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Beenenune

HucuummmHa «OOmias W HeopraHudeckas XHMHsD» OTHOCHUTCS K JUCHUIUIMHE 0a30BOM
yactu. OHa HampaBiieHa Ha (GOpMHUPOBaHHE OOMIEKYJIbTYpPHBIX, 00IIENPO(ECCHOHANBHBIX H
npo(eCCHOHANBHBIX ~ KOMIIETEHIIMM  OOydarommxcss B MPOIECCe  BBHIMOTHEHHS  padoT,
onpeaeneHubix G®I'OC BO. MeToanyeckue yka3aHUsl COCTABIEHbI HA COBPEMEHHOM HAy4YHOM
YPOBHE U pacCUUTaHbI HA CTYACHTOB, 10 HanpasieHuto 18.03.01 XumMuyeckas T€XHOIOTHS.

[TocnenoBarenbHOCTh J1AOOPATOPHBIX PabOT COOTBETCTBYET JIOTMUYECKOH CTPYKType ee
npoxoxjaenus. llpennmaraemple METOJMYECKUE YKa3aHUS COJEPKAT MaTepual, KOTOPbIN
PEKOMEHIyeTCsI UCII0JIb30BATh CTYIEHTaM MPHU OCYIIECTBICHUH JIaOOpaTOPHBIX 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 UM X YaCTH:

Kon dopMyTHUpoBKa
OK-7 CIIOCOOHOCTHIO K CAMOOPTaHU3aLMHU U CaMOOOPa30BAHUIO
OIIK-1 CIOCOOHOCTHIO M TOTOBHOCTBIO HCIIOJIb30BATh OCHOBHBIC 3aKOHBI

C€CTCCTBCHHOHAYYHBIX NUCUUILIJIMH B HpO(i)CCCI/IOHa.HI)HOI‘/'I JCATCIIBHOCTHU

I1K-3 T'OTOBHOCTBIO UCIIOJIb30BATh HOPMATUBHBIC TOKYMCHTEI 110 KA4YC€CTBY,
CTaHJapTU3aluu U CepTI/I(i)I/IKaHI/II/I IIPOAYKTOB U HSHCHHﬁ, 9JICMCHTBI
OKOHOMHNYCCKOI'O aHajJIn3a B HpaKTI/I‘ICCKOI;'I ACATCIIBHOCTH

[1K-18 FOTOBHOCTBIO MCIOIB30BAaTh 3HAHUS CBOWCTB XUMUYECKUX AJIEMEHTOB,
COEIMHEHHH U MaTepPHAJIOB Ha X OCHOBE JIJISl PEIeHHUs 33729 PO eCCHOHAIBHOMN
NEeATEIbHOCTH

TeopeTuyeckas 4acTb
Oxcuanl

Crpoenne okcuaoB. OKCHUIBI MPEACTABISAIOT COOOM CIIOKHBIE BEIIECTBA, COCTOSIINE U3 aTOMOB
JIBYX DJIEMEHTOB, OJTHUM W3 KOTOPBIX SBISICTCS KUCIOPO/I.

Takoe onpenenacHre OKCUIOB 110 3JIEMEHTAPHOMY COCTAaBY HE SIBJIICTCS 3aKOHUCHHBIM M TpeOyeT
YTOYHEHHUS: K OKCUIAM CJICJyeT OTHECTH TOJHKO TaKHE KHUCIOPOJHBIC COCIMHEHUS, B KOTOPHIX CTEICHb
OKHCIICHHSI KUCIIOPO/ia paBHa — 2.

OKCHJIBI MOT'YT 00pPa30BbIBATH KAK METAJLIBI, TAK M HEMETAJLTBI.

Jyis TOro 4TOOBI COCTABUTH XMMUYECKYIO (hOpMYJTy JIFOOOTO OKCHJIa, HEOOXOJUMO TIOMHHUTb, YTO
MOJICKYJIBI XUMHUYCCKUX COCAMHCHUN 3JICKTPOHEHTPalbHBL. DTO O3HA4YaeT, YTO CyMMa CTEIeHEH
OKHCIICHHUS 3JIEMEHTOB, BXOJISIIUX B COCTaB MOJICKYJIbI, JOJDKHA OBITh PABHA HYJIIO.

Hamnpumep:

Na,"02 — okcun narpus; P,™0s?2 — okeun pocdopa (+5).

Crenyet 3HaTh, YTO OOJIBIIMHCTBO SJIEMEHTOB B 3aBUCHMOCTH OT YHUCIIa BO3MOXKHBIX CTEICHEH
OKHCIICHHUST MOTYT OOpa30BBIBaTh HECKOJBKO OKCHJIOB. Hampumep, a30T oOpasyeT MsITh OKCHIIOB, T.K.
HUMEET IATh TOJOXKHUTEIbHBIX cTeneHer okucienus (+1, +2, +3, +4, +5): N2O, NO, N2Os, NO, N2Os.

Homenknarypa u rpaduueckue dopmyiasl OKkcHaoB. Ha3BaHue okcuma CKIIaabIBaeTCs U3 JABYX
cnoB: 1) okcup;, 2) pycckoe Ha3BaHHE DJEMEHTA C YKAa3aHWEM B KPYIJIBIX CKOOKax €ro CTerneHH
OKHCJICHUSI.

[Mpumeuanue. Eciu sieMEHT UMEET B CBOMX COCIWHEHHSX TOJBKO OJHY CTCIECHb OKUCJICHHUS, TO
e€ 0ObIYHO HE MPUBOJISAT:

Zn0O — okcua nuuka; CaO — okcua kamenus, FeO — okcua xenesa (+2); SnO2 — okcnp 00Ba
(+4); Na20O — okcup narpust; Al,O3 — OKCHT ATFOMUHHS.

1. KucnotHele ¥  HEKOTOpble  aM(OIUTHBIC  OKCHJAbI  HA3BIBAIOTCS  AHTHUAPUAAMH
COOTBETCTBYIOIIUX KHUCIIOT:

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

SiO; — KpeMHUEBbIN aHTUAPH/I, TUOKCUT KpeMHus (+4);

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

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

2. Ha3paHus OKCHIOB IO MEXIYHApOIAHON HOMEHKJIAType CKJIAQJbIBACTCS M3 CJIOBa OKCHI,
HA3BaHUs JJIEMEHTA C yKa3aHUEM €ro CTEIIeH! OKHCIeHHs (apaOCKuMu 1udpamMu B KPYTIIBIX CKOOKaX):

CuO — okcun menu (+2);

Cu20 — okeua meau (+1);

FeO — okcup xenesa (+2);

Fe.O3 — okcun xkenesa (+3).

3. B 3aBUCHMOCTH OT CTENICHH OKHCIICHHUS IMITUPUYECKUE H rpaduueckiue GOpMyIIbl OKCHIIOB
UMCIOT BUJI:
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Knaccudukamms oxcumoB. Bce okcuapl (10 WX CBOWCTBAM) MOXHO pa3feluTh Ha
coNe00pa3yIoIue U Hecoreoopasyroime.

K Heconeobpasyrommum otaocsrest okeuabl: N2O, NO, CO.

Bce ocranpHBIe OTHOCATCS K coneoOpasyromuM. Coneo0pasyronue OKCUABI, B CBOIO OYepeb,
MOJKHO Pa3elIUTh Ha TPU TPYIIIIHL:

—  OCHOBHBIE;

—  KHCJIOTHBIE;

—  aMm{QOIHUTHEIE.

OcHOBHBIE OKCHHBI. K ocHoBHBIM OKCHUJaM OTHOCATCA OKCHUABI, TMAPATBI KOTOPLIX SABJIAIOTCA
OCHOBAaHUAMU.

Hanpumep:

Na;O — NaOH;

Ca0 — Ca(OH):;

FeO — Fe(OH)..

4. Oxcunbl cambix akTUBHBIX MeTauioB (K, Na, Ca u 1p.) coeauHSIOTCS HETOCPEICTBEHHO C
BOJIOM, 00pa3ys pacTBOPHMBIE B BOJE CHIIbHBIE OCHOBAHMS — MIEIOYH:

Na,O + H,O = 2NaOH;

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

5.  BonpmmHCTBO 0cHOBHBEIX OKcuaoB (CuO, FeO, Fe,Os u np.) Tioxo pacTBOPSIOTCS B BOJIE.
[To3TOMY COOTBETCTBYIOIINE UM OCHOBAaHHUS (OHM TaKK€ HEPACTBOPUMBI B BOJIE) MOJIYHaIOTCsl KOCBEHHBIM
IyTEM.

6. XapaxkTepHbIM CBOHCTBOM OCHOBHBIX OKCHOB SIBJISAETCSI B3aUMOJCHCTBHE UX C KHCIOTaMU
WM KUCIIOTHBIMHU OKCHJIAMH C O0pa30BaHUEM COJICH:

Na,O + H,SO4 = Na,SO4 + H20;

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

7. OcHOBHBIE OKCHIBI 00Pa3yIOTCs TOIBKO METaJIAMH.

Kucnorueie oxcumpl. K KHCIOTHBIM OKCHAAM OTHOCSITCA OKCHIBI, KOTOPBIM COOTBETCTBYIOT
KHCIIOTHI:
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CO2 — H2COs;

803 - HzSO4;

P205 —> H3PO4.

8. KucnorHble okcuasl 00pa3yor:

a) okcuasl HemeTaioB — N2Os, N2Os, SO,, SOz, P20s, P2Os u ap.;

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

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

SO, + 2NaOH = Na,SO; + Hzo;
SO, + K0 = K3S0s3;
SO; + H,0 = H,S0s.

10. BonpmIMHCTBO KHCIOTHBIX OKCHIOB PAacTBOPUMO B BOJE M, pearupys ¢ Hel, obpasyer
KUACHOTHIL. [109TOMY KMCIIOTHBIE OKCHABI HA3BIBAIOT TAK)KE aHTHAPUAAMHU KHCIIOT («aHTUAPUA» O3HAYaeT
«Oe3BOIHBINY).

1) N2Os + H,O — (HzNzOe) — 2HNOs3;

2) SO3z + Hy0 — H2SO0y;

3) CrOz+ H,O — HyCrOq;

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

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

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

Ambonutaeie okcuapl. K aM(pOIMTHBIM OKCHAaM OTHOCSTCS OKCHABL, OO0Jajarouiue
CIOCOOHOCTBIO pearnupoBaTh Kak ¢ KUCIOTaMH, TaK ¥ co menodamu: BeO, ZnO, SnO, PbO, Al>03, Cr.0a.

12. Ux ruapataeie QopMbl — aM(OIUTHBIE THAPOKCUABI — OOJIAAAIOT CBOWCTBAMH Kak
OCHOBAHHWH, TaK M KUCJIOT, T.€. OHU BCTYMAIOT B PEAKIMU B3aUMOACHCTBHS C KHCIOTAMH U MIET0YaMHU.

13. AMQoIUTHBIE OKCHIBI HEPACTBOPHUMEI B BOJIE.

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

Zn0O + H,SO4 = Zn04 +H0;

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

15. AmdonuTHBIE OKCHIBI TaKKe OOpa3ylOT COJIM NPU B3aWMOJICHCTBUU C OCHOBaHUSMH H
OCHOBHBIMH OKCHJIaMHU:

CIUIAaBJICHUC

Zn0O + Na;O —————— > Na2Zn0y;

CIUIAaBJICHHC

Zn0O + 2NaOH — > NaZn0; + H,0;

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

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

1) non MeTawia aM(OIUTHOrO OKCHA (C TOM Ke CTENEHBIO OKHCIeHHs) Zn?";

2) runpokcuibHble rpynnsl OH;

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

Yucino ruapOKCHIIbHBIX TPYI (JMTAHAO0B), KOTOPOE MOXKET YACPKHBATh IIEHTPAIBHBIH aTOM —
KOMILTIEKCOoOpa3oBareb (MeTal amM(pOIMTHOTO OKCHA), ONPEACsSeTCS KOOPAUHAIMOHHBIM YHCIIOM,
NPUCYIIHM JIAaHHOMY METaJLTy.

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

18. Paccmorpum mpuMmep coctaBieHus: (HOpMYJbl KOMILIEKCHOM COJNH, IMONyJaroleicst 13
TUIPOKCH/IA [IMHKA M IIEN0UM. KOMIUIEKCHBIH MOH CONEPKUT KOMIUIEKCOOOpasoBareib Zn?* U 4eThipe
noHa rupokcuia. CyMMapHbIi 3apsi KOMIUIEKCHOTO HOHA PaBeH —2, a COCTaB €ro MOXHO M300pa3uTh
popmynoii [Zn(OH)s]*. DTOT KOMIUIEKCHBIA MOH SBJISICTCS aHUOHOM. 3apsj KOMIUIEKCHOIO aHHMOHA
HENTpanu3yeTcs: KATHOHOM, BXOSIIMM B COCTaB MENOYH (TPOTHBOHOHOM). Ecim 3T0 0tHO3apsqHBINH HOH
(K* mmm Na'), To cocTaB KOMIUIEKCHOH COJM MOXHO 3amucaTh (HopMyliamu: K2[Zn(OH)4],
Naz[Zn(OH)4].

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

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

Naz[Zn(OH)4] — TerparuapokcouuHkart (+2) HaTpHs;

K[Sn(OH)s] — TpuruapoxcocranHar (+2) Kajwsi;
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K[Pb(OH)s] — Tpurnapoxcomromoar (+2) Kamus;
Na[AlI(OH)4] — Terparuapokcoamomunat (+3) HaTpH;
K[Cr(OH)4] — teTparuapokcoxpomar (+3) Kasus.
Kuciaorsl
KucnoraMn Ha3bIBAIOTCSl CIIOXHBIC BEINECTBA, MOJICKYJIBI KOTOPBIX COCTOSIT M3 KHCJIOTHOTO

OCTaTKa ¥ aTOMOB BOAOPOJIa, CIIOCOOHBIX 3aMeIIaThCs Ha METaJI.

Kucnotrel MoxHO paccMaTpuBaTh KakK IIPOAYKT BSaHMOHeﬁCTBHﬂ KHUCJIOTHBIX OKCHJOB

(aHTHIPUIOB) C BOJIOM:

SOz; + H,O = HzSO4;
CO; + H,0 = H,COa,
I1To KOJMNYECTBY MOHOB BOJ0OpOAQ, CHOCO6HI)IX 3aMCIIaThCA Ha MCTAJlJI, B MOJICKYJIC KHUCJIOTbBI

MOJIPa3AETAIOTCS HA OJTHO-, JBYX-, TPEXOCHOBHBIE U T. 1.

HCI, HNO3, HF — onHOOCHOBHEIE KUCIIOTHL,

H»SO4, HoCOs, H2S — 1ByXOCHOBHBIC KHCIOTHI,

H3PO., H3AsO4 — TpEXOCHOBHBIE KUCIOTHI.

Ha3Banus kucnor:

HCI — ximopoBomopoaHas (consHast);

H>S — cepoBomoponHas;

HF — ¢TopoBomopoanas (mmaBukoBas);

HNOs — a3otHas;

H2SO. — cepnas;

H>CO3 — yronpHas;

H3PO. — oprodochopnast.

KucnoTsr B3auMoI€HCTBYIOT C:

a) ocHoBaHuIMH — H2SO4+ 2NaOH = NaSO4 + H20;

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

N3o0paast rpaduuecKu KUCIOTY, CIeAyeT UCXOJUTh U3 TOTO, YTO OHA COCTOUT M3 IIEHTPATLHOTO

aToMa HeMeTalla, COeAWHEHHOTO C THUAPOKCHIbHON rpymnmod OH™ u kucmoponmom. Ilo konndecTBy
aTOMOB BOJ0pOJa B KMCJIOTE MOYKHO CYJUTHb O KOJIMYCCTBEC T'MAPOKCUIIBHBIX I'PYIIIT B MOJICKYJIC!

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

H-0/ 0 O-H

Ecau MOJICKYJIa KHUCJIOThI COACPKUT JIBa HECHTPAJIbBHBIX aTOMa, TO IIpH HEYETHOM YHCIIC aTOMOB

KHcCjiopoga OHHU COCIUHANOTCA MCEKIAY coboit qepe3 aToOM KHUCJIOpOJda, a THAPOKCUIIBHBIC T'PYIIIbI U
OCTAJIBHBIC aTOMbI KUCJIOPOJa paCpeACIAOTCA MIOPOBHY MECKAY LCHTPAJIbHBIMHA aTOMaMU:

OH™.

H28207 H4P207
0O 0) H-0O O-H
[ I \ /
H-O-S-0-S-0-H O=P-0-P=0
I I / \
O 0O H-0 O-H
OcHoBaHHuA

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

I'pynnny OH™ HassiBaroT rupokcu. OTCr0[ja OCHOBAHUS HAa3bIBAIOT:
LiOH — ruapokcua nutus;
Ca(OH); — ruapoKcHI KaabIus;



Fe(OH)2 — rumpokcup xenesa (+2);

Fe(OH)s — rumpokcup xenesa (+3).

Yucmo ruapokcuiabHbix rpynn OH™ B Mojiekylie OCHOBaHHsI, CIIOCOOHBIX OTIIEIUIATHCS MPH
JIMCCOLMAIINH, OTIPEICIISIET €r0 KUCIOTHOCTH:

a) ogHokucioTHeie — NaOH, KOH,;

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

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

I'padmaeckue hopmybr:

Fe(OH)z Fe(OH)3
H-O- Fe -O-H /OH
Fe — OH
OCHOBaHUS B3aUMOJICHCTBYIOT: \
a) ¢ xucmoramu: 2HCI + OH Cu(OH); = CuCl; + 2H,0;
0) ¢ KHCIOTHBIMH OKCHIaMHU: CO; + NaOH = Na,COs + H;0;
B) ¢ corsimu: CuSO4 + 2NaOH = Cu(OH),4 + NazSO..

AMbonuTHBIE THAPOKCHIIBI (TaK K€ KaK U WX OKCHUJBI) 00Iaar0T JBOWCTBCHHBIM XapaKTepOM:
pearupyroT ¢ KHCIOTaMH — IpPOSIBISIOT CBOHCTBA OCHOBAHUM, a TaKkkKe PearupyroT ¢ IIeloYaMHu —
HPOSIBIIAIOT KHCIOTHBIE CBOWCTBA

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

CIUIaBJICHUC

Zn(OH); + 2NaOH ——— > NaxZnO; + 2H,0;

Zn(OH), + 2NaOH —22—> Na,[Zn(OH)4];

Al(OH); + NaOH ————=—> NaAlO; + 2 H,0;
pactBOp

AI(OH)3 + NaOH ——— > Na[AI(OH).].

Kak ykazaHo Bbllie, aMOIHUTHBIE OKCHIBI W THIPOKCHIBI MOTYT pPearupoBaTh HE TOJBKO C
pacTBOpamMH MIeIouei, o0pa3ysi KOMIUIEKCHBIE COJIM, HO W C TBEPIBIMH OE3BOIHBIMHU MIENIOYaMHU MYTEM
crutaBienusi, oopasys NaAlO, — meTaamroMuHAT HATPHSL.

[lpu pactBOopeHnu B Bome Oe3BoaHBIX coneil NaxZnO; um NaAlO, oHE THUApPaTHPYIOTCS,
npeBpaliasch B KPHCTAJUIOTHPATHL:

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

HaoOopor, ecnu BbImapuBaTh pacTBOp COJNM KPUCTALIOTHApATa, a 3aTeM IPOKalIuBaTh

KPHCTAJUIOTHAPAT, TO THAPATHAS (JopMa pa3pyIIaeTcs, a 3aTeM BOJA YIEeTYYNBACTCS

Nas[Zn(OH);] ——> 2H,0 + Na;ZnO,.

Conu
Conn MOXKHO paccMaTpuBaTh KaK MPOAYKTHI MOJHOTO MM YAaCTUYHOTO 3aMEIleHHs aTOMOB
BOJIOPOJIA B MOJIEKYJIE KHCIIOTHI HA aTOM MeTallia, THOO THIPOKCUIBHBIX TPYIIT B MOJIEKYJIE OCHOBAaHUS
Ha KHCJIOTHBIE OCTAaTKH. Pa3nu4arot coim cpeiHue, KUCIble, OCHOBHBIE, IBOMHBIE.
Conu pa3nuyaror:
a) cpexaane — NaxSO4 ,AlICI3 , K3POy;
6) kucibie — NaHSO,4 s KH,PO,4 s KZHPOA;
B) ocHoBHBIE — AIOHCI> , Al(OH)ClI;
r) aBoiinbie — KAI(SO4)2.
CpenHne cony MoIyqaroT:
a) MU B3aUMOAEHCTBUH OCHOBHOTO OKCHA C KUCJIOTHBIM OKCHIIOM:
Ca0 + CO2= CaCOsg;
0) pu B3aMMO/ICHCTBUN OCHOBAHHS C KHCJIOTHBIM OKCHJIOM:
Ca(OH)z + CO,=CaCO0; + Hx0;
B) IPU B3aMMOJACHCTBHM OCHOBAHHUS C KUCIOTOW (€CNH BEUIECTBA B3STHl B DKBUBAJICHTHBIX
KOJTMYECTBAX):
Ca(OH)z + 2HNO; = Ca(NO)z + 2H,0:;
T') IpY B3aUMOACHCTBUN OCHOBHOT'O OKCHA C KHCIOTOM:
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CuO + H,S0O4 = CuSO,4 + H,0;
) Tp1 OOMEHHOMW PEaKIH MY COJIBIO M KUCIIOTOM, WK BBITIAIAET OCATIOK:
Na,CO3 + H,SO4 = Na,SO4 + CO; + H20;
BaCl, + H2SO4 = BaSOs! + 2HCI;
€) Tpu B3aUMOJCHCTBMM COJIM CO IIEJIOYbI0, B pe3yabTare uero oOpasyercs
MaJIOpaCTBOPUMOE OCHOBAHHE HITH JIETKOJIETY4ee COSTMHCHHUE:
CuSO; + 2NaOH = Na;S0, + Cu(OH)24;
NH4CI + NaOH = NaCl + NH;T + H:0.
3AIIOMHMUTE, 4ro comu ¢ HepacTBopuMbIME ocHOBaHmsIMH HE PEATUPYIOT!
’K) Tpu OOMEHHOM B3aMMOJEWCTBHUU NIBYX COJIeH, B pe3yibTrare KOTOPOTO oOpasyeTcs
MaJIOpacTBOpUMAast COJIb:
AgNO; + NaCl = AgCN + NaNOs;
3) IpU B3aUMOJCHCTBHH METAaJUIOB C HEMETaJUIaMH, B Pe3yJbTaTe KOTOPOro oOpasyroTcs
COJM OECKHUCIOPOTHBIX KHUCIIOT:
2Al + 31, = 2Alls.
Kucneie conmu. Kucnble conm MOXHO paccMaTpuBaTh Kak MPOAYKTHI HEMOJIHOTO 3aMEILCHHS
BOJIOPOTHBIX HOHOB B MOJIEKYJIE KUCIOTHI HOHAMH METasla:
H3PO4 + KOH = KH;PO4 + H20;
H3PO4 + 2KOH = K;HPO4 + 2H,0;
H3PO4 + 3KOH = K3PO, + 3H;0.
KH2PO, — murunpodocdar kamust, kucasiii pochOpHOKUCITBIN Kaluii 0qHO3aMEeIIEHHBIH;
K2HPO, — ruapodocdat xanms, kucublii pochopHOKUCIBIN KaTuil TBy3aMeIIEHHBIH;
K3PO4 — oprodocdar kanus, pochopHOKHCIBIN KaTHid.
Kucneie conu kanpuus GocGopHO KUCIOTH UMEIOT BUJI:
Ca(H:PO4); — murmmpodocdar  Kambitus, KHCIbIA  (POCHOPHOKUCIBIN  KaJbIHiA
OJTHO3aMEIIIEHHBIN;
CaHPO4 — ruapodocdat kambIus, KUCIbId GOCHOPHOKUCIBIN KA JIBYy3aMEIIEHHBIH.
OCHOBHBIE COJIM — MPOIYKTHI HEMOJTHOTO 3aMeIIeHHs THIPOKCUIBLHBIX NOHOB OCHOBaHUS Ha
KHCJIOTHBIE OCTaTKU. TakuM 00pa3oM, B MOJIEKYJle OCHOBHOW COJIM KpOME MOHOB METallia U KUCIOTHOTO
ocTaTKa COJIEPKATCsl M MOHBI THAPOKCHIIA:
Al(OH)3z + HNOs = AI(OH)2NOs + H20;
AIl(OH)3z + 2HNO3; = AIOH(NO3), + 2H0;
Al(OH)3 + 3HNO; = A|(NO3)3 + 3H,0.
Al(OH);NO; — HuTpar AUrHapOKCH T ATFOMUHHS,
AIOH(NO3), — HUTpAT THAPOKCHT ATFOMUHHS;
Al(NO3)3 — HUTpAT aTFOMUHHSI.
3Hast 3apsi/l HOHA BXOJSIIET0 B COCTaB OCHOBHOM COJIM, a TaKKe 3apsiji KUCIOTHOTO OCTaTKa,
HETPY/HO COCTABUTH (HOPMYITY OCHOBHOMW COJIH:
CocraBiieHue ypaBHEHHS peakluii OTYyYSHHUS BCEX MBICIHMBIX COJICH MPH B3aUMOICHCTBUN
THUAPOKCHIA ANIOMHHHS W CEPHOM KHCIOTHI (HEOOXOAMMO TOMHHTH, YTO HE BCE COJHM CIIOCOOHBI
CYIIIECTBOBATH):

CrOH(NO3)2 Al(HSO.)
MgOHCI
Cr(OH)2NO3 7 /7 Al(SO4)s

Cr(OH)s ">  CroHSsO. Mg(OH), — (MgOH),CO;

4 \

[Cr(OH)2]2SO4 (MgOH), PO, N [AI(OH),]2SO04

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

2A|(OH)3 + 3H,S0, = A|2(SO4)3 + 6H,0;

A|(OH)3 + H,SO4 = AIOHSO, + 2H,0:;

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

I'papuueckre ¢Gopmynsl coneit. s mpaBUIBHOTO TPadUUECKOro H300paXKCHUsI COJH

AI(OH)s > AIOHSO4

)
I
-0-ClI=0
\\
)
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HEOOXOIUMO OTUYETIMBO MPENCTABIATh Tpaduueckre GOPMYIIbI KHCIOTHBIX U OCHOBHBIX OCTaTKOB. Tak,
XJIOpHAs KHCJIOTa 00pa3yeT oAnH KACIOTHBIN ocTtaTok ClO47:

Cepnas kucnora — asa: SOs% , HSO4

®ocdopuas kucinora — tpu: POs> , HoPOs~, HPO4*

[To3TOMY € TUAPOKCHUAOM HATPUS STH KUCIOTHI 00Pa3yIoT COJIH:

- 0 H-0O H-0O
NaClOq Na2SO4 NaHSO4
(@] Na—-O O Na-O 0]
/! \ \
1111 Na-O-Cl=0 S
S
\\ [\ [\
O Na-O @] H-0O @]
NasPOg4 NaH2PO4 NaHPO4
Na-0O Na-0O Na-0O
\ \ \
Na-O-P=0 H-O-P=0O Na-O-P=0
/ / /

I'uapokcun meau (+2) — Cu(OH)2 o6pasyer 1Ba ocTarka: Cu? u CuOH:
H, CJIEZIOBATEIIbHO, C @30THOM KHCJIOTOM MOXKET 00pa30BhIBaTh JIBE COJIM:

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

Peaknum B3amMHOTO TpeBpalieHus coyeid. Panee ObUTH paccMOTpPEHBI CONM KaK MPOJYKTHI
B3aUMOJICHCTBUS KUCIIOTH M ocHOBaHMs. [Ipn HemocTaTke KUCIOTH 00pa3yr0TCs OCHOBHBIE COJH, T.€. HE
BCE THJIPOKCUJIbHBIE HOHBI MOTYT 3aMECTUTBCSI Ha KUCJIOTHBIE OCTaTKU. A MpPU HEAOCTATKE OCHOBAHMUSI
MOTYT TOJy4aTbcs KHUcible conmu. OTCIoa CTaHOBUTCS TOHSATHBIM METOJ TI€PEBOJa OJHOM CONH B
ApYTIYIO.

s mepeBoma OCHOBHOW COJIM B HOPMAaJbHYIO (CPEOHIOI0) HIIM KHCIYI0 HEO00OXOANMO
M00aBUTh KHCJIOTY, a TPH MEpPeBOe KHUCIOH COMM B CPEJHIOI0 WJIM OCHOBHYIO CJenyeT I00aBHTh
ocHoBaHue. [Ipu 3TOM yMOOHO WCIIONB30BATH OJHOMMCHHBIC OCHOBAaHHS M KHCJIOTBI, YTOOBI HE
3arpoOMOKJIaTh YPaBHEHUE PEAKIUU APYTUMHU COJSIMU:

2) CaCOs

(CaOH).COs3
Ca(HCO3)2



(CaOH)2CO3 + H,CO3; =2CaCO3 + 2H20;
(CaOH),CO3 + 3H,COs = 2Ca(HCOs) + 2H,0;

CrOHCI;
0) Cr(OH).C1 7
CI’( CrCI3
Cr(OH),Cl + 2HCI = CrCl; + H,0;
B)
CaHPOq4
Ca(H2PO4)2—> Caz(POs):2 O
(CaOH)3PO4 1,0:
R g 1
r)
(CaOH)3PO4
Caz(PO4)2 =—>CaHPO4
Ca(H2P04)2
)
7 Caz(POa)2
(CaOH)3PO4
(CaOH)sPO, + H3FEAHRS4(PO,), + 3H.0;
(CaOH)3PO; + H3PO, = CaHPO4 + 3H,0;
e) 71 Al(HSO4)s
Al2(SO4)3 —> AIOHSO4
Al(F ™ [AI(OH)]2S04 304 + 6H0.
O6patu HEeHTpanu3auuu HUAET B MPHUCYTCTBUM ILEIOYH

NaOH, a ne ocHoBanust Al(OH)s, T.k. mocneaHee HEPaCTBOPHUMO.

CoNoaRrWNE

AIOHSO, + H»,S0O, = A|2(804)3 +2H,0;
[AI(OH);]2S04 + 2H,SO4 = Alx(SO4)s +2H,0.

OOopynoBanue 1 MaTepHaJIbI
Okcua kanbuus CaO
WNupukatop dpenondranenn
Oxcuna meau CuO
PactBop cepHoii kucnotsl H,SO4 ¢ konnenrtpanumeii C(H2S04)=2 momn/mm®
Pacteop NaOH ¢ xonnentpanuneit C(NaOH) = 2 mons/nm®
Oxkcupn nmaka ZnO
Xnopuza xkagmus CdCl,
Xnopuz amromunaust AlCl3
Cynbdar mean CuSOq

. Xnopun 6apust BaCl,

. JductunnupoBanHas Boza
. IIpoOupku

. Jloxeuka

Yka3zaHus 1o TexHuke 0e30MacHOCTH
1. Bce paboTel B XUMHYECKOH JIaOOpaTOpUH JOJDKHBI IPOBOIUTHCSA IIPH HMCIPABHOM

3NEKTPOOOOPYAOBAHHH, SITEKTPOIIPOBOAKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKAQYy.

2. Ta3oBnie KpaHbl U Ta301IPpOBO/ AOJKHBI HAXOAUTHCA B UCIIPABHOM COCTOSIHUH, ICPUOJNICCKU

MIPOBEPSTHCS.
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PaGouee mecTo copepkaTh B IOPSJKE M YHCTOTE.
Cyxue peakTUBBI TpeOyeTcst OpaTh YUCTHIM IINMATENIEM WIN CIICIIUATLHOMN JT0MKESUKOM.
Wznuniek peakTBa HEe BEUTUBATH OOPATHO B COCY/I, U3 KOTOPOTO OH OBLT B34T.
Bce onbIThI ¢ BpeTHBIMU U TAXHYITUMU BEIIECTBAMH, a TAKXKE YIAPUBAHUE KUCIIOT U KUCIBIX
pacTBOPOB MPOBOJUTH B BBITSDKHOM IITKaQYy.

7. OcTaTKu coequHEHUH cepedpa cIMBaTh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHMM PacTBOPOB B MPOOUPKE BCETIA CICAYET NEPKATh €€ TaKUM 00pa3oM, 4TOOBI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJIEHO B CTOPOHY OT PabOTAIOIIETO PSIOM COCEeIa.

9. He HaK/IOHSITH JIMIO HAJl HATPEBACMOM JKHIKOCTHIO HIIH CIUIABIISIEMbIM BEIIECTBOM.

10. He cnexyeT BAapIxaTh Maxydue BEIIECTBA U rasbl, OJU3KO HAKIIOHSSACH K COCYAY C 3TUMHU
BeniecTBaMu. HroxaTh BelecTBa MOXKHO JIMIITL OCTOPOXKHO, HAMpPaBIIsisl K ce0e maphl WK ra3 JBUKCHUEM

PYKH.

o gk w

11. XpaHuTb pacTBOPHI KOHIICHTPUPOBAHHBIX KHCIIOT H IEJIOYEH B BBITSHKHOM HIKady.

12. BrwumBath pa30aBieHHbIC KUCIOTHI U IIETOYHBIE PACTBOPHI CIEAYET B CIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampemiaeTcsi IpoOOBaTh XUMHYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIerKO0 BOCILIAMEHSOIIUMUCS BemiecTBaMu (3QUphI, OEH301, CEpOyTIepos U
T.Il.) HE NOJDKHO 6])IT]) PAAOM OTrHA U BKIIFOUYCHHBIX ITJIMTOK.

15. IIpu paboTe co CTEKIOM, XHMHUYECKOW TOCYAOH, HEOOXOAMMO COONIONATh IpaBUIIa
IPETOCTOPO’KHOCTH BO M30€KAaHUE PAHEHUH OCKOJIKAMH CTEKJIA.

16. Kareropuuecku 3ampeiiacTcs OCTaBIATh padOTaroIIMe IPUOOPsl 0€3 HAOIIOICHUS.

17. B xumuueckoii 1abopaTopun HeoOX0AMMO paboTaTh B Xanare.

3amanua

OmpiT 1. Bo3pMuTE 105KEUKOH 04eHb HEOOIBIIOE KOJTMUECTBO OKCUAA KaJbIIMs, IOMECTUTE €r0 B
npoOupKy u n06aBbTe 3 cM® Boztbl. Ecin okeua kanbius CaO pacTBOpUIICS HE MOJHOCTBIO, 3TO 03HAYAET,
yro B3aT W30bITOK CaQ. Hammmure ypaBHeHue peakuuu. Jlo0aBbTe B mpoOHMpKy, rie oOpa3oBajics
THUIPOKCUA Kanblus, 1-2 xammm uHAaukatopa ¢eHondranenHa. B kakol mBeT OKpacwics pacTBOp B
npooupke? Kakas cpena pactBopa?

OneiT 2. Bo3bMHTE JI0KEUKOM HEOOIBIIOE KOJIMYSCTBO OKCHAA MEIH, IIOMECTUTE €ro B
npo6upky. Tyna xe n06aBbTe 2-3 cM® pa30aBIeHHON CEPHOI KMCIOTHI, HATPEHTE NPOOUPKY 0 KUIICHHSI.
B xakoii uBer okpacwica pactBop? CocraBbTe ypaBHeHHME peakuuu. OTQuubTpyiTe pacTBOp OT
OCTaBLIETOCS OKCUIA MEOM M K OXJaxaeHHoMy (uubTpary (pacTBopy) mobaBbre 2-3 c¢M® pacTBopa
ménoun NaOH. Uto mpomzonwio? HamumuTe ypaBHeHHe peakiuu. Temepb HarpeiTe mpoOupky. Kak
n3MeHMIICS UBeT ocanka? CocTaBpTe ypaBHEHUE PEaKLMU Pa3I0KEeHUs TUAPOKCUIA MEIH.

OmeiT 3. Bo3pmute nBe mpobupku. Ilomecture B HHX HEOOJNbIIOE KOJMYECTBO (HA KOHUYHUKE
JIOXKEUKH) OKCHJIa [MHKA WJIM OKCHJA alioMHMHHS. B omHy npobupky Haseite 2-3 cm® pa3baBieHHOM
CEpPHOIl KHCJIOTHI, B APyryro 2-3 cM® KOHIEHTPUPOBAHHOTO pacTBOpa wmiejodn. Harpeiite BTOpyro
npobupky. Okcuipl B 00enx MNpoOMpKax pacTBOPSIOTCSA, YTO MOATBEP)KAAET HMX aM(OIUTHOCTE.
CocTraBbTe YpaBHEHUS PEAKITUH.

Onpit 4. Haneiite B npo6upky 1,5 cm® pacteopa conu xaamus (xnopuna CACly mmm cynbdara
CdSOs) u Tyna xe nobabre 1 cm® pactBopa ménoun. Hanummre ypaBHenus peakuuil. B mpoGupke
oOpa3zoBainicsi ocamok. OrmeTrsTe 1BeT ocanka. ComepkuMoe MTPOOMpPKH, MPEIBAPHUTEIHHO B30ONTaB,
paszjenuTe Ha 2 4acTH, MEPeHB OJHY M3 HUX B JIPYTryro npodupky. K comepxumomy oJiHON mpoOHpKU
no6aBbTe 2 cM® pa3baBIeHHON cepHOM KUCIoThl. Ocalok pacTBOPUICS. DTO MPOU3OILIO B PE3YJILTATE
peakuMu HeHTpanu3alud OCHOBaHWA. Hanummmre ypaBHeHwe peakiuud. K cogepkxuMoMy OTHOM
npobupku 106aBbTe 2 cM® pacTBopa meEnoun. Ocasok He pacTBOPUIICH, T.K. 00JIa1as TOJBKO CBOWCTBAMM
OCHOBAaHHUSI, CO LIETI0YaMHU HE B3aUMOACHCTBYET.

Onwit 5. Haneiite B npo6upky 2-3 cm® pacteopa conu amomunus. Jlo6aBbTe Mo KamisM (10
oOpa3oBanust ocajaka) pasoOaeieHHblii pactBop mienoun (KOH — wim NaOH). [losiBmiics ocamok
runpokcuna amomuaust AI(OH)s Oemoro 1Bera. Hammmmre ypaBHenme peakimn. Copepxumoe
npoOUpPKH, MpeaBapUTENIbHO B300JITaB, pasnenure Ha aBe 4yacTu. K colepXuUMOMy OTHOM MpOOUpPKH
nobasbre 2-3 cM® pasOapiaeHHON cepHOM KmcaoTel. Ocamok pactBopmiicsa. CocCTaBbTE ypaBHEHHE
peakuuu. Bo BTOpyro mpobHpKy m00aBbTe 2-3 ¢cM® KOHIEHTpUpOBaHHOTO pacTBopa menoun (KOH mmm
NaOH). Uto npoun3onuio ¢ 0caikoM rUIpoKcHaa amoMiHusA? HanumuTe ypaBHEHUS peaKiyi.

OnwiT 6. Hanelite B mpodupky 2-3 cm® pactBopa cynbdara Meau. Jl06aBbTe HECKOJBKO Kallelb
(ue 6onee aByx!) ménoun NaOH 1o o6pa3oBanus cBeTIIO-3eEHOr0 ocaaka ocHoBHOM coyn (CuOH)2S0..
N36bITOK mI€N0uM npuBeaeT K oOpa3oBaHuio ocaaka rugpokcuna meaun Cu(OH),.

13



Onpir 7. Haneiite B mpobupky 2-3 cm® pactsopa xmopunga 6apus BaCly m memnoro cepHoii
KHCIIOTHI 710 oOpa3oBaHus ocanka. OTMeTsTe 1BeT oOpasylomerocs ocaaka. Vcmeitaiite Ha
pPacTBOPUMOCTh IONYYCHHBIH OCaZOK B KHCIOTe M mIedoud. J[ias 3Toro: coiepkuMoe MpOOWpPKH,
npeaBapUTeIbHO B300NTAB, pa3aenuTe Ha aBe npodupku. K cogepskumomMy oiHON poOUpKu 100aBbTe 2—
3cm® cepHoii kucnotel ¢ konuentpanuein C(H.SOs) = 2mons/aM®, a B apyryio mpoOupky — 2-3cm’
pactBopa ménoun ¢ konuenTpanueir C(NaOH) = 2 mons/am® n morpeiite B IIaMeHH ra30BOM FOpPENKH.
OTMeThTe, MPOU3OLLIO JIM PACTBOPEHUE Ocajka cyibdara Oapus. O0bscHUTE moBeneHue ocanka BaSO4
npu obpadoTke ero pacropamu H>SO, u NaOH monb3ysch Tabumiei pacTBOPUMOCTH.

CocTaBbTe ypaBHEHHE XUMHUECKOI peakiui oopazoBaHus cynbdara Oapus.

Conep:xanue oT4yeTa
[Tomyyennsie nanubie 3adukcupyire B Tadauie 1 mo ciaexyromei Gopme:
Tabmmua 1. Pe3ynprarel SKCepuMeHTa

Ne /1 | Pearentsl XuMHYECKask peaKius HaOnronenus

1

gl wIN

KonTpoJibHbIE BOPOCHI
ba3oBblil ypoBeHb
Urto HaspiBaeTcs okcugaMu? Kakyro cTerneHb OKUCIECHUS TIPOSBIACT KHCIOPO B OKCUAAX ?
Jaiite kpaTKyr0 KI1acCU(PUKAIINIO OKCHIAM.
Uro Ha3zwiBaeTcs kuciiotamu? [IpuBeauTe nx KiiacCUpUKAIIUIO
Uro Ha3zwiBaeTcsi ocHoBaHusMuU? [IpuBeuTe ux KiacCH(pUKAIMIO

el NS

IloBbIIEHHBII YPOBEHb
1. Kakwue 35eMeHThl 00pa3yroT OKCHIBI?
2. Kak cocraBnsercs xumudeckas ¢popmyiia okcuaa?
3. Kakwue okcumpl o0pasyer a3ot?
4. Kaxue oKkcuIbI B3aUMOJICUCTBYIOT ¢ Bojou. [IpuBecTn mpumep.
5 Kakue coennHeHus Ha3pIBarOTCs cosiMu? [IpuBeuTe ux KiacCHMUKAITUIO

Cnmcok JiuTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHNIO M0 JAHHOM Teme

OcHoBHas MTEpaTypa:

1 Cemenos, 1.H.<BR>&nbsp;&nbsp;&nbsp; Xumust DnekTpoHHBIH pecypce : yaeonuk / 1N.JI.
[Teppunosa / U.H. Cemenos. - Xumus,2019-06-21. - Canxrt-Ilerepoypr : XUMU3 AT,
2016. - 656 c. - Kaura naxoaurcs B 6a3zoBoi Bepcuu I5C IPRbooks. - ISBN 978-5-9388-
275-5, 3K3eMIUIIPOB HEOTPAaHUUYECHO

2 I'manka, H. JI. O6mas xumus : yue6. mocooue / H.JI. ['muaka. - m31. crep. - M. : KHOPYC,
2016. - 752 c. : un. - Ilpuin.: c. 721-724. - bubnuorp.: c. 725-726. - ISBN 978-5-406-04995-
2, 3K3eMIUTIpOB |

JlonosiHUTeIbHAS JIUTEPATYypAa:

1 Kapanetbsan, M. X. O6mas 1 HeopraHudeckast XuMus : yueOHHK Ju1st By30B / M. X.
Kapaneresan, C. U. [Ipakun. - 4-e u3., crep. - M. : Xumus, 2000. - 592 c. : un. - (s
BhIcmIel mKkombl). - ISBN 5-7245-1130-4, sx3eMIUISIpOB HEOTPAHUICHO

2 Kenmuna, H. 1O. O6mas n Heopranndyeckass XuMusl B TaOJIUIAX B cXeMax : yue0. mocooue
s TexauukymoB / H. FO. Kenuna, H. B. be3pyuxo. - PoctoB 0//] : ®enukc, 2008. - 422 c. -
(Cpennee npodeccuonanpHoe oopa3oBanue). - bubmmorp.: ¢. 371-374. - [Ipeam. ykas.: c.
375-382. - IIpun.: c. 383-415. - ISBN 978-5-222-13586-0, 5x3eMIIISIpOB HEOTPAHUIECHO
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HNuTepHeT-pecypcenl:
1 http://window.edu.ru/ — Eauaoe 0KTO AOCTyIa K 00pa3oBaTeIbHBIM PeCypcam.
2 http://window.edu.ru/resource/931/73931/files/tutorial8.pdf.
3 http://window.edu.ru/resource/145/75145/files/book-3.pdf.

Tema 5. Oﬁume 3aKOHOMEPHOCTH NPOTEKAHUA XUMHNYIECCKUX MMPOIECCOB.
JlaGopaTopHasi padora 2. XuMHYecKasi KHHeTHKA M XUMHYeCKoe paBHOBecHe

Llens paOOThI: W3ydeHHEe XMMHUYECKONW KHHETHKH W PaBHOBECHs, W (PaKTOPOB, BIMSIONIMX HA

CKOPOCThb U CMCIUICHHUEC PABHOBCCUA XUMHNYCCKUX peaKum?I.

CDOpMI/IpyeMLIe KOMIICTCHIIMHM HMJIM UX 4YaCTH:

Kon DopMyTHPOBKA
OK-7 CIIOCOOHOCTEIO K CAMOOPraHHU3alii U CaMOOOPa30BAHMIO
OIIK-1 CIIOCOOHOCTBIO ¥ TOTOBHOCTBIO MCIIOIb30BAaTh OCHOBHBIE 3aKOHBI

€CTCCTBECHHOHAYYHBIX JUCHUIIINH B HpO(l)GCCHOHaHLHOﬁ JCATCIIBHOCTHU

I1K-3 T'OTOBHOCTBIO UCIIOJIb30BATh HOPMATUBHBIC TOKYMCHTEI 110 KA4YC€CTBY,
CTaHJapTU3aluu U CepTI/I(bI/IKaIII/II/I IMPOAYKTOB U I/ISIIGJII/If/'I, 9JICMCHTBI
OKOHOMHNYCCKOI'O aHajJIn3a B HpaKTI/I‘ICCKOI;'I ACATCIIBHOCTH

I1K-18 TOTOBHOCTBIO HCIOJIF30BaTh 3HAHHUS CBOMCTB XMMHYECKHX DJIEMECHTOB,
COEIMHEHHH U MaTepPHAJIOB Ha X OCHOBE JIJISl PEIeHHUs 33729 PO eCCHOHAIBHOMN
eITeIbHOCTH

Teoperuyeckasi 4acThb
CKopocTh XMMHYECKHX peaKknui

VYpaBHeHMs] XMMMUYECKHUX peakluil, XapakTepu3ys MHOTHME CTOPOHBI IPOIECCOB, HE
BCEr/la AAr0T MOJIHOE IMPECTABIEHUE O CYIIHOCTH TPOUCXOJAIINX IPEBPALLICHUMN.

HekoTtopele XuMHUeCKHE€ MpOLECChl, HANpUMEp, PEAKIHH pPAa3I0KEHHUs] B3pPbIBUATHIX
BEIIIECTB, 3aKaHUMBAIOTCS B TeUEHHE J0jel ceKyHIbl. OueHb ObICTPO 3aKaHUYMBAIOTCS PEAKLUU
B3aMMOJICHCTBUSI KUCIOT, LIeNo4Yed U coneid B pacTBope. OpraHMYecKHe e COCIUHEHHS B
OOBIYHBIX YCIOBUSIX B OOJBIIMHCTBE CIIy4aeB B3aHUMOACUCTBYIOT MEXAYy COO0OH MeIIeHHO.
TakuMm 00pa3zoM, pa3Hble peakllMi COBEPILAIOTCA B HEpaBHbIE IPOMEKYTKH BPEMEHH, T.€. MOTYT
UATH C PA3IMYHON CKOPOCTHIO. [103TOMY HAa OCHOBAaHMM TOJIBKO YPAaBHEHUN OJHMX XUMHUYECKHX
peakuuii HeJlb3sl CyAUTh O CKOPOCTH Ipoliecca.

Xumuueckas Kumemuxa — 35mMO YueHue O CKOPOCMU XUMUYECKUX NpoYeccos, ux
HanpagieHHocmu U 0 paxkmopax Ha HUX 6IUSIOUUX.

Ilenp m 3amaum XMMHMYECKONM KUHETUKM — W3BICKAHUE ONTHMAJbHBIX [apaMeTpoB AJIs
MPOBEJCHUS XHMHYECKOrO CHHTE3a, a HMEHHO: oOecriedyeHHe MaKCHMalbHOW CKOpPOCTHU
npoliecca, HauboJee palMoHaIbHOE HCIIOIB30BAHUE ChIPbS U SHEPrOPECYPCOB U JIp.

VYCTaHOBIEHO, YTO HA CKOPOCTh XMMHUYECKUX PEAKIUIl BIUAIOT MHOIO (aKTOpOB —
KOHIEHTpalusi B3aUMOJICHCTBYIOIIMX BEIIECTB, TeMIeparypa Mpolecca, Haauuue (UiIu
OTCYTCTBHE) KaTaau3aTopa u JIp.

DKCHepUMEHThl T0Ka3aly, 4YTO YBEJIWYEHHE KOHIIEHTpAllMM  B3aUMOJIEHCTBYIOLINX
BELIECTB BBI3IBAET YBEJINYEHUE CKOPOCTH PEAKIIMH.

Ecnu B 3akpeiTOM cocyzae NMpu 3aJaHHOW TeMIepaType pearupyroT JBa BellecTBa B
ra3o00pa3HOM COCTOSIHUM UJIM B PaCTBOPE

AC + BD < 4D + BC,

TO CKOPOCTh 3TOH peakIUd OMpeeNseTcss YMeHbLIEHHEM KOHIIEHTparuu (MOoJb/amS)
BemectB AC u BD B enunniy BpeMeHH (CEKYHy, MUHYTY, 4ac). Tak Kak ¢ TeYeHUEM BPEeMEHHU
KOHLIEHTpAllUsl PpEearupyroliux BELIECTB IaJaeT, TO 3aBUCHUMOCTb CKOPOCTHM peakUuu OT
KOHIEHTPALUU MOYKHO BBIPA3UTh CIAEAYIOIINM 00pa3oM:
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v=—(AC/IAt) (2.1)
raie &2 — ckopocts npsamoii peakimu, AC - MonsipHast KOHIEHTpaws, t — BpeMsL.
I'padmyecku 3Ta 3aBUCHMOCTH H300pakeHa Ha pUCYHKe 5.1.

A

v =—(AC/At)

Cif-----

Cor-----

ty tp, ——
Puc. 2.1 3asucumocmsv ckopocmu peakyuu om epemeHu
HOBOJ’IBHO PaCIIPOCTpaHCHBI PCAKIIMU THUIIA:
mA + nB—> ¢C, (2.2)

B KOTOpI)IX Ha m MOJIGKy.H BC€IICCTBA A HpI/IXOI[I/ITCSI n MOJICKy.H BCIIECCTBA B, HpI/I 3TOM M
U N OOJIBLIE €TUHULIBL.

3KCH€pI/IMeHTaJH)HO YCTAHOBJICHO, YTO JIsI TAKOT'O IMponecca CKOPOCTh HpHMOﬁ pCaknuun
MOJKET OBITh BBIPAXKEHA CIEIYIOIINM 00pazoM:

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

—

rae K - xoncranta CKOPOCTH MPSAMOIN pPEaKINK — BEIMYNHA, paBHAsI CKOPOCTH PEAKINU
IIPU KOHIIEHTPAIUSAX PEareHTOB PaBHBIX €IMHUIIE; 0OpAaTHO MPONOPIHMOHATIbHAS BPEMEHU; X U Y
— HEKOTOPBIE YHCIIA, OIPEEISEMBIE OIIBITHBIM ITYTEM.

Koncmanuma ckopocmu 3aBUCHT OT TexX ke (PaKTOPOB, UTO U CKOPOCTb JAHHOHN peaxiuy,
HO He 3a6Ucum om KOHYEHmMpayuil peazupyouux 6eujecms.

KoHcTanTa CKOpOCTH XapakTepu3yeT peakUui0 Uil ONPEACICHHBIX YCIOBUM —
memnepamypa, 0asnexue, KoIuuecmso u Kauecmeo Kamaiusamopa U T.1. Paznuynble peakuuu
MO>KHO CpPaBHUBATh TOJBKO €CJIM OHU MPOTEKAIOT IIPU CTPOTO OJMHAKOBBIX YCIOBUSX.

VpaBuenuss tuna (5.3), yCTaHABIMBAIOLIME SKCIEPUMEHTAIBLHO  ONPEAEICHHYIO
3aBHCHUMOCTh CKOPOCTH pE€akUHWU OT KOHLEHTPALMi pearupyroomux BeIIeCTB, Ha3bIBAIOT
KUHeMU4eCKUMU yPAGHEHUAMU PeaKyull.

Kunernueckue ypaBHeHus peakiuil (5.3) sBISIOTCS MaTeMaTHUYECKHUM BBIpAKEHHEM
3aKOHA JIEWCTBUSA MacC — OCHOBHOI'O 3aKOHAa XMMHUYECKOW KUHETHKHU: CKOPOCHMb XUMUYECKOU
peakyuu nponopyUoOHAIbHA NPOU3BEOEHUI0 KOHYEHMPAYUlli peasupyrouux 6eujecme 6 cmeneHu
HeKOMOopbIX Yucel, onpedensieMvix skchepumenmanvro (nepsas Gopmynuposka — H.U. beketos,
1865 r; 'ynmpabepr u Bare, 1867 1.).

Tonbko MHOTJa IOKa3aTeNy CTENeHH KOHLEHTPAIMK ISl JaHHOTO BeriecTBa (X, Y U 1p.)
B KUHETHYECKUX ypaBHEHUsX (5.3) COBMAAaOT C €r0 CTEXMOMETPHUUECKUM KO3PPUIIMEHTOM (X =
M; Y =N ) B ypaBHEeHUHU peakiuu. OOBIYHO ATO BBHINOIHIETCS JUIS AJIEMEHTAPHBIX peakuuii, T.e.
peaxkuil NpOXOASsIINUX B OHY CTaIHIO.

IIpuMepsl PSMBIX 2JIEMEHTAPHBIX PEAKLIAMN:

NO + O — NOg;
H +Cl — HCI;
N204 — 2NO:.
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Jis  Takux peakuuid CTENMEeHW B KUHETHUECKUX YPAaBHEHMSIX COBIMANAIOT  CO
CTEXUOMETPUYECKUMU KO3(PPUIIMEeHTaMU PeareHTOB B YPAaBHEHUU PEaKIUH.

llokazamenvy cmenenu KOHYEHMpAyuu peazupyroujeco eeujecmed 6 KUHemu4yecKom
ypaeunenuu peaxyuu (X, Y u 0p.) Hazvieaemcs nopsaoKom peaxkyuu no OaHHomy eewecmsy. Tak,
Hanpumep, Ui peakuuu (6.1.2) mopsiok no BemectBy 4 paBeH X, no B — Y. Ilopsankom xe
peakiuu B 1esoM (N) SBJIseTCs cyMMa MOPSAKOB MO KaKIOMY peareHty JJis JaHHOW peakilvH,
Hanpumep, Ui peakuuu (6.1.2): n =X +y.

Benuuunbl nopsinka mo peareHtaM (X, Y U JIp.) W MO peakiuu B 1ejoM (N) MOryT OBITh
Tr00bIMH  HeOoNbIMMHU 11eTbIMU yuciamMu (1, 2 u penko 3), paBHATHCS HYJIIO WK OBITh
npoOHbMu urciiamu (1/2, 2/3, 3/4 w np.). Hanpumep, i1 peakuuu CHHTE3a BOBI

2Hz(2) + O2(2) <« 2H20(2)

MOPAZIOK PEaKIK, B 3aBUCUMOCTH OT HaplUaibHBIX JaBJIECHUN BOAOPOAA M KUCIOPOJA,
umeeT npooHoe 3HaueHue — 1, 0,5 u 0,7 (cm. Tabmuity 5.1).

Tabnuya 2.1 — 3asucumocmsv nopsaoka peakyuu om napyuaibHulX 0a81eHUtl KUCi0pooa u
6000p00a

S R e B o
130 — 2600 26600 — 53300 v =kpl, 2 pg2 1
2600 — 8000 20000 — 53300 L= kpffl2 pg'f 05
8000 — 50600 1330 - 5300 L= kp&;1 pgf 0,7

HeoOxoauMbIM ~ YCITIOBHEM XHMHUYECKOTO B3aUMOJICHCTBUS SIBIISICTCS  CTOJKHOBEHHE
pearupyrommx 4acTHIl — MOJIEKYJI, aTOMOB, HOHOB | JIp. B MOMEHT CTOJIKHOBEHHS AJIEKTPOHHBIE
o0Jaka peareHTOB CMEIIMBAIOTCs, 00pa3ysl IPHU 3TOM HOBBIE CBS3H.

Hucio MOREKyl, 0OHOBDEMEHHbIM B3AUMOOCUCMEUEM MeNCOY KOMOPbIMU 6 MOMEHM
CMONIKHOBEHUL  OCYWeCMEIAemcs — aKm — XUMUYECKO20  NpespaujeHus,  HA3bleaemcs
MOJIEKYIAPHOCIbIO PeaKYUU.

Peakiuu ObIBalOT MOHO-, OHM- ¥ TPUMOJCKYJISPHBIMU. TpHUMOJICKYJSIpHBIE U
TETPaMOJICKYJIAPHbIE PEaKUMH OYeHb pEOKU. VI3BECTHBI JHMIIb HECKOJIBKO IPHMEPOB
TICHTAMOJICKYJISIPHBIX PEAKIIUi.

B yacTHOCTH, K MOHOMOJIEKYJISIPHBIM PEAKIUSAM OTHOCST PEaKIMU PAa3I0KEHUS MOJIEKYJT
Y BHYTPUMOJICKYJISIPHBIX MEPErpyNIHPOBOK, HAIIPHUMED, PEAKIHIO PA3JIOKESHUS MOJICKYIT Ho/Ia:

l2(2) < 2l(2).
Kunetndeckoe ypaBHEHHE 3TOTO MPOIEcca UMEET TIEPBbBIil MOPSIOK:
v =K[I2].
[Tpumepsl OUMONIEKYIISIPHBIX PEAKIINU:
2NO(2) <> N202(2); v = k/NOJ?

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

TpumMosneKkyssipHast peaKIusi:

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

JIns mpUBENEHHBIX PEeaKUWil MOPSIOK M MOJICKYJSIPHOCTh PEAKIMid COBIAJAIOT, HO B
o011eM ciyyae OHU Pa3InyHbI.

Topadok peaxyuu onpeodensiemcs MOIEKYIAPHOCIBIO CAMOU MeOeHHOU CMaouu OaHHOU
peaxyuu.

Ecnu peakiust uaer mo cCTagusM, TO €€ MOPSNOK pEaKIWWd MEHbIIE WIM paBeH
MOJICKYJIIPHOCTH peakiuu. Tak, HarpuMmep, pH CUHTEe3¢ BOABI (CM. Tadiuiy 5.1) mpu mopsake
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peakuuu paBHOMy exauHune (N =1, U = kp|1_|2 pg ), peakuys — MOHOMOJIEKYJIIpHast; Ipu N =
2

05 (U= kal pg’S), peakiusi — MOHOMOJIeKyspHas; mpu N = 0,7 (U = ka"Ar p£’3),
2 2 2 2
peakius — OMMOJICKYJIIpHasl.

Ipumeuanue. HeoOX0aMMO MOMHUTH, YTO MOJIEKYJIAPHOCTh PEAKLUHU, B OTIMYHE OT €€
nopsijika, Bceraa nesnoe uncio — 0, 1, 3.

3axkon Oeticmgusi Mmacc Ccnpageonus8 MoOabKO Ol MOHO-, Ou- u pedce 0.
MPUMONEKYISAPHBIX PEAKYULL.

[Tpu seMeHTapHON peakui B CUCTEME IMPOTEKAET TOJBKO OJUH MPOLECC U YpaBHEHHE
pPEaKIMK PACKPBIBACT €r0 MEXaHHW3M. BOJBIIMHCTBO peaknuid — CIOXKHBIE M IPEACTABIISIOT
co00i1 cyMMapHbIi pe3ysbTaT HECKOJIBKUX 3JIEMEHTAPHBIX IIpoueccoB (AByx u Ooiee). [ToaTomy
o0I111ee CIIOKHBIX YPaBHEHUE PEAKIIMI HE OTPAXKAET X PealIbHBIA MEXaHU3M.

Jna cnodxcuvix peakyuil 3aKoH OeUCMBUs MACC He NPUTONCUM 8 YelOM, d CHpaeedius
JUWb K OMOENbHbIM €€ cmaouam Hebonvbulou moaexyiapHocmu. Harpumep, oOliee ypaBHEHUE
pEeaKIuy UMEET BHI:

24 +B < C,

COTJIACHO KOTOPOMY SIBIISIETCS SIKOOBI TPUMOJEKYJIsipHOW. OIHAKO TPOTEKaeT B JBE
CTaJIuu:

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

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

KMHETUYECKOE YpaBHEHHUE 3TOT0 B3aUMOACHCTBUSI Oy/IeT UMETh BU:
v =K[A][B], a ne v = k[AJ*[B].

N3 (5.1) cnemyet, 4TO0 CcKOpocmb peakyuu — 6eIUUUHA OOPAMHO NPONOPUUOHATbHAL
8peMeHU.

BcenenctBue pa3nuuHOM CKOPOCTH JIBHXKEHHS MOJIEKYJ, OHH OONaJaroT pa3iuyHOM
KHHETHYeCKoM 2Hepruei. [Ipu 3ToM KuHeTHYeCKast SHEPTusl MPSIMO MTPOTNOPIIMOHATBHA CKOPOCTH
JIBUYKEHUSI MOJIEKYJIBI.

Mosekyiibl, KOTOpbIe 00J1aJal0T BRICOKHM 3aIacoM KHHETUYECKON SHEPTUH, HAa3bIBAIOTCS
AKTHUBHBIMHU.

Jlononanumenvhyio snepauio, KOmMopylo Hado cooOWUMb MONEKYIaM 01 nepeeooa Uux 8
AKMueHoe COCMOosIHUe, HA3bI8AIOM SHepeuel axkmueayuy. XHUMHYECKas peakius MOXKET
MIPOU30UTH TOJIBKO P CTOJIKHOBEHHH aKTUBHBIX MOJIEKYIL.

Ckopocmb  Xumuueckou peakyuu Npsamo HNPONOPYUOHANbHA HUCTY CMOJIKHOGEHUU 8
eOUHUYY 8PEMEHU.

Ponp katanuzaTopa, mpuMEHsSIEeMOro Juisl MPOTEKaHUsS AAHHOTO XMMUYECKOIro Ipoliecca,
3aKJTIOYACTCS B CJCAYIOImEeM: 1) B TOHWKEHUU OHHEPrUM aKTUBaluu;, 2) B obecreueHun
HEOOXOIUMO OpUEHTAIH PEarupyromnux 4acTHII.

Biausinue TeMnepaTypbl Ha CKOPOCTh peaKIuu

C mNOoBBILIEHWEM TEMMEPATypbl YBEIUUYMBAETCS CKOPOCTh JBHMIXKEHHUS MOJEKYI U HUX
KHHETHYECKasi YHEPTHs. AKTUBHOCTh MOJIEKYJT BO3PACTAET, M CKOPOCTh PEAKIINH YBEITUIHBACTCSI.

3aBUCHMOCTh CKOPOCTHM PEaKIUU OT TEeMIEpPaTypbl OINpeAenseTcss MpaBuwioM BaHT-
Todpda: mpu yseruuenuu memnepamypor na rasxcovie 10°C cxopocmsv peakyuu eospacmaem
npumepHo 6 2 pasa. JIns HEKOTOPBIX peakIuii CKOPOCTh BO3pacTaer B 3 — 4 pa3a. DTO 3aBUCUT OT
MPUPOJIBI PEarupYIOIINX BEIIECTB.

Yucno, nokasviearowee 60 CKONLKO pa3 YEeIUdUueaemcsi CKOpoCcmv peaxkyuu npu
veenuuenuu memnepamypel Ha 10°C, Hazvieaemcs memnepamypHviM Kod@duyuenmom u

obo3Hauaemcs 7/ :
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N3MmeHeHne CKOpOCTH peakiuu OT TeMIIepaTypbl MOXKET OBITh BBIUKCIEHO MO (Gopmyre
Bant-T'odda:

t,—t;

t
Utl

rae Ut2 151 Utl — CKOpPOCTH peakuuu npu temmneparypax t2 u {1 cOOTBETCTBEHHO; Y —

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

BemectBa, HM3MEHSAIOIME  CKOPOCTh  XHMHYECKOTO  IpoIecca,  Ha3bIBAIOTCA
Kataim3aropamu. KaranuzatopaMu MOTyT OBITh TBEpJble, KHIKAE W Tra3000pa3HbIC
BemecTBa. MI3MEHEHHE CKOPOCTH XUMHUYECKOW PEaKIMU IO/ BJIHMSHUEM IPHUCYTCTBYIOIICTO B
CHCTEME MMOCTOPOHHETO BEIECTBA, COCTaB M KOJIMYECTBO KOTOPOTO K KOHILYy PEaKIUU OCTAIOTCS
0€3 U3MEHEHM, Ha3bIBAIOTCS KATATU30M.

[Tpu roMoreHHOM KaTaju3e B3aMMO/ICHCTBYIOIIME BEIIESCTBA U KATAIM3ATOP COCTABIISIOT
onHo(daszuyro cucremy. [Ipu reTeporeHHOM KaTajaM3e pearupyrollue BEUIeCTBAa M KaTalIW3aTop
COCTAaBJIIIOT CHUCTEMY W3 HecKoibkuXx (a3. [Ipum rereporeHHOM Kartaju3e B MPHCYTCTBUU
HEOOJBIIMX KOJMYECTB KaTajiu3aTopa MOTYT MPOPEarupoBaTh OTHOCHTEIHHO OOJBIIHE
KOJINYECTBA B3aWMOJICHCTBYIOIIUX BellecTB. [Ipy rOMOTEHHOM KaTaliu3e CKOPOCTh PEaKIIMU
MIPAKTUYECKH MTPOITOPIMOHAIbHA KOJIMYECTBY KaTaanu3aTopa.

AKTHUBHOCTB KaTaju3aTropa, a MHOT/IA M CIeUU(UIHOCTD MX JIEHCTBHS, B OOJIBIIONW Mepe
3aBHCHUT OT TeMIepaTypsl. s Kaxaoro mporecca, CyIiecTBYIOT ONpeIeIeHHbIC KaTaln3aTophl,
4acTo MOoAOUpaeMble IKCIIEPUMEHTATbHBIM MTyTEM.

XuMHn4yeckoe paBHOBecHe
Bce xumuueckne peakiiuu MOXHO pa3ZesiuTh Ha JIBa THUIA: 00paTUMbIe U HEOOpaTUMBbIE.
MHorue peakuuu sBJISIOTCS 00paTUMBIMHU, T.€. TAKMMM, IPU KOTOPHIX 00Opa3oBaBLIMECS
IPOAYKTHI B3aUMOJIEHCTBYIOT MEXKy COOOH, MpeBpalasch B UCXOJHbIE BELIECTBA.
OOpatrMble peakliiy OrpaHUYEHbI ONPEICIEHHBIM MPEIEIOM: OHU HE JOXOAAT A0 KOHILIA.
OOmuit BUj ypaBHEHUs 00paTUMON peaKIiu:

mA + nB<«>pC + gD. (2.5)

CKOpOCTI/I npsaMoro u OGp&THOFO MMpOHeCCOB BhIPAKAOTCA CICAYIOINIUMHA YPABHCHUSAMU
v =k[A]"[B]" (2.6)
v =k[C]P[D]". 2.7)

B MOMeHT ycTaHOBNIEHHS paBHOBECHUS IpsMasi U oOpaTHas peaKlUy He TMpeKpaarTcs, a
MPOJIOHKAIOT MPOTEKATh B MPOTHUBOIOJIOKHOM HAIIPABJICHUU C PABHBIMU CKOPOCTSIMH.
I'paduuecku 310 MOXKET OBITH TakK, Kak MOKa3aHO Ha pUCYHKe 5.1.

UA

U2

»
»

Pucynox 2.2 3asucumocms npsamoii u 0dpamuoil peaxkyuti om spemenu
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Ecnu cxopoctu mpsiMoii M1 oOpaTHOW peakiuii paBHBI (Vmp = Voop. — MATEMaTHUYECKOE
YCJIIOBHE€ XHWMHUYECKOIO paBHOBECHs) , TO TpaBblie 4yacTu  ypaBHeHui (5.6) m (5.7), ux
BBIPQKAIOUINX, TAKXKe PaBHBI:

K[A]"[B]" = k[c]’[D]". 9
Ha ocnoBanuu 310r0 c(hOpMyIHpPOBAHO MOJOKEHNUE, HA3BAHHOE 3aKOHOM JICHCTBHUS Macc
(BTOpast GopMyIMpPOBKA): 6 MOMEHM PABHOBECUsL NPOU3BEOEHUe KOHYESHMPAYULl Oeticmeyouux
MACC UCXOOHBIX GeujeCms HA KOHCMAHMY CKOPOCMU NPAMOU pPeakyuu pPasHo NpoUu3eedeHuro
KOHYenmpayuti  0eticmeyrowux Macc 00pazyiouuxcs ewjecmse Ha KOHCMAHMY CKOPOCMU
00pamHoll peakyuu.
N3 ypaBuenus (5.8) cienyeT, 4To

c i lclPlof (2.9)
[A]"[B]" |
OTHOI_HGHI/IG ABYX IIOCTOSAHHBIX BCJIMYHUH €CThb BCIIMYNHA ITIOCTOSTHHAA, CIICAOBATCIIBHO!
WE:KP:EJﬂEE (2.10)
[A]"[B]" |

KoncranToif xumudeckoro paBHoBecusi KP Ha3bIBae€TCS OTHOLICHHE MPOW3BEACHUS
PaBHOBECHBIX  KOHIEHTpallMid TMPOAYKTOB peakUWh K TPOU3BEACHUI0O PaBHOBECHBIX
KOHIICHTPALUI HCXOAHBIX BEIIECTB, B CTETIEHU X CTEXHOMETPHUIECKUX KOI(PPHUIIMECHTOB.

KP BbIpakaeT 3akoH ACMCTBUS Macc /U PABHOBECHBIX CHCTEM: KOHCMAHMA XUMUYECKO20
PpasHoGecusi He 3a8Ucum Om KOHYEHMPAyuu peazeHmos, HO 3a8UCUm Om memnepamypul u om
nPUPOObL Peazupyrouux euecma.

B MOMeHT XMMHYeCKOTro paBHOBECHs M3MeHeHne sHeprun [ mooca He mpoucxoaut — AG
= (0. KoHcranTa xuMHu4yeckoro paBHoBecus cBsizaHa ¢ AG COOTHOLIEHHEM:

AG® = —RT InKP (2.11)

VuuteiBast, uyto InKP =2303 IgKP u R = 8,314 [Ix/K-monp ypaBHenue (2.12)
npeoOpa3yeTcst 10 BUJIA:

AGY=-19,14 T IgKP (2.13)

[Tonmp3ysick ypaBHEHHWEM  KOHCTAaHTHI PAaBHOBECHS, MOXKHO YIPABIATh XUMHUYECKUM
IPOIIECCOM, YTO BaXKHO B TEXHOJOTMYECKHX IIEIISAX.

Ecnu B paBHOBecHoOit cucteme MA + NnB<«>pC + D yBenuunth KOHIEHTpaIMIO A, TO B
cootHowieHUH (7.1.6) mnst KP, NOJKEH YBEMWYUTHCS YUCIUTENb WIM YMEHBIIUTHCS BTOPOM
COMHOJKUTEIb 3HAMEHATe, T.€. BeIUUnHA [B]. DTO MOKeT MPOU30UTH B Pe3ysIbTaTe CMELICHUs
paBHOBECHS ClieBa HAINPaBO, MPUBOIAIIETO K OOpPa30BAHWIO HOBBIX KOJWYECTB MPOIYKTOB
peakiuu — C u D.

Takum 00pazom, TIpH YCTaHOBHBIIIEMCSI HOBOM COCTOSIHMM PaBHOBECHS, KOHIIEHTPAIIUU
BCEX YEThIPEX BEIIECTB, 110 CPABHEHHIO C MEPBOHAYAIBHBIMHU, OKAXYTCS U3MEHHUBILIUMHUCS, a
3HAYCHHE KOHCTAHTHI PABHOBECHSI HE M3MEHHTCSI.

CrnenoBarenbHO, JUIs CMEIIEHUS PAaBHOBECUS CJIeBa HANpaBO HEOOXOJUMO WU
YBEIMYNATh KOHIIEHTPAIMIO OJHOTO M3 MCXOJHBIX BEHIECTB, WIM YMEHBIIUTH KOHIIEHTPAIIHIO
OJTHOTO U3 MPOAYKTOB PEAKIIHH.

C momomIpio BBIpQKEHUS KOHCTAHTHI PAaBHOBECHS MOXHO ONPEEINSATh KOHICHTPAIUU
BEIIECTB B MOMEHT pPaBHOBECHS, a €CJIM M3BECTHBI 3HaueHHUs K¥ U MCXOJHBbIE KOHILIEHTPAIUH
BEIIECTB, TO MOKHO OTIPE/ICIUTh UX PABHOBECHBIE KOHIICHTPAIIHH.

Ecnu McxoHyr0 KOHILIEHTpauuio BemecTBa A 0003HauuTh uepe3 Co(A), a 4yuciIo Mok

€ro, NpopearupoBaBIIUX K MOMEHTY PaBHOBECHsI, YEPE3 A C(A), To MoJIsipHAsi KOHLIEHTpALIUS B
MOMEHT PaBHOBECHSI OIPEEIUTCA TaK:

[A] = Co(A) — A CA).
PaBHOBECHE B TETEPOreHHBIX CUCTEMAX ONPENEIAETCS TOJBKO Ta30BOM WM KHUIKOU
(ha3oii, T.K. KOHIIEHTPAIIUU TBEPABIX BEIIECTB HE BXOIAT B YPaBHEHUE ISl CKOPOCTU PEAKIIHH.
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HampaBienue cMeIeHUsT pPaBHOBECHUS CHCTEMbI TIPM H3MCHCHHH KOHIICHTPAIIWH,
TEMIIEpaTyphl WK JaBiieHUs onpeaensercs npuniunom Jle [laresnne:

«Ecnu Ha 00paTUMYIO CUCTEMY, HAXOISIIYIOCS B TIOJBH)KHOM COCTOSIHUH, OKa3aTh U3BHE
Kakoe — JMOO BO3JEHCTBHE, TO CHCTEMa OTBCYAET CMEIICHHEM PaBHOBECHS TaKUM 00pa3oMm,
YTOOBI OCIIA0UTH 3TO BO3AEHCTBHEY.

Oo0opynoBaHne U MaTepuaJbl
. PactBop ceproii kucnorsl H,SO4 ¢ xonuentparmeit C(H2S04)=2 mMonb/nm®
Tuocynbdara natpus NaS;03
HuctunnupoBaHHas Boja
[Tpobupku
JIoxkeuka
bropetka
BogsiHas Oans
TepmomeHT
. PactBop comstnoii kucnorsl HCI ¢ konnentpanueii C(HCI)=2 mons/mm®
10. Kap6onar kanbius (merx) CaCOs
11. Tlepokcun Bomopona
12. PactBop okcuma mapramnia (+4). MnO,
13. PactBop oxcua xenesa (+2), FeO
14. PactBop oxcuma kpemuusi (+4), SiO;
15. Pactsop xnopuna xenesa (+3) FeCls (C(FeCls) = 0,002 mons/am®
16. Pactop tronmanara kanus C(KNCS) = = 0,002 mons/mm®
17. PactBop KCI

©@P NSO WD,

YKa3zaHus 110 TEXHUKE 0€30IacCHOCTH
1. Bce paboTel B XMMHYECKOH J1a0OpaTOpHM JOJDKHBI TPOBOJUTHCS TPH HCHPABHOM
ANEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IITKAQYy.

2. T'a30BbIe KpaHbI U ra30MPOBOJ IOIDKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPUOAHIECKU
HPOBEPSATHCA.

3. Pabouee mecTo conepikaTh B OPSIKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcst OpaTh YMCTHIM IITATEIEM MU CIICIUATIHHON JT0XKESUKOH.

5. M3numek peakTvBa HE BBUIMBATH OOPATHO B COCYJ, U3 KOTOPOTO OH OBLI B3SIT.

6. Bce ombITH ¢ BpeAHBIMH U MTAXHYIUMH BEIIECTBAMU, a TAK)KE yIApUBAHHE KUCIOT U KUCIBIX
pacTBOPOB MPOBOJMTH B BBITSDKHOM ITKaQYy.

7. OcraTKu coOeqUHEHU cepedpa ciaMBaTh B 0COObIE CKIISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B NPOOUPKE BCETAa clenyeT AepkKarh e€ TakuM 00pa3oM, 4ToObI
OTBepcTHE MPOOUPKH OBLIO HATIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsIoM coceia.

9. He HaKIOHSTH MO HAJl HArPEBAEMOM )KUIKOCTHIO HJIH CIUIABIISIEMBIM BEILIECTBOM.

10. He cnenyer BIBIXaTh Maxy4due BEIIECTBA M ras3bl, OJU3KO HAKIOHSSICH K COCYLy C THMHU
BenlecTBaMy. HroxaTh BeliecTBa MOKHO JIMIIL OCTOPOKHO, HANPABJISAS K ceOe Taphl WIIH ra3 JIBHKEHHEM
PYKH.

11. XpaHuth pacTBOpPHI KOHIEHTPUPOBAHHBIX KHCJIOT U ILEJIOUEH B BBITSHKHOM LIKady.

12. BrumBath pa30aBieHHbBIE KUCIOTHI U IIETOYHBIE PACTBOPHI CIEAYET B CIMBHYIO CKIISTHKY.

13. Kareropuuecku 3arpeniaercst mpoOoBaTh XUMUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIerko BOCILIAMEHSIOIIUMUCS BellecTBaMu (3QUphI, OSH301, CEpOyriIepos U
T.J1.) HE IOJDKHO OBITH PSIIOM OTHSI 1 BKJIFOUEHHBIX TUTUTOK.

15. IIpu pabote cO CTEKIOM, XHUMHYECKOW TOCYAOH, HEOOXOMUMO COONIoAaTh IIpaBHIIA
IPEIOCTOPOKHOCTH BO M30€kKaHNE PAHEHUH OCKOJIKAMH CTEKJIA.

16. Karteropuuecku 3ampeniaercsi OCTaBIsATh paboTarole Npuoopsl 63 HaOIIOACHUS.

18. B xumudeckoii 1aboparopun HeOOX0AMMO paboTaTh B XajaTe.

3aganusa
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Omeir 1. Omnpenenurte CKOPOCTh B3aUMOJICHCTBHUS THOCYIb(aTa HATPUS C CEPHON KHCIOTOM.
[porecc MOXKET OBITH BBIPAXKEH JABYMSI CTATUSMHU:

a) NapS,03 + H»SO,4 = NaySOy4 + HpS»03 - 6rictpo;
6) HyS,05 = H,0 + SOy + S 4 — memnento.

Ha Bropoii craguu peakiuu BbIAENIsSeTCsS CBOOOAHAS cepa B BHJIE ONAJIECLUPYIOIIETO BEIIECTBA.
Bpemst oT Havyana peakuud A0 MOSBICHUS MEPBBIX BHIMUMBIX CIEIOB CEpbl 3aBUCHT OT KOHIEHTpAIUU
pearupyronmx BeIecTs.

B Tpu npoOupKH HalEHTe Mo 5 ¢cM° CepHOM KUCIIOTHI U3 OIOPETKH, 3aTEM BO3BMHTE TPU KOJIOOUKH
emkocTbio 1o 50 cm® um maneiite: B mepByro 15 cm® Tmocynbgara Hatpus, Bo BTopylo — 10 cm®
tHocynb(pata Hatpus M 5 cM® Boabl M B TpeThio — 5 cM® THocymbparta Hatpus u 10 cm® Bombl
COOTBETCTBEHHO. bynpTe TOUHBI IpU OTMEpE HY>KHBIX 00BEMOB BemlecTB. llomerbTe HOMepa Koiol.
Teneps mo odepenu B Kaxaylo KoJOy MPIIIMBaWTe W3 MPOOWMPKH MPHUTOTOBICHHBIH PAacTBOP CEPHOU
KHCIOTHL. Bpems oTcunThIBaiiTe Mo cekyHmoMmepy (MM CEKYHIHOW CTPENKE YaCOB) C MOMEHTA CIMBAHUS
PacTBOPOB 710 Hayaja MOMYTHEHHUS.

Pesynprare! onbiTa cBenuTe B TAONIUITY 2.2.

B utore MoXHO 1M cAeNaTh BBIBOI: CKOPOCMb pearkyuu 3a6UCUm om npupoobl peazupyioujux
eewecms u ux KOHyenmpayuu?

OnpiT 2. B Tpu cyxux npoGHpKHU HalelTe no 5 cM® pacTBOpa CepHOM KUCIOTHI, a B TPH APYTUE —
o 5 cm® pacTBopa THOCYJIb(aTa HaTpus. [loMecTHTE BCe MPOOUPKH B BOAsHYIO OaHro. Uepes 5 - 7 MUHYT
U3MEphTe TeMIepaTypy pacTBopa THOCY/Ib(ara HATpUs U CICHTE COAep)KUMOE OJHOW Mapbl MPOOUPOK.
OrtcunTaiiTe BpeMs OT CIMBaHHUA NPOOUPOK N0 TOSABIEHUS NOMYyTHeHus. M3MmepwpTe Temmeparypy
pacTBopa THOCynb(]ara HaTpus B Ipyrod mpoOupke: OoHA JODKHA ObITH Ha 10° BBINIE, YeM B MEPBOM
ciIydae.

CreiliTe comepKuMoe BTOPO#l mapbl IPOOUPOK 1 oTMepbTe BpeMs. OMBIT ¢ TpeThbel MpOoOUpKOi
MpoBOAAT Tipu Temreparype Ha 20°C Bhillle TepBOHAYANEHON. Pe3ybTaThl OMBITOB 3aHECHTE B TaOIHILY
2.3.

OneiT 3. Hanedite B aBe mpoOupku Ha 1/4 ux oObeMa COJITHOM KUCIOTHL. BbiOepute aBa
OJIMHAKOBBIX KyCOUYKa MeJla M OJIMH M3 HUX Pa30TPHUTE B CTYIE B MOPOIIOK, 3aTEM OJHOBPEMEHHO B OHY
13 IPOOUPOK OMYCTUTE KYCOUYEK MEJa, a B APYI'YIO CCHINBTE ITOPOLIOK.

Onpit 4. B geTwipe npoOupku Haneiite 10 3 cM® pacTBopa mepokcuaa Bojgopoaa. B tpu u3 Hux
BCHITIETE OJHOBPEMEHHO TI0 JIOXKEUKE: B OJJHY — OKCHIa MapraHia (+4), B Apyryro — okcuaa xxemnesa (+2),
B TPEThI0 — OKcuaa KpemHus (+4). UerBepras npoOupka — 1y cpaBHeHus. HaOmonenus 3anuimuTe B
TETPajb.

OmnpitS. IlpumepoMm 0OpaTUMON peakIMH SBISETCS B3aUMOJCHCTBHE MEXay pa30aBlIeHHBIMU
pacTBopamMu xyopuzaa xenesa (+3) ¥ THOLMAHATA Kajuusl WM aMMOHHMS (IPaKTHYECKH OeCIBETHBIE
pacTBOPBHI).

MonekynspHOe YpaBHEHHE PEAKIIIH:

FeClg(p) +3KNCS )y <> Fe(NCS )3,y +3KCl ).

MoHHoe ypaBHEHUE:

Fe3"(p) +3NCS 7 (p) © Fe(NCS)3(p).

OO0pasyromuiicsi B pe3ynbTaTe peaklMu KOMIUIEKC — THOLMAHAT jkene3a (+3) olnajgaeT KpacHbIM
[[BETOM, HHTEHCUBHOCTh KOTOPOTO 3aBHCUT OT KOHIIEHTparmu. [103ToMy cMellleHHe paBHOBECHS JIETKO
HaOJIFOIATh 10 U3MEHEHUIO HHTEHCUBHOCTH OKPACKH.

Cnetiite B k010y paBHble 00beMbl (10 — 15 cm®) pactsopa FeCls (C(FeCls) = 0,002 mons/am®) u
pacTBOpa THOIMOHATA Kayusi (MM aMMOHus) ¢ MoJsspHoi konnentpamuein C(KNCS) = = 0,002 mons/am>.,

[Mony4yeHHBIH pacTBOp pazieliTe B YeThipe MPOOUPKH TaK, YTOOBI 0OBEMBI BCEX PACTBOPOB OBLIH
NPUMEPHO OJIMHAKOBBIMH. B mepByro npobupky nobasbte 1 cm® pactsopa FeCls; Bo Bropyro — 1 cm®
HACBIIIEHHOTO PAacTBOpa THOLMaHaTa Kaus; B TpeThto — kpuctaiumueckuii KCl (wm NH4Cl). YerBepras
poOupKa — ITAJIOH [yl CPAaBHEHHUSI.

Pesynbratel onbiTa 3aHecuTe B TaOnuiy 2.4.

Conep:xanue oT4yeTa
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Jlns onvima 1.
Tabnuya 2.2 3asucumocmov ckopocmu peakyuu om KOHYEHmMpayuu

Konuentparnus
Na;5;05 3 Bpewms ot Havyana OTHOCUTENBHAS CKOPOCTh
Ci(NayS,03), moms, / om® = OTCYeTa 10 MOABIECHHUS peaKmu
MTOMYTHEHHSI
Vi(Na,S,0 =t
_ I( 292 3)-C0(N828203) t,c U r
\Y
p—pa

rae Vi (NayS,03), en® =15;10;5;
V, parcn® =V;(NapS303)+V; (H20) +V (H2S0;).

Ha ocHOBaHuM MexaHM3Ma peakLUUU YKaXuTe €€ IMOPSAOK U MOJEKyJsIpHOCTh. Hanummmwre
KMHETH4ecKoe ypaBHeHue. [lonpITaiiTech BBIYUCIUTh KOHCTAHTY CKOPOCTH.

[ocTpoiite rpaduk 3aBUCUMOCTH CKOPOCTH PEAKLMU OT KOHLEHTPALMH PEarupyromnix BELIECTB.
Kakoil nuHueil BbIpakaeTcs HailieHHasi 3aBUCUMOCTh? I[IpoXoIWUT M OHA yepe3 Hayaao KOOpAUHAT?
[Touemy?

Jlna onvima 2.
Tabnuya 2.3 Brusnue memnepamypul Ha CKOPOCHb peaxyuu

NeNe TeMIenarypa onbrra. °C Bpems ot Havana oTcuera 10 OTtHOcuUTENIbHAs CKOPOCTh
OITBITa patyp ’ MOMYyTHEHUs, t peakmuu, U =t?

Bripazute rpaduuecky 3aBUCUMOCTH CKOPOCTH PEaKIMU OT TeMIIepaTyphbl, OTJIOXKHB Ha OCH
abcluce 3HaYCHUsT TEMIIEPATYPhI, 2 HA OCH OpJIMHAT 3HAYCHUSI OTHOCUTEIFHON CKOPOCTH peakinuu. Yemy
paBHO 3HAYEHHE TEMIIEPATYPHOTO KO3(PPHUIMEeHTa B BaIlleM OIbITe?

Jlns onvima 3.

OOmBsicHHTE, B KaKOH U3 IPOOUPOK peakius nomnia osictpee? [loyemy?
Jlna onvima 4.

OObsicHUTE, OJMHAKOBO JIM MPOTEKACT IPOLECcC PasiokeHus nepokcuga Bogopoaa? CocTtaBbTe
ypaBHEHHE PA3NIOKEHUsI TIepoKcHaa Bogopoaa. OnpenenuTe TAN KaTanu3a. Kakoe M3 BEIIECTB OKazaio
KaTaJUTHYECKOE AeiicTBHE?

Jlna onvima 5.
O0BsicauTe, 9TO MpoucxoAuT. CoCTaBhTE BRIPAKECHHE IS KOHCTAHTHI paBHOBecHs. Ha ocHOBaHWM

(1)OpMy.HBI oI pacu€Ta KOHCTAHTbI PAaBHOBECHUSA YKaXXUTC, M3MCHCHUC KOHHeHTpaHI/Iﬁ KakKuxX BCHICCTB
(I/ICXO}_'[HBIX HJIU IIPOAYKTOB peaKL[I/II/I) BBI3OBET OoJtee CymeCTBeHHLIﬁ CABUI' paBHOBCCHUA.
Ta6jzu1/;a 2.4 Bnusnue KOHYermpayuu peacennios Ha XuMu4eCcKkoe pasrnosecue

N Ocnabnenune uim Hampasnenue cmemnieHus
Howmep ombiTa Job6aBneHHbIH pacTBOP
YCHUJICHHE OKPAacKH paBHOBECHS
1
2
3

KoHTpoJibHBbIE BONIPOCHI

ba3oBblii ypoBEHb
Yo U3y4acT XUMHUYECCKasd KWHECTUKA U IJIA 4€ro OHa CHY)KI/IT?
2. Kakue ¢akTopsl HCOOXOAUMBI ISl BCTYIUICHUS B XUMUYECKYIO PEAKIMIO pearupyromnux

=
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yacTui?

3. JlafiTe ompeneneHne CKOPOCTH XUMHUYECKOH peakmmu. Kak BeINIIAWT Tpaduk,
OTPaXKAIOIIUH 3aBUCUMOCTh CKOPOCTH JIEMEHTapHOU peakiuu Buga P + G <> Q ot: 1) xoHICHTpanuu
pearenta G; 2) KOHIEHTPALUK MPOAYKTa peakuuu Q?

4, Kax gnraetcs nepBast popMynrpoBKa 3aK0HA AeHCTBHS Macc?

