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Beenenune

JucuumuimHa «Xumus»y OTHOCUTCA K JUCHMILIMHE 0a30Boii yactu. OHa HampaBiieHa Ha
dbopMupoBaHHEe  OOMICKYJIBTYPHBIX, MNPOGECCHOHATBHBIX W 00menpodeccuoHaTbHBIX
KOMITETEHIIMI 00y4aromuxcst B poriecce BeIMOIHEeHus padboTt, onpeaeneHubix @I'OC BO.
Metoauueckre yka3zaHUsi COCTaBJICHBI Ha COBPEMEHHOM HAyYHOM YPOBHE M pacCUMTaHBbl Ha
CTYAEHTOB, 1o HanpasieHuto 15.03.02 TexHonornyeckue MammHbl ¥ 000pyIOBaHHE.

[TocnenoBarenbHOCTh J1AOOPATOPHBIX PabOT COOTBETCTBYET JIOTMUYECKOH CTPYKType ee
npoxoxaeHus. llpeanmaraemple MeTOIMYECKHE YKa3aHUs COAEp)KAT Marepuai, KOTOPbIH
PEKOMEH]IyeTCsI UCII0JIb30BATh CTYIEHTaM MPHU OCYIIECTBICHUH J1a0OpaTOPHBIX padoT.



Tema 1. OcHOBHBIEC MOHATHS M 3AKOHbI XUMHH.

.JIaﬁopaTopHaﬂ paGOTa 1. OcHOBHBIE KJIaCChI HEOPraHNvIeCKUX BEIIECTB

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

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

COBPEMEHHOTO 00IIECTBa, CITIOCOOHOCTHIO MOJy4YaTh U 00pabaThIBaTh
UH(OPMAIIHIO U3 PA3TUYHBIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATD,
CTPYKTYPHUPOBATh ¥ 0POPMIIATH HHOOPMAIHIO B TOCTYITHOM JJIsL APYTHX
BUJIE

I1K-5 CIIOCOOHOCTBIO MIPUHUMATD YYacTHeE B paboTax Mo pacyery u
IIPOEKTUPOBAHUIO JIETAJIEN U y3JI0B MAIIMHOCTPOUTENBHBIX KOHCTPYKIUI B
COOTBETCTBUU C TEXHUYECKUMHU 33JIaHUSIMU U UCTIOIb30BAHUEM
CTaHJIApPTHBIX CPEACTB aBTOMATH3AIIUHN IPOEKTUPOBAHUS

TeopeTuyeckas 4acTb
Oxcuanl

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

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

Oxcuibl MOTYT 00pa30BBIBATH KAK METAILIBI, TAK M HEMETAILTBI.

Jiist TOoro 4TOOBI COCTABUTh XUMHYECKYIO (GOpMYITy JH000TO OKCHA, HEOOXOIUMO IIOMHHUTH, YTO
MOJICKYJIbl XMMHYECKUX COCTUHCHUI SJIeKTPOHEHTpalbHBl. DTO 03HAYaeT, 4TO CyMMa CTeleHel
OKHCIICHHUS JIEMEHTOB, BXOJISIIIUX B COCTaB MOJIEKYJIbI, JOJDKHA OBITh PaBHA HYIIIO.

Hamnpumep:

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

CrenyeT 3HaTh, YTO OOJIBIIMHCTBO SJIEMEHTOB B 3aBUCHMOCTH OT YHCIA BO3MOXKHBIX CTEICHEU
OKHCIICHHsI MOTYT OOpa3oBBIBaTh HECKOJBKO OKCHIIOB. Hampumep, a3oT oOpa3yeT MsITh OKCHIIOB, T.K.
HUMEET IATh TOJOXKHUTEIbHBIX cTeneHel okucienus (+1, +2, +3, +4, +5): N2O, NO, N2O3, NO, N2Os.

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

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

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

1. KucnotHble W  HEKOTOpble  aM(OJMUTHBIE OKCHIbl  HA3bIBAIOTCA  AHTHIPUIAMH
COOTBETCTBYIOIIUX KUCIIOT:

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

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

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

Sb>03 — cypbMSIHUCTBIN aHTHAPHL, OKCHJT CYPbMBbI (+3).

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

CuO — okcun menu (12);

Cu20 — okcua meau (+1);

FeO — okcup xenesa (+2);




FeoOs — okcup sxenesa (+3).
3. B 3aBHCHMOCTH OT CTENEHH OKHCJICHHS SMIHMPHYECKUE U Tpaduueckue GopMysbl OKCHIOB
HUMEIOT BHI:
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Knaccudukamms oxcumoB. Bce okcuasl (0 WX CBOWCTBAM) MOXHO pa3feluTh Ha
coNe00pa3yroIue U Hecoreoopasyromime.

K neconeobpasyromum otaocsarest okcunsl: N2O, NO, CO.

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

—  OCHOBHBIE;

—  KHCJIOTHBIE;

—  amQoOJHTHBIE.

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

Hanpumep:

Na;O — NaOH;

CaO0 — Ca(OH)y;

FeO — Fe(OH)..

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

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

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

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

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

Na,O + H,SO4 = Na,SO4 + H»0;

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



7. OcHOBHBIE OKCHJIBI 00Pa3yIOTCS TONBKO METaJUIAMH.

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

CO2 — H2COs;

803 - HzSO4;

P205 —> H3PO4.

8. Kucnotnsle okcuasl 00pa3yoT:

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

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

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

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

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

1) N.Os + H,O — (HzNzOe) — 2HNOg3;

2) SO3z+ Hy0 — H2SO0y;

3) CrOz+ H,O — HyCrOq;

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

5)  MnyO7 + H,0 — (H2Mn;0g) — 2HMNO..

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

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

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

13. AMQoIUTHBIE OKCHIBI HEPACTBOPHUMEI B BOJIE.

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

Zn0O + H,S04 = Zn0O4 +H,0;

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

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

CIUIaBJICHUC

Zn0O + Na;O ———— > Na2Zn0y;

CIUIAaBJICHUC

Zn0 + 2NaOH —— > NaxZn0; + H.0;

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

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

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

2) runpokcuibHble rpynnsl OH;

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

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

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

18. Paccmorpum mpuMmep coctaBieHUsi (HOpMYJbl KOMIUIEKCHOM COJH, TMONyJaroleicst w3
THAPOKCHIA MHKA U 11EM0un. KOMIUIEKCHBIH HOH COACPKHT KOMILIEKCOOOpa30BaTeIlb 7n* u YeThIpe
noHa ruppokcuia. CyMMapHBIN 3aps]] KOMITIEKCHOTO MOHA PaBeH —2, a COCTaB €ro0 MOXKHO M300pa3uTh
popmynoii [Zn(OH)s]*. DTOT KOMIUIEKCHBIH MOH SIBJISETCS aHMOHOM. 3apsj KOMIUIEKCHOIO aHHOHA
HEUTpaIN3yeTCss KATHOHOM, BXOSIINM B COCTaB MENOYH (IPOTHBOUOHOM). Eciu 3T0 01HO3apsIIHBIN HOH
(K* mm Na'), To cocTaB KOMIUIEKCHOH COJM MOXHO 3amucaTth (opmynamu: K>[Zn(OH)a4],
Nag[Zn(OH)4].

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

7



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

OCTaTKa ¥ aTOMOB BOAOPO]Ia, CIOCOOHBIX 3aMeIaThCs Ha METaJL.

Kucnotrel MoxHO paccMaTpuBaTh KaK IIPOAYKT BSaHMOHeﬁCTBHﬂ KHUCJIOTHBIX OKCHJOB

(aHrHIPUIOB) C BOJIOM:

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

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

HCI, HNOs, HF — 01HOOCHOBHBIE KUCIIOTHL,

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

H3PO., H3AsO4 — TpEXOCHOBHBIE KUCIOTHI.

HaszBanwus kucnior:

HCI — ximopoBomopoaHas (consHast);

H2S — cepoBoiopoHas;

HF — ¢TopoBomopoaHas (rumaBukoBas);

HNOs — a3otHas;

H2SO. — cepnas;

H>CO3 — yronpHas;

H3PO, — oprodocdoprast.

KucnoTsr B3auMoICHCTBYIOT C:

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

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

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

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

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

H-0/ 0 O-H

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

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

OH™.

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

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



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

LiOH — rugpokcun nurtus;

Ca(OH), — ruapoKCH KaTbIHS;

Fe(OH); — ruapokcun xenesa (+2);

Fe(OH)s — rumpokcup xenesa (+3).

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

a) ogHokucioTHeie — NaOH, KOH,;

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

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

I'paduueckue popmynsr:

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

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

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

Zn(OH), + 2NaOH —————-—> Na,ZnO; + 2H:0;
Zn(OH), + 2NaOH — 22— Na,[Zn(OH)J];
Al(OH); + NaOH ————=—> NaAlO; + 2 H,0;

pacTBOp

Al(OH); + NaOH ———— > Na[AI(OH)4].

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

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

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

HaoGopoT, ecnm BbImapuBaTh pPacTBOP COJIM KPUCTAIOTHIpATa, a 3aTeM MpOKalUBaTh

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

Naz[ZN(OH)s] ——> 2H,0 + Na,ZnOy.

Coimm
Conn MOJKHO paccMaTpuBaTh KaK MPOAYKTHI MOJHOTO MM YAaCTUYHOTO 3aMEIleHHs aTOMOB
BOJIOPOJIA B MOJIEKYJIE KHCIIOTHI HA aTOM MeTaJlia, JTMOO THAPOKCHIBHBIX TPYIIT B MOJIEKYJIE OCHOBaHUS
Ha KHCJIOTHBIE OCTATKH. Pa3nnyaroT cojim cpeiHue, KHCIbIe, OCHOBHBIC, JIBOMHBIC.
Conu pa3nuyarot:
a) cpexaane — NaxSO4 ,AlCI3 , K3POy;
6) kucibie — NaHSO,4 s KH,PO,4 s KZHPOA;
B) ocHoBHBIE — AIOHCI> , Al(OH)ClI;
r) aoiiabie — KA1(SO4)2.
Cpennure Cony MOTyqaroT:
a) MU B3aUMOACHCTBUH OCHOBHOTO OKCHA C KUCTIOTHBIM OKCHIIOM:
CaO + CO;=CaCOQOsg;
0) mpu B3aMMOJECHCTBUU OCHOBAHMS C KUCIOTHBIM OKCHJIOM:
Ca(OH)z + CO,=CaCOs + H,0;



B) IIPH B3aMMOJICHCTBHM OCHOBAaHWS C KHCIIOTOM (€CJH BEIIeCTBAa B3ATHI B IKBHBAJCHTHBIX
KOJTMIECTBAX):
Ca(OH); + 2HNOs = Ca(NO); + 2H-0;
T') IpY B3aUMOACHCTBUN OCHOBHOT'O OKCHA C KHCIOTOM:
CuO + HySO4 = CuSO,4 + H20;
) TP OOMEHHOM PEaKIIui MEXIY COIBIO H KHCIIOTOH, WIIH BBITIAIAeT OCA/IOK:
Na,CO3 + H,SO4 = Na,SO4 + CO, + H20;
BaCl, + H,S04 = BaSOul + 2HCI;
€) Tpu B3aUMOJCHCTBMM COJIM CO IIEJIOYbI0, B pe3yibTare uero oOpasyercs
MaJIOpacTBOPUMOE OCHOBAaHHUE WJIH JIETKOJIETydee COSqMHEHNE:
CuSO4 + 2NaOH = Na,SO4 + Cu(OH)2;
NH4CI + NaOH = NaCl + NHsT + H0.
3AIIOMHMUTE, 4ro comu ¢ HepacTBopuMbIME ocHoBarusIMH HE PEATMPYIOT!
) Tpu OOMEHHOM B3aWMOJEHCTBUHM ABYX COJeH, B pe3ylbTaTe KOTOpPOro obpasyercs
MaJIOpacTBOpUMAst COJIb:
AgNO;3 + NaCl = AgCI + NaNO3;
3) IpU B3aUMOJICHCTBHH METAJUIOB C HEMETaUIaMH, B Pe3yJbTaTe KOTOPOro o0pasyroTcs
conu OECKUCIOPOTHBIX KHCIIOT:
2Al + 31, = 2Alls.
Kucneie conmu. Kucnple conm MOXHO paccMaTpuBaTh Kak MPOAYKTHI HEMOJIHOTO 3aMEILCHHS
BOJIOPOJHBIX MOHOB B MOJIEKYJIE KUCIIOTH HOHAMH METaJlia;
H3PO4 + KOH = KH2PO4 + H20;
H3PO4 + 2KOH = K;HPO4 + 2H,0;
HsPO,4 + 3KOH = K3PO, + 3H20.
KH2PO, — murunpodocdar kamust, kucasiii pochOpHOKUCIBIN Kaluii 0qHO3aMEeIIEHHEIH;
K2HPOQO4 — ruapodocdat kanus, KUCIbIid POCHOPHOKUCTBIN KAl [BY3aMeIIEHHBIIH;
K3PO4 — oprodocdar kanus, pochopHOKHCITBIN KaTHid.
Kucnsre conu kanbiust gochopHON KHCIOTH UMEIOT BUI:
Ca(H2PO4)2 — murmmpodocdar  Kambius, KHCIbIH  (POCHOPHOKUCIBIN  KaJbIHid
OJTHO3aMEIIEHHBIN;
CaHPO4 — ruapodocdar kanpiuus, KAcibiii PochOpHOKUCIBIN KAl TBy3aMeIIEHHBIH.
OCHOBHBIE COJIM — MPOIYKTHI HEMOJTHOTO 3aMeIeHUs THIPOKCUIBLHBIX NOHOB OCHOBaHUS Ha
KHCJIOTHBIE OCTaTKU. TakuM 06pa3oM, B MOJIEKYJle OCHOBHOW COJIM KpOME MOHOB METallia U KUCIOTHOTO
ocTaTKa COJIEPKATCsl M MOHBI THAPOKCHIIA:
Al(OH)3z + HNOs = AI(OH)2NOs + H20;
Al(OH); + 2HNO3 = AIOH(NOs), + 2H,0;
Al(OH)3 + 3HNO; = A|(NO3)3 + 3H0.
Al(OH)2NOs — HUTpaT AUTHAPOKCH]T ATFOMUHHS,
AIOH(NO3), — HUTpAT THAPOKCHT ATFOMUHHS,
Al(NO3)3 — HUTpAT aTFOMUHHSI.
3Has 3apsi HOHA BXOZSIIETO B COCTaB OCHOBHOM COJIM, a TAKXKE 3apsii KUCIOTHOTO OCTATKa,
HETPYAHO COCTaBUTH (HOPMYITy OCHOBHOH COJIH:
CocrapneHre ypaBHEHHS PEAKITHH TTOIYICHHS BCEX MBICITUMBIX COJICH TIPH B3aUMOJICHCTBIH
THJIPOKCUJIA ATIOMHHHS M CEPHOW KHCIOTH (HEOOXOJIMMO IOMHHTH, YTO HE BCE COJH CIHOCOOHBI
CYIIIECTBOBATH):

CrOH(NO3)2 Al(HSO.)
MgOHCI

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

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

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

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

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

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

Cepnas xucnora — asa: SOs> , HSO4

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

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

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

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

Peaknyu B3amMHOTO TpeBpalieHus coyield. Panee ObUTH paccMOTpPEHBI CONIM KaK MPOJYKTHI
B3aMMOJICHCTBHUS KUCIOTHI U OCHOBaHUs. IIpy HemocTaTKe KMCIOThI 00pa3yroTcs OCHOBHBIE COJIH, T.€. HE
BCE THJIPOKCUJIbHBIE HOHBI MOTYT 3aMECTUTBCS HA KUCJIOTHBIE OCTaTKU. A TPHU HEJAOCTAaTKE OCHOBAaHUSA
MOTYT MOJyYaThCcsl KHUCHIble conu. OTCioa CTAHOBUTCS MOHSATHBIM METOJ MEpeBOJa OAHOW COJU B
ApYTyIo.

Jlns mepeBosa OCHOBHOW COJIM B HOPMAalIbHYIO (CPEIHIOI0) WM KHCIYI0 HE00XOauMO
J00aBUTh KHCIOTY, a TPHU TEPEeBOAC KUCION COJMU B CPEIHIOK WIH OCHOBHYIO ClenyeT 100aBUTh
ocHoBaHue. [Ipu 3TOM yMOOHO WCIIONB30BATH OJHOMMCHHBIC OCHOBAaHHS M KHCJIOTBI, YTOOBI HE
3arpoMO’KJaTh YpaBHEHUE PEaKIUH IPYTHUMH COJISIMHU:
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a)

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

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

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

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

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

CoNoGaR~WDE

YKa3aHus 110 TEXHUKE 0€30IaCHOCTH
1. Bce paboThl B XUMHYECKOH 1ab0OpaTOpUM JOJHKHBI TMPOBOIUTHCS NPH HUCIPABHOM
2NMEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOIKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKAQYy.
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2. T'a30BbIe KpaHbI U Ta300POBO IODKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOANIECKH
HPOBEPATHCA.

