM KHCIIOTE IIMHKA, COAEPKAIIEro MPUMECH
JKere3a, MPOMCXOAAT CIENYIOLIME MPOLECChl: LIMHK C MPUMEChIO jKelle3a, MOMEIIEHHBIH B
PacTBOP CEPHOI KHUCIOTHI, MPEACTABIISAECT COOOM raTbBaHUUECKHUI DJIEMEHT

(-)Zn|H,SO, |Fe(+).

AHOIIOM B 3TOM TaJIbBAHHYECKOM JIEMEHTE SABIISIETCS OoJiee akTUBHBIN MeTai nuHK. Ha
aHOJIe MTPOUCXOIUT CJICIYIONIUI MPOIIECC:

0 - 2+
n" —-2e > 7n“T,
DNEeKTPOHBI OT aHoja (I[MHKA) HAMPaBJISAIOTCS K Karody (Kenesy), IAe MPOUCXOAUT
npouecc BOCCTAHOBJICHUSA ITOJIOXKHUTCIBHO BapSDI(eHHBIX HOHOB H+ u3 paCTBopa CGpHOffI KHUCJIOTHI:

2HT +2e <> Hy.
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OneIT MOKa3bIBaET, YTO CKOPOCTH MPOIEcca PACTBOPEHHUs IMHKA, MpU paboTe TaKOro
raJbBaHUYECKOTO JJIEMEHTa, ropa3io OoJbIle, YeM CKOPOCTh PEAKIMH HEMOCPEICTBEHHOTO
B3aNMMOJICHCTBHS IIMHKA C KHUCIIOTOM.

OcoOblii UHTEpPEC MPENCTABIACT AJICKTPOXUMHYECKAs KOPPO3Hsl B HEHUTpAIbHOW cpeje,
TaKk Kak 3TOT Ciy4aili Hambosiee OIM30K K aTMOC(hEpHOW KOPPO3UH. DICKTPOIHUTOM B TaKOM
ciIy4ae SIBIIIETCS BOJa C pacTBOPEHHBIMU B Hel razamu (CO2, O2, 3adactyio — SO2, HUITPO3HBIMU
razamu NxOy u 1ip. ).

PacTBOpEHHBIN B BOJIE KUCIOPO/I, & TAKAKE KUCIOPOJ BO3yXa MOTYT IPUHUMATh y4acTHE
B KaroOAHOM IIpOLECCE, MPU OTOM IMPOUCXOAUT BOCCTAHOBJIEHUE KHUCIOPOJA COIIACHO
YpaBHEHHUIO:

O, +2H,0 + 4e <> 40H ™~

PacTBOopeHne B Boj€ YIVIEKUCIIOTO ra3a MPUBOAUT K 0Opa30BaHUIO YrOJIbHOW KHCIIOTHI,
KOTOpast IPH AUCCOLUALMH JIAET HEOOIBILIOE KOJIMUECTBO HOHOB H

CO, + H,0 «> H,CO, <22 , H, 0" + HCO; «22,

+ —
129, 0" +coZ.
HpI/I OTOM Ha KaToJ€ MOKCT IIPOUCXOANTH BOCCTAHOBJICHUC KATHMOHOB H+:

2H" +2e <> H,.

YacTto KaTOIHBIM MHpolecC ABJIAECTCA CMELIAaHHBIM, T.€. Ha KaroAe HIET INPOLECC
BOCCTAHOBJICHUSI KHCJIOPOJAa U MPOIECC BOCCTAHOBICHUs MOHOB H', mpuuém mocnennuii, Kak
IIPABWJIO, UMEET MOJUMHEHHOE 3HAUYCHNUE.

BemecrBa, ycHIMBAIOLIYI0 KOPpPO3UIO, Has3bplBAOTCA  akmusamopamu. CHIBHO
JEHCTBYIOIMM aKTHMBAaTOPOM SABIIETCA MOH XJopa. IloaToMy mporeccsl KOppo3uu B MOPCKOM
BOJIE UAYT TOPa3/l0 MHTEHCUBHEW, YEM B IIPECHOM.

