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Beenenune

JucuumuimHa «Xumus»y OTHOCHUTCA K JUCHMILIMHE 0a3oBoil yactu. OHa HampaBiieHa Ha
dbopMupoBaHHEe  OOMICKYJIBTYPHBIX, MNPOGECCHOHATBHBIX W 00menpodeccuoHaTbHBIX
KOMITETEHIIMI 00y4aromuxcst B poriecce BeIMOIHEeHus padboTt, onpeaeneHubix @I'OC BO.
Metoauueckue yka3zaHusi COCTaBJICHbl Ha COBPEMEHHOM HAay4yHOM YPOBHE M pacCUMTaHbl Ha
CTYAEHTOB, 1o HanpasieHuto 15.03.02 TexHonornyeckue MammHbl ¥ 000pyIOBaHHE.

[TocnenoBarenbHOCTh J1AOOPATOPHBIX PabOT COOTBETCTBYET JIOTMUYECKOH CTPYKType ee
npoxoxaeHus. llpeanmaraemple MeTOIMYECKHE YKa3aHUs COAEp)KAT Marepuai, KOTOPbIH
PEKOMEH]IyeTCsI UCII0JIb30BaTh CTYIEHTaM MPHU OCYIIECTBICHUH J1a0OpaTOPHBIX padoT.



Tema 1. OcHOBHBIEC MOHATHS M 3AKOHbI XUMHH.

.JIaﬁopaTopHaﬂ paGOTa 1. OcHOBHBIE KJIaCChI HEOPraHNvIeCKUX BEIIECTB

Ilens pabotel: M3ydueHHE OCHOBHBIX KJIAaCCOB HEOPraHWYECKUX COEIMHEHUHM M HX
XUMUYECKUX CBOMCTB.
dopmupyemMble KOMIETEHIIMM UIIN UX YaCTH:

WNHupeke DopMynHUpoOBKa:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMOOOPA30BaHHIO
OIIK-4 NOHUMAHHEM CYIIHOCTH U 3HaYCHUS UHPOPMAIK B Pa3BUTUU

COBPEMEHHOTO 00IIECTBa, CITIOCOOHOCTHIO MOJy4YaTh U 00pabaThIBaTh
WH(OPMAIIHIO U3 PA3TMYHBIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATS,
CTPYKTYPHUPOBATh ¥ 0POPMIIATH HHOOPMAIHIO B TOCTYITHOM JJIsL APYTHX
BUJIE

I1K-5 CIIOCOOHOCTBIO MIPUHUMATD YYacTHeE B paboTax Mo pacyery u
IIPOEKTUPOBAHUIO JIETAJIEN U y3JI0B MAIIMHOCTPOUTENBHBIX KOHCTPYKIUI B
COOTBETCTBUU C TEXHUYECKUMHU 33JIaHUSIMHU U UCIIOJIb30BAHUEM
CTaHJIApPTHBIX CPEACTB aBTOMATH3AIIUHN IPOEKTUPOBAHUS

TeopeTuyeckas 4acTb
Oxcuanl

Crpoenune okcunoB. OKCHIBI IPEJACTABISIOT COOON CIIOKHBIE BEIIECTBA, COCTOSIINE U3 aTOMOB
JIBYX DJIEMEHTOB, OJTHUM U3 KOTOPBIX SBISICTCS KUCIOPO/I.

Taxoe ompeneneHne OKCHIOB MO JIEMEHTAPHOMY COCTaBY HE SIBJISIETCS] 3aKOHUEHHBIM U TpeOyeT
YTOYHEHHS: K OKCUJAM CJIEyeT OTHECTH TOJBKO TAaKHE KHUCIOPOHBIE COCTUHEHUS, B KOTOPBIX CTEMEHb
OKHCIICHHSI KUCIIOPO/ia paBHa — 2.

OKcHibl MOTYT 00pa30BBIBATh KaK METAJLIBI, TAK M HEMETAILHI.

Jiist Toro 4TOOBI COCTAaBUTh XUMHYECKYIO (GOpMYITy JTH000TO OKCHa, HEOOXOIUMO IIOMHHUTH, YTO
MOJICKYJIbl XMMHYECKUX COCTUHCHUI SJIeKTPOHEHTpalbHBl. DTO 03HAYaeT, 4TO CyMMa CTeleHel
OKHCIICHHUS JIEMEHTOB, BXOJISIIIUX B COCTaB MOJIEKYJIbI, JOJDKHA OBITh PaBHA HYIIIO.

Hamnpumep:

Na," 0 — okcun matpust; P,°0s? — okeun pochopa (+5).

CrenyeT 3HaTh, YTO OOJIBIIMHCTBO SJIEMEHTOB B 3aBUCHMOCTH OT YHCIA BO3MOXKHBIX CTEICHEU
OKHCIICHHsI MOTYT OOpa3oBBIBaTh HECKOJBKO OKCHIIOB. Hampumep, a3oT oOpa3yeT MsITh OKCHIIOB, T.K.
HUMEET IATh TOJOXKHUTEIbHBIX cTeneHel okucienus (+1, +2, +3, +4, +5): N2O, NO, N2Os, NO, N2Os.

Homenknarypa u rpadudeckue ¢popMmyisl okcuaoB. Ha3BaHue okcupa CKIIaIbIBAaeTCs M3 IBYX
cioB: 1) okcup; 2) pycckoe Ha3BaHHME DJEMEHTa C yKa3aHHEM B KPYIJIBIX CKOOKax €ro CTeleHH
OKHCIICHHSI.

[Ipumeuanmne. Ecnu smeMeHT UMeET B CBOMX COCIMHEHHSIX TOJBKO OJIHY CTEIEHb OKHUCICHHS, TO
e€ 0ObIYHO HE MPUBOJSAT:

Zn0O — okcun 1ueaka; CaO — okcun kanpius;, FeO — okcup xenes3a (+2); SnO2 — okcup oosa
(+4); Na20O — okcup narpust; Al,O3 — OKCHT ATIOMUHHS.

1. KucnotHele W  HEKOTOpble  aM(OJMUTHBIE  OKCHIbl  HA3bIBAIOTCA  AHTHIPUAAMH
COOTBETCTBYIOIIUX KUCIIOT:

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

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

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

Sb>03 — cypbMSIHUCTBIN aHTUAPHL, OKCUJT CYPbMBbI (+3).

2. Ha3BaHus OKCHIOB 1O MEXKIYHApOJHOH HOMEHKIATYpE CKJIAJBIBACTCS M3 CIIOBAa OKCHI,
Ha3BaHUs DJICMEHTA C YKa3aHHEM €ro CTCIICHU OKUCIICHUs (apaOCKUMU IU(paMu B KPYTIIBIX CKOOKaX):

CuO — okcun menu (12);

Cu20 — okcua meau (+1);

FeO — okcup xenesa (+2);




FeoOs — okcup sxenesa (+3).
3. B 3aBHCHMOCTH OT CTENEHH OKHCJICHHS SMIHMPHYECKUE U Tpaduueckue GopMysbl OKCHIOB
HUMEIOT BHI:
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Knaccudukamms oxcumoB. Bce okcuasl (10 WX CBOWCTBAM) MOXHO pa3feluTh Ha
coNe00pa3yroIue U Hecoreoopasyromime.

K neconeobpasyromum otaocsarest okcunsl: N2O, NO, CO.

Bce ocranbnble oTHOCATCS K coneobpasyromuM. Coneo0pasyrolnue OKCHIIbI, B CBOIO OUYepe/b,
MOJKHO pa3elIuTh Ha TPU TPYIIIIHL:

—  OCHOBHBIE;

—  KHCJIOTHBIE;

—  amQoOJHTHBIE.

OcHoBHBIe OkcHIbl. K OCHOBHBIM OKCHIIaM OTHOCSITCSI OKCHIIBI, TUAPATHI KOTOPBIX SIBIISIOTCS
OCHOBAHUAMU.

Hanpumep:

Na;O — NaOH;

CaO0 — Ca(OH)y;

FeO — Fe(OH)..

4. Oxcunbl cambix akTHBHBIX MeTauioB (K, Na, Ca u mp.) coeauHsIOTCS HETIOCPEACTBEHHO C
BOJIOM, 00pa3ys pacTBOPHMBIE B BOJIE CHIIbHBIC OCHOBAHMS — MIETIOYH:

Na,O + H,0 = 2NaOH,;

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

5.  BonpmmHCcTBO 0cHOBHEIX OKcuaoB (CuO, FeO, Fe,Os u mp.) ioxo pacTBOpSIOTCS B BOJE.
[TosTOMY COOTBETCTBYIOIINE UM OCHOBAaHHUS (OHH TaKK€ HEPACTBOPUMEI B BOAE) MOJIyYAIOTCS KOCBEHHBIM
MyTEM.

6. XapakTepHBIM CBOHCTBOM OCHOBHBIX OKCHJIOB SIBJISICTCSI B3aMMOJICHCTBHE UX C KHCIOTaMU
WM KHCJIOTHBIMU OKCHJIaMU ¢ 00pa30BaHUEM COJICH:

Na,O + H,SO4 = Na,SO4 + H»0;

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



7. OcHOBHBIE OKCHJIBI 00Pa3yIOTCS TONBKO METAJUIAMH.

Kucnoraeie oxcumpl. K KHCIOTHBIM OKCHAAaM OTHOCSITCA OKCHIBI, KOTOPBIM COOTBETCTBYIOT
KHCIOTHI:

CO2 — H2COs;

803 - HzSO4;

P205 —> H3PO4.

8. Kucnotnsle okcuasl 00pa3yoT:

a) okcuapl HemeTawioB — N2Osz, N2Os, SO,, SOs, P03, P2Os u ap.;

0) OKCHIBI HEKOTOPBIX METAJUIOB MOOOYHBIX MOATPYIII, MMEIOIINX BRICIIYIO (PaBHYIO HOMEPY
TPYIITBI) WK OJIM3KYIO K Hell crenienb okucieHust — CrOs, V20s, Mn;O7, MnOs, MoOs u T.x1.

9. KucnotHble OKCHABI B3aUMOJCHCTBYIOT C OCHOBAaHHSMH M OCHOBHBIMH OKcuaaMu. Um
COOTBETCTBYIOT THAPOKCH/IBI, IPOSIBIISIONINE KUCIOTHBIE CBOMCTBA!

SO, + 2NaOH = Na,SO; + Hzo;
SO, + K;0 = K3SOs;
SO, + H,0O = H,SO0:s.

10. BonpmIMHCTBO KHUCIIOTHBIX OKCHIOB pPacTBOPMMO B BOJAE M, pearupys C HeH, oOpasyer
KHCTOTHL. [103TOMY KHCIIOTHBIE OKCHIBI HA3bIBAIOT TAK)KE aHTUAPUAAMH KHCIIOT («aHTUAPUI» O3HAYAET
«Oe3BOIHBINY).

1) N.Os + H,O — (HzNzOe) — 2HNOg3;

2) SO3z+ Hy0 — H2SO0y;

3) CrOz+ H,O — HyCrOq;

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

5)  MnyO7 + H,0 — (H2Mn;0g) — 2HMNO..

11. CTenenu OKMCIEHHUS 2IEMEHTOB B OKCHJIE M B KMCJIOTE OJIMHAKOBBIE, HalpuMep, B Mn,""O7 u
HMn™Os,.

Ambonutaeie okcuapl. K aM(pONMTHBIM OKCHAaM OTHOCSTCS OKCHABL, O0Jajatouue
CIOCOOHOCTBIO pearnupoBaTh Kak ¢ KUCIOTaMH, Tak ¥ co menodamu: BeO, ZnO, SnO, PbO, Al;03, Cr.0a.

12. Ux rungparaeie ¢GopmMbl — amMQpOIUTHBIE THIPOKCHIBI — OONANAlOT CBOHCTBAMH Kak
OCHOBAHWH, TaK M KUCJIOT, T.€. OHU BCTYMAIOT B PEAKIMU B3aUMO/ICHCTBHS C KUCIOTAMH U MIETI0YaMHU.

13. AMQoIUTHBIE OKCHIBI HEPACTBOPHUMEI B BOJIE.

14. AMdonuTHBIE OKCHIBI, TIPOSIBIISISI CBOMCTBA OCHOBHBIX OKCHIIOB, PEAardpyrOT C KHUCIOTaMH,
00pazys coJIb U BOAY:

Zn0O + H,S04 = Zn04 +H,0;

PbO + 2HNOs = Pb(NOs3); + H20;
Al,O3z + 6HNO; = 2A|(NO3)3 + 3H,0.

15. AmdonuTHBIE OKCHABI TaKKe OOpa3ylOT COJIM NPU B3aWMOJCHCTBUM C OCHOBaHUSIMH H
OCHOBHBIMH OKCHJIAMHU:

CIUIaBJICHUC

Zn0O + Na;O ———— > Na2Zn0y;

CIUIAaBJICHUC

Zn0 + 2NaOH —— > NaxZn0; + H.0;

ZnO + 2NaOH + H20 = Naz [Zn(OH)a].

16. Naz[Zn(OH)4] — komIuiekcHas cosb. B cocTaB KOMIIIEKCHOM COIH BXOJIAT:

1) non MeTawa aM(OIUTHOrO OKCHA (C TOM e CTENEHBIO OKHCIeHHs) Zn?";

2) runpokcuibHble rpynnsl OH;

3) WOHBI MeTaJIa, BXOJSIIETO B cocTaB ménoun, Na'.

Uucno THAPOKCHIIBHBIX TPYII (JIMTAaHIOB), KOTOPOE MOXKET YAEpPKUBATH IICHTPAIBHBIN aTOM —
KOMITJIEKCOOoOpazoBarenb (MeTaul aM(OIUTHOTO OKCHJIA), ONpPEACIseTcss KOOPAWHAIIMOHHBIM YHUCIIOM,
NPUCYIINM JIaHHOMY METalIy.

17. KoopHaluoHHbIe yncia paBHel: Be?* — 4, Zn?* — 4, Sn?* — 3, Pb?" — 3, A" — 4, Cr¥* — 4,

18. Paccmorpum mpuMmep coctaBieHUsi (HOpMYJbl KOMIUIEKCHOM COJH, TMONyJaroleicst w3
THAPOKCHIA MHKA U 11EM0un. KOMIUIEKCHBIH HOH COACPKHT KOMILIEKCOOOpa30BaTeIlb 7n* u YeThIpe
noHa runpokcuia. CyMMapHBIN 3aps/] KOMITIEKCHOTO MOHA PaBeH —2, a COCTaB €ro MOXKHO M300pa3uTh
popmynoii [Zn(OH)s]*. DTOT KOMIUIEKCHBIH MOH SIBJISETCS aHMOHOM. 3apsj KOMIUIEKCHOIO aHHOHA
HEUTpaIN3yeTCss KATHOHOM, BXOSIINM B COCTaB MENOYH (IPOTHBOUOHOM). Eciu 3T0 01HO3apsIIHBIN HOH
(K* mmm Na'), To cocTaB KOMIUIEKCHOH COJM MOXHO 3amucarth (popMynamu: K>[Zn(OH)a4],
Nag[Zn(OH)4].

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

7



Naz[Be(OH).] — rerparuapokcobepuiiaT (+2) HaTpus;
Naz[Zn(OH).] — Terparumpokcouakar (+2) HaTpus;
K[Sn(OH)3] — tpuruapokcocTanHar (+2) Kaius;
K[Pb(OH)3] — TpurnapokcomomMoaT (+2) Kanus;
Na[AlI(OH)4] — TeTparuapokcoamomunat (+3) HaTPH;
K[Cr(OH)4] — reTparnapokcoxpomar (+3) Kajusl.
Kuciaorsl
KucnoraMn Ha3bIBAIOTCSl CIOXHBIC BEIIECTBA, MOJICKYJIBI KOTOPBIX COCTOSIT M3 KHCJIOTHOTO

OCTaTKa 1 aTOMOB BOAOPO/Ja, CITOCOOHBIX 3aMCIIaTbCA Ha MCTAJIJI.

Kucnotrel MoxHO paccMaTpuBaTh KaK IIPOAYKT BSaHMOHeﬁCTBHﬂ KHUCJIOTHBIX OKCHJOB

(aHrHIPUIOB) C BOJIOM:

SOz + H,O = HzSO4;
CO; + H,0 = H,COa,
I1To KOJMNYECTBY MOHOB BOJ0OpOAA, CHOCO6HI)IX 3aMCIIaThCA Ha MCTAJlJI, B MOJICKYJIC KUCJIOTbBI

MOIPa3AETSAIOTCS Ha OJTHO-, TBYX-, TPEXOCHOBHBIE U T.JI.:

HCI, HNOs, HF — 01HOOCHOBHBIE KUCIIOTHL,

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

H3PO., H3AsO4 — TpEXOCHOBHBIE KUCIOTHI.

HaszBanwus kucnior:

HCI — ximopoBomopoaHas (consHast);

H2S — cepoBoiopoHas;

HF — ¢TopoBomopoanas (tuaBukoBas);

HNOs — a3otHas;

H2SO. — cepnas;

H>CO3 — yronpHas;

H3PO, — oprodocdoprast.

KucnoTsr B3auMoICHCTBYIOT C:

a) ocHoBanusMu — H2SO4+ 2NaOH = Na,SOs4 + H,0;

0) ocaoBHBIMH okcHuaaMu — HSO4 + CuO = CuSO, + H0;
B) comsmu — HSO4+ BaCl, = BaSO, + 2HCI.
I'paduueckre GopMyIIbl KUCIIOT.

N300paxast rpaduuecKu KUCIOTY, CIIeAyeT UCXOJUTh U3 TOTO, YTO OHA COCTOUT M3 IIEHTPATLHOTO

aToMa HEMeTaula, COeOUHEHHOro C ruiapokcuibHoM rpymmoi OH™ u kucinopogom. Ilo kxommuectBy
aTOMOB BOJIOPO/Ia B KUCJIOTE MOKHO CY/IUTh O KOJIMYECTBE THAPOKCUIIBHBIX TPYII B MOJIEKYJIE:

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

H-0/ 0 O-H

Ecan MOJICKYJIa KHUCJIOThI COACPKUT JIBa HEHTPAJIBHBIX aTOMa, TO IIPpH HEYETHOM YHCIIC aTOMOB

KHcCjiopoga OHU COCIUHANOTCA MCEKIAY coboit qgepe3 aToOM KHUCJIOpOJda, a THAPOKCUIIBHBIC T'PYIIIbI U
OCTAJIBHBIC aTOMbBI KUCJIOPOJa paCIIpCACIAOTCA MOPOBHY MCKAY LCHTPAJIbHBIMUA aTOMaMU:

OH™.

H28207 H4P207
O O H-0 O-H
I I \ /
H-O-S-0-S-0-H O=P-0-P=0
I I / \
O 0] H-0 O-H
OcHoBaHuA

OcHoOBaHUS — CIIOJKHBIC BC€IICCTBA, COCTOAIME M3 KaTMOHA METallla U FHI[pOKCPIJ'IBHOﬁ TpyIIIbL



I'pynmy OH™ HasbiBaroT ruapokcu. OTCIoa OCHOBAHUS HA3bIBAOT:

LiOH — rugpokcun nurtus;

Ca(OH), — ruapoKCH KaTbIHS;

Fe(OH); — ruapokcun xenesa (+2);

Fe(OH)s — rumpokcup xenesa (+3).

Yucmo ruapokcuibHbix rpynn OH™ B MoJjekylie OCHOBaHHS, CIIOCOOHBIX OTIICIUISTHCS MPH
JTUCCOIIMAINH, OTIPEACISIET €r0 KUCIOTHOCTS:

a) ogHokucioTHeie — NaOH, KOH,;

0) meyxkucinorusiec — Ba(OH), , Ca(OH)y;

B) TpéxkucnotHbie — Al(OH)3 , Fe(OH)a.

I'paduueckue popmynsr:

Fe(OH)z Fe(OH)3
H-O- Fe -0-H /OH
Fe — OH
OcHoBaHUs B3aMOJICHCTBYIOT: \
a) ¢ xucnoramu: 2HCI + OH Cu(OH); = CuCl; + 2H,0;
0) ¢ KHCIOTHBIMH OKCHIaMHU: CO; + NaOH = Na,COs + H;0;
B) ¢ corsimu: CuSO4 + 2NaOH = Cu(OH),4 + NazSO..

AMponuTHBIE THAPOKCHUIBI (TaK K€ KaK W WX OKCHIBI) 00JalaloT MBOMCTBEHHBIM XapaKTEpOM:
pearupyroT ¢ KHCIOTaMH — IpPOSBISIOT CBONCTBA OCHOBAHUM, a TakkKe PearupyroT ¢ IIeloYaMHu —
HPOSBIIAIOT KHCIOTHBIE CBOHCTBA

Zn(OH); + H2SO4 = ZnSO, + 2H,0;

CIUIaBJICHUC

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

aCTBOP

Zn(OH), + 2NaOH —=="2—> Na,[Zn(OH).];

CIUIaBJICHUC

Al(OH); + NaOH — """~ NaAlOs + 2 H,0;

pacTBOp

Al(OH); + NaOH ———— > Na[AI(OH)4].

Kak ykazaHo Bbllie, aMOIHUTHBIE OKCHIBI U THIPOKCHIBI MOTYT pPearupoBaTh HE TOJBKO C
pacTBOpamH Lienoyer, o0paszyst KOMIUIEKCHBIE COJIM, HO U C TBEPABIMH O€3BOJIHBIMH ILIEIOYAMH MyTEM
cruiaBienusi, oopasys NaAlO, — metaamroMuHAT HATPHSL.

IIpu pactBOopeHnu B Bome Oe3BoaHBIX coneil NaxZnO; um NaAlO, oHE THUApPaTHPYIOTCS,
npeBpamiasich B KPUCTAJUIOTHAPATHI:

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

HaoGopoT, ecnu BbImapuBaTh pPacTBOP COJIM KPUCTAIOTHIpATa, a 3aTeM MpOKaluBaTh

KpPHCTAUIOTHAPAT, TO TUApaTHas (opMa pa3pyluiaeTcs, a 3aTeM BOJIa YJIETyUHBaeTCs

Naz[ZN(OH)s] ——> 2H,0 + Na,ZnOy.

Coimm
Conn MOJKHO paccMaTpuBaTh KaK MPOAYKTHI MOJHOTO MM YAaCTUYHOTO 3aMEIleHHs aTOMOB
BOJIOPOJIA B MOJIEKYJIE KHCIIOTHI HA aTOM MeTaJlia, TMOO THIPOKCHIBHBIX TPYIII B MOJIEKYJIE OCHOBaHUS
Ha KHCJIOTHBIE OCTATKH. Pa3nnyaroT cojim cpeiHue, KHCIbIe, OCHOBHBIC, JIBOMHBIC.
Conu pa3nuyarot:
a) cpexaane — NaxSO4 ,AlCI3 , K3POy;
6) kucibie — NaHSO,4 s KH,PO,4 s KZHPOA;
B) ocHoBHBIE — AIOHCI> , Al(OH)ClI;
r) aoiiHbie — KAI(SO4)2.
Cpennure Cony MOTyqaroT:
a) MU B3aUMOACHCTBUH OCHOBHOTO OKCHA C KUCTIOTHBIM OKCHIIOM:
CaO + CO;=CaCOQOsg;
0) mpu B3aMMOJECHCTBUU OCHOBAHMS C KUCIOTHBIM OKCHJIOM:
Ca(OH)z + CO,=CaCOs + H,0;



B) IIPHU B3aMMOJICHCTBHM OCHOBAaHWS C KHCJIOTOM (€CIM BEIIEeCTBAa B3ATHI B IKBHBAJCHTHBIX
KOJTMIECTBAX):
Ca(OH); + 2HNOs = Ca(NO); + 2H-0;
T') IpY B3aUMOACHCTBUN OCHOBHOT'O OKCHA C KHCIOTOM:
CuO + HySO4 = CuSO,4 + H20;
) TP OOMEHHOM PEaKIIui MEXIY COIBIO H KHCIIOTOH, WIIH BBITIAIAeT OCA/IOK:
Na,CO3 + H,SO4 = Na,SO4 + CO, + H20;
BaCl, + H,S04 = BaSOul + 2HCI;
€) Tpu B3aUMOJCHCTBMM COJIM CO IIEJIOYbI0, B pe3yibTare uero oOpasyercs
MaJIOpacTBOPUMOE OCHOBAaHHUE WJIH JIETKOJIETydee COSqMHEHNE:
CuSO4 + 2NaOH = Na,SO4 + Cu(OH)2;
NH4CI + NaOH = NaCl + NHsT + H0.
3AIIOMHMUTE, 4ro comu ¢ HepacTBopuMbIME ocHoBaHmsIMH HE PEATMPYIOT!
) Tpu OOMEHHOM B3aWMOJEHCTBUHM ABYX COJeH, B pe3ylbTaTe KOTOpPOro obpasyercs
MaJIOpacTBOpUMAst COJIb:
AgNO;3 + NaCl = AgCI + NaNO3;
3) IpU B3aUMOJICHCTBHH METAJUIOB C HEMETaUIaMH, B Pe3yJbTaTe KOTOPOro o0pasyroTcs
conu O€CKUCIOPOIHBIX KHCIIOT:
2Al + 31, = 2Alls.
Kucneie conmu. Kucnple conm MOXHO paccMaTpuBaTh Kak MPOAYKTHI HEMOJIHOTO 3aMEILCHHS
BOJIOPOJHBIX MOHOB B MOJIEKYJIE KUCIIOTH HOHAMH METaJlia;
H3PO4 + KOH = KH2PO4 + H20;
H3PO4 + 2KOH = K;HPO4 + 2H,0;
HsPO,4 + 3KOH = K3PO, + 3H20.
KH2PO, — murunpodocdar kamust, kucasiii pochOpHOKUCIBIN Kaluii 0qHO3aMEeIIEHHEIH;
K2HPOQO4 — ruapodocdat kanus, KUCIbIid POCHOPHOKUCTBIN KAl [BY3aMeIIEHHBIIH;
K3PO4 — oprodocdar kanus, pochopHOKHCITBIN KaTHid.
Kucnsre conu kanbiust gochopHON KHCIOTH UMEIOT BUI:
Ca(H2PO4)2 —  murmmpodocdar  Kambis, KHCIbIA — (POCHOPHOKUCIBIN  KaJbIHid
OJTHO3aMEIIEHHBIN;
CaHPO4 — ruapodocdar kanpiuus, KAcibiii PochOpHOKUCIBIN KAl TBy3aMeIIEHHBIH.
OCHOBHBIE COJIM — MPOIYKTHI HEMOJTHOTO 3aMeIeHUs THIPOKCUIBLHBIX NOHOB OCHOBaHUS Ha
KHCJIOTHBIE OCTaTKU. TakuM 00pa3oM, B MOJIEKYJle OCHOBHOW COJM KpOMe MOHOB METallia U KUCIOTHOTO
ocTaTKa COJIEPKATCsl M MOHBI THAPOKCHIIA:
Al(OH)3z + HNOs = AI(OH)2NOs + H20;
Al(OH); + 2HNO3 = AIOH(NOs), + 2H,0;
Al(OH)3 + 3HNO; = A|(NO3)3 + 3H0.
Al(OH)2NOs — HUTpaT AUTHAPOKCH]T ATFOMUHHS,
AIOH(NO3), — HUTpAT THAPOKCHT ATFOMUHHS,
Al(NO3)3 — HUTpAT aTFOMUHHSI.
3Has 3apsi HOHA BXOZSIIETO B COCTaB OCHOBHOM COJIM, a TAKXKE 3apsii KUCIOTHOTO OCTATKa,
HETPYAHO COCTaBUTH (HOPMYITy OCHOBHOH COJIH:
CocrapneHre ypaBHEHHS PEAKITHH TTOIYICHHS BCEX MBICTTUMBIX COJIEH MPH B3aUMOJICHCTBIHU
THJIPOKCUJIA ATIOMHHHS M CEPHOW KHCIOTH (HEOOXOJIMMO IOMHHTH, YTO HE BCE COJH CIHOCOOHBI
CYIIIECTBOBATH):

CrOH(NO3)2 Al(HSO.)
MgOHCI

Cr(OH)2NO3 7 / Alx(SO4)3

CrOH)s ">  CroHSO, Mg(OH), — (MgOH), €O,
\ \ \

[Cr(OH)2]2S04 (MgOH), PO, [Al(OH)2].SO4

Al(OH)3 + 3H,S0,4 = A|(HSO4)3 + 3H.0:;
2A|(OH)3 + 3H,S0,4 = A|2(804)3 + 6H,0:;
A|(OH)3 + H,SO4 = AIOHSO, + 2H,0:;

AI(OH)s > AIOHSO,

10



A|(OH)3 + 3H,S0,4 = [A|(OH)2]2304 + 2H,0.

I'padmueckne dopmyner comeit. Jns mpaBmibHOTO TpadUUecKOro W300pPaKEHUS CONH
HE00XO0MMO OTYETIMBO MPEJCTABIATH rpadrueckue GOpPMyIbl KUCIOTHBIX U OCHOBHBIX OCTaTKOB. Tak,
XJIOpHAs KUCJIOTa 00pa3yeT oJuH KUCIOTHBIN ocTtaTok ClO4:

Cepnas xucnora — asa: SOs> , HSO4

docdopnas kucnora — Tpu: POs> , H,PO4, HPO4Z
[To3TOMYy C THAPOKCHIOM HATPUS 3TH KHCIOTHI 00Pa3yrOT COJIH:

- 0 H-0O H-O
NaClOg4 NaxSO4 NaHSOq
0O Na-0O O Na-0O @)
/! \ \
1111 Na-O-Cl=0 S
S
\\ [\ [\
0 Na—-O O H-0O O
NazPOg4 NaH2>POg4 Na:HPO4
Na-O Na-0O Na-0O
\ \ \
Na-O-P=0 H-O-P=0O Na-O-P=0
/ / /

Cuapokcun meau (+2) — Cu(OH), obpasyer asa ocrarka: Cu? u CuOH™:
Y, CJIEZI0OBATENBHO, C a30THOM KMCIIOTOM MOKET 00Pa30BbIBATH JIBE COJIM:

OH
/ u /
Cu Cu
\ \
|
U-N H-O-Cu-0O-N
/ \\ \\
/ 0] 0]
Cu
\ @)
v 1
O-N
\\
o]

Peaknun B3amMHOTO TIpeBpalieHus coyield. Panee ObUTH paccMOTPEHBI COJM KaK MPOJYKTHI
B3aMMOJICHCTBHUS KUCIOTHI U OCHOBaHUs. IIpy HemocTaTKe KMCIOThI 00pa3yroTcs OCHOBHBIE COJIH, T.€. HE
BCE THJIPOKCUJIbHBIE MOHBI MOTYT 3aMECTUTBCSI HA KUCJIOTHBIE OCTaTKU. A TPHU HEJAOCTAaTKE OCHOBAaHUA
MOTYT MOJyYaThCcsl KHUCHIble conu. OTCioa CTAHOBUTCS MOHSATHBIM METOJ MEpeBOJa OAHOW COJU B
ApYTyIo.

Jlns mepeBosa OCHOBHOW COJIM B HOPMAalIbHYIO (CPEIHIOI0) WM KHCIYI0 HE00XOauMO
J00aBUTh KHCIIOTY, a TPU MEPEeBOJC KUCIOH COJMM B CPEJHIOI WJIM OCHOBHYIO CJEIyeT J00aBHTh
ocHoBaHue. [Ipu 3TOM yMOOHO WCIIONB30BATH OJHOMMCHHBIC OCHOBAaHHS M KHCJIOTBI, YTOOBI HE
3arpoMO’KJaTh YpaBHEHUE PEaKIUH IPYTHUMH COJISIMHU:

11



a)

CaCOs
(« (CaOH).COs3 H.,0:
(c Ca(HCO3)2 )+ 2H,0;
CrOHCI,
0) Cr(OH).C1 77
Cr( CrCl3
Cr(OH).Cl + 2HCI = CrCls + H,0;
B)
CaHPO4
Ca(H2PO4)2—> Caz(POs):2 O:
(CaOH)3P0O4 1,0:
O AL A
r)
(CaOH)3PO4
Cas(POs); Z=>CaHPO,
Ca(H2P04)2
)
7 Caz(POa)2
(CaOH)3PO4

(CaOH):PO, +MHRQ§(PO4)2 + 3H,0;
(CaOH)3PO4 + H3PO4 = CaHPO,4 + 3H.0:;

0) 1 Al(HSO4)s
Al2(SOs); — AIOHSO4
Al(F "N [AI(OH)2]2S04 30: + 6H;0.
Ob6paru HEUTpaNM3aluu HUAET B MPUCYTCTBHH ILEIOYH

NaOH, a ne ocHoBanust Al(OH)s, T.k. mocneiHee HEPacTBOPHUMO.
AIOHSO, + H»,S0O, = A|2(804)3 +2H,0;
[Al(OH)2]2804 + 2H,S0, = A|2(804)3 +2H,0.

OOGopynoBaHue U MaTepuaJbI
Oxcup xanpuusg CaO
Wnpukarop penondranenn
Oxcuga meau CuO
PactBop cepHoii kucnotel H2SO4 ¢ kornentpanueii C(H2S04)=2 mons/am®
Pacteop NaOH c¢ xonnentpanueit C(NaOH) = 2 mons/nm®
Oxcun nuaka ZnO
Xnopuza kaamus CdCl,
Xnopuz amromunaust AlCl3
Cynbdar meau CuSO4
10. Xuopun 6apust BaCl,
11. [ucrunnuposanHas Boga
12. TpoGupku
13. Jloxeuka

CoNoGaR~WDE

YKa3aHus 110 TEXHUKE 0€30IaCHOCTH
1. Bce paboThl B XUMHYECKOH 1ab0OpaTOPUU [OJHKHBI TMPOBOJUTHCS MPH HUCIPABHOM
2NMEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOIKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKAQYy.
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2. T'a30BbIe KpaHbI U Ta300POBO IODKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOANIECKH
HPOBEPATHCA.

3. PabGouee mecTo conepkaTh B MOPSIKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcst OpaTh YMUCTHIM IITNATEIEM MU CIICIHATBHON JT0XKESUKOH.

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

6. Bce OmBITHI C BpeHBIMU M TTAXHYIIMMH BEIIECTBAMH, a TAKKE YIIAPUBAHNE KUCIOT M KHCIBIX
pacTBOpPOB MPOBOJUTH B BBITSDKHOM IIKAQYy.

7. OcTaTKu coequHEHUH cepedpa cIMBaTh B 0COOBIC CKIISTHKH.

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

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

10. He cnemyer BABIXaTh Maxydue BEIIECTBA M Ta3bl, OJM3KO HAKIOHSACH K COCYIY C ITHMH
BemlecTBaMy. HioxaTh BemecTBa MOKHO JIMIIL OCTOPOXKHO, HANPABIIAA K ce0e Maphl WK ra3 ABHKEHHEM
PYKH.

11. XpaHuUTb pacTBOPHI KOHIICHTPUPOBAHHBIX KHUCIIOT H IEJIOYEH B BEITSHKHOM MIKady.

12. BeumBaTh pa30aBiIeHHBIE KUCIOTHI U IIEJIOYHBIE PACTBOPHI CIEAYET B CIMBHYIO CKILTHKY.

13. Kareropuuecku 3ampeniaercst mpoOoBaTh XMMUUECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIErKo BOCILIAMEHSFOIIMMUCS BemecTBaMu (3QUphI, OSH30, Cepoyriepoa u
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX IUIUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHUYECKOW MOCYAOH, HEoOXoauMo coOMoaaTh NpaBUiia
MPEOCTOPOKHOCTH BO M30€KaHNE PaHEHHH OCKOJKAMH CTEKIIA.

16. Kareropuiecku 3arpemiaeTcst OCTaBISATh padOTaroNe IpruOOPsI Oe3 HAOMFOIeHUSI.

17. B xumuueckoii 1abopaTopun HeoOX0AMMO paboTaTh B Xauare.

3aganus

OmnepiT 1. Bo3bMHUTE T0KEUKOH 04eHb HEOOIBIIOE KOTUUECTBO OKCHAA KaJIbIIHs, TOMECTUTE €ro B
poGupKy u 106aBbTe 3 cM® Bozbl. Ecou okcua kanbims CaO pacTBOPHIICS HE MOJTHOCTBIO, 3TO O3HAYAET,
yro B3AT M30bITOK CaO. Hanmmure ypaBHenue peakuuu. [loGaBbTe B mpobupKy, rae obpasoBaics
THIPOKCH]] Kanblus, 1-2 Kamimu wHaukatopa ¢eHondranenHa. B kakoil LBeT OKpacHics pacTBOp B
npooupke? Kakas cpena pactBopa?

OmnpiT 2. Bo3pMuTe J10XKEUKOH HEOOJNBIIOE KOJMYECTBO OKCHIAA MEAH, IOMECTHTE €ro B
npo6upky. Tyna xe no6asbte 2-3 cM® pa30aBIeHHON CEPHOI KMCIOTBI, HATPEHTE MPOOUPKY 10 KUTIECHHUSI.
B kakoii mnBer oxpacuics pacteop? CocrtaBpTe ypaBHeHHE peakiuuu. OTOUIBTPYHTE pPacTBOp OT
OCTABLIETOCS OKCHJA MEIM M K OXJaKIEHHOMY (GuiabTpary (pactBopy) mobaBbTe 2-3 cM® pacTBOpa
ménoun NaOH. Yto mpomszonwo? HanumuTe ypaBHeHHe peakuuu. Temepb Harpeiite npooupky. Kak
n3MeHmIcs 1BeT ocaaka? CocTaBbTe ypaBHEHHE PEAKIINU Pa3IoKEeHU THAPOKCUIA MEIH.

OmneiT 3. Bo3pmute e mpodbupku. Ilomecture B HHMX HEOONbIIOE KOJMYECTBO (HA KOHUYHUKE
JIOYKEUKH) OKCHJIA LMHKA WM OKCHJA alloMMHHS. B ofHy mpobupky Haieiite 2-3 cm® pa3baBieHHOM
CEPHOM KHCJIOTHI, B JAPYryr 2-3 cM® KOHLEHTPMPOBAaHHOIO pacTBOpa Imesnoun. Harpeiite BTOpyro
npobupky. Okcuipl B 00EHX MNPOOHMPKAX PACTBOPSIOTCS, YTO TMOJTBEPKIAAET HMX aM(OIUTHOCTE.
CocTaBbTe ypaBHEHUS peakLnil.

Ongpit 4. Haneiite B npo6upky 1,5 cm® pactsopa comu kaamus (xnopuna CACl; mmm cynbdara
CdSO.) u Tyna xe mob6asbre 1 cm® pactBopa ménoun. Hamvmure ypaBHeHust peakumii. B nmpo6upke
oOpazoBasicsi ocagok. OtmersTe 1BeT ocanka. Coxpepkumoe NPOOHPKH, MpPEABAPUTEIBHO B300NTaB,
paszgenurTe Ha 2 yacTu, MEPeIuB OJHY M3 HUX B JApYryio npoOupky. K comepxkumomy oaHO# npoOHpKu
no6asbTe 2 cM® pa3baBIEHHON cepHOM KUCIOThL. OcaJoK pacTBOPMIICA. DTO IPOM3OILIO B PE3YIbTATE
peakuuu HeWTpanu3anuuu ocHoBaHWs. Hanumwmrte ypaBHeHme peakumu. K coxmepxuMomy onHOU
npoGupku 106aBbTe 2 cM® pactBopa ménoun. Ocanok HE PACTBOPMIICS, T.K. 00Ja/1ast TOJIBKO CBOHCTBAMHU
OCHOBAHWUSI, CO MIEIOYaMU He B3aNMOJIEHCTBYET.

Ongpit 5. Haneiite B mpoGupky 2-3 cm® pactBopa comu amomuHus. J{o6aBbTe mo Kamism (10
oOpa3oBanms ocanka) pasbaeneHHbi pactBop menoun (KOH — wmmu NaOH). IlosiBuncs ocamox
ruapokcuna amomubus Al(OH)s Oemoro 1Bera. Hamwmmiure ypaBHeHue peakiuu. CoaepKumoe
npoOupKH, MpeaBapUTeIbHO B300JTaB, pasznenure Ha aBe 4dacTu. K conepKuUMoOMy OTHON HpOOUpPKH
noGaBbre 2-3 cM® pasGabienHO# cepHOM kucnotel. Ocanok pactBopuics. COCTaBbTE ypaBHEHHE
peakiuu. Bo BTopyro npo6upky n06aBbTe 2-3 cM® KOHIEHTpHPOBaHHOTO pactBopa menoun (KOH umm
NaOH). Uto mpon301uIo ¢ 0cagkoM THAPOKCHAA amfoMuHMsI? HanumurTe ypaBHEHHS pEeaKITHH.
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Onpir 6. Haneiite B npobupky 2-3 c¢m® pactBopa cyibgara Memu. J1o6aBbTe HECKOIBKO Karelb
(ue 6onee aByx!) ménoun NaOH 10 0Opa3oBanust cBETI0-3e71EHOT0 ocaaka ocHoBHOM coiit (CUOH)2SO..
N30bITOK IEN0UN pUBeneT K 00pa3oBanmio ocaaka rugpokcuna meaun Cu(OH),.

Onwir 7. Haneiite B mpo6upky 2-3 cm® pacteopa xnopuaa 6apusi BaCl, u memnoro cepHoii
KHCIIOTHI 70 oOpa3oBaHus ocanka. OTMeTsTe 1BET oOpasylomerocs ocaaka. Vcmeitaiite Ha
pPacTBOPUMOCTh IMONYYCHHBIA OCaJOK B KHCIOTe M MIeido4d. J[JIs 3TOro: cojepkKuMoe MpOOUpPKH,
npeBapUTEIbHO B300ITAB, pa3iesiuTe Ha 1Be npooupku. K copepxumomMy oHO#M npodupku go0aBbTe 2—
3cm® cepHoii kucnotel ¢ konuentpanuein C(H.SOs) = 2mons/aM®, a B apyryio nmpoOupky — 2-3cm’
pactBopa ménoun ¢ konuenTpanueii C(NaOH) = 2 mons/aM® n morpeiite B miIaMeHH ra3oBOM FOpPENKH.
OTMeThTe, MPOU3O0LLIO JIM PACTBOPEHUE Ocajka cyibdara Oapus. O0bsicHuTe moseaeHue ocaaka BaSO4
npu o0pabotke ero pacropamu H>SOs u NaOH monb3yscek Tabnuiei pacTBOPUMOCTH.

CocTaBbTe ypaBHEHHE XUMHUECKOI peakiiui oopazoBaHus cynbdara Oapus.

Conep:xanue oT4yeTa
[Mony4yenHblie naHHbIe 3aduKcHpyiiTe B Tabmuie 1 mo cneayroieii popme:
Tabmuua 1. Pe3ynprarel 5KciepuMenTa

Ne i/t | PearenTtsl XUMUYECKask peakius Habmronenus

1

gl wiN

KoHTpoJibHbIEe BOPOCHI
ba3oBblii ypoBeHb
Uro HaspiBaeTcs okcugaMu? Kakyro cTenmeHb OKUCIEHUS TIPOSBIIAET KHCIOPO B OKCHAAX ?
Jaiite kpaTKyro KI1acCU(UKAITUIO OKCHIIAM.
Uro HaszwiBaeTcs kuciotamu? [lpuBenure nx KiracCUpUKAIIIIO
Uro Ha3biBaeTcsi ocHOBaHUAMU? [IpuBEIUTE UX KIIACCU(DUKAITUIO

i NS

IloBblIEHHBII yPOBEHb
1. Kakwue 35eMeHThl 00pa3yroT OKCHIBI?
2. Kak cocraBusieTcst xumuueckas ¢hopmyJia okcuaa?
3. Kakwue okcumpl oOpasyer a3oT?
4. Kakue okcuapl B3auMOJISHCTBYIOT ¢ Bofou. [IpuBecTn mpumep.
5 Kakue coennHeHus Ha3pIBaroTCs cosiMu? [IpuBeauTe ux KiaccuuKamuio

Cnucok Jureparypbl, 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®. - Tlpumn.: c. 461. -
bubnmorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumust okpy>Karouiei cpesibl : XUMus KHUBBIX opranu3moB. Kypc nexuuii /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 27€KTPOHHBIN // DnekTpoHHO0-0nOoTeuHas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum noctyna: mist
aBTOPU3HUP. MOJIB30BATENEH

JlonoIHUTeIbLHAS JTUTEpPaTypa:

1. I'munka, H. JI. O6mas xumust / H. I'. ['muska ; [Tox pen. A. . Epmaxoga. - M3x. 30-e, ucrp. -
M. : Uurerpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XuMus METaJuioB : ydeObHoe mocobue (s CTYACHTOB XUMHUYECKOTO (haKyIbTeTa
HaIpaBJeHUN OaKaJaBpOB «XUMH» U « XUMUYECKasi TEXHOJOTUs») / coctaButenu O. A.
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I"'onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbIN yHUBEpcuTeT M. @.M. JlocToeBckoro,
2015.—552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : anekTpoHHbIN // DnekTpoHHO 6ubnuoreynas cucrema IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexwum goctyna: mis
aBTOPU3HUP. M10JIb30BATEIEH
NuTepHeT-pecypcenl:

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

2 http://biblioclub.ru/ — DBC «YHuuBepcuteTckas OHMOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIUAIMN JIEKTPOHHBIX OHOIHOTEK
yueOHbIX 3aBefeHuil u opranuzanuii CKOO

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

Tema 5. O01IHe 3aKOHOMEPHOCTH MPOTEKAHUSI XUMUYECKHUX MPOIECCOB.
JlaGopaTropuas padora 2. XuMHu4ecKasi KHHETHKA U XHMUYECKOe paBHOBeCHE

Lens pabOThI: W3ydyeHHEe XHMHYECKONW KUHETHKH W PABHOBECHs, W (PaKTOPOB, BIMSIONINX HA

CKOPOCTh U CMCIUICHHUEC PABHOBECCHUA XUMHNYCCKUX peaKuHﬁ.

CDOpMI/IpyeMLIe KOMIICTCHIIMHY HMJIM UX 4YaCTH:

WNHupeke DopMynHpoOBKa:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3alUK U CaMOOOpPa30BaHUIO
OIIK-4 MOHMMaHHUEM CYIIHOCTH U 3HaueHHs HH(OpMAIMU B Pa3BUTUU

COBPEMEHHOT0 00111eCTBa, CIOCOOHOCTHIO MOTy4YaTh U 00padbaThIBaTh
MH(OPMALIHIO U3 PA3TUYHBIX MCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATH,
CTPYKTYpUPOBaTh U 0QPOPMIIATH HH(OPMALIKIO B JOCTYITHOM JJIsl APYTUX
BUJIE

I1K-5 CHOCOOHOCTBIO MPUHUMATh y4acTHe B paboTax 1o pacueTy
MPOEKTUPOBAHUIO JIETAJIEH U y3JI0B MAIIMHOCTPOUTENBHBIX KOHCTPYKIUI B
COOTBETCTBUU C TEXHUYECKUMH 3aJIaHUSIMHU U UCIIOJIb30BAHUEM
CTaHJApPTHBIX CPEACTB aBTOMATH3ALMU IPOEKTUPOBAHUS

Teoperuyeckas 4acTb
CropocTh XMMHUYECKUX peakiuii

VYpaBHEHUSI XUMHUYECKUX pEAKIUi, XapakTepu3ysh MHOTHME CTOpPOHBI MPOILIECCOB, HE
BCET/Ia TAl0T TIOJTHOE TPEICTABIICHNE O CYITHOCTH MPOUCXOISAINX MPEBPAIICHUMN.

Hekotopsle Xxumudeckue NpoOLECChl, HAMpPUMEp, PEAKIMU Pa3JIOKEHUS B3PHIBUATHIX
BEIIIECTB, 3aKaHYMBAIOTCSI B TEUCHHUE N0JIeH CeKyHABbl. OueHb OBICTPO 3aKAaHYMBAIOTCS PEAKITUN
B3aUMOJICMCTBUSL KHUCIJIOT, IIeJIo4e W coyied B pactBope. OpraHuyeckue e COCIUHEHHS B
OOBIYHBIX YCIOBHUSAX B OOJBIIMHCTBE CIIY4acB B3aMMOJICUCTBYIOT MEXIY COOOW MEIJIEHHO.
TakuM 00pazoM, pa3HbIe peakliy COBEPIIAIOTCS B HEPABHBIC MPOMEKYTKH BPEMEHH, T.€. MOTYT
UITH C Pa3IMYHON CKOPOCTHI0. [103TOMY Ha OCHOBaHHMH TOJIBKO YPaBHEHUN OJTHUX XUMHUUYECKHX
peakiMil Hellb3sl CyJIUTh O CKOPOCTHU IpoIecca.

Xumuyeckas KuHemuka — 23mMO YYeHUue O CKOpOCmU XUMUYECKUX Npoyeccos, ux
HanpagienHocCmu U 0 paxkmopax Ha HUxX eIUsIOuUX.

ens u 3amaum XUMHYECKOW KHMHETHKH — W3BICKAHHE ONTHUMAIBHBIX MMapaMeTPOB IS
MPOBEJCHUST XMMHYECKOTO CHHTE3a, a HMEHHO: oOecledeHne MaKCUMalbHOW CKOpPOCTHU
npoiiecca, HauboJiee paroHaIbHOE UCTIOIB30BAHKE CHIPhSI U YHEPTOPECYPCOB H JIP.
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VYCTaHOBIIEHO, YTO Ha CKOPOCTh XMMHYECKHUX DPEaKUU{ BIUSIOT MHOTO (PaKTOpoB —
KOHIICHTpAlUsl B3aMMOJICHCTBYIOIIMX BEIIECTB, TEMIIEpaTypa Tpoiecca, Hamuuue (Wim
OTCYTCTBHE) KaTajllu3aTopa u Jp.

DKCIIEpUMEHTBI TI0Ka3aJl, YTO YBEIWYEHUE KOHICHTPAIIMA  B3aUMOJICHCTBYIOIINX
BCIICCTB BBIZbIBACT YBCIMUCHUC CKOPOCTHU PCAKIIUU.

Ecmu B 3akphITOM cocyzie TpW 3aJaHHOM TeMIepaType pearMpyroT JBa BEIISCTBAa B
ra3o00pa3HOM COCTOSIHUH MJIH B PAaCTBOPE

AC + BD < 4D + BC,

TO CKOPOCTb 3TOM PEAKUUU ONPEAEIAETCS YMEHBIICHHEM KOHUEHTPALMU (Moms/av®)
BentectB AC u BD B enuHuIly BpeMeHH (CEKYH/y, MUHYTY, Yac). Tak Kak ¢ TEYCHUEM BPEMEHHU
KOHIIEHTpAIUsl PEarupyroluX BEMmECTB IMagaeT, TO 3aBHCHUMOCTh CKOPOCTH pEaKIud OT
KOHIICHTPAIIUK MO’KHO BBIPA3UTh CIEAYIOIIUM 00pa3oM:

v=—(AC/IAt) (2.1)
raie &2 — CKOpOCTb MPSIMO peaKiuH, AC - MOJIsIpHas KOHLEHTpauus, t — Bpems.
I'pacdmyecku 3Ta 3aBHCUMOCTH H300pakeHa Ha pUCyHKe 5.1.

A

v =—(AC/At)

Cif----

Cor-----

ty tp, ——
Puc. 2.1 3asucumocmov ckopocmu peakyuu om epemeHu
Z[OBOJ'IBHO pacnpoCTPaHCHBI pCAKIIUHN THUIIA:
mA + nB—> ¢C, (2.2)

B KOTOpI)IX Ha m MOJ'ICKYJ'I BCIIIECTBa A HpI/IXOI[I/ITCSI n MOHGK}’J'I BCIICCTBA B, HpI/I 3TOM M
un 6OJ'II>I_HC CAUHUILIBI.

3KCH€pI/IMeHTaJ'IBHO YCTAHOBJICHO, YTO JJIsI TAKOT'O IMPOoIecCa CKOPOCTh prIMOI\/’I pCaknuun
MOKET OBITh BBIPRXKEHA CIIETYIOIIUM 00pa3zoMm:

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

-

rne K - xoucranta CKOPOCTH TPSIMOM PEAKIIMU — BEJIMYNHA, PaBHAS CKOPOCTH PEaKIINU
MIPU KOHIICHTPAIIUSX PEareHTOB PaBHBIX €AUHUIIS; OOPAaTHO MPOIMOPIIMOHATIbHASI BPEMEHH;, X U Y
— HEKOTOPbIE YHUCIIA, OTPEIETAEMBIE ONBITHBIM MTyTEM.

Koncmanma ckopocmu 3aBUCHT OT TeX ke (PaKTOPOB, UTO U CKOPOCTh JAHHOM peakiuu,
HO He 3a6Ucum om KOHYEHMpayuil peaupyouux 6eujecms.

KoHcTanTa ckOpocTH XapakTepu3yeT peakIuio IS ONPEeAeIeHHBIX YCIOBUH —
memnepamypa, 0asiexue, Koauuecmso u Kayecmeo Kkamaiuzamopa U T.1. Paznuynble peakiuu
MO>XHO CPaBHUBATh TOJIBKO €CJIM OHH MPOTEKAIOT MPU CTPOTO OJJUHAKOBBIX YCIOBHUSX.

VpaBuenuss Tuna (5.3), yCTaHaBIMBAIOUIME SKCIEPUMEHTAIBHO  OIPEIACICHHYIO
3aBHCHUMOCTh CKOPOCTH pEaKlUHUW OT KOHIIEHTPAlMi pearupyomux BeIIeCTB, Ha3bIBAIOT
KUHEeMU4eCcKUMU YPAaAGHEeHUAMU PeaKyuil.

Kunetndeckne ypaBHeHUs peakmuii (5.3) SBISIOTCS MaTEMaTHYE€CKHUM BBIPOKCHHEM
3aKOHAa JIEWCTBHUS MAacC — OCHOBHOTO 3aKOHAa XHMHUYECKOW KHHETUKHU: CKOPOCHb XUMUYECKOU
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peaxyuu nponopyuUoHaIbHA NPOUIEEOCHUI0 KOHYEHMPAYUli peazupyomux eewecme 6 cmenenu
HEeKOmOopuIX uucel, onpeoensemvlx Ikcnepumenmanvrio (nepsas popmynuposka — H.U. beketos,
1865 r; I'ynpabepr u Bare, 1867 r.).

Tonpko MHOTA MOKa3aTeNu CTENeHU KOHICHTpAIMK Ui JaHHOTO BelecTBa (X, Y U ap.)
B KMHETHYECKUX YpaBHEHUX (5.3) COBMANAIOT C €r0 CTEXMOMETPUUIECKUM KOd(PUIIEHTOM (X =
M; Yy = N ) B ypaBHeHUU peakuuu. OObIYHO 3TO BBINOJIHSACTCS ISl SJIEMEHTAapPHBIX PEaKkiui, T.e.
peakuuii IPOXOISAIINX B OHY CTaIUIO.

[Ipumepsl NPSAMBIX 3JIEMEHTAPHBIX PEaKIU:

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

JUis  Takux peakuuid CTENEeHW B KUHETHUECKUX YPAaBHEHMSIX COBNAJAIOT  CO
CTEeXHOMETPUIECKUMHU KO3 (DUIIMEHTaMU peareHTOB B YPaBHEHUH PEaKLIUH.

Ilokazamenvy cmenenu KOHYeHMpaAyuu peazupyrouie2o eeujecmsd 68 KUHemuyeckom
ypaeneHuu peaxyuu (X, Y u 0p.) Hazvieaemcs nopsaoOKoM peaxkyuu no OaHHomy eewecmsy. Tak,
Hanpumep, s peakuuu (6.1.2) mopsimox mo BemecTBy 4 paBeH X, mo B — Y. [lopsakom xe
peakiuu B 1esnoM (N) sABISETCS CyMMa TOPSIKOB IO KaXKIOMY peareHTy JJIsl JaHHOW peaKiuHy,
HarpuMmep, s peakuuu (6.1.2): n =X +y.

Benuuunbl nopsaka no pearentam (X, Y U Jip.) U [0 peakuuu B 1eaoM (N) MOryT ObITh
T00bIMA  HEOONBIIMMU TenbIMU yuciamu (1, 2 u penko 3), paBHATbCA HYIIO WIH OBITh
npoousiMu unciamu (1/2, 2/3, 3/4 u np.). Hanpumep, 171t peakiiuy CHHTE3a BOJIBI

2H>(2) + O2(2) <« 2H20(2)

MOPSIOK PEAKIMU, B 3aBUCUMOCTH OT MapIMaIbHBIX JaBICHUH BOJOPOAA W KHCIOPOJa,
umeeT npobHoe 3HaueHue — 1, 0,5 u 0,7 (cm. Tabnuiy 5.1).

Tabauya 2.1 — 3asucumocms nopsioka peaxkyuu Om napyudibHbix 0d61eHull KUCI0pooa U
6000pooa

p(Hy), Ia p(02), Ia Bux ;‘;‘:;;Zf;;mm Cﬁﬁ;ﬁ(}fﬁ
130 — 2600 26600 — 53300 v=kpy PO, 1
2600 — 8000 20000 — 53300 L= ka|2 pgf 0,5
8000 — 50600 1330 — 5300 L= kp&;1 pé’z’g’ 0,7

HCOGXO,Z[I/IMLIM YCJIOBUEM XHMHYCCKOTO B3aHMOﬂeﬁCTBHH ABJICTCA CTOJIKHOBCHHEC
peaery}omHX qacTHUull — MOJ'IeKy.]'I, aTOMOB, HOHOB U le. B MOMCHT CTOJIKHOBCHHA 3HeKTpOHHBIe
06J1a1<a pearcHTOB CMCUINBAIOTCH, o6pa3y51 IIpHU 5TOM HOBBIC CBA3HU.

Yucno monexyn, 00HOBPEMEHHbIM B3AUMOOEUCMBUEM MeHCOY KOMOPbIMU 6 MOMEHM
CMOJIKHOBEHUA ocywecmeniemcs aKkm XUMUUYECKO20 npespaujeHusl, HAasvleaemcs
MOJTIEKYNIAPHOCNbIO pEAKYUU.

Peaknum  ObIBatlOT MOHO-, OHM- ¥ TPUMOJIEKYJISPHBIMH. TpUMOJNEKYISpHbIE U
TeTpaMoneKmepHHe peaKHI/II/I OYCHb pe)IKI/I. I/ISBGCTHBI JINIIIb HECKOJIBKO HpI/IMepOB
MIEHTaMOJIEKYJIPHBIX PEaKIUH.

B YaCTHOCTH, K MOHOMOJ‘IeKyJ'IHpHI)IM peaKum{M OTHOCAT peaKHI/II/I pa3n0>1<eHI/1$1 MOJ'IGKYJ'I
Y BHYTPUMOJIEKYJIIPHBIX NIEPETPYNIIMPOBOK, HAIIPUMED, PEAKLUIO PA3JIOKEHHUS MOJIEKYT o1a:

l2(2) < 21(2).
Kunetnueckoe YpaBHCHHE 3TOT'0 IMpoueccca UMECT HepBLIfI opAO0K:
v =K[I].
[Tpumepsl OMMONEKYIISPHBIX PEAKLUU:
2NO(2) <> N202(2); v = k/NOJ?
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HBrz) + H(e) < Hz(@) + Br(z); v = k[HBr][H] — xunernueckoe ypaBHEHHE BTOPOTO
MOPAIKA.

TpumonexkynsapHas peakuus:

Claz) + 2NO(z2) «> 2NOCIl(2); v = K[CI2][NO]? — kuHeTHUYeCcKOEe ypaBHEHHE TPETHEro
HopsIIKA.

Jlis mpuUBENEeHHBIX peaklHUil MOPSAJOK U MOJEKYJISPHOCTb PEaKIMil COBIAIAIOT, HO B
o0LIEM cTyyae OHU Pa3JINYHBL.

Tlopsiook peakyuu onpeoensiemcs MOJNEKYIAPHOCMbIO CAMOU MeOJIeHHOU CMaouu OaHHOU
peaxyuu.

Ecnu peaknuss waer mo cragusiM, TO €€ TMOPSAOK pEaKkIMH MEHbIIE WM DPaBEeH
MOJICKYJISIPHOCTH peakiuu. Tak, Harpumep, MpU CUHTE3€ BOIBI (cM. Tabmuiy S5.1) mpu mopsiake

peakuuu paBHoMy eaunuie (N =1, U = kp:|L_|2 pg ), peakius — MOHOMOJIEKYJISIpHasl; Ipu N =
2

05 (L= kp& pg’S), peakuusi — MOHOMOJIeKyisipHasi; npu N = 0,7 (U = ka"A' p’cg)’g),
2 2 2 2
peaxiusi — OUMOJIeKyIsIpHAasI.

Ipumeuanue. HeoOX0qMMO MOMHUTH, YTO MOJICKYJIIPHOCTh PEaKIUU, B OTIUYUE OT e
nopsiaka, Beera menoe yucio — 0, 1, 3.

3axkon Oeticmsus macc cnpageoiu8 mMoabko Ol MOHO-, Ou- u pegce O
MPUMONEKYIAPHBIX PEAKYULL.

[Tpu syieMeHTapHON peakuk B CUCTEME MPOTEKAET TOJIBKO OJWH MPOIECC U YPAaBHCHHE
peaKIuy PacKphIBa€T €ro MEXaHW3M. BOJBIIMHCTBO pPEaKIMil — CIOKHBIC W TIPEICTABIISIOT
cO0O¥ CyMMapHBIH Pe3ysIbTaT HECKOJIBKUX AJIEMEHTAPHBIX MPOIecCOB (IBYX u OoJee). [ToaTomy
o0I1ee CI0KHBIX ypaBHEHUE PEaKIUi HE OTPAKACT UX PEATbHBI MEXaHH3M.

Jns cnodcuvix peakyuil 3aKoH O€UCmeUst MAcC He NPUNONCUM 6 YELOM, d CHpPAasedus
JUWDB K OMOENbHLIM €€ cmaousim Hebovuwou monexkyaapHocmu. Harpumep, oOiiee ypaBHEHHE
pEaKIuu UMeeT BU/I:

24+ B < C,

COTJIACHO KOTOPOMY SIBIISIETCS SIKOOBI TPUMOJEKyNsipHOW. OJHAKO TpPOTEKaeT B JBE
CTaJIuN:

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

24+ B C.
Tak kak MOPSIIOK peaKIMK OMPEACNIeTCS MOJEKYISIPHOCTBIO CaMOM MEIJICHHOW CTaiuu
peakiuu, TO JaHHAas peaknuss — OWMOJNeKyNsipHas W BToporo mnopsaka. CremoBaTenbHO,

KHHETHYECKOE YpaBHEHHE ATOTO B3aMMOICHCTBHS OYJIET UMETh BU/I;
v =K[A][B], a ne v =K[A]*[B].

N3 (5.1) cnemyet, uTOo ckopocmb peakyuu — 8elUUUHA OOPAMHO NPONOPUUOHATLHAS
8peMeHU.

BcenenctBue pasnuyHOM CKOPOCTH JBUKEHHS MOJIEKYJ, OHM OO0JaJaloT pa3IuyHOU
KHUHETHYeCKoU sHepruei. [Ipu 3ToM KnuHeTHYecKast S3Heprus MpsIMO MPONOPIUOHATbHA CKOPOCTH
JIBIKEHUSI MOJIEKYITBI.

Monekynbl, KOTOpbIe 00J1a1af0T BBICOKUM 3alacoM KMHETUYECKOW SHEePIHH, Ha3bIBAIOTCS
AKTHBHBIMHU.

Hononnumenvuyro sHepauio, KOmopyio HA00 COOOWUMb MONEKYIAM Ol Nepesood Ux 6
aKmueHoe COCmosHUe, HA3bIeAOM JHepauel axkmueayuy. XUMUYecKas peakiusi MOMKET
MPOU30UTH TOJIBKO MPHU CTOTKHOBEHHH AKTUBHBIX MOJIEKYIL.

Ckopocmb  XuMu4eckoll peakyuu HpAMO HPONOPYUOHANbHA YUCTY CMOJKHOBEHUl 6
eOUHUYY 8PEeMEHU.

Ponp xatanuszatopa, mpuMeHsieMOro AJis MPOTEKaHUs JaHHOTO XMMUYECKOro IMpolecca,
3aKJIIOYAeTCs B CleAymoomeM: |) B TOHIKEHWM SHEPrUM akKTuBanuu; 2) B oOecnevYeHuu
HEO0OXOIUMON OpUEHTAIH Pearupyromux 4acTHI.
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Biusinue TeMnepaTypbl Ha CKOPOCTh peaKuu

C mnoBbILLIEHUEM TeMIEpaTypbl YBEIUYUBACTCS CKOPOCTHb JBHXKEHUS MOJIEKYNT M HX
KHUHETHYECKasi SHEPTus. AKTUBHOCTh MOJIEKYJ BO3PACTAET, U CKOPOCTh PEAKIIMK YBEIUUUBACTCSI.

3aBUCHUMOCTh CKOPOCTH pEaklUUU OT TEMIEepaTypbl ompeiensercs npaBuioM BauTt-
Fodda: npu yseruuenuu memnepamypvr na rasxicovie 10°C ckopocms peakyuu o3pacmaem
npumepto 6 2 paza. [{1ns HEKOTOPBIX peakiMil CKOPOCTh Bo3pacTaeT B 3 — 4 paza. DTO 3aBUCHUT OT
MPUPOJIBI pEAruPyIOIINX BEIIECTB.

Yucno, nokasviearowee 60 CKOIbKO pda3 YEeIUdUBAemcss CKOpPOCMb peakyuu npu
yeenuyenuu memnepamypbi Ha 10°C, Hazvieaemcs memnepamypHuviM Kod@uyuenmom u

obo3nauaemcs 7/ .

M3MeHeHne CKOPOCTH PeaklUH OT TeMIEePaTypbl MOXKET OBbITh BBIYMCICHO IO (hopmysie
Bant-T'odda:

ty—t,

Y _ 10
=y 10 (2.4)

Utl

riae Utz )54 Utl — CKOPOCTU peakiuu mpu Temmeparypax 2 u t1 cOOTBETCTBEHHO; Y —

TemneparypHblil koadduunent Baut-I'odda.
CKOpoCTh peakiuy B reTeporeHHbIX cucreMax. Bausinne karajnuzaropa Ha
CKOPOCTh XHMUYECKHX PeaKIuid

BemectBa, HM3MEHSAOIME  CKOPOCTh  XHMHYECKOTO  IpoOIecca,  Ha3bIBAIOTCSA
Kataim3zaropamu. KaranuzaTtopamMu MOTYT OBITh TBEpIble, JKHIKAE W Tra3000pa3HbIC
BerecTBa. MI3MEHEHHE CKOPOCTH XUMHUYECKOW PEaKIMW IO/ BJIMSHUEM IPHUCYTCTBYIOIICTO B
CUCTEME MTOCTOPOHHETO BEIIECTBA, COCTaB U KOJIMUYECTBO KOTOPOTO K KOHILY PEAKI[UU OCTAIOTCS
0e3 U3MEHEHU, Ha3bIBAIOTCS KATATU30M.

[Ipu TOMOT€HHOM KaTaau3e B3aWMOJICUCTBYIOIINE BEIIECTBA U KaTallU3aTOP COCTABISIOT
onHo(daszHyto cuctemy. [Ipu reTeporeHHOM KaTajM3e pearupyrollue BEUIecTBa M KaTalIu3aTop
COCTaBISIIOT CHCTEMY W3 HecKonbkux ¢a3. [Ipu rereporeHHOM Karanusze B MPHUCYTCTBUU
HEOOJBIIMX KOJUYECTB KaTajiu3aTopa MOTYT MPOPEarupoBaTh OTHOCHTEIHHO OOJBIINE
KOJIMUECTBA B3aMMOJCHCTBYIOMMX BemecTB. [IpM roMOoreHHOM KaTalli3e CKOpPOCTb peakluu
MPAKTUYECKH MTPOITOPIIMOHAIbHA KOJIMYECTBY KaTaan3aTopa.

AKTHBHOCTB KaTaJlU3aTopa, a MHOT/IA U CIeU(UYHOCTh UX JEUCTBUSA, B OOIBIION Mepe
3aBHCHUT OT TeMrepaTypsl. s Kaxaoro mporiecca, CyniecTBYIOT OIpeIeIeHHbIE KaTaln3aTophl,
4acTo MOoAOUpaeMble IKCIIEPUMEHTAIbHBIM MTyTEM.

XuMH4YecKoe paBHOBecHe
Bce xumuueckue peakiiui MOXHO pa3ZesiuTh Ha JIBa THUIA: 00paTUMble U HeoOpaTHUMBbIE.
MHorue peakuuu sBJISIOTCS 00paTUMBIMU, T.€. TAKMMH, IPU KOTOPHIX 00pa3oBaBIIMECs
MPOJYKTHI B3aUMOJIEUCTBYIOT MEXKy COOOH, MpeBpalasch B MCXOJHbIE BELIECTBA.
OOpatuMble peakliy OrpaHUYEHbI ONPEICIIEHHBIM MPEIEIOM: OHU HE JOXOAAT A0 KOHIA.
OOmuit Buj ypaBHEHUs 00paTUMON peaKkIuu:

mA + nB<«>pC + gD. (2.5)

CKOpOCTI/I npsaMoro u 06paTHOFO MMpONECCOB BBIPAKAIOTCA CICAYIOINIUMHA YPABHCHUSAMU
v=k[A]"[B]" (2.6)
v =k[C]P[D]". 2.7)

B MOMEHT ycTaHOBIIECHHSI paBHOBECHS IIpsiMasi U o0paTHas peaKIuy He TPEKPaIarTcs, a
MpOoaOJIKAKOT MPOTCKATh B IPOTUBOIIOJIOKHOM HAIIPaBJICHUHN C paABHBIMU CKOPOCTSAMMU.
I'padpuaecku 3TO MOXKET OBITH TaK, KaK MMOKa3aHO Ha pUCYHKe S.1.
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Pucynox 2.2 3asucumocmov npsamoii u 06pamuoi peakyuti om epemeHu

Eciau ckopoctu mpsiMoii 1 0OpaTHON peakuuid paBHBI (Vmp = Vosp. — MATEMATHUYECKOE
p D

YCIIOBHE€ XHWMHUYECKOrO0 paBHOBECHs) , TO TpaBble yacTd  ypaBHeHuil (5.6) u (5.7), ux

BBIPKAIOIINX, TAK)KE PaBHBI:

K[A]"[B]" = k[c]’[D]". 29
Ha ocHoBaHuu 3T0T0 C(HOPMYIHPOBAHO TOJIOKECHNUE, HA3BAHHOE 3aKOHOM JICHCTBHUSI MAcC
(BTOpast GopMyIHPOBKA): 8 MOMEHM PABHOBECUs NPOU3BEOEHUe KOHYEHMPAyuil Oeticmeyiouux
MACC UCXOOHBIX GeujeCms HA KOHCMAHMY CKOPOCMU NPIMOU Peakyuu PAasHO NPOU3EEOeHUI0
KOHYenmpayuti 0eticmeylowux Macc o00pazylouwuxcs ewecms Ha KOHCMAHMY CKOPOCMU
06pamuoil peakyuu.
U3 ypaBuenus (5.8) cienyet, 4To

kel 2.9)
[A]"[B]" |
OTHOIHGHI/IG ABYX IIOCTOSHHBIX BCJIIMYHUH €CTh BEJIMUHMHA ITOCTOSIHHAsA, CJI€CA0BATCIIbHO:
E/E:KP:M (2.10)
[A]"[B]" |

KoHcranTolt xumuueckoro paBHOBecHs KP Ha3bIBAaeTCsl OTHOILIEHUE IPOU3BENCHHUS
PAaBHOBECHBIX  KOHLIEHTpPAlMMd MPOJAYKTOB pPEAKIUM K IPOU3BEIACHHUIO PAaBHOBECHBIX
KOHIIEHTPALUi HCXOAHBIX BEIIECTB, B CTETIEHU UX CTEXHOMETPUUECKUX KO PUIIMEHTOB.

KP BbIpakaeT 3ak0H AeMCTBUS Macc /Ul pABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
PAasHOBecuUs: He 3a8UCUmM OM KOHYEHMPAyuu peazenmos, HO 3A6UCUM OM MeMnepamypvl u om
nPpUpoObl peazupyroujux 6eujecms.

B MOMeHT XxuMH4ecKoro paBHOBecHs u3MeHeHue 3Heprun [ ndoca He npoucxoaur — AG
= 0. KoHcTanTa XUMUYECKOTO paBHOBeCHs cBsi3aHa ¢ AG COOTHOIIEHUEM:

AGP® = -RT InKP (2.11)

VuaureBas, gro InKP =2,303 IgKP u R = 8,314 JIx/K-mons ypaBuenue (2.12)
npeodpasyeTcs 10 BUaA:

AG®=-19,14 T IgKP (2.13)

[Tonp3ysicb ypaBHEHHEM  KOHCTaHTBI PABHOBECHS, MOXKHO YIPABIATh XUMHYECKUM
MPOLIECCOM, YTO BaKHO B TEXHOJIOTMYECKUX LIETISX.

Ecnu B paBHOBecHOit cucteme MA + NnB<«>pC + D yBenuunTh KOHIEHTpAIMIO A, TO B
cootHoweHuu (7.1.6) mnst KP, NOJDKEH YBEIWYMUTHCS YUCIUTENb WIM YMEHBIIUTHCA BTOPOM
COMHOXHTEJb 3HAMEHATENsl, T.€. BeIUYMHA [B]. DT0 MOXET NPOU30iTH B pe3ybTaTe CMEIEeHUs
paBHOBECHsI cJeBa HANpaBo, NMPHUBOJAIIEIO K OOPa30BaHUIO HOBBIX KOJIMYECTB MPOAYKTOB
peakmuu — C u D.

Takum 00pazom, IpU YCTaHOBHUBILEMCSI HOBOM COCTOSIHUM PAaBHOBECHS, KOHIEHTPAIUU
BCEX YEThIPEX BELIECTB, [0 CPAaBHEHHMIO C MEPBOHAYAIbHBIMHU, OKAXKYTCS M3MEHHUBILIUMHUCS, a
3HaUEHUE KOHCTAHThl PABHOBECHS HE U3MEHUTCH.
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CHGI[OBaTeHBHO, g CMCHICHUS PAaBHOBCCHUA CJICBA HaAIIpaBO HeO6XOI[I/IMO NI
YBEIMYHUTh KOHICHTPAIMIO OJHOTO M3 HMCXOAHBIX BEHIECTB, MM YMEHBIIUTh KOHIICHTPAIIUIO
OJIHOTO U3 MPOJYKTOB PEAKIHH.

C HOMOMIBIO BBIPOKEHHs KOHCTAHTHI PABHOBECHSI MOXKHO OINPEACNATH KOHICHTPAIUH
BCIICCTB B MOMCHT pPaBHOBCCHUA, a C€CJIM HU3BCCTHbBI 3HAYCHHA K’ n HUCXOJHBIC KOHLCHTpAaIUH
BEIIECTB, TO MOYKHO OTIPEICIUTh X PABHOBECHBIC KOHIICHTPAIIUH.

Ecnu McxoJHy0 KOHLEHTpaLuio BemecTBa A 0003HauuTh uepe3 Co(A), a 4UCIO MOJIb

€ro, NpopearupoBaBIINX K MOMEHTY PaBHOBECHsI, YEPE3 A C(A), To MoJsipHasi KOHLICHTPALUS B
MOMEHT PaBHOBECHSI OIIPEACIUTCS TaK:

[A] = Co(A) — A CA).

PaBHOBecHe B IeTEpOreHHBIX CHUCTEMAax OIpPENeNAeTCsl TOJBKO Ia30BOM MM KUAKON
(a30ii, T.K. KOHIIEHTPALUN TBEP/IBIX BEIIECTB HE BXOAAT B yPaBHEHHUE JUIsI CKOPOCTH PEAKIINU.

HanpaBnenue cMelieHuss paBHOBECUS CHCTEMbl IpU  HM3MEHEHHMH KOHIEHTpAalUH,
TEMIIepaTyphl WIK JaBJICHUs onpeaeisaercs npuauunoM Jle Hlarense:

«Ecnu Ha 00paTUMYIO CUCTEMY, HaXOJSILYIOCS B TIOJBM)KHOM COCTOSIHUM, OKa3aTh U3BHE
Kakoe — Ju00 BO3JEHCTBUE, TO CHCTEMa OTBEYAET CMELICHHMEM PAaBHOBECUS TaKUM OOpa3oM,
4TOOBI OCIA0UTH 3TO BO3JEHCTBHUEY.

Oo0opynoBanne U MaTepuasbl
1. PactBop cepnoii kucnotsl H,SOs ¢ konnentpamueii C(H2S04)=2 mons/mm®
Tuocynbdara matpust NaxS;03
HuctunnupoBaHHas Bosa
[Tpobupku
JIoxkeuka
bropetka
BossiHas Oans
TepmomeHT
9. PactBop comstroi kucnotel HCI ¢ xonnentpanumein C(HCI)=2 mons/nm?
10. Kap6onar kanbius (mena) CaCOs
11. Tlepokcun Bomopoaa
12. PactBop okcuma mapranua (+4). MnO,
13. PactBop okcua xenesa (+2), FeO
14. PactBop oxcuma kpemuust (+4), SiO;
15. Pactsop xnopuna xenesa (+3) FeCls (C(FeCls) = 0,002 mons/am®
16. Pacteop tronmanara kamust C(KNCS) = = 0,002 mons/nm®
17. Pacteop KCI

NGk WN

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH AOJDKHBI MPOBOJUTHCS IPH HCIPABHOM

ANEKTPOOOOPYAOBAHHH, IIEKTPOIIPOBOKE, MPABUIIEHO 000PYJI0BAHHOM BBITSDKHOM IITKaQYy.

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

3. PabGouee mecTo conepkaTh B IOPSJIKE U YUCTOTE.

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

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

6. Bce ombITH ¢ BpeAHBIMY U MAXHYIIUMH BEIIECTBAMU, a TAKKE yIIapUBAaHHE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJIUTH B BHITSHKHOM HIKady.

7. OcraTKu coeqUHEHUI cepedpa cauBaTh B 0COObIE CKIAHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUPKE BCET/a cieqyeT Aep)KaTh €€ TaKuM 00pa3oM, YTOOBI
OTBEPCTHE NMPOOUPKH OBLIO HAMPABIECHO B CTOPOHY OT PabOTAIOMIETO PSIOM COCea.

9. He HaKIOHATH JIMI0 HAJ HArPEBAEMOH KHUIKOCTHIO MIIH CILIABIISIEMBIM BEIIECTBOM.
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10. He cnenyer BIbIXaTh IMaxy4ue BENICCTBA W Ta3bl, OJM3KO HAKIOHSSICH K COCYIy C DTHUMHU
BeniecTBaMy. HroxaTh BeliecTBa MOKHO JIMIITh OCTOPOYKHO, HANPABIISS K ceOe Taphl WK ra3 JBHKCHHEM
PyKH.

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

12. BrbummBaTh pa30aBIeHHbIC KUCIOTHI U MEIOYHBIE PACTBOPHI CIIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOoBaTh XUMUYECKUE 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 OCKOJIKAMH CTEKIIA.

16. Kareropuecku 3arpemiacTcs OCTaBIATh paOOTaroIMe TPUOOPHI 03 HAOIIOICHUSI.

18. B xumu4eckoii 1abopaTopun HEOOXO0AUMMO paboTaTh B XajiaTe.

3ananus
OneiT 1. OmnpenenuTe CKOPOCTh B3aUMOJCHCTBHUS THUOCYJb(aTa HATPHUs C CEPHOW KHUCIIOTOM.
[Mpouecc MOKET OBITH BEIPAXKEH IBYMS CTAIHSIMU:

a) NapS,03 + H»SO,4 = NaySOy4 + HpS503 - 6sictpo;
6) H2S,03 = Hy,0 + S0y + S 4 — memneno.

Ha Bropoii craguu peaknuu BBIIENSETCS CBOOOAHAS cepa B BHJIE OMAaJICCHUPYOIIETO BEIIECTBA.
Bpemst oT Hawyana peakuuu A0 MOSBICHUS MEPBBIX BHUIMUMBIX CIEIOB CEPhl 3aBUCHT OT KOHLEHTpAaLHU
pearupyonmx BemecTB.

B Tpu npoGupku Haneiite mo 5 cm® cepHOIt KMCIIOTBI U3 GIOPETKH, 3aTEM BO3bMUTE TPH KOJIOOUKH
emkocTeio 1o 50 cm® u Haneiite: B mepsyo 15 cm® Tuocymb(ara HaTpus, Bo BTOpyro — 10 cm®
THOCYJIb(aTa HATpMs M 5 cM° BOABI M B TPeThio — 5 cM® Thocynbdara Hatpus u 10 cm® Bomwl
COOTBETCTBCHHO. BynbTe TOYHBI MPU OTMEpPE HYKHBIX 00BEMOB BemecTB. [lomeThTe HOMepa KoIio.
Temepp Mo ouepearn B KXY KOJIOy MPHIUBAWTE W3 MPOOMPKH TPUTOTOBIICHHBI PacTBOP CEpHON
KHCIOTHL. Bpemsi orcunThIBaiiTe 10 cekyHnoMepy (MM CEKYHIHOW CTpPEJKE YacOB) C MOMEHTA CIIMBAHUS
pacTBOPOB 10 Ha4aja MOMYTHEHHS.

Pesynbrare! onbiTa cBeIUTE B TA0NIUILYy 2.2.

B uTore MoXHO 1M cAenaTh BBIBOI: CKOPOCMb peaxyuiu 3a6UCUm om npupoobl peazupyrouux
sewecms u ux KoHyenmpayuu?

Onpit 2. B Tpu cyxux npoGUpKU HajelTe 1o 5 cM® pacTBOpa CEPHOM KUCIOTHI, @ B TPH JAPYTUE —
1o 5 ¢cm® pacTBopa THOCYJIb(aTa HaTpus. [lomMecTuTe BCe MPOOUpPKH B BOIsHYIO OaHto. Uepes 5 - 7 MUHYT
U3MEphTe TeMIepaTypy pacTBopa THOCYIb(ara HATpUs U CleiTe COOep)KUMOE OIHOW Maphl MPOOUPOK.
OtcunTaiiTe BpeMs OT CIMBaHHA NPOOMPOK [0 TOABIEHHS TNOMYyTHeHus. M3MmepwpTe Temmeparypy
pacTBOpa THOCYJb(aTa HaTpUs B JIPYyrod HpoOupKe: oHA JOoJKHA ObiTh Ha 10° BhINIE, YeM B MEPBOM
ciyvae.

Crelite copepkumMoe BTOPOiIl mapbl IpoOUPOK u OTMepbTe BpeMs. OmbIT ¢ TpeTbel MpoOHupKoi
MPOBOJAT Tipu TemiiepaType Ha 20°C BbIie epBOHAYAIBHON. Pe3yIbTaThl ONMBITOB 3aHECUTE B TAOIHUITY
2.3.

Onwir 3. Harmelite B nBe mpoOupku Ha 1/4 ux o0beMa COJITHOM KHCIOTHL. BreiOepute aBa
OIMHAKOBBIX KyCOYKa MeJa M OJUH U3 HUX Pa30TPUTE B CTyIE B OPOIIOK, 3aTEM OJHOBPEMEHHO B OJHY
13 IPOOHUPOK OITyCTUTE KyCOUEK Mea, a B IPYTYIO CCHIMTBTE MOPOIIOK.

OnwiT 4. B 4eThipe npoOUpky HaselTe 10 3 cM® pacTBopa MepoKcHaa Bogopoaa. B Tpu u3 Hux
BCBINIBTE OAHOBPEMEHHO TI0 JIOKEUKE: B OIHY — OKcuaa Mapranua (+4), B Ipyryro — okcuza xenesa (+2),
B TpeThio — oKcuaa Kpemuus (+4). UerBepras mpoOupka — ais cpaBHeHHs. HaOmromeHus 3anmumuTe B
TETpajb.

Onpit5. IlpuMepom oOpatumoll peakuu# SBISIETCS B3aUMOACHCTBHE MEXAY pa30aBieHHBIMU
pacTBopaMm XJopuia >kene3a (+3) m THOIHMAaHATa Kalus WIA aMMOHHS (TIPaKTHYECKH OECIIBETHBIC
pacTBOPBHI).

MounekynapHOe ypaBHEHHE PEAKIIIN:

FeC|3(p) + 3KNCS (p) € Fe(NCS )3(p) +3KCI (p) -

Honnoe ypaBHeHHE:
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F93+(p) +3NCS ™ (p) <> Fe(NCS)3(py .

OO6pa3ytommiics B pe3yibTaTe peakiy KOMIUIEKC — THOIHMaHAaT sxene3a (+3) obnamaeT KpacHBIM
[[BETOM, HHTEHCUBHOCTh KOTOPOTO 3aBHCUT OT KOHIICHTparuu. [103TOMy cMellleHHe PaBHOBECHS JIETKO
HaOII0aTh 10 U3MEHEHUIO HHTEHCUBHOCTH OKPACKH.

Cnetite B K010y paBuble 00beMbl (10 — 15 cm®) pactopa FeCls (C(FeCls) = 0,002 mons/nm®) n
pacTBOpa THOLMOHATA Kayus (MM aMMOHHMs) ¢ MosiapHoi kornentpaunueii C(KNCS) == 0,002 momns/nm°.

[Tonmy4eHHBIH pacTBOp pa3ieiTe B YeThIpe MPOOMPKHU TaK, YTOObI 0OBEMBI BCEX PACTBOPOB OBLTU
IPUMEPHO OJIMHAKOBBIMH. B mepByro mpobupky mo6asbte 1 cm® pactsopa FeCls; Bo Bropyro — 1 cm®
HACHIIEHHOTO pacTBOpa THOIMaHaTa Kajus; B TpeThio — kpucTamnndeckuii KCl (wmn NH4Cl). Yersepras
npoOupKa — 3TAJIOH I CPABHEHHSI.

Pesynbrathl onbiTa 3aHecuTe B Tabnuiy 2.4.

Conep:xkanue oTyera

Jlna onvima 1.
Tabauya 2.2 3asucumocms ckopocmu peakyuu om KOHYeHmpayuu

Konuentpanus
Na;5,0s 3 Bpewms ot Havyana OTHOCUTENIbHAS CKOPOCTh
Ci(NayS,03), moms, / om° = OTCYEeTa JI0 MOSBJICHUS peaKin
TIOMYTHEHHS
Vi(Na,S,0 =tt
_ I( 292 3)-C0(N3.28203) t,c U r
\Y
p—pa

rae Vi (NayS,03), cn® =15;10;5;
V, parcn® =V;(NapS503)+V; (H20) +V (H2S0;).

Ha ocHoBaHuMM MexaHM3Ma pPEakUUU YKaXuTe €€ IMOPSJAOK M MOJEKYJIsIpHOCTh. Hanummmwre
KMHETHYECKOe ypaBHEeHHE. [lonbpITaliTeCh BBIYUCIUTG KOHCTAHTY CKOPOCTH.

IocTpoiite rpaduk 3aBUCUMOCTH CKOPOCTH PEAKLIMH OT KOHLEHTPALMH Pearupyromnux BELIeCTB.
Kaxoit nuHmMeit BeIpakaeTcss HaiiieHHass 3aBUCUMOCTH? [IpoxomuT nmu oHa yepe3 Hadaiao KOOpAWHAT?
[Touemy?

Jlns onvima 2.
Tabauya 2.3 BrusiHue memnepamypul Ha CKOPOCMb PEaKyull

NeNe Temuenarypa onsra. °C Bpewms ot Hauana orcuera 10 OTtHocuTeIIbHAs CKOPOCTh
OTIBITa patyp ’ MOMyTHeHH4, t peakmuu, U =t?

BrIlpazute rpaduuecky 3aBUCUMOCTh CKOPOCTH PEAKIMU OT TEMIIepaTyphbl, OTJIIOKHB Ha OCH
abcuucc 3HaYeHUsI TEMIIEPATYPhl, @ HA OCH OPAMHAT 3HAYEHUSI OTHOCUTEILHON CKOPOCTH peakuuu. Yemy
PaBHO 3HaYEHHE TeMIepaTypHOro ko3 (uireHTa B BaleM onbiTe?

Jlns onvima 3.

OOmBsicHUTE, B KaKOH M3 IPOOHPOK peakuus nomwia osictpee? [louemy?
Jns onvima 4.

OOBsICHUTE, OMHAKOBO JIM MIPOTEKAET MPOIIECC Pa3NIoKEeHHs mepokcuaa Bojopoma? CocTaBbTe
ypaBHEHHUE Pa30OKEHUs Mepokcruaa Bomopona. Onpenennte THN KaTann3a. Kakoe W3 BemecTB okasajo
KaTaJUTHYeCKOE AeicTBHE?

Jlnsa onvima 5.
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O65pscHuTE, 9TO TporcxoauT. CocTaBbTe BRIpaYKEHHUE M1 KOHCTAHTHI paBHOBecHs. Ha ocHoBaHMM
(opMyIBI I pacdeTa KOHCTAHTHI PAaBHOBECHS YKaXKUTE, M3MEHEHHE KOHIIEHTPAIM KaKWX BEHIeCTB
(MCXOMHBIX WIIM IPOTYKTOB PEaKIUH) BBI30BET 00JICe CYNIECCTBCHHBIN CIBUT PABHOBECHSL.

Tabnuya 2.4 Bauanue xonyenmpayuu peazeHmos Ha XUMuyeckoe pasHogecue

N OcnaGnenne um Hampasnenue cMereHmns
Howmep ombita JloGaBieHHEII pacTBOP
YCHJICHHE OKPACKH paBHOBECHS
1
2
3

KoHTpoJibHBIE BOIPOCHI

ba3oBblii ypoBEHb

1. Yro n3yyaeT XUMHUUYECKasi KHHETHKA U JUIS Yero OHa CIY>KUT?

2. Kakue ¢axTopsl HEOOXOIUMBI U BCTYIUICHHUS B XUMHUYECKYIO PEAKLUIO pPearupyromux
yacTui?

3. Haiite ompeneneHre CKOPOCTH XHMHUYeCKoW peakuumd. Kak BHIMISOUT rpaduk,

OTpaKarIIUH 3aBUCUMOCTh CKOPOCTH dJIeMeHTapHOU peaknuu Buna P + G <> Q ot: 1) xoHIeHTpanuu
pearenta G; 2) KOHIICHTpaIMK NPoayKTa peakiuun Q7?

