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BBenenue

JucuuiuinHa «Xumus»» OTHOCUTCS K JUCUMILIMHE 0a30Boi yacTu. OHa HampaBiieHa Ha
(dopMHpOBaHUE KOMITETCHIIMH OOYYaOUIMXCS B MPOIECCE BBITOIHEHUS PadOT, ONMPEIEICHHBIX
dI'OC BO.

Meroanueckre yKa3aHHsl COCTaBIICHBI HA COBPEMEHHOM HAayYHOM YPOBHE M PAaCCUHTAHBI
Ha CTYAEHTOB, 0 HanpasieHuto 13.03.02 DnexTposHepreTuka U 3MeKTPOTEXHUKA.

[TocnenoBarenbHOCT J1TA0OPATOPHBIX PAaOOT COOTBETCTBYET JIOTHUECKOH CTPYKType ee
npoxoxaeHus. llpeanmaraemple MeTOIWYECKHE YKa3aHUSA COJEpKAT MaTephal, KOTOPBIA
PEKOMEHYeTCsl HCIIOIb30BaTh CTYACHTaM IIPH OCYILECTBICHUH 1a00paTOpHBIX PadoT.



Tema 1. OcHOBHBIEC MOHATHS M 3AKOHbI XUMHH.

.JIaﬁopaTopHaﬂ paGOTa 1. OcHOBHBIE KJIaCChI HEOPraHNvIeCKUX BEIIECTB

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

Teopernyeckasi 4acThb
Oxcuabl

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

Taxoe onpeneneHue OKCHUAOB MO IEMEHTAPHOMY COCTaBY HE SIBJISIETCS] 3aKOHUYEHHBIM M TpeOyeT
YTOYHEHHS: K OKCHJAM CIIeJIyeT OTHECTH TOJIbKO TAaKUe KHCIOPOJIHBIC COCIUHEHUS, B KOTOPBIX CTEIEHb
OKHUCJICHHUS KUCIIOpO/a paBHa — 2.

OKCI/I,HLI MOTyT 06pa3OBI>IBaTL KaK MCTaJIJIbl, TaK 1 HEMECTAJIJIbI.

J1s TOro 9TOOBI COCTAaBUTHh XUMUYECKYIO0 (hOpMYITy JIFOOOTO OKCHIa, HEOOXOUMO TIOMHHUTB, YTO
MOJICKYJIbl XUMHUYECKUX COCAMHEHHM 3IEKTPOHEUTPATBbHBI. DTO O3HA4YaeT, 4YTO CyMMa CTEleHeH
OKHCJICHUS 2JICMCHTOB, BXOIAIIUX B COCTaB MOJICKYIJIbI, JOJDKHA 6I)ITI) paBHA HYJIIO.

Hamnpumep:

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

Crenyet 3HaTh, YTO OOJBIIMHCTBO SJIEMEHTOB B 3aBUCHMOCTH OT YHCIIa BO3MOXKHBIX CTETICHEH
OKHCIICHHsI MOTYT OOpa3oBBIBaTh HECKOJBKO OKCHIOB. Hampumep, a30T oOpa3yeT MsITh OKCHIIOB, T.K.
HUMEET IATh TNOJOXKHUTEIBHBIX cTeneHel okucienus (+1, +2, +3, +4, +5): N2O, NO, N2Os, NO, N2Os.

Homenknarypa u rpaduyeckue Gopmynbl okcunoB. Ha3BaHue OKcHaa CKIAJbIBACTCS U3 JIBYX
cnoB: 1) okcum;, 2) pycckoe Ha3BaHUE 3JIEMEHTa C YKa3aHHEM B KPYIJBIX CKOOKax €ro CTeleHU
OKHCIICHHSI.

IMpumedanue. Ecnu smeMeHT UMeeT B CBOMX COCIMHEHHSIX TOJBKO OJHY CTEIICHb OKUCIICHHS, TO
e€ 0OBIYHO HE MPHUBOJIAT:

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

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

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

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

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

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

2. Ha3BaHus OKCHJOB MO MEXAYHApPOJIHOH HOMEHKJIATYPE CKIAIbIBACTCS W3 CJIOBA OKCHI,
Ha3BaHMS DJIEMEHTA C YKa3aHUEM €ro CTENCHU OKUCIICHUs (apaObCKUMU U PaMu B KPYTIIBIX CKOOKaX):

CuO — okcun meau (+2);

Cu20 — okcun meam (+1);

FeO — okcup xenesa (+2);

Fe,Os — okcup xenesa (+3).

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

K neconeobpasyromum otaocsarcs okeuabl: N2O, NO, CO.

Bce ocranpHBIe OTHOCATCS K coneoOpasyromuM. ConeoOpasyromiiue OKCHUABI, B CBOIO OYepelb,
MOJKHO Pa3feNuTh Ha TPU TPYIIITHL:

—  OCHOBHBIE;

—  KHCJIOTHBIE;

—  aMm{QOIUTHEIE.

OcHoBHBIE OKCcHIBL. K OCHOBHBIM OKCHIIAM OTHOCSITCSI OKCHIIBI, TUAPATHI KOTOPBIX SIBIISIOTCS
OCHOBaHUSIMH.

Hanpuwmep:

Na;O — NaOH;

Ca0 — Ca(OH)y;

FeO — Fe(OH)..

4. Oxcunbl cambix akTUBHBIX MeTawioB (K, Na, Ca u ap.) coeauHSIOTCS HEOCPEICTBEHHO C
BOJIOH, 00pa3ysl paCTBOPUMBIE B BOJIE CHIIbHBIE OCHOBAHHUS — IIETOYH:

Na2O + H,O = 2NaOH;

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

5. bBonpmmHCTBO 0cHOBHBEIX OKcHaOB (CuO, FeO, Fe O3 u np.) ioxo pacTBOpSIOTCS B BOJIE.
[To3aTOMy COOTBETCTBYIOIIME UM OCHOBaHMs (OHH TaKXKe HEPACTBOPHUMEI B BOJIE) MOITYyYAIOTCSI KOCBEHHBIM
IIyTEM.

6. XapakTepHbIM CBOWCTBOM OCHOBHBEIX OKCHJIOB SIBIIIETCSI B3aMMOJEUCTBUE WX C KUCIOTAMHU
WM KUCJIOTHBIMHU OKCHJIAMH C 00pa30BaHUEM COJICH:

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

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

7. OcHOBHBIE OKCHBI 00Pa3yIOTCs TOJBKO METaIAMH.

Kucnorneie okcuapl. K KHCIOTHBIM OKCHAAM OTHOCSTCS OKCHABI, KOTOPBIM COOTBETCTBYIOT
KHCJIOTHI:

CO; > HzCOs;

SO3 —> HzSO4;

P205 —> H3PO4.

8. KucnoTHbIe OKCHIBI 00pa3yoT:

a) okcuapl HemetawioB — N2Os, N2Os, SOz, SOs, P03, P2Os u ap.;

0) OKCHABI HEKOTOPBIX METAJUIOB MOOOYHBIX MOATPYII, UMEIOMIKMX BBICHIYIO (PaBHYIO HOMEPY
TPYIIIbl) Wik OJM3KYIO K Hel cTerneHb okucienus — CrOs, V20s, Mn;O7, MnOs, MoOs u T.1.

9. KucnotHble OKCHJIBI B3aUMOJICHCTBYIOT C OCHOBAaHHSMH M OCHOBHBIMH OKcHUAaMHu. UM
COOTBETCTBYIOT THAPOKCHBI, IPOSIBISIONINE KUCIOTHBIE CBOMCTBA!

SO, + 2NaOH = Na SOz + H,0;



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

10. BoNBIIMHCTBO KUCIOTHBIX OKCHIOB PAacTBOPMMO B BOJAE U, pearupys ¢ Hel, oOpasyer
KUACHOTHIL. [109TOMY KMCIIOTHBIE OKCHABI HA3BIBAIOT TAK)KE aHTHAPUAAMHU KHCIIOT («aHTUAPUA» O3HAYaeT
«OE3BOTHEIN).

1) N.Os + H,O — (HzNzOe) — 2HNOs3;

2) SOs;+ HyO — H,SOy;

3) CrOs + H0 — HyCrOy;

4) Cl,07 + H,0 — (H2Cl208) — 2HCIOy;

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

11. Crenenu OKKCIIEHHUS SIIEMEHTOB B OKCHJIE U B KMCJIOTE OJIMHAKOBBIE, HAIpUMep, B Mn,"*O7 u
HMI’]7+O4.

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

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

13. AMdonuTHBIE OKCHIBI HEPACTBOPUMBI B BOJIC.

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

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

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

15. AMmdomuTHBIE OKCHABI TakXke 00pa3ylT COJMM TpPU B3aUMOJEHCTBHH C OCHOBAaHWSIMH M
OCHOBHBIMH OKCHJIAMHU:

CIIIaBJICHUC

Zn0O + Na,O ———— > Na2Zn0y;

CIITIaBJICHHUC

Zn0O + 2NaOH ————— > Na2Zn0; + H0;

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

16. Naz[Zn(OH).] — komIuiekcHas coiib. B coCTaB KOMITJIEKCHOM COJTH BXOJIAT:

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

2) ruapokcwibHble rpynnsl OH;

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

Uwucno THAPOKCUIIBHBIX TPyl (JIMTaHJ0B), KOTOPOE MOXKET yJepKHBaTh IEHTPAIbHBIN aToM —
KOMIUTIEKCOOOpa3oBaTenb (MeTaul aM(pOIUTHOTO OKCHAA), OMPENeNseTcs] KOOPANHAMOHHBIM YHCIIOM,
NPUCYIIMM JIaHHOMY METalTy.

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

18. Paccmortpum mpuMmep coctaBieHHs (GOpMysbl KOMIDIEKCHOM COJIM, TIONyYaromiencst H3
IMIPOKCH/IA [IMHKA M IEN0uM. KOMIUIEKCHBIH MOH CONEPKUT KOMIUIEKCOOOpasoBareib Zn?* u 4eThipe
noHa ruapokcuia. CyMMapHBI 3apsi/] KOMILTIEKCHOTO MOHA PaBeH —2, a COCTaB ero MOKHO M300pa3uTh
dopmymoit [Zn(OH)s]*. DTOT KOMIUIEKCHBIH MOH SIBJISETCS aHHOHOM. 3apsijl KOMILUIEKCHOTO aHMOHA
HEHTpanu3yeTcs KaTHOHOM, BXOJSIIIIMM B COCTaB IIENOYH (IPOTUBOMOHOM). Ecin 3T0 ofHO3apsiAHbINA HOH
(K* mwmm Na'), To cocraB KOMIUIEKCHOW COJHM MOXKHO 3alMcaTh (OPMYIaMHU: K2[Zn(OH)4],
Naz[Zn(OH)a].

19. Ha3BaHus KOMIUIEKCHBIX COJIel (AHUOHHOTO THIIA):

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

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

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

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

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

K[Cr(OH)4] — teTparnapokcoxpomar (+3) Kajmus.

Kucaorsi

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

Kucnorsl MOXHO paccMaTpuBaTh Kak MPOAYKT B3aUMOACUCTBHSI KHCIOTHBIX OKCHJIOB
(aHrHIPUIOB) C BOJOM:

SO3 + H,0 = H,SOy4;

CO, + H,O = H,COs.



Ilo KOJIMYECTBY MOHOB BOJ0OpOAa, CITOCOOHBIX 3aM€IaTbCAa Ha MCTallll, B MOJICKYJIEC KHCJIOTBI

MOIPa3AEISAIOTCS HA OJTHO-, JBYX-, TPEXOCHOBHBIE U T.J.:

HCI, HNO3, HF — onHOOCHOBHBIE KUCIIOTEL,

HSO., H2COs, H2S — 1ByXOCHOBHBIE KUCIIOTHI;

H3PO., H3AsO4 — TpEXOCHOBHBIC KHUCIIOTHI.

Ha3Banus kucnor:

HCI — xnopoBonopoaHas (cossiHas);

H2S — cepoBomopoaHast;

HF — ¢ ropoBomopomnas (TuraBukoBas);

HNOs — a3oTHas;

H>SO4 — cepHas;

H>COs — yronbHas;

H3PO4 — oprodochopnast.

Kucnotsl B3auMoAeCTBYIOT C:

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

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

N3zo0paxast rpaduuecKu KUCTIOTY, CIIEAyeT UCXOJUTh U3 TOTO, YTO OHA COCTOMT M3 IICHTPATBHOTO

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

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

H-0/ 0 O-H

Ecau MOJICKYJIa KHUCJIOThI COACPKUT JIBa HCHTPAJIBHLIX aTOMAa, TO IIPpHU HEYETHOM YHCJIC aTOMOB

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

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

OcHoBaHUs — CJIO)KHBIE BC€HOICCTBA, COCTOAINIMEC M3 KaTHMOHA METa1lia U I‘I/I)IPOKCI/IHBHOf/i T'pyIIIbL

I'pynnny OH™ HassiBaroT ruzipokcu. OTCI0[ja OCHOBAHUS HA3bIBAIOT:

LiOH — ruapokcua nutus;

Ca(OH), — ruapoKcHI KaabIvs;

Fe(OH), — runpokcuy xenesa (+2);

Fe(OH)s — ruapokcua xenesa (+3).

Uucno ruapokcwibHbIX Tpynn OH™ B Monekyine OCHOBaHWS, CIIOCOOHBIX OTIIEIUIATHCS TMPH

aucconuranuu, ornpeacsA€T €ro KMCJIOTHOCTE!:

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

OH



H-O- Fe -O-H

OcHOBaHHS B3aUMOJCHCTBYIOT:

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

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

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

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

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

CIUIaBJICHUC

Zn(OH); + 2NaOH ——— > NaxZnO; + 2H0;

Zn(OH), + 2NaOH — 222> Na,[Zn(OH)4];

Al(OH); + NaOH ————=—> NaAlIO; + 2 H,0;
pactBop

Al(OH); + NaOH —— > Na[AI(OH)4].

Kak ykazano Bblie, aM(pOIUTHBIE OKCHIBI U THIPOKCHIBI MOTYT pearupoBaTh HE TOJIBKO C
pacTBOpaMH IMIenouei, o0pa3ysi KOMIUIEKCHBIC COJIM, HO W C TBEPIBIMH OE3BOIHBIMH MIENIOYaMHU IMyTEM
crutaBienus, 0opaszyst NaAlO; — MeTaamoMHUHAT HATPHS.

[Ipu pactBOopennu B Bome Oe3BoaHBIX coneit NaxZnO; um NaAlO, oHM THUApaTHPYIOTCS,
HpeBpaIasch B KPHCTAJUIOTHPATHL:

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

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

KPHUCTAJUIOTHAPAT, TO THAPATHAS (JopMa pa3pyIaeTcs, a 3aTeM BOJA YIETYINBACTCS

Naz[Zn(OH);] ——> 2H,0 + Na;ZnO,.

Coau
Coan MOKHO paccMaTpuBaTh KaK MPOAYKTEI ITOJHOI'O0 WKW YaCTUYHOTO 3aMCIICHUSA aTOMOB
BOJIOPOJIa B MOJIEKYJIE KHCIOTHI HA aTOM MeTalia, THOO THAPOKCUIBHBIX TPYII B MOJIEKYJIE OCHOBAaHUS
Ha KUCJIOTHBIE OCTaTKH. PasnudaroT comu cpeiHne, KUCIbIe, OCHOBHBIC, IBOMHHBIC.
Conu pa3nuyarot:
a) cpeaane — NaxSO4 ,AlICIs , K3POy;
6) kucibie — NaHSO,4 , KH,PO,4 , KZHPOA;
B) ocroBHbIe — AIOHCI; , AI(OH).CI,;
r) nBoiinbie — KAI(SO4)s.
CpenHue coy MoTy4aroT:
a) TP B3aUMOJICHICTBHHA OCHOBHOTO OKCH/Ia C KUCIIOTHBIM OKCHJIOM:
Ca0 + CO2= CaCOg;
0) mpu B3aMMOAEWCTBUN OCHOBAHUSA C KUCIOTHBIM OKCHIOM:
Ca(OH)z + CO, = CaCO0Os3 + H0;
B) IIPH B3aUMOJICHCTBHHM OCHOBaHWS C KHCIIOTOU (€CIIHM BEIECTBA B3ATHI B 3KBUBAJICHTHBIX
KOJTMIECTBAX):
Ca(OH); + 2HNOs = Ca(NO); + 2H,0;
T') IpY B3aUMOCHCTBUN OCHOBHOT'O OKCHA C KUCIOTOM:
CuO + H2S04 = CuSO4 + H20;
) Tp1 OOMEHHOMN PeaKIK MEXKIY COJIBIO M KUCIIOTOM, WIIH BBITIA/IAET OCATIOK:
Na,COs + H,SO4 = Na,SO4 + CO; + H20;
BaCl, + H2SO4 = BaSO4! + 2HCI;
€) Tpu B3aWMOJCHCTBMM COJIM CO IIEJOYbI0, B pe3yJbTare uero ooOpasyercs
MaJIOpaCTBOPUMOE OCHOBAHHE HITH JIETKOJIETY4ee COeIMHEHHE:
CuSO4 + 2NaOH = Na SO, + Cu(OH)2;
NH,CI + NaOH = NaCl + NHsT + H0.
3AIIOMHMUTE, 4ro comu ¢ HepacTBopuMbiMu ocHOBaHmsIMH HE PEATUPYIOT!



) Tmpu OOMEHHOM B3aMMOJICHCTBUU IBYX COJICH, B pe3yJbTaTe KOTOPOTO oOpa3yeTcs
MaJIOpacTBOPUMAS COJIb:
AgNO; + NaCl = AgCN + NaNOs;
3) IpH B3aWMOAEHCTBHUHM METAIIOB C HEMETAUIAMH, B Pe3yJIbTaTe KOTOPOro 00pa3yloTCs
coJi OECKHUCIOPOTHBIX KHCIIOT:
2Al + 31, = 2Alls.
Kucneie comn. Kncnpie conmn MOKHO paccMaTpHBaTh KaK MPOTYKTHI HEMOJHOTO 3aMEIICHUS
BOJIOPOJTHBIX HOHOB B MOJIEKYJIE KUCIOTHI HOHAMH METajla:
H3PO4 + KOH = KH,PO4 + H,0:;
H3PO4 + 2KOH = K;HPO4 + 2H.0;
H3PO4 + 3KOH = K3PO, + 3H;0.
KH2PO4 — murnapodocdat kamusi, kucublii pochOpHOKUCIIBINA KaNuii 0AHO3aMEIEHHBIN;
K2HPO4 — runpodocdat kamws, KUCIbiid GochHOPHOKUCIBINA KU JTBY3aMeIIEHHBIN;
K3PO4 — oprodocdar xamust, HochOpHOKHCIBIN KaTHH.
Kucnbie conu kanpuust ocopHOil KUCIOTH UMEIOT BU:
Ca(H2PO4)2 —  murmmpodocdar  Kambis, KHCIbIH — (POCHOPHOKUCIBIN  KalbIHid
OJIHO3aMEIIEHHEIH;
CaHPOQO4 — ruapodocdat kanbius, KUCIbIH GOCHOPHOKUCIBINA KU BY3aMEIIEHHBIH.
OCHOBHBIE COJIM — MPOAYKTHI HEMOJIHOTO 3aMEIEHHsI THAPOKCHUIILHBIX HOHOB OCHOBaHHS Ha
KUCIIOTHBIE OCTaTKH. TakuMm 00pa3oM, B MOJIEKYJIe OCHOBHOH COJIM KpOME HOHOB METaJlIa U KHCIOTHOTO
OCTaTKa CoJep KaTcs M MOHBI THIPOKCHIIA!
Al(OH)3 + HNOs = AlI(OH)2NOs + H20;
AI(OH)s + 2HNO3 = AIOH(NO3), + 2H:0;
A|(OH)3 + 3HNO; = Al(N03)3 + 3H,0.
Al(OH);NO; — HuTpar AUTrHAPOKCH]T ATFOMUHHS,
AIOH(NO3), — HUTpaT THAPOKCH]] ATFOMUHNS;
AI(NO3)3 — HUTpAT aTFOMUHHS.
3Hast 3apsiJl HOHA BXOJSIIET0 B COCTaB OCHOBHOM COJIM, 8 TAKXKe 3apsi KUCIOTHOTO OCTaTKa,
HETPYJHO COCTaBUTH (YOPMYITYy OCHOBHOMN COJIH:
CocraBieHue ypaBHEHHS PEaKIMi TTOJyYeHHs BCEX MBICIMMBIX COJIEH TPH B3aUMOICHCTBHN
THIPOKCH/IA AJTIOMHUHHS M CEPHOW KHCIOTHI (HEOOXOJMMO NOMHHUTH, YTO HE BCE COJH CIIOCOOHBI
CYIIIECTBOBATb):

CrOH(NO3)2 AI(HSO4)
MgOHCI

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

4 \

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

AI(OH)s3 + 3H2S04 = AI(HSOs)s + 3H20;

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

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

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

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

Cepnas xucnora — asa: SOs> , HSO4

®ochopnas kucnora — Tpu: POs> , H,POs, HPO,>
[TosTOMY C THAPOKCHUAOM HATPHS 3TH KUCIOTHI 00pa3yIoT CONH:

Al(OH)3 > AIOHSO,

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

- 0 -0 -0
S S 10
I\ I\



NaClOg4 Na2SO4 NaHSO4
) OH Na—O O
/ / \
Cu ~0- Cu S
\ \
[\ [\
O Na—-O O H-0O O
NasPOg4 NaH2POg4 NaHPO4
Na-O Na-O Na-O
\ \ \
Na-O-P=0 H-O-P=0 Na-O-P=0

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

~ ~ ~

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

Peakiuu B3aMMHOTO TpeBpalieHus: coiell. Panee OBUTM pacCMOTPEHBI CONIM KaK MPOAYKTHI
B3aUMOJICHCTBUS KUCIOTHl M ocHOBaHMsA. [Ipy HepocTaTke KUCIOTHI 00pa3yrOTCs OCHOBHBIE COJH, T.€. HE
BCE€ THUAPOKCHIIBHBIE HOHBI MOTYT 3aMECTHTBCS Ha KHUCJIOTHBIE OCTaTKH. A IpPHU HENOCTAaTKE OCHOBAaHUS
MOTYT TOJNy4aTbcs KHUcibple conmu. OTCIoa CTaHOBWTCS TOHSATHBIM METOJ TI€PEBOJa OJHOM CONM B
ApYTYIo.

Jns mepeBosa OCHOBHOW COJNIM B HOPMallbHYIO (CPEIHIOI0) WM KHCIYI0 HEO0OXO0ANMO
JN00aBUTh KHCIIOTY, a TPH IEpPEeBOjIe KHCIOH CONM B CPEJHIOI0 WM OCHOBHYIO CIielyeT J00aBHTh
ocHoBanue. [Ipu 3ToM yMOOHO WCIIONB30BATH OJHOMMEHHBIE OCHOBaHHMS M KHCJIOTBI, YTOOBI HE
3arpoOMOXKJaTh YpaBHEHUE PEaKLUU IPYTUMH COJISIMH:

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

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

R c - - N 7= AN - Vad

(CaOH)3P0O4
Caz(POs)2 =—>CaHPO4
Ca(H2P04)2

1)

(CaOH):POs”"

(CaOH)sPO4 +%HRQ5(P04)2 + 3H,0:;
(CaOH)3PO; + HsPO, = CaHPO, + 3H,0;

Caz(POa)2

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

NaOH, a ne ocaoBanus Al(OH)s, T.k. mocnieHee HEPACTBOPUMO.
AIOHSO; + H2SO4 = Al2(SO4)3 +2H20;
[AI(OH)2]2SO4 + 2H2S04 = Al(SO4)3 +2H:0.

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

CoNoaRrWNE

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

3IIEKTPOOOOPYIOBAHNH, HIEKTPOIPOBOIKE, IPABIILHO O0OPYIOBAHHOM BBITSHKHOM LIKady.

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

3. PabGouee mecTo conepkaTh B IOPSJIKE U YUCTOTE.

4. Cyxue peakTHBbl TpeOyeTcst OpaTh YUCTHIM ILINATEIEM MU CIICIHAIBHON J0XKEUKOH.

5. M3nuimek peakThBa HE BBUIIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLT B3AT.

6. Bce ombITHI C BpeHBIMHU 1 MTAXHYIIMMH BEIIECTBAMH, a TAKXKE YIIaPUBAaHNE KUCIIOT M KUCIIBIX
PacTBOpPOB MPOBOJIUTH B BBITSLDKHOM IIKaQy.

7. OcraTKu coeqUHEHUI cepedpa cauBaTh B 0COObIE CKIAHKH.
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8. Ilpu HarpeBaHMH PacTBOPOB B MPOOMPKE BCErAa CIEAYET JACpiKaTh €€ TaKkuM 00pa3oM, 4TOOBI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT PabOTAIOIIETO PSIIOM COCEIa.

9. He HaKJIOHATH JUIIO HaJl HATPEBACMOM JKUKOCTHIO WM CIUIABIIIEMBIM BEIIECCTBOM.

10. He cnexyeT BAapIxaTh Maxydue BEIIECTBA U rasbl, OJIM3KO HAKJIOHSSACH K COCYAY C 3TUMHU
BeniecTBaMu. HroxaTh BelllecTBa MOKHO JIMIITL OCTOPOYKHO, HANPABIISS K ceOe Maphl WK ra3 ABIKCHHEM
pyKH.

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

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

13. Kareropuuecku 3ampeniaercsi mpoOOBaTh XUMUYECKUE BEIIECTBA HA BKYC.

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

15. IIpu paboTe cO CTEKIOM, XHMHYECKOW TOCYNOH, HEOOXOAMMO COONIIO/IATh IpaBUIiIa
MPEIOCTOPOKHOCTH BO M30€KaHNE PaHEHUH OCKOJIKAMH CTEKIIA.

16. Kareropuiecku 3arpemniacTcs OCTaBIATh pa0OTarOIIMe TPUOOPHI 03 HAOIIOICHUSI.

17. B xumuvecko# taboparopur HeOOXOANMO paboTaTh B XalaTe.

3amanua

OmpiT 1. Bo3pMuTE 10KEUKOH 04eHb HEOOIBIIOE KOJMUECTBO OKCUAA KaJIbIIMs, IOMECTUTE €r0 B
npoOupKy u no6aBbTe 3 cM® Bozibl. Ecn okeua kanbius CaO pacTBOpUIICS HE MOJTHOCTBIO, 3TO 03HAYAET,
yTo B3IT M30bITOK CaO. Hanmmure ypaBHeHme peakmmu. J[00aBpTe B MpOOHpPKY, TAe oOpazoBaics
TUAPOKCHUI Kajblms, 1-2 kammum wHauKatopa (eHondranenna. B kakoil mBeT OKpacwics pacTBOp B
npobupke? Kakas cpena pacteopa?

OneiT 2. Bo3pMHTE I0KEUKOM HEOOIBIIOE KOJIMYSCTBO OKCHAA MEOH, IIOMECTUTE €ro B
npo6upky. Tyna xe n06aBbTe 2-3 cM® pa30aBIeHHON CEPHOIM KHCIOTHI, HATPEHTE NPOOMPKY 0 KUIICHHSI.
B xkakoii mnBer oxpacwics pacteop? CocrtaBbTe ypaBHeHHE peakiuuu. OTQUIBTPYHTE pPacTBOp OT
OCTaBILErocs OKCHAAa MEIM U K OXIaXAeHHOMY (GuiabTpaTy (pacTBopy) no6aBbTe 2-3 c¢M® pacTBopa
mémoun NaOH. Yro mpowmzomo? Hanmmure ypaBHeHHe peakiun. Temepp Harpeite mpooupky. Kak
n3MeHMIICS UBeT ocanka? CocTaBbTe ypaBHEHUE PEaKLMU Pa3I0KEeHUS TUAPOKCUIA MEIH.

OnsiT 3. Bo3smure ase mpoOupku. Ilomectute B HUX HEOONBIIOE KOJIWYECTBO (HA KOHYHUKE
JIOYKEUKH) OKCHJIAa LMHKA WM OKCHJA allOMMHHS. B ofHy mpoOupKy Haieiite 2-3 cm® pa30baBieHHOM
CEpPHOIl KHMCJIOTHI, B APyrylo 2-3 cM® KOHIEHTPUPOBAHHOTO pacTBOpa wmiejaodn. Harpeiite BTOpyro
npobupky. Okcuipl B 00eWx MNpPOOHMPKaX pacTBOPSIIOTCS, YTO TMOATBEPKIAAET HMX aM(OIUTHOCTE.
CocTraBbTe YpaBHEHUS PEAKITUH.

Onwir 4. Haneiite B mpo6upky 1,5 cm® pacteopa comu xaamus (xnopuaa CACl, mmu cynbdara
CdSO.) u Tyna xe mob6asbre 1 cm® pactBopa ménoun. Hanummre ypaBHeHMs peakumii. B mpoGupke
obpazoBaiicsi ocagok. OtmersTe 1BeT ocanka. Copepkumoe TpPOOUPKH, MPEABAPUTEIBHO B300NTaB,
paszenuTe Ha 2 yacTu, MEPEJIUB OAHY M3 HUX B ApYryio mpodupky. K comepxxumomy ogHOM npoOHpKu
n06aBbTe 2 cM® pa3baBIeHHON CepHOM KUCIOThl. Ocalok pacTBOPUICS. DTO MPOU3OILIO B PE3YIILTATE
peakiuu HeWTpaiau3aluu ocHoBaHWs. Hamumunrte ypaBHeHue peakumu. K comepkuMomy ogHOU
npobupku 106aBbTe 2 cM® pacTBopa mEnoun. OcasoK He paCTBOPUICA, T.K. 00Ia1as TOIBKO CBOWCTBAMM
OCHOBAaHHUSI, CO LIETI0YaMHU HE B3aUMOACHCTBYET.

Ongpit 5. Haneiite B mpoGupky 2-3 cm® pactBopa conmu amomuHus. J{o6aBbTe 1Mo Kamism (10
obpazoBanmsi ocanka) paszbaBimeHHblii pactBop mienmoun (KOH  wiam NaOH). ITlosBuics ocamok
ruapokcuna amomuHus Al(OH): Oenoro mBera. Hanummmre ypaBHeHume peaknuu. Conepkumoe
npoOUpPKH, MpeaBapUTENbHO B300JTaB, pasnenute Ha aBe 4yacTu. K colepXuUMOMy OJHOH NpPOOUpPKH
noGasbTe 2-3 cm® pasOaBieHHON cepHOit KkucnoTel. Ocamok pactBopmiics. COCTaBbTE ypaBHEHHE
peakuuu. Bo BTOpyo mpo6upKy 106aBbTe 2-3 cM® KOHIEHTPUPOBaHHOIO pactBopa mmenoun (KOH umm
NaOH). Uto npoun3onuio ¢ 0caikoM rUIpoKcuaa amoMuHusa? HanumuTe ypaBHEHUs peaKkiyi.

Onwit 6. Haneiite B mpoOupky 2-3 cm® pactBopa cyibdara meau. J[06aBbTe HECKOIBKO Karesb
(ue 6onee aByx!) ménoun NaOH 10 o6pa3oBanus cBeTIIO-3e€HOr0 ocajaka ocHoBHOM cost (CuOH)2S0..
W36bITOK mI€Nn0un npuBeaeT K 0Opa3oBaHuio ocaaka rugpokcuna mean Cu(OH),.

Onpir 7. Haneiite B npobupky 2-3 cm® pactBopa xnopuaa Gapusi BaCl, m memuoro cepHoii
KHCIIOTBI JIO oOpa3oBaHms ocaaka. OTMeTsTe IBET oOpasylomerocs ocamgka. Vcmoetaiite Ha
pacTBOpPUMOCTh TOJYYEHHBIH OCAaJOK B KHCJIOTE M Ienoyd. s 3TOro: comepXUMoe NPOOHPKH,
npeaBapUTeIbHO B300NTAB, pazaenuTe Ha aBe npodupku. K cogepskumomMy otHON poOupky 100aBbTe 2—
3em® cepnoii kucnotel ¢ konuentpanueii C(H:SOs) = 2mons/am®, a B apyryio mpodupky — 2-3cm®
pactBopa wmwénoun ¢ kouuenTpamuein C(NaOH) = 2 mons/nm® u norpeiite B IJIaMEHH ra30BOH FOPEIKH.
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OTMeThTe, MPOM3O0IILIO JIU PAaCTBOPEHHE ocazka cyibdara Oapus. O0bsicHuTe mopeneHue ocanka BaSOq
npu obpabdoTke ero pacropamu H>SO, u NaOH monb3ysch Tabuumiei pacTBOPUMOCTH.
CocTaBbTe ypaBHEHHE XUMHYECKON peakiiniu 00pa3oBaHus cyabdara Oapus.

Conep:xanue oT4yeTa
[Tomyyennsie nanubie 3adukcupyite B Tabauie 1 mo ciaemyromeit hopme:
Tabmuua 1. Pe3ynprarel SKCiepuMeHTa

Ne /1 | Pearentsl XuUMUYecKasi peakius HaOmronenus

1

aglbwN

KonTpoJibHbIEe BOIPOCHI
ba3zoBblii ypoBeHb
Uro Ha3biBaeTcsa okcuaaMu? Kakyro cTeneHb OKHCIEHUS IPOSBIIAET KUCIOPO B OKCUAAX?
Jaiite kpaTKyro KIIacCU(UKAITUIO OKCHIAM.
Uro Ha3zwiBaeTcs kuciioramu? IlpuBeauTe nx KiiacCUpUKAIIUIO
Uro razwiBaeTcs ocHoBaHWsMU? [IpuBeauTe nx KiaccuuKaIio

NS

IloBBIlICHHBIN YPOBEHB
1. Kaxkwue 35eMeHTBI 00pa3yrOT OKCUIBI?
2. Kak cocrapnsieTcst xumudeckas ¢popmyia okcuaa?
3. Kakue okcuabl 00pasyer a3ot?
4. Kaxue oKkcHIbI B3aUMOJICUCTBYIOT ¢ Boaou. [IpuBecTn mpumep.
5 Kaxkue coennuaenus HaspBatorcs consmu? [IpuBennre nx xiaccupukanuto

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHNIO M0 JAHHOM Teme

OcHoBHas MTEpaTypa:

1. TonoBanoBa, O. A. O0mas xuMus [ DNeKTPOHHBIH pecypc] : yueOHoe mocodue (IS CTYICHTOB
XUMHYeCKOro (akynpTeTa HalpaBiIeHni OakanaBprata « XuMUs» 1 « XuMudeckas Texnonorus») / O. A.
I'onoBaHOBa. — DJIEKTPOH. TEKCTOBBIE AaHHbIE. — OMCK : OMCKUI TOCYIapCTBEHHBIM YHUBEPCUTET UM.
®.M. JloctoeBckoro, 2014. — 164 ¢. — 978-5-7779-1755-3. — Pesxxum nocryma:
http://www.iprbookshop.ru/59628.html

2. PomanoBa, C. M. KpaTkuii kypc JeKuuii mo o01mei 1 HeOpraHn4ecKo XUMUM [ DIEeKTPOHHBIN pecypc]
: yueOHoe niocobue / C. M. PomanoBa. — DJeKTpOH. TEKCTOBbIE AaHHbIe. — AJMaTthl : Kazaxckuii
HAI[MOHAJIBHBIN YHUBEPCUTET UM. alib-Dapadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexum
moctyma: http://www.iprbookshop.ru/70372.html

JlonosiHuTE/ILHAS JIUTEPATYypa:

1. Bontpomerok, B. B. O6ias xumus [ D1eKTpoHHbIH pecype] : yueOHoe mocooue / B. B. Bontpomerok.

— DIIeKTPOH. TEKCTOBBIC JaHHbIe. — MuHCK : Beimmiiiias mkomna, 2012. — 624 ¢. — 978-985-06-2144-
3. — Pexxum pocryma: http://www.iprbookshop.ru/20236.html
2. baprosckuii, E. B. O61mas xumus [nekTpoHHbIi pecype] : yueOHoe mocooue / E. B. bapkorckuii, C.
B. Tkaues, JI. I'. IleTpymienko. — DIeKTpOH. TEKCTOBBIC AaHHbIe. — MuHCK : Boiumiimas mkona, 2013.
— 641 c. — 978-985-06-2314-0. — Pexum nocryna: http://www.iprbookshop.ru/35509.htmi
HNuTepHeT-pecypcesr:

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

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

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIM KaTaIOT aCCOIMALNN JJIEKTPOHHBIX OHOINOTEK
yueOHbIX 3aBefieHni u oprannzanuiit CKOO
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http://www.iprbookshop.ru/59628.html
http://www.iprbookshop.ru/70372.html

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

Tema 5. O01Iue 3aKOHOMEPHOCTH NMPOTEKAHUS XMMHUYECKHUX MPOIECCOB.
JlaGopaTopHas padora 2. XuMuuyecKkasi KHHeTHKA H XHMHYECKoe paBHOBecCHe

HGHB pa6OTBI: HU3YyUCHHUC XUMHYCCKOM KHUHETUKH U paBHOBECHUA, U q)aKTOpOB, BJIMAIOIIMX Ha

CKOPOCTh U CMEIIIEHNE PABHOBECHS XUMUYECKUX PEAKIIAH.

Teopernyeckas 4acThb
CxopocTh XMMHUYECKUX peaKkiuii

VYpaBHEHHs] XMMMUECKHUX pEakUui, XapaKTepu3ysi MHOTHE CTOPOHBI IIPOLECCOB, HE
BCErJia JaroT MOJIHOE MPEACTABICHUE O CYIIIHOCTH IPOUCXOIAIINX ITPEBPAILCHUH.

HekoTtopple XMMHMYECKHE MpOLIECCHI, HANpUMEp, PEAKLHUHU PA3JI0KEHHUsSI B3pPbIBUATHIX
BEIIIECTB, 3aKaHUMBAIOTCS B TEUCHHE 0l CeKyH]pl. OueHb ObICTPO 3aKaHYMBAIOTCS PEAKLMU
B3aMMOJICHCTBUS KUCIIOT, LIeNo4Yed U coned B pacTBope. OpraHMYECKHE € COCIUHEHUS B
OOBIYHBIX YCIOBUSX B OOJBIIMHCTBE CIIy4aeB B3aHUMOACUCTBYIOT MEXAy cOO0OH MeIIEeHHO.
Takum 00pazom, pa3HbIE pEaKIK COBEPIIAIOTCS B HEPABHBIC MPOMEXYTKH BPEMEHH, T.€. MOTYT
UATH C pa3IMYHON CKOPOCThIO. [103TOMY Ha OCHOBAaHMM TOJIBKO YPABHEHUH OJHUX XUMHUECKUX
peakuuii HeJlb3sl CYAUTh O CKOPOCTH Ipoliecca.

Xumuueckas KuHemuxa — 2mMO YueHue O CKOPOCMU XUMUUECKUX NpOYeccos, ux
HAnpagIeHHOCMu U 0 PaKmopax Ha HUX GIUAIOUWUX.

Lenp u 3a71a4¥ XUMHUYECKOM KMHETHKM — H3bICKAHME ONTUMAJbHBIX [AapaMEeTpOB MAJIS
IIPOBEJCHUSI XMMHYECKOIO CHHTE3a, a HMEHHO: O0OecledyeHHEe MaKCHMaJIbHOW CKOpPOCTU
npoiiecca, HauboJee palMoHaNIbHOE HCIIOIb30BAHUE ChIPbs U SHEPTrOPECYPCOB U AP.

VYCTaHOBIEHO, YTO HA CKOpPOCTh XMMHUYECKHUX PEAKIUI BIHUAIOT MHOrO ()aKTOpOB —
KOHIIGHTpalUsl B3aMMOJICHCTBYIOIIMX BEIIECTB, TeMIlepaTypa Impolecca, Haauuue (Wiu
OTCYTCTBHE) KaTajau3aTopa u Jip.

OKCIIEpUMEHTBI TI0Ka3ajd, YTO YBEJIWYEHHE KOHLEHTPALMKM  B3aUMOJEHCTBYIOIIUX
BEIIECTB BBI3bIBAET YBEJINYEHHE CKOPOCTH PEAKIIMH.

Ecin B 3akpeITOM cocyzae NpU 3aJaHHOW TEMIIEpPAType pearupyroT [Ba BELIECTBA B
ra3000pa3HOM COCTOSTHUM WJIM B PacTBOpE

AC + BD < 4D + BC,

TO CKOPOCTH 3TOH PEAKIUU OINpeeNsercs yMeHbIIEHHEM KOHIEHTPAUH (MOJb/IM’)
BemecTB AC u BD B enunully BpeMeHHU (CEKyHy, MUHYTY, 4ac). Tak Kak ¢ Te4eHHUEM BPEMEHU
KOHIEHTpAllUsl Ppearupyroliux BELIECTB IMaJaeT, TO 3aBHUCHUMOCTb CKOPOCTH peakUuu OT
KOHIIEHTPALlMH MO>KHO BBIPA3UTh CIEAYIOIUM 00pazoM:

v=—(AC/IAt) (2.1)
raie &2 — CKOPOCTh MPSIMOii PeaKiui, AC - MOJIIpHas KOHLIEHTpanus, t — Bpems.
I'paduuecku 3Ta 3aBUCUMOCTh H300pa’keHa Ha pucyHke 5.1.

A

v =—(AC/AY)
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Puc. 2.1 3asucumocmsv ckopocmu peaxyuu om epemeHu
JIOBOJIEHO pacpOCTpaHEHBI PEAKIIMK THIIA:
mA + nB—> ¢C, (2.2)
B KOTOPBIX Ha M MOJIEKYJ BelecTBa A MPUXOIUTCS N MOJIEKYJ BelecTBa B, mpu 3ToM M
1 N OOJIbIIE €IUHULIEI.
DKCHEPUMEHTAIBHO YCTAHOBIICHO, YTO JJII TAKOT'O IPOIecca CKOPOCTh MPSIMOM peaKIruu
MOJKET OBITh BBIPAXKECHA CIICIYIOIIMM 00pa3oMm:

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

-

rae K - KoHCTaHTa CKOPOCTH IIPAMOH PEaKIHK — BETHYHMHA, PABHAS CKOPOCTH PEaKLlin
IpU KOHUEHTPALUAX PEareHTOB PAaBHBIX €AMHHUIE; OOPATHO MPONOPLUOHAIbHAS BpEMEHH; X U Y
— HEKOTOPBIE YUCIIA, ONPEIEIIIEMbIE ONBITHBIM ITyTEM.

Koncmanma cxopocmu 3aBUCHT OT TeX e (aKTOPOB, YTO U CKOPOCTh JAHHOW peakluH,
HO He 3a6UCUM OM KOHYEHMPAayull peazupyrouux 6euecms.

KoHcTaHTa CKOpPOCTM XapakTepu3yeT peakLUio M OIpElIeICHHBIX YCIOBHM —
memnepamypa, 0aenexue, Koaudecmeo u Kaiecmeo kamaiuzamopa U T.J1. Pasnuunbele peakuyuu
MOYKHO CpPaBHUBATh TOJIBKO €CJIM OHU IPOTEKAIOT IIPU CTPOr0 OJMHAKOBBIX YCIOBHUSX.

VYpaBuenuss Tuna (5.3), ycTaHaBIMBAIOUIME HKCIHEPUMEHTAJIbHO OIPEICICHHYIO
3aBUCUMOCTh CKOPOCTH PEAKIMHU OT KOHILEHTPAlUil pearupyrolyx BelECTB, Ha3bIBAIOT
KUHeMU4eCKUMU YPAGHEHUAMU PEaKyull.

Kunernueckue ypaBHeHus peakuuil (5.3) sABISIOTCS MaTeMaTHUYECKUM BBIPAKECHHEM
3aKOHA JIEWCTBUSA MacC — OCHOBHOIO 3aKOHAa XMMHUYECKOW KUHETHKHU: CKOPOCHb XUMUYECKOU
peakyuu nponopYUOHAIbHA NPOUIEEOEHUI0 KOHYEHMPAYULl peasupyiouux ewecme 6 cmenenu
HEKOmMOopbIX Yucei, onpeoensemvlx skcnepumenmanvro (nepsas popmynuposka — H.W. beketos,
1865 r; I'ynbnbepr u Bare, 1867 r.).

TonpKko MHOTA TIOKA3aTeNN CTENEHH KOHIEHTPAIMH JIJIsl JaHHOTO BemiecTsa (X, Y U ap.)
B KMHETHUYECKUX YpaBHEHUX (5.3) COBMAIAIOT C €r0 CTEXMOMETPUYECKUM KO PUIIMEHTOM (X =
M; Y =N ) B ypaBHeHUHU peakiuu. OOBIYHO 3TO BBIMOJIHAETCS JIJIS 3JIEMEHTAPHBIX pEaKlUi, T.e.
peakuuii IpOXOIALIMX B OIHY CTa/IUIO.

[IpuMepsl IPSIMBIX 2JIEMEHTAPHBIX PEAKIIAMN:

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

Jnsi  TakWx peaknuid CTENeHH B KHHETHYECKHUX YPAaBHEHUSX COBIAJAOT  CO
CTEXHOMETPUUIECKUMHU KO3()(HUIIMEHTaMU peareHTOB B YPaBHEHUH pEaKLUu.

Ilokazamenvy cmenenu KOHYeHmMpayuu peasupyroweco 6eujecmea 6 KUHemUu4ecKom
ypaenenuu peaxyuu (X, Y u 0p.) Hazvleaemcs NOPAOKOM peakyuu no oanHomy eeujecmsy. Takx,
Hanpumep, Ui peakuuu (6.1.2) mopsimok mo BemiecTBY 4 paBeH X, mo B — Y. [lopsakom xe
peakuuu B 1esioM (N) SBJISIETCS cCyMMa MOPSIKOB M0 KaKJOMY peareHTy s TaHHON peakiuH,
Hanpumep, Ui peakuuu (6.1.2): n =X +y.

Bennuunsl nopsiika mo peareHtam (X, Y U Ap.) U MO peakiuu B 1eaoM (N) MOTYT OBITh
T00BIMU  HEOONBIIMMHU TenbIMH yucinaMu (1, 2 u penko 3), paBHATbCA HYJIIO WIH OBITh
npoOubiMu uncinamu (1/2, 2/3, 3/4 n np.). Hanpumep, 1711 peakiiiy CHHTE3a BOJIbI

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

MOPSAAOK PEAKIMU, B 3aBUCMMOCTH OT MaplMajiIbHBIX JaBJIEHUH BOJOpOAa U KUCIOpOJa,
uMeet apobHoe 3HadeHue — 1, 0,5 u 0,7 (cM. Tabnuiy 5.1).

Tabauya 2.1 — 3asucumocms nopsioka peaxkyuu Om napyudibHbiX 0d61eHUll KUCI0PoOa U
6000pooa
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p(Hy), ITa p(02), ITa Buz g;f;:;;;"oro Cﬁg:ggfﬁ
130 — 2600 26600 — 53300 v=kpy P, 1
2600 — 8000 20000 — 53300 L= kaI2 pg'z5 0,5
8000 — 50600 1330 — 5300 L= kp&:1 pé’f 0,7

Heo0XoauMbpIM  yCIIOBHEM XHWMHYECKOTO B3aMMOJACHUCTBHS SIBIISICTCSI CTOJIKHOBEHHE
pearupyroIux YaCTUIl — MOJIEKYJ, aTOMOB, HOHOB | JIp. B MOMEHT CTOJIKHOBEHHS 3JICKTPOHHBIC
o0Jaka peareHTOB CMEIIMBAIOTCS, 00pa3ysl IPU 3TOM HOBBIE CBS3H.

Yucno monexyn, 00HOBPEMEHHbIM B3AUMOOEUCTEUEM MeNHCOY KOMOPbIMU 6 MOMEHM
CMONKHOBEHUSL  OCYUWeCMBIAemcs — aKm — XUMUYECKO20 — Npe8pawjeHus,  Ha3bléaemcs
MONEKYISAPHOCMBIO PEaKYul.

Peaknum  ObIBatlOT MOHO-, OHM- ¥ TPUMOJICKYJSIPHBIMH. TpUMOJIEKYJSpPHBIE U
TETPAMOJICKYJSIPHBIC PEAaKIIMA OuYeHb peAKH. M3BECTHBI JHIIb HECKOJIBKO IPHUMEPOB
NEHTaMOJIEKYJISIPHBIX PEaKIUH.

B wacTHOCTH, K MOHOMOJICKYJIIPHBIM PEAKIUSIM OTHOCST PEAKIIUU PAa3JIOKEHHS MOJICKYJI
¥ BHYTPUMOJICKYJISIPHBIX TIEPETPYIITHUPOBOK, HAIPUMED, PEAKIIHIO PA3JIOKEHUST MOJIEKYII Hoja:

I2(2) < 21(2).
Kunernueckoe ypaBHEHHE 3TOTO MPOIecca MMEET TEPBBIA TOPSIOK:
v =K[I2].
[Tpumeps! OMMOJIEKYIISIPHBIX PEaKIIH:
2NO(2) <> N202(2); v = k[NOJ?

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

TpumMonekynspHas peaxius:

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

JInsi IpUBENEHHBIX PEaKIUi MOPSAAOK M MOJEKYISPHOCTh PEaKlIMi COBMIAJAIOT, HO B
o0I11eM Cllyyae OHHM pa3IUyHBbI.

Tlopsaooxk peakyuu onpeodensiemcsi MOJNEKYAAPHOCMbIO CAMOU MEOIeHHOU CMaouu OaHHOU
peakyuu.

Ecmu peakmus wumer mo craausM, TO €€ TOPSAOK pPEaKIWW MEHbIIe WIH PaBeH
MOJIEKYJISIPHOCTH peakiuu. Tak, HampuMep, MpH CUHTE3€ BOJbI (cM. Tabnuiy 5.1) npu nopsake

peakuuu paBHoMy eaunuie (N =1; U = kp:lH2 pg ), peak1ys — MOHOMOJIEKYJIIpHasi; Ipu N =
2

L0 0,5 ‘ _ _ 0,4 .,0,3
05 (L ka2 p02 ), peakiusi — MOHOMOJIEKYJISIpHAs; TpH N 0,7 (L ka2 p02 ),
peakiusi — OMMOJNEKyIsIpHasl.

Ipumeuanue. HeoOXOAMMO IMOMHUTH, YTO MOJICKYJISIPHOCTh PEAKIIMH, B OTIMYHE OT €€
nopsiaka, Beeraa mnenoe yucio — 0, 1, 3.

3axon Oeticmeusi Mmacc Ccnpageoius MoaAbKO Ol MOHO-, Ou- u pedce 0.
MPUMOLEKYTISIPHBIX PEaKyUll.

[Tpu sneMeHTapHOM peakIuy B CUCTEME MPOTEKAET TOJBKO OJWH MPOIECC U YpaBHCHHE
PEaKIUU PACKPHIBAET €r0 MEXaHW3M. BONBIIMHCTBO pEeaklMii — CIOXKHBIE U TMPEACTABISIOT
co00¥ cyMMapHBIH pe3ysIbTaT HEeCKOIBKUX JIEMEHTAPHBIX TIporieccoB (AByX u Ooiee). [ToaTomy
o0I1ee CI0KHBIX ypaBHEHUE PEaKIIUi HE OTPAKAET MX PeaTbHbI MEXaHHU3M.
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Jna cnodxcuvix peakyuii 3aKOH OeUCmEUs MAcc He NPUNONCUM 6 YElOM, d CHpaseous
UMD K OMOENbHLIM €€ cmaousam Hebovuwou monexyaapnocmu. Harpumep, oOiee ypaBHEHHE
pEaKIuy UMEET BU/I;

24+ B« C,

COTJIACHO KOTOPOMY SIBIISIETCS SIKOOBI TpUMOJCKyNsipHOW. OJHAKO TPOTEKaeT B JBE

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

24+ B < C.
Tak Kak MOPSIOK PEaKIMU OMPEACIIACTCS MOJEKYIAPHOCTHIO CaMOi MEIJICHHOM CTaauu
peakiuu, TO [aHHAs peakius — OWMOJICKYJspHas W Broporo mnopsjaka. CremoBareibHO,

KUHETHYECKOE YPAaBHEHUE 3TOTO B3aMMOJICHCTBHSI OyIET UMETh BH/I:
v =K[A][B], a ne v = k[A]*[B].

N3 (5.1) cnemyer, 4To ckopocmb peakyuu — 6eIUYUHA OOPAMHO NPONOPYUOHATbHAS
8peMeH.

BenenctBue pasmuuHOM CKOPOCTH JBMDKEHHSI MOJICKYJ, OHH OOJIQJaloT pa3iMyHON
KAHETHYECKOW sHeprueil. [Ipu 3ToM KMHEeTH4ecKast SHeprus MpsiMO PONOPIHUOHATIBHA CKOPOCTH
JIBMOKEHUST MOJICKYJIBI.

MorexyJbl, KOTOpble 00J1a/1al0T BEICOKMM 3al1acOM KHHETHYECKOW YHEPTHH, HA3bIBAIOTCS
AKTUBHBIMHU.

JononnumenvHyro sHepauio, KOmMopyio HA00 CoOOWUMb MONEKYIAM Ol Nepesood Ux 6
AKMueHoe COCMOsIHUE, HA3bIBAOm 3Hepeuel akmuseayuy. XUMHUYECKas PEaKIHs MOXKET
MIPOU30UTH TOJIBKO MPH CTOJIKHOBCHUH aKTUBHBIX MOJICKYII.

Ckopocmb  XUMU4eckoll peakyuu HpAMO HPONOPYUOHANbHA YUCTY CHMOJKHOBEHUl 6
eOUHUYY BPEMEHU.

Ponp xatanuzatopa, mpuMEHSIEMOTro AJs MPOTEKaHUS JAaHHOTO XMMUYECKOTO Mpolecca,
3aKJII0YaeTcs B CleylomeM: |) B TNMOHMKEHUH DSHEPrUM aKTUBaluuu; 2) B oOecredeHuu
HEOOXOUMOI OpUEHTAIH Pearupyrouux YacTHII.

BinsiHue TeMInepaTypbl Ha CKOPOCTh peaKkuu

C moBbIlIEHHEM TeMIepaTypbl YBEIUYUBACTCS CKOPOCTh JABIDKEHHS MOJIEKYT M HX
KWHETHYECKas SHEPTHsl. AKTUBHOCTh MOJIEKYJI BO3PACTAET, M CKOPOCTh PEAKIMH YBEITHUHNBACTCS.

3aBUCHUMOCTh CKOPOCTH pEaKlUU OT TEeMIEepaTypbl OMpeiensercs MnpaBuioM BaHT-
Todpda: mpu yseruuenuu memnepamypor na rasxcovie 10°C cxopocmv peakyuu eospacmaem
npumepHo 6 2 paza. JIns HEKOTOPBIX peakluii CKOPOCTh BO3pacTaeT B 3 — 4 pasza. To 3aBUCUT OT
MIPUPOJIBI PEATHPYIOIINX BEIIECTB.

Yucno, nokaswisaioujee 60 CKOIbKO pA3 YEEIUYUBAEMCsl CKOPOCHb pDeakyuu npu
yeenuyenuu memnepamypul Ha 10°C, naszvieaemcs memnepamypHviM Kod3pouyuenmom u

obo3navaemcs 7/ :

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

th—f

t
Utl

rae Utz 51 Utl — CKOPOCTH pEaKIMW IpH Temneparypax t2 m t1 COOTBETCTBEHHO; Yy —

TemneparypHslii koapduurent Bant-I'odda.
CKopocTh peaklinu B reTeporeHHbIX cucreMax. Biusinue karaau3aropa Ha
CKOPOCTh XUMUYECKHX peaKui
BemectBa, m3MeHsSIOmME ~ CKOPOCTh  XMMHYECKOTO  IIpoOIecca,  Ha3bIBAIOTCA
Katanm3zaropamu. KaranuzatopamMu MOTyT ObITh TBepAble, JKUIKAE U Tra3o00pasHble
BelecTBa. MI3MeHeHne CKOPOCTH XMMHYECKOH pEeaKkIHW TOA BIMSHHUEM HPHUCYTCTBYIOIIETO B
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CUCTEME IIOCTOPOHHETO BEILECTBA, COCTaB U KOJIMUYECTBO KOTOPOrO K KOHIlY PEAKLMU OCTArOTCS
0€e3 U3MEHEHU, Ha3bIBAIOTCS KaTAJIU30M.

IIpu roMOT€HHOM KaTajau3e B3auMOJEHCTBYIOIIME BEIIECTBA U KaTalU3aTOP COCTABIISAIOT
onHo(daszHyto cuctemy. IIpu rereporeHHOM KaTajau3e pearupyroliue BEUlecTBa M KaTalnu3aTop
COCTaBIJIIIOT CHUCTEMY W3 HecKoibkux (a3. IIpum rereporeHHOM Karajau3e B TPHCYTCTBUU
HEOOJIBIIMX KOJIMYECTB KaTajau3aTopa MOIYT IIpopearupoBaTb OTHOCUTENIBHO OoJibLIME
KOJIMUECTBA B3aMMOJEHCTBYOIUX BemecTB. [Ipy roMoreHHoOM KaTajli3e CKOpPOCTb peakluu
IPAaKTUYECKHU IPONOPLHOHAIIbHA KOJIMYECTBY KaTaau3aTopa.

AKTHUBHOCTB KaTaju3aTropa, a MHOT/AA U CIEeUU(UIHOCTD UX IEHCTBHS, B OONBIION Mepe
3aBUCUT OT TeMuepaTypbl. [l Kaxoro npouecca, CylecTBYIOT OIIpeIesIeHHbIE KaTaau3aTopsbl,
4acTo MOAOUpaAEMbIe IKCIIEPUMEHTAIbHBIM ITyTEM.

XuMH4YecKoe paBHOBecHe
Bce xumuueckue peakiiuy MO>KHO pa3ieiIuTh Ha JIBa TUIIA: 00OpaTUMbIe U HEOOpaTHUMBIE.
Mmuorue pPCaKkumn ABJIAIOTCA O6paTI/IMI)IMI/I, T.C. TAKUMHU, IIPU KOTOPBIX 06p8,30BaBHII/IeC$I
IPOAYKTHI B3aUMOJICHCTBYIOT MEXly OO0, IpeBpalasich B HCXOAHbIE BELIECTBA.
OOpaTumble peakiuy OrpaHUYEHbI ONPEIEICHHBIM IIPEIEIOM: OHU HE JOXOAT 10 KOHIIA.
OOwuwmii BUJ ypaBHEHHsI 00paTUMON peakLuu:

mA + nB<«>pC + gD. (2.5)

CKOpOCTI/I IpsAMOIro u O6paTHOFO MpoHeCCOB BbIPAKANOTCS CIICAYIOIIUMHA YPABHCHUSAMU:
v=k[A]"[B]" (2.6)
v =k[C]P[D]". 2.7)

B MOMeHT ycTaHOBIIEHMS paBHOBECHUS IpsMasi U oOpaTHas peaklUu He MpeKpalarTcs, a
IPOJOJDKAIOT MPOTEKATh B IPOTHUBOIIOJI0KHOM HAIIPABJIIEHUN C PABHBIMU CKOPOCTSIMH.
I'paduuecku 310 MOXKET OBITH Tak, Kak MOKa3aHO Ha pUCYHKe 5.1.

UA

U2

»
»

t

Pucynok 2.2 3asucumocms npamoii u obpamnoii peakyuii om pemenu

Ecnu cxopoctu mpsiMoit u oOpaTHOW peakiuii paBHBI (Vmp = Voop. — MATEMATHUYECKOE
yCIIOBUE XHUMHYECKOTO pPaBHOBECHSA) , TO NpaBble uyacTH  ypaBHeHud (5.6) u (5.7), ux
BBIPAXAIOIINX, TAK)KE PaBHBI:

K[A]"[B]" = k[c]’[D]". 9
Ha ocHoBaHuu 3TOT0 CHOPMYIUPOBAHO MOJIOKEHHE, HA3BAHHOE 3aKOHOM JIEHCTBUS Macc
(BTOpast GOpMyITUPOBKA): 8 MOMEHM PABHOBECUSL NPOU3BEOEHUE KOHYESHMPAYUL Oeticm8yrouux
MAcCC UCXOOHBIX Geujecms HA KOHCMAHMY CKOPOCMU NPAMOU pPeakyuu pasHo Npou3eeoeHuio
KOHYenmpayuti  0eticmeylowux Macc 00pazyiouuxcs eujecms Ha KOHCMAHMY CKOPOCMU
06pamuoll peakyuu.
N3 ypaBuenus (5.8) cienyeT, 4To

[c]°[D]*
mipn

[A]"[B]

OTHOILIIEHHE ABYX MOCTOSAHHBIX BEJIMYMH €CTh BEJIMYMHA MTOCTOSHHAS, CJI€0BATEIBHO:
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[c]P[Df
[AI"[B]"

KoncranToli XHMHUYECKOro paBHOBecHsi KP Ha3bIBacTCs OTHOIIEHHE IPOM3BEICHHUS
PaBHOBECHBIX ~ KOHIICHTPAMi  MPOXYKTOB pEaKIUH K IMPOM3BEICHHUIO PaBHOBECHBIX
KOHIIEHTPAIIMI HCXOTHBIX BEIIECTB, B CTEIICHH UX CTEXHOMETPUIECKUX KO PHUIINEHTOB.

KP BbIpakaeT 3aKOH JAEHCTBHsI MAace JUIs PABHOBECHBIX CHCTEM: KOHCIMAHMA XUMUYECKO20
PABHOBeCUst He 3A6UCUM OM KOHYEHMPAYUU Peasenmos, HO 3a8UCUnt On memMnepamypsl u om
nPUPOOBL PEAUPYIOUUX BeUieCE.

B MOMEHT XMMHYECKOTO PaBHOBECHS W3MEHEHHE sHeprun [ uboca He mpoucxoaut — AG
= (. KoHCTaHTa XUMHYECKOTO paBHOBECHS CBsi3aHa ¢ AG COOTHOIIEHHEM:

AG® = —RT InK? (2.11)

VYuuteBasg, uyto INKP =2,303 IgKP u R = 8,314 JIx/K-moap ypaBHenume (2.12)
npeoOpa3yeTcst 10 BUJIA:

kik=K? = (2.10)

AG®=-19,14 T IgKP (2.13)

[Tonmp3ysick ypaBHEHHWEM  KOHCTAaHTBHl PABHOBECHS, MOXKHO YIPABIATh XUMHUYECKUM
IPOIIECCOM, YTO BaXKHO B TEXHOJOTHUYCCKHX IIEIISX.

Ecnu B paBHOBecHoOi cucteme MA + nB<«>pC + gD yBenuuuth KOHIEHTpaLUO A, TO B
cootHowieHUH (7.1.6) mnst KP, NOJDKEH YBEIUYMTHCS UYUCIMTENb WIM YMEHBIIUTHCS BTOPOM
COMHOXHTEIb 3HAMEHATEJs, T.€. BeNU4YHHA [B]. DT0 MOXET MPOU30ITH B pe3yabTaTe CMEIEeHUs
paBHOBECHS CIlieBa HAIPaBO, MPHUBOIAIIETO K OOpPa30BAHUIO HOBBIX KOJWYECTB MPOAYKTOB
peakuuu — C u D.

Takum 00pazom, TpU YCTaHOBHBIIEMCSI HOBOM COCTOSIHMM PAaBHOBECHS, KOHIEHTPAIUU
BCEX YETHIPEX BEIIECTB, 10 CPABHEHHWIO C IEPBOHAYAIBHBIMHU, OKAXKYTCS W3MCHHUBIIUMHUCS, a
3HaYeHHE KOHCTAHTHI PABHOBECHUS] HE M3MEHUTCS.

CrnenoBarenbHO, JUIs CMEIEHUS PABHOBECUS ClIeBa HAlpaBO HEOOXOJUMO WU
YBEIMYNATh KOHIEHTPAIMIO OJHOTO M3 MCXOJHBIX BEIIECTB, WJIM YMEHBIINTH KOHIIEHTPAIHIO
OJIHOTO U3 MPOAYKTOB PEAKIIHH.

C momomIpio BBIPQKEHUS KOHCTAHTHI PAaBHOBECHS MOXKHO ONPEEINSATh KOHICHTPALUU
BEIIECTB B MOMEHT PaBHOBECHS, a €CIIM M3BECTHBI 3HaueHUs K’ M MCXOJHbIE KOHLEHTpaIUU
BEIIIECTB, TO MOKHO OTIPE/ICTUTh UX PABHOBECHBIE KOHIICHTPAIIHH.

Ecnu ncxoHyro KOHIEHTpaluioo BemecTBa A 0003HaunTh 4Yepe3 Co(A), a 4MCIO MOJIb

€Tro, MpopcarupoBaBUInX K MOMCHTY PABHOBCCHS, UCPEC3 A C(A), TO MOJIIpHAA KOHLCHTpAaLus B
MOMCHT pPaBHOBECHUA OIPCACINUTCA TaK:

[A] = Co(A) — A CA).

PaBHOBecue B TIETEpOTrE€HHBIX CUCTEMAaX ONPENENSAETCA TOJBKO Ta30BOM WM KUAKOU
¢da3oi, T.K. KOHIIEHTPALIUU TBEP/bIX BEIIECTB HE BXOJAT B YpaBHEHHE JUIsl CKOPOCTU PEAKIIUH.

HanpaBiieHne cmelieHuss paBHOBECHS CUCTEMBI IPH HM3MEHEHMM KOHILIEHTPALMH,
TEeMIIepaTyphl WIH aBJICHUs onpeaensercs npuauunoM Jle Hlarense:

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

Oo0opynoBaHne U MaTepuaJIbl
1. PactBop cepHoii kuciotsl H2SOs ¢ konnentpanuen C(H2SO04)=2 mosn/am®
2. Tuocynbdara narpust Na S;03
3. JluctuiumpoBaHHas BOJA
4. TIpoGupku
5. Jloxeuka
6. Broperka
7. Bopsnas Oans
8. Tepmoment
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9. Pactsop comsnoii kucaorsl HCl ¢ kornenrpanueit C(HCH=2 momns/nm®
10. KapGonar xansuus (men) CaCO3

11. Tlepokcun Bomopona

12. PactBop okcuaa mapranna (+4). MnO;

13. PactBOp okcupa xenesa (+2), FeO

14. PactBop okcuaa kpemuus (+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. Pacteop KCI

Yka3aHnus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJKHBI MPOBOJUTHCS IPH HCIPABHOM
3NEKTPOOOOPYAOBAHHH, IITEKTPOIPOBOAKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

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

3. PabGouee mecTo conepkaTh B OPSIKE U YUCTOTE.

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

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

6. Bce ombITH ¢ BpeAHBIMH U TMTIAXHYIIUMH BEIIECTBAMH, & TAKKE yapUBaHHE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJIUTH B BHITSHKHOM IIKady.

7. OcTaTku coenMHEHUH cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUpKE BCer/ia cieayeT AepiKaTh e€ TaKuM 00pazoM, U4TOOBI
OTBEepCTHE MIPOOUPKHU OBUIO HANIPABIEHO B CTOPOHY OT pabOTAIOLIEro PSAIOM COCEa.

9. He HaKIOHATH JIMI0 HAJ HATPEBAEMOH KHIKOCTHIO MITH CIUIABISIEMBIM BEILIECTBOM.

10. He cnenyer BIbIXaTh MMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYIy C DTHUMHU
BenlecTBaMy. HroxaTh BelecTBa MOKHO JIMIIb OCTOPOKHO, HAMIPABJISIsSL K ce0e maphl WK ra3 ABMKEHHEM
PYKH.

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

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

13. Kareropuuecku 3amperiaercsi mpoOoBaTh XMMHUYECKHE BEIIECTBA HA BKYC.

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

15. Tlpu paboTe cO CTEKIOM, XHMHYECKOW IOCYAOH, HEoOXoAMMO coOMoIaTh TpaBUiia
IPEIOCTOPOKHOCTH BO M30€KaHUE PAHEHUH OCKOJIKAMHU CTEKJIA.

16. Kareropuvecku 3arpemniaeTcs OCTaBIsATh padoTaroNre IpruOopsl 63 HaOMI0IeHUSI.

18. B xumuueckoii tabopaTtopun HeoOX0AMO paboTaTh B Xanare.

3aganus
OmeiT 1. Ompenennte CKOPOCTb B3aMMOJCHCTBUS THOCYJIb(aTa HATPUSl C CEPHOM KHCIIOTOM.
[Iponecc MoxeT OBITH BBIpaXKEH ABYMsI CTaIUSIMH:

a) NapS,03 + H,SO,4 = NaySOy4 + HpS»03 - 6rictpo;
6) HpS703 =H,0 + S0, + S 4 — memnenwo,

Ha Bropoii cragun peakuuy BbIAENSETCS CBOOOAHAS cepa B BHIE ONAJIECHUPYIOLIETO BEIIECTBA.
Bpemst oT Havyana peakuuu 10 TOSBIEHHUS NMEPBBIX BUIUMBIX CJIEIOB CEPHl 3aBHUCHT OT KOHIIEHTPAIUU
pearupyronmx BeecTs.

B Tpu npoGupku Haneiite o 5 cM® CEpHOI KMCIIOTBI W3 OIOPETKH, 3aTEM BO3LMUTE TPH KOJIOOUKH
emkocTei0 1o 50 cm® u Haneiite: B mepsyro 15 cm® Tmocymbpara Hatpus, Bo BTOpyr — 10 cm®
THOCYJIb(paTa HATPHs M 5 CM° BOABI M B TPeThiO — 5 cM® Thocynbdara Hatpus u 10 cm® Bomwl
COOTBETCTBEHHO. BynpTe TOUYHBI NpPH OTMEpPE HYKHBIX 00BEeMOB BemlecTB. l[lomeTrbTe HOMepa Koio.
Temepp mo ouepearn B KXyl KOOy NMpUIUBAiTEe W3 MPOOMPKH MPUTOTOBICHHBIN PacTBOp CepHON
KUCIOTHL. Bpemsi orcunThIBaiiTe 10 cexyHnoMmepy (WM CEKYHIHOW CTPEJKE YacOB) C MOMEHTA CIIMBAHUS
PacTBOPOB 10 Hayaja IOMYTHEHHUS.

Pesynbrare! onbiTa cBeuTe B TAONUITY 2.2.
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B utore MOXHO 1M cAENaTh BBIBOI: CKOPOCMbL PeaKkyuu 3a6UCUm Om Npupoobl peazupyioujux
eewecms u ux KoHyenmpayuu?

OnwiT 2. B Tpu cyXux MpoOMpPKH HAJEHTE MO 5 ¢cM> pacTBOpa cepHOI KMCIIOTHL, B TPH JPYTHE —
1o 5 cm® pacTBopa THOCYb(aTa Hatpus. [loMecTHTE Bce MPOOUPKH B BoJsAHYIO OaHto. Yepes 5 - 7 MUHYT
U3MEphTEe TEMIEepaTypy pacTBopa THOCYIb(ara HATPUS U CIACHTE COOEP)KUMOE OIHOW Mapbl MPOOHUPOK.
Otcunraiite BpeMs OT CIMBaHMA INPOOMPOK 1O MOSBICHUS IOMYyTHEHMA. M3MmeppTe TeMmepaTrypy
pacTBopa THOCyIb(ara HAaTpus B ApYyroi mpoOUpKe: oHa HoJbKHA ObITh HA 10° BbIE, YeM B MEPBOM
ciryyae.

CrefiTe coaepXUMOe BTOPOI Tapsl MPOOHPOK U OTMEPhTE BpeMs. OIBIT ¢ TPETheH MPOOMPKOIA
NpOBOZAT Npu Temneparype Ha 20°C Bblle mepBOHaYalbHOW. Pe3ynbTaThl OMBITOB 3aHECUTE B TAOJIHILY
2.3.

OmeiTr 3. Haumeiite B nBe mpoOupku Ha 1/4 mx obbeMa CONSHON KHCIOTHL. BriOepute nBa
OJIMHAKOBBIX KyCOUYKa MeJa W OJUH U3 HUX Pa30TPUTE B CTYyIIE€ B MOPOIIOK, 3aTEM OJJHOBPEMEHHO B OHY
13 IPOOUPOK OMYCTHUTE KYCOUYEK MeJa, a B APYTYIO CCHINBTE MOPOLIOK.

Onbit 4. B 4eThipe MpoOUpKU HaneiiTe 1m0 3 cM® pacTBOpa MepoKcHaa Boaopoaa. B Tpu m3 Hux
BCBINIBTE OAHOBPEMEHHO I10 JIOKEUKE: B OHY — OKcuaa MapraHua (+4), B Ipyryro — okcua xxenesa (+2),
B TPeThI0 — OKcHuaa KpemHuus (+4). UerBepras npobupka — i cpaBHeHUs. HaOmoeHus 3anuimuTe B
TETpajb.

OnwitS. Ilpumepom o0paTUMON peakIuu SBISETCS B3aUMOJCHCTBHE MEXAy pa30aBIeHHBIMHU
pacTBOpaMH XJopHuaa Jkene3a (+3) W THOIMAHATA Kajlus WIH aMMOHUS (IPaKTUYECKH OECIBETHBIC
pacTBOPBHI).

MonekynsipHOe ypaBHECHHE PEAKLIUH:

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

HonHoe ypaBHEHHE:

Fe3+(p) +3NCS ™ (p) <> Fe(NCS)3(p).

OO6pa3yromuiicss B pe3yiabTaTe peaklud KOMIUIEKC — THOIMAHAT jkele3a (+3) obmamaeT KpacHbIM
LIBETOM, MHTEHCUBHOCTb KOTOPOTO 3aBHCUT OT KOHIEHTpauuu. [loaToMy cmemieHne paBHOBECHS JIETKO
HaOJIr01aTh 110 N3MEHEHUIO MHTEHCUBHOCTH OKPACKHU.

Cnetire B K010y pasubie 00beMbl (10 — 15 cm®) pacteopa FeCls (C(FeCls) = 0,002 momns/nm®) u
pacTBOpa THOIHOHATA Kayusl (M aMMOHUS) ¢ MostsipHoii KontienTparnueir C(KNCS) == 0,002 MOJTB/ M.

[Tomy4eHHBIN pacTBOp pas3iielTe B YeTbIpe MPOOMPKHU TaK, YTOObI 0OBEMBI BCEX PACTBOPOB OBUIH
IPUMEPHO OJIMHAKOBBIMH. B nepByro npobupky nobassre 1 cm® pactsopa FeCls; Bo Bropyro — 1 cm®
HACBIIIEHHOTO PacTBOpa THOIMaHaTa Kanus; B TpeThto — kpuctaiummueckuit KCl (wmu NH4Cl). YerBepras
npoOupKa — 3TaJIOH I CPABHEHHSI.

PesynbTaTel onbiTa 3aHecuTe B TA0IUIY 2.4.

Conep:xanue oTyeTa
Jlns onvima 1.
Tabnuya 2.2 3asucumocms ckopocmu peakyuu Om KOHYeHmpayuu

KonuenTpanus
Na;5,0s 3 Bpewms ot Hauana OTHOCHUTENBHAS CKOPOCTh
Ci (Na25203 ), MO. ﬂb/ om” = OTCYEeTa 10 IOSBICHU peaKuumn
MOMYTHEHHS
V;(Na,S,0 =t!
_ VilNayS;05) 3)'(30(’\16125203) tLe U=r
Vv
p—pa

rae Vi(NayS,03), cn® =15;10;5;
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Vi paren® =Vi(NapS03)+V;(H20)+V (H2S0;).

Ha ocHOBaHMM MeXaHH3Ma pPEaKIHMU YKKUTE €€ MOpSIJOK M MOJIeKYJspHOCTh. Hammmmre
KHHEeTH4YecKoe ypaBHeHue. [lombITaiiTech BEIMUCIUTD KOHCTAHTY CKOPOCTH.

[ocTpoiite rpaduk 3aBUCUMOCTH CKOPOCTH PEAKIKMU OT KOHICHTPAIIUH Pearupyromux BEeLIeCTB.
Kakoil nuHuell BblpakaeTcsi HaiineHHas 3aBHCUMOCTB? [IpoXoauT nu oHa yepe3 Hadalo KOOPIMHAT?
[Touemy?

Jlns onvima 2.
Tabnuya 2.3 Brusnue memnepamypul Ha CKOPOCHb PeaKyuu

NoNo TeMIenaTypa ombrra. °C Bpewms ot Hayana orcuera 10 OTtHOcCHTENIBHAs CKOPOCTh
OTBITa patyp ’ noMyTHeHwUs, peakuuu, U =t

Bripazure rpadudeckn 3aBUCHMOCTh CKOPOCTH PEAaKIHUH OT TEMIEpPaTyphl, OTIOXKHUB Ha OCH
abcmucce 3HaYSHHS TEMITEPATyphl, 2 Ha OCH OPAMHAT 3HAYEHHsI OTHOCUTENBHON CKOPOCTH peakiuu. Yemy
paBHO 3HAYEHHE TeMIepaTypHOro ko3 (uIreHTa B BaleM onbiTe?

Jlns onvima 3.

OO0BsacHUTE, B KaKOW U3 IPOOUPOK peakius mornuia Oeictpee? [louemy?
Jlns onvima 4.

OOBsCHUTE, OJJUHAKOBO JIM MPOTEKAET MPOIECC Pa3lIoKEHUs mepokcuaa Bogopoaa? CocraBbre
ypaBHEHHUE Pa3IOKEHUs Mepokcruaa Bomopona. Onpenennte THI Katannia. Kakoe W3 BemecTB oKazaio
KaTaJIMTUYECKOE JiekicTBUE?

Jlns onvima 3.

O0pscHuTe, uTo TporcxoauT. CocTaBpTe BRIpAKEHHUE TSI KOHCTAHTHI paBHOBecus. Ha ocHoBaHMH
(dhopMyIBI 1T pacdeTa KOHCTAHTHI PAaBHOBECHS YKaXKUTE, M3MEHEHHE KOHIIEHTPAIM KaKWX BEHIeCTB
(MCXOHBIX WU MPOIYKTOB PEAKINK) BHI30BET OOJIee CyIIeCTBEHHBII CBUT PaBHOBECHS.

Tabruya 2.4 Bausnue xonyenmpayuu peazeHmos Ha XUMU4ecKoe pasHogecue

. OcnaGnenne um Hanpapnenue cmemienus
Howmep ombiTa JobGaBrieHHBII pacTBOP
YCUJICHUE OKPACKHU paBHOBECHSI
1
2
3

KoHnTposabHbIe BONPOCHI

ba30BbIii ypoBEeHB

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

2. Kakne ¢axTopbl He0OOXOIUMBI ISl BCTYIUICHUS] B XMMHUYECKYI0 PEAKIMIO Pearupyromumx
qacTull?

3. Haiite ompeneneHre CKOPOCTH XHUMHUYECKoW peaknud. Kak BRIISIUT rpaduk,

OTpa’KaroInil 3aBUCUMOCTb CKOPOCTH 3JeMEHTapHOH peakunu Buzna P + G < Q or: 1) xoHUIEHTpauun
pearenTta G; 2) KOHIEHTPAIIUK MPOAYKTA peakiunu Q?

4. Kax gnrtaetcs nepBast popMynrpoBKa 3aK0HA JAecTBUS Macc?

5. Kakoit cMbICT MMEET KOHCTaHTa CKOPOCTHU peakuuit? OT 4ero 3aBUCUT U OT YEro He
3aBUCHUT 3TOT HapameTp?

6. [IpuoXxuM i 3aKOH AEWCTBUS MacC K CIOXHBIM (MHOTOCTaIUIHBIM) peakiusim? OTBeT
MOSICHUTE Ha MpUMeEpe.

7. YKaxure, KOTra CKOPOCTh XHMHYECKOW pPEaKUUU NEUCTBUTEIBHO INPONOPLIUOHATIBHA
MIPOU3BEICHUIO KOHIICHTPAIIUH pEearupyromnX BEMIECTB B CTEIMEHSIX, PABHBIX HX CTEXHOMETPHUSCKHM
ko durmentam.