3. PabGouee mecTo conepkaTh B MOPSIKE U YUCTOTE.

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

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

6. Bce OmBITHI C BpeHBIMU M TTAXHYIIMMH BEIIECTBAMH, a TAKKE YIIAPUBAHNE KUCIOT M KHCIBIX
PacTBOPOB MPOBOJMTH B BBITSKHOM IIKAQYy.

7. OcTaTKu coequHEHUH cepedpa cIMBaTh B 0COOBIC CKIISTHKH.

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

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

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

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

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

13. Kareropuuecku 3ampeniaercst mpoOoBaTh XMMUUECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIErK0 BOCILIAMEHSFOIIUMUCS BemecTBaMu (3QUphI, OEH30I, CEpoyriepoa u
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX IUIUTOK.

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

16. Kareropuiecku 3arpemiaeTcst OCTaBIATh padOTaroNe TPHOOPHI Oe3 HAOMIOIeHUSI.

17. B xumuueckoii 1abopaTopun HeoOX0AMMO paboTaTh B Xauare.

3aganus

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

OmnpiT 2. Bo3pbMuTE JIOXKEUKOH HEOOJNBIIOE KOJMYECTBO OKCHAA MEAH, IOMECTHTE €ro B
npo6upky. Tyna xe no6asbte 2-3 cM® pa30aBIeHHON CEPHOI KMCIOTBI, HATPEHTE MPOOUPKY 10 KUTIECHHUSI.
B kakoii mnBer oxpacuics pacteop? CocrtaBpTe ypaBHeHHE peakiuuu. OTOUIBTPYHTE pPacTBOp OT
OCTABLIETOCS OKCHJA MEIM M K OXJaKIEHHOMY (GuiabTpary (pacTtsopy) mobaBbTe 2-3 cM® pacTBOpa
ménoun NaOH. Yto mpomszonwo? HanumuTe ypaBHeHHe peakuuu. Temepb Harpeiite npooupky. Kak
n3MeHmIcs 1BeT ocaaka? CocTaBbTe ypaBHEHHE PEAKIINU Pa3IoKEeHU THAPOKCUIA MEIH.

OmeiT 3. Bo3pmute e mpobupku. Ilomecture B HHX HEOONbIIOE KOJMYECTBO (HA KOHUHUKE
JIOYKEUKH) OKCHJIA LMHKA WM OKCHJA alloMMHHS. B ofHy mpobupky Haieiite 2-3 cm® pa3baBieHHOM
CEPHOM KHCJIOTHI, B JAPYryr 2-3 cM® KOHLEHTPMPOBAaHHOIO pacTBOpa Imesnoun. Harpeiite BTOpyro
npobupky. Okcuipl B 00eWX MPOOHMPKAX pPAaCTBOPSIOTCS, YTO TOJTBEPKIAAET HMX aM(OIUTHOCTE.
CocTaBbTe ypaBHEHUS peakLnil.

Ongpit 4. Haneiite B npo6upky 1,5 cm® pactsopa comu kaamus (xnopuna CACl; mmm cynbdara
CdSO.) u Tyna xe mob6asbre 1 cm® pactBopa ménoun. Hamvmure ypaBHeHust peakumii. B mpobupke
oOpazoBasicsi ocagok. OtmersTe 1BeT ocanka. Coxpepkumoe NPOOHPKH, MpPEABAPUTEIBHO B300NTaB,
paszgenurTe Ha 2 yacTu, MEPeIuB OJHY M3 HUX B JApYryio npoOupky. K comepxkumomy oaHO# npoOHpKu
no6aBbTe 2 cM® pa3baBIEHHON cepHOM KUCIOThL. OcaJoK pacTBOPMIICA. DTO MPOM3OILIO B PE3YIbTATE
peakuuu HeWTpanu3anuuu ocHoBaHWs. Hanumwmrte ypaBHeHme peakumu. K coxmepxuMomy onHOU
npoGupku 106aBbTe 2 cM® pactBopa ménoun. Ocanok HE PACTBOPMIICS, T.K. 00Ja/1ast TOJIBKO CBOHCTBAMHU
OCHOBAHWUSI, CO MIEIOYaMU He B3aNMOJIEHCTBYET.

Ongpit 5. Haneiite B mpoGupky 2-3 cm® pactBopa comu amomuHus. J{o6aBbTe mo Kamism (10
oOpa3oBanms ocanka) pasbaeneHHbi pactBop menoun (KOH — wmmu NaOH). IlosiBuncs ocamox
ruapokcuna amomubus Al(OH)s Oemoro 1Bera. Hamwmmiure ypaBHeHue peakiuu. Coaepkumoe
npoOupKH, MpeaBapUTeIbHO B300JTaB, pasznenure Ha aBe 4dacTu. K conepKuUMoOMy OTHON HpOOUpPKH
noGaBbre 2-3 cM® pasGabienHO# cepHOM kucnotel. Ocanok pactBopuics. COCTaBbTE ypaBHEHHE
peakiuu. Bo Bropyro npo6upky n06aBbTe 2-3 cM® KOHIEHTpHPOBaHHOTO pactBopa menoun (KOH umm
NaOH). Uto mpon301uIo ¢ 0cagkoM THAPOKCHAA amfoMuHMsI? HanumurTe ypaBHEHHS pEeaKITHH.
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Onpir 6. Haneiite B npobupky 2-3 c¢m® pactBopa cyibgara Memu. J1o6aBbTe HECKOIBKO Karelb
(ne 6onee nByx!) ménoun NaOH no oOpa3oBanus cBemio-3enénoro ocanka ocHoBHo comu (CuOH)2SO0..
N30bITOK IEN0UN pUBeneT K 00pa3oBanmio ocaaka rugpokcuna meaun Cu(OH),.

Onwir 7. Haneiite B mpo6upky 2-3 cm® pacteopa xnopuaa 6apusi BaCl, u memnoro cepHoii
KHCIIOTHI 70 oOpa3oBaHus ocanka. OTMeTsTe 1BET oOpasylomerocs ocaaka. Vcmeitaiite Ha
pPacTBOPUMOCTh IMONYYCHHBIA OCaJ0K B KHCIOTe WM MIejdo4d. J[Js 3TOro: cojepkKuMoe MpOOUpPKH,
npeaBapUTeIbHO B300NTAB, pa3aenuTe Ha aBe npodupku. K cogepskumomMy otHON poOUpKU 100aBbTe 2—
3cm® cepHoii kucnotel ¢ konuentpanuein C(H.SOs) = 2mons/aM®, a B apyryio nmpoOupky — 2-3cm’
pactBopa ménoun ¢ konuenTpanueir C(NaOH) = 2 mons/am® n morpeiite B MmiIaMeHH ra30BOM FOpPENKH.
OTMeThTe, MPOU3O0LLIO JIM PACTBOPEHUE Ocajka cyibdara Oapus. O0bsicHuTe moseaeHue ocaaka BaSO4
npu o0pabotke ero pactopamu H>SOs u NaOH monb3yscek Tabnuiei pacTBOPUMOCTH.

CocTaBbTe ypaBHEHHE XUMHUECKOI peakiiui oopazoBaHus cynbdara Oapus.

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

Ne i/t | PearenTtsl XUMUYECKask peakius Habmronenus

1

gl wiN

KoHTpoJibHbIEe BOPOCHI
ba3oBblil ypoBeHb
Uro HaspiBaeTcs okcugaMu? Kakyro cTenmeHb OKUCIEHUS TIPOSBIIAET KHCIOPO B OKCHAAX ?
Jaiite kpaTKyro KI1acCU(UKAITUIO OKCHIIAM.
Uro HaszwiBaeTcs kuciotamu? [lpuBenure nx KiracCUpUKAIIIIO
Uro Ha3biBaeTcsi ocHOBaHMUsAMU? [IpuBeIUTE UX KIIACCHU(DUKAITUIO

i NS

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

Cnucok Jureparypbl, peKOMEHAyeMblil K UCIIOJIb30BAHUIO 110 JAHHOH Teme

OcHoBHasl JuTepaTypa:

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

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

JlonoIHUTeIbLHAS JTUTEpPaTypa:

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

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

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

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

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

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

Tema 5. O01IHe 3aKOHOMEPHOCTH NMPOTEKAHUSI XUMHYECKHX MPOIECCOB.
JlaGopaTropuas padora 2. XuMHu4ecKasi KHHETHKA U XHMUYECKOe paBHOBeCHE

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

CKOPOCTh U CMCIUICHHUEC PABHOBECCHUA XUMHNYCCKUX peaKuHﬁ.

CDOpMI/IpyeMLIe KOMIICTCHIIMHY HMJIM UX 4YaCTH:

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

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

I1K-5 CHOCOOHOCTBIO MPUHUMATh y4acTHe B paboTax 1o pacueTy
MPOEKTUPOBAHUIO JIETAJIEH U y3JI0B MAIIMHOCTPOUTENBHBIX KOHCTPYKIUI B
COOTBETCTBUU C TEXHUYECKUMH 3aJIaHUSIMHU U UCIIOJIb30BAHUEM
CTaH/JApPTHBIX CPEACTB aBTOMATH3ALUU IPOEKTUPOBAHUS

Teoperuyeckas 4acTb
CropocTh XMMHUYECKUX peakiuii

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

Hekotopsle Xxumuyeckue NpOLECChl, HAMpUMEp, PEAKIMU Pa3JIOKEHUS B3PHIBUATHIX
BEIIIECTB, 3aKaHYMBAIOTCSI B TEUCHHUE N0JIeH CeKyHABbl. OueHb OBICTPO 3aKAaHYMBAIOTCS PEAKITUN
B3aUMOJICMCTBUSL KHUCIJIOT, IIeJIo4e W coyied B pactBope. OpraHuyeckue e COCIUHEHHS B
OOBIYHBIX YCIOBHUSAX B OOJBIIMHCTBE CIIYy4acB B3aMMOJICUCTBYIOT MEXKIYy COOOW MEIJICHHO.
TakuM 00pazoM, pa3HbIe peakliy COBEPIIAIOTCS B HEPABHBIC MPOMEKYTKH BPEMEHH, T.€. MOTYT
UITH C Pa3IMYHON CKOPOCTHI0. [103TOMY Ha OCHOBaHHMH TOJIBKO YPaBHEHUN OJTHUX XUMHUUYECKHX
peakiMil Hellb3sl CyJIUTh O CKOPOCTHU IpoIecca.

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

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

DKCIIEpUMEHTBI TI0Ka3alld, YTO YBEIMYEHUE KOHICHTPAIIMA  B3aUMOJICHCTBYIOIINX
BCIICCTB BBIZbIBACT YBCIMUCHUC CKOPOCTHU PCAKIIUU.

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

AC + BD < 4D + BC,

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

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

A

v =—(AC/At)

Cif----

Cor-----

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

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

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

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

-

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

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

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

VpaBuenuss Tuna (5.3), yCTaHaBIMBAIOUIME SKCIEPUMEHTAIBHO  OIPEIACICHHYIO
3aBHCHUMOCTh CKOPOCTH pEaklUHWW OT KOHILIEHTPALMi pearupyromux BeIIeCTB, Ha3bIBAIOT
KUHEeMU4eCcKUMU YPAaAGHEeHUAMU PeaKyuil.

Kunetndeckne ypaBHeHUs peakmuii (5.3) SBISIOTCS MaTEMaTHYE€CKHUM BBIPOKCHHEM
3aKOHAa JIEWCTBHUS MAacC — OCHOBHOTO 3aKOHAa XHMHUYECKOW KHHETUKHU: CKOPOCHb XUMUYECKOU

16



peaxyuu nponopyuUoHaIbHA NPOU3EEOCHUI0 KOHYEHMPAYUli peazupyomux eewecme 6 cmenenu
HEeKOmOopuIX uucel, onpeoensemvlx Ikcnepumenmanvrio (nepsas popmynuposka — H.U. beketos,
1865 r; I'ynpabepr u Bare, 1867 r.).

Tonpko MHOTA MMOKa3aTeNy CTENeHU KOHIICHTPAIMH Ui JaHHOTO BelecTBa (X, Y U ap.)
B KMHETHYECKUX YpaBHEHUX (5.3) COBMANAIOT C €r0 CTEXMOMETPUUIECKUM KOd(PUIIEHTOM (X =
M; Yy = N ) B ypaBHeHUU peakuuu. OObIYHO 3TO BBINOJIHSACTCS ISl SJIEMEHTAapPHBIX PEaKkiui, T.e.
peakuuii IPOXOISAIINX B OHY CTaIUIO.

[Ipumepsl NPSAMBIX 3JIEMEHTAPHBIX PEaKIUH:

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

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

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

Benuuunbl nopsaka no pearentam (X, Y U Jip.) U [0 peakuuu B 1eaoM (N) MOryT ObITh
T00bIMA  HEOONBIIMMU TenbIMU yuciamu (1, 2 u penko 3), paBHATbCA HYIIO WIH OBITh
npooueiMu uncnamu (1/2, 2/3, 3/4 u np.). Hanpumep, 17st peakiiy CHHTE3a BOIBI

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

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

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

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

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

Yucno monexyn, 00HOBPEMEHHbIM B3AUMOOEUCMBUEM MeHCOY KOMOPbIMU 6 MOMEHM
CMOJIKHOBEHUA ocywyecmeniemcs aKkm XUMUYECKO20 npespaujeHusl, HAasvleaemcs
MOJTIEKYNIAPHOCNbIO pEAKYUU.

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

B YaCTHOCTH, K MOHOMOJ‘IGKyJ‘IprHBIM peaKHI/IHM OTHOCAT peaKHI/II/I paSJIO}KeHI/IH MOJ'IeKy.]'I
Y BHYTPUMOJIEKYJIIPHBIX NIEPETPYNIIMPOBOK, HAIIPUMED, PEAKLUIO PA3JIOKEHHUS MOJIEKYT o1a:

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

TpumonexkynsapHas peakuus:

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

Jlis mpuUBENEHHBIX peakUHUil MOPSAJOK U MOJEKYJISPHOCTb PEaKIMil COBIAIAIOT, HO B
o0LIEM cTyyae OHU Pa3JINYHBL.

Tlopsiook peakyuu onpeoensiemcs MOJNEKYIAPHOCMbIO CAMOU MeOJIeHHOU CMaouu OaHHOU
peaxyuu.

Ecnu peaknuss waer mo cragusiM, TO €€ TMOPSAOK pEaKkIMH MEHbIIE WM DPaBEeH
MOJICKYJISIPHOCTH peakiuu. Tak, HarmpuMep, Ipu CUHTE3€ BOJBI (CM. Tabnuiy 5.1) npu mopsake

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

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

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

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

[Tpu sy1eMeHTapHON peakluu B CUCTEME MPOTEKAET TOJIBKO OJUH IMPOIECC U YPAaBHCHHE
peaKIuy PacKphIBa€T €ro MEXaHW3M. BOJBIIMHCTBO pPEaKIMil — CIOKHBIC W TIPEICTABIISIOT
cO0O¥ CyMMapHBIH Pe3ysIbTaT HECKOJIBKUX AJIEMEHTAPHBIX MPOIecCOB (IBYX u OoJee). [ToaTomy
o0I1ee CI0KHBIX ypaBHEHUE PEaKIUi HE OTPaKaeT MX PEaIbHBIM MEXaHH3M.

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

24+ B < C,

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

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

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

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

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

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

Monekynbl, KOTOpbIe 00J1a1af0T BRICOKUM 3alacoM KMHETUYECKOW SHEPIHH, Ha3bIBAIOTCS
AKTHBHBIMHU.

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

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

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

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

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

Yucno, nokasviearowee 60 CKOILKO pa3 YEeIUdUBAemcss CKOpOCMb peaxkyuu npu
yeenuyenuu memnepamypbi Ha 10°C, Hazvieaemcs memnepamypHuviM Kod@uyuenmom u

obo3nauaemcs 7/ .

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

ty—t,

Y _ 10
=y 10 (2.4)

Utl

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

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

BemectBa, HW3MEHSAOIME  CKOPOCTh  XHMHYECKOTO  IpOIEcca,  Ha3bIBAIOTCSA
Kataim3zaropamu. KaranuzaTtopamMu MOTYT OBITh TBEpIble, JKHIKAE W Tra3000pa3HbIC
BerecTBa. MI3MEHEHHE CKOPOCTH XUMHUYECKOW PEaKIMW IO/ BJIMSHUEM IPHUCYTCTBYIOIICTO B
CUCTEME MTOCTOPOHHETO BEIIECTBA, COCTaB U KOJIMUYECTBO KOTOPOTO K KOHILY PEAKI[UU OCTAIOTCS
0e3 U3MEHEHU1, Ha3bIBAIOTCS KATATU30M.

