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BBenenue

JuctunimHa «XuMus» OTHOCUTCS K JUCIUIUIMHE Oa3oBoil yacTu. OHa HampaBiieHa Ha
dbopMupoBaHue  OOMICKYNbTYpHBIX, MPOPECCHOHATBHBIX H  00mEnpodhecCHOHATBLHBIX
KOMITETCHIIMI 00y4JaroIuXcs B MPoIecce BhIMoMHEeHUs padot, onpeneneHabix @I'OC BO.
Meroanueckue ykazaHHUsl COCTaBJIEHbI Ha COBPEMEHHOM HAayYHOM YpPOBHE U PAaCCUMUTAHbl HA
CTYJEHTOB, 10 HanpasieHuio 15.03.02 TexHosornueckne MaliuHbl 1 000PYI0BaHHUE.

[TocnenoBarenbHOCTH J1TA0OPATOPHBIX PabOT COOTBETCTBYET JIOTHUECKOH CTPYKType ee
npoxoxaeHus. llpenmaraemble METOAWYECKHE YKa3aHUSA COJEp)KAaT MaTepual, KOTOPBIH
PEKOMEHyEeTCS HCIOIh30BaTh CTYACHTAM IIPHU OCYIIECTBICHUH JIA0OPATOPHBIX PadoT.



Tema 1. OcHOBHBIE MOHATHA U 3AKOHBI XUMHUM.

JlaGopaTtopnas padora 1. OCHOBHbBIE KJIACCHI HEOPTAHMYECKHUX BelIeCTB

Llenp pabotei: M3ydeHHe OCHOBHBIX KJIACCOB HEOPTaHMYECKUX COSAMHCHHH U WX
XUMHUYECKHX CBOMCTB.
DopMUpyeMbIE KOMIIETEHIUH WJIM UX YACTH:

Hunekc DopMyIHpPOBKA:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3aIUHA U CaMOOOpPa30BaHHIO
OIIK-4 NOHMMaHHMEM CYIIHOCTH U 3HaYeHHs HH(POPMAIUU B Pa3BUTUHU

COBPEMEHHOTO O0IIECTBa, CITIOCOOHOCTHIO MOTy4YaTh U 00padaThIBaTh
UH(POPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTHIO HHTEPIPETHPOBATH,
CTPYKTYPHPOBATh i OPOPMIISTH HHOOPMAITHIO B JOCTYITHOM JJIsI APYTHX
BUC

I1K-5 CITOCOOHOCTHIO MPUHUMATD yYacTHE B paboTax Mo pacuery u
IIPOCKTUPOBAHUIO JETAIEH U Y3JI0B MAITUHOCTPOUTENBHBIX KOHCTPYKIUI B
COOTBETCTBUH C TEXHUYCCKUMHU 3a/IaHUSIMH U UCTIOJIb30BaHUEM
CTAHAAPTHBIX CPCACTB ABTOMATU3ALUU TPOCKTHPOBAHUS

Teopernyeckas yacrp
Oxcuabl

Crpoenne okcuaoB. OKCHIBI MPEACTABISIIOT COO0H CIOKHBIE BEMIECTBA, COCTOSITNE U3 aTOMOB
JIBYX DJIEMEHTOB, OJTHUM U3 KOTOPBIX SIBJIICTCS KUCIIOPO/I.

Taxoe ornpeeneHne OKCUIO0B 10 3JIEMEHTAPHOMY COCTaBY HE SIBJISICTCS 3aKOHYCHHBIM U TpeOyeT
YTOYHEHHS: K OKCU/IaM CJIEyeT OTHECTH TOJFKO TaKHe KHCIOPOJIHBIE COSAMHEHUS, B KOTOPHIX CTEIEHb
OKHCIIEHUS KUCJIOPO/ia paBHA — 2.

Oxcuibl MOTYT 00pa30BBIBaTh KaK METAJUIbI, TAK U HEMETAJLIBL.

s TOro 94TOOBI COCTABUTh XMMUYECKYIO (hOpMyITy JTIFOOOTO OKCHIa, HEOOXOJUMO IIOMHHUTb, YTO
MOJIEKYJIbI XMMHMYECKHUX COCIMHEHUN OHJIEKTPOHEHUTpalbHBl. DTO O3HA4YaeT, 4YTO CyMMa CTeleHeu
OKHCJICHUS 3JIEMEHTOB, BXOJISIIUX B COCTAB MOJICKYJIbI, JOJDKHA OBITh PaBHA HYJIIO.

Hamnpumep:

Na, 'O — oxcun matpus; P05 — oxeun pocopa (+5).

Crnenyer 3HaTh, 9TO OONBIIMHCTBO AJIEMEHTOB B 3aBHCHMOCTH OT YHCIIa BO3MOXKHBIX CTETICHEU
OKHUCJICHUSI MOTYT OOpa30BbIBaTh HECKOJBKO OKCHIOB. Hampumep, a3oT oOpa3yeT MaTh OKCHIOB, T.K.
HUMEET IISTh MOJIOKHUTEIBHBIX cTeneHel okucienus (+1, +2, +3, +4, +5): N,O, NO, N,O3, NO2, N2Os.

Homenxumatypa u rpadudeckue ¢opmynsl okcuaoB. Ha3BaHme okcria CKITabpIBaeTCs M3 ABYX
cioB: 1) oxcua, 2) pycckoe Ha3BaHHE dJEMEHTa C YKa3aHHEM B KPYTJIBIX CKOOKax €ro CTEIeHH
OKUCIICHUS.

[Ipumeuanne. Ecmu aieMeHT UMeET B CBOMX COCIUHEHHSIX TOJIBKO OJHY CTEIIeHb OKHUCJICHHUS, TO
e€ 0OBIYHO HE MPUBOJAT:

Zn0O — oxcun muHKa; CaO — oxcun kanbiust; FeO — okcun xenesa (+2); SnO, — okcup onosa
(+4); NaxO — oxcun Hatpust; Al,O3 — OKCHIT aTFOMHUHUS.

1. KwucnotHeie #u  HekoTOpble aM(ONHWTHBIE OKCHABl  HA3BIBAIOTCA  AHTHAPUAAMU
COOTBETCTBYIOIIUX KUCIOT:

B»0O; — OopHbIii aHTHApUT, OKCHA Oopa (+3);

SiO; — KpeMHUEBBIN aHTHIAPHUI, TUOKCHT KpeMHHUS (+4);

N2Os — a30THBIN aHTHAPHUI, OKCHIT a30Ta (+5);

Sb,03; — cypbMSHUCTBIN aHTUAPUJ, OKCHIT CYPbMBI (+3).

2. Ha3Banmsi OKCHIOB IO MEXKIYHApOAHONH HOMEHKJIATYpe CKIAQJBIBACTCS M3 CIIOBA OKCHUI,
Ha3BaHMS 2JIEMEHTA C YKa3aHUEM €TI0 CTEIICHN OKUCIICHHS (apabCcKuMu IudpaMu B KPYTIIBIX CKOOKax):

CuO — okcun menu (+2);

Cu,0 — oxcun memu (+1);

FeO — okcup xenesa (+2);




FexOs — okenp xxenesa (+3).
3. B 3aBUCHMOCTH OT CTEICHU OKHCJICHUS SMITUPUYECKUE H Tpaduueckre HOpMyIbl OKCHIOB
UMEIOT BHI
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Knaccudukammss okcumoB. Bce okcuasl (o #WX  CBOWMCTBaM) MOXHO —pa3feliuTh Ha
COJIcO0pa3yIoIINe U HEeCcoJIeo0pasyolnue.

K Heconeobpasyromnmm otHocsaTes okcuasl: NoO, NO, CO.

Bce ocranpaBIe OTHOCATCS K cosneoOpasytommM. ConeoOpasyrone OKCUABI, B CBOIO O4Yepe/b,
MO>KHO Pa3e/IUTh Ha TPH TPYIIITHL:

—  OCHOBHEIC;

—  KHCJIOTHEBIE;

—  aMmdonuTHBIC.

OcHoBHBIC OKCHIBL. K OCHOBHBIM OKCHIIAM OTHOCSITCS OKCHIIBI, THIPAThl KOTOPBIX SIBJISTIOTCS
OCHOBaHHSIMH.

Hamnpuwmep:

Na,O — NaOH;

Ca0 — Ca(OH)y;

FeO — Fe(OH)..

4. Oxcunsl cambix aktuBHBIX MeTamioB (K, Na, Ca u 1p.) COSOMHSIOTCS HETTOCPEACTBEHHO C
BOJIOM, 00pa3yst paCTBOPUMBIC B BOJIE CHUTBHBIC OCHOBAHUS — IIETIOYUH:

Na,O + H,O = 2NaOH;

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

5.  bBonpmuHCcTBO OcHOBHBIX OKcHAOB (CuO, FeO, Fe,O3 u np.) mioxo pacTBOpSIOTCS B BOJE.
ITosTOMY COOTBETCTBYIOIINE UM OCHOBAaHMSI (OHU TaKXKE HEPACTBOPUMBI B BOJIC) MOTYyJAIOTCS KOCBEHHBIM
Iy TEM.

6. XapakTepHBIM CBOHCTBOM OCHOBHBIX OKCHJOB SBIISICTCS B3aWMOJCHCTBUE UX C KHUCIOTAMHU
WJIM KUCJIOTHBIMH OKCHIIAMH ¢ 00pa30BaHUEM COJICH:

Na;O + H,SO4 = Na,SO4 + H,0;

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



7. OCHOBHBIE OKCHJIBI 00Pa3yIOTCs TOIEKO METaJIaMHu.

Kucnorueie okcumpl. K KHCITOTHBIM OKCHAAaM OTHOCSTCS OKCHIBI, KOTOPBIM COOTBETCTBYIOT
KHUCJIOTBI:

COz —> H2C03;

SO3 —> HZSO4;

PzOs —> H3PO4.

8. KucnotHble OKCHIBI 00pa3yIoT:

a) oxcuasl HeMeTamwioB — NoOsz, NoOs, SO, SOs3, P03, P,Os u np.;

0) OKCHIIBI HEKOTOPBIX METAJIOB IMOOOYHBIX MOATPYII, UMEIOIIUX BEICIIYIO (PaBHYIO HOMEPY
TPYIIITEI) WK OJU3KYIO K Helt crenenh okucieHus — CrOs;, V,0s, Mn,O7, MnOs;, MoOs u 1.11.

9. KucnotHele OKCHIBI B3aUMOJICHCTBYIOT C OCHOBAaHUSIMH W OCHOBHBIMH OKcHIAaMH. UM
COOTBETCTBYIOT TUPOKCHU/IBI, IPOSBIISIONINE KHCIOTHBIE CBOMCTBA!

SO, + 2NaOH = Na,SO; + H,0;
SO, + K;O = K,S03;
SO, + H,O = H,SO0:s.

10. BONBIIMHCTBO KHCIOTHBIX OKCHIOB PAcTBOPUMO B BOJAE M, pearupys ¢ HeH, oOpazyer
KHCIOTHL. [103TOMy KHCIOTHBIE OKCHIBI Ha3bIBAIOT TAKXKE aHTHAPUIAMHU KHUCIOT («aHTHUIPHUI» O3HAYACT
«Oe3BOIHBIN).

1) N,Os + H,O —» (H2N206) — 2HNOs3;

2) SO3; + HyO — H,SOq;

3) CrO; + HoO — HyCrOy;

4) C1207 + HZO —> (HzCleg) —> 2HC104;

5) Mn,0O7 + H,O —» (HzMIleg) — 2HMnOs.

11. CTeneHu OKUCIIEHHS SIEMEHTOB B OKCHJIE M B KHCIIOTE OJMHAKOBBIE, HANPUMeED, B Mn,"'O; u
HMn"Os.

AMdomutable okcunmel. K aM(oIMTHBIM OKCHIaM OTHOCATCS OKCHIBI, 0OJamaromiue
CITIOCOOHOCTHIO PEarupoBaTh Kak ¢ KACIOTaMH, Tak U co menodamu: BeO, ZnO, SnO, PbO, Al,O3, Cr0s.

12. Ux ruaparHeie QopMbl — aM(OIUTHBIE THUAPOKCHUABI — OOJIANAlOT CBOWCTBAMH Kak
OCHOBAHHM, TaK ¥ KUCIIOT, T.€. OHU BCTYIAIOT B PEAKIIUU B3aUMOJICHCTBUS C KHCIOTAMH H IICIIOYaMHU.

13. AMQonuTHBIE OKCUIBI HEPACTBOPUMEI B BOJIE.

14. AMbonauTHBIE OKCHIBI, TIPOSBISAS CBOHCTBA OCHOBHBIX OKCHIIOB, PEAarwpyIOT C KHUCJIOTaMU,
00pasyst coJib ¥ BOJY:

Zn0O + H,SO4 = ZnO4 +H;0;

PbO + 2HNO; = Pb(NO3)2 + H,0;
ALO3 + 6HNO; = 2A1CNO3)3 + 3H,0.
15. Am¢onuTHBIE OKCUABI Takke OOpa3ylT CONHM NPU B3aMMOJACUCTBUU C OCHOBAaHUSAMHU U

OCHOBHBIMH OKCHIaMH:
CIIJIaBJIEHHE

Zn0 + Na,0 ———— > NayZnOy;

CILIaBJICHUC

ZnO + 2NaOH — > Nay,Zn0, + H;0;

ZnO + 2NaOH + H,O = Na; [Zn(OH)4].

16. Nay[Zn(OH)4] — xoMIIIeKCHas COJTb. B cOCTaB KOMIUIEKCHOM COJTM BXOMST:

1) moH Mertanna aMm(pOIUTHOTO OKCHA (C TOif ke CTENeHbo OKUCIeHus) Zn>';

2) rugpokcuibHble rpynnsl OH

3) MOHBI MeTalIa, BXOAMIETO B cOCTaB ménoun, Na'.

Uucino ruapoKCHIBHBIX TPYII (JTUTaHI0B), KOTOPOE MOXKET yACpPKUBATh IICHTPATbHBIA aTOM —
KOMIUIEKCOOOpa3oBarenp (MeTaml aM(OIMTHOTO OKCHJA), ONPEACTSeTCS KOOPAMHAIMOHHBIM YHCIIOM,
MPHUCYIIUM JaHHOMY METaJLTy.

17. KoopauHaIHOHHEIE 4icia paBHeL: Be? — 4, Zn?" —4, Sn*" — 3, Pb*" — 3, A" — 4, Cr’" — 4.

18. Paccmorpum mpumep coctaBicHHS (DOpPMYJIBI KOMIUIGKCHOM COJIM, IOJIydYalolieics u3
TUIPOKCHIA IIMHKA U ménoun. KOMIUIEKCHBI HOH COIEp)KUT KOMILIeKcooOpaszoBatens Zn’' u deThipe
noHa ruapokcuina. CyMMapHBIH 3aps] KOMIDIEKCHOTO MOHA paBeH —2, a COCTaB €ro MOYKHO M300pa3uTh
dopmymoit [Zn(OH)s]*. DTOT KOMIUIEKCHBIH MOH SBISETCS AHMOHOM. 3apsj KOMILIEKCHOTO aHHOHA
HEHTpann3yeTcss KAaTHOHOM, BXOJISIIAM B COCTaB IIEN0YH (IPOTHBOMOHOM). Ecii 3T0 0tHO3apsAHbII HOH
(K" mma Na'), To cocTaB KOMIUIEKCHOH COIM MOYHO 3amucaTh (OpPMYJIaMu: K3[Zn(OH)4],
Naz[Zl’l(OH)4].

19. Ha3zBaHusI KOMIUIEKCHBIX COJICH (AHUOHHOTO THIIA):

7



Na,[Be(OH)4] — TeTparumpokcodepuniar (+2) HaTpus;

Nay[Zn(OH)4] — TerparuapokcorHkaT (+2) HaTpHs;

K[Sn(OH);3] — tpuruapokcoctanHaT (+2) Kanus;

K[Pb(OH);3] — TpurunpokcorutoMOat (+2) Kamus;

Na[Al(OH)4] — TeTparuapokcoanroMuHat (+3) HaTpHs;

K[Cr(OH)4] — rerparunpoxcoxpomar (+3) xauus.

Kucaorst

Kucnoramu Ha3pIBalOTCS CIIOKHBIE BEIIECTBA, MOJIEKYJBI KOTOPBIX COCTOSAT W3 KHCIOTHOTO
ocTaTKa U aTOMOB BOJOPOJIa, CIOCOOHBIX 3aMeIaThCsl Ha METaL.

Kucnoret MOXHO paccMaTpuBaTh Kak MPOAYKT B3aUMOJCHCTBUS KHUCIOTHBIX OKCHJIOB
(a"THAPUIOB) C BOJION:

SO; + H>O = H,SOq;

CO, + H,0 = H,COs.

[lo KonmMUYeCTBY MOHOB BONOPOJA, CIIOCOOHBIX 3aMemaThCsl HA METaUl, B MOJICKYJE KHCIIOTHI
MTO/IPA3AEISAIOTCS Ha OJIHO-, NIBYX-, TPEXOCHOBHBIC U T.]I.:

HCI, HNO3;, HF — oqHOOCHOBHBIE KHCJIOTHI,

H>S04, H>CO3, HoS — nByXOCHOBHBIE KUCTOTHI;

H3PO4, H3ASO4 — TpEXOCHOBHBIE KUCIOTHL.

HasBanus kucior:

HCI — xnopoBogopoanas (comnsiHas);

H,S — cepoBonopoanas;

HF — dropoBomopomHas (TraBuKoBast);

HNO; — a3orHas;

H>SO4 — cephas;

H>COs — yrompHas;

H3PO4 — oprodochopHas.

KucnoTel B3aMOCHCTBYIOT C:

a) ocHoBaHuAMH — HoSO4+ 2NaOH = Na;SO,4 + H20;

0) ocaoBHBIMH OKcumaMu — HoSO4+ CuO = CuSO4 + H,0;

B) comsimu — H,SO4+ BaCl, = BaSO4 + 2HCL

I'padmaeckre GopMyIIbl KHCIIOT.

Nzobpaxast rpaduaecku KUCIOTY, CIEAYET UCXOIUTh U3 TOTO, YTO OHA COCTOUT 3 IIEHTPAIFHOTO
aToMa HeMeTajula, COeOUHEHHOTO C TuApoKcwiIbHOM rpymmod OH wu kucmoponmom. Ilo kommdectBy
aATOMOB BOJIOPOJIa B KUCIIOTE MOXKHO CYAUTH O KOJIMYECTBE FUAPOKCHIBHBIX TPYIII B MOJICKYJIC:

H.,PO, HNO, H,PO,
H-0\ //0 /O—H
H-O0-P=0 H—O—N\ H—O—P\

H-0' 0 O-H

Ecau monekyna KUCAOTHI CONEPXKUT JIBAa LIEHTPAIBHBIX aTOMa, TO IPU HEUYETHOM 4YHCIIE aTOMOB
KHCJIOPOJa OHU COCMUHSIOTCS MeEXIy COOOW depe3 aToM KHCIOpOAa, a THAPOKCHIBHBIE TPYIIBl U
OCTaJbHBIE aTOMBI KACIOPOa PACTIPEAETISIOTCS IIOPOBHY MEXAY IEHTPATFHBIMUA aTOMaMHU:

H,S,0, H.P,0,
O O H-0 O-H
| | \ /
H-O0-S-0-S-0-H O=P-0-P=0
| | / \
O O H-0 O-H
OcHoBaHuA

OcHOBaHUS — CIIOKHbIE BEIIECTBA, COCTOSIINE M3 KaTHOHA METajula U TUAPOKCHIBHOW TPYIIIBI
OH".



I'pynnmy OH™ HazbiBaroT ruapokcua. OTcroga OCHOBaHUS HA3bIBAIOT:

LiOH — rugpokcum TuTHs;

Ca(OH); — runpoxcu Kaublys;

Fe(OH), — rumpokcuy xenesa (+2);

Fe(OH); — runpoxcuy xenesa (+3).

Uucno tuapokcmnbHeix Tpynn OH™ B Monekyse OCHOBaHUS, CIOCOOHBIX OTIIETUISATBCS IMPH
JMCCOLUAINHY, ONPEAEIISIeT €r0 KUCIOTHOCTB!

a) ogHokuciotHeie — NaOH, KOH;

0) nByxkuciorasic — Ba(OH), , Ca(OH);

B) Tpéxkucnotueiec — AI(OH); , Fe(OH)s.

I'padmaeckue hopmybr:

Fe(OH), Fe(OH)3
H-O- Fe -O-H / OH
Fe — OH
OcHOBaHUs B3aUMO/ICHCTBYIOT: \
a) c¢ kucmoramu: 2HCl + OH Cu(OH), = CuCl, + 2H,0;
0) ¢ KHCIOTHBIMH OKCHIAMHU: CO; + NaOH = Na,COs + H,0;
B) ¢ comsimu: CuSO4 + 2NaOH = Cu(OH),4 + Na,SO,.

AmdonuTHBIE THAPOKCHIBI (TaK K€ KaK U WX OKCHUJBI) 00IaJar0T JBOWCTBEHHBIM XapaKTepPOM:
pearupyoT ¢ KHUCIOTaMH — MpOSIBIISIIOT CBOWCTBA OCHOBAaHHM, a TaKKe pearupyroT C IIeJoYyaMHu —
HPOSIBIISIIOT KUCIOTHBIE CBOWCTBA

Zn(OH), + H2SO4 = ZnS0O4 + 2H,0;

CIIJIaBJICHHUE

Zn(OH); + 2NaOH ——— > Na»xZn0; + 2H,0;

pacTBOp

Zn(OH); + 2NaOH ———— > Nay[Zn(OH)4];

CIIJIaBJICHHUC

Al(OH); + NaOH — "> NaAlO; + 2 H,0;

pacTtBop

Al(OH); + NaOH ———— > Na[Al(OH)].

Kak yxazano Bblmie, aMQOJIUTHBIE OKCHIBI M THIPOKCHIBI MOTYT pearupoBaTh HE TOJIBKO C
pacTBopaMH Iieno4el, o0pasysl KOMIUIEKCHBIE COJM, HO U C TBEPABIMHU O€3BOJHBIMH ILIEIOYAMHU ITyTEM
crutaBiieHust, 00pa3yst NaAlO, — MeTaaTFOMUHAT HATPUSI.

[Ipu pactBOopenun B Boxe Oe3BoaHbBIX coneil NaxZnO, um NaAlO» OHH TUAPATHPYIOTCH,
MIPEBpaIlasich B KPUCTAUIOTUAPATHI:

Na,ZnO; + 2H,0 —» Naz[Zn(OH)4];
NaAlO; + 2H>0 — Na[Al(OH)4].

HaoGopoT, ecnu BbImapuBaTh pacTBOP COJHM KPUCTAUIOTHIpaTa, a 3aTeéM MpOKaJuBaTb

KPHCTAJUIOTUAPAT, TO TuApaTHas popma paspyluaercs, a 3aTeM BOJIa YJIE€TYIUBACTCS

Naa[Zn(OH)s] ——> 2H,0 + Na:ZnO:.

Conn
Cou MOKHO paccMaTpHUBaTh KaK MPOIYKTHI MOJHOIO MJIM YaCTHYHOTO 3aMEIICHHsI aTOMOB
BOJIOPO/Ia B MOJICKYJIE KHCIIOTHI HA aTOM METaJlia, JIM0O THIPOKCUIBHBIX TPYIIT B MOJEKYJIE OCHOBAaHUS
Ha KUCIIOTHBIE OCTAaTKH. Pa3nuyaroT coiu cpenHue, KUCIble, OCHOBHBIE, IBOMHEIE.
Comnm pa3nmu4aror:
a) cpenune — NapSO4 ,AICI; , KsPOy;
0) xkucieie — NaHSO4 , KH2PO4 , KoHPOy;
B) ocHoBHEIE — AIOHCI, , AI(OH),Cl;
r) nBoitHbie — KAI(SO4),.
CpenHue cony MoyIy4aroT:
a) TMPpH B3aMMOJIEHCTBUM OCHOBHOT'O OKCHJIA C KUCIIOTHBIM OKCHIOM:
CaO + CO,= CaCOsg;
0) mpu B3aMMOJICHCTBUY OCHOBAHHS C KUCIOTHBIM OKCHJIOM:
Ca(OH)z + CO,=CaCOs + HzO;



B) MIPH B3aUMOJICHICTBHH OCHOBaHUS C KHCJIOTOW (€CIIH BEIECTBAa B3ATHI B IKBUBAJCHTHBIX
KOJIMYECTBaX):
Ca(OH); + 2HNO; = Ca(NO), + 2H,0;
T') TIPU B3aMMO/ICHCTBUU OCHOBHOTO OKCHJIa C KUCJIIOTOM:
CuO + H;SO4 = CuSO4 + Hy0;
II) IpH OOMEHHOM peakIiyi MEX/y CONbIO U KUCIOTOM, MIJIN BBINAJaeT 0Ca0K:
Na,CO; + H,SO4 = NaySO4 + CO; + H2O;
BaCl, + H>SO4 = BaSO4{ + 2HCI;
€) TMpu B3aWMOJACWCTBUM COJH CO IIENOYbl0, B pe3ylbTaTe dYero oOpasyercs
MaJIOpacTBOPUMOE OCHOBAHHUE HMJIH JIETKOJIETy4ee COSTMHEHNE!
CuSOy + 2NaOH = Na,SO4 + Cu(OH)Y;
NH4Cl + NaOH = NaCl + NH;T + Hz0.
3AIIOMHMUTE, 4aro comu ¢ HepacTBopuMbIMU ocHOBaHusIMH HE PEATUPYIOT!
’K) Mpu OOMEHHOM B3aMMOJCWCTBUHU JIBYX COJICH, B PE3yJbTaTe KOTOPOro 0O0paszyeTcs
MaJIOpacTBOPUMAs COJIb:
AgNO; + NaCl = AgCI + NaNOs;
3) MpU B3aUMOJIEHCTBUM METAJUIOB C HEMETAJUIAMHU, B PE3yJIbTaTe KOTOPOro o0pa3yroTcs
coJi OECKUCIOPOIHBIX KHCIIOT:
2A1 + 31, = 2Alls.
Kucnsre comu. Kucnbie comu MOXHO paccMaTpUBaTh Kak MPOJYKTHI HEMOIHOTO 3aMEIIeHUs
BOJIOPOJHBIX HOHOB B MOJIEKYJIE KHCIOTHI HOHAMH MeTallia:
H;PO4 + KOH = KH,PO4 + H,0;
H;PO4 + 2KOH = K,HPO4 + 2H20;
H3PO,4 + 3KOH = K3PO4 + 3H,0.
KH,PO4 — murunpodocdar kamms, kucisiii pochopHOKUCITBIN Kaauil 0HO3aMEIIEHHBIN;
KoHPO,4 — rugpodocdar kanus, kucibiit pochopHOKUCIBIN Kalkii ABY3aMeIEHHBIIH;
K3PO4 — oprodocdar xamus, hochopHOKUCITEIN Kanii.
Kucneie comn xanpius ¢ochopHOit KUCIOTH HMEIOT BU:
Ca(H2PO4), — guruapodochaT  Kamblusi, KUCIBIH  (OCHOPHOKUCIBIA  KalbLUN
OJIHO3aMEIIEHHBIM;
CaHPO, — runpodocdar kampmmst, KUCIBIH GOCPOPHOKUCITBINA KaTuii ABY3aMEIIEHHBIH.
OCHOBHBIE COJIH — MPOAYKTHI HEMOJIHOTO 3aMEIICHHUS THIPOKCHUILHBIX HOHOB OCHOBAaHUS Ha
KHCJIOTHBIE OCTAaTKU. TakuM 06pa3oMm, B MOJIEKYJIe OCHOBHON COJI KpOME MOHOB METajlla U KHCIOTHOTO
0CTaTKa COJepKaTCs U MOHBI THIPOKCHIIA!
Al(OH)3 + HNO; = Al(OH)2N03 + H,0;
AI(OH); + 2HNO; = AIOH(NOs), + 2H,0;
AI(OH); + 3HNO; = AI(NOs); + 3H»0.
Al(OH);NO; — HUTpaT JUTHIPOKCHU ATIOMHUHHS,
AlOH(NOs3), — HUTpaT TUAPOKCH]I ATFOMUHUS;
AI(NO3)3 — HUTpAT ATFOMHHUS.
3Has 3aps MOHA BXOMSIIETO B COCTaB OCHOBHOW COJIM, a TAKXKe 3apsi KUCIOTHOTO OCTATKa,
HETPYJHO COCTABUTH (hOPMYITy OCHOBHOM COJIH:
CocTraBlieHue YpaBHCHHS PEaKIUil TIOTYUYCHHS BCEX MBICIHMBIX COJICH MPH B3aMMOJICHCTBUN
THUAPOKCHJIA AIFOMHUHUSI W CEPHOM KHCIOTHI (HEOOXOAWMMO TOMHHUTH, YTO HE BCE COJH CIIOCOOHBI
CyIIIeCTBOBATh):

CrOH(NO3)2 Al(HSO4)
MgOHCI

Cr(OH)2NO;3 7 ADL(SO4)
Mg(OH), — (MgOH), CO, 7
\ \
[Cr(OH)2]2SO4 (MgOH), PO, [AI(OH)2]2SO04

Al(OH)3 + 3H,S04 = AI(HSO4)3 + 3H,0;
2A1(OH)3 + 3H,S04 = Alz(SO4)3 + 6H,0;
Al(OH); + H,SO4 = AIOHSO4 + 2H,0;

Cr(OH)s >  CrOHSO4 Al(OH); > AIOHSO4
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Al(OH); + 3H2SO4 = [AI(OH),].SO4 + 2H,0.

I'paduueckne dopmynsr comeir. g TpaBHIBHOTO TpagUIECKOT0 H300pPaKCHHS COJH
HEOOXOAMMO OTYETIMBO MPEACTABIATh rpaduueckue GopMysbl KUCIOTHBIX M OCHOBHBIX OCTaTKOB. Tak,
XJIOpHAsl KUCIOTa 00pa3yeT oJuH KUCIOTHBINA ocTaTok ClOy4 :

CepHas kucnora — g8a: SO4° , HSOy

®docpopnas xkucnora — tpu: PO4s> , HoPOs~, HPOL™
[TosTOMY C THIAPOKCUIOM HATPHSI 3TH KUCIOTHI 00pa3yIoT COJH:

- 0 H-0O H-0O
NaClOas Na2S04 NaHSOs4
O Na-0O O Na-0O O
// \ /) \ /)
1.1.1.1 Na— O - Cl =0 S
S
\\ /N / N\
0] Na-0 O H-0O O
NazPOs NaH2POs4 Na2HPO4
Na-0O Na—-0O Na—-0O
\ \ \
Na-O-P=0 H-O-P=0 Na-O-P=0
/ / /

-~ T ~ v ~ v ~

I'umpoxkena menu (+2) — Cu(OH), o6pa3yer nBa ocraTka: Cu> u CuOH:
H, CJICIOBATEIIbHO, C a30THOM KHCIOTOM MOKET 00pa30BbIBATh JIBE COJIH:

OH
/ u /
Cu Cu
\ \
|
O—-N H-O-Cu-O-N
/ \\ \\
/ @) (@)
Cu
\ @)
v 1
O-N
\\
(@)

Peakuuu B3aMMHOTO TpeBpalleHus cojeil. PaHnee ObIIM paccMOTPEHBI COMM KakK MPOTYKTHI
B3aUMOJICHCTBHSI KUCIOTHI M OCHOBaHMs. [Ipn HemocTaTke KUCIOTHI 00pa3yroTCsi OCHOBHEIE COJIH, T.€. HE
BCE THAPOKCHIIbHBIE MOHBI MOTYT 3aMECTUTBCS Ha KHUCIOTHBIE OCTaTKU. A HPU HEIOCTAaTKE OCHOBAHMS
MOTYT TOJy4aTbcs Kuchable comd. OTCIOZa CTaHOBUTCS MHOHSATHBIM METOJ TEpeBOJa OJHOM CONH B
ApYyTyIo.

s mepeBoja OCHOBHOW COJNM B HOPMAJIbHYIO (CPEIOHIOI) HIIM KHUCIYyH HE00XO0AUMO
N00aBUTh KHCIIOTY, a NPH IIEPEBOAE KHUCIOH CONM B CPENHIO WM OCHOBHYIO CIEAyeT N00aBUTh
ocHoBanue. [Ipu 3TOM YMOOHO HCIOJB30BaTh OJHOMMEHHBIC OCHOBAHUS M KHCIIOTHI, 4YTOOBI HE
3arpOMO’KIaTh YpaBHEHHE PEAKLUH APYTUMH COJISIMU:
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a)

CaCO:s
(C (CaOH)2C03 H,0;
(« Ca(HCOs)2 )+ 21,0;
CrOHCl2
°) Cr(OH)C1 "7
CI’( CrCls
Cr(OH),Cl1 + 2HCI = CrCl; + H20;
B)
CaHPO4
Ca(H2PO4)—> Ca3(POa)2 0:
(CaOH)3PO4 LO;
e e R R U e i S +4H207
r)
(CaOH)3PO4
Ca3(PO4)2 —>CaHPOu4
Ca(H2POa)2
n)
7 Ca3(POa)2
(CaOH)3PO4

(CaOH);PO; +}3\@H@§(PO4)2 + 3H,0;
(CaOH);PO; + H3PO; = CaHPO, + 3H,0;

e) 71 Al(HSO4)
Al(SO4)3 = AIOHSO4
AI(E ™ [AI(OH)2]:S04 (04 + 6H;O.
O6patn HelTpanu3auuu UAET B MPHUCYTCTBUM ILEIOYH

NaOH, a ne ocnoBanust AI(OH)s, T.k. ocneIHEE HEPACTBOPUMO.
AIOHSO4 + H2SO4 = Alx(SO4)3 +2H20;
[AI(OH)Z]QSO4 + 2H,SO4 = Alz(SO4)3 +2H,0.

OOopynoBanmne 1 MaTepHAJIbI
Oxcun xansrua CaO
Wunukarop ¢peHondraaena
Oxkcuna mequ CuO
PactBop cepHoit kuciotsl HSO4 ¢ kormenTpammeii C(H2SO4)=2 Moms/am’
PactBop NaOH ¢ konnenrpanueit C(NaOH) = 2 moss/am’
Oxkcun umaka ZnO
Xmopun kagmust CdCl,
Xnopun amomunus AlCl;
Cynsdat mean CuSO4
Xnopup 6apust BaCl,
. JluctunnmupoBaHHast Boaa
[Ipo6upku
. Jloxeuka

XN b DN —

—_ e — —
W= O

Yka3anus mo TexHuke 0e30IMacHOCTH
1. Bce paboTel B XUMHYECKON 1abOpaTOpWu [OJKHBI TNPOBOJUTHCA MPU HCIPABHOM
3MEKTPOOOOPYAOBAHNH, SIEKTPOIPOBOAKE, TPABUIEHO 000PYAOBAaHHOM BBHITSKHOM LIKady.
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2. T'a30BbIe KpaHBI U Ta30IPOBO/I JOJDKHBI HAXOAUTHCS B UCTIPABHOM COCTOSIHHH, TIEPUOTUNIECKH
TIPOBEPSITHCA.

3. Pabouee mecTo comepkaTh B MOPSIKE U YHCTOTE.

4. Cyxue peakTuBHI TpeOyeTcs OpaTh YUCTHIM IIMATENEM WM CHEIUATHHON JIOKEUKOM.

5. W3numex peakTuBa HE BEUIMBATH OOPATHO B COCY, U3 KOTOPOT'O OH OBLIT B3ST.

6. Bce ombITHI € BPCAHBIMHA U IMaXHYIIUMHU BCHICCTBAMH, a TAKKE YIIapUBaHUC KHUCJIOT U KHUCJIBIX
PacTBOPOB MPOBOAMTE B BBEITSKHOM HIKaQy.

7. OcTaTku coenMHEHM cepedpa CIIMBATh B 0COOBIE CKIISTHKU.

8. Ilpu HarpeBaHWU PACTBOPOB B MPOOMPKE BCerja CleAyeT AepKaTh e€ TakuM 00pa3oM, YTOObI
OTBEpCTHE MPOOUPKH OBUIO HATIPABJIEHO B CTOPOHY OT Pa0OTAOLIETO PSIIOM COCea.

9. He HaKIIOHATH JHIIO HaJl HATPEBAEMOH JKUIAKOCTHIO WIIH CIUIABIISIEMBIM BEIIECTBOM.

10. He crengyer BmpIxaTh maxyduie BEMIECTBA M Ta3bl, OJM3KO HAKJIOHSSACH K COCYAY C ATHMH
BCIICCTBAMHU. Hroxate BEIIECTBAa MOXHO JIMIIb OCTOPOXKHO, HAalIpaBJIsAd K cebe Iapbl WJIK ra3 JBUXCHUEM
PYKH.

11. XpaHUTH pacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT M MIEIOYCH B BRITSDKHOM IKady.

12. BrumBaTh pa30aBICHHBIC KUCIOTH U MIEJIOYHBIE PACTBOPHI CIICTYEeT B CIMBHYIO CKIITHKY.

13. Kareropuuecku 3anpemaercsi qpo0OBaTh XUMUYECKUE BELIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIETKO BOCIUIAMEHSIONIMMHUCS BeliecTBaMu (3GUpbI, OSH30J, CEpOyTriIepo
T.,ZI.) HE JOJIXKHO OBITH pAAOM OrHA U BKIIFOUCHHBIX ITUIMTOK.

15. Ilpu paboTe CO CTEKIOM, XHMHYECKOW WOCYIOH, HEoOXOomuMo coOMronaTh MpaBUiia
MPEIOCTOPOKHOCTH BO M30ekaHNe PAaHEHUH OCKOJIKAMH CTEKJIA.

16. Kareropuuecku 3ampeniaeTcsl OCTaBIATh paboTaromntie IpruOopsl 63 HaOIIOIeHH.

17. B xuMudeckoi tabopaTopun HEOOXOANMO paboTaTh B XaJaTe.

3amanusa

OmnepiT 1. Bo3bMuUTE N0XKEUKOH 04eHb HEOOIBIIOE KOJTUUECTBO OKCUAA KaJIbLUs, IOMECTUTE €ro B
npo6upKy n 106aBbTe 3 cM® Bozbl. Eci oken kanpums CaO pacTBOPUIICS HE TOTHOCTBIO, 3TO 03HAYACT,
yTo B3IT u30biTok CaQ. Hamumure ypaBHeHue peakuuu. J[00aBbTe B MpOOHMpPKY, rie oOpa3oBalics
THIPOKCHI Kanblus, 1-2 Kamimu uHAukatopa ¢eHondranrenHa. B kakodl mBeT okpacuicsi pacTBOp B
npobupke? Kakas cpena pacrsopa?

OneiT 2. Bo3pMHTE H0KEYKOM HEOONBIIOE KOJIMYECTBO OKCHAA MEIH, IOMECTHTE €ro B
npo6upky. Tyza sxe 106aBbTe 2-3 cM® pa30aBIeHHON CepHOil KMCIOTHI, HarpeiiTe IPOOUPKY 10 KUICHHS.
B xakoii uBer okpacuics pactBop? CocraBeTe ypaBHeHHe peakuud. OTOUIBTPYHTE pacTBOp OT
OCTABIIEroCs OKCHIAa MEIM M K OXJNaXKISHHOMY (GMIbTpaty (pacTBopy) mob6aBbTe 2-3 cM’® pacTBopa
ménoun NaOH. Yro mpousomnio? Hanwmute ypaBHeHHe peakuuu. Temepb HarpelTte mpooupky. Kax
n3MeHusIca UBeT ocanka? CocTaBbTe ypaBHEHUE PEAKIUHU PA3I0KEHHUs THAPOKCHIA MEH.

OmnsiT 3. Bo3pmure ae mpoOupku. Ilomectute B HUX HEOONBIIOE KOJIWYECTBO (HA KOHUYHKE
JIO’KEUKH) OKCHMa IMHKA WM OKCHIA allOMHHMA. B oaHy mpoOupky Hameiite 2-3 cM’ pasGaBieHHOI
CepHOM KHCIOTHI, B JAPYrylo 2-3 cM® KOHIIEHTPHPOBAaHHOTO pacTBopa Iiedoun. Harpeiite BTOpyIo
npobupky. OKcunmbl B 00EMX MPOOMPKAaX pPAacTBOPSIOTCSA, YTO TOATBEPKIAET HX aM(OIUTHOCTb.
CocTaBbTe ypaBHEHUS peakinii.

Onwit 4. Haneiite B npo6upky 1,5 cm® pactBopa comu kaamus (xnopuga CdCl, umm cynbdara
CdSOs) u Tyna xe n06aBbTe 1 cM® pacTBopa ménoun. Hamummre ypaBHeHus peakuuil. B mpo6upke
obpazoBaincst ocamok. OTMmerpTe IBeT ocamka. CoaepKuMoe MPOOHPKH, TPEIBAPUTEIHHO B30O0JTAB,
paszenuTe Ha 2 4YacTH, MEPENMB OJHY M3 HUX B APYryro mnpobupky. K comepxumomy onHON TpoOUpKH
n06aBbTe 2 cM® pa3baBleHHOM cepHOM KHCTOTHL OCaJoK PacTBOPHICA. DTO MPOM3OILIO B Pe3ysbTaTe
peaknuy HeHTpanm3anuu OcHOBaHHMA. Hammmurte ypaBHeHme peaknmu. K comepxuMomy oHON
npo6upKH 106aBBTe 2 cM® pacTBopa mEnoun. Ocagok He PACTBOPUICS, T.K. 0071aast TOTBKO CBOHCTBAMU
OCHOBAaHWUSI, CO IIEJI0YaMH HE B3aNMO/ICHCTBYET.

Ommit 5. Haneiite B mpo6upky 2-3 cM’ pacTBopa comu amomunHs. Jlo6aBbTe 1o Kammam (10
obpaszoBaHns ocanaka) paszOaBneHHBIA pactBop Immemoun (KOH  wmm NaOH). TlosBuics ocamok
ruapokcuga amoMmubus Al(OH); Oemoro mBera. Hamwmmure ypaBHeHue peakiuu. Coaepumoe
npoOupKH, MpeaBapUTEIbHO B300JITaB, paslenuTe Ha ABe yacTu. K colmepXUMOMy OIHOH MpOOUpPKH
no6aBeTe 2-3 cM’ pazbaBieHHOH cepHOM KmcmoThl. Ocamok pactBopmics. COCTaBETE ypaBHEHHE
peakuun. Bo BTOpyIo mpobupKy m06aBbTe 2-3 ¢M’ KOHIIEHTPHPOBAHHOTO pactBopa menoun (KOH nmn
NaOH). Uro npou3onuio ¢ ocaaikoM rHIPOKCHIA aTfoMUHUS? Hanummre ypaBHEHHS peakLuy.
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Omwit 6. Haneiite B mpoOupky 2-3 cM® pacTBopa cymbdara memu. Jlo6aBbTe HECKOTBKO Kamenb
(me 6onee nByx!) ménoun NaOH no obpazoBanus cBeTIIO-3e1EHOTO ocaaka ocHOBHOU comn (CuOH),SOs.
W36bITOK mIEN104M pUBEnET K 00pa3oBaHmIo ocajika rugpokcuna meaun Cu(OH),.

Omnwit 7. Haneiite B npobupky 2-3 cm® pactBopa xnopuaa 6apus BaCl, u HeMHOro cepHOi
KHCIIOTBI 110 oOpa3oBaHms ocaaka. OTMeTsTe MBET oOpasyromerocs ocamka. Vcnoeltaiite Ha
pPacTBOPUMOCTh TOJYUYEHHBI OCaJOK B KHCIOTE W ImIeno4yu. /i 3Toro: comepkumMoe MpoOMpPKH,
npeABapUTENbHO B300NTAB, pazaenuTe Ha Ase npodupku. K comepxumomy ogHON NpoOHpKHU 100aBbTE 2—
3cM® ceproii kucnotsl ¢ koHnenTparumeii C(H.SOs) = 2mons/am’, a B apyryio mpobupky — 2-3cm’
pacTBOpa mEnoun ¢ konnenTparueit C(NaOH) = 2 Mons/mqM’ U HorpeiiTe B IIAMEHH Ia30BOi FOPENKH.
OTMeThTe, MPOM3OIILIO JIM PACTBOPEHHE ocaaka cyibdara Oapus. OObsicHuTe noBeaeHue ocagka BaSOq
nipu 06padoTke ero pactBopamu H>SO4 u NaOH monb3yscek Tabmiuiel pacTBOPUMOCTH.

CocraBbTe ypaBHCHHE XUMUUIECKOH peakIinu o0pa3oBaHus cyibhara Oapus.

Conep:xanue oT4yeTa
[Tonyuyennslie nannble 3adukcupyiite B Tabauue 1 mo ciexyromeit popme:
Ta6mmma 1. Pe3yapTaThl SKCIEpUMEHTA

Ne /1 | PearenTtsl XuMudeckas peakius HaOmronenuns

1

DB (W N

KonTpoJbHbIe BOPOCHI
ba3oBblii ypoBeHb
Uro HazpiBaeTcs okcugamu? Kakyro cTeneHb OKUCIICHUS TPOSIBISET KUCIOPO B OKCUIAX?
JlafiTe KpaTKy1o KIaCCU(MUKAIMIO OKCHIAM.
Uto Ha3pIBaeTcs kuciotamu? llpuBeanre ux KiaccupUKaIUIO
Yro Ha3wIBaeTcs ocHoBaHUAMHU? [IpuBenuTe UX KitacCupUKaLUIO

bl el N e

IloBbIIEHHBIH YPOBEHD
1. Kaxwue sneMeHTH 00pa3yoT OKCHIBI?
2. Kak cocrapnsiercst xummudeckas GopMyIa okcuaa?
3. Kaxue oxcumsr o0pazyer a3oT?
4. Kakue okcuIbI B3aUMOICHCTBYIOT ¢ Boqoil. [IpuBectu mpumep.
5 Kakue coenunenust Ha3piBatoTcs consimu? [IpuBeanTe nx kiaccupuKammio

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCIIO0JIb30BAHUIO N0 TAHHOW TeMe

OcHoBHasi JInTEpaTypa:

1. Koposun, H. B. O6mas xumus : yueonuk / H. B. Koposus. - 13-e u3n., nepepa0. u gon. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxamuna, E. C. Xumust oKpy»Karomei cpeisl : XuMUs )KUBBIX opranu3moB. Kypc nekiuii /
E. C. Muxanmuna, A. JI. Ilerenmun. — M. : U3patensckuit Jlom MUCuC, 2011. — 64 ¢. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTPOHHBIH // DneKTpoHHO-0nOIMoTeuHast cuctema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: nis
aBTOPU3UP. NOJIb30BATENIEH

JonoHuTeIbLHAS JTUTEpPAaTYypa:

1. T'muaxka, H. JI. O6mas xumus / H. I'. I'munaka ; Tlox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpenm. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XuMus MeTajioB : yueOHoe nocodue (JUIst CTyJICHTOB XUMHUECKOro (haKyybTeTa
HarpaBJIeHUH 0akanaBpoB « XUMHU» U «XUMHUYECKask TEXHOJOTHs») / coctaBuTenu O. A.
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INosmoBanoBa. — Owmck : OMcKuii rocy1apcTBEeHHbIM yHUBEPCUTET UM. .M. JlocTOEBCKOTO,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TekcT : 37eKTpOHHBIN // DNEKTpOHHO OubmnoTeunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: mist
ABTOPHU3UP. TIOJIH30BATENECH
NuTepHeT-pecypcebi:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYyIa K 00pa30oBaTEIbLHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuteTckast On0IMOTeKa OHIAWHY.

3 http://catalog.ncstu.ru/ — 3IEKTPOHHBIN KaTaJIOT aCCOIUAIIAN ICKTPOHHBIX OMOIHOTEK
y4eOHbIX 3aBefieHnid u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — 9BC.

5 https://openedu.ru — OTKpBITOE 0Opa3OBaHKE

Tema 5. O0mue 3aKOHOMEPHOCTH NPOTEKAHUS XUMUYECKHUX MPOLECCOB.
JlabopaTopHasi pabora 2. XuMnuyeckass KHHeTHKA M XMMHYeCKOe PaBHOBeCHe

Llens pabOTHI: W3ydeHHe XMMHUUYECKONW KHHETHKH W PaBHOBECHs, W (PAaKTOPOB, BIUSIONIMX Ha

CKOpPOCTb U CMEIICHUC PABHOBCCUA XUMHNYCCKUX peaKI_II/Iﬁ.

DopMupyeMble KOMIIETCHIIMN WIA UX YACTH:

Wunekc DopMyIHpPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3ALMY U CaMO0OpPa30BaHUIO
OIIK-4 NOHMMaHHMEM CYIIHOCTH U 3HaueHHs HH(POPMAIUU B Pa3BUTUU

COBPEMEHHOTO O0IIEeCTBa, CIMTIOCOOHOCTRIO MOTy4YaTh U 00padaThIBaTh
UH(OPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETHPOBATH,
CTPYKTYPHPOBATH i OPOPMIISATH HHOOPMAITHIO B JOCTYITHOM JJIsI APYTHX
BUC

I1K-5 CITOCOOHOCTBIO MPUHUMATD yYacTHE B paboTax o pacuery u
IIPOCKTUPOBAHUIO JCTAIEHU U Y3JI0B MAITUHOCTPOUTENBHBIX KOHCTPYKIUI B
COOTBETCTBUH C TEXHUYCCKUMHU 33/IaHUSIMH U UCTIOJIb30BaHUEM
CTAHHAPTHBIX CPCACTB ABTOMATU3ALUHU ITPOCKTHPOBAHUS

Teopernyeckas 4acTb
CKopocTh XMMHUYECKUX peaKkiuii

VYpaBHEHHSI XUMUYECKUX PEAKIUi, XapaKTepu3ys MHOTHE CTOPOHBI IPOIIECCOB, HE
BCeraga Oar0T IIOJIHOEC HpGI[CTaBJIeHI/Ie (0] CYH_IHOCTI/I HpOI/ICXO,Z[}IH_II/IX HpeBpameHHﬁ.

Hexotopeie XuMuYeckne NPOLECCH, HAMpUMEp, PEaKIMH Pa3IOKCHHUS B3PHIBYATHIX
BEIIIECTB, 3aKaHUYMBAIOTCS B TEUCHHE 0l CeKyHbl. OUeHb ObICTPO 3aKaHYMBAIOTCS PEAKIIMU
B3aMMOJICUCTBUS KHCIJIOT, IIEJOYed U cojied B pactBope. OpraHMveckue X e COCIUHEHUs B
OOBIYHBIX YCJIOBUSAX B OOJBIIMHCTBE CIIy4aeB B3aHMMOJACUCTBYIOT MEXAy €000 MeIJIeHHO.
Takum 00pazoM, pa3HbIe PEAKIIMH COBEPIIAIOTCS B HEPABHBIC TPOMEKYTKH BPEMEHH, T.€. MOTYT
UITH C PA3IMYHON CKOPOCTHIO. I103TOMY Ha OCHOBaHMU TOJIBKO YPaBHEHUN OJHUX XUMHUYECKHUX
peaKIuii HeNb3sl CyANTh O CKOPOCTH IpoIiecca.

Xumuyeckas KuHemuxa — 3mMoO YYeHUe O CKOPOCMU XUMUUECKUX Npoyeccos, ux
HanpasieHHoCmu u 0 akxmopax Ha HUX GIUIOUUX.

Heﬂb " 3aJa4u XHMH‘IGCKOﬁ KHUHCTUKU — HU3BICKAHHUC OIITUMAJIbHBIX napaMeTpOB JJI
MPOBEJACHUS XUMHUYECKOTO CHHTE3a, a HMEHHO: OOECIeueHHe MaKCHUMaJIbHOW CKOPOCTH
nporiecca, HanboJee parMoHaTbHOE UCIIOE30BAHUE CHIPhS M SHEPTOPECYPCOB U JIp.
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VYCTaHOBNIEHO, YTO Ha CKOPOCTh XMMHMUYECKHUX PEaKUUd BIHAIOT MHOTO (DaKTOpPOB —
KOHIIGHTPAllUsl B3aWMOJICHCTBYIOIIMX BEIIECTB, TeMIlepaTypa Ipolecca, Haiuuue (Win
OTCYTCTBHE) KaTaJlM3aTopa u Jp.

DKCIIepUMEHTHl TI0Ka3allid, YTO YBEIWYEHHE KOHLEHTpPAIMM  B3aMMOJCHCTBYIOLIMX
BEIIECTB BBI3IBAET YBEJINUCHUE CKOPOCTH PEaKIIUU.

Ecnu B 3akpbITOM cocyzae NpH 3aJaHHOM TeMIlepaType pearupyioT JBa BelIecTBa B
ra3000pa3HOM COCTOSIHUU WJIU B PACTBOPE

AC + BD < AD + BC,

TO CKOPOCTb 3TOH PEAKIMH OINpeseNnseTcsl YMEHbIICHHeM KOHIEHTpaluu (MOJb/aM>)
BeuiecTB AC u BD B enuHuily Bpemenu (CEKyHIy, MUHYTY, 4ac). Tak Kak C TEYEHUEM BPEMEHU
KOHIICHTpAIUsl pearupyrolux BElIeCTB MaJaeT, TO 3aBUCUMOCTb CKOPOCTH peakUuu OT
KOHIIEHTPAIIUH MOKHO BBIPA3UTh CIEAYIOIIUM 00pazoMm:

v=—(AC/A?), 2.1
rae &2 — ckopocts npsamoii peakimu, AC - MonsipHast KOHIEHTpaLKs, t — BpeMsL.
I'paduuecku 3Ta 3aBUCUMOCTH H300pakeHa Ha pucyHke 5.1.

A

v =—(AC/At)

Cif~-~--

Caf-----

v

t1 t2 T’

Puc. 2.1 3asucumocmsv ckopocmu peaxkyuu om 8pemeHu
JIOBOJIBHO pacmpocTpaHEHBl PEAKIINH TUTIA!
mA +nB—> cC, (2.2)
B KOTOPBIX Ha m MOJIEKYJ BellecTBa A MPUXOIUTCS 7 MOJIEKYJI BEllecTBa B, IpH 3TOM m
U 1 OOJIBbIIIE EMHHUIIBI.
DKCTepUMEHTAIBHO YCTAHOBJIEHO, YTO JJIsl TAKOTO MPOIecca CKOPOCTh MPSIMON peakluu
MOJKET OBITh BBIPAXKECHA CIICIYIOIIINM 00pa3oM:

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

.

rae K - xoncranta CKOPOCTH TPSMOIN pEaKIy — BETMYHHA, paBHASI CKOPOCTH PEAKIIHH
IIPYU KOHIIEHTPAIUSAX PeareHTOB PaBHBIX €IMHUIIE; 0OpaTHO MPONOPIMOHATIbHAS BPEMEHH; X U Y
— HCKOTOPBIC YKUCTId, OIPCACIACMBIC ONIBITHLIM ITYyTCM.

Koncmanma ckopocmu 3aBUCHT OT TeX ke (PaKTOPOB, UTO U CKOPOCTh JAHHOM peakiuH,
HO He 3a8ucum om KOHYEHMpayui peazupyroumux 6eujecms.

KoHcTanta ckopocTH XapakTepu3yeT peakluio [Uisl OINpeAENCHHBIX YCIOBUM —
memnepamypa, 0asieHue, KoIuyecmso U Kauecmeo Kamaiuzamopa u T.J1. PaznudHble peaxkiuu
MO>KHO CpPaBHUBATh TOJBKO €CJIM OHU MPOTEKAIOT MIPHU CTPOTO OJIMHAKOBBIX YCIOBUSX.

VYpaBHenuss Tuna (5.3), yCTaHABIWBAIOIIME OSKCIEPUMEHTAIHLHO OINPEACICHHYIO
3aBHCHUMOCTh CKOPOCTH pE€aKUWW OT KOHLEHTPAlUWA pearupyromux BelIeCTB, Ha3bIBAIOT
KUHemu4eCKumMu ypasHeHUs MU peaxyui.

Kunernueckue ypaBHeHus peakiuii (5.3) SBIAIOTCS MaTeMaTHYECKUM BBIPAKCHHEM
3aKOHA JIEWCTBUSA MacC — OCHOBHOTO 3aKOHAa XHMHUYECKOW KHUHETHKHU: CKOPOCMb XUMUYECKOU
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peaxyuu nponopyUOHAIbHA NPOU3BEOCHUI0 KOHYEHMPAayull peazupyiomux eeuecme 8 cmenenu
HEeKOMOopbIX yucel, onpedensemvix dkcnepumenmanvro (nepsas popmynuposka — H.1. beketos,
1865 r; I'ynmpabepr u Bare, 1867 1.).

Tonbko MHOTa TOKA3aTeNH CTENEHH KOHLIEHTPAIIUH JJIsl JAaHHOTO BellecTsa (X, y U JIp.)
B KHHETUYECKHUX ypaBHEHUAX (5.3) COBMAIAIOT C €T0 CTEXHOMETPUUECKUM Kod(puimeHTom (x =
m; y =n ) B ypaBHeHUH peakuuu. OOBIYHO 3TO BBIMOIHACTCA AJIS JIEMEHTApHBIX PEaKLHUH, T.e.
peakuuii IpOXOASIINUX B OJHY CTaJHIO.

IIpuMepsl IPSMBIX 2JIEMEHTAPHBIX PEAKLIAMN:

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

Jis  TakuxX peakuuid CTETEeHM B KUHETHYECKHX YPaBHEHHUSX COBMANAIOT  CO
CTEXHOMETPUYECKUMU KOI(PPHUIIIEHTaMU PEareHTOB B YPABHEHUU PEAKIIUH.

Ilokazamenvy cmenenu KoOHYeHMpaAyuu peasupyioujeco eeujecmea 6 KUHemuieckom
ypaeHeHuu peaxyuu (X, y u Op.) Ha3vléaemcs nopsaoKom peaxkyuu no OanHomy eewecmsy. Tak,
Hanpumep, Ui peakuuu (6.1.2) mopsimox mo BemecTBy 4 paBeH X, o B — y. Ilopsakom xe
peakuuu B 1eJIoM (1) SBISETCS cyMMa MOPSAIKOB MO KaKJIOMY peareHTy Jid JaHHOW peakiui,
Hanpumep, Uit peakuuu (6.1.2):n =x + y.

Benmnuuubl opsinika mo peareHTaM (X, y U JIp.) W MO PEaKIUH B LEJIOM (7) MOTYT OBITh
T00bIMM HeOoNbIIMMHU 1eTbIMU yuciaMu (1, 2 u penko 3), paBHATHCS HYIIO WIH OBITH
npoOHbIMU urciiamu (1/2, 2/3, 3/4 u np.). Hanpumep, s peakiuuu CHHTE3a BOIBI

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

MOPAZIOK PEaKIMK, B 3aBUCUMOCTH OT MapUUalIbHBIX JaBIECHUN BOJOpOAA U KUCIOPOAa,
umeeT npobHoe 3nauenue — 1, 0,5 u 0,7 (cm. Tabnuiy 5.1).

Tabnuya 2.1 — 3asucumocms nopsaoka peakyuu om napyuaibHuixX 0a1eHUll KUC10pooa u
68000p00a

p(H2), Ta p(02), Ta Bupg xunetnueckoro CymmapHbIi
YpaBHEHUS MOPSAOK
_ .1 0
130 -2600 26600 — 53300 L= ka2 Po, 1
2600 — 8000 20000 — 53300 v=k 0 0.5 0,5
- - - sz p02 )
— 104 .03
8000 — 50600 13305300 LU= ka2 pO2 0,7

Heo0xoauMpIM  ycliOBUEM XHMHYECKOTO B3aMMOJACWCTBUS SIBIISIETCSI CTOJKHOBEHHE
pearupyromumx 4acTUIl — MOJIEKYJI, aTOMOB, HOHOB H JIp. B MOMEHT CTOJIKHOBEHHS HJICKTPOHHBIC
o0J1aka peareHTOB CMEIIMBAIOTCS, 00pa3ysi IPH STOM HOBBIE CBSI3H.

Yucno monexyn, 00OHOBPEMEHHBIM B83AUMOOCUCMEUEM MelCcOy KOMOPbLIMU 6 MOMEHM
CMONKHOBEHUA ~ OCYWeCMBIAemca — aKm  XUMUYeCKo20  NpespawjeHus,  Ha3bl8aAemcs
MONEKVIAPHOCIBIO PEAKYUU.

Peakuuu ObIBalOT MOHO-, OHM- ¥ TPUMOJICKYJIAPHBIMH. TpPHUMOJNIEKYJSpHBIE U
TETPaMOJICKYJISIPHBIE PEAKIUH OYeHb penkd. VI3BECTHBI JHIIb HECKOJBKO IPHUMEPOB
NEHTaMOJIEKYJISIPHBIX pPeaKIuii.

B wacTHOCTH, K MOHOMOJIEKYJIIPHBIM PEAKIUSAM OTHOCST PEaKIMU PA3JI0KESHUSI MOJIEKYJI
U BHYTPUMOJICKYJISIPHBIX IEPETrpyNIHPOBOK, HAIPUMED, PEAKIIMIO PAa3JIOKEHUS MOJIEKYJI HoJa:

Ix(2) & 21(2).
KuneTtnueckoe ypaBHEHHE 3TOT0 MPOLECCa UMEET NePBbI MOPSA0K:
v =k[I].
[Tpumepsl OMMONEKYISIPHBIX PEAKIIUH:
2NO(2) <> N202(2); v = k[NOJ?
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HBr(e) + H(2) < H2(2) + Br(e); v = k[HBr][H] — xuneTnyeckoe ypaBHEHHE BTOPOTO
MOPsIIKA.

TpuMonekymnspHas peakiusi:

Clx(z2) + 2NO(2) <> 2NOCI(2); v = k[CL2][NO]? — KMHETHYECKOE YPABHEHUE TPETHETO
HopsIKA.

JInsi pUBENEHHBIX pPEaKkUUil MOPSANOK M MOJEKYJISPHOCTh PEaKLMi COBIAJAIOT, HO B
o01ieM ciryyae OHU Pa3IUYyHbL.

Tlopsooxk peakyuu onpeoensiemcs MONEKYIAPHOCIBIO CAMOU MEeONeHHOU Cmaouu OaHHOU
peaxkyuu.

Ecmu peakius waer mo cramusM, TO €€ TOPSAIOK peakIMd MEHBIIE W DPaBEH
MOJIEKYJISIPHOCTH peakiuu. Tak, Harpumep, pU CUHTE3€ BoAbI (cM. Tabnuiy 5.1) mpu nmopsake

peakuuu paBHoMy equHuLe (n =1; U = kp}qz pg ), peaxIysi — MOHOMOJIEKYJISIpHAs; IPU 1 =
2

0,5 (L= kpgz pg’zs ), peakuuss — MOHOMOJIEKYJsApHast; pu n = 0,7 (U = kp%j p£2’3 ),
peakius — OUMOJICKYJISIpHAS.

Ipumeuanue. HeoOX0qMMO TMOMHHUTH, YTO MOJICKYJSIPHOCTh PEAKIIMU, B OTIUYHE OT €€
nopsizika, Bceraa nemnoe uucio — 0, 1, 3.

3axkon Oelicmgus macc Ccnpageoiu8 MmMoaAbkKo Ol MOHO-, Ou- u pedce 0.4
MPUMONEKYIAPHBIX PEAKYUIL.

[Tpu syieMeHTapHON peakiui B CUCTEME MPOTEKAET TOJIBKO OJIUH MPOLECC U yPAaBHCHHE
peaknuy pacKphIBaeT €ro MEXaHU3M. BOJBIIMHCTBO PEAKIMA — CIOKHBIC W TIPEICTABIISIOT
c000¥ CyMMAapHBIH Pe3yJIbTaT HECKOJIBKUX JIEMEHTAPHBIX MPOIeccoB (IBYX u Ooiee). [loaTomy
o0I1ee CIOKHBIX YPaBHEHUE PEaKIUK HE OTPAKACT X PEATbHBIA MEXaHHU3M.

Jna cnodxcnvix peakyuii 3aKoH OeUCmEUs MAcc He NPUNONCUM 8 YELOM, d CHpAseonus
UMb K OMOENbHLIM e€ cmaousam Hebonvulol monekyiaphocmu. Harpumep, obiee ypaBHEHHE
pEaKIMK UMEET BUJI:

24+ B« C,

COTJIACHO KOTOPOMY SIBIISIETCS SIKOOBI TPUMOJIEKYJIsipHOH. OIHAKO TpPOTEKaeT B JBE
CTaJuu:

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

24+ B« C.
Tak Kak MOPSI0OK PEaKIMU OMPEACIIICTCS MOJICKYJIIPHOCTHIO CaMOi MEIJICHHOM CTaanuu
peakiuu, TO JaHHas peakuuss — OWUMOJIEKyJsipHas M Broporo mopsjaka. CiemoBareibHO,

KWHETHYECKOE YPaBHEHHE 3TOTO B3aMMOICHCTBHSI OyI€T UMETh BUJI:
v =k[A][B], a ne v = k[A]?/B].

N3 (5.1) cmenyer, uto cxopocme peakyuu — 6eiuduHa O0OPAMHO NPONOPYUOHANbHAS
8pemeHU.

BernencTBue pa3mudHOM CKOPOCTH JBMDKEHHUS MOJIEKYJ, OHHM OOJIQAAl0T Ppa3IHIHON
KUHETU4ecKoi sHepruei. [Ipu sToM KUHeTHYEeCKas SHEPrus MPsIMO MPOMOPIHOHANIBHA CKOPOCTH
JIBY)KEHUST MOJICKYJIBI.

Monekybl, KOTOpbIe 00J1aJat0T BEICOKUM 3a11acOM KMHETHUYECKOI YHEPTHH, Ha3bIBAIOTCS
AKTUBHBIMHU.

JononnumenvHuyro sHepauio, KOMopylo HA00 COOOWUMb MOJEKYIAM O nepesood Ux 8
AKmueHoe COCMOSIHUe, HA3bIBAOm 3Hepeuell akmusayuy. XUMHAYECKas PEaKIus MOXKET
MIPOU3ONTH TOJIBKO MPH CTOJIKHOBEHUU aKTUBHBIX MOJIEKYI.

Ckopocmb  Xumu4eckol peakyuu HNpAMO HPONOPYUOHANbHA HUCTY CHMOJKHOGEHUl 8
eOUHUYY 8PEeMEHU.

Ponp xatanuszaTtopa, MpUMEHSEMOTO Ui MPOTEKaHUS JAaHHOTO XMMHUYECKOTo Tpoliecca,
3aKJTIOYACTCS B CICAyIOImeM: 1) B TOHWKCHUU OJHEPTrUM aKTHBAIMW; 2) B OOECleYeHUH
HE00X0IMMOW OPHEHTAIMH PEarupyrOIUX YacTHII.
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Biausinue TeMnepaTtypbl Ha CKOPOCTh peaKkIuu

C mnoBbILIIEHWEM TEMIEPATypbl YBEIUUYUBAETCS CKOPOCTh ABUKEHHUS MOJEKYT M UX
KUHETUYecKasi DHepIrusi. AKTUBHOCTh MOJIEKYJI BO3PACTAET, M CKOPOCTh PEAKIIUH YBEITUYUBACTCA.

3aBUCUMOCTh CKOPOCTH pEaKIMU OT TEeMIepaTypbl OINpeiesseTcss npaBuioM BanT-
Todpda: mpu yseruuenuu memnepamypor na raxcovie 10°C cxopocmv peaxyuu eos3pacmaem
npumepHo 6 2 paza. J1ns HEKOTOPBIX peaKIuii CKOPOCTh BO3pacTaeT B 3 — 4 pa3a. ITO 3aBUCUT OT
IPUPOJIbI pEarupyroIIuX BEIIECTB.

Yucno, nokasviearowjee 60 CKOIbKO pa3 YEeIUdUsaemcs CKOpOCMb peakyuu npu
yeenuwenuu memnepamypvl Ha 10°C, Hazvigaemcs memnepamypuviM Kodgguyuenmom u

obo3nauaemcs )/ )

M3MeHeHne CKOPOCTH PeakIuH OT TeMIepaTypbl MOXKET OBITh BBIYUCICHO MO (opMyJie
Bant-T'odda:

L=

ty 1
—2 =y 10 24)
Ufl
rae Ut2 )51 l)t1 — CKOpOCTH peakluu IIpA TeMIleparypax t2 U ti COOTBETCTBEHHO; Y —

TemneparypHbliil koaddunuent Baut-I'odda.
CkopocTh peakliiu B reTeporeHHbIX cuctremMax. BansiHue karaiusaropa Ha
CKOPOCTH XMMUYECKHX PeaKIuid

BemecTtBa,  W3MEHSIOIME  CKOPOCTh  XMMHUYECKOTO  TIpOIecca,  Ha3bIBAIOTCA
KaTanu3aropamu. Kartanmsaropamu MOTYT OBITH  TBepIble, JKHIKAE U Ta3000pa3HbIe
BemiecTBa. MI3MeHeHne CKOPOCTH XWMHUYECKOH pEeakIUH IO/ BIUSHHEM IPHCYTCTBYIOIIETO B
CHCTEME TIOCTOPOHHETO BEUIECTBA, COCTaB M KOJMYECTBO KOTOPOTO K KOHILy PEaKIMH OCTAIOTCS
0e3 N3MECHEHHH, Ha3bIBAIOTCS KATAIN30M.

[Tpu roMoreHHOM KaTan3e B3auMOACHCTBYIOIINE BEIIECTBA U KaTAIN3aTOP COCTABIISIOT
onHodasHyto cucrtemy. [Ipn rereporeHHOM KaTajau3e pearupyromlye BEIecTBa M KaTalau3aTop
COCTABIISIFOT CHUCTEMY M3 HECKONbKMX (ha3. Ilpum reTeporeHHOM KaTainu3e B HPUCYTCTBUH
HEOONIPIIMX ~KOJIMYECTB KaTajau3aTopa MOTYT TIpOpearupoBaTh OTHOCUTEILHO OoJbIIHe
KOJIMUECTBAa B3aMMOJICHCTBYIOIIMX BemIECTB. [IpM TOMOT€HHOM KaTajHu3e CKOPOCTh PEaKLUH
NPaKTUYECKH MPOTIOPIIMOHATIFHA KOJIMYECTBY KaTaIHu3aTopa.

AXTHBHOCTbH KaTaJln3aTopa, a MHOTJA ¥ CIeHU(PHUIHOCTh UX JEHCTBUS, B OONBIION Mepe
3aBUCHUT OT TeMIeparypsl. I KaKaoro mporecca, CyIecTBYIOT OIpeAeIeHHbIC KaTall3aTopHl,
9acTO MOAOMpacMbIe IKCIIEPUMEHTAILHBIM ITyTEM.

XuMHn4yeckoe paBHOBecHe
Bce xumuueckne peakiiui MO>KHO pa3feiTh Ha JIBa TUIA: 00OpaTUMbIE U HEOOpaTHUMBIE.
MHorue peakuuu SBISIOTCS OOpAaTHMBIMH, T.€. TAKMMH, IIPU KOTOPBIX 00Opa3oBaBIIHECS
IPOIYKTHI B3aUMOJICHCTBYIOT MEXTy cO00ii, MpeBpalasch B HCXOAHbIEC BEIIECTBA.
OOpaTuMble peakIy OTPaHUYCHBI ONIPECIICHHBIM IIPEICIOM: OHU HE TOXOMST /10 KOHIIA.
OOwuwmii Buj ypaBHEHUs] 00paTUMOM peaKImu:

mA + nB<>pC + gD. (2.5)
CKOpOCTI/I npsaMoro u O6paTHOFO IMpOHECCOB BLIPAKAKOTCS CICAYIOIMIUMHA YPABHCHUSAMU:
v=k[A]"[B]" (2.6)
v = k[C]?[D]*
v . 2.7)

B MOMeHT ycTaHOBNIEHHS paBHOBECHUS NpsMasi U 00paTHas peakluu He MPEKpalarTcs, a
IIPOJOJDKAIOT MMPOTEKATH B IPOTUBOIIOJI0KHOM HAIIPABJICHUN C PABHBIMU CKOPOCTSMH.
I'paduuecku 310 MOKET OBITH TaK, KaK IMOKa3aHO Ha pUCyHKe 5.1.
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Pucynox 2.2 3asucumocmo npamoti u 06pamuoii peakyutl om epemeHu

Ecnmu ckopoctu mpsiMoit u 0OpaTHOW peakiuil paBHBI (Vmp = Vosp. — MATEMATHUYECKOE
YCJIOBHE XHWMHUYECKOTO paBHOBECHs) , TO TpaBble 4yacth  ypaBHeHmil (5.6) m (5.7), ux
BBIPQ)KAIOUINX, TaKXKE PaBHBI:

K[4]"[B] = K[C[DY. 28
Ha ocHoBanuu 310r0 c(hopMyITMpOBAHO MOJIOKEHHE, HA3BAHHOE 3aKOHOM JICHCTBHSI Macc
(BTOpas GopMyIMpOBKa): 6 MOMeHm pABHOBECUs NPOU3BEOEHUe KOHYEHMPAYULl Oeticmeyrouux
MACC UCXOOHBIX Geujecms Ha KOHCMAHMY CKOPOCMU NPAMOU peakyuu paeHo NPOU3Ee0eHUIO
KOHYeHmpayuili  0eticmeyowux Mmacc o0pasylouuxcsi eewecme Ha KOHCMAHMY CKOPOCMU
06pamuoll peakyuu.
W3 ypaBuenus (5.8) cnenyer, 4To

o e 14 q
P llol 2.9)
[4]"[B]"
OTtHolLlIEHUE JABYX ITOCTOSAHHBIX BEJIMYUH €CTh BEJIMYWHA ITOCTOSAHHAA, CJIICA0BATCIbHO!:
%/%:szm. (2.10)
[4]"[B]"

KoHcrantoii xmMuueckoro paBHOBecusi KP Ha3bIBAETCS OTHOLIEHUE IPOU3BENCHMS
PAaBHOBECHBIX  KOHLIEHTpPAlMd HPOAYKTOB pPEAKIUM K IPOU3BEACHHUIO  PAaBHOBECHBIX
KOHIICHTPAIU UCXOJHBIX BEUIECTB, B CTENIEHU UX CTEXUOMETPUUYECKUX KOA(D(DUIIMEHTOB.

KP BeIpakaeT 3ak0H AEMCTBUS MaccC sl PABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
pasHogecusi He 3a8UCUM OM KOHYESHMPAYUUu pedzeHmos, HO 3asUCum Oom memnepamypuvl u om
NPUPOObLL peazupyroujux 6euecms.

B MOMeHT XMMHYECKOTO paBHOBeCHs M3MeHeHHe sHeprun [ mboca He mpoucxoaut — AG
= 0. KoHcTanTa XuMu4eckoro paBHoBecHs cBsi3aHa ¢ AG COOTHOLIEHUEM:

AG’ = —RT InK? (2.11)

VYuureiBasg, uro mK? =2,303 Igk? wu R = 8,314 Jlx/K-Monp ypaBHeHue (2.12)
npeoOpa3yeTcs 10 BHIA:

AG’=-19,14 T Igk? (2.13)

[Tonb3ysch ypaBHEHHEM  KOHCTaHThl PABHOBECHS, MOXKHO YNPAaBIATh XHUMHUYECKUM
IIPOLIECCOM, YTO BAXKHO B TEXHOJIOTMUECKUX LIEIIAX.

Ecnu B paBHOBecHOM cucteme mA + nB<>pC + gD yBenn4uTh KOHUEHTpALUIO A, TO B
cootHomeHUH (7.1.6) mnst KP, MOMDKEH YBENWYUTHCS UYUCIUTENh WIM YMEHBIIUTHCS BTOPOU
COMHOXHTEJb 3HAMEHATEJNS, T.€. BEIMUYMHA [B]. DTO MOXKET NPOU30MTH B pe3yJIbTaTe CMEILECHUS
paBHOBECHs ClieBa HAIpaBO, MPHUBOIANIETO K OOpPa30BAaHUIO HOBBIX KOJHUYECTB MPOAYKTOB
peakiuu — C u D.

Takum 00pa3oM, Mpu yCTAHOBUBIIEMCS HOBOM COCTOSIHUM PaBHOBECHS, KOHILIEHTPALIUU
BCEX YETHIPEX BEUIECTB, 0 CPAaBHEHUIO C MEPBOHAYAIBHBIMHU, OKAXYTCS W3MEHMBILIUMUCSH, a
3HaYEHUE KOHCTAHTHI PABHOBECHS HE U3MEHUTCS.
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CrnenmoBarenbHO, JUISI CMEIICHUS pPaBHOBECHs CJIEBa HAINpPaBO HEOOXOIMMO WU
YBCIIMYUTH KOHLOCHTPAIMIO OJHOTO M3 HMCXOAHBIX BCIICCTB, WM YMCHBIIWUTH KOHICHTPAIHUIO
OJTHOTO U3 TIPOIyKTOB PEaKIINH.

C MOMOIIBIO BBIPAKCHHUA KOHCTAHTBI PABHOBCCHA MOXHO OIPCACIATH KOHUCHTpALUU
BEIIECTB B MOMEHT PaBHOBECHS, a €CJIM M3BECTHBI 3HA4YCeHUs KP M HMCXOIHBIC KOHIECHTPAIUU
BCIICCTB, TO MOKHO OIIPCACINUTD UX PABHOBCCHBIC KOHLICHTPAIUH.

Ecnn ucxogHyro KOHIEHTpamuio BemiectBa A 0003HauuTh depe3 Co(4), a 4uciao Moib

€ro, NpopearupoBaBIINX K MOMEHTY PaBHOBECHs, Yepe3 A C(4), To MoINsipHast KOHLIEHTpAIHs B
MOMEHT PABHOBECUS OIPENEIUTCS TaK:

[A] = Co(4) — A c(a).

PaBHOBEecHE B TE€TEPOTEHHBIX CUCTEMAaxX OMNPEACNSIETCS TOJbKO Ta30BOM WM KUIKOMN
(a30ii, T.K. KOHIIEHTPALIUN TBEP/IBIX BEIIECTB HE BXOAAT B YPaBHEHHUE JUUIsI CKOPOCTH PEAKIIUH.

HampaBnenue cwmemieHnsi paBHOBECHS CHUCTEMBl IPH HW3MEHEHWH KOHIICHTpAIWH,
TEMIIepaTypbl WIK JaBJICHUs onpeaeisercs npuauunoM Jle Hlarense:

«Ecnu Ha 00paTUMYIO CHCTEMY, HaXOISIIYIOCS B IMOJBUYKHOM COCTOSIHUH, OKa3aTh U3BHE
Kakoe — Ju00 BO3JCHCTBHE, TO CHCTEMa OTBEYAeT CMENICHHEM pPaBHOBECHUS TaKUM 0O0pa3oM,
qTOOBI OCJIA0UTE 3TO BO3LEIHCTBHEY.

O0opynoBaHue U MaTepuAJIbI
1. PactBop cepHoit kucnotst HySO4 ¢ kornentparuein C(H2S04)=2 moms/am’
Tuocynehara HaTpwst NaxS;0;3
HuctunaupoBaHHas BoJia
[Ipobupku
Jloxxeuka
broperka
Bopsuas 6anst
TepMoMeHT
9. PactBop comstroit kucaotel HCI ¢ konnentparmein C(HC1)=2 MOJIB/ M’
10. Kap6onar kansius (men) CaCOs
11. ITepokcuna Bogopoaa
12. PactBop okcuma mapraniia (+4). MnO,
13. PactBOp okcuua xenesa (+2), FeO
14. PactBop okcuma kpemuus (+4), SiO
15. PactBop xnopuna xenesa (+3) FeCls (C(FeCls;) = 0,002 mons/mm’
16. PactBop THOUMaHaTa Kamust C(KNCS) = = 0,002 momb/mm’
17. PactBop KCI

i A

Yka3zaHusi 0 TeXHUKe 0€30MaCHOCTH
1. Bce paboTel B XUMHYECKON 1abOpaTOpuWu [OJKHBI MPOBOJUTHCA MNPU HCIPABHOM

3JIEKTPOOOOPYI0BAHUH, ITCKTPOIPOBOJIKE, IPABUIBHO 000PY/IOBAHHOM BBITSHKHOM IIKady.

2. T'a30BbIe KpaHBI U Ta30IPOBO/I JOJDKHBI HAXOAUTHCS B UCTIPABHOM COCTOSIHHH, TIEPUOTNIECKH
TIPOBEPSITHCA.

3. Pabouee mecTo comepkaTh B MOPSIKE U YHCTOTE.

4. Cyxue peakTuBHI TpeOyeTcs OpaTh YUCTHIM IIMATENIEM WIN CIEIHATHHON JIOKEUKOM.

5. W3numex peakTuBa HE BEUIMBATH OOPATHO B COCYA, U3 KOTOPOT'O OH OBLIT B3ST.

6. Bce ombITHI € BPCAHBIMHA U IMaXHYIIUMHU BCHICCTBAMH, a TAKKE YIIapUBAHUC KHUCJIOT U KHUCJIBIX
PacTBOPOB MPOBOJUTH B BBITS)KHOM IIIKAQ]Y.

7. OcTtaTku coeqUHEHHH cepedpa CIMBaTh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHWU PACTBOPOB B MPOOMPKE BCerja CleAyeT AepKaTh €€ TaKuM 00pa3oM, YTOObI
OTBEPCTHE MPOOUPKH OBLIO HAMPABJICHO B CTOPOHY OT pa0OTAIOIIETO PSJIOM COCE/a.

9. He HaKIIOHATH JUIIO HAJl HATPEBAEMOH JKUIKOCTHIO WM CIUIABIISIEMBIM BEIIECTBOM.
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10. He crneayer BAbIXaTh Maxyd4ue BENIECTBA U ra3bl, OJM3KO HAKJIOHSSICH K COCYAY C DTHMHU
BemecTBaMu. HroxaTh BelecTBa MOYKHO JIMITh OCTOPOYKHO, HAIPABJISAS K ceOe Maphl WK Ta3 JBHKCHUEM
PYKH.

11. XpaHuUTh pacTBOPHI KOHIICHTPUPOBAHHBIX KHCIIOT M IIENOYCH B BHITSHIKHOM HIKady.

12. BbutnBath pa30aBlieHHbBIC KACIOTHI U IEJIOYHBIE PACTBOPHI CIICAYET B CITUBHYIO CKIISTHKY.

13. Kareropuuecku 3anpemaercsi npodOBaTh XMMUYECKUE BEIICCTBA HA BKYC.

14. Ipu paboTe C JEerKo BOCIUIAMEHSIIONIMMHUCS BeuiecTBaMu (3(QUpBI, O€H30J, cepoyTriepoa u
T.JI.) HE TOJDKHO OBITh PSJIOM OTHS U BKJIFOYCHHBIX MTHTOK.

15. Ilpu paboTe cO CTEKIOM, XUMHUYECKOH TOCyAoH, HEOOXOIWMO COOIIOAaTh IIPaBHIIA
NPEAOCTOPOKHOCTH BO N30EKaHUE PaHEHUH OCKOJIKAMH CTEKJIa.

16. Kareropuuecku 3anpenaercsi OCTaBIsATh paboTaroIue mpuoopbl 6e3 HAOTIOACHNUS.

18. B xumMudeckoit tabopaTopun He0OX0IUMO paboTaTh B Xajare.

3amanusa
Onwit 1. Omnpenenure CKOPOCTh B3aMMOCHCTBUS THOCYJb(ara HATPUS C CEPHOU KHCIOTOM.
[Ipomecc MokeT OBITh BBIPAKEH IBYMS CTAUSIMHU:

a) Nay$,05 + H,SO4 = NaySO4 + H5 5505 - 6rictpo;
6) HyS,03 = HyO + SO, + S\ — mennento.

Ha Bropoii craguu peakiuu BbIIAENSETCsS CBOOOAHAS cepa B BHIE ONMAJECHUPYIOMIETO BEIIECTBA.
Bpemst oT Hauana peakuuyd A0 HOSIBICHMS MEPBBIX BUIUMBIX CIEIOB CEPhl 3aBUCUT OT KOHUEHTPALMH
pearupyonux BeIecTs.

B Tpu npo6upKy HaneiiTe 0 5 cM® CepHOil KUCIOTHI U3 GIOPETKH, 3aTeM BO3bMHUTE TPH KONGOUKH
eMKocThio 1o 50 cM® u Haneiite: B mepBylo 15 cM® THocynsaTta Hatpus, Bo BTOpylo — 10 oM’
THOCYNMb(hATa HATPUA M 5 CM° BOABl M B TPEThIO — 5 cM° THOCynmbgarta HaTpus m 10 cM® BOMIBI
COOTBETCTBEHHO. ByIbTe TOYHBI NMpH OTMEpe HYXKHBIX 00BEeMOB BemiecTB. [lomeThTe HOMeEpa KoIo.
Teneps Mo ouepenu B Kaxayl KoOJOy MPHIMBaiTe W3 MPOOWUPKH MPHUTOTOBJICHHBIA PacTBOpP CEpHOU
KHCJIOTHL. BpeMsi oTCUNTBIBaliTE 1O CEKYyHIOMEPY (MM CEKYHIHOW CTpeNKe YacOB) C MOMEHTA CIIMBAaHUS
pacTBOPOB 10 Havaja MOMYTHEHHS.

PesynbTatel onbiTa cBeguTe B TAOIUIY 2.2.

B wurore MOXHO MM CAENaTh BBIBOM: CKOPOCHbL PeaKyuu 3a8UCUM OM HPUpPOObl peasupyroujux
gewiecme u ux KOHyenmpayuu?

OnmiT 2. B Tpu cyxux mpoGUpKu HajleifTe MO 5 cM® pacTBOpa CepHO KHCIOTHI, a B TPH JPYTHE —
1o 5 cM® pacTBopa THOCYIb(ara HaTpus. [loMecTHTe Bce MPOGHPKHU B BOAAHYIO 6aHio. Uepes 5 - 7 MHHYT
MU3MEphTE TEMIIEPaTypy pacTBOpa THOCYIb(haTa HATPHUS M CIEHTE COIAEPKHMOE OIHOW Maphl MPOOHPOK.
OtcuunTaiiTe BpeMs OT CIHMBAaHUS TNPOOUPOK IO TOSABICHHS NOMYyTHEHHUsA. M3MmepwpTe Temmeparypy
pacTtBopa Tuocylb(ara HaTpus B IPYroil mpoOupke: oHa nokHA ObITh Ha 10° BBINIE, YEM B NEPBOM
ciyyJae.

Creiite comepxruMoe BTOPOH Mapbl MpOOHUPOK M oTMepbTe Bpems. OMBIT ¢ TpeThel MpoOUpKOn
MPOBOJAT Npu Temneparype Ha 20°C BbllIe TIepBOHAYANBHONW. Pe3ynbTaThl OMBITOB 3aHECUTE B TaOIUILY
2.3.

Omeir 3. Haneiite B nBe mpoOupku Ha 1/4 mx oObema COJITHON KHCIIOTHL. Bribepute nBa
OJIMHAKOBBIX KyCOYKa MeNa U OJMH U3 HUX Pa30TPUTE B CTYIIE B IIOPOLIOK, 3aTEM OAHOBPEMEHHO B OJIHY
13 IPOOHUPOK OMYCTUTE KYCOUEK MeJa, a B IPYTYIO CCHINTBTE MOPOIIOK.

OnsIT 4. B geThlpe NpoOGHPKH HajeHTe IO 3 cM® pacTBOpa MepOKCHAa BOAOpoAa. B Tpu u3 HHX
BCEHITIBTE OJTHOBPEMEHHO TI0 JIOKEUKE: B OJJHY — OKcHia Maprasia (+4), B Apyryio — okcuma xkenesa (+2),
B TPEThIO — OKcuaa KpeMHUs (+4). UerBepras npoOupka — 1isi cpaBHeHHs. HaOmrogeHus 3anuiumnTe B
TETpanb.

OmnpitS. [lpumepom 00paTUMON pEaKIMU SBISETCS B3aUMOJCHCTBHE MEXIy pPa30aBICHHBIMH
pacTBopamu xjiopujaa skene3a (+3) M THOIMAaHATa Kamusd WIM aMMOHUS (TIPaKTUYECKH OECIBETHBIC
pacTBOPEI).

MonekysipHOE YPABHEHUE PEAKIIMU:

FeClypy +3KNCS(pp) <> Fe(NCS)3(p) +3KCl(p.

HNonHoe ypaBHEHHE:
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Fe™*(p) +3NCS™(p) > Fe(NCS)3( ).

OO6pa3yromuiicss B pe3yiabTaTe Peakiid KOMIUIEKC — THOIMAHAT jkeje3a (+3) obiagaeT KpacHBIM
[[BETOM, HHTEHCUBHOCTh KOTOPOTO 3aBHCUT OT KOHIEHTpanuu. [103TOMy cMeleHHe paBHOBECHS JIETKO
HaOII0IaTh 0 U3MEHEHUIO HHTCHCUBHOCTH OKPACKH.

Creiite B kon6y paBHble 00BeMbl (10 — 15 cm®) pactBopa FeCl; (C(FeCls) = 0,002 Mons/mm’) 1
pacTBOpa THOIMOHATA Kajus (MM aMMOHHS) ¢ MOJISpHO# KoHIeHnTpamueit C(KNCS) == 0,002 mMoms/mv’.

[Tonmy4eHHBIH pacTBOp pasieiiTe B YeThbIpe MPOOMPKHU TaK, YTOOBI 0OOBEMBI BCEX PaCcTBOPOB ObUIN
IPHMEPHO OJMHAKOBBIMH. B TepByio mpoGupky nob6assTe 1 cM® pactBopa FeCls; Bo BTopylo — 1 M’
HACBIIICHHOTO PacTBOpa THOITMaHaTa Kauus; B TpeThio — Kpuctammmumaeckuii KCI (wmm NH,CI). UetBepras
npoOupKa — ATAIOH JUIsl CPABHECHUSI.

Pesynbrate! onbiTa 3aHecuTe B TabUIty 2.4.

Conep:xaHue oT4yeTa
Jlnsa onvima 1.
Tabauya 2.2 3asucumocmov ckopocmu peaxyuu om KOHYeHmpayuu

KonnenTpanus
Na,S,0; B
3 peMs OT Hadalla OTHOCUTENBHAS CKOPOCTh
C; ( NayS,0; ), Mo. ﬂb/ om> = OTCYETa JI0 OSBICHHS peaKIMH
[IOMYTHEHHSI

V:(NayS,O D -¢

_ilNay$,03) 3)'670(]\’6125203) Le t
VP —pa

rne V;(NayS,05 ), en® =15;10;5;
Ve pasemt® =Vi(NayS,03)+ Vi (HL0)+ V(H,S0,4)
p—Dpa — Vi 202%3 i\H12 20Y4 ).

Ha ocHoBaHMM MexaHHM3Ma peakIUM YyKaxure e€ MOpsINoK M MOJeKyJspHocTh. Hamumure
KHHEeTH4YecKoe ypaBHeHue. [lonpitaiiteck BBIYMCINTH KOHCTAaHTY CKOPOCTH.

[Mocrpoiite rpaduk 3aBUCUMOCTH CKOPOCTH PEAKIMU OT KOHIEHTPALUHM PEarupyrolinX BEeIeCTB.
Kaxoli nuHmell BblpakaeTcsi HaiineHHas 3aBUCHUMOCTH? IIpOXOAWT 1M OHA yepe3 Hayalo KOOpAUHAT?
ITouemy?

Jlna onvima 2.
Tabnuya 2.3 BrusiHue memnepamypul Ha CKOPOCHb PEaKyuu

NeNe TeMmenarypa omsrra. °C Bpemst ot Hayama oTcyera 10 OtHocuTENBbHASI CKOPOCTh
OIlbITa patyp ’ HOMYTHEHUS, t peakuuu, L =t

Brlpaszute rpaduuecku 3aBHCHMOCTH CKOPOCTH PEaKIHUU OT TEeMIEpaTypbl, OTIOXHB Ha OCH
abcryce 3Ha4eHUS TEMIIEPaTyphl, @ Ha OCH OpAMHAT 3HAYEHUSI OTHOCUTEIBHOM CKOPOCTH peakuuu. Yemy
paBHO 3HaueHHE TeMIepaTypHoro koddduirenTa B BanieM onbite?

Jlns onvima 3.

OO0mbscHUTE, B KaKOH U3 MPOOHPOK peakuus nouwia osictpee? [louemy?
Jlnsa onvima 4.

OOBsicHUTE, OJMHAKOBO JIM MPOTEKaeT MPOLECcC Pas3loXeHus mepokcunaa Bomopona? CocraBbre
ypaBHEHHE PA3JIOXKEHUSI Nepokcuaa Bogopoaa. Ompenenute Tun Katanusa. Kakoe u3 BelecTB okazaio
KaTaJUTHIeCKoe aelicTBue?

Jlna onvima 5.
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O0bsacHuTe, uTo TporcxoauT. CocTaBbTe BRIpAKEHHE Il KOHCTAHTHI paBHOBecHs. Ha ocHOBaHMU
(hopMyInbl Al pacueTa KOHCTAHTHI PaBHOBECHS YKaKWTE, M3MEHEHHME KOHIIEHTPAlMi KaKMX BEIIECTB
(MCXOTHBIX WITU MPOJIYKTOB PEAKI[MH) BI30BET 00JICE CYIIECTBCHHBIH C/IBUT PAaBHOBECHSI.