BemectBa, 3ameuisione Mporece pa3pymeHusi MeTalIoB, Ha3bIBAIOTCS UHSUOUMOPAMU.

JUist 3aIlMTHl METAJUIOB OT KOPPO3WHM 4acTO MCHOJB3YIOT Pa3jIMUHbIE IOKPBITUS, B TOM
quciae MeTaIMYecKue. B 3ToM cilyyae MeTayuIONOKPBITHE JOJDKHO OBITh YCTOWYHMBBIM K
KOPpO3UH.

Hapymienre 1eI0CTHOCTM METaJIMYECKOro TOKPBITHS MOXKET NpPUBECTH JHO0 K
COXpPaHEHHMIO OCHOBHOIO MeTajla, MO0 K YCHJIEHHOM KOppO3UU. OTO 3aBUCUT OT
CPaBHUTEIBHON aKTUBHOCTH 3AILUIIAEMOI0 U 3alIUTHOIO METajlIa.

Mertannnueckoe MOKpeITHE U3 00Jiee aKTHUBHOIO METalljia, IPU HapYIIEHUHU 11€I0OCTHOCTH
€ro CJI0s1, BBICTYIIAET B POJIM aHOJAA B 00pa30BaBIIEMCS ralbBaHUYECKOM AJIEMEHTE.

OcHoBHOI MeTaJ1 B Ipolecce paboThl TaKOTO TalbBAHUYECKOTO 3JIEMEHTa He Oyner
pa3pymarbes. [TokpbiTue 13 Hanbosee akTHBHOTO MeTalljla Ha3bIBAE€TCS aHOTHBIM.

Korna nokpeiTHe cienaHo U3 MEHEe aKTUBHOTO METalla, TO HapyLIEHHE LENOCTHOCTU
ATOr0 MOKPBHITUS MPUBEAET K OOPAa30BaHMUIO TaJlbBAHUYECKOTO AJIEMEHTAa, aHOJIOM B KOTOPOM
OyzeT SABIATHCS 3alMINAeMblii MeTaJll, a KaTOJJOM — MOKpbITHE. Takue MOKPHITHS HA3bIBAIOTCA
KaToAHbIMU. B 3TOM ciryyae ocHOBHOM MeTai OyAeT pa3pyliaTbes.

KaronHoe mNOKpbITHE SBISETCS MEHEE BBITOJHBIM, TaK Kak IPpU HapyLIEHUH €ro
LEJIOCTHOCTH OCHOBHOM METaJlI Pa3pyIIaeTcsl.

B ciydae aHOZHOTO MOKPBITUS OCHOBHOM METAN IIPU IMOBPEKIAECHUU IOKPBITUS HE
paspymaercsa. B 5ToM ero npenMyIuectso.

Bonpocsl u 3axanus
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ITpumep 1 CranmapTHbIE AJIEKTPOAHBIE TOTEHIMAIBI ISl IMHKA U CBUHIA paBHBI — 0,76
B u — 0,13 B cooTBETCTBEHHO. Y KaKOTO U3 3JEKTPOJ0B, IMHKOBOIO WJIM Y CBUHIIOBOTO, BBIIIE
MJIOTHOCTB JBOMHOTO 3JIEKTPUUECKOTO CIOsI, €CJIK 00a 3JIEKTpoa IOMECTUTD B BOTY?

Pemenne

VY IMHKOBOrO 3JIEKTpOJa BEIWYMHA CTaHJIAPTHOTO 3JEKTPOJHOIO MOTEHIIMAlIa MEHBIIIE,
YeM y CBHHIIOBOTO, YTO CBSI3aHHO C OOJIBIIEH CITOCOOHOCTHIO MOHOB ITMHKA THAPATUPOBATHCS
MOJIEKYJIAMH BOJBI M NEPEXOAUTh U3 TBEPAOW IOBEPXHOCTH B pacTBOp. B wmrore, y nuHkKa
CO37aeTCsl B TMPHUAJICKTPOJHOM cjioe Oojiee MOIIHBIA JIBOMHOW 3JIEKTPUUYECKUMA CIIOH, YeM Yy
MMOBEPXHOCTU CBUHIIOBOTO 3JIEKTPOJIA.