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

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

XuMH4YecKoe paBHOBecHe
Bce xumuueckue peakiiuu MOXHO pa3ZesiuTh Ha JIBa THIA: 00paTUMble U HeoOpaTHUMBbIE.
MHorue peakuuu sBJISIOTCS 00paTUMBIMU, T.€. TAKMMH, IPU KOTOPHIX 00pa3oBaBIIMECs
MPOJYKTHI B3aUMOJIEUCTBYIOT MEXKy COOOH, MpeBpalasch B MCXOJHbIE BELIECTBA.
OOpatuMble peakliy OrpaHUYEHbI ONPEICIIEHHBIM MPEIEIOM: OHU HE JOXOAAT A0 KOHIA.
OOmuit Buj ypaBHEHUs 0OpaTUMON peaKIuu:

mA + nB<«>pC + gD. (2.5)

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

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

Ecnu cxopoctu mpsmoit u oOpaTHOM peakiuii paBHBI (Vnp = Vosp. — MATEMATUYECKOE
YCIIOBHE€ XHWMHUYECKOrO0 paBHOBECHs) , TO TpaBble yacTd  ypaBHeHuil (5.6) u (5.7), ux
BBIPAXKAIOIINX, TAK)KE PaBHBI:

K[A]"[B]" = k[c]’[D]". 29
Ha ocHoBanuu 31010 C(HhOPMYIMPOBAHO MOJIOKEHHUE, HA3BAHHOE 3aKOHOM JICHCTBUS Macc
(BTOpas GopMyIUpOBKA): 6 MOMEHmM pABHOBeCUs NPOU3BeOeHUe KOHYEHMPAayull 0eticmseyouux
MACC UCXOOHBIX GeujeCms HA KOHCMAHMY CKOPOCMU NPIMOU Peakyuu PAasHO NPOU3EEOeHUI0
KOHYenmpayuti 0eticmeylowux Macc o00pazylouwuxcs ewecms Ha KOHCMAHMY CKOPOCMU
06pamuoil peakyuu.
N3 ypaBuenus (5.8) cienyet, 4To

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

KoHcranTolt xumuueckoro paBHOBecHs KP Ha3bIBAaeTCsl OTHOILIEHUE IPOU3BENCHHUS
PAaBHOBECHBIX  KOHLIEHTpPAllMd MNPOJAYKTOB pPEAaKIMM K [POU3BEIACHHUIO PAaBHOBECHBIX
KOHIIEHTPALUi HCXOAHBIX BEIIECTB, B CTETIEHU UX CTEXHOMETPUUECKUX KO PUIIMEHTOB.

KP BbIpakaeT 3ak0H AeMCTBUS Macc /Ul pABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
PAasHOBecuUs: He 3a8UCUmM OM KOHYEHMPAYuu peazenmos, HO 3a8UCUMm Om memMnepamypbl u om
nPpUpoObl peazupyroujux 6eujecms.

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

AGP® = -RT InKP (2.11)

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

AG®=-19,14 T IgKP (2.13)

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

Ecnu B paBHOBecHOit cucteme MA + NnB<«>pC + D yBenuunTh KOHIEHTpAIMIO A, TO B
cootHoweHuu (7.1.6) mnst KP, NOJDKEH YBEIWYMUTHCS YUCIUTENb WIM YMEHBIIUTHCA BTOPOM
COMHOXHTEJb 3HAMEHATENsl, T.€. BeIUYMHA [B]. DT0 MOXET NPOU30iTH B pe3ybTaTe CMEIEeHUs
paBHOBECHsI cJeBa HANpaBo, NMPHUBOJAIIEIO K OOpPa30BaHUIO HOBBIX KOJIMYECTB MPOAYKTOB
peakmuu — C u D.

Takum 00pazom, IpU YCTaHOBHUBILEMCSI HOBOM COCTOSIHUM PAaBHOBECHS, KOHIEHTPAIUU
BCEX YEThIPEX BELIECTB, [0 CPAaBHEHHMIO C MEPBOHAYAIbHBIMHU, OKAXKYTCS M3MEHHUBILIUMHUCS, a
3HaUEHUE KOHCTAHThl PABHOBECHS HE U3MEHUTCH.

20



CHGI[OBaTeJIBHO, g CMCHICHUS PAaBHOBCCHUA CJICBA HaAIIpaBO HeO6XOI[I/IMO NI
YBEIMYHUTh KOHICHTPAIMIO OJHOTO M3 HMCXOAHBIX BEHIECTB, MM YMEHBIIUTh KOHIICHTPAIIUIO
OJIHOTO U3 MPOJYKTOB PEAKIHH.

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

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

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

[A] = Co(A) — A CA).

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

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

«Ecnu Ha 00paTUMYIO CUCTEMY, HaXOJSILYIOCS B TIOJBM)KHOM COCTOSIHUM, OKa3aTh U3BHE
Kakoe — Ju00 BO3JIEHCTBUE, TO CHCTEMa OTBEYAET CMEIICHHEM PAaBHOBECUS TaKUM OOpPa3oM,
4TOOBI OCIA0UTH 3TO BO3JEHCTBHUEY.

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

NGk WN

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

ANEKTPOOOOPYAOBAHHY, IITEKTPOIIPOBOIKE, MPABUIEHO 000PYJI0BAHHOM BBITSDKHOM IITKaQYy.

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

3. PabGouee mecTo conepkaTh B IOPSJIKE U YUCTOTE.

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

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

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

7. OcraTKu coeqUHEHUI cepedpa cauBaTh B 0COObIE CKIAHKH.

8. Ilpu HarpeBaHUM PacTBOPOB B MPOOUPKE BCET/a cieqyeT Aep)KaTh e€ TaKuM 00pa3oM, 4TOOBI
OTBEPCTHE NMPOOUPKH OBLIO HAMPABIECHO B CTOPOHY OT PabOTAIOMIETO PSIOM COCea.

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

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

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

13. Kareropuuecku 3ampeniaercsi mpoOoBaTh XUMUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIETKO BOCILIAMCHSIOIIUMUCS BellecTBaMu (3QUphI, OCH301, CEPOyTIepo U
T.JI.) HE IOJDKHO OBITH PSIIOM OTHSI M BKJTFOUCHHBIX TTUTOK.

15. IIpu paboTe cO CTEKIOM, XHMHYECKOW TOCYIOH, HEOoOXOAMMO COONIIO/ATh IpaBUIiIa
MPEIOCTOPOKHOCTH BO M30€KaHNE PaHEHUI OCKOJIKAMH CTEKIIA.

16. Kareropuecku 3arpemiacTcs OCTaBIATh paOOTaroIMe TPUOOPHI 03 HAOIIOICHUSI.

18. B xumuueckoii 1abopaTopun HeOOX0AMMO paboTaTh B XajaTe.

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

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

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

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

Pesynbrare! onbiTa cBeIUTE B TA0NIUILYy 2.2.

B uTore MOXHO N caenaTh BBIBOI: CKOPOCMb peaxyuiu 3a6UCUm Om npupoobl peazupyrouux
sewecms u ux KoHyenmpayuu?

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

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

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

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

Omnpit5. IlpuMepom oOpatumMol peakUuH SBISETCS B3aUMOACHCTBHE MEXAY pa30aBIeHHBIMU
pacTBopaMm XJopuia >kene3a (+3) m THOIHMAaHATa Kalus WIA aMMOHHS (TIPaKTHYECKH OECIIBETHBIC
pacTBOPBHI).

MounekynapHOe ypaBHEHHE PEAKIIIN:

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

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

OO0pa3ytomuiics B pe3yibTaTe peakiiy KOMIUIEKC — THOIHaHat sxene3a (+3) obnamaeT KpacHBIM
[[BETOM, HHTEHCUBHOCTh KOTOPOTO 3aBHCUT OT KOHIICHTparuu. [103TOMy cMellleHHe PaBHOBECHS JIETKO
HaOII0aTh 10 U3MEHEHUIO HHTEHCUBHOCTH OKPACKH.

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

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

Pesynbrathl onbiTa 3aHecuTe B Tabnuiy 2.4.

Conep:xkanue oTyera

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

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

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

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

IocTpoiite rpaduk 3aBUCUMOCTH CKOPOCTH PEAKLIMH OT KOHLEHTPALMH Pearupyromnux BELIeCTB.
Kaxoit nuHmMelt BeIpakaeTcss HaiiieHHass 3aBUCUMOCTh? [IpoXomuT v oHA yepe3 Havaiao KOOpAWHAT?
[Touemy?

Jlns onvima 2.
Tabauya 2.3 BrusiHue memnepamypul Ha CKOPOCMb PEaKyull

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

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

Jlns onvima 3.

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

OOBsICHUTE, OMHAKOBO JIM MIPOTEKAET MPOIIECC Pa3NIoKEeHHs mepokcuaa Bojopoma? CocTaBbTe
ypaBHEHHUE Pa3I0OXKEHHUs Mepokcruaa Boxopona. Onpenennte TUN KaTann3a. Kakoe W3 BemecTB oKasajo
KaTaJUTHYeCKOE AeicTBHE?

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

Tabnuya 2.4 Bauanue xonyenmpayuu peazeHmos Ha XUMuyeckoe pasHogecue

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

KoHTpoJibHBIE BOIPOCHI

ba3oBblii ypoBEHb

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

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

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

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

4. Kak unraercs nepBast GopMyupoBKa 3aKOHA ASHCTBHS Macc?

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

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

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

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

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

10. Kakne yacTuipl Ha3bIBalOT «aKTUBHBIMU»? JlaliTe ompenesieHHe MOHITUIO «3HEPTHs
AKTUBAILIUNY.

IToBbIIEHHBIN YPOBEHD

1. Kak n3mensiercsi sHeprus akTUBalliK B MPUCYTCTBUM KaTanuzaTopa?

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

3. [IpuBenmute ¢dopmynupoBky mpaBwia Bant-I'opda. Kakas dopmyna otpaxaer
MaTeMaTHYECKYIO 3aBUCHMOCTb BO3PACTaHHSI CKOPOCTH C YBEJIIMUEHUEM TEMIIEPATyphl?

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

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

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

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

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

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

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

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

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

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

13. TIlpusemute QopmynupoBky npuniumna Jle Illatense. Kakoe mpakTuueckoe 3HaueHHE HMEET
stoT npuHuun? IlpuBennre npuMepsl.
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Cnucok JuTepaTrypbl, peKOMEHAyeMblil K UCII0JIb30BAHUIO 110 JAHHOH TeMe

OcHoBHasl JuTepaTypa:
1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. KopoBuH. - 13-¢ u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyKaromen cpebl : XUMUs KUBBIX opranu3mMoB. Kypc nekiuii /
E. C. Muxanuna, A. JI. [lerenmun. — M. : Uznarensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTpOHHBIH // DnekTpoHHO-O0nOMHoTeyHas cuctema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocryna: mis
aBTOPU3HP. MOJIb30BATENEH
JlonoIHUTeILHAS JTUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pen. A. Y. Epmakoga. - M3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHS METaJUIOB : ydeOHOe mocobue (71 CTYJACHTOB XHMHUYECKOTO (haKylIbTeTa
HanpaBlieHU# O0akanaBpoB «XUMHUI» U «XUMHUYECKas TEXHOIOTHs») / cocTaBuTenu O. A.
["onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbI yHUBepcuTeT uM. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : anekTpoHHBIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum moctyma: s
aBTOPU3HUP. N0JIb30BATENIEH
HNuTepHeT-pecypces:

1 http://window.edu.ru/ — eauHoe OKHO JOCTYyIa K 00pa30BaTEeIbHBIM Pecypcam

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

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

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

Tema 6. PacTBopbI
JlaGopaTopHas padora 3. DeKTPOJUTHYECKAS AUCCONHMALMA
ens paboThl: N3syuenue mporecca 3IEKTPOIUTHYECKONW JUCCOIMAIIMK B BOJHBIX PACTBOpAxX
3JIEKTPOJIMTOB Pa3HON CHIIBL.
dopmupyemble KOMIETEHIIMH UITH UX YaCTH:

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

COBPEMEHHOT'0 00IIeCcTBa, CIIOCOOHOCTHIO MOJTyYaTh U 00pabaThiBaTh
MH(OPMALIMIO U3 Pa3IMYHbIX HCTOYHUKOB, TOTOBHOCTHbIO HHTEPIIPETUPOBATS,
CTPYKTYPUPOBATh ¥ 0POPMIIATH HHOOPMAIUIO B JOCTYITHOM ISl APYTHX
BHUIC

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

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

Ipumeuanue. K mporieccamM mpoTOH3a OTHOCSAT BCE XMMUYECKHE B3aUMOJICHCTBUSI, B KOTOPBIX
yuactBytoT uoHbl H3O0" u OH'. TepMuH «IMCCOIMAIMsS» yCTapea, BMECTO HEr0 PEKOMEHIYEeTCS
MPUMEHSATH — MTPOTOJIU3.

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

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

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

[Iponecc mpoTtonmsa — mpouecc 0OpaTUMBIH, T.€. MapayieNbHO paclagy MOJIEKYJ Ha HOHBI UAET
MPOIECC COSTUHEHUS HOHOB B MOJICKYJIBI.

Hanpumep: CUSO4 < CM2+ + 8042_

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

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

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

a) B) r)
" @ @ ®@ @@@—»@@@

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

Pucynox 3.1 — Cxema npomonuza noaspHol MOAEKY bl

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

luapaTupoBaHHbBIE HOHBI MOTYT UMETh KaK IMIOCTOSIHHOE, TaK M MEPEMEHHOE KOJIUYECTBO MOJICKYT
BOBL. I'MapaT MOCTOSHHOTO cOCTaBa 00pasyeT MoH Bogopoaa HY, yaepkuBarommimii OQHy MOJIEKYITY BOJIBL.
B HayuHoi1 1 yueOHOU nuTepatype ero o6o3nadaror HsO" (mim OHs"™) 1 Ha3bIBatOT HOHOM THIIPOKCOHHSI.

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

H* + H,O — H30".

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

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

K HuM oTHOCSTCS:

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

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

B) TIOYTH BCE PACTBOPUMBIE COJIH.

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

IIpoTonu3 kucioT:

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

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

[HSO, ]

=0,012

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

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

IIpotonus cosnei:
Cpeonue conu:

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

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

Q , KOTOpas TMPEeJCTaBIsIeT cO00 OTHOIIEHUE YKcia MOJb (Ny) TOABEPIIINXCS MPOTOIHM3Y MOJIEKYH, K
obteMy grcity Mob (Nosy) PACTBOPEHHBIX MOJICKYIT:

@, %= —"%_.100. (3.1)
n06u4

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

Crenenp POTONIM3a MOKHO YBEJIMYUTH MOHMKEHUEM KOHIICHTPAITMH PAaCTBOPEHHOTO BEIECTBA
(Tabnuma 2.1) nin MOBBIIIICHUEM TeMITEPaTyphl pacTBOpA.

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

20°C

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

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

[Iponecc mpoTonuza c1aboro AIEKTPOIUTA SIBISETCS PABHOBECHBIM, T.€. B CHCTEME MPOTEKaoT
OJTHOBPEMEHHO J[Ba CONPSDKEHHBIX MpoLecca: MPOTONN3 U MoJisipu3anust. Hanpumep, 11 paBHOBECHOTO
Mporiecca a30TUCTON KHUCIOTHI C MOJIEKYJIaMA BOABI: 1) mpsiMasi peakuus — mporiece MpoToiu3a (pacmaaa)
mostekyn HNO; Ha moHbl; 2) oOpaTHas peakius — mousipu3anus (csi3biBanue noHoB H3zO" u NO2™ B
mostekysl HNO2)

a(CH3COOH), % =

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

I[Hﬂ MHOT'OOCHOBHBIX KHCJIOT CYHIECTBYIOT HECKOJIbKO KOHCTAHT IMPOTOJIM3a, KaXXIasad U3 KOTOPBIX
KOJINYECTBEHHO XaPaKTEPU3YEeT COOTBETCTBYIOLIYIO CTYIIEHb IPOTOJIM3A.
Hamnpuwmep:

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

+ -.
H28+ HzO(—) H3O + HS ,
+ —
_[H3O7]-[HST] 7.
a = =1-10"";
[H2S] ,
- + —.
HS™ +H,0 < H3;0" +S°7;
+ 2—
_[H307]-[57]
[HS™]
[IpoTonu3 3NEKTPONMTOB II0 TEPBOM CTYNEHH HWJET JIerde W, CJEJOBAaTeIbHO, BEIHMYHHA
KOHCTAHTHI TIPOTOJN3a MEPBON CTYNEHH Bcerna OOIbIe BETMYWH KOHCTAaHT MPOTOIH3a MOCIETYIONIIX
CTYIIEHEH.
Koncmaunma npomonusza mak dice, Kak u KOHCMAHMA XUMUYECKO20 PABHOBECUsl, SGIAemCs
BEIUUUHOU NOCMOAHHOU NPU OAHHOU MeMnepamype U He 3a8Ucum om KOHYEeHmMpayuu eeuiecmad.