4. Kak unraercs nepBast GopMyupoBKa 3aKOHA ASHCTBHS Macc?

5. Kakoil cMbIC MMeeT KOHCTaHTa CKOpPOCTU peakuuit? OT 4ero 3aBUCUT U OT YEro He
3aBUCHUT 3TOT HapameTp?

6. [TpunoxxuM U 3aKOH JEHCTBHUS Macc K CIOXHBIM (MHOTOCTaAMMHBIM) peakuuam? OTBeT
MOSICHUTE Ha IIpUMepe.

7. VKaxure, KOraga CKOpPOCTh XMMHYECKOW PEAKUUU AEUCTBUTEJIBHO MPONOPLUUOHATIBHA
MIPOM3BEJICHUIO KOHIIEHTPAIMH pearupyromux BEIIeCTB B CTENEHAX, PABHBIX MX CTEXHOMETPUYECKUM
ko Purmentam.

8. Uro Ha3bIBAIOT MOJIEKYJISIPHOCTBIO U MOPSIIKOM XUMHUYECKHX peakuuii? Bcerna iam oHH
OJITHAKOBEI?

9. Kak omnpenensroT MOJEKyISIPHOCTh M MOPSIOK CIOXKHBIX peakunit? [loscHuTe oTBET Ha
npumepe.

10. Kakue wyacTuipl Ha3bpIBalOT «aKTUBHBIMU»? JlaliTe oIpelesieHHe MOHITUIO «3HEPTHS
AKTUBAILIUNY.

IToBbIIEHHBIN YPOBEHD

1. Kak n3mensiercsi sHeprus akTUBalliK B MPUCYTCTBUM KaTanuzaTopa?

2. UTo MpoUCXOIUT C pearupyroMy YacTUI[AMH TTPH HarPEBaHUU?

3. [IpuBenmute ¢dopmynupoBky mpaBwia Bant-I'opda. Kakas dopmyna otpaxaer
MaTeMaTHYECKYIO 3aBUCHMOCTb BO3PACTaHHsI CKOPOCTH C YBEJIIMYEHUEM TEMIIEPATYPhI?

4. Kakoit cMmbicn umeet TemriepatypHblii koddduiuent? Uro o3HauaeT, HarpuMep, eciiv y
=3?

5. Omnpexpenure TeMnepaTypHbId KO3(GGHUIMEHT CKOPOCTH PEaKIHMU, €CIIM NMPU MOHWKEHUH
temneparypsl Ha 45 °C peakuus 3amemmnack B 30 pas. Otser: v = 2,13,

6. IIpu 393 K peaxnus 3akaHumBaeTcs 3a 25 MHH. Uepe3 CKOJIBKO MHUHYT 3Ta PEaKIIHS

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

7. Kakne xuMuuecKre peaklui HasblBaloT oOpaTUMbIMU? HeoOpatumbiMu? [IpuBenure npumeps
TaKUX PEeaKIUil.

8. Ilpu KakuX ycIOBHUSX HACTYNAET XMMUYECKOE PABHOBECHE B 00PaTUMBIX CUCTEMAaXx?

9. Kakoli mapaMeTp Ha3bpIBarOT KOHCTaHTOM paBHOBecus? Kak orpaxkaercs €€ 3aBHCHMOCTb OT
KOHCTaHT NPAMOM 1 00paTHOH peaxiuii?

10. Or xakux (aKTOpOB 3aBUCUT KOHCTaHTa PABHOBECHUS? OT KAKUX HE 3aBUCHUT?

11. Ilouemy B BBIpaXE€HHM KOHCTaHTBHI pABHOBECHs KOHLIEHTPALMHU BEIIECTB yKa3aHbl B CTEIICHSIX,
COOTBETCTBYIOIINX MX CTEXMOMETPHUYECKUM KOI(P(HIMEHTaM, a HE HKCIIEPUMEHTAIBHO ONpeIeIsieMbIM
quciam X, Y u ap.?

12. Kakum COOTHOIIEHHEM CBs3aHa KOHCTaHTa paBHOBecHUs ¢ sHeprueit [ mboca?

13. TIlpusemute QopmynupoBky npuniumna Jle Illatense. Kakoe mpakTuueckoe 3HaueHHE HMEET
stoT npuHuun? IlpuBennre npuMepsl.
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Cnucok JuTepaTrypbl, peKOMEHAyeMblil K UCII0JIb30BAHUIO 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®. - Ilpuin.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyKaromen cpebl : XUMUs KUBBIX oprann3mMoB. Kypc nekiuii /
E. C. Muxanuna, A. JI. [lerenmun. — M. : Uznarensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTpOHHBIH // DnekTpoHHO-O0nOMHoTeyHas cuctema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocryna: mis
aBTOPU3HP. MOJIb30BATENEH
JlonoIHUTeILHAS JTUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. 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. XuMHs METaJUIoOB : ydeOHOe mocobue (1 CTYJACHTOB XHMHUYECKOTO (haKylIbTeTa
HanpaBlieHU# O0akanaBpoB «XUMHUI» U «XUMHUYECKas TEXHOIOTHs») / cocTaBuTenu O. A.
["onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbI yHUBepcuTeT uM. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : anekTpoHHBIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum moctyma: s
aBTOPU3HUP. N0JIb30BATENIEH
HNuTepHeT-pecypces:

1 http://window.edu.ru/ — eauHoOe OKHO JOCTYyIa K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — DBC «YHuBepcuteTckast OMOIHOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 37eKTPOHHBIH KaTaaOT aCCOMMAIMH dJICKTPOHHBIX OUOIHOTEK
yueOHbIX 3aBefieHni u opranuzanuit CKOO

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

Tema 6. PacTBopbI
JlaGopaTopHas padora 3. DeKTPOJUTHYECKAS AUCCONHMALMA
ens paboThl: N3syuenue mporecca 3IEKTPOIUTHYECKONW JUCCOIMAIIMK B BOJHBIX PACTBOpAxX
3JIEKTPOJIMTOB Pa3HON CHIIBL.
dopmupyemble KOMIETEHIIUN WU X YaCTHU:

Wunekc DopMynHpOBKa:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMOOOPa30BaHUIO
OIIK-4 MOHWMaHHUEM CYIIHOCTH U 3HaUeHUs HH(OpPMAIUX B Pa3BUTHU

COBPEMEHHOT'0 00IIeCcTBa, CIIOCOOHOCTHIO MOJTyYaTh U 00pabaThiBaTh
MH(OPMALIMIO U3 Pa3INYHbIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATS,
CTPYKTYPUPOBATh ¥ 0POPMIIATH HHOOPMAIUIO B JOCTYITHOM ISl APYTHX
BHUIC

IIK-5 CIIOCOOHOCTBIO MPUHUMATH y4acTHe B paboTax 0 pacuery u
MPOCKTHUPOBAHUIO J€TATCH U Y3JI0B MAIIUHOCTPOUTEIHHBIX KOHCTPYKIIUH B
COOTBETCTBUU C TEXHUUYECKUMHU 33/IaHUSMH U UCTIOJIb30BaHUEM
CTaHAAPTHBIX CPEACTB aBTOMATH3AIUH TPOCKTHPOBAHUS

TeopeTuyeckas 4acTb
Pacniaj 31eKTpOJIUTOB Ha MOHBI TIPU UX PACTBOPEHUH B BOJIE HA3bIBAETCA MPOTOJIU3OM.
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https://openedu.ru/

Ipumeuanue. K mporieccamM mpoTOH3a OTHOCSAT BCE XMMUYECKHE B3aUMOJICHCTBUSI, B KOTOPBIX
yuactBytoT uoHbl H3O" u OH'. TepMuH «IMCCOIMAIMS» yCTapea, BMECTO HEr0 PEKOMEHIYEeTCs
MPUMEHSATH — MTPOTOJIU3.

OCHOBHBIC TIOJIOKEHUS TEOPUHM MPOTONU3a (TOTAa—3JICKTPOIUTHYCCKON JIHCCOIMAIUN) ObLIH
paspabotansl B 1887 roxy mBenckuM yuéapiM CBaHTE APPEHIYCOM.

DJEeKTPONHUTHI TPH PACTBOPEHHHM B BOJIE TOJBEPraroTCs NPOTONH3Y (pacmajgaroTcs WIn
JIUCCOLIMUPYIOT) Ha TIOJIOXKUTEIbHBIC U OTPUIATESIILHBIC HOHBI.

IMon neiicTBUEM DIEKTPUYECKOTO TOKA MOJOXKHUTENBHO 3apsKCHHbIC HOHBI JIBHKYTCS K KaTOIY
(KaTHOHBI), a OTPUIIATENFHO 3apsHKEHHBIE — K aHOAY (aHHOHBI).

[Iponecc mpoTtonusa — npouecc 0OpaTUMBIH, T.€. MapayieNbHO paclagy MOJIEKYJI Ha HOHBI UAET
MPOIECC COSTUHEHUS HOHOB B MOJICKYJIBI.

Hanpumep: CUSO4 < CM2+ + 8042_

Cynbgar Meny B BOJHOM pacTBOpe pacnajgaercs Ha katuoH Cu?* u anuon SO4>

MexaHu3M MPOTONU3a (JIMCCOIMAINK) ObLT pa3padoTaH pycckuM xumukoM U. A. KaOGmykoBbiM.

I'maBHOM NPUYMHON MPOTOIU3a SIBISIETCS B3AaUMOJEHCTBUE MOJIEKYN JIEKTPOJIUTA C MOJIEKYJIAMHU
pactBopuTens (Boabl). MoJeKyia BOJbI MOJSIPHAs, B3aUMOACHCTBYS C AJIEKTPOJIUTOM, BoJa ocnabiser
3JIEKTPOCTATHYECKHE CHJIBI IPUTSDKEHHSI HOHOB B KPUCTAJLIAX M CHJIBI B3aUMOJCHCTBUS MEXIy aTOMaMu
B COEAMHEHMAX C KOBAJICHTHOM CBS3bI0, UYTO U MPUBOIUT K X MPOTOIHU3Y (PUCYHOK 2.1).

a) B) r)
" @ @ ®@ @@@—»@@@

OND O@ @@ @
@) NONAPHAsL MOTIEKYIA 8 HAYATe cUOPAMAYUL,
0) nepexoo NoAPHOU MOJIEKYIbL 8 UOHHYIO NOO Oelicmeuem OUnoael 600bl;
8) 2UOPAMUPOBAHHBIU AHUOH,
2) eUopamupoBaHHbIL KAMUOH.

Pucynox 3.1 — Cxema npomonuza noaspHol MOAEKY bl

OO0pazoBaBiiriecss WOHBI OKPYKEHBI OOOJOYKOW W3 TIOJIAPHBIX MOJIEKYN BOJIBI H SBISIOTCS
TUAPATUPOBAHHBIME HOHaMH. OHH YCTONYMBEI M CYIIECTBYIOT B PACTBOPE HE3aBUCUMO JPYT OT ApYra.

luapaTupoBaHHbBIE HOHBI MOTYT UMETh KaK IMIOCTOSIHHOE, TaK M MEPEMEHHOE KOJIUYECTBO MOJICKYT
BOBL. I'MapaT MOCTOSHHOTO cOCTaBa 00pasyeT MoH Bogopoaa HY, yaepkuBarommimii OQHy MOJIEKYITY BOJIBL.
B HayuHoi1 1 yueOHOU nuTepatype ero o6o3nadaror HsO" (mim OHs"™) 1 Ha3bIBalOT HOHOM THIIPOKCOHHSI.

Cremyer moMHHTB, 9TO HOH H® B Bome He CyIecTBYeT, TaKk Kak MOMEHTAIBHO pearupyer C
MOJIEKYJIOH (MOJIeKyIamMu!) BOJIBI M CYITIECTBYET ( B OCHOBHOM) TOJIBKO B BHEC HOHOB THIPOKCOHWIS:

H* + H,O — H30".

Cunvnusie u crabwvie snexmponumsi. CHILHBIC SIEKTPOIUTHI IIPU PACTBOPEHUH B BOJIE TTOIHOCTHIO
(MJIM TIOYTH MTOJIHOCTBIO) TIOBEPrarOTCs MPOTOJIN3Y — PACHIAAAOTCS HA HOHBI.

IHpumeyanue. TlpuHATO CUNTATh CHIBHBIMH 3JCKTPOJIMTAMH BCE TE€ COEIAMHEHUS, KOTOPHIE
pacnazgatorcs 6osee ueM Ha 30%.

K HuM oTHOCSTCS:

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

0) ocuosanus menounsix (NaOH, KOH, RbOH, CsOH, no ne LiOH!) u mienouno3emMenbHbIX
metamnos (Ca(OH)2, Sr(OH),, Ba(OH)2 — HO ToabKO 110 TIEpBO# CTymeHn!);

B) TIOYTH BCE PACTBOPUMBIE COJIH.

CnaOble AIIEKTPOJUTHI MPH PACTBOPSHUH B BOJE JIMIIh YaCTUYHO MOJBEPraroTcs mporoiusy. K
CTa0bIM DJIEKTPOJIUTAM OTHOCAT, Hampumep. crneayromue kucnotel: HCN, HNO,, HF, HCIO, HCOOH,
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CH3COOH, HzCOs, H2C204, HzS, HzSOs, HzSiO3, H3BO3 u JOp., OCHOBAaHHUA MCTAJlJIOB (KpOMe
OCHOBAHHUH IEIOYHBIX U INEI0YHO3EMENIbHBIX MeTaioB), a Takke NH4OH. K cmabGeiM anekTponuram
OTHOCHUTCS TaK>Ke€ U BOJA.

IIpoTonu3 kucioT:

a)H,S0, + H,0 <> H30" + HSO; (100%);

+ 2—
HSO; +H,0 <> HzO" +SOZ™; Kop(H,S0,) = [H30" 1[S04

[HSO, ]

=0,012

6) HCIO; + H,0 <> H30" + CIO3'; (100%);
6) HBr + H,0 <> H3;0™ + Br~; (100%).
IIpoTomm3 MHOTOOCHOBHBIX KHCJIOT CTYNEHYATBIH, MPHU 3TOM YHCIO CTYINEHEH ONpeAenseTcs
OCHOBHOCTBIO KUCJIOTHI (3TO € OTHOCUTCSI U K MHOTOKHCJIOTHBIM OCHOBAHHUSIM).
IIpoTonu3 ocHOBaHMIA:

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

IIpotonus cosnei:
Cpeonue conu:

a) NaCl <> Na™ +Cl~;
6) KNO; <> K+ +NO;3 ;
6) Al,(SO,)3 <> 2A1%" +3507".

Kucnavie conu:
KoHPO4 < 2K + HPO4Z .
OCHOGHble coau.
a) AIOH(NO;), <> AIOH?" + 2NO5 ;
AIOH?" > AI¥ +OH ~;
6) AI(OH),NO; «<>[AI(OH),]" + NO3;
[AI(OH),]" <> AIOH?" +OH ~;
AIOH?* <> AI®* + OH .
Komnnekcrole conu.
a) K[Cr(OH),]«<> K* +[Cr(OH),];
[Cr(OH),] <> Cr3 +40H ;
6)Na,[Zn(OH), ] <> 2Na* +[Zn(OH), ]*;
[Zn(OH), > <> Zn?" +40H .
KomuuectBeHHO IIpoueCcC NpoTOoJIM3a MOXHO OXapaKTEPHU30BaATh C IOMOUIBIO cmeneHu npomoaiusa

Q , KOTOpas TMPEeJCTaBIsIeT cO00 OTHOIIEHUE YKcia MOJb (Ny) TOABEPIIINXCS MPOTOIHM3Y MOJIEKYH, K
ob1meMy ety MOJb (Nosy) PACTBOPEHHBIX MOJICKYJT:

@, %= —"%_.100. (3.1)
n06u4

JUIs CHJIBHBIX AIIEKTPOJIUTOB CTENeHb IpoToiu3a Onm3ka k eamnune (100 %). s cimabbix
3JIEKTPOJIUTOB, MOJIEKYJIBI KOTOPHIX B OCHOBHOM HAaXOJSITCSI B PACTBOPE B MOJICKYJISIPHOM COCTOSTHAH, (f
— Majasi BeJTUIUHA.

Crenenp POTONN3a MOKHO YBEJIMUUTH MMOHMKEHUEM KOHIIGHTPAITMH PAaCTBOPEHHOTO BEIECTBA
(Tabnuma 2.1) nin MOBBIIIICHUEM TeMITEPaTyphl pacTBOpA.

Tabauya 3.1. 3asucumocms cmenenu NPOMOIU3A YKCYCHOU KUCIOMbL OM KOHYEHMPayuu npu

20°C

C(CH3COOH), monn/nm® 0,1 0,01 0,001
o, % 14 4,2 12,4
Harmpumep, 171 YKCYCHOM KUCIIOTBL:
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CH3COOH + H;0 < CH3COO™ + H30%;
[CHsCOO™] o [H50']
C(CH,COOH) C(CH,COOH)

JInst XapaKTepUCTHKH CITa0bIX JICKTPOINUTOB HCIIONB3YIOTCS KOHCTAHTHI IPOTOJIN3a, KOTOPHIE
SBJISIFOTCS YaCTHBIM CITy4aeM KOHCTaHT XMMUYECKOTO PaBHOBECHSI.

[Iponecc mpoTonuza cnaboro AIEKTPOIUTA SIBISETCS PAaBHOBECHBIM, T.€. B CHCTEME MPOTEKaOT
OJTHOBPEMEHHO J[Ba CONPSDKEHHBIX MpoLecca: MPOTONN3 U MoJisipu3anust. Hanpumep, 11 paBHOBECHOTO
Mporiecca a30TUCTON KHUCIOTHI C MOJIEKYJIaMA BOABI: 1) mpsiMasi peakuus — mporiece MpoToiu3a (pacmaaa)
mosiekyn HNO; Ha woHbl; 2) oOpaTHas peakius — mousipu3anus (csi3biBanue noHoB H3zO" u NO2™ B
mostekysl HNO2)

a(CH3COOH), % =

HNO, + H,0 <> H30" + NO,
KOJ'II/I‘IGCTBCHHO 9TO paBHOBeCI/IC XapaKTepI/I3yeT KOHCTaHTAa HpOTOHI/I3a HNOz:
+ —
[H307]-[NO; ]
[HNO, ]

I[Hﬂ MHOT'OOCHOBHBIX KHCJIOT CYHIECCTBYIOT HECKOJIBKO KOHCTAHT IIPOTOJIM3a, KaXXIasad U3 KOTOPBIX
KOJINYECTBEHHO XaPaKTEPU3YEeT COOTBETCTBYIOLIYIO CTYIIEHb IPOTOJIM3A.
Hamnpuwmep:

K, (HNO,) = =51-107%,

+ -.
H28+ HzO(—) H3O + HS ,
+ —
_[H3O7]-[HST] 7.
a = =1-10"";
[H2S] ,
- + —.
HS™ +H,0 < H3;0" +S°7;
+ 2—
_[H307]-[57]
[HS™]
[IpoTonu3 3NEKTPONMTOB II0 TEPBOM CTYNEHH HWJET JIerde W, CJEJOBAaTeIbHO, BEIHMYHHA
KOHCTAHTHI TIPOTOJIN3a MEPBOW CTYNEHH Bcernaa OOoJbIlie BETMYWH KOHCTAHT MPOTOIH3a MOCIETYIONIIX
CTYIIEHEH.
Koncmaunma npomonusza mak dice, Kak u KOHCMAHMA XUMUYECKO20 PABHOBECUsl, SGIAemCs
BEIUUUHOU NOCMOAHHOU NPU OAHHOU MeMnepamype U He 3a8Ucum om KOHYEeHmMpayuu eeuiecmad.

3aBUCUMOCTh MEXIYy KOHCTAaHTON pPaBHOBECHS M CTENEHBIO MPOTONH3a OMNpEAENsSeTCs 3aKOHOM
paszbasienus OcTBasibAa, HATPUMED, TSI OTHOOCHOBHOM KHCIOTHI (THa HA):

[Hs0"1-[47] _ a>C(HA)

-11.107%,

a

K, (HA) = —npua > 0,05 (5%)

[H4] l-«a
nJIn
K, (HA) = [H?’O[HL’][’“ =a?C(HA) —npua < 0,05 (5%)

Honnble ypaBHEHHS — 3TO (opmMa 3ammcH, OTpaXkarollash COCTOSHUE BELIECTB B PacTBOpE U
pe3ynbTaT UX B3aUMOJEHCTBUS APYT C JPYTOM.

[Ipu cocTaBneHNM WOHHBIX YPaBHEHWH CIEAyeT pPYKOBOJICTBOBAThCA TEM, UTO clabvle
AEKMPOIUNBL U MATOPACMEOPUMDBLE 8eujecmea uzoopasicaiomes 6 uoe monexyr. CUuibHO pacmeopumbvie
NEKMPOIUMDBL, KAK HOTHOCMBIO UOHUSUPOBAHHbBIE, NUULYMCSL 8 GUOE UOHOE.

B noHHBIX ypaBHEHUSIX JOIHKHO COOTIOATHCS YCIOBUE IIEKTPOHEUTPAIIEHOCTH — CYMMA 3apsio08
6 €601l Yacmu YpasHeHus O0IHCHA ObIMb PasHA CyMMme 3apsa008 Npaeoll Yacmu YPaeHeHUs.

Oo0opynoBaHne U MaTepuasbl
1. PactBop cepHoii kuciotsl H2SOs ¢ konnentpanuei C(H2SO4)=2 mosn/am®
2. Pactsop comsnoii kucaorsl HCl ¢ kornenrpanueit C(HCH=2 momns/nm®
3. Hupukarop penondraienn
4. VIHAMKaTOP METHIOPAaHKEBBIM
5. JlakmycoBas Oymara
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PactBop NaOH ¢ xonuenTpanueii C(NaOH) = 2 mons/am®

6

7. JIMCcTHIUIMPOBaHHAs BOJA

8. TIpoGupku

9. Jloxeuka

10. PactBop NazSO4

11. PactBop (NH4)2SO4

12. PactBop xmopuzna Gapust

13. PactBop cunmkara HaTpus

14. PacTBOp CONSAHOM KUCIOTHI

15. PactBop cynbdara meu (+2)
16. PactBop anerara narpus CHsCOONa
17. KapGonar xansuus (Men) CaCO3
18. PactBop cynbdara xpoma

19. PactBOp enxoro Harpa

YKa3zaHus 0 TEXHUKe 0€30IacCHOCTH
1. Bce paboTel B XUMHYECKOW Tab0OpaTOpUM MOJDKHBI TPOBOAWTHCA NPHU HCIPABHOM
3IIEKTPOOOOPYI0BAHHH, HIIEKTPOIPOBOJIKE, MPABHIBHO 000PYIOBAHHOM BBITSDKHOM MIKAQYy.

2. Ta30BbIe KpaHBI U ra30MPOBO/] TOJKHBI HAXOUTHCS B UCIIPABHOM COCTOSIHUH, TIEPHOINIECKU
HPOBEPATHCA.

3. Pabouee MecTo cozepxKath B OPSAKE M YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcsi OpaTh YMCTHIM IITMATEIEM WU CIICIHATIBHON JT0XKESUKOH.

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

6. Bce OmBITH C BpeHBIMU M TIAXHYITMMH BEIIECTBAMH, a TAKKE YIIAPUBAHUE KUCIOT U KHCIBIX
pacTBOPOB MPOBOJMTH B BBITSDKHOM ITKaQYy.

7. OcraTKu coeqUHEHUI cepedpa clMBaTh B 0COObIE CKISHKH.

8. Ilpu HarpeBaHMM PAcTBOPOB B IMPOOHMPKE BCErIa CIEIYeT JepkKaTh €€ TaKuM 00pa3oM, YTOOBI
OTBepCTHE MPOOUPKHU OBUIO HAINIPABJIEHO B CTOPOHY OT pabOTAOIIETro PSIOM COCEa.

9. He HaK/IOHSTH JIMIO HaJl HATPEBACMOM )KHUKOCTHIO HIIM CIUIABIISIEMBIM BEIIECTBOM.

10. He cnemyer BABIXaTh Maxydue BEIIECTBA M Ta3bl, OJHM3KO HAKIOHSSACH K COCYIY C ITUMH
BerecTBaMy. HroxaTh BemecTBa MOYKHO JIMIIb OCTOPOKHO, HANPABIISS K ceOe maphl WK ra3 JABMKEHUEM
PYKH.

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

12. BeumBaTh pa30aBiIeHHBIE KUCIOTHI H IIEJIOYHBIE PACTBOPHI CIEAYET B CIMBHYIO CKILSTHKY.

13. Kareropuuecku 3armpeniaercst mpoOoBaTh XUMUYECKUE BEIIECTBA Ha BKYC.

14. TIpu pabote ¢ JErKo BOCIUIAMEHSIOIUMHUCS BemecTBaMu (3(upsl, OEH3011, CEpoyriaepoa u
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX IUIUTOK.

15. Ilpu paboTe co cCTEKIOM, XHMHYECKOHW MOCYyHoi, HeoOXoauMo coOmogaTh NpaBHiia
HPEIOCTOPOKHOCTH BO M30€XKaHNE PAHEHUH OCKOJIKAMH CTEKJIA.

16. Karteropuuecku 3ampeniaercsi OCTaBiIsTh paboTarole npuoopsl 6e3 HaOIIOACHUS.

19. B xumuueckoii nabopatopun HeoOX0AUMO paboTaTh B Xanare.

3ananus
Onpir 1. Hanelite B Tpu npo6upku mo 1-2 ¢cM® pacTBopa KUCIOTHI, MIEN0YH U BOKL Jl06aBbTe B
KOKAYI0 mpoOupky wuHaukatop (cMm. Tabm. 3.2.1). OOparuTe BHUMaHHME Ha I[BET HHIWKATOPOB B
Pa3IMYHBIX CPEAAX: KUCIIOH, IETOUHOM, HEUTPaJIbHOM.
Tabnuya 2.2 [{eem unouxamopos 8 pasiuyHvlx cpeoax

Cpena
WNupukatop pea
KHcnas HelTpanpHast HIeJI0YHas
Jlakmyc KpacHBIN (uoneToBBIf CUHUI
Oenondranenn OeCLBETHBIN OeCLBETHBIN MAaJIMHOBBIHI
MeTtunopaHKeBbIf PO30BBII OpaHXEBBIN JKENTHIN
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Onpir 2. B aBe mpoOupku Haneiite mo 1-2 cm® pactBopos: B omHy — NaSOs, B apyrywo —
(NH4)2SO4. B xaxayro u3 npoOupok mpubaBbTe MO TAKOMY e 00beMy pacTBopa xyopuia Oapus. Bo
BCceX MpoOupkax oOpazyercst ocagok Oenoro nsera. CocTaBbTe MOJEKYJSPHBIE M MOHHBIC ypaBHEHUS
COOTBETCTBYIOIIUX PEAKLUIL.

g Toro 9TOOBI OMpEeNeNUTh Kakas u3 00pa30BaBIINXCS CONIEH TPYAHOPACTBOpHUMA, IOCMOTPHUTE
TabNMIy PacTBOPHUMOCTH XHUMHYECKHX COCAMHEHHWH. B BhIlIepacCMOTpEeHHOM NpHUMeEpe 3Ta COllb —
cynedat Oapws.

Omngit 3. Hanelite B mpoOupKy 2 cM® pacTBOpa CHJIMKATa HaTpHs, J0OABBTE TAKOE e KOJIHYECTBO
comsiHOM KucnoTel. Yto mpowmzonuio? HamummnTe MONEKyIsipHOE, MOJTHOE MOHHOE M KpaTkoe HMOHHOE
ypaBHEHUs 1aHHOH peakiuu. OOpaTuTe BHUMaHHUE, YTO KPEMHHEBasl KUCIIOTA MJI0X0 pacTBOpUMa B BOJIE.

Ongit 4. Haneiite B mpobupky 2 cm® pactBopa cynbdara Meau (+2). Jlo6aBbTe pacTBOp MIEIOUH
(NaOH wunu KOH). Yto BbI HabmomaeTe? HamuimTte MOJEKYJIIpHOE ypaBHEHHE peakiuu. 110nb3ysch
TabNMMIeH pPacTBOPUMOCTH, OMpENeNNTe, Kakoe W3 JIBYX OOpa3oBaBLIMXCS COEIWHEHUH, BBINAgacT B
ocanok. Hammmmre nmogHOE U KpaTkoe HOHHBIE YpaBHEeHUA. OcaloK COXpaHUTE JUIA OTIbITa 5.

OneiT 5. B mpobupky ¢ ocamkoM THUAPOKCHAa Meau (TIOMYYSHHOTO B TPEABIAYIIEM OIIBITE)
100aBbTE HECKOJBKO cM° pacTBOpa COJSHOM KUCIoThl. Ocallok pacTBOpuiCs (€CIH OCaloK He
pacTBOPHIICS, TO BCTPAXHHUTE MPOOUPKY). Hammimmmre MonexkynspHOe, TOJHOE W KpaTKOe HOHHBIC
ypaBHEHHUSI.

OnwiT 6. Hanelite B mpo6upky 2 cM® pactsopa anerara natpus CH;COONa u 106aBbTe HEMHOTO
pa30aBICHHOW COJITHOW KHUCHOTHl (Win cepHoi). [losiBuics 3amax, MPUCYIIUM MOJEKYylIaM YKCYCHOU
kucnotThl. [lpu cocTaBneHNM HOHHOTO ypaBHEHHsI He 3a0bIBaiiTe, YTO YKCYCHas KHCIOTa — CIIA0BIH
3JEKTPOJIUT.

OmneiT 7. B HEOOMBIIOM KONMWYECTBE BOJABI B30OJTANTE MICMIOTKY PACTEPTOrO B MMOPOLIOK MeJa U
MPUJIEHTE HEMHOT'O PACTBOpA COJISIHOM KucnoTel. Kakoil ra3 npu sToM Bbiaenurca?

BcemomanTe, 94TO yroNpHas KHCIOTa OY€Hb HEYCTONYNBA, Pa3iaraeTcs ¢ BBIICICHUEM Ty3bIPHKOB
YTIIEKUCIIOTO ra3a.

Hanwumure MonekynsipHOe, KpaTKOe U MOJTHOE HOHHBIE YPaBHEHUS.

Onwir 8. a) Haneiite B mpobupky 2-3 cM® pacTtBopa cyibdara Xpoma ¥ 100aBbTE MO KaIuIaM
pacTBOp enkoro Harpa (1m0 oOpa3oBaHusi ocajaka). OOpa3oBajicssi 0caqoK rujapokcuma xpoma (+3),
OTMETHTE IIBET OcaJiKa. HamuiuTe MoJeKyIsspHOe, MOJTHOE U KPaTKOE MOHHBIC YPaBHEHHS PEaKIIUii.

0) OOpazoBaBmuiics ocafok B30ONTalTe U pa3aenuTe Ha nBe yacTH. K oHOM yacT n06aBpTe 2-
3 cM® CONAHOM KHCIIOTBI, @ KO BTOPOi — 2-3 ¢M® KOHIIEHTPUPOBAHHOTO PacTBOPA MIEIOUH.

OO6patuTe BHUMaHHE, YTO 0CAJI0K B 00enX MpoOupKax pacTBOpuiics. BcrioMHHTE, YTO THAPOKCH]T
xpoma (+3) obOmamaer aMQOIUTHBIMH CBOWCTBaMH, B3aWMOEHCTBYS KaK C KHCIOTaMH, TaK W C
menouamu. [Ipu 3Tom BO BTOpOM ciydae oOpa3yercs KoMIUIeKcHass coiib. Kakas? Hammmure e€
dopmyiy.

[lo ykazanuio mpenojaBaTesisi MOXXHO TIPOBECTH AaHAJIOTHYHBIE PEAKIUH C Y4acTHEeM
THUAPOKCHIAMU aJTFOMUHUS WK [IMHKA, KOTOPBIE TaKkKe 001a/1al0T aM(pOIUTHEIMEI CBOHCTBaMH.

CocraBbTe MOJIEKYIISIPHBIE, TIOJHBIE U KPATKUE YPABHEHHUSI COOTBETCTBYIOIUX PEaAKIUi.

OnbitT 9. Tonb3ysch BBICTaBICHHBIMH Ha J1a0OpaTOpHOM CTOJIE PEaKTHBAMH, OCYIIECTBHTH
PEaKIHMIO, BEIPAKEHHYIO CIICAYIOIIUM HOHHBIM YPaBHEHHEM:

Fe*" +30H ™ = Fe(OH); ¥

Hanumure MonekynsipHoe ypaBHEHUE PEaKLIUH.
Omnpit 10. [Tomp3ysich MONy9eHHBIM B OIBITE 9 0cagkoM THApoKcHa xemnes3a (+3), oCyIIeCTBUTh
PEaKInIo, KOTOPYIO OMUCHIBAET CIIEAYIOIIEe HOHHOE YPaBHEHHE:

Fe(OH); +3H " = Fe3" +3H,0.
HamnmcaTe HeCKOIBKO MOJICKYJISAPHBIX ypaBHeHI/Iﬁ pCaKHI/Iﬁ, MNPUMCHSAA MIPU 3TOM TaKUC KUCJIOTHI,
KOTOpPBIM OBbI COOTBETCTBOBAIU PaCTBOPUMBIC COJIN Fe+3
Conep:xanue oT4yeTa
[Tomydyennsie nanubie 3adukcupyite B Tadauie 3.2 1o cieayromieit popme:
Tabmuua 3.2. Pe3ynbTaThl SKCIIEPUMEHTA

Ne /1 | Pearentsl XUMHYECKasi PeaKIus Habmronenus

1
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KoHTpoJibHBIE BOIPOCHI
ba30BbIil ypoBEeHB
1. Yro Takoe 3neKTpoIuTHIeCKask AUCCOUanus?
2. DNEKTPOIUTHI ¥ HE DIIEKTPOITUTHI.
3. KT0 U3 XUMHYECKHX COCTUHEHUH SBISCTCS 3JCKTPOIUTOM?
I1oBBIILIEHHBIN YPOBEHD
1. Hanmmure MoJeKynspHbIe, IOIHbBIE U KpaTKHE HOHHbIE YPAaBHEHUS PEaKUi B3auMOIACHCTBHS:
a) kapOoHaTa KaJus C COJISTHOW KHCIIOTOM;
0) a30TUCTOI KUCIIOTHI C TUAPOKCHUAOM HATPUS;
B) KapOoHaTa MarHus ¢ a30THOM KHCJIOTO;
T') THAPOKapOOHaTa HATPHS C €KUM HaTPOM;
1) TUAPOKCH]Ia ATIOMUHUSA C €KUM HATPOM;
€) COJITHOM KHCIIOThI C CHJIMKATOM HaTpPHSL.

Choucox JUTEPATYPHI, peKOMeH)IyeMBIﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHas1 JIMTepaTypa:
1. Koposun, H. B. O6mas xumus : yaeouuk / H. B. KopoBuH. - 13-¢ u3., 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 nekiuii /
E. C. Muxanuna, A. JI. [Terenmua. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTpOHHBIN // DnekTpoHHO-0nOnuoTeyHas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum 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 ocodne (JIIsl CTYJACHTOB XMMHYECKOTO (haKyJIbTeTa
HamnpaBlieHUH O6akanaBpoB «XUMHUI» U «XUMHUYECKas TEXHOJIOTHs») / coctaButenu O. A.
['onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbIN yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : 2eKTpoHHBIH // DekTpoHHO Oubimorednas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum noctyna: mis
aBTOPU3HUP. MOJIB30BATENEH
HNuTepHeT-pecypcesr:

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

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

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajaor acCOIUAIMU JICKTPOHHBIX OHOIHOTEK
yueOHbIX 3aBefieHni 1 oprannzanuiit CKOO

4 http://www.iprbookshop.ru — OBC.
S https://openedu.ru — OTkpeITOE 06pa3zoBaHue
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Tema 6. PacTBopsI
JlaGopaTopHas padora 4. [IpoTosm3 coJieit
Lens pabotel: M3yuenue nporecca ruiposin3a cojiei.
Dopmupyemble KOMIETEHIIMH UITH UX YaCTH:

Mupekc DopMynHpOBKa:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3aIMHA U CaMOOOpa30BaHHIO
OIIK-4 MOHMMAaHHUEM CYITHOCTHU U 3HAaYeHUs UH(OPMALIUU B Pa3BUTUHU

COBPEMEHHOT'0 00IIEeCTBa, CIIOCOOHOCTHIO MOJTyYaTh U 00padaThIBaTh
UH(OPMALHIO U3 PA3IMYHBIX HICTOYHUKOB, FTOTOBHOCTHIO HHTEPIIPETUPOBATH,
CTPYKTYPHUPOBAThH M 0POPMIISATH HH)OPMAIHIO B JOCTYITHOM ISt APYTHX
BUJIC

IIK-5 CHOCOOHOCTBIO MPUHUMATH y4acTUe B paboTax 1o pacueTy u
POEKTUPOBAHUIO JICTAJCH U Y3JI0B MAITHHOCTPOUTEIBHBIX KOHCTPYKIIHIA B
COOTBETCTBUH C TEXHUYECKUMHU 33/IaHUSIMH U MCIIOJIb30BaHUEM
CTaHJApTHBIX CPEACTB aBTOMATH3aLIUH MTPOCKTUPOBAHUS

TeopeTuyeckas 4acTb

Ilpoyecc 63aumoodelicmeus UOHO8 COMU C MOAEKYAAMU 600bl, NPUBOOAWULL K 0OPA308AHUIO
cnaboouccoyuupyrowux ewyecms (MOJeKyl CiabblX KUCIOM UM OCHOBAHUL, AHUOHO8 KUCTbIX UIU
KAMUOHO8 OCHOBHBIX COJlell) u conpogodcoaroujeecs: usmenenuem pH pacmeopa, naszwieaemcs
NPOMONUIOM.

[IpoTonu3y moaBepraroTCs coiiu, 00pa3oBaHHbBIE CTA0BIM OCHOBAHHUEM HITH CIIA00H KHUCIOTOM.

Cnalbie 37eKTPOIHUTHI B BOJIC JIHIITh YACTUYHO JUCCONUHUPYIOT Ha HOHBL. K HUM OTHOCSTCS:

a) kucaotsl — HzS, H2SO3, HCO3, H3PO4, HNO,, H3BO3, HCIO, HCN, HF, CH3:COOH u ap.;

0) Bce OCHOBaHMsA METaLIOB (Kpome mienoueii), a tawke NH4sOH. K cmabeiM 3sekTposintam
OTHOCHUTCSI TAKKe BOJIA.

CuJIbHBIC DIICKTPOJUTHI:

a) KUCJIOTBI — HZSOA, HNOg, HC', HBI’, HMnO4, HC|O3, HC|O4;

0) OCHOBaHWUSI IIEJIOYHBIX U IETIOYHO3EMENbHBIX MeTaIoB, kpome Mg(OH),, Be(OH)..

CoctaBuM TabnMIly coyiel, OOpa30BaHHBIX PA3TUYHBIMH (KaK CHA0bIMH, TaK M CHJIbHBIMH)
KHUCJIOTAMH ¥ OCHOBAHHUSIMH.
Tabnuya 4.1 Tlpomonusz paziuuno2o muna conei

Coun, 00pa3oBaHHbIE

CJ'Ia6I)IMI/I KHUCJI0TaMHU U CJ'Ia6I)IMI/I KHUCJI0TaMHU U CUJIBHBIMU KHCJIOTAMHU
c1a0BIMU OCHOBAHUSIMU
CUJIBHBIMH CUJIbHBIMH U CUJIBHBIMHA
1 CUJIBHBIMHU KHUCJIOTAMHU
OCHOBAaHUsSIMHU OCHOBAaHUsSIMHU OCHOBAaHUsSIMHU
| Il I \V}
Al,S3, NH,CN
Na;COs, K5S, Na;SOz | AICI3, CuSOs, MgCl 2% A KCl, Na;SOs, KNOs3
CI’z(COs)s
pH>7 pH<7 pH=7 pH=7

PacTBOpBI BBINIEYKAa3aHHBIX COJICH WUMEIOT PA3IMYHYIO PEaKIHIO: MIEJTOYHYI0, KUCIOTHYIO WA
HEUTpaNbHYI0. DTO OOBSICHIAETCS TEM, YTO MOHBI, 00pa3yIoMIMecs MPH paciaje dTHUX COJeH, pa3InIHbIM
00pa3oM B3auMOJICHCTBYIOT C BOJIOM.

IIpoTosau3 coneil, 00pa30BaHHBIX CHJILHBIM OCHOBAHHEM H
cJ1a00ii KuCJI0TOM

PaccmotpuM miporiecchl, mpoTekawoiiue npu mporojuse kapOonata Hatpus. Na,COs — coub
c1a0o¥ JBYXOCHOBHOM YrOJIbHOM KHCJOTBI M CHIIBHOTO OJHOKHCIOTHOro ocHoBanus NaOH. 3amuiem
ypaBHEHUE MPOTOJIN3a ITOU CONH:

H _
Na,CO; <22 52Na* + COZ".
Ilpumeuanue. TlpoTonusy HOHOB (THUAPOJIM3Y) BCEerga IPEIIISCTBYET IPOLECC IPOTOIU3a
(mucconmanum) cou.
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Oo6pas3yroliuecs KapOOHAT-HOHBI B3aUMOJCHCTBYIOT ¢ MOJIEKYJIAaMU BOJBI, IIPU 3TOM 00pa3yroTCs

AHWOHBI HCOg_ , @ He Monekynbl HoCOs, Tak Kak HOHBI HCO3_ TUCCOITUUPYIOT TOPa3Ao TpyIdHEE,

gem MoJiekysbl HoCOsz. TlosToMy mipr OOBIUHBIX YCIOBUSIX MPOTOIN3 KapOOHATa HATPHUS NMPAKTHYECKU
MPOTEKAET M0 NEPBOU CTYIIEHHU.

HonHO-MONEKyIsIpHOE ypaBHEHUE MPOTOJIN3A CO3 I10 TIEPBOH CTYIIEHHU:

COZ2™ +H,0 <> HCO; + OH ~; pH > 7.
B monexymsipHoit popme:

Na2C03 + H20 <> NaHCO3 + NaOH .

I/IOHHO-MOJ'ICKYHHpHOC YpaBHCHUC ITPOTOJIH3a HCO3 .

HCO3 +H,0 <> H,CO3+0H ;pH > 7.
B monexynsipHO# Gopme:
NaHCO; + H,0 <> H,CO; + NaOH - npaxtuueckn ne nporexaer!

B pactBope mosBiusiercs u30biTok moHOB OH', mosromy Bomueni pactBop Na,COs wumeer
IIEJIOYHYIO PEAKIIHIO.

KonryecTBEeHHO MPOIECChl MPOTOJIU3a COoJel XapakTepu3ytoT KOHCTAHThI (Kup) ¥ CTEreHb (Oup)
MPOTONN3a, a TITyOWHY TPOTEKaHUs MPOTOJIN3a — H3MEHEHHUe peakuuu cpeasl (pH).

Koncratel mporonu3a cojieil, OOpa30BaHHBIX CHJIbHBIM OCHOBAaHHMEM U CJabOH KHCIOTOM,
BBIYHUCIISIIOT 110 (hOpMYIIaM CIIeAYIOIIETo BUa

K 4.1
Ky =10 D
8
rne K np; ~ KOHCTAHTa MPOTOIH3A 1O I-cTyneHu;
K q: — V-1 KOHCTaHTa NPOTOJIH3a 00PasyroIIEeHCst CONPSKEHHON KUCIOTHI.
i
Crenenp mpoTOIN3a:
2 Ky Ko, _ (4.2)
a np +anp : C2 - C2 =0,
rae C — KOHIIEHTPAIKs COJH, MOJIB/IM>,
Dopmyny (4.2) IpUMEHSIOT TOT 1A, KOTrAa cTerneHs nporoiusa npessimaet 0,05 (5%).
ITpu oupi < 0,05 (5%):
u Kp, (4.3)
np ~ C

KOHL[CHTpa]_II/HO THAPOKCUA-MOHOB, OHNPCACIIAONINX I‘J'Iy6I/IHy MMPOTCKaHusd MpOTOJIN3a, MOXKHO

paccuuTaTh M0 YpPaBHEHHIO:
[OH_]i zﬂKr[piC ) (44)

[Ipumenum, Hampumep, ¢opmynsr (3.1) — (3.4) ans KOJMMYECTBEHHOW OLIEHKM IPOLIECCOB
IPOTOJIN3A 110 TIEPBOI U BTOPO# cTynensM kapoonara Hatpus npu C(NaCO3) = 0,1 mons/am>.
[ns mepBoii CTyneHu:

Ky _ 10™
Ka, (H,CO3)  4,6-10™

K 10
o e (206 0466 (~ 4.66%):
" 01

Knpl(co?f—) — =2,17-10%;

C

[OH ], ~ Ky, C =+/21-107 - 01=4,66-10° "

IlM3 ’
POH =—Ig[OH "], =—1g4,66-107% =2,33; pH=14- pOH =11,67.
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st BTOpOii CTyleHr BBIYUCIMM TOJIBKO KOHCTAHTY MPOTOJIN3A:

K -14
Kip, (CO37) = = _ 10 -=2,22-10"
Kg (HyCO3)  45.10°

CooTHollleHne IepPBOH U BTOPOi KOHCTaHT MpOoToJn3a kapoorar-uonHa (= 10 000)

Kup, (CO37) 21710
(COZ) 222.10°®

~10-10%
Hp2

TI03BOJISIET PACYETOM JI0Ka3aTh, 4To mpotonn3 COs?” (GhaKTHMIECKH TPOTEKAET TOIBKO 0 MEPBOM CTYIICHH.
IIpoTosu3 coeii, 00pa30BaHHBIX CHJILHON KMCJIOTOMH U CJIa0BIM OCHOBAHHEM

Paccmotpum mpotonmms comn CuSO4. Cynbdar Meam — coiib C1aboro IBYKHUCIOTHOTO OCHOBAaHUS
Cu(OH); u cunpHO# ABYXOCHOBHOM KHUCIOTHI HoSO4.
[TepBuuHbIii poLIeCC — TPOTOIU3 ()mccouﬂaum) COJIH:

CuSO, <22 5 cu?* +502"

3aTeM MOHBI MEIIM PEarupyroT ¢ MOJIEKYJIAMU BOJBI, TO €CTh UAET MPOTOIU3 MOHOB — BTOPUYHBIMA
nporiecc. KaTnous! Meau ¢ MOJIeKyIaMH BOJIbI 00pa3yiOT KaTHOHBI 0CHOBHOM commn CUOH™.
NoHHO-MONEKYIpHOE ypaBHeHue npoToiusa CU?* o nepsoii cTynenu:

Cu?" +2H,0«>CuOH* + H,0™; pH <7
WA B MOJIEKYJIIPHOU (hopMe:
2CuSO, +2H,0 < (CuOH), S0, + H,S0,.

Tak kak B pacTBOpe MPHUCYTCTBYET KHCIoTa, To ero pH < 7.
Brimagenune ocaaka rugpokcuaa Meaun (+2) He MPOUCXoauT, Tak Kak nousl CUOHY auccormupyror
ropasao TpyaHee, uem mosekyiisl Cu(OH),.

CUOH ™ +2H,0 <> Cu(OH), + H30™; pH <7
WA B MOJIEKYJIAPHOU (hopMe:

(CUOH )2 SO4 +2H 20 <> Z(CUOH ) 9 + H 2804 — peaxkuus NpakTUYECKH HE HIIET.

Htak, B 00BIYHBIX YCIOBUSAX MPOTOJIN3 CyIb(aTa MU MPOTEKAET MPAKTUIECKHU TOJIBKO 10 TIEPBOH
CTYIICHH.

@opMynbl, MO3BOJAIONINE KOJIMYECTBEHHO  OLIEHUTh IMPOIECCHl  MPOTOJIH3a  KaTHOHOB
COOTBETCTBYIOIINM CIIa0bIM OCHOBaHUSIM:

Ko = Nw (4.5)
Ky

rac K — KOHCTaHTa IIPpOTOJIn3a 10 i- CTYIICHU,

K b| — KOHCTaHTa IMpOoTOoJin3a 110 i-CTyrIeHI/I COIIPSIZKEHHOI'O OCHOBAaHMH.

CrernecHb mpoToJin3a:
K,, K,,
C C

rae C — KOHIEHTPAIKs COJIH, MOJIB/IM>,
®Dopmydy (3.6) IpUMEHSIOT TOT/Ia, KOT/Ia CTeTeHb mpoTonu3a npessimaet 0,05 (5%).
Kop, | 4.7)
KoHIleHTpanio KaTHOHOB THIPOKCOHHMS, ONPENEISAIONINX TIIyOMHY IPOTEKaHHs MpPOTOJIH3A,
MOYKHO PaccUuTaTh 110 YPaBHEHHUIO:
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[H30+]i ~ Knpic' (4.8)

IIpoToau3 coseii, 00pa30BaHHBIX CJIA0BIM OCHOBAHHEM M CJ1a00ii KHCJI0TOM
PaccmoTpum kak mpotekaer nporonu3 anerata ammonus. CHsCOONH4 — conb cnaboit sTaHOBOM
KHCIOTHI U ciaboro ocuosanust — NH4OH. YpaBHeHHe MPOTOJIN3a 3TOW COIM UMEET CJICTYIOIHIA BUI:

CH,COONH , <122 5CH,CO0™ + NH;.

Hanee nonst CH:COO™ u NH4" monBepraroTcst mpoTon3y — pearupyroT ¢ MOJICKYJIaMH BOIbI:

CH,COO0™ + NH; + H,0 <> CH,COOH + NH ,OH
WIN B MOJICKYJISIpHOM (hopme

CH,COONH , + H,0 <> CH3COOH + NH 4,OH .

[Ipu mportommse coneir, 0Opa30BaHHBIX CIAOBIM OCHOBAaHMEM H CIA00W KHCJIOTOW, pEeaKIus
pacTBOpa 3aBUCHUT OT CTEIEHH NPOTOJHM3a OOpa3yroIIMX3ci NPOAYKTOB — Kuciotel (tuma HA) u
ocHoBanus (tuna KtOH). Eciu nporonus ocHoBanus KtOH npeoGnamaeT Haj MpOTOIU30M  KUCIOTHI
HA, to xonmentparwst nonoB OH™ 6onbitie xontenTpanun HsO™ —  cpena menounas, eciiu Haob0poT —
[H30*] > [OH™], To Kucnas.

B JaHHOM Ciy4ae, NOCKOJBKY CTENEHW mporonusa ykcycHon kuciotel (Ko = 1,8:10°) wu
rugpokcuaa ammonmss  (Kp = 1,78:10°) npubGnusurensHo omunakosbl, 1o pH cpemsl Oyner
NpUOIU3UTEIHHO PaBeH CEMH.

Cnedyem nomuums, ymo coau, 00OpPA308aHHBIC CUNLHLIM OCHOBAHUEM U CUIbHOU KUCIOMO,
npomonu3sy He HOOBeP2AIOMCH.

Hanpumep, xmopun natpus NaCl — cons cubroii kuciaotel HCl u cunbhoro ocuoBanust NaOH.
Honpl, oOpasyrommecs B pe3yibTaTe AWCCOIMAIMK 3TOH colH, HE OO0pa3yloT C BOAOW CiIadbIx
OJICKTPOJIMTOB. HOBTOMy B O6I)I‘-IHBIX YCIIOBUAX PAaBHOBECHUC IIPOTOJJIM3a MOJICKYJI BOJbl B TaKHUX
pacTBopax HE HapylaeTcs W KOHILIEHTpalUsi MOHOB TMJIPOKCOHUSA M THAPOKCUA-MOHOB OCTa€TCs TaKOM
K€, Kak y uucToi Boabl — pH = 7.

IHonHbIH IpOTOIU3

PaccmoTpum, kakue mpoiayKThl oOpasyrorcs mpu cMmenmBanud pactBopoB AlI(NOs)s u KoCOs.

Hutpar anmromuHus moasepraercst npomnmy 110 KaTHOHY, a KapOOHAT KaJHs - [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, <L 52K " +CO;"

CO}” +H,0 <> HCO; +OH "~

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

Ecian pacTBOpsl HaxoAATCSd B OJHOM COCYyZAE, TO MAET B3aMMHOE YCHJICHHE NPOTOJHM3a KaXIOH
couu, Tak Kak oopasyromnrecs: HoHbl H3O™ 1 OH' cBsI3bIBatOTCS ¢ 00pa30BaHUEM CIIa00T0 AJIEKTPOJIHTA —
BoJibL. [Ipu 3TOM IpoTONIMTHYECKOE paBHOBECHE CMEIAETCs BIIPABO, a MIPOTOJIN3 K10 COJIM MPOTEeKaeT
JI0 KOHIIA.

VloHHO-MOJIEKyISIpHOE YpaBHEHHE IPOTOJIN3A:

2A1%" +3C0O5™ +3H,0 <> 2AI(OH )4 4 +3CO, T.
B monekyssipHoit popme:

2AI(NO3)3 +3K,CO;3 +3H,0 <> 2AI(OH); 4 +3CO, T +6KNO;.

JIpyruMu IpuMepaMy TaKuX Hap HOHOB ABIISIOTCSL:
1.Cr¥*u S%
2. Al** u S*
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2_
3.crrun CO;

2_
4. Fe*u CO;

. 2

O6opynoBaHue U MaTepUAJIbI
PacTtBop uHIHKATOpa
JIMCTHILTHPOBAHHAS BOIA
[Ipobupku
PactBop Na,COs
PactBop AICl3
Pacteop NaCl
PactBop xmopuga aMMOHUS
PactBop cynbdara amomunus Alx(SO4)s
. PactBop docdara narpus NasPOy
10. PactBop (NH.)-S
11. PactBop cysbtara amoMuHAsL
12. PactBop cynbgara xpoma Cro(SOs)3
13. PactBop pactBopa comasl Na2COs

CoNoaR~WDE

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3IIEKTPOOOOPYI0BAHHH, HIIEKTPOIPOBOJIKE, MPABHIBHO 000PYIOBAaHHOM BBITSDKHOM MIKAQYy.

2. T'a30BbIe KpaHbI U ra30MPOBOJ IODKHBI HAXOUTHCS B HCIIPABHOM COCTOSIHUH, TIEPUOIMIECKU
MIPOBEPSATHCA.

3. Pabouyee mMecTo comepkaTh B HOPSIKE U YHCTOTE.

4. Cyxue peakTHBbl TpeOyeTcst OpaTh YUCTHIM IINATEIEM MU CIICUAIbHOMN JOXKEUKOH.

5. MUznumex peakTrBa He BBUIMBATH OOPATHO B COCY/I, U3 KOTOPOTO OH OBLI B3ST.

6. Bce ombITH ¢ BpeAHBIMH U TTAXHYIUMH BEIIECTBAMU, a TAKKE yIApUBAaHHE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJUTH B BBITSHKHOM IIKady.

7. OcraTKu coeqUHEHUI cepedpa cMBaTh B 0COObIE CKIISHKH.

8. Ilpu HarpeBaHHM PAacTBOPOB B IMPOOUPKE BCEra CIEAYET JepiKaTh €€ TaKuM 00pa3oM, 4TOObI
OTBepCTHE MPOOUPKHU OBUIO HANIPABJIEHO B CTOPOHY OT pabOTArOIIETo PSIOM COCea.

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

10. He cnenyer BIbIXaTh MMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYIy C DTHUMHU
BenlecTBaMy. HioxaTh BelecTBa MOKHO JIMIITL OCTOPOKHO, HANPABIISAA K ce0e Tapbl WK ra3 JABHKEHHEM
pyKH.

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

12. BrpummBaTh pa30aBlIeHHbIC KUCIOTHI U MENOYHBIE PACTBOPHI CIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOoBaTh XMMHUYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIerko BOCILIAMEHSIOIIUMUCS BellecTBaMH (3QUphI, OSH301, CEpOyTIepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHSI U BKJITFOUEHHBIX TUTUTOK.

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

16. Kareropuuecku 3anpeiiacTcst OCTaBIATh pabdoTaroIe Ipruoopsl 0€3 HAOIIOCHUS.

20. B xuMuveckoit 1abopatopun He0OX0UMMO paboTaTh B Xajare.

3amanusa
Onwir 1. B 4eTsipe npoOupku Haneiite mo 2-3 ¢cM3: B NEPBYIO — AMCTUIUIMPOBAHHOM BOJIBI, BO
Bropyio — pactBopa Na;COs mimm K2COs, B TpeThio — pactBopa AlCl; mmu Alx(SOs)s, B ueTBépTyio — NaCl
win KCl. B kaxayoo npoOHpKy IIOMECTHTE IO MaJeHbKOMY KyCOYKY MHIMKATOPHOH Oymaru.
[IpenBapuTenbHO HW3y4nTe HW3MEHEHHWE OKPACKH MHIMKATOPOB B Pa3MUHBIX cpegax. CpaBHHTE LBET
WHIMKATOpa B pacTBOPAX COJICH C €ro OKPacKkoi B BOJE.
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CocTaBbTe HMOHHO-MOJEKYJISPHBIE M MOJEKYISIpPHBIE PEaKIMd MPOTOJN3a COOTBETCTBYIOIIUX
coneii. 3anonHuTe TabnHIy 4.2.

Onvim 2. Haneiite B mpo6upky 3 cm® pactsopa xnopuaa ammonus. Jlo6assTe 1-2 Kamm pacTBopa
nakmyca. OTMeThTe LBET pacTBopa. KpacHbIf LBET pacTBopa yKasblBaeT Ha KHUCIYIO cpenly, T.e. B
pacTBope UMEIOTCS CBOOOIHBIC MOHBI TUAPOKCOHHSA. COCTaBhTE HMOHHOE W MOJEKYJSPHOE YpaBHEHUS
npotonusa comu NH4Cl.

Onwim 3. Haneiite B mpobupky 2-3 cm® pactBopa cynbdara amomunus Aly(SO4)s u nobasste 1-2
Karu pacTBopa yakmyca. Kak wm3meHwics 1Ber uHaukatopa? CocTaBbTe WOHHOE M MOJCKYISIPHOE
YpaBHEHHUSI TPOTOJIU3a JIAHHOW COJIM, YYHMTBIBAs, YTO B Ciydae MPOTOJU3a MHOTO3APSIHBIX KATHOHOB
00pa3yroTcs KaTHOHBI OCHOBHBIX COJICH.

Onwvim 4. Haneiite B mpo6upky 2-3 cm® pactBopa (ocdara narpus NasPOs u no6assTe 1-2 Kamnu
pacTBopa nakmyca. B kakoi mBer okpacmics makmyc? KakoBa cpema pactBopa? KakoBo 3mauenme pH
pactBopa? CocTaBbTe HOHHOE M MOJIEKYJISIPHOE YPaBHEHHS MPOTosn3a GocdaTa HATPHsL, YIUTHIBAS, YTO B
pesynbTaTe obpasyercs ruapodocdar HaTpus. JanpHelmii TpoToau3 (M0 BTOPOH M TPEThel CTYIICHH)
BO3MOXCH IIMIL B CJIydae OuYeHb pPa30aBICHHBIX PACTBOPOB M MPH TMOBBIIICHHON TeMIlepaType.
Hanummute MOHHBIE W MOJNEKYJSPHBIC YpaBHEHHs MpoTonn3a (ocdara HATpHs MO BTOPOH M TpeThel
crynenu. Paccumntaiite 3Hauenuss KoHCTaHT mpoTonn3a (Kupi, Kup2 1 Kip3), crenenu npotonusa (Oupi, Oup2
¥ Op3) B [H3O*] st kaxknoii crynmenw, cuntas C(NasPOg) = 0,1 moms/am®.

Onwim 5. Haneiite B npobupky 2-3 cm® pactBopa (NH4);S u mo6GaBbre 1-2 Kamm pacTBopa
nakmyca. Kakoit user mpuoOpén pactBop? CHHHE HBET JlakMyca TOKa3bIBaeT, YTO Cpela B PacTBOpE
menoyHas. OOpaTuTe BHUMaHUe Ha 3anax pactBopa. Yem nmaxuet pactBop (NH4)2S? 3anummrte nonHoe u
MOJICKYJISIPHOE ypaBHEHHUS IPOTONK3a Ccynb(uaa Hatpus. [IpoTonus 3Tol comu UaET Kak 1Mo mepBoi, Tak
U 110 BTOPOM CTYIIEHHU:

NH; +S% +H,0 < NH,OH + HS~

NH +HS ™ + H,0 <> NH,OH + H,S

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

Ucxons w3 3naueHuit koncrant npotonms3a maisi NH4sOH u H.S, cnenaiite BbIBOJ 0 XapakTepe
Cpenpl.

Ecnu HarpeTh pacTBOp IaHHOU coyv (POKHIISATHTE), TO POTOJIU3 CTAHOBUTCS HEOOPATHMBIM, TaK
KaK [IpH HarpeBaHUH aMMHaK U CEPOBOIOPOJT YXOAST U3 cephl peakiluy, cMellas paBHOBECHS B CTOPOHY
00pa3oBaHMs NPOLYKTOB IPOTOIH3A.

Onvim 6. Haneiite B npobupky 2 cM® pacTBopa cyibdara amoMuHus U 106aBbTe 2 cM® cynbhuia
HaTpusa. OOpaTuTe BHUMAaHHE Ha I[BET BBIMABILIErO OC3/IKa M 3amax. 3aluIINTe HOHHOE U MOJIEKYJISpPHOE
ypaBHeHHs poTosin3a cMmecu pactBopoB Alx(SO4)s u NasS.

Onwvim 7. Haneiite B mpo6upky 2 cm® pacteopa cynbdara xpoma Cra(SOs)s u Tyna xe 106aBbTe 2
cm® pactBopa coapl Na;COs. B pesynbrare MOJHOTO NMPOTONIM3a BBINAAAET OCAI0K CEPO-3€JIEHOTO [BETA
Cr(OH); wu BeimensioTcs my3bIipbku yriiekuciaoro rasa CO,. CocTaBbTe HOHHOE M MOJEKYIISIPHOE
YpaBHEHUS MPOTEKAIOIINX POLIECCOB.

Conep:xanue oTyeTa

Onwvim 1.
Tabnuya 4.2 Pesynrvmamol 9KCHepUMenma
No dopmyiia BENecTBa IIBeT nunaMKaTOpa Peakiust cpenpl
1
2
3
4

[Tomy4yennsie nanHbie B onbITax 2-7 3adukcupyiite B Tadauie 4.5 mo cnexyromieit popme:
Tabnuua 4.3. Pe3ynbTaThl SKCIIEpUMEHTA

Ne /1 | Pearentsl XUMHYECKasi PeaKIus Habmronenus

1

2

3
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o1

KonTpoiibHbIE BOIPOCHI
ba3oBblii ypoBEHb
1. Uto Ha3BIBaETCS MPOTOH3OM?
2. Kakue conu mosiBepraiorcsi mpoTonusy?
I1oBBIILIEHHBIN YPOBEHD
3. IlpuBeaure mnpuMepbl YETHIPEX THIIOB cOJIeH, OOpa30BaHHBIX CHJIBHBIMH MU CIAaObIMH
KHCJIOTaMU ¥ OCHOBAHUSIMH.

Cnucok JuTepaTrypbl, peKOMEHAyeMblil K UCII0JIb30BAHUIO 110 JAHHOH TeMe

OcHoBHas JuTepaTypa:
1. Koposun, H. B. O6mas xumus : yueOunuk / H. B. KopoBuH. - 13-e 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 okpyskaromen cpeabl | XUMHS KHUBBIX Oprann3MoB. Kypc nekunii /
E. C. Muxamuna, A. JI. Ilerenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN
978-5-87623-457-5. —TekcT : 21eKTpOHHBIN // DnekTpoHHO-0nOmmoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum moctyma: s
aBTOPU3HUP. N0JIB30BATEIEH
JlonoIHUTeIbHAS JTUTepaTypa:
1. T'munka, H. JI. O6mas xumus / H. T'. I'nmunka ; [lox pen. A. W. Epmaxkosa. - U3a. 30-e, uctp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubauorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METaJuioB : yuyeOHoe mocobue (A7 CTYJeHTOB XMMHUYECKOTo (akyibTeTa
HanpaBlieHUu# O0axanaBpoB «XUMHUA» U «XUMHUYECKas TeXHOJorus») / coctaButenu O. A.
I"'onoBanoBa. — OmMck : OMcKkHil rocyaapcTBeHHbI 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
HNHuTepHeT-pecypcen:

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 KaTaaor acCOIHAINN dJIEKTPOHHBIX OMOIMOTEK
yueOHBbIX 3aBefieHni u opranuzanuii CKOO

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

Tema 6. PacTBopbl
JlaGopaTopHas pa6ora 5. [Ipou3BeeHne pacTBOPUMOCTH
Ilens paboTHI: w3ydyeHHE YCIOBUIl BBHIMAJCHUS W PACTBOPEHHS OCAAKOB W BimsHue [IP
UIEKTPOJIUTOB Ha UX CIIOCOOHOCTH K IIEPEOCAKACHUIO.
DopMHpyeMble KOMIIETCHIIUU WIM UX YaCTH:

Wnunexc dopMyIHpOBKa:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3AIMH U CAaMOOOPa30BaHHIO
OIlK-4 MOHMMAaHHUEM CYIITHOCTH U 3HAYeHUsI UH()OPMAIIUY B Pa3BUTUU
COBPEMEHHOTO 00IECTBa, CTOCOOHOCTHIO MOJTy4YaTh U 00pabaThIBaTh
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MH(OPMALIMIO U3 PA3IMYHbIX HUCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATD,
CTPYKTYPUPOBATh ¥ 0POPMIISTH HHOOPMAIIHIO B JOCTYITHOM TSI APYTHX
BHJIE

IIK-5 CHOCOOHOCTHIO MPUHUMATH y4acTUe B paboTax 1o pacueTy u
POEKTUPOBAHUIO JICTAJCH U Y3JI0B MAITHHOCTPOUTEIBHBIX KOHCTPYKIIMN B
COOTBETCTBUU C TEXHUYECKUMHU 33/IaHUSIMH U UCIIOJIb30BaHUEM
CTaHJAPTHBIX CPEACTB aBTOMATH3aLUH ITPOCKTHPOBAHUS

Teoperuyeckas 4acThb

YacTo B XMMHUYECKHX PEAKIHUAX TMPUXOJUTCS HMETh JI€J0 C PaBHOBECHUSIMH, KOTOPHIC
YCTaHABJIMBAKOTCS B TIETEPOrCHHBIX CHCTEMax. Takoil CUCTEMOMl SBISETCS, HAaIpHUMEP, HACBIILICHHBII
pacTBOp, COMPHUKACAIOIIMICS ¢ OCaIKOM PAacTBOPUMOTO BemiecTBa. OcajoK M HACHIIMICHHBIN pacTBOp —
pasiuuHbIe ()a3bl FETEPOTEHHON CHCTEMBI,

Ecnu kakyo-HHOYIb TPYAHOPACTBOPUMYIO coutb, Harpumep AJCI, mpuBecTH B CONMPUKOCHOBEHHE
¢ Bomo#, To woHbl AQ" u Cl, U3 KOTOPBIX MOCTPOEHBI KPUCTAILIBI COJIM, UCIBITHIBASI MPUTSHKEHUE CO
CTOPOHBI ONYXKJAIOIIUX AWTOJEH BOJBI, OYyAYT OTPHIBATHCS OT MOBEPXHOCTH KPUCTAJIOB U B BHJC
THJIPATHPOBAHHBIX MOHOB OYAYT MEPEXOJIUTh B PAcTBOP, HO HapsIy C MPOILIECCOM PAacTBOPEHUS OyneT
HPOXOUTH U COMPSDKEHHBIH mporiece — kpucTautuzaiust. Mousl AT u Cl, crankuBasich pu JBIKCHUH C
noBepXxHOCThI0 KpucTaioB AQCl u  WChBITEIBasS NPUTSHKEHHE CO CTOPOHBI  MPOTHBOIOJIOKHO
3apsOKEHHBIX HOHOB KPUCTAUIMUECKON PEMIETKH, ACTUAPATUPYIOTCS M OCENal0T Ha IOBEPXHOCTH
KpucTayuioB. CKOPOCTh KPUCTAJUIM3AIMK BO3PACTaeT MO MEpe yBENWYCHHsS KOHIICHTPAIMH PacTBOpA.
Korma ckopoct mporeccoB pacTBOpPEHHS W KPHUCTAIM3AalMK CTAHOBSATCS PaBHBI JIPYT OPYTy, TO B
TETEPOrCHHON CUCTEME PAaCTBOP — OCAIOK HACTYIAET MOABHUKHOE PaBHOBECHE.

HOJ’Iy‘-IPIBIHHﬁCﬂ paCTBOp Ha3bIBAaCTCA HACBINICHHBIM, TaK KaK B HeM COI[ep)KI/ITCSI HpCI[CJ]I)HOG JJIA
JAHHOM TeMIlepaTyphl KOJMYECTBO pAcTBOPEHHOTO BemiecTBa. B HaceimeHHoMm pactBope AgCI
YCTaHABIMBAETCS CIIEIYIONIEE PABHOBECHE:

H,0 _
AgCl «—2 5 Ag'+Cl
TBEpIas (asa HACBIILEHHBINA PacTBOP

IIpuMeHsIa K 3TOMy paBHOBECHIO 3aKOH JACMCTBUS MacC M YYUThIBAsl, YTO KOHLIEHTpALUs TBEPAOU
(a3bl He BXOAMT B BBIPAXKEHUE KOHCTAHTHI PABHOBECHS, MOXKHO 3aIIUCATh!

K =[Ag"][CI].

DT0 ypaBHEHHME MOKa3blBAaeT, 4YTO B HACLIYEHHOM pacmeope mpyOHOPACMBOPUMO20
9IeKMPOIUMA Npou3eedeHue KOHYeHmpayuii e20 UOHO8 ecmb eluduHd NOCMOSAHHAS NpU OAHHOU
memnepamype. Omy 6eIuUUHy HA3bI8AIOM NPOU3BedeHuemM pacmseopumocmu u obosnavarom I1P.

Hamnpumep, as maopactsopumoro AgCI:

ITP(AGCI) = [Ag]ICI],

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

PaBHOBecHast KOHIEHTpanys J1r000ro MoHa (YHKUMOHAIBHO CBS3aHA C JPYTHUM IapaMeTpoM
CHCTEMbI — aKTUBHOCTBIO, HATIpUMep, /isi noHa Ag™:

a pg+ = ng+ [Ag+]

Koapdpuument mnponopumonansHocti f,  HaspiBaemblil  KO3(pQUIMEHTOM  aKTHBHOCTH,
XapakTepu3yeT CTENeHb OTKJIOHEHHS CHCTEMBbl OT MIOCAIbHOW 32 CYEeT JIIEKTPOCTATHYECKHX
B3aUMOJICHCTBUI MOHOB, YYaCTBYIONIMX B M3y4aeMOW peaKiid, ¢ IIOCTOPOHHUMH (MM COOCTBEHHBIMH,
€CIIM WX KOHLIEHTpalMs BbICOKa) MOHAMH. B maeanbHOM cucteme ax = [A], Tak Kak KOd(PHIUCHT
aktuBHOCTH paBeH eaunune (f = 1). DTo o3Hayaer, 4To 3JIEKTPOCTATHYECKHE B3aMMOJICHUCTBUS
OTCYTCTBYIOT.

Benuunna ko3¢ uinenTa akTUBHOCTH 3A8UCUIN OM 3apA0d U UOHHOU CUJIbl, CO31aBa€MOI BCEMHU
MOHAMH BJIEKTPOJIUTOB, IPUCYTCTBYIOIINX B PACTBOPE:

n
| = E ZCiZiZ : (5.1)
2iz1

rae | — nonnas cuina;
[Ci] — paBHOBECHas KOHLICHTpAIHS HOHA;
Zi — ero 3aps.
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HerpynHo ycTaHOBUTH, YTO MOHHAs CHJIa pacTBopa OMHapHOro 3jekTpojiura (tun AB) Bcerma
OyzeT paBHA MOJIIPHOW KOHLEHTpaImu 3Mekrponuta — 1L = C(AB); anst tpunapHoro (tun A2B nin AB»)
—pn=3C (A2B) wm p = 3C (AB>); ans rerpanapHoro (tum AsB) — p = 6C (A3B).

Koadduumentsl akTUBHOCTH HWHAWBHIYaIbHBIX HOHOB MOXHO TEOPETHYECKH OLIEHHUTH IO
dopmynam Jlebast — XroKkems:

—lg f, = Az?J/1, ecm  1<0,01; (5.2)
Az 1

—lgfi=—"—~, ecm 1<0,1 (5.3)
1+ Bav/l
3nech A U B — KOHCTaHTBI, 3aBUCSIIME OT TEMIEPATYPhl U JHAICKTPUUCCKOH MPOHUIIAEMOCTH
pactBoputens (mias Boabl mpu 20 °C A =~ 0,5 (tounee 0,509) u B =~ 0,3); @ — paccrosiHue
MaKCHUMaJbHOTO COJMKEHHS HOHOB; 3TH BEJIMYHHBI OOBIYHO IPUBOJSTCS B CIPAaBOYHBIX TaOJIHIAX.
[Tockonpky KoneOaHWS B 3HAYEHHAX « HE CIHMIIKOM CKa3bIBAIOTCS HAa KOHEYHOM pe3yJbTaTe,
peKoMenyeTcs GpaTh nocTosiHHOE 3Ha4eHue a = 3 A°. CrienoBarensHo,

0,521
—lg f; = ——1—.
1++/1

Koadduuuent akTHBHOCTH MHOMBHUIYaTbHOTO HOHA HENb3s M3MEPHUTh SKCIHEPUMEHTAIBHO, TaK
KaK HeJb3s MOJIYYUTh PacTBOP, COAEPKAIIMN MOHBI TOJBKO OJHOTO 3apsija. DKCIEPUMEHTAIBHO MOKHO
OIPEACINTh JIUIIb CpeaHuil Kod(huuneHt aktuBHocTH fir smexTponmta AmBn, KOTOpBIH CBs3aH C
K03 puIHeHTaMK AaKTHUBHOCTH WHIUBHIyaTbHBIX HOHOB fa 11 fg, cOOTHOIIIEHMAME:

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

men
fi m+\n/ f A fB — JUIs1 3JIEKTpoIuTa TUIA AmBh.

Cpennuii K03(pPUIHEHT aKTHBHOCTH MOYXHO PacCUYHUTaTh M TEOPETHUECKH, UCIIONB3YS (POPMYJIBI
JleOast — Xrokkens

(5.4)

—lg f, = Az,zg/1, ectu  1<0,01;
Az 251
~lgf, =—A4B
* 1+BavJl
3nech a, A u B umeror Te ke 3HadeHust, 4To U B popmynax (4.3) u (4.4), mostomy

0,5ZAZB\/T
lofy = 1+41

s 6onee TouHoro pacdera ko3¢ GuiueHToB akTUBHOCTH (mipu | > 0,1) mpuMeHsIOT ypaBHEHUE
JIpBHCa, KOTOPOE MO3BOJISCT BRIYUCIUTL KOAPPHUIIMEHTHI aKTUBHOCTH DJICKTPOJIUTOB U MHIUBHIYaIbHBIX
noHoB i1 woHHBIX cwi 0,2 — 0,5 ¢ morpemHOCTEIO, He TpeBbimatoniei 10%. Ypasaenne Jl3Buca mis
KO3 GUIMEHTa aKTUBHOCTH HHIUBUIYAIBHOTO HOHA HMEET BUJI:

0,5z7/1
Igfi:—\/_
++/1

a JIJIs1 CpeIHero KO3 pHUIMeHTa aKTUBHOCTH 3JIEKTposiuTa AmBn
0,52 ;251
— g fJ_r _ A=B
1++1

Il 6onee Bhicokmx HMOHHBIX cwi (0,5 — 0,8) pekoMeHAyIOT MPUMEHATH ypaBHeHHe J[BHca
CIIEIYIOIIEro BUA!

eccm 1 <0,1

(5.5)

~01z71, (5.:6)

-01z 4zl . (5.7)
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_Ig f; =0,52° ﬁf 0,21 |, (5.8)
_|_

a I cpeaHero ko3 uimenTa akTHBHOCTH IEKTpoiuTa AmBn

—lg f, =0,5z 424 i—O,2I . (5.9)

1+-/1

Benmaunbl K03 GHUIINEHTOB aKTUBHOCTH WHIMUBHYAJIbHBIX HOHOB IIPU PAa3HBIX HOHHBIX CHIIAX M
cpeaaue KO3(D(UIMEHTH AKTUBHOCTH [UIsi PACTBOPOB  3JEKTPOJIMTOB pa3sHOM KOHIIEHTpAIWH,
paccuntanuble mo Qopmynam Jlebas-XioKKensi, MPUBOAATCS B CIPaBOYHUKAX. 3Has KO3H(HUIHEHTHI
aKTHBHOCTH, MOKHO OIICHUTh aKTHUBHOCTH HOHA HJIH JICKTPOINTA B pacTBope. st o0erdyenus pacueToB
MOKHO TOJIB30BaThCS CIIETYIOINMH Oy IICHUSMU:

1 KoadduumeHtsl akTUBHOCTH HWOHOB OJMHAKOBOTO 3apsija HE3aBHCHMO OT paguyca HOHOB
OpUMEpPHO paBHBL. [l03TOMy B CHpaBOYHMKAX NPUBOAATCS HMHOT/IA YCPEIHEHHBIC —BEITHYHHBI
K03((UIMEHTOB aKTUBHOCTH ISl O/THO-, IBYX-, TPEX- M YE€THIPEX3apSIHBIX HOHOB.

2 KoahuueHTsl aKTUBHOCTH HEUTPaTbHBIX YaCTHUI] B Pa30aBICHHBIX PACTBOPAX AJIEKTPOJIUTOB
MOJIararoT PaBHBIMHU €IMHHIIE.

3 OueHp pa30aBIeHHBIE pPACTBOPHI AIICKTPOJIMTOB, HANpPHUMEp, HACBHIIIEHHBIH pPacTBOP
MaJIOPACTBOPUMOTO JICKTPOJIHUTA, MOYKHO CUUTATH HCATbHBIMH.

Yacro mpu pacdeTax CIOKHBIX paBHOBeCHH KO((GUIMEHTH aKTMBHOCTH MPHUHUMAIOT PaBHBIMH
enunuie. Takoe 1omyieHre OnpaBiaHo 1Mo Py PHIHH.

Bo-nepBbix, BenmmunHB KO03()PUIMEHTOB aKTUBHOCTH, HaiineHHble 1O (opmymam J[lebas —
XIOKKeJIsl, MOTYT B OTHX CIy4asX OKa3aThCs OYCHb JaJCKHUMHU OT HCTHHHBIX.

Bo-BTOpBIX, BIMSHHE XUMHYECKMX (DAaKTOPOB Ha paBHOBecMe Topas3mo Oojplie, dYeM
AIIEKTPOCTATHIECKUX CHJI, TOATOMY MpEeHEeOpeKEeHHE MOCISIHIMH TIPH PAcUeTaX CIOKHBIX PAaBHOBECHI
HE BHOCHT OIIYTHMYIO OTPEIIHOCTh B PE3YIIbTATHI.

Ecnu Monekyna TpyIHOPAaCTBOPHMOTO BEILECTBA JUCCOLUMPYET ¢ 0Opa3oBaHUEM HECKOJIBKHX
OJIMHAKOBBIX HOHOB, HAIIPHMED:

Pby(PO, ), « 22 53Pb%" +2POF;

TO TIPU BBIYUCICHUN TMPOU3BCACHUA PACTBOPUMOCTHU IOTOIO0 COCAMHCHHUA KOHICHTpAIUN
COOTBCTCTBYIOIINX MOHOB BO3BOJATCA B CTCIICHU PAaBHBIC UX CTCXUOMCTPUUCCKUM KOS(I)(i)I/IHI/IeHTaMl

IIP(Pb3(PO,),) =[Pb?* 1*[PO3 12

B obmem cnywae, Ui ManopacTBOPUMOro CHJIBHOro 3jekrponurta tuma KitxAny, nporonus
PacTBOPUMOM YaCTH KOTOPOTO MPOTEKAET IO CXEME:

H50
Kt,Any ¢——2——> xKt'* + yAn*, (5.10)
BeIpaxkeHue 1iist [1P Oyzxer umets Buj
ITP(KtAny) = [KY* ] [An Y. (5.11)

Casi3b mapametpa 1P ¢ BenmuuuHo# pactBopumoctu KixAny orpaskaercss GopMyJIou:

MOJTb ITP(Kt, Any)

S, (Kt An,), MO _ iy (5.12)
MATEXT y 21MS Xxyy
NN
ITP(Kt, An
S (Kt Any), —— = x+y (Kt Any) .M (Kt An,). (5.13)
iy x*yY

3nas 3Hauenue [IP, MOXHO MpeaBUAETH BO3MOXHOCTh MEPEX0Aa PAaCTBOPEHHOIO BEIIECTBA B
0CaJIOK WIIM HA000POT — epeXo] 0cajika B pacTBOP.

Ecam mpomsBenenue KoHIEHTparuii noHOB pacTBopéHHOTO BemecTBa (I1K,) MeHbIe 3HAUYCHUS
ero [IP, To BemageHust ocanka He Oyner. Takoil pacTBOp Ha3bIBAE€TCS HEHACHIIICHHBIM, U B HEM emg
MOXET HJTU pacTBOpeHHE JaHHOro BemlecTBa. B HaceiieHHoMm pactBope IIK, = TIP. Korna
MPOM3BE/ICHNE KOHIEHTPAIMii HWOHOB PACTBOPEHHOTO BEIIECTBA CTAaHOBHUTCS OoOJNbIe 3HAUYEHUS
MPOU3BEACHUS PACTBOPUMOCTH, TO BBIMAJACT OCATOK.
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Taxum ob6paszom, Hanpumep, s AgCl:

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

0) B HaceiennoM pactope 1K, = [Ag*][CIl7] = [TPagc;

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

HenacplmeHHbIil pacTBOp KaKOro-ITM0O0 3JIEKTPOINTA MOXKHO C/ENaTh HACHIIIEHHBIM U JTaKe
HepPEeHACHIIICHHBIM, TPHUOABIISA K HEMY 3JIEKTPOJIUT, COEpKAIINi OTHOMMEHHbIe HOHbI. Hampumep, eciu
k HeHacbieHHoMy pactBopy AQCI| mpuiusate HCI wim KCI, To MBI TeM cambiM OyzieM yBeTUUUBATH
KOHLICHTPAaLMIO0 MOHOB XJ0Opa, 4To NpuBOoaUT K yBennueHuto I1K,. B toT moment, korna I1Kagc) cTanet
6onpe ero ITP (1,56-102%), mpownsoiiner Brmanenue ocaaka AgCI.

JInst  pacTBOpeHHs oOcajaka TPYIHOPACTBOPUMOIO JIICKTPOIUTA HEOOXOAMMO YMEHBIIUThH
KOHIICHTPAIIMIO €r0 MOHOB B PAacTBOpe /sl TOro, uToOsl BeauyuHa ero I1K, crama mensiue ITP. Drtoro
MO’KHO JOOHUTBHCS, CBSI3BIBAas OJMH M3 MOHOB TPYIHOPACTBOPHMMOTO BEIIECTBA C MOHOM JI00ABISIEMOTO
pEaKTHBa B CIIa00IUCCOLUMHUPYIOIESE UITH JIETYy4ee COCAMHEHHUE.

PactBOoprMOCH Ocazika MajgopacTBOPHMOTO DJIICKTPOJIUTA YBEINYMUBACTCS TAKXKe MPU HAJTHYUU B
€ro HACHIIIEHHOM pPacTBOPE MOCTOPOHHUX MOHOB — 3TO SIBJICHUE HA3BIBAIOT co.legbiM dpgexmom. Tak,
HaIllpUMEP, YBEIUUUBAETCS pacTBOpUMOCTh ocaaka BaCO3z mpu BHECEHHUU B €ro HACBHIMICHHBIA PacTBOP
Hexoroporo konudectBa conu NaNOsz nim KBr u ap. Bospacranue pacTBOPHMOCTH MajJOpacTBOPHMBIX
OCa/IKOB CHJIBHBIX 3JIEKTPOJIHMTOB B TIPHCYTCTBUU ITOCTOPOHHUX HOHOB OOBSCHIETCS YBEINYCHHEM
MOHHOM CHJIBI pacTBOpA.

HWrtak, pacTBOpEeHHE 0CaIKa MOXKET MPOUCKXOANUTD:

1) npu 0Opa30BaHUU PACTBOPUMOTO CIIA00THCCOIMUPYIOLIECTO 3JIEKTPOIIUTA!

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

2) ipu 00pa30BaHUH Ta3000pa3HOTO COSTUHEHHUS:

FeSd+2H' > Fe?" + H,S 7T

3) npu 06pa3oBaHUH CIAOOANCCOUHUPYIOIIET0 KOMIUIEKCHOT'O HOHA:

AgCl | +2NH3; —[Ag(NH3),]" +CI-

4) pu OKMCIUTETHHO-BOCCTAHOBUTENIBHBIX IIPOIIECCax:

CuS 4 +4H™ + 2NOz — Cu®* + 2NO + S0, + 2H,0

5) IIpU HAJINYINUU ITOCTOPOHHUX MOHOB.

OO6opynoBaHue U MaTepUaJIbI
PacTBOp aMmMuaka (KOHIEHTpanus pacTBopa ammuaka pasna 0,1 mous/am®)
PactBop xnopuma ammonwust, C(NH4Cl) = 0,1 MOJTB/IM®
PactBop xsopuaa Maruus ¢ moJspHoi konnenrpamuei C(MgCl2) = 0,1 momn/mm®,
Kpucramnuueckuii noju
Muxkpommnarens
HacplneHsslii pacTBOp HoauAa Kanus
Xnopuz kansis (C(CaCly) = 0,1 moms/mm®
PactBop kapOoHaTa 1 cynbhara HATpHs
. Hemumonsipubiit pacteop HCI
10. Pactop Na,S
11. Conb uuHKa ¢ MONSPHON KOHIEHTpanmel nocneanei 0,1 Moss/am3
12. Cactop HCI, C(HCI) = 2 mons/nm®
13. PacTBOp yKCYCHOM KUCIIOTBI
14. PactBop cynbduna natpus (C(NazS) = 0,1 mosn/am®)
15. etmmounsipusiit pactBop CuSOs u FeSO4
16. Consnas xucnora (C(HCI) = 0,1 mons/mmd).
17. Pactop nutpara ceunna, C(Ph(NO3)2) = 0,1 mons/nm?,
18. Pactsop cynsdata u cynsduna Hatpus ¢ koruenrpamusamu C(NazSOs) = C(NazS) = 0,1 moms/mm®
19. PactBop xpomata Kauus

CoNoGaR~RWDNE
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Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3NMEKTPOOOOPYAOBAHHH, SITEKTPOIPOBOAKE, MPABUIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

2. T'a30BbIe KpaHbI U Ta30MPOBOT IOJDKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOAHIECKH
HPOBEPATHCA.

3. Pabouee mecTo conepkaTh B MOPSIKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcst OpaTh YMCTHIM IITMATEIEM WU CIICIHAIbHON JT0XKESUKOH.

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

6. Bce ombITH ¢ BpeAHBIME U MTIAXHYIUMH BEIIECTBAMU, a TAKKE yIapUBAaHHE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJMTH B BBITSKHOM IIKAQYy.

7. OcTaTKu coequHEHUH cepedpa cIMBaTh B 0COOBIC CKIISTHKH.

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

9. He HaKIOHATH JIMI0 HAJ HATPEBAEMON KHUIKOCTHIO MIIH CIUIABIISIEMBIM BEIIECTBOM.

10. He cnemyer BABIXaTh Maxy4due BEIIECTBA M Ta3bl, OJM3KO HAKIOHSACH K COCYIY C ITHMH
BCLICCTBaAMMU. Hroxatb BCHICCTBA MOKHO JIMIIb OCTOPOKHO, HAIIPABJIAA K ce6e Iapbl WIK ra3 IBUXKCHHUCM
PyKH.

11. XpaHuTb pacTBOPHI KOHIEHTPUPOBAHHBIX KHUCIIOT H IIEJIOYEH B BEITSHKHOM MIKady.

12. BbumBath pa30aBiicHHBIC KUCIOTHI U IIEJIIOYHBIC PACTBOPHI CICAYET B CAMBHYIO CKIITHKY.

13. Kareropuuecku 3ampeniaercst mpoboBaTh XUMUYECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIerKO0 BOCILIAMEHSOIIUMUCS BemiecTBaMu (3QUphI, OEH301, CEpOyTIepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX IUTUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHUYECKOW MOCYAOH, HEoOXoAuMo coOMoIaTh NpaBUiia
IPEIOCTOPO’KHOCTH BO M30€KAaHUE PAHEHUH OCKOJIKAMH CTEKJIA.

16. Kareropuiecku 3arpemiaeTcs OCTaBIsATh padOTaroNIe TPUOOPH 63 HAOMFOIeHUSI.

21. B xuMuveckoit 1abopatopun He0OX0UMO paboTaTh B Xajare.

3aganuda

Oneir 1. B nBe npoGupku BHecTH 10 1 cM® pacTBopa ammmaka (KOHIEHTpAalMsi PacTBOpa
ammuaka pasHa 0,1 mons/nm®). B oany nmpo6Gupky no6aButh 2 cM® BOABI, B JAPYTyH 2 CM® pacTBopa
xaopuna ammorus, C(NH4Cl) = 0,1 mons/am®. Tlocne storo B 06e npobupku BHecTr 1o 1 cm® pacteopa
XJIOpH/a Maraus ¢ MosisipHoit koHmentpanueir C(MgCly) = 0,1 MOJTB/IM®. OOpaTuTh BHIMaHUE HA TO, YTO
0CaJIOK BBITIAJIAET TOJIBKO B MIPOOUPKE, TIe HET XJIOpHIa aMMOHHSI.

OnswiT 2. B nBe mpoOupku BHECTH MO | MHKpOINIATEN0 KPUCTAIUIMYECKOTO Hoia. B mepByro
po6upKy n06aBUThH 2-3 ¢M® BOJBI, BO BTOPYIO CTOJBKO K€ HACBHIIIEHHOTO PAcTBOPA MOJAMIA KAIHS.
Y06enutbes, YTO MO MaJI0 PACTBOPSIETCS B BOJIE, HO XOPOILIO PACTBOPSIETCS B HOIUAE KA.