[Ipumep 2 JKene3nas W HUKeNEeBas IUJIACTUHKU, MOTPY)KEHHBIE B PACTBOpP COJISTHOM
kuciotel ¢ xonuentparmeit C(HCI) = 1 moms/mM3, pacTBOPSIOTCS ¢ BBIIETEHHEM BOIOPOJA.
Kakoii npouiecc HaUMHAETCA, €CIY IITACTUHKA COCTMHUTD IMTPOBOTHUKOM?

Pemenue
2.1 HO COCIMHCHUA ITPOBOAHHUKOM U KCJI€30, U HUKEJIb OKUCIAINCh HOHAMHU H+:
a) 1|Fe® — 2e” « Fe?t,; ¢°(Fe**/Fe®) = - 0,44 B;
12H* + 2¢” — Hot ¢°(2H*/Hz) = 0,00 B;
DIC1 = ¢°(2H*IH,) — p°(Fe?*/Fe®) = 0,00 — (- 0,44) = 0,44 B;
6) 1|Ni° — 2e” < Ni?*; ¢°(Ni?*/Ni®) = - 0,25 B;
1|2H* + 2~ — Hot ¢°(2H*/H2) = 0,00 B;

DNIC> = ¢°(2H*/H,) — °(Ni?*/Ni°) = 0,00 — (- 0,25) = 0,25 B.

Tak kak 3/[C1 > 3/[C>, TO Ha KeJE3HOW TJIACTUHKE BBIJEICHHE BOJIOpoOa OyaeT Oosee
UHTEHCUBHBIM, YEM Ha HUKEJIEBOM.

2.2 Tlocne coeqMHEHUs TUIACTHHOK — 00pa3yeTcsl TajJbBaHUYECKHH 2JIE€MEHT, B KOTOPOM
OyAyT IPOTEKaTh PEaKIMH:

amon: 1|Fe’—2e « Fe?; ¢°(Fe**/Fe®) = - 0,44 B;

karox: 1|(Ni%) 2H* + 2e < Hof.

[ToTOK 2JIEKTPOHOB C *eJe3HOW MIIACTUHKU (aHo/a) OyleT MepexoauTh Ha HUKEIIEBYIO
(karomy) 1o HpoBOAHHMKY. IlOBEpXHOCTh HUKENIEBOM IUIACTMHKHM, HAXOASIChb B KOHTAKTE C
pacTBOpoM cojiepKaiuM H', TepemaerT BIEKTPOHBI OTHM KAaTHOHAM, YTO MPUBOJUT K
00pa30BaHUIO MOJIEKYJI BOJIOPOJIA.

I[lpumep 3 Tox cunoit /0 A mnpoXOAWT uYepe3 HIIEKTPOJIU3EpP C IIIAaTUHOBBIMU
3NEKTPOJIaMH, B KOTOpoM Haxoautcs 500 cm® pacTBopa TMAPOKCHIA HATPUS C MAccOBOi foneit
owMNaOH) = 4,5 % (p = 1,05 2/cv®). HanummTe MOTHYIO cXeMY 3IEKTPOIIH3a BOJHOTO pacTBOpa
NaOH. Ckonbko yacoB noTpeOyeTcst BECTH 3JEKTPOIU3, 4To0bl MaccoBas 1o pactBopa NaOH
nocturia 10 %?

Pemenue
3.1 Beraucium mMaccy BOJIbI B ICXOJTHOM pacTBOpE:
ml(H 20) = ,01_\/]_ . (100 — (l)]_) =
100
~1,05-500
100

3.2 Haitgem Maccy KOHEYHOTO pacTBopa:

_ a)lplvl _ 4,5-1,05 -500

PPaz T, 10

- (100 — 4,5) =501,375 cx°.

m =236,25T.

3.3 Onpeaenum Maccy BOAbL, TOABEPTLIEHCS AIEKTPOIIU3Y:
AM(H20) =Mppa1 = Mppa2 = PIV1 —Mppar =
=1,05-500 — 236,25 = 288,75T.

3.4 Bpems nipoiiecca 3JeKTpoian3a COCTaBUT:
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- Am(H0) F _ 288,75 96500

T
2

=309604,2¢c =86,0 4.