3aBUCHMOCTh MEX/Iy KOHCTAaHTON pPAaBHOBECHS M CTENEHBIO MPOTONH3a OMPEAEAeTCS 3aKOHOM
paszbasienus OcTBasibAa, HATPUMED, TSI OTHOOCHOBHOM KHCIOTHI (THa HA):

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

-11.107%,

a

K, (HA) = —npua > 0,05 (5%)

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

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

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

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

Oo0opynoBaHne U MaTepuasbl
1. PactBop cepHoii kuciotsl H2SOs ¢ konnentpanuei C(H2SO04)=2 mosn/am®
2. Pactsop comsnoii kucaorsl HCl ¢ kornenrpanueit C(HCH=2 momns/nm®
3. Hupukarop penondraienn
4. VIHAMKaTOP METHIOPAaHKEBBIM
5. JlakmycoBas Oymara
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PactBop NaOH ¢ xonuenTpanueii C(NaOH) = 2 mons/am®

6

7. JIMCcTHIUIMPOBaHHAs BOJA

8. TIpoGupku

9. Jloxeuka

10. PactBop NazSO4

11. PactBop (NH4)2SO4

12. PactBop xmopuzna Gapust

13. PactBop cunmkara HaTpus

14. PacTBOp CONSAHOM KUCIOTHI

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

19. PactBOp enxoro Harpa

YKa3aHus 10 TEXHUKe 0€30IacCHOCTH
1. Bce paboTel B XUMHYECKOW Tab0OpaTOpUM MOJDKHBI TPOBOAWTHCA NPHU HCIPABHOM
3IIEKTPOOOOPYI0BAHHH, HIIEKTPOIPOBOJIKE, MPABHIBHO 000PYIOBAHHOM BBITSDKHOM MIKAQYy.

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

3. Pabouee MecTo comepxKaTh B OPSAKE M YUCTOTE.

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

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

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

7. OcraTKu coeqUHEHUI cepedpa clMBaTh B 0COObIE CKISHKH.

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

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

10. He cnemyer BABIXaTh Maxydue BEIIECTBA M Ta3bl, OJHM3KO HAKIOHSSACH K COCYIY C ITUMH
BerecTBaMu. HioxaTh BemecTBa MOYKHO JIMIIb OCTOPOXKHO, HANPABIISS K ceOe maphl WK ra3 JIBHKCHUEM
PYKH.

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

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

13. Kareropuuecku 3armpeniaercst mpoOoBaTh XUMUYECKUE BEIIECTBA Ha BKYC.

14. TIpu pabote ¢ JE€rK0 BOCIUIAMEHSIOIUMHUCS BemecTBaMu (3¢upsl, OEH301, CEpoyriaepoa u
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX IUIUTOK.

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

16. Karteropuuecku 3ampeniaercsi OCTaBiIsATh paboTarole Npuoopsl 6e3 HaOIIOACHUS.

19. B xumuueckoii nabopatopun HeoOX0AUMO paboTaTh B Xanare.

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

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

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

Omngit 3. Hanelite B mpoOupKy 2 cM® pacTBOpa CHJIMKATa HaTpHs, J0OABBTE TAKOE e KOJIHYECTBO
comsiHOM KucnoTel. Yto mpowmzonuio? HamummnTe MONEKyIsipHOE, MOJTHOE MOHHOE M KpaTkoe HMOHHOE
ypaBHEHUs JaHHOH peakiuu. OOpaTuTe BHUMaHHUE, YTO KPEMHHEBasl KUCIIOTA IJIOX0 pacTBOpUMa B BOJIE.

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

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

OnwiT 6. Hanelite B mpo6upky 2 cM® pactsopa anerara natpus CH;COONa u 106aBbTe HEMHOTO
pa30aBICHHON COJITHOW KHCHOTHl (Winn cepHoi). [losiBuics 3amax, MPUCYIIUE MOJEKYlIaM YKCYCHOU
kucnotThl. [lpu cocTaBneHNM HOHHOTO ypaBHEHHsI He 3a0bIBaiiTe, YTO YKCYCHas KHCIOTa — CIIA0BIH
3JEKTPOJIUT.

OmneiT 7. B HEOOMBIIOM KONMWYECTBE BOJABI B30OJTANTE MICMIOTKY PACTEPTOrO B MMOPOLIOK MeJa U
MPUIEHTE HEMHOT'O PACTBOPA COJISIHOM KucioTel. Kakoil ra3 npu 3ToM BbLaenurca?

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

Hanwumure MonekynsipHOe, KpaTKOe U MOJTHOE HOHHBIE YPaBHEHUS.

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

0) OOpazoBaBmIuiics ocafok B30ONTaNTE U pa3aenuTe Ha nBe yacTH. K omHoi yacTn no6aBpTe 2-
3 cM® CONAHOM KHCIIOTBI, @ KO BTOPOi — 2-3 ¢M® KOHIIEHTPUPOBAHHOTO PacTBOPA MIEIOUH.

OO6patuTe BHUMaHHE, YTO 0CAJI0K B 00enX MpoOupKax pacTBOpuiics. BcrioMHHTE, YTO THAPOKCH]T
xpoma (+3) obOmamaer amMQOIUTHBIMH CBOWCTBaMH, B3aWMOCHCTBYS KaK C KHCJIOTaMH, TaK U C
menouamu. [Ipu 3Tom BO BTOpOM ciydae oOpa3yercs KoMIUIeKcHass coiib. Kakas? Hammmure e€
dopmyiy.

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

CocraBbTe MOJIEKYIISIPHBIE, TIOJHBIE U KPATKUE YPABHEHHUSI COOTBETCTBYIOIUX PEaAKIUi.

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

Fe*" +30H ™ = Fe(OH); ¥

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

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

Ne /1 | Pearentsl XUMHYECKasi PeaKIus Habmronenus

1
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KoHTpoJibHBIE BOIPOCHI
ba30BbIil ypoBEeHB
1. Yro Takoe 3neKTpoIuTHIeCKask AUCCOUanus?
2. DNEKTPOIUTHI ¥ HE DIIEKTPOITUTHI.
3. KT0 U3 XUMHYECKHX COCTUHEHUH SBISCTCS 3JCKTPOIUTOM?
I1oBBIILIEHHBIN YPOBEHD
1. Hanmmure MoJeKynspHbIe, IOIHbBIE U KpAaTKHE HOHHbBIE YPAaBHEHUS PEaKIUi B3aUMOACHCTBHSL:
a) kapOoHaTa KaJus C COJISTHOW KHCIIOTOM;
0) a30TUCTOI KUCIIOTHI C TUAPOKCHUAOM HATPUS;
B) KapOoHaTa MarHus ¢ a30THOM KHCJIOTO;
T') THAPOKapOOHaTa HATPHS C €KUM HaTPOM;
1) TUAPOKCH]Ia ATIOMUHUSA C €KUM HATPOM;
€) COJITHOM KHCIIOThI C CHJIMKATOM HaTpHs.

Choucox JUTEPATYPHI, peKOMeH)IyeMBIﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHas1 JIMTepaTypa:
1. Koposun, H. B. O6mas xumus : yaeouuk / H. B. KopoBuH. - 13-¢ u3., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy>Karolieil cpeibl : XMMHUs )KUBBIX opranu3moB. Kypc nekiuii /
E. C. Muxanuna, A. JI. [Terenmua. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTPOHHBIN // DnekTpoHHO-0uOnuoTeyHas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
JlonmoJIHUTeIbHAS JIUTEpaTypa:
1. T'nmunka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tog pea. A. U. Epmakosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHS METaJUIoB : ydeOHOe ocodne (JIIsl CTYJACHTOB XMMHYECKOTO (haKyJIbTeTa
HamnpaBlieHUH O0akanaBpoB «XUMHUI» U «XUMHUYECKas TEXHOJIOTHs») / coctaButenu O. A.
['onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbIN yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : 2eKTpoHHBIH // DekTpoHHO Oubimorednas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum noctyna: mis
aBTOPU3HUP. MOJIB30BATENEH
HNuTepHeT-pecypcesr:

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

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

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

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

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

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

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

TeopeTuyeckas 4acTb

Ilpoyecc 63aumoodelicmeus UOHO8 COMU C MOAEKYAAMU 600bl, NPUBOOAWULL K 0OPA308AHUIO
cnaboouccoyuupyrowux 8ewjecms (MOJeKyl CiabblX KUCIOM UMW OCHOBAHUL, AHUOHO8 KUCTbIX UIU
KAMUOHO8 OCHOBHBIX COJlell) u conpogodcoaroujeecs: usmenenuem pH pacmeopa, naszwieaemcs
NPOMONUIOM.

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

Cnalbie 3JeKTPOIHUTHI B BOJIC JIHIIh YACTUYHO JUCCONUHUPYIOT Ha MOHBL. K HUM OTHOCSTCS:

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

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

CuJbHBIC DIICKTPOJTHUTHI:

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

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

CoctaBuM TabnMIly coyiel, OOpa30BaHHBIX PA3TUYHBIMH (KaK CHA0bIMH, TaK M CHJIbHBIMH)
KHUCJIOTAMH ¥ OCHOBAHHUSIMH.
Tabnuya 4.1 Tlpomonus paziuurno2o muna conei

Coun, 00pa3oBaHHbIE

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

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

IIpoTosau3 coneil, 00pa30BaHHBIX CHJILHBIM OCHOBAHHEM H
cJ1a00ii KuCJI0TOM

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

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

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

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

HonHO-MONEKyIsIpHOE ypaBHEHUE MPOTOJIN3A CO3 I10 TIEPBOH CTYIIEHHU:

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

Na2C03 + H20 <> NaHCO3 + NaOH .

I/IOHHO-MOJ'ICKYHHpHOC YpaBHCHUC ITPOTOJIH3a HCO3 .

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

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

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

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

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

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

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

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

Ky _ 10™
Ka, (H,CO3)  4,6-10™

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

Knpl(co?f—) — =2,17-10%;

C

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

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

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

CooTHollleHne IepPBOH U BTOPO KOHCTaHT MpoTou3a kapoorar-uonHa (= 10 000)

Kup, (CO37) 21710
(COZ) 222.10°®

~10-10%
Hp2

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

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

CuSO, <22 5 cu?* +502"

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

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

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

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

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

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

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

Ko = Nw (4.5)
Ky

rac K — KOHCTaHTa IIPpOTOJIn3a 10 i- CTYIICHU,

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

CrernecHb mpoToJin3a:
K,, K,,
C C

rae C — KOHIEHTPAIKs COJIH, MOJIB/IM>,
Dopmyiy (3.6) IpUMEHSIOT TOT A, KOT/Ia CTeTeHb mpoTosu3a npessimaet 0,05 (5%).
Kop, | 4.7)
KoHIleHTpanio KaTHOHOB THIPOKCOHHMS, ONPENEISAIONINX TIIyOMHY IPOTEKaHHs MpPOTOJIH3A,
MOYKHO PaccUuTaTh 110 YPaBHEHHUIO:
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[H30+]i ~ Knpic' (4.8)

IIpoToau3 coseii, 00pa30BaHHBIX CJIA0BIM OCHOBAHHEM M CJ1a00# KHCJI0TOM
PaccmoTpum kak mpotekaer nporonu3 anerata ammonus. CHsCOONH4 — conb cnaboit sTaHOBOM
KHCIOTHI U ciaboro ocuosanust — NH4OH. YpaBHeHHe MPOTOJIN3a 3TOW COIM UMEET CJICTYIOIHIA BUI:

CH,COONH , <122 5CH,CO0™ + NH;.

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

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

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

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

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

Cnedyem nomHumsv, ymo coau, 0OpPA308aHHBIC CUNLHLIM OCHOBAHUEM U CUIbHOU KUCIOMO,
npomonu3sy He HOOBeP2AIOMCH.

Hanpumep, xmopun natpus NaCl — cons cubroii kuciaotel HCl u cunbhoro ocuoBanust NaOH.
Hownpl, oOpasyrommecs B pe3yibTaTe AWCCOIMAIIMK 3TOH coNHM, HE OO0pa3yloT C BOAOW CiIa0OBbIX
OJICKTPOJIMTOB. HOBTOMy B 06BI‘{HBIX YCIIOBUAX PAaBHOBECHUC IIPOTOJJIM3a MOJICKYJI BOJbl B TaKHUX
pacTBopax HE HapylaeTcs W KOHILIEHTpalUsi MOHOB TMJIPOKCOHUSA M THAPOKCUA-MOHOB OCTa€TCs TaKOM
K€, Kak y uucToi Boabl — pH = 7.

IHonHbIH IpOTOIU3

PaccmoTpum, kakue mpoiayKThl oOpasytoTcs mpu cmenmBanuu pactBopoB AlI(NOs)s u KoCOs.

Hutpar anmromuHus moasepraercst npomnmy 110 KaTHOHY, a KapOOHAT KaJHs - [10 aHUOHY:

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

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

CO}” +H,0 <> HCO; +OH "~

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

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

VloHHO-MOJIEKyISIpHOE YpaBHEHHE IPOTOJIN3A:

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

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

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

2_
4. Fe*u CO;

. 2

OO0opynoBaHne U MaTepuaJIbI
PacTtBop uHIHKATOpa
JIMCTHILTHPOBAHHAS BOIA
[Ipobupku
PactBop Na,COs
PactBop AICl3
Pacteop NaCl
PactBop xmopuga aMMOHUS
PactBop cynbdara amomunus Alx(SO4)s
. PactBop docdara narpus NasPOy
10. PactBop (NH.)-S
11. PactBop cysbtara amoMuHAsL
12. PactBop cynbgara xpoma Cro(SOs)3
13. PactBop pactBopa comasl Na2COs

CoNoaR~WDE

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

2. T'a30BbIe KpaHbI U ra30MPOBO/ IOJDKHBI HAXOUTHCS B HCIIPABHOM COCTOSIHUH, TIEPUOIMIECKU
MIPOBEPSATHCA.

3. Pabouyee mMecTo comepkaTh B HOPSIKE U YHCTOTE.

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

5. MUznumex peakTrBa He BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLT B3AT.

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

7. OcraTKu coeqUHEHUI cepedpa cMBaTh B 0COObIE CKIISHKH.

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

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

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

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

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

13. Kareropuuecku 3ampeniaercsi mpoOoBaTh XMMHUYECKHE BEIIECTBA HA BKYC.

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

15. [lpu paboTe co cCTEKIOM, XHMHYECKOHW MOCYyHoi, HeoOXoauMo coOmogaTh NpaBHia
NPEIOCTOPOKHOCTH BO M30€KaHNE PAHEHUI OCKOJIKAMH CTEKIIA.

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

20. B xuMuveckoit 1abopatopun He0OX0UMMO paboTaTh B Xajare.

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

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

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

Onwvim 4. Haneiite B mpo6upky 2-3 cm® pactBopa (ocdara narpus NasPOs u no6assTe 1-2 Kamnu
pacTBopa nakmyca. B kakoi mBer okpacmics makmyc? KakoBa cpema pactBopa? KakoBo 3mauenme pH
pactBopa? CocTaBbTe HOHHOE M MOJIEKYJISIPHOE YpaBHEHHS MTPOTosn3a GocdaTa HATPHS, YIUTHIBAS, YTO B
pesynbTaTe obpasyercs ruapodocdar HaTpus. JanpHelmii TpoToau3 (M0 BTOPOH M TPEThel CTYIICHH)
BO3MOXCH IIMIL B CJIydae OuYeHb pPa30aBICHHBIX PACTBOPOB M MPH TMOBBIIICHHON TeMIlepaType.
Hanummute MOHHBIE W MOJNEKYJSpHbIC ypaBHEHHs MpoTonn3a (ocdara HATpHs MO BTOPOH M TpeThel
crynenu. Paccumntaiite 3Hauenuss KoHCTaHT mpoTonn3a (Kupi, Kup2 1 Kip3), crenenu npotonusa (Oupi, Oup2
¥ Op3) B [H3O*] st kaxknoii crynmenw, cuntas C(NasPOg) = 0,1 moms/am®.

Onwim 5. Haneiite B npobupky 2-3 cm® pactBopa (NH4);S u mo6aBpre 1-2 Kamm pacTBopa
nakmyca. Kakoit user mpuoOpén pactBop? CHHHE HBET JlakMyca TOKa3bIBaeT, YTO Cpela B PacTBOpE
menoyHas. OOpaTuTe BHUMaHUe Ha 3anax pactBopa. Yem nmaxuet pactBop (NH4)2S? 3anummrte nonHoe u
MOJICKYJISIPHOE ypaBHEHHUS IPOTONIM3a Cyab(uaa Hatpus. [IpoTonus 3Tol comu UAET Kak 1Mo MepBoi, Tak
U 110 BTOPOM CTYIIEHHU:

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

NH +HS ™ + H,0 <> NH,OH + H,S

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

Ucxons w3 3naueHuit koncrant npotonm3a maisi NH4sOH u H.S, cnenaiite BbIBOJ 0 Xapakrepe
Cpenpl.