5. Kaxko#t cMBICT MMeeT KOHCTaHTa CKOpPOCTH peakmuit? OT 9ero 3aBHCHUT W OT YEro HE
3aBUCHUT 3TOT HapameTp?

6. IIpunokuM Tl 3aKOH JCHCTBHSA MAacC K CIOXKHBIM (MHOTOCTaAMIHBIM) peakmusmM? OTBeT
MOSICHUTE Ha MpUMeEpe.

7. YkaxkuTe, KOTJa CKOPOCTh XMUMHYECKOW PEAKIMH JCHCTBUTEILHO MPOMOPIUOHATBHA

MPOU3BE/ICHUIO KOHIICHTPAIMI PEarupyromuxX BEIISCTB B CTCMEHSIX, PABHBIX UX CTEXHOMETPHUECKUM
kod(purmeHTaMm.

8. Uro Ha3BIBAIOT MOJIEKYJSIPHOCTBIO U MOPSIKOM XUMHUYECKHX peakuuii? Bcerma iam oHM
OJIMHAKOBEI?

9. Kak ompenensitor MOJEKYISIPHOCTh U MOPSIAOK CIOXKHBIX peakuuid? IloscHUTE OTBET Ha
npumepe.

10. Kakne yacTuipl Ha3plBalOT «aKTUBHBIMU»? JlaliTe oOIpenelicHHe TMOHITUIO «IHEPTHS
AKTUBALIUN.

[1oBbIIEHHBIN YPOBEHB

1. Kak uzMmensieTcst sHeprus akTHBAllUK B MIPUCYTCTBUH KaTanuzaTopa?

2. YTo NPOMCXOAMT C pearupyroMHU YacTUL[AMU TIPH HarpeBaHUU?

3. [IpuBenmute ¢dopmymupoBky mpaBmwia Bant-I'odpda. Kakas dopmyna otpaxaer
MaTeMaTHYEeCKYIO 3aBUCHMOCTb BO3PACTAHHS CKOPOCTH C YBEJIMYCHUEM TEMIIEPATyPhI?

4. Kako#i cmbica uMeeTr TemreparypHbIi koddduiment? YUto o3HavYaeT, HapuMep, eciu
=3?

5. Onpenenure TeMnepaTypHbIH KOAPGUIMEHT CKOPOCTH PEaKIMU, €CIIU MPU MOHWKEHUH
Temnepatypsl Ha 45 °C peakuus 3amenunack B 30 pas. Otset: y = 2,13.

6. IIpu 393 K peakuus 3akaHuMBaeTcs 3a 25 MUH. Uepe3 CKOJBKO MUHYT 3Ta pPEaklUs

3akonuntcs npu 443 K (y =2,5)? Otsert: 0,255 muH.

7. Kakne XxuMuuecKre peakiui Has3bIBaloT oOpaTUMbIMU? HeoOpatumbiMu? [IpuBeaute mpumepsl
TaKUX PEakLuu.

8. Ilpu Kakux ycIOBUSAX HACTYINAeT XMMUYECKOE PABHOBECHE B 00PaTUMBIX CUCTEMAaX?

9. Kakoif mapamMeTp Ha3bIBAIOT KOHCTAaHTOW paBHOBecHsi? Kak oTpakaeTcs €€ 3aBUCHMOCTH OT
KOHCTaHT NpAMOI 1 00paTHOM peaxiuii?

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

11. Ilouemy B BbIpa)KE€HUH KOHCTaHTHI PAaBHOBECHS KOHIIEHTPAIMH BEIIECTB YKa3aHbI B CTENEHSX,
COOTBETCTBYIOIIUX MX CTEXHOMETPHUECKHUM KOA(POHUIMEHTaM, & HE DKCIEPUMEHTAIBHO OIpe/esieMbIM
yucnam X, Y u ap.?

12. Kakum COOTHOIIICHHEM CBsI3aHA KOHCTaHTa paBHOBeCHUs ¢ dHeprueit [ 'nboca?

13. IIpuBemute dopmynuposky npunnumna Jle Ilatense. Kakoe nmpakTuueckoe 3HaYCHHE UMEET
s1oT npuHIMn? IlpuBenurte npumepsl.

Cnucok Jureparypbl, peKOMEHAyeMblil K UCIIOJIb30BAHUIO 110 JAHHOH Teme
OcHoBHas JuTepaTypa:

1 Cemenos, 1.H.<BR>&nbsp;&nbsp;&nbsp; Xumust IneKkTpoHHBINH pecypce : yueOnuk / M.JI.
[Teppunosa / U.H. Cemenos. - Xumus,2019-06-21. - Canxr-Ilerepoypr : XUMU3 AT,
2016. - 656 c. - Kaura naxoaurcs B 6a3zoBoit Bepcuu I5C IPRbooks. - ISBN 978-5-9388-
275-5, 3K3eMIUISIPOB HEOTPAaHUUYECHO

2 I'munka, H. JI. O6mas xumus : yue6. mocodue / H.JI. I'munka. - uza. crep. - M. : KHOPVYC,
2016. - 752 c. : un. - Ilpuin.: c. 721-724. - bubnuorp.: c. 725-726. - ISBN 978-5-406-04995-
2, K3eMIUTApOB 1

JlonoIHUTeIbLHAS JTUTEpaTypa:
1 Kapanetbstam, M. X. OGmias 1 HeopraHu4ecKas XuMus : yaeOHUK 111 By30B / M. X.
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Kapanerssnu, C. . lpakuH. - 4-e usa., crep. - M. : Xumus, 2000. - 592 c. : . - ([na
BbICHICH mKOJIbI). - ISBN 5-7245-1130-4, 5k3eMIUISIPOB HEOTPAHUYECHO

2 Kenuna, H. FO. O0miast u Heopranndeckas XMMuUs B Ta0JIMILAX U CXeMax : yued. mocodue
s rexaukymoB / H. 0. Kenuna, H. B. be3pyuko. - Poctos v//] : ®enukc, 2008. - 422 c. -
(Cpennee mpodeccronanbHoe oOpasoBanue). - bubmmorp.: ¢. 371-374. - Ilpeam. ykas.: c.
375-382. - IIpun.: c. 383-415. - ISBN 978-5-222-13586-0, sx3eMIIIIpOB HEOTPAaHUICHO

HNuTepHeT-pecypcen:

1 http://window.edu.ru/ — EauHoe 0KTO AOCTYIa K 00pa3oBaTeIbHBIM PeCypcaMm.

2 http://window.edu.ru/resource/931/73931/files/tutorial8.pdf.

3 http://window.edu.ru/resource/145/75145/files/book-3.pdf.

Tema 6. PacTBopsI
JlabopaTopHasi pa6oTa 3. DJIEKTPOJIUTHYECKAS TUCCOHALNS
Iens paboThl: M3yueHne mporecca 3IEKTPOIUTHIECKOM JUCCOIMAIIMK B BOIHBIX PAcTBOpax
AIEKTPOJIUTOB PA3HON CHIIBL.
Dopmupyemble KOMIETSHITMH UITH UX YaCTH:

Kon DopMyTHPOBKA
OK-7 CIIOCOOHOCTHIO K CAMOOPraHHU3alMi U CaMOOOPa30BAHMIO
OIIK-1 CIIOCOOHOCTBIO ¥ TOTOBHOCTBIO MCIIOIb30BAaTh OCHOBHBIE 3aKOHBI

€CTCCTBEHHOHAYYHBIX JUCIHUIIINH B HpO(I)eCCI/IOHaHBHOﬁ JACATCIIBHOCTHU

I1K-3 T'OTOBHOCTBIO UCIIOJIb30BATh HOPMATUBHBIC TOKYMCHTEI 110 KA4YC€CTBY,
CTaHJapTU3aluu U CepTI/I(i)I/IKaHI/II/I IMPOAYKTOB U I/IB,I[CJ'II/II\/’I, 9JICMCHTbBI
OKOHOMHYCCKOT'O aHaJIn3a B HpaKTI/I‘IeCKOI\/’I ACATCIIBHOCTHU

I1K-18 FOTOBHOCTBIO MCIOJIb30BATh 3HAHUS CBOMCTB XUMHUECKUX IJIEMEHTOB,
COEIMHEHHI U MaTepPHAJIOB Ha UX OCHOBE JIJISl PEIeHHUs 33729 PO eCCHOHAIBHOM
1eATeIIbHOCTU

TeopeTuyeckas 4acTb

Pacmnaz 371€KTpOIUTOB HA MOHBI IPHU UX PACTBOPEHUH B BOJIE HA3BIBAETCS IIPOTOIH30M.

Ilpumeuanue. K mponeccam npoToin3a OTHOCST BCe XMMHUYECKHE B3aUMOJCHCTBUS, B KOTOPBIX
ydactByoT HMOHbI H30" u OH'. TepMHuH «aucconmanus» ycrapes, BMECTO HEro PeKOMEHIYeTCsl
MIPUMEHATH — MIPOTOJTHU3.

OCHOBHbBIE TOJOXEHHUSI TEOPHUU MPOTONM3a (TOrIA—3JIEKTPOIUTHUECKON OUCCOLMAMK) ObUIN
paspabotansl B 1887 rogy mBenckum yaéHsiM CBaHTE APPEHIYCOM.

ONEeKTPONUTH TIPU PACTBOPEHWH B BOJE IOABEPraloOTCS MPOTONM3Yy (pacmagaroTcsi WIH
JTUCCOLMUPYIOT) Ha TIOJIOXKHUTEIbHBIE 1 OTPUIIATEIbHBIE HOHBI.

[lon meiicTBHEM 3JEKTPUYECKOTO TOKA MOJOXKHUTEIBHO 3apsKEHHBIE MOHBI JABIXKYTCS K KAaTOLy
(KaTHOHBI), @ OTPUIIATENHFHO 3apSHKEHHBIE — K aHOAY (aHHOHBI).

IIponecc nporonusa — npouecc 0OpaTUMBIi, T.€. apajlIesbHO paclaay MOJIEKYJ HAa MOHbI UAET
MIPOLIECC COENNHEHHSI HOHOB B MOJIEKYJIBI.

Hanpumep: CUSO4 v CM2+ + 8042_

Cynbdar Me B BOJHOM PacTBOpe pacnagaercs Ha kKatnoH Cu?* u annon SO42",

MexaHu3M mpoTonu3a (aucconnanyn) Obi1 pa3padoTan pycckum xumukoMm M. A. KabiaykoBbim.

I'naBHOM npUYMHON MPOTOIM3A SIBIAETCS B3aWMOJIEUCTBUE MOJIEKYJ 3JIEKTPOJIUTA C MOJIEKYJIaMu
pactBopuTenst (Boabl). MoJeKyina BOJbI MOJSIpHAs, B3aUMOJCHCTBYS C AJIEKTPOJUTOM, BoJia ocnabiser
3IIEKTPOCTATHYECKHE CHJIBI IPUTSDKEHUS HOHOB B KPUCTAJLIAX M CHJIBI B3aMMOJICHCTBUSI MEXIY aTOMaMU
B COCAMHCHUAX ¢ KOBAJICHTHOM CBSI3bI0, YTO U MIPUBOJUT K UX MPOTONU3Y (pUCYHOK 2.1).

a) 6)® @ B) r)
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@) NOTAPHAsL MOTIEKYNIA 8 HAYALEe cUOPAMAYUL,
0) nepexo0 noAPHOU MOJEKYIbL 8 UOHHYIO NOO Oelicmeuem Ounoel 600bl;
8) cUOPAMUPOBAHHBLI AHUOH,
2) euopamupoBaHHbLL KAMUOH.
Pucynox 3.1 — Cxema npomonusa nonspHot Moiexyivl

OOpa3oBaBiirecss HOHBI OKPYKCHbI OOOJOYKOW M3 IMOJIAPHBIX MOJICKYJ BOJBI M SIBIISIOTCS
TUAPATHPOBAHHBIME HOHaMH. OHH YCTONYHBEI M CYIIECTBYIOT B PACTBOPE HE3aBUCUMO JPYT OT ApPYTa.

l'unpaTupoBaHHBIC HOHBI MOTYT UMETh KaK IMOCTOSIHHOE, TaK M MEPEMEHHOE KOJTUYECTBO MOJICKYIT
BOJIBL. I'MapaT MOCTOSHHOTO COCTaBa 00pasyeT MOoH Bogopoaa H*, yaepkuBarominii OHy MOJIEKYJTY BOJIBL.
B HayuHoi#t 1 yueOHo# auTepatype ero obo3nadaror HsO* (i OHs™) 1 Ha3bIBalOT HOHOM THIPOKCOHHS.

Cremyer MOMHHUTB, YTO WOH H* B BOJe HE CYIIECTBYET, TaK KaK MOMCHTAJIBLHO pPEarupyer C
MOJIEKYJIOH (MOJIeKyJIaMu!) BOJIBI U CYIIECTBYET ( B OCHOBHOM) TOJIBKO B BHEC HOHOB THIPOKCOHUS:

H" + H,O — H30".

Cunvhusie u crabwvie snexmponumsi. CHILHBIC SIEKTPOIUTHI IIPH PACTBOPEHHUH B BOJIE TTOITHOCTHIO
(WJIM TIOYTH MOJIHOCTHIO) TIOJIBEPTaOTCS MPOTOJIN3Y — PACTIAIAOTCS HA HOHBI,

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

K aum otHOCSTCS:

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

0) ocuosanus wmenounsix (NaOH, KOH, RbOH, CsOH, no me LiOH!) u menoyno3eMensHBIX
metaiuioB (Ca(OH),, Sr(OH),, Ba(OH), — Ho TosbKO 10 TIEpBO# cTymeHu!);

B) IIOYTH BCE PACTBOPUMBIC COJIH.

CnaOble DJIEKTPOJIMTHI MIPH PACTBOPSHUM B BOJE JIMIIb YaCTHYHO IMOJBEPraroTcs mportoiusy. K
crabbIM 3JIEKTPOJIMTAM OTHOCAT, Hampumep. ciaenyromue kuciaotel: HCN, HNO,, HF, HCIO, HCOOH,
CH3COOH, HzCOs, H2C204, HzS, HzSOs, HzSiOs, H3803 n Jp.; OCHOBaHHA METAJIJIOB (KpOMe
OCHOBAHUH IIEJIOYHBIX U INEI0YHO3eMENbHBIX MeTauioB), a Takke NH4sOH. K cnabeiM anekTponuram
OTHOCHTCS TaKXe W BOJIA.

[Iporomu3 kucnor:

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

H,0"][SO2~
HSO; + H,0 <> H;0" +SOZ; Kaz(H2804)=[ 30" 1[SO;

[HSO; ]

=0,012;

6) HCIO; + H,0 <> H30™ +ClO3 ; (100%);
6) HBr+ H,0 <> H;0" + Br~; (100%).
HpOTOHI/IS MHOTOOCHOBHBIX KHCIIOT CTyHeH‘IaTI)IfI, HpI/I 3TOM YHUCIIO CTyHeHeﬁ OHpeJIeHSIeTCH
OCHOBHOCTBKO KHUCJIOTHI (STO K€ OTHOCHUTCS U K MHOT'OKHUCJIIOTHBIM OCHOBaHI/ISIM).
[Iporonu3 ocHOBaHMil:

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

[Iporonus coneit:
Cpeonue conu:

a) NaCl <> Na™ +Cl~;
6) KNO; <> K+ +NO;3 ;
6) Al,(SO,)5 <> 2AI%" +3502.
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Kucnvie conu:
KoHPO4 <> 2K+ + HPO42.
Ocnosuvle conu:
a) AIOH(NO3), <> AIOH?" +2NO;;
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* +[zZn(OH), J*~;
[zZn(OH), % <> Zn?" + 40H ~.
KonnuectBenno IpOoNUECC MPOTOJIM3a MOKHO OXapaKTEPHU30BaTh C IOMOLIBIO cmeneHu npomoausa

Q , KOTOpasi MpeACTaB/IsAeT COOOH OTHOLICHUE YKCIa MOJb (Nx) MOABEPTIIMXCS MPOTOIU3Y MOJEKYH, K
o0memMy aruciay Moiib (Nysy) PACTBOPEHHBIX MOJIEKYII:

Ny

a,% = -100. (3.1)

n06u4
JIJIs CUJIBHBIX DJIGKTPOJUTOB CTENEHb NpoToiu3a Onmska Kk eaunune (100 %). Jus cimabbix
3JIEKTPOJIUTOB, MOJICKYJIBI KOTOPBIX B OCHOBHOM HAXOJATCS B PaCTBOPE B MOJICKYJISIPHOM COCTOSIHMH, OF
— MaJiasi BeJIMYMHAa.
CreneHb MMPOTOJIM3a MOXHO YBCIWYUTH NNOHMKCHUCM KOHICHTPALUMHU PACTBOPCHHOI'O BCILCCTBA
(Tabyma 2.1) Wiu MOBBIIIIEHHEM TEMITEPATYPbI pacTBOpPA.

Tabnuya 3.1. 3asucumocmsv cmenenu nPOMOAU3A YKCYCHOU KUCTOMbL O KOHYESHMPAYUU npu
20C

C(CH3COOH), moss/nm® 0,1 0,01 0,001
o, % 1,4 4,2 12,4
Hamnpumep, 111 yKCYCHOM KHUCIIOTBI:
CH3;COOH + H,0 < CH3COO™ + H30%;

[CHyCOO™] | oy_ [HsO'] |
C(CH,COOH) C(CH,COOH)

Jlns XapakTepUCTUKU CHA0BIX DIICKTPOJIUTOB HCHONB3YIOTCS KOHCTAHThI MPOTOJIU3a, KOTOPBIC
SIBIISIFOTCS YACTHBIM CITy4aeM KOHCTAHT XMMUYECKOTO PABHOBECHSI.

[pornecc mpoTonmn3a caboro AIEKTPOIUTA SBISETCS PABHOBECHBIM, T.€. B CHCTEME MPOTEKAIOT
OJTHOBPEMEHHO JIBa CONPSDKEHHBIX Ipollecca: MPOToNn3 U Molisipu3aius. Hanpumep, aiisi paBHOBECHOTO
mpoliecca a30TUCTON KUCIOTHI ¢ MOJIEKYJIaMU BOABL: 1) mpsiMas peakius — mpoliece MpoToim3a (pacraaa)
mosekya HNO; na wonsr; 2) obpatHas peakius — moispusamnus (cs3eiBanre noHoB H3O" m NO;™ B
mostekyibl HNO2)

a(CH3COOH), % =

HNO, + H,0 <> H30" + NO, .
KonmyecTBeHHO 3TO paBHOBECHE XapakTepu3yeT KoHcTaHTa npotosn3a HNOz:
+ p—
[H307]-[NO; ]
[HNO, ]

HHSI MHOT'OOCHOBHBIX KHCJIOT CYIIECTBYIOT HECKOJIBKO KOHCTAHT IIPOTOJIM3a, KaXX1asd U3 KOTOPBIX
KOJINYECTBEHHO XapaKTEPU3yeT COOTBETCTBYIOIIYIO CTYIIEHb [IPOTOJIN3A.
Hanpumep:

K, (HNO,) = =51-107%,
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+ -.
H,S+H,0 < H;0" +HS;
+ -
_[HgO"]-[HS "]
&
[H2S] ,
- + -.
HS™ +H,0 < H;0" +S°7;
+ 2-
_[H307]-[S7]
[HS™]
HpOTOJ’II/B QJICKTPOJIUTOB 110 nepBoﬁ CTynn€eHu HIACT Jierd€ u, CJICAO0BATCIbHO, BCIMYUHA
KOHCTAaHTBI MMPOTOJIM3a nepBoﬁ CTyIICHU BCCraa 0O0JIblIIEe BEIUYNH KOHCTAHT MpoTOJIM3a MOCICAYIOIINX
CTyIEHEH.
Koncmanma npomoausza mak ofce, Kak u KOHCmaHma XumudecKkozco paeHoeecusl, A6Jemcs
8eIUYUHOU NOCMOAHHOU npu OaHHOU memnepamype u He 3aeucunt om KOHYemmpayuu eewecmed.

3aBUCHMOCTDh MEXIy KOHCTAaHTOWH PaBHOBECHS M CTEIEHBIO MPOTOJIM3a OMPEEISeTCS 3aKOHOM
pazbasienus OcTBanbia, HAMPUMED, I OTHOOCHOBHOM KUCIOTHI (Tuia HA):

[H30"1-[47]1 _a®C(HA)

=1.107";

-11.107%,

a

K,(HA4) = [HA] s —npua > 0,05 (5%)
K, (H4) = [H30[;11'][A_] = a?C(HA) —npua < 0,05 (5%)

Honnble ypaBHEHHS — 3TO (opMa 3almcH, OTPaKAIOIAsh COCTOSIHHE BEUICCTB B PAacTBOpPE U
Pe3ybTaT UX B3aUMOJCHCTBUS OPYT C APYTOM.

IIpn cocraBieHWM HMOHHBIX YPaBHEHHH CJeIyeT pPYKOBOACTBOBATHCS TEM, YTO cradvle
9eKMPOUMBL U MAOPACMBOpUMbLE 8elyecmea uzobpadcaiomes 6 gude monekyn. Cunbho pacmsopumvle
9AEKMPOIUMDBL, KAK NOTHOCHBIO UOHUUPOBAHHBIE, NUULYICA 6 UOE UOHOE.

B nOHHBIX ypaBHEHHUX JOJKHO COOIOAATECS YCIOBHE 3JEKTPOHEHTPATIBHOCTH — CYyMMA 3aps008
6 €601l Yacmu YpasHeHus O0IHCHA ObIMb PasHA CymMme 3apsa008 Npagol Yacmu YPasHeHUs.

OO6opynoBaHue U MaTepuAJIbI
1. PacrtBop ceproii kucnotsl H;SO4 ¢ konnentpanueii C(H2SO04)=2 Mons/mm®
2. PactBop comstnoit kucinotel HCI ¢ kornentpanuein C(HCH)=2 MOJTB/ M3
3. Hupukarop penondranenn
4. VHauKaTop METHIOPAHKEBBIN
5. JlakmycoBas Oymara
6. PactBop NaOH ¢ konnenrpanuein C(NaOH) = 2 momn/nm®
7. JlucTuimmpoBaHHas BOJa
8. TIpoGupku
9. Jloxeuka
10. PactBop Na;SO4
11. PactBop (NH4).SO4
12. PactBop xnopua Gapust
13. PactBop cunukara HaTpus
14. PactBOp CONSAHOMN KUCITIOTHI
15. PactBop cynbdara meau (+2)
16. Pacteop anerara narpus CHsCOONa
17. KapGonar kanbuus (Men) CaCOs
18. PactBop cynbgara xpoma
19. PactBop eznkoro Hatpa

Yka3anus nmo TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3NEKTPOOOOPYAOBAHHH, SITEKTPOIIPOBOAKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKAQYy.
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2. T'a30BbIe KpaHbI U Ta300POBOJ IODKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPUOIMIECKU
HPOBEPATHCA.

3. Pabouee 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 TTAXHYITMMH BEIIECTBAMH, a TAKKE YIIAPUBAHNE KHCIIOT M KHCIBIX
PacTBOPOB MPOBOJMTH B BBITSKHOM 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 HANIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsAOM Coceaa.

9. He HaKIOHSTH MO HAJl HATPEBAEMOM YKUKOCTBIO HIIH CILIABIISIEMBIM BEILIECTBOM.

10. He cnemyer BABIXaTh Maxydue BEIIECTBA M Ta3bl, OJM3KO HAKIOHSACH K COCYIY C ITHMH
BemlecTBaMy. HioxaTh BemecTBa MOKHO JIMIITB OCTOPOKHO, HAMPABJISIA K ce0e maphl WM ra3 ABHKEHHEM
PYKH.

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

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

13. Kareropuuecku 3ampeniaercsi mpoOdoBaTh XHMHUYECKHE BEIISCTBA HA BKYC.

14. TIpu paboTe ¢ JIErKO0 BOCILIAMEHSOIIUMUCS BemiecTBaMu (3QUphI, OEH301, CEpOyTIepo 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 PAHEHUH OCKOJIKAMH CTEKIIA.

16. Kareropuiecku 3arpemiaeTcs OCTaBIsATh paOdOTaroe IprOOPH 6€3 HAOMFOIeHUSI.

19. B xumuueckoii tabopaTopun HeoOX0AMMO paboTaTh B Xanare.

3ananus
Onwit 1. Hanelite B Tpu npo6upku 1o 1-2 cm® pacTBopa KMCJIOTHI, MIEN04YH M Bobl. Jl06aBbTe B
KaXIyl0 npoOupky uHAMKAaTop (cM. Tabm. 3.2.1). OOpaTure BHMMaHHE Ha LBET HHIUKATOPOB B
Pa3IUYHBIX Cpelax: KUCIIOH, IIeTOYHON, HEUTPaTbHOM.
Tabnuya 2.2 1leem unOuxamopos 6 paziuinsvix cpeoax

Cpena
WNupukatop p
KHUcias HEUTpaJIbHAs HEJI0YHAas
Jlakmyc KpacHBII (hnoneToBbIit CHUHUU
denondranenH OeclBETHBIN OeCLIBETHBIN MAaJIMHOBBII
MertunopaHXeBblii PO30BBIi OpPaHKEBBIN HKEITHIN

Onwir 2. B aBe mpobupku Haneite mo 1-2 cm® pactBopos: B omgny — NaSOs, B apyrywo —
(NH4)2SO4. B xaxayro u3 npoOupok nmpubaBbTe MO TAaKOMY Ke 00beMy pacTtBopa xyopuia Oapus. Bo
BceX MpoOupkax oOpasyercst ocagok Oemoro nsera. CocTaBbTe MOJEKYJSIPHBIE M MOHHBIE ypaBHEHUS
COOTBETCTBYIOIINX PEAKLUI.

Jiist Toro 4ToObl ONpeIeuTh Kakasi U3 00pa30BaBIINXCs COJIEH TPYAHOPACTBOPUMA, IIOCMOTPUTE
TabJMIy PAacTBOPHUMOCTH XHUMHYECKHX COCIMHEHUH. B BhIlIepacCMOTpEHHOM NpUMeEpe 3Ta COJlb —
cynbdat oapus.

Ongit 3. Hanelite B mpoOupKy 2 cM® pacTBOpa CHJIMKATa HaTpHs, J0OABBTE TAKOE JKE KOJUYECTBO
coJIsIHOM KucioThl. YTo mpomszonuio? Hamummre MoJIEKyIsIpHOE, TOJIHOE MOHHOE M KpPaTKoe HOHHOE
ypaBHEHUs 1aHHOH peakiuu. OOpaTuTe BHUMaHHE, YTO KPEMHHEBasl KUCIIOTA IJI0X0 pacTBOpUMa B BOJIE.

Omngpit 4. Haneiite B mpo6upky 2 cMm® pactBopa cynbdaTa meau (+2). Jlo6aBbTe pacTBOP IIEIOYH
(NaOH wmmm KOH). Yto BeI HaOmomaere? Hamummre MoieKyJsipHOE ypaBHEHHE peakuuu. [1omb3ysch
TabNMMLIel pacTBOPUMOCTH, OINpENENINTe, Kakoe W3 JBYX OOpa30BaBLIMXCS COCIUHEHUIl, BBHINAJacT B
ocaziok. HamuiuTe noiaHoe u KpaTkoe HOHHBIE ypaBHEHUs. OcaZloKk COXpaHUTE IS OIbITa 5.

OmeiT 5. B mpoOupky ¢ ocamkoM THAPOKCHAA Meau (TOJYICHHOTO B TMPEABIAYIIEM OIIBITE)
100aBbTE HECKOJBKO CM° pacTBOpa COJIHOM KuCIoThl. Ocalok pacTBOpuics (€CIM OCamIoK He
pacTBOpPWIICS, TO BCTPSAXHUTE MNpoOupKy). Hamuimunre MosiekynsipHOe, IMOJHOE M KpaTKOE€ HOHHBIE
YpaBHEHUSI.
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Omngit 6. Haneiite B mpooupky 2 cm® pactsopa anerara Harpus CH3COONa u 106aBbTe HEMHOTO
pa30aBIeHHON COJSHOW KUCIOTHI (wiu cepHOi). [losBriics 3amax, MPUCYIIMI MOJIEKyJIaM YKCYCHOU
kucnoThl. [Ipy cocTaBieHMM HMOHHOTO ypaBHEHHS HE 3a0bIBaiiTe, 4TO YKCYCHas KHCIIOTa — CJIa0bIi
3JIEKTPOJIUT.

OmnsiT 7. B HE6OTBIIOM KOJTMYECTBE BOJBI B30ONTANTE IMIEMOTKY pacTepPTOroO B MOPOIIOK MeJa H
MIPUJICHTEe HEMHOTO PacTBOpa COJISTHOM KHUCIOTHI. Kakoit ra3 mpu 3ToM BBEIACITATCS?

Bcnomuute, 4TO yroipHas KUCIOTa OYEHb HEYCTOMYNBA, PasilaracTcs C BBIACICHUEM My3bIPHKOB
YTIEKUCIIOTO Ta3a.

Hamummre MonexynspHoe, KpaTKOe U TIOTHOE HOHHBIC YPaBHEHWISL.

Onwit 8. a) Haneiite B npobupky 2-3 cm® pacTBopa cyib(aTa XpoMa U J00aBbTE 110 KaILIAM
pacTBop enkoro Hatpa (mo oOpasoBaHus ocangka). OOpasoBaicsi ocalok TruIpokcuna xpoma (+3),
OTMETHTE IBET Ocajika. Harmmmire MoekyIspHOe, ITOTHOE W KPATKOE€ HOHHBIE YPAaBHEHHUS PEaKIIH.

0) OOpazoBaBmIMiics 0cajoK B30ONTANTE U pa3aenuTe Ha nBe yacT. K oqHOM yactu no0aBbTe 2-
3 cM® comHOM KUCIIOTBI, @ KO BTOPOH — 2-3 ¢cM® KOHIIEHTPUPOBAHHOTO PacTBOPA LIEIOUH.

OOpaTute BHIMaHHUE, YTO OCA/I0OK B 00eUX MpoOUpKaxX pacTBOPHICSA. BCIOMHHUTE, YTO THAPOKCHT
xpoma (+3) obmamaer amMQOIUTHBIMH CBOWCTBaMH, B3aWMOICHCTBYS KaK C KHCIOTaMH, TaK U C
miesouamu. [Ipy 3TOM BO BTOpOM cCiiydae oOpa3yercs KOMIUIEKCHas coiib. Kakas? Hammmure o€
dhopmyy.

[lo yxazaHwio mpenojaBaTeNlss MOXHO TIPOBECTH AaHAJIOTUYHBIE PEAKIUH C Y4acTHEM
THJIPOKCHIAMH aJTFOMUHUS WM [IMHKA, KOTOPBIE TaK)Ke 00J1aat0T aM(OIUTHBIMYA CBOMCTBAMU.

CocTaBbTe MOJIEKYJIApHBIE, IOJIHbIE U KPAaTKHE YPaBHEHUS COOTBETCTBYIOIIMX PEaKIIUM.

Oneir 9. Ilome3ysich BBICTABICHHBIMH Ha Ja0OpaTOPHOM CTOJE pPEaKTUBAaMH, OCYIIECTBHUTH
PCaKiuo, BEIPAXKCHHYIO CICAYIOIIHUM NOHHBIM YPAaBHCHUEM!

Fe®" +30H ™ = Fe(OH);3 .

Hamumute MonekyIsipHOe ypaBHEHUE PEaKIIUU.
Omnsrt 10. [Tonmp3ysch MOIyYeHHBIM B OIBITE 9 0cagkoM THApOKcHa xkene3a (+3), oCyIIeCTBUTh
peaxIuio, KOTOPYIO OMUCHIBAET CIIEAYIOlee HOHHOE YPaBHEHNE:!

Fe(OH)3; +3H " = Fe®" +3H,0.
Hamnncats HECKOJIBKO MOJIEKYJISIPHBIX YPAaBHEHUM pEaKLUil, IPUMEHSS [IPU 3TOM TaKUE KUCIIOTHI,
KOTOPBIM OBl COOTBETCTBOBAJIU PACTBOPHMEIE coyu Fe'3
Conep:xaHue oTyeTa
[Tony4yennslie qaHHble 3auKcupyiite B Tabnuue 3.2 1o ciexyouei gopme:
Tabmuna 3.2. Pe3ynbTarhl SKCIIEpUMEHTA

Ne i/t | PearenTtsl XHUMUYECKas peakius HaoOmonenus

1

gl wIN

KoHTpoJibHBbIE BONIPOCHI
ba30BbIii ypoBEHB
1. Yro Takoe 3IeKTpOoIUTHYECKAs] AUCCOLMALINSA?
2. DIEKTPOIHUTHI U HE 3JEKTPOJIUTHI.
3. KT0 n3 XMMHUYECKUX COCANHEHUH SBIIACTCS IEKTPOIUTOM?
IloBbIlIEHHBIH ypOBEHD
1. Hanmmute MosieKyIpHbIE, OJTHBIE M KPATKHE HOHHBIC YPaBHEHHS PEaKIUi B3aUMOICHCTBUSL:
a) kKapOoHAaTa KaJIUsI C COJISTHOM KUCIIOTOH;
0) a30TUCTOM KUCIOTHI C TUIPOKCUAOM HATPHUS;
B) KapOOHaTa MarHusl ¢ a30THON KHCIIOTOH;
T) TUIpOKapOOHATa HATPHS C €KUM HAaTPOM;
1) TUAPOKCUIA AIFOMHHUS C €KUM HaTPOM;
€) COJITHOM KUCIIOTBI C CHJIMKATOM HATpHL.
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Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHUIO M0 JAHHOM Teme

OcHoBHasi iUTEpaTypa:

1 Cemenos, 1.H.<BR>&nbsp;&nbsp;&nbsp; Xumusi I1eKTpoHHBIN pecypc : yueoHuk / M.JL.
[Teppunosa / U.H. Cemenos. - Xumus,2019-06-21. - Canxr-Iletepoypr : XUMU3 AT,
2016. - 656 c. - Kaura naxonurcs B 6azoBoii Bepcuu DbC IPRbooks. - ISBN 978-5-9388-
275-5, 3K3eMIUISIPOB HEOTPAHUYCHO

2 I'munka, H. JI. O6mas xumus : yue6. mocooue / H.JI. I'munka. - uza. crep. - M. : KHOPVYC,
2016. - 752 c. : un. - lpui.: c. 721-724. - bubnuorp.: c. 725-726. - ISBN 978-5-406-04995-
2, 9K3eMILISApOB 1

JlonoIHUTeILHAS JTUTEpPaTypa:

1 Kapanetpstan, M. X. O0mas 1 HeopraHu4eckast XuMus : yueOHUK it By30B / M. X.
Kapaneresan, C. U. [lpakus. - 4-¢ uza., crep. - M. : Xumus, 2000. - 592 c. : un. - (s
BhIcIIeH mKoJbl). - ISBN 5-7245-1130-4, sx3eMIUISIpOB HEOTPAHUICHO

2 Kenuna, H. FO. O61mas u Heopranudeckasi XuMus B TabIuIax u cxemax : yue0. mocodue
st texaukymoB / H. YO. Kenuna, H. B. be3pyuxo. - PoctoB 0//] : ®enuxkce, 2008. - 422 c. -
(Cpennee npodeccronanbHoe oOpazoBanue). - bubmuorp.: ¢. 371-374. - Ilpeam. ykas.: c.
375-382. - Ipun.: c. 383-415. - ISBN 978-5-222-13586-0, sx3eMILISIpOB HEOTPAHUIECHO

HNuTepHeT-pecypces:

1 http://window.edu.ru/ — Eauroe okTo A0CTyIa K 00pa3oBaTeIbHBIM pecypcam.

2 http://window.edu.ru/resource/931/73931/files/tutorial8.pdf.

3 http://window.edu.ru/resource/145/75145/files/book-3.pdf.

Tema 6. PacTBopsI
JlabopaTopHas padora 4. IIporosm3 coseit
Lenb pabotsl: M3yuenue mporecca rupoin3a Cojew.
DopMupyeMble KOMIETEHIIUN WM X YaCTH:

Kon ®opmynupoBka
OK-7 CIIOCOOHOCTBIO K CAMOOPraHH3alMU U CaMOOOPa30BAHUIO
OIIK-1 CIIOCOOHOCTBIO M TOTOBHOCTBIO HCIIOJIb30BATh OCHOBHBIC 3aKOHbBI

€CTCCTBCHHOHAYYHBIX NUCHUIIJIMH B HpO(beCCI/IOHaIILHOI\/'I JACATCIIBHOCTHU

I1K-3 T'OTOBHOCTBIO UCIIOJIB30BATh HOPMATUBHBIC TOKYMCHTEI 110 KA4YC€CTBY,
CTaHJapTU3aluu U CepTI/I(i)I/IKaHI/II/I IMPOAYKTOB U I/IB,I[CJ'II/II\/’I, 9JICMCHTbBI
OKOHOMHYCCKOT'O aHaJIn3a B HpaKTI/IquKOI\/’I ACATCIIBHOCTHU

I1K-18 FOTOBHOCTBIO UCIIOJIB30BaTh 3HAHUSI CBOMCTB XMMUYECKUX 3JIEMEHTOB,
COCJIMHEHMI U MaTepHalioB Ha X OCHOBE JJIsl pEIICHUS 33124 NMPOdeCCHOHATHHOM
NEATENBHOCTU

TeopeTuyeckas 4acTb

Ilpoyecc e83aumoodeticmsuss UOHO8 CONU C MOJEKYAAMU B00bI, NPUBOOAWUL K 00PA308AHUIO
cnaboouccoyuupyIoOwux Gewjecms (MONEeKyl CAabblX KUCIOmM WM OCHOBAHUL, AHUOHO8 KUCTbIX Ul
KAMUOHO8 OCHOBHBIX COJlell) U conpogodcoaroujeecs usmenenuem pH pacmeopa, Hasvieaemcs
IPOMONUIOM.

[IpoTonusy moxsepraroTcs CONH, 00pa3oBaHHbIE cIa0BIM OCHOBAHHEM HITH CI1a00H KHUCIOTOM.

Crna0ple 3JIeKTPOJIUTHI B BOJIE JIMIITh YACTHYHO JUCCOIMUPYIOT HA MOHBL. K HUM oTHOCSATCS:

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

0) Bce ocHOBaHMs MeTalioB (kpome menoueii), a takke NH4sOH. K cimabeiM 3sekTposintam
OTHOCHUTCSI TAK)Xe BOJIA.

CuIbHBIC AJIEKTPOJIUTHL:

a) KUCIOTHI — HzSO4, HNOs, HC|, HBr, HMnO4, HC|O3, HC|O4;

0) OCHOBaHHS IIETOYHBIX U IIET0YHO3EMETBHBIX MeTaiIoB, kpome Mg(OH)2, Be(OH)..

CoctaBuM TabnMIly coyedl, OOpa30BaHHBIX PA3TUUYHBIMH (KaK CIHA0BIMH, TaK M CHJIbHBIMH)
KHCIIOTaMHU ¥ OCHOBaHUSIMHU.
Tabnuya 4.1 [Ipomonusz paznuuno2o muna conel
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Conmn, 00pa3oBaHHBIC

cJIa0BIMH KUCIIOTAMHU U CJIA0BIMM KUCIIOTAMHU M | CHJIBHBIMU KHACJIIOTAMU
cJ1a0BLIMHY OCHOBaHUSIMHA
CUJIbHBIMA CUJIbHBIMHA U CWJILHBIMU
U CWIBHBIMU KUCJIOTAMHU
OCHOBaHHSIMH OCHOBaHHSIMU OCHOBaHHSIMA
| | 1 AV
Al,S3z, NH,CN
Na,CO3, K5S, Na,SO3 A|C|3, CuSQOq, MgC|2 ! ! KC|, Na,SO4, KNO3
CI‘z(CO3)3
pH>7 pH<7 pH=7 pH=7

PacTBOpbI BBIMIEYKAa3aHHBIX COJEH WMEIOT Pa3IMYHyI0 PEaKlHIo: MIENIOYHYI0, KHCIOTHYIO HIIH
HEUTpaJbHYI0. DTO OOBSICHSETCS TEM, YTO MOHBI, 00pa3yroIuecs MpU pacmaje 3TUX COJIeH, pa3IuYHbIM
00pa3oM B3aMMOZEHCTBYIOT C BOJIOM.

IIpoTosu3 coneii, 00pa30BaHHBIX CHJILHBIM OCHOBAHHEM H
¢J1200ii KUCJIO0TOM

Paccmotpum mporiecchl, mpoTekaromue npu mporonuse kapOonata Hatpus. Na,COs — comnb
c1aboi JIBYXOCHOBHOHM YrOJIbHOM KHCJOTBI M CHJIBHOTO OJHOKUCIOTHOrO ocHoBaHus NaOH. 3amuiiem
YPABHEHUE IPOTOJIN3A 3TOU CONU:

H-,0O -
Na,CO; «—22 52Na* + CO3 ™.
Ilpumeuanue. llporommsy WOHOB (THAPONHM3Y) BCErla TMPEANIeCTBYET TNPOIECC IMPOTONH3A

(mmMcconmalum) cou.
O6pa3yromiuecs: KapOOHAT-HOHBI B3aUMOJICHCTBYIOT C MOJICKYJIAMH BOJIBI, TIPH 3TOM 00Pa3yroTCs

aHUOHBI HC03_ , @ He MoJekynsl HoCOs, Tak Kak MOHBI HCO 3? TUCCOITUUPYIOT TOPa3ao TpyIdHEE,

yeM mousiekynbl HoCOs. TloaToMy mpu OOBIUHBIX YCIOBHUSX MPOTOIHM3 KapOOHATa HATPHUSA MPAKTHUECKH
IPOTEKAET 110 NEPBOM CTYICHHU.

HoHHO-MONEKYJIIPHOE ypaBHEHUE IIPOTOIMU3A CO3 0 NIEPBOU CTYIEHH:

COZ2™ + H,0 <> HCO3 + OH ~; pH > 7.
B monexymspHoit popme:

N32CO3 + Hzo e NaHCO3 + NaOH .

HNonHo-MONEKyIApHOE YpaBHEHUE TIPOTOIHA3A HCO; :

HCO3 +H,0 <> H,CO3+0OH ;pH > 7.
B monexynsipHO# Gopme:
NaHCO; + H,0 <> H,CO;3 + NaOH - npaxrnueckn ne nporekaer!

B pactBope mnosisiercs u30biTok MoHoB OH', mosromy Bomubiii pactBop Na,COs umeer
HIETOYHYIO PEAKITHIO.

KonmuecTBEHHO TpoOLIeCcCH MPOTONIN3a CoJield XapakTepu3yroT KOHCTaHTHI (Kip) M cremeHb (Oup)
NPOTOJIN3a, a TIIyOMHY NPOTEKaHUs MPOTOJIN3a — U3MEHEeHue peakuuu cpensl (pH).

Koncratel mportonmsa coneil, 0oOpa3oBaHHBIX CHJIbHBIM OCHOBAaHHEM U CIIA0OW KHCIIOTOH,
BBIYHUCIISIIOT 110 (POpMYJIaM CIIeAyIOIIEro BUaa

«_Ku (4.1)
mpj - K ’
8
rac K”lp — KOHCTaHTa IIPpOTOJIn3a 10 i'CTyHCHI/I;
|
K g — 1" KOHCTaHTa IPOTOJIH3a 00Pa3yIoNIeHcs CONPSKEHHON KMCIIOTHI.
|
CreneHn mpoToJIn3a:
2 Kp  Kup, -0 (4.2)
anp+anp'C2—C2—,

rae C — KOHIEHTpAIMs COJIH, MOJIb/aM>,
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®Dopmyiny (4.2) npUMEHSIOT TOT/a, KOT/Ia CTeTeHb mpoToiu3a npessimaet 0,05 (5%).
Ipu oupi < 0,05 (5%):

< | K. (4.3)
}’lp C
KOHHeHTpaHI/HO FI/II[I)OKCI/I,H'I/IOHOB, OHpCHCHHIOHII/IX rﬂy6I/IHy HpOTeKaHI/Iﬂ HpOTOHI/I3a, MOXHO
paccYMTaTh MO yPaBHEHHIO:

[OH _]i ~ KHpi C : (44)

[TpumennMm, Hampumep, Gopmynsl (3.1) — (3.4) And KOMTUYECTBEHHOW OLIEHKH MPOLECCOB
IPOTOIM3a 110 TIEPBOM U BTOPOI cTynensam kapbonara Hartpust mpu C(Na,COz) = 0,1 mons/am?,
1 nepBoii CTyneHu:

-14
K, (CO57) = w B - =2,17-107%;
Ka, (H,CO3)  4,6-10
K 104
a, z\/ e zJ 217-10 ~ 0,0466 (~ 4,66%);
71 C 01
[OH "} ~ /Ky, C =/21-107* - 01=4,66-1073 2>
IM

POH =—Ig[OH "], =—1g4,66-10° =2,33; pH=14-pOH =11,67.
151 BTOpOil CTyneH! BBIUUCIUM TOJBKO KOHCTAHTY MPOTOJIM3A!
Ky 104

(COZ7) = = =2,22-1078,
v K (H,CO3)  45.107

CooTHoIIeHHE NIEPBOH U BTOPOH KOHCTaHT IpoTonu3a kapooHar-uona (= 10 000)

Kup, (CO37) 21710
(COZ) 222-10°®

~10-10%
Hp2

TI03BOJISIET PACYETOM JI0Ka3aTh, 4To npotonn3 COs?” (hakTHUECKH IPOTEKAET TOIBKO 10 MEPBOI CTYIICHH.
IIpoToau3 coseii, 00pa30BaHHBIX CWJILHON KMCJI0TOM U CJ1a0bIM OCHOBAHUEM

Paccmotpum nportonus conmu CuSQO4. Cynbdat Menu — coib c1aboro ABYKHUCIOTHOTO OCHOBaHHMS
Cu(OH); u cunpHO# ABYXOCHOBHOM KHUCITOTHI H2SO4.
IlepBudHBI MpoIIecC — MPOTONH3 (IUCCOIMAIINSA) COIH:

CuSO, <22 5 cu?* +502"

3aTeM MOHBI MEIM PEaruPYIOT ¢ MOJIEKYJIaMH BOJBI, TO €CTh UAET MPOTOINU3 HOHOB — BTOPHYHBIH

npouecc. KaTHoHbI Mei ¢ MOJIEKyJIaMH BOJIbI 00pa3yroT KaTHOHBI 0CHOBHOM cosmt CUOH™.
HoHHO-MOJIEKYISIpHOE ypaBHEHHE npoTosu3a CU?* 110 nepBoi CTymeHH:

Cu?t +2H,0 <> CuOH " + H,0"; pH <7
WU B MOJIEKYJISIpHOH (hopme:
2CuSO, +2H,0 <> (CUOH), SO, + H,S0,.

Tak Kak B pacTBOpe IPUCYTCTBYET KUCIOTA, TO ero pH < 7.
Beimagenne ocaaka ruipokcuaa Mean (+2) He mpoucxoauT, Tak kKak noHsl CUOH™ mucconmupyror
ropasno tpyaHee, ueM monekyiasl Cu(OH),.

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

(CUOH )2 804 +2H 20 A4 Z(CUOH ) o + H 2804 — peaKuys NPaKTHYECKH HE HIET.
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Hrak, B 0OBIYHBIX YCIOBHIX IPOTOJIN3 CyIb(haTa MEIU IMPOTEKAET MPAKTHUECKU TOIBKO TI0 IIEPBOM
CTYIIEHU.
q)OpMyJ'II)I, TIIO3BOJIAIOIIINEC KOJIMYECCTBCHHO OLICHUTH IpOLCCChI IMpoTOJIn3a KAaTHOHOB
COOTBCTCTBYIOIIIUM CJ'Ia6BIM OCHOBAHMUAM:
K - Kw (4.5)
P H
l'[pl K .
bi

rme K, — xoncranta MPOTOJIM3a TI0 i-CTYIICHH;
npi

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

CremneHp mpoToIn3a;

K K
2 L T 4.6
a np + Olnp C 5 C 5 = 0, ( )

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

Kop, . 4.7)
np C

KoHueHTpanyio KaTHOHOB THUAPOKCOHMSA, ONPENENSIOIINX TIJIyOMHY MpPOTEKaHHs MPOTONIN3a,
MOYKHO PacCUUTaTh 110 YPAaBHEHHUIO:
+
[Hs0* ] ~ /Kyp C- (4.8)

IIpoTonu3 coeii, 00pa3oBaHHBIX CJ1a0bIM OCHOBAHHEM U CJ1a00H KUCI0TOI
Paccmotpum kak npotekaer nporonu3 anerata ammoHuss. CH3COONH, — conb cnaboit sTaHOBO#
KUCIOTHI U cnaboro ocHoBanust — NH4OH. YpaBaenue nmpoTonusa 3T0oi COIM UMEET CIEAYIOIUI BU:

H,0 -
CH4COONH , « 22 5 CH,CO0™ + NH .
Hanee norsl CH3COO™ u NH4* noiBeprarotcst IpOTOIH3Y — PEarupyroT ¢ MOJICKYJIaMH BOJIbIL:

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

CH3COONH 4t Hzo <> CH3COOH + NH 4OH .

[Ipu nportonuse conei, 0Opa30BaHHBIX CJIA0OBIM OCHOBaHMEM M CJa0OH KHCIIOTOW, peaKIusl
pacTBOpa 3aBUCHT OT CTEIEHH NPOTOJHM3a O0Opa3yroIIMX3ci NPOAYKTOB — KucioThl (Tuna HA) u
ocnoBanus (tuna KtOH). Ecnu nporonus ocnoBanusi KtOH mpeoOnagaer Hag OpOTOMU30M  KHUCIOTHI
HA, 1o xonnenrparus nonos OH™ 6ospiie konnentpanun H3O™ —  cpema menounas, eciau Ha060poT —
[H:O*] > [OH ], To Kucmas.

B naHHOM ciydae, NMOCKOJBKY CTENEHM Nportonms3a ykcycHoil kucnothl (Ko = 1,8:10°) m
rugpokcuaa ammonmst  (Kp = 1,78:10°) mnpubGnmsurensHo omunakoBel, To pH cpensl Oyner
MPHUOIM3UTETHHO PABEH CEMH.

Cnedyem nOMHUMb, YMO COAU, OOPA308AHHLIE CUTLHBLIM OCHOBAHUEM U CUIbHOU KUCIOMO,
NPOMoNU3y He NOOBeP2aArOMCs.

Hanpumep, xnopun mHatpust NaCl — conp cunproi kucinoter HCI u cumsaOoro ocnoBanms NaOH.
Wonbl, oOpasyrommuecs B pe3yiabTaTe TUCCOLMALMM 3TOM COJHM, HEe OOpa3yloT ¢ BOAOH claldbIx
anekTposnToB. Ilo3TOMy B OOBIYHBIX YCIIOBHSX PAaBHOBECHE HPOTOJIM3a MOJEKYJN BOIBI B TaKHX
pacTBopax He HapyIIAeTCs W KOHICHTPAIUS MOHOB THAPOKCOHHS M THAPOKCHIA-HOHOB OCTAETCSl TAKOW
ke, KaKk y yiucToi Boasl — pH = 7.

IosHbIii MpoTO/IM3

PaccMoTpuM, Kakwe MPOAYKTHI oOpasyrorcs mpu cMmemmBanum pacTBopoB Al(NOs):; u KoCOs.

HuTtpat anroMunus nojasepraercsi IpoToIN3Y 110 KaTUOHY, @ KApOOHAT KaJlus - 110 AaHUOHY:
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AI(NO,), <2 AI* +3NO,

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

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

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

Ecnmu pacTBopbl HaXOAATCS B OJJHOM COCYZE, TO WAET B3aUMHOE YCHIICHHE MPOTOJIN3a KaXKIOU
conu, Tak kak oopasyromecs: HoHbl H3O™ 1 OH' cBsI3bIBatOTCS ¢ 00pa3oBaHUEM CIIa0b0T0 JIEKTPOJIHTA —
BOJIBI. [Ipu 3TOM MPOTOIMTHYECKOE PABHOBECHE CMEIIIACTCS BIIPABO, a MPOTOJIN3 KAXKION COIM MPOTEKAET
JI0 KOHIIA.

HoHHO-MONEKYJIIpHOE ypaBHEHUE MTPOTOIH3A:

2A1%" +3C02™ +3H,0 <> 2AI(OH); ¥ +3C0O, 1.
B monexymspHoit popme:
2AI(NO3) 5 +3K,CO;3 +3H,0 <> 2AI(OH); 4 +3C0O, T +6KNO;.
Jpyrumu npuMepaMy TakHUxX Iap UOHOB SIBJISIOTCS:

1.Cr¥*uS*
2. AP u S*

2_
3.Cr¥mnu C03

2_
4. Fe*u CO;

. 2

Oo0opynoBaHne U MaTepuasbl
PactBop nHIMKaTOpa
HuctunnupoBaHHas Boja
[Ipobupku
PactBop Na,COs
Pactrop AICI3
Pactsop NaCl
PactBop xsmopuga aMMOHUS
PactBop cynbdara amomunus Alx(SOs)3
PactBop docdara Hatpus NasPOa
10 PactBop (NH.)2S
11. PactBop cynbdara anoMUHNs
12. PactBop cynbgara xpoma Cra(SOs)s
13. PactBop pactBopa comust Na;COs

CoNoa~WdDE

Yka3anus 1o TexHuke 0e30IaCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTopuul JOJDKHBI IMPOBOJUTHCS TPH HUCIPABHOM

ANEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

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

3. Pabodee mMecTo comepkaTh B HOPSIKE U YHCTOTE.

4. Cyxue peakTHBbI TpeOyeTcst OpaTh YMUCTHIM IITMATEIEM MU CIICIHAIbHON JT0XKESUKOH.

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

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

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

9. He HaKIOHSTH IO HaJl HATPEBACMOM KUIKOCTHIO HIIH CIUIABIISIEMBIM BEILIECTBOM.

10. He cnenyer BIbIXaTh Maxy4ue BEIIECTBA W Ta3bl, ONU3KO HAKIOHSSICH K COCYIy C DTHMHU
BeniecTBaMy. HroxaTh BelecTBa MOKHO JIMIITb OCTOPOYKHO, HANPABIISS K ceOe Taphl WK ra3 JBHKCHHEM
PYKH.

11. XpaHuTh pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT H IENOYCH B BHITSXKHOM MIKady.

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

13. Kareropuuecku 3ampeniaercst mpoOoBaTh XMMHUUECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JISrKO BOCILIAMCHSIFOIIUMUCS BemecTBaMu (3QUPhI, OCH30, CEpOyriIepos U
T.JI.) HE TOJDKHO OBITh PSIIOM OTHSI U BKJTFOUCHHBIX TUTUTOK.

15. Ilpu paboTe co CTEKIOM, XHMHYECKOW MOCYHoH, HeoOXoauMo coOmogaTh NpaBUiia
MPEIOCTOPOKHOCTH BO M30€KaHNE PaHEHUH OCKOJIKAMH CTEKIIa.

16. Kareropuiecku 3arpemiaeTcs OCTaBIsATh padOTaroe MPUOOPHI Oe3 HAOIIOIeHNSI.

20. B xumugeckoi tabopatopur HEOOXOANMO paboOTaTh B XallaTe.

3aganus
OnwiT 1. B ueThipe npoOupky Haneiite mo 2-3 cM®: B NepBYI0 — AMCTUIUIMPOBAHHOM BOJIBI, BO
BTOpY10 — pactBopa Na;COs mwiu KoCOs, B Tpetbio — pactBopa AlCIs mwiu Alx(SOs)s, B yetsépTyro — NaCl
wim KCl. B kaxayro mnpoOHpKy TIOMECTHTE [0 MAJCHBKOMY KYCOYKY HHIMKATOPHOW OyMaru.
[IpeaBapuTenbHO HM3yYUTE W3MEHEHHWE OKPAacKW HHIMKATOPOB B Pa3NUUHBIX cpeaax. CpaBHHUTE LBET
MHJMKAaTOPa B paCTBOPAX COJIEH C €r0 OKPACKOM B BOJE.

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

Onwim 2. Haneiite B npo6bupky 3 cMm® pacTBopa xjopujaa aMmonus. Jlo6aBbTe 1-2 Kamau pacTsopa
nakmyca. OTMeThTe LBET pacTBopa. KpacHbli LBeT pacTBopa yKas3blBaeT Ha KHCIYIO Cpedy, T.e. B
pacTBOpe MMEIOTCSI CBOOOAHBIE MOHBI TMAPOKCOHMA. COCTaBbTE MOHHOE M MOJIEKYJSIPHOE ypaBHEHUS
nporosmza conmu NH4Cl.

Onvim 3. Hanetire B mpodupky 2-3 cm® pactsopa cynbdara amomunus Al,(SOs)s u no6assre 1-2
Karui pacTtBopa jakmyca. Kak m3menwnics et umHaukatopa? CocTaBbTe MOHHOE M MOJEKYJISIPHOE
YpaBHEHHUSI TPOTOJIM3a JaHHOW COJIM, YYHMTBIBAs, YTO B Ciydae MPOTOJU3a MHOTO3apSAHBIX KATHOHOB
00pa3yroTcst KATHOHBI OCHOBHBIX COJICH.

Onwvim 4. Haneiite B npo6upky 2-3 cm® pactsopa pocdara narpus NasPOs u noGasbre 1-2 karmm
pacTBopa snakmyca. B kakoi uBer okpacuics nakmyc? KakoBa cpena pactBopa? KakoBo 3nauenue pH
pactBopa? CocTaBbTe HOHHOE M MOJICKYJISIPHOE ypaBHEHH MPoToin3a hocdara HATPHUs, YIUTHIBAs, YTO B
pesynbrate o0pasyercs ruapodocdart Hatpus. JanpHelmunii npoToau3 (10 BTOPOM M TPEeThel CTYIEHH)
BO3MOXKEH JIMIIb B CIIydyae OuY€Hb pPa30aBIEHHBIX PACTBOPOB M MpPH MOBBIIEHHON TeMIepaType.
Hanumwure MoHHBIE M MOJIEKYJSIpHBIE ypaBHEHHUs! TpoTonu3a ¢ocdaTra HATPUS MO BTOPOH M TpeTheit
ctynenu. Paccauraiite 3HaueHnss koHcTaHT npoToin3a (Kipi, Kip2 1 Kips), crenenn mpotonmsza (Oupi, Op2
Y Op3) ¥ [H3O*] st kaxaoii crynenu, cuntas C(NasPOg) = 0,1 moms/am®.

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

NH; +5% + H,0 < NH,OH + HS ™

NH} +HS™ + H,0 <> NH,OH + H,S
Kb (NHsOH) =1,8-10"%; Ka1 (H2S) = 1,0-107; Kaz (H2S) = 1,0-10°5,
Ucxons w3 3Hauenuit koHcrant nportonusa it NH4sOH u H.S, cnemaiite BBIBOg 0 XapakTepe
Cpepl.
Ecnu Harpeth pacTBOp NaHHOW coJiM (TIPOKHITSATHTE), TO TPOTOIN3 CTAHOBHUTCS HEOOPATHMBIM, TaK
KaK TIpY HarpeBaHWHM aMMHUAK U CEPOBOJIOPOJT YXOAT U3 ChEephl peaKluu, CMelasi PABHOBECHS B CTOPOHY
00pa3oBaHMs MPOYKTOB POTOJIH3A.
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Onwim 6. Haneiite B mpo6upky 2 cM® pacTBopa cyib(aTa aTroMUHHS B J00aBbTe 2 cM° cyabhuaa
Hatpusi. OOpaTuTe BHUMaHKME HA I[BET BBHIMIABIIETO OCAJKA W 3arax. 3alHIIuTe HOHHOE W MOJICKYISIPHOE
ypaBHeHHs1 poTosin3a cmecu pactBopoB Al(SO4)3 u NazS.

Onwim 7. Haneiite B npo6upky 2 cm® pactsopa cyibspara xpoma Cra(SOs)s u Tyza xe 106aBbTe 2
cm® pactBopa coapl Na;COs. B pesynbTaTe MOTHOTO MPOTONIU3a BBINAAAET OCAN0K CEPO-3€NEHOTO [BETA
Cr(OH); u BoeimensitoTess my3sipbku yriekuciaoro raza CO,. CocTaBbTe HOHHOE M MOJIEKYJISPHOE
ypaBHEHHSI POTEKAIOIINX POIIECCOB.

Conep:xanue oT4yeTa

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

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

Ne /1 | Pearentsl XuMHYECKask peaKius HaOnronenus

1

agllbwN

KonTposabHbIe BONPOCHI
ba30BbIi1 ypoBEHB
1. YUto Ha3BIBAaETCS MPOTOU3OM?
2. Kakue conu noaBepraroTcs NpoToiausy?
[loBbILIEHHBIN YPOBEHB
3. IlpuBeaure mpUMEpHl YETHIPEX THUIOB coOJIed, OOPAa30BAHHBIX CHIIBHBIMH WU CIa0BIMU
KHCJIOTaMU ¥ OCHOBAaHUSIMHU.

Choucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHas1 JIMTepaTypa:

1 Cemenos, 1.H.<BR>&nbsp;&nbsp;&nbsp; Xumust IneKTpoHHBIN pecypce : yueonuk / 1.JL.
[Teppunosa / U.H. Cemenos. - Xumus,2019-06-21. - Canxrt-Ilerepoypr : XUMU3 AT,
2016. - 656 c. - Kaura naxoaurcs B 6a3zoBoit Bepcuu I5C IPRbooks. - ISBN 978-5-9388-
275-5, 3K3eMIUIIPOB HEOTPAaHUUYECHO

2 I'manka, H. JI. O6mas xumus : yue6. mocooue / H.JI. I'munka. - m3a. crep. - M. : KHOPYC,
2016. - 752 c. : un. - Ilpui.: c. 721-724. - bubnuorp.: c. 725-726. - ISBN 978-5-406-04995-
2, 3K3eMILTIpOB |

JlonoJTHUTeIbHAS JIUTepaTypa:

1 Kapanersbsnaiu, M. X. O61mas u Heopranuyeckasi XuMus : yueOHUK a5 By30B / M. X.
Kapanetssuu, C. U. pakuH. - 4-e uzn., crep. - M. : Xumus, 2000. - 592 c. : un. - (s
BhIcuIel mKkobl). - ISBN 5-7245-1130-4, sx3eMIUIIpOB HEOTPAaHUUEHO

2 Kenuna, H. FO. O0miast u HeopraHnveckasi XMMUs B TA0JIMIAX U CXeMax : yued. mocobue
s TexauukymoB / H. FO. Kenuna, H. B. be3pyuxo. - PoctoB 0//] : ®enuxkc, 2008. - 422 c. -
(Cpennee npodeccuonanpHoe oopa3oBanue). - bubmmorp.: ¢. 371-374. - [Ipeam. ykas.: c.
375-382. - [Ipun.: c. 383-415. - ISBN 978-5-222-13586-0, 5x3eMILISIpOB HEOTPAHUYECHO

NuTepHeT-pecypcenl:
1 http://window.edu.ru/ — ExuHoe okTO HocTyma K 00pa30BaTeIbHBIM pecypcam.
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http://window.edu.ru/

2 http://window.edu.ru/resource/931/73931/files/tutorial8.pdf.
3 http://window.edu.ru/resource/145/75145/files/book-3.pdf.

Tema 6. PacTBOpBI
JladopaTopnas padora 5. [Ipou3BeieHne pacTBOPUMOCTH
HCHB pa6OTBI: HU3yUCHHUC yCHOBI/IfI BbIIMIaACHUA M PAaCTBOPCHHUA OCAJKOB U BJIMAHUC I1P
QJICKTPOJIMTOB Ha UX CIIOCOOHOCTH K MEPCOCAKICHUIO.
Dopmupyemble KOMIETEHIIMH UITH UX YaCTH:

Kon DopMyITHPOBKA
OK-7 CIOCOOHOCTBIO K CAMOOPTaHHU3aIMU U CaMOOOPa30BAHHIO
OIIK-1 CIIOCOOHOCTBIO ¥ TOTOBHOCTBIO UCIIOIB30BaTh OCHOBHBIC 3aKOHBI

€CTCCTBECHHOHAYYHBIX JUCIUIIINH B HpO(l)eCCHOHaHLHOﬁ JCATCIIBHOCTHU

[1K-3 FOTOBHOCTBIO MCIOJIb30BaTh HOPMATUBHBIE JOKYMEHTHI 110 KAYECTBY,
CTaHJApTH3aLMH U CepTU(UKALNN TPOTYKTOB U U3JIEIHUN, 3JI€MEHTHI
PKOHOMHYECKOI'O aHAJIN3A B IPAKTUYECKOM EATEIBHOCTH

I1K-18 TOTOBHOCTBIO HMCIOJIF30BaTh 3HAHUS CBOMCTB XMMHYECKHX DJIEMECHTOB,
COEIMHEHHH U MaTepPHAJIOB Ha X OCHOBE JIJISl PEIICHHUs 33729 PO eCCHOHAIBHOM
eI TEIbHOCTH

Teopernveckast 4acThb

Yacto B XHMHYECKMX pEaKOUAX MPUXOOUTCA HMETh JEJI0 C PABHOBECUSMH, KOTOPBIE
YCTaHABJIMBAKOTCS B TETEPOTrCHHBIX CHCTEMax. Takoil CUCTEMOMl SBISETCSl, HAIpHUMEp, HACBIILICHHBII
pacTBOp, COIpHKACAIOIIUICA C 0CAaAKOM pacTBOPUMOro BemiecTBa. OcaZloKk M HACBILIEHHBIA pacTBOp —
pasnuuHble (a3bl TETEPOTCHHON CHCTEMBI.

Ecnu kakyo-HUOYAb TPy THOPACTBOPUMYIO coib, Harpumep AJCI, mpuBecTr B CONPHUKOCHOBEHUE
¢ Bomoi, To MoHbl AQ" u Cl, U3 KOTOPBIX MOCTPOCHBI KPUCTAJUIBI COJIM, MUCIIBITHIBASI MPUTSKEHUE CO
CTOPOHBI ONYXJAFOIIUX JAWTOJNEeH BOJBI, OYyIYT OTPHIBATHCS OT MOBEPXHOCTH KPUCTAJIOB U B BHJIC
THIPATUPOBAHHBIX MOHOB OyIyT NMEPEXOAMTH B PAacTBOpP, HO HapsAy C MPOLECCOM pacTBOpEHHs OyneT
HPOXOIUTh U CONPSDKEHHBIH Tporiece — kpuctamutusaius. Moust Ag* u Cl, crankuBasich npu ABHKSHUH C
noBepxHOCThI0 KpucTaimioB AQCl u  uchbIThIBasS OPUTSHKEHHE CO CTOPOHBI  MPOTHUBOIOJI0KHO
3apsOKCHHBIX HOHOB KPUCTAJUIMUECKOW pPEIIETKH, AECTHUAPATHPYIOTCA M OCEJAl0T Ha IOBEPXHOCTH
KpucTauioB. CKOPOCTh KPUCTAJUIM3ALMM BO3PACTacT MO MeEpe YBEIWYEHHs KOHIEHTPAalMH pPacTBOpA.
Korma ckopocTu mpoIieccoB pacTBOPEHUS W KPUCTAJUIM3AIIMU CTAHOBSTCS PaBHBI JPYT APYTY, TO B
reTeporeHHOM cucTeMe pacTBOp — 0Ca/I0K HACTyIAeT IOABUXKHOE PaBHOBECHE.

[TosryunBmmiics pacTBOp Ha3bIBA€TCS HACBHIIIEHHBIM, TaK KaK B HEM COAEPIKUTCS MPEAEIBHOE JUIsS
JAHHOW TeMIlepaTypbl KOJMYECTBO pacTBOPEHHOro BemiecTBa. B HaceimeHHoMm pactBope AgCI
YCTaHaBJIUBAETCS CIISAYIOLEEe PABHOBECHE:!

H,0 -
AgCl 2= Ag™ +Cl
TBEpIas ¢aza HACBILIEHHBIN PacTBOP

HpI/IMeH}Iﬂ K 9TOMY PaBHOBCCHIO 3aKOH HeﬁCTBHH MacC 1 YUYUTbIBAs, YTO KOHLUCHTpAIUA TBépZLOﬁ
(l)aBBI HC BXOOUT B BBIPAXKCHUC KOHCTAHTLI PaBHOBCCHA, MOXKXHO 3alliCaTh:

K =[Ag"][CI].

DTO ypaBHEHHE IOKa3bIBAET, 4YTO B HACBUYECHHOM PACMBOPE  MPYOHOPACMEOPUMO20
dneKkmpoauma np0u3eeOeHue KOHL;eHmpauuﬁ €20 UOHO6 eCcmb e6elUduHa NOCMOAHHAA npu OaHHOU
memnepamype. Dmy 6eIUYUHY HA3bIBAION NPOU3EedeHuemM pacmeopumocmu u obosnavarom I1P.

Hanpumep, st maiopactBopumoro AgCl:

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

rae [Ag*] u [CI] — paBHOBECHBIE KOHIIEHTPALIUH, BEIPA’KEHHBIE B MOJIB/IM®.

PaBHOBeCHAss KOHLEHTpAIMs JFOOOr0 MOHa (YHKIMOHAILHO CBs3aHA C JPYTUM IApaMETPOM
CHCTEMBI — aKTHUBHOCTBIO, HAIIpUMep, 1 nona Ag*:

a pg+ = ng+ [Ag+]
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http://window.edu.ru/resource/931/73931/files/tutorial8.pdf
http://window.edu.ru/resource/145/75145/files/book-3.pdf

Koapdumuenr mnpomopumonansroctn  f,  HaseiBaemblii K03 (PHIIMEHTOM  aKTHBHOCTH,
XapaKTepU3yeT CTENEeHb OTKIOHCHHS CHCTEMbI OT HICAJIbHOW 3a CUET DICKTPOCTATHYECKUX
B3aMMO/ICHCTBHI MOHOB, YYacTBYIOIIUX B H3y4aeMO# pEeaKIuH, C MOCTOPOHHUMHU (MJIH COOCTBEHHBIMH,
€ClIM MX KOHIICHTpaIlMs BBICOKAa) MOHaMH. B waeanbHON cucteme aan = [A], Tak Kak KOd(PHIUCHT
aktuBHOCTH paBeH emumuuie (f = 1). DTo o3HawaeT, YTO BIEKTPOCTATHUECKHE B3aUMOIEHCTBIHS
OTCYTCTBYIOT.

Bennunna ko3 uimeHTa akTUBHOCTH 3d6UCUM OM 3apsiod U UOHHOU CUbl, CO31aBaeMOM BCEMU
HOHAMH JJIEKTPOJIMTOB, MPUCYTCTBYIOIINX B PACTBOPE:

10 0 5
| =— ZCiZi . (5.1)
2i=1

rae | — nonHas cuia;

[Ci] — paBHOBeCHas KOHILIEHTpALIKS HOHA;

Zj — ero 3aps/.

HetpynHo ycTaHOBWTB, YTO MOHHAsI CHJIa pacTBopa OMHapHOTro snekTponuta (Tn AB) Bcernma
OyzeT paBHA MOJIIPHOW KOHIIGHTpalmu 3Mekrponuta — 1L = C(AB); anst tpunapHoro (tun A2B nin AB»)
—u=3C (A2B) wmm p = 3C (ABy); ms rerpanapuoro (tun AsB) — p = 6C (AsB).

Koadduumentsl akTUBHOCTH HWHAUBHIYaJIbHBIX HOHOB MOXHO TEOPETHYECKH OLIEHUTH IO
dopmynam Jlebast — XroKkens:

—lgf; = AziZ\/T, ecm | <0,01; (5.2)
AZiZ\/T

—lgfi=—"—, ecm 1<0,1 (5.3)
1+BaV/l
3nech A U B — KOHCTaHTBI, 3aBUCSIIUE OT TEMIIEPATYphl U TUJIEKTPUIECKONW MPOHULIAEMOCTH
pactBoputens (mis Boael mpu 20 °C A = 0,5 (tounee 0,509) u B ~ 0,3); ¢ — paccrosiHue
MaKCHUMAaJIbHOTO COJNVKEHUS MOHOB; STH BEIMYUHBI OOBIYHO TPUBOJSTCS B CIPABOYHBIX TaOJIWIAX.
[Tockonbky koneOaHWS B 3HAUYEHHAX «@ HE CJIHMIIKOM CKa3bIBAIOTCS HAa KOHEYHOM pe3yJbTaTe,
peKoMeHjLyeTcs 6paTh MocTosiHHOE 3HaveHue a = 3 A%, CrieioBaTensHo,

0,521
—lg f; = ——1—.
1++/1

KoaddummenT akTHBHOCTH WHIMBUAYAIEHOTO WOHA HEINb3sl U3MEPUTHh IKCIEPUMEHTAIBFHO, TaK
KaK HEeJb3s MOJYYUTh PacTBOP, COAEPKAIINN MOHBI TOJBKO OJHOTO 3apsija. DKCIEPUMEHTAIBHO MOXKHO
OTPEACUTh JIMIIb CpeaHuil Kod(huiueHt aktuBHOCcTH fir smexTponmra AmBn, KOTOpBIA CBs3aH C
K03 GHUIHMCHTAMU aKTHBHOCTH UHIMBUIYaJIbHBIX HOHOB fa U fg, COOTHOIICHHAMME:

fi =,/ f A fB — aust OMHApHOTO AMekTponuTa AB;

megn
fi = m+\n/ f A fB — IS NIEKTPOJIHUTa THIA AmBh.

Cpennuii K03(pPHUIIMEHT aKTHBHOCTH MOYXHO PacCUYHUTaTh M TEOPETHUYECKH, UCIIONB3YS (POPMYJIbI
JleOast — XroKkes

(5.4)

~lg f, = Az,zg/I, ecru  1<0,01;
gt < Pazs
T 1+Bavl

3neck a, A u B nmeror Te xe 3HaueHus, uyTo U B popmynax (4.3) u (4.4), mosTomy
0,52 4251
-lgf, = .
- 1++/1

s Gonee TouHoro pacueTta ko3¢ puueHToB aktTuBHOCTH (ipH | > 0,1) npuMeHsAI0T ypaBHEHHE
J»Burca, KOTOpOE MO3BOJISET BEIYUCIUTH KOXPPHULINEHTH aKTUBHOCTH 3JIEKTPOIUTOB M HHIUBHIYATbHBIX

eccm 1 <0,1

(5.5)
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MOHOB it HOHHBIX cui 0,2 — 0,5 ¢ morpemHOCTRIO, He TpeBbimatomieit 10%. Ypasuenue J[pBuca mns
k03 uIMeHTa AKTHBHOCTH UHINBUTYaTbHOTO HOHA UMECT BH/I:

0,5Zi2\/T
-Ig fi = "
1+/1

a U cpeaHero Ko puImenTa akTHBHOCTH IEKTpoiuTa AmBn
g f 0,52 ;251
— L =
1++1

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

Igf =05z ——— 021 |, 58
gt i 1+\/T (5.8)

a JIIsl CpeIHero KO3 UIIMEeHTa aKTUBHOCTH 3JICKTposiuTa AmBn

N
—lgf, =05z ,z,] ———-0,21 |. 5.9
Ile =O2als| ) &9

Bennunabl k03()(GUIIHMEHTOB aKTUBHOCTH MHIMBHYaTbHBIX HOHOB TPH PAa3HBIX MOHHBIX CHIIAX H
cpenHue KOS(PQGHUIMEHTHl AKTUBHOCTH JUIA PaCTBOPOB  AIICKTPOJIMTOB pa3HOM  KOHIIEHTpAIHH,
paccuntanuble o Qopmynam Jlebas-XioKKensi, MPUBOAATCS B CIPaBOYHUKAX. 3Has KOIDDUIHECHTHI
AKTUBHOCTH, MOKHO OIICHUTH aKTUBHOCThH HOHA WIIM 3JICKTPOJINTA B pacTBope. i1t 0bJerdeHus: pacueToB
MOKHO TIOJIB30BaThCS CIIETYIOIIUMH Oy IICHUSIMU:

1 Ko3¢pduuueHTsl aKTUBHOCTH HOHOB OJMHAKOBOTO 3apsija HE3aBUCHMO OT pajiyca HOHOB
npuMepHo paBHBL [l03TOMy B CIpaBOYHUKAX TNPUBOJSATCS WHOTAA YCPEIHEHHBIC BEJIHMYHHEI
K09(HUIMEHTOB aKTUBHOCTH ISl O/THO-, IBYX-, TPEX- M YE€THIPEX3apSIHBIX HOHOB.

2 KoaduieHThl aKTUBHOCTH HEWTPAJIBHBIX YAaCTHIl B pa30aBICHHBIX PACTBOPAX JIEKTPOIUTOB
MOJIaratoT PaBHBIMHU €IMHHIIE.

3 Ouens pa30aBiIeHHbIE PACTBOPHI 3JEKTPOJIUTOB, HAINPpUMEp, HACBHIIIEHHBIH pacTBOP
MaJIOpaCTBOPUMOTO JIEKTPOIIUTA, MOYKHO CUUTATh UJICATbHBIMU.

Yacto mpu pacyeTax CIOXKHBIX PaBHOBECHH KOI(P(PHUIMEHTH aKTUBHOCTH MPUHUMAIOT PAaBHBIMH
eaunuiie. Takoe JOMYIIEHHUE ONPABAAHO MO PSTY TPUYKH.

Bo-niepBbIX, BenmuuMHBI KO3()(HUIMEHTOB aKTHBHOCTH, HaWaeHHble 1o dopmynam [lebas —
XIOKKeJIsl, MOTYT B 3THX CITydasix OKa3aThCsl OYCHb JTAJICKMMHU OT UCTUHHBIX.

Bo-BToppIX, BIMSHHE XHMHUYECKMX (AKTOPOB HA paBHOBECHE Tropasfo OoJblle, YeM
ANEKTPOCTATHUECKUX CHII, TIOATOMY TpeHeOpeKeHrne MOCIEeTHUMHU TIPU pacdeTax CIOKHBIX paBHOBECHI
HE BHOCHUT OIIYTHMYIO OIPEIIHOCTE B PE3YJIbTATHI.

Ecnn Monekyna TpyIHOPAaCTBOPHMMOTO BEIECTBA JIUCCOLUHMPYET C 00pa30BaHMEM HECKOJIBKHX
OJIMHAKOBBIX HOHOB, HATIPUMED:

— O,lzizl , (5.6)

-01z 4zl . (5.7)

Pby(PO, ), <22 3P %" + 2P0},

TO TIPU BBIYUCICHUN TMPOU3BCACHUA PACTBOPUMOCTU ISTOIO0 COCAMHCHUA KOHICHTPAlUN
COOTBCTCTBYIOIINX MOHOB BO3BOJATCA B CTCIICHU PABHBIC UX CTCXUOMCTPUICCKUM KO3(1)(1)I/IL[I/I€HT3MI

1IP(Pb3(PO,),) =[P * 1°[PO; 1.

B obmem cnywae, Ui ManopacTBOPUMOIO CHIIBHOro 3jekrponurta Thma KitxAny, mporonus
pacTBOPUMOM YacTH KOTOPOTO MPOTEKAET 10 CXEME:!

H
KtAny PR CF N yAN*, (5.10)
BeIpakeHme 11 [1P OyaeT uMmeth BUA
IIP(KtAny) = [K* T [AnT]. (5.11)

Cs3b mapametpa [1P ¢ BenmuunHo# pactBopumocti KtxAny oTpaxkaercs GopMymoi:
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Momb _ [TP(Kt, Any)

S,/ (Kt, An,), = X+ (5.12)
M X y JIM3 Xxyy
501051
IIP(Kt, An
Sm(KtxAny),%ﬂw (KtyAny) - M(KtyAn,). (5.13)
M x*yY

3nas 3HaueHue [IP, MOXHO mpeaBHIETH BO3MOXHOCTH IEPEXOAa PACTBOPEHHOIO BELIECTBA B
0CaJIoK WK Ha00OPOT — MEPEX0]] 0CaaKa B pacTBOP.

Ecnu npousBenenne KoHIeHTpanuii HOHOB pacTBopéHHoro BemiectBa (I1K,) menblie 3HaueHus
ero [IP, To BemmageHust ocamka He Oyner. Takoi pacTBOp Ha3bIBae€TCS HEHACHIIICHHBIM, U B HEM emé
MOXET HJTU pacTBOpeHHE JaHHOro BemlecTBa. B HaceimieHHoM pactBope IIK, = TIP. Korna
NpoM3Be/IcHHEe KOHLEHTPALUU HWOHOB pPACTBOPEHHOTO BEIECTBA CTAHOBHUTCS OOJblIe 3HAYCHUS
MPOM3BEEHHS PACTBOPHUMOCTH, TO BHIITAJAET OCAIOK.

Takum o6pazom, Hanpumep, st AgCI:

a) B HeHachItenHoM pactBope ITK,, = [Ag*][CI] < TPagc;

0) B HackiieHHoM pactBope [1K, = [AgT][CI'] = [TPagci;

B) B niepenacsoinienHoM pactBope [1K, = [AgT][CI] > [TPagcl.

HenachimeHsslid pacTBOpP Kakoro-InO0 3JEKTPOJIUTAa MOXHO CHENaTh HACBILIEHHBIM M JaXe
TIePEeHACHIIIIEHHBIM, PUOABIISAsA K HEMY JIEKTPOJINT, COAEp KAl OTHOMMEHHbIe HOHBI. Hanpumep, ecnu
K HenacbimennoMy pactBopy AQCIl mpunmusate HCI wiun KCI, To MBI TeM cambiM OyjieM yBETHYHBATH
KOHLICHTPAaLMI0 MOHOB XJ0pa, 4To NpuBoauT K yBennueHuto I1K,. B Tor moment, korna I1Kagc) cTanet
oonsmie ero ITP (1,56-102%), npousoiiner Brimanenue ocaaxka AgCl.

Jns  pacTBOpeHHS OcCajKa TpPYIHOPACTBOPUMOIO DJIEKTPOJIUTAa HEOOXOJMMO YMEHBIIUThH
KOHIIEHTPAIMIO €r0 MOHOB B pacTBOpe A TOTo, uToObl BenmunHa ero 11K, crama mensmre IIP. Dtoro
MOYKHO JIOOUTBCS, CBSI3bIBASI OJIMH M3 MOHOB TPYAHOPACTBOPHUMOIO BEIIECTBA C MOHOM J00aBISIEMOTO
peakTuBa B c1ab0ANCCOIMUPYIONIEE UITH JIETYy4Uee COeIMHEHHE.

PacTBOprMOCH Ocajka MaqopacTBOPUMOIO 3JIEKTPOJIUTA YBEIMYUBACTCS TAKKe MPHU HAIMYUU B
€ro HAChILIEHHOM PacTBOPE MOCTOPOHHHUX MOHOB — 3TO SBJICHHWE HA3bIBAIOT costegbim dghexmom. Tak,
HaIMpuMep, YBEITUIUBAETCS PacTBOPUMOCTh ocaaka BaCOsz mpu BHECEHHWU B €ro HACHIIICHHBIA PaCcTBOP
Hekotoporo konudectBa con NaNO3z niu KBr u ap. Bospacranue pacTBOPUMOCTH MajOpacTBOPHUMBIX
OCaJIKOB CHJIBHBIX 3JIEKTPOJIMTOB B MPUCYTCTBHHM HOCTOPOHHHX HOHOB OOBACHSETCS YBEIMYCHHEM
HWOHHOM CHUJIbI pacTBOpA.

Wrak, pacTBOpeHHe ocaka MOKET IPOUCXOIUTh:

1) npu 06pa3oBaHMM PACTBOPUMOTO CIA00ANCCOLUUPYIOLIETO IEKTPOIUTA:

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

2) ipu 006pa30BaHUH Tra3000pa3HOTO COETUHEHHUS:

FeS 4 +2H' > Fe?" + H,8 1T

3) npu 00pa3oBaHNH CIAOOAMCCOIMUPYIOIIEr0 KOMILIEKCHOTO HOHA:

AgCl | +2NH3; —[Ag(NH3),]" +CI-

4) IIpU OKUCIIUTCIIBHO-BOCCTAHOBUTCIIbHBIX MTPOLIECCAX:

CuS ¥ +4H " +2NO3 — Cu®" + 2NO + SO, + 2H,0

5) Ipu HATUYUH TOCTOPOHHHUX HOHOB.

Oo0opynoBaHne U MaTepuasbl
PacTBop aMMuaka (KOHLEHTpalys pacTBopa aMmmuaka pasa 0,1 mons/nme)
PactBop xnopuna ammonus, C(NH4CI) = 0,1 mons/nm?
PacTBop xs10puaa Maraus ¢ Monsipaoi konuenrpanueir C(MgCly) = 0,1 mons/mve,
Kpucrannuueckuii noz
Muxpounarenb
HacwimeHnsIit pacTBOp HOAMIA KATHS

ok wnE
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Xnopun xaneius (C(CaCly) = 0,1 moms/mv3

PactBop xapOonara u cynbdara HaTpus

Hetmmonsipusrii pacteop HCI

0. Pacteop NazS

11. Conb nuHKa ¢ MONSIPHOM KOHIIEHTpaluei nocieauei 0,1 Moms/am3
12. Cactsop HCI, C(HCI) = 2 mons/gm®

13. PacTBOp YKCYCHO# KHUCIIOTBI

14. PactBop cynbduna natpus (C(NazS) = 0,1 mosn/am®)

15. Meuumonsipusiii pactBop CuSO4 u FeSO4

16. Consnas kucnora (C(HCI) = 0,1 mons/am®).

17. Pactsop nurpara ceunna, C(Ph(NO;3),) = 0,1 mMomns/mv?,

18. Pactsop cynbara u cynbhuna natpus ¢ konnenrpausamu C(Na;SO4) = C(NaS) = 0,1 moms/am®
19. PactBop xpomata Kauus

B2 oo~

Yka3aHus 1no TexHuke 0e301aCHOCTH
1. Bce paboTel B XUMHYECKOW 1ab0OpaTOpUM MOIHKHBI TPOBOAWTHCS NPHU HCIPABHOM
3NEKTPOOOOPYAOBAHHH, IITEKTPOIPOBOKE, MPABUIEHO 000PYAOBAHHOM BBITSDKHOM IIKAQYy.

2. Ta30BbIe KpaHBI U ra30MPOBO/] TOKHBI HAXOUTHCS B UCIIPABHOM COCTOSIHUH, TIEPHOANIECKU
HPOBEPATHCA.

3. Pabouee MecTo comepxKaTh B OPSAKE M YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcsi OpaTh YMCTHIM IITATEIEM MU CIICIHATHHON JT0XKESUKOH.

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

6. Bce OmBITH C BpeHBIMU M TTAXHYITMMH BEIIECTBAMH, a TAKKE YIIAPUBAHUE KHCIOT M KHCIBIX
PacTBOPOB MPOBOJNTH B BBITSDKHOM IIKAQYy.

7. OcraTKu coeqUHEHUI cepedpa cuBaTh B 0COObIC CKISHKH.

8. Ilpu HarpeBaHMM PAcTBOPOB B IMPOOHMPKE BCETa CIEIYyeT JepkKaTh €€ TaKuM 00pa3oM, YTOOBI
OTBepcTHE MPOOUPKHU OBUIO HANIPABIEHO B CTOPOHY OT pabOTAIOLIEro PSAIOM COCEa.

9. He HaK/IOHSTH JIMIO HaJl HATPEBACMOM YKHUIKOCTBHIO HIIH CIUIABIISIEMBIM BEIIECTBOM.

10. He cnemyer BAbIXaTh Maxy4ue BEIIECTBA M Ta3bl, OJM3KO HAKIOHSACH K COCYIY C ITUMH
BemecTBaMu. HioxaTh BemecTBa MOYKHO JIMIIb OCTOPOXKHO, HANPABISS K ceOe maphl WK ra3 JABHKEHUEM
PYKH.

11. XpaHuTh pacTBOPHI KOHIIEHTPUPOBAHHBIX KHCIIOT U IEJIOYEH B BEITSHKHOM MIKady.

12. BeumBaTh pa30aBIeHHBIE KUCIOTHI M IIEJIOYHBIE PACTBOPHI CIEAYET B CIMBHYIO CKILSTHKY.

13. Kareropuuecku 3armpeniaercst mpoOoBaTh XUMHUYECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIErKO BOCILIAMCHSIOIIUMUCS BellecTBaMH (3QUphI, OCH30J, CEPOYIIIEpPo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX IUTUTOK.

15. Tlpu pabGoTe cO CTEKIOM, XHMHYECKOW MOCYAOH, HEoOXoAMMo coOMoIaTh TpaBUiia
MPEJOCTOPOKHOCTH BO M30€KaHNE PAHEHHI OCKOJIKAMH CTEKIIA.

16. Karteropuuecku 3ampeniaercsi OCTaBiIsATh paboTarole Npuoopsl 63 HaOIIOACHUS.

21. B xuMuueckoit 1abopatoprun He0OX0JUMO paboTaTh B Xajare.

3ananus

Oneir 1. B nBe npobupku BHecTn mo 1 cm® pacTBopa amMmuaka (KOHIEHTpamus pacTBOpa
ammuaka pasHa 0,1 mons/nm®). B omHy npoGupky n06aButh 2 cM® BOJBI, B APYrylo 2 ¢M° pacTBopa
xaopuna ammorus, C(NH4Cl) = 0,1 mons/am3. Tlocne storo B 06e npobupku BHecTH 1o 1 cm® pacteopa
XJI0pU/Ia Mareus ¢ MonspHoi konuentpanueit C(MgCl,) = 0,1 mons/nm3. O6paTuTh BHEMaHHUE Ha TO, 4TO
0CaJIOK BBINIAIa€T TOJIBKO B IPOOUPKE, T/I€ HET XJIOPHUIa AaMMOHHSL.