OneiT 3. B aByX mpoOupkKax MOJy4YuTh OCAIKUA KapOoHATa W Cyib(aTa Kalblus JCHCTBHEM Ha
pactBop xsopuga kaneius (C(CaCly) = 0,1 mons/nm®), pactBopamu kap6oHaTa u cyiabdara Hatpus. B
00e mpodupku nodaBbTe AenuMolsipHbIil pactBop HCI. 3aMetbTe, 4TO MPOUCXOAUT pacTBOPEHUE TOIBKO
kapOOHaTa KaJIbLusl.

OmnbiT 4. B 1ByX mpoOupkax moiny4yuTtsh ocajgku ZnS neiictBueM pactBopa NapS Ha pacTBop comnn
IIMHKA ¢ MOJIIPHOM KoHLeHTpauueii ocaeanei 0,1 mons/mm®. B oxny npo6upky no6asuts 0,1 Moss/am®
pactop HCI 1o pactBopenmst ocanka, B Apyryro Takol xke o6bém 0,1 mMons/am® pacTBopa yKCyCHON
KHCJOTHI. YOEIHUTHCS, YTO B YKCYCHOM KHCIIOTE CYIb(H/] IINHKA HE PACTBOPSIETCS.

OmneiT 5. B n1BYX npobupkax nonyduTs ocaaku CuS u FeS p3anmoneiictBuem pactBopa cyibhuia
narpusi (C(NazS) = 0,1 mons/nm3), ¢ nenumonspubiMu pactBopamu CuSOs u FeSOs. B 06e npobupku
100aBUTL OIMHAKOBBIE 00BEMBI pacTBopa comsnoi kucnotel (C(HCI) = 0,1 moms/nms).

OmeiT 6. B ogHo#t mpobupke mony4unuth ocagok PbSO., B apyroit — ocamok PbS neiictBuem Ha
pacteop mutpata cunua, C(Pb(NOs)z) = 0,1 mons/mm®, pactBopamu cynbdara u Cyab(uaa HATpHs ¢
xonuentpamusamu C(Na;SOs) = C(NazS) = 0,1 mons/am® CootBeTcTBEHHO. B 066 MpoOGUpKH 106aBUTH
onuHaKoBbIH 006EM 0,1 Mons/aM® pacTBOpa Xpomara Kauus M TINATEIBHO mHepememarb. OTMETHTH
M3MEHEHHUE LIBETa 0CcajJKa B OTHON U3 MPOOHUPOK.

Conep:xanue oT4yeTa
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Omnerr 1. Hamucars ypaBHeHust oopasoBanms MQ(OH), B MOIeKyIsspHOM M HMOHHOM BHJE.
Jokazath pacyéToM BO3MOXHOCTH BbimageHus B ocamok MQ(OH), tombko B orcyrctBum NH4CI,
ucnoib3ys 3HaueHue [1P(Mg(OH),).

OmnpIT 2. YOenuThes, 4TO MO MAJIO PAaCTBOPSETCS B BOJAE, HO XOPOILIO PacTBOPSIETCS B MOIUAC
kamus. Yem 310 00BAcHNTH? COCTaBUTH ypaBHEHHE peakinu B3amMopaencTBus nona ¢ Kl B monHoMm u
MOJIEKYJISIPHOM BUJIE.

Omeir 3. Kak, npumensiss nonstue [IP u 3Has ycloBUsL pacTBOPEHHUsI OCAaKOB, OOBSCHUTDH
HaOmomaemoe siBienue? CoctaBuTh ypaBHeHHs peakimu pactBopenuss CaCOs; B HCl B monHOM U
MOJIEKYJISIPHOM BUJIE.

Ombit 4. O0BSICHUTD, TOYeMy ZNS pacTBOPSACTCS TOJIBKO B COJSIHON KHCIIOTE, YUYUTHIBAS MAITYIO
pacTBopuMOcCTS 1 JieTyuecTb H2S. CoctaButh ypaBHeHus B3aumoeiicteust Mmexay ZnS u HCl B nonnom
¥ MOJIEKYJIIPHOM BHIIE.

OmnepIT 5. OTMETUTH pacTBOPEHHE TONBKO FES 1 00BSICHUTD 3TO, HCHOB3Ys 3HaueHue [1P mst FeS
u CuS. CoctaBuTh ypaBHeHUs B3aumoaeicTeus mexxay FeS u HCl B moHHOM 1 MoneKysIsspHOM BHIE.

OmpiT 6. OOBSICHUTE MPOKMCXOIAINEE, MOIb3YACh 3HaueHusmu [IP mast PbS, PbSOs u PbCrOs.
CocTaBUTh ypaBHEHHS COOTBETCTBYIOUINX PEAKIMH B MOHHOM U MOJICKYJIIPHOM BHIIE.

KonTpoJibHbIEe BOPOCHI
ba3oBblli ypoBEHb

1. ChopmynupyiiTe MOHITHE «IIPOU3BEIEHUE PACTBOPUMOCTHY. [l KaKOro THUMa COETUHEHHMA
oHO npuMeHuMo? IIpuBenure npuMepsl.

2. Hanummwmre ypaBHEHMsI MPOLIECCOB MpoToin3a Jyis cienyromux coeaunennii: CaCOs, Ag2CrOy,
Al(OH)s. Kak OyayT BBIMISAETh COOTBETCTBYIOIIUE MM BBIPAKCHHS MPOM3BEIACHUH pPAaCTBOPUMOCTH?
Haiigute nx 3HaYeHNs B CIPAaBOYHHUKE W 3aITUIINTE.

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

IloBbIILIEHHBIN YPOBEHD

1. Kak cBszansb! [IP 1 pacTBOpMMOCTD MaiopacTBOPUMBIX CHIIBHBIX 37eKTposnToB? OToOpasure
3Ty cBsi3b Ha mpumepe AQzASO..

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

3. Kakoe siBnenue Ha3bpIBalOT «coseBbIM 3 dexTom»? [IpuBenure npumepsl.

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHNIO M0 JAHHOM Teme

OcHoBHas iuTEpaTypa:

1. Koposun, H. B. O6mas xumus : yae6uuk / H. B. KopoBus. - 13-e u3z., nepepab. u norm. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Tlpumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumust okpy>Karoleil cpeibl : XUMHUs XKUBBIX opranu3moB. Kypc nexuuii /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 27eKTPOHHBIN // DneKTpoHHO-0nOmmoTeyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum noctyna: mis
aBTOPU3HUP. MOJIB30BATENEH

Jlono/IHUTeIbHAS JIUTepaTypa:

1. I'munka, H. JI. O6mas xumust / H. I'. ['muska ; [lox pen. A. . Epmakoga. - U3x. 30-e, ucrp. -
M. : Uurerpan-IIpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XUMUS METaJJIOB : ydyeOHoe mocoOue (Ui CTYACHTOB XMMUUYECKOTO (haKyabTeTa
HamnpaBlieHUu# O0akanaBpoB «XUMHUI» U «XUMHYECKas TeXHOJIOorus») / coctaButenu O. A.
I"'onoBanoBa. — Omck : OMcKkHil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552¢c. —

ISBN 978-5-7779-1875-8. — TekcT : aneKkTpoHHbIH // DnekTpoHHO 6ubinoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum mocryma: ais
aBTOPU3HUP. M10JIb30BATEIIEH

NuTepHeT-pecypcenl:
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1 http://window.edu.ru/ — eauHOE OKHO JOCTYIA K 00pa30BaTeIbHBIM pecypcam
2 http://biblioclub.ru/ — BBC «YHuBepcuTeTckas OHOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajaor acCOIHAINU dJIEKTPOHHBIX OHOIMOTEK
yueOHbIX 3aBefieHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpbITOE 0O6pa3oBaHKE

Tema 6. PacTBopsI
JlaGopaTopHas padora 6. PacTrBopbl
Ilenp pa®oTbl: OCBOWTH METOAMKY HPHUTOTOBICHHS PACTBOPOB 3aJaHHON KOHIICHTPALHH.
OCBOUTBH apEOMETPHYECKUI METOA M3MEPEHHMsI IUIOTHOCTH PACTBOPOB. Y CBOHUTBH MOHATHS a0COTIOTHON U
OTHOCHUTEIILHOM MOIPEIIHOCTEN U3MEPEHUH.
dopmupyemMble KOMIETEHIIUN MJIM UX YaCTH:

Wupeke DopMynHpOBKa:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3aIMK U CaMOOOpa30BaHHIO
OIIK-4 MOHUMAaHHUEM CYITHOCTHU U 3HAaYeHUs HH(OPMAILIUU B Pa3BUTUU

COBPEMEHHOT0 00IIEeCTBa, CIIOCOOHOCTHIO MOTy4aTh U 00padaThiBaTh
UH()OPMALHIO U3 PA3IMYHBIX HCTOYHUKOB, FTOTOBHOCTHIO HHTEPIIPETUPOBATS,
CTPYKTYPHUPOBATh M 0OPMIIATH HH()OPMAIUIO B TOCTYITHOM JUISI APYTHX
BUIC

IIK-5 CHOCOOHOCTBIO IPUHUMATH ydacTHe B paboTax 1Mo pacuery
NPOEKTUPOBAHUIO JICTAJCH U Y3JI0B MAITMHOCTPOUTEIBHBIX KOHCTPYKIIMN B
COOTBETCTBUU C TEXHUYECKUMHU 33/IaHUSIMH U MCIIOJIb30BaHUEM
CTaHJAPTHBIX CPEJICTB aBTOMATU3ALIMH IPOEKTUPOBAHUS

TeopeTuyeckas 4acTb

Pacmeopamu nasvisaiom comoeennvle cucmemsvl, cocmosuue u3 08yx u 6oiee KOMNOHEHMO8, a
makaice npoOyKmos ux ezaumooeticmeus. Harpumep, BOJHBIA PacTBOP CEPHOM KUCIOTHI COACPIKHUT: BOLY
(pacTBOpHTEND), ruapatupoBannbie HoHbl HSO4xH-0, H*xH,0 n SOs%xH-0.

Crnoco0bl BbIpaKeHHsI KOHIIEHTPAIIMH PACTBOPOB

Baxneiinieit xapakTepHCTHKON pacTBOPOB SIBISETCS WX KOHIIEHTPALUS — Macca WM KOJIHMYECTBO
BEILIECTBA, CO/ICPKAIINECS B ONPEIEICHHON Macce MM 00beMe pacTBOPa MIIM PACTBOPUTEIIS.

MaccoBas fo:s BemectBa X — macca BemectBa M(X) (B 1), coaeprkariasics B 100 r pactBopa:

m(X
w(X),% = Q 100 (6.1)
mp—pa
ModsiibHasi KOHLEHTpalusi — KOJIMYECTBO MOJb BemiecTBa N(X), coiepxkaiieecs B OIHOM
kuitorpamme (nwm B 1000 1) pacTBopuTens:

C. (X), MOIb _ n(X) 1000 = m(X)

KT mp-nﬂ M (X )mp-J'ISI

-1000 (6.2)

MonsipHas KOHIEHTpAIHs — KOJMYECTBO MOJIb BetecTsa N(X), cojepkanieecs B OAHOM aM° (M

B 1000 cM®) pacTBOpUTENS:
Cpr (X), o5 = "X) 1000=—MX)
AM Vp-J'ISI M (X )Vp-n;[

MomsipHass KOHIIEHTpamusl KOJWYECTBA JKBUBAJICHTa (HOPMAJIBHOCTh WM DKBHBAJICHTHAS
KOHIIEHTPAIMs) — KOJIMYECTBO MOIIb SKBUBAJIEHTA BellecTBa X, cojepskaiieecs B ogHoM am° (umu B 1000
cm®) pacTBopHTENS:

-1000 (6.3)
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1 (LX)
MOJIb  Zy ' _
C(Z— X), —5 = 1000 =
* AM P M (7 X )Vp-JIﬂ
Zx

m(X)

11000, (6.4)

rae n(i) 1 M(—) — KomM4ecTBO MOIb OKBHMBAJIEHTa BeEIIECTBA (B MOJB-DKB) U €rO
X X

SKBHUBAJICHTHAsI Macca (T/MOJIb) COOTBETCTBEHHO.

Ipumeuanue. Uncno Zx Ha3bIBAIOT SKGUBALEHMHBIM YUCIOM VI YUCTOM IKBUBANEHMHOCIU — Zx
> 1. 3naueHne Zy onpeAensioT M0 XUMHUIECKON peakIny, B KOTOPOH y9acTByeT JaHHOE BeIecTBO. Tak, B
YaCTHOCTH, AJIS1 BEIIECTB, yyacTBYOMMX B OB-peaknusx, S5KBUBaJIEHTHOE YUCIO Zg I BOCCTAHOBUTEIS
PaBHO YHMCIy 3JIEKTPOHOB, KOTOPOE OH OTHAET, a Il OKHCIHUTENS — YUCIy SJIEKTPOHOB, KOTOPOE OH
npunuMaeT. Hanpumep, ansa annona MnOs~ B 3aBHCHMOCTH OT XapakTepa peakuud Zx MOXKET ObITh
paBHo 5, 3, 1, HanpuMmep:

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

MnOy4 + 2H,0+3e~ — MnO, +40H"; Z, = 3; 3(MnO4") = 1/3 Mous;

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

I[Tone3Ho 3HaTh, YTO 0151 0OHoocHo8HbIx Kuciom (tura HF, HCI, HBr, HI, HNO,, RCOOH u np.)
u oonokucromuwix ocrosanuil (tTuma NH4OH, LiOH, NaOH, KOH, CsOH, RbOH u ap.) sxsusanenm
6ce20a page 0OUH MOJb.

J1J151 TOJIMOCHOBHBIX KUCIIOT Y TIOJMKHUCIOTHBIX OCHOBAHHUH BEIMYMHBI SKBUBAJICHTOB 3aBUCST OT
Tuna peakuuil. Tak it peakuuu:

H,SO,4 + 2KOH = K,S04 + 2H,0,
Z (H2SOs) = 2, a axeusanenm ceproti kuciomol — I(H2SOs) = 72 monw, max kax Ha 00uH Mo
H2SO0.1 mpebyemes 2 monw (0sa sxsusanenma!) KOH.
Hns peakuum:
H>SO4 + KOH = KHSO4 + H20
Z(H2SO4) = 1, a sxsusanenm cepnoii kucromot — I(H>SOs) = 1 monb, max kak ¢ 00uH Mo
H.SO4 peazupyem 1 mons (00un sxeusanenm!) KOH.

MonbHast 10y — OTHOIIEHHE KoyimdecTBa Moib BemecTtBa N(X) k o0mieMy 4ucily MOJIb BCEX

BeriecTB Ny (Xi), cocTaBNISIONMX pacTBOP:

N(X)
Ns (X{)

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

pacTBopa:
e m(X)

3
Tutp pactBopa BemectBa B mo onpexnensiemomy BemiectBy X — Macca Bemectsa M(X) (B 1),
COOTBETCTBYIOIIAs OJIHOMY CM® CTaHIAPTHOTO PacTBOpa BemecTsa B:

I X). e _ m(X) |
TBIx) en’ V(B) p—pa

a(X)= (6.5)

3

T(X), (6.6)

(6.7)
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BecbMma BayKHBIM TTapaMeTpOM PacTBOPOB SBISIETCS UX IUIOTHOCTh — OTHOIIEHUE MACChl pACTBOPA
(B xT) K 00BEMY 3TOTO pacTBOpa!

pr—5 = . (6.8)
M Vp-pa
Ilpumeuanue. B XuMuM 4alie NPUMEHSIOT Pa3MEPHOCTh INIOTHOCTH PACTBOPOB B I/CM°.
Jnst mpoBeAeHus] pacyeToB Mojie3Ho 3HaTh Gopmyiny (8.10), cBA3BIBAIONIYIO KOJTUYECTBO MOJIb
SKBUBAJICHTA BeleCTBa X C pa3IMYHBIMU BUJAMU KOHIIEHTpAILUA €ro pacTBOPOB.

n(ix),mﬂb: m(1X) :T(X)Y(X):T(B/)E)V(B):
Lx MCEX) MCX) M X)

1
CCEXVX) 0(X),.%pppaV (X)
~ 1000

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

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

rie o1, % 1 @2, % — MaccoBbIe JI0JIM UCXOIHBIX PaCTBOPOB;

M1 ¥ M2 — Macchl UCXOJIHBIX PACTBOPOB (B T) MOCIE CMEIIEHHsI KOTOPBIX, OyJIET MOy4eH PacTBOP
C MaccoBoii goneit ox, %.

Honnoe npoussenenne Boasl 1 pH pacteopos

Bopma oTtHocuTCS K O4YeHb CIa0BIM BJIEKTPOJIMTaM, W TIpolecc e€ mpoToiu3a (pachajga WiIH
JUCCOIMAINK) SIBIIsIeTcsT oOpaTuMbIM. PaBHOBecME B JTOM TIPOIECCE CMEIIEHO BJIEBO, B CTOPOHY
00pa30oBaHMs MOJIEKYIT

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

Ipumeyanue. TlpoTONMU30M HA3BIBAIOT TPOIECCH KUCIOTHO-OCHOBHOTO B3aMMOCHCTBUSA,
MIPOTEKAIOIHNE C yYaCTHEM PAaCTBOPUTEINA (7151 BOJHBIX PACTBOPOB — 3TO MOJIEKYJIBI BOJBI).

KoncranTta mporonm3a Bojiel ipu 22°C UMeeT ClIeayoIiee 3HAaUCHIE

+ —_
_[HT][OH ]
=
[H20]
Tak kax IIPOTOJIN3 BOAbI BECbMa HE3HAYUTCIICH, TO PAaBHOBCCHYIO KOHICHTPAIIUIO MOJICKYJI BOJIbI
MOXXHO HNPUHATH 3a MIOCTOSAHHYIO BCJIIMYMUHY, YMCIICHHO PAaBHYIO €€ 061L[Cﬁ MOHﬂpHOﬁ KOHICHTpAaluu, TO

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

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

€CTh MOJIIpHas KOHIEeHTpaus Bobl, To ecth C(H20) = 55,56 Mombs/nme.
[Ipencrasum (8.13) B ciemyromieM BUe:

[H™][OH 1=K ,[H,0]

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

=18-10716, (6.12)

B 1 1m® Boawl comepxutca N(H20) = ~ 55,56 Monb — 3Ta BETUYUHA U
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[H*][OH 1=18-10"°.5556 =107 = K. (6.13)

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

C coBpeMeHHOHN TOUYKH 3peHHus He ogHa Moiyekyna Boasl HO, a e€ numep — HsO2 nnmm 2H>0,
HO/IBEPrasich NPOTONK3Y (pacanasch), oopasyet oauH katnon ruapokconus (HsO%) u omun ruapokcn-
WOH:

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

[H0%]1=[OH 1=~v10" =10"" moms/on’.

B kucnpix pacTBOpax KOHIIEHTpPAIWs MOHOB THAPOKCOHUS OOIbINE KOHIEHTPAIMH THAPOKCH/I-
nonos: [H30*] > [OH].

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

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

Hcnonb3ys noHHOE nipou3BesicHre Boabl Ky, MOKHO paccuuTarh:

a) KOHIIEHTPAIIO HOHOB THAPOKCOHUS B pACTBOPaX OCHOBAHHM

[H30+]=4531,i (6.14)
[OH "]
0) KOHIICHTPAIINIO THAPOKCHI-IOHOB B KHUCIIOM PacTBOPE.
[OH]= Ky | (6.15)
[H30"]

Ucnonesys Benmuuny Kw ymaercst XxapakTepu30BaTh KHCIOTHOCTh M OCHOBHOCTH PAacTBOPOB IO
KOHIIEHTPAIMH TOJHFKO HOHOB THIPOKCOHUSI.

Hamnpumep:

a) B pacTBope consHoi kucaotel ¢ C(HCI) = 0,1 mons/nm® (cumTast NpOTOIN3 KUCIOTHI TIOJIHEIM,
to ecth a(HCI) = 1) KoHIIEHTpaIKsi HOHOB BOJOPO/Ia PaBHA KOHIIEHTPAIIMH KMCIIOThI, TaK KaK MPOTOJIN3
KHUCJIOTHI TIOJIHBIN, CJIEIOBATEIBHO:

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

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

[H30*] = 0,001 = 10 moms/mm°.

B) B PacTBOpE MLIENOYHM, Hampumep, ¢ MossipHoi konuentpanuein C(NaOH) = 0,1 momns/mm?,
KOHIIEHTPAIHs THIPOKCHI-HOHOB paBHA KOHIEHTPAIUH MIENIOYH, TaK KaK MPOTOIH3 MIEIIOYH MPOTEKaeT
nonHocteio (a(NaOH) = 1). Crenosatensno, [OH] = 0,1 = 10" mons/am®. YunThiBas B3aUMHYIO CBA3b
nonoB [H3O*] m [OH7], mosiBmsieTcss BO3MOXKHOCTH XapaKTEPH30BaTh ATOT IMIEJOYHON pacTBOp IO
KOHIIeHTpaIu noHoB [HzO™]:

K, 10

- = 10‘13 MOJIB/IM®;
[OH"] 10~

[H30"]=

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

K, 107
[OH"] 1073

Hnst Oonbinero ynoOCTBa XapaKTEPHCTHKY PEaKUUH Cpelbl BBIPAXAIOT HE KOHIEHTpaluen
BOJIOPOAHBIX HOHOB, TO €CTh BEJIWYMHAMH C OTPHUIATEIBHBIMU TIOKA3aTesIMH CTETIeHH, a TaK
Ha3bIBa€MBIM BOJIOPOJIHBIM MTOKa3aTenem pH.

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

[H307]= =107 Mob/me’.

i 60s1ee COBPEMEHHO

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

Tabauya 6.1 3asucumocmo [H3O"] u pH om peaxyuu cpedwl

+ o BT v © ~ ® o g 999
[HsO7] =298 S 39 S S28 8895
VBeanueHne KHCIOTHOCTH VBeandueHne 0CHOBHOCTH
7
< HEWUTp >
cpema
56 8 9 10 11 12 13 14
01234
pH Cnabo- Cnabo- mienovyHas CHIIbHO- HIEIOYHAs
CuibHOKHCIIAs cpenia
KHCTas cpesia cpena cpena

B uucroii Boge pH = 7.

B xucnotnoi cpeae pH < 7.

B mienounoi cpene pH > 7.

Takum 06pa3om, 4eM Gosibliie KOHIIEHTpaIus HOHOB Bogopoaa [HzO*], Tem GoJbliie KHCIOTHOCTh
pacTBopa, TeM MeHble BeanyrHa pH.

Hao6oport, uem menbiie [HzO*], Tem Gosibiiie OCHOBHOCTB pacTBopa u 0oJiblie BenrnyrHa pH.

[IponorapupmMupyeM ypaBHEHHWE HOHHOIO MpOHU3BeACHUsS BOIbI (8.14) U, B3sAB JOrapudmsl C
o0OpaTHBIM 3HaKOM, TIoTy4rM (tipu 22°C):

pH+pOH =14

Otkyna: pH = 14 — pOH u pOH = 14 — pH.

Bv1600: KOMMUECTBEHHYIO XapaKTEPUTHKY PEAKLUK CPEIbI BIIOJIHE OnpeaessieT 3HaueHne e€ pH.

OOGopynoBaHue U MaTepuaJIbl
Pactop NH:NO;
AMMHadHas ceIuTpa
CreknsHHas BOPOHKa
Kon6e na 100 cm®
Apeometp
[[Imarens
Humuaap émkocteio 1,0 av®

Nogobownhe

Ykazanus mo TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
ANEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOJIKE, MPABUIEHO 000PYI0OBAHHOM BBITSDKHOM IIKaQYy.

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

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

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

7. OcraTKu coeqUHEHU cepedpa ciIMBaTh B 0COObIE CKIISIHKH.

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

9. He HaKIOHATH JIMI0 HAJ HArPEBAEMOH KUIKOCTHIO MIIH CIUIABIISIEMBIM BEIIECTBOM.

10. He cnenyer BOBIXaThb Maxy4due BELIECTBA W ras3bl, OJU3KO HAKIOHSSICH K COCYLy C THUMHU
BemecTBaMy. HroxaTh BelecTBa MOKHO JIMIIL OCTOPOXKHO, HAIIPaBIIsAA K ce0e Iapbl WIK ra3 ABHXKEHHEM
pYKHU.
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11. XpaHuth pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT U IEJIOUEH B BBITSKHOM MIKady.

12. BrbummBaTh pa30aBICHHbIC KUCIOTHI U MEIOYHBIE PACTBOPHI CIIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeinaercsi (poOOBaTh XMMHUYECKUE BEIISCTBA HA BKYC.

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

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

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

22. B xuMu4eckoi 1abopaTopuy HEOOXOAMMO paboTaTh B XajaTe.

3aganusa

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

1 Paccunrars HaBecky NHsNOs, HeoOxomaMyro yist mpurotorienus 250 cM® pacTBOpa ¢ MaccoBOM JIomel
®(NHNO3) =10%.

2 Paccuurannyro HaBecky NH:NOs; B3BecuTh B OIOKCE Ha TEXHHUUYECKHMX BecaxX. Pe3ynbTarhl
B3BELIMBAHUS 3aHECTH B Ta0I. 5.2.

3 Hamecky aMMHayHOW CENHTPHI OCTOPOXKHO TEPEHECTH C TIOMOIIBI0 CYXOW CTEKIISTHHOU
BOPOHKH B MEPHYIO KOJIOY BMECTUMOCTBIO 250 cMP,

4 Jlo6aBuTh K HaBecke B konde 100 cM® mucTumnmpoBanHOM Boabl. TIIATENBHO HEpEMEIIaTh
pactBop no momHOro pactBopeHust NHiNOs. [Jonute konOy AMCTAILTUPOBAHHON BOIOHM IO KOJBIIEBOU
OTMCTKHU IO HKHEMY MCHUCKY.

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

6 Usmepurs miotHocTs mpuroroBieHHOro pactBopa NH:NOs ¢ momombio apeomerpa. s
5TOr0 MPUTOTOBJIEHHBI PAacTBOP MEPENHTh B IUIMHAP EMKOCTBIO 1,0 am3. OCTOPOXKHO TOTPY3HTH B
pacTBOp apeoMerp TakuM oOpa3oMm, 4YTOOBI apeoMeTp He Kacajcsi CTEHOK LWIMHApa MW 3aHsI
HETOABIXHOE IoJIoxkeHre. CHATh MOKa3aHHUs INIOTHOCTH CO LIKaJIbl apeoMeTpa U 3aHECTH B TabI. 6.2.

7 Paccunrtath MOJSIPHYIO KOHIICHTPAIIMIO MIPUTOTORICHHOTO pacTBopa. PacuéTHple JaHHbBIC U Pe3yiIbTaThl
V3MEpEHHIA 3aHeCT! B TaOI. 6.2.

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

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

Tabnuya 6.3 I[Inomnocms 8oonozo pacmeopa Humpama ammorus NH4NO3

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

1 0,1252 10,023 1,002 18 2,415 193,3 1,074
2 0,2514 20,12 1,006 20 2,705 216,5 1,083
4 0,5071 40,58 1,015 24 3,299 264,1 1,100
6 0,7668 61,38 1,023 28 3,912 313,2 1,119
8 1,0300 82,50 1,031 35 5,033 402,9 1,151
10 1,2980 103,9 1,0397 40 5,873 470,1 1,175
12 1,5710 125,7 1,048 50 7,656 612,8 1,226
14 1,8480 1479 1,057 55 8,602 688,5 1,252
16 2,1290 170,4 1,065

Conep:xkanue oTyera
Tabnuya 6.2 Pezynomamul d9Kxcnepumenma

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

KoHTpoJibHBIE BOIPOCHI
ba30BbIil ypoBEeHB

1 M3 xakux KOMIIOHEHTOB COCTOST BOJHBIC pacTBOphl cienyromux BemecTB: NasPOs, KySOs,
NaNOs? OtBeT naTh ¢ y4eTOM MPOIIECCOB MPOTOIU3a HOHOB.

2lns yero mnpumeHstoT apeoMerp? KakoBa mOCIeNOBaTEIbHOCTh OINEpAlUMid TPH  3amepe
TUIOTHOCTH JKUKOCTH?

[ToBbIILICHHBIN YPOBEHB

1 [110THOCTB M TUTP PacTBOPOB MMEIOT OJMHAKOBYIO Pa3MEPHOCTH (T/cM®). B uem pasnuaue >THx
napameTpoB?

2 [IpuBeanTe anropuT™ B3BEIIMBAHUS TBEPBIX BEIICCTB.

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIO0JIb30BAHUIO 10 JAHHOM Teme

OcHoBHas iMTeparypa:
1. Koposun, H. B. O6mas xumus : yueOunuk / H. B. KopoBuH. - 13-e 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. Muxamuna, E. C. XuMus okpyskaromen cpeapl | XUMHS KHUBBIX Oprann3MoB. Kypc nekunii /
E. C. Muxamuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN
978-5-87623-457-5. —TekcT : 21eKTpOHHBIN // DnekTpoHHO-0nOmmoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum moctyma: s
aBTOPU3HUP. OJIB30BATENEH
Jlono/IHUTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [lox pen. A. U. Epmaxoga. - U3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METaJuIoB : yuyeOHoe mocobue (A7 CTYJeHTOB XMMHUYECKOTo (akyibTeTa
HanpaBJieHUu# O0akanaBpoB «XUMHUI» U «XUMHUUYECKasi TeXHoJorusn») / cocraBurenu O. A.
I'onoBanoBa. — OmMck : OMcKHi rocyaapcTBeHHbI 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-pecypcebl:

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

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

3 http://catalog.ncstu.ru/ — sneKTpOHHBIH KaTajaor acCOIHAINN dJIEKTPOHHBIX OMOIMOTEK
yueOHBbIX 3aBefeHuni u opranuzanuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 06pa3OBaHUEe

Tema 7. KoMmiuiekcHbIe cOeIHHEHUS
JlaGopaTopHas padora 7. KoMnjiekcHbie coeluHeHUsI
Llens pa®oOThI: M3ydeHHE KOMIUICKCHBIX COCTUHEHUI i UX XUMHIECKHX CBOMCTB.

dopmupyemble KOMIETEHIIMH WM UX YaCTH:

| Nupexc | DopmMyIUpOBKa:
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https://openedu.ru/

OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3aIUHA U CaMOOOpa30BaHHIO

OIIK-4 MOHMMAaHHUEM CYITHOCTU U 3HAYCHUS HHPOpPMAIIH B PA3BUTHUH
COBPEMEHHOTO 00IIEeCTBa, CITIOCOOHOCTHIO MOJy4YaTh U 00pabaThIBaTh
UH(OPMAIIHIO U3 PA3TUYHBIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATh,
CTPYKTYpUPOBATh U 0POPMIIATH HHGOPMAIIHIO B JOCTYITHOM JJIS APYTUX
BHIIE

I1K-5 CHOCOOHOCTBIO IPUHUMATh ydacTue B paboTax Mo pacueTy u
IIPOCKTUPOBAHUIO JETAIEH U Y3JI0B MAIIMHOCTPOUTENBHBIX KOHCTPYKIIUHI B
COOTBETCTBUU C TEXHUYECKUMH 3aJaHUSIMHU U UCIIOJIb30BAHUEM
CTAaHJAPTHBIX CPEJICTB aBTOMATHU3ALUU IPOCKTUPOBAHUS

TeopeTuyeckas 4acThb
XVMHYECKHE CBS3M OCYIIECTBISIIOTCS 3a CUYET OOOOIICHMS HE CIApeHHBIX SJIEKTPOHOB WM
nepenaddl AJIEKTPOHOB OJHUM W3 aTOMOB, BCTYMAIOIIMX B CBA3b Jpyromy. B pesymbrare Takoro
B3aUMOJICHCTBUSL  00pa3yloTcsi yCTOWYMBBIE KOHQUTypalud, HMEIONIHE Ha BaJleHTHOW 000JO0YKe
AIIEKTPOHHBIN OKTET. Y CTOWYMBOCTH TOAOOHOW CTPYKTYPHI OOBSCHSETCS CXOIACTBOM B CTPOSHHUH C
MHEPTHBIMU Ta3amMu. COeTMHEHNS, OTyYaroIIrecs MoJOOHBIM 00pa30M, Ha3bIBAIOTCSl OMHAPHBIMH.

MHorve atoMbl WM HOHBI, 00pasyroIlje OMHAPHBIE COSIMHEHYIST, MOTYT SIBISITECS JIOHOPAMH AEKTPOHOB JTSI
JPYrUX aTOMOB, TPYIII aTOMOB WM MOJIEKYJL, He MMEIOIIMX MIEKTPOHHOTO OKTeTa. [loMydeHHbIe TakuM TTyTéM CIIOKHBIE
MOJICKYJTBI Ha3bIBAFOTCSI KOMIUICKCHBIMI COCIIMHEHVSIME WTH COCIIMHEHISIME BBICIIIETO Topsizika. Hampimep, B coctas
KxomrIekcHoro coemrenyst Ko[PtClg] Bxomsr nors K 1 [PtClg] >

LenTpanpHbIil aTOM IJIATUHBI CO CTEMEHBIO OKHUCIEHHS +4, BOKPYT KOTOPOIO TPYHIHPYIOTCS
(KOOpPIWHUPYIOTCS) IPYTHE aTOMBI, HA3bIBAETCS KOMILIEKCOO0pa30BaTeIeM.
I[Mpucoenunstonmecs K Hemy HoHbl Cl” Ha3bIBatOTCs UranaaMu (KK aJICHAAMH).
HCKOTOpI)IC JIMTradJbl 1 UX Ha3BaHUA:
H,0 — axBa; NH3 — ammun; O° — okco; OH — ruapokco; CN™ — mmano; SCN™ — pomano; NO; —
uutpo; SO — cymburo; NH,OH — rugpoxcunamun; F- — dropo; ClI- — xmopo; Br — 6pomo; I~ — iiozo.

Yucio MranioB, MPUCOSTUHEHHBIX K KOMIUIEKCOOOPa30BaTeI0, HA3BIBAIOT KOOPANHAIIMOHHBIM
upciIoM (K.d.) Komruiekcooopaszosatens. K.u. (Pt™) = 6.

Wons K' — BHemmss koopamHanmoHHas coepa (mpotusouon); [PtCls]> — BHyTpenHss
KoopauHanuoHHas cdepa. E€ 3apsa( TouHee, cTENEeHb OKUCIEHHS X) OINpEeNsercs aiaredpamdecKoi
CYMMOii 3aps/10B KOMILTeKcooOpaszoBaTens 1 auranios: x(/PtClg]*) = +4 +(—1)-6 = 2.

Ecrm BHYTpeHHsIT KOOpIMHAIMOHHAS cdepa HMMeeT TOJMOXKUTENBHBIA 3apsi, TO OHA Ha3bIBAaCTCS
KOMIUIEKCHBIM KaTHOHOM, €CITH OTPHIIATEILHBIN — KOMIUIEKCHBIM aHHOHOM. VIMeeTcst psizt coeMHeHNi, B KOTOPBIX
BHYTPEHHSISI KOOP/IMHAIIMOHHAS chepa He HEecET 3apsiaa — HeMTpaJibHble KOMIUIEKCh. [IprMephl yKa3aHHBIX THUTIOB
KOMIUIEKCHBIX COE/IMHEHUIA:

1) katnonuste — [Pt (NHs)sCI]CI <H—20> [Pt(NHs)sCI]* + CI;
[Cr(H20)4Br,] Br (H—20> [Cr(H20)4Br,]" + Br;
[Ni(H20)6]SOs4 (H—ZO) [Ni(H20)6]*" SO4*;

2) annonnble — Ks[Fe(CN)s] (LO) 3K* + [Fe(CN)e]*;

(NH4)2[Pt(OH)2Cl4] (H—20> 2NHs* + [Pt(OH).Cl4]?;

H,0
Nas[AIFs] «—=2—> 3Na* + [[AlFe]*;

H,0
3) ueiitpanbubie (HeanexTponutsl) — [Cr(H20)sP04] —2 > x;

H,0
[Rh(NH3)3(NO2)s] «——> x;
H,0
[PAd(NH20H).Cl;] €——> x.
HpuMeanue. KoMmekcsl aHMOHHOTO THIIA TaKKe CHIé Ha3bIBalOT alUAOKOMINICKCHBIMHU, TakK
KaK Ipyu NE€PBUIHOM IPOTOJIMU3C OHU OTIICTIIIAIOT KOMIUIEKCHBIA aHUOH.
AﬂZOpul’HMbl HA36AHUN KOMNJIEKCHbIX COeOUHEeHU: 1) KaTUOHHBIEC KOMIUJICKChI — CHaydalia
Ha3bIBAIOT BHEILIHIOW cepy, a 3aTeM B POIUTEILHOM IaAe)Ke IPUBOAAT Ha3BaHUs JINTAHIOB BHYTPEHHEH
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cepsl 1 pycckoe Ha3BaHHE KOMILIEKCOOOPAa30BaTeNs C YKa3aHUEM €ro CTEIEeHH OKHCICHHS apaOCKHUMH
nudpaMu, HapuMmep:
[Pt (NH3)3CI]Cl —xmnopun TpuamMMuHxioporiaTussl (+2);
[Cr(H20)4Br2] Br —6pomun TeTpaakBaguopomoxpoma (+3);
[Ni(H20)6]SO4 — cynbdar rekcaaxBanukens (+2);

2) Ha3BaHHWE aHMOHHBIX KOMIUIEKCOB HAYMHAIOT C BHYTPEHHEH c(epbl — Ha3BaHHE JIMTAHIOB M
JATUHCKOTO KOMIUIEKCO00pa3oBaTessi C OKOHYaHHEM -am, 3aTeM — PYCCKOe Ha3BaHHE KaTHOHA BHEIIHEH
chepsl, HarIpuUMeED:

Ks[Fe(CN)g] — rexcarmanodeppar (+3) Kamus;
(NH.)2[Pt(OH).Cl4] — murunnpoxcorerpaxyioporiatuHar (+4) aMMOHHS;
Nas[AlF¢] — rekcadTopoantoMuHaT HaTPHUS;

3) B HEWTpaNbHBIX KOMIUIEKCAX BHA4alleé HAa3bIBAIOT JHTaHAbl (C ydeToM amndaBuTa), 3aTeM
CIIe/yeT PyCCKOE Ha3BaHHE KOMILIEKCOOOpa3oBaTess 0e3 yKa3aHHs €ro CTCICHH OKUCICHUS (TIOCITeIHss
OJTHO3HAYHO MOXKET OBITh OIPE/ICICHA C YUSTOM DICKTPOHEHTPATIbHOCTH KOMILIEKCA), HAPUMEP:

[CrPO4(NHz)3] — tpuammundocharxpom;

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

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

CBsi3p MEXy BHEITHEH W BHYTpeHHEH cdepoii UMeeT MOHHBIA XapaKTep, CBSA3b BO BHYTPEHHEH
chepe — KOOpIUHAIIMOHHBIN (JOHOPHO - aKIENTOPHBIN, CEMUTIONSPHEIH).
BHyTpeHHsIs1 KoopIMHAIMOHHaS chepa /TSl KOMITICKCOB KATHOHHOIO M AHHOHHOTO THIIOB YCTIOBHO OTIRISICTCS OT
BHEIIHeH ohepbl KBATPATHHIMI CKOOKAMU.
CyIIecTBYIOT COSIMHEHHSI, COCTOSIINE U3 KOMIUICKCHBIX KATHOHOB M aHHOHOB:

[Co(NH3)s] [Cr(CN)e] — rexcarmaroxpomar (+3) rekcaaMMHHKOOTETA (+3);

[Cr(NHz)s] [CO(NO»)] — rexcanmTpokobasTar (+3) rekcaaMmiHxpoma (+3);

[Pt(NH3)sCI][Pt(NH3)Cls] — ammuaTpHXIopomiaTHHAT (+2) TPUAMMHHXIOPOILIATHHBI (+2).

Conu HEKOTOPBIX METAJIOB, OCOOCGHHO B KOHIGHTPUPOBAaHHBIX pPACTBOPaX, CIIOCOOHBI
pearupoBath MEKIy co00#, 00pa3yst KOMILICKCHbIC COSAUHEHUS — AVMOKOMNIEKCHL:
AUCI3+AuCl; < Au[AuClg] — rexcaxmopoaypar (+3) 3omora (+3) ;
Cdl; + Cdl; « Cd[Cdl.] — Terpaitomokaamar (+2) KaaMusi.
Pasnuuaror nepBUYHBIA M BTOPHYHBIM IIPOTOIM3 KOMIUIEKCHBIX COeAUHEHWH. llepBuuHBbII
NpPOTOJM3 — OTHICIUIEHHE BHEIIHEH cdepbl, OOBIYHO MPOTEKAET MO THUIY CHIBHBIX AJICKTPOJIHMTOB.
Hamnpumep, 17151 KOMILIEKCOB:

K2[PtCle] <H—20> 2K* + [PtCle]%;
[Cu(NH3)4]Cl, <22 5[Cu(NH3), 1% +2C1 .

CreneHb MEPBUYHOTO TPOTONH3a JJs Pa30aBICHHBIX PACTBOPOB KOMIUIEKCHBIX COEIWHEHUH
00b14HO 100 % wimu 61M3Ka K 3TOM BEUYMHE.

BropuyHOoMy mNpOTONM3y TOIBEpPraloTCs KOMIUIEKCHBIE HOHBL [Ipn 3TOM HX CTeneHb
npoTojiHM3a BechbMa Mana. Pacmaj mporekaer mo THIy ClaObIX 3eKkTponauroB. Tum mportonmsa —
CTYIICHYATBIH, KOTOPBIH ONMCHIBACTCS YPAaBHEHUEM 3aKOHA JICHCTBUS Macc.

KonmuecTBeHHO mpolecchl NPOTONHM3a KOMIUIEKCHBIX HOHOB XapaKTEpU3yeTCsl KOHCTaHTON
HeCTOUKOCTH (Kieer) MITM 0OpaTHOI i BETMUMHON — KOHCTAaHTOW YCTOWIMBOCTH (Kyer).

PaznuuaroT KOHCTaHTHI MPOTOJIN3a CTyMEeHYaThle u o0mue. CTyneHYaTble KOHCTAHThI CBS3aHbI C
OTHICTICHUEM OJIHOTO JIMTaHJIa OT KOMIUIEKCHOTO MOHA MJTH MOJIEKYJIbI, & OOIIHe KOHCTAHThI YYUTHIBAIOT
PaBHOBECHBIC KOHLEHTPALMK KaK JIMraHIOB, TaK M KOMILUIEKCOOOpa3oBaTessi, 00pa3yroIuXxcs B XOIe
IpoToNM3a 1o BceM cTyneHsm.Hampumep, mporomus kommnexcHoro mona [Cu(NHs)4]?* mpotekaer B
YeThIPE CTYIICHH:
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 [[Cu(NH3)3]% JINH;]

1) [Cu(NH3) 2" > [CuNH)g] + NHg;  Kygena = S =107-10,
[[Cu(NH3)4]""]
2+ 2
2) [Cu(NH3)31%* & [Cu(NH3),]%" + NH3; KHGCT3=[[C”(NH3)2] ][ZNH3] ~186-103:
[[Cu(NH3)3]"]
2+ 3
3) [Cu(NH3),1% > [CUNH3]> + NH3; Koeer2 _ [[Cu(NHs)] ][';'H3] ~468-107%:
[Cu(NH3)4]""]
2+ 4
4) [CUNH3]?" > Cu® + NH3; Kecrl :W:Loz 1074
[[Cu(NH3)]""]

CyMMapHO€e ypaBHEHHE MPOTOJIHM3a BHYTPEHHEH KOOPIUHAIIMOHHON C(ephbl BBIPAKACTCSA OOIINM
YpaBHCHUCM!
2+ , 4H,0 2+
[CU(NH3)4] (—2——)[CU(H20)4] +4NH3.
3HavyeHne OOIEH KOHCTaHThl HECTOHKOCTH OMpEAersieTCsl MPOM3BE/EHHEM BCEX CTYMEHYAThIX
KOHCTaHT HecToikocTH. Hampumep, mist mona [Cu(NHs)s]?* o6uias koHCTaHTa HecTOHKOCTH GyIeT NMeTh
BUI:

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

Ipumeuanue. Crynenyarsiii nporonus nona [CU(NH3)4]** B BoaHEIX pacTBOpax IpencTaBieH B
BHJE, KOTOPbIH OTBEYACT MPUHYUNY COXPAHEHUS NOCMOSHCMBA — KOOPOUHAYUOHHO2O — YUCIA
Komniekcoobpazoeamens. Jloka3zaHo, 4TO TPH OTPHIBE OT KOMIUIEKCHOIO HMOHA JIMTaHIa €ro MecCTo
3aHUMAIOT MOJICKYJIBI BOJIBI:

—951.10713,

[Cu(NH3)4]** + H>0 < [Cu(NH3)3H,0]%*" + NH3
B uTore nporecc I0JKeH 3aBepIIMThC 00pazoBaHueM TeTpaakBakomiuiekca [Cu(H20)q]%".

Yem OoJibliie BEIHYMHA KOHCTAHTHI HECTOMKOCTH (MJIM MEHBILE KOHCTAHTa yCTOWYHUBOCTH),
TEeM MEHee YCTONYMBO TAaHHOE KOMIUIEKCHOE COCIHHEHNE.

[IpoToiM3 KOMIUIEKCHOIO HMOHAa BO MHOTHX CIy4asX JOKa3blBaeTCsi C IOMOUIBIO
YyBCTBUTEIBHBIX PEAKTHBOB, OOHAPYKUBAIOIIMX B PACTBOPE KOMIUICKCHOTO COCIMHCHUS HOHBI
KOMILJIEKCO00pa30BaTeIs ¥ JINTaH/IOB.

Hampumep, nonbl meau B komiuiekcHOM coeauHenun [Cu(NHs)s]Cl: moxHO 00HapyXuTh,
prOaBUB K PACTBOPY 3TOM COJM PACTBOP CyNb(pHIa HATPHUS:

[Cu(NH3)4]Cl, + NayS = CuS | +2NaCl + 4NHa;
[Cu(NH3),]%* +S72 = CuS 4 +4NH;

WJIN IIYTEM CBA3BIBaAHWA aMMHAaKa B Ooinee HpO‘IHBIﬁ KOMIIICKC — KATUOHBI aMMOHU A

[Cu(NH3)4]Cly + 4HCI — CuCl, +4NH4CI;
[Cu(NH3)4]?" +4H* — Cu®t +4NHJ.

Kommnnexcuvie coedunenus ¢ Manoycmouyueol eHympeHHell cgepoil, npomonus KOmopou
NPOXOOUM NPAKMUYECKU NOTHOCMbIO — IMO 08OUHbIE COMU, HATIPUMED:

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

KBaCI[bI

[2NH4(H20)6] [Fe(H20)6] (SO4)2 (_H—ZO_) 2NH, "+ Fe3*+250,* +12H.0;
cosib Mopa.
Teopuss BaneHTHBIX cBsized (TBC) o0OBSCHAET CTpOCHHWE KOMIUICKCHBIX COCAMHEHHH
BO3HMKHOBCHHEM JIOHOPHO-aKLENTOPHOM CBS3M MEXAYy KOMIUIEKCOOOpa3oBaTeieM H JIMTaHJaMH.
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OOBIYHO JOHOPOM DJICKTPOHHOM Maphl CIIY)KUT JIMTAHI, akKIENTop — CBOOOJAHBIE OpOUTaAIH
KOMITIIEKCo0oOpazoBaTes.

TBC BO MHOrMX CIy4asX IIO3BOJISICT YCTAHOBUTH O3JCKTPOHHYIO M TPOCTPAHCTBEHHYIO
KoMIuteKca. TeopHsi y4uThIBaeT MPH ATOM XapaKTep BaJCHTHBIX OpOMTAjel IIEHTPaIbHOTO aToMa B €ro
THOPHUIIHOM HIIA HETHOPHUIHOM COCTOSTHHIH.

OCHOBHBIC THUIBI THOPUIHBIX COCTOSHHH KOMIUIEKCOOOPa30BaTeNsi U COOTBETCTBYIOLIHE MM
TIPOCTpaHCTBEHHBIE CTPYKTYphl: SPp — muueitnas ([Ag(NHs)2]*, [Cu(NHs):]"); sp® — terpasmpuueckas
([Cu(NH3)4]?", [NiCls]?"); d?sp® ([CoFs]®) mm sp’d? ([Co(CN)e]*) — oxrasnpuueckas. KBagpatHo-
TIOCKOCTHO# CTPYKType oTBeuaeT dsp’-rubpuansanus, HanpuMep, 11 Kommiekcaoro nona [Ni(CN)4]* .

Oco60 neHHyro HHQOpMANUIO 00 AIEKTPOHHOM CTPOCHHH W TEOMETPUYECKOH CTPYKType
KOMILIEKCO00pa30BaTels UMEIOT €0 MarHUTHBIC CBOWCTBA. [lapaMarHUTHBIC KOMIUICKCHI HMEIOT B CBOEM
COCTaBe HeTlapHbIC 3JIEKTPOHBI — OHU BTATHBAIOTCS B MarHUTHOE TIOJIC, a TMaMarHUTHbIE, B KOTOPBIX BCE
AIIEKTPOHBI CIIAPEHBI, H3 MATHUTHOTO MOJISI BBITAJIKHUBAIOTCS.

MarnuTHBI MOMEHT KOMIUIEKca (1) BBIpaXkaloT B MarneTonax bopa (oaun m. b = 0,927-102°
apr/raycc), KOTOpbIii MOXKET OBITh BRIYHCIICH U3 (popMyIa Buaa:

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

rae N — 4KCIIo He CIIapEHHBIX SJIEKTPOHOB B aTOME WITH HOHE KOMILIEKCOOOPA30BaTEIs.
DKcrepuMeHTalbHas HHGOPMAIKst O BEIMYMHAX MATHUTHOIO MOMEHTA MO3BOJIAET CYIUTh O
THIIE THOPHIN3ALNH [IEHTPAIBHOTO aTOMa M O TEOMETPUH KOMILIEKCA B IIEJIOM.
VIMEHHO BEJIMYMHBI MarHUTHBIX MOMEHTOB ISl KOMIUIEKCOB ¢ KOOPAMHAIIMOHHBIM YHCIIOM 6
TIO3BOJNMIIM BBECTH TOHSTHS GHewuneopoumanvroii NSNPnd® u enympuopbumansuoti (n—1)d’nsnp® -

rUOpHUIN3aLNY.
BHyTpropOuTansHble KOMITIEKCH — JHaMarHUTHBI WM HU3KOCITHHOBEIC, COJICPKaT OWH HIIH
nBa HecmapeHHbix dnmextpoHa ([CO(CN)e]* u /PdCly]* — nuamMarHuTHEI); BHEIIHEOPOUTANLHBIE —

BBICOKOCIIMHOBBIE, BKTIOUAIOT 3 — 6 HecmapeHHbIX 2mektpona ([COFs]® — powen = 4,8; 4 HecmapeHHBIX
anextpona; [MNCls]? — fiowen. = 5,95; 6 HeCTIaApEHHBIX TEKTPOHOB).

TBC y0OenutenbHO NOSCHSIET CTPOCHHE KAapOOHWIOB METAJUIOB C HYJIEBOW CTEHEHBIO
okucieHus. Bo30yxaeHHOe COCTOsIHME aToMa KOMIUIEKCOOOpa30BaTeNs MOXKET NPUBECTH K CIIAPUBAHUIO

AE
0-371eKTPOHOB, HampuMep, y TAKUX aTOMOB Kak XpoM (... 3d°4S'4p" ————> 3d%4s%4p°), xeneso (...

AE AE
3d°48%4p° ———> 3d%4s°4p°), mmkens (... 3084S%4p° ———— > 3d%4s°4p°). Orciona momnsTHO
oOpa3oBaHHMe aMaMarHUTHBIX KomiuiekcoB — kapOonmnos: [Cr(CO)s], [Fe(CO)s/ u [Ni(CO)a]
COOTBECTBEHHO.

Teopus kpucrammgeckoro moins (TKII), B ornuune or TBC, yduThIBaeT 351€KTpOCTaTHUECKOE
BJIMSIHHAE JIMTaHI0B Ha O-OpOMTAM KOMILIEKCOOOpa30BaTelsi, KOTOPOE HEOJMHAKOBO M3-3a X Pa3HON
HPOCTPAHCTBEHHOI OpHEHTAIHH.

Jlokazano, uto 0> u O¢y?- opbutamu (d,- ypoBeHB) HCHBITHIBAIOT OONee CHIbHOE
OTTAJKMBAaHHUE IOl BIMSHUEM 3JIEKTPOCTATUYECKOTO MOJIS JIMTAHIOB, YeM opOuTaiu Oyy, Oyz- 1 Oy (d; -
YPOBEHB).

B okrasgpuueckom moie d-opOuTamM  KOMIUIEKCOOOpa3oBaTelss NPHOOpPETAaoT  IBa
9HEPreTUYECKHUX YPOBHs: 1) ¢ MeHbIeH sHeprueil d; — ypoBeHb, BKIIOYAIONINN TPH OpOUTAIH Uxy, Ox.o- 1
dy.2; 2) ¢ Gosee BBICOKOI Heprueii d,- ypoBeHb, coepskanuii 1se d,>- u 0y~ opouTany.

DHeprusi pacuieryieHust (A) — pa3HOCTh MEXIy JHeprusiMu ypoBHeu d,- u d., duciieHHas
XapaKTEePUCTUKA PA3HOTO AIICKTPOCTATHYECKOTO JCHCTBUS TIOJIS JIMT@HIOB Ha IMPOCTPAHCTBEHHOE
pacnpereNieHne MIEKTPOHHOM IIOTHOCTH -opOuTaiei KoMIiekcooOpazoBaTels.

BennunHa A HeoaMHAKOBA ISl pa3HBIX JIMTAHAOB M 3aBHCUT OT MX NMPUPOJbL. Bennunna sHeprun
pacIIerIeHus], BbI3bIBaeMasi pa3HbIMHU JINTAHAMH, BO3PACTaCT B CICAYIOIIEM MOPSIKE:
I"<Br <ClI'<F < OH < C;04 < H;0 <NH; <NO; <CN < NO<C(CO,
T.€. KOKIbIH CIEIYIOIIUI JIMTan co31aéT Ooiee CHIIBHOE T10JIe, YeM nmpeablayuii. [IpuBenenHas
HOCJIEIOBATEIbHOCTh HA3BIBACTCS CHEKMPOXUMUUECKUM PIOOM.

Jluzanowr craboeo nons pacmojaraloTCs B Hauajne psga, o0jgamaroT BechbMa Majoi A. d-
OpOuTanu KOMIUIEKCOOOpa3oBaTeIss C TAKUMH JIMTaHJAMH 3alOJHSIOTCS B COOTBETCTBHUH IMPABHIOM
XyHna (abcoaromuas eiuduHa CyMMAPHO20 CRUHA 8 NOOYPosHe 00/JiCHa Oblmb maxkcumanvro). Ipu
9TOM DJHEPTusl OTTAIKMBaHUS JIBYX CHApEHHBIX 3JIEKTPOHOB OKAa3bIBACTCS BBINIEC, YeM BelMYWHA A.
Komrutekcsl, cofeprkaniue JUratpl ¢1adoro o, Beera napaMarHiTHBIL.
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JIlueanowi cunbHo20 NoJis BI3BIBAIOT BEChbMa 3HAYUTENbHYIO SHEPTUI0 paciuerieHus. [Ipu stom
9HEPrusl OTTAJIKUBAHU JBYX CHAPEHHBIX JJIEKTPOHOB OKA3bIBAETCS MEHbIIE, YeM BeIMYuHa A.
[TocnenoBaTeIbHOCTh  3aIONHEHUS] DJICKTPOHaMHU d-YpOBHSI KOMIUIEKCOOOpa3oBaTelsl  CIICMYIONIas:
CHaYaja WET 3alO0JIHCHUE OJMHOYHBIMH, 3aTE€M — CIIAPCHHBIMH JIEKTPOHAMH opOuTaneii d,, mocie 4ero
3JICKTPOHAMH 3aloNHs0TCs O,-opouTanu. KoMIIeKCHbIe COSIMHEHH S, COACPIKAIINE JIMTaHbl CHIIBHOTO
10JIs1, AMaMarHUTHBI WX SIBJISFOTCS] HU3KOCTIMHOBBIMH.

TKII oObsicHSET OKpacKy KOMIUIEKCHBIX BEIIECTB C HAJMYMEM y KOMIUIEKCOOOpa3oBaTelis
BaKaHTHO# opOutanu Ha O, momyposHe. Ilpu mepexome snekTpoHa ¢ O, Ha O, MOXYpPOBEHH SHEPTHUS
morjiomaeMoro cBeta (E) mpu 3TOM afeKBaTHa DJHEPTHH pacIieruieHus (A), 9TO OIpeaeiseTcs
CIIEAYIOIINM COOTHOLIEHUEM (7151 OTHOTO MOJIb BEIIECTBA):

A, IPic/mons = ENa = hvNa = hcNa/A = 0,1196/1, (6.2)
rae Na = 6,02:10%% — nocrosaaas Asoraapo; h = 6,6:10* Jlx-c — nocrosianas [lnanka; ¢ = 3-108
M/C — CKOPOCTB cBeTa; V(cM ) 1 M(M) — 4acToTa ¥ JJIMHA BOJIHBI MOTJIOIIAEMOTO CBETA COOTBETCTBEHHO.

LIBeT — 3TO 3pHUTENBHOE OILIYIICHUE 3JEKTPOMATHUTHOTO M3Iy4YeHHs ¢ ATUHaMu BoiH 400 —
760 um (1 BM = 10° m). Ecim Bce magarormiue JIyd9d OTPaskKaroTCs, TO BEIIECTBO — OECLBETHOE, €CIIH
MOJHOCTBIO MOTJIOIIA0TCS — YyepHoe. 1Ipu n3duparenbHOM MOTIOMIEHNH OIIYIEHHE LIBETHOCTH CO3/AAI0T
nmpomeaAmunue HiIn OTPaXCHHBIC BCHICCTBOM JIy4H. Takoi IOBET HAa3bIBACTCs AOIIOJTHUTCIBbHBIM HIIN
HaOmogaeMbIM (cM. Tabm. 9.1.35).

Merton monexkynsipHbIx opoutaneit (MMO) sBisieTcss caMbIM YHUBEPCAIbHBIM TPU OMHMCAHUH
XMMHYECKOH CBSI3M B KOMIUIEKCHBIX coenHeHUsIX. MMO y4uThIBaeT B3auMHOE BIMSHUE OpOUTaleil KaKk
KOMITJIEKCOO0paszoBarens, Tak u Juranjos (B orauuue ot TKII) npu oOpa3oBaHiM XMMUYECKHUX CBSI3EH B
KOMILJICKCaX.

Tabnuya 7.1 Tabnuya yeemnocmu

JuHa BosH, IlBer

Hwm CrexTpalibHbBIN HaGmonaembrit
400 — 435 DHONEeTOBKIH 3eIeHOBaTO-KENThIT
435 - 480 Cunuit Kenterit
480 — 490 3eNeH0BaTO-CHHUI OpanKeBbIii
490 — 500 CuHe-3en€HbIi KpacHsrit
500 — 560 3eNeHbIi [lyprrypHbIit
560 — 580 XKenro-3eneHsiit ®DuoCeTOBBIIH
580 — 595 Kenrerit Cunnit
595 — 605 OpaHKeBblii 3e/1eHOBaTO-CUHU I
605 — 730 KpacHbrii CuHe-3eeHbIi
730 — 760 [TyprypHBIT 3eneHbrit

MMO ocHOBBIBaeTCS Ha B3aMMOJEWCTBHU aTOMHBIX OpOHWTaliel, MPUBOAAIINX K 00pa30BaHUIO
MHOTOIIEHTPOBBIX MOJIEKYJISIPHBIX OpOWTaNel, IMEIOIuUX pa3Hble dHepruu. OOpa3oBaHue CBA3BIBAIONINX
MOJIEKYJISIPHBIX opOuTaieit (0°°) naéT Ha HWKHUX HEPreTHYSCKUX YPOBHSX, paspbixisitomux (o7*F) — 3a
CYET BEPXHUX.

Mexny ypoBHsIMH ¢ U ¢”*P HaXomsaTCs YPOBHHU ¢a00 CBS3BIBAIONINX, HE CBS3BIBAIOIIUX U
c1abo paspeIXiIONMX opburtaneit (0;). MoneKyssIpHbIE OpOWUTANIHM 3aMONHAIOTCS JJICKTPOHAMHU B
COOTBETCTBUH ¢ puHIUNoM [laynu u npaBunom XyHpa.

MMO ocHOBaH Ha O4YEHb CIOKHOM MAaT€MaTHYECKOM ammapaTe, 4YTO TMPEMSITCTBYET €ro
IIMPOKOMY HCTIOJIb30BaHUIO.

Oo0pa3zoBaHue KOMILIEKCOB KATHOHAMU

[IpucoenuHenne NHUraHIOB K KOMIUIEKCOOOPAa30BaTEN0 MOXKET IMPOUCXOJUTH ITOCPEACTBOM
00001IeHNs STIEKTPOHHOW Maphl, MPUCOCTUHSIONIEHCS TPYIBl (KOMIUICKCH BHEJIPEHUS) MM 32 CUET
JMEKTPOCTATUYECKUX CHJI TIPUTSDKEHUS MOJIEKYIN, OOJaJaroiuX IUMOJBHBIM MOMEHTOM (KOMITIEKCHI
NPUCOCANHEHHS).

Mornekynbl W HOHBIL, CIIOCOOHBIE BBIMOMHATH POJb JHUTAHAOB, [0 AaKTHBHOCTH MOXHO
PacCTOIO0KHUTh B CIETYIOMNHN P

H,0 >NH;>NO» >CN>1>Br>Cl>F.
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Ecnmn B kayecTBe JMraHIOB HCHOJB3YIOTCS HOHBI, IEPEYHCICHHBIE BBIIIE, TO MOIYYaOTCS
KOMIUIEKCHBIE COeTUHEHHS THIa ABOWHBIX colieii. UeM Ooibllie BeIndnHA KOHCTAaHTHI HECTOMKOCTH, TEM
MeHee MPOUYeH KOMITIEKC U TeM OJIFKe 110 CBOMCTBAM JaHHBIA KOMIUIEKC K IBOMHOM COJIH.

KommnuexkcHble coeMHeHUsI ¢ BOAOH M TMIPOKCHIBHOMIPYIINOH B KayecTBe JUTAHA0B

UzBecTHO, uTO O€3BOMHBIN cymbhar Mean (Mennbid kymopoc) CuSOs OecriBereH, HO TpH
no0aBIeHNH BOABI OH TPHOOPETAaeT CHHEE OKpallWBaHWE. JTO TPOUCXOIHWT BCIEACTBHE BHEIPEHUS
MOJIEKYJ BOJIBI BHYTPh KPUCTATMYECKON PEIIETKH COMM U 00pa30BaHUsI KOMIUIEKCHOTO THAPATA.

I[Ipn  pmeiicTBuM memoded HA COJMM  METANIOB (32  HMCKIIOYCHHEM  IMEIIOYHBIX H
IeTOYHO3EMENFHBIX) O00Pa3yIOTCs THUAPOKCHABI, JIETKO PAaCTBOPHMEIE B KHCIOTax, a aM(OTepHBIC
OCHOBAaHHUSl CIIOCOOHBI TarK)kK€ pAacTBOPATHCS B HIeloyax, o0pasys KOMIUIEKCHBIE HOHBI C
COOTBETCTBYIOIIMM JaHHOMY OJJIEMEHTY KOOPAMHAIMOHHBIM ducioM. OOpa3oBaHWE 3THX HOHOB B
pacTBOpe MOXKHO paccMaTpuBaTh KaK IPOIECC ITOCTENEHHOIO BBITECHEHHS BOABI W3 THAPATHOTO
KOMIUIEKCA HOHAMHU THPOKCHUIIA.

B 3aBucumoctn ot pH cpensl mpoTtonu3 coiell LIMHKAa NpOTEKaeT CTymeHdarto. B kucabix
pactBopax, rie pH<7 oGHapyxusatorcs nous [Zn(H20)4]%* u [Zn(H20)s:0H]".

B me#iTpanpHBIX pacTBOpax, rme pH = 7 oOpasyercss He wuMermiee 3apsia COSIHHEHUE
[Zn(H20)2(0OH);], xoTopoe nerko tepsieT Boay, npespaiiasich B Zn(OH)..

B menounsix pactBopax, rae pH > 7 oGHapyxmBarorcss mombl [Zn(OH)s]*. O6pasoBanne
MPUBEEHHBIX BBIIIE COCTMHEHUH MOYKHO TAKXK€ pPacCMaTpHWBATh KaK CTYMEHYATYIO IOTEPI0 MPOTOHOB
MOIeKyIaMH Bobl B Komiutekce [Zn(H20)4]%".

Oo0pa3oBanue KOMILIEKCHBIX AaHHOHOB

MHorue KHCIOpOACOAEpIKAIe KUCIOTHl TaKXKe MOXKHO paccMaTpUBaTh KaK KOMIUIEKCHBIE
coeqMHEHMs. B kadecTBe KOMITIIEKCOOOpa30BaTes BHICTYIAET IEHTPAILHBIN aTOM KHUCIIOTHI, JIMTaHAaMHU
O6LI‘IHO SABJIAIOTCA aTOMBI KUCJIOPOJa, a pOJib BHEIIHEHN C(bepm KOMIIVIEKCHOI'O COCAUHCHUS BBIITOJIHAIOT
WOHBI BoJopo/a. PaccMoTpum 3T0 Ha mpuMepe KUCIOT XJIopa.

Hon xyopa uMeeT 4eTbIpe JIEKTPO ngl,uy6 €Ta, T.€. MOXKET ABIATHCSA JOHOPOM JJIEKTPOHOB,
TIOTIOJHSAS 3IEKTPOHHbIE 000JIOUKH JPYTUX aTOMOB.

B 3aBUCMMOCTH OT KOJIMYECTBAa KHCJIOPOJa, NMPUCOSAMHEHHOTO K HOHY XJIOpa, MOXET OBITh
00pa3zoBaHo 4 KUCIOPOICOAEPIKANINX KUCITOTHBIX OCTATKA.

[lpu mpUCOETMHEHNU OJHOIO aToMa KHUCIOpOAa o0pa3yercsl TMIOXJIOPHUT- HOH, BIIEKTPOHHOE
CTPOCHHUE KOTOPOTO MOXKHO MPEJICTABUTH CISAYIOIUM 00pa3omM

ATOM KHCIIOpOJa Ha BAJICHTHOW »Iie Tp&JH(@ -oposouke umeer 6 AJNIEKTPOHOB, TOATOMY
KHCJIOPOJY JUISl 3aIllOJIHEHUS 3JIEKTPOHHOM 000JI0YKH JI0 OKTETa HE XBaTaeT JBYX DJIGKTPOHOB, a XJIOP,
UMest 3JICKTPOHHBINA OKTET, MOXKET CIIY)KHTh JJOHOPOM 3JICKTPOHOB.

Kucnopon 3aBeprraer CBOrO 3IIEKTPOHHYIO 000J0YKY, OTTITHBAs AIEKTPOHHBIN TyOJIET OT XJopa.
ITapa »ekTpoHOB, paHee MPUHAJISKAIAS XJI0PY, CTAHOBUTCS OOIIEH I XJIopa U KUCIopoaa. Mexmy
HUMH BO3HUKAET JOHOPHO-AKIICNITOPHAS CBS3b, IPU STOM JIOHOPOM 3JICKTPOHOB CTAHOBHUTCS XJIOp, a
aKIIeTITOPOM — KHUCIIOPO/I.

BBuny TOro, 4Tto K XJIOpY NPHUCOECIUHWICS HEHTpPaJIbHBI aTOM KHCIOPOJIA, 3apsii HOBOTO HOHA
OCTaJICS MPEKHUM.

[Tomo6HO 00pa30BaHNIO NOHA THUIIOXJIOPUTA MOXKHO C MOHOM XJIOpa CBSI3aTh JIBA, TPU WIIH YETHIPE
aToMa KHUCJIOPOa, UCIIOIB3Ys P STOM TOTOBBIE 3JIEKTPOHHBIE JyOJIETHI XJI0pa.

Hanummte gpopmyist: a) xnoput-uona ClO, ; 6) xnopar-uona ClO ; B) nepxnopar-uona ClO, .

CremneHb OKUCIEHUS XJIOpa paBHA COOTBETCTBEHHO +1, +3, +5 u +7, a KOOpAUHALIMOHHBIE YHCIIA
-1,2,3,u4.

KoMmiekcHble coeqUHEeHNs] B peakuusX 00MeHa

Jus oOHapyxeHHs B pPacTBOpax pa3lUYHBIX HOHOB YacTO YIIOTPEOJSIOT KOMIUICKCHBIC
coeqMHeHus. B yacTHOCTH, 111 06HApy)eHus MoHa Fe™® mcnomb3yror pactop Ka[Fe(CN)s] — xentyro
KPOBSIHYIO COJIb, TECT Ha OTKPBHITHEC HOHOB JkKeie3a (+2) MpoBOAAT IEHCTBHEM pacTBOpa KpacHOM
kpoBsiHoii conn — K3[Fe(CN)e].

OO0opynoBaHne U MaTepuaJbl
1. PactBop xmopuzaa meau (+2)
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PactBop cyibbhuna HaTpus

PacTBOop ammMuakxa

PactBop cysbduna HaTpust

PactBop *xenezoammonnitHbIx kBacoB [NHsFe(SO4);
PactBop ponanuna xanus nim ammonust (KCNS mwi NH4CNS)
PactBop Ks[Fe(CN)sg]

PactBop NH4CNS.

PactBop cysnbdara nuHKa

10. PactBop ménoun

11. PactBop HuTpaTa pryTH (+2)

12. PactBop noauaa Kanus

13. PactBopa xnopuna xenesa (+3)

14. PactBoOp enTOM KPOBSIHOM COMNN

15. PacTBOp KpHcTamHUecKkoro cyibdara xemnesa (+2)
16. npoGupku

CoNoaRWN

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3NEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOAKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

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

3. PabGouee mecTo conepkaTh B OPSIKE U YUCTOTE.

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

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

6. Bce ombITH ¢ BpeAHBIMH U TTAXHYIUMH BEIIECTBAMU, a TAKKE YIApUBAHHE KUCIOT U KUCIBIX
pPacTBOPOB MPOBOJMTH B BBITSDKHOM ITKaQYy.

7. OcTaTKyl cCoeIMHEeHUI cepedpa cMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHHM PAacTBOPOB B IMPOOUPKE BCEra CIEAYET JAepiKaTh €€ TaKuM 00pa3oM, 4TOOBI
OTBepCTHE MPOOUPKHU OBUIO HANIPABIEHO B CTOPOHY OT pabOTAIOLIEro PSAIOM COCEa.

9. He HaKJIOHATH JIMIO HAJ HATPEBAEMOM KHIKOCTHIO MITH CIUIABISIEMBIM BEIIECTBOM.

10. He cnemyer BABIXaTh Maxydue BEIIECTBA M Ta3bl, OJM3KO HAKIOHSSACH K COCYIY C ITUMH
BenlecTBaMy. HroxaTh BellecTBa MOKHO JIMIITb OCTOPOKHO, HAMPABIISIA K ce0e Maphl WK ra3 ABIKEHHEM
PYKH.

11. XpaHuTb pacTBOPHI KOHIIEHTPUPOBAHHBIX KHCIIOT | IEJIOYEH B BBITSHKHOM MIKady.

12. BrpummBaTh pa30aBiIeHHbIC KUCIOTHI U METOYHBIE PACTBOPHI CIIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOoBaTh XHMHUYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIerKo0 BOCILIAMEHSOIIUMUCS BelecTBaMu (3QUphI, OSH301, CEpOYTIepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHSI U BKJITFOUSHHBIX TUTUTOK.

15. IIpu paboTe cO CTEKIOM, XHMHYECKOHW TOCYIOH, HEOoOXOAMMO COONII0/IaTh TpaBUIiIa
NPEAOCTOPOKHOCTH BO M30€KaHNE PAHEHUH OCKOJIKAMH CTEKIIA.

16. Karteropuuecku 3ampeniaercsi OCTaBiIsATh paboTarole Npuoopsl 63 HaOIIOACHUS.

23. B xumMueckoii 1abopatopun He0OX0UMMO paboTaTh B Xajare.

3aganusa

Omnwit 1. Kauecmsennas peaxyus nHa uon meou. B mpoOupky momecture 10 xamens pactBopa
xynopuia (Wi cynbdara) Meam (+2) W MO KamusM JTOOABISIHTE PacTBOp Cynbduaa HATpHUs 10
o0pa3oBaHHS 0caIka YEPHOTO I[BETA.

Hanumure monekynsipHoe U HoHHOE ypaBHeHue. [[poOupKy ¢ ocagkoM coXpaHuTe AJis OmbITa 3.

OmeiT 2. [TomyuuTe pacTBOp KOMIDIEKCHOW CONM — aMMHakaTta Memu. [ 3Toro momecTture B
poOupky 10 kamens pacTBOpa XJIOPHIA WU CylIb(ara MeIH 1 10 KaIIsaM JO0aBJISHTE pacTBOp aMMHaKa
0 oOpa3oBaHMs 3eJIEHOTO OCaZKa OCHOBHOTO xyopuaa (cynbgara) Meau. 3aTeM K NPOAYKTaM peakiuu
no0aBpTe HM30BITOK aMMHaka J0 HCYE3HOBeHMs ocaaka. OOpasoBancs amMMuakaT Menu. PactBop
KOMIUIEKCHOM COJIM OCTaBbTE JIJIS CIIEAYIOIIETO OTBITA.
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Hanumure monexynspHoe U MOHHOE ypaBHeHHE peakuuil. KakoBa KOHGUrypauus KOMIIJIEKCOB
[Cu(NH3)2]** 1 [Cu(H20)s]**? OnmmmTe NX MarHUTHBIE CBONHCTBA.

Onpit 3. Jlna o6HapykeHus oHoB Meau CU?* B KOMILIEKCHOI COMM K MOJTYYeHHOMY B OTBITE 2
aMMHaKaTy MeJH 10 KalUIsM MpHOaBIsIHTE pacTBOp cyiabduaa HaTpus A0 oOpa3oBaHHs YEPHOTO OcaIKa.
CpaBHHUTE [TOJYYECHHBIN 0CaIOK C OCAAKOM, IIOJyIEHHBIM B OIBITE 1.

3anuimuTe MOJEKYISIPHOE U HOHHOE YpaBHEHHsI 00pa30BaHMs OCaaKa.

Hanumwure ypaBHeHME NEpBHYHOTO MPOTONM3a W ypPaBHEHUS BCEX CTYINEHYATHIX MPOIIECCOB
IPOTOJIN3a KOMIUICKCHOTO HOHA; 3allMIIUTE BBIPAKEHHUS KOHCTAaHT HECTOMKOCTH M OOpaTHBIX UM
KOHCTAaHT YCTOMYMBOCTH Ul BCeX CTymeHeH mnporosn3a. Kak BBIMISAUT COOTHOLIEHHWE Ui OOIIeH
KOHCTaHTHl aMMuakata Meau? Haiigute HyXHYI0 WHQOpPMAaIMIO B CIpaBOYHMKAX W BeIHmHTEe e€. Kak
MOYHO 00BACHHUTH OKpacKy coeaunenuii Cu* ¢ mosummii TKIT?

Omnsit 4. CpagueHue colicmea KOMIIEKCHOU U 080tHol coau. B mpodupky momectute 10 kamenb
pactBopa xene3oaMMoHuiHbIX KBacoB [NHiFe(SO4)2], nobaBeTe Mo KarmisM pacTBOp poJaHUIA Kalus
um ammonns (KCNS umu NH,CNS). TTosiBisieTcst KpacHOe OKpaIlMBaHUe, XapakTepHoe 11 nona Fe** 3a
cuét obpasoBanus Fe(CNS)s.

Hanumure MonexynsipHoe M HMOHHOE ypaBHeHHME peakuuu. Kakyroo 4acTb BHAMMOIO CIIEKTpa
noromtaet pactBop Fe(CNS)s?

B apyryro npobupky nmomectute 10 karens pactBopa Ks[Fe(CN)s] u tarxoke mo xamisM go6aBbTe
pasHbIit 066éM NH4CNS. TTosBrtocs i kpacHoe okparmmBanne? CoaepKuT i pacTBOp HOHbI Fe**?

OmpiT 5. [IpUroTOBRTE TUAPOKCHUI ITMHKA U MEPEBEIUTE €ro B IMHKAT. (s 3TOrO K pacTBOpy
cynbdara nmuHKa M00aBbTE MO KAllIsM PAacTBOP MIEIOYM O MOSIBICHHS OcCaaka TUApokcuaa muHka. K
NOJY4YEeHHOH cMecH J00aBbTe W30BITOK INENOYM [O TIOJHOTO PacTBOpeHust ocaika. Hamummure
MOJIEKYJISIPHOE ¥ MOHHOE YpaBHEHHE peakiuu 00pa3oBaHue THAPOKCUIA U IMHKATA.

OmnpiT 6. Haneiite B mpoOHPKY HECKONBKO Kareidb HUTpaTa pTyTH (+2) u m00aBbTe MO KarlIsiM
pacTBOp MOANAA Kaus 10 00pa3oBaHUs OcajKa.

Hanumure monekynsipHoe U HOHHOE ypaBHeHHe peakunu. K oOpaszoBaBiiemycst ocaiky Hoauaa
pTYTH TpHOaBbTE W30BITOK HOJWIA KaJWs JO TIOJHOTO pacTBOpeHHs woaunpa prytd. OOpasyercs
KOMILIEKCHas1 coib. M300paszute GpopMyy NOTy4eHHOH COJM, 3Hast, YTO CTETIEHb OKUCIICHHS PTYTH PaBHA
(+2), a xoopauHanuoHHoe umcio 4. MoHbl Hoga — JUraHAbl, MOHBI Kajiusg — NPOTHBOMOHBI W,
CJIeJIOBATENLHO, PACIIONOKEHBI BO BHEIIHEH KOOPAWHAIIMOHHOMW cdepe.

Hanumwure mMonekynspHOe W MOHHOE ypaBHeHHE oOpazoBaHms KomIulekcHOW comu. Kak TBC
00BACHAET FIEKTPOHHYIO CTPYKTYpY KoMILiekcHoro uona [Hgly]®? Kakoit Tun rubpuamsanuy KaTHOHA
Hg?* B 5ToM kommuiekce? KakoBbl MarautHsie cBoiictBa [Hgls]% ?

Onwit 7. Tecm na omxpwimue owcenesa (+3). B npobOupky momecture 10 kamenb pacTBopa
xyopuza xenesa (+3), U Mo KamwisiM J00aBJsiiiTe pacTBOpP KENTOHW KPOBSHOM COJIM 0 0Opa3oBaHUs
roiy0oro ocajka OCpIMHCKOMN JIa3ypH.

OmwiT 8. Tecm na omxpwvimue dceneza (+2). B nmpodupky nomecture 10 kamens pacTBOPEHHOTO B
BOJIE KPHCTALTMUECKOTO cyiabdara sxemeza (+2), mpubaBbre 1o KamisiM pactBop Ks[Fe(CN)e].
Habmomaetcst oOpa3oBaHue 0cajika XapaKTEpHOTO CHMHEro IBeTa (TypHOyJuIeBa CHHB). DTO COEANHEHHE
obpasyeTcsi B pe3ylibTare HeroaHoro 3amenieHus noHoB kajus B Ks[Fe(CN)s nonamu xenesa (+2).

TIpumeuanue. JIokazano, 4to TypHOYyIUIEBa CHHb U OEPIIMHCKAS JIa3yph IMOJIHOCTHIO UJICHTUYHBI H
UMEIOT OJTUHAKOBBIE (POPMYJIBI.

HazoBute, ucnons3ys npasuna MIOITAK, xenTyro M KpacHYI0 KpOBSIHYIO COJb; M3HAYAJIBHO
00pa3sylomuecss ColMM NpU OTKpbITMH HoHOB Fe?* m Fe®'; kakoit (opMmynoil omuchIBaeTCS COCTaB
TypHOyJuleBoii cuHM u OepnuHckod nasypu? Jaiite nHazBanue stod comu. Kak TKII onmceiBaer
snextponnsie cTpykTypsl [FE(CN)s]* 1 [Fe(CN)s]* ? VkakuTte UX MarHMTHBIE CBOICTBA.

Conep:xanue oT4yeTa
[Tony4yenHbie naHHbIC 3adUKCHUpYiiTe B Tabnuie 7.2 mo ciexyromei Gopme:
Tabnuua 7.2. Pe3ynbTaThl SKCIIEPUMEHTA

Ne i/ | Pearentsl XHUMHYECKash peaKus Habmonenus

1

bW
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KoHTpoJibHBIE BOIPOCHI
ba30BbIil ypoBEeHB

1. Kakue coennHeHHs Ha3bIBAIOT KOMIUIEKCHBIMH?

2 UeMm 00BsICHACTCS UX MHOTOOOpa3ne?

3 Tlouemy TpyaHO aaTh BceoObeMimolee (OYCHB IOJHOE, HCUEPIBIBAIONIEE) OIpe/eliCHHE
KOMILJIEKCHBIM COCIMHEHHSIM?

4 Kro aBTOp KoopauHaunonHoi Teopun KC? Korna ona nosisuacs?

5 M3 kakux anemenToB coctoat KC? [IpuBeaure mpuMepsl.

6 Kakas cBs3b HaspiBaeTcs JOHOPHO-aKLUENTOPHOW WM KoopauHaunoHHoW? Kakol arom,
MOJIEKYJIa MK MOH siBJiseTcst JoHopoM B komiuiekcax [Cr(CO)s], [Ag(NHs)2]", [AlH4] ?

7 Kak paccuuThIBaeTCsl CTEHNEHb OKUCIIEHHMSI KOMIUIEKCOOOpa3oBaTels U 3apsii KOMIUIEKCHOTO
noHa? OTBET NOACHUTE HA IPUMEPE KOMIUIEKCOB Bompoca 6.

8 Ha kakue THITBI OJPA3CIAIOT KOMIUIEKCHBIE coequaenms? [IpuBeaute mo nBa npuMepa Takux
COCIMHECHUM U JaiiTe UM Ha3BaHUS.

9 Yto Takoe KOOpAMHALMOHHOE YHCIO KOMIUIeKcooOpaszoBarens? Kakue yacTHIBI Ha3bIBalOT
nuragaamu? OTBET MOSCHUTE Ha TPUMEpax.

IloBBIILIEHHBIN YPOBEHD

1 Yewm omeHHMBAIOT MPOYHOCTH KOMIUIEKCOB? Hamuimmre BhIpaykeHUS 1T KOHCTAHT HECTOMKOCTH
¥ KOHCTaHT YCTOWYMBOCTH [ KoMIuteKcHbIX noHOB: [Ag(NH3)2]", [AJ(CN)2] -, [Ag(NO2)2] .

2 B 4eMm oTinune IBOMHBIX CONEN OT «TUIIHYHBIXY» KOMIUIEKCOB?

3 Kakue xoMImeKcHbIe COeMMHEHHSI OTHOCAT K arumokoMiuiekcam? Kakne k ayrokomiiecam?
[IpuBenuTe npuMepsl.

4 Kak TBC o0bscHsieT 00pa3oBaHNe XUMHUYECKOH CBS3H B KOMILIEKCax?

5 Kakue xoMImiekcsl Ha3bIBarOT kKapOoHmiaamu? OOBsICHUTE 00pa30BaHUE TAKUX KOMIDIEKCOB C
MO3HULIUHN TEOPUH BaJICHTHBIX CBA3EH.

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHNIO M0 JAHHOM Teme

OcHoBHas iuTEpaTypa:
1. Koposun, H. B. O6mas xumus : yae6uuk / H. B. KopoBus. - 13-e u3z., nepepab. u norm. - M.
: Akamemus, 2011. - 496 c. : wi. - (bakanaBpuar). - Pek. MOuH P®. - ITpun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust okpy>karoiieil cpeibl : XUMUs 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. — Pesxxum moctyma: s
aBTOPU3HUP. OJIB30BATENIEH
Jlono/IHMTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [lox pen. A. Y. Epmaxoga. - U3x. 30-e, ucrp. -
M. : Uurerpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XUMUS METaJJIOB : ydyeOHoe mocoOue (Ui CTYACHTOB XMMUUYECKOTO (haKyabTeTa
HampaBlieHU# O0akaiaBpoB «XUMUI» U «XUMHUYECKas TeXHOJIOrHs») / coctaButenu O. A.
I"'onoBanoBa. — Omck : OMcKkHil rocyaapcTBeHHbI 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
NuTepHeT-pecypcenl:

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

2 http://biblioclub.ru/ — 9BC «YHuuBepcuTeTckas OHOIMOTEKA OHITANHY.
3 http://catalog.ncstu.ru/ — sneKTPOHHBIH KaTajaor acCOIHAINN dJICKTPOHHBIX OMOIMOTEK
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y4eOHbIX 3aBenieHuid u opranuzamnuii CKOO
4 http://www.iprbookshop.ru — DBC.

S https://openedu.ru — OTKpbITOE 0Opa3oBaHKE

Tema 8. OkHCIUTEIBLHO-BOCCTAHOBUTEIbHbIE PEAKIIUN
JlabopaTopnasi pa6ora 8. OKHCJIUTEIHLHO-BOCCTAHOBUTEIbHBIE
[enb paboThl: M3ydeHne OKUCIUTETBHO—BOCCTAHOBUTEIIBHBIX PEAKIIMA. Y PaBHUBAHUE OKHCITHTEIHHO-
BOCCTaHOBHUTEIIBHBIX PEAKLMI METOJIOM AJICKTPOHHOTO OaaHca
dopmMupyemMble KOMIETECHIIUN WU UX YaCTH:

Nupekc DopMynHpOBKa:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3aIMHA U CaMOOOpa30BaHHIO
OIIK-4 MOHMMaHHUEM CYIIHOCTH U 3HaueHUs HH(OPMAIMU B Pa3BUTUU

COBPEMEHHOT0 00I11eCTBa, CIIOCOOHOCTHIO MOTy4YaTh U 00pabaThIBaTh
WH(OPMAIIHIO U3 PA3TMYHBIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATh,
CTPYKTYPHUPOBATh ¥ 0OPMIIATH HHOOPMAIHIO B TOCTYITHOM JJIsI APYTHX
BUJIE

IIK-5 CHOCOOHOCTBIO IPUHUMATH y4acTHe B paboTax 1Mo pacueTy
NPOEKTUPOBAHUIO JICTAJCH U y3JI0B MAITMHOCTPOUTEIBHBIX KOHCTPYKIIMN B
COOTBETCTBUH C TEXHUYECKUMH 33JaHUSIMU M UCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEJICTB ABTOMATU3ALIUHU MPOCKTUPOBAHHSI

TeopeTuyeckas 4acTb
Teopnﬂ OKHC/IUTECJIBbHO-BOCCTAHOBUTC/IbHBIX pealclmi/i

Peam;uu, 6 KOmopblx npoucxoaum usMenenue cmenemel OKUCIeHUs. amomos, HA3bleAoMmCcA
OKUucjaIumejlbHO-60CCMAHOBUNETIbHbIMU.

B npoctbix BeliecTBax CTENEHUW OKUCIEHMS aTOMOB paBHBI HYJHO. [ CIOKHOM MOJEKYIIBI
CyMMa CTEIIEHEeH OKHUCICHUSA BXOAAIIUX B €€ COCTaB aTOMOB TAaKK€ JOJIZKHa OBITh PpaBHa HYJIIO, IJIS1 HOHA
— €ro 3apsany.

OxucCIIEHNEM Ha3bIBAETCS mpouecc OTAa4Ym aToOMOM MOJ'IGKy.]IOﬁ NJIM UOHOM 3JICKTPOHOB!

Al —3e — AI3F
Fe’t —e— Fe>"
2ClI~ —2e —Cl, .

B nporiecce oKuCIeHUs TPOUCXOIUT MOBBIIIEHUE CTENCHH OKUCIICHUS.
BoccranoBienneM Ha3pIBaeTCsl TPOIECC NPUCOCTUHEHHS D3JCKTPOHOB aTOMOM, HOHOM HITH
MOJIEKYJIOM:

S +2e —S2F

Cl, +2e —» 2CI™
Fe3 +e > Fe?"
HpI/I BOCCTAHOBJICHHNHN CTCIICHb OKUCJICHUA ITOHUXKACTCA.
B 3aBucumocTn ot CHOC06HOCTI/I OTAaBaTh WKW IMPUHUMATH BJICKTPOHBI BCE BECUICCTBA ACIATCA Ha
OKHCJIUTENIN U BOCCTAHOBUTEIIH.
Oxucnumenu — 3mo amomvl, UOHbL UU MONEKYJbl NPUCOEOUHSIOWUE 31eKmponbl. Bo epems
peaxkyuu oHu 860CCMAHABIUBAIOMCAL.
Boccmanosumenu — smo amomvl, UOHbI UMY MONEKYIbl, KOMOPblE OMOAarOm 31eKmpoHvl. Bo
8peMsl peakyuy OHU OKUCTISIIOMCA.
[Iporteccr! OKUCIEHNS 1 BOCCTAHOBIICHHUS BCET/Ia IIPOTEKAIOT MapauIebHO, YTO MOYKHO BBIPA3UTh
CIETYIOLENH CXEMOM:
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Boccranosutens (B1) — € € okucnutens (O1)

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

CrnenoBaTenbHO, OKUCIUMENbHO-80CCIMAHOBUMETIbHbIE PEaKyuU NpedCcmasisiom coool eOuHcmao
08YX NPOMUBONONONCHBIX NPOYECCO8 — OKUCTEHUS U 80CCMAaHO06IeHus. B 3TuX peakiuax oOllee 4ncIiio
3JEKTPOHOB, OT/AABAEMBIX BOCCTAHOBHUTENEM, PABHO OOLIEMY YHCITY, IPUCOCTUHIEMOMY OKHCIUTEIICM.