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

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

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

Conep:xanue oT4yeTa

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

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

Ne /1 | Pearentsl XUMHYECKasi PeaKIus Habmronenus

1

2

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

Cnucok JuTepaTrypbl, peKOMEHAyeMblil K UCII0JIb30BAHUIO 110 JAHHOH TeMe

OcHoBHas JuTepaTypa:
1. Koposun, H. B. O6mas xumus : yueOunuk / H. B. KopoBuH. - 13-e u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. XuMus okpyskaromen cpeabl | XUMHS KHUBBIX Oprann3MoB. Kypc nekunii /
E. C. Muxamuna, A. JI. Ilerenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN
978-5-87623-457-5. —TekcT : 21eKTpOHHBIN // DnekTpoHHO-0nOmmoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum moctyma: s
aBTOPU3HUP. N0JIB30BATEIEH
JlonoIHUTeIbHAS JTUTepaTypa:
1. T'munka, H. JI. O6mas xumus / H. T'. I'nmunka ; [lox pen. A. W. Epmaxkosa. - U3a. 30-e, uctp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubauorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METaJuioB : yuyeOHoe mocobue (A7 CTYJeHTOB XMMHUYECKOTo (akyibTeTa
HanpaBlieHUu# 0axanaBpoB «XUMUS» U «XUMHUYECKas TeXHOJIOorus») / coctaButenu O. A.
I"'onoBanoBa. — OmMck : OMcKkHil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHbIH // DnekTpoHHO 6ubinoreynas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
HNHuTepHeT-pecypcen:

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

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

3 http://catalog.ncstu.ru/ — saeKTpOHHBII KaTaaor acCOIHAINN dJIEKTPOHHBIX OMOIMOTEK
yueOHBbIX 3aBefieHni u opranuzanuii CKOO

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

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

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

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

Teoperuyeckas 4acThb

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

Ecnu kakyo-HHOYIb TPYAHOPACTBOPUMYIO coutb, Harpumep AJCI, mpuBecTH B CONMPUKOCHOBEHHE
¢ Bomo#, To woHbl AQ" u Cl, U3 KOTOPBIX MOCTPOEHBI KPUCTAILIBI COJIM, UCIBITHIBASI MPUTSHKEHUE CO
CTOPOHBI ONYXJAIOIIUX AWTNOJEH BOJBI, OyAYT OTPHIBATHCS OT MOBEPXHOCTH KPUCTAJIOB U B BHJC
THJIPATHPOBAHHBIX MOHOB OYAYT MEPEXOJIUTh B PAcTBOP, HO HapsIy C MPOILIECCOM PAacTBOPEHUS OyneT
HPOXOUTH U COMPSDKEHHBIH mporiece — kpucTautuzaiust. Mousl AT u Cl, crankuBasich pu JBIKCHUH C
noBepXHOCThI0 KpucTauioB AQCl u  WCHBITBIBasS OPUTSHKEHHE CO CTOPOHBI  MPOTHBOIOJIOKHO
3apsOKEHHBIX HOHOB KPUCTAUIMUECKON PEMIETKH, ACTUAPATUPYIOTCS M OCENal0T Ha IOBEPXHOCTH
KpucTayuioB. CKOPOCTh KPUCTAJUIM3AIMK BO3PACTaeT MO MEpe yBENWYCHHsS KOHIICHTPAIMH PacTBOpA.
Korma ckopoct mporeccoB pacTBOPEHHS W KPHUCTAIM3AlMK CTAHOBSATCS PaBHBI JIPYT OPYTy, TO B
TETEPOrCHHON CUCTEME PAaCTBOP — OCAIOK HACTYIAET MOABHUKHOE PaBHOBECHE.

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

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

IIpuMeHsia K 3TOMY paBHOBECHIO 3aKOH JIEUCTBHSI MAaCC U YUUTBIBASI, YTO KOHLEHTPALUS TBEPAOU
(a3bl He BXOAMT B BBIPAXKEHUE KOHCTAHTHI PABHOBECHS, MOXKHO 3aIIUCATh!

K =[Ag"][CI].

DT0 ypaBHEHHME MOKa3blBAaeT, 4YTO B HACLIYEHHOM pacmeope mpyOHOPACMBOPUMO20
9IeKMPOIUMA Npou3eedeHue KOHYeHmpayuii e20 UOHO8 ecmb eluduHd NOCMOSAHHAS NpU OAHHOU
memnepamype. Omy 6eIUUUHY HA3bIBAIOM NPOU3BedeHuemM pacmseopumocmu u obosnavarom I1P.

Hamnpumep, as maopactsopumoro AgCI:

ITP(AGCI) = [Ag]ICI],

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

PaBHOBecHast KOHIEHTpanys J1r000ro MoHa (YHKUMOHAIBHO CBs3aHA C APYTHUM IapaMeTpOM
CHCTEMbI — aKTUBHOCTBIO, HATIpUMep, /isi noHa Ag™:

a pg+ = ng+ [Ag+]

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

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

n
| = E ZCiZiZ : (5.1)
2iz1

rae | — nonnas cuina;
[Ci] — paBHOBECHas KOHLICHTpAIHS HOHA;
Zi — ero 3aps.
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HerpymHo ycTaHOBHUTH, YTO MOHHAS CHJa pacTBOpa OWHapHOTO 3jekTposmTta (Tuim AB) Bcerma
OyzeT paBHA MOJIIPHOW KOHLEHTpaImu 3Mekrponuta — 1L = C(AB); anst tpunapHoro (tun A2B nin AB»)
—pn=3C (A2B) wm p = 3C (AB>); ans rerpanapHoro (tum AsB) — p = 6C (A3B).

Koadduumentsl akTUBHOCTH HWHAWBHIYalTbHBIX HOHOB MOXHO TEOPETHYECKH OLIEHHTH IO
dopmynam Jlebast — XroKkems:

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

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

0,521
—lg f; = ——1—.
1++/1

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

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

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

Cpennuii K03(pPHUIMEHT aKTHBHOCTH MOYXHO PacCUHUTaTh M TEOPETHUECKH, UCIONB3YS (POPMYITBI
JleOast — Xrokkens

(5.4)

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

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

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

0,5z7/1
Igfi:—\/_
++/1

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

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

eccm 1 <0,1

(5.5)

~01z71, (5.:6)

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

a I cpeaHero ko3 uimenTa akTHBHOCTH IEKTpoiuTa AmBn

—lg f, =0,5z 424 i—O,2I . (5.9)

1+-/1

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

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

2 KoahupeHTsl aKTUBHOCTH HEUTPaTbHBIX YaCTHUI] B pa30aBICHHBIX PACTBOPAX AJIEKTPOJIUTOB
MOJIararoT PaBHBIMHU €IMHHIIE.

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

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

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

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

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

Pby(PO, ), « 22 53Pb%" +2POF;

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

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

B obmem cnywae, Ui ManopacTBOPUMOro CHiIbHOro aiekrponurta Ttuma KitxAny, nporonus
PacTBOPUMOM YaCTH KOTOPOTO MPOTEKAET IO CXEME:

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

Cesi3b mapametpa 1P ¢ BenmnuuHo# pactBopumoctu KixAny orpaskaercss GopMyJIou:

MOJTb ITP(Kt, Any)

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

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

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

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

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

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

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

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

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

HWrtak, pacTBOpEeHHE 0CaIKa MOXKET MPOUCKXOANUTD:

1) npu 0Opa30BaHUU PACTBOPUMOTO CIIA00THCCOIMUPYIOLIECTO 3JIEKTPOIIUTA!

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

2) ipu 00pa30BaHUH Ta3000pa3HOTO COSTUHEHHUS:

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

3) npu 06pa3oBaHUH CIAOOANCCOUHUPYIOIIET0 KOMIUIEKCHOT'O HOHA:

AgCl | +2NH3; —[Ag(NH3),]" +CI-

4) pu OKMCIUTETHHO-BOCCTAHOBUTENIBHBIX IIPOIIECCax:

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

5) IIpU HAJINYINUU ITOCTOPOHHUX MOHOB.

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

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

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

3. Pabouee mecTo conepkaTh B MOPSIKE U YUCTOTE.

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

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

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

7. OcTaTKu coequHEHUH cepedpa cIMBaTh B 0COOBIC CKIISTHKH.

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

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

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

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

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

13. Kareropuuecku 3ampeniaercst mpoboBaTh XUMUYECKUE BEIIECTBA Ha BKYC.

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

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

16. Kareropuiecku 3arpemiaeTcs OCTaBIsATh padOTaroNIe TPUOOPH 63 HAOMFOIeHUSI.

21. B xuMuveckoit 1abopatopun He0OX0UMO paboTaTh B Xajare.

3aganuda

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

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

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

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

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

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

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

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

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

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

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

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

KonTpoJibHbIEe BOPOCHI
ba3oBblli ypoBEHb

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

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

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

IloBbIILIEHHBIN YPOBEHD

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

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

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

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHNIO M0 JAHHOM Teme

OcHoBHas iuTEpaTypa:

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

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

Jlono/IHUTeIbHAS JIUTepaTypa:

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

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

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

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

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

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

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

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

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

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

TeopeTuyeckas 4acTb

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

Crnoco0bl BbIpaKeHHsI KOHIIEHTPAIIMH PACTBOPOB

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

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

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

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

KT mp-nﬂ M (X )mp-J'ISI

-1000 (6.2)

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

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

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

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

m(X)

11000, (6.4)

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

SKBHUBAJICHTHAsI Macca (T/MOJIb) COOTBETCTBEHHO.

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

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

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

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

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

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

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

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

BeriecTB Ny (Xi), cocTaBNISIONMX pacTBOP:

N(X)
Ns (X{)

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

pacTBopa:
e m(X)

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

I X). e _ m(X) |
TBIx) en’ V(B) p—pa

a(X)= (6.5)

3

T(X), (6.6)

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

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

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

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

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

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

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

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

Honnoe npoussenenne Boasl 1 pH pacteopos

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

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

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

KoncranTta mporonm3a Bojiel ipu 22°C UMeeT ClIeayoIiee 3HAaUCHIE

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

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

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

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

[H™][OH 1=K ,[H,0]

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

=18-10716, (6.12)

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

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

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

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

[H0%]1=[OH 1=~v10" =10"" moms/on’.

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

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

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

Hcnonb3ys noHHOE nipou3BesicHre Boabl Ky, MOKHO paccuuTarh:

a) KOHIIEHTPAIIO HOHOB THAPOKCOHUS B pACTBOPaX OCHOBAHHM

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

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

Hamnpumep:

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

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

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

[H30*] = 0,001 = 10 moms/mm°.

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

K, 10

- = 10‘13 MOJIB/IM®;
[OH"] 10~

[H30"]=

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

K, 107
[OH"] 1073

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

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

[H307]= =107 Mob/me’.

i 60s1ee COBPEMEHHO

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

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

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

B uucroii Boge pH = 7.

B xucnotnoi cpeae pH < 7.

B mienounoi cpene pH > 7.

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

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

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

pH+pOH =14

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

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

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

Nogobownhe

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

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

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

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

7. OcraTKu coeqUHEHU cepedpa ciIMBaTh B 0COObIE CKIISIHKH.

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

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

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

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

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

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

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

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

22. B xuMu4eckoi 1abopaTopuy HEOOXOAMMO paboTaTh B XajaTe.

3aganusa

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

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

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

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

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

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

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

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

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

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

Tabnuya 6.3 I[Inomnocms 8oonozo pacmeopa Humpama ammorus NH4NO3

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

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

Conep:xkanue oTyera
Tabnuya 6.2 Pezynomamul d9Kxcnepumenma

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

KoHTpoJibHBIE BOIPOCHI
ba30BbIil ypoBEeHB

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

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

[ToBbIILICHHBIN YPOBEHB

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

2 [IpuBeanTe anropuT™ B3BEIIMBAHUS TBEPBIX BEIICCTB.

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIO0JIb30BAHUIO 10 JAHHOM Teme

OcHoBHas iMTeparypa:
1. Koposun, H. B. O6mas xumus : yueOunuk / H. B. KopoBuH. - 13-e u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxamuna, E. C. XuMus okpyskaromen cpeapl | XUMHS KHUBBIX Oprann3MoB. Kypc nekunii /
E. C. Muxamuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN
978-5-87623-457-5. —TekcT : 21eKTpOHHBIN // DnekTpoHHO-0nOmmoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum moctyma: s
aBTOPU3HUP. OJIB30BATENEH
Jlono/IHUTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [lox pen. A. U. Epmaxoga. - U3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METaJuIoB : yuyeOHoe mocobue (A7 CTYJeHTOB XMMHUYECKOTo (akyibTeTa
HanpaBJieHUu# O0akanaBpoB «XUMHUI» U «XUMHUUYECKasi TeXHoJorusn») / cocraBurenu O. A.
I'onoBanoBa. — OmMck : OMcKHi rocyaapcTBeHHbI yHuBepcuTeT M. @.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHbIH // DnekTpoHHO 6ubinoreynas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
HNHTepHET-pecypcebl:

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

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

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

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

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

dopmupyemble KOMIETEHIIMH WM UX YaCTH:

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

OK-7 CITOCOOHOCTBIO K CAMOOPTaHU3aIUHA U CaMOOOpa30BaHHIO

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

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

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

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

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

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

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

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

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

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

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

H,0
Nas[AIFs] «—=2—> 3Na* + [[AlFe]*;

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

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

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

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

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

[CrPO4(NHz)3] — tpuammundocharxpom;

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

—951.10713,

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

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

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

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

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

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

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

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

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

KBaCI[bI

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Tabnuya 7.1 Tabnuya yeemnocmu

JuHa BosH, IlBer

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

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

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

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

Oo0pa3zoBaHue KOMILIEKCOB KATHOHAMU

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

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

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

KommnuexkcHble coeMHeHUsI ¢ BOAOH M TMIPOKCHIBHOMIPYIINOH B KayecTBe JUTAHA0B

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

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

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

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

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

Oo0pa3oBanue KOMILIEKCHBIX AaHHOHOB

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

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

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

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

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

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

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

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

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

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

KoMmiekcHble coeqUHEeHNs] B peakuusX 00MeHa

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

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

PacTBOop ammMuakxa

PactBop cysbduna HaTpust

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

PactBop NH4CNS.

PactBop cysnbdara nuHKa

10. PactBop ménoun

11. PactBop HuTpaTa pryTH (+2)

12. PactBop noauaa Kanus

13. PactBopa xnopuna xenesa (+3)

14. PactBoOp enTOM KPOBSIHOM COMNN

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

CoNoaRWN

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

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

3. PabGouee mecTo conepkaTh B OPSIKE U YUCTOTE.

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

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

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

7. OcTaTKyl cCoeIMHEeHUI cepedpa cMBaTh B 0COOBIE CKIISTHKH.

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

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

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

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

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

13. Kareropuuecku 3ampeniaercsi mpoOoBaTh XHMHUYECKHE BEIIECTBA HA BKYC.

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

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

16. Karteropuuecku 3ampeniaercsi OCTaBiIsATh paboTarole Npuoopsl 63 HaOIIOACHUS.

23. B xumMueckoii 1abopatopun He0OX0UMMO paboTaTh B Xajare.

3aganusa

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

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

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

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

3anuimuTe MOJEKYISIPHOE U HOHHOE YpaBHEHHsI 00pa30BaHMs OCaaKa.

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

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

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

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

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

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

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

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

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

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

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

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

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

Ne i/ | Pearentsl XHUMHYECKash peaKus Habmonenus

1

bW
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KoHTpoJibHBIE BOIPOCHI
ba30BbIil ypoBEeHB

1. Kakue coennHeHHs Ha3bIBAIOT KOMIUIEKCHBIMH?

2 UeMm 00BsICHACTCS UX MHOTOOOpa3ne?

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

4 Kro aBTOp KoopauHaunonHoi Teopun KC? Korna ona nosisuacs?

5 M3 kakux anemenToB coctoat KC? [IpuBeaure mpuMepsl.

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

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

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

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

IloBBIILIEHHBIN YPOBEHD

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

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

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

4 Kak TBC o0bscHsieT 00pa3oBaHNe XUMHUYECKOH CBS3H B KOMILIEKCax?

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

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHNIO M0 JAHHOM Teme

OcHoBHas iuTEpaTypa:
1. Koposun, H. B. O6mas xumus : yae6uuk / H. B. KopoBus. - 13-e u3z., nepepab. u norm. - M.
: Akamemus, 2011. - 496 c. : wi. - (bakanaBpuar). - Pek. MOuH P®. - ITpun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust okpy>karoiieil cpeibl : XUMUs KUBbIX opranu3moB. Kypc nexuuii /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTpOHHBIN // DneKTpoHHO-0nOmmoTeyHas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum moctyma: s
aBTOPU3HUP. OJIB30BATENIEH
Jlono/IHMTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [lox pen. A. Y. Epmaxoga. - U3x. 30-e, ucrp. -
M. : Uurerpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XUMUS METaJJIOB : ydyeOHoe mocoOue (Ui CTYACHTOB XMMUUYECKOTO (haKyabTeTa
HampaBlieHU# O0akaiaBpoB «XUMUI» U «XUMHUYECKas TeXHOJIOrHs») / coctaButenu O. A.
I"'onoBanoBa. — Omck : OMcKkHil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHbIH // DnekTpoHHO 6ubinoreynas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNEH
NuTepHeT-pecypcenl:

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

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

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

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

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

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

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

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

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

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

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

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

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

S +2e —S2F

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

KonmuecTBeHHON XapakTepucTHKOM riryouHbl npotekanus OBP sBiisercs 3HaueHHe KOHCTaHTHI

PaBHOBECHS:
0/ .0

gkp - 2"©@)=0"(®)
0,059

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

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

o (8.1)

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

K2 = 96500

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

(8.4)

B ycioBusSIX OTIMYHBIX OT CTaHAAPTHBIX, OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIC MMOTCHIIUAIIBI

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

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

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

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

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

0,B= gpng + (8.5)

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

2KNO3 ——2KNO, + O,
AN —2e <> N*

1207% +4e <> 0.