Tabruya 2.4 Bauanue xonyenmpayuu peazeHmos Ha Xumuieckoe pagHogecue

N OcnaGnenune uim Hampasienue cMmemeHus
Howmep ombita JloGaBieHHEIH pacTBOP
YCHJICHHE OKPACKU paBHOBECHs
1
2
3

KonTpoabHbie BOIpochl

ba3oBbIi1 ypoBeHb

L. Yro n3yyaeT XUMHUYECKasi KHHETHKA U I YE€TO OHA CITY>KUT?

2. Kaxue ¢axTopsl HE0OXOAUMBI I BCTYIUIEHUSI B XUMHUYECKYIO PEAaKIMIO pearupyronmx
qacTHIl?

3. Jlaiite ompeneneHne CKOPOCTH XHMHUYecKoW peakiuu. Kak BemsaguT rpaduk,

OTPaXKAIONTUH 3aBUCHUMOCTb CKOPOCTH 3JIeMEHTapHOU peaknuu Buma P + G <> O otT: 1) KOHIEHTpaluH
pearenTa G; 2) KOHIICHTpAIlUX MIPOYKTa peakiuu Q7

4. Kak unraercs nepsast popmynupoBka 3aKoHa JeHCTBUS Macc?

5. Kakoif cMbICT MMeEeT KOHCTaHTa CKOpOCTH peakuuil? OT 4ero 3aBUCUT U OT YEro He
3aBUCHUT 3TOT apameTp?

6. IIpunoxum 1y 3aKOH AEUCTBHS MacC K CIOXHBIM (MHOTOCTaIUUHBIM) peakuusam? OTBET
TIOSICHUTE Ha TIPUMeEpeE.

7. YKkaxuTre, KOrjga CKOPOCTh XMMHYECKOW pEaKIMu ACHCTBUTENIBHO MPONOPIIMOHAIbHA
MIPOU3BEJICHUIO KOHIIEHTpAallUi pearupyromlx BEIIECTB B CTENEHSIX, PaBHBIX HUX CTEXHOMETPHYECKUM
KOd(PUITHESHTaM.

8. YTto Ha3bIBAIOT MOJEKYJSPHOCTHIO W TOPSIKOM XHMHUYECKUX peakuui? Bceerna nm oHu
OJIMHAKOBBI?

9. Kax onpenenstoT MoJeKyJIIpHOCTh U MOPSAAOK CIOXKHBIX peakuuid? [losicHuTe OTBET Ha
IpuMepe.

10. Kakmne wactuiel Ha3bpIBalOT «aKTUBHBIMI»? JlaiiTe ompeneneHne MOHATHIO «IHEPTHUS
AKTUBALUNY.

IToBbILICHHBIN YPOBEHB

1. Kax usmensiercs sHeprus akTUBallMU B MIPUCYTCTBUM KaTanu3aropa?

2. YTo NpoUCXOIUT C pearnpyroIiMy YacTUIIAMU IPU HarpeBaHUu?

3. IlpuBemute QopmynmupoBky mpaBwia Bant-I'odda. Kakas dopmyna orpakaer
MaTeMaTHYEeCKYIO 3aBUCUMOCTh BO3PACTaHUsI CKOPOCTH C YBEJIHMUEHHEM TeMIepaTyphl?

4. Kakoii cMbIcT nMeeT TemmepaTypHbli kodpduuuent? Uto o3HavaeT, HapuUMep, ecliu Y
=37

5. OmpenenuTe TeMIrepaTypHbI KO3()(QHUIIMEHT CKOPOCTH PEaKIMH, €CIIA TPHU TOHKEHUN
Temnepatypsl Ha 45 °C peakuus 3amenuiack B 30 pas. Otser: y = 2,13.

6. IIpu 393 K peakuus 3akaHyuBaeTcs 3a 25 MuH. Uepe3 CKONbKO MUHYT 3Ta peakLus

3akoHunTCs 1ipu 443 K (y =2,5)? OtBer: 0,255 mMuH.

7. Kakne XxuMuuecKkue peakldy Ha3bIBaloT oOpaTUMBIMU? HeoOpaTuMmbIMu? IlpuBeanute mpuMeps
TaKUX pPEaKLIHi.

8. Ilpu Kakux ycJIOBUSX HACTYNAET XMMUYECKOE PaBHOBECHE B OOPaTUMBIX CHCTEMaX?

9. Kaxkoii mapameTp Ha3BIBAIOT KOHCTAHTON paBHOBecHsa? Kak oTpaxkaercss €€ 3aBUCHMOCTH OT
KOHCTaHT NpsAMOU 1 00paTHON peaxiuii?

10. Ot kakux (pakTOpOB 3aBUCUT KOHCTAHTA PAaBHOBECHA? OT KaKUX HE 3aBUCHUT?

11. IloyeMy B BBIpa’K€HHUH KOHCTAHTBI pABHOBECHS KOHILIEHTPALUU BELIECTB yKa3aHbl B CTEIICHSX,
COOTBETCTBYIOIIUX MX CTEXHOMETPHUYECKHM KOA(PHUIMEHTaM, a HE IKCIIEPUMEHTAIBHO OIpPeeseMbIM
quciIam X, y U ap.?

12. Kakum COOTHOIIIEHHEM CBs3aHa KOHCTAHTa paBHOBECHS C dHeprueit ['mooca?

13. Ilpusenute popmynupoBky npunimna Jle Illarense. Kakoe mpaktuueckoe 3HaUYCHHE UMEET
atoT npuHiun? [IpuBenuTe npumepsl.
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CHnucok JuTepaTypbl, peKOMEeHAyeMblil K UCIIO0JIb30BAHUIO 110 JAHHOH TeMe

OcHoBHas JIMTepaTypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBuH. - 13- u3z., nepepab. u gor. - M.
: Axkagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust okpykaromeil cpeibl : XUMUS KUBBIX opranu3moB. Kypc nekuuii /
E. C. Muxamuna, A. JI. Iletenmun. — M. : U3narensckuii JJlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTPOHHBIH // DneKTpoHHO-01OIMoTeyHast cuctema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocrymna: st
aBTOPH3HP. MOJIb30BaTeNEH
JlonoJHUTeIbHAS JINTEPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; Iox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - Ilpeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1
2. XuMus METAJUIOB : y4eOHOe TTocoOue (I CTYIEHTOB XUMUIECKOT0 (DaKyIbTeTa
HarpaBieHul 0akanaBpoB «XUMHU» U «XUMHUYECKask TEXHOJOTHs) / coctaBuTenu O. A.
l'onoBanoBa. — Omck : OMckuit rocygapcTBeHHbI yHuBepcurer uM. @.M. JlocroeBckoro,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TeKcT : 251eKTpOHHBIH // DnekTpoHHO Oubimoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: nis
aBTOPU3UP. MOJIB30BATENIEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — earHOE OKHO JOCTYIa K 00pa30BaTEIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BbC «YHUBepcuTeTCcKast ONOINOTEKA OHIANHY.

3 http://catalog.ncstu.ru/ — 3MEKTPOHHBIN KaTAJIOT aCCOIUAITUH JIEKTPOHHBIX OMOIHOTEK
yueOHBbIX 3aBefieHui u opranuszanuiit CKOO

4 http://www.iprbookshop.ru — DBC.

5 https://openedu.ru — OTKpBITOE 0Opa3OBaHUE

Tema 6. PacTBopbl
JlabopaTopHasi padoTa 3. DJIeKTPOJIUTHYECKAS TUCCOLHAIUA
Lens paboThl: M3yuenne mporiecca 3IEKTPOIUTHYECKON JUCCOIMAIIMK B BOJHBIX PACTBOpAx
QJICKTPOJIUTOB pa3H0171 CHJIHI.
dopmMupyemMble KOMITETCHIINN FITH UX YaCTH:

MNHupekc DOopMyIHPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AINU U CaMO0OPa30BaHUIO
OIIK-4 MMOHUMaHWEM CYITHOCTH U 3HAYCHHS HH(POPMAIIMH B Pa3BUTHH

COBPEMEHHOT0 00IIIeCcTBa, CIIOCOOHOCTHIO MOyYaTh U 00pabaThIBaTh
H(pOpMaNHIO U3 Pa3INYHBIX HCTOYHUKOB, TOTOBHOCTHIO HHTEPIPETHPOBATS,
CTPYKTYPHUPOBATh U OPOPMIIATH HH(OOPMAITHIO B JOCTYTTHOM ISl APYTHX
BHUJIC

IK-5 CHOCOOHOCTBIO MPUHUMATH YYacTHe B paboTax 1o pacueTy u
IPOEKTUPOBAHUIO JICTATCH U y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIHH B
COOTBETCTBUH C TEXHUYECKUMHU 33/1aHUSIMH U UCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEACTB aBTOMATH3ALMH IPOCKTHPOBAHUS

TeopeTnyeckas 4acTb
Pacnaz[ SJICKTPOJIMTOB Ha MOHBI IIPU UX PACTBOPCHHHU B BOJIC HA3bIBACTCA ITPOTOJIN30M.
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Ilpumeuanue. K mponeccam NpoToin3a OTHOCST BCe XMMHUYECKHE B3aUMOJCHCTBUS, B KOTOPBIX
yuactBytlor nonbl Hi;O" wu OH™. TepMuH «Imcconmanus yCTapea, BMECTO HETO PEKOMEHIYETCS
MPUMEHSATH — IPOTOJIH3.

OCHOBHBIE TOJOXKEHHUSI TEOPHUU MPOTONN3a (TOrIAa—3JNEKTPOJIMTHYECKOH AHMcconnanuu) ObUTH
paspaboransl B 1887 roxy mBenckuM ya€HpIM CBaHTe APPEHIYCOM.

ONeKTpoNUTEl TPU PACTBOPEHHWH B BOJE TOJABEPraroTCs MPOTONM3Y (pacmajgaroTcs WIH
JUCCOLMUPYIOT) Ha MOJ0KUTEIbHBIE U OTPUIIATEIbHBIE HOHBI.

[lon neiicTBHEM 3JIEKTPUUECKOTO TOKA IOJIOKHUTENBHO 3apsHKCHHBIC MOHBI IABMXKYTCS K KaTOZY
(KaTHOHBI), @ OTPUIATENHFHO 3apsHKEHHBIE — K aHOAY (aHHOHBI).

[ponecc nmpoTtonmza — npouecc 0OpaTUMBIH, T.€. MapaliebHO pacnaay MOJIEKYJ Ha HOHBI UAET
NPOLIECC COCTUHEHUSI HOHOB B MOJICKYJIBI.

Hanpiep: CuSOy <> Cut + 507~

Cynbdar Menu B BOAHOM pacTBOpe pachajgaercs Ha katuon Cu®’ u anuon SO4*.

MexaHu3M TPOTONIH3a (IUCCOIHMAIIK ) OBLT pa3paboTad pycckuM XxumMukoM M. A. KabmykoBeIM.

['maBHO¥M MpUYMHON MPOTONIM3A SIBISETCS B3aUMOAEHCTBUE MOJIEKYJ BJEKTPOJIUTA C MOJIEKYJIaMHU
pactBopuTtens (Boabl). MomneKkyia BOIbl MOJSPHAs, B3aUMOACHCTBYS C 3JEKTPOJIMTOM, Bojia ocnaliser
3JIEKTPOCTATHYECKHUE CUIIBI IPUTSDKEHUS HOHOB B KPUCTAJUIAX M CHJIBI B3aMMOJICHCTBUS MEXIY aTOMaMH
B COEIMHEHHAX C KOBAJEHTHOM CBA3BIO, UTO U MPUBOAUT K UX MPOTOIH3Y (pUCYHOK 2.1).

: ’ @ @ " @ F)
G — ) O —COE—E oM
@) NONAPHASL MOTIEKYNIA 8 HAYALe cUOPAMAyUui;
6) nepexo0 noAPHOU MONEKYIbL 8 UOHHYIO NOO Oelicmeuem Ounoiel 600bi;
8) 2UOPAMUPOBAHHDBLU AHUOH,
2) euopamupoB8aHublil KAMUOH.

Pucynox 3.1 — Cxema npomonausa nonspHol MoeK)ivl

OO6pazoBaBiiecss MOHBI OKPYKEHBI O000JOYKON W3 TOJSPHBIX MOJICKYJT BOABI W SIBJISTIOTCS
TUAPaTUPOBAHHBIMHU HOHAMU. OHM yCTOMYMBBI M CYIIECTBYIOT B PACTBOPE HE3aBUCUMO APYT OT ApYTa.

lunpatrpoBaHHBIC HOHBI MOTYT UMETh KaK IMIOCTOSIHHOE, TaK M MIEPEMEHHOE KOJIUYECTBO MOJICKYJ
BOJIbL. ['MpaT NOCTOSHHOrO cocTaBa 06pasyeT MoH Bogopoaa H', yaepkuBaromuii 00y MOJIEKYITY BOJIBL.
B HayuHOI 1 y4eOHOI muTepaType ero o6o3navaror H3O" (mam OH;") 1 Ha3pIBalOT HOHOM THAPOKCOHHS.

Cnenyer moMHMTh, 9To MOH H' B BOJe He CyLIECTBYET, TaK KaK MOMEHTAJILHO PEArHpYeET C
MOJIEKyJI0# (MoJieKyaMu!) BOJBI U CyIecTBYeT ( B OCHOBHOM) TOJIKO B BHJI€ HOHOB THPOKCOHHUS:

H" + H,O — H30+.

Cunvnuvie u crabwvie snexmponumsl. CUILHBIC SJIEKTPOJIUTHI IPH PACTBOPSHUU B BOJIE TIOJTHOCTHIO
(MM TIOYTH TTOTHOCTHIO) TOBEPTaOTCSI MPOTOJIU3Y — PACHaIal0TCs HA HOHBI.

Ilpumeyanue. TlpuHATO CUNTATh CHIBLHBIMH JJEKTPOIMTAMH BCE TE€ COEIMHEHHUS, KOTOPHIE
pacnagarotcst 6onee yem Ha 30%.

K vuM oTHOCSTCSA:

a) kucnotel H>SO4 (Tonpko mo nepsoii crynenu!), HNO;, HCL, HI, HBr, HMnO4, HC1O3, HCIO4;

0) ocHoBanms menouHsix (NaOH, KOH, RbOH, CsOH, o we LiOH!) u memouyHo3eMeTbHBIX
metauioB (Ca(OH),, Sr(OH),, Ba(OH), — HO TONBKO 10 TIepBO# CTyTeHH!);

B) IOYTH BCE PACTBOPUMBIE COJIH.

Crna0ble JIEKTPOJIUTHI TIPH PACTBOPECHUU B BOJE JIUIIH YACTHYHO IMOABEpraroTcs mporoimsy. K
CTa0BbIM DJIEKTPOJIMTAaM OTHOCST, Hampumep. cieayronrie kucinotel: HCN, HNO,, HF, HCIO, HCOOH,
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CH3;COOH, H»COs, H»>Cy0s, H,S, H,SOs;, H,SiOs, H3BOs wu np.; ocHOBaHUST MeTauioB (Kpome
OCHOBAaHMI MICIIOYHBIX M IIEIIOYHO3EMENbHBIX MeTauioB), a Takke NH4OH. K cmabpiM ammekTponutam
OTHOCHUTCS TaKXK€ U BOJA.
[Iporomu3 kucmnor:
a)H SO, + H,0 <> H;0" + HSO; (100%);
[H30"][S0;” ]

[HSO; ]

HSOj + Hy0 <> Hy0% + 8027 ; K, (H,S0,) = =0,012;

6) HCIO; + H,0 <> H;0" + CIO5 ; (100 %);
6) HBr + H,O <> H;0" + Br~; (100%).
[IpoTonr3 MHOTOOCHOBHBIX KHCJOT CTYNEHYATHlil, IPU 3TOM YHCIO CTYIEHEW oIpenensercs
OCHOBHOCTBIO KHUCJIOTHI (3TO K€ OTHOCHUTCS] M K MHOTOKHCIIOTHBIM OCHOBAHHUSM).
IIpoTonu3 ocHOBaHHUIA:

a) NaOH <> Na* + OH " ;

6) KOH < K™ +OH ™ ;

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

a) NaCl <> Na™ + CI™;
6) KNO; <> K™ + NO;3 ;
6) Al,(SO,); <> 2AI°" +3507.

Kucnwvie conu:
K>HPO4 < 2K + HPO4+#.
OcHosnvie conu:
a) AIOH(NOy), <> AIOH** +2NO5 ;
AIOH* & 41> + OH
6) AI(OH), NO; <> [4l(OH),|" + NO5;
[41(0H),]" & 4I0H*" + OH;
AIOH* & AI** +OH ™.
Komnnexcuwie conu:
a) K[Cr(OH), <> K+ +[Cr(OH) ] ;
[Cr(OH),|” <> Cr3* +40H ;
6)Na,[Zn(OH), ] <> 2Na™ +[Zn(OH) > ;
[Zn(OH), >~ <> Zn*" + 40H .
KomnuectseHHO nponece NpoTojan3a MOKHO OXapaKTECPpHU30BaTh C IOMOLILIO cmenenu npomoiusa
o, KOTOpad npeACTaBJIAACT CO0OM OTHOIIECHUE YHCIa MOJb (I’lx) MNOABCPIrINXCs MPOTOJINU3Y MOJICKYJI, K
00IIIeMy YHCITy MOJb (7o6y) PACTBOPEHHBIX MOJIEKYII:
nx

a,% = -100. (3.1
o6y

JIJis CUJIBHBIX DJIEKTPOJMTOB CTENEHb NpoToim3a Omm3ka Kk eaunuie (100 %). Jlns crmaObix
OJICKTPOJIUTOB, MOJICKYJIbI KOTOPBIX B OCHOBHOM HaXOIATCA B paCTBOPE B MOJICKYJIAPHOM COCTOSHUH, (04
— MaJiasi BelIM4YrHa.

CreneHb NPOTOJIHM3a MOXKHO YBEIHMYUTHh OHWKCHUEM KOHIICHTPAIIMH PACTBOPEHHOTO BEIIECTBA
(Tabmuria 2.1) WK TOBBIIIIEHUEM TEMIIEPaTyPhl pacTBOpa.

Tabnuya 3.1. 3asucumocms cmenenu NPOMOAU3A YKCYCHOU KUCIOMbL OM KOHYEHMPayuu npu

20°C

C(CH3COOH), moms/nm’ 0,1 0,01 0,001
o,% 1,4 4,2 12,4
Hanpumep, 17151 yKCyCHOM KUCJIOTHI:

27



CH;COOH + H,0 <> CH;COO™ + H;0™;
[CH;COO™] 100 = [H30+]
C(CH;COOH) C(CH;COOH)

Jis XapakTepUCTUKU CIa0BIX AJIEKTPOJIUTOB HCIONB3YIOTCS KOHCTaHTHI IPOTOJIN3a, KOTOpHIE
SBIISIOTCS YaCTHBIM CIIy4aeM KOHCTaHT XUMHUYECKOTO PaBHOBECHS.

[Iponecc mpoTosnm3a c1aboro 3JIEKTPOIUTA SBISIETCS PABHOBECHBIM, T.€. B CUCTEME MPOTEKAIOT
OJTHOBPEMEHHO JIBa CONPSDKEHHBIX Ipoliecca: MPOTOoNn3 U Moysipu3anusi. Hanpumep, a1 paBHOBECHOTO
mpoIiecca a30TUCTOM KUCTIOTHI ¢ MOJIEKYJIaMH BOJIBI: 1) mpsiMasi peakiusi — MpoIlecc MpoTon3a (pacmaza)
mosiekyn HNO, Ha wvonbr; 2) oOparHas peakius — Mojspusanus (ces3biBanue unoHoB Hi;O™ u NO, B
Mmonekysl HNO,)

a(CH;COOH), % =

HNO, + H,0 <> H;0" + NO, .
KomnyecTBeHHO 3TO PaBHOBCECUC XapPAKTECPU3YCT KOHCTAHTA IIPOTOJIN3a HNOz:
+ —
[H307]-[NO; |
[HNO, |

J71s1 MHOTOOCHOBHBIX KHCJIOT CYIIECTBYIOT HECKOJIBKO KOHCTAHT MPOTOJU3a, KaXKIas U3 KOTOPBIX
KOJIMYECTBEHHO XapaKTePU3yeT COOTBETCTBYIONIYIO CTYTIEHb POTOJIH3A.
Hanpuwmep:

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

H,S+H,0 <> H,O" + HS™;
_[11’30+]-[11'S‘]_1 1077
a — - >
[H,S]
HS™ + H,0 <> H;0" +8%;
_[H;071[87]
[HS ]
IIpoTonu3 >IE€KTPOIUTOB TIO TEPBOM CTYNEHHU HJIET Jierdye U, CJeJoBaTeIbHO, BEJIMYHUHA
KOHCTAHTBI ITPOTOJIM3a HepBOP'I CTYIICHU BCE€Taa 6OJH)H_IC BCJIMYUH KOHCTAHT IPOTOJIM3a IMOCICAYIOIINX
CTYIICHEH.
KOHcmaHma npomoJjuza maxk oJkce, KaK U KOHCmaHma XUumMudecKkoco pasHO6EeCUsl, ABIAeNniCs
BEIUYUHOU NOCMOAHHOU npu OaHHOZJ memnepamype u He 3asucunt om KOHYyemmpayuu eeujecned.
3aBI/ICI/IMOCTL MCKIOY KOHCTAaHTOU paBHOBECHA U CTCHCHLIO MPOTOJIU3a OMPEACIACTCI 3aKOHOM
pa3basiienust OcTBanbaa, HAPUMED, IS OJJHOOCHOBHOM KUCIOTHI (THa HA):

[H;0"]-[47] _a’C(HA)
[HA] — 1-a

K

a

=11-10713,

K, (HA) = —npu a = 0,05 (5%)

1580071
+ _
[H;07]-[47]
[714]
HonHble ypaBHEHHS — 3TO (opMa 3alucH, OTPAXKAIOIIAsi COCTOSIHUE BELIECTB B PacTBOpE H
pe3yabTaT UX B3aMMOJEUCTBUS APYT C JPYTOM.
IIpu cocraBieHMM MOHHBIX YpaBHEHHH CcJeIyeT pPYKOBOJCTBOBATHCS TEM, YTO clabvie
NEKMPOIUMBL U MATOPACMEOPUMBLE geujecmea uzoopascaiomest ¢ gude monaexyi. CunoHo pacmseopumbie
NEKMPOAUMBL, KAK NOIHOCMBIO UOHUSUPOBAHHbIE, NUULYICA 6 8UOE UOHOB.

B MOHHBIX ypaBHEHHUSX JOIKHO COOIOAATHCS yCIOBUE 3JIEKTPOHEUTPATIBHOCTH — CYMMA 3aps008
6 1e8OU 4acmu YpagHeHUus 00IHCHA ObIMb PAGHA CyMMe 3apsA008 NPAsoli Yacmu ypAasHeHUs..

K, (HA) = =’ C(HA) —npu a < 0,05 (5%)

OolopynoBaHue U MaTepUAJIbI
PactBop cepHoit kucaoTst HySO4 ¢ kornentpanueir C(H2S04)=2 moms/am’
. PactBop consnoii kucnotet HCI ¢ xornenTpanueit C(HCI)=2 MOJIB/ M’
Wnpnkatop dhenondranenn
NHaukatop METUIOpaHKEBBII
JlakmycoBas Oymara

NhW -
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PactBop NaOH ¢ konnenTpanueir C(NaOH) = 2 Moms/nm’
JIMCTHTMPOBAaHHAS BOJIA

[Ipobupku

9. Jloxkeuka

10. PactBop Na,SO4

11. PactBop (NH4)2SO4

12. PactBop xsopuna 6apus

13. PactBop cunnkara HaTpHst

14. PacTBOp COJISTHOM KHUCIOTHI

15. PactBop cynbdara menu (+2)

16. PactBop anerara Hatpus CH;COONa
17. Kap6onar kansims (men) CaCOs

18. PactBop cynbdara xpoma

19. PactBop eaxoro HaTpa

o N

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XHMHYECKOH J1A0OpAaTOpPHHM OJDKHBI TPOBOIUTHCS IIPH HCIPABHOM
3NEKTPOOOOPYAOBAHHH, HIEKTPOIPOBOAKE, TPABHUILHO 000PYAOBAaHHOM BBITSKHOM IIKAdy.

2. Ta30BbIe KpaHbI U TA30MPOBOJ AOJKHEI HAXOIUTHCS B UCIIPABHOM COCTOSIHUH, TIEPHOANICCKU
TIPOBEPSITHCA.

3. Pabodee MecTo cofiepKaTh B MOPSAKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcs OpaTh YHCTHIM IITATEIEM WM CHEIUAIBHON JIOKEUKOH.

5. W3mumiek peakTuBa HE BEUIMBATH OOPATHO B COCY, U3 KOTOPOTO OH OBLT B3ST.

6. Bce OIBITHI ¢ BpEAHBIME U MTaXHYIIMMHA BEIIECTBAMH, a TAK)Ke yIIapUBaHUE KUCIIOT U KUCIBIX
PacTBOPOB MPOBOAUTE B BRITSKHOM IIKaQdy.

7. OcTaTku coeTMHEHMI cepedpa CIIMBATh B 0COOBIE CKIISTHKU.

8. Ilpu HarpeBaHWMHU PacTBOPOB B MPOOMPKE BCeTaa CIEAYET AepKaTh €€ TakKuM 00pa3oM, 4TOOBI
OTBEpCTHE MPOOUPKH OBUIO HATIPABIICHO B CTOPOHY OT Pa0OTAIOIIETO PSIJIOM COCE/Ia.

9. He HaKJIOHATH JIUIIO HAJ HarpeBaEMOM KUIKOCTHIO W CILIABISIEMBIM BEIIECTBOM.

10. He crnenyer BubixaTh Naxydue BENIECTBA M Ta3bl, OJHM3KO HAKJIOHSSACH K COCYIY C ATHMH
BCIICCTBAMH. Hroxate BEIIECTBA MOXHO JIMIIb OCTOPOXXHO, HAaIIpaBJIAd K cebe Tapel WK ra3 IBUXCHUEM
PYKH.

11. XpaHUTh pacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT U MIETOYEH B BRITSHDKHOM MIKady.

12. BwmmBaTh pa3z0aBiieHHBIE KACIOTHI U MIEIOYHBIE PACTBOPHI CIIEAYET B CITUBHYIO CKIISTHKY.

13. Kareropudecku 3amnpemiaercs mpoOOBaTh XMMHYECKHE BEIIECTBA HA BKYC.

14. Tlpu paboTe c JEerKo BOCIUIAMEHSIIOIIUMHUCS BeulecTBaMu (3QuUpbI, OEH301, cepoyriepoa u
T..) HE JJOJDKHO OBITH PSIIOM OTHS Y BKIIOYEHHBIX TUIUTOK.

15. I[Ipu paboTe cO CTEKIOM, XWMHUYECKOH TOCYyIOoH, HEoOXOoauMo CcoOIogaTh IIpaBHIIa
MPEIOCTOPOKHOCTH BO M30€KaHIE PAHEHUH OCKOJIKAMH CTEKIIA.

16. Karteropuyecku 3ampeniaercsi OCTaBIATh padoTaroiue npruoopsl 0e3 HabIoACHHUS.

19. B xuMudeckoit 1abopatopun He0OX0aMMO paboTaTh B XajaTe.

3amanusa
Onmit 1. Haneiite B Tpu mpoGupku 1o 1-2 cM® pacTBOpa KMCIOTHI, IeT0ur U BofbL Jl06aBbTe B
KOKIyl0 mpoOupky wuHaukatop (cm. Tadm. 3.2.1). OOpatute BHHUMaHWE Ha [BET WHINKATOPOB B
Pa3JIMYHBIX Cpelax: KUCIOW, IEeTOYHON, HEUTPaTbHOH.
Tabauya 2.2 1sem unouxamopos 6 pa3iuinvix cpedax

Cpena
Nunuxatop P
KHCTIast HeHTpabHAS esIovHas
Jlakmyc KpacHBI (hroneToBbII CHUHUM
OenondragenH OCCIIBETHBIN OCCIIBETHBIM MaJTMHOBBIN
MeTtunopaHKeBblii PO30OBBIN OpaH>XeBbII JKENThIN
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OnwiT 2. B nBe mpoGupkm Hameiite mo 1-2 cM’ pactBopoB: B omHy — NaySOs, B ApyTyro —
(NH4)2SO4. B kaxayto u3 npobupok mpubaBbTe MO TakKOMy ke 00beMy pacTBopa xiopuaa Oapus. Bo
Bcex IpoOupkax obpasyercs ocagok Oenmoro nsera. CocTaBbTe MOJEKYJSIPHBIC M WOHHBIC YpPaBHEHUS
COOTBETCTBYIOIIUX PEAKIIUMN.

g Toro 4ToOb!I ONpeAenuTh Kakas U3 00pa30BaBIINXCA COJIel TPYJHOPACTBOPUMA, TOCMOTPUTE
TabJMIly PacTBOPHUMOCTH XHMHUYECKHX COCAMHEHHWH. B BhIIEpacCMOTPEHHOM MNpHMEpe 3Ta CONb —
cynbedar Oapus.

Onmit 3. Haneiite B mpoGupKy 2 cM® pacTBOpa CHIIMKATa HATPHS, 100aBbTE TAKOE Ke KOJTHUECTBO
CONITHOW KHUCNOTHL. YTo mpousonuio? Hamummre MojekynspHOE, MOJHOE MOHHOE M KpAaTKoe HOHHOE
ypaBHEHUs JaHHOH peakunu. OOpaTuTe BHUMAaHKE, YTO KPEMHHEBas KMCIIOTA IJI0X0 pacTBOpUMa B BOJIE.

OmnsiT 4. Haneiite B mpo6upky 2 cM® pactBopa cynbdhata menu (+2). JIo6aBbTe pacTBOp IIENOUH
(NaOH wunu KOH). Yto Bl Habmiogaere? Hamuimre MoJeKkylspHOe ypaBHeHUE peakiuu. [lomp3yschk
TabauLell pacTBOPUMOCTH, ONpelNesuTe, Kakoe M3 JIBYX OOpa30BaBLIMXCS COEIUHEHHUH, BbIMafacT B
ocanok. Hanumire nonnoe u kpaTkoe HOHHbIE ypaBHEHUA. OCaloK COXpPAHUTE AT ONBITA 5.

OnwiT 5. B mpobupky ¢ ocaakoM THAPOKCHAAa MeAu (IMOJYyYEeHHOTO B TPEABIAYIIEM OIIBITE)
n06aBbTe HECKONBKO CM® pacTBOpa CONAHOM KHCHOTHL OCaZoK pacTBOPUICA (€CTH OCaAOK He
pPacTBOPHWICS, TO BCTPSXHUTE MpoOupKy). Hamummure MonekynspHoe, HMOITHOE M KpPaTKOE HOHHBIE
ypaBHEHUS.

OnwiT 6. Haneiite B mpoGupky 2 cM® pacTBopa anerata Hatpust CH;COONa u 106aBbTe HEMHOTO
pa30aBIIeHHOW COJSHOW KUCIOTHI (Wiau cepHoil). IlosBuiics 3amax, MPUCYHIMA MOJIEKYJIaM YKCYCHOU
kucyotel. Ilpu cocTaBieHMM HOHHOTO ypaBHEHHS He 3a0bIBaiiTe, YTO YKCyCHas KHCIIOTA — CJIA0bIi
3JIEKTPOITUT.

OmnpIT 7. B HEOONBIIOM KONMMYECTBE BOABI B30ONTANTE MICMIOTKY PACTEPTOrO B MMOPOLIOK MeJia U
MPIJICHTE HEMHOTO PAacTBOPa COITHOW KUCIOTHI. Kakoit ras rmpu 3ToM BEIACTATCS?

Bcenomuunte, 9TO yronpHas KHCIOTa O4€Hb HEYCTOMUYNBA, pa3iiaraeTcs ¢ BbIJCNIEHHEM ITy3bIPHKOB
YIJIEKUCIIOTO Ta3a.

Hanmmmre MonekyisipHOe, KpaTKOE U MOJIHOE HOHHbBIC ypaBHEHUSI.

OnwiT 8. a) Haneiite B mpobupky 2-3 cM’® pacTBopa cynbdara XpoMma M J00aBbTE MO KAIUIAM
pacTtBop enkoro HaTpa (o oOpa3oBaHusi ocanaka). OOpasoBajics OcaloK THApPOKcHAa Xpoma (+3),
OTMETHTE LBET Ocajka. Hamummre MoneKkyIsIpHOe, HOTHOE U KPAaTKOE HOHHBIE YPAaBHEHUS PEaKIHi.

0) ObpazoBaBmHiics 0camoK B30oONTaliTe U paszaenuTe Ha ABe YacTH. K oxHOM 9acTh m00aBhTe 2-
3 e’ constHO KMCIIOTHI, a KO BTOPOif — 2-3 cM® KOHIIEHTPUPOBAHHOTO PACTBOPA IIET0YH.

OO6patuTe BHUMaHHE, YTO 0CaZOK B 00enX MpoOupKax pacTBOpuiIcs. BcrioMHHTE, YTO THAPOKCHT
xpoma (+3) obnamaer aM(OIUTHBIMH CBOWCTBAMHM, B3aWMOJCHCTBYS Kak C KHCIOTaMH, TaK M C
menoyamu. [Ipu 3TOM BO BTOpOM cilydae oOpasyercs KomruiekcHas coib. Kakas? Hamummre e
tdhopmyy.

[lo ykazanuio mpenojaBaTenss MOXKHO HPOBECTH AaHAJOTMYHBIC PpEaKUUH C Y4acTHEM
THJIPOKCHIaMH QJIFOMUHMS WM [IMHKA, KOTOPbIE TAKKe 00J1anatoT aM()OIUTHBIMU CBOMCTBAMHU.

CocTaBbTe MOJIEKYJIAPHBIE, TOJIHBIE U KPaTKHE yPaBHEHHUS COOTBETCTBYIOIINX PEaKIHil.

Omnbir 9. Ilonb3ysack BBICTABICHHBIMH Ha J1a0OpPaTOPHOM CTOJIE PEaKTHBAaMH, OCYILECTBHUTh
PEaKLUIO, BEIPAXKEHHYIO CJICAYIOIUM HOHHBIM YPaBHEHHEM:!

Fe** +30H™ = Fe(OH); ¥ .

Hanumunte MojekyaspHOe ypaBHEHHE pEeaKLnu.
OmnsiT 10. [Tonp3ysick MoNydeHHBIM B OIBITE 9 0cagkoM THapoKcuaa xkenesa (+3), oCylecTBUTh
PEaKLuIo, KOTOPYIO OMHUCHIBAET CIENYyIOIIee HOHHOE YpaBHEHHE:

Fe(OH) +3H" = Fe>* +3H,0.
HanucaTte HECKOIBKO MOJIEKYJISIPHBIX YPAaBHEHUN peaKIIdi, TPUMEHSS MIPU 3TOM TaKU€ KUCIIOTHI,
KOTOPKIM GBI COOTBETCTBOBANM pacTBOpuMble comu Fe'
Conep:xaHue oT4yeTa
[Tonyuyennsie nannbie 3adukcupyiite B Tabmuie 3.2 mo ciexyromeit Gpopme:
Ta6numa 3.2. Pe3ynpraThl SKCIEPUMEHTA

Ne /1 | PearenTtsl XUMHUECKasi peaKius HaoOmronenns

1
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DB (W

KonTpoJbHbIe BOPOCHI
ba3oBbIi1 ypoBeHb
1. Uto Takoe 3JeKTpoauTHYeCcKas Juccouranus?
2. DIEKTPONHTHI U HE DIEKTPOIIUTHL.
3. KT0 13 XUMHUYECKUX COSTUHEHU SBISCTCS DIISKTPOIUTOM ?
IToBBILIEHHBIN YPOBEHD
1. Hanuiure MoeKyJsipHbIE, MOJHBIE U KPaTKUE MOHHBIE YPABHEHUS PEaKIINil B3auMOACHCTBHUS:
a) kapOoHaTa Kajus C COJSTHOM KUCIIOTOM;
0) a30THCTO KHCIIOTHI C TUPOKCUIOM HATPUS;
B) KapOOHATa MarHus C a30THOW KHCIIOTOM;
T') TUAPOKApOOHATA HATPHSI C SIKUM HATPOM;
1) THAPOKCH]IA ATFOMUHUS C €KUM HATPOM;
€) COJITHOM KHCIIOTHI C CUIIMKATOM HaTpPHS.

Cnucok JuTepaTypbl, peKOMEeHAyeMblil K HCIIO0Jb30BAHUIO 110 JAHHOH TeMe

OcHoBHas JIMTepaTypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBuH. - 13- u3z., nepepab. u gor. - M.
: Axagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust okpykaromeil cpesipl : XUMUs KUBBIX opranu3mos. Kypc nekuuii /
E. C. Muxamuna, A. JI. Iletenun. — M. : U3narensckuii JJlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTPOHHBIH // DneKTpoHHO-01OIMoTeyHast cuctema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocrymna: st
aBTOPH3HP. MOJIb30BaTeNeH
JlonoJiHMTeIbHAS JIMNTEpaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; Ilox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - IIpeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1
2. XuMus METAJUIOB : y4eOHOe ocoOue (I CTYIEHTOB XUMUIECKOT0 (DaKyIbTeTa
HarpaBieHul 0akanaBpoB «XUMHU» U «XUMHUYECKask TEXHOJIOTHs») / coctaBuTenu O. A.
lNonoBanoBa. — Omck : OMckuit rocygapcTBeHHbI yHuBepcurer umM. ®.M. JlocroeBckoro,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TeKcT : 2eKTpOHHBIH // DnekTpoHHO 6ubimoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: nis
aBTOPU3UP. NOJIb30BATENIEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eamHOE OKHO JOCTYIIa K 00pa30BaTEIIBHBIM pecypcam

2 http://biblioclub.ru/ — 3BbC «YHUBepcuTeTCKast ONOINOTEKAa OHIANHY.

3 http://catalog.ncstu.ru/ — 3MEKTPOHHBIN KaTAJIOT aCCOIUAITUH JIEKTPOHHBIX OHOIHMOTEK
yueOHBbIX 3aBefieHH u opranuszanuiit CKOO

4 http://www.iprbookshop.ru — DBC.

5 https://openedu.ru — OTKpBITOE OOpa3oBaHue
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Tema 6. PacTBopbI
JlabopaTopnasi paGora 4. IIporo/us coJieit
Lenb pabotel: M3ydenue mnporecca ruapoin3a CoJei.
DopmupyemMble KOMIETCHIIMH WM UX YaCTH:

MNHupekc DopMyIHpPOBKA:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMOOOPa30BaHHIO
OIIK-4 MMOHUMaHWEM CYITHOCTH U 3HAYCHHS HH(POPMAIIMH B Pa3BUTHH

COBPEMEHHOT0 00IIIeCcTBa, CIIOCOOHOCTHIO MOyYaTh U 00pabaThiBaTh
nH(pOpMaNHIO U3 Pa3INYHBIX HCTOYHUKOB, TOTOBHOCTHIO HHTEPIPETHPOBATS,
CTPYKTYPHUPOBATh U OPOPMIIATH HH(OPMAITHIO B JOCTYITHOM ISt APYTHX
BHUJIC

I1K-5 CHOCOOHOCTBIO MPUHUMATH Y4YacTue B paboTax 1o pacueTy u
HPOEKTUPOBAHUIO JICTATCH U y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKITHH B
COOTBETCTBUH C TEXHUUECKUMHU 33/1aHUSIMH U UCTIOJIb30BaHUEM
CTaHAAPTHBIX CPEACTB ABTOMATH3ALMH IPOSKTHPOBAHUS

Teopernyeckas yacrTp

Ilpoyecc 63aumoodelicmeus UOHO8 COMU C MONEKYIAMU 600bl, NPUBOOAWUL K 0OPA308aAHUIO
CaboouUCCoyUUPYIOwuUx euecms (MoaeKyl CAaOblX KUCIOM UMY OCHOBAHUL, AHUOHO8 KUCAbIX UIU
KamuoHO8 OCHOBHBIX COJell) U conpogoxcoaioujeecsi usmeneHuem pH pacmeopa, Hazvlieaemcs
NPOMOAUIOM.

[IpoTonu3y moaBeprarTcs Coiiu, 00pa3oBaHHBIE CTA0BIM OCHOBAHUEM HITH CIIA00H KHUCIOTOH.

Crnabple 37eKTPOJIUTHI B BOJIE JIUITH YaCTHYHO AVCCOIMHUPYIOT HAa MOHBL. K HUM OTHOCATCS:

a) KUCJIOTHI — st, HzSO3, H2C03, H3PO4, HNOz, H3BO3, HCIO, HCN, HF, CH;COOH u Ap.;

0) Bce OCHOBaHHs MeTalioB (Kpome Imenoueii), a Take NH4OH. K cmabpiM snexrponmuram
OTHOCHTCS TaKXe BOJA.

CuIIbHBIC 3TICKTPOJIUTHI:

a) kucnotel — H,SO4, HNO3, HCL, HBr, HMnO4, HC103, HCIO4;

0) oCHOBaHUS IMIEJIOYHBIX U MIEIIOYHO3EMENBHBIX MeTallIoB, kpome Mg(OH),, Be(OH)s.

CocraBuM Tabnuiyy cosied, OOpa30BaHHBIX Pa3UYHBIMH (KaK Ca0bIMH, TaK W CHJIHHBIMH)
KHCJIOTaMH U OCHOBaHUSIMH.
Tabnuya 4.1 Ilpomonus paznuunozo muna coneti

Comm, 00pa3oBaHHBIC

C11a0bIMH KUCIIOTAMU U CJ1a0BIMU KUCJIIOTAMUA U | CHJIBHBIMU KUCIIOTAMU
CJIa0BIMH OCHOBAHUSIMHU
CHJIBHBIMHA CHJIBHBIMU 1 CWIbHBIMUA
U CWIBHBIMU KUCIIOTAMHU
OCHOBAaHUAMU OCHOBaHUSIMHU OCHOBaHUSIMHU
1 11 11 v

ALS;, NH4CN,

Cl‘z(CO3)3 KCl, Na2804, KNO3

Na2C03, KQS, Nast3 A1C13, CuSO4, MgClz

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

PactBOpB! BBIIEYKA3aHHBIX COJIEM HMMEIOT PA3IMYHYIO0 PEAKIHUIO: INEIOYHYI0, KUCIOTHYIO WIH
HEHTpaNbHYI0. DTO OOBICHAETCS TEM, YTO HOHBI, O0pa3yIOIIHeCcs PH Pacae dTUX COJEH, Pa3InIHBIM
00pazoM B3aMMOJICHCTBYIOT C BOJIOM.

IIpoToau3 coJeii, 00pa30BaHHBIX CWJILHBIM OCHOBAHUEM U
cjadoil KucaoToit

Paccmotpum mporiecchl, mpoTekamlue Mpu Mpotoim3e kapOoHnata Harpus. NaxCOs — conb
C1aboil TBYXOCHOBHOH yTOJIEHOW KHCJIOTBHI M CHIIBHOTO OJHOKHUCIOTHOTO ocHoBaHus NaOH. 3anwmem
ypaBHEHHUE TIPOTOJN3a ATOU COJIH:

H,0 _
Na2CO3 (;>2Na+ + C03 .
Ipumeuanue. IlpoTonu3y uOHOB (TUAPONIM3Y) BCErJa NPEIIISCTBYET MPOLECC MPOTOIN3a
(mrccornuanm) Comm.
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Obpasyrommecs: KapOOHAT-MOHBI B3aMMOJEHCTBYIOT ¢ MOJIEKYJIaM{ BOJBI, IIPU 3TOM 00pasyroTcs

anmnonst HC 03_ , a He Mosekysbl H>COs, Tak KaKk MOHBI HC 03_ JIUCCOLMUPYIOT TOpa3ao TPyAHEE,

yeM Mouiekyssl HoCOs. TloaToMy mpu OOBIUHBIX YCIOBHSX MPOTONHM3 KapOOHaTa HATPHUA HMPaKTHUECKH
IPOTEKAET IO MEePBOM CTYIICHU.

HonHO-MONEKysipHOE ypaBHEHUE NTPOTOIN3a C03 10 TIEPBON CTYIIEHU:

CO3™ + H,O <> HCO; +OH ; pH > 7.
B monexymsipHO# hopme:

Na2C03 +H20 <> NCZHCO3 + NaOH

HoHHO-MONEKyIIpHOE ypaBHEHUE TPOTOIN3A HC 03_ :

HCO; + H,O <> H,CO; +OH ; pH > 7.
B monexymnspHoit popme:

NaHCO; + H,0 <> H,CO; + NaOH —npaxriuecku He npotekaer!

B pactBope mosBnsercs u30bpiTok moHOB OH', mo3tomy BomHbIH pactBop Na,CO; mmeer
HICJIOYHYIO PEaKIIHIO.

KomnuectBeHHO TpoIiecchl MPOTONM3a colielt XapakTepu3yloT KOHCTaHTHI (Kup) U cTemeHb (Olyp)
MPOTOJIN3a, a TIIyOHHY MPOTeKaHUs MPOTOJIM3a — U3MEHEHHUE peakiuu cpenbl (pH).

Koncratel mporonmusa coseil, 00pa30BaHHBIX CHJIBHBIM OCHOBaHMEM U CclIa00i KHCIOTOM,
BBIUUCIISIOT 1O (JOpPMYIIaM CIIEIYOMEro BIIa

K 4.1
Kl-[pi — w , ( )
K,
roe K np,; ~ KOHCTAHTa MPOTOJIH3A 1O i-CTyneHu;
1
K . — 1~ KOHCTaHTa NPOTOJIM3a 00pa3yOLIEHCs CONPSIKEHHON KUCIIOTHL.
1
CreneHp mpoToNn3a:
2 K, Kup, _ (4.2)
a‘wp +a,, - - =0,
P02 2
rie C — KOHIIEHTPAIHs COJH, MOJIB/IIM".
Dopmyiy (4.2) IpUMEHSIOT TOT/Ia, KOTJIa CTeeHb mpoToiu3a npesbimaet 0,05 (5%).
I[Ipu 01pi < 0,05 (5%):
K. . (4.3)
App R~
C

KoHmeHTpamuio THUAPOKCHI-HOHOB, ONPEACHSIONNX TIIyOMHY MPOTEKaHUS IPOTOJIM3a, MOXHO

paccunuTaThb 10 YPAaBHCHHUIO:
[OH ], ~ [Kyp C- (4.4)

[Ipumenum, nHampumep, dopmyisl (3.1) — (3.4) nmnd KOJWYSCTBEHHOW OIICHKH IPOIICCCOB
TIPOTOJIN3A MO TIEPBOIi U BTOPOH cTyHeHaM kapbonata Hatpus npu C(Na,COs) = 0,1 Mons/av’.
st mepBo# CTyNEeHHU:

K, 10"
K, (H,CO5)  46-10™"

K, 1o
z\/ P \/ 2’170 10 ~ 0,0466 (~ 4.66%):

Ky (COTT) = =2,17-107%;

anpl C

[OH ™)) ~ Ky C =4/2.1-107 - 0,1 = 4,66 - 107> 7077

IIM3 ’
pOH =—1g[OH ], =—1g4,66-107> =2,33; pH=14-pOH =11,67.
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HJ’IH BTOpOﬁ CTYIICHU BBIYHCIIUM TOJBKO KOHCTAHTY IPOTOJIM3A:

kK,  10™
Ka1 (H,CO;3) 45. 1077

Ky, (CO) = =2,22-107,

CooTHoleHne NepBON U BTOPOi KOHCTaHT MpoToiu3a kapoonar-uoHa (= 10 000)

npl(C03) 2,17-107
(Co¥) 222-10%

~1,0.104
sz

TO3BOJISIET PACYETOM J0Ka3aTh, 4To TpoTonus COz* GakTHIeCcKn MPOTEKAeT TOIBKO MO TIEPBOH CTYMEHH.
IIpoTosu3 coJieil, 00pa3oBaHHBIX CUJILHON KUCJOTOM U €J1a0bIM OCHOBAHHEM

Pacemorpum mpotonms comu CuSQOs4. Cymbdar Memu — colib ¢l1aboro ABYKHUCIOTHOTO OCHOBAaHHUS
Cu(OH); u cunbpHOM TBYXOCHOBHOUM KUCIOTHI H2SOj4.
[epBuuHBI IPOIECC — MPOTOJIN3 (ﬂuccounaum) COJIH:

Cuso, <225 cu® + s0¥.

3aTreM MOHBI MEAM PEearupyioT ¢ MOJIEKYJIaMU BOJBI, TO €CTh HAET MPOTOJIN3 HOHOB — BTOPUYHBIH
nporecc. KaTnoHbI Meii ¢ MOJIEKYIaMU BOJIBI 06PasyroT KaTHOHBI 0cHOBHOM com CuOH™.
HonHo-MoJieKynspHoe ypaBHeHue npotonusa Cu®* o neppoii crynenu:

Cu** +2H,0 <> CuOH" + H;0"; pH <7
WM B MOJIEKYJISIpHOHU (hopme:
2CUSO4 + 2H20 <> (CUOH)z SO4 + H2SO4.

Tak Kak B pacTBOpE MPUCYTCTBYET KHUCIIOTa, TO ero pH < 7.
Brinajenue ocaaka ruapokcuaa Meau (+2) He IpoucxXomuT, Tak kak noasl CuOH" mucconuupyror
ropaszo TpyznHee, ueM mMosiekyasl Cu(OH)s,.

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

(CMOH)2 SO4 + ZHZO A 2(CuOH)2 + H2 S04 — peaKuus NpaKTUYECKH HE HJET.

I/ITaK, B OOBIYHBIX YCIIOBUAX IPOTOJIN3 Cy.]'IL(baTa MCIU MPOTEKACT NPAKTUYCCKHU TOJIBKO I10 nepBoﬁ
CTYIICHU.

(DOpMYJ'ILI, TIO3BOJIAIONINE KOJIMYCCTBCHHO OIICHUTH IIPOIECChI IIPpOTOJIN3a KaTHOHOB
COOTBCTCTBYIOIIIUM c1a0BIM OCHOBAHUSIM:

v K (4.5)
np ; ’
bOKy
rac K — KOHCTaHTa IIPpOTOJIn3a 110 1 CTYIICHU;
Kbl — KOHCTAaHTa IIPOTOJIn3a 1o i—CTyrICHI/I COMPAKEHHOTO OCHOBAHMA.
CreneHsn IpoTOoJIM3a:
K K
2 np; np;
a“np + anp . 21 _ 72’ = O’ (4.6)
C C

rjie C — KOHLIEHTPAIS COJIH, MOJIB/JIM”.
®opmyiy (3.6) IpUMEHSIOT TOT1a, KOT/Aa CTeNeHb npoTonu3a npessimaet 0,05 (5%).
Ipu pi < 0,05 (5%):

~ K”Pi . (4-7)
Opp R|—
C
KOH].[CHTpaLII/IIO KaTUOHOB THAPOKCOHUA, ONPCACIAIONNX T. J'Iy6I/IHy MMPOTCKaHUA MPOTOJIU3A,
MO>KHO PAaCCUUTAThH 110 YPABHEHUIO:
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[H;07]; ~ C. (4.38)

ap;

IIpoTo/m3 coJseil, 00pa30BaAHHBIX CJIA0BIM OCHOBAHHEM M CJ1a00H KHCJI0TOM
PaccmoTrpum kak nporekaeTr nportosn3 anerara aMmmoHus. CH;COONH4 — conpb c1aboif 3TaHOBOI
KHCJIOTEI ¥ cj1aboro ocHoBanus — NH4OH. YpaBHeHHe MPOTOJIN3a ATOM COJIA UMEET CIEAYIOIINI BU:

CH;COONH ,4 <—>CH3COO + NH .

Janee nonst CH3COO™ u NH4' noaBeprarotcs mpoToJu3y — pearupyroT ¢ MOJIEKYJIAMH BOJIBI:

CH,COO™ + NH} + H,0 <> CH;COOH + NH ;,OH
WIN B MOJIEKYJISIpHOH (opme

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

[Ipu mportonmse cosei, 0Opa3oBaHHBIX CIA0BIM OCHOBAaHHEM M CIIa00W KHCIIOTOW, peaKIIus
pacTBopa 3aBHCHUT OT CTEMEHHM MPOTONIM3a OOpasyIoIUX3cs MPOAYKTOB — KucioTel (tuma HA) u
ocHoBanus (turma KtOH). Ecmu nmporonu3 ocHoBanuss KtOH mpeoGmagaer Haj MpOTOIM30M  KUCIIOTHI
HA, to konnentpamust nonoB OH™ OosbIlie KOHIIEHTpAUN H;0" — cpefa mieNoYHasi, eciim Hao0opoT —
[H;0'] > [OH], To kucnas.

B jaHHOM ciyudae, MOCKOJBKY CTeNeHH mpoTonms3a ykcycHoit kuciotel (K, = 1,8:107) u
TUAPOKCHUIIA aMMOHUSA Ky = 1,78-10"5) NpuOIM3UTENTFHO OAMHAKOBE, TO pH cpembr Oyzaer
MPHUOM3UTETHHO PABEH CEMH.

Cnedyem nomMHUmb, Ymo CcOU, 0OPA306aAHHBIE CUNLHBIM OCHOBAHUEM U CUTbHOU KUCIOMOL,
NPOMOAU3Y He NOO8ep2arOmcs.

Hanpuwmep, xmopun Hatpust NaCl — conb cunbnoi xkucnorel HCI u cunpHOTO ocHOBaHUS NaOH.
Honbl, oOpasyromiuecs B pe3ysbTaTe TUCCOIMAIIMM 3TOW COJH, HE OOpa3ylT ¢ BOJOH cladbix
31eKTpoauTOB. [l0ATOMY B OOBIYHBIX YCIOBHSIX PAaBHOBECHE IIPOTOJIM3a MOJICKYJ BOJBI B TaKHX
pacTBOpax He HapyIaeTcs M KOHIEHTpAIsi MOHOB THUAPOKCOHUS M TUIAPOKCUA-UOHOB OCTAETCS TaKOU
ke, Kak y uucTou Boabl — pH = 7.

IToanblii mpoToIH3

PaccmoTpuM, kakue NpOAYKTHI oOpasyrorcsi mnpu cMmemmBaHuu pactBopoB AI(NOs): u KyCOs.

Hutpar amoMuHns IOgBEpraeTcs MpOTOIN3Y IO KAaTHOHY, a KapOOHAT Kallus - 110 aHUOHY:

AI(NOy), <2225 AP +3NO;

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

AIOH* +2H,0 <> AI(OH)} + H,0"

Az(OH); +2H,0 <> AI(OH), { +H,0"

K,CO, <2 52K* +CO;

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

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

Ecnu PacTBOpBI HAXOIATCSI B OOHOM COCyHe, TO UIET B3aUMHOE YCUJIEHHE MPOTOJIM3a KaXXK10H

COITH, TaK KaK 00pa3yroInuecss HOHbI H3;O" u OH cBs3bIBarOTCA € oOpa3oBaHrEeM c1ab0ro AMEKTPOIUTA —
BOJIbI. [Ipu 3TOM NPOTOIUTHYECKOE PABHOBECUE CMEIIIAETCS BIIPABO, a MPOTOJIN3 KAXKION COTM MPOTEKAET

JIO KOHIIA.
HNonHOo-MONEKyIIpHOE YpaBHEHUE MIPOTOIU3A:

2413 +3C0OF +3H,0 <> 2A4I1(OH); ¥ +3C0, T.
B monexynsapHoit popme:
2A4I(NO3); +3K,CO5 +3H,0 <> 2A4I(OH)5 4 +3C0O, T +6KNO;.

Jpyrumu npumMepaMu Takux map UOHOB SIBJISIOTCS:
1.Cr’" u S*
2. AP u S§*
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2
3.Cr’'m CO3
4. Fe* u CO32_

+ . y2—

Oo0opynoBaHue U MaTepUAJIbI

PacTtBop xnopuma aMmmoHus

PactBop cynbdara amromunus Alx(SOs);
. PactBOp docdara marpus NazPO4

10. PactBop (NH4)2S

11. PactBop cynbdara antoMuHus

12. PactBop cynbdara xpoma Cra(SO4)s

13. PactBop pactBopa comsl Na;COs3

1. PacrtBop mHIUKATOpA

2. JIucTHIIHpOBaHHASA BOIa
3. TIpobupku

4. Pacrop Na,COs

5. PactBop AICI;

6. PactBop NaCl

7.

8.

9

Yka3zaHusi 1o TeXHUKe 0€30MaCHOCTH
1. Bce paboTel B XUMHUYECKON IabOpaTOpWUU IOJKHBI TPOBOJUTHCS MNPH HUCIPABHOM
3JIEKTPOOOOPYIOBAHNH, STEKTPOIPOBOIKE, TPABMIIBHO 000PYI0OBAHHOM BBITSHDKHOM IIKady.

2. Ta30BbIe KpaHbI U TA30MPOBOJL IOJKHBI HAXOIUTHCS B UCIIPABHOM COCTOSIHUH, TIEPHOANICCKU
MPOBEPSTHCA.

3. Pabouee mMecTo cofiepKaTh B OPSAKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcs OpaTh YHCTHIM MITIATEIEM MM CHCIHAILHON JIOKEUKOH.

5. MH3znumiek peakTuBa HE BBUIMBATH OOPATHO B COCY/I, U3 KOTOPOTO OH OB B3ST.

6. Bce OBITH ¢ BpeAHBIMY U MTaXHYIIMMHA BEIIECTBaMH, a TAK)KE yITapUBaHUE KHCIOT U KUCIBIX
PacTBOPOB MPOBOJUTE B BEITSHKHOM IIKAQ]y.

7. OcTtaTku coeMHEHMI cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHNM PacTBOPOB B MPOOHMPKE BCEria CieAyeT AepKaTh €€ TaKuM 00pa3oM, YTOOBI
OTBEPCTHE MPOOUPKH OBIIIO HAMIPABJICHO B CTOPOHY OT pabOTAIOIIETO PSIOM Cocena.

9. He HaKJIOHATH JIUIIO HAJ| HATPEBAEMOM KHUJIKOCTBIO HIIH CILIABIISIEMBIM BEIIECTBOM.

10. He cnexyer BApIXaTh Maxy4yue BeIIECTBA M ra3bl, OJM3KO HAKJIOHSACH K COCYAY C STHMHU
BemnecTBaMu. HroxaTh BelecTBa MOXKHO JIMIITh OCTOPOYKHO, HAMpPaBIIsist K ce0e maphl WK ra3 JBHKEHUEM
PYKH.

11. XpaHUTH pacTBOPHI KOHICHTPUPOBAHHBIX KUCIIOT U MIEIOYEH B BBHITSIKHOM IIKady.

12. BsumBarh pa3z0aBlieHHbIE KACIOTHI U MIEIOYHBIE PACTBOPHI CIIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaeTcs IpoOOBaTh XUMHUIECKHE BEIIECTBA Ha BKYC.

14. Tlpu pabote ¢ JIETKO BOCIUIAMEHSIONIMMHUCS BeliecTBaMu (3GUpbI, OCH30J, CEpOyIriepo H
T.J1.) HE TOJDKHO OBITH PSIOM OTHSI M BKJIIOYEHHBIX TTHTOK.

15. Ilpu pabore CO CTEKJIOM, XHUMHYECKOW IMOCYAOH, HEOOXOMUMO COONIOaTh IpaBUiIa
MPEOCTOPOKHOCTH BO N30E)KAHNE PAHEHUH OCKOJIKAMH CTEKIIA.

16. KaTteropudecku 3ampeiaercsi OCTaBIATh paboTaroiue npruoopsl 0e3 HaOIIOACHHUS.

20. B xumuyeckoii naboparopun He00X0IUMO paboTaTh B Xaare.

3ananus
OnsiT 1. B 4eTslpe Mpo6HpKH HajeHTe 1Mo 2-3 ¢M’: B MEPBYIO — AUCTHIIMPOBAHHON BOJIBI, BO
BTOpYI0 — pactBopa Na,COs mim K>COs, B TpeThio — pactBopa AlCI: wiu Alx(SOs)s, B yetBépTyro — NaCl
wm KCl. B xaxnmyio mnOpoOHpKy IOMeCTUTE [0 MaJeHbKOMY KyCOYKY HWHIWKATOpHOW Oymary.
[IpenBapuTensHO W3yYNTE M3MEHEHHE OKPAaCKH WHAMKATOPOB B PAa3NUYHBIX cpemax. CpaBHHUTE IBET
WHJMKATOpa B paCTBOPAxX COJIEH C €ro OKpacKou B BOJE.
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CocTaBbTe HOHHO-MOJEKYJISAPHBIE M MOJEKYJSIPHBIE PEaKIMU MPOTOJU3a COOTBETCTBYIOIIUX
coireit. 3amoHUTE TAOHITY 4.2.

Onwim 2. Haneiite B IpoGupKy 3 cM® pacTBopa Xjnopuaa aMmmoHus. Jlo6asbTe 1-2 Kariu pacTBopa
nakmyca. OTMeTbTe LBET pacTBopa. KpacHBI IIBET pacTBOpa yKa3blBaeT Ha KHCIYIO cpenly, T.e. B
pacTBOpe MMEIOTCSI CBOOOAHBIE MOHBI TMAPOKCOHMS. CoCTaBbTE MOHHOE U MOJIEKYJISIPHOE ypaBHEHUS
npotosnu3za comu NH4Cl.

Onwvim 3. Haneiite B ipo6upky 2-3 cM® pacTBopa cymbdara amomunus Aly(SO4); u 1o6aBsTe 1-2
Karum pactBopa jgakMmyca. Kak wm3menwics user mHaukaropa? CocTaBbTe MOHHOE U MOJIEKYJISIPHOE
ypaBHEHHUS MPOTOJHM3a AAHHOM COJNM, YYWTHIBasg, YTO B CIy4yae MPOTOJIM3a MHOTO3aPSIHBIX KaTHOHOB
00pa3yroTcs KaTHOHBI OCHOBHBIX COJICH.

Onwvim 4. Haneiite B mpobupky 2-3 cm® pactBopa docdara Hatpus Na;POs u 106aBbre 1-2 Kammu
pacTBopa Jlakmyca. B kakoit mBer okpacmiics makmyc? KakoBa cpema pactBopa? KakoBo 3Hauenme pH
pactBopa? CocTaBbTe HOHHOE M MOJICKYJISIPHOE ypaBHEHUS MpoToyin3a hocdara HATPHUs, YIUTHIBAS, YTO B
pesynbTaTe oOpasyercs ruapodocdar Hatpus. JanpHeHuni npoTonu3 (0 BTOPOH U TPEeTheH CTYNEeHN)
BO3MOXKEH JIMIIb B CJIlydyae OYCHb pa30aBJIEHHBIX PAcTBOPOB W MpPH IOBBILIEHHOW TeMIepaType.
Hanummre MoHHBIE M MOJIEKYIISIpHBIC ypaBHEHHs TpoTosm3a ¢ocdara HATPUS O BTOPOH M TpeTbei
ctyneHu. PaccunTaiite 3HaueHus koHcTant npotonusa (Kupi, Kup2 1 Kip3), crenenn npotonusa (Olpi, Olp2
¥ Onp3) ¥ [H30"] amst xaxnoit crymenn, cunras C(NasPO4) = 0,1 moms/mv’.

Onwim 5. Haneiite B mpobupky 2-3 cm® pactsopa (NH4),S m mo6assre 1-2 Kammu pacTBopa
nakmyca. Kakoil user mpuoOpén pactBop? CHHHH LBET JIaKMyca IOKa3bIBaeT, YTO Cpela B pacTBOpe
menoyHas. OOpaTuTe BHUMaHHe Ha 3amax pactBopa. Yem maxuet pactBop (NH4),S? 3anumure noHHOE U
MOJIEKYJISIPHOE ypaBHEHHs IpoToau3a cyibpuna Harpus. [Iporonus 310l conu At Kak 1Mo nepBoi, Tak
U 110 BTOPOH CTYIIEHU:

NH; +8° + H,0 <> NH,OH + HS "~

NH} + HS™ + H,O <> NH,OH + H,S

Ky (NH4OH) =1,8:107; Ka1 (H2S) = 1,0-107; Kap (H2S) = 1,0-1073,

Ucxona u3 3HaueHuid xkoHcTant npotonusa ana NHsOH u H»S, cnenaiite BbIBom O Xapakrtepe
CpPEIBL.

Ecnu HarpeTs pacTBOp 1aHHOW coNu (MIPOKUIIATUTE), TO IPOTOJIN3 CTAHOBUTCS HEOOPATUMBIM, TaK
KaK IPU HarpeBaHUH aMMHUaK U CEPOBOJIOPOJT YXOIAT U3 CEepPhl peakiluu, CMelasi pABHOBECHS B CTOPOHY
00pa3oBaHUs MTPOAYKTOB IMPOTOIIH3A.

Onwim 6. Haneiite B mpoOupKy 2 cM® pacTBopa cyib(ara amoMUHUS U J00aBbTE 2 cM® Cyabhuaa
Hatpust. OOpaTHTe BHUMaHHUE Ha IIBET BBINABIIETO OCAJAKa M 3amax. 3amuIiiTe HOHHOE W MOJICKYJIIPHOE
ypaBHEHUs MpoTom3a cMecH pacTBOpoB Alx(SO4)3 u Na,S.

Onwim 7. Haneiite B mpobupky 2 cM® pacTBopa cymbdaTa xpoma Cra(SOs); U Tyaa ke 106aBbTe 2
cM® pactBopa compl Na,COs. B pesynbTarte MOTHOTO IPOTOJIH3A BHIIANAET OCANO0K CEepo-3eIEHOr0 IIBETa
Cr(OH); wm BemensroTcss my3bIpbku yriaekucioro raza CO,. CocTaBbTe HOHHOE M MOJEKYISPHOE
YpaBHEHUS MPOTEKAIOIINX TPOIIECCOB.

Conep:xaHue oT4yeTa

Onwvim 1.
Tabnuya 4.2 Pesynrbmambl 9Kkcnepumenma
Ne dopmya BelecTBa [IBeT nHOUKaTOpa Peakuus cpenbl
1
2
3
4

[TonmyuyeHHble JaHHBIEC B ONbITax 2-7 3aduKcUpyiite B Tabnuie 4.5 no cieayrouiei popme:
Ta6mmia 4.3. Pe3ynprarel 2KCriepuMeHTa

Ne /1 | PearenTsl XuMHU4ecKas peakius HaoOmronenns

1

2

3
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KonTpoJbHbIE BOIPOCHI
ba3oBbIi1 ypoBeHb
1. Uto Ha3bIBaeTCs MPOTOIU30M?
2. Kakue conu nozasepraroTcs IpoToausy?
IToBBIILIEHHBIN YPOBEHD
3. IlpuBeauTe mnpUMEpHl YETHIPEX THUIIOB cOJiCH, OOpa30BaHHBIX CHJIBHBIMH WM CIaOBIMH
KHCJIOTaMH U OCHOBaHUSIMH.

Chucokx JUTEPATYPHI, peKOMeHIlyeMbIﬁ K HCI0JIb30BaHHIO 110 JaHHOI TeMe

OcHoBHas JInTEpaTypa:
1. Koposusn, H. B. O6mas xumus : yue6nuk / H. B. KopoBus. - 13-e uzn., nepepal. u gor. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipuin.: c. 461. -
Bubmnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpysKaromiei cpesl : XMMHUS KUBBIX opranu3MoB. Kypc nekiuii /
E. C. Muxanuna, A. JI. Iletenun. — M. : Uznarensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTPOHHBII // DneKTpoHHO-0MOIMoTeuHast cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: nis
aBTOPU3UP. MOJIb30BATEIEH
JonotHuTeILHAS JTUTEpPAaTYypa:
1. T'muaxka, H. JI. O6mas xumus / H. I'. I'nmunaka ; Tlox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : UnTterpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METajioB : yueOHoe nocodue (JUIst CTyJICHTOB XUMHUECKOTro (haKyybTeTa
HarpaBJIeHUH 0akanaBpoB « XUMHUD» U «XUMHUYECKask TEXHOJOTHs») / coctaBuTenu O. A.
I"'onoBanoBa. — OmMck : OMcKkHii rocygapcTBeHHbl yHUBEpeuTeT uM. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TeKcT : 351eKTpOHHBIH // DnekTpoHHO Oubimoreynas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum nocrymna: st
aBTOPH3HP. MOJIb30BaTeNeH
HNuTepHeT-pecypceb:

1 http://window.edu.ru/ — eanHOE OKHO JAOCTyMa K 00pa30BaTENbHBIM pecypcam

2 http://biblioclub.ru/ — ObC «YHuBepcuteTckas 6M0IM0OTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 3MEKTPOHHBIN KaTaIor acCCOLUMUAIUU STEKTPOHHBIX OMOINOTEK
yueOHbIX 3aBeieHnit u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — OBC.

5 https://openedu.ru — OTKpBITOE OOpa3oBaHue

Tema 6. PacTBopbl
JlaGopatopnas padora S. IIpou3BeaeHue pacTBOPUMOCTH
lens paOoTHI: W3ydeHWe YCIOBUII BBIMAJCHUS W PACTBOPEHHS OCAIAKOB M BiusHue I[IP
JNIEKTPOJIUTOB HA UX CIIOCOOHOCTD K MEPEOCAKACHHIO.
DopMupyemMble KOMIETEHIIMN WM UX YaCTH:

MNHupekc DopMyIHpPOBKA:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMOOOPa30BaHHIO
OIIK-4 MMOHUMaHWEM CYITHOCTH U 3HAYCHHS HH(POPMAIIMH B Pa3BUTHH
COBPEMEHHOT0 00IIEeCTBa, CIIOCOOHOCTHIO MOyYaTh U 00pabaThiBaTh
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nHGOPMaLIMIO U3 Pa3IMYHbIX HUCTOYHUKOB, TOTOBHOCTBHIO HHTEPIIPETUPOBATD,
CTPYKTYPHUPOBATh U 0OPOPMIIATH HH(HOPMAITHIO B JOCTYTTHOM ISl APYTHX
BH/JIE

I1K-5 CIIOCOOHOCTBIO MPUHKUMATh YYacTHE B paboTax Mo pacyeTy u
POEKTUPOBAHUIO A€Talel U y3710B MAlIMHOCTPOUTEIbHBIX KOHCTPYKLIUH B
COOTBETCTBUU C TEXHUUECKUMH 3aJIaHUSIMU U HCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEJICTB AaBTOMATU3ALIMHU IPOESKTUPOBAHMSI

Teopernyeckas yacTp

Yacto B XHMHUYECKHX pEaKIUsAX NPUXOJUTCS HMMETh JIeJO0 C PABHOBECHSIMH, KOTOPBIC
YCTaHABJIMBAIOTCS B TE€TEPOrE€HHBIX cHUcTeMaxX. Takod cHCTeMOUl SBIsSIETCS, HalpuUMep, HACBIIIEHHBIN
pacTBOp, CONPHUKACAIOIIMKCSA C OCAJKOM PacTBOPHMOro BemiecTBa. OcalioKk M HACHIIICHHBIM pacTBOp —
paznuuHbie a3kl FeTePOreHHON CUCTEMBI,

Ecnu xakyro-HHOYAb TPYAHOPACTBOPUMYIO COJlb, HaripuMep AgCl, mpuBeCTH B CONMPUKOCHOBEHUE
¢ Bojo#, To noHbl Ag' u Cl', U3 KOTOPBIX MOCTPOEHBI KPUCTALILI COJIM, MCIBITHIBAS TPUTSHKEHUE CO
CTOPOHBI OJNY)XKIAloIMX AWTOJNEeH BOIBI, OYIYT OTPHIBATHCS OT IOBEPXHOCTH KPHUCTAIJIOB M B BHJC
THIPATHPOBAHHBIX MOHOB OYIYT MEPEXOAUTh B PacTBOpP, HO HAPSAY C MPOIECCOM pacTBOpeHus Oyjaer
IPOXOJIUTH U CONPSHKERHBIN mporece — kpuctaumu3anus. Monst Ag” u Cl', cTanKuBasCh NPH JIBHKEHUH C
NOBEepXHOCThIO KpucTtaioB AgCl © HCHBITBIBAS TPHUTSHKEHHE CO CTOPOHBI MPOTHBOIOJIOKHO
3apsSKCHHBIX HOHOB KPUCTAJUIMYECKOW PEIIETKH, ACTHAPATHPYIOTCS M OCCNAIOT Ha IMOBEPXHOCTHU
KpucTauioB. CKOPOCTh KPHUCTAUIM3AlMK BO3pPACTaeT MO Mepe YBEIUYCHHS KOHIIGHTPALUU pPacTBOpa.
Kornma ckopoctd mpoleccoB pacTBOPEHUS U KPUCTAJUIM3AllMM CTAHOBATCS PaBHBI JpYr Jpyry, TO B
reTeporeHHOMN CHCTEeME pacTBOP — OCAJOK HACTYMAaEeT MOABHKHOE paBHOBECHE.

[omy4uuBImiics pacTBOp Ha3bIBAETCS HACHIIICHHBIM, TaK KaK B HEM COIEPIKUTCS TIPEEIIbHOE IS
JMAHHOW TEeMIepaTypsl KOJWYECTBO pPACTBOPEHHOrO BemecTBAa. B  HacwkimenHom pactBope AgCl
yCTaHaBIHMBAeTCA CIEyIollee paBHOBECHE:

H,0 -
AgCl =" Ag™ +ClI
TBépHas dasa HACBIIICHHBIN PacTBOP

HpI/IMeHHH K 3TOMY PaBHOBCCHIO 3aKOH JICCTBHS Macc U YUUTBIBasd, YTO KOHIOCHTpALUA TBépHOﬁ
(1)2131)1 HE BXOIUT B BBIPAXKCHUEC KOHCTAHTEI PAaBHOBECHUA, MOXXHO 3allCaTh:

K =[Ag+][Cl ].

DTO YypaBHEHHE TOKAa3bIBACT, UTO B HACLIUWEHHOM pAcmeope mpyOHOPACMBEOPUMO20
NeKMpoNUmMa npoussedeHue KOHYeHmpayuli e2o0 UOHO8 eCmb GeIUdUHAd NOCMOHHASL Npu OAHHOU
memnepamype. Jmy eqUUUNY HAZLIBAIOM NPOU3BeOeHUemM pacmeopumocmu u obozuauarom I1P.

Hanpumep, nuis manopacrsopumoro AgCl:

IIP(AgCl) = [Ag'I[CL ],

rae [Ag*] u [Cl'] — paBHOBeCHBIE KOHIIEHTPAIIUH, BRIPAKEHHBIE B MOJIB/ M.

PaBHOBecHas KOHIIEHTpamus JIOO0TO WOHA (DYHKIIMOHATHHO CBSI3aHA C JAPYTHM ITapaMeTpPOM
CHCTEMBI — aKTHBHOCTEIO, HAIIPUMED, Ul HoHA Ag':

a ag = fagr [Ag"].

Koadpdummmenr mnponmopiimoHAIEHOCTH — f,  Ha3bIBaeMBIM ~ KOY(PQPHUIIMESHTOM  aKTUBHOCTH,
XapaKTEepHU3yeT CTEMEeHb OTKJIOHEHUS CHCTEMBl OT HWICATBbHOW 32 CYET OJJIEKTPOCTATHICCKUX
B3aMMO/ICHCTBUI MOHOB, YYaCTBYIONIMX B M3y4YaeMOHN PEaKIUU, C TOCTOPOHHUMHU (MJIM COOCTBEHHBIMHU,
€CIi WX KOHIIGHTpamnus BbICOKAa) WMOHamu. B mpaeanbHOW cucreme ax = [A], Tak Kak KO3(pQHUIHEHT
AKTUBHOCTM paBeH eaunHuie (f = 1). DTo o03HAYaeT, YTO HJIEKTPOCTATHUCCKUE B3aUMOJCHCTBUS
OTCYTCTBYIOT.

Benuunna koadduienTa akTUBHOCTH 3d68UCUM OM 3apa0d U UOHHOU CUbl, CO3/1aBAEMOM BCEMHU
HOHAMU DJICKTPOJIUTOB, IPUCYTCTBYIONTNX B PacCTBOPE:

1 n
I = —ZCl-Ziz. (5.1)
20

rae I — monHas cuna;
[Ci] — paBHOBECHAsI KOHIICHTpAITUS NOHA,
Z; — €ro 3apsi.
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HerpynHOo ycTaHOBHTB, YTO MOHHAs CHJIa pacTBopa OMHapHOrO anekTpoiuTa (Tum AB) Bcernma
OyZIeT paBHa MOJIIPHOW KOHIeHTparuu dnekrpointa — L = C(AB); nns tpurapsoro (tun A;B wim AB»)
—p=3C (A2B) umu p = 3C (AB»); anst rerpanapnoro (tum AsB) — p = 6C (A3B).

Koa¢ppuumeHTsl akTHBHOCTH WHIMBHIYaJbHBIX HOHOB MOXKHO TEOPETHYECKH OICHUTH II0
dhopmynam Jlebast — XroKKes:

—lgf. = Azl-zx/f, ectn 1<0,01; (5.2)
Azizﬁ

—lgfi=—"—=, ecm [<0,lL (5.3)
1+ Ba1
3nech A 1 B — KOHCTaHTHI, 3aBUCSIIIE OT TEMIEPaTypbl U IUIICKTPUUECKON MPOHULAEMOCTH
pactBoputens (mis Boxmel mpu 20 °C A = 0,5 (tounee 0,509) u B =~ 0,3); a — paccrosHue
MaKCHMaJIbHOTO COJMKEHHS HOHOB; 3T BEIMYMHBI OOBIYHO TPHBOIATCS B CIIPABOYHBIX TaOJMIAX.
ITockonpky konmeGaHWs B 3HAYCHWSIX «@ HE CIHIIKOM CKa3bIBAIOTCS HAa KOHEYHOM pe3yJbTaTe,
pexoMeHyeTcs 6paTh ocTosiHHOE 3Hauenue a = 3 A°. CreioparenbHo,

_lf_O,Szl-z\/Y
s/i 1+1

KoaddummenT akTHBHOCTH WHAMBHUAYAIEHOTO MOHA HENB3S U3MEPHUTH IKCIIEPUMEHTAIBHO, TaK
KaK HeJb3d MOJYyYUTh PacTBOP, COAEPKAIMIA MOHBI TOJBKO OJTHOTO 3apsia. DKCIEPUMEHTAIbHO MOXHO
OTIPENENUTh JIHIIb CPEeIHUH KOAP(POUIMEHT AaKTUBHOCTH f: DJIEKTpONUTa AmB,, KOTOPBIH cBs3aH C
k03¢ puenTaM aKTHBHOCTH MHIUBUIYATbHBIX HOHOB fa U fB, COOTHOIICHHUSIMU:

f + = 4/ f A f B — A OunHapHOro AekTponaura AB;
f + = m+wn’ f IT f él — IJI 3IEKTPOJIUTa TUMa AmBn.

Cpemuuii K03(h(HUIMEHT aKTUBHOCTH MOYKHO PACCUMTATh U TEOPETHUECKH, MCIOMB3YsI (HOPMYJIBI
Jeb6as — XtoKKkens

(5.4)

~lgf, = Az yzg 1, ecmn 1< 0,01;
—lgf, = Az47pV! ﬁ,
T 1+Ball

3nech a, A u B umeror Te ke 3HaueHus, 4To U B hopmynax (4.3) u (4.4), mostomy
le f 0,5z 4Z Bﬁ
— g = .
+ 1++/1

st 6omree TouHOTO pacdera kodddunumenToB akTuBHOCTH (1ipu 1 > 0,1) mpuMeHSIOT ypaBHCHHE
JIaBHCa, KOTOPOE TIO3BOJISIET BHIYMCIUTDH KOIPPHUIIMEHTHI aKTUBHOCTH DJICKTPOJIUTOB U MHIUBUAYATbHBIX
noHOB Ay HoHHBIX cul 0,2 — 0,5 ¢ morpemHocteio, He npesbimatonieit 10%. Ypasaenue [zBuca s
kod(punpieHTa aKTHBHOCTH WHIUBUYIbHOTO HOHA UMEET BU/I;

1 f_O,Szl-z\/Y
ST

a i1 cpeTHero KO3 UIMEeHTa aKTHBHOCTH 3JIEKTPOIuTa AmBn
0,5z 4zp NI
—lg fi =
1++/1

Hus 6omnee Beicokmx moHHBIX cui (0,5 — 0,8) pekoOMEeHIYIOT NMpHUMEHATh ypaBHeHHe J[[3Buca
CJICAYIOIIETO BUJA:

ectn 1<0,1

(5.5)

—0,1z71, (5.6)

- O,IZAZB]. (5.7)



NI
1++/7

a U1 cpeaHero ko $uurueHTa akTUBHOCTH 3JIEKTponnuTa AmB,

JI
-1 =0,5z jzp| —=—-0,21 |. 5.9
gfy A4B 1+~J7 (5.9)

g f; = 0,527 ~0,21 |, (5.8)

Bennunabl k03()(QUIIMEHTOB aKTUBHOCTH MHIMBHLYaJIbHBIX HOHOB IIPH PAa3HBIX HOHHBIX CHJIAaX M
cpeanue KO3(D(UIMEHTH AKTUBHOCTH JUII PAacTBOPOB  3JIEKTPOJIMTOB pa3HOH KOHIIEHTPAIWH,
paccuntanuble mo Qopmynam Jlebas-Xiokkens, MPUBOAATCS B CIPaBOYHUKAX. 3Has KO3(UIMEHTHI
AKTUBHOCTHU, MO>KHO OLICHUTh aKTUBHOCTH MOHA WJIH 3JIEKTPOJIMTA B pacTBope. [ o0neruyenus pacueros
MOJKHO TTOJIb30BaThCS CIEAYIONINMH JOITyIIEHUSIMHU:

1 Koadduiumentsl akTHBHOCTH HMOHOB OAWHAKOBOTO 3apsiia HE3aBHCUMO OT pajuyca HOHOB
npuMepHO paBHbl. [losTOMy B cIpaBoYHMKax NPUBOAATCA WMHOTAA YCPEOHEHHBIC BEIMYHMHBI
k03 QUITMEHTOB aKTUBHOCTH JIJIsl OJTHO-, IBYX-, TPEX- U YETHIPEX3APSTHBIX HOHOB.

2 Koa¢dumenTsl akTHBHOCTH HEWTPaIbHBIX YacTHUIl B pa30aBICHHBIX PACTBOPAX AJIEKTPOJIUTOB
10J1araroT PaBHBIMHU €JUHHUILIE.

3 Oudenp pa3daBiICHHBIC pACTBOPHI DJICKTPOJIUTOB, HANpPHUMEp, HACHIIICHHBIH pPacTBOp
MaJIOpacTBOPUMOTO 3JIEKTPOJIUTA, MOKHO CIUTATH HICATHHBIMH.

YacTo npu pacueTax CIOXHBIX PaBHOBECHH KO3((HUINEHTHl aKTUBHOCTH NMPHUHUMAIOT PaBHBIMU
eauHune. Takoe NOMyIIEHNE ONPaBAAHO IO PAAY IPUYUH.

Bo-nepBbIX, BeNWYMHBI KOX(DQPHUIMEHTOB AKTHBHOCTH, HaWJeHHbIe Mo Qopmynam Jlebas —
XIOKKeIsI, MOTYT B 3THX CITydasX 0Ka3aThCs OYEHb JAJIEKUMHU OT UCTHUHHBIX.

Bo-BrophiX, BIMSHHE XHMHYECKHMX (aKTOPOB Ha paBHOBECHE Topa3fo OoJblue, 4YeM
3JIEKTPOCTATHYECKHUX CHJI, TO3TOMY IMPEHEOPEKEHNE MOCIECTHIMH TPU PacyeTax CIO0KHBIX paBHOBECHUN
HE BHOCHUT OIIYTHUMYIO MOTPENIHOCTh B PE3yJIbTaThI.

Ecnu monekyna TpyIHOpPacTBOPHMOrO BELIECTBA AWCCOLMHPYET C O0Opa30oBaHHMEM HECKOJIBKHX
OJIMHAKOBBIX NOHOB, HAIIPHUMED:

Pby (PO, ), <22 53Pp** + 2P0}

TO TIpU BBIYUCICHHUU TPOU3BCACHUA PACTBOPHUMOCTH JITOTO COCAMHCHHA KOHICHTpaluuu
COOTBCTCTBYIOIIINX MOHOB BO3BOJAATCA B CTCIICHU PABHBIC UX CTCXUOMECTPUYCCKUM KOB(b(i)I/IL[I/ICHTaMZ

IIP(Pb3(PO,),) =[Pb* 1’[PO; 1.

B oOmem cmydae, i MaqopacTBOPHMOIO CHUJIIBHOTO 3JekTposnuTa Tunma KtiAny, mnporomnus
pacTBOPUMOM YaCTH KOTOPOTO MPOTEKAET IO CXEME:

H
Kt An, PREL RN yAn©, (5.10)
BeIpaskeHue st [IP Oyaer uMeTs BT
IIP(Kt:.Any) = [KE" [ [An" . (5.11)

Css3p napamerpa [1P ¢ Benmmuunoit pactBopumoctu KtxAny oTpakaercs ¢popmynoii:
MOJIb HP(Kt An )
SM(KtxAny),ﬁzxﬂ’ al Y
™ x*y?

(5.12)

N

[IP(Kt, An,,)

S (Kt dn,), —— =¥t —— = M (Kt Any). (5.13)
M X7y

3nas 3nauenue [IP, MOXXHO MpeABUACTh BO3MOXKHOCTH IEPEX0/ia PACTBOPEHHOTO BEIIECTBA B
0CaJIOK WM HA000POT — IIEPEX0/1 0Callka B PacTBOP.

Ecnu npousBenenue KoHIeHTpanuii HOHOB pacTBopéHHoro BemecTBa (I1K,) MeHbpIe 3HaYeHHS
ero IIP, To Bemanenns ocagka He Oymer. Takoit pacTBOp Ha3bIBaeTCS HCHACHIMICHHBIM, H B HEM emIé
MOXET HWITH pacTBOPEHHE JaHHOro BellecTBa. B HaceimieHHoMm pactBope IIK, = IIP. Korna
MPOU3BEJICHHE KOHIICHTpAIlii HOHOB PACTBOPEHHOTO BEIECTBA CTAaHOBUTCS OOJbIIE 3HAYCHUS
MPOU3BEACHUS PaCTBOPUMOCTH, TO BBIIAJAET OCAJ0K.
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Taxum obpazom, Harmpumep, st AgCl:

a) B HeHachlmeHHoM pactBope 1K, = [Ag [Cl7] < TTPagcy;

0) B Haceiennom pacteope 1K, = [Ag [Cl7] = TP agcs;

B) B niepeHachienHoM pactsope ITK, = [Ag ][CI] > [TPagc.

HenacrIeHHBI pacTBOp KaKOTO-IMOO 3JIEKTPONIUTA MOXHO CIeNlaTh HACHIIMIEHHBIM H JIaXe
NIepEHACHIIICHHBIM, IPHUOABIISS K HEMY JJIEKTPOIUT, COJepKalINi 0OJTHOMMEHHBIE HOHBI. Hampumep, eciu
Kk HeHacbimeHHOMY pacTBopy AgCl mpunuBare HCI unu KCl, To MBI TeM caMbiM OyZeM yBEIUYWBATDH
KOHIICHTPAIIMI0 HOHOB XJIOpa, 4TO MpuBOIUT K yBenuueHuto [1K,. B Tor Mmoment, xorma I1Ka.ci cTaner
6omnpme ero ITP (1,56-107'%), mpousoiiner Brimanenne ocanka AgCl.

Hdns  pacTBOpeHHs OcCaJKa TPYAHOPACTBOPUMOIO DIEKTPOJIUTa HEOOXOJUMO YMEHBIIUTH
KOHIICHTPAIIMIO €T0 MOHOB B pacTBOpe A Toro, yToOwl BenmumHa ero [IK, crama mensme [1P. Dtoro
MOJKHO TTOOWTHCS, CBA3BIBAas OJWH M3 MOHOB TPYIHOPACTBOPHMOTO BEIIECTBA C MOHOM OOABISIEMOTO
peakTrBa B cnaboIUCCONUUPYIOIIEe HTH JIETyYee COSANHEHHUE.

PactBoprMOCh Ocajika MaOpacTBOPUMOTO BJIIEKTPOJIUTA YBEIWYUBACTCS TAaK)Ke MPH HATUYHUU B
€ro HaCBIIIIEHHOM PacTBOpPE MOCTOPOHHHX HOHOB — 3TO SIBIIEHHE HA3BIBAIOT cojegbiM dhdexmonm. Tax,
HanpuMep, YBEIUUMUBAECTCs PacTBOPHUMOCTh ocagka BaCOs mpu BHECEHWH B €r0 HACBIMIEHHBIA PacTBOP
HekoToporo konudectBa coian NaNO; mwim KBr u ap. Bo3zpacranue pacTBOpUMOCTH MaliopacTBOPUMBIX
OCaJKOB CHIJIBHBIX OJJIGKTPOJIUTOB B TPUCYTCTBUH TIOCTOPOHHUX HMOHOB OOBSCHSETCS YBEITUYCHUEM
HMOHHOM CHUJIBI pacTBOpa.

Urak, pacTBOpeHHE 0cagKa MOXKET IPOUCXOIUTE!

1) mpu 0Opa3oBaHUN PaCTBOPUMOTO CIa00IUCCONUUPYIOMIETO SIEKTPOIIUTA!

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

2) mpu 00pa30BaHUN Ta3000Pa3HOTO COCTUHEHUS:

FeSY+2H' — Fe** + H,S 1T

3) npu 0Opa3oBaHUU CIAOO0ANCCOIMUPYIONIETO KOMIUIEKCHOTO HOHA:

AgCl{ +2NH; —[Ag(NH5),1" + Cl~

4) IpU OKUCIIUTCIBHO-BOCCTAHOBUTCIIbHBIX MTPOLECCAX:

CuS ¥ +4H" +2NO; — Cu*" +2NO + SO, +2H,0

5) Ipy HAJIMYUH TOCTOPOHHHUX HOHOB.

OO0opynoBanmne 1 MaTepHAJIbI
PacTBOp aMMuaka (KOHIIEHTpaIlis pacTBopa aMMHaka pasHa 0,1 MoJb/am’)
Pactsop xnopuna ammonus, C(NH4Cl) = 0,1 moms/am’
PacTBOp XJIOpHIa MarHKs ¢ MONApHO# kKoHmenTpanueit C(MgCly) = 0,1 Moms/av’.
Kpucrannuueckuit noj
Mukpommnareins
HacplmeHHs1i pacTBOp HOIUAA KU
Xnopun kanbius (C(CaCly) = 0,1 monb/mam’
PactBop kapOoHaTa u cynbhaTa HATPUS
Jemmmmonspusiii pactsop HCI
. PactBop NaxS
. Conp nuHKa ¢ MOJISIPHOM KOHLIEHTpanuel nocneaneit 0,1 MOJIB/ M
. Cactop HCI, C(HCI) = 2 mons/am’
. PacTBOp yKCYCHOM KHCIOTBI
. PactBop cymbuna varpust (C(NaxS) = 0,1 Moms/mm’)
. Heunmonspuslil pactBop CuSO4 1 FeSO4
. Consnas xucnota (C(HC1) = 0,1 Moms/mm?).
. PactBop mutparta cunma, C(Pb(NOs),) = 0,1 Mons/mm’,
. PactBop cymbdata u cynsduna natpus ¢ kornenTparmuamu C(NaxSO4) = C(NaxS) = 0,1 moms/mm?
. PacTBOp Xpomara kanus

XN b DN —
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Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboTel B XUMHYECKON 1abOpaTOpWu [OJKHBI MPOBOJUTHCA MPHU HCIPABHOM
3JIEKTPOOOOPYI0BAHUH, STCKTPOIPOBOJIKE, IPABUIBHO 000PY/I0BAHHOM BBITSHKHOM IIKady.

2. T'a30BbIe KpaHBI ¥ Ta30TPOBO/T JTOJDKHBI HAXOAUTHCS B UICTIPABHOM COCTOSIHHH, TIEPHOTNIECKH
MIPOBEPSTHCS.

3. Pabouee mecTo comepkaTh B MOPSIKE U YHCTOTE.

4. Cyxue peakTuBHI TpeOyeTcs OpaTh YMCTHIM IIMATENEM WIN CHeIUATHHON JIOKEUKOM.

5. W3numex peakTuBa HE BEUIMBATH OOPATHO B COCY, U3 KOTOPOT'O OH OBLT B3ST.

6. Bce ombITHI € BPCAHBIMHA U IMaXHYIIUMHU BCHICCTBAMH, a TAKKEC YIIapUBaAHUC KHUCJIOT U KHUCJIBIX
PacTBOPOB MPOBOJUTH B BBITSKHOM KAy .

7. OcrtaTku coeqUHEHHH cepedpa CIIMBATh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHWU PACTBOPOB B MPOOMPKE BCerja CleAyeT AepxKaTh e€ TaKuM 00pa3oM, YTOObI
OTBEpCTHE MPOOUPKH OBUIO HATIPABJICHO B CTOPOHY OT Pa0OTAOILIETO PSIOM COCea.

9. He HaKIIOHATH JHIIO HAJl HATPEBAEMOH JKUIKOCTHIO WIIH CIUIABIIIEMBIM BEIIECTBOM.

10. He crienayer BapixaTh Naxyd4ue BEIIECTBA M Ta3bl, OJIM3KO HAKJIOHAACH K COCYIAY C STHMH
BCIICCTBAMHU. Hroxats BeIIECCTBA MOXXHO JIMIIb OCTOPOIKHO, HAIIPABJIAAd K 0666 napbl WIK ra3 JBUKCHUEM
PYKH.