[Ipu 5TOM HE3aBHCHMO OT TOTO MEPEXOIAT JIH AIEKTPOHBI C OAHOTO aTOMa Ha JAPYTod MOITHOCTHIO
WIA JMIIb YaCTUYHO OTTATHBAIOTCS K OJHOMY M3 aTOMOB, YCJIOBHO TOBOPAT TOJNBKO 00 oOTHaue M
MIPUCOEANHEHUH JIEKTPOHOB.

B OBP oxucnurens W BOCCTAaHOBUTENb pEArHPYIOT OPYT C JIPYrOM B OJKBHUBAJIEHTHBIX
KOJIMYECTBAX.

Oxeusanenmom oxucaumens (O) unu 6occmanogumens (B) nazvigaemces maxoe xonuuecmeo ux
MOIb, KOMOpOe NPUCOeOUHsem Ui omoaem 0OUH MOTb INEKMPOHO8, YMO OMPANCAEMC I CAeOYIOUWUMU
dopmynamu:

3(0), monw = 1 uinu I(B), monb = i,
Zg Ze
IJI€ Ze — YMCIIO BJIEKTPOHOB, KOTOPOE MPMHUMAET OKMCIUTENDL O MIIM OTaeT BOCCTAHOBUTEND B.
MosbHast (MM MOJISIPHAS) Macca SKBUBAJIEHTa OKUCIUTENS O W BOCCTAHOBUTENS B BBIPAKAETCS B
I/MOJIb ¥ OTIPEJIETIAETCS M3 COOTHOIEHHUH CIIELYIONIETO BHA:

1) st okucurensi— M (i 0), 2] monw, 2) msaBoccranoBurens — M (i ,B), 2l monw-
Ze e

TonbKO B POJIM OKUCIHUTEINS BBICTYIAIOT YACTHIIBI, MIMEIOLIHE MAKCUMAaIbHO BO3MOYKHBIE CTEIICHN
OKHCIIeHUs (HarmpuMep, JJsl Maprania — 3to (+7), ans azora (+5) ¥ T.1.); TONBKO BOCCTAHOBHUTENS — C
MHHHUMAJIBHON CTETIEHBIO OKUCIICHHS (1S cephl — 310 (—2), mutst a3ota — (-3) u T.11.).

Yacmuysl, umerowue npomedcymoyHvle CmeneHyu OKUCIEeHUS, MO2YM NpPOAGIAMb CEOUCMBA KAK
oKuciumens, mak u 60CcCmarosumens. ITO OOYCIOBICHO: XUMHYECKON MPHUPOJION peareHTa-mapTHEPa;
YCIIOBUSIMH U XapaKTEPOM Cpeflbl, B KOTOphIX poTtekaer OBP.

Hanpasnennocts OBP  onpezensiercss BelWMYMHAMU 3HAa4YeHUI CTaHIAPTHBIX IOTEHIHAJIOB
peareHToB: OKUchHTENb () Bcerja MMeeT OoJbInuii (M0 anreOpanyueckod BeUYWHE) CTaHAAPTHBIN
MOTEHIAI, YeM BOCCTaHOBHUTEIb B.

Hanpumep, B kucioit cpeae cmemmusator jnBa BemectBa: KoCroO7 m NaNO,. Kakoe u3 atux
BEIIECTB OyJIeT OKHCIIUTENIEM, KAKOe — BOCCTAHOBHUTENEM?

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

Tlpumeuanue. PexomenayeTcs: ucmonp3oBaTh yaeonoe nocooue: H.C. Axmero, M.K. A3u3oga,
JLU. bappiruna. JlabopaTopHblE W CeMUHApCKHUE 3aHATHS 1O OOIIell M HeopraHW4eckod xumum. M.:
Bricm. mkona, 2002.

Tak xak p°(Cr,07 2+ 14 H*/2Cr*3 + 7TH,0) > ¢°(NO3 + 2H*/ NO; + H;0), mo oxucnurenem
oynet sBisaThest KoCra07.

KonmuecTBeHHON XapakTepucTHKOM riryouHbl npotekanus OBP sBiisercs 3HaueHHe KOHCTaHTHI

PaBHOBECHS:
0/ .0

gkp - 2"©@)=0"(®)
0,059

rne ¢°(0) u ¢°(B) — cTaHAapTHBIE NOTEHUMATbl OKHCauTeNs O W BOCCTAHOBHTENs B
COOTBETCTBEHHO, B; Zy — cyMMapHO€E KOJIMYECTBO AIEKTPOHOB, IPUHUMAOIINX ydacTre B qaHHoi OBP.
Koncranra pasaoBecust OBP cBsizana ¢ noreninanom ['ub6ca (Ix/mois-K):

AG? = -2,303RT IgK P (8.2)
Dueprus I'n66ca, B cBoro ouepesp, caasana ¢ IJIC (A¢p®) nocrosunoit ®apanes (F) u uuciom
3JIEKTPOHOB, yuacTBytomux B OBP:

o (8.1)

AG®, ie/mons-K = —nAp°F, (8.3)
Ap® = 9°%0) — ¢°(B) — DJIC OKMCIHTENHEHO-BOCCTAHOBHTENLHOH PEAKIMM MPU CTAHAAPTHBIX
YCJIOBUSX, B.
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s cranmapteix yenosuid: 7= 298,15 K = 298,2 K; R = 8,314 JIx/monbK; F =96450 =~
96500 K/MOTB-3KB, TOTYIUM (OPMYITY YIAOOHYIO ISl PACUETOB:

K2 = 96500

- - nA@® =16,90nAp°.
298 = 5 303RT _ 2.303.8314-2982 4

(8.4)

B ycioBusSIX OTIMYHBIX OT CTaHAAPTHBIX, OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIC MMOTCHIIUAIIBI

(OBII) m DJIC OBP, mpoTekalomux B BOAHBIX PacTBOPAx, 3aBUCAT OT KOHIICHTpAIMHd (TOYHEE,
aKTUBHOCTEW) YYaCTBYIOIIMX B IMPOIIECCE HOHOB. DTa 3aBUCUMOCTh BhIpaxkaeTcs popmynor HepHera:

0,059, [O]
lg 1
[B]
e ¢°0/s— CTAaHAAPTHEIH MOTEHIMA peareHTa (OKMCIMTENN Uil BoccTaHoBuTens), B; [O] u [B] —
KOHIEHTPALMU OKUCJIEHHON M BOCCTAHOBJIEHHON (POPM peareHTa, MOJL/IAMS; Z — YHCIIO JIEKTPOHOB B
MOJIypPEaKUUU AJI1 JAHHOTO peareHTa.
Ipumeyanue. Cnenyet Bcera MOMHUTh, YTO KOHLEHTpAIMK Bcex ydacTHUKOB OBP B ypaBHeHuu
(7.5) sBisrotest MmossipubiME KoHIeHTparwmsamu (Cy (X)), a He monsipabivu skBuBaiienra (C(1/2 X)).
Ha 3nauenne OBII 1 Ha xapakTep OIpOAYKTOB PEaKIMK JOCTATOYHO CHIIBHOE BIUSHUE OKA3BIBAECT
pH pactBopa, B koTopom nporekaer OBP. Hampumep, npu pH < 7 3HayeHue cTaHIApPTHOIO
MOTEHIMANA JJIl CUCTEMBI:

0% (MnOz +8H " /Mn?" + 4H,0) =151B.
wpnpti=7— @°(MNOZ +2H,0/MnO, + 40H ™) =0,6 B .
on=7- @2 (MnOZ / MnO;2) = 0,564 B.

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

BakHeiine OKUCIUTENN: TaJI0OreHbl, XJI0PaThl, KUCI0opo, 030H (O3), KMNnO4, KoCr,07, KoMNnOs,
HzOz, HzSO4 (KOHL;.), HNOs, PbOZ.

0,B= gpng + (8.5)

THUIBI OKMCIUTEIBHO-BOCCTAHOBUTEIBHBIX Peakuii
PaznuuaroT Tpu THIIA OKUCIUTEIHHO-BOCCTAHOBUTEIIBHBIX PEAKIIMIA:
a) BHYTPUMOJIEKYJIApHBIE; 0) AUCTTPONOPIIMOHUPOBAHUS; B) MEXKMOJIEKYIIIPHBIE.
Bnympumonexynapuvie OBP — smo maxue peakyuu, 6 KOMOPbIX U OKUCAIUMENb, U
80CCMAHOBUMENL HAXOOAMCA 6 COCMAge OOHOU MONEKYNbl, HO AGIAIOMCA NpU IMOM  PASHLIMU
9neMEeHmamu.

2KNO3 ——2KNO, + O,
AN —2e <> N*

1207% +4e <> 0.

Peaxyuu  oucnponopyuonuposanuss — OBP, 6 x00e Komopulx O00uH U3 2JIEeMEHMOs,
codeporcawjeticst 8 0OHOU MONEKYe, OOHOBPEMEHHO U NOGLIUUAEN, U NOHUIICAEH CIENeHb OKUCTIEHUSL.

Cly + 2KOH — KCIO + KCI + H,0
1|Cl, —2e <> 2CI*
1/Cl, —2e &> 2CI ™.

K AUCTIPONMOPIUOHUPOBAHUTIO CIIOCOOHEI TOYTH BCE JaCTUllbl, MMCIOOIUC IMPOMCIKYTOUYHYIO
CTCIICHb OKHCJICHUA.
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Haubonee pacnpocTpaHeHHBI pPEakIMH TPEThErO THIA, KOTOPHIE MPOTEKAIOT ¢ H3MECHEHHEM
CTCTICHH OKHCJICHUS aTOMOB B Pa3HBIX MOIEKYJaX, T.e. OKHCIHWTENb M BOCCTAHOBUTENh HAXOJIATCS B
pasHbix BemiecTBax. Crojia *e ClaeayeT OTHECTH M PEaKIMHd MEXKIY PasHbIMH BEIIECTBAMH, B KOTOPBIX
aTOMBI OJTHOTO M TOT'O K€ DIEMEHTa UMEIOT Pa3IMYHYIO CTEIICHb OKHCIICHHUS:

5HCI + HCIO3 — 3Cl, + 3H,0
112C1*° +10e «> CI
5/2Cl~ —2e <> Cl3.

ObopynoBanue 1 MaTepuaJIbI

PactBop Opomuma HaTpus

PactBop GeHzomna

[Ipobupku

PacTtBop lonHOM BOJIBI

PacTBOp KpHCTAIIIOB MOUA KAJTHS

[Tepexucs Bogopona

Kpucranios nepmanranara Kaius

PactBop Na,SOs

PactBop HuTpHTA HAaTPUs
. PacTBOp Omxpomara xanus
. PactBOp OpoMHOI1 BO/IBI
. [TopomrkooOpa3zHas cepsl
. Tuonmanar xamus
. PactBop comnu xenesa (+3)
. PactBop SnCl,
. PactBop cynbdara menu CuSO4
. XKene3Hslii rBo316

PactBop nepmanranara xkamms KMnO, ¢ kornerTpanueir C(KMnOg) = 0,02 MOJIB/IM®.

. pactBopa cepHoii kucyotsl kuciora HoSOs ¢ konuentpanueit C(H2SO4) = 2 mons/am®.
Pacteopa ménoun NaOH ¢ konuentpanueit C(NaOH) = 2 mons/qm3,
PactBopa cynbhura Hatpust Na>SOs ¢ koruentpamuein C(Na;SOs) = 2 moss/am>.
. PacTBopa cynbdara xenesa (II) FeSO4 ¢ xonnenrpanueii C(FeSO4) = 2 monb/am3.

HBOooo~NoOOR~wWNE

N NDNNNNRPRRRRERERE R
W NMNPOOO~NOOUITANWNPEF O

. PactBop azotnoii kucnorel HNO3,p(HNO3) = 1, r/cm®

. MEJTHast IPOBOJIOKA

. Auxpomar kamust KoCr20O7 ¢ kornenTparmeit C(K2Cr.07) = 2 MOJTB/IM®.

. Pacteopa uurpura matpust NaNO, ¢ konnentpanuein C(NaNO;) = 2 moms/nm®

NN N
[S2€2 BN

Ykazanus mo TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM

3IIEKTPOOOOPYIOBAHNH, HIEKTPOIPOBOJIKE, IPABIILHO O0OPYIOBAaHHOM BBHITSHKHOM LIKady.

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

3. Pabouee mecTo conepkaTh B MOPSIIKE U YUCTOTE.

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

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

6. Bce ombITH ¢ BpeAHBIMH U MIAXHYIIUMH BEIIECTBAMU, a TAKKE yIIapUBAaHHE KUCIOT U KUCIBIX
pacTBOPOB MPOBOJUTH B BBITSDKHOM KA.

7. OcTaTKu coeIMHEHHUI cepedpa CiMBaTh B 0COObIE CKIISTHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUPKE BCET/a cieqyeT Aep)KaTh e€ TaKuM 00pa3oM, 4TOOBI
OTBEpCTHE MPOOUPKH OBLIO HANIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsAAOM Coceaa.

9. He HaKIOHATH JIMI0 HAJ HArPEBAEMOH KUIKOCTHIO MIIH CIUIABIISIEMBIM BEIIECTBOM.

10. He cnenyer BOBIXaTh Maxy4due BEIIECTBA W Tas3bl, OJU3KO HAKIOHSSICH K COCYLy C THMHU
BemecTBaMy. HioxaTh BemecTBa MOKHO JIMIIB OCTOPOKHO, HANIPABIISIA K ce0e Maphl WM ra3 ABHKEHHEM

PYKH.
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11. XpaHuth pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT U IEJIOUEH B BBITSKHOM MIKady.

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

13. Kareropuuecku 3amnpemiacTcs MpoOOBaTh XHMUYCCKUE BEIICCTBA HA BKYC.

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

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

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

24. B xuMu4ecKoi 1abopaTopuy HEOOXOAMMO paboTaTh B XalaTe.

3ananusa

Omeir 1. K pactBopy Opommna HaTpusi B NMpoOUpKe NpHICHTE HEMHOTO XJIOPHOM BOIBI U
HECKOJIbKO Kamenb OeH3ona. Berpsixaure comepxuMoe mpoOHpKu. BepxHuii cioil okpacuics B Oypblid
uBeT. Yto sBisieTcss MpUUMHON Ookpacku? Hammimmre ypaBHEHHME peakLUM M COCTaBbTE AIIEKTPOHHYIO
CXeMy M3MEHEHUS CTerneHel okucienus anemMeHToB. Onpenenure I/ C sToil peakuuu.

OnpiT 2. (ONBIT MPOBOAUTE B BHITSHKHOM HIKady). B npobupky Haneiite 1 cm® fiogHol Boasl 1
Takol xe 00péM OeH3ona. [IpoOupKy BCTpAXHUTE HECKONBKO pa3. OOpaTHTe BHUMaHKE Ha IIBET BEPXHETO
6enzonpHOrO cnost. IlomyueHHbIH pacTBOp COXpaHUTE AJIsl CPAaBHEHUSI.

B cyxyio npoOupKy HachIlIbTe HEMHOTO KPUCTAJIOB MOAMA Kaius (OCTOPOXKHO!), MO CTEHKE
mpoOupku TprubaBbTe 2-3 Kalldi pacTBOpa KOHIIGHTPHUPOBAHHON CEPHON KHCIOTHL. Beimensercs
razoo0pasHelii mpoaykT ¢ 3amaxoMm HzS. K comepsxumomy mpoOupku mpuieiite 1 cm® Gensoma u
OCTOPOXHO BCTPAXHHUTE HECKOJBKO pa3. OOpaTuTe BHUMaHUE HA OKpacKy OeH3ombHOro ciosi. CpaBHHTE
3TY OKpacKy ¢ OKPacKOi, MOJTyYeHHOW BaMH MTPU BCTPSIXUBAHUU HOAHOM BOJIBI C OEH30JIOM.

Hanmumure ypaBHeHus peakuuid. COCTaBbTE MOHHO-3JIEKTPOHHYIO CXEMY HM3MEHEHHsS CTEIECHEU
OKHCJICHUSI aTOMOB pEarupyroniix BeIecTs.

Omnwit 3. K 2 cm® pactBopa nepmanranara kanus KMnO4 106aBbTe paBHblii 00bEM pa30aBieHHOl
CepHOW KHUCIOTHI M MepekucH Boxopona. OOpartuTe BHHUMaHHE Ha HM3MEHEHHME LBeTa B pacTBope. K
OTBEPCTUIO NPOOMPKM IOJHECHUTE TICIOMYI0 Iy4uHKY. Uto mpum sTom Habmomaercsi? Kakoil ras
BBIAEITIIETCS?

Hamummre ypaBHeHWe MaHHOW peakiui B MOJEKYJSpHON W noHHOW (opmax. KoaddurmeHnTs
OIIpeJIeJIUTE C IIOMOIIBIO0 METO/1a 3JIEKTPOHHO-MOHHOTO OanaHca.

OmnpiT 4. (OOBIT MPOBOAMTCS B BBITSHKHOM IKady). B cyxyro mpoOUpKy HACBITbTE HECKOJIBKO
KpPHCTAIJIOB TIEpMaHraHaTa Kajlusl H OCTOPOYKHO TPWIICHTE HECKOJIBKO Karellb pa30aBieHHOTO pacTBopa
consiHoi kucioThI (1:1). Beinensercs ra3 (octopoxHo!), HOHIOXaTE ero.

Hanummure ypaBHeHHE NaHHOM peakUUM M COCTABbTE BJIEKTPOHHO-MOHHYIO CXEMYy HM3MEHEHHMS
CTEeTeHEeW OKHUCIIEHHS 3JIEMEHTOB, YUAaCTBYIOIINX B PEAKIHH.

OnwiT 5. B Tpu otenbHbie npobupku BHecute 1-2 cm® pactBopa KMnO4, a 3aTeM 106aBbTE B 5TH
npoOUpPKH paBHBIE OOBEMBI: B IEPBYIO U3 HUX — PAaCTBOP pa30aBIEHHON CEPHOM KUCIIOTHI, BO BTOPYIO —
BOJly, B TPEThI0O — KOHIICHTPUPOBAHHBIA pacTBOp mieioud. [locie 4Hero B KaxIyl W3 TpPOOUpPOK
npubasbre 1-2 cm® pactBopa Na,SOsz. UeM 00bsACHHUTL mpoucuIeamue n3mMeHenns? Hanummre momubie
ypaBHenus: OBP, ucnonb3yst HOHHO-3IEKTPOHHBIN MeToa. OueHuTte riyOrMHY NMPOTEKaHHUs MPOLECCOB B
KakaoM cirydae. OT 4ero 3aBHCHUT OKHCIUTENbHAS aKTHBHOCTh IIEpMaHTaHT-NOHA?

Onpir 6. K nBym cM® pacTBopa HUTpWTAa HATpHsi NPHIIEHTE PaBHBIH OOBEM pacTBOpa CEPHOMN
KHCJIOTHI U J0OaBbTE IO KaIIsiM HEOOJIbIIOEe KOJMYECTBO pacTBopa noAuaa kainus. OOpaTute BHUMaHUE
Ha U3MEHEHHE 1IBETa pacTBOpa.

Kaxoe BemecTBo Bbinenminochk? CocTaBbTe YpaBHEHHE COOTBETCTBYIOIIEH peakuuu. Onpenennrte
K03(p PULIMEHTHI METOIOM MOTYPEAKLHUH.

Onwir 7. Haneiire B nmpo6upky 1-2 cm® pacTBopa 6Guxpomara Kajius, 100aBbTe K HEMY JBOMHOMN
00bEM pa3baBleHHOM cepHON KHMCIOTHI M 4-5 cm® pacTBopa HuTpura HaTpus. OOpaTuTe BHUMaHHE Ha
M3MEHEHHe 1IBeTa pacTBopa. HamummTe MonekynapHOe M HOHHOE ypaBHEHUS NaHHOW peakuuu. [lombGop
K03(p PULIMEHTOB OCYIIECTBUTE METOJOM 3JIEKTPOHHO-MOHHOTO OajaHca.

Onpir 8. K 2-3 c¢M® GpoMHON BOABI NMPUIEHTE PacTBOP WIEIOYH 10 IOJHOTO 0OECHBEUYUBAHUS
pactBopa. CocTaBbTe 3JIEKTPOHHO-MOHHOE ypaBHEHHE AAHHOHM peakuuy M onpenesnuTe Kod(UIMEHTH
METOJIOM IOJTypeaKLnil.

Omnwit 9. K 2-3 ¢M® KOHIEHTPUPOBAHHOTO PacTBOPa TMUAPOKCHA HATPHS 100aBbTE HEOOJNBIIOE
KOJINYECTBO MOPOIIKO0Opa3HON cepbl. CMECh KUILITUTE 10 UCUE3HOBEHHUs cepbl. COCTaBbTE IEKTPOHHO-
MOHHBIE CXEMBI I3MECHEHHSI CTETICHE OKUCIICHHS pearupyrolux BemecTB. Hanummre HOoHHOE U TIOJTHOE
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ypaBHeHUsT naHHOW peaknuu. K xakomy Tty OBP otHOCHTCS manHOe mpeBpamenne? [loueMy aToMbl
CepBI CITOCOOHBI K TAKUM TIPEBPAIICHHASIM?

Omnwit 10. K pactBopy ( 1-2 cm®) THOIMaHaTa Kaaus (MM aMMOHHMS) PHOABBTE TAaKOM ke 00bEM
pactBopa comu xene3a (+3). Kakoil nBer momydeHHOTo pacTBopa? 3aTeM K OKpAIICHHOMY pPacTBOPY
OpUOABIIAIOT MO KAIUIAM 10 MOJHOTO oOeciBeunBanus pactBop SNCly. Kakue mporiecchl mpoUCcXoasT B
pactBopax u mouemy? Paccumraiite DJIC peakumyu BoccTaHOBIeHHs Fe®" momamu Sn?*. Paccunmraiite
u3MeHenne >Heprun I'm66ca (4G’ ,.) u xoucranty pasHoBecus (K¥y,) nmst 3Toii peakimu. OleHHTe
rIyOuHy €€ IpOTeKaHMs.

Onpir 11 B npobupky maneiite 1-2 ¢cm® pactBopa cymsdara mean CuSOs m omycture Tyna
3aYHIICHHBINA C MMOMOILBI0 HAXAAYHOW OyMaru >keyie3Hblid TBo3Ab. [locTaBpTe MpoOHUpKy B IITATHB Ha 5
MUHYT. Yepe3 5 MUHYT OTMETbTe M3MEHEHHsI MIOBEPXHOCTHU JKEJIE3HOTO TBO3AA M 3aHECHTE UX B rpady
«Habmnroneunsn».

Hanumwure ypaBHEHHE OKHCIMTEIbHO-BOCCTAHOBUTENBHONW PEAKIUHM U YPAaBHSANTE €€ 10 METOIY
9NEKTPOHHOTO OajaHca. YKaXUTE OKUCIUTEIb W BOCCTAaHOBHUTENb. [lONMb3ysich psSAOM HampspKEHHH,
YKaXHUTEe, KAKHE METAJUTBl MOTYT BBITECHSTHh ME/b M3 PACTBOPOB €€ COJIeH.

Oneir 12 B Tpu mpobupku Haneiite mo 2-3 cm® pactBopa mepmanranara kamus KMnOs ¢
xonnenrpanueit C(KMnOg) = 0,02 Mons/am®.

- B nepsyro npobupky no6assTe 1-2 cM® pacTBopa cepHoii kucaotel kucinora HaSOs ¢
xonnenrpamuei C(H2S04) = 2 Momn/am®,

- Bo BTOpyio npo6upky 106aBbTe 1-2 M3 TUMCTHILIMPOBAHHON BOJIBL.

B tpetsio npobupky no6asbre 1-2 cm® pactopa ménoun NaOH ¢ konuentpanueit C(NaOH) = 2
MOJIB/IM>,

Bo Bce npoGupku Haneiite mo 3-4 cm® pactBopa cynbdura Hatpus Na,SOs ¢ koHueHTpauueii
C(NazS03) = 2 mons/nme,

OTMeThTe N3MEHEHUE I[BETa PACTBOPOB B KAXKIOW M3 MPOOUPOK C YIETOM 3aBUCUMOCTH OKPACKH
COEIMHEHMIT MapraHIa OT €ro CTENEHU OKHUCIEHUs: HoH MnO4s uMeeT GpuoneToByro oKpacky, MnO4s? —
3enéHyro, Mn?" — c1abopo30ByI0, a IpU MaJloi KOHIEHTPAUH — OECLBETHYIO. 3aHeCUTe HAOIOIEHHS B
rpady «HabmroneHus».

Hamummre ypaBHEHUS! OKHCITHTEIHHO-BOCCTAHOBUTENBHBIX PEAKIIUN U YPaBHINTE UX 110 METOILY
ANIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENh U BOCCTAHOBHUTENb.

Ot 13 B npo6upky Haneiite 1-2 cm® pactsopa nepmanranata kanus KMnOy ¢ KoHIeHTpanuei
C(KMnQO,) = 0,02 momns/nm3 no6asere 1 cm® pactBopa cepHoit kucioTel H.SO4 ¢ KOHIIEHTparueit
C(H2S0y4) = 2 mons/nM® u npuneiire 1 cM® pactBopa nomuaa kamus Kl ¢ konmenrpamuein C(KI) = 2
MOJIB/ M.

3adukcupyiiTe n3MEHEHHE [BETa pacTBOpA U 3aHecuTe HabmoneHus B rpady «HabmoneHus .

Hamummre ypaBHEHUS! OKHCITHTEIHHO-BOCCTAHOBUTENBHBIX PEAKIIUN U YPABHIUTE MX 110 METOILY
AJNIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENh U BOCCTAHOBHUTENb.

Oneir 14 B mpobupky Hanedite 1-2 cm3 pactBopa mnepmanraHata kamugs KMnO4 c
koHnentpamueir C(KMnO4) = 0,02 mons/mm3, nobaBsre 1 cM3 pactBopa cepHoil kuciaotel H2SO4 ¢
kouneHrpamueir C(H2SO4) = 2 mone/mmM3 u npuitetite 1 cm3 pactBopa cynbdara xenesa (II) FeSO4 ¢
kouneHrpaiueir C(FeSO4) = 2 monb/am3.

3adukcupyiite ©3MEHEHHE IIBETA pacTBOPa M 3aHecuTe HaOmoaeHus B rpady «BoBoasl. Habmoaenus».
Hanummre ypaBHEHHs] OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEaKUid U YpaBHINTE UX 110 METOIY
ANIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENh H BOCCTAHOBHUTENb.

Onpit 15 B npo6upky nHaneiite 1-2 cm® konnentpuposanuoit a3otHoi kucinotsl HNO3,p(HNO3)
= 1, r/em® .OnycTuTe B NPOOMPKY 3aYMINEHHY0 HaXKIA4HOM Oymaroil MemHyro mpoBosoky. Harpeiite
npoOUpPKY Ha IJIAMEHU Ta30BOM FOPENIKU U MOCTaBbTe €€ B IITAaTUB Ha 5-10 MUHYT.

3adukcupyiite BhIgeNeHHE Ta3a B NPOOUpKE, IBET BBIACIAIONIEIOCS ra3a M M3MEHEHHE IIBETa
pacTBOpa. 3aHecute HaOmoaeHus B rpady «HabmoaeHusy.

Hanumure ypaBHEHHSI OKUCITUTEIHHO-BOCCTAHOBUTENBHBIX PEAKMN U YPaBHSNTE UX MO METOLY
3IIEKTPOHHOTO OanlaHca. YKaKUTe OKUCIUTEIb U BOCCTAHOBHUTENb.

Onpir 16 Haneiire B mpobupky 1 cm® pacrtsopa muxpomara kamusi K,Cr.O7 ¢ KoHueHTpanueit
C(K2Cr07) = 2 mons/nm®. JIo6aBsTe B mpoOupky 2-3 cm® cepHoii kucinotel HoSOs ¢ KOHLEHTpanueit
C(H2S04) = 2 mons/nm® u 2-3 cm® pactBopa nutpura Hatpuss NaNO; ¢ konnentpanueii C(NaNO2) = 2
MOJIB/IM®,
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3adukcupyiiTe H3MEHCHHE I[BE€Ta pacTBopa. 3aHecHuTe HaOmoJcHMs B rpady «BbIBOIBL
Habmromenusy».

Hamummre ypaBHEHUS! OKUCIMTEIHHO-BOCCTAHOBUTENBHBIX PEAKIIUN U YPaBHINTE UX 11O METOIY
3JIEKTPOHHOTO OanaHca. YKaKUTE OKHCIUTEIh U BOCCTAHOBUTEIT.

Conep:xkanue oTyera
[Tony4yennsie nannbie 3adukcupyiire B Tabimue 8.1 mo cienyromeit popme:
Ta6ymma 8.1. Pe3ynbrarhl SKCIIepUMEHTa

Ne i/t | PearenTsl XuUMHYecKasi peaxius HaOmronenus

1

gl inN

KoHTpoJibHbIE BOPOCHI
ba30BbIil ypOBEHB

1 Yro Ha3pIBAaIOT CTENeHBI0 OkucieHus? Kak e€ 0003Haual0T M Kakue 3HAYCHHUS] MOXKET OHa
npuHUMaTh? OTBET MOSICHUTE HA TIPUMEPax.

2 Kax ompenensiercs MakCUMallbHAs 1 MUHAMAJTbHASI CTETICH OKHCIICHUS 3JIEMEHTOB?

3 Kakwue peakiuu Ha3bIBalOT OKACIUTEIHHO-BOCCTAHOBUTEIBHBIMU? [[puBeInTE IpUMEDHI.

4 Kakue peareHThl Ha3bIBalOT BOCCTAHOBUTEISIMH, KAKHAE — OKACIUTENSIMH?

5 B uem cyTh MeToa momypeakiuii? [y Kakux CHCTEM OH IPUMEHUM?

6 Kak BbIpakaeTcst KOHCTaHTa PABHOBECHS PEAKIIUU U YTO OHA BRIpAXKaeT?

7 Kak MOXHO paccuHMTaTh KOHCTaHTYy paBHOBecusi? [IpuBeaure cOOTBETCTBYIOIINE (POPMYIIBI.

8 Or kakux (HpakTOpOB 3aBUCHT MPOTEKAHHE OKUCIUTEIHFHO - BOCCTAHOBUTEIIBHBIX PEaKI[Hii?

9 3aBHCHMOCTH OT KaKuX MapaMeTpoB OTpakaeT ypaBHeHue HepHcra?

IToBbIILIEHHBIN YPOBEHD

1 Kak oleHMBalOT 3KBUBAJIECHTHl OKHCIUTENS M BOCCTaHOBHUTENSA? B Kakux eAMHHWIIAX OHHU
BBIpaXKArOTCS?

2 Yrto Ha3bIBAIOT MOJIBHON Maccoil OKHCIHUTENs M BoccTaHoBuTens? KakoBa mx pa3MepHOCTH?
IIpuBenuTe npuMepsl.

3 KakoBa cTpykTypa ajropuTMa MeTo[a 3JIEKTpOHHOro Oananca? OTBET WLIIOCTPUPYHTE
MprMepamH.

Cnucok JiuTeparypbl, peKOMEHAyeMblii K HCII0JIb30BAHMIO 10 IAHHOH TeMe

OcHoBHas MTEpaTypa:

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®. - Ilpumn.: 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. — Pexwum noctyna: mis
aBTOPU3HUP. MOJIB30BATENEH

JlonoIHUTeIbLHAS JTUTEpPaTypa:

1. I'munka, H. JI. O6mas xumust / H. I'. ['muska ; [lox pea. A. U. Epmaxosa. - U3x. 30-e, ucrp. -
M. : Uurerpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XuMHs METaJuIoB : yuyeOHOe mocobue (st CTYJCHTOB XMMHYECKOTO (aKyIbTeTa
HaIpaBJeHUN OaKaJaBpOB «XUMH» U « XUMHUUYECKast TEXHOJOTUs») / coctaButenu O. A.
I"'onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbIH yHUBepcuTeT M. @.M. JlocToeBckoro,
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2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : a31eKTpOHHBIN // DaeKTpoHHO OnbimoTeyHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
ABTOPH3UP. MOJIb30BaTEIICH
HNuTepHeT-pecypcen:

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

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

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOHAINN JICKTPOHHBIX OMOIMOTEK
y4eOHbIX 3aBenieHuit u opranuzamnuii CKOO

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

Tema 9. OcHOBHBIE IOJI0KEHHS IJIEKTPOXUMHUHU.
JlaGopaTopHnasi pa6ora 9. N'asbBaHHYecKHE YJIEMEHTBI
[lenb paboOThI: OCBOHMTH COCTABJICHUE CXEMBbI FaJIbBAHUYECKOTO JIEMEHTA U METO/Ibl HAITUCAHUS
YPaBHEHUU JICKTPOIHBIX MTPOIIECCOB.
dopmMupyemMble KOMIIETCHIIUU HIIH X YaCTH:

Wupneke DopMynHpOBKa:
OK-7 CIIOCOOHOCTBIO K CaMOOPTaHU3alMU U cCaMO00pa30BaHUIO
OIIK-4 IOHMMaHHUEM CYIIIHOCTH U 3HaueHHs HH(OpMAIMU B Pa3BUTUU

COBPEMEHHOT0 00IIEeCTBa, CIIOCOOHOCTHIO MOJTy4aTh U 00padaThiBaTh
UH()OPMALHIO U3 PA3IMYHBIX HCTOYHUKOB, FTOTOBHOCTHIO HHTEPIIPETUPOBATS,
CTPYKTYpUPOBATh U 0QPOPMIIATH HH(OPMALIUIO B TOCTYITHOM I JPYTUX
BUJIC

IIK-5 CIIOCOOHOCTBIO IPUHUMATh y4acTHe B paboTax o pacuery u
IPOEKTHPOBAHUIO JETalel U y3JI0B MAITMHOCTPOUTEIBHBIX KOHCTPYKIUI B
COOTBETCTBUH C TEXHUYCCKUMHU 33/IaHUSIMH U MCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEJICTB ABTOMATU3ALIUH TPOESKTUPOBAHMSI

TeopeTuyeckas 4acTb
[Tpuobperaembie komrerenuuu OOIl mpu u3ydeHHH Marepuana pasjelna:

OakanaBp JOHKEH OHUMATh POJIb OXPAaHbl OKPYKAIOIIEH CPe/bl U palliOHATBHOTO
MPUPOIOIIONB30BAHUS 11 PA3BUTHS WM COXPAHCHHS IMBWIM3AlMM; 00J1a/1aTh
CIIOCOOHOCTBHIO W TOTOBHOCTBIO BIIAJIETh OCHOBHBIMH METOJIaMH, CIIOCOOAMH U
CpEICTBAaMM TIOYYCHUS, XpaHEHUsS, MepepaOdOTKH HHQPOPMAIIUH, HMCIOJIb30BaTh
KOMITBIOTEP KaK CPenCcTBO paboThl ¢ mH(MOpPMAIEH; a Tak K€ CaMOCTOSITEIbHOTO
npuoOpeTeHus: (U3MYECKUX 3HAHWW, IS TOHUMAHWUS TPUHIIMIIOB PadOTHI
IPUOOPOB U YCTPOMCTB, B TOM YHCJIC BBIXOJANIUX 3a MPEACIbl KOMIICTCHTHOCTH
KOHKPETHOTO HampaBieHus. bakamBap OyneT cmocoOeH JeMOHCTPHPOBATH
0a30Bble 3HAHWS B OOJIACTH €CTECTBEHHOHAYYHBIX JUCUHUIUIMH M TOTOBHOCTHIO

HCITIOJIb30BaTh OCHOBHBIC 3aKOHBI B HpO(I)eCCHOHaHBHOfI ACATCIIbHOCTHU, IIPUMCHATDH
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MCTOJbI MAaTCMATHUYCCKOTO aHaJli3a W MOJACIMPOBAHHA, TCOPCTHUYCCKOIO U

SKCIICPUMCHTAJILHOT'O UCCICAOBAHNA.

TeopeTnyeckue 0CHOBBI
[Ipubop, B KOTOPOM XMMUYECKAsI SHEPTUs OKUCIUTEIbHO-BOCCTAHOBUTEILHON PEeaKINu

IPEBPALAETCs B JIEKTPUUYECKYIO, Ha3bIBAETCS 'AJIbBAHUUECKUM JIEMEHTOM.

OcHOBHas1 COCTaBHAsI YacTh IaJbBaHUYECKUX DJIEMEHTOB — OJICKTPOJBI. I’IElIJ_l;e BCCIro OHU
OBIBAIOT METAUIMYECKUMHU. OJIEKTPOJ, HA KOTOPOM IIPOUCXOIUT MPOLECC OKHUCIEHHUS,
Ha3bIBAETCS AHOJIOM.

Tak, eciu B rajlbBaHMUECKOM 3JIEMEHTE UMEIOTCS MEJHBIN U [IMHKOBBINM 3JIEKTPOJBI, U B
TocyIeTHeM TIPOMCXOMT TIPOIECC OKucIenus muaka: Zn® — 2™ «» Zn?*, To MMHKOBKII H71eKTPO
OyneT aHOJIOM.

DNeKTpoJ, Ha KOTOPOM IPOMCXOTUT MPOLECC BOCCTAHOBJICHUS, Ha3bIBaeTCsA KaToJoM. B
BBIIEHIPUBEASHHOM MPUMEPE KATOIOM SBIAETCA MeIHbIH d1ekTpo: Cu?*+ 2e” «» CuP,

DNEKTPOHBI C JIEKTPOJia, HA KOTOPOM IPOUCXOAMUT MPOLIECC OKUCICHUS, EPEXOaIT Ha
AIIEKTPOJI, TJI€ IPOTEKAET MPOLIECC BOCCTAHOBIICHMUS.

Taxkum 06pazom, B rajibBaHU4YECKOM JIEMEHTE, UMEIOIIEM B Ka4eCTBE KaToAa MEIHYIO U
B KAQ4eCTBE aHOJIa LIMHKOBYIO IUIACTHHBI, JIEKTPOHBI C LIMHKOBOM MJIACTUHBI OYAyT NEPEXOAUThH
Ha MEJIHYIO.

10.7 DnexTpoa B TaJbBaHUYECKOM 3JIEMEHTE HAXOIUTCS B pacTBOpPE 3JeKTpoiuTa. B
IIPOCTEHILEM CITydae NIEKTPOIIUTOM SIBISETCS PACTBOP COJIM TOTO METAJLIA, U3 KOTOPOTO CACIaH
DIIEKTPOLI.

TaK, B MCIHO-ITMHKOBOM TI'aJIbBAHHYECCKOM 3JJICMEHTC HHHKOBBIﬁ SJICKTPOA MOXKET OLITH
MOMENIEH B pacTBOP Cyib(darTa IIMHKA, @ MEHBIA — B PAaCTBOP CyJib(aTa MEeIH.

CnenoBarenbHO: IMHK MTOMEIIAIOT B PacTBOpP, COAEPKAIMN KAaTHOHBI LIUHKA, a MEIb B
pacTBOp, coaep KAl KAaTHOHBI MEIH.

Cuctema, cocrosimias M3 MeTala, OIYIIEHHOIO B pacTBOp, COJACpPXKAIIUN €ro HOHBI,

n+
Ha3bIBACTCSl IONYIIEMEHTOM M 00O03Ha4aeTcs Me ™ / Me (cBepxy Bcerma OKHCICHHAs
dopma).
JIBa moiyssieMenTa, COeAMHEHHBIE MPOBOJIHUKOM, 00pa3yloT rajJbBaHUYCCKUN SJIEMEHT

(pucynoxk 9.1):

e /;&\

g
Zn Cu
= SO~ bt
—] +
0 F - ki~
[l Y -
Zn2++SO42 CU2++SO42




Pucynok 9.1 Cxema meoHO-YUHKOB020 2anb8AHUYECKO20 deMeHma

B ranpBaHMYecKOM 3JIEMEHTE OJMH JJICKTPOJ (aHOM) pacTBOPSETCS, T.€. HOHBI METallIa
MepexoJ AT B pacTBop. Tak B MEIHO-IIMHKOBOM TajbBAaHMYECKOM JJIEMEHTE IPOUCXOJUT
PacTBOPEHUE MHKOBOM IIJIACTUHKH.

B pesynbTare mepexoja MOHOB IIMHKA C TJIACTUHKH B PAaCTBOP HA IUIACTHHKE OCTA&TCs
M30BITOK DJIGKTPOHOB, M OHA 3apspKaeTcsi orpuuareiabHo. C Apyroil CTOPOHBI, NEPEX0] HOHOB
IIMHKA B paCTBOP MPHUBOJMT K YBEJIMYEHHUIO UX KOHIIGHTPAIIUU B PaCTBOPE.

brnarogapst mepexoay MOHOB IIMHKA C TUIACTUHBI B PAacTBOP BEC IMHKOBOH TUIACTUHKHU
OyJeT yMEeHbIIaThCSl.

OI[HOBpeMeHHO C 3TUM Ha MCIAHOM OJJICKTPOAC IHPOUCXOAUT ITPOHCCC BOCCTAHOBJIICHUA

2+ 126> CuU.

HMOHOB MEJIM U3 pacTBoOpa: Cu

3a cyéT 3TOro npoiecca KOHUEHTPALMs HOHOB MEIM B PAaCTBOPE YMEHBUIAETCS, a Macca
MEJIHOW TUIACTUHKH YBEJIIMYMBACTCS.

Ilepexon momoB CU?* W3 pacTBOpa HAa IUIACTMHKY NPHBOAMT K TOMY, YTO MEIHAs
IJTACTUHKA 3apsKaeTCsl MOJIOKUTEIBHO.

PaccmoTpenHslii ranbBaHuecKU dmeMeHT (dnemeHT Jlanuang — Sko0Ou) cxeMaTH4ecKu

MO>KHO 3aITUCaTh CIIEIYIOMNM 00pa3oM:
(-)zZn[znS04|[cusoylcu(+)
WM B UIOHHOHU (hopMme:

(—)Zn‘anJr Cu?*lCu(+).

OavHOYHBIE JIMHUU B CXeMax 0003HAa4aloT IPaHuIly MeTall — pacTBOp, a IBOMHBIE TUHUU
— IpaHUIly MEXy pacTBopamu. OTpuIaTeIbHBIN 3IEKTPOJI (aHO) 3aIMChIBAETCS CIIEBa.
B ocHoBe pa0®oThl pa300paHHOTO 3JIEMEHTa JIC)KUT OKUCIUTEbHO-BOCCTAHOBHUTEIbHAS

peakius:

Zn+CuSO4 — ZnSO,4 +Cu

WU B HOHHOU popme:

Zn+Cu’t = 7Zn%t +Cu_
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B ranpBaHMYECKOM 3JIEMEHTE, COCTABJICHHOM W3 KEJIE3HOW TIACTUHKH, ONMYIIECHHOW B
pactBop FeSOs, u cBUHIIOBOH TUIaCTHHKH, omyineHHOW B pactBop PDH(NO3)2, *kene3o sBiseTcs

AHOOOM. CXGMa 9TOI0 3JICMCHTA CJIICAYIOIIAsd:
(—)Fe\ FeSO4||Pb(NO3),|Pb(+)

Ha >xene3nom snextpone (aHozAe) MPOUCXOIUT OKHUCICHUE. DTOT MPOIECC OMHUCHIBACTCS

CJICAYIOIUM 3JICKTPOHHO-MOHHBIM YPAaBHCHUCM!

Fe¥ — 2e «» Fe?t,
KenesHblid 3€KTPOI TPUOOPETAET OTPULIATEIBHBIN 3apsijl.

Ha cBuHIIOBOM 3j1eKkTpoe (KaToje) MPOUCXOIUT MPOIECC BOCCTAHOBIICHHS MOHOB Pb?*

U3 pacTBopa:

2+ - 0
Pb“" +2e <& Pb"
CBI/IHHOBLIﬁ BHGKTpOI[ 3apﬂ>KaeTc;1 ITOJIOKUTCIIBHO.

CymMmupyst o06a ypaBHEHHUsI, MOJYYUM HOHHOE YPAaBHEHHE PEAKIIUH, MPOTEKAIOIIECH B

JaHHOM TaJIbBAHHUYCCKOM J2JICMCHTC!

Fe+Pb%" > Fe?" +Pb_

DNEeKTPOHBI MO TMPOBOJHUKY, COCIUHSIONIEMY IIJIACTMHKH, OYIyT TMEepexXoAuTh OT
JKeJIe3HOM TIAaCTUHKU K CBUHIIOBOM.

Urak, B ranbBaHUYECKOM 3JIEMEHTE MO MPOBOJAHUKY, COCAUHSIONIEMY 3JIEKTPOJIbI, TEUET
ANEKTPUYECKUN TOK.

[TosiBEHME IIEKTPUUYECKOrO TOKA CBUAETEIBCTBYET O HAJIMYMHU PA3HOCTH IMOTEHIIMATIOB
MEXIy OJJiekTponamu. IHaue roBOps, Ha OJHOM M3 JJIEKTPOAOB BO3HHMKAET  KAKOM-TO
onpeAeNEHHbIN MOTEHIUAII, PA3JIMYHBINA JIJI PA3JIMYHBIX AJIEKTPOIOB.

[Torenmman, KOTOPBIM yCTaHABIMBAETCS HA METAUIMYECKOM AJIEKTPOJIE, MOMEIIEHHOM B
PacTBOp COJIM OJJTHOMMEHHOIO METaslIa, HA3bIBAETCS AJIEKTPOIHBIM IIOTEHIIMATIOM MeTajuia.

N3mepeHHble B CTaHJAPTHBIX  YCIOBUSAX IOTEHLHMAIbl METAJUIOB  HA3bIBAKOTCA
HOPMaJIbHBIMU (MJIM CTAaHJAPTHBIMU) DJIEKTPOJHBIMU TMOTEHIIMAJaMU MeTauioB. VX 3HaueHuUs
JUTSL pa3JIMYHbIX METAJIJIOB MPUBEEeHBI B Tabauie 9.1.

Uem gerye Metaym OTHAET DJEKTPOHBL, T.€. YEM JIETYE OH OKHUCISAETCS, TEM
OTPULATEIIBHEE €r0 JJIEKTPOAHBIM MOTEeHIUan. MHade roBops, MO BEIUYUHE JJIEKTPOIHOTO
MOTEHIIMaTa MOXXHO CYJUTh O CHOCOOHOCTH METaJula OT/IaBaTh AJICKTPOHBI, T.e. 00 aKTUBHOCTHU

MeTajia.
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bonee axkTuBHBIM MeTannm uMeeT Oojiee OTPUUATENBHYIO BEJIUYUHY D3JIEKTPOTHOTO
noTeHMana. Tak, HOpMajbHbIE SJEKTPOAHBIC TMOTEHIMANbl MAarHus, I[UHKAa W MEIU

COOTBETCTBEHHO paBHbI (B B):

0° (Mg /Mg?*) =-2,34:0°(Zn/ Zn°*) = —0,76;¢° (Cu/Cu’") = +0,34.

CpaBHI/IBaH 9TH 3HAYCHHUA, MOXKHO CACJIATh BbIBO/J, UTO HaI/I6OJIe€ AKTHUBHBIM N3 3THUX TpéX
METAJIJIOB SBJISIETCS MarHuii, a MEHEE aKTUBHBIM — ME/Ib.

B ragpBaHUYECKOM 3JIEMEHTE, MMECIOIIEM JIBa PA3IMYHBIX METAUIMYCCKHUX JJICKTPOJa,
aHOJIOM OyJeT MeTayUl C MEHBIICH BETUYMHON CTAaHJAPTHOTO 3JIEKTPOJHOrO MOTCHIMANa, T.C.
0oJjiee aKTUBHBINA METal.

HaHpI/IMep, B raJIbBAHUYCCKOM JJICMCHTC

Mg‘Mg2+ Zn2+\Zn

HamOoJee OTPUIATEIICH JJICKTPOAHBIA TOTEHIIMAT MAarHus, I03TOMY MarHUEBbIHA
AIEKTPOJT OYJIET aHOIOM.

Ha MarimucBoOmM BHeKTpOILC (aHOI[e) I/I,Z[éT npouecc OKHUCJIICHUA 110 ypaBHeHI/IIOZ
0 2+ -
Mg~ <> Mg“" +2e.
Ha nuakoBoM a51ekTposie (kaToj1e) MpoTeKaeT MPOIecC BOCCTAHOBICHUS IIMHKA:
2+ - 0
/N +2e > 7Zn

10.36 CymmapHO€ HOHHOE YpaBHEHHE PEAKIINHU, TPOTEKAIONIEH B TAKOM TaJIbBAHUYECKOM

3JICMCHTE, CIICAYIOIICC:

0 2+ 2+ 0
Mg~ +2Zn“" - Mg“" +4n" .
Benuunna QJICKTPOAHOTO MOTCHIMAJIa MCTAaJlJIa 3aBUCHUT, I'NTaBHBIM 06p3.30M, OT NPpHUPOABI

MCTaJlJIa, TEMIICpATYpbl W KOHLUCHTpAallMUM HOHOB MCETAlllla B PacCTBOPC. DTa 3aBHCHUMOCTH

BBIpa)KkaeTcs ypaBHeHneM HepHcra:

0 =" (Me/Me™)+ 222 1gC(Me™),

rze ¢ (Me/Me™) — HopManbHbIi 31eKTPOHBIH TTOTEHINAT;
N — YUCIIO OTAAaBaeMbIX (MPUHUMAEMBIX) METAJLIIOM JJIEKTPOHOB;

C(Me"™) — KoHIIeHTpallis HOHOB METAIIA B PACTBOPE, MOJIb/IM .,
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IIpy KOHIIEHTpAIM¥ MOHOB MeTajla, PaBHOW 1 MONB/IMS, BTOPOH UIeH YpaBHEHHUS
oOpamaercsi B HONb, TOTAA @ = @, m.e. 21eKMPOOHbIN NOMEHYUal Memauia npu e2o
xonyenmpayuu 1 monu/om® npedcmasnsiem co6oii cmanOapmMHbLIL 2NEKMPOOHbLI NOMEHYUA.

9J'IGKTp0,Z[BI/I)KyI_HaH cuna £ ranpBaHHMYECKOTO 3JJIEMEHTA onpeaAcIACTCa PasHOCTBIO

HOTEHIMATIOR KATONA U aHofa: & = Ok —QA.

TaK, 3,HC MAariu€BO-IMHKOBOI'0 TIaJlbBAHHYECKOI'O 3JJICMCHTA, IIPpW KOHLCHTpaLUAX
HNOHOB COOTBETCTBYIOIIHX METAJIJIOB OJUH MOJ'IB/I[MS,
cocramsier: E = ¢°(Zn/ Zn?*") — 0° (Mg / Mg ?*) = —0,736 — (—2,34) =1,604 B.

qCM 6OJ'II)IH€ pa3HOCTI) B BHAUYCHUAX CTaHI[apTHI)IX BJIGKTpOI[HI)IX IIOTCHIMaJIOB MCTAJIJIOB,
TEM 60J'II>I.H€ QHC TraJbBaHHU4YCCKOI'O 3JICMCHTA, KOTOpHﬁ 9THU MCTaAJIJIbI O6p33y1-OT.

CpaBHI/IM BIIC TOJIBKO 4YTO paso6paHHoro MAarHucBO-IMHKOBOI'O TaJlbBAHHUYCCKOI'O

anemenTa ¢ 9J1C MarHueBo-MeIHOTO JJIEMEHTA.
(-)Mg
C(Mg/Mg?*)=C(Cu/Cu?") = Lo/ om®

Mg2+HZn2+\Zn(+);

E=¢°(Cu/Cu®")-¢°(Mg/Mg?*)=+0,34 — (—2,34) = 2,68 B. .

Wtak, yeM panplie JApyr OT Jpyra HaxosaTcsd MeTalibl B TaOlMIle HOPMaJIbHBIX
ANIEKTPOAHBIX MOTEHIHANOB, TeM Ooibiie D/1C raabBaHMYECKOrO 3JIEMEHTA.

Kak ormeuanocs panee B pasjese, 3aBUCUMOCTb BEJIMYMH 3JIEKTPOJHBIX MOTEHIIMAIOB OT
KOHIEHTPAllUl OKUCJIMTEIbHOW M BOCCTAaHOBUTENbHON ¢opM peareHta u oT pH cpensl
BbIpakaeTcs ypaBHeHreM Hephceta (9.1).

VYpaBuenne HepHcra noszBossser npoBoauTh pacueT DJIC raapBaHUYECKUX DIIEMEHTOB
IIPU YCIOBUSAX OTJIMYHBIX OT CTAH/IAPTHBIX.

N3menenne wn3o0apHoro moreHmuana ['mbOca B cucTeMe YHCICHHO paBHO paboTe,
COBEpLIAEMON B PE3YyJIbTaTE NPOTEKAHMS DJIEKTPOXUMHUECKON PEAKIINN:

AG =-A = -nAgpF, 9.2)

rne A — paboTra »DSJIEKTPUYECKOrO0 TOKa, paBHAs MPOU3BEIECHHUIO YHCIa MOJIb

MIEPEHECEHHBIX IEKTPOHOB N, HANIPSIKEHUS B DJIEKTPUUECKOU 1enu A¢ u nocrossHHoN dapanes
F =96 454 Kn/mons = 96 500 Kn/moib.

JI1st CTaHIapTHBIX YCIIOBUMA:

AG? =-A%=_nAp °F. (9.3)

Koncranta paBHOBECHs JJIEKTPOXMMHUYECKON PpEAKUMH [JIs CTAHAAPTHBIX YCIOBHI

ompezensercs GopMyIIoi CIeAyIOMEro BUAA:
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—16,9nA¢°. 9.4
23-RT v 649

IgK

BenmunHabe KOHCTAHT paBHOBCCI/Iﬁ AJIA pa3HBIX 3JICKTPOXUMHUYECCKUX peaKHI/Iﬁ IIO3BOJIAIOT
ONpCACIIATh CTCIICHDb UX H606paTI/IMOCTI/I.

HOCKOJIBKy BHGKTPOHHLIfI NOoTCHIMA]I MCTaJlJIa 3aBUCUT OT KOHLCHTpaluu pacTBopa, TO
MOXHO COCTaBUTb L€Ib H3 OAMHAKOBBIX MCTANIMYCCKHUX JJICKTPOAOB, IIOIPYKCHHBIX B
pacTBOpPLI C pa3JIPI‘IHOI>'I KOHHCHTpaHHCfI HMOHOB 3TOro MCErTajuia — 39mo Konuenmpauuonﬂbzﬁ
2ANbBAHUYECKUL DTICMEHM.

3J1C KOHLEHTPAIIMOHHOTO JIEMEHTa opeAesseTcs mo Gopmyie:

C M Z+
g 0099 Ci(Me™)

2 Cy(Me?)’

rie C(Me?") — KOHIIEHTpAIUs HOHA METAIa B IPUIIEKTPOIHOM CIIOE, MOJIB/IM°, IpHYeM

(9.5)

C1(Me*") > Co(Me*") ; Z — cTeneHb OKUCIIEHHS HOHA.

Oo0opynoBanne U MaTepuabl
. JIBa crakaHa émkocThio 100 cm®
. PactBop CuSOs, C(CuSOs) = I monw/om®.

1

2

3. Pactop ZnSO4, C(ZNnSO4) = 1 monv/om®.
4. MenHast acTUHKA

5. lluHkoBas rracTHHKA

6. MeaHble MPOBOJIOYKH

7. BonbT™meTp

8. U — obpa3nas TpyOka

9. pactBop KCI

10. Arap-arap

Yka3aHus no TexHuke 0e30acHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
ANEKTPOOOOPYAOBAHHY, IITEKTPOIIPOBOIKE, MPABMIEHO 000PYA0BAHHOM BBITSDKHOM KA.

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

3. PaGodee mecTo comepkaTh B HOPSIKE U YHCTOTE.

4. Cyxue peakTuBbl TpeOyeTcs OpaTh YUCTHIM IIMATENEM WIH CIEIHATFHON JTIOKEUKOM.

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

6. Bce ombITH ¢ BpeAHBIMY U MAXHYIIMMH BEIIECTBAMU, a TAKKE YyIIApUBAHHE KUCIOT U KUCIBIX
pacTBOPOB MPOBOJMUTH B BBITSDKHOM KA.

7. OcraTKu coeqUHEHUi cepedpa cauBaTh B 0COObIE CKIISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUPKE BCer/a cieayeT Aep)KaTh €€ TaKuM 00pa3oM, YTOObI
OTBEpCTUE IIPOOUPKH ObLIO HAIIPABJIEHO B CTOPOHY OT PadOTaIOIIEro PsAAOM COCEa.

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

10. He cnenyer BOBIXaTh Maxy4due BEIIECTBA W Tas3bl, OJU3KO HAKIOHSSICH K COCYLy C THMHU
BemecTBaMy. HroxaTh BelecTBa MOKHO JIMIIL OCTOPOXKHO, HAIIPaBIIsAA K ce0e Iapbl WIK ra3 ABHXKEHHEM
pYKHU.

11. XpaHuTh pacTBOPHI KOHIEHTPUPOBAHHBIX KHUCIIOT U IIEIOYEH B BBITSHKHOM MIKady.

12. BrwumBath pa30aBieHHbBIC KUCIOTHI U IETOYHBIE PACTBOPHI CIEAYET B CIMBHYIO CKIISTHKY.

13. Kareropuuecku 3amperaercsi mpoOoBaTh XMMHUYECKHE BEIIECTBA HA BKYC.
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14. TIpu paboTe ¢ JIErKO BOCILIAMCHSIOIIUMUCS BeliecTBaMH (3QUphI, OCH301, CEPOYIIepo U
T.JI.) HE TOJDKHO OBITh PSIIOM OTHSI U BKJTFOUCHHBIX TLTUTOK.

15. Ilpu paboTe co CTEKIOM, XHMHYECKOW MOCYHoi, HeoOXoauMo coOmogaTh NpaBUiia
MPEIOCTOPOKHOCTH BO M30€KaHNE PaHEHUI OCKOJIKAMH CTEKIIA.

16. Kareropuuecku 3ampemniacTcst OCTaBIATh paOdoTaroIIre IpUuOOpsl 0€3 HAOIIOACHUS.

25. B xuMuyeckoii 1abopaTopun HEOOX0AMMO paboTaTh B XalaTe.

3aganusa

Onvim 1 Bossmute aBa crakana émkoctbio 100 cM®. B oiuH M3 HUX HajeiTe pactBop
CuSOs, B apyroit — pactBop ZnSOs4. Konmentpamuu pactBopoB oauHakoBbl: C(CuSQOs) =
C(ZnSO4) = 1 monv/om®.

B mepBblii cTakaH omycTHTEe MEIHYIO IJIACTUHKY, BO BTOpPOW — HHUHKOBYIO. K o6eum
IUTACTUHKAM TMPUKPENUTE MEIHBbIE MPOBOJIOYKU, KOTOPHIE COEAMHUTE Yepe3 BOJIBTMETP.
PactBopel B crakanax coemunute U — oOpasHoil TpyOkou, HanoiHeHHO# pactBopoM KCIl B
cMecu ¢ arap-arapoMm. HaOmiomaercs OTKIOHEHWE CTpENKH, T.€. B 1€MW MOSBISAETCA
INEKTPUUYECKUHN TOK.

Tabnuya 9.1 Cmanoapmmuule 21eKmMpoOHble NOMEHYUANbl MEMAalos

YpaBHEHHE NOJypeaKkuu go°, B YpaBHEHUE NTOJTYpEAKLIUU 1) "B
Ag* + e oA +0,7994 Hg 5" + 2e o Hg +0,792
AP + 3¢ & Al -1,66 K'+ee K -2,923
AU + 3e > Au* +1,41 Lit+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 & Ca -2,79 Na* + e < Na -2,713
Co®* + 3e & Co +0,46 Ni%* + 2e «— Ni -0,228
Co?* + 2¢ — Co -0,29 Pb?* + 2e < Pb -0,126
Cr¥* + 3e  Cr -0,74 Pb** + 4e — Pb +0,77
Cd** + 2¢ & Cd -0,403 Pd?* + 2e < Pd +0,915
Cu** + 2e & Cu +0,345 Pt** + 2e < Pt ~+1,2
Cu*+e« Cu +0,531 Rb* +e < Rb -2,924
Fed* + 3e « Fe -0,058 Sb3* + 3e «— Sh +0,20
Fe?* + 2¢ > Fe -0,473 Sn?* + 2e & Sn -0,140
2H" + 2e & H> 0,0000 Sr¥t + 2e o Sr -2,89
Hg** + 2e < Hg +0,850 Zn** + 2e < Zn -0,764

Conep:xkanue oTuera
Harmmmmre ypaBHEHNs 3JIEKTPOAHBIX MPOIIECCOB M CYMMAapHOM PEeakLny, MPOUCXO IAIINAX

npu pa60Te 9JICMCHTA. OHpC,Z[CJII/ITC Karoa U aHOJ. CocraBbTe CXEMY J3JICMCHTA, paCC‘{HTaf/'ITC

3/1C, AG 1 cTaHIapTHYIO KOHCTaHTY CKOPOCTH.

KoHTpoJibHBbIE BONIPOCHI
ba30BbIii ypOBEHB
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1Kakue mnpouecchl Ha3bpIBalOT 3MEKTpOXUMHUECKMMHU? YeM OHM OTIMYarTcs OT
00b1uHEIX OBP?

2KakoBbI MPUYMHBI BO3HUKHOBEHUS JBOWHOTO JJIEKTPUYECKOTO CJIOS HA TOBEPXHOCTH
METaJUIMYECKOM IJTACTUHEI B BOJIE?

3 Kakoe ycTpoHCTBO Ha3bIBAIOT rajdbBaHUYECKHM 31eMeHTOM? [IpuBeanuTe ero cxemy
Ha KOHKPETHOM ITpUMEpE.

4 Kakue anexkTposabl Ha3bIBalOT aHOJAaMM, Kakhe — KarojamHu? YKaXuTe aHOI U
KaToJl B LIMHK-CEPEOPSHHOM TrallbBAHUYECKOM 3JIEMEHTE.

S) MoxHO 1M omnpenenuTh abCONIOTHOE 3HAYEHHE DJIEKTPOJHOrO IOTeHUuana?
Kakoii a1exTpo/1 BBIOpaH B KauecTBE IEKTPOa CPABHEHUA?

6 Kak ycTpoeH cranpgapTHbli BojopojHblii anekrpoa? IlpuBeaure ero cxemy u
O0OBSCHUTE MPUHIIUAI PAOOTHI.

7 Uro Takoe «ps] HanpsKeHUu MetaiuioB»? Uto oH onpenenser?

IloBBIILIEHHBIN YPOBEHD

1 Kakoll «XMMUYECKMI CMBICI» HUMEIOT 3HAKU «+» U «—» IJIs CTaHJAPTHBIX
3JIEKTPOJHBIX MOTEHLUAIOB OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX CUCTEM?
2 Kax onenuBaror 3/]C rampBanudeckoro sneMenta? OTBET MOSICHUTE HA TIPUMEPE

KaJIMUI-MEIHOTO rajlbBaHUYECKOIO DJIEMEHTA.

3 Jlust wero npumeHsoT ypaBHeHne Heprucera? Hanummre ¢opmyity IpuBEACHHOTO BHIA
3TOr0 YpPaBHEHHS.

4 Kaxkue npubopsl Ha3bIBAIOT aKKyMyJsiTopaMu? KakoBbl UX TUIIBI?

5 Kak ycrpoeH cBuHLOBBII akkymysstop? IlpuBenuTte ypaBHEHHS, ONKCBHIBAIOLIME
IIPOLIECCHI €T0 3apsaa-paspsaa.

Cnucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCI0JIb30BAaHHIO 10 JAHHOI TeMe

OcHoBHasi MTEepaTypa:
1. Koposun, H. B. O6mras xumus : yaeounuk / H. B. KopoBuH. - 13-¢ u3., nepepab. u gorm. - M.
: Axagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyskaromieit cpebl : XUMHsI )KHUBBIX oprann3MoB. Kypc nekuuii /
E. C. Muxanuna, A. JI. [Terenmma. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTpOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
JlonoJIHUTe/IbHASA JINTEPATYypa:
1. T'munka, H. JI. O6mas xumus / H. I'. I'nurka ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XUMHS METaJUIoB : ydeOHOe mocodre (JIIs CTYJACHTOB XHMHUYECKOTO (aKyJIbTeTa
HarpaBiIeHuH 0akanaBpoB «XUMHUA» U «XUMHUUECKask TEXHOJOTHs») / cocTaButenu O. A.
I'onoBanoBa. — Omck : Omckuii rocygapcTBeHHbI yHuBepcurer uM. @.M. JlocTtoeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DekTpoHHO Oubimoteynas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum noctyna: mis
aBTOPU3HUP. MOJIB30BATENEH
HNuTepHeT-pecypcen:

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

2 http://biblioclub.ru/ — 5BC «YHuBepcuterckast OMOINOTEKA OHIIANHY.
3 http://catalog.ncstu.ru/ — 3neKTpOHHBII KaTajaor acCOIUAINU dJIEKTPOHHBIX OMOIMOTEK
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y4eOHbIX 3aBenieHuid u opranuzamnuii CKOO
4 http://www.iprbookshop.ru — DBC.

S https://openedu.ru — OTKpbITOE 0O6pa3oBaHKE
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BBenenue

Juctumimba «Xumus» OTHOCUTCA K JUCHUIUIMHE 0a30oBoil yacTu. OHa HampaBieHa Ha
(dbopMupoBaHHe OOLIEKYIbTYPHBIX, 001IENPO(EeCCHOHANBHBIX U MPO(ecCHnOHaTbHBIX KOMIETEHIIUN
oOydJaronuxcs B IIpolecce BBIOJIHEHHS padoT, onpeaeneHupix GI'OC BO.

MeTtoauueckre ykazaHUsl COCTaBIIEHBl HA COBPEMEHHOM HAayYHOM YPOBHE M PACCUMTAHbI Ha
CTYJIEHTOB, 110 HanpayieHuio 15.03.02 TexHoIIOrHUeCKHEe MAIIMHBI U 000PYyI0BaHHUE.

[TocnenoBarenbHOCTE TEM COOTBETCTBYET JIOTMYECKOW CTPYKTYpE €€ IPOXOXKICHMS.
[IpemyiaraeMble METOAMYECKHUE YKA3aHHUS COJAEpKAT MaTepuall, KOTOPbIH pPEKOMEHAYEeTCs
WCIIO0b30BaTh CTYICHTAM IPU MOATOTOBKE K MPAKTUYECKUM 3aHSATHUSIM.

Jlis MOATOTOBKHM K TMPAKTUYECKUM 3aHSATUSM CTYIACHT JOJDKEH H3Y4YUTh MarepHal IIo
COOTBETCTBYIOIIEH TeMe, HCIOJIb3ysd OCHOBHYIO U JOMOJHUTEIBHYIO IUTEpaTypy, a TaK xKe
ucnonb3ys nepuogudyeckue nganus CMU.



TEMA 1. OCHOBHBIE IIOHATUA U 3AKOHbBI XUMUU.

IMPAKTUYECKOE 3AHATHUE 1. OCHOBHBIE KJIACCBI HEOPTAHUYECKHUX
BEIMECTB. OCHOBHBIE 3AKOHbI XUMWHU

Hean 3ansaTusi: OO00O0IEHUE, 3aKpeIJIEHHE W CHCTeMaTH3alMs 3HAHUW O BaKHEHIIMX
KJIacCax HEOPraHMYECKUX COCIMHEHUM Ha MPUMEPE OKCUIOB, KUCIOT, OCHOBAHUH U COJIEH.

3HaHuA U ymenus, npuoﬁpeTaeMble CTYACHTOM B pe€3yJibTaTC OCBOCHHUA TEMbI

3HaTh: OCHOBBI CAMOOPTaHU3ALUK U CAaMOOOpa30BaHMS;
3HaTh: CYIIHOCTH U 3HaUCHHE MH(OPMAIMK B Pa3BUTHU COBPEMEHHOTO OOIIECTBA; OCHOBBI MTOTyUYSHHS U
00paboTKN HHPOPMAIIUN U3 PA3TUIHBIX HCTOTHIKOB

3narn: paOOTHI [0 pacyETy U MPOCKTUPOBAHUIO JETANICH U y3JI0B
MaIMHOCTPOUTENBHBIX KOHCTPYKIIUI B COOTBETCTBUU C TEXHUYECKUMU 3aJaHUSIMU U

HCIIOJIBb30BAHUCM CTAHAAPTHBIX CPEACTB aBTOMATU3AIUK ITPOCKTUPOBAHUSA

YMeThb: CaMOCTOSITETFHO CTPOUTD MPOIIECC OBIaIeHNs HH(OpMaIeil, 0TOOpaHHON U CTPYKTYPHUPOBaHHOM
JUIs1 BBITIOJTHEHUS TPO(ECCHOHANBHON ACSTEILHOCTH.

YMern: moiydars 1 00padaTHBaTH HHPOPMALIUIO U3 PA3THYHBIX UCTOYHUKOB

VYmers: IPUHUMATh y4acTHe B pad0OTax Mo pacyeTy U NPOEKTUPOBAHUIO I€TANIEH U
y3JI0B MAIlIUHOCTPOUTENIbHBIX KOHCTPYKLIUWA B COOTBETCTBUU C TEXHUUECKHUMU
3a/IaHUSIMU M UCTIOJIb30BAHUEM CTAHJIAPTHBIX CPEJICTB aBTOMATU3AI[MU

IMPOCKTUPOBAHUA
HanmenoBanne (GpopMHUpyeMBbIX KOMIIETCHIUH

HNupexe DopMyIUpPOBKa:
OK-7 CIIOCOOHOCTBIO K CAMOOPTaHU3AIMK U CaMOOOPa30BaHHIO
OIIK-4 MOHMMAaHHEM CYITHOCTH U 3HAYCHUS WH(OPMALIUU B Pa3BUTHH

COBPEMEHHOT0 O0IIECTBA, CIOCOOHOCTHIO MOyYaTh U
oOpabaTteiBaTh HHGOPMAIUIO U3 PA3JIMYHBIX UICTOUHUKOB,
TOTOBHOCTBIO HHTEPIPETUPOBATH, CTPYKTYPHUPOBATH
oopmiATh HHGOPMAITHIO B JOCTYITHOM JISI APYTUX BUJIE

TK-5 CIMOCOOHOCTRIO IPUHUMATD y4acTHe B paboTax 1Mo pacyery u
IPOEKTUPOBAHHUIO JE€TAICH U Y370B MAITHHOCTPOUTEIBHBIX
KOHCTPYKIIMH B COOTBETCTBUH C TEXHUYECKUMH 33JaHUSAMH 1
UCIIOJIb30BAHNEM CTaHIAPTHBIX CPEJICTB aBTOMATH3AIIUH
IPOEKTUPOBAHUS

AKTyaJTbHOCTh TEMBI

K HeopraHMyeckuM COEIMHEHUSM OTHOCST BCE COYETAHUS XHUMUYECKHUX DIIEMEHTOB,
KOTOpBIE HE COZIEPKAT YIIEPO. BOIbIIMHCTBO N3BECTHBIX COEIMHEHUN SBISIOTCS OpPraHUYEeCKUMH,
OJTHAKO M3BECTHO OKO0JIO 20 MUJUIMOHOB TE€X, KOTOpBIE NMPHHAIEKAT K KJIACCY HEOPraHUYECKHX.
OrpomMHO€ KOJMYECTBO BBI3BIBAET HEOOXOAMMOCTh HUX KiIaccH(UKAIMMU, TO €CTh JAENeHUs Ha
rpynnsl. Kaxaoe u3 3THX BewiecTB 00JIaJaéT CBOMMHU XapaKTEPUCTUKAMM, U MO3TOMY MOKHO
BBIIETIUTh OCHOBHBIE KJIACChl HEOPraHWYECKUX coelrHeHuH. s mo0oro M3 HHUX XapaKTEepHbI
pa3IMYyHbIE CHOCOOHOCTH B3aUMOJEHCTBHA C JAPYTHMMHU BEIECTBAMHU, CBOM CBOMCTBA. XUMH,
KJIACChl HEOPraHMYECKUX COEAMHEHMH B KOTOPOW 3aHMMAOT BaXXHOE MECTO, paccMaTpHUBacT HMX
KJIacCU(UKALIUIO C HECKOJIBKUX TOUEK 3PEHHUS.



Teoperuyeckasi 4acThb

Heopranmueckne coeauHEHUs KIacCUDUIUPYIOTCS IO COCTaBy WM 10 CBOWCTBAM
(pynkumoHanbHbIM Npu3HakaMm). [Io cocTaBy OHM AENATCS HA MPOCThIE — 3TO OAHOAJIEMEHTHBIE
COCIMHEHUS U CIIOKHBIE, IBYX3JIeMEHTHbIE (OMHApHBIC) U MHOT03JIeMEHTHBIE (Tabmuia 1).

Tabauya 1 — Knaccugurayus neopeanuueckux coeOuHeHutl

IIpoctsie CrnoxHble
Memannwt (88 371€MEHTOB): Jlsyxanemenmuole (OMHAPHBIC)
S- 2JIEMEHTBI TUJPUIBL LiH, NaH, CaH,,
(xpome H u He); KapOMIbI SiC, CaCg, Al4Cs,
P-3JIEMEHTBI
Al, Ga, In, Tl, Ge, HUTPHBI Na;N, Mg;N,,
Sn. Pb, Sb, Bi: OKCH/IBI Ca0, Al20s,
d -aeMeHTsI, cymbhusl K.S, ZnS,
f -onmemenTsL. rajubl NaCl, FeCl,.
Hememannwi (22 snementa): LY T ——
S-3JICMCHTBI Comn
H, He;
proTeMEHTE cpeaHue NaNO,, K,PO,,
B,C,Si,N,P,S KHUCJIbIE NaHSO,, KH,PO,,
0O, As, Se, Te, (ruzpo-) Ca(HCO,),,
raJIOFeHLI;f?’JfIIFOpOI[HHe OCHOBHBIC MgOHCI, AlI(OH),CI,
(ruapokco-) (CuOH),SO,;
I'mppoxkcubr:
ocunosanust KOH, Ni(OH),, Ba(OH),
ampomurer ZN(OH), <> H,ZnO,;
Al(CH), < H,AIO,
Kucnotsr
Be3KHCIOpO THBIE HF, HCI, HBr, HI
Kucnoponconepxaume HNO,, H,SO,

CrnoxHble HEOPraHUYECKHUEe COeIMHEHMsI, COrJIacHO Tabnuie 1, KpoMe Mojpa3/ieneHuit 1o
COCTaBy, B CBOIO OuYepelb NOJApa3AeNsAloTcsd MO (PYHKIMOHAIBHOMY MPU3HAKY Ha OKCHUIBI,
THJIPOKCUIBI (OCHOBHBIE U aM(OJIUTHBIE), KUCIOTHI U COJH.

K OuHapHBIM COETUHEHUSIM OTHOCSTCS:

1) OKCHTBI — COEIMHEHUS SJIEMEHTOB C KUCIOPOIOM CO CTENEHBIO OKHCICHUS (—2);

2) ranusl — raJIoreHIpou3BoIHbIE (HTOPUIBI, XJTIOPUIBI U JIP.);

3) cynbduIBI — COSMHEHUS C CEPOil CO CTENICHBIO OKUCIICHUS (—2);

4) HUTPHUIBI — COSIMHEHHS C a30TOM CO CTEINCHBIO OKHCIeHUs (—3);

5) kapOubI — COEAMHEHHSI YTIIepo/ia CO CTENEeHbBI0 OKHUCIeHus (—4);

6) dochuast — coenunerust Gocdopa co CTeneHbo oOKucacHus (—3).

Homenxknamypa  6unapuvix  coeounenuii. K nmaTMHCKOMY — HasBaHuio  Oojee
ANEKTPOOTPHUIIATETLHOTO 3JIEMEHTa C OKOHUYAHUEM «u0» J00aBISIOT PYCCKOE Ha3BaHHE MEHee
EKTPOOTPHULATEIBLHOTO IEMEHTA B POJUTENBHOM MAJIEXKE, C YKa3aHUEM €r0 CTEIIEHU OKHCIICHUS
apabckuMu U pamMu B KPyTibIX CKOOKaXx.

IIpumepsr:

Cr,O, — okcun xpoma (+3);

O,F, — ¢ropua kucnopona (+1);



Al,C, — xapbun amomunus,;
CuBr, — 6pomuy menu (+2).

OcCHOBHbBIE IOHATHUS U OCHOBHbIE 3aKOHBI XUMHH
Monb — KOTMYECTBO BEIIECTBA, COJIEPIKAIIEE CTOIBKO K€ CTPYKTYPHBIX €IUHHUIL (MOJIEKYI,
aTOMOB, MOHOB, 3JIEKTPOHOB WJIM JIPYrHX YacTHI[), CKOJIbKO aTOMOB COJIEpPKHUTCS B 12 r u3oroma
yriaepona 2C. UMcno uacTHI, COAEP/KAIIMXCS B OJXHOM MOJb JFOOOTO BEIIECTBA, COCTABIAET
6,02:10% CTpYKTYpHBIX eIUHUIL (nocmosannas Aeo2adpo).
Monvuas (monapuas) macca — 3T0 Macca OJHOTO MOJIb BELIECTBA, BhIpaKEHHAs B rpaMmax,
YUCJIEHHO PaBHasi OTHOCUTEIBbHONW MOJIEKYJIIPHOW MAacce 3TOTO BEIIECTBA.

Tak, MoJieKyJIipHas Macca MOJIEKYJIbI C|2 paBHa 70,90 a. e. M. (AaTOMHBIX €AMHHI] MAaCChI).
Torna monbpHas Macca MoJieky: xjiopa pasHa 70,90 r/moabs. Ho MosibHast Macca aroma Xjiopa paBHa
35,45 r/monb, ipuuém oau monb Monexyn Cl, comeprkut 2 monb atomoB x1opa.

Okeusanenm — 3TO pealibHas WIM YCIOBHAs 4YacTHULA, KOTOpas B KHCIOTHO-OCHOBHOM

peaKkiuy KBUBAJICHTHA OJIHOMY MOHY BOJOPOA, a B OKHUCIUTEIHHO-BOCCTAHOBUTEIHHON PEAKINH
— OJIHOMY 3JIeKTpoHY. Hampumep, B KHCIIOTHO-OCHOBHOM pEaKIIun

3H,S0, + 2AI(OH), = Al,(SO,), + 6H,0.
LIECTH MOHAM BOJOpOJa (B TPEX pPearupyrOUIMX MOJIEKYJIaX CEPHOM KHMCIOTbI) COOTBETCTBYIOT JIBE
monekynst Al(OH),, cnenosarensro, omHoMy MOHY BOZOpOAa SKBUBAIEHTHA 1/3 MOJNEKYIBI

Al(OH),, unaue rosops, sksusanenr AlI(OH), cocrasnser 1/3 moms AI(OH),. B peakuun
OKHCJIEHMA-BOCCTAHOBJICHHS

H,SO, (pa36.) + Mg =MgSO, +H, T

0 - 2+
aToM MarHms TepseT asa onekrpona: M@~ - 28° — MQ” u nmosTomMy o1MH SKBUBAIEHT MarHus

cocraBisieT ‘2 Moib. Bemmuumnbr 1/3 u 1/2 (B 3TuxX mnpuMepax) Ha3blBAOT hakmopom
9KEUBANEHMHOCU.

Okeusanenmuas macca — 3TO Macca OIJHOIO SKBHMBAJIECHTA BEILIECTBA BBIPAKEHHAS B
rpammax, T. €. Pa3MEpHOCTh SKBUBAJICHTHOM MacChl — I/MOJIb.

OO0béM, 3aHUMaeMbli TNpPU JIAHHBIX YCJIOBHSAX MOJIBHOW WMJIM OSKBUBAJIEHTHOM MAaccoi,
Ha3bIBAETCS] COOTBETCTBEHHO MOIbHbIM WIH IKEUBANEHMHbIM 0O0BEMOM TOTO BEILIECTBA.

Tax, monbras macca Al(OH), pasua 78,0 r/monb, a sxBuBaneHTHas Macca cocTasiser 1/3

momsHOM Macest Al(OH);, T.e. 26,0 r/monb. Atomuas macca maruus pasHa 24,3 1/MoIb, a €ro

SKBHMBAJIEHTHAs Macca (B MPHUBEAEHHOM BBILLIE MpPUMEpE) cocTaBigeT 1/2 ero MOJIbHOM Macchl —
12,12 r/monb.
B coOTBETCTBUM C 3aKOHOM SKBHBAJICHTOB Macchl (00BEMBI) pearupyromux Berects M(X,)

(V(X,))nu m(X,) (V(X,)) npsimo nponopryoHaIbHbl HX SKBUBAICHTHBIM Macca (00b&Mam):

m(X)  m(X,)

ML (%) ML (X,) i
V(X)  V(X,)

V,(X,) Vo (X,) (1.2)

Bonpocel u 3aganus:

[TpuBenéM TprMepHI BHITIOJTHEHUS THITMYHBIX 3aaHUH, IPUBEIEHHBIX B padoTe.

Ilpumepl. CoctaBbTe (QopMyny HOPMaNIbHOW (cpemHei) comu Oapusi W MBIIIBIKOBOM
KHCJIOTBI.



Pemerne. ®opmyna MbiubsikoBoit kucnotst H,ASO,. Monekyna comm, oGpazoBaHHas

2+ 3- y

wonom Ba“®" u xucnoruem ocrarkom ASO,”, nomkua GbITH dneKTpoHElHTpanbHa. Hanmenbuiee

ob1iee kpaTHoe uncen 2 u 3 (3aps/bl HKOHOB) PABHO 6, MO3TOMY MOJIEKYJIA JIOJDKHA COJEpKaTh 6:2 =
3—

3 atoma Gapust u 6:3 = 2 kucnotusix ocrarka ASO;,” . ®opmyna con Ba,(AsO,),.

Ilpumep 2. CoctaBbTe GOpMYITy OCHOBHOW COJIU AIFOMUHUS U OPOMOBOJOPOTHOM KHCIIOTHI.
Pemrenne. Mosekyna OCHOBHOM COJIM JIOJDKHA COJAEP)KaTh KHCIOTHBIE OCTaTKH HWOHA

- 3+ -
Br',uona Al”'u OH -rpymnei. Tak kak B Monekyie THAPOKCHIA almioMHHHsA Bcero Tpu OH

rpynmbi, a ocrarka ¢ OH -rpynmmamu Bosmoxmo msa: (AI(OH),))" u (AIOH)*, 10 u
ocHoBHbIX coneii Oyner Beero ase: AI(OH),Br u AIOHBEL,.

Ilpumep 3. CocTaBbTe YpaBHEHMS PEAKIUH MEXKAY COOTBETCTBYIOIIMMHU KHUCIOTaMU M
OCHOBaHUSIMU, MPUBOISIINX K 00pa3oBaHUIO [ (S13% {01104 coneil:

Ni(NO,),, NaHCO,, Fe,(SO,),.

Pemenne. Hopmambuyio coms  NI(NO,), moxno momyunts npu B3aumopeiicTeun

ocuosannst Ni(OH), u asornoit kucnorst HNO,:
Ni(OH), + HNO, — NiNO, + 2H,0.

Kuciyto cons, ruapokapoonar Harpust NaHCO,, monyuator neiicruem yriiekucioro rasa
Ha THJIPOKCH]] HATPUS:

NaOH + CO, = NaHCO..

Coms Fe,(SO,), moxer ObITb cHHTE3MPOBaHA, HAPUMED, TaK:

2Fe(OH), + 3H,S0, = Fe,(SO,), + 6H,0.

Xumuueckue peaxyuu uoym 00 KOHYA, eciu 8 pacmeope oOpazyemcs 0cadox, 2az, ciaowli
INEKMPOIUM UIU KOMNJIEKCHBIN UOH. Y PaBHEHUS peaKIil HOHHOTO 0OMeHa HEO0X0IMMO MHCaTh B
MOJIEKYJISIPHOM, MOJMHON M cOKpaméHHONM MOHHOHM (opmax. Ilpu HamucaHuM MOHHBIX ypaBHEHUH
(bopMyITBI Ta30B, OCAIKOB H CIA0BIX SJIEKTPOIUTOB CIIEAYET 3aIMCHIBATh B BHJIE MOJICKYIL.

CyMMa OJHOMMEHHBIX HOHOB M JJIEKTPUYECKMX 3apsioB B JICBOH M IpaBOil dacTsX
ypaBHEHHsI JOJDKHA OBITh OJIMHAKOBA. B HacTosIIeM pasfenie paccMaTpUBAIOTCS PEAKIIMH HOHHOTO
oOMeHa.

Ilpumep 4. Hanumure B MOJIEKYJSIPHOM M MOHHOHN (opMax ypaBHEHHS PEAKIHI MEXITy
CIIELYIOIIMMHI BEUIECTBAMM:

1) Pb(NO,), u H,S; 2) BaCl, u Na,SO,; 3) Na,CO, u HCI;4) NaOH u H,SO,;
5) CH,COONa u HNO,,.

Pemenune. B MmosiekyisipHoM BUiE:

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 Buze:



1) Pb* + 2NO; + H,S=PbS{ +2H" + 2NO;;

2) Ba* +2CI" + 2Na* + SO* =BaSO, { +2Na" + 2CI’;

3) 2Na* + COZ + 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:;.

N B coxpaménnoii popme:

1) Pb* + H,S=PbS{ +2H" ;2) Ba* + SO* =BaSO, ¥ ;
3) CO* +2H" =CO, T +H,0; 4) OH +H" = H,0;
5) CH,COO™ + H* = CH,COOH.

Ipumep 5. 110 COKpalIéHHBIM HMOHHBIM YPAaBHEHUSAM HAIMILUTE IOJHBIC MOJIEKYISPHBIE
YpaBHECHUS:

1) OH +H* = H,0; 2) Cu® +S* = CuS{; 3) 2H* + CO? = H,CO,,.
Pemenune. B neBoil yacTu 3THUX HMOHHO-MOJIEKYJIIPHBIX YpPaBHEHHM yKa3aHbl CBOOOJIHBIE
HOHBI, KOTOpblEe 00pa3yloTcs HpU AUCCOLMAIMM CHJIBHBIX 3JeKTpOauTOB. CleqoBaTelIbHO, MpU

COCTaBJICHUM MOJIEKYJISIPHBIX YPaBHEHUM CJIEIyET, 0JIb3YACh TaOIUIEH paCTBOPUMOCTH, BHIOMPATh
CUJIBHBIE DJIEKTPOIIMTHI, COJEPIKALINE COOTBETCTBYIOIMI MOoH. Hanpumep, non H' comepkutcs B

coctase cunproro dnexrpomuta HCl,a OH — 8 NaOH. Torna:

1) HCI + NaOH = NaCl + H,O — monekynspuas popma;

H"+ClI"+Na" +OH =Na" +ClI' + H,O- nonuas wuommas Qopma; u Tora
cokpaménHas HoHHas Gopma OyleT UMeTh 3aJaHHbIH BUL;
H"+OH = H,O.
CrnenoBaTeNnbHO, MOIEKYISPHOE yPaBHEHHE COCTaBJIE€HO NpaBuibHO. OcTaBiivecs Ba

YpaBHEHHUSI COCTABIISIFOTCS MO aHAJIOTUYHBIM MPHUHIMIIAM U COOTBETCTBYIOIUE UM MOJIEKYJISPHBIE
(GopMBI UIMEIOT BUJ:

2) CuCl, + Na,S = CuS<{ +2NaCl; 3) H,S0, + Na,CO, = H,CO, + Na,S0O,.
Ilpumep 1. Boruucaure skuBajieHTsl M skBuBaitentHsie Macesl H,SO, n A1(OH), s

pCaKknuAaX, BEIPAKCHHBIX YPAaBHCHUAMM:

H,SO, + KOH = KHSO, + H,0 (1)
H,SO, + Mg =MgSO, +H, T (2)
Al(OH), + HC1 = A1(OH),C1 + H,0 ©)

AI(OH), + 3HNO, = AI(NO,), + 3H,0.  (4)

Perrenmie. DKBUBaAICHT (BKBI/IBaJ'ICHTHaH MaCCB.) CJIOKHOI'O BC€IICCTBA, KaK W 3KBUBAJICHT
(BKBI/IBaJ'IeHTHaSI MaCC&) OJIECMCHTA, MOXET UMCTh PA3JIMYHLIC 3HAYCHUA B 3aBUCHUMOCTU OT TOT'O, B
KaKyI0 pCaKI o 06MeHa BCTYIIACT 3TO BCIIECCTBO.

Dreusanenmuas macca Kuciomobl paBHa €€ MOJILHOM Macce (M), ﬂeHeHHOﬁ Ha YHCJI0
aTOMOB BOJ0OpOJa, 3aMCIICHHBIX B HaHHOﬁ pPC€aKiu Ha MCTAJLI. Dreusanenmuas Macca oCHOBAHUS
paBHa €ro MOJIBHOW Macce (M), I[CHCHHOﬁ Ha YUCJIO TUAPOKCHUIIBHBIX TPYIII, 3aMCHICHHBIX B

JIaHHOM PCaKIMU KUCIIOTHBIM OCTATKOM.



CnenosarensHo, skBuBanentHas macca H,SO, B peaxuun (1): M(H,SO,)/1= 98
r/monb, a B peakunn (2): M(H,S0,)/2= 49 r/mons. Dxsusanenrnas macca Al(OH), B
peakuun (3): M(AI(OH),)/1="782/ mons;, a B peaxunn (4): M(AI(OH),)/3 =262/ mons.

3ajauy MOXHO pewmTs u apyrum crmocobom. Tak kak omur wmoms  H,SO,

B3aUMOJICHCTBYET ¢ onHoil skBuBanienTHOH Maccoi KOH u nByms skBuBaneHTHBIMM Maccamu
MarHus, TO ee >KBHBaJIeHTHas Macca B peakuuu (1) paaa M/1 r/mons, a B peakmum (2) —
M/2r/mons; AI(OH), BsanmopneiictByer ¢ ommoil skBuBanentHoil Maccoit HCl u Tpems

sxeuBanenTHbME Maccamn HNO,, nostomy ero skBuBanentnas macca B peakuun (3) pasna M/1
r/monb, a B peakuun (4) — M/3 r/mons. Dxeusanentet H,SO, B peaxmmsx (1) u (2)
COOTBETCTBEHHO paBHbI | Moib U 1/2 MOJIb; YKBHBAJICHTHI A|(OH)3 B ypaBHeHHsX (3) u (4)
COOTBETCTBEHHO paBHbI 1 MOJb U 1/3 MOIb.