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

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

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

5HCI + HCIO3 — 3Cl, + 3H,0
112C1*° +10e «> CI
5/2Cl~ —2e <> Cl3.

ObopynoBanue 1 MaTepuaJIbI

PactBop Opomuma HaTpus

PactBop GeHzomna

[Ipobupku

PacTtBop lonHOM BOJIBI

PacTBOp KpHCTAIIIOB MOUA KAJTHS

[Tepexucs Bogopona

Kpucranios nepmanranara Kaius

PactBop Na,SOs

PactBop HuTpHTA HAaTPUs
. PacTBOp Omxpomara xanus
. PactBOp OpoMHOI1 BO/IBI
. [TopomrkooOpa3zHas cepsl
. Tuonmanar xamus
. PactBop comnu xenesa (+3)
. PactBop SnCl,
. PactBop cynbdara menu CuSO4
. XKene3Hslii rBo316

PactBop nepmanranara xkamms KMnO, ¢ kornerTpanueir C(KMnOg) = 0,02 MOJIB/IM®.

. pactBopa cepHoii kucyotsl kuciora HoSOs ¢ konuentpanueit C(H2SO4) = 2 mons/am®.
Pacteopa ménoun NaOH ¢ konuentpanueit C(NaOH) = 2 mons/qm3,
PactBopa cynbhura Hatpust Na>SOs ¢ koruentpamuein C(Na;SOs) = 2 moss/am>.
. PacTBopa cynbdara xenesa (II) FeSO4 ¢ xonnenrpanueii C(FeSO4) = 2 monb/am3.

HBOooo~NoOOR~wWNE

N NDNNNNRPRRRRERERE R
W NMNPOOO~NOOUITANWNPEF O

. PactBop azotnoii kucnorel HNO3,p(HNO3) = 1, r/cm®

. MEJTHast IPOBOJIOKA

. Auxpomar kamust KoCr20O7 ¢ kornenTparmeit C(K2Cr.07) = 2 MOJTB/IM®.

. Pacteopa uurpura matpust NaNO, ¢ konnentpanuein C(NaNO;) = 2 moms/nm®

NN N
[S2€2 BN

Ykazanus mo TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM

3IIEKTPOOOOPYIOBAHNH, HIEKTPOIPOBOJIKE, IPABIILHO O0OPYIOBAaHHOM BBHITSHKHOM LIKady.

2. Ta3oBbIe KpaHBI U Ta30MPOBO/T IOJKHBI HAXOIUTHCS B HCITPABHOM COCTOSIHUH, TIEPHOINIECKU
MIPOBEPSTHCS.

3. Pabouee mecTo conepkaTh B MOPSIIKE U YUCTOTE.

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

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

6. Bce ombITH ¢ BpeAHBIMH U MIAXHYIIUMH BEIIECTBAMU, a TAKKE yIIapUBAaHHE KUCIOT U KUCIBIX
pacTBOPOB MPOBOJUTH B BBITSDKHOM KA.

7. OcTaTKu coeIMHEHHUI cepedpa CiMBaTh B 0COObIE CKIISTHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUPKE BCET/a cieqyeT Aep)KaTh e€ TaKuM 00pa3oM, 4TOOBI
OTBEpCTHE MPOOUPKH OBLIO HANIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsAAOM Coceaa.

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

10. He cnenyer BOBIXaTh Maxy4due BEIIECTBA W Tas3bl, OJU3KO HAKIOHSSICH K COCYLy C THMHU
BemecTBaMy. HioxaTh BemecTBa MOKHO JIMIIB OCTOPOKHO, HANIPABIISIA K ce0e Maphl WM ra3 ABHKEHHEM

PYKH.
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11. XpaHuth pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT U IEJIOUEH B BBITSKHOM MIKady.

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

13. Kareropuuecku 3amnpemiacTcs MpoOOBaTh XHMUYCCKUE BEIICCTBA HA BKYC.

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

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

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

24. B xuMu4ecKoi 1abopaTopuy HEOOXOAMMO paboTaTh B XalaTe.

3ananusa

Omeir 1. K pactBopy Opommna HaTpusi B NMpoOUpKe NpHICHTE HEMHOTO XJIOPHOM BOIBI U
HECKOJIbKO Kamenb OeH3ona. Berpsixaure comepxuMoe mpoOHpKu. BepxHuii cioil okpacuics B Oypblid
uBeT. Yto sBisieTcss MpUUMHON Ookpacku? Hammimmre ypaBHEHHME peakLUM M COCTaBbTE AIIEKTPOHHYIO
CXeMy M3MEHEHUS CTerneHel okucienus anemMeHToB. Onpenenure I/ C sToil peakuuu.

OnpiT 2. (ONBIT MPOBOAUTE B BHITSHKHOM HIKady). B npobupky Haneiite 1 cm® fiogHol Boasl 1
Takol xe 00péM OeH3ona. [IpoOupKy BCTpAXHUTE HECKONBKO pa3. OOpaTHTe BHUMaHKE Ha IIBET BEPXHETO
6enzonpHOrO cnost. IlomyueHHbIH pacTBOp COXpaHUTE AJIsl CPAaBHEHUSI.

B cyxyio npoOupKy HachIlIbTe HEMHOTO KPUCTAJIOB MOAMA Kaius (OCTOPOXKHO!), MO CTEHKE
mpoOupku TprubaBbTe 2-3 Kalldi pacTBOpa KOHIIGHTPHUPOBAHHON CEPHON KHCIOTHL. Beimensercs
razoo0pasHelii mpoaykT ¢ 3amaxoMm HzS. K comepsxumomy mpoOupku mpuieiite 1 cm® Gensoma u
OCTOPOXHO BCTPAXHHUTE HECKOJBKO pa3. OOpaTuTe BHUMaHUE HA OKpacKy OeH3ombHOro ciosi. CpaBHHTE
3TY OKpacKy ¢ OKPacKOi, MOJTyYeHHOW BaMH MTPU BCTPSIXUBAHUU HOAHOM BOJIBI C OEH30JIOM.

Hanmumure ypaBHeHus peakuuid. COCTaBbTE MOHHO-3JIEKTPOHHYIO CXEMY HM3MEHEHHsS CTEIECHEU
OKHCJICHUSI aTOMOB pEarupyroniix BeIecTs.

Omnwit 3. K 2 cm® pactBopa nepmanranara kanus KMnO4 106aBbTe paBHblii 00bEM pa30aBieHHOl
CepHOW KHUCIOTHI M MepekucH Boxopona. OOpartuTe BHHUMaHHE Ha HM3MEHEHHME LBeTa B pacTBope. K
OTBEPCTUIO NPOOMPKM IOJHECHUTE TICIOMYI0 Iy4uHKY. Uto mpum sTom Habmomaercsi? Kakoil ras
BBIAEITIIETCS?

Hamummre ypaBHeHWe MaHHOW peakiui B MOJEKYJSpHON W noHHOW (opmax. KoaddurmeHnTs
OIIpeJIeJIUTE C IIOMOIIBIO0 METO/1a 3JIEKTPOHHO-MOHHOTO OanaHca.

OmnpiT 4. (OOBIT MPOBOAMTCS B BBITSHKHOM IKady). B cyxyro mpoOUpKy HACBITbTE HECKOJIBKO
KpPHCTAIJIOB TIEpMaHraHaTa Kajlusl H OCTOPOYKHO TPWIICHTE HECKOJIBKO Karellb pa30aBieHHOTO pacTBopa
consiHoi kucioThI (1:1). Beinensercs ra3 (octopoxHo!), HOHIOXaTE ero.

Hanummure ypaBHeHHE NaHHOM peakUUM M COCTABbTE BJIEKTPOHHO-MOHHYIO CXEMYy HM3MEHEHHMS
CTEeTeHEeW OKHUCIIEHHS 3JIEMEHTOB, YUAaCTBYIOIINX B PEAKIHH.

OnwiT 5. B Tpu otenbHbie npobupku BHecute 1-2 cm® pactBopa KMnO4, a 3aTeM 106aBbTE B 5TH
npoOUpPKH paBHBIE OOBEMBI: B IEPBYIO U3 HUX — PAaCTBOP pa30aBIEHHON CEPHOM KUCIIOTHI, BO BTOPYIO —
BOJly, B TPEThI0O — KOHIICHTPUPOBAHHBIA pacTBOp mieioud. [locie 4Hero B KaxIyl W3 TpPOOUpPOK
npubasbre 1-2 cm® pactBopa Na,SOsz. UeM 00bsACHHUTL mpoucuIeamue n3mMeHenns? Hanummre momubie
ypaBHenus: OBP, ucnonb3yst HOHHO-3IEKTPOHHBIN MeToa. OueHuTte riyOrMHY NMPOTEKaHHUs MPOLECCOB B
KakaoM cirydae. OT 4ero 3aBHCHUT OKHCIUTENbHAS aKTHBHOCTh IIEpMaHTaHT-NOHA?

Onpir 6. K nBym cM® pacTBopa HUTpWTAa HATpHsi NPHIIEHTE PaBHBIH OOBEM pacTBOpa CEPHOMN
KHCJIOTHI U J0OaBbTE IO KaIIsiM HEOOJIbIIOEe KOJMYECTBO pacTBopa noAuaa kainus. OOpaTute BHUMaHUE
Ha U3MEHEHHE 1IBETa pacTBOpa.

Kaxoe BemecTBo Bbinenminochk? CocTaBbTe YpaBHEHHE COOTBETCTBYIOIIEH peakuuu. Onpenennrte
K03(p PULIMEHTHI METOIOM MOTYPEAKLHUH.

Onwir 7. Haneiire B nmpo6upky 1-2 cm® pacTBopa 6Guxpomara Kajius, 100aBbTe K HEMY JBOMHOMN
00bEM pa3baBleHHOM cepHON KHMCIOTHI M 4-5 cm® pacTBopa HuTpura HaTpus. OOpaTuTe BHUMaHHE Ha
M3MEHEHHe 1IBeTa pacTBopa. HamummTe MonekynapHOe M HOHHOE ypaBHEHUS NaHHOW peakuuu. [lombGop
K03(p PULIMEHTOB OCYIIECTBUTE METOJOM 3JIEKTPOHHO-MOHHOTO OajaHca.

Onpir 8. K 2-3 c¢M® GpoMHON BOABI NMPUIEHTE PacTBOP WIEIOYH 10 IOJHOTO 0OECHBEUYUBAHUS
pactBopa. CocTaBbTe 3JIEKTPOHHO-MOHHOE ypaBHEHHE AAHHOHM peakuuy M onpenesnuTe Kod(UIMEHTH
METOJIOM IOJTypeaKLnil.

Omnwit 9. K 2-3 ¢M® KOHIEHTPUPOBAHHOTO PacTBOPa TMUAPOKCHA HATPHS 100aBbTE HEOOJNBIIOE
KOJINYECTBO MOPOIIKO0Opa3HON cepbl. CMECh KUILITUTE 10 UCUE3HOBEHHUs cepbl. COCTaBbTE IEKTPOHHO-
MOHHBIE CXEMBI I3MECHEHHSI CTETICHE OKUCIICHHS pearupyrolux BemecTB. Hanummre HOoHHOE U TIOJTHOE
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ypaBHeHUsT naHHOW peaknuu. K xakomy Tty OBP otHOCHTCS manHOe mpeBpamenne? [loueMy aToMbl
CepBI CITOCOOHBI K TAKUM TIPEBPAIICHHASIM?

Omnwit 10. K pactBopy ( 1-2 cm®) THOIMaHaTa Kaaus (MM aMMOHHMS) PHOABBTE TAaKOM ke 00bEM
pactBopa comu xene3a (+3). Kakoil nBer momydeHHOTo pacTBopa? 3aTeM K OKpAIICHHOMY pPacTBOPY
OpUOABIIAIOT MO KAIUIAM 10 MOJHOTO oOeciBeunBanus pactBop SNCly. Kakue mporiecchl mpoUCcXoasT B
pactBopax u mouemy? Paccumraiite DJIC peakumyu BoccTaHOBIeHHs Fe®" momamu Sn?*. Paccunmraiite
u3MeHenne >Heprun I'm66ca (4G’ ,.) u xoucranty pasHoBecus (K¥y,) nmst 3Toii peakimu. OleHHTe
rIyOuHy €€ IpOTeKaHMs.

Onpir 11 B npobupky maneiite 1-2 ¢cm® pactBopa cymsdara mean CuSOs m omycture Tyna
3aYHIICHHBINA C MMOMOILBI0 HAXAAYHOW OyMaru >keyie3Hblid TBo3Ab. [locTaBpTe MpoOHUpKy B IITATHB Ha 5
MUHYT. Yepe3 5 MUHYT OTMETbTe M3MEHEHHsI MIOBEPXHOCTHU JKEJIE3HOTO TBO3AA M 3aHECHTE UX B rpady
«Habmnroneunsn».

Hanumwure ypaBHEHHE OKHCIMTEIbHO-BOCCTAHOBUTENBHONW PEAKIUHM U YPAaBHSANTE €€ 10 METOIY
9NEKTPOHHOTO OajaHca. YKaXUTE OKUCIUTEIb W BOCCTAaHOBHUTENb. [lONMb3ysich psSAOM HampspKEHHH,
YKaXHUTEe, KAKHE METAJUTBl MOTYT BBITECHSTHh ME/b M3 PACTBOPOB €€ COJIeH.

Oneir 12 B Tpu mpobupku Haneiite mo 2-3 cm® pactBopa mepmanranara kamus KMnOs ¢
xonnenrpanueit C(KMnOg) = 0,02 Mons/am®.

- B nepsyro npobupky no6assTe 1-2 cM® pacTBopa cepHoii kucaotel kucinora HaSOs ¢
xonnenrpamuei C(H2S04) = 2 Momn/am®,

- Bo BTOpyio npo6upky 106aBbTe 1-2 M3 TUMCTHILIMPOBAHHON BOJIBL.

B tpetsio npobupky no6asbre 1-2 cm® pactopa ménoun NaOH ¢ konuentpanueit C(NaOH) = 2
MOJIB/IM>,

Bo Bce npoGupku Haneiite mo 3-4 cm® pactBopa cynbdura Hatpus Na,SOs ¢ koHueHTpauueii
C(NazS03) = 2 mons/nme,

OTMeThTe N3MEHEHUE I[BETa PACTBOPOB B KAXKIOW M3 MPOOUPOK C YIETOM 3aBUCUMOCTH OKPACKH
COEIMHEHMIT MapraHIa OT €ro CTENEHU OKHUCIEHUs: HoH MnO4s uMeeT GpuoneToByro oKpacky, MnO4s? —
3enéHyro, Mn?" — c1abopo30ByI0, a IpU MaJloi KOHIEHTPAUH — OECLBETHYIO. 3aHeCUTe HAOIOIEHHS B
rpady «HabmroneHus».

Hamummre ypaBHEHUS! OKHCITHTEIHHO-BOCCTAHOBUTENBHBIX PEAKIIUN U YPaBHINTE UX 110 METOILY
ANIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENh U BOCCTAHOBHUTENb.

Ot 13 B npo6upky Haneiite 1-2 cm® pactsopa nepmanranata kanus KMnOy ¢ KoHIeHTpanuei
C(KMnQO,) = 0,02 momns/nm3 no6asere 1 cm® pactBopa cepHoit kucioTel H.SO4 ¢ KOHIIEHTparueit
C(H2S0y4) = 2 mons/nM® u npuneiire 1 cM® pactBopa nomuaa kamus Kl ¢ konmenrpamuein C(KI) = 2
MOJIB/ M.

3adukcupyiiTe n3MEHEHHE [BETa pacTBOpA U 3aHecuTe HabmoneHus B rpady «HabmoneHus .

Hamummre ypaBHEHUS! OKHCITHTEIHHO-BOCCTAHOBUTENBHBIX PEAKIIUN U YPABHIUTE MX 110 METOILY
AJNIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENh U BOCCTAHOBHUTENb.

Oneir 14 B mpobupky Hanedite 1-2 cm3 pactBopa mnepmanraHata kamugs KMnO4 c
koHnentpamueir C(KMnO4) = 0,02 mons/mm3, nobaBsre 1 cM3 pactBopa cepHoil kuciaotel H2SO4 ¢
kouneHrpamueir C(H2SO4) = 2 mone/mmM3 u npuitetite 1 cm3 pactBopa cynbdara xenesa (II) FeSO4 ¢
kouneHrpaiueir C(FeSO4) = 2 monb/am3.

3adukcupyiite ©3MEHEHHE IIBETA pacTBOPa M 3aHecuTe HaOmoaeHus B rpady «BoBoasl. Habmoaenus».
Hanummre ypaBHEHHs] OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEaKUid U YpaBHINTE UX 110 METOIY
ANIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENh H BOCCTAHOBHUTENb.

Onpit 15 B npo6upky nHaneiite 1-2 cm® konnentpuposanuoit a3otHoi kucinotsl HNO3,p(HNO3)
= 1, r/em® .OnycTuTe B NPOOMPKY 3aYMINEHHY0 HaXKIA4HOM Oymaroil MemHyro mpoBosoky. Harpeiite
npoOUpPKY Ha IJIAMEHU Ta30BOM FOPENIKU U MOCTaBbTe €€ B IITAaTUB Ha 5-10 MUHYT.