8. UTo Ha3bIBAIOT MOJEKYJSIPHOCTHIO M MOPAIKOM XHMHUYECKUX peakuuii? Beerga nau oHuM
OJIMHAKOBBI?

9. Kak ompenenstor MOJEKYISIPHOCTh U TOPSAOK CIOXKHBIX peaknuii? [loscHHTE OTBET Ha
puMepe.
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10. Kakne dacTuibl Ha3bIBalOT «aKTHBHBIMH»? JlaliTe omnpeseiieHne MOHATHIO «IHEPTHS
aKTHUBallun».
[ToBbIlIEHHBIN YPOBEHB

1. Kak n3Mensiercst sHeprusi akTHBAIlMK B TIPUCYTCTBUU Katanuzaropa?

2. UTo NMPOUCXOUT C pearupyroniMy YacTHIIAMH TIPU HarpEeBaHUH?

3. [MpuBepute ¢opmynupoBky mnpasuna Banr-IT'odda. Kakas ¢opmyna orpakaer
MaTeMaTHYEeCKYIO 3aBUCHMOCTb BO3PACTaHHS CKOPOCTH C YBEIIMUCHUEM TEMIIEPATyPhI?

4, Kaxoif cMbicn umeer TemnepaTypHbiii ko3 dumrent? Yto o3HadaeT, HalIpuMep, €CIH Y
=3?

5. Onpenennure TeMnepaTypHbIH KOA(PGHUIMEHT CKOPOCTH PEaKIHU, €CIIU MPU MOHWKEHUH
temmneparypsl Ha 45 °C peakuus 3amemmnack B 30 pas. Otsert: v = 2,13.

6. IIpu 393 K peaxmus 3akaHumBaeTcs 3a 25 MuH. Yepe3 CKOJIBKO MHUHYT dTa PEaKIIHS

3akoHuuTCs npu 443 K (y =2,5)? Oter: 0,255 mun.

7. Kakne XuMHUYeCKre Peakiliy Ha3bIBAIOT OOpaTHMBIMU? HeoOpaTuMbIMHU? [IpuBennte mpuMeps
TaKUX PeakLui.

8. Ilpu KakuX ycIOBHUSX HACTYIACT XMMHUYECKOE PABHOBECHE B 00pPaTUMBIX CUCTEMaXx?

9. Kakoif mapamMeTp Ha3bIBaIOT KOHCTaHTOU paBHOBecusi? Kak orpaxkaercs €€ 3aBUCHUMOCTH OT
KOHCTAHT PSIMOI 1 00paTHOH peakiuii?

10. Or xakux (axTOpOB 3aBHUCUT KOHCTaHTa PABHOBECHUS? OT KAKUX HE 3aBHCHUT?

11 HO‘ICMy B BBIPAKCHUHU KOHCTAHTHI PABHOBECHUA KOHICHTPAIUN BCIICCTB YKa3aHbl B CTCIICHAX,
COOTBETCTBYIOIIMX MX CTEXHOMETPHUUECKUM KO3 (HUIMEHTaM, a HE HKCIEPUMEHTAJIBHO ONpPEAeIieMbIM
yucnam X, Y u ap.?

12. KakuM COOTHOIIICHHEM CBs3aHA KOHCTAHTa paBHOBECHUs ¢ dHeprueli ['no0ca?

13. IIpuBemute dhopmymuposky npuanumna Jle [latense. Kakoe mpakTudeckoe 3HaueHHE MMEET
sToT npuHuMn? IlpuBenure npumepsl.

Chnucokx JUTEPATYPHI, peKOMeH)IyeMBIﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHasi IUTEpaTYypa:

1. TonoBanoBa, O. A. O6mas xuMus [ DNeKTPOHHBIH pecypc] : yueOHoe mocodue (IS CTyICHTOB
XUMHYECKOTO (paKyJIbTeTa HalpaBIeHHU OakamaBpuaTa « XuMuss» 1 « XuMHueckast TexHosorus») / O. A.
I'onoBaHOBa. — DJIEKTPOH. TEKCTOBBIE AaHHbIE. — OMCK : OMCKUI TOCYIapCTBEHHBIM YHUBEPCUTET UM.
®.M. Jlocroesckoro, 2014, — 164 ¢. — 978-5-7779-1755-3. — Pexxum nocrymna:
http://www.iprbookshop.ru/59628.html

2. PomanoBa, C. M. KpaTkuii kypc JeKuuii mo o01mei 1 HeOpraHn4ecKo XUMUM [ DIEeKTPOHHBIN pecypc]
: yuebHoe nocodue / C. M. PomaHnoBa. — DJIEKTPOH. TEKCTOBBIC JlaHHBIE. — AJMathl : Kazaxckuii
HAI[MOHAJIBHBIN YHUBEpCUTET UM. alib-Dapadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexum
noctyna: http://www.iprbookshop.ru/70372.html

JlonotHUTEIbHAS JIUTEPATYypPa:

1. Bontpomerok, B. B. O6mast xumust [DnekTpoHHBIH pecypc] : yueOHoe nocobue / B. B. Boarpomerok.

— DIIeKTPOH. TeKCTOBBIE JaHHbIe. — MuHCK : Beimmiiiias mkomna, 2012. — 624 ¢. — 978-985-06-2144-
3. — Pexxum nocrymna: http://www.iprbookshop.ru/20236.html
2. bapkosckuii, E. B. O0mas xumus [DnekTpoHHEIH pecypce] : yaeOHnoe mocooue / E. B. bapkosckuii, C.
B. Tkaues, JI. I'. [leTpymenko. — DIeKTpOH. TEKCTOBBIE AaHHBIe. — MUHCK : Bimaitmas mkoa, 2013.
— 641 c. — 978-985-06-2314-0. — Pexum mocryma: http:// www.iprbookshop.ru/35509.html
HNHTepHET-pecypcebl:

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

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

3 http://catalog.ncstu.ru/ — smeKTpOHHBII KaTaaor acCOIHAINN dJIEKTPOHHBIX OMOIMOTEK

yueOHbIX 3aBefieHni 1 oprannzanuit CKOO
4 http://www.iprbookshop.ru — DBC.

S https://openedu.ru — OTkpeIToe 06pa3oBaHue
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Tema 6. PacTBopsI
JlaGopaTopHas padora 3. DJIeKTPOJIUTHYECKAS THCCOLMAIUS

Lens pabotel: N3yuenue mporecca 3IEKTPOIUTHYECKON JUCCOIMAIIMK B BOJHBIX PAcTBOpax

3EKTPOIUTOB PA3HOM CHUIIBL.
Teopernyeckasi 4acThb

Pacnan 37eKTpONIMTOB HA HOHBI MTPU UX PACTBOPEHUH B BOJIE HA3BIBACTCSI IPOTOIHU30M.

Ipumeuanue. K mporneccam mpoToiu3a OTHOCAT BCE XMMHUYCCKHE B3aUMOJICHCTBUS, B KOTOPBIX
yuactByioT uoHbl H3O0" u OH'. TepMuH «IMCCOIMAIMsS» yCTapea, BMECTO HEr0 PEKOMEHIYEeTCs
NPUMEHSTh — IPOTOJIU3.

OCHOBHBIE TOJOXKEHHUSI TEOPHUU MPOTONH3a (TOrAA—3JIEKTPOIUTHUECKON TUCCOLMAIMK) ObUIN
paspabotansl B 1887 roxy mBenckuM yuéHpiM CBaHTE APPEHIYCOM.

DJEeKTPONHUTHl TPU PACTBOPEHWH B BOJIe TMOABEPTalOTCsl MPOTOdHM3y (pacmajaroTcs WIN
JUCCOLIMUPYIOT) Ha MOJOKUTENbHBIC U OTPULIATEIILHBIC HOHBI.

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

[ponecc mpoTtonusa — npouecc 0OpaTUMBIH, T.€. MapaIebHO paclaay MOJIEKYJ Ha HOHBI HAET
MPOLIECC COCTMHEHUSI HOHOB B MOJICKYJIBI.

Hampumep: CUSO4 < CM2+ + 8042_

Cynbgat Meu B BOJHOM pacTBOpe pacnajgaercs Ha katuoH Cu?* u anuon SO42.

MexaHu3M MIPOTONU3a (IMCCOMAIK) ObLT pa3paboTaH pycckuM xumukoM U. A. KaOirykoBbM.

['maBHOM NpUYMHON MPOTOJIM3A SIBISETCS B3aUMOAEHWCTBUE MOJIEKYJ 3JIEKTPOJIUTA C MOJIEKYJIaMHU
pactBopuTens (Boabl). MoJekyia BOJbl MOJSPHAs, B3aUMOACHCTBYS C AJIEKTPOIUTOM, BoJa ocnaliser
ANIEKTPOCTATUYECKHE CUJIBI MIPUTSDKEHUSI NOHOB B KPUCTAIUIAX W CHJIBI B3AUMOJICHCTBHS MEXKIY aTOMaMu
B COCTMHEHMSIX C KOBAJICHTHOM CBS3BIO, UTO Y MPUBOAUT K UX MPOTONHU3Y (pUCYHOK 2.1).

cod o 0
@@@—@G@) 8§ DOO—EOD

@) NOTAPHAsL MOTIEKYILA 8 HAYAREe cUOPAMAYUL;
0) nepexoo NOAPHOU MOJIEKYIbL 8 UOHHYIO NOO Oelicmeuem OUnoael 600bl;
8) cUOPAMUPOBAHHBIU AHUOH,
2) euopamupo8aHHvIl KAMUOH.
Pucynox 3.1 — Cxema npomonuza noaspHoU MOAEKY bl

OOpazoBaBiirecsi HOHBI OKPYXEHbI O0OJIOYKOW W3 TOJIIPHBIX MOJIEKYJ BOJBI U SIBJISIFOTCS
TUIPAaTUPOBAaHHBIMU HOHaMHU. OHH yCTOWYMBEI U CYIIECTBYIOT B PACTBOPE HE3aBUCHMO JIPYT OT JIpyTa.

I'mapaTupoBaHHBIE HOHBI MOTYT UMEThH KaK IOCTOSHHOE, TaK M IEPEMEHHOE KOJIMYECTBO MOJIEKYJI
BOJIbI. [ MpaT MOCTOSIHHOTO COCTaBa 00pa3yeT HOH Bogopoaa H, ynepkuBaronuii 0Hy MOJIEKYITY BOJIBL.
B HayuHoi1 1 yueOHOU nuTepaType ero o6o3nadaror H3O" (mim OH3™) 1 Ha3bIBalOT HOHOM THIIPOKCOHHSI.

Crnenyer moMHUTB, 4TO HOH H* B BOJE He CyIIeCTBYeT, TaK KaK MOMEHTAJIBHO pPEarupyer C
MOJIEKYJIOH (MOJIeKyIamMu!) BOJIBI M CYIIECTBYET ( B OCHOBHOM) TOJIBPKO B BHEC HOHOB THIPOKCOHWIS:

H" + H,O — H30".

CunvHvle u crnadvie snexmponumsi. CUIbHBIE JIEKTPOIUTHI IPU PACTBOPEHUH B BOZAE MOJHOCTHIO
(VUYL TTOYTH MTOJTHOCTHIO) TIO/IBEPTAOTCS MPOTOIU3Y — PACaIal0TCs HA HOHBI.

Ilpumeuanue. IIpUHATO CUMTATh CUJIBHBIMHM 3JIEKTPOJIMTAMU BCE TE€ COCOUHEHMs, KOTOpbIE
pacmagarorcs 6onee yem Ha 30%.

K HuM oTHOCATCA:

a) kucnotsl HaSO4 (Tosteko 1o mepsoii crymenn!), HNO3z, HCI, HI, HBr, HMnO., HCIO3, HCIOq;
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0) ocuosanus menounsix (NaOH, KOH, RbOH, CsOH, no me LiOH!) u menouno3eMensHBIX
metaiuioB (Ca(OH)z, Sr(OH)z, Ba(OH)2 — Ho TosbKO 10 TIEpBO# cTymeHu!);

B) MOYTH BCE PACTBOPUMBIE COJIH.

Crabple 3JIEKTPONUTHI IPU PACTBOPCHUH B BOJE JIMIIL YACTHYHO MOABEPratoTCs mpotonnsy. K
crabbIM 3JIEKTPOJIMTAM OTHOCAT, Hampumep. crienytorue kuciaote: HCN, HNO,, HF, HCIO, HCOOH,
CH3;COOH, H,COs3, H2C;04, H.S, H,SOs;, H:SiOs, HsBOs wu nap.; ocHoBamMs MeTaamoB (KpoMme
OCHOBaHUI IIEIIOYHBIX U INEI0YHO3EMENbHBIX MeTauioB), a Takke NH4sOH. K cmabeiM anekTponuram
OTHOCHUTCS TaKXe U BOJA.

IIpoTonu3 KUCIOT:

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

H,0*][SOZ"
HSO; + H,0 <> H30" + 505 ; Kaz(H2804)=[ 30" 1[SO;

[HSO; ]

=0,012;

6) HCIO; + H,0 <> H30™ + CIOg3’; (100%);
6) HBr + H,0 <> H3O™ + Br~; (100%).
HpOTOJII/I3 MHOI'OOCHOBHbBIX KHCIIOT CTynquaTbIﬁ, IIpyu 3TOM YHUCIIO CTyHCHCI\/'I OIpeaCIACTCA
OCHOBHOCTBIO KHCJIOTHI (3TO 7K€ OTHOCUTCA U K MHOT'OKHCJIOTHBIM OCHOBaHI/IHM).
[IpoTonu3 ocHOBaHMIA:

a) NaOH <& Na® +OH 7
6) KOH <& K" +OH~;
6) Ca(OH), <> CaOH™ +OH ".

[Ipotonus coneii:
Cpeonue conu:

a) NaCl <> Na™ +Cl~;
6) KNO3 <> K™ + NOj3 ;
6) Al,(SO,)s <> 2AI%" +3507".

Kucnvie conu:
KoHPO4 «» 2K* + HPO42".
Ocnosnvle conu:
a) AIOH(NO3), <> AIOH?" +2NO;;
AIOH?" & AI** +OH~;
6) Al(OH),NO3 «<[AI(OH),]" + NO;;
[AI(OH),]" <> AIOH?" +OH ;
AIOH?* <& AI** +OH .
KOMnJleKCHble CcOoJu.
a) K[Cr(OH),]<> K* +[Cr(OH),];
[Cr(OH),] <> Cr3 +40H;
6)Na,[Zn(OH), ] <> 2Na* +[zZn(OH), J*~;
[Zn(OH), > <> Zn?* + 40H .
KOJ'II/I‘-ICCTBGHHO npouecc HpOTOJ‘II/I3a MOKXHO oxapaKTepmoBaTL C ITIOMOIIIBYO cmeneHu npomoJausa

Q , KOTOpasi MPEACTABISIET CO00i OTHOIIEHUE YhCiaa MOJIb (Ny) MOABEPTIIUXCS MPOTOIHM3Y MOJEKYH, K
o0memMy anciay Moiib (Nysy) PACTBOPEHHBIX MOJICKYII:

n
X
a,% = -100. (3.2)
no6u4
JIIsl CHIIBHBIX 3JIEKTPOJIUTOB CTEMEeHb mpoTonm3a Omm3ka k examnamie (100 %). Jlns ciaabeix
AJIEKTPOJIUTOB, MOJIEKYJIbI KOTOPBIX B OCHOBHOM HaXOJISATCS B PACTBOPE B MOJICKYJISIPHOM COCTOSIHUU, Of

— MaJjiasgd BCIIMYHHA.
CrereHn MMpOTOJIM3a MOXHO YBCIWYUTH NOHUKCHUCM KOHICHTPALMHU PACTBOPCHHOI'O BCIIICCTBA

(Tabmuma 2.1) Wi MOBBIIIIECHHEM TEMIIEPATYPHI pacTBOpa.
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Tabnuya 3.1. 3asucumocmsv cmenenu RPOMOAU3A YKCYCHOU KUCTOMbL O KOHYESHMPAYUU npu

o

20C

C(CH3COOH), monn/mm® 0,1 0,01 0,001
0,% 14 4,2 12,4
Hanpumep, 171 yKCyCHOM KUCIIOTHI:
CH3;COOH + H,0 «» CH3COO™ + H30%;

[CHsCO07] oo [H0'] |
C(CH3COOH) C(CH,COOH)

Jlnst XapakTepUCTUKU CIA0BIX DIICKTPOJIUTOB HCHONB3YIOTCS KOHCTAHTHI MPOTOJIN3a, KOTOpHIC
SIBJIIFOTCSL YaCTHBIM CJTy4aeM KOHCTaHT XUMUYECKOTO PABHOBECHSI.

[porecc mpoTonm3a cnaboro AIEKTPOIUTA SBISCTCS PABHOBECHBIM, T.€. B CHCTEME MPOTEKAIOT
OJTHOBPEMEHHO JIBa CONPSDKEHHBIX IMpoIlecca: MPOTONIN3 U Molispu3anus. Hampumep, 11 paBHOBECHOTO
npoliecca a30TUCTON KHUCIIOTHI C MOJIEKYJIaMH BOJBL: 1) MpsiMasi peakiusl — Mpoliecc MpoToiu3a (pacmnajaa)
mosieky1 HNO; Ha wonbr; 2) obpaTHas peakius — mosspusaims (cBs3piBanne woHoB H3O u NO;™ B
mostekyisl HNO2)

a(CH,COOH), % =

HN02 +H20 > H30+ + NOZ_
KonnuecTBeHHO 3TO paBHOBecHe XapakTepu3yeT koHcranTta nporoiauza HNO::
+ a—
[H307]-[NC; |
[HNO, |

I[JIH MHOT'OOCHOBHBIX KHCJIOT CYHICCTBYIOT HECKOJIBKO KOHCTAHT IIPOTOJIM3a, KaXXIasad U3 KOTOPBIX
KOJIMYECTBEHHO XapaKTEPU3yeT COOTBETCTBYIOIIYIO CTYIIEHb IPOTOJIH3A.
Hamnpumep:

K, (HNO,) = =51.10"%,

+ -.
H28+ HzO(—) H3O + HS ,
+ —
_[H307]-[HS]
a
[H2S] ,
- + —.
HS™ +H,0 < H3;0" +S°7;
+ 2—
_[H307]-[57]
[HS™]
[IpoTonu3 3NEKTPONMTOB IO TEPBOM CTYNEHH HWJIET Jierde W, CJIEJOBAaTeIbHO, BEIHYHHA
KOHCTAHTBI MIPOTOJIM3a MEPBOU CTYNEHH Bcernaa OOJIbIIE BEIMYMH KOHCTAHT MPOTOJIM3a MOCISTYIONINX
CTYIIEHEH.
Koncmanma npomonuza mak dice, Kak u KOHCMAHMA XUMUYECKO20 DPABHOBECUS, SGIAEMCS
BEUYUHOL NOCIMOSHHOU NPU OAHHOU MeMnepamype u He 3a6UcCUm om KOHYEeHMpayuu geujecmad.

3aBUCHMOCTh MEXIy KOHCTAHTON PaBHOBECHSI M CTEICHBIO MPOTOJIH3A OMPEACIACTCS 3aKOHOM
pazbasienus OcTBanbia, HAPUMEP, I OTHOOCHOBHO KUCIOTHI (Tuia HA):

[H30"1-[47]1 _a®C(HA)

-1-107":

-11.107%,

a

K, (HA4) = - >0,05 (5%
o« (HA) ] 1, pua (5%)
1501051
H,0"]-[4~
K, (HA) _H0 ] [4] = a?C(HA) —npua < 0,05 (5%)

[H4]

WNonnrpie ypaBHeHHs — 3T0 (hopMa 3alMCH, OTPAKaomlasi COCTOSHHE BEIIECTB B PACTBOPE H
pe3yabTaT UX B3aUMOJEHCTBUA APYT C IPYTOM.

IIpyn cocraBieHWM HMOHHBIX YpaBHEHHWH CJEIyeT pPYKOBOJCTBOBATbCA TEM, UYTO cradvie
ANEKMPOAUMbL U MATOPACMBOPUMbLE 8elyecmea uzoopadicaiomes 6 sude monexyi. CunbHo pacmeopumobie
NEKMPOAUMDBL, KAK NOJHOCNbIO UOHUIUPOBAHHbBIE, NULLYIICS 8 8UOE UOHOB.

B nOHHBIX ypaBHEHHUSX JOJKHO COOMIOAATECS YCIOBHE 3JCKTPOHEHTPATIBHOCTH — CYyMMA 3aPsA008
6 11e601L Yacmu YpasHe s 00IHCHA ObIMb PABHA CyMMe 3apsa008 NPagol Yacmu YPaGHeHUs.

OobopynoBanue 1 MaTepuaJIbI
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1. Pacrsop ceproii kucnorsl HySO4 ¢ konuenTpanumeii C(H2SO4)=2 mMons/mm®
2. Pactsop comsnoii kucaorsl HCl ¢ kornenrpanueit C(HCH=2 momns/nm®

3. Hupukarop penondraienn

4. VIHAMKaTOP METUIOPAHKEBBIMA

5. JlakmycoBas Oymara

6. Pacteop NaOH c¢ xonnentpauueii C(NaOH) = 2 mons/nm®

7. JIMCcTHIUIMPOBaHHAs BOJA

8. TIpoGupku

9. Jloxeuka

10. PactBop NazSO4

11. PactBop (NH4)2SO4

12. PactBop xmopuma Gapus

13. PactBop cunukara HaTpus

14. PacTBOp COJSAHOM KUCITOTHI

15. PactBop cynbdara meu (+2)

16. PactBop anerara narpus CH;COONa

17. Kap6onar kanbius (Men) CaCOs

18. PactBop cynbgara xpoma

19. PactBOp enxoro Harpa

YKa3zaHus 0 TEXHUKe 0€30IacCHOCTH
1. Bce paboTel B XUMHYECKOW Tab0OpaTOPUM MOIDKHBI TMPOBOAWTHCS NPHU HCIPABHOM
3NEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOKE, MPABUIEHO 000PYAOBAHHOM BBITSDKHOM IIKAQYy.

2. Ta30BbIe KpaHBI U ra30MPOBO/] TOJKHBI HAXOUTHCS B UCIIPABHOM COCTOSIHUH, TIEPHOANIECKU
MPOBEPSATHCA.

3. Pabouee mecTo conepkaTh B MOPSIIKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcst OpaTh YMCTHIM IITATEIEM WU CIICIUATIBHON JT0XKESUKOH.

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

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

7. OcraTKu coeqUHEHUI cepedpa cIMBaTh B 0COObIE CKIISIHKH.

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

9. He HaKIOHSTH JIMIO HaJl HATPEBACMOM YKHUIKOCTBHIO HIIM CIUIABIISIEMBIM BEIIECTBOM.

10. He cnenyer BIbIXaTh MMaxy4due BEIIECTBA M ras3bl, OJU3KO HAKIOHSSICH K COCYLy C 3THUMHU
BemecTBaMy. HroxaTh BemecTBa MOKHO JIMILIL OCTOPOXKHO, HAIPABIISAA K ce0e maphl WK ra3 ABHKEHHEM
PYKH.

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

12. BrumBathk pa30aBieHHbIE KUCIOTHI U IETIOYHBIE PACTBOPHI CIIEAYET B CIMBHYIO CKIISTHKY.

13. Kareropuuecku 3arpeniaercsi mpoOoBaTh XUMUYECKUE BEIIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIErKOo BOCILIAMEHSIOIIUMUCS BeliecTBaMH (3QUphI, OCH301, CEPOYIIepo U
T.J1.) HE IOJDKHO OBITH PSIIOM OTHSI M BKJIFOUEHHBIX TUTUTOK.

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

16. Karteropuuecku 3ampeniaercsi OCTaBiIsATh paboTarole Npuoopsl 03 HaOIIOACHUS.

19. B xumuueckoii nabopaTopun He0OX0AUMO padoTaTh B Xanare.

3ananus
Onpir 1. Hanelite B Tpu npo6upku mo 1-2 ¢cM® pacTBopa KUCIOTHI, MIEN0YH U BOAKL Jl06aBbTe B
KOKAYI0 npoOupky wuHaukatop (cMm. Tabm. 3.2.1). OOparuTe BHUMaHHME Ha I[BET HHIWKATOPOB B
Pa3IMUYHBIX CPEAAX: KUCIIOH, ETOUHOM, HEUTPaJIbHOM.
Tabauya 2.2 1leem unouxamopoe 6 paziudnsix cpeoax

WHpukatop Cpena
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KHCTast HeHTpagbHas H1eJI0YHas
Jlakmyc KpPAaCHBII (uoneToBbIi CHUHUU
denondraneun OeCLBETHBIN OecLBETHBIN MaJIMHOBLIH
MertunopaHKeBblii PO30BBIi OpPaHKEBbIN HKEITHIN

Onpir 2. B aBe mpobupku Haneiite mo 1-2 cm® pactBopos: B omnHy — NaSOs, B apyrywo —
(NH4)2SO4. B xaxayro u3 mpoOHpoK mpubaBbTE MO TAKOMY e 00beMy pacTBopa xyopuia OGapus. Bo
BCeX MpoOupkax oOpasyercst ocagok Oemoro nsera. CocTaBbTe MOJEKYJSIPHBIE M MOHHBIC ypaBHEHUS
COOTBETCTBYIOIIUX PEAKLUIL.

Jist Toro 4To0Obl ONpeAeIuTh Kakas U3 00pa3oBaBIIMXCA COJICH TPYOHOPACTBOPUMA, IIOCMOTPUTE
TabNMIy PAacTBOPHUMOCTH XHUMHYECKHX COCAMHEHHWH. B BhIllepacCMOTpEeHHOM NpHMeEpe 3Ta COllb —
cynbdar dapus.

Ongit 3. Hanelite B mpoOupky 2 cM® pacTBOpa CHJIMKATa HaTpHs, J0OABBTE TAKOE e KOJIHYECTBO
comsiHOM KucnoTel. Yto mpownzonuio? HamummnTe MONEKyIsipHOE, MOJTHOE MOHHOE M KpaTkoe MOHHOE
ypaBHEHUs 1aHHOH peakiuy. OOpaTuTe BHUMaHHE, YTO KPEMHHEBasl KUCIIOTA MJI0X0 pacTBOpUMa B BOJIE.

Oneit 4. Haneiite B mpo6upky 2 cM® pactBopa cyibdara meau (+2). JIo6aBbTe pacTBOp IIENOYH
(NaOH wmnu KOH). Yto Bbl HaOmomaere? Hamumiure MOJNEKYSIPHOS YpaBHEHHE peakiuu. I10b3ysach
TabNMMIeH pacTBOPHMOCTH, OIpENENNTe, Kakoe W3 JBYX OOpa3oBaBIIMXCS COCTUHEHUH, BHIMAgacT B
ocafok. HamumunTe noiaHoe u KpaTkoe HOHHBIE ypaBHeHUs. OcaZoK COXpaHUTE IS OIIbITa 5.

OmbiT 5. B mpoOupky ¢ 0caigKoM THAPOKCHAA MeOu (TOJyYEeHHOTO B HPEABIIYLIEM OIIbITE)
n00aBbTE HECKOJBKO CM° pacTBOpa COJIHOM KucnoThl. Ocalok pacTBOpMics (€Cld OCajoK He
pacTBOpPWIICS, TO BCTPSAXHUTE MNPOOHMPKY). Hamummre MonekynspHOe, MOJHOE M KpaTKOEe HOHHBIC
YpaBHEHUSI.

OmnwiT 6. Hanelite B mpo6upky 2 cM® pactsopa anerara natpus CH;COONa u 106aBbTe HEMHOTO
pa30aBICHHON COJITHOW KHCHOTHl (Wnn cepHoil). [losiBuics 3amax, MPHUCYNIMA MOJEKYJIaM YKCYCHON
KucioThl. [IpH cocTaBneHMM HOHHOTO ypaBHEHMs He 3a0bIBaiiTe, 4TO YKCyCHas KHCIOTa — CIa0bIi
3IIEKTPOJIUT.

OnpiT 7. B HE0OIBIIIOM KOJHUYECTBE BOJBI B30OJITANTE IIECMOTKY PacTEPTOrO B MOPOIIOK Mejia U
MpusIeiiTe HEMHOTO PacTBOPa CONTHON KHCIOTHL. Kakoif ra3 mpu 3ToM BBIAEIUTCS?

BcnoMHuuTe, 4TO yronpHas KUCJIOTa OUY€Hb HEYCTOWYMBA, PAa3aracTcs ¢ BbIIEICHUEM ITy3bIPHKOB
YIIJIEKHUCIIOro rasa.

Hanwmmure MonekynsipHOe, KpaTKOE U MOJTHOE HOHHbBIE YPaBHEHUSL.

Onwir 8. a) Haneiite B mpobupky 2-3 cm® pacTtBopa cyibdara Xxpoma ¥ 100aBbTE MO KAIUIAM
pacTBOop enkoro Hartpa (mo oOpasoBaHusi ocangka). OOpasoBaicsi OcaloKk ruzapokcuzaa xpoma (+3),
OTMETHTE IIBET Oca/ika. HanmuiuTe MoJeKyIIpHOe, MOJTHOE U KPaTKOEe MOHHBIE YPaBHEHHS PEaKIIUii.

0) O6pazoBaBmuiicss ocafok B30ONTalTe U pa3aenuTe Ha nBe yacTH. K oqHON yactu moOaBbTe 2-
3 cM® CONSHOM KMCIIOTBI, @ KO BTOPOH — 2-3 cM® KOHIIEHTPUPOBAHHOTO PACTBOPA IIEJIOYH.

OO6patuTe BHUMaHHE, YTO 0CaJI0K B 00enX MpoOupKax pacTBopuiics. BcrioMHuTE, YTO THAPOKCH]T
xpoma (+3) obOyazgaer amMQOJIMTHBIMH CBOMCTBaMH, B3aMMOCHCTBYS KaK C KHCJIOTaMHU, TaK U C
menoyamu. [Ipu 3ToM BO BTOpOoM ciydae oOpasyercs KomiulekcHas coiib. Kakas? Hanummre eé
dbopmyiy.

[Mo ykazanuio mpernojaBaTesisi MOXXHO TIPOBECTH AaHAJIOTHYHBIE PEAKIMH C Y4acTHEeM
TUIPOKCUIAMH ATIOMUHUS WK IIMHKA, KOTOPBIE TaKkke 001aat0T aM(OIUTHBIMHA CBOHCTBAMH.

CocraBbTe MOJIEKYJISIPHBIE, IOJHBIE U KPATKUE YPAaBHEHUSI COOTBETCTBYIOIIUX PEAKLIUH.

Onbir 9. Tonp3ysch BBICTaBICHHBIMH Ha Ja0OpaTOpPHOM CTOJIE PEaKTHBAMH, OCYIIECTBHTH
PEaKIHMIO, BEIPAKEHHYIO CIICAYIOIIUM HOHHBIM YPaBHEHHEM:

Fe*" +30H ™ = Fe(OH); ¥

Hanummure MonekynsipHoe ypaBHEHHE PEeaKLIUH.
Omnpit 10. [Tomp3ysich MONydeHHBIM B OIBITE 9 0cagkoM THApoKcHa xemes3a (+3), OCyIecTBUTh
PEaKIHNIo, KOTOPYIO OIUCHIBACT CJIEAYIOIIee HOHHOE YpaBHEHHE:

Fe(OH); +3H " = Fe3" +3H,0.

HammcaTth HeCKOIBKO MOJICKYJISAPHBIX ypaBHCHI/Iﬁ pCaKHHﬁ, MNPpUMCHSAA NIPU 3TOM TaKHUEC KUCIIOTHI,
KOTOpPBIM OBl COOTBETCTBOBAIU PaCTBOPUMBIC COJIN Fe+3
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Conep:xanue oT4yeTa
[Tomy4yenusie nannpie 3adukcupyire B Tadauie 3.2 1o cieayromnieit popme:
Tabmuua 3.2. Pe3ynbTarhl SKCIIEpUMEHTA

Ne i/t | Pearentsl XuUMHUecKasi peaxkius HaoOmronenus

1

b wIN

KonTpoiibHbIE BOIPOCHI
ba3oBblii ypoBEHb
1. Yrto Takoe 3IEKTPOIUTHICCKAS AUCCOITHAIHAS?
2. DIEKTPOIUTHI U HE DIEKTPOJIUTHL.
3. KT0 U3 XUMHUYECKUX COCTUHCHUN SBISCTCS IIEKTPOIUTOM?
[ToBbILIEHHBIN YPOBEHB
1. Hanmmure MoJeKynsApHbIE, IONMHBIE U KpAaTKHE HOHHbBIE YPAaBHEHUS PEaK1ii B3aUMOACHCTBHSL:
a) kapOOHaTa KaJHs C COJISTHON KHCIIOTOH;
0) a30THCTO KUCIOTHI C THAPOKCHAOM HATPHS;
B) KapOoHaTa MarHus ¢ a30THOW KHCIIOTO;
T') THAPOKapOoHaTa HATPHUS C €KUM HATPOM;
1) TUAPOKCH]Ia ATFOMUHUSA C €KUM HATPOM;
€) COJISIHOM KHUCIIOTHI C CHIIMKAaTOM HaTpHSL.

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIO0Ib30BAHUIO M0 JAHHOM Teme

OcHoBHas iMTeparypa:
1. TonoBanoBa, O. A. O61mas xuMus [ DNeKTPOHHBIH pecypc] : yueOHoe mocodue (I CTyICHTOB
XUMHYeCKoro (akynpTeTa HalIpaBiIeHni OakanaBprata « XuMUsI» 1 « XuMudeckas Texnonorus») / O. A.
I'onoBaHOBa. — DJIEKTPOH. TEKCTOBBIE AaHHbIE. — OMCK : OMCKUI TOCYIapCTBEHHBIM YHUBEPCUTET UM.
®.M. Jloctoesckoro, 2014. — 164 ¢. — 978-5-7779-1755-3. — Pesxxum nocryma:
http://www.iprbookshop.ru/59628.html
2. PomanoBa, C. M. KpaTkuii Kypc neKiuii o o01meil 1 HeOpraHu4ecKoi XUuMHIH [ DJIeKTPOHHBIN pecypc]
: yueOHoe nocobue / C. M. PomanoBa. — DJeKTpOH. TEKCTOBbIE AaHHbIe. — AJMarthl : Kazaxckuii
HAI[MOHAJIBHBIN YHUBEPCUTET UM. alib-Dapadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexum
moctyma: http://www.iprbookshop.ru/70372.html
JlonoTHUTeIbLHAS JTUTEpaTypa:
1. Bontpomerok, B. B. O6mas xumus [ D1ekTpoHHbIH pecype] : yueOHoe mocooue / B. B. Bontpomerok.
— DIIeKTPOH. TeKCTOBBIC JaHHbIe. — MuHCK : Beimmiiiias mkomna, 2012. — 624 ¢. — 978-985-06-2144-
3. — Pexum nocryna: http://www.iprbookshop.ru/20236.html
2. baprosckuii, E. B. O6mas xumus [DnekTpoHHbIi pecype] : yaeOHoe mocooue / E. B. bapkorckuii, C.
B. Tkaues, JI. I'. IleTpymienko. — DIeKTpOH. TEKCTOBbIC AaHHbIe. — MuHCK : Boitmiimas mkomna, 2013.
— 641 c. — 978-985-06-2314-0. — Pexum mocryma: http:// www.iprbookshop.ru/35509.html
HNuTepHeT-pecypcesr:

1 http://window.edu.ru/ — enuHOE OKHO JOCTYIA K 00pa30BaTEIbHBIM pecypcam

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

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

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

Ilpoyecc 63aumooelicmeuss UOHO8 COMU C MONEKYIAMU 600bl, NPUBOOAWUL K 0OPAZ08AHUIO
cnaboouccoyuupyowux eewjecme (MoaeKyl Ciadvlx KUCIOM UIU OCHOBAHUL, AHUOHOG KUCTLIX UMU
KAMUOHO8 OCHOBHLIX coOflell) U conpogoxcoaroujeecs usmenenuem pH pacmeopa, Hasvieaemcs
NPOMONUZOM.

[TpoTonuzy moaBepraroTcsi COM, 00pa3oBaHHBIE CI1a0BIM OCHOBAHHEM HITH CI1a00H KHUCIOTOM.

CnaObie 3JIeKTPOIHUTHI B BOJIE JHIIb YACTUIHO JUCCOLMHUPYIOT Ha HOHBL. K HUM OTHOCSTCS:

a) KHUCJIIOTEI — HzS, HzSO3, HzCOs, H3PO4, HNOz, H3BO3, HC|O, HCN, HF, CH3COOH " ap.;

0) Bce OCHOBaHMS METALIOB (kpome menoueii), a tarwke NHsOH. K cmabeiM 3iekTposnnram
OTHOCHUTCSI TAK)KE BOJIA.

CuITbHBIE HIIEKTPOJIUTHL:

a) kucnotsl — H2SO4, HNO3, HCI, HBr, HMnO4, HCIO3, HCIO4;

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

CocraBuM Tabnuily cosed, 0O0pa3OBaHHBIX pPa3MUYHBIMH (KaK CHa0bIMH, TaKk M CHJIHHBIMH)
KUCIIOTAMU M OCHOBAHUSIMU.
Tabnuya 4.1 Ilpomonus paznuunoco muna conetl

Counu, 00pa3oBaHHBIC

CJIa0BIMH KUCIIOTAMHU U CJIA0BIMU KUCIIOTAMHU M | CHJIBHBIMU KACJIOTAMU
cJIa0BLIMHM OCHOBaHUSIMHA
CUJIbHBIMA CUJIbHBIMHA U CWIBHBIMU
¥ CUJIBHBIMU KHUCIIOTAMH
OCHOBaHWSIMHU OCHOBAaHUSIMHU OCHOBAaHWSIMHU
| | i AV
Al,S3z, NH,CN
Na,CO3, K5S, Na,SO3 A|C|3, CuSOq, MgC|2 ! ! KC|, Na,SOs, KNO;3
CI'z(COg)g
pH>7 pH<7 pH=7 pH=7

PacTBOpBI BBILIEYKAa3aHHBIX COJIEH HMEIOT PA3IMYHYI0 PEAKLMIO: IIEJOYHYI0, KUCIOTHYIO WU
HEUTpaNbHYI0. DTO OOBSICHSETCS TEM, YTO MOHBI, 00pa3yroluecst MPU paciajie dTUX COJIeH, pa3IMYHBIM
00pa3oM B3aNMOEHCTBYIOT C BOJIOH.

IIporoaus coseil, 00pa30BaHHBIX CWILHBIM OCHOBAHHEM H
c1a00if KHCJIOTOH

Paccmotpum mporiecchl, mporekaromue npu mporoiuse kapOoHata Hatpus. Na,COs — conb
c1aboi JIBYXOCHOBHOHN YTOJIbHOM KHCJOTBI M CHJIBHOTO OJHOKUCIOTHOro ocHoBanuss NaOH. 3amuiiem
YpaBHEHHUE NIPOTOJIM3a 3TOW CONIU:

Na,CO; <22 52Na* + COZ".
Ipumeuanue. Ilporonmu3zy HOHOB (THUAPOIM3Y) BCErza NPEALIECTBYET MPOLECC NPOTOIU3a

(mucconuanum) comu.
Oopa3yroniuecs: KapOOHAT-WOHBI B3aMMOJICHCTBYIOT C MOJIEKYJIaMU BOJIBI, TIPU 3TOM 00pa3yroTcs

AQHUOHBI HC03_ , a He Monekynbl HoCOs, Tak Kak HOHBI HCO; JUCCOLMUPYIOT TOpa3ao TpyAHee,

yem Mostekynbl HoCOs. TloaToMy mpu OOBIMHBIX YCIIOBUSX TPOTONU3 KapOoHATa HATPUS MPAKTUYECKU
IIPOTEKAET 10 IEPBOU CTYIIEHHU.

HoHHOo-MOJIeKyIIpHOE YpaBHEHHE IPOTOJIN3a CO3 I10 TIEPBOW CTYIIEHH:

COZ2™ + H,0 <> HCO3 + OH ~; pH > 7.
B MonexymsipHO# Gopme:

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

HoHHO-MOJNIEKYSIpHOE YpaBHEHKE MTPOTOJIN3A HCO; :
HCO3 +H,0 <> H,CO3+0H ;pH > 7.
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B monekyssipHoit hopme:
NaHCO;3; + H,0 <> H,CO; + NaOH - npaxruuecku ne nporekaer!

B pactBope mosBusercs u30biTok uMoHoB OH', mosromy Bomubii pactBop Na,COsz umeer
HIETOYHYIO PEAKITHIO.

KomnuecTBeHHO MPOIECCHl MPOTONH3a coyiell XapakTepu3yloT KOHCTaHThI (Knp) M cTenensb (Onp)
MPOTOJIN3a, a TIIyOWHY MPOTEKAHUS MPOTOJIN3a — U3MEHEHUE peakuuu cpeabl (pH).

Koncratel mportonmmsa coneil, 0Opa30BaHHBIX CHJIBLHBIM OCHOBAaHHEM W CJIa0OW KHCIIOTOH,
BBIYUCIISIIOT 110 JOPMYIIaM CIIETYIOIIEro Buaa

K 4.1
Knpi — W , ( )
Ka,
rae K np; ~ KOHCTaHTa POTOJIN3 1O I-CTyIeHu;
i
K : — 1~ KOHCTaHTa NPOTOJIH3a 00Pa3yrOUIENHCs CONPSIKEHHON KUCIIOTHL.
[
CreneHb NpoOTONAU3A:
2 Ky Kp, _ (4.2)
a np +a,,p . C2 - C2 —0,
rae C — KOHIEHTPAIHUs COJIU, MOJIb/AM®.
®Dopmyny (4.2) IPpUMEHSIOT TOT 1A, KOTa cTerneHs npoTtoiusa npesbimaet 0,05 (5%).
ITpu oupi < 0,05 (5%):
< | Ko . (4.3)
s

KonreHTpaiyo ruApOKCHI-UOHOB, ONPECIIAIONNX [NIyOUHY IPOTEKaHUS MPOTOJIM3a, MOXKHO
paccUYuTaTh 10 YPaBHEHUIO:

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

[MpumennMm, Hampumep, dopmynsl (3.1) — (3.4) Ans KOMUYECTBEHHOW OILIEHKH TPOIIECCOB
IIPOTOJIM3a MO TIEPBOIt M BTOPOii cTynensM kapoonara Harpus pu C(Na,COs) = 0,1 mons/mm®.
s mepBoii cTyneHu:

Ky 10
Ka, (H,CO3)  4,6-10™

K, 104
a z\/ o (227107 6 0466 (~ 4,66%):
n S\ e 01
L B 2 B _3 MOJIb
[OH T ~ /Ky C =4/21:10 -01=4,66-10 e

POH =—Ig[OH "], =—1g4,66-10° =2,33; pH=14-pOH =11,67.

I[J'ISI BTOpOﬁ CTYIICHU BBIYHCIIUM TOJIBKO KOHCTAHTY MPOTOJIN3a:

Kiupy (CO37) = =2,17-10%;

2 Kw 10 8
K, (CO5™) = = -=222.10".
Ky (H2CO3)  45.10°

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

Kpy (CO5T)  2,17.1074
Kup, (CO37)  2,22:10°

~10-10%

I03BOJISIET PACUETOM JI0Ka3aTh, 4To npotonu3 COs?” (GakTHUECKH IIPOTEKAET TOIBKO 10 MIEPBOI CTYNEHH.
IIpoTonus coseil, 00pa30BaHHBIX CWILHON KMCI0TON U CJ1a0bIM OCHOBAHUEM
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Paccmotpum npotonu3 coiau CuSOs. Cynbdhar Meau — CoJib C1ab0ro IBYKHUCIOTHOI'O OCHOBAaHHS
Cu(OH): u cusbHOM 1BYXOCHOBHOU KHCIOTHI H2SO4.
[TepBUUYHBIHA TIPOIIECC — MPOTOIH3 (ILHCCOIII/I&III/ISI) CoJu:

CuSO, <22 5 cu?* +502".

3areM HOHBI MEIU PearupyroT ¢ MOJEKYIaMHU BOABIL, TO €CTh UAET MPOTOIU3 NOHOB — BTOPUYHBIN
npouecc. KaTHoHbI Mev ¢ MOJIEKYJIaMH BOJIbI 00pa3yroT KaTHOHBI OCHOBHOM costt CUOH™.
M oHHO-MOJIEKYIISIPHOE ypaBHEeHHe TTpoTosu3a CU?* o nepBoi cTyneHu:

Cu®" +2H,0«>CuOH* + H,0™; pH <7
WA B MOJIEKYJIApHOU (hopMe:
2CuS0, +2H,0 «> (CUOH), SO, +H,S0,.

Tak Kak B pacTBOpe IPUCYTCTBYET KUCIOTA, TO ero pH < 7.
BeinajieHne ocanka rupokcuaa Meau (+2) He MporCXoauT, Tak kak HoHbl CUOH™ aucconmupyrot
ropasao TpyaHee, ueM mMosiekyasl Cu(OH),.

CuOH " +2H,0 <> Cu(OH), + H30™; pH <7
WM B MOJICKYJIIpHOU (hopMe:

(CUOH )2 SO4 +2H 20 < Z(CUOH ) 9 + H 2304 — peaKuus NPaKTUYECKU HE UJIET.

Wtax, B 0OBIYHBIX YCIOBHAX MPOTONH3 CYNIb(paTa MeAH MPOTEKAET MPAKTUIECKH TOJIBKO IO TIepBOit
CTYIIEHU.
@opMynbl, MO3BOJSIOIIME KOJMYECTBEHHO OLEHUTh MPOLECCHl MPOTOJAU3a  KATUOHOB
COOTBETCTBYIOIIUM CIa0bIM OCHOBaHHUSIM:
K - Kw (4.5)
op; — '
Pi k.
bi

rae K — KOHCTaHTa IIpOTOJIn3a 110 i- CTYIICHU,

K b| — KOHCTaHTa IIpOoTOoJin3a 1o i-CTyrIeHI/I COIIPSIZKCHHOI'O OCHOBAHMUAL.

Crenenp MpoTOIN3a:

K, K,
a’u +a,, ng' - ng' =0, (4.6)
C C

rae C — KOHIEHTPAIKs COJH, MOJIB/IM>,
Dopmyny (3.6) IpUMEHSIOT TOT 1A, KOTrAa cTerneHs nporoiusa npessimaet 0,05 (5%).
ITpu oupi < 0,05 (5%):
Kop, . (4.7)
KoHmeHTpanuio KaTHOHOB THAPOKCOHHSA, OMPENENAIONMX TIIyOMHY MpPOTEKaHUsl MPOTOJIU3a,
MOJKHO PacCcuMTaTh M0 YPaBHEHUIO:

[H30+]i ~ Knpic' (4.8)

IIpoTonus coneii, 00pa30BaHHBIX €J1a0bLIM OCHOBAHMEM M CJ1a00il KMCI0TOM
PaccmoTpum kak mipotekaet npotonn3s anerata ammonus. CH:COONH, — conb cnaboli stanoBoi
KHCIO0THI U citaboro ocHoBaHust — NH4sOH. YpaBHeHue npoTosiu3a 3Toi CoJIi UMEET CIICAYIONIUH BUI:;

H,0 -
CH,COONH 4 «22 5 CH,CO0 ™~ + NH .
Hanee noust CH3COO™ u NH4" moBepraroTcest mpoToin3y — pearupyroT ¢ MOJICKYJIaMH BOIbI:

CH4COO™ + NH} + H,0 <> CH3COOH + NH 4,OH
WIN B MOJIEKYJISIpHOM (opme

CH,COONH 4 + H,0 <> CH3COOH + NH ,OH .
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IIpu mpotonmse coseil, oOpa30BaHHBIX CIIA0BIM OCHOBaHMEM M ClIabOW KHCIIOTOW, peaKIThs
pacTBOpa 3aBHCHUT OT CTENEHH IMPOTONM3a OOPa3yIoIMUX3Ccs MPOAYKTOB — KUCIOTHI (Thma HA) u
ocHoBanus (tuna KtOH). Eciu nporonus ocroBanus KtOH mnpeobnamaer Haj mMpoOTOIU30M  KUCIOTHI
HA, 1o xonnentpaius nonoB OH™ 6ospiie konnentpanuun H3O™ —  cpena 1mienounasi, eciid Ha000poT —
[H30*] > [OH™], To Kucnas.

B n1aHHOM ciydae, IIOCKOJBKY CTENEHH MNpoToiu3a ykcycHoi kucmotel (K, = 1,8:10°) m
rugpokcuaa ammonus (K = 1,78:10°) mnpubnusutensHo oxuHakoBbl, To pH cpemsl Oyner
IpUOIU3UTEIHHO PAaBEH CEMH.

Cnedyem nomHums, umo coau, 00OpPA308aHHBIE CUTLHBLIM OCHOBAHUEM U CUAbHOU KUCIOMO,
npomonu3sy He H00BeP2aAIOMCH.

Hanpuwmep, xnopun natpus NaCl — conps cunbhoii kuciaotel HCl u cunbhHoro ocnoBanust NaOH.
Wonsl, oOpasyromiyecss B pe3yiabTaTe IUCCOIUAIIMKA ASTOH COJHM, HE OO0pa3yloT C BOJOW CialdbIxX
9neKTponuToB. [103TOMy B OOBIYHBIX YCIOBHSX pPaBHOBECHE MPOTOJIU3a MOJEKYIT BOIBI B TaKHX
pacTBopax HE HApYyIIAETCsS W KOHIECHTPALUs MOHOB TUAPOKCOHMS M THAPOKCUA-MOHOB OCTAETCS TaKOW
K€, Kak y uucTod Boabl — pH = 7.

IHonHbIi IpoTO/IM3

PaccmoTpum, kakue npoaykThl oOpasytorcss mpu cmermBanud pactBopoB Al(NOz)z u KyCOs.

HuTtpat anromunust monsepraercsi IpoTOIN3Y 110 KaTHOHY, a KApOOHAT KaJlus - 10 aHUOHY:

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

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

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

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

Ecian pacTBOpsl HaxomsTCs B OJHOM COCYZE, TO MAET B3aMMHOE YCHJICHHE IMPOTOJNHM3a KaXIOH
couu, Tak kak oOpasyromecs: HoHbl H3O™ 1 OH' cBsi3bIBatOTCS ¢ 00pa30BaHUEM CIIa00r0 AJIEKTPOJIHTA —
BoJbI. [Ipn 5TOM NMpoTOMMTHYECKOE PaBHOBECHE CMEIIAETCS BIIPABO, a MPOTOJIH3 KaXK/0H COHM MPOTEKaeT
JI0 KOHIIA.

HoHHO-MONEKyISIpHOE ypaBHEHHE NIPOTOJIN3A:

2A1%" +3C02™ +3H,0 <> 2AI(OH); ¥ +3C0O, 1.
B monexynsipHO# Gopme:
2Al(NO3) 5 +3K,CO; +3H,0 <> 2AI(OH); 4 +3C0O, T +6KNO;.
Hpyrumu npuMepaMy TakUxX Hap UOHOB SIBJISIOTCA:

1.Cr¥*uS*
2. Al¥t u S*

2—

3.cru CO;

2—

a.reu CO;
+ Ha Y

OobopynoBanue 1 MaTepuaJIbl
PacTtBOp unaukaropa
JuctuimpoBaHHas BoJga
[Tpobupku
PactBop Na.COs
PactBop AICl3
Pacteop NaCl
PacTBop xnopuna aMmMoHust

Nouobownhe
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8. PactBop cynbdara amomunus Al,(SO4)s
9. PactBop docdara narpus NasPOs

10. PactBop (NH.).S

11. PactBop cysbdara amoMuHAsL

12. PactBop cynbgara xpoma Cra(SOs)3

13. PactBop pactBopa coasl Na,COs

Yxa3aHus 1o TexHUKe 0€30MacCHOCTH
1. Bce paboThl B XWMHUYECKOH JIaOOpaTOPUM JOJKHBI IPOBOIUTHCS IIPH HCIPABHOM
3NMEKTPOOOOPYAOBAHHH, ITEKTPOIPOBOAKE, MPABUIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

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

3. Pabouee mecTo conepkaTh B MOPSIKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcst OpaTh YMCTHIM IITATEIEM WU CIICIHAIBHON JT0XKESUKOH.

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

6. Bce ombITH ¢ BpeAHBIMH U TTAXHYIUMH BEIIECTBAMU, a TAKKE yIApUBAHHE KUCIOT U KHUCIBIX
PacTBOPOB MPOBOJMTH B BBITSDKHOM IIKAQYy.

7. OcTaTku coenHEHUI cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHWH pacTBOPOB B MPOOUPKE BCETAA CIEAYET AepiKaTh e€ TaKhuM 00pa3oM, YTOOBI
OTBepCTHE IIPOOUPKHU OBUIO HANIPABIEHO B CTOPOHY OT pabOTAIOLIEro PsAAOM COCEa.

9. He HaKIOHATH JIMI0 HAJ HATPEBAEMOH KHUIKOCTHIO MITH CIUIABIISIEMBIM BEILIECTBOM.

10. He cnemyer BABIXaTh Maxydue BEIIECTBA M Ta3bl, OJM3KO HAKIOHSACH K COCYIY C ITHMH
BenlecTBaMy. HroxaTh BelecTBa MOKHO JIMIIL OCTOPOXKHO, HANPABIIAA K ceOe Maphl WK ra3 ABHKEHHEM
PYKH.

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

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

13. Kareropuuecku 3ampeniaercst mpoOoBaTh XMMUYECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIerko BOCILIAMEHSIOMIUMUCS BemecTBaMu (3QUphl, OSH30I, CEpOyriepoa U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX TUIUTOK.

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

16. Kareropudecku 3ampemaeTcst OCTaBIsATh paOdoTarore IpruOopsl 0e3 HaOIMFOIeHUSI.

20. B xumMuveckoit 1abopatopun He0OX0IUMO paboTaTh B Xajare.

3aganus
Onpit 1. B yeThipe npoGupku HaselTe 1mo 2-3 cM®: B MEpBYIO — AMCTHILIMPOBAHHON BOJBI, BO
BTOpY10 — pactBopa Na;COs mwiu KoCOs, B Tpetbio — pactBopa AlCls i Alx(SOs)s, B yetsépryro — NaCl
win KCl. B kaxayo npoOHpKy IOMECTHTE IO MaJeHbKOMY KYyCOYKY WHIMKATOPHOH Oymaru.
[MpeaBaputenbHO HM3yYUTE W3MEHEHHWE OKPACKH HMHIMKATOPOB B Pa3NUUYHBIX cpeaax. CpaBHHTE ILBET
MHIMKATOpa B paCTBOPAX COJIEH C €ro OKpacKoi B BOJE.

CocTaBbTe HMOHHO-MOJEKYJISAPHBIE M MOJEKYIAPHbIE PEaKIHU NPOTOJIU3a COOTBETCTBYIOLIMX
coneii. 3anonHuTe TabNHIy 4.2.

Onwvim 2. Hanelite B mpobupKy 3 cM® pacTBopa xjopuaa amMmonust. Jlo6aspTe 1-2 Kammm pacTBopa
nakmyca. OTMeThTe LBET pacTBopa. KpacHbIf LBET pacTBopa yKas3blBaeT Ha KHCIYIO Cpeay, T.e. B
pacTBope UMEIOTCS CBOOOAHBIE MOHBI TUAPOKCOHHS. COCTaBhTe MOHHOE M MOJEKYJSPHOE ypaBHEHHUS
nporonmza comu NH4CI.

Onvim 3. Hanetire B npodupky 2-3 cm® pactsopa cynbdara amomunus Al,(SOs)s u nobassre 1-2
Karu pacTtBopa jakmyca. Kak msmenwmncs et uHaukatopa? CocTaBbTe MOHHOE M MOJIEKYJISIPHOE
YpaBHEHHUsS] TIPOTOJIM3a JIAHHOW COJIM, YYHMTBIBAs, YTO B Ciydae MPOTOJU3a MHOTO32PSIAHBIX KATHOHOB
00pa3yroTcs KaTHOHBI OCHOBHBIX COJIEH.

Onwvim 4. Haneiite B npo6upky 2-3 cm® pactsopa pocdara narpus NasPOs u noGaBbre 1-2 Karmu
pacTBopa Jlakmyca. B kakoit mBer okpacmics akmyc? KakoBa cpema pactBopa? KakoBo 3nauenme pH
pactBopa? CocTaBbTe HOHHOE M MOJIEKYJISIPHOE YPaBHEHHS MPOTosn3a GocdaTa HATPHS, YIUTHIBAS, YTO B
pe3ynbTate obpasyetcs ruapodocdar Hatpus. JanpHelmuidi mpoToau3 (110 BTOPOH U TPEThel CTYNEHH)
BO3MOXEH JIMIIb B CIIydae O4YeHb pPa30aBIEHHBIX PACTBOPOB M MpPH TMOBBIILIEHHON TeMIlepaType.
Hammmure MoOHHBIE M MOJEKYISpHBIE ypaBHEHHUS MpoTosm3a (ocdaTa HATpus MO BTOPOH M TpeThei
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ctynenu. Paccauraiite 3HaueHnss koHCcTaHT npoToin3a (Kipi, Kip2 1 Kips), crenenn mpotonmsza (Oupi, Op2
¥ Op3) M [H3O*] st kaxknoii crynmenw, cuntas C(NasPOg) = 0,1 moms/am®.

Onwim 5. Haneiite B npobupky 2-3 cm® pactBopa (NH4);S u mo6asbre 1-2 Kamiu pacTsopa
nakmyca. Kakoil user mpuoOpén pactBop? CHHHI LBET JlakMyca MOKa3bIBaeT, YTO Cpela B pacTBOpe
menounas. O6paTuTe BHIMaHUe Ha 3amax pactBopa. Yem maxuet pactBop (NH4)2S? 3anummre nonnoe u
MOJIEKYJISIPHOE ypaBHEHHUS IPOTONIM3a cynbdua Hatpus. [IpoTonus 3ol conmu UIET Kak Mo MepBoM, Tak
U 110 BTOPOM CTYIEHHU:

NH; +5% + H,0 <> NH,OH + HS ™~

NH,; + HS ™ + H,0 <> NH,OH + H,S

Kb (NHsOH) =1,8-107%; Kar (H2S) = 1,0-107; Ksz (H2S) = 1,0-10°22,

Hcxons u3 3HaveHuii koHcrant mpotoiusa it NHsOH u H,S, crmemaiite BbIBOg 0 XapakTepe
Cpeapl.

Ecnu HarpeTth pacTBOp HaHHOW cOJIM (ITPOKHUIIATUTH), TO MPOTOJIM3 CTAHOBUTCS HEOOPATUMBIM, TaK
KaK IPH HAarpeBaHUM aMMHAaK U CEPOBOJOPOJT YXOASIT U3 cephl PEaKIluK, cMelas PAaBHOBECHS B CTOPOHY
00pa3oBaHMs MPOTYKTOB MPOTOJIH3A.

Onwim 6. Haneiite B npo6upky 2 cm® pacTopa cynbdara alroMuHus U 100aBbTe 2 cM® cyab(uaa
Hatpusi. OOpaTuTe BHUMaHKHE Ha I[BET BBIMABIIETO OCAJKA U 3alaX. 3aluIIuTe HOHHOE W MOJICKYJIIPHOE
ypaBHEHHs poTosin3a cMecH pactBOpoB Alx(SO4)s u NasS.

Onwim 7. Haneiite B npo6upky 2 cm® pactsopa cyinbspara xpoma Cra(SO4)s u Tyza xe 106aBbTe 2
cm® pacteopa coasl Na;COs. B pesynbraTe MOJIHOrO MPOTOIM3a BBHINAAET OCAT0K CEPO-3EIEHOrO 1IBETA
Cr(OH); u BbmensitoTess my3bipbku  yriekuciaoro raza CO,. CocTaBbTe HOHHOE M MOJIEKYISPHOE
YpaBHEHUS MPOTEKAIOIINX MPOILIECCOB.

Conep:xanue oTyeTa

Onvim 1.
Tabnuya 4.2 Pesynbmamul 9KCnepumMenma
No dopmyna BelecTBa IlBeT unnukaTopa Peakuus cpenbl
1
2
3
4

[Tony4yeHnHble fJaHHBIE B ONBITAaX 2-7 3aduKkcupyiite B Tabnuue 4.5 no cnenyrouiei popme:
Tabmmna 4.3. Pe3ynbTarhl SKCIIEepUMEHTa

Ne i/ | PearenTtsl XHUMHUYECKas peakius HaoOmonenus

1

gl wIN

KoHTpoJibHbIE BONIPOCHI
ba30BbIii ypoBEeHB
1. Yto Ha3bIBaeTCS MPOTOIU3OM?
2. Kakue cosu noaseprarotcs Iporonusy?
[loBsIlIeHHBIN ypOBEHD
3. IlpuBeaure npuMeEpsl YETHIPEX THIIOB cOJieH, OOpa3OBaHHBIX CHIIBHBIMH HMJIHM CJIa0BIMU
KHUCJIOTaMU ¥ OCHOBAHUSIMH.

Cnucok Jaureparypbl, peKOMeHAyeMbIil K UCI0JIb30BAHUIO 110 JAHHOH TeMme

OcHoBHas JuTepaTypa:
1. T'omoBanoBa, O. A. OO0mmas xuMus [ DIEKTPOHHBINA pecypc] : yaieOHOe mocodue (sl CTYACHTOB
XUMHYECKOTO (paKyJIbTeTa HANpaBICHHI OakaaBpuaTa « XUMUs» U «XHUMHUYecKas TexHoorus») / O. A.
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TonoBanoBa. — DIIEKTPOH. TEKCTOBBIE JaHHbIe. — OMCK : OMCKHIA TOCY1apCTBEHHBIN YHUBEPCUTET UM.
®.M. loctoerckoro, 2014. — 164 ¢. — 978-5-7779-1755-3. — Pexum noctyna:
http://www.iprbookshop.ru/59628.html

2. Pomanoga, C. M. KpaTkuii Kypc JeKuuii mo o0mei 1 HeopraHn4eckoi XuMuM [ IIeKTpOHHBIN pecypc]
: yaebHOe ocobue / C. M. PomanoBa. — DJIEeKTpOH. TEKCTOBBIE TaHHBIE. — AJMarthl : Kazaxckuid
HAIIMOHAJIBHBIA YHUBEPCUTET UM. alib-Papadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexum
noctyna: http://www.iprbookshop.ru/70372.html

JlonoiHUTE/IbHAS JIUTEPATYypa:

1. Bontpomerok, B. B. O0mmias xumus [ DnekTpoHHEIH pecype] : yueOHoe mocooue / B. B. bontpomerok.
— DIIEKTPOH. TEKCTOBBIC JaHHbIe. — MuHCK : Beimmiimias mkomna, 2012, — 624 ¢. — 978-985-06-2144-
3. — Pexum nocryma: http://www.iprbookshop.ru/20236.html

2. bapkosckuii, E. B. O0mas xumus [DnekTpoHHkIH pecype] : yaeOHnoe mocooue / E. B. bapkosckutii, C.
B. Tkaues, JI. I'. [leTpymienko. — DIeKTpOH. TEKCTOBBIE JaHHBIE. — MuHCK : Bbimmiimas mkomna, 2013.
— 641 c. — 978-985-06-2314-0. — Pexum nmocryna: http://www.iprbookshop.ru/35509.html
HNuTepHeT-pecypces:

1 http://window.edu.ru/ — eauHoe OKHO JOCTyIa K 00pa30BaTeIbHBIM peCcypcam
2 http://biblioclub.ru/ — 9BC «YHuBepcuteTcKas OMOINOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOHAINN JIEKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefeHui u opranuzanuii CKOO
4 http://www.iprbookshop.ru — 3BC.

S https://openedu.ru — OTkpeiToe 06pazoBaHue

Tema 6. PacTBopblI
JladopaTopuas padora 5. [Ipou3BeeHne pacTBOPUMOCTH

Lenp paboThl: w3ydyeHHE YCIOBUI BBIMAACHUS W PACTBOPEHHS OCAAKOB H BiusHue I[IP

3JIEKTPOJINTOB HAa UX CIIOCOOHOCTH K IIEPEOCAKICHUIO.
Teopernyeckasi 4acTb

Yacto B XHMHYECKHX pEaKUUAX MPUXOOUTCA HMETh J€JI0 C PABHOBECUSIMH, KOTOPBIE
YCTaHABJIMBAIOTCS B TI'ETEPOTrCHHBIX CHCTEMax. Takoil CUCTEMOM SBIAETCS, HAIpPHUMEP, HACBIIIECHHBII
pacTBOp, COMPHUKACAIOMIMNCS C OCAJKOM pacTBOpUMOro BemiecTBa. OcaJoK M HACHIIEHHBIH PacTBOpP —
pasynuHble (a3bl TETEPOTeHHON CHCTEMBI.

Ecnu kakyo-HUOYAb TPy THOPACTBOPUMYIO coiib, Hapumep AJCI, mpuBecTr B CONPHUKOCHOBEHUE
¢ Bomoi, To MoHbl Ag" u Cl, U3 KOTOPBIX MOCTPOEHBI KPUCTAJUIbI COJIM, MUCIIBITHIBASI MPUTSKEHUE CO
CTOPOHBI ONY)XIAIOIUX AWMNOJIEH BOIBI, OyIyT OTpPBHIBATHCS OT IIOBEPXHOCTH KPHCTAJIOB M B BHUC
THIPAaTUPOBAHHBIX HOHOB OyIyT NMEPEXOAHUTh B PACTBOP, HO HapsAy C MPOLECCOM PacTBOpEHUs Oyaer
HPOXOUTH U COMPsDKEHHBIH nporiece — KpucTauuzanus. Mouslt Ag™ u Cl, crankuBasichk pu JBIKCHUH C
noBepxHOCThI0 KpucTaimioB AQCl u  uChbITBIBasS OPUTSHKEHHE CO CTOPOHBI  MPOTHUBOIOJIOKHO
3apsOKCHHBIX HOHOB KPUCTAJUIMUECKOM pEIIETKH, AECTUAPATHPYIOTCI M OCENAlOT Ha IOBEPXHOCTH
KpucTauioB. CKOPOCTh KPUCTAJUIM3AIMK BO3PACTAET MO MEpe YBEIWYCHHS KOHIICHTpAIMH PacTBOPA.
Korpna ckopoctu mpoueccoB pacTBOPEHHsS M KPHUCTAUIM3alMU CTAaHOBSITCS PAaBHBI IpPYr JAPYry, TO B
TreTepOreHHON CHCTEME PAacTBOP — OCAJOK HACTYIAET MOABMKHOE paBHOBECHE.

[osmyunBmmiics pacTBOp Ha3bIBAE€TCS HACHIIIEHHBIM, TaK KaK B HEM COAEPIKUTCS MPEAEIBHOE JUIsS
JIAHHOW TeMIlepaTypbl KOJMYECTBO pacTBOPEHHOTo BemiecTBa. B HachimenHoMm pactBope AgCI
YCTaHaBIUBAETCS CIEAYIOLIEE PABHOBECHE:

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

HpI/IMeH}Iﬂ K 9TOMY PaBHOBCCHIO 3aKOH HeﬁCTBHH MacCC 1 YUYUTbIBAs, YTO KOHLCHTpAIUA TBépZLOﬁ
(1)a351 HE BXOAUT B BRIPAXKCHUEC KOHCTAHTBI PaBHOBECHA, MOXXHO 3allCaTh:

K =[Ag*][CI].

37


http://www.iprbookshop.ru/59628.html
http://www.iprbookshop.ru/70372.html
https://openedu.ru/

DTO ypaBHEHHE [OKAa3bIBaCT, HYTO B HACLUYEHHOM pACmeope  MmpyOHOPACMBOPUMO2O
INEKMPOIUMA NPOU3EEOCHUe KOHYCHMPAYULl €20 UOHO8 eChib GeludUHd NOCMOSHHASL NpU OAHHOU
memnepamype. Dmy 6eIUNUHY HA3bIBAIOM NPOU3EedeHueM pacmeopumocmu u obosnavarom I1P.

Hamnpumep, ans manopactsopumoro AgCI:

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

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

PaBHOBecHass KOHIGHTpAIMsl JIOOOT0 MOHA (YHKIIMOHAIBHO CBS3aHA C JPYTUM HapaMeTpoM
CHCTEMbI — aKTUBHOCTBIO, HATIpUMep, 11st noHa Ag™:

a ag+ = ng+ [Ag+]

Koapdpuument mnponopumonaipHoctd f,  HaspiBaeMblii  KOA(QQUIMEHTOM  AKTHBHOCTH,
XapaKTepu3yeT CTENCHb OTKIOHCHUS CHUCTEMbl OT HJCAJbHOW 32 CYET JIICKTPOCTATHYECKUX
B3aMMO/ICHCTBHI MOHOB, YYaCTBYIOIINX B U3y4aeMOM peakinH, ¢ MOCTOPOHHUMHU (MM COOCTBCHHBIMH,
€CIIM MX KOHLICHTpAalMs BbICOKa) MOHAMH. B maeanbHOM cucteme ax = [A], Tak kak KO3(hPHIUCHT
akTuBHOCTH paBeH eaunune (f = 1). DTo o3Hayaer, 4TO 3JICKTPOCTATHYECKHE B3aMMOJICHUCTBUS
OTCYTCTBYIOT.

Bennunna ko3 hummenta akTHBHOCTH 3A6UCUM OM 3apsi0d U UOHHOU CUIbl, CO31aBAeMOM BCEMHU
MOHAMH AJICKTPOJIHUTOB, IPUCYTCTBYIOIINX B PACTBOPE:

(L 2
| =— ZCiZi . (5.1)
2i=1

rae | — nonnas cuna;

[Ci] — paBHOBeCHAs KOHIIEHTPALINS HOHA,

Zi — ero 3aps.

HetpynHo ycTaHOBWTB, YTO MOHHAsl CHJIa pacTBopa OmHapHOro snektponuta (Tun AB) Bcernma
OyzeT paBHA MOJISIPHOU KOHIICHTpaImu 3Mekrponuta — i = C(AB); mist Tpunaproro (tun A;B nin AB»)
—p=3C (A2B) umn pu = 3C (ABy); nns Terpanapaoro (tum AzB) — p = 6C (AsB).

Koadduumentsl aKTUBHOCTH HWHIMBHIYaTbHBIX HOHOB MOXHO TEOPETHYECKH OLIEHUTH IO
dopmynam Jlebast — Xrokkes:

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

—Igfi=—"—~, ecm 1<0,1 (5.3)
1+BaVl
3neck A u B — KOHCTaHTBI, 3aBUCSIIHE OT TEMIEPATYPbl U JHAICKTPUUECKOH MPOHUIIAEMOCTH
pactBoputens (mis Boael mpu 20 °C A = 0,5 (tounee 0,509) u B ~ 0,3); ¢ — paccrosHue
MaKCHMaJbHOTO COJWKEHHS WOHOB; 3TH BEJIMYMHBI OOBIYHO IPUBOJSTCS B CIPAaBOYHBIX TaOJIHIAX.
[Tockonbky KoeOaHWsT B 3HAYEHUSX a HE CIWIIKOM CKa3bIBAIOTCS Ha KOHEYHOM pe3yJIbTare,
peKoMeHjTyeTcs 6path MocTosiHHOE 3HaveHue a = 3 A%, CrieioBaTensHo,

0,521
—lgfi == 0
1+/1

KoaddunmenT akTHBHOCTH MHAMBUAYAIBHOTO WOHA HENB3sl M3MEPHUTh AKCIEPUMEHTAIBHO, TaK
KaK HEJb3s MOIYYUTh PacTBOP, COAEPKAIIMN MOHBI TOJBKO OJHOTO 3apsijia. DKCIEPUMEHTAIBHO MOKHO
OIPEACINTh JIUIIb CcpeaHuil KodduimeHt aktuBHocTH fr amextponmuta AmBn, KOTOpBIH CBsS3aH ¢
K02 HUIMECHTAMU aKTHUBHOCTH UHIMBUAYaJIbHBIX HOHOB fa 1 fg, cooTHOICHHAMMY:

fi =,/ f A fB — 17151 OMHApHOTO AIeKTponuTa AB;

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

Cpemuwii K03()(OUIMEHT aKTUBHOCTH MOYKHO PACCUHTATh M TEOPETHUECKH, MUCIIONB3Ys (HOPMYITBI
Jebas — XtoKkens

(5.4)
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~lg f, = Az,zg/I, ecru  1<0,01;
gt < Pazs
T 1+Bavl

3nech a, A u B umeror Te ke 3HaueHus1, uto u B popmynax (4.3) u (4.4), mostomy
0,52 4251
-lgf, = .
- 1++/1

Juia 6onee Tounoro pacdera ko3¢ ¢uineHToB akTuBHOCTH (Tipu | > 0,1) mpumeHsIoT ypaBHEHHE
aBurca, KOTOpOe MO3BOMISET BEIYMCIUTD KOAPPHUINEHTH aKTUBHOCTH 3JIEKTPOJIUTOB M HHIUBHIYATbHBIX
MOHOB I MOHHBIX cui 0,2 — 0,5 ¢ morpemHocTsio, He npeBbimatonieit 10%. Ypasuenue [[aBuca ans
k03¢ uieHTa aKTUBHOCTH HHANBUAYAJIbHOTO HOHA UIMEET BU:

05231
1++/1

a JIIsl CpeTHEr0 KO3 (UIIMEHTa aKTUBHOCTH 3JICKTPOJIuTa AmBn
0,52 ;251
i |g fi _ A=B
1+1

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

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

a JIJIs CpeIHero KO3 PHUIIMEeHTa aKTUBHOCTH 3JICKTposiuTa AmBn

0
—lgf, =05z ,z -0,21 |. 5.9
gl A%B +\/— (5.9)

Bennunabl k03()(GUIIMEHTOB aKTUBHOCTH MHIMBHYaTbHBIX HOHOB TIPH PAa3HBIX HOHHBIX CUIIAX H
cpeaaue Ko3(h(UIMEHTH AKTUBHOCTH [UIi PACTBOPOB  3JEKTPOJHMTOB Ppa3HOHW KOHIEHTpAIWH,
paccuntanuble 10 Qopmynam JleOas-XioKKens, NMPUBOAATCS B CIPaBOYHHKAX. 3Has KO3()(UIIMEHTHI
AKTUBHOCTH, MOKHO OIICHUTHh aKTUBHOCThH HOHA WJIM 3JIEKTPOJIUTA B pacTBope. JJ1st 00JerdeHus: pacueToB
MOYKHO TOJIb30BaThCs CIAECAYIOMMMH AOMYIIECHUSMU:

1 KoadduumeHtsl akTUBHOCTH HMOHOB OJMHAKOBOTO 3apsiia HE3aBHCHMO OT pagulyca HOHOB
npuMepHo paBHBL [lo3TOMy B CHOpaBOYHUKAX TPUBOJATCS WHOTAA YCPEJHEHHBIC BEJMYUHEI
K03(pPHUIIMEHTOB aKTUBHOCTH JIJISl OJTHO-, JIBYX-, TPEX- H YE€THIPEX3aPSIHBIX HOHOB.

2 Ko3(hhumeHTsl aKTUBHOCTH HEUTPAIbHBIX YacTHUIl B Pa30aBIEHHBIX PACTBOPAX HIIEKTPOJIUTOB
MOJIararoT PaBHBIMU €IMHHILIE.

3 Ouens pa30aBIeHHBIE PACTBOPHI JJEKTPOJWUTOB, HAIlPUMEP, HACHIIIEHHBIH pPacTBOP
MaJIOpPACTBOPUMOT'O 3JIEKTPOJIUTA, MOKHO CUUTATEH HCATbHBIMH.

YacTto mpu pacueTax CIOKHBIX PaBHOBECHH KOS((OHUIMEHTH aKTUBHOCTH NMPHUHUMAIOT PaBHBIMH
eauHaALe. Takoe TOMyIIeHne ONpaBAaHo 10 PALy MPUIHH.

Bo-mepBbiX, Benu4uHbI KOA(PQGUIMEHTOB AKTUBHOCTH, HailieHHbIe 1Mo ¢opmynam Jlebas —
XIOKKeJIsl, MOTYT B 3THX CIIy4asX OKa3aTbCs OYEHb JaJCKHUMHU OT HCTHHHBIX.

Bo-BTophIX, BIHSHHE XHMHUYECKMX (aKTOPOB Ha paBHOBECHE Topasfo OoJblle, dYeM
3IEKTPOCTATUYECKUX CHII, TO3TOMY MPEHEOpeKEHNE MOCIETHUMH TIPU pacyeTax CIOXKHBIX pPaBHOBECHI
HE BHOCHUT OLIYTHMYIO NOTPEIIHOCTE B PE3YJIbTATHI.

Ecnu monekyna TpyTHOpPacTBOPHUMOIO BELIECTBA JAWCCOLMHPYET C 0Opa3oBaHHMEM HECKOJBKUX
OJIMHAKOBBIX HOHOB, HATIPUMED:

eccm 1 <0,1

(5.5)

g f, ~01z71, (56)

-01z 4zl . (5.7)

Pby(PO, ), <22 53Pb %" + 2P0
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TO TIIPpU BBIYUCICHUHN TIIPOU3BCIACHUA PACTBOPUMOCTU OTOIr0 COCIAUMHCHUA KOHICHTpAIUU
COOTBETCTBYIOIIIMX MOHOB BO3BOJATCS B CTCIICHU PAaBHBIC UX CTCXUOMETPUICCKUM KOB(I)(I)I/II_II/IeHTaMZ

1IP(Pb3(PO,),) =[Pb** 1°[PO; 1.

B ob0mem cnywae, s ManopacTBOPUMOIrO cuibHOro snektponurta Tuma KtAny, mporonus
PacTBOPUMOI YacTH KOTOPOTO MMPOTEKAET IO CXEME:

H
KtAn, 20 o e YA, (5.10)
BeIpakeHue Aiist [1P Oyzmer umeTh BuJ
ITIP(Kt,Any) = [KY T [ANT. (5.11)

Cesi3p mapametpa 1P ¢ BemmumHO# pactBopuMoctu KixAny oTpaskaercst GopMyIIou:
MOJIb ITP(Kt, Any )
Sur (KtyAny), —= = x+y -
M x*yY

(5.12)

nin

IP(Kt, An,)

r
S (Kty ANy ), —5 = xry——2
IM X"y

3nas 3Hauenue [IP, MOXHO MpeaBUIETH BO3MOXHOCTH TEPEX0jJa PacTBOPEHHOIO BEIICCTBA B
0CaJIOK WK HA000POT — EPEX0]] 0CaiKa B pacTBOP.

Ecnmm mpomsBeneHne KOHIEHTpaIuii HOHOB pacTBopéHHOro BemecTBa (I1K,) MeHbIe 3HaUeHUS
ero [IP, To BeimageHus ocanka He OyneT. Takoil pacTBOp Ha3bIBACTCS HEHACHIIICHHBIM, U B HEM eI
MOXXET HJITH PACTBOPEHUE [aHHOro BemecTBa. B HaceimeHHom pactBope IIK, = IIP. Korma
MPOW3BE/ICHNE KOHIEHTpAIMii HOHOB PACTBOPEHHOIO BEIIECTBA CTAaHOBUTCS OoOubllle 3HAYEHUS
MIPOU3BEACHUS PACTBOPUMOCTH, TO BBIMIAACT OCATOK.