11. XpaHUTH pacTBOPHI KOHIIECHTPUPOBAHHBIX KHCIIOT U MIEIOYCH B BRITSDKHOM IIKady.

12. BrumBaTh pa30aBICHHBIC KUCIOTH U MIEJIOYHBIE PACTBOPHI CIICTYET B CIMBHYIO CKIITHKY.

13. Kareropuyecku 3ampeniaercs: npoO0OBaTh XUMHUUECKUE BEIIECTBA HA BKYC.

14. Ilpu pabote ¢ JIETKO BOCIUIAMEHSIOIIMMIUCS BemecTBaMu (3(UPBI, OCH30JI, CEpOyTriaepoa U
T.,II.) HE JOJIKHO OBITH pAAOM OrHA M BKIIFOUCHHBIX ITUIUTOK.

15. Ilpu paboTe CO CTEKIOM, XHMMHYECKOW TOCYIOH, HEoOXoauMo coOmogaTh mpaBuiia
MPEIOCTOPOKHOCTH BO M30ekaHMe PAaHEHUH OCKOJIKAMH CTEKJIA.

16. Kareropuuecku 3ampeniaeTcsi OCTaBIATh paboTaromine IpruOopsl 63 HaOII0IeHN.

21. B xumMudeckoii 1abopatoprn HeoOX0uMO paboTaTh B Xajare.

3ananus

OmeiT 1. B 1Be mpoOupkm BHeCTH 10 1 cM® pacTBOpa aMMmaka (KOHIIEHTpAaIHs pacTBOpa
ammuaxa pasHa 0,1 mMons/mM’). B omHy mpoOupky m06aBUTH 2 ¢M® BOIBI, B APYTYI0 2 CM°® pacTBopa
xnopuzna ammonusi, C(NH4CI) = 0,1 moms/nm’. Tlocne sToro B 06e mpobupku BHecTH Mo 1 cM® pacTBopa
XJIOpHIa MarHKS ¢ MONSIpHO# KoHmenTpamueii C(MgCly) = 0,1 Mons/mm’. OGpaTHTh BHUMAHHE HA TO, UTO
0CaJI0K BBINIAAET TOIBKO B POOUpPKE, Te HET XJIOPHIa aMMOHHUS.

OmnpiT 2. B aBe mpoOupku BHECTH MO | MHUKpOIINATENIO0 KPHCTAUIMYECKOTO Hojaa. B mepyto
po6UpKy 100aBUTH 2-3 cM® BOJBI, BO BTOPYIO CTONBKO K€ HACBHIIIEHHOTO PAacTBOPAa MOAMIA KajHs.
Y6enuThcsi, 4TO MO/ MaJI0 PACTBOPSIETCS B BOJIE, HO XOPOIIIO PACTBOPSIETCS B HOIUIC KA.

OmpiT 3. B AByX mpoOupKax MOMyYUTh OCagKd KapOoHaTa M cyibdara Kajdblus ACHCTBHEM Ha
pactBop xnopuza kaneims (C(CaCly) = 0,1 monb/nm’), pacTBopamu kapGoHata U cyibdara HaTpus. B
00e pobupku 100aBbTEe AeMMONIApHBINA pacTBop HCI. 3amerhTe, 9TO MPOMCXOANUT PacCTBOPEHHUE TOIHKO
KapOoOHaTa KaJIbIHS.

OmeiT 4. B 1ByX mpoOupkax moay4yuTh ocagku ZnS neiicTBueM pacTBopa Na,S Ha pacTBOp cosid
LIUHKA C MOJIIPHOM KOHUEeHTpauuen nocaeanei 0,1 Mous/nM°. B onHy npobupky mo6asuts 0,1 MOJIB/IM>
pacteop HCI 50 pacTBopeHHs ocaika, B APYyTyko Takoif e 06bEM 0,1 MOIB/IM® pacTBOpa yKCYCHOM
KUCJIOTBI. Y O€ANTHCS, UTO B YKCYCHOM KHUCIIOTE CyIb(pU LIMHKA HE PACTBOPSETCA.

OmnprT 5. B 1BYyX npobupkax moyunts ocanaku CuS u FeS B3aumozeiicTBrueM pacTtBopa cyibhuaa
Harpus (C(NaxS) = 0,1 moms/mv?), ¢ mermmMonspHeiME pactBopamu CuSO4 u FeSO4. B 06e mpobupku
N06aBUTH OJJMHAKOBBIE 00BEMBI pacTBopa cosHoi kucnotsl (C(HCI) = 0,1 Mons/am’).

OmnsiT 6. B omHOM mpobupke momyuuth ocanok PbSOs4, B npyroit — ocamok PbS neiictBuem Ha
pactBop mHuTpara cunna, C(Pb(NOs),) = 0,1 Mons/mM°, pacTBopamu cymbhaTta H Cyab(GHuIa HATPHUS C
xonnentparuamu C(Na,SOs) = C(Na,S) = 0,1 mons/am’ cooTBeTcTBeHHO. B 06 MpoOUpKH 106aBUTH
oIMHAKOBEIH 00BEM 0,1 Momb/mM’ pacTBOpa XpoMaTa Kajius M TIIATENbHO HepeMemarh. OTMETHThH
W3MEHEHHE [BeTa 0CaJKa B OAHOHN U3 MPOOUPOK.

Conep:kanue oTyera
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Oneir 1. Hammcats ypaBHeHust oOpazoBanus Mg(OH), B MOJeKynsipHOM W HOHHOM BHJIE.
Jlokazatp pacu€ToM BO3MOXKHOCTH BbIManeHUss B ocamok Mg(OH), Tompko B otcyrctBum NH4Cl,
ucnonn3ys 3Hauenue [IP(Mg(OH),).

OmnpIT 2. YO6enuThes, 9TO MO MaJI0 pacTBOPSETCA B BOAE, HO XOPOILIO PacTBOPSIETCS B MOIHIE
kamust. Uem 310 00BsacHUTE? COCTaBUTH ypaBHEHHUE peaKIUH B3amMoJeHCcTBUSA moma ¢ KI B MOHHOM H
MOJIEKYJIIPHOM BUJIE.

Omneir 3. Kak, mpumensisi nonsitue [IP u 3Has ycloBUS pacTBOPEHUS OCAIKOB, OOBSCHHUTH
HaOmogaemoe sieneHne? CocraBuTh ypaBHeHHs! peakuuu pactBoperus CaCO; B HCl B monHOM U
MOJIEKYJIIPHOM BUJIE.

OnbIT 4. OOBSCHUTE, TOYEMY ZNnS pacTBOPSIETCS TOJIBKO B COMSTHOM KHCIIOTE, YUUTHIBASI MalyIo
pacTBOpuMOCTb 1 jieTydecTh HoS. CoctaBuTh ypaBHeHHs B3auMoaericTBust Mexxay ZnS u HCl B monHOM
Y MOJICKYJIIPHOM BUJIE.

OmnepiT 5. OTMETUTH pacTBOpeHne ToNbKO FeS u 00bsacHuTE 3T0, uctionk3ys 3Hadenue [1P mis FeS
u CuS. CoctaButh ypaBHeHHs B3aumozaencTeus mexxay FeS nu HCl B mOHHOM 1 MOJIEKYJISIpHOM BHE.

OmeiTr 6. OOBSICHHUTE TIpOUCXOAAIIEe, TONB3ysAch 3HaueHusMu [IP mus PbS, PbSOs m PbCrOs.
CocTaBuUTh ypaBHEHHS COOTBETCTBYIOIINX PEAKIIHI B MIOHHOM M MOJIEKYJIIPHOM BHUJE.

KonTpoJbHbIe BOPOCHI
ba3oBbIi1 ypoBeHb

1. ChopmynupyiiTe MOHATHE «IIPOU3BEACHHE PACTBOPUMOCTH». Il KaKOro TUMa COCAWHEHUI
ono npumenumo? llpuBenure npuMepsl.

2. Hamummre ypaBHEHMs IPOLIECCOB MPOTONIN3a I cienyromux coeaunenuit: CaCOs, AgrCrOq,
AI(OH);. Kak OyayT BBITIISIAETh COOTBETCTBYIONIHME WM BBIPAKEHHS MPOU3BEIACHHUN DPacTBOPUMOCTH?
Haligure nx 3Ha4eHHs B CIPABOYHUKE U 3aITUILNTE.

3. Yro takoe akTuBHOCTH? MoHHas cuna pactsopa? [lpuBenure GopMyIibl Ui X pacueTa.

I1oBBIILIEHHBIN YPOBEHD

1. Kak cBszans! I1P 1 pacTBOpHUMOCTE MajJOpacTBOPUMBIX CHIBHBIX JICKTpoTOB? OToOpasnure
3Ty cBA3b Ha mpuMepe AgzAsOs.

2. Ilepeuncnure yclOBUS pPacTBOPEHMsI OCAJKOB MallOpacTBOPUMBIX BemiecTB. Kak MOXKHO,
HanpuMep, pacTBOpuTh ocanok Zn(OH),?

3. Kakoe sBieHME Ha3BIBAIOT «COIEBBIM dpdexrom»? [IpuBenuTe mpuMepsl.

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCIIO0JIb30BAHUIO N0 TAHHOW TeMe
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: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxamuna, E. C. Xumust oKpy»Karomei cpeisl : XuMUs )KUBBIX opranu3moB. Kypc nekiuii /
E. C. Muxanmuna, A. JI. Ilerenmun. — M. : U3patensckuit Jlom MUCuC, 2011. — 64 ¢. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTPOHHBIH // DneKTpoHHO-0nOIMoTeuHast cuctema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: nis
aBTOPU3UP. OJIb30BATEIEH
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M. : Unterpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpenm. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XuMus METajioB : yueOHoe nocodue (JUIst CTyICHTOB XUMHUECKOTro (haKyybTeTa
HarpaBJIeHUH 0akanaBpoB « XUMHU» U «XUMHUYECKask TEXHOJOTHs») / coctaBuTenu O. A.
I"'onoBanoBa. — OmMck : OMcKkmii rocygapcTBeHHbl yHUBepeuTeT uM. @.M. JlocToeBckoro,
2015. —552¢c. —

ISBN 978-5-7779-1875-8. — TeKcT : 351eKTpOHHBIH // DnekTpoHHO OubimoreyHas cucrema [PR
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HNuTepHeT-pecypceb:
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Tema 6. PacTBopbl
JlabopaTopHasi padora 6. PactBopbl
Henp pabGoTbl: OCBOWTH METOIMKY HPHTOTOBICHHS PACTBOPOB 3aJaHHOM KOHIICHTPAIHH.
OCBOUTH apEOMETPUUECKHUI METOJ U3MEPEHHUS TJIOTHOCTH PACTBOPOB. Y CBOUTH MOHSATHS a0COTIOTHOM U
OTHOCHUTEIBHON NOTPEIHOCTEN U3MEPEHUM.
DopmMupyeMble KOMIETEHIIUH WJIH UX YaCTH:

MNHupekc DopMyIHpPOBKA:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3aIMK U CaMOOOPa30BaHHIO
OIIK-4 MMOHUMaHWEM CYITHOCTH U 3HAYCHHS HH(POPMAIIMH B Pa3BUTHH

COBPEMEHHOT0 00IIIeCcTBa, CIIOCOOHOCTHIO MOyYaTh U 00pabaThIBaTh
H(pOpMaNHIO U3 Pa3INYHBIX HCTOYHUKOB, TOTOBHOCTHIO HHTEPIPETHPOBATS,
CTPYKTYPHPOBATh U OPOPMIIATH HH(HOPMAITHIO B JOCTYITHOM ISt APYTHX
BHUJIC

I1K-5 CHOCOOHOCTBIO MPUHUMATH Y4acTue B paboTax 1o pacueTry u
HPOEKTUPOBAHUIO JICTATCH U y3JI0B MAIIHHOCTPOUTEIBHBIX KOHCTPYKITHI B
COOTBETCTBUH C TEXHUYECKUMHU 33/IaHUSIMH U UCTIOJIb30BaHUEM
CTaHAAPTHBIX CPEACTB aBTOMATH3ALUH IPOSKTHPOBAHUS

Teopernyeckas yacrp
Pacmeopamu nasvieaiom 2omozennvie cucmemsvi, cocmosawue U3z 08yx u Oojiee KOMNOHEHmMOos, a
maxoice NPooyKkmos ux e3aumooelicmsus. Hanprumep, BOJHBIN pacTBOp CEPHOI KHUCIOTHI COIEPIKUT: BOLY
(pacTBOpuTENE), ruApaTtHpoBaHHkble HoHE HSOs xH,0, H'xH,0 u SO42xH,0.
Cnoco0bl BbIpa:KeHUs1 KOHIEHTPAIIUM PACTBOPOB
Bakneiimei xapakTeprCTUKON PacTBOPOB SIBIIICTCS UX KOHIIGHTPAIMS — Macca MIIM KOJHMYECTBO
BEIIIECTBA, COJIEpXKAIMECs B ONPESIIEHHON Macce Uil 00beMe pacTBOpa UM PACTBOPHUTETIS.
Maccoas goms BemiecTBa X — Macca Bemiecta m(X) (B 1), conepkamasica B 100 T pactBopa:
(X)
a)(X),%:ﬂ-IOO (6.1)
"M p—pa
MonsipHas KOHIIEHTpAIMs — KOJWYECTBO MOINb BemiecTBa n(X), copepkaimieecss B OJHOM
kmtorpamme (wmm B 1000 r) pacTBopuTENs:

Cm (X, MOJIb _ n(X) m(X)

M(X)

MousipHasi KOHIIEHTPALKS — KOJIMYEeCTBO MOJIb BemecTsa n(X), cofepikaiieecs B OJHOM AM’ (M
B 1000 cm®) pacTBOpHTENS:

Cyr (X),

-1000 = -1000 (6.2)

KT My 15 My 15

MOTE - X)) 1000=— "% 1000 6.3)

AM p-Jist (X)Vp—ﬂﬂ

MonsipHass KOHIIEHTpalus KOJMYECTBAa OKBHBaJeHTa (HOPMAIBHOCTh WIIM OSKBHBAJICHTHAS
KOHIIGHTPAITNS) — KOJIMYECTBO MOJIb SKBHBAJIEHTA BEIeCTBa X, cojeprkameecs B ogHoM am° (wam B 1000
cM’) pacTBOpHTENS:
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n(iX)

cLx), S = 1000 = 1’"(X) 11000, 6.4)
oo Vo M(— X)Wy
Zx

rie n(L) U M(—) — KOIMYEeCTBO MOJIb DKBHBAJICHTAa BEIIECTBA (B MOJb-3KB) M €r0
Z X Zx

JKBUBaJCHTHas Macca (T/MOJIb) COOTBETCTBEHHO.

IHpumeuanue. Uncno Zy Ha3bIBAIOT IKEUBANEHMHBIM YUCIOM VI YUCIOM IKEUBANEHMHOCU — Ly
> 1. 3HaueHue Zy ONpeAesAIoT M0 XUMHUYECKOH peaKkIMy, B KOTOPOH y4acTBYeT JaHHOe BeulecTBo. Tak, B
YaCTHOCTH, AJIS BEIIECTB, y4acTByIomUX B OB-peakuusax, SKBUBaJIEHTHOE YUCIIO Zp Al BOCCTAHOBUTENS
PaBHO YHUCIY 3JIEKTPOHOB, KOTOPOE OH OTHAET, a Ul OKHCIMTENS — YHCIY BJIEKTPOHOB, KOTOPOE OH
npuHUMaeT. Hampumep, mis annoHa MnO4 B 3aBHCHMOCTH OT XapaKTepa peakiuu Zyx MOXKET OBITH
paBHo 5, 3, 1, HanmpuMmep:

MnO; + 8H" + 5¢” — Mn*" + SH,0; Zx = 5; 9(MnO4 ") = 1/5 Mois;

MnO4 + 2H,0+3e” — MnO; +40H"; Zx = 3; D(MnOy4 ) = 1/3 Mob;

MnO; + le” — MnOs 2 ; Zy = 1; D(MnO4") = 1/1 Mo,
CrnenoBaTenbHO, B 3THX PEaKIUsIX SKBUBAJICHT okuciutens MnO4” coOTBEeTCTBEHHO paBeH 1/5, 1/3 u 1
MOIJT.
Heo0xoammo Bcerja MOMHHTD, 9TO 3HaAUE€HHE SKBHBAJIEHTA JIIOO0TO BemecTBa X He MPEBHIIIaeT
equHuIBL T. €. D(X) < 1.
OmnpeneneHue SKBUBAIICHTHBIX YHCENl HEOAMHAKOBO JIJIsl 0OMEeHHBIX 1 OB-peaxiuii.
B 00MeHHBIX peakIusax SKBHBAJICHTHOE YHCIIO OMPEIENSIOT [0 CTEXHOMETPUH peakiuu. Ecim s
peaxiuy BUa:
VAA+VBB = VcC + vpD (85)
Ha OJIMH MOJIb BelecTBa A TpeOyeTCs Vi/Va MOJIB BemecTBa B, To Za= vp/va.

[Tone3Ho 3HatTh, 4TO 0151 00HOoOCcHO8HbIX Kucaiom (Tuna HF, HC1, HBr, HI, HNO,, RCOOH wu np.)
u ooHokucromuwix ocnosanuii (tuna NH4OH, LiOH, NaOH, KOH, CsOH, RbOH wu np.) sxeusarenm
6ce20d pagen 0OUH MOJb.

J171st MOJTMOCHOBHBIX KUCIIOT U TIOJMKUCIOTHBIX OCHOBAHHI BEJIMYUHBI IKBUBAJICHTOB 3aBUCST OT
Tumna peakuuil. Tak 1y peaknun:

H,SO4 + 2KOH = K,SO4 + 2H,0,
Z (H>S0y4) = 2, a sxsusanenm ceproui kucromsl — I(H>S0y4) = %2 monv, max kax Ha 00uH Mojv
H>S0, mpebyemcs 2 monw (06a sxsusanenma!) KOH.
[nst peakuuu:
H,SO4 + KOH =KHSO4 + H,O
Z(H,S0y4) = 1, a sxsusanenm ceproti kuciomol — I(H:804) = 1 mons, max kax ¢ 00uH Moo
H3S0, peazupyem 1 monw (00un sxeusanenm!) KOH.

MonbHast 1oy — OTHOIICHHE KOJMMYecTBa MoJb BemecTBa N(X) K 00meMy 4HCITy MOJIb BCEX

BemecTB Ny (Xji), COCTaBIAIOMUX PacTBOP:

N(X
a(x)y=-YE)
Ny (X 1')

Tutp pactBopa BemectBa X — Macca BemectBa m(X) (B T), coaepKamascs B OJHOM cM’
pacTtBopa:

(6.5)

2 m(X)
3 - .
Tutp pactBopa BemecTBa B mo ompenensemomy BemecTBy X — macca BemiectBa m(X) (B 1),
COOTBETCTBYIOIIAS OJTHOMY CM® CTaHJAPTHOTO PacTBOpa BelecTsa B:

B/ x), f = ™M
( ) CJl/l3 V(B)p—pa

T(X), (6.6)

(6.7)
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BecbMa BayKHBIM MapaMeTPOM PacTBOPOB SIBISETCS UX IIOTHOCTh — OTHOIIIEHHE MACChl pacTBOpa
(B xT) K 00BEMY 3TOTO pacTBOpa:

KZ mp-pa
p,—5 = - . (6.8)
M p-pa

Ipumeuanue. B XuMuy yaie NPUMEHSIOT Pa3MEPHOCTh MIOTHOCTH PACTBOPOB B I/CM”.
Jns mpoBeneHUs] pacyeToB IMoJie3HO 3HaTh Gopmyiny (8.10), cBA3BIBAIOIIYIO KOJMYECTBO MOJb
HKBUBAJICHTA BeIeCTBA X C Pa3IMYHBIMHU BUAAMHU KOHLCHTPALMA €ro pacTBOPOB.

w L ), wom m(lX) _ T(X)lV(X) _ T(B/)l()V(B) _
Zx M(—X) M(—X) M(—X)
Zy Zy Zy
1
_ C(; X (x) _ O(X).%pp-pa V' (X) _ (6.9)
1000

100M (i X)
Zx
[Ipu npUroTOBIEHUN PACTBOPOB C Pa3IMYHON MAcCOBOW I0JIeH BeChMa IOJIE3HBIM SIBISAETCS Tak
Ha3bIBaeMOE ITPABIIIO CMEIICHHMS (WIIH ITPABUIIO KKPECTA»).
Cxema «KkpecTa» UMeeT BHI:

o,% — my, T
ox, % (5.10)
2, % — mp, T,

rae i, % 1 ®2, %o — MacCOBBIC TOJIU UCXOTHBIX PACTBOPOB;

m; U M, — MacChl UCXOJHBIX PACTBOPOB (B T) MOCJE CMEIICHUS KOTOPBIX, OyIET MOIYUYSH PacTBOP
C MaccoBOM goneh wx, %.

Honnoe npoussenenne soasl u pH pacrteopos

Bonma oTHOCHTCS K O4YeHb CJIa0BIM JJIEKTPOJHUTAaM, W mporecc e€ mporonm3a (pacmaga WiIH
JUCCOIMAIINN) SIBISIETCS OOpaTUMbIM. PaBHOBecHEe B STOM IIPOIECCE CMEIIEHO BIEBO, B CTOPOHY
00pazoBaHUS MOJICKYJT

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

Ilpumeuanue. 1IpoTOMM30M HA3BIBAIOT TIPOIECCHI KHUCIOTHO-OCHOBHOTO B3aWMOJCHCTBHS,
MPOTEKAIOIIHNE C YIACTHEM PACTBOPUTENS (7151 BOAHBIX PACTBOPOB — 3TO MOJEKYJIBI BOJIBI).

Koncranrta nporonu3sa Bojsl mpu 22°C uMeeT clenyroiiee 3HaueHHEe

+ —
_[H7][0H ]
=
[H,0]
Tak kak mpOTOIM3 BOJABI BEChMa HE3HAUUTENCH, TO PABHOBECHYIO KOHIIEHTPAIMIO MOJIEKYJ BOJIBI
MOXXHO TIPUHSTH 33 TMOCTOSHHYIO BEIMYUHY, YNCICHHO PaBHYIO ee 00Iel MOJSpPHOW KOHIEHTPAINH, TO

ecth cuutaTh, uto C(H,0) = [H,0] Moms/am’.
posenem pacuer (mpu ycaosun, uto p(H.0) = 1r/em’® u M(H0) = 18 1/M0iB):

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

€CTh MOJIIpHas KoHIeHTparws Bobl, To ecth C(H20) = 55,56 MOJIB/ M.
[Ipencrasum (8.13) B criegyromem Bue:

[H1[OH 1=K ,[H,0]

IToacraBus B (8.14) U3BeCTHBIC BETUYHHBI, TIOJYYNM BEITUIHHY ITPOU3BEACHI KOHIICHTPAITAN
HNOHOB I'MIPOKCOHUA 1 MOHOB T'MAPOKCHUAA:

=18-1071. (6.12)

B 1 1M Bomsl comepxutes n(H,0) = ~ 55,56 Moyb — 3Ta BETUIMHA U
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[H*[OH 1=18-10"°.5556=10""" =K. 6.13)

Urax, npomssenenne Ky, = [H'][OH] = 10" mna umcroif BoAgsl M ee pacTBOPOB, SABIAETCS
BEJIMYMHOW TTOCTOSIHHOM M HA3BIBACTCS UOHHBIM NpouzsedeHuem Bojbl (o0o3Havaercs Ky ).

C coBpeMEHHOU TOYKH 3peHHUsl HEe onHa Moiekyina Boasl H,O, a e€ aumep — HiO, mnu 2H0,
HOBEPrasch MPOTONM3Y (pacnanasch), 00pasyeT oauH KathoH rugpokconus (H;O") u ogun rugpoxcus-
WOH:

2H,0 << H;0" + OH"
B YHCTOU BOJZIE KOHLIEHTpALHs 3THX HOHOB paBHa u COCTaBIISIET

[H,0"1=[OH 1=~10""* =107 monv/om’.

B kucnpix pacTBOpax KOHIIEHTpAIUs MOHOB THAPOKCOHUS OOJBINE KOHICHTPAIMH THIPOKCHI-
nonos: [H;0']> [OH].

B mienmounsix pacTBopax, Ha000pOT, KOHIeHTparust HoHOB OH™  0oJbIlle KOHIICHTPAIMU HOHOB
Bojopoaa: [H;O'] < [OH].

Onnako mpomssenenne [H;O'] u [OH ] B moGomM pacTBope (KHCIOM M INEIOYHOM) SBJISETCS
BEJIMYMHOMN MOCTOSHHOM.

HUcnonw3ys nonHOE nipousBeicHrne Boabl Ky, MOXKHO paccuuTarh:

a) KOHIIEHTPAIIIO HOHOB THAPOKCOHUS B PACTBOPaX OCHOBaHHM

(0t =K (6.14)
[OH "]
0) KOHIIEHTPAIUIO THAPOKCH/I-MOHOB B KHCIIOM PacTBOpE.
[OH = K, . (6.15)
[H307]

Ucnons3ys BemmuuHy Ky ymaercs xapakTepu30BaTh KHCIOTHOCTb M OCHOBHOCTH PAacTBOPOB IO
KOHIIEHTPAIUH TOJIBKO HOHOB T'MIPOKCOHHS.

Hampuwmep:

a) B pacTBope consiHoi kucaoTsl ¢ C(HCI) = 0,1 monb/mM® (cumTas MPOTOIN3 KMCIOTHI TONHBIM,
to ecth A HCl) = 1) KoHIIEHTpalKsi HOHOB BOJIOPOJIa PaBHA KOHIICHTPAIIMH KUCIIOTHI, TaK KaK MPOTOJIH3
KUCJIOTHI MTOJTHBIH, CIIEA0BATEIbHO!

[H;0']1=0,1 moms/mm® wmm  [H307] = 10" Moms/nm>;

6) B pactBope ¢ C(HCI) = 0,001 moms/am* (0= 1)

[H;0"]=0,001 = 10~ moms/am°>.

B) B pacTBOpe IIEJOYM, HAIpUMep, ¢ MonspHoil konmenTpauueit C(NaOH) = 0,1 moms/am’,
KOHIICHTPAIHs THIPOKCHI-HOHOB paBHA KOHIEHTPAIMH IMIETIOYH, TaK KaK MPOTOJH3 MIETOYH MPOTEKaeT
nomuocthio (a(NaOH) = 1). Cnenosatensso, [OH] = 0,1 = 10™" mMons/nM’. YunTsiBas B3auMHYIO CBS3b
nonoB [H;O"] u [OH'], mosBiuseTcs BO3MOMKHOCTh XapaKTEPU30BAaTh 3TOT MLIENOYHOM pacTBOP IO
KOHLIEHTPALMX HOHOB [H;0"]:

K, 107

1 :10_13 MOJIB/IM>;
[OH™] 10~

[H307]=

r) B 0,001 M pactBOpe
[OH ]=0,001 = 10~ mons/nm’;

K, 107
[OH™] 1073

Jus OGompmiero yaoOCTBa XapaKTEPUCTHKY PEAaKIMH CpeAbl BBIPAKAIOT HE KOHIIEHTpAIHe
BOJOPOJHBIX HOHOB, TO €CTh BEIIMYMHAMHU C OTPHUIATEIBHBIMU TIOKa3aTeIsIMH CTCICHH, a TakK
Ha3bIBAEMBIM BOJIOPOJIHBIM TMOKa3aTeneM pH.

pH — necarnunsrii morapudmM KOHIIEHTpAIIMKA BOJIOPOJIHBIX HOHOB, B3SITHIX C OOPaTHBIM 3HAKOM: .
pH =-Ig[H"] (6.16)

[H;0" )= — 10711 o/’

niu 0oJiee COBPEMEHHO
pH = -1g[H;0"], (6.17)
rae [H;O"] BeIpaxkaeTcs B MOIb/ M.

st onrcaHHBIX BhIlIe npuMepos (1. 13 a, 6, B, T) pH cooTBeTcTBeHHO paBHsl: 1, 3, 13, 11.
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Usmenenne [H30'] u pH B 3aBHCMMOCTH OT KHMCIOTHOCTH MJIM OCHOBHOCTH  CPEIbI
mpeacTaBiieHo B Tabmuie 8.1.

Tabauya 6.1 3asucumocmov [H;0"] u pH om peaxyuu cpedsl

+ o7 v Y 2 2 5 % 3 = = 223
O 1 1 1 1 1
[Hs0'] == 2 S = = °=2=2S2
VBennueHne KHCIOTHOCTH VYBeanueHrne 0CHOBHOCTH
7
< HEUTp >
cpena
56 89 10 11 12 13 14
01234
pH Cmabo- Cnabo- menounas CWIBHO- HIeI0YHAas
CunbHOKHCTIAS cpenia
KHCJIas cpeia cpena cpena

B uucroit Bone pH = 7.

B xucnotHoii cpene pH < 7.

B menounoii cpene pH > 7.

Taxum 06pa3zom, ueM GoJIbIIe KOHIEHTpauus HoHoB Bogopoaa [H3O'], Tem Gomnblie KHCIOTHOCTE
pactBopa, TeM MeHble BenuuuHa pH.

HaoGopor, uem mMenbie [H3O'], TeM Goible OCHOBHOCTH pacTBOpa U Goublie Beauunna pH.

[IponorapudmupyemM ypaBHeHHE HOHHOTO TpoH3BeAeHUs Boubl (8.14) u, B3sAB JOTapuUMBI C
o0paTHbIM 3HaKOM, O Iy4uuM (ripu 22°C):

pH+pOH =14

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

Bb1600: KOIMYECTBEHHYIO XapaKTEePUTHKY PEAKITUH CPeIbl BIIOJIHE onpeaenseT 3HaueHne e€ pH.

Oo0opynoBaHue U MaTepuaJIbI

1. Pactop NH:NO;

2. AMMuayHas CeauTpa
3. CrekisHHas BOPOHKA
4. Konbe Ha 100 cm®

5. Apeometp

6. Ilnarens

7.

Hummaap émxoctsio 1,0 mv°

Yka3anus mo TexHuke 0e30ImMacHOCTH
1. Bce paboTsl B XUMHYECKON 1abOpaTOpuMu [OJKHBI NPOBOJUTHCA MNPHU HCIPABHOM
3MEKTPOOOOPYAOBAHNH, SIEKTPOIPOBOAKE, TPABUIEHO 000PYAOBAaHHOM BHITSKHOM LIKady.

2. T'a30BbIe KpaHBI U Ta30IPOBO/I JOJDKHBI HAXOAUTHCS B UCTIPABHOM COCTOSIHHH, TIEPUOINIECKH
TIPOBEPSITHCA.

3. Pabouee mecTo comepkaTh B MOPSIKE U YHCTOTE.
4. Cyxue peakTHBbl TpeOyeTcs OpaTh YMCTHIM IIIATENIEM HIIH CHEUUAIBHON JIOKEUKOI.
5. M3znuiiex peakTuBa HE BBIIMBATH OOPATHO B COCY/, U3 KOTOPOT'O OH ObLI B3AT.

6. Bce ombITH ¢ BPCAHBIMHA U IMaXHYIIUMHU BCHICCTBAMH, a TAKKE YIIapUBAHUC KHUCJIOT U KHUCJIBIX
PaCcTBOPOB MMPOBOJUTH B BBITAKHOM mKaq)y.

7. OcTtaTku coeqMHEHHH cepedpa CIMBATh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHWU PACTBOPOB B MPOOMPKE BCerja CleAyeT AepxKaTh e€ TaKUM 00pa3oM, YTOObI
OTBEPCTHE MPOOUPKH OBLIO HAMPABJICHO B CTOPOHY OT pa0OTAIOIIETO PSJIOM COCE/a.

9. He HaKIIOHATH JUIIO HAJl HATPEBAEMOH JKUIKOCTHIO WM CIUIABIIIEMBIM BEIIECTBOM.

10. He crnenyer BapIxaTh Maxydue BEMIECTBA M Ta3bl, OJM3KO HAKJIOHSSACH K COCYAY C ATHMH
BCIIECCTBAMHU. Hroxate BEIIECTBA MOXHO JIMIIb OCTOPOXKHO, HAIIpaBJIAAd K cebe Tapbl WIK ra3 IBUXCHUEM
PYKH.
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11. XpaHuUTh pacTBOPHI KOHIICHTPUPOBAHHBIX KHCIIOT M IIEN0OYCH B BRITSHKHOM HIKady.

12. BbutnBath pa30aBlieHHbBIC KACIOTHI U IEIOYHBIE PACTBOPHI CIICAYET B CITUBHYIO CKIITHKY.

13. Kareropuuecku 3ampemaercsi npoOOBaTh XMMUYECKUE BELICCTBA Ha BKYC.

14. Tlpu paboTe ¢ Jerko BOCIUIAMEHSIONMMUCS BelecTBaMu (3(GUpBI, OSH30J, Cepoyriaepos 1
T.JI.) HE JIOJDKHO OBITH PSJIOM OTHS U BKJIFOUYCHHBIX IITHTOK.

15. Ilpu paboTe cO CTEKIOM, XUMHUYECKOH TOCyAol, HEOoOXOIMMO COONIONaTh IIpaBHIIA
NPEAOCTOPOKHOCTH BO N30EKaHUE paHEHUH OCKOJIKAMH CTEKJIa.

16. Kareropuuecku 3anpenaercsi OCTaBIsATh paboTaroIue Mpuoopbl 6e3 HAOMIOACHNUS.

22. B xuMu4eckoi 1abopaTopun He0OXOAMMO paboTaTh B Xaare.

3aganus

Omserr 1. [IpuroroBnenue pacTBopa HUTpaTa aMMOHHMS ¢ MaccoBoM foner 10%

1 Paccumrars Haecky NH4NOs, HeoOXOIMYFO TSl TIPHTOTORNEHHs 250 cM’ pacTBOpa ¢ MAcCOBOM J1omeit
O(NHNO3)=10% .

2 Paccunrannyro HaBecky NH4NO; B3BecHTh B OIOKCe Ha TEXHHYECKHX Becax. Pe3ymbTarhl
B3BEIINBaHUS 3aHECTH B Tabmd. 5.2.

3 HaBecky aMMHa4HOW CEIUTPHl OCTOPOKHO IIEPEHECTH C TOMOINBIO CYXOH CTEKIITHHON
BOPOHKH B MEPHYIO KOJIGY BMECTHMOCTBIO 250 cm’,

4 JlobaBuTh K HaBecke B koabe 100 oM’ JUCTWILTMPOBAHHON BonbI. THIATENBbHO MepeMeniaTh
pactBop nmo momHoro pactBopeHust NH4NO;. Jloauts K00y AMCTUIUTMPOBAHHOW BOJOM J0 KOJBIEBOM
OTMETKH N0 HUKHEMY MEHHUCKY.

5 TmarensHO MEepeMenaTb MPUTOTOBICHHBI PAcTBOP ISTH - IIECTUKPATHBIM ITepPeBOpavYBAHAEM
KOJIOBL, TIO/IICPIKHBAs TIPOOKY.

6 U3meputh MIOTHOCTh MPUTOTOBJICHHOrO pactBopa NHiNO; ¢ momomipio apeomerpa. s
3TOr0 MPHUTOTOBIEHHBIA PACTBOP MEPENMTh B LUMIMHAP EMKOCThIO 1,0 aM’. OCTOPOKHO MOrpy3uTh B
pacTBop apeomeTp TakuM oOOpa3oM, UYTOOBI apeoMeTp He Kacalcsi CTEHOK NWIMHIApA W 3aHs;I
HETO/IBUKHOE MoJioxkeHue. CHATH MMOKa3aHus TNIOTHOCTH CO IIKAJIbl apeoMeTpa U 3aHeCTH B Tabu. 6.2.

7 PaccunTtaTh MOJSPHYIO KOHIIEHTPALIO MPUTOTOBIEHHOTO pacTBOpa. PacuéTHbIe TaHHbIE U pe3y/bTaThl
V3MEpEHHIA 3aHeCTH B TalIL. 6.2.

8 OrpITHOE 3HAYCHHE INTIOTHOCTH PACTBOPA HATPATa aMMOHKS (Paxen) CPABHUTE C TEOPSTUUCCKEM  (Ta0MHIIa
8.3)(paccurTaHHBIM Precp.)-

9 PaccumtaTh aGCOMIOTHYIO Agee(I/CM’) M OTHOCHTENBbHYIO MOrpemHocTh o (%) H3MepeHus
TUTOTHOCTH NPUTOTOBJIEHHTO PacTBOPA.

Tabauya 6.3 Ilnomnocms 600n020 pacmeopa Humpama ammonusi NHsNO3

Konuenrpanus Konuenrpauus
p, r/em’ p, r/em?
o, % MOJIB/M> r/am’ o, % MOJIB/M> r/am’

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

Conep:xanue oT4yeTa
Tabauya 6.2 Pe3ynomamuol a3kcnepumenma

| Macca | mg | Macca |C(NH4N03), Poxert-s | Pra6u, | Aabc., | AoTH.,
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OroKca, + HaBecKa, | HaBECKH, MOJIB/ M’ r/em’ r/em’ r/em’ %
meg, T r my, T

KonTpoJbHbIE BOIPOCHI
ba3oBbIi1 ypoBeHb

1 U3 xakuX KOMIIOHEHTOB COCTOST BOAHBIE pacTBOphl cienyromux BemecTB: NazPOy4, KoSOs,
NaNO;? OTBeT naTh ¢ YIETOM MPOIIECCOB MTPOTOJIN3a HOHOB.

2 JIns dero mpuMeEHSIOT apeomerp? KakoBa mociaemnoBaTeIbHOCTh OINEpardii MpU  3amepe
TUTOTHOCTH JKUAKOCTHU?

TloBbIlIEHHBIN YPOBEHD

1 [170THOCTH ¥ THTpP PacTBOPOB MMEIOT OJIMHAKOBYIO pa3MepHOCTh (r/cM’). B ueM pasnuuue 3THX
napaMeTpoB?

2 [IpuBennTe aNrOpUTM B3BEIIMBAHUS TBEPIBIX BEIIECTB.

CHnuCoK JuTepaTypbl, peKOMEHAyeMblil K HCIIO0JIb30BAHUIO 10 TAHHOM TeMe

OcHoBHasi JInTEpaTypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. Koposus. - 13-e u3n., nepepa0. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxamuna, E. C. Xumust oKpy»KaroIei cpeisl : XuMUs )KUBBIX opranu3mMoB. Kypc nekiuii /
E. C. Muxanmuna, A. JI. Ilerenmun. — M. : U3patensckuit Jlom MUCuC, 2011. — 64 ¢. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTPOHHBIH // DneKTpoHHO-0nOIoTeuHast cuctema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: nis
aBTOPU3UP. MOJIB30BATEIEH
JonoHuTeILHAS JTUTEpPATYypa:
1. T'munxka, H. JI. O6mas xumus / H. I'. I'munaka ; Tlox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : UnTterpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METajioB : yueOHoe nocodue (JUIst CTyICHTOB XUMHUECKOTro (haKyybTeTa
HarpaBJIeHUH 0akanaBpoB « XUMHU» U «XUMHUYECKask TEXHOJOTHs») / coctaBuTenu O. A.
I"'onoBanoBa. — OmMck : OMcKkHii rocygapcTBeHHbl yHUBEpeuTeT uM. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TeKcT : 351eKTpOHHBIH // DnekTpoHHO OubimoreyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum nocrymna: st
aBTOPH3HP. MOJIb30BaTeNeH
HNuTepHeT-pecypceb:

1 http://window.edu.ru/ — eanHOE OKHO JAOCTyMa K 00pa30BaTENbHBIM pecypcam

2 http://biblioclub.ru/ — OBC «YHuBepcuteTckas 6M0IMOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 3MEKTPOHHBIN KaTaIor aCCOLUUAIUU STEKTPOHHBIX OMOINOTEK
yueOHbIX 3aBeieHni u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — OBC.

5 https://openedu.ru — OTKpBITOE OOpa3oBaHue

Tema 7. KomiuiekcHbIE COeIMHEHUS
JlabopaTopHasi padora 7. KoMnjiekcHbie coeIuHEeHUs
HGHB paGOTBI: HN3YUCHHUEC KOMIIIICKCHBIX COG,[[I/IHCHHIZ M UX XUMHUYECKUX CBOMCTB.

DopMHpyeMble KOMIETEHIIMN WIM X YaCTH:

| Hunekc | DopMyIHpPOBKA:
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OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3aIUHA U CaMOOOPa30BaHHIO

OIIK-4 MOHUMAHHUEM CYIIHOCTH W 3HAYCHUSI HH(OpPMAIINH B Pa3BUTHH
COBPEMEHHOT0 00I11eCTBa, CIIOCOOHOCTHIO MOTy4YaTh U 00pabaThIBaTh
HH(POPMAIIHIO U3 Pa3TMYHBIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATD,
CTPYKTYPHPOBATh ¥ OPOPMIIATH HHOOPMAITHIO B JOCTYITHOM JJIsI APYTHX
BHIE

IIK-5 CHOCOOHOCTBIO MPUHUMATh Y4acTue B paboTax 1o pacueTy u
IPOEKTUPOBAHUIO JIETAJIEN U Y3JI0B MAIIMHOCTPOUTENbHBIX KOHCTPYKLUHN B
COOTBETCTBUH C TEXHUYECKUMH 3aJaHUSAMU U UCIIOJIb30BAHUEM
CTaHJAapPTHBIX CPEACTB aBTOMATH3ALMH POCKTUPOBAHUS

Teopernyeckas 4acTb
XUMHUYECKHE CBSI3M OCYIIECTBIIOTCA 3a CYET OOOOIIEHWS He CHAapeHHBIX JJIEKTPOHOB HITH
nepeaadyr AJIEKTPOHOB OJHUM U3 aTOMOB, BCTYIAIONIMX B CBsI3b JAPYyromMy. B pesynbTate Takoro
B3aMMOJICUCTBUSL 00pa3yrOTCs YCTOWYUBBIC KOH(UIypalMu, HMEIONINEe Ha BAJICHTHOW O000JIOYKE
AJNIEKTPOHHBIA OKTET. Y CTOMYUBOCTH TOIOOHOW CTPYKTYPBI OOBSCHSETCS CXOICTBOM B CTPOSHHH C
WHEPTHBHIMU TazaMu. COeTMHEHMSI, IOy YaIoNTrecs MoI00HBIM 00pa30oM, Ha3bIBAIOTCS OMHAPHBIMHU.

MHoIvie aTOMbI WM UOHBL, 00pa3yroliyie OMHAPHBIC COSIMHEHNS, MOTYT SIRJIITECS JIOHOPAMU YICKTPOHOB IS
JIPYTVX aTOMOB, TPYTII aTOMOB HITA MOJIEKYII, He UMEIOIIX YEKTPOHHOTO OKTeTa. [lorydeHHple TakuM TyTéM CIIOKHBIS
MOJTEKYJThl Ha3bIBAFOTCS KOMIUIEKCHBIMI COGMHEHMSMH WM COSIMHEHISIMI BBICITIETO Topsiaka. Harmprvep, B coctaB
KOMITIEKCHOTO coerprernst Ko/ PtCls] Bxomst voub1 K 11 [PtCls]”.

LenTpaipHBINl aTOM IJIATHHBI CO CTEMEHBIO OKUCIEHUs +4, BOKPYT KOTOPOTO TPYHNIHUPYHOTCS
(KOOpIUHUPYIOTCS) APYTHE aTOMBI, Ha3bIBa€TCA KOMILIEKCOOOpa3oBaTeeM.
[Ipucoenuusromuecs k Hemy HOoHBI CI” Ha3bIBAIOTCS TUTAHIAMU (W aJICHIAMH).
HekoTopsle JIuraHpl U UX Ha3BaHUS:
H,0 — axBa; NH; — ammun; O° — okco; OH — ruapokco; CN — uuano; SCN™ — pogano; NO; —
HUTpO; SO5° — cynsduro; NH:OH — runpokcunamus; F- — dgropo; CI” — xiopo; Br~ — 6pomo; I — io10.

Uwrcno nurasaos, NPUCOSTMHEHHBIX K KOMILIEKCOO0Pa30BaTEIt0, HA3bIBAIOT KOOPIMHAIIMOHHBIM
upcnoM (K.4.) Komrekcoodpasosatens. K.u. (Pt™) = 6.

Wonsl K' — BHemHss KoopawHamuoHHas cdepa (mpotuBomoH); [PtCls]> — BHyTpeHHss
KoopAuHalmoHHass cdepa. EE 3apan( TouHee, CTeNeHb OKHCICHHS X) OMNpeAenseTcs aiaredpandeckoi
CYMMO¥ 3apsJI0B KOMIUIEKCOOOpa30BaTess U JTUTaHI0B: X( [PtCls]*) = +4 +(~1)-6 = 2.

Ecimm BHyTpeHHsAST KOOpAMHAIWIOHHAS cepa WMeeT TOJOXKUTENBHBIA 3apsi, TO OHAa Ha3bIBACTCS
KOMIUIEKCHBIM KATHOHOM, €CIIM OTPULIATESIBHBIN — KOMIUIEKCHBIM aHUOHOM. VIMeeTcs psiji COEIMHEHHI, B KOTOPBIX
BHYTPEHHSIsSI KOOP/IMHAIIMOHHAS chepa He HEecET 3apsiaa — HeMTpalbHbIe KOMITIEKCHI. [IprMephl yKa3aHHBIX THTIOB
KOMIDTEKCHBIX COCTMHEHUIA:

1) xaruonnsie — [Pt (NH3);CIJ Cl <L0> [Pt(NH3);Cl]" + CI;
[Cr(H:0)Br:]Br <H—20> [Cr(H:0),Bra] " + Br;
[Ni(H:0)]SO4 <H—20> [Ni(H:0)s]*" SO/

2) anuonnsle — K3/Fe(CN)s] <H—20> 3K* + [Fe(CN)s]*;

(NH.)>[Pt(OH)>Cl,] <i> 2NH," + [Pt(OH),Cl,J*;
Na;[AIFs] % 3Na" + [[AIFs]*;

3) meiTpasibHbIe (HEINEKTpoauThl) — [Cr(H,0)PO4] (H—ZO) X

[Rh(NH3)5(NO>)s] <H—20> X

H,0
[Pd(NH,OH);Cl;] <——> x.

Ipumeyanue. KoMIuiekchl aHHOHHOTO THUIA TaKKE €HI€ HA3BIBAIOT allMJIOKOMILICKCHBIMHU, TaK

KaK IpHU MEePBHYHOM MPOTOJIHM3E OHU OTINEIUISIOT KOMIUIEKCHBIN aHUOH.
Aneopummol HA38aHUN KOMNAEKCHBbIX coedunenuti: 1) KaTMOHHBIE KOMIUIEKCHI — CHadaja
HA3bIBAIOT BHENIHIOKW c(epy, a 3aTeM B POJUTEIHLHOM MaJIekKe MPUBOAAT HA3BaHUS JINTAHIOB BHY TPCHHEH
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cdepsl U pycckoe Ha3BaHHE KOMIDIEKCOOOpa3oBarTens C yKa3aHHEM €ro CTENeHH OKUCICHUS apaOCKUMU
mudpamMu, HarpuMep:
[Pt (NH3)3;Cl]Cl—xnopun TpHaMMUHXJIOPOTIIaTHHEI (+2);
[Cr(H>0).Br;] Br —6pomu TeTpaakBaguopomoxpoma (+3);
[Ni(H>0)s]SO4 — cynbdart rekcaakBanukens (+2);

2) Ha3BaHUE aHMOHHBIX KOMILICKCOB HAUYMHAIOT C BHYTpEeHHEW cepbl — Ha3BaHWE JIMTAHIOB H
JAaTUHCKOTO KOMIIIEKCOO0pa3oBaTessi C OKOHYaHUEM -ami, 3aTeM — PYCCKOe Ha3BaHHE KaTHOHA BHEIIHEH
cdepbl, HarTpuMep:

K3[Fe(CN)s] — rexcanmmanodeppar (+3) xammus;
(NHy),[Pt(OH),Cl,] — murunpokcorerpaxyioporuiatuHar (+4) aMMOHUS;
Nas[AlFs] — rexcadhTopoamtOMUHAT HATPHUS;

3) B HEWTpalbHBIX KOMIUIEKCAX BHAYaJieé HA3BIBAIOT JUTAHABI (C ydeToM aidaBuTa), 3aTeM
ClIeyeT pyccKoe Ha3BaHHE KOMIUIeKcooOpa3oBartessi 0e3 yKa3aHHs ero CTeNEeHH OKHCIeHHS (TIOCIeTHssA
OJTHO3HAYHO MOXKET OBITh OTpesielieHa ¢ yUEeTOM AIEKTPOHEHTPaIbHOCTH KOMIUIEKCa), HAIPHUMED:

[CrPOy(NH3)3] — TpramMmuHpOCHaTXPOM;

[RI(NO;)3(NH3)3] — TpHaMMUHTPUHATPOPOIHIA;

[Co(NO;)3(NH3)3] — TpuaMMUHTPUHUTPOKOOAIBT.

CBs13p MEXy BHEITHEW U BHYTpeHHEH cepoli UMeeT MOHHBIN XapaKTep, CBsI3b BO BHYTPEHHEH
cdepe — KOOpAHHAIIMOHHBIH (JIOHOPHO - aKIEITOPHBIN, CEMHITOIISIPHBIN).
BHy1penHsist koopmMHaLMOHHas oepa I1sl KOMIUIEKCOB KATHIOHHOTO 1 @HHIOHHOTO THTIOB YCJIOBHO OTIRIISIETCS OT
BHEITIHE! o(epbl KBAIPATHHIMHI CKOOKAMH.
CyIIecTBYIOT COeTMHEHHSI, COCTOSIINE M3 KOMITIEKCHBIX KATHOHOB U aHHOHOB:

[Co(NH3)s][Cr(CN)s] — rexcatmanoxpomar (+3) rekcaaMmuHKoOaIsTa (+3);

[Cr(NH3)s/ [Co(NO)s] — rexcanutpokobansTar (+3) rekcaamMuHxpoma (+3);

[Pt(NH3);Cl] [Pt(NH;3)Cl3] — amMmuHTpUXIIOpOIDIaTHHAT (+2) TPHaMMHHXJIOPOTUIATHHE (1+2).

Comu HEKOTOPBIX METAJIOB, OCOOCHHO B KOHILEHTPHUPOBAaHHBIX pACTBOpPaX, CIIOCOOHBI
pearupoBath MeXay co0oil, 00pa3ys KOMIUIEKCHBIE COEAUHEHUS — AYMOKOMNIEKCHL:
AuCl3+AuCls < Au[AuCls] — rexcaxmnopoaypart (+3) 3omota (+3) ;
Cdl, + Cdl; <« Cd[Cdl,] — TeTpaiiogokanMar (+2) Kaamusl.
Paznuuaror nepBUYHBIA M BTOPUYHBIA MPOTOJIM3 KOMIUIEKCHBIX COEAMHEHUMN. llepBHUYHBII
MPOTONN3 — OTIIETUIEHHEe BHENIHEeH cephl, OOBIYHO MPOTEKAeT MO THIY CHIBHBIX 3JIEKTPOJHTOB.
Hanpumep, 11 KOMIUIEKCOB:

K>[PtCls] (H—20> 2K + [PtCla]Z_,'
[Cu(NH3), JcT, <229 S[Cu(NH )4 1% +2C1

Crenenb MEPBUYHOIO MPOTONH3A A pa30aBIIEHHBIX PAacTBOPOB KOMITJIEKCHBIX COETUHEHUN
00b19H0 100 % mmu 61M3Ka K 3TOH BETMYHHE.

BropuuHoMy mpoTONM3y MOABEPTalOTCS KOMIUIEKCHBIE HOHBL llpm 3TOM uX CTemneHb
NpoTONM3a BechMa Mama. Pacmag mpoTekaeT Mo THUMy ciaabbIX 3JeKTPONMTOB. TWm mpoTonm3a —
CTYIEHYAThIN, KOTOPBLI ONKMCHIBACTCS YPABHEHUEM 3aKOHA JACHCTBUS MacC.

KonuuecTBeHHO TpoIecChl MPOTONIM3a KOMIUIEKCHBIX HOHOB XapaKTepU3yeTcs KOHCTAHTOM
HecTONKOCTH (Kicer) HITH 0OpaTHOM €l BeTUYNHOM — KOHCTAaHTON ycTOWYMBOCTH (Kycr).

PaznnuaroT KOHCTaHTHI IPOTOJIM3a CTyNeHuYaThle U oompe. CTyneH4YaTsle KOHCTaHThI CBSI3aHbI C
OTIIETNIEHNEM OJIHOTO JIUTaH/Ia OT KOMITJIEKCHOTO MOHA MITM MOJIEKYJIBI, 8 OOIIMe KOHCTAHTHI YYUTHIBAIOT
paBHOBECHBIE KOHIIGHTPAIMM KaK JIMTAHIOB, TaK W KOMILIEKCOOOpa3zoBaTelsi, 0Opa3yromuxcs B XOe
IpoTONH3a MO BceM cTymeHsM.Hampumep, mpoTonus kommnekcHoro mona [Cu(NH;),J?" mporekaer B
YeThIpe CTYNECHHU:
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[[Cu(NH3)3 1> |[NH3]

1) [Cu(NH3) 41 [Cu(NH3)3 1% + NHy: Koot = ; =1,07-107%;
[Cu(NH3)4]7"]
2+ 2
2) [CUNH3)3 P [CuNH )3 12+ NiTs; Ko = )2 T4,
[[Cu(NH3)3]""]
2+ 3
3) [Cu(NH3),1** 3 [CuNH4 1> + NHj; KHeCTZ:[[C”(NH3)] ]UZVH3] —468-107%;
[Cu(NH3)4]""]
2+ 4
4) [CuNH3 1% © Cu** + NH5; Kpeer] = w =1,02:107%,
[[Cu(NH3)]™"]

CyMMapHOe ypaBHEHHE MPOTONIM3a BHYTPEHHEH KOOPAMHAMOHHOHN chepbl BhIpaxkaeTcs 00IUM
YpaBHEHUEM:

[Cu(NH3) 417 <229 [Cu(H,0), 1% +4NH;.

3HaueHue OOIIel KOHCTAaHTHI HECTOHKOCTH OIPEICNSACTCS MPOU3BEIECHHUEM BCEX CTYICHYATHIX
KOHCTaHT HecToitkocTn. Hampumep, ms nona [Cu(NHs),J?" o61ast KOHCTaHTa HECTOHKOCTH OyIeT HMETh
BU/T;

2
KHCCT([Cu(NH3)4] +) = KHGCT] 'KHeCTz 'KHeCT3 'KHeCT4 =
[Cu(H,0)4]" 1-[NH;]*
[Cu(NH3)41>* |

Ipumeuanue. Ctynenyatsiii mpotonus uona /Cu(NH;),J>" B BOOHBIX pacTBOpax MpeiCTaBiIeH B
BUJC, KOTOPBIH OTBEUACT HPUHYUNY  COXPAHEHUA  NOCMOSHCMEA — KOOPOUHAYUOHHO2O — HUCIA
Komniexcoobpazoeamens. JlokazaHO, YTO HPU OTPHIBE OT KOMIUIEKCHOIO HOHA JIMTAHAA €ro MECTO
3aHUMAIOT MOJIEKYJIbI BOJIBI:

-9,51-10713,

[Cu(NH3)4J*" + H,0 < [Cu(NH3);H,0]*" + NH;
B uTOre mpomecc J0MKeH 3aBepIINTECA 00pa3oBaHueM TeTpaakBakomiekca [Cu(H>0),%".

Uem Oomplie BeTMYWHA KOHCTAHTHI HECTOWKOCTH (MJIM MEHBIIE KOHCTaHTa yCTONYHMBOCTH),
TE€M MEHEee YCTOMUNBO JaHHOE KOMIUIEKCHOE COeTMHEHHE.

[IpoTonn3 KOMIUIEKCHOTO HWOHAa BO MHOTMX CJIy4asxX JIOKa3blBaeTci C IOMOIIBIO
YYBCTBHUTEIBHBIX DPEAKTUBOB, OOHApPYKMBAIOIIMX B PAacTBOpe KOMIUICKCHOI'O COEAMHEHHS HOHBI
KOMIUIEKCOOOpa30BaTesl U JIUTaH/I0B.

Hanpumep, nonsl Mean B KoMIuieKCHOM coeauHeHun [Cu(NH3)4/Cl; MOXHO OOHapy>KUTb,
MpUOaBUB K PACTBOPY 3TOH COJM pacTBOP CyIb(hHUIa HATPHUS:

[Cu(NH3)41Cl, + NayS = CuS ¥ +2NaCl + 4NH5;
[Cu(NH3) 42T +87% = CuS | +4NH;

WJIK IyTEM CBA3BIBAHUS aMMHUaKa B Ooiee HpO‘-IHBIfI KOMIIIICKC — KATUOHBbI aMMOHMUAA:

[Cu(NH3)4]C12 +4HCl —> CUClz + 4NH4CI,
[Cu(NH3) 4t +4HT — Cu®" +4NH] .

Komnaexcnvle coeQunenuss ¢ Manoycmouuueou GHympeHHel cgepot, npomonuz Komopou
NPOXOOUM NPAKMUYECKU NOIHOCMbIO — MO OBOUHble COMU, HATIPUMED:

H,0
[K(H:0)4] [AI(H:0)5] (SO); €——2—> K + AP* + 2507 + 12H:0; amoMokannesbie
KBacC1lbl

[2NH(H:0)s] [Fe(H20)4] (SO.4)2 (L) 2NH, ™+ F&**+280/ +12H,0;
cosb Mopa.
Teopus BameHTHBIX cBsizeli (TBC) o0O0BsSCHAET CTpoeHHWE KOMIUICKCHBIX COCTUHEHUH
BO3HHKHOBEHHEM JIOHOPHO-aKIENTOPHOH CBSI3M MEXKIy KOMIUIEKCooOpa3oBaTeleM U JIMTaHIaMH.
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OOBIYHO [OHOPOM D3JEKTPOHHOM Mapbel CIYXHT JIMTAHI, AakKLOenTop — CBOOOJHBIE OpOUTAIH
KOMITIIEKCOOOpa3oBaTes.

TBC BO MHOrMX ciy4asx IIO3BOJSIET YCTaHOBHTH O3JEKTPOHHYIO M TPOCTPaHCTBEHHYIO
KOMIUIeKca. Teopusl yIUTBIBACT NP 3TOM XapaKTep BAJICHTHBIX OpOuTalell LEHTPaJIbHOTO aToMa B €T0
TUOPHUTHOM HITA HETHOPUIHOM COCTOSTHHH.

OCHOBHBIE THUIIBI THOPHUIIHBIX COCTOSIHUI KOMILIEKCOOOpa3oBaTessi U COOTBETCTBYIOIINE MM
TIPOCTPAHCTBEHHBIE CTPYKTYpHI: sp — nmHeitnas ([Ag(NH;):J, [Cu(NH;):]"'); sp® — terpasmpuueckas
([Cu(NH3)4]**, [NiCly*"); d’sp’ ([CoFs]*) mma sp’d® ([Co(CN)s]>") — oxrtasmpuueckas. Kpaaparso-
TJIOCKOCTHOM CTPYKType OTBeuaeT dsp’-rubpuau3anys, HalpuMep, [l KOMIUIEKCHOro uoHa [Ni(CN)4J*.

Oco60 1eHHyr HHGOpMaLUI0 00 BIEKTPOHHOM CTPOCHHH M TE€OMETPUYECKOHW CTPYKTYpe
KOMIIJIEKCOOOpa30BaTeNs UMEIOT €ro MarHUTHBIE cBOicTBa. [lapaMarHUTHBIE KOMIIEKCH UIMEIOT B CBOEM
COCTaBe HENapHBIE IEKTPOHBI — OHU BTATUBAIOTCS B MArHUTHOE I10JI€, a TUaMarHUTHbBIE, B KOTOPBIX BCE
AJIEKTPOHBI CIIAPEHBI, H3 MATHUTHOTO TOJISl BEITAJTKHBAIOTCSI.

MarHuTHEI MOMEHT KOMILIEKCa (1) BHIPaXkaloT B MarHeToHax bopa (oaun M. b = 0,927-10%°
3pr/raycc), KOTOPBI MOXET OBITh BEIYUCIICH U3 (GOpMyIIa BUIA:

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

TJIe 71 — YMCIIO HE CIIApEHHBIX AIIEKTPOHOB B aTOME MJIH HOHE KOMIUIEKCO0Opa30BaTedsl.
OKcreprUMeHTaIbHass WH(POPMAIIKS O BEIUYMHAX MArHUTHOTO MOMEHTA MO3BOJISIET CYIHUTH O
THUTIEC THOPUAN3AINH [IEHTPATHHOTO ATOMA M O TEOMETPUH KOMIUIECKCA B I[EJIOM.
VMeHHO BEeTMYMHBI MATHUTHBIX MOMEHTOB ISl KOMILJICKCOB ¢ KOOPJIMHAIMOHHBIM YHCIIOM 6
TIO3BOJIMIIM BBECTH TIOHSTUS GHelHeopbumanvnoli nsnp nd® m enympuopbumanvuoii (n—I)d’nsnp’

THOPUIN3AIINY.
BHyTpHOpOUTAIIEHEIE KOMILIEKCHI — TMAMATHUTHBI WJIM HA3KOCTIMHOBBIE, COJEPKAT OJIMH HIH
nBa HecmapeHHBIX djekTpoHa (/Co(CN)s]>™ u [PdCl,]?” — nuaMaTHUTHBI); BHEITHEOPOUTATBHBIE —

BBHICOKOCIIMHOBBIE, BKJIIOYAIOT 3 — 6 HECHMapeHHBIX 3JICKTPOHA ([C0F6]3’ — Moren. = 4,8; 4 HecllapeHHBIX
31eKTpoHa; [MnCly]?” — towen. = 5,95; 6 HECTIAPEHHBIX TEKTPOHOB).

TBC yOenurenbHO TOSCHAET CTPOCHHE KapOOHWIIOB METajUIOB C HYJIEBOH CTEIEHBIO
okuciieHus. Bo30ykIeHHOE COCTOSIHUE aToMa KOMILIEKCOO0pa30BaTelisi MOXKET IPUBECTH K CIIAPUBAHUIO

AE
d->7eKTPOHOB, HATIPUMED, y TAKHX aTOMOB Kak XpoM (... 3d°4S'4p’ ———> 3d°4s"4p”), xeneso (...

AE AE
3d°45°4p" ———> 3d°4s°4p”), mmxem» (... 3d°4S°4p’ ————> 3d"°45"4p"). Orcroma momsaTHO
o0pazoBaHWe JTUAMArHUTHBIX KOMIUIEKCOB — KapOoumnoB: [Cr(CO)s/, [Fe(CO)s] u [Ni(CO)4/
COOTBECTBEHHO.

Teopust kpucrammuaeckoro nons (TKII), B ormmuue ot TBC, yuutbiBaeT 3meKTpocTaTHYecKoe
BIIUSTHUAC JIUTAHIIOB Ha d-OpOWTA KOMILIEKCOOOpa3oBaTeys, KOTOpOe HEOMWHAKOBO M3-3a UX pa3HOU
NPOCTPAHCTBEHHOW OPHEHTAILINH.

Jlokazano, uro d.- u d,’,’- opbutamu (d,- ypoBeHB) HCHBITHIBAIOT 00J€e CHJIBHOE
OTTaJIKUBAHHE IOl BIMSHUEM DIIEKTPOCTATHYECKOTO IIOJIS JINTAHIOB, YeM OpOuTaNu dy.y, dx- U dy.- (d; -
YPOBEHB).

B okrasgpudeckom mone  d-opOuTanm  KOMIUIEKCOOoOpazoBaTedst MPHOOpETalT JBa
SHEPreTUYECKUX YPOBHs: 1) C MeHbIelH sHepruel d, — ypoBeHb, BKIIOYAIOIIUNA TPH OpOUTANH dy.), dy-- U
d,; 2) ¢ Gonee BBICOKOI dHeprueii d,- ypoBeHb, cofepaiuii 1se d.*- u dy’.,*- opoutany.

OHeprusi pacierieHuss (A) — pa3sHOCTb MEXKAY SHEPrHsMH YpOBHEH dy- M d,, YWCIICHHAs
XapaKTePUCTUKAa Pa3HOTO JJIEKTPOCTATHYECKOTO JEHCTBHA TIOJS JIMTAaHAOB Ha MPOCTPAHCTBEHHOE
pacmpenencHue dISKTPOHHON TNIOTHOCTH d-OpOuTaliell KOMITIIEKCOOOpa30BaTeIs.

Bennunna A HeoMHAKOBA TS PA3HBIX JIMTAHAOB M 3aBUCUT OT WX MPHUPOABL. BennunHa sHeprun
paciienyenus, BpI3bIBaeMasl pa3HbIMH JIMTaHIaMHU, BO3PAcTaeT B CIEAYIOLIEM HOPsIKe:
I <Br <CI <F <OH < C0/ < H,O < NH; <NO; <CN <NO<CO,
T.€. KOKIBIN CIeAYIOUINA TUran co3aaét 6osee CHIIbHOE ToJie, ueM npeasiayuiuii. [Ipusenennas
MOCIIE0BATEILHOCTD Ha3bIBACTCS CHEKMPOXUMULECKUM PAOOM.

Jlueanovl cnaboeo nons pacronararoTcsi B Hadaje psga, oOJiajaroT BechMma Malo A. d-
OpOutanmu KOMIUIEKCOOOpa3oBaTesl C TaKUMH JIMTAHJAMH 3aIOJMHSIOTCS B COOTBETCTBHH IPABUIOM
XyHaa (abconromuas GeUdUHA CYMMAPHO2SO CRUHA 8 NOOYPOBHe 00JICHA Obimb makcumanvhou). [pu
3TOM JSHEPrusl OTTAJKWBAaHUS JBYX CIAPEHHBIX J3JEKTPOHOB OKa3bIBA€TCS BHINIE, YeM BeJIHUYMHA A.
Komrutekcsl, copeprkaniie Turasipl ciadoro moJs, BCer/ia mapaMarHATHBL
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Jlueanovl cunbHo20 noJis BRI3BIBAIOT BEChMa 3HAYUTEIBHYIO SHEPTHIO paciiervienns. [Tpu sTom
SHEPrusl OTTAJIKUBAHUS JBYX CIIAPEHHBIX DJJIEKTPOHOB OKa3bIBAE€TCS MEHBIIE, YeM BeludnHa A.
[TocnenoBaTeNbHOCTh  3alOJIHEHUST JJICKTPOHAMH  d-YPOBHS KOMILIEKCOOOpPAa30BaTels  CIICIYOIIas:
CHauaja WJeT 3aloJHEHNEe OJMHOYHBIMHE, 3aTeM — CIIApEHHBIMU 3JIEKTPOHAMH OpOHTajeH d;, MOCIe Y4ero
3JIEKTPOHAMH 3aIONHSIOTCS dy-opOuTami. KoMIieKkcHbIE COeqMHEHNs, COAepKaIlne JIUTaHIbl CHIFHOTO
TOJIs1, THaMarHUTHBI WK SIBJISIFOTCSI HU3KOCITHHOBBIMHU,

TKII 00BSCHSET OKpacKy KOMIUICKCHBIX BEINECTB C HAIMYMEM Y KOMILIEKCOOOpa30oBaTels
BaKaHTHOW opOuTanmu Ha d,- momaypoBHe. llpu mepexone snexTpoHa ¢ d.- Ha dy- TOILYPOBEHHb SHEPTHUS
nornomaeMoro cBera (£) mpH 3TOM aJleKBaTHa SHEPTUU paclleruieHus (A), 4YTO OmpeneNseTcs
CJICYFOIIUM COOTHOIIICHUEM (JJIs1 OJTHOTO MOJIb BEIIECTBA):

A, Prc/mone = ENg = hvNg = heNo/A = 0,1196/2, (6.2)
rae N4 = 6,02-10% — nocrostHRas ABoraapo; i = 6,6:107* JIxk-c — mocrosaHas Ilnanka; ¢ = 3-10°
M/C — CKOpOCTb cBeTa; V(cM ') 1 A(M) — 4acTOTa ¥ JUIMHA BOJIHAI MOTJIOMAEMOTO CBETA COOTBETCTBEHHO.

LBeT — 3TO 3pUTENHHOE ONIYIICHWE AIEKTPOMArHUTHOTO W3IY4YeHHS C JUTHHaMU BoyH 400 —
760 mm (1 BM = 10° m). Eciu Bce majaromme Tydd OTPAXKAIOTCA, TO BEIIECTBO — OECIBETHOE, eCIH
MOJTHOCTBIO MOTIIOINAIOTCS — YepHoe. [Ipu n30uparebHOM MOTIIOIIEHHN OIYIICHUE [IBETHOCTH CO3JIAI0T
MPOINIC/IINE WU OTPAKCHHBIC BEIICCTBOM Jy4H. TakoW IBET HAa3bIBACTCS JOMOJHUTEIHHBIM HITH
HaOromaeMbIM (cM. Tabd. 9.1.35).

Meton mMonekysipHbIX opoutaneir (MMO) sBisercs caMbIM YHUBEPCAIbHBIM HPU ONHCAHUH
XUMHYECKOU CBSI3U B KOMIUIEKCHBIX coenuHeHnsX. MMO yunThIBaeT B3aMMHOE BIHMSIHHE OpOuTaliell Kak
KOMIUTeKcooOpa3oBarens, Tak 1 uradnoB (B ornuane ot TKII) npu oOpazoBaHnM XUMUYECKHUX CBS3EH B
KOMILIEKCaX.

Tabnuya 7.1 Tabauua yeemnocmu

JlnmuHa BoJH, [Ber

Hwm CrnekTpasbHBIH Habnronaemblit
400 — 435 DuoIEeTOBBIN 3eneH0BaTO-KEeNThIH
435 —-480 Cunnit Kenrsrit
480 — 490 3elIeHOBaTO-CHHHMA OpamKeBBIid
490 — 500 Cune-3el¢HbII KpacHsrit
500 - 560 3eneHsblit [TypmoypHsiit
560 - 580 KenTo-3eneHplit DuoIeTOBBIN
580 —595 Kentsrit Cunuii
595 - 605 OpamxeBbli 3eneH0BaTO-CUHUI
605 — 730 Kpachprit Cune-3eneHbIi
730 - 760 [TypmoypHbrit 3eneHbIit

MMO ocHOBBIBaeTCS Ha B3aUMOJICHCTBHU aTOMHBIX OpOuTasicii, MPUBOIAIINX K 0Opa30BaHMIO
MHOTOLICHTPOBBIX MOJEKYJSPHBIX OpOUTaNel, NMEIOIUX pa3Hble SHepruu. OOpa3oBaHue CBI3BIBAIOIINX
MOJIEKYJIIPHBIX opOuTanei (6°) uAET Ha HIDKHUX SHEPreTHUECKUX YPOBHIX, pa3peixisttomux (¢”*7) — 3a
CYET BEPXHUX.

Mexnay ypoBHSIMU ¢ U ¢°“P HAXOIATCS YPOBHH CIa00 CBS3LIBAIONINX, HE CBSI3BIBAIOIINX U
c1abo paspeIXIIONINX opOuTanei (o:). MonekyJspHble OpOUTATM 3alONHSIOTCS 3JEKTPOHAMH B
COOTBETCTBUU ¢ puHImnoM Ilaynu u npasunom XyHna.

MMO ocHOBaH Ha O4YEHb CIIO)KHOM MAaTeMaTW4eckoM armapare, 4YTO TMPEMsITCTBYET ero
LIIMPOKOMY HCIIOJIB30BAHUIO.

OO0pa3oBaHne KOMILIEKCOB KATHOHAMM

[Ipucoenunenue NUraHAOB K KOMIUIEKCOOOPA30BaTEN0 MOXKET IPOUCXOJUTh IIOCPEACTBOM
00001IeHHs 3JCKTPOHHON Maphl, MPUCOCAUHSIOMICHCS TPYIIbl (KOMIUIEKCH BHEAPEHHsI) WM 3a CUET
3NIEKTPOCTATHYECKUX CHJI TPUTKEHUS MOJEKYJ, 00NaJarolfX AMIIOIBHBIM MOMEHTOM (KOMILIEKCHI
MIPUCOCTUHEHU ).

Mosekynbl ¥ HWOHBI, CINOCOOHBIE BBHIMOJNHATH POJIb JIMTAHJOB, IO AKTHBHOCTH MOKHO
PAacTIONIOKUTD B CIIEAYIOIIUH P

H:0 > NH;>NO o > CN >[>Br>Cl>F.
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Ecnmn B kadecTBe JHMraHAOB WCIOJNB3YIOTCS HOHBI, IEPEUYNCICHHBIC BHINIE, TO TOIYYarOTCS
KOMIUTIEKCHBIE COeTMHEHNS THIIa IBOMHBIX colieil. Uem Ooiplne BeMWYMHA KOHCTAaHTHI HECTOMKOCTH, TEM
MeHee MPOYCH KOMILIEKC U TeM OJIMKe Mo CBOWCTBAM AaHHBIA KOMIUIEKC K IBOMHOM COJIH.

KomniekcHble coelMHeHUs ¢ BOAOH U THAPOKCHILHOMIPYNION B KauecTBe JUTaH/10B

M3BectHO, 9TO O€3BOmHEBIN cynmbdar memn (MemHbld Kymopoc) CuSO; OecuBeTeH, HO TIpH
NO0aBICHUH BOIBI OH TMPHOOpETAeT CHHEEe OKpallMBaHWE. JTO IMPOUCXOIUT BCJICJCTBHE BHEAPCHUS
MOJIEKYJI BOJIBI BHYTPb KPUCTAJUIMYCCKON PEMIETKU COJIM U 00pa30BaHUsl KOMILIEKCHOTO THIPaTa.

[lpu peiictBum  1menoded HA CONMM  METAUIOB (32  HWCKIIIOYEHHWEM  IIENOYHBIX U
HIEJIOYHO3EMENBHBIX) 00pa3yroTcsi THIPOKCHIBI, JIETKO pAacTBOPUMBIE B KHCIOTax, a am(oTepHbIe
OCHOBaHHUSI CIIOCOOHBI TaKK€ pacTBOPATBCS B  HIenovax, o00pa3ys KOMIUIEKCHBIE HOHBI C
COOTBETCTBYIONINM JaHHOMY OJJIEMEHTY KOOPIWHANMOHHBIM dYucioM. OOpa3oBaHHWe 3TUX HOHOB B
pacTBOpe MOJKHO paccMaTpWBaTh KaK IPOIECC ITOCTEIIEHHOTO BBITECHEHHS BOABI M3 THAPATHOTO
KOMITJICKCa HOHAMH TUAPOKCHIIA.

B 3aBucumoctu ot pH cpensl mpotonm3 coilell IHMHKA TPOTEKAeT CTYMEeHYaro. B KHCIBIX
pactBopax, rie pH<7 obHapysxuBarotrcst HoHsl [Zn(H,0)4J*" u [Zn(H,0);0H] "

B meliTpanbHBIX pacTBOpax, rae pH = 7 obOpasyercs He wuMemollee 3apsga COeIWHEHHE
[Zn(H>0):(OH),/, xoTOpOe JIerko Tepser Boy, npesparasick B Zn(OH)».

B menounsix pactBopax, rae pH > 7 oGHapyxkusatorcs uoHbl [Zn(OH).”. O6pasoBanue
NpPUBEAIEHHBIX BBIIIE COCAMHEHHH MOXKHO TaKKe paccMaTpUBATh KaK CTYINEHYATYI0 MOTEPIO0 MPOTOHOB
MOJIEKyIaMH BOJIBI B KoMiuiekce [Zn(H>0)]%".

Oo0pa3oBaHNe KOMIJIEKCHBIX AHMOHOB

MHorue KHCIOpOACOAEpIKaIfe KUCIOTHl TakXKe MOXHO paccMaTpHBaTh KaK KOMIUIEKCHBIC
coeMHeHHA. B kadecTBe KOMITJIEKCOOOpA30BaTelIsl BHICTYIACT LEHTPAJIBHBIA aTOM KUCIIOTHI, JIUTAHIAMH
OOBIYHO SBIISIIOTCSA aTOMBI KHCJIOPOAa, a POJIb BHEIIHEH cepbl KOMIUIEKCHOTO COCIUHEHUS! BBIMOIHSIOT
MOHBI BoJopoaa. PaccMoTpum 3T0 Ha mpuMepe KUCIOT XJI0pa.

HoH XJ10pa MMEET YeThIpe 3IEKTPO HBIQ]HY6 eTa, T.e. MOXET SBIATHCA JOHOPOM 3JIEKTPOHOB,
TIOTIOJTHSAS 2IEKTPOHHBIE 000NOUKH JIPYTHX aTOMOB.

B 3aBMCHMOCTH OT KOJIMYECTBA KHCIOPOJA, TPUCOEAUHEHHOTO K HMOHY XJIOpa, MOXKET ObITh
06pa30BaHO 4 KHCIIOPOJICOACPIKALINX KHCTOTHBIX OCTATKA.

IIpyu NPUCOEMHEHHH OJHOTO aTOMa KHCIOpoja oOpasyercsi TMIOXJIOPHT- HOH, SIEKTPOHHOE
CTpOEHHE KOTOPOI0 MOYKHO TIPEICTABHTH CIIEIYIONIM 06pa3oM

ATOM KHCIOpOJa Ha BaJEHTHOW »Iie Tp@lﬂ(@ ‘ofjoouKe MMeeT 6 BIEKTPOHOB, IOITOMY
KHCJIOPOIY UIs 3arOJIHEHHUs JIEKTPOHHOM O0ONOUKM O OKTeTa HE XBaTaeT JABYX DJIEKTPOHOB, a XJIOp,
UMes AIEKTPOHHBIN OKTET, MOXKET CIIYKUTh JOHOPOM JIEKTPOHOB.

Kucnopon 3aBepmraer cBOIO 3JIEKTPOHHYIO 000JIOUKY, OTTATHBAS 3JIEKTPOHHBIN AyOJET OT XJIopa.
ITapa a5eKTpoOHOB, paHee MpPUHAAJICKAIIAS XJI0PY, CTAHOBUTCS OOIIEH s XJIopa B KUCIOpoaa. Mexmy
HUMHU BO3HUKAET JOHOPHO-AKLENTOPHAs CBA3b, MPU 3TOM JOHOPOM BIEKTPOHOB CTAaHOBUTCS XJIOp, a
aKLENTOPOM — KUCIIOPOI.

BBuny TOro, 4yto k XJ0py NPUCOEAMHMIICS HEUTPAIBHBIA aTOM KHCIOpPOAA, 3apsii HOBOIO MOHA
ocTascs MPEKHUM.

[Tomo6HO 00pa30BaHUIO MOHA THUIIOXJIOPUTA MOXKHO C HOHOM XJIOpa CBSI3aTh JIBA, TPH HUJIM YETHIPE
aToMa KHCJIOPOa, UCTIOIB3YsI IPH TOM TOTOBBIE SJIEKTPOHHBIE TyOJIEeTHI XJI0pa.

Hanummte Gopmynsl: a) xnoput-uona CIO, ; 0) xnopar-nona CIO7 ; B) nepxnopar-uona CIO , .

CremneHp OKUCIICHHS XJIOpa paBHA COOTBETCTBEHHO +1, +3, +5 1 +7, a KOOPAMHAIMOHHBIC YHICIIA
-1,2,3,u4.

KommiekcHble coeTUHeHUs] B peaKkusix 00MeHa

Hdnst oOHapyXeHUsT B pacTBOpax pa3IMYHbIX HMOHOB YacTO YMOTPEONSAIOT KOMILICKCHBIC
coemuHeHus. B yactHOCTH, 71 oOHapy)eHus uoHa Fe'? ucnonssyior pactsop Ky/Fe(CN)s] — xenryio
KPOBSIHYIO COJIb; TECT Ha OTKpHITHE HOHOB Kene3a (+2) TpoBOIAT IEHCTBHEM pacTBOpa KpacHOH
KpoBstHO# comu — K3/Fe(CN)s] .

ObopynoBanue 1 MaTepUAJIbI
1. PacrtBop xiopuma meau (+2)
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PactBOp cynshuma HaTpus

PacTtBop ammmaka

PactBop cynbduna HaTpus

PactBop xenezoaMMOHUIHBIX KBacloB [NHFe(SOy);
PactBop pomannga xanus unu ammonus (KCNS umu NH,CNS)
PactBop K3/Fe(CN)s/

PactBop NH/CNS.

. PactBop cynbdara nunka

10. PactBop ménoun

11. PactBop Hutpara prytu (+2)

12. PactBop moauaa Kajvs

13. PactBopa xnopua xenesa (+3)

14. PacTBoOp keNnTO# KPOBSHO# COMM

15. PacTBOp KpHCTALTHYIECKOTO Cyib(aTa sxere3a (+2)
16. mpobupku

VO N U AW

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMUYECKON Ia0OpAaTOPUU IIOJKHBI MPOBOJUTHCS MNPH HUCIPABHOM
ANIEKTPOOOOPYAOBAHUH, FIEKTPOIIPOBOIKE, MPABHIIEHO 000PYI0BaHHOM BEITSDKHOM IIKady.

2. T'a30BbIe KpaHBI ¥ TA30TPOBO/T JOJDKHBI HAXOAUTHCS B MICTIPABHOM COCTOSIHHH, TIEPUOTAIECKH
MIPOBEPSTHCSL.

3. Pabouee mecTo comepkaTh B MOPSIKE U YHCTOTE.

4. Cyxue peakTuBbI TpeOyeTcs OpaTh YNCTHIM IIMATENEM WIN CIISHATHHON JIOKEIKOM.

5. H3znumiek peakTBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLT B3ST.

6. Bce OmBITHI ¢ BpEHBIMY U MTaXHYIIMMHU BEIICCTBAMH, a TAKIKE YITAPUBAHUE KHCIOT U KUCIBIX
PacTBOPOB MPOBOJUTH B BBITSHKHOM KAy .

7. OcTtaTku coeqMHEHHH cepedpa CIMBATh B 0COOBIC CKIITHKH.

8. Ilpu HarpeBaHUU PACTBOPOB B MPOOMPKE BCEr/a CIEAYET JepKaTh e€ TakuM 00pa3oM, 4TOOBI
OTBEpCTHE MPOOUPKH OBUIO HAMPABJIEHO B CTOPOHY OT pabOTAIOIIETO PSIOM COCE/a.

9. He HaKIIOHATH JHIIO HAJl HArpeBaeMOH JKUIKOCTHIO WM CIUIABIISIEMBIM BEIIECTBOM.

10. He crneayer BapIxaTh Maxyd4ue BEIIECTBA M T'a3bl, OJIM3KO HAKJIOHAACH K COCYIAY C THMH
BCIICCTBAMHU. Hroxatp BCIIECTBA MOXXHO JIMIIb OCTOPOIKHO, HAIIPABJIAAd K Ce6€ napsl WK ra3 JBUKCHUEM
PYKH.

11. XpaHUTH pacTBOPHI KOHIICHTPUPOBAHHBIX KHCIIOT H HIEIOYEH B BBITSHKHOM MIKady.

12. BbunBath pa30aBlieHHbIC KUCIOTHI U IIEIOYHBIE PACTBOPHI CIEAYET B CIIMBHYIO CKIISTHKY.

13. Kareropudecku 3ampeniaercsi npoO0OBaTh XUMHUUYECKUE BEIIECTBA HA BKYC.

14. Tlpu pabote ¢ JIETKO BOCIUIAMEHSIOIIMMIUCS BemecTBaMu (3(UPBI, OCH30JI, CEpOYyTIAEPO H
T.]l.) HE JOJIXKHO OBITH pAAOM OrHA M BKIIFOUCHHBIX ITUIATOK.

15. Ilpu paboTe CO CTEKIOM, XHMHYECKOW WOCYIOH, HEOOXOOUMO coONIonaTh NpaBHIIa
MIPEIOCTOPOKHOCTH BO M30€KaHMe PaHEHNH OCKOJIIKAMH CTEKJIA.

16. Kareropuuecku 3ampeniaeTcsi OCTaBIATh paboTaromniue mpuOopsl 6€3 HabII0IeHNU.

23. B xummuyeckoit naboparopun HE0OX0IUMO paboTaTh B XaJare.

3ananus

Omwir 1. Kauecmeennas peaxyus na uon medu. B mpodbupky nmomecture 10 kamemb pacTBopa
xynopuna (Wi cyinedpara) Meau (+2) W MO KamwsiM J0OaBISIHTE pPacTBOp CyJibuaa HATpUS OO
0o0pa3oBaHus OcaKa YEPHOTO LIBETA.

Hanumure monekyisipHoe 1 HOHHOE ypaBHeHue. [IpoOupky ¢ ocagkoM coXpaHuTe IJIs OIbITa 3.

OnpiT 2. Ilonyunte pacTBOp KOMIUJIEKCHOM CONM — aMMHakaTa Mead. J{Js 3TOro moMecTHTe B
npobupky 10 kamenb pacTBopa XJIOpUAa I cyibdaTa MEAN U 1O KarisaM 00aBIsiHTe pacTBOp aMMHUaKa
0 00pa3oBaHUs 3eJEHOTO OcaIka OCHOBHOTO XJjopuma (cynbdara) Mean. 3aTeM K MPOAYKTaM pPEaKIIHH
no0aBbTe M30BITOK aMMHMaKa [0 HCUYe3HOBeHHMsS ocaaka. OOpas3oBajics aMMuakar Meaw. PactBop
KOMIUIEKCHOH COJIM OCTaBbTE JUIsl CIEAYIOIIETO OMbITa.
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Hamummre MonekynsapHOoe ¥ HOHHOE ypaBHeHHe peakuui. KakoBa KOH(UTypamus KOMITIEKCOB
[Cu(NH3),J** n [Cu(H,0)s]**? OnuimmTe MX MarHUTHBIE CBOHCTBA.

Onpit 3. Jna o6HapyskeHus HoHOB Menu Cu’’ B KOMIUIEKCHOH COMM K MOJTYYEHHOMY B OIIBITE 2
aMMHaKaTy MeJH Mo KalulsiM TIpUOaBIIsiiTe pacTBOp CyJb(Guaa HATPHUSL IO 00pa3oBaHUS YEPHOTO OCAIKA.
CpaBHUTE MTOTyYEeHHBIN 0CaZOK C 0CAIKOM, MTOTyYEeHHBIM B OITBITE 1.

3anuiuTe MOJICKYJISIpHOE M HOHHOE YpaBHEHHS 00pa30BaHUs OCaIKa.

Hanumurte ypaBHEeHHE NEPBUYHOIO IMPOTOJM3a U YPABHEHHS BCEX CTYNEHYAThIX IPOLIECCOB
MPOTONM3a KOMIUIEKCHOTO WOHA; 3aliIINTE BBIPAKCHUS KOHCTAHT HECTOWKOCTH W OOpaTHBIX UM
KOHCTaHT YCTOWYHMBOCTH JUISI BCEX CTyNHeHed mporoim3a. Kak BEITISIUT COOTHOIICHHWE JIs OOIIeiH
KOHCTAaHThI aMMHakata Meau? Haiimute Hyx)HyI WH(pOpMAaNWIO B CIpaBOYHMKAX U Beimumute €. Kak
MOKHO OOBSCHUTH OKPACKY COCTMHEHUN Cu?' ¢ mo3ummii TKII?

OmwiT 4. Cpasnenue ceoticmea KOMNIEKCHOU 1 08otiHol conu. B mpooupky momectute 10 kamensb
pacTBopa Kelne30aMMOHUNUHBIX KBacloB [NH.Fe(SOy);], nobaBbTe MO KaIuIiM pacTBOP pPOJaHMIA Kallus
umu ammonust (KCNS unun NH,CNS). TlosiBisieTcss KpacHOe OKpallMBaHKeE, XapakTepHoe i HoHa Fe'* 3a
cuét oopazoBanms Fe(CNS)s.

Hamumunre MonexkymsipHOe W HMOHHOE ypaBHEHHE peakiuu. Kakyi 4acTe BHAMMOTO CIIEKTpa
noriomiaet pacteop Fe(CNS)s?

B npyryro npobupky nomectute 10 kamens pactBopa Ki/Fe(CN)s/ 1 Takxke 1O KarisiM 100aBbTe
paBHEIit 0668M NH,CNS. Tlossunock mu kpacHoe okpamusanue? ComepKuT I pacTBOp HOHBI Fe’ ™7

OnpiT 5. IIpuroroBeTe THMAPOKCH] LIMHKA M NEPEBEOUTE €ro B IMHKAT. [ 3TOro k pactBopy
cyne(aTta MHKAa H00aBbTE MO KAIISAM PACTBOP IIENOYM JO TOSBICHHS OCalka THApOKcHIa nuHka. K
MONTydeHHOH cMecH J00aBbT€ W30BITOK IENOYM 1O TOJHOTO pAcTBOpEHUs ocaaka. Hamwmmmre
MOJIEKYJIIPHOE M HOHHOE YpaBHEHHE peaknyu o0pa3oBaHUe THAPOKCUAA U [IMHKATA.

OmnpiT 6. Haneiite B mpoOHPKY HECKOJBKO Kameidb HUTpaTa pTYTH (+2) u 1o0aBbTe MO KaIusiM
pacTBOp HOAWA Kallus 10 00pa30BaHUs OCaIKa.

Hanummre MonekylsipHOe U HOHHOE ypaBHeHHe peaknuu. K oOpa3oBaBiieMycsi ocanky HOAWAA
pTyTH mpuOaBbTe W30BITOK HOMUAA Kanus A0 IOJHOTO pacTBOpeHHs wuomuaa prytu. OOpasyercs
KOMIUIEKCHAs colib. M300paszure hopMyIry MOITydYeHHOH coNu, 3HasI, 9TO CTENeHbh OKHUCICHUS PTYTH paBHA
(+2), a xoopamHamwoHHOe uwnciao 4. MoHBl #ioma — JWTraHabl, WOHBI Kajgusd — NPOTHBOHOHHBI W,
CIIeI0BATEIIbHO, PACIIOJIOKEHBI BO BHEIIHEH KOOPAWHALIMOHHOMU cdepe.

Hanummure monexysnspHoe M MOHHOE ypaBHeHHE oOpa3oBaHMs KoMiulekcHoM comu. Kak TBC
0OBSICHSICT NMEKTPOHHYIO CTPYKTYpY KOMILIEKCHOro noHa [Hgl,J’ ? Kakoii TiI rubpuau3anny KaTHOHA
Hg”" B 5ToM kommtexce? KakoBsl MarHuTHBIE cBoiicTBa [Hgl,]*?

Onwir 7. Tecm Ha omxpwvimue oacenesa (+3). B mpoOupky momectute 10 kamenb pacTBopa
xyopuga xeneza (+3), U Mo KarusiM J100aBISTE PacTBOp JKENTOHW KPOBSHOW CONMM 1O 0Opa3OBaHUS
roixy0oro ocajika 6epIMHCKOH JIa3ypH.

Onwit 8. Tecm Ha omxpvimue dcenesa (+2). B npodupky nomecture 10 kamnenb pacTBOPEHHOTO B
BOJIE KPHCTaNIMYECKOTO Cyibdara xeneza (+2), mpubaBbTe 1m0 KaruisiM pactBop Ks/Fe(CN)df.
Hab6mronaeTcs oOpa3oBanue ocamka XapakKTEpPHOT'O CHHETro IBeTa (TypHOYIIEBa CHHB). DTO COCIMHECHHE
obpasyercst B pe3yJibTaTe HEMOJIHOTO 3aMeleHusl HOHOB Kanus B K3/Fe(CN)s nonamu xenesa (+2).

Ilpumeyanue. JlokazaHo, 4To TypHOYJIEBA CHHB M OEPIIMHCKAS Ja3yph MOTHOCTHIO UACHTUYHBI U
UMEIOT OJMHAKOBbIE (DOPMYITHL.

Hazosute, ucnone3yst mpasuia WIOIIAK, xentyro u KpacHYH KpPOBSHYIO COJIb, W3HAYAIHHO
obpasyIoliecs COMM MpU OTKPHITHH HOHOB Fe’' u Fe’'; kakolt hopMymoil OmmMChIBaeTcss cOCTaB
TypHOYJIIeBO cuHM u OepnuHckod na3ypu? Jlaiite HazBanume »Tod comu. Kak TKII omuceiBaet
3IeKTPOHHBIE CTPYKTYPHI [Fe(CN)sJ* n [Fe(CN)s]* ? YkaknTe MX MarHUTHBIE CBOHCTBA.

Conep:xaHue oT4yeTa
[Tonyuyennslie nannble 3adukcupyiite B Tabmuie 7.2 mo cienyromeit popme:
TaGmuia 7.2. Pe3ynprarel SKCIIepUMEHTa

Ne /1 | PearenTsl XuMHU4ecKas peakius HaoOmronenns

1

DN [W(N

59




KonTpoabHbie BOIpochl
ba3o0BbIi1 ypoBeHb

1. Kakue coemuHeHus Ha3bIBAIOT KOMIICKCHBIMU?

2 Uem 00BACHSAETCS UX MHOT000pa3ue?

3 Iloyemy TpyaHO JaTh BceoObemitomee (OYCHBb TIOTHOE, HCUEPIBIBAIOIICE) OIpeesiCHUue
KOMILJICKCHBIM COCTUHEHUSIM?

4 Kto aBTOp KoopauHanuoHHoi Teopun KC? Korga ona nosiBunacs?

5 U3 kakux smeMeHToB coctosT KC? [IpuBennre mpuMepsl.

6 Kakas cBs3bp Ha3bIBaeTCs [TOHOPHO-AKIENTOPHOM WM KoopauHanmoHHou? Kakoit atom,
MOJIEKYJIA UITK MOH SBISETCS JOHOPOM B Komiuiekcax [Cr(CO)q], [Ag(NH3)2] ", [ALH ] ?