3adukcupyiite BhIgeNeHHE Ta3a B NPOOUpKE, IBET BBIACIAIONIEIOCS ra3a M M3MEHEHHE IIBETa
pacTBOpa. 3aHecute HaOmoaeHus B rpady «HabmoaeHusy.

Hanumure ypaBHEHHSI OKUCITUTEIHHO-BOCCTAHOBUTENBHBIX PEAKMN U YPaBHSNTE UX MO METOLY
3IIEKTPOHHOTO OanlaHca. YKaKUTe OKUCIUTEIb U BOCCTAHOBHUTENb.

Onpir 16 Haneiire B mpobupky 1 cm® pacrtsopa muxpomara kamusi K,Cr.O7 ¢ KoHueHTpanueit
C(K2Cr07) = 2 mons/nm®. JIo6aBsTe B mpoOupky 2-3 cm® cepHoii kucinotel HoSOs ¢ KOHLEHTpanueit
C(H2S04) = 2 mons/nm® u 2-3 cm® pactBopa nutpura Hatpuss NaNO; ¢ konnentpanueii C(NaNO2) = 2
MOJIB/IM®,
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3adukcupyiiTe H3MEHCHHE I[BE€Ta pacTBopa. 3aHecHuTe HaOmoJcHMs B rpady «BbIBOIBL
Habmromenusy».

Hamummre ypaBHEHUS! OKUCIMTEIHHO-BOCCTAHOBUTENBHBIX PEAKIIUN U YPaBHINTE UX 11O METOIY
3JIEKTPOHHOTO OanaHca. YKaKUTE OKHCIUTEIh U BOCCTAHOBUTEIT.

Conep:xkanue oTyera
[Tony4yennsie nannbie 3adukcupyiire B Tabimue 8.1 mo cienyromeit popme:
Ta6ymma 8.1. Pe3ynbrarhl SKCIIepUMEHTa

Ne i/t | PearenTsl XuUMHYecKasi peaxius HaOmronenus

1

gl inN

KoHTpoJibHbIE BOPOCHI
ba30BbIil ypOBEHB

1 Yro Ha3pIBAaIOT CTENeHBI0 OkucieHus? Kak e€ 0003Haual0T M Kakue 3HAYCHHUS] MOXKET OHa
npuHUMaTh? OTBET MOSICHUTE HA TIPUMEPax.

2 Kax ompenensiercs MakCUMallbHAs 1 MUHAMAJTbHASI CTETICH OKHCIICHUS 3JIEMEHTOB?

3 Kakwue peakiuu Ha3bIBalOT OKACIUTEIHHO-BOCCTAHOBUTEIBHBIMU? [[puBeInTE IpUMEDHI.

4 Kakue peareHThl Ha3bIBalOT BOCCTAHOBUTEISIMH, KAKHAE — OKACIUTENSIMH?

5 B uem cyTh MeToa momypeakiuii? [y Kakux CHCTEM OH IPUMEHUM?

6 Kak BbIpakaeTcst KOHCTaHTa PABHOBECHS PEAKIIUU U YTO OHA BRIpAXKaeT?

7 Kak MOXHO paccuHMTaTh KOHCTaHTYy paBHOBecusi? [IpuBeaure cOOTBETCTBYIOIINE (POPMYIIBI.

8 Or kakux (HpakTOpOB 3aBUCHT MPOTEKAHHE OKUCIUTEIHFHO - BOCCTAHOBUTEIIBHBIX PEaKI[Hii?

9 3aBHCHMOCTH OT KaKuX MapaMeTpoB OTpakaeT ypaBHeHue HepHcra?

IToBbIILIEHHBIN YPOBEHD

1 Kak oleHMBalOT 3KBUBAJIECHTHl OKHCIUTENS M BOCCTaHOBHUTENSA? B Kakux eAMHHWIIAX OHHU
BBIpaXKArOTCS?

2 Yrto Ha3bIBAIOT MOJIBHON Maccoil OKHCIHUTENs M BoccTaHoBuTens? KakoBa mx pa3MepHOCTH?
IIpuBenuTe npuMepsl.

3 KakoBa cTpykTypa ajropuTMa MeTo[a 3JIEKTpOHHOro Oananca? OTBET WLIIOCTPUPYHTE
MprMepamH.

Cnucok JiuTeparypbl, peKOMEHAyeMblii K HCII0JIb30BAHMIO 10 IAHHOH TeMe

OcHoBHas MTEpaTypa:

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

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

JlonoIHUTeIbLHAS JTUTEpPaTypa:

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

2. XuMHs METaJuIoB : yuyeOHOe mocobue (st CTYJCHTOB XMMHYECKOTO (aKyIbTeTa
HaIpaBJeHUN OaKaJaBpOB «XUMH» U « XUMHUUYECKast TEXHOJOTUs») / coctaButenu O. A.
I"'onoBanoBa. — Omck : OMckHil rocyaapcTBeHHbIH yHUBepcuTeT M. @.M. JlocToeBckoro,
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2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : a31eKTpOHHBIN // DaeKTpoHHO OnbimoTeyHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
ABTOPH3UP. MOJIb30BaTEIICH
HNuTepHeT-pecypcen:

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

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

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOHAINN JICKTPOHHBIX OMOIMOTEK
y4eOHbIX 3aBenieHuit u opranuzamnuii CKOO

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

Tema 9. OcHOBHBIE IOJI0KEHHS IJIEKTPOXUMHUHU.
JlaGopaTopHnasi pa6ora 9. N'asbBaHHYecKHE YJIEMEHTBI
[lenb paboOThI: OCBOHMTH COCTABJICHUE CXEMBbI FaJIbBAHUYECKOTO JIEMEHTA U METO/Ibl HAITUCAHUS
YPaBHEHUU JICKTPOIHBIX MTPOIIECCOB.
dopmMupyemMble KOMIIETCHIIUU HIIH X YaCTH:

Wupneke DopMynHpOBKa:
OK-7 CIIOCOOHOCTBIO K CaMOOPTaHU3alMU U cCaMO00pa30BaHUIO
OIIK-4 IOHMMaHHUEM CYIIIHOCTH U 3HaueHHs HH(OpMAIMU B Pa3BUTUU

COBPEMEHHOT0 00IIEeCTBa, CIIOCOOHOCTHIO MOJTy4aTh U 00padaThiBaTh
UH()OPMALHIO U3 PA3IMYHBIX HCTOYHUKOB, FTOTOBHOCTHIO HHTEPIIPETUPOBATS,
CTPYKTYpUPOBATh U 0QPOPMIIATH HH(OPMALIUIO B TOCTYITHOM I JPYTUX
BUJIC

IIK-5 CIIOCOOHOCTBIO IPUHUMATh y4acTHe B paboTax o pacuery u
IPOEKTHPOBAHUIO JETalel U y3JI0B MAITMHOCTPOUTEIBHBIX KOHCTPYKIUI B
COOTBETCTBUH C TEXHUYCCKUMHU 33/IaHUSIMH U MCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEJICTB ABTOMATU3ALIUH TPOESKTUPOBAHMSI

TeopeTuyeckas 4acTb
[Tpuobperaembie komrerenuuu OOIl mpu u3ydeHHH Marepuana pasjelna:

OakanaBp JOHKEH OHUMATh POJIb OXPAaHbl OKPYKAIOIIEH CPe/bl U palliOHATBHOTO
MPUPOIOIIONB30BAHUS 11 PA3BUTHS WM COXPAHCHHS IMBWIM3AlMM; 00J1a/1aTh
CIIOCOOHOCTBHIO W TOTOBHOCTBIO BIIAJIETh OCHOBHBIMH METOJIaMH, CIIOCOOAMH U
CpEICTBAaMM TIOYYCHUS, XpaHEHUsS, MepepaOdOTKH HHQPOPMAIIUH, HMCIOJIb30BaTh
KOMITBIOTEP KaK CPenCcTBO paboThl ¢ mH(MOpPMAIEH; a Tak K€ CaMOCTOSITEIbHOTO
npuoOpeTeHus: (U3MYECKUX 3HAHWW, IS TOHUMAHWUS TPUHIIMIIOB PadOTHI
IPUOOPOB U YCTPOMCTB, B TOM YHCJIC BBIXOJANIUX 3a MPEACIbl KOMIICTCHTHOCTH
KOHKPETHOTO HampaBieHus. bakamBap OyneT cmocoOeH JeMOHCTPHPOBATH
0a30Bble 3HAHWS B OOJIACTH €CTECTBEHHOHAYYHBIX JUCUHUIUIMH M TOTOBHOCTHIO

HCITIOJIb30BaTh OCHOBHBIC 3aKOHBI B HpO(I)eCCHOHaHBHOfI ACATCIIbHOCTHU, IIPUMCHATDH
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MCTOJbI MAaTCMATHUYCCKOTO aHaJli3a W MOJACIMPOBAHHA, TCOPCTHUYCCKOIO U

SKCIICPUMCHTAJILHOT'O UCCICAOBAHNA.

TeopeTnyeckue 0CHOBBI
[Ipubop, B KOTOPOM XMMUYECKAsI SHEPTUs OKUCIUTEIbHO-BOCCTAHOBUTEILHON PEeaKINu

IPEBPALAETCs B JIEKTPUUYECKYIO, Ha3bIBAETCS 'AJIbBAHUUECKUM JIEMEHTOM.

OcHOBHas1 COCTaBHAsI YacTh IaJbBaHUYECKUX DJIEMEHTOB — OJICKTPOJBI. I’IElIJ_l;e BCCIro OHU
OBIBAIOT METAUIMYECKUMHU. OJIEKTPOJ, HA KOTOPOM IIPOUCXOIUT MPOLECC OKHUCIEHHUS,
Ha3bIBAETCS AHOJIOM.

Tak, eciu B rajlbBaHMUECKOM 3JIEMEHTE UMEIOTCS MEJHBIN U [IMHKOBBINM 3JIEKTPOJBI, U B
TocyIeTHeM TIPOMCXOMT TIPOIECC OKucIenus muaka: Zn® — 2™ «» Zn?*, To MMHKOBKII H71eKTPO
OyneT aHOJIOM.

DNeKTpoJ, Ha KOTOPOM IPOMCXOTUT MPOLECC BOCCTAHOBJICHUS, Ha3bIBaeTCsA KaToJoM. B
BBIIEHIPUBEASHHOM MPUMEPE KATOIOM SBIAETCA MeIHbIH d1ekTpo: Cu?*+ 2e” «» CuP,

DNEKTPOHBI C JIEKTPOJia, HA KOTOPOM IPOUCXOAMUT MPOLIECC OKUCICHUS, EPEXOaIT Ha
AIIEKTPOJI, TJI€ IPOTEKAET MPOLIECC BOCCTAHOBIICHMUS.

Taxkum 06pazom, B rajibBaHU4YECKOM JIEMEHTE, UMEIOIIEM B Ka4eCTBE KaToAa MEIHYIO U
B KAQ4eCTBE aHOJIa LIMHKOBYIO IUIACTHHBI, JIEKTPOHBI C LIMHKOBOM MJIACTUHBI OYAyT NEPEXOAUThH
Ha MEJIHYIO.

10.7 DnexTpoa B TaJbBaHUYECKOM 3JIEMEHTE HAXOIUTCS B pacTBOpPE 3JeKTpoiuTa. B
IIPOCTEHILEM CITydae NIEKTPOIIUTOM SIBISETCS PACTBOP COJIM TOTO METAJLIA, U3 KOTOPOTO CACIaH
DIIEKTPOLI.

TaK, B MCIHO-ITMHKOBOM TI'aJIbBAHHYECCKOM 3JJICMEHTC HHHKOBBIﬁ SJICKTPOA MOXKET OLITH
MOMENIEH B pacTBOP Cyib(darTa IIMHKA, @ MEHBIA — B PAaCTBOP CyJib(aTa MEeIH.

CnenoBarenbHO: IMHK MTOMEIIAIOT B PacTBOpP, COAEPKAIMN KAaTHOHBI LIUHKA, a MEIb B
pacTBOp, coaep KAl KAaTHOHBI MEIH.

Cuctema, cocrosimias M3 MeTala, OIYIIEHHOIO B pacTBOp, COJACpPXKAIIUN €ro HOHBI,

n+
Ha3bIBACTCSl IONYIIEMEHTOM M 00O03Ha4aeTcs Me ™ / Me (cBepxy Bcerma OKHCICHHAs
dopma).
JIBa moiyssieMenTa, COeAMHEHHBIE MPOBOJIHUKOM, 00pa3yloT rajJbBaHUYCCKUN SJIEMEHT

(pucynoxk 9.1):

e /;&\

g
Zn Cu
= SO~ bt
—] +
0 F - ki~
[l Y -
Zn2++SO42 CU2++SO42




Pucynok 9.1 Cxema meoHO-YUHKOB020 2anb8AHUYECKO20 deMeHma

B ranpBaHMYecKOM 3JIEMEHTE OJMH JJICKTPOJ (aHOM) pacTBOPSETCS, T.€. HOHBI METallIa
MepexoJ AT B pacTBop. Tak B MEIHO-IIMHKOBOM TajbBAaHMYECKOM JJIEMEHTE IPOUCXOJUT
PacTBOPEHUE MHKOBOM IIJIACTUHKH.

B pesynbTare mepexoja MOHOB IIMHKA C TJIACTUHKH B PAaCTBOP HA IUIACTHHKE OCTA&TCs
M30BITOK DJIGKTPOHOB, M OHA 3apspKaeTcsi orpuuareiabHo. C Apyroil CTOPOHBI, NEPEX0] HOHOB
IIMHKA B paCTBOP MPHUBOJMT K YBEJIMYEHHUIO UX KOHIIGHTPAIIUU B PaCTBOPE.

brnarogapst mepexoay MOHOB IIMHKA C TUIACTUHBI B PAacTBOP BEC IMHKOBOH TUIACTUHKHU
OyJeT yMEeHbIIaThCSl.

OI[HOBpeMeHHO C 3TUM Ha MCIAHOM OJJICKTPOAC IHPOUCXOAUT ITPOHCCC BOCCTAHOBJIICHUA

2+ 126> CuU.

HMOHOB MEJIM U3 pacTBoOpa: Cu

3a cyéT 3TOro npoiecca KOHUEHTPALMs HOHOB MEIM B PAaCTBOPE YMEHBUIAETCS, a Macca
MEJIHOW TUIACTUHKH YBEJIIMYMBACTCS.

Ilepexon momoB CU?* W3 pacTBOpa HAa IUIACTMHKY NPHBOAMT K TOMY, YTO MEIHAs
IJTACTUHKA 3apsKaeTCsl MOJIOKUTEIBHO.

PaccmoTpenHslii ranbBaHuecKU dmeMeHT (dnemeHT Jlanuang — Sko0Ou) cxeMaTH4ecKu

MO>KHO 3aITUCaTh CIIEIYIOMNM 00pa3oM:
(-)zZn[znS04|[cusoylcu(+)
WM B UIOHHOHU (hopMme:

(—)Zn‘anJr Cu?*lCu(+).

OavHOYHBIE JIMHUU B CXeMax 0003HAa4aloT IPaHuIly MeTall — pacTBOp, a IBOMHBIE TUHUU
— IpaHUIly MEXy pacTBopamu. OTpuIaTeIbHBIN 3IEKTPOJI (aHO) 3aIMChIBAETCS CIIEBa.
B ocHoBe pa0®oThl pa300paHHOTO 3JIEMEHTa JIC)KUT OKUCIUTEbHO-BOCCTAHOBHUTEIbHAS

peakius:

Zn+CuSO4 — ZnSO,4 +Cu

WU B HOHHOU popme:

Zn+Cu’t = 7Zn%t +Cu_
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B ranpBaHMYECKOM 3JIEMEHTE, COCTABJICHHOM W3 KEJIE3HOW TIACTUHKH, ONMYIIECHHOW B
pactBop FeSOs, u cBUHIIOBOH TUIaCTHHKH, omyineHHOW B pactBop PDH(NO3)2, *kene3o sBiseTcs

AHOOOM. CXGMa 9TOI0 3JICMCHTA CJIICAYIOIIAsd:
(—)Fe\ FeSO4||Pb(NO3),|Pb(+)

Ha >xene3nom snextpone (aHozAe) MPOUCXOIUT OKHUCICHUE. DTOT MPOIECC OMHUCHIBACTCS

CJICAYIOIUM 3JICKTPOHHO-MOHHBIM YPAaBHCHUCM!

Fe¥ — 2e «» Fe?t,
KenesHblid 3€KTPOI TPUOOPETAET OTPULIATEIBHBIN 3apsijl.

Ha cBuHIIOBOM 3j1eKkTpoe (KaToje) MPOUCXOIUT MPOIECC BOCCTAHOBIICHHS MOHOB Pb?*

U3 pacTBopa:

2+ - 0
Pb“" +2e <& Pb"
CBI/IHHOBLIﬁ BHGKTpOI[ 3apﬂ>KaeTc;1 ITOJIOKUTCIIBHO.

CymMmupyst o06a ypaBHEHHUsI, MOJYYUM HOHHOE YPAaBHEHHE PEAKIIUH, MPOTEKAIOIIECH B

JaHHOM TaJIbBAHHUYCCKOM J2JICMCHTC!