Takum oOpazom, Hanpumep, st AgCI:

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

6) B HaceennoM pactope 1K, = [Ag*][CIl'] = [TPagc;

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

HenacpIeHHbBIN pacTBOp KaKOro-IIMOO 3JIEKTPOJITA MOXHO CJENaTh HACHIIIEHHBIM H JIaXe
TIEPEHACHIIIEHHBIM, TIPUOABIISS K HEMY JIEKTPOJIHT, COJEpKAIIUi OTHONMEHHbIe HOHBI. Hanpumep, ecin
k HenacbieHHoMy pactBopy AQCI| mpunmusate HCI wim KCI, To MBI TeM cambiM OyzieM yBeTHYUBATH
KOHIICHTPAINIO UOHOB XJIopa, uTo nmpuBoauT K yBenuwdenuio [1K,. B Tor moment, xorma [1Kagc) cTaneT
6onpiue ero ITP (1,56-10719), npowu3oiier Boimaaenue ocaaka AgCl.

st pacTBOpeHHsT oOcagka TPYAHOPACTBOPUMOIO 3JIEKTPOJIUTA HEOOXOJUMO YMEHBIIUTH
KOHIICHTPAIIMIO €r0 MOHOB B pacTBOpe ISl TOro, 4ToObl BenumumHa ero [IK, crama mensmme I1P. Dtoro
MOJKHO JTOOWTHCS, CBSI3bIBas OJWH U3 MOHOB TPYJHOPACTBOPHUMOIO BEIIECTBA C MOHOM JOOAaBISIEMOTO
peakTuBa B caboAHCCONMUPYIOIIEE WITH JIETy4dee COeIMHEHHE.

PactBOopuMOChH 0Ocaska MagopacTBOPHMOIO DJIEKTPOJIUTA YBEIUYMBACTCS TAKKE MPHU HAIUYUHU B
€ro HaCBIIEHHOM PAacTBOPE IMOCTOPOHHUX HMOHOB — 3TO SIBIIEHWE HA3BIBAIOT co/esbiM d¢hghekmom. Tak,
HaIlpuMep, YBEIUUUBAETCS pacTBOpUMOCTh ocaaka BaCO3z mpu BHECEHHMU B €ro HACHIIICHHBIA PacTBOP
HexoToporo komuuectBa coii NaNOs win KBr u np. Bo3pacranue pacTBOPHMOCTH MajopacTBOPHMBIX
OCQJIKOB CHJIBHBIX OJJICKTPOJIMTOB B TPHUCYTCTBHH TIOCTOPOHHUX HWOHOB OOBICHSETCS YBEIMYCHHUEM
MOHHOM CUJIBI pacTBOpA.

Hrak, pacTBOpeHHE OCaKa MOXKET ITPOUCXOIUTD;

1) mpu 0Opa3zoBaHUU PACTBOPUMOTO CIIA00TUCCOIIMUPYIOIIETO ICKTPOIIHTA:

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

2) npu 00pa30BaHUM ra3000pa3HOTO COCAMHEHUS:

FeS{ +2H' > Fe?" + H,S T

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

AgCl | +2NH3; —[Ag(NH3),]" +CI~

4) Ipy OKUCITUTELHO-BOCCTAHOBUTEIHHBIX IIPOIIECCax:

M (Kt An,). (513)

40



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

5) Ipu HATMYNH TOCTOPOHHHUX HOHOB.

ObopynoBanue 1 MaTepUAJIbI
PacTBOp aMmMuaka (KOHIEHTpaLus pacTBopa aMmMuaka pasHa 0,1 mons/am®)
PactBop xopuna ammonus, C(NH4CI) = 0,1 mons/nm®
PacTBop xs10puaa Maraus ¢ Monspaoi konuenTtpamueir C(MgCly) = 0,1 mons/mve,
Kpucranmnueckuit noj
Muxporunarenb
HacwiieHnsliit pacTBop HoAuAa Kanus
Xnopun kansius (C(CaCly) = 0,1 Mons/nm3
PactBop xapOonara u cynbdara HaTpus
. Heuumonsipusrii pacteop HCI
10. PactBop NazS
11. Conb nuHKa ¢ MOJIAPHON KOHIEHTpauei nocneaneii 0,1 momns/mm®
12. Cacteop HCI, C(HCI) = 2 mons/mm®
13. PacTBOp yKCYCHO# KUCIOTBI
14. Pactsop cynbduna natpus (C(NazS) = 0,1 mons/am®)
15. Netmmonsipusriii pactBop CuSOs u FeSO4
16. Conanas xucnora (C(HCI) = 0,1 mons/am’).
17. Pacteop nutpata ceunna, C(Pb(NO3),) = 0,1 momn/mm?,
18. Pactsop cynbara u cynbhuna narpus ¢ konuenrpanusamu C(NazSO4) = C(NaS) = 0,1 moms/qm®
19. PactBop xpomara Kaius

LCoOoNoaR~WNE

Yka3aHus no TexHuke 0e30acCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUHM JOJDKHBI MPOBOJUTHCS IIPU HCIPABHOM
3JIEKTPOOOOPYIOBAHNH, HIEKTPOIPOBOJIKE, IPABIILHO O0OPYIOBAHHOM BBITSHKHOM LIKady.

2. Ta3oBbIe KpaHBI U ra30MPOBO/T IOJKHBI HAXOUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOANIECKU
MPOBEPSATHCA.

3. Pabouee mecTo conepkaTh B MOPSIIKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcst OpaTh YMCTHIM IITATEIEM WU CIICIMATBHON JT0XKESUKOH.

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

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

7. OcraTKu coeqUHEHUI cepedpa CcIMBaTh B 0COObIE CKIISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B NPOOUPKE BCETrAa cienyeT AepKaTh e€ TaKuM 00pa3oM, 4TOOBI
OTBEpCTHE MTPOOUPKH OBLIO HAIIPABJIEHO B CTOPOHY OT Pa0OTAIOIIEro PSAOM COCeaa.

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

10. He cnenyer BIBIXaTh MMaxy4due BEIIECTBA W ras3bl, OJU3KO HAKIOHSSICH K COCYLy C 3THMHU
BemlecTBaMy. HroxaTh BellecTBa MOKHO JIMIIL OCTOPOKHO, HANIPABIISIA K ce0e maphl WM ra3 ABHKEHHEM
pYKH.

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

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

13. Kareropuuecku 3ampeniaercsi mpoOoBaTh XMMHUYECKHE BEIIESCTBA HA BKYC.

14. Tlpu paboTe ¢ JIErKo BOCILIAMEHSIOIIUMUCS BeliecTBaMH (3QUphI, OCH30J, CEPOYIIepo U
T.J1.) HE IOJDKHO OBITH PSIIOM OTHSI 1 BKJIFOUEHHBIX TUTUTOK.

15. Ilpu paboTe co cCTEKIOM, XHMHYECKOHW MOCYyHoi, HeoOxXoauMo coOmogaTh NpaBHiia
NPEJ0CTOPOKHOCTH BO M30€KaHNE PAHEHHI OCKOIIKAMH CTEKIIA.

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

21. B xumMuueckoit 1abopatopun He0OX0JUMO paboTaTh B Xajare.

3aganusa
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Oneir 1. B nBe npobupkm BHecTn mo 1 cm® pacTBopa amMmuaka (KOHIEHTpalus pacTBOpa
ammuaka pasHa 0,1 mons/aM®). B ogHy mpoGupKy n06aBHTH 2 CM® BOABI, B APYTYIO 2 CM° pacTBOpa
xnopuga ammonusi, C(NH4CI) = 0,1 mons/nme. ITocne storo B 06e nmpobupku BHecty o 1 cm® pacTBopa
XJ10pHia Maruus ¢ MossipHoii konnentpanuei C(MgCl,) = 0,1 mons/nm3. O6paTuTh BHUMAHHKE Ha TO, YTO
0CaJIOK BBITIIACT TOIBKO B TIPOOUPKE, I/Ie HET XJIOPHUIa aMMOHHUSL.

OmnpiT 2. B nBe mpoOupku BHeCTH MO | MHKpOIIIIATEN0 KPUCTAIUIMYECKOTO moia. B mepByro
poOUpKy 106aBuTL 2-3 cM® BOJBI, BO BTOPYIO CTOJBKO K€ HACBHIIIEHHOTO PAacTBOpa MOIM/A KAWL
Y06enuThbes, 4TO MO MaJIo PACTBOPSIETCS B BOJIC, HO XOPOIIO PACTBOPSIETCS B HOJIUJIC KA.

OmnpiT 3. B nByX mpoOHpKax MOMyYUTh OCAIKW KapOoHaTa W Cyib(aTa KalblHs IEHCTBHEM Ha
pactBop xsopuna kansuus (C(CaCly) = 0,1 mons/nm®), pactBopamu kap6oHata u cynb(hara Hatpus. B
00e mpobdupku nodaBbTe AenuMoIsipHbIil pactBop HCI. 3aMeTbTe, 4TO MPOUCXOAUT pacTBOPEHUE TOIBKO
KapOOHaTa KaJIbITHS.

OmeiT 4. B 1ByX mpobupkax mony4yuts ocagku ZnS neiictBuem pactBopa NapS Ha pacTBop comn
IIMHKA ¢ MOJIIPHOM KoHLeHTpauueii mocaeanei 0,1 mons/nm3. B oany npo6upky no6asuts 0,1 Moss/am®
pactBop HCI 1o pactBopenms ocajmka, B Apyryio Takoii xe 00béM 0,1 Moms/nmM® pacTBOpa yKCyCHOM
KHCJOTBI. YOCAHUTRCS, UYTO B YKCYCHOUM KHUCIIOTE CYIb(H/] [INHKA HE PACTBOPSETCSL.

OmeiT 5. B nBYX npobupkax nomxyunTs ocaaku CuS u FeS B3aumoneiicTBuem pactBopa cyibhuaa
natpus (C(NazS) = 0,1 mons/am®), ¢ memumonsapusiMu pactsopamu CuSOs u FeSOs. B 06e npoGupku
106aBHUTh OJIMHAKOBBIE 00BEMBI pacTBopa comsnoi kucnotel (C(HCI) = 0,1 moms/nve).

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

Conep:xanue oTyeTa

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

OnwIT 2. YOEauThCS, 9TO MO MO PAaCTBOPSETCS B BOJAE, HO XOPOIIO PACTBOPSETCS B MOAHIIC
kaiaua. Yem 310 00bscHUTH? COCTaBUTH ypaBHEHHE peakUUH B3auMojeiicTBus moga ¢ Kl B HOHHOM H
MOJIEKYJISIPHOM BHJE.

Onwir 3. Kak, mpumensiss moustue I[IP u 3Has ycnoBust pacTBOpPEHHsI OCaIKOB, OOBSCHHUTH
Habmomaemoe siitenne? CocraBuTh ypaBHeHHs peakuun pactBopennst CaCOs; B HCl B momHOM U
MOJIEKYJISIPHOM BHJE.

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

OmpIT 5. OTMETUTH PacTBOPEHHE TONBKO FES 1 00BSICHUTD 3TO, Hcnonb3ys 3Hauenue [1P s FeS
u CuS. CocraBuTh ypaBHeHHUs B3aumoeiicteust mexay FeS u HCl B moHHOM 1 MOJIEKYIISIpHOM BHIE.

OmpiT 6. OOBSICHUTE MPOKMCXOsAINEE, MONIB3YACh 3HaueHusMu [IP mast PbS, PbSOs u PbCrO..
CocTaBUTh ypaBHEHHUS! COOTBETCTBYIOIIUX PEAKLUI B MOHHOM U MOJIEKYJIIPHOM BHJE.

KoHnTposabHbIe BONpockI
ba30BbIi1 ypoBEHB

1. ChopmynupyiiTe MOHITHE «IIPOU3BENEHHE PACTBOPUMOCTH». JlJIl KAKOTO THMNA COEeTWHEHHH
oHo npuMeHnmMo? [IpuBeaure npuMepsl.

2. Hanmmmmre ypaBHEHHS MPOIECCOB MPOTONM3a s chenyronux coenuHennii: CaCOs, Ag2CrOs,
Al(OH)z. Kak OyayT BBIMISAETh COOTBETCTBYIOIINE MM BBIPAKCHHS MPOM3BEIACHUH pPAaCTBOPUMOCTH?
HaiinuTe nx 3HaueHUs B COPAaBOYHMKE U 3aIIMIINTE.

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

IToBbI1LIEHHBIN YPOBEHB

1. Kak cBszansl [IP u pacTBOpMMOCTb MajopacTBOPUMBIX CHIIBHBIX AJIEKTposinToB? OTOOpasute
9Ty cBsi3b Ha mpuMepe AgzASOy.

2. Ilepeuncnure ycnoBHS PacTBOPEHHS OCAJKOB MalOpacTBOPHMBIX BemiecTB. Kak MoXHO,
HaIpUMep, PacTBOPUTE ocamok Zn(OH),?

3. Kakoe siBneHue Ha3bIBaIOT «COIEBBIM 3 dexTom»? [IpuBenure npumepsl.
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®.M. Jloctoesckoro, 2014, — 164 ¢. — 978-5-7779-1755-3. — Pexxum nocryma:
http://www.iprbookshop.ru/59628.html

2. Pomanoga, C. M. KpaTkuii Kypc JeKiuii mo o0Imeil 1 HeOpraHn4ecKoi XUMUH [ DJIeKTPOHHEIH pecypc]
: yuebHoe nocobue / C. M. PomanoBa. — DJIEKTPOH. TEKCTOBBIC JTaHHBIE. — AJMarthl : Kazaxckuii
HaIlMOHAJIBHBIN YHUBEPCUTET UM. alib-Papadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexum
nocryma: http://www.iprbookshop.ru/70372.html

JlonosiHUTEIbHAS JIUTEPATYypAa:

1. Bontpomerok, B. B. O6mas xumus [ D1eKTpoHHEIH pecypc] : yuebHoe mocobue / B. B. bontpomerok.

— DIIEKTPOH. TEKCTOBBIC JaHHbIe. — MUHCK : Boimmiimias mkona, 2012, — 624 ¢. — 978-985-06-2144-
3. — Pexxum nocryma: http://www.iprbookshop.ru/20236.html
2. bapkosckuii, E. B. O6mas xumus [ DnekTpoHHbIH pecype] : yaebHnoe mocobue / E. B. bapkosckuii, C.
B. Tkaues, JI. I. [leTpyiieHko. — DIEKTpOH. TEKCTOBbIE JaHHbIE. — MUHCK : Brinmiimas mkosna, 2013.
— 641 c. — 978-985-06-2314-0. — Pexwum mocryma: http:// www.iprbookshop.ru/35509.html
HNuTepHeT-pecypcen:

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

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

3 http://catalog.ncstu.ru/ — 3aeKTpOHHBII KaTajaor acCOIHAINN dJIEKTPOHHBIX OMOIMOTEK

yueOHbIX 3aBefieHui u opranuzanuii CKOO
4 http://www.iprbookshop.ru — 3BC.
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Tema 6. PacTBopsI
JlabopaTopHasi pa6oTta 6. PacTBOpbI

Lenp pabGoThl: OCBOWTH METONWKY MNPHTOTOBICHHS PACTBOPOB 3aJaHHON KOHIEHTpPAIIWH.
OcBouTbh apeOMETPUIECKUI METOA N3MEPEHHS INIOTHOCTH PACTBOPOB. Y CBOUTH MOHATHS aOCOMOTHON U
OTHOCUTEJILHOM MOrpelIHOCTEN U3MEPEHUM.

Teopernyeckasi 4acTb

Pacmeopamu nasvigaiom 2omozennvie cucmemvl, cocmosaujue uz 08yx u 6ojiee KOMNOHEHmos, a
makice npooyKmog ux ezaumooericmeusi. Harpumep, BOOHBIN pacTBOp CEPHON KUCIIOTHI COAEPKUT: BOAY
(pactBOpUTEND), ruapaTHpoBanHbie noHbl HSO4 - xH20, HxH,0 u SO42-xH-0.

Crioco0bI BbIpaskeHHs1 KOHIIEHTPALIMU PACTBOPOB

Baxuelinieii xapakTepHCTUKON PacTBOPOB SIBJIIETCS MX KOHIIEHTPALMSI — Macca WIN KOJIMYECTBO
BEILIECTBA, COEPIKAIIMECs B ONPEICJIEHHOIN Macce Wi 00beMe pacTBOpa UM PaCTBOPUTEIIS.

MaccoBas fons BemecTBa X — Macca Beuiectsa m(X) (B 1), conepxamiasica B 100 r pactBopa:

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

C (X) MOITb _ n(Xx)
U M (X)m

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

-1000 = -1000 (6.2)

p-ast p-as

C, (X), Mon;, _ n(X) 1000 = m(X)

AM Vp-nsl M (X )Vp-nﬂ
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ModsipHasi KOHIIEHTpAIlUsl KOJIMYECTBA OSKBHBaJCHTa (HOPMAJIbHOCTh WJIM DSKBHUBAJICHTHAS
KOHLIEHTpAIMs) — KOJIMYECTBO MOJIb SKBUBAJICHTA BelecTBa X, coziepsKarieecs B ogHoM am° (umu 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 €TI0
X X

SKBHUBAJICHTHAsI Macca (T/MOJIb) COOTBETCTBEHHO.

Ipumeuanue. Ynucno Z, Ha3bIBAIOT IKGUBANEHMHBIM YUCIOM VI YUCTOM IKEUBANEHMHOCIU — Zx
> 1. 3naueHne Zy onpeAensioT 10 XUMUIECKON PeaKIiy, B KOTOPOH y4acTBYeT JaHHOE BemlecTBo. Tak, B
YaCTHOCTH, [JIA BECUICCTB, YyHaCTBYIOIIUX 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,

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

MnOs + 1le- — MnOs2; Z, = 1; 3(MnOys") = 1/1 Mo7b.
CrnenoBaTenbHO, B 3THX peakiusax SkBuBajieHT okuciutesss 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 JjIsl 0OMEeHHBIX U OB-peakiuii.
B 00MEHHBIX peakIsx SKBUBATICHTHOE YHCIIO OMPECIISIOT MO CTEXHOMETPHH peakiuu. Eciu ams
peakiuy BUA:
vaA+vgB =vcC +vpD  (8.5)
Ha OJIMH MOJIb BellecTBa A TpeOyeTcst Ve/va MOJTb BeliecTBa B, T0 Za= va/va.

[Tone3Ho 3HaTh, YTO 02151 0OHoOocHo8HbIX Kuciom (tura HF, HCI, HBr, HI, HNO,, RCOOH u np.)
u oonokucromuwix ocrosanuil (tuma NH4OH, LiOH, NaOH, KOH, CsOH, RbOH u ap.) sxsusanenm
6ce20a pasen 0OUH MOJlb.

J1J151 IOJIMOCHOBHBIX KUCIOT M TIOJMKHUCIOTHBIX OCHOBAHHUH BEIMYUHBI SKBUBAJICHTOB 3aBUCST OT
Tuna peakuuil. Tak it peakuuu:

H,SO,4 + 2KOH = K,S0O4 + 2H,0,
Z (H2SOs) = 2, a axeusanrenm ceproti kuciomol — I(H2SOs) = Y2 monw, max kax Ha 00uH Mo
H2S04 mpebyemcs 2 monw (06a sxeusanenma!) KOH.
Hns peakuum:
H>SO4 + KOH = KHSO4 + H0
Z(H2SO4) = 1, a sxeusanenm ceproii kucromot — I(H2S0s) = 1 monwb, max kak ¢ 00uH monw
H.SO4 peazupyem 1 mons (00un sxeusanenm!) KOH.

MomnbHas mois — OTHOIIEHHE KoyimdecTBa Mok BemecTBa N(X) k o0meMy 9uciay MOJb BCEX

BeriecTB Ny (Xi), cocTaBNISIONMX pacTBOP:

N(X)
Nx(Xj)

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

pacTBopa:
e m(X)

3
em® Vppa
Tutp pactBopa BemectBa B mo onpexpensieMmomy BemiecTBy X — Macca BemectBa M(X) (B 1),
COOTBETCTBYIOLIAS OJHOMY CM® CTaHIAPTHOIO PAacTBOpa BellecTBa B:

a(X)= (6.5)

3

T(X), (6.6)
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e _ m(X)
CM3 V(B)p—pa

BecbMa BayKHBIM TTapaMeTpOM PacTBOPOB SIBISIETCS UX IUIOTHOCTh — 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 paSMepHOCTI) IIJIOTHOCTHU paCTBOpOB B F/CM3.

Jnst mpoBeAeHusl pacyeToB MoJie3Ho 3HaTh Gopmyiny (8.10), cBA3BIBAIONIYI0O 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 C Pa3IM4YHON MAacCOBOW JOJIEH BECbMA ITOJIE3HBIM SIBIISIETCS TaK
Ha3bIBa€MOE MPABHUJIO CMELICHUS (MM IPaBHIIO KKPECTaA»).
Cxema «kpecTa» UMEeT BUJI:

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

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

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

Honnoe npousseaenue soasl 1 pH pacteopos

Bopma oTtHocuTCS K O4YeHB ClIa0BIM BJIEKTPOJIMTaM, W TIpolecc e€ MpoToiu3a (pachajga WiIH
JUCCOlMalK) sBiIsieTcsT oOpaTuMbIM. PaBHOBecME B 3TOM HPOLECCE CMELIEHO BIIEBO, B CTOPOHY
00pa3oBaHMs MOJIEKYT

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

Ilpumeuanue. IlpoTONM30M Ha3BIBAIOT TPOLECCHl KUCIOTHO-OCHOBHOTO B3aMMOJEHCTBHA,
MIPOTEKAIOMIHE C YYAaCTHEM PACTBOPUTEIIS (7151 BOJHBIX PACTBOPOB — 3TO MOJIEKYJIBI BOJBI).

Koncranra npotonusa Boas! ipu 22°C UMeET cleAyIouiee 3HaUeHUe

+ —
_[HTJ[OH ]
R AL s
[H,0]
TaK KakK HpOTOHI/I3 BOJABI BECbMAa HEC3HAUYUTCICH, TO paBHOBeCHy}o 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) = [H,0] momns/mm3,
I[Tposenem pacuer (npu yenosuu, uto p(H20) = 1r/em® u M(H20) = 18 r/mons):

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

€CTh MOJIApHas KOHIEHTpaus Boasl, To ecth C(H20) = 55,56 Momb/mme.
[Ipencrasum (8.13) B crieayromiem Bue:

=18-10716, (6.12)

B 1 1m® Boawl comepsxutca N(H20) = ~ 55,56 MoIb — 3Ta BETUYUHA 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, SABISETCS
BEJIMYMHOM TIOCTOSHHOMN M Ha3BIBAETCS UOHHbIM npoussedenuem Boasl (0bo3Hadaercs Ky).

C coBpeMeHHOH TOUYKM 3peHHus He ogHa Moiyekyna Boasl HO, a e€ numep — HsO2 nnmu 2H-0,
HO/IBEprasich NpOTONK3y (pacnanasce), oopasdyeT oauH katuoH ruapokconus (HzO") u omun ruapokcna-
WOH:!

2H,0 << H;O0" + OH"
B YHCTON BOJZIE KOHILIEHTPALHS ITUX HOHOB paBHa u COCTaBJISICT

[H0"]=[OH ]=~+10" =107 mons/on®.

B kxucnbpix pacTBopax KOHIEHTPALUS MOHOB THAPOKCOHUS OOJbIE KOHICHTPAMH TUIAPOKCHI-
nonos: [H3O*] > [OH].

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

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

Hcnonb3yst HOHHOE MpOu3BeIeHHE BOBI Ky, MOXKHO pacCUUTATE:

a) KOHIICHTPAIIMIO HOHOB THPOKCOHUS B PACTBOPAaX OCHOBAHUH

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

Ucnoneiys Benmnunny Ky ynaercst XxapakTepu3oBaTh KUCIOTHOCTh M OCHOBHOCTH PAacTBOPOB IO
KOHIIEHTPAIMH TOJFKO HOHOB THAPOKCOHUSI.

Hanpuwmep:

i h=0,1 /m3

a) B pactBope coiisinoi kuciaotbl ¢ C(HCI) = 0,1 monbs/am°® (cumTas MpOTOJIU3 KMCIOTHI ITOJTHBIM,
to ecth a(HCI) = 1) KoHIIeHTpalMsi HOHOB BOAOPO/Ia paBHA KOHIICHTPAILMH KHCJIOThI, TaK KaK MPOTOJIN3
KHCIIOTHI TTOJIHBIH, CIIEZIOBATEIHHO:

[H30*]1 = 0,1 mons/am® wmmu  [H30*] = 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 IIEJOYH, Hampumep, ¢ MoisipHoil koHueHtpauueir C(NaOH) = 0,1 momn/am?,
KOHIICHTpAIHs THAPOKCHA-UOHOB PaBHA KOHIEHTPALMH IIEIOYH, TaK KaK MPOTOJIU3 MIEIOYH MPOTEKaeT
nonnocteio (a(NaOH) = 1). Crenosatensno, [OH] = 0,1 = 10 mons/am®. YunThiBas B3aUMHYIO CBSI3b
nonoB [HzO*] m [OH7], mosiBisieTcs BO3MOXHOCTH XapaKTEPHU30BaTh 3TOT 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

s Gosbliiero yaoOCTBa XapaKTEPUCTHKY PEAKIMH CPEAbl BbIPAKAIOT HE KOHICHTpAIUCH
BOJOPOJHBIX HOHOB, TO €CTh BEJIMYMHAMU C OTPHULATEIbHBIMU I[IOKA3aTeNsIMU CTEIEHU, a TakK
Ha3bIBAEMBIM BOJOPOIHBIM MOKa3aTenem pH.

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

[H30%]= =107 moms/m’
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pH = -Ig[Hs0"], (6.17)
rae [H3O*] BeipakaeTcs B MOJTB/IM®.
Jnst onrcanHbIX BhiIe mpumepos (1. 13 a, 0, B, T) pH cooTBeTcTBeHHO paBHbl: 1, 3, 13, 11.

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

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

N PN v © ~ ® o g 999 S
VBenuueHue KUCIOTHOCTH YBenuueHue OCHOBHOCTHU
7
< HEUTp >
cpena
56 8 9 10 11 12 13 14
01234
pH Cmabo- Cirabo- menovgHas CHbHO- TIeoYHas
CusibHOKHCIIAs cpenia
KHCTas cpesia cpena cpena

B uucroii Boge pH = 7.
B xucnotnoi cpeae pH < 7.
B mienounoii cpene pH > 7.

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

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

[TponorapupmupyeM ypaBHEHHE HOHHOTO TNpowm3BeaeHHs Bojbl (8.14) u, B3AB norapumsl ¢
00paTHBIM 3HaKOM, NoxyduM (mipu 22°C):

pH+pOH =14

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

Bb1600: KOMMUYECTBEHHYIO XapaKTEPUTHKY PEAKIIMH CPE/Ibl BIIOJIHE ONpeaeseT 3Hadenue e€ pH.

OO6opynoBaHue U MaTepuaJbl
PactBop NH:NO;
AMMHa4Has cenuTpa
CreknsHHas BOPOHKA
Kon6e na 100 cm®
Apeometp
IInarens
Hunuuap émkocteio 1,0 e

NogobowhE

Yka3aHus 1o TexHuke 0e30I1aCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
ANEKTPOOOOPYAOBAHHH, IIEKTPOIIPOBOKE, MPABMIEHO 000PYA0BAHHOM BBITSDKHOM IITKaQYy.

2. T'a30BbIe KpaHBI U ra30MPOBO/I TOJHKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPUOANIECKU
IIPOBEPSTHCS.

3. PabGouee mecTo conepkaTh B IOPSJIKE U YUCTOTE.
4. Cyxue peakTHBbl TpeOyeTcst OpaTh YUCTHIM ILINATEIEM MU CHICIHAIbHON J0XKEUKOH.
5. Uznumex peakTuBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLI B3AT.

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

7. OcraTKu coeqUHEHUI cepedpa cauBaTh B 0COObIE CKIAHKH.

8. Tlpu HarpeBaHWUM PAcTBOPOB B MPOOUPKE BCET/Ia CIEMyeT AepkKaTh e€ TakuM 00pa3oM, 4TOoOBI
OTBEpCTHE MPOOUPKH OBLIO HATIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsIOM coceia.
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9. He HaKJIOHSITH JIUIO HaJl HATPEBACMOU JKHIKOCTBHIO HIIH CTUIABIISIEMbIM BEIIECTBOM.

10. He cnemyer BIbIXaTh Maxy4ue BEIIECTBA W Ta3bl, ONU3KO HAKIOHSSICH K COCYIy C DTUMHU
BemlecTBaMy. HioxaTh BemecTBa MOKHO JIMIIb OCTOPOKHO, HANPABIIAA K ce0e 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 3ampeuiaercsi mpoOoBaTh XHMHUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIerK0 BOCILIAMEHSIOIIMMUCS BemiecTBaMu (3QUpbI, OEH301, CEpOyTIepo U
T.JI.) HE TOJDKHO OBITh PSIIOM OTHSI U BKJTFOUCHHBIX TUTUTOK.

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

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

22. B xumMuveckoit 1abopatopun He0OX0JUMO paboTaTh B Xajare.

3aganuda

OmpiT 1. [Tpurorosienne pacTBopa HUTpaTa aMMOHHS ¢ MaccoBo foneit 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. Pe3ynbrarhl
B3BELIMBAHUS 3aHECTH B Ta0I. 5.2.

3 HaBecky amMMuayHOW CEJIMTPHI OCTOPOKHO TMEPEHECTH C IIOMOIIBI0 CYXOM CTEKIJISTHHOU
BOPOHKH B MEPHYIO KOJIOY BMECTUMOCTBIO 250 cMP,

4 Jlo6aBuTh K HaBecke B koide 100 cM® mucTumnmpoBaHHOM Boabl. TIIATENHHO HEpEMEIIATh
pactBop no monHoro pactBopeHust NHsNOs. [Jonute koj0y AMCTHILIUPOBAHHOW BOJOHM 10 KOJIBIICBOW
OTMETKH IO HIPKHEMY MEHHCKY.

5 TmarensHO mepemeniate NPUTOTOBICHHBIM PAcTBOP IBITH - LIECTHKPATHBIM IIEPEBOPAUNBAHUEM
KOJIOBI, TIOJIIEPYKUBAS TIPOOKY.

6 Usmepurs 1iotHocTh mpurotoBieHHOTo pactBopa NH:NOs ¢ momombio apeomerpa. s
3TOrO TIPUTOTOBJIEHHBIH PACTBOP MEPETUTh B HUIMHAP EMKOCThIO 1,0 M3, OCTOPOXHO MOrpysuth B
pacTBOp apeoMerp TakuM oOpa3oMm, 4YTOOBl apeoMeTp He Kacajcsi CTEHOK IWIMHApa M 3aHsI
HETO/IBIXHOE MoJioxkeHne. CHATh MOKa3aHHs TNIOTHOCTH CO MIKAJTbI apeOMETpa u 3aHeCTH B Tab. 6.2.

7 Paccunrtath MOJSIPHYIO KOHIICHTPAITMIO TIPUTOTORIEHHOTO pacTBopa. PacuéTHple JaHHbBIC U Pe3yiIbTaThl
M3MEpEHHIA 3aHeCT! B TaOI. 6.2.

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

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

Tabnuya 6.3 ITnomnocms 6o0no20 pacmeopa Humpama ammoruss NHaNO3

Konnenrpanus Konnenrpanus
p, T/em® p, T/cm®
®, % MOJIb/ M3 r/mm® o, % Mo/ am° r/mm®

1 0,1252 10,023 1,002 18 2,415 193,3 1,074
2 0,2514 20,12 1,006 20 2,705 216,5 1,083
4 0,5071 40,58 1,015 24 3,299 264,1 1,100
6 0,7668 61,38 1,023 28 3,912 313,2 1,119
8 1,0300 82,50 1,031 35 5,033 402,9 1,151
10 1,2980 103,9 1,0397 40 5,873 470,1 1,175
12 1,5710 125,7 1,048 50 7,656 612,8 1,226
14 1,8480 1479 1,057 55 8,602 688,5 1,252
16 2,1290 170,4 1,065
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Conep:xanue oT4yeTa
Tabnuya 6.2 Pezynomamul 9xcnepumenma

Macca Mms Macca
C(NH4NO3), Poxeres Pra6is Aabc., AoTH.,
Orokca, | + HaBecka, | HAaBECKH, 3 3 3 3 0
MOJIb/ M r/cMm r/'cM r/'cM )
Mg, T r My, T

KonTpoJibHbIE BOIPOCHI
ba3oBblii ypoBEHb

1 M3 kakuxX KOMITOHEHTOB COCTOSIT BOJHBIC pacTBOphl cieayrommx BemiecTB: NasPOs, KoSOs,
NaNQO3? OtBeT AaTh ¢ Y4ETOM MPOIIECCOB MPOTOJIN3a NOHOB.

2]lns yero mnpumeHstoT apeomeTp? KakoBa moCienoBaTeIbHOCTH ONEpallyii MPU 3aMepe
TUIOTHOCTH JKAIKOCTH?

IloBbIIIEHHBIN YPOBEHD

3II0THOCTH ¥ TUTP PACTBOPOB UMEIOT OJMHAKOBYIO pasMepHOCTh (r/cm®). B ueM pasnuuue 5THX
napameTpoB?

4 TIpuBeauTe aNTOPUTM B3BEUITHMBAHUS TBEPIBIX BEIICCTB.

Chnucokx JUTEPATYPHI, peKOMeH)IyeMBIﬁ K MCI0JIb30BAHNIO 110 TaHHOI TeMe

OcHoBHas JuTEpaTypa:

1. T'onoBanoBa, O. A. O6mas xuMus [ DNeKTPOHHBIH pecypc] : yaeOHoe mocodne (s CTyIEHTOB
XUMHYECKOTO (paKyIbTeTa HApaBIeHUA OaKamaBpuaTa «XUMUsI» U «XuMHA4YecKas TexHomorus») / O. A.
I'onoBaHOBa. — DIEKTPOH. TEKCTOBBIE JaHHBIE. — OMCK : OMCKUI rOCYAapCTBEHHBIN YHUBEPCUTET UM.
®.M. Jloctoesckoro, 2014, — 164 ¢. — 978-5-7779-1755-3. — Pexxum nocrymna:
http://www.iprbookshop.ru/59628.html

2. Pomanoga, C. M. Kparkuii Kypc Jiekiuii o o0Iiei 1 HeOpraHu4eCKoH XuMuu [ DJIeKTPOHHBIN pecypc]
: yuebHoe nocobue / C. M. PomaHoBa. — DJIEKTPOH. TEKCTOBBIC JlaHHbIC. — AJjMarthl : Kazaxckuii
HAIMOHAIBHBIN YHUBEpCUTET UM. aib-Dapadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexum
noctyna: http://www.iprbookshop.ru/70372.html

JlonotHUTEIbHAS JIUTEPATYypAa:

1. Bontpomerok, B. B. O6mas xumust [DnexkTpoHHBIN pecypce] : yueOHoe nocodue / B. B. bontpomerok.

— DIJIEKTPOH. TEKCTOBBIC JaHHbIe. — MUHCK : Bpimmiiiias mkona, 2012, — 624 ¢. — 978-985-06-2144-

3. — Pexxum nocryma: http://www.iprbookshop.ru/20236.html
2. bapkoBckui, E. B. O6mas xumus [DnekTpoHHBIH pecypc] : yueOHoe nocobue / E. B. bapkosckuii, C.
B. Tkaues, JI. I'. [leTpymieHko. — DJIEKTPOH. TEKCTOBBIC JJaHHBIE. — MUHCK : Boimmaiimas mkosna, 2013.
— 641 c. — 978-985-06-2314-0. — Pexwum mocrymna: http:// www.iprbookshop.ru/35509.html
HNHTepHeT-pecypcenl:

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

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

3 http://catalog.ncstu.ru/ — smeKTpOHHBIH KaTaaor acCOIHAINN dJIEKTPOHHBIX OMOIMOTEK

yueOHBbIX 3aBefieHuni u opranuzanuii CKOO
4 http://www.iprbookshop.ru — 3BC.

5 https://openedu.ru — OTkpbITOE 06pa3OBaHUEe

Tema 7. KoMmiuiekcHbIe coeIMHEeHUS
JlaGopaTopHas padora 7. KoMmnjiekcHbie coeinHeHUsI
[{ens pa®OThI: M3yveHHE KOMIUICKCHBIX COETUHEHUI M UX XUMHIECKHX CBOMCTB.

Teopernyeckasi 4acThb
XWMHYECKHUE CBS3U OCYIICCTBIAIOTCS 3a CUET OOOOIICHHS HE CHApPEHHBIX JJCKTPOHOB HIIH
nepeaayu JSJCKTPOHOB OAHUMM H3 4aTOMOB, BCTYHNAONIUX B CBA3b JAPYyromy. B PE3YyJIbTATC TAKOI'O
B3aMMOJICUCTBHSI 00pa3yloTCs yCTOWYHMBBIC KOH(UTypaliyd, WMEIONIFNE Ha BAJICHTHOH 000JI0YKe
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9JIEKTPOHHBIA OKTET. YCTOHMYHMBOCTH IOJOOHOM CTPYKTYPbl OOBSICHSETCS CXOJACTBOM B CTPOCHUHU C
WHEPTHBIMA Ta3amMu. CoeTHHEHNS], TTOTyJatoIrecs MOJ00HBIM 00pa3oM, HA3EIBAIOTCS OWHAPHBIML.
MBHorvie aromMbl WK HOHBIL, 00pasyroIyie OMHAPHBIE COSAMHEHFS, MOTYT SIBTSITECS IOHOPAMH IEKTPOHOB JUTS
JPYrUX aTOMOB, TPYIII aTOMOB WM MOJIEKYJL, He MMEIOLIUX IEKTPOHHOTO OKTeTa. [ lomyueHHbIe TakuM IyTéM CIIOKHBIE
MOJICKYJIbI Ha3bIBAIOTCS KOMIUICKCHBIME COGIMHEHYSIMA I COCIIMHEHMSIMU BBICITIETO Tiopsika. Hanprmep, B cocras
KxomruieKcHoro coemmrernst Ko[PtCle] Bxonsr vorsr K i [PtCls] >
LenTpanpHblii aTOM IUIATUHBI CO CTENEHBIO OKUCICHHS +4, BOKPYT KOTOPOTO TIPYNIHUPYIOTCS
(KOOpAMHUPYIOTCS) IPyTHE aTOMBI, Ha3bIBAETCA KOMILIEKCOOOpa30BaTeIeM.
IMpucoemunstomuecs kK Hemy nonsl Cl” Ha3pIBalOTCS JTMraHIaMu (WK aIICHIaMH).
HexoTtopsie nuranapl ¥ MX Ha3BaHUS:
H>0 — axBa; NH3 — ammun; O* — okco; OH — ruapokco; CN™ — nimano; SCN™ — pomano; NO, —
HuTpo; SO3% — cynbduro; NH,OH — runpokcnnamun; F- — dropo; Cl™ — xmopo; Br- — 6pomo; |- — ifozo.

Yucno muranioB, IPUCOSTUHEHHBIX K KOMIUIEKCOOOPa30BaTeNio, Ha3bIBAIOT KOOPANHAIIMOHHBIM
apcioM (K.4.) KoMIuekcoobpasosarens. K.u. (Pt™) = 6.

Wonsl K* — BHemHsAs KOOpAMHAIMOHHAs cdepa (mpotusomon); [PtCls]> — BHyTpeHHsA
KoopanHannoHHas cdepa. E€ 3apsan( TouHee, CTENEHb OKWCIEHHS X) OMpPENENseTcs anredpandecKon
CYMMOif 3aps/10B KOMILIeKcooOpaszoBaTens 1 aurannos: x(/PtClg]*) = +4 +(—1)-6 = 2.

Ecrmn BHYTpeHHsST KOOpAMHAIMOHHAS cdepa HMMeeT TOIOKUTENBHBIA 3apsi, TO OHA Ha3bIBACTCS
KOMIUIEKCHBIM KaTHOHOM, €CJI OTPULIATEIbHBIN — KOMIUIEKCHBIM aHUOHOM. VIMeeTcs psii COeIMHEHHH, B KOTOPBIX
BHYTPEHHSISI KOOP/IMHAIIMOHHAS chepa He HECET 3apsiia — HEHTpallbHbIe KOMILTEKCHL. [IprMephl yKa3aHHBIX THIIOB
KOMIUIEKCHBIX COC/IMHEHUIA:

H,0
1) katuommnsie — [Pt (NH3)sCIJCl «——2—> [Pt(NH3):CI]* + CI";
H,0
[Cr(H20)4Brz]Br «—=2—> [Cr(H;0):Br;]"* + Br;
: HZO ; 2+ 2-
[NI(H20)6]504 —> [NI(HzO)e] SO
H,0
2) ammonnsie — Ks[Fe(CN)s] $——2-—> 3K* + [Fe(CN)e]*;
H,0
(NH4)2[P{(OH):Cls] ¢——2"—> 2NH," + [Pt(OH).Cls]?;
H,0
Nas[AIFs] <—2—> 3Na* + [[AlFe]*;
H,0
3) ueiitpanpbie (HeanexTponutsl) — [Cr(H20)sP04] —2 > x;

H,0
[Rh(NH3)3(NOz)3] ——>x;

H,0
[PA(NH.OH).Cl;] <——> x.

Ipumeuanue. KoMIUIEKChl aHHOHHOTO THIA TAaKXKe ClIE HA3bIBAIOT AIMJIOKOMIUICKCHBIMH, TaK
KaK MPH NEPBHYHOM IPOTOJIN3E OHM OTIICTUISAIOT KOMIIEKCHBIN aHHOH.

Ancopummel  HazeaHUll KOMNIEKCHBIX coeOuHenuil: 1) KaTHOHHBIE KOMIDIEKCHI — CHadala
Ha3bIBAIOT BHEIIHIOI cepy, a 3aTeM B POAUTEIHHOM IajIe)Ke NPUBOJIAT HA3BaHMUS JIUTAHI0B BHYTPEHHEH
cdepsl 1 pycckoe Ha3BaHHWE KOMILIEKCOOOPAa30BaTeNs C YKa3aHUEM €ro CTEIeHH OKHCICHHS apaOCKHUMH
nudpamu, Harpumep:

[Pt (NH3)3CI]Cl - xmopun TpuamMMuHxIIoporiaTussl (+2);
[Cr(H20)4Br2] Br —6pomun terpaakBaanopomoxpoma (+3);
[Ni(H20)6]SO4 — cynbdar rekcaaxBanukens (+2);

2) Ha3BaHWE AaHMOHHBIX KOMIUICKCOB HAYMHAIOT C BHYTPEHHEH cepbl — Ha3BaHWE JIMTAHIIOB M
JTATMHCKOTO KOMILIEKCO00pa30BaTelsi ¢ OKOHYaHUEM -am, 3aTeM — PyCCKOe Ha3BaHWE KaTHOHA BHEIIHEH
cdepsl, HalIpUMep:

Ks[Fe(CN)e] — rexcarmmanogeppar (+3) xanus;
(NH.)2[Pt(OH).Cl4] — murumpoxcorerpaxsioporiatuHar (+4) aMMOHHS;
Nas[AlFs] — rekcadTopoanmtoMiUHAT HATPHUS;

3) B HEWTpaNbHBIX KOMIUIEKCAX BHAualle HA3bIBAIOT JIMTaHIbl (C yd4eToM aidaBHTa), 3aTEM
CIIe/lyeT PyCcCKOe Ha3BaHHE KOMILIEKCOOOpazoBaTels 0e3 yKa3aHHs €ro CTCICHH OKUCICHUS (TIOCITeIHss
OJTHO3HAYHO MOXKET OBITH OIIPEZEIeHa C YUCTOM MIICKTPOHEHTPATIbHOCTH KOMILIEKCa), HAalpUMep:

[CrPO4(NHa3)3] — Tpuammundocharxpom;

[Rh(NO2)3(NH3)3] — TppraMMHUHTPHHUTPOPOIHIA;
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[Co(NO2)3(NH3)3] — TppaMMHUHTPHHHTPOKOOAITBT.
CBs13p MEXy BHEITHEH W BHYTpeHHeH cdepoii NMeeT MOHHBIH XapaKTep, CBs3b BO BHYTPEHHEH
cdepe — KOOPAMHALMOHHBIH (JIOHOPHO - aKLIENTOPHBIN, CEMHUIIOJISIPHBIN).
BHyTpenssis KoopavHaIMOHHas oepa /sl KOMITIEKCOB KATHOHHOTO M aHMOHHOTO THITIOB YCTIOBHO OTIEIISIETCS OT
BHEIITHEH c(hepbl KBAPaTHHIMH CKOOKAMEL.
CyIecTByIOT COeTMHEHUS, COCTOSIINE U3 KOMIUIEKCHBIX KATHOHOB H aHMOHOB!
[Co(NH3)e] [Cr(CN)g] — rexcarmanoxpomar (+3) rekcaaMmuaKoOIbTa (+3);
[Cr(NHz)s] [CO(NO»)e] — rexcarmrpokobarsTar (+3) rekcaaMMiExpoma (+3);
[Pt(NH3)sCI][Pt(NH3)Cl3] — aMMuHTpHXIIOpOIDIATHHAT (+2) TPHAMMHHXIOPOILUIATHHEL (+2).
ConM HEKOTOPBIX META/UIOB, OCOOCHHO B KOHIICHTPHPOBAHHBIX pPACTBOpPaX, CIIOCOOHBI
pearupoBaTh MeXIy coO0H, 00pa3ysi KOMIUIEKCHBIE COSIUHEHUS — AYIMOKOMNLEKCHI.
AuCl3+AuCl; « Au[AuCle] — rekcaxmopoaypar (+3) 3osota (+3) ;
Cdl; + Cdl; <« Cd[Cdl4] — TeTpaiionokaamat (+2) KaaMusl.
PaznuuaroT mepBUYHBI M BTOPUYHBIN MPOTOJIM3 KOMIUIEKCHBIX cOeAuHEHUU. [lepBUUHBIN
MPOTONN3 — OTIIEIUIEHHE BHEMIHEeH cdephl, OOBIYHO MPOTEKAeT MO THIYy CHJIBHBIX JIIEKTPOIHUTOB.
Hanpumep, 17151 KOMIUIEKCOB:

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

CreneHp MEPBUYHOTO TPOTONH3a JAJS Pa30aBICHHBIX PACTBOPOB KOMIUIEKCHBIX COEIWHEHUHN
00br4HO 100 % nnu 6113Ka K 3TOH BEIMUYUHE.

BropuuHoMy npoTONM3y NOABEPrarTCs KOMIUIEKCHbIE HOHBL. Ilpm 3TOM uX creneHsb
NpoToJin3a BechMa Mana. Pacmaj mpoTekaeT MO THUIY CIa0bIX 3JIEKTPOIMTOB. Twm mpoTonmsa —
CTYNEHYAThII, KOTOPbIN ONHUCHIBACTCA YPaBHEHUEM 3aKOHA ACHCTBUS Macc.

KonnvecTBeHHO mpoleccsl NPOTOM3a KOMIUIEKCHBIX HOHOB XapaKTEPU3YeTCs KOHCTAHTOU
HEeCTORKOCTH (Kieer) MITM 0OpaTHOI €ii BETMUMHONM — KOHCTAaHTOW YCTOWIMBOCTH (Kyer).

PaznuuaroT KOHCTaHTHI MPOTOJIN3a CTyMeHYaThle U o0mpe. CTyneHYaTbie KOHCTAHTHI CBSI3aHBI C
OTLICTJICHUEM OJIHOTO JIMTaHJa OT KOMIUIEKCHOTO MOHA MJIM MOJIEKYJIbI, @ OOLIMe KOHCTAHThl YUUTHIBAIOT
PaBHOBECHbIC KOHLEHTPALMK KaK JIMFAaHIOB, TaK M KOMIUIEKCOOOpa3oBaTessi, 00pa3yroIuXcs B XOIE
IpoToNH3a 1o BceM cTyneHsm.Hampumep, mportomus kommaekcHoro moHa [Cu(NHs)4]?* mpotekaer B
YeThIPE CTYIICHH:

2+
1) [Cu(NH3)4]%" & [CU(NH3)3]% +NHg;  Kyeors = [[Cu(NH3)s] ]ENH3] -107-107%;
[[Cu(NH3)4]™"]
2+ 2
2) [Cu(NH3)3]%* & [Cu(NH3),]%" + NH3; KHeCT3=[[C“(NH3)2] ][ZNH?’] ~186-107%:
[[Cu(NH3)3]""]
2+ 3
3) [Cu(NH3),1% > [CUNH3]> + NHj; Koeerd _[[CutNH) ][';'Hﬂ ~4,68-107%:
[Cu(NH3)41%']
2+ 4
4) [CUNH3]%* & Cu®" + NHj; Kecr! =W=L02 107
[[Cu(NH3)I”']

CyMMapHOe ypaBHEHHE MPOTOJN3a BHYTPEHHEH KOOPIMHAIMOHHON chepbl BhIpaXKaeTCs OOIINM
ypaBHEHHEM:
4H,0
[Cu(NH 3) 417" <229 5 [Cu(H,0) 417" +4NH 3.
3HaueHHe OOMIeH KOHCTAHTHI HECTOMKOCTH ONpENENSeTCS MPOU3BEIECHHEM BCEX CTYINEHYATHIX
KOHCTaHT HecToitkoctn. Hampumep, mnst nona [Cu(NHs)4]?" o61mas KoHCTaHTa HECTOWKOCTH OyIeT UMETh
BUJI:

o1



2
Kyeer ([CU(NH3)4] +) = Kyeery - Kuecer 'KHeCTg Kyecrq =
_[Cu(H20)41°"1-INH31"
[Cu(NH3)41%* |

Ipumeuanue. Crynenuarsiii nporonus nona [CU(NH3)4]** B BoAHBIX pacTBOpax MpeicTaBieH B
BHJE, KOTOPbI OTBEYACT MPUHYUNY COXPAHEHUSI HOCMOSHCMBA — KOOPOUHAYUOHHO2O — YUCIA
Komniekcoobpazoeamens. Jloka3aHO, 4TO TPHU OTPHIBE OT KOMIUIEKCHOIO MOHA JIMTAHJa €ro MecTo
3aHHMAIOT MOJICKYJIbI BOJIBI:

—951.10713,

[CU(NH3)4]2+ + H,0 < [CU(NH3)3f120]2+ + NHs
B uTOre mpomecc A0JKEH 3aBepIINThCS 00pa3oBaHHeM TeTpaakBakomiiekca [Cu(H20)4]%".

Yem GoJibliie BEIHYHMHA KOHCTAHTBI HECTOMKOCTH (MJIM MEHBINE KOHCTAHTa yCTOWYHUBOCTH),
TEeM MEHEe YCTONYMBO TaHHOE KOMIUICKCHOE COCTHHEHHUE.

[IpoToiKM3 KOMIUIEKCHOIO HMOHAa BO MHOTHX CIyYasX JOKa3bIBaeTCsi C  ITOMOIIBIO
YyBCTBUTEIILHBIX PEAKTHBOB, OOHAPYKHMBAIOIIMX B pACTBOpE KOMIUICKCHOTO COEAMHEHHS HOHBI
KOMIUIEKCOO00Opa30BaTes U JIUT'AHI0B.

Hanpumep, nonsl meau B kommiekcHOM coeauHenun [Cu(NHs)s]Cl, moxHO 06HapyXuTh,
npubaBKMB K paCTBOPY 3TOM COJIM PACTBOP CyJIb(uaa HATPHSL:

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

WJIN IIYTEM CBA3BIBaAHWA aMMHAKa B Ooiee HpO‘-IHbIﬁ KOMINICKC — KATUOHBI aMMOHU A

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

Komnnexcuvle coedunenus ¢ mManoycmouyueol eHympeHuel chepoil, npomonuz Komopou
nPoOXo0um NPAKMu4ecky NOIHOCMbIO — MO 0GOUHbIE CONU, HATIPUMED:

H,0
[K(H20)6] [AI(H20)6](S0s). €——5—> K* + AP* + 250,% + 12H,0; amomokaimessie

KBacCIIbI

[2NH4(H20)s] [Fe(H20)s] (SO4)2 (LO) 2NH4 "+ Fe**+250,% +12H,0;
conb Mopa.

Teopust BaneHTHBIX cBsizell (TBC) 0OBSCHAET CTpPOCHHWE KOMIUIEKCHBIX COEAMHEHHH
BO3HHKHOBEHHEM JIOHOPHO-aKIENITOPHOH CBSI3M MEXAy KOMIUIEKCOOOpa3oBaTelieM W JIMTaHJIaMH.
OOBIYHO JTOHOPOM  3JIEKTPOHHOM Tapbl CIY)XUT JIMTAHJ, aKLIEenTop — CBOOOAHBIE OpOUTAIN
KOMIUIEKCOOOpa30BaTes.

TBC BO MHOTMX CcHy4asx IIO3BOJSIET YCTaHOBHTH JJIEKTPOHHYIO M TPOCTPaHCTBEHHYIO
KoMIuiekca. Teopusi yUuThIBaeT MPH 3TOM XapaKTep BAJICHTHBIX OpOMTaNICil EHTPAILHOIO aToMa B €ro
rUOPUIHOM MJIM HETUOPHIHOM COCTOSTHHU.

OCHOBHBIE THITBI THOPUIHBIX COCTOSIHUH KOMIUIEKCOOOpa30BaTeNsi U COOTBETCTBYIOIIUE MM
IpocTpaHCTBEHHBIe CTPYKTYphl: SPp — ymmeitnas ([Ag(NHs)2]*, [Cu(NHs):1"); sp® — terpasmpuueckas
([Cu(NHs)a]**, [NiClg]*"); d?sp® ([CoFe]*) unu sp®d?® ([Co(CN)s]*) — okrasmpuueckas. KpampaTHo-
TIOCKOCTHO# CTPYKType oTBeuaeT dsp’-rubpuausanus, Hanpumep, 11 Kommiekcaoro nona [Ni(CN)4]* .

Oco60 1eHHyI0 HHGDOpMANUIO 00 DIIEKTPOHHOM CTPOCHHHM U TEOMETPUYECKOW CTPYKType
KOMIIJIEKCOO0Pa30BaTeNsd HMEIOT €ro MarHUTHBIE CBOMcTBA. [lapaMarHUTHBIE KOMILJIEKCHI HIMEIOT B CBOEM
COCTaBe HeMapHBIC IEKTPOHBI — OHU BTATMBAIOTCA B MarHUTHOE I10JI€, a THaMarHUTHBIE, B KOTOPBIX BCE
AJIEKTPOHBI CIIAPEHBI, H3 MATHUTHOTO ITOJIS| BHITATKUBAOTCS.

MarauTtHelii MOMEHT KOMIUTIEKca (i) BeIpakatoT B MarHeTonax bopa (oxuu M. b = 0,927-10
spr/raycc), KOTOpbIi MOKET OBITh BBIUMCIICH U3 (OpMyJia BHJIA!

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

rzae N — 491uciao HE CHApEHHBIX 3JICKTPOHOB B aTOME HMJIM MOHE KOMHH@KCOOGpa?:OBaTeH}I.
9KCHCpI/IMCHTaHBHaﬂ I/IH(l)OpMaI_II/I}I O BCIMYMHAX MAarHMuTHOrO MOMCHTa ITO3BOJIAACT CYAWTH O
THIIC I‘I/I6pI/I)_'[I/I3aI_II/II/I HOCHTPAJIbHOI'0 aTOMa U O TCOMCTPUHN KOMILJICKCA B ILICJIOM.
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VIMEHHO BETMYMHBI MArHUTHBIX MOMEHTOB JJISl KOMIUIEKCOB C KOOPIUHAI[MOHHBIM YHCIOM 6
TIO3BONIMIN BBECTH MOHATHS GHewHeopbumanvroti nsnpnd? u enympuopbumanvuon (n—1)d?nsnp® -
TUOpUAM3AIIHH.

BHyTprHOpOHTAIBHBIE KOMILIEKCHI — JHaMarHUTHBI WM HU3KOCITHHOBBIE, COJEPIKAT OJUH HIIH
nBa Hecmapennbix sektpona ([CO(CN)e]* u /PdCls]* — nmamarHuTHBI); BHEIIHEOPOHTAIBHBIE —
BBICOKOCIIMHOBBIE, BKTIOUAOT 3 — 6 HecmapeHHBIX amektpona ([COFs]® — owen = 4,8; 4 HecmapeHHBIX
snektpona; [MNCly]® — fisen. = 5,95; 6 HecIapeHHBIX SIEKTPOHOB).

TBC y0OenutensHO TOSACHSAET CTpPOEHHE KapOOHWIIOB METANIOB C HYJIEBOW CTEMEHBIO
okucieHus. Bo30yXIeHHOE COCTOSIHHE aToMa KOMILICKCOOOpa30BaTesi MOKET MPUBECTH K CIIAPUBAHUIO

AE
0-1IeKTPOHOB, HaNpUMep, y TAKUX aTOMOB Kak XpoM (... 3d°4S'4p® ————> 3d%4s4p?), xeneso (...

AE AE
3d%48%4p° ——— > 3d%4s°4p°), mmkens (... 3084S%4p° ——— > 3d%4s°4p°). Orciona momsTHO
obOpa3oBaHWe OHAMarHUTHBIX KomiuiekcoB — kapbonmnoB: [Cr(CO)s], [Fe(CO)s/ u [Ni(CO)4]
COOTBECTBEHHO.

Teopus kpucrammnueckoro noins (TKII), B ornuune or TBC, yduTsIiBaeT 3eKTpocTaTHUECKOE
BIIMSIHHUE JIUTaHI0B Ha 0-OpOMTaM KOMILIEKCOOOpa3oBaTelsi, KOTOPOS HEOJMHAKOBO M3-3a MUX Pa3HOM
MPOCTPAHCTBCHHOW OPHUCHTAIINH.

Jlokazano, uro O, u O¢’y>- opburamu (d,- ypOBEHB) HCIBITHIBAIOT GOJEe CHIBHOE
OTTAJIKUBAHHUE TOJ] BIMSHHAEM 3JIEKTPOCTATHUECKOTO TOJIS JIMTAHO0B, YeM OpOuTamu Oy, Oxo- 1 Oy, (de -
YPOBEHB).

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

DHeprusi pacuieryieHust (A) — pasHOCTh MEXKIAY SHEpPrusMd ypoBHed O, u d, ducieHHas
XapaKTepUCTUKA PA3HOTO 3JIEKTPOCTATUYECKOTO JEHCTBUSI TOJS JIMTaHAOB Ha TPOCTPAaHCTBEHHOE
pacnpernesieHnue AEKTPOHHOH TIIOTHOCTH 0-opOuTaseil KoMIIEKCoo0pa3oBaTels.

Bennunna A HeoIUHAKOBA JUTS PA3HBIX JIMTAHAOB W 3aBUCHT OT WX MPUPOAbL. BennunHa sHeprun
pacuienyeHus, BbI3bIBaEMast Pa3HBIMU JIMTAHIAMHU, BO3PACTACT B CICAYIONIEM MOPSIKE:
I"<Br <ClI' <F <OH < C;04<H;0 <NHz; <NO,; <CN <NO<CO,
T.€. K&XJIbIH CIIEYIOIIUI JUraH]| co3aaéT OoJee CHIIbHOE MoJie, YeM npeabnynuii. [IpuseneHHas
MOCJIEIOBATEILHOCTD HA3BIBACTCS CHEKMPOXUMUUECKUM PSIOOM.

Jlucanowr craboeo nons pacmojaraloTCs B Haudane psga, o0jgamaroT BechbMa Majoi A. d-
OpOurtanu KOMIUIEKCO0Opa3oBaTenss ¢ TaKUMHU JIUTAHJAMU 3aIOJHSIOTCS B COOTBETCTBHHU IPABUIIOM
XyHna (abconomuasn GenuyuUHa CyMMapHO20 CRUHA 8 NOOYPOBHe O00MJCHA Obimb Makcumanvrou). llpn
9TOM DJHEPrusl OTTAIKUBaHUs JIBYX CHApEHHBIX 3JIEKTPOHOB OKa3bIBAETCS BBINIEC, YeM BelHYWHa A.
Komrmiekcsl, coepikaiine JIMranabl ¢1adoro ImoJis, BCeria MapaMarHuTHEL.

Jlueanowi cunbHo20 NoJisi BEI3BIBAIOT BEChMa 3HAYUTENBHYIO SHEPTHUIO pacinerieHus. [Ipu sTom
SHEPrusl OTTAJKUBAHUS JIBYX CHAPEHHBIX DJJIEKTPOHOB OKA3bIBACTCS MEHBIIE, YeM BeIMuuHa A.
[TocnenoBaTeIbHOCTh  3aIOJHEHUS] DJIEKTPOHaMU Od-ypOBHS KOMIUIEKCOOOpa3oBaTessl  CleMyroIas:
CHaJaja UeT 3alOoJIHCHUE OJMHOYHBIMH, 3aTE€M — CIIAPCHHBIMH 3JIEKTpOHAMH opOuTaneii d,, mocie yero
AIIEKTPOHAMU 3anoiHsoTcs d,-opouTanu. KoMIUIEKCHBIE COSIMHEHNMS, COICPIKAIMe JIMTaH/Ibl CHIIBHOTO
TIOJISI, IMAMArHUTHBI WA SIBIISTFOTCS] HU3KOCTTHHOBBIMHL.

TKII 00bsicHIET OKpacKy KOMIUIEKCHBIX BEIIECTB C HAJIMYHEM Yy KOMILIEKCOOOpa3oBaTels
BakaHTHO# opOutanmu Ha d,- momypoBHe. [Ipu mepexone snmextpona ¢ d,- Ha O, MOXYpPOBEHH SHEPruUs
noryiomaeMoro ceera (£) mpu 3TOM aJeKBaTHa JSHEPIUM paciieruieHuss (A), 4TO omnpeaensercs
CJICTYIOIIMM COOTHOIICHUEM (11 OTHOT'O MOJIh BEIIECTBA):

A, IPic/mons = ENa = hvNa = hcNa/A = 0,1196/2, (6.2)
rae Na = 6,02:102 — nocrosunas Asoraapo; h = 6,6:10°4 JIx-c — nocrosunas Ilnanka; ¢ = 3-108
M/C — CKOPOCTh CBeTa; V(CM 1) M A(M) — 4acTOTa U JJIMHA BOJIHBI HOIJIOIIAEMOTO CBETa COOTBETCTBEHHO.

LIBeT — 3TO 3pUTENBHOE OMIYIIEHNE 3IEKTPOMAarHUTHOTO M3Ty4deHHs ¢ aiauHamu BoiH 400 —
760 um (1 um = 107° m). Eciu Bce majarouye Jy4u OTPaXKAIOTCSH, TO BEIIECTBO — OECIBETHOE, €CITU
MOJTHOCTBIO TOTJIOMIAIOTCS — YepHoe. [Ipu n30uparenbHOM MOTIIOIIEHUH OIIYIIEHAE [BETHOCTH CO3JIAI0T
NPOIIE/ANINE WM OTPAKEHHBIE BEIIECTBOM JIydd. TakoW IBET HA3bIBACTCS JOTIOJHUTEIHHBIM HIIU
HabmronaemMbIM (cM. Tadi. 9.1.35).

Metoxn monexymnapHeix opoutanein (MMO) sBisieTcst caMbIM YHUBEPCAIBHBIM TIPH OMMCAHUH
XUMHYECKOHN CBSI3H B KOMIDIEKCHBIX coemnHEeHUIX. MMO y4IUTBIBaeT B3aMMHOE BIIMSIHHEC OpOUTAICH Kak
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KoMImIekcooOpasoBares, Tak 1 uranaoB (B omimane oT TKII) mpu oOpa3zoBaHnN XUMHUYIECKUX CBSI3EH B

KOMILIICKCaX.
Tabnuya 7.1 Tabruya yeemnocmu
JnuHa BomH, IBer

Hwm CrexTpalibHbIN HaGmonaemprit
400 — 435 ®DuoNeTOBbIH 3eIeHOBATO-KENTHIH
435 - 480 CuHuit Kenrorit
480 - 490 3e/1eHOBaTO-CUHUI OpaHKeBbIit
490 - 500 Cune-3e1EHbII Kpacubrit
500 — 560 3eneHsbli [ypnypHbrii
560 — 580 XKenro-3eneHpiit ®duoNeTOBbIH
580 — 595 Kenterit Cunuit
595 — 605 OpaHKeBbIii 3eNeHOBaTO-CUHU I
605 — 730 KpacHbrii CuHe-3eeHbIi
730 — 760 [TypmypHbIii 3eneHbIit

MMO ocHOBBIBaeTCS Ha B3aMMOJICHCTBHHM aTOMHBIX OpOHUTaNeH, MPUBOIAIINX K 00pa30BaHHIO
MHOTOLIEHTPOBBIX MOJICKYJISIPHBIX OpOUTaJIed, UMEIOIIMX paszHblie dHeprun. OOpa3oBaHUE CBA3BIBAIOLINX
MOJIEKYJISIPHBIX opOuTaieit (6°°) naéT Ha HIKHUX SHEPreTHYECKUX YPOBHSX, paspbixiistiomux (o7*F) — 3a
CYET BEPXHUX.

Mexny ypoBHSAMU ¢ U o”*” HaXOOATCSA YPOBHU CJ1a00 CBA3BIBAIONINX, HE CBS3BIBAIOIIUX U
cnabo paspeIXJiAonUX opoutaneil (o;). MoJeKyaspHbIle OpOUTANIM 3alOJIHAIOTCS JJICKTPOHAMHU B
cooTBeTcTBHUH ¢ npuHIunom [laynu u npasunom XyHna.

MMO ocHOBaH Ha OYEHb CIIO)KHOM MaTeMaTHYecKOM ammapare, 4YTO NpEMsITCTBYET €ro
HIMPOKOMY HCIIOJIB30BaHUIO.

Oo0pa3zoBaHue KOMILIEKCOB KATHOHAMU

[IpucoenuHenne NHUraHAOB K KOMIUIEKCOOOPAa30BaTEN0 MOXKET IMPOUCXOJUTH ITOCPEACTBOM
00001IeHNs STIEKTPOHHOW Maphl, MPUCOCTUHSIONMIEHCS TPYIbl (KOMIUICKCH BHEJIPEHUS) MM 32 CUET
ANEKTPOCTATHUECKUX CHII TPUTSDKEHHS MOJIEKYJ, OONaJarolIdX JUMOJBHBIM MOMEHTOM (KOMILIEKCHI
NPUCOCANHEHHS).

Mosekynbl W HWOHBI, CHOCOOHBIE BBHIMONHATH pOJb JIMTAHJOB, IO AKTHBHOCTH MOXHO
pacIoONOXUTh B CIAEAYIOLINN PAL;

H,0 > NH;>NO» >CN>1>Br>Cl>F.

Ecnmu B KkadecTBe NMraHAOB HCHOJNB3YIOTCS WOHBI, IEPEYUCICHHBIE BBILIE, TO IOJYyYarOTCS
KOMITJIEKCHBIE COEIMHEHNs TUIa JIBOMHBIX colieil. UeM OoJibllie BeTMYMHA KOHCTAHTHI HECTOMKOCTH, TEM
MEHee MPOoUYeH KOMIUIEKC M TeM OJIIKE 110 CBOMCTBAM JTaHHBIN KOMIUIEKC K JBOMHON COJIH.

KoMiuiekcHbIe coeIMHEHHS ¢ BOAOI U TMIPOKCUIBHOMIPYIOil B KaYecTBe JIMTAHA0B

WzBectHO, uTO Oe€3BOmHBINA cynbhar Mmenu (MenmHbidi kymnopoc) CuSOs OecriBeTeH, HO TpHU
JNO0aBIIEHNH BOJBI OH TMPHOOpETaeT CHHEee OKpallMBaHWE. DTO IMPOUCXOJIUT BCIEJCTBHE BHEAPCHUS
MOJIEKYJ BOJIBI BHYTPh KPUCTALTMUECKON PEIIETKH COMM U 00pa30BaHUsI KOMIUIEKCHOTO THIpaTa.

IIpu peiictBuM  1menodedl Ha COJAM  METALIOB (32 HWCKIIOYEHHEM  MICNOYHBIX U
HIEJIOYHO3EMEIIbHBIX) 00pa3yloTcsi THIPOKCHIIBI, JIETKO pPACTBOPHMBIE B KHUCIOTaX, a aM{QOTepHbIE
OCHOBAaHHUSl CIIOCOOHBI TaK)Ke€ pAacTBOPAThCS B MIeloyax, o0pa3ys KOMIUIEKCHbIE HOHBI C
COOTBETCTBYIOIIMM JaHHOMY OJJIEMEHTY KOOPAMHAIMOHHBIM ducioM. OOpa3oBaHME 3THX HOHOB B
pacTBOpe MOMKHO paccMaTpUBaTh KakK IPOLECC IOCTENIEHHOTO BBITECHEHHUS BOJBI M3 THIPATHOIO
KOMITJIEKCa MOHAMH THJPOKCHIIA.

B 3aBucumoctu ot pH cpensl mporonu3 coneil MUHKA NPOTEKAeT CTyHEeH4Yaro. B KHCIBIX
pactBopax, re pH<7 o6uapysxusatotcs noust [Zn(H20)4]%* u [Zn(H20);0H]*.

B me#itpansHBIX pacTBOpax, rme pH = 7 oOpasyercs He wuMemomiee 3apsga COEIUHEHUE
[Zn(H20)2(0OH)2], xoTopoe nerko tepsieT Boay, mpesparasich B Zn(OH)..

B menounsix pacTtBopax, rae pH > 7 oGuapyxmuBaiorcs mobl [ZN(OH)4]*. O6pasopanue
NPUBEAEHHBIX BBIIIE COEAMHCHUH MOXKHO TAaK)KE pacCMaTpUBaTh KaK CTYIEHYATYIO IIOTEPIO IPOTOHOB
MOJIEKyJIaMH BoJibI B Komruiekce [Zn(H20)4]%".

Oo6pa3oBaHue KOMILIEKCHBIX AHHOHOB
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MHorrue KHCIIOPOJCOACPKAIINE KUCIOThI TaK)Ke MOMXHO pPacCMaTpHBaTh KaK KOMIUIEKCHBIC
coe/IMHEHMsI. B kadecTBe KOMITIIEKCOOOpA30BaTEINS BHICTYIIAET IECHTPALHBIN aTOM KHCIIOTHI, JINTaHAaMU
OOBIYHO SIBIIIOTCS aTOMBI KHCIOPO/AA, a POJIb BHEIIHEH chepbl KOMIUICKCHOTO COCTHHEHUS BBIMOIHAIOT
HOHBI BOJIOPO/a. PaccMOTpHUM 3TO Ha MPpUMEPEe KUCIIOT XJI0pa.

MoH XJI0pa UMEET YeThIpe 3JIEKTPO ng;lzly6 eTa, T.e. MOXKET SABIIATHCSA JOHOPOM SJIEKTPOHOB,
TIOMOJHSAS 3IEKTPOHHBIE 00O0JIOUKH JIPYTUX aTOMOB.

B 3aBHCHMOCTH OT KOJHMYECTBA KHCIOPOJA, IPHCOEIMHEHHOIO K HOHY XIIOpa, MOXKET OBITh
00pa30BaHo 4 KMCIOPOACOAEPKALIMX KHCIOTHBIX OCTAaTKa.

[Ipu NpUCOEIMHEHHH OJHOTO aTOMa KHCIOpOAa 00pa3yeTcsi TMHOXIOPHT- HOH, 3IEKTPOHHOE
CTpOEHHE KOTOPOTo MOYKHO IIPECTABUTE CIIEAYIOIIMM 00pa3oM

ATOM KHCIIOpOAa Ha BAJCHTHOW 3Je Tp@-lH(@ ‘0(OI0UKE MMEET 6 SIEKTPOHOB, IOITOMY
KHCJIOPOIy Ul 3allOJIHEHHS JIEKTPOHHON 000JIOYKM O OKTeTa HE XBaTaeT OBYX 3JIEKTPOHOB, a XJIOD,
UMes JIIEKTPOHHBIA OKTET, MOXKET CITY>KUTh JOHOPOM DJICKTPOHOB.

Kucnopon 3aBepiiaer CBOO 3IEKTPOHHYIO 000JI0UKY, OTTSATUBAast 3JCKTPOHHBIN Ay0JIeT OT XJopa.
[Tapa 37eKTpOHOB, paHee NMpUHAIUIEKAIIas XJIOpY, CTAHOBUTCS OOIIel 1JIs XJiopa U Kuciopona. Mexny
HUMH BO3HUKAET JIOHOPHO-AaKIIENITOPHASI CBSA3b, IPH 3TOM JOHOPOM 3JIEKTPOHOB CTaHOBHUTCS XJIOp, a
aKUENTOPOM — KHACIOPO/.

BBuny Toro, 4To K XJIOpy NPHCOEIUHUIICS HEHTPAIbHBIA aTOM KHCIOPOZa, 3apsii HOBOTO MOHA
OCTaJICS TIPEKHUM.

[Nono6HO 00pa3oBaHKIO0 MOHA TUTIOXIIOPUTA MOXKHO C HOHOM XJIOpa CBSI3aTh JBa, TPU WU YEThIPE
aToMa KHCJIO0POJa, UCHOIb3YS IPH TOM FOTOBbIE JIEKTPOHHBIE TYOJIEThI XJI0pa.

Hanummre dpopmyanst: a) xnoput-uona ClO, ; 6) xnopar-uona ClO ; B) nepxnopar-uona ClO, .

CreneHb OKUCIEHUS XJI0pa paBHA COOTBETCTBEHHO +1, +3, +5 u +7, a KOOpAUHALMOHHBIE YHCIIa
-1,2,3,u4.

KomnekcHble coennHeHNsI B peakuaX o0MeHa

Hnst oOHapyXeHusi B pacTBOpax pa3iMYHbIX HOHOB YacTO YMNOTPEONISIOT KOMILJICKCHBIE
coenHenus. B yacTHOCTH, 1151 06HApy)eHus noHa Fe™® ncnomb3yror pactop Ka[Fe(CN)s] — xentyro
KPOBSIHYIO COJIb, TECT Ha OTKPBHITHE HMOHOB Jejie3a (+2) MpoBOAAT JCHCTBHEM pAacTBOpa KpPacHOM
kpossiroii cosn — Ks[Fe(CN)g].

OOGopynoBaHue U MaTepUaJIbI
PactBop xnmopuna meau (+2)
PactBop cysbhuna HaTpust
PactBop ammuaka
PactBop cysbduna Hatpust
PactBop xene3oammonmiinbix kBaciioB [NHiFe(SO4)2
PactBop ponanuia kanus win ammorus (KCNS mwin NH4CNS)
PactBop K3[Fe(CN)e]
PactBop NH4CNS.
. PactBop cynbdara nunka
10. PactBop ménoun
11. PactBop Hutpata pryTH (+2)
12. PacTBOp Moamaa Kaius
13. PactBopa xnopuna xenesa (+3)
14. PactBop *enToii KPOBSIHOM COJN
15. PacTBop kpucTammueckoro cyibgara xemnesa (+2)
16. npobupku

CoNoaR~wWNE

Yka3zanus no TexHuke 0€30mMacHOCTH
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1. Bce paboTel B XUMHYECKOH JIaDOpaTOpUH JOJKHBI TPOBOIUTHCSA IIPH HMCIPABHOM
AIIEKTPOOOOPYAOBAHNH, FIEKTPOIPOBOJIKE, TPABMIHBHO 000OPYIOBAaHHOM BBITSHKHOM IIKa(dy.

2. T'a30BbIe KpaHBI U ra30MPOBO/] TOJKHBI HAXOTUTHCS B UCIIPABHOM COCTOSIHUH, TIEPUOANIECKU
MPOBEPSTHCA.

3. PabGoudee MecTo conepikaTh B MOPSIIKE U YUCTOTE.

4. Cyxue peakTuBbl TpeOyeTcs OpaTh YUCTHIM IIMATENEM I CHEIIHATFHON JIOKEUKOM.

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

6. Bce OmbITH ¢ BPSAHBIMHE U MAXHYIUMH BEIIECTBAMU, & TAKKE yIapUBaHUE KUCIOT U KUCIBIX
pacTBOPOB MPOBOJUTH B BBHITSDKHOM IITKaQYy.

7. OcrtaTKu coeqUHEHUI cepedpa cauBaTh B 0COObIC CKIISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUpKE BCer/a cieayeT AepKaTh e€ TaKuM 00pa3oM, YTOOBI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT PabOTAIOIIETO PSIOM COCEa.

9. He HaKIOHSTH MO HaJl HATPEBACMOM YKUKOCTBIO HIIH CIUIABIISIEMBIM BEILIECTBOM.

10. He cnenyer BObIXaTh Maxy4due BEIIECTBA W Tas3bl, OJU3KO HAKIOHSSICH K COCYLy C ATHUMHU
BeniecTBaMu. HioxaTh BellecTBa MOKHO JIMIITL OCTOPOKHO, HAMIPABIISS K ceOe Maphl WK ra3 ABHKCHHEM
pyKH.

11. XpaHuTh pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT U IIEJIOUEH B BHITSHKHOM HIKady.

12. BruiuBaTh pa30aBICHHBIC KUCIOTHI U MEIOYHBIC PACTBOPHI CIEAYET B CITUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampemaeTcsi (poOOBaTh XUMHYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIErKO BOCIUIAMECHSIOIIMMUCS BelecTBaMHu (3(PHUpBI, OCH30J, CEpOYIIIepO U
T.I[.) HE OOJKHO 6])IT]) PAAOM OrHA U BKIIFOUYCHHBIX ITJIMTOK.

15. IIpu paboTe coO CTEKIOM, XHMHYECKOW TOCYIOH, HEOOXOAMMO COONIIO/IATh IpaBUIIa
MPEOCTOPOKHOCTH BO M30€KaHNE PAHEHHH OCKOKAMH CTEKIIA.

16. Kareropuuecku 3anperiacTcst OCTaBIATh pa0OTaroIIMe TPUOOPHI 03 HAOIIOICHUS.

23. B xumMudeckol 1abopatopur HEOOXOANMO paboTaTh B XallaTe.

3aganusa

Onwit 1. Kauecmeennas peaxyus ma uon meou. B mpobupky nmomecture 10 kamenb pacTBopa
xnopuga (wnm cynbgara) mMeau (+2) W MO KarmisM J00aBISIATE pacTBOp Cyinbhuaa HaTpus 10
o0pa3oBaHMs 0caaKa YEPHOTO LBETA.

Hanwmmwure MonekynsipHoe U HOHHOE ypaBHeHue. [IpoOupKy ¢ 0cajkoM COXpaHUTe IJIs OMbITa 3.

OnpiT 2. IlonyunTte pacTBOp KOMIUIEKCHOM CONM — aMMHakaTa MeAu. [ 3Toro moMecTuTe B
npobupky 10 kamenp pacTBopa XJI0puAa WK Cynb(daTa MEIH U 0 KaIuisiM 100aBiIsITe pacTBOp aMMHUaKa
0 o0pa3oBaHMs 3€JIEHOTO OCaZKa OCHOBHOIO xjopuaa (cynbgara) Meau. 3aTeM K NpOgyKTaM peakuu
Jno0aBbTe M30BITOK aMMHaka JO HCYEe3HOBeHHs ocajaka. OOpas3oBaics amMmuakaT Menu. PactBop
KOMITJIEKCHOH COJIM OCTaBBbTE ISl CJIEAYIOLIETO OIbITA.

Hanmmure monekynspHoe 1 MOHHOE ypaBHeHHE peakuuii. KakoBa KoH(Urypauus KOMIJIEKCOB
[Cu(NH3)4]** 1 [Cu(H20)]**? OnmimmTe X MarHUTHBIE CBOHCTBA.

Onpit 3. Jlna o6HApykeHns HoHOB Meau CU?* B KOMILIEKCHO# CONH K TOTyYeHHOMY B OTIbITE 2
aMMHaKaTy MeIH IO KaluIsiM MpHOaBIIsIHTe pacTBOp cyiabduaa HaTpus A0 oOpa3oBaHHs YEPHOTO OcCalIKa.
CpaBHHUTE MTOTYYCHHBIH OCAJIOK C OCAJKOM, ITOIYYSHHBIM B OTIBITE 1.

3anuumTe MOJIEKYJISIPHOE M HOHHOE YpaBHEHUS 00pa30BaHMsI 0CaIKa.