M( H20)

3.5 Peakuuu, npoTekaromye Ha 3JIeKTpoJaax:
K 12H,0 +2e <> HS + 20H"~
A:40H™ —4e <>2H,0+0,.

[Tpumep 4 DnexTponus3Ep COAEPKUT pacTBOP HUTpaTa CBUHLA (+2), aHOA — CBUHIIOBBIM.
[IponomkutenbHOCTh eKkTpoaun3a 2 4 40 muH S50 ¢, cuiia Toka SA. BelunucanuTe TeOpeTU4YeCcKyro
yObUIb B Macce CBHUHIIOBOIO aHoja. Hamummre ypaBHEHHMS peakuui, MPOUCXOJAIIMX Ha

3JIEKTPOJIaX.
Pemenue

4.1 BapuaHT ¢ pacTBOPHMBIM aHOAOM. MeTaiumueckuii ceunen — anox (p°(Pb?*/Pb%) = —

a +
0,126 B) serdye ormaer >A€KTPOHBI, YEM MOJIEKYIIBI BOJBI (ZHZO —4e & 02 +4H ,

o

@ -i1238B)

YPaBHeHI/IH peaKuHﬁ, IMPOUCXOIAINUX Ha SJICKTpOAAX:

K : Pb?* +2e <> PB°
A:Ph? —2e <> Pb?*.

4.2 Teoperuueckasi yOblIb MacChl CBUHIIA COCTABUT:
Am(Pb) ='—FT. M(%Pb): 2960 5571

——207-==5175T.
96500 2
Ipumep 5 Paccumraiite Bemuuunnl DJC u AG%, 111 mnpoleccoB Kopposuw,
MPOTEKAIOIINX M0 YPABHEHHSIM:
Me(x) +H2006+02) —Me(OH)ng),
rne Me — Fe, Ag. Kakoll U3 npuBeileHHBIX METAJUIOB OyJeT MOJABEpraThCcsi KOPPO3UU BO
BIIQYKHOM BO37yxe?
OTtser
4.1 YcnoBus MpoTeKaHUs MPAMOI peaKInu TpH cTaHAApTHBIX yernoBusx: JC = Ap’s,
> 0w AG%, <0.
4.2 3anuimeM ypaBHEHHS 3THX MpoleccoB U BeraucauM ans Hux DJIC u AGY
a) 1| Fe’—2e Fe?t; pO(Fe**/Fe®) = - 0,44 B;
amoo
1| 2H20 +0; + 4e™ <> 40H; ¢°(2H20 +02/ 40H") = +0,40 B;
Kamoo
DIC1L=A¢% 1 = pk— ga =+ 0,4 — (-0,44) = +0,84 B;
AG® 1= N Ap’,F =—2:0,84-96,5 = — 162,12 xlloic/mons
Fe(k) +H2000+02¢) —Fe(OH)20.
Bvi1600: camonpou3BoiIbHAs KOPPO3Us Kejle3a BO BIAKHOM BO3/AyXe NPH CTaHIAPTHBIX
YCIIOBUSX BO3MOKHA.
6) Tax kak p°(Ag*/AQ®) = + 0,80 B > ¢°(2H20 +02/ 4OH") = +0,40 B, T0 cepebpo Oyner
SIBIISITHCSI aHOJIOM, TOTIa
IC2 = App2 = pk— pa =+ 0,40 — 0,80 = — 0,40 B;
AG% 2= -nAp°%,F =—2:(=0,40)-96,5 = + 77,20 xJJoc/mone
AQ(k) +1/2H20(5)+1/403) — xAg(OH) ).
Bw1600: Tak kak /]C2 = A’ <0,aAG% > >0, To caMONpOM3BONEHAS KOPPO3HS
cepedpa BO BIaXXHOM BO3/1yX€ NP CTAaHAAPTHBIX YCIOBUSAX HEBO3MOXKHA.
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ba3oBblii ypoBEHb

1 B raapBaHUYECKOM 3J€MEHTE TPOXOJAUT PEAKIIMS:

Pb® + Cu?* = Pb?* +CUC.
CocTaBuTh CXeMy AJIEMEHTa, BEIYUCIUTH CTaHAapTHYIO D/IC 1 KOHCTaHTY paBHOBECHSI.
2 D]J1C ranpBaHMYECKOTO 3JIEMEHTa, B KOTOPOM MPOTEKAET PeaKius

2Ag* + Zn% = Zn?** + 2Ag°

paBHa 1,56 B (298 K). Paccuuraiite AG 1 KOHCTaHTY paBHOBECHsI 3TOH PEAKIIUH.