OmnpiT 2. B aBe mpoOupku BHECTH MO | MHUKpOLINATENI0 KPUCTALIMYECKOro Hoaa. B mepByio
npo6upKy n06aBUTE 2-3 ¢M® BOJBI, BO BTOPYIO CTOJBKO K€ HACBHIIIEHHOTO PAcTBOPA MOJAMIA KAIHs.
Y6eautncs, 4TO N0 MaJlo pacCTBOPAETCS B BOJIE, HO XOPOILO PACTBOPSIETCS B HOIUAC KA.

OmpiT 3. B AByX mpoOupKax MOMy4YHTh OCaIKU KapOoHaTa W cyjibdara Kalablus ACHCTBHEM Ha
pactBop xsopuna kansius (C(CaCly) = 0,1 mons/nm®), pactBopamu kapboHaTa M cyiabdara Hatpus. B
0be mpobupku mobassTe HenuMoisapHblii pactBop HCI. 3aMeThTe, UTO MPOUCXOMUT PACTBOPEHHE TOIBKO
kapOoHaTa KaJIbLus.
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OmnsiT 4. B 1ByX npoOupkax HOay4duTh ocaiku ZNS aeictBueM pacTBopa NaxS Ha pacTBOp COIH
IIMHKA C MOJISIPHO# KOoHIeHTpanuei nocaeaneii 0,1 mons/nme. B oany nmpobupky no6asuts 0,1 Mons/ame
pactBop HCI 1o pactBopenus ocanka, B ApYyryro Takoi xke o6bém 0,1 mons/am® pacTBopa yKcycHOMN
KUCIIOTBI. Y OSIUThCS, YTO B YKCYCHOM KUCIIOTE CYJIb(QH] IMHKA HE PACTBOPSCTCS.

OmneiT 5. B nBYX npoOupkax nmomyduth ocagku CuS u FeS BzanmopeiictBuem pacteopa cynbduua
natpus (C(NazS) = 0,1 moms/mm%), ¢ nemumonspasiMu pactBopamu CuSOs u FeSO4. B 06e npobupku
100aBUTh OJIMHAKOBBIE 00BEMBI pacTBopa consinoii kucnotsl (C(HCI) = 0,1 mons/nmS).

OmeiT 6. B ogHo#t mpobupke mony4unuth ocagok PbSO., B apyroit — ocamok PbS neiictBuem Ha
pactBop mutpata ceunna, C(Pb(NOs),) = 0,1 mons/mm®, pactBopamu cynbdarta u cynbduaa HaTpUs C
xonnenrpamusamu C(Na;SOs) = C(NazS) = 0,1 mons/am® CooTBeTcTBeHHO. B 06€ MpoOUpKU 106aBHTH
omMHaKoBblii 00bEM 0,1 Moib/aM® pacTBOpa Xpomara KauMsl M TIIATENBHO Hepememarb. OTMETHTH
WU3MEHEHHE [BETA 0CaJKa B OJTHON M3 MMPOOHPOK.

Conep:xkanue oTyera

Omeir 1. Hamwmcars ypaBuenus obpazoBanuss MQ(OH), B MOJEKyJsIpHOM ¥ HOHHOM BHJIE.
Joka3ath pacyéToM BO3MOXHOCTH BbimajaeHus B ocagok MQ(OH), tombko B orcyrctBum NH4CI,
ucnonb3ys 3HaueHue [TP(Mg(OH),).

OmepIT 2. Y6enuTbes, 4TO HOX MaJIO PAacTBOPSETCS B BOAE, HO XOPOILIO PacTBOPSIETCS B MOIUIE
kanua. Yem 310 00bscHUTE? COCTaBUTH ypaBHEHUE peakiyH B3aumMojeicTBus uoja ¢ Kl B HOHHOM H
MOJIEKYJISIPHOM BHJIE.

Onwir 3. Kak, mpumensis mousitie [IP w 3Has yciioBuS pacTBOpPeHHS OCAIKOB, OOBICHHUTH
HaOmomaemoe siBienue? CocTaBuTh ypaBHeHHs peakimu pactBopenus CaCOs; B HCl B wmonHOM U
MOJIEKYJISIPHOM BHJIE.

Omnpit 4. OOBACHUTB, TOUYeMy ZNS pacTBOPSIETCS TOIBKO B COJISTHOM KHCIIOTE, YIUTHIBAS MAITYIO
pacTBopuMOCTS 1 JieTyuecth HoS. CoctaButh ypaBHeHus B3aumoeiicteust Mexxny ZnS u HCl B nonHoM
Y MOJICKYJISIPHOM BUJIE.

OmnepIT 5. OTMETUTH pacTBOPEHHE TONBKO FES 1 00BSICHUTD 3TO, HCTONB3Ys 3HaueHue [1P st FeS
u CuS. CocraButh ypaBHeHus B3aumoeiicTeus mexay FeS u HCl B HOHHOM U MOJIEKYIISIPHOM BH/IE.

OmnbiT 6. OOBACHHUTE MTPOUCXOSAINEE, TONB3YACh 3Hadenusmu [1P s PbS, PbSOs u PbCrOa.
CocTaBUTh ypaBHEHHUS! COOTBETCTBYIOIIUX PEAKIIU B MOHHOM M MOJICKYJISIPHOM BHJIE.

KoHnTpoJibHBIE BONIPOCHI
ba30BbIii ypoBEHB

1. Chopmynupyiite MOHATHE «IIPOU3BEACHUE PACTBOPUMOCTH». Il KaKOro TUIA COSIWHEHUN
oHo npuMeHnmo? [IpuBeauTe nmpuMepsl.

2. Hanummmre ypaBHEHUsI MPOLIECCOB MPpOToin3a Jyis cienyrommux coeaunennii: CaCOs, AgaCrOsy,
AI(OH)s. Kak OyayT BBIMISAETh COOTBETCTBYIOIIME UM BBIPOKCHHUS MPOHM3BEICHUI PacTBOPUMOCTH?
HaliquTe ux 3Ha4€HUs B CIPABOYHMKE U 3AIIULIUTE.

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

IloBbIlIEHHBIH ypOBEHD

1. Kak cBszansl [IP u pacTBOpUMOCTD MaiopacTBOPUMBIX CHIIBHBIX 3eKTposnnuToB? OToOpasute
9Ty cBsi3b Ha mpuMepe AgzASOa.

2. llepeuncnure YCIIOBHS DPAacTBOPEHHUS OCAJKOB MallOpaCTBOPUMBIX BemlecTB. Kak MOHO,
Harpumep, pacTBopuTh ocagok Zn(OH),?

3. Kakoe siBiieHue Ha3bIBAIOT «COJEBBIM d(dexTom»? [IprBeauTe npuMepsl.

Cnucok Jurepatrypbl, peKOMEHAyeMblil K UCIIOJIb30BAHUIO 110 JAHHOH TeMe
OcHoBHasl JuTepaTypa:

1 Cemenos, 1.H.<BR>&nbsp;&nbsp;&nbsp; Xumust I1eKTpoHHBIN pecypc : yueonuk / 1.JL.
[Teppunosa / U.H. Cemenos. - Xumus,2019-06-21. - Canxr-Ilerepoypr : XUMU3 AT,
2016. - 656 c. - Kaura naxoaurcs B 6a3zoBoit Bepcuu I5C IPRbooks. - ISBN 978-5-9388-
275-5, 3K3eMIUISIPOB HEOTPAaHUYCHO

2 I'munka, H. JI. O6mas xumus : yue6. mocooue / H.JI. I'munka. - uza. crep. - M. : KHOPVYC,
2016. - 752 c. : un. - Ilpuin.: c. 721-724. - bubnuorp.: c. 725-726. - ISBN 978-5-406-04995-
2, K3eMIUTApOB 1
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JlonoIHUTeIbLHAS JTUTEpaTypa:

1 Kapanerbstan, M. X. O0mias 1 HeopraHu4ecKas XuMus : yueOHUK 1711 By30B / M. X.
Kapaneresnn, C. U. [Ipakun. - 4-e uza., crep. - M. : Xumus, 2000. - 592 c. : un. - (s
BbICHICH mKOJIBI). - ISBN 5-7245-1130-4, 5K3eMIUISIPOB HEOTPAHUYCHO

2 Kenuna, H. FO. O0mias u Heopranndeckas XMMuUs B Ta0JIMLAX U cXeMax : yued. mocodue
s rexaukymoB / H. 0. Kenuna, H. B. be3pyuxo. - Poctos H//] : ®enukc, 2008. - 422 c. -
(Cpennee npodeccronanbHoe oOpa3oBanue). - bubmmorp.: ¢. 371-374. - Ilpeam. ykas.: c.
375-382. - IIpumn.: c. 383-415. - ISBN 978-5-222-13586-0, sx3eMIIIIpOB HEOTPAaHUICHO

HNuTepHeT-pecypcenl:
1 http://window.edu.ru/ — EauHoe 0KTO AOCTyIa K 00pa3oBaTeIbHBIM PECypcaMm.
2 http://window.edu.ru/resource/931/73931/files/tutorial8.pdf.

3 http://window.edu.ru/resource/145/75145/files/book-3.pdf.

Tema 6. PacTBopsI
JlabopaTopHasi pa6ota 6. PacTBOpbI
Lenp pabGoTbl: OCBOMTH METOAWKY MHPHTOTOBICHHS PACTBOPOB 3aJaHHON KOHIICHTDPAIIUH.
OCBOHTH apeOMETPUIECKHUI METOJ M3MEPEHHsI TUIOTHOCTH PAaCTBOPOB. Y CBOUTH MOHITHS aOCONIOTHOHN U
OTHOCHUTEJILHOM MOIPEIHOCTEN U3MEPEHUH.
Dopmupyemble KOMIIETEHIUHA WA UX YaCTH:

Kon DopMyTHPOBKA
OK-7 CIIOCOOHOCTHIO K CAMOOPTaHHU3aIMU U CaMOOOPa30BAHHIO
OIIK-1 CIIOCOOHOCTBIO ¥ TOTOBHOCTBIO HCIIOIh30BaTh OCHOBHBIE 3aKOHBI

€CTCCTBECHHOHAYYHBIX JUCHUIIINH B HpO(l)eCCI/IOHaHBHOﬁ JCATCIIBHOCTHU

[1K-3 FOTOBHOCTBIO MCIOJIb30BaTh HOPMAaTHUBHBIE JJOKYMEHTHI 110 KAYECTBY,
CTaHJApTH3aLMH U CepTU(UKALNU TPOTYKTOB U U3JIENINHN, SJIEMEHTHI
PKOHOMHYECKOI'O aHAJIN3a B IPAKTUYECKOMN NEATEIBHOCTH

I1K-18 FOTOBHOCTBIO MCIIOJIb30BATh 3HAHUS CBOMCTB XUMHUECKHUX 3JIEMEHTOB,
COCJIMHEHHI ¥ MaTepHalioB Ha UX OCHOBE IS pellieHHs 33124 PO ECCUOHATBHON
eSTeNbHOCTH

Teoperuyeckas 4acTb

Pacmeopamu naszvisarom comoeennvle cucmemsvl, cocmosiuue u3 08yx u 6oiee KOMIOHEHMO8, a
makaice npoOyKmos ux ezaumooeticmeus. Harpumep, BOJHBIA PacTBOP CEPHOM KUCIOTHI COACPIKHT: BOLY
(pactBOpuTens), ruapaTupoBanbie noHbl HSO4xH20, HxH,0 u SO42-xH-0.

Crnoco0bl BbIpaKeHHsI KOHIIEHTPAIIMH PACTBOPOB

Bakneiinieit xapakTepHCTHKON pacTBOPOB SIBISETCS WX KOHIIEHTPALMS — Macca WM KOJIMYECTBO
BEIIECTBA, COJICPIKAIIMECs B ONPEJICIIEHHON Macce WM 00beMe PacTBOpa UM PACTBOPHTEIIS.

MaccoBas fo:s BemecTBa X — macca BemectBa M(X) (B 1), comeprkamasics B 100 r pacTBopa:

m(X
w(X),% = Q 100 (6.1)
mp—pa
ModsiibHasi KOHLEHTpalusi — KOJIMYECTBO MOJNbL BemiecTBa N(X), conepxaiieecs B OJHOM
kunorpamme (uu B 1000 1) pacTBOpuTENS:

C (X) MOIIb _ n(X) 1000 = m(X)
m*>" kr m M(X)m

p-as p-ns

-1000 (6.2)

MonsipHas KOHIEHTpAIHs — KOJMYECTBO MOJIb BetecTsa N(X), cojepkanieecs B OAHOM aM° (M
B 1000 cm®) pacTBopuTens:

C, (X), MOJIb _ n(X) 1000 = m(X)

IIM3 Vp-J'ISI M (X )Vp-n;[

1000 (6.3)
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MorsipHasi KOHIEHTpAIUsl KOJNWYECTBA OSKBHBAJICHTa (HOPMAJIbHOCTh WIJIM OKBHUBAJIICHTHAS
KOHLIEHTpAIMs) — KOJIMYECTBO MOJIb SKBUBAJICHTA BellecTBa X, coziepskaiieecs B ogHoM am° (uiu B 1000
cm®) pacTBOpHTENS:

1
n(— X
1 MOJTb (Zx ) m(X)
C(—X), —3 = y -1000 = -1000, (6.4)
Zy AM p-as M (7 X)Vp-J'IH
Zx

rae n(i) U M (—) — KOIMYeCTBO MOJb DKBMBAJIEHTA BEIIECTBA (B MOJB-3KB) H €IO
X X

SKBHUBAJICHTHAsI Macca (T/MOJIb) COOTBETCTBEHHO.

Ipumeuanue. Ynucno Zx Ha3bIBAIOT IKGUBANEHMHBIM YUCIOM WIIU YUCTOM IKEUBANEHMHOCIU — Zx
> 1. 3nauenHne Zy onpeAemnsioT M0 XUMUIECKON peakIny, B KOTOPOH y9acTByeT JaHHOE BelecTBo. Tak, B
YaCTHOCTH, [JIA BECUICCTB, YHaCTBYIOIIUX B OB-peaKumlx, SKBHUBAJICHTHOEC YHCIIO ZB JJ11 BOCCTAHOBUTECIISA
PaBHO YHMCITy SJIEKTPOHOB, KOTOPOE OH OTHAET, a Ul OKHCIHUTENS — YUCIy SJIEKTPOHOB, KOTOPOE OH
npuanMaeT. Hanpumep, ans anmona MnOs4 B 3aBHCHMOCTH OT XapakTepa peakuuu Zy MOXKET OBITh
paBHoO 3, 3, 1, Hanpumep:

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

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

MnOs + le- — MnOs2; Z, = 1; D(MnOy4") = 1/1 Mo7b.
CrnenoBaTenbHO, B 3THX peakiuax SkBuBajieHT okuciutenst MnOs™ cooTBeTcTBeHHO paseH 1/5, 1/3 u 1
MOJIb.
Heo6xomumo Bceria TOMHHTE, YTO 3HAYCHUE SKBUBAJICHTA TFOOOT0 BEIIeCTBA X HE MPEBBIIIACT
eauHuIipl, T. €. D(X) < 1.
Onpe/ieeHre 3KBUBAICHTHBIX YUCEIT HEOAMHAKOBO JIjIsl 0OMEeHHBIX U OB-peakiuii.
B 00MEHHBIX peakIUsIx SKBUBAICHTHOE YUCIIO OMPEACISIOT M0 CTEXHOMETPHH peakiuu. Eciu ais
peakiuy BUA:
vaA+vegB =vcC +vpD  (8.5)
Ha OJIMH MOJIb BellecTBa A TpeOyeTcst Ve/va MOJTb BeliecTBa B, T0 Za= vp/va.

I[Tone3Ho 3HaTh, 4TO 02151 0OHoOoCcHOo8HbIX Kuciom (tura HF, HCI, HBr, HI, HNO,, RCOOH u np.)
u oonokucromuwix ocnosanuil (tuma NH4OH, LiOH, NaOH, KOH, CsOH, RbOH u ap.) sxsusanenm
6ce20a pasen 0OUH MOJlb.

J1J1s1 IOJIMOCHOBHBIX KUCIIOT W TIOJMKHUCIOTHBIX OCHOBAHHUH BEIMYMHBI SKBUBAJICHTOB 3aBUCST OT
Tuna peakuuil. Tak it peakuuu:

H,SO,4 + 2KOH = K,S0O4 + 2H,0,
Z (H2SOs) = 2, a axeusanenm ceproti kuciomol — I(H2SOs) = 72 monw, max kax Ha 00uH Mo
H2S04 mpebyemcs 2 monw (06a sxeusanenma!) KOH.
Hns peaxuyu:
H>S04 + KOH = KHSO4 + H,0
Z(H2SO04) = 1, a sxeusanenm ceproii kucromot — I(H2S0s) = 1 monw, max kak ¢ 00uH monw
H.SO4 peazupyem 1 mons (00un sxeusanenm!) KOH.

MomnbHas mois — OTHOIIEHHE KoyimdecTBa Mok BemecTBa N(X) k o0mieMy 9HCIy MOJIb BCEX

BeriecTB Ny (Xi), cocTaBNISIONMX pacTBOP:

N(X)
Nx(Xj)

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

pacTBopa:
e m(X)

3
em® Vppa
Tutp pactBopa BemectBa B mo onpexpensieMomy BemiecTBy X — Macca BemectBa M(X) (B 1),
COOTBETCTBYIOIAs OJIHOMY CM® CTAHIApTHOTO PacTBOpa BemecTsa B:

a(X)= (6.5)

3

T(X), (6.6)
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e _ m(X)
CM3 V(B)p—pa

BecbMa BayKHBIM TTapamMeTpoOM PacTBOPOB SIBIISICTCS UX IDIOTHOCTh — OTHOIIEHUE MACChl PACTBOPA
(B xT) K 00BEMY 3TOTO pacTBOpa!

T(BI X), . 67)

pr— = . (6.8)
M Vp-pa

HpuMeltaHue. B xumun qauie HpI/IMeHHIOT paSMepHOCTL IIJIOTHOCTHU paCTBOpOB B F/CME.

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

SKBHUBAJICHTA BEIIECTBA X C Pa3IMUYHBIMHU BUAAMH KOHIICHTPAIIAN €TI0 PaCTBOPOB.

LX), o= M) _TOV() _TE/XN(E)
Z MEX) ME=X)  MCX)

X X X

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

100M (i X)
Z)C
IIpy npUroTOBIEHUN PACTBOPOB € Pa3IMYHON MAacCOBOW JOJIEH BECbMa IIOJIE3HBIM SIBIISIETCS TaK
Ha3bIBa€MOE MPABHUJIO CMELICHUS (MM IPaBHIIO KKPECTaA»).
Cxema «kpecTa» UMEeT BUJI:

o, % — Mmy, T
wx, % (5.10)
(DZ, % — mZy T,

rne o1, % U 2, % — MaccoBbI€ JIOJIM HCXOIHBIX PACTBOPOB;

M1 ¥ M2 — Macchl UCXOJIHBIX PACTBOPOB (B I') MOCIE CMEIIEHHUS KOTOPBIX, OyIET MOy4eH PacTBOP
€ MaccoBoii goiei oy, %.

Honnoe npoussenenne soasl 1 pH pacteopos

Bopma oTtHocuTCS K O4YeHB CIa0BIM AJIEKTPOJIMTaM, W Tporecc e€ mpoTronu3a (pachajga WiIH
JUCCOLMAIK) sBiIsieTcsT oOpaTuMbIM. PaBHOBecME B 3TOM IHPOLIECCE CMELIEHO BIIEBO, B CTOPOHY
00pa3oBaHMs MOJIEKYT

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

Ilpumeuanue. IlpoTONM30M Ha3BIBAIOT TPOLECCH KUCIOTHO-OCHOBHOTO —B3aMMOJCHCTBHA,
MPOTEKAIOMIHNE C yYaCTHEM PAaCTBOPUTEINSA (7151 BOJHBIX PACTBOPOB — 3TO MOJIEKYIIBI BOJBI).

Koncranra npotonusa Boas! ipu 22°C UMeET clleAyIoliee 3HaueHUE

+ —
_[HTJ[OH ]
R AL s
[H,0]
TaK KakK HpOTOHI/I3 BOJABI BECbMAa HEC3HAUYUTCICH, TO paBHOBeCHon KOHHCHTpaL[I/IIO MOHeKyH BOJbI
MOXHO HpI/IHﬂTB 3a HOCTOﬂHHyIO BeJ'H/ILII/IHy, YUCJICHHO paBHyIO (§]¥] 06]l[eﬁ MOHﬂpHOﬁ KOHHCHTpa]_[I/H/I, TO

ecThb cuntath, uto C(H20) = [H20] mosn/mm3.
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 MOJIApHas KOHIEHTpaus Boabl, To ecth C(H20) = 55,56 Mombs/mme.
[Ipencrasum (8.13) B crieqyromiem Bue:

=18-10716, (6.12)

B 1 am® Boawl comepxkures N(H0) = ~ 55,56 Monp — 3Ta BEIMYNHA U
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[H*][OH"]=K,[H,0]

[Toncrasus B (8.14) n3BecTHBIC BEIMYNHBI, TOTYYHM BEITUYHUHY MTPON3BEICHIS KOHIIEHTPAIUI
WOHOB THJIPOKCOHUS U MOHOB THPOKCHIA:

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

Urak, npoussenenne Ky = [H*][OH] = 10 nns uucroit Boabl M ee pacTBOPOB, ABISETCS
BEJIMYMHOM TIOCTOSHHOMN M Ha3BIBAETCS UOHHbIM npoussedenuem Boasl (0bo3Hadaercs Ky).

C coBpeMeHHOH TOUYKM 3peHHus He ogHa Moiyekyna Boasl HO, a e€ numep — HsO2 nnmm 2H>0,
HO/IBEprasich NPOTONH3Y (pacnanasck), oopasyer oauH katuoH ruapokconus (HzO") u omun ruapokcna-
WOH:!

2H,0 <= H30" + OH"
B YHCTON BOJZIE KOHILIEHTPALHS ITUX HOHOB paBHa u COCTaBJISICT

[H0"]=[OH ]=v10" =107 mons/on®.

B kxucnbpix pacTBopax KOHIEHTPALUS HOHOB THAPOKCOHUS OOJbIE KOHICHTPAMH TUIAPOKCHI-
nonos: [H3O0*] > [OH].

B menmounsix pacTBOpax, Ha000pOT, KOHIEHTpanwst HoHOB OH~  Qorbllie KOHIIEHTPAaUK HOHOB
Bogopona: [HsO*] < [OH].

Onnako mpousseaenue [HzO™] u [OHT] B mr060M pactBope (KHCIOM M HICTOYHOM) SIBISETCS
BEJIMYMHON MMOCTOSIHHOM.

Hcnonb3yst HOHHOE Mpou3BeicH e BOIbI Ky, MOXKHO pacCUUTATH:

a) KOHIICHTPAIIMIO HOHOB THPOKCOHUS B PACTBOPAaX OCHOBAHUH

[H30+]: KW a (614)
[OH"]
0) KOHIICHTPAIINIO THAPOKCHI-IOHOB B KHUCIIOM PacTBOPE.
[OH = Ky (6.15)
[H307]

Ucnonbiys Benmnunny Ky ynaercst XapakTepu30BaTh KUCIOTHOCTh M OCHOBHOCTH PacTBOPOB IO
KOHIIEHTPAIMH TOJFKO HOHOB THAPOKCOHUSI.

Hanpuwmep:

i =0,1 /m3

a) B pactBope coiisinoi kuciaotbl ¢ C(HCI) = 0,1 mons/am°® (cumTas MpOTOJIU3 KMCIOTHI ITOJTHBIM,
to ecth a(HCI) = 1) KoHIIEHTpalMsi HOHOB BOAOPO/Ia paBHA KOHIICHTPAIMH KHCIIOThI, TaK KaK MPOTOJIU3
KHCIIOTHI TTOJIHBIH, CIIEZIOBATEIHHO:

[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 mons/mm°.

N . _ 3

B) B pacTBOpE LIENIOYM, Hampumep, ¢ MoisipHoi koHueHTpauueir C(NaOH) = 0,1 mons/am’,
KOHIICHTpAIHS THAPOKCHI-HOHOB paBHA KOHIEHTPAIIMH IEJIOYH, TaK KaK MPOTOJIN3 IEI0YH MPOTeKaeT
nonnocteio (a(NaOH) = 1). Cnenosatensno, [OH] = 0,1 = 10 mons/am®. YuuThiBas B3aUMHYIO CBA3b
nonoB [H3O*] m [OH7], mosiBisieTcs BO3MOXHOCTH XapaKTEPHU30BaTh ATOT MICJIOYHON pacTBOp IO
KOHIeHTparmu noHoB [H3O™]:

K, 107
[OH"] 107

[H 3O+] — — 10‘13 MOJIB/ M3,

r) B 0,001 M pacTBOpE
[OH] =0,001 = 107 mons/nm>,

K, 107
[OH"] 1073

Jna Oompiero ymoOCTBa XapaKTEPUCTHKY pPEaKIMH CPEeAbl BHIPAKAIOT HE KOHIEHTpAIHel
BOJOPOJHBIX HOHOB, TO €CTh BEJIMYMHAMU C OTPHUIATEIbHBIMU I[IOKA3aTENsIMU CTCICHU, a TakK
Ha3bIBAEMBIM BOAOPOIHBIM MOKa3aTeneM pH.

pH — necsiTuaHbIi Torapu(M KOHIICHTPAIIUH BOJIOPOHBIX HOHOB, B3STHIX C OOPATHBIM 3HAKOM: .
pH =-Ig[H"] (6.16)

[H30%]= =107 moms/’
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i 60s1ee COBPEMEHHO

pH = -Ig[Hs0"], (6.17)
rae [H3O*] BeipakaeTcs B MOJTB/IM®.
Jnst onrcanHBIX BhiIe mpumepos (1. 13 a, 6, B, T) pH cooTBeTcTBeHHO pasHsl: 1, 3, 13, 11.

Wsmenenne [HsO] m pH B 3aBHCHMOCTH OT KHCIIOTHOCTH WIH OCHOBHOCTH  CPEIBI
MpeACTaBICHO B Tabure 8. 1.

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

N PN v © ~ ® o g 999 S
YBenuyeHue KUCI0THOCTH YBenuueHne OCHOBHOCTH
7
< HEUTp >
cpena
56 8 9 10 11 12 13 14
01234
pH Cmabo- Ciabo- menogHas CHibHO- TIIeTOTHAS
CusibHOKHCIIAs cpenia
KHCTas cpesia cpena cpena

B uucroii Boge pH = 7.

B xucnotnoii cpeae pH < 7.

B mienounoii cpene pH > 7.

Takum 06pa3om, 4eM 6oJIbliie KOHIIEHTpaIus HOHOB Bogopoaa [HzO*], Tem GoJbliie KHCIOTHOCTh
pacTtBopa, TeM MEHbLIE BeanuuHa pH.

Hao6oport, uem menbiie [HzO*], Tem Gosibliie OCHOBHOCTH pacTBopa U 0oJiblie BenryrHa pH.

[Iponorapupmupyem ypaBHEHHE MOHHOTO Npou3BeldeHHs BoAbl (8.14) u, B3sB Jorapudmsl c
00paTHBIM 3HaKOM, NoxyduM (mipu 22°C):

pH+pOH =14

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

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

OO6opynoBaHue U MaTepuaJbl
Pacteop NHsNO3

AMMuUayvHas CENUTpa
CreknsHHas BOPOHKa
Kon6e na 100 cm®
Apeomertp

Inarens

Hunuuap émkocteio 1,0 e

NogobowhE

Yka3aHus 1o TexHuke 0e30I1aCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJKHBI MPOBOJUTHCS IPH HCIPABHOM
AMEKTPOOOOPYAOBAHHH, IIEKTPOIIPOBOKE, MPABMIEHO 000PYA0BAHHOM BBITSDKHOM ITKaQYy.

2. T'a30BbIe KpaHBI U ra30MPOBO/I TOJKHBI HAXOIUTHCS B UCIIPABHOM COCTOSIHUH, TIEPUOINIECKU
IIPOBEPSTHCS.

3. PabGouee MecTo conepikaTh B MOPSIJIKE U YUCTOTE.
4. Cyxue peakTHBbl TpeOyeTcst OpaTh YUCTHIM ILINATEIEM MU CHICIHAIbHON J0XKEUKOH.
5. Uznumex peakTuBa HE BBUIMBATH OOPATHO B COCY/l, U3 KOTOPOTO OH OBLI B3ST.

6. Bce OmbBITH ¢ BPSHBIMH U MIAXHYITUMH BEIIECTBAMH, a TAKXKE yIapUBaHUE KHCIOT U KHCIIBIX
pacTBOPOB MPOBOJIUTH B BBITSDKHOM ITKaQYy.

7. OcraTKu coeqUHEHUI cepedpa cauBaTh B 0COObIE CKIAHKH.

8. Ilpu HarpeBaHHH PacTBOPOB B IMPOOUPKE BCErAa CIEAyeT AepKaTh €€ TaKuM 00pa3oM, YTOOBI
OTBEpCTHE MPOOUPKH OBLIO HATIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PSIOM COceIa.
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9. He HaKJIOHSITH JIMIO HaJl HATPEBACMOWM JKHIKOCTHIO HIIH CTUIABIISIEMbIM BEIIECTBOM.

10. He cnemyer BIbIXaTh Maxy4ue BEIIECTBA W Ta3bl, ONU3KO HAKIOHSSICH K COCYIy C DTUMHU
BemiecTBaMy. HioxaTh BemecTBa MOKHO JIMIIL OCTOPOXKHO, HANPABIIAA K ceOe Maphl WK ra3 ABHKEHHEM
PyKH.

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

12. BwuiuBaTh pa30aBIeHHbIC KUCIOTHI U METOYHBIC PACTBOPHI CIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercst mpoOoBaTh XMMHUUECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIErko BOCILIAMEHSIOMUMUCS BemecTBaMu (3QUphI, OEH30I, Cepoyriaepoa u
T.JI.) HE TOJDKHO OBITh PSIIOM OTHSI U BKJTFOUCHHBIX TUTUTOK.

15. Ilpu paboTe co CTEKIOM, XHMHYECKOW MOCYAOH, HeoOXoauMo coOmogaTh NpaBUiia
MPEIOCTOPOKHOCTH BO M30€KaHNE PaHEHUI OCKOJIKAMH CTEKIIa.

16. Kareropuuecku 3amnpeniacTcst OCTaBIATh pabdoTaroIe IpuOopsl 0€3 HAOIOACHUS.

22. B xumMuveckoit 1abopatopun He0OX0JUMO paboTaTh B Xajare.

3aganuda

OmpiT 1. [Tpurorosnenue pacTBopa HUTpaTa aMMOHHS ¢ MaccoBoii nonei 10%

1 Paccunrars HaBecky NHsNOs, HeoOxomaMyro i purotosinenus 250 cM® pacTBopa ¢ MaccoBOM JIomeit
®(NHNO3) =10%.

2 Paccunrannyto HaBecky NH:NO; B3BecuTh B OIOKCE Ha TEXHHUYECKHUX BecaX. Pe3ymbrarhl
B3BELIMBAHUS 3aHECTH B Ta0I. 5.2.

3 HaBecky aMMHayHOW CEIHMTPBI OCTOPOKHO TMEPEHECTH C IOMOIIBI0 CYXOM CTEKJISTHHOU
BOPOHKH B MEPHYIO KOJIOY BMECTHMOCTHIO 250 cMP,

4 Jlo6aBuTh K HaBecke B koide 100 cM® mucTumnmpoBaHHOM Boabl. TIIATENHHO HEpEMEIIATh
pactBop no monHoro pactBopeHust NHsNOs. [Jonute koj0y AMCTHILIUPOBAHHOW BOJOHM JI0 KOJBIICBOU
OTMETKH IO HIPKHEMY MEHHCKY.

5 TmarensHO mepemenath NPUTOTOBJICHHBIM PACTBOP IBITU - LIECTHKPATHBIM IIEPEBOPAUNBAHHEM
KOJIOBI, TIOJIIEPYKUBAS TIPOOKY.

6 Usmepurs 1iotHocTh mpurotoBieHHOTo pactBopa NH:MNOs ¢ momombio apeomerpa. s
5TOrO TIPUTOTOBJIEHHBIH PACTBOP MEPEIUTh B HUIMHAP EMKOCThIO 1,0 M3, OCTOPOXHO MOrpysuth B
pacTBOp apeoMerp TakuM o00pa3oM, 4YTOOBI apeoMeTp He Kacajicsi CTCHOK ULWIMHApa M 3aHsUI
HETO/IBIKHOE MoJioxkeHre. CHATh MOKa3aHHs TNIOTHOCTH CO MIKAITbI apeOMETpa u 3aHECTH B Tab. 6.2.

7 Paccunrtath MOJSIPHYIO KOHIICHTPAIIMIO MPUTOTORICHHOTO pacTBopa. PacuéTHple JaHHbBIC U Pe3yiIbTaThl
M3MEpEHHI 3aHeCT! B TaOI. 6.2.

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

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

Tabnuya 6.3 IInomnocms 600no20 pacmeopa Humpama ammorus NHaNO3

Konuenrpauus KonuenTtpauus
p, T/em® p, T/cm®
®, % MOJIb/ M3 r/mm® o, % MOJIb/ M r/mm®

1 0,1252 10,023 1,002 18 2,415 193,3 1,074
2 0,2514 20,12 1,006 20 2,705 216,5 1,083
4 0,5071 40,58 1,015 24 3,299 264,1 1,100
6 0,7668 61,38 1,023 28 3,912 313,2 1,119
8 1,0300 82,50 1,031 35 5,033 402,9 1,151
10 1,2980 103,9 1,0397 40 5,873 470,1 1,175
12 1,5710 125,7 1,048 50 7,656 612,8 1,226
14 1,8480 147,9 1,057 55 8,602 688,5 1,252
16 2,1290 170,4 1,065
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Conep:xanue oT4yeTa
Tabnuya 6.2 Pezynomamul 9KCnepumenma

Macca Mms Macca
C(NH4NO3), Poxeres Pragis Aabc., AoTH.,
Orokca, | + HaBecka, | HAaBECKH, 3 3 3 3 0
MOJIb/ M r/cMm r/'cM r/'cM Y%
Mg, T r My, T

KonTpoJibHbIE BOIPOCHI
ba3oBblii ypoBEHb

1 U3 kakuxX KOMITOHEHTOB COCTOSIT BOJHBIC pacTBOphI cienyronmx BemiecTB: NasPOs, KoSOs,
NaNQO3? OtBeT AaTh ¢ Y4ETOM MPOIIECCOB MPOTOJIN3a NOHOB.

2lns uero mnpumeHstoT apeomeTp? KakoBa mOCIeNOBaTEIbHOCTh OINEpAalUMid IPH  3amepe
IJIOTHOCTH YKHJKOCTHU?

IloBbIIIEHHBIN YPOBEHD

3II0THOCTH ¥ TUTP PACTBOPOB MMEKOT OJIMHAKOBYIO Pa3MepHOCTH (r/cm®). B ueM pasnuuue 5THX
napameTpoB?

4 TIpuBeauTe aNTOPUTM B3BEUITHMBAHUS TBEPIBIX BEIICCTB.

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIOIb30BAHUIO M0 JAHHOM Teme

OcHoBHas iMTeparypa:

1 Cemenog, 1.H.<BR>&nbsp;&nbsp;&nbsp; Xumus DneKTpoHHBIH pecypc : yueonuk / N.JI.
[Teppunosa / U.H. Cemenos. - Xumus,2019-06-21. - Canxr-Ilerepoypr : XUMU3 AT,
2016. - 656 c. - Kaura naxoaurcs B 6a3zoBoii Bepcuu O5C IPRbooks. - ISBN 978-5-9388-
275-5, 3K3eMIUIIPOB HEOTPAaHUUYECHO

2 I'nmunka, H. JI. O6mas xumus : yue6. nocodue / H.JI. I'munka. - uzna. crep. - M. : KHOPVYC,
2016. - 752 c. : un. - Ilpwuin.: c. 721-724. - bubnuorp.: c. 725-726. - ISBN 978-5-406-04995-
2, 9K3eMILIAPOB 1

JlonoJIHUTeIbHAS JIUTEpPaTypa:

1 Kapanetsstan, M. X. O61mas 1 HeopraHudeckas XuMus : yueOHUK 11 By30B / M. X.
Kapaneresan, C. U. [Ipakus. - 4-e uz., crep. - M. : Xumus, 2000. - 592 c. : un. - (s
BoIcuIel mKkobl). - ISBN 5-7245-1130-4, sx3eMIUIIpOB HEOTPAaHUUEHO

2 Kenuna, H. FO. O0miast u HeopraHndeckass XMMHUs B TA0JIMIAX U CXeMax : y4e0. mocodune
i TexaukymoB / H. YO. Kenuna, H. B. be3pyuxo. - PoctoB H//] : ®denukc, 2008. - 422 c. -
(Cpennee nmpodeccronanbHoe oOpa3oBanue). - bubdmauorp.: ¢. 371-374. - Tlpeam. ykas.: c.
375-382. - [Ipun.: c. 383-415. - ISBN 978-5-222-13586-0, 5x3eMILIsIpOB HEOTPAHUYEHO

HNHTepHET-pecypcenl:

1 http://window.edu.ru/ — ExnHoe 0KTO HocTyma K 00pa30BaTeIbHBIM PecypcaMm.

2 http://window.edu.ru/resource/931/73931/files/tutorial8.pdf.

3 http://window.edu.ru/resource/145/75145/files/book-3.pdf.

Tema 7. KomiuiekcHbIe cOeIHHEHUS
JlaGopaTopHas padora 7. KoMmnjiekcHbie coeluHeHU s
[{ens pa®oOThI: M3yveHHE KOMIUICKCHBIX COETUHEHUI H UX XUMHIECKHX CBOMCTB.

dopmupyemble KOMIETEHIIMH WIIH UX YaCTH:

Kox DopMyTHPOBKA

OK-7 CIIOCOOHOCTBIO K CAMOOPTaHU3AINH U CaMOOOPa30BaHUIO

OIIK-1 CMOCOOHOCTHIO U TOTOBHOCTBIO UCIIOJIb30BATh OCHOBHBIC 3aKOHBI
€CTECTBEHHOHAYYHBIX JIUCIUIUIAH B TPO(ECCHOHAIBHON eI TETBHOCTH
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[1K-3 FOTOBHOCTBIO MCIIOJIb30BaTh HOPMATUBHBIE JOKYMEHTBI 110 KAYECTBY,
CTaHJAPTHU3ALMH U CEPTU(UKALINY POTYKTOB U U3JIEIUHN, JIEMEHTHI
YKOHOMMYECKOTO aHAJIN3a B IPAKTUYECKOMN AEATEIbHOCTU

I1K-18 TOTOBHOCTBIO MCIIOJIb30BaTh 3HAHUS CBOMCTB XMMHYCCKHUX 3JICMCHTOB,
COC)II/IHCHI/II71 1 MaTepuaioB Ha UX OCHOBC JISA pCUICHUA 3a1a4 HpO(I)CCCI/IOHaJ'H)HOI\/'I
JCATCIIBHOCTH

TeopeTuyeckas 4acThb
XUMHUUYECKHE CBS3H OCYIIECTBISIOTCS 3a CYET OOOOIICHWS HE CHAPCHHBIX JJICKTPOHOB HIIH
nepefayd AIEKTPOHOB OJHMM U3 aTOMOB, BCTYMNAIOIIMX B CBiI3b JApyromy. B pesynbrare Takoro
B3aUMOJICHCTBUSL 00pa3yloTCsl YCTOWYMBHICE KOHQUTYpalud, HMEIONINEe Ha BaJICHTHOW 000J0YKe
AIIEKTPOHHBIN OKTET. Y CTOWYMBOCTH MOAOOHOW CTPYKTYpPHI OOBSCHSETCS CXOACTBOM B CTPOEHHUH C
WHEPTHBIMU Ta3aMu. CoeTMHEeHUs, MOTyYaolecs TOA0OHBIM 00pa3oM, Ha3bIBAIOTCS OMHAPHBIMHU.

MBHorvie aroMbl WK HOHBIL, 00pa3yroIye OMHAPHBIE COSAMHEHKS, MOTYT SIBTSITECS IOHOPAMH IEKTPOHOB TS
JIPYTHX aTOMOB, TPYIII &TOMOB WM MOJICKYJT, He UMEIOIIUX AESKTPOHHOTO OKTeTa. T10TyHeHHbIe TAKMM ITyTEM CIIOKHBIC
MOJICKYJIbI Ha3bIBAIOTCS KOMIUICKCHBIMH COGIMHEHVSIMA WM COCIMHEHMSMU BBICILIETO Topsiaka. Hanprmep, B cocras
KxomrIekcHoro coemrenyist Ko[PtClg] Bxomsr nons K 1 [PtClg] >

I{eHTpanbHBIN aTOM IUIATHHBI CO CTENICHBIO OKUCICHHS +4, BOKPYT KOTOPOTO TIPYMITUPYIOTCS
(KOOpIWHUPYIOTCS) IPyTHE aTOMBI, HA3bIBAETCS KOMILIEKCOOOPa30BaTeIeM.
IMpucoeaunstomuecs kK Hemy HoHbI Cl” Ha3bIBAIOTCS UTaHAaMHK (M aICHIaMH).
HekoTopble TUTaHIbl U MX HA3BaAHUSL:
H,0 — axBa; NH3 — ammun; O° — okco; OH — ruapokco; CN™ — mmano; SCN™ — pomano; NO; —
HuTpo; SOs% — cymbduro; NH,OH — ruapokcunamun; F- — dgropo; ClI- — xmopo; Br — 6pomo; | — iiogo.

Yucio uranioB, MPUCOSTUHEHHBIX K KOMIUIEKCOOOPa30BaTeNo, Ha3bIBAIOT KOOPANHAIIMOHHBIM
gpcIoM (K.4.) KommaekcooOpaszosatens. K.u. (Pt™) = 6.

Wonsl K* — BHemHsAs KOOpAMHAIMOHHAs cdepa (mpotusomon); [PtCls]> — BHyTpeHHsA
KoopauHanuoHHas cdepa. E€ 3apsa( TouHee, cTENEHb OKUCIEHHS X) OINpeeNsercs aiaredpamdecKoi
CyMMOi 3aps10B KOMILTIeKcooOpaszoBaTens 1 auranios: x(/PtClg]*) = +4 +(-1)-6 = -2.

Ecnu BHYTpeHHSISI KOOpJMHAIMOHHAS chepa MMEeT MOJOKUTEIBHBIA 3aps, TO OHA Ha3bIBACTCS
KOMITUIEKCHBIM KaTHOHOM, €CIIF OTPHUIIATENBHBIN — KOMILIEKCHBIM aHHOHOM. VIMeeTcst psii COeIMHEHHH, B KOTOPBIX
BHYTPEHHSISI KOOP/IMHAIIMOHHAS chepa He HECET 3apsiia — HEHTpalTbHbIE KOMIUTEKCHL. [IprMephl yKa3aHHBIX THIIOB
KOMITICKCHBIX COS/TMHEHHIA:

H,0
1) xkarnonnsre — [Pt (NH3);CI]ClI 27> [Pt(NH3)sCI]* + CI;
H,0
[Cr(H20)4Brz]Br «——2—> [Cr(H;0).Brz]" + Br;
: HZO ; 2+ 2-
[NI(H20)5]504 —> [NI(Hzo)e] SO
H,0
2) ammonnsre — Ks[Fe(CN)s] €——2—> 3K* + [Fe(CN)e]*;
H,0
(NH4)2[Pt(OH),Cls] €——2—> 2NH," + [Pt(OH):Cls]*;
H,0
Nas[AlFg] <——=2—> 3Na* + [[AlFe]*:
H,0
3) neitrpanbubie (HeanekTpouThl) — [Cr(H20)4P04] —2 > x;
H,0
[Rh(NH3)3(NO2)s] ¢—2—> x;
H,0
[PA(NH20H):Cly] <—— x.

IIpumeuanue. KoMIUIeKChl aHMOHHOTO THIIA TaKXkKe €IIE HA3bIBAIOT AIIMIOKOMIUICKCHBIMH, TaK
KaK IPH NEPBHYHOM IPOTOJIN3E OHU OTIICIUISIOT KOMIICKCHBI aHHOH.

Aneopummol HA38aHUL KOMNAEKCHBIX coeOunenuti: 1) KaTHOHHBIE KOMIUIEKCHI — CHadaia
Ha3bIBAIOT BHEIIHIOW c(epy, a 3aTeM B POTUTEIHHOM MMaJIeKe MPUBOIAT HA3BaHUS JTUTAH/IOB BHYTPEHHEH
cepbl U pyccKoe Ha3BaHHWE KOMIUIEKCOOOpA30BaTeNsl C YKa3aHUEM €ro CTEICHU OKHCIICHHs apaOCKHUMHU
uudpaMu, HapUMep:

[Pt (NH3)sCl] Cl —xmopux TpraMMHUHXI0OpOILIATAHEL (+2);
[Cr(H20)4Br2] Br —6pomun terpaakBaanopomMoxpoma (+3);
[Ni(H20)6]SO4 — cynbdat rekcaaxBanukens (+2);
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2) Ha3BaHHWE aHMOHHBIX KOMIUIEKCOB HAYMHAIOT C BHYTPEHHEH c(epbl — Ha3BaHHE JIMTAHIOB M
JaTHHCKOTO KOMILIEKCO00pa30BaTessi ¢ OKOHYaHUEM -anm, 3aTeM — PyCCKOe Ha3BaHUE KaTHOHA BHEIIHEH
cepsl, Hanpumep:

Ks[Fe(CN)e] — rekcarmmanogeppar (+3) xanus;
(NH4)2[Pt(OH).Cl.] — muruapokcorerpaxaoporiaTuaaT (+4) aMMOHHS;
Nas[AlFg] — rexcadropoaaroMuHaT HATPHS;

3) B HeWTpaibHBIX KOMIUIEKCAX BHAUaje HAa3bIBAIOT JIMTAHABI (C ydeToM ajidaBuTa), 3aTeM
CIIeyeT PycCKOe Ha3BaHHE KOMILIEKCOOOpa3oBatess 0e3 yKa3aHUs €ro CTENCHH OKUCIICHHs (TIOCIIeTHsIs
OJIHO3HAYHO MOXKET OBITh OIpe/esIeHa C YIETOM dICKTPOHEHTPAILHOCTH KOMILIEKCa), HAIPUMED:

[CrPO4(NH3)3] — Tpuammundocharxpom;

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

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

Casi3p MEXX/y BHEIIHEH M BHYTpEeHHEH cepoii HMeeT HOHHBIN XapakTep, CB3b BO BHYTPECHHEH
cepe — KOOPAMHALIMOHHBIH (JIOHOPHO - aKLIENTOPHBIN, CEMHUITOJISIPHBIN).
BHy1penHsis1 KoopIMHALMOHHAS chepa [yTst KOMITICKCOB KATHOHHOTO M aHHOHHOTO TUTOB YCTIOBHO OTIRIISICTCS OT
BHEITIHEH chepbl KBAPATHHIMI CKOOKAML.
CyIIecTBYIOT COSIMHEHHSI, COCTOSIINE U3 KOMIUICKCHBIX KATHOHOB U aHHOHOB:

[Co(NHs)e][Cr(CN)g] — rexcarmasoxpomar (+3) rekcaaMmuakoOatbTa (+3);

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

[Pt(NH3)sCI][Pt(NH3)Cl3] — ammuHTpHXIOpOIIIaTHHAT (+2) TPUAMMHHXIOPOILIATHHBI (+2).

ConM HEKOTOPBIX METAIOB, OCOOCHHO B KOHICHTPHPOBAHHBIX PACTBOPAX, CHOCOOHBI
pearupoBath Mexy co00it, 00pa3yst KOMILUIEKCHBIC COSTUHEHUS — AYNMOKOMNIEKChL.
AUCIl3+AuCl; < Au[AuClg] — rexcaxiopoaypar (+3) 3omora (+3) ;
Cdl, + Cdl; <> Cd[Cdl,] — Terpaiiomokagmart (+2) KaaMusi.
PaznuuyaroT mepBUYHBIA M BTOPUYHBIA MPOTONHU3 KOMIUIEKCHBIX coeAuHeHHH. IlepBUUHBIN
HPOTOJIM3 — OTLICIVICHHE BHEHIHEH c(epbl, OOBIMHO MPOTEKAET MO THIY CHIBHBIX AJIEKTPOJIHTOB.
Hamnpumep, 1151 KOMIUIEKCOB:

Ko[PtCle] PRECECANG e [PtCle]%;
[Cu(NH3), Jcl, <22 [cu(NH 3) 412 +2C1 .

CreneHp TMEPBUYHOTO MPOTONHM3A I pa30aBICHHBIX PAcTBOPOB KOMILIEKCHBIX COCIMHEHHUN
00510 100 % witn 61M3Ka K 3TOM BEIIMYHHE.

BropudHoMy mNpOTONAM3Yy TOJABEPrarOTCS KOMIUIEKCHBIE HOHBL [Ipu 3TOM HX CTeneHb
MPOTOJM3a BechMa Maja. Pacmaj mnpoTekaeT Mo THIY ClIa0bIX 3JCKTPONMTOB. THIT MPOTOIW3a —
CTYIIEHYATHIH, KOTOPHIH OIMMCHIBACTCS YPaBHEHHEM 3aKOHA JIEHCTBHUS Macc.

KonndecTBeHHO mMpoIecChl MPOTONHM3a KOMIUICKCHBIX HMOHOB XapaKTEPU3YETCS KOHCTAHTOM
HeCTOUKOCTH (Kieer) MITH 0OpATHOI €ii BETMUMHOM — KOHCTAaHTOU YyCTOWIMBOCTH (Kyer).

Pa3nmnyaroT KOHCTaHTHI MTPOTONM3a CTyneHdYaThle U obmire. CTyrneH4YaTble KOHCTAHTHI CBSI3aHbI C
OTIIEIUIEHUEM OJTHOTO JIUTaH/Ia OT KOMILIEKCHOTO MOHA MITU MOJIEKYJIbI, 2 OOIIHE KOHCTAHTHl YYUTHIBAIOT
PaBHOBECHBIE KOHIICHTpAITMM KaK JIMTAHJIOB, TaK M KOMILIEKCOOOpazoBaTessi, 0Opa3yIOImHUXCcs B XOJE
npoToNM3a 1o BceM cryneHsm.Hanpumep, mpotonus xommiuekcuoro mona [Cu(NHs)s]?* mporekaer B
YEThIPE CTYNEHU:

2+
1) [Cu(NH3)4]%" < [Cu(NH3)3]%* + NHg; KHCCT4=[[C“(NH3)3] ]ENHS]:1,07.10‘2;
[[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; KHGCTZ:[[C“(NH”] ][';'H3] ~468-107*:
[Cu(NH3)4]""]
2+ 4
4) [CUNH3]?" > Cu® + NH3; Kecrl :W:Loz.m‘“.
[[Cu(NH3)]™"]
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CymMMapHOe ypaBHEHHE MPOTOJIM3a BHYTPEHHEH KOOPAWHAIMOHHOM Cepsl BHIPaXKaeTCst 00LIIMM
ypaBHEHHEM:
4H,0
[Cu(NH 3) 417" <2222 5 [Cu(H,0) 417" +4NH 3.
3HadyeHne OOMIeH KOHCTAHTBI HECTOMKOCTH OIpENesieTCs MPOM3BEIEHHEM BCEX CTYIEHUYATHIX
KOHCTaHT HecToitkocTH. Hampumep, m1s mona [Cu(NHs)s]?* o6uias koHCTaHTa HecToHKOCTH GyeT NMeTh
BUJI:

2
KHCCT([CU(NH3)4] +) = KHCCT]_ 'KHeCTz 'KHeCT3 'KHeCTAr =
_[Cu(H20)4]*1-INH3]"
[Cu(NH3),1%*

Ipumeuanue. Crynenuarsiii nporonus nona [CU(NH3)4]** B BoAHBIX pacTBOpax MpencTaBieH B
BHIC, KOTOPbIi OTBEYACT MPUHYUNY COXPAHEHUsI HOCMOSHCMBA — KOOPOUHAYUOHHO2O — YUCIA
Komniekcoobpazoeamens. Jloka3aHO, 4TO TPHU OTPBHIBE OT KOMIUIEKCHOI'O HMOHA JIMTAHJa €ro MecTo
3aHHMAIOT MOJICKYJIbI BOJIBI:

—951.10713,

[CU(NH?,)4]2+ + H,0 & [CU(NH3)3H20]2+ + NH3
B mTOTe MpoIece IOJKEH 3aBepIIMTHCS 00pa3oBaHneM TeTpaakBakomiuiekca [Cu(H20)q]%".

Yem Oouibllle BEIWYMHA KOHCTAHTHI HECTOWKOCTH (WJIM MEHbBIIE KOHCTaHTa YCTOWYHBOCTH),
TEM MEHEe YCTOWYHMBO TaHHOE KOMIUICKCHOE COCTMHCHHE.

[IpoToNM3 KOMIUICKCHOTO HOHAa BO MHOTHX CJIy4asX JOKa3bIBaeTCsi C I[OMOIIBIO
YyBCTBUTEIILHBIX PEAKTHBOB, OOHAPYKHMBAIOIIMX B pACTBOpE KOMIUICKCHOTO COEIMHEHHS HOHBI
KOMILIEKCO00pa30BaTesist i JINTaH/I0B.

Hanpumep, nonsl meau B kommiekcHOM coeauHenun [Cu(NHs)s]Cl, moxHO 006HapyXuTh,
prOaBUB K PACTBOPY 3TOM COJU PaCTBOP CyNb(pHIa HATPHUS:

[Cu(NH3)4]Cl, + NayS = CuS | +2NaCl + 4NHa;
[Cu(NH3),]%* +572 = CuS 4 +4NH;

WJIN IIYTEM CBA3BIBAHWA aMMHAKa B Goiee HpO‘-IHBIﬁ KOMIIICKC — KATUOHBI aMMOHU A

[Cu(NH3)4]Cl, + 4HCI —> CuCl, + 4NH,4CI;
[Cu(NH3)4?" +4H* — Cu®t +4NHJ.

Komnnexcuvle coedunenus ¢ mManoycmouyueol eHympeHuel chepoil, npomonuz Komopou
nPoxXo0um NPAKmMu4ecky NOJHOCMbIO — MO 0GOUHbIE CONU, HATIPUMED:

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

KBACIIbI

[2NH.(H20)6] [Fe(H20)6](SOx)2 (H—ZO) 2NH,*+ Fe®*+250,% +12H,0;
conb Mopa.

Teopust BameHTHBIX cBszet (TBC) o0OBSCHSIET CTpOeHWE KOMIUIEKCHBIX COEIWHEHHH
BO3HHUKHOBCHHEM JIOHOPHO-AKIEITOPHOW CBSI3M MEXKAy KOMIUIEKCOOOpa3oBaTeeM U JIMTaHIaMH.
OOBIYHO JTOHOPOM  3JIGKTPOHHOM Tapbl CIY)XUT JIMTAHI, aKLEeNTop — CBOOOAHBIE OpOUTAIN
KOMIUIEKCOO0Opa30BaTes.

TBC BO MHOrHX CIy4asX T[I03BOJISIET YCTAHOBUTH 3JEKTPOHHYIO M IPOCTPAHCTBEHHYIO
KoMIuteKca. TeopHst y4nuThIBaeT NMPH ATOM XapakTep BaJCHTHBIX OpOMTaliel IIEHTPAIbHOTO aTOMa B €ro
THOPUTHOM WMJIM HETHOPHHOM COCTOSIHUH.

OCHOBHBIC THUIIBI THOPUIHBIX COCTOSHHI KOMIUICKCOOOpa30BaTelisi U COOTBETCTBYOIIHE MM
TIpOCTpaHCTBEHHBIe CTPYKTYphl: SPp — ymmeitnas ([Ag(NHs)2]*, [Cu(NHs):1"); sp® — terpasmpuueckas
([Cu(NHs)a]**, [NiClg]*"); d?sp® ([CoFe]*) umu  sp®d? ([Co(CN)s]*) — okranmpuueckas. KpampaTHo-
TLIOCKOCTHOH CTPYKType oTBeuaeT dsp’-rubpuausaius, Hanpumep, 11 kommiekcaoro nona [Ni(CN)4]*

Oco60 meHHyl0 uWHGOPMANHUIO 00 3JIEKTPOHHOM CTPOCHHM W TE€OMETPUUYECKON CTPYKType
KOMIUIEKCO00pa30BaTeis UMEIOT €0 MarHUTHBIC CBOWCTBA. [lapaMarHUTHBIE KOMIUIEKCHI UMEIOT B CBOEM
COCTaBe HeTapHbIC JICKTPOHBI — OHU BTATHBAIOTCS B MarHUTHOE TIOJIE, @ THAMarHUTHBIC, B KOTOPBIX BCE
JJIEKTPOHBI CIIAPEHBI, ©3 MArHUTHOTO MOJIS BBITAJIKHBAIOTCS.
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MarsuTHBIH MOMEHT KOMIUIEKCa (1) BBIpakaroT B MarHeToHax bopa (omus M. b = 0,927-10%°
apr/raycc), KOTOpbIii MOXKET OBITh BRIYHCIICH U3 (popMyIa Buaa:

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

r1e N — 9KCIIO HE CIIApPEHHBIX AIEKTPOHOB B aTOME WIIM HOHE KOMILIEKCO00pa3oBaTelsl.

DkcniepuMeHTalbHass UHOOPMALMS O BEIMUMHAX MAarHUTHOTO MOMEHTA MO3BOJISIET CYIUTh O
THIE THOPUAN3AINY IEHTPAIEHOTO aTOMa ¥ O TEOMETPHH KOMILIEKCa B LIEJIOM.

VIMeHHO BEeTMYMHBI MarHUTHBIX MOMEHTOB ISl KOMIUIEKCOB C KOOPIMHAIIMOHHBIM YHCIOM 6
TIO3BOJNMIIM BBECTH TOHSTHS GHewuneopoumanvroii NSNPnd® u emympuopbumansuoti (n—1)d’nsnp® -
THOPHIA3ATIHH.

BuyTpropOuTansHble KOMITIEKCH — JHaMarHUTHBI WM HA3KOCITHHOBEIC, COJEPKaT OANH I
nBa Hecmapennsix dnmextpona ([CO(CN)e]* u /PdCly]* — nuamMarHuTHEI); BHEIIHEOPOUTANLHBIE —
BBICOKOCIIMHOBBIE, BKIIOUAIOT 3 — 6 HecmapeHHbIX 3nekTpoHa ([COFs]® — powen = 4,8; 4 HecmapeHHBIX
anextpona; [MNCls]? — foxen. = 5,95; 6 HecIapEHHBIX YTEKTPOHOB).

TBC y0OenutenbHO TOSCHSET CTPOCHHE KapOOHMIOB METAJUIOB C HYJIEBOW CTENECHBIO
okucieHus. Bo30ykIeHHOE COCTOsIHUE aToMa KOMIUICKCOOOpa30BaTelsi MOKET MPUBECTH K CIIAPUBAHUIO

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

AE AE
3d°4S%4p° ———> 3d%4s°4p°), mmkens (... 3084S%4p° ———— > 3d%4s°4p°). Orcrona momsTHO
oOpasoBaHKMe aMaMarHUTHBIX KomiuiekcoB — kapOonmnos: [Cr(CO)s], [Fe(CO)s/ u [Ni(CO)a]
COOTBECTBECHHO.

Teopus kpucrammmyeckoro mois (TKII), B ormuune ot TBC, yauThIBaeT 31€KTpOCTATHYECKOE
BIIMSIHHAE JIUTaHI0B Ha O-OpOHMTaM KOMILIEKCOOOpa30BaTelsi, KOTOPOE HEOJMHAKOBO M3-3a X Pa3HON
NPOCTPAHCTBEHHOI OpHEHTAIHH.

Jlokazano, uto 0, m Ox’y>- opOuramu (0,- ypoBEHB) MCHBITHIBAIOT OoONee CHIBHOE
OTTAJKHBAHHE IO BIMSHHUEM 3JIEKTPOCTATUYECKOTO MMOJIS JIMTAHIO0B, YeM OpOHTaH Oyy, Oxz- U Oy (d; -
YPOBEHB).

B oxTtasapuueckom moje d-opOuTanM  KOMILIEKCOOOpasoBaTeiass TMPHOOPETAlOT JBa
SHEPreTHYECKUX YPOBHS: 1) ¢ MeHbIel sHeprueit d, — ypoBeHb, BKIIOYAIOIINI TpU OpOUTAIH Uyy, Oxr- U
dy; 2) ¢ 6onee BEICOKOIA FHeprueii d,- ypoBens, conepxkammii a8e d,*- u dy.,>- opbuTam.

DHeprusi pacuieryieHust (A) — pa3HOCTh MEXIy SHEeprusiMu ypoBHeu d,- u d;, duciieHHas
XapaKTepUCTUKA PA3HOTO 3JCKTPOCTATUYECCKOTO JEHCTBHUS TMOJSA JIMTAHJIOB HA MPOCTPAHCTBEHHOE
pacnpe/esieHne SIEKTPOHHOM TIIOTHOCTH (-opOuTaseil KOMIIEKCO0Opa3oBaTelIs.

BennunHa A HeoMHAKOBA JJIsl Pa3HBIX JIMTAHIOB U 3aBHCUT OT MX NMPHUPO/IbL. BenuurnHa sHEpruu
pacIIerIeHus], BbI3bIBaeMasi pa3HbIMU JINTAHIAMH, BO3PACTaCT B CICAYIOIIEM MOPSIKE:
I"<Br <ClI'<F <OH < ;044 < H;0 <NH3; <NO, <CN <NO<CO,
T.€. K&X/BIH CIEAYIONIUI TUTran co3aaét 6osee CHIIbHOE 1oJie, 4eM npenasiaymil. [Ipusenennas
HOCJIEI0BATEIbHOCTD HA3BIBACTCS CHEKMPOXUMULECKUM PIOOM.

Jlucanowr cnaboeo nons pacmojaraloTcs B Haudane psaaa, o0iamaroT BechMa Maiod A. d-
OpOuTanu KOMIUIEKCOOOpa3oBaTeIs C TAaKUMH JIMTaHJAMH 3aIlOJHSIOTCS B COOTBETCTBUH IPABHIOM
XyHna (abcontomuas euduUHa CyMMAPHO2O0 CRUHA 8 NOOYPOo8He O00JJICHA Oblmb makcumanvrot). Ipu
9TOM SHEPrusi OTTAIKUBAHHS IBYX CIAPCHHBIX DJICKTPOHOB OKAa3bIBACTCS BBINIE, YeM BEIUYUHA A.
Komrutekcsl, comeprkaniye JUratpl ¢1adoro o, Bceraa apaMarHiTHBIL.

JIueanovl cunbHo20 noJis BBI3BIBAIOT BEChMa 3HAYUTEIBHYIO SHEPIHIO pacuieruieHus. [Ipu 3tom
SHEPrHsl OTTAJKWUBAHUS JIByX CIAPEHHBIX O3JIEKTPOHOB OKAa3bIBACTCS MEHbBINE, YeM BEIHYHHA A.
[MocnenoBaTenbHOCTh  3aNOJIHEHMST AJIEKTpOHaMU O-ypOBHS KOMILIEKCOOOpa3oBaTellsi  CleAyroLIas:
CHaYaja WET 3al0JIHCHNE OJMHOYHBIMH, 3aTE€M — CIIAPCHHBIMH 3JIEKTPOHAMH opOuTanei d,, mocie 4ero
aNIeKTpoHaMu 3anomHstoTes d,-opourtanu. KoMIUIeKCHbIE COSTMHEHHMS, COJCPIKAIIIE JINTaH bl CHIIBHOTO
TOJISI, IMAMATHUTHBI WK SIBJITFOTCS. HU3KOCTTMHOBBIMH.

TKIT 0OBsicHSieT OKpacKy KOMIUIEKCHBIX BEIIECTB C HAJIMYMEM Y KOMIUIEKCOOOpa3oBaTels
BakaHTHO# opOutanu Ha O, momyposHe. Ilpu mepexome aiekTpoHa ¢ O, Ha O, MOXYpPOBEHH dHEPrUs
morjiomaeMoro cBeta (E) mpu 3TOM afeKBaTHA DJHEPTHU pacHieruieHus (A), YTO OIpeaeseTcs
CIICTIOLIIMM COOTHOILICHUEM (JIs1 OTHOTO MOJIb BEIIECTBA):

A, IPic/mons = ENa = hvNa = hcNa/A = 0,1196/1, (6.2)
rae Na = 6,02:10% — nocrostaaas Asoraapo; h = 6,6:10* Jlx-c — nocrosanas [lnanka; ¢ = 3-108
M/C — CKOpOCTB cBeTa; V(cM ) 1 A(M) — 4acTOTa M JJIMHA BOJIHBI OTJIOIAEMOTO CBETA COOTBETCTBEHHO.
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[[BeT — 3TO 3pHUTENBHOE OIIYNICHUE DIICKTPOMATHUTHOTO W3IyYeHUs ¢ JutnHamu BoyH 400 —
760 um (1 BM = 10° m). Ecim Bce magaromue JIydd OTPaskaroTCs, TO BEIIECTBO — OECLBETHOE, €CIIH
MOJIHOCTHIO TIOTJIOMIAIOTCS — YepHoe. [Ipu n30upaTeIbHOM MOTJIOIISHUH OIYIEHHE [IBETHOCTH CO3JIAI0OT
MPOIICIINE WM OTPAKCHHBIC BEHICCTBOM Jy4yH. Takoll IIBET Ha3bIBACTCS JOIOJHUTEILHBIM WA
HaOmoxaeMbIM (cM. Tabm. 9.1.35).

Merton monexkynsipHbix opoutaneit (MMO) sBisieTcss caMbIM YHUBEPCAJIbHBIM TPH OMHMCAHUH
XUMHYECKOHN CBSA3M B KOMIUICKCHBIX coenHEHUsX. MMO yunThIBaeT B3aMMHOE BIUSHUE OpOMTANCH KaK
KoMITIeKcooOpasoBares, Tak u quranaoB (B ominmuane oT TKII) nmpu oOpa3zoBaHNN XUMHUYIECKHUX CBSI3EH B
KOMILIICKCaX.

Tabnuya 7.1 Tabauya ysemnocmu

JnuHa BomH, IBer

Hwm CrexTpalibHbIN Habmonaembrit
400 — 435 ®DuoNeTOBbIH 3eneHOBATO-XKENTHIN
435 - 480 Cunnit XKenrerit
480 - 490 3eneHoBaTo-CUHUH OpanKeBbIit
490 - 500 Cune-3en€HbII Kpacubriit
500 - 560 3eneHslii [TypmrypHbIit
560 — 580 Kenro-3enensiit DUONETOBBIH
580 — 595 Kenrerit Cunnit
595 - 605 OpaHxeBbIi 3eneHoBaTO-CUHUH
605 — 730 KpacHbrit CuHe-3eeHbIi
730 — 760 [TyprypHbBIT 3eneHbIit

MMO ocCHOBBIBacTCS Ha B3aUMOJICHCTBHM aTOMHBIX OpOHUTalieH, MPUBOIAIINX K 00Opa30BaHMIO
MHOTOIIEHTPOBBIX MOJICKYJISIPHBIX OpOUTaJIed, UMEIOIIMX paszHblie dHeprun. OOpa3oBaHUE CBA3BIBAIOLINX
MOJIEKYJISIPHBIX opOuTaseit (6°°) uaéT Ha HWKHUX SHEPreTHYECKUX YPOBHSX, pasphixiistiomux (o7*F) — 3a
CYeT BEPXHUX.

Mexny ypoBHAMU ¢ U ¢”*” HaXOOATCSA YPOBHHU CJ1a00 CBA3BIBAIOIIMX, HE CBS3BIBAIOIIUX U
cnabo paspeIXJisAtonUX opoutaneil (o;). MoJeKyJIspHbIe OpPOUTANX 3alOJIHAIOTCS JJICKTPOHAMHU B
COOTBEeTCTBUH ¢ TpuHIUNOM [laynu n npaBunom XyHpa.

MMO ocHOBaH Ha O4YEHb CIIO)KHOM MaTeMaTHYeCKOM armapare, 4YTO NPEMsTCTBYET €ro
HIMPOKOMY HCITOJIB30BaHUIO.

Oo0pa3oBanne KOMIICKCOB KATHOHAMH

[IpucoennHeHne IMTaHIOB K KOMIDIEKCOOOPA30BATEII0 MOXET IMPOUCXOAHUTH TOCPEICTBOM
00001IeHNs STIEKTPOHHOW Maphl, MPUCOCTUHSIONMIEHCS TPYIbl (KOMIUICKCH BHEIPEHUS) MM 32 CUET
AIEKTPOCTATUYECKUX CHII MPUTHKEHUS MOJEKYJ, OONaJaroNuX JUIMOJIHHBIM MOMEHTOM (KOMILIEKCHI
MIPUCOETUHEHUS ).

MoJekynbl W HWOHBI, CHOCOOHBIE BBHIMONHATH POJb JIMTAHJOB, IO AKTHBHOCTH MOXHO
pAacCIIONOXUTh B CIEAYIOLINN AL

H,0 >NH;>NO» >CN>1>Br>Cl>F.

Ecnmn B KkauecTBe JMraHAOB HCIOJB3YIOTCSI MOHBI, MEPEYHCICHHBIE BBIIIE, TO MOJYYarOTCS
KOMIUIEKCHBIE COeTUHEHHS THIA ABOWHBIX coJieil. Uem OGorple BeMYnHa KOHCTAaHTHI HECTOMKOCTH, TEM
MEHee MTPOUYeH KOMIUIEKC M TeM OJIDKE 110 CBOMCTBAM JTaHHBIN KOMIUIEKC K JBOMHON COJIH.

KommiekcHble coeMHeHUs ¢ BOAOH M TMAPOKCHIBHOMIPYIIIOHA B KayecTBe JTUTAHA0B

UzBectHO, uTO Oe3BOmMHBINM cynbpar Mean (Measblidi kymopoc) CuSOs; OecuBereH, HO mHpu
JNO0aBIIEHNH BOJBI OH TMPHOOpETaeT CHHEee OKpallMBaHWE. DTO IMPOUCXOJIUT BCIEJCTBHE BHEIPCHUS
MOJIEKYJ BOJIbI BHYTPb KPUCTAIIIMYECKON PEIETKH COMM U 00pa30BaHUsI KOMIUIEKCHOTO THAPATA.

IIpn peiictBuM  1menoded HaA COJNM  METALIOB (32 HWCKIIOYEHHEM  MICJIOYHBIX U
[IeJIOYHO3EMENFHBIX) O00Pa3yIOTCS THUAPOKCHIBI, JIETKO DPACTBOPHMBIE B KHCIOTax, a amM(OTepHbIE
OCHOBAaHUS CIIOCOOHBI TaK)X€ pAacTBOPATBCA B  LIejgoyax, o0pa3ys KOMIUIEKCHBIE HOHBI C
COOTBETCTBYIOIIMM JaHHOMY OJJIEMEHTY KOOPAMHAIMOHHBIM ducioM. OOpa3oBaHWE 3THX HOHOB B
pacTBOpe MOYKHO pacCMaTpvBaTh KaK IPOLECC IIOCTEIIEHHOTO BBITECHEHHUS BOABI M3 THUAPATHOTO
KOMIUIEKCA HOHAMHU THIPOKCHUIIA.
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B 3aBucumoctu ot pH cpeabl mpoToiu3 cojie HUHKA MPOTEKAaeT CTyneH4daTo. B KHCIbIX
pactBopax, rie pH<7 o6Hapyxusarorcs nous [Zn(H20)4]%* u [Zn(H20)s0H]".

B mHeiitpanpabix pacTtBopax, rae pH = 7 oOpa3yercss He uMerollee 3apsia COCIUHEHHE
[Zn(H20)2(0OH)2], xoTopoe nerko tepseT Boay, npespaiiasch B Zn(OH)..

B menounsix pacTtBopax, rae pH > 7 oGHapyxmBarorcs mombl [Zn(OH)s]?. O6pasoBanne
OPUBEICHHBIX BBIIIC COCAMHEHHH MOXKHO TaK)K€ PacCMaTpUBATh KaK CTYNEHUYATYIO MOTEPI0 MPOTOHOB
MoOIeKyIaMH Bobl B Komiuiekce [Zn(H20)4]%".

OO0pa3zoBaHue KOMILJIEKCHBIX AHUOHOB

MHoOTHe KHCIOPOACOACPIKAILINE KUCIOTHI TAKKE€ MOYKHO paccMaTpuBaTh KaK KOMIUICKCHBIC
coeiMHeHMs. B kauecTBe KOMILIEKCOOOPa30BaTelisl BBICTYIACT LICHTPAIBHBIA aTOM KUCIIOTHI, JIMTAaHIaMU
OOBIYHO SIBIISIFOTCSL aTOMBI KUCIIOPO/IA, @ POJIb BHEIIHEH cepbl KOMIUICKCHOTO COSAMHECHUS BBIMOJIHSIOT
HOHBI BOIOpPOa. PaccMOTpUM 3TO Ha MpUMepe KUCIOT XJIOPa.

HoH XJI0pa UMEET YeThIpe JIEKTPO nglzly6 eTa, T.e. MOXKET SABJIATHCSA JOHOPOM 3JICKTPOHOB,
TIOTOJHSAS 3IEKTPOHHBIE 000JIOUKH JIPYTUX aTOMOB.

B 3aBMCHMOCTH OT KOJMYECTBA KHCJIOPOJA, MPHCOEIMHEHHOTO K HOHY XJIOpa, MOXKET OBITh
00pa30BaHoO 4 KHCIOPOICOEPKAIIMX KMCIOTHBIX OCTATKA.

[Ipy TIPHCOEIMHEHUH OJHOTO aToMa KHUCJIOpOojAa 00pa3yeTcsi THIOXJIOPUT- HOH, BJIEKTPOHHOE
CTPOEHHE KOTOPOTO MOYKHO MPEICTABUTE CIIELYIONIUM 00pa3oM

ATOM KHCIIOpPO/a Ha BAJCHTHOW D3I Tp@—lH(@ -0GOJIOYKe MMEET 6 OIEKTPOHOB, MODTOMY
KHCJIOPOJy ISl 3arlOJIHEHHSI JIEKTPOHHON O0OJIOYKH 10 OKTeTa HE XBaTaeT JBYX DJIEKTPOHOB, a XJIOP,
UMesl SJIEKTPOHHBIN OKTET, MOXKET CITy’KHUTh JOHOPOM 3JIEKTPOHOB.

Kucnopon 3aBepiaer CBOIO 3JIEKTPOHHYIO 000JI0UKY, OTTSTHBAs DJICKTPOHHBIN AyOIeT OT XJIopa.
[Mapa 37eKTpOHOB, paHee MpUHAUIEKAINAS XJIOPY, CTAHOBUTCS OOIIel sl XJiopa U Kuciopoja. Mexay
HUMH BO3HHUKAET JIOHOPHO-AaKIIETITOPHASI CBS3b, NPH 3TOM JOHOPOM JJIEKTPOHOB CTAaHOBHUTCS XJIOp, a
aKIETITOPOM — KHCIIOPO/I.

BBuay Toro, 4to K XJIOpY NPUCOEAMHWICS HEUTPaAIbHBIA aTOM KHCJIOPOJA, 3aps] HOBOIO MOHA
OCTaJICS TIPEIKHUM.

[TogoOHO 00pa30BaHMIO MOHA TUIIOXJIOPUTA MOKHO C HOHOM XJIOpa CBSI3aTh J1Ba, TP MIIM YETHIPE
aToMa KUCJIOpOo/a, UCIONb3Ys IIPH ATOM TOTOBBIE AJIEKTPOHHBIE TyOJIeTHI XJI0pa.

Harmmmre dpopmyssr: a) xnopur-nona ClO , ; 6) xnopar-nona ClOj ; B) nepxiopat-uona ClO .

Crenenp OKMCICHUS XJIOpa paBHA COOTBETCTBEHHO +1, +3, +5 1 +7, a KOOPAMHAIIMOHHBIEC YHCIIA
-1,2,3,u4.

KomiuiekcHbIe coeTMHEHUsI B peaKkusix 00MeHa

Jlnst oOHapyXeHHs B pacTBOpaX pas3IMYHBIX HOHOB YacTO YMNOTPEOJSIOT KOMIUICKCHBIE
coeqmHeHus. B wacTHOCTH, [ 06HApy)eHus MoHa Fe™® mcnomb3yror pactop Ka[Fe(CN)s] — xentyro
KPOBSIHYIO COJIb, TECT Ha OTKpPBITUE HOHOB Xeje3a (+2) MpoBOIAT ACWCTBHEM pacTBOpa KpacHON
kpoBsiHoit conn — K3[Fe(CN)e].

Oo0opynoBaHne U MaTepuasbl
PactBop xnopuna meau (+2)
PactBop cynbduna HaTpus
PactBop ammuaxa
PactBop cynbduna Hatpus
PactBop xene3oamMmmonniinbix kBaciioB [NHiFe(SO4)2
PactBop pomannna xamus nim ammonust (KCNS mwm NH4CNS)
PactBop Ks[Fe(CN)sg]
PactBop NH4CNS.
PactBop cynbdara nuHKa
10. PactBop ménoun
11. PactBop HuTpaTa pTyTH (1+2)
12. PactBop noauaa Kanus
13. PactBopa xsopua xenesa (+3)

©CoNoaRrWNE
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14. PactBop enToit KpOBSHOM COJIU
15. PacTBOp KpHcTammueckoro cyibgara xemnesa (+2)
16. npoGupku

Yka3aHnus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
AIIEKTPOOOOPYAOBAHNH, FIEKTPOIPOBOIKE, MPABMIHBHO 0OOPYIOBAaHHOM BBITSHKHOM IIKa(dy.

2. T'a30BbIe KpaHbI U Ta30MPOBOT IOJDKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOANIECKU
MPOBEPSATHCA.

3. Pabouee mecTo conepkaTh B MOPSIKE U YUCTOTE.

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

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

6. Bce onbIThI € BPCAHBIMHA U ITAaXHYIIUMHA BEIICCTBAMHU, a TAKKC YIIapUBaHUEC KHUCJIOT U KUCJIBIX
PacTBOPOB MPOBOJIUTH B BHITSHKHOM IIKady.

7. OcTaTku coenHEHUI cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUPKE BCer/a cieayeT AepKaTh e€ TaKuM 00pazoM, U4TOOBI
OTBEpCTHE MPOOUPKH OBLIO HAIIPABJIEHO B CTOPOHY OT PabOTAIONIEro PsAOM Coceaa.

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

10 He CJICAYCT BAbIXaThb IMaxy4Yuc BCIICCTBA U ra3bl, OJIN3KO HAKJIOHSICH K cocyny € 3TUMU
BCLICCTBaAMMU. Hroxatb BCHICCTBA MOKHO JIMIIb OCTOPOKHO, HAIIPABJIAA K ce6e Iapbl WIK ra3 IBUXKCHHUCM
PYKH.

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

12. BbumBath pa30aBiicHHBIC KUCJIOTHI U IICJIOYHBIC PACTBOPHI CICAYET B CAMBHYIO CKIISTHKY.

13. Kareropuuecku 3ampemaeTcsi qpoOOBaTh XUMHYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIErKo BOCILIAMEHSIOIIUMUCS BemecTBaMu (3QUphI, OEH30, Cepoyriepoa u
T.I[.) HE JOJDKHO 6BITB PAAOM OTrHA Y BKIIFOUYCHHBIX ITIJIMTOK.

15. Tlpu pabGoTe cO CTEKIOM, XHMHYECKOW IOCYAOH, HEoOXoAMMO coOMoIaTh TNpaBUiia
IPEOCTOPOKHOCTH BO M30€KaHUE PAHEHUH OCKOJIKAMH CTEKJIA.

16. Kareropuuecku 3anpeiiacTcst OCTaBIATh padOTaroIIMe IPUOOPsI 0€3 HAOIIOICHUS.

23. B xumMuveckoit 1abopatopun He0OX0IUMO paboTaTh B Xajare.

3aganusa

Omnwit 1. Kauecmsennas peaxyus na uon medu. B mpoOupky momecture 10 kamens pactBopa
xynopuaa (win cynbpara) meau (+2) W Mo KamsiM J00aBisiiTe pacTBOp Cyib(uiia HATpUs 10
o0Opa3oBaHMs 0caaKa YEPHOTO LBETA.

Hanmmure MonekynsipHoe U HOHHOE ypaBHeHue. [IpoOupKy ¢ ocagkoM coxpaHuTe AJis OmbITa 3.

Omnpit 2. [lomyunTe pacTBOp KOMIUIEKCHOM CONM — aMMHakaTa MeAw. [ 3Toro moMecTuTe B
npobupky 10 Karesnb pacTBopa XJIOpUaa WK Cysibdarta MEH U TI0 KaruisaM JTo0aBIsIiTe pacTBOp aMMHUaKa
0 o0pa3oBaHMs 3€JIEHOTO OcajKa OCHOBHOTO xjiopuaa (cynbdara) Meau. 3aTeM K NPOOYKTaM peakuu
no0aBbTe M30BITOK aMMHaKka JIO HMCYE3HOBeHHs ocajaka. OOpazoBayics amMMuakaT Menu. PactBop
KOMITJIEKCHOH COJIM OCTaBbTE JJIsl CIIETYFOIIETO OIIbITA.

Hanumure MonexkynspHoe U HOHHOE ypaBHeHHE peakuui. KakoBa KoH(HUrypauusi KOMIJIEKCOB
[Cu(NH3)4]** 1 [Cu(H20)]**? OnuimnmTe X MarHUTHBIE CBOKCTBA.

Ompit 3. Jlns o6HApykeHns HoHOB Meau CU?* B KOMILIEKCHO# CONH K TOTyYeHHOMY B OTIBITE 2
aMMHaKaTy MeJ 110 KaIuIsiM MpHOABIISTHTE pacTBOp cyibduaa HATpus 10 0Opa3oBaHHs YEPHOTO OCaKa.
CpaBHHUTE MTOTYYECHHBIH 0CAIOK C OCAAKOM, ITOJYYEHHBIM B ONBITE 1.

3anuumTe MOJIEKYJISIPHOE M HOHHOE YpaBHEHUS 00pa30BaHMs 0CaIKa.

Hanumwure ypaBHeHWE NEpPBHYHOTO MPOTOJIM3a W ypPaBHEHHUS BCEX CTYIECHYATHIX MPOIIECCOB
NPOTOJIN3a KOMIUIEKCHOTO HWOHA; 3allMIIMTE BBIPAXKEHHWS KOHCTAHT HECTOMKOCTH M OOpaTHBIX UM
KOHCTAHT YCTOMYMBOCTH Ul BCEX CTyNeHeH mnporonu3a. Kak BBIMISAMT COOTHOLIEHHE AJS OOLIEH
KOHCTaHThl aMMHuakatra Menu? Haiinure HyXHYI0 HHOOpPMAIMIO B CIIpaBOYHWKAX W BeIMumATE €. Kak
MOYHO OOBSICHUTL OKPAcKy coeaunennii Cu?* ¢ mosurmii TKIT?

OmeiT 4. Cpagnenue c8olicmea KOMIIAEKCHOU U 080LiHOU coau. B mpobupky nomectute 10 kamenb
pactBopa xeme3oaMMoHuiHbIX KBacoB [NHiFe(SO4)2], mobaBbTe 1m0 KamisM pacTBOP pOdaHHIA Kajus
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v ammonns (KCNS mmm NH,CNS). TTosiBisieTcst kpacHOe OKpalliBaHKe, XapaKTepHoe U1 noHa Fe* 3a
cuét obpaszosauus Fe(CNS)s.

Hanumwure MonexynsipHoe ¥ MOHHOE ypaBHEHHE peakiuu. Kakylo yacTb BHAMMOTO CIIEKTpa
noronaet pactBop Fe(CNS)s?

B apyryro npobupky momectute 10 kamens pactBopa Ks[Fe(CN)e] u tarxke mo kamism gobaBbTe
paBHblit 0668M NH,CNS. TTosBuock 11 kpacHoe okpammBanue? CoaepKuT M pacTBOp HOHEI Fe**?

OmepiT 5. [IpUroToBbTE THAPOKCH] LMHKA W MEpEeBEAUTE ero B UMHKAT. /i1 3TOro K pacTBOpy
cyiabdara nmuHKa M00aBbTE MO KAIUISIM PACTBOP MIEIOYH JIO MOSIBICHHS OCaJKa TUApoKchaa IuHka. K
MOJMYYeHHOH cMecH J00aBbTe HW30BITOK INENOYM JO TIOJHOTO pAacTBOPEHUs] ocajka. Hamwmmmre
MOJIEKYJISIPHOE ¥ MOHHOE YpaBHEHHE peakiuu 00pa3oBaHre THAPOKCUAA U IMHKATA.

OmneiT 6. Haneiite B mpoOHpKy HECKOJIBKO Kamelb HUTpaTa pTyTd (+2) ¥ m00aBbTe MO KarlisaM
pacTBOp MOAUAA KAIHS IO 00pa30BaHUsI OCaIKa.

Hanumure mMonekynsipHoe U HOHHOE ypaBHeHHe peakuuu. K oOpasoBaBmieMycst ocaiky HMOaWAa
pTyTH mpuOaBbTe W30BITOK HOAWIA Kalus A0 TOJHOTO pacTBOpeHHus uomuaa prytu. OOpasyercs
KOMILICKCHAs conb. M300pa3ute GpopMyny NOJTy4eHHOMN COJM, 3HAas, YTO CTEIICHh OKUCIICHHS PTYTH PaBHA
(+2), a xoopmuHammonHoe umcino 4. WoHpl Homa — IWTaHIBl, WOHBI Kajus — MIPOTHBOWOHBI H,
CJIeZIOBaTENHLHO, PACIIONOKEHBI BO BHEIIHEH KOOPAWHAIIMOHHOW cdepe.

Hamummre MonekynspHOoe W MOHHOE ypaBHEHHE oOpazoBaHHS KomIuiekcHO# coim. Kax TBC
00BSACHSET PNEKTPOHHYIO CTPYKTYpY KoMILiekcHoro noHa [Hgls]?? Kakoii THII ruGpuam3amyy KaTHOHA
Hg** B sTom kommnekce? KakoBsl MarauTHbIE cBoiicTBa [Hgl4]*?

Onwit 7. Tecm Ha omxpwimue owcenesa (+3). B mpobOupky momectute 10 kamenb pacTBopa
xyiopuaa xeneza (+3), U Mo KarusM J00aBISHTE PAacTBOP YKENTOW KPOBSHOW CONMM 1O OOpa3OBaHUS
roJIy0oro ocajika OCpIIMHCKOH J1a3ypHu.

Onwit 8. Tecm na omxpvimue dcenesa (+2). B mpooupky nomecture 10 kameiab pacTBOPEHHOTO B
BOJC KpPUCTAUTMYECKOrO Ccyibgara xene3a (+2), mpubaBbre 1o Karmmsim pactBop Ks[Fe(CN)e].
HabGmronmaercst oOpazoBaHme ocaika XapaKTepHOTO CHHETO IBeTa (TypHOYIUIEBa CHHB). JTO COCTUHEHHE
oOpasyeTcsi B pe3yJibTare HeroaHoro 3amenieHus noHoB kajus B Ks[Fe(CN)s nonamu xenesa (+2).

Ipumeuanue. JlokazaHo, 4To TYpHOYIJIJIEBa CHHb M OEPIIMHCKAS JIa3yph TOJTHOCTHIO WICHTHYHBI 1
HUMEIOT OJTMHAKOBBIE POPMYJIBI.

Hazosute, ucnone3ys mpaBuia MIOITAK, xentyio m KpacHYIO KpPOBSHYIO COJIb, M3HAYAILHO
obpasyromiecss colM TpU OTKpHITHH HoHOB Fe’* u Fe®"; kakoit opmymoif omuchiBaeTcss cocTaB
TypHOyIIIeBo cuHM u OeprnuHckoil nazypu? Jlaiite HazBanme stoi comu. Kak TKII omuceiBaer
anexTponnsie cTpykTypsl [Fe(CN)s]* u [Fe(CN)s]®? YkakuTte nx MarHuTHbIE CBOHCTBA.

Conep:xanue oTyeTa
[Tony4yennsle qaHHbIe 3auKcupyiite B Tabnuue 7.2 1o cienyrouei gopme:
Tabmuna 7.2. Pe3ynbpTarhl SKCIIEpUMEHTA

Ne i/ | PearenTtsl XHUMUYECKas peakius HaoOmonenus

1

gl wiN

KoHnTposabHbIe BONpockl
ba30BbIi1 ypoBEHB

1. Kakuie coeiuHEHHS Ha3bIBAIOT KOMIUIEKCHBIME?

2 Uem 00BsACHSETCS UX MHOTOOOpasue?

3 Ilouemy TpyaHo paTh BceoObemimolliee (OYEHb IOJHOE, HCUYEPIBIBAIONIEE) OIpeaeiCHHEe
KOMIUIEKCHBIM COETMHEHUSIM?

4 Kro aBTOp KoopauHaunonHoi Teopun KC? Korna ona nosisuiace?

5 U3 kakux anemeHToB coctosit KC? [IpuBeaute npumepsl.

6 Kakast cBsI3p Ha3bIBae€TCs TOHOPHO-aKIENTOPHON WM KoopauHanuoHHON? Kakoit arom,
MOJIEKYJIa WK UOH siBIsieTcs oHopoM B Komiuiekcax [Cr(CO)s], [Ag(NH3)2]", [AlH4]?
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7 Kak paccuMThIBaeTCS CTENEHb OKHUCICHHS KOMILIEKCOOOpazoBaTeNs M 3apsii KOMILIEKCHOTO
nona? OTBET MMOSCHUTE Ha MPUMEPE KOMILIEKCOB BoIpoca 6.

8 Ha xakue THUIIBI OJpa3IENIIOT KOMIUIEKCHBIE coenHeHus? [IpuBeauTe mo nq8a npuMepa Takux
COEJIMHEHUM U 1aiTe UM Ha3BaHUA.

9 Uto Takoe KOOPJMHAIMOHHOE YHCIO KOMIUIeKcooOpazoBarens? Kakue 4acTHIBI HA3bIBAIOT
muraggamu? OTBET MOSCHUTE Ha TIpUMepax.