Hanumwure ypaBHeHHME NEpPBHUYHOTO MPOTOJIM3a W yPaBHEHHUS BCEX CTYNEHYATHIX MPOLIECCOB
NPOTOJIN3a KOMIUIEKCHOTO HWOHA; 3allUIIUTE BBIPAXKEHHUS KOHCTAHT HECTOMKOCTH M OOpaTHBIX UM
KOHCTAaHT YCTOWYHMBOCTH JUIsI BCEX CTYNMEHEW MpoToin3a. Kak BEITISIUT COOTHOIICHHWE IS OOIIei
KOHCTaHThl aMMuakara mMeau? Haiimure HyXHyI0 WHPOpPMAaLUIO B CIpaBOYHMKAX M BoIIHIIMTE e€. Kak
MOYHO OOBSICHUTL OKPAcKy coeaunennii Cu?* ¢ mosurmii TKII?

OmwiT 4. CpasHenue cgoticmea KOMNIEKCHOU 1 08otiHol conu. B mpobupky momectute 10 kamenb
pactBopa xene3oamMMonuiiHbIX KBaciioB [NHiFe(SOs)2], mo6aBbTe MO KaruisiM pacTBOp poJaHuIa Kajus
um ammonus (KCNS umu NH,CNS). TTosiBiisieTcst KpacHoe OKpaIMBaHue, XapakTepHoe i nona Fe** 3a
cuét obpasoBanus Fe(CNS)s.

Hanumwure MoliekynsipHOe ¥ MOHHOE ypaBHEHHE peakiuu. Kakyr 4acTb BHIMMOTO CIIEKTpa
norjomaet pactBop Fe(CNS)s?

B npyryro npooupky nmomectute 10 xanens pactBopa Ks[Fe(CN)e] u Tarke mo xamism gobaBbTe
paBHbIii 0666M NH,CNS. TTosBrock 11 kpacHoe okpammBanre? CoIepKuT M pacTBOp HOHEI Fe**?
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OmsbIT 5. [IpuroroBbTe IMAPOKCHU] LIMHKA U NEpeBEAUTE €ro B LUHKAT. /i 3TOro K pactBopy
cyibdara nuHKa 100aBbTE IO KalIsIM PAacTBOP LIEIOYM A0 IOSIBICHMSA OCaJKa rmapokcuaa muHka. K
MOJY4YeHHOH cMecH A00aBbTe W30BITOK INENOYM [0 TIONHOTO pacTBOpeHusl ocajka. Hamummwte
MOJIEKYJISIPHOE ¥ MOHHOE YpaBHEHHE peakuu 00pa3oBaHre THAPOKCHAA U IMHKATA.

OmnsiT 6. Hanelite B mpoOMpKy HECKONBKO Kamelb HUTpaTa PTyTH (+2) u mo0aBbTe MO KaIuIsiM
pacTBOp MOAKAA KaIKs 10 00pa30BaHUs OcajKa.

Hanumure monekynsipHoe U HOHHOE ypaBHeHHe peakunu. K oOpazoBaBiieMycsi ocaiky HOAWAA
pTYyTH TpubaBbTe HW30BITOK HMOAMAA Kalus A0 IIOJHOTO pacTBOpeHHs woauma pryta. OOpasyercs
KOMILIEKCHas conb. M300paszute GpopMyiy HOIydeHHOH COi, 3HasA, 4TO CTENEHb OKUCIICHHUS PTYTH PaBHA
(+2), a xoopauHanmuoHHoe umcino 4. MoHbl Hoga — NUraHabl, MOHBI Kajiusi — MPOTHBOHOHBI W,
CIIeZIOBATENbHO, PACIIONIOKEHBI BO BHEIIHEH KOOPAWHAIIMOHHOMW cdepe.

Hamummre MonekynspHOe W MOHHOE ypaBHEHHE oOpazoBaHUs KomIutekcHO# coim. Kax TBC
00BACHAET EKTPOHHYIO CTPYKTYpY KoMILiekcHoro nona [Hgls]®? Kakoit THn rubpuams3amyy KaTHOHA
Hg** B 5Tom kommnekce? KakoBbl MarauTHbIe cBoiicTBa [Hgl4]?*?

Onwir 7. Tecm Ha omxpeimue oacenesa (+3). B mpobupky momecture 10 kamemb pacTtBopa
xyiopuaa xeneza (+3), U Mo KarsM J00aBISHTE PacTBOP YKENTOW KPOBSHOW CONMM 1O 0Opa3OBaHUS
roJIy0oro ocajika OCpIIMHCKOMH J1a3ypHu.

Omnsrt 8. Tecm na omxkpvimue dscenesa (+2). B mpobupky momectute 10 kameias pacTBOPEHHOTO B
BOJC KpPUCTAUTMYECKOro Ccyibdara xene3a (+2), mpubaBbre 1o Karmisim pactBop Ks[Fe(CN)e].
Habnronaetcs oOpazoBaHue ocallka XapaKTEpPHOTO CHHEro IBeTa (TypHOYIUieBa CHHB). DTO COCTUHEHHUE
oOpasyeTcsi B pe3ylibTare HeroiaHoro 3amenieHus noHoB kaius B Ks[Fe(CN)s nonamu xenesa (+2).

Ilpumeuanue. JlokazaHo, 4TO TypHOYIJIEBa CUHb U OCPIMHCKAS JIa3yph HOJTHOCTHIO MACHTHYHBI
UMEIOT OJTUHAKOBBIE (POPMYJIBI.

Hazosute, ucnone3ys mpaBuia MIOITAK, xentyio u KpacHyIO KpPOBSIHYIO COJIb, M3HAYaJIBHO
obpasyroliecss CONM TIPH OTKPHITHH HoHOB Fe* u Fe®"; kakoii (opmynoil omuchBaeTcss cocTaB
TypHOyeBot cwHM u OeprnuHckoi nazypu? Jlaiite HazBanme stor comu. Kak TKII omuceiBaer
snektponnsie cTpykTyphl [Fe(CN)s]* u [Fe(CN)s]* ? VkakuTte UX MarHMTHBIE CBOHCTBA.

Conep:xaHue oTyeTa
[Tony4yennsle qaHHble 3auKcupyiite B Tabnuie 7.2 o cienyrouei gpopme:
Tabmuna 7.2. Pe3ynbpTarhl SKCIIEpUMEHTa

Ne i/ | PearenTtsl XHUMHUYECKas peakius HaoOmonenus

1

gl wiN

KoHTpoJibHBbIE BONIPOCHI
ba30BbIii ypoBeHB

1. Kakue coeanHeHHs Ha3bIBAIOT KOMIUIEKCHBIMH?

2 Uem 00BsCHSETCS UX MHOTOOOpasue?

3 [Mouemy TpymHO aaTh BceoObeMIIrOIIEee (OYEHBb IOJHOE, HCUYEPIbIBAIOIIEE) OINpeaeacHHe
KOMIUIEKCHBIM COETMHEHUSIM?

4 Kro aBTOp KoopauHaunonHoi Teopun KC? Korna ona nosisuiace?

5 U3 kaxux snemeHToB coctost KC? I[IpuBeante nmpumepsl.

6 Kakast cBsI3p Ha3bIBaeTCs JOHOPHO-aKIENTOPHON WM KoopauHanuoHHOW? Kakoit arom,
MOJIEKYJIa MK MOH siBJiseTcs 1oHopoM B komiuiekcax [Cr(CO)s], [Ag(NHs)2]", [AlH4] ?

7 Kak paccuuThIBaeTCS CTENEHb OKUCIEHHS KOMIUIEKCOOOpa3oBaTelsi W 3apsii KOMIUIEKCHOTO
noHa? OTBET MOSCHUTE HA IPUMEPE KOMITIIEKCOB BOIIpoca 6.

8 Ha kakue THITBI TOAPA3ACISIOT KOMIUIEKCHBIE coequnenus? [IpuBeaure mo n1Ba npuMepa TakKux
COCIMHECHUM U JaiiTe UM Ha3BaHUS.

9 Yto Takoe KOOPJMHAIMOHHOE YHCIO KOMIUIeKcooOpazoBarens? Kakne 4acTHIBI HA3bIBAIOT
muradggamu? OTBET MOSCHUTE Ha TIpUMeEpax.

[loBbIlIEHHBIHN ypOBEHD
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1 Yem oneHMBAIOT MPOYHOCTh KOMIUIEKCOB? Hamuimure BhIpaKeHUs JJ1s1 KOHCTAHT HECTOHKOCTH
¥ KOHCTaHT yCTOWYMBOCTH [1st KomiuiekcHbIX HOHOB: [Ag(NH3)2]™, [Ag(CN)2], [Ag(NO,)2] .

2 B ueM oTIHYHE TBOWHBIX COJICH OT «TUIMMYHBIX» KOMILICKCOB?

3 Kakue KOMILIEKCHBIC COSTUHEHHS OTHOCAT K arupokomiuiekcam? Kakue k ayrokomiecam?
IIpuBeauTe MpuMepHI.

4 Kak TBC o0mscHsieT 00pa3oBaHHe XUMHUIECKOM CBS3H B KOMILTIEKCax?

5 Kakue koMIIeKChl Ha3bIBatOT kapOoHuaamu? OObsICHUTE 00pa30BaHHE TAKUX KOMILICKCOB C
TO3HIIUHN TEOPHH BAJICHTHBIX CBS3CH.

Cnucok JuTepaTrypbl, peKOMeHAyeMblil K HCII0JIb30BAHUIO 110 JAHHOH Teme

OcHoBHas JuTepaTypa:

1. T'onoBanoBa, O. A. O6mas xuMus [ DNeKTPOHHBIN pecypc] : yaeOHoe mocodne (s CTyIeHTOB
XUMHYECKOro (pakynpTeTa HalpaBieHni OakanaBpraTa « XUMUsI» U «XUMHUUecKas Texnonorus») / O. A.
I'onoBanoOBa. — DNEKTPOH. TEKCTOBBIE HaHHBIe. — OMCK : OMCKHIA TOCYJapCTBEHHBI YHUBEPCHUTET M.
®.M. Jloctoesckoro, 2014. — 164 ¢. — 978-5-7779-1755-3. — Pexxum mocryma:
http://www.iprbookshop.ru/59628.html

2. Pomanoga, C. M. Kpatkuii Kypc Jiekuuii o o0Iel 1 HeOpraHMYECKOM XUMHUHU [ DIEKTPOHHBIH pecypc|
: yaebHOe ocobue / C. M. PomanoBa. — DJIEKTpOH. TEKCTOBBIE TaHHBIE. — AnMarthl : Kazaxckuid
HAI[MOHAIBHBIN YHUBepcUTeT UM. aib-MDapadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexum
nmoctyma: http://www.iprbookshop.ru/70372.html

JlonmosiHUTE/IbHAS JIUTEPATYypa:

1. Bontpomerok, B. B. O0mmas xumus [ D1ekTpoHHbIH pecype] : yueOHoe mocooue / B. B. Bontpomerok.

— DJEeKTPOH. TEKCTOBBIE JaHHbIe. — MuHCK : Boeimiiiias mkoina, 2012, — 624 ¢. — 978-985-06-2144-
3. — Pesxxum nocryma: http://www.iprbookshop.ru/20236.html
2. bapkosckuii, E. B. O0mas xumus [DnekTpoHHbIi pecype] : yaeOHoe mocooue / E. B. bapkosckuii, C.
B. Tkaues, JI. I'. IleTpymienko. — DIEKTPOH. TEKCTOBbIEC JaHHbIe. — MuHCK : Boiniimas mkona, 2013.
— 641 c. — 978-985-06-2314-0. — Pexwum mocrtyma: http://www.iprbookshop.ru/35509.html
HNurepuer-pecypcesl:

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

2 http://biblioclub.ru/ — DBC «YHuBepcuTeTckast OMOIHOTEKa OHIAHHY.

3 http://catalog.ncstu.ru/ — 3meKTPOHHBINA KaTaIOr aCCOLUAIIMH dJICKTPOHHBIX OUOIHOTEK

yueOHbIX 3aBefieHni 1 opranuzanuit CKOO
4 http://www.iprbookshop.ru — 3BC.

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

Tema 8. OkHCJINTETbHO-BOCCTAHOBHUTEIbHBIE PeaKIIUU
JlabopaTopnasi pa6ora 8. OKHC/JIUTEIbLHO-BOCCTAHOBUTEIbHbIE PeaAKIHH
[lens pa®oTel: M3ydeHne OKUCIHTETBHO—BOCCTAHOBUTEIBHBIX PEAKIINil. Y PaBHUBAHHE OKHCITUTEILHO-
BOCCTAHOBHUTECIIbHBIX peaKunﬁ METOJOM DJICKTPOHHOI'O Oairanca
Teopernyeckasi 4acThb
Teopusi OKHCINTETbHO-BOCCTAHOBUTEIbHBIX peakuuii

Peam;uu, 68 Komopbwvlx npoucxodum U3MeHeHUue CmeneHnel OKUCTeHUS amomos, HA3blearomcs
OKUCiaIumejlbHO-60CCNMAHOBUNETIbHbIMU.

B MMPOCTBIX BCHICCTBAX CTCIICHU OKHUCJIICHHUS aTOMOB pPAaBHBI HYIIIO. I[J'ISI CIIOKHOH MOJICKYJIbI
cymmMma CTeTneHer OKUCIEHUS BXOIIIUX B €€ COCTaB aTOMOB TAaK>X€ JOJI’KHaA OLITH PpaBHA HYJIIO; OJIA HOHA
— ero 3apsiy.

OxuciieHneM Ha3bIBACTCS mnpouecc OTaAa4m aToMoOM MOJ'IGKy.]'IOfI HUJIX NOHOM 3JICKTPOHOB!

Al —3e — AI3F

Fe’t —e— Fe3*

2Cl7 - 2e > C|2 _
B npolecce OKUCIEHHS TPOUCXOAUT MOBIIECHUE CTEIEHH OKUCIICHHUS.
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BoccraHoBieHneM Ha3bIBae€TCSl IPOLIECC IPUCOCAUHEHUS JJIEKTPOHOB aTOMOM, HOHOM WM
MOJIEKYJIOMH:

S +2e —» §2*

Cl, +2e — 2CI~

Fe3 +e - Fe?"

[Ipu BocCTaHOBIEHNUN CTETIEHb OKHCIICHHS IOHIKASTCS.

B 3aBUCHMOCTH OT CIOCOOHOCTH OT/IaBaTh WM MPUHUMATH DJICKTPOHBI BCE BEIIECTBA ACIATCS Ha
OKHCIIUTENN U BOCCTAHOBUTEIH.

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

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

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

Boccranosutens (B1) — € € okucinutens (O1)

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

CrenoBaTeNbHO, OKUCIUMENbHO-60CCIMAHOBUMENbHbLE PEAKYUU NPedCmAagIsion coboll eOUHCME0
08YX NPOMUBONONONCHBIX NPOYECCO8 — OKUCTEHUS U 80CCMAHOGIeHUs. B 3TUX peakiuax oO0Ilee 4HcIiIo
3IIEKTPOHOB, OTIABAEMBIX BOCCTAHOBHUTEIIEM, PABHO OOIIEMY YHCITY, TPUCOCAHHIEMOMY OKHCIIUTEIIEM.

[Tpu 5TOM HE3aBUCHMO OT TOTO MEPEXOIAT JIH MIEKTPOHBI C OJTHOTO aTOMa Ha JAPYrOl MOJHOCTHIO
WIM JIMIIb YaCTUYHO OTTATHBAIOTCS K OJHOMY W3 aTOMOB, YCJIOBHO TOBOPAT TOJNBKO 00 oOTHade M
MPUCOCAMHEHUH JIICKTPOHOB.

B OBP oxuciautenb U BOCCTAHOBUTENIb PEArdpyrOT JPYyr C JPYrOM B SKBHUBAJIEHTHBIX
KOJINYECTBaX.

Oxeusanenmom oxkucaumens (0O) uru 6occmanogumens (B) Hazvieaemcs makoe KOAUYECMBO UX
MOb, KOMOPOE NPUCOCOUHAEM UTU OMOaem 0OUH MOJb JJIEeKMPOHOS, YO OMPANCACMCsL CIeOVIOWUMU
dopmynamu:

3(0), monw = 1 wu 3(B), moaw = i,
Zg Zg
TJIE Ze — YUCIIO SIEKTPOHOB, KOTOPOE MIPMHUMAET OKUCIUTENb O WM OTaeT BOCCTAHOBHTEND B.
MoJbHast (MM MOJISIPHAs) Macca SKBUBAJIEHTa OKUCIUTENS O M BOCCTAHOBUTENS B BBIPAKAETCS B
I/MOJIb ¥ OTIPEJIETIAETCS M3 COOTHOIIEHHUH CIIEYIONIETO BHIA:

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

TonbKO B POIH OKUCHHUTENS BHICTYIIAIOT YaCTHUIIBI, UMEIOIIHE MaKCUMAaIhbHO BO3MOXKHBIEC CTETICHH
OKHUCJIeHUs (Hampumep, i1 Maprania — 310 (+7), ansg azota (+5) ¥ T.1.); TOIBKO BOCCTAHOBUTEIS — C
MHUHHMAJILHOM CTEMEHBIO OKUCICHHS ([T cephl — 310 (—2), as azota — (-3) U T.11.).

Yacmuybwl, umerowjue npomexcymouHvie Cmenenu OKUCIeHUs, MO2Yym NpOoAGIsAmb CE0UCMEd KaK
oKucIumens, maxk u eoccmanosumens. IT0 0O0yCIOBICHO: XUMHUYECKOW NMPHPOJON peareHTa-mapTHEPa;
YCIIOBUSIMH U XapaKTEPOM Cpeibl, B KOTOphIX poTekaeT OBP.

Hanpasnennocts OBP  onpexensiercss BelWMYMHAMU 3HA4YE€HUI CTaHIAPTHBIX ITOTEHIHAJIOB
peareHToB: OKHchHTENb (O BcerJa MMeeT OoJNbIIMK (MO anreOpanyeckod BeTUYMHE) CTaHAAPTHBIN
MOTEHIIXA, YeM BOCCTAaHOBUTENb B.

Hanpumep, B kucioit cpege cmemmusator jnBa BemiectBa: KoCroO7 m NaNO,. Kakoe u3 atux
BEIIECTB OyJIeT OKHCIIUTENIEM, KAKOe — BOCCTAHOBHUTENIEM?

O6paruMcst K crpaBodsbiM aaHHbM: 9°(Cr,072 + 14 H*/2Cr** + 7H,0) = 1,33 B; ¢°(NOs +
2H"/ NO; + H20) = 0,78 B.

Ipumeuanue. PexomeHayercs ncnojin3oBaTh yueOHoe mocobue: H.C. Axmero, M.K. A3u3oBa,
JLU. bagpiruna. JlaGopaTtopHble W CeMHHApCKHE 3aHATHS MO OOMIEH M HEOPraHWYecKOW XUMHHU. M.:
Bricm. mkona, 2002.
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Tak kak ¢°(Cr,072 + 14 H*/2Cr*™® + 7TH,0) > ¢°(NOs + 2H" / NO;™ + H;0), mo oxucinutenem
oyner sBisaThes KoCraOy.
KosnuecTBEHHOM XapakTepUCcTHKOM Ti1youHbl nporekanus OBP sBisercs 3HaueHHe KOHCTAHTBI

paBHOBECHS:
0/~ _ .0

lgK P = 2 ©)-¢"(B) ,
0,059

rie ¢°(0) u ¢°(B) — craHAapTHBIE MOTEHUMAIbl OKHCAUTeNs O W BOCCTAHOBHTENS B
COOTBETCTBEHHO, B; Zy — cyMMapHOE KOJIMYECTBO AIEKTPOHOB, MPUHUMAKOINNX yuacThe B nanHoud OBP.
Koncranra pasaoBecust OBP cBsizana ¢ norenimanom ['ub6ca (Ix/moins-K):

AG? = -2,303RT IgK P (8.2)

Dueprus ['u66ca, B cBoto ouepenp, cazana ¢ DJIC (A¢°) nocrosunoit dapanes (F) u uuciom
AIIEKTPOHOB, y4yacTByromux B OBP:

AG®, Jloic/mons-K = —nAg°F, (8.3)
Ap® = ¢°(0) — ¢°(B) — DJIC OKHCIUTETHHO-BOCCTAHOBHTEIBHON PEaKIHH TPH CTAHAAPTHBIX
yCIOBHSIX, B.
Jusa crannaptaeix yenosuid: 7= 298,15 K = 298,2 K; R = 8,314 JIx/monsK; F =96450 =
96500 K/MOJIB-3KB, TOJYYUM (OPMYITY YIO0OHYIO JUIsl PACUCTOB:

F 96500
Ig K Jug =

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

(8.4)

B ycnoBusix OTAMYHBIX OT CTAHAAPTHBIX, OKHCIHMTEIbHO-BOCCTAHOBHUTENbHBIC IOTEHLIUAIIBI

(OBII) u D/JIC OBP, mporekarommx B BOJHBIX pacTBOpaX, 3aBHCAT OT KOHIICHTpaIWH (TOYHEE,
aKTUBHOCTEHW) YYaCTBYIOIIMX B MPOIIECCE HOHOB. DTa 3aBUCUMOCTh BhIpakaeTcs ¢opmyiioi HepHera:

0,059, [O
9,B=pQg + IQEB},

rzie ¢°0/5— CTAHIAPTHBII NOTEHIMAN pearenTa (OKHCIHTENN MM BoccTaHouTens), B; [O] u [B] —
KOHIEHTPALMK OKUCJIEHHON M BOCCTAHOBJIEHHOH (POPM peareHTa, MOJL/AMS; Z — YHCIIO JIIEKTPOHOB B
MOJTypeaKIy 7Sl TJAaHHOTO PeareHTa.

Ipumeyanue. Cnenyert Bceraa MOMHUTH, YTO KOHIEHTpAIMK Bcex ydacTHUKOB OBP B ypaBHeHuu
(7.5) sisrotest mostsipubiME KoHteHTparwmsamu (Cy (X)), a He mossipabivu skBuBaiienta (C(1/2 X)).

Ha 3nauenne OBII u Ha xapakTep NPOAYKTOB PEAKIMH JOCTATOYHO CHILHOE BIUSHUE OKa3bIBAET
pH pactBopa, B koTtopom nporekaer OBP. Hampumep, npu pH < 7 3HaueHue cTaHIApPTHOIO
MOTEHIMAJIA JJIsl CHCTEMBI:

0% (MnOz +8H " /Mn?" + 4H,0) =1518.
mpnpii=7- @°(MnOZ +2H,0/MnO, + 40H ™) =0,6 B
oi=7- @2 (MnOz / MnO;2) = 0,564 B.

BakHeliime BOCCTAaHOBUTENIM: aTOMbI META/UIOB, Bogopoi, yriepoa, CO, H.S, H.SOs, NaNO,
Nazszos, HI, HBr, HCl, FESO4, CrCI3, MnSO4, NHa.

BaxkHelrie OKUCIUTENH: TaOTeHbI, XJIOPaThl, KKUCI0po I, 030H (O3), KMNnO4, KoCr,07, KoMnOs,
H202, H2S04 (xony.), HNOs, PbOs.

(8.5)

THUIBI OKMCIUTEJIBHO-BOCCTAHOBUTEIBHBIX PeaKIui
Pa3nnyaroT Tpu TMIIA OKHUCIUTENBHO-BOCCTAHOBUTENBHBIX PEAKIIMMN:
a) BHYTPUMOJIEKYJIApHBIE; 0) AUCTIPOMOPIIMOHNPOBAHUS; B) MEKMOJIEKYIISIPHEIE.
Buympumonexynapuvie OBP — 2mo maxue peakyuu, 6 KOMOPLIX U OKUCAUMENb, U
60CCMAHOBUMENb HAXOOAMCA 6 COCcmage OOHOU MONEKYNbl, HO AGIAIOMCA NpU SMOM  PA3HLIMU
9NeMEHMaAMU.
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2KNO3 —52KNO, + O,
AN —2e <> N*
12072 +4e <> O,.

Peaxyuu  oucnponopyuonuposanuss — OBP, 6 x00e Komopulx O00uH U3 2JIEeMEeHMOs,
cooepoicawyeticst 8 00HOU MOEKy1e, 0OHOBPEMEHHO U NOGbIUAEem, U NOHUIICAem CIMEeNneHb OKUCTICHUS.

Cl, + 2KOH — KCIO+ KCl + H,0
1|Cl, — 28 <> 2CI*
1|C|2 —29(—)2C|_,

K nucnponopiuioHMpOBaHWIO CHOCOOHBI MOYTH BCE YACTHUIIBI, MMEIOUIME IMPOMEXKYTOUHYIO
CTETEeHb OKUCIICHUSI.

HauOonee pacnpocTpaHeHHBI pEakLUM TPETbEro THUIA, KOTOPbIE MPOTEKAIOT C H3MEHEHHEM
CTETICHN OKHCJICHUS aTOMOB B Pa3HBIX MOJIEKYyJaxX, T.€. OKHCIHMTENIb M BOCCTAaHOBUTEIb HAXOISITCA B
pasHbIX BemecTBax. Crosia ke cielyeT OTHECTH U PEaKIMM MEXIY pa3HbIMH BEIIeCTBaMH, B KOTOPBIX
aTOMBI OJJHOTO U TOT'O K€ JIEMEHTa UMEIOT Pa3INYHYI0 CTEIICHb OKHCICHUS:

5HCI + HCIO3 — 3Cl, + 3H,0
112C1*° +10e «> CI
5/2Cl~ —2e <> Cl3J.

OOGopynoBaHue U MaTepUaJIbI
PactBop 6pomua HaTpust
PactBop 6enzomna
[Ipobupku
PacTtBop lonHOM BOJIBI
PacTBOp KpHCTaIIIOB MOMIA KaJTHs
ITepexucs Bogopona
Kpucranios nepmanranarta Kaius
PactBop Na,SOs
PactBop HUTpHTa HATPUS
10. PacTBOp GuxpomaTa Kajms
11. PactBop GpoMHOIi BO/IBI
12. TTopomikooGpasHas cepbl
13. Tuonmanar kamus
14. PactBop comnu xene3a (+3)
15. Pactsop SnCl;
16. Pacteop cynbdara meau CuSO4
17. YKene3usiii rBo31b
18.  Pactsop nepmanranara kamust KMnOs ¢ koruenTpamuein C(KMnOy) = 0,02 moss/am®.
19. pactBopa cepHoii kucnotsl kuciora HSOs ¢ konuenTpanueit C(H2SO4) = 2 mons/am?.
20. Pacteopa ménoun NaOH ¢ konuentpammein C(NaOH) = 2 mons/mm®
21. PactBopa cynbgura Hatpust Na;SOjs ¢ konuentpanmeit C(Na,SOs) = 2 Monb/nme,
22. PactBopa cynbdara xenesa (II) FeSO4 ¢ konnentparuein C(FeSO4) = 2 monb/nm3.

CoNoa~WDE

23. PactBop azotnoii kucioret HNOg,p(HNO3) = 1, r/em®

24. MeHas IPOBOJIOKA

25. Tuxpomar kamus K,Cr.07 ¢ xonuenTpanumeii C(K,Cr,07) = 2 mons/am?

26. Pacteopa autputa Hatpus NaNO; ¢ konuentpanueit C(NaNO2) = 2 moms/nve,
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Yka3anus 1o TexHuke 0e301aCHOCTH
1. Bce paboTel B XUMHYECKOH JIaODOpaTOpUH JOJKHBI IPOBOIUTHCSA IIPH HMCIPABHOM
AIIEKTPOOOOPYAOBAHNH, FITEKTPOIPOBOJIKE, MPABMIHBHO 0OOPYIOBAaHHOM BBITSHKHOM IIKa(dy.

2. T'a30BbIe KpaHBI U ra30MPOBO/] TOKHBI HAXOTUTHCS B UCIIPABHOM COCTOSIHUH, TIEPUOANIECKU
MIPOBEPSTHCS.

3. PabGoudee MecTo conepikaTh B OPSIIKE U YUCTOTE.

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

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

6. Bce OmbITH ¢ BPSAHBIMHE U MAXHYIUMH BEIIECTBAMU, & TAKKE yIIAPUBAHUE KHCIOT U KUCIBIX
pacTBOPOB MPOBOJUTH B BBITSDKHOM IIKaQYy.

7. OcraTKu coeqUHEHUI cepedpa cauBaTh B 0COObIE CKISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUpKE BCer/a cieayeT AepKaTh e€ TaKuM 00pa3oM, 4TOOBI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT PabOTAIOIIETO PSIOM COCEIa.

9. He naxinousTh JIMIO Haxg HaI‘peBaCMOﬁ KUJIKOCTBIO MJIU CIIJIaBJIACMbBIM BCIICCTBOM.

10 He CJICAYCT BAbIXaThb IMaxy4Yuc BCIICCTBA U Ira3bl, OJIN3KO HAKJIOHSICH K cocyny € 3TUMU
BeniecTBaMu. HioxaTh BellecTBa MOKHO JIMIITL OCTOPOKHO, HAMPABIISS K ceOe Mmaphl WK ra3 JBIKCHHEM
pyKH.

11. XpaHuTh pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT U IIEJIOUEH B BHITSHKHOM MIKady.

12. BruiuBaTh pa30aBICHHBIC KUCIOTHI U MEIOYHBIC PACTBOPHI CIEAYET B CITIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampemiaeTcsi poOOBAaTh XUMHYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIeTKO BOCIUIAMCHSIOIIMMUCS BelecTBaMH (3QHUpHI, OCH30J, CEpOYIIIEpPO U
T.I[.) HE NOJDKHO 6I)ITI) PAAOM OrHA U BKIIFOUYCHHBIX ITJIMTOK.

15. TIIpu paboTe co CTEKIOM, XHMHUYECKOW TOCYIOH, HEOOXOAMMO COONIIO/IATh IpaBUIIa
MPEJOCTOPOKHOCTH BO M30€KaHNE PaHEHHI OCKOJIKAMH CTEKIIA.

16. Kareropuuecku 3arnpeiniacTcs OCTaBIATh padOTaroIIMe TPUOOPsI 0€3 HAOIOICHUS.

24. B xuMu4ecKol 1abopaTopur HeOOXOANMO paboTaTh B XalaTe.

3amanusa

Omeir 1. K pactBopy Opommza HaTpust B HNpoOUpKE NpHICHTE HEMHOTO XJOPHOM BOABI U
HECKOJIBKO Karenb OeH3ona. BerpsixHure coliepumMoe NpoOUpKku. BepxHuii cinoil okpacuicst B Oypblit
uBeT. Yto sBisieTcss MpUUMHON Okpacku? Hammiumre ypaBHEHHME peakUUH M COCTaBbTE AIIEKTPOHHYIO
CXEeMy U3MEHEHHs CTeNeHeN OKUcIeHus 31eMeHToB. Onpenenure 3/C 310l peakum.

Onpit 2. (OnbIT IPOBOAUTE B BHEITSHKHOM mKady). B mpoOupky maneiire 1 cm® iioanoii Boasl u
Takol jxe 00bEM OeH3oJ1a. [IpoOUpPKY BCTPAXHUTE HECKOJIBLKO pa3. OOpaTUTe BHUMAHKE Ha I[BET BEPXHETO
OenzonbHOrO ciost. IlomyueHHbI pacTBOp COXpaHUTE AJIsi CPAaBHEHUSI.

B cyxyio npoOupKy HachllbT€ HEMHOTO KPHCTAJJIOB HMOAMIA Kajus (OCTOPOXKHO!), O CTEHKE
npoOupkn TpubaBbTe 2-3 Kalik pPacTBOpa KOHIIGHTPUPOBAHHON CEpHON KHCIOTHL. Boiaensercs
razoo0pasHbelii mpoaykT ¢ 3amaxom HzS. K comepsxumomy mpoOupku mpuieiite 1 cm® Gensoma u
OCTOPOXHO BCTPAXHHUTE HECKOJBKO pa3. OOpartuTe BHUMaHUE Ha OKpacKy OeH3onbHOro ciosi. CpaBHHTE
3Ty OKPACKY C OKPAcKOM, IOJTYYEHHOI BaMH MTPH BCTPSIXUBAHUHM HOAHOM BOJBI C OEH30JI0M.

Hanummre ypaBHenns peaknwii. CocTaBbT€ MOHHO-IJIEKTPOHHYIO CXEMY M3MEHEHUS CTETeHei
OKHCJIEHUS] aTOMOB pEarupyroninx BEIIECTB.

Omngit 3. K 2 cm® pactBopa nepmanranara kanus KMnO4 no6aBbTe paBHbIN 00bEM pa30aBIeHHOM
CEepHOH KHCIOTHI M Tiepekucu Bomopona. OOparure BHHUMaHWE Ha W3MEHEHHE IBeTa B pactBope. K
OTBEPCTUIO NPOOMPKHM IMOJHECHUTE TICKIOIIYI0 Ny4HHKY. Uto mpu stom HaOmomaercs? Kakoil ras
BbIETSAETCS?

Hanmmwvre ypaBHeHHE NaHHOW peakiMu B MOJEKYJISpHOH W moHHOW (opmax. Koadduiments
OTIpEJICJIUTE C IIOMOIIBIO0 METO/Ia 3JIEKTPOHHO-MOHHOTO OanaHca.

OmnpiT 4. (OOBIT IPOBOAMTCS B BBITSHDKHOM IKady). B cyxyro mpoOupKy HachIlbTe HECKOJIBKO
KPUCTAJUIOB TIEpMaHTaHaTa KajJus U OCTOPOXHO MPHJIEHTe HECKONBKO Karenh pa30aBIeHHOTO pacTBOpa
consiHoM kucaoTsI (1:1). Beimensiercs ra3 (ocropoxHo!), IOHIOXaMTE €ro.

Hanummre ypaBHEHME NaHHOW peaklMU M COCTaBbTE 3JIEKTPOHHO-MOHHYIO CXEMY H3MEHEHMS
CTENEHEH OKHUCIICHUS 3JIEMEHTOB, YUaCTBYIOIIUX B PEAKLIUH.

Omngit 5. B Tpu otaensHbie mpooupku BHecuTe 1-2 cm® pactBopa KMnOs, a 3aTeM 106aBbTe B 3TH
NpoOUPKH paBHBIE OOBEMBI: B TIEPBYIO U3 HUX — PAacTBOP pa30aBIEHHON CEPHOU KUCIIOTHI, BO BTOPYIO —
BOJy, B TPETbI0O — KOHLIEHTPUPOBAHHBIA pacTBOp mieioud. [locime 4yero B KakIylo W3 TPOOHPOK

62



npubasbTe 1-2 cm® pactBopa Na;SOs. UeM 00BACHUTHL NMPOUCIIEIIINE H3MeHEHUs? HarmumuTte mosHbie
ypaBHeHus: OBP, ucnone3yst HOHHO-31E€KTPOHHBIN MeTon. OueHuTe riyOMHY MPOTEKAaHMs MPOLECCOB B
KaxaoM cirydae. OT 4ero 3aBUCHT OKHCIUTENbHAst aKTHBHOCTD TIEpMaHTaHT-HOHA?

OnwiT 6. K 1Bym cM® pacTBopa HMTpUTAa HATpus NPWIEHTE PaBHBIH 00BEM pacTBOpa CEpPHOI
KHCJIOTHI U 0OAaBbTE 10 KAIUIIM HEOOJIbIIOE KOJMYECTBO pacTBOpa noauaa kanus. OOpaTure BHUMaHUE
Ha U3MEHEHHE 1IBETa pacTBopa.

Kaxoe BemecTBo Beienunochk? CocTaBbTe ypaBHEHHE COOTBETCTBYIOIIEH peakuuu. Onpenennrte
KO3 HUITUEHTHI METOIOM TTOTypEaKIINH.

Omnpir 7. Haneiite B mpo6upky 1-2 cm® pacTBopa Guxpomara Kanus, 100aBbTE K HEMY JBOMHOMN
00BEM pa3baBIeHHON CepHON KUCIOTHI M 4-5 cM® pacTBopa HuTpuTa Hatpus. OOpaTHTE BHUMaHHE Ha
W3MEHEHHUE LBeTa pacTBopa. Hanummre MosieKkyasipHOe M MOHHOE ypaBHEeHHUs JaHHOH peakuuu. [logbop
KO3 HUIIMEHTOB OCYIIIECTBUTE METOIOM JIEKTPOHHO-HOHHOTO OajaHca.

Onwir 8. K 2-3 cm® GpoMHOI BOJIBI TIPWJIEHTE PAacTBOP IIETOYHM 10 MOJHOTO OOECIBEYMBAHHUS
pactBopa. CocTaBbTe 3JEKTPOHHO-MOHHOE ypaBHEHHE AaHHOW peakUuu W ompeaenute KodQQuumeHTs
METOJ0M MOJIypEaAKHil.

Onpit 9. K 2-3 ¢M® KOHIIEHTPUPOBAHHOTO PACTBOPA THUAPOKCHIA HATPHs J00aBbTE HEOOJBIIOE
KOJINYECTBO MOPOIIKO0Opa3Ho cepbl. CMeCh KUISITUTE JI0 HCUE3HOBEHHUs cepbl. COCTaBbTE IEKTPOHHO-
VOHHBIE CXEMbl M3MECHEHHSI CTEIICHEH OKUCIICHHsI Pearnpyrolux BemecTs. Hanumure noHHOE U MOJIHOE
ypaBHeHUs1 AaHHOM peakuuu. K xakomy tumy OBP otHocutcs mannoe npeBpaiueHue? IloueMy aToMbl
CepBI CIIOCOOHBI K TAKUM MPEBPALLIEHUSIM?

Omnwit 10. K pactopy ( 1-2 cm®) THONMAaHaTa Kaius (MM aMMOHHMS) NPHOABBTE TaKoi ke 00bEM
pactBopa conm sxene3a (+3). Kakoil 1mBeT monydeHHOTO pacTBopa? 3areM K OKpaIIeHHOMY PacTBOpPY
npuOaBIISAIOT MO KaIUIsAM 10 NONHOTO oOecipeunBanus pactBop SNCly. Kakue mporecchl mpoucxoasr B
pactBopax u nodemy? Paccunmraiite DJIC peaximm BoccTaHoBneHus Fe*" momamm Sn?*. Paccumraiite
u3MeHeHne >Heprun I'm66ca (4G ,.) u xoHcranTy paBHOBecus (K¥.,) mist Toi peakimn. OIeHHTE
rIyOuHY €€ IpOTeKaHusI.

Onsir 11 B npobupky naneiire 1-2 cm® pactBopa cyinbpara meau CuSOs m omycTute Tyna
3aYUINEHHBIA C TIOMOIIBI0 HAXKIAYHON Oymaru >kene3Hblid TBo3b. IlocTaBbTe MPOOUPKY B IITATUB Ha 5
MHUHYT. Yepe3 5 MUHYT OTMETbTE M3MEHEHHsI MIOBEPXHOCTHU JKEJIE3HOTO TBO3/AS U 3aHECUTE UX B rpady
«HaGmonenus».

Hanummure ypaBHEHHE OKUCIUTEIBHO-BOCCTAHOBUTENILHOW PEAaKIMU U YPABHSMUTE €€ 10 METOLY
9JIEKTPOHHOr0 OanaHca. YKaXHUTE OKHCIUTEIb M BOCCTAHOBHUTENb. 1lONb3ysch psSAOM HanpspKEHHH,
YKa)XUTE, KAKUE METAJUIbl MOTYT BBITECHSTH MEIb U3 PACTBOPOB €€ CoeH.

Onpir 12 B Tpu mpoGupku Haneiire mo 2-3 cm® pacteopa nepmanranara xanmus KMnOs ¢
koHnentpanueir C(KMnOy) = 0,02 MOJIB/IM®.

- B nepsyto npobupky no6assTe 1-2 cM® pacTBopa cepHoii kucaotel kuciaora HaSOs ¢
xonnenTpanuei C(H2S04) = 2 mons/mve,

- Bo BTOpyto npobupky n06asbte 1-2 ¢M® IMCTUIIIMPOBAHHOM BOIBL.

B tpeTsio npobupky no6assre 1-2 cm® pactsopa ménoun NaOH ¢ konnenrpanueii C(NaOH) = 2
MOJIB/IM®,

Bo Bce mpoGupku Haneite mo 3-4 cm® pactsopa cynbdura Hatpus NaySOz ¢ KOHLEHTpanueit
C(NazS0s3) = 2 mons/nme,

OTMeThTe U3MEHEHHE IIBETA PACTBOPOB B KAXKI0W U3 MPOOUPOK C YUETOM 3aBUCUMOCTH OKPACKU
COEJIMHEHHUI MapraHia OT ero CTENEeHH OKHMCIeHHs: HoH MnOs uMmeeT QHOIETOBYI0 OKpacKy, MnO4? —
3enéHyr0, Mn?" — c1a6opo30By10, a P MOl KOHLEHTPAIUMH — OECIBETHYIO. 3aHECUTE HAOJIOICHUS B
rpady «Habmonenus».

Hanumwvre ypaBHEHUs] OKUCITUTEIHHO-BOCCTAHOBUTENHHBIX PEAKIMi U YPaBHSNTE HX TIO METOJY
3IEKTPOHHOTO OajaHca. YKaKUTE OKHCIUTENb M BOCCTAHOBUTEIT.

Onwit 13 B npo6upky naneite 1-2 cm® pactBopa nepmanranara kamas KMnO; ¢ koHIeHTpanueii
C(KMnO,) = 0,02 moms/nm3 no6aseTe 1 cM® pactBopa cepHoii kuciotsl HpSOs ¢ KOHIEHTpamueit
C(H2S04) = 2 mons/nm® u npuneiite 1 cm® pactBopa moanaa kamus Kl ¢ konnentpamueit C(KI) = 2
MOJIB/IM®.

3adukcupyiite ©3MEHEHHE IBETA PacTBOPa M 3aHecuTe HaOmoaeHus B rpady «HabmogeHus».

Hanumwvre ypaBHEHUs] OKUCITUTEIHHO-BOCCTAHOBUTENHLHBIX PEAKIMi U YPaBHSNTE HX TIO METOJY
UEKTPOHHOI0 OajaHca. YKaXUTe OKUCIUTEIb U BOCCTAHOBUTEIb.

Omeir 14 B mnpobupky Hanedite 1-2 cm3 pactBopa mnepmanraHara kammsas KMnO4 c
kouneHrpamueir C(KMnO4) = 0,02 mons/nm3, nobaesTe 1 cM3 pactBopa cepHoit kuciaotel H2SO4 ¢
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kouneHrpamueir C(H2SO4) = 2 mons/mm3 u npuiteiite 1 cMm3 pactBopa cynbdara xenesa (II) FeSO4 ¢
koHneHtparmeit C(FeSO4) = 2 mMons/mm3.

3adukcupyiite ©3MEHEHHE IBETa pacTBOpa U 3aHecuTe HaOmoaeHus B rpady «BoiBoasl. Habmogenus».
Hanummre ypaBHEHUsI OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEaKUid U YpaBHIMTE UX 110 METOAY
3IIEKTPOHHOTO OanaHca. YKaKUTe OKUCIUTENh U BOCCTAHOBHUTEIIb.

OmnwiT 15 B npoGupky Haneiite 1-2 cm® konnentpuposannoii azotroit kucnotst HNOs,p(HNO3)
= 1, r/em® .OnycTuTe B NpOOHMPKY 3aYMINEHHYI0 HaXKIA4HOM OymMaroil MemHyro IpoBosoky. Harpeiite
npoOUpPKY Ha TJIAMEHU Ta30BOM TOPENIKU U MOCTaBbTe €€ B IITATHB Ha 5-10 MUHYT.

3adukcupyiite BhIgENCHHE Ta3a B MPOOWpKE, IBET BBIACIAIONICIOCS ra3a M M3MEHEHHE IIBETa
pactBopa. 3aHecute HaOmoneHus B rpady «HabmoaeHs».

Hanumwure ypaBHEHUS! OKUCITUTEIHHO-BOCCTAHOBUTENBHBIX PEaKMi U YpaBHSINTE X IO METOAY
3NEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENb U BOCCTAHOBHUTENb.

Onpir 16 Hanetire B npobupky 1 cm® pactBopa muxpomara kamus K,Cr,O; ¢ koHmeHTpamuei
C(K2Cr;07) = 2 moms/am® Jlo6aBbTe B mpobupky 2-3 c¢m® ceproit kucnotel H2SO4 ¢ KOHIEHTpanueit
C(H2S04) = 2 mons/am® u 2-3 cm® pactopa nutpura Hatpuss NaNO; ¢ konnentpanueii C(NaNO2) = 2
MOJIB/ M2,

3adukcupyiiTe W3MEHEeHHE I[BETa pacTBopa. 3aHecuTe HaOmoAeHus B Tpady «BBIBOABL
Habnronenus».

Hanumwure YpaBHCHUA OKHUCIIUTCIIBHO-BOCCTAHOBUTCIIBHBIX pCaKHI/Iﬁ u ypaBH)II\/'ITe HX 1o MeToay
AIIEKTPOHHOTO OanaHca. YKaKUTe OKUCIUTENh U BOCCTAHOBHUTEITb.

Conep:xanue oTyeTa
[Toryuennsie nanuble 3aduxcupyiite B Tabnuue 8.1 no cienyromeit hopme:
Ta6muna 8.1. Pe3ynbpTarhl SKCriepuMeHTa

Ne /1 | Pearentsl XuMHYECKask peaKius HaGnronenus

1

gl wIN

KoHnTposabHbIe BONPOCHI
ba30BbIi1 ypoBEeHB

1 Yto Ha3pIBaiOT cTemeHbio okucieHus? Kak e€ o0o03Ha4aroT M KakWe 3HaueHUs MOXKET OHa
npuHUMaTh? OTBET NOSCHUTE HAa IpUMepax.

2 Kak onpenensercst MakCUMajbHas 1 MUHUMAJbHAs CTETIEHU OKUCIICHUSI JJIEMEHTOB?

3 Kakue peaknun Ha3bIBalOT OKHCIUTELHO-BOCCTAHOBUTENBbHBIMU? [IpHrBeIMTE TPUMEPHI.

4 Kakue peareHTbl Ha3bIBalOT BOCCTAHOBUTEIISIMH, KAKHUE — OKUCIUTENSIMH?

5 B uem cyTb MeToma nomypeakuuii? J{i1st Kakux CUCTeM OH MPUMEHUM?

6 Kak BeIpaxkaeTcsi KOHCTaHTa PABHOBECHS PEaKIMU M UYTO OHA BhIpakaeT?

7 Kak MOXKHO paccuHMTaTh KOHCTaHTY paBHOBecusi? [IpuBeuTe cOOTBETCTBYIOMINE (POPMYIIBI.

8 Or kakux (HakTOpOB 3aBUCHUT NPOTEKAHUE OKUCIUTEIFHO - BOCCTAHOBUTEIBHBIX PEaKIHii?

9 3aBUCHMOCTB OT KaKUX ITapaMeTPOB OTpakaeT ypaBHenue Hepucra?

IToBbI1LIEHHBIN YPOBEHB

1 Kaxk OLEHMBAIOT 3KBHBAJCHTHl OKHUCIWTENsS M BOCCTaHOBHUTENA? B Kakux ennHHIAX OHHU
BBIpayKaroTcsi?

2 Yro Ha3bIBAIOT MOJIBHON MacCoOW OKHCIUTENs M BoccTaHoBuTeNsA? KakoBa Mx pa3MepHOCTH?
IIpuBenuTe npuMepsl.

3 KakoBa cTpykTypa ajropuTMa MeToJa 3JIEKTpOHHOro Oananca? OTBeT HIUIIOCTpUpPYHTE
MpUMepamH.

Cnucok JuTeparypbl, peKOMeHAyeMblil K HCIIOJIb30BAHUIO 110 JTAHHOU Teme
OcHoBHas JuTepaTypa:
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1. T'omoBanoBa, O. A. OO0rmmas xuMus [ DIEKTPOHHBINA pecypc] : yaeOHoe mocodue (sl CTYIACHTOB
XUMHYECKOTO (haKyIbTeTa HalpaBIeHHU OakamaBpuaTa «XUMUsI» U «XuMHAdecKas TexHojorus») / O. A.
I'onoBaHoBa. — DJIEKTPOH. TEKCTOBBIC NaHHBIE. — OMCK : OMCKHUH rOCYapCTBECHHBIN YHUBEPCUTET M.
®.M. Jloctoesckoro, 2014. — 164 ¢. — 978-5-7779-1755-3. — Pesxxum nocryma:
http://www.iprbookshop.ru/59628.html

2. Pomanoga, C. M. Kpatkuii Kypc rekuuii o o0111ei 1 HeopraHHIecKoil XuMuH [ DJIeKTPOHHEIH pecypc]
: yueObHoe nocobue / C. M. PomanoBa. — DJIEKTPOH. TEKCTOBBIC JJaHHBIE. — AJMarthl : Kazaxckuii
HaIIMOHAJIBHBIA YHUBEPCUTET UM. alib-Papadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexum
nocryna: http://www.iprbookshop.ru/70372.html

JlonosiHUTEIbHAS JIUTEPATYypa:

1. Bontpomerok, B. B. O6mas xumus [ D1eKTpoHHEIH pecypc] : yuebHoe mocobue / B. B. bontpomerok.
— DIIEKTPOH. TEKCTOBBIC JaHHbIe. — MuHCK : Beimmiinias nmikona, 2012. — 624 ¢. — 978-985-06-2144-

3. — Pesxxum nocryna: http://www.iprbookshop.ru/20236.html
2. Bapkogckwit, E. B. O6mast xumust [DnekTpoHHBIH pecypce] : yuebHoe nocooue / E. B. bapkosckuii, C.
B. Tkaues, JI. I. [leTpyiieHko. — DIeKTpOH. TEKCTOBbIE JaHHBIE. — MuHCK : Brinmiimas mkomna, 2013.
— 641 c. — 978-985-06-2314-0. — Pexum mocryma: http:// www.iprbookshop.ru/35509.html
HNuTepHeT-pecypcen:

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

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

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

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpeiToe 06pazoBaHue
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Cocmasumenu T.C. YepeonuueHnko, KaHO.Xum.HayK
K.C. Cuinko, accucmenm.
Omes. pedakmop A.JL. TlpocKkypHuHt, KaHO.XUM.HAYK, OOYEHM.
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BBenenue

Jucnumimba «Xumus» OTHOCUTCA K JUCHUIUIMHE 0a30oBoil yactu. OHa HampaBieHa Ha
(dbopMUpOBaHHE KOMIETEHLUH OOydYarolmuXcs B TPOIECCE BBIMOJIHEHHsS] padoT, OmpeaeeHHBIX
oI'0C BO.

MeTtoauueckre ykazaHUsl COCTaBIIEHBl HA COBPEMEHHOM HAayYHOM YPOBHE M PACCUMTAHbI Ha

CTYACHTOB, 110 HarnpayieHUtO 13.03.02 DyekTpo’HEPreThKa U JIEKTPOTEXHUKA.
[locnenoBareIbHOCT, TEM COOTBETCTBYET JIOTUYECKOM CTPYKTYpEe €€ MPOXOKICHUS.
[IpemyiaraeMble METOAMYECKHUE YKA3aHHUS COJAEpKAT MaTepuall, KOTOPbIH pPEKOMEHAYEeTCs
WCII0JIb30BaTh CTYICHTAM IPHU MOATOTOBKE K MPAKTUYECKUM 3aHSATHSIM.
s MOATOTOBKHM K MPAKTUYECKUM 3aHSATHSM CTYACHT JOJDKEH H3Y4YMTh MaTepuai Io
COOTBETCTBYIOIIEH TeMe, HCIOJIb3ysd OCHOBHYIO U JIONMOJHUTEIBHYIO IUTEpaTypy, a TaK xKe
ucnonb3ys nepuogudyeckue nganus CMU.



TEMA 1. OCHOBHBIE IIOHATUA U 3AKOHbBI XUMUU.

IMPAKTUYECKOE 3AHATHUE 1. OCHOBHBIE KJIACCBI HEOPTAHUYECKHUX
BEINMECTB. OCHOBHBIE 3AKOHbI XUMWUHU

Hean 3ansaTusi: OO00O0IEHUE, 3aKpeIJIEHHE W CHCTeMaTH3alMs 3HAHUW O BaKHEHIIMX
KJIacCax HEOPraHMYECKUX COCIMHEHUM Ha MPUMEPE OKCUIOB, KUCIOT, OCHOBAHUH U COJIEH.

3HaHuA U ymenus, npuoﬁpeTaeMble CTYACHTOM B PE€3yJbTaTe 0CBOCHUA TEMbI

3HaTh OCHOBHBIE 3aKOHOMEPHOCTH, JCHCTBYIOIIME B IPOIIECCE M3TOTOBICHUS MPOAYKIIMH
TpeOyeMoro KauecTBa, 3a/IaHHOTO KOJIMYECTBA ITPH HAUMEHBIINX 3aTpaTax OOIMIECTBEHHOTO TPyia

YMeTh HCIOIB30BaTh OCHOBHBIE 3aKOHOMEPHOCTH, JIEHCTBYIOIINE B MTPOIIECCE U3TOTOBJICHHS
MPOAYKIIMK TpeOyeMOoro KadecTBa, 3aJlaHHOTO KOJMYeCTBA IPU HAWMEHBIIMX 3aTpaTax
0OIIIECTBEHHOTO TPY/1a

AKTYaJlbHOCTb TEMBI

K HeopraHuyeckuM COEIMHEHUSM OTHOCST BCE COYETAHUS XHUMUYECKUX 3IJIEMEHTOB,
KOTOpBIE HE COZIEPKAT Yriepo. boabIIMHCTBO N3BECTHBIX COEIMHEHUH SBISIOTCS OpPraHUYEeCKUMU,
OJIHAKO M3BECTHO OK0JI0 20 MWIJIMOHOB TE€X, KOTOpPbIE MPHUHAJIEKAT K KJIACCYy HEOPraHUYECKUX.
OrpoMHOE KOJIMYECTBO BBI3BIBAET HEOOXOIUMOCTh HMX KIACCU(HUKAIMHA, TO €CTh JACJCHHS Ha
rpynmsl. Kaxaoe u3 3THX BellecTB 00JalaeT CBOMMM XapaKTEpUCTHKAMHU, M IIO3TOMY MOXKHO
BBIJICJIUTh OCHOBHBIE KJIACChl HEOPraHWYECKUX cOoeIuHEeHMH. [ 1r000ro M3 HUX XapaKTepHBI
pa3IuyHbIe CIIOCOOHOCTH B3aUMOJEHCTBHSA C JPYT'MMHU BEIECTBAMH, CBOU CBOWCTBA. XHUMMUS,
KJIACChl HEOPraHMYECKUX COEAMHEHHH B KOTOPOH 3aHMMAIOT BaXHOE MECTO, pacCMaTpHUBAET HX
KJIaCCU(UKALIUIO C HECKOJIBKUX TOUEK 3PEHUS.

Teoperuuyeckasi 4acTh

Heopranuueckue coenuHeHUs KilacCUPUIMPYIOTCS TIO COCTaBy WJIM IO CBOWCTBaM
(byaKunoHampHBIM Tpu3HakaMm). [Io cocTaBy OHHM HENATCA HA MPOCTBIE — TO OJHOAIEMEHTHBIC
COEITMHEHUS U CTIOKHBIE, ABYXdJIEMEHTHBIC (OMHapHBIE) 1 MHOTORJIEMEHTHBIE (Tadnuma 1).

Tabauya 1 — Kraccugukayus neopeanuueckux coeOuHeHutll

ITpocteie CrnoxxHble
Memanner (88 311eMEHTOB): Jeyxsnemenmuoie (OUHAPHBIE)
S-3JIEMEHTBI TUAPUIBI LIH, NaH, CaHz,
(xpome H u He); KapOu bl SiC, CaC, Al4Cs,
-2JIEMEHTBI
AlLGa, In, TI. Ge FITPHARE NagN, Mg;N.,
Sn. Pb. Sh. Bi- OKCHIBI Ca0, Al,0s,
d -anemenTsI, cymb(ubI K,S, ZnS,
f -onemeHTsL. TaJn/Ibl NaCl, FeCl,.
Hememannwt (22 snemenTa): Miozosnemenmuvle
S-DJICMEHTHI Comu
H, He;
cpenHue NaNO,, K,PO,,
P-2I€MEHTHI
B,C.Si.N,P.S KHCJIbIC NaHSO,, KH,PO,,
o} As,68€, Te, (ruapo-) Ca(HCO,),,
FIOTEHEL B PATOPOIAE ochosmsie  MGOHCI, AI(OH),CI,
(ruApOKCo-) (CuOH),SO,;
I'uppoxcu s




ocnosanust KOH, Ni(OH),, Ba(OH),
ampomnrer ZN(OH), <> H,ZnO,;
Al(CH), < H,AIO,

Kucnotsl

Be3KHCIOpO HbIE HF, HCI, HBr, HI
Kucnoponconepxaume HNO,, H,SO,

CrnosxHble HEOpraHMYECKHE COCTUHEHUSs, corjacHo Tabmuie 1, kpome moapasjeneHuid 1o
COCTaBy, B CBOIO O4Yepeab IMOAPAa3ACSAI0TCS 1O (YHKIMOHAIHHOMY MpPHU3HAKY HAa OKCHJIHI,
TUAPOKCHUIBI (OCHOBHBIE 1 aM(OIUTHBIE), KUCIOTHI U COJIH.

K GuHapHBIM COETUHEHUSAM OTHOCSATCS:

1) OKCHJIBI — COETMHECHUS SJIEMEHTOB C KUCIOPOIOM CO CTEIICHBIO OKHUCIICHUS (—2);

2) TanuIbl — raJOTeHIPOU3BOAHBIE ((DTOPHIBL, XJIOPHIBI U JIP.);

3) cyab(uIBI — COSTUHEHHUS C CEPOI CO CTENECHBIO OKHCICHUS (—2);

4) HUTPHUIBI — COSTMHEHHS C a30TOM CO CTEIICHBIO OKHCIICHUS (—3);

5) kapOuIbl — COCAMHEHHS YIIepoia CO CTENCHbIO OKUCIeHus (—4);

6) dochuabl — coenuneHus Gocdopa co cTerneHpro oKucaeHus (—3).

Homenxnamypa  ounapuvix  coedunenuti. K — naTuHCKOMy — HaszBaHHIO  Oolee
AJIEKTPOOTPHUIIATEIILHOTO 3JIEMEHTa C OKOHYAHHEM «u0» HO00aBISIOT PYCCKOE Ha3BaHHUE MEHEe
ANEKTPOOTPHUIIATETLHOTO AJIEMEHTA B POJIUTEIBHOM MaJIeXKe, C YKa3aHHEM €ro CTEIEeHU OKHCIICHUS
apabckuMu U(ppaMu B KPYTIIBIX CKOOKaX.

[Tpumepsr:

Cr,O, — okcnn xpoma (+3);

O,F, — dropux kucnopona (+1);

Al,C, — xapOun amomunus;

CuBr, — 6pomun meau (+2).

OcHOBHbIE MIOHATHS U OCHOBHBbIE 3aKOHBI XUMHH

Monb — KOTMYECTBO BEIIECTBA, COJIEPHKAIIEE CTOIBKO K€ CTPYKTYPHBIX €IMHUI] (MOJEKYIT,
aTOMOB, MOHOB, 3JIEKTPOHOB WJIM JIPYTHUX YaCTHI), CKOJIBKO aTOMOB cOJAepKUTcs B 12 r u3oToma
yrnepoga ‘2C. Umcno 4YacTHIl, COAEPKAIIMXCS B OJHOM MOIb JIOOOTO BEIIECTBA, COCTABIAET
6,02-10% cTpyKTYpHBIX eXUHUI (nocmosannas A602adpo).

MonvHnas (monspuas) macca — 3TO Macca OJJHOTO MOJIb BEIIECTBA, BRIpA)KCHHAS B TPAMMaXx,
YHUCIIEHHO paBHasi OTHOCUTEIbHOIN MOJIEKYJIIPHOM Macce 3TOro BEIIeCTBa.

Tax, monexynsipaast macca Mosekyst Cl, pasua 70,90 a. e. M. (aTOMHBIX €MHHUI] MACCHI).
Torna monbpHas Macca MoJiekyd xyiopa pasHa 70,90 r/mons. Ho MonpHast Macca atoma xjiopa paBHa
35,45 r/mounb, ipuuém oaun Monb Monekyn Cl, comepskut 2 Monb aTomoB x10pa.

Okeueanenm — HTO peallbHas WIM YCIOBHAas 4YacTUIa, KOTOpas B KHCIOTHO-OCHOBHOM
peakuy YKBUBAJIEHTHA OJIHOMY MOHY BOJOPOJA, & B OKHCIUTEIbHO-BOCCTAHOBUTEIBHON PEAKIINH
— OJJHOMY 3JIeKTpoHy. Harpumep, B KHCIOTHO-OCHOBHOMN peaKINU

3H,SO, + 2AI(OH), = Al,(SO,), + 6H,0.
IIECTH MOHAM BOJIOPOJa (B TPEX PEarHpyIOIIMX MOJEKYJIaX CEPHOM KHCIOTHI) COOTBETCTBYIOT JIBE
monekynst Al(OH),, cnenosarensro, omHomy MOHY Bomoposa SKBUBaleHTHa 1/3 MOJEKyJIbI
Al(OH),, unaue rosops, sxkeusanentr Al(OH), cocrasnser 1/3 moms Al(OH),. B peakunn
OKHCJIEHMS-BOCCTAHOBIIEHHS

H,SO,(pa36.) + Mg = MgSO, + H, T



0 - 2+
aToM Maruus TepseT asa onekrpona: M@~ - 28° — MQ” u mosTomy o1MH SKBUBANEHT MarHus

coctaBisieT ‘2 Monb. Bemmumnsr 1/3 w 1/2 (B 3THX mnpuMepax) Ha3bIBAIOT @DaKmMopom
9KEUBAEHMHOCU.

Jkeusanenmuas macca — 3TO Macca OIJHOIO SKBHMBAJICHTA BELIECTBA BBIPAKEHHAS B
rpamMmax, T. €. Pa3MEpPHOCTbh SKBUBAJICHTHOM Macchl — I/MOJIb.

OO0béM, 3aHMMAEMbIil IpU JIAHHBIX YCJIOBUSAX MOJIBHOM MJIM SKBUBAJIEHTHOM MAaccou,
Ha3bIBAETCS] COOTBETCTBEHHO MOIbHBIM WIH IKEUBANEHMHbIM 00BEMOM TOTO BEILECTBA.

Tax, monbras macca Al(OH), pasua 78,0 r/mounb, a sxBuBaneHTHas Macca coctasiser 1/3

MOJILHON MacCHI A|(OH)3, T.e. 26,0 r/MONL. ATOMHAas Macca MarHus paBHa 24,3 1/MOJb, a €ro

SKBHBAJICHTHAs Macca (B NMPHUBEACHHOM BBIIIE MPUMEPE) COCTaBisAeT 1/2 ero MOJbHOW MacChl —
12,12 r/mounb.
B cooTBeTCTBUM C 3aKOHOM KBHMBAJIECHTOB Macchl (00bEMBI) pearnpyromux semects M(X;)

(V(X,))u m(X,) (V(X,)) npsiMo mponopuuOHAIBHBI HX SKBUBAJICHTHBIM Macca (00bEMam):

m(X)  m(X,)

ML (%) ML(X,)' -
V(X) V(X))

Va(xl) _Va(xz). (1'2)

Bonpoce! u 3aganus:

[TpuBeném mpuMephI BHITIOTHEHUS TUIIMYHBIX 33J]aHUH, IPUBEIEHHBIX B padoTe.

Ilpumepl. CocrtaBbTe (QopMyly HOpMambHOU (cpemHeil) comu Oapusi M MBIIIBIKOBOM
KHUCJIOTHI.

Pewenne. ®opmyna MplbsikoBoil kucinorsl H,ASO,. Monekyna comn, obpasoBanHas

2+ 3- y
wonom Ba“®" u xucnoruem ocrarkom ASO,”, momkua GBITH dneKTpoHelTpanbHa. Hanmenbuiee
ob1iee KpaTHOE uncen 2 1 3 (3aps/bl HOHOB) PABHO 6, MO3TOMY MOJIEKYJIa JIOJDKHA COJEpHkaTh 6:2 =

3-
3 atoma 6apust u 6:3 = 2 kucnotusix ocratka ASO;,” . ®opmyna corn Ba,(AsO,),.

Ilpumep 2. CoctaBbTe GOpMyNTy OCHOBHON CONU aFOMUHUS U OPOMOBOZOPOTHOM KHCIOTHI.
Pemienne. Monekyna OCHOBHOW COJIM JIOJDKHA COJAEP/KATh KHCIOTHBIE OCTAaTKM HOHA

Br,nona AI*'u OH -rpynmsl. Tak kak B MoJeKkyile IMApOKcHAa amoMHHHS Beero Tpu OH
rpymmel, a octatka ¢ OH -rpymmamu Bosmoxmo msa: (AI(OH),))" u (AIOH)*, 10 u

ocHoBHbIX coneii Oyner Beero ase: Al(OH),Br u AIOHBE,.

Ilpumep 3. CocraBbTe YpaBHEHMsI pEaKIMHd MEXAY COOTBETCTBYIOIIMMHU KHUCIOTaMU M
OCHOBaHUSIMHU, TIPUBOISTITNX K 00pa3oBaHUIO CIIETYIOIINX coneil:

Ni(NO,),, NaHCO,, Fe,(SO,),.
Pemenue. Hopmambuyto coms NI(NO,), moxnOo mnomyuuts mpu B3anmoneiicTBum
ocuosannst Ni(OH), u asornoit kucnorst HNO,:
Ni(OH), + HNO, — NiNO, + 2H,0.
Kuciyto cons, rugpokapbonar Hatpus NaHCO,, nonyqaror neiictuem yriekucnoro rasa
Ha MMIPOKCHU]] HATPHUSL:

NaOH + CO, = NaHCO,,

Coms Fe,(SO,), Moxer ObITH cHHTE3MPOBaHA, HAIPUMED, TaK:



2Fe(OH), + 3H,S0, = Fe,(SO,), + 6H,0.

Xumuueckue peakyuu udym 00 KOHYA, ecliu 8 pacmeope oopazyemcst 0cadox, 2az, Ciaowlil
INEKMPOUM UNU KOMNIEKCHbI UOH. Y PABHEHUS PEAKLIMi MOHHOIO 0OMeHa HeoOX0AUMO MHUCaTh B
MOJICKYJISIPHOM, TIOJTHON M COKpaméHHONM MOHHOH (opmax. Ilpum HammucaHuM MOHHBIX ypaBHEHUI
(bopMyIIbI ra30B, OCAIKOB U CIa0BIX 3JIEKTPOJIUTOB CIEAYET 3alIUChIBATh B BUJIE MOJIEKYII.

CymMmMa OJHOMMEHHBIX HOHOB M AJIEKTPUYECKUX 3apsiioB B JIEBOM M INPaBOM dYacTsix

ypaBHCHHS J0JDKHA OBITh OJMHAKOBA. B HacTOsAIIEM pa3jeiie pacCMaTPUBAIOTCS PEAKI[HH HOHHOTO
oOMeHa.

Ilpumep 4. Hanumure B MOJEKYJISIPHOW W HMOHHOW (opMax ypaBHEHHUS PEAKIUNA MEXIY
CIIEYIOIMMHU BELIECTBAMM:

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,,.

Pemenue. B mosniekynsipHom Bujie:
1) Pb(NO,), + H,S = PbS{ + 2HNO,; 2) BaCl, + Na,SO, = BaSO, ¥ + 2NaCl;
3) Na,CO, + HCI = 2NaCl + CO, T + H,0; 4) NaOH + H,SO, = Na,S0, + 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* +2Cl' +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 cokpaménnoit popme:

1) Pb* + H,S =PbS{ +2H"* ;2) Ba® + SO’ =BasSO, ¥ ;
3)COZ +2H" =CO, T +H,0;4) OH +H" =H,0;
5) CH,COO™ + H* = CH,COOH.

Ilpumep 5. TIo COKpalIEHHBIM HMOHHBIM YPAaBHEHHMSAM HAIMIIWTE ITOJHBIE MOJEKYISPHBIC
YpaBHEHUS:

1) OH" +H* = H,0; 2) Cu?* +S* = CuS{; 3) 2H* + CO? = H,CO,.
Pemenue. B 5eBoil yacTu 3TUX MOHHO-MOJIEKYJSIPHBIX YpaBHEHHUH yka3zaHbl CBOOOJHBIE
MOHBI, KOTOpBIE 00pa3yroTCs NpPU JUCCONMAIMH CHIIBHBIX 3JIEKTpONIUTOB. Cle0BaTeNbHO, TPU

COCTaBJICHUH MOJIEKYJISIPHBIX YPAaBHEHUH CJIeyeT, MOJIb3ysACh TabIuIell pacTBOPUMOCTH, BHIOMPATh
CUJIbHBIE 3JIEKTPOJIUTHI, COJEPIXKAIIME COOTBETCTBYOIINI HOH. Hanpumep, noH H' CONEPKHUTCS B

cocrae cubHoro anekrpormta HCl,a OH — 8 NaOH. Torna:

1) HCI + NaOH = NaCl + H,O — monekynsipuas popwma;

H*+ClI'+Na" +OH =Na" +ClI' + H,0- nonuas wounas Qopma; u Torja
cokpauiéHHasi HoHHas ¢popMma OyaeT UMeTh 3aJaHHbINA BUJ:
H* +OH = H,0.
CrnenoBarenbHO, MOJEKYJISPHOE YpaBHEHHE COCTaBIIEHO IMpaBMwibHO. OcraBlivecs: JBa

YPaBHEHUSI COCTABJIAIOTCS IO aHAJIOTMYHBIM IPUHLUIAM U COOTBETCTBYIOIIME UM MOJIEKYJISIPHBIE
(hOpMBI UMEIOT BU/I:



2) CuCl, + Na,S = CuS{ +2NaCl; 3) H,S0, + Na,CO, = H,CO, + Na,S0O,.
Ilpumep 1. Boramcnure skBuBaneHTsl W 3kBuBaneHtHeie mMaccsl H,SO, u A1(OH), B
peaKuusX, BBIPAKECHHBIX YPABHEHUSIMU:

H,SO, + KOH = KHSO, + H,0 (1)
H,SO, + Mg =MgSO, +H, T 2)
AI(OH), + HC1 = A1(OH),C1 + H,0 3)

AI(OH), + 3HNO, = AIINO,), +3H,0.  (4)

Pemenne. DxBuBaneHT (3KBUBAJIEHTHAs Macca) CJIOXHOIO BEIIECTBA, KaK U 3KBUBAJICHT
(9KBHBaJICHTHAsl Macca) 3J€MEHTa, MOKeT UMETh Pa3jIMyHble 3HAYEeHUS B 3aBUCUMOCTH OT TOTO, B
KaKyl0 peakl10 0OMEHa BCTYIAET 3TO BEILECTBO.

Dkeusanenmuas macca Kuciomsl pasHa ee MmonbHoi macce (M), nenennoit ma umcno

aTOMOB BOJIOpPOJIa, 3AMEILEHHBIX B JAHHON PEAKLUU HA METaJUl. DKGUBAIEHMHAS MACCA OCHOBAHUSA
paBHa ero mombHO# Macce (M), nemenHo# Ha YMCIO THAPOKCHIBHBIX TPYIII, 3aMENIEHHBIX B

JIAHHOM PEAKIUK KUCIOTHBIM OCTATKOM.
CrenosarensHo, skBuBanenTHas macca H,SO, B peakuun (1): M(H,SO,)/1= 98
r/monb, a B peakunn (2): M(H,SO,)/2= 49 r/mons. Dxsusanenrnas macca Al(OH), B

peakuuu (3): M(AI(OH),)/1=782/ mons;, a B peaxumu (4): M(AI(OH),)/3 =262/ moxs.
3ajauy MOXHO pewmTs M Apyrum cmocobom. Tak kak omua wmoms  H,SO,

B3auMoJielicTByeT ¢ oxHoll skBuBanentHoi maccoii KOH u nByms skBHBaneHTHBIMM Maccamu
MarHus, TO ee >KBHBaJIeHTHas Macca B peakuuu (1) paaa M/1 r/mons, a B peakmum (2) —
M/2r/mons; AI(OH), BsaumopneiictByer ¢ ommoil skBuBanentHoil Mmaccoit HCl u Tpemst

skeuBaneHTHeIME Maccam HNO,, mostomy ero skBusasnenTHas Macca B peakuuu (3) paBHa M/1
r/monb, a B peakimu (4) — M/3 r/mons. Dxeusanentst H,SO, B peakmusx (1) u (2)

COOTBETCTBEHHO paBHbl | Monmb u 1/2 momnb; skeuBanentel Al(OH), B ypasmenusx (3) u (4)
COOTBETCTBEHHO paBHbI 1 MoJb U 1/3 MOJIb.
Ipumep 2. B xaxoit macce Ca(OH), conmepxmurcst cTONBKO e IKBUBAIEHTOB, CKOIBKO B

624 r AI(OH),?

Pemenne. Dxsusanentnas macca Al(OH), pasua 1/3 ero monsro# maccel, T.e. 78/3 = 26
r/monb. Cnemosatensio, B 624 r Al(OH), comepxurcs 624:26 = 24 okBuBaneHTa.
OxeuanentHas macca Ca(OH), pasna 1/2 ero monbnoii maccsl, T.e. 37 r/mMonb. Otcrona

24 skeusanenrta Ca(OH), umeror maccy 37,3-24 = 888 .

ITpumep 3. Ha Boccranosnenne 7,09 T okcuma Metanna (+2) Tpebyercs 2,24 mv° Bogopona
(HOpMasibHBIE yCIIOBHS). BblunmcnuTe 3KBHBajJeHTHYIO Maccy Mmertaiia. Uemy paBHa aromMHas
Macca metaiia?

Pemenue. MonbHbIN 00beM J11000T0 raza Npu HOpMaIbHBIX YCIOBHUSAX cocTaBiser 22,4

am®. Otciona SKBUBaneHTHbIH 06bem Bogopoaa V., (H,), mMonexyna kotoporo coctout uz asyx
aTOMOB BOJIOPO/Ia, paBeH 22,4/2 = 11,2 v,
B COOTBETCTBHH C 3aKOHOM KBHBAJICHTOB COCTABIISIEM COOTHOIIIECHHUE:
m(MeO) V(H,)
M,(MeO) V,(H,)

ITogcTaBuB COOTBCTCTBYIOIIUC 3HAYCHUA U3 YCIIOBUA 3a/]a14U, I1OJIYyHaCM:




7,09 — M9(Meo); M., (MeO) :7’—09-11,2:35,45 2l mono.
2,24 11,2 2,24

Janee, yuntbiBas, 4rto oSKkBuBaneHTHas Mmacca okcupa M ,(MeO) cknansiBaercs u3

cymmbl okBuBanenTHbIX Mace Meramnta (M,(Me)) u xucnopoma (M ,(0) =8 2/ mons),
HalnéMm:
M,(Me)=M,(MeO)-M,(0)=35,45-8=27,45 2/ mono.
AToMHas Macca MeTajla COCTaBUT:
A(Me) =M, (Me)-V (Me) = 27,452 =54,92/ mos.

Otser: 10T MeTasut — mapranen, Mn .

Ilpumep 4. N3 1,64 r nutpara metamia noixydeHo 1,36 r ero cymnbdara. Berauciute
SKBUBAJICHTHYIO Maccy MeTaa.

Pemenue. Ilpu pemeHun 3amadu ciieqyeT UMETh B BHUAY, YTO IKEUBALEHMHAS MACCa
XUMUYECKO20 CcOeOUuHeHUs PaBHA CyMMe SKBUBAJIICHTHBIX MAacC COCTABIISIOIIUX €0 YacTeu.

B naHHONM peakuMM Y4YacTBYIOT COJIU: JKGUBANEHMHAS MACCA CONU PABHA CYMME
IKBUBALEHMHBIX MACC MEMANNA U KUCTOMHO20 OCIMAMKA.

[ToaToMy: a) SKBHUBaJIeHTHAsl Macca HUTpaTa paBHa CyMME SKBHBAJICHTHBIX MacC METajlia
Y HUTPAT-TPYIIIBIL:

M, (Me(NG,).), e/ mono =M ,(Me) + M ,(NO;) = M ,(Me) + 62,

0) SKBUBaJCHTHAas Macca cCyibgama paBHA CyMME AKBHBAICHTHBIX Macc MeTalia U
cynb(aTHON TpyIIIbL:

M, (Me, (SO,),), 2/ mor =M (Me) +M (SOF) =
=M, (Me) +%I\/I (SO ) =M, (Me) +%-96 =M, (Me) +48.

Yuurnisas CKa3aHHOEC, IIOJIyYHUM:
m(Me(NO,),) _ m(Me,(SO,),)
MQ(Me(NOIS)x) MQ(Mex(SO4)y) ’

uitu

164 136
M,(Me)+62 M (Me)+48
Omeem: M (Me) =20 2/ mono.

Bonpocsl 1 3a1aHu 111 CAMOCTOSATEIBHOI'0 PELICHUS
ba30BbIi1 ypoBeHB
1. CocraBpre (hOpMyNBI HOPMATBHBIX W KHCIBIX COJIEM MBIIITBIKOBUCTON H3ASO3 51

ceproit H,SO, kucnor u maruust.
2. MoxHO R0 MIOJIyYUTh pacTBop, coJiepKaIIMil OJTHOBPEMEHHO

Ba(OH), u HCI1? CaCl, u Na,CO,? NaCl u AgNO,? KCl n NaNO,? Vkaxure, xaxue

KOMOWHAIIMM HEBO3MOXKHBI U TIOYEMY.

3. CocraBbTe (OpPMYIIBI OCHOBHBIX COJICH JKele3a U COJSTHOM KHUCIIOTHI, ATIOMUHUS ¥ CEPHON
KHCJIOTBI.

4. JIoKaxxuTe YypaBHEHHSIMH peakuuid amM@pOJUTHOCTh  CIEIYIOIMIUX COEAMHEHM:

Zno, Al,0,, Sn(OH),, Cr(OH)..



5. Hammmmre xumudeckue ¢GOPMYIIBl CICAYIONUX cojied: cynbdar w™emu (+2),
THIPOCUIIUKAT HATpPUS, aleTar Kajius, XJIOpHUJ AWTUApoKcokene3a (+3), kapOboHAT aMMOHUS,
muruapodocdat JUTHS, TETPAruAPOKCOATIOMUHAT KK, Y KQKUTE TUIIBI PUBEIEHHBIX COJICH.

6. CocraBbTe MOJEKYJSPHBIC YPABHCHHS PEAKIIMI, KOTOPHIE BBIPAKAIOTCS CIEAYIONUMU
HOHHO-MOJIEKYJISIPHBIMU YPaBHEHUSIMH

1) Zn* + H,S = ZnS{ +2H": 2) HCO,+ H" =CO, + H,0; 3) Ag” + ClI'= AgCl 1.

7. Kaxue w3 semects: NaCl, NiSO,, Ba(OH),, NaHCO, - ssaumoneiictBytor c
pacTBOpoM ruapokcuaa HaTpusa? Hanuimure MOJEKy/ISpHBIE U MOHHO-MOJIEKYIISIPHBIC YPABHEHUS
COOTBETCTBYIOIHUX PEAKIIMIA.

8. CocrtaBbTe MOJEKYISpHbIE W  HOHHO-MOJIGKYJISIDHBIC  YpaBHEHHS  peakuuit
B3aUMOJICHCTBUS B PACTBOPAX MEKIY:

a) Na,PO, u CaCl,; 6) K,CO, u BaCl,; B) Zn(OH), u KOH.
9. CocraBbTe MOJEKYJISPHBIC YPABHEHHS PEAKIIMH, KOTOPHIC BBIPAKAIOTCS CIEAYIOIIUMU
HOHHO-MOJICKYJISIDHBIMU YPABHCHUAMMU:

1) Fe(OH),+ 3H" = Fe* + 3H,0; 2) Cd* + 20H" = Cd(OH), ¥ ;
3) H'+ NO, = HNO,,.