3 CranmapTHbIC AJIEKTPOJIHBIC TOTESHIIUANBI IS Kele3a u kaamus paBHbl — 0,44 B u —
0,40 B coOTBETCTBEHHO. Y Kakoro M3 3JEKTPOJOB, KEJIE3HOTO WM KaJMUEBOBOIO, BBIIIE
TUIOTHOCTh JIBOMHOTO AJIEKTPUIECKOTO CIIOS, €CJIA 00a AJIEKTPO/1a TOMECTUTH B BOY?

4 CraHgapTHBIN 3JIEKTPOIHBIN MOTEHIMAN cepedpa paBeH

Ag* +e > Ag’, ¢°=08B.

KakoB Oyner notreHuuan 1 Kr MeTaJuIMYECKOro cepedpa, OMyIIEeHHOT0 B pacTBOp HUTpATa
cepebpa ¢ C(AgNO3) = 1 momns/mm3?

5 N3o0pazute cxemy pabOThl ralbBaHUYECKOTO 3JIEMEHTA, COCTABICHHOIO U3 HUKEJIEBOM
U cepeOpsHOM IUIACTHH, OMYIIEHHBIX B PACTBOPHI UX HUTPATOB. Y KAKUTE KaTOJ M aHOJ B 3TOM
raJibBaHUYECKOM dyeMeHTe. Kakas XuMudeckas peakiusi JIeKHUT B OCHOBE ATOTO
rajibBaHUYECKOro »3jemMeHTa? Bprunciure wu3MeHeHWH TMOTeHIMana [ubbca W KOHCTaHTY
paBHOBECHS STOM PEaKIUU.

6 CocraBpTe CXEeMy TaIbBAHHYECKOTO OJJIEMEHTA, OJHHUM W3 JJICKTPOIOB KOTOPOTO
ABIISIETCS KaJIMUEBas IIACTUHA, TIOTPYKEHHAs B PacTBOp CcyibdaTa KaaMus, a JpyruM — MeIHas
MJIaCTHHA, OIYIICHHAs B PaCTBOP CyJibdaTa Meau.

Hanummre »rnekTpoHHBIE ypaBHEHUS MPOIECCOB, MPOUCXOMSIIMX HA DIIEKTPOJAX MpH
paborte anemMeHTa. YKaxuTe KaTo] ¥ aHof. CocTaBbTe CXEMY 3JIEMEHTA.

7 Yemy paBHa DJIC u AG rajibBaHU4eCKOro 3J1€MEHTa

(—)Zn|ZnSO4| NiSO4|Ni(+),

€CITU KOHIICHTpAIIHsI HOHOB Zn%* u Ni?* paBHEI (B mons/av°): 1) 1,00; 2) 0,1; 3) 0,001?
8 Beruncnute DJIC raapBaHUYECKOTO JIEMEHTA

(—)Fe|FeCly|SnCly[Sn(+)

ecm C(Fe?™) = 0,1 monwv/om®, a C(SN?") = 0,01 monv/om>.

9 CocraBbTe CXEMBl JIByX TallbBAHMUYECKUX DJIEMEHTOB, B OJJHOM M3 KOTOPBIX CBUHEI]
SBJISIETCSI KaTOJIOM, a B JApyroM — aHojoM. CoCTaBbT€ 3JIEKTPOHHBIE YpPaBHEHHUS IPOIIECCOB,
MIPOUCXOMSIINX Ha 3JIEKTPOJAX ITUX BJIEMEHTOB. BblunciauTe miid KaKJI0M peakUUu KOHCTAHTY
CKOpOCTH.