7 Kak paccuuThIBaeTCS CTENEHb OKHCICHHS KOMILIEKCOOOpa3oBaTeNls W 3apsi KOMIIEKCHOTO
noHa? OTBET MOSICHUTE Ha TIpUMEpPE KOMIUIEKCOB Borpoca 6.

8 Ha xaxue TUIBI MOAPA3IEIIIOT KOMIUIEKCHBIE coequHeHus? [IpuBeaure no ABa mpuMepa Takux
COEIVMHEHUN U JaliTe UM Ha3BaHUI.

9 Uro Takoe KOOPAMHAIIMOHHOE YHUCIO KOMILIeKcooOpa3oBaTemsi? Kakue wacTHIbl Ha3bIBAIOT
murasgamu? OTBET MOSICHUTE Ha MMPUMEpax.

[ToBbILIEHHBIN YPOBEHB

1 Yem oIeHUBAIOT MPOYHOCTH KOMIUTEKCOB? Hamumure BhIpaKeHHUS 711 KOHCTAHT HECTOHKOCTH
¥ KOHCTaHT yCTONYMBOCTH Il KOMIUIEKCHBIX HOHOB: [Ag(NH3)5] ", [Ag(CN)2] ", [Ag(NO.):] .

2 B ueM oTiM4Me ABOMHBIX COJIEH OT «TUITMYHBIX» KOMIIJIEKCOB?

3 Kakue KOMITJIEKCHBIE COETMHEHHS OTHOCAT K amupokomiuiekcam? Kakne k ayroxomrmiecam?
IIpuBenuTe npuMepsl.

4 Kak TBC o0bsacHseT 00pa3oBaHie XUMHYECKOH CBA3H B KOMILIEKCax?

5 Kakne koMIuieKchl Ha3bBarOT KapOoHmiaamu? OObsiCHUTE 00pa30BaHUE TaKUX KOMIUIEKCOB C
MTO3UIIMH TEOPUH BaJICHTHBIX CBS3EH.

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCIIO0JIb30BAHUIO 110 TAHHOW TeMe
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HarpaBJIeHUH 0akanaBpoB « XUMHUD» U «XUMHUYECKask TEXHOJIOTHs») / coctaBuTenu O. A.
I"'onoBanoBa. — OmMck : OMcKkHii rocygapcTBeHHbl yHUBEpeuTeT uM. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TeKcT : 351eKTpOHHBIH // DnekTpoHHO Oubimoreynas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum nocryna: st
aBTOPH3HP. MOJIb30BaTeNeH
HNuTepHeT-pecypceb:

1 http://window.edu.ru/ — eanHOE OKHO JAOCTyTa K 00pa30BaTEIbHBIM pecypcam

2 http://biblioclub.ru/ — OBC «YHuBepcuteTckas 6M0IM0OTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 3MEKTPOHHBIN KaTaIor acCCOLUMUAIUU STEKTPOHHBIX OMOINOTEK
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y4eOHbIX 3aBefeHnid u opranuzamnuii CKOO
4 http://www.iprbookshop.ru — 3BC.

5 https://openedu.ru — OTKpeITOE OOpa3oBaHUe

Tema 8. OKHCIUTEIBHO-BOCCTAHOBHUTEIbHBIC PEAKIIUN
JlaGopaTtopHas padora 8. OKHCIMTETbHO-BOCCTAHOBUTEIbHbIE
Llens pa®oTel: M3yueHne OKUCIUTETIBHO—BOCCTAHOBUTENBHBIX PEAKIINA. Y paBHUBAHUE OKHCITUTEBHO-
BOCCTaHOBHTCIIbHBIX peaKuHﬁ METOJAOM JJICKTPOHHOI'O OajnaHca
dopmupyemble KOMIETEHIIUH UITH X YaCTH:

Nupexc DopmyJIUpOBKa:
OK-7 CIIOCOOHOCTBIO K CAMOOPTaHU3AINU U CaMO0OPa30BaHUIO
OIIK-4 MMOHUMaHWEM CYIITHOCTH U 3HAYCHHS HH(POPMAIIMH B Pa3BUTHH

COBPEMEHHOT0 00IIIeCcTBa, CIIOCOOHOCTHIO MOyYaTh U 00pabaThiBaTh
H(pOpMaNHIO U3 Pa3INYHBIX HCTOYHUKOB, TOTOBHOCTHIO HHTEPIPETHPOBATS,
CTPYKTYPHUPOBATh U OPOPMIIATH HHOOPMAITHIO B JOCTYITHOM ISl APYTHX
BHUJIC

I1K-5 CHOCOOHOCTBIO MPUHUMATH YYacTue B paboTax 1o pacueTy u
HPOEKTUPOBAHUIO JICTATCH U y3JI0B MAIIHHOCTPOUTEIBHBIX KOHCTPYKITHIA B
COOTBETCTBUH C TEXHUUYECKUMHU 33/IaHUSIMH U UCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEACTB ABTOMATH3ALMH IPOCKTHPOBAHUS

TeopeTnyeckas 4acThb
Teopusi OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PeaKIM

Peaxyuu, 6 xomopuvix npoucxooum uzmMeHeHue CmeneHel OKUCIeHUs AmOMO8, HA3bIBAIOMCS
OKUCAUMENbHO-80CCMAHOBUMENIbHbIMU.

B mpocThix BemiecTBax CTENEHH OKHUCIEHHUS aTOMOB PaBHBI HYIIO. IS CIIOKHOW MOJIEKYJIBI
cyMMa CTeleHeH OKHCIICHUS BXOISIINX B €€ COCTaB aTOMOB TaKXKe JOJDKHA OBITH paBHA HYITIO; JJIT MOHA
— €ro 3apsy.

OKI/ICJIeHI/ICM HA3bIBACTCA HpOHCCC oTAa4Yu aTOMOM MOHCKynOﬁ UIJIN HOHOM Z-)HCKTpOHOBl

Al —3e — AP

Fe*t —e > Fet
2CI~ = 2e — Cl,.

B mponiecce oknciieHns IPOUCXOAUT MOBBIIIEHNE CTENEHH OKUCIICHUS.
BoccranoBienneM Ha3pIBaeTCsl TPOIECC TPUCOCTMHEHHS D3JIEKTPOHOB aTOMOM, HOHOM HIIH
MOJIEKYJIOM:

S+2e— 8%

Cly +2e — 2CI~

Ft e Fez+.

[Ipu BocCTaHOBIEHUYU CTENEHb OKUCICHUS IOHUKACTCSI.

B 3aBucMMOCTH OT CITOCOOHOCTH OT/aBaTh WM MIPUHUMATH JJIEKTPOHEI BCE BEIIECTBA ACIATCS Ha
OKHCJIUTEIN U BOCCTAHOBHUTEIH.

Oxucnumenu — 5mo amomvl, UOHLL UIU MOJEKYIbl NPUCOeOuHsIowWUe 21eKmpoHvl. Bo epems
pearyuu oHu 80CCMAHABIUBATOMCAL.

Boccmanosumenu — amo amomvl, UOHbI UAU MONLEKYIbl, KOMOpble OMOAom 31eKmpousl. Bo
8peMsi peakyuu OHU OKUCTAIOMCSL.

[Ipotieccrl OKUCIEHHS 1 BOCCTAHOBICHUS BCETIa MIPOTEKAIOT MapalIeIbHO, YTO MOKHO BBIPA3HUTh
CJeNyIoLEeH CXeMO:
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https://openedu.ru/

Boccranosutens (B;) — € <> okucnutens (O))

Okwucnutens (0:) + € € BoccTaHOBUTEIND (B)).

CrenoBaTenbHO, OKUCIUMENbHO-80CCMAHOBUMENbHBLE PeaKyUl NPeOCmagision coooil eOUHCMEo
08YX NPOMUBONONONCHBIX NPOYECCO8 — OKUCTEHUS U 8occmanosienus. B 3Tux peakuusax olliee 4ucio
3IIEKTPOHOB, OT/ITABAEMBIX BOCCTAHOBUTEIIEM, PABHO OOIIEMY YHCITY, MPUCOCAUHAEMOMY OKHCIHTEIIEM.

[Ipu 5TOM HE3aBUCHMO OT TOTO MEPEXOJIST JIH JIEKTPOHBI C OJHOTO aTOMa Ha JPYroi MOTHOCTHIO
WIN JIMIIb YaCTUYHO OTTATHBAIOTCS K OJHOMY W3 aTOMOB, YCJIOBHO TOBOPSAT TONBKO 00 oOTgaue u
NPUCOEANHEHHUH 3JIEKTPOHOB.

B OBP oxucnutenb W BOCCTAaHOBUTEIb PEArdpyOT JPYr C JPYroM B OSKBUBAICHTHBIX
KOJINYECTBAX.

Oxeusanenmom oxkucaumens (O) uru eoccmanogumens (B) nazvieaemcs makoe KOAUYECMBO UX
MOIb, KOMOpoe NpUcoeounsiem Ui omoaem 0OUH MOb INEKMPOHO8, UMO OMpadicaemcs ciedyrouumu
dopmynamu:

3(0), mons = RS uiu 3(B), monw = L,
Ze Ze
[JI€ Ze — YHCIIO HJIEKTPOHOB, KOTOPOE MPUHUMAET OKUCIUTENL O WM OTIAET BOCCTAHOBHUTEND B.
MorbHast (1M MOJISpHAst) Macca SKBUBaJIeHTa OKUcuTelss O U BOCCTAHOBUTEIS B BHIpaKaeTcs B
I/MOJIb U ONIPEMEISICTCS U3 COOTHOLICHHUH CIIEIYIONIETO BU/IA:

1) s oxuemarens — M (L 0),2/ monw; 2) ans BOcCTaHOBHUTEIS — M (i, B),2/ monv-
Ze Ze

TonbKO B pOJIM OKUCIUTEINS BBICTYTIAIOT YaCTHUIIBI, UMEIOIINE MAKCUMAIBHO BO3MOXKHBIE CTETICHN
OKHCJIeHHS (Hampumep, Ul Mapranna — 31o (+7), misd azorta (+5) ¥ T.1.); TOIHKO BOCCTAHOBHUTEIS — C
MUHHAMAJTBFHOH CTETIEHBIO OKUCIICHUS (1 cephl — 31O (—2), uig a3ota — (-3) U T.1.).

Yacmuysi, umerowue nPOMeNCYmMoyHble CMEneHU OKUCIEHUS, MOZYM NPOAGIAMb C80UCMBA KAK
oKucIumens, mak u 80ccmarogumens. ITo 00yCIOBIEHO: XUMUYECKOW TPUPOAOH peareHTa-mapTHEPA;
YCIIOBUSIMH U XapaKTEPOM Cpebl, B KOTOPBIX nporekaeT OBP.

Hampaenennocts OBP  ompenensiercs BenWYMHaMHM 3HAYCHHWH CTAHIAPTHBIX TOTCHIIMATIOB
peareHTOB: okuciuTenb (O Bcerma uMmeer OonbImid (TI0 anreOpandeckoil BeNWYHMHE) CTaHIapTHBINA
MTOTEHIIHAII, Y€M BOCCTaHOBHTENb B.

Hampumep, B kucioii cpene cmemmaioT nBa BemiecTBa: KoCroO; m NaNO,. Kakoe u3 »Tux
BEIIECTB OYJET OKUCIIUTENEM, KaKOe — BOCCTAHOBHTEIEM?

O6patnMcs K crpaBouHbIM garHBM: ¢'(Cr.07;7° + 14 H'/2Cr" + 7H,0) = 1,33 B; ¢’(NO;5 +
2H"/NO; + H>0) = 0,78 B.

Ipumeyanue. Pexomennyercs ucnonb3oBaTh yueObnoe nocodue: H.C. Axmero, M.K. A3u3oBa,
JL.U. bappiruna. JlaGopaTopHble M CEMHHAPCKUE 3aHATHSA 1O OOINel W HeopraHWdeckoil xumuu. M.:
Beicur. mikoia, 2002.

Tax xax ¢’(Cr.0;72 + 14 H'/2Cr + 7H,0) > ¢"(NO5 + 2H" / NOy + H>0), mo okuciaurenem
oyner sBusitbes K>Cr205.

KonmdecTBeHHOM XapaKTepUCTHKON TiyOnHBI ipoTekanns OBP sBiseTcs 3HadeHHE KOHCTAHTHI

paBHOBECHS:
0/ _ .0

1gk? =2 O)-¢ (B) |
0,059

rie ¢’(0) u ¢’(B) — craHpapTHBIE NOTEHIHMANbl OKHCHUTens (O W BOCCTAHOBHTENA B
COOTBETCTBEHHO, B; Zy — cymMMapHO€ KOIMHYeCTBO 3JIEKTPOHOB, MPUHUMAIOIINX y4yacTrue B JanHoi OBP.
Koncranra paBaoBecust OBP cBsizana ¢ noreniuanom ['u66ca ([Ix/momnn-K):

AGY = 2303RT1gK? (8.2)
Dueprus ['n66ca, B cBoo ouepens, ceazana ¢ DJC (Ap”) nocrosuuoit Mapanes (F) U 4ucioMm
3JIEKTPOHOB, y4yacTBytouux B OBP:

DL (8.1)

AG?, Jioc/mons-K = —nAg"F, (8.3)
Ag’ = ¢’(0) — ¢"(B) — DJIC OKHCIUTENBHO-BOCCTAHOBUTENHHOH PEAKIMH TIPH CTAHIAPTHBIX
yCIOBHSIX, B.
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Jusa crarmapteix yenoBuid: T = 298,15 K = 298,2 K; R = 8,314 [Ix/monsK; F =96450 =
96500 k/MOJTB-3KB, TTOTYIUM (POpMyYITy YIOOHYIO I PACUECTOB:

F 96500
Ig K§98 = =
2303RT  2,303-8,314-2982

nAp® =16,90nA¢°.

(8.4)

B ycnoBusix OTIMYHBIX OT CTaHAAPTHBIX, OKHCIUTEIEHO-BOCCTAHOBUTEIHHBIC MOTEHIHAIIBI

(OBIT) m DJIC OBP, mpoTekaromux B BOIAHBIX PacTBOPAx, 3aBUCAT OT KOHIICHTpaluu (TOYHEE,
aKTMBHOCTEH) YUaCTBYIOIIUX B MPOIECCE HOHOB. JTa 3aBUCUMOCTh BEIpaxkaeTcs hopmyroit Hepucra:

0,059 . [O]
192
SB]

rie ¢’o/p— CTAaHAAPTHBINA MOTEHIMAN pearenTa (OKUCIUTENN Ml BoccTaHoBuTeNs), B; [O] u [B] —
KOHIIEHTPAIMK OKMCIEHHOH M BOCCTaHOBIEHHOH (hOPM peareHTa, MOJNB/IM’; Z — YHCIO IEKTPOHOB B
MOJTypeakIuy JUIsl JaHHOTO peareHTa.

Ipumeuanue. Cnenyer Bcerza NOMHUTB, UTO KOHIEHTpAIK BceX ydacTHUKOB OBP B ypaBHeHuun
(7.5) sBasiroTcst MosApHBIMU KoHIIEHTpanusamMu (Cy (X)), a He MmossipHbiMu dKkBUBaseHnTa (C(1/z X)).

Ha 3nagenne OBII u Ha xapakTep MpOIyKTOB PEAKIIMH TOCTATOUYHO CUIILHOE BIMSHHUE OKA3hIBACT
pH pactBopa, B xotopom mpotekaer OBP. Hampumep, mpu pH < 7 3HadeHue CTaHZApPTHOIO
MOTEHLMANA AJI CUCTEMBI:

0’ (MnO7 +8H™ / Mn*" +4H,0)=1,51B
wpnpi=7- @) (MnOy +2H,0/ MnOy + 40H ) =0,6B .
oi=7- @ (MnOj | MnOz%) = 0,564 B.

Bakneiiime BOCCTAaHOBUTENU: aTOMBI METaJUIOB, Bojaopoa, yriepon, CO, H,S, H>SOs; NaNO;,
Na>S>0;3, HI, HBr, HCI, FeSO,, CrCl;, MnSO4, NH;.

Bakneiimme oKUCIUTENN: TaOTeHbl, XJI0PaThl, KUCIopo, 030H (O3), KMnOy, K>Cr:07, K:xMnO,,
HzOz, H2S04 (KOHU.), HN03, PbOz.

¢, B= gog/B + (8.5)

THUIBI OKHCINTEBHO-BOCCTAHOBUTEIBHBIX PeaKui
Paznuuarot Tpu THIIA OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX PEaKIIMM:
a) BHyTPUMOJIEKYJIApHBIE; 0) AUCIPONOPIIMOHUPOBAHUS; B) MEKMOJIEKYJIIIPHBIE.
Buympumonexynapuoie OBP — >mo maxue peaxyuu, 6 KOMOPHIX U OKUCIUMENb, U
60CCMAHOBUMENb HAXOOAMCA 6 COCmase OOHOU MONEKYNbl, HO SAGIAIOMCA NPU IMOM  PASHLIMU
91eMEHMAMU:

2KNO; —52KNO, + 0,
AN® —2e > N*¥
1207 +4e <> O,.

Peaxyuu  oucnponopyuonuposanuss — OBP, 6 Xxo0e Komopblx O0O0UH U3 IIEMEHMO8,
codeposcaujetics 8 00HOU MOEKYIe, 0OHOBPEMEHHO U NOBLIULAE, U NOHUMNMCAEN CIMENeHb OKUCTEHUSL:

Cl, +2KOH — KCIO + KCI + H,0O
11Cly —2e <> 2CI"
11Cly —2e <> 2CI™ |

K amcrpornopiinoHUpOBaHWIO CIIOCOOHBI TOYTH BCE YACTHIBI, HMMEIOIIHE MPOMEXYTOUHYIO
CTEIICHb OKUCIICHHUS.
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HawuGonee PaCnpoCTpaHCHHBI PCAKIHUU TPETHEro TUIIA, KOTOPLIC IMPOTCKAOT C H3MCHCHUCM
CTCIICHNU OKHCJICHHA aTOMOB B pa3HbIX MOJICKYJaX, T.€C. OKHCIHUTEIL W BOCCTAHOBUTCIIb HaxXOOATCA B
PAa3HBIX BCIICCTBAX. CIOI[a KC CJICAYCT OTHCCTHU U PCAKIUHN MCIKAY pa3sHbIMU BEHICCTBAMH, B KOTOPBIX
ATOMBI OJHOTO U TOT'O 7K€ 3JIECMCHTA UMCIOT PA3JIMYHYIO CTCTICHb OKUCJICHUA:

SHCI +HCZO3 —> 3C12 + 3H20
112CI +10e <> CIY
512C1 —2e <> C1 .

OolopynoBaHue U MaTepuaJIbI

PactBop Opomua HaTpus

PactBop OeHzoma

[pobupku

PactBop flogHOI BOIBI

PacTBOp KpHICTAIIIOB HOAMIA KATHS

[Tepexuck Bomopona

Kpucramnos nepMmaHranata Kanus

PactBop Na»SO;3

PactBop HUTpHUTA HAaTpUA
. PactBOop Omxpomara xamus
. PacTBOp OpOMHOIT BOBI
. [TopormkooOpa3zHast cepsl
. Tuornmanar Kanus
. PactBOp comm xene3a (+3)
. PactBop SnCl;
. PactBop cynbdata menu CuSOq4
. Kene3Hslii rBo3ib
PactBop mepmanranarta kamus KMnO; ¢ kornenTpanueit C(KMnOs) = 0,02 Moms/mm*.
. pacTBOpa cepHoit kucaoTk! kucaora HoSO4 ¢ xornentpanueit C(H,SO4) = 2 Moms/mv’.
PactBopa ménoun NaOH c konnenrparueit C(NaOH) = 2 MOJIB/IIM>.
PactBopa cymbhuTa HatpHs NaySOj; ¢ kornentparmeii C(Na;SOs) = 2 Momb/mav’,
. PactBopa cynbdara xenesa (II) FeSO4 ¢ xonuenrpanueii C(FeSO4) =2 momn/am3.

XN bW =

DN DN DN = ik i e e ek e ek

[\
(98]

. PacTBop a3oTHoit kucnotsl HNO;,p(HNO3) = 1, r/em’

. MeJHast IPOBOJIOKA

. Juxpomar xanus KoCr,07 ¢ konnenTpanueit C(K,Cr,07) = 2 Mons/am’

. PactBopa Hutputa Hatpus NaNO, ¢ konnentpanueir C(NaNO,) = 2 Mons/nm’.

[N S\
[CANVIN N

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XHMHYECKOH J1A0OpaTOpPHHM OJDKHBI TPOBOIUTHCS IIPH HCIIPABHOM

3NEKTPOOOOPYAOBAHHH, FIEKTPOIPOBOAKE, TPABHUIEHO 000PYAOBAaHHOM BBITSKHOM IIKAdy.

2. T'a30BbIe KpaHBI U Ta30IPOBO/I JOJDKHBI HAXOJAUTHCS B UCIIPABHOM COCTOSIHHH, TICPUOIUICCKH
TIPOBEPSITHCA.

3. Pabouee MecTo cofiepKaTh B MOPSAKE U YUCTOTE.

4. Cyxue peakTuBhI TpeOyeTcs OpaTh YUCTHIM IINATEIEM WIN CHCIUATHHON JIOKESUKOM.

5. W3mumiek peakTUBa HE BEUIMBATh OOPATHO B COCY, U3 KOTOPOT'O OH OBLT B3ST.

6. Bce OIBITHI ¢ BpeAHBIME U MTaXHYIIUMHA BEIIECTBAMH, a TAK)Ke yIIapHUBaHUE KUCIIOT U KUCIBIX
PacTBOPOB MPOBOAUTE B BRITSKHOM IIKaQdy.

7. OcTaTku coeTMHEHMI cepedpa CIIMBATh B 0COOBIE CKIISTHKU.

8. Ilpu HarpeBaHWUHU PacTBOPOB B MPOOMPKE BCETaa CIEAYET AepiKaTh € TaKUM 00pa3oM, 4TOOBI
OTBEpCTHE MPOOUPKH OBUIO HATIPABIICHO B CTOPOHY OT Pa0OTAOIIETO PSIJIOM COCE/Ia.

9. He HaKJIOHATH JIMIIO HAJ HATPEeBAECMOU JKUKOCTHIO WU CILIABIISIEMBIM BEIIICCTBOM.

10. He crnenyer BubIxaTh Naxyduie BENIECTBA M Ta3bl, OJM3KO HAKJIOHSSACH K COCYIY C ATHMH
BemecTBaMy. HioxaTh BelecTBa MOXKHO JIMITH OCTOPOXKHO, HAMPABIISISE K ce0Oe Taphl MK ra3 JBHKEHUEM

PYKH.
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11. XpaHuUTb pacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT U MIEJIOYEH B BBRITSDKHOM HIKady.

12. BrwumBath pa3z0aBiieHHBIE KUCIOTHI U IIEJIOYHBIE PACTBOPHI CIEAYET B CIMBHYIO CKIISTHKY .

13. Kareropuuecku 3ampemaercsi npoOOBaTh XMMUYECKUE BELICCTBA Ha BKYC.

14. Tlpu paboTe ¢ JIETKO BOCIUIAMEHSIOMIMMHUCS BeliecTBaMu (3GUpHI, OSH30J, CEpOyTIIepo H
T.J1.) HE JOJKHO OBITH PSIIOM OTHS M BKITFOYEHHBIX TUTUTOK.

15. Ilpu pabore CO CTEKIIOM, XHUMHYECKOW IMOCYA0H, HEO0OXOAUMMO COOJII0IaTh IpaBUIIa
MIPEJOCTOPOXKHOCTH BO M30€KaHNE PaHEHUI OCKOJIKAMH CTEKIIa.

16. KaTteropuiecku 3ampeiaercs OCTaBIATh padoTaromiie mpruOophl 0e3 HaOIIoAeHNS.

24. B xuMu4eckoi 1abopaTopun HeoOXOAMMO paboTaTh B Xaare.

3amanusa

Omeir 1. K pactBopy Opommna Hatpuss B NpoOMpKE MpHIIEHTe HEMHOTO XJIOPHOW BOABI U
HECKOJIBKO Karesb OeH3oia. Berpsixaure comepxumoe npoOupku. Bepxuuit cioil okpacuicst B Oypblit
uBer. Yto sBiseTcsl NMpUUMHON okpacku? Hamuimmre ypaBHEHHME peakLUM U COCTaBbTE IEKTPOHHYIO
CXeMy M3MEHEHHS CTEeIeHeH okucieHus aeMenToB. Onpenenute 3/ C »Toii peakuuu.

OnpiT 2. (ONBIT IPOBOAMTH B BBITSKHOM mKkady). B mpobupky Haneiite 1 cm® HoaHoit Bojbl U
Takou xe 00sEM OeH3oma. [IpoOupKy BCTPSAXHUTE HECKOJIEKO pa3. O0paTtnTe BHIMaHHE Ha I[BET BEPXHETO
6ensonbpHOrO cinos. [lomydeHHbIi pacTBOp COXpaHUTE TSl CPAaBHEHHUS.

B cyxyio nmpoOupKy HachIIbT€ HEMHOTO KPHUCTAIJIOB MOAMAA Kajus (OCTOPOXKHO!), MO CTEHKE
npoOupku mnpubaBbTe 2-3 KalUIM pacTBOpa KOHLEHTPUPOBAHHOW CEPHOM KHUCIOTHL. Brimensercs
ra3oo6pasnblii mpoxykT ¢ 3amaxoM H.S. K comepxumomy mpoGupku mpuneiite 1 cm® Gensona u
OCTOPOXHO BCTPSXHUTE HECKOJIBKO pa3. OOpaTuTe BHUMaHUE Ha OKpacKy OeH30JbHOro ciosi. CpaBHUTE
3Ty OKPAcKy C OKPacKOH, MOJyYEHHOW BaMH IPU BCTPSIXUBAHUU HOAHOW BOIBI C OCH30JIOM.

Hamumure ypaBHeHus peakiuil. CocTaBbTe MOHHO-3JEKTPOHHYIO CXEMY M3MEHEHMs CTEleHEeH
OKHCIIEHHUS] aTOMOB Pearupyonix BEIecTB.

OmpiT 3. K 2 cM® pacTBOpa nepmanTanara kamust KMnO, n06aBbTe paBHbIl 066EM pa36aBIeHHOI
CepHOM KHCIOTHl M Iepekucu Bojopona. OOpaTure BHHMaHHE Ha W3MEHEHHE LBeTa B pacTtBope. K
OTBEPCTHIO TIPOOUPKU MOJHECHUTE TICIOMYI0 Ny4uHKY. Uto mpu 3tom HaOmomaercs? Kakoi ras
BBIACIAETCS?

Hamummre ypaBHeHue NaHHOW peakiyl B MOJEKYJSpHON W noHHOU (opmax. KoaddurmeHnTs
OIIPEJENUTE C MOMOIIBIO0 METO/1a 3JIEKTPOHHO-UOHHOTO OajaHca.

OmnpiT 4. (OOBIT IPOBOAMUTCS B BBITSDKHOM IKady). B cyxyio mpoOHMpKy HachIIIbTe HECKOJIBKO
KPHCTAJUIOB IIEpPMaHIraHaTa Kajis U OCTOPOXHO NPHIICHTE HECKOIBKO Kameib pa30aBIeHHOrO pacTBOpa
costHOM kucioThl (1:1). Beimensiercs raz (ocToposkHO!), TOHIOXAKNTE ero.

Hanumunre ypaBHeHHE NaHHOW pEakIMH M COCTaBbTE DJIEKTPOHHO-MOHHYIO CXEMY H3MEHEHHS
CTeTIeHEN OKHCIIEHHS 3JIEMEHTOB, YYaCTBYIOIIHX B PEaKIUH.

OnwiT 5. B Tpu oTaenbHble podupku BHecuTe 1-2 cm® pactBopa KMnOy, a 3aTeM 106aBbTe B 3TH
npoOUpPKH paBHBIE 00BEMBI: B TIEPBYIO U3 HUX — PACTBOP pPa30aBICHHON CEPHOW KUCIIOTHI, BO BTOPYIO —
BOJy, B TPETbI0O — KOHIECHTPUPOBAHHBIH pacTBOp mienoud. [locrme yero B KakIyr W3 HpOOHUPOK
npubasbTe 1-2 cM® pactBopa Na,SO;. Uem 0OBSICHUTH MpOMCIIENINE H3MeHeHns? Hammmmure mosHble
ypaBHeHuss OBP, ucnonb3ysi HOHHO-31€KTpOHHBIM MeTo. OueHure riyOMHY NPOTEKaHHUs MPOLECCOB B
KaIoM cirydae. OT 4ero 3aBUCHUT OKHCIUTENbHAsl aKTUBHOCTH TIEpMaHTraHT-noHA?

OnbiT 6. K ByM cM’ pacTBopa HMTpHMTAa HATpMs MpuiIeiiTe paBHBI 00BEM pacTBOpa CepHOi
KHCJIOTHI ¥ J00aBbTE MO KAaIUIIM HEOOJBIIOE KOJMYECTBO PacTBOpa Moauaa Kanusi. OOparute BHUMaHUE
Ha U3MEHEHHUE I[BETa pacTBOpa.

Kaxoe BemecTBo Beienunochk? CocTaBbTe ypaBHEHHE COOTBETCTBYIOIIEH peakiuu. Onpenenure
K03() PUIIMEHTHI METOIOM HOTYPEAKIIUH.

Omnwit 7. Haneiite B po6upky 1-2 cM® pacTBopa GuxpoMaTa Kanus, 106aBbTe K HEMY JBOHHOI
00BEM pa3baBIeHHON CepHOil KMCIOTH M 4-5 cM® pacTBOpa HMTpuTa HaTpus. OOpaTHTe BHHUMAaHHE Ha
U3MEHEHHUE [BeTa pacTBopa. Hanuimire MosieKyIsipHOe M MOHHOE ypaBHEHUs NaHHOH peakuuu. [loxbop
K02 () (pHUIHEHTOB OCYIIECTBUTE METOIOM JIEKTPOHHO-HOHHOTO OanaHca.

Ommbit 8. K 2-3 ¢cM’ 6poMHOIt BoJbI MpHIIeiiTe pacTBOpP IIENOYH 0 MOTHOrO 0OeCIBEYUBAHMUS
pactBopa. CocTaBbTe 3JEKTPOHHO-MOHHOE ypaBHEHHE AaHHOW peakuuu W ompeaenute Kod(duumeHTs
METOJIOM TOJTypEeaKITu.

Omeit 9. K 2-3 o’ KOHIICHTPUPOBAHHOTO PAaCcTBOPA THAPOKCUAA HATpHsl 100aBbTe HEOOIBIIOE
KOJIMYECTBO MOPOIIKOOOpa3HO cepbl. CMECh KUIISITUTE 10 HCUE3HOBEHUs cepbl. COCTaBbTE IEKTPOHHO-
MOHHBIC CXEMBl H3MECHEHHS CTEIICHEH OKMCICHMS pearupyromux BemecTs. Hanummre noHHOE M TOJTHOE
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ypaBHeHUs1 naHHoOW peakuuu. K xakomy tumy OBP otHOcuTCs manHoe mpeBpaiueHue? [loyemy atomsl
CepHI CITOCOOHBI K TAKUM IIPEBpAICHUIM?

Ommit 10. K pacTBopy ( 1-2 cM’) THONHMAaHATa Kanus (MM aMMOHHS) TIpubaBbTe Takoi ke 00bEM
pactBopa conu xene3a (+3). Kakoil uBer momydeHHoro pactsopa? 3areM K OKpAaIIEHHOMY pPacTBOPY
MPUOABIIAIOT TI0 KaIIAM IO TOJHOTO obOecnBeunBaHusa pactBop SnClr. Kakue mportecchl IpOUCXOIAT B
pacTBopax u nouemy? Paccumtaiite DJIC peakuun BoccTaHoBIeHHs Fe’' momamm Sn’’. Paccumraiite
usMeHenne >Heprun I'n66ca (4G’ ,.) u xoHcranTy pasHoBecus (KPy,) mnst dToii peaximu. OleHuTe
riryOuHy €€ IpOTeKaHHs.

Onwir 11 B npobupky Haneiite 1-2 cM® pacTtBopa cymbdara meau CuSOs M omycTuTe Tyna
3aYMILEHHBINA C MOMOIIBI0 HaKAaYHOM OyMaru skene3Hslid TBo3zb. [locTaBpTe MpoOHPKY B IITATHB Ha 5
MHUHYT. Uepe3 5 MUHYT OTMEThTe M3MEHEHHS MOBEPXHOCTH JKEJIE3HOrO TBO3MS U 3aHECHTE UX B rpady
«Haobmronesns.

HanumunTe ypaBHeHHE OKHCIUTENbHO-BOCCTAHOBUTEIBHON PEAKIIMM U ypaBHANTE ee 10 METOIy
3JIEKTPOHHOT0 OanaHca. YKaXHUTE OKHCIUTEIb M BOCCTaHOBHUTENb. [lomb3ysichk pspoM HampspKeHMH,
YKa)KUTE, KAKUEe METaJUIbl MOTYT BBITECHATh MEIb U3 PACTBOPOB €€ CONeH.

Onbit 12 B Tpu mpobupku Hanmeiite mo 2-3 cM® pactBopa mepmanranata kamus KMnOgs c
xornenTpamueit C(KMnOy) = 0,02 momns/am’,

- B nepByo npo6upKy 106aBbTe 1-2 cM® pacTBOpa cepHoii KucaoTs kuciota HaSOs ¢
kourentpamuei C(H,SO4) =2 MOJIB/ M.

- Bo BTOpYI0 IIPoOUpKY 106aBbTe 1-2 M’ AUCTUITHPOBAHHOH BOJIBL.

B Tpethio mpobupky n06aBbTe 1-2 cM® pactBopa ménoun NaOH ¢ xonnentpanueit C(NaOH) = 2
MOJIB/ M.

Bo Bce mpobupku Hanmeite mo 3-4 cM® pactBopa cynbduTa Hatpus Na,SOs ¢ KOHLEHTpauuei
C(Na,SO03) = 2 Monb/am’,

OTMeThTe N3MEHEHHUE [IBETA PACTBOPOB B KAXKJOW M3 IPOOUPOK C YUETOM 3aBHUCUMOCTH OKPACKU
COEJIMHEHMIT MapraHia OT ero CTeHeHH OKUCIeHus: HoH MnOs uMeeT GHONETOBYIO OKpacky, MnOs* —
3enényro, Mn*" — c1a60po30ByI0, a IPU MajIoi KOHIIEHTPALMK — OECLBETHYIO. 3aHecHTe HabIIOIeHUs B
rpady «Habmonerns».

Hanumure ypaBHEHUS! OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLIUI U ypaBHINTE UX 10 METOAY
9NEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENb U BOCCTAHOBHUTEIb.

OnwiT 13 B npo6upky Haneiite 1-2 cM® pactBopa nepmanranata kaaus KMnOs ¢ KoHIeHTpalueit
C(KMnO4) = 0,02 mons/nm’, no6aBeTe 1 cM’® pactBopa cepHoii kucinotsl HySOs ¢ KoOHIEHTparmeit
C(H2S04) = 2 monb/mm® 1 mpuneiite 1 cm® pactsopa noauna kamus K1 ¢ xonnentparmeit C(KI) = 2
MOITB/ M.

3adukcupyiiTe ©3MEHEHHE 1IBETA PaCTBOPa U 3aHecuTe HabmoaeHus B rpady «HabmoneHus».

Hanummre ypaBHEHHs] OKUCITUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIUN U YPaBHSINTE UX TIO METOJY
9NEKTPOHHOTO OanaHca. Y KaKUTe OKUCIUTENb U BOCCTAHOBHUTEb.

Oneir 14 B mpobupky Hameiite 1-2 cm3 pactBopa mepmanraHata kamuss KMnO4 c
koHmeHTpamueit C(KMnO4) = 0,02 mons/mm3, mobaBeTe 1 cM3 pactBopa cepHoii kucimotel H2SO4 ¢
kourenrpanuer C(H2SO4) = 2 mons/mm3  u npuiieiite 1 cMm3 pactBopa cynbdara xenesza (1) FeSO4 ¢
koHueHTpanuei C(FeSO4) = 2 mons/am3.

3adukcupyiiTe I3MEHEHHUE IIBETA pacTBOPa U 3aHeCUTE HaOMoAeHus B Tpady «BriBoasl. HabmroaeHus».
Hanumure ypaBHEHHS OKHUCIUTEIbHO-BOCCTAHOBUTENBHBIX PEaKLUil U YPaBHANUTE UX 10 METOIY
9NEKTPOHHOTO OanaHca. Y KaXUTe OKUCIUTENb U BOCCTAHOBHUTEb.

OnmiT 15 B npobupky Haneiite 1-2 cM® KOHIIEHTpUPOBaHHOM a30THOH kucaoTel HNO;,p(HNO;)
=1, r/em® .OmycTuTe B MPOOHPKY 3a4HMINEHHYIO HaXKJa4yHOH Oymaroil MemHyio mpoBosoky. Harpeiite
MPOOHPKY Ha ITITAMEHU Ta30BOM TOPENIKH M TIOCTAaBbTE €€ B IITAaTHB HA 5-10 MUHYT.

3adukcupyiiTe BbIZCTICHHE Ta3a B MPOOHMPKE, IBET BBIICISIOIIEIOCS ra3a M M3MEHEHHE IIBEeTa
pactBopa. 3anecure HaOmoaeHus B rpady «Habmogenus».

Hanmmmre ypaBHEHUS! OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIMN U YPaBHSINTE UX IO METOIY
3JIEKTPOHHOTO OanaHca. YKaKUTe OKUCIUTEIh U BOCCTAHOBUTEb.

OnmiT 16 Haneiite B npo6upky 1 cM® pacTsopa auxpomara kamus KoCr,O7 ¢ KoHIEHTpauueit
C(K>Cr,07) = 2 moms/mv’. Jlo6asbTe B mpobupky 2-3 cm® cepHoii kucinoTsl HoSO4 ¢ KoHIeHTparmeit
C(H2S04) = 2 mMoms/nm® u 2-3 M’ pacTBOpa HuTpHTa Hatpus NaNO; ¢ kornenTpanueir C(NaNO,) = 2
MOJTB/ M.
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SadukcupyiiTe HM3MEHEHHE LBETA pACTBOpA. 3aHecUTe HaOmoJcHUs B Tpady «BBIBOIBL
HaGmronenus».

HamumnTe ypaBHEHUS! OKUCIIUTEIBHO-BOCCTAHOBUTENBHBIX PEAKIUi U YPAaBHSIMTE UX 110 METOJY
3NIEKTPOHHOTO OanaHca. YKaXHuTe OKUCIUTEIh U BOCCTAHOBHUTEI.

Conep:xaHue oT4yeTa
[Tomydennble manHbIe 3adukcupyiiTe B Tabmmie 8.1 mo ciemyromiei Gopme:
Tabnuna 8.1. Pe3ynpTaThl SKCIIEpUMEHTA

Ne /1 | PearenTtsl XUMHUECKasi peaKius HaoOmronenns

1

DB (WIN

KonTpoabHbie BOpochl
bazoBblii ypoBeHb

1 Yrto Ha3pIBalOT cTemeHbio okucieHus? Kak e€ 0003HayaroT M Kakve 3Ha4YeHUS MOXKET OHa
npuHUMaTh? OTBET MOSACHUTE HA IPUMEPAX.

2 Kak onpenesnsercs MakCUMalbHAs © MUHUMAJIbHAs CTETIEHU OKUCIICHUS 3JICMEHTOB?

3 Kakwue peakiuy Ha3bIBalOT OKUCIUTEIHHO-BOCCTAHOBUTENbHBIMI? [IprBeINTE IPUMEpHI.

4 Kaxue peareHThl Ha3bIBalOT BOCCTAHOBUTEAMH, KAKHUE — OKHCITUTEISIMU?

5 B ueM cyTh MeTOona nodypeakuuid? [Iist Kakux CUCTEM OH IPUMEHUM?

6 Kak BbIpaxxaeTcsi KOHCTaHTa PABHOBECHUS PEaKIMU U YTO OHA BhIpa)kaeT?

7 Kax MOXHO paccuuTaTh KOHCTaHTy paBHOBecusi? [IpuBeaute cooTBEeTCTBYIOIUE HOPMYJIBI.

8 Or xakux (axTOpPOB 3aBHUCUT IPOTEKAHNE OKUCIUTEIBHO - BOCCTAHOBUTEIBHBIX PEAKINN?

9 3aBUCHMMOCTb OT KaKUX MapaMeTpoB OTpakaeT ypaBHeHue HepHcra?

IToBbIILIEHHBIN YPOBEHB

1 Kak oleHHMBaIOT 3KBUBAJEHTHl OKHCIUTENS M BOCCTaHOBUTeNsA? B kakux eauHuIax OHHU
BbIpaxaroTcs?

2 Uto HaA3BIBAIOT MOJIBHOW MAacCOW OKHCIUTENs W BoccTaHoBuTelss? KakoBa mx pa3mepHOCTH?
IIpuBenuTe npuMepsl.

3 KakoBa cCTpyKTypa airopuTMa METOAa 3JIEKTpOHHOTro Oananca? OTBET WIUIIOCTPUpPYHTE
MIpUMEpaMH.

CHnuCoK JuTepaTypbl, peKOMEHAyeMblil K HCII0JIb30BAHUIO 10 TAHHOM TeMe

OcHoBHasi JInTEpaTypa:

1. Koposun, H. B. O6mas xumus : yueonuk / H. B. Koposus. - 13-e u3n., nepepa0. u gon. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxamuna, E. C. Xumust oKpy»KaroIei cpeisl : XuMUs )KUBBIX opranu3mMoB. Kypc nekiuii /
E. C. Muxanmuna, A. JI. Ilerenmun. — M. : U3patensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTPOHHBIH // DneKTpoHHO-0nOIMoTeuHast cuctema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: nis
aBTOPU3UP. OJIB30BATENIEH

JonoHuTeILHAS JIUTEpPaTypa:

1. T'munxka, H. JI. O6mas xumus / H. I'. I'munaka ; Ilox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpenm. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XuMus MeTajioB : yueOHoe nocodue (JUIst CTyJICHTOB XUMHUECKOTro (haKyybTeTa
HarpaBJIeHUH 0akanaBpoB « XUMHU» U «XUMHUYECKask TEXHOJOTHs») / coctaBuTenu O. A.
I"'onoBanoBa. — OmMck : OMcKkmii rocygapcTBeHHbl yHUBEpeuTeT uM. @.M. JlocToeBckoro,
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2015.— 552 ¢c.—
ISBN 978-5-7779-1875-8. — TekcT : 3neKTpoHHbIH // DnekTpoHHO Oubnuoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: as
aBTOPU3UP. M10JIb30BATEIEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — earHOE OKHO JOCTYIa K 00pa30BaTEIbHBIM pecypcam

2 http://biblioclub.ru/ — ObC «YHuBepcuteTckas 6M0IMOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 37EKTPOHHBIN KaTaJIOT aCCOLMALINY JIEKTPOHHBIX OUOINOTEK
yueOHbIX 3aBeieHnit u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — DBC.

5 https://openedu.ru — OTKpBITOE 0Opa3OBaHUE

Tema 9. OcHOBHBIE MOJI0KEHNS JTEKTPOXUMHUM.
JlaboparopHasi pabdora 9. 'anbBaHMYeCKHE 3JIEeMEHTbI
Llenb paboOThI: OCBOMTBH COCTaBJIEHUE CXEMbI FaIbBAHUYECKOT0 3JIEMEHTa U METObl HAITMCaHUS
YPaBHEHUI JIEKTPOTHBIX IPOLECCOB.
dopmupyemble KOMIIETCHIIMU WM X YaCTH:

Nupexc DopmyIHpPOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3ALUY U CaMO0OpPa30BaHUIO
OIlK-4 MOHMMAaHHUEM CYIIHOCTH W 3HAaYeHHsI UH(pOpMAIIHK B PA3BUTUHU

COBPEMEHHOT0 00IIIeCcTBa, CIIOCOOHOCTHIO MOTyYaTh U 00padaThIBaTh
MH(pOpMAaIHIO U3 Pa3InYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATH,
CTPYKTYPHPOBATH H OPOPMIISATH HHOOPMAIHIO B JOCTYITHOM TSI APYTHX
BUJIC

IK-5 CIIOCOOHOCTBIO MPUHKUMATh YYacTHE B paboTax Mo pacyeTy u
POEKTUPOBAHUIO JIETATCH U y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIIHI B
COOTBETCTBUH C TEXHUYECKUMHU 33/IaHUSIMH U UCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEACTB aBTOMATH3ALUH IPOCKTUPOBAHUS

Teopernyeckas 4acTb
[Tpuo6peraembie kommnerennuu OOIl mpu M3ydeHUM MaTepuana pasjena:

OakanaBp MODKEH MIOHUMATH POJIb OXPAHBI OKPYIKAIOIIEH CPEIbl i PAlHOHATIHHOTO
IPUPOIOTIONB30BaHUS Ui PA3BUTHUSI W COXPAHECHMs IMBUIM3AIMU; 00J1a1aTh
CIIOCOOHOCTBIO M TOTOBHOCTHIO BJIaJIETh OCHOBHBIMH METOJAMH, CIOCOOAMHU H
CpelIcTBaMH TMOJY4YeHHUs, XpaHEHUs, NepepaboTKu HHGPOPMAIMH, HCIOJIb30BATh
KOMIIBIOTEP KaK CPEACTBO pabOTHI ¢ MH(pOpMaINKel; a Tak )Ke CaMOCTOSTEIBHOTO
npuoOpeTeHuss (U3UYECKUX 3HAHWW, JUIsI TIOHMMAHWS TPHUHIMIIOB palbOThI
npuOOPOB U YCTPOMCTB, B TOM YHUCIE BBIXOJAIIUX 3a MPEAENIbl KOMIIETEHTHOCTU
KOHKPETHOTO HampaBjieHus. bakanBap OyaeT cnocoOeH JeMOHCTPUPOBATH
0a30BbIc 3HAHWUSA B OOJACTH E€CTECTBEHHOHAYYHBIX IUCIHUIUIMH U TOTOBHOCTHIO

HCIIOJIB30BaTh OCHOBHLBIC 3aKOHBI B HpO(I)eCCHOHaHBHOﬁ ACATCIIbHOCTH, IIPUMCHATDH
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MCTOZIbI MATCMATUYCCKOI'O aHaliu3da MW MOJACIMPOBAHUA, TCOPCTHUYCCKOIO U

SKCIICPUMCHTAJIbHOI'O UCCIICIOBAHUA.

TeopeTnyeckue 0CHOBBI
[Tpubop, B KOTOPOM XMMHUYECKast SHEPTUS OKHCIUTEIHLHO-BOCCTAHOBUTEIFHON PEaKIIHU

MPEBPAIAETCS B AJIEKTPUUECKYIO, HA3bIBAETCS FaJIbBAHUYECKUM AJIEMEHTOM.

OcHOBHas COCTaBHas YacTh TaJIbBAHUYECKUX 3JIEMEHTOB — 3JIEKTPOAbL. Halie Bcero oHu
OBIBAIOT METAUIMYECKUMHU. OJEKTPOJ, Ha KOTOPOM MPOUCXOIUT TIPOLECC OKHCICHHMS,
HAa3bIBACTCS aHOIOM.

Tak, eciii B raJiIbBAHUYECKOM 3JIEMEHTE UMEIOTCS MEHBIM U IIUHKOBBIN AJIEKTPOIbI, U B
TIOCJIETHEM POMCXOAUT MPOLECC OKUCIEeH s IMHKa: Zn’ — 2e” <> Zn’", T0 UMHKOBBIN 2JIEKTPON
OyIeT aHOAOM.

DNEeKTPoa, Ha KOTOPOM MPOUCXOIUT MPOIECC BOCCTAHOBJICHHS, Ha3bIBAETCSl KaTojoM. B
BBIIIENPUBEAEHHOM IPUMEPE KaTO0M SABISETCS MeIHbIN dnekrpon: Cu’t+ 2e” « Cul.

DIEKTPOHBI C 3IEKTPOJIa, HA KOTOPOM MPOUCXOIUT MPOLIECC OKUCIEHUS, MEPEXOIAT Ha
AJIEKTPO/I, TJI€ MPOTEKAET MPOLECC BOCCTAHOBICHUSI.

TaKI/IM 06pa30M, B raJIbBAHUYCCKOM JJIEMEHTC, HMCIOIIIEM B KaU€CTBC KaToda MG[[HYIO 158
B KaueCTBE aHOJa [IMHKOBYIO TJIACTHUHBI, AJICKTPOHBI C IIMHKOBOM MJIACTUHBI OYIyT MEPEXOIUTh
Ha MEJHYIO.

10.7 DnexkTpon B rajabBaHUYECKOM 3JIEMEHTE HAXOJIUTCS B PACTBOpPE JJIEKTpoiuTa. B
MPOCTEUILIEM CITydae 3JEKTPOIUTOM SIBJISIETCSI PACTBOP COJIM TOrO METallia, U3 KOTOPOro CAeNiaH
AIIEKTPO/I.

Tak, B METHO-IIMHKOBOM TaJIbBAHMYECKOM JJICMEHTE IIMHKOBBIM JICKTPOJ MOXET OBITh
MOMEIIEH B pacTBOP Cylib(aTa IIMHKA, & METHBIN — B pacTBOP CyJb(haTa MEeIu.

CJI@IIOB&TCJILHOI IIUHK IIOMCHIAKOT B paCTBop, conepn(amnﬁ KaTUOHbI IIMHKA, a MCIb B
pacTBOp, COAEPHKAIMNA KATUOHBI ME/IH.

Cucrema, coctodiasi U3 MeTajlja, OMYLUIEHHOIO B PAacTBOpP, COAEP)KALIUN €ro HOHBI,

n+
Ha3bIBACTCS TOJIYdJIEMCHTOM W 00O03Ha4YaeTcs Me™" | Me (cBepxy Bcerja OKHCICHHAs
dbopma).
JlBa moJyaieMeHTa, COeAMHEHHBIE MPOBOJIHUKOM, 00Pa3yIOT TraJlbBAaHUYECKUN JIEMEHT

(pucynok 9.1):

€ /\\
% i N {

Zn| Cu

— SO4? I+

— +
Y- Uyt
— &= 69 -5
Zn*"+S04> Cu?+S04?




Pucynox 9.1 Cxema meOHO-YUHKOB020 2aNb8AHUYECKO20 dNIeMeHmA

B rajgpBaHWMYECKOM 3JIEMEHTE OIHMH 3JIEKTPOJ (aHOJ) pacTBOPSETCS, T.C. HOHBI METaJlIa
MEepPexXoIAT B pacTBOp. Tak B METHO-IIMHKOBOM TaJbBAaHUYCCKOM 3JIECMEHTE IPOMCXOIUT
pacTBOpEHHE IMHKOBOH IJIACTUHKH.

B pesynbprare mepexoja MOHOB IMHKA C MJIACTHHKU B PACTBOP HA TUIACTUHKE OCTAETCS
U30BITOK DJIGKTPOHOB, M OHA 3apspKaeTcsl oTpunatebHo. C Ipyroi CTOPOHBI, MEPEXO] MOHOB
IIUHKA B PACTBOP MPHUBOJUT K YBEIIMUCHHUIO MX KOHIICHTPAIIUU B PACTBOPE.

bnaronapsi mepexoy MOHOB IIMHKA C TUIACTHHBI B PAacTBOP BEC IMHKOBOHM IUIACTHHKU
OyJeT YMEHBIIIAThCA.

OI[HOBpeMeHHO C 3TUM Ha MCAHOM JJICKTPOAC MPOUCXOAUT HNPOUCCC BOCCTAHOBJICHUA

HOHOB ME/IH U3 PacTBOpA: Cl/l2+ +2e < Cu.

3a cuér 3TOro mporecca KOHLUEHTpalKs HOHOB MEH B pacTBOPE YMEHBIIAETCS, a Macca
ME/IHOM IIACTUHKY YBEIUYNBAETCS.

[epexon uoHoB Cu?’ W3 pacTBOpa Ha MIACTUHKY NPHBOAMT K TOMY, 4YTO MeJHas
IUTACTHUHKA 3apsyKAETCsl MTOJOKHUTEIBHO.

PaccMoTpenHbIi ranibBaHMYECKUN A1eMeHT (3seMeHT Jlanuans — SIko6u) cxeMaTH4ecKu

MOYKHO 3aITUCaTh CJIeIYIOIIMM 00pa3oM:
(—)Zn‘ZnSO4HCuSO4|Cu(+)
WM B MOHHOU (opme:

(—)Zn Zn** Cu2+|Cu(+)_

OnvHOYHBIE IMHUM B CXeMax 0003HAYalOT IPAHUILy METAJlI — PAacTBOP, a JTBOWHBIC JTMHUU
— IpaHuIly MeXay pacTBopaMu. OTpULIaTENbHBIN 3JEKTPO/] (aHOI) 3allUChIBAECTCS CIIEBA.
B ocHoBe paboThl pa3oOpaHHOrO 3JIEMEHTA JIEKHUT OKHUCIMTEIbHO-BOCCTAHOBHUTEIbHAS

peaKknu:
Zn+CuSO4 — ZnSO4 + Cu

WM B HIOHHOU (hopme:

/n +CuZJr — Zn2+ +Cu .
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B ranpBaHMYECKOM 3JIEMEHTE, COCTABJICHHOM M3 YKEJIE3HOM IUIACTUHKHU, OMYIIEHHOW B
pactBop FeSO4 M CBUHIIOBOM IJIACTHHKH, OMYIIEHHOW B pacTBOp PbH(NO3)2, xene3o sBiIseTcs

AHOIOM. CxeMa 3TOro 3JIeMEHTa ciacayromas:
(—)FelFeSO4|Pb(NO3),|Pb(+).

Ha xene3nom 9JICKTPOAC (aHOI[C) MMPpOUCXOAUT OKUCIICHUC. 9TO0T mponuecc OIMUChbIBACTCA

CJICAYIOIIUM 3JICKTPOHHO-MOHHBIM YPAaBHCHUCM!

0 - 2+
Fe' —2e & Fe“ ' .
JKene3uslii aeKTpoa MPHUOOPETAET OTPHUIIATETIBHBIN 3apsi.

Ha cBuHIIOBOM 31ekTpojie (KaTojie) MPOUCXOMHUT IPOIECC BOCCTAHOBJIEHHS HOHOB Pb*

H3 pacTBOpa:

2+ - 0
Pb~" +2e < Pb .
CBHHIIOBBI 3JEKTPOJ 3apsKAETCS MOJI0KUTENBHO.

Cymmupys 00a ypaBHEHHs, MOJYyYMM HOHHOE YpaBHEHHE pEaKIMH, MPOTEKaroleld B

JaHHOM IraJJbBaHNYCCKOM 3JICMCHTC:

Fe+ Pb*t = Fe*" + Pb

DNEeKTPOHBI MO TMPOBOJHUKY, COCAMHSIONIEMY IUIACTHHKH, OYyAyT TMEpPeXOAUTh OT
JKEJIE3HOM TUTACTHHKU K CBUHITOBOM.

Wrak, B raapBaHUYECKOM 3JIEMEHTE MO MPOBOJAHUKY, COCTUHSIONIEMY AJIEKTPOJIbI, TEUET
INEKTPUUYECKUH TOK.

[TosiBneHHE 3JIEKTPUUECKOrO0 TOKA CBHJIETEIHCTBYET O HAMYUU PA3HOCTH MOTEHIMAJIOB
MEXIy OJJIEKTpojgaMu. JHade TOBOps, Ha OJHOM M3 DJEKTPOJAOB BO3HHKAET  KAaKOH-TO
ornpeAeNnEHHbINA MOTEHIIUAN, PA3IUYHbIN JIJIs1 pa3UYHbBIX AIEKTPOIOB.

[ToTenuuan, KOTOPHIN yCTaHABIUBAETCS HAa METAJUTMUECKOM JIIEKTPOJIe, TOMEIEHHOM B
pacTBOp COJM OJTHOMMEHHOI'O METaJlIa, Ha3bIBAETCS AJIEKTPOJHBIM MOTEHIIMAIOM METaIa.

N3mepenHsie B CTaHAAPTHBIX YCIOBUAX TOTEHIMAIBI METAJIOB  HA3bIBAIOTCS
HOpMaJIbHBIMU (WJIM CTaHAAPTHBIMU) AJIEKTPOJHBIMHU TMOTEHIMANIaMHU MeTaioB. X 3HaueHus
JUTSL pa3JIMYHbBIX METAIJIOB MPUBEACHBI B Ta0uIe 9.1.

Uem nerue wmetamn OTAAET SIEKTPOHBL, T.€. YEM JIET4€ OH OKHUCISAETCSA, TeM
OTpHUIIATENIbHEE €ro JJIEKTPOIHBIM TMoTeHIMan. MHaue ToBOps, MO BEIMYMHE 3JIEKTPOTHOTO
MOTEHLIMada MOXHO CYJIUTh O CIOCOOHOCTH METajula OT/aBaTh AJIEKTPOHBI, T.€. 00 aKTUBHOCTHU

METalia.
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bonee axTuBHBI MeTal uMeeT Oojee OTPUIATENBHYIO BEIUYHMHY 3JIEKTPOIHOIO
noTeHuuana. Tak, HOpPMalbHbIE SJIEKTPOJHBbIE TOTEHUHUANbl MarHus, IMHKA W MeIu

COOTBETCTBEHHO paBHHI (B B):

0° (Mg ! Mg* ") =-234;0°(Zn/ Zn**) = -0,76;0° (Cu/ Cu*") = +0,34.

CpaBHuBas 3TH 3HAUCHUS, MOYKHO CJIENaTh BBIBOJI, YTO HAUOOJIEE aKTUBHBIM U3 3TUX TPEX
METAJIIOB SIBIAETCA MarHuii, a MEHEe aKTUBHBIM — MEIb.

B ranpBaHmyeckoM 3JIeMEHTE, MMEIOIIEM JIBa PA3IUYHBIX METAITMYECKUX AJIEKTPOJa,
aHOJOM OyJIeT METa/l C MEHBIIECH BEJIMYMHOW CTAaHAAPTHOTO JJICKTPOIHOTO TMOTEHIIMAJA, T.C.
0os1ee aKTHMBHBIM METAILII.

Hamnpumep, B rabBaHU4ECKOM 3JIEMEHTE
Mg‘Mngr Zn**|Zn

HanOoJyiee OTPHUIATEICH DJEKTPOAHBIA TIMOTEHIIMAA MarHus, I03TOMY MarHUEBBII
ANEKTPOA OyIeT aHOJOM.

Ha maruueBoM ssektpojie (aH0A€) UAET MPOLECC OKUCIIECHUS M0 YPABHEHHUIO:
0 2+ -
Mg~ <> Mg~" +2e,
Ha IIMHKOBOM 3J'IeKTpO,Z[e (KaTO,ZLe) HpOTeKaeT HpOI_ICCC BOCCTAHOBJICHHUA IIMHKA:
2+ - 0
/n“T +2e>/n

10.36 CymmapHOE HOHHOE YpaBHEHUE PEAKIIUH, POTEKAIOIIECH B TAKOM raJbBAaHUYECKOM

QJIEMCHTC, CIICAYIOIICC:

0 2+ 2+ 0
Mg~ +7Zn~" > Mg~ +Zn" .
Bennunna QJICKTPOAHOTO MOTCHIMAJIA MCTAaJlJIa 3aBUCUT, INTaBHBIM 06pa30M, OT IPHUPOABI

MeTajljla, TeMIepaTypbl M KOHLEHTPAallUM HOHOB MeETajjla B pacTBOpe. JTa 3aBUCHUMOCTb

BhIpa)kaeTcs ypaBHeHHeM HepHcTa:

o 0,059
Q=0 (Me/Men+)+TlgC(Men+), ©.1)

e ¢ (Me/Me"*) — HopMalIbHBIN 3JIEKTPOAHBINA MOTEHIIMAT;
1 — YUCIIO OT/IaBAeMbIX (IPUHIUMAEMBIX ) METAJIIOM 3JIEKTPOHOB;

C(Me"") — KOHLIEHTpaLs HOHOB METAILIA B PACTBOPE, MOJIL/IM".
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[Ipy KOHIEHTpAIlMM HOHOB MeTallla, paBHOH | MOIB/AM, BTOpOW ulIeH ypaBHEHHUS
oOpamaercs B HOIb, TOTAA @ = (), m.e. OSNeKMPOOHbll NOMEHYUAL Memauld Nnpu e20
konyenmpayuu 1 moas/om® npeocmaesnsiem coboti cmandapmublii 21eKmpoOHblll NOMEHYUAL.

SHGKTPOI[BI/I)KyHIaﬂ cuna FE rambBaHMYECKOTO JJIEMEHTA OMpeaAcCIsICTCA Pa3HOCTBIO

MOTEHITMAJIOB KaTO/Ia M aHO/A: E = Ok — Q4.

Tak, DJIC MarHWeBO-I[MHKOBOTO TallbBAHWYECKOTO O3JICMEHTA, IMPH KOHIICHTPAIUSIX
NOHOB COOTBeTCTByIOHII/IX MCTAJIJIOB OOUH MOHB/]IM3 .
cocrasmsier: E = 0°(Zn /] Zn>*) — ¢° (Mg | Mg?*) = 0,736 — (—2,34) = 1,604 B.

UYeMm GobIle pa3HOCTh B 3HAYECHUAX CTAHAPTHBIX YMEKTPOIHEIX MOTEHIIHAIOB METaIOB,
TEM GOHBHIG 3HC raJabBaHUYCCKOI'O DJICMCHTA, KOTOpBIﬁ 9TU MCTAJIJIbl 06pa3yIOT.

CpaBaum JJIC TOABKO YTO pPa3zoOpaHHOTO MAarHUEBO-IIMHKOBOTO TallbBAHMYECKOTO

anemenTa ¢ OJIC MarHueBO-MEeqHOTO 3JICMEHTA.

C(Mg/Mg2+) = C(Cu/Cu2+) = 1monw/ om>

Mngr Zn2+|Zn(+);

E=¢°(Cul/Cu’t)—° (Mg /Mg?*)=+0,34—(~2,34) = 2,68 B.

Wrtak, ueM pnanpiie Apyr OT Jpyra Haxo[SATCs MeTauibl B TaOlMIlE HOpPMAalbHBIX
3JIEKTPOIHBIX MOTEHIIUATIOB, TeM OosbIne DJIC rabBaHUYECKOTO JIEMEHTA.

Kak orMeuanochk panee B pazjese, 3aBUCUMOCTb BEJTMYUH AJIEKTPOJHBIX MOTEHIIUAIOB OT
KOHIIGHTPAllMM OKUCJIMTEIbHOM M BOCCTAaHOBHUTEIBHOM ¢opM pearenta u oT pH cpems
BbIpaxkaeTcs ypaBHeHueM Hepuera (9.1).

VYpaBnenue HepHcra mo3BosisieT npoBoauTh pacuer J/[C raapBaHUYECKUX 3JIEMEHTOB
P YCIOBUSAX OTIMYHBIX OT CTAH/IAPTHBIX.

W3menenne wn3o6apHOro mnoreHnuana ['mb0ca B cucTeMe 4YMCICHHO paBHO pabote,
COBEpLIAEMOM B Pe3yJIbTaTe MPOTEKAHUSI SJIEKTPOXUMHUECKON pEeaKIIUU:

AG = -4 = —nAgF, 9.2)

rnie A — paboTa »dIIEKTPUYECKOTO TOKa, paBHas MPOU3BEACHUIO YHCIA MOJb

MEPEHECEHHBIX AIEKTPOHOB N, HAMPSKEHUS B AJIEKTpUUecKoi 1enu A¢ u nocrossHHoi dapanes
F =96 454 Kn/monb = 96 500 Kn/mons.

JInst craHIapTHBIX yCIOBUIA:

AG’ =-A4" = —nApF. 9.3)

KoHcTranta paBHOBeCHs 3JIEKTPOXUMHUYECKOM pEaKUUM JUIsl CTaHJAPTHBIX YCIOBHI

ompezensercs GopMyJIoi CIeAyONmEero Buia:

73



p_ nAq)OF

~16,9nA0" . 9.4
23-RT ¢ ©4)

lg K

BenuunHbl KOHCTAaHT paBHOBECUH I Pa3HBIX JEKTPOXUMHUECKHUX PEAKIHil TO3BOJISIOT
OTIPEICNIATh CTENEeHb UX HEOOPAaTUMOCTH.

[TockoabKy 37€KTPOIHBIN MOTEHIIMAN METaJlla 3aBUCUT OT KOHILEHTpAIUu pacTBOpa, TO
MOXHO COCTaBUTh II€Mb W3 OJMHAKOBBIX METAIUTMYECKUX DJIEKTPOAOB, MOTPYKCHHBIX B
pacTBOpBI C Pa3IWYHONW KOHLIEHTpAlMEed HOHOB 3TOT0 METaljla — 3M0 KOHYEHMPAYUOHHbIL
2aNbBAHUYECKULL DTIeMeHM.

3J1C KOHLEHTPAIMOHHOT' 0 3JIEMEHTa onpeenseTcs no Gopmyie:

C MZ+
e~ 09059, Ci(Me™)

z Ty (MeT)

rae C(Me*") — KOHIIEHTpals MOHA METANNA B PUAJIEKTPOIHOM CIIOE, MOJIL/IM’, TIpHYeM

(9.5)

Ci1(Me*") > C2(Me*") ; z — cTeneHb OKUCIIEHHS HOHA.

ObopynoBanue 1 MaTepuaJIbI
JIBa crakana émMkocTbio 100 cm®
PactBop CuSO4, C(CuSO4) = 1 monv/om’.

PactBop ZnSO4, C(ZnSO4) = 1 monv/om’.
Mennas njaacTUHKa

[{nHKOBas MIACTUHKA

MenHble TPOBOIOUKH

BonbsrmeTp

U — o6pa3nas TpyOka

. pactBop KClI

0. Arap-arap

e i A o e

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboTsl B XUMHYECKON 1abOpaTOpWU [OJKHBI TNPOBOJUTHCA MPHU HCIPABHOM
3NEKTPOOOOPYAOBAHNH, SIEKTPOIPOBOAKE, TPABUIFHO 000PYAOBAaHHOM BBHITSHKHOM LIKady.

2. T'a30BbIe KpaHBI U Ta30IPOBO/I JOJDKHBI HAXOAUTHCS B UCTIPABHOM COCTOSIHHH, TIEPUOTNIECKH
TIPOBEPSITHCA.

3. Palodee mMecTo cofiepKaTh B MOPSAKE U YUCTOTE.

4. Cyxue peakTuBHI TpeOyeTcs OpaTh YUCTHIM IIMATENEM WIN CIeIUATbHON JIOKEUKOM.

5. Wsnumiex peakTuBa HE BEUIMBATH OOPATHO B COCY, U3 KOTOPOT'O OH OBLT B3ST.

6. Bce ombITHI € BPCAHBIMHU U IMaXHYIIUMHU BCHICCTBAMH, a TAKKE YIIapUBaAHUC KHUCJIOT U KHUCJIBIX
PacTBOPOB MPOBOAMTE B BBEITSKHOM HIKAQYy.

7. OcTaTku coeMHEHM cepedpa CIIMBATh B 0COOBIE CKIISTHKU.

8. Ilpu HarpeBaHUW PACTBOPOB B MPOOMPKE BCerja CleAyeT JAepxKaTh €€ TaKUM 00pa3oM, YTOObI
OTBEpCTHE MPOOUPKH OBUIO HATIPABJICHO B CTOPOHY OT Pa0OTAIOLIETO PSIOM COCea.

9. He HaKIIOHATH JUIIO HAJl HATPEBAEMOH JKUIKOCTHIO WM CIUIABIIIEMBIM BEIIECTBOM.

10. He crenyer BapIxaTh Maxyd4ue BEMIECTBA M Ta3bl, OJM3KO HAKJIOHSSACH K COCYHY C ITHMH
BCIICCTBAMHU. Hroxate BEIIECTBAa MOXHO JIMIIb OCTOPOXKHO, HAIIpaBJIAd K cebe Tapbl WK ra3 IBUXKCHUEM
PYKH.

11. XpaHUTH pacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT M MIEIOYCH B BRITSDKHOM IIKady.

12. BrumBaTh pa30aBICHHBIC KUCIOTH U MIEJIOYHBIE PACTBOPHI CIICTyEeT B CIMBHYIO CKIITHKY.

13. Kareropuuecku 3anpeniaercsi IpoOOBaTh XMMUYECKHE BEIIECTBA HA BKYC.
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14. Tlpu paboTe ¢ Jerko BOCIUIAMEHSIONMMUCS BeliecTBaMu (3(GUpBI, OCH30J, cepoyriepos u
T.JI.) HE JIOJDKHO OBITH PSJIOM OTHS U BKJIFOUCHHBIX ITHTOK.

15. llpu paboTe cO CTEKIOM, XMMHYECKOW WOCYIOH, HEOOXOOuMo coOMoIaTh MpaBHiia
NPEAOCTOPOKHOCTH BO N30CKAHUE PAHCHUN OCKOJIKAMH CTEKJIA.

16. Kareropuuecku 3amperniaeTcs OCTaBIsATh padboTaromie IpruOophl 6e3 HaOII0IeHHU.

25. B xumuyeckoi 1abopaTopun HeoOXOIMMO paboTaTh B Xanare.

3aganusa

Onwim 1 Bospmute aBa crakana émkocThio 100 cv>. B oquH W3 HUX HaJeiTe pacTBop
CuSO4, B ppyroii — pactBop ZnSOs Kouuentrpammu pactBopoB oauHakoBbel: C(CuSO4) =
C(ZnSO0y4) = 1 monv/om’.

B mepBeIii cTakaH OIMyCTHTE MEAHYIO TUIACTHHKY, BO BTOpPOW — IMHKOBYIO. K obenm
IUIACTUHKAM TIPUKPEIUTE MEIHBIE IPOBOJIOYKH, KOTOPBIE COEAMHHUTE 4Ye€pe3 BOJIBTMETP.
PactBopsl B cTakaHax coeaunute U — oOpa3Hoil TpyOkoH, HamoinHeHHOH pactBopoM KCI B
cMecu c arap-arapoMm. HaOmromaercst OTKJIIOHEHHWE CTpENKd, T.6. B IeNHU TMOSABISAETCA
AIIEKTPUYECKUI TOK.

Tabauya 9.1 CmanoapmHvie 51eKmMpoOHble NOMEHYUATbl MEMALN08

YpaBHEHHUE NTOTypeaKLUU 0,B YpaBHEHHE NTOTypeaKLUU 0',B
Ag + e ordg +0,7994 Hg3  + 2 & Hg +0,792
APt 4 3e — Al -1,66 K'+e— K -2,923
A’ + 3e & Au? +1,41 Lit+e« Li -3,04
At + e Au +1,50 Mg’ + 2e <>Mg -2,37
Au™ + e < Au +1,68 Mn’* + 2e < Mn -1,17
Ba’* + 2e <> Ba -2.91 Mo’ + 3e <> Mo -0,2
Ca’" + 2e < Ca -2,79 Na* + e <> Na -2,713
Co’" + 3e < Co +0,46 Ni’* + 2e <> Ni -0,228
Co’" + 2e < Co -0,29 Pb’* + 2e <> Pb -0,126
Cr’* + 3e < Cr -0,74 Pb** + 4e < Pb +0,77
Cd’" + 2e — Cd -0,403 Pd’* + 2e « Pd +0,915
Cu’* + 2e < Cu +0,345 PPt + 2e < Pt ~+1,2
Cut +e Cu +0,531 Rb™ + e« Rb -2,924
Fe’t + 3e <> Fe -0,058 Sh3* + 3e <> Sh +0,20
Fe’" + 2e < Fe -0,473 Sn’" + 2e <> Sn -0,140
2H" + 2e < H> 0,0000 Sr?* + 2e < Sr -2,89
Hg’* + 2e & Hg +0,850 Zn’" + 2e < Zn -0,764

Conep:xaHue oT4yeTa
Hanumure ypaBHEHHs JIEKTPOJHBIX POLECCOB U CYMMAapHON peaKIUy, IPOUCXOIAIINX

npu padore snemenrta. Omnpexenute katox u aHon. CocTaBbTe CXeMy JIEMEHTa, PACCUHTANTE

OJIC, AG u cTaHAapTHYIO KOHCTAHTY CKOPOCTH.

KoHnTpo/ibHbIE BOPOCHI
bazoBblii ypoBeHb
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1 Kakne mnpouecchl Ha3bIBAIOT SJIEKTPOXUMUYECKMMU? YeM OHM OTIWYaIOTCA OT
00b1yHBIX OBP?

2 KakoBbl IpUYUHBI BOZHUKHOBEHHUS JBOMHOIO 3JEKTPUYECKOTO CIIOS Ha MOBEPXHOCTH
METaJUINYECKOU IIIACTUHBI B BO,Z[G?

3 Kakoe yCTpOoWCTBO Ha3bIBAIOT TaJIbBAaHMYECKUM 3yieMeHToM? [IpuBenute ero cxemy
Ha KOHKPETHOM IIpUMEpE.

4 Kakne smeKkTposibl Ha3bIBAalOT aHOJAMH, KaKue — KaToJamu? YKaxuTe aHOd U
KaToJ B IMHK-CEPEOPSHHOM TaJIbBAHMYECKOM JIEMEHTE.

5 MOXXHO M OmNpeAeNuTh aOCOJIOTHOE 3HAYCHHE OJJICKTPOIHOTO TMOTEHIHaia?
Kakoii anexTpo1 BEIOpaH B KauecTBE 3JIEKTPOIa CPaBHEHHUs?

6 Kak yctpoeH cranmapTHbli BOAOpOAHBIN 3nekTpon? IlpuBeaute ero cxemy u
O0BSICHUTE IPUHLIUT paOOTHI.

7 UTto Takoe «psia HaApsHKEHU MeTaioB»? YTo oH onpeaensieT?

[ToBbIlLIEHHBIN YPOBEHB

1 Kakolt «xuMu4eckuili CMBICII» HMMEIOT 3HAaKU «+t» U «—» I CTaHAAPTHBIX
AEKTPOAHBIX MOTEHIINAJIOB OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX CHCTEM?
2 Kaxk ouenuBator 3/]C ranbBanuyeckoro siemMeHTa? OTBET MOSICHUTE Ha MIPUMEPE

KaJIMUI-MEIHOTO rajlbBaHUYECKOIO DJIEMEHTA.

3 Jlnst uero npumeHstoT ypaBHeHue Hepraera? Hanummre ¢hopmyity npUBEIEeHHOTO BHIA
9TOrO YPABHECHHS.

4 Kakue npuOopbl Ha3bIBAIOT akKyMyJisiTopaMu? KakoBbl UX THITBI?

5 Kak yctpoeH CBHHIOBBIM akkyMyisitop? IIpuBenute ypaBHEHHUs, ONUCHIBAIOLINE
IIPOLIECCHI €T0 3apsiia-paspsia.

Cnmcok JuTeparypbl, peKOMEHAyeMblil K HCI0JIb30BAHUIO M0 JAHHOM Teme

OcHoBHas1 JiUuTEpaTypa:
1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. KopoBuH. - 13- uzn., nepepab. u mom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyxaromieil cpesibl : XUMUs KUBBIX opranu3moB. Kypc nekuuii /
E. C. Muxamuna, A. JI. Ilerenmun. — M. : U3patensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTPOHHBIH // D1eKTpoHHO-0MOaroTeuHas cuctema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: as
aBTOPU3UP. M10JIb30BATEIEH
JlonoJHUTeIbHASA JIUTEpaTypa:
1. I'munxka, H. JI. O6mas xumus / H. I'. I'nmunka ; Ilon pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Uurerpan-IIpecc, 2003. - 728c. - bubmmorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XUMHS METAJUIOB : ydeOHOE TocoOue (7151 CTYyICHTOB XUMUYECKOTO (DaKyIbpTeTa
HarnpaBieHuH 0akanaBpoB «XUMHU» U «XUMHUUECKask TEXHOJOTHs») / coctaBuTenu O. A.
INosmoBanoBa. — Owmck : OMcKuii rocy1apcTBeHHbIM yHUBEPCUTET UM. .M. JlocTOEBCKOTO,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TeKcT : 2IeKTpOHHBIH // DnekTpoHHO 6ubimoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: nis
aBTOPU3UP. MOJIb30BATEIEH
HNHuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eamHOE OKHO JOCTYIIa K 00pa30BaTEIIBHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHUBepcuTeTcKast OMOINOTEKAa OHIANHY.

3 http://catalog.ncstu.ru/ — 3IEKTPOHHBIN KaTaJIOT aCCOIUAIIAN AICKTPOHHBIX OMOIHOTEK
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y4eOHbIX 3aBefeHnid u opranuzamnuii CKOO
4 http://www.iprbookshop.ru — 3BC.

5 https://openedu.ru — OTKpeITOE OOpa3oBaHUe
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MuHHCTEepCTBO HAYKHU U BhICIIETO oOpa3zoBanus Poccuiickoit denepanun
denepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTENIbHOE YUPEKICHUE
BBICIIET0 00pa30BaHUs
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»
HeBunHoMmbIcCKU# TexHONOTHYecKnii HHCTUTYT (punman) CKOY

METOJUYECKHE YKA3AHUA

10 BBITTOJTHEHUIO MTPAKTUYECKUX PabOT
10 TUCUHUITITUHE « XUMUS
JUISL CTYZICHTOB 32049HON (OpMBI 00yUIEHUS
HaIpaBIEHUS MOArOTOBKU
15.03.02 TexHOJOrMYECKHE MALIMHBI K 000pyAOBAHKE

Hesuauomsbicck 2022
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Metonuueckue ykasaHusi pa3paOOTaHbl B COOTBETCTBHHM C TpeOOBaHUAMHU
®I'OC BO wu paboueit mnporpaMMbl JUCHUIUIMHBI «XUMHS». YKa3aHUSI
MpEeIHAa3HAYCHBI JUISI  CTYACHTOB OYHOW (opMbl OOydYeHHsS HampaBICHUS
noaroroBku 15.03.02 TexHonoruueckue MaiivHbl 1 000pYAOBaHUE.

ConepkaT OCHOBHBIE PA3LEibl M3YyYa€MOI'O0 TEOPETHYECKOrO0 MaTepuala,
NepeyYeHb 3aJaHui, HEOOXOAMMBIX Il TPOpabOTKH, a TaKXKe CIHCOK
PEKOMEHAYEMOM JINTEPATYPHI.

Cocmasumenu T.C. Yepeonuuenko, KaHo.Xxum.HayK
K.C. Cvinko, accucmenm.
Oms. peoakxmop AJL IIpocKypHuH, Kano.Xum.HayK, OoyeHm.
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IIpakTH4eckoe 3ansaTHE 5. CKOPOCTH XUMHUYECKUX peaKnuil. XMMHYeCKOe PaBHOBECHE ..... 111
TEMA 6. PACTBOPDBI ......cooouiiiiiiiiiiiie ettt ettt et e et e et e et eeeeaeeeabeeestaeesnseeesaseessnseeennseesnnsens 121
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IIpakTuyeckoe 3ansaTue 9. 'anabBaHU4YecKkue 1eMeHThl. Koppo3us merasuios.

DUICKTPOIIMS .......eeneieeutteniteeittentte et enteeeeteesateeateenteeaas e e bt e saseenbeesan e e st e saseemseenaseenseesaseenseenaneenneenaneenneens 150
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BBEJIEHUE

JucuumuinHa «Xumus» OTHOCUTCSA K JUCHMILIMHE 0a30Boi yacth. OHa HampaBiieHa Ha
dbopMupoBaHue  OOUICKYNbTYpHBIX,  OOMIEIPOPECCHOHANBHBIX W TPO(EeCCHOHATBHBIX
KOMIIETEHIIMH 00yJaromuxcs B mpoliecce BeIoMHeHus padot, onpeneneHusix @I'OC BO.

MeTtoanyeckue yKka3aHus COCTaBICHBI HA COBPEMEHHOM HAyYHOM YPOBHE M PACCUMTAHBI
Ha CTYJICHTOB, 1o HampasieHuo 15.03.02 TexHojornyeckue MalvHbl 1 000pyJOBaHUE.

IlocnenoBaTeabHOCTh TEM COOTBETCTBYET JIOTMYECKOM CTPYKType €€ IPOXOKICHHUS.
[IpennaraeMple MeTOOMUYECKUE YKa3aHMsA COJAEpKAaT MarTepuaj, KOTOpBIH pEKOMEHAyeTcs
UCIIOJIb30BaTh CTYA€HTAM IIPU NOJATOTOBKE K MPAKTUYECKUM 3aHATHSM.

JUis MOATOTOBKM K IMPAKTHMYECKUM 3aHATHAM CTYAEHT AOJDKEH M3Yy4UTh Marepuain Io
COOTBETCTBYIOLIEH TeMe, MCIOJb3ysl OCHOBHYIO M JIOTIOJIHUTENBHYIO JHUTEpaTypy, a TaK e
UCTONb3Yys nepuoanueckue usnanus CMU.

81



Tema 1. OcHOBHbIE IOHATHS U 3AKOHBI XUMHUM.
IIpakTnyeckoe 3ausiTe 1. OCHOBHBIE KJIACChl HEOPraHUYecKuX BemecTts. OCHOBHbIE
3aKOHbI XMMHUH
Henab 3ansaTus: O0600meHNe, 3aKpEIUICHUEe U CUCTEMAaTH3aIUs 3HAHUN O Ba)KHEUIINX

KJIacCax HEOPTraHWYECKUX COCIMHEHUM Ha MMPUMEPE OKCUIOB, KUCIOT, OCHOBAHHI U COJICH.

3HaHus U yMeHusl, NpuodpeTaemMble CTYIEHTOM B pe3yJibTaTe 0CBOCHHS TeMbl

3HaTh: OCHOBBI CAMOOPIaHM3ALMH U CaMOOOPa30BaHMS;
3HaTh: CYIIHOCTh M 3HaUCHHE UH(OPMAIIUH B PA3BUTHU COBPEMEHHOTO OOIIECTBA; OCHOBBI MOy YCHHUS
1 00paboTKK MH(pOPMAIMU U3 PA3INYHBIX HCTOYHUKOB
3uatb: pabOTHI IO pacyeTy U MPOEKTUPOBAHMIO JIETAICH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKUHMUA B COOTBETCTBUM C TEXHUYECKUMH 3aJaHUSIMU U UCIIOJIb30BAHUEM CTAaHIAPTHBIX
CpEeICTB aBTOMATU3aLMH IIPOEKTUPOBAHUS
YMeTh: caMOCTOSITENIFHO CTPOUTD MPOIIECC OBJIAACHUS HH(pOpMaLUeH, 0TOOpaHHOH H
CTPYKTYpPUPOBAHHOMU /IS BBITOJIHEHHS TPO(ECCHOHATTBHOMN AeSITeIbHOCTH.
YMerb: moiydats 1 00padaThIBaTh HHGOPMALIMIO U3 PA3INYHBIX HCTOUHHKOB
VYmern: TIPUHUMATh YUacTHe B paboTax Mo pacyeTy U MPOCKTUPOBAHUIO JACTAICH U y3TI0B
MAaIIMHOCTPOUTEIBHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMHU 3aJaHUSMU U
HCIIOJIb30BAHMEM CTAHAAPTHBIX CPEICTB aBTOMATHU3aLUU IIPOECKTUPOBAHUSA

HaumenoBanue (hopMupyeMbIX KOMIETEHITHIHA

AKTyaabHOCTb TEMBI

K HeopraHMuyeckuM COEIUHEHMSIM OTHOCAT BCE COYETAHUS XUMHUYECKHX 3JIEMEHTOB,
KOTOpBIE HE COJEep)KaT yriaepoA. bBOJbIIMHCTBO M3BECTHBIX COEIWHEHUH  SBISIOTCA
OpraHMYECKUMH, OJJTHAKO M3BECTHO OKO0JO0 20 MHJIIMOHOB T€X, KOTOpPbIE MPUHAJIEKAT K KiIaccy
Heoprannueckux. OrpoMHOE KOJHYECTBO BBI3BIBAET HEOOXOTUMOCTh WX KIacCH(UKALUH, TO
ecTh JeJeHus Ha rpynnbl. Kaxaoe U3 3TUX BellecTB 007alaeT CBOMMHU XapaKTEpUCTHKAMHM, U
IIO9TOMY MOJKHO BBIJECIUTh OCHOBHBIE KJIACChl HEOPTaHUYECKUX coeAuHeHuil. [l mroboro u3
HUX XapaKTepHbl Pa3JIMYHbIE CIIOCOOHOCTH B3aUMOJEHCTBHMS C JPYTUMH BEIECTBAMU, CBOU
cBolicTBa. XHUMHUS, KJIACChl HEOPraHUYECKUX COCAMHEHUI B KOTOPOH 3aHMMAIOT BaXXHOE MECTO,
paccMaTpUBaeT UX KJIACCU(PHUKAIMIO ¢ HECKOIBKUX TOYEK 3PEHHUSL.

Teopernveckas yacThb

Heopranudeckne coenuHEHHs KIACCH(QHUIUPYIOTCS MO COCTaBy WJIM TIO CBOMCTBaM
(pyHKIIMOHANBHBIM Tpu3HaKaM). Ilo cocTaBy OHUM JenATCS Ha MPOCThIE — 3TO OJHO3JIEMEHTHbBIE
COCIIMHEHUS M CIIOKHBIC, JIBYX3JIeMEHTHbBIE (OMHAPHBIE) U MHOTO3JIEMEHTHBIE (Tabmuia 1).

Tabauya 1 — Knaccuguxayus Heopeanuyeckux coeouHenull

IIpoctsie CrnoxHble
Memannot (88 21€MEHTOB): Jeyxanemenmuoie (OMHAPHBIC)
S- DJIEMEHTBI TUZIPUJIBI LiH, NaH, CaH,,
(xpome H u He); KapOuIbI SiC, CaCz, Al4Cs,
-3JICMCHTBI
Al pGa In TL Ge HUTPHUJIBI Na;N, Mg.N,,
S,n I;b éb i31. ’ OKCHIBI CaO, Al20Os3,
d -3eMeHTBI; CyIbQuIBI K,S, ZnS,
f -3;memenTsI. TaJTU/IbI NaCl, FeCl,.
Hememannw (22 snementa): Miuozosnemenmibie
s- 3§ehﬁe}.nm Comn
> HE cpeaHue NaNO,, K,PO,,
P-3JIEMEHTBI
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B7 C’ 817 N7 P7 S KHCJIBIC NaHSO4, KH2P04,

0O, As, Se, Te,
rajloreHsl, 0J1aropoHbIe (ruzpo-) Ca(HCO;),,
rashL OCHOBHBIE MgOHCI, AI(OH),Cl,
(runpokco-) (CuOH),SO,;
I'mnpokeuer:

ocuosarnss KOH, Ni(OH),, Ba(OH),
ampomuter Zn(OH), <> H,ZnO,;
Al(OH), < H,AIO,

Kucaotel

Be3KUCI0pOIHbIE HF, HCI, HBr, HI
Kucnopoaconepxamme HNO,, H,SO,

Crno>xHbIe HEOPTAHMYECKUE COCTMHEHMS, COTacHO Tabmuiie 1, KpoMme moapasiesieHui 1mo
COCTaBy, B CBOIO OuepeIb MMOAPA3ICIAIOTCS MO (PYHKIHMOHATHHOMY MPU3HAKY HAa OKCHUIBI,
TUAPOKCHIBI (OCHOBHBIE M aM(OIMTHBIE), KUCJIOTHI U COJIH.

K OuHapHBIM COCMHEHHUSIM OTHOCSTCS:

1) OKCHIIBI — COEMHEHUS AIEMEHTOB C KUCIIOPOJIOM CO CTETICHBIO OKUCTEHUS (—2);

2) raJiubl — raJIOreHIPOU3BOIHBIE ((DTOPUIBI, XJTIOPUIBI U JIP.);

3) cynbhuUIBI — COETMHEHHSI C CEPOI CO CTETICHBIO OKUCIICHUS (—2);

4) HUTPUBI — COETUHEHHSI C A30TOM CO CTENEHBIO OKHUCIIeHUs (—3);

5) KapOuIBI — COCTMHEHUS YTIIEPOaa CO CTENEHBIO OKUCIICHHS (—4);

6) dhocdunsl — coenunenus: pocdopa co CTEMeHbIO OKUCTEHUS (—3).

Homenknamypa  ounapuoix  coedumenuu. K — naTMHCKOMy  Ha3BaHHIO  Oojee
AIIEKTPOOTPHUIIATETILHOTO AJIEMEHTA C OKOHUYAHUEM «u0» TOOABISIOT PYCCKOE HAa3BAaHUE MEHEE
JNEKTPOOTPHUIATEILHOTO JJIEMEHTa B POJUTENBHOM TMaJieke, C YKa3aHHEeM €ro CTeleHu
OKHCIICHHS apaOCKUMH LU(ppaMu B KPYTIIBIX CKOOKaXx.

[Tpumepsi:

Cr, O, — oxcun xpoma (+3);

O, F, — dropun xucnopona (+1);

Al,C, — xapOun amoMuHus;

CuBr, — 6pomun mexu (+2).

OcCHOBHbIE MIOHATHS U OCHOBHBIE 3aKOHbI XUMUH
Monbs — KOIWYECTBO BEMIECTBA, COACPXKAIIEE CTONBKO K€ CTPYKTYPHBIX €IUHUIL
(MOJIEKyJI, aTOMOB, HOHOB, JICKTPOHOB WJIM JPYTUX YACTHII), CKOIBKO aTOMOB COACPIKUTCS B 12
r uzorona yriepoaa '2C. UHCIO 4acTHI], COAEPHKAIIMXCSA B OJHOM MOJb JII0OOr0 BEIECTBa,
coctapiser 6,02:10% cTpykTypHBIX equHuL (nocmosanuasn A6o2adpo).
MonvHnas (monapuas) macca — 3TO Macca OJHOTO MOJb BEIIECTBA, BHIPAKCHHAS B
rpamMmax, YUCIIEHHO paBHAsi OTHOCUTEILHON MOJIEKYJISIPHOW Macce 3TOTO BEIIeCTBA.

Tax, monexymsipHasi Macca Moxekynsl Cl, pasma 70,90 a. e. M. (aTOMHBIX €IUHHIL
macchl). Torga MonbHas Macca Moseky xjopa pasHa 70,90 r/mons. Ho MonpHast Macca aroma
xJopa paBHa 35,45 r/monb, npuuéM oxus Moib Moekyn Cl, comepxur 2 Monb aToMoB xItopa.

Oxeusanenm — 3TO peallbHas WM YCIOBHAs 4acTULA, KOTOpas B KUCIOTHO-OCHOBHOM
peakuuy HKBHUBAJEHTHA OJHOMY HOHY BOJAOPOJa, a B OKHCIUTEIbHO-BOCCTAHOBHUTEIBHOM
peakuuu — OIHOMY WIEKTpoHy. Hanpumep, B KMCIIOTHO-OCHOBHON PeakLuu

3H,S0, + 2A1(OH), = Al,(SO,), + 6H,0.
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IIECTH MOHAM BOJIOpoJia (B TPEX pearupyromux MOJEKYJIaX CEPHOW KHUCIOTHI) COOTBETCTBYIOT
JIBE MOJIEKYJIbI Al(OH)3, cleoBaTeNIbHO, OJHOMY HWOHY BOJOpOJAa OJKBHUBaleHTHa 1/3

morekyist Al(OH), , unade rosops, sxsusanenr Al(OH), cocrasuser 1/3 mons AI(OH),. B

PCaKMu OKHUCIICHHUA-BOCCTAHOBJICHUSA
H,SO,(pa36.) + Mg =MgSO, +H, T

aTOM MarHusi TepsieT JiBa JIEKTPOHa: MgO -2¢ > Mg2+ U TI0TOMY OAMH SKBUBAJEHT
MarHusi coctaBisieT 2 Monb. Bennuunel 1/3 u 1/2 (B 3TuX nmpumepax) Has3blBAIOT (axmopom
9KBUBAICHIMHOCU.

Okeueanenmnas macca — 3TO Macca OJHOIO SKBUBAJIEHTAa BEILECTBA BBIPAXKEHHAs B
rpammax, T. €. pa3MEepHOCTh SKBHBAJICHTHON MacChl — I/MOJIb.

OO0BEM, 3aHMMaeMblil NPH JaHHBIX YCJIOBUSAX MOJBHOW MM 3KBHBAJEHTHOM Maccoi,
Ha3bIBAETCS] COOTBETCTBEHHO MOIbHbIM WITH 9KEUBANEHMHbIM 00BEMOM 3TOTO BEIIECTBA.

Tax, monbHast macca Al(OH), pasua 78,0 r/Moi1b, a 9KBUBaJICHTHASI Macca COCTABISICT

1/3 MOIBHOM MaccChl AI(OH)3 , T.. 26,0 r/Monb. AToMHas Macca MarHusi paBHa 24,3 r/monb, a

€ro SKBHBAJICHTHAs Macca (B MPUBEIEHHOM BBILIE IPUMEPE) COCTaBIIACT 1/2 ero MOJIBHON MacChl
— 12,12 r/Mo07B.

B cooTBeTcTBUM € 3aKOHOM SKBHMBAJICHTOB MAaccChl (0OBEMBI) pearupyromux BeIIECTB
m(X,) (V(X,)) n m(X,) (V(X,)) npsiMo IpONOpIHOHAIbHBI MX 3KBHBAJICHTHBIM Macca
(o0BEMam):

m(X1) . m(Xz)
M,(X) M,(X,)’

(1.1)

VX)) V(X))
V(X)) V(X)) (1.2)

Bonpocsl u 3aganus:

[TpuBeném npuMeps! BHIOTHEHUS TUIMYHBIX 3aJJaHUN, TPUBEAEHHBIX B padoTe.
Ilpumepl. CoctaBbTe (hopMysly HOpMaIBHOW (CpemHEW) comu Oapus W MBIIILIKOBOM
KHCJIOTHI.