10. CocraBbTe MOJEKYJISpHbIE M  HOHHO-MOJICKYJSIPHBIE  YpaBHEHHS  peakuui
B3aUMOJICVCTBUS MEXKY:

1) FeCl, n KOH; 2) NiSO, u (NH,),S; 3) MgCO, u HNO,,
11 COCTaBBTe MOJICKYJISIDHBIC YPAaBHCHUA peaKuHﬁ, KOTOPLBIC BBIPAXKAKOTCA CIICAYHOIIUMU
I/IOHHO-MOJIeKy.HSIpHBIMI/I ypaBHCHI/IﬂMI/I:

1) Mg* + CO¥ =MgCO, {; 2) 2H* + SiO% = H,SiO, ¥ ; 3) Pb* + 21" = Pbl, .
12.  CocraBbTe MOJEKYJSpHBIE H  HOHHO-MOJICKYJSIPHBIE  ypPaBHEHUS  PEAKIHA
B38.I/IMO,Z[€fICTBI/I$I B paCTBOpax MCKIy:

1) CdS(xentsiit ocanox) u HCI;2) Cr(OH), u NaOH; 3) Ba(OH), u CoCl,.

13. CocraBbTe MOJICKYJISIPHBIE YPAaBHCHHS PEAKIUi, KOTOPHIC BBIPAYKAIOTCS CIIEAYIONTUMHU
MOHHO-MOJIEKYJIIPHBIMUA YPAaBHEHUSAMMU:

1) Cu®* +20H = Cu(OH), ¥ ; 2) Zn* + S* =ZnSJ ; 3) Ca® + CO? =CaCO, .

14. Bbrunciiute  9KBUBaJEHT M JKBHUBAJICHTHYIO maccy  QocdopHoii
kucinorsl H,PO, B peaknusx oGpasosanus: a) ruapodocdara; 0)
nuruapodocdara; B) gocdara.

15. IIpu cropanun 10,00 r meramia oGpasyercs 18,88 r okcuaa meramia. Onpenenure
SKBUBaJIEHTHYIO Maccy Metaiia. Oteer: 9,01 r/morb.

16. Omnpenenure SKBUBAJICHTHbIE Macchbl MeTaia u cephl,
ecnu 3,24 r metanna o6pasywoT 3,48 r okcuga u 3,72 r cynbpua.

17. BpluncauTe KOJIMYECTBO BEIIECTBA SKBUBAJIEHTA U MOJIAPHYIO MAacCy KBHUBAJICHTA

uurpara auruapokcoxkenesa Fe(OH),NO, wu muruppoapcemara murus LiIH,AsO, s
PeaKIusAX, BEIPAKAEMBIX YPABHEHHAMU:

Fe(OH),NO, + 2HNO, = Fe(NO,), + 2H,0
LiH,AsO, + LiOH = Li,HAsO, + H,0.

I1oBbIIIEHHBIN YPOBEHB
1. C KakuMU U3 TNEPEUYUCICHHBIX HIWKE BEHIECTB IPOPEATHPYET a30THAas KHCJIOTA:
N,O., Al(OH),, CaO, HCI, K,S? U3zo6pasute rpaduueckne (HopMyibl dTHX COEIMHEHHIA.

Hamuiute YpaBHCHUSA COOTBCTCTBYIOIIUX pCaKI_[I/Iﬁ.



2. CocraBbTe ypaBHEHHS PEAKIIMK B3aUMOJICUCTBUSA CIAEIYIOINX COCIUHEHUN:

a) HATpat cepedpa u noauI Kaus; 0) OKCHJI IUHKA U TUAPOKCU]] HATPHSL.

3. CocraBbTe (GOpPMYINIBI KHUCIBIX KaJMEBBIX COJiell opTodocopHOil KHUCIOTHI, OCHOBHOM
LIMHKOBOW COJIM YTOJIbHOW KHCIIOThI, OCHOBHBIX AJIFOMUHHUEBBIX COJIEH COJSTHOW KUCIIOTHI.

4, CocTtaBbT€ MOJICKYJSPHbIE W  HOHHO-MOJICKYJIIPHBIE  ypaBHEHHS  PEaKIUi
B3aUMOJICVCTBUS MEXY:

1) H,SO, u Ba(OH),; 2) FeCl, u NH,OH; 3) CH,COONa u HCL.
5. VKaxuTe, B KAKUX U3 IPUBEAEHHBIX CIIYy4aeB B3aUMOIEHCTBUE IIPOU30MIET:

1) Sn(OH), + NaOH — ?; 2) Na,SO, + HCl - ?,
3) BaCl, + Na,SO, — ?; 4) Na,S + HCl - .

CocTaBbTe MOJEKYJISIPHBIE ¥ HOHHO-MOJICKYJISIPHBIC YPaBHEHHUS COOTBETCTBYIOLIUX
peaKkuuid.

6. Yemy paBeH pu HOPMaJIbHBIX YCIIOBUSX SKBUBAJICHTHBII
o6beM kucmopoma? Ha cxuramme 3 T meramna (+2) tpebyercsa 1,38 am® xmcmopoma (H.y.).
BeIYuciauTh 35KBUBAJICHTHYIO MacCy U MOJBHYIO Maccy 3toro metamna. Oreer: 12,15 r/mons; 24,3
I/MOJIb.

7. DnemeHT oOpasyeT psii Ta3000pa3HBIX COSAMHEHUH, INIOTHOCTh KOTOPHIX IO BOJAOPOIY
8, 15, 22, 29. ConepxaHue »1eMeHTa B JaHHBIX COCAUHEHUAX COOTBETCTBEHHO paBHO 75,0; 80,0;
81,81 u 82,76 %. OnpenenurTe OTHOCUTEIbHYIO aTOMHYIO MacCy W Ha3BaHHE dJeMeHTa. OTBeT:

12; C.
Cnucok JuTepaTypbl, peKOMEHAyeMbIH K UCI0JIb30BAHUIO 110 TAHHOM Teme

OcHoBHas JauTeparypa:

1. TonoBanoBa, O. A. O0mas xuMus [ DNEKTPOHHKIN pecypc] : yaeOHoe mocodue (1 CTYACHTOB
XUMHYECKOTO (PaKyIbTeTa HApaBIeHHUI OaKanaBprara « XuMUs» U «XUMudeckas TexHomorus») / O. A.
l'onoBaHOBa. — DEKTPOH. TEKCTOBBIE NaHHBIE. — OMCK : OMCKHUI TOCYAapCTBEHHBINH YHUBEPCUTET UM.
®.M. HdocroeBckoro, 2014, — 164 c. — 978-5-7779-1755-3. — Pesxxum pocryma:
http://www.iprbookshop.ru/59628.html

2. PomanoBa, C. M. Kpatkuii kypc siekuuii o o0meil 1 HeOpraHn4eckoi XuMuu [ DJIeKTPOHHBIHN pecypc] :
yuebHoe nocodue / C. M. PomaHoBa. — DJIEKTPOH. TEKCTOBBIC JJaHHBIE. — AJmarthl : Kazaxckuii
HaI[MOHAIBHBIN YHUBEpCUTET UM. anb-Dapadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexxum gocryma:
http://www.iprbookshop.ru/70372.html

JlonoiHMTEILHAA JIUTEpPaTypa:
1. Bontpomerok, B. B. O6rias xumus [ D1eKTpoHHBIHN pecype] : yueOHoe mocooue / B. B. Bontpomerok. —
DJNIEKTPOH. TEKCTOBbBIE aHHbIe. — MuHCK : Boimiimas mkona, 2012, — 624 ¢. — 978-985-06-2144-3. —

Pexxum moctyma: http://www.iprbookshop.ru/20236.html

2. bapkogckuii, E. B. O6as xumus [DnekTpoHHbIH pecype] : yueOHoe nmocooue / E. B. bapkosckuii, C. B.
Tkaues, JI. I'. [letpymenko. — DIeKTpOH. TEKCTOBBIE TaHHbIe. — MuUHCK : Bpimaitmas mkona, 2013, —
641 c. — 978-985-06-2314-0. — Pexxum goctyma: http://www.iprbookshop.ru/35509.html

HNuTepHeT-pecypcesbi:
1 http://window.edu.ru/ — eauHOE OKHO I0CTyIa K 00pa30BaTEIbHBIM

pecypcam
2 http://biblioclub.ru/ — 5BC «YHuBepcuTeTckast OMOIMOTEKA OHIANHY.

3http://catalog.ncstu.ru/ — 3aeKTPOHHBIM KaTaaor acCOIUAIUHN JICKTPOHHBIX
OoubnmoTeK yueOHbIX 3aBeAeHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTkpeiToe 0Opa3zoBaHue



http://www.iprbookshop.ru/59628.html
http://www.iprbookshop.ru/70372.html
https://openedu.ru/

TEMA 2. CTPOEHHUE ATOMA

MNPAKTUYECKOE 3AHATHE 2. 3JIEKTPOHHBIE ®OPMYJIbl ATOMOB

Heuan 3anaTHSI: 0000IIMTH 3HAHUS 00 JIEKTPOHHOM CTPOCHUH aTOMOB XMMHYECKHX JJIEMEHTOB;
3aKpENHUTh YMEHUS M HABBIKU COCTABIICHHSI AJICKTPOHHBIX ()OPMYJI aTOMOB XMMUYECCKHX 3JIEMEHTOB,
a TakKe uX rpaduuecKux N300pakeHH.
3HaHUs U yMeHUsl, NPUoOpeTaeMble CTYIEHTOM B Pe3yJIbTaTe OCBOCHHUSI TEMbI
3HaTh OCHOBHBIE 3aKOHOMEPHOCTH, JICHCTBYIOIIME B IMPOIECCE M3TOTOBICHHS MPOTYKIIUU
TpeOyeMoro KauecTBa, 3a/IaHHOTO KOJIMYECTBA ITPH HAUMEHBIIIUX 3aTpaTax OOMIECTBEHHOTO TPy/1a
YMeTh HCIOJIb30BaTh OCHOBHBIE 3aKOHOMEPHOCTH, JICHCTBYIOIINE B MPOIIECCE H3TOTOBJICHUS
MPOAYKIMK TpeOyeMOro KadecTBa, 3aJaHHOTO KOJIHMYECTBA TMPH HAMMEHBIIHUX 3aTpaTax
OOIIIECTBEHHOTO TPY/Aa

AKTYaJIbHOCTb T€MbI:

Ilepuonuueckuii 3akon JI. M. MeHneneeBa SBISIETCS OCHOBOM COBPEMEHHON XHMUU.
W3ydeHne cTpoeHHSI aTOMOB BCKPBIBACT (PU3HUYECKUN CMBICIT MIEPUOUICCKOTO 3aKOHA U OOBSICHSET
3aKOHOMEPHOCTU H3MEHEHHUs CBOMICTB 3JEMEHTOB B MEpUOJAX M B TPYIINAX [NEPUOAHYECKOU
CHUCTEMBbI. 3HAHUE CTPOEHUS AaTOMOB SBJSICTCS HEOOXOJWMBIM IS TOHUMAHUA TPUYHMH
00pa3oBaHMs XUMHUYECKOW CBS3M, KOTOpas, B CBOI OYEpPENb, OIMPEICISAET CBOWCTBA BEIIECTB.
[ToaTomMy naHHBIN pa3aen SBISICTCS OJHUM U3 BOKHEHIIMX Pa3/IelioB OOIIEH XUMHUH.

[lepuoanueckas cucremMa d3JIEMEHTOB, paspaboTaHHas BenukuM  yu€Heim  JI.U.
MeHnzeneeBsiM, CyMMUpPOBaia Bce 3HAHWS 00 JJIEMEHTax, MX CTPOCHHH, MaccaxX, COCTaBe spa,
AJICKTPOHHBIX 000JIOUEK, U SABJISCTCS CBOCOOPA3HOM MITIAPTAJIKON 110 BCEH HEOPTraHUYECKON XHUMUH.

Teopernueckast 4acTb

YcroitunBoe COCTOSHUE OJICKTpOHAa B AaTOMC€ OIKUCBIBACTCA 3HAYCHUAMU HYCTBIPCX
XapaKTCPUCTUK — KBAHTOBBIX YHCCII n, |,m| I/ImS.COCTOHHI/Ie 9JICKTPOHA, OTBCYAIOIICC

ONpPEACICHHBIM 3HAYCHUAM KBAHTOBBIX YHCCII n, I )51 ml, Ha3BIBAaIOT aTOMHOU 3HCKTpOHHOI>i

opOHTaNbI0. DHEPreTHUYECKUM TOJYPOBHSIM JJIEKTPOHA B aTOME, OTBEYAIOIIMM pPAa3ITHYHBIM

3HaYeHHsAM |, COOTBETCTBYIOT cieyronne GYKBEeHHbIE 0003HAUCHNS:

[udposoe 0603HAYEHNE FHEPTETHIECKOTO MOAYPOBHS | 0|1 ]2 |3

ByKkBeHHOE 0603HAYEHNE YHEPTeTHIECKOTO TOAypoBHS | : S| P|d|f
I'paduuecku xkaxaas opOuTans 0003HAYAETCS CHUMBOJIOM -KJIETKOM:

OJIEKTPOHBI B aTOME€ PACHPEAENSIOTCA COIMVIACHO CIEAYIOIIUMM MNPUHIMUIAM: TPUHIANY
[Taynu, npuHIUNY HauMEHbIIEW SHEPTrUM C AONMOJHEHUsMH KIiIedKOBCKOTO M MpaBUIy
XyHpa.

CornmacHo mnpuHnuny Ilaynm B artoMe HE MOXeT OBITh JBYX DJIIEKTPOHOB,
XapaKTEePU3YIOMMXCS OJJMHAKOBBIM HAOOPOM KBAaHTOBBIX uncell. M3 3Toro ciemyer, 4To Kascoas
amoMHas 31eKMpPOHHAsL OPOUMATL MOdCem Oblmb 3aHAMA He 6ojlee yeMm 08YMsl JIeKMPOHAMU:

Tl

MpHUYEeM pa3IndaTbCsa OHU 6y,[[yT TOJIBKO CIIMHOBBIMH KBAHTOBBIMH UYHCJIaMH.




[Topsimoxk 3amoiHEHUsS SJIEKTPOHAMH JSHEPreTHYECKMX YPOBHEHW M TMOAYPOBHEH
OMpeieNgseTCs] NMPUHIMIIOM HAaMMEHBIIEH IHEPrUU: BJICKTPOHBI B aTOME paclojiararmTcs
Tak, 4yToObl MX SHEprusi ObUla HauMeHblled. [IO0CKOIBbKY 3HEPrHI0 AJIEKTPOHA XapaKTEPH3YIOT Kak
[JIABHOE 71, TaK U OpOHMTAIbHOE | KBAaHTOBBIC YHCIIA, TO AICKTPOHBI MPEKIIC BCEIO 3aHUMAIOT MOJIOYKCHHUE,
cooTBeTCTBYIOIee MuHMManbHOH cymme N+ — nepeoe dononnenue Kneuxosckozo. Ecnn cymma
N+l omHaKoBa, To AMEKTPOHBI 3aHUMAIOT OPOUTANL ¢ MEHBITMM 3HaueHHeM N — emopoe dononnenie
Kneuxosckoeo.

Pacnipenenenue 5I€KTPOHOB B SHEPreTHUYECKOM IMOAYPOBHE OIPECISETCS MPABUIOM
XyHla: yCTOMYMBOMY COCTOSHUIO aTOMa COOTBETCTBYET TaKO€ pacHpeieieHHe 3JIEKTPOHOB B
MOJYPOBHE, MPU KOTOPOM a0CONIOTHOE 3HAYECHHE CYMMApHOTO CIHHA OyAeT MaKCHMalbHBIM.
[loaTomy pacnpeneneHue 3JIEKTPOHOB B IMOAYPOBHE MPOUCXOAUT B MaKCHUMajIbHOM YHCIIE
opOuTanei u ¢ napayuieIbHBIMHA CIIMHAMHU:

Tax T WITA TaK L1l
(+1/2+1/2+1/2) = 3/2 | -1/2-172-112) | =312
HO HE TaK U ne Tax -
(+1/2-1/2+1/2)=1/2 (+1/2-1/2+1/2)=+1/2

HCO6XO,I[I/IMO HMCTb INOHATHUC O KBAHTOBLIX YHCIAX, TPEX YKA3dHHBIX MNIPHHIOHUIIAX U,
OIMUpaiaCh HA HUX, YMETh COCTABJIATH 3JICKTPOHHLIC q)OpMy.HI)I aTOMOB.

Bonpocsl u 3a1aHu

IIpumep 1. Kakoii 101ypOBeHb 3aII0NHAETCS 3IEKTPOHAMHU B aTOME IOCIIE 3aojHeHus 3P -
MOAypOBHs?

Pewenue. 3P -nomyposrio otBedaer cymma N+l , pasnas 3 + 1 = 4. IMocne 3amonnenus
3p -nonyposust Bo3MmoxkHO 3anonmHenne 30- wiam 4S-momyposus. IMoxcuutaem cymmy N+l B
obonx cmygasx: 3d (3 +2) =5, a 45 (4 + 0) = 4. B COOTBETCTBHHU C TIEPBBIM JIOMOTHEHHEM
KI1e4KOBCKOTO 3IEKTPOH CTPEMHTCS 3aHATH MOJNOKEHHE Ha 4S -1oypoBHE, Tak Kak B 3TOM CIIydae
cymma N+l Gyner nanmensmeit.

Ilpumep 2. CocTaBbTe JNIEKTPOHHYIO (OPMYIy aroMa KpPeMHHsSI U TpaUUECKYI0 CXEeMy
3allOJIHEHMUS DJIEKTPOHAMU YPOBHEM M TMOJYypOBHEH B HOPMaJbHOM M BO30YXIEHHOM €ro

COCTOSTHUSIX.
Pewenue.  DOnextpoHHas ~ ¢opMmyna  aToMa  KpeMHMS  HMMeeT  CIeAYHOIIUil

Bun:15°25°2p°3s*3p?3d°. Tpaduueckas cxema HEeBO3OYKIEHHOrO aroMa KpEMHHS HMeeT
CHEAYIOIIUN BU:

14SI
n=3[1.[1t |1 I
n=2 |t |1 |1 1 d
n=1 |1l p
S

BaneHnTtHbIMu OopOHUTANSAMU 37€Ch SBJSIOTCS OPOUTAIN TPETHErO BHEIIHETO AJIEKTPOHHOIO
yposHs. B Bo36yxnerHom coctosaun (SI1*) mpu mormouienny HeKOTOPOi SHEPIUHU HIEKTPOH ¢ 3S-

HOypOBHs NepeiieT Ha cBOOOAHYI0 3 -OpOUTalD:
Si*  1s*2s?2p®3s'3p3df T | T | T | 1T
n=3
n=2 i d




n=1 |10 | P

S
ba3oBblii ypoBEeHb
1. Crpykrypa BAJICHTHOT'O 3JIIEKTPOHHOIO YPOBHS aToma
5JIEMEHTa  BBIPAKAETCS bopmyioii: a) 5s25p*; 6) 3d°4s'. Omnpenenure

HOPSAKOBBIM HOMEp U Ha3BAaHHE JIEMEHTA.

2. Hanumute 35eKTpoHHBIE (POPMYJIIBI aTOMOB 3JIEMEHTOB € MOPSIKOBBIMU HOMepamu 24 U
33. CocraBbTe uX rpapudeckue cxembl. K KakoMy 3JI€eKTpOHHOMY CEMEHCTBY OTHOCUTCS KaXJIbIi
W3 HUX U TToYemMy?

3. CocTaBbTe AJIEKTPOHHBIE (POPMYIBI ATOMOB 3JIEMEHTOB C MOPSIKOBBIM HOMEpOM 32 U
42. Y nocnenHero omus 5SS -snektpon «mpopanuBaercs» Ha 4d-momyposenb. K xakomy
AJIIEKTPOHHOMY CEMEWCTBY OHHM OTHOCATCS?

4. Kakoil  moaypoBeHb  3amoJjiHSIETCS B aTromMax  IOcje  3alO0JHEHUS
5p -noayposusa? nocne sanonuenns S -noxyposns?

S. 3anuimure AIEKTPOHHBIE bopMyIbl aTOMOB 3JIEMEHTOB c
3apsanom sapa 8; 13 u 18. CocTaBbTe 27IEKTPOHHO-TpadUUECKUE CXEMBI.

6. Kaxkoe MaKCHUMaJlbHOE KOJINYECTBO AIEKTPOHOB MOXKET
pacmonaraTbcs B S-, p-, d- u f -moxypoBHaX JTaHHOTO ypoBH#?

[Mouemy? HanmucaTh 3JeKTPOHHYIO CTPYKTYPY aToMa ¢ 3apsaaom sapa Z = 22.
7. DJIEKTpOHHAS CTpYKTYpa aToMa ONUCHIBAETCSA hopmyoit

1s2s?2p°3s°3p°3d°4s®. Kaxoii 510 s1meMent?

8. CKOJIBKO aTOMHBIX OpOHTaNeld CONEPKUT BTOPOI IHEPTeTHUECKUH ypOBEHb B aTOMax
XUMHYECKHUX 3JIEMEHTOB?

9. CKOJBKO aTOMHBIX OpOUTANeH COAECPIKUT TPETHI IHEPreTHUECKUI ypOBEHb B aTOMax
XUMHYECKHX IJIEMEHTOB?

10. CxombKkO aTOMHBIX OpOWTaNel COACPKUT TPETHUH HHEPreTUYEeCKUH YpOBEHb aroma
nuHka? [IpuBenuTe 31eKTpOHHYIO (POpMYITy aTOMa 3TOTO HJIEMEHTA.

11. Cxonbko aTOMHBIX OpOUTaslell COJNEP’KUT MATHIM SHEPreTHUYEeCKU ypOoBEHb aToMa
nantaHa? [IpuBenuTe 31€KTPOHHYIO (POPMYITy aTOMa 3TOTO JIEMEHTA.

12. CkonbKO aTOMHBIX OpOWTANICH COJEPKUT MIECTOH IHEPreTHYSCKHA YPOBEHb aroma
uepus? IlpuBeanre 371eKTPOHHYIO (HOPMYITy aTOMa 3TOTO JIEMEHTA.

13. Tlo 3apsny sapa aroma (Z = 23) 3anuIIMTe 3JIEKTPOHHBIE KOH(PUTYpallU BaJ€HTHBIX
MIOYPOBHEN U, HUCIIOJIBb3Ys ITpaBuila KieuKkoBCKOro, yKaXkKUTe MOCIEA0BATEIbHOCTD UX 3alI0JHEHMUS.

IToBbIIEHHBIN YPOBEHD

1. Kakoe MaKCHUMaJIbHOE YHUCIIO AJIEKTPOHOB MOJKET COJIepKaTh
aToM B 3JIEKTPOHHOM YpOBHE c TJIaBHBIM KBaHTOBBIM YHCIIOM
N=5un=3?

2. CKOJBKO HE CIapeHHBIX DIEKTPOHOB cojepikaT HeBo3OyxkaeHHble atomsl B, S, Cr?
CocCTaBbTe MX SIEKTPOHHBIE U IPaQHUECKHE CXEMEL

3. Kaxue u3 5JIeKTPOHHBIX opmyu, OTpaXKaroIHX CTpOEHME
HeB030YKIEHHOTO aTOMa HEKOTOPOTO 3JIEMEHTA, HE BEPHBHL:

1) 1s%2s22p°3st; 2) 1s%2s22p°; 3) 1522522p®3s23p°3d*

4) 1s?2s?2pf3s23pP4s? ; 5) 1522522p°3s23d? ? ITouemy?

4. V3 npuBeeHHBIX 2MeKTPOHHBIX Koudurypauuit: 1p°, 28°, 2p’, 3d*, 3f7, 4p®, 5s°, 3d*
BBIOEpHUTE T€, KOTOPBIE IPAKTUYECKH CYILIECTBOBATH HE MOTYT. OOBACHUTE IIPHYUHEL.



5. Ilo ONEKTPOHHBIM KOHQHIYpAalMSAM HOHOB ONpENENMTE 3apsi  SAepP HX aTOMOB:
3- 10 4.2 fnB. M3+ 24,6410 4.0
07:..3d74s°4p>; 97 ...35°3p 3d "4s". 3anummmre 35eKTPOHHBIE GOPMYIIBI ATOMOB 1
5JIEKTPOHHBIE CTPYKTYPhl HX BHEIIHUX 000JIOYEK.

Cnmcok JuTepaTtypbl, peKOMEHIyeMblii K HCTI0Jb30BAHUIO 110 IAHHOW TeMe

OcHoBHas JuTEparypa:

1. T'omoBanoBa, O. A. O6mas xuMus [ IeKTPOHHBIHN pecypc] : yaeOHoe mocodue (s CTyIeHTOB
XUMHYECKOTO (PaKyIbTeTa HApaBiIeHUH OaKanaBprara « XuMus» U «XuMudeckas TeXxHoiorus») / O. A.
l'onoBanoBa. — DnEKTPOH. TEKCTOBBIE AaHHbIe. — OMCK : OMCKHIA TOCY1apCTBEHHBIN YHUBEPCUTET HM.
®.M. HdocroeBckoro, 2014. — 164 c. — 978-5-7779-1755-3. — Pesxxum mocryma:
http://www.iprbookshop.ru/59628.html

2. Pomanosa, C. M. Kpartkuii kypc JIeKiuii 1o o0Iei 1 HeOpraHu4ecKoH XuMHuM [ DJICKTPOHHBIN pecypc] :
yaebHoe nocodue / C. M. PomaHoBa. — DJIEKTPOH. TEKCTOBBIE TaHHBIE. — AnMarsl : Kazaxckwuii
HaI[MOHAIBHBIN YHUBEpCUTET UM. anb-Dapadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexxum gocryma:
http://www.iprbookshop.ru/70372.html

JlonmosiHuTEILHAS JIUTEpaTypa:

1. bontpomerok, B. B. O0ias xumus [ D1eKTpoHHBIHN pecype] : yueOHoe mocooue / B. B. Bontpomerok. —
DNEeKTPOH. TEKCTOBBIE NaHHbIe. — MUHCK : Boimmiimas mkoma, 2012, — 624 ¢. — 978-985-06-2144-3. —
Pexxum moctyma: http://www.iprbookshop.ru/20236.html

2. bapkogckuii, E. B. O6mmas xumus [DnekTpoHHbIH pecype] : yueoHnoe nmocooue / E. B. bapkosckuii, C. B.
Tkaues, JI. I'. [letpymenko. — DNeKTPOH. TEKCTOBBIE NaHHBIe. — MuUHCK : Bbimiimas mkona, 2013, —
641 c. — 978-985-06-2314-0. — Pexxum goctyma: http://www.iprbookshop.ru/35509.html
HNuTepHer-pecypcesbl:

1 http://window.edu.ru/ — eauHOE OKHO JIOCTyIa K 00pa30BaTEIbHBIM
pecypcam
2 http://biblioclub.ru/ — 5BC «YHuBepcuTeTcKast OMOIHMOTEKA OHITAWHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIN KaTajaor acCOIUAIIUHN SJICKTPOHHBIX
O0ubmmoTeK yueOHbIX 3aBeAeHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OtkpeiToe 0Opa3zoBaHue

TEMA 4. XUMHNYECKAS CBA3b
MNPAKTHYECKOE 3AHATHUE 3. XUMHNYECKAS CBSI3b

He.]]b 3aAHATUSA: PaCIOIUPUTDb U YFJ'IY6I/ITI) SHAaHUA yJalquxcs 110 TEMC «XUMHAYecKas CBSA3bY
3HaHHUA U ymenud, ﬂpnoﬁpeTaeMbIe CTYACHTOM B PE€3yJabTaTEC 0CBOCHUA TEMbI
3HaTh OCHOBHBIC 3aKOHOMEPHOCTH, JICHCTBYIOIIME B MPOLECCE M3TOTOBICHUS MPOAYKIHH
TpeOyeMOoro KauecTna, 3aJJaHHOT0 KOJIMYECTBA P HAUMEHBIIINX 3aTpaTax 0OIIECTBEHHOTO TpyIa
YMeTh UCIONB30BaTh OCHOBHBIE 3aKOHOMEPHOCTH, JICHCTBYIOIINE B MPOILIECCE U3TOTOBICHUS
OPONYKIMU TpeOyeMOro KauecTBa, 3aJaHHOTO KOJMYECTBA MpPU HAWMEHBIIMX 3arTparax
OOIIIECTBEHHOTO TPYAa

COBpeMeHHOG PAa3BUTUC HAYKHM M TCXHHUKHU IIPUBCIIO K PE3KOMY HU3MCHCHHIO PCIIACMbIX 3aJady U
BBIZIBUHYJIO HOBBIC TpGGOBaHI/ISI KaK K BBICHIEMY O6pa3OBaHI/IIO BOO6IlIe, TaK U K Haquoﬁ IIOATOTOBKE
CTYACHTa B YaCTHOCTH. B HaCTOAIIEC BPEM 0COOEHHOCTBIO crieuaiucTa CiIeayeT CUuTaTh HAJIMYKUEC Y HETO


http://www.iprbookshop.ru/59628.html
http://www.iprbookshop.ru/70372.html
https://openedu.ru/

TBOPYECKOTO MBIIICHs, OJHAM M3 BaXKHEHIINX Ka4yeCTB KOTOPOTO SIBISETCS CHCTEMHOCTh. [losTomy
pa3paboTKa CHCTEMHOIO TOJXOJa K pPacCMOTPEHHUIO paziena "Xumuueckas CBs3b" B Kypce XUMHH
[PECTABISIETCS AKTYaITBHOI.

Teopernyeckasi 4acThb

Xumuyeckas c683b — COBOKYNHOCMb CUl, OeUCMBYIOWUX Mexcoy amomamu U
00YC1a8IUBAIOWUX YCMOUYUBOCIb OAHHOU cucmembl. Pemarolyto posib B 00pa3oBaHUN XUMHUYECKOM
CBSI3M WUIPAIOT He CHnapeHHvle (8aleHmHbvle) JJeKmpOHbl TPEIBHEIIHET0 WJIM BHEIIHETO
SHEPreTU4ecKNX YypoBHEH. CrapeHHbIE 3EKTPOHBI TPU BO30OYXKIECHHH CIIOCOOHBI pacrapuBaThHCS,
obecrieunBasi BO3MOXKHOCTh 00pa3oBaHMs OOJIBIIETO YHCIa XMMHUYECKHX CBs3eld. BasieHTHOCTS,
00yCIIOBJICHHAsT OOIUM YHCIIOM, UMEIONINXCS B aTOME HE CIapEHHBIX JJIEKTPOHOB, HA3bIBACTCS
cnuneanenmuocmoilo.  PeakllMOHHAsT  CMOCOOHOCTh  XMMHYECKOW  CBS3UM  OINpeensiercs  ee
KOAUYeCMB8EeHHbIMU XAPAKMEPUCTNUKAMY, K YUCTY KOTOPBIX OTHOCSTCS: OIUHA, BANEHMHbIU Y20l
U 9Hep2Usl.

Teopust XUMHUYECKOW CBS3M JIA€T BO3MOXKHOCTb ONHCATh PACHpEACiICHUE HIICKTPOHHOM
IUIOTHOCTH B MOJIEKYIIe. Xumuyeckas c6sa3b umeem Mecmo mam, 20e 31eKmpOoHHAA NIOMHOCHb
MeAHCOY AmOMaAMU HAUOONbULASL.

Jns mpuOnrXeHHON OLIEHKHU 3JIEKTPOHHON MJIOTHOCTH MEXIY aTOMaMH CYIIECTBYET JBa
METOJIa: Memoo0 MoaeKyisapHuix opoumanei (MO) n memoo eanenmuuvix cesazet (BC). Pazmuuator
CIIEITYIOIINE OCHOBHBIE THUITBI XMMUYECKOH CBS3U: KOBAIEHMHYI0, OCYIIECTBIsEMYyI0 0OIIeil mapoi
AJICKTPOHOB; UOHHYI0, KaK PE3yJbTaT 3JEKTPOCTATUYECKOIO B3aUMOJICHCTBUSL Pa3HBIX MO 3apsiay
MOHOB (MOHBI 00pa3yroTCs 3a CUET MOJIHOTO MEePeXo/ia HEKOTOPBIX BHEITHUX AIIEKTPOHOB OJJHOTO aToMa
K Jpyromy, Ooliee 3ICKTPOOTPULIATCILHOMY), € Memaniuyeckyio. JIOHOpHO-aKIENTOpHAs W
BOJIOPOIHAS CBSI3U PACCMATPUBAIOTCS KaK PAa3HOBUAHOCTU KOBAJICHTHOM CBA3H.

Bonpocsl n 3axanns
Ilpumep. Tlonp3ysch DJJIEKTPOHHOM CTPYKTYpOH aTomMa KpEeMHHS B BO30YXKICHHOM
COCTOSIHUH (CM. TpuMep 2 B pazfene 3), 00bsICHUTE MEXaHU3M 00pa30BaHUSI MOJIEKYIIbI SiF4 U MOHA

[SiF,1°.
Pemenne. AToM (TOpa HMEET HIEKTPOHHYIO CTpYKTYpy 1S°25°2p°:
n=2

ERRE AR

n=1
| "

S

Uerblpe He CHapeHHBIX »3JEKTpOHAa BO30YXKIEHHOTO aToMa KpEMHHS YYacTBYIOT B
00pa30BaHUM YETHIPEX KOBAJIECHTHBIX CBSI3€H C YETHIPbMS aTOMaMH (TOpa, UMEIOLIMMHU 110 OJHOMY
HE CITAPEHHOMY JJIEKTPOHY:

F~_ _—F
Si
-

- 25296 "
F"-nonsl umeror snexrponnyio crpykrypy 1S°25°2P° — Bce BaneHTHBIE 27EKTPOHEI B HEM
CTIapEHbL:

Wi
Tl

n=2




n=1 p

ba3oBblii ypoBeHb

l. Ykaxure TUN XUMHUYECKOW CBS3M B MOJEKYJax Hz, Cl2 u HCI. Tlpuseaute cxemy

o +
IIePEeKPbIBAHKS JIIEKTPOHHBIX 00nakoB. Kakue Tumbl Xxumudeckol csasu peanmsytores B NH, -
noHe?
2. YCTaHOBHTE IIPOCTPAHCTBEHHYIO CTPYKTYpY ciexyromux monexkyrr: H,S, SiIH, u PH,.

3. Kakyro XUMHYECKYIO CBSI3b HAa3bIBAIOT BOJIOPOJTHOM?
Mexny MOJICKYJIAMH KaKux BELIECTB OHa oOpazyercs? [Touemy
H,O u HF, umest MEHBIIYIO MOJIEKYJISIPHYIO Maccy, TUIaBSITCS u

KUIIAT NpH 0o0Jiee BHICOKUX TEMIIepaTypax, YeM UX aHaJIOTu?
4. Kak Meton BaneHTHbIX cBsizell (BC) oObsicHseT auHeliHoe cTpoenne Moiekyibl BeClz2 u

Terpasapuueckoe crpoerne mosekynst CH, ?
5. Ckonbko HE CIIapEHHBIX JJIEKTPOHOB UMeEeT aToM XJio0pa B
HOPMaJIbHOM M BO30YXKIEHHOM COCTOSHMSIX? UeMmy paBHa BaJIeHTHOCTb XJIOpa B HOPMaJIbHOM U

BO36y>KI[eHHOM COCTOSTHUSAX? Hoquy (1)T0p HC NPOABIIICT BAJICHTHOCTb, PABHYKO CCMHU, XOTA
ABJIICTCA DJICKTPOHHBIM aHAJI0I'OM xnopa‘?

6. Kakx meronx MO o0BsicHSeT TO, YTO B MOJEKyIsipHOM HoHe F,” sHeprum cBsizu (318
k/x/mMoub) Gonbuie, uem B mosekyie F, (159 x/lx/mons)? Kakas ¢popma 3anucu otpaxaer

B Metoge MO crpoenue F,” n Fz?

IToBbIIEHHBIN YPOBEHD
1. Onumute ¢ mo3unuit MeToAa BajJeHTHBIX cBsizel (BC) anekTpoHHOE CTPOECHHE MOJIEKYIIbI

BH, unona [BH,] .
2. CpaBHute CHOCOObI oOpa3oBaHus KOBaJICHTHBIX cBs3e B
+
monekynax CH,, NH; u none NH,.

3. Uro TaKoe O -CBsI3b " JT -CBSI3b? Haiite 00BsACHEHHE Ha
npumepe monekyn Cl1,, N, u C,H,.
4. Kak metoq MO o00bsCHAET, MOYEMY MOJIEKYISAPHBI HOH Heo® 3HEpPreTHYECKH

yCTOMYMB, TOTJla Kak Mosekyna He He cymectByeT? Kakas ¢opma 3amucu oTpakaeT B METOJE
MO crpoenue Hex? O6nanaer nu uon Heo" napamarautabiMU cBolicTBamMu? [Touemy?

Chnucok JUTEPATYPHI, peKOMeHIlyeMLIﬁ K HCII0JIb30BAHUIO 110 JAHHOW TeMe

OcHoBHas JuTEpaTypa:

1. TonosanoBa, O. A. O0mas xuMus [ DNeKTPOHHEIN pecypc] : yaeOHoe mocodue (71 CTy/ICHTOB
XHUMUYeCKOro (hakyJabTeTa HalpaBiIeHUH OakanaBpuaTa «XuMHIs» U «XuMudeckas Texnonorus») / O. A.
I'onoBaHOBa. — DEKTPOH. TEKCTOBBIE NaHHBIE. — OMCK : OMCKHH TOCYAapCTBEHHBIN YHUBEPCUTET UM.
®.M. loctoeBckoro, 2014. — 164 c. — 978-5-7779-1755-3. — Pexxum jocryma:
http://www.iprbookshop.ru/59628.html

2. PomanoBa, C. M. Kpatkuii kypc Jiekuuii mo o0meil 1 HeOpraHn4eckoi XuMuu [ DJIeKTPOHHBIHN pecypc] :
yuebHoe nocodue / C. M. PomaHoBa. — DJICKTPOH. TEKCTOBBIE TaHHbIe. — AJMmathl : Kazaxckuii
HaIMOHAJIbHBIN yHUBEpcUTET UM. anb-Papadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexxum nocryna:
http://www.iprbookshop.ru/70372.html

JlonosiHUTEIbHAS JIMTEpPaTypa:



http://www.iprbookshop.ru/59628.html
http://www.iprbookshop.ru/70372.html

1. bontpomerok, B. B. O6mias xumus [ D1AeKTpoHHEIHN pecype] : yueOHoe mocooue / B. B. Bontpomerok. —
DNEKTPOH. TEKCTOBbBIE NaHHbIe. — MUHCK : Boimiimas mkomna, 2012, — 624 ¢. — 978-985-06-2144-3. —
Pexxum moctyma: http://www.iprbookshop.ru/20236.html

2. bapkogckuii, E. B. O6mmas xumus [DnekTpoHHEIH pecype] : yueoHoe mocooue / E. B. bapkosckwuii, C. B.
Tkaues, JI. I'. [letpymenko. — DIeKTpOH. TEKCTOBBIE JaHHBIE. — MMUHCK : Bpimiimas mkona, 2013. —
641 c. — 978-985-06-2314-0. — Pexxum noctyna: http://www.iprbookshop.ru/35509.html

HNuTepHeT-pecypesbl:
1 http://window.edu.ru/ — emuHOE OKHO JOCTYyIa K 00pa30BaTeIbHBIM

pecypcam
2 http://biblioclub.ru/ — 9BC «YHuBepcuTeTCKas OHMOIMOTEKA OHIIAHHY.
3http://catalog.ncstu.ru/ — 3aeKTPOHHBIN KaTaJIOT aCCOIUAITUH JICKTPOHHBIX
O6ubnaroTex yueOHbIX 3aBefeHuit u opranuzaiuii CKOO
A http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTkpeiTOE 0Opa3oBaHKE

TEMA 5. OBIIIUE 3AKOHOMEPHOCTHU MPOTEKAHUSI XUMUYECKHUX
MPOLIECCOB.

IMPAKTUYECKOE 3AHATHUE 4. XUMHNYECKAS TEPMOJNHAMMKA.
JHEPI'ETUKA XUMHNYECKUX NPOLECCOB. HAITPABJIEHHOCTb
XUMHUYECKHUX ITPOOECCOB

He.]'lb 3aHATHUA: BBCCTH HepBHﬁ 3aKOH TCPpMOAWMHAMUKH KaK 3aKOH COXPAHCHUSA OSHCPIrUun
TepMOZ[HHaMH‘ICCKOﬁ CHUCTCMBbI, PACKPLITH €TI0 (I)I/I?)I/ILI€CKOG COACPIKAHUEC TIPU PACCMOTPEHUUN KOHKPCETHBIX
mpoueccoB, MNPOAOIKHUTH (1)OpMI/IpOBaHI/Ie YMGHI/Iﬁ OIMUCBIBATL TCIUIOBBIC TIPOLCCCHI (I)I/ISI/I‘IGCKI/IMI/I
BCJIIMYMHAMH U 3aKOHaMU,
3HaHus M yMeHUs, IPUOOpeTaeMble CTYAE€HTOM B pe3yJIbTaTe 0CBOCHHUS TeMbI
3HaTh OCHOBHBIC 3aKOHOMEPHOCTH, JICHCTBYIOIIME B IPOIECCE M3TOTOBJICHUS IMPOTYKITUU
TpeOyeMoro KayecTBa, 3a/IaHHOTO KOJIMYEeCTBA MTPH HAUMEHBIINX 3aTpaTax OOIIECTBEHHOTO Tpyia
VYMeTh HCHOJIL30BaTh OCHOBHEIE 3aKOHOMEPHOCTH, ﬂeﬁCTBYIOHIHe B IMPOLECCE U3IrOTOBJICHUA
MPOAYKIMK TpeOyeMOoro KauecTBa, 3aJaHHOTO KOJIMYECTBAa TMpPH HAMMEHBIIUX 3aTpaTax
00IIIeCTBEHHOTO TPY/1a

AKTyallbHOCTh pa0oThl. CHHTE3 HOBBIX COCIMHCHHMA M HW3YYCHHE HEU3BECTHBIX paHee
(DUBUKO-XUMHUYECKUX CBOWCTB SIBIIICTCS AKTYaJbHBIM M C TOYKH 3PEHUS XUMHUYECKONH HAYKH UMEET
dbyH1ameHTaNbHBIA XapakTep. C MOMEHTa BO3SHUKHOBEHHSI XMMUYECKON TEPMOJIMHAMHMKN OJTHOM U3
BOXHEHIINX 3a7a4 OSTOM HAYKH SBIAETCS ONPEACICHUE CTAaHAAPTHBIX TEPMOIUHAMHUYECKHUX
(GYHKIMA MHAMBUIYATbHBIX BEIIECTB. Takwe JaHHBICE HEOOXOIUMBI MPEXKJIE BCEro, JJII pacuera
PaBHOBECHM XMMHUYECKMX PEAKIMA MpH pa3IudHbIX TemIepaTrypax H naaBieHuu. [lpu stom
JTUMUTHPYIOIIUM (DAKTOPOM B TaKMX pacueTax SBISETCs, KaK MPaBUIO, OTHOCUTEIBHO HHU3Kas
TOYHOCTh B  ONPEACIICHUU SHTAILIINY XUMAYECKON  peaKlIUH, KOTOpas BBIYUCISAETCS Kak
anreOpandecKas CymMma SHTaJIbINI 00pa30BaHUs PeareHTOB. B M3MepeHusX 3HTPONUHU JIOMYCTHMBI
OOJIBIITHE TIOTPEUTHOCTH, OCOOCHHO, €CIIM Pedb UJET O PEAKIUAX C YJaCTHEM KOHJIEHCUPOBAHHBIX
BEILIECTB. B 3TOM OTHOIIICHHH ONpe/eIeHNE CTaHaPTHBIX SHTAIBIIUN 00pa3oBaHUs H a0COTIOTHBIX
SHTPONHUHA UHANBUIYALHBIX BEIIECTB SIBISIETCS HEOOXOIUMOM 1 aKTyallbHOM 3a7auell XUMHYECKOU
HAaYKH U TEXHOJIOTUH.


https://openedu.ru/

TeopeTuyeckas 4acTb

Hayka o0 B3auMHBIX TMPEBpAlICHUSIX Pa3UYHBIX BUIOB DJHEPIHH  HAa3bIBaCTCS
MepMOOUHAMUKOU.

[Tpr XUMHUYECKUX PEaKIHSIX MPOUCXOJIAT NIyOOKHE Ka4eCTBEHHBIC H3MEHEHHSI B CUCTEME:
PBYTCSI CBSI3M B MCXOJHBIX BEIICCTBAX W BO3HUKAIOT HOBBIC CBSI3U B KOHEUHBIX MPOAYKTaX. DTH
M3MEHEHHE COMPOBOKIAOTCS MOTIIOMICHUEM WX BBIICJICHHEM YHEPTUU OOBIYHO B BU/JIE TETLIOTHI.

Paznen TepMomMHAMHKH, W3YYalOUIMi TEIUIOBbIe A(P(GEKThl XUMHUYECKUX PEaKIIHid,
HA3bIBACTCS MepMOXUMUEU.

[Ipu mo6GoM mporecce BHIOTHAETCS 3aKOH coXpaHeHus osHepruum. Tennoma Q,

noanowennas cucmemoti, udem Ha usmenenue eé enympenneti snepeuu AU u na coeepwenue
pabomer A

Q =AU+A. 1)

BHyTpeHHss 2HEprusi XxapakTepu3yeT CKPBITYIO B BEIIECTBE IHEPIHI0 (KMHETUYECKYIO U
MOTEHIIMATBHYIO), KOTOpasi BEICBOOOXKAACTCS PU PU3UUECKUX U XMMHUYECKUX MPOIeccax.

Tennogvim  appexmom  peakyuu  HaA3bl@AEMCS  KOIUYECMBO  BbIOCIEHHO20 — UNU
noznowennozo menaa. CTaHAapTHBIN TEIUIOBOW A(PQPEKT COOTBETCTBYET CTaHIAPTHBIM YCIOBUSM
npoBeacHus peakiuid: T = 298,15 K, P = 101,3 xlla. Tennosoii aghghexm peaxyuu, npomexaroweti
npu NOCMOAHHOM 00beme cucmembl, paseH USMEHEHUIO 6HYMPEHHEl SHEPSULL:

Q, = AU. “2)

BOIBIIMHCTBO XMMHYECKUX PEAKLUN MPOTEKAET IIPU IOCTOSHHOM JABJIEHUU. 1ennosou
aghgpexm Xumuueckou peaxyuu, npomexaroujeli Npu NOCMOSHHOM OAGNeHUU, DABEH UIMEHEeHUIO
SHMATLAUU:

Q, =AH. 4.3)
OHTaJbIMs paBHA CyMME BHYTPEHHEH 3HEPTUU U padOThI pacIMpEHUs:
= + .
H=U+pV 43)

[Toaromy oumanvnuio onpedensirom Kak 9HEPIUI0 PACWUPEHHOU CUCMEMbl, €€
TEII0COAEPKAHHUE.

Peakuuu,  KOTOpblE  CONPOBOXKIAIOTCA ~ BBIIEICHMEM  TEIUIOTHI,  Ha3bIBAIOTCS
sxzomepmuyeckumu. TIpu uX NpoTekaHMM Terocosepxkanue cuctemsl ymenbmaercs (AH <0),

Ipy TpOTEKAHUH K€ OJHAOTEPMHYECKMX pEaKIMH, WIymuX C TOMJIONEHHEM  Tera,
ternocozepxanue ysemuuusaercs (AH > 0).

B 3aBucummoctu oT XapakTepa MPOHUCXOAAIICTO IpomecCa pasjinvyaroT TCIIOTBL
06p8.30BaHI/I$I, CropaHus, paCTBOPCHHUA U T.O. IlonsaTue o TemnoTe O6pa3OBaHI/I${ BCIICCTBA ABJIACTCA
OJHUM M3 BaXKHEHIIINX B TEPMOXUMHHU.

Tennomoii obpazoeanus (AH ) Hazviearom mennosoii s¢hpexm peaxyuu 06pazosanus

obpas3.
00HO20 MONb CIONCHO20 6eUjecmed U3 NPOCMbIX, YCMOUYUELIX NPU CMAHOAPMHBIX YCL06USX
(T=298,15K; P =101,3lla). Terorsl 06pa3oBaHus HEKOTOPHIX BELIECTB MPUBEACHBI B

tabmuue 6.1. OOparuTe BHMUMaHUE Ha TO, UYTO MenIOmvl 00pA308aHUSI NPOCMbIX BeUecms,
YCTOWYMBBIX MPU CTAHAAPTHBIX YCIIOBUSIX, NPUHAMbI PAGHLIMU HYIIO.

Tennosoti a¢hghexm xumuueckou peakyuu 3a8UcCUmMm Om HpUpoosvl U GUIUYECKO20
COCMOSHUSL UCXOOHLIX 8ewecms U NPoOyKMo8 peaxkyuu U He 3a8UCUm om NYymu e€ npoeeoeHus.
TermnoBeie 3PPEeKThI 3aBUCAT OT CTPOCHHUS PEATHPYIOIIUX MOJIEKYJ, MOITOMY TEOPETUYECKU
paccuuTaTh UX HEBO3MOKHO. 3akoH ['ecca Mmo3BosieT HA OCHOBAaHMM OTPAHMYEHHOTO KOJIMYECTBa



OTBITHBIX JTAHHBIX IO TEIUIOTaM OOpa30BaHUS BBIYUCIATH TEIUIOBBIC 3(D(PEKTHI OOIBIIOTO YHCIa
peaKuuid.

OCHOBHBIM 3aKOHOM TEPMOXHMHH SBJISIETCA 3aKkoH Iecca, B OCHOBE KOTOPOTO JICKHUT
3aKOH COXPaHCHHSI SHEPTUU:
Tabauya 4.1 — Tennomoul 06pazo06aHUss HEKOMOPLIX BeUECE

Bewecmeso AH oopan.s KAoIC/MOND Bewecmeso AH odpm.» KAoIC/MOb
ALLO, (1) ~1675 H,0(r) 242
Al,(S0,);(1) 3434 H,S(r) —20
CH,(r) —75 MgO(t) -601
C,Hqg(r) —85 Mg(NO,), (1) —790
CeHg (%) 49 NO, () 33
CO(r) 110 NaHCO, () 914
CO,(r) —393 Na,CO,(r) -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 cootBercTBUM ¢ 3akoHOM ['ecca: mennosou a¢ghghexm psioa nociedosamenbHbiX peaxyuil
pasen meniogomy aggexmy opy2020 psda nociedo8amebHblX peakyull, eciu UCXOOHble Beuecmad
U npodykmsl npespaujenuti oouHaxogvl. Ha OCHOBaHHMM 3TOTO MOAXO0JA C TEPMOXUMUYECKUMHU
YpaBHEHHMSIMH MOXXHO OINEPUPOBaTh TaK XK€, KaK M C aNreOpamdecKuMH. epmMoXuMuyecKumu
HA3b18AIOMCI XUMUYECKUE YPAGHEHUS, 8 KOMOPbIX YKA3AHbL MEN108ble I @exmul peakyuil.

M3BecTHO, 94TO B HEW3OJHMPOBAHHBIX CHCTEMaxX IMPH OTCYTCTBUU BHEIIHHX BO3CHCTBHIA
CaMOIIPOU3BOJILHO MPOUCXOIAT IK30TEPMUUYECKUE PEAKIINH (AH< 0). Oco0eHHOCThIO
XUMHUYECKHUX TPEBPAIICHUN SBISCTCS Y9acTHE B HUX OOJBIIOTO YUCIIA YacTHUIL. [ TaKMX CHCTEM
Haubojlee BEPOATHO COCTOSHUE OecHopsaka, XapakTepusyemoe sSHTpomueil S. W3MmeHeHue
SHTPONUH MPU XUMUUECKHX PEAKIUAX PACCUMTHIBAETCS HA OCHOBAHUU CIIEJICTBUS U3 3akoHa ['ecca.
KauecTBeHHO 3HAK M3MEHEHUS SHTPOIHH MOXKHO OIICHHUTH, COTIOCTABUB KOJMYECTBO ra3000pa3HbIX
BEIIECTB JI0 U MOCJIEe PEAKIUH.

Bonpocs! 1 3aganus
Ilpumep 1. BpMUCIUTH CTAaHAAPTHYIO TEIUIOTY oOpa3oBaHHs OKcHua xeneza (+3) mo

CICAYIOIUM TEPMOXUMUUYCCKHUM YPABHCHHUAM:
1) 2Fe,, + O, = 2Fe0,; AH, = -532 kJlx;

2) 4FeO,,, + O, =2Fe,0,,; AH, =-584 x][x.

Pewenue. 3anvieM TepMOXMMHYECKOE ypaBHeHue obOpasosamms Fe,0; w3 mpocreix

BCIICCTB.

3) 2Fe,, + 1,50, =Fe,0,,; AH,  ="?x/xc.

2(r)




Jist Toro 4ToOBl U3 ABYX NAaHHBIX YPAaBHEHHUN MOIYYUTh UCKOMOE 3), HY>)KHO ypaBHEHHE 2)

pa3nenuTh Ha J1Ba U CIOXKUTH ¢ ypaBHeHueM 1). Takue e anreOpanueckue ACUCTBUS MPOBENEM C

TETJIOBBIMU 3((EKTaMU JaHHBIX PEAKUUil U MOTyYUM UCKOMYIO BEJINUUHY AHx_p. :
2Fe,, +150,, =Fe,0,,; AH,, =0,5:(-584) - 532 = -824 Kll/mo.

Jns pacuera TEIUIOBBIX 3(P(PEKTOB XUMHUYECKUX PEAKIUH YacTO HCIOJB3YIOT IEpBOE
CIIeJICTBUE U3 3aKOoHa [ ecca:
Tennosotl 3¢ghgpexm xumuueckou peakyuu pageH cymme meniom obpazo8anusi npooyKmos

peaKkyuu 3a 6bl4eniom CymMmovl meniom 06p6130661HM}Z UCXOOHBIX seuecmes.”

AH,, =Y AH = > AHY

(4.4)

Ilpumep 2. Paccuuraiite TemIoBOM 3(PQGEKT peakIuu TOpPEHUs dTaHa HCXOOs U3
CTaHJIAPTHBIX TEIJIOT oOpa3zoBaHus. Kakoe KOJIMUYECTBO TEIUIOTHI BBIACTUTCS WM IOTJIOTUTCS,
eciu: a) cropaet 90 T 9TaHa; 6) o6pazosanock 89,6 am°
CO, (n.y.).

Pewenue. 3anuiiemM TepMOXMMHUECKOE YPAaBHEHHUE PEAaKLIMU TOPEHUS ITaHa B pacyeTe Ha

1 MoJB:

CHgy 73,5055 = 2C0, +3H,0,,; AH, | =7 k]lx.

2(r) (x)>

Paccunraem TennoBoil appexT peakuuu 1o nepBoMy CIEICTBUIO U3 3akoHa ['ecca:
AH, , =3AH " + 2AHC) — AHZY,
AH g‘:p " =0, Tak KaK 3TO MPOCTOE BEILIECTBO.
ITogcTaBuM 3HaYEHHUS TEIIOT O6pa30BaHI/I$I nus3 T3.6J'II/IHBI 6.1:
AH,  =3(-286) +2(-393) + 85 =-1559 k]{/MOIb.

Tockomeky AH |~ <0, peaxmms sxsorepmuteckas.

[lo ypaBHenuto peakuuu cropaer 1 mons C,H,, T.e. 30 1. Ilo ycnoBuio 3agaun B

peaxumio Berynuio 90 r C,H, uro cocrasisier:

=3 moub.

m
n(CzHG) = Cofle _ 90e
M., 302/ mone

Torma KoIM4YeCcTBO TCILJIAa, BBIACJICHHOI'O IIpU CrOpaHruun 90r OTaHa, 6y,£[eT:

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 o6paszosanock 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 XMMUYECKON pEaKkIMi 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 “”" nasvisaemcs mennosoii sgppexm peaxyuu
OKUCTIEHUS OOHO20 MOJIb 8eUeCmB8ad KUCIOPOOOM C 00pA308aHUEM BbICUUUX (YCMOUYUBLIX) OKCUOOSB.
JlJIss OpraHMYecKUX COCIMHEHWUW TEIUIOTOM CropaHWsl Ha3bIBaeTCS TEIIOBOH 3(PQeKT peakuuu
TIOJIHOTO Ccropands 1 Mok JaHHOro opranmyeckoro 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 peaknuu sTepudUKaLUU UCXOAS 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 KoIM4YecTBO TEMJIOTHI BBIACTUTCA WJIM TOTJIOTUTCS, €CIM B peakuuio BCTynuio 138 r
3Tagoia?

Pewenue. 3anuiiemM TepMOXUMUYECKOE YPABHEHHUE PEAKIIVH:

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, (9
AH Hzg =0, TaK KaK BOJIa — 3TO BBICIIUI OKCHJI.

HOIICTaBI/IM YHUCJICHHBIC 3HAUYCHUA TCIJIOT CropaHursd U3 Ta6JII/II_[bI 6.2:

AH_ = -1367 - 874 + 2254 = 13 xJI>x/Mou1b,

P
Tak Kak AH s 0, peakuus >HHEOTEPMHYECKAS.
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
OIpCACICHUS TCIJIOT O6pa3OBaHI/I$I HJIN CTOpaHusA UCXOJHBIX BEIICCTB WJIM IIPOAYKTOB PCAKIMH.
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 cneacTuio 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
[ToncTraBuM uKcIeHHBIC 3HAYSHUS U3 TaOIUIB 6.1:
obp. __ —_
AH = 6+(-393) + 3:(-242) + 3133 = 49 k/Dx/Mous.
Ilpumep 5. BpruncinuTe CTaHIAPTHYIO TEIJIOTY CrOpPaHUs alleTUIICHA CZH , Ha OCHOBaHMU

TCPMOXUMHNYCCKOT'O YPABHCHUA:

C,H,, +CO,, +H,0,,, —> CH,=CHCOOH,; AH, | = -213 kJlx/Mo.

AKpUJIOBAA KHUCJI0Ta

Pewenue. I1o BTOpomy ciieICTBUIO U3 3aKOHa ['ecca:



_ czop ceop ceop ceop
AH , =AH., +AH ;" +AH, 5 —AH

C,H,COOH *
C20,
rne AH Hzg =0.
OrTcro1a BEIpa3uM TEIIOTY CTOPaHMs alleTHIICHA:

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 SHTPOIIMU MOKHO YCTAHOBUTH II0 KOJHUYCCTBY MOJIb F33006paSHLIX

BCIIIECTB.
An=n_. -n_ =1-(05+15)=-1,

rac nKOH_ u nmx_ — KOJIHNYCCTBO MOJIb KOHCYHBIX H HMCXOJHBIX BCIICCTB, An — HN3MCHCHUC

KOJIMYECTBA MOJIb ra3006pa3H1>1x BCIICCTB IMPH pCaAKIIUH.

[ockonmsky AN <0, To B pesynbrare peakuum OGECHOPANOK B CHCTEME YMEHBINAETCS.

COOTBETCTBEHHO OHTPOIINA paCCManHBaeMOﬁ CHUCTCMbI TaKXC Y6LIB8.€T. HpOI/I3BeI[eM pacuecT

M3MEHEHHUs SHTPOIHH MIPH 3TOM peakluu B COOTBETCTBUU CO CIEJICTBUEM M3 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 uzonuposannoii cucmeme (npu omcymcmeuu oOMeHA SHepaueli U BeujeCmeom o
cpeootl) eo3pacmanue SHMPONUU AGIAEMC KpUmepuem camonpou3oibHo20 NPOMeKanus peakyui.

B npuBeneHHOM npuMepe caMONPOU3BOJIBHOE MPOTEKAHUE MPSIMOM PEaKIMA HEBO3MOXKHO, TaK Kak

0
ASX.p. < 0. Kax wu3BecTHO, HampaBieHHE NPOTEKAHHsS XHMHYECKUX IIPOIIECCOB OINpPeenseTcs
neiicTBueM IBYX (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 sAeisemcs yoviib U300apHO—

usomepmuueckozo nomenyuaia AG_ » 0. Yem menbwe Benmumna AG,_ . Tem Ooubiie

BEPOSITHOCTh IPOTEKAHUs XMMHYECKON peakuun. Takum oGpasom, ¢ momousio AG_ . MOXHO

MIPOTHO3UPOBATH BO3MOKHOCTh XUMHYECKOTO IPEBPAIICHUS U JIeJIaTh TPAKTHUECKUE BBIBOIBI.
Ilpumep 6. BO3MOXHO 1M COBMECTHOE XpaHEHUE Ha CKJIQle OSTUICHIJIHKOJIS
(anTHpU3HAS )KUIKOCTD) U KATMHHON CENUTPHI (yaoopeHue)?

I/IBBGCTHO, YTO OTHJICHIJIMKOJIb, KaK W MHOI'M€ OpraHM4€CKHE BCHICCTBA, 06J'Ia,HaCT
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 coorBerctBUU €O cienctBueM U3 3akoHa lecca W300apHBIM TMOTEHIMANT JAHHOTO
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 YUCIOBBIE 3HAYEHUS U3 TaOIUIIBI 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 TCPMOXUMHUYCCKOC YPABHCHUC!

C,H,0, +%KNO3 = 2CO0, +%HZO +%NO+%KOH; AG,, =7

0
Tabnuya 4.3 — 3nauenus cmanoapmuvix nomenyuanos oopaszoéanus 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
RoH | -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

[ToryuenHoe U3MeHeHHE N300apHOT0 MOTEHIMAA PeaKIIMM MEHbIIIE, YeM U300apHbIe
MOTeHIIMaIbl 00pa3oBaHus MHOTHX BemlecTB. [103TOMy nmpoTekaHue Takoil peakiiuu BecbMa
BeposiTHO. OTCIO/a ClIeIyeT MPAKTUYECKUNA BBIBOJ: COBMECTHOE XpaHEHUE ITHUIICHTIIUKOIS 1

CCIIUTPLI Hedonycmwwo, TaK KaK MOKCT MMPHUBCCTU K CAMOBO3TOPAHHUTO.

Kpurepuit AGX. » O wMoxer ObITh HpUMEHEH MU [ AaHAlM3a yCTOWYMBOCTH

XUMHNYCCKHUX COCI[I/IHGHI/Iﬁ Ha OCHOBAaHHMH BCIIMYHUH HX I/1306aprIX IIOTCHIIMAJIOB O6paSOBaHI/IH. YeMm

MCHBIIC AGx.p. , TEM IIPOYHEC MOJICKYIJIA.

Ilpumep 7. Ha ocHOBaHMM H300apHBIX NOTEHLMAIOB OOpa3oBaHMs MOJIEKYJ ClenaiTe
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 mnpuBeneHHOro psaa BHUIHO, 4YTO C YBEJIMYEHHEM KOJIMYECTBAa aToMoB (¢rTopa

yeroiiunBocts Mosekyn Bospacraer. [ monekyn CH, u CF, moxHo BBIMmCINTL M306apHbIE

norenmmanst ( K/owc/ monwv) ceszeit AGS*) =—-13 u AG”} =—-222,2 . Dro rosopur o

BbIcokoil pounocty cesasu C-F. B To e BpeMs B cMeIIaHHBIX TaloreHoBOAOPOIAX M300apHEIi
MOTEHIMal o00pa3oBaHUs HE MOXET OBITh pacCUMTaH IyTeM CYMMHUpPOBaHHS H300apHBIX

IIOTCHIINAJIOB CBSISGI\/’I, YTO CBA3aHO CO B3aMMHBIM OTTAJIKUBAHUEM aTOMOB.

B npouecce xumuueckoro npespaenns Gyukuus AG . YOBIBACT JIO TEX 10D, [IOKA He

HAaCTylniuT COCTOAHUC XUMHYCCKOI'0 pPABHOBCCHUA. B cocrosnuu paBHOBECHUS SHTAJIBIIMUHBIA U



SHTPONUIHBIN (DaKTOPBI CPABHUBAIOTCS. Y CIIOBHEM XMMHUYECKOTO PAaBHOBECHUS SBISICTCS PAaBEHCTBO

AG, , =0, coorsercryiomee paenctey AH = TAS.

Ta6mmunsie  sumauenns AH° mAS?  orHocarcs Kk cTaHZApTHBIM  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 NpUOIIKEHHbIH XapakTep, HO no3BonseT 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 cornacoBanbl: AH wusmepserca B xkJx/mMonb, a AS — B Jlx/mons K. ITosToMy npu

o 0
MOJICTAHOBKE TAOJMUYHBIX 3HaueHuii 3Hauenue AH nepeBoguTcss B J[K/MOJIB ¢ TIOMOIIIBIO
MmuOokuTeas 108,

Ilpumep 8. Beraucnure n300apHbIe TOTCHIUATBI JIJIST PeaKIHH

2NO + 0, = 2NO,

npu Temneparypax 600 — 1000 K, nocrpoiite rpapux AG - T u caenaiite BeIBOJ 0 HanmpaBieHUH
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

XHUMHYECKOU PCaKnn 4€pe3 SHTPOIUHN YIACTHUKOB PABHOBCECUA:

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 06pa3OBaHI/I$[ IMPOCTBIX BCHICCTB MPHHATHEI PAaBHBIMU HYIIIO
obp. __
(AHJ” =0),

Tenepp BBIYMCIMM TeEMIEPATYpy, NPH KOTOPOM JOCTHTaeTcs TEPMOANHAMHUYECKOE

paBHOBECHE:



_ -58.10°
pa 73,5

N306apHblil moTeHIIMaN IpU pa3HbIX TeMIlepaTypax paccuutaeMm mo ¢Gopmylie C y4yeToM

=789 K.

MHOKuUTENs 1073:
0o _ 3
AG, , =-58 +73,5-10 k/Ix.
[Mockonsky AS < 0, To pynkuus AGS_p_ = f(T) — Bo3pacraromas.

[ToncraBisiss 3HayeHHWs] TeMIepaTyp U3 YCIOBUS IpUMepa, HaiaeM Hu300apHbIe

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
AG® -13,9 —-6,55 0,8 8,15 15,5
x.p.
AG,xJx/Mons

¢

10 -
5 obparnan
peakius
o // ey
900 T,K

~-57| npamas

peaKuHs
-107]

Pucynok 4.1. I'paduk 3aBUCUMOCTH U3MEHEHHS M300apHOI0 MOTEHIIMaIa

OT TeMIIEPaTypbl

U3 rpaduka cnenyer, uropu | < T npeo6ayiaet npsmas peakims, mpu T > T

paBH.

— obparnas. [TockoIbEKy peakiys SK30TepMudeckas, To npu | < TpaBH_ HaIpaBJIEHHOCTh PEaKIIUU

ONpeJIeNsAeTcs. NpeolajaHueM DHTAIBIMIAHOIO, (BakTopa, a mpu [ > TpaBH. — DHTPONUNHHOTO

q)aKTopa. OTMCTI/IM, 4YTO HACTYIUICHUC PpPaBHOBECHUA BO3MOXHO TOJIBKO TOrjJga, KoOraa 3HAKU

usmenenns Gynkuuit AH 1 AS onunakossL

ba3o0BbIi1 ypoBeHB
1. Beiuucnure TemioTy o6pa3oBaHMs MOAYEPKHYTOTO B YPaBHEHUH BEIIECTBA, UCXOS U3

TEPMOXUMHNYCCKOI'0 YpaBHCHUA



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((eKT ykazaHHOW peaklUy UCXOJS W3 CTAHIAPTHBIX TEILIOT

O6pa30BaHI/ISI. Breruucnurte Takke KOJIMUYECTBO TEIIOThI (Q), KOTOPOC BBIACIUTCA UJIIN ITIOTJIOTHUTCA,

€CJIM B JAHHYIO PEAKIMIO BCTYNUI0 M T epBOro BEIECTBa.

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 %

3. Beruncnute TemnoBoit 3¢pQeKT ykazaHHON peakiMM UCXONs U3 CTaHJApTHBIX TEIIOT
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) + Hz(r) 112 590

14 CH,, *+CO,, =2CO +2H,, 44,8 496

15 | C,Hy,, +H,,=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 M306apHOr0 MOTEHIMANa O0OpaTHMOI
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 clejaiiTe BBIBOALI O HaIlpaBJICHHUU PpCaKIWUHW IIpU PaA3HBIX

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‘-ITI/ITC arperaTHbIC COCTOSAHUSA YUYACTHHUKOB peaKLII/II/I). HCHOJ’IL3y5{ MOJIbHBIC
OHTPOIIMU I3TUX BCUICCTB, YKAXUTC, 6y)1eT J MPOTCKATh JaHHas pCaknus CaMOIIPpOU3BOJIBHO B

M30JIMPOBAaHHOM CUCTEME.

Ypaenenue peaxyuu Monbuble snmponuu, Omeem
Ne Lo/ mons K
3a0auu 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

Cnucok JATEPaATyphbl, peKOMeHI[yeMLIﬁ K HCITIOJIB30BaHHUIO 110 I[ﬂHHOﬁ TEME

OcHoBHas JauTEparypa:

1. TonoBanoBa, O. A. O0mmas xuMus [ DNEKTPOHHKIN pecypc] : yaeOHoe mocodue (i1 CTYyICHTOB
XHUMUYeCKOro (hakyapTeTa HalpaBiIeHUH OakanaBpuaTa «XuMus» u «XuMHUecKas TexHonorus») / O. A.
I'onmoBaHOBa. — DIEKTPOH. TEKCTOBBIE HaHHBIE. — OMCK : OMCKHil TOCy1apCTBEHHBIH YHUBEPCUTET UM.
®.M. JloctoeBckoro, 2014. — 164 ¢. — 978-5-7779-1755-3. — Pexxum gocryma:
http://www.iprbookshop.ru/59628.html

2. Pomanoga, C. M. Kpatkuii kypc Jekmuii o o01meit 1 HeopraHUIecKoi XuMuu [ DIeKTpOHHBIH pecypc] :
yaeoHoe ocobue / C. M. PomaHOBa. — DNEKTPOH. TEKCTOBBIE NaHHBIE. — AnMarsl : Kazaxckwii
HAIMOHAJILHBIN yHUBEpcUTeT M. anb-Dapadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexum nmocryna:
http://www.iprbookshop.ru/70372.html

JlonoiHUTEILHAA JIUTEpaTypa:
1. bontpomerok, B. B. O6mias xumus [ D1eKTpoHHEIHN pecypc] : yaeOHoe mocobue / B. B. bontpomerok. —

OJNEKTPOH. TEKCTOBbBIE NaHHbIe. — MuHCK : Boimiimas mkona, 2012, — 624 ¢. — 978-985-06-2144-3. —
Pexxum noctymna: http://www.iprbookshop.ru/20236.html

2. bapkogckuii, E. B. O6mas xumus [DnekTpoHHEIHA pecypce] : yaedHoe mocobue / E. B. bapkosckwuii, C. B.
Tkaues, JI. I'. [leTpymieHko. — DAEKTPOH. TEKCTOBBIE JaHHBIE. — MUHCK : Brimiimas mkona, 2013. —
641 c. — 978-985-06-2314-0. — Pexxum goctyna: http://www.iprbookshop.ru/35509.html

HNHTepHeT-pecypcenl:
1 http://window.edu.ru/ — emuHOE OKHO JTOCTyIa K 00pa30BaTEIbHBIM

pecypcam
2 http://biblioclub.ru/ — DBC «YHuBepcuTeTcKas OMOIMOTEKA OHIIANHHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIM KaTaIOT ACCOIUAIIMU DIICKTPOHHBIX
OouOMoTeK yueOHbIX 3aBeiecHUM 1 opranu3anuii CKOO

4 http://www.iprbookshop.ru — 5BC.
5 https://openedu.ru — OTkpeiTOe 0Opa3zoBaHue

TEMA 5. OBIIIME 3AKOHOMEPHOCTH TPOTEKAHMSI XUMNYECKHUX
MPOIIECCOB.

HNPAKTHYECKOE 3AHATHUE 5. CKOPOCTh XUMHWYECKHNX PEAKIIAI.
XUMHNYECKOE PABHOBECHE

Heans 3ansiTHs: yrayouTh W OOOOIIMTH TEOPETUUYECKHE 3HAHUS OOydYaIIMMXCS O CKOPOCTH
XUMHUYECKON peaKIMH, 3aKpernuTh 3HaHHWE (OPMYJ BBIPAKEHUS CKOPOCTH PpPEaKlMid, HAyYUThCS
BBITIONTHATh  pacyeThl, WCIONB3ysd JaHHble Qopmynbl. HayduThCs BBIBOAWTH KOHCTaHTY
XUMHUYECKOTO PAaBHOBECHS.

3HaHUA M yMeHNsl, IpUodpeTaeMbie CTyIeHTOM B pPe3yJibTaTe 0CBOEHUS TeMbI

3HaThb OCHOBHBIE 3aKOHOMEPHOCTH, JECUCTBYIOIIME B IPOLECCE M3TOTOBIECHUS MPOIYKIIUU
TpeOyeMOoro KauecTBa, 3a[aHHOI0 KOJIMYECTBa ITPH HAUMEHBIIHX 3aTpaTax OOIECTBEHHOTO TPy


http://www.iprbookshop.ru/59628.html
http://www.iprbookshop.ru/70372.html
https://openedu.ru/

YMeTh HCIONIB30BaTh OCHOBHBIE 3aKOHOMEPHOCTH, JIEHCTBYIOIINE B MTPOIIECCE U3TOTOBJICHHS
MPOAYKIIMK TpeOyeMOoro KadecTBa, 3aJIaHHOTO KOJMYECTBA IPU HAUMEHBIIMX 3arpaTax
0OIIIECTBEHHOTO TPY/1a

AKTyanbHOCTB TeMBbI. Bce nmponecchl, KOTOpble MPOUCXOAAT BOKPYT HAC U BHYTPH HAC, UIYT C
npeoOpa3oBaHUEM SHEPTHH U, IPHUEM C Pa3HOH CKOPOCTHIO. Tak, mporece nepeaays HepBHOTO
UMITYJIbCA COBEPIIAETCS B COTHIE I0JIM CEKYH/bI, IPOIIECCHl YCBOCHUS MUILHU TPEOYIOT HECKOIBKUX
4acCoB, a IMPOUCCChI CTAPCHUA MOT'YT AJIUTHCA JCCATUIICTUA.

Bonpuioe npakrruyeckoe 3HaYEHUE XUMUUECKOW KUHETUKHA COCTOMUT B TOM, YTO OHA
pa3pelaeT onpeneaTh, BO3MOKEH WIM HEBO3MOKEH TOT UM MHOM MIPOLIECC, U B KAKUX YCIOBUIX
OH npoucxoauT. IIpakTuyeckoe 3HaueHue €€ OUEBUIHO, TaK KAK, TOJbKO 3HAsl 3aKOHbI KHHETUKHU U
MEXaHU3M PEaAKIUi MOKHO YNPABIATh XUMUUYECKUMHU TporeccaMu. OT CKOPOCTH XUMUUYECKOU
pEeaKLK 3aBUCUT BBIXOJI TPOYKTOB, T.€. IPOU3BOAUTEILHOCTb TPYAA U alllapaTypshl.

Teopernyeckasi 4acTh

CxopocTb XMMHYECKHX peaKkuui

VYpaBHEHHs] XUMUYECKUX PEaKLUH, XapaKTepu3ys MHOTUE CTOPOHBI IPOLECCOB, HE BCEria
JAI0T MOJIHOE IPEACTABICHUE O CYIIIHOCTU IIPOUCXOJAIINX TPEBPAILICHUI.

Hekoropele XHMMHYECKHE TMPOLECCHI, HANpUMEp, PEAKUMU Ppa3jIokKEHHUs B3PbIBUATHIX
BEIIECTB, 3aKAHYMBAIOTCA B TEUYEHHUE A0yel ceKyHIbl. OueHb OBICTPO 3aKAHYMBAIOTCS PEAKIINU
B3aMMOJCICTBUS KHCIIOT, LIEJIOYed M cojell B pacTBope. OpraHmdeckue K€ COCIUHEHMS B
OOBIYHBIX YCIIOBHAX B OOJIBIIMHCTBE CIy4aeB B3aMMOACUCTBYIOT MEXIY co00i MemneHHo. Takum
0o0pa3oM, pa3Hble PEeaKLUU COBEPIIAIOTCS B HEpaBHbIC MPOMEKYTKH BPEMEHH, T.€. MOTYT UJATH C
pa3nuM4HON CKOpOCThbiO. [I0ATOMY Ha OCHOBaHMM TOJBKO YPaBHEHHM OJHUX XMMHUYECKHUX PEAKIUM
HeJIb3s1 CYIUTh O CKOPOCTH IpoLecca.

Xumuueckas Kumemuka — D3m0 Y4eHue O CKOPOCMU XUMUYECKUX NpoYeccos, ux
HAanpasieHHoCmu U 0 PaKkmopax Ha HUX GIUAIOUUX.

[lenp ¥ 3amauv XUMHYECKOM KHHETUKHM — M3BICKAHME ONTHMAJbHBIX MapaMeTpoB MJis
MIPOBE/ICHUS] XUMUYECKOTO CHHTE3a, a UMMEHHO: 00ecrieueHne MaKCHUMalIbHOM CKOPOCTH Ipolecca,
Hau0oJiee paloOHAILHOE UCIIOJIB30BAHUE ChIPBS M YHEPrOPECYPCOB U JIp.

VYCTaHOBJIEHO, YTO Ha CKOPOCTh XWMHYECKUX pEaKIMH BIMSIOT MHOrO (DaKTOpOB —
KOHIIEHTpaLMs B3aMOJICHCTBYIONIUX BEILIECTB, TEMIIEpaTypa npoliecca, Haluuue (UM OTCyTCTBHE)
KaTajau3aropa u Jip.

OKCHEepUMEHTHI OKA3aJId, YTO YBEIMUYEHUE KOHLIEHTPAllMM B3aUMOJEHCTBYIOLINX BEIIECTB
BBI3BIBACT YBEIIMUEHUE CKOPOCTH PEAKLIMH.

Ecin B 3akpbITOM cocyle TNpH 3aJlaHHOM TemmepaType pearupyroT JBa BeIlecTBa B
ra3000pa3HOM COCTOSIHUM UJIH B PacTBOpE

AC + BD < AD + BC,

TO CKOPOCTh OTOH pEaKIUH ONpeAeNseTcs yYMEHbIIEHHEM KOHIEHTPAIUH (MOJIb/IMS)
BeuiectB AC u BD B enunuily BpeMenu (CcekyHay, MUHYTY, 4ac). Tak Kak ¢ TEUEHHEM BpEMEHU
KOHLIEHTpAllUsl pearupyromux BEIIECTB MaJaeT, TO 3aBUCUMOCTb CKOPOCTU pEaKUUu OT
KOHIEHTPALUU MOKHO BBIPA3UTh CIEAYIOLIUM 00pa3oMm:

v=—(AC/At) (5.1)
rae &2 — cKOpOCTh MPSIMOM PeaKiuH, AC - MOJISIpHas KOHLEHTparus, t — Bpems.
['padpuaecku 3Ta 3aBUCUMOCTH M300pakeHa Ha puCyHKe 5.1.



v =—(AC/At)

Puc. 5.1 3asucumocmo ckopocmu
peakyuu om epemeHu

At > JloBOJIBHO
t t; —t> pacnpocTpaHeHbI peaxkuuu
THUIIA:
mA + nB—> ¢C, (5.2)

B KOTOPBIX Ha M MOJIEKYJI BellecTBa A MPUXOIUTCS N MOJIEKYJT BElecTBa B, mpu 5TOM M u N
OOJIBbIIIE €MUHALIEL.