10 OxucnuTenbHO-BOCCTAHOBUTENbHAS PEAKIHsl, MPOTEKaolas B TalbBAaHHUYECKOM
DJIEMEHTE, OTTMCBIBAETCST CXEMOM

(L)Pt| Fe*, Fe3*|Mnoy, Mn®t H | Pt(+)

Vkazarp karox u aHoxa. Kakyro posib urparoT miuaTHHOBbIE 3n1eKTpozasl? Hammmumre
MOJTHOE ypaBHEHHWE JTOW peaknuu. Beraucimrte mns Heé AG W CcTaHAApTHYIO KOHCTaHTY
CKOPOCTH.

11 DnexTpoAHbBIN MOTEHLIMAT MapraHIeBOro 3JEKTPOja, OMEIIEHHOTO B PacTBOP COJHU
mapranua (+2), cocrasnser — 1,1 B. BeluncinTh KOHIEHTpAIMIO HOHOB MapraHiia B pacTBOpe.

12 Bo03MOXHO I pacTBOpPEHHE HUKENS W BBIICICHHE XpOMa TIPH TOTPYKEHUH
HUKEJIEBOH IIACTUHKHU B pacTBOP coiu xpoma (+3)?

Bo3MOXHO 1M pacTBOpeHHE XpOMa M BBIJIEJICHUE METAUIMYECKOr0 HHUKENIs IpHU
TIOTpYyKEHHH XPOMOBO#1 IIACTHHKK B pacTBop comu NiZ*?

OTBET MOTUBHUPYHITE.

158



13 TanbpBaHWYECKUN DJIEMEHT COCTOMT W3 CTAHJAPTHOTO BOJOPOJHOTO JJEKTpoAa U
BOJIOPOJIHOTO 3JIEKTPO/Ia, TTOMEIIEHHOT'0 B PacTBOp yKcycHou kuciotel ¢ C(CH3COOH) = 0,01
monv/om®. DJIC snementa coctapiser 0,200B. Boruucaure pH pacTBopa, KOHCTAHTY M CTETEHb
MpoToIM3a (AUCcconManym) yKkeycHo# kuciaotel. Oteet: pH = 3,39;

K.~ 1,7-10°, a = 4,08102 (4,08 %).

14 TanbBaHMYECKUN DJIEMEHT COCTOUT M3 CTaHJAPTHOTO BOJOPOJHOTO 3JEKTpoAa U
BOJIOPOJIHOTO 3JICKTpOJa, MOMEIIEHHOro B pactBop xiopuaa ammonuss C(NH4CI) = 0,01
monwv/om>. DJIC anementa cocrasuser 0,366 B. Berunciure pH pactBopa, KOHCTAHTY U CTEIICHb
npotommsa (ruapomnsa) NH4Cl. Otser: pH = 6,20; K,p = 5,56-10°°; anp = 6,26:10°° (6,26-1073
%).

15 Ilpu kakux KOHUEHTpauusax xjaopuaa quHka (+2) 31C KOHIEHTPalOHHOIO AJIEMEHTA
paeHa 0,1 B? Hanummre ypaBHEHHMS OSJIEKTPOJIHBIX pPEAKUUH. YKAKUTE OKUCIHUTENb |
BOCCTAaHOBUTEb.

16 YkakuTe IpOAYKTHI 3JICKTpoin3a BOAHBIX pacTBopoB: H2SOs4, NaSOs, HCI, NaCl,
CaCly, CoSOs.

17 AntoMUHHI B MPOMBIIIICHHOCTH MOJIYYAOT 3JIeKTposin3oM paciuiaBa cmecu AlpOs(=
12 % mo macce) u Nas[AlFs] (= 88 % mo macce). Daextponsl — rpadurossie. [IpuBeaure
HOJIHYIO CXEMY 3JIeKTposn3a. J[jis 4ero npuMeHsroT KoMIuiekcHyro cosib Nas[AlFg]?

18 TIpomblIlUIEHHOE TPOU3BOJCTBO HATPHUS BEAYT 3jeKkTposn3oM paciuiaBieHHoro Nacl
u NaOH. Hanummmre ypaBHeHUS peakiuii, MPOUCXOIALINX Ha 3IIEKTPOJIaX.