Ipumep 2. B xaxoii macce Ca(OH), comeputcst CTONBKO ke IKBUBAIEHTOB, CKOJIBKO B
624 AI(OH),?

Pemenne. DkBUBasIeHTHAs Macca A|(OH)3 paBHa 1/3 ero MonbpHOI Macchl, T.e. 78/3 = 26
r/mMmone. CienoBatelpbHo, B 624 T A|(OH)3 comepxxkutca 624:26 = 24 oSKBHUBaJEHTA.
OxsuanentHas macca Ca(OH), pasua 1/2 ero monbHO# maccsl, T.e. 37 r/mons. Orciona

24 skeusanenra Ca(OH), umeror maccy 37,3-24 = 888 .

ITpumep 3. Ha Boccranosnenne 7,09 r okcuna metamna (+2) tpedyercs 2,24 nm° Bogoposa
(HOpMabHBIe yCIOBHS). BhIUMCINTE PKBUBANEHTHYIO Maccy MeTamia. UeMy paBHa aToOMHas
Macca metauia?

Pemenne. MonbHEIH 00beM JT1060T0 ra3a IpH HOPMalbHBIX YCIOBUSAX cocTaBiseT 22,4
am®. Otcrona skBuBaneHTHEIE 00beM Bogopona V., (H,), Monekyna kotoporo cocrout n3 neyx
aToOMOB BOJIOPO/IA, paBeH 22,4/2 = 11,2 v,

B COOTBETCTBHY C 3aKOHOM KBUBAJIEHTOB COCTABJIAEM COOTHOLIEHHE:

m(MeO) V(H,)
M,(MeO) V,(H,)
HOI[CTaBI/IB COOTBCTCTBYIOH_II/IC 3HAYCHHUA U3 YCJ'IOBI/ISI 3ajJgaydu, nonyqaeM:

7,09:M3(Me0); M9(|\/|eo):@-11,2:35,452/M0ﬂb.
2,24 11,2 2,24

I[anee, YUYUTEBIBAA, UYTO DJOKBUBAJICHTHAA MacCa OKCHIaA |\/|3(|\/|eO) CKJIaAbIBACTCA H3

cymmbl okBuBaneHTHBIX Macc Meramna (M, (Me)) u xucmopoma (M,(0) =8 2/ monv),
HauaeEM:
M,(Me)=M,(MeO)-M,(0)=35,45-8=27,45 2/ mono.
AToMHas Macca MeTajla COCTaBHUT:

A(Me) =M, (Me)-V (Me) =27,45-2=54,92/ monw.

OtseT: 3TOT MeTamn — mapraner; Mn .

Ilpumep 4. N3 1,64 r Hutpara metamia noiaydeHo 1,36 r ero cynbdarta. Beruuciute
SKBHMBAJICHTHYIO Maccy MeTajuia.

Pemenne. Ilpu pemenun 3agaum cieyeT MUMETb B BUIY, UTO IKGUBANEHMHAS Macca
XUMU4eCcK020 coeOuHeHus paBHa CyMME 3KBUBAJICHTHBIX MacC COCTABIIAIONINX €ro 4YacTel.

B naHHOM peaknuM y4acTBYIOT COJHM: JIKGUBANEHMHAS MAcCCd COAU PABHA CYMMe
IKBUBATICHIMHBIX MACC MEMANNA U KUCTOMHO20 OCMAMKA.

[ToaTOoMy: a) SKBHUBaJEHTHAasl Macca HUTpaTa paBHAa CyMME 3KBUBAJIEHTHBIX Macc MeTalljla



Y HUTPAT-TPYIIIIBL:
M, (Me(NG,).), e/ mono =M ,(Me) + M ,(NO; ) =M ,(Me) + 62,

0) SKBUBaJCHTHAas Macca cyabgama paBHA CyMME SKBHBAICHTHBIX MacC MeTala U
Cynb(aTHON TPyIIIbL:

Ma(l\/lex(SO4)y), el monw =M (Me) +M3(SOf_) =
=M, (Me) +%I\/I (SO ) =M, (Me) +%-96 =M, (Me) +48.

YunteiBas CKa3aHHOC, HO.HyLH/IM:
m(Me(NO,),) _ m(Me,(S0,),)
M,(Me(NO,),) M, (Me,(SO,),)’

uiau

164 1,36
M,(Me)+62 M (Me)+48
Omeem: M (Me) =20 2/ mono.

Bonpocel 1 3a1aHU 111 CAMOCTOSATEIBHOI0 PELICHUS
ba3o0BbIi1 ypoBeHb
1. CocraBbTe (OPMyJIBI HOPMAIBHBIX M KHCIBIX cojiell Mblmbsikosucroii H,ASO; n

cepuoit H,SO, kucnor u maruust.

2. MoxHo T HOJY4YHUTh pacTBop, coJiep KalIii OJTHOBPEMEHHO
Ba(OH), u HCI1? CaCl, u Na,CO,? NaCl u AgNO,? KCl u NaNO,? Vkaxure, xaxue

KOM6I/IHaHI/II/I HCBO3MOJXHEI U ITIOUYEMY.

3. CocraBbTe CI)OpMyJ'H:I OCHOBHBIX COJIEH Kejie3a U COISIHOMN KHUCJIOTHI, aJIFOMUHUA 1N cepHoﬁ
KHCJIOTHI.

4, Z[OKa)KI/ITe YpaBHCHUAMU peaKuHﬁ aM(l)OJII/ITHOCTL CJICAYIOMIUX COE€TUHECHUM:

Zn0O, Al,O,, Sn(CH),, Cr(OH)..

5. Hanummre xumuueckue (OpMyNbl CIEAYIOIUX coieil: cynbdar memu (+2),
TMJIPOCHIIMKAT HATpHs, aleraT Kalus, XJOpHJ AUTHApoKcoxkerne3a (+3), xkapOOHAT aMMOHMS,
muruapodocdar IUTHS, TETPATHIPOKCOATIOMIUHAT KaIHs. Y KaKUTE TUIIBI IPUBEAEHHBIX COJICH.

6. CocTaBbTe MOJIEKYJSIpHbIE YpPaBHEHUS PEAKIMHA, KOTOPHIE BBIPAXKAIOTCS CIEAYIOUIMMHU
MOHHO-MOJICKYJISIPHBIMH YPaBHEHHUSIMHU:

1) Zn*+H,S=ZnS{ +2H"; 2) HCO,+ H* =CO, + H,0; 3) Ag* + ClI'= AgCI .
2 3 2 2 g g
7. Kakme m3 semects: NaCl, NiSO,, Ba(OH),, NaHCO, - ssaumoneiicteyror ¢

pacTBOpOM TuApokcHuaa HaTpus? Hanummre MONEKyJIsspHbIE H MOHHO-MOJIEKYJISIPHBIE YPaBHEHUS
COOTBCTCTBYROIIHX pCaKHHﬁ.

8. CocraBpTe MOJNGKYISIDHBIE W  HMOHHO-MOJICKYJSIDHBIE  YpaBHEHHSI  peakIuit
B3aHMMOJICHCTBHUS B pacTBOpax MCKIY:

a) Na,PO, u CaCl,; 6) K,CO, u BaCl,; B) Zn(OH), u KOH.

9. CocraBbTe MOJICKYJSPHBIC YPABHCHHS DPEAKIIMH, KOTOPHIE BBIPAKAIOTCS CIIETYIONTUMHU
HOHHO-MOJICKYJISIDHBIMU YPABHCHHUAMMU:

1) Fe(OH),+ 3H" = Fe* + 3H,0; 2) Cd* + 20H" = Cd(OH), ¥ ;
3) H"+ NO, = HNO,,.



10. CocraBpTe MOJEKYJISpHbIE M  HOHHO-MOJICKYJSIPHBIE  ypaBHEHUs  peakIUid
B3aUMOJICVCTBUS MEXKY:

1) FeCl, u KOH; 2) NiSO, u (NH,),S; 3) MgCO, u HNO..

11. CocraBbTe MOJIEKYJISIPHBIE YPAaBHEHUs PEAKIMIl, KOTOPBIE BBIPAXKAIOTCS CIENYIOIIMMHU
MOHHO-MOJIEKYJIIPHBIMU YPaBHEHUSIMU:

1) Mg* + CO¥ =MgCO, {;2) 2H" + Si0Z = H,SiO, ¥ ; 3) Pb* + 21" = Phl, .
12.  CocrtaBbTe MOJCKYJSIPHBIE W  HOHHO-MOJICKYJISIPHBIC  YpPaBHEHHUS  pEaKIUi
B3aMMO/JICVCTBHUS B PACTBOPAX MEXKY:

1) CdS(xentsrit ocanox) u HCI1;2) Cr(OH), n NaOH; 3) Ba(OH), u CoCl,.

13. CocTaBbTe MOJIEKYJISIPHBIE YPaBHEHUS PEAKIMil, KOTOPBIE BBIPAXKAIOTCS CIEIYIOIIMMHU
HMOHHO-MOJIEKYJIIPHBIMU YPAaBHEHUSIMU:

1) Cu* + 20H =Cu(OH), ¥ ; 2) Zn* +S* =ZnS; 3) Ca® + COZ = CaCO, | .
14. Brraucnure SKBUBAJICHT " SKBUBAICHTHYIO Maccy docdhopHoit

kucnorst H,PO, B peaknusx oOpasosanus: a) rugpodocdara; 0)
nuruapodocdara; B) pocdara.

15. TIpu cropanuu 10,00 r meramra obpasyercs 18,88 r okcuma meramra. Onpenenure
SKBHUBAJIEHTHYIO Maccy Metamia. Otset: 9,01 r/Moib.

16. Onpenenute SKBUBAJICHTHBIC MacChl MeTajla u cepsl,
eciu 3,24 r meranna ob6pasyror 3,48 r okcuga u 3,72 r cynb puna.

17. BplyucnuTe KOJHMYECTBO BEIIECTBA HPKBHBAJICHTA U MOJIIPHYIO MacCy SKBHUBAJICHTA
uurpara auruapokcoxkenesa Fe(OH),NO, wu muruppoapcemara nurus LiIH,AsO, s

pCaKluAX, BbIPa)KaCMbIX YPABHCHUAMU:
Fe(OH),NO, + 2HNO, = Fe(NO,), + 2H,0
LiH,AsO, + LiOH = Li,HAsO, + H,0.

IToBbIIEHHBIN YPOBEHD
1. C KakuMU W3 NEPEYUCIEHHBIX HIKE BEHIECTB IPOPEATMPYET Aa30THAs KHCJIOTA:
N,O,, Al(OH),, CaO, HCI, K,S? Uso6pasure rpapmueckne (opMyisl 3TUX COEAMHEHHIA.

Hanumure ypaBHEHUSI COOTBETCTBYIOIIMX PEAKIUH.

2. CocTaBbTe ypaBHEHMS pEAKIUI B3aUMOJACUCTBUS CIEIYIOLUIUX COCTUHEHUMN:

a) HUTpAT cepedpa U noaua Kaus; 0) OKCUJ IIMHKA U THAPOKCH]I HATPHSI.

3. CoctaBbTe (HOpPMYNBI KUCIBIX KaTUEBBIX cojeil opToPochopHON KUCIOTHI, OCHOBHOU
IMHKOBOW COJIM YTOJBHOW KUCIOThI, OCHOBHBIX aTFOMUHHUEBBIX COJIEH COISTHOM KUCIIOTBI.

4. CocTtaBbTe MOJEKYJISpPHBIE W  WOHHO-MOJEKYISpPHBIE  ypPaBHEHUS  PEAKIIHid
B3aUMOJICVCTBUS MEXKIY:

1) H,SO, 1 Ba(OH),; 2) FeCl, u NH,OH; 3) CH,COONa u HCI.

5. YkaxuTte, B KAKUX U3 MPUBEAEHHBIX CITy4aeB B3aUMOICHCTBUE TIPOU3OMIET:

1) Sn(OH), + NaOH — ?; 2) Na,SO, + HCl - ?,
3) BaCl, + Na,SO, — ?; 4) Na,S + HCl - ?.

CocTtaBpTe MOJEKYNISPHbIE M HOHHO-MOJIEKYJSPHbIE YpPaBHEHHUS COOTBETCTBYIOLIUX
peaKuu.

6. Yemy paBeH npu HOpPMaJIbHBIX YCITOBUSX SKBUBAJICHTHBIN
o6beM kucmopoma? Ha cxuramme 3 T meramna (+2) tpeGyercsa 1,38 mm® xmcmopoma (H.y.).
BpiuncianTs SKBUBaJIEHTHYIO Maccy M MOJIbHYIO Maccy 3Toro Meraiia. Oreer: 12,15 r/mons; 24,3
I/MOJIb.



7. DnemMeHT 00pa3yeT psa ra3000pa3HBIX COCNMHEHUN, TIIOTHOCTh KOTOPHIX TI0 BOJIOPOIY
8, 15, 22, 29. CoxepxkaHue 3JIeMEHTa B JaHHBIX COCIMHEHUSX COOTBETCTBEHHO paBHO 75,0; 80,0;
81,81 u 82,76 %. Onpenenute OTHOCUTEIBbHYIO aTOMHYIO Maccy M Ha3BaHHUE 3jaeMeHTa. OTBeT:
12; C.
Cnucok JINTepaTyphbl, peKOMeHyeMblii K HCI0JIb30BAHUIO M0 TAHHOI TeMe

OcHoBHas IuTEpaTypa:
1. Koposun, H. B. O6mas xumus : yue6nuk / H. B. KopoBus. - 13- uzn., nepepab. u mom. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuar). - Pek. MOuH P®. - [Ipuin.: c. 461. - bubnwuorp.: c.
486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyxaromieii cpesbl : XuMusi )KUBbIX opranu3moB. Kypc nekmuii / E.
C. Muxamuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —Texkcr : 2nmeKkTpoHHbIH // DnekTporHO-0nbmroTeynas cuctema [PR BOOKS :
[caitr]. — URL.: http://www.iprbookshop.ru/56618.html. — Pexxum moctyma: ais aBTOpHU3HP.
II0JIb30BaTENIEeH
JlomoJIHUTeIbHAS JINTEPaTypa:
1. T'munka, H. JI. O6mas xumust / H. I'. I'munka ; [lox pen. A. Y. Epmaxkosa. - U3n. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubnuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMusi METaJlIoB : yueOHOe mocodue (I CTYJJCHTOB XUMHUECKOTO (DaKyJIbTeTa HapaBICHUH
OakanaBpoB «XUMHsI» H «XUMUYecKas TexHoorus») / cocraButenu O. A. ['onoBanoBa. — OMcK :
Owmckwii rocynapcTBeHHbIH yHEBepcuTeT M. @.M. JloctoeBckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — Tekcr : anekTpoHHbIH // DaekTpoHHO OubnuoreyHas cucrema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pesxxum nocryna: s
aBTOPH3HP. MOJIb30BATEICH
HNHTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOEe OKHO JIOCTYIa K 00pa30BaTeIbHBIM pecypcaM

2 http://biblioclub.ru/ — 3BC «YHuuepcuteTckas OHOIHMOTEKA OHIIARHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTaJIOT aCCOIMAIINHU SJICKTPOHHBIX OMOINOTEK
yueOHbIX 3aBeieHui u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTkpeiToe 00pazoBaHue

TEMA 2. CTPOEHUE ATOMA

NNPAKTUYECKOE 3AHATHE 2. 9JIEKTPOHHBIE ®OPMYJIbI ATOMOB

Hean 3ansaTHsA: 0000IUTH 3HAHUS 00 DJIEKTPOHHOM CTPOCHHH aTOMOB XHMHUYECKHX JJIEMEHTOB;
3aKpPENUTh YMEHUS U HABBIKH COCTABIICHUS YJIEKTPOHHBIX (DOPMYJT aTOMOB XUMHUYECKHUX AJIEMEHTOB,
a TakKe X rpaduuecKux n300pakeHH.

3HaHUA U ymenus, npnoﬁpeTaeMble CTYACHTOM B PE€3yJbTaTEC 0CBOCHUA TEMbI

3HaTB: OCHOBHI CAMOOPTAaHU3AIUN H CAMOOOPA30BaHHS,
3HaTh: CYIIHOCTb U 3HAUYEeHUE MH(DOPMAILIUY B Pa3BUTUH COBPEMEHHOI'O OOIIIECTBA; OCHOBBI IIOJYUYCHUS U
00paboTku nH(pOPMANIUK U3 PA3TUIHBIX UCTOYHUKOB

3nate: PabOTHI IO pacyeTy U MPOEKTUPOBAHMIO JI€TAJIEH U Y3JI0B
MAaIIMHOCTPOMUTEIbHBIX KOHCTPYKIMI B COOTBETCTBUU C TEXHUUECKUMHU 331aHUSAMHU U
UCIIOJIb30BaHUEM CTAHJAPTHBIX CPEJICTB aBTOMATU3ALMU TPOESKTUPOBAHMUS


https://openedu.ru/

YMeTh: CaMOCTOSITETLHO CTPOUTH MPOIIECC OBIAIcHUs HH(OpMaIuei, 0TOOpaHHOW U CTPYKTYPUPOBAHHOM
JUTSL BEITIOJTHEHUS TPO(ECCHOHAIBHOM I TEILHOCTH.
YMeTh: TOIy4aTh U 00padaThBaTh HHGOPMAITUIO U3 PA3THYHBIX HCTOYHHUKOB

VYmers: IPUHUMATh y4acTHe B pad0OTax Mo pacyeTy U MPOEKTUPOBAHUIO JI€TaNEH U
Y3JI0B MAIIMHOCTPOUTEIIBHBIX KOHCTPYKIIMM B COOTBETCTBUM C TEXHUYECKUMU
3aJaHUSIMM M MCTIOJIb30BAHUEM CTAaHJAPTHBIX CPEICTB ABTOMATU3ALUN

IMPOCKTUPOBAHUA
HaumenoBanue (hopMupyeMbIX KOMITETEHIUI

HNupexe DopMyIUpPOBKa:
OK-7 CIIOCOOHOCTBIO K CAMOOPTaHU3AIMU i CAMOOOPa30BAHUIO
OIIK-4 TOHMMaHUEM CYIIIHOCTH ¥ 3HAUCHUsI HHPOPMAIIMU B Pa3BUTHU

COBPEMEHHOI0 00IIECTBa, CHOCOOHOCTHIO MOJIy4YaTh U
oOpabaTtbeiBaTh HHGOPMAIUIO U3 PA3JIMYHBIX UICTOUHUKOB,
TOTOBHOCTBIO HHTEPIIPETUPOBATH, CTPYKTYPUPOBATH H
oopMIIATE HHOOPMAITHIO B TOCTYITHOM IS IPYTUX BUJIC

TK-5 CIIOCOOHOCTBIO IPUHUMATD y4acThe B paboTax Mo pacyery u
IPOCKTUPOBAHUIO JICTANICH U Y3JI0B MAITMHOCTPOUTEIBHBIX
KOHCTPYKIIMH B COOTBETCTBUH C TEXHUYCCKUMHU 33JJaHUSMH U
UCIIOJIb30BAHUEM CTaHJAPTHBIX CPEIICTB aBTOMATH3AIIUH
IPOCKTUPOBAHUS

AKTYaJIbHOCTBb TeMbI:

Ilepnonnueckuit 3akoH JI. M. MenaeneeBa sBISIETCS OCHOBOM COBPEMEHHOM XUMUU.
M3yueHune cTpoeHUs] aTOMOB BCKPBIBAET (PU3NUECKUI CMBICI MEPUOANYECKOTO 3aKOHA U OOBSCHSET
3aKOHOMEPHOCTH HM3MEHEHHUS! CBOICTB 3JIEMEHTOB B NEPHUOAAX M B TIpylHax MNEepUOIUYECKON
CHUCTEeMbl. 3HaHUE CTPOCHHS aTOMOB SIBISETCS HEOOXOAMMBIM JJsi TOHUMaHMUsS TNPUYMH
00pa3oBaHUsl XMMHUYECKOH CBS3U, KOTOpas, B CBOK OYEPElb, ONPEIENICT CBOWCTBA BEILECTB.
[TosTOMy naHHBIHM pa3aen sBISETCS OJHUM M3 BaKHEHIINX pa3/ieoB 00IEeH XUMHH.

[lepuoanueckas cucremMa 3JE€MEHTOB, pa3paboTaHHas BenukuM  yu€Hbim  JI.M.
MeHieneeBbIM, CyMMHUpOBaa Bce 3HaHUS 00 3JI€MEHTax, UX CTPOEHMH, MaccaxX, COCTaBe s/pa,
ANEKTPOHHBIX 000JI0UEK, U SIBJISIETCS CBOCOOPa3HOMN MIMAPTajaKoi Mo Bcell HEOPraHUYEeCKOW XUMHH.

Teoperuueckasi 4acTh

YcToHYnBOE COCTOSIHME DJIEKTPOHA B aTOME€ OIMCBHIBAECTCA 3HAYEHUSAMHU YEThIpEX
XapaKTepUCTUK — KBaHTOBBIX umcen N, |, M, 1 m_.CocTosHrE DIEKTPOHA, OTBEYAIOLIEE

ONpEACICHHBIM 3HAYCHUAM KBAHTOBBIX YHCCII n, I u ml, Ha3BIBAIOT aTOMHOU 3J‘IeKTp0HHOI71

OpOUTaNnbl0. DHEPreTUYECKMM TIOAYPOBHSAM OJJIEKTPOHA B aTOME, OTBEYAIONIMM Pa3IMYHBIM

sHaueHuaM |, cooTBeTcTBYIOT CleyIomue GYKBEHHbIE 0603HAUCHHS:

Iudposoe 0603HAYEHHE YHEPTETHIECKOTO MOAYPOBHS | 0|1 ]2 |3

ByKkBeHHOE 0603HaYEeHNE YHEPTeTHIECKOro NoAypoBHs |: S|P|d]|f
['paduueckn Kaxaas opoUTaIb 0603HAYAETCS CHMBOJIOM -KJIETKOM:




DJIEKTPOHBI B aTOME PACIPENESIOTCS COMIACHO CIASAYIOUUM MPUHITUIIAM: TPUHITATY
[Taynu, npuHIUNY HaUMEHbIIEH SHEPTUU C AOMOJHEHUSIMH KII€4KOBCKOrO M MpaBUIY
XyHpa.

Cornacuo mnpuHuuny Ilaynu B aTromMe He MOXeET OBITh JBYX 3JIEKTPOHOB,
XapaKTEePU3YIOIIMXCS OJJMHAKOBBIM HAOOPOM KBAaHTOBBIX uncelsl. M3 aToro cienyer, 4To Kasicoas
AmMoMHas IT1eKMPOHHAsL OPOUMATbL MOdCem Oblmb 3aHAMA He 0olee yeM 08YMsl JIeKMPOHAMU:

Tl

MpUYEM pa3indaThbCcs OHU OYIyT TOJBKO CIIMHOBBIMU KBAHTOBBIMH YUCIIAMHU.

[Topsaiok 3amoJIHEHUS JJEKTPOHAMH DSHEPTeTUYECKUX YpPOBHEH W MOAYpPOBHEH
Oonpe/ieNaeTCsl NPUHIMIOM HAMMEHbIIEH PHEPTUU: BJIECKTPOHBI B aTOME paclojararTcs
Tak, 4TOoObl WX HSHEprus ObUia HauMeHbIed. [IOCKOIBKY 3HEPrHI0 SJIEKTPOHA XapPaKTEPU3YIOT Kak
[JIaBHOE 71, TaK U OpOHTabHOE | KBAaHTOBBIC YHCIIA, TO AIEKTPOHBI MPEK/IC BCETO 3aHUMAIOT MOJIOYKCHHUE,
COOTBETCTBYIOIIEE MUHUMAJILHON CymMMe n+l — nepsoe oononnenue Kneuxoeckoeo. Ecnu cymma
N+l omunaxosa, To AIIEKTPOHBI 3aHUMAIOT OPOUTAIIL C MEHBIIUM 3HaueHueM N — eémopoe dononneHue
Kneuxosckozo.

Pacnipenenenue 5I€KTPOHOB B OJHEPreTHUYECKOM IOAYPOBHE OIPEACISICTCS IMPAaBHIOM
XyHla: yCTOMYMBOMY COCTOSHHUIO aTOMa COOTBETCTBYET TaKO€ pacHpeleieHHe JJIEKTPOHOB B
MOAYPOBHE, NMPU KOTOPOM aOCOJIOTHOE 3HAYEHHWE CYMMAapHOIO CIMHA OYyJIeT MaKCHUMaJIbHBIM.
[ToaTomy pacnpeneneHue SJIEKTPOHOB B IMOAYPOBHE MPOUCXOAUT B MaKCUMajIbHOM YHCIIE
opOuTanel u ¢ mapayuIeIbHBIMKA CIIMHAMHU:

Tax T WA TaK U A
(+1/2+1/2+1/2) = 3/2 | -1/2-172-112) | =312
HO HE TaK M ne Tax -
(+1/2-1/2+1/2)=1/2 (+1/2-1/2+1/2)=+1/2

HCO6XOI[I/IMO HMCTb INOHATHUC O KBAHTOBBIX YHCIAX, TPCX YKa3aHHBIX IIPUHOUIIAX U,
OIMUpaiCh HA HUX, YMETH COCTABJIATH 3JICKTPOHHEBIC q)OpMyJ'IBI aTOMOB.

Bonpocs! u 3a1aHus

Ipumep 1. Kakoii IofypoBeHb 3all0NHAETCS 3IEKTPOHAMH B aTOMe II0CIIe 3aloHeHus 3P -
MOAYpOBHS?

Pewenue. 3P -nomyposrio otBeuaer cymma N+l , pasmas 3 + 1 = 4. Ilocne 3amonnenus

3p -nonyposust Bo3MoxkHO 3anomHenne 30- wim 4S-momyposus. IMoxcuutaem cymmy N+l B

o6onx cmygasx: 3d (3 +2) =5, a 4S (4 + 0) = 4. B COOTBETCTBHHU C TIEPBBIM JIOMOJTHEHHEM
KI1e4KOBCKOTO 3IEKTPOH CTPEMMTCS 3aHATh MOJNOKEHHE Ha 4S -oypoBHE, Tak Kak B 5TOM CIIydae
cymma N+l Gyner manmensreii.

Ilpumep 2. CocTaBbTe JJIEKTPOHHYIO (DOpMySy aToMa KpPeMHHS U TpaHUUecKyr CXemy
3allOTHEHUS DJIGKTPOHAMU YPOBHEW W TMOJAYypOBHEH B HOPMAIbHOM M BO30YKIECHHOM €ro
COCTOSTHUSIX.

Pewenue.  DnextponHas  Qopmyna  aromMa  KpeMHHUS ~ HMeEET  CIEAYIOIUi

Bun:15°25°2p°3s*3p?3d°. Tpaduueckas cxema HEBO3OYKIEHHOrO aroMa KpEMHHS HMeeT

CHEAYIOUIUN BUA:
1451

=3[11]1 [1 T T
AT d




n=1|1 | p
S

BaneHTHbIMU OpOUTAIAMHU 3/€Ch SBISIOTCS OPOUTAIN TPETHETO BHEIIHEr0 3JIEKTPOHHOTO
ypoBHsi. B Bo36ysxaennom coctosaun (Si*) mpu mornormennn HeKoTopoit 3HEPruu d1EKTPOH ¢ 3S-

TIO/LypOBHS TIEPEHIET HA CBOOOHYIO 3[) -OpOUTAIb:

Si*  1s°2s°2p®3s'3p%3dP T | T | T | T
n=3
n=2 i d
n=1 T p
S

ba3oBblii ypoBEeHb
1. Crpykrypa BaJICHTHOTO AIEKTPOHHOTO YPOBHSA aroMa
>JIE€MEHTa BBIPAXKAETCS (popMyIIoii: a) 5s25p*; 6) 3d°4s'. Onpenenure

MOPSAKOBBIM HOMEP U Ha3BaHHE JIEMEHTA.

2. Hanmmunte 35eKTpoHHBIE (POPMYJIBI aTOMOB 3JIEMEHTOB C HOPSAKOBBIMU HOMEpaMu 24 U
33. CocraBbTe UX rpapuyeckue cxembl. K kakoMy 371€KTPOHHOMY CEMENCTBY OTHOCUTCS Ka) bl
13 HUX U Touemy?

3. CocTaBbTe AJIEKTPOHHBIE (POPMYIBI ATOMOB JIEMEHTOB C MOPSIKOBBIM HOMEpPOM 32 U
42. Y nocnenHero ommH DS -snextpon «ipopanuBaerca» Ha 4d-moayposens. K kakomy
AJIIEKTPOHHOMY CEMEWCTBY OHH OTHOCATCS?

4. Kakoil  moaypoBeHb  3amojiHSIETCs B aTomMax  IOcje  3alOJHEHMS
5p -noayposusa? nocne sanonuenus St -noxyposns?

5. 3anumure AIEKTPOHHBIE bopMyIbl aTOMOB 3JIEMEHTOB c
3apsgoM aapa 8; 13 u 18. CoctaBbTe 3J€KTPOHHO-TPAPHUUECKHE CXEMBI.

6. Kaxkoe MaKCHMaJIbHOE KOJINYECTBO 3JIEKTPOHOB MOXET
pacmoaaraTrbest B S-, p-, d-uf -IIOAYPOBHIX JaHHOTO ypOBH#?

[Touemy? Hanmucath 3JIEKTPOHHYIO CTPYKTYpY aToMa ¢ 3apaaoM sapa Z = 22.
7. DneKTpoHHasI CTPYKTypa aToma OIHCHIBACTCS bopmymnon

1s°2s%2p°®3s”3p°3d°4s®. Kaxoii a1o snement?

8. CKOJIbKO aTOMHBIX OpOMTaNel CONEPIKUT BTOPOH DHEPreTHUECKUN yPOBEHb B aTOMax
XUMHUYECKUX IJIEMEHTOB?

9. CKOJIBKO aTOMHBIX OpOMTAJICH COACPIKUT TPETHH SHEPreTHUECKUI YPOBEHb B aTOMax
XUMHUYECKUX IJIEMEHTOB?

10. CkombKO aTOMHBIX OpOMTAaNel COACPKUT TPETUH IHEPreTUUECKUN YPOBEHb aroma
nunka? [MpuBegute 25eKTpoHHYIO (OPMYITYy aTOMa 3TOTO JJIEMEHTA.

11. CkonbKO aTOMHBIX OpOMTAaNel COICPKHUT TSATHI SHEPreTUYCCKHI YPOBEHb aroma
nanTtana? [IpuBenuTe aMeKTpOHHYIO (DOPMYITy aToOMa 3TOTO AJIEeMEHTAa.

12. CKOJbKO aTOMHBIX OpOMTANel COMCPHT IMIECTOW SHEPreTUYCCKH YPOBEHb aToma
uepusi? [IpuBenure 2MeKTPOHHYIO (HOPMYITY aTOMa 3TOTO AJIEMEHTA.

13. Tlo 3apsiny simpa aroma (Z = 23) 3anummTe 3JICKTPOHHBIE KOH(OUTYpAIIUU BaJTICHTHBIX

ITOAYPOBHEN U, UCIOJIB3Ys NpaBuiia KIIeYKOBCKOr0, YKa)KUTE MOCIEN0BATEIBHOCTD UX 3AIIOJIHEHMS.

I1oBbI1IEHHBIN YPOBEHD

1. Kakoe MaKCHUMaJIbHOE YUCIIO0 AJIEKTPOHOB MOXKET coJIepKaTh
aToM B AJIIEKTPOHHOM YpOBHE c TJIABHBIM KBaHTOBBIM YHCIIOM

n=5un=3?



2. CkombKO HE CHApeHHBIX JIEKTPOHOB cojAep:kaT HeBo3OyxkaeHHole atomel B, S, Cr?
CocTaBbTe UX DIEKTPOHHBIE U IPadMIECKUE CXEMBI.

3. Kakmue u3 3JIEKTPOHHBIX bopmy, OTpaX]aIIUX CTpOEHUE
HEBO30YKIEHHOTO aTOMa HEKOTOPOTO DIIEMEHTA, HE BEPHBIL

1) 1s22s22p°3st; 2) 1s%2s22p°; 3) 1s22522p®3s23p°30d*

4) 1522522p®3s?3p®4s? ; 5) 1522522p°3s23d? ? [Touemy?

v 1n2 9e2 onl adl af? 14

4. W3 mpuBeieHHEIX 31eKTPOHHBIX KoHdurypanuit: 1p°, 2s°, 2p*, 3d-, 3f ', 4p6, 5s°, 3d
BBIOEPUTE Te, KOTOPBIE IIPAKTUYECKH CYIIECTBOBATH HE MOIYT. OOBbACHHUTE IPUYMHEL

5. Ilo D>IEKTPOHHBIM KOH(QMIYpPALUSIM HOHOB ONpENEIUTE 3aps] SAep HX AaTOMOB:

3- 10 4 2 gn6. 3+ 27,6240 4.0
D7:..3d74s°4p>; 97 ...35°3p 3d "4s". 3anummmTe 35eKTPOHHBIE GOPMYIIBI ATOMOB U
5JIEKTPOHHBIE CTPYKTYPhI MX BHELIHUX 00O0JIOYEK.

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHUIO N0 JAHHOU TeMe

OcHoBHast JiMTEeparypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBus. - 13-¢ usn., mepepad. u gorr. - M. :
Axanemus, 2011. - 496 c. : ui. - (bakanaspuar). - Pek. MOuH P®. - [Ipuin.: c. 461. - bubauorp.: c.
486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. XuMus okpyKarolei cpeabl : XUMHS KUBbIX opraHnn3MoB. Kypc nekuwii / E.
C. Muxanuna, A. JI. Ilerenmun. — M. : U3natensckmii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —TekcT : aneKTpoHHbIH // DnekTpoHHo-6ubarnoreuynas cuctema [PR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: anst aBTopu3up.
0JIb30BaTeNei
JlonoJHUTe/IbHASA JINTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; ITox pen. A. U. Epmaxkosa. - U3a. 30-¢, ucrp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMusi METaIoB : yueOHOe mocodure (It CTYACHTOB XUMHUYECKOTO (haKyJIbTeTa HalpaBIeHUH
OakanaBpoB «XuUMUs» U «XUMHUEcKas TexHoJorus») / coctaButenu O. A. ['omoBaHoBa. — OMCK :
Owmckwii rocynapcTBeHHbIH yHEBepcuTeT M. @.M. JloctoeBckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : 35eKTpoHHbIH // DneKTpoHHO Oubnuoreynas cucrema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
aBTOPHU3HP. MOIb30BaTENEH
HNHTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOEe OKHO JIOCTYIa K 00pa30BaTeIbHBIM pecypcaM

2 http://biblioclub.ru/ — 3BC «YHuuepcuteTckas OHOIHMOTEKA OHIIARHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTaIOT aCCOI[HAIINN dJIEKTPOHHBIX OMOIMOTEK
yueOHBbIX 3aBefieHul u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe

TEMA 4. XUMHNYECKAS CBA3b
MNPAKTUYECKOE 3AHATHUE 3. XUMHNYECKAS CBSI3b

He.ﬂb 3aAHATUSA: PaCIOIUPUTDb U YFJ'IY6I/ITI) SHAaHUA yJalquxcs 110 TEMC «XHUMHYCCKAS CBSA3b)»

3HaHMA ¥ yMeHHUs, IpHo0peTaeMble CTYACHTOM B pe3yJibTaTe 0CBOCHHUSI TeMbI
3HaTh: OCHOBEI caMOOpranmn3anuu nu CaMOO6pa3OBaHI/I$I;
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3HaTB: CYIIHOCTH U 3HAUYCHUE HH(POPMAIIUU B Pa3BUTUN COBPEMEHHOTO OOIIIECTBA; OCHOBBI TIOJIYUYCHUS U
00paboTKu HHPOPMALIUY U3 PA3TUYHBIX UCTOYHUKOB

3narb: pabOTHI IO pacyeTy U MPOECKTUPOBAHUIO JETAIEH U y3JI0B
MaIIMHOCTPOUTENBHBIX KOHCTPYKIIMI B COOTBETCTBUU C TEXHUYECKUMU 33JaHUSMH U

HCIIOJIB30BAHHUCM CTAHAAPTHBIX CPCACTB aBTOMATU3alINH ITPOCKTHPOBAHUA

YMeTb: caMOCTOSTENFHO CTPOUTDH MPOLIECC OBNAZCHUS HHPOopManreil, 0TOOpaHHON U CTPYKTYpHUPOBaHHON
IUIs1 BBITIOJIHEHUS! TPO(ECCHOHANBHON AEATEIbHOCTH.

YMern: moiydats 1 00padaTHBaTH MHPOPMALIUIO U3 PA3THYHBIX UCTOYHUKOB

Ymern: IPUHUMATH yUacTHe B paboTax Mo pacyeTy U MPOECKTUPOBAHUIO JIeTANICH U
y3JI0B MAllIMHOCTPOUTENbHBIX KOHCTPYKIIUNA B COOTBETCTBUU C TEXHUUYECKUMHU
3aJIaHUSIMU M UCTIOJIb30BAHUEM CTAHJIAPTHBIX CPEJICTB aBTOMATU3AIUU

IMPOCKTUPOBAHUA
HaumenoBanue (hopMHUpyeMbIX KOMITETEHIUI

WNupekc DopMynHpOBKa:
OK-7 CIIOCOOHOCTBIO K CAaMOOPTaHU3AIMK U CaMOOOPa30BAHUIO
OIIK-4 MOHMMAaHUEM CYIIHOCTH M 3HaYeHUsI HH(GOPMAIIUU B Pa3BUTUU

COBPEMEHHOT'0 00IIECTBA, CIIOCOOHOCTBIO MOTYYaTh U
00pabaTbiBaTh UHPOPMAIIHIO U3 PA3ITUYHBIX HCTOYHUKOB,
TOTOBHOCTBIO HHTEPIIPETUPOBATH, CTPYKTYPHUPOBATH U
oGopMIIsITE HHOOPMAITUIO B TOCTYITHOM JJIsL IPYTUX BHUJIC

TK-5 CIIOCOOHOCTBIO PUHUMATH y4acThe B paboTax Mo pacyery u
POCKTUPOBAHUIO JIETANICH U Y3J7I0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIIMH B COOTBETCTBUH C TEXHUYCCKUMHU 33 JaHUSMH U
UCIIOJIb30BAHUEM CTaHAPTHBIX CPEIICTB ABTOMATHU3AIIUH
POCKTUPOBAHUS

COBpeMeHHOC Pa3BUTUC HAYKHM M TCXHHUKU IPUBECIIO K PE3KOMY HU3MCHCHHIO PCIIACMbIX 3ajad U
BBIZIBUHYJIO HOBBIC TpeGOBaHI/IH KaK K BBICHIEMY O6paSOBaHI/IIO BOO6H_IG, TaK U K Hay‘IHOfI HOArOTOBKE
CTYyACHTAa B YaCTHOCTH. B HaCTOAIIEC BPEMA 0COOEHHOCTBIO crieuanmucTa CICAyeT CUHMTATh HAJIMYUC Y HETO
TBOPYCCKOI'O MbIIIJICHKWA, OAHUM H3 BaXXHEUIINX KadyecTB KOTOPOTo ABJIACTCA CUCTEMHOCTD. HOBTOMY
pa3zpaboTka CHCTEMHOTO TOJXOJa K pacCMOTpeHHWIo pazmena "Xumudeckas CBs3b" B Kypce XUMHH
HPEACTABISIETCS AKTYAJIBHOM.

Teoperuyeckas 4acTb

Xumuueckas c613b6 — COBOKYNHOCMb CUN, OCUCMBVIOWUX MelcOy amomMamu U
00ycnasIu8arOWUx YCmMou4ueoCcms OAHHOU cucmemsl. Pelaronyto poib B 00pa30BaHUM XMMHUECKON
CBSI3W WIPAIOT He CHApeHHble (8aleHmHuble) 21eKMpPOHbl TIPEABHENIHETO WM  BHEIIHErO
SHEPreTUYecKnX YypoBHei. CrapeHHbIe 2JEeKTPOHBI TpPU BO30YXKIEHHHM CIOCOOHBI pacrmapuBaThCs,
obecrieunBasi BO3MOXKHOCTb OOpa30BaHMs OOJIBINETO YHCIA XHMHYECKHX CBs3eld. BalleHTHOCTB,
00yCIOBJICHHAs: OOIUM YHCIIOM, UMEIONINXCS B aTOMe€ HE CIAapeHHBIX JJEKTPOHOB, HA3bIBACTCS
cnuxeaneHmuocmplo.  PeakIMOHHAs  CIOCOOHOCTh  XMMHYECKOW  CBS3M  OMpENENsieTcs — ee
KOIUYECMBEHHBIMU XAPAKMEPUCTNUKAMU, K YUCITY KOTOPBIX OTHOCSTCS: OUHA, 8ANEHMHbIU Y20l
U DHepeusi.

Teopusi XUMHYECKOH CBsS3M JaeT BO3MOXHOCTH OITUCATh PACIpPEIETICHUE DIIEKTPOHHON
TUTOTHOCTH B MOJIEKYJe. XuMuueckas cési3b umeem Mecmo mam, 20e 2NeKMPOHHAS NIOMHOCHb
MeAHCOY amoMamMu HAUOONbULASL.

Jist mpuONMKeHHOW OIIEHKH DJICKTPOHHOW IJIOTHOCTH MEXKIY aTOMaMH CYILECTBYET JBa
METoMa: Memoo Monekynsapuuix opoumane (MO) n memoo eéarenmuuvix cesazeti (BC). Pazmuuator
CIICIYIOIIIE OCHOBHBIC THITHI XUMHYECKOU CBSI3U: KOBAIEHMHYI, OCYIIECTBISEMYIO OOIIeH mapoi



AJIEKTPOHOB; UOHHYIO, KaK Pe3yJbTaT 3JIEKTPOCTATHYECKOrO B3aWMOJICHCTBHSI pa3HBIX IO 3apsiay
HOHOB (MOHBI 00pa3yoTCs 3a CUET MOJIHOIO MEPEX0/]a HEKOTOPHIX BHELIHUX AJIEKTPOHOB OJJHOTO aToMa
K Jpyromy, Ooiiee 5JIEKTPOOTPULIATEILHOMY), U Memaiiuyeckylo. JIOHOpHO-aKLENTOpHas WU
BOJIOPOZIHAS CBSA3U PACCMATPUBAIOTCS KAK PAa3HOBUAHOCTH KOBAJIEHTHOM CBA3H.

Bonpocel u 3aganus
Ilpumep. Tlonap3ysich DIIEKTPOHHOM CTPYKTYypOH aroMa KpeMHHS B BO30YKICHHOM
cOCTOsHMM (CM. IPUMED 2 B paszene 3), 00bSCHUTE MEXaHU3M 00pa3zoBanus Mosekynbl SIF, n mona

[SiF,]>.
Pemmenne. AToM (TOpa HMEET 31eKTPOHHYIO CTPYKTYpy 15°28°2p°:
n=2

it

n=1
ol "

S

YeTplpe HE CIApPEHHBIX OHJIEKTPOHA BO30YXJAEHHOTO AaTroMa KpEeMHHUS Y4YacTBYIOT B
00pa30BaHUM YETHIPEX KOBAICHTHBIX CBS3€H C YETHIPHMS aTOMaMH (TOpa, MMEIOUIMMH 110 OJTHOMY
HE CIIapECHHOMY JJIEKTPOHY:

F~_ _—~F
Si
-

- 2902916 .
F" -uonsl umeror snexrponnyio ctpyktypy 1S°2S°2pP° — Bce BaleHTHbIE 3EKTPOHBI B HEM

CIIapEHBI:
- R
n=1 T P

ba3o0BbIi1 ypoBeHB

1. Vkaxure Tun xumuueckoii ceszu B monekynax H,, Cl, m HCL. Tlpusenure cxemy

o +
MNEPCKPbIBAHUA JJICKTPOHHBIX oOmakoB. Kakue THUIBI XMMHYECKOH CBS3H PECAIN3YIOTCA B NH4 -

noHe?
2. VCTaHOBHTE IPOCTPAHCTBEHHYIO CTPYKTYpY cineaytommx monekysr: H,S, SIH, u PH,.
3. Kakyro XUMHYECKYIO CBSI3b Ha3bLIBAIOT BOJIOPOJTHOM?
Mexny MOJIEKYJIaMH KaKHuX BEILIECTB OHa obpazyercs? [Touemy
H,O u HF, umest MEHBIIYIO MOJIEKYJISIPHYIO Maccy, TUIABSTCS u

KUITST IIpU 0oJiee BBICOKUX TeMIlepaTypax, 4YeM UX aHajoru?
4. Kak meron BaneHTHbIX cBs3eil (BC) oObscHseT nuHeiiHoe cTpoeHue Moniekynsl BeClz n

Tetpaspuyeckoe crpoenue mosekynsl CH, ?

5. Ckonbko HE CIIapEHHBIX JJIEKTPOHOB MeEeT aToM xJIopa B
HOPMAJIbHOM M BO30YXICHHOM COCTOAHUAX? UeMmy paBHa BaJIEHTHOCTh XJIOpAa B HOPMAaJbHOM U



BO30yk7eHHOM cocTosiHusAX? [louemy ¢Top He mposBIsSeT BaJE€HTHOCTh, PABHYIO CEMH, XOTS
SIBJISIETCS DJIEKTPOHHBIM aHAJIOrOM XJjopa?

6. Kak meronx MO o0BsicHSeT TO, YTO B MOJEKyIsipHOM HoHe F,” sHeprum cBs3u (318
k/x/mMoub) Gonbuie, uem B mosekyie F, (159 x/Dx/mons)? Kakas ¢popma 3anucu orpaxaer

B Metoge MO crpoenne F,” u F,?

[ToBbIlIEHHBIN YPOBEHD
1. Onumute ¢ no3unuit MeroAa BajgeHTHbIX cBsizeit (BC) anekTpoHHOE CTPOECHHUE MOJIEKYIIbI

BH, unona [BH,] .
2. CpaBuute CIIOCOOBI o0pa3oBaHus KOBQJICHTHBIX CBsI3eH B
+
monexynax CH,, NH; u none NH,.

3. Uro TaKoe O -CBsI3b u JT -CBSI3b? Haiite 00BsACHEHHE Ha
npumepe mosekyn Cl,, N, u C,H,.
4. Kak metoq MO o00bsCHsAET, MOYEMY MOJIEKYISAPHBI HOH Heo® 3HEpPreTHYECKH

yCTOHYMB, TOTJIa Kak Moyiekyna He, He cymectByeT? Kakas ¢hopma 3amucu OoTpakaeT B METOJIE
MO crpoenne Heo™? O6nanaer i non Hep” mapamarautabiMu cBoiicTBamu? Ilouemy?

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCII0JIb30BAHUIO 10 TAHHOW TeMe

OcHoBHasi iMTEeparypa:
1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. KopoBus. - 13-¢ usn., mepepad. u morr. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuar). - Pek. MOuH P®. - [Ipumn.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2. MuxanuHa, E. C. Xumus okpyxaromieil cpeibl : XMMusi )KUBbIX opranu3moB. Kypc nekiuii / E.
C. Muxanuna, A. JI. Ilerenmuna. — M. : U3natensckmii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —TekcT : 21eKTpOHHBIH // DnekTpoHHO-01bOnoTeyHas cuctema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyma: asst aBTopu3up.
[I0JIb30BaTENCH
JlonoJiHUTeIbHAA JINTepaTypa:
1. I'nmunka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tox pen. A. Y. Epmakosa. - U3a. 30-e, ucrp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMusi METaIIOB : yueOHOe mocodune (Ut CTYACHTOB XUMHUYECKOTO (haKyJIbTeTa HapaBIeHUH
OakanaBpoB «XUMH» U «XUMUYecKas TexHosorus») / cocraButenu O. A. 'onoBanoBa. — OMcK :
Owmckwii rocynapcTBeHHbIH yHEBepcuTeT M. @.M. JloctoeBckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : 3eKTpoHHbIH // DnekTpoHHO OubnuoreuHas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum mocryna: s
aBTOPU3HP. MOJIb30BaTeNeH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — emuHOE OKHO JTOCTYIIa K 00pa30BaTEeIbLHBIM pecypcaM

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckas 6MOIMOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTAIOT aCCOI[HAIINN dJICKTPOHHBIX OMOINOTEK
yueOHBbIX 3aBefieHul u opranuzanuit CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe
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TEMA 5. OBIIUME 3AKOHOMEPHOCTHU NPOTEKAHUS XUMHWYECKHUX
IMPOLECCOB.

IMPAKTUYECKOE 3AHATHUE 4. XUMHNYECKAS TEPMOJNHAMMUKA.
QHEPI'ETUKA XUMHNYECKUX NTPOLECCOB. HAITPABJIEHHOCTb
XUMHUYECKHUX ITPOOECCOB

eabp 3aHATHA: BBECTH TMCPBBI 3aKOH TEPMOJAMHAMUKH KaK 3aKOH COXPAHCHHs OJHEPTrUH
TEPMOJUHAMHYECKOW CUCTEMBI, PAaCKPBITh €ro (U3UYECKOE COJICPIKAHUE MPHU PACCMOTPEHUM KOHKPETHBIX
MPOIIECCOB, MPOAODKUATE (OPMUPOBAHHE YMEHHH ONHMCHIBATH TEIUIOBBIE TPOIECCH  (PU3UISCKUMHU
BEJIMYMHAMU U 3aKOHAMU;

3HaHMSA M yMeHUSs, IpHo0peTaeMble CTYA€HTOM B pe3yJibTaTe 0CBOEHUSI TeMbI

3HaTh: OCHOBBI CAMOOPTaHU3AIUN U CAMOOOPA30BAHNS;
3HaTh: CYIIHOCTh M 3HAYCHUE HH(OPMAIIUK B Pa3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBBI MTOJIyYESHUS U
00paboTKu MH(POPMALIUY U3 PA3TUYHBIX UCTOYHUKOB

3uarn: paOOTHI [0 paCUETy U MPOCKTUPOBAHUIO JETANICH U y3JI0B
MaIMHOCTPOUTENBHBIX KOHCTPYKIIUI B COOTBETCTBUU C TEXHUYECKUMU 3aJaHUSIMU U

HCIIOJIB30BAHHUCM CTAHAAPTHBIX CPCACTB aBTOMATHU3aAlIUU IIPOCKTHUPOBAHUA

YMeTb: caMOCTOSATENBFHO CTPOUTD MPOIIECC OBNAJCHUS HHPOopManueil, 0TOOpaHHOH U CTPYKTYpHUPOBaHHON
JUIsL BBITIOJTHEHUS TPO(ECCHOHANBHON AESTEILHOCTH.

YMerb: noiydats 1 00padaTHIBaTH HHPOPMALIMIO U3 PA3TMIHBIX HICTOYHUKOB

Ymers: IPUHUMATH yUacTHe B paboTax Mo pacyeTy U MPOESKTUPOBAHUIO JIeTalleh U
y3JI0B MAIIIMHOCTPOUTEIbHBIX KOHCTPYKIIMI B COOTBETCTBUH C TEXHUYECKUMU
3aIaHUSIMU U CTI0JIb30BAHUEM CTaHJAPTHBIX CPEJICTB aBTOMATHU3AIUU

IMPOCKTUPOBAHUA
HaumenoBanue GpopMupyeMbIX KOMIETEHLIUH

HNupexe DopMyJIUpPOBKa:
OK-7 CIIOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMOOOPa30BaHHIO
OIIK-4 MOHMMAaHHEM CYIITHOCTH U 3HAYCHUS WH(OPMAIIUU B Pa3BUTHH

COBPEMEHHOT0 001[eCTBa, CIIOCOOHOCTHIO MOIY4aTh U
oOpabaTteiBaTh HHGOPMAIIUIO U3 PA3JIMYHBIX UICTOUHUKOB,
TOTOBHOCTBIO HHTEPIIPETUPOBATH, CTPYKTYPHUPOBATH U
oGopMIIATE HHOOPMAITHIO B TOCTYITHOM JIUIS APYTHX BHJIC

TK-5 CIIOCOOHOCTBIO IPUHUMATD y4acThe B padoTax Mo pacyery u
POCKTUPOBAHUIO JICTANICH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIMH B COOTBETCTBUH C TEXHUYCCKUMHU 33 JaHUSMH U
UCIIOJIb30BAHUEM CTaHJAPTHBIX CPEJICTB ABTOMATH3AIINU
POCKTUPOBAHUS

AkTyanbHOCTh paboThl. CHHTE3 HOBBIX COCIMHEHMH W HM3y4eHHE HEM3BECTHBIX DaHee
(U3UKO-XMMHYECKUX CBOMCTB SIBJISIETCS aKTyaJbHBIM M C TOUKHU 3PEHUS XUMUYECKOW HAYKH UMEET
¢bynaamenTanbHbIi xapakTtep. C MOMEHTa BOZHUKHOBEHUSI XMMUYECKON TEPMOJINHAMHUKHU OJTHON U3
BAKHEWIINX 3a7a4 OSTOM HAYKHM SBIISIETCS OIPENENICHHE CTaHJIAPTHBIX TEPMOJINHAMHYECKHUX
GyHKIMHA MHAMBUAYaAJbHBIX BEIECTB. Takue JaHHbIE HEOOXOIMMBI MpPEXJae BCEro, JUIs pacueTa
PAaBHOBECHM XMMHYECKMX pPEaKIHW IpU pPANIMYHBIX TeMIeparypax W aasieHuu. l[Ipm sTom
JTUMHUTUPYIOIIUM (AKTOPOM B TAKHX pacyerax SBISETCSA, KaK MPaBUJIO, OTHOCUTEIBHO HHU3Kas
TOYHOCTb B  ONPEICIICHUU DHTAILINY XUMUYECKOW pEakUMH, KOTOpas BBIUUCIACTCA — Kak



anrebpandeckas Cymma SHTaJbINMI 00pa3oBaHusl peareHToB. B n3MepeHusx sHTPOMUH AOMYCTUMBI
0O0JIbIIINE MOTPENTHOCTH, OCOOEHHO, €CIH Pedb WAET O PEAKIUAX C Y4acTHEeM KOHJCHCHPOBAHHBIX
BelIeCTB. B 3TOM OTHOILIEHUHU ONpe/esieHrne CTaHAAPTHBIX SHTAJIBINUNA 00pa30BaHusl U a0COMIOTHBIX
SHTPONUI UHJAUBUIYAIHLHBIX BEIIECTB SBIISETCS HEOOXOIMMOM M aKTyalbHOU 3a7aueil XUMHUIeCKON
HayK{ U TEXHOJIOTHH.

TeopeTuyeckas 4acTb

Hayka o0 B3aUMHBIX TPEBPAIICHUAX pPA3JUYHBIX BUIOB JHEPIHMHM  HA3bIBACTCS
mepmMoOUHAMUKOLL.

[Ipy XUMHYECKHUX PEaKIMIX MPOUCXOIAT ITyOOKHE Ka4eCTBEHHBIC U3MCHEHHSI B CUCTEME:
PBYTCSl CBSI3M B MCXOJHBIX BEIIECTBAX W BO3HUKAIOT HOBBIC CBSI3M B KOHEUYHBIX MPOJYKTaX. DTH
HU3MEHEHHUE COMPOBOXKIAFOTCS MOTIIOIICHUEM WK BBIZCICHUEM YHEPTUH OOBIYHO B BUJIC TEILIOTHI.

Paznmen TepMOAMHAMHUKH, W3Yy4alOmUi TeIioBble 3()(EKTbl XUMHUYECKUX pEaKIluii,
HA3bIBACTCS MepMOXUMUEL.

[Ipu mo6GOM mpolLiecce BBLINONHSAETCA 3aKOH coxpaHeHus osHeprun. Tennoma Q,

noznowjennas cucmemot, uoem Ha usmenenue eé enympenneti suepeuu AU u na coeepuenue
pabomer A

Q=AU+A. 1)

BHyTpeHHSsST PHEPrUs XapaKTepU3yeT CKPBITYIO B BEIISCTBE SHEPTUIO (KUHETHUYECKYIO H
MOTEHIMAIILHYIO ), KOTOPasi BRICBOOOXIAETCsI MPH (PU3MYESCKUX M XUMHYECKHX TPOIIeccax.

Tennosvim  3¢pghekmom  peakyuu  Ha3vlBaemMcss  KOIUYECMBO  BbIOEIEHHO20 — UU
noenowenno2o menia. CTaHAapTHBIN TEIUIOBOW APQPEKT COOTBETCTBYET CTAaHIAPTHBIM YCIOBUSAM
npoBenenus peakmuii: T = 298,15 K, P = 101,3 k[la. Tennosoii s¢hghexm peaxyuu, npomexaioweti
npU NOCMOSHHOM 00beMe CUCTEMbl, PABEH USMEHEHUIO GHYMPEHHEl IHEPSULL:

Q, = AU. @2

BONBIIMHCTBO XUMUYECKUX PEAKIUi MPOTEKAeT MPU MOCTOSHHOM JaBICHHUH. 1eniogoll
aghpexm Xumuueckou peaxkyuu, npomexaroujeli Npu NOCMOSHHOM OAGNEeHUU, DABEH UIMEHEeHUIO
SHMANLNUU:

Qe =AH. (4.3)
OHTaJIBIU paBHA CyMME BHYTPEHHEH SHEpruH U paboThl pacIIupeHus:
= + .
H=U+pV 43)

[TosToMy ommanvnuto onpedenaiom Kak 2dHepeur0 pACUWUPEHHOU  CUCTeMbl, €€
TEII0COAEPKAHNUE.

Peakuun,  KOTOpBIE  CONPOBOXKIAIOTCA ~ BBIIEICHMEM  TEIUIOTHI,  Ha3bIBAIOTCS
akzomepmuveckumu. TIpu UX MpoTeKaHUH Terocoaepskanue cuctembl ymensimaercs (AH < 0).

[Ipy nmpoTekaHWu K€ OSHAOTEPMHYECKMX peaklUui, HIyIUX C [OIJIOIIEHUEM TeIuia,
Teroconepxanue ypenauuusaercs (AH > 0).

B 3aBucumocTM OT XapakTepa MPOUCXOJMAIIEr0 IpoLecca pas3iIndaroT TEeIIOTHI
o0Opa3oBaHMsl, CrOpaHus, pacTBopeHus U T.1. [loHATHE O TerioTe 00pa30BaHUS BEILECTBA SBISETCS
OJIHUM U3 BXHEHMIINX B TEPMOXUMUH.

Tennomoti o6pazosanus (AH ) naszvisarom mennosoii 3ppexm peaxyuu 06pazoéarus

o0pas.
00HO20 MONb CILOJCHO20 6eUecméa U3 NPOCMblX, YCMOUHUEHIX NPU CMAHOAPMHBIX YCIAOGUAX
(T=298,15K; P=101,3«klla). Tennorsl 06pa3oBanusi HEKOTOPHIX BEIIECTB TPUBEIEHHI B

tabmuue 6.1. OOpatuTe BHUMaHHE Ha TO, YTO mMeniomsl 00pA308aHUs NPOCMBIX Beuecms,
YCTOWUYUBBIX MPU CTAHJIAPTHBIX YCIOBUSX, HPUHAMbL PAGHLIMU HYJIO.



Tennosoti s¢hhexm xumuueckoll peaxyuu 3a6UCUM OM NHPUPOObL U  DPUULECKO2O
COCMOAHUSL UCXOOHBIX GeujeCms U NpoOYKmMo8 peakyuu U He 3asucum om nymu e€ npoeedeHus.
TeroBbie 3 (eKTb 3aBUCAT OT CTPOCHHS PEArupyIOIIUX MOJEKYJ, TO3TOMY TEOPETHYECKH
paccuuTaTh UX HEBO3MOXKHO. 3aKOH ['ecca 1mo3BosiseT HA OCHOBAHUHU OTPAaHUYEHHOT'O KOJIMYECTBA
OTBITHBIX JaHHBIX IO TEIUIOTaM O0Opa30BaHUs BBIYUCIATH TEIUIOBBIE 3()(EKThl OOJBIIOrO YucIiia
peaKuuid.

OCHOBHBIM 3aKOHOM TEPMOXHMHUU SIBIISICTCSI 3aKoH [ ecca, B OCHOBE KOTOPOTO JICKHT
3aKOH COXPaHCHHSI SHEPTUU:

Tabauya 4.1 — Tennomol 06pazoeanuss HEKOMOPLIX BeUECME

Bewecmeso AH06pa3_, kJorc/mons Bewecmeo AHoﬁpa&, k/orc/monw

A|203(T) -1675 H 2O(r) —242

Al,(S0,);(1) —3434 H,S(r) —20
CH,(r) ~75 MgO(t) -601
C,Hq(r) -85 Mg(NO;), (1) —790

CeHe (1) 49 NO, (r) 33
CO(r) ~110 NaHCO, (1) —914
CO,(r) -393 Na,CO,(T) -1129
COS(r) -137 Na,S(T) —372
HCI(r) -92 Na,SO, (1) —1090
HNO, (k) -173 Na,SO,(T) —1388
CuO(1) -165 POCI, (k) —597
Cu(NO,), (1) -307 PCI (1) -369
H ZO(yK) —286 SO, (r) -297

B cootBeTcTBHU ¢ 3aK0oHOM ['ecca: mennosoti a¢pgpexm psioa nocnedosamenvHulx peakyuii
pasen meniogomy 3¢gexmy 0py2o02o psoa nociedo8amenbHulX peaKyull, eciu UCXOOHble Gelecmaa
U npodykmsl npespaujenuti oouHaxogvl. Ha OCHOBaHMM ATOTO MOAXO0JA C TEPMOXUMUYECKUMHU
YpaBHEHHMSIMH MOXXHO OINEPUPOBaTh TaK XK€, KaK W C aNreOpamdecKuMH. epmMoXuMuyecKumu
HA3b18AIOMCS XUMUYECKUE YPAGHEHUS, 8 KOMOPbIX YKA3AHbL MEN108ble I @exmul peakyuil.

M3BecTHO, YTO B HEM3OJIMPOBAHHBIX CHUCTEMax IMPH OTCYTCTBUHM BHEUIHHX BO3IEHCTBHI
CaMONPOM3BOJIBHO MPOUCXOAT IK30TEPMUUECKUE PEAKIIH (AH< 0). OCO6EHHOCTBIO
XUMHAYECKHUX TPEBPAIICHUH SBISETCS y4acTHe B HUX OOJBIIOTO YHCIa YacTHIl. [ Takux cucteM

HauOONlee BEPOATHO COCTOSHME OECTOpSAIKA, XapakTepu3yeMoe oSHTpomued S. M3MeHeHue

OHTPOIHNU NPHU XUMUYCCKUX PCAKIUAX PACCUUTBIBACTCSA HAa OCHOBAHUU CIICACTBUSA U3 3aKOHA T'ecca.
KadgecTBeHHO 3HAK M3MCHECHHUS OHTPOIIMU MOKHO OLCHUTH, COITOCTABUB KOJNYCCTBO I‘33006p33HI)IX
BCIICCTB 10 U IOCJIC pCaKINU.

Bonpocs! 1 3aganus
Ilpumep 1. BpMUCIUTH CTAaHAAPTHYIO TEIUIOTY oOpa3oBaHHs OKcHia xene3a (+3) mo

CICOAYIOIUM TEPMOXUMUUYCCKHUM YPABHCHHUAM:
1) 2Fe,, + O, = 2FeO
2) 4Fe0,, + O

y AH, =-532 k]JIx;

2 2Fezo3(T); AH, =-584 x]/Ix.




Pewenue. 3anviieM TepMOXHMHYECKOe ypaBHeHHe obpasosanmst F€,0, u3 mpoctsix

BCIIICCTB.:
3) 2Fe,, + 1,50, =Fe,0,,; AH, = ?x/c.

Jl51st Toro 4To0Ob!I U3 ABYX JaHHBIX YPaBHEHUH MOIYYUTHh UCKOMOE 3), HY>)KHO yYpaBHEHHE 2)

pa3fesnuTh Ha J1Ba U CIOXKUThH ¢ ypaBHeHueM 1). Takue xe anredpanyeckue IeHCTBUS IPOBEIEM C

TEIUIOBBIMU 3P PEKTaMu TaHHBIX PEAKIHI U MOJIYyYUM HCKOMYIO BETMUUHY AHX'p. :
2Fe,, + 150, =Fe,0,,; AH,, =0,5:(-584) - 532 = -824 KlK/Mo.

Jns pacuera TEIUIOBBIX 3(P(PEKTOB XUMHUYECKUX PEAKIUH YacTO HCIOJIB3YIOT IEpBOC
cleacTBUE U3 3aKoHa [ecca:
Tennogotl 3¢hpexm xumuyeckol peakyuu paseH cymme meniom oopazosanusi npooyKmos

peakyuu 3a 6blvemom Cymmosl menion O6pa306aHl/l}Z UCXOOHDBIX eeuecms.

_ obp. o6p.
AHx.p. - ZAHI(‘OH. ZAHucx.

(4.4)

Ilpumep 2. Paccuuraiite TemioBo 3((eKT peakuuu TOpeHHs JTaHa HUCXOIsd U3
CTaHJApPTHBIX TEIUIOT oOpa3oBaHWs. Kakoe KOJMYECTBO TEIJIOTHI BBLACIHTCS WA TMOTJIOTHTCH,
ecau: a) cropaet 90 T 3TaHa; 6) 06pazoanock 89,6 am°

CO, (m.y.).

Peuwenue. 3anumem TCPMOXUMHUYCCKOC YPABHCHUC PCAKIIUN TOPCHUA 3TdHA B paCUCTC Ha

1 Mob:

C,H,, +3,50

6(r)

> 2C0,,, +3H,0,,; AH, , =7 x/Ix.

PaccunTaeM TemioBoii 23eKT peakiuu 1o nepBoMy cIeACTBUIO U3 3akoHa [ecca:
AH, , =3AH +2AH, — AH
AH gfp " = (), Tak KaK 5TO IIPOCTOE BELIECTBO.
I[ToacTaBUM 3HAaUYEHHs TEMIOT 00pa30BaHus U3 TaOIUIL! 6.1:
AH, = 3+(-286) +2+(-393) + 85 = -1559 «/lx/mMonb.

[Tockonpky AHX.p. <0, peakius 5K30TEPMUYECKaS.

[To ypaBHenuto peaxuuu cropaer 1 moms C,H , t.e. 30 r. Ilo ycnoBuio 3agaun B

peaxrmro Berymiio 90 r C,H ¢, uto cocrasisier:

My, 902
M 30 2/ monw

CoHg

=3 moub.

n(CzHe) =

Torga KoMM4eCcTBO TeIIa, BBIICACHHOTO TpH cropanuu 90 T 3TaHa, OyaeT:



Q=nAH,, =3 - (-1559) =-4677 kJlx.

I1o ypaBHEHHMIO peaKLUU M3 OJXHOTO MOJb 3TaHa obpasyercs 2 monb CO,. Hanomuum,

4TO MOIb I'a3a, IpH H.y., 3aHUMaeT oobeM 22,4 am°. Tlo ycioBuio 3anaun o6pazoanock 89,6 v’

CO,, uro cocrasuser:

V
= =ﬂ=4]vl0ﬂb.

n=
224 22,4
KonunuecTBo Teria, BbIAEIAEMOE IIPU 3TOM, PABHO:

Q=nAH,  =4-(-1559) = - 6236 kJIx.

TenmoBoit 3(1)(1)6KT XUMHYECKOU PCakKik MOJKHO TAKIK€ BBIUYUCIIUTB, UCIIOJIB3YS BTOPOC

clieJIcTBUE U3 3aKoHa I'ecca:

Tennosoti 3¢hgpexm Xxumuueckoi peakyuu pagen cymme Meniom C2O0pPaHusi UCXOOHBIX

eeuecmes 3a 6bl4entom CYMmol meniom CCOpaHusl KOHEe4YHblX 6eecmse.

AH | = AHZ? = AHE. (4.5)

Tennomoii ceopanus sewecmsea AH“™" nasvieaemcs mennosoii sppgpexm peaxyuu
OKUCTIeHUSL 0OHO20 MOJlb 8eUeCmB8ad KUCIOPOOOM C 00pA308aHUeM BbICULUX (VCIOUYUBHIX) OKCUOOB.
JIJiss OpraHMYecKUX COCIWHEHWW TEIIOTOM CropaHWsl Ha3bIBaeTCS TEIIOBOH 3(PQeKT peakmuu
TIOJIHOTO Cropanust 1 Monb JaHHOTO opranuyeckoro Bemectsa ¢ obpasosannem CO, n H,O.
CraHmapTHbIC TEIUIOTHI CTOPaHUs MpHBeIeHbl B Tabnuie 6.2. OOpaTuTe BHUMaHHE Ha TO, YTO
terutotsl cropanus Beicmmx okennos (CO, n H,0) pasust myso.

Ilpumep 3. Paccumraiite TemiaoBoil 3¢ddexr peaknuu sTepuuKauM MCXOAS W3 CTaHAAPTHBIX

Tabnuya 4.2 — Cmanoapmuvie 3HMATLNUU CCOPAHUSL HEKOMOPLIX COCOUHEeHUll TETUIOT CTOpaHUS.

Bewecmeo AH P wJTic/monn Bewecmeo AH | xJoic/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,HOH -1367 NH, -383

N,O -69

Kakoe Kkogn4ecTBO TEIUIOTHI BBIACIHUTCS WM TMOTJIOTUTCSA, €CIM B pEaKUHio BCTymwio 138 r
stagona?

Pewenue. 3anuiemM TEpMOXUMUYECKOE YPABHEHNUE PEAKIINU:



+H,0,,,; AH, =7 kJlx.

C,H;OH,,, + CH,COOH,,, ="2= CH,COOC,H,,,, o

()

TemnoBoit 3 pexT XuMuIecKon peakIui pacCuuTaeM o BTOPOMY CIIEACTBHIO U3 3aKOHA

T'ecca:

f F’ f F[czop + f Frceop f Flceop

C,HOH CH,COOH CH,COOC,H,
AH <P = "
#,0 = 0, TaK KaK BoJia — 9TO BBICIIMI OKCHJL.
[ToicTaBUM YHCIEHHBIE 3HAYEHUS TEIJIOT CrOPaHKs 13 TabIuIb 6.2:
AH, , = -1367 - 874 + 2254 = 13 x/lx/moib,
tak kak AH s 0, peakius sHIOTEpMHUYECKAS.

Io ypasrenuio peakuun pearupyer 1 mons C,H,OH . Tlo ycnosuio 3anaun B peakuuio

serymuio 138 1 C,H.OH, uro cocrasnser:

mCZHSOH _ 1382
M

C,H5OH

n= =3 moun.

46 2/ monw

Torma KoIu4yecTBO TCIlIa, IIOIrJIOICHHOI'O B JTaHHOM peaKnuu:
Q=nAH, =313 =39 x/Ix.

CnenctBus u3 3akoHa ['ecca MpUMEHSIOTCS TakXkKe MPU TEPMOXMMHMUECKUX pacyeTax IJis
oTpezieNIeHUs TEIIOT 00pa30BaHUs WM CTOPAHUS UCXOJHBIX BEIIECTB UM MPOYKTOB PEaKLUU.
Ilpumep 4. Buluuciaute cTaHAApPTHYIO TEIJIOTY OOpa3oBaHHMs OEH30/1a Ha OCHOBAHUU

TEPMOXUMHUYCCKOTI'0 YPAaBHCHUA PCAKIIUUN €TI0 CrOPAHUS:

CeHgy +7,50,,, = 6CO,,, +3H,0,; AH  =-3133 kJlx/Moib.

6(r) 2(r) 2(r) OF

Pewenue. I1o nepBoMy cneacTuio u3 3akoHa ['ecca:
_ o6p. o6p. o6p.
AHx_p_ = 3AHH20 + GAHCO —AH

CoHs *

AH ;" =0, Tak Kak 5T0 IPOCTOE BEMECTBO. Bhipasum Tennory obpazosanus Gensomna:

AH =3-AH" +6-AHZY — AH

x.p."
IToxcraBuM YmCIEHHBIE 3HAUECHNSA U3 TA0IUIE! 6.1:

AH?": = 6(-393) + 3:(-242) + 3133 = 49 KJLK/MOIB.

IIpumep 5. Beraucnure cranaapTHyto temiory cropaunus anerunena C,H, na ocHoBanuu

TCPMOXUMHNYCCKOI'O YPABHCHUA:



C,H,, +CO,, +H,0, —— CH,=CHCOOH,,; AH, =-213 k[[x/Monb.
AKpHIIOBask KHCIIOTA

Pewenue. I1o BTOpomy clieICTBUIO U3 3aKOHa ['ecca:

_ ceop czop ceop czop
AH , =AH:; +AH " +AH,  —AH

C,HyCOOH !

rne AH 1‘;205 =0.
OTcI0/1a BBIPA3UM TEIIOTY CTOPAHMS AlleTHIIEHA:

ceop  __ _ ceop ceop
AH.,; =AH , —AHq," +AH

C,H,COOH *»
AH ;7 = -213 + 283 - 1370 = -1300 xx/Moib.
Ilpumep 5. PaccunTaiiTe n3MEeHEHHE YHTPOIIMHU [IPU CHUHTE3€ aMMHUAKa.

I[J'ISI pPEeIICHUSA 3aJa4M 3allMIIEM YPABHCHUC PCAKIIMU B paCcyCTC HA 1 Moab aMMHaKa:

0,5N, +1,5H, =NH, ; ASX.p. =? orc | monw - K.

3HaK H3MEHCHUS SHTPOIIMU MOKHO YCTAHOBUTH II0 KOJHUYCCTBY MOJIb F33006paSHLIX

BCIIICCTB.

An=n_ -n_ =1-(05+15)=-1,
rac nKOH' u nm. — KOJIHYCCTBO MOJIb KOHCYHBIX M HCXOJHBIX BCHICCTB, An — HU3MCHCHUC
KOJIM4YECTBA MOJIb Fa3006p33HI>IX BCIICCTB IMPH pCaAKIINH.

[ockomsky AN <0, To B pesyinbrate peakuum OGeCTOPAIOK B CHCTEME YMEHBINAETCS.

CoOTBETCTBEHHO OHTPOIIHA paCCManHBaCMOﬁ CUCTCMBI TaKXC Y6BIB8.CT. HpOI/ISBeI[eM pacucTt

W3MEHEHHSI SHTPOITUH TIPH STOW PEaKIMU B COOTBETCTBHHU CO CIIEACTBHEM M3 3aKoHa ['ecca:
0 _ o 0 0
AS?, =S8, —0,5-S% ~15-S0 .,

0
rac S — CTaHAAPTHBIC SHTPOIINU BCIICCTB.

[ToaCTaBUM HX YHCIIOBBIE 3HAYEHUS:
ASS_p' =192,8-0,5-191,6 - 1,5-:130,6 = -98,9 I»x/mos - K.

B usonuposannoii cucmeme (npu omcymcmeuu oOMena SHepeuel U Beuecmeom Cco
cpeootl) so3pacmanue SHMPONUU AGIAEMC KpUmepuem camonpous3oibHo20 NPOMeKaHus peakyui.

B MMPUBCACHHOM IIPUMCPE CAMOIIPON3BOJIBHOC IMTPOTCKAHUC HpHMOﬁ pCaKku HEBO3MOXKHO, TaK KakK

0
ASX.p. < 0. Kak u3BeCTHO, HampaBlieHHE NPOTEKAHMS XUMUYECKHX MPOIECCOB OMpeensercs

neiicTBueM BYX (akTopoB: sHTaNbIMIAHOr0 AH x.p. (CTPEMJICHHE CHCTEMBI K MUHUMYMY SHCPIHH)



U DHTPOIIMIHOIO ASXIp. (cTpemieHHE K TOCTMYKEHHIO MaKCUMAaIBHOTO Xaoca). OHM 00BeIUHSIOTCS

M300apHO-M30TEPMHUYECKUM MTOTCHIIUATIOM:

AGx.p. = AHx.p. - TASx.p. (46)

Kpumepuem camonpouszgonvnoco npomexanus peakyuu sAensiemcs YOolib U300APHO—

U30MEPMUUECKO20 NOMEHYUANa AGx.p. < 0. Yem wmenbue Benmumna AG,_ . Tem Ooubiie

BEPOSITHOCTh IPOTEKAHUs XMMHYECKON peakumn. Takum oGpasom, ¢ momousio AG_ . MOXHO

MIPOTHO3UPOBATH BO3MOKHOCTh XUMHUECKOTO MTPEBPAILICHHS U AETaTh MPAKTUIECKUE BBIBOIBI.
Ilpumep 6. BO3MOXHO 1M COBMECTHOE XpaHEHHE Ha CKJIaJge OSTHICHIJIUKOISL
(arTH(PU3HAS )KUIKOCTD) U KATHHHOM cenuTphl (yaoopenue)?

I/I3B6CTHO, 4YTO OTHJICHIJTIMKOJIb, KaK KW MHOI'M€ OpPraHH4YCCKHUC BCIICCTBA, 06J'Ia,[[aCT

BOCCTaHOBUTCIBbHBIMU CBOﬁCTBaMH, a KNO3 ABJIACTCA OKHUCIIUTCIICM. OHGHI/IM, BO3MOXHO JIH

IMPOTCKAHUC PCAKIIMU MCKAY STUMH BCHICCTBAMU. OI[I/IH M3 BO3MOXKHBIX BAPHAHTOB IIPCBpPAILICHUSA

3aIMCHIBACTCS CIICTYIONTUM 00pa3oM:
3C,H,0, + 10KNO, = 6CO, + 4H,0 + 10NO + 10KOH.

B coorBerctBUM cO cieacTBUEM U3 3akoHa l'ecca M300apHBI NOTEHLMAN JIAHHOTO
IpeBpalleHNs] MOXeT OBbITh BBIPAXKEH udepe3 M300apHble MOTEHLHaNbl 00pa30BaHUs YYaCTHUKOB

MIpeBpaILEeHUs:

AG 6-AG +4-AG;, +10-AGyy +10-AGy%, |- (3-AGY, , +10-AGLY, ).

npeep = (
HOI[CTaBI/IM YUCJIOBBIC 3HAUYCHUA U3 Ta6HHHLI 3:

AG,  =6-(-394,6) + 4(-228,8) +10-80,6 +10 - (-379,3) - (3 (-319,4)+10- (-393,4)) =

npeep
=-1377,6 x]Ix.

Tenep}, BBIYHMCIIUM U3MCHCHUC I/I306apHOFO HOTCHINaJia XHUMHYISCKOMN pC€aKkiru B paCyeTC HA 1 monp

OTUIICHTJINKOJIA:
AG,, =AG, .. N0 =—1377,6 klloic |3 mone =—439,2 /[oic [ mone.

Takomy n306apHOMY MOTEHIIMATY COOTBETCTBYET TEPMOXUMHUUYECKOE YPABHEHHE:

C,H.0, +%KNO3 =2CO, +%HZO +%NO+%KOH; AG,, =7

0
Tabnuya 4.3 — 3nauenus cmandapmuvix nomenyuanos obpasoeanus nexomopwix eeujecme AG

(k[[ic/monw)

0 0 0 0
Bewecmso | AG Bewe cmso | AG .| Bewe AG : Bewe AG
ob6pa3. obpas. cmeo o6pa3. cmeo o6pa3.




LiH —68,7 SrH, ~140 CHF, —644,7 CoHq 201,0

NaH | 336 | BaH, | 151 | CHCIF, | 4294 | H,0, | —2288
KH 34 [Ca(OH), | 8% | CF, | 889 | H,0, |-2374
RoH | -276 | Sr(OH), | 876 [CCLF, | 435 | H,0,, | 1205
LIOH | 439 | Ba(OH), | 8% | C,F, | 6157 | KNO, | 3934
NaOH | 380 | cCO, 395 | C,H,0,| -3194 KCI | —409,0
KOH | 379 | CH, | 508 |CH(OH. 477 |KMnO, | 7296

RbOH -374 CH,F -223,1 C,H,O, -112,5 MnO, -467,0

BeH, | *155 | CH,0 | —110 [CH.CI| 893 NO | 806

CaH, -138 CH,F, -4183 | c,H,CH,| 1138

[ToryueHHoe U3MEHEHHE N300apHOTO MOTEHIMAIA PEaKI[MH MEeHbIIIE, YeM N300apHbIe
MOTeHIIUaIbl 00pa3oBaHus MHOTHX BemlecTB. [10aToMy nmpoTekanue Takoil peakiiuu BecbMa
BeposiTHO. OTCIO/Ia ClIeIyeT MPAKTUYECKUNA BHIBOJ]: COBMECTHOE XpaHEHUE ITHIICHTIIUKOIS 1

CCIIUTPLI Hedonycmwwo, TaK KaK MOKCT MPHUBCCTU K CAMOBO3TOPAHHUIO.

Kpurepnit AGX. » = O wMoxer OBITh HpUMEHEH W [/ aHAIM3a yCTOWYMBOCTH
XUMHUYECKHX COEJMHEHUN Ha OCHOBAaHMHU BEJIMYMH UX M300apHBIX MOTEHINAJIOB 00pa3zoBaHus. Uem
menbine AG ».» TeM IIPOYHEEe MOJICKYIa.

Ilpumep 7. Ha ocHOBaHMM H300apHBIX MOTEHIUAIOB OOPAa30BaHMSI MOJIEKYJ CIesIaiTe
BBIBOJ] 00 YCTOMUMBOCTH (PTOPIPOU3BOAHBIX MOJIEKYJI METaHa.

Brimumem u3 tabnuiisl 4.3 n3006apHbie MOTEHIIMATIBI 00pa3oBaHus PTOPIPOU3BOTHBIX:

CH, |-508

CH,F |-2231
CH,F, | 4183
CHF, |[-6447
CF, 8889

W3 mnpuBeneHHOro psaa BHUIHO, 4YTO C YBEJIMYEHHEM KOJIMYECTBAa aTroMoB (ropa

yeroiiunBocts Mosekyn Bospacraer. [ monekyn CH, u CF, moxuo BBIMmCINTL H306apHbIE

norenmanst ( K/orc/ monwv) ceszeit AGS*) =—-13 u AG”"Y =—-222,2 . Dro rosopur o

BbIcokoil pounocty cBsazu C-F. B To e BpeMs B cMeIIaHHBIX TaloreHoBOAOPOIAX U300apHBIH



MOTEHIMa o00pa3oBaHUs HE MOXET OBbITh pacCUMTaH IyTeM CYMMHpPOBaHHS H300apHBIX

IIOTCHIMAJIOB CBXSGﬁ, YTO CBA3aHO CO B3aMMHBIM OTTAJIKUBAHUEM aTOMOB.

B npouecce xumuueckoro npespamenus Gyuxums AG » yOBIBaeT 0 TEX IOp, MOKa He

HAaCTylIuT COCTOAHUC XHUMHYCCKOI'O pPAaBHOBCCHUA. B cocrosaumn paBHOBECHUA SHTANBIIUHHBIA H

SHTPONUIHBIN (DaKTOPBI CPABHUBAIOTCS. Y CIIOBHEM XMMHUYECKOTO PAaBHOBECHUS SBISIETCS PAaBEHCTBO

AG, , =0, coorsercrsyiomee paenctsy AH = TAS.

Ta6mmunsie  sumauenns  AH®° mAS?  orHocarcs Kk cTaHZapTHBIM  yCIOBHSM
(T =298 K; P =101325I1a). ®opmyna mis pacuera m3oGapuoro motenmmana AG°
x.p.

npuoOpeTaeT BHI:

0o _ o 0
AGY =AH’ -TAS°, @)

. 0
Ota popmyna umeet NpuOIMKEHHBIH XapakTep, HO MO3BOJISIET HA OCHOBaHHUH AGx_p_ =0

pacCUUTBIBATD TEMIICPATYPY, COOTBCTCTBYIOIIYIO pABHOBECHOMY COCTOAHUIO CUCTCMBI:

AH°
L pan =30 (4.8)

[Ipy ucnonb3oBaHUU 3TOM (GOPMYNBl HAZO MOMHUTb, YTO PAa3MEPHOCTH TaOJIMYHBIX

3HaueHuii He cornacoBanbl: AH wusmepserca B kJx/monb, a AS — B Jlx/mons K. ITosToMy npu

o 0
MOJICTAHOBKE TaOJMUYHBIX 3HaueHuii 3Hauenue AH nepeBoaAuTCcs B JIK/MOIIb C TOMOIIBIO
mHOKuTeIs 108,

I1pumep 8. Beraucnure n300apHbIE MOTSHITUAIBI TSI PEaKITUN

2NO + 0, = 2NO,

npu Temneparypax 600 — 1000 K, nocrpoiite rpapux AG - T u caenaiite BeIBOJ 0 HampaBieHUH
peaKiuy Ipu pa3HbIX TeMIlepaTypax.

3anuiieM ypaBHEHHE PEaKIMi B CTAHAAPTHOM BHJIE:

2NO + 0, =2NO,; AS, | =? Jlc! mons- K.

B cooTtBeTcTBHHM CO ClenCTBHEM H3 3aKOHa FCCC&, BbIpAa3UM HU3MCHCHUC SHTPOIIUU IIPU

XUMHYECKOU pCakru 4€pe3 SHTPOIINHU YHaCTHUKOB PABHOBCCHUA:

1 1

AS, , = Sﬁ,oz ~Syo _ESCO)z = 240—211—5-205= —73,5 [owc ! monw - K.

AHamoruuHo HalileM SHTaJbIINI0 XUMHUUYECKOI peaknu:

AH? =AH]‘\’,6O”2' — AH Y =32 —90 =58 r/{oic | mon.



Hanomuum, uTo TeruoTsl 00pa30BaHUS MPOCTHIX BELIECTB NPHUHATHI PABHBIMU HYIIIO
obp. __
(AH," =0).

Tenepp BBIYMCIMM TEMIEPATYpy, NPHU KOTOPOM JOCTUraeTcsi TEPMOAUMHAMUYECKOE

PaBHOBECHUCE!

5810

= =789 K.
735

N3006apHbIil TOTEHIMAT TPU pa3HBIX TEMIIEpaTypax paccyuTaeM o ¢Gopmyie ¢ yueToM

MHOKHTEIs 1072;

AG®, =-58+73,510° kllx.

Tockonsky AS < 0, 1o yuxumus AG. ». = f(T) — Bospacraromas.

IlopcraBnsis  3HaUYCHUS TEMIICpATyp U3 YCJIOBUA [IPpUMEpA, Haﬁ,[[eM I/1306aprIe

noTeHIHabl (k/[oic/Monb):
AGY, =-13,9; AGY,, = -6,55; AGY,, = 0,8; AGY,, = 8,15; AGY, = 15,5.

Ha ocHOBaHMU 3THX JJaHHBIX CTpOUM l"pa(bI/IKZ

T,K 600 700 800 900 1000
AG° -13,9 —6,55 0,8 8,15 15,5
X.p.
AG,kIK/MoRb o
15
10 —
57 obpaTHan
Tpml PeaKiHA
0o // 1 "

T
600 700 800 %0 T,K
-5 npamax

peakuus
~10-

Pucynok 4.1. I'paduk 3aBUCUMOCTH H3MEHEHHS H300apHOT0 MOTEHIIMATA

OT TEMIIEPATYPBI

U3 rpaduka ciexyet, uto mpu | < T npeobnagaeT npamas peakuus, npu 1 > T

paBH. paBH.

- o6paTHa;1. HOCKOJIBKy pCaKknus 5K30TCpMHUYICCKasd, TO IIPpHU T < TpaBH. HAIpaBJICHHOCTb PCaKIUU

onpesensercss NpeoblaJaHueM SHTAIBIHUIAHOrO, (akTopa, a mpu | >TpaBH. — DHTPONUNHHOTO



¢dakropa. OTMETUM, YTO HACTYIJICHHME DPAaBHOBECHS BO3MOXHO TOJBKO TOIJA, KOIZIa 3HAKU

usmenenus Gynaxuuii AH 1 AS onunaxoss..

ba30BbIi1 ypoBeHb

1. Beruucaure TerioTy o0pazoBaHHs MOJYEPKHYTOTO B YPaBHEHUH BEIIECTBA, UCXOMIS U3

TCPMOXUMHYCCKOI'O0 YPAaBHCHUA

Ne Ypaenenus peaxyuu AH Omeemul
3a0avu X-p AH
K/l | monw ’
ki | monw
1 [1)4NH, +50, =4NO +6H,0,, -1169 90
2) 4NH, + 30, = 2N, +6H,0,,, -1530
2 |1)4As, +30,, =2As,0, -1328 925
2) As .0y + 0, = As,0; -261
3 |1)CuCl,,, *Cu,, =2CuCl,, -56 136
2) Cu,,, + Cl,,, = CuCl,,, -216
4 |1)2P, +3Cl,, =2PCl,,, 574 375
2) PCI,, =PCl,,, +Cl,, 88
5 1) 2Pb,, + O, =2PbO,, -438 277
2) 2Pb0,,,, = 2PbO,,, + O, 116

2. Paccuuraiite TeroBoi 3(h(deKT ykazaHHOW peakIMu UCXOJS U3 CTAHIAPTHBIX TEILIOT

O6paSOBaHI/I$I. Brrancanre Taxkke KOJIHYSCTBO TEILIOTHI (Q), KOTOPOC BBIACIIUTCA WU MOTJIOTUTCA,

€CJIM B JAHHYIO PEAKIMIO BCTYNUI0 M T epBOro BellecTBa.

Ne Vpaenenus peaxyuu m, Omeenol
saa Q, xloclmons

! S +2C0,,, =30, +2CO, 64 538

8 COZ(P) + 4H2(r) = CH4(r) + ZHQO@ 88 -332

9 | PCly, +H,0,, =POCI,, +2HCI 836 580

10| 2NaHCO,,, = Na,CO,, +H,0, + CO,, 252 96

3. Beruncnute TemnoBoi 3(pQeKT ykazaHHON peakiMM UCXOMAS U3 CTaHJapTHBIX TEIUIOT

CropaHus. Paccuuraiite KOIUYECTBO TCIIOTBI, KOTOPOC€ BBIACIUTCA WKW IIOITIOTHTCA, €CJIU B

AAHHYIO pCaKIUIO BCTYIIUIIO V IIM3 NIEpBOTO rasa.