I1oBBIILIEHHBIN YPOBEHD

1 Yewm omeHHBaIOT MPOYHOCTH KOMITIEKCOB? Hamummmre BhIpaskeHUs 1T KOHCTAHT HECTOMKOCTH
¥ KOHCTaHT yCTOWYMBOCTH [ist KomiuiekcHbIX HOHOB: [Ag(NHs)2]™, [Ag(CN)2] ", [Ag(NO)2] .

2 B 4em oTiiM4Me JBOWHBIX COJCH OT «THMITMYHBIX) KOMILICKCOB?

3 Kakue KOMILIEKCHBIC COSTMHEHHSI OTHOCAT K arupokomiuiekcam? Kakue k ayrokomrniecam?
IIpuBeauTe MpuMepHI.

4 Kak TBC o0bsicHseT 00pa3oBaHUe XUMUYESCKON CBSA3H B KOMILIEKCAX ?

5 Kakue koMILIeKChl Ha3bIBatOT kapOoHuaamu? OObsICHUTE 00pa30BaHHE TAKUX KOMILICKCOB C
TTO3UIIMH TEOPUH BAJICHTHBIX CBS3EH.

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

OcHoBHas1 JIMTepaTypa:

1 Cemenos, 1.H.<BR>&nbsp;&nbsp;&nbsp; Xumus DnekTpoHHbI pecypc : yueOnuk / N.JI.
[Teppunosa / N.H. Cemenos. - Xumus,2019-06-21. - Canxr-Ilerepoypr : XUMU3 AT,
2016. - 656 c. - Kuura naxonurcs B 6azoBoii Bepcuu DbC IPRbooks. - ISBN 978-5-9388-
275-5, 3K3eMIUIIPOB HEOTPAHUYCHO

2 I'muaka, H. JI. O6mas xumus : yue6. mocobue / H.JI. I'munka. - uzn. crep. - M. : KHOPVYC,
2016. - 752 c. : un. - Ilpui.: c. 721-724. - bubnuorp.: c. 725-726. - ISBN 978-5-406-04995-
2, 5K3eMIUIsIpoB 1

JlonoIHUTeIbLHAS JJUTepaTypa:

1 Kapanerbsau, M. X. O61mas u Heopranuyeckasi XuMus : yueOHUK a7 By30B / M. X.
Kapanetssun, C. U. lpakuH. - 4-e u3n., crep. - M. : Xumus, 2000. - 592 c. : un. - (s
BhIcIIeH mKoJbI). - ISBN 5-7245-1130-4, 5k3eMIUISIpOB HEOTPAHUICHO

2 Kenuna, H. FO. O6mas u Heopranndeckasi XuMus B TabIUIaX U cxeMax : y4e0. mocobdue
st rexuukymoB / H. 0. Kenuna, H. B. bespyuxo. - PoctoB H//] : ®enukce, 2008. - 422 c. -
(Cpennee npodeccronanbHoe oOpazoBanue). - bubnuorp.: ¢. 371-374. - Ilpeam. ykas.: c.
375-382. - Ipun.: c. 383-415. - ISBN 978-5-222-13586-0, sx3eMIIISIpOB HEOTPAHUICHO

HNurepuer-pecypcesl:

1 http://window.edu.ru/ — Eauroe 0oKTO A0CTyIa K 00pa3oBaTeIbHBIM PeCypcam.

2 http://window.edu.ru/resource/931/73931/files/tutorial8.pdf.

3 http://window.edu.ru/resource/145/75145/files/book-3.pdf.

Tema 8. OKHCINTETbHO-BOCCTAHOBHUTEIbHBIE PeaKIIUU
JlaGopaTopnasi pa6ora 8. OKHCJIUTEIbHO-BOCCTAHOBUTEIbLHbIE
HCJ'IB pa6OTBIZ I/I3yquI/Ie OKHUCIUTCIbHO—BOCCTAHOBUTCJIIBHBIX peaK].[PIfI. ypaBHI/IBaHI/Ie OKHUCJIUTCIIBHO-
BOCCTAHOBHUTCJILHBIX peaKLII/Iﬁ METOJOM JJICKTPOHHOI'O 6ancha
dopmMHpyeMble KOMIETEHIIMN WM UX YacTH:

Kon dopmynupoBka
OK-7 CIIOCOOHOCTBIO K CAMOOPraHHU3aIMU U CaMOO0OPa30BaHUIO
OIIK-1 CIIOCOOHOCTBIO M TOTOBHOCTBIO UCIIONB30BaTh OCHOBHBIC 3aKOHBI

CCTCCTBCHHOHAYYHBIX TUCHUILIJIMH B HpO(l)CCCI/IOHaJ'ILHOf/'I JACATCIBHOCTHU

[1K-3 FOTOBHOCTBIO MCHOJIb30BaTh HOPMATUBHBIE JJOKYMEHTHI 10 KAYECTBY,
CTaHJApTHU3ALMH U CePTU(UKALNY TPOTYKTOB U U3JIEIUHN, JIEMEHTHI
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OKOHOMHYCCKOT'O aHaJIn3a B HpaKTHqCCKOﬁ ACATCIIBHOCTHU

I1K-18 TOTOBHOCTBIO MCIIOJIb30BaTh 3HAHUS CBOMCTB XMMHYCCKUX 3JICMCHTOB,
COC)II/IHCHI/II71 1 MaTcpuaioB Ha UX OCHOBC JIs pCUICHUA 3a1a4 HpO(I)CCCI/IOHaJ'H)HOI\/'I
JCATCIIBHOCTH

TeopeTuyeckas 4acTb
Teopusi OKHCIMTEIHLHO-BOCCTAHOBUTEIBLHBIX PeaKImii

Peakyuu, 6 xomopwix npoucxooum usmeHeHue cmeneHeli OKUCIEHUS AMOMOS, HA3bIGAIOMCA
OKUCIUMENbHO-60CCMAHOBUMENbHBIMU.

B mpocThix BemiecTBax CTENCHUW OKHCICHHS aTOMOB paBHbI HYIO. J[JIs CIOKHON MOJEKYJIbI
CyMMa CTETIeHEH OKMCIICHHUS BXO/SIINX B €€ COCTaB aTOMOB TAaKXKe JIOJDKHA OBITh paBHA HYJIIO; JUII HOHA
— €ro 3apsmy.

OKHCIIeHHEM Ha3bIBACTCS MPOLIECC OT/IA4YM AaTOMOM MOJICKYJION MM MOHOM BJICKTPOHOB!

Al —3e — AI3F

Fe’t —e— Fe3*

2Cl~ —2e > C|2 _
B MMPpOLCCCC OKUCIICHUA IMTPOUCXOJUT MOBBINICHUEC CTCIICHU OKHUCJICHUA.
BoccraHoBieHneM Ha3bIBae€TCS NPOLIECC NPUCOCAWHEHHUS JJIEKTPOHOB AaTOMOM, HOHOM WM
MOJIEKYJIOMH:

S +2e - S2*

Cly +2e — 2CI~

Fe3 +e - Fe?"

HpI/I BOCCTAHOBJICHHU CTCIICHb OKUCJICHUA IIOHUXKACTCA.

B 3aBucumocTu ot CHOCOGHOCTI/I OTAaBaTb WKW IMPUHUMATH 3JICKTPOHBI BCC BECUICCTBA JACIATCA HA
OKHCIIUTENN U BOCCTAHOBUTEIIH.

OKucaumenu — 3mo amomvsl, UOHbL ULU MOJEKYIbl NPUCOeOUHAIOWUe 21eKkmponsl. Bo epems
peaxkyuu OHU 80CCMAHABIUBAIONCSL.

Boccmanosumenu — smo amomvl, UOHbI UAU MOAEKYbl, KOMOpble omoaiom 3j1exmponsl. Bo
8peMsl peaKyuy OHU OKUCTISIIOMCAL.

[Tporiecchl OKUCICHIS 1 BOCCTAHOBJICHUS BCET/Ia MPOTEKAIOT MapalIeIbHO, YTO MOYKHO BBIPA3HUTH
CIEYIOIENH CXEMOM:

Boccranosurens (B1) — € € okucaureins (O1)

Oxkuciurens (0;) + € € BoccTaHOBHTEND (By).

CrenoBaTeNbHO, OKUCIUMENbHO-80CCMAHOBUMENbHbIE PeaKyull NPedCmasisiiom coooli eOUHCMB0
08YX NPOMUBONONONCHBIX NPOYECCO8 — OKUCLCHUsL U 8OCCMAHOGAeHUs. B 3TUX peakuusx oOIee Yucio
AJIEKTPOHOB, OT/IaBAEMBIX BOCCTAHOBHUTEIIEM, PABHO O0IIIEMY YHUCITY, TPUCOSAUHIEMOMY OKHCIUTEIIEM.

[Ipu 3TOM HE3aBUCHMO OT TOTO MEPEXOIAT JIM IEKTPOHBI C OHOIO aTOMa Ha JPYrol MOJHOCTHIO
WIM JIMIIb YaCTHMYHO OTTATMBAIOTCA K OJHOMY M3 aTOMOB, YCJIOBHO TOBOPST TOJBKO 00 OTmaye M
MIPUCOEMHEHUY 3JICKTPOHOB.

B OBP oxucnurenr W BOCCTAaHOBUTENb PEArdpyrOT JPYr C JPYrOM B 3KBHUBAJICHTHBIX
KOJIMYECTBAX.

Oxeusanenmom oxucaumens (0O) uru eoccmanogumens (B) Hazvieaemcs makoe KOAUUeCmeo Ux
MOb, KOMOPOEe NPUCOCOUHSAEM UTU OmMOaem 0OUH MOJb JJIeKMPOHOS, YN0 OMPANCAEMC sl CAeOYIOUWUMU
dopmynamu:

1 1
3(0), morb =— wnu 3(B), moab = —,
Ze Ze
IJIE Ze — YMCIIO DJIEKTPOHOB, KOTOPOE MPUHUMAET OKMCIUTENDL O MIIM OTIAeT BOCCTAHOBHUTEND B.
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MonbHast (MM MOJISIpHAS ) Macca SKBUBaJIEHTa OKUCIUTeNs O U BOCCTAaHOBUTENS B BBIpaykaeTcs B
I/MOJTb ¥ OTIPEEISETCS] U3 COOTHOIIEHUH CIIeIyIOIIero Buia:

1) st okucurensi— M (i 0), 2! monw, 2) msBoccranoBuTeN s — M (i ,B), 2l monw-
Ze Ze

TonbKO B POM OKUCIHUTEINS BBICTYMAIOT YaCTHIBI, HIMEIOLINE MAaKCUMAaIbHO BO3MOYKHBIE CTEIICHN
OKHCIIeHUs1 (HarmpuMep, Al Maprania — 3to (+7), ans azora (+5) ¥ T.4.); TONBKO BOCCTAaHOBHUTENS — C
MHUHHMAJILHOM CTEMEHBI0 OKUCIEHHS (IS cephl — 310 (—2), mms azoTta — (-3) ¥ T.11.).

Yacmuysi, umerowue npomMedCymoyHvle CmeneHyu OKUCIEeHUS, MO2YM NPOAGNAMb CEOUCMBA KAK
oKucIumens, maxk u eoccmanosumens. IT0 0O0yCIOBICHO: XUMHUYECKOW MPHUPOJON pearcHTa-mapTHEpa;
YCIIOBUSIMH H XapaKTEPOM Cpefibl, B KOTOphIX potekaer OBP.

Hampasnennocts OBP  ompenensieTcss BeIMYMHAMH 3HAYCHWHA CTAHOAPTHBIX ITOTEHITHAJIOB
peareHToB: OKHchHTEnb (O BcerJa MMeeT OoibIIMi (MO anreOpanyueckod BeTUYMHE) CTaHAAPTHBIN
MOTEHIMAII, Y€M BOCCTaHOBHTEN B.

Hampumep, B xucmoii cpene cmemmBatoT nBa BemecTBa: KoCr.O; m NaNO;. Kakoe u3 atnx
BEIIECTB OyJeT OKHCIIUTENIEM, KAKOe — BOCCTAHOBUTENIEM?

O6paruMcst X crpaBoydbiM gaHHEIM: °(Cr,072 + 14 HY/2Cr* + 7H,0) = 1,33 B; ¢°(NOs +
2H*/ NO; + H;0) = 0,78 B.

Ipumeuanue. Pekomennyercs ucroyib3oBath yueOHoe nocoodue: H.C. Axmero, M.K. Asu3oBa,
JL.U. bagpiruna. JlabopatopHble W CeMHHApPCKHE 3aHATHS MO OOIIEH M HEOPraHWYeCKOW XMUMHHU. M.:
Bricm. mkona, 2002.

Tak xak p°(Cr,072+ 14 H*/2Cr*3 + 7H,0) > ¢°(NOz + 2H*/ NO; + H.0), mo oxuciurenem
oynet sBasaThes KoCraO7.

KonnvecTBeHHOM XapakTeprcTUKON TyOnHbI npoTekanust OBP sBisieTcst 3HaYeHNE KOHCTAHTHI

PaBHOBECHSI:
0/Ay_ .0

gkp - 2"©@)=0"(®)
0,059

rne ¢°(0) u ¢°(B) — craHAapTHBIE NOTEHUMATsl OKuCauTens O W BOCCTAHOBHTENs B
COOTBETCTBEHHO, B; Zy — cyMMapHOe KOJMYECTBO ANEKTPOHOB, MPUHUMAKOIINX ydacThe B naHHoi# OBP.
Koncranra pasaoBecust OBP cBszana ¢ morenimanom ['ub6ca (x/mons K):

AG? = -2,303RT IgK P (8.2)
Dueprusa I'n66ca, B cBoro ouepesp, caasana ¢ IJIC (Agp®) nocrosuuoit dapanes (F) u uuciom
JIEKTPOHOB, y4acTByromKX B OBP:

o (8.1)

AG®, Toic/mons-K = —nAp°F, (8.3)
Ap® = ¢°(0) — ¢°(B) — DJIC OKHMCIHTENHFHO-BOCCTAHOBHTEIHHOH PEAKIIMH TIPU CTAHAPTHBIX
yCloBHsIX, B.
s cranpaptheix yenosuid: T = 298,15 K = 298,2 K; R = 8,314 Jx/monbK; F = 96450 =
96500 K/MOJIB-3KB, MOJYYUM (OPMYIY YI0OHYIO ISl PaCUeTOB:

GKE. F 96500
298 9 303RT  2,303-8314.298,2

nAp® =16,90nA¢°.

(8.4)

B ycrnoBusiX OTNMYHBIX OT CTaHAAPTHBIX, OKHCIWUTEIbHO-BOCCTAHOBUTEIBHBIC MOTEHITHAIIBI

(OBII) u 2/JIC OBP, mporekaromx B BOJHBIX pacTBOpax, 3aBHCAT OT KOHIEHTpaluu (TOYHEE,
AKTUBHOCTEH) y4acTBYIOIIMX B MPOLIECCE HOHOB. DTa 3aBUCUMOCTD BhIpaxkaeTcst popmynoii HepHera:

0,059, [O]
g 8]’
rzie ¢°o/s— CTAHAAPTHEIH MOTEHIMAN PeareHTa (OKMCIMTENHN Ml BoccTaHoBuTens), B; [O] u [B] —
KOHIEHTPAIMK OKUCJIEHHOM M BOCCTaHOBJIEHHON (POPM peareHTa, MOJL/AMS; Z — YHCIIO JIIEKTPOHOB B
MOJIyPEaKUU AJI1 JAHHOTO pearcHTa.

Ipumeuanue. Cnenyer Bceria MOMHUTD, YTO KOHIIEHTpAIMK Bcex ydyacTHUKOB OBP B ypaBHeHUU
(7.5) sBasroTcst MoaspHbIME KoHIEHTparsaMu (Cy (X)), a e MmonspubiMu skBuBaienta (C(1/z X)).

0,B= gag,B + (8.5)

61



Ha 3nauenne OBII n Ha XapakTep MPOIYKTOB PEAKIMH JOCTATOYHO CHIBHOE BIUSHHIE OKa3bIBACT
pH pactBopa, B xoTopom mpotekaet OBP. Hampumep, mpu pH < 7 3HaueHHe CTaHAAPTHOIO
MOTEHIIUAIA JUISI CHCTEMBI:

0 (MnO; +8H " /Mn?" + 4H,0) =151B .
wppii=7- @ (MNOZ + 2H,0/MnO, + 40H ) =0,6 B .
oi>7- @2 (MnOZ /MnOz2) = 0,564 B.

BaxcHelitme BOCCTaHOBUTENH: aTOMBl METAIOB, Boziopo, yriaepon, CO, H.S, HxSOs, NaNO,,
Nazszos, H|, HBI", HC|, FGSO4, CFC|3, MnSO4, NHs.

Baxkuelire OKUCIUTENH: TaIOTeHBI, XJIOpaThl, KUCI0po I, 030H (O3), KMNnOa, KoCr,07, KoMNnOs,
H202, H2SO4 (xony.), HNOs, PbOs.

THUNBI OKMCINTETbHO-BOCCTAHOBUTEIbHBIX pPeaKuid
Paznmuuaror TpU THUIIA OKUCIUTCIbHO-BOCCTAHOBUTCIIBHBIX pCaKHHﬁ:
a) BHYTPUMOIIEKYIIIpHBIE; 0) AUCITPOMIOPIIMOHUPOBAHUS; B) MEKMOJIEKYIISIPHEIE.
Buympumonexynsipnvie OBP — smo makue peakyuu, 6 KOMOPbIX U OKUCIUMENb, U
60CCMAnO8UMENb HAXOOAMCA 6 COoCcmage OOHOU MONEKYNbl, HO AGIAIOMCA NpU MOM  PAHLIMU
NeMeHMamu:

2KNO3 —52KNO, + O,
2N -2e <> N ™
1207% +4e <> O,.

Peaxyuu  oucnponopyuonuposanuss — OBP, 6 x00e Komopulx O00uH U3 2JEeMEHMOS,
codepoicawyeticst 8 0OHOU MONEKYe, OOHOBPEMEHHO U NOGLIUAEN, U NOHUIICAEN CIENneHb OKUCTICHUS.

Cly + 2KOH — KCIO + KCl + H,0
1|Cly —2e «> 2CI*
1|Cl, —2e <> 2C1™ |

K aucnpornoplimOHMPOBaHUIO CIOCOOHBI TOYTH BCE 4YACTHUIBI, HMEIOIIUE MTPOMEKYTOUHYIO
CTETICHb OKUCIICHUSI.

HauGosee pacrnpocTpaHeHHBI pPEaKlMU TPEThEro THUIA, KOTOPBIE MPOTEKAIOT C HM3MEHEHUEM
CTETIEHN OKWCIICHHUS aTOMOB B Pa3HBIX MOJICKyJaX, T.€. OKHCJIHUTEIh M BOCCTAHOBHTEIh HAXOMSITCS B
pa3HbIX BemlecTBax. Crofa ke cieAyeT OTHECTH U PeaKUU MEXIY Pa3HbIMH BELIECTBAMHU, B KOTOPBIX
aTOMBI OJIHOT'O U TOTO K€ AIIEMEHTA UMEIOT Pa3IUYHYIO CTETIeHb OKUCICHUSI:

5HCI + HCIO; — 3Cl, +3H,0
112C1™ +10e <> CI3
512C1~ —2e &> CIS.

OobopynoBanue U MaTepuaJIbl
PactBop 6pommuia HaTpust
PactBop Genzona
[Ipobupkm
PactBop tonHO BOMIBI
PacTBop KpHuCTaIIIOB HOAM/IA KATHS
ITepexuch Bomopona
Kpucramios nepMaHraHaTta Kaius

NogobowhE
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8. PactBop Na,SO3

9. PacTBOp HUTpPHUTA HATPHS

10. PactBop Guxpomara Kajust

11. PactBop GpOMHOI BOIBI

12. TloporikooGpasHas cepbl

13. Tuormanar Kanust

14. PactBop comnu xene3a (+3)

15. PactBop SnCl;

16. PactBop cynbdara meau CuSOq4

17. XKenesuslii rBo31b

18. PactBop nepmanranara kaaus KMnO, ¢ xonnenTpaumein C(KMnOg) = 0,02 mons/am3,
19. pactBopa ceproii kucnotsl kucnota HaSO4 ¢ konnenTpanmeii C(H2S04) = 2 Mons/mmve,
20. Pacteopa ménoun NaOH c konuentpammein C(NaOH) = 2 mons/mm®

21. Pactsopa cynbdura Hatpus Na,SOjs ¢ konnentparmeiit C(NaSOsz) = 2 mons/ame.

22. PactBopa cymnndara xenesa (II) FeSO4 ¢ konnentpammeit C(FeSO4) = 2 monbs/mm3.

23. PactBop a3zotHoii kucaotsl HNO3,p(HNO3) = 1, r/em®

24. meqHas NpoBOJIOKA

25. Jluxpomar kamust KoCr.07 ¢ konuentpanueii C(K.Cr,07) = 2 mons/nme,

26. PactBopa nutputa Hatpust NaNO- ¢ konnentpanueii C(NaNO2) = 2 mons/nme,

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3IIEKTPOOOOPYI0BAHHH, HIIEKTPOIPOBOJIKE, MPABHIBHO 000PYIOBAHHOM BBITSDKHOM MIKAQy.

2. Ta3oBbIe KpaHBI U Ta30MPOBO/I TOJHKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOANIECKU
MIPOBEPSTHCA.

3. Pabodyee mMecTo comepkaTh B HOPSIKE U YHUCTOTE.

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

5. MUznumex peakTrBa HE BBUIMBATH OOPATHO B COCY/l, M3 KOTOPOTO OH OBLT B3ST.

6. Bce ombITHI ¢ BpeAHBIMH U MTAXHYIUMH BEIIECTBAMU, a TAK)KE YIApUBAaHHE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJUTH B BHITSHKHOM IIKady.

7. OcraTKu coeqUHEHUI cepedpa cIMBaTh B 0COObIE CKISHKH.

8. Ilpu HarpeBaHHM PAacTBOPOB B IMPOOUPKE BCEra CIEAYET JECPKaTh €€ TaKUM 00pa3oM, 4TOOBI
OTBepCTHE MPOOUPKHU OBUIO HAIIPABJIEHO B CTOPOHY OT pabOTArOIIETro PSIOM COCea.

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

10. He cnenyer BIbIXaTh MMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYIy C 3THMHU
BerecTBaMu. HroxaTh BemecTBa MOYKHO JIMIIb OCTOPOXKHO, HANPABIISS K ceOe maphl WK ra3 JABHKEHUEM
PYKH.

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

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

13. Kareropuuecku 3ampeniaercst mpoboBaTh XMMHUYECKHE BEIIECTBA Ha BKYC.

14. Tlpu paboTe ¢ JIErKO0 BOCILIAMEHSIOIIUMUCS BellecTBaMH (3QUphI, OCH301, CEPOYIIepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOUSHHBIX TUTUTOK.

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

16. Kareropuuecku 3anpeiiacTcs OCTaBIATh paOdoTaroIe Ipruoopsl 0€3 HAOIOACHUS.

24. B xuMu4eckoi 1abopatopun He0OX0JuMO paboTaTh B Xajare.

3amanusa

Omeir 1. K pactBopy Opommza HaTpusi B MpoOMpKe NpWIIEHTE HEMHOIO XJOPHOH BOABI U
HECKOJIKO Kamenb OeH3ona. Berpsixaute comepkumoe mpoOupku. Bepxuuit cioit okpacuics B Oypbrit
uBeT. UTo sABNsSeTCS MPUYMHON OKpacku? HammmmTe ypaBHEHHE pEaKIMd U COCTABbTE AIEKTPOHHYIO
CXeMy U3MEHEHUs cTeneHel okucnenus snemeHToB. Onpeaenure J/C sToil peakuuu.

Onpit 2. (ONBIT IPOBOIWUTE B BRITSKHOM mKady). B mpobupky Haneiire 1 cm® ffoquol BoAk U
TakoM ke 00sEM Oern3omna. [IpoOupKy BCTPSAXHUTE HECKOJIBKO pa3. OOpaTuTe BHUMAaHHUE Ha IIBET BEPXHETO
6eHzonbHOrO cost. IlomydeHHbIH pacTBOp COXpaHUTE AJIsi CPAaBHEHUSI.
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B cyxyro npoOupKy HachIIbTE HEMHOTO KPHUCTALIOB MOIUIA Kamus (OCTOPOXKHO!), MO CTEHKE
npoOupkn TpubaBbTe 2-3 KaITd pacTBOpa KOHIICHTPHUPOBAHHON CEpHON KHCIOTHL. Brigensercs
ra3zoo0pasHblii mpoaykT ¢ 3amaxom HpS. K coxepxumomy mpoOupku npuneiite 1 cm® Gensona u
OCTOPOXHO BCTPAXHHUTE HECKOJBKO pa3. OOpartuTe BHUMaHUE Ha OKpacKy OeH3onbHOro ciosi. CpaBHHTE
3Ty OKpPAacCKy ¢ OKPacKOM, TOYIeHHOW BaMU TIPY BCTPAXUBAHUH HOIHOM BOABI C OEH30IIOM.

Hamummre ypaBHenus peakmmii. CocTaBpTe MOHHO-IJIEKTPOHHYIO CXE€MYy HM3MEHEHUS CTeTeHei
OKHCJICHHSI aTOMOB PEarupyrolx BemecCTB.

Omngit 3. K 2 cm® pactBopa nepmanranara kamus KMnOs 106aBbTe paBHBINH 00bEM pa30aBIeHHOM
CEepHOH KHUCIOTHI M Tiepekucu Bomopona. OOparure BHHUMaHHWE Ha W3MEHEHHE IBeTa B pacTBope. K
OTBEPCTUIO NPOOMPKH IMOJHECHUTE TICIOMIYI0 Jy4ynHKY. UTo mpu sToM HaOmogaercs? Kakol ras
BBIICNIACTCA?

Hamumnre ypaBHeHWe MaHHOW peakiuyl B MOJEKYJSpHON W noHHON (opmax. KoaddummenTtsr
OTIpEJICNIUTE C IIOMOIIBI0 METO/Ia 3JIEKTPOHHO-HOHHOTO OanaHca.

OmnpiT 4. (OOBIT TPOBOAMTCS B BBITSHKHOM IKady). B cyxyro mpoOHUpKy HachIbTe HECKOIBKO
KPUCTAJUIOB TIEPMaHTaHaTa Kajvs W OCTOPOXHO MPHJIEHTEe HECKONBKO Karedh pa30aBICHHOTO pacTBOpa
comnsiHOM kucaoTsI (1:1). Beimensercs ra3 (octopoxHo!), HOHIOXAMTE €ero.

Hanumwure ypaBHeHHE NAaHHOM pEaklWM WU COCTABBTE DJIEKTPOHHO-HOHHYIO CXEMy HM3MEHEHHS
CTEeTICHEeW OKHUCIICHHS SJIEMEHTOB, YUACTBYIOIINX B PEAKITHH.

Ongit 5. B Tpu oTaenbHbIe npooupku BHecute 1-2 cm® pactBopa KMnOy, a 3aTeM 106aBbTe B 3TH
NpOoOUPKH paBHBIE OOBEMBI: B TIEPBYIO U3 HUX — PAacTBOP pa30aBICHHOW CEPHOU KUCIOTHI, BO BTOPYIO —
BONy, B TPEThI0O — KOHICHTPUPOBAHHBIA pacTBOp mieioud. [locie 4yero B KakIylo W3 TPOOHUPOK
npubasbre 1-2 cm® pactBopa Na,SO;z. UeM 0OBACHHTL MpoMCHIEANNE U3MeHeHHA? HanuimmTe momHble
ypaBHenus: OBP, ucnonb3yst HOHHO-3JIEKTPOHHBIN MeTo. OueHuTe TyOrHY MPOTEKaHHs MPOLECCOB B
KaxaoM cirydae. OT 4ero 3aBUCHT OKHUCIIUTENbHAsI aKTHBHOCTH TIEpMaHTaHT-HOHA?

Onpir 6. K nBym cM® pacTBopa HUTpHTAa HATpHsl NPHJIECHTE PaBHBIA OOBEM pacTBOpa CEPHOMN
KHCIIOTHI ¥ JOOABBTE IO KaIUIIM HEOOIBIIOE KOJIMYECTBO pacTBopa nomuaa kamus. ObpaTure BHIMaHUE
Ha U3MEHEHHE 1IBeTa pacTBOpa.

Kaxoe BemectBo Beienmiock? CoCTaBbTE YpaBHEHUE COOTBETCTBYIONICH peaknuu. OmnpenennTe
KOA(PGUITUEHTHI METOJIOM TTOTypEaKIInH.

Onpit 7. Haneiire B npo6upky 1-2 cm® pactBopa Guxpomara Kanus, 100aBbTE K HEMY JBOWHON
00bEM pas3baBleHHOM cepHON KHMCIOTHI M 4-5 cm® pacTBopa HuTpura Hatpus. OOpaTuTe BHUMAaHHE Ha
W3MEHEHHe [IBeTa pacTBopa. HamuimmTe MolekynspHOe M MOHHOE YpaBHEHUs naHHOW peaknuu. [logbop
KOA(PGUITMEHTOB OCYIIECTBUTE METOJIOM AJIEKTPOHHO-HOHHOTO OajaHca.

Onpir 8. K 2-3 ¢M® GpoMHOMN BOABI NMPUIIEHTE PacTBOP WIENIOYH 10 IOJHOTO 0OECHBEUNBAHUS
pactBopa. CocTaBpTe 3JEKTPOHHO-MOHHOE YpaBHEHHE JaHHOW PeakIWd W orpeneinte Kod(uimeHTs
METOJIOM TTOITypEeaKInii.

OnmwiT 9. K 2-3 oM KOHIIEHTPUPOBAaHHOI'O PacTBOpa TMIPOKCHUIA HATPUs J00aBbTE HEOOJBIIOE
KOJIMYECTBO MOPOIIKO0OpazHoi cepbl. CMeCh KUIISITUTE JI0 HCUE3HOBEHHS cepbl. COCTaBbTe 3JIEKTPOHHO-
WMOHHBIE CXEMbI N3MEHEHUS CTeNeHeH OKUCIIEHUS pearupyronux BemecTs. Hanumunte noHHOE U TIOITHOE
ypaBHeHUs1 maHHOM peakuuu. K xakomy tumy OBP otHOCuTCs mannHoe mpeBpamnerne? [louemy atomsl
CepBI CIIOCOOHBI K TAKUM MPEBPAIEHUSIM?

Omnwir 10. K pactopy ( 1-2 cm®) THONMaHaTa Kanus (MM aMMOHHS) IPUOABBTE TaKOM ke 00bEM
pactBopa comu xene3a (+3). Kakoil nBer momydeHHoro pactsopa? 3aTeM K OKpaIICHHOMY pPacTBOPY
MprUOAaBIISAIOT 10 KaIUIAM JI0 MOJIHOTo obecrBeunBanus pactBop SNClo. Kakue mporiecchl MPOUCXomsiT B
pactBopax u nodemy? Paccumraiite DJJC peaxium BoccraHoBnenus Fe** momamm Sn?*. Paccumraiite
usMeHenne >Heprun I'm66ca (4G’ ,.) u xoucranty pasHoBecus (KPy,) mnst oToi peakimu. OleHHTe
ryOuHy €€ poTeKaHusl.

Oneir 11 B npobupky nHaneiire 1-2 c¢m® pactsopa cynbgpara mequ CuSOs m omycTuTe Tyna
3aYMILEHHBIA C MOMOIIBI0 HaKAaYHON OyMaru sxkejie3Hblid rBo3ab. [locTtaBbTe IpoOUpKY B LITaTUB HA 5
MUHYT. Yepe3 5 MUHYT OTMEThTe M3MEHEHUsI MIOBEPXHOCTH JKEJIC3HOTO TBO3/S M 3aHECHTE WX B rpady
«HaOmronenus».

Hanumure ypaBHEHHE OKHCIMTEIbHO-BOCCTAHOBUTENBHONW PEAKIUHM U YPaBHSIUTE €€ 10 METOAY
9NEKTPOHHOTO OajaHca. YKaXUTE OKUCIUTEIb M BOCCTAHOBHUTENb. [lONMB3ysich pSAOM HampsDKEHHH,
YKaXHUTe, KaKHe METAJUIB MOTYT BBITECHSTh MEb M3 PACTBOPOB €€ COJIeH.

Oneir 12 B Tpu npobupku Haneiite mo 2-3 cm® pactBopa nepmanranara kaams KMnOs c
koHneHrparueir C(KMnOy) = 0,02 MOJTB/IM®.
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- B nepByro npo6upky no6assTe 1-2 cm® pacTBopa cepHoii kucnotsl kucnora HaSO4 ¢
xouuenTpanuei C(H2S04) = 2 mons/mve,

- Bo BTOpyro npo6bupKy g06aBbTe 1-2 cM® IMCTUIMPOBAHHOM BOJIBL.

B tpetsio npobupky no6asbTe 1-2 cM® pactBopa ménoun NaOH ¢ konuentpanueii C(NaOH) = 2
MOJIB/IM®,

Bo Bce mpoGupku Haneite mo 3-4 cm® pacteopa cymbdura Hatpus Na;SOz ¢ KOHLIEHTpanueit
C(NazS0s) = 2 mons/nme,

OTMeThTe N3MEHEHHE I[BETa PACTBOPOB B KAXKIOW M3 MPOOUPOK C YIETOM 3aBHCHMOCTH OKPACKH
COEIMHEHMI MapraHIa OT €ro CTENEHU OKUCIEHU: HoH MnOs~ uMeeT GpuoneToByro okpacky, MnOs> —
3en1éHyro, Mn?' — c1abopo30ByI0, a IpU Mallol KOHIEHTPALMH — OECLBETHYIO. 3aHEeCUTEe HAOIONCHHS B
rpady «Habmronenus».

Hamummre ypaBHEHNSI OKHCIHTEIHFHO-BOCCTAHOBUTEIBHBIX PEAKIINN U YPaBHINTE X IO METOILY
3NEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENb U BOCCTAHOBHUTENb.

Omnwit 13 B npo6upky naneite 1-2 cm® pactBopa nepmanranara kamust KMnO; ¢ koHLeHTpanueii
C(KMnQ4) = 0,02 moms/am® noGasere 1 cM® pactBopa cepnoii kucnotel H;SOs ¢ KoHIEHTpanmeit
C(HzS04) = 2 mons/nm® u npuneiite 1 cm® pactBopa moauna kamus Kl ¢ konnentpamueit C(KI) = 2
MOJIB/IM®.

3adukcupyiiTe n3MEeHEHHE [[BETA pacTBOpA U 3aHecHTe HaOmoneHus B rpady «HabmoneHus.

Hamummre ypaBHEHUS! OKHCIHTEIHHO-BOCCTAHOBUTENBHBIX PEAKIUN U YPaBHINTE MX 110 METOIY
ANIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENh U BOCCTAHOBHUTENb.

Omeir 14 B mnpobupky Hanedite 1-2 cm3 pactBopa mnepmanraHara kamuss KMnO4 c
kounenrpamueir C(KMnO4) = 0,02 mone/mm3, nobaBsTe 1 cMm3 pactBopa cepHoil kucinotel H2SO4 ¢
kounenrparuein C(H2SO4) = 2 mone/mm3 u npuieiite 1 cM3 pactBopa cynbgara xenesza (1) FeSO4 ¢
kouneHrparuein C(FeSO4) = 2 monb/am3.

3adukcupyiite n3MEeHeHHE [[BETa pacTBOpA U 3aHecuTe HaOmroneHus B rpady «BeiBoabl. HabmoneHws».
Hanummre ypaBHEHHs OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKM U YpaBHIMTE UX 110 METOAY
ANIEKTPOHHOTO OaniaHca. YKaXUTe OKUCIUTENh U BOCCTAHOBHUTENb.

Onwir 15 B npoGupky Haneiite 1-2 cm® konnentpuposannoii azotoit kucnotst HNOs,p(HNO3)
= 1, r/em® .OnyctuTe B MPOOMPKY 3auMINEHHYIO HaXIA4HOM Oymaroil MemHyro mpoBosoky. Harpeiite
npoOUpPKY Ha INIAMEHU Ta30BOM rOPENIKU U MOCTaBbTe €€ B IITAaTUB Ha 5-10 MUHYT.

3adukcupyiite BeIIENCHHE Ta3a B NPOOMPKE, IBET BBIACIAIOMIEIOCS ra3a M W3MEHEHHE IIBEeTa
pacTBopa. 3aHecute HaOmoaeHus B rpady «Haobmoaenus».

Hanumure ypaBHEHHS! OKUCITUTEIHHO-BOCCTAHOBUTEIIBHBIX PEAKIIMN U YPaBHSMTE X MO METOAY
3JIEKTPOHHOTO OajlaHca. YKaXUTe OKUCIUTEIb U BOCCTAHOBHUTENb.

Onsir 16 Haneiire B mpobupky 1 cm® pactsopa muxpomara kamus K,Cr.O7 ¢ KoHueHTpanueit
C(K2Cr207) = 2 mons/nm® JIo6aBbTe B mpoOupky 2-3 cm® cepHoii kucnotsl HoSOs ¢ KOHIEHTpanueit
C(H2S04) = 2 mons/am® u 2-3 c¢m® pactopa nutpura Hatpus NaNO; ¢ konnentpanueii C(NaNOy) = 2
MOJIB/IM®,

3adukcupyiiTe W3MEHEHHE I[BETa pacTBopa. 3aHecuTe HaOmoJcHMs B rpady «BbIBOIBL
HabGmaronenus».

Hanumure ypaBHEHHS! OKUCITUTEIHHO-BOCCTAHOBUTEBHBIX PEAKIMN U YPaBHSIMTE X MO METOAY
ANIEKTPOHHOTO OanaHca. YKaXHTe OKUCIUTENh U BOCCTAHOBHUTENb.

Conep:xanue oT4yeTa
[Tony4yennbie nanubie 3adukcupyiite B Tabmmme 8.1 mo ciemyromeit popme:
Tabnuua 8.1. Pe3ynbTarhl SKCIIEpUMEHTa

Ne i/ | Pearentsl XHUMHYECKash peaKus Habmonenus

1

b wIN
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KoHnTposabHbIe BOnpockl
ba3oBblii ypoBEHb

1 Yto Ha3pIBaioT cTemeHpio okucieHus? Kak e€ 0003Ha4aroT M KakWe 3HauYeHUs MOXKET OHa
npuHUMAaTh? OTBET MOSCHHUTE HA TIPUMEPax.

2 Kak onpenensercst MakCUMallbHas 1 MUHAUMaIbHAS CTETICHN OKUCIICHUSI SJIEMEHTOB?

3 Kakue peakunu Ha3bIBalOT OKHCIUTELHO-BOCCTAaHOBUTENbHEIMU? [IprBerTE IPUMEpHI.

4 Kakue peareHTbl Ha3bIBalOT BOCCTAHOBUTEIISIMH, KAKHUE — OKUCIUTENAMH?

5 B uem cyTh MeToa momypeakuii? s Kakux cHCTeM OH IPUMEHUM?

6 Kax BeIpaxkaeTcsi KOHCTaHTa PABHOBECHS PEaKIMK M YTO OHA BhIpaKkaeT?

7 Kak MO)XHO paccuMTaTh KOHCTaHTY paBHOBecusi? IIpuBenure cooTBeTcTBYIOIINE (HOPMYIIBI.

8 Ot Kakux (aKTOPOB 3aBUCHUT IMPOTEKAHNE OKUCIUTEIHEHO - BOCCTAHOBUTEJIBHBIX PEaKInii?

9 3aBuCHMOCTB OT KaKUX IapaMeTpoB OTpakaeT ypaBHeHue Hepucra?

I1oBBIILIEHHBIN YPOBEHD

1 Kaxk OLEHMBAIOT 3KBHBAJICHTHl OKHCIWTENS M BOCCTaHOBUTENA? B Kakux enmHMIAX OHHU
BbIpa)karoTcsi?

2 Yro Ha3bIBAIOT MOJIBHON MacCoOi OKHCIUTENs M BOccTaHoBUTeNsA? KakoBa Mx pa3MepHOCTH?
[IpuBenuTe npUMepsI.

3 KakoBa cTpykTypa ainropuTMa MeETOJa JIEKTPOHHOTO OamaHca? OTBET WILTIOCTPUPYHTE
pUMEpPaMH.

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIO0JIb30BAHUIO M0 JAHHOM Teme

OcHoBHas iMTeparypa:

1 Cemenos, 1.H.<BR>&nbsp;&nbsp;&nbsp; Xumus DnekTpoHHbIH pecypc : yueOnuk / N.JI.
[Teppunosa / U.H. Cemenos. - Xumus,2019-06-21. - Canxr-Ilerepoypr : XUMU3 AT,
2016. - 656 c. - Knura naxoautcs B 6azoBoit Bepcun DbC IPRbooks. - ISBN 978-5-9388-
275-5, 5K3eMIUTSIPOB HEOTPAHUUYECHO

2 I'munka, H. JI. O6mas xumus : yue6. nocodue / H.JI. I'munka. - uzn. crep. - M. : KHOPYC,
2016. - 752 c. : un. - Ilpwi.: c. 721-724. - bubnuorp.: c. 725-726. - ISBN 978-5-406-04995-
2, 9K3eMILIAPOB 1

JlonmoJIHUTeIbHAS JIUTEpaTypa:

1 Kapanetsstau, M. X. O6mas 1 HeopraHudeckast XuMus : yueOHUK Juid By30B / M. X.
Kapaneresan, C. U. [Ipakun. - 4-e uza., crep. - M. : Xumus, 2000. - 592 c. : un. - (s
BhIcuIel mKkobl). - ISBN 5-7245-1130-4, sx3eMIUIIpoB HEOTPAaHUUEHO

2 Kenuna, H. FO. O0miast u HeopraHndeckass XMMHUs B TAOJIMIIAX U CXeMax : yue0. mocodune
i TexaukymoB / H. 1O. Kenuna, H. B. be3pyuxo. - PoctoB H//] : ®enukce, 2008. - 422 c. -
(Cpennee mpodeccronanbHoe oOpa3oBanwue). - bubdmauorp.: ¢. 371-374. - Tlpeam. ykas.: c.
375-382. - IIpun.: c. 383-415. - ISBN 978-5-222-13586-0, 5x3eMILISIpOB HEOTPAHUYEHO

HNHTepHET-pecypcenl:
1 http://window.edu.ru/ — EnuHoe okTO HocTyma K 00pa30BaTeIbHBIM PecypcaMm.
2 http://window.edu.ru/resource/931/73931/files/tutorial8.pdf.

3 http://window.edu.ru/resource/145/75145/files/book-3.pdf.

Tema 9. OcHOBHBIE MOJIOKEHUS IJIEKTPOXUMMHU.
JlaGopaTopHnas pa6ora 9. 'anbBaHMYeCKHe 3JIEMEHThI
Ilenb paboOThI: OCBOMTBH COCTaBJIEHUE CXEMbI FAJIbBAHUYECKOT0 3JIEMEHTA U METO/1bI HAlTUCAHUS
YPaBHEHUH AJIEKTPOJHBIX IIPOLIECCOB.
dopmupyemble KOMIETEHIIUN HJIM X YacCTH:

|KOI[ DopMyTHPOBKA
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OK-7 CIIOCOOHOCTBIO K CAMOOPTaHU3ANH U CaMOOOPa30BaHUIO

OIIK-1 CII0OCOOHOCTBHIO ¥ TOTOBHOCTBIO MCIIONB30BATH OCHOBHBIE 3aKOHBI
€CTECTBEHHOHAYYHBIX AUCIUIUINH B MPOPECCHOHATBHOMN IS TEILHOCTH

[1K-3 FOTOBHOCTBIO MCIIOJIb30BaTh HOPMATUBHBIE JOKYMEHTHI 110 KAUYECTBY,
CTaH/IAPTH3AIUH U CePTU(DHUKAIIH TPOTYKTOB U U3JICITHIA, JJIEMEHTBI
SKOHOMHUYECKOI'O aHAJIU3a B IPAKTUYECKOU 1E€ATEIbHOCTU

I1K-18 COTOBHOCTBIO HCIIOJIB30BaTh 3HAHUS CBOMCTB XUMHUYECKUX 3JIEMEHTOB,
COEIMHEHHH U MaTepPHAJIOB Ha X OCHOBE JIJISl pEIICHHMS 33729 PO eCCHOHAIBHOMN
e TeNbHOCTH

TeopeaneCRaﬂ 4acTb
[IpuoOperaembie komrerenuuu OOIl npu m3ydeHUM Marepuana paszelna:

OakanaBp JOKEH MOHUMATh POJIb OXPAaHbl OKPY>KAIOIIEH Cpeibl U pallHOHATIBHOTO
IPUPOAOIIONB30BaHUS ISl PA3BUTHUS M COXPAHEHMS LUBWIM3aLUMK; 00JanaTh
CHOCOOHOCTBIO M TOTOBHOCTBIO BIJIaJIETh OCHOBHBIMH METOJAMH, CIOCOOAMH U
CpEICTBAMH TMOJYYEHUs, XpaHEHUs, MepepadOTKM HHQPOpPMalUU, HCIOJIb30BaTh
KOMIIBIOTEp KaK CPeACTBO pabOThl C MH(OpMALUEN; a Tak ke CaMOCTOATEIbHOIO
npuoOpeTeHuss (U3NYECKUX 3HAHWM, MJI1 TMOHMMAHUA MPHUHLIMIIOB PAOOTHI
pUOOPOB U YCTPOMCTB, B TOM YMCIJI€ BBIXOJSLIMX 33 MpPeNesbl KOMIIETEHTHOCTH
KOHKPETHOTO HampasiieHusi. bakanBap Oyzaer cmocoOeH J1eMOHCTpUpPOBATH
0a30Bble 3HAaHHA B OOJACTH E€CTECTBEHHOHAYYHBIX [MUCLUUIUIMH U TOTOBHOCTBIO
MCITI0JIb30BaTh OCHOBHBIE 3aKOHBI B IPO(ECCHOHATLHOM €SI TEIbHOCTH, IPUMEHSTh
METOAbl MAaTEMaTHYECKOIO aHaln3a M MOJCIMPOBAHUSA, TEOPETUUYECKOIO U

IKCIICPUMCHTAJILHOTI'O UCCICAOBAHMS.

Teopernyeckue 0CHOBBI
[Tpubop, B KOTOPOM XMMUYECKAsI SHEPTUs OKUCIUTEIbHO-BOCCTAHOBUTEIHLHON peaKInu

MpEeBpaIaeTCA B JIEKTPUUECKYIO, HA3BIBACTCA IAJIbBAHUYECKUM 3JIEMEHTOM.

OcHOBHas COCTaBHAs 4acCTh FAJIbBAHHYECKHUX JIEMEHTOB — JJICKTPOBL. Yalie Bcero oHu
OBIBAIOT METAJUIMYECKUMHU. DIEKTPOJ, Ha KOTOPOM MPOUCXOTUT TMPOIECC OKHUCICHUS,
HAa3bIBACTCS aHOJIOM.

TaK, €CJIM B TAJIbBAHUYCCKOM DJICMCHTC UMCHKOTCS Me}IHI)H\/'I nu I_[I/IHKOBBII\/'I 3J'IeKTpO)II)I, U B
TIOCTIETHEM MPOMCXOINT MPOIIEcC OKHMCTeHHs muHKa: ZNn® — 2 <> Zn?*, To IIMHKOBBIH 21EKTPOT
OyIeT aHoAOM.

DNeKTpo, Ha KOTOPOM MPOUCXOIUT MPOIIECC BOCCTAHOBJICHUS, HAa3bIBAaeTCs KaTojoM. B
BBITIICTIPUBEAEHHOM MPUMEPE KaTOJAOM SIBJISICTCS MEIHBIA SJIEKTPOI: Cu*+ 2e & CU°,

DJEKTPOHBI C JIEKTPOJIa, HA KOTOPOM IPOUCXOIMT MPOIECC OKHCICHUS, TIEPEXOIAT Ha

QJICKTPOA, I'’AC NPOTCKACT MPOUECCC BOCCTAHOBJICHU.
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Takum 00pa3oM, B raJibBAHUYECKOM JIEMEHTE, HMEIOIEM B KaueCTBE KaToJa MEIHYIO0 U
B Ka4eCTBE aHOJa IUHKOBYIO IJIACTHHBI, 3JICKTPOHBI C ITMHKOBOM TUIACTUHBI OYIyT MEPEXOIUTh
Ha MEJIHYIO.

10.7 DnexkTpoa B rajibBaHMYECKOM 3JIEMEHTE HAXOJUTCS B pacTBOpPE AJIEKTpoiuTa. B
MPOCTEHIIEM CcTydae JIEKTPOIUTOM SIBIISIETCSl PACTBOP COJIM TOTO MeTalljia, U3 KOTOPOTo clesiaH
AIIEKTPONI.

Tak, B MEIHO-IIMHKOBOM TaJIbBAHHYECKOM JJIEMEHTE IIMHKOBBIN AJIEKTPOJ MOXKET OBITh
MOMEIIEH B pacTBOP Cylb(dara IUHKA, a METHBINA — B pacTBOp CyJb(hara Meau.

CrnenoBaTenbHO: IIMHK MMOMEMIAIOT B PAaCTBOpP, COAEpKAIIMNA KATHOHBI LIMHKA, a MEIb B
pacTBOp, CoAEp KA KATUOHBI MEJIU.

Cuctema, cocrosiiuas M3 MeTalla, OIYIIEHHOIO B pacTBOpP, COACpPXKAIIUN €ro HOHBI,

n+
Ha3bIBACTCS TIOJIY?JIEMEHTOM W 0003Ha4YaeTcs Me ™ / Me (cBepxy Bcerna OKHCIICHHAs
dbopma).
JlBa moJyssieMeHTa, COeAMHEHHBIE MPOBOJHUKOM, O0pa3yIOT rajlbBAHUYECKUN DJIEMEHT

(pucynok 9.1):

£ (%)
) — R
_,-/-:: S0.% \H +
— +
Dpald- el
— B = g 5
Zn2++s_o42 C:Z++SO_42

Pucynok 9.1 Cxema MeOHO-YUHKOBO2O 2ANbBAHUYECKO20 dNIeMeHMA

B ranpBaHMYeckoM 3leMeHTe OAMH 3JEKTPOJ (aHOM) pacTBOpSETCS, T.€. HOHBI MeTasuia
nepexonarT B pacTBop. Tak B METHO-IIMHKOBOM TalbBaHUYECKOM DJEMEHTE MPOUCXOIUT
pacTBOpPEHHE IIMHKOBOH TTACTUHKH.

B pesynbTare mepexoja MOHOB IIMHKA C IJIACTHHKH B PACTBOP HA IUIACTHHKE OCTA&TCS
M30BITOK DJIEKTPOHOB, M OHA 3apshKaeTcsl oTpuuatenbHo. C Ipyroi CTOPOHBI, MEPEXo] MOHOB
[IMHKA B PACTBOP MPUBOAUT K YBEIIMYEHUIO UX KOHIIEHTPAILIUU B PACTBODE.

brnarogapst mepexojy MOHOB IWHKA C TUIACTHHBI B PAacTBOP BEC IMHKOBOHM TUIACTUHKU
OyZleT yMEHBIIaThCSI.

O,Z[HOBpCMCHHO C 3TUM Ha MCIOHOM DOJJICKTPOAC MPOUCXOAUT MNPOUCCC BOCCTAHOBJICHUA

2+ -
MOHOB MEJIM U3 PacTBOPA: Cu " +2e < Cu,
3a cuér HTOro mpolecca KOHIEHTPAIMs HOHOB MEJU B PACTBOPE YMEHBIIAETCS, a Macca
MeHOH ITaCTUHKYU yBEIHYUBAETCS.
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Iepexon monoB CU?* u3 pacTBOpa Ha MIACTHHKY MPUBOAMT K TOMY, YTO MeIHAs
IUTACTUHKA 3apsKACTCs MOJI0KUTEIBHO.
PaccmoTpenHblil TanbBaHMYECKHU 3eMeHT (dseMeHT anuang — Slkobu) cxemaTtudecku

MOYHO 3aITUCaTh CICIYIOIINM 00pa3om:
(-)Zn[Zns0,|/Cuso,|Cu(+)
WM B HOHHOU (hopme:

(—)Zn‘anJr cu?*icu(+)

OavHOYHBIE JIMHUU B CXEMax 0003Ha4aloT IPaHuIly METalll — pacTBOp, a IBOMHBIE TUHUU
— IpaHuIly MeXy pacTBopaMu. OTpULIATENIbHBII 3JEKTPO/] (aHO) 3alIMChIBAECTCS CIIEBA.
B ocHoBe pa0®oThl pa300paHHOIO 3JIEMEHTA JIC)KUT OKUCIUTEbHO-BOCCTAHOBUTEIbHAS

peaKnuus:

Zn+CuSO4 — ZnSO4 +Cu

WU B MOHHOU opme:

Zn+Cu’t = 7Zn?* +Cu_

B ranbpBaHMuYECKOM 3JIEMEHTE, COCTABICHHOM W3 JKEJIE3HOW IUIACTUHKH, OMYIICHHOW B
pactBop FeSOs, u cBHHIIOBO# MmiacTHHKHU, onyiieHHOH B pactBop Pb(NOz3)z, sxene3o siBisiercs

AHOOOM. CXGMa 9TOr'o 3JIEMCHTA cnenyromaﬂ:
(—)Fe\ FeSOy4||Pb(NO3),|Pb(+)

Ha >xene3nom snextpone (aHOAE) MPOUCXOIUT OKHUCIECHUE. DTOT MPOIECC OMUCHIBACTCS

CJICAYIOIUM 3JICKTPOHHO-MOHHBIM YPAaBHCHUCM!

FeV — 2e «» Felt
JKene3Hslil 251eKTPO TPHOOPETACT OTPULIATESIBHBIN 3apsi/l.

Ha cBuHI1I0BOM QJICKTPOAC (KaTO,Z[C) MMPOUCXOAUT ITPOLECCC BOCCTAHOBJICHHUA MOHOB Pb2+

H3 paCTBOpa:

2+ - 0
Pb“" +2e <& Pb"
CBHHHOBLIﬁ BHCKTPOI[ 3ap51>1<aeTcsi ITOJIOKUTCIILHO.

Cymmupys o0a ypaBHEHHUs, IOJyYUM HOHHOE YpaBHEHHE pEeaKlMH, MPOTEKaloleld B

JaHHOM TaJIbBAHHMYCCKOM DJICMCHTC:

Fe+Pb%" — Fe?" +Pb_
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DONEeKTPOHBI 1O TPOBOJHUKY, COCIUHSIONIEMY IUIACTUHKH, OYyIyT TMepexoauTh OT
JKEJI€3HOM IINIACTUHKU K CBUHIIOBOM.

Urak, B raipBaHUYECKOM 3JIEMEHTE 110 TPOBOJAHUKY, COEAUHSIOMIEMY 3JIEKTPOJIbI, TEYET
AJIEKTPUYECKHI TOK.

[TosiBiieHUE 3JIEKTPUUYECKOrO TOKA CBUACTEIBCTBYET O HAJIMYUM PA3HOCTH MOTEHIIMAJIOB
MEXIy OdJIeKTpoaamu. IMHaue roBops, Ha OJHOM H3 JJIEKTPOAOB BO3HHMKAET  KAKOM-TO
OnpeAeNEHHbBIN TOTEHIHAII, PA3JIMYHBIN JIJI PA3JIMYHBIX JIEKTPOIOB.

[ToreHiman, KOTOPBIM yCTaHABIMBAETCS HA METALUIMYECKOM SJIEKTPOJIE, MOMEIIEHHOM B
pacTBOp COJIM OJTHOMMEHHOTO METajlia, Ha3bIBAETCA AJIEKTPOIHBIM IMOTEHIIMAJIOM MeTajuia.

N3MepeHHble B CTAaHAAPTHBIX YCIOBHUSAX IMOTEHLHMAJIbl METAJUIOB  HA3bIBAKOTCS
HOPMAJIbHBIMU (MJIM CTAHJAPTHBIMU) SJICKTPOJHBIMU TMOTEHIMAJaMU METauioB. VX 3HaueHuUs
JUISL pa3JIMYHBIX METAJIJIOB IPUBEACHBI B Ta0uIE 9.1.

Uem gerye MeTal OTHAET DSJEKTPOHBI, T.€. YEM JIeT4e OH OKHUCISETCS, TeM
OTPULATEIIBHEE €r0o JJICKTPOAHBIM MOTeHIMald. MHaye roBops, MO BEJIUYHUHE SJIEKTPOIHOTO
MOTEHIIMAaIa MOKHO CYJIUTh O CIIOCOOHOCTH METaJUIa OT/IaBaTh AJICKTPOHHI, T.e. 00 aKTUBHOCTH
MeTaJlia.

bonee axkTuBHBIM MeTann uMeeT Oojee OTPUIATENBHYIO BEIUYHHY DSJIEKTPOTHOTO
noreHuuana. Tak, HOPMaJIbHbIE JJIEKTPOAHBIE TOTEHLIMAIbl MarHus, I[MHKA W MEIu

COOTBETCTBEHHO paBHbI (B B):

0° (Mg /Mg 2" =-2,34:9° (Zn/ Zn°*) = —0,76;¢° (Cu /Cu?") = +0,34.

CpaBHI/IBaﬂ O9TH 3HAUYCHUA, MOXKHO CACJIaTh BbIBO/J, UTO HaI/I60H€€ AKTHUBHBIM U3 3TUX TpéX
MCETAJIJIOB ABJISICTCA Mal"HI/II\/'I, a MCHEC aKTUBHBIM — MC/b.

B rampBaHmueckoM 3IE€MEHTE, MMEIOIIEM JIBa Pa3UYHBIX METAITMYECKHUX JJIEKTPOJa,
aHOJIOM OyJeT MeTayl C MEHBIIEH BENTUYMHON CTaHJAPTHOTO 3JEKTPOJHOTO MOTEHIMana, T.€.
0oJjiee aKTUBHBIH METaI.

Hampumep, B rabBaHHYECKOM DJIEMEHTE
Mg‘MgZJr Zn2+|Zn

HamOoJee OTpUIIATEICH JJICKTPOAHBIA TOTEHIMANl MAarHus, I[O3TOMY MarHUEBBIH
ANEKTPOJT OyJET aHOIOM.

Ha maruueBom snextpojie (aHoae) UAET MPOLECC OKUCIEHUS TI0 YPaBHEHUIO:

Mg <> Mg?* +2e.
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Ha nuakoBOM 31ekTpoze (kaTo/ie) mpoTeKaeT MPoIecC BOCCTAHOBICHUS ITUHKA:

Zn’* +2e &> zZn?.
10.36 CymmapHOE€ HOHHOE YpaBHEHHUE PEAKIMU, MPOTEKAIOIIEH B TAKOM rajlbBAaHUYECKOM

9JICMCHTE, CIICAYIOIICC:

0 2+ 2+ 0
Mg” +Zn“" - Mg“" +2Zn",
Bennuunna 371€KTpoIHOTO MOTEHIMAa MeTaljia 3aBUCHT, TJIABHBIM 00pa3oM, OT MPHUPOIbI

MeTaljia, TEMIICpATypbl KW KOHICHTpalMKM HOHOB MCETalllla B pPacCTBOPE. OTa 3aBHCHMOCTH

BBIPAXKACTCA YPABHCHHUEM HepHCTaI

0 0,059
0=0 (Me/Me”+)+Tlg C(Me"), ©.1)

rae ¢ (Me/Me"™) — HopManbHBII YIEKTPOAHBINA MOTEHIIHAT;

N — YUCJIO OTJABACMBIX (PUHUMAECMBIX ) METAIIJIOM JJICKTPOHOB;

C(Me") — KOHIIEHTpAIMs HOHOB METaJlIa B PACTBOPE, MOJIB/IM".

[Ipy KOHIIEHTpAallUM HOHOB METajia, PaBHOH 1 MoNb/mM®, BTOpOil uileH ypaBHEHHS
obpalaercss B HONb, TOTAA @ = ¢, m.e. 21eKMpOOHbl NOMEHYUAN MEemaiia npu e2o
xonyenmpayuu 1 Monu/om® npedcmasnsiem co6oii cmanOapmHblil 2NeKMPOOHbIL NOMEHYUA.

QHGKTPOJIBI/I)KYHIEUI cuna FE ranpBaHHYECKOTO 3JIEMEHTA OonpeaACIACTCA Pa3sHOCTBIO

MOTEHIMATIOR KATONA U aHofa: & = Ok —QA.

Tax, 3JIC MarHueBO-IIMHKOBOTO TaJlbBAHUYECKOTO 3JIEMEHTa, IMPH KOHLEHTPALUIX
HOHOB COOTBETCTBYIOIIUX METaJIJIOB OIMH MOJTB/ M2,
coctasmsier: E = @°(Zn/ Zn?") — ¢° (Mg / Mg?*) = —0,736 — (=2,34) =1,604 B.

Uem Oomplrie pa3HOCTh B 3HAUEHUSAX CTAHJAPTHBIX ANEKTPOJAHBIX MOTEHIIUAJIOB METAIIIOB,
teMm Oosbire DJ]C raapBaHMYECKOTO DJIEMEHTA, KOTOPBIA AT METaJUIB 00pa3yIoT.

CpaBanm DJIC TOABKO YTO pa3o0paHHOTO MAarHHUEBO-IMHKOBOTO TajbBaHMUYECKOTO

2JICMCHTA C 3I[C MAardimeBO-MCIHOT' O 3JICMECHTA.
(-Mg
C(Mg/Mg?*)=C(Cu/Cu?") =Luomw! om®

Mg?*|zn%*|zn(+);

E=¢°(Cu/Cu®")—¢p°(Mg/Mg?*)=+0,34 - (—2,34) = 2,68 B. .

Wrtak, yem pnampie JOpyr OT Apyra HaxOMATCS METAIbI B TaOJIMIIE HOPMAJIbHBIX

AJIEKTPOJIHBIX MOTEHIIMANOB, TeM Oobiie DJ[C raabBaHUYECKOTO SJIEMEHTA.
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Kak ormeuanocs paHee B pas3zese, 3aBUCUMOCTD BEJIMYMH JJIEKTPOJHBIX IOTCHIIMAIOB OT
KOHIIGHTPALlMM OKHUCJIHMTEIBHOM M BOCCTAaHOBUTEIbHOM (opM pearenta u oT pH cpens
BbIpaxkaeTcst ypaBHeHueM Hepaera (9.1).

VYpaBHenue HepHcra mo3BosisieT npoBoauTh pacueT IJ[C raabBaHUYECKUX SJIEMEHTOB
IIPY YCJIOBUAX OTIIMYHBIX OT CTAHIAPTHBIX.

N3menenne wuzobapHOro mnoreHmuana [mbOca B cUCTEeMe 4YHCIEHHO paBHO paboTe,
COBEpLIAEMON B PE3yJIbTaTe MPOTEKAHUS SJIEKTPOXUMHUECKON PEAKIINU:

AG =-A=-nAgpF, (9.2)

rne A — paboTa »SJIEKTPUYECKOrO TOKA, paBHAs MPOU3BEIACHUIO YHUCIA MOJb

IIEPEHECEHHBIX IEKTPOHOB N, HAIIPSKEHUS B DJIEKTPUUECKON Lenu A¢ u nocrossHHoN dapanes
F =96 454 Kn/mons = 96 500 Kn/mob.

JUi cTaHAAapTHBIX YCIOBUM:

AG? =-A%=_nAp °F. (9.3)

KoHcranta paBHOBeCHs JJIEKTPOXUMHUYECKOM pEaKkUMM Uil CTAHJAPTHBIX YCJIOBHUH
omnpezensercs GopMyJIoi CIeAYIOLEro BUAA:

0
p =%=16,9nA¢°. (9.4)
BennuuHel KOHCTAaHT paBHOBeCI/Iﬁ AJI PA3HBIX JJICKTPOXUMHUYCCKUX peaKHI/Iﬁ ITIO3BOJIAKOT
ONpCACIIATh CTCIICHDb UX HeO6paTI/IMOCTI/I.
HOCKOJ'H)Ky SHGKTpOJIHI)H\/’I IIOTCHIHAJI MeTaJljia 3aBUCUT OT KOHHGHTpaHI/II/I paCTBopa, TO
MOXHO COCTAaBUTH LCIIb HN3 OIAWHAKOBBIX MCTAINIMYCCKUX BHGKTPOIIOB, HOFPY)KGHHI)IX B
pacTBOpPLI C pa3J’IH‘-IHOI>i KOHHCHTpaI_II/IeI\/’I HOHOB OTOIo0 MfETtaljila — 2mo KOHL]eHmpaLﬂ/lOHHbllZ

2anbBARUYECKULL DTICMEHM.

3/1C KOHIIEHTPAIIMOHHOTO 3JIEMEHTA OTpEEIsIETCs: IO popMyIIe:
_ 0059, C1(Me?")
Z 7 Cy(Me™)

rae C(Me*") — KoHIeHTpalist HOHA METaJlIa B IPUAJIEKTPOIHOM CIIOE, Mot/ M2, npu4yemM

I[C (9.5)

C1(Me*") > Co(Me*) ; Z — cTeneHb OKUCIIEHHS HOHA.

Oo0opynoBaHne U MaTepuasbl
JlBa crakaHa émKkocThio 100 cm®
PactBop CuSOs, C(CuSOs) = I monw/om®.

PactBop ZnSO4, C(ZnSO4) = I mons/om®.
MeaHas mIacTUHKA

[MuHkoBas MIaCTUHKA

MenHble TPOBOJIOYKHU

BousbT™meTp

Noakow NME
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8. U — ob6pa3nas TpyOka
9. pacreop KCI
10. Arap-arap

Yka3aHnus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3NEKTPOOOOPYAOBAHHH, IITEKTPOIPOBOAKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

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

3. Pabouee mecTo conepkaTh B MOPSIKE U YUCTOTE.

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

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

6. Bce ombITH ¢ BpeAHBIMH U MIAXHYIIUMH BEIIECTBAMU, a TAKKE yIapUBAaHHE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJNTH B BBITSDKHOM IIKaQYy.

7. OcTaTku coenMHEHUH cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHWH pacTBOPOB B MPOOUPKE BCETAA CIEAYET AepiKaTh €€ TaKuM 00pa3oM, Y4TOOBI
OTBepCTHE MPOOUPKH OBLIO HAIIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsIOM coceaa.

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

10. He cnemyer BABIXaTh Maxydue BEIIECTBA M Ta3bl, OJM3KO HAKIOHSACH K COCYIY C ITHMH
BCUICCTBaAMMU. Hroxatb BCHICCTBA MOXXHO JIMIIb OCTOPOXKXHO, HAIIPABJIAA K ce6e mapbl WIK ra3 IBUKCHHUCM
PYKH.

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

12. BbumBath pa30aBiicHHBIEC KUCIOTHI U IICJIIOYHBIC PACTBOPHI CICAYET B CAMBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOdoBaTh XHMHUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIerK0 BOCILIAMEHSIOIIUMUCS BemiecTBaMu (3QUphI, OSH301, CEpOyTIepos U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX IUIUTOK.

15. Tlpu pabGoTe cO CTEKIOM, XHMHYECKOW IOCYAOH, HEoOXoAMMO coOMoIaTh TpaBUiia
IPEOCTOPOKHOCTH BO M30€KaHUE PAHEHUH OCKOJIKAMH CTEKJIA.

16. Kareropuiecku 3arpemniaeTcs OCTaBIsATh paOdoTaroNre IpruOOps 63 HaOMI0IeHUS!.

25. B xumMuveckoit 1abopatopun He0OX0IUMO paboTaTh B Xajare.

3aganuda

Onvim 1 Bo3pMuTe 1Ba cTakanHa émkocTsio 100 cM®. B oauH M3 HUMX HaneiTe pacTBOp
CuSOs, B apyroit — pactBop ZnSOs. Konmentparuu pactBopoB oauHakoBbl: C(CuSQOs) =
C(ZnSO4) = 1 monv/om®.

B nepBbIii cTakaH omycTUTE MEIHYIO IUIACTUHKY, BO BTOpPOM — HHMHKOBYIO. K o6enm
IUTACTUHKAM TPHUKPENUTEe MEAHbIE MPOBOJOYKU, KOTOpPHIE COEJUHHUTE Yepe3 BOJIBTMETD.
PactBopel B crakanax coemunure U — oOpasHoil TpyOkol, HanoiHeHHOH pactBopoM KCl B
cMecu c arap-arapoMm. HaOmronaercss OTKJIOHEHHE CTpeNKH, T.. B LENU TOSBIAETCS
ANEKTPUYECKUN TOK.

Tabnuya 9.1 Cmanoapmmuouie 31eKmpoOHble NOMEHYUATbL MEMAILL08

YpaBHEHHE NOJypEeaKIIuU ¢°, B YpaBHEHHE NTOJypEaKLIUU 1) 0, B
Agt+ e oAg +0,7994 Hg 5" + 2e < Hg +0,792
APRY + 3¢ o Al -1,66 Ktr+eeo K -2,923
Au®t + 3e o Aut +1,41 Lit+ee Li -3,04
Audt + e o Au +1,50 Mg?* + 2e —Mg -2,37
Aut +e o Au +1,68 Mn?* + 2e < Mn -1,17
Ba?* + 2¢ <> Ba -2.91 Mo®* + 3e — Mo -0,2
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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
Cri* + 3e & Cr -0,74 Pb** + 4e & Pb +0,77
Cd?* + 2e & Cd -0,403 Pd?* + 2e < Pd +0,915
Cu?* + 2e > Cu +0,345 Pt?* + 2e & Pt ~+1,2
Cu* + e e Cu +0,531 Rb* +e — Rb -2,924
Fe’* + 3e o Fe -0,058 Sb%* + 3e & Sh +0,20
Fe?* + 2e¢ <> Fe -0,473 Sn®* + 2e <> Sn -0,140
2H* + 2¢ & H 0,0000 Srt + 2e o Sr -2,89
Hg** + 2e < Hg +0,850 Zn** + 2e < Zn -0,764

Conep:xkanue oTyera
Hanummre ypaBHeHHs 37IEKTPOHBIX MPOLIECCOB U CYMMAapHOW peakluy, MPOUCXOISIINX

IIpu pa60Te SJICMCHTA. OHpe,Z[eJ'II/ITe KaToa U aHO[. CocraBbTe CXEMY J3JICMCHTA, pacch/ITaﬁTe

3/1C, AG u cTaHIapTHYIO KOHCTaHTY CKOPOCTH.

KoHTpoJibHBbIE BOPOCHI
ba30BbIil ypOBEHB

1Kakue mporecchl Ha3bIBAIOT JNEKTPOXUMHYECKUMHU? YeM OHU OTIMYaITCA OT
00braHBIX OBP?

2KakoBbl MPUYHHBI BO3HUKHOBEHUS JABOWHOTO DJIEKTPHUYECKOTO CJIOS HA MOBEPXHOCTH
METaJUTMYeCKOU IJIACTUHBI B BO/IE?

3 Kaxkoe ycTpoiicTBO Ha3bIBAIOT TajbBaHUYECKUM d1eMeHToM? [IpuBeaute ero cxemy
Ha KOHKPETHOM TIpUMEPE.

4 Kakue ameKkTponbl Ha3bIBAalOT aHOJAMM, KaKMe — KaroAaMH? YKaXUTe aHOI H
KaToJ B IMHK-CEPEOPSTHHOM T'aJIbBAHUYECKOM 3JIEMEHTE.

5 MoOXHO 7M1 ompenenuTh aOCOMIOTHOE 3HAYEHUE JIIEKTPOJHOIrO IMOTeHIuana’?
Kakoli anexkTpos BbIOpaH B Ka4eCTBE AIEKTPOAA CPaBHEHUS?

6 Kak ycTpoeH craHpapTHbI BOAOponHbIA anektpon? IlpusBenure ero cxemy u
00BSACHUTE MPUHIUI PaOOTHI.

7 Yro Takoe «psn HanpsHKEHUN MeTauioB»? Uto oH onpenenser?

IToBbIILIEHHBIN YPOBEHD

8 Kakoil «XMMHYECKHI CMBICT» HMEIOT 3HAaKH «+» M «—» 1 CTaHAApTHBIX
AJIEKTPOJHBIX TOTEHLINATIOB OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX CUCTEM?
9 Kax onenuBarotr 3/]C rampBanmdeckoro sneMenTa? OTBET MOSICHUTE HA TIpPUMEPE

KaJIMUN-MEIHOTO rajlbBaHUYECKOIO DJIEMEHTA.

10 /Tnst wero mpuMeHstoT ypaBHeHne Heprera? HamumuTe dopmyiy mpuBeIeHHOTO BHIA
ATOr0 ypaBHEHUSI.

11 Kakue npubopsl Ha3bIBAIOT akKKyMyssiTopamu? KakoBel UX THIIBI?

12Kak yctpoeH cBUHIOBBIM akkymynarop? IlpuBenuTe ypaBHEHUS, OINHMCHIBAIOLIHE
IIPOLIECCHI €T0 3apsAaa-paspsaaa.

Cnucok Jaureparypbl, peKOMeHAyeMbIil K UCI0JIb30BAHUIO 110 JAHHOH TeMe
OcHoBHas JuTepaTypa:

1 Cemenos, 1.H.<BR>&nbsp;&nbsp;&nbsp; Xumust IneKTpoHHBIN pecypc : yueonuk / M.JL.
[Teppunosa / U.H. Cemenos. - Xumus,2019-06-21. - Canxrt-Ilerepoypr : XUMU3 AT,
2016. - 656 c. - Kuura naxoautcs B 6azoBoii Bepcuu DBC IPRbooks. - ISBN 978-5-9388-
275-5, 3K3eMIUISIPOB HEOTPAaHUYCHO
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2 I'muuka, H. JI. O6mas xumus : yue6. mocobue / H.JI. I'munka. - uzna. crep. - M. : KHOPVYC,

2016. - 752 c. : un. - [Ipun.: c. 721-724. - bubnuorp.: c. 725-726. - ISBN 978-5-406-04995-

2, 9K3eMILIApOB 1

JlomoJIHUTeIbHAS JIUTEPATypa:

1 Kapanetpstan, M. X. O0mas 1 HeopraHu4eckast XuMus : yueOHUK it By30B / M. X.
Kapanerpsan, C. U. [Ipakus. - 4-e uza., crep. - M. : Xumus, 2000. - 592 c. : un. - (s
BhIcIIel mKoJbl). - ISBN 5-7245-1130-4, sx3eMIUISIpOB HEOTPaHUICHO

2 Kenmuna, H. 10. O6mas 1 HeopraHuyeckass XuMusl B TaOIUIAX U cXeMax : yue0. mocooue
s TexaukymoB / H. FO. Kenuna, H. B. be3pyuxo. - PoctoB 0//] : ®enukce, 2008. - 422 c. -
(Cpennee npodeccuonanbHoe oOpa3zoBanue). - bubmmorp.: ¢. 371-374. - [Ipeam. ykas.: c.
375-382. - [Ipun.: c. 383-415. - ISBN 978-5-222-13586-0, sx3eMILISIpOB HEOTPAHUIECHO

NuTepHeT-pecypcenl:
1 http://window.edu.ru/ — EauHoe okTo A0CTyIa K 00pa3oBaTeIbHBIM pecypcam.

2 http://window.edu.ru/resource/931/73931/files/tutorial8.pdf.
3 http://window.edu.ru/resource/145/75145/files/book-3.pdf.
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BBenenue

Jucnunimna « O6mas 1 HeopraHM9IecKasi XUMHUsD» OTHOCUTCA K JUCIHUIUIMHE 0a30BOM YacTH.
Ona HampaBieHa Ha (QopMHpoOBaHHE  OOIEKYIbTYPHBIX, OOHIENPOdECCHOHATIBHBIX U
npodeccuoHaNbHBIX KOMIIETEHIUH 00YYaroIMXCsl B MIPOLIECCE BHIOTHEHUS paboT, OmpeesIeHHbIX
oI'0C BO.

Meroanueckue yka3zaHusi COCTaBIIEHbI HA COBPEMEHHOM HAay4YHOM YPOBHE U PacCUMTAHBI Ha
CTyACHTOB, 110 HamnpayieHuto 18.03.01 Xumudeckasi TEXHOJIOTHS.

[TocnenoBarenbHOCTh TEM COOTBETCTBYET JIOTMYECKOW CTPYKTYpE €€ IPOXOXKICHMS.
[IpemyiaraeMble  METOOMYECKHUE YKA3aHUS COJAEpKAT Marepuayl, KOTOPbIH pPEKOMEHAYEeTCs
UCIOJIb30BaTh CTYACHTAM IIPH MOATOTOBKE K MPAKTHUUECKUM 3aHSTHUSM.

s MOATOTOBKHM K MPAKTUYECKUM 3aHSATUSM CTYACHT JOJDKEH H3YYHTh Marepuai IIo
COOTBETCTBYIOIIEH TeMe, HCIOJIb3ysd OCHOBHYIO U JOMOJHUTEIBHYIO IUTEpaTypy, a TaK xKe
ucnonb3ys nepuogudeckue nganus CMU.



TEMA 1. OCHOBHBIE IIOHATUA U 3AKOHbBI XUMUU.

IMPAKTUYECKOE 3AHATHUE 1. OCHOBHBIE KJIACCBI HEOPTAHUYECKHUX
BEHIECTB

Hean 3ansaTusi: OO00O0IEHUE, 3aKpeIJIEHHE W CHCTeMaTH3alMs 3HAHUW O BaKHEHIIMX
KJIacCax HEOPraHMYECKUX COCIMHEHUM Ha MPUMEPE OKCUIOB, KUCIOT, OCHOBAHUH U COJIEH.

3HaHMsA ¥ yMeHHUs, IpHodpeTaeMble CTYACHTOM B pe3yJibTaTe 0CBOCHUSI TeMbI

3HaTh: OCHOBBI CAMOOPraHU3aLMU U CaMOOOPa30BAHNUS;
3HaTh: OCHOBHBIE 3aKOHBI CCTCCTBCHHOHAYYHLIX JUCIUIIINH B HpO(l)eCCI/IOHaHLHOfI ACATCIIbHOCTH
3HaTh: HOPMATUBHBIE JOKYMEHTHI 110 Ka4ECTBY, CTAHJAPTU3ALMH U CEPTU(PUKALNN TPOTYKTOB U
W31, 2JIEMEHThI SKOHOMHUYECKOT 0 aHAJIN3a B IPAKTUYECKON JESITEIbHOCTH
3HaTh: CBOICTBA XUMHUUYECKUX DJIEMCHTOB, COGI[I/IHGHI/Iﬁ 1 MaTCpruajioB HA UX OCHOBC JIA pCIICHUSA
3aJa4 NpoQecCuOHaNbHOM NesTeIbHOCTH
YMeTh: CaMOCTOATEIBHO CTPOUTH MPOLIECC OBJIAZCHUS HHPOpPMaLUei, 0TOOpaHHOH 1
CTPYKTYPUPOBAHHOM /1715 BHIIOJIHEHUS TPO(PECCUOHATBHOMN 1€ TEIbHOCTH.
YMeTb: HCIIOJIBE30BAThH OCHOBHBIC 3aKOHBI CCTCCTBCHHOHAYYHBIX NUCHUILIINH B HpO(l)CCCHOHaJIBHOﬁ
JesTeNbHOCTH
YMeTb: HCIIOJIB30BATh HOPMATUBHBIC JOKYMCHTEI 110 Ka4Y€CTBY, CTaHAAPTHU3ALIUN U CepTI/I(bI/IKaIII/II/I
IPOAYKTOB U M3AEIHH, 3IEMEHTbl 5KOHOMUYECKOT0 aHAJIN3a B IPAKTUYECKOH 1EATEIIbHOCTU
YMeTb: HCIIOJIL30BATh 3HAHUS CBOMCTB XMMHUYECKHX 3JIEMCHTOB, COCIII/IHGHI/Iﬁ 1 MaTCpruajioB HA UX
OCHOBE JJIs1 peLIeHUs 3a7a4y Npo(ecCUOHANBHOM AesITeIbHOCTH

HaumenoBanue GpopMupyeMbIX KOMIETEHLUH

Kon dopmynMpoBKa
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3aIMK U CaMOOOPa30BaHHIO
OIIK-1 CHOCOOHOCTBIO M TOTOBHOCTBIO HCIIOJIB30BaTh OCHOBHBIE 3aKOHBI

CCTCCTBCHHOHAYYHBIX JUCHUILJINH B HpO(i)GCCI/IOHaJ'IBHOI\/’I JACATCIIbHOCTH

[1K-3 TOTOBHOCTBIO MCIIOJI30BaTh HOPMATUBHBIE JOKYMEHTHI 110 KAYECTBY,
CTaHJAPTU3ALMH U CePTU(PUKALNU TPOTYKTOB M U3JIEIHUHN, 3JIEMEHTHI
HDKOHOMHYECKOI'O aHAJIN3a B IPAKTUYECKOU 1E€ATEIILHOCTH

I1K-18 TFOTOBHOCTBIO UCITOJIB30BATh 3HAHUS CBOMCTB XUMUYECKUX JIEMEHTOB,
COEIMHEHUI 1 MaTepHaioB Ha X OCHOBE JIJIS PEIIeHUs 3a/1a4
npodeccHOHAIBHOMN 1S TeTbHOCTH

AKTYanbHOCTb TEMBI

K HeopraHMyeckuM COEIMHEHHSM OTHOCSAT BCE COYETAHUS XHMUYECKUX DIIEMEHTOB,
KOTOPBIE HE COAEPKAT yIiIepod. bOIbIIMHCTBO U3BECTHBIX COSAMHEHUN SBIISIFOTCS. OPraHUYECKUMU,
OJIHAKO M3BECTHO OKO0JI0 20 MWIJIMOHOB T€X, KOTOpPblE IMPHHAUIEKAT K KJIACCYy HEOPraHMYECKHX.
OrpomMHO€ KOJMYECTBO BBI3BIBAET HEOOXOIMMOCTh HUX KiIaccH(UKalMMU, TO €CTh JENIEHUs Ha
rpynnsl. Kaxaoe w3 3THX BeHIecTB 00JIaJaéT CBOMMHU XapaKTEPUCTHKaMH, U IMO3TOMY MOXKHO
BBIIETIUTh OCHOBHBIE KJIACChl HEOPraHWYECKUX coelnHeHuM. s mo0oro M3 HHUX XapaKTEepHbI
pa3iauyHble CIIOCOOHOCTH B3aMMOJCHCTBUS C JAPYTUMH BEIIECTBAMHU, CBOM CBOWCTBA. XHUMUS,
KJIACChl HEOPraHWYECKUX COCIMHEHHNM B KOTOPOM 3aHMMAIOT BA)KHOE MECTO, PaCCMaTpUBaeT MX
KJIaCCU()UKALIMIO C HECKOJIBKUX TOUEK 3PEHHUS.

Teoperuyeckasi 4acThb



Heopranwueckue coeaMHEHUS KIaCCHQUIMPYIOTCS IO COCTaBy WM 10 CBOWCTBaM
(pyHkmmonanpHBIM TIpu3HaKaMm). [1o cocTaBy OHM JENATCS Ha MPOCTBIE — ATO OJHOAJIEMEHTHBIC
COCIMHECHMS U CIIOXKHBIC, IBYXdJIEMEHTHbIE (OMHAPHBIC) U MHOT'O3JIEMEHTHBIC (Tabnuma 1).

Tabnuya 1 — Knaccugpurayus nHeopeanuueckux coeouneHull

IIpoctsie CrnoxHble
Memannwt (88 371€MEHTOB): Jlsyxanemenmuole (OMHAPHBIC)
S- 9JIeMEHTBI THIPHIBI LiH, NaH, CaH,,
(xpome H u He); KapOu bl SiC, CaC», Al4Cs,
P-2JIEMEHTEI
Al, Ga, In, Tl, Ge, HHIPIAN NagN, Mg,N,,
Sn, Pb, Sb, Bi: OKCHIBI CaO, Al,0s,
d -51eMeHTHI CYIbOHIBI K.S, ZnS,
f -onementsr. rajausl NaCl, FeCls,.
Hememannwr (22 3nemenTa): Mruozoanemenmuole
S-DJICMCHTHI Comnu
H, He;
D-oeMeRTH cpenHue NaNO,, K,PO,,
B,C,Si,N,P,S KHCIIbIE NaHSO,, KH,PO,,
0, As, Se, Te, (ruapo-) Ca(HCO,),,
ranoreHLI,rgfIlropoz[HHe OCHOBHBIC MgOHCI, AlI(OH),CI,
(ruapokco-) (CuOH),SO,;
I'uppoxcubr:
ocnosanust KOH, Ni(OH),, Ba(OH),
ampomurer ZN(OH), <> H,ZnO,;
Al(OH), < H,AIO,
Kucnorsr
Be3KHCIOpO THbIE HF, HCI, HBr, HI
Kucnoponconepxaume HNO,, H,SO,

CrnoxHble HEOPraHUYECKHUEe COeMHEHMs, COTJacHO Tabiuue 1, KpoMe nojpasjieneHuil 1mo
COCTaBy, B CBOIO O4Yepeab IMOAPA3ACISIOTCS IO (YHKIMOHAIHPHOMY MpPH3HAKY Ha OKCHIIHI,
THJIPOKCUIBI (OCHOBHBIE U aM(OJIUTHBIE), KUCIOTHI U COJH.

K OuHapHBIM COETUHEHUSM OTHOCSTCS:

1) OKCHITBI — COEIMHEHUSI SJIEMEHTOB C KUCIOPOIOM CO CTENEHBIO OKHCICHUS (—2);

2) ranusl — raJIoreHIPoU3BOIHbIE (HTOPUIBI, XJTOPUIBI U JIP.);

3) cynbduIBI — COSMHEHUS C CEPOil CO CTENICHBIO OKUCIICHUS (—2);

4) HUTPHUBI — COSIMHEHHS C a30TOM CO CTEINICHBIO OKHCIEeHUS (—3);

5) kapOubI — COEAMHEHHSI YTIIepo/ia CO CTENEeHbI0 OKHUCIeHUs (—4);

6) dochuabt — coenunenust Gocdopa co CTeneHbo oOKucacHus (—3).

Homenxknamypa  6unapueix  coedunenusi. K~ nmaTMHCKOMY — HaszBaHuio  Oojee
AJIEKTPOOTPHUIIATEIIEHOTO 3JIEMEHTa C OKOHYAaHHUEM «u0» HO00aBISIOT PYCCKOE Ha3BaHWE MEHeEe
AJIEKTPOOTPHIIATEILHOTO AJIEMEHTA B POJAUTEIHHOM MaJIeXke, C YKa3aHUEM €ro CTENEeHU OKHUCICHUs
apabckuMu U pamMu B KPYTibIX CKOOKaXx.

IIpumepsr:

Cr,O, — okcnn xpoma (+3);

O,F, — ¢ropua kucnopona (+1);

Al,C, — xapbun amomunus,;



CuBr, — 6pomun meau (+2).

OcHOBHbIE TIOHATHS U OCHOBHbIE 3aKOHBI XUMHH
Monb — KOTMYECTBO BEIIECTBA, COJIEPIKALIEEe CTONBKO K€ CTPYKTYPHBIX €IMHUIL (MOJEKYI,
aTOMOB, MOHOB, 3JIEKTPOHOB WJIM JIPYrHX YacTHI[), CKOJIbKO aTOMOB COJIEPKHUTCS B 12 r u3oroma
yriaepona 2C. UMCIO 4acTHI, COAEP/KAIIMXCS B OJHOM MOIb JIOOOTO BEIIECTBA, COCTABIAET
6,02-10% cTpYKTYpHBIX eIUHUIL (nocmosannas Aeo2adpo).
Monvuas (monapuas) macca — 3T0 Macca OJHOTO MOJIb BELIECTBA, BhIpaKEHHAs B rpaMmax,
YUCJIEHHO PaBHAasi OTHOCUTEIBbHONW MOJIEKYJIIPHOW Macce 3TOTO BEIIECTBA.

Tak, MoJieKyJIsipHasi Macca MOJIEKYJIbI C|2 paBHa 70,90 a. e. M. (AaTOMHBIX €AMHHI] MAaCCHI).
Torna monpHas Macca MoJieky: xjopa pasHa 70,90 r/moabs. Ho MosibHast Macca aroma Xjiopa paBHa
35,45 r/mMonb, IpruéM OJTMH MOJIb MOJIEKYJT Cl2 COJIEPKUT 2 MOJIb aTOMOB XJIOpa.

OKkeusanenm — 3TO peajlbHas WIM YCIOBHAs 4YacTHULA, KOTOpas B KHCIOTHO-OCHOBHOM

peaKkiuy KBUBAJICHTHA OJIHOMY MOHY BOJOPOA, a B OKHUCIUTEIHHO-BOCCTAHOBUTEIHHON PEAKIINH
— OJIHOMY 3JIeKTpoHY. Hampumep, B KMCIIOTHO-OCHOBHOM pEaKIIun

3H,SO, + 2AI(OH), = Al,(SO,), + 6H,0.
IIECTH MOHAM BOJOPOJA (B TPEX PearupyrolmkX MOJIEKYIaX CepHON KHUCIOThI) COOTBETCTBYIOT JBE
monekyast Al(OH),, cnenosarensro, omnomy MOHY BOmOpOAa SKBUBaIEHTHA 1/3 MOJNEKyIbI

Al(OH),, unaue rosops, skeusanentr Al(OH), cocrasnser 1/3 mons Al(OH),. B peakuun
OKHCJIEHMA-BOCCTAHOBJIEHHS

H,SO, (pa36.) + Mg =MgSO, +H, T

0 - 2+
aToM Marnms TepseT asa onekrpona: M@~ - 28° — MQ” u nmosTomy o1MH SKBUBANEHT MarHus

coctaBisieT ‘2 Monb. Bemmumnael 1/3 w 1/2 (B 3THX mnpuMepax) Ha3BIBAIOT @aKmMopom
9KEUBANEHMHOCU.