19 Kakue mpoueccsl IpOUCXOASAT Ha 3JEKTPOJaxX IPH AIEKTPOJIM3E pacTBOpa XJIOpHja
Hukens (+2), ecnm oba snekTpoaa — HuKeneBble? Kak M3MeHHTCS Macca aHoAa Iociie
nponyckanus Toka cuioi 3,2 4 B reuenue 30 mun? OtBert: 1,76 2.

20 CoctaBbTe YpaBHEHHSI CaMOIPOU3BOJIBHO MPOTEKAIOLIUX PEaKIUi MpU KOPPO3UU B
BOJIC, HAXO/SILMXCSl B KOHTAKTE IUIACTUH: a) IIMHKA U 0JIOBa; O)xkene3a U UHKA. ['1e ckopocTh
nporeccoB kopposuu Beiie? OTBeT o0ocHyiiTe pacuetamu crannaptHeix DJIC u AG.

21 HazoBuTe HECKOJIBKO METAUIOB, KOTOPHIE MOTYT CIIYKHTh AHOJHBIM W KAaTOIHBIM
MOKPBITUEM Ui Jkene3a. CocTaBbTE JJIEKTPOHHBIC YPAaBHEHHSI JIIEKTPOJHBIX IPOIIECCOB,
MPOUCXOISAIINX MPH IIEKTPOXUMUICCKOU KOPPO3HUH: 1) XpOMHUPOBAHHOTO; 2) HUKEIMPOBAHHOTO
JKeJle3a BO BIAXKHOM BO3JyX€ M B KUCIOHN cpene. CpaBHUTE CKOPOCTH IPOLECCOB KOPPO3UH B
ATUX CIIy4asiX.

22 Yrto Takoe pxaBunHa? Hamummte e€ mpumepnyto popmyny. Ecnu rBo3as BOUTH BO
BJIQYKHOE JIEPEBO, TO PIKABUYMHOM TMOKPHIBAETCS Ta €ro 4acTh, KOTOpash HAXOIUTCS BHYTPHU
nepeBa. Uem 370 MOKHO 00BsICHUTH? Hanumure ypaBHEHHUS] aHOJHOTO M KaTOJHOTO TMPOIIECCOB.
[IpuBenuTe ypaBHEHHS 00pa30BaHUsI BTOPUYHBIX MTPOIYKTOB Pa3pyIIECHUS Keae3a.

23 XKene3nble O0YKU MPUMEHSIOT I TPAHCIIOPTUPOBKU KOHIIEHTPUPOBAHHOM CEpHOM
kucnoTbl. OJHaKo T1ociae OCBOOOXKIEHUS OT KHUCJIOThl OOYKHM 4Ype3BBIYAMHO OBICTPO
pazpymatotcs. [Touemy? Urto sBiseTcs aHOOM, U4TO — KarogoM? HamuimmTe cOOTBETCTBYIOIINE
ypaBHeHus peakiuil. CocTaBbTe CXeMy 00pa3yIoLerocs Ipyu TOM rajibBAHUYECKOTO dJIEMEHTA.

I1oBBIIIEHHBIN YPOBEHb
1 TTpu xaKoii KOHIeHTpanuy HoHOB CUZY S1IeKTPOTHBIN MOTEHIMAT MEN PABEH HYITI0?

2 'anpBaHMYeCKast 1eNb, COOpaHHAS U3 JIBYX IIMHKOBBIX JJIEKTPOJIOB, OJUH M3 KOTOPBIX
TOTpyKeH B pacTBop coiu nuHKa ¢ C1(Zn?*) = 0,1 Mons/amS, a apyroii — B pactBop ¢ Co(Zn?*) =
0,01 mons/mm. CocTaBbTe cXeMy KOHIIEHTPAIOHHOTO 3IeMeHTa 1 paccunTaiite ero DJIC.

3 Paccumraiite D/IC KOHLEHTPAIIMOHHOTO 3JEMEHTa, COCTOSIIEr0 M3 CTaHAapTHOTO
BOJIOPOJIHOTO 3JIEKTPOAA U BOJOPOIHOIO AIEKTPO/Ia, HAXOSIIErocs B YUCTON BOJIE.