N Ypaeuenus peaxyuu Omeempwi

V, on®




3a0auu Q, xloclmons
11| 2CH,,, + 0, =2CO,, +4H,,, 89,6 ~140
12 | 2NH,,, +20,, =N,0,, +3H,0,, 67,2 10455
13 C,Hy,, +2CO,,, =4CO, +H,, 112 590
14 CH,, +CO,, =2CO +2H, 44,8 496
15| C,Hyy +H,,=2CH,, 56 ~165

4. PaccuuTtaiiTe CTaHAAPTHYIO TEIUIOTY 0Opa3oBaHUS MEPBOTO B YpaBHEHUHU BEIIECTBA

op.
HUCXOOd U3 IIPUBCACHHOTO TCPMOXUMHUUYCCKOI'O YPaBHCHHUA PCAKIIUN U JaHHBIX 1O AH o .

Ne 3adau Vpasnenus pearyuu AH
ke | monw
16 2A1,0,,, +6S0,, +30,, =2Al,(S0,),, -1736
17 ANO,, + O, +2H,0,, =4HNO, —252
18 | 2Mg(NO,),,, = 2MgO,, +4NO,, + 0, 510
19 2CuQ,,, +4NO,, + O, =2Cu(NO,),, —416
20 Na,SO,,, =Na,SO,, + Na,S, -176

5. Ilo gaHHBEIM Ta6J'II/ILU:>I BBIYHUCIINTEC H3MCHCHHC I/I306apHOFO IIOTCHIIMAJIa O6paTI/IMOI>'I

peaxuun 1ipu Temneparypax: 800, 900, 1000 u 1100 K. Brraucnute Taxke Temueparypy, mpH

KOTOpOfI OCYIICCTBIISICTCA PaBHOBECUC B CHUCTCMEC. HOCTpOfITC l"pa(l)I/IK 3aBUCHUMOCTH 1/1306apH0ro

noTeHIualla OT TEMICPATYpbl H cllenalTe BBIBOABI O HaIlpaBJICHUU pPCEaKIHU IIpU PpPaA3HbIX

TeMIIepaTypax.
MNe 3a0auu Obpamumas peaxyusi AH ?(.p.’ AS f.p.’
K/[oic/monw JDic/mons K
1. SO,,, +0,50,,, =S50, -99 -93
2. CO,, +C,, =2CO,, +173 +176
3. CO, *+H,, =C, +H,0, ~132 ~134
4. CH,, +H,0, =CO, +3H, +207 +216
5 C. *2H,, =CH,, 75 82
6. 3Fe,, +2CO,, =Fe,C,, + CO,, ~149 155

[ToBbIlIEHHBIN YPOBEHD




1. Ucxons u3 ypaBHEHUS peaklMM, JaiiTe KAUECTBEHHYIO OLIEHKY U3 U3MEHEHUS SHTPOIIUU
MpsIMOTO Tpoliecca (yU4TUTE arperaTHble COCTOSIHUSI YYaCTHHUKOB peakiuu). Mcnonab3yst MoJbHBIE
SHTPONUM ATHX BEILECTB, YKaXHUTe, OyAeT JIU MPOTEeKaTh JAaHHAs PEakKlUs CaMOIPOU3BOJIBHO B

M30JIMPOBAHHOM CUCTEME.

Ypaeuenue peaxyuu Monvuvie sumponuu, Omeem
Ne JDic/mons K
3a0ayu 1 2 3 4 1 2 3 4 AS®
X.p.
1 NH,,, +3/40,,, =3/2H,0,, + 1/2N,, | 192 | 205 | 189 | 192 | 33,75
2 KCIO,,, = KCl,, +3/20,) 143 | 83 | 205 247,5
3. 2C(r) + 3H,,, =C,H,,, 74 | 131 | 229 -312
4 CH,,, +4Cl,, = CCl,,, +4HCI, 186 | 223 | 215 | 187 | -115
5 CoHepo + NHy, = CHNH, +H,, | 173 | 192 | 191 | 131 -43

Chnucokx JUTEPATYPHI, peKOMeH)IyeMBIﬁ K MCI0JIb30BAHHUIO 10 IAHHOI TeMe

OcHoBHas1 JIuTepaTypa:
1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. KopoBus. - 13-¢ usn., mepepad. u morr. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuar). - Pek. MOuH P®. - [Ipumn.: c. 461. - bubauorp.: c.
486. - ISBN 978-5-7695-8015-4
2. MuxanuHa, E. C. Xumus okpyxaromieil cpesbl : XMMus )KUBbIX opranu3mos. Kypc nekuwuii / E.
C. Muxanuna, A. JI. Ilerenmun. — M. : U3natensckmii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —TekcT : 21eKTpOHHBIH // DnekTpoHHOo-01bOnoTeyHas cuctema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyma: asst aBTopu3mp.
[I0JIb30BaTENCH
JlonoJiHUTeIbHASA JINTepaTypa:
1. I'nmunka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tox pen. A. Y. Epmakosa. - U3a. 30-e, ucp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMusi METaJIIOB : yueOHOe mocodure (I CTYACHTOB XUMHUECKOTO (haKyJIbTeTa HalpaBIeHUH
OakanaBpoB «XUMH» U «XUMUYecKas TexHosorus») / cocraButenu O. A. ['onoBanoBa. — OMcK :
Owmckwii rocynapcTBeHHbIN yHEBepcuTeT M. @.M. JloctoeBckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : 35eKTpoHHbIH // DneKTpoHHO OubnuoreyHas cucrema [IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum mocryna: s
aBTOPU3HP. MOJIb30BaTeNeH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOE OKHO OCTYIa K 00pa30BaTeIbHBIM peCypcaM

2 http://biblioclub.ru/ — 3BC «YuuBepcuterckasi 6MOINOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTaJIOT aCCOIMAIINHU dJICKTPOHHBIX OMOINOTEK
yueOHbIX 3aBefieHul u opranuzanuit CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe



https://openedu.ru/

TEMA 5. OBIIUME 3AKOHOMEPHOCTHU NPOTEKAHUS XUMHWYECKHUX
IMPOLECCOB.

MPAKTUYECKOE 3AHSTHE 5. CKOPOCTh XUMHUYECKHNX PEAKITAT.
XUMHUYECKOE PABHOBECHUE

Heanb 3aHsATHS: yrIyOuUTh W OOOOLIMTH TEOPETHUYECKHE 3HAHHMS OOYYAIOIMXCA O CKOPOCTH
XUMHUYECKON peaKIMH, 3aKperuTh 3HaHHWE (OPMYIN BBIPAKEHUS CKOPOCTH PEaKlUid, HAYyYUTHCS
BBINIOJIHATh  PacyeTbl, HCIOJB3YysSd JAaHHble (opmyibl. HayduTbcss BBIBOAUTH KOHCTaHTY
XUMHUYECKOTO PABHOBECHS.

3HaHMsA M yMeHUSs, IpHo0peTaeMble CTYAEHTOM B pe3yJibTaTe 0CBOEHUSI TeMbI

3HaTBh: OCHOBBI CAMOOPTaHU3ALUH U CaMOOOPA30BAHNS;
3HaTh: CYIIHOCTh M 3HAYCHHE HH(OPMAIIUK B Pa3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBBI MTOJyYESHUS U
00paboTKu MH(POPMALIUY U3 PA3TUYHBIX UCTOYHUKOB

3uarn: paOOTHI [0 pacUETy U MPOCKTUPOBAHUIO JETANICH U y3JI0B
MaIllMHOCTPOUTENBHBIX KOHCTPYKIIUI B COOTBETCTBUU C TEXHUYECKUMU 3aJaHUSIMU U

HCIIOJIB30BAHHUCM CTAHAAPTHBIX CPCACTB aBTOMATU3alINH ITPOCKTUPOBAHUA

YMeTb: caMOCTOSATENFHO CTPOUTH MPOIIECC OBNAJCHUS HHpOopMareil, 0TOOpaHHON U CTPYKTYpUPOBaHHON
JUIs1 BBITIOJTHEHUS TPO(ECCHOHANBHON AESTEILHOCTH.

YMerb: noiydats 1 00padaTHIBaTH HHPOPMALIMIO U3 PA3TMIHBIX HICTOYHUKOB

Ymers: IPUHUMATH yUacTHe B pab0oTax Mo pacyeTy U MPOESKTUPOBAHUIO JIeTalieh U
y3JI0B MAIIIMHOCTPOUTEIbHBIX KOHCTPYKIIMI B COOTBETCTBUH C TEXHUYECKUMU
3aIaHUSIMU U CTI0JIb30BAHUEM CTaHJAPTHBIX CPEJICTB aBTOMATHU3AIUU

IMPOCKTUPOBAHUA
HaumenoBanue (GopMupyeMbIX KOMIETEHLIUH

HNupexe DopMyIUpPOBKa:
OK-7 CIIOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMOOOPa30BaHHIO
OIIK-4 MOHMMAaHHEM CYIITHOCTH U 3HAYCHUS WH(OPMAIIUU B Pa3BUTHH

COBPEMEHHOT0 001[eCTBa, CIIOCOOHOCTHIO MOIY4aTh U
oOpabaTteiBaTh HHGOPMAIIUIO U3 PA3JIMUYHBIX UICTOUHUKOB,
TOTOBHOCTBIO HHTEPIIPETUPOBATH, CTPYKTYPUPOBATH H
oGopMIIATE HHOOPMAITHIO B TOCTYITHOM JIUIS APYTHX BHJIC

TK-5 CIIOCOOHOCTBIO IPUHUMATD y4acThe B padoTax Mo pacyery u
POCKTUPOBAHUIO JICTANICH U Y3JI0B MAITMHOCTPOUTEIbHBIX
KOHCTPYKIIMU B COOTBETCTBUH C TEXHUYCCKUMHU 33]JAaHUSMH U
UCIIOJIb30BAHNUEM CTaHJAPTHBIX CPEIICTB aBTOMATH3AIIUH
POCKTUPOBAHUS

AKTyalbHOCTH TeMBI. Bce mporiecchbl, KOTopble MPOUCXOIAT BOKPYT HAC U BHYTPH HAC, UAYT C
npeoOpa3oBaHUEM SHEPTHH U, IPHUEM C Pa3HOH CKOPOCTHIO. Tak, mporece nepeaays HepBHOTO
HUMITYJIECA COBEPIIAETCS B COTHIE JIOJIU CEKYH/IBI, IIPOIIECCHl YCBOCHHSI IMUIIU TPEOYIOT HECKOJIBKUX
9acoB, a MPOIECCHl CTAPEHUS MOTYT JUTUTHCS JACCSITHIICTHS.

Bonbiioe npaktuyeckoe 3HaUEHUE XUMUYECKOW KMHETUKH COCTOUT B TOM, UTO OHA
pa3peraeT onpeaesaTh, BO3SMOXKEH HITH HEBO3MOXKEH TOT WJIM WHOM TTPOIIECC, U B KAKUX YCIIOBHUSIX
oH npoucxoauT. [IpakTudeckoe 3HaYeHHE €€ OUEBUIHO, TAK KaK, TOJILKO 3Hasl 3aKOHBI KUHETUKU U
MEXaHHU3M peakIUi MOKHO YIPABIATH XUMHUECKUMHU Tporeccamu. OT CKOPOCTH XUMUYECKOU
pEeaKIuy 3aBUCUT BBIXOJ IPOAYKTOB, T.€. IPOU3BOJUTEILHOCTh TPY/a U alaparypel.



TeopeTuyeckas 4acTb

CxopocTh XMMHYECKHX peaKkuui

VYpaBHEHHs] XUMHUUYECKUX PEAKIMM, XapaKTepu3ys MHOTHE CTOPOHBI IIPOLIECCOB, HE BCErna
JAl0T MOJHOE PEJICTABICHNUE O CYILIHOCTH IIPOUCXOIALINX TPEBPALLECHUI.

HekoTopele XMMHMYECKHE TIIPOLIECCHI, HAIPUMEP, PEaKLHUU PA3JIOKEHHUsS B3PbIBYATHIX
BEIIECTB, 3aKAHYMBAIOTCA B TeUeHHE Joyiel ceKyHIbl. O4YeHb OBICTPO 3aKAaHUMBAIOTCS PEAKIMU
B3aMMOJCHCTBUS KHCIOT, LIEJIOYEed M cojell B pacTBope. OpraHmdeckue K€ COCOUHECHHS B
OOBIYHBIX YCIIOBHUAX B OOJBIIMHCTBE CIy4YaeB B3aHMMOACHUCTBYIOT MEXIY COOOW MeajeHHO. Takum
0o0pa3oM, pa3Hble PEaKLUU COBEPIIAIOTCS B HEPaBHbIC IIPOMEKYTKH BPEMEHH, T.€. MOTYT HJATH C
pa3nu4HON CKOpOCThiO. I[09TOMY Ha OCHOBaHMM TOJBKO YPaBHEHHM OJHMX XMMHUYECKHX PEAKIUM
HEJNb3s CyJUTh O CKOPOCTH IpoIiecca.

Xumuueckas KuHemuka — 2mMO Y4eHnue O CKOPOCMU XUMUYECKUX NpoYyeccos, ux
HAanpasieHHoCmu U 0 paKkmopax Ha HUX GIUAIOUUX.

[lenb ¥ 3amauu XUMHYECKOM KMHETUKM — M3BICKAHME ONTHMAJbHBIX MapaMeTpoB MJis
IIPOBE/ICHUS] XUMUYECKOTO CHHTE3a, a MMEHHO: 00ecrieyeHne MaKCHUMaIbHOM CKOPOCTH Ipolecca,
HaunboJiee palMoOHAILHOE UCIIOJIb30BAaHUE ChIPhS K SHEPrOPECYPCOB U JIp.

YCTaHOBJIEHO, YTO Ha CKOPOCTh XHMHYECKHUX pPEaKIHi BIHMSIOT MHOTO (DaKTOpoB —
KOHIIEHTPALUs B3aUMOJICHCTBYIOIUX BELIECTB, TEMIIEpATypa Mpolecca, Hallnuue (MM OTCYTCTBHE)
KaTaJIn3aTopa U Ip.

OKCIEpUMEHTHI N10KA3aJI1, YTO YBEIMUYEHUE KOHLIEHTPALUN B3aUMOJEHCTBYIOIIMNX BELLECTB
BBI3bIBAET YBEIMUEHUE CKOPOCTU PEAKIIUH.

Ecim B 3aKkpbITOM coCyle INpU 3aJaHHOM TeMIepaType pearupyroT JABa BellecTBa B
ra3o00pa3HOM COCTOSIHUM WJIU B PacTBOPE

AC + BD < 4D + BC,

TO CKOPOCTh OTOH pEAKIHH OIpeNeseTcs YMEHbIIEHHEM KOHIEHTPAIUU (MOJb/IM’)
BemectB AC u BD B equnuily BpeMeHH (CEKyHIy, MUHYTY, Yac). Tak Kak ¢ Te4eHHMEM BPEMEHU
KOHLEHTpAalLlMsl pearupyomux BEIIeCTB MaJaeT, TO 3aBUCHUMOCTb CKOPOCTHM pPEAKIUH OT
KOHIIEHTPALMU MOKHO BBIPA3UTh CIIEAYIOIINUM 00pa3oM:

v=—(ACIAL) (5.1)

rae &2 — CcKOpOCTh MPSIMOM peaKiuH, AC - MOJIIpHasi KOHIIEHTpaius, t — Bpems.
I'paduuecku 3Ta 3aBUCUMOCTh N300pa’keHa Ha pUCyHKe 5.1.

A

v =—(AC/AY)

»
»

t1 th, ——

Puc. 5.1 3asucumocms ckopocmu peakyuu om epemeHu
JIoBOJIBHO pacnpoCTpaHEHbl pEAKIIMK THUIIA:
mA + nB—> ¢C, (5.2)
B KOTOPBIX HAa M MOJIEKYJI BEIIECTBA A MPUXOTUTCS N MOJIEKYJ BelllecTBa B, mpu 3TOM M U N
0O0JIbIIIe €AMHHUIIBL.



OKCHEepUMEHTAIIBHO YCTAHOBJIEHO, YTO JIJISI TAKOTO MpOIecca CKOPOCTh MPSMOM peakiuu
MOJKET OBITh BBIPAYKEHA CIIEAYIOUIHMM 00pa3oM:

v =K[A]*-[BYY, (5.3)

—

rae K - koHCTaHTa CKOPOCTH NPAMOH PEaKIMM — BENMYMHA, PABHAS CKOPOCTH PEAKIIAM
IIPU KOHLIEHTPALUSAX PEareHTOB PaBHBIX €AMHUIIE; OOPaTHO MPONOPLMOHAIIBHAS BPEMEHH; X U Y —
HEKOTOpPBIE YHCIIA, ONIPENEISIEMbIE ONIBITHBIM ITyTEM.

Koncmanma cxopocmu 3aBUCHT OT TeX ke (PaKTOPOB, YTO U CKOPOCTb JaHHOM peakluu, HO
He 3a6UCUM OM KOHYEHMPAayuli peazupyroujux 6eujecme.

KoHcTanTa CKOpOCTM XapakTepu3yeT PpeakLUI0 Uil  OINpEleNIEeHHBbIX YCIOBUH —
memnepamypa, 0asleHue, KOIU4ecmso u Kauecmeo Kamaiuzamopa W T.A. PaznuuHble peakuuu
MO’KHO CPaBHUBATh TOJIKO €CJIM OHM IIPOTEKAIOT IIPU CTPOTO OJAMHAKOBBIX YCIOBUSX.

VpaBuenuss tuna (5.3), ycTaHaBIMBAIOUIME  OKCICPUMEHTAIBHO  OMPEACICHHYIO
3aBUCUMOCTh CKOPOCTM pPEaKLHMU OT KOHUEHTpalMi pearupyrolmx BEIIeCTB, Ha3bIBaAIOT
KUHemu4ecKUMU YPasHeHUsMU PeaKkyul.

Kunernueckue ypaBHeHus peakuuii (5.3) ABIAIOTCS MaTeMaTHUECKUM BBIPAKEHHUEM 3aKOHA
JEHCTBUSL MacC — OCHOBHOI'O 3aKOHA XUMHUYECKOW KUHETUKHU: CKOPOCHb XUMUYECKOU pearyuu
NPONOPYUOHANLHA NPOU3EEOEHUI0 KOHYEHMPAYUL peazupyiouux 6euwecme 6 CmeneHu HeKomopblx
yucen, onpeoensemvlx dKkcnepumenmanvuo (nepsas ¢GopmynupoBka — H.M. bekeros, 1865 r;
I'ynbnGepr u Bare, 1867 1.).

Tonpko MHOI/IA MTOKA3aTeNN CTENEHU KOHLIEHTPALMU Ul JaHHOrO BellecTBa (X, Y U 1Ip.) B
KMHETHUYECKUX ypaBHEHMX (5.3) COBIAAAIOT C €ro CTeXMOMETpHUUEcKUM Ko3dduuuentom (X = m; y
=n ) B ypaBHeHHH peakiur. OOBIYHO ATO BBHITIOIHACTCS JJISl SJICMEHTAPHBIX PEaKIHid, T.C. peaKkiui
IPOXOAALINX B OJHY CTAAMIO.

IIpuMepsl IPSMBIX 2JIEMEHTAPHBIX PEAKIIAMN:

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

Jnsg  Takux peakuMil CTENEHM B KHHETHYECKMX YPAaBHEHMSIX COBIAJAIOT  CO
CTEXHOMETPUUECKUMHU KO3 (PUIIMEHTAMHU peareHTOB B YPaBHEHUH PEaKIUH.

llokazamenvy cmenenu KoHyenmpayuu peazupyloweco ewecmea 6 KUHeMmU4ecKoM
ypasuenuu peakyuu (X, Y u Op.) HA3bI6AEMCsA NOPAOKOM pearkyuu no oaHnomy eewjecmsy. Tak,
HarpuMmep, s peakuu (6.1.2) mopsiok mo BemecTBy A paBeH X, o B — Y. [lopsiakom ke peakiuu
B LIeJIoM (N) SIBJIIETCSI CyMMa MOPSJIKOB MO KaKIAOMY peareHTy AJs JaHHOM peakiiy, Hampumep,
i peakuuu (6.1.2): n=Xx+Yy.

Benuuunsl nopsijika mo peareHtam (X, Y U Ap.) U MO peakuuu B 1eiaoM (N) MOTyT ObITh
JMO0BIMU HEOONBIINMU LIETIbIMU YnciaaMi (1, 2 u penko 3), paBHATHCS HYJIO WIHM OBITH TPOOHBIMU
yucnamu (1/2, 2/3, 3/4 u np.). Hanpumep, 11 peakliiu CUHTE3a BOJIbI

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

NOPSOK pEeakluy, B 3aBUCHMOCTH OT NApLMajbHBIX JaBICHUHM BOJOPOAA M KHUCIOPOJA,
nmMeet apobHoe 3HayeHue — 1, 0,5 u 0,7 (cM. Tabnwmiy 5.1).

Tabnuya 5.1 — 3asucumocms nopsaoka peaxkyuu om napyuaibHulx 0asileHull KUciopooa u
68000p00a

p(H2), Tla p(02), Tla Bz sammen C{ﬁjﬁgg‘ﬁ
130 - 2600 26600 — 53300 v=kpy, P, 1
2600 — 8000 20000 — 53300 L= kaI2 pg'25 0,5
8000 — 50600 1330 — 5300 v =kp ﬂj pgf 0,7




HeoOXoquMbIM  yCIIOBUEM XUMHYECKOTO  B3aMMOJICHCTBUS  SIBIISICTCS  CTOJIKHOBCHHUE
pearupyroImx YacTHIl — MOJICKYJ, aTOMOB, HOHOB M JIp. B MOMEHT CTOJIKHOBEHHS 3JICKTPOHHBIC
o0J1aka peareHTOB CMEIIMBAIOTCS, 00pa3yst IPH STOM HOBBIE CBSI3H.

Yucno Monexyn, O0O0HOBPEMEHHbIM B3AUMOOCUCMBUEM MeNHCOY KOMOPbIMU 6 MOMEHM
CMOJKHOBEHUSL OCYWECMBIAEMCA AKIM XUMUYLECKO20 NPeBpaeHuUs], Ha3bl8aemcs MOLeKyIAPHOCIbIO
peaxyu.

Peakiuu  ObIBalOT MOHO-, OHM- ¥  TPUMOJCKYJISIPHBIMH. TpUMOJICKYJSIpHBIE U
TETPAaMOJICKYJSIPHBIC ~ PEAaKIMA OYeHb pEeAKH. VI3BeCTHBI JIMIIbP  HECKOJIBKO IPHUMEPOB
NCHTAMOJICKYJISIPHBIX PCAKLIUH.

B dacTHOCTH, K MOHOMOJICKYJISIPHBIM PEAKIIUSAM OTHOCST PEAKIIMH PA3JIOKEHHSI MOJICKYI U
BHYTPUMOJICKYJISIPHBIX MIEPErPYIIUPOBOK, HAPUMED, PEAKIIUIO Pa3I0KEHHs MOJICKYII foza:

l2(c) < 21(2).

Kunerndeckoe ypaBHEHHE 3TOTO MPOIEcCa UMEET TIEPBBII MOPSIOK:

v =K[I2].
[Tpumepbl OUMOJIEKYIISIPHBIX PEAKIIUH:
2NO(2) <> N202(2); v = k/NOJ?

HBr) + H) < Hz@) + Br); v = k[HBr][H] — kunernueckoe ypaBHEHUE BTOPOTO
MopsijIKa.

TpumosiekyssipHas peakius:

Clyz) + 2NO(z) <> 2NOCI(2); v = K[CI;][NO]? — xuneTHmueckoe ypaBHEHHE TPETHETO
HOPSIIIKA.

Jis IpUBEICHHBIX PEAKIMIA MOPSIOK U MOJICKYJIIPHOCTh PEaKIUil COBIAIAIOT, HO B 00IIeM
cllydae OHH Pa3In4HbI.

Tlopsook peakyuu onpeoensiemcsi MOJIEKYIAPHOCIbBIO CAMOU MeOIeHHOU Ccmaouu OAHHOU
peakyuu.

Ecnm peakuuss wuaer mo craausM, TO €€ TMOPSNOK peakIMu MEHbIIE WM pPaBeH
MOJICKYJIIPHOCTH peakiuu. Tak, Hampumep, MpH CHHTe3¢ BOIBI (CM. Tabuuiy 5.1) mpu mopsiake

peakiuu paBHoMy enuHune (N =1, U = kijz pg ), peakuus — MOHOMoJIeKy sipHasi; ipu N = 0,5
2

(L= kpa p8’5), peaxius — MOHOMoJeKyIsipHast; ipu N = 0,7 (U = kp l(_)|,4 p£’3), peakuus —
2 2 2 2
OMMOJIeKyIsIpHasl.

Ilpumeyanue. HeoOX0AUMO TTOMHUTH, YTO MOJIEKYJSIPHOCTh PEaKIUH, B OTIMYHE OT €&
nopsiaika, Beerna menoe gucio — 0, 1, 3.

3akon delicmsus macc cnpageodnus moabko 0iisi MOHO-, Ou- U pedce 0N MPUMOIEKYIAPHbIX
peaxyuii.

[Ipu >neMeHTapHOH peakuuu B CHCTEME IPOTEKAeT TOJBKO OJMH MPOIECC M YpaBHEHHUE
peaKIMH pacKphIBaeT €ro MeXaHW3M. BOJBIIMHCTBO peaKIuii — CIOXKHBIE M TPEICTABISIOT COOO0M
CYMMapHBIH pe3yibTaT HECKOJBKUX AJIEMEHTApHBIX IMpoleccoB (nByx u Oonee). [loaTromy obiee
CIIO’)KHBIX YpaBHEHHUE PEAKIIHA HE OTPaXKAET X PEabHBI MEXaHU3M.

Hns crodcnvlx peakyuii 3aKOH 0eliCIBUs MACC He NPUNONCUM 6 YELOM, d CNPAaseonus Iulb K
OmMOeNbHbLIM e€ cmadusim Hebovbwou monexkyrsapHocmu. Hampumep, oliee ypaBHEHHE PEaKIIUU
UMEeT BHI;

24+ B« C,
COTJIACHO KOTOPOMY SIBJISIETCSI IKOOBI TPUMOJIEKYIsipHOW. OJHAKO MPOTEKAET B JBE CTAIHU:
1) A + B < D — ouenw 6vicmpo;
2) D + 4 < C— meonenno.
24+ B C.



Tak Kak MOPSAIOK PEaKIUU OMPEACISIETCS MOJIEKYISIPHOCTBIO CaMOl MEJJIEHHOW CTaauu
peakuuu, TO JaHHAs peakuuss — OUMOJEKyJsipHas W BToporo mnopsaka. CrenoBarenbHoO,
KHMHETUYECKOE YPaBHEHUE ITOT0 B3aUMOJICHCTBUS OyAeT UMETh BU/:

v =K[A][B], a ne v = k[A]?*[B].

U3 (5.1) ciemyer, 4TO cKOpocmb peakyuu — 6eIUUUHA OOPAMHO NPONOPUUOHATLHA
8pemeHU.

BcenenctBue pa3nuyHOW CKOPOCTH JBMDKEHHUSI MOJIEKYJ, OHHM 00JaialoT pa3InyHOU
KUHETUYECKON 3Hepruei. IIlpu 3ToM KuHETHYecKas 3HEeprus MpsMO MPONOPLMOHATIbHA CKOPOCTH
JBUKEHUS MOJIEKYJIBI.

Moutekynbl, KOTOpbIe 00JaJa0T BBICOKMM 3allacoOM KWHETHYECKOW JHEPTyH, HA3bIBAIOTCS
AKTUBHBIMM.

HononnumenvHyro suepeuto, KOMOpyo HAOO COOOWUMb MONEKYIAM OJi nepesood Ux 6
aKmMueHoe coCmosnue, Ha3vleaiom sHepeuel akmueayuy. XUMUIeCcKas peakluus MOXKET POU30UTH
TOJIBKO IIPHU CTOJIKHOBEHUH aKTUBHBIX MOJIEKYIL.

Cropocmb Xumuueckot peakyuy npsamo npONOPYUOHAIbHA YUCTY CIMOIKHOBEHUL 8 eOUHULY
8pemeHu.

Ponp karanusaTopa, NpUMEHSEMOIo i NPOTEKAHHS JAHHOTO XMMMUYECKOro Ipoliecca,
3aKJIIOYaeTcss B cieayoumeMm: 1) B TMOHM)KEHMM DSHEpPruu akThBaluu; 2) B o0ecredeHuH
HE00XOIMMOM OPUEHTAIIMH PEearupyomuX YaCTHUI.

Biusinue TeMnepaTypbl Ha CKOPOCTh pPeaKIUul

C [OBBIIIEHUWEM TEMIEPATYPhl YBEIUYMBAETCS CKOPOCTb [JBHKEHHUSI MOJEKYJI U HUX
KMHETHUYECKasi YHEPTUsl. AKTUBHOCTh MOJIEKYJI BO3PACTAET, 1 CKOPOCTh PEAKIIMK YBETUIMBACTCSI.

3aBUCHMOCTh CKOPOCTH PEaKIMu OT TeMmIepaTypsl ompeneisercs npasuwioMm Bant-I'odda:
npu yeeaudenuu memnepamypul Ha kaxcovle 10°C ckopocms peakyuu 6o3pacmaem npumepHo 6 2
pasa. Jljis HEKOTOPBhIX PEAKUUHA CKOPOCTh BO3pacTaeT B 3 — 4 pa3a. DTO 3aBUCUT OT HPHUPOAbI
pearupyromux BeuecTs.

Yucno, nokasviearoujee 80 CKOILKO pa3 yEeauydu8aemcs cKOpoCms peakyuu npu yeeaiuyeHuu

memnepamypwi Ha 10°C, Hazvieaemcsa memnepamypHuim Kodgpuyuenmom u 0003Havaemcs 7/ .

M3MeHeHHe CKOPOCTH PEaKLUMU OT TeMIepaTypbl MOXKET OBITh BBIYMCIEHO MO (Qopmylie
Bant-T'oddda:
t,—t
Utz 2101
£ — 7/

Utl

, (5.4)

rae Utz )54 Utl — CKOpPOCTH pE€aKIMM MpH TeMmieparypax t2 m ti COOTBETCTBEHHO; Y —

TeMieparypHbliil ko3pdunuent Bant-I'odda.
CkopocTh peakunu B reTeporeHHbIX cucreMax. Biausaue karajinzaropa Ha
CKOPOCTh XMMHUYECKUX peaKkuuil

BemectBa, u3MeHsAOMIME CKOPOCTh XUMHUECKOTO MPOIECCa, HA3bIBAIOTCS KaTaIU3aTOpaMH.
KarammuzaTopamu MoryT OBITH TBEp/BIEC, )KUAKHE U Ta3000pa3HbIe BemecTBa.MI3MeHeHne CKopoCcTH
XUMUYECKOM pEeaklMH TOJI BIMSHUEM MPUCYTCTBYIOUIETO B CUCTEME IOCTOPOHHErO BEIIECTBA,
COCTaB M KOJIMYECTBO KOTOPOIO K KOHIly pEaKIMH OcCTaloTcs 0e3 H3MEHEHWl, Ha3bIBaroTCs
KaTaJIu30M.

[Ipy roMOreHHOM KaTaiu3e B3aHMMOJECICTBYIOIIME BELIECTBA M KAaTaJlM3aTOpP COCTaBISIOT
onHodasHyo cuctemy. [Ipu reTeporeHHOM KaTalaW3e pearupyrollue BellecTBa M KaTaau3aTop
COCTaBJISIIOT CHUCTEMY U3 HECKOJbKuUX (a3. Ilpu rereporeHHOM KaTajauze B MPHUCYTCTBUU
HEOOJBIINX KOJMYECTB KaTallu3aTopa MOTYT MPOPEarupoBaTh OTHOCUTENHHO OOJbIIINE KOJTUYECTBA
B3aUMOJICHCTBYIONINX BeIecTB. [IpM TOMOTEHHOM KaTajiu3e CKOPOCTb PEaKIUU MPaKTUYECKH
MPONOPIUOHATIbHA KOJIMYECTBY KaTaIU3aTopa.



AKTHUBHOCTh KaTajM3aTopa, a UHOT/IAa U CIEeNU(PUIHOCTh UX JACHCTBUS, B OOJIBIION Mepe
3aBUCUT OT TeMmmeparyphl. s KaxIoro mpoiiecca, CyHIECTBYIOT ONpPEACNICHHbIE KaTalu3aTophl,
4acTo MoJ0MpaeMble IKCIIEPUMEHTATIBLHBIM ITyTEM.

XuMu4ecKoe paBHOBecHe
Bce xuMuueckne peakiiui MO>KHO pa3fesiuTh Ha JIBa TUIIA: 00OpaTUMBbIE K HEOOpaTUMBIE.
MHorue peakuuu sBISIOTCS OOpPaTUMBIMH, T.€. TAaKUMH, IPU KOTOPBIX OOpa30BaBIIMECS
MIPOAYKTHI B3aUMOJICHCTBYIOT MEX1y OO0, MpeBpaIasch B UCXOHBIE BELIECTBA.
OOpaTuMble peakliiy OrpaHUYEHbI ONPEIeIEHHBIM IIPEAEIOM: OHU HE JOXOAT IO KOHLIA.
OO0t BUJ ypaBHEHHs 00paTUMON peaKIuu:

mA + nB<«pC + gD. (5.5)

CKopoCTH TIPSIMOTO U OOPATHOTO MPOIECCOB BHIPAYKAIOTCS CIICTYIOIIUMH YPABHCHUSIMU:
v=k[A]"[B]" (5.6)
v =k[C]P[D]%. (5.7)

B MomeHT ycraHOBIIEHHS paBHOBecus NpsiMas M oOpaTHasl peakluu HE MPEKpallaroTcs, a
IIPOAOIIKAIOT IPOTEKATh B IPOTHBOIIOI0KHOM HAIIPAaBJIEHUH C PAaBHBIMU CKOPOCTSAMHU.
I'paduuecku 310 MOXKeET ObITh TaK, KaK OKa3aHO Ha pUCyHKe 5.1.

UA

L2

Pucynox 5.1
3asucumocmv npsamou u t
00pamHoll peakyuii om 8pemeHu

v

Ecnu ckopocTH npsiMoil 1 00paTHON peakiuil paBHbI (Vnp = Vogp. — MATEMATHUECKOE YCIOBUE
XMMHUYECKOIO PaBHOBECHS) , TO MpaBble 4acTH ypaBHEHHH (5.6) u (5.7), X BhIpaXKaroIlInUX, TaKxke
PaBHBI:

k[A"[B]' =k[c]°[D]". 9
Ha ocHoBanum 3T0ro0 c(HOpMyIHPOBAHO TONOKEHUE, HA3BAHHOE 3aKOHOM JICHCTBHSI Macc
(BTOpass opMyIUpPOBKA): 8 MOMEHM PAGHOGeCUsi NPou3seOeHUue KOHYEHMPAayull Oetcmsyouux
macc UCXOOHbIX 6ewjecme HA KOHCMAHMY CKOPOCMU NPAMOU peakyuu paeHo NpOU38e0eHuUio
KOHYEeHmMpayuti 0eucmeyouux mMacc 0o6pasyiouuxcs 6eujecms Ha KOHCMAaKumy cKopocmu 0opamuot
peaxkyuu.
U3 ypaBHeHnus (5.8) ciemyer, 4to

ki €Il (5.9)
[AI"[B]" |
OrtHo1renne ABYX IMOCTOAHHBIX BCJIMYUH €CTh BCJIMUNHA ITOCTOAHHAA, CIICAOBATCIBHO!
R/R:Kl’:w (5.10)
[AI"[B)" |

KoncTranTolfi XHMHYECKOTO PaBHOBCCHUA K? Ha3pIBaeTCs OTHOIICHHUE MMPOU3BCACHUSA
PaBHOBCCHBIX KOHHGHTpaHPII)'I IMPOAYKTOB pCAKIMU K IMPOU3BECACHHUIO PABHOBCCHBIX KOHHCHTpaHI/Iﬁ
HUCXOJHBIX BCIICCTB, B CTCIICHU UX CTCXUOMCTPUUCCKHUX KOB(b(I)I/ILII/IeHTOB.



KP BpIpakaer 3aKOH JEHCTBHS Macc JUisi PAaBHOBECHBIX CHCTEM: KOHCMAHMA XUMUYECKO20
pasHogecusi He 3asUcum Om KOHYEHMPAayuu peazeHmos, HO 3a8UCUm Om meMnepamypvl u om
npUpoObl peazupyroujux euecms.

B MoMeHT xuMu4eckoro paBHoBecHs u3MeHeHue sHeprun [ m66ca ve nmpoucxoaut — AG = 0.
KoncranTa xumudeckoro paBHoBecusi cBsi3zaHa ¢ AG COOTHOLICHHEM:

AG? = —RT InKP (5.11)

YuuteiBas, uto INKP =2,303 IgKP u R = 8,314 J[)/K-mMonb ypaBuenue (5.12) nmpeodpasyercs
710 BUJA:

AG®=-19,14 T IgKP (5.13)

[Tonb3ysick ypaBHEHMEM  KOHCTAHTHI PAaBHOBECHS, MOXHO VIPABISATh XUMHYECCKHM
MPOLIECCOM, YTO BaKHO B TEXHOJIOTMUYECKUX LIETISX.

Ecnu B paBHOBecHo# cucteme MA + nB<«»>pC + (D yBennuuth KOHIEHTpanuio A, TO B
cootHomeHuu (7.1.6) mns KP, MOJDKEH YBEIMYWTHCS YHUCIHTENb WM YMEHBIIUTHCS BTOPOM
COMHOXXMTEJb 3HAMEHATENs, T.€. BelIMuuHa [B]. DT0 MOXKET MPOU30MTU B pe3ysibTaTe CMEUICHUS
paBHOBECHSI CJI€Ba HAIIPABO, MPUBOJAAIIETO K 00pa30BaHUIO HOBBIX KOJIUYECTB MPOAYKTOB PEaKIIHH
—CubD.

Takum 00pa3om, Mpu yCTaHOBUBIIEMCS HOBOM COCTOSIHUHM PaBHOBECHS, KOHIICHTPAIIUU BCEX
YEeTHIPEX BEIIECTB, M0 CPABHEHHUIO C TMEPBOHAYATBHBIMH, OKAKYTCS M3MCHUBIIMMHUCS, a 3HAYCHUE
KOHCTaHTBI PABHOBECHUSI HE H3MEHUTCSI.

CrnenoBarenbHO, JJIi CMEIIEHUS] PABHOBECHS CJIEBAa HANPAaBO HEOOXOAWMO WM YBEITUYUTH
KOHIIEHTPALMI0O OJHOTO W3 MCXOIHBIX BEHIECTB, WU YMEHBIIUTh KOHIEHTPALUIO OJHOTO U3
MIPOAYKTOB PEAKIIHH.

C noMOIIbIO BBIPKEHUS KOHCTAHTHl PABHOBECHUS MOXHO OIPEACNATh KOHIIEHTPAIUU
BEIICCTB B MOMEHT PAaBHOBECHsS, a €CIM HW3BECTHHI 3Ha4eHUS K’ W HMCXOJHBIC KOHIICHTPAIMH
BEIIECTB, TO MOXHO OMPEAETUTh X PABHOBECHBIE KOHIICHTPAIIHH.

Ecnu vcxoaHyro KOHIEHTpaIuio BemectBa A 0003HaunTh uepe3 Co(A), a Y4KCI0 MOJIb €ro,

IIPOPEAarupoOBABIINX K MOMEHTY PAaBHOBECHSI, UEpE3 A C(A), To MOJIsIpHAs] KOHIICHTPAIMS B MOMEHT
PaBHOBECHSI ONIPEACIIUTCS TAK:

[A] = Co(A) - A cep).
PaBHOBecue B reTeporeHHbIX CUCTEMaX OINpeAeNseTCs] TOJbKO ra30BOM MM KUAKOU (a3oii,
T.K. KOHICHTpAUX TBEPABIX BEIICCTB HE BXOJAT B YPABHCHUC IJII CKOPOCTU PCAKIIUH.
HanpaBneHHe CMCIIICHUA paBHOBGCI/Ifl CUCTCMBI HpI/I N3MCHCHUHN KOHHGHTpaHI/II/I,
TEMIICPATYPBI UJIN AABJICHUA OIPCACIACTCA ITPUHITUIIOM JIe lIlaTenbe:
«Ecntu na oﬁpamumylo cucmemy, Haxooﬂmymcu 6 NOOGUINCHOM cocmoanuu, okazambov
u3zene Kakoe — auoo 3030eﬁcm3ue, mo cucmema omeeuaem CmMeuleHuem pasHoeecus maxKum

00pazom, Yumoowvl ocradbums IMo 6030elUCmeue)).

Bonpocs! 1 3aganus

3amaua 1. Peaknus pasznokeHus: okcuaa azota (+5), mpoTekaromias mo ypaBHEHHIO 00IIero
Buga 2N20s(2) <> 4NO2(2) + O2(2), mpoTekaeT B ABE CTAIUH:

1) N2Os(2) <> N2Os(e) + Oz(2) — meonenno;
2) N2Os(2) + N2O3(2) «» 4NO2(2) — 6vicmpo.

Omnpenenure NOpAI0K U MOJIEKYJISIPHOCTh 3TOTO IpoIecca.

Pemenune. U3 ycrnoBuii 3aaun cienyer, 4TO CKOPOCTb pEaKLUHU, B LIEJIOM, ONPEIEIseTCs
TepBOM crajguelt mporecca. Mtak, CKOpOCTh peakiuu mpornopiruoHaibHa KoHmeHTpamun N2Os(T),
T.€. MIPOLIECC PA3NIOKEHUS OKCUIA a30Ta (+5) — peakius IepBoro MopsiIKa, MOHOMOJIEKYIIsIpHasl.

3amaya 2. BeluncnuTe 3HaY€HHE KOHCTAHTBI CKOPOCTH IPU HEKOTOPOW TeMIlepaType Uit
anemenTapHoii peakiun C(z2) + D(z2) <> B(z), eciu npu kornenTpamusx [C] = 0,04 mons/am® u [D]
= 0,05 Monb/mM3 CKOPOCTB peakIuy cocTaBma v = 3,2:107,

Pemenne: Tak kak peakuus dJIeMEHTapHAs, TO YPaBHEHHE PEAKIIMH OTPaKkaeT €€ MeXaHU3M
— 9TO peaklys BTOPOro NOpsKa, T.e. KHHETHUYECKOe YpaBHEHUE 3TOTO Mpoliecca OyaeT UMETh BU/I:



v 32-10™

v = k[C][D], omciooa K = [C][D] = 0.04.0.05 =

3amaua 3. [l peakiuu B ra30Bo# daze
24 + 3B <> A2B3
MOJIyuYeHHas! 3aBUCUMOCTh €€ CKOPOCTH OT KOHIIGHTpAIlMM pEareHTOB IpEeJCTaBlICHa B
Tabmume 6.2.1.
Tabauya 5.2. 3asucumocmos cKopocmu peakyuu om KOHYEHMpayuu peazesmos
KoHueHTparms, MoIs/aM°
BemectBo 4 0,20 0,40 0,50 0,60 1,20 0,20
BemectBo B 0,20 0,40 0,20 0,80 0,80 1,00

CKOpPOCTb PEAKINH, MOJIB/(JIM>-MUH) 0.32 0.64 0.32 128 128 160

KakoB mopsimok peakuuu? Bpruncianre KoOHCTaHTY ckopocTd. Kak HM3MEHHUTCS CKOpOCTb
peakuuu Ipy yBEJIMYCHUH JaBJICHUS B J1Ba pa3a?

Pemennue:

1. /g HaxoKAeHMS MOPsIIKa PEAKIMK MIPEK]IE BCErO HaJ0 HallTU KMHETUYECKOE YPaBHEHHE

JUIE OTOM CIIOKHOW XWUMHYECKOW peakmuu. [lpm 3ToM HE0OXOAMMO MPOTECTUPOBATH

YPaBHEHHS CIEIYIOIIUX TUIIOB:

1) mnepsoro nmopsaka — v = k[/A],; v = k/BJ;

2) Broporo nopsiaka — v = k[A][B]; v = k[A]%; v = k[B]?;

3) Ttpersero nopsaxa — o = k/AJ?/B]; v = k[A][B]>.

2 Kunernyeckoe ypaBHEHHE Oyle€T COOTBETCTBOBaTh JEHCTBUTEIILHOMY MEXAaHU3MY
peaxkiuu, eclii BHIYMCIEHHOE U3 HEr0 3HaYeHHE KOHCTAHThl CKOPOCTU PEAKIMU OyAET OAMHAKOBBIM
(MM IPUMEPHO OJJMHAKOBBIM, C YUETOM IOTIPEIIHOCTH U3MEPEHHs B X0JI€ SKCIEPUMEHTA).

3 TectupoBaHue ypaBHEHHUs TIEPBOTO Mopsiika Buaa v = K/A]:

1) nnst mepBo# mpoOsI Ky = UL E =16;
[Al; 0,20
2) st BTopoit mpoos! Ky = Y2 064 =1,6;
[A]l, 0,40
3) s TpeTbeit mpoOsl K3 = v _ % =0,64.
[Al; 050

Tak kak 3HaueHHWE KOHCTAHTHI CKOPOCTH HE OJMHAKOBBI U HCCIEIOBAHHBIX MPOO, TO
KMHETHYECKOE YpaBHEHHE MEPBOTo mopsjaka Buaa v = K/4] He COOTBETCTBYET MEXaHU3MY JTaHHOU
peakiuu.

TectupoBaHue ypaBHEHHS IIEPBOTO Mopsiaka Buaa v = K/BJ:

1) nnst mepBo# mpo6sl Ky = YL % =16;
[Bly; 0,20
2) st BTOpOit po0Osl Ky = Y2 _ 064 =1,6;
[B], 0,40
3) anst Tpetbei npoos! K3 = U3 % =16;
[Bls 0,20
4) miist ueTBepTOit podsl Kyq = 4 _ @ =16;
[B]l, 0,80
5) st nsToit poOkl Kg = Y5 ﬁ =16;

[B]s 080



. 3] 1,60
6) s mecToi mpobsl Kg = B e ke
[Blg 1,00
WTak, KHHETHYECKOE ypaBHCHHE AaHHOM peakuuu: v = K/B]; konctanta ckopoct — K = 1,6.
4 YBenuyeHHUE JABJICHUS B CUCTEME B JIBa pa3a MOBBICUT KOHIEHTpAIMU peareHToB 4 u B
TOXKE B JIBa pasa, 4TO MPUBEAET B BO3PACTAHUIO CKOPOCTH PEAKIMH TaKXe B JBa pa3a. ITO MOXKHO

MIOATBEPAUTH PACUETOM:

vy _ 2K[B] _
v k[B]

3anaua4 Ha cKOIBKO HAJIO0 MOBBICHTH TEMIEpPATypy, YTOOBI CKOPOCTh PEAKIIMU BO3POCHa B
50 pa3 (y =2,3)?

Pemenue
Pacuet npoBeném o popmyne Bant-I'odda:
L. LY th-1t
i — 10 Yty o oa _ 10
=y ,rne —= =50; y=2,3; orcroga50 = 2,3
Ut Utl

1
[Tponorapudmupyem 06e yacTu MOJIy4eHHOTO PABEHCTBA!

t)-4
< _=1g2,3=1g50
10 g g

¥ TIOCITE ero pentenus nomydanm At = 47 °C,
OtBet: UT0oOBI CKOPOCTH peakiuu Bo3pocia B 50 pa3 HaAO MOBBICUTH TeMIeparypy Ha 47
°C
3amaua 5. [Ipu 393 K peakuus 3akanuyuBaercsa 3a 10 MuUHYT. 32 CKOJBKO MUHYT 3Ta peaKlUs
3akoHunTcs npu 363 K (y =3,0)?
Pemtenne
Kak u3BECTHO, UTO MEXJY CKOPOCTHIO XUMHUYECKOW PEAKIUU U €€ MPOJOKUTEILHOCTHIO
CYILIECTBYET 0OOpPaTHO MPONOPIIMOHATIFHAS 3aBUCUMOCTb:
L
t, 71

Ut (%)

1
TJI€ T1 ¥ T2 — BpeMsl MPOTEKaHUsI pEeaKIK MpU TeMIiepaTypax t1 u t, COOTBETCTBEHHO.
CnenoBarenbHO, ypaBHeHHE (7.2.2.1) MOKHO 3amUCaTh B CIEAYIOLIEM BHUJIE:
-t
a 10
—_— = }/
2

OTKyJa
ty—t; 393-363
n=1p-y 10 =10.3 10 =270 mun.
OtBet: nipu Temnepatype 363 K sta peakinus 3akaHunBaercs 3a 270 MUHYT

ba30BbIi1 ypoBeHB

3amaya 1 Onpenenure n3MEHEHHE CKOPOCTH MPSMBIX 3JI€MEHTApPHBIX Ta30BbIX peakuil mpu
YBEJIMUEHUS JaBJICHUS B JBa paza:

1)Ho + O — H + OH; 2) Cl + H— HCI;

3) 2NO + Cl, — 2NOCI; 4) NO + O — NO:..

I[J'IH Ka)K,Z[Oﬁ pCaKknuu OMpECACIINTC MOPAAOK U MOJICKYJIAPHOCTL U HATMIIHUTC KUHCTHYCCKOC
ypaBHEHUE.

3amaau 2  Pe3ynbTarThl M3y4YEHHsT CKOPOCTH pEaKIMHM MexIy BemectBaMu 4 u B
MpeACTaBICHBI B Ta0IuIE 5.3.



Tabnuya 5.3 3asucumocmv CKOpoCmU peakyuu om KOHYEHmMpayuu peazeHmos
KoHIeHTpamus, MoJIb/IM°

BemecrBo 4 0,10 0,20 0,20 0,10

BemectBo B 0,10 0,10 0,20 0,05

CKOpOCTh peaxiuy, Mons/(mve-mun) | 0,004 0,016 0,016 0,004

KakoB nopsiiok ¥ MOJIEKYIIPHOCTh peakuu? Briuucinre KOHCTaHTY CKOPOCTH.

3amaua 3 Ilpu yBenmueHMHM KOHIIEHTpauuu BemectBa 4 B 1,6 pa3a CKOpOCTh peakuuu
Bo3pacraerT B 2,93 paza. KakoB nopsigok peakiuu mo BemiectBy 4?7 Oteet: Na = 1,83.

3amaua 4. CocTtaBbT€ BBIpAXKEHHE JII KOHCTaHThl PABHOBECHS TOMOI'€HHOTO IIpOIecca,

OIHCHIBAEMOTO YPaBHEHUEM:

AHCI + 0, <> 2H,0+ 2Cl,.

3amaua 5. /[ paBHOBECHOH 1a3000pa3HOM CHCTEMBI
CO+HyO <> COy +Hy k=10 (upu 830 °C).
Omnpenenute KOHIEHTPAIMM BCEX BEHIECTB B MOMEHT pPAaBHOBECHS, €CIIM HadallbHAs
xonnenrpanus Co(CO) = 2 mons/mm® u Co(H20) = 3 moms/mm°.
3anaya 6 Kak U3MEHHUTCS CKOPOCTh peaKIUU
2H23 +302 <> 2502 + 2H20 )

€CITM KOHIICHTPAIMH BCEX Ia30B YBEIUYUTH B TPH pa3a? B cTopoHy npsmMoi wim oOpaTHON peakiuu
CMECTHUTCSI XUMHUYECKOE paBHOBECHE?

[ToBbIlIEHHBIN YPOBEHD

3amava 1 Peakius mpoxoauT B ra3oBoit (ase:
A+2B+D o C.
[Ipu yBenuueHun KOHIIEHTPAIMK peareHTa A B 2 pa3a CKOPOCTh peaKI[iu BO3pociia B 2 pasa.
[Ipu yBennueHUM KOHIICHTpAIlMM peareHTa B B 2 pa3a CKOpPOCTh peakiud He u3MeHminach. [lpu
YBEITMYEHUU KOHIIEHTpAIu pearenta D B 2 pa3a CKOpoCTh peakiuu Bo3pocia B 4 pasa.
Kak BBINNISIUT KMHETUYECKOE ypaBHEHHE 3TOi peakimn? Kak M3MEHUTCSI CKOPOCTh PEeakiiy IMpu
YBEJIMYEHUH 00IIIero gaBiieHus B 3 paza? OTBET: CKOPOCTh PEAKIMK TIPH YBEIMUSHUH OOIIETO JABJICHUS B 3

paza Bo3pacrer B 27 pas.
Bamaua 2 ITpu 25 °C KoHCTaHTa CKOPOCTH peakIuy B Ta30BOH dase
N204 <« 2NO2
UMEET CIICAYIONINE 3HAYCHUS:
P, 1la 21590 34660 89040
k(yci. euHUIBI) 4,4 4,8 6,0.

[Touemy KOHCTaHTa CKOPOCTH BO3pacTaeT NpU yBeIHUeHUM JaBieHus? [loueMy KOHCTaHTa
CKOpPOCTH Ha3BaHa KOHCTAHTOM, €CJIM OHA 3aBUCHT OT JaBJICHHS?
3amava 3. B kakoM HamnpaBJICHUU CMECTHTCS PABHOBECHE PEaKIIUU

AHCI +05 <> 2H50+2Cly , ARP,, = 114,42 x[Tx/mos,

ecnu: 1) MOBBICUTH KOHIIEHTpaIuio O2; 2) yBeTUYHUTh KOHIIEHTpanuio H20; 3) MOHU3UTH JaBJICHUE;
4) moBsIcHTH Temrepatypy Ha 50 °C (TemmeparTypHbIii K0dG(HUIMEHT TIPSAMOH PEaKIUH Ynp = 2, a
Yoop. = 3)?

Cnucok JurepaTrypbl, peKOMEHAyeMblil K UCIIOJIb30BAHUIO 110 JAHHOH TeMe

OcHoBHas1 iuTEparypa:
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TEMA 6. PACTBOPBI

MNPAKTUYECKOE 3AHATHUE 6. PACTBOPBI. CIIOCOBbI BBIPAKEHU A
KOHIEHTPAIIMU PACTBOPOB. PACTBOPBI QJIEKTPOJIMTOB. PACTBOPbBI
HEJJIEKTPOJIMTOB

Heasb 3anaTHA: ¢GopMHupoBaHUE O0a30BBIX 3HAHUI O crocobax ONpeneneHuss CBONCTB U
KOHIEHTpALUi pacTBOPOB U HaBBIKOB ITPOBEJICHUS PaCUETOB.

3HaHMA ¥ yMeHHUs, IpHo0peTaeMble CTYACHTOM B pe3yJIbTaTe 0CBOCHHUS TeMbI

3HaTh: OCHOBBI CAMOOPTaHU3ALUH U CaMOOOPA30BAHNS;
3HaTh: CYIIHOCTH U 3HaUYCHHE MH(OPMALMK B Pa3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBBI ITOIyUYEHHS U
00paboTKH MH(POPMALIUHU U3 PA3TUYHBIX HCTOYHUKOB

3uarn: paOOTHI IO PaCUETy U MPOCKTUPOBAHUIO JETANICH U y3JI0B
MAaIIMHOCTPOUTEIbHBIX KOHCTPYKIIUM B COOTBETCTBUH C TEXHUUECKUMHU 33JJaHUSIMU U

HCII0JB30BAHUCM CTAHAAPTHBIX CPEACTB aBTOMATU3AllUK ITPOCKTHUPOBAHUSA

YMeTh: caMOCTOSATENHFHO CTPOUTDH NPOLIECC OBNAZACHUS HHPOpManneil, 0TOOpaHHON U CTPYKTYpHUPOBaHHON
JUIsL BBITIOJTHEHUS TPOGECCHOHANBHOM e TEIbHOCTH.

YMerTh: noiydars u 00padaThBaTH HHPOPMAIHIO U3 PA3THIHBIX UCTOYHHUKOB

VYmern: IPUHUMATh yUacTHe B paboTax Mo pacyeTy U NPOECKTUPOBAHUIO I€TaNeH U
y3JI0B MAllIMHOCTPOUTENbHBIX KOHCTPYKIUNA B COOTBETCTBUU C TEXHUYECKHUMU
3aIaHUSIMU U UCTIOJIb30BAHUEM CTAHJIAPTHBIX CPEJICTB aBTOMATU3ALUU

IMPOCKTUPOBAHUA
HaumenoBanue (opMupyeMbIX KOMITETEHIUI

HNunexc DopMyIUpPOBKa:

OK-7 CIIOCOOHOCTBIO K CAMOOPTIaHU3AIMU i CAMOOOPa30BAHUIO



https://openedu.ru/

OIIK-4 MOHMMAaHUEM CYIIHOCTH U 3HAaYeHUSI HH(OPMAITUU B Pa3BUTUU
COBPEMEHHOI0 O0IIECTBa, CHOCOOHOCTHIO MOJIy4YaTh U
o0pabaTpiBaTh HHPOPMAITHIO U3 PA3THYHBIX HCTOYHUKOB,
TOTOBHOCTBIO HHTEPIIPETUPOBATH, CTPYKTYPHUPOBATH U
oopMIIsITE HHOOPMAITHIO B JOCTYITHOM JIJISL APYTHX BHJIC

TK-5 CIIOCOOHOCTBIO MPUHUMATh y4acTue B paboTax 1o pacuery u
MPOECKTUPOBAHUIO JIETANICH U y3JI0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKIIUH B COOTBETCTBUU C TEXHUYECKUMHU 3aJaHUSIMU U
HCIIOJIb30BAaHUEM CTaHIAPTHBIX CPEJCTB aBTOMATU3AIINU
POECKTUPOBAHUS

AKTtyanbHOCTh TeMbl. COBpEMEHHAsI MOJIEKYJISIpHAsl TEOpUsl pacTBOPOB IpEACTaBIseT co00il
OOIIMPHYI0, MHTEHCHUBHO DPAa3BUBAIOILYIOCS O00JIaCTb MOJEKYJIApHON ¢(u3uku. MonekymspHas
TCOpHUA KHUIKUX PaCTBOPOB OMHUPACTCA HA TCOPHUIO YHCTBIX OAHOKOMIIOHCHTHBIX )KI/II[KOCTCf/'I u
TEOPUI0 MEKMOJIEKYJISPHBIX CHJI. PacTBOpBI 3JIEKTPOIMTOB - OCOOBIM KJIacC KOHJACHCHPOBAHHBIX
MOHHO-MOJIEKYJIIPHBIX cuUcTeM. Upe3BblualiHasi CIOXKHOCTb M3y4aeMoOro 0ObEeKTa MpeloNpeesisieT
MHOIOYHMCJICHHbIE TPYAHOCTH U NpoOieMbl B 3TOM  OTpacid HAy4HOIO  I1O3HAHMI.

Teoperuyeckasi 4acThb
Cnoco0bl BbIpaKeHUs] KOHIEHTPAIlUM PACTBOPOB

Pacmeopamu nasviearom mepmoounamuyecku ycmouuugvle O0OHOPOOHbIE CUCEMDL,
cocmoAawue u3 deyx u bonee KOMNOHEHMO8 (pacmeopeHHbzx eewecme U pacmeopumeﬂﬂ).
PactBopenHbie BemiecTBa — 3TO KOMIIOHEHTHI PacTBOpPa, KOTOPHIE MEHSIOT CBOE arperaTHoe
COCTOsIHME TpU ero obpa3zoBanuu. PacTBopuTens — BEMeCcTBO, HE U3MEHSIONIEE CBOETO arperaTHOro
COCTOSIHMS pU 00pa30oBaHUM PacTBOpa.

Haubonee mupokoe pacrnpocTpaHEHHE TMOJYYUTIH BOJHBIE PACTBOPHI, PACTBOPUTEIIEM B
KOTOPBIX ABJIACTCA BOAA.

Baxkneiinield XxapaKkTepHCTUKOW pacTBOPOB SIBISETCS HMX KOHIIGHTpAIMs — Macca WU
KOJIMYECTBO BEILECTBA, COJAEpXKalluecs B OIpeNeJeHHOW Macce WIM 00beMe pacTBOpa WIH
pacTBOPUTEIIS.

Maccosas nons BemectBa X — macca Bemecta M(X) (B 1), comepsxamascs B 100 T
pacTBopa:

o(X),% =) 100,

My pa 6.1)

MossiibHas KOHLIEHTpalus — komuyecTso Monb BemectBa N(X), conepiaiieecs B ogHOM

kmiorpamme (unu B 1000 r) pactBopuTes:

monb _ N(X)
KT

M(X) 1000

-1000= ————
M (X)Mg_ 5 (6.2)

c, (X)

p-yst

MonspHas KoHIeHTparus — konudectso monb Bemtectsa N(X), comepsxareecss B oHOM M
(umu B 1000 cm®) pacTBOpHTENS:
Moib  N(X m(X
CM(X)’ = ( ).1000:#.
M \Y M (X )Vp_mI

p-1s

1000 (6.3)



MOJI;IpHaSI KOHIOCHTpalUsd KOJIHWYCCTBA SKBUBAJICHTA (HOpMaJIbHOCTb NI DBKBUBAJICHTHAsA
KOHIIGHTPAIIHs) — KOJMYECTBO MOJIb SKBHBAJICHTA BEIECTBA X, COJEpIKAIIeecs B OJHOM M (M B
1000 cm®) pacTBOpHTENS:

Chx) MOz 4000=— M) 1000
Z, 1LY VA M ( 1y W (6.4)
7 p-ist

X

1 1

rie N(—) m M(—) — KOIMYeCTBO MOJb OSKBHBAJICHTa BellecTBa (B MOJb-DKB) H €0
X X

SKBUBAJICHTHAs Macca (T/MOJIb) COOTBETCTBEHHO.

HpuMettaHue. Yucao Zx Ha3bIBAarOT IK6UBA/IEHIMHbIM Yuciom nIIn YUciom

okeusanenmnocmu —Z, > 1. 3nHadenue Z, Onpenenstor M0 XMMHYECKON PEaKLUH, B KOTOPOH
YYacTBYET JIaHHOE BEMIECTBO. Tak, B YaCTHOCTH, ISl ISl BEIIECTB, y4acTByomux B OB-peakuusx,
DKBHBAIEHTHOE Yncio Zg JUIs BOCCTAHOBHMTENS PABHO YHCILY SIEKTPOHOB, KOTOPOE OH OTHAET, a
JUISL OKUCIIUTENS — 9UCITy DJIEKTPOHOB, KOTOPOE OH mpuHMMaeT. Hanpumep, 11 anuona MnO); B
3aBUCHUMOCTH OT Xapakrepa peakuun Z, MOXeT ObITh PaBHO 5, 3, 1, Hanpumep:

MnO, +8H" +5e" = Mn* +5H,0; Z, =5; 2(MnO,) = 1/5 moss;

MnO;, + 2H,0+3e" = MnO, +40H"; Z, = 3; 3(MnO;) = 1/3 mors;

MnO; +1e" =MnO7 ;Z, =1;3(MnO;) = 1/1 Mob.

CJieI0BaTENBHO, B 9THX PEAKIMAX SKBUBANEHT okuciuTeass MnNO, COOTBETCTBEHHO paBeH

1/5,1/3 u 1 mo1b.
Heo6xoa1Mo Bceria HIOMHUTB, YTO 3HaYE€HHE SKBUBAJIECHTA JII0O0ro BeniecTBa X HE NPEBBIIIAET
enuHuLBbL, T. €. (X) < 1.
Ormpezenenyie SKBUBAJIEHTHBIX YHCE HEOJAMHAKOBO Ul 0OMEeHHBIX B OB-peakiuii.
B 00MeHHBIX peaknusax 3KBUBAJIEHTHOE YUCIIO ONPEEISIOT 10 CTEXMOMETPHUHU peakiuu. Ecimu st
peakIMu BUJA

VA+v,B=v.C +v,D
Ha OMH MoJIb BemecTBa A Tpebyercs VvgB/v,A mons BemectBa B, 10 Z, =Vv;/Vv, .
MorbHas 10714 — OTHOILIEHHE KonuuecTBa Mok BemectBa N(X) k obmiemMy uncity MOJb BcexX

BELIECTB NZ (X i) , COCTaBJIAIOIUX PAaCTBOP:

N (X

INNIIESY

Tutp pactBopa BemectBa X — Macca Bemecta M(X) (B ), comepikamiasca B OTHOM CM°
pactBopa:
2 m(X)
T'(X), —=——".

em’ Vo (6.6)

Tutp pactBopa BemecTBa B mo ompenmensemomy BemectBy X — macca Bemectsa M(X) (s

I'), COOTBETCTBYIOIIAs OMHOMY CM° CTaHJApPTHOTO PacTBOpa BelecTa B :



e _ m(X)
cen® V(B) (6.7)

p-pa

T(B/ X),

BecbMa BakHBIM TapaMeTPOM PACTBOPOB SIBISETCS WX IUIOTHOCTh — OTHOIIEHUE MAacChl
pacTtBopa (B KI') K 00BEMY 3TOTO pacTBOpa:

vV (6.8)

Ipumeuanue. B XuMuy yalie IPUMEHSIOT Pa3MEPHOCT IIOTHOCTH PACTBOPOB B I/CM®.
Jlyisa mpoBeAeHHsI pacyeToB MOJIe3HO 3HATh (opMyny (9), CBSA3BIBAIOIIYIO KOJIMYECTBO MOJIb
SKBMBAJICHTA BEIIECTBA X C Pa3JIMYHBIMHU BUIaMU KOHLIEHTPALMI €r0 pacTBOPOB.

n(L X ), rono— m(lx) :T(X)l/(X):T(B/)i)V(B):
zZ, M(EX) M(EX) M (— X)
z, Z, z,
1
_CEXNVOO w(X),%p,,.V (X)
B 1000 B 1 '
100M (Z—X) (69)

x

IIpu npuroToBiIeHUN pacTBOPOB C Pa3IMYHON MACCOBOM J0JIEH BEChbMA IOJIE3HBIM SBIIIETCS
TaK Ha3bIBAEMOE MPABUJIO CMELIeHHUs (MITU MPaBUIIO «KPECTay).
CxeMa «kpecTay UMEET BU:

w,% — m, T
0
@,, %

@, % — m,, I.

rac C()l, % u C()Z, % — MacCCOBBIC JOJIU UCXOOHBIX paCTBOPOB,

m1:|a)2 —a)x| W m, =@, —@®, — MacChl UCXOAHBIX PACTBOPOB (B T) IOCNIE CMEIICHUS

X
KOTOPBIX OyJ/IeT MOJTy4eH PacTBOpP ¢ MaccoBoi noueit @, , %.
PacTBOpBI 3/1€KTPOJINTOB
Onekmpoaumamu  Ha3bIBAIOTCSI  BEILLECTBA, KOTOPHIE IIPU pAcCTBOPEHUH B  BOJE
MO/IBEPraloTCcsl MPOTOJIN3Y (OUCCOLMUPYIOT WM paclajaloTcs) Ha HMOHbBI U IPOBOJST
ANIEKTpUYECKUi TOK. Heopranmueckne KUCI0ThI, OCHOBAHHUS U COJIU SIBJISIIOTCS DJIEKTPOJIUTAMMU.
Cuna >1eKTpOoaMTa XapaKTEpU3yeTCsl CTENEHbIO NMpoToin3a (), KOTopas INOKa3bIBacT
OTHOLIEHUE YKCIIa MOJIEKYJI, pacnaBinuxcs Ha HoHbl ( N ), kK 06meMy urcy MoseKys1 3JIeKTpouTa
B pactBope (N ), 1 BeIpaxkaercst B poLeHTax:

azﬁ-loo%.
N

0

(6.10)



VYCIOBHO CUMTAIOT 3JIEKTPOJIUTHI, TOJBepriuecs: mnporonusy Ha 3% u meHee (T.e.

a < 3%) — cabbivu, a Ha 30% u Goxee (o = 30%0) — cunbHBIMU.

B  pactBope  cnaboro  SNEKTPOIMTa  YCTAHABIMBACTCS ~ PAaBHOBECHE  MEXKIY
HEJMCCOLMMUPOBAHHEIME MOJIGKYJIAMH M IPOAYKTAMH HX pacliafa — wuoHamu. Hampumep, B
pacTBope ci1aboii 0JTHOOCHOBHOH KHCIIOTHI:

H,0 _
HAT———H"+ A
KoHCTaHTa Takoro paBHOBECHS BBIPAKAETCS 4YePE3 PABHOBECHBIE KOHIIEHTPALUU
COOTBETCTBYIOIMX YAaCTHUIl B PACTBOPE U HA3BIBACTCS KOHCMAHMOU NPOMOU3A UL KOHCMAHMOU
ouccoyuayuu K, (HA):
[HI[A]
K,(HA)=~—"—.
[HA] (6.11)

MHOrooCcHOBHBIE KHCJIOTBl PAaclaJaroTCs CTYINEHYaTo, KaXkaas CTYIEHb U3 KOTOPBIX
XapakTepu3yeTcs cBoei KoHcTanTou. Hanmpumep:

[H,S]
_[H8*]
[HS"]
COFHaCHO SaKOHy pa36aBHeHI/I$I OCTBaJ'ILI[a, Ka N O CBsI3aHHBI ypaBHeHI/IeMI
2
a -C

HS === H" +5%; K,

K, (HA) = (6.12)

rae C — MonspHAas KOHIEHTPAIHs deKTPOJIHTA, MOJb/IM>,
[pu o << 1 ypaBHenue ympomaercs:
— 2.
K. (HA)=a"-C. (6.13)

I[J'IS[ PacucToOB, CBA3aHHBIX C IMMPOTOJIU30M KUCIIOT, YaCTO UCIIOJIB3YIOT HE Ka , a ITI0OKa3aTciib

KOHCTaHThI Ipotosm3a (xuccounanmu) PK, , kotopsiii pasen:

PK, = —lgK.. (6.14)

C Bospacranuem K, T.e. ¢ yBennueHneM cuibl KMCoThl, 3HaueHne PK, ymenbmaeres,
cnezoBarenbHo, yeM Gonbie PK, , Tem cnabee kucnora. Tak, snasenns PK, st cnabbix kucnor

or CH,COOH no HCN nexar B npenenax or 4,76 10 9,21.

Jlnst omHOOCHOBHBIX  KucioT, Hanpumep, ykcycnoir — CH,COOH, xonuenrpammn

[H*] u [A] pasrs! u cocraBsior:
[H*] = [CH,CO0] = aC.
C yuerom ypasHenus (10.2.4) umeem:
[H*]=[CH,CO0 ]~ K, C.

PacTBOpBI HEIIEKTPOJIUTOB
Paz0aBiieHHBIE pacTBOPHI BEIIECTB-HETEKTPOIUTOB 00Ia1aI0T PSIIOM (PU3UKO-XUMHUECKUX
CBOMCTB, JUIS KOTOPBIX KOJIMYECTBEHHOE BBIPAKEHHE ITHUX CBOMCTB 3aBHUCHT TOJIBKO OT YHCIIA



HaXOJAILIMXCS B pacTBOPE 4YaCTHUI] PAaCTBOPEHHOIO BELIECTBA M PAcTBOPUTENA (KOJUIMTaTHBHBIE
cBoiicTBa). HekoTophle M3 3TUX CBOWCTB MCIIONB3YIOTCS ISl ONPEICIIEHUS] MOJIEKYJIIPHOM MacChl
PacTBOPEHHOIO BELIECTBA.

Tak, B COOTBETCTBMM CO 6MOpbIM 3aKOHOM Paynisa: TOBBIIIEHUE TEMIIEPAaTyphl KUIICHHS

(At

HE3JIEKTPOJIUTOB MPOIMOPIMOHAIEHO YUCITY YACTHUIl pACTBOPEHHOTO BEIIECTBA U HE 3aBUCHUT OT €T0
MIPUPOBIL:

KHII.

) WIM TIOHWXEHHE TEeMIIepaTypbl KpHUCTaUIM3AlUH (Atkp) pa30aBIeHHBIX PaCTBOPOB

Ay, =KCp, (6.15)
AL, =EC,, (6.16)
rac At — IHOHHMXXCHUC TEMIICPATYPhbl 3aMCP3aHUA WM IMOBBIIICHHUC TCEMIICPATYPbl KHIICHUA

pacTBOpa, rpai; K u E — KPpHUOCKOIINYCCKasA U 36YJ'IJ'II/IOCKOHI/IIIGCK8H KOHCTAaHTBI COOTBCTCTBCHHO,

C,, — MossuIbHast KOHLEHTPALKs PACTBOPEHHOTO BelecTsa, Moiib/ 1000 r pacTBOpUTeNsL.

Ipumeuanue. Kpuockonuueckas u 30yIITHOCKONIUYECKAsE KOHCTAHTHI MPEACTABISAIOT cO00
MOHMKEHUE TEMIIEpaTyphl 3aMep3aHus WIM TMOBBIIICHUE TEMIEPATYPhl KUICHUS ISl PacTBOPOB
HEAIEKTPOJIUTOB MPU MX KOHIIEHTPAIMAX PAaBHBIX 1 MOb/IMC.

Eciu M (r) HesnmekTponura, MMeromero Moibayo maccy M, pactBopenst B M .z, (1)

PaCTBOPUTCIIA, TO:

m 1000
At =K .5 , 2epaoyc
3am 3am Mg_ga m p_;m p y (6 . 17)
m 1000
At =F .65, , 2paoyc
Kun Kun Mgiga mpilﬂ p y (618)

@opMynbl  MO3BOJISIIOT ONPENEIUTh TEMIIEPATypbl 3aMEP3aHUs M KHIIEHHWS DPACTBOPOB
HEDJJICKTPOJIUTOB II0 HMX KOHLEHTpAllMd, a TaKKe HaXOAUTb MOJBHYK0 MacCy pacTBOPEHHOIO
BEILIECTBA 10 NOHMKEHUIO TEMIIEPATyphl KUIICHUS UJIN 3aMEpP3aHUs PACTBOPOB.

Bonpocs! 1 3aganus

[Tpumep 1. Hammcath MomnekynspHOE W HOHHOE YpaBHEHUs pPEaKIUil B3aUMOJIEHCTBUS
pacTBOpOB HUTpaTa Oapus U cynb(ara HATPUSL.

1 CocraBnsieM MOJIEKYJISIPHOE YpaBHEHHE PEaKLIUU:

Ba(NOs), + Na,SO, = BaSO, | +2NaNO,

2 IlepenuceiBaeM ATO ypaBHEHUS, W300pa3uB XOPOIIO TUCCOIMHUPYIOIINE BEUIECTBA B BUJIE
HMOHOB, a YXOAdlIMe U3 c]epbl peakluud — B BHUJEC MOJEKYJ, T.€. COCTABIIIEM IOJIHOE MOHHOE
YpaBHEHUE JaHHOM pEeaKIuu.

Ba®" +2NO; +2Na* + SOZ~ = BaSO, + +2Na* +2NO; .

3 BrimmceiBaeM HOHHOE YpaBHEHHE PEaKIIMU B OKOHUATEIFHOM BHUJIE (COKpAIIEHHOE HOHHOE
YpaBHEHUE):

Ba®* +S0;™ =BasO, 4,

KOTOpPOE OIpeAensieT CyTh MpoIecca B3aWMOJCWUCTBUS pPACTBOPOB HHUTpaTa Oapus
cynbdata HaTpHUS.



Bagaua 2. Paccuwmraiite monnyio cuiay pactBopoB RDNOs, CuCly m NazPOas, ecnmm mx
MOJISIpHBIE KOHIIEHTpaiuu pasHbI 0,1 Moss/ame,
Pemenue. 1 B pactBope HuTpaTa pyouaus:

1 2 2 1 2 2y
|_§(CRb+sz+ +CNO§ZNO§)_§(O,1-1 +0,1-(-1)2)=0.1.

2 s pactBopa CuCly:

1 2 2\ 1 2 2y
| _E(CCu2+zCu2+ +CC|zC|)—§(O,1-2 +2.01-(-1)%) = 0,3

3 Honsl Na* u PO4~3 co3naror HOHHYIO cHITy:

1 ( 2 2 ) 1 2 2
| = ; CraZna* + CposZpoy )= , (0,3-1°+0,1-(-3)°) = 0,6.

Ipumep 3. CKONBKO CM° pacTBOpa THAPOKCH 1A HATPHS ¢ MaccoBoii noneit m1(NaOH) = 30% (p1
~ 1,300 r/cM®) mamo no6aButh K 300 cM® Bomsl (p(H20) = 1,00 r/cm®), 4ToOBI MONYYNTH PAcTBOP C
maccoBoii noneit wx(NaOH) = 10%?

Pemenue. MOXHO IPEMIOKUTh TPY BApUAHTA PELICHUS TAKOM 3aa4M:

1) mosTanHbIif pacueT, ¢ COCTaBICHUEM CUCTEMBI U3 IBYX YPaBHEHUN;

2) ¢ UCIIOJIb30BAaHUEM 3aKOHA YKBUBAJICHTOB;

3) IpUMEHUTH IPABUIIO KPecTa.

Bapuanm 1. Beramcnum maccy ruapokcuaa Hatpusi (M(NaOH), r), kortopas moimkHa
COJIEP>KaThCsl B UICXOHOM PacTBOpPE C Maccor My, T

100 r pactBopa ¢ m1(NaOH) = 30% coxepsxut 30 r NaOH

my, r pactBopa ¢ w1(NaOH) = 30% coxepxut m r NaOH

Ilepsoe ypasnenue: m(NaOH) = % My, T = 0,3- mq, T.

Paccuntaem maccy pactBopa ¢ maccoBoit goneit @x(NaOH) = 10%:
100 r pactBopa ¢ mx(NaOH) = 10% coxepxut 10 r NaOH
(300 + my), r pactBopa ¢ w(NaOH) = 10% coxepxutr m r NaOH.

Bmopoe ypasnenue: (300 + ml) :10=100-m(NaOH).

Hanee Boipaxenue aast M(NaOH) u3 mepBoro ypaBHEHHs MOACTaBUM BO BTOPOE U PELIMM
BHOBb IIOJIyYEHHOE YpaBHEHHE OTHOCHTEIBHO M1 — HCKOMOW MAacchl MCXOJHOIO pacTBopa ¢

®1(NaOH) = 30%:
(300+m,)-10=100-0,3m;; m, = %80 =150 .

Teneps BbUMCINM 00beM, KOTOPBIH OyayT 3annMaTh 150 r pactBopa ¢ w1(NaOH) = 30%,
ucnoib3ys popmyamy (8):
m; 150
V, pgrom® =—1="""=11539,
P1 1,30
Otser: K 300 cm® Boxsr Hayo mo6aButs 115,39 cM® (150 1) pactBopa ¢ w1(NaOH) = 30%,
4TOOBI TOIYYUTh PacTBOp ¢ MaccoBoi noineit wx(NaOH) = 10%.
Bapuanm 2 'Y o610 Bocnonib3oBathes Gopmyinoit (9), yuuTeiBasi, 4To
@ (NaOH)-m; o, (NaOH)-(300+m
M (NaOH) M (NaOH)




rae M1 = p1Vi, r — macca pactBopa ¢ ®1(NaOH) = 30%;
300 + my=mz = p2Va, .
B wutore:

w,(NaOH)-m; = w, (NaOH)- (300+m;); m;=150r; V; =11539 cx’.

Bapuanm 3. IlpuMeHUM MPaBUIIO «KpecTay, yUnThiBas, 4To KoHueHTpauus NaOH B umncroii
BOJZIC pPaBHA HYJIIO!

30% — miy,
10, %
0,% — mpy, T.

Berarciium Maccy pactBopa (Mg, 1) ¢ w1(NaOH) = 30% u maccy Boasl (M2, T), KOTOPBIE
HAJI0 CMEIIaTh, YTOOBI MOIY4IuTh pacTBOp ¢ Wx(NaOH) = 10%:
m=10-0=10r;m=30-10=20r.
Urak, 4to6s! momyuuts pactop ¢ mx(NaOH) = 10%, nano k 20 r (20 cm®) Boas! 106aBUTE
10 r pactBopa ¢ m1(NaOH) = 30%, a k 300 r BobI HaJ0 10OABHUTH:
10

m =1 .300=>.300=1502; Vi, cx® =11539.
ms 20

bazoBslii ypoBeHb
3amava 1. HammcaTh HMOHHO-MOJICKYJISIDHBIC YPaBHEHHs pPEaKUUH  B3aUMOJICHUCTBUS
CIICAYIOIINX BEIECTB:
a) Pb(NO3)2 u NazS;
0) Cu(OH)2 u H2SO4;
B) CaCOz u HCI,
r) FeSO4 u HS;
1) CuO u H2SO4.
3amaga 2. CocraBbTe MOJICKYJISIPHBIC YPaBHCHHS PEAKIUH, KOTOPBHIC BBIPAKAIOTCS
CIICAYIOIIMMHU KPAaTKUMU HOHHBIMU YPaBHEHUSIMH:

a)H" +OH™ =H,0

6) Cu?* +$2° =CuS

6) CO2~ +2H* =CO, + H,0

2) ZNOH™ +H™ =Zn*" +H,0

0) HCO; +OH™ =C0O5™ +H,0

e) Mg(OH), +2H " = Mg?" + 2H,0.

3amaua 3. Paccunmraiite axtuBHOcTH MoHOB K' u SOs% B pacTBOpe Cynb(haTa Kamms ¢
monsapHoit kornenTpamueii C(K2S04) = 0,1 moms/ave.

3amaua 4. Paccumraiite cpenHuil Kod((UIMEHT aKTUBHOCTH Ui BOJHOIO pPAacTBOpa
THAPOKCHAA HATpus ¢ MonspHoi konmentpamueii C(NaOH) = 0,1 momb/mm® u cpaBHETE ero c
9KCIIEPUMEHTAJIBbHO HalZIeHHON BenuuuHo 0,764.

3amgaya 5. Berumcnure npousseneHue pactBopumoctu Fe(OH)z, ecim B 100 cm
HACBHIIIEHHOTO PacTBOpa cofiepkuTcsa 9,6-107° T 3TOro rupokcua.

Bamaua 6. ITpomssemenme pactBopumoctH AgoCOs cocrapmser 8-107!2. Paccumrars
pacTBOPUMOCTH KapOoHaTa cepedpa B MO/ IM® 1 T/aM°.,

3amaua 7. Beramcmuts pactBopumocts CaF, (B Mons/mv®) B Boge 1 B pactBope CaCly ¢
xonnenrpanueii C(CaClz) = 0,05 moms/mm® (ITP(CaF2) = 4-1071Y). Bo ckonmbko pa3 pacTBOPUMOCTH
BO BTOPOM cJTydae MEHbIIIE, 4eM B riepBoM? PacueTsl mpoBecTH ¢ ydeToM U 0€3 ydeTa HOHHOU CHJIBI
pacTBopa.

3 ero



3amaua 8. Ckombko cm® pactBopa (V1(HsPOs)) dochoproii kucnotsr (C1(HsPO4) = 1,010
Moms/aM°) Hamo n06aBuTh Kk 250 cm® pactBopa docdopoii kucnotsr (C2(HsPOs) = 1,510
MOITB/IM°), 4T0OBI OTy4uTh pactBop ¢ w3(HsPO4) = 11,19% u ps = 1,060 r/cm>?

3amaua 9. Kakyro maccy kpucramtoruapara kapoonara Hatpus NaCOz-10H20 Hamo B3sTh 1151
npurotorierns 200 cM® ero BOTHOIo pacTBopa ¢ MaccoBoii oreit (NazCOs) = 10% (p = 1,102 r/em?)?

PaccunTars 1711 TIOMy4EHHOTO PacTBOpA: THTP, MOJSIPHYIO, MOJSIPHYIO SKBUBAJICHTA M MOJIUIBHYEO
koH1eHTpari NaxCOz. OneHUTh a0COTIOTHYIO M OTHOCHTEIIBHYIO (YCJIOBHBIE! ) MTOIPEITHOCTH MPUTOTOBIICHHS
3TOTO PacTBOpA.

3amaua 10. BprYMCINTE MOJISIPHYIO KOHIICHTPAIMIO KOJMYECTBA JKBUBAJICHTA PAacTBOpa
TUIPOKCH/IA KAllKsl HOJTy4eHHOTo IIpH cMemuBanuu pactsopos: 300 cm® ¢ C(KOH) = 0,8 monb/nam®
1 700 cm® ¢ ¢(KOH) = 1,2 mons/am>? Kaxos tutp KOH o HCI?

I1oBbIIEHHBIN YPOBEHB

Bamaua 1. Cxomeko cM® Bomsl (p(H20) = 1 r/em®) cmenyer mo6asuts x 1 am® pacteopa
xnoposogopoauoii xkucnotsl ¢ C(HCI) = 1,5 momb/mm3, 9T0OB HOTYYMTH PACTBOP C MOJISPHOI
KOHIIEHTpaIHeil paBHOM To4yHO 1,0 MOIB/IM>?

3anaua 2. B kakom 00béme HackimeHHoro pactBopa AgsPOs comepkuTcst OuH TpaMM 3TOM
comu (ITP(AgsPOs) = 1,3:10729)?

3amaua 3. B 10 am® maceimennoro pacteopa CaCOs conepsxntcs 0,0278 T HOHOB KambIIH.
BbruuciinTh npousBeieHHE PaCTBOPUMOCTH KapOOHATa KaJIbIIHsL.

3amaua 4. O6pasyercs mu ocagok AgBr (ITP = 6,0-101), ecnu ciuth paBHBIE 00BEMBI
pactBopoB AgNO3 u KBr ¢ xornentpamusvu C(AgNO3) = C(KBr) = 0,001 moms/am>?

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCII0JIb30BAHUIO 10 IAHHOH TeMe

OcHoBHast JiMTeparypa:
1. Koposun, H. B. O6mas xumus : yueOnuk / H. B. Koposun. - 13-e u3n., nepepa0. u gom. - M. :
Axanemus, 2011. - 496 c. : mi. - (bakanaspuar). - Pek. MOuH P®. - [Ipuin.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyxaromieii cpebl : XuMusi )KUBBIX opranu3moB. Kypc nekiuii / E.
C. Muxanuna, A. JI. Iletenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —Texkcr : anmeKTpoHHEIH // DnekTpoHHO-0nOMoTeyHas cuctema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocTyma: aast aBTOpHU3HP.
II0JIb30BaTENEN
JlonmoJIHUTeIbHAA JINTEpaTypa:
1. I'nmunka, H. JI. O6mas xumus / H. I'. ['munka ; [Tox pea. A. U. Epmaxosa. - U3a. 30-e, ucmp. -
M. : Unterpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpenm. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMus MeTaioB : yueOHoe mocodue (Ui CTYJACHTOB XUMHUYECKOTO (haKyIbTeTa HarpaBIeHUuH
OaxanaBpoB «XuMuUs» U «XUMHUecKas TexHoJorus») / coctaButenu O. A. ['onoBanoBa. — OMCK :
Owmckuii rocynapctBerHbiit yauepcutet uM. ©.M. Jloctoesckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : a1eKTpOHHBIH // DieKTpoHHO Onbmmoreunas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum nocryma: mis
aBTOPU3UP. M10JIb30BATENEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — emuHOE OKHO JTOCTYIIa K 00pa30BaTEeIbHBIM pecypcaM

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckast 6MONIMOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — 3neKTPOHHBIN KaTaIOT aCCOIMAIUN JIEKTPOHHBIX OMOJINOTEK
yueOHbIX 3aBeieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKE



https://openedu.ru/

TEMA 7. KOMIUVIEKCHBIE COE/IUHEHMUSI.
INPAKTUYECKOE 3AHATHUE 7. KOMIVIEKCHBIE COEAUHEHMUS.

Heanb 3ansatus: ChopmMupoBaTh y CTYIACHTOB CUCTEMHbIE 3HAHUS O CTPOCHHM M CBOWMCTBAX
KOMIUIEKCHBIX CcOeAuHEeHU. HayuuTh CTYJEHTOB MOJy4aTh KOMILUIEKCHBIE COCIMHEHUS U Ha
OCHOBAaHUHU TMIOBEACHUSI KOMIUIEKCHBIX COEIMHEHUI B pPacTBOpax [enaTh BBIBOJABI 00 HX
YCTOMYUBOCTH.

3HaHuA U ymenus, npuoﬁpeTaeMble CTYAEHTOM B PE€3YyJbTaTEC 0CBOCHUSA TEMbI

3HaTh: OCHOBBI CAMOOPTAHHU3AITMHN M CaMOOOPa30BaHNS;
3HaTh: CYIIHOCTh U 3HAYCHUE HH(DOPMAIIUY B Pa3BUTUN COBPEMEHHOTO OOIIECTBA; OCHOBBI TIOJTYUYCHHS U
00paboTKN HHPOPMAIIUN U3 PA3TUIHBIX HCTOYHIKOB

3narb: pabOTHI [0 pacyETy U MPOESKTUPOBAHUIO JETAICH U y3JI0B
MaIIMHOCTPOUTENBHBIX KOHCTPYKIIMI B COOTBETCTBUU C TEXHUUECKUMU 33JaHUSMH U

HCIIOJIB30BAHUCM CTAHAAPTHBIX CPEACTB aBTOMATU3AIUK ITPOCKTUPOBAHUSA

YMeThb: CaMOCTOSITENTFHO CTPOUTH MPOIECC OBIAIeHNUs HH(OpMaIel, 0TOOpaHHOW U CTPYKTYPHUPOBAaHHOM
IUIs1 BBITIOJIHEHUS TPO(ECCUOHANBHON AEATEBHOCTH.