Okeusanenmuas macca — 3TO Macca OIHOIO SKBHMBAJICHTA BELIECTBA BBIPAKEHHAS B
rpammax, T. €. Pa3MEpHOCTh SKBUBAJICHTHOM MacChl — I/MOJIb.

OO0béM, 3aHUMaeMbli NpPU JIaHHBIX YCJIOBHSAX MOJIBHOW WMJIM SKBUBAJIEHTHOM Maccoi,
Ha3bIBAETCS] COOTBETCTBEHHO MOIbHBIM WIH IKEUBANEHMHbIM 0O0BEMOM TOTO BEILIECTBA.

Tax, monbras macca Al(OH), pasua 78,0 r/monb, a sxBuBaneHTHas Macca cocTasiser 1/3

monbHOM macest Al(OH);, T.e. 26,0 r/mons. Atomuas macca marnus pasHa 24,3 r/MoIb, a €ro

SKBHMBAJIEHTHAs Macca (B MPHUBEAEHHOM BBILLIE MpUMEpe) cocTaBiseT 1/2 ero MoJbpHOM Macchl —
12,12 r/monb.
B coOTBETCTBUM C 3aKOHOM SKBHBAJICHTOB Macchl (00BEMBI) pearupymomux Berects M(X,)

(V(X,))mu m(X,) (V(X,)) npsimo nponopruoHaIbHbI HX SKBUBAICHTHBIM Macca (00bEMaM):

m(X,) _ m(X,)
ML(X)  ML(X,) (-
V(X)) _ V(X,)

V(X)) Vo(X,) (12)

Bonpocel u 3aganus:

[TpuBeném mpumMepsl BBHITIOTHEHUS TUTUYHBIX 3aJJaHUH, TPUBEAEHHBIX B padoTe.

Ilpumepl. CoctaBbTe (QopMyny HOpMaNIbHOW (cpenHeil) conu Oapusi U MBIIIBIKOBOMN
KHCIIOTBHI.



Pemerne. ®opmyna MbiubsikoBoi kucnotst H,ASO,. Monekyna comm, oGpazoBaHHas

2+ 3- y

wonom Ba“®" u xucnoruem ocrarkom ASO),”, nomkua GbITH dneKTpoHElHTpanbHa. HanMenbiee

ob1iee kpaTHoe uncen 2 u 3 (3aps/bl HKOHOB) PABHO 6, O3TOMY MOJIEKYJIA JIOJDKHA COJEpKATh 6:2 =
3—

3 atoma Gapust u 6:3 = 2 kucnotusix ocrarka ASO;,” . ®opmyna con Ba,(AsO,),.

Ipumep 2. CoctaBbTe (GOpMYITy OCHOBHOW COJIM ATFOMHUHHUS U OPOMOBOJJOPOTHOM KUCIIOTHI.
Pemrenne. Morekyna OCHOBHOM COJM [JIOJDKHA COJIEPKaTh KHCJIOTHBIE OCTATKH HOHA

- 3+ -
Br',uona Al”'u OH -rpymnei. Tak kak B Monekyie THApOKCHIA amoMuHHs 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 (1490111704 coneii:

Ni(NO,),, NaHCO,, Fe,(SO,),.
Pewienne. HopmanbHyro coiib Ni(N03)2 MOXHO IIOJYYUTh IPU B3aUMOJEUCTBUU

ocuosannst Ni(OH), u asornoit kucnorst HNO,:
Ni(OH), + HNO, — NiNO, + 2H,0.

Kuciyto cons, ruapokapoonar Harpust NaHCO,, monyuaror 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 peakyuu uoym 00 KOHYA, ecliu 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 M CIA0BIX SJIEKTPOJIUTOB CIIEAYET 3aIMChIBATh B BHJIE MOJICKYIL.

CyMMa OJHOMMEHHBIX HOHOB M JJIEKTPUYECKUX 3apsiOB B JIEBOH M IpPaBOil YacTsX
ypaBHEHHsI JOJDKHA OBITh OJIMHAKOBA. B HacTosIIeM pasfenie paccMaTpUBAIOTCS PEAKIIMH HOHHOTO
oOMeHa.

Ilpumep 4. Hanumure B MOJIEKYJISIPHOH M MOHHOM (hOpMax ypaBHEHHUS PEAKIUN MEXIy
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 COKpamléHHBIM MOHHBIM YPABHEHUSAM HAIMILUTE IIOJHBIC MOJIEKYJISPHBIE
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

COCTaBJICHUH MOJIEKYJISIPHBIX YPAaBHEHUH CJIEYET, M0JIb3YsACh TabIuLEel pacTBOPUMOCTH, BHIOUPATh
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 — monexynspuas popwma;

H"+ClI"+Na" +OH =Na" +ClI' + H,O- nonuas wuommas Qopma; u Tora
cokpaménHas HoHHas Gopma OyleT UMeTh 3aJaHHbIH BUL;
H"+OH = H,O.
CrnenoBaTenbHO, MOIEKYISPHOE yPaBHEHHE COCTABIEHO MpaBMibHO. OcTaBlivecs Ba

YpaBHEHHUSI COCTABIISIFOTCS IO AHAJOTUYHBIM MPHUHIIUIIAM U COOTBETCTBYIOIIME UM MOJEKYJSpPHbIE
(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

pCaKknuuAaX, BEIPAKCHHBIX YPABHCHUAMM:

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 MaCCEl) CJIIOKHOI'O BC€IICCTBA, KaK M J3KBHUBAJICHT
(BKBI/IBaJ'IeHTHaSI MaCC&) OJIECMCHTA, MOXET UMCTh PA3JIMYHLIC 3HAYCHUA B 3aBUCHUMOCTU OT TOT'O, B
KaKyI0 pCaKI o 06MeHa BCTYIIACT 3TO BCIICCTBO.

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 TUAPOKCHIIBHBIX T'PYII, 3aMCIICHHLIX 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,S0O,)/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 JKBHBaJIeHTHas Macca B peakuuu (1) pasaa M/1 r/mons, a B peakmum (2) —
M/2r/mons; Al(OH), BsanmopeiictByer ¢ 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 | Monb U 1/2 MOJIb; YKBHBAJICHTHI A|(OH)3 B ypaBHeHHsX (3) u (4)
COOTBETCTBEHHO paBHbI 1 MOJb U 1/3 MOIb.

Ipumep 2. B kaxoit macce Ca(OH), comepxkutcst CTONBKO %ke SKBUBAIEHTOB, 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.
OxeuanentHas macca Ca(OH), pasua 1/2 ero monbnoii maccsl, T.e. 37 r/mMonb. Otcrona

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
(HOpMalbHbIe yCIOBHs). BhIUMCINTE PKBHBAIEHTHYIO Maccy MeTajiia. 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 COOTBETCTBHH C 3aKOHOM DKBUBAJIEHTOB COCTABIIAEM COOTHOLICHHE:

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, YUUTEBIBAA, UYTO OKBUBAJICHTHASA MacCa OKCHUIA |\/|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 — mapranern; Mn .

Ilpumep 4. N3 1,64 r HuTpara metamia noiaydeHo 1,36 r ero cynbdarta. Berauciute
SKBHMBAJICHTHYIO Maccy MeTajuia.

Pemenne. Ilpu pemenun 3agaum cieyeT MUMETb B BUIY, UTO IKGUBANEHMHAS Macca
XUMUYECK020 coeOuHeHUs paBHa CyMME 3KBUBAJIEHTHBIX MacC COCTaBIIAIONIUX €r0 YacTeH.

B naHHONM peaknuM y4acTBYIOT COJHM: JIKGUBANEHMHAS MACCA 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 cyibgama paBHA CyMME DKBHBAICHTHBIX Macc MeTalla 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 3a1aHUA I CAMOCTOATEIbHOI0 PELICHUs
ba3o0BbIi1 ypoBeHb
1. CocraBbTe (OPMyJIBI HOPMAIBHBIX M KHCIBIX coiedl MblmbsikoBucroil 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

KOMOWHAIIMHA HEBO3MOXKHBI U TIOYEMY.

3. CoctaBbTe (OpMysIbl OCHOBHBIX COJIEH jKele3a U CONSTHOW KUCIIOTHI, aTFOMUHUS U CEPHOM
KHCJIOTBI.

4. JlokaxxuTe ypaBHEHMSIMH peakiuuil aMQOJIMTHOCTb CIEAYIOIIUX COEIUHEHUI:
Zn0O, Al,O,, Sn(CH),, Cr(OH)..

5. Hamummre xumuueckue (OpMynbl CIEAYOIUX cojeil: cyiabpar wmenu (+2),
TMJIPOCUIIMKAT HATpHs, aleraT Kajius, XJOpHI AUTHIpOKcokene3a (+3), xkapOOHAT aMMOHMSA,
muruapodocdar IUTHS, TETPATHIPOKCOATIOMIUHAT KaIHs. Y KaKUTE TUIIBI IPUBEAEHHBIX COJICH.

6. CocTaBbTe MOJIEKYJSIpDHBIE YpPaBHEHUS PEAKIMH, KOTOPbIE BBIPAXKAIOTCA CIEIYIOIUMHU
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 MOJNEKYISIDHBIE 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 MOJEKYJSIPHBIE W  HOHHO-MOJIEKYJISIPHBIC  YPaBHEHHUS  pEaKIUil
B3aMMO/JICHCTBHUS 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 T okcuma meramia. Onpenenure
SKBHUBAJIEHTHYIO Maccy Metamia. Otset: 9,01 r/Moib.

16. Onpenenute SKBUBAJICHTHBIC MaCCBhI MeTajlia 51 CepHl,
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 auruppoapcemara nurus LiH,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 ypaBHEHUS! COOTBETCTBYIOIIMX PEAKIUH.

2. CocTaBbTe ypaBHEHMS pEAKIUI B3aUMOJACUCTBUS CIEIYIOLUIUX COCTUHEHUMN:

a) HUTpAT cepedpa U noaua Kaus; 0) OKCUJ IIMHKA U THAPOKCH]I HATPHSI.

3. CoctaBbTe (DOpPMYIBI KUCIBIX KaUEBBIX cojei opToPochopHON KUCIOTHI, OCHOBHOU
[IMHKOBOW COJIM YTOJBbHOW KHUCIIOThI, OCHOBHBIX ATFOMUHHUEBBIX COJICH COJSTHOW KUCIIOTHI.

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 r meramna (+2) tpebyercs 1,38 mm® xmcmopoma (H.y.).
Bpiunciants 5KBUBaJIEHTHYIO MacCy U MOJIBHYIO Maccy 3Toro Meraimia. Oteer: 12,15 r/mons; 24,3
I/MOJIb.



7. DnemMeHT 00pa3yeT psa ra3000pa3HBIX COCNMHEHUN, TIIOTHOCTh KOTOPHIX TI0 BOJIOPOIY
8, 15, 22, 29. Coxepxkanue 3JIeMEHTa B JAaHHBIX COEIMHEHUSX COOTBETCTBEHHO paBHO 75,0; 80,0;
81,81 u 82,76 %. OnpenenuTe OTHOCUTEIbHYIO aTOMHYIO Maccy M Ha3BaHHE 3jeMeHTa. OTBeT:
12; C.
Cnucok JINTepaTyphbl, peKOMeHyeMblii K HCI0JIb30BAHUIO M0 TAHHOI TeMe

OcHoBHas JIuTEpaTypa:
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 okpyxaro1eii cpenbl : XuMusi )XKUBbIX opranu3mos. Kypc nexuwuii / 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: aiis aBTOpHU3HP.
II0JIb30BaTENIEeH
JlonoJIHNTeIbHAS 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 METalIoB : yueOHoe mocodue (U1 CTYACHTOB XUMHUECKOTO (haKyJIbTeTa HapaBIeHUH
OakanaBpoB «XUMHsI» H «XUMUYecKas TexHoorus») / cocraButenu O. A. ['onoBanoBa. — OMcK :
Owmckwii rocynapcTBeHHbIH yHEBepcuTeT M. @.M. JloctoeBckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — Tekct : 21eKTpOHHBIN // DNEKTpOHHO OMbOIMoTeuHas cuctema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pesxxum nocryna: s
aBTOPH3HP. MOJIb30BATEICH
HNHTepHeT-pecypcebl:

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

2 http://biblioclub.ru/ — 3BC «YHuuBepcuteTckas 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 — OTtkpeiToe 00pazoBaHue

TEMA 2. CTPOEHUE ATOMA

NNPAKTUYECKOE 3AHATHE 2. 9JIEKTPOHHBIE ®OPMYJIbI ATOMOB

Hean 3ansaTHsA: 0000ITUTH 3HAHUSA 00 DJIEKTPOHHOM CTPOCHHHM aTOMOB XHMHUYECKHX JJIEMEHTOB;
3aKpPENUTh YMEHUS U HaBBIKM COCTABIICHUS SJIEKTPOHHBIX (POPMYIT aTOMOB XUMUYECKUX AJIIEMEHTOB,
a TakKe X rpaduuecKux n300pakeHH.

3HaHuA U ymenus, npnoﬁpeTaeMLIe CTYACHTOM B PE€3yJbTaTEC 0CBOCHUA TEMbI
3HaTh: OCHOBBI CaMOOpraHm3an u CaMOO6p3.30BaHI/I$I;
3HaTh: OCHOBHBIC 3aKOHBI €CTCCTBCHHOHAYYHBIX JUCHUIIINH B HpO(l)eCCHOHaHBHOfI JCATCIIBHOCTHU

3HaTh: HOPMATUBHBIC JOKYMCHTEI 110 Ka4YC€CTBY, CTAHAAPTU3AlIUN U CepTI/I(I)I/IKaI_[I/II/I IMPpOAYKTOB U
HSHQHHﬁ, 9JICMCHTBI DKOHOMHUYCCKOI'O aHaJIn3a B HpaKTHLIeCKOﬁ JACATCIIBHOCTH

3HATh: CBOMCTBA XUMHYECCKUX 3JICMCHTOB, COGILI/IHGHI/II\/JI 1 MAaTCpUajioB Ha UX OCHOBC IJIA PCHICHUA


https://openedu.ru/

3aJa4 NpoQecCuOHANBHOM NeATETbHOCTH
YMeTh: €aMOCTOATENBHO CTPOUTH MPOLIECC OBJIAZICHUS HH(POpMaLuei, 0TOOpaHHOH 1
CTPYKTYPUPOBAHHOM JJIs1 BBIIOJIHEHUS IPOPECCUOHATBHOM €A TEIbHOCTH.
YMeThb: HCIIOJIB30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYUHBIX TUCIMILUIMH B PO ECCHOHATBLHON
JesTeNbHOCTH
YMeThb: HCIIOJIB30BaTh HOPMATHUBHBIE JJOKYMEHTHI 110 KaU€CTBY, CTAHAAPTU3ALNU U CEPTUDUKALTIH
IPOAYKTOB U M3AEIHH, 3IEMEHThl S5KOHOMUYECKOT0 aHAJIN3a B IPAKTUYECKOH IeATeIbHOCTH
YMeTb: HCII0JIB30BATh 3HAHUS CBOMCTB XUMUYECKUX JIEMEHTOB, COEIMHEHUN U MaTepUalioB Ha UX
OCHOBE JJIs1 PEeLIeHHUs 3a1a4y NPo(ecCUOHANBHOM AesITeIbHOCTH

HaunmenoBanue ¢GpopMHupyeMbIX KOMIETEHIUH

Kon dopMyIUpOBKa
OK-7 CIIOCOOHOCTBIO K CaMOOPTaHU3alUU U cCaMO00pa30BaHUIO
OIlK-1 CIIOCOOHOCTBIO U TOTOBHOCTBIO UCIIOJIb30BAaTh OCHOBHBIE 3aKOHBI

CCTCCTBCHHOHAYYHBIX JUCHUILJIMH B HpO(i)GCCHOHaJIBHOﬁ JACATCIIBHOCTH

[1K-3 FOTOBHOCTBIO UCIIOJIL30BATh HOPMATUBHBIC NOKYMCHTHI I10 Ka4€CTBY,
CTaHJapTU3aluu U CepTI/I(l)I/IKaIII/II/I IMPOAYKTOB U I/I3II€JII/II7I, 9JICMCHTBI
OKOHOMMHNYCCKOI'O aHaJIn3a B HpaKTquCKOﬁ JACATCIIbHOCTH

[1K-18 TOTOBHOCTBIO HUCITIOJIb30BATh 3HAHUS CBOMCTB XUMUYECKUX 3JIEMEHTOB,
COCIMHEHUH M MaTepUaioB HA UX OCHOBE ISl PEIICHUS 3a/1a4
poecCHOHANBEHOM e TeNIbHOCTH

AKTYaJIbHOCTb TEMbI:

Ilepnonnueckuit 3akoH [[. M. MenneneeBa sBISIETCS OCHOBOM COBPEMEHHOM XUMUMU.
M3yueHune cTpoeHUs] aTOMOB BCKPBIBAET (PU3NUECKUI CMBICI MIEPHUOANYECKOTO 3aKOHA U OOBSCHSET
3aKOHOMEPHOCTH H3MEHEHUs CBOMCTB JJIEMEHTOB B MEPHOJAX M B TPYIIAX I[MEPUOANYECKOU
CHUCTEeMbl. 3HAaHUE CTPOCHUS AaTOMOB SIBISETCA HEOOXOQUMBIM Ui TOHMMAaHUS NPUYHMH
o0Opa3oBaHMsI XMMHUYECKOH CBSA3HM, KOTOpas, B CBOIO OYEpeb, ONpEAENsieT CBOMCTBA BEIIECTB.
[TosTOMy maHHBIN pa3nen SBISETCS OAHUM U3 BAXKHEUIIIUX Pa3fesioB 00IIeH XUMUU.

[lepuonuueckass cucremMa dJIEMEHTOB, pa3paboTaHHas BedukuM  yuéHsim (M.
MenzeneeBblM, CyMMHUpOBaja Bce 3HaHMS 00 3J€MEHTax, UX CTPOCHMH, Maccax, COCTaBe spa,
3JIEKTPOHHBIX 000JI0UEK, U ABISETCA CBOEOOPa3HOH IIMaprajakoil Mo Bceit HEOpraHMYeCKOH XUMHH.

Teoperuyeckasi 4acTh

YCTOHYNBOE COCTOSIHME DJIEKTPOHA B aTOME ONMCBIBAETCA 3HAYEHUSAMHU YEThIpEX
XapaKTepUCTUK — KBaHTOBBIX umcen N, I, M, 1 m_.CocTosHrE DIEKTPOHA, OTBEYAIOLIEE

ONpEACICHHBIM 3HAYCHUAM KBAHTOBBIX YHCCII n, I nu 1’1’1|, Ha3BIBAaIOT aTOMHOM 3J‘IeKTp0HHOI71

OpOuTanbl0. DHEPreTUYECKMM MOAYPOBHAM DJIEKTPOHA B aTOME, OTBEYAIOMIMM DPasIM4HbIM

3HaueHuaM |, cooTBeTcTBYIOT CleyIomue 6YKBEHHbIE 0603HAUCHHS:

Iudposoe 0603HAYEHHE YHEPTETHIECKOTO MOAYPOBHS | 0|1 ]2 |3

ByKkBeHHOE 0603HAYEHNE YHEPTeTHIECKOTO TTOAypoBHS | : S|P |d]|f
['paduueckn Kaxaas opoUTaIb 0603HAYAETCS CHMBOJIOM -KJIETKOM:

DJIEKTPOHBI B aTOME PaCHpPEAENSIIOTCS COMVIACHO CIASAYIOUIUM TMPUHITUIIAM: MPUHITAY
[Taynu, npuHIUNY HAaUMEHbIIEH SHEPTUU C AOMOJHEHUSIMH KIiI€dKOBCKOrO M MpaBUIY
XyHpa.



CornacHo mnpuHuuny Ilaynm B aToMe He MOXET OBITh JBYX JJIEKTPOHOB,
XapaKTEepU3YIOLIUXCsl OJJMHAKOBBIM HA0OpPOM KBaHTOBBIX uucen. M3 aroro cnenyer, uro xascoas
AMOMHAs I1eKMPOHHASL OpOUMATb MOdCem Oblmb 3aHAmMA He 0oiee Yem 08YMSs NeKMPOHAMU:

Tl

MpUYEM pa3inyaTbCsi OHU OYIYT TOJBKO CIIMHOBBIMU KBAHTOBBIMH YUCIIAMHU.

[Topsimok 3amoiHEHUsS OJJICKTPOHAMU DJHEPTeTHYECKUX YPOBHEH U TOJAYpPOBHEWM
onpeaenseTcs MNPUHIMIIOM HAaMMEHbIIEH PHEPrUH: FJIEKTPOHBI B aTOME paclojararTcs
TakK, 4ToObl WX JHEprus Obula HamMeHbIeH. [1OCKONBKY 3HEpPTUI0 3JIEKTPOHA XapaKTePU3YIOT Kak
[JIaBHOE 71, TAK U OpOUTaIbHOE | KBAHTOBBIE YKCIIA, TO AIEKTPOHBI MPEXKE BCETO 3aHUMAIOT MOJIOKEHHE,
COOTBETCTBYIOIEe MUHUMabHON cymme N+l — nepsoe dononnenue Kneuxoscrozo. Ecrm cymma
N+l omuHakoBa, To AMEKTPOHBI 3aHUMAIOT OPOUTANL ¢ MEHBITHM 3HaueHHeM N — smopoe dononHeHue
Kneuxosckoeo.

Pacnipenenenne 5S1IeKTPOHOB B HSHEPreTHUYECKOM IOJYPOBHE OIPEAENSAETCS MPaBUIIOM
XyHla: yCTOMYMBOMY COCTOSHHUIO aTOMa COOTBETCTBYET TaKOE€ PpacCHpeeICHHE JJIEKTPOHOB B
MOAYpOBHE, MPU KOTOPOM aOCOMIOTHOE 3HAYEHHE CYMMAapHOTO CIHUHA OyAeT MaKCHMalbHBIM.
[ToaTromy pacmpeneneHue SJICKTPOHOB B IOAYPOBHE NPOUCXOAUT B MaKCHUMAaJIbHOM YHCIIE
opOuTaneit u ¢ napajyuiebHbBIMHU CIIMHAMU:

Taxk T WJINA TaK U
(+1/2+1/2+1/2) = 3/2 | (-1/2-1/2-1/2) | =3/2
HO HE TaK N He Tak -
(+1/2-1/2+1/2)=1/2 (+1/2-1/2+1/2)=+1/2

HCO6XOI[I/IMO HMCTh IOHATHUC O KBAHTOBBIX YHCIAaX, TPEX YKA3daHHBIX MpPUHOUIIAX U,
OIMUpasaCh HAa HUX, YMETH COCTABJIATH 3JICKTPOHHBIC (bOpMy.TIBI aTOMOB.

Bonpocs! u 3aganus
IIpumep 1. Kakoil noxypoBeHb 3alOIHIETCS SIEKTPOHAMHU B aTOMeE T10CIe 3aMoIHeHust 3P -

MOYpOBHsA?
Pewenue. 3 -nomgyposrio otBedaer cymma N+l , pasmas 3 + 1 = 4. TTocne 3amonnenus

3p -moxypoHs Bo3MOxkHO 3amonmHeHne 30- wmm 4S-momyposus. IMoxcumtaem cymmy N+l B

obonx ciydasx: 3d (3 +2) =5, a 4S (4 + 0) = 4. B COOTBETCTBHH C TIEPBBIM JOTIONTHEHHEM
KI1€4KOBCKOTO 3IEKTPOH CTPEMHTCS 3aHATH MOJNOKeHHE Ha 4S -oypOBHE, Tak Kak B 3TOM CIIydae
cymma N+l Gyner naumensureii.

Ipumep 2. CoctaBbTe DICKTPOHHYI (DOpMyny aromMa KpEeMHHS U rpaduuecKyro cxemy
3aIl0JIHCHUSI DJIEKTPOHAMH YPOBHEH © MOAYPOBHEH B HOPMAJIbHOM U BO30YKICHHOM €ro
COCTOSIHUSIX.

Pewenue. DJIEKTpOHHAsA dbopmyna aToMa KpEeMHUS WMEET [ (14%{01117051
Bun:15°25°2p°3s?3p?3d°. I'paduueckas cxema HeBO3OYKIEHHOTO aToMa KPEMHHS HMEET

CHEAYIOUIUI BU:

Si
n=3[11[1 |1 ]
n=2 (1L [t |10 |1l d
n=1 |1l P

S



BaneHnTtHbIMu OopOHUTANSIMU 3[€Ch SIBJSIOTCS OpOUTAIN TPETHErO BHEIIHETO AJIEKTPOHHOIO
ypoBHsi. B Bo36ysxaennom coctosaun (SI*) mpu mornormennn HeKOTOpoii 3HEPrUU 3IEKTPOH ¢ 3S-

TIO/LypOBHS TIEPERIET HA CBOOOIHYIO 3[) -OpOUTAIb:

Si*  1s?2s%2p°3s'3p®3dP T | T | T | 1
n=3
n=2 N d
n=1 Tl P
S

ba3oBblii ypoBeHB
1. Crpykrypa BAJICHTHOI'O AJIEKTPOHHOIO YPOBHs aToma
>JIEeMEHTa BBIPAXKAETCS (popmyoii: a) 5s25p*; 6) 3d°4s'. Onpenenure

MOPSAKOBBIM HOMEP U Ha3BaHHE JIEMEHTA.

2. Hanumunte 35eKTpoHHBIE (POPMYIIBI aTOMOB 3JIEMEHTOB € MOPSIKOBBIMU HOMepamu 24 u
33. CocraBbTe uX rpapudeckne cxempl. K KakoMy 3JIEKTPOHHOMY CEMEHCTBY OTHOCUTCS KaXKIbIi
13 HUX U Touemy?

3. CocTaBbTe AJIEKTPOHHBIE (POPMYIBI ATOMOB JIEMEHTOB C HMOPSIKOBHIM HOMEpPOM 32 U
42. Y nocnenHero ommH DS -snextpon «ipopanuBaerca» Ha 4d-moayposens. K kakomy
AJIIEKTPOHHOMY CEMEUCTBY OHH OTHOCATCS?

4. Kakoil  moaypoBeHb  3amojiHSIeTCs B aTomMax  IOcJe  3alOJHEHMS
5p -noayposusa? noce sanonuenus St -noxyposns?

S. 3anuimure AIEKTPOHHBIE bopmyIBI aTOMOB 3JIEMEHTOB c
3apsanom sapa 8; 13 u 18. CocTaBbTe 27IEKTPOHHO-TpadUUECKUE CXEMBI.

6. Kaxkoe MaKCHUMaJlbHOE KOJINYECTBO AIEKTPOHOB MOXET
pacmoniaraTtbcs B S-, p-, d- u f -moxypoBHaAX JIaHHOTO ypoBHs?

[Mouemy? HanmucaTh 310eKTPOHHYIO CTPYKTYPY aToMa ¢ 3apsaaoM siapa Z = 22.
7. DJIeKTPOHHAS CTPYKTYpa aToMa ONHUCHIBAETCA dbopmynon

1s2s?2p°3s°3p°3d°4s®. Kaxoii 510 3meMent?

8. CKOJIBKO aTOMHBIX OpOWTaNel CONEPKUT BTOPOI DHEPTreTHUECKUI ypOBEHb B aTOMax
XUMHYECKHUX IJIEMEHTOB?

9. CKOJBKO aTOMHBIX OpOHTAaJe COAECPKUT TPETHUI DHEPTEeTHUECKUH ypOBEHB B aTOMax
XUMHYECKHUX DJIEMEHTOB?

10. CxombKkO aTOMHBIX OpOWTaNel COACPKUT TPETHUH HHEPreTUYEeCKUH YpOBEHb aroma
nuHka? [IpuBenuTe 31eKTpOHHYIO (POpMYITy aTOMa 3TOrO HJIEMEHTA.

11. Cxonbko aTOMHBIX OpOuUTallell COJNEPKUT MATHIA HHEPreTMUECKU ypOBEHb aToMa
nantana? [IpuBenuTe 31eKTpOHHYIO (POPMYIy aTOMa 3TOTO JIEMEHTA.

12. CkonbKO aTOMHBIX OpOHMTANICH COJEPKUT MIECTOH IHEPreTHYSCKHA YPOBEHb aroma
uepus? [lpuBeanre 371eKTPOHHYIO (HOPMYTy aTOMa 3TOTO JIEMEHTA.

13. Tlo 3apsny sapa aroma (Z = 23) 3anuiumTe 3JIEKTPOHHBIE KOH(PUTYpallU BaJCHTHBIX
MIOYPOBHEN U, HCIIOJIBb3Ys ITpaBuila KiieuKkoBCKOro, yKaXXUTe MOCIEA0BATEIbHOCTD UX 3all0JIHEHMS.

IToBbI1IEHHBIN YPOBEHD

1. Kaxkoe MAaKCHUMAJIbHOC quCiI0 OJICKTPOHOB MOXET COACPIKATH
aToOM B OJICKTPOHHOM YPOBHE C TJIaBHBIM KBaHTOBBIM YHUCIOM
n=5wun=3?

2. CKOIBKO HE CIIApCHHLBIX J3JICKTPOHOB COACPIKAT HCBO36y>KI[eHHLIC ATOMBI B, S, CI‘7

CocTtaBbTe UX JEKTPOHHBIC U IpapUUECKHE CXEMBI.
3. Kaxkwue u3 AJIEKTPOHHBIX dhopmy, OTpaXKarIIUX CTpOEHHUE



HEBO30Y)KIEHHOTO aTOMa HEKOTOPOTO 3JIeMEHTA, He BEPHBI:

1) 1s22s22p°3st; 2) 1s%2522p°; 3) 1522522p®3s23p°3d*

4) 1522522p®3s?3p®4s? ; 5) 1522522p°3s23d? ? [Touemy?

4. W3 npuBeJEHHBIX 2JIEKTPOHHBIX KOH(PUTYpaLHii: 1p2, 252, 2p7, 3d*, 3f7, 4p6, 5s*, 3d™
BBIOEPHTE Te, KOTOPhIE MPAKTUUECKH CYIIECTBOBATh He MOTYT. OOBACHUTE TIPUUKHEL.

5. Ilo SNEKTPOHHBIM KOH(UTYpAlMsM HOHOB ONpeleNMTe 3apsi  SAep HX AaTOMOB:

3- 10 4 2 4 6. 3 27,6240 4.0
D% ..3d74s%4p°; D°": ...35"3p°3d"4s”. 3anummTe 3eKTPOHHBIE GOPMYIIEI ATOMOB H
5JIEKTPOHHBIE CTPYKTYPhI MX BHELIHUX 00O0JIOYEK.

Chucox JIUTEPATYPHI, peKOMeHHyeMBIﬁ K MCI0JIb30BAHNIO 110 JAHHOM TeMe

OcHoBHas IuTEpaTypa:
1. Koposun, H. B. O6mas xumus : yueounk / H. B. KopoBun. - 13-e u3n., nepepab. u gor. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuar). - Pek. MOuH P®. - [Ipuin.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyxaroieii cpelibl : XuMusi )KUBbIX opranu3moB. Kypc nekiuii / E.
C. Muxanuna, A. JI. Ilerenmun. — M. : U3natensckmii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —TekcT : aneKTpoHHbIH // DnekTpoHHo-6ubaroreynas cucrema [PR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: asnst aBTopu3up.
0JIb30BaTeNei
JlonoJHUTe/IbHASA JINTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['muaka ; ITox pen. A. U. Epmaxkosa. - U3a. 30-¢, ucmp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMusi METaJlIoB : yueOHOe mocodue (U1 CTYACHTOB XUMHUECKOTO (haKyabTeTa HalpaBIeHUH
OakanaBpoB «XuMUs» U «XUMHUEcKas TexHoJorus») / coctaButenu O. A. ['onoBanoBa. — OMCK :
Owmckwii rocynapcTBeHHbIH yHEBepcuTeT M. @.M. JloctoeBckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : 3neKTpoHHbIH // DneKTpoHHO Oubauoreynas cucrema [IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum mocryna: s
aBTOPHU3HP. MOIb30BaTENEH
HNHTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOEe OKHO JIOCTYIa K 00pa30BaTeIbHBIM pecypcaM

2 http://biblioclub.ru/ — 3BC «YHuuBepcuTeTckas OHOIHMOTEKA OHIIARHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTaJIOT aCCOIMAIINHN SJICKTPOHHBIX OMOINOTEK
yueOHBbIX 3aBefeHui u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 5BC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe

TEMA 4. XUMHNYECKAS CBA3b
INNPAKTUYECKOE 3AHATHE 3. XUMHNYECKAS CBS3b

He.]'lb 3aHATUA: PACIIUPUTE U yTJ'IYGI/ITB SHAHUA yJaluxcs 110 TEMC «XHUMHYECKas CBSI3b)»

3HaHMA M yMeHHUs, IpHo0peTaeMble CTYACHTOM B pe3yJibTaTe 0CBOCHHUSI TeMbI
3HaTh: OCHOBBI CAMOOPraHU3alMK U CaMOOOPa30BAHNUS;
3HaTh: OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX JUCLUUIUINH B MPO(ECCHOHAIBHON AEATENbHOCTU

3HaTh: HOpPMATHUBHbBIE JOKYMEHTHI 110 KAYECTBY, CTAHAAPTU3ALUHU U CEPTUPHUKAIUU POTYKTOB U
W3/1eNIUI, SIIEMEHTBl SKOHOMUYECKOTO aHAIN3a B MPAKTHYECKOM JIEATeTbHOCTH


https://openedu.ru/

3HaTh: CBOWCTBA XMMUYECKUX 3JICMEHTOB, COSAMHEHUI 1 MAaTEPUAIOB HA UX OCHOBE JIJIsl PELICHUS
3as1a4 mpodecCuOHAITBHOMN 1eATeTbHOCTH
YMeTb: CaMOCTOSTEIBHO CTPOUTH MPOIIECC OBNIAJACHUS HHPOPMAIKel, OTOOpaHHOH U
CTPYKTYPUPOBAaHHOM /ISl BBIIOJIHEHUS TPOPECCUOHATBHOM eI TETbHOCTH.
YMeTh: HCIOJIb30BATh OCHOBHBIC 3aKOHBI €CTECTBEHHOHAYYHBIX JUCIUILIMH B MPO(ECCHOHATLHON
ACATCIIbHOCTHU
YMeTh: HCIOJb30BaTh HOPMATHBHBIC JOKYMEHTHI 10 Ka4eCTBY, CTAHIAPTU3AIIUH U CEPTUDHUKALIUH
IMPOAYKTOB U I/I3I[eJII/II\/JI, 3JIEMCHTBI D KOHOMUYECCKOI'O aHaJIn3a B HpaKTH‘IeCKOﬁ ACATCIIBHOCTHU
YMeTh: HCIOJIb30BATH 3HAHKS CBOUCTB XMMHUYECKUX 3JICMEHTOB, COSAMHEHUI M MAaTEPUAIIOB Ha UX
OCHOBE ]IS PeIICHHs 33a]1a4 MPOPECCUOHATBLHOMN JIESITEITbHOCTH

HaumenoBanue hopMHUpyeMbIX KOMICTECHIIHI

Konx dopMyIIHpOBKa
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3alUK U CaMOOOpPa30BaAHUIO
OIIK-1 CITOCOOHOCTBIO ¥ TOTOBHOCTBIO MCIIOJIb30BaTh OCHOBHBIE 3aKOHBI

CCTCCTBCHHOHAYYHBIX JUCHUILJINH B HpO(l)CCCHOHaHbHOﬁ JACATCIIbHOCTHU

[1K-3 TOTOBHOCTBIO MCIIOJIb30BaTh HOPMaTUBHBIE JOKYMEHTHI 110 KAYECTBY,
CTaHJAPTU3ALMH U CepTU(PUKALNN POYKTOB U U3JIEIHUMN, 3TI€MEHTHI
SKOHOMHYECKOI'O aHAJIN3a B IPAKTUYECKOU IEATEIbHOCTH

[1K-18 TOTOBHOCTBIO MCITOJIL30BATh 3HAHUS CBOMCTB XMMHUUYECKHUX DJIEMEHTOB,
COCJIMHEHUH U MaTepUAJIOB Ha MX OCHOBE JJIsI PEILICHUS 3a/1a4
PO eCCHOHAIBHON e TEHHOCTH

CoBpeMEeHHOE pPa3BUTHE HAYKHM M TEXHUKH IMPHUBEIIO K PE3KOMY H3MEHEHHIO pellaeMbIX 3a1ad u
BBIIBUHYJIO HOBBIC TpeOOBaHMS KaK K BBICHIEMY OOpa30oBaHUIO BOOOIIE, TaK M K HAyYHOW IMOATOTOBKE
CTYACHTAa B YaCTHOCTH. B HaCTOALICE BpeMs 0COOEHHOCTEIO crieuanucTa CICAyeT CHUTATh HAJIMYKUE Y HETO
TBOPYCCKOI'O MLIIIUICHWA, OJAHHUM W3 BaXHEHIITUX KadecTB KOTOPOTro ABJIAACTCA CUCTEMHOCTD. HO3TOMY
pa3paboTKa CHCTEMHOIO IIOJXOJa K PacCMOTPEHHIO paszjaeia "Xumuueckas CBs3b" B Kypce XUMHUHU
NpEaACTABIIACTCA aKTyaHBHOﬁ.

Teoperuyeckas 4acTb

Xumuueckas c613b6 — COBOKYNHOCMb CUN, OCUCMBVIOWUX MelcOy amomMamu U
00ycnasIu8arOwWux yCmou4ueocms OaHHOU cucmemsl. Pelaronyto poib B 00pa30BaHUM XMMHUECKON
CBSI3U WIPAIOT He CHApeHHble (8alleHmHuble) 21eKMpPOHbl TIPEABHENIHETO WM  BHEIIHErO
SHEpreTH4YecKux ypoBHei. CrapeHHbIe SJIEKTPOHBI MpPH BO30YKICHHUH CIOCOOHBI pacnapuBaThC,
obecrieurBasi BO3MOYKHOCTh OOpa30BaHMS OOJBIIEr0 4YMCIa XUMHYECKHX CBsi3eid. BaneHTHOCTS,
o0yciIOBJI€HHass OOIIMM YHCIIOM, UMEIOIIMUXCS B aTOME HE CIIapEHHBIX 3JEKTPOHOB, Ha3bIBAETCS
cnuHeanenmHocmolo.  PeakMOHHAsT  CIIOCOOHOCTh ~ XMMHYECKOH  CBS3M  ONpEneNnsercs  ee
KOIUYECMBEHHBIMU XAPAKMEPUCTNUKAMU, K YUCITY KOTOPBIX OTHOCSTCS: ONUHA, 8ANEHMHbIU Y20l
U DHepeusi.

Teopuss XuUMHUYECKOM CBS3M JaeT BO3MOXKHOCTh OINMCATh paclpelesieHue 3JIeKTPOHHOM
TUTOTHOCTH B MOJIEKYJe. Xumuueckas cési3b umeem Mecmo mam, 20e 2NeKMPOHHAS NAOMHOCHb
MeAHCOY amOoMaMu HAUOONbULASL.

Jist mpuONMKeHHOW OIIEHKH JIEKTPOHHOW TJIOTHOCTH MEXKIY aTOMaMH CYIIECTBYET JBa
METOMIa: Memoo MonekyisapHuix opoumane (MO) n memoo eéanenmuuvix cesazeti (BC). Pazmuuator
CJIEJTYIOIIE OCHOBHBIE THUIIbI XMMUYECKOH CBS3U: KOGANeHMHYI0, OCYIIECTBIseMyl0 oOuieil mapoi
9JIEKTPOHOB; UOHHYIO, KaK PE3YNbTaT 3JIEKTPOCTATUYECKOrO B3aUMOJEHCTBUS pasHBIX MO 3apsiy
MOHOB (MOHBI 00pa3yIOTCs 3a CYET TOJHOTO TIePexo/a HEKOTOPHIX BHEITHHUX AJIEKTPOHOB OJTHOTO aToMa
K Jpyromy, Oojee 53JIeKTpOOTPULATEIbHOMY), W Memaniuyeckyro. JIOHOPHO-aKLENTOpHAs |
BOJIOPOJTHAS CBSI3M PACCMATPHBAIOTCS KaK Pa3HOBUIHOCTH KOBAJICHTHOMN CBSI3H.

Bonpocel u 3aganus



Ilpumep. Tlonp3ysich JJIEKTPOHHOW CTPYKTYpOW aromMa KpEeMHHS B BO30YXKICHHOM
COCTOSIHMM (CM. TIpuMep 2 B pazzeiie 3), OObsICHUTE MEXaHU3M 00pa30BaHUsI MOJICKYIIbI SiF4 Y HOHA

[SiF,]°.
Pemmenne. AToM (TOpa HMEET 31eKTPOHHYIO CTPYKTYpy 15°28°2p°:
n=2

ERREEREE R

n=1
T

S

UYeTblpe HE CHIApEHHBIX OJJIEKTPOHA BO30YXKICHHOIO aroMa KpPEeMHHsS Y4YacTBYIOT B
00pa30BaHUM YETHIPEX KOBAICHTHBIX CBS3€H C YETHIPHMS aTOMaMH (TOpa, MMEIOUIMMH 110 OJTHOMY
HE CIIAPEHHOMY 3JIEKTPOHY:

F \\\\S{/// F

-

. 25296 "
F"-uonsl nmeror snexTponnyio crpykrypy 1S°25°2P° — Bce BaleHTHBIE 2IEKTPOHBI B HEM

CITapEHBI:
- R
n=1 T P

ba3oBbIi1 ypoBeHB

1. Vkaxure Tun xumuueckoii ceszu B monekynax H,, Cl, m HCl. Tlpusenute cxemy

o +
MEPCKPbIBAHUA BJICKTPOHHBIX o0makoB. Kakue THUNBI XUMHUYECKON CBSI3U PCAIN3YIOTCA B NH4 -

none?
2. VCTaHOBHTE IPOCTPAHCTBEHHYIO CTPYKTYpY cieayrommx monekysr: H,S, SIH, u PH,.
3. Kakyro XUMHYECKYIO CBSA3b Ha3bIBAIOT BOJIOPOTHOMN?
Mexny MOJIEKYJIaMH KaKHuX BEILIECTB OHa obpazyercs? [Touemy
H,O u HF, nMest MEHBIITYIO MOJIEKYJISPHYIO Maccy, TTABSTCS I/I

KUIIAT pH 00Jiee BHICOKUX TEMIIepaTypax, YeM UX aHaJIOTU?
4. Kak Meron BaneHTHbIX cBsizell (BC) oObsicHseT nuHeitHoe cTtpoeHne Moiekynbl BeClz n

Terpaszpuueckoe crpoerne mosekynsl CH, ?

5. Ckonpko HE CIIapEHHBIX JJIEKTPOHOB AMeEeT aToM XJiopa B
HOpPMAaJIbHOM M BO30YXIEHHOM COCTOAHUAX? UeMmy paBHA BaJICHTHOCTh XJIOpAa B HOPMAaJbHOM U
BO30YyKJeHHOM cocTosiHusAX? [louemy ¢(Top He mpoOsBIsSET BaJE€HTHOCTh, PABHYIO CEMH, XOTS
SBJIAETCS DJIEKTPOHHBIM aHAJIOTOM XJiopa?

6. Kak meronx MO 00BsiCHSET TO, 4TO B MOJIEKyJIsipHOM HOoHe F,” sneprum cBsizu (318
k/J[x/mMoub) Gonbure, vem B Monekyie F, (159 x/Ix/mons)? Kakas ¢popma 3amucu otpaxaer

B Metone MO crpoenne F,” u F,?



I1oBbIIIEHHBIN YPOBEHD
1. Onumure ¢ no3unuit MetoAa BajgeHTHBIX cBsizeit (BC) anekTpoHHOE CTPOECHHUE MOJIEKYIIbI

BH, unona [BH,] .
2. CpaBuute CIIOCOOBI o0Opa3oBaHus KOBQJICHTHBIX cBsizeit B
+
monexynax CH,, NH; u none NH,.

3. Uro TaKoe O -CBsI3b u JT -CBSI3b? Haiite 00BbsACHEHHE Ha
npumepe monekyn Cl1,, N, u C,H,.

4. Kax metogq MO 00bACHSAET, IOYEMY MOJEKYIAPHBIA HOH Hep™ dHEpreTUuecKu
yCTOHYMB, TOT/Ia Kak Moyekyna He He cymectByeT? Kakas ¢opma 3amucu OoTpakaeT B METOJE
MO crpoenue Heo™? O6nanaer mu von Hep™ mapamarautabiMu cBoiictBamu? Ilouemy?

Chucokx JUTEPATYPHI, peKOMeH)IyeMBIﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHas1 JIuTepaTypa:
1. Koposun, H. B. O6mas xumus : yuebnuk / H. B. KopoBun. - 13-e uzn., nepepa6. u gorm. - 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 nekmwuii / E.
C. Muxanuna, A. JI. Iletenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —Texkcr : anmeKkTpoHHEIH // DnekTporHO-0nbOIroTeynas cuctema [PR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocTyma: asast aBTOpHU3Hp.
II0JIb30BaTENIECH
JlonoJHUTeIbHAA JINTEpaTypa:
1. T'munka, H. JI. O6mas xumust / H. I'. I'munaka ; [lox pen. A. . Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpenm. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuUMus MeTaioB : yueOHoe mocodue (Ui CTYJAEHTOB XUMHUECKOTO (haKyJIbTeTa HarnpaBIeHUuH
OaxanaBpoB «XuMUs» U «XUMHUEcKas TexHoJorus») / coctaButenu O. A. ['onoBanoBa. — OMCK :
Owmckuii rocynapeTBeHHbIN yHuBepeuteT M. @.M. JloctoeBckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DnekTpoHHO Onbmmoreunas cucrema [IPR
BOOKS : [caiir]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum moctyma: s
aBTOPU3HUP. OJIb30BaTENIEH
HNuTepHer-pecypcnl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYyIa K 00pa30BaTeIbHBIM Pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcuTeTckas OHOINOTEKa OHIAWHY.

3 http://catalog.ncstu.ru/ — 31eKTpOHHBINA KAaTAJIOT aCCONUAIIMN SJIEKTPOHHBIX OHOIHOTEK
y4ueOHbIX 3aBeieHuit u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 5BC.
5 https://openedu.ru — OTtkpbiToe 00pazoBaHue



https://openedu.ru/

TEMA 5. OBIIUME 3AKOHOMEPHOCTH NIPOTEKAHUS XUMHNYECKHUX
IMPOLECCOB.

IMPAKTUYECKOE 3AHATHUE 4. XUMHNYECKAS TEPMOJNHAMMKA.
QHEPI'ETUKA XUMHNYECKUX NTPOLECCOB. HAITPABJIEHHOCTb
XUMHUYECKHUX ITPOOECCOB

eabp 3aHATHA: BBECTH TMCPBBI 3aKOH TEPMOJAMHAMUKH KaK 3aKOH COXPAHCHHs OJHEPTrUH
TEPMOJUHAMHYECKOW CUCTEMBI, PAaCKPBITh €ro (U3UYECKOE COJCPIKAHUE MPU PACCMOTPEHUM KOHKPETHBIX
MPOIIECCOB, MPOAODKUATE (OPMHUPOBAHHE YMEHHI ONWCHIBATH TEIUIOBBIE TPONECCH  (PH3MYECKUMHU
BEJIMYMHAMU U 3aKOHAMU;

3HaHMA M YMeHHUs, IpHOOpeTaeMble CTYACHTOM B Pe3yJIbTaTe 0CBOCHHUS TeMbl

3HaTh: OCHOBBI CAMOOPraHU3aLMU U CaMOOOPa30BAHNUS;
3HaTh: OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHbIX JUCLUIUIMH B IPO(eCcCHOHANBHON NesITeIbHOCTH
3HaTh: HOPMATUBHBIC JOKYMEHTHI 110 KaYE€CTBY, CTAHIAPTU3AINH U CEPTH(PHUKAINN TTPOTYKTOB U
W3JIE€IUH, IEMEHThl SKOHOMHUYECKOT0 aHAJIN3a B IPAKTUYECKON JEATEIBHOCTH
3HaTh: CBOMCTBA XMMUUECKUX 3JIEMEHTOB, COEIMHEHUI 1 MaTEpHAJIOB HA X OCHOBE ISl pEIICHUS
3aJa4 NpoQecCuOHaNbHOM NesTeIbHOCTH
YMeTh: CaMOCTOATENBHO CTPOUTH MPOLIECC OBJIAZCHNS HHPOpPMaLeii, 0TOOpaHHOH 1
CTPYKTYPUPOBAHHOM /1715 BHIIOJIHEHUS IPOPECCUOHATBHOMN e TETbHOCTH.
YMeTb: HCII0JIb30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYUHBIX JTUCIMILIMH B IPOQECCHOHATBHON
JeSITEIbHOCTH
YMeTb: HCII0JIb30BaTh HOPMATUBHBIE JJOKYMEHTHI 10 KaUu€CTBY, CTAaHAAPTU3ALUU U CePTU(DUKALIIH
MIPOJYKTOB U U3JEJINUN, SIEMEHThl SKOHOMUYECKOTO aHaJIN3a B IPAKTUUECKOMN JESITeIbHOCTU
YMeTb: HCIIOJIB30BAaTh 3HAHUS CBOMCTB XUMUYECKUX IEMEHTOB, COEAMHEHUN U MaTepUaJIOB Ha UX
OCHOBE ISl PEeLIeHNUs 3a7a4 PO(eCCUOHANBHOMN AeSITEIbHOCTH

HaumenoBanue (opMHupyeMbIX KOMIIETEHIUI

Kon dopMyIIHpOBKA
OK-7 CIIOCOOHOCTBIO K CaMOOPTaHU3alMY U cCaMO00pa30BaHUIO
OIlK-1 CIIOCOOHOCTBIO U TOTOBHOCTBIO MCIIOJIb30BAaTh OCHOBHBIE 3aKOHBI

CCTCCTBCHHOHAYYHLIX JUCHUILJINH B HpO(i)CCCHOHaHbHOﬁ JACATCIIBHOCTH

I1K-3 TFOTOBHOCTBIO UCIIOJIL30BATh HOPMATUBHBIC NOKYMCHTHI 110 Ka4€CTBY,
CTaHJapTU3alluu U CepTI/Iq)I/IKaIII/II/I IMPOAYKTOB U I/ISI[eJ'II/II\/'I, 9JICMCHTbBI
O9KOHOMHUYCCKOI'O aHaJln3a B HpaKTquCKOﬁ ACATCIIBHOCTH

I1K-18 FOTOBHOCTBIO MCIIOJIB30BATh 3HAHUSI CBOMCTB XUMUYECKUX JIEMEHTOB,
COEIMHEHUI 1 MaTepHaiOB Ha X OCHOBE JIJISl PELICHUs 3a/1a4
npodecCHOHATBHOM e TeTbHOCTH

AKTyanbHOCTh paboThl. CHHTE3 HOBBIX COCIMHEHMH W HW3y4yeHHME HEM3BECTHBIX DaHee
(U3UKO-XMMHYECKUX CBOMCTB SIBJIIETCS aKTyaJbHBIM M C TOUKHU 3PEHUS XUMUYECKOW HAYKH UMEET
bynnamenTanbHbIA xapakTep. C MOMEHTa BOZHUKHOBEHUS! XUMUYECKON TEPMOJMHAMUKU OJHOM M3
BAKHEWIINX 3a7a4 OSTOM HAYKH SBJISETCS OINPEAEICHUE CTAHIAPTHBIX TEPMOJWHAMHYECKUX
GyHKIMH MHAMBUAYaAJbHBIX BEIIECTB. Takue JaHHbIE HEOOXOIMMBI MpPEXJae BCEro, JUIs pacueTa
PAaBHOBECHI XMMHYECKMX pPEaKkIMW IpU PA3IMYHBIX TeMmmeparypax W aAasBieHuu. [Ipm sTtom
JTUMUTHPYIOIIUM (DaKTOPOM B TaKMX pacueTax SBISIETCSA, KaK MPaBUIO, OTHOCUTEIBHO HHU3Kas
TOYHOCTb B  OINPEACIICHHUM SHTAILIINYA XUMAYECKOM PpEaKIUH, KOTOpas BBIYMCIAETCS KAk
anreOpandeckas CyMMa SHTaJILIMI 00pa30BaHUs peareHToB. B u3MepeHus X S3HTPONUH JOIMYCTHMbI
00JIbIIIKE MOTPEIIHOCTH, OCOOEHHO, €CIM Peyb UAET O PEaAKIHUAX C yJacTHEM KOHJIEHCHUPOBAHHBIX




BelIeCTB. B 3TOM OTHOIIEHUHU ONpe/esieHrne CTaHAaPTHBIX SHTAIBINN 00pa30BaHus U a0COMIOTHBIX
SHTPONUI UHJAUBUIYATLHBIX BEIIECTB SBIISETCS HEOOXOIMMOUN M aKTyalbHOU 3a7aueil XUMHUIeCKON
HayK{ U TEXHOJIOTHH.
TeopeTuyeckas 4acTb

Hayka o0 B3auMHBIX @pEBpallCHUSAX paA3JIMYHBIX BUJOB OSHEPIMM  HA3BIBACTCS
mepmMoOUHAMUKOLL.

[Tpu XUMHUYECKUX PEaKIMSIX MPOUCXOAT MNIyOOKHE KaueCTBEHHbIE H3MEHEHUS B CUCTEME:!
PBYTCSl CBSI3UM B MCXOJHBIX BEIIECTBAX M BO3HUKAIOT HOBBIC CBS3M B KOHEUYHBIX MPOJYKTaX. DTH
HM3MEHEHHE COMPOBOXKAAOTCS MOTJIOMIEHUEM WM BbIICTICHUEM SHEPTrur OOBIYHO B BHJIE TETUIOTHI.

Pazmen TepMoaMHAMHKHM, W3ydYalOmUK TeIIoBble A(P(EKThl XUMHYECKHX PEaKIui,
Ha3bIBACTCS MEPMOXUMUEL.

[Ipu mo6GOM mpolLiecce BBLINONHSETCA 3aKOH coxpaHeHus osHepruu. Tennoma Q,

noznowjennas cucmemot, uoem na usmenenue eé enympenneti snepeuu AU u na coeepuenue
pabomer A

Q=AU+A. 1)

BHYyTpeHHSIsSI PHEprUs XapaKTepU3yeT CKPBITYIO B BEHIECCTBE YHEPTUIO (KUHETHUECKYIO H
MOTEHIAIILHYIO ), KOTOPasi BRICBOOOXTaeTCsI P (PU3MUYECKUX M XUMHUYECKHX TPOIIeccax.

Tennosvim  3¢pghekmom  peakyuu  Ha3vlBaemMcss  KOIUYECMBO  BbIOEIEHHO20 — UU
noenowenno2o menia. CTaHAapTHBIN TEIUIOBOW YPQPEKT COOTBETCTBYET CTaHIAPTHBIM YCIOBHUSAM
npoBeneHus peakmuii: T = 298,15 K, P = 101,3 k[la. Tenrosoii s¢hghexm peaxyuu, npomexaioweti
npuU NOCMOSHHOM 00beMe CUCTEeMbl, PABEH USMEHEHUIO GHYMPEHHEl JHEPSULL:

Qv =AU. (4.2)

BONBIIMHCTBO XUMUYECKUX PEAKIUi MPOTEKAeT MPU MOCTOSHHOM JaBICHHUH. 1eniogotl
aghgpexm Xumuueckou peaxkyuu, npomexaroujeli Npu NOCMOSAHHOM OABNIeHUU, PABEH USMEHEHUIO
SHMANLNUU:

Qe =AH. (4.3)
OHTaNBIU paBHA CyMM€ BHYTPEHHEH SHEpriH U paboThl pacIiupeHus:
= + .
H=U+pV 43)

[TosToMy ommanvnuto onpedenaiom Kak dHepeur0 PpACWUPEHHOU CUCmeMbl, €€
TEII0COAEPKAHNUE.

Peakuun,  KOTOpbIE  CONPOBOXKIAIOTCS  BBIJEICHUEM  TEIUIOTHI,  HAa3bIBAIOTCSA
skzomepmuveckumu. TIpu UX MpOTeKaHUH Terocojepskanue cuctembl ymensimaercs (AH < 0).

IIpy nmpoTekaHMM K€ DHAOTEPMHUYECKMX pEeakUWd, HIYyIIUX C [OIJIOMEHUEM  TeIUIa,
Teroconepxanue yseauuusaercs (AH > 0).

B 3aBucumocTH OT XapakTepa MPOUCXOJSIIETO TMpoliecca pa3idyaroT TEeMIoThI
o0Opa3oBaHMsl, CrOpaHus, pacTBopeHHs U T.1. [loHATHE O TerioTe 0Opa30BaHUS BEILECTBA SBISETCS
OJTHUM U3 BaXHEHUIIIUX B TEPMOXUMUH.

Tennomoti o6pazosanus (AH ) naszvisarom mennoeoii sppexm peaxyuu 06pazoeéarus

o0pas.
00HO20 MONb CILOJCHO20 6EUecméa U3 NPOCMblX, YCMOUHUEHIX NPU CMAHOAPMHBIX YCIOGUAX
(T=298,15K; P =1013«klla). Tenmorsl 06pa3oBanHusi HEKOTOPHIX BEMIECTB TPUBEIEHBI B

tabmuue 6.1. OOGpatuTe BHUMaHHWE Ha TO, YTO mMen10omsl 00pA308aHUS NPOCMBIX BeUecms,
YCTOWYUBBIX MPU CTAHJIAPTHBIX YCIOBUSX, HPUHAMbL PAGHLIMU HYJIO.

Tennosou s¢hghexkm xumuueckol peaxyuu 3a8uUcCUm OmM HPUPOOLL U PUIUUECKO20
COCMOAHUSL UCXOOHBIX Beujecms U NPOOYKMO8 pPeakyuu U He 3asUcum Oom nymu e€ npoeeoeHus.



TernoBbie 3 (eKTbl 3aBUCAT OT CTPOCHHS PEArupyrolIUX MOJEKYJ, TO3TOMY TEOPETHYECKH
paccuMTaTh UX HEBO3MOXKHO. 3aKOH I'ecca 1mo3BosieT HA OCHOBAHUHM OTPAaHUYEHHOI'O KOJIMYECTBA
OTBITHBIX JAaHHBIX 0 TEIJIOTaM OOpa30BaHUs BBIUUCIIATH TEIUIOBBIE 3(M(EKThI OOJBIIOTO YUCIia
peaKkuui.

OCHOBHBIM 3aKOHOM TEPMOXHMHUU SIBIISICTCS 3aKOoH [ ecca, B OCHOBE KOTOPOTO JICKHT
3aKOH COXPaHCHHSI SHEPTUU:
Tabauya 4.1 — Tennomoul 06pazoeaHusi HEKOMOPLIX BeEUWECME

Bewecmeso AH06pa3_, k/lorc/mons Bewecmeo AHoﬁpa&, k/orc/monw
AlL,O, (1) 1675 H,0(r) 242
Al,(SO,);() —3434 H,S(r) —20
CH, (1) 75 MgO(1) 601
C,Hq(r) —85 Mg(NQ;), (1) —790
CeHg (%) 49 NO, () 33
CO(r) ~110 NaHCO,(r) —914
CO,(r) -393 Na,CO,(T) -1129
COS(r) 137 Na,S(T) 372
HCI(r) 92 Na,SO, (t) ~1090
HNO, (%) -173 Na,SO, (1) ~1388
CuO(r) 165 POCI, () 597
Cu(NO;),(1) -307 PCI (1) 369
H,0(x) 286 SO, (r) 297

B cootBeTcTBHU ¢ 3aK0oHOM ['ecca: mennosoti a¢pgpexm psioa nocnedosamenvHulx peakyuii
pasen meniogomy 3¢pgexmy 0py2020 psoa nocied08amebHulX peaKyull, ecliu UCXOOHble euecmad
U npodykmsl npespaujenuti oouHaxogvl. Ha OCHOBaHHMM 3TOTO MOAXO0JA C TEPMOXUMUYECKUMHU
YpaBHEHHMSIMH MOYKHO OIEpUPOBaTH TaK k€, KaK M C alreOpamdecKuMu. epmMoXumuyecKumu
HA3b18AIOMCS XUMUYECKUE YPAGHEHUS, 8 KOMOPbIX YKA3AHbL MeNn108ble d@exmul peakyuil.

M3BecTHO, YTO B HEM3OJIMPOBAHHBIX CHUCTEMax IMPH OTCYTCTBUH BHEUIHHX BO3IEHCTBHI
CaMONPOM3BOJIBLHO MPOUCXOJAT FIK30TEPMUUECKUE PEaKIUH (AH< 0). OCO6EHHOCTBIO
XUMAYECKHUX TPEBPAIICHUH SBISETCS y4acTHe B HUX OOJBIIOTO YHCIa YacTHIl. [ Takux cucteM

HauOONIee BEPOATHO COCTOSHME OECTOpS/IKA, XapakTepu3yeMoe osHTpomuel S. WM3MeHeHue

OHTPOIINU TPHU XUMHUYCCKUX PCAKIUAX PACCUHUTHIBACTCA HAa OCHOBAHWU CIICACTBUA U3 3aKOHA I'ecca.
KadgecTBeHHO 3HAK M3MCHECHHUS OHTPOIIMU MOKHO OLCHUTH, COIIOCTABUB KOJNYCCTBO I‘33006p33HI)IX
BCIICCTB 0 U IOCJIC PCaKINU.

Bonpocs! 1 3aganus
Ilpumep 1. BpUUCIUTH CTAaHAAPTHYIO TEIUIOTY oOpa3oBaHHs OKcHia xeneza (+3) mo

CICAYIOIIUM TEPMOXUMUUYCCKHUM YPABHCHHUAM:
1) 2Fe,, + O, = 2FeO,;
2) 4Fe0 = 2Fe,0

AH, =-532 xJIx;
AH, =-584 x]x.

2(r)
+0

(™ 2(r) 3(1)?

Pewenue. 3anviieM TepMOXMMHYECKOE ypaBHeHue obOpasosanms Fe,0; w3 mpocreix

BCIICCTB.




3) 2Fe,, + 1,50, =Fe,0,,; AH,  =?x/]xc.

Jl51st Toro 4To0ObI U3 ABYX JaHHBIX YPAaBHEHUH MOIYYUTH UCKOMOE 3), HY’KHO yYpaBHEHHE 2)
pa3nenuTh Ha J1Ba U CIOXKUThH ¢ ypaBHeHueM 1). Takue xe anredpanyeckue IeUCTBUS MPOBEIEM C

TEIUIOBBIMU 3(PPEKTaMU TaHHBIX PEAKIHHA U MOJYIUM HCKOMYIO BEIMIHHY AHX'p. :
2Fe,, +1,50,, =Fe,0,,; AH, , =0,5-(-584) - 532 = -824 x/[/mob.
Jlns pacdera TemioBbIX 3(M(PEKTOB XMMHUYECKHUX PEAKIMH YacTO HCIOJB3YIOT IEpPBOC

CIICACTBHUC U3 3aKOHA I'ecca:

Tennosoti s¢ghgpexm xumuueckou peakyuu pageH cymme menjiom oopazosanus NPpooyKmos

PeAKyuUU 3a 6bl4eniom CYyMmobl meniom 06p6130661H1/b‘l UCXOOHBIX seuecms.”

AH ZAHKOH ZAHS(?;) (44)

Ilpumep 2. Paccuuraiite TemIoBOM 3(PQGEKT peakIuu TOpPEHUs dTaHa HCXOIs U3
CTaHJAPTHBIX TEIUIOT oOpa3oBaHus. Kakoe KOIMYECTBO TEIUIOTHI BBIACIUTCA WA TIOTJIOTUTCA,

eciu: a) cropaet 90 T 9TaHa; 6) o6pazosanock 89,6 am°
CO, (m.y.).

Pewenue. 3anmmem TCPMOXUMHUYCCKOC YPABHCHUEC PCAKINU I'OPCHHUA 3TaHA B PACUCTC Ha

1 Monb:

C,Hy,, +3,50,, = 2CO,, +3H,0,,; AH, =2 xJlx.

PaccuntaeM TemIoBoii 5 (eKT peakiuu Mo nepBoMy CIeACTBUIO U3 3akoHa [ecca:
AH, , =3AH +2AHE, — AH,
AH gfp " = (), Tak KaK 5TO IIPOCTOE BELIECTBO.
[ToacTaBUM 3HaUYEHHs TEMIOT 0Opa30BaHus U3 TaObauIb! 6.1:
AH, = 3-(-286) +2:(-393) + 85 =-1559 k/lx/monb.

[Tockonpky AHX‘p' <0, peakius S5K30TEPMUYECKAS.

[lo ypaBHenuto peakuuu cropaer 1 mons C,H,, T.e. 30 r. Ilo ycnoBuio 3agaun B

peaktmio Berynuio 90 r C,H , uto cocrasiser:

m
n(C,H,)=—2" = 02 =3 monn.
M, 302/ monb

Toraga KOMMYECTBO TEIIa, BRIIEICHHOTO TIpH cropanuu 90 T sTaHa, OyaeT:

Q=nAH,, =3 - (-1559) =-4677 kJIx.



[lo ypaBHEHHIO peaKLuH W3 OXHOrO Moub dTaHa obpasyercs 2 mons CO,. Hanomuum,

YTO MOJb Ia3a, IpH H.y., 3aHUMaeT oobeM 22,4 am>. Tlo ycnosuio 3anaun obpaszosanock 89,6 am®

CO,, uro cocrasuser:

n :&:ﬂ:4ﬂ40ﬂb.
22,4 22,4
KonnuecTBo Tema, BBIACIAEMOE IIPU 3TOM, PABHO:
Q=nAH_, =4-(-1559) = - 6236 KIx.
TennoBoil 3pPeKT XUMMUYECKON pPEaKkIMi MOXHO TaKXKE€ BBIUMCINTH, UCIOJIB3YS BTOPOE
CIIECTBUE U3 3aKOoHa ['ecca:

Tennogotl 3¢hpexm xumuueckol peaxkyuu pageHn CymMme Meniom C20paHus UCXOOHBIX

eeuecmes 3a 6bl4entom CYMmol meniom CCOpaHusl KOHEe4YHblX 6eecmse.

AH,, =D AHZ" = AHG! (45)

Tennomotii ceopanus eewecmea AH“" nasvieaemcs mennosoii spgpexm peaxyuu
OKUCTIEHUS OOHO20 MOJIb 8eUeCmB8ad KUCIOPOOOM C 00pA308aHUEM BbICUUUX (YCMOUYUBLIX) OKCUOOSB.
JlJiss OpraHMYecKUX COCIMHEHUW TEIJIOTOM CropaHus Ha3bIBAeTCS TEIIOBOW 3PQEKT peaxiuu
TIOJIHOTO Ccropands 1 Mok JaHHOro opraHmyeckoro BemectBa ¢ obpasosannem CO, u H,O.
CrangapTHble TEIUIOTHI CrOpaHHUsl NMpuBeAeHbl B Tabmuue 6.2. OOparure BHUMaHHE Ha TO, 4TO
terutotsl cropanus Beicmnx okennos (CO, n H,0) pasust myso.

Ilpumep 3. Paccumraiite TemiaoBoil 3¢ddexr peaxknuu sTepuuKaul MCXOAS W3 CTaHAAPTHBIX

Tabnuya 4.2 — Cmanoapmuule SHMATLAUU C2OPAHUSL HEKOMOPBIX COeOUHeHUll TETUIOT CrOpaHusl.

Bewecmeo AH “" | wlloic/monw Bewecmeo AH | xJoic/monn
coO -283 CH,COOH -874
CH, -890 CH,COOC,H, -2254
C,H, -1300 C,H,COOH -1370
C,H. -1560 H, -286
C,H,OH -1367 NH, -383

N,O 69

Kakoe komMuyecTBO TEMJIOTHI BBIACIUTCA WIM MOTJIOTUTCS, €CIM B peakuuto BeTynmwio 138 r
3Tagoia?

Pewenue. 3annieM TEpMOXUMHUECKOE YPAaBHEHNUE PEAKIIUU:

C,H,OH,,, + CH,COOH,,, &=2= CH,COOC,H,,, +H,0,,; AH,  =? k/x.



TennoBoii 3¢ (hekT XUMUUECKOH peakIMy PacCUUTaeM [0 BTOPOMY CIIEACTBUIO U3 3aKOHA

T'ecca:

— ceop ceop ceop
AHx_p_ = AHCZHSOH +AH AH

ct,coon — B cycoocyH,
C20, v
AH Hzg =0, TaK KaK BOJIa — 3TO BBICIIUI OKCHJI.

HOIICTaBI/IM YHUCJICHHBIC 3HAUYCHUA TCIJIOT CropaHursd U3 Ta6JII/ILIBI 6.2:

AH_ = -1367 - 874 + 2254 = 13 xJI>x/Mou1b,

P
Tak Kak AH s 0, peakuus >HpOTEPMHYECKAS.
Io ypasuennio peakunu pearupyer 1 moms C,H.OH . ITo ycnosuio 3anauu B peakumio

serynwio 138 r C,H.OH , uro cocrasnser:

mC2H5OH . 1382
M 46 2/ monw

C,H5O0H

n= =3 moun.

Torna Konu4ecTBO TCILI1a, IOTJIOICHHOI'O B JIaHHOH pCaKkunu:
Q=nAH  =3-13 =39 k[lx.

CrnenctBus u3 3akoHa ['ecca mpUMEHSIOTCS TakXke MPU TEPMOXUMUYECKHX pacdeTax s
OIMPECACIICHUS TCIIJIOT O6paSOBaHI/I$I HJIN CTOpaHUsA NCXOJHBIX BEIICCTB UM IPOJAYKTOB PCAKIUU.
Ilpumep 4. BpuncnuTe CTaHAAPTHYIO TEIUIOTY OOpa3oBaHUsi OCEH30J1a HA OCHOBAaHUU

TEPMOXUMHUYCCKOI'0 YPABHCHUA PCAKIIUUN €TI0 CrOPAHUS:

CeHygy +7,50,,, =6CO,,, +3H,0,; AH =-3133 kJlx/Moib.

6(r) 2(r) >

Pewenue. I1o nepsoMy cneactsuto u3 3akoHa ['ecca:

_ oop. o6p. oop.
AH,, =3AH " + BAH — AH

CeHe *

op.
AH )" =0, Tak Kak 5T0 POCTOE BEMECTBO. Bripasum Temnnory obpasosanus Genzomna:

obp. __ oop. oop.
AH? =3-AH(", +6- AHZ — AH,_ .

Cellg
[ToncTtaBuM uKcIeHHBIC 3HAYSHUS U3 TaOIUIBI 6.1:
obp. __ —_
AH = 6+(-393) + 3:(-242) + 3133 = 49 k/Dx/Mous.
Ilpumep 5. BpruncnuTe CTaHAAPTHYIO TEIJIOTY CTOPaHUs alleTUIIEHA CZH , Ha OCHOBaHMU

TCPMOXUMHNYCCKOT'O YPABHCHUA:

C,H,, +CO,, +H,0,,, —> CH,=CHCOOH,; AH, | = -213 kJlx/Mo.

AKpUJIOBAA KHUCJI0Ta

Pewenue. I1o BTOpomy ciiecTBUIO U3 3aKOHa ['ecca:



_ czop ceop ceop ceop
AH , =AH., +AH ;" +AH, 5 —AH

C,H,COOH *
C20,
rne AH Hzg =0.
OTcro1a BEIpa3uM TEILIOTY CTOPAaHMs alleTHIIEHA:

AHCG =AH, , —AH S +AHCY

CH, — C,H,COOH * »
AHEZ%’Z = -213 + 283 - 1370 = -1300 kJI>x/MOJIb.

Ilpumep 5. PaccunTaiiTe N3MEHEHNE PHTPOIMHU IIPU CUHTE3€ aMMHUAKa.

Jlns penieHus 3aauy 3anuileM ypaBHEHUE peakliiy B pacueTe Ha | Mob aMMuaka:

0,5N, +1,5H, =NH, ; ASX.p. =? o | monw - K.

3HaK H3MEHCHUS OHTPOIIMU MOXHO YCTAHOBUTH II0 KOJHUYCCTBY MOJIb r33006paSHLIX

BCIIICCTB.
An=n_. -n_ =1-(05+15)=-1,

rac nKOH_ u nmx_ — KOJIHNYCCTBO MOJIb KOHCYHBIX M HCXOAHBIX BCHICCTB, An — HN3MCHCHUC

KOJIMYECTBA MOJIb ra3006pa3H1>1x BCIICCTB IIPHU pCaKLIUU.

[ockonmsky AN <0, To B pesysnbrare peakuuum OGeCHOPAIOK B CHCTEME YMEHBINAETCS.

CoOTBETCTBEHHO OHTPOIIHA paCCManHBaCMOﬁ CHUCTCMBI TaKXC Y6LIBaeT. HpOI/I3BeI[eM pacucer

M3MEHEHHUs SHTPOIHHU MPH 3TOM peakliiy B COOTBETCTBUU CO CJIEICTBUEM U3 3aKoHa ['ecca:

AS®, =S5, —0,5-5% ~15-SC .,

0
rac S — CTaHAAPTHBIC SHTPOIINU BCIICCTB.

[ToaCTaBUM MX YUCIIOBBIE 3HAYEHUS:
ASS_D_ =192,8-0,5-191,6 - 1,5-:130,6 = -98,9 I»x/mos - K.

B usonuposannoti cucmeme (npu omcymcmeuu oOMeHa SHepeuel U Beuecmeom Co
cpeootl) 6o3pacmanue SHMPONUU AGIAEMC I Kpumepuem camonpou38oibHo20 NPOMeKaHus peakyui.

B npuBeneHHOM npuMepe caMONPOU3BOJIBHOE MPOTEKAHUE NIPSIMOM PeaklMA HEBO3MOXKHO, TaK Kak

0
ASXIP. < 0. Kak u3BeCTHO, HampaBleHHE MPOTEKAHMS XUMUYECKHX MPOIECCOB OMpeensercs
neiicTBueM aBYX (akTopoB: sHTaNbIMIAHOr0 AH x.p. (CTPEMJICHHE CHCTEMBI K MUHUMYMY SHCPIHH)

Y SHTPONHUIHOTO ASXIp. (cTpemileHre K TOCTHKEHUIO MaKCUMalIbHOTO Xaoca). OHU 00beTUHSIOTCS

I/I306apHO-I/130TepMI/IquKI/IM INOTCHIHAJIOM:

AGx.p. = A]_Ix.p. - TASx.p. (46)



Kpumepuem camonpouszgonvnoco npomexanus peakyuu sAensiemcs YOvlib U300APHO—

U30MEPMUUECKO20 NOMEHYUANa AGX.p. < 0. Yem MeHblIE BelIUYMHA AGW., TeM OOoJbIIIe

BEPOSITHOCTh IPOTEKAHUs XMMHYECKON peakuun. Takum oGpasom, ¢ momousio AG_ . MOXHO

MIPOTHO3HPOBATH BO3MOKHOCTh XMMHYECKOTO IPEBPAIICHUS U JeNIaTh TPAKTHUECKUE BBIBOIBI.
Ilpumep 6. BO3MOXHO 1M COBMECTHOE XpaHEHHUE Ha CKJIQle OSTUICHIJIHKOJIS
(anTHpU3HAS )KUIKOCTD) U KATMHHON CENUTPHI (yaoopeHue)?

I/IBBGCTHO, 4YTO OTHJICHIJIMKOJb, KaK W MHOI'M€ OpraHM4€CKHME BCHICCTBA, 06J'IaIlaCT

BOCCTaAaHOBUTCIBbHBIMHU CBOfICTBaMH, a KNO3 SABJICTCA OKHUCIUTCIICM. OHCHI/IM, BO3MO>HO JIK

IMPOTCKAHUC PCAKIIMKU MCKAY STUMH BCIICCTBAMU. OI[I/IH 13 BO3MOXHBIX BAPHAHTOB MPECBPALICHUA

3aIHMCHIBACTCS CIICTYIONTUM 00pa3oM:
3C,H.0, + 10KNO, = 6CO, + 4H,0 + 10NO + 10KOH.

B cootBerctBUU cO cienctBueM U3 3akoHa l'ecca M300apHBIM MOTEHIMA JTAHHOTO
MIPEeBpALCHUS] MOKET OBITh BBIpaXKEH depe3 H300apHbIe MOTEHIMAIbl 00pa30BaHUS YYaCTHUKOB

MIpEeBPALCHHUS:

AG,,, =(6-AGly +4-AG;”, +10-AGy7 +10-AGy%, ) - (3-AG, , +10-AGLR, ).

npesp
IToacTaBUM YMCIIOBBIE 3HAYEHUS U3 TAOJIULBI 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 INOTCHIKaJia XHUMHYISCKOMN pC€aKkuuu B paCyeTC HA 1 MoJB

OTUIICHTJINKOJIA:
AG,, =AG,,.. N 0, =—1377,6 k/[oic |3 mone =—439,2 k/[oic [ mone.

TaKOMy I/I306apHOMy NOTCHIHATY COOTBCTCTBYCT TCPMOXUMHUUYCCKOC YPABHCHHC:

C,H,0, +%KNO3 = 2CO0, +%HZO +%NO+%KOH; AG,, =7

0
Tabnuya 4.3 — 3nauenus cmandapmuvix nomenyuanos obpasoéanus nexomopuix sewecme AG

obpas.
(x/[orc/monv)

Bewecmso | AG° Bewe cmeo | A\G? | Bewe AGY Bewe AG°
o6pas. o6pas. cmeo o6pas. cmeo o6pas.
LiH -68,7 SrH, —140 CHF, —644,7 C,H, 201,0
NaH -33,6 BaH, -151 CHCIF, —429,4 HZO(F) —228,8
KH -34 Ca(OH), -899 CF, —-888,9 H 2O(>K) —237,4
RbH | -276 | Sr(OH), | 876 | CCLF, | 435 | H,0,, | 1205




LIOH | 439 | Ba(OH), | 85 | C,F, | 6157 | KNO, | 3934

NaOH | 380 | cCO, 395 | C,H,0,| -3194 KCI | —409,0

KOH -379 CH4 -50,8 | C;H;(OH), 477 KM n()4 —729,6

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

[ToyueHHoe U3MEHEHHE N300apHOT0 MOTEHIIMAA PeaKIIMU MEHbIIIE, YeM U300apHbIe
MOTeHIIUaIbl 00pa3oBaHus MHOTHX BemlecTB. [103TOMy nmpoTekanue Takoil peakiiuyu BecbMa
BeposiTHO. OTCIO/a ClIeIyeT MPAKTUYECKUNA BBIBOJ: COBMECTHOE XpaHEHUE ITHUIICHTIIUKOIS 1

CCIIUTPLI Hedonycmwwo, TaK KaK MOKCT MPHUBCCTU K CAMOBO3TOPAaAHHUIO.

Kpurepuit AGX. b = O wMoxer ObITh HpPUMEHEH U [ AaHalM3a yCTOWYMBOCTH

XUMHNYCCKHUX COCI[I/IHGHI/Iﬁ Ha OCHOBAHHUH BCIIMYMH HX I/13068.pHBIX IIOTCHIMAJI0OB O6paSOBaHI/IH. YeMm

MCHBIIC AGx.p. , TEM IIPOYHEC MOJICKYIJIA.

Ilpumep 7. Ha ocHOBaHMM M300apHBIX MOTEHIMAIOB OOpa30BaHUS MOJIEKYJ CIelaiTe
BBIBOJ] 00 YCTOMUMBOCTH (PTOPIPOU3BOAHBIX MOJIEKYJI METaHa.

Brimumem u3 tabnuiisl 4.3 n306apHbie MOTEHIMATIBI 00pa3oBaHus PTOPIPOU3BOTHBIX:

CH, |-508
CHF | 2231
CH,F, | 4183
CHF, |-6447
CF, ~888,9

W3 npuBeneHHOro psaa BHUIHO, 4YTO C YyBEJIWYEHHEM KOJIMYECTBAa aTroMoB (ropa

yeroiiunBocts Mosekyn Bospacraer. [ monekyn CH, u CF, moxuo BBIMmCINTL H306apHbIE

norenmanst ( K/orcl monwv) ceszeit AGS*) =-13 u AG”"} =—-222,2 . Dro rosopur o

BbIcoKoil pounocty cesasu C-F. B To e BpeMs B cMeIIaHHBIX raloreHoBOAOPOIAX H300apHBIH
MOTEHIMal o00pa3oBaHUs HE MOXET OBITh pacCUMTaH IyTeM CYMMHUpPOBaHHS H300apHBIX

IIOTCHIINAJIOB CBSISGI\/’I, YTO CBA3aHO CO B3aMMHBIM OTTAJIKUBAHUEM aTOMOB.

B npouecce xumuueckoro npespaenns pyuxuus AG » yOBIBaeT 0 TEX IOp, MOKa He

HAaCTylluT COCTOAHUC XUMHYCCKOI'O pPABHOBCCHUA. B cocrosuun paBHOBCCHUA SHTANBIUHUHBIN U



SHTPONUIHBIN (PaKTOPBI CPABHUBAIOTCA. Y CIIOBHEM XUMHUYECKOTO PAaBHOBECHUS SIBIISIETCS PaBEHCTBO

AG, , =0, coorsercryiomee paenctey AH = TAS.

Ta6mmunsie  sumauenns  AH° mAS?  orHocarcs Kk cTaHZGpTHBIM  yCIOBHSM
(T =298 K; P =101325TI1a). ®opmyna mis pacuera m3obapuoro motenmmana AG°
x.p.

npuodpeTaeT BHUI:

0 _Apg0 _ 0
AGx.p. - A[—]x.p. TASx.P- (47)

. 0
Ota Gopmyna nMeeT NMpUOIIKEHHbIH XapakTep, HO mo3BouseT Ha ocHoBannn AG_ b= 0

PpacCCUUTBIBATH TEMIICPATYPY, COOTBCTCTBYIOIIYIO pABHOBECHOMY COCTOAHUIO CUCTCMBI:

AH°
L pan =30 (4.8)

HpI/I HCIIOJIb30BAaHUH 3TOH (I)OpMyJ'IBI HaJ0 IIOMHHUTb, 4YTO pPasMCPHOCTHU TaOJIMYHBIX

3HaueHuii He cornacosanbl: AH wusmepserca B xkJlx/mMonb, a AS — B Jlx/mons K. ITosToMy npu

o 0
MOJICTAHOBKE TAOJMUYHBIX 3HaueHuii 3Hauenue AH nepeBoguTcss B J[K/MOJIB ¢ TIOMOIIIBIO
MmuOokuTeas 108,

I1pumep 8. Beraucnure n300apHbIE MOTSHITUABI TSI PEaKITUN

2NO + 0, = 2NO,

npu Temneparypax 600 — 1000 K, nocrpoiite rpapux AG - T u caenaiite BeIBOJ 0 HampaBieHUH
peaKiuy Ipu pa3HbIX TeMIIepaTypax.

3anuiuemM ypaBHEHHE peakliy B CTAHJIaPTHOM BUJIE:

2NO + 0, =2NO,; AS, | =? [/ mons- K.

B cootBeTCTBUM CO CIEACTBHEM H3 3aKOHA Fecca, BBIpa3UM H3MCHCHUC DHTPOIINU IIPU

XUMHYECKOU pCaKknu 4€pe3 SHTPOIINHU YHaCTHUKOB PABHOBCCHUA:

1 1

AS, , = Sﬁ,oz ~Syo _ESCO)z = 240—211—5-205= —73,5 owc ! monw - K.

AHanoru4Ho Haﬁ)leM SHTANBINIO XUMHUYECKOM peaknu:
0o _ obp. _ obp. __ _ _
AH, , =AHJ) —AH S =32 —90=-58 k/lowc | mone.
HaHOMHI/IM, YTO TCIIJIOThI 06pa30BaHI/I5[ IMPOCTBIX BCIICCTB IPHUHATHI PABHBIMU HYIIIO
obp. __
(AHJ” =0),

Tenepp BBIYMCIMM TeEMIEPATYpy, NPH KOTOPOM JOCTHTaeTcs TEPMOANHAMHUYECKOE

paBHOBECHE:



_ -58.10°

= =789 K.
peen =735

N306apHblil moTeHIIMaN IpU pa3HbIX TeMIlepaTypax paccuuTaeM 1o Gopmyie ¢ y4yeToMm

MHOKHTEIs 10°2;

AG’ =-58+73,5-10° xJIx.

0
x.p.
[Mockonsky AS < 0, To pynkuus AGS_p_ = f(T) — Bo3pacraromas.

[ToncraBisiss 3HayeHWs] TeMIepaTyp U3 YCIOBUS IpUMepa, HaiaeM u300apHbIe

noTeHuuansl (k/[oic/monb).
AGC, =-13,9; AG®, = -6,55; AG%, = 0,8; AG%,, = 8,15; AG’,,, = 15,5.

Ha ocHOBaHUM 3THX AaHHBIX CTPOUM rpaduK:

T,K 600 700 800 900 1000
AGO -13,9 —6,55 0,8 8,15 15,5
x.p.
AG,kIx/Monb |
15
10 —
57 obpaTHan
Tpml PeaKiHA
0 /f/ T T S

]
600 700 800 %0 T,K
~57| npamax

peaKuus
-10-

Pucynok 4.1. I'paduk 3aBUCUMOCTH U3MEHEHHS M300apHOT0 MOTEHIIMaa

OT TeMIIEPaTypbl

U3 rpaduka ciexyet, uro mpu | < T npeobnagaeT npamas peakuus, npu 1 > T

paBH. paBH.

— obparHas. [TocKOIBEKY peakiys SK30TepMUdecKasi, To Ipu | < TpaBH_ HaIpaBJIEHHOCTh PEaKINN

ONpejieNsieTcsl NpeolagjanueM SHTANBIMAHOIO, (akTopa, a npu | >TpaBH. — DHTPONUNHHOTO

q)aKTopa. OTMCTI/IM, 4YTO HACTYIUICHUC PpPaBHOBECHUA BO3MOXHO TOJIBKO TOrjJga, KoOraa 3HAKU

usmenenns Gynkuuit AH 1 AS onunakossL

ba3o0BbIi1 ypoBeHB
1. Beruucaure Temnoty o0pa3oBaHMs NOTYEPKHYTOrO B YPAaBHEHUH BEIIECTBA, UCXOAS U3

TEPMOXUMHUYECKOTO ypaBHEHUS



Ne Vpasnenus peaxyuu AH Omeembl
3a0auu 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,y = AS,O; -261
3 | 1)CuCly,, +Cu,, =2CucCl,, -56 ~136
2) Cu,,, + Cl,, =CuCl,,, -216
4 |1)2P, +3Cl,, =2PCl,,, -574 375
2) PCl,,, =PCL,, +Cl,, 88
5| 1)2Pb,, + 0, = 2PbO, 438 277
2) 2PbO,,, =2PbO,, + O, 116

2. Paccunraiite TeroBoi 3(h(deKT ykazaHHOW peakiMy MCXOJS U3 CTAHIAPTHBIX TEILIOT

O6pa30BaHI/ISI. Breruucnurte Takke KOJIMUYECTBO TEIIOThI (Q), KOTOPOC BBIACIUTCA UJIIN ITIOTJIOTHUTCA,

€CJIM B JAHHYIO PEAKIMIO BCTYNUI0 M T epBOro BeIlecTBa.

Ne Ypasnenus peaxyuu m, Omeenol
3a0ayu Q. wlnclons

6 H,S,, +CO,, =H,0, +COS 102 102

7 S(T) + 2C02(r) = SOZ(F) + ZCO(F) 64 538

8 COZ(F) + 4H2(r) = CH4(r) + 2H20(r) 88 -332

9 PCl,, +H,0,, =POCI,,, + 2HCI 836 680

10| 2NaHCO,,, = Na,CO,, +H,0, + CO,, 252 96

3. Beruncnute TemnoBoit 3¢pQeKT ykazaHHON peakiMM UCXONs U3 CTaHJApTHBIX TEIUIOT
cropanusd. PaccuMraiiTe KOJIMYECTBO TEIUIOTHI, KOTOPOE BBIAEIUTCS WM TOIJOTUTCSA, €CIU B

JAAHHYIO PCAKIUIO BCTYIIUIIO V IIM3 IIEpBOTO rasa.

Ne Ypaeuenus peaxyuu V, on® Omeemul
3a0auu Q, xllclmons

11} 2CH,,, +0,, =2CO, +4H, 89,6 ~140

12| 2NH,,, +20,, =N,0, +3H,0, 67,2 ~1045,5

13 C2H2(r) + 2C02(r) = 4CO(F) + H2(r) 112 590

14 CH,, *+CO,, =2CO +2H,, 44,8 496

15 1 CHg + Hyy=2CH,, 56 ~165




4. PaccuuTaiiTe CTaHAAPTHYIO TEIUIOTY 0Opa3oBaHUS MEPBOTO B YpaBHEHUHU BEIIECTBA

op.
HUCXOd U3 IIPUBCACHHOTO TCPMOXUMHUUCCKOI'O YPaBHCHHUA PCAKIIUN U JaHHBIX 10 AH o .