Pemenne. ®opmyia MbiibsikoBoit kuciaoTsl F1,AsO,. Monekyina conu, o6pasoBaHHas
noHoM Ba® W KHCIOTHBIM OCTATKOM ASOj_, JOJDKHA OBITh  AIEKTPOHEUTpAJIbHA.
Haumensiee oOree kpatHoe urces 2 U 3 (3apsabl HOHOB) PaBHO 6, TOATOMY MOJIEKYJIa T0DKHA
comepxkath 6:2 = 3 aroma Oapus u 6:3 = 2 KHUCIOTHBIX OCTaTKa ASOjf. ®opmyna conu
Ba,(AsO,),.

Ilpumep 2. CoctaBbTe (OpMYTy OCHOBHOW COJIM QIIOMUHUA U OpPOMOBOJOPOIHOM
KHCJIOTHI.

Pemienne. MoJsiekysia OCHOBHOM COJIM JIOJKHA COJIEPKATh KHCIOTHBIE OCTAaTKH HOHA
Br',uona AI’'u OH -rpymmsl. Tak kak B MOJEKyJle THAPOKCHAA alloMUHUS Beero Tpu OH
rpymmsl, a ocratka ¢ OH -rpymmamu Bosmoxuo msa: (Al(OH),))" u (AIOH)*', 10 u
ocHOBHBIX coueii Oyzer Bcero ase: AI(OH),Br u AIOHBE,.

Ilpumep 3. CocTaBbTe YpaBHEHHUS PEAKLUH MEXKIY COOTBETCTBYIOIIMMH KHCIOTaMHU U
OCHOBaHUSIMU, MPUBOIAIINX K 00pa3oBaHUIO CJICAYOLINX COJIEH:

Ni(NO,),, NaHCO,, Fe,(S0,),.
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Pemenne. Hopmaneruyro coms Ni(NO,), MOXHO momyduTs mpu B3aMMOACHCTBHE
ocuoBarnss N1(OH), u asornoit kucnorst HNO,:
Ni(OH), + HNO, - NiNO, +2H,0.
Kucnyro comb, ruapokap6onar natpus NaHCO),, monyqaror nefictBueM yrmekucioro
rasa Ha FHPOKCHJI HATPUS:

NaOH + CO, = NaHCO,.

Coms Fe, (SO, ), moxer ObITh CHHTE3MPOBaHA, HAIPUMED, TaK:

2Fe(OH), + 3H,S0, = Fe,(SO,), + 6H,0.

Xumuueckue peakyuu udym 00 KOHYA, eclu 6 pacmeope o0Opazyemcsi 0calok, 2as,
CRaObIL  INeKMPONUM UIU KOMNIEKCHuIL UOH. YPaBHEHUS pPEaKIMid HMOHHOTO OOMEHa
HEOOXOJUMO TMHCAaTh B MOJIGKYJSIPHOM, TOJMHOW W cokpaméHHoiW wuoHHOU ¢dopmax. [lpu
HalMCaHUM HOHHBIX YpPaBHEHMH (OpPMyJIbl Ta30B, OCAAKOB U CIAObIX 3JEKTPOJIUTOB CIEAYET
3alUCHIBaTh B BUJIE MOJIEKY L.

CymMMa OHOMMEHHBIX HMOHOB M 3JIEKTPUYECKHX 3apsA0B B JIEBOM M IMpaBOW YacCTIX

ypaBHEHHs JIOJDKHA OBITh OJMHAKOBAa. B HacTosIeM pasjenie paccCMaTPUBAIOTCS PEaKIUH
HOHHOTO OOMEHA.

Ilpumep 4. Hanummre B MOJNIEKYJISIPHON M MOHHOW (hOpMax ypaBHEHUS peaKIMid MEexIy
CJIEIyOIIMMH BEIECTBAMMU:

1) Pb(NO,), u H,S; 2) BaCl, u Na,SO,; 3) Na,CO, u HCL;4) NaOH n H,SO,;

5) CH,COONa u HNO,.

Pemenue. B mosniekynsipaom Bue:
1) Pb(NO,), + H,S =PbS{ +2HNO;; 2) BaCl, + Na,SO, =BaSO, { +2NaCl;
3) Na,CO, + HCl1=2NaCl+ CO, T +H,0; 4) NaOH + H,SO, = Na,SO, + 2H,0;
5) CH,COONa + HNO, = CH,COOH + NaNoO,.

B nonnom Buje:

1) Pb** +2NO; + H,S =PbS{ +2H" + 2NO;;

2) Ba® +2Cl +2Na’ + SO =BaSO, 4 +2Na" +2Cl;

3)2Na’ + COZ +2H +2ClI" =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;.

U B coxpaménnoii popme:

1) Pb*" + H,S=PbS{ +2H" ;2) Ba® + SO =BaSO, {;

3) CO¥ +2H" =CO, T +H,0;4)OH +H" = H,0;

5) CH,COO" +H" = CH,COOH.

Ilpumep 5. 110 coxpali€HHBIM HOHHBIM YPAaBHEHMSAM HAIIMIIUTE IOJHBIE MOJIEKYJISIPHBIC
YPaBHEHUS:

1) OH™ +H'" =H,0; 2) Cu* +S$* =CuS{; 3) 2H" + CO> = H,CO..
Pemenue. B 51eBoil yacTu 3TMX MOHHO-MOJIEKYJISIPHBIX YPaBHEHMH yKa3aHbl CBOOOJIHBIE

MOHBI, KOTOpBIE 00Pa3yIOTCsl MPU TUCCOIMALNN CHIIBHBIX JIEKTpoinMTOB. ClieoBaTeNbHO, IPH
COCTaBJIGHUM MOJICKYJISIPHBIX YpaBHEHHH clleyeT, MOab3ysACh TaOMuIed pacTBOPHUMOCTH,
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BBIOMPATh CHJIbHBIC AJICKTPOJHTHI, COACPIKAIIUEe COOTBETCTBYIOIIUi noH. Hampumep, non H*

conepsxutcs B coctase cunpHoro aexrponuta HCla OH -8 NaOH. Torna:

1) HCI + NaOH = NaCl + H,O — monexymsipras popma;

H" +ClI' +Na” + OH =Na" + ClI' + H,O - nonnas wommas dopma; u Torna
cokpaléHHast HoHHasi popma OyJeT UMETh 3aJaHHbIN BUI:
H +OH = H,O.
CrenoBaTenbHO, MOJIEKYJSIPHOE YpaBHEHHE COCTaBJICHO MpaBWibHO. OcTaBiinecs JBa

YpPaBHEHUs COCTAaBIAIOTCS [0 AHAJOTMYHBIM IMPHUHOMIAM M COOTBETCTBYIOILIHME UM
MOJIEKYJISIpHBIE ()OPMBI UMEIOT BUJI:

2) CuCl, + Na,S =CuS 4 +2NaCl; 3) H,SO, + Na,CO, = H,CO, + Na,SO,.
Ipumep 1. Boraucnure skBuBaneHTs M dkBuBanentusie Mmaccsl H,SO, n A1(OH), B

peaKkUusaX, BBIPAXKECHHBIX YPABHECHUSAMU:

H,SO, + KOH = KHSO, + H,0 (1)
H,SO, + Mg =MgSO, +H, T )
AI(OH), + HC1 = AI1(OH),C1 + H,0 (3)

AI(OH), + 3HNO, = AINO,), +3H,0.  (4)

Pemenne. DkBUBANIEHT (9KBUBAJICHTHAs! Macca) CIOXHOIO BEIECTBA, KAK M YKBUBAJICHT
(PKBUBaJIEHTHAs Macca) >JEMEHTa, MOKET MMETh Pa3IMYHbIC 3HAYECHUS B 3aBHCUMOCTH OT TOTO,
B KaKyl0 pPeakI1io 0OMeHa BCTYNAET ATO BEIIECTBO.

DKeusarenmuas. macca Kuciomel paBHa ee MoibHoM Macce (M), nenenHolt Ha yncno

aTOMOB BOJIOpOJA, 3aMEUICHHBIX B JaHHOW peakUMM Ha METaUl. OKEUBAIEHMHAS Macca
ocnosanus paBHa ero MmonbHoM Macce (M), meneHHOM Ha YMCIO TMAPOKCHIBHBIX TPYIII,

3aMEIIEHHBIX B JAHHOM PEaKIM{ KMCIOTHBIM OCTATKOM.
CrenosatensHo, sxBuBanentHas macca H,SO, B peaxuuu (1): M(H,SO,)/1=

98 r/mons, a B peakuuu (2): M(H,SO,)/2 = 49 r/mons. Dxsusanenrnas macca AI(OH), B
peaxkuuu 3): M(AI(OH),)/1="782/ monv;, a B peaxkuuu 4):
M(AI(OH),)/3 =262/ moxnws.

3ajady MOXHO pemmrtb u ApyruM cmocodom. Tak kak omue wmoms H,SO,

B3aMMOJIEHCTBYET ¢ oqHoM sKkBuBanenTHON Maccoi KOH u nByms sxBuBaneHTHBIME Maccamu
MarHusi, TO €€ SKBUBalcHTHass Macca B peakuuu (1) pasaa M/l r/mons, a B peakuuu (2) —
M/2 r/moib; Al(OH), BzammoneiicTByer ¢ onHoii skBuBameHTHON Maccoir HC1 u Tpems

skeuBaneHTHeIME Maccamn HNO,, mostomy ero skBuBaneHnTHas Macca B peakuuu (3) paBHa
M/1 r/mons, a B peaxtun (4) — M/3 r/mons. Dxeusanenrs: H,SO, B peaxumsix (1) u (2)

COOTBETCTBEHHO paBHbI 1 Moub u 1/2 monb; skuBanentsl Al(OH), B ypaBhenmsx (3) u (4)
COOTBETCTBEHHO paBHBI | MOJb 1 1/3 MOJIb.
Ipumep 2. B kaxoit macce Ca(OH), comepxmutcst cTONBKO e SKBUBATICHTOB, CKOJIBKO B

624 Al(OH),?

Pemenne. OxBusanentnas macca Al(OH), pasna 1/3 ero mombHoit Maccl, T.e. 78/3 =
26 r/momb. Cuenosarensro, B 624 v Al(OH), comepxurcs 624:26 = 24 skBuBaleHTa.
OxsuBanentHas macca Ca(OH), pasua 1/2 ero monbHoit Maccel, T.¢. 37 r/monb. OTcroaa
24 sksusanenra Ca(OH), nmeror maccy 37,324 = 888 .
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IIpumep 3. Ha Boccranosnenue 7,09 T oxcuma Metamna (+2) tpebyercss 2,24 mm’
BOJIOpoJia (HOpMaJibHbIE yCIOBUS). BhIuucianTe S3KBUBAJCHTHYIO Maccy Mmeraina. Yemy paBHa
aTOMHas Macca merasia?

Pemienune. MonbHBIH 00beM JIFOOOTO Tra3a MPH HOPMAJIbHBIX YCIOBHUSX COCTaBISET
22,4 am’. Otcroza 9KBUBaleHTHBIA 00beM Boxopoga V,(H,), monexyna xoroporo cocront
13 IByX aTOMOB BOJIOpPO/a, paBeH 22,4/2 = 11,2 nm°>.

B cooTBercTBHM € 3aKOHOM 3KBUBAJIEHTOB COCTABJISIEM COOTHOLICHUE:!

m(MeQ) _ V(H,)
M ,(MeO) V,(H,)
[ToacTaBUB COOTBETCTBYIONINE 3HAUCHUS U3 YCIOBUS 3aJ1au, MOTyYaeM:

7,09 _ M9(M60); M ,(MeO) = 7,09 11,2 =35,45 2/ mon.
2,24 11,2 2,24

9
Jlasiee, y4uThIBasi, YTO SKBHUBAJECHTHas Macca okcuma M 9(MeO) CKJIABIBAETCS U3

CyMMBI dKBHBaJIeHTHbIX Macc Meramta (M ,(Me)) u xucnopoma (M ,(O)=8 2/monv),
HanuaéM:
M ,(Me)=M ,(MeO)—-M ,(0)=35,45-8=27,45 2/ monv.
AToMHas Macca MeTaJula COCTaBUT:
A(Me) =M ,(Me) -V (Me)=27,45-2=54,92/ mono.

Ortser: 3T0T MeTasul — mapranen Mn .

Ilpumep 4. N3 1,64 T HuTpaTa Metaia noinydeHo 1,36 r ero cynbdara. Beraucnure
9KBUBAJICHTHYIO MacCy MeTala.

Pemenue. [lpu pemeHun 3agauu clieqyeT UMETh B BUAY, YTO IKEUBANEHMHASL MACCA
XUMU4eCK020 coeOuHeHus paBHa CyMMe SKBUBAJICHTHBIX MAcC COCTABIIAIOLINX €0 YacTel.

B naHHOW peakuuu ydacTBYIOT COJH: IKGUBANEHMHAS MACCA COMU PABHA CYMMeE
9KBUBATIEHMHBIX MACC MEMANNA U KUCIOMHO20 OCMAMKA.

[ToaToMy: a) SKBHBajJEHTHas Macca HHUTpaTa paBHA CyMME SKBHUBAJICHTHBIX Macc
MeTajla U HUTPAT-TPYTIIbL:

M ,(Me(NO,),), 2/ monb =M ,(Me)+ M ,(NO; ) =M ,(Me) + 62;

0) SKBHBAJCHTHAs Macca cylbghama paBHA CyMME SKBHUBAJCHTHBIX MacC MeTauia U

CyJb(aTHON TPYMIIbL:

M ,(Me (SO,),), 2/ moro =M (Me)+ M (SO =
=M (Me) + %M(SOj) =M (Me)+ % -96 =M (Me)+48.

VYyuuteiBas CKa3aHHOC, MOJIy4YHM:
m(Me(NO,),) _ m(Me(SO,),)
M,(Me(NO,),) M ,(Me,(SO,),)’

uitu

L,64 1,36
M, (Me)+62 M (Me)+48
Omeem: M (Me)=20 2/ monv.

Bonpocsl ¥ 3aJaHus 1J1s1 CAMOCTOATEIbHOI0 PellleHus!:
ba30BbIil ypOBEHB
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1. CocraBbTe (OpMyYIIbI HOPMANBHBIX U KHCIBIX coneil MbimbskoBuctoii H;AsO; n

cepoit H,.SO, xucnor u maruus.
Yy

2. MoxHo b7 MOy YUTh pacTBop, coJiep KaIIHii OJTHOBPEMEHHO

Ba(OH), n HCI? CaCl, u Na,CO,? NaCl u AgNO,? KCluNaNO,?  Vaaure,

KaKue KOM6I/IHaHI/II/I HCBO3MOJHEI U ITIOUEMY.

3. CoctaBbTe (OpMYIBI OCHOBHBIX COJICH JKeje3a U COJSIHOW KHCIIOTHI, aTlOMUHHUS U
CEpPHOM KUCIIOTBHI.

4. JIoKaXuTe YypaBHEHHMSIMH peakiuil aM(OIUTHOCTh CHEAYIOUINX COCTUHECHHIA:

Zn0O, Al,O,, Sn(OH),, Cr(OH),.

5. Hanummre xumudeckue GOPMYIbl CIASAYIOMUX cojieil: cynabdar meam (+2),
TUAPOCUITUKAT HATPHS, alleTaT Kaiwus, XJOpUA AWTHUApOKcoxene3a (+3), kapOoHAT aMMOHWSI,
auruapodocdar TS, TETPArHAPOKCOATIOMUHAT KaIHs. Y KaXUTE TUITBI IPUBEIEHHBIX COJICH.

6. CoctaBbTe MOJICKYJISIPHBIC YPAaBHEHUsI PEaKIIHiA, KOTOPHIE BBIPAKAIOTCS CIICTYIOIIUMU
HMOHHO-MOJICKYJISIPHBIMUA YPABHEHUSIMU

1) Zn**+ H,S =ZnS{ +2H';2) HCO;+ H' = CO, + H,0; 3) Ag" + Cl'= AgCl .

7. Kakme u3 semects: NaCl, NiSO,, Ba(OH),, NaHCO, - BsaumogeiictByror ¢
pacTBOpOM THApOKcUaa Hartpua? Hanmmmre MoNEKyJIspHbIE M HOHHO-MOJEKYJISpHbIE
YpPaBHCHUS COOTBCTCTBYIOIINUX peaKHI’Iﬁ.

8. CocrtaBbTe€ MOJEKYJIAPHbIE W HOHHO-MOJIEKYJISIPDHBIE YpPaBHEHUS  pEaKIUi
B3aUMOJICYCTBUS B PACTBOPAX MEXKIY:

a) Na,PO, n CaCl,; 6) K,CO, u BaCl,; B) Zn(OH), u KOH.
9. CocTaBbTe MOJIEKYJISIPHBIE YPABHEHUS PEAKIIMNA, KOTOPBIE BBIPAYKAIOTCS CIICLYIOIUMHU
MOHHO-MOJIEKYJIIPHBIMUA YPaBHCHUSAMMU:

1) Fe(OH),+ 3H"=Fe’' + 3H,0; 2) Cd*'+ 20H" = Cd(OH), ¥ ;
3) H + NO, = HNO,.

10. CocraBbTe MOJEKYJSApHbIE M HOHHO-MOJIEKYJISIDHBIE YpaBHEHUS peakuui
B3aUMOJICHCTBUS MEXKITY:

1) FeCl, n KOH; 2) NiSO, u (NH,),S; 3) MgCO, n HNO..
11. CocraBbTe MOJEKYJSIpHbIE YpPaBHEHUS peakUud, KOTOpPbIE  BBIPAYKAIOTCS
CJIEYIOLUIMMHA HOHHO-MOJIEKYJIIPHBIMUA YpaBHEHUSMU:

1) Mg*" + COY =MgCO, {;2)2H" +SiO¥ =H,Si0O, | ; 3) Pb*> +2I =Pbl, .
12.  CocraBbTe MOJEKYJSpHbIE M HOHHO-MOJIEKYJIIDHBIE YPaBHEHHUS peakuUui
B3aMMO/JICHCTBUA B pACTBOPAX MEXKIY:

1) CdS(xenTsiit ocanok) u HCL;2) Cr(OH), u NaOH; 3) Ba(OH), u CoCl,.

13. CocraBbTe MOJEKYJSApPHBIE YpPaBHEHUS pEaKkUUd, KOTOpPHIE  BBIPAKAIOTCS

CJIEYIOLUIMMH HOHHO-MOJIEKYJIIPHBIMUA YpaBHEHUSAMU:
2 - 2 2 2 2

1) Cu® +20H = Cu(OH), {;2) Zn*" + S* =ZnS ; 3) Ca*" + CO¥ =CaCO, | .

14.  Bpruuciaute — SKBHBAJCHT W OJKBHUBAJGHTHYI0O  Maccy  (ocdopHoi
kucnorsl H,PO, B peakunsx obpasosanus: a) ruapodocdara; 0)
murunpodocdara; B) pocdara.

15. IIpu cropanuu 10,00 T metaya obpasyercst 18,88 r okcuga metayuia. Onpenenute
HKBHUBAJICHTHYI0 Maccy Mertasuia. Oteet: 9,01 r/mMorb.

16. Onpenenute SKBUBAJICHTHbBIE MacChl MeTania u Cephl,
ecnu 3,24 r metanna o0pa3yrorT 3,48 r okcuna u 3,72 r cynbpuaa.

17. BeluncauTe KOJUYECTBO BEIIECTBA SKBUBAJICHTA U MOJISIPHYIO MacCy 3KBHBaJIeHTa
nutpata guruapokcoxenesa Fe(OH),NO,; u murumpoapcenara murus LiH,AsO, s
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peakIusax, BbIpakaeMbIX YPaBHEHUSMU:
Fe(OH),NO, + 2HNO, =Fe(NO,), + 2H,0
LiH,AsO, + LiOH = L1,HAsO, + H,O.

I1oBbI1IEHHBINM YPOBEHB
1. C xakuMM M3 NEPEUYUCIICHHBIX HWXKE BEIIECTB IPOpPEarupyer as3oTHas KHUCIIO0Ta:

N,O;,, Al(OH),, CaO, HCI, K,S? H306pasure rpadudeckne GopMyIIbl STHX COCIUHEHHIL.

Hanumure ypaBHEHHsI COOTBETCTBYIOIINX PEAKIIUH.

2. CocraBbTe YpaBHEHUS pPEaKIMi B3aUMOJICHCTBUS CIIEIYIOIINUX COEAUHEHNMN:

a) HUTpat cepedpa u noaAu. Kanwus; 0) OKCHU] IIUHKA U TUAPOKCUI] HATPHSL.

3. CoctaBbTe (OPMYIBI KUCIBIX KAIUEBBIX COleld opTOHOCPOPHOI KHCIOTHI, OCHOBHOM
IIUHKOBOH COJIM YTOJbHOM KHCIOThI, OCHOBHBIX QJIFOMUHHUEBBIX COJIEH COJITHONW KUCIIOTHI.

4. CocrtaBpTe MOJEKYJSIpHBIE W  HOHHO-MOJICKYJISIDHBIE  YPaBHEHHUS  PEaKIHi
B3aUMOJICHCTBUS MEXKLY:

1) H,SO, u Ba(OH),; 2) FeCl, u NH,OH; 3) CH,COONa u HCl.
5. Ykaxure, B KAKUX U3 NIPUBEIEHHBIX CIIy4aeB B3aMMOICHCTBUE POU30MIET:

1) Sn(OH), + NaOH — ?; 2) Na,SO, + HC1 > ?;
3) BaCl, +Na,SO, - ?; 4) Na,S + HCI > ?.

CocTaBbTe MOJEKYISPHBIE M HWOHHO-MOJIEKYJISpPHBbIE YPaBHEHHUS COOTBETCTBYIOILIUX
pEaKLHiA.

6. Yemy paBeH npu HOPMaJbHBIX YCIOBUSX SKBHMBAJICHTHBII
06wem kucnopoaa? Ha cxuranue 3 r meramna (+2) Tpebyercs 1,38 am® kucnopona (H.y.).
BrruncnuTh SKBUBaEHTHYIO MacCy M MOJIbHYIO Maccy 3Toro mertamia. Oteer: 12,15 r/monb;
24,3 r/MOIb.

7. DOnemeHT oOpasyeT psia Tra3000pa3HBIX COEIWHEHUM, IIOTHOCTh KOTOPBIX IO
Bojopony 8, 15, 22, 29. ConepkaHue »J€MEHTAa B JIaHHBIX COCAUHEHMSIX COOTBETCTBEHHO
paBHo 75,0; 80,0; 81,81 u 82,76 %. Onpenenure OTHOCUTENBbHYIO ATOMHYIO Maccy U Ha3BaHUE
snemenTa. Otset: 12; C.

CHnucok JuTepaTypbl, peKOMEHAyeMblil K UCIO0JIb30BAHUIO 110 JAHHOH TeMe

OcHoBHas JInTEepaTypa:

1. Koporun, H. B. O6mas xumus : yaeounuk / H. B. KoposuH. - 13-¢ u3n., mepepad. u gorm. - M.
: Axagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. MuxanuHa, E. C. XuMus okpy>karomei cpesbl : XMMHUs XKUBBIX opranu3MoB. Kypc nexuuii /
E. C. Muxamuna, A. JI. Iletenmun. — M. : U3narensckuii JJlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 31MeKTPOHHBIH // D1eKTpoHHO-01OIMoTeyHast cuctema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocrymna: st
aBTOPH3HP. MOJIb30BaTeNeH

JlonoJHNTeIbHAS JIMTEPaTypa:

1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; Ilon pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - Ilpeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1

2. XuMus METAJUIOB : y4eOHOe ocoOue (IS CTYIEHTOB XUMUIECKOTOo (DaKyIbTeTa
HarpaBieHul 0akanaBpoB «XUMHU» U «XUMHUUECKask TEXHOJOTHs») / coctaBuTenu O. A.
lNonoBanoBa. — Omck : OMckuit rocygapcTBeHHbI yHuBepcuret uM. @.M. JlocroeBckoro,
2015. — 552 c. —

ISBN 978-5-7779-1875-8. — TeKcT : 351eKTpOHHBIH // DnekTpoHHO 6ubimoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: nis
aBTOPU3UP. NMOJIb30BATENIEH
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HNuTepHeT-pecypceb:
1 http://window.edu.ru/ — earHOE OKHO JAOCTYIa K 00pa30BaTEIbHBIM pecypcam

2 http://biblioclub.ru/ — ObC «YHuBepcuteTckas 6u0IMOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 37IEKTPOHHBIN KaTaJIOT aCCOLMALINY JICKTPOHHBIX OUOINOTEK
y4eOHBbIX 3aBefieHH u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 00Opa3zoBaHUE

Tema 2. CTpoenune atoma
IMpakTnyeckoe 3ansiTue 2. DJIeKTPOHHBbIE (POPMYJIBI ATOMOB

Heab 3aHaTHA: 0000IIUTH 3HAHUS 00 SJIEKTPOHHOM CTPOCHUU aTOMOB XMMHUYECKHX AJIEMEHTOB;
3aKpeNUTh YMEHUS W HaBBIKU COCTaBIICHHUS OAJICKTPOHHBIX (OPMYNT aTOMOB XHUMHUYECKUX
3JIEMEHTOB, a TaKXKe X rpaduuecKux U300pakeHui.

3HaHusA M yMeHHs, IpuodpeTaeMble CTYICHTOM B pe3yJIbTaTe 0CBOCHHUS TeMbl
3HaTB: OCHOBBI CAMOOPTaHU3AIMH U CaMOOOPa30BaHMS;
3HaTh: CYIIHOCTPH U 3HaYeHHE HH(OPMALIUHU B Pa3BUTUU COBPEMEHHOTO OOIIECTBA; OCHOBHI MOTYYCHHUS
1 00paboTKkH HHPOPMAITUHN U3 PA3THIHBIX HCTOYHUKOB
3uath: PabOTHI IO pacueTy U MPOSKTUPOBAHMIO JIETAICH U Y3JI0B MAIIMHOCTPOUTEILHBIX
KOHCTPYKUHUI B COOTBETCTBUHU C TEXHUYECKUMH 3aJaHUSIMU M MCIIOJIb30BAaHUEM CTAaHIAPTHBIX
CpEeICTB aBTOMATU3AaLUH ITPOEKTUPOBAHUS
YMeTb: caMOCTOSTENIBHO CTPOUTD IPOLIECC OBJIAACHUS HH(POpMaLuei, 0ToOOpaHHOH U
CTPYKTYpPUPOBAHHOMN /JIs1 BBIIIOJIHEHUS IPO(ECCHOHATIBHON AeSITEIbHOCTH.
YMern: moiydars 1 00padaTHBaTh HHPOPMAIHIO U3 PA3INYHBIX HCTOYHHKOB
VYMmerb: MPUHUMATH yUaCTUE B pabOTax Mo pacyeTy U MPOSKTUPOBAHUIO JeTallei U y37I0B
MAIIMHOCTPOUTENbHBIX KOHCTPYKIU B COOTBETCTBUM C TEXHUYECKUMH 3aJaHUSIMU U
HCTIOJIb30BAaHUEM CTAHIAPTHBIX CPEACTB aBTOMATU3aLUU IPOEKTUPOBAHUA

HanmeHnoBanne ¢GopMHPYEMBIX KOMITETCHIIUIH

Nupexc DopmyIHpPOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3ALUY U CaMO0OpPa30BaHUIO
OIlK-4 MOHMMAaHHUEM CYIIHOCTH U 3HAa4eHHsI UH(pOpMAIHK B PA3BUTUHU

COBPEMEHHOT0 0O0IIIeCcTBa, CIIOCOOHOCTHIO MOyYaTh U 00padaThIBaTh
MH(pOpMAIHIO U3 Pa3IMYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATH,
CTPYKTYPHPOBATH i OPOPMIIATH HHOOPMAITHIO B JOCTYITHOM TSI APYTHX
BUJIC

IK-5 CIIOCOOHOCTBIO MPUHKUMATh YYacTHE B paboTax Mo pacyeTy u
POEKTUPOBAHUIO JIETATCH U y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIIHI B
COOTBETCTBUH C TEXHUYECKUMHU 33/IaHUSIMH U UCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEACTB aBTOMATH3aLUH IPOCKTUPOBAHUS

AKTYaJIbHOCTb Te€MbI:

ITepuonuueckuii 3akon JI. . MenpeneeBa sBIsi€TCSI OCHOBOM COBPEMEHHOW XHMHH.
N3yuyeHne cTpoeHHs aTOMOB BCKpHIBaeT (DM3MUECKHUN CMBICI MEPHOAMYECKOTO 3aKOHAa U
OOBSCHSICT 3aKOHOMEPHOCTH W3MCHEHMsI CBOWCTB DJJIEMEHTOB B TIEpHOJAaX W B TPYyIIax
NEPUOANYECKON CUCTEMBl. 3HAHHE CTPOCHUS aTOMOB SIBJISETCS HEOOXOAMMBIM ISl TTIOHUMAaHUS
MPUYHH 00pa30BaHUS XMMHUYECKON CBSI3M, KOTOpas, B CBOIO OYEpE/Ib, OMpPENENsieT CBONCTBA
BeriecTB. [1oaToMy aHHBIN pa3aen SABISETCS OAHUM U3 BOXKHEUIIINX Pa3aeNioB 00IIeH XUMHUH.
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https://openedu.ru/

[lepuoanueckass cucremMa DdJIEMEHTOB, pa3paboTaHHas BenukuM yuéHeim  J[.H.
MeHnzeneeBbIM, CyMMUpPOBaja BCe 3HAHUS 00 AJIEMEHTaX, UX CTPOCHHH, MaccaxX, COCTaBe sipa,
3JICKTPOHHBIX 000JIOYEK, M SBIISETCS CBOCOOpPA3HOW IIMAPTAJIKOM 1O BCEW HEOPTaHHUYECKOM
XUMHHU.

TeopeaneCKaﬂ HacTb

YcroitunBoe COCTOSTHHME JJICKTPOHA B aTOME OIMCHIBACTCS 3HAUYCHUSIMH YETBIPEX
XapaKTEePHCTUK — KBAHTOBBIX dmucel N, 1, m; U m_.CocTOsHHE 3JIEKTPOHA, OTBEYAIOLICE
ONpE/ICICHHBIM 3HAYCHHSIM KBAHTOBBIX YHCeld N, | U M,, Ha3bIBalOT aTOMHOI 3JIEKTPOHHOI

opOHTaNBI0. DHEPreTHYeCKHM IOAYPOBHAM 3JIEKTPOHA B aTOME, OTBEYAIOIIUM DPAa3IUYHBIM
3HaYeHUAM |, COOTBETCTBYIOT clieyrolye OYKBEHHbIE 0003HAUCHHUSL:

—_—
(O8]

udpoBoe 0603HaUEHUE SHEPTETUYECKOTO MOAYPOBHS |: 0 2
BykBeHHOE 0003HAYEHNE YHEPTETHUECKOTO MO TypOBHS |: s|P|d|f
I'paduuecku xkaxxaass opOouTansp 0003HaAYAETCSI CUMBOJIOM-KIIETKOM:

DNEKTPOHBI B aTOME PACTPEICNSIIOTCS COTVIACHO CIEAYIOIMNM MPUHUIHUIAM: MPUHLIHITY
[Maynm, npuHIHNTY HAMMEHBIICH YHEPTUH C NOMOJHEHUSIMHU KIEYKOBCKOTO M MpPaBUIY
XyHpa.

CornmacHo mnpuHnumy I[laynm B atroMe HE MOXKET OBITh ABYX 3JICKTPOHOB,
XapaKTepU3YIOIIUXCS OJUHAKOBBHIM Ha0OpOM KBaHTOBBIX uyHcen. M3 3Toro cruemyer, d4TO
Kaxicoas amomHas 21eKMpOHHAs opoumans moxcem Ovlmb 3aHAmMa He Oojee wem 08YyMs
INeKMPOHAMU.

Tl

IpUYeM pa3iuyaTbesi OHU OYIyT TOJHKO CIUHOBBIMU KBAHTOBBIMH YHCIIAMHU.

[lopsnok 3amoiHEHUs JJIEKTPOHAMU DJHEPreTHMUYECKUX YPOBHEM U NOAYypOBHEH
omnpeaensieTcsl MPUHIUIOM HaWUMEHBbIIEH SHEPTUU: IIEKTPOHBI B aTOME paclojararTcs
TaK, 4TOOBI WX SHEPrusl ObUIa HaMMeHbINEeH. [I0CKOMBKY SHEPTHI0 JIEKTPOHA XapaKTEPH3YIOT Kak
[JIABHOE 71, TaK U OpOHWTaTbHOE | KBAHTOBBIE YHMCIA, TO SJIEKTPOHBI MPEKAE BCErO 3aHUMAIOT
TOJIOKEHKE, COOTBETCTRYIOIEe MUHUMANbHOM cymme N+l — nepsoe dononnenue Kneuxoeckozo.
Eciu cymma N+l omuHakoBa, TO 57€KTPOHBI 3aHMMAIOT OpOUTATL ¢ MEHBLIMM 3HAYEHHEM N —
emopoe oonoanenue Kneukosckozo.

Pacripenenenuie 37€KTPOHOB B IHEPreTHUECKOM MOJYPOBHE OMNpENENSIeTCS MPaBUIOM
XyHza: yCTOWYMBOMY COCTOSIHUIO aTOMa COOTBETCTBYET TAaKOE€ PACIpEAC/ICHUE DJIEKTPOHOB B
MOJypOBHE, MPU KOTOPOM aOCOJIFOTHOE 3HAUYEHHE CYMMAapHOTO CHHHA OyJeT MaKCHMajbHBIM.
[loaToMy pacmpeneneHue 3J€KTPOHOB B IOJYPOBHE IPOUCXOAUT B MAaKCHMaJIbHOM 4YHCIIE
opOuTanei u ¢ napajieabHbBIMU CIIMHAMHU:

Tak T WJIU TaK LIl
(+1/2+1/2+1/2) = 3/2 | (-1/2-1/2-1/2) | =3/2
HO HE TaK U ne tax -
(+1/2-172+1/2)=1/2 (+1/2-1/2+1/2)=+1/2

HCO6XOZ[I/IMO HMCTb MOHATHUC O KBAHTOBBLIX YHMCJIaX, TPEX YKa3aHHBIX MNPUHOUIIAX H,
OmnupasChb HaA HUX, YMCTb COCTABJIATH 3JICKTPOHHBIC q)OpMy.]'IBI aTOMOB.

BO]’[pOCBI H 3aJaHuA
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Ilpumep 1. Kakoil moypoBEHb 3alOJIHAETCSA AJIEKTPOHAMHM B aTOME IOCJE 3aMOJHEHUS
3p -noxypoBHs?

Pewenue. 3p -noayposHio otBeyaeT cymma N+l , pasnas 3 + 1 = 4. Iocne 3anonHeHus
3p -noxyposHs Bo3MoxHO 3anonHenre 3d- wim 4s-noxyposus. INoacuuraem cymmy n+l B
oboux caydasx: 3d (3 +2) =15, a 4s (4 + 0) = 4. B cOOTBETCTBUH C TIEPBLIM JONOIHEHUEM
KJI€YKOBCKOTO 3JIEKTPOH CTPEMHUTCS 3aHATH IMOJOXKEHHE Ha 4S-TOLYpOBHE, TaK Kak B 3TOM
ciaydae cymma N+l Gyner HauMeHsIIei.

Ilpumep 2. CocTaBbTe 3JEKTPOHHYIO (POPMYJY aToMa KpPEeMHHsS U TpapUuecKyro CXeMy
3allOJIHEHUS DJIEKTPOHAMHU YpPOBHEH M MOIypOBHEH B HOPMAlbHOM M BO30YXXICHHOM €ro

COCTOsIHUAX.
Pewenue.  DnextpoHHas  ¢opMyna  aromMa  KPEeMHHUS  UMEET  CIIEIYIOIUi

2m2 2472
Bun: 18728 2p°3s*3p?3d”. I'paguucckas cxema HeBO3GYKICHHOrO aTOMa KPEMHHS HMECT
[ (14% 10111515 8:3701 &

14Sl
n=3 [11]1 [t ]
n=2 (11 10 10 |1l d
n=1|1] p
S

BaJleHTHBIMHM OPOMTAIAMH 3/1€CH SBJISAIOTCS OPOUTAIN TPETHETO BHELIHETO SIEKTPOHHOTO
yposHsi. B Bo36yxkaennoM coctosuum (S1%) mpu moryomennyn HEKOTOPOI SHEPIHUH SIEKTPOH €

3s-noaypoBHsI TiepeiieT Ha CBOOOIHYIO 3P -0pOUTAlb:

Si*  1s°2s*2p°®3s'3p’3d| T | T | T | T
n=3
n=2 (O T d
n=1 T 1Y
s

ba30BbIil ypOBEHB
1. Ctpyktypa BAJICHTHOT'O AIIEKTPOHHOIO YPOBHS aToma
oneMeHta  Bhpakaercs  dopmynoii:  a)  5s°5p’; 6) 3d’4s. Onpenenure

MIOPSIKOBBIM HOMEP W Ha3BaHHE AJIEMEHTA.

2. Hanmmmre 31eKTpOHHBIE (POPMYJIIBI aTOMOB 3JIEMEHTOB C TIOPSIKOBBIMH HOMepamu 24
u 33. CocraBbre uX rpaduueckue cxeMbl. K KakoMmy 3JIEKTpPOHHOMY CEMENUCTBY OTHOCHUTCS
KaXbII U3 HUX U TIOYeMy?

3. CocTaBbTe 2JIEKTPOHHBIE (DOPMYIIBI AaTOMOB 3JIEMEHTOB C MOPSIIKOBBIM HOMEPOM 32 1
42. YV mocnegHero oamH 5SS -dnexTpoH «nposaiubaerca» Ha 4d-momyposens. K kakomy
JJIEKTPOHHOMY CEMEWCTBY OHH OTHOCATCS?

4. Kakoli mOAypOBEeHb  3amlOJHAETCS B  aTOMaxX IMOCJIE  3alOJIHCHHS
Sp -nonyposus? nocne 3anonuenust St -nomyposmsn?

5. 3anumure 3JIEKTPOHHBIE bopMy bl aTOMOB AIIEMEHTOB c
3apsanoMm sapa 8; 13 u 18. CocTaBbTe 31EKTPOHHO-TPAPUUECKHE CXEMBI.

6. Kaxkoe MaKCHUMaJIbHOE KOJINYECTBO 3JEKTPOHOB MOXET
pacronararbcs B s-, p-, d- u f -moayposHax JTAHHOTO ypoBHs?

[Touemy? HanmucaTs 371€KTPOHHYIO CTPYKTYPY atoma ¢ 3apsaom sapa Z = 22.
7. DNeKTpOHHAs CTPYKTypa aToma OTIUCHIBACTCSA bopmyoit

15°2s°2p®3s°3p°®3d°4s’. Kakoii 510 smement?
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8. CKOJTBKO aTOMHBIX OpOHWTajell COACPKUT BTOPOH SHEPreTHUECKUN YPOBEHbH B
aToMaxX XUMUYECKHUX AJIEMEHTOB?

9. CKObKO aTOMHBIX OpOUTAJICH COMEPIKUT TPETUH IHEPTETUUECKUI YPOBEHBb B aTOMax
XUMUYECKHUX AJIEMEHTOB?

10. CKkoJIBKO aTOMHBIX OPOUTANICH COJAEPIKUT TPETUH IHEPTreTUYECKUH YPOBEHb aToMa
nuHKa? [IpuBenuTe 3MeKTPOHHYI0 (POPMYITy aTOMa 3TOTO AJIEMEHTA.

11. CkoIbKO aTOMHBIX OpOUTANCH COMEPKUT MATHIA SHEPTETHUCCKUN YPOBEHBb aToma
nantana? [IpuBenure eKTpoHHYIO (HOPMYITy aTOMa TOTO DJIEMEHTA.

12. CKOJIbKO aTOMHBIX OPOUTAJICH COACPIKUT IIECTON YHEPreTHUCCKUN YPOBEHb aToMa
uepus? [IpuBeauTe MEKTPOHHYIO (POPMYITy aTOMa STOTO IEMEHTA.

13. Ilo 3apsagy sapa atoma (Z=23) 3anuiIuTe O>JIEKTPOHHbIE KOH(PHUTyparuu

BaJICHTHBIX MOAYPOBHEW W, MCNONb3Ys NpaBuia KieukoBCKOro, yKakute Mocje0BaTeIbHOCTh
UX 3aII0JIHCHHUS.

I1oBbI1IEHHBINM YPOBEHB

1. Kaxkoe MaKCUMAJILHOE 4UCII0 5JIEKTPOHOB MOYKET CONEPKATh
aToM B DIEKTPOHHOM  YPOBHE  C  IJIaBHBIM  KBAHTOBHIM  4YHCIIOM
n=5un=3?

2. CKOIBbKO He CIIApEHHBIX 3JIEKTPOHOB COzepkaT HeBo3OyxkaeHuele atomsl B, S, Cr?
CocTaBbTe UX DIEKTPOHHBIE M IPaUUECKHUE CXEMBI.

3. Kakue u3 3JIEKTPOHHBIX bopmy, OTpaXKaroIuX CTpOEHUE
HEBO30YKIEHHOTO aTOMa HEKOTOPOTO 3JIEMEHTA, HE BEPHBL:

1) 1s?2s%2p°3s!; 2) 1s22s2p8; 3) 1522522p®3s23p®3d*

4) 1s*2s22p®3s23p%4s?; 5) 1522522p®3s23d? ? [Touemy?

4. W3 npuBeneHHBIX MEKTPOHHBIX KOH(PUTYpaLuii:
1p*, 2%, 2p’, 3d', 3f7, 4p°, 55°, 3d"* BwiGepute Te, KOTOPBIC NPaKTHUCCKH
CyILIECTBOBATH HE MOTYT. OOBACHUTE NPUYMHEL.

5. Tlo »>JIEKTPOHHBIM KOHQHIYpaMsM HOHOB ONpENEIHTE 3apal sAAep HX AaTOMOB:

D%:..3d"%4s*4p%; D71 .35°3p°3d’4s’.  Bammmmre onexTpoHHBIE  POpMYITBI

aTOMOB U 3JIEKTPOHHBIE CTPYKTYPBI UX BHEUTHUX 000JIOYEK.

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0JIb30BAHUIO M0 JAHHOM Teme

OcHoBHas1 JIUuTEpaTypa:

1. Koporun, H. B. O6mas xumus : yaeounuk / H. B. KoposuH. - 13-¢ uzn., mepepad. u gom. - M.
: Axagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. MuxanuHa, E. C. XuMus okpy»karomeit cpesbl : XMMHUs XKUBBIX opranu3MoB. Kypc nexuuii /
E. C. Muxamuna, A. JI. Iletenun. — M. : U3narensckuii JJlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTPOHHBIH // D1eKTpoHHO-01OIMoTeuHast cuctema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocrymna: st
aBTOPH3HP. MOJIb30BaTeNIeH

JlonoJHUTeIbHAS JIMTEPaTypa:

1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; [lon pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - IIpeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1

2. XuMus METAJUIOB : y4eOHOe ocoOue (I CTYIEHTOB XUMUIECKOT0 (DaKyIbTeTa
HarpaBieHul 0akanaBpoB «XUMHU» U «XUMHUYECKask TEXHOJIOTHs») / coctaBuTenu O. A.
lNonoBanoBa. — Omck : OMckuit rocygapcTBeHHbI yHuBepcurer uM. @.M. JlocroeBckoro,
2015. — 552 c. —

ISBN 978-5-7779-1875-8. — TeKcT : 351eKTpOHHBIH // DnekTpoHHO 6ubimoreunas cucrema [PR
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BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: as
aBTOPU3UP. M0JIb30BATEIIEH
HNuTepHeT-pecypcesl:

1 http://window.edu.ru/ — earHOE OKHO JOCTYIa K 00pa30BaTEIBHBIM pecypcam

2 http://biblioclub.ru/ — ObC «YHuBepcuteTckas 6M0IMOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 37EKTPOHHBIN KaTaJIOT aCCOLMALINHU JIEKTPOHHBIX OUOINOTEK
yueOHBbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0Opa3zoBaHUE

Tema 4. XUMHNYECKASA CBA3b
IIpakTnueckoe 3ausaTue 3. XUMHNUYeCKAS CBA3b
Heab 3aHATHS: paCIIUPUTh U YTITYOUTh 3HAHUS YUAITUXCS TI0 TEME « XUMUYECKAs CBSA3bY

3HaHUs U YMeHMsl, IpHoOpeTaeMble CTYIEHTOM B pPe3yJibTaTe 0CBOEHUS TeMbI
3HaTh: OCHOBBI CAMOOPTaHHU3AINH U CAMOOOPa30BAHHS;
3HaTh: CYIIHOCTH M 3HaUeHHE HH(OPMAITUH B Pa3BUTHU COBPEMEHHOTO OOIIECTBA; OCHOBHI ITOTYYEeHHUS
1 00paboTKK HHGOPMAIUK U3 PA3IMYHBIX HCTOUHUKOB
3uarb: pabOTHI IO pacueTy U MPOSKTUPOBAHMIO JIETANCH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKUHMIA B COOTBETCTBUH C TEXHUYECKUMH 3aJaHUSIMU U UCIIOJIb30BAHUEM CTaHIaPTHBIX
CpEeNCTB aBTOMATU3aLMU IIPOEKTUPOBAHUS
YMeTh: CaMOCTOSATEIHLHO CTPOUTH MIPOIIECC OBJIAICHMS HHPOpMAaIeH, 0TOOpaHHOH u
CTPYKTYPUPOBAHHOM JJIs1 BEIIOTHEHUS PO ecCuoHaTbHON JESTENHHOCTH.
YMmeTh: TOIy4aTh M 00padaThiBaTh HHGOPMAITHIO U3 PA3TMIHBIX HCTOYHHUKOB
VYmern: IPUHUMATh YUacTHe B pab0OTax Mo pacyeTy U MPOCKTUPOBAHUIO JACTAICH U y3TI0B
MAaIIMHOCTPOUTEIIBHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMHU 3aJaHUSMU U
HCIIOJIb30BAHUEM CTAHJAAPTHBIX CPEICTB aBTOMATHU3alUU IIPOECKTUPOBAHUSA

HaumenoBanue (hopMupyeMbIX KOMIETEHITHIHA

Hupexc DopMyIHpPOBKA:!
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AINY U CaMO0OPa30BaHUIO
OIIK-4 MMOHUMAaHWEM CYITHOCTH U 3HAYCHHS HH(POPMAIIMH B Pa3BUTHH

COBPEMEHHOT0 00IIIeCcTBa, CIIOCOOHOCTHIO MOyYaTh U 00pabaThIBaTh
H(pOpMaNHIO U3 Pa3INYHBIX HCTOYHUKOB, TOTOBHOCTHIO HHTEPIPETHPOBATS,
CTPYKTYPHUPOBATh U OPOPMIIATH HH(HOPMAITHIO B JOCTYITHOM ISt APYTHX
BHUJIC

IK-5 CHOCOOHOCTBIO MPUHUMATH YYacTUe B paboTax 1o pacueTry u
HPOEKTUPOBAHUIO JICTATCH U y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKITHH B
COOTBETCTBUH C TEXHUUYECKUMHU 33/IaHUSIMH U UCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEACTB ABTOMATH3ALMH IPOSKTHPOBAHUS

COBpeMeHHOC Pa3BUTUC HAYKW U TCXHUKU IMPUBEJIO K PE3KOMY M3MCHCHUIO PCIIACMBIX 3aJad U
BBIJIBUHYJIO HOBBIE TPeOOBaHMS Kak K BBICIIEMY OOpa30BaHHIO BOOOIE, TaK M K HAYYHOH MOJTOTOBKE
CTyJeHTa B 9aCTHOCTH. B Hacrosmee BpeMsi 0COOCHHOCTBIO CHEIHaJICTa CIeAyeT CUNTaTh HAJINYHE Y
HEro TBOPYECKOI'O MLIIICHUS, OJHUM U3 Ba)KHEUIINX KaueCTB KOTOPOIO SBISETCS CUCTEMHOCTD.
ITosToMy pa3paboTka CHCTEMHOTO ITOAXOAAa K PacCMOTPEHHIO pasnena "Xumudeckas CBs3p" B Kypce
XUMUHU NPEACTABIIACTCA aKTyaHBHOﬁ.

TeopeTnyeckas 4acTb

Xumuueckas c883b6 — COBOKYNHOCMb CUN, OCUCMBYIOWUX MeHCOy amoMamu u

00yCaBIUBAIOWUX  YCIMOUYUBOCL  OAHHOU cucmembl. Pemampiiyro poidb B 00pa3oBaHUH

94



https://openedu.ru/

XMUMUYECKON CBS3U UTPAIOT He CnapeHHvle (8ajleHmHbvle) 3JeKmpOoHbl TPEIBHEIIHET0 WU
BHEIITHETO DHEPreTUYeCKNX ypoBHEW. CHapeHHBIC AIIEKTPOHBI TPH BO30YXKIECHUHU CIIOCOOHBI
pacnapuBaThcsi, obecreurBas BO3MOKHOCTh 00pa30BaHUs OOJBILEr0 YUcia XUMHUYECKUX CBA3EH.
BanentHocTh, OOycnoBlieHHAass OOIIMM YHUCJIOM, HMEIOIIUXCS B aToMe HE CIapeHHBIX
3JIEKTPOHOB, HA3bIBACTCS chuHanreHmHocmvio. PeakioHHas CIIOCOOHOCTh XMMHUYECKOW CBSI3U
ONPENEISIETCA €€ KOJNUYEeCMBEeHHbIMU XAPAKMepUucmukamu, K 4YUCIY KOTOPBIX OTHOCATCS:
ONIUHA, 8ANEHMHBIU Y201 U IHEPIUSL.

Teopuss XUMUYECKOW CBSI3U Q€T BO3MOXKHOCTb ONMUCATh PACIIPEICICHUE SJIEKTPOHHOM
IUIOTHOCTU B MOJIEKYJIE. Xumuyeckas c8a3b umeem mMecmo mam, 20e 31eKmpoHHas NI0MHOCMb
MedHCOy amomamul HauboTbULASL.

Jnsa npuONvKeHHOW OIEHKHU DJIEKTPOHHOW TIOTHOCTH MEXIY aTOMaMH CYIIECTBYET
IIBA METOJa: Memod MoaeKyiaphvix opoumanei (MO) u memoo eanenmuvix cesseti (BC).
Paznuyaror cremyromme OCHOBHBIE THIIBI XMMUYECKOW CBSI3U: KOBANEHMHYI0, OCYLIECTBISEMYIO
o0mmieil mapoil 2NMEeKTPOHOB; UOHHYIO, KAK PE3yNbTaT 3IEKTPOCTATUYECKOTO B3aUMOJICHCTBUS
pa3HbIX IO 3apsily MOHOB (MOHBI 0Opa3yloTCs 3a CUET IMOJHOIO Mepexoja HEKOTOPBIX BHEIIHHX
DIIEKTPOHOB OJHOTO aroMa K Jpyromy, OoJiee 3JIEKTPOOTPHUIATEIBHOMY), U MemaLiudecKyio.
JloHOpHO-aKIenTopHasi ¥ BOJOPOAHAsL CBSA3HM PACCMATPUBAIOTCA KaK PA3HOBHUIHOCTH KOBAJIEHTHOM
CBSI3H.

Bonpocsl u 3aganust
Ilpumep. Tlonab3ysch 3IEKTPOHHON CTPYKTYpOH aromMa KpeMHHsS B BO30YKICHHOM
cocrostHuM (cM. mpumep 2 B paszene 3), 0OBSCHHTE MeXaHH3M oOpasoBanus Monekyist SIF, u

wona [SiF,]”.
Pemenne. AToM QTOpa MMeeT AEKTPOHHYI0 cTpykTypy 18°25°2p:
n=2
B (I B R B A I
n=1 p
T
S

UYeTplpe HE CIAPEHHBIX JJIEKTPOHA BO30YXKJAEHHOTO aroMa KPEeMHHS YYacTBYIOT B
00pa30BaHUM YETHIPEX KOBAJIEHTHBIX CBA3E€H C YeThIpbMs aToMaMH (TOpa, UMEIOIUMHU IO
OJIHOMY HE CIIapEHHOMY JIEKTPOHY:

F\S./F
F -~ NF

- 270276
F -vousr numeror anexrponnyro crpykrypy 1S°2s°2p° — Bce BaJeHTHBIE DIIEKTPOHBI B

HEM CITAPEHBI:

a= | T[T
n=1 | 1| p

S

ba3oBb1i1 ypoBeHb
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1. Vkaxwure tin xumudeckoii csisu B Monexkynax H,, Cl, m HCL. Tlpusenure cxemy

o +
MEPCKPBIBAHUS SJICKTPOHHBIX o6nakoB. Kakue THIBI XUMUYECKOH CBA3U pCaIn3yIOTCA B NH4 -

uoHe?

2. VcTaHOBHTE  MNPOCTPAHCTBEHHYIO  CTPYKTYpYy  CICAYHIOMIMX  MOJICKYII:
H,S, SiH, n PH..

3. Kakyro XUMHYECKYIO CBA3b Ha3bIBAIOT BOJOPOJIHOM?
Mexy MOJICKYJIaMH KaKux BEIIECTB oHa obpasyercs? [Mouemy
H,O u HF, uMest MECHBIIY IO MOJICKYJISIPHYFO maccy, TUTaBSITCSI u

KUIIAT IpH OoJiee BBICOKUX TeMIIepaTypax, 4eM UX aHajIoru?
4. Kax meton BasieHTHbIX cBsizeil (BC) oObsacHseT uHeiiHoe cTpoenue Momekyisl BeCl»

u TeTpasapudeckoe crpoenne Morexymst CH, ?

5. CKonbKO HE CIIAPEHHBIX  BJIEKTPOHOB MMEET aToM xjopa B
HOPMAaJIbHOM U BO30YX/I€HHOM COCTOSIHHAX? UeMy paBHa BAJIEHTHOCTh XJIOpa B HOPMAJIBHOM H
B0O30Yy>kIeHHOM cocTosiHusIX? [loyemy ¢TOp He MposiBISET BaJeHTHOCTh, PABHYIO CEMH, XOTS
SABJISICTCA 3JICKTPOHHBIM aHAJIO'OM xnopa?

6. Kak meronr MO 00BsCHSET TO, 4TO B MOJICKYJISIDHOM HOHE F, JHEpPTHU CBSI3H
(318 xJx/monp) Gonbmie, yem B Mouekyne F, (159 x[x/mons)? Kakas ¢opma 3amucu

oTpaxaeT B Metozie MO crpoenne F,” u F,?

I1oBBILIEHHBIN YPOBEHb
1. Onumure ¢ mo3uuuid Mertona BaleHTHBIX cBsize (BC) anekTpoHHOE CTpoeHue

morekyist BH, uunona [BH, ] .

2. CpaBHute CTIOCOOBI o0pa3oBaHuUs KOBAJICHTHBIX CBsI3EH B

+

monexynax CH,, NH; u nowe NH,.
3. Yto TaKoe O -CBsI3b u 7T -CBSI3b? Jatite 00BSICHCHHE Ha

npumepe monekyn C1,, N, u C,H,.

4. Kak meton MO 00BsCHsIET, MOYEMY MOJCKYJSIPHBIH HOH He:" 3HEpreTHYecKu
yCTOWYMB, TOorjga Kak Mojiekyna He: He cymectByeTr? Kakas dopma 3amucu oTpakaeT B
metone MO crpoenue He:"? O6mamaer nu woH He:® mnapaMarHUTHBIMH CBOWCTBaMu?
[Touemy?

Chucokx JUTEPATYPHI, peKOMeHIlyeMbIﬁ K HCI0JIb30BaHHIO 110 JaHHOI TeMe

OcHoBHas InTEpaTypa:

1. Koposun, H. B. O6mas xumus : yaueOnuk / H. B. Koposus. - 13-e uzn., nepepad. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipun.: c. 461. -
Bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanmuna, E. C. XuMust okpyXaromiei cpeibl : XUMHUS )KUBBIX opraHnn3mMoB. Kypc nexumii /
E. C. Muxanuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 3eKTpOHHBIH // DnekTpoHH0-0nbroreunas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: mist
ABTOPHU3UP. MOJI30BATENCH

JonoHuTeILHAS JTUTEpPaTypa:

1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; [lox pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Urrerpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XuMus METajioB : yueOHoe nocodue (st CTyJICHTOB XUMHUECKOT0 (haKyIbTeTa
HaIpaBJeHUHN 0aKaJaBpoB « XUMHU» U « XUMHUECKasi TEXHOJIoTus») / coctaputenu O. A.
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INosmoBanoBa. — Owmck : OMcKuii rocy1apcTBeHHbIM yHUBEPCUTET UM. .M. JlocTOeBCKOTO,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TekcT : 37eKTpOHHBIN // DNEKTpOHHO OnbmnoTeunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: mist
ABTOPHU3UP. TOJIH30BATENECH
NuTepHeT-pecypcebi:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYyIa K 00pa30oBaTEIbLHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuteTckast On0IMOTeKa OHIAWHY.

3 http://catalog.ncstu.ru/ — 3IEKTPOHHBIN KAaTaJIOT aCCOIUAIIAN AICKTPOHHBIX OMOIHOTEK
y4eOHbIX 3aBefieHnid u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — 9BC.

5 https://openedu.ru — OTKpbITOE 0Opa3zoBaHue

Tema 5. O01mMe 3aKOHOMEPHOCTH NMPOTEKAHUS XUMHYECKHUX MPOIECCOB.
IIpakTuyeckoe 3anATHE 4. XMMHYECKAsA TEPMOJANHAMHUKA. JHEPreTUKa XUMHYECKNX
npoueccos. HanmpaBjieHHOCTh XUMHYECKHX MPOLECCOB
He.ﬂb 3aHATHUSA: BBCECTU HepBHﬁ 3aKOH TCPpMOJAMHAMUKHN KaAK 3aKOH COXpAaHCHUSA OHCPruu
TEPMOJIMHAMHYECKON CHCTEMBI, PACKPHITh €T0 (PU3MIECKOe COACpIKAHUE TP PaCCMOTPEHUH KOHKPETHBIX
nmpoueccoB, MNPOAOJIZKHUTH (l)OpMI/IPOBaHI/IG yMeHI/Iﬁ OIMUCBHIBATH TCIUIOBBIC IMPOLECCHI (1)I/I3I/I‘lCCKI/IMI/I
BCIMYMHAMU U 3aKOHAMM,

3HaHusA M yMeHNsl, IpuodpeTraeMble CTYICHTOM B pe3yJIbTaTe 0CBOCHHUS TeMbl
3HaTh: OCHOBBI CAMOOPIaHM3ALMH U CaMOOOPa30BaHMS;
3HaTh: CYIIHOCTh M 3HaUCHUE MH(OPMAIIUU B PA3BUTHUU COBPEMEHHOTO OOIIECTBA; OCHOBBI MOy YCHUS
1 00paboTKK MH(pOPMAIMU U3 PA3IUYHBIX HCTOYHUKOB
3uarb: pabOTHI IO pacyeTy U MPOEKTUPOBAHMIO JIETAICH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKUHMUA B COOTBETCTBUM C TEXHUYECKUMH 3aJaHUSIMU U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpeICTB aBTOMATU3aLMH IIPOEKTUPOBAHUS
YMeTb: caMOCTOSTENIBHO CTPOUTD IPOIIECC OBJIAACHUS HH(POpMAaLUeH, 0TOOpaHHOH K
CTPYKTYPUPOBAHHOMU JJIs BBIOHEHHS TPO(ECCHOHATTBHOMN AeSITEIbHOCTH.
YMerb: moiydats 1 00padaThIBaTh HHPOPMALIMIO U3 PA3INYHBIX HCTOYHHKOB
VYmern: TPUHUMATh YUacTHe B paboTax Mo pacyeTy U MPOCKTUPOBAHUIO JACTAICH U y3TI0B
MAaIIMHOCTPOUTEIbHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMHU 3aJaHUSMU U
HCIIOJIb30BAHUEM CTAHAAPTHBIX CPEICTB aBTOMATHU3alUU IIPOECKTUPOBAHUSA

HaumenoBanue (hopMupyeMbIX KOMIETEHITHIHA

Hupexce DopmMyJIMpOBKa:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3alUHA U CaMOOOpa30BaHHIO
OIIK-4 MOHMMAHHUEM CYIIHOCTH W 3HAYCHUSI HH(OpMAIIHK B Pa3BUTHH

COBPEMEHHOT0 00I11eCTBa, CIIOCOOHOCTHIO MOTy4YaTh U 00pabaThIBaTh
UH(GOPMAIIHIO U3 Pa3TMYHBIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATD,
CTPYKTYPHPOBATh ¥ OPOPMIIATH HHOOPMAIIHIO B JOCTYITHOM JJIsI APYTHX
BUJIE

IIK-5 CHOCOOHOCTBIO MPUHUMATh Y4acTue B paboTax 1o pacueTy u
IPOEKTUPOBAHUIO JIETAJIEN U Y3JI0B MAIIMHOCTPOUTENbHBIX KOHCTPYKLIUHN B
COOTBETCTBUH C TEXHUYECKUMH 3aJaHUSAMU U UCIIOJIb30BAHUEM
CTaHJAapPTHBIX CPEACTB aBTOMATH3ALIMH POCKTUPOBAHUS

AxktyanbHOCTh paboThl. CHHTE3 HOBBIX COCIUHEHHUN W M3Y4YEHHUE HEM3BECTHBIX paHee
(U3UKO-XMMUYECKHX CBOMCTB SIBJIAETCS AaKTyalbHBIM U C TOYKHM 3PEHUS XUMHUYECKOW HayKu
uMeeT QpyHAaMeHTanbHbIN xapakTep. C MOMEHTa BOSHUKHOBEHHSI XUMUYECKON TepMOIUHAMUKH
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OAHOM W3 BaXHEWIIMX 3aJad dTOM HayKd SBJISETCS  ONPEIECICHUE CTaHIApTHBIX
TEPMOJUHAMHYECKUX (YHKIMA WHAMBUAYAIbHBIX BEHIECTB. Takue JaHHBIE HEOOXOIUMBI
MPEX/IE BCETO, I pacyeTa paBHOBECUN XUMHUYECKUX PEAKIMI MPH pa3IMYHbIX TEMIIEpaTypax U
napieHud. [Ipu STOM TUMUTHPYIOMEM (DAKTOPOM B TaKMX pacyeTax SBISETCS, KaK IPaBHIIO,
OTHOCUTEIBHO HHU3Kasi TOYHOCTb B OMNPEAECICHUU SHTAIBLIINY XUMUUYECKON pEaKIMu, KOTopas
BBIUMCIISETCS KaK anreOpanyeckas cymMMa SHTaJbINi 00pa3oBaHUsl peareHToB. B m3MepeHmsx
SHTPONUM JOMYCTHUMBI OOJIbIIUE TMOTPEIIHOCTH, OCOOCHHO, €CIM pPeYb MJIET O pEeakUusix C
y4acTHEM KOHACHCUPOBAHHBIX BELIECTB. B 3TOM OTHOLIEHWH ONpelNeseHUuEe CTaHAAPTHBIX
SHTAJIBNUNA 00pa3oBaHUS U aOCONIOTHBIX SHTPONUN WHIAMBUAYAIbHBIX BEIIECTB SBISETCS
HEOOXOIMMOM M aKTyaJIbHOU 3a7aueii XUMUYECKON HAYKU M TEXHOJIOTHH.
TeopeTnyeckas 4acTb

Hayka o B3auMHBIX TMpeBpallleHUSX pa3IMYHBIX BHIOB DSHEPIUM Ha3bIBACTCA
MepMOOUHAMUKOU.

[Ipy XUMHYECKHX peakUMsIX MPOUCXOAAT TNyOOKHE KadeCTBEHHbIE W3MEHEHHs B
CHUCTEME: PBYTCS CBSI3M B HCXOJHBIX BEIIECTBAX W BO3HUKAIOT HOBBIE CBSI3M B KOHEUYHBIX
OPOAYKTaX. OTH HU3MEHEHHE COMPOBOXKIAIOTCS TOTJIONIEHHUEM WM BBIIEJICHHEM SHEPTUu
OOBIYHO B BUJIC TEIUIOTHI.

Pazngen TtepMoamHaMUKHM, W3yYarouuid TeIIOBbIe 3(G(EKTh XMUMHYECKUX PEaKIUi,
Ha3bIBACTCSI MEPMOXUMUEI.

[Ipu mo6GoM IIpolecce BHINOIHAETCS 3aKOH coxpaHeHus osHeprun. Tentoma Q,

noanowjennas cucmemot, udem na usmenenue eé enympenneti onepeuu AU u na cosepuwenue
pabomor A :

Q=AU+A. @

BHyTpeHHsIst SHEprus XapakTepH3yeT CKPBITYIO B BEIIECTBE YHEPTHIO (KWHETUUECKYIO U
MOTEHIMATIBHYI0), KOTOPast BRICBOOOXKAAETCsI MPH (PU3MYECKUX M XUMHUYECKUX TPOIIeccax.

Tennogvim s¢hpexkmom peaxyuu HA3bLIBAEMCA  KOIUYECMBO  6bIOENEHHO20 — UNU
noznowennozo menia. CTaHAAPTHBIN TEIUIOBOM 3()(hEeKT COOTBETCTBYET CTAaHIAPTHBIM YCIOBUSAM
npoBeneHus peakuuii: T = 298,15 K, P = 101,3 «lla. Tennogoti sghgpexm peaxyuu,
npomexaroujeti npu NOCMOSIHHOM 00beMe CUCTNEMbL, PABEH USMEHEHUIO 6HYMPEHHell JHEPULL:

Qv =AU (4.2)

BonbIIMHCTBO XUMHUYECKUX PEAKLMN MPOTEKAET NMPU MOCTOSHHOM JIaBlIeHUH. 1enno6otl
ahpexm xumuueckou peaxyuu, npomexarowel npu NOCMOAHHOM OAGIEeHUU, PABEH USMEHEHUIO
IHMANbAUL:

= AH.
Q 4.3)
DHTAIBNKS PABHA CyMME BHYTPEHHEH SHEPIHHU U pabOTHI PACIIUPEHUS:
H=U-+pV.
p 43)

[TosToMy osumanvnuto onpedensiom Kak dHEpeur0 pPACWUPEHHOU CUCHEMbl, €€
TEIJIOCOAEPIKAHKE.

Peakuun, KOTOpBIE  CONPOBOXKIAIOTCS  BBIACICHUEM  TEILIOTHI,  HAa3bIBAIOTCA
aKkzomepmuyeckumuy. IIpr UX TNPOTEKAHUM TEIUIOCOAEPKAHUE CHUCTEMBI YMEHBILNACTCS
(AH < 0). Ipu nporekanuu e SHIOTEPMUYECKUX PEAKIUH, HAYIIUX C MOTJIOMIECHUEM TETLIA,

temoconepxkanue yeenmmuusaercs (AH > 0).

B 3aBucumoctH OT XapakTrepa NPOMCXOASIIEro Mpolecca pa3iudyaroT TeIIOThI
oOpa3oBaHUs, CropaHusi, pacTBopeHus u T.A. [loHsATHE O Temjaore oOpa3oBaHMs BEIIESCTBA
SBJISIETCS. OJTHUM U3 BaXXHEHUIINX B TEPMOXUMUH.
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Tennomoti obpazosanus (AH06pa3.) Hazviealom mennosou dghgexm peakyuu

06pa306aHUA OOHO20 MOb CIIOHCHO20 6EUECIBA U3 NPOCHIBIX, YCIOUYUGIX NPU CHAHOADMHBIX
yenosusx (T =298,15K; P=101,3 xlla). Temnors 06pa3oBanus HEKOTOPBIX BEIIECTB

npuBeeHbl B Tabmuie 6.1. OOpaTuTe BHUMAHUE HA TO, YTO MENniomvl 00pA308aHUsi NPOCHbIX
seuyecms, yCTOWIUBBIX TIPU CTAaHAAPTHBIX YCIOBUSX, NPUHAMbL PAGHLIMU HYJIIO.

Tennosoti 3¢pghexm xumuueckoil peakyuu 3asucum om Npupoosvl U QU3UYECKO2O
COCMOSIHUSL UCXOOHBIX 8ejecms 1 NPOOYKMO8 peakyuu U He 3a8Ucum om nymu e€ npogeoeHusl.
TerutoBeie 3((HEKTH 3aBUCAT OT CTPOCHHS PEArHpyIOIIMX MOJICKYJ, MOITOMY TEOPCTHUYSCKU
paccuMTaTh WX HEBO3MOXHO. 3akoH I'‘ecca TmO3BONIIET HAa OCHOBAHMHM OTPAHHYEHHOTO
KOJIMYECTBA ONBITHBIX JAHHBIX 1O TEIUIOTaM OOpa30BaHHS BBIYHCIATH TEILIOBBIE 3()(EKTHI
OOJIBIIOTO YKCTIa PEeAKIIUK.

OCHOBHBIM 3aKOHOM TEPMOXUMUH SIBIISACTCS 3aKoH I ecca, B OCHOBE KOTOPOTO JICKHT
3aKOH COXpaHECHHUsSI SHEPTUU:

Tabnuya 4.1 — Tennomul 06paz306anus. HEKOMOPLIX BEUIECME

Bewecmeo AH g, » KoM/ MOTD Bewecmeo AH 5.5

x/[oic/mono
ALO, () ~1675 H,0(r) —242
AL (S0,),(1) —3434 H,S(r) —20
CH, (r) ~75 MgO(r) —601
C,H.(r) -85 Mg(NO;), (1) —790

CH, (k) 49 NO, () 33

CO(r) ~110 NaHCO, (1) —914
CO, (1) -393 Na,CO,(7) -1129
COS(r) -137 Na,S(r) 72
HCI(r) —92 Na,SO, () —~1090
HNO, (%) ~173 Na,SO, (1) —1388
CuO(1) ~165 POCI, (k) =597
Cu(NO,),(1) 307 PCI, (1) 369
H,O(x) ~286 SO, (r) —297

B cootBercTtBUM C 3akoHOM ['ecca: mennosoii s3ghgpexm psada nocredosamenvHbix
peakyuil pasen Mmeniogomy 3pgexkmy O0pyeoco psada Nnocied08amenbHblX peaKyull, eciu
UCXOOHbBIE Beuyecmsa U NPoOyKmvl npespaujeruti 00uHakogsl. Ha oCHOBaHMH 3TOTO MOJIXOAA C
TEPMOXMMHUYECKUMHI YPABHEHUSIMH MOXXHO OIEPHPOBATH TaK K€, KaK M C aireOpamdecKuMH.
Tepmoxumuueckumu HA3bIBAIOMCA XUMUYECKUE YPABHEHUs, 6 KOMOPbIX YKA3AHbl MeNnno8vle
aghghexmol peaxyuil.

W3BecTHO, 4TO B HEM3OJIMPOBAHHBIX CUCTEMaX MPH OTCYTCTBHUH BHEUTHHX BO3JICHCTBUIA
CaMOIPOU3BOJIBHO MTPOUCXOAAT IK30TEPMUUCCKUE PEAKIIUU (AH< 0). OcobOeHHOCTBIO
XUMHYECKUX TIPEBPAICHUN SBJSCTCS ydacTHE B HHX OOJBIIOrO 4mcia vactuil. J[ims Takux
cHcTeM HambOJee BEPOATHO COCTOSHUE OECIOpsAKa, XapaKTEPU3yeMOe DHTpOnMen S.

N3menenue OHTPOIINHU IMPU XUMHUYCCKUX PCAKIUAX PACCUHHUTHLIBACTCSA HA OCHOBAHUH CJIICACTBUA U3
3akoHa I'ecca. KauecTBeHHO 3HaK W3MEHEHMS OHTPOIIMU MOXKHO OLICHUTL, COIIOCTAaBHUB
KOJIMYECTBO Fa3006pa3HBIX BCIICCTB 0 U MOCJIC pCaKIU.

Bonpocs! u 3aganus
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Ilpumep 1. BBIMHCIUTD CTAaHIAPTHYIO TEIJIOTY oOpa3oBaHMs OKcuaa xkene3a (+3) mo

CJIeAyroIuM TCPMOXUMHUYICCKUM YPABHCHUAM!
1) 2Fe ) + O, = 2FeO,; AH, =-532 x/Ix;

(1)
2) 4Fe0,,, + O, = 2Fe,0,,; AH, = -584 x/Ixk.

2(r)
Pewenue. 3anumem TepMOXUMUYECKoe ypaBHeHne oOpasosanms Fe,O, u3 mpocreix

BCIICCTB.

3) 2Fe,,, + 1,50, =Fe,0,,; AH = 7K/

2(r)
Jlnist Toro uToOBI U3 ABYX JAaHHBIX YPaBHEHUH MOIYYUTh HCKOMOE 3), HY>)KHO ypaBHEHHE

2) pa3menuTh Ha JBa M CIOXUTh C ypaBHeHueMm 1). Takme >xe anreOpanyeckue IeHCTBUA

POBEJEM C TeILIOBBIMHU 3 (eKTaMu NaHHBIX PeaKiuil U momyunM nckomyo semuanny AH P

2Fe, +1,50,, =Fe,0,,; AH,  =0,5:(-584) - 532 = -824 k]JIx/MO11b.

2(r) 3(1)°

ﬂ.]'[f[ pacucTa TEIIJIOBBIX 3(1)(1)6KTOB XHUMHUYCCKHUX peaKHI/Iﬁ 4aCTO HCIIOJB3YIOT IIEPBOC
clescTBUE U3 3akoHa ['ecca:

Tennosoti 3qb(ﬁel<m XUMUYECKOLL peakyuu paeenH cymme meniom 06]?61306611-!1/!}1

npoaykmoe peaxkyuu 3a ebluemom CymMmbvl menjiom 06pa306anuﬂ UCXOOHDBIX eewecmes.

AH,, =3 AH =3 AH

(4.4)

Ilpumep 2. Paccuuntaiite TeroBod 3((EKT peakuuu TOpPEeHUs STaHa HCXOAS U3
CTaHJApPTHBIX TEIUIOT oOpa3zoBaHus. Kakoe KOIMYECTBO TEIJIOTHI BBIAECIUTCS MW MOTJIOTUTCA,

ecnu: a) cropaet 90 r 3TaHa; 6) o6pasosanock 89,6 v
CO, (ny.).
Pewenue. 3anuinem TepMOXUMUYECKOE YpaBHEHUE PEaKIIUM TOPEHUS dTaHa B pacuere
Ha 1 MoJIb:
C,H, , +3,50

— 2C0,,, +3H,0,,; AH,, = ? kJlx.

6(r) 2(r) 2(r) (x)°

PaccunTaeM TemnoBoii (et peakuuu 1o nepBoMy ciIeICTBHIO U3 3akoHa [ecca:
_ o6p. obp. oop.
AH, , =3AH ;' +2AHc; —AH,
.
AH gzp = (), TaK KaK 3TO OPOCTOE BEIIECTBO.

[ToncraBuM 3HaYeHUS TEMIOT 00pa3oBaHUs U3 TaOIHIIBI 6.1:

AH,, = 3(-286) +2(-393) + 85 = -1559 kJlx/Mom.

Mockonbky AH, <0, peakuus sx3orepmuyeckas.
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o ypasuennto peakuuu cropaer 1 moms C,H, T.e. 30 r. Ilo ycrnoBuro 3amadn B

peakuto Berymio 90 r C,H , uto cocrasmsier:

m
n(C,H,)=—="= N2 _ 3 monw.
M 30 2/ monw

C2H6

Torma koir4uecTBoO TerIa, BEIACIEHHOTO P cropanuu 90 r aTana, OyaeT:
Q=nAH, 6 =3 - (-1559) =-4677 x/Ix.
Io ypaBHEHHIO PEaKIUK U3 OXHOTO MOIb dTaHa obpasyercst 2 Mons CO,. Hamomumm,
4TO MOJIb I'a3a, IPH H.y., 3aHUMaeT oobeM 22,4 nv°. Tlo yenoButo 3agaun o6paszosanoch 89,6 am’
CO,, gro cocrassier:

Voo, 89,6

= =4 monw.
224 22,4

KomnuyectBo TCILJIAa, BBLACTIAEMOC IIPHU 3TOM, paBHO:

Q=nAH, =4 (-1559) = - 6236 x/Ix.

TernoBoit 3pPexT XUMUIECKOI peaklIui MOKHO TaKKe BBIYUCIUTD, UCTIOb3YS BTOPOE
clencTBUE U3 3akoHa [ecca:
Tennosoti a¢ghpexm xumuueckol peakyuu paseH cymme MmMeniom c2Opamus UCXOOHbIX

eewecme 3a 6bl4enom CYyMmobl menaiom C2Opanusl KOHEYHbIX 6eulecnes.

AH,_ = AHZP = AHEP (4.5)

o ceop. «
Tennomoti ceopanus eewecmeéa AH“”" nasvieaemca mennosoii s¢ppexm peaxyuu

OKUCNIEHUs1 OOHO20 MOJIb Beujecmea KUCIOPOOOM C 00pa308aHuemM Gulculux (YCmoudussix)

oKkcu0o0g. JIns opraHMYeCKUX COSAMHEHUH TEIUIOTOM CropaHusi Ha3bIBAaeTCsS TEIUIOBOM 3ddekt

PCaKIH TTOJIHOTO CrOPAHMst 1 MOJIb JAHHOTO OPraHWYECKOro BemecTsa ¢ oopasosarneM CO, n
H,0 . CranzapTHBIe TEIUIOTHI CropaHus IpUBEACHHI B Tabmuie 6.2. O6patuTe BHUMaHHE Ha TO,

410 TermtoTs! cropanus Beicumx okcnnos (CO, u H,0) pasusl Hyito.
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Ilpumep 3. Paccumraiite TernoBoi ekt peaknuu dTepuUKaAMN UCXOAS U3 CTaHIAPTHBIX

Tabruya 4.2 — Cmanoapmmusie SHmanrbnuu C2OPaHusi HEKOMopviX coeOuHeHuti TeTII0T CrOPaHusl.

Bewecmeo AH “" | i/ monw Bewecmeo AH “"" | klloc/monn
CO 283 CH,COOH -874
CH, -890 CH,COOC,H, -2254
C,H, -1300 C,H,COOH -1370
C,H, -1560 H, -286
C,H,OH -1367 NH, -383

N,O -69

Kakoe KOIMYECTBO TEIUIOTHI BBIACIIUTCA WA HNOTJIOTUTCA, €CJIM B PCAKLIUIO BCTYIIUIIO 138 1

sTagosa’?

Pewenue. 3anunem TEpMOXUMHUECKOE YPaBHEHUE PEAKLIUU:

C,H,0H,,, + CH,COOH,,, T===> CH,COOC,H,,, +H,0,,; AH,_ =7 Jlx.

TernoBoit 3¢ ekt XUMUIECKOH peakIMyi pacCYUTaeM 110 BTOPOMY CIICACTBHUIO U3

3akoHa ['ecca:

_ ceop ceop ceop
AH, , =AH:} o +AH AH

CH,COOH — CH,COOC,H
ceop __ o
AH 1o = 0, Tak KaK BOJIa — 3TO BBICILIUNA OKCHI.
[ToacTaBuM YuCICHHBIC 3HAYCHHSI TETUIOT CTOPAHUS U3 TaOIHIIBI 6.2:
AH,, = -1367 - 874 + 2254 = 13 k/Ix/Mob,

tak kak AH >0, peakius sH1oTEpMUYECKAS.

Io ypasrenmio peakumn pearupyer 1 moms C,H.OH. Ilo ycnoBmio 3amaun B

peaxuo Berymuio 138 r C,H,OH, uto cocrasmser:

mCzHSOH _ 138 2
M 46 2/ monw

C,HsOH

n= =3 monw.

Toraa konuM4ecTBO TCIlIa, IIOTJIOIICHHOI'O B JTAaHHOU pCaKknuuun:
Q=nAH _ =3-13 =39 k[lx.

CnenctBus M3 3akoHa ['ecca MpUMEHSIOTCA TaK)K€ IMPU TEPMOXUMHUUECKHX pacuerax

AJI1 OMpEeACIICHUA TCILIOT O6paSOBaHI/IH HIIN CropaHus HCXOAHBIX BCHICCTB WU IPOAYKTOB

pCaKknuu.
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Ilpumep 4. BuruucnauTte CTaHAAPTHYIO TEIUIOTY 0Opa3oBaHUs OEH30/7a HA OCHOBAaHHUH

TCPMOXUMHYCCKOI'O YPABHCHUA PCAKIIUUN €T'O CrOPAHUS:

C,Hyyy + 7,50, = 6CO,, +3H,0,,; AH,, =-3133 x[bx/Mmoms.

6(r)
Pewenue. I1o nepsomy cneactTBuio u3 3akoHa ['ecca:

_ o6p. obp. oop.
AH, , = 3AHH20 + 6AHCO2 AH: Y

op.
AH )" =0, Tak Kak 5T0 POCTOE BEMECTBO. Bripasum Temnoty o6pasopanns Genzona:

oop. oop. 06p.
AHCGZ6 :3-AHH2% +6-AHCO’: —AHx_p..
IToncraBuM 4mCIIEHHBIE 3HAYEHUS U3 TAOMULEI 6.1:
AHgff;é = 6-(-393) + 3+(-242) + 3133 = 49 kJI>x/MOb.
Ilpumep 5. Bpluucnure CTaHAAPTHYIO TEIUIOTY CrOpaHUsS alleTHieHa C2H2 Ha

OCHOBAaHHHU TCPMOXUMHUYCCKOT'O YPAaBHCHUA:

C,H,, +CO, +H,0, —> CH,=CHCOOH,,,; AH = -213 x/lx/Moib.

AKPpHJIOBasg KHUCJIOTA

) )

Pewenue. I1o BTOpOMY ciieACTBHIO U3 3aKoHa ['ecca:

_ ceop ceop ceop ceop
AHx.p.—AH +AH +AHH20 AH

C,H, C,HyCOOH >
rne AH ;220(’; =0.
OTCI0/1a BBIPA3UM TETJIOTY CTOPAHMS alleTHIEHA:

AH Y =AH, , —AH "+ AH Y

CyH, C,H COOH *>

AHZ? = -213 + 283 - 1370 = -1300 xJI>k/MOJIb.

CZHZ
Ilpumep 5. PaccunTaiite U3MEHEHUE SHTPONUU MIPU CUHTE3€ aMMHUAKa.

Z[J'IH pelICHUs 3aJa4U 3alIMIIEM YPABHCHUC PCAKIIUU B PACUCTC HA 1 Mo aMMHaKa:

0,5N, + 1,5H, =NH; ; AS,  =? [/ mone- K.

3HaK M3MCHCHUS OHTPOIIMU MOXHO YCTAHOBUTH IIO KOJHUYCCTBY MOJIb F33006pa3HBIX

BEIIECTB:

An=n_ -n, =1-(0,5+1,5)=-1,

KOH.

rac nKOH un — KOJIHNYCCTBO MOJIb KOHCYHBIX M HCXOAHBIX BCIIICCTB, An — u3MeHeHHe

HCX.
KOJIMYECTBA MOJIb Ta3000pa3HbIX BEIIECTB MPHU PEAKIINU.

[Mockoneky An < 0, T0 B pe3ynbraTe peakuun GECTOPAIOK B CHCTEME YMEHBIIAETCS.

COOTBETCTBEHHO SHTPOIHS pacCMaTPpUBAEMOM CHCTEMBI Takke yOwiBaeT. IIpomsBenaem pacuer

HN3MCHCHUA SHTPOIINU ITPU 3TOU pcakuuu B COOTBETCTBUH CO CIICACTBUCM U3 3dKOHA I'ecca:
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AS® =S5, —0,5-8% ~1,5-50 ..

X.p.

0
rac S — CTaHAAPTHBIC SHTPOIIMKU BCIICCTB.

HOI[CTaBI/IM HX YHUCJIOBBIC 3HAUYCHU A
AS° =192,8-0,5191,6 - 1,5-130,6 = -98,9 Jlc/moms - K.

B uzonuposanmnoii cucmeme (npu omcymcmeuu obmeHa dHepeuell U 8eujecmeom Cco
cpeooii) eo3pacmanue SHMPONUU SAGIAeMCs Kpumepuem Ccamonpou38oibHO20 NPOMeKaHus

peaxyuu. B TpuBENIEHHOM NpPHUMEpPE CaMONPOU3BOJIBHOE MPOTEKAHUE MPSIMONW pEeaKIUU

0
HEBO3MOXHO, Tak Kak AS’ b= 0. Kak M3BECTHO, HampaBICHHE NPOTEKAHHS XUMMYECKUX
IPOIIECCOB OMpPEACTSAeTCS JEHCTBHEM JABYX (DaKTOPOB: DHTAJIBITMHHOTO AHW. (cTpemiienue

CHCTEMbl K MHHHAMYMY OHEPrHH) H OSHTpomuiiHoro AS. . (CTpemIileHHe K JIOCTIDKCHHIO

MaKcUMaabHOTO Xaoca). OHU 00BEANHSIIOTCS H300apHO-U30TEPMUYECKUM TTOTESHITUATIOM:

AG,, =AH_ -TAS, wo

Kpumepuem camonpouszeonvnozo npomexanus peakyuu sensemcs yowiio uU306apHoO—

U30MepMUYecK020 NOMeHYUaIa AGx.p. < 0. Yem MeHble BeIHMYMHA AGx.p., TeEM OOJIBIIIE

BCPOATHOCTE IPOTCKAHUA XUMHUYECKOU pCaKkuu. Takum O6p8.30M, C IIOMOIIBIO Apr MOXXHO

IMPOTrHO3UPOBATH BO3MOKHOCTH XUMHUYCCKOI'O NPCBpAICHUA U ACTIATh MPAKTUICCKHUEC BBIBO/IbI.
Ilpumep 6. BO3MOXHO 1M COBMECTHOE XpPAaHEHUE Ha CKJIaA€ OITHUICHIJIMKOIS
(araTHdPU3HAS KUIKOCT) U KATUHHOUN cenuTphl (yaoOpeHue)?

I/ISBCCTHO, 4YTO OTUJICHITIMKOJIb, KaK W MHOTHC OpPTraHU4YCCKHUC BCIICCTBA, O6J'I8.I[aeT

BOCCTAaHOBUTEJIBbHLEIMH CBOMCTBaMH, a KNO3 sBIIseTcs okucautTeeM. OIEHUM, BO3MOXKHO JIH

MMPOTCKAaHUC pCaKIuu MCKAY OSTHUMHU BCHICCTBAMMU. OIII/IH N3 BO3MOKHBIX BapHAHTOB

MMpEBpaAlICHUA 3alIUCBbIBACTCSA CIICAYIOIIUM 06pasoM:
3C,H,0, + 10KNO, = 6CO, +4H,0 + 10NO + 10KOH.

B cootBeTcTBUM cO creAcTBMEM W3 3aKkoHaA ['ecca m300apHBIA MOTEHIMAT JaHHOTO
MPEBpaIICHHs] MOXKET OBITh BBIpaXKEH uepe3 n300apHble MOTEHIIMANbl 00pPa30BaHUs YYaCTHUKOB

HpEeBpAaILCHUSL:

AG

npeep = (

6-AGy +4-AGyT, +10-AGy +10-AGy, ) —(3-AGY, , +10-AGE, ).

IToxncTaBuUM 4HCIIOBBIE 3HAYECHUS U3 TAOJIHIEL 3:
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AG.  =6-(-394,6) + 4(-228,8) +10-80,6 +10-(-379,3) - (3- (-319,4)+10- (-393,4)) =

npesp
=-1377,6 k]I x.

TGHGpB BBIYHMCJIMM HU3MCHCHHC 1/1306apH0r0 IIOTCHIIMAaJla XHUMHYCCKOMN p€aKkiuu B pacucTe Ha 1

MOJIb OTUJICHIJIUKOJIA:
AG, , =AG,,,., 1y o, =—1377,6 Kowc/3 mons =—459,2 klloic / morne.

TaxkoMy n3006apHOMY MOTEHIMATY COOTBETCTBYET TEPMOXUMHUUYECKOE YpaBHEHHUE:!

C,H,0, + ?KNQ =2C0, + §H20 + %NO + %KOH; AG,, =?

Tabruya 4.3 — 3nauenus cmanOapmHuIX NOMEHYUAI08 00PA308AHUA HEKOMOPBIX BEUECE

AG°  (kloic/mons)

obpas3.

Bewecmso | AG? Bewe cmeo | AG? .| Bewe AG? - Bewe AG?
o6pas. obpas. Ccmeo obpas. Ccmeo obpas.
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) 5 -899 CF A —888,9 H,0O &) -237,4
RbH | 27.6 | Sx(OH), | 876 | CCLF, | 435 [ H,0,, | 1205
LiOH —439 | Ba(OH), | -855 C,F, —615,7 KNO, | -3934
NaOH —380 C()2 -395 C2H6()2 -319,4 KClI —409,0
KOH =379 CH4 -50,8 C,H;(OH), —477 KMnO4 —729,6
RbOH -374 CH,F -223,1 | C,H,0,| -1125 MnO, —467,0
BeH, +15,5 CHZO —110 C6H5C1 89,3 NO 80,6
CaH, | -138 | CH,F, | 4183 |CH,CH, 1138

[TonyyeHHOE U3MEHEHHE U300apHOT0 MOTEHIAIa PEaKI[Mi MEHbIIIE, YeM H300apHbIe
MOTEHIIMaIbl 00pa30BaHMsI MHOTHX BemiecTB. [103ToMy mpoTekaHue Takoi peakiuu BechMa
BeposTHO. OTCI0/a ClIeyeT MPAKTUUYECKUI BBIBO/: COBMECTHOE XPAHEHUE STUIICHIJIMKOJIS U

CCJIMTPLIL Hedonycmwuo, TaK KaK MOKCT MPHUBCCTHU K CAMOBO3TOPAHUIO.

Kpurepnii AGx.p' <0 Moxer OBITH TPUMEHEH W U aHAIM3a YCTOMYMBOCTH

XUMHUUYECKMX COCJMHEHHI HAa OCHOBAHMHU BEIIMUMH HMX I/1306apHI:>IX IIOTCHIHUAJI0B O6pa3OBaHI/IH.

Yem menbmie AG, |, TeM npounee MoseKyIa.
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Ilpumep 7. Ha ocHOBaHMHM M300apHBIX MOTCHIIMAIOB 00Pa30BaHUS MOJIEKYJ CIACIIalTe
BBIBOJI 00 YCTOMYHUBOCTH (PTOPIPOU3BOAHBIX MOJIEKYJ METaHA.

Beimumiem u3 tabnuiist 4.3 n3006apHbIe MOTEHIMATBI 00pa30BaHUs PTOPIPOU3BOIHBIX:

CH, -50,8

CHF |-2231

CH,F, | 4183

CHF, |-6447

CF, —888.,9

W3 mpuBeneHHOTrO psga BUAHO, YTO C YBEIMUEHHEM KOJIHYECTBA aTOMOB (Topa

ycroitauBocts Moiekyn Bospactaer. [t monekyn CH, u CF, moxHo Bbrancints n3o6apHbie

norentmanst (K4oic/ monw) cessein AG.” =—13 u AG.”;' =-222,2 . Dro rosopur o

Bbicokol mnpounoctd cBs3u C-F. B 10 e BpemMs B CMEIIaHHBIX TaJOreHOBOAOPOAAX
u300apHbIi MOTEHIMan OO0pa30BaHUSI HE MOXKET OBbITh pacCYMTaH IyTEM CYMMHPOBAHUS

M300apHBIX TIOTEHITUAIOB CBS3CH, YTO CBA3aHO CO B3aMMHBIM OTTAIKUBAHUEM aTOMOB.

B mporecce xumudeckoro npeBpanieHuss QyHKIHS AGX. » yOBIBacT 10 T€X MOp, MOKa
HE HACTYIIUT COCTOSIHUE XMMHUYECKOTO paBHOBECHs. B COCTOSIHMM paBHOBECHS SHTAIbIUNHBIN 1
SHTPONHUUHBIA (PAKTOPHI CPABHHUBAIOTCS. YCJIOBHEM XHMHUYECKOTO PABHOBECHS SIBIISCTCS

pasencteo AG, =0, coorsercrayromee pasenctey AH = TAS.

0 0
Ta6nuunsle 3mauenuss AH™ u AS OTHOCATCSL K CTaHJApTHBIM  YCJIOBUSAM

(T=298 K; P=101325Tla). d®opmyna mus pacuera n300apHOTO MOTEHIHMATA AGE

P

npuoOpeTaeT BUI:

0 0 0
AG,, =AH_ , —TAS,

(4.7)

Ora Qopmyna uMeeT NpUOMIKEHHBIM XapakTep, HO TMO3BOJIIET Ha OCHOBAaHUU

0 _
AG,, =0 paccuntbiBaTh TEMIEPATYpy, COOTBETCTBYIOLIYIO DABHOBECHOMY COCTOSHHIO
CHCTEMBI:
AF"
T
pasn ASO : (48)

[Ipu ucnonp3oBaHuu 3TOM (HOPMYJBI HaJO MOMHHUTH, YTO PA3MEPHOCTH TAOIUYHBIX

3Hayenui He cormacoBanbl: AH wsmepsercs B xJ[x/Monb, a AS — B JIx/mMons K. TTosTomy npu
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. 0
IO/ICTAHOBKE TaOIMYHBIX 3Hadenuii 3Hadenne AH~ mnepesoaurcs B JIK/MOIL ¢ IOMOLIBIO
MHOKHTEIs 103,

Ipumep 8. Boruncnute n3o0apHble MOTEHIUAIBI IS peaKIUU

2NO + 0, = 2NO,

npu Ttemmeparypax 600 — 1000 K, mocrtpoiite rpapuk AG-T wu cnenaiire BeBOL ©
HaIpaBJIEHUU PEaKIUU [IPU Pa3HbIX TEMIEpaTypax.