YMerb: moiydats 1 00padaTHBaTH MHPOPMALIUIO U3 PA3THYHBIX UCTOYHUKOB

VYmers: IPUHUMATh y4acTHE B pad0OTax Mo pacyeTy U NPOEKTUPOBAHUIO I€TANIEH U
y3JI0B MallIMHOCTPOUTEIIBHBIX KOHCTPYKIUI B COOTBETCTBUU C TEXHUYECKUMHU
3a/IaHUSIMU U HCIIOJIb30BAHUEM CTAHIAPTHBIX CPEICTB aBTOMATH3ALUN

IMPOCKTUPOBAHUA
HanmenoBanne (GpopMHUpyeMBbIX KOMIETSHIUIH

WNupekc DopMynHpOBKa:
OK-7 CIIOCOOHOCTBIO K CAMOOPTaHU3AIMK U CaMOOOPa30BaHHIO
OIIK-4 MOHMMAaHHEM CYIITHOCTH ¥ 3HAYCHUS WH(OPMALIUU B Pa3BUTHH

COBPEMEHHOI0 O0IIECTBa, CIIOCOOHOCTHIO MOJIy4YaTh U
o0pabaTbiBaTh UHPOPMAIHIO U3 PA3ITHUYHBIX HCTOYHHKOB,
TOTOBHOCTBIO HHTEPIIPETHPOBATH, CTPYKTYPUPOBATH U
oGopMIIsITE HHOOPMAITNIO B JOCTYITHOM JIJISL IPYTUX BHUJIC

TK-5 CIMOCOOHOCTRIO IIPUHUMATD y4acTHe B paboTax IO pacyery u
IPOEKTUPOBAHUIO JIETAJICH U Y3JI0B MAITMHOCTPOUTEIBHBIX
KOHCTPYKIIMI B COOTBETCTBUH C TEXHUYECKUMH 3aJaHUSAMH U
UCIIOJIb30BAHUEM CTAHIAPTHBIX CPEICTB aBTOMATH3ALIUH
IPOEKTUPOBAHUS

AxktyanbHOCTh TeMmbl. KomrmiiekcooOpa3zoBaHue MMeeT OOJbIIoe 3HaYeHHE NMPU MPOTEKaHUU
OMOJIOTUYECKUX TPOLECCOB B JKUBBIX OpraHu3Max. VOHBI MIETOYHBIX U IIETOYHO-3€MENIbHBIX
METAJIJIOB B OMOJIOTHYECKUX JKUIKOCTSIX HAXOJATCS B BUJIE€ aKBAKOMILIEKCOB, @ HOHBI d-3JIEMEHTOB,
SBIISISICH IPEKPACHBIMH KOMILIEKCO0Opa3oBaTeIsiMu, 00pa3ytoT KOMIUIEKCHI, B KOTOPBIX B Ka4eCTBE
JIUTaHJI0B BBICTYNAIOT aMUHOKHUCIIOTHI, HYKJIEMHOBbIE KUCIOThI, BATAMUHBI U ropMoHbI. Hanpumep,
KeNe30 BXOJUT B COCTaB TreMorinoOnHa. HekoTopble KOMIUIEKCHBIE COEIUHEHHsS O00JalaloT
OMOJIOrMYeCKON aKTUBHOCTBIO M MPUMEHSIOTCS B KaUe€CTBE JIEKApPCTBEHHBIX MPEnapaToB (BUTAMUH
B12). Kpome Toro, o6pazoBaHie pacTBOPUMBIX YCTOHUYMBBIX KOMIUIEKCHBIX COCTUHEHUH TTO3BOJISIET
BBIBOJIUTh W3 OpraHu3Ma COJU TSDKENBIX METaJJIOB, YTO CIOCOOCTBYET JE€3HMHTOKCHUKAIMH
OpraHmsma.

TeopeTuyeckas 4acTb



XUMHUYECKUE CBSI3U OCYIIECTBISIOTCS 32 CYET 000OIICHUST HE CIIAPEHHBIX AIICKTPOHOB WIIH
nepenavyn dJICKTPOHOB OJHMM W3 aTOMOB, BCTYMAMOIIMX B CBS3b JApyromy. B pesympTaTe Takoro
B3aMMOJICHCTBHS O0Pa3yIOTCS YCTOMUYMBBIC KOH(UTIYpallMu, WMEIOIINE Ha BAJICHTHOH 000JI0YKe
AJIEKTPOHHBINA OKTET. Y CTOMUMBOCTD MOJAOOHOM CTPYKTYPHI OOBSACHSETCS CXOACTBOM B CTPOCHUU C
WHEPTHBIMU razamu. CoeIMHEHHsI, IOTyJatorecs MoJ00HBIM 00pa3oM, Ha3bIBAOTCSI OMHAPHBIMH.

MBHorve aToMbI HITH HOHBIL, 00pasyroIye OMHApHBIE COSIMHEHHS, MOTYT SIBIISTHCS JIOHOPAMH YWIEKTPOHOB
VTSI IPYTHX aTOMOB, TPYITIT aTOMOB HJTA MOJISKYJIT, HE IMEFOIIHMX JIEKTPOHHOTO OKTeTa. [loMydeHHbIe TakuM Iy TéM
CIIOYKHBIE MOJICKYJTbI HA3bIBAIOTCS KOMIUIGKCHBIMA COCIMHEHMSIMA WM COSMHEHHSIMU  BBICILIETO  TTOPSIIKA.
Hanprmep, B coctas komrutekcHoro coemprernst Ko[PtClg] xonsr norsr K 1 [PtClg] 2.

[leHTpanpHBIi aTOM TUIATHHBI CO CTCNCHBIO OKHUCICHHS +4, BOKPYr KOTOPOTO
IPYNIUPYIOTCS (KOOPAUHUPYIOTCS) IPYTHE aTOMBI, Ha3bIBAETCS KOMILIEKCOOOPa30BaTEIIEM.

[Tpucoenuustomuecs kK Hemy noubl Cl” Ha3pIBatOTCS JIMTraHaMu (MK aJIZICHIaMH).

HekoTtophkie TUraHibl U MX Ha3BaHHMS:

H>0 — akBa; NH3 — ammun; 0% — okco; OH™ — tuapokco; CN™ — nmano; SCN™ — ponano;
NO;~ — mutpo; SOs* — cymsduro; NH20H — ruapoxcunamun; F- — dropo; Cl- — xmopo; Br —
opomo; I~ — #ono.

Yucno  UraHaoB,  NPHUCOCIUHEHHBIX K  KOMIUIEKCOOOpA30BaTEIi0,  HA3bIBAIOT
KOOPMHAIIMOHHEIM YHCIIOM (K.4.) KoMIuIekcoobpasosatens. K.u. (Pt™4) = 6.

Wons K — BHemmHsas xoopauHamuonHas cdepa (mpotuBomon); [PtCle]?> — BHyTpeHHss
KoopauHanmoHHast cdepa. EE€ 3apsm( TouHee, CTENeHb OKHCICHHS X) ONpeAemseTcs
anreGpandecKoil CyMMOii 3apsA0B KOMILIeKcoobpasoBaTens U aurannos: x(/PtClg]¥) = +4 +(—1)-6
=-2.

Ecm BHYTpeHHSI1 KOOpIMHAIMOHHAs chepa MMEET TMOJIOKHUTEIBHBIA 3apsil, TO OHA Ha3bIBACTCS
KOMIUIEKCHBIM KaTHOHOM, €CJIM OTPHULATEIBbHBIA — KOMIUIEKCHBIM aHMOHOM. VIMeeTcst psii coeMHeHuil, B
KOTOPBIX BHYTPCHHsISI KOOPIIMHAIIMOHHAS cepa He HecET 3apsiia — HeHTpaIbHble KOMIUIEKCHL [Iprmepbl
YKa3aHHBIX TUTIOB KOMILJIEKCHBIX COSIMHEHUM:

H 20 + —.
1) katnonnsie — [Pt (NH3)3CI]Cl «——=——> [Pt(NH3)3CI]* + CI~;
[Cr(H20)4Br2] Br (H—ZO) [Cr(H20)4Br2]* + Br;

[Ni(H:0)61S0: 22— [Ni(H:0)e]** SO

H,0
2) annonnsie — K3[Fe(CN)s] <—2—> 3K* + [Fe(CN)e]®;

H,0
(NH4)2[Pt(OH)2Cls] <—=2—> 2NH4* + [Pt(OH)Cla]?;
H
Nas[AlFe] (;0) 3Na* + [[AlFe]®;

H,0
3) meiitpanbhbie (HeanekTpoauThl) — [Cr(H20)4P04] —2 > x;

[Rh(NH3)3(NO2)s] (H—20> X,

[Pd(NH20H):Cl:] (H—20> X,
Tlpumeuanue. KOMIIEKChl aHHOHHOTO THIIA TAKXKE €NI€ HA3bIBAIOT allUJIO0KOMILUICKCHBIMH,
TaK KakK Mpy TIEPBHYHOM MTPOTOJIN3E OHH OTIHICTUISIOT KOMIUIEKCHBIH aHHOH.

Aneopummpl Ha36aHUL KOMIIEKCHBIX cOeOuHeHuli: 1) KaTHOHHBIC KOMIUIEKChI — CHavalla
Ha3bIBAIOT BHEINHIOW cdepy, a 3aTeM B POJUTENHEHOM TaJeKe MPHUBOMAT Ha3BaHHs JIHMIAHIOB
BHYTpEHHEH cdepsl U PycCKOe Ha3BaHHE KOMIUICKCOOOpA3oBaTelsi C YKa3aHHUEM €ro CTEleHH
OKHCJICHHS apaOCKUMHU ITU(PpaMu, HaIIpUMep:

[Pt (NH3)3Cl] Cl —xmopua TpuaMMHHXIOPOILIATUHBI (1+2);
[Cr(H20)4Br2] Br —6pomu TerpaakBaguopoMoxpoma (+3);
[Ni(H20)6]SO4 — cynbdar rekcaakBanukes (+2);



2) Ha3BaHHE aHUOHHBIX KOMILICKCOB HAYMHAIOT C BHYTPEHHEH cepbl — Ha3BaHHE JIUTAHIOB
U JIATHHCKOTO KOMILJIEKCO00pa3oBareis ¢ OKOHYaHUEM -am, 3aTeM — PYCCKOE Ha3BaHHE KAaTHOHA
BHEIIHEW cdepbl, HapuMep:

K3[Fe(CN)e] — rexcarmanodeppar (+3) kanusi;
(NH4)2[Pt(OH)2Cl4] — nuruapokcoTeTpaxaoporuiaTHHar (+4) aMMOHHS;
Nas[AlF¢] — rekcadropoamomMuHaT HaTPHS;

3) B HEHTpaIbHBIX KOMIUIEKCAX BHAYaJle HA3bIBAIOT JIMTAHIbI (C yueToM aiaBHTa), 3aTeM
CIeIyeT PYCCKOE Ha3BaHUE KOMIUIEKCOOOpasoBarensi Oe3 yKa3aHHs ero CTEHCHH OKHCICHUS
(moceaHsIsi OTHO3HAYHO MOXKET OBITh OTpeIe/ieHa C YUETOM IJIEKTPOHEHTPAIbHOCTH KOMILIEKCA),
Harpumep:

[CrPO4(NH3)3] — tpuammundocharxpom;

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

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

CBs3p MeXIy BHEUIHEW W BHYTpPEHHEH cdepoll MMeeT HOHHBIA XapakTep, CBSI3b BO
BHYTpeHHEH cepe — KOOpIMHAIIMOHHBIN (JIOHOPHO - aKIIEITOPHBIN, CEMHUITOJISAPHBIN).
Brytpermsist koopimHaimonHast cdepa [y KOMIUICKCOB KATHOHHOTO M @HWOHHOTO THIIOB YC/IOBHO
OT/IQIISICTCS OT BHEITTHEH C(pepbl KBAIPATHBIMI CKOOKAM.
CyIIeCTBYIOT COCANHEHUSI, COCTOSIINE U3 KOMITJICKCHBIX KATHOHOB U aHHOHOB:

[Co(NH3)s] [Cr(CN)e] — rexcarmanoxpomar (+3) rekcaaMmMuHKoOabTa (+3);

[Cr(NH3)s] [Co(NO»)e] — rexcarmtpokobanbTar (+3) rekcaaMMuuxpoma (+3);

[Pt(NH3)3CI] [Pt(NH3)Cl3] — ammunTpuxaoporuiatudar (+2) TpHaMMHAHXJIOPOIUIATHHEL (+2).

Conx HEKOTOPBIX METAIOB, OCOOCHHO B KOHIIEHTPUPOBAHHBIX PACTBOPAX, CIOCOOHBI
pearupoBaTh MKy co00ii, 00pa3ysi KOMIUICKCHbBIC COSAUHEHUS — AYMOKOMNILEKCHL.
AUCI3+AuClz <> Au[AuCle] — rekcaxmopoaypat (+3) 3os0ta (+3) ;
Cdl; + Cdlz «» Cd[Cdl4] — TeTpaiiogokaamar (+2) KaaMus.
PasnuyaroT nepBUYHBIN M BTOPUYHBIN IPOTOJIN3 KOMIUIEKCHBIX COeIMHEHMM. [IepBudHbIN
HpPOTOJN3 — OTLICIUICHUE BHEIIHEH cepbl, 0OBIYHO MPOTEKAST MO THITY CHIIBHBIX 3JEKTPOIUTOB.
Hamnpumep, 111t KOMILIEKCOB:

H,0
K2[PtCls] <—2—> 2K* + [PtCl¢]?;

[Cu(NH3)41Cl, <229 s[Cu(NH ), 12 +2C1 .

CreneHb NEePBUYHOIO MPOTOIM3a s pa30aBIEHHBIX PAaCTBOPOB KOMIUIEKCHBIX CO€AMHEHUIN
00b19HO 100 % num GnM3Ka K 9TOW BENUYHUHE.

BropuuHoMy mpoTONIM3y MOABEPraroTCs KOMIUIEKCHbIE HOHBI. [IpH 3TOM HX CTeneHb
MpoTOJIN3a BechbMa Maia. Pacmaj mpoTekaeT mo TUIy ciaObIX 3J€KTpOJMTOB. Tum mporonusa —
CTYIEHYATbIH, KOTOPBII ONUCHIBAETCS ypaBHEHUEM 3aKOHA JIeHCTBUS Macc.

KonnuecTBeHHO npoliecchl MPOTOIN3a KOMIUIEKCHBIX MOHOB XapaKTEpHU3yeTCsh KOHCTaHTOM
HecTOUKOCTH (Kiecr) ITH 00OpaTHOM el BEMMYMHOM — KOHCTaHTOW ycToiunBoCTH (Kyer).

Pa3nuyaroT KOHCTaHTBHI MPOTOJIM3a CTyrneHuaTble U obOmue. CTyneH4aTble KOHCTaHTHI
CBSI3aHbl C OTUICTIJICHMEM OJHOIO JIMTaHJa OT KOMIUIEKCHOI'O MOHA WJIM MOJEKYJbl, a oOuue
KOHCTaHTHl ~ YYHTHIBAIOT  PABHOBECHBIE  KOHIEHTpAlMM  Kak  JIMTAaHJIOB, TaK W
KOMILIEKcooOpa3oBarensi, oOpa3yloIIUXcsi B XOjA€ NpoTosin3a Mo BceM cryneHsM.Hampuwmep,
npotonu3 kommnekcHoro nona [Cu(NHs)4]?* mpoTexaeT B 4eThIpe CTYHEHH:



[[Cu(NH3)3]* JINH;]

1) [Cu(NH3) 41" > [CUNH3)s]™" + NHg;  Kiyoora = S =107-107;
[[Cu(NH3)41"]
2+ 2
2) [Cu(NH3)3]%* < [Cu(NH3),]%* + NHj; KHeCT3:[[C“(NH3)2] ][;\'H3] ~186-103:
[[Cu(NH3)3]™"]
2+ 3
3) [Cu(NH3),1% < [CuNH3]?* + NH3; Kyeery = LICu(NH)] ]['Z\'H3] ~4,68-107;
[Cu(NH3)4]"]
2+ 4
4) [CUNH3]*" & Cu?" + NH3; Kyeer! :w =102-107,
[[Cu(NH3)1™"]

CymMmapHOe ypaBHEHHE IPOTOJIM3a BHYTPEHHEH KOOPAMHAMOHHOW cdepbl BbIpakaeTcs
O0IINMM ypaBHEHUEM:

[Cu(NH 3) 1% <2129, [Cu(H,0)41%" + 4NH 5.

3HaueHue OOLEell KOHCTaHTbl HECTOMKOCTH OIpeAessieTcsl IPOU3BEIAEHHEM BCEX

CTYIIEHUYATBIX KOHCTAaHT HecToiikoctn. Hampumep, mms mona [Cu(NHs)s]?* obmias koncTanTa
HECTOWKOCTHU OyJIeT MMETh BUJI:
KHeCT([Cu(NH3)4]2+) = RHeCT]_ 'KHeCTz 'KHeCTg 'KHeCT4 =
_[Cu(H20)41%"1-[NH3]*
[cutNHz), 1]
Ipumeuanue. Crynenuateiii mpotomns uoHa [CUu(NHs)4]?* B BomHEIX pacTBOpax
NPE/ICTAaBICH B BUJIC, KOTOPBIA OTBEYACT NPUHYUNY COXPAHEHUS NOCHOSHCMEA KOOPOUHAYUOHHO2O0
yucna komniekcooopazosamens. JlokazaHo, 4To MPH OTPHIBE OT KOMIUIEKCHOTO MOHA JINTAHJIA €r0
MECTO 3aHMMAIOT MOJICKYJIbI BOJIBI:
[Cu(NH3)4]?" + H20 <> [Cu(NH3)sH20]?" + NH3
B urore mpomece I0KEH 3aBepIIHTLECA 00pa3oBaHNeM TeTpaakBakomiuiekca [Cu(H20)s]%.

Yem Oosblle BeIMYMHA KOHCTAaHTBl HECTOMKOCTH (WJIM MEHbBIIE KOHCTAaHTa
YCTOWYMBOCTH ), TEM MEHEE YCTOWYUBO JJaHHOE KOMILJIEKCHOE COEIMHEHUE.

[IpoTomM3 KOMILIEKCHOTO HMOHa BO MHOTHX CJIydasX JOKa3blBAaeTCs C IOMOIIBIO
YYBCTBUTEIBHBIX PEAKTHBOB, OOHAPYKUBAIOIIUX B PACTBOPE KOMILICKCHOTO COEIMHCHHUS HOHBI
KOMITJIEKCOOOpa30BaTeIsl U JIMTaH/IOB.

Hanpumep, nonst menu B komiuiekcHoM coequaernn [Cu(NH3)4]Cl2 MoxHO 00HApYKUTh,
npruOaBUB K pacCTBOPY 3TOH COJIM PacTBOP CyNb(pUIa HATPUS:
[Cu(NH3)41Cl, + Na,S = CuS ¥ +2NaCl +4NHg;

[Cu(NH3)41%" +S72 =CuS { +4NH;
NIn HYTeM CBJA3BIBAHUS aMMHaAKa B 60nee HpO‘—IHBIfI KOMIIJICKC — KaATUOHBI aMMOHU .
[Cu(NH3)4]Cl, + 4HCI — CuCl, + 4NH,CI;
[Cu(NH3)4]? +4H* - Cu?t +ANHJ.

Komnnexcrhvle coedunenus ¢ manoycmouyugol HympenHel cghepoti, npomoau3 Komopou
NpOXOOUmM NPAKMuU4ecK NOIHOCHbIO — MO 08OUHbLE CONU, HATIPAMED:

-951.10713

H>,O
[K(H20)s][AI(H20)6] (SO4): 23— K* + APB* + 2504> + 12H,0; amomokamesse
KBACIIBI

[2NH4(H20)6] [Fe(H20)6](SO4)2 (L) 2NHs*+ Fe**+2504% +12H,0;
cosb Mopa.
Teopust BanmeHTHBIX cBsizeld (TBC) 0OBSCHSET cTpoeHHWE KOMIUICKCHBIX COSIMHEHUN
BO3HUKHOBEHHEM JOHOPHO-AKIENTOPHON CBS3M MEXAY KOMIUIEKCOOOpa3oBaTeleM U JIMTaHIaMH.



OOBIYHO JOHOPOM DJIEKTPOHHOH TMapbl CIYXKHT JIMTAaHJ, aKIenTop — CBOOOJHBIC OpOHTAIH
KOMILIEKCOOOpa3oBaTes.

TBC BO MHOTMX Ciyd4asx MO3BOJIICT YCTAHOBUTH JJICKTPOHHYIO M MPOCTPAHCTBEHHYIO
KoMmIuIekca. Teopust yuuThIBaeT IPU 3TOM XapaKTep BaJICHTHBIX OpOUTaJeH IEHTPaIbHOIO aToMa B
€ro THOPHUIHOM WJIM HETUOPUIHOM COCTOSIHHH.

OcHOBHBIE THUIBI THOPUIHBIX COCTOSHHIA KOMIUIEKCOOOpPA30BaTENsl U COOTBETCTBYIOIIUE
¥M TPOCTPaHCTBEHHbIe CTPYKTyphl: SPp — immeiHas ([Ag(NH3)2]*, [Cu(NHs)]™); sp® —
terpadapuueckas ([Cu(NHs)a]?*, [NiCls?*); d?sp® ([CoFe]®*) mma  sp®d? ([Co(CN)s]®) -
OKTa’IpHueckas. KBaIpaTHO-IIOCKOCTHOH CTPYKType OTBeuaeT OSp>-rmbpmmmsamus, Hampumep,
s komruzekcroro uona [Ni(CN)4] %

Oco60 1eHHy0 HHPOPMAITUIO 00 AJIEKTPOHHOM CTPOCHHU M TEOMETPHUYECKOW CTPYKTYpe
KOMILIEKCOOOpa30oBaTessi UMEIOT ero MarHuTHBIE CBOMCTBA. [lapaMarHuTHBIE KOMIUIEKCHI IMEIOT B
CBOEM COCTaBe HEMapHbBIE IEKTPOHBI — OHHM BTATHBAIOTCS B MarHUTHOE TOJIE, & JUAMarHUTHBIC, B
KOTOPBIX BCE JICKTPOHBI CIIAPEHBI, U3 MATHUTHOTO TOJISI BBITAJIKHBAIOTCS.

MarHuTHBIi MOMEHT KOMIUIEKCa (1) BhIpaXalOT B MarHetoHax bopa (ommn M. b =
0,927-107%° apr/raycc), KOTOpHIi MOXKeT ObITh BHIYICIEH U3 GOPMYyIIa BHIA:

p#=~n(n+2),
rzie N — 9KuCyo He CIapeHHBIX 3JICKTPOHOB B aTOME WJIM HOHE KOMIUIEKCOOOpa3oBaTels.

OKcriepuMeHTalnbHass MH(POpPMAIUMS O BEIMYMHAX MAarHUTHOTO MOMEHTa TIO3BOJISET
CYJMTB O TUIC THOPHIU3AIMH IEHTPAIILHOTO aTOMa U O TEOMETPUU KOMIUIEKCA B IIEJIOM.

VIMeHHO BeNMYMHBI MAarHUTHBIX MOMEHTOB [UIi KOMIUJIEKCOB C KOOPAWHAIIMOHHBIM
YHCIIOM 6 TIO3BOJIMIIM BBECTH HOHATHUS GHewneopbumanvioii NSNp°nd? u enympuopbumanvnoii (n—
1)d?nsnp? - rubpuansamnum.

BHyTpropOuTabHBIC KOMIUIEKCHI — IMAMAarHUTHBI WJIM HU3KOCITHHOBBIE, COJICPIKAT OJIUH
win 1Ba  HecmapenHeix omektpona  ([CO(CN)e]* u  /PdClj]*> -  nuamarsuTHBI);
BHENIHEOPOUTAIbHIE — BHICOKOCTTHHOBBIE, BKIIOYAIOT 3 — 6 HecmapeHHBIX dnekTpona ([CoFe]® —
Loken. = 4,8; 4 HecriapeHHBIX A1eKTpoHa; [MNCla]? — fisken. = 5,95; 6 HecITapeHHBIX YEKTPOHOB).

TBC yGenuTenbHO MOSICHAET CTPOEHHE KapOOHWIOB METAIJIOB C HYJIEBOM CTENEHBIO
OKHCIICHHS.

Teopuss kpucramnuueckoro mons (TKII), B ornuune ot TBC, yuutsiBaer
ANEKTPOCTATUYECKOE BIMSHHUE JIMTAHAOB Ha O-opOMTAlM KOMILIEKCOOOpa3oBatTelsi, KOTOpOe
HEOJJMHAKOBO M3-3a UX Pa3HOM MPOCTPAHCTBEHHOMN OpHUEHTAIHH.

Jlokaszano, uto 02- u Oiy?- opburtamu (0, ypoBeHB) HCHBITBIBAIOT GOJEE CHIBHOE
OTTAJIKUBAHUE TOJI BIUSHUEM DIICKTPOCTATHYECKOTO TOJIS JIMTAHIOB, YeM OpOuTain Uxy, Oxz- 1 Oy
(d; - ypoBeHnb).

B okrazapuueckom mone d-opOuTaIM KOMIUIEKCOOOpa3oBaTens MPUOOPETAroT [Ba
SHEPIreTHYECKUX YPOBHS: 1) ¢ MeHbIel sHeprueit d; — ypoBeHb, BKIIOYAONUI Tpyu opOuTamu .y,
Oxz- 1 dy; 2) ¢ Gonee BBICOKOI dHepruei d,- ypoBeHb, conepkamuii e d;2- u dx’.?- opOuTaTHL.

DHeprus pacuieruieHus (A) — pa3HOCTh MEXTy SHEPrusiMu ypoBHei d,- u d,, uncieHHas
XapaKTepUCTHKA PA3HOTO 3JIEKTPOCTATHMUYECKOrO JEHCTBUS IOJIS JIMTAHJOB Ha MPOCTPAHCTBEHHOE
pacrpeieneHue AEKTPOHHON TIOTHOCTH d-opOuTaneil KOMILUIEKCO00pa3oBaTeis.

BennunHa A HeoJMHAKOBA IS Pa3HBIX JIMTAHIOB M 3aBHCUT OT WUX MPHPOJbL. BemuunHa
SHEPIUU PACHICTUICHHUS, BRI3bIBAEMasi pa3HBIMH JIMTAH/IaMH, BO3PACTAET B CIEAYIOIIEM TOPSIIKE:
I-<Br <ClI"<F < OH < C042< H,0 < NH3 <NO; < CN- < NO<(O,
T.e. KOXABIA CIEIYIONMNA JIMTaHJ CcOo3MaéT Oojiee CHIBHOE TOJie, YeM NPEIbIAYyITuH.
[IpuBeneHHast OCIE0BATEIBHOCTD HA3bIBACTCS CHEKMPOXUMULECKUM PAOOM.

Jlueanowl cnabo2o nons pacroyiaraloTcsi B Havaje psaa, o0gamaroT BechbMa Maioi A. d-
Op6uTany KOMIUIEKCOOOpa3oBaTessl ¢ TAKUMH JIMTaHAaMHU 3allOJHSAIOTCS B COOTBETCTBUU MTPABUIIOM
XyHaa (abconomnas 6euduna CyMMapHo20 CRUHA 8 NOOYPOBHE OOJINCHA ObiMb MAKCUMATILHOLL).
[Tpu 5TOM 3HEprus OTTATKUBAHUS JIBYX CHAPEHHBIX JIEKTPOHOB OKA3bIBAETCS BHIIIE, YEM BEIHMYMHA
A. KoMITJIeKCHI, colleprKaline JIMTaH bl c1aboro Moist, BCer/ia HapaMarHUTHBI.



Jlueanowl cunbHo20 nosia BHI3BIBAIOT BEChbMa 3HAYUTEIBHYIO SHEPrUlo paciuerienus. [pu
9TOM SHEPTrUsl OTTAIKUBAHUS JABYX CIIAPEHHBIX 3JIEKTPOHOB OKA3bIBAETCSI MEHBIIIE, UEM BEIMUMHA A.
[TocrenoBaTebHOCTh 3aMOJIHEHHSI dJICKTPOHAMH (-YpOBHS KOMILIEKCOOOpa30BaTelis CICIYIOIIas:
CHayaja UJET 3al0JHEHHE OJIMHOYHBIMH, 3aT€M — CIIAPEHHBIMHU AJIEKTpOHaMu opOutaiei d., mocie
4ero JICKTPOHAMH 3anoNHATCS dy-opouTtanu. KoMIUIeKCHbIC COSTUHEHUS, COICPIKAIIME JTUTaH bl
CWJIBHOT'O TI0JI5l, IMaMarHUTHBI MJIU SIBJISIOTCS. HU3KOCITMHOBBIMU.

TKII oOBsicHSIET OKpacKy KOMIUIEKCHBIX BEIIECTB C HATMYUEM Yy KOMILIEKCOOoOpa3oBaTes
BakaHTHOU opOutanu Ha d,- mogyposHe. [Ipu nepexose anekrpona ¢ d.- Ha d,- MOTYPOBEHD SHEPIUS
norjom@aemMoro ceera (£) mpu 3TOM aJeKBaTHa 3HEPrHM paculeruieHus (A), 4To ompenensercs
CJIEIYIOIUM COOTHOIIEHUEM (IJIsI OJJHOTO MOJIb BEILIECTBA):

A, [lorc/mone = ENa = hvNa = hcNa/A = 0,1196/1, (6.2)

rae Na = 6,02:10%° — nocrosiHHast ABorazpo; h = 6,6:1073* JIx-c — mocrosHHas Inanka; ¢ =
3-108 m/c — ckopocth cBera; v(cM ') M A(M) — YacTOTa M JUIMHA BOJHBI MOTJIOMAEMOTO CBETA
COOTBETCTBEHHO.

LIBeT — 3TO 3pUTENBHOE ONIYIICHHUE ATEKTPOMATHUTHOTO U3IYYeHUS ¢ JyinHaMu BoiaH 400
— 760 M (1 BM = 107° m). Eciu Bce mafaromye JTydy OTPaXkaloTcs, TO BENIECTBO — OECIBETHOE,
€CIIM TIOJNHOCTBIO TMOTJomAloTcss — dYepHoe. [lpu wu30uparenbHOM TMOTJIOUICHUH OIIYILEHHE
LBETHOCTHU CO3JAI0T NPOIIEIIINE WU OTPaKEHHbIE BELIECTBOM JIyud. Takoil LIBET Ha3bIBaeTCs
JIOTIOTHUTEIHHBIM HJIM HAOII01aEMBIM.

Meton monekynspHbix opOutaneir (MMO) sBisiercs camMblM yHHMBEPCAIbHBIM IMpU
OTMMCAaHUU XUMHUYECKOH CBSI3M B KOMILIEKCHBIX coeMHEeHUAX. MMO yuuThIBaeT B3aMMHOE BIIMSHUE
opOuTaneil Kak KoMIIeKcooOpa3oBatens, Tak 1 Juranaos (B orauune ot TKII) nmpu obpazoBanuu
XUMHUYECKUX CBSI3€H B KOMILIEKCAX.

MMO ocHOBBIBacTCS Ha B3aMMOJCHCTBHUHM AaTOMHBIX OpOWTANCH, MPUBOAAIIUX K
00pa3oBaHUI0 MHOTOLEHTPOBBIX MOJEKYISPHBIX OpOUTaneil, UMEIONIMX pa3Hble DJHEPIUU.
OOpazoBaHue CBS3BIBAIOIIMX MOJIEKYJISIPHBIX opOuTanei (0°°) unéT Ha HUKHUX SHEPreTHYEeCKHX
YPOBHSIX, Pa3phIXJISIONHX (07“”) — 3a CYET BEpXHHUX.

Mexny ypoBHsIMU ¢“° U 6P HAXOAATCS YPOBHH CJIa00 CBS3BIBAIOIINX, HE CBSI3BIBAIOIINX
1 cnabo paspeIXisomux opoutaneit (o;). MosnekynspHble OpOUTAIN 3aMOIHAIOTCS IEKTPOHAMH B
COOTBETCTBUM C npuHIMNoM [laynu u npasmiom XyHna.

MMO ocHOBaH Ha OYE€Hb CJIOXHOM MaTeMaTHYECKOM ammnapare, 4To MPENsTCTBYET €ro
HIIMPOKOMY UCIIOJIB30BaHUIO.

Bonpocs! 1 3aganus

[Tpumep 1 Hanmmmnre ypaBHEHUS NEPBUYHOTO MPOTOJIA3A 111 KOMILIEKCOB:

1) [Co(NH3)e][CoFe]; 2) [Pt(NH3)4]Cl2; 3) K[Co(NO2)a(NHa3)2]; 4) [Pt(NHz)2Cl2].
Vkaxure wuX THUI, ONpeaeauTe CTeNeHb OKHUCIeHUs KomruiekcooOpazoBatens (KO), ero
koopauHaonHoe yucio (KY), gaifte um HazpaHue.

Ortger.

1.1 [Pt(NH3)4]Cl (H—ZO) [Pt(NH3)4]?* + 2CI- — tun karmonssii; KO — mmaTuHa;

crenenb okucieHus KO: x(Pt) = +2 (paBeH 3apsny KOMIUIEKCHOTO HMOHA, TaK KaK MOJICKYJIbI
amMuaka Heitpaibhbl); KU(Pt) = 4; Ha3BaHUe — XJIOPUT AUAMMUHILIATAHBI (12).

H,0
1.2 K/Co(NO2)a(NH3);] «—=2—> K* + [CO(NO2)s(NH3)2]~ — Tun ammomnmsii; KO —
ko0anbT; crenienb okucieHus KO: X(K) + x(Co) + 4xX(NO2) + 2x(NH3z) = 0 wiu +/7 + x(Co) + 4(-1)
+ 2(0) = 0; x(Co) = +3; KU(Co) = 6; Ha3BaHUE — TUAMMHHOTETPAHUTPOKOOATbTAT (+3 Kamus ).

H,0
1.3 [Pt(NHz3)2Cl2] —2 > x- HeanektponuT; KO — nnatuna; crenens okucneHus KO:
X(Pt) + 2x(NHz) + 2x(CI") = 0 wimm x(Pt) = — 2x(CI") = —2-(-1) = +2; KU(Pt) = 4; na3Banue —
JTMaMMUHIUXJIOPOTIIATUHBI.

H,0
1.4 [CO(NH3)s] [COFs] «—=2—> /Co(NHz)s]®* + [COF¢]* — THI KaTHOHHO-aHMOHHBIIL;



KO B katmoHe wu aHuWoHe — KoOambT; cTeneHb okuciieHns KO B: a) KaTHOHHOM KOMILIEKCE
[COo(NH3)s]®* — x1(Co) + 6X(NH3) = +3; x1(Co) = +3; 6) B anmonHOoM Kommiekce [CoFg]® —
X2(Co) + 6X(F) =—3; X2(Co) = -3 + (—)-6x(F) =

=3 + ()6:(-1) = +3; KU1(Co) = KU2(Co) = 6; HazBanue — rekcadropokodanbrar (+3)
rekcaaMMuHKOOabTa (+3).

[Tpumep 2 Kak TBC 00BsICHSIET OJJIEKTPOHHOE CTPOCHHE U TPOCTPAHCTBEHHYIO
CTpYKTypy KapOonwmna nukens? KakoB Tun ruOpuauzaluy KOMILIEKCOOOpa3oBaTelss U KakoBa
reOMEeTpHUUYECKasl CTPYKTypa 3TOr0 KOMILIeKca?

Otser

TBC BmosiHE yIOBIETBOPUTEIBHO OOBSACHSIET CTPOCHHE KOMIUIEKCHBIX KapOOHMIBHBIX
COEIMHEHMI, B KOTOPBIX CTENEHb OKUCICHUS KOMILIEKcooOpa3zoBaTess paBHa Hymo. [IpuBenem
IpPUMEP TAKOTO OOBSICHEHUS Ui SJEKTPOHHOW CTPYKTYpHl KOMIUIEKCA TeTpakapOOHMIIAa HUKEINS
Ni(CO)a.

Cxema 3IIeKTpOHHON CTPYKTYPBI HEBO30YKICHHOTO aTOMa HUKEIIS UMEET BU:

Ni® 3d 4s 4p

{2 2 2 O O T %

-0
ITon BiustHueM veTbipex Mosiekya CO atom Hukens ( 2g NI ) IepeXOoUT B BO30YKIEHHOE

k
-0
cocrosHue (9g NI ) MyTeM CrapuBaHUsl IBYX (-3J€KTPOHOB U Tepexoja Mmapbl SIEKTPOHOB C

4S-1IoIypOBHSI Ha MATYIO BakaHTHYIO 30d-opOuTaib. B urore peaausyercs 3JeKTpOHHAs CTPYKTYpa €
YEeTBIPbMSI CBOOOTHBIMH OPOUTAISIME — OJTHOU 4S- 1 Tpex 4p-opourtansimu.

Ni%* 3d 4s 4p

MR EERIERIERIEE
co co cCco Cco
Vunreisas, aro Bee dersipe Ni & & CO — csizu (9KCIIepHMEHTAIBHbIC JaHHbIE) aGCOTIOTHO

PABHOIIEHHBI, BIOIHE JOTHMYHO MPEATONOKUTh MX SP°-THOPHAM3AIMIO, TO €CTh TeOMeTpUYecKas
koH¢wuryparms Ni(CO)s— TeTpadapudeckasl.

[lpumepa 3  Ompemenuts  TUN ~ THOPUAM3ALMM  —  BHENIHEOPOWTATBHBIM WU
BHYTPHOPOUTANBHBIN, it cieayrommx komiuiekcoB: [FeCls]™, maTe He cnapeHHBIX IJIEKTPOHOB;
[PACI4]* muamaramrasii; [Mn(CN)e]®, 1 = 2,93, eciu s HEX M3BECTHO YHCIO HE CHAPEHHBIX
JNIEKTPOHOB WM TIPHUBOAWUTCS OKCIIEPHUMEHTAIBHO OIpEACTICHHBIE 3HAYEHUS CyMMapHOTO
MarHMTHOTO MOMEHTa ((t).

Ortser.

3.1 Ilate He crnapeHHBIX 271eKTpoHOB B MoHe [FeCls]™ oTBeuaroT 31eKTPOHHON CTPYKType

noHa xeneza Fe** ... 3d%4s%4p® umu B rpaduueckoit popme

Fe3* 3d 4s 4p
Yetpipe woHa-nuranga ClI”  00pa3yroT ueTblpe XHMHYECKHE CBS3M 10 JOHOPHO-

aKIENTOPHOMY  MEXaHM3My 3a  CYeT  BakaHTHBIX, OJHOH S- W  3p-opOuTanei,
Kommiekcoobpasosarens Fe*. Tonmpko Takoe B3anMoseiicTBie opOuTaneii sxenesa (+3) u deThIpex
noHoB xjopa Cl™ MokeT coxpaHuTh apamarHuTHbIE cBoicTBa Komiuiekca [FeCls]™.

Urak, rpadudeckas popmyna [FeCls]™ Oyner umers ciaenyromumii Bu:

[FeCls]™ 3d sp® — ruGpuaM3anus
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Cl Cl Cl Cl
Tun rubpuar3anuy — BHEIIHE OPOUTANBHBII; TeoMeTpruYecKas popma — TeTpadIpuIecKasl.
3.2 B muamarnutHoMm [PdCls]* momy 46Pd?* cooTBercTByeT rpaduueckas 31eKTpOHHAsS
CTPYKTYypa, KOTOpasi HE COJICP)KUT HE CIAPEHHBIX JJIEKTPOHOB, YTO OOBSCHSICTCS BIUSHHUEM IOJIS
yerbipex jmranios Cl .

Pd2* 4

d
NN NN

B pesysbrare, 10 JOHOPHO-aKLIENTOPHOMY MEXaHU3MY, 00pa3yIOTCsl YEThIPE CBSA3U: OJIHA 32
cuer BakaHTHOW 4d-opOuTanu; Tpu — 3a cyeT OAHOW 5S- M JNBYX — 3a cuer Ip-opOutaneii
noxyposueii Pd?*,

B utore rpadudeckas cTpyKTypa auamarautHoro kommiekca [PdCla]? umeer Bun:

5s 5p

Pd2* 4d 5s 5p
MR ERERIERIEE

4d'5s'5p? — ruGpuM3anys.

Tun rubpuaM3auMd — BHYTpHOpOMTanbHBIA; Teomerpus [PdClsd?> - xBaapartHO-
IUTOCKOCTHASI.

3.3 BennunHa SKCIIEPUMEHTAIBLHO ONPEIAETIEHHOT0 CyMMapHOTO MarHUTHOrO MOMeHTa (1 =
2,93) mna xommekcHoro nona [Mn(CN)s]®™ nokaseisaer, uro moH-KOMIIIEKco06pazoBaTens Mn®*
COJIEP’KUT JIBa HE CIIAPEHHBIX DJIEKTPOHA.

JIBa He cIapeHHBIX HIEKTPOHA OTBEYAIOT NEKTPOHHON cTpykType mona Mn3* ... 3d%4s%4p°
WK B TpadUuecKoii popme

Mn3* 3d 4s 4p

{2 I

[{iaHUI-HOHBI 06Pa3yIOT MIECTh XMMHUYECKHX CBA3€i 3a cYeT BAKAHTHHIX opbuTanmeit Mn®*,
nBe — ¢ 3d-; onHy ¢ 4S- u Tpu — ¢ 4p-opOUTANIAMH.
Torna rpaduueckas popmyna [Mn(CN)e]>~ 6yaer nMmeTs creayroniuii B

[Mn(CN)s]* 3d2sp® — rubpuamsanus
RN EEREERIEERERIEREE

CN CN CN CN CN CN
Tun rubpuan3zanuu — BHyTpUOPOUTANIbHBIN; reoMeTprueckast popma — oOKTazpryuecKas.

ba30BbIi1 ypoBeHB

3amaua 1 Ko6ameT B cocrostHmu Co?* (3d’) obpasyeT 1Ba THIMa KOMILIEKCOB,
Pa3IMYAIONIMXCS 0 MATHUTHBIM CBOMCTBaM: HU3KocruHOBBIH kommiekce [CO(NO2)s]* (1 = 1,73)
1 BBIcOKoCTTHHOBBIH — [CO(H20)6]** (1 = 3,87). 306pa3uTh cxeMy pacrpe/eneHus eKTPOHOB 110
d.- u d,- opbuTansam nona-komaekcoobpasosarens Co?*.

3amaya 2 OO6bsicaute ¢ mnosunmu  TKII 1BeTHOCTH coeamHeHud wMemu (+2) u
O€CLIBETHOCTh COeAMHEeHU Meau (+1).
3anaua 3 CHexkTp ToOrnomeHus i KommuiekcHoro wmoHa [Ti(H20)s]®" mumeer

MakcuMyM npu 504 HM. YTO MpOMCXOAWUT IpU MOTJIOLIEHUH CBETa 3TUM HOHOM? BprumciauTtsb
SHEPTHIO pacieryieHus (Bo30yxaeHus). B kakoit 11BeT okparieH 3TOT KOMITIEKC?



3anaya 4 K 1 mm® pactBopa Kz[Hgls] ¢ xommemtpammein C(Kz[Hglsg) = 0,001
Moms/am®, comepxkamero 0,05 mons m36eTka K, mpubaBumm Takyro Maccy MOHOB S%7, KoTopas
conepxurcs B 1 am° HackimenHoro pactBopa CdS. Bemazer mu ocagok HYS — Kueer([Hgl2]?) =
1,5-107%%; TIP(CdS) = 7,9-107%7; TTP(HgS) = 1,6:1072).

3anaua 5 HoHu3anmonHass W30MepHss KOMIUIEKCHBIX COCJIMHEHHHA 3aKioyacTcs B
Pa3IMYHOM pacIpe/IelICHHU HOHOB MEX/1y BHYTPEHHEH M BHEIIHEH cepamu, YTO CKa3bIBaCTCs Ha
pasHoM mporekanuu mnporonmsza. Komiuiekc coctaBa C0oSO4Br(NHs)s cymiectsyer B Buae ABYX
M30MEpOB: OJIUH C HUTpaToM cepedpa naét ocanok Ag2SOs, apyroit — AgBr; nmpu aelicTBUM XJI0puaa
Oapust oquH ga€t ocanok BaSOs, npyroi ocanka He 0Opa3yer.

Hanwumure xoopauHaMOHHBIC (OPMYIIBI M30MEPOB, YUYHMTBHIBAs, YTO KOOPIAMHAIMOHHOE
YuCII0 KoOanbTa (+3) paBHO MIECTH.

3amaua 6  Ilome3ysice Homenkmarypoit MIOITAK, Ha3Bath cremyromme KOMILICKCHI:
1) [Ptls(NH3)2]; 2) [CoPO4(NH3)s]; 3) [Co(OH)3(NHs)s]; 4) [PtCI3(NHa):]; 5)
[Co(NO2)2CI(NHs)s]; 6) [Cr(H20)3(CNS)s]; 7) [PtSOs(NHs)s]; 8) [Pt (NH3)4] [IrFe].

3anaua 7 Kakas cBsi3b Ha3bIBacTCs JIOHOPHO-aKIenTopHOW? Kakoi aToM WM MOH SIBJISETCS
JIOHOPOM M KaKoOil aKienTopoM B KOMIUIEKCHBIX MoHax: [BF4]-, [PtF6]%, [H30]", [Cu(CN)s]**?
Omnpepenute B HUX CTENIEHb OKUCIICHUS] KOMIUIEKCOOOPa30BaTelisi K KOOPAMHAITMOHHOE YHCIIO.

3amaua 8 Kakume coeawHEHHUS HA3bIBAIOT alUIOKOMILUICKCHBIMH? CocTaBbTe (POPMYIIBI
KoMmmuiekcoB i wona VT ¢ wmomamum F, CNS u NO, B KadecTBe JMraHmOB, eCIH
KOOpAMHAIMOHHOE urcio V3* papHO mecT.

3anaua 9 Hanmmmre ypaBHEHUsI peakivii HUTpara cepedpa ¢ KOMIUIEKCAMHU CIIETYHOLIETO
cocraBa: PtCls-6NH3, PtCls-5NH3,  PtCls-4NHs,  PtCls-3NH3,  PtCls:2NHs.  Cocrasere
KOOP/IMHAIIMOHHBIE (POPMYIIBI ITHX KOMIUIEKCOB, Ha30BUTE WX W HAIUIIATE YPAaBHEHHS PEaKIIHi
MEPBUYHOTO MPOTOJIN3A ISl KAKJ0T0 U3 HUX. Kakol U3 3THX KOMIUIEKCOB — HEIEKTPOIUT?

3amauya 10 Berumcnure KoHICHTpanuio (B Monb/z[M3) HOHOB KaJMHsI B pPacTBOpE C
xonuenTpamuein C(K2[Cdls]) = 0,1 mons/mm3, comepxamem #omun xamms ¢ C(KI) 0,1 moms/mm®
(K""([Cd14]%) = 7,94-107).

3anaua 10 Mapranen (0) u ko6anbsT (0) 06pa3yroT AUMEpHBIE IBYXsI€pHbIE KApOOHUIIbHBIE
komiiekcbl [C02(CO)g] u [Mn2(CO)10]. Kak TBC 00BsCHSET HX DICKTPOHHOE CTpOeHHE?
[TpuBenuTEe COOTBETCTBYIOIIKE dIICKTPOHHBIC IPAQHUUSCKHE CXEMBI.

3amava 11 Kako#l Tum THOpuaM3anvy, BHEIIHE- WM BHYTPU OPOUTAJIbHBIM, aTOMHBIX
opburaneit Co®* B xommiekcubix wnoHax [CO(NH3)e]®* (nmamarmuren) u [CoFe]® (Tpm
HECIIapPEHHBIX IEKTPOHA)?

3amaya 12 Omnpeaenuts rMOpUAHbIE OPOUTAIM LIEHTPAJIBHOIO HMOHA U T€OMETPHUYECKYIO
CTPYKTYPY KOMILICKCOB, JUISI KOTOPBIX YKa3bIBACTCS YWCIO HE CHAPEHHBIX 3JICKTPOHOB WIIH
HAlJICHHOE OMBITHBIM MyTeM 3HaueHue u: a) [CoCls]™, Tpu HecnapeHHBIX IICKTPOHA; 0)
[MnCls)%, 11 = 5,95; B) [AuCls]” — nuamarauTssii; T) [FeClsy]™, maTe HecapeHHEIX SMEKTPOHOB; 1)
[PACl4]%, nuamaruurhsiit; e) [Fe(CN)s]®, x) [Fe(CN)s]*", nuamarsuTHbIiA.

3anmaua 13 Kakoil Tum ruOpuan3aniu aTOMHBIX opOuTaieit ¢gochopa ocymecTBIsIeTCS B
nonax [PCls]™ u [PCle]", u3 xoropsix cocrost kpuctamisl P2Clig? Kakosa mpocTpaHcTBeHHas
KOH(UTyparus 3THX HOHOB?

Bamaua 14 Pacteop [Ni(H20)6]?" mmeer 3enenyro okpacky. OOBSICHUTE, TTOUEMY OKpacKa
MCYe3aeT MPH BBEJICHUH B 3TOT pacTBOp noHOB CN™.

3amaua 15 TIpenckaxknte MarHuTHEIE cBoiicTBa MOHOB: a) [Al(H20)6]%*, 6) [Zn(H20)6]*,
B) [Cu(H20)4]%", 1) [Fe(H20)6]%*, n) [Fe(H20)s]**, e) [Cr(H20)6]%*. TIpenckaxknte MarHUTHbBIE
CBOWMCTBA MOHOB, Y KOTOPBIX MOJICKYJIBI BOIBI 3amernieHbl Ha NHs, F~ mmu CN™.

[ToBbIIEHHBIN YPOBEHB

3amayva 1 Uon [CrFe]> — mapamaruuTeH (ioeen. = 3,91). Iloctpoiite ero
SHEPreTUYECKYIO quarpaMmy, ucnoiab3yst MMO. Ykaxxute 4uciio U XxapakTep XUMUYECKUX CBA3EH B
KOMILJIEKCE.



3amgaua 2 Brluncinuts KoHLeHTpanuio nonos Ag™ B pactsope, eciiu C(/Ag(NH3)2]NOs)
= 0,2 mons/nv® 1 C(NH3) = 0,5 mons/am®. O611as KoHCTaHTa HecTolkocTH kKommiuekca [Ag(NHs)2] ™
paBHa 6-1078,

1 Hanmucath opmynsl coenuuenuii: 1) rpuammuadocdaroxpoma (+3); 2)
TpuaMMHuHTpUKoopoaus (+3); 3) IMaMMHHTETPaxJIOPOIUIATUHBI (+4); 4)
TpUaMMUHTpUHUTpopoaus (+3); 5) auruapokcuiiaMuHauxjIoponamaaus (+2); 6)
AMMHHTPHXJIOpOILIATHHAT (+2) TpHaMMHUHXJIOpOIUTaTHHBL (+2); 7) rekcaruaHokoOambrar (+3)
rekcamMmmuHko6anbsTa(+3); 8) rekcadropoxpomar (+3) rexcakBaxpoma(+3); 9)

TeTpaxyioporiaTiHat (+2) TeTpaMMUHIUTHApPOKcoIriaTuHbl (+4); 10) rekcamumaHoxpomat (+3
rekcaMMHHKOOanbTa(+3); 11) rekcanuTpo-kobdanpTar (+3) rekcammuaxpoma(+3).

3anaua 3 Beimazer nm ocanok kap6onara kaamus (ITP(CACO3)=2,5-1071%), ecitu k pacTBopy
¢ xonuentparumeit C(Cd(NH3)sS04) = 0,01 Momb/am® 106aBUTH PaBHEI 06BEM PAacTBOPA COMIBI C
konrenrpanueii C(NaxCOs3) = 1-10~* mons/nm3? Oteer: ocagox CdCOs3 BBIIAIET.

3anaua 4 BemectBo coctaBa PtSO4(OH)2(NH3)s oOpa3yeT nBa MOHHM3AIMOHHBIX H30MEpA.
BojHbIii pacTBOp OJHOTO W3 HHUX HEHTpalieH, JAPYroro — MMEET HISJIOYHYK cpeay. Hamwmmure
KOOPIMHAIIMOHHBIC (POPMYIIbI H30MEPOB, YUUTHIBAS, YTO KOOPAWHAIIMOHHOE YUCIIO IJIATUHBI PABHO
mectH, a moH SO4> — GUICHTAHTEH.

3amaga 5 Kak TBC o0wsicusier ctpoenue kapOonuioB xpoma (0) u kene3a (0)? Kakwue
koopauHarronssie yncna umeror Cr(0) u Fe(0) B atux xommiekcax?

3amgaya 6 B xakux 00JIaCTSAX AJIEKTPOMArHUTHOTO CIEKTPa MPOHUCXOAUT IMOTIIOIICHHUE, eCITU
pactBopbl umeroT okpacky: NiClz — 3enenyto, TiCls — kpacHo-ypnypHyto, CuSOs — cuHIO0?

3agaqa 7 O0wsicHuTE, IO4YeMy coenuHenus AU (+1) He okparieHsl, a AU (+3) — OKpallIeHBI.

3amaua 8 Makcumym mornomenns BoaHoro pactsopa [Cr(NHs)s]®* cocraBnser 460 HM, a
mns pacteopa [Cr(H20)6]°"— 710 um. Kakyro OKpacKy HMEIOT PacTBOPHI 3THX KOMIUIEKCOB?
PaccuuTaiite 3HEpPruto pacieruieHus JUisi STHX HOHOB.

B3agaya 9 Kakoll /yMHE BOJHBI COOTBETCTBYET MAaKCHMYM TIOTJIOMICHUS JUIS BOJHBIX
pactBopos nona [Mn(H20)6]%*, eciu sneprus pacmenenus mis d.- u d,- mogyposueit Mn®* papna
250,5 xJIx/mons? Kakyro okpacky uMeeT 3TOT pacTBOp?

OTBeT: OKpacka opaHkeBasi; Amax = 472 HM.

B3amaua 10 M300pasuth cxeMmy pacmpeaeieHus 3JeKTpoHoB 1o .- u  d,-opOuTansam
KoMILIeKcoobpasoBatens B komrmaekcHbIX HoHaX [Cr(H20)s]®" (toxen = 4,8) m [Cr(CN)e]®*
(ImaMarHUTHBII).

3amaua 11 MoOXHO I CUMTaTh MOJICKYJII MeTaHa M aMMHaKa KOMILJICKCHBIMH
coequaeHusMu? Kak MMO omnmceiBaeT 00pazoBaHmue MOJEKYISIpHBIX opOuTaneit B CHs u NH3?

Choucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCIO0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHas1 JIuTepaTypa:

1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBus. - 13-e uzn., nepepal. u gor. - M. :
Axanemust, 2011. - 496 c. : un. - (bakamaspuar). - Pek. MOuH PO®. - [Ipumn.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. XuMmust okpyxarotei cpenbl : XuMust )KUBBIX opranu3MoB. Kypc nekmnii / E.
C. Muxanuna, A. JI. Ilerenmua. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —TekcT : 27eKTpOHHBIH // DnekTponHo-0nbnoTeynas cuctema [IPR BOOKS :
[caitr]. — URL.: http://www.iprbookshop.ru/56618.html. — Pexxum moctyma: s aBTOpH3HP.
[10JIb30BaTENEN

JdomosHuTeIbHAS JIUTEpATYypa:

1. T'munka, H. JI. O6mas xumust / H. I'. I'nmunka ; [lox pen. A. . Epmaxkosa. - U3n. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1

2. XUMHS METAILIOB : yueOHOE MocoOue (7151 CTYIEHTOB XMMUYECKOTO (haKyabTeTa HalpaBiICHUN
6akanaBpoB «XUMH» U «XUMUUecKas TexHosorus») / cocraputenu O. A. ['onoBanoBa. — OmMck :
Owmckuit rocynapctBeHHbIM yHUBEpcUTET M. @.M. JloctoeBckoro, 2015. — 552 ¢. —



ISBN 978-5-7779-1875-8. — Tekct : aneKTpOHHBIN // DNeKTpOoHHO OnbInoTeuHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pesxxum nocryna: s
aBTOPU3HP. MOJIb30BATENEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOE OKHO J1OCTyIa K 00pa30BaTEeILHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckas 6MOIMOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTaIOT aCCOIMAIUN JIEKTPOHHBIX OHOINOTEK

yaeOHbIX 3aBefieHuid u opranuzanuii CKOO
4 http://www.iprbookshop.ru — 9BC.

5 https://openedu.ru — OTkpeITOE 0Opa3oBaHKe

TEMA 8. OKUCJIMTEJIBHO-BOCCTAHOBUTEJIBHBIE PEAKIINU

IMPAKTUYECKOE 3AHATHUE 8. OKUCJIIMTEJIBHO-BOCCTAHOBUTEJ/IBHBIE
PEAKIIMU

Heab 3ansiTusi: 1) NOBTOPUTH OCHOBHBIC MOHITHS OO0 OKHCIEHUU M BOCCTAHOBJICHUU,
PacCMOTPETh CYITHOCTh OKHCIIMTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIINIA;

2) BeIpabOTaTh YMEHHUS MO COCTABICHUIO YPABHEHUM XUMUYECKUX PEAKIIMH, MTPOTEKAIOLINX B
Pa3IMYHBIX CpellaX METO/I0M 3JIEKTPOHHOI0 OajaHca;

3HaHuA U ymenus, npnoﬁpeTaeMbIe CTYACHTOM B PE€3yJbTaTe 0CBOCHUA TEMbI

3HaTh: OCHOBBI CAMOOPraHU3ALUN U CaMOOOPA30BaHNS;
3HaTh: CYIIHOCTH U 3HaUeHHE MH(OPMAIMK B Pa3BUTHU COBPEMEHHOTO OOIIECTBA; OCHOBBI MTOyUYCHHS U
00paboTKH MH(POPMALIUH U3 PA3TUYHBIX HCTOYHUKOB

3uarn: paOOTHI IO paCUETy U MPOCKTUPOBAHUIO JETAJICH U y3JI0B
MAaIIMHOCTPOUTEIbHBIX KOHCTPYKIIUM B COOTBETCTBUM C TEXHUUECKUMHU 3aJJaHUSIMU U

HCIIOJIB30BAHUCM CTAHAAPTHBIX CPEACTB aBTOMATU3AUK ITPOCKTUPOBAHUSA

YMeThb: caMOCTOSATENBHO CTPOUTDH NPOLIECC OBNAZCHUS HHPOopManueil, 0TOOpaHHON U CTPYKTYPHUPOBAHHON
JUISL BBITIOJTHEHUS TPOGECCUOHATBHOM JAESTEIILHOCTH.

YMerh: moiydars v 00padaTHBATHE MHPOPMAIIHIO U3 PA3THIHBIX UCTOYHHUKOB

Ymern: IPUHUMATh y4acTHe B pad0OTax Mo pacyeTy U NPOECKTUPOBAHUIO I€TANIEH U
y3JI0B MAIlIMHOCTPOUTENIbHBIX KOHCTPYKLUNA B COOTBETCTBUU C TEXHUYECKHUMU
3aIaHUSIMHU U HCTIOJIb30BAHUEM CTAHJAPTHBIX CPEICTB ABTOMATU3ALUU

IMPOCKTUPOBAHUA
HaumenoBanue (opMupyeMbIX KOMIIETEHIUI

HNunexe DopMyIUpPOBKa:
OK-7 CIMIOCOOHOCTBIO K CAaMOOPTaHU3aIMK U CaMOOOPa30BaHHIO
OIIK-4 MOHMMAaHWEM CYITHOCTH U 3HAYCHUS WH(OPMAIIUU B Pa3BUTHH

COBPEMEHHOI0 00IIeCTBa, CIOCOOHOCTHIO MOJIy4YaTh U
oOpabaTteiBaTh HHGOPMAIUIO U3 PA3JIMYHBIX UICTOUHUKOB,
TOTOBHOCTBIO HHTEPIIPETHPOBATh, CTPYKTYPUPOBATH H
oGopMIIATE HHGOPMAITUIO B TOCTYITHOM JIUIS APYTHX BHJIC

TIK-5 CTIIOCOOHOCTBIO MPUHUMATD y4acTre B paboTax Mo pacyery u
POCKTUPOBAHUIO JICTANICH U Y3JI0B MAITHHOCTPOUTEITbHBIX
KOHCTPYKIIMU B COOTBETCTBUH C TEXHUYCCKUMHU 33]JAaHUSMH U
UCIOJIb30BAHUEM CTaHIAPTHBIX CPEJICTB ABTOMATHU3AIIUH



https://openedu.ru/

IMPOCKTUPOBAHUA

AKTyalbHOCTh TeMbl. OKHCIUTEIbHO-BOCCTAHOBUTENBHBIE IPOLIECCHl TPUHAJICKAT K YUCITY
HaI/I6OJIe€ PacrnpoCTpaHCHHBIX XWUMHWYCCKUX peaKHHﬁ U UMCHKOT OIpOMHOC 3HAYCHUC B TCOPHU U
MIPaKTHKE.

Teopernyeckasi 4acThb
Teopusi OKMCJIUTEIbHO-BOCCTAHOBUTEIbHBIX PeaKIMii

Peaxyuu, 6 komopuix npoucxooum uzmenenue cmenenel OKUCIEHUs AMOMO8, HA3bI8AIOMC S
OKUCTUMENTbHO-80CCMAHOBUMENbHLIMU.

B npocThix BemecTBax CTENEHU OKUCIEHUS aTOMOB PaBHbI HYJIO. J[J1s1 CIIOKHON MOJIEKYJIBI
CyMMa CTeleHel OKUCIICHHs BXOJSIINX B €€ COCTaB aTOMOB TaK)Ke JIOJKHA OBITh paBHA HYJIIO; JIJIS
HOHA — €T0 3apsy.

OxucneHneM Ha3bIBa€TCS MPOIECC OTAAYU aTOMOM MOJIEKYJION I HOHOM 3JIEKTPOHOB:

Al —3e — A3

Fe’t —e - Fe*

2Cl~ —2e > C|2 ]
B nporecce okuciaeHus: IpoOUCXOAUT MOBBIIIICHUE CTETICHU OKUCIICHUS.
BoccranoBneHneM Ha3bpIBae€TCs MPOLIECC MPUCOSAMHEHHS 3JIEKTPOHOB aTOMOM, HOHOM MU
MOJIEKYJIOMN:

S +2e —S2*

Cl, +2e — 2CI~
Fe3* +e - Fe".
IIpy BOCCTaHOBJIEHNH CTENEHD OKUCIIEHUS ITIOHUKAECTCHL.
B 3aBucuMocTH OT CHOCOOHOCTH OTAaBaTh WJIM TPUHUMATh DJEKTPOHBI BCE BEIECTBA
JIEIATCS HA OKUCIIMTEIN M BOCCTAHOBUTEIIH.
Oxucnumenu — 3mo amombvl, UOHbL UL MOJIEKYIbl NPUCOEOUHAIOWUE dNIeKMPOHbL. Bo epems
pearyuu OHU 80CCMAHABIUBAIOMCAL.
Bocemanosumenu — amo amomul, uOHbL ULU MOAEKYIbL, KOMOPblIE OMOAOm 3IeKMpoHbl. Bo
8peMsi peakyuu OHU OKUCTISAIOMCAL.
[Ipouecchl OKHCIIEHUSI MU BOCCTAHOBJIEHHUSI BCErJa MPOTEKAKOT MapajieIbHO, YTO MOYKHO
BBIPA3UTh CIEAYIOLEH CXEMOM:

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

Oxucnurens (O2) + € €> BoccTaHOBHUTEN (B2).

CrnenoBaTenbHO, OKUCAUMENbHO-60CCHAHOGUMENbHbIE peaKyuy npeocmaeisiom cooboll
eOUHCMBO 08YX NPOMUBONONIONCHBIX NPOYECCO8 — OKUCTIEHUS U 80CCMAHO8AEHUs. B 3THX peakiusax
obIlee YUCIO  DBJEKTPOHOB, OTAABAEMBIX BOCCTAHOBHUTEJEM, pAaBHO OO0IEeMy  YHCIY,
MIPUCOEANHIEMOMY OKUCITUTENIEM.

[Ipr 5TOM HE3aBUCHMMO OT TOTO MEPEXOMAT JU AJIEKTPOHBI C OJHOTO aromMa Ha Jpyroiu
MTOJIHOCTBIO WJIM JIMIIb YACTUYHO OTTATHBAIOTCS K OJIHOMY U3 aTOMOB, YCJIOBHO TOBOPSIT TOJBKO 00
OTJa4€ U IPUCOETUHEHNH JIEKTPOHOB.

B OBP okwuciurens M BOCCTAaHOBUTEIb PEArupyroT APYr € JAPYIrOM B 3KBHBAJIECHTHBIX
KOJINYECTBAX.

Okeusanenmom oxucaumens (O) unu eoccmanosumens (B) nazvieaemcs makoe Koauvecmeo
UX MOJb, KOMOpOe NpUcCoeouHsem uiu omoaem OOUH MONb INEeKMPOHO8, UMO OMpPAaAdtCaemcs
cnedyrouumu Gopmynamu.



2(0), monv = 3 uiu I(B), monb = i,
Zg Zg
rae Ze — YHCIO DIEKTPOHOB, KOTOPOE€ NPUHMMAET OKHCAMTENs () WM OTHAET
BOCCTAHOBUTEIb B.
MounbHass (WM MOJIApHas) Macca SKBUBaleHTa OKHcauTels O W BOCCTaHOBHTENS B
BBIPAKAETCS B I/MOJIb M ONIPEIEISETCS U3 COOTHOIIEHHUH CIIEAYIOIIETrO BHU/IA:

1) st oxkucnurensi— M (i 0), 2| monw; 2) misBoccranoButenst — M (i ,B),2l monob.
Zg Zg

TonbKO B POJIM OKHCIHUTENS BBICTYMAIOT YaCTHIIBI, MUMEIOIINE MAKCHMAaJIbHO BO3MOXKHBIE
CTENEHW OKHUCJICHHS (HampuMmep, Juisi MapraHna — 3T1o (+7), mia azora (+5) W T.1.); TOJIBKO
BOCCTaHOBHTEIISl — C MUHUMAJIBHOW CTETICHBIO OKUCIICHHS (1151 cepbl — 310 (—2), s azora — (-3) u
T.0.).

Yacmuybl, umerowue nPpoMeNCymounsvlie CmeneHy OKUCIeHUA, MO2YM NPOAGIAMb C80UCMEA
KaK OKUCIumess, mak u 60ccmanosumerns. IT0 00yCIOBICHO: XUMHUYECKOW MPHUPOJION peareHTa-
napTHEPA; YCIOBUSAMH U XapaKTepOM Cpelibl, B KOTOpBIX mpoTekaer OBP.

Hamnpasnennocts OBP ompenernsercss BeTuYnHAMK 3HAYCHHN CTaHIAPTHBIX MMOTCHIIUAIIOB
peareHTOB: okucauTeas O Bcerna uMeer OOIbIIui (1Mo anredpanveckoil BeTMYnWHE) CTaHIAPTHBINA
MOTEHIMAJI, YeM BOCCTaHOBHTEIb B.

Hampumep, B kucnoii cpene cmemmBaroT n8a BemiectBa: KoCroO7 u NaNO». Kakoe u3 atux
BEIIECTB Oy/IET OKUCIIUTEIEM, KAKOE — BOCCTAHOBHUTEIIEM?

O6parumMcs K crpaBounbiM gaHHEIM: ¢0(Cr2072 + 14 HY/2Cr*3 + 7H,0) = 1,33 B; ¢°(NO3™
+ 2H"/ NOz + H20) = 0,78 B.

Ilpumeuanue. Pexomenmyercsi ucmnoiib3oBaTh ydeOnoe mocodome: H.C. AxmeroB, M.K.
AsuzoBa, JI.U. bageiruna. JlaboparopHbie U CEMUHAPCKHUE 3aHATHS 1O OOIICH W HEOPraHHUYECKOU
xumun. M.: Bercui. mkona, 2002.

Tak kak ¢°(Cr.072 + 14 H*/2Cr*® + 7TH,0) > ¢°(NOs~ + 2H* / NO2~ + H20), mo
okucimreneM oynet sBisaTees KoCroOy7.

KosnmyecTBeHHON XapaKTepUCTUKON Ti1yOuHbl mnporekanuss OBP  sBisiercs 3HavyeHue

KOHCTAHTBI PABHOBCCH:
0/Ay_ .0
gp '@ -0"®)
0,059

rne ¢°(0) n ¢°(B) — crammapTHBIE MOTEHIMANBl OKMCIUTENs O W BOCCTAHOBHTENS B
COOTBETCTBEHHO, B; Zy — cymMMapHOe KOJTUYECTBO 3JIEKTPOHOB, MPUHUMAIONINX y4acTHE B JaHHOU
OBP.

Koncranra paBHoBecust OBP cBsizana ¢ notennuanom ['u66ca ([Ix/mons-K):

AG? = -2,303RT IgK P

DHeprus I'mb6ca, B cBoro ouepens, cemana ¢ DJC (Ap°) mocrosuuoit ®apanes (F) u
YHUCJIOM 3JIEKTPOHOB, y4acTByromux B OBP:

R

AG®, [Doic/monn K = —nAgCF,
Ap® = ¢°%0) — ¢°B) — DJIC OKHCIMTENTBHO-BOCCTAHOBHTENHHOH PpEAKIHH TIPH
CTaHJapTHBIX YCIOBUSAX, B.
st cramaptHeIX yenoBuid: T = 298,15 K = 298,2 K; R = 8,314 Jl/Mons'K; F =96450
~ 96500 K/MOJB-3KB, MOTYIUM (HOpMYITy yIOOHYIO [T pacyeToB:

GKE. F 96500
298~ 9303RT 2,303-8314.2982

B ycnoBusAX OTIMYHBIX OT CTaHAAPTHBIX, OKHCIMTEIbHO-BOCCTAHOBUTEIbHBIE TTOTCHIIMAIBI
(OBII) u 31C OBP, nportekaromux B BOAHBIX pacTBOpPAax, 3aBUCAT OT KOHILIEHTpalMM (TOYHEE,

nAp® =16,90nA¢°.



AKTUBHOCTEH) ydYacTBYIOIIMX B TPOIECCE HOHOB. OJTa 3aBUCHUMOCTh BBIpakaeTcss (GopMyrou

HepHncra:
0,059, [O]
Ig 8]’
rae 9’0/ — CTAHIAPTHBINA MOTEHIIMAT peareHTa (OKMCIUTENH WM BoccTaHoBHTeNs), B; [O] u
[B] — KoHILEHTpalMH OKMCJIEHHOW M BOCCTAHOBJEHHOW (OpM pearenTa, MOIL/IAM®; Z — YHCIO
AJIEKTPOHOB B MOJIYPEAKIMH JIsl TAHHOTO peareHTa.

Ipumeuanue. Cnemyer BcCerja MOMHHTH, YTO KOHIICHTparuu Bcex ydacTHukoB OBP B
ypaBHeHUU (7.5) ABisroTCS MOSpHBIMUA KOHIIeHTpanusaMu (Cus (X)), a He MOJIIPHBIMU SKBUBAJICHTA

0
@, B= ®o/B T

(C(1/2 X)).
Ha 3nayenne OBII m Ha XapakTep HPOLYKTOB PEAKLUUHU NOCTATOYHO CHJIBHOE BIIMSIHHE
okaspiBaeT pH pactBopa, B koropom npotekaer OBP. Hanpumep, npu pH < 7 3naueHue

CTANAAPTHOr NOTEHIHANA U1 CHCTEMB:
@’ (MnOz +8H " /Mn?" + 4H,0) =151B.
wpupH=7- @2 (MNOZ + 2H,0/MnO, + 40H ™) =0,6 B
oi>7- 90 (MnOZ /MnOz2) = 0,564 B.

Baxneimre BOCCTAaHOBUTENH: aTOMBI MeETaLioB, Boaopon, yriepoa, CO, HpS, H,SOg,
NaNOz2, Na2S203, HI, HBr, HCI, FeSO4, CrCls, MnSOa, NHs.

BaxkHeiiiie OKUCIMTENN: TaJIOreHbl, XJIopaThl, Kuciaopoa, 030H (O3), KMnOs4, KoCr207,
K2oMnOs, H202, H2SO4 (kony.), HNO3, PbOo.

THNBI OKUCIUTETbHO-BOCCTAHOBUTEIbHBIX PeaKIuid

PaznuuaroT Tpu TUIA OKUCIUTENFHO-BOCCTAHOBUTENIBHBIX PEaKIUiA:

a) BHYTPUMOJIEKYJISIpHbIE; 0) UCTIPONIOPLIMOHUPOBAHUS; B) MEKMOJIEKYJIISIPHBIE.

Buympumonexynapuvie OBP — smo makue peaxyuu, 6 KOMOPbIX U OKUCIUMENb, U
80CCMAHOBUMENL HAXOOSMCS 8 COCMAge OOHOU MOJNEKYIbl, HO AGIAIOMCA NPU IMOM DPA3HLIMU
eMeHMamu’

2KNO3 — 2KNO, + O,
2N —2e > N*

»)
1207 +4e <> O,.
Peakyuu oucnponopyuonuposanuss — OBP, 6 xo0e KOmMOpuix 00uH U3 31eMEeHmos,
CO()eprcaLb;eﬁC}l 68 O0OHOU MOoJeKyiie, OOHOGPQMQHHO u noesluiaem, u nowrUIICAEM CmeneHb
OKUCNIEHUSL.

Cl, + 2KOH — KCIO+ KCI + H,0
1|Cl, —2e > 2CI*
1|Cl, —2e <> 2CI~ .

K aucnponopiroHUpOBaHUIO CIIOCOOHBI TTOYTH BCE YACTHUIIHI, UMEIOIINE MPOMEKYTOUHYIO
CTENEHb OKUCIICHUSI.

HaunbGonee pacnpocTpaHeHHBI peakIiu TPEThETO THUIA, KOTOPBIE MPOTEKAIOT ¢ U3MEHEHHUEM
CTENIEHU OKUCIICHUS aTOMOB B Pa3HBIX MOJIEKYJIaX, T.€. OKUCIHUTENIb U BOCCTAHOBUTEIb HAXOASTCS B
pasHbIx BemecTBax. Crofa e CJeayeT OTHECTH M PEeaKIMu MEXIy pa3HbIMH BEIIECTBAMH, B
KOTOPBIX aTOMBI OJIHOTO U TOTO 7K€ 3JIEMEHTA UMEIOT PA3JIMUHYIO CTEIIEHb OKUCIICHUS

5HCI + HCIO3 — 3Cl, + 3H,0



112C1™° +10e <> CI3
512C1~ —2e <> CI3 .

AJITOPUTMBI COCTABJIEHUS MOJHBIX YPABHEHUH OKUCINTEIbHO-BOCCTAHOBUTEIbHBIX
peakuuii

[TpaBuiIbHO coOcCTaBiIE€HHOE MOJHOE ypaBHeHUEe peakuun OBP 1omkHO ynoBiIeTBOpATH
3aKOHY COXpPaHEHUSI MacChl BEILIECTB — YUCIO OOHUX U MeX Jce amomMo8 8 UCXOOHbIX 8euecmeax u
npoOOyKmMax peakyuu OOJHCHO Oblmb 00uHakosviM. B HMOHHBIX ypaBHeHUsX OBP  momkHBI
BBITIOJTHATHCS: 3aKOH COXPAHEHUS MAacChl BELIECTB U YCIOBHUE SJEKTPOHEUTPATBHOCTH — CYyMMdA
cmeneHell OKUCTIeHUs UCXOOHbIX GeujeCms OO0JMHCHA Oblmb pAasHa cymMme cmeneHell OKUCTIeHUs
NPOOYKMO8 peaKyuu.

Kpome 3Toro, He00X0AUMO MOMHHUTH, YTO CTETIEHb OKHUCIICHUSI MOXKET OBITh OTPUIATEIHHOM,
MOJIOKUTEIILHOW, PABHOM HYIIO, a TaKXkKe W APOOHBIM 4ucioM. Tak, Hampumep, JUisi COeIUHEHUs
KO3 crenens okucnenus kuciaopoza paBaa (—)%a.

Cmenens oxucienus 6ce20a npusooumcs co 3Hakom (3HaK IUTIOC HE OIMYyCKaeTcs, a BCeraa
yKa3biBaercs!).

[Ipu cocraBieHUU ypaBHEHUI OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX DPEAKIMI HCIIOIB3YIOT
JIBa METOJIa: METOJI IEKTPOHHOTO OajiaHca W METOJ| 3JEKTPOHHO-HOHHO-MOJIEKYIISIPHOTO OallaHca
(meroxn nmonypeakuwii). [Tocnequuit MeToa UCHONIB3YeTCs TOTAA, KOT/Ia peakius MPOXOAUT B cpeie
anekTposnuta. [lpm 3TOM cnabble 3JEKTPONMTHI, a TakK€ MaJopacTBOPUMBIE BEIIECTBA,
3aMMCHIBAIOTCS B MOJIEKYJIIPHOM BHJIE, 4 CUJIbHBIC — B BHJI€ HOHOB.

Aneopumm cocmasnenus ypaeuenuti OBP:

1) ompenensiOT OKHCIUTENIb U BOCCTAHOBUTENH (B TaOJHMIIAX HAXOISAT COOTBETCTBYIOILIUE
3HAYEHMs CTAHIAPTHBIX MMOTEHIIMATIOB PEareHTOB IAaHHOW PEaKIIHH ),

2) ompenensioT, Kakue CTENEeHU OKHCIEHHUS MPHUOOPETaloT BOCCTAHOBUTENbh U OKHCIUTEIND
nociie peakuuu. Yem Oosiee CHIIbHBIN OKUCIUTENb YYACTBYET B PEAKI[MH, TaM BBILIE MOJAHUMAETCS
CTENEHb OKUCIIEHUSI BOCCTAHOBUTEIIS.

AHaJ0ru4HO, yeM OoJiee CUIIbHBIA BOCCTAHOBUTEIb PEATUPYET C OKUCIUTENIEM, TEM CUJIbHEE
MTOHUKAETCS CTENEHb OKUCIICHUSI OKUCITUTENS.

3) omnpenensioT, B BUJIE€ KaKUX COESAMHEHUN CYHIECTBYIOT OKHCIIEHHbBIE M BOCCTAHOBJICHHbBIE
AJIEMEHTHI B JAHHOM cpefie (KUCIIOoH, IeT0YHOol U HelTpanbHoil). Hanmpumep, Fe** B kucnoit cpene
cymecTByer B Buje conu Fe (+3), a B meno4yHoil cpene — B BUJE MajJOpacTBOPUMOIO OCaJKa
Fe(OH)s.

4) HaxonaT ko3(pPuunentsl B ypaBHeHnun OBP MeTonaMu 351€KTpOHHOTO MM AJIEKTPOHHO-
HMOHHOTO OanaHca.

B Meronme oanekTpoHHOro 0OamaHca paccMaTpUBAIOT —IOJypeakUWHd OKHUCICHHUS H
BOCCTAHOBJICHUS C yYaCTUEM aTOMOB, HAXOSIIUXCS B ONPEACIEHHBIX CTEIEHAX OKUCICHHUS.

Bonpocs! 1 3aganus

[Tpumep 1. Mcnonb3ys MeTon 3JIEKTPOHHOTO OanaHca, COCTaBUTh YpPaBHEHHE ClETyOIIen
OKHUCIIUTEBHO-BOCCTAHOBUTEIILHON PEAKIUU:

FeCly + Kl —

Yka3aTh OKHCJIHMTENh W BOCCTAHOBUTENb;, ONPEJICIIUTh UX DKBHBAJICHTHI U 3KBUBAJICHTHBIC
MAacChl; BBIYUCIUTH MOTeHIMaN ['Mb0ca U KOHCTaHTY pPaBHOBECHS PEAKIMH U CAENaTh BHIBOJ O
riyOuHe e€ mpoTeKaHusl.

Pemenue: 1) 3HaueHUs CTaHOAPTHHIX MOTEHIIMATIOB PEAareHTOB (CIpaBOYHBIC JTaHHBIC):
¢°(Fe*3/ Fe*?) = 0,76 B; ¢°(12/21") = 0,54 B;

2) Tak kak @°(Fe*3 Fe*2) > ¢%(12/21), To Fe*® — oxucnutens, BoccranaBnuBaercs 1o Fe*?;
I~ - BoccTaHOBHUTENB, OKHCHIAETCS 10 |2;



3) cxema manHoit OBP Oyner uMeTs ciaeayromuii BUI:
FeClg + KI — FeCl, + I, + KCI .

Ilpumeuanue. Cxema OBP TOBKO MOKa3bIBAET XapaAKTEP UCXOAHBIX U KOHEYHBIX BEIIECTB.
4) 3anuiieM 3JIeKTPOHHBIE YPAaBHEHUS JIJIs1 TTOJTypeaKuii

2| Fet+e” o Fe'?; Fe™ —oxucmrens ;

1121 —2e¢ <> 1; | —BoccraHOBUTEND;
1_.+3 . 1_+3 r .

3(>Fe™) =1momnb; MoabpHasMacca skBuBaicHTa —M (= Fe™ ) =56 ;
1 1 MOJIb
2 1 : °)

I(=1") =1monb; MonbHasiMacca 3kBuBajeHT —M (=1 ) =127 :
2 1 MOJTb

2Fe™ 4217 =2Fe™ 41
e+ =ZF€ ~ + 12 — xparkoe monnoe ypasnenne OBP (11 Hero BhINOJHSETCS

3aKOH COXPaHEHMsSI MACChl BEIIECTB M YCIOBUE AJIEKTPOHEUTPAILHOCTH);
6) 1, OKOHYATEJIHHO — MoHOe ypaBHeHHE OBP (711 HEero BHINOJIHAETCS 3aKOH COXpaHEHUs
MAaccChl BEUIECTB):

2F€C|3 + 2Kl = 2F€C|2 + |2 + 2KC|,

7) BbIUKCINM H300apHO-TepMUUYECKU MoTeHnuan ['ubbca mo dpopmyne AG? = —
NA@°F, Jl>x/Momb 1 KOHCTaHTY paBHoBecus peakimu 11o(10.1.86)
a) AG® =—1-2-(0,76 — 0,54) 96500 = — 42460 JIx/Monb = — 42,46 kJIK/MOIb;

6) 1g KJog =16,90 nA@" =16,90-1-2(0,76 - 0,54) = 7,436; K Jyg =1074% ~2,73.10",

BoiBoa: rimyOuHa npoTekaHust IpsIMON peaklui OTHOCUTENIBHO HEBEINKA, YTO 00YCIOBIIEHO
HE3HAYUTENIBHBIM Pa3JIM4ieM BEIMYNH CTaHIAPTHBIX IEKTPOJHBIX TIOTEHIIMAJIOB PEAr€HTOB.

B memooe snexmponno-uonnoz2o oananca (mounee — 31€KMPOHHO-UOHHO-MONEKYIAPHO0
bananca) paccmampugarom nepexoo 21eKmpoHO8 Om OOHUX AMOMO8 UNU UOHO8 K OPY2UM C YUEMOM
xapaxkmepa cpeovl.

s ypaBHMBaHUSA aTOMOB KHUCJIOPOJA, a 3aT€EM BOJOPOJAA, B HEUTPAIbHOU PH=7)nu
mienouHout cpeae (pH > 7) ucnonw3ytor: 1) OH™ — HOHBI, YUCIO KOTOPHIX OOBIYHO y/IBAUBAIOT; 2)
MoleKybl Bogbl B kucion (pH < 7): 1) monekynsl Boasl (s kucnopoaa!); 2) mporonsl H (s
BOJIOPOIA).

Meton  31€KTPOHHO-MOHHO-MOJIEKYJIAPHOTO  OajaHca  Has3bIBalOT —TakXke METOAO0M
MOJIypEaKLIUii, 1 OH UMEET Psijl MPEUMYIIECTB IO CPAaBHEHHUIO C METOAOM 3JIEKTPOHHOro OajaHca:
BO-TIEPBBIX, HE HAJ0 ONPEIENATH CTENEHU OKHUCIEHHs DJIEMEHTOB, TaK Kak pacuéT 4ucia
JJIEKTPOHOB MPOUCXOAUT IO 3aKOHY COXPaHEHUs 3apsAlloB, MU, BO-BTOPBIX, ABTOMATHYECKHU
noxouparoTcst K03(pPUIUEHTH B COKpamEéHHOM HOHHOM YypaBHeHUM naHHOM OBP. Ocobenno
BaxkeH mocineaHuid meton B OBP ¢ ywactmem oOpraHM4ecKuX COEIUHEHUM, TJe YacTO CIO0KHO
OIPEJIEIUTh T€ ATOMBI YIJIEPOJa, KOTOPHIE MEHSIOT CBOIO CTEIIEHb OKUCIICHHUS.

Meron nonypeakiuii nmpumMeHuM Tobko K TeM OBP, koTtopeie mpoTekaroT B pacTBopax,
[I03TOMY Ba)KHO YYMTHIBATH XapaKTep CpeAbpl, B KOTOPOH NPOTEKAET AAaHHAs OKUCIUTEIbHO-
BOCCTAHOBUTEJIbHAS PEAKIIMS.

[Tpumep 2. (pH < 7). Onpenennts k03(GGUIMEHTH METOJIOM MOJIYPEeaKUUid B CIeayromei
peakuuu:

KMnOy + NaySO3 + HySO, —>
YKa?)aTB OKHCJIIMTEIIb U BOCCTAHOBHUTCIIb, OHpe)IeJ'II/ITB X S5KBUBAJICHTHBI U 3KBHUBAJICHTHBIC

MAacChl; BBIYUCIUTH MOTeHIMaN ['Mb0ca M KOHCTaHTY PaBHOBECHS PEAKIMU U CAENaTh BHIBOJ O
NIyOuHE €€ MPOTEKaHMS.



1) @°(MnOz +8H* /Mn?* + 4H,0) =151B;
o°(S03~ +2H* /(SO2™ + H,0) =0,22 B;

MnO4 — OKHUCIIUTENIb, B KHCIIOM CpElE€ BOCCTAHABIMBAETCA JI0 Mn?*; SOS -

BOCCTAaHOBHUTEJIb, OKHCIISIETCS 10 SC)4 ;
2) cxema gannoit OBP umeer cremyromiuii BuI:

KMnO4 + N&2803 + H2804 > K2804 + N&2804 + MnSO4 + Hzo

3) 3IEKTPOHHO-HOHHO-MOJIEKYIISIPHBIC YPaBHEHHUS MOJYPEAKIMA, C YUYECTOM KHCJION CpEJbl,
OyIyT UMETh BUI:

2| MnOZ +8H ™ +5e <> Mn?" +4H,0
5| SO5~ +H0—2e <> SOF +2H™

MOJ'ILHBIG MaCChl SKBHBAJICHTOB OKHMCIIUMTCIIAA U BOCCTAHOBHUTCIIA COOTBETCTBCHHO!

|v|( |v|o4)_— .119=238 : M( S0~ )_— 80 = 40,0
MOJIb MOJ'IB
4) yMHomaeM o0e HonypeaKuHH Ha UX 00Imue MHOXuUTENU (2 u 5 COOTBETCTBEHHO), 110CJIE
3TOT0 CYMMHpYEM IIOIIapHO JIEBBIE W IpaBble YacTH IOJypEeaKUUil, MPUBOJUM IOAOOHBIE H
MOJTy4aeM KpaTKOe HOHHOE ypaBHEHHUE:

2MnO; +5S805 +6H " <> 2Mn** +5507™ +3H,0;
5) npubaBisieM COOTBETCTBYIOIME MPOTUBOMOHBI U MTOJTy4aeM MOJHOe ypaBHeHUe ganHoi OBP:

2KMHO4 +5N&2503 +3H2804 = 2MﬂSO4 +5Na2804 + K2804 +3H 20

IIpumeuanue. TecT-npoBEpKY NPOBOAMM IOJCYETOM YHUCIIa aTOMOB KHMCIOpPOJa B JIEBOU U
MpaBOW YacTAX MOJy4YEeHHOro MnoyiHoro ypasHeHus OBP.

Hanpumep, yncio aToMOB KHCIIOpOJia B 00€UX YacTsAX COCTABISIET Mo 35 aTOMOB.

6) pacuet noteHnuana ['m66ca 1 KOHCTAHTHI PABHOBECHS PEAKIINHU:

a) AG® = — 5:2:(1,51-0,22) 96500-1073 = —1244,85 xJ[/MOB;

AGY ~124485

28" _23RT  _23.8314.10°.298,2
BoiBoa: rnyOmHa mnpoTEeKaHus MPSIMOM peaklUuMd OYeHb BEJIMKA, 4YTO OOYCJIOBJIEHO
3HAYUTENIbHBIM Ppa3IMYMeM BEJIUYMH CTAaHAAPTHBIX AJIEKTPOJHBIX I[OTEHIIMAJIOB pEareHTOB —
peakiys MpaKTUYeCKH HeoOpaTuma.
[Tpumep 3. (cpena HeittpanbHas — pH = 7). CoctaBUTh ypaBHEHUE OKHMCIEHUS CyIbpUTa
HaTpusi TEpPMaHTaHaTOM Kanusi B HeuTpasbHOU cpene. Koaddunmentsr momoOpaTe MeTOI0M
MIOJIyPEaKLIAN.

6) lgK X ~2183%; Kjye =1021831 22010218,

KMnO4 + N82803 + Hzo —>

Onpenenuts rIyOUHY NPOTEKAHUS NPSAMOI peaklnu.
3.1 OmnpenenuM HampaBiIeHHOCTh OSTOW pEakLUHH, T.€. OINPEAEIUM OKHUCIUTENb U
BOCCTAHOBHUTEIb:



¢°(MnO; + 2H,0/MnO, + 40H ) =0,6 B;
9°(SOZ™ +H,0/(SO2™ +20H ) =—0,93B.

N3 Bennuun cranaaptHeix OB-TOTEHIIMANOB CIEAYET, YTO MnO4 — OKHUCIHUTEIIb, B

2_
HEUTpaJdbHOU cpene BoccTaHaBiuBaercs 10 MnOg; SO3 — BOCCTAHOBHTEIIb, OKHCIACTCS N0
SO;
3.2 3anumiem cxemy nanHoit OBP

KMnOy + NaySO3 + Hy0 — MO, + Na,SOy +...

[Toka HeIb3s1 TOYHO ONPENEIUTh KaKoH emé OyaeT IPOIYKT B JAHHOW PEaKIHH.
3.3 CocraBuM noJslypeakluu Juis: 1) OKUCAUTENS U 2) BOCCTAHOBUTEIIS.

1) MnO4 <> MNOy — cxema nonypeaxuun.

YPaBHI/IBaHI/IC Kucjopoga BCACM C IMOMOIIBIO YABOCHHOI'O 4YHCJIa TMAPOKCHO - MOHOB, a
BOAOPOda — MOJICKYJI BOABI:

MnO4 +2H50 +3e <> MnO, +40H  — T0JIypeaKIus Ul OKMCIUTENIS;

2 _
2) S03 A SO4 — cXeMa IOJypeaKkluy AJi1 BOCCTAHOBUTEIS,

2— - 2—
803 +20H -2e & SO4 +H 20 — TIOJTyPEaKIUs JIJIs1 BOCCTAHOBUTEIIS.