DKCIIEPUMEHTAIILHO YCTAHOBJICHO, YTO JUI TAKOTO IMPOIEcca CKOPOCTh MPSIMOM peakiuu
MOJKET OBITh BBIPAYKEHA CIICAYIOIIMM 00pa3oM:

v =K[A]*-[BYY, (5.3)

—

rne K - koncranta CKOPOCTU NIPSIMOM peaklUMM — BEJIMYUHA, paBHAs CKOPOCTU PEAKLUU
IIPU KOHLIEHTPALIUAX PEareHTOB PaBHBIX €IUHHIIEC; OOpAaTHO MPOIOPLHOHANIbHAS BpEMEHHU; X U Y —
HEKOTOpPBIE YKCIIA, ONPENEISIEMbIE ONBITHBIM ITyTEM.

Koncmanma ckopocmu 3aBUCUT OT TeX K€ (PaKTOPOB, UTO U CKOPOCTh TaHHOM peaKIMH, HO
He 3a6Ucum om KOHYEeHmMpayui peazupyroujux 6eujecme.

KoHcTaHTa CKOpPOCTM  XapakTepU3yeT peakLUHMI [UIsi ONpPENEJIEHHBIX YCIOBUH —
memnepamypa, 0asleHue, KOIU4ecmso U Kavecmeo kamaniuzamopa W T.A. PaznuuHble peakuuu
MO>HO CPaBHHUBATh TOJIbKO €CJIM OHM IPOTEKAIOT MPHU CTPOrO OJIMHAKOBBIX YCIOBUSX.

VpaBuenuss tuna (5.3), ycCTaHaBIMBAIOUIME OKCIEPUMEHTAIBHO  OMPEIEIICHHYIO
3aBUCHUMOCTb CKOPOCTH pPEaKUUMU OT KOHIEHTpalUUd pearupyrouiuX BeEUIECTB, Ha3bIBAIOT
KUHemuyeCcKuMU YpasHeHusMu peaxyuil.

Kunernueckue ypaBHeHus: peakiuii (5.3) ABISAIOTCS MaTeMaTHYECKUM BBIPAXEHHUEM 3aKOHA
NEHCTBUSL Macc — OCHOBHOI'O 3aKOHA XMMHUYECKOW KHUHETUKHU: CKOPOCHb XUMUYECKOU pearyuu
NPONOPYUOHANLHA NPOU3BEOCHUI0 KOHYEHMPAYULL peasupyroujux eeuecms 8 CmeneHu HeKoOmopbix
yucen, onpeoensemvlx dKcnepumenmanvio (nepsas ¢opmynupoBka — H.M. bekeros, 1865 r;
I'yneabepr u Bare, 1867 1.).

Tonpko MHOI/IA MOKA3aTeNN CTENEHN KOHILIEHTPAlUU Ul JaHHOrO BellecTBa (X, Y U 1Ip.) B
KMHETHUYECKUX ypaBHEHMX (5.3) COBNAAAIOT C €ro CTEXMOMETpHUUECKUM Ko3dduumentom (X = m; y
=N ) B ypaBHEeHUHU peakuu. OOBIYHO 3TO BBINOJIHAETCS JUISl SJIEMEHTAPHBIX peaKklui, T.e. peaKui
IIPOXOJSAUINX B OJIHY CTAJUIO.

IIpuMepsI MPSAMBIX 3JIEMEHTAPHBIX PEAKIIAN:

NO + O — NO;
H+Cl — HCI;
N204 — 2NO:.

Jns  Takux peakuMii CTENEHM B KHHETHYECKMX YPAaBHEHMSIX COBIAJAIOT  CO
CTEXHOMETPUUYECKUMHU KO3 (HUIIMEHTaMH peareHTOB B YPaBHEHUH PEaKIUH.

Iloxkazamenv cmenenu KOHYEHMpPAyuu peasupyrouieco eeujecmed 6 KUHemuyeckom
ypasHneHuu peakyuu (X, Y u Op.) HA3bI6AEMCA NOPAOKOM pearkyuu no oanHnomy eewecmsy. Tak,
HarnpuMmep, s peaku (6.1.2) mopsiok 1Mo BemecTBy A paBeH X, o B — Y. [Topsiakom ke peakimuu
B LIeJIoM (N) SIBJIIETCSI CyMMa MOPSJIKOB MO KaKIOMY peareHTy AJs JaHHOW peakiiu, Hampumep,
g peakuuu (6.1.2):n =X +Yy.



Bennuunbl nopsizka mo peareHtam (X, Y M ZIp.) W MO peakmuu B 1ejaoM (N) MOryT OBITh
M00BIME HEOONBIIMMU LIeTbIME ynciaaMu (1, 2 u peako 3), paBHATHCS HYIIO WU OBITH JPOOHBIMU
yucnam (1/2, 2/3, 3/4 n ap.). Hanpumep, 11 peakiiuyu CHHTE3a BOIbI

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

MOPSAOK PEaKiuu, B 3aBUCHMOCTH OT NaplHUalbHBIX IAaBJICHUN BOJIOpPOJAAa M KHUCIOPOAa,
umeet apobnoe 3nayenue — 1, 0,5 u 0,7 (cm. Tabnuiy 5.1).

Tabauya 5.1 — 3asucumocms nopsioka peaxkyuu Om nApYUAIbHbIX 0AIeHUl KUCIOPOOd U
8000p00a

p(H2), Tla p(02), Tla Bz s Ci“g;f:gg}‘fﬁ
130 - 2600 26600 — 53300 v=kpy, P, 1
2600 — 8000 20000 - 53300 L= kaI2 pg'25 0,5
8000 — 50600 1330 — 5300 v =kp gj pgf 0,7

HeoOXoquMbIM — yCJIOBUEM XUMHYECKOTO  B3aMMOJICHCTBHSI  SIBISICTCS  CTOJIKHOBCHHE
pearupyromnx 4acTUI[ — MOJICKYJI, aTOMOB, HOHOB M JIp. B MOMEHT CTOJIKHOBEHHS 3JICKTPOHHBIC
o0Jlaka peareHTOB CMEIIMBAIOTCS, 00pa3ys IPU 3TOM HOBBIC CBSI3H.

Yucno MONEKYl, O0OHOBPEMEHHbIM B3AUMOOCUCMBUEM MeNCOY KOMOPLIMU 6 MOMEHM
CMONKHOBEHUSL OCYUWECBISLEMCS AKIM XUMUYECKO20 NPEEPAUeHUsl, HA3bIBAEM Sl MOAEKYISPHOCIbIO
peaxkyuu.

Peakiiuu  ObIBatlOT MOHO-, OH- H©  TPUMOJEKYISAPHBIMH. TpPUMOJICKYJISIPHBIE U
TETPAMOJICKYJISIPHBIC ~ PEAKIMH  OYCHb pEAKH. VI3BECTHBI JMIIb HECKOJBKO IPUMEPOB
MICHTAMOJICKYJISIPHBIX PEAKIIUH.

B 4acTHOCTH, K MOHOMOJICKYJISIPHBIM PEAKIUSIM OTHOCSAT PEAKIIUH Pa3JIOKEHUS MOJICKYN U
BHYTPUMOJICKYJISIPHBIX MIEPErPYIIUPOBOK, HAIPUMED, PEAKIIUIO Pa3IoKEHHs MOJICKYI foza:

l2(2) < 21(2).

Kunerndeckoe ypaBHEHHE 3TOTO MPOIecca UMEET TIEPBBII MOPSIOK:

v =K[I2].
[TpuMepbl OUMOJIEKYIISIPHBIX PEAKITHH:
2NO(2) <> N202(2); v = k[NOJ?

HBr) + H) < Hz(@) + Br); v = k[HBr][H] — xunernueckoe ypaBHEHHE BTOPOTO
Mopsi/IKa.

TpumosnekysipHas peakius:

Clyz) + 2NO(z) <> 2NOCI(2); v = K[CI;][NO]? — xuneTHueckoe ypaBHEHHE TPETHETO
MOPSIIIKA.

J5is IpUBEICHHBIX PEAKIIMA MOPSIOK U MOJICKYJISIPHOCTh PEaKIIMi COBIAIAIOT, HO B 00IIeM
cliydae OHHM Pa3IuyHbI.

Tlopsiook peaxyuu onpeoensemcss MOIEKYIAPHOCMbIO CAMOU MeONeHHOU Cmaouu OaHHOU
peakyuu.

Ecmu peakiuss wmer mo cragusMm, TO €€ TOPSJOK pPEaKIMd MEHbIIe WIH pPaBeH
MOJICKYJIIPHOCTH peakiuu. Tak, Hanmpumep, MpH CUHTe3e BOABI (cM. Tabiuity 5.1) mpu mopsjake

peakiuu paBHOMy enuHuie (N =1, U = k[l):|l_|2 pg ), peakuus — MOHOMOJIeKysipHasi; ipu N = 0,5
2

(L= kp&z pg’f ), peakims — MOHOMOJIeKyspHast; ipu N = 0,7 (U = kp Eij p’cg)z’g), peakus —
OMMOJIEeKYIsIpHASL.

Ilpumeyanue. HeoOX0AUMO TOMHUTH, YTO MOJICKYJSPHOCTh PEAaKUUH, B OTIMYHE OT €&
nopsiaika, Beerna memoe gucio — 0, 1, 3.



3axon oeilicmeus macc cnpageonru8 Mmoabko OJisi MOHO-, OU- U pedice Ol MPUMONEKVIAPHBIX
peaxkyuil.

[Tpu snmeMeHTapHOIl peakluu B CUCTEME MPOTEKAeT TOJIBKO OJWH IPOLECC U YpaBHEHUE
peaKIMM pacKpbhIBaeT €ro MeXaHU3M. BOJBIIMHCTBO peakuuii — CIOXKHBIE M MPEACTABIAIOT CO00M
CYMMapHBIH pe3yJbTaT HECKOJIbKUX AJIEMEHTapHBIX MIpolreccoB (AByx u Oozee). [loaromy obiiee
CJIOKHBIX YPABHEHUE PEAKLUN HE OTPAKAET UX PEaIbHbII MEXaHU3M.

s cnooichvlx peakyuii 3aKoH 0eUCmMBUs MACC He NPUTLONCUM 8 YeIOM, d CNpaBeonus IUulb K
OMOEeNbHLIM €€ Cmaousm Hebonvwol monexkyrsipuocmu. Hanpumep, oOiiee ypaBHEHHE pEakKIuu
UMeEeT BUJI:

2A+B < C,
COTJIACHO KOTOPOMY SIBJISIETCA SIKOOBI TPUMOJIEKYIsipHON. O1HaKO MPOTEKAET B ABE CTAIUU:
1) A + B <> D — ouenw 6vicmpo;
2) D + 4 < C— meonenno.

24+ B < C.
Tak Kak MOPSIOK PEaKIUU OMPEIESIeTCS MOJIEKYIAPHOCTHIO CaMOW MEUICHHOW CTajnuu
peakiMu, TO JaHHas peakius — OWMOJICKYJIApHas © BTOporo mopsaka. CremoBareibHO,

KMHETHYECKOE YPABHEHUE 3TOTO B3aMMOICHCTBHS OyIET UMETh BHI:
v =Kk[A][B], a ne v = k[A]J?*[B].

N3 (5.1) caemyer, 4To cKopocmb peakyuu — 6eIUYUHA OOPAMHO NPONOPYUOHATbHAS
8pemMeHU.

BenencrBue pa3nuuHOM CKOPOCTH JIBUXKCHHS MOJICKYN, OHHM OOJIQJaloT pa3imyHON
KUHETHYECKOW »Heprueil. Ilpum sToM KuHEeTHYecKas SHEeprus HpsSMO HPOMOPIHOHAIBFHA CKOPOCTH
JIBYDKECHUS MOJICKYJIBL.

Monexymbl, KOTOpble 00JaNal0T BBICOKHM 3allacOM KHHETHYECKOW SHEPTHH, HA3bIBAIOTCS
AKTUBHBIMHU.

HononnumenvHyro suepeuto, KOMOpyo HAOO0 cOOOWUMb MONEKYIaM OJid nepesood Ux 6
akmueHoe coCmosiHue, Ha3vléaom 3Hepauell akmusayuu. XUMHUECKas PeaKIus MOXKeT IPOU30iTH
TOJIBKO TP CTOJKHOBEHUW aKTHBHBIX MOJIEKYI.

Cropocmb Xumuueckot peakyuu npsamo npoONnOPYUOHATbHA YUCTY CIOIKHOBEHUL 8 eOUHULY
8peMeHU.

Ponp kaTtanusatropa, MpUMEHSIEMOTro I MPOTEKaHWs JAHHOTO XHMMHMUYECKOTO Mpolecca,
3aKJIIo4aeTcss B cieayromem: 1) B TOHMKEHMM DSHEpPruu akThBaluu; 2) B o0ecredeHuH
HE00XO0TMMOM OpPUEHTAIINH PEearupyroIuX YaCcTHUI.

BinsiHue TeMInepaTypbl Ha CKOPOCTh peaKuu

C TnoOBBIIIEHHEM TEMIEPaTypbl YBEIMYMUBAETCS CKOPOCTH MABMKCHHS MOJEKYNT W HX
KHHETHYECKas SHEPTHs. AKTUBHOCTh MOJIEKYJI BO3PACTAET, M CKOPOCTh PEAKIIH YBEITMUYNBACTCH.

3aBUCHMOCTh CKOPOCTH PEaKIMU OT TeMIepaTypsl omnpeneisercs npasmwioMm Bant-I'odda:
npu yeeaudenuu memnepamypul Ha kaxcovle 10°C ckopocms peakyuu 6o3pacmaem npumepHo 6 2
pasa. JIns HEKOTOPBIX peaklHii CKOpOCTh Bo3pacTaeT B 3 — 4 paza. DTO 3aBUCHT OT MPHUPOIbI
pearupyrommx BenecTs.

Yucno, nokaszvisaioujee 60 CKOILKO pa3 y8eIUUUBAENC sl CKOPOCMb PeaKyuu npu yeeauyeHuu

memnepamypul Ha 10°C, Hazvieaemcsa memnepamypHuim Kodgpuyuenmom u 0003Havaemcs 7/ .

M3MeHeHne CKOPOCTH PEaKIMU OT TeMIepaTypbl MOXKET OBITh BBIYMCICHO MO (Qopmyle
Bant-T'oddda:

th—
t
Utl

rae Utz )54 Utl — CKOpPOCTH pPEaKkLMM INpH TeMmieparypax t2 U ti COOTBETCTBEHHO; Y —

TeMreparypHblil ko3pdunuent Bant-I'odda.



CKopocTh peakuuy B reTeporeHHbIX cucreMax. Bausinue karanusaropa Ha
CKOPOCTH XUMHYECKHUX peaKiui

BemecTBa, N3MEHSIOIKME CKOPOCTh XUMUYECKOIO IIPOLECCA, HAa3bIBAIOTCA KAaTaIU3aTOPaMHu.
Karanusaropamu Moryt OBITH TBEp/AbIE, )KUIKUE U ra3000pa3Hbie BemecTBa.ll3MeHeHne CKOpoCcTH
XMMHMYECKON DPEAKLHUM I0J BIMSHUEM INPUCYTCTBYIOLIETO B CUCTEME IIOCTOPOHHETO BELIECTBA,
COCTaB M KOJIMYECTBO KOTOPOrO0 K KOHIy PEaKLUU OCTalTCs 0e3 WM3MEHEHUH, Ha3bIBaIOTCS
KaTaJu30M.

IIpu roMoreHHoOM KaTanu3e B3aMMOJCHCTBYIOIME BELICCTBA M KATAJIM3aTOP COCTABIISIOT
onHo(daszHyto cucremy. [Ipy rereporeHHOM KaTalu3e pearhpyrolue BeIlecTBa M KaTalu3aTop
COCTABIISIIOT CHCTEMY U3 HECKOJbKUX (ha3. I[Ipu rereporeHHOM Karanu3e B MPUCYTCTBHH
HEeOOJIBIIMX KOJIMYECTB KaTaau3aTopa MOTyT IPOpearupoBaTh OTHOCUTENBHO OOJIbIINE KOJIUYECTBA
B3aUMOJCUCTBYIOIIMX BewleCTB. IIpM IOMOr€HHOM Karainu3e CKOPOCTh PEaKIUU IPAKTUYECKH
IIPONIOPLIMOHAJIEHA KOJIMYECTBY KaTaau3aTopa.

AKTUBHOCTh KaTalu3aToOpa, a MHOT/A M CHEIU(PUUHOCTh UX NEHCTBHS, B OOJBIION Mepe
3aBUCHUT OT TemrepaTypsl. g KakIoro mnporecca, CyIECTBYIOT ONpPENEICHHbIE KaTalu3aTophl,
9acTO MOJIOMpaeMbIe SIKCIIEPUMEHTAILHBIM ITYTEM.

XuMHuYecKoe paBHOBecHe
Bce xumuueckue peakiuy MOXKHO pa3feuTh Ha 1Ba THIA: 00paTUMbIe U HeoOpaTUMBbIE.
Mmuorue p€akuuu ABJISAIOTCA 06paTI/IMBIMI/I, T.C. TaKUMH, IIPU KOTOPBIX O6p8,30BaBHII/I€C$I
MPOJIYKTHI B3aUMOJCHCTBYIOT MEX]y COOOM, MpeBpaIiasch B HCXOIHbIE BEIIECTBA.
OO6patumbie peakiiMi OTPAHUYEHBI OTPEIETICHHBIM MPECIOM: OHU HE JOXOJIAT 10 KOHIIA.
OO0muii BUJ ypaBHEHHSI 0OpaTUMON peaKIuu:

mA + nB<«>pC + gD. (5.5)

CKOpOCTI/I IIpsAMOIo U O6paTHOrO IIPOLECCOB BBIPAKAIOTCA CICAYOINMHA YPABHCHUSIMU:
v=k[A]"[B]" (5.6)
v =k[C]?[D]. (5.7)

B MoMeHT ycTaHOBIEHUS paBHOBECHs IpsMas U oOpaTHas peaklUu He MPEeKpallarTcs, a
MPOJOJIKAIOT MPOTEKATh B IPOTHUBOIOJIOKHOM HAINPaBICHUU C PABHBIMU CKOPOCTSIMHU.
['padruecku 310 MOKET OBITH TaK, Kak MMOKa3aHO Ha pUCYyHKe 5.1.
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Pucynox 5.1
3asucumocms npsaAmou u t
00pamHotl peakyuii om 8pemeHu

v

Ecnu ckopocTu mpsiMoit 1 00paTHOM peakiuid paBHBI (Vnp = Vogp. — MATEMATHUECKOE YCIOBUE
XUMHUYECKOTO PaBHOBECHS) , TO MpaBble yacTu ypaBHeHUH (5.6) u (5.7), UX BBIpaKaIOLIUX, TaKkKe
paBHBL:

L AaIm n_ P q
k[A]"[B]" = k[C]"[D]". (5.8)
Ha OCHOBAHHUHU DTOTIO C(I)OpMYHI/IpOBaHO ITOJIOKCHUC, HAa3BAHHOC 3aKOHOM ﬂeﬁCTBHH Macce

(BTOpast (OpMYITUPOBKA): 8 MOMEHM pPABHOBECUsl NPOU3BeOeHUe KOHYEHMpPayuil Oetucmsayouux
MAcc UCXOOHBIX Geuwjecme Ha KOHCMAHMY CKOPOCMU NPSAMOU Peakyuu pPaeHO NPOU38EOeHUNO



KOHYeHmpayuil 0eticmayroumux Macc 00pasyouwuxcs 6ewecme Ha KOHCMAanmy CKOpoCmu 0OpamHoil
peaxyuu.
N3 ypaBuenus (5.8) ciemyet, 4To

ki €l (5.9)
[A]"[B]" |
OTHOLHCHI/IC I[ByX IIOCTOAHHBIX BCJIMYHUH €CTh BCINYHNHA ITIOCTOSAHHAA, CIICA0BATCIBHO:
WE:KP=Eﬂﬂ9E (5.10)
[AI"[B]" |

KoncranToii xumudeckoro paBHoBecuss KP Ha3bIBaeTCs OTHOIICHHUE MPOHM3BEACHUS
PaBHOBECHBIX KOHIEHTPAIMK MPOAYKTOB PEAKIIMU K TPOU3BEICHHIO PAaBHOBECHBIX KOHIICHTPAIHHA
MCXO/IHBIX BEILECTB, B CTETIEHU X CTEXHOMETPHUECKUX KOIPPHUIINEHTOB.

KP BbIpaxkaeT 3aKOH NIEHCTBUS MAaccC Ul PAaBHOBECHBIX CHUCTEM: KOHCMAHMA XUMUYECKO2O
PAasHo8ecusi He 3A8UCUM OM KOHYEHMPAYuUu peazenmos, HO 3a8UCUM OMm MeMnepamypvl u om
npuUpoObl peasupyroujux eujecms.

B MoMeHT xuMu4eckoro paBHOBecHs n3MeHeHue sHeprun [ m66ca He mpoucxoaut — AG = 0.
KoHcTaHnTa XMMHYECKOTO paBHOBECHs CBsiz3aHa ¢ AG COOTHOIICHUEM:

AG® = —RT InKP (5.11)

VuaureiBas, uto INKP =2,303 IgKP u R = 8,314 JIx/K-Monb ypaBHenue (5.12) npeobpasyercst
710 BUAA:

AG®=-19,14 T IgKP (5.13)

[Tonp3ysich ypaBHEHHMEM  KOHCTAHTBl PABHOBECHS, MOXXHO YIPABIATh XUMHUYECKUM
MPOIIECCOM, YTO BaXKHO B TEXHOJOTHUECKUX IEIISX.

Ecnu B paBHOBecHoii cucteme MA + nB<«»>pC + (D yBennuuTh KOHIEHTpAUio A, TO B
cootHomieHun (7.1.6) g KP, NOMKEH YBEIUYUTHCS YHUCIWTENb WIA YMEHBUIUTHCS BTOPOM
COMHOHUTEIb 3HAMEHATEsI, T.C. BEIMYUHA [B]. DTO MOXET MPOU30UTH B Pe3yJIbTaTe CMEIICHUS
paBHOBECHSI ClIeBa HAIIPABO, MPUBOASAIIETO K 0OPA30BAHNIO HOBBIX KOJIMYECTB IPOJTYKTOB PEaKIIuU
—Cub.

Taxum 06pa3oMm, pH yCTAaHOBUBIIIEMCSI HOBOM COCTOSIHUM PaBHOBECHS, KOHIIEHTPAIIUH BCEX
YeThIPEX BEIIECTB, IO CPABHEHHUIO C MEPBOHAYATBHBIMH, OKAXKYTCS M3MEHHUBIIMMHUCS, a 3HAUCHUE
KOHCTaHTBI PaBHOBECHUSI HE U3MEHUTCS.

CrnenoBarenbHO, Al CMEIEHUs] PABHOBECHsI ClIEBAa HAIPaBO HEOOXOAMMO HIIM YBEITUYUTh
KOHIICHTPALIMIO OJIHOTO W3 HWCXOJHBIX BEIIECTB, WJIM YMEHBIIUTH KOHIICHTPAIHUIO OJHOTO W3
MIPOAYKTOB PEAKIIUH.

C momomuipio BBIpRKEHUS KOHCTAHTHI PABHOBECHS] MOXKHO ONPEIENATh KOHIICHTPALUU
BEIIECTB B MOMEHT DPAaBHOBECHs, a €CJIM W3BECTHBHI 3HaueHHs K M HCXOAHbIE KOHIEHTpalUU
BEIIECTB, TO MOKHO OTPEICTNTh UX PABHOBECHBIE KOHIICHTPAIHH.

Ecnu ucxoqHyro KOHIEHTpanuio BemectBa A 0003HaunTth yepe3 Co(A), a 4riciIo MoJjb ero,

IIPOpPEarupoBaBIINX K MOMEHTY PaBHOBECHS, UEPE3 A C(A), To MOJIsIpHAsi KOHIICHTPAIMSI B MOMEHT
PaBHOBECHSI OIIPEJEINUTCA TaK:
[A] = Co(A) — A CA).

PaBHOBecHe B reTepOreHHbIX CHCTEMaxX OMpPeesseTcs TONbKO ra30BOM MIIHM KUIKOH (a3oii,
T.K. KOHIIEHTPAIIMU TBEP/IbIX BEIIECTB HE BXOJAT B YpaBHEHHE /ISl CKOPOCTU PEAKIIUH.

HampaBnenne cMemieHusi paBHOBECUS CUCTEMBI IIPH  M3MEHEHUM KOHIICHTpAIUH,
TEeMIIepaTypsl WIK JaBJICHU onpezensercs npuHuunoM Jle larense:

«Ecnu na oopamumyr cucmemy, HAxXo0AWYI0CA 6 NOOGUNCHOM COCHIOAHUU, OKA3ANb
u3zeHe Kakoe — nubo eo3oeiicmeue, mo CUcmema omeedaem CMEU{eHUueM PAGHOBecUss MaKum

00pazom, umoowvl ocradbums MO 6030eUCmeue)).

Bonpocs! 1 3aganus



3amaua 1. Peaknus paszmoskeHus: okcuaa azota (+5), mpoTekaromias mo ypaBHEHHIO 00IIero
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) — 6vicmpo.

Omnpenenure NOPAI0K U MOJIEKYISIPHOCTh 3TOTO Ipoliecca.

Pemienue. U3 ycioBuil 3agauu cienyer, 4TO CKOPOCTh PEAaKUWH, B LEJIOM, ONPEACIICTCS
nepBoii cragueit npouecca. Mtak, ckopocTh peakiuu mnponopuuoHaibHa koHueHTpauuu N2Os(r),
T.€. TPOLIECC PA3JIOKEHUS OKCHIA a30Ta (+5) — peakius nepBoro MopsIKa, MOHOMOJIEKYJISIpHAsI.

3amava 2. Bpiuucnure 3HayeHHE KOHCTAHThI CKOPOCTH MPU HEKOTOPOW TemrmepaTrype s
snemenTapHoii peaxuu C(z) + D(2) <> B(z), ecnu npu kornenrpamusax [C] = 0,04 mons/am® u [D]
= 0,05 Mob/M® CKOPOCTB peakIuyu cocTaBma v = 3,2:1074,

Pemenue: Tak kak peakmus dJIEMEHTapHAs, TO YPAaBHCHHUE PEaKIIMHA OTPAKAET €€ MEXaHU3M
— 9TO peaklys BTOPOro NopsiaKa, T.e. KHHETHYECKOe YpaBHEHHUE 3TOT0 Mpoliecca OyaeT UMETh BU/I:

v 32-10%
[C][D] 0,04-0,05

v = k[C][D], omcrooa K = )
3amava 3. s peakiuu B Ta30BOi ¢aze
24 + 3B <> A2B3
MOJIyYeHHAsT 3aBUCHMOCTh €€ CKOPOCTH OT KOHIIGHTPAllMH PearcHTOB MpejCTaBiIcHA B
Tabimue 6.2.1.
Tabnauya 5.2. 3asucumocms ckopocmu peakyuu om KOHYEHmpayuu peazenmos
KoHIEeHTpamus, MOJIb/IM°
Bemectro 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

CKOpOCTb PEaKIIH, MOJIB/(IM°-MUH) 032 064 0.32 198 1928 160

KakoB mopsinok peakuuu? Belumcianre KOHCTaHTY ckopocTH. Kak M3MEHMTCS CKOpPOCTh
peaKIy Ipy yBEJTMUSHUH JaBIICHNS B 1Ba pa3a?

Pemenue:

1. JInst HaXOKACHUS TIOPSIIKA PEAKIIMU TIPEXkK/Ie BCETO HA0 HATH KMHETUYECKOE YpaBHEHHUE

JUIE 9TOM CIOXKHOW XuMHYecKol peakimu. Ilpm 3ToM HeoOXOAMMO MPOTECTHPOBATH

YpaBHEHHS CIIETYIOIUX THITOB:

1) mnepsoro mopsinka — v = k/A]; v = k[B];

2) Broporo nopsaka — v = K[A][B]; v = k[A]?; v = k[B]?;

3) Tpernero nopsiaka — v = k/AJ?/B]; v = k[A][B]>.

2 Kunernyeckoe ypaBHEHHE OylE€T COOTBETCTBOBATh JCHCTBUTEIILHOMY MEXaHU3MY
PEaKIMU, €ClIi BBIYMCIIEHHOE U3 HEro 3Hau€HHe KOHCTAHThl CKOPOCTH PEaKIMU OYyIeT OJMHAKOBBIM
(MM IPIMEPHO OJIMHAKOBBIM, C YUETOM TOTPEITHOCTH U3MEPEHHS B X0OJI€ SKCIIEPUMEHTA).

3 TecrupoBaHue ypaBHEHUS MEPBOTO mopsiaka Buaa v = K/A4]:

1) st mepBoi mpoOsl Ky = - 032 =1,6;
[Al; 0,20
v 0,64
2) w1 BTOpo nmpoosr K =—2=’—=l,6;
) Juus BTOPOR PO K2 = 1= 5 40
3) st TpeTheit mpoosl K3 = 8 _ 0,32 =0,64.
[Al3 0,50

Tak kak 3HaueHHWE KOHCTAHThI CKOPOCTH HE OJMHAKOBBI Ui HCCIIEOBAHHBIX MPOO, TO
KMHETUYECKOE YpaBHEHUE NEePBOTrO MOpsiaka Buaa v = K/A] He COOTBETCTBYET MEXaHHU3MY JTaHHOM
PEaKIMH.

TecTupoBaHue ypaBHEHHS IEPBOTO MopsiaKka Buaa v = K/BJ:



v 032

1) mist mepBoit po0bl Ky = —— = —~—— =16;
) p p 151 Bl, 020
2) nis BTOpOit poOsl Ko = 2 _ % =16;
[B], 0,40
3) nnst Tpetbei npoos! K3 = %3 032 =16,
[Bls 0,20
4) st ueTBepTOit podsl Kyq = 4 _ ﬁ =16;
[B]l, 0,80
5) nust nsToi pobsl Kg = 5 128 =106;
[B]s 080
6) aus mectoid mpoosl Kg = 6 _ @ =16.
[Ble 1,00

Wrtak, KHHETHYECKOE YpaBHEHUE TaHHOU peakimu: v = K/BJ; koncranTa ckopoctu — K = 1,6.
4 VYBenuuyeHue JABJICHUS B CHCTEME B JIBa pa3a MOBBICUT KOHIIEHTPALUU peareHToB 4 u B
TOXE B JIBA pa3a, YTO MPHUBEIET B BO3PACTAHUIO CKOPOCTU PEAKLUU TaKXKe B JIBa pa3za. ITO MOXKHO
MOJTBEPAUTH PACUETOM:
vy  2K[B] _

vy K[B]
3anauad Ha cKoOJIbKO HAJO MOBBICHTH TEMIIEPATYpPy, YTOOBI CKOPOCTh PEaKIMU BO3pOCia B
50 pa3 (y =2,3)?

Pemenne
Pacuer nposeném no hopmyne Bant-I'odda:
t t,—t; ) -
2 = V4 10 , TIe 2 =50; y=2,3; orcrona50=2,3 10
Ut b,

1
[Tponorapudmupyem obe yacTu MOIy4EHHOTO PABEHCTBA!

t)-4
< _=1g2,3=1g50
10 g g

¥ TIOCTIE ero penreHus modyunm At = 47 °C.
OtBet: YT0o0OBI CKOPOCTH peakiuu Bo3pocia B 50 pa3 HaAO MOBBICUTH TeMIepatrypy Ha 47
o°C
3anava 5. [Ipu 393 K peakuus 3akanumBaetcs 3a 10 MUHYT. 3a CKOJIBKO MHHYT 3Ta PEaKIUs
3akoHuuTCs npu 363 K (y =3,0)?
Pemenne
Kak u3BeCTHO, 4TO MEXIY CKOPOCTHIO XMMMUYECKOW pEeakiuu M €€ MpPOJ0JIKHTEIbHOCTHIO
CYIIECTBYET 00paTHO MPOTIOPIIMOHATIBHASI 3aBHCUMOCTH!
L
b _

)

1y,
t
e 11 U 12 — BpeMH HpOTeKaHHSI peaKL[I/II/I HpI/I TeMHepaTyan tl n tZ COOTBCTCTBCHHO.

CrnenoBatenbHO, ypaBHeHUE (7.2.2.1) MOXKHO 3amucaTh B CIEAYIOIIEM BU/C:

[

tr -ty

10

T
LT

2
OTKYy/1a



t,—t 393-363
=15y 10 =103 10 =270 mun.
Otgert: npu Temriepatype 363 K sta peakuus 3akanuuBaercs 3a 270 MUHYT

ba3oBblii ypoBEeHb
3amaya 1 Onpenenure N3MEHEHHUE CKOPOCTH MPSAMBIX 3JIEMEHTAPHBIX Ta30BbIX PEaKUi Ipu
YBEJIMYEHUS 1aBJICHU B 1Ba pa3a:

1)H, + O —» H + OH; 2)Cl+ H— HCI;

3) 2NO + Cl2 — 2NOCI; 4) NO + O — NO:..

JI1s KasK 10N peaklMy ONPENEIIUTE OPAI0K U MOJIEKYJISIPHOCTh M HAIIMIINTE KUHETHYECKOE
YPaBHEHHE.

3amaau 2  Pe3ynbTaThl M3y4eHHUs CKOPOCTHM peaklIUUd MeXAy BemecTBamMu 4 u B
MpeACTaBICHBI B Ta0uIE 5.3.
Tabauya 5.3 3asucumocmsv cKOpocmu peaxyuu om KOHYEeHmMpayuu pea2enmos
KoHIeHTpaIms, MOJIb/qM°
BemectBo 4 0,10 0,20 0,20 0,10
BemectBo B 0,10 0,10 0,20 0,05
CKOpOCTh peaKiuy, MOJH)/(I[MS-MI/IH) 0,004 0,016 0,016 0,004
KakoB Mopsiok ¥ MOJICKYJISIPHOCTh PEeaKIi? BeIYUCINTE KOHCTAHTY CKOPOCTH.
3amaua 3 Ilpu yBenuueHUM KOHIIEHTpalMu BemecTBa A B 1,6 paza CKOPOCTh pPEaKIMH
Bo3pacrtaer B 2,93 pa3a. KakoB nmopsimok peakmuu 1o BemectBy 4? Otset: na = 1,83.
3amaua 4. CocTaBbTe BBIPRXCHHE JJII KOHCTAaHTHI PABHOBECHS TOMOTEGHHOIO IpoIlecca,
OIMCHIBAEMOTO YPAaBHCHHUEM:

4AHCI +02 <> 2H20 + 2C|2

3amaua 5. /]y paBHOBECHOM Ia3000pa3HOl CHCTEMBI
CO+Hy0O <> COy +Hy, k=10 (upu 830 °C).
Omnpenenure KOHIEHTPAlMM BCEX BEIIECTB B MOMEHT paBHOBECHs, €CIM HayalbHas
koHueHTpanus Co(CO) =2 MOJTB/IM° 1 Co(H20) =3 MOJTB/IM®.
3anaya 6 Kak u3MeHHUTCS CKOPOCTh peaKIUU
2H5S + 305 <> 250, + 2H,0,

€CJIM KOHIIEHTPAIIMU BCEX ra30B YBEIUYHThH B TpH paza? B cTopony npsmMoii uitn oOpaTtHOM peakiuu
CMECTHUTCSI XUMHUYECKOE paBHOBECHE?

IToBbIIEHHBIN YPOBEHD
3anaua 1 Peakiust mpoxoauT B Ta3oBoi (ase:
A+2B+D«— C.

[Tpu yBenuueHnn KOHIEHTpauK peareHra 4 B 2 paza CKOPOCTh PEaKIMK BO3pociia B 2 pasa.
[Ipy yBenuueHHM KOHIIEHTpALMM peareHTa B B 2 pa3a CKOPOCTh peaklMH He W3MeHuaach. lIpu
yBEITMUYEHUH KOHIIEHTpanuu pearenta D B 2 pa3a ckopocTh peakiuu Bo3pocia B 4 pasa.

Kak BBINISIUT KMHETUYECKOE ypaBHEHHME ITOW peakumu? Kak M3MEHUTCsS CKOpPOCTh pEakiy IpH
YBENTMYEHUH O0IIIEro AaBneHns B 3 paza? OTBET: CKOPOCTh PEAKIUH MPH YBEIIMYESHUH OOIIETo JaBleHHs B 3
paza Bo3pacrer B 27 pas.

3amaua 2 Tlpu 25 °C xoHCTaHTa CKOPOCTH peakMK B Ta30Boii hase

N204 <> 2NO2

UMEET CIIEAYIOLINE 3HAUCHHUS:

P, 1la 21590 34660 89040
k(yci. equHUIBI) 4,4 4,8 6,0.



[ToueMy KOHCTaHTa CKOPOCTH BO3pACTAaeT NMpHU yBelnueHUH AaBieHus? [louemy KoHCTaHTa
CKOPOCTH Ha3BaHa KOHCTAHTOM, €CJIM OHA 3aBUCHUT OT JaBJICHUS?
3anava 3. B kakoMm HampaBJIeHHUH CMECTUTCS] paBHOBECHE pEaKlIUu

AHCI+ 0y <> 2H70+2Cly  AH,, = -114,42 k]Txc/mon,

ecnu: 1) MOBBICUTH KOHIEHTpanuio (O2; 2) yBeIUYUTh KOHIIEHTpaluto H20; 3) TOHU3UTH J1aBJICHHC,
4) noBwicuTh Temreparypy Ha 50 °C (TemmepaTypHblii KO9Q(QUIMEHT TIPAMOI PeaKIUu Ynp = 2, a
Yoop. = 3)?

Cnucok JATEPaATyphbl, peKOMeHI[yeMLIﬁ K HCII0JIB30BaHHUIO 110 I[aHHOﬁ TEME

OcHoBHas JauTEparypa:

1. T'omoBanoBa, O. A. O6mas xuMus [ DIeKTPOHHBIN pecypc] : yaeOHoe mocodue (s CTyIeHTOB
XHUMUYeCKOro (hakyapTeTa HalpaBJIeHUH OakanaBpuaTa «XuMHs» B «XuMudeckas Texnonorus») / O. A.
l'onoBanoBa. — DNEKTPOH. TEKCTOBBIE AaHHbIe. — OMCK : OMCKHIA TOCY1apCTBEHHBIN YHUBEPCUTET UM.
®.M. JloctoeBckoro, 2014. — 164 ¢. — 978-5-7779-1755-3. — Pexxum gocryma:
http://www.iprbookshop.ru/59628.html

2. Pomanosa, C. M. Kpartkuii kypc JIeKiuii 1o o0Iei 1 HeOpraHUIeCKoH XuMuu [ DJICKTPOHHBIN pecypc] :
yuae6Hoe ocobue / C. M. PomaHOBa. — DNEKTPOH. TEKCTOBBIE NaHHBIE. — AnMarsl : Kazaxckwii
HaI[MOHAIBHBIN YHUBEpCUTET UM. anb-Dapadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexxum gocryma:
http://www.iprbookshop.ru/70372.html

JlonoiHMTEeIbHAA JIUTEpPaTypa:

1. bontpomerok, B. B. O61ias xumus [ D1eKTpoHHBIHN pecype] : yueOHoe mocooue / B. B. Bontpomerok. —
DNEeKTPOH. TEKCTOBBIE NaHHbIe. — MUHCK : Boeimmiimas mkoma, 2012, — 624 ¢. — 978-985-06-2144-3. —
Pexxum noctymna: http://www.iprbookshop.ru/20236.html

2. bapkosckuii, E. B. O6mas xumus [ DnekTpoHHEIHA pecypce] : yaedHoe mocobue / E. B. bapkosckwuii, C. B.
Tkaues, JI. I'. IleTpyiieHko. — DJIEKTPOH. TEKCTOBBIE AaHHbIE. — MUHCK : Boiiimas mkoina, 2013. —
641 c. — 978-985-06-2314-0. — Pexxum goctyna: http://www.iprbookshop.ru/35509.html

HNuTepHeT-pecypcshl:
1 http://window.edu.ru/ — eauHOE OKHO OCTyIa K 00pa30BaTEIbHBIM

pecypcam
2 http://biblioclub.ru/ — 9BC «YHuBepcuTeTcKast OMOIUOTEKA OHITAWHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTaIOT ACCOIUAIIMU DIICKTPOHHBIX
OubmmoTeK yueOHbIX 3aBeAeHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTkpeITOe 0OpazoBaHMe

TEMA 6. PACTBOPBI

MNPAKTUYECKOE 3AHATHUE 6. PACTBOPBI. CIIOCOBbBI BBIPAKEHU A
KOHIEHTPAIIMUU PACTBOPOB. PACTBOPbBI DJIEKTPOJIUTOB. PACTBOPbBI
HEJJIEKTPOJIMTOB

Heap 3anaTusa: QopmupoBaHue 0a30BbIX 3HAHUNH O cHocobax oOmpeAeNeHus CBOWCTB U
KOHIIEHTpAllUi pacCTBOPOB U HABBIKOB MPOBEJICHUS PACUETOB.

3HaHMA M yMeHHUs, IpHo0peTaeMble CTYACHTOM B pe3yJIbTaTe 0CBOCHHUSI TeMbI

3HaTb OCHOBHBIE 3aKOHOMEPHOCTH, JEHCTBYIOIIME B IIPOLECCE M3TOTOBJIECHUS MPOIYKIUU
TpeOyeMoro KauecTBa, 3aJJaHHOT0 KOJIMYECTBA IPU HAUMEHbILINX 3aTpaTax oOLUIECTBEHHOIO TPyAa


http://www.iprbookshop.ru/59628.html
http://www.iprbookshop.ru/70372.html
https://openedu.ru/

YMeTh HCIONIB30BaTh OCHOBHBIE 3aKOHOMEPHOCTH, JIEHCTBYIOIINE B MTPOIIECCE U3TOTOBJICHHS
MPOAYKIMK TpeOyeMOoro KadecTBa, 3aJaHHOTO KOJIHMYECTBA TMPH HAMMEHBIIHUX 3aTpaTax
0OIIIECTBEHHOTO TPY/1a

AxTyansHOCTh TeMbl. COBpeMEHHAsI MOJIEKYJISIpHAsI TEOPUSI PACTBOPOB MPEICTABISIET COOOU
OOIIMPHYIO, MHTEHCHBHO DPAa3BUBAIOIIYIOCS O0JIACTh MOJICKYIApHON (u3uku. MonexymspHas
TEOpHsl >KUAKHX PACTBOPOB OMHPAETCS HAa TEOPHIO YHCTBHIX OJHOKOMIIOHEHTHBIX XHIKOCTEH H
TEOPHIO MEXMOJIEKYJISIPHBIX CUJI. PacTBOPBI 3JEKTPONUTOB - OCOOBINH KIIACC KOHACHCHPOBAHHBIX
MOHHO-MOJICKYJISIPHBIX cUcTeM. Upe3BbhluaiiHas CI0KHOCTh M3y4aeMOro O0ObeKTa MpeonpeesseT
MHOTOYHCIICHHbIE ~TPYAHOCTH M TpoOJeMbl B 93TOM  OTpacid HAYYHOTO IIO3HAHMS.

TeopeTuyeckas 4acThb
Cnoco0blI BbIpaKeHUsl KOHIEHTPAILUM PacTBOPOB

Pacmeopamu nazviearom mepmoouHamuiecku ycmouuugvie O0OHOPOOHbIE CUCHEMDL,
cocmosawue u3 08yx u 0Oojee KOMHOHEHMOG (PACMBOPEHHbIX Geuwjecme U pacmeopumers).
PacTBOpeHHBIE BellecTBa — 3TO KOMIIOHEHTBI PACTBOPA, KOTOPHIE MEHSIOT CBOE arperaTHoe
COCTOSIHME MpU ero oOpa3zoBaHuu. PacTBopuTens — BEIIECTBO, HE U3MEHSIOLIEE CBOETO arperaTHOro
COCTOSIHUS IpU 00pa30BaHUU PACTBOPA.

Haubonee mupokoe pacrnpocTpaHeHHE MOITYYUJIM BOAHBIE PACTBOPbI, PACTBOPUTEIEM B
KOTOPBIX SIBJISIETCS BOJA.

Baxxneimelh XapakTEpUCTUKOM pacTBOPOB SBIISIETCS MX KOHLEHTpalus — macca WU

KOJIMYECTBO BEIIECTBA, COJEpIKalllMecsl B OIpEJeIeHHOW Macce WM o0beMe pacTBopa WU
PacTBOPUTEIIA.

MaccoBas gons BemectBa X — Macca BeIIeCTBa m(X) (B 1), comepxamasics B 100 T
pacTtBopa:

0(X).%=-"") 100

Mp—pa 6.1)

MonsnbHas KOHLEHTpalus — KomudecTBo Mojb Bemectsa N(X), conepikanieecs B 0HOM
kunorpamme (wu B 1000 1) pacTBOpHUTENS:

MOJIb _ n(X) m(X)

M (X)m

C_(X), 11000 = 1000

KI' (6.2)

p-Jist p-1ist

MornsipHas KoHueHTpanus — konmdectso Mok emectsa N(X), conepskameecs B oaHoM M
(wma B 1000 cm®) pacTBOpHTENIS:

C,, (X), X8 _ "(X) 1000=—MX) 1000
M Vo M (X Vs (6.3)

MOJ‘ISIpHaSI KOHIOCHTpAUsd KOJIHMYECTBA OSKBUBAJICHTA (HOpMaJ'II)HOCTL WX DKBUBAJICHTHAA
KOHIIGHTPAIHs) — KOJMYECTBO MOJb SKBUBAJIEHTA BENIECTBA X, COJEepIKalIeecss B OMHOM JM° (MU B
1000 cm®) pacTBOpHTENS:



1

1 "G, %) X
C(=x), M __ % 1000= T( ) 1000 6
Z, M Vi M= X)WV, '
ZX
rae n(i) u M(i) — KOJHYECTBO MOJb OKBHBAJICHTAa BelleCTBAa (B MOJb-DKB) H €rO
X ZX

SKBUBAJICHTHAs Macca (T/MOJIb) COOTBETCTBEHHO.

prweqauue. Yucao Zx Ha3bIBAarOT IK6UBA/IEHIMHbIM Yuciom U1 YUucjiom

okeusanenmnocmu —Z, > 1. 3Hauenue Z, onpenenstor M0 XMMHYECKON PEaKLUHU, B KOTOPOH
y4acTBYET JIaHHOE BellecTBO. Tak, B YaCTHOCTH, AJIs JUIsl BEIIECTB, yyacTByrommx B OB-peaknusx,
SKBUBAIEHTHOE Yncio Zg Ui BOCCTAHOBUTENS PABHO YHUCITY JJIEKTPOHOB, KOTOPOE OH OTAAET, a

JUISL OKUCITUTENST — YHCIY DIIEKTPOHOB, KOTOpOoe OH mpuHuMaer. Hampumep, mis anmona MnO;, B
3aBHCHMOCTH OT XapaKTepa peaKuu ZX MOXeET OBITh paBHO 5, 3, 1, Hapumep:
MnO; + 8H* +5e" = Mn* +5H,0; Z, =5; 3(MnO,) = 1/5 Mo,
MnO; + 2H,0+3e" = MnO, +40H"; Z = 3; 3(MnO,) = 1/3 Mo,
MnO, +1e =MnO; ;Z, =1; 3(MnO,) = 1/1 Mons.
CJIGI{OBaTeJIBHO, B OTHUX peaKm/mx 3KBHUBAJICHT OKUCJIUTECIIA MnO;l COOTBCTCTBCHHO paBeH

1/5, 1/3 u 1 Mob.
Heo6xoaumo Bceraa oOMHUTB, YTO 3HAYEHHE YKBUBAJIEHTA J000r0 BeliecTBa X He NPEBbIIIAET
eauHuupl, T. €. I(X) < 1.
Ormpezenenyie SKBUBAJIEHTHBIX YHCE HEOJAMHAKOBO Ul 0OMEeHHBIX B OB-peakiuii.
B 0O0MeHHBIX peaknusax 3KBUBAJIEHTHOE YUCIIO ONPENEISIOT 110 CTEXMOMETPUHU peakiuu. Ecimu s
peaKuuy BUIa

VA+v,B=v.C +v,D
Ha OMH MOoJIb BemecTBa A Tpebyercsa VvgB/v,A mons BemectBa B, 10 Z, =Vv,/Vv, .
MornbHas 10714 — OTHOILEHHE KonuuecTBa Mok BemectBa N(X) k obmieMy uncity MoJIb Beex

BEIIECTB NZ (X i) , COCTaBJISIFOIIUX PacCTBOP:

a(X) :—N(X)
Ny (X;) (6.5)

Tutp pactBopa BemectBa X — Macca Bemecta M(X) (B ), comeprkamiasca B OTHOM CM°

pacTBopa:

2 m(X)

ok vV (6.6)

p-pa

r(X),

Tutp pactBopa BemecTBa B mo ompenensemomy BemectBy X — macca Bemectsa M(X) (s

F), COOTBCTCTBYIOIIAsA OTHOMY CM3 CTAaHAApPTHOTO paCTBOPAa BCIICCTBA B .

(81 x), 2 = _MX)

v’ V(B) (6.7)

p-pa



Becbma BaXHBIM TIapaMeTpOM pPAaCTBOPOB SIBISAETCS WX IIOTHOCTh — OTHOIICHHE MAacChl
pactBopa (B Kr) K 00bEMY 3TOTO pacTBopa:

Ke mp-pa

Y (6.8)

p-pa

Ipumeuanue. B XuMuy yaiie IPUMEHSIOT Pa3MEPHOCT ILIOTHOCTH PACTBOPOB B I/CM®.
Jlyisa mpoBeAieHHsI pacueToB MOJIe3HO 3HaTh (opMyiny (9), CBSI3BIBAIOIIYI0 KOJIMYECTBO MOJIb
SKBMBAJICHTA BEIECTBA X C Pa3IM4YHBIMHU BHIaMU KOHLEHTPALMI €r0 pacTBOPOB.

m(X) _ T(XV(X) _T(B/X)V(B) _
1 %)y M(Zix) M(ZiX)

Z.X X x

n(i X), mone=
z, M (

1
CCEXVX) (X),%p,,V (X)
=7 1000 L |
100M (- X) (6.9)

x

[Tpu mpUrOoTOBICHUH PACTBOPOB C PA3TMUYHON MAcCOBOI J0J€il BechbMa MOJIE3HBIM SIBIISIETCS
TaK Ha3bIBAEMOE MPABMIIO CMEIIEHUs (MIIH MPABUIIO «KPECTAY).
Cxema «kpecTa» UMeeT BUI:

w,% - m, T
w,, %
w,, % — m,, I.

rae a,, % u w,, % — maccoBbie JIOJIX UCXOOHBIX PaCTBOPOB,
1 2>
m1—|a)2 —a)x| U m, =@, —@®, — MacChl UCXOJIHBIX PACTBOPOB (B T) IOCIE CMEHICHUS

KOTOPBIX Oy/eT MOJIy4eH pacTBOp ¢ MaccoBoi poueit @, , %.
PacTBOpBI 2J1eKTPOJIUTOB
Onekmponrumamyu  HA3bIBAlOTCA  BEIIECTBA, KOTOpPbIE TMpPU PACTBOPEHHMH B BOJIE
MOABEPTalOTCS  MPOTONU3Y (AUCCOLMHUPYIOT WM  pACMaNaloTcsi) HAa HOHBI M MPOBOIST
3NeKTpUUecKuid TOK. Heopranmueckue KUCIOThI, OCHOBAHUS U COJIM SIBJISFOTCS SJIEKTPOIUTAMM.
Cuita 37eKTpOoJIMTa XapaKTepu3yeTcs CTENEHbI0 MpoToyh3a (& ), KOTOpas MOKa3bIBAaeT
OTHONLIEHHUE YKCIa MOJIeKyJl, pacnasinuxcsa Ha HoHbI ( N ), k 06meMy drcmy MoneKyst >IeKTpouTa
B pactope ( N ), 1 BbIpakaeTcst B mpoLeHTax:

azﬁ-loo%.
N

0

(6.10)

VYCIOBHO CUMTAIOT 3JIEKTPOJIUTHI, ToJBepruuecs mnporonusy Ha 3% u meHee (T.e.
a < 3%) - cnabbivu, a Ha 30% u Gonee (& = 30%0) — cunprbMu.



B  pactBope cnaboro  3JEKTpONIUTa  YCTAaHABIMBACTCS  PABHOBECHE  MEXIY
HEJVCCOIMUPOBAHHBIMA MOJIEKYJIAMH W TIPOAYKTaMH HX pacraga — WoHamu. Hampumep, B
pactBope ci1aboit OTHOOCHOBHOM KHCIIOTHI:

H,0 + _
HAT=2= HY + A

KoHcTaHnTa Takoro paBHOBECHS BBIPAKACTCS YepPe3 PABHOBECHBIC KOHIICHTPAIMH

COOTBETCTBYIOIIMX YAaCTHI[ B PACTBOPE U HA3BIBACTCS KOHCMAHMOU NPOMONU3A UIU KOHCHAHMOU

ouccoyuayuu K, (HA):
_[HT[AT]
K, (HA) = [HA] ' (6.11)

MHOrooCHOBHBIE KHCIIOTBl PAaclaaloTCs CTYINEHYaTO, KaXkJas CTYINEHb U3 KOTOPBIX
XapakTepu3yeTcs cBoei KoHcTanTou. Hanmpumep:

_[HHS T,

H,0
H,S————=H"+HS"; K ;
T CHS]

—__H, - H'I[s™]
HS 2o H 57 K, = .
N ® O [HST]

COFHaCHO SaKOHy pa36aBHeHI/I$I OCTBaJ'ILI[a, Ka N O CBsI3aHHBI ypaBHeHI/IeMI
2
a -C

K (HA) =T,

(6.12)

rae C — MonspHas KOHIEHTPAIHs dEKTPOJIHTA, MOJb/IM>,
[pu o << 1 ypaBHenue ympomaercs:

K, (HA)=a’-C. (6.13)

I[J'IS[ PacucToOB, CBA3AaHHBIX C IMIPOTOJIU30M KUCIIOT, YaCTO UCIIOJIB3YIOT HE Ka , a ITI0Ka3aTciib

KOHCTaHTHI npotosm3a (xuccounanmu) PK, , kotopsiii pasen:

PK, = —lgK,. (6.14)

C Bospacranuem K, T.e. ¢ yBennueHneM cuibl Kuciothl, 3Hauene PK, ymenbmaercs,
crepoBarenbHo, yeM Gombie PK, , tem cnabee kucnora. Tak, 3nasenns PK, st cnabbix kucinor
or CH,COOH no HCN nexar B npenenax ot 4,76 10 9,21.

Jlnst omHOOCHOBHBIX  KuciaoT, Hanpumep, ykcycnoir — CH,COOH, xonuenrpammn

[H+] Y [A’] paBHBI U COCTABIAIOT:
[H"]=[CH,CO0] = aC.
C yuerom ypasHenus (10.2.4) umeem:

+7 _ -1 ~ .
[H*]=[CH,C00 1~ /K, -C.
PacTBOpbI HEJIEKTPOJIUTOB
Pazb6aBieHHBIC pacTBOPHI BEIIECTB-HEIJIEKTPOIUTOB 00JIATAOT PAIOM (PUZUKO-XUMUUECKHIX

CBOI>'ICTB, IJIL KOTOPBIX KOJIMYECTBCHHOC BBIPAKCHUC ITUX CBOMCTB 3aBHCHUT TOJIBKO OT 4YHCIa
HaxoJdmuXxcss B pacTBOPEC YaCTUIL paCTBopéHHOFO BCIICCTBA U PACTBOPHUTECIIA (KOJ’IJ’II/IF&TI/IBHBIG



cBoiicTBa). HekoTopeie M3 3THX CBOWCTB HCIOJIB3YIOTCS IS ONPEACICHUS MOJEKYISIPHOU MaCChI
PacTBOPEHHOTO BEILIECTBA.
Tak, B COOTBETCTBHM CO GMOpbIM 3aKOHOM Payns: MOBbIIIEHHE TeMmIepaTypbl KHIICHUS

(Atl(l/lﬂ.

HEDJICKTPOJIUTOB IIPOIIOPLIMOHAIIBHO YHUCIY YACTUL PACTBOPEHHOIO BELIECTBA U HE 3aBUCHUT OT €r0
IIPUPOJIBI:

) WU TIOHWXKEHUE TEeMIepaTypbl KPHUCTALIU3AIUU (Atkp) pa30aBICHHBIX PACTBOPOB

At,, = KC,, 6.15)
Atknn. = ECm’ (616)
rie Al — moHwkeHwme Temreparypsl 3aMep3aHHs WM IOBBIIICHHE TEMIIEPATYPbl KHUIICHHS

pactBopa, rpag; K u E — kpruockonnueckast u 30ysinockonuueckas KOHCTAHTbI COOTBETCTBEHHO,

C,, — MonsinbHas KOHLEHTPALKs PACTBOPEHHOTO BewecTBa, Moib/1000 r pacTBopuTens.

Ipumeuanue. Kpnockonumueckasi ¥ 30y/UTMOCKOTIMYECKast KOHCTAHTBI TIPEACTABISIIOT cO00i
MOHIKEHUE TEMIEpaTypbl 3aMep3aHusi WU MOBBIIICHHE TeMIIepaTypbl KUIEHHUS IJii PacTBOPOB
HEDIEKTPOJIUTOB MPU X KOHIIEHTPAIHUAX PAaBHBIX 1 MOIb/mM°,

Eciu M (r) HesnexTpomura, uMeromero MonsHyro mMaccy M, pactBopensr B M oy (T)

pacTBOpHTEIIs, TO:

m 1000
At =K .. , 2paoyc
3am 3am Ms_ga mp_ﬂﬂ p y (6 ) 17)
m 1000
At =F .t , 2paoyc
Kun Kun Mg_ga mp_]m p y (6.18)

CDOpMy.]'ILI IMO3BOJIAIOT ONPCACIINTL TEMIICpATYypPhbl 3aMCp3aHUAd W KUIICHHUA PAaCTBOPOB
HCOJICKTPOJMUTOB IO HMX KOHHOCHTpALlMHU, a TaKKC HaAXOAWTbh MOJIBHYIO MaAcCy paCTBOpéHHOFO
BCIICCTBA IO MOHUKCHUIO TECMIICPATYPBI KUIICHUS WJIN 3aMCP3aHUS PACTBOPOB.

BOl'lpOCbl H 3a1aHUA

[Tpumep 1. HammcaTte MoneKyJlsspHOE W HOHHOE YPAaBHEHHs DPEAKLUI B3aUMOJEHCTBUSA
pacTBOpoB HUTpaTa Oapust U cyib(dara HaATpus.
1 CocraBisieM MOJIEKYISIPHOE YPAaBHEHHE PEAKIIMU:

Ba(NOs), + Na,SO, = BaSO, ¥ +2NaNO,

2 IlepenucbiBaeM 3TO yYpaBHEHUS, N300pa3uB XOPOIIO TUCCOLMHUPYIOIIME BEIIECTBA B BUJIE
HOHOB, a YXOJdILIMe U3 cepbl peakuuud — B BHJE MOJIEKYJ, T.€. COCTABIIIEM IIOJIHOE HOHHOE
ypaBHEHHE JAHHOM PEeaKIMH.

Ba’" +2NO; +2Na* + SO7™ = BaSO, 1 +2Na* +2NO5.

3 BrinucbiBaeM HOHHOE YpaBHEHHE PEaKLIMU B OKOHUATEIbHOM BHUJIE (COKpAIlEHHOE HOHHOE
ypaBHEHHUE):

Ba®" +S07™ =BaSO, 4,

KOTOpOE OIpeleNseT CyTh Ipolecca B3aUMOJEHCTBHMSI pPacTBOPOB HUTpara Oapus u
cynbdara HaTpHsL.



3amaua 2. Paccuwraiite monnyto cuiay pactBopoB RDNOs3, CuCly u NasPOs, ecnu ux
MOJISIpHBIE KOHIIEHTpauy pasHbI 0,1 Mos/ave.
Pemenue. 1 B pactBope HUTpaTa pyouaus:

1 2 2 1 2 N2y
I_E(CRbJFZRb“L +CNogZNo3—)‘§(O’1'1 +0,1-(-1)2) =01

2 nst pactBopa CuCly:

1 2 2\ 1 2 2\
| —Q(Cc:uﬂcw +CC|zC|)_§(O,1-2 £2.0,1-(-1)2) = 0,3,

3 Wonsr Na* u PO42 cosnaror nonnyro cuny:
1 1 2 2
| :E(CNa Nat + Cpo; 3ZF>o )25(0’3'1 +0,1-(-3)7) =0,6.

Ipumep 3. Cxombko cM® pacTBOpa r’HAPOKCHIA HATpHs ¢ MaccoBoit moneit w1(NaOH) = 30% (p1
~ 1,300 r/cm®) mamo mo6aBuTh K 300 cm® Bomsl (p(H20) = 1,00 r/cM®), YTOOBI TIOMYUHTH PACTBOP C
maccosoii noseit ox(NaOH) = 10%?

Pemenune. MOXHO NPEUIOKUTH TPH BapHaHTA PEIICHHS TAKOH 3a/1auu:

1) mosTamHbIA pacyeT, ¢ COCTaBICHUEM CHCTEMBI U3 JIBYX YPaBHCHUI;

2) ¢ UCIIOJIb30BAaHUEM 3aKOHA DKBUBAJICHTOB,

3) OpUMEHHUTH IPABUIIO KPECTA.

Bapuanm 1. Bpruucaum wmaccy ruapokcuaa Hatpus (M(NaOH), r), xoropas nomKHa
COJZIEPIKATHCS B HCXOJHOM PAacTBOPE € MacCoi My, T:

100 r pactBopa ¢ w1(NaOH) = 30% coaepxut 30 r NaOH

m1, r pactBopa ¢ m1(NaOH) = 30% coxepxkut m r NaOH

Ilepsoe ypasnenue: m(NaOH) = % My, T = 0,3 my, r

Paccunrtaem Maccy pactBopa ¢ MaccoBoit goneit wx(NaOH) = 10%:
100 r pactBopa ¢ ox(NaOH) = 10% coxepxwur 10 r NaOH

(300 + my), r pactBopa ¢ w(NaOH) = 10% coaepxutr m r NaOH.
Bmopoe ypasnenue: (300 + ml) :10=100-m(NaOH).

Hanee Beipaxenue s M(NaOH) u3 mepBoro ypaBHEHHUS MOJCTaBUM BO BTOPOE U PEIIAM
BHOBb IIOJIyUEHHOE YpPaBHEHHE OTHOCUTEIBHO M1 — MCKOMOW MAacchl MCXOJHOIO pacTBopa ¢

o1(NaOH) = 30%:
(300+m;)-10=100-0,3m;; m, = 3280 =150 .

Teneps BoranciuM 00beM, KOTOPbIH OynyT 3anuMath 150 T pactBopa ¢ w1(NaOH) = 30%,
ucnonb3ys hopmyny (8):

m 150
Vg o’ ==L ="""=115309,
P1 1,30
Otser: K 300 cm® Boasr Hasmo m1o6asuts 115,39 cM® (150 1) pactBopa ¢ w1(NaOH) = 30%,

YTOOBI MMOJTYYUTh pacTBOp ¢ MaccoBoit moineit mx(NaOH) = 10%.
Bapuanm 2 'Y 106HO BOCHOIB30BaThCs GopMyInoit (9), yauThIBast, 4To

, (NaOH) = 2(NaOH)-my _ @, (NaOH)- (300+m,) _
1 M(NaOH) M (NaOH)

rae M1 = p1Vi, r — macca pactBopa ¢ w1(NaOH) = 30%;

n, (NaOH),



300+ my=my = p2Va, .
B wurore:

w,(NaOH)-m; = », (NaOH) - (300+m,); m,=150r; V; =11539 ca®.

Bapuanm 3. TlpumeHUM MpaBUIIO «KpecTay, yuuThiBas, uTo KoHueHTpauus NaOH B uucroit
BOJIE paBHA HYIIIO!

30% — mg, r
10, %
0,% — my, T.

Boranciium maccy pactBopa (mi, 1) ¢ 1(NaOH) = 30% u maccy Bojasl (M2, T'), KOTOpbIE
HAJI0 CMEeNIaTh, YTOOBI OTY4UTh pacTBOp ¢ ®x(NaOH) = 10%:
m=10-0=10r;m=30-10=20r.
Wtak, 4to6sl momyuuts pactop ¢ mx(NaOH) = 10%, nano k 20 r (20 cm®) Boasl 100aBUTE
10 r pactBopa ¢ w1(NaOH) = 30%, a k 300 r BobI HaJ 10 100ABHTH:
10

m =1 .300=>.300=1502 Vi, cx® =11539.
ms 20

ba30BbIi1 ypoBeHb
3amava 1. HammcaTh HMOHHO-MOJNEKYISApDHBIE YpPaBHEHHS pPEaKUWH  B3aUMOACHUCTBUS
CJICAYIOIINX BEIECTB:
a) Pb(NO3)2 u NazS;
0) Cu(OH)2 1 H2SO4;
B) CaCOs u HCI;
r) FeSO4 u H2S;
1) CuO u HzSOs.
3agaua 2. CocTaBbT€ MOJEKYJSIpHBIE YpaBHEHUs peakluil, KOTOpble BBIPAKAIOTCS
CIIEAYIOMIMMHU KPAaTKUMU HOHHBIMU YPaBHEHUSIMH:
a)H" +OH™ =H,0
6) Cu?* +S%” =CuS
6) CO3~ +2H* =CO, +H,0
2) ZnOH™ +H* =Zn%" +H ,0
0) HCO3 +OH™ =COZ% +H,0
e) Mg(OH), +2H " = Mg?" + 2H,0.
3amaua 3. Paccuwmraiite aktuBHOcTH mMoHOB K' u SO4% B pacTBOpe cymbdaTa Kamus c
MonspHoit kornenTpanueit C(K2S04) = 0,1 moms/mv®.
3amaua 4. Paccuuraiite cpeaHuil K03(pQUIMEHT aKTUBHOCTH JJsi BOJHOTO pacTBOpa
THAPOKCHIA HATpHs ¢ MojspHoil konnentpamueii C(NaOH) = 0,1 mons/nm® u cpaBHHTE ero ¢
AKCIEPUMEHTAIBLHO HalIeHHOW BennuruHo# 0,764.
3amaua 5. Berumciute mnpomssenenue pactsopumoctu Fe(OH)z, ecmum B 100 cm® ero
HACBIIIEHHOTO PacTBOpa cosepkutest 9,6-107° r 3TOr0 THAPOKCHIA.
Bamaua 6. ITpomssenenme pactBopumoctd Ag2COs cocraBmser 81072 Paccumrtats
PacTBOPUMOCTB KapboHaTa cepedpa B MOJIB/IMS 1 T/IM .
3amaua 7. Berumcnuts pactBopumocTs CaFz (B Mons/am®) B Boge u B pactBope CaCly ¢
xoruenTpamueii C(CaCly) = 0,05 mons/nm® (TTP(CaF2) = 4-10711). Bo ckombKko pa3 pacTBOPUMOCTE
BO BTOPOM cJly4ae MEeHbIlIe, YeM B repBoM? PacueTsl mMpoBecTH ¢ yueToM U 0e3 yueTa HOHHOM CHJIbI
pacTtBopa.



3amaua 8. Ckombko cm® pactBopa (V1(HsPOs)) dochoproii kucnotsr (C1(HsPO4) = 1,010
Moms/aM°) Hamo n06aBuTh Kk 250 cm® pactBopa docdopoii kucnotsr (C2(HsPOs) = 1,510
MOITB/IM®), 4T0OBI OTy4uTh pactBop ¢ w3(HsPO4) = 11,19% u ps = 1,060 r/cm>?

3amaua 9. Kakyro maccy kpucramtoruapara kapoonara Hatpus NaCOz-10H20 Hamo B3sTh 1151
npurotorieans 200 cM ero BOTHOIO pacTBopa ¢ MaccoBoit oreit (NazCOs) = 10% (p = 1,102 r/em?)?

Paccuurarh 11 TIOMY4EHHOTO PacTBOpa: THTP, MOJSIPHYIO, MOJISIPHYIO SKBHBAJICHTA U MOJIUIBHYIO
koH1eHTpari NaxCOz. OneHUTh a0COTIOTHYIO U OTHOCHTEIIBHYIO (YCJIOBHBIE! ) MTOIPEITHOCTH MPUTOTOBIICHUS
3TOTO PacTBOpA.

3amaua 10. BprYMCINTE MOJISIPHYIO KOHIICHTPAIMIO KOJMYECTBA JKBUBAJICHTA PAacTBOpa
TUIPOKCH/IA KallKsl HOJTY4EeHHOTO TIpH cMeluBanuu pacteopos: 300 cm® ¢ C(KOH) = 0,8 mons/am®
1 700 cm® ¢ ¢(KOH) = 1,2 mons/am>? Kaxos tutp KOH o HCI?

I1oBbIIEHHBIN YPOBEHB

Bamaua 1. Cxomeko cM® Bomsl (p(H20) = 1 1/em®) cmenyer mo6asuts x 1 am® pacteopa
xnoposogopoauoii xkucnotsl ¢ C(HCI) = 1,5 momb/mm3, 9T0OB HOTYYMTH PACTBOP C MOJISPHOI
KOHIIEHTpaIHeil paBHOM To4HO 1,0 MOIB/IM>?

3anaua 2. B kakom 00béme HackimeHHoro pactBopa AgsPOs comepxuTest OUH rpaMM ITOM
comu (ITP(AgsPOs) = 1,3:10729)?

3amaua 3. B 10 am® maceimennoro pacteopa CaCOs conepsxntcs 0,0278 T HOHOB KalbIIHS.
BbruuciinTh npousBeieHHE PaCTBOPUMOCTH KapOOHATa KaJIbIIHsL.

3amaua 4. O6pasyercs mu ocagok AgBr (ITP = 6,0-101), ecnu ciuth paBHBIE 00BEMBI
pactBopoB AgNO3 u KBr ¢ xornenTtpammsvu C(AgNO3) = C(KBr) = 0,001 moms/am>?

Cnucok JuTepaTypbl, peKOMEHAyeMbIH K UCI0JIb30BAHUIO 110 TAHHOM Teme

OcHoBHas JuTeparypa:

1. T'omoBanoBa, O. A. O0mas xumus [ DIeKTPOHHBIH pecypc] : yueOHOe mocodue (A1l CTYASHTOB
XMMUYeCKOro (hakyabTeTa HallpaBiIeHUH OakanaBpuaTa «XuMHUs» U «XuMudeckas tTexHosorus») / O. A.
l'onoBaHOBa. — DEKTPOH. TEKCTOBBIE NaHHBIE. — OMCK : OMCKHI TOCYAapCTBEHHBIN YHUBEPCUTET UM.
®.M. HdocroeBckoro, 2014, — 164 c. — 978-5-7779-1755-3. — Pesxxum pocryma:
http://www.iprbookshop.ru/59628.html

2. Pomanoga, C. M. Kpatkwuii Kypc jgeKIuii 1o o01Iei 1 HeopraHMIeCKol XUMUH [ DIeKTPOHHBIN pecypc] :
yuebHoe nocodue / C. M. PomaHoBa. — DJIEKTPOH. TEKCTOBBIC JJaHHBIE. — AJmarthl : Kazaxckuii
HaI[MOHAIBHBIN YHUBEpCUTET UM. anb-Dapadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexxum gocryma:
http://www.iprbookshop.ru/70372.html

JlonoJHUTeIbLHAS JINTEPaTypa:
1. Bontpomerok, B. B. O61ias xumus [ D1eKTpoHHBIH pecype] : yueOHoe mocooue / B. B. Bontpomerok. —
DNEeKTPOH. TEKCTOBBIE NaHHbIe. — MUHCK : Boimiimas mkoma, 2012, — 624 ¢. — 978-985-06-2144-3. —

Pexxum moctyma: http://www.iprbookshop.ru/20236.html

2. bapkogckuii, E. B. O61ias xumus [ DnekTpoHHbIH pecype] : yueOHoe nmocooue / E. B. bapkosckuii, C. B.
Tkaues, JI. I'. [leTpymieHko. — DAEKTPOH. TEKCTOBBIE JaHHBIE. — MUHCK : Brimiimas mkosna, 2013. —
641 c. — 978-985-06-2314-0. — Pexxum noctyna: http://www.iprbookshop.ru/35509.html

HNuTepHeT-pecypcesbi:
1 http://window.edu.ru/ — eauHOE OKHO I0CTyIa K 00pa30BaTEIbHBIM

pecypcam
2 http://biblioclub.ru/ — 9BC «YHuBepcuteTcKkast OMOIHMOTEKA OHITAHHY.

3http://catalog.ncstu.ru/ — 3aeKTPOHHBIM KaTaaor acCOIUAIIUHN SJICKTPOHHBIX
OoubMoTeK yueOHbIX 3aBefieHui u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OtkpeiToe 0Opa3zoBaHue



http://www.iprbookshop.ru/59628.html
http://www.iprbookshop.ru/70372.html
https://openedu.ru/

TEMA 7. KOMIIVIEKCHBIE COEJJMUHEHMUSI.
INPAKTUYECKOE 3AHATHUE 7. KOMIIVIEKCHBIE COEANMHEHMUSI.

Heawb 3anarus: ChopMupoBath y CTYJCHTOB CHCTEMHBIC 3HAHUS O CTPOCHHHM M CBOMCTBAX
KOMIUIEKCHBIX coeluHeHui.HayuuTth CTyJIeHTOB MOJdy4YaTh KOMIUIEKCHBIE COEAMHEHHUS M Ha
OCHOBAaHUU TIOBEACHHUS KOMIUICKCHBIX COCIWHEHUH B pacTBOpax JellaTh BBIBOABI 00 UX
YCTOMYMBOCTH.
3HaHMSA M YMeHHUs, IPUoOpeTaeMble CTYA€HTOM B pPe3yJIbTaTe 0CBOCHUS TeMbl

3HaTh OCHOBHBIC 3aKOHOMEPHOCTH, JCHUCTBYIOIIME B IPOIECCE M3TOTOBIICHUS MPOIYKIIUU
TpeOyeMoro KauecTBa, 3aJJaHHOI0 KOJIMYECTBA NMPU HAMMEHbIIUX 3aTpaTax 0OLIECTBEHHOIO TPyAa

YMeTh HCIOJIB30BaTh OCHOBHBIC 3aKOHOMEPHOCTH, ACHCTBYIOIIHNE B MPOIIECCE M3TOTOBJICHUS
MPOAYKIMK TpeOyeMoro KaudecTBa, 3aJaHHOTO0 KOJIMYECTBA MPH HAMMEHBIIHUX 3aTpaTax
OOIICCTBEHHOTO TPy/1a

AxTyanpHOCTh TeMbl. KommekcooOpa3oBanue uMeeT OOJbIIOE 3HAUEHHE MPHU MPOTEKaHUU
OMOJIOTHYECKUX TPOIECCOB B JKUBBIX OpraHM3Max. VOHBI MIETOYHBIX M IIETOYHO-3€METbHBIX
METAJUIOB B OMOJIOIMYECKHUX KHUJIKOCTAX HaXOJIATCS B BUJ/I€ aKBAKOMIUIEKCOB, @ MOHBI d-3J1EMEHTOB,
SIBJIASCH IPEKPACHBIMU KOMIUIEKCO0Opa30BaTeNIIMU, 00pa3yloT KOMILIEKCHI, B KOTOPbIX B KaueCTBE
JIMT'aHJI0B BBICTYIIAIOT aMUHOKHUCIIOTHI, HYKJIEMHOBBIE KUCIIOThI, BATAMMHBI U rOpMOHBbI. Harmmpumep,
’KEJIe30 BXOAUT B COCTaB remorioOuHa. HekoTopsle KOMIUIEKCHBIE COEIUHEHHsS O00JaJaroT
OMOJIOTNYECKON aKTHBHOCTBIO U NMPUMEHSIOTCS B KaueCTBE JIEKApCTBEHHBIX MpenapaToB (BUTaMUH
B12). Kpome Toro, o0pazoBaHie pacTBOPUMBIX YCTOHYHUBBIX KOMIUIEKCHBIX COCTUHEHUN MO3BOJISET
BBIBOJMTH M3 OpraHu3Ma COJIM TSDKEIbIX METAUIOB, YTO CIIOCOOCTBYET J€3MHTOKCHKALUU
OpraHmsma.

Teoperuyeckas 4acTb
XUMHUYECKUE CBSI3U OCYIIECTBISIOTCS 3a CYET 000OIICHNST HE CIIAPEHHBIX AIIEKTPOHOB WIIH
nepenavyu dJIeKTPOHOB OJAHHMM K3 aTOMOB, BCTYMAKOIIUX B CBS3b Apyromy. B pesympTaTe Takoro
B3aMMOJICHCTBUS 00pa3yloTcs yCTOMUMBBIE KOH(Urypanuu, MMEIOLUME Ha BAJIEHTHOM 0005104Ke
ANEKTPOHHBIA OKTET. Y CTOHYMBOCTH MOJOOHOM CTPYKTYpPHI OOBSICHSIETCA CXOJCTBOM B CTPOEHHUU C
WHEPTHBIMU Ta3amMu. CoeMHEHUS, TIOYYaOIIUeCs OI00HBIM 00pa30M, Ha3bIBAIOTCS OWHAPHBIMHU.

MHorvie aToMbl HITH HOHBI, 00pasyroliyie OMHapHbIE COSIMHEHHS, MOTYT SIBIISTHCS JIOHOPAMU YIEKTPOHOB
VTSt IPYTHX aTOMOB, TPYITIT aTOMOB HJT MOJIEKYJT, HE IMEFOIIHX JIEKTPOHHOTO OKTeTa. [ lonmydeHHbIe TakuM myTéM
CJIO’KHBIE MOJIEKYIIbl HAa3bIBAFOTCS KOMIUIEKCHBIMA COEIMHEHUSIMA WM COSIMHEHMSMH BBICIIIETO TIOPSIKA.
Hanpymep, B coctas komrutekcHoro coemrenrst Ko[PtClg] exons nors K+ 1 [PtClg] 2.

[leHTpanbHBIi aTOM TUIATHHBI CO CTETNEHBIO OKUCICHHS +4, BOKPYr KOTOPOTO
TPYIIHUPYIOTCS (KOOPIUHUPYIOTCS) IPYTUE aTOMBI, HA3bIBASTCS KOMILIEKCO00Opa30BaTEIIeM.
[Tpucoenunstomuecs k HeMy nonbl Cl” Ha3pIBatOTCS JIMTaH aMHK (MU aJIZICHIAMH).
HexoTopsie muransl ¥ MX HA3BaHUS:
H>0 — axBa; NHz — ammun; O> — okco; OH — runpokco; CN™ — nuano; SCN™ — ponano;
NO;~ — mutpo; SO3%~ — cymbduro; NH,0H — rumpoxcunamun; F- — ¢ropo; ClI- — xmopo; Br- —
opomo; I~ — itogo.

Yucno  NUTaHAOB, TPHCOCTUHEHHBIX K  KOMIUIEKCOOOpAa3oBaTeiio,  Ha3bIBAIOT
KOOPMHAIMOHHEIM YMCIIOM (K.4.) KoMIUIekcoobpasosatens. K.u. (Pt*4) = 6.

Wons K — BHemmHsas koopauHamuonHas cdepa (mpotuBomon); [PtCls]> — BHyTpeHHssa
koopauHanmonHass cdepa. EE 3apsa( TouHee, cTemeHb OKHCIEHUS X) OMpelesieTcs
anreGpamdecKoil CyMMOii 3apsA0B KOMILIeKcoobpasosatens u murannoB: x(/PtClg]%) = +4 +(-1)-6
=-2.