3anuiineM ypaBHEHHE peaklliy B CTAaHIapTHOM BUJIE:

2NO + 0O, =2NO,; AS, , =7 [owc/ monw- K.

B cootBeTcTBUU CO ciiencTBUeM U3 3aKkoHa ['ecca, BbIpa3UM M3MEHEHUE DHTPOIMM IIPU

XUMHYECKOH pCaKkuuu 4€pe3 SHTPOIINHU YHYAaCTHUKOB PABHOBCCH:

1 1

AS, , =Sy, —Svo _ESSZ =240-211 -7 205 =-73,5 Jjc/ monw- K.

AHAJIOTMYHO HaWJeM SHTAIBIINIO0 XUMUYECKON peaKIuu:
0o _ obp. obp. __ _ _
AH, , =AH; —AH Gy =32 =90 ==58 /o / mone.
HanmomuuM, 4TO TemnoThl 00pa3oBaHUs MPOCTHIX BEIIECTB MPUHATHI PAaBHBIMHU HYIIIO
obp. __
(AHZ" =0).

Tenepb BbIUKCIMM TeMIIEpaTypy, HpU KOTOPOM JOCTHraeTcs TEpMOIMHAMHUYECKOE

paBHOBecCHE:

-58.10°

pasn

=789 K.

2
N306apHblif MOTEHIMA IPHU pa3HBIX TEMIIEpaTypax paccuuTaeM no Gopmysie ¢ ydyeTtom

MHOXHTETS 107:

AG? =-58+73,510" xJx.

x.p.
[ockoneky AS <0, To pyHkumus AG)?_ ». = f(T) — Bospacraromas.

IloncraBnsiss 3HAaueHUs TEMIEpaTyp W3 YCIOBHMsS INpUMepa, HaijieM u300apHbIe

NOTeHITHANBI (K/{orc/Monb):
AGY, =-13,9; AGY, =-6,55; AGY,, = 0,8; AGY, = 8,15; AGY,,, = 15.5.

Ha ocHOBaHUM 3THX JaHHBIX CTPOUM IpaduK:

T,K 600 700 800 900 1000
AG® 13,9 6,55 0,8 8,15 15,5
X.p.
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15
10 —
57 obpaTHan
T passs peakuua
o~ //— . >

] T
600 700 800 9200 T,K
~-57] npamas

peakums
-10

Pucynok 4.1. I'paduk 3aBUCUMOCTH U3MEHEHUS M300apHOI0 OTEHIIMAIa

OT TEMIIEPATypPbI

U3 rpaduka cnenyer, uro mpu T<T =~ npeoGnajaer npsmas peakuus, npu

T>T,,. — obparnas. Ilockonbky peakuus ok3orepmuueckas, To mpu T<T

HAMpaBJICHHOCTh PEAKIMH OINpeNesIeTcss NMpeodsaaHueM SHTAIbIUIHOTO, (akTopa, a MpH

T > TpaBH. — SHTponHuifHOTO QakTopa. OTMETUM, YTO HACTYIUIEHHE PABHOBECHS BO3MOYKHO

TOJIBKO TOT/a, Koraa 3Haku u3menenns pyuxiuii AH 1 AS onunakossr.

ba3oBb1i1 ypoBeHb
1. Beruucnute Temnory oOpa3oBaHus MOAYEPKHYTOTO B YPaBHEHHH BEIIECTBA, UCXOS

N3 TCPMOXUMHUUYCCKOTO YPAaBHCHUSA

3ag\;_oqu Ypasnenus peaxyuu A]—[x.p.’ OAnzeoi;bl
K/[orc | monw ’
K/[orc | monw
! 1) 4NH, + 50, =4NO + 6H,0,,, -1169 90
2) 4NH, + 30, =2N, +6H,0,,, -1530
2 1) 4As ) + 30, =2As,0;, -1328 -925
2) A5203(T) + O2(r) = %(ﬂ -261
3 1) CuCl,,,, + Cu,,, =2CuCl,, -56 ~136
2) Cu,,, +Cl,,, =CuCl,,, -216
4 1) 2P, +3Cl,,, =2PCl,,, -574 -375
2) PCly,,, =PCl,,, + Cl,, 88
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1)2Pb,, + O

2) 2PbO,,

2oy = 2PbO,,
= 2PbO,, + O

2(r)

-438
116

=277

2. Paccunraiite TemnoBoil 3(dekT ykazaHHONW peakuuu HCXOAd M3 CTaHIAAPTHBIX

TCILJIIOT O6pa3OBaHI/IH. Breruuciaure Takke KOJIMYECTBO TEIIOTHI (Q), KOTOPOC BBIACIIUTCA HUIIN

NOTJIOTUTCS, €CJIM B JAHHYIO PCaKIXI0 BCTYNIUIO 1N T NE€PBOro BEIICCTBA.

Ne Ypaenenus peaxyuu m,e Omeemul
3a0auu Q, xllc/mons

6 H,S, +CO,, =H,0, + COS, 102 102

7 Sy T2C0,,, =80, +2CO,, 64 538

8 CO,, *+4H,, =CH,, +2H,0, 88 -332

9 PCI,,, + H,0,, = POCl,,, + 2HCI,, 836 —680

10 [ 2NaHCO,, =Na,CO,, +H,0,, +CO,, | 252 9

3. Berauciure TeruioBor 3P GeKT yKa3aHHOM PEaKIuy UCXOIS U3 CTaHIAPTHBIX TEIIOT

CropaHus. Paccuuralite KoandecTBO TCIJIOTBI, KOTOPOC BBIACIUTCA WU IIOIJIOTHTCA, CCJIIM B

JAHHYIO peakiuio Berymuwio V am> mepBoro rasa.

No Vpasuenus peaxyuu V,om? Omeemul
3a0aqu Q, x/oc/monw

[ | 2CH,, +0,, =2C0,, +4H,, 89,6 140

121 2NH,,, +20,,, =N,0,, +3H,0, 67,2 ~1045,5

13 Csz(r) + 2C02(r) = 4CO(r) + H2(r) 112 590

14 CH4(F) + COZ(F) = 2CO(F) + 2H2(F) 44,8 496

15 C2H6(r) + HZ(r): 2CH4(F) 56 -165

4. PaccuunTaiiTe CTaHIapTHYIO TEIUIOTY 00pa3oBaHMs MEPBOTO B YPABHEHUH BEIECTBA

op.
WCXO/Is U3 TIPUBEIEHHOTO TEPMOXUMHYECKOTO YPaBHEHHS Peakiuy U nanubix no AH *7" .

Ne 3a0auu Vpasnenus peaxyuu AH ",
K/[orc | monw
16 | 2A1,0,, *+6S0,, +30,, =2AL(S0,),, -1736
17 4NO,, + O, +2H,0,,, =4HNO, —252
18 2Mg(NO,),,, =2MgO,, +4NO,, + 0, 510
19 2Cu0,, +4NO,, + 0, =2Cu(NO,),, -416
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20 Na,SO,,, =Na,S0,,, +Na,S -176

@

5. Ilo maHHBIM TaOIMIBI BRIUUCIUTE WU3MEHEHHE M300apHOTO MOTEHIMAaIa 00paTUMOi
peakuun npu temneparypax: 300, 900, 1000 u 1100 K. Beruucnure taxxke temmeparypy,
pu KOTOPOW OCYIIECTBIISICTCS paBHOBECHE B cucTeMe. llocTpoiiTe rpaduk 3aBUCUMOCTH
M300apHOrO MOTCHIMAA OT TEMIIepaTypbl M CICIIaliTe BBIBOABI O HANPABICHUU pPEaKIUU TPU

pa3HBIX TEMIIEpaTypax.

MNe 3a0ayu Obpamumas peakyus AH® AS°
X.p.? X.p.?
Korc/monw JDic/monv K
L. SO,,, +0,50,, =S80, -99 -93
2. CO,, +C, =2CO,, +173 +176
3. CO, +H,, =C, +H,0 -132 ~134
4. CH,, +H,0, =CO +3H,, +207 +216
. C. +2H,, =CH,, 75 —82
6. 3Fe(T) + ZCO(F) = Fe3C(T) + COz(F) —149 —-155

IloBbI1IEHHBIN YPOBEHB

1. Wcxons w3 ypaBHEHHs pEAKLUHH, JANTE KAYECTBEHHYIO OLEHKY W3 HM3MEHEHUS

SHTPONUM TPSIMOro TMpoiecca (yU4TUTE arperatHble COCTOSIHUSI YYaCTHHUKOB PEaKIUH).
Hcnonb3yst MOTBHBIE SHTPOMHH 3THX BEUIECTB, YKAXHUTE, OyJeT JU MPOTEKAaTh JaHHAS PEaKIus

CaMOIIPOM3BOJIBHO B M30JMPOBAHHOM CHCTEME.

Ypasuenue peaxyuu Monvuble snmponuu, Omeem
Ne JDic/monv K
3a0ayu 1 2 3 4 1 2 3 4 AS?
X.p.
1. NH3(F) + 3/402(r) = 3/2H20(r) + 1/2N2(r) 192 | 205 | 189 | 192 33,75
2. KCIO,,, =KCl, +3/20,,) 143 | 83 | 205 247,5
3. 2C(T) + 3H2(r) = C2H6(r) 74 | 131 | 229 -312
4. CH,,, +4Cl,, =CCl,,, +4HCI 186 | 223 | 215 | 187 | -115
5. C6H6(>K) + NH3(F) = C6H5NH2(>K) + H2(r) 173 1 192 | 191 | 131 -43

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0JIb30BAHUIO M0 JAHHOM Teme

OcHoBHas1 JuTEpaTypa:

1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBuH. - 13-e uzn., nepepad. u gorm. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipun.: c. 461. -
buGnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. XuMus okpy>Karomei cpebl : XMMHUs KUBBIX opranu3MoB. Kypc nexuuii /
E. C. Muxamuna, A. JI. Ilerenmun. — M. : U3patensckuit Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTpOHHBIH // DneKTpoHHO-0MOIroTeuHas cuctema [IPR
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BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: as
aBTOPU3UP. M10JIb30BATEIEH
JlonotHUTe/ILHAS JIUTEPATypa:
1. I'munxka, H. JI. O6mas xumus / H. I'. I'nmunka ; [lox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Uuterpan-IIpecc, 2003. - 728c. - bubmmorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XUMHS METAJUIOB : ydeOHOE TTocoOue (17151 CTYyICHTOB XUMHUYECKOTO (DaKyIpTeTa
HarnpaBieHul 0akanaBpoB «XUMHU» U «XUMHUUECKask TEXHOJOTHs») / coctaBuTenu O. A.
INomoBanoBa. — Owmck : OMcKuii rocy1apcTBeHHbIM yHUBEPCUTET UM. .M. JlocTOEBCKOTO,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TekcT : 37eKTpOHHBIN // DINEKTpOHHO OnbmnoTeunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: mist
ABTOPHU3UP. TOJIH30BATENCH
NuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYyIa K 00pa30oBaTEIBLHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuTeTckast On0IMOTeKa OHIAWHY.

3 http://catalog.ncstu.ru/ — 3IEKTPOHHBIN KAaTaJIOT aCCOIMAIIUN ICKTPOHHBIX OMOIHOTEK
y4eOHbIX 3aBeqieHnid u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — 3BC.

5 https://openedu.ru — OTKpbITOE 0Opa3zoBaHue

Tema S. O61He 3aKOHOMEPHOCTH MPOTEKAHUA XUMHYECKUX MPOIECCOB.
IIpakTHyeckoe 3ansaTHE S. CKOPOCTH XUMHUYECKHUX peaKuuil. XuMHYeCcKOe PaBHOBECHE
Heab 3aHATHA: YyIIIyOUTh M OOOOLIUTH TEOPETUYECKHE 3HAHUS O0YYaroIUXCsi O CKOPOCTH

XUMHUYECKON PEaKIMU, 3aKpEnHTh 3HaHWE (OPMYI BBIPAXKEHUSI CKOPOCTH PEaKIMi, HAyUYUThCS
BBITIOJIHATh pacueThl, HCHOJb3ys JaHHble (opMyiabl. HayuuTbcs BBIBOJUTH KOHCTaHTY
XUMHYECKOIO PaBHOBECHS.

3HaHusA ¥ yMeHUsl, NpuodpeTraeMble CTYICHTOM B pe3yJIbTaTe 0CBOCHHUS TeMbl
3HaTh: OCHOBBI CAMOOPTaHM3ALMH U CaMOOOPa30BaHMS;
3HaTh: CYIIHOCTh M 3HaUCHHE MH(OPMAIIUH B PA3BUTHUU COBPEMEHHOT'O OOIIECTBA; OCHOBBI MOy YCHHUS
1 00paboTKK MH(pOPMAIMU U3 PA3IUYHBIX HCTOYHUKOB
3uarb: pabOTHI IO pacyeTy U MPOEKTUPOBAHMIO JIETAICH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKUHMUA B COOTBETCTBUM C TEXHUYECKUMH 3aJaHUSIMU U UCIIOJIBb30BAHUEM CTAHIAPTHBIX
CpeNCTB aBTOMATU3aLMH IIPOEKTUPOBAHUS
YMeTh: caMOCTOSITENIBHO CTPOUTD IPOIIECC OBJIAACHUS HHPOpMAaLUeH, 0TOOpaHHOH 1
CTPYKTYPUPOBAHHOMU /IS BBIOIHEHHS TPO(ECCHOHATTBHOMN AEeSITEIbHOCTH.
YMerb: moiydats 1 00padaThIBaTh HHPOPMALIMIO U3 PA3INYHBIX HCTOUHHKOB
VYmern: TIPUHUMATh YUacTHe B pab0oTax Mo pacyeTy U MPOCKTUPOBAHUIO JACTAICH U y3TI0B
MAaIIMHOCTPOUTEBHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMHU 3aJaHUSMU U
HCIIOJIb30BAHMEM CTAHJAAPTHBIX CPEICTB aBTOMATHU3alUU IIPOECKTUPOBAHUSA

HaumenoBanue (hopMupyeMbIX KOMIETEHITHIHA

Hupexce DopmyJIMpOBKa:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3alUHA U CaMOOOpa30BaHUIO
OIIK-4 MOHMMAHHUEM CYIIHOCTH W 3HAYCHUSI HH(OpMAIIHK B Pa3BUTHH

COBPEMEHHOT0 00I11eCTBa, CIIOCOOHOCTHIO MOTy4YaTh U 00pabaThIBaTh
HH(POPMAIIHIO U3 PA3TMYHBIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATD,
CTPYKTYPHPOBATh ¥ OPOPMIIATH HHOOPMAITHIO B JOCTYITHOM JJIsI APYTHX
BUJIE
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I1K-5 CITOCOOHOCTBIO MPUHUMATD yYacTHE B paboTax 10 pacuery u
IIPOCKTUPOBAHUIO JETAIIEH U Y3JI0B MAITUHOCTPOUTEIBHBIX KOHCTPYKIUI B
COOTBETCTBUH C TEXHUYECCKUMHU 3a/IaHUSIMH U UCTIOJIb30BaHUEM
CTAHJAPTHBIX CPCACTB ABTOMATU3ALUU TPOCKTHPOBAHUS

AKTyalbHOCTh TeMBI. Bce nporeccsl, KOTOpble MPOUCXOAAT BOKPYT HAC U BHYTPH Hac,
UAYT ¢ mpeoOpa30BaHUEM SHEPTUU U, IPUUEM C Pa3HOU cKOpocThlo. Tak, npouecc nepegadyu
HEPBHOI'0 UMITYJIbCA COBEPILACTCS B COThIE JOJIM CEKYH/Ibl, IPOLIECCHl YCBOCHUS MUILU TPEOYIOT
HCCKOJIBKHX YaCOB, a MPOLUECCChI CTAPCHUA MOT'YT IUINTHCA ACCATUIICTHA.

Bosnbiioe npakTruueckoe 3HaYeHHE XUMUUECKOM KMHETUKH COCTOUT B TOM, YTO OHA
pasperiaer onpeaensaTh, BO3SMOKEH WM HEBO3MOKEH TOT WIIM MHOM Mpoliecc, U B KaKUX
YCIOBHSIX OH MpoucxoauT. [IpakTuueckoe 3HaueHHE €€ 0UEeBUIAHO, TaK KaK, TOJIBKO 3HAs 3aKOHbI
KHMHETHUKHU U MCXaHHU3M peaKuHﬁ MOKHO YIPaBJIATh XUMUYCCKUMHU MPOLCCCaAMU. Ot CKOpPOCTH
XMMHUYECKON peakluy 3aBUCUT BBIXOJ] MPOAYKTOB, T.€. IPOU3BOIUTEIBLHOCTh TPYJa U
anmnaparyphl.

TeopeTnyeckas 4acTb

CxopocTh XMMHYECKHX peaKkuuii

VYpaBHeHHs] XMUMHUYECKHUX pEaklui, XapaKTepu3ysh MHOTME CTOPOHBI IPOLECCOB, HE
BCErJa JaloT MOJIHOE MPECTABICHUE O CYLTHOCTH MPOUCXOIAIINX MPEBPALLICHUH.

Hekortopele XuMHuecKkue MpoLECcChl, HANPUMEp, PEAKLUH Pa3I0KEHHUS] B3pPbIBUATHIX
BEIIIECTB, 3aKaHUYMBAIOTCS B TEUCHHE J0JeH ceKyHJbl. OueHb ObICTPO 3aKaHYMBAIOTCS PEAKIIMU
B3aMMOJICHCTBUSI KHUCIOT, IIejo4Yeil u coiel B pactBope. OpraHudeckue k€ COEIMHEHUS B
OOBIYHBIX YCJOBUSAX B OOJBIIMHCTBE CIIy4yaeB B3aHMMOJAEHUCTBYIOT MEXAy €000 MeIIeHHO.
Takum 00pa3zoM, pa3Hble peakliy COBEPILAIOTCS B HEPaBHbIE MPOMEKYTKH BPEMEHHU, T.€. MOTYT
UATU C pa3IMYHON CKOPOCThIO. [T03TOMY Ha OCHOBAaHUM TOJBKO YPaBHEHUI OJTHUX XUMHUYECKUX
peaKIuii Heslb3sl CyIUTh O CKOPOCTH IIpOLECCa.

Xumuueckas Kunemuxa — 3mMO Y4eHue O CKOPOCMU XUMUYECKUX NpoYeccos, ux
HANpagIeHHOCMU U 0 PAKMOPAX HA HUX GIUAIOUWUX.

Henb 1 3a71a4M XUMUYECKOM KMHETHKHM — W3bICKAHME ONTHMAJbHBIX MapaMeTpoB IUis
NPOBEICHUSI XHMHUYECKOTO CHHTE33a, a HWMEHHO: OOECIeYeHHEe MaKCUMAIBbHOW CKOPOCTH
npoliecca, Hauboee paluoHaNIbHOE NCII0Ib30BAHUE ChIPbs U SHEPIrOPECYPCOB U AP.

VY CTaHOBIIEHO, YTO Ha CKOPOCTh XMMHUYECKHX PEAKIHMHA BIHUSIOT MHOTO (haKTOPOB —
KOHIIEHTpAllUsl B3aMMOJICHCTBYIOIIMX BEIIECTB, TeMIlepaTypa Ipolecca, Hajiuuue (Wiu
OTCYTCTBHE) KaTajau3aTopa u Jip.

OKCHIEpUMEHTBI II0Ka3alM, 4YTO YBEJIWYEHHE KOHLEHTpPAlMM  B3aWMOJAECUCTBYIOLINX
BELIECTB BbI3bIBAET YBEJINUECHUE CKOPOCTH PEAKIINU.

Ecnu B 3akpbITOM cocyzae IpH 3aJaHHOM TeMIlepaType pearupyroT JBa BellecTBa B
ra3000pa3HOM COCTOSIHUM WJIN B PacTBOPE

AC + BD <> AD + BC,

TO CKOPOCTh DTOH pPEaKiMH ONpENENIAeTCS YMEHBIIEHHEM KOHIEHTPAlUu (MOJIb/aM’)
BemectB AC u BD B enunuily BpemeHu (CeKyHy, MUHYTY, 4ac). Tak Kak ¢ TeYeHHEM BpEMEHU
KOHIICHTpAIUsl pearupyromux BELIECTB MaJaeT, TO 3aBUCHUMOCTb CKOPOCTH pEakUuu OT
KOHIIEHTPALIUM MO>KHO BBIPA3UTh CIEAYIOIIUM 00pa3oMm:

e

v=—(AC/A?), (5.1)

rae &2 — ckopocts npsmoit peakuun, AC - MonsipHas KOHLEHTpaLHs, t — BpeMs.
['paduuecku 9Ta 3aBUCUMOCTD H300paXkeHa Ha pUCYHKe 5. 1.
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t1 o — g
Puc. 5.1 3asucumocmuv ckopocmu peaxkyuu om 8pemeHu
JIOBOJIBHO pacmpoCTpaHEHBl PEAKINH TUTIA!
mA +nB—> cC, (5.2)

B KOTOPBIX Ha m MOJIEKYJ BellecTBa A MPUXOIUTCS 1 MOJIEKYJI BEIllecTBa B, IpH 3TOM m
U 1 OOJIBIIIE EMHHUIIBI.

DKCTepUMEHTAIBHO YCTAHOBJIEHO, YTO JJIsl TAKOTO MPOIecca CKOPOCTh MPSIMON peakluu
MOJKET OBITh BBIPAXKEHA CIICIYIOIINM 00pa3oM:

v=k[A]*-[BY, (5.3)

—

roe K - xoncranra CKOPOCTH TIPSIMOM PEAKINH — BEIMYHHA, paBHASI CKOPOCTH PEAKIIHH
IIPU KOHIIEHTPAIUSAX PeareHTOB PaBHBIX €IMHUIIE; 0OpaTHO MPOMOPIHMOHATIbHAS BPEMEHH; X U Y
— HEKOTOPBIE YHCIIa, ONPEIEISIEMbIE ONBITHBIM Ty TEM.

Koncmanma ckopocmu 3aBUCHT OT TeX ke (PaKTOPOB, UTO U CKOPOCTh JAHHOM peakiuH,
HO He 3a8ucum om KOHYEHMpayui peazupyroumux 6eujecms.

KoHcTanta ckopocTH XapakTepu3yeT peakUuio [Uisl ONpEeAENeHHBIX YCIOBUM —
memnepamypa, 0asienue, KoIuyecmso U Kauecmeo Kamaiuzamopa u T.J1. PaznudHble peaxkiuu
MO>KHO CpPaBHUBATh TOJBKO €CJIM OHU MPOTEKAIOT MIPHU CTPOTO OJMHAKOBBIX YCIOBUSX.

VYpaBHenust Tuna (5.3), yCTaHABIWBAIOIIME OKCICPUMEHTAIHLHO ONPEACICHHYIO
3aBHCHUMOCTh CKOPOCTH pE€akUWU OT KOHLEHTPAUWA pearupyromux BelleCTB, Ha3bIBAlOT
KUHemu4eCKumMu ypasHeHUusMU peaxyui.

Kunernueckue ypaBHeHus peakiuii (5.3) SBIAIOTCS MaTeMaTHUYECKUM BBIPAKCHHEM
3aKOHa JEWCTBUS MAacC — OCHOBHOI'O 3aKOHA XMMHUYECKOW KUHETUKU: CKOPOCHb XUMUYECKOU
peaxkyuu nponopyUOHAIbHA NPOU3BEOCHUI0 KOHYEHMPAayull peazupyiomux eeuecme 8 cmenenu
HEeKOMopbIX yucel, onpedensemvix dIKkcnepumenmanvro (nepsas popmynuposka — H.W. beketos,
1865 r; I'ynmpabepr u Bare, 1867 1.).

Tonpko MHOTJA MMOKA3aTeIN CTENEHN KOHIEHTPAIIMH ISl JAHHOTO BEIIeCTBa (X, y U JIp.)
B KHHETUYECKHUX ypaBHEHUAX (5.3) COBMATAIOT C €T0 CTEXHOMETPUUECKUM KOd(DPuImeHTom (x =
m; y = n ) B ypaBHeHUH peakiuu. OOBIYHO ATO BBIMOIHSIETCS IJIS DJIEMEHTAPHBIX PEaKIIHi, T.e.
peakuuii IpOXOASIINUX B OJHY CTaJHIO.

IIpuMeps! IPSMBIX 2JIEMEHTAPHBIX PEAKLIAMN:

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

Jnsg  Takux peakuuMid CTETEeHW B KUHETHMYECKHX YPaBHEHHUSX COBMANAOT  CO
CTEXHOMETPUIECKUMHU K03 (pHiimeHTaMu peareHToB B ypaBHECHUN PEaKIIUH.

Ilokazamenv cmenenu KOHYEHMPAYUuu peasupyoujeco eewjecmea 6 KUHemuiecKkom
ypaeHeHuu peakyuu (X, y u Op.) Ha3vléaemcs nopsaoKoM peaxkyuu no 0OanHomy eewecmsy. Tak,
Hanpumep, s peakuuu (6.1.2) mopsimok mo BemecTBy A paBeH x, o B — y. [lopsakom xe
PEaKIyu B 1EJIOM (7) SBISIETCS CyMMa TOPSIIKOB TI0 KaXJIOMy PEareHTy Ui JaHHOW peaKIvy,
Hanpumep, 11 peakuuu (6.1.2): n =x + y.
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Benmnuunbl opsiika mo peareHTaM (X, y U JIp.) W MO PEaKIUu B LEJIOM (7) MOTYT OBITh
Tr00bIMH HeOONbIIMMHU 1eTbIMU yuciaMu (1, 2 u penko 3), paBHATHCS HYJIIO WIH OBITH
npoOHbMU urciiamu (1/2, 2/3, 3/4 u np.). Hanpumep, s peakuuu CHHTE3a BOIBI

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

MOPSIOK PEAKIMU, B 3aBUCUMOCTH OT MapIMajIbHBIX JaBICHUH BOJAOPOAA W KHCIOPOAA,
umeeT npobHoe 3nauenue — 1, 0,5 u 0,7 (cm. Tabnuiy 5.1).

Tabnuya 5.1 — 3asucumocms nopso0Ka peakyuu om napyuaibHuIX 0asleHUtl KUCIopood u
6000p00a

p(H2), Ta p(02), Ta Bupg xunetnueckoro CymmapHbIi
ypaBHEHUS MOPSII0K
_ .1 0
130 -2600 26600 — 53300 L= ka2 Po, 1
2600 — 8000 20000 — 53300 =k 0 0.5 0,5
- - - sz p02 )
— 104,03
8000 — 50600 13305300 LU= kaz p02 0,7

HeoOxoauMbpIM  yCIIOBHEM XUMHYECKOTO B3aUMOJCHCTBHUS SIBIISICTCS CTOJKHOBCHHE
pearupyromumx 4acTUIl — MOJIEKYJI, aTOMOB, HOHOB H JIp. B MOMEHT CTOJIKHOBEHHS HJIEKTPOHHBIC
o0J1aka peareHTOB CMEIIMBAIOTCS, 00pa3ysi IPH STOM HOBBIE CBSI3H.

Yucno monexyn, 00OHOBPEMEHHBIM B83AUMOOCUCEUEM MeNCOY KOMOPbLIMU 6 MOMEHM
CMONKHOBEHUA ~ OCYWeCMBIAemca — aKm  XUMUYeCKo20  NpespawjeHus,  Ha3bl8aAemcs
MONEKYIAPHOCIBIO PEAKYUU.

Peakiuu ObIBalOT MOHO-, OM- ¥ TPUMOJICKYJISIPHBIMH. TpUMOJICKYJSIpDHBIC H
TETPaMOJICKYJISIPHBIE PEAKIMH O4YeHb penkd. VI3BECTHBI JHIIb HECKOJBKO IPHUMEPOB
HICHTaMOJICKYJISIPHBIX PEAKIIHI.

B wacTHOCTH, K MOHOMOJIEKYJIIPHBIM PEAKIUSAM OTHOCST PEaKIMU PA3JI0KECHUS MOJIEKYJI
Y BHYTPUMOJICKYJISIPHBIX TIEPErPYyNITUPOBOK, HAIIPUMEP, PEAKIHIO PA3JI0KESHUS MOJICKYJI HoJa:

Ix(2) & 21(2).
Kunerndeckoe ypaBHEHHE 3TOTO MPOLECCa HMEET NIEPBBIH MOPSIOK:
v =k[I].
[Tpumepsl OMMOJIEKYISIPHBIX PEAKIIUH:
2NO(2) < N202(2); v = k/NOJ?

HBr(2) + H(2¢) < H2(2) + Br(e); v = k[HBr][H] — xuHeTH4eCcKoe ypaBHEHHE BTOPOTO
HOpS/IKa.

TpumonekynspHas peaKuus:

Clx(2) + 2NO(2) < 2NOCI(2); v = k[CI][NO]?> — XuHETHYECKOE YPABHEHHE TPETHETO
HOpsIIKa.

JInsi mpuBENEHHBIX pEaKUUid MOPSAJOK U MOJIEKYJSIPHOCTh PEaKIMil COBNAJAlOT, HO B
o0I11eM ciTydae OHHU pa3Iu4HBbI.

Tlopsook peaxyuu onpeoensemcs MONEKYIAPHOCMbIO CAMOU MeOIeHHOU cmaduu OAHHOU
peaxyuu.

Ecnu peakmust mper mo cTagusiM, TO €€ MOPSIOK PEaKIWd MEHbBIIE WIN paBeH
MOJICKYJIIPHOCTH peakiyu. Tak, HarpuMmep, Npu CUHTE3¢ BOABI (CM. Tabuuily 5.1) mpu nopsiake

peakiuu paBHomy eaunuie (n =1; U = kp}q2 pg ), peaKkirs — MOHOMOJICKYJISIpHASI; TIPH 1 =
2

_7..0 05 ) _ _1..0,4 .03
0,5 (L= kp H, P 0, ), peakuusi — MOHOMOJIEKyJsipHas; npu n = 0,7 (D = kp H, P 0, ),
peaKkius — OMMOJICKYJISIpHasl.

Ipumeuanue. HeoOX0qMMO MOMHUTH, YTO MOJICKYJSIPHOCTh PEAKIWH, B OTIMYHE OT e

nopsizika, Bceraa uenoe uucio — 0, 1, 3.
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3axkon Oelicmeusi macc cnpageoiue MONLKO 0N  MOHO-, Ou- u pedxce O0JA
MPUMONEKYIAPHBIX PEAKYUIL.

[Ipu sriemeHTapHON peakiui B CUCTEME MPOTEKAET TOJIBKO OJIUH TPOLECC U ypaBHEHHE
pEaKIMi pacKpbIBa€T €ro MeXaHU3M. BONBIIMHCTBO peakiMid — CIOKHBIE W TPEACTABISIOT
c000¥ cyMMapHBI pe3yJbTaT HECKOJIBKHUX dJIEMEHTAPHBIX TIpolieccoB (aByX u Oonee). [TorTomy
o0111ee CIIOKHBIX YpaBHEHUE PEaKIMi He OTPAKAeT X PeabHbI MEXaHU3M.

s cnodchvix peaxkyuil 3aKoH OeUCMEUst MACC He NPUNONCUM 8 YELOM, d CHpasedu
UMb K OMOENbHbIM €€ cmaousim Heboavuiol monexyisprocmu. Hanpumep, oOriee ypaBHEHHE
peaxIu UMeeT BUJI:

2A+ B < C,

COTJIACHO KOTOPOMY SIBIISIETCS SIKOOBI TPUMOJEKYJIsipHOH. OIHAKO TPOTEKaeT B JBE
CTaJuM:

1) A + B < D — ouyenwv 6vicmpo;
2) D + A < C — meodnenno.

24+ B < C.
Tak Kak NOpPSIAOK PEAKIUU ONPEAEISAETCA MOJIEKYJSIPHOCTBIO CAMOM MEJJIEHHOM CTaJluu
peakIuu, TO JaHHAas peaknuss — OWMOJIEKYJsIpHas W BTOporo mnopsnaka. CremoBarenbHO,

KWHETHYECKOE YPaBHEHUE 3TOTO B3aMMOICHCTBHSI OyIE€T UMETh BUJI:
v =k[A][B], a ne v = k[A]*[B].

N3 (5.1) cnemyer, 4Tto ckopocmb peakyuu — 6eIUYUHA OOPAMHO NPONOPYUOHATbHASA
8peMeHU.

BcnencTBue pa3nmuyHOM CKOPOCTH JBMIKEHHUS MOJIEKYJ, OHM O0JIQAaloT pa3iInyHON
KUHETH4ecKkoi sHeprueit. [lpu s3ToM KuHeTHYecKas SHeprus MpsiMo MPOMOPIHOHAIBHA CKOPOCTH
JIBUDKEHUS] MOJIEKYJIBI.

Monnekybl, KOTOpbIe 00J1aat0T BEICOKUM 3al1aCOM KMHETHYECKOI YHEPTHH, Ha3bIBAIOTCS
AKTUBHBIMHU.

Jlononnumenvnyto snepauio, KOMoOpy HA00 COOOWUMb MONEKYIamM Ol nepesooa Uux 8
aKmueHoe COCMosHUe, HA3bIeaOmM JHepauel akmugayuy. XUMHUYECKas pPEeakIus MOXKEeT
TPOM30UTH TOJILKO TP CTOJKHOBEHUN aKTHBHBIX MOJIEKYJI.

Ckopocmb  Xumuueckou peakyuu NpsamMo HNPONOPYUOHANbHA HUCTY CMOJKHOGEHUl 6
e0UHUYY 8PeMEHU.

Ponp xatanuzatopa, MpUMEHsSEMOTo Ui MPOTEKaHUS JAHHOTO XMMHUYECKOTo Mpoliecca,
3aKJII0YaeTcs B cCleylomeM: |) B NOHWKEHUM DSHEPIUM akTuBaluuu; 2) B oOecnedyeHuu
HEOOXO0IUMOI OpPUEHTAIINH PEearnupyronX YacTHUll.

Bansinue TeMnepaTrypbl Ha CKOPOCTh PeaKkul

C moBbIIEHUEM TeMIepaTyphl YBEIMUMBAETCS CKOPOCTh ABIXKEHHUS MOJEKYNT M HX
KAHETHYECKas SHEPTHsl. AKTUBHOCTH MOJIEKYJI BO3PACTAET, M CKOPOCTh PEAKIIMU YBEITMUNBACTCH.

3aBHCHUMOCTh CKOPOCTH pEaKklMu OT TeMIepaTyphl OINpeaenseTcs MpaBuwioM BaHt-
Todbda: mpu yseruuenuu memnepamypor na xasxcovie 10°C ckopocmv peaxyuu eospacmaem
npumepHo 6 2 paza. JIns HEKOTOPBIX peakluii CKOPOCTh Bo3pacTaeT B 3 — 4 paza. ITo 3aBUCUT OT
NPUPOIBI PEarUPYIOUINX BEIIECTB.

Yucno, nokasvigarowee 60 CKOIbKO pa3 YBeIUdUBaemcs CKOpOCMb peakyuu npu
veenuuenuu memnepamypol Ha 10°C, Hazvieaemcs memnepamypuviM Kodgguyuenmom u

obo3nauaemcs 7/ )

M3MeHeHne CKOPOCTH PeakIuH OT TeMIepaTypbl MOXKET OBITh BBIYUCICHO MO (opMyJie
Bant-T'odda:

=t
—2 =y 10 (5.4)
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rae Ut2 )41 l)t1 — CKOPOCTH pPCaKLUH MPH TeMmIeparypax t2 U ti COOTBETCTBEHHO; Y —

teMriepatypHbiid kKoaddurment Bant-I'odda.
CkopocTh peaknyu B reTeporeHHbIX cucreMax. Binsinue karaauzaropa Ha
CKOPOCTh XUMMYECKHUX peaKkIuii

BemectBa, u3MeHSOMME  CKOPOCTb  XMMHUYECKOIO  Mpolecca,  Ha3bIBAIOTCS
Karanmuzatopamu. KaramumszatopamMu MOTYT OBITh TBEpIbIC, KUIAKHE W Ta3000paszHbIC
BelecTsa. FIsMEHeHHe CKOPOCTH XMMHYECKOW PEaKLUU I0J BIUSHUEM IIPUCYTCTBYIOLLIETO B
CHUCTEME TTOCTOPOHHETO BEIIECTBA, COCTAB U KOJIMYECTBO KOTOPOTO K KOHITY PEaKIIMHd OCTAOTCS
0e3 M3MEHCHU, Ha3bIBAIOTCS KATaIU30M.

[Ipu rOMOTEHHOM KaTajin3e B3aMMOACHCTBYIONIUE BEIIECTBA M KAaTAIM3aTOP COCTABIISIOT
onHodasHyio cucteMy. [Ipy reTeporeHHOM KaTalli3e pearupyrollye BEIIecTBAa M KaTalu3aTop
COCTABJISIIOT CUCTEMY W3 HECKOJBbKUX (a3. [lpu rereporeHHOM KaTaim3e B MPUCYTCTBUHU
HEOOJIPIIMX KOJIMYECTB KaTajau3aTopa MOTYT IIpOpearupoBaTb OTHOCUTENIBHO OoJbIIne
KOJMYECTBA B3aUMOJCHCTBYIONMX BemiecTB. [IpM romMoreHHOM KaTain3e CKOPOCTh PEAKIIUU
MPaKTUYECKH MPONOPLHUOHATbHA KOJIMYECTBY KaTalIn3aTopa.

AKTHUBHOCTh KaTaJIM3aToOpa, a MHOT/IA U CHEIU(UIHOCTh UX JICUCTBUS, B OOJIBIION Mepe
3aBUCUT OT TeMIEpaTypsl. Js kaxaoro mpoiiecca, CylmecTBYIOT ONpeIeJICHHbIE KaTalu3aTophl,
4acTO MOJ0MPAEMbIC IKCTICPUMEHTAILHBIM Ty TEM.

XuMHn4yecKkoe paBHOBecHe
Bce xumuueckne peakiui MO>KHO pa3feiTh Ha JIBa TUIA: 00OpaTUMbIE U HEOOpaTHUMBIE.
MHorue peakuuu SBISIOTCS OOpAaTHMBIMH, T.€. TAKMMH, IIPU KOTOPBIX 0Opa3oBaBIIHECS
IPOAYKTHI B3aUMOJICHCTBYIOT MEXTy 000, MpeBpalasch B HCXOAHbIEC BEIIECTBA.
OOpaTuMble peakIy OTPaHUYCHBI ONIPECIICHHBIM TIPEICIIOM: OHU HE TOXOST /10 KOHIIA.
OOwuwmii Buj ypaBHEHUs] 00paTUMOM peaKIuu:

mA + nB<pC + gD. (5.5)

CKOpPOCTH IIPSAMOTO ¥ 0OPAaTHOTO MPOLECCOB BBIPAKAIOTCA CICAYIOMIUMHA YPABHEHUAMM:
v=k[A]"[B]" (5.6)
v=k[C]”[D]. (5.7)

B MoMeHT ycTaHOBNIEHMs paBHOBECHUS IpsMasi U oOpaTHas peakluu He MpEeKpalarTcs, a
IPOJOJKAIOT MPOTEKATh B IPOTUBOIIOI0KHOM HAIIPaBICHUU C PABHBIMU CKOPOCTSIMH.
I'paduuecku 310 MOKET OBITH TaK, KaK MOKa3aHO Ha pUCyHKe 5.1.

UA

L2

Pucynox 5.1 >
3asucumocms npsamou u 4
00pammoll peakyuti om pemenu

Ecnu ckopoctu mpsiMoit m 0OpaTHOW peakiuil paBHBI (Vmp = Vosp. — MATEMaTHUYECKOE
yCIIOBUE XHUMHUYECKOTO DPaBHOBECHs) , TO IpaBble uyacTu ypaBHeHud (5.6) u (5.7), ux
BBIPQ)KAIOUINX, TaKXKe PaBHBI:

~ b T
k[4]"[B]" = K[C}P[D] . (5.8)

Ha ocHoBanuu 310r0 chopMyIMpoBaHO MOJIOKEHHE, HA3BAHHOE 3aKOHOM JICHCTBHSI Macc
(BTOpast GOpMyIHPOBKA): 8 MOMEHM PABHOBECUsL NPOU3BEOeHUEe KOHYSHMPAYUll Oeticmeyioujux
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MACC UCXOOHBIX Geujecms Ha KOHCMAHMY CKOPOCMU NPAMOU peakyuu paeHo NPOU3EE0eHUIO
KOHYeHmpayuti 0eticmeyowux macc oopasyloumuxcsi 6ewecms Ha KOHCMAHMY CKOpoCcmu
0bpammuoll peakyuu.

W3 ypaBuenus (5.8) cnenyer, 4yTo

o 4 q
P Llbl (59)
[4]"[B]"
OTHOHIGHI/IG z[Byx IIOCTOAHHBIX BEJIIMYHUH €CTh BCJIMYHMHA ITOCTOAHHAA, CIICAOBATCIIBHO:
/E/%:szm. (5.10)
[4]"[B]"

Koncrantoii Xumuyeckoro paBHOBecHs KP Ha3bIBA€TCS OTHOLICHHE MPOU3BEICHUS
PAaBHOBECHBIX  KOHUEHTpAalMil MOPOAYKTOB pPEeakUUd K TMPOU3BEACHUIO PAaBHOBECHBIX
KOHIICHTPAIIUI UCXOAHBIX BEIIECTB, B CTETICHN X CTEXHOMETPUIECKUX KOAPPHUIIMESHTOB.

KP BeIpaxaeT 3aKOH IEUCTBUS Macc ISl PABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
PpasHosecusi He 3a8UCUm OM KOHYEHMPAyuu peazenmos, HO 3a8UCUm Om meMnepamypsl u om
npUpoObL peazupyroujux 6euecms.

B MoMeHT XuMH4ecKoro paBHOBecHs n3MeHeHne sHeprun [ mboca He mpoucxoaut — AG
= 0. KoHcTaHTa XMMUYECKOTO paBHOBECHUS CBsi3aHa ¢ AG COOTHOIIEHUEM:

AG’ = —RT InK? (5.11)

VYuureBasg, uto [mKP =2,303 Igk? wu R = 8,314 JIx/K-monb ypaBHeHue (5.12)
npeoOpa3yeTcs 10 BHA:

AG’ =-19,14 T Igk? (5.13)

[Tonb3ysich ypaBHEHHEM  KOHCTaHThl PABHOBECHS, MOYKHO YINPABIATh XHUMHUYECKUM
MPOLIECCOM, YTO BaKHO B TEXHOJOTMUECKHUX LIEIISX.

Ecnu B paBHOBecHOM cucteme mA + nB<>pC + gD yBenn4uTh KOHUEHTPALUIO A, TO B
cootHomeHuu (7.1.6) mns KP, MOIDKEH YBEIWYUTHCS YUCIUTENh WJIM YMEHBIIUTHCS BTOPOU
COMHOXHTEJb 3HAMEHATENS, T.€. BEIMUYMHA [B]. DTO MOXET NPOU30MTH B PE3yJIbTaTE CMEILIECHUS
paBHOBECHS CJIEBa HAaIpaBO, MPUBOJAAIIETO K OOpa30BaHHIO HOBBIX KOJHYECTB MPOJIYKTOB
peakiuu — C u D.

Takum 00pa3oM, Mpu yCTAaHOBUBILIEMCS HOBOM COCTOSIHUM PaBHOBECHS, KOHLIEHTPALUU
BCEX YETHIPEX BEIIECTB, IO CPABHEHHUIO C MEPBOHAYAIbHBIMH, OKAXYTCS WU3MEHHUBIIMMUCSH, a
3HAYEHHE KOHCTAHTHI PABHOBECUS HE U3MEHUTCSI.

CrnenoBarenbHO, JUIS CMEIICHUS PaBHOBECHs CJIEBa HANpPaBO HEOOXOAMMO WU
YBEJIMYUTh KOHIIEHTPALMIO OJHOTO M3 MCXOJHBIX BEIIECTB, WIM YMEHBIINTH KOHLIEHTPALHUIO
OJIHOTO U3 MPOAYKTOB PEAKIUU.

C noMomipbio BBIpaKEHUS KOHCTAHTHI PaBHOBECHSI MOXKHO OIPENESATh KOHLEHTPALUU
BEILIECTB B MOMEHT PaBHOBECHUsA, a €CJIM WU3BECTHbI 3HaueHUA KP W UCXOJHbIE KOHLEHTpaluu
BEULIECTB, TO MOXHO ONPEIEIIUTh UX PABHOBECHbBIE KOHIICHTPAIIUH.

Ecnu ucxognyro koHIeHTpaiuio BemiectBa A o0o3HauuTh depe3 Co(4), a 4UCIO MOJb

€ro, MpopearupoBaBIINX K MOMEHTY PaBHOBECHs, Yepe3 A C(A), To MosipHast KOHILIEHTpALIUS B
MOMEHT PaBHOBECHS ONPEAEIUTCS TaK:
4] = Co(4) — A c(a).

PaBHOBECHE B TIETEpOTEHHBIX CUCTEMAX OMNPEAEISIETCS TOJBKO Ta30BOM WM KHUJKOU
¢azoi, T.K. KOHIIEHTPAIIUU TBEP/IbIX BEIIECTB HE BXOAT B YpaBHEHHE JIsl CKOPOCTH PEAKIIHH.

Hampapnenue cmelieHuss paBHOBECUSI CHUCTEMbl IPU H3MEHEHUM KOHILIEHTpALUU,
TEMIIepaTypbl WIH J1aBJIeHUs onpeaensercs npuauunoM Jle Hlarense:

«Ecnu na oopamumyio cucmemy, HaAxo00AWYIOCA 6 NOOBUNCHOM COCHOAHUU, OKA3AMDb
U36He Kaxkoe — 1ubo eo3oeiicmeue, mo cucmema omeeyaenm cMeujeHuem pagHoeecus maKkum
o0opazom, umoowl ocradums IMo 6030elcmaue.

Bonpocsl u 3aganust
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3amaua 1. Peakmus pasznokeHuss okcuma aszora (+5), mpoTekaromias IO YpaBHEHUIO
obmiero Buaa 2N20s(2) <> 4NO2(2) + O2z(2), IpoTeKaeT B ABE CTAIUU:

1) N20s(2) <> N20s3(2) + O2(2) — meonenmo,
2) N2Os(2) + N203(2) <> 4NO2(2) — 6bicmpo.

Onpeaenure NOpsIAOK U MOJIEKYJISIPHOCTB 3TOTO ITpoLiecca.

Pewrenne. 13 ycioBuii 3a1auu ClIeyeT, YTO CKOPOCTb PEAKLIMU, B LIEJIOM, ONPEIAEIISAETCS
NepBoil cTaauei mporecca. Mtak, CKOpocTh peakiiuu nponopiroHaibHa KoHeHTpanuu N2Os(T),
T.€. IPOLIECC Pa3I0KEHMs OKCUAA a30Ta (+5) — peakius NepBOro NopsaKa, MOHOMOJIEKYJISIPHASI.

3agaya 2. Berayuciaure 3Hau€HUE KOHCTAHThl CKOPOCTH MPH HEKOTOPOW TEMIIEpAType IJIst
anemenTapHoii peakuun C(2) + D(2) <> B(2), ecnu npu konuentpauusax [C] = 0,04 moas/am’ u
[D] = 0,05 Monb/aM® CKOPOCTh peakiuu cocTaBuna v = 3,2:1074,

Pemrenne: Tak kak peaknus 3JIEMEHTapHas, TO YPaBHEHHME pEaKkLMM OTpakaeT €€
MEXaHU3M — 3TO pEeaKlMs BTOPOro MOPSAAKA, T.€. KNHETHYECKOE ypaBHEHHE 3TOr0 Ipolecca
OyIeT UMeTh BUJ:

v 32-10%
[C][D] 0,04-0,05

v = K[C][D], omciwooa k = ,
3agada 3. [lns peakiuu B ra3oBou (aze
24 + 3B <> A2Bs
TOJTy9YCHHAST 3aBUCUMOCTh €€ CKOpPOCTH OT KOHIICHTPAI[UU PEarcHTOB TPEICTABJICHA B
Tabimue 6.2.1.
Tabnuya 5.2. 3asucumocms cKopocmu peakyuu om KOHYEeHMpayuy peazeHmos

KonnenTpanus, MoJb/ 3

BemectBo 4 0,20 0,40 0,50 0,60 1,20 0,20

Bemectso B 0,20 0,40 0,20 0,80 0,80 1,00

CKOPOCTh PeaKIny, MOJIb/ (M MUH) 0.32 0.64 0.32 198 198 1.60

KaxoB mopsimok peakiuu? Boruricnute KOHCTaHTY ckopocTu. Kak M3MEHHTCS CKOpOCTb
peakuuy Ipy yBEIMYEHUH IaBIICHUS B J1Ba pa3a’

Pemenue:

1. Jlns HaxoXACHHUS TOpSAKA PEaKIUU MPEKIE BCEro HAI0 HANUTH KUHETUYECKOE

ypaBHEHHE I JTOW CJIOKHOM XHWMHUYECKOW peakuuu. I[Ipum 3TOM HEOO0X0auMo

MPOTECTUPOBATH YPABHEHUS CIICTYIOIINUX THUIIOB!

1) mepBoro nopsinka — v = k[A],; v = k/BJ];

2) Broporo nopsaka — v = k[A][B]; v = k[A]’; v = k[B]?;

3) tperwero nopaaka — v = k[AJ?[B]; v = k[A][B]’.

2 Kunernueckoe ypaBHEHHE OYIET COOTBETCTBOBATH JCHCTBUTEIHLHOMY MEXaHH3MY
peakuuy, €ciau BBIYMCIEHHOE W3 HEro 3HaYeHHWEe KOHCTaHTbhl CKOPOCTH peakiuu OyJeT
OJIMHAKOBHIM (WJIM TPUMEPHO OJMHAKOBHIM, C YYETOM IOTPEIIHOCTH H3MEpPEHHUs B XOJe
JKCTICPUMEHTA).

3 TectupoBaHue ypaBHEHHUs IEPBOTO MOPsAKa BUIA 0 = k[A]:

1) nns nepBoit poOkl k| = il 032 =1,6;
[4]; 0,20

2) niist BTOpo# npoosl ky = 2 _ 0,64 =1,6;
[4], 0,40

3) s TpeTbelt npoosl k3 = % 0,32 =0,64
[4]3 0,50

Tak kak 3Ha4eHHWE KOHCTAHTBhI CKOPOCTH HE OJMHAKOBBI Ui MCCIEJOBAHHBIX MPOO, TO
KWHETHMYECKOE YpPAaBHEHHE TIEPBOro MOpsaKa BUAa v = k[/A] HE COOTBETCTBYET MEXaHU3MY
JTAHHOW peaKInu.
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TecTupoBaHue ypaBHEHHsI IEPBOTO MOpsAKa Buna v = k/BJ:

1) s nepBoit poOsI ky = o032 ,6;
[B]; 0,20
2) st BTOpoit mpoOs! ky = 2 _ 0,64 =16;
[B], 0,40
o U3 0,32
3) mis TpeTheli NpoOkl ky = —— =——=1,6;
) VIS TP p 3T18], 020
4) nnst yeTBepTON MPOOBI ky = 4 _ 128 = 1,6;
[Bls 0,80
5) i nATo npoosl ks = e T 128 =1,6;
[B]s 0,80
6) 11 mecToi npoOsl kg = Y6 _ 160 =1,6.
[Ble 1,00

WTak, KUHETHYECKOE YpaBHEHUE JAHHOW peakuuu: v = k/B]; KOHCTaHTa CKOPOCTH — k =
1,6.
4 YBenuueHue 1aBICHUS B CUCTEME B JIBa pa3a NOBBICUT KOHIIEHTPALUN PEareHToB 4 u B
TOKE B JIBa pasa, YTO NMPHUBEAET B BO3PACTAHUIO CKOPOCTH PEAKLUM TAKXKE B ABa pas3a. ITO
MO>KHO MOATBEPIUTH PACUETOM:
Ly _ 2k[B] _ )
v k[B]
3anaya4 Ha ckoiabKO HaJ0 MOBBICUTH TEMIIEPATYpPY, YTOObI CKOPOCTh pPEaKLUU BO3pPOCIIa
B 50 pa3 (y =2,3)?
Pewenne
Pacuer mposeném no popmyne Bant-T'odda:
=1

0, , -4
2 — v 10 e —2 =50; y=2.3; orcrona 50 =2,3 10
v Yt

1
[Iponorapudmupyem ob6e yacTH MOITYyYEHHOTO PABEHCTBA:
201693 - 1g50
10
¥ TI0CJIE ero pemenus nomyunm At = 47 °C.
OtBet: UT0OBI CKOPOCTH peakiuy Bo3pocia B 50 pa3 HaZ0 MOBBICUTH TeMIepaTypy Ha 47
oC.
3agayva 5. IIpu 393 K peakuus 3akanuuBaetcs 3a 10 MuHyT. 3a CKOJIBKO MUHYT 3Ta pEaKus
3akoHumnTcs npu 363 K (y =3,0)?
Pemenue
Kaxk u3BecTHO, 4TO MEXKy CKOPOCThIO XUMHUECKON pEeaKIuu U €€ MPOA0TIKUTEIIBHOCTBIO
CYILIECTBYET 00paTHO MPOMOPIUOHANIbHAS 3aBUCUMOCTb:

Ufz 71

b

Uy %)

1
TJI€ Ti ¥ T2 — BpeMs MPOTEKaHUS PEAKINK MPU TEMIIepaTypax ¢/ v {2 COOTBETCTBEHHO.
CrnenoBarenbHO, ypaBHeHHE (7.2.2.1) MOXKHO 3amUCaTh B CISAYIOLIEM BHUJIE:

-4

3
L=y 10

)

OTKyJa

119



t—1 393-363
r1=15-y 10 =10-3 10 =270 mun.
Otgert: npu Temrnepatype 363 K sta peakuus 3akanuuBaetcs 3a 270 MUHYT

ba30BbIi1 ypoBEHB
3amavya 1 Omnpenenute U3MEHEHHE CKOPOCTH MPSMBIX 3JIEMEHTApHBIX Ta30BBIX pEaKIUn
NP YBEJIMUEHUS JIABJICHUS B JIBa pa3a:
1)H>+ O — H+ OH; 2)Cl+ H— HCI;
3) 2NO + Cl> — 2NOCI; 4) NO + O — NO..
Jnig  kaxaol peakuud ONpeNeNuTe TMOPAJOK U MOJEKYJSIPHOCTh M HAIMUIINTE
KHHETHYECKOE YpaBHEHHE.
3amaau 2 Pe3ynbpTaThl M3y4YeHHs] CKOPOCTH pEakUMU Mexay BemiectBamMu A u B
npeJcTaBieHbl B Ta0nuie 5.3.
Tabauya 5.3 3asucumocms cCKOPOCMU peaKyuu om KOHYEHmMpayuu peazesmos
KoHIeHTpaIus, MOIb/ 1M’
BemectBo 4 0,10 0,20 0,20 0,10
BemectBo B 0,10 0,10 0,20 0,05
CkopocTb peakiuu, Moin/(av>-mun) | 0,004 0,016 0,016 0,004
KakoB nopsiiok ¥ MOJEKYJIAPHOCTh peakiun? BeIYuCInTe KOHCTAaHTY CKOPOCTH.
3amaya 3 Ilpm yBenuueHHMH KOHIEHTpauuu BemiecTBa 4 B 1,6 paza CKOpPOCTh peakuuu
BO3pacTaeT B 2,93 paza. KakoB nopsnok peakuuu no BeniectBy 4?7 OtBer: na = 1,83.
3amaua 4. CocTaBbTe BBIpaXKEHHUE JJIs KOHCTAHTHI PaBHOBECHUsS TOMOI'€HHOTrO Ipoliecca,
OIHMCHIBAEMOT0 YPaBHEHHEM:

A4HCI + 02 e 2H20+ 2C12

3anaya 5. J{1s1 paBHOBECHOM ra3000pa3HON CUCTEMBI
CO+H20 <> COz +H2 , K? = 1,0 (ipu 830 °C).
Ornpenennutre KOHLEHTpPAlMM BCEX BEIIECTB B MOMEHT pPaBHOBECHS, €CJIM HadalibHast
kontenTparms Co(CO) = 2 mons/nm> u Co(H20) = 3 Moms/mm>.
3anaya 6 Kak U3MEHUTCS CKOPOCTh PEAKIINU
2H2S + 302 v d 2S02 + 2H20 ,

€CJIM KOHIIEHTpallMM BCEX ra3oB YBEIMYWUTh B Tpu pa3za? B cTopoHy mpsimoil uiu oOpaTHOMU
pEaKLUy CMECTUTCSI XMMUUYECKOE paBHOBECHUE?

I1oBbI1IEHHBIN YPOBEHB

3amaga 1 Peakius mpoxoauT B ra3oBoii (asze:
A+2B+D e C.

[Ipu yBenuueHnH KOHLEHTpaluu peareHTa 4 B 2 pa3a CKOpOCTb peakliiu Bo3pocia B 2
paza. [Ipu yBennuyeHun KOHIIEHTpAaIMK peareHTa B B 2 pa3za CKOPOCTh PEAKIMU HE U3MEHUIIACH.
[Ipu yBenmueHnn KOHIEHTpauuu pearenra D B 2 pa3a CKOpPOCTb peaKkluy BO3pocia B 4 pasa.

Kak BbINIAAUT KHHETHYECKOE YpaBHEHUE 3TOM peakimn? Kak n3MEHUTCs: CKOPOCTh PEAKIIUH TIPU
YBEIIYEeHNH 00I11Iero aBieHus B 3 paza? OTBET: CKOPOCTh PEAKIMH TIPH YBEIMUEHUH OOIIETO TABJICHUS B
3 pa3za Bo3pacrer B 27 pas.

3anaua 2 Ilpu 25 °C koHCTaHTa CKOPOCTH peakLuy B Ta30Boii (ase

N20O4 — 2NO:
HMMEeT CIIeYIOIINe 3HAYCHHUS:
P, Ila 21590 34660 89040
k(ycn. enuHUIIBI) 4.4 4,8 6.0.

ITouemy KOHCTaHTa CKOpPOCTHM BO3pacTaeT NpU YyBeIW4YeHUU JaBieHuss? I[louemy
KOHCTaHTa CKOPOCTH Ha3BaHA KOHCTAHTOM, €CJIM OHA 3aBUCHUT OT JaBJICHUA?
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3agava 3. B kakoM HampaBJIE€HUHU CMECTUTCS] PABHOBECHUE PEaKIIMKI
4HCI + 02 <> 2H20 + 2C12 , AH: . = —114,42 xJIx/M0b,

ecnu: 1) moBeICUTH KOHIEHTpauuioo (2; 2) yBEeIUMUUTh KOHIEHTpauuio H20; 3) NOHU3WUTH
naeinenue; 4) moBbicuTh Temmeparypy Ha 50 °C (TemmeparypHblii K0d(Q(QUIHMEHT NpIMOi
peaKIuu Ynp = 2, @ Yoop. = 3)?

Cnucok JuTepaTypbl, peKOMEeHAyeMblil K UCIIO0Jb30BAHUIO 110 JAHHOH TeMe

OcHoBHas JInTEepaTypa:
1. Koporun, H. B. O6mas xumus : yaeounuk / H. B. KoposuH. - 13-¢ uzn., mepepad. u gom. - M.
: Axkagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. MuxanuHa, E. C. XuMus okpy>karomei cpebl : XMMHUs XKUBbIX opranu3MoB. Kypc nexuuii /
E. C. Muxamuna, A. JI. Iletenmun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTPOHHBIH // DneKTpoHHO-01OIMoTeyHast cuctema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocryma: st
aBTOPHU3HP. MOIb30BATENECH
JlonoiHUTe/ILHAS JIUTEpPATYypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; Ilon pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unurerpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - IIpeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1
2. XuMus METAJUIOB : y4eOHOe TocoOue (I CTYIEHTOB XUMUIECKOT0 (DaKyIbTeTa
HamnpaBlieHU# O0akanaBpoB « XUMUs» U «XUMHUYECKas TeXHOIOTHs») / coctaButenu O. A.
lNonoBanoBa. — Omck : OMckuit rocygapcTBeHHbI yHuBepcurer uM. @.M. JlocroeBckoro,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TekcT : 3neKTpoHHbIH // DnekTpoHHO Oubnuoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum moctyna: as
aBTOPU3UP. M10JIb30BATEIEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — earHOE OKHO JOCTYIa K 00pa30BaTEIbHBIM pecypcam

2 http://biblioclub.ru/ — ObC «YHuBepcuteTckas 6MOIMOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 3MEKTPOHHBIN KaTAJIOT aCCOIUAITUH JIEKTPOHHBIX OMOIHOTEK
yueOHBbIX 3aBefieHui u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 00Opa3zoBaHUE

Tema 6. PacTBopsI
IpakTnueckoe 3ansitue 6. PactBopbl. CiocoObI BhIpaKeHUsI KOHUEHTPAIUH
pacTBOpoB. PacTBOpBI 371eKTPOJINTOB. PAaCTBOpPBI HEIIEKTPOJIUTOB

Heap 3ansTusi: GopmupoBaHue 0a30BBIX 3HAHWW O CIIOCO0AX OINpPEACICHUS CBOHCTB W
KOHIICHTPAIIMI PACTBOPOB M HABBIKOB MIPOBEICHUS PACUCTOB.

3HaHusA M yMeHusl, IpuodpeTraeMbie CTYICHTOM B pe3yJIbTaTe 0CBOCHHUS TeMbl
3HATh: OCHOBHI CAMOOPTAaHM3AINH H CaMOOOpa30BaHNS;
3HaTh: CYIIHOCTh M 3HaUCHUE MH(OPMAIIUU B PA3BUTHU COBPEMEHHOTO OOIIECTBA; OCHOBBI MOTYYCHHUS
1 00paboTKK MH(DOPMAIIMU U3 PA3TUIHBIX HCTOYHUKOB
3uaTh: PabOTHI IO pacyeTy W MPOSKTUPOBAHMIO JICTAIICH U Y3JIOB MAIIHHOCTPOUTEILHBIX
KOHCTPYKUHMH B COOTBETCTBUM C TEXHUYECKUMH 3aJaHUSIMU U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpEICTB aBTOMATU3ALNH ITPOEKTUPOBAHUS
YMeThb: caMOCTOSITEILHO CTPOUTH MPOIIECC OBNIAICHHS HH(GOPMAIUEH, 0TOOpaHHOH U
CTPYKTYPUPOBAHHOM JIJIs BBITIOIHEHHS TIPO(ECCHOHATTLHON eSITeThHOCTH.
YMeTh: momydarh U 00padbaTeIBaTh HHPOPMAITHIO U3 PA3THIHBIX HCTOYHHKOB
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YMerh: NPUHUMATh y4acTHe B paboTax MO pacyeTy U MPOSKTHPOBAHUIO JETalel U y3J10B

MaIIUHOCTPOUTEIBHBIX KOHCTPYKLUN B COOTBETCTBUU C TEXHUYECKUMHU 3aJaHUSIMU U

MCIIOJIb30BaHUEM CTAHJIAPTHBIX CPEICTB aBTOMATH3ALMH IPOCKTUPOBAHUS
HaunmeHnoBanue (GpopMHpPYEMBIX KOMITETCHIIUH

MNHunekc DOpMyIHPOBKA:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3aIMH U CaMOOOPa30BaHHIO
OIIK-4 MMOHUMAaHWEM CYIITHOCTH U 3HAYCHHS HH(POPMAIIMH B Pa3BUTHH

COBPEMEHHOT0 00IIIeCcTBa, CIIOCOOHOCTHIO MOyYaTh U 00pabaThIBaTh
H(pOpMaNHIO U3 Pa3INYHBIX HCTOYHUKOB, TOTOBHOCTHIO HHTEPIPETHPOBATS,
CTPYKTYPHUPOBATh U OPOPMIIATH HH(HOPMAITHIO B JOCTYITHOM ISt APYTHX
BHUJIC

I1K-5 CIIOCOOHOCTBIO MPUHKUMATh YYacTHE B paboTax Mo pacyeTy u
POEKTUPOBAHUIO A€Talel U y3710B MAlIMHOCTPOUTEIbHBIX KOHCTPYKLIUH B
COOTBETCTBUU C TEXHUUECKUMH 3aJIaHUSIMU U HCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEJICTB ABTOMATU3ALIMHU IPOSKTUPOBAHMSI

AkrtyanbHOCTh TeMbl. COBpEMEHHAsI MOJIEKYJIIpHash TEOpHUsl PACTBOPOB IPEACTABISAET
coOoif  OOIIMPHYIO, MHTEHCHBHO pa3BUBAIOLIYIOCS O0JACThb  MOJIEKYJSPHON  (U3HKH.
MounekyasipHas TEOpHsI KHUAKUX pacTBOPOB OMUPAETCA Ha TEOPUIO YUCTHIX OJHOKOMIIOHEHTHBIX
KHUJIKOCTEH M TEOPHIO MEXMOJIEKYJSPHBIX CHJI. PacTBOpBI 3JIEKTPOJIIMTOB - OCOOBIM Kiacc
KOHJICHCUPOBAHHBIX HMOHHO-MOJIEKYJISIPHBIX CUCTEM. UpesBbldaiiHas CIOKHOCTb H3y4aeMoro
00BEKTa MpeAonpeiensieT MHOTOYHCICHHbIE TPYIHOCTH U NMPOOJIeMbl B 3TOH OTpPaciid Hay4yHOTO
MO3HAHMUSL.

TeopeTnyeckas 4acTb
Crnioco0blI BbIpakeHHs1 KOHIEHTPALMH PACTBOPOB

Pacmeopamu nazvieaiom mepmoounamuyecku ycmouyugvle 0OHOPOOHbIE CUCHEMDYI,
cocmoAawue u3z deyx u bonee KOMNOHEHMO8 (pacmeopeHHblx eewecmes U pacmeopumeﬂﬂ).
PacTtBopeHHbIE BelllecTBa — 3TO KOMIIOHEHTHI PacTBOpPA, KOTOPBIE MEHSIOT CBOE arperaTHoOe
COCTOSSHME TpuU ero oOpa3oBaHuu. PacTBopuTenb — BELIECTBO, HE W3MEHSIOIIEE CBOETO
arperaTHOro COCTOSTHUS ITpH 00pa30BaHUU PacTBOPA.

Haubonee mupokoe pacnpocTpaHeHUE OTYUUIH BOJHBIE PACTBOPHI, pACTBOPUTEIIEM B
KOTOPBIX SABJISACTCA BOOA.

Baxwuerieid XapakTepUCTUKON PAcCTBOPOB SIBISETCS WX KOHIIEHTpalus — Macca WIH
KOJINYECTBO BEILECTBA, COJEpKAIIMEcs B OINpPENEICHHOM Macce WM 00beMe pacTBOpa WU
pacTBOpUTEISL.

Maccosas mons BemectBa X — Macca Bemectsa M(X) (B r), comepxkamiasics B 100 1

pacTBopa:

o(X).%=""%) 100
My (6.1)

MonsiibHask KOHLIEHTpPAIMs — KOJMYECTBO MOJib BemectBa N(X), comepiaiueecs B 0HOM
kunorpamme (wim B 1000 1) pacTBopuTENs:

MOJIb _ n(X) m(X)

1000 =

Mpy_ng 1740.¢ )mp-nﬂ

-1000

C (X),

KI (6.2)
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MonsipHasi KOHIIEHTpAIKUs — KOJIMIECTBO MOJIb BemectBa N(X), comepikalieecss B OHOM
am® (umu B 1000 cm®) pacTBOpuTeNs:
MO _ 7 X m(X
(X, (X 1000 =—"™X) 1000
v MX)V, (6.3)

p-ns P-4

MonsipHasi KOHIIEHTpAIUs KOJIMYECTBA YKBHBANEHTA (HOPMAJIbHOCTh MM JKBHBAJICHTHAS
KOHL[eHTpaI_[I/ISI) — KOJIMYECTBO MOJIb 3KBHBAJICHTA BCHICCTBA X, coJcprKkalcecs B OJHOM IIM3
(um B 1000 cm?) pacTBOpHTENS:

n(iX)
C(—X) MOTb __ Zr 1000 = ’;“(X) 1000 64
Zx i’ Vp-m M(— X)Vp . '
4

X

1 1
rane n(—) u M(—) — KOJIMYECTBO MOJIb DJKBUBAJCHTAa BeIIeCTBA (B MOJB-3KB) M €ro

Zx Zy
SKBUBAJIEHTHAsI Macca (I/MOJIb) COOTBETCTBEHHO.

Ipumeuanue. Yucno 7 HA3BIBAIOT  OKGUBAIEHMHbIM — YUCIOM WA  YUCTIOM
oxeusanenmuocmu —2Z, > 1. 3HadeHne Z ONpenemsioT 0 XUMHYECKOi PEaKINH, B KOTOPOIt
YYacTBYeT JaHHOE BeHIecTBO. Tak, B YaCTHOCTH, JJIS JJIS BEIIECTB, y4acTByromux B OB-
PeaKIUsIX, SKBUBAICHTHOE YUCIO Zy JUIsl BOCCTAHOBHUTEISI PABHO YHCIY JJIEKTPOHOB, KOTOPOE
OH OTJIAeT, a JJISl OKUCIHUTENSl — YUCIY DJIEKTPOHOB, KOTOpOEe OH MpuHUMaeT. Hampumep, as
annoHa MnO, B 3aBHCHMOCTU OT Xapakrepa peakuuu Z_— MoOxeT ObTh paBHO 5, 3, 1,
Harpumep:

MnO; +8H" + 5¢" =Mn*" + 5H,0; Z_ = 5; D(MnO;) = 1/5 Mo,
MnO, +2H,0+3e” =MnO, +40H"; Z = 3; 9(MnO;) = 1/3 Mob;
MnO; + le’ =MnO; ;Z, =1;3MnO;)= 1/1 mons.
CnenoBatenbHO, B 3THX pEaKLMAX IKBUBAICHT okucauTeass MnO, cOOTBETCTBEHHO paBeH

1/5, 1/3 u 1 Momb.
Heo0xoauMo Beeria MOMHHTD, YTO 3HaYCHHUE SKBUBAJICHTA JTFOOOTO BemecTBa X He
MPEBBINIAET eAUHULIEL, T. . I(X) < 1

Ornpezenenne SKBUBAJICHTHBIX YHCE HEOIMHAKOBO JIsl 0OMeHHBIX 1 OB-peakiuii.
B 00MeHHBIX peakIuax SKBUBAJICHTHOE YHCIIO ONPENENISIOT M0 CTEXUOMETpUH peakiuu. Eciu
JUTSL peaKIiy BUJIA

viA+viB=v.C +v,D
Ha OJIMH MOJb BemecTsa A Tpedyercs v,B/v,A Momnb BemectBa B, T0 Z, =Vv;/Vv,
MoutbHast 107151 — OTHOIIICHHE KOJIMYeCTBa MOJIh BemecTBa N(X) k 001eMy 4ucity MOJIb BCEX

BemecTs V. 5 (X i) , COCTaBJISIIOIIUX PACTBOP:
N(X)

a(X)=—"2
Ny (X)) (6.5)

TuTp pacTBOpa BemectBa X — Macca BemectBa M(X) (B ), comepKaiascs B OHOM CM>
pactBopa:
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2 :m(X)
e’ V. (6.6)

p-pa

T(X),

Tutp pactBOpa BemectBa B mo onpenensemomy BemectBy X — Mmacca Bemectsa M(X)
(B I'), COOTBETCTBYIOIAst OJHOMY CM> CTaHJAPTHOTO pacTBOpa BellecTa B :

T(B/X), cjf - V]?g) | (6.7)

p—pa

Becbma BaKHBIM MapaMeTpOM PacTBOPOB SBIIAETCA UX IJIOTHOCTh — OTHOILIEHHE MAacChl
pacTtBopa (B KT) K 00bEMY 3TOTO pacTBOpa:

V. (6.8)

Ipumeuanue. B X¥uMuu yalle IPUMEHSIOT Pa3sMEPHOCTh IIOTHOCTH PacTBOPOB B I/CM°.
Jnst mpoBeieHHs pacueToB MOJIE3HO 3HATH PopMyIty (9), CBA3BIBAIONIYIO KOJIMYECTBO MOJIb
9KBUBAJICHTA BEILECTBA X C a3 IMYHBIMHU BHIAMH KOHIICHTPAIIUN €r0 PacCTBOPOB.

m(X) _TX)WV(X) TB/XHW(B) _
1 - N 1 B

1
n(— X), monb=
z

. Mty mMtxy mctx
x Z)( x
1
_CGOED 0(x),%p,,V (X)
B 1000 N 1 )
IOOM(ZX) (6.9)

[Ipy TpUTOTOBIIEHMH pACTBOPOB C PA3TUYHONM MACCOBOM JI0JE€H BeChbMa IOJE3HBIM
SIBJISIETCS] TAK HAa3bIBA€MOE MPABUIIO CMEIICHUS (MJIM MTPABUIIO KKPECTay).
Cxema «KpecTa» UMEeT BU/I:

w,% — m,, T
0
@, %

®,, % — m,, T.

rae @, %o U @,, Yo —MaccoBbIe IO HCXOMHBIX PACTBOPOB;

UM, =@, —@®, — MacChl HCXOIHBIX PACTBOPOB (B I) MOCIE CMEIIECHHSI

m,= |a)2 -,
KOTOPBIX OyZeT MOTyYeH PacTBOP ¢ MaccoBoi noneit @, %o.

PaCTBopr IJICEKTPOJHUTOB
3ﬂeKmp0Jzumamu HA3bIBAIOTCA BCHICCTBA, KOTOPBLIC IIPpU PaCTBOPCHHU B BOAC
MOoABEPTar0TCA IMPOTOJIU3Y (,Z[I/ICCOI_II/II/Ipy}OT nimn pacnaﬂa}oTca) Ha HOHBI U TMPOBOIAT
BHGKTPI/I‘-IGCKI/II\;I TOK. HeopFaHI/IquKI/IG KHCJIOTBI, OCHOBAHHA U COJIU SABJIAIOTCA SJICKTPOJIUTAMMU.
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Cuna 3eKTpoauTa XapaKTepUu3yeTcsl CTENEeHbI0 MpoToiu3a (& ), KOTopasi OKa3bIBaeT
OTHOIIEHUE YHCIIAa MOJIEKYJ, pacmaBiuuxcs Ha WoHbl (N), K 00lieMy 4YHCIy MOJIEKYI

35eKTponuTa B pacTBope (N, ), H BRIpaaeTcs B HPOLCHTAX:

azi-IOO%.
N

o

(6.10)

VYCIOBHO CUMTAIOT 3JIEKTPOJUTHI, MOABeprimmecs mnporonnsy Ha 3% u MeHee (T.e.

a < 3%) — cnabeivu, a Ha 30% u 6omee (& = 30% ) — cunbHBIMA.

B pactBope ciaboro  2JEKTPONMTA  YCTAHABIMBAETCS  PABHOBECHE  MEXKIY
HEIMCCOLMMPOBAHHBIME MOJIEKyJaMd U HPOAYKTaMM MX pachaja — uoHamu. Hampumep, B
pacTBope ci1aboit 0JTHOOCHOBHOM KUCJIOTHI:

H,0 P
HA (—) H +4

KOHCTaHTa TaKoro paBHOBECHs BBIPAXKAETCS UEpPe3 pPABHOBECHHIE KOHIEHTPAIUH

COOTBETCTBYIOIIMX YAaCTHI[ B PACTBOPE U HA3BIBACTCS KOHCMANMOL NPOMOAU3A UMY KOHCIAHMO

ouccoyuayuu K, (HA):
[H'][4]

K, (HA) = [HA] ' (6.11)

MHOroOCHOBHBIE KHMCIJIOTBI PAacHaJaroTCs CTYIEHYaTO, KaxkJaas CTYNEHb U3 KOTOPBIX
XapakTepu3yeTcs CBoer KOHCTaHTol. Hanpumep:

0 H'[HS"
HSeon 4 ms; k, =L IHS

[H,S]
_[H][S*]

[HS]
CornacHo 3akony pas6asnenus OctBanbaa, K, ¥ o cBszans! ypaBHeHHeM:
2

a -C

HS &= H +57; K,

K, (HA)= (6.12)

rie C' — MonspHas KOHLEHTPAIHs SIEKTPOIHTA, MOJIB/IM’,
IIpu ¢ << 1 ypaBHeHme ynpomaercs:

K, (HA)=a*-C. 6.1%)

JI1s1 pacueToB, CBSI3aHHBIX C IIPOTOJIM30M KHCIIOT, 4acTo Heronb3yioT He K, a

MMOKAa3aTeJjib KOHCTAHTBI IPOTOJIN3a (I[I/ICCOI_II/IEII_II/II/I) pKa . KOTOpBIﬁ paBCH:

pK, = ~lgK,. (6.14)

C Bospacrammem K, T.e. ¢ yBenmueHHeM CHIbl KHCIOTHL, 3HadeHne pK,
YMEHbLIAETCsI, CiIefoBaTelbHo, yeM Gonbue pK. , Tem cnaGee kucinora. Tax, 3nauenns pK,
st ciabeix kucnor or CH,COOH g0 HCN nexar B npenenax ot 4,76 10 9,21.

Jlnst omHoocHOBHBIX Kuciot, Hampumep, ykeycHoit — CH,COOH, xonuenrpamuu
[H'] 1 [A] paBreI 1 cocTaBisioT:
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[H']=[CH,CO0] = aC.

C yuetom ypaBHeHnus (10.2.4) umeem:

[H']=[CH,CO0 1~ JK,-C.
PacTBOpBI HEIJIEKTPOJIUTOB

Pa30aBneHHble pacTBOpPHI  BEIIECTB-HEANIEKTPOIUTOB  OO0MamaloT psaoM  (pusmko-
XUMHYECKHX CBOMCTB, [ KOTOPBIX KOJMYECTBEHHOE BBIPAKEHHUE ITUX CBOMCTB 3aBUCHUT TOJBKO
OT YHCJIa HAXOJSIIMXCA B PACTBOPE YACTULl PACTBOPEHHOTO BEIIECTBA M PACTBOPUTENS
(komnuraTUBHBIE CBOMCTBA). HekoTopble M3 3THUX CBOMCTB HCIONB3YIOTCA [JISl OMpEaeICHUs
MOJIEKYJISIPHOM MacChl paCTBOPEHHOTO BELIECTBA.

Tak, B COOTBETCTBUU CO 8MOPbIM 3aKOHOM Payns: MOBBILICHUE TeMIEpPaTypbl KHUIIECHUS

) WIM TIOHWXEHHE TeMIepaTypbl KPUCTAJUIH3AIUN (Atkp) pa3z0aBICHHBIX PACTBOPOB

(At

HEDJIEKTPOJIUTOB NIPONOPIHOHAIBHO YUCIYy YaCTHIl PACTBOPEHHOIO BEILECTBA M HE 3aBHCUT OT
€ro NMPUPOJIBL:

KHII.

At, =KC
kp m? (6.15)
Aty =EC,, (6.16)
rae At — moHwKeHHe TeMIepaTypsl 3aMep3aHus WM TOBBINIEHHE TEMIEPATYPhl KHIICHUS
pactBopa, rpag; K wu FE — kpuockommdeckas M 30YIUIMOCKONUYECKAs KOHCTAHTHI

COOTBETCTBEHHO; Cm — MOJIsUTbHAS KOHIIGHTPAIUsS PacTBOPEHHOTO BemiecTBa, mMoiib/1000 r

pacTBOpUTEIS.

Ilpumeuanue. Kpuockonuyeckas M 30yUIMOCKONHUYECKAss KOHCTAHTBHI IPEICTaBISAIOT
co0olf MOHMKEHHE TeMIlepaTypbl 3aMep3aHusl WM IOBBIILIEHHE TeMIepaTypbl KUINCHHS IS
PacTBOPOB HEAIEKTPOIMTOB HPU UX KOHIIEHTPAIHMAX PABHBIX 1 MOJIB/ M.

Ecmt m (r) HedsieKTposikTa, HMEIOLIEr0 MOJIbHYI0 Maccy M, pacTBopeHbl B M p.is (T)
pacTBOpUTEIS, TO:

|
Atsaw = KSLIM ’ asa ) 000 s epadyc
’ Me—sa mp—ﬂﬂ (617)
1
Atxun = Ekun ) Poue ) 000 ’ Zpaayc
M@—sa mp—,m (618)

@opMyJibl  MTO3BOJISIIOT OMPEACNIUTh TEMIIEpPAaTypbl 3aMep3aHHsl U KHUIIEHHUS PAacTBOPOB
HEIJIEKTPOJIUTOB MO MX KOHIICHTPALMH, a TakXK€ HaXOJIUTh MOJIbHYIO MAacCy pPacTBOPEHHOTO
BEIIECTBA 110 MOHWKEHHUIO TEMIIEpaTyphl KUIIEHUS WM 3aMEepP3aHUs PACTBOPOB.

Bonpocsl 1 3agaHus

[Ipumep 1. Hammcath MONEKyISIpHOE W MOHHOE YpPAaBHEHHUS PEaKIUi B3aUMOICHCTBUS
pacTBOpOB HUTpaTa Oapus U cylbdara HaTPHSI.

1 CocraBnisieM MOJIEKYJIIPHOE YPABHEHHUE PEAKIINU:

Ba(NOy), + Na,SO, = BaSO, ¥ +2NaNO;

2 TlepenuceiBaeM 3TO ypaBHEHHs, HM300pa3uB XOPOIIO TUCCOLMHUPYIOIIUE BEIIECTBA B
BUJIC MOHOB, a YXOJIsIIMe U3 chepbl peakiud — B BUAC MOJIEKYJ, T.€. COCTaBIIsIEM IOJTHOE
MOHHOE YpaBHEHHE JJAHHOM peaKIuu.
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Ba*" +2NO3 +2Na* + SO;~ = BaSO, 4 +2Na* +2NO; .

3 BeimuceiBaéM MOHHOE YpaBHEHHE pEakIMd B OKOHYATEIbHOM BHIE (COKpAIIEeHHOE
MOHHOE YPaBHEHHE):

Ba** +50;" =BaS0O4 {,

KOTOpOE ONpeACseT CyTh IpoIecca B3aMMOJCHCTBHS PACTBOPOB HUTpaTa Oapus u
cynbdaTa HATpUS.

3amava 2. Paccumraiite nonnywo cuity pactBopoB RbNOs3, CuClz u Na3PO4, ecan ux
MOJISIpHBIE KOHIIEHTpauy paBHbI 0,1 MosIb/av>.
Pemenne. 1 B pactBope HuTpara pyouaus:

1 2 2 1 2 2N
I—E(CRb+sz+ +CNO3_ZNO3_)—§(O,1'1 +0,1-(-1)%)=0,1.

2 Jlns pactBopa CuCly:

1 2 2 \_ 1 2 2\ _
1 _E(CCMZ+ZCL{2+ +CCZZCZ>—E(O,1'2 +20,1(-1) )—0,3.

3 Monsl Na' u PO4~ co31a10T HOHHYIO CUITY:

1 1 ) )
I = 5(CN S Cppia? PO ): 03 1750,1-(:3)°) = 06

ITpumep 3. CkonbKo cM® pacTBOpa M'MAPOKCHIA HATPHUs ¢ MaccoBoii noneit mi1(NaOH) = 30%
(p1 = 1,300 r/cm?) Hago mno6asuts k 300 cm® Boas! (p(H20) = 1,00 r/cm?), 4ToObI MOMYYUTH pacTBOP
¢ maccoBoit oneit wx(NaOH) = 10%?

Pemenue. MOXHO IPENIOKUTh TPU BaApUAHTA PEILICHUS TAKOHN 3a1a4u:

1) mosTamHBIN pacyeT, ¢ COCTABIIEHUEM CUCTEMBI U3 IBYX YPaBHCHUIA;

2) C UCIIOIB30BaHNEM 3aKOHA YKBUBAJICHTOB;

3) npUMEHUTH IPABUIIO KPECTa.

Bapuanm 1. Beraucaum maccy ruapokcuaa Hatpus (m(NaOH), r), kotopas moipkHa
COJIePKaThCs B UCXOAHOM PAacTBOPE ¢ Maccoil mi, T:

100 r pactBopa ¢ w1(NaOH) = 30% coxepxut 30 r NaOH

mi, T pactBopa ¢ ®1(NaOH) = 30% conepxxut m r NaOH

Ilepsoe ypasnenue: m(NaOH) = % my, 0,3 “my, I

Paccunraem mMaccy pactBopa ¢ maccoBoit qoneit wx(NaOH) = 10%:
100 r pactBopa ¢ ®x(NaOH) = 10% conepxwut 10 r NaOH
(300 + m1), r pactBopa ¢ ®(NaOH) = 10% conepxxut m r NaOH.

Bmopoe ypaguenue: (300 + ml) -10=100- m(NaOH)

Hanee Boipaxenue s m(NaOH) u3 nmepBoro ypaBHEHHUsI IOJICTABUM BO BTOPOE U PEIIHM
BHOBb IOJYYCHHOE ypaBHEHHE OTHOCHTEIBHO M1 — MCKOMOW MacChl MCXOJHOTO pacTBopa C
®1(NaOH) = 30%:

(300 +m;)-10=100-0,3m,; m, =¥=150 r.

Teneps BbrurcnuM 00BeM, KOTOpBIH OyayT 3aHuMmatrh 150 r pactBopa ¢ wi(NaOH) =
30%, ucnonb3ys hopmymy (8):
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3 ny _ 150 .
Vp—pa’CM ___ﬁ_115’39'

P1
Otger: K 300 cm® Bogs! Hano no6asuts 115,39 oM’ (150 r) pactBopa ¢ ®1(NaOH) = 30%,
YTOOBI OJIYYUTh pacTBOp ¢ MaccoBoi foieit ox(NaOH) = 10%.
Bapuanm 2 'Y 106H0 Bocnob30BaThest GopMyaoH (9), yuauTbIBasi, 4To
w(NaOH)-m; w,(NaOH)-(300+m
M (NaOH) M (NaOH)

rae mi = p1Vi, T — macca pactBopa ¢ ®1(NaOH) = 30%;
300 + mi=m2=p2Va, .
B urore:

@ (NaOH)-m; = 0, (NaOH)-(300+m;); m;=150T; V; =11539 o’

Bapuaum 3. llpuMeHHM NOpaBUIO «KpecTa», YUUTbIBas, 4To KoHueHTpanus NaOH B
YHCTOM BOJIE paBHA HYJIIO:

30% — mi, T
10, %
0,% — ma, T.

Boruncnum macey pactBopa (mi, ) ¢ @1(NaOH) = 30% u maccy Boabl (m2, T'), KOTOpBIE
HAJI0 CMEIIaTh, YTOOKI MOIYy4UTh pacTBOp ¢ ®x(NaOH) = 10%:
m=10-0=10r;m2=30-10=20r.
Wtak, uTo6bl TMONy4uth pactBop ¢ owx(NaOH) = 10%, nmamo k 20 r (20 cm®) Boasl
no6aButh 10 T pactBopa ¢ ®1(NaOH) = 30%, a k 300 r BoabI Ha10 100aBUTH:

mi =300 =12.300 21502 vy, en® =115,39.
my 20

ba3oBblii ypOBEHb

3agavya 1. Hamucatb HMOHHO-MOJIEKYJISIPHBIE YpaBHEHHUS PEAKIMHd B3aUMOJCUCTBUSA
CJICIYIOLINX BEIIECTB:
a) Pb(NO3)2 u NazS;
0) Cu(OH)2 u H2SO4;
B) CaCOs3 u HCl;
r) FeSO4 u HzS;
1) CuO u H2SOa4.
3amaga 2. CocTaBbT€ MOJIEKYJISIDHBIE YPAaBHEHHUS PpEaKLMH, KOTOpBIE BBIPAYKAIOTCS
CJICIYIOUIMMH KPATKUMH HOHHBIMU YPaBHEHUSIMU:
a) H" +OH™ = H,0
6) Cu*" +8% =CuS
6) COF +2H"* = CO, + H,0
2) ZnOHY + HY = Zn** +H,0
0) HCO; +OH™ =CO7 + H,0
¢) Mg(OH), +2H" = Mg +2H,0.
3amaua 3. Paccuutaiite aktuBHOCTH MoHOB K™ u SO4%" B pacTBope cyib(dara Kamus c
MossipHOit koHnenTparueit C(K2SO4) = 0,1 mMoms/am?>.
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3amaua 4. Paccuwmraiite cpeaHuii KO3()PUIIMEHT aKTUBHOCTH [JII BOJHOTO pacTBoOpa
TUIPOKCHIa HaTpus ¢ MonspHoii konnentpanueii C(NaOH) = 0,1 mMons/aM® u cpaBHHTE €ro ¢
AKCIEPUMEHTAIBbHO HalIeHHOW BenunHou 0,764.

3anaya 5. Berucnure mpoussenenue pactBopumoctd Fe(OH), ecium B 100 cm® ero
HACBILEHHOTO PacTBOPa COACPIKUTCS 9,610 r aTOTO TUAPOKCHUIA.

Bagaua 6. Ilpoussenenue pactBopumoct AgrCO3 cocraBmser 8:107'2. Paccuurats
PacTBOPUMOCTH KapOoHaTa cepebpa B MOJIb/mM° 1 T/mm>.

3anaua 7. Beraucnuts pacteopumocts CaF2 (B Monws/am®) B Boze u B pactsope CaClz ¢
koHnentparmeit C(CaCl) = 0,05 wmons/mv® (ITP(CaF2) = 4:107'"). Bo ckompko pa3
pPacTBOPUMOCTh BO BTOPOM CIIydae MEHbIIe, YeM B repBoM? PacdeTsl mpoBecTH ¢ ydeToM u 0e3
y4yeTa MOHHOW CHJIBI PacTBOpA.

3anaua 8. Ckombko cm® pacteopa (Vi(H3PO4)) hochopuoit kucnotst (C1(H3PO4) = 1,010
Monb/mM?) Hamo n06aBuTh Kk 250 cM® pactBopa (dochoproit kucaorsl (C2(H3POs) = 1,510
MOJIB/iM? ), 4TOOBI TTONTYUHTh pacTBop ¢ w3(H3PO4) = 11,19% u p3 = 1,060 r/cm*?

3amaua 9. Kakyto maccy kpucramioruapara kapoonata Hatpus NaxCO3-10H20 Hazmo B3sTH
s mpurotoBierus 200 cM® ero BOAHOIO pacTBopa ¢ MaccoBoit noneit m(Na2COs3) = 10 % (p = 1,102
r/em?)?

Paccuntarh 151 MOMy4EeHHOTO PacTBOpa: TUTP, MOJISIPHYIO, MOJISIPHYIO SKBUBAJICHTA U MOJISUTBHYIO
koHUeHTpaim  NaxCOs.  OueHuTh aOCONMIOTHYIO UM OTHOCHTENIBbHYIO (YCJIOBHBIE!) TOTPEIIHOCTH
HPUTOTOBJICHHS 3TOTO PACTBOPA.

3agaya 10. BBIYMCIUTh MOJISPHYIO KOHIEHTPAIMIO KOJWYECTBA YKBUBAJICHTA PAacTBOpPA
TUPOKCHAa KaluMs ITIOJYYEHHOTO NpU cMemmBaHuu pactsopos: 300 cvm® ¢ C(KOH) = 0.8
monw/mv? 1 700 em? ¢ ¢(KOH) = 1,2 mons/am>? Kakos tutp KOH no HCI?

I1oBbI1IEHHBINM YPOBEHB

3anaua 1. Ckonbko cm® Bogsl (p(H20) = 1 r/em?) cnemyer no6asuth k 1 am° pactBopa
xnoposogopoaHoii kucnotel ¢ C(HCI) = 1,5 mMons/nqm?, 4T06BI MOMYYHTH PACTBOP C MOISAPHOM
KOHIIEHTpalueil paBHoi TouHO 1,0 Mob/mm>?

3amaua 2. B kakom 00bEéMe HachimeHHOro pactBopa AgiPO4 comepXuTcs oauH TpaMMm
stoit comu (TTP(AgisPOs) = 1,3-1072%)?2

Bagaga 3. B 10 aM® HachIIEHHOTO pactBopa CaCOs coxpepxurcs 0,0278 T HMOHOB
KaJbIUsl. BRIYUCIUTE IPOU3BEICHNE PACTBOPUMOCTH KapOOHATA KABITHSI.

3amaua 4. O6pasyercsa mu ocanok AgBr (ITP = 6,0-107'%), ecau ciuth paBHBIE 00BEMEI
pactBopoB AgNO3 u KBr ¢ konnenrpanuamu C(AgNO3) = C(KBr) = 0,001 moms/am>?