Ne sadauu Vpasnenus pearyuu AH
k/[owc | monw
16 2Al,0,, +6S0O,, +30,, =2Al,(SO,),, -1736
17 4NO,, + O,,, +2H,0,, = 4HNO, —252
18 2Mg(NO,),,, =2MgO,,, +4NO,, + O, 510
19 2CuQ,,, +4NO,, + 0, =2Cu(NO,),, —416
20 Na,SO,,, =Na,SO,, +Na,S, -176

5. Ilo naHHBIM TaGIMIBI BLIYMCIUTE U3MEHEHHE M300apHOr0 MOTEHIMANa OoOpaTHMOi
peaxuuu npu temneparypax: 800, 900, 1000 1 1100 K. Brruucnure Taxxke temmeparypy, Opu

KOTOpOﬁ OCYILICCTBIISICTCA PaBHOBECUC B CHUCTCMC. HOCTpOﬁTC l"pa(i)I/IK 3aBUCHMMOCTH I/ISO6apHOFO

noreHnualla OT TEMICPATYpbl H cleaiTe BBIBOALI O HaIlpaBJICHUKU PCAKIHU IIPpHU Pa3HbIX

TeMIIepaTypax.
Ne 3a0auu Obpamumas peakyus AH gp.’ AS )(().p.’
K/[oic/mono JDic/monvK
L SO, +0,50,,, = SO, 99 03
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

IToBbI1IEHHBIN YPOBEHD
1. lcxons u3 ypaBHEHUS peakluy, JaiiTe KadeCTBEHHYIO OLIEHKY M3 U3MEHEHUS SHTPOITUH

npsaMoro mpomnecca (y‘ITHTC arperaTHbIC COCTOSAHUSA YYAaCTHUKOB peaKHHH). I/ICHOHBSyﬂ MOJIBHBIC
OHTPOIIMU I3TUX BCUICCTB, YKAXUTC, 6y)1eT J MPOTCKATh JaHHas pCaknus CaMOIIPpOU3BOJIBHO B

M30JIMPOBAHHOM CUCTEME.

Ypaseuenue peaxyuu Monbuble snmponuu, Omeem
Ne Lo/ mons K
3a0ayu 1 2 3 4 1 2 3 4 AS?
X.p.




L | NH,,, +3/40,, =3/2H,0, + 1/2N,, | 192 | 205 | 189 | 192 | 33,75
2. KCIO,,, = KCl,, +3/20,) 143 | 83 | 205 2475
3. 2C(1) + 3H,,, = C,H, 74 | 131 | 229 -312
4 CH,,, +4Cl,, =CCl,, +4HCl, | 186 [ 223 | 215 | 187 | -115
5. | CgHgpy + NH,,, = CH,NH, +H,, | 173|192 | 101 | 131 | -43

Chucox JIUTEPATYPHI, peKOMeHHyeMBIﬁ K MCI0JIb30BAHHUIO 110 JAHHOI TeMe

OcHoBHas IuTEpaTypa:
1. Koposusn, H. B. O6mas xumus : yueounk / H. B. KopoBun. - 13-e uzn., nepepab. u gor. - M. :
Axkanemus, 2011. - 496 c. : un. - (bakanaBpuar). - Pek. MOuH PO®. - [Ipuin.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. XuMus okpyaromen cpeabl : XUMHS KUBbIX opraHnu3MoB. Kypc nekuwii / E.
C. Muxanuna, A. JI. Ilerenmun. — M. : U3natensckmii [Jom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —TekcT : 2neKTpoHHbIH // DnekTpoHHo-6ubarnoreynas cuctema [PR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: amnst aBTopusup.
0JIb30BaTeNei
JlonoTHUTE/ILHAS JIUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [Tox pen. A. U. Epmaxkosa. - U3a. 30-¢, ucmp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMHS METAJUIOB : yueOHOe ocodue (I CTYJCHTOB XMMHYECKOTO (aKyJIbTeTa HarmpaBIeHUI
OakanaBpoB «XuMuUs» U «XuUMHUecKas TexHoJorus») / coctaButenu O. A. ['omoBanoBa. — OMCK :
Owmckwii rocynapeTBeHHbIH yHEBepcuTeT M. @.M. JloctoeBckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : 3eKTpoHHbIH // DneKTpoHHO Oubauoreynas cucrema [IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum mocryna: s
aBTOPHU3HP. MOIb30BATENEH
HNHTepHeT-pecypcebl:

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

2 http://biblioclub.ru/ — 3BC «YHuuBepcuTeTckas OHOIHMOTEKA OHIIARHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTaIOT aCCOIHAIINN dJICKTPOHHBIX OMOINOTEK
yueOHBbIX 3aBefieHul 1 opranuzanuit CK®O

4 http://www.iprbookshop.ru — 5BC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe

TEMA 5. OBIIUE 3AKOHOMEPHOCTHU NPOTEKAHUA XUMHWYECKHUX
IMPOLECCOB.

IMPAKTUYECKOE 3AHSITHE 5. CKOPOCTh XUMHWYECKHNX PEAKITAT.
XUMHUYECKOE PABHOBECHUE

Heanb 3aHsATHS: yrIyOUTh U 0OOOLIMTH TEOPETHYECKHE 3HAHHMS OOYYAIOUUXCA O CKOPOCTH
XUMHAYECKON peakIuy, 3aKpenuTh 3HaHUue (POpPMyN BBIPAXKEHUS CKOPOCTH PEAKIMH, HAY4YHUTHCS
BBIMOJIHATE ~ pacueThl, HUCHOJNb3yd JaHHble (opMmynbl. HayduTbcs BBIBOOUTH KOHCTaHTY
XMMHYECKOTO PaBHOBECHSI.


https://openedu.ru/

3HaHUs ¥ yMeHUsl, NPUOOpeTaeMble CTYJIEHTOM B Pe3yJIbTaTe OCBOCHHUSI TEMbI

3HaTB: OCHOBBI CAMOOPTaHHM3ALUK U CaMOOOPa30BaHUS;
3HATbh: OCHOBHBIE 3aKOHEI CCTCCTBCHHOHAYYHLIX JUCIUILINH B HpO(beCCPIOHaJIBHOfI ACATCIIbHOCTHU
3HaTh: HOPMATHBHBIC JOKYMEHTHI [0 KAYECTBY, CTAHAAPTU3AIMH U CEPTUPHUKALIUH TPOTYKTOB U
U3JICNTNH, SJIEMEHThI 5KOHOMUYECKOT'0 aHaIM3a B MPAKTUYCCKOMN JIeATEIIbHOCTH
3HaTh: CBOWCTBA XMMHUYECKUX 3JICMEHTOB, COCJIMHCHUN M MaTEPUAJIOB HA UX OCHOBE JUISl PEIICHUS
3az1a4 mpodecCuoOHAIBHON IeATeTbHOCTH
YMeTb: CaMOCTOSTEIbHO CTPOUTH MPOIIECC OBNIAACHUS HHPOPMAaIKel, OTOOpaHHOH U
CTPYKTYPUPOBAaHHOM /ISl BBIIOJTHEHUS TPOPECCUOHATBHOM eI TETbHOCTH.
YMeTh: HCIOJIb30BATh OCHOBHBIC 3aKOHBI €CTECTBEHHOHAYYHBIX JUCIIUILIHH B MPO()ECCHOHATBHOM
ACATCIIbHOCTHU
YMeThb: HCIIOJIB30BaTh HOPMATUBHBIE JJOKYMEHTHI 10 KaU€CTBY, CTAHAAPTU3ALNU U CEPTUDUKALTIH
MPOJYKTOB U M3JIEJINH, SIEMEHThI 9KOHOMHUYECKOTO aHAIN3a B PAKTHUCCKOM eI TEbHOCTH
YMeTh: HCIIOIB30BAaTh 3HAHHUS CBOUCTB XUMHYECKUX 3JIEMCHTOB, COCIII/IHGHI/H\/JI " MaTCpUuajioB HA UX
OCHOBE TS PEIICHHs 33124 MPOPECCUHOHATBLHOMN eI TEIbHOCTH

HaumenoBanue (hopMHpyeMbIX KOMITCTEHIIHN

Kon dopmynHpoBKa
OK-7 CIOCOOHOCTBIO K CaMOOPTaHU3AIUU U CaMO00pa30BaHUIO
OIlK-1 CIIOCOOHOCTBIO U TOTOBHOCTBIO UCTIOJIb30BAaTh OCHOBHBIE 3aKOHBI

CCTCCTBCHHOHAYYHBIX JUCHUILJIMH B HpO(i)GCCHOHaJIBHOﬁ JACATCIIBHOCTH

[1K-3 TOTOBHOCTBIO HCIIOJIb30BaTh HOPMATUBHbBIE JOKYMEHTHI 110 KAYECTBY,
CTaHJAPTU3ALMH U CepTU(PUKALINN TPOYKTOB U U3JIEIHUN, 3TIEMEHTHI
SKOHOMHYECKOI'O aHAJIN3a B IPAKTUYECKOU IEATEIbHOCTH

[1K-18 TOTOBHOCTBIO MCITOJIB30BaTh 3HAHUS CBOMCTB XUMHUYECKUX DJIIEMEHTOB,
COEMHEHUHN U MaTepUAJIOB Ha UX OCHOBE ISl PELICHUS 3a/1a4
PO eCCHOHAIBHON e TEHHOCTH

AKTyanbHOCTB TeMBbI. Bce nmponeccehl, KOTOpbIe MPOUCXOIAT BOKPYT HAC M BHYTPH HAC, UIYT C
peoOpa3oBaHUEM PHEPTUH U, TPUUEM C pa3HON CKOPOCThIO. Tak, mpolecc nepeaayu HepBHOTO
HUMITYJIbCa COBEPIIACTCA B COTBIC NOJIU CCKYHbI, ITPOUECChI YCBOCHUW A IMUIITA Tp€6y10T HECKOJIBKUX
4acoB, a MPOLECCHI CTAPEHUS MOTYT JUIUTHCS AECSITUIIETHS.

Bosnsmroe MPAKTUYCCKOC 3HAUYCHUC XUMHUYECKOU KMHETUKH COCTOUT B TOM, UTO OHa
pa3penaeT onpeaesTh, BO3MOKEH HJIM HEBO3MOKEH TOT WJIM UHOM MPOLIECC, U B KAKUX YCIOBUAX
OH IMPONCXOJUT. HpaKTquCKOC 3Ha4YeHUe et O4YC€BHUIHO, TaK KaK, TOJIBbKO 3HasA 3aKOHbI KHHCTHUKU U
MEXaHU3M PEeaKIUi MOKHO YIPaBIATh XUMHUUECKUMU IIporeccaMu. OT CKOPOCTH XUMHUYECKOM
PE€aKIMK 3aBUCUT BBIXOJ IMMPOAYKTOB, T.C. IPOU3BOAUTCIIBHOCTE TPpyAa U alIiapaTypsl.

TeopeTuyeckas 4acTb

CxopocTb XMMHYECKHX peaKknui

VYpaBHeHHs] XUMHUECKUX PEaKIUi, XapaKTepu3ysd MHOTHE CTOPOHBI IPOLIECCOB, HE BCEra
JAl0T TMOJHOE MPEJICTABICHNUE O CYIIIHOCTH IPOUCXOASAIIUX TPEBPALLEHUI.

HekoTopele XuMHYECKHE TPOIECCHI, HalpUMeEp, pEeaKkLUHUU PpPa3JIoKEHUS B3pPbIBUATHIX
BEIIECTB, 3aKAHYMBAIOTCA B TeUeHHUE Josed cekyHIbl. OueHb OBICTPO 3aKAHUYMBAIOTCS PEAKIIUU
B3aUMOJCHCTBUS KHCIOT, IIEIOo4Yed M coneil B pactBope. OpraHMYecKHe K€ COECIMHEHHUS B
OOBIYHBIX YCJIOBUAX B OOJBIIMHCTBE CIy4YaeB B3aMMOACHCTBYIOT MEXIY COOOW MeaiaeHHO. Takum
o0pa3oM, pa3Hble peaKkliy COBEPILAIOTCS B HEpPaBHbIE MPOMEXKYTKH BPEMEHH, T.€. MOTYT UIATH C
pa3aM4HON CKOpOCThIO. [[09TOMY Ha OCHOBaHMM TOJBKO YPaBHEHHM OJHMX XMMHUYECKHX PEAKIMH
HEJIb3sl CYJIUTh O CKOPOCTH IIpOLECCa.

Xumuueckas Kunemuka — 3mMO Y4eHUe O CKOPOCMU XUMUYECKUX NpoOYeccos, ux
HAnpasieHHoCmu U 0 (PaKmopax Ha HUX GIUAIOUUX.




[lenp ¥ 3amauM XUMHYECKOW KHHETUKH — M3BICKAHME ONTHMAJbHBIX MapaMeTpoB MIJis
MPOBE/ICHUSI XUMUYECKOTO CHHTE3a, @ MMEHHO: 00ecreueHne MaKCUMaIbHOM CKOPOCTH Ipolecca,
HauboJee paloHaIbHOE UCIIOIB30BAHUE CHIPhS M SHEPTOPECYPCOB U JIp.

YCTaHOBIIEHO, YTO HA CKOPOCTh XHMHYECKUX pEaKIUW BIUSIOT MHOTO (HaKTOpOB —
KOHIIEHTPALMs B3aMMOJICHCTBYIOIUX BEILIECTB, TEMIIEpaTypa mnpoliecca, Haluyue (UJId OTCYTCTBHE)
KaTajau3aropa u Jip.

DKCHepUMEHTHI MOKa3aJlli, YTO YBEIMUEHUE KOHIEHTPALUU B3aWMOJICUCTBYIOIIMX BELIECTB
BBI3bIBACT YBEIMUEHUE CKOPOCTH PEAKIIUU.

Eciu B 3akpbITOM cocylne MpH 3alaHHOM TemImepaType pearupyroT JBa BeIIecTBa B
ra3o00pa3HOM COCTOSIHUM WJIM B PacTBOpPE

AC + BD < 4D + BC,

TO CKOPOCTb OTOH pEaKIMH OMNpPEJENsAeTcs yMEHBIIEHHEM KOHIEHTPAIUU (MOJB/ M)
BeuiectB AC u BD B enunuily BpeMeHu (CekyHay, MUHYTY, 4ac). Tak Kak C TEUEHHEM BpEMEHU
KOHLEHTpAlLlMsl pearupyromux BEIIeCTB MaJaeT, TO 3aBUCHUMOCTb CKOPOCTHM PEAKIUH OT
KOHIIEHTPALUU MOKHO BBIPA3UTh CIEAYIOLIUM 00pa3oMm:

v=—(ACIAL) (5.1)

rae &2 — cKOpOCTh MPSIMOM peaKiuH, AC - MOJIIpHasi KOHLIEHTpalus, t — Bpems.
['padmyecku 3Ta 3aBUCUMOCTh U300paskeHa Ha pucyHke 5.1.

A

v =—(AC/AY)

»
»

tl tz T —

Puc. 5.1 3asucumocms ckopocmu peaxyuu om épemenu
JI0BOJILHO pacIpOCTPaHEHBI PEAKIHH TUIIA:
mA + nB—> ¢C, (5.2)
B KOTOPBIX Ha M MOJIEKYJI BelIeCcTBa A MPUXOIUTCS N MOJIEKYJT BelecTBa B, mpu 5TOM M u N
OOJIbIIIE €UHHUIIEL.
DKCIepUMEHTAILHO YCTAHOBJCHO, YTO JUI TAKOTO IMPOIEcca CKOPOCTh MPSIMON peakinu
MOJKET OBITh BBIPAYKEHA CJICIYIOIIHMM 00pa3oM:

v=k[A]*-[BY, (5.3)

-

rne K - xoucranra CKOPOCTH TIPSIMOM pEaKIMK — BEIWYWHA, PaBHAsI CKOPOCTU PEAKITUU
MPU KOHIIEHTPAIUSIX PEeareHTOB PaBHBIX €AMHHIIE; OOpaTHO MPOTOPIIMOHAIBHAS BPEMEHU;, X U Y —
HEKOTOPBbIE YUCIIA, ONIPEIETAEMbIE ONBITHBIM ITYyTEM.

Koncmanma cxopocmu 3aBUCHT OT TeX ke (PaKTOPOB, UTO M CKOPOCTh JaHHOW peakluu, HO
He 3asucum om KOHYEeHmMpayuii peazupyiouwjux 6euecms.

KoHcTaHTa CKOpOCTHM XapakTepU3yeT pPEaKIHWio [UIsi ONpPENCTEHHBIX YCIOBHUH —
memnepamypa, 0asieHue, KOIU4ecmeo u Kavecmeo kamaiuzamopa W T.1. PaznuuHble peakuuu
MO>KHO CPaBHUBAThH TOJIBKO €CJIM OHU MPOTEKAIOT MPHU CTPOTO OAMHAKOBBIX YCIOBHUSX.



VpaBuennss Ttuna (5.3), yCTaHAaBIMBAIONIME  OSKCIEPUMEHTAIBHO  OMpPEACICHHYIO
3aBUCUMOCTh CKOPOCTH pPEaKIMW OT KOHIEHTpPAIMHd pearupyrommx BEIIECTB, Ha3bIBAIOT
KUHemu4ecKUMU YPasHeHUsMU peaxkyuil.

Kunernueckue ypaBHeHus peakuuii (5.3) SBISIFOTCS MaTEMaTUUYECKUM BBIPAKEHUEM 3aKOHA
NEHCTBUSL MacC — OCHOBHOI'O 3aKOHA XMMHUYECKOW KUHETHKHU: CKOPOCHb XUMUYECKOU pearyuu
NPONOPYUOHANLHA NPOU3BEOEHUI0 KOHYEHMPAYUL Peasupyiowux 6euecmes 6 CmeneHu HeKomopbvlx
yucen, onpeoensemvix dKcnepumenmanvro (nepsas ¢opmynupoBka — H.M. bekeros, 1865 r;
I'yneaoepr u Bare, 1867 1.).

Tonpko MHOI/IA MOKA3aTeNH CTENEHN KOHILIEHTPALMU Uil JaHHOTO BellecTBa (X, Y U 1Ip.) B
KMHETHYECKUX YpaBHEHMAX (5.3) COBMAAAIOT C €r0 CTEXHMOMETPHUECKUM K03 duumentom (X = m; y
=N ) B ypaBHeHUU peakiuu. OOBIYHO 3TO BBIMOJIHAETCS JUIS JIEMEHTAPHBIX PEaKui, T.€. peaKuit
MPOXOAAIINX B OJHY CTAAMIO.

[TprMeps! MPSAMBIX dJIEMEHTAPHBIX PEAKIIHIA:

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

Jns  Takux ~peakuuii CTENEeHM B KHHETHYECKMX YPaBHEHHMSIX COBIAJAIOT  CO
CTEXHOMETPUIECKUMHU KO (HUITECHTAMH pEarecHTOB B YPaBHEHUH PEAKIUH.

Ilokazamenv cmenenu KOHYeHMpayuu peazupyrouie2o 6eujecmsed 6 KUHemu4ecKkom
ypasuenuu peaxyuu (X, Y u 0p.) Hazvleaemcsi NOpsaOKOM peakyuu no Oanmomy eeujecmay. Tax,
Hanpumep, ams peakuu (6.1.2) mopsaok mo BeuiecTBy 4 paBeH X, o B — Y. [lopsakom ke peakuuu
B 1IeJIoM (N) SIBIISIETCSI CyMMa TOPSIKOB MO KaKIOMY peareHTy JJIsi JaHHOW peakIuy, HaupuMmep,
Ut peakiuu (6.1.2): n =X +.

Benuuunbl nopsaka no peareHtam (X, Y ¥ Ap.) U MO peakuuu B 1eiaoM (N) MOryT ObITh
M00BIMU HEOONBIIUMU LIETIbIMU unciaMu (1, 2 u peako 3), paBHATHCS HYIIO WIH OBITh TPOOHBIMU
yuciamu (1/2, 2/3, 3/4 u ap.). Hanpumep, 1Jist peakiiui CHHTE3a BOIbI

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

MOPSIZIOK PEAKINH, B 3aBUCUMOCTH OT IapIHMajbHBIX NABICHUH BOAOPOAA M KHUCIOPOAA,
uMmeeT pooHoe 3HaueHue — 1, 0,5 u 0,7 (cm. Tabnuiy 5.1).

Tabauya 5.1 — 3asucumocms nopsioka peaxkyuu Om naApYUaIbHbIX 0AIeHUl KUCIOPOOa U
6000pooa

p(H2), TTa p(02), Tha Bun kuHETHYECKOTO CymMapHbIit
YpPaBHCHHUS TMOPAO0K
_nl O
130 - 2600 26600 — 53300 v =kpy, , Po, 1
2600 — 8000 20000 — 53300 v=Kk 0 p2s 0,5
} ) i sz poz '
—_— 014 ’0’3
8000 — 50600 1330 - 5300 U= kp H, p02 0,7

HeoOxoauMbiM  yCIIOBHEM XMMHUYECKOTO B3aUMOJEHCTBHS SIBISETCS  CTOJIKHOBEHHUE
pearupyomux 4acTull — MOJIEKYJ, aTOMOB, HOHOB U JIp. B MOMEHT CTOJIKHOBEHHUS DJIEKTPOHHBIE
o0J1aka peareHTOB CMEIINBAIOTCS, 00pa3yst IPH STOM HOBBIE CBSI3H.

Yucno monekyn, 0OHOBPEMEHHbIM B63AUMOOEUCBUEM MeNHCOY KOMOPLIMU 6 MOMEHM
CMOJIKHOBEHUS OCYUJeCMBAAEMCS AKIM XUMUYECKO20 NPespayeHusl, Ha3oleaemcs MOJIEKYIAPHOCNbIO
peaxkyuu.

Peakumm  ObIBatlOT MOHO-, OM- W TPUMOJEKYISAPHBIMH. TpUMOJNEKYIspHbIE U
TETPAMOJIEKYJISIDHbIE ~ PEaKIUHd OuYeHb pelnku. V3BecTHbl JHIIb HECKOJbKO IPHUMEPOB
MIEHTaMOJIEKYJISIPHBIX PEaKLIUH.

B yacTHOCTH, K MOHOMOJIEKYJISIDHBIM PEAKLUAM OTHOCAT PEAKIMH PA3JIOKEHHSI MOJIEKYJ U
BHYTPUMOJIEKYJISIPHBIX [IEPETPYNIIUPOBOK, HAIIPUMED, PEAKLIUIO PA3I0KEHHS MOJIEKYJI Hoa:



l2(2) < 21(2).
Kunernueckoe ypaBHEHHE 3TOTO MpoIiecca UMEET IepBhIid MOPSI0K:
v =K[I2].
[TpuMepbl OUMONEKYISIPHBIX PEaKIHH:
2NO(2) <> N202(2); v = k/NOJ?

HBr) + H) < Hz@) + Br); v = k[HBr][H] — xunernueckoe ypaBHEHUE BTOPOTO
MOpsIKA.

TpumoseKkysipHas peaKuus:

Claz) + 2NO(2) <> 2NOCIl(2); v = K[CI2][NO]? — xuHeTHUeCKOe YpaBHEHHE TPETHETO
MopsiIKa.

Jl1s mpuBeIeHHBIX PeaKIfil TOPSAI0K U MOJIEKYJIIPHOCTb pPEeaKlUi COBMAIAIOT, HO B 00IIEM
Cllydae OHH pPa3IUYHBbI.

Tlopsook peakyuu onpeoensiemcs MONEKYIAPHOCMBIO CAMOU MeOIeHHOU Cmaouu OAHHOU
peakyuu.

Ecnmu peaknus wuaer mo craausM, TO €€ TMOPAJOK pEakIUu MEHbIIEe W pPaBeH
MOJIEKYJISIPHOCTH peakuuu. Tak, Hampumep, IpU CUHTEe3€ BOAbI (cM. Tabmuuy 5.1) npu nopsake

peakuuu paBHoMy equnuie (N =1; U = kijz pg ), peakius — MOHOMOJIeKysipHas; mpu N = 0,5
2

(L= kp& pg’S), peakuusi — MoHOMOJeKyIsipHast; ipu N = 0,7 (U = kp E"A' p’cg)’3), peakuus —
2 2 2 2
OUMOIIeKyIIsIpHASI.

Ipumeuanue. HeoOX0IMMO TOMHUTH, YTO MOJICKYJSIPHOCTh PEAKIMU, B OTIUYHUE OT €€
nopsiaka, Beera menoe gucio — 0, 1, 3.

3axon Oelicmsus macc cnpasediud moavko 0Jisk MOHO-, OU- u pedxqce OJisi MPUMONEKYIAPHBIX
peaxyuii.

[Ipn >neMeHTapHOH peakuuu B CHCTEME MPOTEKAeT TOJBKO OJMH MPOIECC M YpaBHEHHUE
PEaKIU PacKpbIBACT €ro MEeXaHu3M. BOJBIIMHCTBO peakiMii — CIOKHBIC M MPEJCTABISIOT COOOM
CYMMapHBIH pe3yibTaT HECKOJIbKUX 3JIEMEHTAapHBIX MpoleccoB (nByXx u Ooiee). [TosTromy olree
CIIOYKHBIX YpaBHCHUE PEAKIIMi HE OTPaKaeT UX peasbHbIIl MEXaHHU3M.

st cnodichvlx peakyuil 3aK0H 0elCmaUst MAcC He NPUTONCUM 6 YeLOM, d CNPABedIUs TULb K
OmOeNbHbLIM e€ cmadusim Hebovbuwou monexkyrsipHocmu. Hampumep, oOlee ypaBHEHHE peakIUu
UMEeT BHI;

24+ B < C,
COTJIACHO KOTOPOMY SIBJISIETCSI IKOOBI TPUMOJIEKYsipHOU. OJHAKO MPOTEKAET B JBE CTAIHU:
1) A + B < D — ouenw 6vicmpo;
2) D + 4 « C — meonenno.

24+ B < C.
Tak Kak TMOPSIOK PEaKIMU OMPEACSIeTCS MOJICKYIIPHOCTBIO CaMOl MEJICHHON CTaIuu
peakiMy, TO JaHHas peaknus — OWMOJIEKYJIsIpHas © BTOporo mopsaka. CremoBareibHO,

KAHETHYIECKOE YPaBHEHHE 3TOTO B3aUMOJIEHCTBHUS OyIeT UMETh BH/I:
v =K[A][B], a ne v = k[A]J?*/B].

N3 (5.1) caemyer, 4TO cKopocmb peakyuu — 6CIUNUHA OOPAMHO NPONOPYUOHATLHAS
spemeni.

BenenctBue  pasiuyHOM CKOPOCTH JIBHIKEHHST MOJICKYJ, OHHM 00JagafoT pasiIudHON
KAHETHYECKOU dHeprueil. IIpu 3TOM KHHETHYEeCKass SHEPrHs MPSAMO MPOMOPIMOHATIBHA CKOPOCTH
JIBMDKCHUS MOJIEKYJTBI.

Moutekyiisl, KOTOpbIE 00Jagar0T BBICOKMM 3allacOM KHHETHYECKOW SHEPTHH, Ha3hIBAOTCS
AKTHBHBIMHU.

Hononnumenvuyio suepeuio, KOMopyio HA00 coobwums MONEKYIam Ol Nepeeood ux 6
AKMuU6Hoe COCMOsIHUE, HA3bIBAIOM dHepauell akmusayuy. XAMHYIECKas PEakinus MOKET MPOU30UTH
TOJIBKO IIPU CTOJIKHOBEHHUU aKTUBHBIX MOJIEKYIL.



Ckropocmb Xxumuueckol peakyuu npsamo NPONOPYUOHATbHA YUCTY CIMOIKHOBEHUL 8 eOUHUYY
8pemMeHuU.

Ponp kartanmsaropa, MPUMEHSEMOTO Ui MPOTEKaHMs JAHHOTO XMMHYECKOTrO Ipolecca,
3aKJIIOYAeTCsT B CieayromeM: 1) B TOHM)KEHHUM OHHEPruM akKTHUBAIMU; 2) B 0O0ECIECUCHUU
HEOO0XOIMMOI OPUCHTAIIMH PEarupYIOIIUX YacTHII.

Bausinne TeMmnepaTypbl Ha CKOPOCTh PeaKIIUu

C TOBBIIICHHEM TEMIEpPaTypbl YBEJIMYMBACTCS CKOPOCTH JIBIDKCHHS MOJIGKYJT W WX
KHHETUYECKasi DHEPTHsl. AKTHBHOCTh MOJIEKYII BO3PACTAET, M CKOPOCTh PEAKIIMU YBETUIHBACTCA.

3aBHCUMOCTh CKOPOCTH PEAKIIMH OT TEMIIEPaTyphl ompexaessercs npaBwioMm Bant-I'ododa:
npu yeeaudenuu memnepamypul Ha kaxcovle 10°C ckopocms peakyuu 6o3pacmaem npumepHo 6 2
paza. J1ns HEKOTOPBIX peakIuii CKOPOCTh BO3pacTaeT B 3 — 4 paza. DTO 3aBUCHT OT NPHUPOJIBI
pearupyronux BemecTs.

Yucno, nokasvlearouee 80 CKOIbKO pa3 YEEIUUUBAENICsl CKOPOCHb PeaKyuu npu yeeiudeHuu

memnepamypul Ha 10°C, Hazvieaemcsa memnepamypHvim KO3@guyuenmom u 0603Ha4aemcs. 7/ .

M3MeHEeHUe CKOPOCTH PEakMK OT TEMIIEPATypbl MOXET ObITh BBIYHMCICHO IO (opmylie
Bant-T'odda:

th—
Y _ 10
— =7

Utl

, (5.4)

rae Utz )54 Utl — CKOpOCTH pEaKIMH MpH TeMmieparypax t» U ti COOTBETCTBEHHO; Yy —

TemneparypHslii koagdunuent Bant-I'odda.
CKopocTh peakuuy B reTeporeHHbIX cucremax. Bausinne karanusaropa Ha
CKOPOCTHh XUMHYEeCKHUX peaKuuii

BemecTBa, N3MEHSIOINE CKOPOCTh XUMUYECKOIO IIPOLIECCA, HA3bIBAIOTCA KAaTaIU3aTOpaMH.
KaranmuzaTopamu MoryT OBITH TBEp/bIE, )KUIAKHE U Ta3000pa3Hble BellecTBa.MI3MeHeHne cKopocTu
XUMHMUYECKON PEAKIHUM TO0J BIMSHUEM INPUCYTCTBYIOLIETO B CHUCTEME IOCTOPOHHETO BEIIECTBA,
COCTaB M KOJIMYECTBO KOTOPOIO K KOHIly pEaKIMH oOcTalTcs 0e3 H3MEHEHWH, Ha3bIBaroTCs
KaTaJnu30M.

IIpn roMoreHHoM KaTalau3e B3aMMOJCHCTBYIOIME BEUIECTBA M KATAJINM3aTOP COCTABIISIOT
onHo(daszHyto cucremy. [Ipu rereporeHHOM KaTalu3e pearhpyrollye BellecTBa M KaTalu3aTop
COCTaBJISIIOT CHUCTEMY U3 HECKOJbKuUX a3. Ilpu rereporeHHOM Karaauze B MPUCYTCTBUU
HEOOJIBIINX KOJIMYECTB KaTajau3aTopa MOTYT POpearupoBaTh OTHOCUTENLHO OOJIBIINE KOIUYECTBA
B3aUMOJCUCTBYIOIIMX BelleCTB. IIpM rOMOre€HHOM Karajnu3e CKOPOCTh PEaKIUU IPaKTUYECKH
IIPONOPLIMOHANIEHA KOJINYECTBY KaTalu3aTopa.

AKTHBHOCTh KaTalu3aTopa, a MHOI/Aa U CIEeUU(PUUHOCTh UX JEWCTBUSA, B OONBIION Mepe
3aBUCHUT OT TemrepaTypsl. JlIg Kakaoro mnporecca, CyLIECTBYIOT OINpPENEICHHbIE KaTalu3aTophl,
4acTo MoA0MpaeMble IKCIIEPUMEHTAIBLHBIM ITYTEM.

XuMu4ecKkoe paBHoBecHe
Bce xummndeckne peakiiuu MOXKHO pa3/IeNiuTh Ha JIBa THUIA: 00paTUMbIe U HeOOpaTUMBIE.
MHuorue p€aKkuuu SABJIAIOTCA O6paTI/IMBIMI/I, T.C. TaKUMH, IPU KOTOPBIX 06p330BaBIHI/IeC$[
MPOYKTHI B3aUMOICHCTBYIOT MEX]y COOOM, MpeBpaIiasch B HCXOIHbIC BEIIECTBA.
OOGpatuMbIe peakiny OTPAHIYCHBI OTPEIETICHHBIM MPEIETIOM: OHU HE JOXOJST JI0 KOHIIA.
OO0muii BU ypaBHEHHSI 0OpATUMOM PeaKIuu:

mA + nB<«>pC + gD. (5.5)
CxopocTy mpsIMOro U 0OpPaTHOTO MPOIIECCOB BBIPAXKAIOTCS CIIETYIOIIUMU YPABHEHUSIMU:
v =k[A]"[B]" (5.6)

—

v=k[C]P[D]". (5.7)



B MOMeHT ycTaHOBIEHUSI paBHOBECHS IpsiMasi U oOpaTHas peakiMy He MpeKpallarTcs, a
MPOJIOJKAIOT MIPOTEKATh B MPOTHUBOIIOJIOKHOM HAMPABJICHUH C PABHBIMU CKOPOCTSIMHU.
['padmyecku 3T0 MOXKeET ObITh TaK, KaK MOKa3aHO Ha pUCYHKE 5.1.

UA

L2

Pucynok 5.1
3asucumocms npamoti u t
0OpamHoll peakyuii om 8pemeHu

v

Ecnu ckopocTu npsiMoit 1 00paTHOM peakuuid paBHBI (Vnp = Vogp. — MATEMATHUECKOE YCIOBUE
XMMHUYECKOI0 PaBHOBECHS) , TO MpaBble YacTu ypaBHeHUM (5.6) u (5.7), UX BbIpaKaroLIUX, TaKkKe
PaBHBIL:

K[A]"[B]" = K[c]’[DF. 69)
Ha ocHoBaHuM 3TOro coOpMYJIHpPOBAHO IOJIOKEHUE, HA3BAHHOE 3aKOHOM JICHCTBHS Macc
(BTOpas (HOpMYIIMPOBKA): 6 MOMEHM PABHOBeCUsl NPOU3BedeHue KOHYEHMPAyull Oetcmeyiouux
MACC UCXOOHBIX Geujecme Ha KOHCMAHMY CKOPOCMU NPSIMOU Peakyuu pPAaeHO NPOU36EOEHUNO
KOHYeHmpayuii 0eticmeyouux Macc 00pa3yiouuxcs eeujecms Ha KOHCMAaHumy cKopocmu 00pamHou
peakyuu.
U3 ypaBHeHnus (5.8) cienyer, 4to

F . [c]P[p]! (5.9)
[AI"[B]" |
OTHOHIGHI/IG I[Byx IIOCTOSIHHBIX BCJIMYHUH €CTh BEINYNHA ITIOCTOSIHHAA, CI€CA0BATCIIBHO:
E/E:K%M (5.10)
[AI"[B]" |

KoHncrantoii xumuueckoro paBHoBecusi KP Ha3bplBaeTCsd OTHOILEHHUE IPOU3BEACHUS
PaBHOBECHBIX KOHIIEHTpPALMM MPOIYKTOB PEAKIMU K MPOU3BEIECHUIO PAaBHOBECHBIX KOHILIEHTpALMH
HCXOJHBIX BEIIECTB, B CTETIEHU UX CTEXHOMETPUUECKUX KOIPPUIIMEHTOB.

KP BbIpaxaer 3akoH JI€HCTBHS Macc Ul PaBHOBECHBIX CHUCTEM: KOHCMAHMA XUMUYECKO20
pasHogecusi He 3a6ucum Om KOHYEHMpAayuu peazenmos, HO 3A8UCUM OM MeMnepamypuvl u om
npupoobl peazupyroujux eujecms.

B MOMEHT XUMHUYECKOTO paBHOBECHS W3MeHeHHe YHeprun [ mooca e nmporcxoaut — AG = 0.
KoHcTanTa xMHyeckoro paBHoBecusi cBsizaHa ¢ AG COOTHOIIEHHEM:

AG® = —RT InKP (5.11)

VYuaursiBas, uro INKP =2,303 IgKP u R = 8,314 Jx/K-mMonb ypaBHenue (5.12) npeobpasyercs
710 BUJIA!

AG®=-19,14 T IgKP (5.13)

[Tonb3ysick ypaBHEHMEM  KOHCTAHThl PaBHOBECHUS, MOXKHO YIPAaBIATh XUMHYECKUM
IIPOLIECCOM, YTO Ba)KHO B TEXHOJIOTMUECKUX LIETAX.

Ecnu B paBHOBecHol cucteme MA + nB<«»>pC + (D yBennuuth KOHIEHTpaIuio A, TO B
cootHomeHun (7.1.6) g KP, NOMKEH YyBEJIWYUTBHCS YHUCIUTENb WIA YMEHBUIUTHCS BTOPOM
COMHOXXHTEb 3HAMEHATeNs, T.e. BeluunHa [B]. OT0 MOXET MPOM30MTH B pe3ysbTare CMELIEeHUs
paBHOBECHsI CJIeBa HAIIPAaBO, IPUBOAAIIETO K 0Opa30BAHNIO HOBBIX KOJIMYECTB MPOIYKTOB PEAKIIH
- CuD.



TakuMm 00pa3oM, Py YCTAaHOBUBILEMCS HOBOM COCTOSIHHH PaBHOBECHS, KOHIIEHTPAIIUU BCEX
YCTBIPEX BCHICCTB, IO CPABHCHUIO C IMECPBOHAYAJIbHBIMU, OKAXKYTCA HU3MCHUBIIMMUCHA, a 3HAYCHUC
KOHCTAHTBI PABHOBECHS HE U3MEHHTCSL.

CrnenoBaTenbHO, Ul CMEIICHUS PAaBHOBECHUS ClIeBa HANPaBO HEOOXOIMMO WJIM YBEJIUYUTH
KOHILIEHTPALIMIO OJHOTO W3 HMCXOAHBIX BEIIECTB, WJIM YMEHBUINTh KOHIICHTPAIMIO OJHOTO W3
MPOAYKTOB PEAKIIHU.

C moMompl0 BBIPAKECHUS KOHCTAHTHl PABHOBECHUS MOXKHO OINPEAETATh KOHIEHTPAUU
BCIICCTB B MOMCHT pPaBHOBCECHA, a CCJIIM HM3BCCTHBI 3HAYCHHA K’ n HCXOAHBIC KOHLCHTpPAIUU
BEILIECTB, TO MOKHO ONPEACIUTh HX PABHOBECHBIC KOHIICHTPAIHH.

Ecau ucxoqHyro KoHIEHTpanuio BemectBa A 0003HaunTh uepe3 Co(A), a 4KMCIO MOJIb €ro,

MpOpPEarupoBaBIINX K MOMEHTY PaBHOBECHSI, YEPE3 Ac (A), TO MOJISIpHASI KOHIICHTPAIUS B MOMCHT
PaBHOBECHSI OIIPEIEIUTCS TaK:
[A] = Co(A) - A cep).

PaBHOBecHe B TeTepOreHHBIX CHCTEMaX OMpPEIEINSeTCs TOJBKO ra30BOM MM JKUIAKOU (a3oid,
T.K. KOHIICHTPAI[UHN TBEPJIbIX BEIIECTB HE BXOAT B YpaBHEHHE ISl CKOPOCTH PEAKIIHH.

Hampapnenue cmemeHusi paBHOBECHUS CUCTEMBI TIPH W3MEHEHUM KOHIICHTPALWU,
TEeMIIepaTyphl UK AaBiieHus onpezaensercs npunuunom Jle [latense:

«Ecnu na obpamumylo cucmemy, HAX00AWYIOCA 6 NOOGUNICHOM COCHMOAHUU, OKA3AMb
U36He Kakoe — 1ubo 6o030elicmeue, mo cucmema omeeyaem CMeujeHuem pPasHo8ecus maxKum

00pazom, umoowvl ocradbums Mo 8030elcmeue)).

BOl'lpOCl)I H 3a1aHUA

3anmava 1. Peakmus pasznoskeHus okcuaa azota (+5), mpoTekaroias mo ypaBHEHHIO OOIIETo
Buga 2N20s(2) <> 4NO2(e) + Oz(2), mpoTekaeT B ABE CTAIUH:

1) N2Os(2) <> N2O3(2) + O2(2) — meonenno;
2) N2Os(2) + N2O3(2) «> 4NO2(2) — 6bicmpo.

Onpenenure NOpsSAOK U MOJEKYIISIPHOCTD 3TOTO IpoLiecca.

Pemenne. U3 ycnoBuii 3agaum CleayeT, 4TO CKOPOCTh PEAKIHH, B LEIOM, OMPEACIISIETCS
nepBoii cragueit mpouecca. Mtak, ckopocTh peakiuu mpornopiuoHanbHa koHneHTpamuu N2Os(T),
T.€. TPOLIECC PA3I0KEHUsI OKCHa a30Ta (+5) — peakuus NepBoro MopsKa, MOHOMOJIEKYJIIpHasl.

3anaua 2. BpluncnuTe 3HaUY€HHE KOHCTAHTBI CKOPOCTHU IPU HEKOTOPOW TeMIiepaType Uit
snemenTapHoit peaku C(z) + D(2) <> B(z), ecnm npu kornenTpammsax [C] = 0,04 moms/am® u [D]
=0,05 MOJTB/ M3 CKOPOCTb peaKIuu cocTaBuia v = 3,2 1074,

Pemenne: Tak kak peakuus djaeMEHTapHas, TO YPABHEHUE PEAKIUU OTPakaeT €€ MEXaHU3M
— 9TO peakIus BTOPOro MOPsIKa, T.e. KHHETHYECKOe ypaBHEHHUE 3TOTO Mpoliecca OyaeT UMETh BU/I:

v 32-10%
[C][D] 0,04-0,05

L= R[C][D], omciooa R =

3anmava 3. Jlns peakiuu B ra30Boi ¢asze
24 + 3B < A»B3
MOJIy4YeHHasi 3aBUCUMOCTh €€ CKOPOCTH OT KOHIEHTpAlMu pPEarcHTOB IpEJCTaBleHA B
Tabimune 6.2.1.
Tabauya 5.2. 3asucumocms ckopocmu peaxyuu 0m KOHYeHMpAayuu peazenmos
Konuenrpanus, MOJIB/IM®
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

CKOpPOCTh PEAKIIIH, MOJIB/(ZIM>-MUH) 032 | 064 0.32 198 128 | 160

KakoB mopsimok peakuuu? BbluuCIUTE KOHCTAHTY CKOpPOCTH. Kak M3MEHUTCS CKOpPOCTH
peaxkuuy Npy yBeJIMYEHUH JaBJICHUS B J1Ba pa3a?



Pentenue:

1. JIns HAXOKIACHHUS TOPSIIKA PEAKIIMU MIPEXkK e BCErO HAaI0 HAWTH KUHETHYECKOS YPAaBHECHUE

JUIE OTOW CIIOKHOW XWMHUYECKOW peakiuu. [Ipm 3TOM HE00XOJMMO MPOTECTHPOBATH

ypaBHEHHSI CIICIYIONUX THITOB:

1) nepsoro mopsaka — v = k[/A],; v = k[BJ;

2) Broporo nopsaka — v = K[A][B]; v = k[A]?; v = k[B]?;

3) tperbero nopsiaxa — o = k/AJ?/B]; v = k[A][B]>.

2 Kunernyeckoe ypaBHEHHE OYAe€T COOTBETCTBOBaTh JCHCTBUTEIILHOMY MEXaHHU3MY
pEaKIMH, €CJIM BEIYUCIICHHOE U3 HETO 3HAUYEHNE KOHCTAHTHI CKOPOCTH PEAKIMH OyJeT OJMHAKOBBIM
(MM IPUMEPHO OJIMHAKOBBIM, C YUETOM IOTPEIIHOCTH U3MEPEHHS B X0JIC IKCIICPUMEHTA).

3 TecrupoBaHue ypaBHEHHS IIEPBOTO Mopsiaka Buaa v = K/AJ:

1) nnst mepBoit mpoOsl Ky = YL & =16;
[A; 0,20
2) st BTopoit mpoos! Ky = 2 _ % =16;
[A]l, 0,40
3) nns Tperbeil npods! K3 = e 032 =0,64.
[Alz 050

Tak xak 3HA4YCHHE KOHCTAaHTEI CKOpPOCTH HC OAWHAKOBBI JISI HCCICIOBAHHBIX Hp06, TO

KAHETHYECKOE YpaBHEHHE IEPBOrO Mopsiaka Buaa v = K/A] He COOTBETCTBYET MEXaHU3MY JaHHOM
peakiuu.

TecTupoBaHue ypaBHEHHS IEPBOTO Mopsiaka Buaa v = K/BJ:

1) nnst mepBoit mpoOsl Ky = - 032 =1,6;
[B]; 0,20
2) st BTOpOit po0sl Ky = Y2 _ 064 =1,6;
[B], 0,40
3) anst TpeTbeit mpoos! K3 = U3 % =16;
[Bls 0,20
4) st ueTBepTOit poOBI Kyq = D4 _ 128 =16;
[Bl, 080
5) s nsiToit pookl Kg = %5 _ 128 =16;
[B]ls 0,80
6) 1y 1mectoii mpoosl Kg = %6 _ @ =16.
[Blg 1,00

Wrtak, KHHETHUYECKOE YpaBHEHUE TaHHOU peakimu: v = K/BJ; koHctanTa ckopoctu — K = 1,6.
4 YBenuueHue aBICHHUS B CHCTEME B JIBa pa3a MOBBICUT KOHIIEHTPALMU peareHToB 4 u B
TOKE B JIBA pasa, 4YTO NMPUBEAET B BO3PACTAHUIO CKOPOCTH PEAKIIMU TAKXKE B JIBa pa3za. ITO MOXKHO
MIOATBEPAUTH PACUETOM:
vy _ 2K[B] _ 9

v KIB]
3amauad Ha cKOJIBKO HAIO MOBBICHTH TEMIIEPATYpPy, YTOOBI CKOPOCTh PEaKIMU BO3pOCia B
50 pa3 (y =2,3)?
Pemenne
Pacuer nposeném no popmyne Bant-I'odda:
-t . b1
=y 10 , T 2 =50; y=2,3; orcrona50=23 10

Utl Utl

l)t2



[Tponorapudmupyem 06€ 4acTH MOJTYISHHOTO PaBEHCTBA!
-4
—<—=1g2,3 =1g50
10 g g

¥ TIOCJIE €0 peleHus noaydnm At ~ 47 °C.
OtBet: UT0oOBI CKOPOCTH peakiuu Bo3pocia B 50 pa3 HaJO0 MOBBICUTH TeMIiepaTypy Ha 47
°C
3anava 5. [Ipu 393 K peakuus 3akaHumBaetcs 3a 10 MUHYT. 32 CKOJIBKO MHUHYT 3Ta pEaKIUs
3akoHuuTCcs npu 363 K (y =3,0)?
Pemenue
Kak u3BecTHO, YTO MEXy CKOPOCTHIO XMMHUYECKOW PEaKIUu U €€ MPOAOIKUTEIHHOCTHIO
CYIIECTBYET 00OpaTHO MPOMOPLUHUOHATIBHAS 3aBUCUMOCTb!
v
b _ 0

Uy T

1
IJIe T1 M T2 — BpeMsl IPOTEKaHUs PEAKIIUKU TPU TeMIepaTypax t1 u t2 COOTBETCTBEHHO.
CrnenoBatenbHO, ypaBHeHUE (7.2.2.1) MOXKHO 3amucath B CIEAYIOIIEM BUJC:
-ty

(41

—_— }/ 10 y

2
OTKy/1a

ty—t; 393-363
=15y 10 =103 10 =270 mun.

Otger: npu Temnepatype 363 K sta peakuus 3akaHuuBaercs 3a 270 MUHYT

ba30BbIi1 ypoBeHb

3amaya 1 Onpenenure n3MEHEHHE CKOPOCTH MPSMBIX 3JI€MEHTAPHBIX Ta30BbIX peaKuil npu
yBEJIMYEHUS JIaBJICHUS B JIBa pasa:

1)H> + O — H + OH; 2)Cl+ H— HCI;

3) 2NO + Cl2 — 2NOCI; 4) NO + O — NOs..

JIns KaKJI0M peaklMy ONPEEIINTE TOPAIOK U MOJIEKYJIIPHOCTh M HANIMIINTE KUHETHYECKOE
yYpaBHEHHUE.

3amaau 2  Pe3ynpTarhl HM3y4YEHHsT CKOPOCTH pPEaKIMH MeEXIy BemectBaMu 4 u B
IpeJCTaBIeHbI B TabauIe 5.3.
Tabnuya 5.3 3asucumocms ckopocmu peakyuu om KOHYEHMpayuy peazeHnmos
KOHIIeHTpaIus, MOJIb/IM°
Bemecto 4 0,10 0,20 0,20 0,10
Bemectso B 0,10 0,10 0,20 0,05
CKOpOCTh peakiini, MOJ'IB/(I[M3'MI/IH) 0,004 0,016 0,016 0,004
KakoB nops110k 1 MONEKYJISIPHOCTh peakinnu? BeUUCINTE KOHCTAHTY CKOPOCTH.
3amaua 3 Ilpu yBennueHMM KOHIEHTpauuu BemectBa 4 B 1,6 pa3a CKOpOCTh peakLuu
Bo3pacTtaer B 2,93 pa3a. KakoB mopsiiok peaknuu 1o BeniectBy 4? OtBet: nNa = 1,83.
3amaua 4. CocraBbTe BBIpaXEHHE /S KOHCTaHThl PaBHOBECHs TOMOTE€HHOIO Ipoliecca,
OIHCHIBAEMOTO YPaBHEHUEM:

AHCI +02 <> 2H20 + 2C|2

3amaua 5. /{75 paBHOBECHO Ta3000pa3HOI CUCTEMBI
CO+HyO«>COs +Hy, k7= 1,0 (upu 830 °C).
Omnpenenute KOHIIGHTPAIMM BCEX BEIIECTB B MOMEHT pPAaBHOBECHS, €CIIM HadallbHas

xoruenTpamus Co(CO) = 2 mons/nm° 1 Co(H20) = 3 Mons/mm>,
3anavya 6 Kak U3MEHUTCS CKOPOCTh PEAKIIMU



2H,S +30, <> 250, +2H,0,

€CITM KOHIICHTPAIMH BCEX Ta30B YBEIUYUTH B TPH pa3a? B cTopoHy npsiMoii wim 0OpaTHON peakiiuu
CMECTHUTCSI XUMHUYECKOE paBHOBECHE?

[ToBbIlIEHHBIN YPOBEHD

3amaua 1 Peakuus mpoxoauT B ra3oBoi ¢ase:
A+2B+D e C.

[Ipu yBenuueHnn KOHIIEHTPALIMK peareHTa A B 2 pa3a CKOPOCTb peaKIlMu BO3pociia B 2 pasa.
[Ipn yBenuueHuM KOHIIEHTpAIMM peareHta B B 2 pa3a CKOpPOCTb peakluu He u3MeHwmiach. llpu
YBEJIMYCHUH KOHIIEHTpaluK peareHTa D B 2 paza ckopocTh peakuuu Bo3pocia B 4 pasa.

Kak BBINISIUT KMHETUYECKOE ypaBHEHUE 3TOM peakimu? Kak M3MEHHUTCS CKOPOCTh PEAKIUM TPHU
YBEIIMYCHUH O0IIEro JaBiieHus B 3 paza? OTBET: CKOPOCTh PEAKIMH MPH YBEIIMUYCHUH OOIIETO JaBlICHHS B 3
paza Bo3pacrer B 27 pas.

Bamaua 2 ITpu 25 °C KoHCTaHTa CKOPOCTH PeakIHy B Ta30BOH dase

N204 <> 2NO2
UMEET CIICAYIONINE 3HAYCHUS:
P, Ila 21590 34660 89040
K(yci. euHuUIBI) 4,4 4,8 6,0.

[ToueMy KOHCTaHTa CKOPOCTH BO3pacTaeT Mpu yBenudeHuu naBieHus? [louemy koHcTaHTa
CKOPOCTH Ha3BaHa KOHCTAHTOM, €CJIM OHA 3aBUCHUT OT JaBJICHUsA?
3amava 3. B kakoM HarpaBjIeHUH CMECTUTCS PaBHOBECHE PEAKIIMH

4HCI + 02 <~ 2H 20 + 2C|2 , AH’, = —114,42 xJI/Mob,

eciu: 1) NoBBICUTH KOHIEHTpauuto O2; 2) yBeIUUUTh KOHLEHTpauuto H20; 3) NOHU3UTH 1aBJICHUE;
4) noBsIcHTH Temrepatypy Ha 50 °C (TemmepaTypHbIii K0dG(HUIMEHT TIPSAMOH PEaKIUH Ynp = 2, a
Yoop. = 3)?

Choucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCIO0JIb30BAaHHIO 10 JAHHOI TeMe

OcHoBHas1 JIuTepaTypa:
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 : anmeKTpoHHbIH // DnekTporHO-0nbOaroTeynas cuctema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocTyma: asast aBTOpHU3HP.
0JIb30BaTENEeN
JlonoJHUTeIbHASA JINTEpaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [Tox pea. A. U. Epmaxosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuUMus METaioB : yueOHoe mocodue (U1 CTYJeHTOB XUMHUECKOT0 (haKkyJIbTeTa HanpaBiIeHUH
OaxanaBpoB «XuMuUs» U «XuUMHUecKas TexHoaorus») / coctaButenu O. A. ['onoBanoBa. — OMCK :
Owmckuii rocynapctBeHHbiit yauBepcutet uM. ®.M. Jloctoesckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : a1eKTpOHHBIH // DieKkTpoHHO Onbmmorevnas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum noctyna: mist
aBTOPH3UP. M10JIb30BATENEN
HNuTepHeT-pecypcesl:

1 http://window.edu.ru/ — emuHOE OKHO JTOCTYIa K 00pa30BaTEeIbHBIM pecypcaM

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



3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTAIOT aCCOIMAIIUN JICKTPOHHBIX OMOINOTEK
yaeOHbIX 3aBefeHuid u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTkpbeITOE 0Opa3oBaHKe

TEMA 6. PACTBOPBI

IMPAKTUYECKOE 3AHATHUE 6. PACTBOPBI. CIIOCOBbBI BBIPAKEHU A
KOHIEHTPAIIMU PACTBOPOB. PACTBOPBI QJIEKTPOJIMTOB. PACTBOPBI
HEJJIEKTPOJIMTOB

Heas 3anaTus: QopmupoBaHue 0a30BBIX 3HAHWKH O CHoco0ax OMpeAeNeHUs CBOWCTB U
KOHIIEHTPAIU pacTBOPOB M HABBIKOB MTPOBEJICHUS PACUETOB.

3HaHMsA M yMeHHUs, IpuodpeTaeMble CTYACHTOM B pe3yJibTaTe 0CBOCHUS TeMbI

3HaTBh: OCHOBBI CAMOOPraHU3ALUU U CaMOOOpa30BaHMUs;
3HaThb: OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHbIX JUCLUIUIMH B IPO(ECCHOHANBHON NesTeIbHOCTH
3HaTh: HOpPMaTHUBHBIE JOKYMEHTHI 10 KAYECTBY, CTAHAAPTU3ALMHU U CEPTUPHUKALUU IPOTYKTOB U
U3JIE€IUH, IEMEHThl S KOHOMHUYECKOTO aHAJIN3a B IPAKTUYECKON AESITEIbHOCTU
3HaTh: CBOMCTBA XMMUUYECKHUX DJIEMEHTOB, COCIMHEHUI U MaTEPUAIIOB HA X OCHOBE ISl PEIICHHUS
3as1a4 mpodecCuOHATBHOMN IeATETbHOCTH
YMeTb: €aMOCTOATENBHO CTPOUTH MPOLIECC OBJIAZICHUs HHpOopMaLueli, 0oToOpaHHO 1
CTPYKTYPUPOBAaHHOM /ISl BBIIOJTHEHUS TIPOPECCUOHATBHOM IEITETBHOCTH.
YMeTb: HCII0JIb30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYUHBIX JTUCIMILIMH B IPOQEeCCHOHATBHON
NEeSITeIbHOCTH
YMeTb: HCII0JIB30BaTh HOPMATUBHBIE JOKYMEHTBHI 110 KaUeCTBY, CTAaHAAPTU3ALUU U CepTUDUKALIIH
MIPOJIYKTOB U U3JEJINN, JIEMEHThl SJKOHOMUYECKOT0 aHaJIN3a B IPAKTUUECKON JAESITETbHOCTU
YMeTb: HCIIOJIB30BAaTh 3HAHUS CBOMCTB XUMUYECKUX JIEMEHTOB, COEAMHEHUN U MaTepUaJIOB Ha UX
OCHOBE JJIsl peleHus 3a1a4d IpoecCUOHATBbHON e TeIbHOCTH

HaumenoBanue (opMupyeMbIX KOMIIETEHIUI

Konx dopMyIIHpOBKA
OK-7 CIIOCOOHOCTBIO K CaMOOPTaHU3aluY U caMO00pa30BaHUIO
OIlK-1 CIIOCOOHOCTBIO U TOTOBHOCTBIO MCIIOJIb30BAaTh OCHOBHBIE 3aKOHBI

CCTCCTBCHHOHAYYHLIX JUCHUILJINH B HpO(i)CCCHOHaHbHOﬁ JACATCIIbHOCTH

I1K-3 TFOTOBHOCTBIO UCIIOJIL30BATh HOPMATUBHBIC NOKYMCHTHI 110 Ka4€CTBY,
CTaHdapTU3alluu U CCpTI/I(I)I/IKaI_[I/II/I MMPOAYKTOB U HBHGHHﬁ, OJICMCHTBI
OKOHOMHUYECCKOI'O aHaJii3a B HpaKTH‘IeCKOﬁ JCATCIIBHOCTH

I1K-18 TOTOBHOCTBIO HCIOJIF30BATh 3HAHUS CBOMCTB XUMHUYECKUX DJIIEMEHTOB,
COEMHEHUHN U MAaTEpHUAJIOB HAa UX OCHOBE ISl PELICHUS 3a1a4
PO ECCHOHATBHON JEATENHHOCTH

AKTyalbHOCTh TeMbl. COBpEMEHHAsI MOJIEKYJISIpHAsI TEOpUsl PaCTBOPOB IMPEACTaBIseT co00it
OOIMPHYI0, WHTEHCHBHO PAa3BUBAIONIYIOCS 007acTh MOJCKYJISIpHON (Qu3nku. MonexkynspHas
TEOpUs KUJIKUX PACTBOPOB OMHUPAETCS HA TEOPUIO UUCTHIX OJHOKOMIOHEHTHBIX MXUIKOCTEH M
TEOPHUI0 MEKMOJICKYISIPHBIX CHJI. PacTBOpBI RJIEKTPOJIUTOB - OCOOBIM KJIACC KOHIEHCHPOBAHHBIX
MOHHO-MOJIEKYIIIPHBIX CUCTeM. Upe3BbluaiiHas CIOXKHOCTh M3y4aeMOro O0OBEeKTa MpelomnpeeseT
MHOTOYHCJICHHBbIE ~TPYAHOCTH U TOpoOJieMbl B  3TOM  OTpaciad HAY4YHOTO  IO3HAHMSL.
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TeopeTuyeckas 4acTb
Cnoco0blI BbIpakeHUs] KOHIEHTPAILUM PacTBOPOB

Pacmeopamu nazviearom mepmoouHamuiecku ycmouyugvle 0OHOPOOHbIE CUCHEMDL,
cocmoawue u3 08yx u 0Oojee KOMNOHEHMOG (PACMBOPEHHbIX 6euwjecme U pacmeopumers).
PacTBOpeHHBIE BellecTBaA — 3TO KOMIIOHEHTBI PACTBOPA, KOTOPBIE MEHSIOT CBOE arperaTHoe
COCTOSIHUE TIpU ero 00pa3oBaHUU. PacTBOpUTEINb — BEIIECTBO, HE M3MEHSIOIIEE CBOETO arperaTHoro
COCTOSIHUS IpU 00pa30BaHUU PACTBOPA.

Haubonee mumpokoe pacnpocTpaHEeHHE MOIYYHJIM BOAHBIE PACTBOPHI, PACTBOPUTEIEM B
KOTOPBIX SIBJISIETCS BOJA.

Baxneiel XapakTEpUCTUKOM pacTBOPOB SBIISETCS MX KOHLEHTpalus — macca WU

KOJINYECTBO BEIIECTBA, COJEpIKAalllMecsl B OIpEIeIeHHOW Macce WiM o0beMe pacTBopa WU
pacTBOPUTEIIS.

MaccoBast gois BemectBa X — Macca BeIIEeCTBa m(X) (B 1), comepxamasics B 100 T
pacTtBopa:

m(X)

Mp—pa

0(X),% = 100.

(6.1)

MosnsbHast KOHLEHTpalus — KomuduecTBo Mojib BemectBa N(X), conepxkaieecs B 0HOM
kwiorpamme (uiau B 1000 r) pactBopuTes:

MOJIb _ n(X) m(X)

-1000 =
Mp- s M (X )mp-nﬂ

C_(X), 1000

KI' (6.2)

MornsipHas KoHueHTpanus — konmdectso Mok emectsa N(X), conepskameecs B ogHoM M
(wma B 1000 cm®) pacTBOpHTEIS:

Cpr (X0, morb _ (X) 1000=—MX) 4000
V., M (X Vp-s 63)

MOJ‘IHpHaH KOHIOCHTpalusd KOJIMYCCTBA OSKBUBAJICHTA (HOpMaJIBHOCTB NJIN DKBUBAJICHTHAsA
KOHIIGHTPAIHs1) — KOJTMYECTBO MOJb IKBUBAJIEHTA BENIECTBA X, COJAEpIKalIeecs B OMHOM IM° (M B
1000 cm®) pacTBOpHTENS:

(X x)
MOTb _ Z m(X)
C(— X), +—.1000 = -1000
Z, am’ Vi M ( 1 XV (6.4)

p-ns
x

1 1
rme N(—) u M(—) — KOJIMYECTBO MOJb OSKBHBAJIEHTA BEIIECTBA (B MOJIb-DKB) H €rO
X X

SKBHBAJIEHTHAs Macca (T/MOJb) COOTBETCTBEHHO.

HpuMeltaHue. Yuciao ZX Ha3bIBarOT IK6UBAJIEHMHbIM Yuciom nIn YUcjiom

okeusanenmnocmu —Z,, > 1. 3nauenne Z, onpenensior M0 XMMHUYECKON PEakLyH, B KOTOPOH
Y4acCTBYET JaHHOE BEMIECTBO. Tak, B YaCTHOCTH, JJIA JJIsS BEIIECTB, y4acTBYyOMMX B OB-peakuusx,
SKBUBAIEHTHOE Yncio Zg Ui BOCCTAHOBUTENS PABHO YHCIy DJIEKTPOHOB, KOTOPOE OH OT/AET, a



IUI OKUCIIUTENS — YHMCIIY 3JIEKTPOHOB, KOTOpoe oH nmpuHumaer. Hanpumep, st annona MnO;, B
3aBHCHUMOCTH OT XapaKTepa peaKIuu ZX MOXeT OBITh paBHO 5, 3, 1, Hapumep:
MnO; + 8H* +5e" = Mn* +5H,0; Z, =5; (MnO,) = 1/5 Mo,
MnO; + 2H,0+3e" = MnO, +40H"; Z_ = 3; 3(MnO,) = 1/3 mons;
MnO, +1e =MnO? ;Z, =1; 3(MnO,) = 1/1 Mons.
CJ‘Ie,I[OBaTeJ'IBHO, B OTUX PCaKIUAX S5KBUBAJIICHT OKUCIIUTECIIA MnO; COOTBETCTBCHHO paBCH

1/5, 1/3 u 1 mob.
Heo6xoaumo Bceraa IoOMHUTB, YTO 3HAYEHHE YKBUBAJIEHTA J1I000r0 BemecTBa X He NPEBbIIIACT
eauHuupl, T. €. I(X) < 1.
OmpenenieHre 9KBUBAJICHTHBIX YUCEIl HEOJAUHAKOBO JUls 00MeHHBIX 1 OB-peakiuid.
B 00MeHHBIX peaknusax KBUBAJIEHTHOE YUCIIO ONPENEISIOT 10 CTEXMOMETPUHU peakiuu. Eciu s
peaxkuuH BUIa

ViA+v,B=v.C +v,D
Ha OUH MOoJIb BemecTBa A Tpebyerca VvgB/v,A monb BemectBa B, 10 Z, =Vv,/Vv, .
MosbHas 10714 — OTHOILEHUE KonuuecTBa MoJb BemiectBa N(X) k obuiemy uucity MoJb Beex

BEIICCTB N2 (X i) , COCTaBIISIOIIUX PACTBOP:

N (X
o0 N
Ny (X;) (6.5)
Tutp pacTtsopa BemectBa X — Macca Bemectea M(X) (B r), comepsxamascs B 0OXHOM cM°
pacTBopa:

em® ' (6.6)

p-pa

T(X) e _ m(X)

Tutp pactBopa BemecTBa B mo ompenensemomy BemectBy X — macca Bemectsa M(X) (s

3 CTAaHAApPTHOTO paCTBOPA BCIICCTBA B .

e m(X)

v’ V(B) (6.7)

p-pa

r), COOTBCTCTBYIOIIast OAHOMY CM

T(BI X),

BecbMa BakHBIM TapaMeTPOM PACTBOPOB SIBISETCS WX IUIOTHOCTh — OTHOIIEHHE MAacChl
pacTtBopa (B KI') K 00BEMY 3TOTO pacTBOpa:

PV (6.8)

Ipumeuanue. B XuMuy daime IpHEMEHSIOT Pa3MEPHOCTB IIOTHOCTH PACTBOPOB B I/CM°.
Jlnist IpOBEZIeHUsI pacueToB IMOJIE3HO 3HaTh (opMyny (9), CBA3BIBAIOIIYIO KOJIUYECTBO MOJb
SKBHMBAJICHTA BEIIECTBA X C Pa3IMYHBIMHU BHAAMU KOHIEHTPALUN €ro pacTBOPOB.

m(X) _T(X)V(X) _T(B/X)V(B) _

Lyxy mMEx) VIES'S)
Z; z, z,

1
:C(;X)V(X):w(X),%pp_paV(X) (6.9)

1000 100M (Zi X)

x

n(i X), mone=
z, M (




[Tpu mpUroTOBICHUH PACTBOPOB C PA3IMUHON MacCOBOH J0Jeii BecbMa IMOJIE3HBIM SIBJISETCS
TaK Ha3bIBAEMOE MPABWIIO CMELICHUs (WM MPABUIIO «KPECTAY).
Cxema «kpecTa» UMeeT BUJI:

w,% — m, T
w,, %
@, % — m,, I.

rac C()l, % u CUZ, % — MACCOBBIC JI0JIM UCXOAHBIX PaCTBOPOB,

— MAacchl MCXOJHBIX PACTBOPOB (B T) TMOCIE CMEIICHHS

m,=|w, - o,| nm, =, - o,

KOTOPBIX Oy/eT MOJIy4eH pacTBOP ¢ MaccoBoi noueit @, , %.
PacTBOpBI 3J1EKTPOJIUTOB
Onekmponumamu  Ha3bIBAIOTCS  BEIECTBA, KOTOpPbIE TMPU PACTBOPEHHUH B  BOJE
MOABEPTalOTCs MPOTOJU3Y (AUCCOLMHUPYIOT WM PACMaNalOTCsl) HA HOHBI M MPOBOMIST
aNeKTpudecKuit Tok. Heoprannmueckue KUCIOTHI, OCHOBAHUS U COJIU SIBJISIIOTCS JIEKTPOIUTAMH.
Cuna 37eKTpOJINTa XapaKTepU3yeTcs CTEMEeHbI0 MpoTonm3a (), KOTopas MOKa3bIBaeT
OTHOLIEHHUE YKCIIa MOJIEKyJI, pacnasinuxcs Ha HoHbl ( N ), kK 06meMy drcmy MoneKys1 >IeKTponuTa
B pactBope (N, ), u BeIpaxkaercst B poLeHTax:

azﬁ-loo%.
N

0

(6.10)

VYCIOBHO CYHUTAIOT AJIEKTPOJUTHI, TOABEpriiuecs mnporonn3dy Ha 3% wu MeHee (T.e.
a < 3%) - cnabbivu, a Ha 30% u Gonee (& = 30%0) — cunprbMA.

B  pactBope cmaboro  IJEKTPONHMTAa  YCTAHABIMBACTCS ~ PABHOBECHE  MEXKIY
HEJNCCOIMUPOBAHHBIMM MOJIEKYIaMH W TIPOAYKTaMH HX pacraga — HoHamu. Hampumep, B
pacTBope ci1adoi OTHOOCHOBHOM KHCIIOTHI:

HAZ== HY + A

KoHcTanTa Takoro paBHOBECHs BBIPAKAETCS Yepe3 paBHOBECHBIC KOHIICHTPAIMH

COOTBETCTBYIOIINX YACTHI[ B PACTBOPE M HA3BIBACTCS KOHCMAHMOU NPOMOIU3A UTU KOHCMAHMOU

ouccoyuayuu K, (HA):
_[HIIAT]
K, (HA) = (HA] (6.11)

MHOTrOOCHOBHBIE KHCIJIOTBI PACIAJAOTCS CTYNEHYaTO, KaxJas CTYNeHb M3 KOTOPBIX
XapakTepu3yeTcs cBoeil kKoHcTanTol. Hanmpumep:



_[H7][HST].

H,0
HSe———=H"+HS™; K= ,
2 al [HZS]

_ H,0 _ H*][S?*
HS ——H" +S%: K., =—[ ][_ ]
[HS7]
CornacHo 3akony paz6asnenus Octsanbaa, K, M & cBsizanbl ypaBHeHuewm:

a’-C

K,(HA) = (6.12)

rae C — MonspHAs KOHIEHTPAIHs dIEKTPOJIHTA, MOJb/IM>,
[pu o << 1 ypasHenue ymnpomaercs:

K, (HA)=a’-C. (6.13)

I[JISI PacucCToOB, CBA3AHHLBIX C IIPOTOJIU30M KHUCJIOT, YaCTO UCIIOJIB3YIOT HEC Ka , a II0Ka3aTciib

KOHCTaHThI Ipotoim3a (xuccounanuu) PK, , kotopsiit pasen:

PK, = —lgK,. (6.14)

C Bospacranuem K, T.e. ¢ yBennueHneM cuiibl KMCIOThI, 3Ha4eHne PK ymenbuaercs,
ciepoBarenbHo, e Gonbine PK, , tem cnabee kucnora. Tak, 3nasenns PK, st cnabbix kucnor
or CH,COOH no HCN nexar B npenenax or 4,76 10 9,21.

Jlast omHOOCHOBHBIX  KucioT, Hanpumep, ykcycnoir — CH,COOH, xonuenrpaimn

[H+] 1 [A"] paBHBI U COCTABIAIOT:
[H"]=[CH,CO0] = aC.
C yuerom ypaBHenus (10.2.4) umeem:

[H*]=[CH,CO0 1~ /K, -C.
PacTBOpBI HEAJIEKTPOJIUTOB

Paz6aBiieHHBIE PACTBOPHI BEIIECTB-HEAIEKTPOIUTOB O0IAJAt0T PAJOM (PU3UKO-XMMUYECKHX
CBOMCTB, JUIsI KOTOPBIX KOJIMYECTBEHHOE BBIPAKEHHE J3THX CBOWCTB 3aBHCHUT TOJBKO OT YHCIIA
HaXOJAILIMXCS B pacTBOPE YaCTHUI] PacTBOPEHHOTO BEIIECTBA M PacTBOPUTEINS (KOJUIMTAaTUBHBIE
cBoiicTBa). HekoTophle M3 3TUX CBOWCTB MCIONB3YIOTCS JJISl OMPECIICHUS] MOJIEKYJIIPHOM Macchl
PacTBOPEHHOIO BEIIECTBA.

Tak, B COOTBETCTBMM CO 6mOpbiM 3aKOHOM Payns: TOBBIIIEHHE TEMIEPaTypbl KUIICHHS

(At

HERJICKTPOJINTOB MPONOPLUOHATIBHO YUCITY YaCTHI] PACTBOPEHHOIO BELECTBA U HE 3aBHCUT OT €ro
MIPUPOABIL:

) WIM TOHW)XEHUE TEeMIIepaTypbl KpPUCTAJUIN3ALUU (Atkp) pa30aBIeHHBIX PAacTBOPOB

KHII.

At, =KC,, (6.15)

At =EC,, (6.16)



rne Al — nonwkenuwe Temmeparypsl 3aMep3aHHs WM IOBBIILICHHE TEMIIEPATYPbl KHUIIEHHS
pactBopa, rpan; K u E — kpuockonmueckas u 56ymmockonu4eckas KOHCTAHTBI COOTBETCTBEHHO;

C,, — MonsinbHast KOHLEHTPAUKs PACTBOPEHHOTO BewecTsa, Moib/1000 r pacTBopuTens.

IIpumeuanue. Kprockonudeckass 1 30yIIHOCKONNYECKasi KOHCTAHThI MPEACTABISIOT CO00M
MOHIDKEHHE TEeMIIEpaTyphl 3aMEp3aHusl WM TOBBIIICHHE TEMIIEpaTypbl KUIEHUS AJs pacTBOPOB
HEDIEKTPOJIUTOB IIPU X KOHIIEHTPAIHUAX PaBHBIX 1 MOIb/mM°,

Eciu M (r) Heanektponura, uMeronero Moibayo maccy M, pactBopenst B M.z (1)
pacTBoOpuUTes, TO:

m 1000
At =K .. , 2paoyc
3am 3am Ms_ga mp_ﬂﬂ p y (6 . 17)
m 1000
At =F .55 , 2paoyc
Kun Kun Mg_ga mp_ﬂﬂ p y (6.18)

CDOpMy.]'ILI IMMO3BOJIAIOT ONPCACIINTL TEMIICpATYPhbl 3aMEp3aHUd W KUIICHHUA PAaCTBOPOB
HCOJICKTPOJMUTOB IO HMX KOHHOCHTpalWH, a TAKKEC HAXOJUTb MOJIBHYHO MaccCy paCTBOpéHHOFO
BCICCTBA IO MOHUKCHUIO TCMIICPATYPbI KUIICHUS WJIN 3aMEP3aHUsd PACTBOPOB.

Bonpoch! u 3a1aHus

[Tpumep 1. Hamucath MOJEKYJISIPHOE M HWOHHOEC YpPaBHCHHS DPEaKIUN B3aMMOJICHCTBUS
pacTBOpOB HUTpaTa Oapust u Cyib(hara HATPHSI.

1 CocraBisieM MOJIEKYJISIPHOEC YPABHEHHE PCAKIIHHI:

Ba(NOs), + Na,SO, = BaSO, ¥ +2NaNO,

2 HepeHI/ICHBaeM 9TO YpaBHCHUA, I/1306p831/IB XOopomo JUCCOMUPYrOIHE BEIIECTBA B BUAC
HOHOB, a yXOoAsdmuec H3 C(bepm p€akuuu — B BHJAC MOJICKYJI, T.C. COCTABJIACM IIOJIHOC HOHHOC
YpaBHCHHC JTaHHOM pCaKknuu.

Ba’" +2NO; +2Na* + SO7™ = BaSO, 1 +2Na* +2NO5.

3 BrimmceiBaeM HOHHOE ypaBHEHHE PEAKIIMU B OKOHUATEIFHOM BHU/IE (COKPANIEHHOE HOHHOE
YpaBHEHUE):

Ba®" + 507 =BaSO, 4,

KOTOpOE OIpeleNseT CyTh Ipolecca B3aUMOJEHCTBHS PacTBOPOB HUTpara Oapus U
cynbdara HaTpHsL.

Bamaua 2. Paccuwmraiite monnyio cuiay pactBopoB RDNOs, CuCly m NasPOas, ecnmm ux
MOJISIpHBIE KOHIIEHTpaluu pasHbI 0,1 Mosib/am>,
Pemenue. 1 B pactBope HUTparta pyOuus:

1 2 2 1 2 N2y
=2 Copr 2yt *+ Crog Zhos )= 0117 +01-()*) =01

2 Inst pactBopa CuClz:

1 2 2\ 1 2 2y
| _E(CCu2+zCu2+ +CC|zC|)_§(O,1-2 +2.0,1-(-1)%) = 03.

3 Housr Na* u PO4~3 cosnaror nonnyro cuny:



1 ( ) 1 2 2

| = Cra ZRar +CpoyiZh0ys )= 5 (037 +0.1:(:3)%) =06

Ipumep 3. CKONBKO cM° pacTBOpa THAPOKCH 1A HATPHS ¢ MaccoBoii noneit m1(NaOH) = 30% (p1
~ 1,300 r/cm®) mamo no6aButh k 300 cm® Bombl (p(H20) = 1,00 r/cM®), YTOOBI IOMYYMTH PACTBOP C
maccoBoii noneit wx(NaOH) = 10%?

Pemenue. MOXHO IPEMIOKUTh TPU BAPUAHTA PELLICHUS TAKOM 3a1a4HU:

1) mosTanHsIif pacueT, ¢ COCTaBICHUEM CUCTEMBI U3 IBYX YpPaBHEHHIA;

2) ¢ UCNOJIb30BAaHUEM 3aKOHA SKBUBAJIECHTOB;

3) IpUMEHUTH IPABUIIO KpecTa.

Bapuanm 1. Bpruucnum wmaccy rugpokcuga Hatpus (M(NaOH), r), xoropas nomkHa
COJIEP>KaThCsl B UICXOHOM PacTBOPE C Maccor My, T

100 r pactBopa ¢ ®1(NaOH) = 30% coxepxut 30 r NaOH

m, T pactBopa ¢ ®1(NaOH) = 30% coxepxutr m r NaOH

Ilepsoe ypasHenue: m(NaOH) = % My, T = 0,3 my, T

Paccuntaem mMaccy pactBopa ¢ maccoBoit qoseit wx(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 s M(NaOH) u3 mepBoro ypaBHEHHUS MMOJCTaBUM BO BTOPOE U PEIIAM
BHOBb TIOJIyUCHHOE YypaBHEHHE OTHOCHUTEIBHO M1 — HMCKOMOM Macchl HCXOAHOTO pacTBOpa C

®1(NaOH) = 30%:
(300+m,)-10=100-0,3m;; m, = % ~150r.

Tenepp BeruuCINM 00BEM, KOTOPBIi OynyT 3anuMath 150 r pactBopa ¢ m1(NaOH) = 30%,
ucrnonb3ys popmyny (8):
m; 150
V, pgrom® ==L =""=11539,
o 130
Otset: K 300 cm® Bosr Haymo mo6asuts 115,39 cM® (150 1) pactBopa ¢ w1(NaOH) = 30%,
4TOOBI MOJTYYUTh pacTBOp ¢ MaccoBoit noiueir wx(NaOH) = 10%.
Bapuanum 2 'Y o610 Bocnonb3oBathest Gopmyinoit (9), yuuTeiBasi, 4To

: NaOH m
nl(NaOH)za)l(NaOH) m, _ @, (NaOH)- (300+m;) _
M (NaOH) M (NaOH)
rae My = p1Vi, T — Macca pactBopa ¢ w1(NaOH) = 30%;

300 + my=mz = p2Va, .
B urore:

o (NaOH)-m; = w, (NaOH)-(300+ m;); m;=150r; V; =11539 cx°.

n, (NaOH),

Bapuanm 3. TlpuMeHUM MPaBUIIO «KpPecTa», yauThiBas, uTo KoHIeHTpanus NaOH B uucroi
BOJIE paBHA HYJIIO:
30% — mi, r
10, %

0,% — my, T.



Berarcium Macey pactBopa (M, 1) ¢ @1(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, 4ro6s! momyuuts pactBop ¢ mx(NaOH) = 10%, nano k 20 r (20 cm®) Boasl 106aBUTH
10 r pactBopa ¢ w1(NaOH) = 30%, a k 300 r BosI HaJ10 TOOABHUTS:
10

m =1 .300=>-.300=1502 Vi, cx® =11539.
ms 20

ba30BbIi1 ypoBeHb

3amava 1. HammcaTh HMOHHO-MOJICKYJISIDHBIE YPAaBHEHUS pEaKIUil  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 H2SOx4.
3amaga 2. CocraBbTe MOJICKYJSIPHBIC YPaBHCHHS PEAKIUH, KOTOPBIC BBIPAKAIOTCS
CIICAYIOIIMMHU KPAaTKUMU HOHHBIMU YPaBHCHUSIMH:

a)H"+0OH ™ =H,0

6) Cu?* +S2° =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 aktuBHOocTH moHoB K' u SOs% B pacTBOpe cyinbhaTa Kamms ¢
monspHoit kornenTparueii C(K2S04) = 0,1 moms/ave.

3amaua 4. Paccuuraiite cpenHuil Ko3(QUIMEHT aKTUBHOCTH Ui BOJHOIO pPAacTBOpa
TUAPOKCHAA HATpus ¢ MonspHoi xonmentpamueii C(NaOH) = 0,1 momb/nm® u cpaBHuTE ero c
9KCIIEPUMEHTAJIbHO HalZICHHO! BennunHou 0,764.

3amaua 5. Berumcnute mpomssenenme pactBopumoctd Fe(OH)z, ecnim B 100 cm® ero
HACBIIIEHHOTO pacTBOpa coJiepkuTcs 9,6 10~ r sTOrO TUAPOKCHIA.

Bamaua 6. Ilpomssemenme pactBopumoctH Ag.COs cocrapmser 8-107!2 Paccumrars
pacTBOpUMOCTH KapOoHaTa cepedpa B MOb/mM® u T/aM°,

3amaua 7. Beramcauts pactBopumocts CaF, (B Mons/mv®) B Boge u B pactope CaCly ¢
xornentpanueii C(CaCly) = 0,05 moms/mm® (ITP(CaF2) = 4-1071Y). Bo ckonmbko pa3 pacTBOPUMOCTS
BO BTOPOM cCJly4ae MEHbIIE, 4eM B repBoM? PacueTsl mpoBecTH ¢ ydeToM U 0e3 yueTa HOHHOH CHITBI
pacTBopa.

3amaua 8. Ckombko cm® pactBopa (V1(HsPOs)) dochoproii kucmotsr (C1(HsPO4) = 1,010
monb/mm®) Hamo mo6asuth k 250 cm® pactBopa docopHoit kucmotsl (Ca(HsPOs) = 1,510
MoItb/mM?), 9T06BI TOTYdnTh pacTBop ¢ m3(HzPO4) = 11,19% u p3 = 1,060 r/cm>?

3anaua 9. Kakyro maccy kpuctamioruapata kapoonara Hatpus NaxCOs-10H20 nHano B3ath U1t
npurotosierns 200 cM ero BOTHOTO pacTBopa ¢ MaccoBoit toreit m(NazCOs) = 10% (p = 1,102 r/em?)?

PaccunTarh 711 MOMydEHHOrO PacTBOpa: THTP, MOJSIPHYIO, MOJISIPHYIO SKBUBAJICHTA M MOJIUIBHYIO
koHreHTpari NapCOz. OneHUTh a0COTIOTHYIO ¥ OTHOCHTEITBHYO (YCIIOBHBIE! ) TOTPEITHOCTH MPUTOTOBIICHHS
3TOTO PacTBOpA.

3agaya 10. BpIYucCaIuTh MOJSPHYIO KOHIEHTPALMIO KOJWYECTBAa 3KBHBAJIEHTA PacTBOpA
THAPOKCH/IA KAJKs TIOMy4eHHOT0 TP CMENIMBaHUU pacTBopoB: 300 cm® ¢ C(KOH) = 0,8 mMoms/am®
1 700 cm® ¢ ¢(KOH) = 1,2 momns/am>? Kakos tutp KOH mo HCI?

[ToBbIlIEHHBIN YPOBEHD



3amauya 1. Cxomeko cm® Bomsl (p(H20) = 1 1/cM®) cnemyer mo6aButh k 1 am° pacTBopa
xnoposogopoauoii xkucnotsl ¢ C(HCI) = 1,5 momb/mm3, 4T06B HOTYYMTH PACTBOP C MOJISPHOI
KOHIIEHTpauuei pasuoi ToyHo 1,0 MOJIB/IM3?

3anaua 2. B kakom 00bEme HackieHHOTO pacTBopa AgsPOs comepxuTcst OauH rpaMM 3TOM
comu (ITP(AgsPOs) = 1,3-10729)?

3amaua 3. B 10 nm® maceimennoro pacteopa CaCOs conepsxutcs 0,0278 T HOHOB KalbIIHs.
BoruncnuTh npounsBeieHe pacCTBOPUMOCTH KapOoHaTa KaJbIIHs.

Bamaua 4. O6pasyercs mu ocagok AgBr (ITP = 6,0-101), ecnmu ciuth paBHBIE 06BEMBI
pactBopoB AgNO3 n KBr ¢ kornenrpanusavmu C(AgNO3) = C(KBr) = 0,001 mons/am>?

Cnucok JuTepaTrypbl, peKOMEHAyeMblil K UCIIOJIb30BAHUIO 110 JAHHOH Teme

OcHoBHas1 JiUuTEpaTypa:
1. Koposun, H. B. O6mas xumus : yueounk / H. B. KopoBun. - 13-e uzn., nepepab. u gor. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaspuar). - Pek. MOuH P®. - [Ipuin.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. XuMus okpyarolien cpeabl : XUMHS KUBbIX opranu3MoB. Kypc nexuwii / E.
C. Muxanuna, A. JI. Ilerenmun. — M. : U3natensckmii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —TekcT : aneKTpoHHbIH // DnekTpoHHo-6ubaroreynas cuctema [PR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: amnst aBTopusup.
0JIb30BaTeNei
JlonotHUTE/ILHAS JIUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; ITox pen. A. U. Epmakosa. - U3a. 30-¢, ucmp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMHS METAJUIOB : yueOHOe ocodue (il CTYJCHTOB XMMHYECKOTO (haKyJIbTeTa HarpaBIeHUI
OakanaBpoB «XuUMUs» U «XUMHUEcKas TexHoJorus») / cocraBurenu O. A. T'onmoBanoBa. — OMCK :
Owmckwii rocynapcTBeHHbIH yHEBepcuTeT M. @.M. JloctoeBckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : 35eKTpOoHHbIH // DneKTpoHHO Oubauoreynas cucrema [IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum mocryna: s
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 KaTAJIOT aCCOIMAIINHU SJICKTPOHHBIX OMOINOTEK
yueOHBIX 3aBefieHul 1 opranuzanuii CK®O

4 http://www.iprbookshop.ru — 5BC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe

TEMA 7. KOMIUVIEKCHBIE COE/IMHEHMUSI.
INPAKTUYECKOE 3AHATHUE 7. KOMIIVIEKCHBIE COEAUHEHMUSI.

Heanb 3ansatus: CHopMupoBaTh y CTYIACHTOB CUCTEMHBIC 3HAHUS O CTPOCHHM M CBOWCTBAX
KOMIUIEKCHBIX coeAuHeHnil. HayuuTh CTYJIE€HTOB MOJy4aTh KOMIUIEKCHBIE COCIMHEHUS W Ha
OCHOBAaHUHU TIOBEACHMUSI KOMIUIEKCHBIX COCIMHEHU B pacTBOpax JeiaTh BBIBOABI 00 WX
YCTOWYUBOCTH.

3HaHMsA M yMeHHUs, IpuodpeTaeMble CTYAeHTOM B pe3yJibTaTe 0CBOEHUSI TeMbI
3HaTh: OCHOBBI CAMOOPTaHMU3ALNU U CaMOOOPa30BaHUs;
3HaTh: OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX AUCLUUIUINH B IPO(YECCHOHAIBHON AEATENbHOCTU


https://openedu.ru/

3HaTh: HOPMATHBHBIC JOKYMEHTBI IO KAYECTBY, CTAHAAPTU3AIMH U CEPTH(GUKAIIUH TIPOTYKTOB U
U3JICNTNH, SJIEMEHThI 5KOHOMUYECKOT'0 aHaIM3a B MPAKTUYCCKOMN JIeATEIIbHOCTH
3HaTh: CBOWCTBA XMMUYECKUX 3JICMEHTOB, COSAMHEHUI 1 MAaTEPUAIIOB HA UX OCHOBE JIJIsl PELICHHUS
3as1a4 mpodecCuoOHAIBHON IeATeTbHOCTH
YMeTb: CaMOCTOSTEIBHO CTPOUTH MPOIIECC OBNIAACHUS HHPOPMAIKel, 0TOOpaHHOH U
CTPYKTYPUPOBAaHHOM /ISl BBIIOJTHEHUS TPOPECCHOHATBHOMN eI TETbHOCTH.
YMeTh: HCIOJIb30BATh OCHOBHBIC 3aKOHBI €CTECTBEHHOHAYYHBIX JUCIUILIMH B MPO(ECCHOHATLHON
ACATCIIbHOCTHU
YMeTh: HCIOJb30BaTh HOPMATUBHBIC JOKYMEHTHI [0 Ka4eCTBY, CTAHIAPTHU3AIUH U CEPTUDHUKALIUH
IMPOAYKTOB U I/I3I[eJII/II\/JI, 3JIEMCHTHI DO KOHOMUYECCKOI'O aHaJIn3a B HpaKTH‘IeCKOﬁ ACATCIIBHOCTHU
YMeTh: HCIIOIB30BATh 3HAHUS CBOMCTB XMMHYECKUX DJICMCHTOB, COCI[I/IHGHI/If/’I 1 MaTCpUuajioB HA UX
OCHOBE IS PeIICHHs 33124 MPOGECCUHOHATBLHOMN JIESITEITbHOCTH

HaumenoBanue (hopMHUpyeMbIX KOMITCTEHIIMN

Konx DopMyIIHpOBKA
OK-7 CHOCOOHOCTBIO K CAMOOPTraHU3alMK U CaMOOOPa30BaHUIO
OIIK-1 CHOCOOHOCTBIO M TOTOBHOCTBIO UCIIOJIB30BaTh OCHOBHBIE 3aKOHBI

CCTCCTBCHHOHAYYHBIX JUCHUILJIMH B HpO(i)GCCHOHaJIBHOﬁ JACATCIIbHOCTU

[1K-3 TOTOBHOCTBIO MCIIOJIb30BaTh HOPMaTUBHbBIE JOKYMEHTHI 110 KAYECTBY,
CTaHJAPTU3ALMH U CepTU(PUKALNN POYKTOB U U3JIEIHUN, 3JI€MEHTHI
SKOHOMHYECKOI'O aHAJIN3a B IPAKTUYECKON IEATEIbHOCTH

[1K-18 TOTOBHOCTBIO HCIIOJIL30BAaTh 3HAHUSA CBOUMCTB XUMHUYECKHUX DJIIEMEHTOB,
COCJIMHEHUH U MaTepUAJIOB Ha MX OCHOBE JJIsI PEILICHUS 3a/1a4
PO ECCHOHAIBHON e TEIHHOCTH

AxktyanbHOCTh TeMbl. KommiiekcooOpa3zoBaHue MMeEET OOJbIIOe 3HAaYEHHE NPU MPOTEKAHUU
OMOJIOTUYECKUX MPOLECCOB B KHUBBIX OpraHM3Max. MOHBI IIETOYHBIX M ILIETOYHO-3€MENbHBIX
METAJIJIOB B OMOJIOTUYECKUX JKUIKOCTSIX HAXOJATCS B BUJIE aKBAKOMILJIEKCOB, @ HOHBI d-3JIEMEHTOB,
SBJISISICH IPEKPACHBIMH KOMILIEKCO0Opa3oBaTeIsiMu, 00pa3ytoT KOMIUIEKCHI, B KOTOPBIX B Ka4eCcTBE
JIUTaHJI0B BBICTYAIOT aMUHOKHUCIJIOTHI, HYKJIEMHOBbIE KUCJIOThI, BATAMUHBI U TopMOHbI. Hanpumep,
Kee30 BXOJUT B COCTaB TreMorioOouHa. HekoTopble KOMIUIEKCHBIE COEIMHEHMsS 00JalaloT
OMOJIOrMYECKON aKTUBHOCTHIO M MPUMEHSIOTCS B KQUE€CTBE JIEKAPCTBEHHBIX MPENapaToB (BUTAMUH
B12). Kpome Toro, o6pazoBaHie pacTBOPUMBIX YCTOHUMBBIX KOMIUIEKCHBIX COEJUHEHUH MO3BOJISET
BBIBOJIUTH W3 OpraHu3Ma COJIM TSDKENbIX METaJIOB, YTO CIOCOOCTBYET JI€3MHTOKCHUKAIMU
OpraHusma.