4 TloTeHmas METaJNIMYeCKOTr0 MapraHiia 1o OTHOIIEHHUIO K CTAaHJApPTHOMY BOIOPOIHOMY
anekTpoy B pactBopax MnCly ¢ kormentpammsmm (B Mons/mv®) 0,001; 0,01 u 0,1
cooTBeTCTBeHHO coctaBmi (B B): — 1,277; — 1,248 u —1,219. Beluucnure craHmaapTHBINA
DIIEKTPOIHBIN MOTEHIIMAT MapraHIia.
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5 Paccunraiite 3/1C KOHIEHTPALIMOHHOTO 3JIEMEHTA, COCTOSIIETO U3 JIBYX BOAOPOIHBIX
3JIEKTPOJIOB, OIPYyKEHHBbIX B pacTBOphI ¢ pH 2 1 4. CocTaBbTe CXEMY 3TOIO JIEMEHTA. Y KaKUTE
KaToJ U aHOJ.

6 BprumcianTh MOTEHIHMA CBHHIIOBOIO AJICKTPOJa B HAchIIEHHOM pactBope PDbBr2, ecnu
xounentpauus C(Br-) = I monw/om®, a npoussenenue pacrsopumoctu [7P(PbBr2) = 9,1-10°°.

7 Ompenenure, MOXHO JIM IOJIY4YUTh TIa3000pa3HbIl (TOP 3JIEKTPOJINU30M BOJHOIO
pacTBOpa GTOpUAA HATPHUS, ECIINU:

2H,0-4e <> 0y +4HT @° _1123B;

[e]
Fo+2e o 2F, @ =+2387B;
[¢]
2H* (6 H20) + 26~ < Hpo, P =041 B.

OO6cyauTe aHaIOIMYHBIM BOIIPOC C YYaCTUEM JPYTUX T'aJJOTEHOB.

8 3auemM K pacTBOpY COJITHOW KHCJIOTBI, IPU TOJYYCHHUU BOJOpOJA JCHUCTBHEM €€ Ha
IIHK, B KUCIIOTY JIO0ABJISIIOT HEMHOTO METHOro Kyrnopoca? JlaiiTe 00bSICHEHHUS ¢ PUBEICHUEM
pEeaKIMii, MPOUCXOASIIMX TPU ITOM TporieccoB. MoxkHo 1 BMecTo CUSO4 B3SITh APYrHe COJIH:
AgNO3, NiSO4, FeSO4?

9 Kak Bimmser pH cpeapl Ha CKOpPOCTh aTMOC(HEPHOW KOPPO3UHU JKejle3a W IUHKa?
[Touemy? CocTaBbTe ypaBHEHHUS aHOJHOTO M KATOIHOTO TPOIECCOB aTMOCHEPHON KOPPO3HU
9THX METaJLIOB.

Chucokx JUTEPATYPHI, peKOMeHZ[yeMBIﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe
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1. Koposun, H. B. O6mas xumus : yueOnuk / H. B. Kopoun. - 13-e u3n., nepepa6. u gon. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxamuna, E. C. Xumust oKpyKaromei cpesl : XUMUS )KUBBIX opraHu3mMoB. Kypc neximii /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DneKTpoHHO-0nOmmoTeyHas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum moctyma: s
aBTOPU3HUP. OJIB30BATENEH
JlonoJIHUTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [lox pen. A. . Epmakosa. - U3xa. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - [Ipenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XUMUS METaIIOB : ydyeOHoe mocoOue (Ui CTYACHTOB XMMUUYECKOTO (haKyabTeTa
HalpaBlieHUu# O0akanaBpoB «XUMHUI» U «XUMHYECKas TeXHOJIOrHs») / coctaButenu O. A.
I"'onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHbIH // DnekTpoHHO 6ubinoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum noctyna: s
aBTOPH3UP. MOJIb30BaTeNEH
HNHTepHET-pecypcenl:

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

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

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIHAIMN JIEKTPOHHBIX OMOIHOTEK
y4eOHbIX 3aBenieHuid u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — DBC.
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5 https://openedu.ru — OTkpbITOE 0OpazoBaHKe
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