CHnucok JuTepaTypbl, peKOMEeHAyeMblil K UCIIO0Jb30BAHUIO 110 JAHHOH TeMe

OcHoBHas JInTEepaTypa:

1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. KoposuH. - 13-¢ uzn., nmepepad. u gorm. - M.
: Axkagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. MuxanuHa, E. C. XuMus okpy>karomei cpesbl : XMMHUs XKUBbIX opranu3MoB. Kypc nexuuii /
E. C. Muxamuna, A. JI. Iletenmun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTPOHHBIH // D1eKTpoHHO-01OIMoTeuHast cuctema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocryna: st
aBTOPH3HP. MOJIb30BaTeNEH

JlonoJHUTeIbHASA JINTEPaTypa:

1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; Iox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - IIpeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1

2. XuMus METAJUIOB : y4eOHOe TocoOue (I CTYIEHTOB XUMUIECKOTo (DaKyIbTeTa
HarpaBieHul 0akanaBpoB «XUMHU» U «XUMHUYECKask TEXHOJIOTHs») / coctaBuTenu O. A.
lNonoBanoBa. — Omck : OMckuit rocygapcTBeHHbI yHuBepcuret uM. @.M. JlocroeBckoro,
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2015.— 552 ¢c.—
ISBN 978-5-7779-1875-8. — TekcT : 3neKTpoHHbIH // DnekTpoHHO Oubnuoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: ans
aBTOPU3UP. M10JIb30BATEIEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — earHOE OKHO JOCTYIa K 00pa30BaTEIbHBIM pecypcam

2 http://biblioclub.ru/ — ObC «YHuBepcuteTckas 6M0IMOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 37€KTPOHHBIN KaTaJIOT aCCOLMALINHU JIEKTPOHHBIX OUOINOTEK
yueOHbIX 3aBeieHnit u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 00Opa3zoBaHUE

Tema 7. KoMmmiiekcHbIe cOeTUHEHMS.
IIpakTnyeckoe 3ansiTue 7. KommiekcHbie coeJUHEHUS.

Heaw 3auaTus: CHopMUPOBATH y CTYJACHTOB CUCTEMHBIC 3HAHUS O CTPOCHUU U CBOMCTBAX
KOMILIEKCHBIX CO€IMHEHHA. HayduTh CTYJE€HTOB NOJy4aThb KOMIUIEKCHBIE COCIMHEHUS U Ha
OCHOBaHUU TIOBEJICHUSI KOMIUIEKCHBIX COEJUHEHUW B pacTBOpax JejiaTh BBIBOABI 00 WX
YCTOMYUBOCTH.

3HaHus ¥ yMeHNsl, IpuodpeTaeMble CTYICHTOM B pe3yJIbTaTe 0CBOCHHUS TeMbl
3HATh: OCHOBHI CAMOOPTAHM3AINH B CaMOOOpa30BaHNS;
3HaTh: CYIIHOCTh M 3HaUCHHE UH(OPMAIIUH B PA3BUTHU COBPEMEHHOT'O OOIIECTBA; OCHOBBI MOy YCHUS
1 00paboTkK MH(OPMAIMK U3 PA3IUYHBIX HCTOYHUKOB
3uarh: PaOOTHI 110 pacyeTy U MPOSKTHPOBAHUIO JICTAJICH 1 y3JI0B MAIIMHOCTPOUTEIIBHBIX
KOHCTPYKUHMUA B COOTBETCTBUM C TEXHUYECKUMH 3aJaHUSMU U UCIIOJIBb30BAHUEM CTAHIAPTHBIX
CpPEACTB aBTOMATU3aLUU IPOEKTUPOBAHUS
YMeTb: caMOCTOSITENIBHO CTPOUTD IPOIIECC OBJIAACHUS HH(POpMaLUei, 0ToOpaHHOH H
CTPYKTYPUPOBAHHOH JIJIsl BBIITOJHEHMS TPO(EeCCHOHATBHON IeATETHbHOCTH.
YMeTh: moydarh U 00padbaTeBaTh HHPOPMAITHIO U3 PA3THIHBIX HCTOYHHKOB
VYMerh: TPUHUMATH yYaCTUE B padOTax MO pacyeTy U MPOSKTUPOBAHUIO JCeTalleH U y37I0B
MAIIMHOCTPOUTENbHBIX KOHCTPYKIUA B COOTBETCTBUM C TEXHUYECKUMHU 3aJaHUSIMU U
HCTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB aBTOMATHU3ALUU IPOEKTUPOBAHUS

HanmenoBanue ¢GpopMupyeMbIX KOMITCTCHIIHMA

Wunekc DopMyIHpPOBKA:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3aIUHA U CaMOOOpa30BaHHIO
OIIK-4 MOHUMaHHUEM CYIIHOCTH U 3HaY€HHs HH(POPMAIIMY B Pa3BUTUH

COBPEMEHHOT0 00I11eCTBa, CIIOCOOHOCTHIO MOTy4YaTh U 00pabaThIBaTh
UH(POPMAIIHIO U3 Pa3TMYHBIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATD,
CTPYKTYPHPOBATh ¥ OPOPMIIATH HHOOPMAIIHIO B JOCTYITHOM JJIsI APYTHX
BUJIE

IIK-5 CHOCOOHOCTBIO MPUHUMATh Y4acTue B paboTax 1o pacueTy u
IPOEKTUPOBAHUIO JIETAJIEN U Y3JI0B MAIIMHOCTPOUTENbHBIX KOHCTPYKLUHN B
COOTBETCTBUH C TEXHUYECKUMH 3aJaHUSAMU U UCIIOJIb30BAHUEM
CTaHJAapPTHBIX CPEACTB aBTOMATH3ALIMH POCKTUPOBAHUS

AxktyanbHOCTh TeMbl. KoMmmiekcooOpa3oBanue uMeeT 00JIbIIoe 3HaYeHUE IPU MPOTEKaHUU
OMOJOrMYECKHUX IPOLIECCOB B XKUBBIX OpraHu3Max. VOHBI MIETOYHBIX M IIETOYHO-3EMEIbHBIX
METAJUIOB B OHOJIOTMYECKUX >KUAKOCTSX HAXOMATCS B BHUJE AKBAKOMIUIEKCOB, a HOHBI d-
DIIEMEHTOB, SIBISISICH TPEKPACHBIMH KOMIUIEKCOOOpa3oBaTENsIMH, 00pa3yloT KOMIUIEKCHI, B
KOTOPBIX B Ka4eCTBE JIMTAHAOB BBICTYNAIOT aMHUHOKHUCIIOTHI, HYKJIEMHOBBIE KUCIIOTbI, BATAMUHBI
u ropMmoHbl. Hampumep, ’xene3o0 BXOAWUT B cOCTaB remorsioonHa. HekoTopble KOMIUIEKCHBIE
COEIMHEHUs 00JIafaloT OHOJOrMYeCKOW aKTUBHOCTBIO M TNPUMEHSIOTCS B KayecTBe
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JIEKapCTBEHHBIX TmpenapaToB (ButamuH Bl12). Kpome Toro, o0pa3oBaHue pacTBOPUMBIX
YCTOﬁqHBBIX KOMIIJICKCHBIX COGI[I/IHGHI/Iﬁ MO3BOJICT BBIBOJAUTL K3 OpraHu3Ma COJIU TAKCIIBIX
METAJIOB, 91O CIIOCOOCTBYET JIE3UHTOKCUKAITIH opraHuzMa.

Teopernyeckas yacrTp
XUMUYECKUE CBSI3M OCYIIECTBISIFOTCS 3a CYET 00OOINEHHs HE CHApEHHBIX AJIEKTPOHOB
WIH TIepeiayl dJEKTPOHOB OJHUM M3 aTOMOB, BCTYMAIOIIMX B CBsI3b Jpyromy. B pesynbrare
TAaKOr0 B3aMMOJICUCTBUSA O0Opa3yloTCsl yCTOWYUBBIE KOHGUTYypallH, UMEIOIINEe Ha BaJICHTHOM
000J10YKe AIIEKTPOHHBIN OKTET. Y CTOMYMBOCTH MOJOOHOM CTPYKTYPBbI OOBIACHSAETCSI CXOJCTBOM B
CTpOEHMH ¢ UHEpTHbIMM ra3aMu. CoenuHeHus, TMOdyYaronuecs MOJ00HBIM 00pa3oM,
HA3BIBAIOTCSI OMHAPHBIMH.

MHorrie atomMbl WIM HOHBIL, OOpasyroliie OMHAPHBIC COSIMHEHHS, MOTYT SIRISTHCS JOHOPAMH
MEKTPOHOB /YIS JIPYTMX aroOMOB, TPYIIT aTOMOB WM MOJIEKYJ, HE HMMEIOIMX 3JIEKTPOHHOTO OKTETa.
[oydeHHble TakuM TIyTEM CJIOKHBIE MOJIEKYJIbl HA3bIBAIOTCS KOMIUIEKCHBIMH —COEIMHEHMSIMU WU
COC/IMHEHISIMH BBICITIErO Topsiika. Harpumep, B coctaB KomiuiekcHoro coeutennst Ko/ PtCls] Bxomst voHbl K
u [PtCls]*.

LentpanbHplif aTOM IUIATUHBI CO CTENEHBIO OKHUCIEHHS +4, BOKpPYT KOTOPOTO
rPYyHNOUPYIOTCS (KOOPAUHUPYIOTCS) APYyTHUe aTOMBI, Ha3bIBA€TCSl KOMIUIEKCOOOpa30BaTEIEM.

[Tpucoeaunsronmecs K HeMy HOHBI C/” HA3BIBAIOTCS JIUTAaHAAMHU (WM JICHIAMU ).

HekoTopsie nuranpl U X Ha3BaHUSA:

H>0 — axBa; NH; — ammun; O°~ — okco; OH™ — ruapokco; CN- — nuano; SCN™ — poiaHo;
NO: — nutpo; SO3°~ — cynsdpuro; NH2OH — runpokcunamun; F- — dropo; CI- — xmnopo; Br —
opomo; I~ — iofo0.

Uucno NUra"jioB, NPUCOEAUHEHHBIX K  KOMIUIEKCOOOpa3oBaTeNi0,  Ha3bIBAIOT
KOOPIMHALMOHHBIM YUCIOM (K.4.) KoMIuekcoobpaszosarens. K.u. (PrH) = 6.

Wonel K — BHemHsAS KOOpAMHAMOHHAs cepa (mpoTuBonon); [PtCls]> — BHyTpeHHSAs
KoopAMHAMOHHAas cdepa. EE 3apsa( TouHee, CTENEHb OKHCIEHUS X) OMpeAeseTcs
anrebpamvecKoll CyMMOM 3apsAlI0B KOMILIEKCOOOpa3oBaTens U Jurannos: x(/PtCls]>) = +4 +(—
1):6 =-2.

Ecmu BHYTpeHHSIS1 KOOpAMHALIMOHHAS c(hepa MMeeT MONIOKUTENbHBIN 3apsil, TO OHA Ha3bIBACTCs
KOMITIEKCHBIM KaTHOHOM, €CITH OTPHIIATEITbHBIN — KOMIUIEKCHBIM aHUOHOM. VIMeeTcst psii COe/IMHEHNH, B
KOTOPBIX BHYTPEHHSISI KOOPAMHALIMOHHAS c(hepa He HECET 3apsiia — HEUTpaIbHble KOMIUIEKCHI. [IprmMepbl
YKa3aHHBIX TUIIOB KOMIUIEKCHBIX COCAVHEHUIA:

H,0
1) katnonnsie — [Pt (NH3);ClJCl <—2—> [Pt(NH3);Cl]* + CI ;
H,0
[Cr(H20)4Br2] Br <—2—> [Cr(H:0)4Br2]* + Br~;
H,0
[Ni(H20)5]SO4 <—2—> [Ni(H:0)s]** SO#-;

H,0
2) annonnbie — K3/Fe(CN)s] <—=2——> 3K* + [Fe(CN)s]*>;
H,0
(NH4)2[Pt(OH):Cly] <—2—> 2NH;* + [Pt(OH):Cl4]*;
H
Nas[AlFs] PECE CAING IV [[AIFs]3;

H,0
3) HeiiTpaibHble (HeaeKTPonuThl) — [Cr(H20)4P04] —2—> x;

[Rh(NH3)3(NO2)3/ (LO) X,

H,0
[Pd(NH20H):Cls] ¢—2—> x.
prweltaHue. KOMHHGKCLI AHUOHHOI'O THIIA TAKXEC emé HA3bIBAKOT
AMUJOKOMIINICKCHBIMH, TaK KaK IIpU IEPBHUYHOM IMPOTOJIMU3C OHU OTIICILIAIOT KOMILUIEKCHBIN
AHHWOH.
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Aneopummvl Ha36aHUL KOMIAEKCHBIX coeOuneHutl: 1) KaTHOHHBIE KOMIUIEKCHI — CHavyaJia
HA3BIBAIOT BHEIIHIOIO cepy, a 3aTeM B POAUTEIHLHOM MaJeke MPHUBOIAT HA3BAHUS JINTAH/IOB
BHYTpPEHHEH cepbsl U pyccKoe Ha3BaHHME KOMILIEKCOOOpa3oBaTeNs ¢ yKa3aHHEM €ro CTEICHU
OKHCIICHHS apaOCKuMH nuppaMu, HaIpuUMep:

[Pt (NH3)3Cl] Cl —xnopu TpuaMMUHXJIOPOIUIaTUHEI (+2);
[Cr(H20)4Br2] Br —6pomun TeTpaakBaauopomoxpoma (+3);
[Ni(H20)6] SO+ — cynbdaT rekcaakBaHuKems (+2);

2) Ha3BaHHE AaHHOHHBIX KOMILUIEKCOB HAYMHAIOT C BHYTpEeHHEH cdepbl — Ha3BaHHE
JWTAaHIOB W JIATHHCKOTO KOMIUIEKCOOOpa3oBareisi C OKOHYaHHEM -am, 3aTeM — pPYCCKOe
HA3BaHME KaTHOHA BHEIIHEH cepbl, HAPUMeEp:

K3[Fe(CN)s] — rexcanmanogeppar (+3) xamus;
(NH4)2[Pt(OH):Cl4] — nuruapokcoteTpaxjoporiaTuaar (+4) aMMOHHS;
Nas[AlFs] — rexcadTopoaIlOMUHAT HATPUS;

3) B HEWTpaJdbHBIX KOMIUIEKCAX BHAYajie Ha3bIBAIOT JUTaHAbl (C ydyeToM angaBuTa),
3aTeM CJIeyeT pYCCKOe Ha3BaHHE KOMILIEKcooOpa3oBarenss 0Oe3 yKa3aHHs €ro CTeleHU
OKHCIICHH (IOCETHSS OJHO3HAYHO MOXET OBITh OIpEeJIeNIeHa C YYETOM 3JICKTPOHEUTPaTbHOCTH
KOMILJIEKCa), HallpuMep:

[CrPO4(NH3)3] — TpuammuHdochaTxpom;

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

[Co(NO:2)3(NH3)3] — TpPUaMMHUHTPUHUTPOKOOAIIBT.

CBs3p MEXIy BHEITHEH W BHYTPEHHEHW cdepoil MMeeT HMOHHBIM XapakTep, CBSI3b BO
BHYTpEHHEH cpepe — KOOpIMHALMOHHBIN (IOHOPHO - aKIENTOPHBIN, CEMUTIOJISPHBIN).

BHytpeHHsist KoopauHAIMOHHas cepa [yisi KOMIDIGKCOB KATHOHHOTO M aHWOHHOTO THTIOB YCTIOBHO
OTJIETISIETCA OT BHEILHEH Cpepbl KBAAPATHBIMU CKOOKAMIL

CyIIecTBYIOT COSIMHEHUS, COCTOSIIIIUE U3 KOMIUIEKCHBIX KATHOHOB 1 aHUOHOB!

[Co(NH3)s][Cr(CN)s] — rexcatmanoxpomar (+3) rekcaaMmMiHKoOaTbTa (+3);

[Cr(NH3)s] [Co(NO2)s] — rexcanuTpokodaibTar (+3) rekcaammuHxpoma (+3);

[Pt(NH3)3Cl][Pt(NH3)Cl3] — aMMUHTpUXJIOpOIUTaTUHAT (+2) TpUaMMHUHXJIOPOIUIATHHBI
(+2).

Con HEKOTOPBIX METAJIOB, 0COOCHHO B KOHIICHTPHUPOBAHHBIX PACTBOPAX, CIOCOOHBI
pearupoBaTh MeXIy co00ii, 00pa3ysi KOMIIEKCHBIE COCTMHEHUS — A)MOKOMNIEKCbL:
AuCl3+AuCls < Au[AuCls] — rekcaxnopoaypar (+3) 3om0T1a (+3) ;
Cdl> + CdI> « Cd[Cdl4] — TeTpaiiogokammar (+2) Kaamusl.

PaznuuaroT mepBUYHBIA M BTOPHYHBIA TPOTOJU3 KOMIUIEKCHBIX COCIMHCHHU.
[lepBuuHBII TIPOTONN3 — OTHICTIIICHWE BHEIIHEH CQepbl, 0OBIYHO MPOTEKAET MO THITY CHIBHBIX
ANEeKTPOIUTOB. Hanpumep, 17151 KOMIUIEKCOB:

K>[PtCls] (H—20) 2K" + [PtCls]?;
[Cu(NH3), JcT, <229 S[Cu(NH ) 417 +2C1 .

CreneHb TEPBHYHOTO TMPOTONHM3a JUIS  pa30aBICHHBIX PACTBOPOB KOMIUIEKCHBIX
coequHennii 00braHO 100 % mim 6aM3Ka K DTON BEITUYNHE.

BropuuHOoMy mpoTONHM3y MOABEPraroTCs KOMIUICKCHBIC MOHBIL. [IpH 3TOM WX CTETICHb
MpoToNiM3a BechMa Mana. Pacnaa mpoTekaeT Mo THMY C1a0bIX 3JIEKTPOIUTOB. THI MpoTonmsa —
CTYIICHYATHIH, KOTOPHIN ONMMCHIBACTCS YPABHCHHEM 3aKOHA JCHCTBHSI Macc.

KonnuectBeHHO mporecchl  MPOTOJM3a KOMIUIEKCHBIX  HOHOB — XapaKTepH3yeTcs
KOHCTaHTON HECTOMKOCTH (Kuecr) MM 0OpaTHOM €il BENMWYMHONW — KOHCTAHTOM YyCTOWYMBOCTU
(KyCT).

PaznnyaroT KOHCTAHTBI MPOTOJIM3A CTyMeH4YaThle W oOmue. CTyrnmeH4YaThle KOHCTAHTBI
CBSI3aHBI C OTHICTNIEHHEM OJHOTO JIMTaHJa OT KOMIUJIEKCHOTO MOHA WIIM MOJIEKYJbI, a o0Iue
KOHCTAHTBl ~ yYWTHIBAIOT  PABHOBECHBIC  KOHIICHTpPAIlMM  KakK  JIMTAHIOB, TaK W
KOMIUIEKCO0Opa3zoBaTensi, 00pa3yionxcs B XoJe MpoToiau3a Mo BceM cryneHsm.Hampumep,
IPOTOIM3 KOMILIEKCHOTO noHa [Cu(NH3)4/?" IpOTEKAET B YETHIPE CTYTICHU:
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[[Cu(NH3 )3 1> [NH; ]

1) [Cu(NH3)4 1t & [Cu(NH3)3 17 + NHy;  Kipeerg = S =107-107
[Cu(NH3)4]7"]
2+ 2
2) [Cu(NH3)3 1> & [Cu(NH3)2 12 + NHy;  Kypeers _[CulNH3),] ”éVHﬂ =186-107;
[Cu(NH3)3]7"]
2+ 3
3) [Cu(NH3), 1*" & [CuNH; 1> + NHj; KHem:[[C”(NH“] ”imﬂ =468-107%;
[Cu(NH3)4]7"]
2+ 4
4) [CuNHA1** & Cu®" + NHj; K eer! = LCUl JINHST™ 051074

2+
[[Cu(NH3)]™" ]
CyMMapHOe ypaBHEHHE MPOTOJIM3a BHYTPEHHEW KOOPAMHAIMOHHOU cq)epbl BBIpaykaeTcs

00IIMM ypaBHEHUEM:

[Cu(NH3) 41" <229 [Cu(H,0), 1% + 4NH;.

3HadyeHre OOmEel KOHCTAaHTBI HECTOMKOCTH OMNpEAeNseTCS MPOU3BEICHUEM BCEX

CTYIEHYAThIX KOHCTaHT HecTolkoctd. Hampumep, mis wona [Cu(NH3)4/?" obmas xoHcTaHTa
HECTOMKOCTH OyJIeT UMETh BH/I:
KHCCT([Cu(NH3)4]2+) = KHCCT] 'KHeCTz 'KHeCT3 'KHeCT4 =
[Cu(H20)41°"1-[NH;]*
[Cu(NH3)4 1> |
Ilpumeuanue. Crynenuarsiii nporomus uoHa [Cu(NH3)4?® B BOIHBIX pacTBOpax
NpPE/CTaBICH B  BHJE, KOTOPBI  OTBEYACT  MPUHYUNY  COXPAHEHUs.  NOCMOSHCMEA
KOOPOUHAYUOHHO20 —YUCIA KOMHWAeKcoobpazosamens. Jloka3aHO, 4YTO TIpU OTPBIBE OT
KOMIUIEKCHOTO HOHA JIMTAH/1a €r0 MECTO 3aHUMAIOT MOJICKYJIbI BOJIBI:
[Cu(NH3)4]?* + H20 < [Cu(NH3)3;H20]** + NH;
B wurore nmpouecc JOMKEH 3aBEpIIMThCS OOpa30BaHHMEM TETPAaKBAKOMILICKCA
[Cu(H20)4]%".

Uem Oosbplie BEIUYMHA KOHCTAHTHI HECTOMKOCTH (WJIM MEHbBIIE KOHCTAHTA
YCTOHYMBOCTH), TEM MEHEE YCTOMYUBO JAHHOE KOMIUIEKCHOE COCIMHEHUE.

[TpoToMM3 KOMIUIEKCHOTO HOHAa BO MHOTHX CIy4asX JOKa3bIBAC€TCSI C MOMOIIBIO
YYBCTBUTEILHBIX PEAKTHBOB, OOHAPYKUBAIOIIUX B PACTBOPE KOMIUIEKCHOTO COCIMHCHUS MOHBI
KOMIUTIEKCOO0pa30BaTeIs U JIUTaH I0B.

Hanpumep, woHbl Memu B KomiuiekcHOM coenuHenun [Cu(NH3)4/Cl2 MOXHO
00HApYXHUTh, PUOABUB K PACTBOPY 3TOM COJIM PACTBOP CyJb(uUIa HATPUS:
[Cu(NH3)41Cly + NayS = CuS & +2NaCl + 4NH5;

[Cu(NH3)4 1> +S872 = CuS L +4NH,
WJIN ITYTCM CBA3bIBAHUA aMMUAKa B 60.]'[66 HpO‘IHBIfI KOMIIJICKC — KATUOHBI aMMOHUA .
[Cu(NH3)41Cly + 4HCI — CuCly + 4NH ,Cl,
[Cu(NH3),*T +4H = Cu®" +4NH].

Komnnexchvie coeounenuss ¢ manoycmouuusou 6HympeHnHeu cgepou, npomoaus
KOMOpOoU Npoxooum npaKxmuiecKu HOIHOCMbI0 — Mo 08OlHble COlU, HATIPUMED:

=9,51-10713,

H,0
[K(H20)5] [AI(H20)5] (SO4)2 €——2—> K* + AB* + 2S04~ + 12H:0;
AJTFOMOKAJINCBBIC KBACIIbI

H,0
[2NH4(H:0)s] [Fe(H20)5](SO4): €——2—> INH/ + Fe3*+2804 +12H0;
cosbs Mopa.
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Teopus BaneHTtHbIX cBs3ell (TBC) oOBsicHAET cTpoeHHE KOMIUIEKCHBIX COCIMHCHUM
BO3HUKHOBEHHEM JOHOPHO-AaKIIENITOPHOM CBSI3M  MEXAYy KOMIUIEKCOOOpazoBaTelieM U
murannamMu. OOBIYHO TOHOPOM D3JICKTPOHHOM Taphl CIYXKHUT JIUTaH, aKIENTOp — CBOOOIHBIC
opOUTaNN KOMIIEKCOOOpa30BaTeIs.

TBC BO MHOTHX CITy4asiX IMO3BOJISIET YCTAHOBUTH JIEKTPOHHYIO M TIPOCTPAHCTBEHHYIO
KOMIUIEKCa. Teopusi y4YHTHIBAET MPHU STOM XapaKTep BaJICHTHBIX OpOUTaNel IEHTPATHHOTO
aToma B €ro THOPUTHOM HJIM HETUOPUTHOM COCTOSIHHH.

OcHOBHBIE ~ TUNBI ~ TUOPHIHBIX  COCTOSHUW  KOMIUIEKCOOOpa3oBarenss U

COOTBETCTBYIOIIUE WM MPOCTPAHCTBEHHBIC CTPYKTYpH: sp — JjuHeiHas ([Ag(NH3)2]™,
[Cu(NH3)2]"); sp? — terpasppuueckas ([Cu(NH3)4]?*, [NiCly]?*); d’sp’ ([CoFs]?") nma sp’d’
([Co(CN)s]?>") — oxkradmpudeckas. KBaapaTHO-IUIOCKOCTHOM CTPYKType OTBeYaeTr dsp’-

rubpUaKM3aIKs, HAIPUMED, IS KOMILIEKCHOTO HoHa [Ni(CN)4]*.

Oco60 meHHyto wuHbOpMANMIO 00 3JIEKTPOHHOM CTPOSHHH W TE€OMETPHYECKOM
CTPYKTYpe KOMIUIEKCOOOpa3oBaTeNsi HMEIOT €ro MarHuTHble CBOWCTBa. I[lapamarHuTHBIE
KOMIUIEKChl UMEIOT B CBOEM COCTaBE HEMapHBIE 3JIEKTPOHBI — OHU BTATHUBAIOTCS B MAarHUTHOE
noje, a JUaMarHUTHBIE, B KOTOPBIX BCE OJJIEKTPOHBI CIAPEHBI, W3 MAarHUTHOTO IOJIS
BBITAJIKUBAIOTCSI.

MarHuTHBII MOMEHT KOMILIEKca (i) BbIpaxkaioT B MarHeronax bopa (omun M. b =
0,927-107%° spr/raycc), KOTOphIii MOKET OBITH BBIUHMCIEH U3 GQOpMyJIa BU/A:

H=An(n+2),
IJI€ 71 — YKMCIIO HE CIIAPEHHBIX DIICKTPOHOB B aTOME MJIM HOHE KOMILIEKCOOO0pa30BaTelIs.

DKCIepUMEHTaNbHAs HHPOPMALM O BEIMYMHAX MATHUTHOTO MOMEHTA IIO3BOJISET
CYHTH O THIE THOPHMAN3ALMY LEHTPAILHOTO aTOMa U O TEOMETPHH KOMILIEKCA B LIEJIOM.

VIMEHHO BEJIUYMHLI MATHUTHBIX MOMEHTOB IJIi KOMIUIEKCOB C KOODAMHALMOHHBIM
4UCIIOM 6 TO3BOJIMIN BBECTH TIOHATUS GHEUHEOPOUMANbHOU NSp nd® W 6HympuopbumansHou
(n—1)d’nsnp’® - rubpuanzanum.

BHYTpHOpOHUTAIbHBIE KOMIUIEKCHl — JMAMATHUTHBI MJIM HM3KOCIMHOBBIE, COIEPIKAT

onmH wmu 1Ba HecmapeHHbIXx onektpoHa (/Co(CN)s/>~ u [PdCl4*~ — nnmaMarHuTHBI);
BHEIIHEOPOUTAIBHBIE — BHICOKOCIIMHOBBIE, BKIIOUAIOT 3 — 6 HecrmapeHHbIX dsekTpona ([CoFs/*~
— Moxen. = 4,8; 4 HecmapeHHBIX JMEKTpoHA; [MnCly]?™ — poxen. = 5,95; 6 HecmapeHHBIX
JIEKTPOHOB).

TBC y0enutenbHO MOSICHAET CTPOCHHUE KapOOHHMIIOB METAIOB C HYJIEBOM CTETEHBIO
OKHCJICHUS.

Teopus xkpuctammmyeckoro mons (TKII), B ormmume ot TBC, yuutsiBaeT
ANEKTPOCTATUYECKOE BIIMSHUE JIMTAaHAOB Ha d-opOHMTanu KOMILIEKcooOpa3oBaTelns, KOTOpoe
HEOJMHAKOBO M3-3a UX PA3HOU MPOCTPAHCTBEHHON OPUEHTALUN.

Jlokazano, uto d->- u di’.,’- opburanu (dy- ypoBEHb) UCIBITHIBAIOT GOJIEE CHIIBLHOE
OTTAJIKUBAHUE TIO/I BIMSHUEM 3JEKTPOCTATHYECKOTO TOJIS JTUTAHIOB, YeM OpOUTANA dy-y, dxz-
dy-z (d: - ypOBEHB).

B okrasgpudeckom mosne d-opOuTany KOMILIEKCOOOpa3oBaTessl MPUOOPETAIOT [Ba
SHEPreTUYECKUX YpoBH:: 1) ¢ MeHbIIeH sHepruel d: — ypoBeHb, BKIIOYAIOLIUI TpH OpOUTAIH di-
y, dvz- ¥ dyz; 2) ¢ Gonee BBICOKOI JHepruel dp- ypoBeHb, cOAepKaIluil aBe d-- U di’’-
opouTanu.

DHeprusi pacmieryieHus (A) — pa3HOCTh MEXKAY HSHEPTUsIMH YpPOBHEH dy- U de,
YHUCIIGHHAs XapaKTePUCTHKA PA3HOTO SJIEKTPOCTATHUYECKOrO NEHCTBUS TOJNs JIMTAaHIOB Ha
POCTPAHCTBEHHOE pacripenenenue AJIEKTPOHHOU TUTOTHOCTH d-opburaneii
KOMILIEKCO0Opa3oBaTes.

BenmunHa A HEOqMHAKOBA JUTSI PA3HBIX JIMTAHIOB M 3aBUCUT OT WX NMPHUPOJBL. Benmnunna
SHEPTUU paCHICTICHUS, BbI3bIBa€Masl Pa3HbIMU JIUTAaHIAMH, BO3PACTaeT B CIEAYIOIIEM MOPSIKE:
I <Br <CI <F <OH < C:0#<H:O<NH; <NO: <CN <NO<CO,
T.e. KaXIbI cleAyromuil naurana co3gaét Oosee CUIbHOE MO, YeM MPEAbLAYIIHMA.
[IpuBeneHHas MOCIENOBATEIBHOCTD HA3bIBACTCS CHEKMPOXUMUYECKUM PAOOM.
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Jlueanowl cnaboeo nosis pacronararoTcs B Havaje psijia, 00J1aaloT BechMa Maioi A. d-
OpOurtanu KoMIUieKcoOoOpa3oBarenss ¢ TaKMMU JIMTaHAAMH 3aIlOJHSIOTCS B COOTBETCTBUU
npaBuiIoM XyHHAa (abcontomuas GeiuyuHa CyMMApPHO20 CHUHA 8 NOOYPOBHE OOJNCHA Oblmb
maxcumanvHoil). IIpu 3TOM SHEprust OTTAJIKUBAHHS JBYX CHApEHHBIX JIEKTPOHOB OKa3bIBAeTCS
Bbllle, 4yeM BennunHa A. Komriuiekcel, cogepxamiue Juradapl ci1aboro rmoss, Bcerja
napaMarHUTHEIL.

Jlueanowvl cunvbHo2o nojisi BHI3BIBAIOT BEChbMa 3HAUMTEIbHYIO SHEPTHUIO PaCUICTUICHUS.
[Ipu >TOM 3HEprusi OTTATKWBAHUSA JABYX CIAPCHHBIX JJIEKTPOHOB OKA3bIBACTCS MEHBIIE, YeM
BEJIMYMHA A. [TocnenoBarenbHOCTH 3aMoJTHEHUS JIEKTPOHAMU d-ypoBHs
KOMIUIEKCOOOpa3oBaTeNsi CIEAyIomias: CHadala WAST 3aloJIHEHUE OJWHOYHBIMH, 3aTeM —
CIIApPEHHBIMH 3JIEKTPOHAMU OpOuTanei d, mocie 4yero 3JeKTPOHAMU 3aMOIHSIOTCS d)y-0pOUTaIIH.
KoMIiekcHble COeMHEHUs, CONEpKallie JUTaHIbl CHIBHOTO TOJS, JWAMarHWTHBI WA
SBJISIOTCS HU3KOCTIMHOBBIMHU.

TKII  oObsCHAET  OKpacKy  KOMIUIGKCHBIX  BEHIECTB C  HaJIMYUeM Yy
KOMIIJIEKCOOOpa3oBaTessi BAKAaHTHOM opOuTanu Ha dy- moaypoBHe. [Ipu mepexomae 37meKTpoHa ¢
de- Ha dy- TOIYpOBEHb JHEPrHs TMOTJIOMaeMoro cBeTa (E) mpu 3TOM aJeKBaTHA JHEPTUU
pacmierieHust (A), YTO ONpeAeNseTcs CIEAYIOMMM COOTHOIICHHEM (i1 OJHOTO MOJb
BEIIIECTBA):

A, Howc/mone = ENga = hvN4 = heNa/A = 0,1196/2,  (6.2)

rae Na = 6,02:10% — nocrosnnas Asoraapo; & = 6,6:107* JIx-c — nocrosuuas [Tnauka; c
= 3-10® m/c — ckopocTh cBeTa; v(cM ') 1 A(M) — 4acToTa ¥ JUTMHA BOJIHAI TOTJIOIAEMOTO CBETA
COOTBETCTBEHHO.

[IBeT — 3TO 3puUTENbHOE OLIYLIEHHE IEKTPOMArHUTHOTO W3JIy4YEHHUS C JJIMHAMH BOJH
400 — 760 um (1 Bm = 10 wm). Eciu Bce magaromye Jdy4d OTPaKarOTCSA, TO BEIIECTBO —
OeclIBETHOE, €CJIM TMOJHOCTHIO MOrJIomamTcs — uepHoe. [Ipu m3bupareabHOM MOIVIOMIEHUU
OIIyIIIEHHE I[BETHOCTH CO3AAIOT MPOIIEIIINE WIH OTPaXXEHHbIE BEIIECTBOM Jy4yHu. Takoi 1BeT
Ha3bIBACTCSI TOMOJIHUTEIbHBIM UM HaOII01a€MbIM.

Meton monekynsipHbix opoutaneii (MMO) sBisieTcss caMbiM YHUBEPCAJIbHBIM MPH
ONMCAHUN XUMHUYECKOW CBS3M B KOMIUIGKCHBIX coeauHeHUsX. MMO ydHTBIBaCT B3aMMHOE
BIIMSTHUE OpOUTallell Kak KOMIUIeKcooOpa3oBaTens, Tak U nuranaoB (B orianuue ot TKII) npu
00pa30BaHMM XUMUYECKUX CBA3EH B KOMILJIEKCAX.

MMO ocHOBbIBaeTCSI Ha B3aUMOJCHCTBUU ATOMHBIX OpOWTaled, NPUBOIAINIMX K
00pa30BaHUI0 MHOTOLEHTPOBBIX MOJEKYJISPHBIX OpOUTalel, HMMEIOLUX pPa3Hble SHEPIUU.
OO0pa3oBaHue CBSI3BIBAIOIINX MOJICKYJISIPHBIX opOutanei (6°°) uaeT Ha HIKHUX SHEPTeTHUECKHUX
YPOBHSIX, pa3pbIXJIAIOMUX (67“7) — 3a CUET BEPXHUX.

Mexny ypoBHSMU 0 U ¢’“P HaXOAATCS YPOBHH CJa00 CBS3BIBAIOIIUX, HE
CBS3BIBAOIINX W C€Ha00 paspeIXiIOMUX opOuTasied  (0:z). MoseKkynspHble  OpOUTAIN
3aMOIHSIOTCS SJIEKTPOHAMHU B COOTBETCTBHUH ¢ pHHIMIIOM [laynu u npaBunom XyHpa.

MMO ocHOBaH Ha O4Y€Hb CII0)KHOM MaTe€MaTHYECKOM armapare, YyTo MPENsTCTBYET €ro
[IMPOKOMY UCTIOTB30BAHUIO.

Bonpocsl u 3a1aHus
[Tpumep 1 Hanumure ypaBHEHUS NEPBUYHOIO MPOTOJIN3A IJI KOMILIEKCOB:

1) [Co(NH3)s][CoFs]; 2) [Pt(NH3)4J/Cl2; 3) K[Co(NO2)4(NH3)2]; 4) [Pt(NH3):Cl:].
YKaKUTe WX TUM, OMPEICIUTE CTeNeHb OKHUCIeHHS KoMmIiuiekcooOpaszoBarens (KO), ero
koopauHanronHoe unciio (KY), naiite um Ha3zBaHwme.

OrtBer.

H,0 .
1.1 [Pt(NH3)4]Cl> «—2—> [Pt(NH3)4J** + 2CI- — Tun xatuonmsiii; KO — nnatuua;
crenenb okucnenus KO: x(Pt) = +2 (paBeH 3apsiay KOMIUIEKCHOTO HOHA, TaK KaK MOJEKYJIbI
ammuaka Heiitpanbhbl); KU (Pt) = 4; Ha3BaHUE — XJIOpU] AMAMMUHITIATHHEI (1+2).

H,0
1.2 K[Co(NO2)4(NH3)2] «—2—> K + [Co(NO2)4(NH3)2]~ — tun anuoHHblii; KO —
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ko6aneT; crenenb okucienus KO: x(K) + x(Co) + 4x(NO2) + 2x(NH3) = 0 unu +1 + x(Co) +
4(=1) + 2(0) = 0; x(Co) = +3; KU(Co) = 6; Ha3BaHUE — IMAMMHHOTETPAHUTPOKOOANbTAT (+3
KaJIus ).

H>0
1.3 [Pt(NH3):Cl)] ¢—2"—>x — HeatektponuT; KO — minatuHa; cTeneHb OKHCICHUS

KO: x(Pt) + 2x(NH3) + 2x(Cl") = 0 wnu x(Pt) = — 2x(Cl") = —2-(-1) = +2; KY(P¢) = 4; Ha3BaHue
— TMaMMHHIUXJIOPOTUIATHHBIL.

1.4 [Co(NH3)s][CoFs] (H—zO) [Co(NH3)s]?" + [CoFs]>> — Tum KaTHOHHO-
anuonHblil; KO B kaTHoHe U aHHMOHE — KOOanbT; cTemeHb okucieHus KO B: a) KaTHOHHOM
xkomruiekce [Co(NH3)s]*™ — x1(Co) + 6x(NH3) = +3; x1(Co) = +3; 6) B aHHOHHOM KOMILIEKCE
[CoFs]*—x2(Co) + 6x(F) =— 3, x2(Co) = -3 + (-)-6x(F) =

=-3 + (-)6:(—1) = +3; K4i(Co) = KU2(Co) = 6; HazBanue — rekcadropokodansrat (+3)
rekcaaMMuHKOoOabTa (+3).

[Tpumep 2 Kak TBC o00bscHSET 5JIEKTPOHHOE CTPOCHHE W IPOCTPAHCTBEHHYIO
CTpYKTypy KapOonuina Hukens? KakoB tum ruOpuauzanuy KOMIUIEKCOOOpa3oBaTeNs U KakoBa
reoMeTpHYecKasi CTPYKTypa 3TOTr0 KOMILIeKca?

Otser

TBC BnonHEe yAOBICTBOPUTEIHLHO OOBSCHSET CTPOCHHE KOMIUICKCHBIX KapOOHWIBHBIX
COEJIMHEHUH, B KOTOPBIX CTENEHb OKHUCIEHUSI KOMIUIeKcooOpa3oBaTelns paBHa HyIo. [IpuBenem
MPUMEp TaKOTO OOBSICHEHUS IJIsl DEKTPOHHON CTPYKTYPhl KOMILIEKCA TETpaKapOOHUIIA HUKEIsS
Ni(CO)a.

Cxema 3JeKTPOHHOU CTPYKTYPBI HEBO30YKJICHHOTO aTOMa HUKESI HIMEET BUJI:

Ni’ 4s 4p

3d
R R 2 2 I A D B

-0
[Ton BiausHueM yetbipex Mojdekyn CO aroM Hukens (5g Ni~) mnepexomur B

.0*
BO30YX/IEHHOE COCTOsIHUE (og Ni ) myTeM CHapuBaHUs ABYX d-3JIEKTPOHOB M MeEpexoia

napsl JIEKTPOHOB C 4S-TIOAYPOBHS Ha TATYIO BakaHTHYIO 3d-opOutanbs. B utore peamusyercs
AIIEKTPOHHASL CTPYKTYpa C YETHIPbMsSI CBOOOJHBIMU OPOUTAISAMH — OJHOW 4s- U Tpex 4p-
opOUTAISIMHU.

Ni%* 4s

3d p
MR EEREREEEE
Cco co Cco Co
VYuureiBas, 4TO BCE YETHIpEe Ni XX CO - cessu (9KCTIepUMEHTAIbHBIC JaHHBIC)

abCOJIOTHO PABHOLIEHHBI, BIIOJHE JIOTUYHO MHPEATIONOKUTh UX Sp -THOPUAM3AIHNIO, TO €CTh
reomeTpuueckas koHpurypamus Ni(CO)4— TeTpasapuueckasi.

[Ipumepa 3  Ompepenurb TUN TUOPUAW3AMA —  BHEIIHCOPOWTANBHBIN  WIIH
BHYTPHOPOUTAIBHBIHN, IS CIEAYIOMNX KOMIUIEKCOB: [FeCls]~, MATh HE CIIAPEHHBIX AJIEKTPOHOB;
[PdCl4]? nuamarnutablit; [Mn(CN)s]*, u = 2,93, ecnu i HUX H3BECTHO YKCIIO HE CHIAPEHHBIX
DJIGKTPOHOB WJIM TPUBOAMUTCA OSKCICPUMEHTAILHO OMpPENCICHHBIE 3HAYCHHS CYMMapHOTO
MarHuTHOTO MOMEHTa ().

Otger.

3.1 I1aTh He crapeHHBIX 3JIEKTPOHOB B HOHE [FeCly/~ OTBEUAIOT 3JIEKTPOHHOM CTPYKTYype

voHa xenesa Fe’' ... 3d°4s"4p” wmn B rpaduueckoit popme

Fe** 3d 4s 4p
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Yerpipe woHa-muranga CI-  00pa3ylOT 4YeTblpe XHMHUYECKHE CBS3H 10 JIOHOPHO-
aKLIENTOPHOMY  MEXaHHU3My 3a CuUeT BaKaHTHBIX, OJHOH §- U  3p-opOuTanei,
KOMIIIEKcooOpasoBarens Fe’™. Tompko Takoe B3amMOJCHCTBHE opOuTanei sxeneza (+3) u
YyeTbIpex HOHOB xyiopa C/- MOXeT COXpaHUTh NTapaMarHuTHBIE CBOMCTBA KomIuiekca [FeCly] .

Urak, rpaduyeckas popmyna [FeCly]~ OyneT UMETh CIETyIOMINA BU:

[FeCl4]~ 3d sp’ — rubpuamsanus
S S B S S I R - T RN T R R TR
Cl Cl Cl Cl

Tun rubpuauzanu — BHEIIHE OpOWUTANbHBINA; TeoMmeTpuueckas ¢opma —
TeTpasApHUECKasl.

3.2 B numamarsutaoMm [PdCls]*~ viony 46Pd’" cooTBeTcTBYET rpaduueckas 3J1eKTpOHHAS
CTPYKTypa, KOTOpasi He COACP)KUT HE CIIapPEHHBIX ICKTPOHOB, YTO OOBSICHACTCS BIMSHUEM OIS
yeTbipex aurannoB Cl.

Pd**

4d
NN NN

B pesynbrare, o 10HOPHO-aKIENTOPHOMY MEXaHH3MY, 00pa3yIOTCs YEThIPE CBA3U: OJHA
3a CYeT BaKaHTHOH 4d-opOuTanu; Tpu — 3a CUET OJHOM Js- W ABYX — 3a cyeT Sp-opOuTtaneit
noxypoBHei Pd’”.

B urtore rpaduyeckas CTpyKTypa AMaMarHuTHOro Komruiekca [PdClyJ*~ umeer Bu:

Ss Sp

Pd** 4d s 5p
tI AL [ 1 [ [®6 [08] e8] 68

4d' 55’ 5p° — rubpuanzanus.

Tun rubpuaMs3anuu — BHYTPHOpPOWTaNbHBIN, Teometpus [PdCl4>~ — KBampaTHO-
TUTOCKOCTHas.

3.3 BenuunHa SKCIIEPUMEHTAIBLHO OMPEISIICHHOTO CYMMapHOTO MarHUTHOTO MOMEHTa (i
= 2,93) mna kommiekcHoro uona [Mn(CN)s/?>~ mokasbIBaeT, 4TO HOH-KOMILIEKCOOOPA30BATEIND
Mn?" conepKuT Ba He CIAPEHHBIX DJIEKTPOHA.

JlBa HE CHAPEHHBIX DIEKTPOHA OTBEYAIOT DIIEKTPOHHOM CTPYKType HoHa Mn’*
3d*4s°4p” unn B rpadmueckoit popme

Mn** 3d 4s 4p

£ R )

[{naHua-MoHBl 00pa3yIOT IMIECTh XMMHYECKHX CBS3EH 3a CUET BaKaHTHBIX OpOuTajei
Mn**, nBe — ¢ 3d-; onHy ¢ 45- 1 TpU — ¢ 4p-OpOUTAIAMH.
Torna rpaduyeckas Gpopmyna [Mn(CN)s/*~ Gyaet umeTh clieayomui BU:

[Mn(CN)s]* 3d’sp’ — rubpuamzanus
™ T 7T X | R | R | Q| X | O

CN CN CN CN CN CN
Tun rubpuausanuy — BHyTpHOpOUTANIBHBIN; reoMeTpuyeckas (popMa — OKTasApudecKas.
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ba3oBblii ypOBEHb

3amauya 1 KoGaner B cocrosamu Co’" (3d’) oOpasyeT 1Ba THIa KOMILIEKCOB,
Pa3IMYArOMIMXCS [0 MAarHUTHBIM CBOWCTBAM: HM3KOCIHMHOBEIM Komiuiekce [Co(NO2)s]* (u =
1,73) u BeicokoctmuOBBI — [Co(H20)s/°" (u = 3,87). U300pasuth cxeMmy paclpeeseHus
3JIEKTPOHOB M0 di- ¥ dy- OpOUTANIAM HOHA-KOMILIEKCooOpaszoBarens Co’*.

3amaua 2 OO0bsicauts ¢ mo3uiuu TKII 1uBeTHOCTH coemuHeHmit meau (+2) u
OeCIBETHOCTh coeqMHEeHMI Meau (+1).
3amaua 3 CrexTp mOIIOIEHUs Ui KoMmIuiekcHoro uoHa [Ti(H20)s]?" wumeert

MakcuMyM mpu 504 HM. UTO MPOMCXOAUT MpPU TOTJIOMICHHH CBETAa 3TUM HMOHOM? BBIUuCIHTH
SHEPTHIO pacierieHus (Bo30ykaeHus ). B kakoii IBET OKpalieH 3TOT KOMIUIEKC?

3anava 4 K 1 am® pactBopa K:fHgls c xomuentpammein C(K2[Hgls]) = 0,001
Monw/mm?, comepxkamiero 0,05 Momb u36bITKa K/, MpUOABUIM TaKyl0 Maccy HOHOB S°-, KOTopas
conepxutcs B 1 qm® Haceimennoro pacteopa CdS. Bemaner mu ocanok HgS — Kueerd([Hgls]?) =
1,5-1073%; TIP(CdS) = 7,9-107%7; TIP(HgS) = 1,6:1072).

3anaga 5 HNonunzanyonHass M30MEpHUs KOMIUIEKCHBIX COCIMHEHMM 3aKJII04YaeTcs B
pPa3IUYHOM paclipe/ieJIeHMH HOHOB MEXAy BHYTpEHHEH M BHEIIHEH cepaMu, 4TO CKa3bIBaeTCs
Ha pa3HOM npoTekaHuu mnpotonusa. Kommueke cocraBa CoSO4Br(NH3)s cyuiecTByeT B BUJE
JIBYX U30MEPOB: OJMH C HUTpaTOM cepedpa na€t ocanok Ag2504, npyroii — AgBr; npu nenicTBUm
xyopua 6apust oquH naét ocanok BaSO4, npyroii ocanka He oOpa3yer.

Hanummure xoopanHannoHHble (POPMYIIBI H30MEPOB, YUUTHIBAS, YTO KOOPAUHAIIMOHHOE
guciio kobanbTa (+3) paBHO MIECTH.

3agaya 6 Ilone3ysice HomeHknatypou MIOITAK, Ha3BaTh cieayromme KOMIUIEKCHI:
1) [Ptl4(NH3)2]; 2) [CoPO4(NH3)s]; 3) [Co(OH)3(NH3)3]; 4) [PtCI3(NH3)2/; 5)
[Co(NO2):CI(NH3)3]; 6) [Cr(H20)3(CNS)3]; 7) [PtSO3(NH3)3]; 8) [Pt (NH3)4] [IrFs].

3amaga 7 Kakas cBsi3b Ha3blBaeTCsl JOHOpPHO-akientopHoi? Kakolf aToM WiauM HMOH
ABIISIETCA JOHOPOM M KaKOM aKLENTOpOM B KOMIUIEKCHBIX MoHax: [BF4]~, [PtF6]*, [H30]",
[Cu(CN)4J?*? Onpenenure B HUX CTENEHb OKMCIEHUS KOMIUIEKCOOOpa3oBaTeNns M
KOOPJMHAIIMOHHOE YHUCIIO.

3amaua § Kakue coenuHeHMs Ha3bIBAIOT alMIOKOMIUIEKCHBIMH? CocTaBbTe (OPMYIIBI
KOMIUIEKcOB Ui uoHa V' ¢ wmomamu F-, CNS  u NO: B KauecTBe JHIaHIOB, €CIIU
KOOPIMHALMOHHOE YUCI0 V3 paBHO mIecTH.

3amaua 9 HanummuTe ypaBHEHUS peaklUii HUTpaTa cepedpa ¢ KOMIUIEKCAaMU CIIEAYIOIIETO
cocraBa: PtCls-6NH3,  PtCle-5SNH3,  PtCly4NHs,  PtCle3NH3,  PtCly2NHs;.  CoctaBbTe
KOOpAMHAIIMOHHBIE (POPMYJIBI ATUX KOMIUIEKCOB, HA30BUTE UX M HAMHILIUTE YPAaBHEHUS peaKlui
MIEPBUYHOTO MPOTOIH3A IS KaXA0r0 U3 HUuX. Kakoi u3 3THX KOMIUIEKCOB — HEIJIEKTPOIHUT?

3amaua 10 Bprumcnure KoHIEHTpanuio (B Monb/z[M3) MOHOB KaJaMHUs B PacTBOpE C
konuenrpauueit C(K2/Cdly]) = 0,1 mons/am>, copepxamiem iomun kamus ¢ C(KI) 0,1 mons/mm?
(K*"([Cdl4]?) = 7,94-107).

3agaua 10 Mapranen (0) u kobamsT (0) 00pa3yroT IUMEpHBIE IBYXsIACpHBIC
kapOoHuIbHBIE KoMILIEKChl [Co2(CO)s] n [Mn2(CO)io]. Kak TBC 00bsiCHAET UX 3IEKTPOHHOE
ctpoenue? [IpuBeauTe COOTBETCTBYIOIINE AICKTPOHHBIC TPahUIECKUE CXEMBI.

3amava 11 Kako#l Tun ruOpuausaiiiy, BHEIIHE- WM BHYTPH OpOWTAIBHBIN, aTOMHBIX
opouraneii Co’" B xommiekcubix uoHax [Co(NHs)s]’* (mmamarmuren) u [CoFs/*~ (1pm
HECIapeHHBIX AJIEKTPOHA)?

3anaua 12 OmnpenenuTh THOpUIHBIE OPOUTANN LIEHTPATBHOTO MOHA U F€OMETPUYECKYIO
CTPYKTYpy KOMIUIEKCOB, AJIi KOTOPBIX YKa3bIBaeTCsl YUCIIO HE CIAPEHHBIX 3JIEKTPOHOB WU
HalJICHHOE OMBITHBIM IyTeM 3HaueHue u: a) [CoCly/~, Tpu HECTIAPEHHBIX DJICKTPOHA, 0)
[MnCl4]?*, u=5,95; B) [AuCl4]~ — muamarsuthelii; ) [FeCly]~, IATh HECTIAPEHHBIX YJIEKTPOHOB;
n) [PdCl4]?*, nuamarnutusiii; €) [Fe(CN)s]>~, %) [Fe(CN)s]*~, nuamMarauTHbIi.

3amaua 13 Kaxkoit Tun ruOpuan3anuyu aTOMHBIX opOuTaneit ¢pocdopa oCymecTBIsIeTCs B
uonax [PCly" u [PCls]", u3 xoTopbix cocTosT Kpuctamibsl P2Cl0? KakoBa mpocTpaHCTBCHHAS
KOH(Urypauus 3TuX HOHOB?
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3agaua 14 Pactsop [Ni(H20)s]°* umeer 3enenyro okpacky. OObICHUTE, TIOYEMY OKpACKa
UCcYe3aeT NMPHU BBEACHUH B 3TOT pacTBOP HOHOB CN .

3amaua 15 IlpenckanTe MarHUTHEBIE CBOKWCTBA MOHOB: a) [Al(H20)s]?*, 6) [Zn(H20)s]",
B) [Cu(H20)4]3", 1) [Fe(H20)s]*", n) [Fe(H20)s]?*, €) [Cr(H20)s]3*. TIpenckaxuTe MarHuTHBIE
CBOIICTBa MOHOB, Y KOTOPBIX MOJIEKYJIbI BOJIbI 3aMelnieHbl Ha NH3, F~ unu CN-.

I1oBbI1IEHHBIN YPOBEHB

3anada 1 Uon [CrFs]>~ — mnapamarnuted (uoxen. = 3,91). Iloctpoiite ero
SHEPreTHYECKyl0 AuarpaMmy, ucroiibdys MMO. YKaxuTe 4YHCIO W XapakTep XUMHUYECKHX
CBsI3€ll B KOMILIEKCE.

3anmava 2 BbluvicuTe  KOHIIEHTpalMio  HOHOB  Ag" B pacTBOpe,  €Ciiu
C([Ag(NH3)2JNO3) = 0,2 mons/nm® u C(NH3) = 0,5 mosb/am>. O6IIas KOHCTaHTa HECTOMKOCTH
xomiekca [Ag(NH3)2]* paBna 6:1075.

1 Harmmucarb dopmyiel coequHenwuit: 1) tpuammuadocharoxpoma (+3); 2)
TpuaMMuHTpHUiiogopoaus (+3); 3) IMaMMHUHTETpaxJIopoIIaTHHBL (+4); 4)
TPUAMMMHTpUHUTpOpoaus (+3); 5) muruapokcuaaMuHaAuXIoponamiagus (+2); 6)
aMMUHTPUXJIOPOIUTATUHAT (+2) TPUaMMHMHXJIOPOIUIATUHBI (+2); 7) rekcanuaHokoOanbTat (+3)
rekcamMmmuHkoOansTa(+3); 8) rekcadropoxpomar (+3) rexcakBaxpoma(+3); 9)

TeTpaxJoporuiaTuHatT (+2) TeTpaMMUHAUTUApOKcoruiatuHel (+4); 10) rekcanmmanoxpomar (+3
rekcaMMHHKOOabTa(+3); 11) rekcanuTpo-kodansTaT (+3) rekcammuaxpoma(+3).

3amaya 3 Bemmager nu ocagok kapOoHaTa KaaMmus (HP(CdCOg)ZZ,S'lO‘M), ecind K
pactBopy ¢ koHuenrpauueii C(Cd(NH3)4SO4) = 0,01 monw/mv® 100aBUTH paBHBIA 00BeM
pactBopa cozbl ¢ Konuenrtpamueii C(Na:CO3) = 1:10* momb/mm®? Otset: ocamok CdCO3
BBITIAJICT.

3anaua 4 BemectBo coctaBa PtSO+(OH)2(NH3)4 00pa3yeT 1Ba HOHU3ALMOHHBIX U30MeEpa.
BoxHbI pacTBOpP OJAHOIO M3 HUX HEWTpaJICH, APYroro — MMeeT IIEJIOYHYIo cpeny. Hamummre
KOOpAMHAIIMOHHBIE (OPMYJIBI M30MEPOB, YUUTHIBAs, YTO KOOPAMHAIIMOHHOE YHCIIO IJIATHHBI
paBHO 1ecTH, a MoH SO4°~ — OUJICHTAHTEH.

3amaua 5 Kak TBC o0bscHsier ctpoenue kapbonuinoB xpoma (0) u xenesa (0)? Kakue
KoopAuHauoHHbIe yrcna umeroT Cr(0) u Fe(()) B 3TUX KOMIUIeKcax?

3amauya 6 B kakux oOJacTAX AJIEKTPOMATHUTHOTO CIEKTPa MPOUCXOIUT IOTJIONICHUE,
€CJIM PacTBOPHI MMEIOT OKpacky: NiCl> — 3emenyro, TiCl; — xpacHo-mypmypHyto, CuSOs —
CUHIOI0?

3amaga 7 OObsicaure, moueMy coenuHenus Au (+1) He okpamensl, a Au (+3) —
OKpAIlIEHBI.

3azaua 8 MakcuMyM IIOIIOIIEHUsS BoAHOro pactBopa [Cr(NH3)s/?* cocranser 460 Hwm,
a nug pacteopa [Cr(H20)s/>"— 710 um. Kakyro OKpacKy MMEIOT pacTBOPBI 3THX KOMILIEKCOB?
Paccunraiite 3HEpPIrUIO pacllenIeHus JUIsl TUX HOHOB.

3agaya 9 Kako#ll JjIMHE BOJIHBI COOTBETCTBYET MAKCHUMYM TMOTJIONIEHHUS JJISI BOIHBIX
pactBopoB vona [Mn(H20)s]?", ecnn sHeprus paciieruienus majis de- W dy- ogypoBHen Mn*
paBHa 250,5 x/[x/monb? Kakyro okpacky UMeeT 3TOT pacTBOp?

OTBeT: OKpacka OpaHKeBasi; Amax = 472 HM.

3amaua 10 M300pa3uth cxemMy paclpeiesieHus] SJEKTPOHOB MO de- U dy-OpOuTAIISIM
KOMILIEKCOOOpa3oBarenss B KOMIUIEKCHBIX HoHax [Cr(H20)s]*" (tsxen = 4,8) u [Cr(CN)s]**
(TMamMarHUTHBIN).

3amaua 11 MoOXHO 1M CcUMTaTh MOJIEKYJIbI MeTaHa M AaMMHaKa KOMIUIEKCHBIMHU
coequaeHusMU? Kak MMO onmceiBaeT oOpa3zoBaHue MOJICKYJSIpHBIX opouTtaneii B CHs u NH3?

Cnucok JinTepatypbl, peKOMEHIyeMblii K HCII0JIb30BAHHIO 110 IaHHOH TeMe
OcHoBHasi JInTEpaTypa:
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1. Koposwun, H. B. O6mas xumus : yueonuk / H. B. KoposuH. - 13-e uzn., nepepad. u gorm. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. XuMus okpy>Karomeil cpeibl : XMMHUs KUBBIX opranu3MoB. Kypc nexuuii /
E. C. Muxamuna, A. JI. Ilerenmun. — M. : U3patensckuit Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTPOHHBIH // D1eKTpoHHO-0MOIroTeuHas cuctema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum moctyna: ans
aBTOPU3UP. M10JIb30BATEIIEH
JlonotHUTe/ILHAS JIUTEpPATypa:
1. I'munxka, H. JI. O6mas xumus / H. I'. I'nmunka ; Ilox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Uuterpan-IIpecc, 2003. - 728c. - bubmmorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XUMHS METAJUIOB : ydeOHOE TTocoOue (7151 CTYyICHTOB XUMHUYECKOTO (DaKyIpTeTa
HarnpaBiIeHuH 0akanaBpoB «XUMHU» U «XUMHUUECKask TEXHOJOTHs») / coctaBuTenu O. A.
I'osmoBanoBa. — Owmck : OMcKuii rocy1apcTBeHHbIM yHUBEPCUTET UM. .M. JlocTOEBCKOTO,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TekcT : 37eKTpOHHBIN // DNEKTpOHHO OnbmnoTeunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: mist
ABTOPHU3UP. TI0JIH30BATENCH
NuTepHeT-pecypcebi:

1 http://window.edu.ru/ — eamHOE OKHO JOCTYIIa K 00pa30BaTEIIBHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuTeTckast Ou0IMOTeKa OHIAWHY.

3 http://catalog.ncstu.ru/ — 3IEKTPOHHBIN KAaTaJIOT aCCOIUAIIMN ICKTPOHHBIX OMOIHOTEK
y4eOHbIX 3aBeqieHnid u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTKpBITOE 0Opa3OBaHKE

Tema 8. OKHCIMTEIBHO-BOCCTAHOBUTE/IbHBIC PEAKIINH
IIpakTnyeckoe 3anaTHEe 8. OKHCIUTETbHO-BOCCTAHOBUTEIbHbIC PEAKIIUA
Lesab 3ansATHS: 1) TOBTOPUTH OCHOBHBIE MOHATUS 00 OKMCJICHHU U BOCCTAHOBIJICHUH,
PaccMOTPETh CYIIHOCTh OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIHIA;
2) BeIpabOTaTh YMEHUS 110 COCTABICHUIO YPAaBHEHUH XUMUYECKUX PEaKIUi, MPOTEKAIOIUX
B Pa3IMYHBIX CPeJax METOJOM 3JIEKTPOHHOTO OajaHca;

3HaHUsA ¥ yMeHUsl, IpuodpeTaeMble CTYIEHTOM B pe3yJibTaTe 0CBOEHHUS TeMbI
3HaTB: OCHOBBI CAMOOPTaHM3ALMH U CaMOOOpa30BaHMS;
3HaTh: CYIIHOCTH M 3HaueHHE WH(OPMAITUH B Pa3BUTHUH COBPEMEHHOTO OOIIECTBA; OCHOBHI MOTYYESHUS
1 00paboTKH HH(POPMAITUHN U3 PA3THIHBIX HCTOYHUKOB
3uatb: PabOTHI IO pacueTy U MPOSKTUPOBAHMIO JIETAICH U Y3JI0B MAIIMHOCTPOUTEILHBIX
KOHCTPYKIMIA B COOTBETCTBUH C TEXHUYECKUMU 3aJaHUSIMU U UCTIOJIb30BAHUEM CTaHIAPTHBIX
CpEICTB aBTOMATU3AaLUH ITPOEKTUPOBAHUS
YMeTh: CaMOCTOSATEILHO CTPOUTH MPOIIECC OBJIAACHMS HHPOpMaIueH, 0TOOpaHHOH u
CTPYKTYpPUPOBAHHOM JJIS1 BBIIIOJHEHHS MPO(ecCHOHATBHON AeATETbHOCTH.
YMeTh: moay4aTh U 00pabaThiBaTh HHGOPMAIUIO U3 PA3TMYHBIX HCTOYHUKOB
YMern: TIPUHUMATh YUacTHe B pab0oTax Mo pacyeTy U MPOCKTUPOBAHUIO JACTAICH U y3TI0B
MAIIMHOCTPOUTENbHBIX KOHCTPYKLUHI B COOTBETCTBUM C TEXHUYECKUMH 3aJaHUSIMU U
HCIIOJIb30BAHUEM CTAHAAPTHBIX CPEICTB aBTOMATHU3ALUU ITIPOEKTUPOBAHUS

HaunmeHnoBanue (GpopMHPYEMBIX KOMITETCHIIUH

MNHupekc DOpMyIHPOBKA:
OK-7 CHOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMOOOPa30BaHHIO
OIIK-4 MMOHUMaHWEM CYITHOCTH U 3HAYCHHS HH(POPMAIIMH B Pa3BUTHH
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COBPEMEHHOTO O0IIECTBa, CMTIOCOOHOCTHIO MOTy4YaTh U 00padaThIBaTh
UH(POPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTHIO HHTEPIPETHPOBATH,
CTPYKTYPHPOBATh i OPOPMIISATH HHOOPMAITHIO B JOCTYITHOM JJISI APYTHX
BUC

IK-5 CIIOCOOHOCTBIO MPUHUMATH yUacTHE B paboTax Mo pacyeTy u
POEKTHPOBAHUIO J€TANCH U Y3JI0B MAIIMHOCTPOHUTEIHHBIX KOHCTPYKIUH B
COOTBETCTBUH C TEXHUYECKUMH 33JaHUSIMH U UCTIOJIE30BaHUEM
CTaHJAPTHBIX CPEJICTB ABTOMATU3ALIMH MMPOSKTUPOBAHHSI

AKTyanbHOCTh TeMbl. OKHCIUTEIBbHO-BOCCTAHOBUTEIbHBIE — NPOLIECCHI NPUHAMIEKAT K
yucily HauOoJiee pAacpOCTPAHEHHBIX XHMHUYECKUX PEaKUHMi U UMEIOT OTPOMHOE 3HAuY€HHE B
TEOpUU U NMPAKTHUKE.

Teopernyeckas yacrp
Teopus OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX PeaKkuuil

Peaxkyuu, 6 Komopvix npoucxooum u3MeHeHue cmeneHeu OKUCNeHUs amomos,
HAa3vlearomcs OKUCJIuUnejlbHoO-60CCMAHOBUNEIbHBIMU.

B mnpocteix BemecTBax CTENEHM OKHUCJIEHUS aTOMOB paBHbI HYJIO. [l CloxHOM
MOJIEKYJIbl CyMMa CTENEeHEW OKHMCICHMs BXOIAIIMX B €€ COCTaB aTOMOB TakKXke JOJDKHA OBbITh
paBHa HYJIIO; U1 NOHA — €TI0 3apALy.

OxncnenreM Ha3bIBa€TCs NPOLECC OTAAYN aTOMOM MOJIEKYJION MM HOHOM 3JIEKTPOHOB:

Al —3e — AP

2CI" —2e > Cly.
B mponecce OKUCICHUSA MPOUCXOAUT MOBBIIICHUC CTCIICHU OKHUCJIICHU.
BoccranoBnenuem Ha3bIBaeTCsl MPOILECC MPUCOEAUHEHUS SJIEKTPOHOB aTOMOM, HOHOM
WJIM MOJIEKYJIOM:

S+2e 8%

Cly +2e — 2CI~

Fe*" +e— Fe*t.

HpI/I BOCCTAHOBJICHUHU CTCIICHb OKUCICHUA ITOHMXXACTCA.

B 3aBucuMocTH OT CIOCOOHOCTH OTZaBaTh WM NPUHUMATh 3JEKTPOHBI BCE BEIIECTBA
JACIATCA Ha OKUCIUTCIIM 1 BOCCTAHOBUTCIIN.

Oxucrumenu — 3mo amomasl, UOHbL UIU MOJEK)JIbl npucoeduHﬂ}ou;ue JJIEKMPOHDbL. Bo
8pems peakyuu OHU 60CCMAHABIUBAIOMCAL.

Boccmanosumenu — amo amomasl, UOHbL UlU MOJTEKYJ]Ibl, KOmopbsle omoaiom JJIEKMPOHbL.
Bo epemsa peakyuu onu oxucasaromcs.

IIponiecchl OKKCIEHUST U BOCCTAHOBJIEHUSI BCErJla MPOTEKAIOT MapajiebHO, YTO MOYKHO
BBIPA3UTH CIEAYIOIICH CXEMOM:

Boccranosurens (Br) — € €< oxucautens (O1)

Oxucnurens (O2) + € € BOCCTaHOBUTEID (B2).

CnenoBaTenbHO, OKUCIUMENbHO-80CCMAHOSUMENbHbIE PeaKyuu npeocmasiaiom coooi
eOUHCMBO 08YX NPOMUBONONIONCHBIX NPOYECCO8 — OKUCICHUA U 60CCmMAaHogneHus. B atnx
peakiusx olliee YuCIIO 3JIEKTPOHOB, OTJABACMbIX BOCCTAHOBHTEJIEM, PaBHO OOLIEMYy YHCIHY,
HPUCOETUHIEMOMY OKHCIHTEIIEM.

HpI/I 9TOM HC3aBHCHMO OT TOTO MEPCXOAAT JIM JJICKTPOHBI C OAHOI'O a4TOMa Ha Z[perﬁ
HOJTHOCTBIO WJIM JIMIIh YaCTUYHO OTTSTHBAIOTCS K OJHOMY M3 aTOMOB, YCJIOBHO TOBOPSIT TOJIBKO
00 0TAa4YC U MPHUCOCAUHCHHUHU 3JICKTPOHOB.
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B OBP oxucnurenb U BOCCTAaHOBUTENIb PEArMPYIOT NIPYT C APYrOM B SKBHUBAJIEHTHBIX
KOJIMYEeCTBax.

Oxeusanenmom oxuciumens (0O) umu eoccmanosumens (B) Hazvieaemcs maxoe
KOIUYeCmeo UxX MOJb, KOMOpOoe Npucoeounsem uiy omoaem OOUH MOJNb 2NeKMPOHO8, UMO
ompasicaemcst c1edyroWUMU GoOPMyIamu.

3(0), monb = 1 unu I(B), monb = L,
Ze Z@
TA€ Ze — YHUCIO DJJEKTPOHOB, KOTOpOE TMPUHUMAET OKHuchauTenb (O WM OTAAeT
BOCCTAHOBUTEIb B.
MonbHas (WM MOJSIpHAsl) Macca SKBUBaJeHTa OkuciauTens O M BOCCTaHOBUTENS B
BBIPAXKACTCsI B I/MOJIb U ONPEAEISETCS U3 COOTHOIICHHH CIEAYIONIETO BU/IA:

1) nist oxkucnurens — M (L 0),2/ monw; 2) nnsBoccTanoBuTeNs — M (L,B), 2/ monw
Z@ Ze

Tonpko B pOSIM OKUCIUTENS BBICTYHAIOT YaCTHIIbI, UMEIOIIME MAKCUMAJIBHO BO3MOXHbBIE
CTETICHH OKHCIJICHUs (Hampumep, Uisi Mapradia — 3to (+7), mist azota (+5) U T.HO.); TOJIBKO
BOCCTAHOBHUTEJISI — C MUHUMAJILHON CTEMEHBIO OKUCICHUS (171 cepbl — 310 (—2), aiis azora — (-3)
U T.J.).

Yacmuysl, umerowjue npomexcymounvie CcmeneHu OKUCTeHUs, MO2Yym Nposeiamb
CBOLICMBA KAK OKUCIUMES, MAK U 60CCManosumens. IT0 00yCIOBICHO: XUMHUUECKOMW MPUPOIOH
peareHTa-napTHEPa; yCIOBUSAMH U XapaKTEPOM Cpebl, B KOTOPHIX mpoTekaeT OBP.

Hampasnennocts OBP  omnpepensercs  BenIMYMHAMM — 3HAYEHMM  CTaHJAPTHBIX
MOTCHITMAJIOB pPEareHTOB: OKHCIUTeabr () Bcerma uMeeT Ooibpmmil (1o  anredpandecKon
BEJIMYMHE) CTAHJAPTHBIN MOTSHIIMAN, YeM BOCCTAHOBUTEID B.

Hampumep, B kucnoii cpene cmemmuBaroT asa BemiectBa: KoCr20O7 u NaNOa. Kakoe u3
ATHUX BELIECTB OYJET OKHCIUTENIEM, KaKoe — BOCCTAHOBUTEIEM?

OGpatumcs k crpaBounbiM gauubiM: ¢'(Cr20772 + 14 H/2Cr'3 + 7H20) = 1,33 B;
¢’(NOs~+ 2H"/ NOx + H20) = 0,78 B.

Ilpumeuanue. Pexomenayercs ucmosib3oBaTh yueOHoe mocobue: H.C. Axmeto, M.K.
AsmzoBa, JL.UW. bagpiruna. JlaGoparopHble W CEMHHApCKUE 3aHATHS 1O oOwmed wu
Heopranmyecko xumuu. M.: Beicui. mkoia, 2002.

Tax xak ¢°(Cr20772 + 14 H/2Crt3 + 7H20) > ¢°(NOs~ + 2H* / NOr + H20), mo
okucautenem oyaet aBasateesa KoCr207.

KonnyectBeHHON XapakTepUCTUKON rinyOuHbl mnportekanuss OBP sBnsercs 3HaueHue
KOHCTAHTbHI pAaBHOBECHSI:

oK = 0’ (0)-9"(B) _
0,059

rae ¢°(0) u ¢°(B) — cranmapTHBIE MOTEHIMANBl OKUCIUTENss O U BOCCTAHOBHUTENS B
COOTBETCTBEHHO, B; Zy — CyMMapHOE KOJMYECTBO 3JIEKTPOHOB, NMPUHUMAIOIINX YYacTHE B
nmaunou OBP.

Koncranra paBrnoBecust OBP cBsizana ¢ morenmnmanom ['n66ca (JJx/mois K):

AG® = -2303RT1gK?

Dueprus ['u66ca, B cBo ovepenp, ceasana ¢ DJIC (Ap”) mocrosunoit dapanes (F) u
YHUCIIOM DJIEKTPOHOB, y4yacTByomux B OBP:

AG?, JInc/mono K = —nAgCF,

Ap’ = ¢°%0) — ¢°(B) — DJIC OKMCIUTENLHO-BOCCTAHOBMTENLHOM DEAKIUU TPH
CTaHJAPTHBIX yCIIOBHSIX, B.

Jnsa crangaptaeix ycenoBuit: 7 = 298,15 K = 2982 K; R = 8,314 Ix/monb-K; F=
96450 = 96500 k/MOTB-3KB, TOTyIHM (HOPMYITY yIOOHYIO IJI PACUETOB:

)
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F 96500 )
2303RT  2,303-8,314-298,2

B ycnoBusAx OTIMYHBIX OT CTaHJAPTHBIX, OKHCIUTEIBHO-BOCCTAHOBUTEIIBHBIC
noreHuuansl (OBII) m 3JIC OBP, mnporekarommx B BOJHBIX pacTBOpax, 3aBHCIT OT
KOHIIEHTpaluu (TOYHEE, aKTUBHOCTEH) y4YacTBYIOLIMX B IPOLECCE HMOHOB. JTa 3aBHCHUMOCTb
BeIpakaeTcs popmyioit Hepuera:

lgK L, = Ap® =16,90nA0°.

o 0,059

O
»,B=pgp + Z lg[]

[B]

rie ¢’op — CTaHIAPTHBIN TOTEHIMAT peareHTa (OKUCIUTENN WM BOCCTAHOBHUTENS), B;
[O] u [B] — KOHLIEHTpallMd OKHCIEHHOH M BOCCTAHOBIEHHOH ()OpM peareHTta, MOJb/IM>; Z —
YHCJIO 3JIEKTPOHOB B MOJIYpPEaKIUU A1 JAHHOTO PeareHTa.

IIpumeuanue. Cnengyer Bcerja IMOMHUTh, YTO KOHLIEHTpAalMM Bcex ydacTHHKOB OBP B
ypaBHeHuu (7.5) sABIAIOTCS MOJSApHBIMU KoHIEeHTpamusimMu (Cu (X)), a HE MOJSAPHBIMHU
sksuBasienTa (C(1/z X)).

Ha 3nauenne OBII u Ha xapakTep NpOAYKTOB peakLUU JOCTATOYHO CHUJIBHOE BIHSHHE
okasbiBaeT pH pactBopa, B kotopom nporekaer OBP. Hanpumep, npu pH < 7 3nauenue
CTaHJAPTHOIO IMOTEHIMAA JJIs1 CUCTEMBI:

0" (MnOg +8H™ / Mn*" +4H,0)=151B.
wuph=7- @ (MnOg +2H,0/ MnO, +40H ) =0,6 B ,
ot >7- @ (MnOy | MnOZz%) = 0,564 B.

Baxneiimme BOCCTAaHOBHTENN: aTOMBI METAJUIOB, Boaopoa, yriepon, CO, H»S, H2S0;3,
NaNO:2, Na:S:0s, HI, HBr, HCI, FeSO4, CrCl3, MnSO4, NH3.

Bakneiimme OKHCIUTENTU: TAIOTeHBI, XJIOPaThl, KUCI0poAd, 030H (03), KMnO4, K2Cr207,
KoMnO4, H20:, H2SO4 (kony.), HNO3, PbO:.

THUNBI OKMCIUTETHHO-BOCCTAHOBUTEIbHBIX PeaKIui

Pa3znuyaroT Tpu THIIA OKUCITUTETHFHO-BOCCTAHOBUTEIBHBIX PEAKIIUH:

a) BHYTPUMOJIEKYJISIPHBIC; 0) TUCTIPONOPIIMOHUPOBAHUS; B) MEKMOJICKYJISIPHBIE.

Brympumonexynspuvie OBP — smo makue peakyuu, 8 KOMOP®LIX U OKUCIUMENb, U
B0CCMAHOBUMENL HAXOOSIMCSL 8 COCMABe OOHOU MOJEKYIbl, HO AGISAIOMCS NPU IMOM PASHLIMU
NeMeHmamu:

9

2KNOy —L52KNO, + 0,
2N —2e > NP

1207 +4e <> 0,.
Peaxyuu oucnponopyuonuposanuss — OBP, 6 xode komopvix 0OuH u3 371€MeHmos,

CO()@prCdLL{eﬁCﬂ 6 00HolU MOJIeKyiie, 0()H06‘p€M€HHO u noevluiiaem, U nNOHUNCAEM CMENEHb
OKUCJICHUAL:

Cl, + 2KOH — KCIO + KCl + H,0O
1|Cly —2e <> 2CI"
1|Cly —2e <> 2CI .

K aucnponopuMOHMpPOBAaHUIO — CIIOCOOHBI  MOYTH  BCE  YacTUIBl, HMEIOIINE
IIPOMEKYTOUYHYIO CTEIIEHb OKMCIICHHUSI.
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Haubomnee pacmpocTpaHeHHBI pEaKIMU TPETbETO THIA, KOTOPHIE MPOTEKAIOT C
W3MCHEGHHUEM CTETICHH OKUCJICHHS aTOMOB B pa3HBIX MOJEKylaxX, T.€. OKHCIUTENIb U
BOCCTAHOBHUTEJIb HAXOATCS B pa3HbIX BemecTBax. Cro/a ke CleayeT OTHECTH U PEaAKITUH MEXITY
pPa3HBIMH BEIIECTBAMH, B KOTOPBIX aTOMBI OJHOTO M TOTO K€ JJIEMEHTa HMMEIOT Pa3IndHYIO
CTEINECHb OKMCIICHHUS:

SHCI +HC]O3 —> 3C12 + 3H20

112CI +10e <> CIY
512CI" —=2e <> CIY

AJITOPUTMBI COCTABJIEHHUSI MOJTHBIX YPABHEHUI OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX

peaxkuuii

[IpaBunbHO cOCTaBeHHOE MMOJIHOE ypaBHeHHEe peakuuu OBP momkHO yIOBIETBOPSTH
3aKOHY COXPAHEHHS] MacChl BELIECTB — YUCIO OOHUX U MeX Hce AMOMO8 8 UCXOOHbIX 8eujecmeax
U NpoOyKmax peaxyuu OOMHCHO Obimb oO0urHakogvim. B MOHHBIX ypaBHeHMAX OBP nomxHbI
BBITIOJTHATHCS: 3aKOH COXPaHEHHsI MAacChl BEIIECTB M YCIIOBHE AJIEKTPOHEHTPAIBHOCTH — CyMMda
cmeneHell OKUCIEHUsI UCXOOHBIX Geujecms 00NNCHA Oblmb paeHa cymme CmeneHell OKUCTeHUs
NPOOYKMO8 peaKyuu.

Kpome »srToro, HeoOXOIMMO TMOMHUTH, YTO CTENEHb OKHUCIEHUS MOXKET OBITh
OTpULIATENILHOM, TIOJOKUTEIBHOMN, paBHOW HYJIIO, @ TAK)KE M JPOOHBIM yucioM. Tak, Harpumep,
st coenunenns KOz cTenenb OKUCISHHs KUCIOpoAa paBHa (—)s.

Cmenenb okucieHus 6ce20a npueooumcs co 3Hakom (3Hak IUTIOC HE OIyCKaeTcs, a BCceraa
yKa3biBaeTcs!).

[Ipu cocraBneHnn ypaBHEHHI OKUCIATEIEHO-BOCCTAHOBUTENBHBIX PEAKIIUN UCTIONB3YIOT
JBAa METOJla: METOJl JJIEKTPOHHOTO OamaHca W METOJ AJIEKTPOHHO-MOHHO-MOJIEKYJISPHOTO
Oamanca (Meron mnomypeakiuii). IlocmegHuit METON HMCMONB3YETCS TOTAAa, KOTJA pPEaKius
MPOXOJUT B cpee anekTponuta. [Ipu sTom crnabble ANEeKTPONUTHI, a TaKKe MajiopacTBOPUMbIE
BEIIECTBA, 3aIMCHIBAIOTCS B MOJICKYJISIPHOM BHJIE, & CHIIBHBIC — B BUJIC HOHOB.

Aneopumm cocmasnenus ypasnenuti OBP:

1) onpenensoT OKUCIUTENh U BOCCTAHOBHUTENb (B TaOIHMIIaX HAXOMAT COOTBETCTBYIOIINE
3HAYEHUS CTAHJIAPTHHIX MMOTEHIIMAJIOB PEAareHTOB IaHHOM peaklun);

2) ompenensioT, Kakue CTETIeH! OKUCICHUS PHOOPETAIOT BOCCTAHOBUTEIb M OKHUCIIUTEIb
nocne peaknuu. Yem Oojee CHUIBHBIM OKUCIHWTENh YYacTBYEeT B pEaKIUH, TaM BBHIIIE
MIOJTHIMAETCS CTETICHb OKUCIICHHSI BOCCTAHOBHTEIISL.

AHanoru4Ho, yem OoJiee CUJIbHBIH BOCCTAHOBHUTEIb PEATUPYET C OKUCIHUTEIEM, TEM
CHJIbHEE ITOHMKACTCSl CTETIEHb OKUCIICHUS OKHCIUTEIS.

3) ompenensooT, B BUAE KAKUX COEIWHEHUH CYHIECTBYIOT OKHCIICHHbIE U
BOCCTAHOBJICHHBIE JJIEMEHTHI B IAHHOW cpefie (KUCIIOH, IIeIOYHON 1 HelTpanbHoi). Hampumep,
Fe’™ B xucnoli cpeme cymecTByeT B Buae conmu Fe (+3), a B INEIOYHONM cpele — B BHUJIE
MaJIopacTBOpuUMOro ocanka Fe(OH)s.

4) wnHaxomaT kodbdummeHtsl B ypaBHeHnun OBP Meromamu 3JIEKTPOHHOTO WIJIH
3JIEKTPOHHO-MOHHOTO OanaHca.

B wMmerome onexkTpoHHOro OanaHca paccMaTpUBAIOT MOJMYpPEaKLUUU OKUCICHHUS H
BOCCTAaHOBJICHUS C YYaCTUEM aTOMOB, HAXOSIINXCS B ONPEACIEHHBIX CTETICHAX OKUCIICHUSL.

BO]’[pOCBI H 3aJaHuA

ITpumep 1. Ucnonb3yst MeTOJT 37IEKTPOHHOT0 OajaHca, COCTAaBUTh YpaBHEHUE CIICAYIOIIEH
OKHUCJIUTEIbHO-BOCCTAHOBUTEIIBHOMN pPEaKIIUU:

FeCly + KI —
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VYKka3aTb OKMCIUTENIb U BOCCTAHOBUTENb; ONPEACTUTh UX SKBUBAJICHTHI U SKBUBAJICHTHBIC
MAcCChI; BBIYUCIIUTE MOTEeHIIMAT ['nOOca U KOHCTAaHTY PaBHOBECHS PEAKIIMHM U CIIENaTh BBIBOJ O
rryOuHe e€ mpoTeKaHus.

Pemenue: 1) 3HaueHus CTaHAApPTHBIX MOTEHIMAJIOB PEAarcHTOB (CIPaBOYHBIE JAHHBIE):
¢’ (Fe3/Fe*?) = 0,76 B, ¢°(I/2I") = 0,54 B,

2) tak kak @(Fe*3/ Fe*?) > @’(I/2I)), 10 Fe™ — oxucnuTenb, BOCCTAHABIMBAETCS [0
Fe™?; I - BOCCTaHOBUTEIb, OKUCIISAETCS 10 12;

3) cxema nanHoit OBP Oyner umMeTh crneayronmii BUI:

FeCly + KI = FeCly + I, + KCI |

Ilpumeuanue. Cxema OBP TONBKO MOKa3bIBA€T XapakTep MCXOJIHBIX M KOHEUHBIX
BELIECTB.
4) 3anuieM >J1eKTPOHHbIE YPABHEHUS JUIsI TTOJTy PEaKIIHii

2 |Fe+3 +e © Fe+2; Fet3 — OKHCJINTEb;

1121 —2e <> 1p; ] —BOCCTaHOBWTEIb;

3(1Fe+3) =1MoJ1b; MOJIBHAsI Macca HKBHBAJICHTA —M(lFe+3) = 56— ;

1 1 MOJIb

2 1 r 2
O(—1 ) =1monb; MonbpHast Macca dSkBuBaneHta—-M (-1 )=127 ;

2 1 MOJIb

+3 - +2
2Fe™™ +21 =2Fe ™ + Iy — xparxoe nounoe ypasuenne OBP (f1s1 HETO BBIIONHSETCS

3aKOH COXPaHEHUS MacChl BEHIECTB U YCIOBUE YIEKTPOHEHTPAIIBHOCTH);
6) u, OKOHYaTeIbHO — mojHOoe YypaBHeHue OBP (11 Hero BBINOJHSETCS 3aKOH
COXpaHEHHUS MacCChl BELLIECTB):

2FeCly + 2KI = 2FeCly + I + 2KCI;

7) BBIYMCIAM H300apHO-TepMHUUecKuii moteHman ['m6oca mo dpopmyie AG? = —
nA@’F, JIx/MoIb 1 KOHCTaHTy paBHOBecus peakiun 1o(10.1.86)
a) AG"=—-1-2+(0,76 — 0,54) 96500 = — 42460 JIx/monb = — 42,46 k] [/MOIb;

6) lg Kfog =16,90 nAp” =16,90-1-2(0,76 - 0,54) = 7,436; Ko =107 x2,73.107.

BoiBoa: rnyOuHa TpoTeKaHUS MPSAMOM peakiMy OTHOCUTENIBHO HEBENUKa, YTO
00yCJIOBJICHO HE3HAYUTEIHHBIM PA3IMYUEeM BEIHMUWH CTAHAAPTHBIX HJIEKTPOJHBIX MOTEHIIMATIOB
pEareHToB.

B memooe snexmponno-uonnozo banranca (mounee — 31eKmMpOHHO-UOHHO-MONEKYIAPHO20
bananca) paccmampusaiom nepexoo 31eKmMpOHO8 Om OOHUX AMOMO8 UIU UOHO8 K Opyeum ¢
Yuémom xapaxmepa cpeovl.

JIns ypaBHUBaHUSA aTOMOB KMCIIOPOJIa, a 3aTEM BOAOPOA, B HEUTPAIILHOU PH=7)u
nieniouHoi cpene (pH > 7) ucnonb3yrot: 1) OH™ — HOHBI, 9HUCI0 KOTOPBIX OOBIYHO YABAUBAIOT; 2)
MOJIEKYJIBI BOJBI B Kucioi (pH < 7): 1) Monekybl Boabl (i kucnopoaa!); 2) npororst H (ms
BOJZIOPOAA).

Meton  3MEKTPOHHO-MOHHO-MOJIEKYJIApHOTO OanaHca Ha3bIBAIOT TaKXKe METOJ0M
MOy PEAKIUA, 1 OH UMEET PSi/I IPEUMYIIECTB 110 CPABHEHHUIO C METOJIOM JIEKTPOHHOTO OalaHca:
BO-TIEPBLIX, HE HAI0 OMNPEIENSITh CTENEHU OKHUCICHHS DJIEMEHTOB, TaK KakK pacyér yucia
DIIEKTPOHOB TPOUCXOJUT TIO 3aKOHY COXPAaHEHUS 3apsloB, W, BO-BTOPBIX, aBTOMATHYECKH
nonouparTcs kKod(h(PUIMEHTH B COKpAlIEHHOM HOHHOM ypaBHeHHH naHHoi OBP. OcobeHHO
BakeH nocyuenHuil Merox B OBP ¢ yuacTrem opraHMYecKMX COEAUHEHMMH, T€ YacTO CJIOXKHO
OTIpEeIeNIUTh T€ aTOMBI YIJIepo/ia, KOTOPbIE MEHSIOT CBOIO CTETIEHb OKUCIICHUS.
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Meton nonypeakuuii npuMeHuM ToJbKo K TeM OBP, kKoTOpble mpoTeKaroT B pacTBOpax,
II03TOMY BaXKHO YUYHUTBIBATh XapakKTep Cpellbl, B KOTOPON NPOTEKAET JaHHAs OKUCIMTEIbHO-
BOCCTAaHOBUTEJIbHAS pEaKLIUs.

Ipumep 2. (pH < 7). Onpenenuts K03(pPUIHEHTH METOIOM MOIypEaKLUil B CIEAYIOIICH
peakuuu:

KMI’IO4 + Na2S03 +H2SO4 —>

VYkazaTh OKHCIHUTEIh U BOCCTAHOBHUTEIB; ONPEACITUTh X SKBHBAJICHTHI H SKBUBAJICHTHBIC
MacCChl; BBIYHUCJIIMTh IIOTCHIIMAJI FI/I66C3. U KOHCTAHTY PaBHOBCCHA PCAaKIMU U CACIATb BBIBO O
rryOuHe e€ mpoTeKaHus.

1) o*(MnO; +8H™ / Mn** + 4H,0) =1,51B;
9’ (SO2™ +2H™ /(SO3™ + H,0) =0,22 B;

Mn04 — OKUCJHUTENb, B KHUCIOH Cpele BOCCTaHABIMUBAETCSA [0 Mn?; S03 -

BOCCTAHOBUTEJb, OKUCIISIETCS 0 S04 ;
2) cxema ganHoit OBP umeer crnenyroniuii Bua:

KMnO4 + Na2S03 + H2S04 —>—> K2SO4 + Na2504 +MI’lS04 + H20

3) SIEKTPOHHO-UOHHO-MOJIEKYJISIPHBIC YPaBHEHHUS TMOJYpPEaKIuil, C Y4eTOM KHCIIOM
cpenbl, OyayT UMETh BU:

2| MOy +8H™ +5¢ <> Mn** +4H,0
5| SO3™ + HyO—2e <> SO; +2H",

MoapHBIC MacChl SKBUBAJICHTOB OKHCJIUTENIS M BOCCTAHOBUTEISA COOTBETCTBEHHO:

M(%MnO;) =é-119 ~238 ©

. M 507 )="L.80=400-" .
MOJIb 2 2 MOJIb

4) yMHOkaeM 00e MOoNypeaklnd Ha MX 0o0IIrue MHOXHUTENTH (2 U 5 COOTBETCTBEHHO),
MI0CJIE ATOTO CYMMHPYEM IIOTIapHO JIEBBIE M MPABbIE YaCTH IMOTypEaKIfii, IPUBOIUM MOT0OHBIC

U IToJIydaeM KpaTKOC NOHHOC YPAaBHCHUC!

2MnO; +580;" +6H" <> 2Mn*" +550; +3H,0;
5) mpubagssieM COOTBETCTBYIOIINE MPOTUBOMOHBI U TTOJTy4aeM MOJIHOE ypaBHeHHE nanHoi OBP:

2KM7104 + 5N02S03 + 3H2S04 == 2MnSO4 + 5N02S04 + K2S04 + 3H20

Ipumeuanue. TecT-mpoBEpKy MPOBOANM TOJICUETOM YKCIA AaTOMOB KUCJIOPOA B JICBOK U
MPaBOM YaCTIX MOJYYEHHOTO MOJHOro ypaBHeHus OBP.

Hampumep, uncio aToMOB KUCIOPO/Ia B 00EUX YaCTSIX COCTABISET MO 35 aTOMOB.

6) pacuet nmoteHnuana [ moGca u KOHCTAaHTHI PABHOBECHSI PEaAKITUU:

a) AG’ = - 5-2+(1,51-0,22) 96500-10° = —1244,85 xJI/MOJb;

0

AG —1244.85
0) IgK jog = = 3
-2,3RT -23-8,314-10" - -298,2
BbiBoa: riyOMHA TPOTEKAHWs MNPAMON pEaKIUH OYEHb BEJIUKA, YTO OOYCIOBJIEHO

3HAQUUTENBHBIM Pa3IMYMEeM BEIMYUH CTaHAAPTHBIX 3JIEKTPOAHBIX IOTCHIIMATIOB PEAreHTOB —
peaxiyst MpakTUYeCcKH HeoOpaTuma.

~21831; K2 =1021331x20.10%18,

298
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[Ipumep 3. (cpena ueirpanpHas — pH = 7). CocTaBUTh ypaBHEHHE OKHCIICHUS CyJIb(puUTa
HATpUsl NEPMaHTaHATOM Kayius B HelfTpanbHOW cpexe. Koaddunumentsl mogodpaTe MeToa0M
MOJTYpEAKIIUM.