TeopeTuyeckas 4acTb
XUMHUECKUE CBSI3U OCYILIECTBISIOTCS 3a CUET 000OIIEHUST HE CIIAPEHHBIX AJIEKTPOHOB MU
Iepeaadn 3JIEKTPOHOB OJHUM M3 aTOMOB, BCTYNAIOIIMX B CBA3b JApyromy. B pesynprare Takoro
B3aUMOJICHCTBHUS OOPa3yIOTCsl YCTOMUYMBBIE KOH(UTIYpalMu, MMEIOIIME Ha BaJICHTHOM 000J0uKe
ANEKTPOHHBIN OKTET. YCTOHYMBOCTh MOJOOHOM CTPYKTYpPhI OOBSICHSIETCA CXOJCTBOM B CTPOEHUU C
MHEPTHBIMU razamu. CoelnHeHHs, TOTyJarolrecs Mo J00HBIM 00pa3oM, Ha3bIBAIOTCS OMHAPHBIMH.
MHorve atoMbI WK HOHBI, 00pa3yroIie OMHAPHBIC COSTMHEHHSI, MOTYT SIRTISITHCST IOHOPAMH JIEKTPOHOB
JUL1 PYTYX aTOMOB, TPYIIT aTOMOB WIM MOJIEKYIL, HE MIMEIOLLIMX MIEKTPOHHOIO OKTeTa. [lomydeHHbIe TakuM IyTémM
CJIOKHBIE MOJIEKYJIbI Ha3bIBAKOTCS KOMIUIEKCHBIMU COCIMHEHMSMU WM COSAMHEHVSIMA BBICIIETO TIOPSIKA.
Harpumep, B cocta KomruiekcHoro coerprenns Ko[PtClg] Bxomsr norst K u [PtCle] %
[leHTpasibHBIII aTOM TUJIATHHBI CO CTEMNEHBIO OKHUCIEHUS +4, BOKPYr KOTOPOro
IpYNIUPYIOTCS (KOOPIUHUPYIOTCS) IpYTHe aTOMBI, Ha3bIBAETCS KOMILIEKCOOOPa30BaTENEM.
[Mpucoenuusronuecs kK Hemy HoHbl Cl™ Ha3bIBarOTCS JTUraHIaMu (MM aJICHIAMH ).
Hexotopsie nuranabl ¥ uX Ha3BaHUSL:



H>0 — akBa; NHs — ammun; 0% — okco; OH™ — tuapokco; CN™ — nmano; SCN™ — poxano;
NO; — mutpo; SOs* — cynsduro; NH,OH — ruapoxcunamun; F- — dropo; Cl- — xmopo; Br —
opomo; I~ — #to0.

Yucno  OUraHAoOB, NPUCOCOUHEHHBIX K  KOMIUIEKCOOOpAa3oBaTENI0,  HAa3bIBAIOT
KOOP/IMHAIIMOHHBIM YHCIIOM (K.4.) KoMIUIekcoobpasosatens. K.u. (Pt™*) = 6.

Uons K* — BHemmHss koopauHamuonHas cdepa (mpotusouon); [PtCls]> — BHyTpennss
KoopauHanoHHass chepa. EE 3apsu( To4Hee, CTENEeHb OKHCICHHS X) ONpeAeseTcs
anreOpanuecKoil CyMMOi 3apsA0B KOMILIeKcoobpasoBarens u auraaaos: x(/PtClg]?) = +4 +(-1)-6
=-2.

Ecm BHYTpeHHsS1 KOOpAMHAIMOHHAS cepa MMEET MOJIOKHUTENBHBIA 3apsil, TO OHA HAa3bIBACTCS
KOMIUICKCHBIM KaTHOHOM, €CJTM OTPHULIATEIIBbHBI — KOMIUICKCHBIM aHHOHOM. VIMeeTcst psifi COeIMHEHH, B
KOTOPBIX BHYTPEHHsISI KOOPIMHAIMOHHAS c(hepa He HEcT 3apsia — HEUTpalbHBIC KOMIUICKCHI. [IprmMepbl
YKa3aHHBIX THUIIOB KOMILICKCHBIX COS/TMHCHUI:

H,0
1) katuonnsie — [Pt (NH3)sCI]Cl <—2—> [Pt(NH3):CI]* + CI";

H,0
[Cr(H20)4Br2]Br «—2—> [Cr(H20)4Br2]* + Br;

[Ni(H:0)61S0: 22— [Ni(H:0)e]** SO

H>0
2) annonnsie — Kz[Fe(CN)g] 2" 3K + [Fe(CN)s]*;

(NHa4)2[Pt(OH)2Cl4] (H—20> 2NH4* + [Pt(OH).Cls]%;

H,0
Nas[AlFs] <—=2—> 3Na* + [[AlIFe]®;
H,0
3) Heiitpanbbie (HeanextponuTbl) — [Cr(H20)4P04] ¢—2—> x;
H,0
[Rh(NH3)3(NO2)s] «—2—> x;

[Pd(NH20H):Cl] (H—ZO) X,

Ipumeyanue. KoMIIeKChl aHUOHHOTO THIA TaKXkKe em€ Ha3bIBAIOT alliJAOKOMIUIEKCHBIMH,
TaK Kak MpH NEePBUYHOM MPOTOJIN3E OHU OTHICTUISIOT KOMIUIEKCHBIN aHHOH.

Aneopummbl Ha36aHUL KOMNIEKCHLIX coeOuHenutl: 1) KaTHOHHBbIE KOMIUIEKChl — CHayasa
Ha3bIBAIOT BHEINHIOW cdepy, a 3aTeM B POJUTEIBHOM TMaJeKe NMPHUBOIST HA3BAHUS JIUTAHIOB
BHYTpEHHEH cQepsl M PycCKOe Ha3BaHHE KOMILIEKCOOOpA3oBaTelNsi C YKa3aHUEM €ro CTEleHH
OKHCJIEHUs apabCcKkuMu 1M pamu, HarpuMep:

[Pt (NH3)3CI]Cl —xmopu TppaMMHUHXIOPOTLIATHHBI (12);
[Cr(H20)4Br2] Br —6pomu TerpaakBaguopoMoxpoma (+3);
[Ni(H20)6]SO4 — cynbdat rekcaakBanukess (+2);

2) Ha3BaHWE aHMOHHBIX KOMILICKCOB HAYMHAIOT C BHYTPEHHEH cepbl — Ha3BaHHE JIUTAHIOB
U JIATUHCKOTO KOMIUIEKCOO00pa3oBatTelisi ¢ OKOHYaHUEM -am, 3aTeM — PYCCKOe Ha3BaHUE KaTHOHA
BHEUIHEH ceprl, HanpuMep:

Ks[Fe(CN)e] — rekcarmanodeppar (+3) kanus;
(NHa)2[Pt(OH)2Cls] — murunpokcoterpaxioporuiaTusat (+4) aMMOHWUS,
Nas[AlFs] — rekcadropoamomMuHaT HaTpHS;

3) B HEHTpabHBIX KOMIUIEKCAX BHAyYalle HA3bIBAIOT JIMTAHIBI (C y4eToM andaBHTa), 3aTeM
CIIEyeT PYCCKOe Ha3BaHUE KOMILIEKCOOOpa3oBarelsi 0e3 yKa3aHHs €ro CTENeHH OKHCIICHUS
(moceaHsIsl OTHO3HAYHO MOXKET OBITh OTpeJeNieHa C YUETOM AJIEKTPOHEHTPATbHOCTH KOMILIEKCA),
HarpuMep:

[CrPO4(NH3)s] — TpuammunpochaTxpom;

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

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

CBs3b MeXay BHEUIHEW W BHYTpPEeHHEH cdepoll MMeeT HOHHBIA XapakTep, CBSI3b BO
BHYTpEHHEH cdepe — KOOPAMHAIIMOHHBIN (JOHOPHO - aKIETITOPHBIA, CEMUTIOISPHBIN).



BHyTpeHHss1 KoopIMHAIOHHasT cbepa Jyii KOMIDIGKCOB KATFOHHONO M @HFIOHHOTO THIIOB YCJIOBHO
OTJICTISIETCS OT BHEIHEH Cpepbl KBYIPATHHIMU CKOOKAMH.

CyIecTBYIOT COSIMHEHMSI, COCTOSIINE U3 KOMIUICKCHBIX KATHOHOB M aHUOHOB:

[Co(NH3)s] [Cr(CN)g] — rexcarmanoxpomar (+3) rekcaaMmmuHKoOaibTa (+3);
[Cr(NH3)s] [Co(NO2)e] — rexcarmtpokobanbTar (+3) rekcaaMMUHXpoMa (+3);
[Pt(NH3)3Cl] [Pt(NH3)Cl3] — ammunTpUXiIopomiaTuHar (+2) TpuaMMUHXJIOPOIUTATHHBEI (+2).

Con HEKOTOPBIX METAJIOB, OCOOCHHO B KOHIICHTPHUPOBAHHBIX PAcTBOpPaX, CIIOCOOHBI
pearupoBaTh MKy co00ii, 00pa3ysi KOMIUICKCHBIC COCAMHEHUS — AYMOKOMNIEKCHI:

AUCI3+AuClz <> Au[AuCle] — rekcaxmopoaypart (+3) 3osota (+3) ;
Cdl; + Cdl2 < Cd[Cdl4] — TeTpaiiogokaamart (+2) KaaMHusl.

PaznuyaroT nepBUYHBIN U BTOPUYHBIA MTPOTOJN3 KOMIUIEKCHBIX coelMHEeHU. [lepBuuHbIi
NPOTOJIU3 — OTIICIJICHUE BHEIIHEH cepbl, 0OBIYHO MPOTEKAET MO TUITY CHIBHBIX HJICKTPOJIUTOB.
Hanpuwmep, u1st KOMIUIEKCOB:

H,0 2.
Ko[PtClg] ¢——> 2K* + [PtCl¢]*;

[Cu(NH3), Jcl, <22 S[cu(NH 3) 414t +2C1 .

CreneHp MepBUYHOTO MPOTOIN3a JIJIs1 pa30aBIEHHBIX PACTBOPOB KOMIUIEKCHBIX COSAMHEHUMN
00519H0 100 % nan OJ1M3Ka K 3TOM BEJTHYHHE.

Bropuunomy mpoTonu3y moaBepraroTcs KOMIUIEKCHBbIE MOHBI. [Ipu 3TOM uX CTeneHb
MpoTONIM3a BecbMa Maja. Pacmaj mpoTekaeT mo TUIy ciabbIX 3JEKTPOIMTOB. Twm mporonusa —
CTYIEHYATHIN, KOTOPBII ONMKUCHIBAETCS YPAaBHEHUEM 3aKOHA JCHCTBUS MaccC.

KonnuecTBeHHO mpoliecchl MPOTOIN3a KOMIUIEKCHBIX HOHOB XapaKTEPU3yeTCs] KOHCTAHTOM
HecTOUKOCTH (Kiecr) MITH 00paTHOM el BeMMYMHOM — KOHCcTaHTOU ycToitunBocTH (Kyer).

Pa3nuyaroT KOHCTaHTBHI MPOTOJIM3a cTymeHuaTble U obOmue. CTynmeHYaTble KOHCTaHTHI
CBSI3aHBI C OTIIEIUICHHEM OJHOTO JIMTaHJa OT KOMIUIEKCHOTO HMOHA WJIM MOJICKYJbI, a oOiue
KOHCTaHTHI YUUTBHIBAIOT ~ PaBHOBECHBIE KOHIIEHTPALIUH KaK  JIMTaHJIOB, TakK u
KOMILIEKCOOOpa3oBaTeisi, O0pa3yronuxcsi B XOJe MpoToiu3a Mo BceM cryneHsm.Hampumep,
npotosu3 komruiekcHoro nona [Cu(NHs)4] 2+ MIPOTEKAET B YETHIPE CTYIECHHU:

2+
1) [Cu(NH3)4]%" <> [Cu(NH3)3]%* + NH3; KHeCT4=[[C“(NH3)3] ]ENH3]=1,07.10‘2;
[[Cu(NH3)4]""]
2+ 2
2) [Cu(NH3)3]%" > [Cu(NH3),1%" + NH3; KHeCT3:[[C“(NH3)2] ][;\'H3] ~186.107°:
[[Cu(NH3)3]"]
2+ 3
3) [Cu(NH3),1% < [CuNH3]?* + NH3; KHeCTZ:[[C“(NH3)] ]['Z\'H3] ~468-107:
[Cu(NH3)4]""]
2+ 4
4) [CUNH3]%* & Cu?* + NHg; Keer| :w:mz-w“‘.
[[Cu(NH3)1™"]

CymMapHOe ypaBHEHHE MPOTOJIM3a BHYTPEHHEW KOOPAMHAIIMOHHOW Cdepbl BbIpa)xaercs
OOLINM YpaBHEHHEM:

[Cu(NH 3) 1% <229, [Cu(H,0)41%" + 4NH 5.

3HaueHue OOmEel KOHCTaHThl HECTOMKOCTH OIpeAessieTcsl IMPOU3BEICHHEM BCEX
CTYTEeHYaThIX KOHCTAaHT HecToifkoctu. Hampumep, mns monma [Cu(NHs)s]?* obumias xomcranTa
HECTOUWKOCTU OyAeT UMETh BUJI:

2
KHeCT([Cu(NH3)4] +) = KHeCT]_ 'KHeCTz 'KHeCTg 'RHecm =
_[Cu(H20)41%"1-[NH3]*

A -951.10713
[Cu(NH3), 12 |




Ipumeyanue. Crynendatsiii mpotomus moHa [CU(NH3)s]?* B BomHBIX pacTBOpax
NPE/ICTABICH B BUJIC, KOTOPBIA OTBEYACT NPUHYUNY COXPAHEHUS NOCHOSHCMEA KOOPOUHAYUOHHO2O0
yucia komniekcoobpazosameins. JIokazaHo, 9TO MPU OTPBIBE OT KOMILJICKCHOTO HOHA JIMTAH/a €ro
MECTO 3aHMMAIOT MOJICKYJIbI BOJIBI:

[Cu(NH3)4]?* + H20 < [Cu(NH3)3sH20]?* + NH3

B urore mpouece I0KEH 3aBepIIUTLECS 00pa3oBaHueM TeTpaakBakomiuiekca [Cu(H20)4]%.

Yem Oosbllle  BEJIMYMHA KOHCTAHThI HECTOMKOCTH (WJIM MEHbIIE KOHCTAaHTa
YCTONYMBOCTH), TEM MEHEE YCTOMYMBO JaHHOE KOMIUIEKCHOE COEITUHEHUE.

[TpoToMU3 KOMIUICKCHOTO HOHa BO MHOTHX CJIydYasX JIOKa3blBAeTCS C IOMOIIBIO
YYBCTBUTEIBHBIX PEAKTHBOB, OOHAPYKUBAIOIIUX B PACTBOPE KOMILICKCHOTO COCJIMHCHHUS HOHBI
KOMILJIEKCOOOpa30BaTeIsl U JIMTaH/IOB.

Hanpumep, nonsl menu B komiuiekcHoM coenuaennn [Cu(NH3)s]Cl2 MmoxHO 00HapyKUTh,
npruOaBUB K PaCTBOPY 3TOM COJIM PACTBOP CYJIb(GHUIa HATPHUS:

[Cu(NH3)41Cl, + Na,S = CuS ¥ +2NaCl +4NHg;

[Cu(NH3)41%" +S72 =CuS { +4NH;

HJIU ITYTEM CBA3bIBAHUSA aMMHUAKaA B Ooiee HpO‘IHBIﬁ KOMIIJICKC — KaTUOHbI aMMOHMA:
[CU(NH3)4]C|2 +4HCI — CUC|2 +4NH4C|,

[Cu(NH3)4]% +4H™ — Cu®t +4ANHJ.

Komnnexcnvie coedunenus ¢ manoycmouuugou 6HympenHel cgepotl, npomo.aiu3 KOmopot
nPOXOOUmM NPAKMU4eCcKy NOJIHOCHbIO — MO 08OUHbLE CONU, HATIPUMEP:

H>,O
[K(H20)6][Al(H20)6] (SO4)2 2> K* + APP* + 2504% + 12H,0; amomokauesie

KBAacCIbl

[2NH4(H20)6] [Fe(H20)6] (SO4)2 (_H—ZO_) 2NHs*+ Fe**+2504% +12H,0;
cosib Mopa.

Teopust BaneHTHBIX cBsized (TBC) oOBsCHSET cTpoeHHWE KOMIUIEKCHBIX COEIMHEHUMN
BO3HUKHOBEHHEM JIOHOPHO-aKLENTOPHOMN CBS3M MEX]y KOMIUIEKCOOOpa3oBaTeleM U JIMTaHJIaMH.
OOBIYHO JOHOPOM DJIEKTPOHHON TMaphl CIYXHUT JIMTaHJl, aKIeNTop — CBOOOJHBIE OpOWTAIH
KOMILJIEKCO0Opa3oBaTes.

TBC BO MHOTHX CiydYasx IO3BOJIIET YCTAHOBUTH JJEKTPOHHYIO W MPOCTPAHCTBEHHYIO
KoMIuiekca. Teopust yUuThIBaeT PU 3TOM XapaKTep BaJEHTHBIX OpOHMTanel LIEHTPAIbHOTO aToMa B
€ro ruOpUIHOM UM HETUOPUTHOM COCTOSTHUU.

OCHOBHBIE THUIIBI THOPUHBIX COCTOSIHUNM KOMIUJIEKCOOOpA30BaTeNsi U COOTBETCTBYIOIIHE
¥M TIPOCTpaHCTBEHHBIE CTPYKTypsl: SPp — mmmeitmas ([Ag(NHs)2]*, [Cu(NHs)2]*); sp® —
terpasapuueckas ([CUu(NHs)a]?*, [NiClsJ?"); d?sp® ([CoFe]®*) mmx  sp®d? ([Co(CN)s]®) -
oKTadapudeckas. KBaipaTHO-IIOCKOCTHOH CTPYKType oTBedaeT OSP’-ruGpHau3amus, HAIpHMep,
s komrrekcHoro uosa [Ni(CN)4] %

Oco60 1eHHy0 HHPOPMAIUIO 00 MEKTPOHHOM CTPOSHUU U T€OMETPUUYECKON CTPYKTYpe
KOMILIEKCO0Opa3oBaTessi UMEIOT €r0 MarHUTHBIE CBOMCTBA. [lapaMarHUTHRIE KOMIUIEKCH UMEIOT B
CBOEM COCTaBE HEMapHbIE IEKTPOHBI — OHM BTATMBAIOTCSA B MarHUTHOE MOJ€, a JUaMarHUTHBIE, B
KOTOPBIX BCE DJICKTPOHBI CIIAPEHBI, U3 MATHUTHOTO TTOJISI BBITAIKHBAIOTCS.

MarHuTHbII MOMEHT KOMIUIeKca (u) BblpakaloT B MarHeroHax bopa (oaun M. b
0,927-107%° spr/raycc), KOTOPEIi MOXKET GBITH BRIUICIEH U3 GOPMYyIIa BHIA:

p#=~n(n+2),

TZI€ N — YMCJIO HE CITApCHHBIX 3JICKTPOHOB B aTOME HUJIM MOHE KOMHHGKC006p3.30BaTeH$I.
3KCHepI/IMeHTaJ'H)Ha$I I/IH(l)OpMaHI/ISI O BC€IHMYMHAX MAarHuTHOIO MOMCHTaA IIO3BOJIACT
CyaUTh O TUIIC FI/I6pI/I,Z[I/I3aI_[I/II/I HOCHTPAJIBHOI'O aTOMa U O TCOMCTPHUU KOMIIJICKCA B LICJIOM.



VIMeHHO BeNMYMHBI MAarHUTHBIX MOMEHTOB Ui KOMIUIEKCOB C KOOPAMHALMOHHBIM
4KCIIOM 6 MO3BOIMIM BBECTH HOHATHA 6Heuineopbumanvroii NSNPNd? u enympuopbumansroii (N—
1)d?nsnp?® - ruGpuaM3anuy.

BryTpropOuTanbHbIe KOMIUICKCHI — IUAMAarHUTHBI WIH HU3KOCITUHOBBIE, COJIEPKAT OJIMH
win  gBa  HecmapeHHblx  smektpoHa ([CO(CN)s]** u  /PdCl]> — nuamarHuTHBI);
BHEIHEOPOUTAIBHBIE — BHICOKOCIIHHOBBIE, BKIIOUAIOT 3 — 6 HecmapeHHbIx snextpona ([CoFe]® —
Uoken. = 4,8; 4 HecriapeHHBIX 31eKTPoHa; [MNCls]? — fisken. = 5,95; 6 HecITapEHHBIX IEKTPOHOB).

TBC yGenutenbHO MOSICHAET CTPOEHHE KapOOHWIIOB METAIJIOB C HYJIEBOM CTENEHBIO
OKHCJICHUS.

Teopus kpucrammueckoro mnons (TKII), B orauune ot TBC, yuuThiBaeT
AIIEKTPOCTATUYECKOE BIMSHHE JIMTaHAOB Ha O-opOWTanid KOMIUIEKCOOOpa3oBarelis, KOTOpOe
HEOJMHAKOBO U3-3a UX Pa3HOM IIPOCTPAHCTBEHHON OPUEHTALIVH.

Jlokazano, uto 0- m Oi2y?- opburamu (0,- ypoBeHB) HMCHBITHIBAIOT 6OJEe CHIIBHOE
OTTAJIKMBAHUE TIOJ] BJIMSHUEM DJICKTPOCTATHYCCKOTO OIS JIMTAHIOB, YeM opOuTanu Ox.y, Oxz- 1 dy-;
(d: - ypoBeHb).

B oxrasapuueckom rmone d-opOuTanmM KOMIUIEKCOOOpa3oBareis MPHOOPETAIOT JBa
IHEPreTUYEeCKUX YpoBHS: 1) ¢ MeHbIel sHeprueii d; — ypoBeHb, BKIIOYAMOIIHHA TpH OpOUTanu Ox.y,
Oxz- 1 dy-z; 2) ¢ Gomee BBICOKOI dHEpruei d,- ypoBeHb, comepxkamuii aBe d;2- u dx%.y>- opouTamm.

DHeprus pacuieruieHust (A) — pa3HOCTh MEXTy SHEPrusiMu ypoBHe# d,- u d., dncieHHas
XapaKTepUCTHKA PA3HOIO 3JIEKTPOCTATUYECKOIO ACUCTBUS IOJISI JTUTAaHJOB HA MPOCTPAHCTBEHHOE
pacrpeeseHue AEKTPOHHOU TIOTHOCTH d-opOuTaneil KOMIUIEKCO00pa3oBaTeis.

Benmuumaa A HeoguHaKoBa IS Pa3HBIX JIMTAHIOB W 3aBHCHUT OT WX MPHUPOABI. BemndwmHa
SHEPTUU PACUICTICHUS, BbI3bIBAEMAas pa3HbIMU JIMTAHAAMH, BO3PACTAET B CIEAYIOLIEM MOPSIKE:
I"<Br <ClI'<F <OH < C204<H20 <NH3z <NOz <CN <NO<CO,
T.. KaXKIBIA CHEAYIOUUN JUranjg co3gaéT Oojee CHIIBHOE IM0JIe, 4YeM MPEeAbLAYIIHA.
[IpuBeneHHas MOCaeA0BATEIbHOCTD HA3bIBACTCS CHEKMPOXUMUYECKUM PAOOM.

Jlueanowl cnaboeo nois pacnojaratloTcsi B Havajae psjaa, 00jgamaroT BechbMa Manoi A. d-
OpOuTanu KOMIIJIEKCOOO0pa30BaTesl C TAKMMHU JIMTaHIaMU 3aIlOJIHAIOTCS] B COOTBETCTBUH MPABUIIOM
Xyunaa (abconomnas 6eiuyuna CyMmMapHo20 CRUHA 68 NOOYPOGHe OOINCHA OblMb MAKCUMALLHOIL).
[Tpu 3TOM 3HEPTHS OTTATKUBAHMS JIBYX CIIAPCHHBIX IICKTPOHOB OKA3bIBACTCS BBIIIE, YeM BEIMYNHA
A. Kom1uiekcsl, cofiepraline JUrauibl cadoro mos, BCeria napaMarHuTHBL.

Jlueanowl cunbHo20 nosia BHI3BIBAIOT BECbMa 3HAUUTEIBHYIO SHEPTUI0 paciuerienus. [pu
STOM DHEPTUS OTTATKUBAHUS JABYX CIIAPEHHBIX SJIEKTPOHOB OKA3hIBAETCSI MEHBIIIE, UeM BEIHUMHA A.
[MocrenoBaTenbHOCTh 3aMOJTHEHHS dJICKTPOHAMH (-YpOBHS KOMIUIEKCOOOpa30oBaTelis CICIYyIONIAas:
CHaJaja WJeT 3alOoJHEHHE OJMHOYHBIMH, 3aTeM — CIIAPEHHBIMU 3JIEKTpOHaMu opbuTtaiei d., mocie
Yero AJIEKTPOHAMH 3amoNHSAIOTCS d,-opouTtanu. KoMIUIeKCHbIE COSeTUMHEHUS, COIEPIKAIINE JTUTaH bl
CWJIBHOTO TIOJIS, IMaMarHUTHBI UITU SIBJISIIOTCS. HU3KOCITUHOBBIMU.

TKII o0BsicHSI€T OKpacKy KOMIUIEKCHBIX BEIIECTB C HATMYHEM Y KOMILIEKCO0Opa3oBaTes
BakaHTHOU opOutanu Ha d,- mogyposHe. [Ipu nepexose 3nekrpoHa ¢ dg.- Ha d,- MOYPOBEHb PHEPTHUS
norjom@aemMoro ceera (£) mpu 3TOM aJeKBaTHa 3HEPrMM paclieruieHus (A), 4To ompenensercs
CJICAYIOIIMM COOTHOILIEHUEM (JJIs1 OZJHOTO MOJIb BEIIECTBA):

A, /Pic/mons = ENa = hvNa = hcNa/A = 0,1196/4, (6.2)
rae Na = 6,02:10% — nocrosinHas ABorazpo; h = 6,6:103* Jx-c — nmocrosiHuas Ilnanka; ¢ =
3-10% m/c — ckopocTs cBera; v(cMY) m A(M) — YAacTOTa M JIMHA BOJNHBI MOTJIOIIAEMOTO CBETa
COOTBETCTBEHHO.

[[BeT — 3T0 3pUTENBHOE OUTYIEHNE FIEKTPOMArHUTHOTO U3Iy4eHus ¢ JiuHamMu BoiH 400
— 760 am (1 HM = 10°° M). Ecnu Bce magaromue nydu OTpaXkaroTcsl, TO BEIIECTBO — OECIIBETHOE,
€CJIH TIOJHOCTBIO TMOTJomaTcss — dYepHoe. [Ipu u30uparenbHOM MOTJIOUIEHUM OIIYIIEHHE
[[BETHOCTH CO3JAIOT MPOIICIIINE WU OTPAKECHHBIE BEIIECTBOM Jyud. Takoil 1BET Ha3bIBAETCS
JOTIOJTHUTETLHBIM HJIA HAOTIOJaEMBIM.

Metox MonekyisipHbIx opoOutaneir (MMO) sBisercss caMbiM YHHBEpPCAJIbHBIM TIpU
ONMMCAaHUU XUMHUYECKOM CBA3M B KOMIUIEKCHBIX coenHeHnsAX. MMO yunThIBaeT B3aMMHOE BIIMSIHUE



opOuTaneil Kak KoMIuieKcooOpa3oBarens, Tak 1 juranaoB (B otauyue ot TKII) mpu oOpazoBanun
XMMHYECKUX CBSI3EM B KOMIUIEKCAX.

MMO ocCHOBBIBaeTCSi Ha B3aUMOJCHCTBUM AaTOMHBIX OpOWTAJICH, MPUBOIANIMX K
00pa3oBaHWI0 MHOTOILEHTPOBBIX MOJEKYISIPHBIX OpOWTaNeii, WMEIONIMX pa3Hble JHEPIHH.
OO0pazoBaHue CBS3BIBAIOIIUX MOJICKYJISPHBIX opOuTanei (¢°°) unér Ha HMKHUX SHEPreTHYEeCKHX
YPOBHSIX, pa3pbIxysitoniux (0”“*) — 3a cyetT BepXHUX.

Mexny ypoBHSAMHU ¢° U 6”“P HAXOAATCS YPOBHH CJIa00 CBA3BIBAIOIINX, HE CBSI3BIBAIOIINX
1 ¢1ab0 paspeIXIONUX opouTaeit (0;). MosekyisipHbie OpOUTAIN 3aMOJHAIOTCS ICKTPOHAMH B
COOTBETCTBUHM ¢ NpuHIHnoM [laynu u npasunom XyHna.

MMO ocHOBaH Ha OY€Hb CJIOKHOM MAaTEMaTHYECKOM ammapare, YTO MPENATCTBYET €ro

HIIMPOKOMY UCIOJIB30BaHUIO.

BOl'lpOCbI H 3aJ1aHUA

[Tpumep 1 Hanmmure ypaBHEHUs NEPBUYHOrO IPOTOJIN3A JJI1 KOMILIEKCOB:

1) [Co(NH3)e][CoFe]; 2) [Pt(NH3)4]Cl2; 3) K[Co(NO2)a(NHa3)2]; 4) [Pt(NHz)2Cl2].
VKaxure uX THI, ONpenenuTe CTeneHb OKHCIeHHs Komiuiekcoobpasoparens (KO), ero
koopauHatronHoe ymncio (KY), gaiite um Ha3zBaHue.

Ortser.

1.1 [Pt(NHs)4]Cl (H—ZO) [Pt(NH3)4]?>* + 2CI- — tun xatuonmsii; KO — nmaTuna;

crenenb okucieHus KO: x(Pt) = +2 (paBeH 3apsily KOMIUIGKCHOIO HOHA, TaK KaK MOJICKYJIbI
ammuaka Heirpansasl); KU(Pt) = 4; HasBaHue — XJI0pu JHAMMUHILUTATHHEL (12).

H50
1.2 K/Co(NO2)4(NH3);] «—2—> K* + [CO(NO2)4(NH3)2]~ — Tun ammonmsii; KO —

ko0abT; crenenb okucienus KO: X(K) + x(Co) + 4X(NO2) + 2x(NH3) = 0 wim +1 + x(Co) + 4(-1)
+ 2(0) = 0; x(Co) = +3; K4(Co) = 6; Ha3BaHUE — AMAMMHHOTETPAHUTPOKOOANBTAT (+3 Kaus ).

H>,O
1.3 [Pt(NH3)2Clz] ¢—2—> x — uesnexrponut; KO — miartuna; crenens okuciaenus KO:

X(Pt) + 2x(NHz) + 2x(CI") = 0 wmm x(Pt) = — 2x(CI") = -2-(-1) = +2; KU(Pt) = 4; na3Banue —

ANaMMUHIUXJIOPOIIIaTUHBI.

1.4 [Co(NH3)e] [CoFe] (H—ZO) [Co(NH3)6]®* + [COF¢]® — Tnn kaTMOHHO-aHMOHHBIIA;
KO B katmoHe u aHHOHe — KoOanbT; creneHb okuciaeHus KO B: a) KaTHOHHOM KOMILJIEKCe
[CO(NH3)s]®* — x1(Co) + 6X(NH3) = +3; x1(Co) = +3; 6) B anmoHHOM Kommiekce [COFg]® —
X2(Co) + 6X(F7) = —3; X2(Co) = -3 + (-)-6x(F) =

=3 + (-)6:(-1) = +3; KU1 (Co) = KU2(Co) = 6; HazBanue — rekcadropokobansrar (+3)
rekcaaMMuHKOOambTa (13).

[Tpumep 2 Kak TBC o0OBsICHSIET »SJIEKTPOHHOE CTPOCHHE ¢ TMPOCTPAHCTBEHHYIO
CTPYKTYpy KapOoHmina Hukens? KakoB Tum ruOpuau3anu KOMIUIEKCOOOpa3oBaTeNss M KaKoBa
reoMeTpuyecKas CTpyKTypa 3TOro KoMIiekca?

Otser

TBC BrosiHE YAOBIETBOPUTENHHO OOBSICHSIET CTPOCHHE KOMIUIEKCHBIX KapOOHMIJIBHBIX
COEJIMHEHUl, B KOTOPBIX CTENEHb OKUCIIEHHUS KOMILJIeKcooOpa3oBarens paBHa Hymo. [IpuBenem
MIpUMEpP TaKOro OOBSICHEHUS MJIS AJIEKTPOHHOW CTPYKTYpbl KOMILJIEKCa TeTpakapOOHWIIa HHKEINs
Ni(CO)a.

Cxema 3JéeKTp0HH0171 CTPYKTYpBI HEBO30Y>KJICHHOI'O aTOMa HUKEJSl UMEET BU/I:

Ni 4s 4p

3d
{2 2 2 O O A %

-0
ITon BiustHueM veTbipex Mosiekyn CO atom Hukens (2g NI ) IEPEeXOIUT B BO3OYKJIEHHOE



k
-0
cocrosnue (9g NI ) MyTeM CrapuBaHusl IBYX O-3JIEKTPOHOB U Mepexoja Mmapbl AIEKTPOHOB C

4S-1oIypOBHSI Ha MATYIO BakaHTHYIO 3d-0opOuTaib. B urore peaausyercs 3JeKTpOHHAs CTPYKTYpa €
YEeTBIPHMSI CBOOOTHBIMH OPOUTAISIMEA — OJJHOU 4S- 1 Tpex 4p-opourtansimu.

Ni% 3d 4s 4p

A [ [T @008 08 86
CcO co Cco Co
Vunreisas, uto Bce dersipe Ni & & CO — csizu (9KCIEpHUMEHTAIBHbIC JAHHbIC) a6COTIOTHO

PABHOILIEGHHBI, BIOIHE JOTHMYHO MPEATONOKATE MX SP°-THOPHAM3AIMIO, TO €CTh TeoMeTpUYecKas
koHpuryparms Ni(CO)s— Terpasapudeckasi.

[lpumepa 3  Ompenenuts  THIN — THOPUAM3ALMK  —  BHENIHECOPOWTAIBHBIA WK
BHYTPHOPOUTAJIBHBIN, Ui ciaexyomux KomiuiekcoB: [FeCls]™, maTe He crmapeHHBIX 3JIEKTPOHOB;
[PACIs]?* muamarsutasii; [Mn(CN)s]®, 1 = 2,93, ecnu a1 HUX W3BECTHO YHCIIO HE CHAPEHHBIX
DIIEKTPOHOB WJIM TPUBOAMUTCS OKCIIEPHUMEHTAIBLHO OIpPEIEICHHBIE 3HAYEHHS CyMMapHOIO
MarHuTHOTO MOMEHTA (Lt).

Ortser.

3.1 Ilsare He crapeHHBIX 35eKTpoHOB B HoHe [FeCls]™ oTBeuaroT 31eKTpOHHOM CTPYKTYype

noHa xenesa Fe** ... 3d°4s%4p® wm B rpadmueckoit popme

Fe3* 3d 4s 4p
qupre HOHa-JIMra"Hjga Cl’ 06pasy10T YCTBIPEC XUMHUYCCKHUC CBA3M 110 JOHOPHO-

aKIENTOPHOMY  MEXaHM3My 3a  CYeT  BakKaHTHBIX, OJHOH S- W  3p-opOuTanei,
KoMmITekcoobpasosatens Fe3*. Tonpko Takoe B3auMoeiicTBie opbuTaneii kenesa (+3) U UeThIpex
noHoB xJiopa ClI™ MokeT coxpaHuTh apamMarHuTHbIe cBoicTBa Komiuiekca [FeCls] ™.

Urak, rpadudeckas Gopmyna [FeCls]~ Oyner umers creayromiuii BUI:

[FeCl4]™ 3d sp? — rubpum3anus
S I S I I S B S I T N T T )

Cl Cl Cl Cl
Tun rubpuau3anuy — BHEIIHE OpOUTABHBIN; reoMeTprudeckas popma — TeTpadapuiecKasl.
3.2 B muamarautHOM [PdCls]* momy 46Pd?* cooTBeTcTByeT rpaduueckas 3MeKTpOHHAS
CTPYKTYpa, KOTOpasi HE COJIEPKHUT HE CIIAPEHHBIX JJIEKTPOHOB, YTO OOBSCHACTCS BIMSHUEM ITOJIS
yeThipex jmuranaos Cl .

Pd2* 4d 5s 5p

NN NN

B pesynbrare, o JOHOPHO-aKIETITOPHOMY MEXaHU3MY, 00pa3yIOTCs YeThIpE CBS3H: OJIHA 32
cuer BakaHTHOW 4d-opOuTanu; Tpu — 3a c4yeT OAHOW 5S- M JBYX — 3a cueT Sp-opOutaneit
noyposHeit Pd®*,

B utore rpadudeckas cTpyKTypa guamMarauTHoro kommiekca [PAClsa]? umeer Bun:

Pd2* 4d 5s 5p

MR ERIERIERIEE

4d'5s'5p? — ruGpuM3aNysL.




Tun THOpUIM3aMM — BHYTpHOpOUTanbHBIA; reomerpus [PdCls]> — kBampartHO-
IJIOCKOCTHASI.

3.3 BenuunHa 3KCIIEPUMEHTAIBLHO ONMPEISIEHHOTO CYMMapHOTO MarHUTHOTO MOMEHTa (u =
2,93) mna xommuekcHoro nona [Mn(CN)s]®™ nokaseiBaer, uto moH-KOMIIIEKcO06pazoBaTens Mn®*
COJICPIKHT JIBa HE CIIAPEHHBIX JICKTPOHA.

JIBa He crapeHHBIX HIEKTPOHA OTBEUAIOT MMEKTPOHHOM cTpykType noHa Mnd* ... 3d%4s%4p°
uu B rpaduaeckoit popme

Mn3* 3d 4s 4p

{2 I

[{uaHuI-MOHBI 0OPA3YIOT IIECTh XMMHUECKUX CBA3€H 32 CUeT BaKaHTHBIX opOuTaneir Mn3*,
nBe — ¢ 3d-; onHy ¢ 45- 1 TpH — ¢ 4p-OopOUTAIAMHU.
Torna rpaduueckas popmyna [Mn(CN)e]> 6ymer nMmeTs creayroniuii BU:

[Mn(CN)s]* 3d2sp® — rubpuaM3anus
RN EEREEREERERIEREE

CN CN CN CN CN CN
Tun ruGpuau3anyuy — BHYyTPHOPOUTAIBHBIN; TeOMeTpHUYecKas (popMa — OKTadJpuIecKasl.

ba3oBelii ypoBeHb

3amaua 1 Kobaner B cocrosamu Co?* (3d’) oOpasyeT 1Ba Tuma KOMILIEKCOB,
pasIUYaIoIIMXCs 10 MATHUTHBIM CBOMcTBaM: HU3KocruHOBBIH kommiuekce [CO(NO2)s]* (1 = 1,73)
1 BBICOKOCTTMHOBBIH — [CO(H20)6]** (1 = 3,87). 306pa3uth cxeMy pacrpeeleHus eKTPOHOB 110
d.- u d,- opouTansam noHa-KomIIeKcoodpazosatens Co .

3amaya 2 OO6bsicaute ¢ mnosunmu  TKIT 1BerHocTs coenuHeHuit mean (+2) u
0eCLIBETHOCTh COeAMHEHU Meau (+1).
3anaua 3 CoexkTp TornomeHus i KommuiekcHoro wuoHa [Ti(H20)s]®" umeer

MakcuMmyM npu 504 HM. UTO MPOMCXOAUT TpPU MOTJOLIEHUH CBETa 3TUM HOHOM? BbBIUHCIUTH
SHEPTHIO paclieruieHus (Bo30yxaeHus). B kakoil IBET okpalieH 3TOT KOMIUIEKC?

3anaua 4 K 1 am® pacteopa Kz[Hgls] c¢ xommenmtpammeit C(Kz[Hglsd) = 0,001
mons/mm3, comepxamero 0,05 momb m36biTka Kl, mpubaBmim Takyio mMaccy HOHOB S%°, koTopas
comepxutcsa B 1 am° HaceimenHoro pacteopa CdS. Bemager mu ocamok HYS — Kueer([Hgl4]?) =
1,5-107%%; TIP(CdS) = 7,9-107%; TIP(HgS) = 1,6:1072).

3amava 5 HonuzanoHHass M30MepHsi KOMIUIEKCHBIX COEAMHEHHH 3aKjiiovaeTcs B
Pa3IMYHOM paclpe/ie]ICHHd HOHOB MEXKIYy BHYTPEHHEH M BHEIIHEH cepammu, 4TO CKa3bIBaeTCs Ha
pa3HoMm nporekanuu mnporonusa. Kommuiekc cocraBa CoSO4Br(NHs)s cymectByer B Buae OBYX
M30MEPOB: OJIMH ¢ HUTpaToM cepedpa maét ocanok Ag2SOs, npyroii — AgBr; ipu ielicTBUYU XJI0puIa
Oapus onuH Aaét ocanok BaSOs, Apyroii ocaaka He 0Opasyer.

Hamummre kKoopauHAMOHHBIE (OPMYIBI W30MEPOB, YYHTBIBAs, YTO KOOPAWHAIIMOHHOE
qrcio kobanbTa (+3) paBHO IIECTH.

3amaua 6  Ilome3ysice HoMmenkmarypoit MIOITAK, Ha3BaTh cliefyrommpe KOMITICKCHI:
1) [Ptla(NH3)2]; 2) [CoPO4(NH3)s]; 3) [Co(OH)3(NHs)s]; 4) [PtCIs(NHs)-]; 5)
[Co(NO2)2CI(NH3)3]; 6) [Cr(H20)3(CNS)3]; 7) [PtSO3(NH3)s]; 8) [Pt (NH3)4] [IrFe].

3amava 7 Kakasi cBsI3b Ha3bIBa€TCSl IOHOPHO-aKIENTOpHOI? Kakoii aToM WM MOH SIBIISIETCS
JIOHOPOM M KaKoOil aKlenTopoM B KOMIIeKCHbIX MoHax: [BF4]-, [PtF6]%, [H30]", [Cu(CN)s]**?
Omnpenenute B HUX CTENEHb OKUCIIEHUS] KOMIUIEKCOOOpa30BaTeNsi M KOOPAMHAIMOHHOE YHCIIO.

3amaua 8 Kakuwe coeamHeHUs Ha3bIBAIOT alUAOKOMIUIEKCHBIMU? CocTtaBbTe (GOpMYIIBI
KoMIUIekcoB s woHa V' ¢ momamu F, CNS™ u NO2 B KauecTBe JMTaHIOB, €CIH
KOOpAMHAIOHHOE urcio V3* papHO mecTH.



3amaua 9 Hanumure ypaBHEHHUS peakuuid HUTpara cepedpa ¢ KOMIUIEKCAaMH CIIEAYIOIIETO
cocraBa: PtCls-6NH3, PtCls-5NH3,  PtCls-4NHs,  PtCls-3NH3,  PtCls:2NHs. Cocrasete
KOOpJAMHAIIMOHHBIE (DOPMYIIBI ITHX KOMIUIEKCOB, Ha30BUTE WX W HAIUIIATE YPAaBHEHHS PEaKIIHA
MEPBUYHOTO MPOTOIM3A ISl KAXKIOT0 M3 HUX. Kako# U3 3TUX KOMILJIEKCOB — HEAJIEKTPOIUT?

Bamaya 10 BplumcianTe KOHIGHTPAUHMIO (B MOJB/IMS) HOHOB KaiMUS B PacTBOPE C
xonuenTpamuein C(K2[Cdls]) = 0,1 mons/mm3, comepxamem #omun xamus ¢ C(KI) 0,1 mons/mm®
(K**([Cd14]%) = 7,94-1077).

3amava 10 Mapraner (0) u ko6ansT (0) 00pa3yroT ITUMEpHbBIE IBYXSAEPHBIE KApOOHUIIHHBIC
komiuiekcel [C02(CO)g] u [Mn2(CO)10]. Kak TBC o00bsicHSET HX DIEKTPOHHOE CTpOeHHE?
[TpuBenuTEe COOTBETCTBYIOIIKE dIICKTPOHHBIC IPAPUUECKHE CXEMBI.

3amaua 11 Kakoil Tum ruOpuausanuu, BHEIIHE- WIM BHYTPH OpPOUTAIBHBIN, aTOMHBIX
opburaneit Co®* B xommiekcubix wuonax [CO(NH3)e]®* (nmamarmuren) u [CoFe]® (Tpu
HECITAPEHHBIX JIEKTPOHA)?

3amaua 12 Omnpenenuts rMOpUAHbIE OPOUTAIM LIEHTPAJIBHOIO HMOHA U T€OMETPHUYECKYIO
CTPYKTYPY KOMILICKCOB, JUISI KOTOPBIX YKa3bIBACTCS YWCIO HE CHAPEHHBIX 3JICKTPOHOB WU
HAlJICHHOE OMBITHBIM IyTeM 3HauyeHue u: a) [CoCls]™, Tpu HecnapeHHBIX AJICKTPOHA; 0)
[MnCls)%, 1 = 5,95; B) [AuCls]” — nuamarautssii; r) [FeCls]™, nars HecapeHHEIX YMEKTPOHOB; 1)
[PACl4]%, nuamaruurnsiii; e) [Fe(CN)s]®, x) [Fe(CN)s]*", nuamarsuTHbIii.

3anaua 13 Kakoil Tum ruOpuan3aniu aTOMHBIX opOuTalieil ¢gochopa ocymecTBiIseTcs B
nonax [PCls]™ u [PCle]", u3 xoropsix cocrost kpucramisl P2Clig? KakoBa mpocrpaHcTBeHHAS
KOH(UTryparus 3THX HOHOB?

3amaua 14 Pacteop [Ni(H20)6]?" mmeer 3enenyro okpacky. OOBSICHHTE, OUEMY OKpacKa
MCYe3aeT MPH BBEJICHUH B ATOT pacTBOp noHOB CN™.

3amaua 15 Ipenckaxknte MarHuTHEIE cBoiicTBa MOHOB: a) [Al(H20)s]%*, 6) [Zn(H20)s]*,
B) [Cu(H20)4]%*, 1) [Fe(H20)6]*", n) [Fe(H20)s]%*, e) [Cr(H20)s]**. Ipenckaxure MarHuTHbIC
CBOWMCTBA MOHOB, Y KOTOPBIX MOJICKYJTBI BOIBI 3amernieHbl Ha NHs, F~ nm CN™.

[ToBbIIEHHBIN YPOBEHB

3amava 1 Uon [CrFe]> — mnapamaruuteH (uoxen. = 3,91). Iloctpoiite ero
HHEPreTUYECKYIO TuarpamMmy, ucnoiab3dyd MMO. VkaxuTe 4uclio U XapakTep XUMHUUECKUX CBs3el B
KOMIJIEKCE.

3anaua 2 Borurcnuts KoHIeHTpaiuio nonoB Ag*™ B pactsope, ecian C(/Ag(NH3)2]NO3)
= 0,2 moms/nv® 1 C(NH3) = 0,5 moms/am®. O611ast KoHCTaHTa HecToikocTH kKommekca [Ag(NHs)2]*
paBHa 61078,

1 Hamucatrs Gopmyinsl coenurenuii: 1) tpuammundocharoxpoma (+3); 2)
TpuaMMHUHTpuRon0poaus (+3); 3) IMaMMUHTETPAXJIOPOIUIATUHEI (+4); 4)
TPUAMMHUHTPUHUTpOpoaust (+3); 5) auruapokcuiaMuHAuXIoponamaaus (+2); 6)
AMMHHTPHUXJIOPOIUIATHHAT (+2) TpHaMMHUHXJIOpOIUTaTUHBI (+2); 7) rekcaruaHokoOambTar (+3)
rekcaMmmuHKOOAbTa(+3); 8) rexcadropoxpomar (+3) rexcakBaxpoma(+3); 9)

TeTpaxyioporaTuHaT (+2) terpamMmuHAuTrUapokcomnatuabl (+4); 10) rexcaumanoxpomar (+3
rekcaMMHHKOOabTa(+3); 11) rekcanutpo-kobansrar (+3) rekcammuaxpoma(+3).

3anaua 3 Beimazer mm ocanok kap6onara kagmus (ITP(CAdCO3)=2,5-1071%), ecu k pacTBopy
¢ xonnentpareir C(Cd(NH3)4SO4) = 0,01 MoJb/IM°  106aBUTH paBHBIN 00BbEM pacTBOpPa COABI C
xoruenTpamueit C(NazCOz) = 1-107* mons/mm3? OtBert: ocagox CAdCO; BemajeT.

3anaua 4 BemectBo coctaBa PtSO4(OH)2(NH3s)s oOpa3yeT nBa MOHHM3AIMOHHBIX H30MEpA.
BoaHbIil pacTBOp OZHOrO M3 HUX HEWTpaleH, APYroro — MMEET MIeIo4YHyr cpeny. Hamummre
KOOpAMHAIIMOHHBIE ()OPMYITBI H30MEPOB, YUUTHIBAS, YTO KOOPJAMHAIIMOHHOE YHCJIO IIATHHBI PAaBHO
mecTH, a noH SO4>~ — GUICHTAHTEH.

3amaga 5 Kak TBC oOwsicusieT ctpoenue kapoonunoB xpoma (0) u >xeneza (0)? Kakue
koopauHarronHsie yncna umetor Cr(0) u Fe(0) B atux xommiekcax?

3anaua 6 B xakux 00JacTSX 3JCKTPOMArHUTHOTO CIEKTpPa MPOUCXOIUT IOTIIOIICHHE, SCITU
pactBopsl umeroT okpacky: NiCly — 3enenyro, TiCls — kpacHo-iypriypayto, CuSO4 — cuHI00?



3agaua 7 O0wsacHuTe, MoueMy coequHenus AU (+1) He okparirensl, a AU (+3) — OKpaIIIeHBI.

3anaya 8 MakcumyM nornomenus Bogaoro pactopa [Cr(NH3)s]®* cocrasnser 460 um, a
mnst pacteopa [Cr(H20)6]%"— 710 um. Kakyro OKpacKy HMEIOT PacTBOPBI 3THX KOMILIEKCOB?
PaccuuraiiTe sHEPrUI0 paciCIUIEHUs AJI1 3TUX HOHOB.

3amaua 9 Kakoil qHMHE BOJHBI COOTBETCTBYET MAKCHUMYyM IMOTJIOLICHUS JUIS BOJHBIX
pactBopos uona [Mn(H20)s]**, eciu sueprus pacmennenus ais d.- u d,- nogyposeit Mn** pasna
250,5 xJIx/monb? Kakyro okpacky uMeeT 3TOT pacTBOp?

OTBeT: OKpacka OpaHKeBas; Amax = 472 HM.

3agaya 10 U300pasuth cxeMy pachnpelelieHus 3JIeKTPOHOB 1o O u  dy,-opOurtansm
KOMIIIEKcooOpasoBarenss B KommekcHbIX HoHaxX [Cr(H20)6]®* (uoxen = 4,8) m [Cr(CN)e]**
(TMamMarHUTHBIN).

3amaua 11 MoxHO JM cuuTaThb MOJEKYJbl METaHa M aMMHaka KOMIUIEKCHBIMU
coenuaeHusaMu? Kak MMO onuceiBaeT oOpa3zoBaHrue MOJIEKYJIspHbIX opoutaneit B CHs u NH3?

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIO0JIb30BAHUIO M0 JAHHOM Teme

OcHoBHasi JiMTeparypa:
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. Muxanuna, E. C. XuMus okpyaromien cpeabl : XUMHs KUBbIX opraHnu3MoB. Kypc nexuwii / E.
C. Muxanuna, A. JI. Ilerenmun. — M. : U3natensckmii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —TekcT : aneKTpoHHbIH // DnekTpoHHo-6ubaroreynas cuctema [PR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: ans aBTopusup.
0JIb30BaTeNei
JlonoJHUTe/IbHASA JINTepaTypa:
1. I'nmunka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tox pen. A. U. Epmakosa. - 3a. 30-e, ucrp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMusi METaIoB : yueOHOe mocodre (U CTYJCHTOB XUMHUECKOTO (haKyJIbTeTa HalpaBICHUN
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 : 35eKTpoHHbIH // DneKTpoHHO OubnuoreyHas cucrema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum nocryna: mis
aBTOPU3HP. MOJIb30BaATENEH
HNHTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYyIa K 00pa30BaTEeIbHBIM Pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckasi OMOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTaJIOT aCCOIMAIINHN dJICKTPOHHBIX OMOINOTEK
yueOHBbIX 3aBefieHul u opranuzanuit CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe

TEMA 8. OKUCJIMTEJIbBHO-BOCCTAHOBUTEJIBHBIE PEAKIIUU

MPAKTUYECKOE 3AHSITUE 8. OKMCJUTEJIbLHO-BOCCTAHOBUTEJILHBIE
PEAKIINU

He.ﬂb 3aHATHUA: 1) IOBTOPHUTH OCHOBHBIC ITOHATHA 00 OKHCJIEHHU U BOCCTaHOBJICHHH,
PacCCMOTPECTh CYINHOCTH OKUCIIUTCIIbHO-BOCCTAHOBUTCIIBHBIX peaxunﬁ;


https://openedu.ru/

2) BeIpabOTaTh YMEHHS MO COCTABICHUIO YPABHEHUM XUMUYECKUX PEAKIINI, TPOTEKAIOIINX B
Pa3NUYHBIX CPEJax METOIOM JIEKTPOHHOTO OanaHca;

3HaHUsI ¥ yMeHUsl, NPUOOpeTaeMble CTYJIEHTOM B Pe3yJIbTaTe OCBOEHHUSI TEMbI

3HaTB: OCHOBBI CAMOOPTaHHM3ALUK U CaMOOOPa30BaHUS;
3HATbh: OCHOBHBIE 3aKOHEI CCTCCTBCHHOHAYYHBIX JUCHUIIIIMH B HpO(beCCHOHaHBHOﬁ ACATCIIbHOCTHU
3HaTh: HOPMATHBHBIC JOKYMEHTHI [0 KAYECTBY, CTAHAAPTU3AIMH U CEPTUPHUKALIUH TPOTYKTOB U
U3JICNTNH, SJIEMEHThI 5KOHOMUYECKOT'0 aHaIM3a B MPAKTUYCCKOMN JIeATEIIbHOCTH
3HaTh: CBOWCTBA XMMUYECKUX 3JICMEHTOB, COCJMHEHHUI  MAaTEPHUAIOB HA UX OCHOBE JJISl PCIICHUS
3as1a4 mpodecCuoOHAIBHOMN IeATeTbHOCTH
YMeTb: CaMOCTOSTEIbHO CTPOUTH MPOIIECC OBJIAACHUS HHPOPMAaIKel, OTOOpaHHOH U
CTPYKTYPUPOBAaHHOM /ISl BBIIOJIHEHUS TPOPECCHOHATBHOM eI TETbHOCTH.
YMeTh: HCIOJIb30BATh OCHOBHBIC 3aKOHBI €CTECTBEHHOHAYYHBIX TUCIUILIMH B PO(HECCHOHATBHON
JeSITCIIBHOCTH
YMeTh: HCIIONB30BAaTh HOPMATUBHBIC JOKYMCHTEI 10 Ka4Y€CTBY, CTaAHAAPTHU3ALIUN U CCpTI/I(bI/IKaIII/II/I
MPOJYKTOB U M3JEJINH, SIEMEHThI 9KOHOMHUYECKOTO aHAJIN3a B PAKTHUCCKOMN JESITEbHOCTH
YMeTh: HCIIOIB30BAaTh 3HAHUS CBOMCTB XMMHYECKUX DJICMEHTOB, COGI[I/IHGHI/If/'I 1 MaTCpraJIOB Ha UX
OCHOBE TS PEIICHHs 337124 MPOPECCUHOHATBLHOMN S TEIbHOCTH

HaumenoBanue (hopMHUpyeMbIX KOMITCTEHIMN

Kon dopmynHpoBKa
OK-7 CIIOCOOHOCTBIO K CaMOOPTaHU3AIMU U CaMO0Opa30BaHUIO
OIlK-1 CIIOCOOHOCTBIO U TOTOBHOCTBIO UCIIOJIB30BAaTh OCHOBHBIE 3aKOHBI

CCTCCTBCHHOHAYYHBIX JUCHUILJIMH B HpO(i)GCCHOHaJIBHOﬁ JACATCIIBHOCTH

[1K-3 TOTOBHOCTBIO MCIIOJI30BaTh HOPMAaTUBHBIE JOKYMEHTHI 110 KAYECTBY,
CTaHJAPTU3ALMH U CepTU(PUKALNN TPOTYKTOB U U3JIEIHUN, STIEMEHTHI
HDKOHOMHYECKOI'O aHAJIN3a B IPAKTUYECKOM 1EATEIILHOCTH

[1K-18 TOTOBHOCTBIO MCITOJIB30BaTh 3HAHUS CBOMCTB XUMHUYECKUX DJIIEMEHTOB,
COEMHEHUN U MaTepUAJIOB HAa UX OCHOBE ISl PELICHUS 3a/1a4
PO eCCHOHAIBHON e TENHHOCTH

AKTyaJ'IBHOCTI) TeMbl. OKHCIUTENLHO-BOCCTAHOBUTEILHBIE MpoHeCChl NPUHAMJICKAT K YHUCITY
HauOoJee paclpoCTpaHEHHBIX XUMHUYECKUX PEaKIUil U UMEIOT OrPOMHOE 3HAUY€HHE B TEOPUU U
IIPAKTHUKE.

Teoperuyeckas 4acTb
Teopusi OKMCIUTEIHHO-BOCCTAHOBUTEIBLHBIX peaKiuii

Peam;uu, 6 Komopblx npoucxodum UMeHeHue cmenenel OKUCIeHus amomoe, Ha3vledromcA
OKUCTUMENTbHO-80CCMAHOBUMENbHBIMU.

B npocThix BellecTBax CTENEHU OKHUCIECHUS aTOMOB PaBHBI HYIIO. JIJis CIIOKHON MOJIEKYIbI
cymmMma CTEIIEHEH OKHCIIEHUS BXOOAIIUX B €€ COCTaB aTOMOB TAaK»K€ J0JI’)KHa OLITH paBHa HYJIIO; IJId
HOHA — €Tro 3apsay.

OxucneHneM Ha3bIBaeTCs MPOLECC OTAAYU aTOMOM MOJIEKYJION MIIM HOHOM 3JI€KTPOHOB!

Al —3e — AI3H

Fe?t —e— Fe>"

2CI~ —2e >Cl,.
B Mponecce OKUCICHUA MMPOUCXOAUT MMOBBIMICHUC CTCIICHU OKHUCJIICHUS.

BoccranoBnenneM Ha3bIBaeTCs MPOIECC MPUCOSTUHEHUS SJIEKTPOHOB aTOMOM, HOHOM WJTH
MOJIEKYJIOMN:



S+2e - S2*

Cl, +2e —» 2CI™
Fe3t e > Fe?t
HpI/I BOCCTAaHOBJICHUHU CTCIICHb OKMCJIICHUS ITIOHMXAaCTCA.
B 3aBucuMocTH OT CHOCOOHOCTH OTJaBaTh MM IPUHUMATh 3JIEKTPOHBI BCE BEIIECTBA
JETSATCS HA OKUCIUTEIH U BOCCTAHOBUTEIIH.
Oxucnumenu — 5mo amomvl, UOHbL UTU MOJIEKYIbl NPUCOeOUHAIOWUEe INeKmpoHbl. Bo epems
peaxyuu OHU 60CCMAHABNUBATOMCS.
Boccmanosumenu — 5mo amomsi, UOHbL ULU MOLEK)Ibl, KOMOPblE OMOAIOm dJ1eKmponbsl. Bo
8pems peakyuu OHU OKUCTAIOMCAL.
ITponieccel OKHMCIEHHS M BOCCTAHOBJICHHs BCErJa MPOTEKAIOT MapaulebHO, YTO MOXKHO
BBIPA3UTh CIEAYIOIIEH CXEMOM:

BoccranoBurens (B1) — € <> okuciurens (O1)

Oxucnurens (O2) + € €> BoccTaHOBHTEND (B2).

CrnenoBaTenbHO, OKUCAUMENbHO-60CCHAHOBUMENbHbIE peaKyul Nnpeocmaegisaom coooll
eOUHCBO 08YX NPOMUBONOTONCHBIX NPOYECCO8 — OKUCIEHUs U 60CCMAHO8IeHUs. B 3TUX peakuusx
obmee 4YMCIO  IIEKTPOHOB, OTAABAEMbIX BOCCTAHOBUTEIEM, paBHO OOLIEMYy  4HUCIY,
MPUCOENHAEMOMY OKHCIUTEIIEM.

[Ipr 5TOM HE3aBUCHMO OT TOTO TEPEXOMAT JIU AJIEKTPOHBI C OJHOTO aroMa Ha JpYrou
MOJHOCTBIO WJIM JIMIIb YAaCTUYHO OTTATHBAIOTCSA K OJJHOMY M3 aTOMOB, YCIIOBHO TOBOPSIT TOJBKO 00
OTJa4ue U MPUCOCTUHEHNUH DIICKTPOHOB.

B OBP okwuciaurens W BOCCTAHOBHUTENb PEATUPYIOT IPYr C APYrOM B SKBHUBAJICHTHBIX
KOJIMYECTBaX.

Oxeusanenmom okuciumens (O) unu eoccmanosumens (B) nasvisaemca maxoe xonruvecmeo
UX MOJb, KOMOpoe HNpUcoeouHsem uiu omoaem OOUH MOJb INEeKMPOHO8, UMO OMPAXCAemcs
credyrowumu opmynamu:

2(0), monv = S wiu I(B), monw = i,
Zg Ze
e Ze — YHCIO DIEKTPOHOB, KOTOpOE MPUHMMAET OKHCAuTenb (O WIM OTAaeT
BOCCTaHOBUTEIb B.
MornbHast (MM MOJIIpHAs) Macca SKBUBaJeHTa OKUCHuTeNs O W BOCCTaHOBHUTENs B
BBIPAKAETCS B T/MOJIb M OIIPEIEISETCS U3 COOTHOIIEHHUH CIIEAYIOIIETO BH/IA:

1) st oxkucurens— M (i 0), 2| monw; 2) mis BoccranoButens — M (i ,B), 2l monb.
Zg Zg

TonbKO B POJIM OKHCIHUTENS] BBICTYMAIOT YACTHIIBI, UMEIOIINE MAaKCHMAaJIbHO BO3MOYKHBIE
CTENCHU OKHCJICHUS (Hampumep, Ui MapraHia — 31o (+7), mig azora (+5) ¥ T.1.); TOJBKO
BOCCTAHOBHTEJISI — C MUHUMAJIBHOW CTETIEHBIO OKUCIICHHS (17151 cepbl — 310 (—2), s azora — (-3) u
T.J.).

Yacmuywl, umerowue npomedxcymounvie cmeneHu OKUCIeHUs, MO2Ym NPOAGIAmMb C8OUCMEd
KaK OKUCiumens, mak u 6occmanosumens. IT0 00yCIOBICHO: XUMHUYECKONW MPHUPOJION peareHTa-
MapTHEPA; YCIOBUSAMHU U XapaKTEPOM Cpebl, B KOTOPBIX npoTekaer OBP.

Hamnpasnennocts OBP omnpenensiercss BemMUMHAMU 3HAYEHUI CTaHIAPTHBIX MMOTEHIIMAIOB
peareHToB: okucautenb O Bcerja umeeT Oonblinil (M0 anredpanyeckoil BeIWYMHE) CTaHAAPTHBIN
MOTEHIIMAJT, YeM BOCCTaHOBUTEIH B.

Hanpumep, B xucioii cpeae cmemmBaroT aBa BemectBa: KoCroO7 m NaNO. Kakoe u3 atux
BEIIECTB Oy/IEeT OKUCIUTENEM, KAKOE€ — BOCCTAHOBHUTEIEM?



O6parnmMcs K crpaBodnbiM gaHHEIM: ¢°(Cro0772 + 14 HY/2Cr™3 + 7TH,0) = 1,33 B; ¢°(NOs~
+ 2H"/NO2 + H20) = 0,78 B.

Ilpumeuanue. Pexomenmyercss ucmnoib3oBaTh ydeOHoe mocoome: H.C. AxmeroB, M.K.
AzuzoBa, JI.U. bagsiruna. JlaboparopHble M1 CEeMUHAPCKHE 3aHATUS O OOIIEeH M HEOpraHMYeCKOn
xuMuHd. M.: Bercm. mkomna, 2002.

Tak kak ¢°(Cr.072 + 14 H*/2Cr*3 + 7H,0) > ¢°(NOs  + 2H* / NOz + H:0), mo
okucautenem oyaet sBisaThes KoCroO7.

KonnyecTBeHHON XapakTepUCTUKON TiayOouHbsl mnporekanuss OBP  sBusiercs 3HavyeHue

KOHCTAaHTBI PaBHOBECHI:
0/A~y_ .0
gp '@ -0"®)
0,059

rne ¢°(0) u ¢°(B) — crammapTHBIE MOTEHIMANBl OKUCHUTENs O M BOCCTAHOBHTENS B
COOTBETCTBEHHO, B; Zy — cymMMapHOe KOJUYECTBO JEKTPOHOB, MPUHUMAIONINX y4acTHE B JaHHOU
OBP.

R

Koncranra paBHoBecust OBP cBsizana ¢ notennuanom ['u66ca ([x/mons-K):
AG? = -2,303RT IgK P
DHeprus I'mb6ca, B cBoro ouepens, cemana ¢ DJC (Ap°) mocrosuuoit ®apanes (F) u
YHUCJIOM 3JIEKTPOHOB, ydyacTByomux B OBP:
AG?, Jlorc/monv K = —nAgooF,
Ap® = ¢°%0) — ¢°B) — DJIC OKHCIMTENIBHO-BOCCTAHOBHTENHHOH PpEAKIHH IIPH
CTaHJIaPTHBIX YCIOBUSX, B.
st crarmaptaeix yenosuid: 7 = 298,15 K = 298,2 K; R = 8,314 Jl/Mons'K; F =96450
~ 96500 k/MOIIb-3KB, TOTYyYUM GHOpMYIy YAOOHYIO 7Sl paCYETOB:

GKE. F 96500
298~ 9303RT 2,303-8314.29872

B ycnoBrAX OTIMYHBIX OT CTAHAAPTHBIX, OKHCIUTEIBHO-BOCCTAHOBUTENBHBIC ITOTEHIINAIIBI
(OBII) u 5IC OBP, mporekarouyx B BOJHBIX pacTBOpax, 3aBUCIAT OT KOHLEHTpAIMM (TOYHEE,
aKTUBHOCTEH) yYacTBYIOIIMX B IPOLECCE HOHOB. JTa 3aBUCHUMOCTh BbIpakaercs (opMyoi
HepHncra:

nA@® =16,90nA¢°.

0,059, [0]
[B]

rae 9’0/ — CTAHIAPTHBINA MOTEHIMAN peareHTa (OKUCIUTENH WM BoccTaHoBHTeNs), B; [O] u
[B] — KOHIEHTpalMM OKHCJIEHHOH M BOCCTAHOBJIEHHOH (OPM peareHTa, MONL/IMS, Z — YHCIO
3JIEKTPOHOB B MOJYPEAKINH I JAHHOTO PEareHTa.

Ilpumeuanue. Cnenyer Bcerja MOMHHUTb, YTO KOHIIEHTpauuu Bcex ydacTHHMKOB OBP B
ypaBHeHUH (7.5) ABAsAOTCS MOJIIpHBIMU KoHLeHTpauusaMu (Cy (X)), a He MOJISIPHBIMHU YKBUBaJIEHTa
(C(1/2 X)).

Ha 3nauenne OBII m Ha XapakTep NMpPOAYKTOB PEAKIMU TOCTATOYHO CHUJIBHOE BIIMSTHUE
okaspiBaeT pH pactBopa, B kotopom npotekaer OBP. Hanpumep, npu pH < 7 3naueHue
CTaHJAPTHOIO IMOTEHIHANA JIs1 CUCTEMBI:

¢°(MnO; +8H" /Mn?" + 4H,0) =151B .
o pi—7- @°(MNOZ +2H,0/MnO, +40H ™) = 0,6 B,
pH>7 — qu(MnO; / Mnogz) = 0,564 B.

BaxHeiiime BOCCTAaHOBUTENHM: aTOMbl MeTaIoB, Bojopox, yriepoxn, CO, H2S, H2SOs,
NaNO», NaxS,03, HI, HBr, HCI, FeSO4, CrCls, MnSO4, NHs.

0
®»,B=@os +



BaxkHeiile OKHCIMTENN: TalOTeHBI, XJopaThl, Kuciopoa, 030H (03z), KMnOs, K2Cr207,

KoMnOs, H202, H2SO4 (kony.), HNO3, PbOo.
TUNbl OKMCJINTEIbHO-BOCCTAHOBUTEIbHBIX PeaKkIuii

Pa3n1/1qa10T TpPI THUIIA OKHUCIINTCIIBHO-BOCCTAHOBUTCIIbHBIX peaKuHﬁ:

a) BHYTPUMOJIEKYJISIPHBIC; 0) TUCTIPONIOPIIMOHUPOBAHUS; B) MEKMOJICKYJISIPHBIE.

Buympumonexynsapuoie OBP — smo makue peakyuu, 6 KOMOPbIX U OKUCIUMENb, U
B0CCMAHOBUMENb HAXOO0AMCS 8 COCMAse OOHOU MOAEKYVIbl, HO AGIAIOMCA NPU SMOM PA3HBIMU
oNleMeHmaMu.

2KNO3 —> 2KNO, + O,
2AN*® —2e > N*

12072 + 4e <> 0,.
Peaxyuu oucnponopyuonuposanuss — OBP, 6 Xxo0e KoOmopvix O00UH U3 31eMeHMOs,

codepofcau;eﬁc;z 6 O0O0HOU MOJIEKY e, 00H06p€M€HHO u noevliiaem, u nNOHUNCAEM CNIENEHDL
OKUCTIeHUSL.

Cl, + 2KOH — KCIO + KCI + H,0
1|Cl, —2e <> 2CI™
1|Cly —2e <> 2CI~,

K nucrponoplirnoOHHpOBaHUIO CITIOCOOHBI IMOYTH BCE YACTHUIIBI, UMEIOIIUE MTPOMEKYTOTHYIO
CTETIeHb OKUCIICHHUS.

Haubonee pacripocTpaHeHHBI PEAKIMU TPETHETO TUIIA, KOTOPHIE MPOTEKAIT C U3MEHEHUEM
CTENEHU OKUCIIEHUS aTOMOB B Pa3HBIX MOJIEKYJIAX, T.€. OKUCIHUTENb U BOCCTAHOBUTEIb HAXOAATCS B
pa3HbIx BemlecTBax. Crofa ke CileAyeT OTHECTM MU pEeaKIMu MEXIy pa3HbIMH BEUIECTBAMH, B
KOTOPBIX aTOMBI OJTHOTO U TOTO K€ JIEMEHTA UMEIOT Pa3JIMUHYIO CTENIEHb OKUCIICHUS

5HCI + HCIO; — 3Cl,, +3H,0
112C1"° +10e & CIY
512C1~ —2e <> Cl3 |

AJITOPUTMBI COCTABJICHUS MOJHBIX YPABHEHUH OKUCINTEIbHO-BOCCTAHOBUTEIbHBIX
peakuuii

[IpaBunpHO coOCTaBiI€HHOE MOJIHOE YypaBHeHHE peakuuu OBP n0mkHO yIOBIETBOPATH
3aKOHY COXPAaHEHHSI MAacChl BEIIECTB — YUCIO OOHUX U MeX Hce AMOMO8 8 UCXOOHbIX Belecmeax u
NPOOYKmMax peaxkyuu OO0JHCHO Oblmb o00uHakosvimM. B WOHHBIX ypaBHeHHsSX OBP  momkHBI
BBITIOJTHATBCS: 3aKOH COXPAHEHHWs MacChl BEUIECTB M YCJIOBHE JIJICKTPOHEUTPATBLHOCTH — CYMMA
cmenenell OKUCTEHUsl UCXOOHBIX Geujecme OOJHCHA Oblmb pAHA cymMme cmeneHel OKUCIeHUS
npoOyKmMos peaxkyuu.

Kpowme sT0ro, He06X0AMMO MTOMHUTH, UTO CTEMIEHb OKUCIICHHUSI MOKET OBITh OTPUIATEIHLHOM,
MTOJIOKUTETFHOM, PAaBHOM HYIIO, a TakKe M JPOOHBIM YMCIOM. Tak, HarpuMmep, ISl COSTUHEHUS
KOz crenens okucnenus kuciopoza paBHa (—)%a.

Cmenenv oxucienus 6cec0a npusooOumcst co 3Haxkom (3HaK IUTIOC HE OIYCKaeTcs, a BCeraa
ykasbIBaeTcs!).

[Ipu cocraBiieHMHM YpaBHEHUN OKHCIWTEIHLHO-BOCCTAHOBHUTEIIBHBIX PEAKIIUH HCIOIB3YIOT
JIBA METOJa: METOJ| DJIEKTPOHHOTO OanaHca U METOJ AIEKTPOHHO-MOHHO-MOJIEKYIIPHOro OanaHca
(meton monmypeakiuii). [TocaeaHuit METO UCTIONB3YETCs TOTJA, KOTJIa PEaKIusl IPOXOIAUT B Cpejie



anekTponuta. [lpm >TOM cnabble BJEKTPONMTHL, a TakKe MaJopacTBOPUMBIE BEIIECTBA,
3aMKCHIBAIOTCS B MOJIEKYJIIPHOM BHJIE, @ CUJIbHBIE — B BUJIE HOHOB.

Aneopumm cocmaenenus ypasnenuti OBP:

1) ompenenstoT OKUCIUTENh U BOCCTAHOBUTENb (B TaOMUIIAX HAXOAAT COOTBETCTBYIOIIHE
3HAYEHUS CTaHJIAPTHBIX MOTEHIIMAJIOB PEareHTOB JaHHOM peaklun);

2) onpenenstoT, KaKhue CTENEHH OKHCICHUS MPHOOPETAI0T BOCCTAHOBUTENb M OKHCIUTEIh
nociie peakuuu. Yem Oosiee CHIIbHBIN OKUCIUTENb YYACTBYET B PEAKIMH, TaM BBIIIE MOJHUMAETCS
CTENEHb OKHUCJIEHHSI BOCCTAHOBUTEIIS.

AHaJoru4Ho, yeM 0oJiee CUIIbHBINA BOCCTAHOBUTEIb PEarupyeT C OKUCIUTENIEM, TEM CUJIbHEE
IIOHM>KAETCS CTETIEHb OKUCIIEHUSI OKUCIUTES.

3) ompenensioT, B BUE KaKUX COSAMHEHUN CYIIECTBYIOT OKUCJICHHBIE U BOCCTAHOBJICHHbIE
3IEMEHTHI B JIAHHOM cpesie (KHCIIOH, eNounoi 1 HeifrpanbHoii). Hapumep, Fe** B xucnoit cpene
cymiecTByer B Bujae conmu Fe (+3), a B mieno4Hoit cpeae — B BUIE MajJOpacTBOPUMOIO OCalKa
Fe(OH):s.

4) naxonat ko3(pduuuentsl B ypaBHenuu OBP MeTonaMu 37eKTPOHHOTO WM AJIEKTPOHHO-
HMOHHOTrO OaJiaHca.

B Merome »oanekTpoHHOro 0OamaHca paccMaTpUBAIOT —MOJypEaKUWW OKHUCICHHS H
BOCCTAHOBJICHHSI C Y4aCTUEM aTOMOB, HAXOAILIUXCS B ONPECIIEHHBIX CTEIEHIX OKUCIICHHUS.

BOl'lpOCl)I H 3a1aHUA

[Tpumep 1. Mcnonb3yss METOA 3JIEKTPOHHOrO OanaHca, COCTABUTh ypaBHEHHE CIENYIOILEH
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHON pEaKI1U:

FeCly + Kl —

VYKa3aTb OKUCIMTENb U BOCCTAHOBUTENb; ONPEACIUTh UX HKBUBAJIECHTHI U 3KBUBAJICHTHbIE
Macchl; BBIYUCIUTH MOTeHIMan ['mb0ca M KOHCTAaHTYy paBHOBECHs pEaKIUH M CHENaTh BBIBOJA O
riiyOuHe e€ mpoTeKaHusl.

Pemenue: 1) 3HaueHWs CTaHJIAPTHBIX IOTEHIMAJIOB PEAreHTOB (CIpPaBOYHBIC JlAHHBIE):
¢°(Fe*3/ Fe*?) = 0,76 B; ¢°(12/21") = 0,54 B;

2) tak xax p°(Fe*®/ Fe™?) > ¢%(12/21"), To Fe*® — okucimrens, BoccranapmuBaetcs 10 Fe*?;
I~ - BoccTaHOBUTENDL, OKUCAAETCS 10 |2;

3) cxema nanHoit OBP OGyzaer umers criemyrouiuii Bu:

FeCk + KI — FeCl, + 1, + KCI |

Ipumeuanue. Cxema OBP TonbKO mOKa3bIBaeT XapaKTep UCXOAHBIX U KOHEUHBIX BEIIECTB.
4) 3anuieM >JeKTPOHHbIE YPAaBHEHMS JUIs MOJTypeaKIni

2 | Fe+3 +e < Fe+2; Fe+3 — OKUCJIUTEND |
1121 —2e¢ < 1; | —BoccraHOBUTEND;
1__+3 . 143 r .
O(=Fe™) =1monb; MonbpHagMacca skBuBaneHta —M (=Fe™ ) =56 ;
1 1 MOJIb
2 1 r %)
3(=1") =1monb; MonbHasiMacca 3kBuBajeHT —M (=1 ) =127 :
2 MOJIb
2Fe™ 4217 =2Fe™ 41
e "+ =<F€ ~ + 12 — xparkoe monnoe ypasHenue OBP (11 Hero BhIIOJHSAETCS

3aKOH COXPAHEHHsSI MACChI BEIIECTB M YCIIOBUE AIIEKTPOHEUTPAILHOCTH);
6) 1, OKOHYATENhHO — MoTHOe ypaBHeHHE OBP (1711 HEro BHITIOHAETCS 3aKOH COXPAHCHUS
MacChl BEIIECTB):

2F€C|3 + 2KI = 2F€C|2 + |2 + 2KC|,



7) BBIYMCIHM U300apHO-TepMUYECKU moTeHnuan ['md6ca mo dhopmyne AGY = —
NA@°F, JI/Momb U KOHCTaHTy paBHOBecHs peakiuu 1o(10.1.86)
a) AG® =—1-2-(0,76 — 0,54) 96500 = — 42460 Jlx/Momb = — 42,46 kJIK/MOIB;

6) 1g KJog =16,90 nA@" =16,90-1-2(0,76 - 0,54) = 7,436; K Jyg =107 ~2,73.10",

BriBoa: rimyOuHa mpoTeKaHus MPsIMOM PEaKLMK OTHOCHTEIBHO HEBENUKA, YTO 00YCIOBICHO
HE3HAYUTENIbHBIM Pa3IN4rieM BEIHUUH CTaH/IAPTHBIX AIEKTPOJHBIX MOTEHIIMAIOB PEareHTOB.

B memooe snekmponno-uonnoco oananwca (mounee — 31€KMPOHHO-UOHHO-MOJEKYIAPHO20
bananca) paccmampugarom nepexoo 31eKMmpoHO8 Om OOHUX AMOMO8 UL UOHO8 K OpYaUM ¢ Y4Eémom
xapaxkmepa cpeovl.

Jnst ypaBHMBaHHMSI aTOMOB KHCJIOPOJa, a 3aTEM BOJIOPOJA, B HEUTpaJIbHOM (PH=7)nu
menounoit cpene (pH > 7) ucnonssytor: 1) OH™ — MOHBI, YUCIIO KOTOPBIX OOBIYHO YJBAUBAIOT; 2)
MOJIEKYJIBI Boabl B Kucinoi (pH < 7): 1) monekynsl Boasl (s kuciopoaal); 2) nporonst H (s
BOJIOpOIA).

MeTon  SIEKTPOHHO-MOHHO-MOJIEKYJISIpHOTO  0OajaHca  Ha3bIBAIOT TaKXKE  METOAOM
MOJTypEeaKIMid, 1 OH UMEET PSAJ MPEUMYIIECTB IO CPABHEHUIO C METOAOM JJIEKTPOHHOTO OajaHca:
BO-TIEPBBIX, HE HAJ0 ONPENCNATh CTENEHW OKHUCICHHUS DJIEMEHTOB, TaK Kak pacuéT 4ucia
ANIEKTPOHOB TPOUCXOJUT IO 3aKOHY COXpPaHEHMsI 3apsaoB, U, BO-BTOPBIX, ABTOMAaTHYECKU
noaduparTcss Kodh UIUMEHThl B COKpAmI€HHOM HOHHOM ypaBHeHHHM naHHoW OBP. OcoGenHo
BakeH nocienHud meroq B OBP ¢ ywyacTueMm opraHM4ecKMX COEIUHEHUM, IJIE€ 4YacTO CJIOXKHO
OTIpEACTUTh T€ aTOMBI YIJIepo/ia, KOTOPbIE MEHSIIOT CBOIO CTEIIEHb OKUCIICHUSI.

Merton nonypeakuuil npumMeHuM Toibko kK TeM OBP, koTopele mpoTekaroT B pacTBOpax,
MO3TOMY Ba)KHO YYHTHIBATh XapaKTep Cpelbl, B KOTOPOH MpPOTEKAeT AaHHAs OKUCIUTEIbHO-
BOCCTAHOBUTENbHASI peaKLUsl.

[Tpumep 2. (pH < 7). Onpenenuts k03hPUIHEHTH METOAOM MOTypEaKUUld B CIEIyIOIIeH
peaxkuuu:

KMnOy + NaySO3 + HySO, —>
YKaSaTI) OKHCJIIMTECIIb U BOCCTAaHOBUTCIIb, Ol'Ipe)ICJ'H/ITB X S5KBUBAJICHTBI U 3KBHUBAJICHTHBIC

Macchl; BBIYUCIUTH MOTeHIMan ['mb0ca M KOHCTaHTYy paBHOBECHS pEaKLMH M CHENaTh BBIBOJA O
riiyOuHe e€ mpoTeKaHusl.

1) @°(MnO; +8H" / Mn?** + 4H,0) =1,51B;
0°(SO5~ +2H " /(SOF™ + H,0) =0,22 B;

I\/InO4 — OKHUCIIUTENIb, B KHUCIOM Cpele BOCCTaHAaBIMBAETCA J10 Mn?2*: S03 -

BOCCTAHOBUTEIb, OKUCIISETCS 10 SO4 ;
2) cxema nanHoit OBP umeer ciemyromiuii Bu:

KMnO, + Na,SOg + H»SO, ——> K>S0, + Nay SO, + MnSOy + H,0

3) 3JeKTPOHHO-HOHHO-MOJIEKYJISIPHBIC YPABHEHHS MOJYPEAKIUi, C YIeTOM KHCIIOH Cpe/Ibl,
OyayT UMETh BUI:

2| MNOZ +8H ™ +5¢ <> Mn?" + 4H,0
5| SO§™ + Hy0 —2e ¢>SOZ +2H ™

MonbsHBIE MacChl SKBUBAJICHTOB OKHCIUTEIS M BOCCTAHOBHUTEIISI COOTBETCTBEHHO:



r Tr

1 . 1 1 |
M(=MnO;)==-119=238 . M(5S027)==-80=40,0 ;
3) 3) MOJIb 2 2 MOJIb

4) yMHOXaeM 00e TOJIypeaKIuyi Ha UX OOIIMEe MHOXHUTENH (2 B 5 COOTBETCTBEHHO), MOCIIE
3TOr0 CYMMHUpPYEM IIOMApHO JIEBBIE W TMPaBble YACTH IOJTYPEaKIUi, MPUBOAWM MOAOOHBIC U

IOoJIy4acM KpaTKOC HOHHOC YPABHCHUC!

2MnO; +5S02™ +6H* «» 2Mn** +5S07™ +3H,0;
5) mpubagIsieM COOTBETCTBYIOIIHME MPOTUBOMOHBI U TIOJIy4aeM IOJHOE ypaBHEeHHE nanHoH OBP:

2KM”O4 +5N&2803 +3H2804 = 2MnSO4 +5N3.2804 + K2804 +3H 20

Ipumeuanue. TecT-npOBEPKY MPOBOJHUM IOJCYETOM YHUCJIA ATOMOB KHCIOPOJA B JIEBOM U
IIPaBOM 4acTAX MOJy4YEHHOTOo NoJHOToO ypaBHeHuss OBP.

Hampumep, uncio aToM0oB KHUcI0po/ia B 00€UX YacTsX COCTaBISAET 1O 35 aTOMOB.

6) pacuer noreHnuana 'mo66ca 1 KOHCTAHTHI PABHOBECHSI PEAKITUU:

a) AG® = —5-2-(1,51-0,22) 96500-102 = —1244,85 JI/MOIB;

0 _
-23RT  _23.8314-1073.298,2

BoiBoa: rnyOuMHa mnpoTekaHusi OpsIMOM peaklUuMu O4YEeHb BEIMKAa, 4YTO OOYCIIOBJIEHO
3HAYUTENIBHBIM Pa3JIMYMEeM BEJIUYMH CTAaHAAPTHBIX DJIEKTPOJHBIX ITOTEHLMAJIOB pEareHTOB —
peaKius MpakTHYeCKH HeoOpaTuma.

ITpumep 3. (cpena neittpanbHas — pH = 7). CocTaBUTh ypaBHEHHE OKUCIEHHUsS Cynbpura
HATpUsl TEpPMaHTaHATOM Kaiuusg B HEWUTpaimbHOU cpexe. Koaddummentsl momoOpats MeTOI0M
MOJIypEAKLIUM.

_ 10218,31 ~2,0 -10218.

KMnO4 + Na2803 + Hzo —>

Onpenenuts r1yOUHY NPOTEKAHUS MPSIMOI peaklnu.
3.1 OnmnpenenuM HampaBICHHOCTh OTOW pEaKLUHH, T.€. ONPEAEIUM OKHUCIUTENb U
BOCCTAHOBHTEIIb:

¢°(MnOy +2H,0/MnO, +40H ™) =0,6 B;
¢°(SOF™ + H,0/(SOZ™ +20H ") =—0,93B.
I/I3 BCJINYUH CTaHI[apTHBIX OB-HOTGHL{I/IaJ'IOB CJ'ICI[yCT, qTo Mno4_ — OKHUCIHUTCIIb, B

2_
HEUTpaIbHOM cpene BoccTaHaBimuBaercs A0 MnOa; SO3 — BOCCTAHOBHTENb, OKHCIISIETCS N0
SO .
3.2 3anumem cxemy nanHor OBP

KMnO4 + Na2803 + Hzo —> MnOZ + Nast4 +...

[Toxa Henb3s1 TOUHO ONPEACTUTh KaKo el OyAeT MPOAYKT B TAHHOW PEaKIIHH.
3.3 CocraBuM monypeakiuu Juis: 1) OKUCIAUTENS U 2) BOCCTAHOBUTEIIS.

1) MnO4 <> MNOy — cxema nonypeaxuun.

YPaBHI/IBaHI/Ie Kucjaopoga BE€AEM C IIOMOIIBIO YABOCHHOI'O 4YHMCJIa THAPOKCHUIA - MOHOB, a
BOAOPOda — MOJICKYJI BOJBI:

MnO, +2H,0 +3e <> MnO, + 40H " — HOIYpEaKIUs I OKUCIHUTENS;



2 _
2) SO3 < SO4 — CX€Ma MOJIyPEAKIIUU ISl BOCCTAHOBUTEIS;

2— - 2—
803 +20H -2e ¢ SO4 +H 20 — MOJIypeaKus JIJIsi BOCCTAHOBUTEIS.