Ecm BHYTpeHHSST KOOpIMHAIMOHHAS cepa UMEET TOJIOKUTEIBHBIA 3apsil, TO OHA Ha3bIBACTCS
KOMIUIEKCHBIM KaTHOHOM, €CJIA OTPHULIATENIbHBIA — KOMIUIEKCHBIM aHHOHOM. MIMeeTcst psii COEIMHEHMI, B
KOTOPBIX BHYTPEHHsIS1 KOOpIMHAIIMOHHAS cepa He HecET 3apsia — HeMTpabHble KOMIUICKCHL [Iprvepsl
YKa3aHHBIX TUIIOB KOMIUIEKCHBIX COCAVHEHUI:

H,0
1) katuonnbie — [Pt (NH3)sCI]Cl «—2—> [Pt(NH3)sCI]* + CI";
H,0
[Cr(H20)4Br2]Br «—2—> [Cr(H20)4Br2]* + Br;

[Ni(H:0)61S0: <~ [Ni(H:O)e]** SO

H>0
2) annonnbie — K3[Fe(CN)s] 27 5 3K+ [Fe(CN)e]®;

(NHa4)2[Pt(OH)2Cl4] (H—ZO) 2NH4" + [Pt(OH).Cla]?;

H,0
Nas[AlIFs] «—=2—> 3Na* + [[AlF¢]®;

H,0
3) meiirpanbubie (HednekTponutsl) — [Cr(H20)4P04] —2 > x;

[Rh(NH3)3(NO2)s] (H—20> X

H
[Pd(NH20H).Cl;] 20

Ipumeyanue. KoMIUIEKChl aHUOHHOTO THIIA TAKXKe €lI¢ HA3bIBAIOT allUJIOKOMIUICKCHBIMH,
TaK Kak MpH NEPBUYHOM MPOTOJIN3E OHU OTHICTUISIOT KOMIUIEKCHBIH aHHOH.

Aneopummvl HA36aHULl KOMNIEKCHbIX coeOuHenuli: 1) KaTHOHHBIE KOMIUIEKCHI — CHadasia
Ha3bIBAIOT BHEINHIOK cdepy, a 3aTeM B POIUTEIBHOM MaJe)Ke MPUBOAAT Ha3BaHUS JIMTAHIOB
BHYTpEHHEH CcQepsl U PyCcCKOe Ha3BaHHE KOMILICKCOOOpA30BaTelisi C YKa3aHUEM €ro CTEleHH
OKHCJICHHsI apaOCKUMU UppaMH, HAITpUMep:

[Pt (NH3)3Cl] Cl —xnopun TppaMMHUHXIOpOILIATHHBI (+2);
[Cr(H20)4Br2] Br —6pomu TetpaakBagudopomoxpoma (+3);
[Ni(H20)6]SO4 — cynbdat rekcaakBanukess (+2);

2) Ha3BaHUE AaHWOHHBIX KOMIUIEKCOB HAYMHAIOT C BHYTPEHHEW cepbl — Ha3BaHHUE JIMTaH/I0B
U JIATUHCKOTO KOMIUIEKCO00pa3oBatTelisi ¢ OKOHYaHUEM -ami, 3aTeM — PYCCKOe Ha3BaHHE KaTHOHA
BHEITHEW cepbl, HarpuMep:

Ks[Fe(CN)e] — rexcanmanodeppat (+3) kanus;
(NHa4)2[Pt(OH)2Cls] — muruapokcoterpaxioporuiaTiat (+4) aMMOHHUS;
Nas[AlF¢] — rekcadropoamomMuHaT HATPUS;

3) B HEWTpaJIbHBIX KOMIUIEKCAX BHAuaJie HA3bIBAIOT JIMTaHJBI (C ydyeToM andaButa), 3aTeM
CIIEyeT PYCCKOE Ha3BaHUE KOMILIEKCOOOpa3oBarensi 0e3 yKa3aHHs €ro CTEHNCHU OKHCIICHHUS
(mocneqHsIsi OTHO3HAYHO MOXKET OBITH OTIpeJeNieHa C YUETOM AJIEKTPOHEHTPAILHOCTH KOMIUIEKCA),
HarpuMep:

[CrPO4(NH3)s] — TpuamMmmuHpochaTxpom;

[Rh(NO2)3(NH3)s] — TpraMMHUHTPUHUTPOPO,THIA;

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

CBsi3p Mexay BHEIIHEW M BHYTpeHHEW cdepoil MMeeT HOHHBIH XapakTep, CBS3b BO
BHYTpeHHEH cepe — KOOpIMHAIIMOHHBIN (JJOHOPHO - aKIIENTOPHBIN, CEMHITOIISIPHBIN).

BHyTpeHHsIsI KOOpIMHAIMOHHA cepa Il KOMIUICKCOB KATHOHHOIO M aHWOHHOTO TUIIOB YCJIOBHO
OTJIETSIETCA OT BHEIIHEH cpepbl KBYIPATHHIMU CKOOKAMH.
CymIecTBYIOT COSTUHEHUSI, COCTOSIINE U3 KOMIUIEKCHBIX KATHOHOB U AHUOHOB:

[Co(NH3)s] [Cr(CN)g] — rexcarmanoxpomar (+3) rekcaaMmmuHKoOaIbTa (+3);

[Cr(NH3)s] [Co(NO»)e] — rekcarmtpokobanbTar (+3) rekcaaMMuuXpoMa (+3);

[Pt(NH3)3CI] [Pt(NH3)Cls] — ammunTpuxaoporutatuHar (+2) TpHaMMUHXJIOPOTUTATHHBI (+2).

Cony HEKOTOPBIX METaJIOB, OCOOCHHO B KOHIIEHTPHPOBAHHBIX PAaCTBOPAX, CIOCOOHBI
pearupoBaTh MeXay co0oii, 00pa3ysi KOMIUIEKCHBIE COCANHEHHS — AYMOKOMNIIEKCHI:
AUCI3+AuClz <> Au[AuClg] — rekcaxmopoaypat (+3) 3osota (+3) ;



Cdlz + Cdlz < Cd[Cdl4] — TeTpaitogokaamar (+2) KaaMus.
Pa3nuyaroT nepBUYHBIM U BTOPUYHBIN IIPOTOJIN3 KOMIUIEKCHBIX COCIUHEHMMN. [IepBrudHbIi
IPOTOJIMU3 — OTILEIUIEHUE BHELIHEW cepbl, OOBIYHO MPOTEKAET MO THILY CHIIBHBIX 3JIEKTPOJIUTOB.
Hanpumep, 11t KOMILIEKCOB:

H,0
K2[PtCls] <—2—> 2K* + [PtCl¢]?;

[Cu(NH3)4]Cl, « 22 5[Cu(NH35) 41 +2C1 .

CreneHp MEPBUYHOTO MPOTOJIK3A JIJIsl pa30aBICHHBIX PACTBOPOB KOMIUIEKCHBIX COCIMHEHUI
00b19H0 100 % mnu 61M3Ka K 9TOW BENUYHHE.

Bropu4yHOMY MpOTONIM3Y IMOABEPralOTCs KOMIUICKCHBIE HOHBI. [Ipy 3TOM WX CTeleHb
MpoTOJNM3a BechMa Maja. Pacman mpoTekaeT Mo THITy clIa0bIX 3JIEKTPOIMTOB. THI MPOTOIH3A —
CTYIICHYATHIH, KOTOPBI ONMCHIBACTCS YPAaBHCHUEM 3aKOHA JCHCTBUS MacC.

KonngecTBeHHO MpoIecChl MPOTOIN3a KOMIUIEKCHBIX MOHOB XapaKTepU3yeTCs KOHCTAaHTON
HecTOUKOCTH (Kieer) HITH 0OpaTHOM eii BeTHMUUHOM — KOoHCcTaHTOU ycToitunBocTH (Kyer).

PazimuaroT KOHCTAaHTBI TPOTONW3a CTylHeHYaTblie W oOmue. CTyneHJaTrble KOHCTaHTHI
CBSI3aHBbl C OTHICIVICHMEM OJHOIO JIMTaHJIa OT KOMIUIEKCHOIO WOHA WJIM MOJICKYJBI, a OO0IIue
KOHCTaHTBl ~ YYHWTHIBAIOT  PAaBHOBECHBIC  KOHIGHTpAlMM  Kak  JIMTAHJIOB, TaK W
KOMILIEKCOOOpa3oBareisi, 00pa3yroIIUXCsi B XOjAe NpoToiiM3a 1o BceM cryneHsM.Hampuwmep,
npotonus kommnekcaoro nona [CU(NHs)4]?* mpoTexaeT B 4eThIpe CTYHEHH:

[[Cu(NH3)3]?* INH;]

1) [CU(NH3) %" > [CUNH)3 1" + NH3;  Kieerd = 210710
[[Cu(NH3)4]"]
2+ 2
2) [CU(NH3)3]%" © [Cu(NH3)51%" + NH3; KHGCT3:[[C”(NH3)2] ][;\'Hﬂ -186-107%;
[[Cu(NH3)3]""]
2+ 3
3) [Cu(NH3),1% < [CUNH3]* + NH3; Kypeers = [ICu(NH ) ][';'H3] =468-107;
[Cu(NH3)4]7"]
2+ 4
4) [CUNH3]?* > Cu?* + NH3; Kyeer] =w =102-107*
[[Cu(NH3)I"]

CymmapHOe ypaBHEHHE NPOTOJM3a BHYTPEHHEH KOOPIMHAIIMOHHOM c@epbl BbIpakaercs
O0IIMM yYpaBHEHUEM:

[Cu(NH 3) 1% <2729, [Cu(H,0)41%" + 4NH 5.

3HaueHne OOmIEH KOHCTAaHTHI HECTOMKOCTH ONpENeNseTcs IPOM3BEIECHHEM BCEX
CTYIIEHUYATHIX KOHCTaHT HecToiikoctu. Hampumep, mms mona [Cu(NHs)s]?* obmias koncTanTa
HECTOWKOCTH OyJeT MMETh BU/I:
KHGCT([CU(NH3)4]2+) = Kyeerp * Kueerp * Kueers * Kueers =
_[Cu(H0)41*]-[NHz]*
[cu(NH3) 41>
IMpumeyanue. Crynendatsii mpotomus moHa [CU(NH3)s]?" B BomHBIX pacTBOpax
NPE/ICTAaBICH B BHUJIE, KOTOPBIA OTBEYACT NPUHYUNY COXPAHEHUS NOCHOSHCMEA KOOPOUHAYUOHHO2O0
yucna Komniekcooopaszoeamens. JlokazaHo, 4To MPU OTPHIBE OT KOMIUIEKCHOTO MOHA JIUTAH/a €ro
MECTO 3aHMMAIOT MOJICKYJIbI BOJIBI:
[Cu(NH3)4]?* + H20 < [Cu(NH3)sH20]?* + NH3
B uTOre mpomecc A0KeH 3aBepIIMThCs 00pa3oBaHueM TeTpaakBakoMiiekca [Cu(H20)4]?".
Yem Oousbllle BeJIMYMHA KOHCTAHThI HECTOMKOCTH (MM  MEHbBIIE KOHCTAaHTA
YCTOWYMBOCTH), TEM MEHEE YCTONYMBO JaHHOE KOMIUIEKCHOE COCAHMHEHHE.

—951.10713,



[IpoTonu3 KOMIUIEKCHOrO HMOHAa BO MHOTHX CJIydasx MJOKa3bIBACTCS C ITOMOIIBIO
YYBCTBUTEIBHBIX PEAKTHBOB, OOHAPYKUBAIOIIUX B PACTBOPE KOMILICKCHOTO COCJIMHECHUS HOHBI
KOMILIEKCOOOPa30BaTesl U JINTAHIOB.

Hanpumep, nonst menu B komiuiekcHoM coequaennn [Cu(NH3)s]Cl2 MmoxHO 00HapyKUTh,
npuOaBHB K PacTBOPY ATOW COJIM PACTBOP cyibduaa HaTPHS:
[Cu(NH3)41Cl, + Na,S = CuS ¥ +2NaCl +4NHg;

[Cu(NH3)41%" +S72 =CuS { +4NH;

HJIN ITYTCM CBsA3bIBAHUA aMMHUAKA B Ooiee HquHBIﬁ KOMIIJICKC — KaTHOHBI aMMOHUS
[CU(NH3)4]C|2 +4HCI —» CUC|2 +4NH4C|,

[Cu(NH3)4]% +4H* — Cu®t +4ANHZ.

Komnnexchvle coeounenus ¢ Manoycmounyugol HympenHel cghepoti, npomoau3 Komopou
npOXOOUmM NPAKMU4ecKy NOIHOCHbIO — MO 08OUHbLE CONU, HATIPHUMEP:

H>,O
[K(H20)6][Al(H20)6] (SO4)2 2> K* + APB* + 2504% + 12H,0; amomokauessie

KBAacCIbl

[2NH4(H20)6] [Fe(H20)6] (SO4)2 (_H—ZO_) 2NH4*+ Fe**+2504% +12H.0;
conb Mopa.

Teopuss BamentHpix cBsizeli (TBC) 0OBACHSET CTpOCHHE KOMILICKCHBIX COCIMHEHUI
BO3HUKHOBEHHEM JOHOPHO-AKIIENTOPHON CBS3M MEXAY KOMILIEKCOOOpa3oBaTeeM W JIMTaHIaMH.
OOBIYHO JOHOPOM DBJEKTPOHHOM TMAaphl CIYXKHUT JIMTAH[, AaKIENTOp — CBOOOJHBIE OpOUTAIH
KOMILJIEKCOOOpa3oBarTesl.

TBC Bo MHOrux cilydasix HO3BOJIIET YCTAaHOBUTb JJIEKTPOHHYIO M IPOCTPAHCTBEHHYIO
KoMIUIeKca. Teopusi yuuThIBaeT MpU 3TOM XapaKTep BAICHTHBIX OpOUTael IIEHTPaIbHOIO aToMa B
€ro THOpUTHOM WJIM HETUOPHUIHOM COCTOSTHHH.

OcHOBHbIE TUIBI THOPUIHBIX COCTOSHHM KOMIUIEKCOOOpa30oBaTesl U COOTBETCTBYIOLIHUE
MM TIPOCTPaHCTBEHHBIE CTPYKTypsl: SPp — mmmeitmas ([Ag(NHs)2]", [Cu(NHs)2]*); sp® —
terpasapuueckas  ([Cu(NHs)a]?*, [NiCls]?*); d?sp® ([CoFe]®*) mmm  sp®d? ([Co(CN)e]*) —
oKTadIpHueckas. KBaapaTHO-IIOCKOCTHOH CTPYKType OTBeuaeT OSp>-rmbpmawm3amus, Hampumep,
st komrrekcHoro uona [Ni(CN)4] %

Oco60 1eHHy0 UHGOPMAIIHIO 00 JIEKTPOHHOM CTPOCHUHU U T€OMETPUUECKON CTPYKTYpE
KOMILIEKCO0Opa3oBarTessi UMEIOT ero MarHuTHbIe cBoMcTBa. [lapaMarHuTHBIE KOMIUIEKCHl UMEIOT B
CBOEM COCTaBE HETapHbBIE IEKTPOHBI — OHHM BTATHBAIOTCS B MarHUTHOE TOJIE, & JUAMarHUTHBIC, B
KOTOPBIX BCE JICKTPOHBI CIIAPEHBI, U3 MATHUTHOTO TTOJISI BBITAIKHBAIOTCS.

MarHuTHbII MOMEHT KOMIUIeKca (u) BbIpakaloT B MarHetoHax bopa (oamH M. b =
0,927-107%° apr/raycc), KOTOpHIil MOXKeT OBITh BHIUICIEH U3 GOpMYyIIa BH/IA:

p#=~n(n+2),

rzie N — YUCII0 He CIIapEHHBIX AJIEKTPOHOB B aTOME WJIM HOHE KOMIUIEKCO0Opa30BaTes.

DKkcriepuMeHTa bHAs HWH(OpMANus O BEIMYMHAX MArHUTHOTO MOMEHTA II03BOJISIET
CY/IUTh O TUIIE THOPUAN3AIMHY IIEHTPAILHOTO aTOMa M O TEOMETPUH KOMILJIEKCA B IIEJIOM.

VIMEHHO BEIMYMHBI MAarHUTHBIX MOMEHTOB [UIi KOMIUIEKCOB C KOOPAWHAIIMOHHBIM
unciIoM 6 MO3BOIMIN BBECTH MOHATHS HeuHeopbumanvroti Nsnpnd? u enympuopbumanvroii (N—
1)d?nsnp® - ru6puansammm.

BHyTpropOuTanbHple KOMIUICKCHI — IMaMarHUTHBI HJTM HU3KOCITMHOBBIC, COJICPIKAT OMH
win  1Ba  HecmapenHmIX omektpoHa  ([CO(CN)e]* u  /PdCl]*> -  nmamarsuTHBI);
BHEIIHEOPOUTATIbHEIE — BRICOKOCITHHOBBIE, BKIIOYAIOT 3 — 6 HecmapeHHBIX dnekTpoHa ([CoFe]® —
Loken. = 4,8; 4 HecriapeHHBIX A1eKTpoHa; [MNCls]? — fisken. = 5,95; 6 HecITapeHHBIX YEKTPOHOB).

TBC yOeauTenbHO MOSCHSET CTPOCHHE KapOOHWIIOB METAIOB C HYJIEBOH CTEIEHBIO
OKHCJICHHSI.



Teopus kpucrammmueckoro moas (TKII), B ortauume ot TBC, yuuThiBaeT
ANIEKTPOCTATUYECKOE BIIMSHHUE JIMTaHAOB Ha O-opOHMTAM KOMILIEKCOOOpa3oBatTelisi, KOTOPOE
HEOJIMHAKOBO HM3-3a UX Pa3HOU MPOCTPAHCTBEHHON OpUEHTALINH.

Jloxazano, uyro d/- u Ox%>- opbutamu (d,- ypoBeHB) MCHEITHIBAIOT 0OJ€e CHIBHOE
OTTAJKUBAHUE MO/ BIMSHUAEM 3JIEKTPOCTATHUCSCKOTO TOJIS JIUTaHI0B, YeM opOuTaiu dx.y, Oxz- 1 dy-
(d: - ypoBeHb).

B oxrasapuueckom rmosie d-opOuTamM KOMIUIEKCOOOpa3oBareis MPHOOPETAIOT JBa
SHEPIreTUYECKUX YPOBHs: 1) ¢ MeHbIeH sHeprucit d; — ypoBeHb, BKIIOYAONUI Tpyu opOuTamu Oy.y,
Oxz- 1 dy-z; 2) ¢ Gonee BeICOKOIA 3Heprueii d,- yposens, conepkamnuii 1se d2- u 0y?- opouTamm.

DHeprus pacuieruieHus (A) — pa3HOCTb MEXy dHEeprusiMu ypoBHei d,- u d,, uncieHHas
XapaKTePUCTHKA PA3HOTO 3JIEKTPOCTATHYECKOrO ACMCTBHS IMOJS JUTaHIOB HA MPOCTPAHCTBEHHOE
pacnpeeneHue AIEKTPOHHOU TIOTHOCTH d-opOuTaneil KOMILUIEeKCoo0pa3oBaTelis.

Bennunna A HeoAguHakoBa JUIs pa3HbIX JIMTAHAOB U 3aBUCUT OT MX HpUpojbl. Benmunna
SHEPrUM PaCLICIICHUS, BbI3bIBAEMAs pa3HbIMU JINTAHAAMU, BO3PACTAET B CJIEAYIOLIEM HOPSIKE:

I-<Br <ClI"<F < OH < C;044< H,0 < NH3 < NO; < CN- < NO<(O,

T.€. KaXKIbIA CIHEAYIOUUN JUraH] co3ga€r Oosee CHIbHOE I0JIe, YeM MPEAbLAYIIHM.
[IpuBeneHHas MOCIEA0BATEILHOCTD HA3bIBACTCS CHEKMPOXUMUYECKUM PAOOM.

Jlueanowvl cnabo2o nons pacnojaratlorTcs B Havaje psja, o0janaroT BechbMa Manoi A. d-
OpOuTanu KOMILJIEKCOOO0pa30BaTesl C TAKMMH JIMTaH/1aMHU 3aMOJHSIOTCS B COOTBETCTBUH MPABUIIOM
Xynna (abcontomuas 6eiuyuna CyMMapHo20 CRUHA 68 NOOYPOGHe OOJICHA OblMb MAKCUMANLHOIL).
[Ipu 3TOM 3HEprus OTTAIKUBAHMS IBYX CIIAPEHHBIX IEKTPOHOB OKa3bIBACTCS BHIIIE, YEM BEJIMYHHA
A. Kommiekcsl, coiepxKaIiie JIMrauabl cl1iadoro moJsi, BCeraa mapaMarHuTHEI.

Jlueanowl cunbHo20 nosia BHI3BIBAIOT BEChbMa 3HAYUTENBHYIO dHEPrulo paciuerienus. [lpu
9TOM SHEPrusl OTTAIKUBAHUS JABYX CIIAPEHHBIX 3JIEKTPOHOB OKA3bIBAETCSI MEHBIIIE, UEM BEIMUMHA A.
[TociieoBaTeIbHOCTh 3aMOTHEHHS dJICKTPOHAMH (-YpOBHS KOMILIEKCOOOpa3oBaTeis CACIyIOMIas:
CHaYaja UJET 3al0JHEHHE OJIMHOYHBIMH, 3aTeM — CIIAPEHHBIMHU AJIEKTpOHaMu opbuTtaiei d., mocie
4ero 3JeKTpoHaMH 3anonHstorces d,-opourtanu. KoMIieKCHbIE COSTMHEHMS, COIEPIKAIIUE JTUTaHIbl
CHJIBHOT'O TIOJISl, IMaMarHUTHBI UJTU SIBJISIFOTCS. HU3KOCITMHOBBIMU.

TKII 06bsicHSET OKpacKy KOMITJIEKCHBIX BEIIECTB C HAIMYMEM Yy KOMIUIEKCOOOpazoBaTes
BaKkaHTHOM opOutanu Ha d,- mogyposue. [Ipu mepexose aekTpona ¢ - Ha d,- MOYPOBEHD SHEPTUS
noryuomaemMoro cgera (£) mpu 3TOM ajJeKBaTHa 3HEPruM pacuieryieHus (A), 4Tto ompeaensercs
CJIEIYIOIAM COOTHOIIIEHUEM (JJIsI OJTHOTO MOJIb BEIIECTBA):

A, IPic/mons = ENa = hvNa = hcNa/A = 0,1196/4, (6.2)

rae Na = 6,02:10% — nocrosiHHas Asoranpo; h = 6,6:107* JIx-c — mocrosiHAas Ilnanka; ¢ =
3-10% m/c — ckopocTs cBera; v(cMY) m A(M) — YAacTOTa M JIMHA BONHBI IOTJIOIIAEMOTO CBETa
COOTBETCTBEHHO.

IIBeT — 3TO 3pUTENBHOE OLIYIIEHNUE IEKTPOMArHUTHOTO U3JIy4eHHs ¢ JyIMHaMu BoH 400
— 760 M (1 BM = 107° m). Ecii Bee mafaromye JIydy OTPaXKaroTcs, TO BENIECTBO — OECIBETHOE,
€CIIM TOJIHOCTBIO TorjomaiTes — uepHoe. Ilpu u30uparenbHOM MOTJIOMIEHUH OIYLICHHE
LBETHOCTHU CO3JAIOT MPOIIEIINE WU OTPaKEHHBbIE BEIIECTBOM JIyuu. Takoil 1BeT Ha3bIBaeTCs
JOTIOJTHUTEIBHBIM WM HAOII01aeMBIM.

Meton MmonekynspHblx opOutaneii (MMO) sBisiercs camMblM yHHMBEpPCAIbHBIM TMpHU
ONMCAaHNU XMMHUYECKOH CBSI3HM B KOMIUIEKCHBIX cOeIMHEHUAX. MMO ydnThIBa€T B3aUMHOE BIIMSHUE
opbuTaneil kak KoMIuIeKcooOpa3zoBaTesns, Tak U JuranjioB (B ommure oT TKII) mpu obpazoBanuu
XMMHUYECKUX CBSI3€H B KOMIUIEKCAX.

MMO ocHOBBIBaeTCS Ha B3aMMOJEMCTBMM aTOMHBIX OpOWTanei, NPUBOIANIMX K
00pa30BaHUIO MHOTOLIEHTPOBBIX MOJEKYISPHBIX OpOUTajei, MMEIOUMX pa3Hble SHEPrHH.
OOpazoBaHue CBS3BIBAIOLIUX MOJIEKYJISPHBIX opOuTanei (0°°) uIéT Ha HMKHUX SHEPreTHYEeCKHX
YPOBHSIX, pa3pbIxysitoniux (¢¥“*) — 3a cyeT BEpXHUX.

Mexny ypoBHsIMHU ¢° U 6P HAXOAATCS YPOBHH CJIa00 CBA3BIBAIOIINX, HE CBSI3BIBAIOIINX
1 cnabo paspeIXisIomuX opoutaneit (o;). MonekynsipHble OpOUTAIN 3aMOIHAIOTCS NEKTPOHAMH B
COOTBETCTBUM C npuHIMNoM [laynu u npasuiom XyHaa.



MMO ocHOBaH Ha OYE€Hb CIOKHOM MAaTeMaTHYECKOM ammapare, YTO MNPEMNsiTCTBYET €ro
IIUPOKOMY UCIOJIb30BAHUIO.

Bonpocel u 3aganus

[Tpumep 1 Harnummre ypaBHEHHS IEPBUYHOTO MPOTOJIN3A JIJIST KOMILJIEKCOB:

1) [Co(NHz)e][CoFe]; 2) [Pt(NH3)4]Cl2; 3) K[Co(NO2)a(NHs)2]; 4) [Pt(NH3)Cl2].
VKkaxuTe uX THI, ONpeaeiauTe CTeNeHb OKHUCIeHUs KomruiekcooOpazopatens (KO), ero
koopauHaronnoe yucio (KY), gaifte um HazpaHue.

OtBer.

1.1 [Pt(NH3)4]Cl2 (H—20> [Pt(NHs)4]** + 2CI- — tun xarmonsslt; KO — mnaruna;

crenieHb okucienust KO: x(Pt) = +2 (paBeH 3apsily KOMIUIEKCHOIO HOHA, TaK KaK MOJICKYJIbI
amMuaka Heirpanbhbl); KU(Pt) = 4; Ha3BaHue — XJIOpU1 AUAMMUHIUIATHHBI (+2).

H>,0
1.2 K/Co(NO2)a(NH3);] «—=2—> K* + [CO(NO2)s(NH3)2]” — Tun ammomnmsii; KO —

ko0anbT; crenens okucnenus KO: X(K) + x(Co) + 4X(NO2) + 2x(NH3) = 0 wiu +1 + x(Co) + 4(-1)
+ 2(0) = 0; x(Co) = +3; KU(Co) = 6; Ha3BaHUE — TUAMMHHOTETPAHUTPOKOOATIbTAT (+3 Kamus ).

H,0
1.3 [Pt(NHz3)2Cl2] e e HeanekTponuT; KO — natuna; crenenb okucieHus KO:

X(Pt) + 2x(NH3) + 2x(CI") = 0 mwmu x(Pt) = — 2x(CI") = -2-(=1) = +2; KY(Pt) = 4; na3Banue —

ANaMMUHIUXJIOPOIIJIaTUHBI.

1.4 [Co(NH3)e] [CoFe] (H—ZO) [Co(NH3)6]®* + [COFg]® — Tun kaTMOHHO-aHHOHHBIIA;
KO B xatmone wu aHWOHE — KOOaibT; creneHb okucieHus KO B: a) KaTHOHHOM KOMILUICKCE
[Co(NH3)6]®* — x1(Co) + 6X(NH3) = +3; x1(Co) = +3; 6) B aHmonHOM Kowmmekce [CoFe]® —
X2(Co) + 6X(F) =—3; X2(Co) = -3 + (—)-6x(F") =

=3 + (-)6°(-1) = +3; KU1(Co) = KU2(Co) = 6; na3zBanue — rekcapropokodaiprat (+3)
rekcaaMMuHKOOanbTa (+3).

[Tpumep 2 Kak TBC 00bscHSET »HIEKTPOHHOE CTPOCHHE M MPOCTPAHCTBEHHYIO
CTpYKTypy KapOoHwia Hukend? KakoB Tun ruOpuauzanuy KomIuiekcooOpa3zoBaTels M KaKoBa
reoMeTpHUEcKasi CTPYKTypa 3TOro KOMILIeKca?

OTtser

TBC BnosiHE yIOBJIETBOPUTENBHO OOBSACHSIET CTPOEHHE KOMIUIEKCHBIX KapOOHMIIBHBIX
COEIMHEHUH, B KOTOPBHIX CTEIIEHb OKUCIIEHHUS KOMILJIEKCOOOpa3oBarensi paBHa Hy:r0. [IpuBenem
MpUMep TaKOro OOBSICHEHUS MM SJICKTPOHHOW CTPYKTYPHI KOMILIEKCA TeTpakapOOHHIIA HHKEINS
Ni(CO)a.

Cxema 351eKTpOHHON CTPYKTYpBl HEBO30Y)KJICHHOTO aTOMa HUKEJS UMEET BU:

Ni® 4s 4p

3d
LI L 2 20 T D A

-0
ITon BusHueM 9eThipex MosieKyn CO aToM HUKeNs (28 NI™) MEPEXOIUT B BO3OYKIIEHHOE

%
:0
cocrosnue (2g NI ) MyTeM CrapuBaHusl IBYX O-3J€KTPOHOB W Tepexoja Mmapbl IEKTPOHOB C

4S-noIypOBHSI Ha MATYIO BakaHTHYI0 3d-opOuTtank. B urore peanusyercs 3JeKTpOHHAs CTPYKTYpa €
YeThIPbMS CBOOOAHBIMH OPOUTAISIMH — OHOM 4S- U Tpex 4p-opOuTansimMu.

Ni°* 4s 4p

3d
MR EERIERIEREE
co co COo cCo
VunTsiBas, uto Bce gerhipe Ni @ & CO — cssu (sxcriepumenTanbHble JaHHbIE) a0COTIOTHO




PABHOIIEHHBI, BIOIHE JOTHMYHO MPEATONOKUTE UX SP°-THOPHAM3AIMIO, TO €CTh TeoMeTpUYecKas
koHpuryparms Ni(CO)s— Terpasapudeckasi.

[Ipumepa 3  Omnpexenuts  TUN — THOpUAW3allMKM  —  BHEIMIHEOPOWTAJIBHBIM  WIH
BHYTPUOPOUTAJIBHBIN, Ui ciaenyomux komiuiekcoB: [FeCls]™, maTh He cmapeHHBIX 3JIEKTPOHOB;
[PACl4]*> muamarautasii; [Mn(CN)s]®,, x = 2,93, ecu ms HAX W3BECTHO YHCIO HE CHAPEHHBIX
JNIEKTPOHOB WJIM TIPHUBOJAUTCS OKCIICPHUMEHTAIBHO OIPEACICHHBIC 3HAYCHUS CyMMapHOTO
MarHMTHOTO MOMEHTa (Lt).

Ortser.

3.1 Ilath He crnapeHHBIX 371eKTpoHOB B noHe [FeCls]™ oTBeuaroT 371eKTPOHHON CTPYKTYpe

noHa xenesa Fe** ... 3d°4s%4p® wm B rpadmueckoit popme

Fe3* 3d 4s 4p
qupre HOHa-JIMra"ga Cl’ O6paSYIOT YCTBIPC XHUMHUYCCKHUC CBA3UM 110 AOOHOPHO-

aKIENTOPHOMY  MEXaHM3My 3a  CYeT  BaKaHTHBIX, OJHOW S- ®W  3p-opOuranei,
KoMmriekcoobpasosarens Fe*. Tonpko Takoe B3anMoseiicTBie opbuTaneii sxenesa (+3) u yeThIpex
noHoB xJiopa Cl™ MokeT coxpaHuTh apamMarHuTHbie cBoiicTBa Komiuiekca [FeCls] ™.

Urak, rpadudueckast popmyia [FeCls]™ Oyner umers ciaenyrommmii BUI:

[FeCls]™ 3d sp® — rubpuaM3anus
AT AT AT 11 90|00 08 | 00

Cl Cl Cl Cl
Tur rubpuau3anuy — BHEIIHE OpOMTAIBHBIN; reOMeTpuYecKas popma — TeTpadIpuIecKasi.
3.2 B muamarautHOM [PdCls]> momy 26Pd?* cooTBercTByeT rpadmueckas 3MeKTpOHHAS
CTPYKTYpa, KOTOpasi HE COJIEPXKHUT HE CIIAPEHHBIX DJIEKTPOHOB, YTO OOBACHSIETCS BIUSHHUEM IIOJIS
yeThipex juranaos Cl .

Pd?* Ad 5s 5p

NN NN

B pesynbrare, M0 JOHOPHO-AKIENITOPHOMY MEXaHU3MY, 00pa3yloTCs YeThIpe CBA3H: OJIHA 3a
cueT BakaHTHOW 4d-opOuTanu; TpU — 3a cueT OAHOM 5S- M IBYX — 3a cyer JIp-opOuTtaneii
noxypoBHeii Pd?*,

B utore rpaduueckas CTpyKTypa AMaMarauTHoro komriaekca [PACls]? umeet Bu:

Pd?* Ad 5s 5p
WL [ [1] [©0][ 886888

4d15315p2 — TUOpUIU3ALINAL.

Tun rubpumusauum — BHyTpHOpOMTanbHBIA; Teomerpus [PdClsd?> - xBagpartHO-
TUIOCKOCTHAsL.

3.3 BenuunHa 3KCEPUMEHTAIbHO OIMPENEICHHOIO0 CYMMapHOI0 MarHUTHOIO MOMEHTa (1 =
2,93) ans xommaekcHoro nona [MNn(CN)s]® mokassiBaer, 4to moH-KoMIiekcoobpasosatens Mndt
COJICPIKHT JIBa HE CIIAPEHHBIX JICKTPOHA.

JIBa He CIApeHHBIX DIEKTPOHA OTBEUYAIOT HIEKTPOHHOM cTpykType HoHa Mn®* ... 3d%4s%4pP
WK B rpaduueckoit popme

Mn3* 3d 4s 4p

(R I )




[{uaHuI-MOHBI 0OPA3YIOT IIECTh XMMHUECKUX CBA3€H 3a CUeT BaKaHTHBIX opOuTaneir Mn3*,
nBe — ¢ 3d-; onHy ¢ 45- U TpH — ¢ 4p-opOUTAIAMHU.
Torna rpaduueckas popmyna [Mn(CN)e]> Gyaer nMeTs cieayronuii BU:

[Mn(CN)s]* 3d2sp® — rubpuaM3anus
RN EEREEIEERERIEREE

CN CN CN CN CN CN
Tun ruGpuau3anyuy — BHyTPHOPOUTANIBHBIN; TeOMeTpHuecKas (popMa — OKTadJpudecKas.

ba3oBblii ypoBEeHb

3amaua 1 KoGanmsr B coctosamn Co?* (3d’) obpasyer maBa THIa KOMIUIEKCOB,
Pa3IMYAIONINXCA TI0 MATHUTHBIM CBOMCTBAaM: HU3KOCTIHHOBBIH kommtekce [CO(NO2)e]* (1 = 1,73)
¥ BEICOKOCTIHHOBBII — [CO(H20)6]*" (1 = 3,87). 306pa3uth cxeMy pachpeeneHus IeKTPOHOB IO
d.- 1 d,- opbuTanaM nona-kommekcoobpasosarens Co?".

3anaua 2 OO0bsicuuty ¢ mo3uuuu  TKII nBerHocTh coenuHeHudt wmenu (+2) u
OCCIIBETHOCTh CoeIMHEeHU Meau (+1).
3anaua 3 CHexkTp mornomenus is KomiwiekcHoro wuoHa [Ti(H20)s]®" mumeer

MakcumMyM mipu 504 HM. UTO TPOMCXOIUT NpPU TOTJIOMIEHHH CBETa ITHM HOHOM? Bbrumciauth
SHEPTUIO paclieruieHus (Bo30yxaeHus). B kakoil IBET okpalieH 3TOT KOMIUIEKC?

3anaua 4 K 1 am® pacteopa Kz[Hgls] ¢ xommenmtpammeit C(Kz[Hglsd) = 0,001
mons/mm3, comepxamero 0,05 momb m36biTka Kl, mpubaBmim Takyio mMaccy HOHOB S%, koTopas
comepxurcs B 1 am° HackimenHoro pactBopa CdS. Bemazer mu ocagok HYS — Kueer([Hgl2]?) =
1,5-107%%; TIP(CdS) = 7,9-107?; TIP(HgS) = 1,6:1072).

3anaua 5 HoHun3anmoHHass W30MepHs KOMIUICKCHBIX COCJIMHEHHWH 3aKiovYacTcs B
Pa3IMYHOM paclpe/ie]IeHN HOHOB MEXIYy BHYTPEHHEH M BHEIIHEH cepammu, 4TO CKa3bIBaeTCs Ha
pasHoM mpotekanun mporonusa. Komruieke coctaBa CoSO4Br(NHs)s cymiectByer B BHae ABYX
M30MEPOB: OJIMH ¢ HUTpaToM cepedpa maét ocanok Ag2SO4, npyroii — AgBr; ipu neficTBUM XIopuaa
Oapus onuH Aaét ocanok BaSOs, Apyroii ocaaka He 0Opazyer.

Hanwmmure xoopauHanmoHHBIE (OPMYITBI W30MEPOB, YUYHTHIBAs, YTO KOOPAMHAITMOHHOE
qucio koOanbTa (+3) paBHO IIECTH.

3amaua 6  Ilome3ysick HOoMmenkmarypoit MIOITAK, Ha3BaTh cremyromuye KOMITICKCHI:
1) [Ptla(NH3)2]; 2) [CoPO4(NH3)s]; 3) [Co(OH)3(NHs)s]; 4) [PtCI3(NHa):]; 5)
[Co(NO2)2CI(NHs)s]; 6) [Cr(H20)3(CNS)s]; 7) [PtSOs(NHs)s]; 8) [Pt (NH3)4] [IrFe].

3anmava 7 Kakas cBsI3p Ha3bIBaeTCsl TOHOPHO-aKIEeNTOpHOI? Kakoii aToM WM MOH SBIsSE€TCS
JIOHOPOM M KaKoil akienTopoM B KOMIUIEKCHBIX MoHax: [BF4]-, [PtF6]%, [H30]", [Cu(CN)4]**?
Omnpenenute B HUX CTENEHb OKUCIIEHUS] KOMIUIEKCOOOpa30BaTeNs M KOOPAMHAIMOHHOE YHCIIO.

3amaua 8 Kakme coeawHEHUS HA3bIBAIOT alUIOKOMITICKCHBIMU? CocTaBbTe (POPMYIIBI
kommuiekcoB s wona VT ¢ wmomamm F, CNS u NO; B KadyecTBe JIMTaHIOB, ECIH
KOOpAMHAIOHHOE urcio V3* papHO mecTH.

3amaya 9 Hanummre ypaBHEHHs peakiuii HUTpara cepedpa ¢ KOMIUIEKCAMU CIIEIYIOIIETO
cocraBa: PtCls-6NH3, PtCls-5NH3,  PtCls-4NHs,  PtCls-:3NHs,  PtCls:2NHs.  Cocrasere
KOOPJIUHAIIMOHHBIE (DOPMYIIBI 3TUX KOMILUIEKCOB, HA30BUTE WX M HANUIINUTE YpPaBHEHUS peakiuid
MIEPBUYHOTO TMPOTOJIN3A JIJISl KAKJ0TO M3 HUX. Kakoi M3 3THX KOMIUIEKCOB — HEIEKTPOIUT?

Bamaua 10 BelumciuTe KOHIEHTpAMiO (B MOJB/IMS) HOHOB KaJgMHS B pacTBOpPE C
xormenTpamuein C(K2[Cdls]) = 0,1 mons/mm3, comepxamem #omun xamms ¢ C(KI) 0,1 moms/mm®
(K" ([Cd14]%) = 7,94-107).

3amaua 10 Maprasner (0) u ko6ansT (0) 006pa3zyroT AUMEpHBIC ABYXSAEPHBIC KapOOHWIHHBIC
komiuiekcel [C02(CO)g] u [Mn2(CO)10]. Kak TBC o00BsicHseT WX 3JEKTPOHHOE CTpoeHHE?
[TpuBenrTEe COOTBETCTBYIOIINE YJIEKTPOHHBIC TPAPUIECKUE CXEMBI.



3amaua 11 Kako¥l Tum ruOpuausanuiul, BHEIIHE- WM BHYTPH OpPOUTATBHBIN, aTOMHBIX
opburaneit Co®* B xommiekcubix wuonax [CO(NH3)e]®* (nmamarmuren) u [CoFe]® (Tpm
HECITAPEHHBIX JIEKTPOHA)?

3amaua 12 Ompenenuts THOpUIHBIE OPOUTANN LEHTPAIHHOTO HOHA U T€OMETPUYECKYIO
CTPYKTYPY KOMIUIEKCOB, JUISI KOTOPBIX YKa3bIBACTCS YUCIO HE CHAPEHHBIX 3JCKTPOHOB WU
HaiIeCHHOE OMBITHBIM yTeM 3HadeHue . a) [CoCls]”, Tpu HecapeHHBIX 3JIEKTPOHA; 0)
[MnCla]?, 1 =5,95; B) [AuCls]~ — muamaruutssiii; r) [FeCls]™, maTh HeCITapEHHBIX 3IEKTPOHOB; 1)
[PACl4]?, muamaruutasiii; €) [Fe(CN)s]®, k) [Fe(CN)e]*, muamarauTHsIiA.

3amaua 13 Kako#t Tum ruOpuam3anydyd aTOMHBIX opOutaned ¢ocdopa ocymecTBiseTcs B
nonax [PCls]™ u [PCle]", u3 xoropsix cocrost kpucramisl P2Clig? KakoBa mpocrpaHcTBeHHAS
KOH(UTypanus STHX HOHOB?

3amauya 14 Pacteop [Ni(H20)6]?" umeer 3enenyio okpacky. OOBSICHHTE, TOUEMY OKpacKa
MCYe3aeT MPH BBEJICHUH B ATOT pacTBOp HOHOB CN™.

3amaua 15 Ilpenckaxkute MarHuTHEIE cBoiicTBa MOHOB: a) [Al(H20)6]%*, 6) [Zn(H20)s]*,
B) [Cu(H20)4]%*, 1) [Fe(H20)6]*", n) [Fe(H20)s]%*, e) [Cr(H20)s]®*. Ipenckaxure MarHuTHbIC
CBOWCTBA MOHOB, Y KOTOPBIX MOJICKYJBI BOJIBI 3amenieHbl Ha NHs, F~ nmn CN™.

[ToBbIlLIEHHBIN YPOBEHB

3amava 1 Uon [CrFe]> — mnapamaruuten (uoxen. = 3,91). Iloctpoiite ero
SHEPreTUYECKYIO ArarpaMmy, Ucroiib3ys MMO. YKaXuTe 4HuCIIO U XapaKTep XUMHYCSCKHUX CBs3EH B
KOMILJICKCE.

3anaua 2 Boruncnuts KoHenTpamuio nonos Ag*™ B pactsope, eciau C(/Ag(NH3)2]NO3)
=0,2 MOJIL/)éIM3 1 C(NH3) = 0,5 moms/ame. Obm1as KoHcTaHTa HecToiikocTH kommuekca [Ag(NHs)2] ™
paBHa 6-107°.

1 Hammucates opmynsl coenuuenuii: 1) rpuammuadocdaroxpoma (+3); 2)
TpuaMMHuHTpUKogopoaus (+3); 3) IMaMMHHTETPaxI0pOoIUIaTHHbI (+4); 4)
TPUAMMHUHTPUHUTpOpoaust (+3); 5) auruapokcuiaMuHAuXIoponamaaus (+2); 6)
aMMUHTPUXJIOpOIUTAaTUHAT (+2) TpHaMMHUHXJIOpOIUIaTHHBI (+2); 7) rekcauuanokobansTaT (+3)
rekcaMmmuHKOOaNbTa(+3); 8) rekcadgropoxpomar (+3) rexcakBaxpoma(+3); 9)

TeTpaxjoporiaTuHar (+2) TterpaMMHUHIUTHApoKcoratuHbl (+4); 10) rekcanmmanoxpomar (+3
rekcaMMHHKOOabTa(+3); 11) rekcanutpo-kobansrat (+3) rekcammuaxpoma(+3).

3anava 3 Beimaget nu ocagok kapOoHaTa KaJaMHUs (HP(CdCOg)=2,5-10’14), €CJIM K pacTBOpY
¢ xonnentparmeii C(Cd(NH3)2S04) = 0,01 Momb/nM® 106aBUTH PaBHEI 006BEM PacTBOPA COMIBI C
xornenrpanueii C(NazCOs) = 1-107* moms/nm3? OtseT: ocamox CAdCOs BrImaerT.

3anaua 4 BemectBo coctaBa PtSO4(OH)2(NH3)s oOpa3yeT nBa MOHHM3AIMOHHBIX H30MEPA.
Boanplit pacTBOp OJHOTO W3 HUX HEUTpajeH, APYroro — MMeeT IeIouHyr cpeay. Hamummmre
KOOPIUHAIIMOHHBIC (POPMYIIBI H30MEPOB, YIUTHIBASI, YTO KOOPAMHAIIMOHHOE YUCIIO TUTATUHEI PABHO
mectH, a noH SO4%~ — GHICHTAHTEH.

3amaua 5 Kak TBC oOwsicHsieTr ctpoenue kapoonuio xpoma (0) u xenesa (0)? Kakue
koopauHarronHbie yncna umetot Cr(0) u Fe(0) B aTux xomrmiekcax?

3amaua 6 B xakux o0macTax 3JEKTPOMAarHUTHOTO CIEKTpPa MPOUCXOAMT TOTIJIOMIEHHUE, SCITH
pactBopsl umeroT okpacky: NiCl — 3enenyro, TiCls — kpacHo-iypriypayto, CuSO4 — cuHI00?

3anaua 7 O0wscHuTE, ToueMy coequHeHus AU (+1) He okpariiensl, a AU (+3) — OKpaIIICHBI.

3amaya 8 MakcumyM mornomenust Bogaoro pactBopa [Cr(NHs)s]®* cocraBmser 460 HM, a
mns pactBopa [Cr(H20)6]®"— 710 mM. Kakyro OKpacky MMEIOT pacTBOPBI 3THUX KOMILIEKCOB?
Paccunraiite sHEpruo pacuienieHus A1 3TUX HOHOB.

3amaua 9 Kakoit qiMHE BOJTHBI COOTBETCTBYET MAaKCHUMYyM TMOTJIOMICHUS JUIS BOJHBIX
pactBopoB uoHa [Mn(H20)s]**, ecu sneprus pacuiennenus as d.- u d,- momyposseit Mn®* para
250,5 x/{x/monb? Kakyio okpacky UMeeT 3TOT pacTBoOp?

OTBeT: OKpacka opaHXkeBas; Amax = 472 HM.



3agaya 10 H300pa3uth cxeMy pachpelelieHus 3JIeKTPOHOB mo O u  d,-opOurtansam
KOMIIIEKcooOpasoBarenss B KommiekcHbIX HoHax [Cr(H20)6]®* (uoxen = 4,8) m [Cr(CN)e]**
(TMamMarHUTHBIN).

3amaua 11 MoxHO JIM cuuTaThb MOJEKYJbl METaHa M aMMHAaKa KOMIUIEKCHBIMU
coenuaeHusamMu? Kak MMO onmceiBaeT 00pa3oBaHne MOJICKYJIApHbIX opouTaneit B CHs u NH3?

11.1.5 IIporpaMmmHoe obecnedeHue

[Tpy uTeHUM JEKIMH NCIONIb3YeTCsl KOMIBIOTEPHAsi TEXHUKA, IEMOHCTPALIMY NTPE3EHTALMOHHBIX
MYJbTUMEAUMHBIX MaTepuanoB. Ha npakTUUeCKUX 3aHATUSAX CTYACHTHI IPEACTABIISAIOT
pacyeTsl, MOArOTOBJICHHBIE MU B Yachl CaMOCTOSITENIbHOM paboTsl. Ha maboparopubix paboTax
NPECTABISIOT OTYETHI, IOATOTOBICHHBIE MIMU B YaChl CAMOCTOSITEIEHON PaOOTHI.

[Tpu peanuzauuu qucuumiul ¢ npumeHenreMm D0 u JIOT mMaTepuan MOXKET pa3MelaThCsl Kak B
cucteme ynpasieHus ooyuyenuem CK®VY, tak u B UCII0JIb3yeMOU B YHUBEPCUTETE
MH(}OPMaLOHHO-OMOIMOTEYHON CUCTEME.

PIHdmpmauuonnble CnpaeovuHbvle cucmemal:

Hugpopmayuonno-cnpasounvie u UuHGHOPMAYUOHHO-NPABOBLIE CUCMEMbL, UCNONb3YeMble NPU U3YYeHUU
OUCYUNTUHDL:

1. http://window.edu.ru/ — emuHOE OKHO JTOCTyIIa K 00pa30BaTEIbLHBIM PECYpPCaM.
2. http://biblioclub.ru/ — 9BC «YHuBepcuTeTcKas OMOIMOTEKA OHIIANHY.

3. http://lwww.iprbookshop.ru — 9BC.

Ilpozpammmnoe odecneuenue

MS Windows (munensus 42463863 Russian Upgrade Academic OPEN No Level,
MIOCTOSIHHAS )

MS Office (muuensus 42463863 Russian Upgrade Academic OPEN No Level,

TIOCTOSIHHA )

TEMA 8. OKUCJIMTEJIBHO-BOCCTAHOBUTEJIBHBIE PEAKIINU

MMPAKTUYECKOE 3AHATHUE 8. OKUCJIIMTEJIBHO-BOCCTAHOBUTEJ/IBHBIE
PEAKIIMHU

Heap 3ansTusi: 1) MOBTOPUTH OCHOBHBIC MOHATHS OO0 OKHCIEHWHM M BOCCTAHOBJICHUU,
PaccMOTPETh CYIIHOCTh OKHCIUTEIIEHO-BOCCTAHOBUTEILHBIX PEAKIIHIA,

2) BeIpabOTaTh YMEHHUSI MO COCTABICHUIO YPABHEHH XUMUYECKUX PEAKIIHH, MPOTEKAIOIINX B
Pa3NMYHBIX CpeJax METOIOM JIEKTPOHHOTO OallaHca;

3HaHMA ¥ YMeHUs1, IpHodpeTaeMble CTYJAEHTOM B Pe3yJibTaTe 0CBOEHUSI TEMbI

3HaTh OCHOBHBIE 3aKOHOMEPHOCTH, ACHCTBYIOIIME B MPOLECCE HU3TOTOBIEHUS INMPOAYKIIMH
TpeOyeMoro KauecTBa, 3a/IaHHOTO KOJIMYECTBA MTPH HAUMEHBIITNX 3aTpaTax OOIMIECTBEHHOTO Tpy/ia

YMeTb HCIOJIb30BaTh OCHOBHBIE 3aKOHOMEPHOCTH, IEHCTBYIOIIHNE B TIPOIIECCE U3TOTOBICHHS
MPOAYKIMK TpeOyeMOoro KadecTBa, 3aJlaHHOTO0 KOJIMYECTBA TMPH HAMMEHBIIHUX 3aTpaTax
0O0IIIeCTBEHHOTO TPY/1a



AKTyalbHOCTh TeMbl. OKHCIUTENbHO-BOCCTAHOBUTENbHBIE TPOLIECCHl MPUHAJIEKAT K YUCITY
HaI/I6OJIe€ pacrnpoCTpaHCHHBIX XWUMHWYCCKUX peaKHHﬁ U UMCIOT OIpOMHOC 3HAYCHUC B TCOPHU U
MIPaKTHKE.

Teopernyeckasi 4acThb
Teopusi OKMCJIUTEIbHO-BOCCTAHOBUTEIbHBIX PeaKIMii

Peaxyuu, 6 komopuix npoucxooum uzmenenue cmeneneli OKUCIEHUS AMOMO8, HA3bIEAIOMC S
OKUCTUMENTbHO-80CCMAHOBUMENbHLIMU.

B MMPOCTBHIX BCIICCTBAX CTCIICHU OKUCIICHUA aTOMOB paBHBI HYJIIO. I[JISI CIIOKHOM MOJICKYJIbL
CyMMa CTeleHel OKUCIICHHS BXOSIIUX B €€ COCTaB aTOMOB TaK)Ke JIOJKHA OBITh paBHA HYIIIO; JIJIS
HOHA — €T0 3apsy.

OxucneHneM Ha3bIBaeTCs MPOIECC OTAAYU aTOMOM MOJIEKYJION I HOHOM 3JIEKTPOHOB:

Al —3e — AI3*

Fe’t —e— Fe>"

2Cl~ —2e > C|2 ]
B nporecce okucneHuss IpOMCXOAUT HOBBILIEHUE CTETIEHN OKUCICHHUS.
BoccranoBiieHnemM Ha3bIBaeTCsl MPOLIECC MPUCOECTUHEHUS JIEKTPOHOB aTOMOM, HOHOM HJIU
MOJIEKYJIOH:

S+2e 52"

Cl, +2e — 2CI~
Fe3t +e > Fe?"
HpI/I BOCCTAHOBJICHUHU CTCIICHb OKUCIICHUS ITIOHUXACTCA.
B 3aBucuMocTH OT CHOCOOHOCTH OTJaBaTh MM HPUHUMATH 3JIEKTPOHBI BCE BEIIECTBA
JeNATCS Ha OKUCIUTENN U BOCCTAHOBUTEIIH.
Oxucaumenu — >mo amomaul, UOHblL UJIU MOJEK)Y]Ibl npucoedulmmu;ue OJIEKMPOHDbL. Bo epems
peaxyuu OHU 60CCMAHABNUBATOMCS.
Boccmanosumenu — smo amomasl, UOHbL UTU MOJIEeK)]lbl, KOnopbsle omoaiom JJIEKNIPOHDbL. Bo
8pems peakyuu OHU OKUCTIAIOMCAL.
[Tpoiecchl OKHMCIIEHHS M BOCCTAaHOBJIEHUS BCETJa MPOTEKAIOT Mapajule]bHO, YTO MOXHO
BBIPA3UTh CIEAYIOIIEH CXEMOM:

BoccranoBurens (B1) — € <> okuciurens (O1)

Oxucnurens (O2) + € €> BoccTaHOBHUTEND (B2).

CrenoBaTeIbHO, OKUCIUMENbHO-60CCMAHOBUMENbHbIE Peakyuu  npeocmaegisiom coooll
€OUHCMBO 08YX NPOMUBONOTIONCHBIX NPOYECCO8 — OKUCTICHUSI U 60CCMAHOGIeHUs.. B dTUX peakIusax
o0Illee  YMCIIO  DJICKTPOHOB, OTAAaBaEeMbIX  BOCCTAHOBUTEJIEM, paBHO OOIIEMYy  YHCIY,
MPUCOEINHSIEMOMY OKUCIUTEIIEM.

[Ipu 3TOM HE3aBHCHUMO OT TOTO MEPEXOJAT JIM AIIEKTPOHBI C OJHOTO aTromMa Ha JIPyrou
MOJTHOCTBIO WJIM JIMIIb YaCTUYHO OTTSATHBAIOTCSA K OJJHOMY M3 aTOMOB, YCIIOBHO TOBOPST TOJIBKO 00
OT/Ia4ye ¥ MPUCOCAMHEHHUHU JICKTPOHOB.

B OBP oxucnurens W BOCCTAHOBHTENb PEArupyrOT IPYr C APYrOM B SKBHUBAJICHTHBIX
KOJTUYECTBaX.

Okeusanenmom okucaumens (O) unu eoccmanosumens (B) nasvieaemcesa maxoe xonuuecmso
UX MOJIb, KOMOPOe NPUCOeOUHsiem uiu omoaem OOUH MOJb INEKMPOHOS, UMO OMPANCAEMCsl
credyrowumu gopmynamu:

2(0), monv = £l i I(B), monb = i,
Ze Zg



TI€ Ze — YHUCIO DJJEKTPOHOB, KOTOPOE NPUHUMAET OKUCIUTENr (O WIM OTHAeT
BOCCTAaHOBHTENE B.

MoubHast (WM MOJISIpHAs) Macca SKBUBaJieHTa oOKuciauTenss O W BOCCTaHOBHUTENS B
BBIPAXKAETCSI B T/MOJIb U OTIPEACIISETCS U3 COOTHOIICHHM CIISIYIOIIETO BU/IA:

1) st okucurens— M (i 0), 2| monw; 2) misBoccranoButens — M (i ,B),2l monob.
Zg e

TonbKO B POJIM OKHCIHUTENS BBICTYMAIOT YaCTHIIBI, MMEIOIIUE MAKCHMAaJIbHO BO3MOXKHBIE
CTENEHW OKHUCJICHHS (Hampumep, Juisi mapraHna — 3T1o (+7), mua azora (+5) W T.J.); TOJIBKO
BOCCTaHOBHTEIISl — C MUHUMAJIBHOW CTETICHBIO OKUCIICHHS (1151 cepbl — 310 (—2), s azora — (-3) u
T.0.).

Yacmuybl, umerowue npoMelCymoutsvie cmeneHy OKUCIeHUA, MO2YM NPOAGIAMb C8OUCMEA
KaK OKUCIumesns, mak u 6occmanosumeins. IT0 00yCIOBICHO: XUMHUYECKOW MPHUPOJION peareHTa-
napTHEpaA; YCIOBUSAMHU U XapaKTEpPOM Cpelibl, B KOTOpbIX IpoTekaeT OBP.

Hamnpasnennocts OBP omnpenernsercss BemuYnHAMK 3HAYCHHI CTaHIAPTHBIX MOTCHIIUAIIOB
peareHTOB: okucauTeas O Bcerna uMeer OOodbIIui (1Mo anredpanveckoil BeTUYnHE) CTaHIAPTHBINA
MOTEHIIMAJI, YeM BOCCTAaHOBHTEIb B.

Hampumep, B kucnoii cpene cmemmBaroT n8a Bemectsa: KoCroO7 u NaNO». Kakoe u3 atux
BEIIECTB Oy/IET OKUCIIUTEIEM, KAKOE — BOCCTAHOBHUTEIIEM?

O6parumMcs K cripaBounbiM gaHHEIM: ¢0(Cr2072 + 14 HY/2Cr*3 + 7TH,0) = 1,33 B; ¢°(NO3™
+ 2H"/ NOz + H20) = 0,78 B.

Ilpumeuanue. Pexomenmyercss ucnoiib3oBaTh ydyeOHoe mnocoome: H.C. AxmeroB, M.K.
AsuzoBa, JI.U. bageiruna. JlaboparopHbie 1 CEMUHAPCKHUE 3aHATHS 1O OOIICH W HEOPraHHUYECKOU
xumMun. M.: Bercui. mkomna, 2002.

Tak kak ¢°(Cr.072 + 14 H*/2Cr*® + 7TH,0) > ¢°(NOs~ + 2H* / NO2~ + H20), mo
okucymreneM oynet sBisaTees KoCroOyr.

KosimyecTBeHHON XapaKTepUCTUKON TiyOuHbl mnporekanuss OBP  sBisiercs 3HavyeHue

KOHCTAHTBI PaBHOBCCH:
0/Ay_ .0
gKP = 2 ©)-¢"(B) ,
0,059

rie ¢°(0) u ¢°(B) — crammapTHBle MOTEHIMANbI OKUcIUTens O W BOCCTAHOBUTENS B
COOTBETCTBEHHO, B; Zy — cyMMapHOe KOJIMYECTBO 3JIEKTPOHOB, IPHHUMAIOIINX YY9acTHE B JTaHHOU
OBP.

Koncranra paBHoBecust OBP cBsizana ¢ notenunuanom I'n60ca ([Jx/momns-K):

AGY = -2,303RT IgK P

Dueprus I'm66ca, B cBoro ouepenn, ceszana ¢ DJC (Ap°) mocrosuuoit ®apanes (F) u
YHCIIOM 3JIEKTPOHOB, y4yacTByounmx B OBP:

>y

AG®, Toic/mons-K = —nAg°F,
AP’ = ¢°%0) — ¢°B) — DJIC OKMCIMTEILHO-BOCCTAHOBHTENBHOH pEAKIHH IpH
CTaHJAPTHBIX YCIOBHSX, B.
Jns crangapthbix yenoBuid: 7= 298,15 K = 298,2 K; R = 8,314 Jl)/Mons'K; F =96450
~ 96500 K/MOTB-3KB, TOTYIUM (POPMYITY YAOOHYIO ISl paCUETOB:

K F 96500
9K zgg = =
2, 303RT 2,303-8,314-298,2

B ycnoBusSIX OTIIMYHBIX OT CTaHAAPTHBIX, OKHCIUTEIBHO-BOCCTAHOBUTENIBHBIE TTOTEHIIUAIIBI
(OBII) u 3AC OBP, nportekaromux B BOJHBIX PacTBOpPax, 3aBUCAT OT KOHIIEHTpAIMH (TOYHEE,
aKTUBHOCTEH) YYacTBYIOIIMX B IMpOIECCeé HMOHOB. DTa 3aBUCHUMOCTb BbIpakaeTcs (opMmyson
HepHncra:

nAp® =16,90nA¢°.



0,059, [O]

Ig 8]’

rae 9’0/ — CTAHIAPTHBINA MOTEHIIHAT peareHTa (OKMCIUTENH WM BoccTaHoBHTeNs), B; [O] u
[B] — KoHILEHTpaluH OKMCJIEHHOW M BOCCTAHOBJIEHHOW (OpM pearenTa, MOIL/IM®; Z — YHCIO
AJIEKTPOHOB B MOJIYPEAKIMH JIsl JTAaHHOTO peareHTa.

Ipumeuanue. Cnemyer Bcerja MOMHHTH, YTO KOHIICHTparuu Bcex ydacTHukoB OBP B
ypaBHeHUU (7.5) ABIsroTCS MOISpHBIMUA KOHIIeHTpanusamMu (Cus (X)), a He MOJIIPHBIMHU SKBUBAJICHTA

0
@, B= ®o/B T

(C(1/2 X)).
Ha 3nauenune OBII m Ha XapakTep HPOLYKTOB PEAKUMH JOCTATOYHO CHJIBHOE BIIMSHHE
okaspiBaeT pH pactBopa, B koropom npotekaer OBP. Hanpumep, npu pH < 7 3HaueHue

CTAHAAPTHOr NOTEHIHANA U1 CHCTEMB:
@’ (MnO; +8H " /Mn?" + 4H,0) =151B.
wpupH =7 @2 (MNOZ +2H,0/MnO, + 40H ™) =0,6 B
oi>7- 90 (MnOZ /MnOz2) = 0,564 B.

Baxneimre BOCCTAaHOBUTENM: aTOMBI METaLioB, Boaopox, yriepoa, CO, HpS, H,SOg,
NaNOz2, Na2S203, HI, HBr, HCI, FeSOs, CrCls, MnSOa, NHs.

BaxkHeiiiie OKUCIMTENN: TaJlOTreHbl, XJIopaThl, Kuciaopoa, 030H (03), KMnOs4, KoCro07,
K2oMnOsa, H202, H2SO4 (kony.), HNO3, PbOo.

THNBI OKUCIUTETHHO-BOCCTAHOBUTEIbHBIX PeaKIui

Pa3znuyaroT Tpu THIIa OKUCIUTEIHHO-BOCCTAHOBUTENIBHBIX PEAKIIU:

a) BHYTPUMOJIEKYJISIpHbIE; 0) JUCTIPONOPLIMOHUPOBAHUS; B) MEKMOJIEKYJIISIPHBIE.

Buympumonexynapuvie OBP — smo makue peaxyuu, 6 KOMOPbIX U OKUCIUMENb, U
80CCMAHOBUMENL HAXOOSMCS 8 COCMAge OOHOU MONEKYIbl, HO AGIAI0MCA NPU IMOM PA3HLIMU
eMeHMamu’

2KNO3 — 2KNO, + O,
2N —2e > N*
1207% +4e <> 0.
Peaxyuu oucnponopyuonuposanuss — OBP, 6 Xxo0e KoOmopvix O00UH U3 31eMeHMmOs,

coéepofcameﬁc;l 6 O0OHOlL MOJeKyiie, 00H06p€M€HHO u noesvluiaem, U noruddcaem CcmeneHsb
OKUCTEeHUA.

Cl, + 2KOH — KCIO+ KCI + H,0
1|Cl, —2e > 2CI*
1|Cl, —2e <> 2CI~ .

K aucnponopiroHUpOBaHUIO CIOCOOHBI TTOYTH BCE YACTHUIIHI, UMEIOIINE MPOMEKYTOUHYIO
CTENEHb OKUCIICHUSI.

HaunGonee pacnpocTpaHeHHBI peaKIuu TPEThETO THUIA, KOTOPBIE MPOTEKAIOT ¢ U3MEHEHHUEM
CTENIEHU OKUCIICHUS aTOMOB B pPa3HBIX MOJIEKYJIaX, T.€. OKUCIHUTENIb U BOCCTAHOBUTEIb HAXOISTCS B
pasHbIx BemiecTBax. Croja e CJleayeT OTHECTH M PEeaKIMu MEXIy pa3HbIMH BEIIECTBAMH, B
KOTOPBIX aTOMBI OJIHOTO U TOTO 7K€ 3JIEMEHTA UMEIOT PA3JIMUHYIO CTEIIEHb OKUCIICHUS:

5HCI + HCIO3 — 3Cl, + 3H,0

112C1™° +10e <> CI9



512C1~ —2e <> CI3 .

AJITOPUTMBI COCTABJIEHUS MOJHBIX YPABHEHUH OKUCINTEIbHO-BOCCTAHOBUTEIbHBIX
peakuuii

[TpaBuiIbHO coOCTaBiIEHHOE MOJHOE ypaBHeHuEe peakuun OBP 1omkHO ynoBieTBOpATH
3aKOHY COXPaHEHUSI MacChl BEILIECTB — YUCIO OOHUX U MeX JHce amomMo8 8 UCXOOHbIX 8euecmeax u
NpoOOyKmMax peakyuu OOJNHCHO Oblmb 00uHakosviM. B HMOHHBIX ypaBHeHUsX OBP  momkHBI
BBITIOJTHATHCS: 3aKOH COXPAHEHUS MAacChl BELIECTB U YCIOBHUE SJEKTPOHEUTPATBHOCTH — CyMMdA
cmeneHell OKUCTIeHUs UCXOOHbIX GeujeCms OO0JMHCHA Oblmb pAasHa cymMme cmeneHell OKUCTeHUs
NPOOYKMO8 peaKyuu.

Kpome 3Toro, He06X0AUMO MOMHHUTH, YTO CTETIEHb OKUCIICHUSI MOXKET OBITh OTPUIIATEIHHOM,
MOJIOKUTETILHOM, PAaBHOM HYJIO, a Takke W ApoOHBIM yucioM. Tak, Hampumep, JUisi COCIUHEHUS
KO, crenens okucnenus kuciaopoja paBua (—)%a.

Cmenens oxucienus 6ce20a npusooumcs co 3Hakom (3HaK IUTIOC HE OIMYCKaeTcs, a BCeraa
yKa3biBaercs!).

[Ipu coctaBiieHUM ypaBHEHUI OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIMI HCIIOJIB3YIOT
7B METOJIAa: METOJI IEKTPOHHOTO OayiaHca M METOJ| 3JEKTPOHHO-HOHHO-MOJIEKYIISIPHOTO OalaHca
(meron monypeakuwmii). [Tocnenquuit MeToa UCHONIB3YyeTCs TOTAA, KOT/la peaklus MPOXOAUT B cpelie
anekTposnuta. [lpm 3TOM cnabble 3JEKTPONMTHI, a TakK€ MaJopacTBOPUMBIE BEIIECTBA,
3aMKCHIBAIOTCS B MOJIEKYJIIPHOM BHJIE, 4 CUJIbHBIC — B BHJI€ HOHOB.

Aneopumm cocmasnenus ypaeuenuti OBP:

1) ompenenstOT OKHCIUTENb U BOCCTAHOBUTENH (B TaOJHMIIAX HAXOISAT COOTBETCTBYIOIIUE
3HAYEHUS CTAHJIAPTHBIX IOTEHLIMAJIOB PEareéHTOB JJAaHHOM peakLun);

2) ompenemnsioT, Kakue CTENEeHU OKHCIEHHUS MPHUOOPETal0T BOCCTAHOBUTENb U OKHCIUTEINb
nociie peakuuu. Yem Oosiee CHIIbHBIN OKUCIUTENb YYaCTBYET B PEAKIMH, TaM BBILIE [TOJHUMAETCS
CTENEHb OKUCIIEHUSI BOCCTAHOBUTEIIS.

AHaJ0ru4HO, yeM OoJiee CUIIbHBIA BOCCTAHOBUTEIIb PEATUPYET C OKUCIUTENIEM, TEM CUJIbHEE
MMOHUKAETCS CTENIEHb OKUCIICHUSI OKUCITUTENS.

3) omnpenensioT, B BUJI€ KaKUX COEAMHEHUN CYIIECTBYIOT OKHUCJIEHHBIE U BOCCTAHOBJICHHBIE
AJIEMEHTHI B JAHHOM cpefie (KUCIIOH, IIeI0YHOol U HelTpanbHoi). Hanmpumep, Fe** B kucnoit cpene
cymectByer B Bujae conu Fe (+3), a B meno4yHoil cpene — B BUE MajJOpacTBOPUMOIO OCaJIKa
Fe(OH)s.

4) HaxonaT ko3(pPuunentsl B ypaBHeHun OBP MeTonaMu 351€KTpOHHOTO MIIM 3JIEKTPOHHO-
MOHHOTO OanaHca.

B wMerome »snexTpoHHoro OanaHca paccMaTpUBalOT — IOJIYPEAaKIMM OKUCIEHUS U
BOCCTaHOBJIEHUS C yUaCTUEM aTOMOB, HAXOSIIUXCS B ONPEACIEHHBIX CTENEHAX OKUCICHUS.

Bonpocs! 1 3aganus

[Tpumep 1. Mcnonb3ys MeTon 3JIEKTPOHHOTO OanaHca, COCTaBUTh YpPaBHEHHE ClETyOIIen
OKHUCIIUTEBHO-BOCCTAHOBUTEIILHON PEAKIUU:

FeCly + Kl —

VYka3aTh OKUCIHUTENh U BOCCTAHOBUTENb;, OMPESIUTh UX DKBUBAJICHTHI U IKBUBAJCHTHHIE
MAacChI; BBIYUCIIATH MOTCHIMAT [MO0Ca W KOHCTaHTY PaBHOBECHS PEAKIUU U CJCNATh BBIBOJ O
riyOuHe e€ mpoTeKaHusl.

Pemenue: 1) 3HaueHUs CTaHOAPTHHIX MOTEHIIMATIOB PEAareHTOB (CIpaBOYHBIC JTaHHBIC):
¢°(Fe*3/ Fe*?) = 0,76 B; ¢°(12/21") = 0,54 B;

2) tak xax p°(Fe*3/ Fe™?) > ¢°(12/21"), To Fe*® — okucimrens, BoccranaBmuBaercs 10 Fe*?;
I~ - BoccTaHoBUTENDb, OKUCAAETCS 10 |2;

3) cxema gannoit OBP Oyaet umeTs cleayromuii BUI;



FeCI3 +KI —> FGC'Z + |2 + KCI .

Ipumeuanue. Cxema OBP ToJIbKO [TOKa3bIBAET XapaKTEP UCXOAHBIX U KOHEUYHBIX BEILECTB.
4) 3anuieM 3JeKTPOHHbIE YPAaBHEHMS JUIs OJIypeaKkui

2 | FeJr3 +e < Fe+2; FeJr3 — OKUCJIUTEIND |
1121 =28 <> ly; | —BoccTaHOBUTEID;
1_.+3 1_.+3 r
I(=Fe™) =1monb; MonbHagMacca skBuBasieHTa —M (= Fe" ) =56 ;
1 1 MOJIb
1 r )
3(=17) =1monp; monmbHas Macca dkBuBaneHT —M (=17) =127 ;
2 1 MOJIb
2FetS 4217 = 2Fe™ 1|
e "+ =<ZF€ ~ + 12 — xparkoe monnoe ypasHenue OBP (11 Hero BbIIOJHSAETCS

3aKOH COXPAHEHUS MAacChl BEIIECTB M YCIOBHE AIIEKTPOHEHTPATILHOCTH);
6) 1, OKOHYATeNbHO — MoyiHOe ypaBHeHHe OBP (17151 Hero BBIMOMHSIETCS 3aKOH COXPaHEHUs
MacChl BEIIECTB):

2FeCly + 2KI = 2FeCl, + |, + 2KCI:;

7) BBIMHCINM H300apHO-TepMUUecKuii moteHmman ['udoca mo gopmyre AGY = —
NA@°F, JI/MOTb U KOHCTaHTY paBHOBecHs peakuuu mo(10.1.86)
a) AG® =—1-2-(0,76 — 0,54) 96500 = — 42460 Jlxx/Momb = — 42,46 kJIK/MOB;

6) Ig K g =16,90nAg° =16,90-1-2(0,76 - 0,54) = 7,436; KJyg =10"%%0 ~2,73.10".

BeiBog: rimyOMHa npoTekaHus MpsIMOM peakLiuid OTHOCUTENIBHO HEBEJHKA, YTO 00YCIOBICHO
HE3HAYUTENIbHBIM Pa3IM4rieM BEIMUUH CTaHIAPTHBIX AIEKTPOJHBIX TOTEHIIMAJIOB PEAareHTOB.

B memoode snexmpouHo-uonHo2o oananca (mounee — 21€KMPOHHO-UOHHO-MONEKYIAPHOO
bananca) paccmampuearom nepexoo 21eKmpoHO8 Om OOHUX AMOMO8 UNU UOHOE K OPY2UM C YU4EMOM
xapakmepa cpeobl.

s ypaBHMBaHUSA aTOMOB KHCJIOPOJA, a 3aTEM BOJOPOAA, B HEUTPAIBHOU (PH=7)n
menounoit cpene (pH > 7) ucnonesytotr: 1) OH™ — HOHBI, YUCIIO KOTOPBIX OOBIYHO YJBAUBAIOT; 2)
MoJIeKyIbl BoJbI B kuciior (pH < 7): 1) monekyinsl Boasl (uis kuciopona!l); 2) npotoust H™ (st
BOZIOPOJIA).

Metoi  3NIEKTPOHHO-MOHHO-MOJIEKYJISIPHOTO ~ OajlaHCa  Ha3bIBAlOT  TaKXKE€  METOJOM
MOJTypeaKIUid, 1 OH UMEET P NPEUMYIIECTB IO CPABHEHUIO C METOAOM 3JIEKTPOHHOIO OajaHca:
BO-TIEPBbIX, HE HAJ0 ONPENENATh CTENEHU OKHUCIEHHUS DJIEMEHTOB, TaK Kak pacuéT 4ucia
JJIEKTPOHOB IPOUCXOJUT M0 3aKOHY COXpPaHEHMsI 3apsAloB, W, BO-BTOPBIX, ABTOMAaTHYECKH
noaouparoTcst Kod(p(UIUEHTh! B COKpAalIEHHOM HOHHOM YypaBHeHMHM naHHOW OBP. OcoOenHo
BakeH mnocinenHui merog B OBP ¢ ywyacTmeM opraHM4ecKMX COEIUHEHHWH, TJE€ 4YacTO CJIOXKHO
OTIpEeICTIUTh T€ aTOMBI YIJIepo/ia, KOTOPbIe MEHSIOT CBOIO CTEIIEHb OKUCIICHUSI.

Merton nosypeakuuid NpuMeHMM Toibko K TeM OBP, koTOpble IpOTEKaroT B PacTBOpaXx,
M03TOMY Ba)KHO YYHMTBIBATh XapaKTep Cpelbl, B KOTOPOH MPOTEKaeT JaHHas OKUCIUTEIbHO-
BOCCTAaHOBUTENbHASI pEaKLUsl.

[Tpumep 2. (pH < 7). Onpenenuts kK03)PUIMEHTH METOJOM MOJypeaKlUid B CleIyromIen
peaxkuuu:

KMnO4 + N&2503 + H2504 —>
VKa3arh OKHUCIHUTENb U BOCCTAHOBHMTEID; ONPEAEIUTh MX SKBUBAICHTHI W DKBUBAJIEHTHBIE

MaccChl; BBIYUCIUTH MOTeHIMan ['Mb0ca M KOHCTaHTY paBHOBECHS PEAKIUH U CAeNaTh BHIBOJ O
riyOuHe e€ mpoTeKaHusl.



1) @°(MnOz +8H* /Mn?* + 4H,0) =151B;
o°(S03~ +2H* /(SO2™ + H,0) =0,22 B;

MnO4 — OKHUCIIUTENIb, B KHCIIOM CpElE€ BOCCTAHABIMBAETCA JI0 Mn?*; SOS -

BOCCTAaHOBHUTEJIb, OKHCIIIETCS 10 SC)4 ;
2) cxema gannoit OBP umeer cremyromiuii BuI:

KMnO4 + N&2803 + H2804 > K2804 + N&2804 + MnSO4 + Hzo

3) IEKTPOHHO-HOHHO-MOJIEKYIIIPHBIC YPaBHEHHUS MOJYPEAKIIMA, C YUYECTOM KHCIION CpPEJbl,
OyIyT UMETh BUI:

2| MnOZ +8H ™ +5e <> Mn?" +4H,0
5| SO5~ +H0—2e <> SOF +2H™

MOJ'ILHBIG MaCChl SKBHBAJICHTOB OKHMCIIUMTCIIAA U BOCCTAHOBHUTCIIA COOTBETCTBCHHO!

|v|( |v|o4)_— .119=238 : M( S0~ )_— 80 = 40,0
MOJIb MOJ'IB
4) yMHomaeM o0e HonypeaKuHH Ha UX 00Imue MHOXuUTENU (2 u 5 COOTBETCTBEHHO), 110CJIE
3TOT0 CYMMHpYEM IIONIapHO JIEBBIE W TIpaBble YacTH IOJYpEaKUUil, MPUBOJUM IOJOOHBIE H
MOJTy4aeM KpaTKOe HOHHOE ypaBHEHHUE:

2MnO; +5S805 +6H " <> 2Mn** +5507™ +3H,0;
5) npubaBisieM COOTBETCTBYIOIME MPOTUBOMOHBI U MTOJTy4aeM MOJHOe ypaBHeHUe ganHoi OBP:

2KMHO4 +5N&2503 +3H2804 = 2MﬂSO4 +5Na2804 + K2804 +3H 20

IIpumeuanue. TecT-npoBEpKY NPOBOAMM IOJCYETOM YHMCIIa aTOMOB KHMCIOpPOAA B JIEBOU U
MpaBOW YacTAX MOJy4YEeHHOro MnoyiHoro ypasHeHus OBP.

Hanpumep, yncio aToMOB KHCIIOpOJia B 00€UX YacTsAX COCTABISIET Mo 35 aTOMOB.

6) pacuet noteHnuana ['m66ca 1 KOHCTAHTHI PABHOBECHS PEAKIINHU:

a) AG? = — 5:2:(1,51-0,22) 96500-1073 = —1244,85 xJI/MOIB;

AGY ~124485

28" _23RT  _23.8314.10°.298,2
BoiBoa: rnyOmHa mnpoTEeKaHus MPSIMOM peaklUuMd OYeHb BEJIMKA, 4YTO OOYCJIOBJIEHO
3HAYUTENIbHBIM Ppa3IMYMeM BEJIUYMH CTAaHAAPTHBIX AJIEKTPOJHBIX I[OTEHIIMAJIOB pEareHTOB —
peakiys MpaKTUYeCKH HeoOpaTuma.
[Tpumep 3. (cpena HeittpanbHas — pH = 7). CoctaBUTh ypaBHEHUE OKHMCIEHUS CYIbpUTa
HaTpusi TEPMaHTaHAaTOM Kanus B HeuTpasbHOU cpene. Koaddunumentsr momoOpaTe MeTO10M
MIOJIyPEaKLIAN.