3.4 Tenepb cocTaBUM 3JE€KTPOHHO-MOHHO-MOJIEKYJISIPHbIE YPABHEHMUS:

2MnOg + 2H,0 + 3¢ <> MnO, + 40H ™
31502 +20H™ —2e > SOZ™ +H,0

3.5 [IpoBoauM aHanOrMyYHbIE omnepanuu (CM. mpumep 1) U mojryyaeM MOHHO-MOJIEKYJISIPHOE
ypaBHeHue OBP:

2MnO; +350%™ + H,0 <> 2MNnO, + 3503~ + 20H

Honno-monekynsapHoe ypaBHeHue OBP ynoBnerBopser MartepuaibHOMY OanaHcy U
YCJIOBHUIO AJIEKTPOHEUTPAIILHOCTH.
3.6 IIpubaBnseM COOTBETCTBYIOIINE TPOTUBOMOHKI U TOJIydaeM noiiHoe ypaBHeHne OBP:

2KMnO, +3Na,S0;3 + H,0 = 2MnO, + 3Na,SO, + 2KOH |

3.7 BeinonHeHwe MarepualbHOrO OanaHca g monHoro ypaBHeHus OBP mposepsiem
IIOJICYETOM aTOMOB KHCJIOPO/a B JIEBOM U IPaBoOil yacTsax ypaBHeHus: ciesa 17 O = cmpasa 17 O.

Kak BuaHO H3 3TOro mnpumepa, MeETOJ 3JIEKTPOHHO-MOHHO-MOJIEKYJIIpHOro OanaHca
MIO3BOJISIET TAKXKE ONPEIEIUTh U HEKOTOPbIE, 3apaHee HEU3BECTHBIC, NMPOAYKTHl OKHUCIMTEIbHO-
BOCCTAHOBUTEJIBHON PEAKIINN.

|g K2p98 =16,9- nA¢O =16,9-6- (0’60 _ (_0’93)) ~155: K2p98 z10155,
BrIBo#: peakius npakTuuecku HeoOpaTuma.

[Tpumep 4. (pH > 7). Ilo npusenennoit cxeme OBP, ncnosb3ys MeToa 371€KTPOHHO-MOHHOTO
OanaHca coCcTaBUTh MOJIHOE ypaBHeHHEe OBP:

KMnQ,4 + Nay,SO3 + KOH —



Paccuntate OJIC naHHOW cHUCTEMBI NpPU CTAHIAPTHBIX YCIOBUSX W MPHU  CIEAYIOLIUX

PaBHOBECHBIX KOHIIEHTPALUIX peareHToB: [MnO 4 ] = 0,01, [Mn 2+ ] =0,05;

[SOQ? _] =0,01, [SO E _] = 0,05 u npu pH = 4.1 cranapTHBIE TOTEHIMATE! OKHCIHTENS H

BOCCTAHOBHUTCIIA

9’ (MnOZ /MnOZ ™) = 0,56 B; ¢° (SO~ + H,0 /(SO%™ + 20H ") =— 0,93 B;

- 2—. B
Mn04 — OKHCIIUTCJIb, BOCCTAHABJINBACTCA N0 MnO4 , SOB — BOCCTAaHOBUTCIJIb, OKHCJIIACTCA 10

SO7™ .
4.2 cxema mannoit OBP:
KMnO, + NaySO3 + KOH —> K,MnOy + Na,SO, + H,0

4.3 DneKTpOHHO-UOHHO-MOJIEKYJISIPHBIE [TOJIYPEaKIH

2l MNO4 +e & MnOf‘
1 SO +20H™ —2e > SOZ™ + H,0 .

4.3 YMHOkaeM o0e IMOoJIypeaklM1 Ha COOTBETCTBYIOIIME KOA(POUIMEHTbI, CYMMHPYEM HX
JIeBbIE u IpaBble qacTu u MOJIy4yaeM HMOHHO-MOJIEKYJISIPHOE yYpaBHEHHUE:

2MnOy +S05™ +20H ~ <> 2Mn0OZ~ +S05~ + H,0 .
4.4 Jlo6aBiisist COOTBETCTBYIOLINE IPOTUBOMOHBI, MIOJIYYaeM IOJIHOE YPaBHEHUE PEAKIIUU:
2KMﬂO4 + Na2803 +2KOH = 2K2MnO4 + N3.2804 + Hzo .

4.5 IIpoBoaum Tect mo kuciopoay: 130 (cneBa) = 130 (cnpaBa) — yclnoBUe MaTEpPUATBLHOTO
OasaHca BBITOJIHAETCS.

4.6 Pacuér O/1C cuctemsl IpH CTaHAAPTHBIX YCIOBHUSAX:

I = Ap° =p°(MnO4/Mn04>)—¢°(SO4*/SOs*) = 0,56—(-0,93) = 1,49 B.

4.7 Ouenky O/IC npu paBHOBECHBIX KOHLEHTPALUAX PEAreHTOB BEIAEM C UCIIOJIB30BAHUEM
ypaBaenus Hepucra (10.1.10):

a) BBIUMCIIEHUE PAaBHOBECHOI'O OTEHIIMAIa IEpMaHTaHAT-MaHT'aHATHOT' O 3JIEKTPO/ia:

_ _ MnOz]-[H* 18 18
@(Mn) =’ (MnO; / MnO; 4 2059 Ig[ NO4]-[H ] 056+001-lg 221 L _ o553 5:
5 [MnOf_] 0,05
6) BBIUUCJICHUC PABHOBCCHOT'O MMOTCHI[MAJIA CyHL(I)aT-CYJIB(I)I/ITHOFO QJICKTpOaa:
2— +12 2
o(B) =’ (SO5~/5057) + 0059, B0 1H 1" _ 93, 0,0205.1g % = 0,378 B;
2 [SO57] 0,01-10~

B) /IC = Ap = p(MnO4/MnO4s>)— p(SO42 SOz = 0,553—(-0,378) = 0,931 B.

ba3o0BbIi1 ypoBeHB

1 Paccuwnraiite crenens okuciaenus azora B ero coeauuenusx: AIN, NoHa, NH20H, N20O,
NO, N203, N204, N2Os.

2 Hanummure nomHoe ypaBHEHHE peaklUy, MPUMEHSST METOIbI JIIEKTPOHHOTO OanaHca
U MOJYPEAKIIHi, MO CIEIYIONUIEH CXeMe MOTypEaKINu:

K2Cr207 + SnSO4 + H2SO4 —



Onpenennure >KBUBAJICHTHl BOCCTAHOBUTENS M OKHUCIMUTENS; PACCUATAMTE UX MOJIbHbBIE
MaccChl.

3 K kakomy tumy OBP otHocutcs peaknus paznoxenus H.(0>? UYem oObsIcHsAETCS
CIOCOOHOCTh MEPOKCHAa BOAOPO/Aa K TaKUM IpeBpaIieHusM? 3aKOHUYUTE ypaBHEHHS PEAKIUUA U
HaIUILLIUTE U1 KaXI0W U3 HUX AJIEKTPOHHO-UOHHBIE U MOJIEKYJISIPHBIC YPABHEHUS:

1) H2 02— ...; 2) H2O2+ KMnO4 — MnO2 + ...; 3) H2O2 + PbS — PbO2 + S + ...

4. KuciaopoJl MOKHO MOIY4YUTh B PE3yJIbTaTe Pa3IOKEHUs TAKUX BEIIECTB:

1) KCIO3 — ...; 2) KMNnO4 — ...; 3) KoCr2O7 — ...

K xakomy tuny OBP otHocsTcst 3T peakuun? CocTaBbTe JIEKTPOHHBIE U MOJIEKYJSIPHbIC
YPaBHEHUS 3TUX PEAKIUH.

5 K Bomguomy pactBopy KCIOs mo6asunu Bommbiii pactBop Kls. B kakyroo cropony
IIPOMJET peaklysl OKUCIIEHUs-BoccTaHOBIeHUsI? Berunciure DJIC 3TOM peakuuu Uisi CTaHIapTHBIX
YCJIOBHUH.

6 Kakumu cBovictBamu Oyzer oGmamate NaNOz? Ilowemy? IlpuBemure mpumepsl
peaKkLuii, rae HUTPUT HATPUSL — OKUCIIUTEIb, I/1€ — BOCCTAHOBUTEIb?

7 Wcxons w3 3HAYEHUN CTaHJAPTHBIX 3JEKTPOJHBIX MOTEHLMAJIOB, OIpPENENINTe, NpsMas
WM oOpaTHas peakuus OyaeT MpoTeKaTh B ITOH CHCTEMe MpH CTaHAApTHHIX ycnoBusax: 1) Fe?* +
ClO3™ + H* & Fe®* + CI + H20.

2) Clz2 + Mn?* 4+ H20 < MnO4 +CI~ + H*;

3) NOs™ + Fe?* + H* <> NO + Fe** + H,0;

4) 103+ SO3* + H* « L + SO4% + H,0.

Jlis kak oM psIMOM peakuy OLEHUTE MITyOUHY IPOTEKaHUS.

I1oBBIIIEHHBIN YPOBEHB

13akoHUNTh cOCcTaBIEHUE YPABHEHUS CIEAYIOLIEH peakuu:

HAsSO2 + KMnO4 + H2SO4 — H3AsO4 + ...

¥ COCTABHTH JIJISl HETO DJIEKTPOHHBIE U DJIEKTPOHHO-HOHHBIE CXEMBI ITOTYpEaKIIn.

Paccunrare O/1C peakuuu 1715 CTaHJAPTHBIX YCIOBHIA.

23asucur ym npotekanne OBP ot pH cpenpi? 'mapokcuinaMuH BoccTaHABIMBAET (IIPU ITOM
okucasercs 10 asora; p°(No+ 2H20 + 2H*/2NH,0OH) = —1,87 B) B kucioM pacTBope cymbdar
xene3a (+3) mo cynbdara sxenesa (+2), a B IIETOYHOM PACTBOPE OKHUCISIET (CaM MpU ITOM
BOCCTaHaBJIMBAETCS O aMMHUAKa; (pO(N H>OH + 2H>0/NHz + 20H") = + 0,42 B) ruapoKcu/I sxene3a
(+2) B ruapokcu xene3a (+3). CocTaBUTh 2JIEKTPOHHBIE U HOHHO-JIEKTPOHHBIE YPABHEHUS 00EHX
peaknuii. YKa3aTb OKHCIUTENb U BOCCTaHOBHTENb. OINpenenuTh INIyOUHY MPOTEKaHHs MPSMOTO
mpolecca B 00enx ciydasx.

3 IIpoxoaut nu peakuus B BOJHOM PAacTBOpE MEXAY HOIUIOM HaTpus U CBOOOJHBIM
xjopoM? Jlns mpsMoOl peaklMM BBIUKUCIUTH NMOTeHIHan ['mGOca W mpoOBECTH OLEHKY TyOMHBI
MpOTEeKaHMs Mpoliecca.

4 Beluucnure dnekTpoadbiii morenuuan cucremel ClOs~ + 8HY/CIm + 4H;O npm
CIIEyIOMUX PaBHOBECHBIX MOJIAPHBIX KoHIEeHTpauusax (Mons/am°) u pH: 1) [CIO4] = 0,1; [CI] =
0,05; pH =1; 2) [CIO4] = 0,05; [CIT] =0,1; pH = 2; 3) [CIO4] = 0,01; [CI] = 0,05; pH
=0,5.

12T1pu kakux 3HayeHusx pH Bo3MoxHO BoccTaHoBiieHHe WOHOB MnOs monamu: 1) I7; 2)
Br; 3) CI™?

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0JIb30BAHUIO M0 JAHHOM Teme

OcHoBHas iMTEpaTypa:

1. Koposwun, H. B. O6mas xumus : yaeonnk / H. B. KopoBuH. - 13-e u3n., mepepad. u jorr. - M. :
Axanemus, 2011. - 496 c. : un. - (bakanaBpuar). - Pek. MOuH P®. - Ilpun.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4



2. Muxamuna, E. C. XuMust okpyKaromiei cpebl : XUMUs KUBbIX oprann3moB. Kypc nexnmii / E.
C. Muxanuna, A. JI. [lerenun. — M. : U3natensckuii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —Texkcr : aneKkTpoHHbIH // DiekTpoHHO-O0nbmunoTeunas cucrema [PR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: ans aBropusmp.
0JIb30BaTeNeH
JlonotHUTE/ILHAS JIUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [Tox pen. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMus METalioB : yueObHoe mocodue (U1t CTYACHTOB XUMHUYECKOTO (haKyabTeTa HapaBIeHUH
OakanaBpoB «XUMHI» U « XUMHUUYECKas TeXHojorus») / coctaBurenu O. A. 'onmoBanoBa. — OMCK :
Owmckwii rocynapcTBeHHbIN yHuBepeuteT M. @.M. JloctoeBckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — Tekct : 21eKTpOHHBIN // DNeKTpOHHO OMbInoTeuHas cuctema IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum nocryna: s
aBTOPHU3HP. MOJIb30BATENEH
HNHTepHeT-pecypcebl:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckas 6MOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTaJIOT aCCOLMAIINHN SJICKTPOHHBIX OMOJINOTEK
yueOHbIX 3aBefieHuit u opranuzanuii CKOO

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

TEMA 9. OCHOBHBIE ITOJIOXKEHUS JEKTPOXUMMHAMU.

IMNPAKTUYECKOE 3AHSATHE 9. TAJIbBBAHUYECKHUE 3JIEMEHTBI. KOPPO3USA
METAJIJIOB. DJIEKTPOJIN3

IIe.m; 3aHATHUA: cDOpMI/IpOBaHI/Ie HCO6XOILI/IMOFO KOMILIEKCa 3HAaHUK 00 QJICKTPOXUMHUYCCKUX
mnmpomneccax M MUX KOJIUYCCTBCHHBIX XapaKTCPUCTUKAX. q)OpMI/IpOBaHI/Ie HaBBIKOB HCIIOJIB30BaHUA
(I)YHI[aMeHTaJ'IbHBIX 3aKOHOB M OCHOBHBIX ITOHSTHM XHMHUYECKOM HAayKH B obiactu QJICKTPOXUMHUU
JJIs1 TIOHUMaHUuA CBOICTB MponeccoB, UCIIOJIb3YEMEBIX B COBpeMeHHOﬁ IMPOMBIIIJICHHOCTH

3HaHuA u ymenus, npnoﬁpeTaeMble CTYACHTOM B PE€3yJbTaTe 0CBOCHUA TEMbI

3HaTB: OCHOBBHI CAMOOPTAaHU3AIUN H CAMOOOPA30BaHHS,
3HaTh: CYIIHOCTb U 3HAUYEeHUE MH(DOPMAILIUY B Pa3BUTUH COBPEMEHHOI'O OOIIECTBA; OCHOBBI IOJIYUYCHHS U
00paboTku nH(pOpPMAIINK U3 PA3TUIHBIX UCTOYHUKOB

3nate: PabOTHI IO pacyeTy U MPOEKTUPOBAHMIO JIETAJIEH U Y3JI0B
MaIIMHOCTPOUTENIbHBIX KOHCTPYKLIUMA B COOTBETCTBUU C TEXHUUECKUMU 33JaHUSIMU U

HCIIOJIBb30BAHUCM CTAHAAPTHBIX CPEACTB aBTOMATU3AlIUU ITPOCKTHUPOBAHUSA

YMeTb: caMOCTOSATENBFHO CTPOUTDH MPOLIECC OBNAJCHUS HH(pOopManreil, 0TOOpaHHON U CTPYKTYpHUPOBaHHON
JUIs1 BBITIOJTHEHUS TPO(ECCUOHANBHON AEATEIBHOCTH.

YMeTh: noiydars u 00padaThBaTH MHPOPMAIHIO U3 PA3THIHBIX UCTOYHHUKOB

VYmern: IPUHUMATh y4acTHe B pab0OTax Mo pacyeTy U MPOECKTUPOBAHUIO IeTalel U
Y3JI0B MAIlIMHOCTPOUTENIbHBIX KOHCTPYKLIUIA B COOTBETCTBUU C TEXHHYECKUMHU
3a/IaHUSIMU M UCIIOJIb30BAHUEM CTAHJIAPTHBIX CPEJICTB AaBTOMATHU3ALUU
MIPOEKTUPOBAHHUS
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HaunmenoBanue (GpopMHupyeMbIX KOMIETSHLIUH

HNunexc DopMynHpOBKa:
OK-7 CITOCOOHOCTBIO K CAaMOOPTraHU3aIliy U CaMOOOPa30BaHUIO
OIIK-4 MMOHMMAaHUEM CYIITHOCTH M 3HauYeHUs MH()OPMAILIUK B Pa3BUTHH

COBPEMEHHOT'0 00IIEeCTBa, CIIOCOOHOCTHIO MOTYYaTh U
o0pabaTbiBaTh UHPOPMAIIMIO U3 PATTMYHBIX HCTOYHHUKOB,
TOTOBHOCTBIO HHTEPIPETUPOBATH, CTPYKTYPUPOBATH U
oGopMIIsITE HHGOPMAIIUIO B JOCTYITHOM JIJISL IPYTUX BHUJIE

TK-5 CIIOCOOHOCTBIO IPUHUMATH y4acThe B paboTax Mo pacyery u
HPOCKTUPOBAHUIO JICTANICH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIIMH B COOTBETCTBUH C TEXHUYCCKUMHU 33 JaHUSMH U
UCIIOJIb30BAHNUEM CTaHAPTHBIX CPEIICTB ABTOMATHU3AIIUH
POCKTUPOBAHUS

Opuum u3 Hanboisiee OBICTPO PA3BUBAIOLIMXCS HANPABICHUN MPHUKIAAHON AIEKTPOXHUMUH,
TECHO CBSI3aHHOW C DJIEKTPOTEXHUKOW, SBJISETCS pa3padoTKa HETPaJAMIIMOHHBIX XHWMHUYECKHX
nctouyHukoB Toka (XUT), mepcrneKTUBHBIMU Cpeld KOTOPBIX SIBISIFOTCS TBEPAO-AJIEKTPOIIUTHBIC
XHWT c HaTpueBbIM U JIUTUEBBIM aHOAaMU. [IpruMeHeHNe 1IeT0YHBIX METAJIJIOB B KAYECTBE aHOAHBIX
MaTepUajoB BBIFOJHO TEM, YTO OHHM OO0JIAJalOT CcaMbIMU HU3KUMH cpefau apyrux Me -os
AJIEKTPOXUMHUUYECKIUMHU SKBUBAJICHTAMU U BBICOKMMH OTPUILIATEILHBIMU 3HAYCHUSIMU 3JIEKTPOJIHBIX
noteHuuanos. [To3omy 3HaHUS 3TEKTPOXXUMUHN —aKTyaJIbHBI.

Teoperuyeckasi 4acThb

[Tpubop, B KOTOPOM XHMHYECKas SHEPrusi OKUCIUTEIbHO-BOCCTAHOBHUTEIBHOM peakluu
MpeBpallaeTcs B 3JIEKTPUUECKYIO, HA3bIBAETCS FaJIbBAHUYECKUM AJIEMEHTOM.

OcCHOBHas cOCTaBHasi 4acTh TaJbBAHUYECKHUX 3JIEMEHTOB — 3JIEKTpoAbl. Yaile BCero oHU
OBIBAaIOT METAJUNIMYECKUMU. DJIEKTPOA, Ha KOTOPOM MPOUCXOAMUT IMPOIIECC OKUCIECHUSI, Ha3bIBAETCS
aHOJIOM.

Tak, ecnmu B TraJbBaHUYECKOM 3JIEMEHTE UMEIOTCS MEAHBIA M LIMHKOBBIN 3JIEKTPOJbI, U B
TIOCTIeTHEM TIPOMCXOMT TIpoIiece oKuchmenus muaka: Zn® — 2e° <> Zn?*, To IUHKOBBIHA JNMEKTPON
OyJzeT aHO/IOM.

ONEeKTpoJ, Ha KOTOPOM IPOUCXOAUT IPOLECC BOCCTAHOBJICHMs, Ha3blBaeTCsi KaTogoMm. B
BHIIIENPHBEIEHHOM TIPEMEpPE KaTOI0M sBJISeTC MeHbIH anekTpox: Cu? + 2e «» Cu®.,

ONEKTPOHBI € JJIEKTPOJA, Ha KOTOPOM ITPOUCXOJUT IIPOLIECC OKHMCIEHUS, MEPEXOIAT Ha
AIEKTPOJ, T/I€ MPOTEKAET IPOLECC BOCCTAHOBJICHUS.

Takum 00pa3oM, B TalbBaHUYECKOM 3JIEMEHTE, UMEIOIIEM B KadecTBE KaToJa MEAHYIO U B
KauecTBE aHOJ/la IIMHKOBYIO IUIACTUHBI, 3JIEKTPOHBI C IIMHKOBOM IJIACTHHBI OyayT MEPEeXOIUTh Ha
MEJHYIO.

10.7 DnexTtpon B TalbBAHMYECKOM DJIEMEHTE HAXOAUTCS B PAcTBOpE >SJEeKTponuTa. B
IIPOCTEMIIEM CIIy4ae 3JIEKTPOJUTOM SIBISETCS PacTBOP COJIM TOTO MeTailla, U3 KOTOPOTo CAEsaH
JIEKTPOI.

Tak, B MEIHO-IIMHKOBOM TaJIbBAHHYECKOM JJIEMEHTE ITMHKOBBIA IJIEKTPOJ MOXKET OBITh
MOMEIEH B pacTBOP CyJNb(aTa IUHKA, a METHBIN — B pacTBOp Cylb(dara Meau.

CrenoBaTenbHO: IIMHK MOMENIAIOT B PacTBOp, COAEpKAIIUN KATHOHBI IIMHKA, a MEIb B
pacTBOp, COAEPKAIIUN KaTUOHBI MEH.

Cucrema, cocrosias M3 MeTalla, OIYIIEHHOIO B pacTBOp, COAEpXKAIUUKW €ro HOHBI,

n+
Ha3bIBACTCS TOTYIJIEMEHTOM U 0003HAYaeTCs Me™™ / Me (cBepxy Bcera okuciieHHas hopma).
JlBa moiysneMeHTa, COCOUHEHHBIE NMPOBOJHHKOM, OOpa3ylOT TallbBAHUYECKUN HIIEMEHT

(pucynok 9.1):
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Pucynox 9.1 Cxema meOHO-YUHKOB0O20 2aNb8AHUYECKO20 dNIeMeHmA

B ranpBaHMuYeCKOM 3JI€MEHTE OJUH 3JIEKTPOJ (aHOJ) PacTBOPSETCS, T.€. MOHBI MeTaslia
MepexoaT B pacTBOp. Tak B MEIHO-IIMHKOBOM TajJbBaHMYECKOM 3JIEMEHTE IPOMCXOIUT
pacTBOpPEHHUE IIUHKOBOM TUIACTUHKH.

B pesynbpTate mepexoja MOHOB LIMHKA C IUIACTUHKH B PacTBOp Ha IUIACTUHKE OCTa&TCs
M30BITOK AJIEKTPOHOB, U OHA 3apshKacTcs oTpunarenbHo. C qpyroi CTOPOHEI, IEPeX01 HOHOB IIMHKA
B PAcTBOP NMPUBOAUT K YBEIMUYEHUIO UX KOHIEHTPALIUU B PACTBOPE.

bnaronaps nepexony HOHOB IIMHKA C TUIACTUHBI B PACTBOP BEC IIMHKOBOM TJIACTUHKU OYIET
YMEHbIIAThCS.

OIHOBPEMEHHO C TUM Ha MEHOM 3JIEKTPOJIE MPOUCXOIUT MPOIIECC BOCCTAHOBIICHUS HOHOB

wmem u3 pacteopa: CU 2+ +2e <> Cu.

3a cu€r 3TOro mpolecca KOHIIEHTpAlMs MOHOB MEIM B PacTBOpPE yMEHBLIAETCs, a mMacca
MEIHOW IUIACTUHKHU YBEJIMYUBACTCS.

Iepexon noros CuU?* U3 pacTBOpa HA MIACTMHKY MPUBOIUT K TOMY, UTO MEIHAs MIACTHHKA
3apsKaeTCs MOJIOKUTEIIBHO.

PaccmoTpenHbili ranpBaHUYecKui dnmeMeHT (dnemeHT Jlanudns — SIkoOu) cxemMaTH4ecKH
MO>KHO 3aIucaTh CIEAYIOUIMM 00pa3oM:

(-)zZn[znS04|cusoylcu(+)
WJIU B MOHHOU (popme:

(-)znzn?*|cu?t(Cu(+).

OnMHOYHBIE JTUHUU B cXeMax 0003HAYaroT TPaHUIly METaJll — pacTBOP, a IBOMHbIE TUHUU —
rpaHuIly Mexay pactBopamu. OTpuLaTenbHbIN 3JEKTPOJT (aHO) 3alMChIBACTCS CIIEBA.

B ocHoBe paboThl pa3o0paHHOrO 3JIEMEHTa JIEKUT OKHCIUTEIbHO-BOCCTAHOBUTENIbHAS
peaxuusi:

Zn+CuSO4 — ZnSO,4 +Cu

WU B MOHHOU (popme:

Zn+Cu’t = 7Zn?* +Cu_

B rampBaHMYECKOM DJIEMEHTE, COCTaBICHHOM M3 JKEJC3HOH IUIACTUHKH, OIYIECHHOH B
pactBop FeSOs, u cBUHIOBOW IiacTHHKH, omyiieHHOW B pactBop PD(NOs)2, xene3o sBisercs
aHosoM. Cxema 3TOTo AJIEMEHTa CIIEAYIOIas:

(—)Fe|FeSO,4[Pb(NO3),|Pb(+)

Ha xene3nom QJICKTPOAL (aHOI[e) MMPOUCXOAUT OKHCIICHHC. 9TOT Mponecc OIMCLIBACTCSA
CJICOAYIOIIUM 3JICKTPOHHO-MOHHBIM YPABHCHUCM:

Fe¥ —2e & Fe?*



JKenesHslii 37€KTpo1 MPUOOPETAET OTPUIIATEIBHBIN 3apsij.
Ha cBHHIIOBOM dJIeKTpojie (KaToje) MPOMCXOAUT MPOLECC BOCCTAHOBJIEHHs HOHOB Pb?* m3
pactBopa:

2+ - 0
Pb“" +2e <> Pb".
CBI/IHI_IOBHﬁ 3JI€KTpOI[ 3apsI>KaeTc;1 ITOJIOKUTCIILHO.

Cymmupys o0a ypaBHEHUS, IOJYyYMM HOHHOE YpaBHEHHE PEaKLUu, IPOTEKaloIIe B TaHHOM
raJlbBAaHUYECKOM DJIEMEHTE:

Fe+Pb%" > Fe?" +Pb_

DNEKTPOHBI 10 MPOBOJHUKY, COSTUHSIONIEMY TUIACTUHKH, OYIyT TEPEXOIUTh OT JKEIe3HOM
IUTACTUHKH K CBUHIIOBOM.

Wtak, B raJpBaHMYECKOM 3JIEMEHTE IO MPOBOJAHUKY, COCAUHSIONMIEMY 3JIEKTPOABI, TEUET
AIEKTPUICCKUI TOK.

[TosiBneHre SIEKTPUYECKOTO TOKA CBUJETEIHCTBYET O HAJIMYMU PA3HOCTU TMOTEHIIUATIOB
MeXay oJekTpogamu. HHadye TOBOps, HAa OJHOM U3 DJIEKTPOJIOB BO3HHKAET KaKOH-TO
onpeeaEHHBIN MOTEHIINAN, PA3JIMYHBIN I Pa3TUYHBIX JIEKTPOIOB.

[ToTeHnuan, KOTOpBI YCTaHABIMBAETCA HAa METAIUIMYECKOM JIIEKTpPOjJie, MOMEUIEHHOM B
pPacTBOP COJIM OJJHOMMEHHOTO METaJlIa, Ha3bIBACTCS AJICKTPOIHBIM MMOTEHIIMAIOM METAJLJIa.

H3mepeHHbIe B CTAaHJAPTHBIX YCIOBUSAX MOTEHIIMATIBl METAJJIOB HA3bIBAIOTCS HOPMaTbHBIMU
(WM CTaHIApTHBIMHU) 3JEKTPOAHBIMHM TMOTEHIIMAJAaMU METaUIoB. VX 3HA4YeHHS I Pa3IMYHBIX
METaJUIOB MPUBEICHBI B Tadymiie 9.1.

Uewm sierye metaiut oTAa€T 3IEKTPOHBI, T.€. YEM JIETYE OH OKHCIIIETCS, TEM OTpHUIATEIbHEE
€ro JJICKTPOIHBIM TMOTeHIMAN. MHadye roBops, MO BEIMYMHE JJICKTPOIHOTO IMOTEHIIMAIa MOXKHO
CYIUTh O CHIOCOOHOCTH METaJUIa OT/IaBaTh AJICKTPOHBI, T.¢. 00 AKTUBHOCTH MeTaJljIa.

bonee axkTuBHBIN MeTayl HMeeT Oojiee OTPUIATENBHYIO BEIUYUHY SJIEKTPOIHOTO
noTteHIuana. Tak, HopMaabHbIE JIEKTPOIHBIEC TOTEHIIUATBI MAarHUsl, IIMHKA U MEU COOTBETCTBEHHO
paBHsI (B B):

0° (Mg /Mg 2" =-2,34:0° (Zn/ Zn°*) = —0,76;¢° (Cu/Cu?*) = +0,34.

CpaBHHMBasI 5T 3HAYECHHS, MOKHO CJENaTh BBIBOJ, YTO HAMOOJEe aKTUBHBIM M3 3TUX TPEX
METAJIJIOB IBJISAETCA MarHuii, a MeHee aKTUBHBIM — M€E/Ib.

B rambpBaHWYecKOM »dJE€MEHTE, WMEIOIIEM JBa Pa3IMYHBIX METAUIMUECKHX DJIEKTPoja,
aHooM OyzneT MeTall ¢ MEHbIIeH BENTWYMHOW CTaHAAPTHOTO SJEKTPOJHOTO MOTEHIHama, T.e.

0oJiee aKTUBHBIA METAJLI.
Hanpumep, B ralbBaHHUECKOM dIIEMEHTE

Mg|Mg?* Zn2+|Zn

Haubosee OTpHUIATEeNIEH AJICKTPOIHBIN MOTEHIIMAT MarHus, MO3TOMY MAarHHEBBIA JJEKTPOL
OyIeT aHOJIOM.
Ha maraueBom snektpoie (aHoAe) UAET MPOLIeCC OKUCIIEHHUS TI0 YPaBHEHUIO:

Mg® <> Mg?* +2e.
Ha ruaKoBOM 311eKTpo/Ie (KaTo/ie) IPOTEKAET IPOLECC BOCCTAHOBIIEHHS [IHHKA:
Zn?* +2e <> 7n°

10.36 CymMMapHOe MOHHOE ypaBHEHHE PEAKIMH, NMPOTEKAIOIIEH B TaKOM TralbBaHUYECKOM
JJIEMEHTE, CIIeyIoIIee:

Mg? +zn’t — Mg?* +zn®



BennunHa 351€KTpOIHOTO MOTEHIMAIa METajlla 3aBUCHUT, TJIABHBIM 00pa3oM, OT HPUPOJIbI
MeTajula, TEeMIIepaTypbl M KOHIIGHTPAllUM MOHOB MeETajyla B pacTBOpe. JTa 3aBUCUMOCTD
BbIpaXkaeTcs ypaBHeHreMm HepHcra:

¢=¢°(Me/Me”+)+@lg C(Me" ™), ©.1)
n

rae ¢ (Me/Me"™) — HopMabHBII IEKTPOAHbI HOTEHIIHAT;

N — YKCII0 OTAABAEMBIX (IPUHUMAEMBIX) METAJIJIOM AJIEKTPOHOB;

C(Me"™) — KOHIIeHTpaIHs HOHOB METAIIIA B PACTBOPE, MOJIb/IM .

[Ipy KOHIEHTpAlMM MOHOB MeTalla, PaBHOM 1 MoJb/IMS, BTOpOil uileH ypaBHEHHs
obpallaeTcs B HOJlb, TOTA ¢ = @, M.e. SNeKMPOOHbLLI NOMEHYUAL MeMANIa NP 20 KOHYEHMPayuu
1 monu/om® npedcmasnsiem co6oii cmanOapmublil 21eKMPOOHbIL NOMEHYUA.

DJNeKTponBUXKyIIass cuia FE TaabBaHMYECKOTO JJEMEHTa OINPEACISIeTCS Pa3HOCTHIO

MOTEHIMAJIOB KATO/Ia M aHO/IA: E= Pk —PA.

TaK, SI[C MAardavu€BO-IMMHKOBOI'O TI'daJIbBAHUYCCKOI'O 3JICMCHTA, IIPpU KOHLOCHTpALUAX HOHOB
COOTBCTCTBYIOIIHUX MCTAIJIOB OJIVH MOJH)/IIMS,

cocrapisier: E = ¢°(Zn/ Zn?") — ¢° (Mg / Mg 2*) = -0,736 — (—2,34) =1,604 B,

Uem OoJbIIe pa3HOCTh B 3HAUCHUSX CTAHIAPTHBIX AICKTPOIHBIX IMOTEHIIMAIIOB METAJIIOB,
teM Oobiire D/IC rabBaHUYECKOT0 3JIEMEHTA, KOTOPBIN 3TH METaJLTbl 00Pa3yoT.

CpaBaum  DJIC TONMBKO dYTO pa300paHHOTO MAarHUWEBO-IIMHKOBOTO TaJIbBAHUYECKOTO
atemenTa ¢ DJIC MarHueBO-MeIHOTO JIEMEHTA.

(-)Mg|Mg?*|zn%*|zn(+);

C(Mg/Mg?*) =C(Cu/Cu®") =1luons/om®
E=¢°(Cu/Cu®")—¢°(Mg/Mg?*) =+0,34 — (—2,34) = 2,68 B. .

Wtak, 4yem panpime Jpyr OT JApyra HAXOAATCS METAUIbl B TaOJMUIlE HOPMAIIbHBIX
JIEKTPOJHBIX NOTEHIMAIOB, TeM Oonbiie D/]C raapBaHMUECKOTO JIEMEHTA.

Kak ormedanocs panee B pasjeie, 3aBUCHMOCTh BEJIWYHH DJIEKTPOIAHBIX TOTEHIIMATIOB OT
KOHIIEHTPALIMU OKHCIUTEIbHON M BOCCTAaHOBUTENBHOU (hopM peareHTta u oT pH cpenbl Beipaxaercs
ypaBHenueM Hepucra (9.1).

VYpaBuenue HepHcra nmo3Bossier nmpoBoauTh pacueT DJC raabBaHMYECKUX JIEMEHTOB IpU
YCIOBHSIX OTJIMYHBIX OT CTAHJAPTHBIX.

N3menenne wu3obapHoro mnoreHnuana [uO6ca B cucTeMe 4YHCIEHHO paBHO padoTe,
COBEpIIAeMOH B pe3yJbTaTe MPOTEKAHUS DIIEKTPOXUMHUIECKON PEaKIIIn:

AG =-A = -nAgpF, (9.2)
rne A — paboTa IeKTPUIECKOTO TOKa, paBHAs MPOM3BEACHUIO YHCIA MOJIb EPEHECEHHBIX
9JIEKTPOHOB N, HAIMpPSDKEHHsI B 3JEKTpUUeckoil nenu Ag u mocrossHHoM Papanes F = 96 454
Kin/monp = 96 500 Ki/monb.
JI1st cTaHIapTHBIX YCIIOBUM:

AG® =-A%=_nAyp°F. (9.3)
Koncranra paBHOBCCHUSA 3JICKTp0XHMI/IHCCKOI71 peakuuun i1 CTAaHAAPTHBIX yCJ'IOBI/Iﬁ
ompenenseTcss GOpMYJIOi CIeTYIONIEro BUA:

p_ nAgooF

Ig K = =16,9nA¢°. (9.4)

BenuunHbl KOHCTAaHT PaBHOBECHM AJIA pa3HBIX ANEKTPOXMMUUYECKHX PEAKIMI MO3BOJISIOT
OTIpEEIISATh CTENEHb UX HEOOPATUMOCTH.



[TockonpKy 3JEKTPOJHBIA MOTEHLMANT METalja 3aBUCUT OT KOHLIEHTPAllUd PacTBOpa, TO
MOHO COCTaBHUTh LI€TIb U3 OJIMHAKOBBIX METAJUTMYECKUX AJIEKTPOJIOB, MOTPY>KEHHBIX B PACTBOPHI C
pa3IMYHON KOHLIEHTpalKMeld HOHOB 3TOT0 METaljla — 3MO0 KOHYEHMPAYUOHHBIU 2a/lb8aAHUYEeCKUL
S1eMeHM.

O/1C KOHILEHTPALIMOHHOTO AJIEMEHTA OlpeaesseTcs no popMmye:

0,059 g C,(Me?")
z " C,(Me*t)’

I'JIE C(ME?#") — KOHIIeHTpalys HOHA MeTaJlIa B IPUANEKTPOIHOM CJIOE, MOJIB/IMS, IpHYeM

c1(me*") > co(me?*) ; Z — cTenenn OKUCIEHHS HOHA.

DneKTpoan3

Teopernueckrne 0CHOBBI

DNEeKTPOIN30M HA3bIBACTCS OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIN MTPOIIECC, ITPOUCXOASIINA Ha

ANEKTPOAAX MPHU MPOMYCKAHUH NOCHOAHHO20 dTMEKTPUUECKOTO0 TOKA Yepe3 pacTBOP WM PaciliiaB

AJIEKTPOJINTA.

J11g ocymiecTBIEHUS AIIEKTPOIIN3a HE0OOXOIUMO B COCYJ] C PACTBOPOM MJIM PACILIABOM JJIEKTPOJIUTA

BHECTH J[Ba JIEKTPOJIa, COSTMHEHHBIE C MOJIF0OCAMH BHEUTHETO UCTOYHHKA TIOCTOSTHHOTO TOKA.
DNeKTpoJ, MPUCOCTUHEHHBIN K OTPUIIATEIbHOMY TOJIFOCY BHEIIHEr0 UCTOYHUKA

MOCTOSIHHOTO TOKa, Ha3bIBaeTcst katogoMm (K).

[Ipomyckanue Toka yepes MEKTPOIUT MPUBOAUT K TOMY, YTO HOHBI B paCTBOPE HAUMHAIOT
nepemenaTbes. [10JI0KUTENBHBIE MOHBI, KATHOHBI, JBHXKYTCS K OTPHUIIATEIHBHOMY 3JIEKTPOIY —
karoxy. OTpulaTenbHbIe UOHBI, AHHOHBI, TBUKYTCS K TOJOXKUTEIBHO 3apsSKEHHOMY DJIEKTPOIY —
aHOJy.

IC = (9.5)

Ha xatone uaér IMpoueCcCc BOCCTAHOBIICHUS, T.C. ITPOUCCC NPUCOCIAUHCHUS IJICKTPOHOB. B
HauoOoee IMPOCTOM CJIyda€ KaTUOHBI BOCCTAHABJIMBAIOTCSA 110 CXEMC:

L -
A" +ee A
Ha aHOC I/I,Z[éT Hpouecc OKUCJICHUA, T.C. npouecc oTaa4uYun BHCKTpOHOB HNOHaAMMU. B
MPOCTEUIIEM CITydae 3TOT MPOIECC BBIPAXKAIOT CIETYIOIIIM 00pa3oM:

B -e~B.
bnaronaps pabore MCTOUHMKA TOKA 3JIEKTPOHBI, OT/JaHHBIE HOHAMM Ha aHOJE, MepelaloTCs
Ha KatoA. B pe3ynbraTte aHOI BCE BpeMst 00eqHsIETCS IIEKTPOHAMH, a KaToJl 00oramaercs.
Ha pucynke 10.1 npencrasieHna cxema aJIeKTposIn3Epa.

z<—®/v _

Pucynox 9.1 Cxema snexmponuzépa
PacriaB  xjiopuaa HaTpusi coiepuT KatnoHa Hatpus Na* u amwonsr Cl. Ilpu
MIPOMYCKAaHUH Yepe3 ATOT PacIljiaB JIEKTPUUIECKOT0 TOKA K KaTOAY HAMpaBIAIOTCS HOHBI HATPUs, a K
aHOMY — XJIOPHJL - HOHBI.



VY kartona uaET MpoIecc BOCCTAHOBJICHHS B COOTBETCTBUU C YPAaBHCHHEM:

2Cl~ —2e <> Cl,

+ .3 0
Na" +e <> Na”,
VY anona unéT nporecc OKUCICHHUS 110 YpaBHEHHIO:
Becs nporiecc aekTponunsa pacmiaBa NaCl Moxer ObITh 3amucaH B BUJE CXCMBbI:

. + 4 0
K:Na" +e < Na
A:2Cl" -2e < Cly,
Taxum 0Opa3oM, Npu IEKTPOJIU3E paciiiaBa XJI0pUIa HaTpUs Ha KaToJe BbIIEIACTCS
HaTpUH, Ha AaHOJE — XJIOP.
WTak, npu 2J1EKTPOJIM3€ PACIUIaBOB IEKTPOJIUTOB HA KaTOJE Pa3psyKarOTCs KaTHOHBI, a HA
aHOJIe aHHOHBI, 00pa3yIOIINE ANEKTPOJIUT.
Bozanble pacTBOpBI 2JEKTPOIUTOB IOMUMO HMOHOB, Ha KOTOPBIE pacHanaercsi 3JIEKTPOJIUT,

COACPIKAT MOJICKYJIbI BOJHI, CIIOCOOHBIC IMPUHUMATh Y4aCTUEC B KATOJHBIX U aHOAHBIX ITpOoLECCax.
Ha KaToA€ BO3MOIKCH IMPOLECC BOCCTAHOBJICHUA MOJICKYJI BOABI 110 YPABHCHUIO:

2H,0+2e <> Hy +20H .

Ha anone Bo3aMoxkeH pouecc OKUCICHHUA BOJbI, KOTOpBIfI IMPOTCKACT I10 CXCMC:

2H,0 —4e <> 4H™ + Oy

Kakwue nporieccbl OyayT MPOUCXOIUTH Ha 3JIEKTPOJAX — 3aBUCUT OT BETUUMHBI HOPMAJIbHBIX
OKHUCJIUTEITHHO-BOCCTAHOBUTEIIBHBIX MTOTCHIIMATIOB TOTO MJIM HHOTO ITpoIiecca.

HNonpl wmeTamnoB ¢ BechMa Mayod anreOpandeckold BeJIMYHMHON CTaHIApTHOTO
AJIEKTPOJHOrO MoTeHIma a, ot Li 10 Al BKIFOUNTEIEHO, HMEIOT YPE3BBIYAHO Majioe CPOACTBO K
3JIEKTPOHAM, YCTyNas B OTOM OTHOLIEHHH HoHaM H* (cM. Tabm. 9.1). IToaToMy IpH SIEKTPOJIU3E
BOJHBIX PAaCTBOPOB YKa3aHHBIX METAJUIOB HA KaTOJIE TPOUCXOIUT BOCCTAHOBJICHHUE BOJIBI IO CXEME,
MIPUBEICHHON paHee.

KartnoHsl MeTaUIOB C TOJIOKHUTEIHHBIMUA 3HAYCHUSMH CTAHJAPTHOTO 3JIEKTPOTHOTO
norennuana (Cu, Ag, Hg, AU u 0p.) umerot Gosbllee CPOACTBO K DIEKTPOHAM, YeM MOHBI H (cM.
tabs. 11.1). B urore, Ha KaTo/ie BOCCTaHABIMBAIOTCS HOHBI METAJLIOB 10 CXEME:

Me"™ + ne” —Me°.

KaTtnoHsl MeTa/LI0B, 3aHUMAIOIIHE B PSIy HANpsDKEHUH cpenee mosokenue (Zn, Fe, Cd, Ni
U Jp.), BOCCTaHABIMBAIOTCA Ha KaToJie OJTHOBPEMEHHO C BOCCTAHOBIIEHHEM KaTHOHOB BOJIOPO/A.

Wtak, npu ompeenieHuu TPOAYKTOB 3JIEKTPOJIN3a BOJHBIX PACTBOPOB AJICKTPOJIUTOB,
HaJ0 PYKOBOJCTBOBATHCS BBINICYKA3aHHBIMH COOOPa)KEHUSMHU, OCHOBAaHHBIMU Ha aHalu3e psjaa
HaIpsKEHU.

Ha karome mnerde Bcero paspshkarOTCS TaKuWe KaTHOHBI, KOTOphIE HMMEIT Oolee
TTOJIOKHUTENBHEIH NEKTPOIHBIH MOoTeHIHan. Hanpumep, eciti SIeKTPONHT coepKuT HoHbl CU?t 1

°Cu °Zn
Zn?*, 1o ¢ P = +0,34 B P = -0,76 B
, paBHUBas 3HAYCHUS Cu 2+ , u Zn2+ ,76 B, MoxHO

clenaTh 3aKIIOYeHHe, 4To Jerde OYayT paspspkatbcs MoHBl CUY, Tak Kak WX 9MEKTPOJHbIH
MOTEHIIHAI OOMNbIIIE.

Ha anmoxme nerye  mpoMcXOOUT  TOT — MPOLECC, HOPMAaJbHBIA  OKHCIHUTEIHHO-
BOCCTaHOBI/ITeHBHBIﬁ IIOTCHIIHNAJI KOTOpOFO MCHBIIIC. HaHpI/IMep, nu3 ABYX BO3MOXHBIX AHOIHBIX
MIPOIIECCOB B PACTBOPE CEPHOM KUCIOTHI:

25027 — 26 <> S,08 7, 9° =+2,01

u



2H,0 —4e <> 4H™ + 0y, " = +1,23

ClieyeT OTHaTh MPENNOoYTeHHE BTOPOMY, T.K. €My COOTBETCTBYET MEHbIIEEe 3HAYCHUE
MOTEHIMAIA.

Cpenu aHMOHOB HaWOOJBIIEH COCOOHOCTHIO K OKHCICHHIO Ha aHOJE 00JalaloT aHWOHBI
6eckuciopoanbix kuciot (CI, Br, I', $¥). B pe3ynbTare 31eKTpoIIH3a PacTBOPOB, COAEPIKAIINX ITH
MOHBI, HA aHOJIE BBIJICIISIOTCS CBOOOIHbIE TaJIOTEHBI HITU Cepa.

BoccraHnoBieHre METAIIIOB M3 PACTBOPOB MX COJICH MIET TOJIBKO B TEX CIIydasx, KOT/a
JTAHHBIM MeTayyl UMeeT OOJNBIINI AJIEKTPOAHBIN MOTEHIMAT, YeM Y aJIOMHHHA, T.C. Ha KaToJe
BBIJICJISIFOTCSL T€ METAJUIBI, KOTOPBIE CTOSIT B PSIIy HANIPSDKEHHUSI ITPaBee aFOMUHUSI.
Hamnpumep, anekrponus pactBopa ZnClz moitnér no cxeme:

K :Zn* 1+ 2e & znY
A:2Cl~ —2e <> Cly.

IIpu snexTposmse pacTBOPOB COJIEH METAIIOB, PACIIOIOKEHHBIX B PSAAY HAIPSIKEHUS 110
QJIFOMUHUS BKJIIOUUTENBHO, HA KaTOJIe POUCXOANUT BOCCTAHOBJIEHHUE BO/IbI IO YPABHEHHUIO:

2H,0 +2e <> Hy T +20H

Onextponu3s pactBopa NaCl MokHO H300pa3uTh CIIEAYIONICH CXEMOIA:

K:2H,0+2e <> Hy T+20H ™
A:2Cl~ —2e < Cly.

B karogHOM nipoctpancTBe B pactBope octarorest nonbl Na* u OH (menous NaOH).
_ 2_ 3—

Kucnopoaconepxamne aHuoHbl  ( NO3 1804 ) I:)04 U Jp.) UMET OOJbIIHiA
OKHCJIUTEIIbHO-BOCCTAHOBUTEIIBHBIA TMOTEHIIMA, YEeM MOTEHIIMAJ TpOoLecca OKUCICHUS BOJIBI,
MOATOMY TIPH 3JEKTPOJIM3E PACTBOPOB COJICH, COJCPIKAIIMX ITH aHHOHBI, HA aHO/E OKHCIIACTCS
BOJIA.

OpHako ecTh W HCKIIOYCHHUsS, HAlpUMEp, NpPU DIIEKTPOJIM3E MICTOYHBIX PacTBOPOB
THITOXJIOPUTOB U XJIOpATOB Ha mHepTHOM aHojae okucistorcs anuoubl ClO™ u ClOs™ nmo ClO3™ u
ClO4™ cooTBETCTBEHHO.

Hanpumep, npu smextponuse pactBopa K2SO4 mpoTekaroT cieayromme mporeccs:

K:2H,0+2e<>H, +20H"
A:2H,0-4e <> 0, +4H"

Ha xarome oOpa3syercs BOIOpOJ, Ha aHOAE KHUCIOpoA. B KaTogHOM mpoCTpaHCTBE
HakarmBaloTcss MoHbl OH , B aHOJHOM — HOHBI THAPOKCOHUS, MOATOMY OKpacka JaKMyca B
KaTOJTHOM TIPOCTPAHCTBE Oy/IeT CHHEH, a B aHOJJHOM — KPacHOM.

[[lupokoe TPUMEHEHHE HUMEET DOJEKTPOIH3 C pACmMEOpUMbiMU aHodamu. B xadecTBe
TaKOBBIX MPUMEHSIIOT M€Nlb, cepedpo, 30JI0TO, HUKENb M Apyrue Metamibl. [Iporecc anekTponmsa
IpU 3TOM 3aKJIIOYAETCs] B OKUCIECHUM MeETallla-aHoda [0 KaTHOHAa W B TOCIEAYIOIIEM €ro
BOCCTAaHOBJICHUY BHOBb 10 METAJNIMYECKOTO COCTOSHHS Ha KaTOJIE.

Cxema snekTponu3a BoaHoro pactBopa CuSO4 ¢ METHBIM aHOZOM:

A:Cu’ —2e & Cu*

: 2+ - 0
K:Cu“™ +2e < Cu”.
COOTHOI.HCHI/IC Me>1<;1y MaCCOﬁ (I/IJ‘II/I 06’LCMOM) BE€IICCTBA BBIJACIUBIINUXCSA HA SHGKTpOL[aX
MpU BJEKTPOJIU3E M KOJIMYECTBOM 3aTPAueHHOIO 3JEKTpUYECTBa ompenenser 3akoH Dapanes:



KOJIUYEeCmeo 8euecmad, 8bl0eNUsule20cs npu eKmponuse, npsamo nponoOPYUOHAIbHO KOTUYECHEY
NEeKMpUecmsd, npouteoule2o yepes 21eKmpoaum 3a epems t

m(X
n(i X), Monb — 9K6 = (1 ) :96:";[00’
& M= X)
z X
1
rac m()() — Macca DJJICKTPOXHMMHYECCKH MPEBPAIlICHHOIO BEIIECTBA, 2, M (_ X) —
Z X

MOJISIPHAS Macca SKBUBAICHTA OIPEJICIISIEMOT'0 BEILIECTBA, 2/MOJb;

Z — YKCJIO JIEKTPOHOB, YYACTBYIOIIUX B OKMCICHUU WM BOCCTAHOBJIICHUU OJHOTO MOHA; t —
BpEMS DJIEKTPOIIN3A, C.

Wnn moig ra3os:

Vi, (1 X))t
YA
V (X ) — X y
96500
raie V(X) — o0beM 3JIEKTPOXMMHYECKH BBIJEIEHHOIO Trasa, om®: Vm (i X)—

[x
JKBUBAJICHTHBIHN O6’beM QJICKTPOXUMHNYCCKH BBIICJICHHOI'O I'a3a, dfl/l3.

IIpu snexTposn3e BOJHBIX PACTBOPOB COJEM METAUIOB, 3aHMMAIOUIUMX IIPOMEKYTOUHOE
IIOJIOKCHHUE B pAAY HaHpH)I(eHHﬁ, Hapsaay € BBIACIICHHEM MCETAJlUIa Ha KaTOAC HMACT BBIACIICHUC
BOaOpOOA. HpI/I 9TOM MaccCa BBIACIIMBUICTOCA MCTAJLJIa HC SKBUBAJICHTHA KOJWYCCTBY MPOIICAIICTO
4YCepe3 paCTBOP IJICKTPUICCTBA, 4HACTh KOTOPOT'0 paCXOAYyCTCA Ha BBIACICHUEC BOAOPOAA.

9]161(7’)’![70]1143 C HaJloodCceHUuem e6HeuiHeco HANpAsXd@CeHUd — TOK OT BHCIIHETO HCTOYHHUKA
IpoXoAUuT 4Yepe3 SBIICKTPOJIUTUUICCKYIO quﬁKy C HUCCIICAYEMBIM PpPaCTBOPOM. HpI/I 3TOM O6IJ_IC€
Haprl)KeHI/Ie U CKJIaabIBACTCS U3 IMOTCHIIMAJIA paBJ'IO)KeHI/HI Ep = Ean — EKt, nepeHanpmceHI/m Ha
aHoJE 77 An, KaToJie 77 kt 1 moteHana Ur = IR, HeoOxoaumoro 1j1st mpeo10JieHrs COMPOTHBICHUS

anekTponura R:
U= (Eam~+ 1] an)—Ext—H )+ Ur.

[TonnepkuBasi ompejieieHHOE 3HAuY€HHWE MOTEHLUalda KaTrofa, MOXKHO IPOBOJUTH
MOCJIEIOBATEIbHOE BBIJCICHUE METAUIOB U3 UCCJIEAYEMOI0 pacTBOpa WM OTIEICHUE OT
MEHIAIIIKX IpuMecel (3JEKTPOIN3 MPU KOHTPOJIUPYEMOM MOTEHIHATIE).

[Ipouecc 351eKTpOan3a CIYKUT MPEX/IE BCEro sl MPOMBIILIEHHOTO MOJyUYE€HHUs allOMUHUS,
MEI{, MHOTHX MIEJIOYHBIX W MIEJIOYHO3EMEIbHBIX WM JPYTrUX METAIOB; ISl aHAIUTHUYECKOTO
omnpenenenus: MetauioB — Cu, Pb, Zn u muorux np. Kpome TOro, ¢ moMoIpi 3JIEKTPOJIN3a MOXKET
OBITH TIPOBEICHO AHAIMTHYECKOE pa3JCICHHE psja METauloB B W3 WX cMecei. Hampumep,
3JIEKTPOJIM30M BEAYT OINpPECICHUE MEIU, CBUHIIA, OJIOBA U IIMHKA B JTATYHU METOJOM Pa3JeIbHOTO
ANEKTPOOCAXKACHUS TIPU KOHTPOJIMPYEMOM TMOTEeHUHande. MeToJ BHYTPEHHEro 3JeKTpojn3a
WCIIONB3YETCS ISl aHAIUTUYECKUX ONpPENEICHUI OUeHb MalbIX KOJIMYECTB METAUIOB B pacTBOpax,
KOTOPBIC HE MOTYT OBITh ONIPEIeTIEHBI IPYTUMHA METOIaMHU.

KOPPO3UA METAJIJIOB
TEOPETNYECKHWE OCHOBBI

Kopposueii memannoe nasvieaemcsa npoyecc paspyuienus Memaiid, Npoucxoosuuii. noo
Oelicmeuem OKpyxcaowell cpeovl. B pe3ymbprare 53TOro mporecca MeTaul NEPexXOauT U3
CBOOOHOTO COCTOSTHUSI B XUMUYECKHU CBSI3aHHOE.

Tak, pacTBOpeHHE Keje3a B COJSIHOM KHUCIOTE WJIM PHKABICHHUE KEJIE3HBIX H3JCIUNA Ha
BO3/IyX€ SIBJISIFOTCS IPOLIECCAMHU Pa3pyIIEHUsI 3TOT0 METaJIa, T.€. IPOLECCOM KOPPO3UH.



[Io MexaHuM3My MNpOTEKaHUS TpoIecca KOPPO3Hsl JEIUTCI Ha XUMHUYECKYI0 H
AIEKTPOXUMHUUECKYIO.

XuMuyeckasi KOppo3usi He COMPOBOXKAACTCA IMOSBICHUEM 3JIEKTPUYECKOrO TOKa, TaK KaK B
3TOM CiIy4ae HET IPOCTPAHCTBEHHOT'O pa3JIEleHUs [IPOLIECCOB BOCCTAHOBIIEHUS U OKUCIICHUS.

XuMuyeckasi KOppo3us TNpOTeKaeT Kak oOObIluHAs XUMHUYECKass peakius, Harpumep,
B3aMMO/ICHCTBUE JKeJIe3a C KUCIOPOAOM IIPU BBICOKOW TeMIEepaType:

4Fe +30, —>2Fe,05.

DNEKTPOXUMHUYECKasi KOppo3usl HaOI0AaeTcs MPU CONMPUKOCHOBEHUH METAJIOB C BOJIOM,
pacTBOpaMu 3JIEKTPOIUTOB, aTMOC(HEPHBIM BO3TYXOM.

OcnogHoe omaudue 271eKmpoXUMU4ecKol KOppo3Uuu om XUMU4eCcKol COCMoum 8 mom, 4mo
obwas peakyus 63auUMOOeluCmeuss Memaiia ¢ OKUCIUmenem modxcem Ovlmb pazoeleHa HaA 08a
camocmosmenvHblx npoyecca: 1) npoyecc OKuclieHus uiu aHoOHwbl npoyecc, 2) npoyecc
80CCMAHOGNIEHUSL UNU KAMOOHDbIIL.

[Ipu >NMEKTPOXUMHUYECKOW KOPPO3MH TMPOIECC OKHCIEHUS U MPOILECC BOCCTAHOBICHUS
IIPOTEKAIOT Ha PA3JIMYHBIX y4acTKaxX MeTajljla — aHOJJTHOM U KaTOJAHOM COOTBETCTBEHHO. [Iporecchl,
MIPOUCXOJISIINE TIPU DIEKTPOXUMHUUECKON KOPPO3HH, aHATIOTUYHBI MPOIeccaM, MPOTEKAIOIIUM B
rajJlbBaHUYECKUX 2dJieMeHTaX. [lpolecchl 3JIE€KTPOXUMHUYECKONH KOPPO3UH  CONPOBOKIAIOTCS
MepeMeIIeHIEeM JIEKTPOHOB C aHOAHBIX YYaCTKOB HA KAaTOJIHBIE, T.€. AIEKTPOXUMHYECKas KOPPO3Us
COIIPOBOXAAETCS MOSIBJICHUEM B METAJIJIE 3JIEKTPUUECKOI0 TOKa.

AHOAHBIN mpolecc NpU AIIEKTPOXUMUYECKOM KOPPO3UM — OTO MEpexoj MeTalja U3
CBOOO/IHOTO COCTOSIHME B HIOHHOE:

0 & n+
Me” —ne<> Me' .
Hanpumep, npu 31€KTpOXMMHYECKONH KOPPO3HH KEJIe3a MPOUCXOIUT CIACTYIOMINI aHOAHBII
IpoLECC:

Fe¥ — 26 «» Fe?t

KaTo,[[HBIfI npouecc COCTOUT B BOCCTAHOBJICHUU OKPICJ'IPITCJ'ICIZ, T.C. B HpI/ICOeI[I/IHCHI/II/I
AJIEKTPOHOB K MOJIEKYJIaM WJIM MOHAM U3 OKpYXKarolle cpeabl.

I/ITaK, 3J'ICKTpOXI/IMI/I‘-IeCKa$I KOpp03I/I${ METAJIJIOB — 9TO pe3yanaT HCﬁCTBHH
MI/IKpOFaJII)BaHI/I‘-I€CKI/IX 3JIEMCHTOB, 06p33yIOHH/IXC$I Ha HOBerHOCTI/I MeTaia. B pf[)le CJ'IyLIaeB
O6p830BaHI/IC TaKHUX raanaHonap 06YCJ'IOBJ'ICHO HAJIMYUECM B MCcTaJlJiaxX HpHMeCCﬁ NJIN KOHTAKTOM
JIBYX Pa3HOPOJHBIX METAIIJIOB.

TaK, HpI/I paCTBOpeHI/II/I B pa36aBJIeHHOI>’I CepHOﬁ KHCJIOTC IIMHKA, Co,uepn(amero HpI/IMeCI/I
xKeje3a, TPOUCXOIT CIICIYIONINE TIPOLIECCHl: IIMHK C MPUMECHIO Keje3a, TOMEIIEHHBI B pacTBOP
CepHOﬁ KHCJIOTHI, Hpe,Z[CTaBJ'IHeT CO60ﬁ l"aJ'IBBaHI/ILIeCKI/Iﬁ DIJIICMCHT

(-)Zn|H,SO, |Fe(+).

AHOI[OM B DTOM TaJIbBAHWUYECKOM DJIEMEHTE SIBISIETCA OOJlee aKTUBHBIA MeETalll ITUHK. Ha
aHOJIe TIPOUCXOIUT CIICTYIOIIHIA MPOIIECC:

0 A 2+
n° —2e & Zn“",
DOnexTpoHbl OT aHoja (IMHKA) HampaBiIAIOTCS K Karoay (kenesy), Tle MPOUCXOIUT
MPOIIECC BOCCTAHOBIICHHS TTOJIOKHUTEIBHO 3apsHKEHHBIX HOHOB H™ M3 pacTBOpa CEPHOM KUCIOTHI:

2H" +2e <> Hy.

OnBIT MOKA3bIBAET, YTO CKOPOCTH TMpOIlecca PACTBOPEHMsI ILMHKA, MpH paboTe TaKoro
raJlbBAHUYECKOTO JJIEMEHTa, ropa3fo Oousbllie, YeM CKOPOCTh pPEaKIUU HEMOCPEICTBEHHOIO
B3aUMOJICHCTBUS LIMHKA C KUCIOTOM.

Oco0blli UHTEpEC MPEACTABISET ICKTPOXUMUYECKAs KOPPO3Us B HEUTPATBHOU cpefie, Tak
KaK 3TOT ciydaid HamOojee OMM30K K arMOCHEpHONH KOPPO3WHU. DICKTPOIMTOM B TAaKOM Cllydae



SIBJISIETCSL BOZIa C pacTBOpEHHBIMU B Helt razamu (CO», O, 3avactyio — SOz, HUTPO3HBIMH Ta3aMu
NxOy u ap. )

PacTBOpEHHBIN B BOJIe KHCIIOPOA, a TAKXKE KUCIOPOJ BO3yXa MOTYT IPUHUMATh y4acTHE B
KaTOJTHOM MPOIIecCe, IIPH TOM MPOUCXOIUT BOCCTAHOBIICHHE KHUCIOPO/1a COTJIACHO YPaBHEHUIO:

Oy +2H,0 +4e <> 40H ™,

PactBopenue B BoOj€ YIJIEKHCIIOIO ra3a MPUBOJUT K OOPa30BAaHUIO YrOJbHON KHUCIIOTHI,
KOTOpas IPH AUCCOLUALUH AaET HEOOIBILOE KOJIUYECTBO HOHOB H™:

CO, + H,0 <> H,CO, « 22 , H,0* + HCO; « 22,

H-0 + —
«H20 L oty coZ.
IIpu 5TOM Ha KaTO/E MOXKET POMCXOAUTH BOCCTAHOBJICHHE KaTHOHOB H':

2H" +2e &> Hy .

YacTto KaTOOHBIA MpOUECC SABISETCS CMEUIaHHBbIM, T.€. Ha Karoae HUIET MpoLece
BOCCTAHOBIIEHUS KHUCJIOPOJAa U IIPOLECC BOCCTAHOBJIEHUS HMOHOB HY, mpuuém mociemnuii, Kak
MPaBUJIO, UMEET NOAYMHEHHOE 3HAUEHHUE.

BemectBa, ycHIMBaHOUIyl0  KOPpPO3UIO,  Ha3bIBalOTC  akmusamopamu.  CHIBHO
JICHCTBYIOIIMM aKTUBATOPOM SIBJISIETCSA MOH XJiopa. [IoaToMy mpoueccsl KOppo3ur B MOPCKOM BOJIE
UIYyT ropas3io UHTEHCUBHEH, YeM B IIPECHOI.

BemectBa, 3amepisitoniue mpoiece pa3pyueHus: METAIOB, HA3bIBAKOTCS UHSUOUMOPAMU.

Jns 3amuThl METAJJIOB OT KOPPO3MHM YACTO HUCHOJIB3YIOT PA3JIMYHBIE MOKPBITHS, B TOM
qHCIie METAJUTMYECKHEe. B 3TOM CiTydae METaJuIOMOKPHITHE JTOJKHO OBITh YCTOMYHUBBIM K KOPPO3HH.

Hapymienne 11€10CTHOCTH METAJUIMYECKOTO TOKPBITHS MOXET TMPUBECTH JUOO0 K
COXPAaHEHHUI0 OCHOBHOT'O METaijia, MO0 K YCUJICHHONW KOPPO3WU. DTO 3aBUCHUT OT CPABHUTEIHHON
AKTHMBHOCTH 3aIAIIaeMOI0 ¥ 3alIUTHOTO METaJjja.

Mertannuueckoe MOKpBITHE U3 Oojiee aKTUBHOTO METalljia, MPU HAPYIICHUH LEJIOCTHOCTH
€ro CJI05, BBICTYIAET B POJIM aHO/Ia B 00pa30BaBIIEMCS TAIbBAHUYECKOM DJIEMEHTE.

OcHoBHOM MeTall B mporecce paboThl TaKOro radbBaHUYECKOrO JJIeMEHTa He OyneT
paspymarbcs. [lokpeiTe U3 Hanboee aKTUBHOTO METaJlIa HA3bIBAETCS aHOTHBIM.

Koraa nokpsiTue cAenano u3 MeHee akTUBHOTO METalIa, TO HAPYIIEHHUE LIEIOCTHOCTH 3TOTO
MOKPBITUSL MPUBEAET K OOpa30BaHUIO TAIbBAHUYECKOTO 3JIEMEHTA, aHOJOM B KOTOPOM OyAeT
SBJIATBCS 3allMIIAEMbId METAJUI, a KaroAOM — IIOKpbITHE. Takue NOKPBITUS Ha3bIBAKOTCSA
KaTOJIHBIMU. B 3TOM cirydae OCHOBHOM MeTallT OyIeT pa3pymaThes.

KarogHoe mMOKpbITHE SBISETCS MEHEe BBITOJHBIM, TaK KakK IpU HApYyLIIEHUU €ro
LIEJIOCTHOCTH OCHOBHOM METaJU1 pa3pyliaeTcs.

B caydyae aHOAHOTO MOKPBITHS OCHOBHOW METAUl MHPU NOBPEKICHUM IOKPBITUS HE
paspymaercs. B 3ToM ero npeumMyniecTBo.

Bonpocs! 1 3aganus

[Ipumep 1 CrangapTHbIe 2IEKTPOAHBIE MOTEHIIMANBI JIJIS IMHKA U cBHUHIIA paBHBI — 0,76 B u
— 0,13 B coOTBETCTBEHHO. Y KakKOro M3 3JIEKTPOJOB, IIMHKOBOTO WJIM Yy CBHHIIOBOTO, BBIIIE
IJIOTHOCTH JJBOMHOTO AJIEKTPUYECKOTO CIIO0S, €CJIA 00a AJIEKTPO/1a TOMECTUTH B BOY?

Pemenue

Y LIMHKOBOTO 3JI€KTpoAa BeIUYMHA CTAHJAPTHOTO 3JIEKTPOJHOTO MOTEHIMala MEHbIIE, YeM
Yy CBHUHIIOBOTO, 4YTO CBSI3aHHO C OOJBIIEH CIOCOOHOCThIO HMOHOB IIMHKA THUIPATHPOBATHCS
MOJIEKYJIaMH BOJIbI M IEPEXOAUTH U3 TBEPOM MOBEPXHOCTH B pacTBOp. B urore, y iuHka coznaercs
B TMPHUAJICKTPOJHOM CJIO€ 0OJiee MOIIHBIA JABOMHOW SJEKTPUUYECKUNA CJIOW, YEM Yy TOBEPXHOCTH
CBUHIIOBOI'O 3JIEKTPO/IA.



ITpumep 2 XKene3nas u HUKeNEBas IUIACTUHKH, IOTPY>KEHHBIE B PACTBOP COJISTHON KUCIIOTHI
¢ xonnenTpaueir C(HCI) = 1 momb/am3, pacTBopsIOTCS ¢ BBIAENEHHEM Bojgoposa. Kakoii mporecc
HAYMHAETCS, €CJIU TUIACTUHKU COCIMHUTD MPOBOJIHUKOM?

Pentenue
2.1 I[O COCAUHCHUA IMTPOBOAHUKOM H KCJI€30, U HUKCJIb OKHUCIIAINCh HOHAaMU H+I
a) 1|Fe’ — 26~ > Fe?*; ¢ (Fe**/Fe®) = — 0,44 B;
1|2H* + 2~ — Hot ¢°(2H*/H2) = 0,00 B;
DIC1 = ¢°(2H*/H,) — ¢°(Fe?*/Fe®) = 0,00 — (— 0,44) = 0,44 B;
6) 1|Ni® — 2e & Ni**; ¢°(Ni?*INi°) = - 0,25 B;
12H" + 26~ < Hot ¢°(2H*/H2) = 0,00 B;

DIC, = p°(2H*IH2) — p°(Ni**/Ni% = 0,00 — (- 0,25) = 0,25 B.

Tak xkak 3/C1 > 3/]C2, TO Ha *KeNe3HOW IUIACTUHKE BBIACICHUE Bomopoaa Oymer Oonee
WHTEHCUBHBIM, YeM Ha HUKEJICBOM.

2.2 Tlocne coeaWHEHUS IUTACTHHOK — OOpa3yercsi rajlbBaHUYECKUH AJIEMEHT, B KOTOPOM
OydyT NpOTEKaTh PEaAKIINHU:

anom: 1|Fe®—2e « Fe?; ¢ (Fe**/Fe®) = - 0,44 B;

katox: 1|(Ni®) 2H* + 2e~ — Ha1.

[ToTOK 37EKTPOHOB C JKENE3HOW IUIACTUHKHM (aHo/a) OylIeT MepexoJUTh Ha HHUKEIEBYIO
(xaTomy) o mpoBoHUKY. [IOBEpXHOCTh HUKENEBOU IIIACTUHKH, HAXO/SCh B KOHTAKTE C PACTBOPOM
conepskamum H', mepenaer 3JIeKTPOHBI 9THM KaTHOHAM, 9TO TPUBOIMUT K 00Pa30BAHUIO MOJIEKYII
BOAOpPOJA.

[Tpumep 3 Tok cunoit /0 A npoxXoaAUT Yepe3 IEKTPOIU3EP C INIATUHOBBIMU IEKTPO/IaMU, B
KoTopoM HaxomuTcs 500 cM® pacTBopa THAPOKCUA HATPHS ¢ MaccoBoii noneit w(NaOH) = 4,5 %
(p = 1,05 2/cy®). HamummTe MONHYIO CXEMy 3JIeKTposm3a BojHoro pacteopa NaOH. Cxombko
4acoB MOTPeOyeTCs BECTH IEKTPOIH3, 4uToObI MaccoBas nost pactBopa NaOH nocturna 10 %?

Pemenue

3.1 BeiuucnuMm Maccy BOJbI B UCXOJHOM PacTBOPE:

v
my(H,0) =22 (100~ ) =
_105500 50 45) 501,375,

100
3.2 Haiinem maccy KOHEUHOT'O pacTBOpa:

a)]_,OlVl _ 4,5 . 1,05 -500
w9 10

Mp-pa2 = = 236,25r.

3.3 Onpenenum Maccy BObI, TOABEPTIIEHCS DIEKTPOIIU3Y:
Am(H,0) = Mp-pal —Mp-pa2 = PV — Mpy_pa2 =
=1,05-500 — 236,25 = 288,75r.
3.4 Bpewms mporniecca 37€KTpoJin3a COCTABUT:
e Am(H,0) F _ 288,75 96500

I 1

1 =309604,2¢c =86,0u.
M(=H-»O 18. —
(2 20) 5

35P €aKIH, MPOTCKAIIHEC HA DJICKTPOAAX:
K :12H,0+2e <> HS + 20H™
A:40H™ —4e <> 2H,0+0,,

[Tpumep 4 DnekTponau3€p COAEPKUT PacTBOP HUTpara cBUHLA (+2), aHOJ — CBHHIIOBBIH.
IIponomxurenpsHoCTh 3ekTpoau3a 2 4 40 mun 50 c, cuna Toka 54. Belunciaure TeOpeTHUECKYIO



yObLTb B Macce CBHHIIOBOTO aHoAa. HamummTe ypaBHEHHs pPEaKlWil, MPOUCXOMSIMX Ha
AIEKTPOIAX.
Pemenne
4.1 BapuaHT ¢ pacTBOPUMBIM aHOIOM. MeTasmuyeckuii ceunen — anon (p°(Pb?*/Ph%) = —

a +
0,126 B) serde oTHAaeT SIEKTPOHBI, YEM MOJEKYIBI BOJBI (2H 20—-4e<>0y +4H ",

o

@ —i123m)

YpaBHEHHUS peaklMil, IPOUCXOIAIINX HA AJIEKTPOJAX:
K :Pb* +2e <> Pb°
4:P% —2e > P2t

4.2 Teopernueckasi yObLUTb MAaCChl CBUHIIA COCTABUT:

Am(PE) =5 M (- PB) = 223207

-207-—=5175T.
96500 2

Ipumep 5 Paccunraiite Bemmunnsl DJC u AGY:, 1715 IpoIeccoB KOPPO3HH, IPOTEKAOIINX
10 YPABHCHHSIM:
Me(x) +H2006+02) —Me(OH)ng),
rne Me — Fe, Ag. Kakoii u3 mpHUBEIEHHBIX METANIOB OYyJEeT MOABEPraThCsi KOPPO3UU BO
BIIQ)KHOM BO37yXe?
OtBer
4.1 YcnoBus mpoTeKaHus MPAMOii PeakIiy IpH CTaHAapTHEIX yernosusax: IJC = Ap%, >0
wm AGY,, <0.
4.2 3anuniemM ypaBHEHHMs 3THX IIPOLIECCOB U BbruncIuM st Hux J/1C u AGox,p,:
a) 1| Fe®—2e o Fe?* ; p°(Fe**/Fe®) = - 0,44 B;
anoo
1| 2H20 +0; + 4~ > 40H"; ¢°(2H20 +02/ 40OH) = +0,40 B;
Kamoo
AC1 =A% 1 = ok — pa =+ 0,4 — (-0,44) = +0,84 B;
AGY =N AQ°, F =—2:0,84-96,5 = — 162,12 xlloc/monn
Fe(k) +H2000+02¢) —Fe(OH)20.
Bvi6o0: camomnpou3BoNIbHAsS KOPPO3Hs Kelle3a BO BIAXHOM BO3AyXe MPU CTaHAAPTHBIX
YCJIOBHUSIX BO3MOXKHA.
6) Tak kak p°(Ag*/AQ®) = + 0,80 B > ¢°(2H20 +02/ 4OH") = +0,40 B, To cepebpo Gyner
SIBJIATHCS aHOJIOM, TOTJIa
AC2 = Ag°p2 = gk — pa =+ 0,40 — 0,80 = — 0,40 B;
AG% ,2=-nA@%,F =—2:(-0,40)-96,5 = + 77,20 x/loc/mons
AQ(k) +1/2H205)+1/403) — *xAg(OH)2x.
Bwi600: Tak kak IC2 = Ag’, <0,aAG’%,>> 0, To caMONPOH3BOIBHAS KOPPO3HS
cepeOpa BO BIKHOM BO3/IyX€ MPH CTAHIAPTHBIX YCIOBHUSIX HEBO3MOXKHA.

ba30BbIi1 ypoBeHB
1 B ranbBaHNYeCKOM 3J€MEHTE MPOXOIUT PEAKIIUS:
Pb? + Cu®* = Pb?* +CuC.
CocTaBuTh CXeMy 3J1€MEHTa, BEIUUCIUTh cTaHAapTHYIO DJ]C 1 KOHCTaHTY paBHOBECHSI.
2 DJ1C raibBaHUYECKOTO 3JIEMEHTA, B KOTOPOM MPOTEKAET PEaKIIHs
2Ag* + Zn® = Zn?* + 2Ag°
pasna 1,56 B (298 K). PaccunTaiite AG 1 KOHCTaHTY PaBHOBECHSI dTOW PEaKIINH.



3 CranmapTHBIE AJIEKTPOIHBIE MTOTEHITUABI IS Jkene3a u kaamus paBHel — 0,44 B u — 0,40
B cooTBeTCcTBEHHO. Y KaKOro M3 3JIEKTPOJOB, JKEIE3HOTO WJIM KaJMHEBOBOIO, BBILIE INIOTHOCTh
JBOMHOTO AJIEKTPUYECKOTO €05, €clii 00a 3JIeKTPOoJ1a TOMECTUTh B BOY?

4 CranzapTHbIN 3J€KTPOJHBINA NTOTEHLIMAN cepedpa paBeH

Agt+e- - Ag® ¢°=08B.

KakoB Oyzner moreHnman | Kr MeTaJuiMueckoro cepedpa, OMyIIEHHOrO B pacTBOp HUTpaTa
cepebpa ¢ C(AgNO3) = 1 momns/am>?

5 N3o0pa3ure cxemy pabOThl ralbBAHUYECKOTO JIEMEHTa, COCTABICHHOTO U3 HUKEJIEBOU M
cepeOpsHOM IJIACTHH, OIMYIICHHBIX B PAacCTBOPHl UX HUTPATOB. YKAXKWUTE KAaTOJ W aHOJ B 3TOM
rajlbBaHUYECKOM 3j1eMeHTe. Kakas xumuueckasl peakius JIEKUT B OCHOBE 3TOr0 raJlIbBAHUYECKOTO
anemenTa? Beuncinre n3amMeHeHuu noreHuuana ['mb0ca u KOHCTaHTY paBHOBECHS ATOW peaKkLUu.

6 CocraBbTe CXE€My raJlbBAHUYECKOTO JIEMEHTA, OJHUM M3 AJIEKTPOIOB KOTOPOTO SIBIISETCS
KaJMueBas IJIaCTUHA, MOTPYKEHHasi B pacTBOp cyibdara KaaMusd, a APyrUM — MeIHas IUIacTUHA,
OITyIIEHHAs B PaCTBOP Cyib(ara Meau.

Hanummure 5neKTpOHHBIE ypaBHEHHUS IPOILIECCOB, MPOUCXOIAIIMX Ha SJIEKTpPoJax Mpu
pabote anemenTa. YKakuTe Karoa u anoja. CocTaBbTe CXeMy 2JIEMEHTA.

7 Yemy paBHa DJIC n AG ranpBaHMYECKOTO JIEMEHTA

(—)Zn[ZnSO4|NiSO4|Ni(+),

eciu KoHIeHTpanus noHoB Zn%* u Ni?* pasnsl (B Mons/am°): 1) 1,00; 2) 0,1; 3) 0,001?
8 Beruncnute D/]C ranpbBaHUYECKOTO JIEMEHTA

(—)Fe|FeCly|SnCl,[Sn(+).

ecm C(Fe?™) = 0,1 monv/om®, a C(SN*") = 0,01 monv/om®.

9 CocraBbTe CXEMbl IBYX TalbBaHMYECKHX 3JEMEHTOB, B OJHOM U3 KOTOPBIX CBHHEI
SIBJISIETCSL KaTOAOM, a B JpyroM — aHoioM. CocCTaBbTE€ DJIEKTPOHHBIE YpPaBHEHHUS IMPOIECCOB,
MPOUCXOJAIIMX Ha DJIEKTPOJAAaxX ITHUX DJIEMEHTOB. BblUMCIUTE Ui KaXIO0M pEaklLUU KOHCTAHTY
CKOpOCTH.

10 OxucaUTEeNnpHO-BOCCTAHOBUTENbHAS pPEAKIMs, TMpOTeKaromas B TallbBAHMYECKOM
DJIEMEHTE, OIMCHIBAETCS CXEMOM

(-)Pt| Fe?*, Fe**|MnO;, Mn2* H* | Pt(+).

VYkaszate kaToq U aHoA. Kakylo posib UrparoT IUIaTUHOBBIE 3eKTpoabl? Hannmmure nonnoe
ypaBHEHHE 3TOH peakiun. Beraucnure s He€ AG U cTaHIApPTHYIO KOHCTaHTY CKOPOCTH.

11 DnexTpoIHBIH MOTEHLMA] MapraHieBOro 3JEKTPOJa, MOMELIEHHOTO B PAaCcTBOP COJIU
Maprasia (+2), cocrasisieT — 1,1 B. BerunciauTs KOHIIEHTpaIMIO HOHOB MapraHiia B pacTBOPE.

12 B0o3MOXXHO JIU PacTBOPEHHE HUKENS U BBIIEICHHUE XpOMa MPU MOTPYKEHUU HUKEIIEBOU
MJTACTUHKH B pacTBOP coiiu Xpoma (+3)?

Bo03MOXHO 11 pacTBOpeHHE XpoMa U BBIACIEHUE METAJUIMUECKOTO HUKEISI IPU NOTPYKEHUH
XPOMOBOI1 TIIACTUHKHU B pacTBop comu NiZ*?

OTtBeT MOTUBHpPYNTE.

13 TampBaHMYECKWH DJIEMEHT COCTOMUT W3 CTAHJAPTHOTO BOJOPOIHOTO JJIEKTPOJa U
BOJOPOJHOTO 3JIEKTPOJa, MOMEIIEHHOTO B pacTBOp YKcycHoW kuciotel ¢ C(CH3COOH) = 0,01
monw/om®. DJIC snementa cocrasnser 0,200B. Berunciute pH pacTBopa, KOHCTAaHTY M CTEIEHb
IpoToJIn3a (Auccoualm) ykcycHol kucnotel. Oteet: pH = 3,39;

K.~ 1,710 o~ 4,08-107% (4,08 %).

14 TanpBaHMYECKUH DSJIEMEHT COCTOMT M3 CTAHJAPTHOTO BOJOPOJHOIO JJIEKTpoAa U
BOJIOPOJIHOTO SIEKTPO/Ia, MTOMEMEHHOTO B pacTBop xiopuaa ammorns C(NHaCl) = 0,01 mons/on®.
O/1C snemenra cocrasisier 0,366 B. Beruncoure pH pacTBopa, KOHCTaHTY M CTENEHb IPOTOIM3A
(rumpommsa) NH4Cl. Otset: pH = 6,20; Ky = 5,56-107%%; o4p = 6,26-107° (6,26-1072 %).



15 Ipu kakux KoHIEHTpanusax xjgopuaa nuHka (+2) DJIC KOHIEHTPAITMOHHOTO AJIeMEHTa
pasHa 0,1 B? Hanummure ypaBHEHHMS SJIEKTPOAHBIX pEAaKLUUNA. VYKaXUTE OKHUCIUTENIb U
BOCCTaHOBUTEIb.

16 VYkaxuTe NpOAYKTHI 3JEKTpoju3a BOJIHBIX pactBopoB: H>SO4, NaxSO4, HCI, NaCl,
CaClz, CoSO..

17 AmomuHUI B TPOMBIIUICHHOCTH MOJIY4YalOT 3JeKTpoiu3oM paciuiaBa cmecu Al2Osz(~ 12
% mo macce) u Nas[AlFe¢] (= 88 % mo macce). Dnekrpoabl — rpaduToBbie. [IpuBeaUTE MOTHYIO
cxemy aekTpoiin3a. s yero npuMeHstoT KoMiuiekcHyro coib Nas[AlFe]?

18 TIpombliIeHHOE TTPOU3BOACTBO HATPHS BEAYT AJIeKTposu3oM paciuiaBieHHoro NaCl u
NaOH. HanumuTe ypaBHEHHs peakiuid, MPOUCXOISIIMX Ha 3JIEKTPOIaX.

19 Kakwue mnporecchl HMPOUCXOASAT Ha 3JEKTPOJAaX IMPH AIIEKTPOJIM3E pacTBopa XJIOpuia
Hukens (+2), ecnu 00a iekTpoia — HuKeneBbie? Kak u3MeHUTCst Macca aHoa MOCie MPOMYCKAHUS
ToKa cuiioi 3,2 A B teuenue 30 mua? OtBeT: 1,76 2.

20 CocraBbTe ypaBHEHHUS CAMOTIPOU3BOJIBHO MPOTEKAIOIINX PEAKIUi IPH KOPPO3UH B BOJIE,
HaXOJSIIMXCS B KOHTAKTE MJIACTHH: a) IIMHKA U 0JI0Ba; 0)Kene3a U HKUHKa. [ 1e CKOpoCTh Mpo1eccoB
Kopposuu Beime? OTBeT obocHyiiTe pacyeramu crangapTaeix J/C u AG.

21 Ha30BUTe HECKOJIbKO METAJUIOB, KOTOpPbIE MOTYT CIY>KUTh QHOJHBIM M KAaTOIHBIM
MOKpbITUEM Ui kene3a. (CocTaBbTE DIIEKTPOHHBIE YpPAaBHEHUS dJEKTPOJHBIX IPOLECCOB,
MPOUCXOSIINX MPHU DIEKTPOXUMHUYECKONH KOPpO3uu: 1) XpOMHUPOBAHHOTO; 2) HHUKEIMPOBAHHOTO
JKeJle3a BO BJIAXKHOM BO3JlyX€ M B KUCJION cpeae. CpaBHUTE CKOPOCTH IMPOLECCOB KOPPO3UHU B ITUX
ClIydasx.

22 Yro Ttakoe pkapunmHa? Hamummre e€ mpumepHyro ¢dopmyny. Eciu rBo3as BOUTH BO
BIIQXKHOE JIEPEBO, TO P>KAaBUYMHON MOKPHIBAETCS Ta €ro 4acTh, KOTOpas HAXOAUTCS BHYTPU JEpeBa.
YeM 3T0 MOXKHO 00BsiIcHUTH? Hanuimmre ypaBHEHUsI aHOAHOTO M KaTOIHOTO IporieccoB. [Ipusenute
ypaBHeHHUs 00pa30BaHUs BTOPUYHBIX MTPOIYKTOB Pa3pyIICHUS Keyesa.

23 JKemnezHple OOYKHM TMPHUMEHSIOT JUISI TPAHCIOPTUPOBKH KOHIIEHTPHUPOBAHHOW CEPHOM
KUCIO0THL. OJTHAKO MOCie OCBOOOXKIEHUS OT KUCIOThI OOYKH Ype3BbIUaifHO OBICTPO pa3pyIIatoTCs.
[Touemy? Urto sBisieTcss aHOAOM, 4TO — KatojgoMm? Hamummre COOTBETCTBYIOIIME YpaBHEHUS
peaknuii. CocTaBbTe cxeMy 00pa3yroIerocs pu 3TOM IajJbBaHUYECKOTO AJIEMEHTA.

IToBbIIEHHBIN YPOBEHD
1 TIpu xaxoii koHueHTparuy HoHoB CU?* 271eKTPOIHBIA MOTEHIMAN MEH PaBeH HYIIO?

2 TanbpBaHWueckas 1emb, coOpaHHas W3 JBYX IIMHKOBBIX DJIEKTPOJOB, OJUH M3 KOTOPBIX
norpyeH B pacTBop conu rmuKa ¢ C1(Zn?*) = 0,1 mons/mm3, a mpyroii — B pactBop ¢ C2(Zn?*) =
0,01 mons/am3. CocTaBbTe cXeMy KOHIIEHTPAIHOHHOTO 2eMeHTa i paccunTaiite ero DJIC.

3 Paccumraiite DJIC KOHIIEHTPAIIHOHHOTO JJIEMEHTA, COCTOSIICTO W3 CTaHAAPTHOTO
BOZOPOJHOTO 3JIEKTPOA U BOAOPOJHOTO JIEKTPOAA, HAXOAIIETr0cs B YUCTON BOJIE.

4 TloTeHuMan METAJNIMYECKOr0 MapraHiia Mo OTHOUIEHHIO K CTaHJapTHOMY BOJIOPOJHOMY
anekTpoy B pactBopax MnCl; ¢ kornenTpauusamu (B Mons/am°) 0,001; 0,01 u 0,1 cooTBETCTBEHHO
cocraBun (B B): — 1,277; — 1,248 u —1,219. Beruncnute cTaHAAPTHBIA 3JICKTPOIHBINA ITOTCHITHAI
Maprasua.

5 Paccuuraiite D/[C KOHIIEHTPALMOHHOTO 3JEMEHTa, COCTOSINEr0 M3 JBYX BOJOPOIHBIX
3JIEKTPOJIOB, MOTPYKEHHBIX B pacTBOpbl ¢ pH 2 n 4. CocTtaBbTe CXEMY ATOrO AJIEMEHTA. Y KaXKUTE
KaToJ ¥ aHO/I.

6 BerumciuTh MOTEHIMAT CBHHIIOBOTO 3JCKTPOJa B HACHIIIEHHOM pactBope PbBr2, ecmu
xounentparus C(Br) = I moav/om®, a npoussenenue pactsopumoctu [IP(PbBr2) = 9,1-10°°.

7 Onpenenure, MOXKHO JIM MOJTYYUTh Ta3000pa3HbIi GTOP AJIEKTPOIU30M BOJHOTO PacTBOpPA
dbTopuaa HaTPHs, €CIH:

2H,0—4e<> 0y +4H" @° _i1238:



o
Fo+ 20 o 2F, @ =+2387B;
°
2H*(6 Ho0) + 26~ <> Ho, P =-0,41 B.

OOcyanTe aHATOTHYHBIN BOIIPOC C YYaCTHEM JPYTHUX T'aJIOTEHOB.

8 3aueM K pacTBOpY COJISIHON KUCJIOTHI, TP MOJIYYSHUH BOJOPOJIa ACCTBUEM €€ Ha IIMHK, B
KHCIIOTY JOOABJISIIOT HEMHOTO MeIHOro Kymopoca? JlaiiTe 0ObsCHEHUS ¢ MPUBEIACHUEM pPEaKIIHiA,
MPOUCXOAAIIMX TPH 3TOM MporeccoB. MoxHo au BMecTo CuSOs B3siTh npyrue comu: AgNOg,
NiSOs, FeS04?

9 Kak Bnuser pH cpensr Ha ckopocTh atMoc(hepHOl Koppo3uu xkemeza u uHka? [louemy?
CocrtaBbTe ypaBHEHUS aHOJHOTO U KaTOJHOTO MPOILECCOB aTMOC(HEPHOIN KOPPO3UH ITHX METAIIIOB.
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