3.4 Tenepb cocTaBUM 3JIEKTPOHHO-MOHHO-MOJIEKYJISIPHBIE YPABHEHMUSL:

21MnOZ +2H,0 + 3¢ <> MnO, + 40H ~
31502+ 20H™ —2e <> SOZ™ + H,0

3.5 [IpoBoauM aHajOrMyYHbIE omnepanuuy (CM. mpuMep 1) U nosyyaeM MOHHO-MOJIEKYJISIPHOE
ypaBuenue OBP:

2MnOy +350%™ + H,0 <> 2MNnO, + 3503~ + 20H

HNonno-monekymnsipuoe ypaBuenune OBP ynoBneTBopsier marepuaibHOMy OajaHCy U
YCIIOBUIO 3JIEKTPOHEUTPAIbHOCTH.
3.6 IIpubasisieM COOTBETCTBYIOIINE IPOTUBOMOHBI U IT0JIydyaeM NojHoe ypaBHeHne OBP:

2KMnOy +3NaySOz + H,0 = 2MnO, + 3Na,SO, + 2KOH |

3.7 BobinonHeHue MarepuanbHOro OanaHca Juid mnosHoro ypaBHeHus OBP mposepsiem
II0JICYETOM aTOMOB KHCJIOPO/a B JIEBOM U MpaBoil yacTsax ypaBHeHus: ciesa 17 O = copasa 17 O.

Kak BHIHO ®3 3TOro mpUMepa, METOA BIEKTPOHHO-MOHHO-MOJEKYJIIPHOTO OaaHca
MO3BOJISIET TAK)KE OIPENCIUTh U HEKOTOphIE, 3apaHee HEM3BECTHBIC, MPOIYKTHl OKUCIUTEIBHO-
BOCCTaHOBHTEIILHON PEaKIINU.

lgK Py =16,9-nApC =16,9-6- (0,60 - (-0,93)) ~155; K g ~101%5,

BoiBoa: peakuus mpakTH4ecKu HeoOpaTHMa.
[Tpumep 4. (pH > 7). Ilo npusenennoit cxeme OBP, ncnosib3ys MeToa 31€KTPOHHO-MOHHOTO
OanaHca coCcTaBUTh NOJIHOE ypaBHeHHEe OBP:

KI\/InO4 + Na2803 +KOH —

Paccuurath 9I[C JTaHHON CHCTEMEI npu CTAHAAPTHBIX YCJIOBUAX W IIPpU CICAYHOIIUX

PaBHOBECHBIX KOHIIEHTPALUAX pEareHToB: [M nO 4 ] = 0,01, [Mn 2+ ] =0,05;

[SOQ? _] =0,01, [SO 4% _] = 0,05 u npu pH = 4.1 cranapTHBIE TOTEHIMATE! OKHCIHTENS H

BOCCTaHOBUTCIISA

9’ (MnOZ /MnOZ ™) = 0,56 B; ¢° (SO5~ + H,0 /(SO%™ + 20H ) =— 0,93 B;

MnO, — okucnuTe h, BOCCTAHABIMBACTCS JI0 MnOf_; SO3 — BOCCTAHOBUTEJIb, OKHCIIAETCS JI0

SOF ™.
4.2 cxema nganaor OBP:
KMnO, + NaySO3 + KOH —> K,MnOy + Na,SO, + Ho0

4.3 DJIeKTPOHHO-MOHHO-MOJIEKYJIIPHBIE MOJypEaKIuU

2l MnOy4 +e < MnOf‘

1 SOF™ +20H™ —2e <> SOZ™ + H,0 .



4.3 YMHOXaeM o0€ TMOJIypeaKIMd Ha COOTBETCTBYIOINE KOA(DPHUIIMEHTHI, CYMMHPYEM HX
JICBBIC u IIpaBLIC qacTu n nojrydyacm HOHHO-MOJICKYJIIPHOC ypaBHCHI/Ie:

2MnOy +S05™ +20H ~ <> 2Mn0OZ~ +S05~ + H,0 .
4.4 J1o6aBiisisi COOTBETCTBYIOIINE MTPOTHBOMOHBI, TIOJTy4aeM IMOJTHOE YPaBHEHUE PEaKIINH:
2KMNOy + Na,SO3 + 2KOH = 2K,MnO, + NaySO, + H,0

4.5 IlpoBoaum Tect 1o kuciaopoay: 130 (cneBa) = 130 (crpaBa) — yclioBUE€ MaTepUATILHOTO
OayaHca BBIIOJIHAETCS.

4.6 Pacuér D/1C cuctemsl IpH CTaHAAPTHBIX YCIOBUSAX:

AC° = Ap° =p°(MNO4s/Mn04>)—¢°(SO4>/SOs*) = 0,56—(—0,93) = 1,49 B.

4.7 Ouenky 3/1C npu paBHOBECHBIX KOHIICHTPALUSIX PEAreHTOB BEAEM C MCIOJb30BaHUEM
ypaBHenust Hepucra (10.1.10):

a) BBIYMCIIEHUE PAaBHOBECHOTO MOTEHIIMAJIA [IEpMAaHIAHAT-MaHT'aHATHOT'O 3JIEKTPOa:

M ~1-TH +18 . 8
o(Mn) = (MnOz / MnOZ™) + 0059, (MnO, ] g I” 0,56 +0,01. g 2% 5535
[MnO;~] 0,05
0) BBIYMCIICHUE PABHOBECHOTO MOTEHIIHAJIA CYJIb(aT-Cyab(PUTHOTO JIEKTPOoa:
2— +12 2
o(B) =’ (SO5~/5057) + 0059, SO 1TH T _ 493, 0,0205. Ig Lllg =-0,378 B;
2 [SO57] 0,01-10~

B) 9IC = Ap = p(MnO4 /MnO4>)— p(SO42 /SOz2) = 0,553—(-0,378) = 0,931 B.

ba30BbIi1 ypoBEeHb

1 Paccuwmralite crenenp okuciieHus azora B ero coequnenusx: AIN, NoHz, NH2OH, N2O,
NO, N203, N2O4, N2Os.

2 Hanumure nonHoe ypaBHEHUE peaklUy, IPUMEHSST METObI JIEKTPOHHOIO OajaHca
U TIOJTypeaKLUid, 10 CIELYIOIEN CXEME MOJIYPEaKIUH:

K2Cr207 + SnSO4 + H2SO4 —

Onpenenute SKBUBAJICHTHl BOCCTAHOBHUTEISI M OKUCIHTENS; pacCYMTAlTe HX MOJIbHBIE
MAacChl.

3 K xakomy tumy OBP otHOcuTCa peakuus pasznoxenus H20:? Uem oOBscHseTCS
CIIOCOOHOCTh MEPOKCHIA BOJAOPOJAa K TaKUM IpeBpalleHUsIM? 3aKOHYUTE YpaBHEHUS peakuud U
HaMMIIUTE I KaXKJI0W U3 HUX 3JIEKTPOHHO-MOHHBIE U MOJIEKYJISIPHbIE YPAaBHEHMS:

1) H2 02— ...; 2) H2O2+ KMnO4 — MnO2 + ...; 3) H2O2 + PbS — PbO2 + S + ...

4. KucnopoJ1 MOXKHO MOJIYYUTh B pe3yIbTaTe pa3loKeHHs TAKUX BEIECTB:

1) KCIO3 — ...; 2) KMnO4 — ...; 3) KoCr20O7 — ...

K xakomy tuny OBP otHocsATea 3tn peakunn? CoCTaBbTE JIEKTPOHHBIE U MOJEKYIISIPHBIE
YpaBHEHMS ITHX PEaKLUil.

5 K Bomnomy pactBopy KCIO3 no6asunu Bomubiii pactBop Kls. B kakyroo cropony
MpOiIeT peakuus oKucieHus-BoccranoBinenus? Berancaure 9/[C aToii peakuu JUIst CTaHAAPTHBIX
YCJIOBHU.

6 Kakumu cBoiictBamu Oyzaer oOmagate NaNOz? Ilowemy? IlpuBemute mnpumepbl
peaxkuui, rae HUTPUT HaTPUsI — OKUCIIUTENb, I71€ — BOCCTAHOBUTEIh?

7 Vicxons w3 3HAYSHMH CTaHAAPTHBIX AJIEKTPOJHBIX MOTEHLHUANIOB, OMpPEIeNuTe, Mpsimas
WM oOpaTHas peakuus OyaeT MpoTeKaTh B OTOH CHCTeMe MpH CTaHAAPTHEIX ycnopusax: 1) Fe?* +
ClO3™ + H* « Fe3* + CI- + H,0.

2) Clz + Mn?* + H20 < MnO4~ +CI~ + H*;

3) NOs~ + Fe?* + H* <> NO + Fe** + H,0;

4) 103+ SO3* + H* < I + S04 + H,0.



Jlnst KaXK0i MpsSIMON Peakiuy OIEHUTE TIIYOMHY MPOTEKAHUS.

I1oBbI1IEHHBIN YPOBEHB

13akoHYUTH COCTABICHUE YPaBHEHHUS CIEAYIOUICH peakluu:

HAsO; + KMnO4 + H2SO4 — H3AsOq4 + ...

U COCTaBUTH JJIs1 HETO JIEKTPOHHBIE U ANIEKTPOHHO-MOHHBIE CXEMbI MTOJTYpEaKIIHA.

Paccuurars DJIC peakuuu as CTaHAAPTHBIX YCIOBUM.

2 3apucut i npotekanue OBP ot pH cpenw? I'mapokcuiaMua BoccTaHaBIMBaeT (IIPH 3TOM
okucnsgercss 1o asora; ¢°(No+ 2H20 + 2H*/2NH,OH) = —1,87 B) B kxucinom pactBope cyibhar
xkene3a (+3) mo cynbdara skeme3a (+2), a B IIEITOYHOM PACTBOPE OKHCISIET (CaM MPU ITOM
BoccTaHapiuBaercs 1o ammuaka; p°(NH.OH + 2H,0/NHs + 20H") = + 0,42 B) ruapokcuy xenes3a
(+2) B rugpokeun xenesa (+3). CocTaBUTh AJIEKTPOHHBIE U HOHHO-3JIEKTPOHHbBIE YPaBHEHUSI 00enx
peakuuii. YKa3aTb OKHUCIWUTEIb M BOCCTAaHOBUTENb. ONpenenurh IiayOMHY MPOTEKaHHs HPSIMOIO
mpolecca B 00enx ciyqasx.

3 [IpoxoauT 1 peakuusi B BOJHOM PACTBOpPE MEXKAY HOIMIOM HATPHUS U CBOOOTHBIM
xyopom? Jlns mpsMoOil peakluMy BBIYUCIUTH MOTeHHMaNn ['mGOca M MPOBECTH OLEHKY TIyOUHBI
MPOTEKaHMS MpoIiecca.

4 Beluucnure >neKTpoadbiii morenmuan cucremel ClOs~ + 8HY/CIm + 4HO npu
CIEYIOIMX PaBHOBECHBIX MOJAPHBIX KoHIeHTpanusax (moas/am°) u pH: 1) [Cl0s] = 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 3HaueHusx pH Bo3MoxHO BoccranoBieHrne HoHOB MnOs monamu: 1) 17 2)
Br; 3) CI™?

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCII0JIb30BAHUIO N0 TAHHOW TeMe

OcHoBHasi inTEpaTypa:
1. Koposun, H. B. O6mas xumus : yueOnuk / H. B. Koposus. - 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 okpyxarotieii cpebl : XuMusi )KUBbIX opranu3moB. Kypc nekmuii / E.
C. Muxanuna, A. JI. Iletenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —Texkcr : anmeKTpoHHEIH // DnekTpoHHO-0nbOaoTeyHas cuctema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocTyma: aast aBTOpHU3HP.
II0JIb30BaTENEN
JonotHUTEILHAS JIUTEpPaTypa:
1. I'nmunka, H. JI. O6mas xumus / H. I'. ['nunka ; [Tox pea. A. U. Epmaxosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMus MeTaioB : yueOHoe mocodue (U1 CTYJACHTOB XUMHUECKOTO (haKyIbTeTa HarpaBIeHUuH
OaxanaBpoB «XuMuUs» U «XuUMHUecKas TexHoJorus») / coctaButenu O. A. ['onoBanoBa. — OMCK :
Owmckuii rocynapctBerHblit yauBepcutet uM. @.M. Jloctoesckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : 5ieKTpOHHBIH // DnekTpoHHO Onbmmorevnas 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 00pa30BaTeIbHBIM pecypcaM

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckast 6MONMMOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — 3neKTPOHHBIM KaTaIOT aCCOIMAINN JIEKTPOHHBIX OMOJINOTEK
yueOHbIX 3aBeieHuit u opranuzanuii CKOO



4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 00pa3oBaHKE

TEMA 9. OCHOBHBIE ITOJIOXKEHUS SJIEKTPOXUMMHAMU.

INPAKTUYECKOE 3AHATHE 9. TAJIBBAHUYECKHUE 2JIEMEHTBI. KOPPO3US
METAJIJIOB. 2JIEKTPOJIN3

He.ﬂb 3aHATHUA: (DOPMI/IpOBaHI/IC HCO6XOI[I/IMOFO KOMILIEKCA 3HAHUH 00 QJICKTPOXUMHNYCCKHX
mnponeccax M MUX KOJIUYCCTBCHHBIX XapaKTCPUCTUKAX. q)OpMI/IpOBaHI/Ie HaBBIKOB HCIIOJIB30BaHUA
q)YHZ[aMCHTaJ'IbHBIX 3aKOHOB M OCHOBHBIX ITOHATHH XHMMHYECKOM HAayKH B obnactu QJICKTPOXUMUHU
JJIs1 IOHUMaHUA CBOICTB IMpoHeCcCoOB, UCIIOJIB3YEMBIX B COBpeMeHHOfI IMPOMBIIIJICHHOCTH

3HaHMsA M yMeHHUs, IpHo0peTaeMble CTYA€HTOM B pe3yJibTaTe 0CBOCHUSI TeMbI

3HaTh: OCHOBBI CAMOOpPraHU3alMU U CaMOOOPa30BaAHNUS;
3HaTh: OCHOBHBIE 3aKOHBI C€CTCCTBCHHOHAYYHbBIX JUCHUIIIINH B HpO(i)eCCI/IOHaJII)HOI;'I ACATCIIbHOCTH
3HaTh: HOPMATUBHBIE JOKYMEHTHI 110 KAaYECTBY, CTAHIAPTU3ALMH U CEPpTU(PUKALUN ITPOTYKTOB U
H3[[€JIHI>1, 3JIEMEHTBI DKOHOMUYCCKOI'O aHaJIu34a B HpaKTHqCCKOﬁ JACATCIIBHOCTH
3HaTh: CBOMCTBAa XUMUYECKUX JIEMEHTOB, COeIMHEHUI U MaTEepHUaIoOB Ha UX OCHOBE JJIS peIIeHUs
3a51a4 mpodecCHOHAIBHOMN IeATETbHOCTH
YMeTh: CaMOCTOATENBHO CTPOUTH MPOLIECC OBJIAZCHNS HHPOpPMaLei, 0TOOpaHHOH 1
CTPYKTYPUPOBAHHOM JJIs1 BBIIOJIHEHUS IPOPECCUOHATBHOMN 1S TEIbHOCTH.
YMeTb: HCIIOJIBE30BAThH OCHOBHEIC 3aKOHBI CCTCCTBCHHOHAYYHBIX TUCHUIIJINH B HpO(i)GCCHOHaHBHOﬁ
JESTEIBHOCTH
YMeTb: HCIIOJIB30BATh HOPMATUBHBIC TOKYMCHTEI 10 KAY€CTBY, CTaHAAPTHU3AllUN U CepTHq)I/IKaIII/IH
IIPOAYKTOB U U3JEJINN, DIIEMEHTHI )KOHOMUUYECKOT0O aHAJIN3a B IPAKTUYECKOMN AEATEIbHOCTU
YMeTb: HCIIOJIBL30BATh 3HAHUS CBOMCTB XMMHUYECKHX 3JIEMCHTOB, COCI[I/IHGHI/Iﬁ 1 MaT€pruajioB HA UX
OCHOBE JJIsl PeLIeHUs 3a1a4y Mpo(ecCHOHANBHOM AesTeTbHOCTH

HaumenoBanue GpopMupyeMbIX KOMIETEHLUH

Kon dopmynMpoBKa
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3aIMK U CaMOOOPa30BaHUIO
OIIK-1 CHOCOOHOCTBIO M TOTOBHOCTBIO HCIOJIb30BATh OCHOBHBIE 3aKOHBI

CCTCCTBCHHOHAYYHBIX JUCHUILJINH B HpO(i)GCCI/IOHaJ'IBHOI\/’I JCATCIIbHOCTH

[1K-3 FOTOBHOCTBIO MCIOJI30BaTh HOPMATUBHBIE JOKYMEHTHI 110 KAYECTBY,
CTaHJAPTU3ALMH U CePTU(PUKALINU TPOTYKTOB U U3JIENINH, SJIEMEHTHI
SKOHOMHYECKOIO aHAJIN3a B MPAKTHYECKOU IEATEIbHOCTH

I1K-18 TOTOBHOCTBIO MCIOJI30BAaTh 3HAHUS CBOMCTB XUMHUYECKUX DJIEMEHTOB,
COEMHEHUHN U MaTepUAJIOB HA UX OCHOBE JJISI PELICHUS 3a/1a4
PO eCCHOHATBHON e TENHHOCTH

OpuuM u3 HanOoisiee OBICTPO Pa3BUBAIOLIUXCS HAMpPaBICHUIN MPHUKIATHON AIIEKTPOXUMUH,
TECHO CBSA3aHHOM C DJIEKTPOTEXHMKOH, SIBISETCS pa3paboTKa HETPaJAMLUMOHHBIX XUMHYECKHX
nctoyHukoB Toka (XUT), mepcnekTUBHBIMU Cpelyd KOTOPBIX SIBISIFOTCSI TBEPAO-AJIEKTPOJIUTHBIE
XUWT c HaTpueBbIM U JUTHEBBIM aHOAAaMU. [[pMeHEHNE IETOYHBIX METAJIJIOB B KAYECTBE aHO/IHBIX
MaTepHaJioOB BBITOJHO TEM, YTO OHM OONAJAlOT CcaMbIMH HHM3KUMH cpeau apyrux Me -oB
MEKTPOXUMHUYECKUMHU SKBUBAJIEHTAMHU M BBICOKMMH OTPULIATEIbHBIMU 3HAYEHUSAMH DJIEKTPOJIHBIX
noteHuuanos. [To3oMy 3HaHMSI ATEKTPOXXUMUHN —aKTyaJIbHBI.
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TeopeTuyeckas 4acTb

[Ipubop, B KOTOPOM XUMHUYECKas HHEPrus OKUCIUTEIHLHO-BOCCTAHOBHUTEIIBHOW DPEAKIUU
MIpeBpallaeTcs B AJIEKTPUUECKYIO, HA3bIBACTCS aJIbBAHUUYECKUM DJIEMEHTOM.

OcHOBHasi cOCTaBHasi 4acCTh TaJlbBAHWUYECKHUX 3JIEMEHTOB — 3JIEKTpoAbl. Yaie BCEro oHuU
ObIBAIOT METAUTMYECKUMU. DJIEKTPOJ, Ha KOTOPOM MPOUCXOAMUT MPOILIECC OKUCICHUS, Ha3bIBACTCS
aHOJIOM.

Tak, ecnmu B rajJbBaHUYECKOM 3JIEMEHTE UMEIOTCS MEAHBIA M IIMHKOBBINA DJIEKTPOJBI, U B
TIOCIIeTHEM TIPOMCXOIUT TIpoIece OKHMCIeHus muHka: Zn® — 2 <> Zn?*, To IUHKOBBIHA 3MEKTPOX
OyZeT aHOJIOM.

DJNEKTPOJ, HA KOTOPOM IPOMCXOAUT MPOILIECC BOCCTAHOBJICHMS, Ha3bIBaeTCs KaTojgoMm. B
BHIIENIPHBEIEHHOM TIPEMEpPE KaTOIOM ABJISTCA MeHbI anekTpox: Cu?t+ 2e” «» Cu,

DJIEKTPOHBI C 3JEKTPOJia, HA KOTOPOM MPOMCXOJUT MPOLIECC OKUCIEHUS, MEPEXOsIT Ha
ANEKTPOJ, TJie IPOTEKAET MPOIIECC BOCCTAHOBICHUS.

Takum o0pa3oM, B TaJIbBAHUYECKOM AJIEMEHTE, UMEIOIEM B Ka4eCTBE KaToJa MEIHYIO U B
KauecTBE aHOJ/a IIMHKOBYIO TUIACTUHBI, 3JIEKTPOHBI C IIMHKOBOMW IJIACTHHBI OyayT MEPEeXOIUTh Ha
MEJHYIO.

10.7 DnexTpon B TalbBAHMYECKOM 3JIEMEHTE HAXOAUTCS B PacTBOpE 3JeKTponuTa. B
MPOCTEUIEM Cy4dae JICKTPOIUTOM SBIISIETCSI PACTBOP COJIM TOTO METajlia, U3 KOTOPOTO clejaH
ANEKTPOI.

Tak, B METHO-IIMHKOBOM TaJIbBAHHYECKOM JJIEMEHTE ITMHKOBBIA JJICKTPOJ MOXET OBITh
MOMEIIEH B pacTBOP Cylb(ara IUHKA, a METHBIN — B pacTBOp Cylb(dara MeaHu.

CremoBaTeIbHO: IIMHK MOMEMIAIOT B PacTBOp, COACPKANIMN KATHOHBI ITUHKA, a MEIb B
pacTBoOp, coAepKaIIui KaTHOHBI MEIH.

Cucrema, cocrofias M3 METajla, OMYIIEHHOIO B PAacTBOP, COACPKAIIUN €ro HOHBI,

n+
Ha3bIBACTCA MOJYIJIEMCHTOM U 0003HayaeTCs Me / Me (CBery BCCrga OKUCJIICHHAaA Q)opMa).
I[Ba IMOJIY3JICMEHTA, COE€IUHEHHEBIC IMPOBOAHUKOM, 06pa3y10T rajilbBaHUYECKUN DJIEMEHT

(pucynox 9.1):

€ /\\
% AN %
Zn /j Cu
SO42>
-
Wl N+
= N
Z;++S_O42 C_uZ++S(§2

Pucynok 9.1 Cxema meoHo-yuHK0B020 2anib8aAHUUECKO20 dNIeMeHMA

B ranpBaHuMYecKOM 3JIEMEHTE OJUH 3JEKTpoi (aHOM) pacTBOpseTcs, T.€. MOHBI MeTalla
Iepexondar B pacTBOp. Tak B MEIHO-IIMHKOBOM TaJbBaHUYECKOM JJIEMEHTE IPOUCXOAUT
pacTBOpeHNE IMHKOBOM TUIACTUHKH.

B pesynbTate mepexojila MOHOB LIMHKA C IUIACTUHKH B PacTBOP Ha IUIACTUHKE OCTa&Tcs
M30BITOK 3JIEKTPOHOB, U OHA 3apspKaeTcs oTpuuarenbHo. C Ipyroil CTOPOHBI, HEPeXo HOHOB IIMHKA
B PacTBOP NMPUBOAMT K YBEIMUEHUIO X KOHLIEHTPALUU B PACTBOPE.

bnaronaps nepexony MOHOB IIMHKA C IJIACTUHBI B PaCTBOP BEC IIMHKOBOM IUIACTHUHKH OyneT
YMEHbBIIATHCA.

OnHOBpPEMEHHO € 3TUM Ha MEJHOM 3JIEKTPOJIE IPOUCXOAUT MTPOLIECC BOCCTAHOBIJIEHNS HOHOB

2+ -
MEJIM M3 pacTBOpa: Cu +2e <> Cu .

3a cuér 3TOrO nmponecca KOHICHTpAalud MOHOB MCIMW B PACTBOPC YMCHBIIACTCA, a MaccCa
MGHHOﬁ IJIACTUHKHN YBCINYHUBACTCA.



Iepexon noro Cu?* U3 pacTBOpa HA TIACTMHKY MPUBOIHUT K TOMY, YTO MEIHAS MIACTHHKA
3apsKaeTCs MOJI0KUTEIBHO.

PaccMoTpeHHBI rajgpBaHHUeCKHil 3yieMeHT (dnmeMeHT Jlanmdnsa — SIkoOu) cxemaTH4yecKu
MO>KHO 3aIIucaTh CIEAYIOLUIMM 00pa3oM:

(-)Zn|ZnSO4|[CusOy|Cu(+)
WK B HIOHHOH (opMme:

(-)znzn?*|cu?t(Cu(+).

OpaMHOYHBIE JTUHUU B cXeMax 0003HAYaroT IPAHUIly METaJll — pacTBOP, a IBOMHbIE IUHUU —
rpaHuily Mexay pactBopamu. OTpunaTeabHbIi JIEKTPO (aHO) 3alMChIBAETCS CIIEBA.

B ocHoBe paboThl pa3oOpaHHOrO 3JEMEHTa JIEKUT OKUCIUTEIbHO-BOCCTAHOBUTEIIbHAS
peaxuusi:

Zn+CuSO4 — ZnSO4 +Cu

WK B HIOHHOHU (hopMme:

Zn+Cu’t = Zn?* +Cu_

B rajpBaHHYECKOM DJIEMEHTE, COCTABJICHHOM M3 JKEJIC3HOW IUIACTUHKH, OIYIICHHOW B
pactBop FeSOs4, u cBuHIOBOI IiacTHHKH, omyimieHHOW B pactBop PD(NO3)2, xene3o sBisiercs
aHooM. Cxema 3TOro 3JIeMEHTa CIICIYIOIIAst:

(—)Fe|FeSO,4[Pb(NO3),|Pb(+)

Ha >xene3nom QJICKTPOJAC (aHOI[e) IIPpOUCXOAUT OKHCIICHHC. OTOT IMpouecCC OIIMChIBACTCA
CJICAYIOIIUM 3JICKTPOHHO-MOHHBLIM YPABHCHUCM:

FeO -2 & Fez+.
JKene3Hblif a5eKTpo MPHOOPETAET OTPULIATENBHBIHN 3apsi/l.

Ha cBHHIIOBOM »JIeKTpojie (KaToje) MPOMCXOINT MPOLECC BOCCTAHOBIIEHHs HOHOB Pb?* m3
pacTBopa:

2+ - 0
Pb“" +2e <> Pb"
CBHHIIOBBII 3JIEKTPO/] 3apsKAETCS MOJI0KUTENBHO.

CYMMI/IPYSI 00a YpaBHCHHA, TOJTYUYUM HOHHOC YPABHCHUEC PCAKIINH, npOTeKanmeﬁ B JaHHOM
TaJIbBAHUYCCKOM 3JICMCHTC:

Fe+Pb?" - Fe?" +Pb_

ONEKTPOHBI M0 MPOBOJHUKY, COCTUHSIONIEMY TUIACTUHKH, OYIYT NEPEXOIUTh OT JKEIe3HOM
IUIACTUHKHA K CBUHLIOBOM.

Wtak, B raJpBaHMYECKOM 3JIEMEHTE IO NPOBOAHUKY, COCAUHSIOIMIEMY 3JIEKTPOIbI, TEUET
AJIEKTPUYECKUM TOK.

[losiBieHUE DIEKTPUYECKOrO TOKA CBUIETEIBCTBYET O HAJIMYMU PAa3HOCTU IOTEHLHAIOB
MeXIy OJiekTponamu. VHade TOBOps, Ha OJHOM M3 DJJIEKTPOJOB BO3HHUKAET  KaKOM-TO
ONpPEACIEHHBIN OTEHLNAI, PA3JIMYHbBIN U1 PA3JIMYHBIX JJIEKTPOIOB.

[ToreHmman, KOTOPHIM YCTAHABIMBAETCS HA METAUIMYECKOM JJIEKTPOAE, MOMEHIEHHOM B
pPacTBOp COIM OJHOMMEHHOI'O METAJUIA, Ha3bIBACTCS DJIEKTPOAHBIM IOTEHLIUAIOM METAJLIA.

W3mepeHHsle B CTaHAAPTHBIX YCIOBUAX IMOTEHINAIBl METAIJIOB HA3bIBAOTCS HOPMaIbHBIMHU
(WM CTaHIAPTHBIMHM) SJIEKTPOAHBIMM MOTEHLMAJAMU METauioB. VX 3HaueHHs AJid pa3IMYHbIX
METaJJIOB NMpUBEJEHBI B Tabmune 9.1.



UYem jerye mMetaml OTIAET JIEKTPOHBI, T.€. YEM JIerue OH OKUCISETCS, TEM OTpHUIaTesbHEe
€ro 2JIEKTPOAHBIM MOTeHIMaN. MHadye roBops, MO BEJIMYMHE 3JIEKTPOJHOTO IMOTEHIMAIa MOXKHO
CYIUTh O CHOCOOHOCTH METaJuIa OT/IaBaTh AJIEKTPOHBI, T.€. 00 aKTUBHOCTU MeTallja.

Bonee axTuBHBIM MeTamm uMmeer Ooyiee OTPUIIATEIBHYIO BEIHYMHY DJIEKTPOTHOTO
noTteHnuana. Tak, HopMaiabHbIE JIEKTPOIHbIE MOTSHIIMANIBI MATHUS, [IMHKA U MEJIU COOTBETCTBEHHO
paBusblI (B B):

0° (Mg /Mg 2" =-2,34:0° (Zn/ Zn°*) = —0,76;¢° (Cu/Cu?*) = +0,34.

CpaBHI/IBaSI 9TH 3HA4YCHUA, MOXKHO CACJIATh BBIBOM, UYTO HaI/IGOHee AKTHUBHBIM U3 O3TUX TpéX
METAaJUIOB SIBJISETCS MAarHui, a MEHEE aKTUBHBIM — MEJIb.

B TaJbBAaHHUYCCKOM DJJICMCHTC, HMCIOIICM [Ba paSHI/I‘-IHBIX MCTAJIJINYCCKUX BHGKTPOIIa,
aHOZOM OyJeT MeTal ¢ MEHBIICH BEIMYHUHOW CTAHJAPTHOrO JJIEKTPOIHOIrO IOTEHIIMAJA, T.€.
0oJiee aKTUBHBIA METAIIIL.

Hanpumep, B raibBaHHYECKOM DIIEMEHTE

Mg|Mg?* Zn2+|Zn

Hanbosiee OTPHUIATENICH YICKTPOIHbBIN MOTEHIIMAT MArHuUsl, MO3TOMY MArHHUEBBIA 3JICKTPOJ
OyZeT aHoJIoM.
Ha maraueBom aiiekTpojie (aHoe) UaAET MPOIecC OKUCIICHHS 110 YPaBHEHHUIO:

Mg® <> Mg?* +2e.

Ha nmuakoBoMm QJICKTPOAC (KaTOI[C) MMPOTCKACT IMPOLUECC BOCCTAHOBJICHHA UHKA:

2+ y 0
n“" +2e < 7ZIn"
10.36 CymMmMapHOe MOHHOE ypaBHEHHE PEaKIIMH, MPOTEKAIOMIEH B TaKOM TaJlbBAHUYECKOM
3JIEMEHTE, CleAyIoIIee:

0 2+ 2+ 0
Mg~ +4Zn“" - Mg“" +4n",
Bennuuna QJICKTPOAHOTO NMOTCHIHAJIA METaJllla 3aBUCUT, T'JIABHBIM 06pa30M, OT IpPUPOABI

MeTajjia, TEeMIlepaTypbl M KOHIIEHTpAlMM MOHOB METajula B pacTBope. OTa 3aBUCUMOCTH
BbIpa)kaeTcsl ypaBHeHHeM HepHcTa:

o 0,059
(0:(0 (Me/Men+)+T|g C(Men+), (9_1)

rze ¢ (Me/Me"™) — HopManbHBIi 3J1eKTPOHBIN TTOTEHIINA;

N — YKUCIIO0 OTAaBaeMBbIX (IPHHUMAEMBIX ) METAJZIOM DJICKTPOHOB;

C(Me"™) — KOHIIEHTpAIMS HOHOB METaJlIa B PACTBOPE, MOJIB/IM .

[Ipy KOHIEHTpaLMH HOHOB METalla, paBHOH | Monb/IM®, BTOpOHl uleH ypaBHEHHS
o0palaeTcs B HOJlb, TOTAA ¢ = @, M.e. ANeKMPOOHbILI NOMEHYUAL MeMANIA NP 20 KOHYEHMPayuu
1 monwv/om® npedcmasnsem coboii cmandapmubiil 1eKMpoOHbLI NOMEHYUA.

DneKkTpoABMKYyIIasi cuia £FE TraabBaHUYECKOrO JJIEMEHTa OMpPEICSIeTCS Pa3HOCTHIO

MOTEHIIHAIOB KATOAa ¥ aHOIA: E= Ok —PA.

Tak, 9/IC MarHueBO-IIMHKOBOTO TajbBaHUUECKOTO 3JIEMEHTA, NMPU KOHLEHTPALUsiX HOHOB
COOTBETCTBYIOIIUX METaJJIOB OJINH MOJTB/IM®,

coctasaser: E = ¢°(Zn/Zn?") — p° (Mg / Mg ?*) = —0,736 — (—2,34) =1,604 B.

Yem Oosbllie pa3HOCTh B 3HAYCHHSIX CTAHJAPTHBIX SJEKTPOIHBIX MOTCHIIMAIOB METAIOB,
Ttem Ooutbiie DJ]C raqTbBaHUYECKOTO DJIEMEHTA, KOTOPBIA 3TH METaJUIBl 00pa3yIoT.

Cpaaum DJIC TONBKO 4YTO pPa300paHHOIO MAarHUEBO-IIMHKOBOTO TallbBAHUYECKOTO
anemenTa ¢ DJ1C MaraueBo-MeaHOT0 DJIEMEHTA.



(—)Mg‘ Mg?* HZnZJr Zn(+);

C(Mg/Mg?*) =C(Cu/Cu®") =1luos/om®
E=¢°(Cu/Cu®)—¢p°(Mg/Mg?*)=+0,34—(-2,34) = 2,68 B. .

Wrak, uyeM panplie Jpyr OT Jpyra HaxoAATCS MeETalibl B TaOiule HOPMaJIbHBIX
AJIEKTPOIHBIX MOTEHIMATIOB, TeM Oonbiie D/]C raapBaHHUECKOTO JIEMEHTA.

Kak ormeuanoch paHee B paszelie, 3aBUCUMOCTb BEJIIMYMH IEKTPOJIHBIX MOTEHIUAJIOB OT
KOHIICHTPALIMU OKHCIUTEIBHON 1 BOCCTAaHOBUTENHHOMN (hopM peareHTa u oT pH cpensl Bepaxaercs
ypaBHenueM Hepucra (9.1).

VpaBuenue Hepucra nos3Bossier nmpoBoauTh pacuer J/]C raabBaHMYECKUX FJIEMEHTOB MpU
YCJIOBUSIX OTJIMYHBIX OT CTAHAAPTHBIX.

N3menenne wu3obapHoro mnoreHnuana [mbOOca B cucTeMe YHCICHHO paBHO padoTe,
COBEPILAEMON B PE3yIbTaTe MPOTEKAHUS JIEKTPOXUMUYECKON PEaKLIUNU:

AG = -A = —nAgF, (9.2)

rae A — paboTta ANEeKTPUYECKOr0 TOKA, paBHAs MPOU3BEICHUIO YUCIIa MOJIb MEPEHECEHHBIX

AJIEKTPOHOB N, HAINpPSDKEHHsSI B 3JEKTpUYecKor nenu Ag u mocrossHHoi Dapanes F = 96 454
Kin/mounb = 96 500 Ki/monb.

Jnst cTaHIapTHBIX YCIIOBUM:

AG® = -A" = —nAyp °F. (9.3)

KoHcTanTa paBHOBeCHs DIIEKTPOXMMHUYECKOM pEaKUMU U1 CTAaHJAPTHBIX  YCJIOBHUH
omnpeaensiercss GopMyoi CIeayIoIero BUaa:

D nA(pOF
2,3-RT

BenuuuHbl KOHCTAaHT paBHOBECHI AJIi Pa3HBIX JIEKTPOXMMHUYECKUX pPEaKUUN MO3BOJISIOT
OIIpeJIeNIATh CTEeNEeHb UX HEOOPATUMOCTH.

[TockonpKy 3J€KTPOJHBIM MOTEHLMANl MeTalja 3aBUCUT OT KOHLIEHTpAllUd PAacTBOpPA, TO
MO>KHO COCTaBHTH LIETIb U3 OJMHAKOBBIX METAITIMYECKUX 3JIEKTPOAOB, IOIPYKEHHBIX B PaCTBOPHI €
pa3IMYHON KOHLIEHTpallMeld HOHOB 3TOTO METaljla — 3MO0 KOHYEHMPAYUOHHBIU 2a1b8aAHUYEeCKUL
NeMeHm.

DJ1C KOHIEHTPAIIMOHHOTO 3JIEMEHTA OTpeesieTcs: o popMmyrie:

C,(Me*"
agc = 2059 GutMe™)

Z  Cy(Me’")

T'IE C(ME*") — KOHIIeHTpallis HFOHA METANlIA B TIPHAIEKTPOIHOM CIIOE, MOJIB/IM®, TIpHueM
c1(me*) > co(me*) ; Z — cTeneHb OKUCIIEHHS HOHA.
OneKTponan3
TeopeTnyeckre OCHOBBI
DNEeKTPOIN30M Ha3bIBAETCS OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIN MPOIIECC, MPOUCXOASIINMN Ha
AJIEKTPOAX TPH MPOITYCKAHUU HOCHOSAHHO20 DTEKTPUIECKOTO TOKA Yepe3 PacTBOp WM PacIliaB
AJIEKTPOJINTA.
J11st OCyIIeCTBICHHS AIEKTPOIIH3a HE0OOXOAMMO B COCY/I C PACTBOPOM HITM PACTIIABOM DJIEKTPOJIHTA
BHECTH J[Ba 3JIEKTPO/Ia, COSTMHEHHBIE C MOJIFOCAMH BHEUTHETO UCTOYHUKA ITOCTOSIHHOTO TOKA.

DJIEKTPOI, MPUCOSANHEHHBIN K OTPUIIATEIHLHOMY TIOJTIOCY BHEIITHETO NCTOYHHUKA
MOCTOSIHHOTO TOKa, Ha3biBaeTcs katoaoM (K).

[Tponyckanue Toka uepes JICKTPOIUT MPUBOTUT K TOMY, YTO HOHBI B PACTBOPE HAUMHAIOT
nepemernathes. [lomokuTenpHble MOHBI, KaTHOHBI, ABIXKYTCS K OTPHIATEIILHOMY 3JIEKTPOAY —
karonry. OTpunaTenbHble MOHBI, aHHUOHBI, ABMXKYTCS K MOJIOKUTEIBHO 3apPSDKEHHOMY 3JIEKTPOIY —
aHoYy.

Ig K =16,9nA¢° . (9.4)




Ha karone uaét mporecc BOCCTaHOBJICHHUS, T.€. MPOIECC MPUCOSTUHEHUS IEKTPOHOB. B
HauOoJIee MPOCTOM CITydae KATHOHBI BOCCTAHABIMBAIOTCS TI0 CXEME:

.-
A" +ee A
Ha anone uaér npoiecc OKUCIEHHS, T.€. MPOLIECC OTAAYU AJIEKTPOHOB MOHAMU. B
MPOCTEHIIIEM CTydae 3TOT MPOIECC BBIPAKAIOT CICTYIOIITIM 00pa3oM:

B -e&B.
bnaronapst pabore MCTOUHMKA TOKA AJIEKTPOHBI, OTIaHHBIE HOHAMH Ha aHOJE, IePelaloTCs
Ha KatoJ. B pe3ynbrare aHo/ Bcé Bpemst 00eTHAETCS 3JEKTPOHAMH, @ KaTo/l 000raIiaeTcs.
Ha pucynke 10.1 npencraBieHa cxema 31€KTpOIU3EPA.

_ :‘TG)”_ _

Pucynox 9.1 Cxema snexmponuzépa
PacruiaB xjopuga Harpusi couepkuT kathoHa Hatpus Na* u ammonsl Cl. Ilpm
MPOMYCKaHUU Y€pe3 3TOT PACIIAB AJIEKTPUUECKOTO TOKA K KaTOy HAIPaBJIsIOTCS MOHBI HATPHS, a K
aQHOJY — XJIOPHU]I - UOHBI.
VY katoja uAET Npouecc BOCCTAHOBJICHHS B COOTBETCTBUU C YPABHEHHUEM:

2Cl~ —2e <> Cl,

+ .3 0
Na" +e <> Na”,
V aHoaa uIET MpoLecC OKUCICHHUS 110 YPABHEHUIO:
Becs nportecc aekTponnsa paciuiaa NaCl Moxer ObITh 3amucaH B BUJE CXCMBI:

. + 4 0
K:Na" +e <« Na
A:2Cl" -2e < Cly,
TakxuM oOpa3om, MU SIAEKTPOIH3E pacIuIaBa XJIOPHIa HATPUs HA KATOJIE BBIIEISICTCS
HATpHUii, HA aHOJIE — XJIOP.
Wtak, npu 31€KTpoiM3e pacijiaBOB AJIEKTPOJUTOB HA KATOJE Pa3psKaloTCs KaTUOHBI, a Ha
aHOJIe aHUOHBI, 00PA3YIOIINE DIIEKTPOITHT.
BonHbie pacTBOpBI 3JEKTPOJIMTOB MOMHUMO MOHOB, Ha KOTOPBIE pacnagaeTcsl 3JIEKTPOJIUT,

COACPIKAT MOJICKYJIbI BOJHI, CIIOCOOHEBIE IMPUHUMATh Y4aCTUE B KATOJHBIX U AaHOAHBIX ITpOLECCaX.
Ha KaToA€ BO3MOIKCH IMPOLECC BOCCTAHOBJICHHUA MOJICKYJI BOABI 110 YPABHCHUIO:

2H,0 +2e <> Hy + 20H ~

Ha anojae Bo3aMoxeH nponecc OKUCJICHUA BOIbI, KOTOpBIfI MMPOTCKACT IO CXEMC:

2H,0-4e <> 4H* +0,.



Kakwue nporieccbl OyayT NPOUCXOIUTH Ha 3JIEKTPOJAX — 3aBUCUT OT BETUUMHBI HOPMAJIbHBIX
OKHCJIUTEIHHO-BOCCTAHOBUTEIBHBIX MOTEHIIMATIOB TOTO WJIM MHOTO TIpoliecca.

Honsl MeTamioB ¢ BechbMa Malloll anreOpandeckod BEIMYMHOM CTaHAApTHOTO
AJIEKTPOJHOrO moTeHimaia, ot Li 1o Al BKIFOUNTEIEHO, HUMEIOT YPE3BBIYAHO Majioe CPOACTBO K
3JEKTPOHAM, YCTyINas B OTOM OTHOLIEHHH noHaM H' (cm. Tadm. 9.1). IToaToMy IpH DIEKTPOJH3e
BOJIHBIX PACTBOPOB YKa3aHHBIX METAJIJIOB HA KATOJI€ MPOUCXOIUT BOCCTAHOBIICHUE BOJIBI IO CXEME,
MIPUBEICHHON paHee.

KartnoHsl MeTauioB C TOJIOKHUTEIBHBIMUA 3HAYEHUSMU CTAHJAPTHOTO 3JIEKTPOTHOTO
norennumana (Cu, Ag, Hg, Au u 0p.) uMeroT Goibliee CPOACTBO K DJIEKTPOHAM, YeM HOHBI H (cM.
tabn. 11.1). B utore, Ha KaToie BOCCTAaHABIMBAIOTCS HOHBI METAJIOB 110 CXEME:

Me™ + ne” «<>Me°.

KaTnoHbl MeTa/I0B, 3aHUMAIOIIKE B PsIy HANpsDKeHUH cpennee mostokenue (Zn, Fe, Cd, Ni
U JIp.), BOCCTaHABIIMBAIOTCS HA KaTO/ie OJIHOBPEMEHHO C BOCCTAHOBJIEHHEM KaTHOHOB BOJAOPO/IA.

Wrak, nmpu ompeneneHuu MPOIYKTOB AIEKTPOIU3Aa BOJHBIX PACTBOPOB SJIECKTPOIHUTOB,
HAJ0 PYKOBOJCTBOBATHCS BBINICYKA3aHHBIMH COOOPa)KEHUSMHU, OCHOBAaHHBIMU HAa aHAlU3e psaa
HaIpsKECHUH.

Ha karome nerue Bcero paspspkaroTCsl Takue KaTHOHBL, KOTOphIE MMEIT Oolee
TIOJIOKUTENBHEIH JNEKTPOHBIH MoTeHMan. HanpuMep, ecliu SIeKTpOIHT ColepKUT HoHbl CU?t 1

(DOCU ¢°Zn
Zn?*, To cpaBHMBas 3HAYCHHS Cu 2+ =10,34 B u Zn2+ = —0,76 B, MOXHO

clenaTh 3aKTIOYeHHe, 4To Jerde OyayT paspsokatbes moHbl CU?Y, Tak Kak HMX OSIEKTPOIHBIA
MOTeHIKan OoJbIIe.

Ha anogme nerye  mpoMcxXoauT  TOT — IMPOLECC, HOPMaJbHBIH  OKHCIHUTEIbHO-
BOCCTAaHOBUTENBHBIN MOTEHIIMA KOTOPOTro MeHble. Hampumep, U3 ABYX BO3MOXKHBIX aHOJHBIX
MIPOLIECCOB B PACTBOPE CEPHOI KUCIIOTHI:

25027 — 26 <> S,08 7, ¢° =+2,01

n

2H,0 -4 <> 4H" + 0y, 9° = +1,23

ClleflyeT OTHaTh MPEINOYTeHHE BTOPOMY, T.K. €My COOTBETCTBYET MEHBIIEe 3HAaYCHUE
MOTEHIMAaNA.

Cpenu aHMOHOB HAMOOJBIICH CIIOCOOHOCTHIO K OKUCIECHHIO Ha aHOJE O00JIalal0T aHHMOHBI
6eckucnopoaubix kucnot (CI, Br, I, $%). B pesynbTarte 51eKTpoIn3a pacTBOPOB, COAEPIKAIIUX ITH
MOHBI, HA aHOJIE BBIJICIISIOTCS] CBOOOHBIE TAJIOTEHBI HITH Cepa.

BoccranoBneHre MeTanaoB U3 pacTBOPOB UX COJNEH MIET TOIBKO B TEX CIydasx, KOrja
TaHHBIA MeTayyl UMeeT OOJBIIUI AIIEKTPOIAHBIA TOTEHIMAT, YeM Yy aJIOMHHHSA, T.€. Ha KaToJe
BBIJICJIAIOTCS T€ METAJUIbI, KOTOPBIE CTOSIT B PSIIy HAPSHKEHUS IIPpaBee allOMUHUS.
Hamnpumep, anekrponu3s pactBopa ZnClz moiaér o cxeme:

K :Zn* 1+ 2e & znY
A:2Cl~ —2e <> Cly.

IIpu snexTponuse pacTBOPOB COJIEH METAIIOB, PACIIOIOKEHHBIX B PSAAY HAINPSIKEHUS 10
AIIOMHUHMS BKIFOYUTEIBHO, HA KATOJ€ MPOMCXOANUT BOCCTAHOBIIEHUE BOJBI 10 YPAaBHEHHUIO:

2H,0+2e <> Hy T +20H

Dnextponu3s pactBopa NaCl MokHO H300pa3uTh CIIEAYIOIEH CXEMOIA:

K:2H,0+2e <> Hy, T+20H"



A:2Cl" -2e < Cl>.
B KaTroQHOM IPOCTPaHCTBE B pacTBOpe ocTarTcs noHbl Na™ u OH (mwenous NaOH).
_ _ 3—

Kucnopoaconepxamnue aHuoHBI  ( NO3 ;804 ) I:)04 U Jp.) HUMEIT OOJbIIHi
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIN IMOTEHIMAN, YeM IOTEHIIMAJ Ipolecca OKHUCICHUS BOJHI,
MO3TOMY TIPH 3JICKTPOJIU3E PACTBOPOB COJICH, COICPIKAIIMX ITH aHUOHBI, HA AHOJE OKHCIISICTCS
BOJIA.

OpHako ecTh M HCKIIOYCHUS, HAlpUMEp, NpPU DIIEKTPOJIM3E MICTOYHBIX PAacTBOPOB
THIIOXJIOPUTOB M XJIOpaTOB Ha MHEpTHOM aHozae okucistorcs aHnoHbl ClIO™ u ClOs™ mo ClO3™ u
ClO4™ coOTBETCTBEHHO.

Hanpumep, npu snexrponusze pactopa K2SOs mpoTekaroT cieyronue npouecceh:

K:2H,0+2e<>H, +20H"
A:2H,0-4e <> 0, +4H"

Ha karome oOpasyercs BOAOpOI, Ha aHOJAC KHCIOpOA. B KaTOTHOM MPOCTPaHCTBE
HakarumBaoTcss MoHbl OH , B aHOJHOM — HOHBI THAPOKCOHUS, MOATOMY OKpacka JaKMyca B
KaTOJHOM IIPOCTPAHCTBE OyIeT CHHEH, a B @aHOJHOM — KPaCHOH.

[IInpokoe HpPUMEHEHHE HMMEET OJIIEKTPOIHM3 C PACMBOpUMbIMU aHoOamu. B KadecTBe
TAKOBBIX MPUMEHSIOT MeJb, cepedpo, 30J0TO, HUKEIb U JAPYrue MeTaibl. IIporecc aeKTposu3a
OpU 3TOM 3aKJIOYAaeTCs B OKUCICHHM MeETajlla-aHoJa [0 KAaTHOHA W B TOCICAYIOIIEM €ro
BOCCTAHOBJICHUH BHOBB JI0 METAIUTMYECKOTO COCTOSHHS Ha KaTO/IE.

Cxema snekTpoiu3a BogHoro pactsopa CuSO4 ¢ METHBIM aHOJIOM:

A:Cu’ —2e & Cu*

K :Cu? +2e<«>Cu°.
COOTHO].HCHI/IC MC)KI[y MaCCOﬁ (I/IHI/I O6’BCMOM) BC€IICCTBA BBIACIMUBIINUXCSA HaA 3HeKTpOI[aX
HpI/I 3J'ICKTpOJ'II/I3e U KOJINYCCTBOM 3anaquHOFO 3HeKTpI/I‘~IeCTBa OHpeI[eJ'IﬂCT 3aKOH q)apa,[[eﬂ:
Koiuvecmeo eeujecmea, 6blaeﬂM6WeZOCﬂ npu aﬂeKmpOJnBe, npﬂMO npOnOpLﬂ/lOHaﬂbHO KOﬂullecmGy
DIIEKMPUYECMEd, Npoueoue20 yepes 21eKkmpoaum 3a epemsi t

n(i X), Monb — 9K6 = m(1X) = %Itoo :
Zy M (- X) 3)
ZX
1
rac m(X) — MaccCa DJBJICKTPOXUMHYCCKU IIPCBPAIICHHOI'O BCIICCTBA, 2, M (_ X) —
ZX

MOJISIpHAs Macca SKBUBAJICHTA OIPEIEIISIEMOr'0 BEILIECTBA, 2/MO/b;

Z — YuCJIo 3J'IeKTpOHOB, yqaCTBYIOHIHX B OKHCJICHHUH HJIM BOCCTAHOBJICHHH OJJHOI'O MOHA, [
BpEMS DJIEKTPOIIN3A, C.

Nnn n1s ra3os:

V. (10t
z
V(X)= . :
96500
rne V(X) — o0beM 3JICKTPOXUMHYECKH BBIJICJICHHOTO Trasa, on®; Vm (i X)—

[x

SKBUBAJIEHTHBIN 00bEM SJICKTPOXUMHNYECCKHU BBIACICHHOI'O I'a3a, ()M3.



[Ipu »nexTponn3e BOAHBIX PAcTBOPOB COJEH METAJIOB, 3aHMMAIOIINX IPOMEXYTOUYHOE
MOJIOKEHUE B DALY HAIPSDKEHUH, Hapsiiy C BBIIEICHHWEM MeTalsla Ha KaToJe UICT BbIACIICHHE
Bosopoxaa. [Ipu 3ToM Macca BBIIENUBIIErocs MeTalia He SKBHBAJIEHTHA KOJIWYECTBY MPOIIEAIIETO
gyepe3 pacTBOP AIEKTPUUECTBA, YACTh KOTOPOrO PacXOyeTCsl Ha BBIAEICHHUE BOAOPOIA.

DNeKmponu3 ¢ HanodCeHUueM GHewHe20 HANpsAdceHus — TOK OT BHEIIHET0 HCTOYHHKA
IPOXOJUT Yepe3 SICKTPOIMTUYECKYIO sS4elKy C HccieayeMbIM pacTBopoM. Ilpu stom obumiee
HanpspkeHne U ckiaznpiBaeTcs M3 MOTCHLMANa pasiokeHus E, = Eqn — Ext, HEpCHANPSHKCHUH Ha
anozie 1] an, xatone 1) ki u morennmana Ur = IR, He00X0MMOT0 1St TIPEOI0ICHUS CONPOTHBIICHHS

anekTpoiuTa R:
U= (Eam~+ 1] an)—Exi—H k) + Ur.

[lognepxuBas oOINpeAeNeHHOE 3HAYCHUE TMOTEHI[Mala Karoja, MOXHO IPOBOJIUTH
MOCIICZIOBATEIbHOE BBIJCIEHUE METAIOB U3 HCCIEAYEeMOro pacTBOpa WM OTAENEHHE OT
MEIIAIONIUX TPUMECEH (IJEKTPOJIN3 IPU KOHTPOIUPYEMOM TMOTEHIIHAIIE).

[Tporecc ayeKTpon3a CIyKUT MPEX]IE BCEro M1l MPOMBIIIJICHHOTO MOJTYYSHHs aTFOMUHHUS,
M€Y, MHOTHX WICJOYHBIX W MICJIOYHO3EMEIbHBIX WU JPYrUX METAIOB; UISI AHAIUTUYECKOTO
ompezaenenus merawioB — Cu, Pb, Zn u muorux ap. KpoMe Toro, ¢ moMoIIbo 3JEKTPOIH3a MOKET
OBITh TPOBEICHO AHAIMTUYCCKOE pa3JIeJICHHE psa METALIOB B W3 HX cMeced. Hampumep,
ANEKTPOJIU30M BEIIYT OINpeAeNieHUEe MEIU, CBUHIIA, OJIOBA U IIMHKA B JIATYHH METOJIOM pPa3/IeIbHOrO
AJIEKTPOOCAKACHUSI TIPU KOHTPOJIHUPYEMOM TOTeHIManae. MeToj BHYTPEHHEro JIIEKTPOJIU3a
WCIOJIb3YETCS JUIsl aHAIUTUYECKUX OMPEEICHNH 0YeHb MaJIbIX KOJMYECTB METaNIOB B PacTBOpax,
KOTOPBIE€ HE MOTYT OBITh OIIPEICTICHBI IPYTUMU METOIaMHU.

KOPPO3UA METAJIJIOB
TEOPETUYECKHWE OCHOBBI

Koppo3zueii memannos naszvieaemcs npoyecc paspyuleHus Memanid, npoucxoosyuii. noo
Oelicmeuem OKpyxcaowel cpedvl. B pesynbrare 53TOro mporecca MeTaul TEPeXOIuT U3
CBOOOHOTO COCTOSTHUSI B XUMUYECKHU CBSI3aHHOE.

Tak, pacTBOpeHHE >Kelie3a B COJSHOM KHUCIOTE WJIM PIKaBICHHUE >KEJIE3HBIX H3/CNIUNA Ha
BO3/1yX€ SIBJISIIOTCA MPOIECCAaMU Pa3pyILIEHUs 3TOT0 METaJlIa, T.€. MPOLECCOM KOPPO3HH.

[lo wMexaHu3My TpPOTEKaHUS Tpollecca KOPPO3Ws JIEJUTCS Ha XHUMHYECKYI0 U
AIEKTPOXUMHUUECKYIO.

Xumudeckasi KOppo3usi He COMPOBOXKIACTCS MOSBICHUEM SJIEKTPUUECKOr0 TOKa, TaK KaK B
3TOM Clly4ae HET MPOCTPAHCTBEHHOT'O Pa3AelIeHUs] MPOLECCOB BOCCTAHOBJICHHS U OKUCIICHUSI.

XuMmu4deckass KOppO3us TPOTEKAaeT KaK OOb[UHAs XUMHUYECKas peakius, Harpumep,
B3aUMOJICICTBUE Kelle3a C KUCIOPOAOM IIPU BBICOKOM TeMmmeparype:

4Fe + 302 —t)2F6203.

DNEKTPOXUMHUYECKass KOPPO3usi HAOMIOAAeTCsa MPH COMPHUKOCHOBEHUH METAJIOB C BOJIOM,
pacTBOpaMH 3JIEKTPOIUTOB, aTMOC(EPHBIM BO3TyXOM.

OcHogHoe omaudue 21eKmpoXUMU4ecKol KOppo3uu om XUMU4ecKol cOCmoum 8 mom, ymo
o0was peakyusi 83aUMOOEUCMBUs Memalld C OKUCIUmenem Mmodxcem Ovbimb pazoeieHa Ha 08d
camocmosmenvHulX npoyecca: 1) npoyecc oOKucnienus uiu aHoOHwl npoyecc, 2) npoyecc
60CCMAHOBICHUSL UNIU KAMOOHbIIL.

[Tpr >NIEKTPOXUMHUYECKOW KOPPO3MH TPOIECC OKHCIEHUS W MPOILECC BOCCTAHOBICHUS
MPOTEKAIOT Ha PA3JIMYHBIX YIaCcTKaX MeTaJljla — aHOJTHOM M KaTOJHOM COOTBETCTBeHHO. [Iporecchr,
MIPOUCXOJISIINE TIPU DIEKTPOXUMUYECKON KOPPO3HMH, aHAIOTMYHBI TPOIEccaM, MPOTEKAOUIUM B
TaTbBAHWYECKUX JJIeMeHTaX. [Ipormecchl 3JEeKTPOXUMHUYECKOW KOPPO3UH  COTPOBOXKIAIOTCS
MepeMeIeHIeM JIEKTPOHOB C aHOIHBIX YYaCTKOB HA KAaTOJIHBIE, T.€. AIEKTPOXUMHUYECKAss KOPPO3Us
COIIPOBOYXKIAETCS TOSIBJICHHEM B METAJIJIC SJICKTPHUECKOTO TOKA.

AHOMHBIN mpolecc TPHU AIIEKTPOXUMUYECKOM KOPPO3UHM — OTO TMEPexo] MeTaa u3
CBOOOIHOTO COCTOSTHHE B HOHHOE:



0 - n+
Me™ —ne & Me
Hanpumep, npu 31eKTPOXMMHUYECKON KOPPO3UHU KeJle3a MPOUCXOAUT CIACAYIONIUNA aHOIHbIN
mpolrecc:

Fe¥ — 2e &> Fe?™,

KarogHblii mponecc COCTOMT B BOCCTAHOBJICHMM OKHCIIHATENEH, T.€. B IPUCOCAUHEHUU
JIEKTPOHOB K MOJIEKYJIaM WJIX HOHAM U3 OKPYXKaloLIeH Cpeabl.

Wrak, DJIEKTPOXMMHYECKAsT KOpPPO3US  METAIOB — 3TO  pe3ylbTar  JACUCTBUSA
MHUKpPOT'aJIbBAHUUECKUX 3JEMEHTOB, 00pa3yloluxcs Ha MOBEPXHOCTH MeTauia. B psne ciydaes
o0pa3oBaHMe TAaKUX TaJbBaHOMAP OOYCIIOBJIEHO HAIMYHEM B METAJUIaX MpUMeECEl MM KOHTAKTOM
IBYX Pa3HOPOIHBIX METAJIJIOB.

Tak, npu pacTBOpeHUH B Pa30aBIEHHOM CEpHON KUCIOTE IIMHKA, COAEPI AILEro IpUMeECU
XKelle3a, MPOUCXOIAT CIEAYIOIUE IPOLECCHl: IUHK ¢ IPUMECBHIO JKelle3a, IOMEUIEHHbBIN B PaCTBOP
CEPHOU KHUCJIOTHI, MPEJCTaBISET COO0H TraIbBAHUYECKUN AIIEMEHT

(-)Zn|H,SO, |Fe(+).

AHOJIOM B 3TOM TallbBaHUYECKOM JJIEMECHTE SIBIISICTCS OoJiee aKTMBHBIM MeTall IuHK. Ha
AHOJIC MPOUCXOIUT CJICYIOIIHIA POIIECC:

0 - 2+
n- —2e &> Zn
DneKTpoHbl OT aHoja (IMHKA) HAMpaBiIAIOTCS K Kartoay (kenesy), Te MPOUCXOIUT
IPOIIECC BOCCTAHOBIIEHHSI TTOJIOKUTEIBHO 3apSHKEHHBIX HOHOB H™ M3 pacTBOpa CEPHOM KUCIIOTHI:

2H™ +2e <> H,.

OnbIT MOKA3bIBAET, YTO CKOPOCTH MpoIlecca PACTBOPEHUS LMHKA, MPH paboTe TaKoro
raJlbBAHUYECKOTO JJIEMEHTAa, ropa3fo Oosblle, YeM CKOPOCTb PEaKIUU HEMOCPEICTBEHHOIO
B3aUMOJICHCTBUS LIMHKA C KUCIOTOM.

Oco0blli UHTEpEC MPEACTABIISIET IEKTPOXUMUYECKAs KOPPO3Us B HEUTPAIBLHOU cpesie, TaK
KaK 3TOT ciydaid HamOojee OIM30K K aTMOC(HEpPHONH KOPPO3UHU. DJIEKTPOIUTOM B TAaKOM Cllydae
SIBJIICTCS BOJA C pacTBOPEHHBIMU B Hel razamu (COz, O, 3adactyio — SO2, HUTPO3HBIMHU Ta3aMH
NxOy u ap. ).

PactBOpE&HHBIN B BOJIE KUCTIOPO/, a TaKKe KUCJIOPO] BO3yXa MOTYT MPUHUMATh Yy4acTHE B
KaTOJHOM IpoLecce, IPH 3TOM IPOUCXOAUT BOCCTAHOBIIEHHUE KUCIIOPO/Ia COTJIAaCHO YPaBHEHUIO:

Oy +2H,0 +4e <> 40H ~

PacTBopeHue B Boj€ YIJIIEKUCIIOrO Tra3a MPUBOAMT K OOpPa30OBAaHUIO YIOJBHON KHCIOTHI,
KOTOpas IPH AUCCOLUALUH AaET HEOOIBINOE KOJIUYECTBO HOHOB H™:

CO, + H,0 <> H,CO, <22 , H,0* + HCO; «22,

+ —
«H2° 1 0% +CcoZ.
HpI/I 9TOM Ha KaTOJAC MOXKCET ITPOUCXOAUTH BOCCTAHOBJICHUC KAaTHUOHOB H+:

2H" +2e &> H 2.

YacTo KaTOOHBIA TPOIECC SBISIETCS CMEIIAHHBIM, T.€. Ha Karojae UIAET MpOIEeCce
BOCCTAHOBIICHUSI KHCJIOPOJa W TIPOIECC BOCCTaHOBJE€HHMs HOHOB HY, mpuuém mociemHuii, Kak
MPaBWJIO, UMEET MOAYMHEHHOE 3HAUEHHUE.

BemectBa, ycwiMBaIoulyr0  KOppO3UIO,  Ha3bIBAlOTC  akmueamopamu.  CHUIBHO
JICWCTBYIOIIMM aKTUBATOPOM SIBJISIETCS MOH XJiopa. [ToaToMy mporeccsl KOppo3ur B MOPCKOM BOJIE
UIYyT ropas3ao UHTEHCUBHEH, YEM B IIPECHOM.

BemectBa, 3ameisronye nporece pa3pymeHusi METaJIJIOB, HA3bIBAIOTCS UHSUOUMOPAMU.



JUis 3aliuThl METAUIOB OT KOPPO3MM YaCTO HCHOJB3YIOT pa3iMyHble MOKPBITUSA, B TOM
qrcie MeTaJuIndeckue. B aToM ciydyae MeTauionoKphITHE TOHKHO OBITh YCTOWYHBBIM K KOPPO3HUH.

Hapymienne 1eIOCTHOCTH METAUIMYECKOIO TOKPBITUS MOXET HpPUBECTH JHO0 K
COXpPaHEHHIO OCHOBHOTO METaJUIa, JI0O K YCUJICHHON KOPPO3UHU. DTO 3aBHCUT OT CPAaBHUTEIHHOU
aKTUBHOCTH 3alUILAEMOI0 M 3alUTHOTO MeTallla.

Mertamndyeckoe MOKPBITHE W3 0o0jiee aKTUBHOTO METaula, MPU HAPYIICHUH IETIOCTHOCTH
€ro cJ10s, BBICTYIIAEeT B POJIM aHOZAA B 00Pa30BaBLIEMCs TalbBAHUYECKOM JIEMEHTE.

OcHOBHOII MeTayul B mporecce padoThl TAaKOTO TalbBAHUYECKOTO 3JIeMEHTa He OyneT
paspymatbces. [TokpeiTue U3 Hanbosee akTUBHOI'O METasl1a Ha3bIBA€TCS AaHOTHBIM.

Korza nokpsITHE clIelaHO U3 MEHEE aKTUBHOI'O METajlIa, TO HapyILIEHUE LEJI0CTHOCTH 3TOTO
HOKPBITUSA NPUBEAET K OOpa30BaHUIO TaJIbBAaHUYECKOIO 3JIEMEHTA, aHOJOM B KOTOpOM Oyzer
SBJIATBCA 3allMIIAEMbI METaul, a KaToJOM — HOKpbITHE. Takue IOKpPBITHS HAa3bIBAIOTCA
KaTOJIHBIMU. B 3TOM cilyuae 0OCHOBHOM MeTau1 OyJeT pa3pylaThes.

KaronHoe mnokpeiTuEe sSIBISETCS MEHEE BBITOAHBIM, TaK KaK IpU HApPYyLIEHUH €ro
LIEJIOCTHOCTH OCHOBHOM MeTaJll pa3pylaeTcs.

B ciayyae aHOAHOrO MOKPBITUS OCHOBHOM MeETallll IpPU HOBPEXKACHUM IOKPBITUS HE
paspyiaercs. B 3Tom ero npenmyuiecTso.

Bonpocsl n 3axanns

[Tpumep 1 CranaapTHbIE 3IEKTPOAHBIE TOTEHIMANBI )i LIMHKA U cBUHLIA paBHbI — 0,76 B u
— 0,13 B coOTBETCTBEHHO. Y Kakoro H3 3JIEKTPOJOB, LIMHKOBOTO WM y CBHUHIIOBOIO, BBIIIE
TUIOTHOCTH JBOWHOTO AJIEKTPHUECKOTO CIIOS, €CII 00a 3JIEKTPOJIa IOMECTUTH B BOAY?

Pemenue

Y LIMHKOBOTO 3J1€KTPOJa BEJIMYMHA CTaHIAPTHOIO 3JEKTPOJHOrO MOTEHIMalIa MEHbLIE, YeEM
y CBHMHIIOBOTO, YTO CBSI3aHHO C OojblIell CHOCOOHOCTBIO MOHOB IIMHKAa THAPATHPOBATHCS
MOJIEKYJIaMH BOJIbI U NIEPEXOJIUTh U3 TBEP/IOM MOBEPXHOCTH B pacTBOp. B nrore, y niuHka co3maercs
B TPURJIEKTPOAHOM cjoe OoJjiee MOLIHBIA JIBOMHOHN 3J1EKTpUYECKUH CJIOH, YeM y MOBEPXHOCTHU
CBUHIIOBOTO JIEKTPO/A.

[Tpumep 2 XKene3Has U HUKEJEBas IUIACTUHKH, ITIOTPY’KEHHBIE B paCTBOP COJISHOM KUCIIOTHI
¢ xonnenTpanueir C(HCI) = 1 mMomb/aM®, pacTBOpsIOTCS ¢ BBIIENEHHEM Bojgoposa. Kakoii mporecc
HA4YMHAETCS, €CJIU IUIACTUHKU COEIUHUTD POBOJIHUKOM?

Pemrenne
2.1 I[O COCAUHCHUS IMMPOBOAHUKOM H KCJIC30, U HUKCIIb OKHUCJIAIINCh HOHAMU H+:
a) 1|Fe® — 2e” & Fe?*; ¢ (Fe**/Fe®) = — 0,44 B;
1|2H* + 2e” — Hy? 9°(2H*/H,) = 0,00 B;
DNIC1 = ¢°(2H*H,) — ¢°(Fe?*/Fe®) = 0,00 — (— 0,44) = 0,44 B;
6) 1|Ni° — 2e” > Ni**; o°(Ni%*/Ni®) = — 0,25 B;
1|2H* + 26 < H>1 ¢°(2H*/H2) = 0,00 B;

DNIC; = °(2H*H2) — ¢°(Ni?*/Ni® = 0,00 — (- 0,25) = 0,25 B.

Tak xaxk 3/]C1 > 3/[C2, TO Ha XeNe3HOH TUTACTUHKE BBIJICIICHHE BOJIOpoJa Oynaer Oolee
MHTEHCUBHBIM, YEM HA HUKEJIEBOM.

2.2 Tlocne coeauHeHMs IUIACTUHOK — oOpa3yercs rajibBaHUYECKHM AJIEMEHT, B KOTOPOM
OyayT MpOTeKaTh PeaKIHU:

anom: 1|Fe’—2e” « Fe?*; ¢ (Fe**/Fe®) = - 0,44 B;

katom: 1|/(Ni%) 2H* + 2e™ > Ho1.

[ToTOK 3JEKTPOHOB C JKENE3HOW IMIACTHHKHU (aHOAa) OyJeT MepexoauTh Ha HHUKEJIEBYIO
(xarony) 1o npoBoAHUKY. [I0BEpXHOCTh HUKENEBON TUIACTUHKH, HAXO/Ch B KOHTAKTE C paCTBOPOM
coxepkamum H', mepeaaer IeKTPOHBI 9THM KaTHOHAM, 9TO TPUBOIMUT K 00Pa30BAHUIO MOJIEKYIT
BOAOpPOJA.

[Tpumep 3 Tok cuioii 10 A IpOXOAUT Yepe3 IECKTPOIU3EP C IIIATUHOBBIMU AJIEKTPOJAMHU, B
xoTopoM HaxoxuTcs 500 cM® pacTBOpa rMAPOKCHIA HATPHUs ¢ MaccoBoii goneit w(NaOH) = 4,5 %



(p = 1,05 2/cy®). HanmummTe MONHYIO CXeMy 3JIeKTpoim3a BogHoro pactBopa NaOH. Cxombko
94acoB MOTPEOyeTCS BECTH JIEKTPOIIHN3, YTOOBI MaccoBas 10ist pactBopa NaOH mocturna 10 %?
Pemenue
3.1 BpiuuciuM Maccy BOJbl B HCXOJJHOM PacTBOPE:

V
my (H,0) = % (100 - y) =

~1,05-500
100
3.2 Haitnem Maccy KOHEYHOTO pacTBOpa:
_ a)lplvl _ 4,5-1,05-500

pPaz =, 10

- (100 - 4,5) =501,375 x>,

m

=236,25r.

3.3 Onpenenum mMaccy BOJbI, MOABEPTIICUCS IEKTPOITUY:
Am(H 20) = mp-pal - mp-pa2 =pV1 - mp-paZ =
=1,05-500 — 236,25 =288,75r.
3.4 Bpewms mpoliecca 3J€KTpoin3a COCTaBUT:
. Am(H,0) F _ 288,75 _ 96500

1 | 1
M(=H-O 18. =
(2 20) 5

=309604,2¢c =86,0u.

3.5 Peakiuu, mpoTeKaronme Ha 3JIEKTPOIaX:
K :12H,0+2e <> HS + 20H™
A:40H™ —4e <> 2H,0+0,.

[Tpumep 4 DnexTponn3€p COAEpKUT pacTBOP HUTpaTa CBUHIA (+2), aHOA — CBUHIIOBBIM.
[IponomxurensHoCcTh 3nekTponu3a 2 4 40 mun 50 c, cuna Toka 54. Beluncnure TeopeTHUECKyIo
yOBUIE B Macce CBHMHIIOBOTO aHojia. Hamummure ypaBHEHUS peakUuil, MPOUCXOIIIIMX Ha
ANIEKTPOAX.

Pemenue
4.1 BapuaHT ¢ pacTBOPHMBIM aHOJOM. Merammndecknii cuen — anon (¢°(Pb?*/Pb%) = —

- +
0,126 B) serue oTmaeT SIEKTPOHBI, YEM MOJIEKYJIbI BOJIBI (2H 20 —4de o 02 +4H ,

O
@ —i123m)

YpaBHEHUS peaklHil, IPOUCXOIAIINX HA AJIEKTPOJAX:
K : Pb*" + 2e <> Pb°
4:P% —2e &> P2t

4.2 TCOpCTI/IquKaﬂ y6BIJ'IB MacCChl CBMHIIa COCTABUT:

Am(Pb) = IFT M (% Pb) = 59650 57 1_ 51,75r.

96500 2
[pumep 5 Paccunraiite Bemmunnst DJIC u AG,, 1715t IpolieccoB KOPpO3KH, MPOTEKAIOIINX
110 YPaBHEHHSIM:

Me(x) +H20)+02¢) —Me(OH)ngw),
rne Me — Fe, Ag. Kakoil U3 npuBeneHHBIX METAUIOB OYyJeT MOJBEpraThCsi KOPPO3UH BO
BJIAXKHOM BO31yXe?
OTtser

4.1 YcnoBus npoTeKaHus IPAMOi peakiuy Ipy cTaHAapTHRIX yeaosusax: IJC = A%, >0
wm AGY, <0.



4.2 3anumeM ypaBHEHHs YTHX Mporieccos U Berancaum 1 Hux DJIC u AGY,
a) 1| Fe®-2e  Fe**; p°(Fe**/Fe®) = - 0,44 B;
anoo
1| 2H20 +0; + 4 < 40H"; ¢°(2H20 +02/ 40OH") = +0,40 B;
Kamoo
DNCL =A¢’% 1 = pk— @a =+ 0,4 — (-0,44) = +0,84 B;
AGY = -nAQ%,F =—2:0,84:96,5 = — 162,12 x/Joic/monw
Fe(x) +H200+02¢) —Fe(OH)2¢.
Bb1600: caMOIIpOM3BOJIbHAS KOPPO3HS JKeJie3a BO BJIAXKHOM BO3IyXe IPH CTaHIApTHBIX
YCIIOBUSX BO3MOXKHA.
6) Tak kax ¢°(Ag*/AQ®) = + 0,80 B > ¢°(2H20 +02/ 4OH") = +0,40 B, T0 cepebpo 6yner
ABJIATBCA aHOAOM, TOr'1a
IC2 = Ap%p2 = ok — pa = + 0,40 — 0,80 = — 0,40 B,
AG% 2= -NAg°%,F =—2:(~0,40)-96,5 = + 77,20 xloic/mons
Ag(x) +1/2H20 () +1/402) — xAg(OH) 2.
Bw1600: Tak kak /[C2 = Ap’, < 0,aAG’%,> >0, To caMOnpOM3BOIBLHAS KOPPO3HUS
cepedpa BO BIIXKHOM BO3JIyXe IPHU CTAHJAAPTHBIX YCIOBUSAX HEBO3MOXHA.

ba30BbIi1 ypoBEeHb

1 B ranbBaHUYeCKOM 3J€MEHTE POXOIUT PEAKIIUSA:

Pb? + Cu®* = Pb?* +Cu°.
CocraBuTh CXeMy 3J1€MEHTA, BEIUUCIUTh cTaHAapTHYIO DJIC 1 KOHCTaHTy paBHOBECHS.
2 DJ1C ranbBaHUYECKOTO 3JIEMEHTa, B KOTOPOM MPOTEKAET PEAKIIHSI

2Ag* + Zn® = Zn?* + 2Ag°

pasHa 1,56 B (298 K). PaccunTaiite AG 1 KOHCTaHTY paBHOBECHS 3TOM PEAKIIHU.

3 CranapTHbIE JIEKTPOHBIE OTEHIMAIBI JUIA JKene3a U kaaMus paBHsl — 0,44 B u — 0,40
B cooTBeTcTBEHHO. Y KaKoro u3 3JIEKTPOJAOB, JKEJIE3HOTO WM KaJMHEBOBOIO, BBILIE IIOTHOCTh
JIBOWHOTO 3JIEKTPUUYECKOTO CIIOS, €CJIM 00a 3JIEeKTpoja IOMECTUTH B BOAY?

4 CraHnapTHbBIN 3JIEKTPOJHBINA TOTEHIIMAN cepedpa paBeH

Ag* +e — Ag® o°=0,8B.

KakoB Oyzner moteHuman 1 Kr MeTayuiMuecKkoro cepedpa, OMyIIEHHOIO B pacTBOpP HUTpaTa
cepedpa ¢ C(AgNO3) = 1 moms/am>?

5 N3obpasute cxemy pabOTHI TaIlbBAHMYECKOTO JIEMEHTA, COCTaBICHHOTO M3 HUKEJIEBOU U
cepeOpsiHOM IMJIACTUH, ONMYIIEHHBIX B PACTBOPHl MX HUTPATOB. YKaXXKHUTE KAaTOX M aHOA B ITOM
rajJlbBaHU4YeCcKoM 3jemMeHTe. Kakas xumuueckasi peakius JeKUT B OCHOBE 3TOT0 rajlbBaHUYECKOIO
anemeHTa? Beruucnute naMeHeHnH noreHnuana ['mé6ca m KOHCTaHTY paBHOBECHSI 3TON PEaKIIMH.

6 CocraBbTe CXE€MY raJIbBAHUYECKOTO AJIEMEHTA, OJHUM U3 DJIEKTPOIOB KOTOPOTO SIBISETCS
KaJMHeBas IUIACTUHA, MOTPY)KEHHasl B pacTBOp cyib(dara KaaMus, a IpyruM — MeJIHas IJIacTHHa,
OIyIIEHHAs B pacTBOp Ccyjb(aTa Meu.

Hanummure »51eKTpOHHBIE ypaBHEHHUs IPOLIECCOB, INPOMCXOIALIMX Ha JJIEKTPOJax IpH
pabote 3nemeHTa. YkaxuTe kaTtoJ 1 anoA. CocTaBbTe CXEMY JIEMEHTA.

7 Yemy paBHa D/1C u AG ranpbBaHUYECKOTO DJIEMEHTa

(—)Zn[ZnSO4|NiSO4|Ni(+).

€CJIM KOHIIEHTPAIIUs HOHOB Zn%* u Ni?* paBHHI (B MOHL/;[M3): 1) 1,00; 2) 0,1; 3) 0,001?
8 Berunciute D/1C raapBaHUYIECKOTO JIEMEHTA

(—)Fe|FeCl,|SnCl,[Sn(+)

ecin C(Fe?*) = 0,1 monv/om®, a C(SN**) = 0,01 monv/om®.
g COCTaBI)Te CXCMBbI JABYX TaJJbBaHUYCCKUX DJJIEMCHTOB, B OJHOM U3 KOTOpI)IX CBUHCI]
ABJIICTCA KaTOAOM, a B prrOM — AHOAOM. COCTaBBTe BHGKTpOHHHe ypaBHeHI/ISI HpOL[eCCOB,



MPOUCXOJSANIMX Ha AJEKTPOJax ITHUX SJIEMEHTOB. BbhruvciauTe i Kaxaol peakuuu KOHCTaHTY
CKOpOCTH.

10 OkucnaUTEeNbHO-BOCCTAHOBUTEIbHAS PpEAKIUsA, IMPOTEKAKIIas B TrajlbBaHMUYECKOM
DJIEMEHTE, OIMCHIBACTCS CXEMOM

(-)Pt| Fe?*, Fe**|MnO;, Mn2*  H* | Pt(+).

VYkaszath kaToJ U aHoA. Kakyio posib UrparoT IIaTUHOBBIE 3JeKTpoabl? Hanummre nonnoe
ypaBHEHHE 3Tol peakiuu. Borarcnute ns He€ AG u cTaHIapTHYIO KOHCTaHTY CKOPOCTH.

11 DnexTpoaHBIA NMOTEHIMAI MAapraHIIEBOTO 3JIEKTPOja, IMOMELIEHHOTO B PAcTBOp COJIU
Maprasia (+2), cocrapisieT — 1,1 B. BeruncianTs KOHIIEHTpaIlMIO HOHOB MapraHiia B pacTBOPE.

12 B03MOXXHO JIM PacTBOPEHHE HUKENIS M BBIICICHUE XPOMa MPU MOTPYKEHUU HUKEIIEBOU
IJTACTUHKH B pacTBOP coju xpoma (+3)?

Bo3moxHO 11 pacTBOpeHnEe XpoMa U BbIAECIEHUE METAJUIMYECKOTO HUKES IPU IOTPYKEHUU
XPOMOBOIi IIACTUHKHU B pacTBOp comu NiZ*?

OTBET MOTUBUPYWUTE.

13 T'anpbBaHMYECKHI DJIEMEHT COCTOUT W3 CTAHJAPTHOTO BOAOPOJHOTO 3JEKTpoaa U
BOJIOPOJAHOTO 3JIEKTPOa, MOMEIIEHHOTO B pacTBOp ykcycHou kuciotel ¢ C(CH3COOH) = 0,01
monv/om®. DJIC snementa cocrasnser 0,200B. Berunciute pH pacTBOpa, KOHCTAaHTY M CTEIEHb
poToau3a (AUCconMalm) ykcycHou kucinotsl. Oteet: pH = 3,39;

K.~ 1,710 a~4,08107 (4,08 %).

14 T'anpbBaHMYECKHUI 3JIEMEHT COCTOUT W3 CTAHJAPTHOIO BOJOPOJHOTO 3JEKTpoja |
BOJIOPOIHOTO 3IEKTPOJIa, TTOMEIEHHOro B pacTBop xinopuna ammorus C(NH4Cl) = 0,01 monv/om®.
O/1C snementa coctasisier 0,366 B. Berunciaure pH pactBopa, KOHCTaHTY U CTENEHb MPOTOJIM3a
(rumpommsa) NH4Cl. Otget: pH = 6,20; Ky = 5,56-107%%; o4p = 6,26-107° (6,26-107% %).

15 [pu xakux xoHUEHTpauusx xjgopuna nuHka (+2) DC KOHIEHTPAMOHHOTO 3JIEeMEHTa
pasia 0,1 B? Hanumurte ypaBHEHUS OJJEKTPOAHBIX pEAKUUNA. YKaXUTe OKHUCIUTENb H
BOCCTAHOBUTEb.

16 VYkaxuTe MPOAYKTHI 3JIEKTposin3a BOAHBIX pacTBopoB: H2SOs, NaxSOs4, HCI, NaCl,
CaCly, CoSOa.

17 AmoMuHUI B POMBIIICHHOCTH MOJIYYalOT 3JIeKTpoiu3oM paciuiaBa cmecu Al,Osz(= 12
% 1o macce) u Naz[AlFe¢] (= 88 % mo macce). Daekrponasl — rpadurosbie. [IpuBeanTe MOTHYIO
cxemy IeKTposin3a. i yero npuMeHstoT KoMiuiekcHyro coib Nas[AlFe]?

18 TIpoMmblIiIeHHOE TPOU3BOACTBO HATPHS BEAYT AIIEKTpou3oM pacruiaBieHHoro NaCl u
NaOH. HanummTe ypaBHEHHs peakiyid, IPOUCXOSIINX Ha SJIEKTPOIaX.

19 Kakwue mporecchl MPOUCXOASIT HA SJEKTPOAAaX IMPH DIIEKTPOIU3E pacTBOpa XJIOpHIa
Hukens (+2), ecnu 00a 251eKTpoa — HuKeneBble? Kak u3aMeHUTCS Macca aHo/a MOCie MPOMYCKaHUs
ToKa cuioit 3,2 A B reueHue 30 mun? OtBert: 1,76 2.

20 CocraBbTe ypaBHEHUS] CAMOTIPOM3BOIBHO MPOTEKAIOIINX PEAKIHI MPH KOPPO3UH B BOJIE,
HaXOJSIIMXCS B KOHTAKTE MJIACTHH: a) IMHKA U 0J10Ba; 0)kene3a v UHKa. [ 1e CKOpOCTh MpoIieccoB
Kopposuu Beime? OTBeT 00ocHyiiTe pacyeramu crangapTHbX D/1C u AG.

21 Ha30BUTE HECKOJIHKO METAJUIOB, KOTOPBIE MOTYT CIYKUTh AHOJIHBIM W KAaTOIHBIM
MOKpbITUEM Ui kene3a. (CocTaBbTe JIIEKTPOHHBIE YPAaBHEHUS AJIEKTPOJHBIX IPOLECCOB,
MPOUCXOJSIINX TPH DIEKTPOXUMHUYECKONH KOppo3uu: 1) XpOMHUPOBAHHOTO; 2) HHUKEIMPOBAHHOTO
JKelle3a BO BJIAXKHOM BO3/lyXe U B Kucioi cpeae. CpaBHUTE CKOPOCTH MPOLECCOB KOPPO3UU B ITHX
ClIydasx.

22 Yto takoe pkaBunHa? Hammmmre e€ mpumepHyto dopmyny. Ecim rBo3ap BOUTH BO
BIIQXKHOE JIEPEBO, TO P>KAaBUYMHON MOKPHIBAETCS Ta €r0 4acTh, KOTOpas HAaXOAUTCS BHYTPU JEpeBa.
Uem 310 MOXHO 00BsICHUTH? Hamuimute ypaBHEHHS aHOIHOTO U KaTOJHOTO mporieccoB. [IpuBeaure
ypaBHEHHUs 00pa30BaHUs BTOPUYHBIX MTPOYKTOB Pa3pyIICHUS Kee3a.

23 Xenesnple OOYKM TPUMEHSIOT I TPAHCHOPTUPOBKH KOHIICHTPUPOBAHHOW CEpHOMU
kucnoThl. OJIHAKO TOCTe OCBOOOXKICHUS OT KUCIOTHI OOYKU YPE3BBIYAITHO OBICTPO Pa3pyIIAIOTCS.



[Touemy? UYto sBiIgeTCs aHOAOM, 4YTO — Karogom? Hamummre COOTBETCTBYIOLIME YpaBHEHUS
peakuuii. CocraBbTe cXxeMy 00pa3yroIerocs Mpu 3TOM rajlbBaHUUECKOI0 JIEMEHTA.

[ToBbIllIEHHBIN YPOBEHD
1 IIpu KaKoii KOHIEHTpauy HoHOB CU?* 3IeKTPO/IHBII HOTEHINAN MEIH PABEH HYITIO?

2 TanpBaHWueckas 1emnb, coOpaHHas M3 JBYX HHWHKOBBIX 3JEKTPOAOB, OJAHH M3 KOTOPBIX
TIOrpy’XeH B pacTBop coir muuKa ¢ C1(Zn?*) = 0,1 mons/mm3, a mpyroii — B pactBop ¢ C2(Zn?*) =
0,01 mons/mm3. CocTaBbTe cXeMy KOHIIEHTPAIMOHHOTO dIeMeHTa 1 paccuutaiite ero JJIC.

3 Paccuuraiite DJIC KOHIIEHTPAIIMOHHOTO JJIEMEHTa, COCTOSIIEr0 W3 CTaHJAApTHOTO
BOJIOPOAHOTO 3JIEKTPOAA U BOJOPOIHOTO JIEKTPOa, HAXOSAIIETOCs B YUCTOM BOJIE.

4 TloTeHuMan METAJUIMYECKOrO0 MapraHiia Mo OTHOUIEHHIO K CTaHJApTHOMY BOJIOPOJHOMY
anekTpony B pactBopax MnCl; ¢ kornenTpauusamu (B Mons/ave) 0,001; 0,01 u 0,1 coOTBETCTBEHHO
cocraBun (B B): — 1,277; — 1,248 u —1,219. Beruucnure cTaHIapTHBIA 3JIEKTPOAHBIA MOTCHIHAI
Maprasra.

5 Paccuuraiite DJIC KOHIEHTPALMOHHOTO 3JEMEHTa, COCTOSIIEr0 W3 ABYX BOIOPOTHBIX
3JIEKTPOJIOB, IOTPYKEHHBIX B pacTBopbl ¢ pH 2 u 4. CocTaBbTe CXeMyY ATOTO JIEMEHTA. Y KaXKHUTE
KaToJ U aHO[I.

6 BeluvciuTh MOTEHIMAT CBHHIIOBOTO 3JCKTPOJa B HAChIleHHOM pactBope PbBr2, eciu
xornenTpauus C(Br-) = I monw/om®, a npoussenenue pactopumoctu I7P(PbBr2) = 9,1-107°.

7 Onpenenure, MOXKHO JIA IMOJTYYHTH Ta3000pa3HbI GTOP AJIEKTPOIIM30M BOJHOTO PacTBOpPA
dbTopuaa HaTpHs, €CIH:

2H,0—4e<> 0y +4H" @° _ 11238

°
Fo+ 20 o 2F, @ =+2387B;
o
2H*(6 Ho0) + 26~ <> Ho, P =-0,41 B.

OO6cyanTe aHaIOTMYHBIN BOIIPOC C YYaCTUEM JAPYTUX T'aJOTEHOB.

8 3aueM K pacTBOpY COJISIHON KHUCIIOTHI, MPU TOTYyYEHUH BOJIOPOIa JEHCTBIEM €€ Ha IIUHK, B
KHUCJIOTY JA00aBISIOT HEMHOTO MEIHOTO Kyropoca? [laiiTe 0ObsICHEHUs C TIPUBEJCHUEM pPEaKIui,
MPOUCXOSIINX TPU 3ToM TporeccoB. Moxuo nu BMecto CuSOs B3sith apyrue comm: AgGNOs,
NiSO4, FeS04?

9 Kak Bnusietr pH cpensl Ha cKOpocTh aTMOC(EpHOI Koppo3uu xene3a u 1uHKa? [louemy?
CocrtaBbTe ypaBHEHUS aHOJHOTO U KaTOJHOTO MPOIECCOB aTMOC(HEPHON KOPPO3UH ITHX METAIIOB.
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