KMHO4 + Na2S03 + H20 —>

Onpenenutsb ryOMHY IPOTEKAHUS PSIMOM PEaKIIUu.
3.1 Omnpexnenuim HaNpPaBICHHOCTh ATOM pPEaKIUH, T.€. ONPEACIUM OKHUCIUTEIb W
BOCCTaHOBUTEIb:

¢’ (MnO; +2H,0/MnO, + 40H ) =0,6B;
0’ (SO;™ + H,0/(SO:™ +20H )=—-0,93B.
W3 BennuuH cranaapTHeix OB-noTeHHManoB cieqyer, 4YTo MI’ZOZ — OKHCIIMTEIb, B

2—
HeﬁTpaHLHOﬁ cpeac BOCCTAHABIIMBACTCA OO MHOZ; S 03 — BOCCTAHOBHTCIIb, OKUCIIACTCA A0

Noras
3.2 3anumem cxemy ganHon OBP

KMn04 + Na2S03 + H20 —> MnOz + Na2504 +...

[Toka Henmb3st TOUHO ONPENETUTh KaKou enié OyIeT MPOAYKT B JaHHOM peaKIliu.

3.3 CoctaBuM Moypeakuu Jisi: 1) OKUCTUTENs U 2) BOCCTAaHOBUTEIIS.

1) Mn 04 <> Mn 02 — cXeMa I0JIyPEaKLUU.

VYpaBHUBaHUE KHUCIOPOJA BEAEM C IMOMOIMIBIO YABOSHHOTO YKCIIa TUAPOKCHU - UOHOB, a

BOJIOPO/1a — MOJICKYJT BOJIBI:

MnOy +2H,0 +3e <> MnOy + 40H  — nonypeakuus 11 okucauTens;
2) SO;7 <> S0;  _cxema TOJTyPEaKIUK [jis BOCCTAHOBUTEJIS;

2— - 2—
SO3 +20H -2e< SO4 +H 20 — MOy peaKLysl Ul BOCCTAHOBUTEIIS.

3.4 Tenepb COCTaBUM 3JIEKTPOHHO-MOHHO-MOJIEKYJISIPHbIE YPaBHEHUS:

2|MnOy4 +2H,0 + 3e <> MnO, + 40H
31803” +20H™ —2e <> S03™ + H,0.

3.5 IIpoBogum aHajoOrM4YHbIE omepanuu (cM. mnpumep 1) U TodydyaeM HMOHHO-
MoJieKkyJisipHoe ypaBHeHue OBP:

2MnOj +3S03™ + Hy0 <> 2MnO, + 3505~ +20H ™.

HNonno-monexynspaoe ypaBHenue OBP ynoBneTBopsieT marepuanibHOMy OallaHCy U
YCIIOBUIO JIEKTPOHEUTPAIBHOCTH.
3.6 [IpubasisieM COOTBETCTBYIOIIME TPOTHBOMOHBI U TIOIy4aeM nojHoe ypaBHeHue OBP:

2KMI’ZO4 + 3Na2SO3 + H20 = 2Mn02 + 3Na2S04 +2KOH .

3.7 BremonHeHHe MarepuanbHOro OanaHca s mojHoro ypaBHeHust OBP mpoepsem
IIOJICYETOM aTOMOB KMCJIOPOJa B JIEBOM M IpaBoOW 4acTax ypaBHeHus: cieBa 17 O = cnpasa 17
0.

Kak BHIHO W3 3TOro mpumepa, METOJ D3JICKTPOHHO-MOHHO-MOJIEKYJISIPHOro OanaHca
MO3BOJISIET TAKXKE ONPENENINTh U HEKOTOPBIE, 3apaHee HEU3BECTHBIC, TPOIYKTHl OKUCIUTEIbHO-
BOCCTAHOBUTEJIBHOW PEAKLIUH.
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lgK L, =169-nAp” =169 -6- (0,60 - (~0,93) ~155; KLy, ~10'%°,

BoiBoa: peakius npakTHUECKH HeoOpaTHMa.
ITpumep 4. (pH > 7). Ilo mpusenennoit cxeme OBP, ncnosnp3ys MeTonx 31€KTPOHHO-
MOHHOTO OajlaHca COCTaBUTh MOIHOE ypaBHeHue OBP:

KMI’ZO4 + N612S03 + KOH —

Paccuntars OJIC naHHON CUCTEMBI NpU CTaHAAPTHBIX YCIOBUSAX M IPHU CIEAYIOLINX

PpaBHOBECHBIX KOHIIECHTpALIUAX peareHToB: [MHOZ ] = 0,01; [Mn 2+] = 0,05;

[S03 _] =0,01; [S04_] =0,05 u nmpu pH = 4.1 craHgapTHBC OTEHIHANbI
OKHCIIUTENS] U BOCCTAHOBUTEIS

o (MnOy; | MnO7™) = 0,56 B; p° (SO~ + Hy0 /(SO3™ +20H ) =—0,93 B;

MnO, — oxucnuTenb, BOCCTaHABIUBACTCA J10 MnOA%_; SO3 — BOCCTAaHOBUTEIb, OKHUCIISICTCS

0 SO4_.
4.2 cxema panHoi OBP:
KMI’ZO4 + NCZ2SO3 + KOH —> K2M7104 + Na2S04 + HzO

4.3 DeKTPOHHO-NOHHO-MOJIEKYJISIPHBIE [TOJTyPEAKIIMH

2| MnOy +e < MnOL%_

1| SOF™ +20H™ —2e <> SO; + H,0.

4.3 YMHOXkaeM 00€e ToJTypeakiini Ha COOTBETCTBYIONINE KOA(PPUITUEHTHI, CYMMHUPYEM HX
JICBBIC u IMpaBLbIC qacTu u noJjrydyacm HOHHO-MOJICKYJISIPHOC YPaBHCHHUC!

2MnOg +S03™ +20H ™ <> 2MnO3~ + 505 + H,O
4.4 Jlo6aBiisist COOTBETCTBYIOLINE IPOTUBOMOHBI, TOTy4aeM MOJIHOE YpaBHEHUE peaKLUu:
2KMI’ZO4 + Na2S03 +2KOH = 2K2Ml’l04 + Na2S04 + H20 .

4.5 IIpoomum Tect mo kucinopony: 130 (cmeBa) = 130 (cmpaBa) — ycioBue
MaTEepHAILHOIO 0ajgaHca BBITOIHAECTCS.

4.6 Pacuér O/IC cuctemsl IpH CTaHAAPTHBIX YCIOBHSAX:

AC? = Ap ? =p"(MnO+/MnO+)—¢"(SO+/S05%) = 0,56—(-0,93) = 1,49 B.

4.7 Ounenky OJIC mnpu paBHOBECHBIX KOHILIEHTpPALMSIX pEarcHTOB BEIEM C
ucnojabs3oBanueM ypaBHeHnus Hepuera (10.1.10):

a) BBIUMCIIEHUE PAaBHOBECHOI'O MOTEHIIMAIA IEpMaHTaHAT-MaHTAaHATHOTO 3JIEKTPOJIa:

_ _ MnO71-[H® 18
o(Mn) =" (MnOy /| MnO;™ ) + 0,059 lg[ n041-1H ] 0,56 + 0,01- g 00117 _ ) 553 8:
5 [ M”OA%_] 0,05
0) BBIUMCIICHHE PAaBHOBECHOTO MOTEHIINANA CYyIb(aT-CyIb(PUTHOTO dIEKTPOIA:
2— +92 2
o(B) =9 (S0} /SO )+ 0059, 1504 ] 2[H L 093+00295- 1gL118 =-0378 B;
2 [S037] 0,01-10~

B) IC = Ap = o(MnOs/MnOs)— ¢(SO#/SO5) = 0,553—(~0,378) = 0,931 B.

ba3oBblii ypOBEHb
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1 PaccuunraiiTe creneHb OKHCIEHUSA a3ora B ero coeaumHenusx: AIN, N>2Hs, NH>OH,
N20, NO, N203, N204, N20:s.

2 Hanummre mnonHoe ypaBHEHHME peakIUM, MPUMEHSS METOABI HJIEKTPOHHOIO
OanaHca U MoJTypeakiuii, o cieayounei cxeMme noaypeakuu:

K>Cr207 + SnSO4 + H2SO4 —

Omnpenenure SKBUBAJCHTHI BOCCTAHOBUTENS M OKHUCIUTENS; PACCUMTANTE MX MOJIBHBIC
Macchl.

3 K xakomy tumy OBP orHOocuTcst peakuumsi pasioxenus H20:? Uem oOwsicHseTcs
CHOCOOHOCTh MEPOKCUIA BOJAOPOAA K TAKUM NpeBpalleHusAM? 3aKOHUUTE YPaBHEHUs PeakUui U
HAMMIINTE IS KQKI0W U3 HUX 3JICKTPOHHO-UOHHBIE U MOJIEKYJISIPHBIC YPaBHEHUS:

1) HO2— ...; 2) H202+ KMnO+ — MnO: + ...; 3) H202+ PbS — PbO> + S + ...

4. Kucnopoz MOXKHO MOITY4YUTh B PE3YJIbTATE Pa3JI0KEHNS TAKUX BEIIECTB:

1) KClO3 — ...; 2) KMnO4 — ...; 3) K2Cr207 — ...

K kakomy tunmy OBP otHOocaTrcs 53t peakuuu? CocTaBbTe JJIEKTPOHHBIE W
MOJIEKYJISIPHbIE YPAaBHEHUS ITUX PEaKIUil.

5 K Bognomy pactBopy KCIO3 nobGaBmin BonHbINH pacTBop K/3. B Kakyio cTopoHy
NPOMAET peakiusi OKHUCICHUs-BOccTaHOBIeHUA? Beruucaure OJIC »Toll  peakuuu st
CTaHJAPTHBIX YCIOBUU.

6 Kakumu cBoiictBamu Oyner ob6naaate NaNO:? Tlouemy? [lpuBenurte mpumepsl
PEaKIyii, TIe HUTPUT HATPUS — OKUCIIUTEIb, 1€ — BOCCTAHOBHUTENb?

7 Wcxons n3 3Ha4EHUI CTAaHJAPTHBIX AJIEKTPOAHBIX NMOTEHIUANIOB, ONPEACIINTE, IpsMas
Wi o0paTHas peakuys OyJaeT NPOTEKaTh B 9TOW CHCTEME NPH CTAHAAPTHBIX yclnoBusax: 1) Fe?*
+ ClIO3 + H" & F&3* + CI + H20.

2) Clz + Mn?* + H20 <> MnO+ +CF + H*;

3) NOs + Fe’t + H < NO + Fe’' + H»0;

4) 105 + SO~ + H" & I, + SO4# + H20.

JUig Kaxoi mpsIMON peakIK OLEHUTE MIyOUHY IPOTEKaHUSI.

IloBbI1IEHHBINM YPOBEHB

1 3aKOHYUTH COCTABJIIEHUE YPABHEHUS CIEIYIOIIEH PEaKIUU:
HAsO: + KMnO4 + H2504 — H3A4s04 + ...

Y COCTaBUTh JJISI HETO DJIEKTPOHHBIE M AJICKTPOHHO-UOHHBIE CXEMBI ITOTYPEAKITHIA.

Paccuutate DJ1C peakuun a1 CTaHAAPTHBIX YCIOBUM.

2 3asucur qau nporekanue OBP ot pH cpeasl? ['mapokcuiiaMuH BOCCTaHABIMBAET (IIPU
sTOoM OKkucnsiercs 0 asora; ¢’(Na+ 2H>O0 + 2H'/2NH>OH) = —1,87 B) B KHCIOM pacTBOpE
cynbdar xkeneza (+3) mo cynbdata xenesa (+2), a B MIETOYHOM PACTBOPE OKHCISET (cam Mpu
3TOM BOCCTaHaBIMBaeTcs 10 ammuaka; o' (NH>OH + 2H>O/NHs + 20H) = + 0,42 B) runpokcun
xkene3a (+2) B ruapokcua kene3a (+3). CocTaBUTh JIEKTPOHHBIE M HOHHO-3JICKTPOHHBIC
ypaBHEHHsS 00€UX peakuuid. YKazaTh OKHCIHUTEIb M BOCCTaHOBUTENb. OINpeaenuTh TiIyOuHY
MPOTEKAHUs IPSIMOTO MPOIlecca B 00EUX CiIydasx.

3 [Ipoxonutr M peakmusi B BOJHOM pacTBOPE MEXIYy HOAUAOM HATpuUi U
cBOOOAHBIM xJ10poM? [t IpsSIMO# peakIuy BEIYMCIUTH MOTeHIan [ n60ca u mpoBecTH OLEHKY
[IIyOUHBI IPOTEKaHUS Mpoliecca.

4 BpIUHCITUTE DICKTPOIHBIM mMoTeHnuan cucremel CIOs + S8H'/CI + 4H20 mipu
CTIe/IYIOIIMX PABHOBECHBIX MOJAPHBIX KOHIEHTpanusax (mons/nv’) u pH: 1) [CIO+] = 0,1; [Cl]
=0,05;pH=1;2) [CIOs] =0,05; [CI'] =0,1;, pH=2; 3) [CIOs] =0,01; [CI] =0,05;
pH = 0,5.

12I1pu xakux 3HaueHusx pH Bo3MokHO BoccTaHOBIEHHE HOHOB MnOs nonamu: 1) I7; 2)
Br3) Cl?

Cnucok JuTepaTypbl, peKOMEHAyeMblil K UCIIO0JIb30BAHUIO 110 JAHHOH TeMe
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OcHoBHas JIMTepaTypa:
1. Koporun, H. B. O6mas xumus : yaeonuk / H. B. Koposus. - 13-¢ uzn., mepepad. u gorm. - M.
: Axkagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. MuxanuHa, E. C. XuMus okpy>karomei cpesbl : XMMHUs XKUBBIX opranu3MoB. Kypc nexuuii /
E. C. Muxamuna, A. JI. Iletenun. — M. : U3narensckuii JJlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTPOHHBIH // DneKTpoHHO-01OIMoTeyHast cuctema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocryma: st
aBTOPH3HP. MOJIb30BaTeNeH
JlonoJHUTeIbHAS JIMTEPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; Ilox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - IIpeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1
2. XuMus METAJUIOB : y4eOHOe ocoOue (I CTYIEHTOB XUMUIECKOT0 (DaKyIbTeTa
HarpaBieHul 0akanaBpoB «XUMHU» U «XUMHUUYECKask TEXHOJIOTHs») / coctaBuTenu O. A.
lNonoBanoBa. — Omck : OMckuit rocygapcTBeHHbI yHuBepcurer uM. @.M. JlocroeBckoro,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TeKcT : 25IeKTpOHHBIH // DnekTpoHHO 6ubimoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: nis
aBTOPU3UP. OJIB30BATENIEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — earHOE OKHO JOCTYIa K 00pa30BaTEIBHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHUBepcuTeTcKast ONOINOTEKAa OHIANHY.

3 http://catalog.ncstu.ru/ — 3MEeKTPOHHBIN KaTAJIOT aCCOIUAITUH JIEKTPOHHBIX OMOIHOTEK
y4eOHBbIX 3aBefieHu u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 00Opa3zoBaHUE

Tema 9. OcHOBHBIE M0J105KEHUSI JJIEKTPOXUMHUH.
IIpakTnyeckoe 3ansaTue 9. I'asbBaHn4yeckue 31eMeHThI. Koppo3ust MeTasios.
DJIeKTPOJIH3

Heas  3ansatusa:  DopmupoBaHrme  HEOOXOJMMOro  KOMIUIEKCAa  3HAHWHA 00
NIEKTPOXMMHUYECKUX MpoIeccax M HX KOJMYECTBEHHBIX XapakTepucTukax. dopmupoBaHue
HaBBIKOB HUCIIOJb30BaHU q)YHI[aMGHTaHI)HI)IX 3aKOHOB M OCHOBHBIX MOHATHH XUMHYECKOMH HAayKH
B 00JIACTH 3JIEKTPOXUMUM Il TOHUMAHUS CBOMCTB MPOILIECCOB, UCIOJIb3YEMbIX B COBPEMEHHON
IMPOMBIINIJICHHOCTH

3HaHUsA M yMeHUsl, IpuodpeTaeMble CTYIEHTOM B pe3yJibTaTe 0CBOEHHUS TeMbl
3HaTh: OCHOBBI CAMOOPTaHHU3AIMH U CAMOOOPa30BAHHS;
3HaTh: CYIIHOCTH M 3HaueHHE WH(OPMAITUHN B Pa3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBHI MOYYCHHUS
1 00paboTkH HH(POPMAITUH U3 PA3THIHBIX HCTOYHUKOB
3uath: PabOTHI IO pacueTy W MPOSKTUPOBAHUIO JIETAICH U Y3JI0B MAIIMHOCTPOUTEIHLHBIX
KOHCTPYKIMUA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSIMU U UCTIOJIb30BAHUEM CTaHIAPTHBIX
CpEeICTB aBTOMATU3aLUH ITPOEKTUPOBAHUS
YMeTh: CaMOCTOSATEIHLHO CTPOUTH MPOIIECC OBJIAJICHHS HHPOpMaIuei, 0TOOpaHHOH u
CTPYKTYpPUPOBAHHOM JJIS BBIITOJHEHHS MPO(ECcCHOHATBHON AE€ATENbHOCTH.
YMeTh: moay4aTh U 00pabaThiBaTh HHGOPMAIUIO U3 PA3TMYHBIX HCTOYHUKOB
YMern: TIPUHUMATh YUacTHe B pab0oTax Mo pacyeTy U MPOCKTUPOBAHUIO JACTAICH U y3TI0B
MAIIMHOCTPOUTENbHBIX KOHCTPYKLUU B COOTBETCTBUM C TEXHUYECKUMH 3aJaHUSIMU U
KCIIOJIb30BAHUEM CTAHAAPTHBIX CPEICTB aBTOMATHU3ALUU ITPOECKTUPOBAHUS
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HanmenoBanue ¢GpopMHUpyeMbIX KOMITCTCHIIHMA

Hunekc DopMyIHpPOBKA:
OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3alUHA U CaMOOOpa30BaHHIO
OIIK-4 NOHMMaHHMEM CYIIHOCTH U 3HaueHHs HH(POPMAIUU B Pa3BUTUH

COBPEMEHHOTO O0IIECTBa, CITIOCOOHOCTHIO MOTy4YaTh U 00pabaThIBaTh
UH(POPMALIMIO U3 PA3TUYHBIX HICTOYHUKOB, TOTOBHOCTHIO HHTEPIPETHPOBATH,
CTPYKTYPHPOBATh ¥ OPOPMIISATH HHOOPMAITHIO B JOCTYITHOM JJIsI APYTHX
BUC

IK-5 CIIOCOOHOCTBIO MPUHUMATh YUacTHE B paboTax Mo pacyeTy u
POCKTHPOBAHUIO J€TANCH U Y3JI0B MAIIMHOCTPOHUTEIHHBIX KOHCTPYKIUH B
COOTBETCTBUH C TEXHUYECKUMH 33JaHUSIMH U UCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEJICTB ABTOMATU3ALIMH MPOSKTUPOBAHHSI

OpnnuM 13 Haubosee OBICTPO Pa3BUBAIOLIMXCS HANPABICHUM MPUKIATHON JIEKTPOXUMUH,
TECHO CBSI3aHHOM C JJIEKTPOTEXHUKOMW, SBISETCS pa3paboTKa HETPAJUIMOHHBIX XUMHUYECKHX
nuctouHuKoB Toka (XUT), mepcrieKTHBHBIMU CPEM KOTOPBIX SIBJSIFOTCS TBEPIO0-3JICKTPOIUTHBIC
XUT c HaTpWeBBIM W JIMTHEBBIM aHOJAaMH. [IpUMEHEHHE IIEIOYHBIX METAIIOB B KayecTBE
AQHOJHBIX MAaTEPHAJIOB BHITOJTHO TEM, YTO OHHM OOJAaJal0T CaMbIMU HU3KHUMH Cpeau Opyrux Me -
OB JJIEKTPOXUMHYECKUMH OSKBHUBAJICHTAMH M BBICOKUMH OTPHULATEIBHBIMU 3HAYCHUSMHU
AIIEKTPOAHBIX MOTEHIHANOB. [1020My 3HAHUS SITEKTPOXXUMHUH —aKTyaIbHBI.

Teopernyeckas 4acTb

[TpuGop, B KOTOPOM XMMHUYECKast SHEPTUS OKHCIUTEIHLHO-BOCCTAHOBUTEIFHON PEaKIINN
IpeBpaIIacTCs B JIEKTPUIECKYI0, HAa3bIBACTCS TAIbBAHMYECKUM 3JIEMEHTOM.

OcHOBHasi cOCTaBHAs YacTh TaJlbBAHMUECKUX DIIEMEHTOB — 3JIEKTPO/Ibl. Yare Bcero oHu
OBIBAIOT METAUIMYECKHMHU. DIEKTPOJ, Ha KOTOPOM TIPOUCXOJUT MPOLECC OKUCICHHS,
Ha3bIBACTCS AaHOJIOM.

Tak, ecnu B ralbBAHUYECKOM 3JIEMEHTE MMEIOTCS METHBIM U LUHKOBBIN 3JIEKTPOJBI, H B
TIOCJIETHEM NPOMCXOAUT MPOLIECC OKUCIEHHs uHKa: Zn’ — 2e” <> Zn’", T0 NMHKOBBIN 3JIEKTPO
OyIeT aHOAOM.

DNeKTpoJ, Ha KOTOPOM MPOMCXOIUT MPOIIECC BOCCTAHOBJICHHUS, Ha3bIBACTCA KaToq0M. B
BBIIIENPUBEIEHHOM NIPUMEPE KATOJOM SBISETCS MeAHBIN dnekTpon: Cu’™+ 2¢” > Cu.

DJIEeKTPOHBI C JIEKTPO/a, HA KOTOPOM TPOUCXOIMT IMPOIECC OKUCICHUS, ePEeXoaiT Ha
AIIEKTPO/I, TJIe MMPOTEKAET MPOIECC BOCCTAHOBICHUS.

Takum 00pa3om, B ralbBAHUYECKOM AJIEMEHTE, MMEIONIEM B KaueCTBE KaToJa MEJHYIO U
B KaueCcTBE aHOJa IIMHKOBYIO IUIACTHHBI, 3JICKTPOHBI C IIMHKOBOH IIACTHHBI OyIyT MEPEeXOaANThH
Ha MEHYIO.

10.7 DnekTpox B raJbBaHMYECKOM 3JIEMEHTE HAXOIUTCS B pacTBOpPE JJIEKTpoiHTa. B
NPOCTEHIIEM CITydae JICKTPOIUTOM SIBISIETCS PACTBOP COJIM TOTO METaJlIa, U3 KOTOPOTO CAeIaH
JIIEKTPOI.

Tak, B MEIHO-IIMHKOBOM TaJIbBAHMUECKOM DJIEMEHTE ITUHKOBBIM JIEKTPOJI MOXKET OBITh
HOMEIIEH B pacTBOP Cynb(haTa IIMHKA, a MEIHBIH — B PacTBOp CyJbdara Meau.

CrnenmoBatenbHO: IUHK IMOMEIIAIOT B PacTBOP, COACPKAIIMK KAaTHOHBI IIMHKA, a MEIb B
pacTBOp, COAEPIKAIINIA KATHOHBI ME/IH.

Cuctema, cocrosimias U3 MeTaia, OMYIIEHHOTO B PAcTBOpP, COJCPXKAIIUA €ro HOHBHI,

Ha3bIBAETCS TOJIy>JIEMEHTOM U 00O3Hayaercs M€n+ / Me (cBepxy Bcerja OKHCICHHas
dbopma).

JlBa moJysneMeHTa, COeAMHEHHBIE MPOBOJHUKOM, O0Pa3yIOT raJlbBAHUYECKUN JIEMEHT
(pucynox 9.1):
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Pucynox 9.1 Cxema mMeOHO-YUHKOB02O0 2AIb8AHUUECKO20 dNleMeHmda

B ragpBaHMYECKOM 3J€MEHTE OAMH 3JEKTPOJ (aHOJ) pacTBOPSETCS, T.€. HOHBI METaslia
nepexoAsT B pacTBOp. Tak B METHO-IIMHKOBOM TaIbBAHUYECKOM D3JIEMEHTE IPOHMCXOIHT
pacTBOpEHUE IIMHKOBOM TUTACTUHKH.

B pesynbrare mepexosia MOHOB IIMHKA C TUIACTHHKH B PAacTBOP Ha IUTACTHHKE OCTAETCs
M30BITOK DJIEKTPOHOB, M OHA 3apspKaeTcsl oTpunatenbHo. C Ipyroil CTOPOHBI, MEPEXO] MOHOB
IIMHKA B PACTBOP TPUBOJIUT K YBEIIMYCHHUIO X KOHIICHTPAILIMU B PAaCTBOPE.

brnarongapst mepexoay MOHOB IIMHKA C IJIACTHHBI B PAcTBOP BEC IMHKOBOW IUIACTUHKH
OyZleT yMEHBIIaThCSI.

OmHOBPEMEHHO C ATUM Ha MEIHOM JJIEKTPOJE MPOUCXOTUT MPOIECC BOCCTAHOBJICHHUS

MOHOB MEJH U3 pacTBoOpa: CM2+ +2e <> Cu .

3a cuéT 3TOrO TMpoIecca KOHICHTPAIKsI HOHOB MEAH B paCTBOPE YMEHBIIIAETCs, a Macca
ME/IHOM TUTACTUHKY YBEIUYHBACTCS.

Iepexon monoB Cu?" M3 pacTBOpa Ha IUIACTUHKY NPMBOAMT K TOMY, YTO MejHAs
TUTACTHHKA 3apsHKAeTCsl MOJIOKUTENBHO.

PaccmoTtpenHsIil ranbBaHYeCKUi dmeMeHT (3neMeHT lanuanst — AkoOu) cxemaTrudecku
MOYKHO 3aIUCaTh CIEAYIOIIMM 00pa3oM:

(-)2n|ZnS O CuSO4]Cul+)
WM B HIOHHOU (hopme:

(—)Zn Zn** Cu2+|Cu(+)_

OnvHOYHBIE IMHUM B CXeMax 0003Ha4al0T IPAHUILY METAJLl — PacTBOP, a JBOMHBIE JTMHUU
— IpaHUIly MeXy pacTBopaMu. OTpULIATENbHBIN 3JEKTPO/ (aHOI) 3allUChIBAECTCA CIIEBA.

B ocHoBe paboThl pa3oOpaHHOrO 3JIEMEHTA JIEKHUT OKHUCIMTEIbHO-BOCCTAHOBUTEIbHAS
peakuus:

Zn+CuSOy4 — ZnSOy + Cu

WA B MIOHHOH (opMme:

/n +CuZJr — Zn2+ +Cu .

B ranpBaHMYECKOM 3JIEMEHTE, COCTAaBICHHOM W3 JKEJIE3HOW IIACTMHKH, ONMYIIEHHOW B
pactBop FeSO4 M CBUHIIOBOH IJIACTMHKH, OMYIIEHHOU B pacTBop Pb(NO3)2, xene30 sBiseTcs
aHozoM. Cxema 3TOro 3JIEMEHTa CIIEAYIOLIast:

(= )Fe[FeSO4| Pb(NO3),|Pb(+)

Ha >xene3Hom anektpoze (aHOAE) MPOMCXOJUT OKUCIEHUE. DTOT MPOIECC OMHCHIBACTCS
CJICAYIOIIUM 3JICKTPOHHO-MOHHBIM YPAaBHCHUCM!

Fe’ —2¢ > Fe*™
JXKernesHslii 2JIeKTPO IPHOOPETAET OTPULIATEIBHBIHN 3apsil.
Ha cBMHIIOBOM 31eKTpose (KaToje) MPOMCXOAMT TIPOLECC BOCCTAHOBIEHHS HOHOB Pb?"
U3 pacTBOpa:
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2+ - 0
Pb" +2e <> Pb”,
CBUHIIOBBIN JIEKTPOJI 3aPSAKAETCS TOJIOKUTEIBHO.

Cymmupys o0a ypaBHEHHS, MOJyYdM HOHHOE YpPaBHEHHE pEaKIUH, MpOTeKaromeld B
JJAHHOM TaJIbBAHUYECKOM DJIEMEHTE:

Fe+ Pb*t = Fe*" + Pb

DNEKTPOHBI 1O TPOBOJIHUKY, COCAMHSIONIEMY IUIACTUHKH, OYIyT TMEpeXOoIuTh OT
JKeJIE3HOM TIACTUHKU K CBUHIIOBOM.

Hrak, B ranbBaHUYECKOM 3JIEMEHTE O MPOBOJHUKY, COCIUHSIOMIEMY 3JIEKTPOJIbI, TEYET
3JIEKTPUUYECKUN TOK.

[TosiBEHME IEKTPUUYECKOTO TOKA CBUAETEIBCTBYET O HAIMYHUHM PA3HOCTH MOTEHIIMATIOB
MEXIy »dJIEeKTpoaaMu. IHade ToBOps, HAa OJHOM M3 D3JEKTPOJAOB BO3HHMKAET  KAKOH-TO
onpeAeaEHHbIN TOTEHIHAII, PA3JIMYHBINA JIJIS1 PA3JIMYHBIX JIEKTPOIOB.

[ToTenuman, KOTOPbI YCTAHABIMBAETCS HA METAIUIMYECKOM AJIEKTPOJE, TOMEIIEHHOM B
pacTBOp COJM OAHOMMEHHOTO METAJLJIA, HA3bIBAETCA SJICKTPOIHBIM MOTEHIIMAIOM METAJLIA.

N3mepeHHble B CTaHJAPTHBIX YCIOBUSAX TMOTEHLIHMAIbl METAJIOB  HAa3bIBAIOTCS
HOPMAJIbHBIMU (WMJTM CTAHIAPTHBIMU) SJICKTPOJHBIMU TOTEHIIMAJaMU MeTajlioB. VX 3HaueHus
JUTSL pa3JIMYHbIX METAJIJIOB MPUBEACHBI B Ta0uIe 9.1.

Uem Jserye MeTtaiul OTHAET DJIEKTPOHBL, T.€. YEM JIETY€ OH OKHUCISAETCS, TEM
OTPULIATENIHEE €ro JJIEKTPOAHBIM MoTeHuuan. MHaue roBops, MO BEIMYHMHE 3JIEKTPOJHOTO
MOTEHIIMATa MOXHO CYJIUTh O CIIOCOOHOCTH METaJUIa OT/aBaTh JJICKTPOHHI, T.e. 00 aKTUBHOCTHU
MeTala.

Bonee akTWBHBIM MeTaT WMEET OoJjiee OTPUIATSIBHYIO BEIMYUHY 3JIEKTPOTHOTO
noTeHIMana. Tak, HOpMajbHbIE SJIEKTPOAHBbIE TIOTEHUMAIbl MarHus, LHHKA W MeEIu
COOTBETCTBEHHO paBHbI (B B):

0° (Mg | Mg? ") =-234:0°(Zn/ Zn**) =-0,76;0° (Cu/ Cu*") = +0,34.

CpaBHUBAs 3TH 3HAYCHUS, MOYKHO CJICJIaTh BBIBOJI, UTO HANM0OJIEe aKTUBHBIM M3 3TUX TPEX
MCETAJIJIOB SBJIACTCSA MaI‘HHfI, a MCHEC aKTUBHBIM — MEb.

B rampBaHWYECKOM 3JIEMEHTE, MMCIOIIEM JIBa Pa3JIMYHBIX METALNTUYCCKHX 3JICKTPOa,
AHOJOM GYIICT METAJlI C MeHleeﬁ BCHHqHHOﬁ CTaHI[apTHOI‘O E)HGKTpOI[HOI‘O noreHnuana, T.C.
0oJiee aKTHBHBIM METaJII.

Hampumep, B raTbBaHUYECKOM IJIEMEHTE

Mg Mngr Zn**\zZn

HauOoJee OTPUIIATEICH JJICKTPOAHBIA TOTEHIMAT MAarHus, TIMO3TOMY MAarHUEBBIHA
3JIEKTPO OyIeT aHOAOM.
Ha maraueBom aniektpojie (aHoje) UAET MPOLecC OKUCIICHHUS TI0 YPABHEHUIO:

Mgo e Mg2+ +2e.
Ha nunkoBOM 351ekTpoe (KaToie) MpoTeKaeT MPOIECC BOCCTAHOBICHUS IUHKA:
2+ -
Zn** +2e & Zn".

10.36 CymMmapHOE HOHHOE YpaBHEHHUE PEAKIIUH, POTEKAIOIICH B TAKOM rajJbBaHUYECKOM
AIIEMEHTE, CIEAYIOIIEe:

0 2+ 2+ 0
Mg~ +7Zn~" > Mg~ +Zn" .
Bennuunna QJICKTPOAHOTO NMOTCHIMAJIA METAJlJIa 3aBUCUT, INTaBHBIM 06pa30M, OT NIPHUPOABI

MeTajljla, TeMIepaTypbl M KOHLEHTPAallUM HOHOB MeTajjla B pacTBOpe. JTa 3aBUCHUMOCTb
BbIpaxkaeTcs ypaBHeHHeM HepHcra:
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gp:¢°(Me/Me”+)+MlgC(Me”+), o1
n

rae ¢'(Me/Me"") — HOpMabHBIN SIEKTPOAHBINA OTEHIHMAIL,

1 — YHCII0 OT/IaBaeMbIX (IPUHUMAEMBIX ) METAJUIOM JIEKTPOHOB;

C(Me"") — KOHLIEHTpaLKs HOHOB METAILIA B PACTBOPE, MOIL/IM".

IIpy KOHIIEHTpAalMM MOHOB MeTajla, paBHOH 1 MoJb/IM, BTOpOH uleH ypaBHEHHS
oOpamaercs B HOIb, TOTAA @ = (0, m.e. ONEeKMPOOHbl NOMEHYUAL MEeMauld npu e20
konyenmpayuu 1 mons/om® npeocmaesnsiem coboti cmandapmublii 21eKmpoOHblll NOMEHYUAT.

DOnexTpoABuKylias cuia FE TambBaHUYECKOTO JIIEMEHTA ONPENENseTCs Pa3HOCTHIO

MMOTEHI[MAIOB KaTO[Aa U aHO/A: E = Ok —Py.

Tak, DJIC MarHueBO-IIMHKOBOI'O TaJbBAaHUYECKOIO 3JEMEHTa, MPH KOHUEHTpAIUsIX
HOHOB COOTBETCTBYIOLIUX METaJIJIOB OIINH MOJIB/ M,

cocrasmsier: E = ¢°(Zn/ Zn**) — ¢° (Mg | Mg?*) = —0,736 — (—2,34) = 1,604 B.
Yem 6OJ'II>H_IG PA3HOCTH B 3HAYCHUAX CTAHAAPTHBIX 3JICKTPOJHBIX ITOTCHIIMAJIOB MCTAJLJIIOB,
tem Oonbie 3/[C raibBaHUYECKOTO IEMEHTA, KOTOPBIM 3TH METaJlIbl 00pa3yIoT.

CpaBaum JJIC TOABKO YTO Pa3oOpaHHOTO MAarHHUEBO-IIMHKOBOTO TalbBAHMYECKOTO
saneMmeHTa ¢ DJIC MaraueBo-MeqHOIO DJIEMCHTA.

(—)Mg Mg2+ Zn2+|Zn(+);

C(Mg/Mg2+) = C(Cu/Cu2+) = 1monw/ o>
E=¢°(Cul/Cu’t)—°(Mg/Mg?t)=+0,34—(~2,34)=2,68B.

Wrak, yem pnampmie Apyr OT JApyra HaxXOIATCS METaulbl B TaOJHMIle HOPMaJIbHBIX
3JIEKTPOJHBIX NOTEHIMAIOB, TeM Oosbie DJ]C raapBaHUUECKOTO JIEMEHTA.

Kak oTmeuanocs panee B pasjene, 3aBUCUMOCTb BEJIMYHH JIEKTPOIHBIX MOTEHIIHAIOB OT
KOHIIEHTPAllUM OKUCJIMTEIbHOM M BOCCTaHOBHUTEIbHOM ¢opM peareHta u oT pH cpens
BbIpaxkaeTcs ypaBHeHueM Hepuera (9.1).

VYpaBuenue HepHcra no3Bossier npoBoauth pacueT DJC rajabBaHMYECKHX 3JIEMEHTOB
IIPY YCJIOBUSX OTIMYHBIX OT CTaHIAPTHBIX.

W3menenne wn3o6apHoro mnoreHnuana I'mb60ca B cucTeMe 4YMCIEHHO paBHO pabote,
COBEpPIIAEMOH B pe3yJIbTaTe MPOTEKAHUS IIEKTPOXUMUIECKON PEaKIIIH:

AG =—-A4 = —nAgF, (9.2)
rnie A — paboTa »dJIEKTPUYECKOTO TOKa, paBHas MPOU3BEACHHUIO YHCIAa MOJb
IIEPEHECEHHBIX EKTPOHOB N, HANPSHKEHUS B AJIEKTpUUYECKOU 1enu Ag U noctossHHOM Dapanes
F =96 454 Kn/momns = 96 500 Kn/monb.
JIns craHIapTHBIX YCIOBUM:

AG? = A" = —nAg °F. (9.3)

KoncTanTa paBHOBECHUSA SHCKTpOXI/IMI/I‘IeCKOﬁ peakuun A CTaHAAPTHBIX YCHOBI/Iﬁ
omnpenaensiercs: popMyIIoi CaeayIOIIEero BUa:

0
1gK? =22 F 16 0nnp. (9.4)
23-RT

BGHHqHHBI KOHCTAHT paBHOBeCHﬁ JUIA pa3HBIX 3HeKTpOXI/IMquCKHX peaKHHﬁ ITIO3BOJIAKOT
OTIPEICIIATh CTCTIICHh HX HEOOPATUMOCTH.

HOCKOHBKy 3HeKTpOI[HBH>i IIOTCHIHAaJI METajlJla 3aBUCUT OT KOHHCHTpaI_[I/II/I paCTBOpa, TO
MOXXHO COCTaBHUTb UL€Ib HW3 OAMHAKOBBIX MCETAINIMYCCKUX JJICKTPOAOB, IIOI'PY>KCHHBIX B
PacTBOPLLI C pa3J'II/I‘-IHOf/'I KOHL[eHTpaL[HefI HMOHOB HOTOI0 McETalyia — 25mo KOHL{eHmpaL{MOHHblﬁ
2ANbBAHUYECKULL DJIeMEHM.

3J1C KOHIEHTPAIIMOHHOTO 3JIEMEHTa OnpeenseTcs mo Gopmyie:
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0,059 e C,(Me™)
z o C,(Met)

I'JIE C(ME*") — KOHLIEHTpaL|sl HOHA METaJlIa B IPHAIEKTPOIHOM CIIOE, MOJIL/ M, TIpUYEM
c1(me®") > ca(me*") ; z — cTeneHb OKUCIEHHS HOHA.
DIEeKTPOIHN3
TeopeTrueckre OCHOBBI
DIIEKTPOIN30M HA3bIBAECTCS OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIN MTPOIIECC, MPOUCXOSAIININ Ha
AMEKTPOAAX MPU MPOIMYCKAHUH NOCMOAHHO20 STACKTPUUECKOTO TOKA Yepe3 pacTBOP WM pacilyiaB
AJIEKTPOJINTA.
J1J1s oCyIIECTBIICHUS AIIEKTPOIN3a HEOOXOIMMO B COCY/I C PACTBOPOM HITH PACIIIaBOM
AJIEKTPOJINTA BHECTH J[BA DJIEKTPOJIa, COSAMHEHHBIE C MOJIFOCAMH BHEIITHETO HCTOYHHUKA
MOCTOSTHHOTO TOKa.

DNeKTPo, MPUCOSTUHEHHBIN K OTPUIIATEILHOMY TOJIFOCY BHEIIHETO HCTOYHUKA
MOCTOSTHHOTO TOKa, Ha3biBaeTcs katoaoMm (K).

[Ipomyckanue Toka dYepe3 JIEKTPOIUT MPUBOJUT K TOMY, YTO HMOHBI B PacTBOpE
HAUMHAIOT rnepemernarbes. [lomokuTenbHbIE MOHBI, KAaTHOHBI, IBHXKYTCA K OTPHUIATEILHOMY
anekTpony — Karomy. OtTpunartenbHble WOHBI, AHHWOHBI, JIBHKYTCS K IMOJIOKUTEIHHO
3apsSHKEHHOMY 3JIEKTPOY — aHOAY.

Ha karone uaér mpoiiecc BOCCTaHOBJIEHUS, T.€. MPOLIECC MPUCOSAUMHEHUS 3JIEKTPOHOB.
B nau6onee npocTtom citydyae KaTHOHBI BOCCTAHABIMBAIOTCS IO CXEMeE:

L -
A " +e> A
Ha anone ua€t npoiecc OKUCIeH s, T.€. MPOLIECC OTAAYH JIEKTPOHOB HOHAMU. B
HpOCTGfII.HGM cnyqae 9TOT npouecc BBIpa)KaIOT CJ'IC,I[YIOH_II/IM 06pa30M:

B —-eoB.
bnarogaps pa0oTe UCTOYHMKAa TOKa OJJIEKTPOHBI, OTAAHHbIE HOHAMH Ha aHOJE,
nepeaaloTcs Ha Katol. B pesynbraTe aHom Bc€ Bpemsl OOeIHSETCS 3JEKTPOHAMH, a KaToj
oOoraruaercs.
Ha pucynke 10.1 npencraBiena cxema 3J1eKTpoau3€Epa.

I/C = (9.5)

| o] =
—

Pucynox 9.1 Cxema snexmponuzépa
PacruiaB xyopuaa HaTpusi COACPXKHUT KaTHOHa Hatpus Na® u anmonsl CI. Ilpu
IIPOITyCKaHUM Y€PE3 ITOT PaACIUIaB JICKTPUUECKOTO TOKA K KaTOY HAIIPaBIISIFOTCS HOHBI HATPUS,
a K aHOZY — XJIOPUJ - UOHBI.
¥ karona uAET MpoLEecC BOCCTAHOBIICHUS B COOTBETCTBUU C YPABHCHUEM:

2CI™ —2e <> Cl,
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+ 0
Na" +e < Na” .
y aHoJa I/I,Z[éT npouecc OKHUCJICHUM 110 ypaBHeHI/II-OZ
Bechb mporecc anekrponuza paciiaBa NaCl MoxeT ObITh 3aITUCaH B BUJIC CXCMBI:

K :Nat +e < Na°
A:2CI" =2e <> Cly.

Taxum oOpa3oM, Npu IEKTPOIIN3E pacilaBa XJIOpHUJa HaTpUs Ha KaTOJIE BBIIEIACTCS
HATpH, Ha aHOJE — XJIOP.

Wrak, mpu 31€KTpoiau3e pacIulaBOB IEKTPOJINTOB HAa KAaTOIE Pa3psuKaroTCs KaTHOHBI, a
Ha aHOJIe aHWOHBI, 00Pa3yIOIIUe FITEKTPOIIHT.

Bognble pacTBOPBI 2JIEKTPOIUTOB TIOMUMO HOHOB, Ha KOTOPBIE PACIIaJacTCs SJIEKTPOIIUT,
colepXaT MOJIEKYJbl BOJbI, CIIOCOOHbIE MPUHUMATh Yy4YyacTHE B KAaTOAHBIX M AHOJHBIX
npoueccax.

Ha kaTozie BO3MOKEH IIpoLiecc BOCCTAHOBIICHUs MOJIEKYJI BOJBI 110 YPaBHEHUIO:

2H,0+2e <> Hy +20H

Ha AHOAC BO3MOIKCH MPOLECC OKUCIICHUS BOJbI, KOTOpBII\/'I MMPOTCKACT IO CXCMC!

2H,0—4e <> 4H + 05,

Kakue mpomeccel OyayT NpPOMCXOAWTH HA OAJIEKTPOAAX — 3aBUCUT OT BEIHYUHBI

HOPMAaJIbHBIX OKHUCIUTEIbHO-BOCCTAHOBUTEIIHLHBIX MOTEHI[MATIOB TOTO WM MHOTO Mpoliecca.

HMoHbl MeTalZIOB C BecbMa MaJIOM aireOpanyeckoil BeTMYMHON CTaHAAPTHOTO
3JIEKTPOJIHOTO MOTEHINANa, oT Li 10 Al BKIIOUYNUTEIHLHO, HIMEIOT YPE3BBIYaiiHO MaJIOe CPOJICTBO K
AJIEKTPOHAM, YCTyIasi B 3TOM OTHOIIICHUU HoHaMm H' (cM. Tabi. 9.1). [ToaToMy mipu 3iekTposin3e
BOJIHBIX PAacCTBOPOB YKa3aHHBIX METAJUIOB Ha KaTO/E€ MPOUCXOJUT BOCCTAHOBJICHHE BOJBI IO
cxeme, IIPUBEACHHON paHee.

KaTnoHbl MeTayuioB € MOJOXKHUTEIBHBIMUA 3HAYEHUSIMH CTAHAAPTHOTO HSJIEKTPOJIHOTO
norenrmana (Cu, Ag, Hg, Au u Op.) uMeroT OOJIbIIICEe CPOACTBO K FICKTPOHAM, ueM HOHBI H ™ (CM.
tabn. 11.1). B utore, Ha KaToge BOCCTAaHABIMBAIOTCSI HOHBI METAJJIOB 10 CXEME:

Me" + ne” «<Me’.

KaTtnonsl MeTamioB, 3aHUMAIOIINE B Psy HANPSDKEHHUH cpennee nosnoxenue (Zn, Fe, Cd,
Ni m 1p.), BOCCTaHaBIMBAIOTCA Ha KaTOJ€ OJHOBPEMEHHO C BOCCTAHOBJIECHHUEM KaTHOHOB
BOJIOPO/IA.

Wrak, npu onpeneneHuy MpoayKTOB 3JIEKTPOJIN3a BOJAHBIX PACTBOPOB AJIEKTPOIUTOB,
HAJI0 PyKOBOJICTBOBATHCS BBINICYKa3aHHBIMH COOOPKCHHUSIMU, OCHOBAHHBIMHU Ha aHAIIU3E psiia
HaIPSOKCHUN.

Ha katome mnerue Bcero paspspKaloTCsl TakWe KAaTHOHBI, KOTOpPhIE HMMEIOT OoJjee

TIOJIOKUTENBHBIA 3JIEKTPOAHBIN MoTeHnuat. Hanpumep, eciy 31IeKTPOIUT COAEPKUT HOHBI Cu’’

(] o
. ) Cu _ @ Zn _
U Zn°", TO CpaBHUBAs 3HAYEHUS Cu2+ +0,34 Bu Zn2+ 0,76 B, MmoxxHO

cleNaTh 3aKIIOUEHHE, YTO Jierde OyayT paspsokathess MOHBI Cu’’, Tak Kak UX 3JIEKTPOIHBIH
MOTEHIMAN OOJIBIIIE.

Ha aHome Jjerye mpOMCXOAMT TOT TPOIECC, HOPMAIBHBIA  OKUCIIHUTEIBHO-
BOCCTaHOBHTGHBHBIﬁ IIOTCHIOHAJI KOTOpOFO MCHBIIIC. Haan/IMep, n3 ABYX BO3MOXXHBIX aHOJIHBIX
IPOIIECCOB B PACTBOPE CEPHOU KUCIIOTHI:

28503 —2e <> S,08,0° =+2,01

u
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2H,0—4e <> 4H" + 0,,¢0° =+1,23

ClleflyeT OTAATh MPEIINOYTEeHHUE BTOPOMY, T.K. €My COOTBETCTBYET MEHBIIEE 3HAUCHUE
MOTEHLKaNA.

Cpenu aHHOHOB HAUOOJBINEH CIIOCOOHOCTHIO K OKHCIICHUIO HA aHO/E 00JIaJal0T aHUOHBI
Oeckucnopoansix kucnot (CF, Br, I, §7°). B pe3ynbTaTe dJIeKTPOIM3a PACTBOPOB, COAEPKALINX
9TH HOHBI, HA aHOJE BBIACISIOTCS CBOOOHBIC TAJIOTEHBI WU cepa.

BoccTanoBneHue MeTaqioB U3 pacTBOPOB UX COJEl MAET TOJIBKO B TEX CIIydasx,
KOTJla JaHHBI METaul UMeeT OOJBINUN AJICKTPOIHBIN MOTEHIMAN, YeM y alllOMHUHUS, T.C. Ha
KaTOo/I€ BBIICTSIOTCS T€ METAJUIbI, KOTOPHIE CTOSIT B psAy HAIPsHKEHUS MIpaBee allOMUHUA.
Hanpuwmep, snextponu3s pactBopa ZnCl2 moiinér no cxeme:

K:Zn*" +2e <> Zn"
A:2CI" =2e <> Cl, .

HpI/I 9JICKTPOJIN3E PACTBOPOB coyen MCTAJUIOB, PACIIOJIOKCHHBIX B PAAY HAIIPAKCHHUA 1O
AJTIOMWHUA BKIIIOYUTCIIBHO, HA KaTOAC MPOUCXOJUT BOCCTAHOBJICHUC BOJbI 10 YPABHCHHIO!

2H,0+2e <> H, T +20H

Onextponu3 pactBopa NaCl MokHO U300pa3UTh CIEIYIONIEH CXeMOIA:

K :2H,O+2e <> Hy T +20H"
A:2CI" —2e <> Cl,.

a - a .
B KaToIHOM IIPOCTPAHCTBE B pacTBOpe ocTaroTcs noHbl Na™ u OH (wenoys NaO

_ _ 3—
Kucnoponconepxkaiiue aHHUOHBI (N 03 :SO4 7P 04 U Jp.) UMEIT OONBIIHA

OKHCJIUTEIIbHO-BOCCTAHOBUTEIBHBIN MOTEHIMAN, YeM IOTEHIMAN IPOIecca OKHCICHUS BOJIBI,
II03TOMY TIPH DJICKTPOJIM3E PACTBOPOB COJICH, COJCPIKAIIMX ITH aHHOHBI, Ha aHOJE OKUCISICTCS
BOJIA.

OnHako eCThb W HCKIIOYCHUS, HAapuUMep, IPH JJIEKTPOIN3E ILIEJIOYHBIX PACTBOPOB
THIIOXJIOPUTOB U XJIOPATOB Ha MHEPTHOM aHoJe OokucistoTes anuousl C/IO u ClO3;~ no ClOs u
ClO4 COOTBETCTBEHHO.

Hanpumep, npu anekrponuse pactBopa K2SO4 poTekaroT cieyromme npoLeccsl:

K :2H,0+2e¢ <> H, +20H"
A:2H,0—4e <> O, +4H "

Ha karome oOpasyercss BOJOpOJA, Ha aHOJAE KHCIOpOaA. B KaTogHOM MpoCTpaHCTBE

HaKaIrImBarOTCsI HOHBI OHf, B aHOAHOM — HOHBI TMAPOKCOHUS, MO3TOMY OKpacCKa JIakKMyCa B
KaTOJHOM TIPOCTPAHCTBE OYyIeT CHHEH, a B aHOJTHOM — KPaCHOM.

[Ilupokoe NpUMEHEHHE HMEET NIEKTPOIHU3 C pacmeopumviMu arHooamu. B kauecTBe
TaKOBBIX MPUMEHSIOT MeJib, Cepedpo, 30J10TO, HUKEb U JApyrue Metamisl. [Ipomecc snexrponnsa
IpU 3TOM 3aKIIOYAeTCs B OKHCICHHHM METajUla-aHOJa 0 KAaTHOHA M B IOCJIEIYIOIIEM €ro
BOCCTAaHOBJICHHY BHOBB JI0 METAJUIMYECKOTO COCTOSTHUS Ha KaTOJIe.

Cxema 3nexTpoiaun3a BogHoro pactsopa CuSOs ¢ MEIHBIM aHOAOM:

A:Cu’ = 2e > Cu™
K :Cu* +2e > Cu’.
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CooTHOIIIEHNE MCKAY maccoiu (I/IJ'II/I O6I>6MOM) BCIICCTBA BBIACIIUBIINXCA HA JJICKTPOAAX
Ipu 3JICKTPOJIM3C U KOJIHMYCCTBOM 3aTPA4YCHHOI'O0 JJICKTPHUYCCTBA OMPCACIIACT 3aKOH CDapaILGSIZ
Koauvecmeo eeujecmed, B8bI0CNUBLULE2OCS npu  ajgekmpoJjause, NnpAmMo  nNponopyuoHAdIbHO

Koluyecmsey djlekmpudecmed, npomedmeeo uepes 9J1eKmpoaum 3a epems t

1 X I
n(— X), monv — 3k6 = mg) =1%;m,
“ M(_X)
Zx
1
rac m(X) — MaccCa DJICKTPOXUMHYCCKU HNPCBPALICHHOIO BCIICCTBA, 2, M(_ X) —
ZX

MOJISIPHAS MACCa SKBUBAICHTA OIPE/ICIIIEMOT0 BEILIECTBA, 2/MOIb;,

Z — YUCJIO 3JIEKTPOHOB, YYaCTBYIOUIMX B OKMCIEHUH WJIM BOCCTAHOBJIIEHUH OJIHOTO MOHA;
{ — BpeMs dJIEKTPOJIun3a, C.

Wnn g razos:

1
V,(—X)It
V) =—
96500
rae V(X) — o0beM 5JIEKTPOXUMHUYECKH BBIIEIEHHOTO Trasa, om’; Vm (L X )—

[x
SKBUBAJIEHTHBIH 00BEM 3JIEKTPOXMMHYECKH BBIIEIEHHOTO rasa, oM.

[Ipu s;mekTponn3e BOAHBIX PAaCTBOPOB COJIEW METAJUIOB, 3aHUMAOIIMX IPOMEKYTOUYHOE
IIOJIO’KEHUE B Ay HANpsDKEHWM, HApSALy C BBIICICHHEM METajula Ha KaTOJE UACT BBIACIICHUE
Bogopona. Ilpm »sTomM Macca BBIIENMBUIETOCS MeETalla HE DKBHBAJICHTHA KOJIMYECTBY
IPOLIEAIIETO YEpe3 pPacTBOP MIEKTPUYECTBA, YacTb KOTOPOTO PacXOQyeTcs Ha BBIICICHHE
BOZOPOZA.

3]26Kmp0]lu3 C HAJlodiceHUuem eHeulneco Hanpssceruss — TOK OT BHCHIHCTIO HCTOYHHKA
IPOXOAUT 4epe3 IJIEKTPOIUTHUYECKYIO S4YEHKYy ¢ HcciaexyeMbiM pacTBopoM. IIpu stom oOmiee
HanpspbkeHue U CKIIaabIBaeTCs U3 NMOTEHLMAA Pa3ioXKeHus Ep = E4n — Ek:, IEPEHANPSIKCHUM Ha
aHoze 77 An, KaToze 77Kt u noreHiuana Ur = [R, HEOOXOAMMOTO MJIsi IPEOAOJICHUS

COTPOTHBIIEHHS HIEKTPOnTa R:
U= (Ean+ 1) — (Exi=T] k) + Ur.

[lognepxuBast OmNpeAeieHHOE 3HAYEHHE TMOTEHIMaja KaroAa, MOXHO MPOBOAUTH
MOCJICIOBATEILHOE BBIJICTICHUE METANIOB W3 HCCIEAYEMOro pacTBOpa WM OTIEJICHUE OT
MEIIAONINX MPUMECEH (IEKTPOIIN3 MPU KOHTPOJIUPYEMOM MOTEHIIAAIIE).

[Ipomecc amekTpoin3a CIYXKUT TMPEXAEC BCEro JUIsi MPOMBIIUICHHOTO TIONYyYCHUS
AJIIOMHUHUsA, MCOH, MHOTI'HMX IICJIOYHBIX M IINCIOYHO3CMCIIBHBIX H IIpyI‘I/IX MCTAJLJIIOB, AJIA
AHAJTUTUYECKOTO omnpeneneHus metawioB — Cu, Pb, Zn n mHorux np. KpoMe Toro, ¢ moMoIpio
BHGKTPOHI/IBa MOXET GBITB HpOBC,Z[eHO AHAJIUTHUYECCKOC pa3l[€JICHI/I€ p;l;[a METAJIJIOB B HU3 UX
cMeceid. Hanmpumep, 37eKTpoIn30M BEIyT ONpeeicHUe MeI1, CBUHIIA, OJI0OBA U IIMHKA B JIATYHH
METOZOM PA3JEIbHOTO 3JIEKTPOOCAXKICHUS MPHU KOHTPOJUPYEMOM TMoOTeHIMane. Meron
BHYTPEHHETO JJICKTPOJIM3a HMCIOJIB3YeTCS I AHAIUTUYECKHX OMNPEACICHUM OYEHb MaJIbIX
KOJINYCCTB MCTAJIJIOB B paCTBoan, KOTOpBIe HEC MOI‘yT 6I>ITI> onpez[eneHLI ,Z[p}IFI/IMI/I METOAaMMU.
KOPPO3M METAJIJIOB
TEOPETMYECKUME OCHOBBEI
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Kopposueti memannoe nazvieaemcs npoyecc paspyuleHus memaiid, npoucxooaujuii noo
Oeticmeuem oOKpydcaloujell cpeovl. B pesymbraTe 3TOro Iporecca MeTall HEpeXOguT U3
CBOOOJTHOTO COCTOSIHUSL B XUMUUYECKHU CBSI3aHHOE.

Tak, pacTBopeHHe XKeijle3a B COJSHOM KHUCJIOTE WIHA PKABJIICHHUE KEJIE3HBIX U3JEIUN Ha
BO3/yX€ SIBJISIFOTCS MPOLIECCAMU Pa3pyLICHMsI 3TOTO METaJlIa, T.€. IPOLECCOM KOPPO3UH.

IIo MexaHu3My IIpOTEKaHHs IIpoLecCa KOPpPO3Hs [JEIUTCS Ha XUMHUYECKYI0 U
INEKTPOXUMHYECKYIO.

XHUMHUUYECKasi KOPPO3Usl HE COIPOBOXKAAETCS MOSABICHUEM NIEKTPUUECKOrO TOKA, TaK KaK
B OTOM CJIy4ae HET IPOCTPAHCTBEHHOT'O Pa3JeJICHUs IPOLECCOB BOCCTAHOBIICHUS U OKUCIICHUS.

XuMHUecKasi KOppOo3Hs TNPOTEKaeT KaK OOBIYHAs XUMHUECKash peakius, Hampumep,
B3aMMOJICHCTBHE XKeJle3a ¢ KUCIOPOAOM IPU BBICOKOM TeMIlepaType:

4Fe + 302 —t)2F€203_

DNeKTpOoXUMHYECKasi KOppo3usl HabI0AAaeTCs IPU CONTPUKOCHOBEHUH METAJIOB C BOJIOH,
pacTBOpaMu 3JIEKTPOIUTOB, ATMOC(HEPHBIM BO3TYXOM.

OcnosHoe omaudue 21eKmpOXUMUYECKOl KOPPO3UU Om XUMUYECKOU COCMOUM 6 MOM,
umo odwas peakyus 63auMOO0eUCmeus Memanida ¢ OKUcaumenem moxcem Ovimsv pazoenena Ha
06a camocmosmenvHulx npoyecca: 1) npoyecc oxucienus unu aHoouwvli npoyecc; 2) npoyecc
60CCMAHOBIEHUS UNIU KAMOOHBIU.

IIpn 251EKTPOXMMUYECKOM KOPPO3UM IPOLECC OKHUCIEHHUS U IPOLIECC BOCCTAHOBIICHHUS
IMPOTCKAIOT Ha Ppa3jruyHbIX YY4aCTKaxX METalJla — aHOAHOM H KaTOAHOM COOTBCTCTBCHHO.

IIpoueccel, mnNpoucXoAsIIME TMPU  DICKTPOXUMHYECKONM KOPPO3HM, aHAJIOTUYHBI
mmpoleccaM, NPOTEKANIMM B TajJbBaHMYECKUX 3JeMeHTax. lIpomecchl 31eKTpOXMMHUYECKOU
KOPpPO3UHU COIPOBOXKAAIOTCS NEPEMEILIECHNEM IEKTPOHOB C AHOJIHBIX YYacTKOB Ha KaTOJHBIE,
T.€. DICKTPOXMMHYECKAss KOPPO3US CONPOBOXKAACTCA MOSBICHHEM B METAJLIE DJIEKTPUYECKOIO
TOKa.

AHOIHBIA TIpoLECC NPHU NIEKTPOXUMUYECKOM KOPPO3UM — 3TO IEpPEeXOo] MeTajlla H3
CBOOOJTHOT'O COCTOSIHUE B MOHHOE:

0 - n+
Me” —ne <> Me" " .
Hanpumep, npu 5>1eKTpOXMMUYECKON KOPPO3UHU JKele3a  MPOUCXOJUT CIIETyIOUIUi
AQHOJHBIN TIPOIIECC:

Fe¥ —2e &> Fe?t,

KaTOI[HI)If/i nmponecc COCTOUT B BOCCTAHOBJICHHUU OKI/ICJ’II/ITGJ’ICﬁ, T.C. B MMPUCOCOANHCHUU
9JIEKTPOHOB K MOJIEKYJIaM WJIM MOHAM U3 OKPY>KaIoIIei cpepl.

HUrak, »snexkrpoxuMuueckas KOPpO3US METALIOB — 3TO pe3yJbTaT JIEUCTBHS
MUKpOTaTbBaHMUYECKHUX 3JIEMEHTOB, 00pa3yIONINXCsA HA TTOBEPXHOCTU MeTalia. B psge cmydaes
oOpa3oBaHMe TaKMX TrajbBaHOMap OOYCJIOBJICHO HAJWYUEM B MeETa/UIax MPUMECed WIn
KOHTaKTOM JIBYX Pa3HOPOJIHBIX METAIIJIOB.

Taxk, npu pacTBOpeHUHU B pa30aBICHHON CEpHOM KUCIIOTE IIMHKA, COJAEPKAIIET0 TPUMECH
JKenesza, MPOUCXOIAT CIEAYIOIIHe MPOILECChl: LIUHK C MPUMEChI0 jKele3a, MOMEUIEHHBIA B
pacTBOp CEpHOM KHUCIIOTHI, TPEACTABIISIET COOO0M raJTbBAaHMUECKUHN JIEMEHT

(—)Zn|H,SO,|Fe(+).

AHOJIOM B 3TOM raJIbBaHUYECKOM 3JICMEHTE SBJISICTCSl 00JIee aKTUBHBIA MeTa/lT IIMHK. Ha
aHO/Ie TIPOUCXOIUT CIICTYFOIIUI MPOIIECC:

0 - 2+
Zn” —2e<> Zn" .
DNEeKTPOHBI OT aHoja (I[MHKA) HAMPABISIOTCS K KaToxy (XKenesy), TJe MPOUCXOIMT
MPOIIECC BOCCTAHOBIICHHUS TIOJIOKUTEIBHO 3apPSDKCHHBIX HOHOB H ™ M3 pacTBOpa CEPHOM KUCIIOTHI:

2HT +2e <> Hy .
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OnpIT MOKa3bIBAET, YTO CKOPOCTH MpOIlecca PacTBOPEHHUs LMHKA, MpU paboTe TaKoro
rajJbBAaHMYECKOT0 3JIEMEHTAa, Topas3lo OOoJbllIe, YeM CKOPOCTh PEAKLUUU HEMOCPEICTBEHHOTO
B3aMMOJICUCTBUS [TMHKA C KUCJIOTOM.

Oco0blil MHTEpEC MPEACTABIACT ICKTPOXUMHUUECKas KOppo3usi B HEUTpaJbHOHU cpene,
TaK KaK 3TOT cilydail HamOojiee OMM30K K aTMOC(EPHOU KOPPO3UH. DJIEKTPOJIUTOM B TaKOM
ciyuae sIBJISIETCSI BOJIa C pacTBOPEHHBIMU B Het razamu (CO», O2, 3auactyto — SO2, HUITPO3HBIMU
razamu NxOy u 1p. ).

PacTBOpEHHBIN B BOJE KUCIOPOJ, & TAKKE KUCIOPOJ BO3AYyXa MOT'YT IPUHUMATH Y4aCTHE
B KAaTOJHOM IpoLecce, NpH O3TOM HPOUCXOJUT BOCCTAHOBJIEHUE KHCIOPOAA COIIACHO
YPaBHEHHUIO:

Oy +2H0 +4e <> 40H ~

PactBOpeHne B BOAE YIJIEKUCIOTrO raza MPUBOAUT K OOPa30BaHUIO YTOIbHOM KHUCIIOTHI,
KOTOpast IPU AUCCONHUAIMH AaéT HEOOBIIOS KOJTMYSCTBO HOHOB H '

CO, + H,0 <> H,CO,«2°% 5 H.0" + HCO; « 129

+ J—
M9 s .0t +cor.
I[Tpu 5TOM Ha KaToie MOKET MPOMCXOAUTH BOCCTAHOBJIEHHE KaTHOHOB H':

2H" +2e<> Hj.

YacTo KaTOAHBIA MpOIECC SBIAECTCS CMEUIaHHBIM, T.€. Ha KaroAe WAET IHpolecc
BOCCTAHOBJICHUSI KHCJIOPOJIa M MPOIIECC BOCCTAHOBIICHUsST MOHOB H', mpuuéM mocieqHuii, Kak
[IpaBUJIO, UMEET MOAYMHEHHOE 3HAUYCHHUE.

BemecTBa, ycCWIMBAW0Iyl0 KOpPpO3MIO, HasbIBalOTCA  axkmusamopamu. CHIBHO
JIEUCTBYIOIUM aKTHBATOPOM SIBJIAETCS MOH XJyiopa. [losTomMy mpolecchl KOppO3uu B MOPCKOM
BOJIE UIYT TOpPa3a0 UHTEHCUBHEN, YEM B MPECHOM.

BemecTBa, 3ameassionue npoece pa3pyuieHusl METaIoB, HA3bIBAIOTCS UHSUOUMOPAMU.

JIst 3alMThl METAJUIOB OT KOPPO3UU YacTO MCIOJIB3YIOT Pa3JIMYHbIE MOKPBITHS, B TOM
yHuclie MeTajulndeckue. B 3ToM cilydae METaIONOKPBITHE JOHKHO OBITh YCTOMYUBBIM K
KOpPpPO3HH.

Hapymienne 1eOCTHOCTH METAJIMYECKOTO IOKPBITUS MOXET MPUBECTH JHOO K
COXPaHEHHMIO OCHOBHOTO MeTajjia, JHOO K YCWJIEHHOHW KOpPpO3UH. ITO 3aBUCUT OT
CPaBHUTEIBHON AKTUBHOCTH 3aIMIIAEMOI0 U 3aUUTHOIO METAJLIA.

Mertannudeckoe MOKPITHE U3 00Jiee aKTUBHOTO METalia, IPU HaApYIICHUU [IeTOCTHOCTH
€ro CJI0sl, BBICTYNAET B POJIM aHO/A B 00pa30BaBLIEMCS rajbBaHUUYECKOM AJIEMEHTE.

OcHOBHOW MeTalI B Mpolecce paboThl TAaKOTO TajJbBAaHUYECKOT'O 3JEMEHTa He Oynaer
paspymathces. [TokpeiTre u3 Haubosee akTUBHOT'O METaJIIa Ha3bIBAETCS AHOIHBIM.

Korna nokpeiTue caenaHo U3 MEHEe aKTHUBHOI'O METalIa, TO HAPYIIEHUE LETOCTHOCTH
3TOr0 TOKPBITHS NPUBENET K 00pa30oBaHHUIO TaJIbBAHUYECKOTO 3JIEMEHTa, aHOJIOM B KOTOPOM
OyIeT SIBISIThCS 3aIIUIAEMBIA METAJUI, & KaTOJOM — MOKPBITHE. Takue MOKPBITUS HA3BIBAIOTCS
KaToAHbIMU. B 3TOM ciiyyae 0CHOBHOI MeTai1 OyAeT pa3pylaThbCsl.

Katonnoe mnokpeiTHe SBIsSIETCS MEHEE BBITOJIHBIM, TaK KaK MpU HApYLIEHUH €ro
LEJIOCTHOCTH OCHOBHOW METAJL1 pa3pylIaeTcsl.

B cnyuae aHOIHOTO MOKPBITUS OCHOBHOM METaJl MPU TOBPEKIECHUU TMOKPHITUS HE
paspyuaetcs. B 3Tom ero npenMymecTso.

Bonpocsl u 3aganust
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[Tpumep 1 CrangapTHbIE 3JIEKTPOAHBIE MOTEHIMANBI 111 IMHKA U CBUHIA paBHBI — 0,76
B u — 0,13 B cooTBeTCTBEHHO. Y KaKOro W3 3JEKTPOJOB, IIMHKOBOT'O WUJIM Y CBUHIIOBOTO, BBIIIIE
MJIOTHOCTH JBOMHOTO JIEKTPUUYECKOTO CIIOSI, €CJIM 00a 3JIEKTPO/1a IIOMECTUTD B BOTY ?

Pemenune

Y IMHKOBOTO 3JIEKTPOJa BEIMYMHA CTAHJAAPTHOTO 3JIEKTPOAHOTO MOTEHI[MAIa MEHBIIIE,
YeM y CBHUHIIOBOTO, YTO CBSI3aHHO C OOJBINEH CIOCOOHOCTHIO MOHOB IIMHKA THUAPATUPOBATHCS
MOJICKYJIAaMH BOJIbI M TICPEXOJHWTHh W3 TBEPAOW IMOBEPXHOCTH B pacTBop. B wmrore, y muHKa
CO3/1aeTCsl B MPUIIEKTPOJHOM cClloe 0ojiee MOIIHBIN JIBOMHOM 3JEKTPUYECKUN CIIOH, YeM y
MMOBEPXHOCTH CBUHIIOBOTO 3JIEKTPO/IA.

[Ipumep 2 JKene3nass W HHKeNeBas IUIACTUHKHU, MOTPYKEHHBbIE B PAcTBOP COJSHOMN
KHCIIOThI ¢ KoHueHtpanuen C(HCI) = 1 MOJIB/IIM?, pacTBOPSIOTCS C BBIACICHHUEM BOJOPOJA.
Kaxkoit nmpouiecc HaunHaeTcs, €Ciu MIACTUHKU COCTUHUTD POBOAHUKOM?

Pemenne
2.1 JIo coeMHEHUs NPOBOAHUKOM H JKEIIE€30, M HUKEIh OKUCISINCH HoHamu H':
a) 1|Fe’ — 2e < Fe’*; ¢’ (Fe**/Fe’) = — 0,44 B;
112H" + 2e <> Hot oO(2H/H2) = 0,00 B;
DCr = ¢’ 2HY/Hz) — ¢ (Fe’*/Fe’) = 0,00 — (— 0,44) = 0,44 B;
6) 1|Ni® — 2e > Ni2*; GO(Ni*/Ni®) = — 0,25 B;
112H" + 2¢” < H2! " (2H'/Hz) = 0,00 B,

DC> = °2H'/Hz) — p"(Ni?*/Ni’) = 0,00 — (- 0,25) = 0,25 B.

Tak kak 3/[C; > 3/[C>, To Ha *KeJIe3HON TUTACTHHKE BBIACIICHHE BOJIOpoaa OyaeT Oosee
WHTCHCHBHBIM, YeM Ha HUKEJICBOU.

2.2 Tlocne coenrHEHHS TUIACTHHOK — 00pa3yeTcsl TalbBAaHUYECKUMA JIEMEHT, B KOTOPOM
OyayT MPOTEKaTh PEaKIHH:

anon: I|Fe’—2e < Fe’'; o’ (Fe’*/Fe’) = — 0,44 B;

karox: 1|(Ni’) 2H" + 2¢~ « H>1.

[ToTOK 2/IEKTPOHOB C KE€JIE€3HOW IUIACTUHKU (aHOAa) OyAeT NMEepeXOIuTh Ha HHUKEJIEBYIO
(kaToay) MmO TPOBOAHHMKY. [lOBEpXHOCTh HUKEIEBOW TIACTUHKH, HAXOJSCh B KOHTAKTE C
pacTBOpoM conepxammM H', mepemaeT JICKTPOHBI 3TUM KaTHOHAM, 4YTO MPUBOIUT K
00pa30oBaHUIO MOJIEKYJ BOAOPOIA.

[Ipumep 3 Tox cunoit /0 A m1pOXOAWUT dYEpe3 HIIEKTPOJIU3EP C IUIATUHOBBIMU
5IEKTpoAaMH, B KoTopoM Haxomutcs 500 cM® pacTBOpa TMAPOKCHIA HATPHUS C MAcCOBOM Jonei
w(NaOH) = 4,5 % (p = 1,05 2/c»y’). Hanmmute noNHYIO CXEMy 3JIEKTPOJIM3a BOAHOTO PacTBOPa
NaOH. CxonbKko 4acoB MOTpeOyeTcsl BECTH AIEKTPONIN3, YTOOBI MaccoBasi A0 pactBopa NaOH
nocturia 10 %?

Pemenue

3.1 Beruucnum maccy BOJIbI B ICXOJTHOM pacTBOpeE:

?
mi(H,0) =200 -(100 - o)) =

~1,05-500
100
3.2 Haitnem Maccy KOHEYHOTO pacTBOpa:
_wo1pVp 4,5-1,05-500

m._ = =236,25T.
ppaz =, 10

(100 — 4,5) = 501,375 ca>.

3.3 OnpenenuM Maccy BOJIbI, MOBEPTIIENCS dIEKTPOIHU3Y:
Am(H,0) = My pal = Mp_pa2 = P1V] = Mp_pad =
=1,05-500 — 236,25 =288,75T.

3.4 BpeMs nporecca 31eKTPOJIn3a COCTABUT:
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e Am(H,O0) (F 288,75 96500

1 18-1
2

=309604,2 c =86,0u.

M (; H,0)

3.5 Peakiuu, npoTeKaronume Ha 3JIEeKTpoIax:
K :2H,O+2e <> HY +20H™
A:40H —4e <> 2H,0+ 0,

[Tpumep 4 DnexTponu3Eép COAEPKUT PaCTBOP HUTpaTa CBUHIA (+2), aHOA — CBUHIIOBBIM.

[TponomkutenbHOCTh AekTpoiun3a 2 4 40 muH S50 ¢, cuina Toka 54. Belunucaure TeOpeTHYECKY IO
yObUTb B Macce CBHMHIIOBOTO aHojJa. HamumwWre ypaBHEHHMS peakiuil, MPOUCXOISAIIUX Ha

3JIEKTPOJIaXx.
Pemenue

4.1 BapuaHT ¢ pacTBOPHMBIM aHOZOM. MeTannnuecknii cBunen — anox (¢’ (Pb’>*/Pb’) = —

5 +
0,126 B) nerue oraaer snextponsi, uem monexyisl sogel (2000 —4e <> Oy +4H

o

@ 1238

YpaBHEHUs peaklnil, IPOUCXOIAIINX HaA AJEKTPOIaX:

K : Pb*" +2e¢ <> Pb°
A:PbY —2¢ &> P2t

4.2 Teopetnueckasi yObUTbL MacChl CBHHIIA COCTABHT:

Am(Pb) = %oM(%Pb) _ 29650 hop 1 51,75 .

96500 2
Ilpumep 5 Paccuwmraiite Benmuunbl DJIC u AGY%, 11 TpoleccoB KOppo3wu,

IIPOTEKAIOIIUX 110 YPABHEHUSIM:
Me(x) +H200e)+02(:) —>Me(OH)n),
rane Me — Fe, Ag. Kakoll U3 npuBeIEHHBIX METAJIJIOB Oy/ET MOJABEPraThCs KOPPO3UU BO
BJIQ)KHOM BO3AyX€E?

OTtBer
4.1 VcioBus MPOTEKaHHs MPSAMON PEaKIMK TPU CTaHAApTHBIX yeaoBusx: IAC = A’y
> 0 umu AG'%p. < 0.
4.2 3anuiem ypaBHEHHs 9TUX MPOLEeccoB U Braucium Juist Hux DJIC u AG% p.:
a) 1| Fe’—2e < Fe’t ; '(Fe’*/Fe’) = — 0,44 B;
amnoo
1| 2H20 +0: + 4e~ « 40H; ¢°(2H20 +02/ 40H ") = +0,40 B;
Kamoo
OAC1 = Ap p1 = ok — pa =+ 0,4 — (-0,44) = +0,84 B;
AG%p.1= 1 A’ pF = —2:0,84-96,5 = — 162,12 x]nc/mons
Fe(x) +H2000+02¢) —Fe(OH)2 ).
Bb1600: caMONIPOM3BOJIbHAST KOPPO3HS JKele3a BO BIAKHOM BO3IYyXE IPU CTaHAAPTHBIX
YCIIOBHSIX BO3MOXKHA.
0) Tak kak ¢’(Ag*/Ag’) = + 0,80 B > ¢"(2H20 +02/ 4OH") = +0,40 B, 10 cepebpo Gy et
SIBJIATHCS AHOJIOM, TOT/Ia
OAC2=Ap’xp2 = pk—pa =+ 0,40 — 0,80 = — 0,40 B;
AG’%p2=-nAp’pF =—2:(~0,40)-96,5 = + 77,20 klloic/mone
Ag(x) +1/2H2000+1/402¢:) — xAg(OH) 2.
Bui600: Tak xak IC2 = Ap’cp. < 0, a AG%p.2 > (), TO caMONIPOU3BOIIbHAS KOPPO3HSI
cepeOpa BO BIQXKHOM BO3JyXe IPH CTaHIAPTHBIX YCIOBHAX HEBO3MOXKHA.
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ba30BbIil ypOBEHB

1 B ranpBaHMYECKOM JIEMEHTE MPOXOAUT PEAKIIHS:

Pb’ + Cu?* = Pb** +Cu.
CocTaBuTh CXeMy 3JI€MEHTA, BBIYUCIUTD cTaHAapTHY0 DJIC 1 KOHCTaHTy paBHOBECHSI.
2 O/1C ranpbBaHMYECKOTO AJIEMEHTA, B KOTOPOM IPOTEKAET peaKkius

24g" + Zn" = Zn’* + 24g°

paBHa 1,56 B (298 K). PaccunTaiite AG 1 KOHCTaHTy paBHOBECHS 3TOW peaKLUu.

3 CraHgapTHbIC 3JIEKTPOAHBIC MOTEHIUAIBI JJIs Kelie3a U Kaamus paBHbl — 0,44 B u —
0,40 B cooTBeTCTBEHHO. Y KakKOro M3 3JIEKTPOJOB, XKEJIE3HOTO0 WM KaJMHEBOBOTO, BBIIIE
IUIOTHOCTh JBOMHOTIO 3JIEKTPUUECKOIO €05, €CJIU 00a AJIEKTPO/1a IOMECTUTH B BOLY?

4 CranaapTHbIH 31€KTPOHBIN MOTEHLIMAN cepedpa paBeH

Agt +e — Ag” ¢’ =08 B.

KakoB Oyzaer noteHuuan 1 Kr MeTauindeckoro cepedpa, OmyIieHHOro B pacTBOp HUTpATa
cepebpa ¢ C(AgNO3) = 1 momn/am>?

5 U3o6pa3ute cxemy pabOThI IrajJbBaHUYECKOTO JIEMEHTA, COCTABJICHHOTO U3 HUKEJIEBOM
U cepeOpsHOM MIACTHH, OMYIIEHHBIX B pacTBOPHI UX HUTPATOB. YKaXXUTE KAaTOJI U aHOJ B 3TOM
raJipBaHMYecKOM 3ieMeHTe. Kakas xuMmuyeckas peakuuss JIEKUT B OCHOBE 3TOrO
raJlbBAaHMYECKOT0 »diieMeHTa? Berumcnure W3MEHEHWH TmoTeHImMana [ub0ca W KOHCTaHTY
pPaBHOBECHSI 3TON peakLnu.

6 CocTaBbTe CXEMy TraJIbBAHMYECKOTO JJIEMEHTA, OJHHUM M3 3JIEKTPOAOB KOTOPOIO
SBJISIETCS KaJMUeBasl IUIACTHHA, IOTPY>KEHHAas! B pacTBOp cyJb(daTa KaAMus, a APyTUM — MeTHast
IUTaCTHHA, OTYIIEHHAS B PaCTBOP cysbdara Meau.

Hanummre 31eKTpOHHBIE ypaBHEHMs MPOLIECCOB, NMPOUCXOASIIUX HA 3JIEKTPOAax MHpU
paborte snemeHTa. YKaxkuTe KaTtol ¥ aHof. CocTaBbTe CXEMY 3JIEMEHTA.

7 Yemy pasHa O/IC n AG ranbBaHMYECKOIO DJIEMEHTA

(—)Zn|ZnSO4 | NiSO4|Ni(+),

€CITH KOHIIEHTpanus HoHoB Zn’" u Ni?* paBHsI (B Mons/nv’): 1) 1,00; 2) 0,1; 3) 0,001?
8 Beruuciure 3/1C raipBaHMYECKOT0 3JIEMEHTA

(—)Fe|FeC12 ||SnC12 |Sn(+) :

ecau C(Fe?*) = 0,1 moav/om’, a C(Sn’*) = 0,01 monv/om’.

9 CocraBbTe CXEMBI JIBYX TaIbBAHUYECKHUX AJIEMEHTOB, B OJHOM M3 KOTOPBIX CBHHEI]
SIBJISIETCSL KAaTOAOM, a B JApyroM — aHojoMm. CocTaBbTe€ 3JEKTPOHHBIE YPAaBHEHHS IMPOIECCOB,
MPOUCXOISAIINX HA JIEKTPOJAX ITUX AJIEMEHTOB. BhIUmMCINUTe NI KaXKION peakiuu KOHCTAHTY
CKOPOCTH.

10 OxkHMCIUTENBHO-BOCCTAHOBUTENbHASL PEAKLMS, MNPOTEKaoIasi B TajJbBaHUYECKOM
DJIEMCHTE, OIMMCHIBACTCS CXECMOM

(<)Pt| Fe** ,Fe> | MnOy ,Mn*" ,H™ | Pt(+)

Vkazatre karog u aHoA. Kakyro ponb WrparOT MUIATUHOBBIE 3JeKTpoAbl? Hamummre
IIOJIHOE ypaBHEHUE ATOW peakuuu. Borumcnute s He€ AG W CTaHAAPTHYIO KOHCTAaHTY
CKOPOCTH.

11 DnexTpoaHbIN MOTEHIIHAT MapraHIeBOro JIEKTPOa, TOMEIICHHOTO B PACTBOP COJHU
mapranna (+2), coctasnser — 1,1 B. BerancnuTh KOHIIEHTpaIMIO HOHOB MapraHiia B pacTBOpE.

12 BO3MOXXHO 1M pacTBOPEHHUE HUKENIs M BbIACIEHUE XpoMa MpU MOrPyKEHUU
HUKEJICBOM IJIACTUHKH B PaCTBOpP coiu xpoma (+3)?

Bo3MOXXHO 1M pacTBOpEHHE XpOMa M BBIJEICHUE METAUIMYECKOr0 HHUKEIA IIPU
IIOrPYKEHHU XPOMOBOIA INTACTHHKM B PacTBOP comu Ni*™?

OTBeT MOTUBUpPYHTE.
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13 T'anpBaHMYECKUW AJEMEHT COCTOUT W3 CTAaHJIAPTHOIO BOJOPOAHOTO AJIEKTpOAa |
BOJIOPOJTHOTO 3JIEKTPOJIa, IIOMEIIEHHOTO B pacTBOp ykcycHoi kucnotel ¢ C(CH3COOH) = 0,01
monwv/om’. DJIC snementa cocrapnser 0,200B. Brraucinte pH pacTBopa, KOHCTAHTY M CTEIIEHb
npoToau3a (aucconuanyun) ykcycHoi kucinotsl. Otet: pH = 3,39;

Ka= 1,7:107; a = 4,08-107 (4,08 %).

14 TI'anpbBaHMYECKHUI 3JIEMEHT COCTOMT M3 CTaHAAPTHOI'O BOJOPOAHOIO 3JIEKTpOJIa U
BOJZIOPOJHOTO DJJIEKTPOJA, IMOMENIEHHOro B pactBop xjiopuaa ammonus C(NH.Cl) = 0,01
moav/om®. DJIC snemenra cocrasiser 0,366 B. Berunciure pH pacTBopa, KOHCTaHTY U CTENEHD
nporonusa (rugponusa) NHsCI. Otser: pH = 6,20; Kip = 5,56-1071%; onp = 6,26107 (6,26-1073
%).

15 Ipu kakux KOHIEHTpAUIX xjaopuaa iuHka (+2) 3/1C KOHIIEHTPAIIMOHHOTO JIEMEHTA
paBHa 0,1 B? Hamumwure ypaBHEHHs DJIIEKTPOJIHBIX pEAaKUMH. YKaXUTE OKUCIUTEIb H
BOCCTaHOBUTEIIb.

16 YkaxxuTe mpoayKThl JEKTPOJIM3a BOTHBIX pacTBOpoB: H2504 Na2SO4, HCI, NaCl,
CaClz, CoSOs.

17 AmoMuHHMIA B MIPOMBIIUICHHOCTH MOJIy4YalOT JEKTPOIU30M paciiaBa cMmecu A/203(=
12 % mo macce) u Nas[AlFs] (= 88 % mo macce). Dnekrpoasl — rpadurossie. IlpuBenure
MOJIHYIO CXEMY JIEKTpoin3a. JlJis uero npuMeHsoT KOMIUIEKCHY0 colb Nas[AlFs]?

18 TIpombInieHHOE TTPOU3BOACTBO HATPHUS BEAYT AJICKTPOJIU30M paciuiaBieHHoro NaCl
u NaOH. Hanumure ypaBHEHUs PEaKLUil, IPOUCXOJALINX Ha 3JIEKTPOJaX.

19 Kakue mporecchl TPOUCXOIAT Ha 3JIEKTPOJAX MPHU AJIEKTPOIU3E pacTBOpA XJIOpHIA
Hukens (+2), ecnmu oba snekTpomga — HukeneBble? Kak M3MEHHMTCS Macca aHoAa IOcie
nponyckanusi Toka cuioit 3,2 A B reuenue 30 mun? OtBeT: 1,76 2.

20 CocraBbTe ypaBHEHHUS CaMOIIPOM3BOJBHO MPOTEKAIOIINX PEAKLM NP KOPPO3UH B
BOJIE, HAXOASAIIMXCS B KOHTAKTE IUIACTHH: a) LIMHKA U OJI0Ba; O)XkeJe3a U IMHKA. ['1e ckopocTh
npolieccoB Koppo3uu Boie? OTBeT 060cHyHTe pacuetamu ctangapTHbX D/1C u AG.

21 Ha3oBUTe HECKOJBKO METAJIJIOB, KOTOPbIE MOTYT CIY>KUTh aHOJHBIM U KaTOJHBIM
HOKpeITHEM sl kene3a. CocTaBbTe HIIEKTPOHHBIE YPaBHEHHS 3JIEKTPOJHBIX IPOLIECCOB,
MPOUCXOSAIINX MIPU JIEKTPOXUMUUECKOW KOPPO3HUH: 1) XpOMUPOBAHHOTO; 2) HUKEIUPOBAHHOTO
’Kelle3a BO BIAXKHOM BO3JyXe U B KUCIIOH cpeae. CpaBHUTE CKOPOCTH HPOLIECCOB KOPPO3UHU B
ITHUX CIIydasiX.

22 Yro takoe pxapunHa? Hanummre e€ npumepHyo Gopmyiny. Ecnu reo3np BOUTH BO
BJIQXKHOE JE€PEBO, TO P)KABUMHOM MOKPHIBAETCS Ta €ro 4acTb, KOTOpas HAXOAMUTCS BHYTpPU
nepesa. Yem 310 MOKHO 00BsICHUTH? Hanuimmre ypaBHEHHsI aHOHOTO M KaTOAHOTO MPOLIECCOB.
[IpuBenute ypaBHeHHs 00pa30BaHUS BTOPUUHBIX MIPOJYKTOB pa3pyLICHUs JKele3a.

23 JKene3nble O0UKM NPUMEHSIOT JUIsl TPAHCHOPTUPOBKH KOHIIEHTPUPOBAHHOW CEepHOMU
KACIHOTHl. OJHAKO TIOCIHE OCBOOOXKIEHHS OT KHCIOTHI OOYKHM Ype3BbIYAHO OBICTPO
paspyiatorcs. Ilouemy? Uro siBisieTcss aHOIOM, UTO — KaToAoM? Hanummure cooTBETCTBYIONINE
ypaBHeHHUs peakiuil. CocTaBbTe CXeMY 00pa3yIOIIErocs Mpyu 3TOM raJibBAHUYECKOTO 3JIEMEHTA.

IloBbI1IEHHBIN YPOBEHB
1 TIpu kakoii KoHIEeHTpauu HOHOB Cu? ™ SIIEKTPOIHBIN NOTEHIMAT MEU PABEH HYJIIO?

2 TanpBaHWueCcKas 1eMb, COOpaHHAs U3 JABYX IIUHKOBBIX JIEKTPOJOB, OJAMH U3 KOTOPHIX
norpysxeH B pacTsop conu muaka ¢ Ci(Zn’") = 0,1 mons/am>, a apyroii — B pactop ¢ Ca(Zn’") =
0,01 mons/nm>. CocTaBbTe CXEeMy KOHIICHTPALIMOHHOTO 3JieMeHTa 1 paccuutaiite ero J/1C.

3 Paccuuraiite 3/IC KOHIIEHTPAIMOHHOIO 3JIEMEHTAa, COCTOSIIIErO0 W3 CTaHIAPTHOIO
BOJOPOJHOIO 3JIEKTPO/Ia U BOJOPOAHOTO 3JIEKTPO/Ia, HAXOASILIEroCs] B YUCTOM BOJIE.

4 TloTeHIMal METaINTMYECKOr0 MapraHiia o OTHOUICHHUIO K CTaHIapTHOMY BOJOPOJTHOMY
aekTpody B pactBopax MnCl» ¢ xonumentparmmsamu (B Moiaws/am) 0,001; 0,01 u 0,1
cooTBeTCTBeHHO coctaBuin (B B): — 1,277; — 1,248 u —1,219. Beruuciaute craHgapTHBINA
DIIEKTPOJIHBIN MOTSHIIMAT MapraHIia.
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5 Paccuuraiite 3/]C KOHUEHTPAIMOHHOTO 3JIEMEHTA, COCTOSIIETO U3 ABYX BOJOPOIHBIX
AJIEKTPOJIOB, OTPYKEHHBIX B pacTBOphI ¢ pH 2 u 4. CocTaBbTe CXEMY 3TOrO PJIEMEHTA. Y KaKUTE
KaToJ U aHO/I.

6 BbluuciuTh MOTEHIMAT CBUHIIOBOTO JIEKTPOJia B HACBHIIEHHOM pacTBope PbBr2, ecnu
xonuentpauus C(Br) = 1 monv/om’, a nponssenenne pactsopumoctu IIP(PbBrz) = 9,1-1075.

7 Ompenenure, MOXHO JIM TONYYHTh Ta3000pa3HbBIA (TOP AIIEKTPOIU30M BOIAHOTO
pacTtBopa ¢Topuaa HaTpHsl, €CIH:

2H,O—4e<> 0y +4H " @° _1123B.

o
F2+2e > 2F, @ =+2878;
o
2H' (6 H20) + 2 Hy, P =—0,41B.

OO6cyauTe aHaIOrMYHBIN BOIIPOC C YYAaCTHEM JPYTHX T'aJOTE€HOB.

8 3adueM K pacTBOpY COJISIHOM KHCIOTHI, MPH MOJYyYEHUH BOAOpPOAA NEUCTBHEM €€ Ha
[IMHK, B KUCJIOTY JTIOOABJISIIOT HEMHOTO MEIHOTO Kymnopoca? JlaiiTe oOBbsICHEHHs ¢ TIPUBEICHUEM
peaxiuii, MPOUCXOIANINX MPU 3TOM TporieccoB. MoxHO 1 BMecTo CuS(O4 B3STh IPYTHE CONH:
AgNQO3, NiSO4, FeSO4?

9 Kak Bnuser pH cpensl Ha ckopocTh aTMoc(epHO KOppO3uHu >keie3a W IUHKa?
[Touemy? CocTaBbTe ypaBHEHHUS aHOJAHOTO M KATOJHOTO MPOIECCOB aTMOC(HEpHON KOppO3uu
3TUX METAJJIOB.

Cnmcok JuTeparypbl, peKOMeHyeMblil K HCIO0JIb30BAHUIO N0 TAHHOW TeMe

OcHoBHasi JInTEpaTypa:
1. Koposun, H. B. O6mas xumus : yue6nuk / H. B. Koposus. - 13-e uzn., nepepa0. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. XuMust okpy>Karomei cpeibl : XUMHUsI )KUBBIX opraHnn3MoB. Kypc nexmmii /
E. C. Muxanmuna, A. JI. Ilerenmun. — M. : U3patensckuit Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTPOHHBII // DneKTpoHHO-0nOIoTeuHas cuctema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: nis
aBTOPU3UP. MOJIb30BATENIEH
JlonoJiHUTeIbHASA JINTEepaTypa:
1. T'muaxka, H. JI. O6mas xumus / H. I'. I'munaka ; Ilox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XUMHS METAJUIOB : y4eOHOE TTocoOue (7151 CTYyICHTOB XUMUYECKOTO (DaKyIpTeTa
HarnpaBieHuH 0akanaBpoB «XUMHU» U «XUMHUUECKask TEXHOJOTHs») / coctaBuTenu O. A.
I'osmoBanoBa. — Owmck : OMcKuii rocy1apcTBeHHbIM yHUBEpPCUTET UM. .M. JlocTOeBCKOTO,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TekcT : 37eKTpOHHBIN // DINEKTpOHHO OnbmmnoTeunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: mist
ABTOPHU3UP. TOJIH30BATENCH
NuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYyIa K 00pa30oBaTEIBLHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcuteTckast Ou0IMoTeKa OHIAWHY.

3 http://catalog.ncstu.ru/ — 3IEKTPOHHBIN KAaTaJIOT aCCOIMAIIAN ICKTPOHHBIX OMOIHOTEK
y4eOHBIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 9BC.
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