6) lgK X ~2183%; Kjye =1021831 22010218,

KMnO4 + N82803 + Hzo —>

Onpenenuts rIyOUHY NPOTEKAHUS NPSAMOI peaklnu.
3.1 OmnpenenuM HampaBiI€HHOCTb OSTOW pEaKkLUHH, T.€. OINPEAEIUM OKHUCIUTENb U
BOCCTAHOBHUTEIb:



¢°(MnO; + 2H,0/MnO, + 40H ) =0,6 B;
9°(SOZ™ +H,0/(SO2™ +20H ) =—0,93B.

N3 Bennuun cranaaptHeix OB-TOTEHIIMANOB CIEAYET, YTO MnO4 — OKHUCIHUTEIIb, B

2_
HEUTpaJIbHOW cpene BoccTaHaBiuBaercs 10 MnOg; SO3 — BOCCTAHOBHTEIIb, OKHCIAETCS N0
SO;
3.2 3anumiem cxemy nanHoit OBP

KMnOy + NaySO3 + Hy0 — MO, + Na,SOy +...

[Toka HeIb3s1 TOYHO ONPENeNIUTh KaKoH emé OyaeT IpOayKT B JAHHOW PEaKIHH.
3.3 CocraBuM noJlypeakluu uisd: 1) OKUCAUTENS U 2) BOCCTAHOBUTEIIS.

1) MnO4 <> MNOy — cxema nonypeaxuun.

YPaBHI/IBaHI/IC KucJjopoJga BCACM C IMOMOIIBIO YABOCHHOI'O 4YHCJIIa TMAPOKCHO - MOHOB, a
BOAOPOda — MOJICKYJI BOABI:

MnO4 +2H50 +3e <> MnO, +40H  — T0JIypeaKIus Ul OKMCIUTENIS;

2 _
2) S03 A SO4 — cXeMa IOJypeaKkluy AJi1 BOCCTAHOBUTEIS,

2— - 2—
803 +20H -2e & SO4 +H 20 — TIOJTyPEaKIUs JIJIs1 BOCCTAHOBUTEJIS.

3.4 Tenepb cocTaBUM 3JE€KTPOHHO-MOHHO-MOJIEKYJISIPHBIE YPABHEHMUS:

2MnOg + 2H,0 + 3¢ <> MnO, + 40H ™
31502 +20H™ —2e > SOZ™ +H,0

3.5 [IpoBoauM aHanOrMyYHbIE omnepanuu (CM. mpumep 1) U mojryyaeM MOHHO-MOJIEKYJISIPHOE
ypaBHeHue OBP:

2MnO; +350%™ + H,0 <> 2MNnO, + 3503~ + 20H

Honno-monekynsapHoe ypaBHeHue OBP ynoBnerBopser MartepuaipbHOMY OanaHcy U
YCJIOBHUIO AJIEKTPOHEUTPAIILHOCTH.
3.6 IIpubaBnseM COOTBETCTBYIOIINE TPOTUBOMOHKI U TOJIydaeM noiiHoe ypaBHeHne OBP:

2KMnO, +3Na,S0;3 + H,0 = 2MnO, + 3Na,SO, + 2KOH

3.7 BeinonHeHue MarepualbHOro OanaHca A monHoro ypaBHeHus OBP mposepsiem
MIOJICYETOM aTOMOB KHCJIOPO/a B JIEBOM U NPaBoOil yacTsax ypaBHeHus: ciesa 17 O = copasa 17 O.

Kak BuaHO H3 3TOro mnpumepa, MeTOJ 3JIEKTPOHHO-MOHHO-MOJIEKYJIIpHOrO OanaHca
MIO3BOJISIET TAKXKE ONPEIEIUTh U HEKOTOPbIE, 3apaHee HEU3BECTHBIC, NMPOAYKTHl OKHUCIMTEIbHO-
BOCCTAHOBUTEIBHON PEAKINN.

|g K2p98 =16,9- nA¢O =16,9-6- (0’60 _ (_0’93)) ~155: K2p98 z10155,
BrIBo#: peakius npakTuuecku HeoOpaTuma.

[Tpumep 4. (pH > 7). Ilo npusenennoit cxeme OBP, ncnosib3ys MeToa 371€KTPOHHO-MOHHOTO
OanaHca coCcTaBUTh MOJIHOE ypaBHeHHEe OBP:

KMnQ,4 + Nay,SO3 + KOH —



Paccuntate OJIC naHHOW cHUCTEMBI NPHU CTAHIAPTHBIX YCIOBUSX W MPHU  CICAYIOLIUX

PaBHOBECHBIX KOHIIEHTPALUIX peareHToB: [MnO 4 ] = 0,01, [Mn 2+ ] =0,05;

[SOQ? _] =0,01, [SO E _] = 0,05 u npu pH = 4.1 cranapTHBIE TOTEHIMATE! OKHCIHTENS H

BOCCTAHOBHUTCIIA

9’ (MnOZ /MnOZ ™) = 0,56 B; ¢° (SO~ + H,0 /(SO%™ + 20H ") =— 0,93 B;

- 2—. B
Mn04 — OKHCIIUTCJIb, BOCCTAHABJINBACTCA N0 MnO4 , SOB — BOCCTAaHOBUTCIJIb, OKHCJIIACTCA OO0

SO7™ .
4.2 cxema mannoit OBP:
KMnO, + NaySO3 + KOH —> K,MnOy + Na,SO, + H,0

4.3 DneKTpOHHO-NOHHO-MOJIEKYJISIPHBIE [TOJIYPEAKINH

2l MNO4 +e & MnOf‘
1 SO +20H™ —2e > SOZ™ + H,0 .

4.3 YMHOkaeM o0e IMOoJIypeaklM1 Ha COOTBETCTBYIOIIME KOA(POUIMEHTbI, CYMMHPYEM HX
JIeBbIE u IpaBble qacTu u MOJIy4yaeM HMOHHO-MOJIEKYJISIPHOE YpaBHEHHUE:

2MnOy +S05™ +20H ~ <> 2Mn0OZ~ +S05~ + H,0 .
4.4 Jlo6aBiisist COOTBETCTBYIOLIME IPOTUBOUOHBI, MOJIYYaeM IOJIHOE YPaBHEHUE PEAKIIUU:
2KMﬂO4 + Na2803 +2KOH = 2K2MnO4 + N3.2804 + Hzo .

4.5 IIpooaum Tect mo kuciopoay: 130 (cnesa) = 130 (cnpaBa) — ycioBUe MaTEpPUATBLHOTO
OasaHca BBITOJIHAETCS.

4.6 Pacuér D/1C cuctemsl IpH CTaHAAPTHBIX YCIOBHUSAX:

I = Ap° =p°(MnNO4/Mn04>)—¢°(SO4>/SOs*) = 0,56—(-0,93) = 1,49 B.

4.7 Ouenky O/IC npu paBHOBECHBIX KOHLEHTPALUAX PEAreHTOB BEIAEM C UCIIOJIB30BAHUEM
ypaBaenus Hepucra (10.1.10):

a) BBIUMCIIEHUE PAaBHOBECHOI'O OTEHIIMAIa IEpMaHTaHAT-MaHT'aHATHOT' O 3JIEKTPO/ia:

_ _ MnOz]-[H* 18 18
@(Mn) =’ (MnO; / MnO; 4 2059 Ig[ NO4]-[H ] 056+001-lg 221 L _ o553 5:
5 [MnOf_] 0,05
6) BBIUHUCJICHUC PABHOBCCHOT'O IMOTCHIIMAJIA CYJ'IL(i)aT'CYJ'IB(i)I/ITHOFO QJICKTpOaa:
2— +12 2
o(B) =’ (SO5~/5057) + 0059, B0 1H 1" _ 93, 0,0205.1g % = 0,378 B;
2 [SO57] 0,01-10~

B) 3IC = Ap = p(MnO4/MnO4s>)— p(SO42 SOz = 0,553—(-0,378) = 0,931 B.

ba3o0BbIi1 ypoBeHB

1 Paccuwuralite crenenb okucieHusa azora B ero coenunenuax: AIN, NoHza, NH20OH, N2O,
NO, N203, N2O4, N2Os.

2 Hanummure nomHoe ypaBHEHHE peaklUy, MPUMEHSST METOIbI JIIEKTPOHHOTO OanaHca
U MOJTYPEAKIIHi, MO CIEIYIONIEH CXeMe MOTypEaKINu:

K2oCr207 + SnSO4 + H2SO4 —



Onpenennure >KBUBAJICHTHl BOCCTAHOBUTENS M OKHUCIMUTENS; PACCUATAMTE UX MOJIbHbBIE
MaccChl.

3 K kakomy tumy OBP otHocutcs peakinus pasnoxenus H.(0>? UYem oObsIcHsAETCS
CIOCOOHOCTh MEPOKCHAa BOAOPO/Aa K TaKUM IpeBpaIieHusM? 3aKOHUYUTE ypaBHEHHS PEAKIUUA U
HaIUILLIUTE U1 KaXI0W U3 HUX AJIEKTPOHHO-UOHHBIE U MOJIEKYJISIPHBIC YPABHEHUS:

1) H2 02— ...; 2) H2O2+ KMnO4 — MnO2 + ...; 3) H2O2 + PbS — PbO2 + S + ...

4. KuciaopoJl MOKHO MOIY4YUTh B PE3yJIbTaTe Pa3IOKEHUs TAKUX BEIIECTB:

1) KCIO3 — ...; 2) KMNnO4 — ...; 3) KoCr20O7 — ...

K xakomy tuny OBP otHocsTcst 3T peakuun? CocTaBbTe JIEKTPOHHBIE U MOJIEKYJSIPHbIC
YPaBHEHUS 3TUX PEAKIUH.

5 K Bomguomy pactBopy KCIOs mobasunu Bommbiii pactBop Kls. B kakyroo cropony
IIPOMJET peaklysl OKUCIIEHUs-BoccTaHOBIeHUsI? Berunciure DJIC 3TOM peakuuu Uisi CTaHIapTHBIX
YCJIOBHUH.

6 Kakumu cBoiictBamu Oyzxer oOGmamate NaNOz? Ilowemy? IlpuBemure mnpumepsl
peaKkLuii, rae HUTPUT HATPUSL — OKUCIIUTEIb, I/1€ — BOCCTAHOBUTEIb?

7 Wcxons w3 3HAYEHUN CTaHJAPTHBIX 3JEKTPOJHBIX MOTEHLMAJIOB, OIpPENENINTe, NpsMas
WM oOpaTHas peakuus OyaeT NpoTeKaTh B ITOH CHCTEMe MpH CTaHAApTHHIX ycnoBusax: 1) Fe?* +
ClO3™ + H* & Fe®* + CI + H20.

2) Clz + Mn?* + H20 < MnO4 +CI~ + H*;

3) NOs~ + Fe?* + H* <> NO + Fe** + H,0;

4) 103 + SO3* + H* & L + S04 + H,0.

Jlis kak oM psIMOM peakuy OLEHUTE MITyOUHY IPOTEKaHUS.

I1oBBIIIEHHBIN YPOBEHB

13akoHUNTh cOCcTaBIEHUE YPABHEHUS CIEAYIOLIEH peakuu:

HAsO2 + KMnQO4 + H2SO4 — H3AsO4 + ...

¥ COCTABHTH JIJISl HETO DJIEKTPOHHBIE U DJIEKTPOHHO-HOHHBIE CXEMBI ITOTYpEaKIIn.

Paccunrare O/1C peakuuu 1715 CTaHJAPTHBIX YCIOBHIA.

23asucur ym npotekanne OBP ot pH cpenpi? 'mapokcuinaMuH BoccTaHABIMBAET (IIPU ITOM
okucasercs 10 asora; p°(No+ 2H20 + 2H/2NH,0OH) = —1,87 B) B kucioM pacTBope cymbdar
xene3a (+3) mo cynbdara sxenesa (+2), a B IIETOYHOM PACTBOPE OKHUCISIET (CaM MpU ITOM
BOCCTaHaBJIMBAETCS O aMMHUAKa; (pO(N H>OH + 2H>0/NHz + 20H") = + 0,42 B) ruapoKcu/I sxene3a
(+2) B ruapokcu xene3a (+3). CocTaBUTh 2JIEKTPOHHBIE U MIOHHO-JIEKTPOHHBIE YPaBHEHUST 00EHX
peaknuii. YKa3aTb OKHCIUTENb U BOCCTaHOBHTENb. OINpenenuTh INIyOUHY MPOTEKaHHs MPSMOTO
mpolecca B 00enx ciydasx.

3 IIpoxoaut nu peakuus B BOJHOM PAacTBOpE MEXAY HOIUIOM HaTpus U CBOOOJHBIM
xjopoM? Jlns mpsMoil peaklMM BbIUMCIUTH NMOTeHIHMan ['mGOca W mpoOBECTH OLEHKY TyOMHBI
MpOTEeKaHMs Ipoliecca.

4 Beruucnure 3ekTpojaHblii  notenmuan cucremsl ClOs~ + 8H/CI + 4H.O mpu
CIIEyIOMUX PaBHOBECHBIX MOJISPHBIX KoHIEeHTpauusax (Mois/am’) u pH: 1) [ClO4] = 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 3HadeHusx pH Bo3MOkHO BoccraHoBiieHHe MOHOB MnOs monamu: 1) I7; 2)
Br; 3) CI™?
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TEMA 9. OCHOBHBIE ITOJIOXKEHUS DJIEKTPOXUMHAMU.

IMPAKTUYECKOE 3AHATHE 9. TAJIBBAHUYECKHUE 3JIEMEHTBI. KOPPO3US
METAJIJIOB. 2JIEKTPOJIN3

Heapb 3anaTusa: GopmupoBaHue HEOOXOIUMOT0 KOMIUIEKCA 3HAHUNA 00 JEKTPOXUMHUECKUX
MpOLECCaX U HMX KOJUYECTBEHHBIX XAPAKTEPUCTHKAX. POPMUPOBAHUE HABBIKOB HMCIOJIb30BAHUS
(yHIIaMEHTAIbHBIX 3aKOHOB M OCHOBHBIX MOHITUNA XUMHUYECKOW HAyKU B OOJIACTH DIIEKTPOXUMUU
JUISl IOHMMAaHUs CBOMCTB MPOLIECCOB, UCIOJIB3YEMBIX B COBPEMEHHOM MPOMBIIIIEHHOCTH

3HaHuA M yMeHMs, IpHoOpeTaeMble CTYIeHTOM B pe3yJibTaTe 0CBOCHHUS TeMbI

3HaTh OCHOBHBIE 3aKOHOMEPHOCTH, ICHCTBYIOIIHME B MPOIIECCE M3TOTOBJICHUS MPOTYKIIUU
TpeOyeMoro KauecTBa, 3a/IaHHOTO KOJIMYECTBA MTPH HAUMEHBIITNX 3aTpaTax OOIMIECTBEHHOTO Tpy/ia

YMeTh HUCIHOIB30BaTh OCHOBHBIE 3aKOHOMEPHOCTH, AEHCTBYIOIIME B MPOILECCE U3TOTOBIICHUS
MPOAYKIMK TpeOyeMOoro KaudecTBa, 3aJaHHOTO KOJHMYECTBAa TMPH HAMMEHBIIUX 3aTpaTax
0O0IIIeCTBEHHOTO TPY/1a

OpauM u3 Hambosiee OBICTPO PA3BUBAIOIIUXCS HAMpPABICHUN MPHUKIATHOW AIEKTPOXUMUM,
TECHO CBSI3aHHOM C DJIEKTPOTEXHHKOM, SIBISIETCS pa3pabOoTKa HETPAAUIIMOHHBIX XHMHUYECKUX
nctouyHUKoB Toka (XUT), mepCrneKTUBHBIMU CpPEelId KOTOPBIX SIBISIFOTCSI TBEPAO-IJICKTPOIUTHBIC
XUWT c HaTpueBbIM U JTUTUEBBIM aHOAaMU. [[puMeHeHne MEeTOYHBIX METAJIIOB B KAYECTBE aHOAHBIX
MaTepUajgoB BBITOJHO TEM, YTO OHHM OO0JIAJAlOT CaMbIMU HU3KUMH cpeau apyrux Me -os
AJIEKTPOXUMHUYECKUMHU SKBUBAJIEHTAMH U BBICOKUMH OTPHUIATEILHBIMUA 3HAUYCHUSIMH JIEKTPOIHBIX
MOTeHIMaNI0B. [1030My 3HaHHS INEKTPOXXUMUU —aKTyaJIbHBI.

TeopeTuyeckas 4acTb


http://www.iprbookshop.ru/59628.html
http://www.iprbookshop.ru/70372.html
https://openedu.ru/

[Ipubop, B KOTOpPOM XHMHYECKash SHEPTUsl OKHUCINUTEIHHO-BOCCTAHOBUTEIBHOM pEaKInu
MPEBpAIACTCS B JIEKTPUUYECKYIO, HA3BIBACTCS FAIbBAHUYECKUM 3JIEMEHTOM.

OcHOBHasl COCTaBHAs YacTh TaJbBAHUYECKHX DIIEMEHTOB — 3JIEKTPOABL. Yaiie Bcero oHU
OBIBAIOT METAIMYECKUMHU. DIIEKTPOJA, HA KOTOPOM MPOUCXOAMUT MPOIECC OKUCICHHS, HAa3bIBACTCS
aHOJIOM.

Tak, ecii B TalbBaHUYECKOM 3JIEMEHTE MMEIOTCS MEIHBIH M IIUHKOBBIH 3JEKTPOJbI, U B
TOC/IEIHEM TIPOMCXOUT MPOIECC OKHCIeHUs uHKa: ZN° — 267 <> Zn?*, T0 IMHKOBBIH 31EKTPO.
OyZeT aHo/IOM.

DneKkTpoa, Ha KOTOPOM IPOUCXOIUT IPOIECC BOCCTAHOBICHHMS, Ha3bIBaeTCs KaroaoMm. B
BBHIIIENPUBEIEHHOM IIPEMEPE KaTO0M sABJISeTC MeHbIi anekTpox: Cu?t+ 2e” «» Cu,

DNEKTPOHBI C MEKTPosa, Ha KOTOPOM IPOMCXOAMT IPOLECC OKUCICHHMS, MEPEeXOomsiT Ha
3JIEKTPOJ, TJI€ MPOTEKAET MPOLIECC BOCCTAHOBIICHHUS.

Takum 00pa3oM, B raJbBaHUYECKOM 3JIEMEHTE, MMEIOIIEM B Ka4eCTBE KaToAa MEIHYIO U B
Ka4yecTBE aHOJla LIMHKOBYIO IJIACTUHBI, FJIEKTPOHBI C IUHKOBOHM IUIACTHHBI OYAYyT MEPEXOAWTh Ha
MEJTHYIO.

10.7 DnexkTpol B rajlbBAaHWYECKOM D3JIEMEHTE HAXOIUTCS B pacTBOpE 3JeKTposuta. B
NPOCTEHINIEM CIy4ae JIEKTPOIUTOM SIBISETCS PAacTBOP COJHM TOTO MeTajuia, U3 KOTOPOTrO CcIeaH
NEKTPO/.

Tak, B MEOHO-UMHKOBOM TaJbBaHMYECKOM 3JIEMEHTE LMHKOBBIA JIJIEKTPOJ MOXKET OBITh
MOMENIEH B pacTBOP cylb(dara MHKA, a MEAHBIN — B PaCTBOP CyJb(ara MEeIH.

CrenoBaTenbHO: IUHK MOMENIAIOT B PAacTBOpP, COAEPIKAIIMM KAaTHOHBI LIMHKA, a MEIb B
pacTBOp, COAEpKAIIUN KAaTUOHBI MEU.

Cucrema, cocTosiasi M3 MeTajlla, OIYHIEHHOTO B pAacTBOp, COAEPKAIIUil €ro HOHHI,

n+
Ha3bIBACTCS MOJYJIEMEHTOM U 0003HAYaETCs Me™™ / Me (cBepxy Bceria OKucieHHas Gopma).
JlBa moirysneMeHTa, COCTUHEHHBIE MPOBOJHUKOM, OOpa3ylOT TalbBAHUYECKUN HIIEMEHT

(pucynok 9.1):

e (%)
- il
Zn,-f/’d Cu

% S0 L
[
LI \:
n e
Z;*+S_O42 CIZ++SO_42

Pucynox 9.1 Cxema meOHO-YUHKOB0O20 2aNb8AHUYECKO20 dNIeMeHmA

B ranmpBaHWYeCKOM dJIEMEHTE OJUH 3JEKTPOJ (aHOI) pacTBOpsETCSs, T.€. MOHBI MeTaia
MepexoaaT B pacTtBop. Tak B MEIHO-IIMHKOBOM TalbBaHUYCCKOM JJIEMEHTE MPOUCXOIMT
pacTBOpeHUE [IMHKOBOMN TUTACTUHKH.

B pesynbTate mepexojia MOHOB IWHKA C TUIACTMHKH B PAacTBOP Ha IUIACTHHKE OCTa&TCS
M30BITOK AJICKTPOHOB, U OHA 3apshKaeTcs oTpunarebHo. C Apyroi CTOPOHBI, TEPEX01 HOHOB IIMHKA
B PacTBOP MPUBOAUT K YBEIMUEHUIO UX KOHIIEHTPAIIUU B PACTBODE.

bnaromaps mepexoay HOHOB ITMHKA C IUIACTHHBI B PACTBOP BEC IMHKOBOM TUTACTUHKH OyIeT
YMEHBIIIAThCS.

OJHOBpPEMEHHO C 3THM Ha MEJHOM 3JICKTPO/IE TIPOUCXOIMT MPOIECC BOCCTAHOBJICHUS HOHOB

2+ A
e u3 pacteopa: CU™ " +2€ <> CU .
3a cuéT 5TOro mpolecca KOHIEHTPAIMs HOHOB MM B PACTBOPE yMEHBIIAETCS, a Macca
MEIHOI MTACTMHKM yBEJTNIMUBAETCS.



Iepexon noro CU?* U3 pacTBOpa HA MIACTHHKY MPUBOIUT K TOMY, YTO MeJHAs TIACTHHKA
3apsKaeTCs MOJI0KUTEIBHO.

PaccMoTpeHHBI rajgpbBaHHUeCKHil 3jieMeHT (dmeMeHT Jlanmdns — SIkoOu) cxemaTH4YecKu
MO>KHO 3aIIucaTh CIEAYIOLUIMM 00pa3oM:

(-)Zn|ZnSO4|[CusOy|Cu(+)
WK B HIOHHOH (opMme:

(-)znzn?*|cu?t(Cu(+).

OpaMHOYHBIE JTUHUU B cXeMax 0003HAYaroT I'PaHUIly METaJLJI — pacTBOP, a IBOMHbIE JIMHUU —
rpaHully Mexay pactBopamu. OTpuLaTenbHbIN 3JEKTPOJ (aHO) 3alMChIBAETCS CIIEBA.

B ocHoBe paboThl pa3oOpaHHOrO 3JEMEHTa JIEKUT OKUCIUTEIbHO-BOCCTAHOBUTEIIbHAS
peaxuusi:

Zn+CuSO4 — ZnSO4 +Cu

WJIM B MOHHOU (popme:

Zn+Cu’t = Zn?* +Cu_

B rajpBaHHYECKOM DJIEMEHTE, COCTABJICHHOM M3 JKEJIC3HOW IUIACTUHKH, OIYIICHHOW B
pactBop FeSOs4, u cBuHIOBOW IiacTHHKHU, omyiieHHOW 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-MOHHBIM YPABHCHUCM:

FeO -2 & Fez+.
JKene3Hblif a5eKTpo MPHOOPETAET OTPULIATENBHBIHN 3apsi/l.

Ha cBHHIIOBOM 3JIeKTpojie (KaToje) MPOMCXOIUT MPOLECC BOCCTAHOBIIEHHs MOHOB Pb?* m3
pacTBopa:

2+ - 0
Pb“" +2e <> Pb"
CBHHIIOBBII 3JIEKTPO/] 3apsKAETCS MOJI0KUTENBHO.

CYMMI/IPYSI 00a YpaBHCHHA, IOJTYUYUM NOHHOC YPABHCHHUC PCAKIINH, HpOTCKaIOH_[eﬁ B JaHHOM
TaJIbBAHUYCCKOM 3JICMCHTC:

Fe+Pb%" — Fe?" +Pb_

ONEKTPOHBI 110 MPOBOJHUKY, COETUHSIONIEMY TUIACTUHKH, OYIyT NEPEXOUTh OT JKEIe3HOU
IUIACTUHKHA K CBUHLIOBOM.

WTak, B raJpBaHMYECKOM JJIEMEHTE IO MPOBOJHHUKY, COEAUHSIOIIEMY 3JIEKTPOABI, TEUET
AJIEKTPUYECKUM TOK.

[losiBieHUE DIEKTPUYECKOrO TOKA CBUIETEIBCTBYET O HAJIMYMU PAa3HOCTU IOTEHLHAIOB
MeXIy OJiekTponamu. HHade TOBOpsA, Ha OJHOM M3 DJJIEKTPOJOB BO3HHUKAET  KaKOM-TO
ONpPEACIEHHBIN OTEHLNAI, PA3JIMYHbBIN U1 PA3JIMYHBIX JJIEKTPOIOB.

[ToreHman, KOTOPHIM YCTAHABIMBAETCS HA METAUIMYECKOM JJIEKTPOAE, MOMEHIEHHOM B
pPacTBOP COIM OJHOMMEHHOI'O METaJUIA, Ha3bIBACTCS JJIEKTPOAHBIM MIOTEHIIMAIOM METAJLIA.

W3mepeHHsle B CTaHAAPTHBIX YCIOBUAX IMOTEHINAIBl METAIJIOB HA3bIBAOTCS HOPMaIbHBIMHU
(WM CTaHAAPTHBIMHU) SJIEKTPOAHBIMM MOTEHLMAJaMU METauloB. VX 3Ha4YeHHs Ui pa3IMYHbIX
METaJJIOB NMpUBEJEHBI B Tabmune 9.1.



UYem jerde mMetaml OTIAET JIEKTPOHBI, T.€. YEM JIeT4e OH OKUCISETCs, TeM OTpHUIaTesbHEe
€ro 2JIEKTPOAHBIM MOTeHIMaN. MHadye roBops, MO BEJIMYMHE 3JIEKTPOJHOTO IMOTEHIMAIa MOXKHO
CYIUTh O CHOCOOHOCTH METaJula 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 — MEIb.

B TaJbBAaHHUYCCKOM DJJICMCHTC, HMCIOIICM [Ba paSHI/I‘-IHBIX MCTAJIJINYCCKUX BHGKTPOIIa,
aHOZOM OyJeT MeTal ¢ MEHBIICH BEIMYHMHOW CTaHJAPTHOrO JJIEKTPOIHOIrO IOTEHIMAjA, T.€.
0oJiee aKTUBHBIA METAIIIL.

Hanpumep, B raibBAHHYECKOM DIIEMEHTE

Mg|Mg?* Zn2+|Zn

Hanbosiee OTPHUIATENICH YICKTPOIHbBIN MOTEHIIMAT MArHuUsl, MO3TOMY MArHHUEBBIA 3JICKTPOJ
OyZeT aHoJIoM.
Ha maraueBom aiiekTpoie (aHoe) UAET MPOIECcC OKUCIICHHS 10 YPaBHEHHUIO:

Mg® <> Mg?* +2e.

Ha nmuakoBoMm QJICKTPOAC (KaTOI[C) IMPOTCKACT IMPOLUECCC BOCCTAHOBJICHHNA IUHKA!

2+ y 0
n“" +2e < 7In"
10.36 CymMmMapHOe MOHHOE ypaBHEHHE PEaKIIMH, MPOTEKAIOMIEH B TaKOM TaJlbBAHUYECKOM
JJIEMEHTE, CIIeyIoIIee:

0 2+ 2+ 0
Mg~ +4Zn“" - Mg“" +4n" .
Bennuuna QJICKTPOAHOTO NMOTCHIHAJIA METaJllla 3aBUCUT, T'IABHBIM 06pa30M, OT IPUPOJLI
MeTajula, TEeMIIepaTypbl U KOHIICHTPAllUM HMOHOB MeETajlyla B pacTBOpe. OTa 3aBHUCHUMOCTH
BbIpa)kaeTcs ypaBHeHHeM HepHcra:

o 0,059
(0:(0 (Me/Men+)+T|g C(Men+), (9_1)

e ¢ (Me/Me"™) — HopManbHBIi 3J1eKTPOHBIN TTOTEHIIUA;

N — YKUCIIO0 OTAaBaeMBbIX (IPHHUMAEMBIX ) METAJZIOM DJICKTPOHOB;

C(Me"™) — KOHIIEHTpAINS HOHOB METaJIa B PACTBOPE, MOJIB/IM .

[Ipy KOHIEHTpaIMM MOHOB MeTalla, PaBHOW 1 MoOJNB/IM°, BTOpOil 4NeH ypaBHEHHS
o0palaeTcs B HOJlb, TOTA ¢ = @, M.e. NeKMPOOHbILI 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®,

cocrapser: E = ¢°(Zn/Zn?*) —¢° (Mg / Mg ?*) = —0,736 — (—2,34) =1,604 B.

Yem Oosbllie pa3HOCTh B 3HAYCHHSIX CTAHJAPTHBIX SJIEKTPOIHBIX MOTEHIIMAIOB METAJIOB,
Ttem Oostbiie DJ]C raqTbBaHMYECKOTO DJIEMEHTA, KOTOPBIA 3TH METaJUIBl 00pa3yIoT.

CpaBaum DJIC TONBKO YTO pa300paHHOTO MAarHWEBO-IIMHKOBOTO TalbBaHUYECKOTO
anemMenTa ¢ 3J]C MaraneBo-MeTHOTO DJICMEHTA.



(—)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. .

Wtak, uyeM panplie Jpyr OT Jpyra HaxoIATCS MeETalbl B TaOIUIle HOPMAalbHBIX
AJIEKTPOIHBIX MOTEHIMATIOB, TeM Oonbiie D/]C raapBaHHUECKOTO JIEMEHTA.

Kak ormeuanoch paHee B paszelie, 3aBUCUMOCTb BEJIMYMH 3JIEKTPOJIHBIX MOTEHIMAJIOB OT
KOHIICHTPALIMU OKHCIUTEIBHON M BOCCTAaHOBUTENLHOU (hopM pearenta u ot pH cpensl Beipaxaercs
ypaBHenueM Hepucra (9.1).

VpaBuenue Hepucra no3Bossier npoBoauTh pacuer J/IC raabBaHUYECKUX AJIEMEHTOB MpPU
YCJIOBUSX OTJIMYHBIX OT CTAHJAPTHBIX.

N3menenne wu3obapHoro mnoreHnuana [mbOOca B cucTeMe YHCICHHO paBHO padoTe,
COBEPILAEMON B PE3yIbTaTe MPOTEKAHUS JIEKTPOXUMUYECKON PEAKIIUNU:

AG = -A = —nAgF, 9.2)

rae A — paboTta AJIEeKTPUYECKOro TOKA, paBHasl MPOU3BEICHUIO YUCIIa MOJIb NMEPEHECEHHBIX

AJIEKTPOHOB N, HAMpPSDKEHHSI B 3JEKTpUYecKoir nenu Ag u mocrossHHoi Dapanes F = 96 454
Kin/mounb = 96 500 Ki/monb.

Jnst cTaHIapTHBIX YCIIOBUM:

AG® =-A" = —nAy °F. (9.3)

KoHcTanTa paBHOBeCHs DIIEKTPOXMMHUYECKOM pEaKUMU U1 CTAaHJAPTHBIX  YCJIOBHUH
omnpeaensiercss GopMyoi CIeayoIero BUaa:

D nA(pOF
2,3-RT

BenuuuHbl KOHCTAaHT paBHOBECHI AJIi Pa3HBIX JIEKTPOXMMHUYECKUX pPEaKUUN MO3BOJISIOT
OIIpeJIeNIATh CTEeNeHb UX HEOOPATUMOCTH.

[TockonpKy 3J€KTPOJHBIM MOTEHLMANl MeTalja 3aBUCUT OT KOHLIEHTpAllUd PAacTBOpPA, TO
MOKHO COCTaBHTH ILIETIb U3 OJUHAKOBBIX METAITIMYECKHUX 3JIEKTPOAOB, IOIPYKEHHBIX B PACTBOPHI C
pa3IMYHON KOHLIEHTpallMeld MOHOB 3TOTO METalla — 3MO0 KOHYEHMPAYUOHHbIU 2a1b8aAHUYECKULL
NeMeHm.

DJ1C KOHIIEHTPAIIMOHHOTO 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 HITH PACILIaBOM DJICKTPOJIATA
BHECTH J[Ba 3JIEKTPO/Ia, COSTMHEHHBIE C MOJIFOCAMH BHEUTHETO UCTOYHUKA ITOCTOSIHHOTO TOKA.

DJIEKTPOI, MPUCOSANHEHHBIH K OTPUIIATETILHOMY TIOJIOCY BHEITHETO NCTOYHHUKA
MOCTOSIHHOTO TOKa, Ha3biBaeTcs katoaoM (K).

[Tponyckanue Toka uepes IACKTPOIUT MIPUBOJUT K TOMY, YTO HOHBI B PACTBOPE HAYMHAIOT
nepemernathes. [lomokuTenpHble MOHBI, KaTHOHBI, ABIXKYTCS K OTPHIATEIILHOMY 3JIEKTPOAY —
karony. OTpuaTenbHble MOHBI, aHHOHBI, JIBIKYTCS K MOJIOKUTEIHHO 3apPsDKEHHOMY JJIEKTPOIY —
aHoYy.

Ig K =16,9nA¢° . (9.4)




Ha karone uaét mporecc BOCCTaHOBJICHHUS, T.€. MIPOIIECC MPUCOSTUHEHUS JIEKTPOHOB. 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 anos Bcé Bpemst 00e1HAeTCS 3JEKTPOHAMH, a KaTO/1 000raIaeTcs.
Ha pucynke 10.1 npencraBieHa cxema 31€KTpOIU3EPA.

_ :‘TG)”_ _

Pucynox 9.1 Cxema snexmponuzépa
PacruiaB xjopuga Harpusi coaepkurT kathoHa Hatpus Na* u ammonsl Cl'. Ilpwm
MPOITYCKaHUH Yepe3 3TOT PACIUIaB IEKTPUUECKOTO TOKA K KaTOy HAIIPABJISIFOTCS HOHBI HATPHS, a K
aQHOJY — XJIOPHU]I - UOHBI.
VY kartoga uAET Nponecc BOCCTAHOBIIEHUSI B COOTBETCTBUH C YPAaBHEHUEM:

2Cl~ —2e <> Cl,

+ .3 0
Na" +e <> Na”,
V aHoaa uIET MpoLecC OKUCICHHUS 110 YPABHEHUIO:
Becs nportecc anekTponunsa pacmuiaBa NaCl Moxer ObITh 3amucaH B BUJE CXEMBI:

. + 4 0
K:Na" +e <« Na
A:2Cl" -2e < Cly,
TakuMm o0pa3om, U SIAEKTPOIHU3E pacIiaBa XJIOPHIa HATPUs HA KATOJE BIIEISIETCS
HATpHUii, HA aHOJIE — XJIOP.
Wrak, npu 31€KTpoiM3e paciljiaBOB AJIEKTPOJIUTOB Ha KaTOJIE pa3psyKaloTcs KaTUOHBI, a Ha
aHOJIe aHUOHBI, 00PA3YIOIINE DIIEKTPOITHT.
BonHbie pacTBOpBI 3JEKTPOJIMTOB MOMHUMO HMOHOB, Ha KOTOPBIE pacnafaeTcsl dJIEKTPOJIUT,

COACPIKAT MOJICKYJIbI BOJHI, CIIOCOOHEBIE IMPUHUMATh Y4aCTHUE B KATOJAHBIX U aHOAHBIX ITpOoLE€CCax.
Ha KaToA€ BO3MOIKCH MPOLECC BOCCTAHOBJICHHUA MOJICKYJI BOAbI IO YPABHCHHUIO:

2H,0 +2e <> Hy + 20H ~

Ha anojae Bo3aMoxeH nponecc OKUCJICHUA BOIbI, KOTOpBIfI IMMPOTCKACT I10 CXCMC:

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 Mayol anreOpandeckoid BeJIMYMHON CTaHJapTHOTO
AJIEKTPOJHOrO moTeHimaia, ot Li 1o Al BKIFOUNTEIEHO, HUMEIOT YPE3BBIYAHO Majioe CPOACTBO K
3JEKTPOHAM, YCTyNas B 9TOM OTHOLIEHHH MoHaM H' (cm. Tadm. 9.1). IToaToMy IpH DIEKTPOJH3e
BOJIHBIX PACTBOPOB YKa3aHHBIX METAJIJIOB HA KATOJI€ MPOUCXOIUT BOCCTAHOBIIEHUE 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 METAJIIOB IO CXEME:

Me™ + ne” «<>Me°.

KaTnoHbl MeTa/I0B, 3aHUMAIOIIKE B Psy HaNpspKeHUH cpennee mostokenue (Zn, Fe, Cd, Ni
U Jp.), BOCCTaHABIIMBAIOTCS Ha KaTO/I€ OJTHOBPEMEHHO C BOCCTAHOBIIEHHEM KaTHOHOB BOJAOPO/IA.

Utak, npu omnpeneneHuu MPOIYKTOB 3JIEKTPOIU3a BOJHBIX PACTBOPOB 3JIEKTPOJIUTOB,
HAJ0 PYKOBOJCTBOBATHCS BBINICYKA3aHHBIMH COOOPa)KEHUSMHU, OCHOBAaHHBIMU HAa aHAlU3e psaa
HaIpsKECHUH.

Ha karome nerue Bcero paspsikaroTcsli Takue KaTHOHBI, KOTOpbIE HMEIOT Ooiee
TIOJIOKHUTENBHEII JNEKTPOAHBIH MoTeHMan. Hanpumep, eciiu 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 paspsokathes mobl CU?Y, Tak Kak HMX OIEKTPOIHBIA
MOTeHIKan OoJbIIe.

Ha anogme nerue  mpoMcxXoauT  TOT — IMPOLECC, HOPMaJbHBIH  OKHCIHUTEIbHO-
BOCCTAaHOBUTENBHBIN MOTEHIIMA KOTOPOTro MeHble. Hampumep, U3 ABYX BO3MOXKHBIX aHOJHBIX
IIPOLIECCOB B PACTBOPE CEPHOM 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
MOTEHIMAaNIA.

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 COJel UAET TONBKO B T€X CIydasx, KOrja
JaHHBIA MeTayyl MMeeT OOJBIINI AJIEKTPOJAHBI MOTEHIMAN, YeM Y aJlOMHUHHS, T.e. Ha KaToje
BBIJICJIAIOTCS T€ METAJUIbI, KOTOPBIE CTOSIT B PSIly HAPsHKEHUS IIpaBee allOMUHUS.
Hamnpumep, anekrponu3s pactBopa ZnClz moiaér no cxeme:

K :Zn* 1+ 2e & znY
A:2Cl~ —2e <> Cly.

IIpu snexTposmse pacTBOPOB COJIEW METAIIOB, PACIIOJIOKEHHBIX B PAAY HANPSHKEHUS 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 KaTtoaHOM IPOCTPaHCTBE B pacTBope ocTaroTcs 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 3JICKTPOJIM3E PACTBOPOB COJICH, COJECPKAIIMX ATH aHWOHBI, 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 snextponuse pactBopa K2SOs mpoTekaroT cieryronue npouecchl:

K:2H,0+2e<>H, +20H"
A:2H,0-4e <> 0, +4H"

Ha karome oOpasyeTcs BOAOpPOI, Ha aHOJAEC KHCIOpOA. B KaTOTHOM MPOCTPAHCTBE
HakarummBaoTcs MoHbl OH , B aHOJHOM — HWOHBI TUJIPOKCOHHS, MO3TOMY OKpacka JIaKkMyca B
KaTOJHOM IIPOCTPAHCTBE OyIeT CHHEH, a B @aHOJHOM — KPaCHOH.

[IInpokoe HpPUMEHEHHE HMMEET OJIIEKTPOIHM3 C PACMEOpuUMbiMU anoOamu. B KadecTBe
TAKOBBIX MPUMEHSIOT MeJb, cepedpo, 30J0TO, HUKEIb U JAPYrue MeTaibl. IIporecc aieKTposu3a
P 3TOM 3aKJIOYAeTCsl B OKHUCICHHMHM MeETaula-aHoJa [0 KAaTHOHA W B TOCICAYIOIIEM €ro
BOCCTAHOBJICHUH BHOBB JI0 METAIUTMYECKOTO COCTOSHHS Ha KaTO/IE.

Cxema snexTpoinu3a 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 BBIACIUBIINXCSA HaA 3HeKTpOI[aX
HpI/I 3J'ICKTpOJ'II/I3e U KOJINYCCTBOM 3anaquHOFO 3HeKTpI/I‘~IeCTBa OHpeI[eJ'IﬂCT 3aKOH q)apa,[[eﬂ:
Koiuvecmeo eeujecmea, 6blaeﬂu8me€00}l npu 3ﬂ€Kmp0]lu3e, npﬂ/l/lo npOl’lOpL]uOH(lﬂbHO KOﬂullecmey
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 OIPE/IEIISIEMOT0 BEILIECTBA, 2/MO/b;

Z — YuCJIo 3J'IeKTpOHOB, yqaCTBYIOHIHX B OKHCJICHHUH HJIM BOCCTAHOBJICHHHN OJHOI'O MOHA, -
BpEMS DJIEKTPOIIU3A, C.

Nnn n1s ra3os:

V. (10t
z
V(X)= . :
96500
rne V(X) — o0beM 3JICKTPOXMMHYECKH BBIICIICHHOTO Trasa, on®; Vm (i X)—

[x

SKBUBAJIEHTHBIH 00BEM 2EKTPOXUMHYECKH BBIIENEHHOTO Ta3a, oM .



[Ipm »nexTponM3e BOAHBIX PACTBOPOB COJIEH METANIOB, 3aHMMAIOMIMX IPOMEKYTOYHOE
IIOJIOKCHHUE B pAOY HaprI)KeHI/II‘/JI, Hapsaay € BBIACIICHUCM MCTallla Ha KaToAC HUACT BBIACICHUC
Bosopoxaa. [Ipu 3ToM Macca BBIIENUBIIErocss METaJIa He SKBUBAJICHTHA KOJIWYECTBY MPOILIEIIIETO
yepe3 pacTBOP AIEKTPUUECTBA, YACTh KOTOPOTO PaCcXOyeTCsl Ha BBIAEICHHUE BOAOPOIA.

DNeKmponus ¢ Han0dCeHUueM GHeuwHe20 HANpAdCceHuss — TOK OT BHEIIHET0 HCTOYHHKA
IPOXOJUT Yepe3 SICKTPOIMTUUECKYIO sS4elKy C HccieayeMbIM pacTBopoM. Ilpu stom obumiee
HanpspkeHne U ckianpiBaeTcs M3 MOTEHLMANa pasiokeHus E, = Eqn — Ext, HEpEHANPSHKCHUN Ha
anozie 1] an, xatone 1) ki u morennmana Ur = IR, He00X0MMOT0 1Sl TIPEOI0ICHUS CONPOTHBIICHHS

anekTpoiuTa R:
U= (Eam~+ 1] an)—Exi—H k) + Ur.

[TonnepkuBasi  OmpejelieHHOE 3HAYCHHWE TMOTEHIMana KaToja, MOXHO IPOBOIHUTH
MOCJICIOBATEIbHOE  BBIZICJICHHE METAUIOB W3 HCCIEAYEMOI0 pacTBOpa WM OTHEICHHE OT
MEMIAFOIINUX TPUMECEH (3JIEKTPOIH3 MPU KOHTPOIUPYEMOM ITOTEHITHAIIE).

[Tporiecc AmeKTposK3a CIYKUT HMPEXKIIE BCETO JJIS TPOMBIIUICHHOTO MOMYYCHHS aTFOMUHHUS,
MEIW, MHOTHUX IINEJIOYHBIX M IIEIOYHO3EMEIbHBIX M JPYIHMX METAJIOB; JUIS AHATUTHYECKOTO
omnpezaenaenus merawioB — Cu, Pb, Zn u muorux ap. KpoMe TOro, ¢ OMOIIBIO 3JEKTPOJIN3a MOXKET
OBITh TPOBEICHO AHAIUTUYCCKOE pa3JIeJICHHE psa METALUIOB B W3 HX cMmeced. Hampumep,
AJIEKTPOJIM30M BEIYT OINPE/ICICHNE ME/I, CBUHIIA, 0JIOBA U I[MHKA B JIATYHH METOJIOM Pa3IelIbHOTO
MEKTPOOCAXKJACHUS TIPU KOHTPOJIUPYEMOM TOTCHIHANE. METOJ BHYTPEHHEro 3JEKTPOJIH3a
UCTIOJIB3YETCs JUIsl AaHATUTUYECKUX ONPE/ICIICHUN OUYeHb MAJIBIX KOJMYECTB METAJUIOB B pacTBOpaXx,
KOTOPBIC HE MOTYT OBITh OTPEICIICHBI IPYTHMH METOIAMH.

KOPPO3U1A METAJIJIOB
TEOPETUYECKUNE OCHOBBI

Kopposueti memannoe nasvieaemcs npoyecc paspyulenus Memaild, NpouUcxoosuuii. noo
Oelicmeuem OKpyxcaowel cpedvl. B pesynbprare 3TOro mporecca MeTaul NEpPeXOauT U3
CBOOOJTHOT'O COCTOSIHUSI B XUMHUECKHU CBSI3aHHOE.

Tak, pacTBOpeHHE jKelie3a B COJITHOM KHUCIIOTE WM PIXKABJICHHE KEJIC3HBIX H3CITUN Ha
BO3/IyX€ SIBJISIFOTCS MPOIIECCaMU Pa3pyIISHHs STOTO METaslia, T.€. IPOIECCOM KOPPO3HUH.

[To ™MexaHWU3My TPOTEKaHUS TIpoIlecca KOPPO3HsI JIEIWTCI HAa XUMHUYECKYI0 H
ANEKTPOXUMUYECKYIO.

XuMudeckasi KOppo3usi He COMPOBOKIACTCS IMOSBICHUEM 3JICKTPUYECKOTO TOKA, TaK KaK B
ATOM CJIy4ae HeT MPOCTPAHCTBEHHOTO Pa3/IeIeHUs MIPOLIECCOB BOCCTAHOBIICHUS U OKHCIICHUSI.

XuMudeckass KOpPpO3Hsl TIPOTeKaeT Kak oOObIYHAs XUMHUYECKas pPEakius, Harpumep,
B3aMMO/ICICTBHE Kee3a ¢ KIUCIOPOAOM IPU BBICOKOI TeMIeparype:

4Fe + 302 —t)2F6203.

DNEKTPOXUMHUYECKass KOPPO3usi HAOMIOAAeTCsA MPH COMPHUKOCHOBEHUH METAJIOB C BOJIOM,
pacTBOpamMH JEKTPOITUTOB, aTMOC(EPHBIM BO3TYXOM.

OcHogHoe omaudue 21eKmpoXUMU4ecKol KOppo3uu om XUMU4ecKol cOCmoum 8 mom, ymo
o0was peakyusi 83aUMOOeUCMBUs Memaila ¢ OKUCIUmenem Mmodxcem Ovbimb pazoeieHa Ha 08d
camocmosmenvHulx npoyecca: 1) mnpoyecc oKucieHus uiu aHOOHblL npoyecc, 2) npoyecc
60CCMAHOBICHUSL UNIU KAMOOHbIIL.

[Tpr >NIEKTPOXUMHUYECKOW KOPPO3MH TPOIECC OKHCIEHUS W MPOILECC BOCCTAHOBICHUS
MPOTEKAIOT HA PA3JIMYHBIX Y9acTKaX MeTaJljla — aHOJTHOM M KaTOJHOM COOTBETCTBEHHO. [Iporecchr,
MPOUCXOJISIIINE TIPU DIEKTPOXUMHUYECKONH KOPPO3HMH, AaHAJIOTUYHBI MpOIeccaM, MPOTEKAIOIIUM B
TaTbBAHWYECKUX JJIeMeHTaX. [Ipormecchl 3JEeKTPOXUMHUYECKOW KOPPO3UH  COTPOBOXKIAIOTCS
MepeMeIeHueM JIEKTPOHOB C aHOHBIX YYaCTKOB Ha KAaTOJIHBIE, T.€. AIEKTPOXUMHUYECKas KOPPO3Us
COIIPOBOYXKIAETCS TOSIBJICHHEM B METAJIJIC SJICKTPHUECKOTO TOKA.

AHOMHBIN mpolecc TpPU AIIEKTPOXUMUYECKOM KOPPO3UHM — OTO TMEpPexo] MeTaa u3
CBOOOJHOTO COCTOSTHHE B HOHHOE:



0 - n+
Me™ —ne & Me
Hanpumep, npu 351eKTPOXMMHUYECKON KOPPO3UHU KeJle3a MPOUCXOAUT CIASAYIONIUNA aHOIHBIN
mpolrecc:

Fe¥ — 2e «» Fe?t,

Karogublii mporecc COCTOUT B BOCCTAHOBJICHUHU OKHUCIWTENECH, T.€. B MPUCOCAUHEHUU
AJIEKTPOHOB K MOJIEKYJIaM HJIM HOHAM U3 OKPYXalolle cpeabl.

Wrtak, »JEKTpOXMMHUYECKAs] KOPPO3US  METAIOB — 3TO  pe3ylbTar JACUCTBUS
MUKpOTaJIbBaHUYECKHX 3JIEMEHTOB, 0Opa3yIOIIUXCsl Ha MOBEPXHOCTH MeTayyia. B psane cimyuaes
o0pa3oBaHKe TaKMX raJlbBaHONAp OOYCIIOBICHO HAJIMYMEM B METallaX MPUMECEH WJIM KOHTAKTOM
JIBYX Pa3HOPOJHBIX METAIIJIOB.

Tak, pu pacTBopeHHUU B pa30aBJICHHON CEPHOW KHUCIIOTE IIMHKA, COAEPIKAIIETO MPUMECH
xKellesza, MPOUCXOIAT CIEAYIOIUe MPOIECChl: IUHK C MPUMECHIO XKele3a, MOMEIIEHHBIH 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 3apPSUKEHHBIX HOHOB H™ M3 pacTBOpa CEPHOM KUCIIOTHI:

2H™ +2e <> H,.

OnbIT MOKAa3bIBAaET, YTO CKOPOCThH MpoIlecca PAcTBOPEHMsI LIMHKA, MpH paboTe TaKoro
raJbBaHMYECKOTO 3JIEMEHTa, Topa3fo OoJbIlle, YeM CKOPOCTh pEaKIUH HEIMOCPEACTBEHHOIO
B3aUMOJICHCTBUS LIMHKA C KUCIOTOM.

Oco0blli UHTEpEC MPEACTABIISIET IEKTPOXUMUYECKAs KOPPO3Us B HEUTPAIBLHOU cpesie, TaK
KaK 3TOT ciydaid HamOojee OIM30K K aTMOC(HEpPHONH KOPPO3WHU. DJIEKTPOIUTOM B TaKOM Cllydae
SIBJIIETCS BOJA C pacTBOPEHHBIMU B Hel razamu (COz, O, 3adactyio — SO2, HUTPO3HBIMHU Ta3aMH
NxOy u ap. ).

PactBOpE&HHBIN B BOJIE KUCTIOPO/, a TaKKe KUCJIOPOJ BO3yXa MOTYT MPUHUMATh Yy4acTHE B
KaTOJHOM IIpoLecce, IPH 3TOM IPOUCXOAUT BOCCTAHOBIIEHHUE KUCIOPO/Ia COTJIAaCHO YPaBHEHUIO:

Oy +2H,0 +4e <> 40H ~

PacTBopenne B BOj€ YIJIEKUCIOrO Tra3a MPUBOAUT K OOpPA30BAHUIO YTOJBHOW KHCIOTHI,
KOTOpas IPH AUCCOLUALUH IaET HEOOIBINOE KOJIUUECTBO HOHOB H ™

CO, + H,0 <> H,CO, <22 , H,0* + HCO; «22,

+ —
«H2° 1 0% +CcoZ.
HpI/I 9TOM Ha KaTOJAC MOXKCT MMPOUCXOANUTH BOCCTAHOBJICHUC KATHUOHOB H+:

2H" +2e &> H 2.

YacTo KaTOAHBIA TIPOIECC SBISIETCS CMEIIAHHBIM, T.€. Ha Karojae HIAET MPOoLecC
BOCCTAHOBIICHUSI KHCJIOPOJa W TIPOIECC BOCCTaHOBJE€HHMs HOHOB HY, mpuuém mociemHuii, Kak
MPaBWJIO, UMEET MOAYMHEHHOE 3HAUEHHUE.

BemectBa, ycwiMBaIouyr0  KOppO3UI0,  Ha3bIBAlOTC  akmueamopamu.  CHUIBHO
JIEWCTBYIOIIMM aKTUBATOPOM SIBJISIETCS MOH XJopa. [1oaToMy mponeccsl KOppo3uu B MOPCKOM BOJIE
HJYT TOPa3a0 UHTEHCUBHEMN, YEM B IIPECHOM.

BemectBa, 3amemisronye npoiece pa3pymeHnust METaJIJIOB, Ha3bIBAIOTCS UHSUOUMOPAMU.



JUis 3aliuThl METAUIOB OT KOPPO3MM YaCTO HCHOJB3YIOT pa3iMyHble MOKPBITUSA, B TOM
qrcie MeTaJuIndeckue. B 3 ToM ciydyae MeTauIonoOKpBITUHE TOJHKHO OBITh YCTOWYHBBIM K KOPPO3UH.

Hapymienne 1eIOCTHOCTH METAUIMYECKOIO TOKPBITUS MOXET HpPUBECTH JHO0 K
COXPaHEHHIO OCHOBHOTO METaJUIa, JIM0O K YCUJICHHON KOPPO3UHU. DTO 3aBHCUT OT CPAaBHUTEIHHOU
AKTUBHOCTH 3alUILAEMOI0 M 3alUTHOTO MeTallla.

Mertamndyeckoe MOKpBITHE W3 0o0jee aKTUBHOTO METajula, MPU HAPYHICHUU IEIOCTHOCTH
€ro cJ10s, BBICTYIIAET B POJIM aHOZAA B 00pa30BaBLIEMCs TalbBAHUYECKOM JIEMEHTE.

OcHOBHOII MeTayul B mporecce padoThl TAaKOTO TalbBAHUYECKOTO 3JIeMEHTa He OyneT
paspymatbces. [TokpeiTne 13 Hanbosee akTHBHOTO METaJl1a Ha3bIBAETCs AHOTHBIM.

Korza nokpsITHE clIelaHO U3 MEHEE aKTUBHOI'O METajlIa, TO HapyILIEHUE LEJI0CTHOCTH 3TOTO
HOKPBITUSA NPUBEAET K OOPa30BaHUIO TrajlbBAaHUYECKOIO JIEMEHTA, aHOJOM B KOTOpOM Oyzer
SBJIATBCA 3allMIIAEMbI METaul, a KaToJOM — IOKpbITHE. Takue NOKPBITUS HAa3bIBAIOTCS
KaTOJIHBIMU. B 3TOM cilyuae 0OCHOBHOM MeTau1 OyJeT pa3pylaThes.

KaronHoe mnokpeiTHEe SIBiISETCS MEHEE BBITOAHBIM, TaK KaK IIPpM HApYyLIEHUH €ro
LIEJIOCTHOCTH OCHOBHOM MeTaJll pa3pylaeTcs.

B ciayyae aHOAHOrO MOKpPBITUS OCHOBHOM MeETallll IpPU HOBPEXKACHUM IOKPBITUS HE
paspyiaercs. B 3Tom ero npenmyuiecTso.

Bonpocsl n 3axanns

[Tpumep 1 CrangapTHbIE 3IEKTPOAHBIE TOTEHIMANBI JIs LIMHKA U cBUHLIA paBHbI — 0,76 B u
— 0,13 B coOTBETCTBEHHO. Y Kakoro H3 3JIEKTPOJOB, LIMHKOBOTO WM y CBHUHIIOBOIO, BBIIIE
IJIOTHOCTD JIBOMHOIO AJIEKTPUYECKOTO CJI05, €CJIM 00a AJIEKTPOoia IOMECTUTH B BOY?

Pemenue

Y LIMHKOBOTO 3J1€KTPOJa BEJIMYMHA CTaHIAPTHOIO 3JEKTPOJHOrO MOTEHIMalIa MEHbLIE, YeEM
y CBHMHIIOBOIO, YTO CBSI3aHHO C OoJbIIel CHOCOOHOCTBIO MOHOB IIMHKA TUAPATUPOBATHCS
MOJIEKYJIaMH BOJIbI U NIEPEXO/IUTH U3 TBEP/IOM MOBEPXHOCTH B pacTBOp. B nrore, y nuHka cosgaercs
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, €CJIN IUIACTUHKU COEIUHUTD IPOBOJIHUKOM?

Pemenne
2.1 I[O COCAUHCHUS IMMPOBOAHUKOM H KCJIC30, U HUKCIIb OKUCIIAJIMCh HOHAMU H+:
a) 1|Fe® — 2e” & Fe?*; ¢°(Fe**/Fe®) = — 0,44 B;
12H* + 26 & >t ¢°(2H*/H2) = 0,00 B;
DNIC1 = p°(2H*H,) — ¢°(Fe?*/Fe®) = 0,00 — (— 0,44) = 0,44 B;
6) 1Ni® — 2e” < Ni?*; ¢°(Ni?*/Ni°) = - 0,25 B;
1|2H* + 2~ — Hot 9°(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 Oynmer Oojee
MHTEHCUBHBIM, YEM HA HUKEJIEBOM.

2.2 Tlocne coeauHeHHs IUIACTUHOK — oOpa3yercs rajibBaHUYECKHH 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 HUKEIEBOM IMJIACTUHKU, HAXOJSICh B KOHTAKTE C PaCTBOPOM
coxepkaiuM H', mepenaer 3JIeKTPOHBI THM KaTHOHAM, YTO TPUBOIUT K 0OPa3’0BaHUIO MOJIEKYIT
BOJIOPOJIA.

ITpumep 3 Tok cunoit /0 A TpOXOAUT Yepe3 IEKTPOIU3EP C IUIATHHOBBIMHU JIEKTPOAAMHU, B
KoTopoM Haxoxautcs 500 cm® pacTBopa rHapokcHaa HaTpus ¢ MaccoBoit noneit w(NaOH) = 4,5 %



(p = 1,05 2/cy®). HanmummTe MONHYIO CXEMy 3JIeKTpoim3a BogHoro pactsopa NaOH. Cxombko
94acoB MOTPeOyeTCS BECTH JIEKTPOIIH3, YTOOBI MaccoBas 10ist pactBopa NaOH mocturna 10 %?
Pemenue
3.1 BpiunciuM Maccy BOJbl B UCXOJHOM PAacTBOPE:

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 BOJIbI, OJABEPTIICHCS AIEKTPOIU3Y:
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, npoTekaromue Ha 3JeKTpoax:
K :12H,0+2e <> HS + 20H™
A:40H™ —4e <> 2H,0+0,,

[Tpumep 4 DnekTponau3Ep COACPKUT pacTBOpP HUTpaTa CBHHLA (+2), aHOJ — CBUHIIOBBIN.
[IponomxurensHocTh 3nekTponu3a 2 4 40 mun 50 c, cuna Toka 54. Beluncnure TeopeTHUECKYIO
yOBIIb B Macce CBHMHIOBOrO aHojAa. Hamummure ypaBHEHUs peakuuil, MPOUCXOMALIMX Ha
ANIEKTPOAX.

Pemenue
4.1 BapuaHT ¢ pacTBOPHMBIM aHOJOM. Merammmdeckuii cBunern — 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:Pp% —2e &> P2t

4.2 TCOpeTI/IquKaﬂ y6BIJ'IB MacCChl CBMHIIA COCTABUT:

Am(Pb) = IFT M (% Pb) = 59650 57 1_ 51,75r.

96500 2
Ipumep 5 Paccunraiite Bemuunnst IJIC u AG, 11s mpolieccoB KOppo3uH, TIPOTEKAIONINX
110 YPaBHEHHSIM:

Me(x) +H20)+02¢) —Me(OH)ngw),
rae Me — Fe, Ag. Kakoil U3 npuBeneHHBIX METaUIOB OYyJeT MOABEpraThCs KOPPO3UU BO
BJIAXKHOM BO31yXe?
OTtser
4.1 Ycnosus npoTeKaHus IPAMOM peaKIuu IpH cTaHAapTHBIX yeosuax: AJC = 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/]oic/monw
Fe(x) +H20(60+02¢) —Fe(OH)24.
Bb1600: camMOIIpOn3BOJIbHAST KOPPO3HS JKejle3a BO BIAKHOM BO3IyXe TPU CTaHIAPTHBIX
YCIIOBUSX BO3MOXKHA.
6) Tak kax ¢°(Ag*/AQ®) = + 0,80 B > ¢°(2H20 +02/ 4OH") = +0,40 B, T0 cepebpo 6yner
ABJIATBCA aHOAOM, TOr'1a
AICr = A2 = ok — pa =+ 0,40 — 0,80 = — 0,40 B;
AG® 2= -nAQ%, F = —2:(-0,40):96,5 = + 77,20 k/lic/mons
Ag(x) +1/2H20 () +1/402) — xAg(OH)2).
Bw1600: Tak kak /[C2 = Ap%, < 0,aAG’%,> >0, To caMOnpOM3BONBHAS KOPPO3HUS
cepedpa BO BIIXKHOM BO3JIyXe IPHU CTAHJAAPTHBIX YCIOBUSAX HEBO3MOXHA.

ba30BbIi1 ypoBEeHb

1 B ranbBaHNYeCKOM 3J€MEHTE NPOXOIUT PEAKIIUSA:

Pb? + Cu®* = Pb?* +Cu°.
CocraBuTh CXeMy 3J1€MEHTA, BEIUUCIUTh cTaHAapTHYIO DJIC 1 KOHCTaHTy paBHOBECHS.
2 DJ1C ranbBaHUYECKOTO 3JIEMEHTA, B KOTOPOM MPOTEKACT PEaKIHs

2Ag* + Zn% = Zn?* + 2Ag°

pasHa 1,56 B (298 K). PaccunTaiite AG 1 KOHCTaHTY paBHOBECHS 3TOH PEAKIIHH.

3 Cra"apTHbIe JIEKTPOJHbIE OTEHIMAIBI Ul JKese3a U kaaMus paBHsl — 0,44 B u — 0,40
B cooTBeTcTBEHHO. Y KaKOro M3 3JIEKTPOJOB, JKEJIE3HOTO MM KaJMHEBOBOI'O, BBIIIE IJIOTHOCTh
JIBOWHOTO 3JIEKTPUUYECKOTO CIIOS, €CJIM 00a 3JIEeKTpoja IOMECTUTH B BOAY?

4 CraHnapTHbBIN 3JIEKTPOJHBINA TOTEHIIMAN cepedpa paBeH

Ag* +e — Ag® o°=0,8B.

KakoB Oyzaer moTeHuuan 1 Kr MeTaJuIMuecKoro cepedpa, OMyIIEHHOro B pacTBOpP HUTpaTa
cepedpa ¢ C(AgNO3) = 1 moms/am>?

5 N3obpasute cxemy pabOTHI TaIbBAHUYECKOTO JIEMEHTA, COCTABICHHOTO M3 HUKEIIEBOU U
cepeOpsiHOM IMJIACTUH, ONMYIIEHHBIX B PACTBOPHl MX HUTPATOB. YKaXXKHUTE KAaTOX M aHOA B ITOM
rajJlbBaHU4YecKoM 3jemMeHTe. Kakas xumudeckasi peakiusi JIEKUT B OCHOBE 3TOr0 raJIbBAHUYECKOTO
anemeHTa? Beruucnute naMeHeHnH noreHnuana ['mé6ca m KOHCTaHTY paBHOBECHS 3TOM PEaKIMH.

6 CocraBbTe CXE€MY raJIbBAHUYECKOTO AJIEMEHTA, OJHUM U3 DJIEKTPOIOB KOTOPOTO SIBISETCS
KaJMHeBas IUIACTUHA, MOTPY)KEHHasl B pacTBOp cylb(paTa KaaMus, a IpyruM — MeJIHas IJIacTHHa,
OIyIIEHHAs B pacTBOp Ccyib(aTa MeIu.

Hanummure »51eKTpOHHBIE ypaBHEHHUs IHPOLECCOB, MPOMCXOASAIIMX Ha JJIEKTPOAAX IpHU
pabote 3nemeHTa. YkaxuTe kaTtoJ 1 anoA. CocTaBbTe CXEMY JIEMEHTA.

7 Yemy paBHa D/1C u AG ranpbBaHHYECKOTO DJIEMEHTa

(—)Zn[ZnSO4|NiSO4|Ni(+).

€CJIM KOHIIEHTPAIIUs HOHOB Zn%* u Ni?* paBHHI (B MOJIL/;[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 COCTaBBTe CXCMBbI JABYX TaJJbBaHUYCCKUX DJJIEMCHTOB, B OJHOM U3 KOTOpBIX CBHUHCI]
ABJSETCA KATOJOM, a B APYroM — aHOmoM. COCTaBbTE SIIEKTPOHHBIE YPaBHEHHMS IIPOIIECCOB,



MPOUCXOJSANIMX Ha AJEKTPOJax ITHUX SJIEMEHTOB. BbhruvciauTe i Kaxaol peakuuu KOHCTaHTY
CKOpOCTH.

10 OKucIUTEIBHO-BOCCTAHOBUTEIbHAS PpEAKIUs, IMPOTEKAKIIas B TrajlbBaHMUYECKOM
DJIEMEHTE, OIMCHIBACTCS CXEMOM

(-)Pt| Fe?*, Fe**|MnO;, Mn2*  H* | Pt(+).

VYkaszath kaToJ ¥ aHoA. Kakyio pojib UrparoT IIaTUHOBBIE 3JeKTpoabl? Hanummre nonHoe
ypaBHEHHE 3Tol peakiuu. Borarcnute nis He€ AG u cTaHIapTHYIO KOHCTaHTY CKOPOCTH.

11 DnexTpoaHBIA NMOTEHIMAI MAapraHIIEBOTO 3JIEKTPOja, IMOMELIEHHOTO B PAcTBOp COJIU
Maprasia (+2), cocrapisieT — 1,1 B. BeruncauTs KOHIIEHTpaIlMIO HOHOB MapraHiia B pacTBOPE.

12 B03MOXXHO JIM PacTBOPEHHE HUKENIS M BBIICICHUE XPOMa MPU MOTPYKEHUU HUKEIIEBOU
IJTACTUHKH B pacTBOP cou xpoma (+3)?

Bo3MoxHO 11 pacTBOpeHHE XpoMa U BbIACIEHUE METAJUIMUECKOTO HUKEIS IPU IOTPYKEHUU
XPOMOBOIi IIACTUHKHU B pacTBOp comu NiZ*?

OTBET MOTUBUPYWUTE.

13 T'anpbBaHMYECKHI DJIEMEHT COCTOUT W3 CTAHJAPTHOTO BOAOPOJHOTO 3JEKTpoaa U
BOJIOPOJHOTO 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, TIOMEIEHHOro B pacTBop xinopuaa ammorns C(NH4Cl) = 0,01 monv/on®.
O/1C snementa coctasisier 0,366 B. Berunciaure pH pactBopa, KOHCTaHTY U CTENEHb MPOTOJIM3a
(rumpommsa) NH4Cl. Otget: pH = 6,20; Ky = 5,56-107%; o4,p = 6,26-107° (6,26-107% %).

15 [lpu xakux xoHUEHTpauusx xjgopuna nuHka (+2) 31C KOHIEHTPAMOHHOTO 3JIeMEHTa
pasia 0,1 B? Hanumurte ypaBHEHUS OJJIEKTPOAHBIX pEAKUUNA. YKaXUTe OKHUCIUTENb W
BOCCTAHOBUTEb.

16 VYkaxuTe MPOAYKTHI 3JIEKTposin3a BOAHBIX pacTBopoB: H2SOs, NaxSOs4, HCI, NaCl,
CaCly, CoSOa.

17 AmoMuHUI B POMBIIUICHHOCTH MOJIYYalOT JIeKTpoiin3oM paciuiaBa cmecu Al,Osz(~ 12
% 1o macce) u Naz[AlFe¢] (= 88 % mo macce). Daekrponasl — rpadurosbie. [IpuBeanTe MOTHYIO
cxemy meKTpoin3a. s 4ero npuMeHstoT KoMIuiekcHyro coib Nas[AlFe]?

18 TIpoMmblIiIeHHOE TPOU3BOACTBO HATPHS BEAYT AJIEKTpou3oM pacruiaBieHHoro NaCl u
NaOH. HanumunTe ypaBHEHHs peakiyid, IPOUCXOSIINX Ha SJIEKTPOIaX.

19 Kakwue mporecchl MPOUCXOASAT Ha DIEKTPOJaxX MPHU AIIEKTPOIM3E pacTBopa XJIOpuaa
Hukens (+2), ecnu 00a 251eKTpoa — HuKeneBble? Kak u3aMeHUTCS Macca aHo/a MOCie MPOMYCKaHUs
ToKa cuioit 3,2 A B teuerue 30 mun? OtBeT: 1,76 2.

20 CocraBbTe ypaBHEHHUS CAMOIIPOM3BOIBHO MPOTEKAIOIINX PEAKIMI MPH KOPPO3UH B BOJIE,
HaXOAIIMXCS B KOHTAKTe IUIACTUH: a) IIMHKA U 0JI0BA; O)kese3a u IHKaA. [ 1e CKOpOCTh MPOIECCOB
Kopposuu Beime? OTBeT 00ocHyiiTe pacyeramu crangapTabXx D/1C u AG.

21 Ha30BUTE HECKOJIHKO METAJUIOB, KOTOPBIE MOTYT CIYKUTh AHOJIHBIM W KAaTOIHBIM
MOKpbITUEM Ui kene3a. (CocTaBbTe JJIEKTPOHHBIE YpPAaBHEHUS OJEKTPOIHBIX IPOLECCOB,
MIPOUCXOJAIIMX MPHU DJIEKTPOXUMHUUECKONH KOPpO3uu: 1) XpOMHMpPOBAHHOIO; 2) HUKEIMPOBAHHOIO
JKelle3a BO BJIAXKHOM BO3/lyXe U B Kucioi cpeae. CpaBHUTE CKOPOCTH MPOLECCOB KOPPO3UU B ITHX
CIIyYasix.

22 Yrto Ttakoe pkaBunmHa? Harmummre e€ mpumepHyro ¢dopmyny. Eciv rBo3as BOUTH BO
BJIYKHOE JIEPEBO, TO P>KABUMHOM MOKPBHIBAETCS Ta €ro YacTh, KOTOPask HaXOJUTCS BHYTPH JEpeBa.
Uem 310 MOXHO 00BsICHUTH? Hanuimute ypaBHEHHS aHOITHOTO U KaTOJHOTO mporieccoB. [IpuBeaure
ypaBHEHHUs 00pa30BaHUs BTOPUYHBIX MTPOIYKTOB Pa3pyIICHUS Kee3a.

23 JKemezHple OOYKHM MPHUMEHSIOT IS TPAHCTIOPTUPOBKH KOHIIEHTPUPOBAHHOW CEpPHOMN
KUCIOTHL. OJTHAKO MOCie OCBOOOXKIEHUS OT KUCIOTHI OOYKM Ype3BbIUAiHO OBICTPO pa3pylIaroTCs.



[Touemy? UYto sBiIgeTCs aHOAOM, 4YTO — Karogom? Hamummre COOTBETCTBYIOLIME YpaBHEHUS
peaknuii. CocTaBbTe cXeMy 00pa3yroIerocs Mpu 3TOM T'aJbBaHMYECKOTO HJIEMEHTA.

[ToBbIllIEHHBIN YPOBEHD
1 TIpu KaKo# KOHIEHTpauy HOHOB CU?* 37IeKTPOIHBIN MOTEHIMAT MEIH PABEH HYIIO?

2 TanpBaHWueckas 1emnb, coOpaHHas M3 JBYX HHWHKOBBIX 3JEKTPOAOB, OJAHH M3 KOTOPBIX
TOrpy’XeH B pacTBop coir muuKa ¢ C1(Zn?*) = 0,1 mons/mm°, a mpyroii — B pactBop ¢ C2(Zn?*) =
0,01 mons/mm3. CocTaBbTe cXeMy KOHIIEHTPAIMOHHOTO dIeMeHTa 1 paccuutaiite ero DJIC.

3 Paccuuraiite DJIC KOHIIEHTPAIIMOHHOTO JJIEMEHTa, COCTOSIIEr0 W3 CTaHJAApTHOTO
BOJIOPOAHOTO 3JIEKTPOAA U BOJOPOIHOTO JIEKTPOa, HAXOSAIIETOCs B YUCTOM BOJIE.

4 TloTeHuMan METAJUIMYECKOr0 MapraHiia Mo OTHOUIEHHIO K CTAaHJApTHOMY BOJOPOJHOMY
anekTpony B pactBopax MnCl; ¢ kornenTpanusamu (B Mons/am) 0,001; 0,01 u 0,1 coOTBETCTBEHHO
cocraBun (B B): — 1,277; — 1,248 u —1,219. Beruucnure craHIapTHBIA AJICKTPOIHBIN MOTEHITHA
Maprasiia.

5 Paccuuraiite DJIC KOHIEHTPALMOHHOTO 3JEMEHTa, COCTOSIIEr0 W3 ABYX BOIOPOTHBIX
3JIEKTPOJIOB, IOTPYKEHHBIX B pacTBopbl ¢ pH 2 u 4. CocTaBbTe CXeMY ATOTO JIEMEHTA. Y KOXKHUTE
KaToJ U aHO[I.

6 BelurciuTh MOTEHIMAT CBHHIIOBOTO 3JCKTPOa B HAChIIIEHHOM pactBope PbBr2, ecmu
xornenTpauus C(Br-) = I monv/om®, a npoussenenue pactopumoctu ITP(PbBr2) = 9,1-107°.

7 Onpenenure, MOXKHO JIA IMOJTYYHTH Ta3000pa3HbI GTOP AJIEKTPOIIM30M BOJHOTO PacTBOpPA
dbTopuaa HaTpHs, €CIH:

2H,0—4e<> 0y +4H" @° _ 11238

°
Fo+2e o 2F, P =+2878;
°
2H*(6 Ho0) + 26~ <> Ho, P =-0,41 B.

OO6cyanTe aHaIOTMYHBIN BOIIPOC C YYaCTUEM JAPYTUX T'aJOTEHOB.

8 3aueM K pacTBOpPY COJISIHOM KHCIIOTHI, IPU MOJTY4YE€HUHU BOJOPOa JeiicTBUEM e€ Ha IIMHK, B
KHUCJIOTY JA00aBIISIIOT HEMHOTO MEIHOTO Kyropoca? JlaiiTe 0ObsICHEHUSI ¢ TIPUBEIACHUEM pEaKIlui,
MPOUCXOJAIIUX MPU 3TOM mpoueccoB. Moxno nu BMecto CuSOs B3sTh npyrue conu: AgNOs,
NiSO4, FeSO4?

9 Kaxk Biuser pH cpenpl Ha ckopocTh aTMOC(epHON KOppo3uu skese3a u nuHka? [louemy?
CocrtaBbTe ypaBHEHUS aHOIHOTO U KaTOJHOTO MPOIIECCOB aTMOC(HEPHON KOPPO3UH ITHX METAJIIOB.

Cnucok JuTepaTypbl, peKOMEHAyeMbIH K UCI0JIb30BAHUIO 110 TAHHOM TeMe

OcHoBHas JauTEparTypa:

1. TonosanoBa, O. A. O6mas xumus [ DNeKTPOHHEIN pecypc] : yaeOHoe mocodue (s CTy/ICHTOB
XMUMUYECKOro (hakyJabTeTa HallpaBJIeHUH OakanaBpuaTa «XuMHus» 1 «XuMHUecKas TexHosnorus») / O. A.
l'onoBaHOBa. — DEKTPOH. TEKCTOBBIE NaHHBIE. — OMCK : OMCKHH TOCYAapCTBEHHBIN YHUBEPCUTET UM.
®.M. loctoeBckoro, 2014. — 164 c. — 978-5-7779-1755-3. — Pexxum jocryma:
http://www.iprbookshop.ru/59628.html

2. Pomanosa, C. M. Kpatkwuii Kypc JdeKIuii 1o 00IIe 1 HeoOpraHNIeCKOW XUMUH [ DIeKTPOHHBIN pecypc] :
yuebHoe nocodue / C. M. PomaHoBa. — DJICKTPOH. TEKCTOBBIE TaHHbIe. — AJMathl : Kazaxckuii
HaIMOHAJIbHBIN yHUBEpcUTET UM. anb-Papadu, 2013. — 333 ¢. — 978-601-247-904-1. — Pexxum nocryna:
http://www.iprbookshop.ru/70372.html

JlonoiHUTEILHAA JIUTEpPaTypa:

1. Bontpomerok, B. B. O61as xumus [ D1eKTpoHHBIHN pecype] : yueOHoe mocooue / B. B. Bontpomerok. —
DNEeKTPOH. TEKCTOBbBIE NaHHbIe. — MUHCK : Boimiimas mkona, 2012, — 624 ¢. — 978-985-06-2144-3. —
Pexxum noctyna: http://www.iprbookshop.ru/20236.html



http://www.iprbookshop.ru/59628.html
http://www.iprbookshop.ru/70372.html

2. bapkosckuii, E. B. O6mas xumus [DnexkTpoHHBIN pecype] : yauebnoe nocodue / E. B. bapkosckuii, C. B.
Tkaues, JI. I'. [leTpymieHko. — DAEKTPOH. TEKCTOBbBIE JaHHBIE. — MUHCK : Briniimas mkona, 2013. —
641 c. — 978-985-06-2314-0. — Pexxum noctyna: http://www.iprbookshop.ru/35509.html

HNuTepHeT-pecypcenl:
1 http://window.edu.ru/ — emuHOE OKHO JTOCTyTa K 00pa30BaTEIbHBIM

pecypcam
2 http://biblioclub.ru/ — 9BC «YHuBepcuTeTcKas OMOIMOTEKA OHJIAHHY.

3http://catalog.ncstu.ru/ — 3eKTPOHHBIN KaTaJOT aCCOIUAITUH JICKTPOHHBIX
O6ubnaroTek yueOHbIX 3aBefeHuit u opranuzaiuii CKOO

4 http://www.iprbookshop.ru — BBC.
5 https://openedu.ru — OTkpeiTOe 0Opa3zoBaHue



https://openedu.ru/

METOTUYECKHE YKA3AHUA

0 BBITIOJTHEHUIO TPAKTHYECKHUX padoT
10 JUCIUTUTNHE « XUMHUSD)
JUISL CTY/ICHTOB ouHOi#i/3a0unoil  (DOPMBI 00yUeHUS

HallpaBJICHUA ITIOATOTOBKH
13.03.02 DnexTposHepreTuka 1 3JIEKTPOTEXHUKA

Cocmasumenu T.C. Yepeonuuenxo, KaHO.XumM.HAyK
K.C. Cuinxo, accucmenm.
Omes. pedakmop A.JL. IlpocKypHuHt, KaHO.XUM.HAYK, OOYEHM.

Penaxrop JI.I. boponacroBa

[Toanucano B reyaTh dopmar 60 x 84 1/16
VYyu.-u3n. 1. 0,4 m.o. VYen. neu. 1. 0,5 m.o. Tupax 50 oKk3.
CeBepo-KaBkasckuii denepanbHbli YHUBEPCUTET

HeBuHHOMBICCKUI TEXHOJIOTMYECKUN HHCTUTYT ((uiuan)
357108, r. HeBuHHOMBICCK, yi1. ['arapuna, 1
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