Fe+Pb%" > Fe?" +Pb_

DNEeKTPOHBI MO TMPOBOJHUKY, COCIUHSIONIEMY IIJIACTMHKH, OYIyT TMEepexXoAuTh OT
JKeJIe3HOM TIAaCTUHKU K CBUHIIOBOM.

Urak, B ranbBaHUYECKOM 3JIEMEHTE MO MPOBOJAHUKY, COCAUHSIONIEMY 3JIEKTPOJIbI, TEUET
ANEKTPUYECKUN TOK.

[TosiBEHME IIEKTPUUYECKOrO TOKA CBUAETEIBCTBYET O HAJIMYMHU PA3HOCTH IMOTEHIIMATIOB
MEXIy OJJiekTponamu. IHaue roBOps, Ha OJHOM M3 JJIEKTPOAOB BO3HHMKAET  KAKOM-TO
onpeAeNEHHbIN MOTEHIUAII, PA3JIMYHBINA JIJI PA3JIMYHBIX AJIEKTPOIOB.

[Torenmman, KOTOPBIM yCTaHABIMBAETCS HA METAUIMYECKOM AJIEKTPOJIE, MOMEIIEHHOM B
PacTBOp COJIM OJJTHOMMEHHOIO METaslIa, HA3bIBAETCS AJIEKTPOIHBIM IIOTEHIIMATIOM MeTajuia.

N3mepeHHble B CTaHJAPTHBIX  YCIOBUSAX IOTEHLHMAIbl METAJUIOB  HA3bIBAKOTCA
HOPMaJIbHBIMU (MJIM CTAaHJAPTHBIMU) DJIEKTPOJHBIMU TMOTEHIIMAJaMU MeTauioB. VX 3HaueHuUs
JUTSL pa3JIMYHbIX METAJIJIOB MPUBEEeHBI B Tabauie 9.1.

Uem gerye Metaym OTHAET DJEKTPOHBL, T.€. YEM JIETYE OH OKHUCISAETCS, TEM
OTPULATEIIBHEE €r0 JJIEKTPOAHBIM MOTEeHIUan. MHade roBops, MO BEIUYUHE JJIEKTPOIHOTO
MOTEHIIMaTa MOXXHO CYJUTh O CHOCOOHOCTH METaJula OT/IaBaTh AJICKTPOHBI, T.e. 00 aKTUBHOCTHU

MeTajia.
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bonee axkTuBHBIM MeTannm uMeeT Oojiee OTPUUATENBHYIO BEJIUYUHY D3JIEKTPOTHOTO
noTeHMana. Tak, HOpMajbHbIE SJEKTPOAHBIC TMOTEHIMANbl MAarHus, I[UHKAa W MEIU

COOTBETCTBEHHO paBHbI (B B):

0° (Mg /Mg?*) =-2,34:0°(Zn/ Zn°*) = —0,76;¢° (Cu/Cu’") = +0,34.

CpaBHI/IBaH 9TH 3HAYCHHUA, MOXKHO CACJIATh BbIBO/J, UTO HaI/I6OJIe€ AKTHUBHBIM N3 3THUX TpéX
METAJIJIOB SBJISIETCS MarHuii, a MEHEE aKTUBHBIM — ME/Ib.

B ragpBaHUYECKOM 3JIEMEHTE, MMECIOIIEM JIBa PA3IMYHBIX METAUIMYCCKHUX JJICKTPOJa,
aHOJIOM OyJeT MeTayUl C MEHBIICH BETUYMHON CTAaHJAPTHOTO 3JIEKTPOJHOrO MOTCHIMANa, T.C.
0oJjiee aKTUBHBINA METal.

HaHpI/IMep, B raJIbBAHUYCCKOM JJICMCHTC

Mg‘Mg2+ Zn2+\Zn

HamOoJee OTPUIATEIICH JJICKTPOAHBIA TOTEHIIMAT MAarHus, I03TOMY MarHUEBbIHA
AIEKTPOJT OYJIET aHOIOM.

Ha MarimucBoOmM BHeKTpOILC (aHOI[e) I/I,Z[éT npouecc OKHUCJIICHUA 110 ypaBHeHI/IIOZ
0 2+ -
Mg~ <> Mg“" +2e.
Ha nuakoBoM a51ekTposie (kaToj1e) MpoTeKaeT MPOIecC BOCCTAHOBICHUS IIMHKA:
2+ - 0
/N +2e > 7Zn

10.36 CymmapHO€ HOHHOE YpaBHEHHE PEAKIINHU, TPOTEKAIONIEH B TAKOM TaJIbBAHUYECKOM

3JICMCHTE, CIICAYIOIICC:

0 2+ 2+ 0
Mg~ +2Zn“" - Mg“" +4n" .
Benuunna QJICKTPOAHOTO MOTCHIMAJIa MCTAaJlJIa 3aBUCHUT, I'NTaBHBIM 06p3.30M, OT NPpHUPOABI

MCTaJlJIa, TEMIICpATYpbl W KOHLUCHTpAallMUM HOHOB MCETAlllla B PacCTBOPC. DTa 3aBHCHUMOCTH

BBIpa)KkaeTcs ypaBHeHneM HepHcra:

0 =" (Me/Me™)+ 222 1gC(Me™),

rze ¢ (Me/Me™) — HopManbHbIi 31eKTPOHBIH TTOTEHINAT;
N — YUCIIO OTAAaBaeMbIX (MPUHUMAEMBIX) METAJLIIOM JJIEKTPOHOB;

C(Me"™) — KoHIIeHTpallis HOHOB METAIIA B PACTBOPE, MOJIb/IM .,
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IIpy KOHIIEHTpAIM¥ MOHOB MeTajla, PaBHOW 1 MONB/IMS, BTOPOH UIeH YpaBHEHHUS
oOpamaercsi B HONb, TOTAA @ = @, m.e. 21eKMPOOHbIN NOMEHYUal Memauia npu e2o
xonyenmpayuu 1 monu/om® npedcmasnsiem co6oii cmanOapmMHbLIL 2NEKMPOOHbLI NOMEHYUA.

9J'IGKTp0,Z[BI/I)KyI_HaH cuna £ ranpBaHHMYECKOTO 3JJIEMEHTA onpeaAcIACTCa PasHOCTBIO

HOTEHIMATIOR KATONA U aHofa: & = Ok —QA.

TaK, 3,HC MAariu€BO-IMHKOBOI'0 TIaJlbBAHHYECKOI'O 3JJICMCHTA, IIPpW KOHLCHTpaLUAX
HNOHOB COOTBETCTBYIOIIHX METAJIJIOB OJUH MOJ'IB/I[MS,
cocramsier: E = ¢°(Zn/ Zn?*") — 0° (Mg / Mg ?*) = —0,736 — (—2,34) =1,604 B.

qCM 6OJ'II)IH€ pa3HOCTI) B BHAUYCHUAX CTaHI[apTHI)IX BJIGKTpOI[HI)IX IIOTCHIMaJIOB MCTAJIJIOB,
TEM 60J'II>I.H€ QHC TraJbBaHHU4YCCKOI'O 3JICMCHTA, KOTOpHﬁ 9THU MCTaAJIJIbI O6p33y1-OT.

CpaBHI/IM BIIC TOJIBKO 4YTO paso6paHHoro MAarHucBO-IMHKOBOI'O TaJlbBAHHUYCCKOI'O

anemenTa ¢ 9J1C MarHueBo-MeIHOTO JJIEMEHTA.
(-)Mg
C(Mg/Mg?*)=C(Cu/Cu?") = Lo/ om®

Mg2+HZn2+\Zn(+);

E=¢°(Cu/Cu®")-¢°(Mg/Mg?*)=+0,34 — (—2,34) = 2,68 B. .

Wtak, yeM panplie JApyr OT Jpyra HaxosaTcsd MeTalibl B TaOlMIle HOPMaJIbHBIX
ANIEKTPOAHBIX MOTEHIHANOB, TeM Ooibiie D/1C raabBaHMYECKOrO 3JIEMEHTA.

Kak ormeuanocs panee B pasjese, 3aBUCUMOCTb BEJIMYMH 3JIEKTPOJHBIX MOTEHIIMAIOB OT
KOHIEHTPAllUl OKUCJIMTEIbHOW M BOCCTAaHOBUTENbHON ¢opM peareHta u oT pH cpensl
BbIpakaeTcs ypaBHeHreM Hephceta (9.1).

VYpaBuenne HepHcra noszBossser npoBoauTh pacueT DJIC raapBaHUYECKUX DIIEMEHTOB
IIPU YCIOBUSAX OTJIMYHBIX OT CTAH/IAPTHBIX.

N3menenne wn3o0apHoro moreHmuana ['mbOca B cucTeMe YHCICHHO paBHO paboTe,
COBEpLIAEMON B PE3YyJIbTaTE NPOTEKAHMS DJIEKTPOXUMHUECKON PEAKIINN:

AG =-A = -nAgpF, 9.2)

rne A — paboTra »DSJIEKTPUYECKOrO0 TOKa, paBHAs MPOU3BEIECHHUIO YHCIa MOJIb

MIEPEHECEHHBIX IEKTPOHOB N, HANIPSIKEHUS B DJIEKTPUUECKOU 1enu A¢ u nocrossHHoN dapanes
F =96 454 Kn/mons = 96 500 Kn/moib.

JI1st CTaHIapTHBIX YCIIOBUMA:

AG? =-A%=_nAp °F. (9.3)

Koncranta paBHOBECHs JJIEKTPOXMMHUYECKON PpEAKUMH [JIs CTAHAAPTHBIX YCIOBHI

ompezensercs GopMyIIoi CIeAyIOMEro BUAA:
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—16,9nA¢°. 9.4
23-RT v 649

IgK

BenmunHabe KOHCTAHT paBHOBCCI/Iﬁ AJIA pa3HBIX 3JICKTPOXUMHUYECCKUX peaKHI/Iﬁ IIO3BOJIAIOT
ONpCACIIATh CTCIICHDb UX H606paTI/IMOCTI/I.

HOCKOJIBKy BHGKTPOHHLIfI NOoTCHIMA]I MCTaJlJIa 3aBUCUT OT KOHLCHTpaluu pacTBopa, TO
MOXHO COCTaBUTb L€Ib H3 OAMHAKOBBIX MCTANIMYCCKHUX JJICKTPOAOB, IIOIPYKCHHBIX B
pacTBOpPLI C pa3JIPI‘IHOI>'I KOHHCHTpaHHCfI HMOHOB 3TOro MCErTajuia — 39mo Konuenmpauuonﬂbzﬁ
2ANbBAHUYECKUL DTICMEHM.

3J1C KOHLEHTPAIIMOHHOTO JIEMEHTa opeAesseTcs mo Gopmyie:

C M Z+
g 0099 Ci(Me™)

2 Cy(Me?)’

rie C(Me?") — KOHIIEHTpAIUs HOHA METAIa B IPUIIEKTPOIHOM CIIOE, MOJIB/IM°, IpHYeM

(9.5)

C1(Me*") > Co(Me*") ; Z — cTeneHb OKUCIIEHHS HOHA.

Oo0opynoBanne U MaTepuabl
. JIBa crakaHa émkocThio 100 cm®
. PactBop CuSOs, C(CuSOs) = I monw/om®.

1

2

3. Pactop ZnSO4, C(ZNnSO4) = 1 monv/om®.
4. MenHast acTUHKA

5. lluHkoBas rracTHHKA

6. MeaHble MPOBOJIOYKH

7. BonbT™meTp

8. U — obpa3nas TpyOka

9. pactBop KCI

10. Arap-arap

Yka3aHus no TexHuke 0e30acHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
ANEKTPOOOOPYAOBAHHY, IITEKTPOIIPOBOIKE, MPABMIEHO 000PYA0BAHHOM BBITSDKHOM KA.

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

3. PaGodee mecTo comepkaTh B HOPSIKE U YHCTOTE.

4. Cyxue peakTuBbl TpeOyeTcs OpaTh YUCTHIM IIMATENEM WIH CIEIHATFHON JTIOKEUKOM.

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

6. Bce ombITH ¢ BpeAHBIMY U MAXHYIIMMH BEIIECTBAMU, a TAKKE YyIIApUBAHHE KUCIOT U KUCIBIX
pacTBOPOB MPOBOJMUTH B BBITSDKHOM KA.

7. OcraTKu coeqUHEHUi cepedpa cauBaTh B 0COObIE CKIISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUPKE BCer/a cieayeT Aep)KaTh €€ TaKuM 00pa3oM, YTOObI
OTBEpCTUE IIPOOUPKH ObLIO HAIIPABJIEHO B CTOPOHY OT PadOTaIOIIEro PsAAOM COCEa.

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

10. He cnenyer BOBIXaTh Maxy4due BEIIECTBA W Tas3bl, OJU3KO HAKIOHSSICH K COCYLy C THMHU
BemecTBaMy. HroxaTh BelecTBa MOKHO JIMIIL OCTOPOXKHO, HAIIPaBIIsAA K ce0e Iapbl WIK ra3 ABHXKEHHEM
pYKHU.

11. XpaHuTh pacTBOPHI KOHIEHTPUPOBAHHBIX KHUCIIOT U IIEIOYEH B BBITSHKHOM MIKady.

12. BrwumBath pa30aBieHHbBIC KUCIOTHI U IETOYHBIE PACTBOPHI CIEAYET B CIMBHYIO CKIISTHKY.

13. Kareropuuecku 3amperaercsi mpoOoBaTh XMMHUYECKHE BEIIECTBA HA BKYC.
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14. TIpu paboTe ¢ JIErKO BOCILIAMCHSIOIIUMUCS BeliecTBaMH (3QUphI, OCH301, CEPOYIIepo U
T.JI.) HE TOJDKHO OBITh PSIIOM OTHSI U BKJTFOUCHHBIX TLTUTOK.

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

16. Kareropuuecku 3ampemniacTcst OCTaBIATh paOdoTaroIIre IpUuOOpsl 0€3 HAOIIOACHUS.

25. B xuMuyeckoii 1abopaTopun HEOOX0AMMO paboTaTh B XalaTe.

3aganusa

Onvim 1 Bossmute aBa crakana émkoctbio 100 cM®. B oiuH M3 HUX HajeiTe pactBop
CuSOs, B apyroit — pactBop ZnSOs4. Konmentpamuu pactBopoB oauHakoBbl: C(CuSQOs) =
C(ZnSO4) = 1 monv/om®.

B mepBblii cTakaH omycTHTEe MEIHYIO IJIACTUHKY, BO BTOpPOW — HHUHKOBYIO. K o6eum
IUTACTUHKAM TMPUKPENUTE MEIHBbIE MPOBOJIOYKU, KOTOPHIE COEAMHUTE Yepe3 BOJIBTMETP.
PactBopel B crakanax coemunute U — oOpasHoil TpyOkou, HanoiHeHHO# pactBopoM KCIl B
cMecu ¢ arap-arapoMm. HaOmiomaercs OTKIOHEHWE CTpENKH, T.€. B 1€MW MOSBISAETCA
INEKTPUUYECKUHN TOK.

Tabnuya 9.1 Cmanoapmmuule 21eKmMpoOHble NOMEHYUANbl MEMAalos

YpaBHEHHE NOJypeaKkuu go°, B YpaBHEHUE NTOJTYpEAKLIUU 1) "B
Ag* + e oA +0,7994 Hg 5" + 2e o Hg +0,792
AP + 3¢ & Al -1,66 K'+ee K -2,923
AU + 3e > Au* +1,41 Lit+eo Li -3,04
Audt + e o Au +1,50 Mg?* + 2e Mg -2,37
Au* + e o Au +1,68 Mn?* + 2e < Mn -1,17
BaZ* + 2e¢ <> Ba -2,91 Mo3* + 3e < Mo -0,2
Ca** + 2e & Ca -2,79 Na* + e < Na -2,713
Co®* + 3e & Co +0,46 Ni%* + 2e «— Ni -0,228
Co?* + 2¢ — Co -0,29 Pb?* + 2e < Pb -0,126
Cr¥* + 3e  Cr -0,74 Pb** + 4e — Pb +0,77
Cd** + 2¢ & Cd -0,403 Pd?* + 2e < Pd +0,915
Cu** + 2e & Cu +0,345 Pt** + 2e < Pt ~+1,2
Cu*+e« Cu +0,531 Rb* +e < Rb -2,924
Fed* + 3e « Fe -0,058 Sb3* + 3e «— Sh +0,20
Fe?* + 2¢ > Fe -0,473 Sn?* + 2e & Sn -0,140
2H" + 2e & H> 0,0000 Sr¥t + 2e o Sr -2,89
Hg** + 2e < Hg +0,850 Zn** + 2e < Zn -0,764

Conep:xkanue oTuera
Harmmmmre ypaBHEHNs 3JIEKTPOAHBIX MPOIIECCOB M CYMMAapHOM PEeakLny, MPOUCXO IAIINAX

npu pa60Te 9JICMCHTA. OHpC,Z[CJII/ITC Karoa U aHOJ. CocraBbTe CXEMY J3JICMCHTA, paCC‘{HTaf/'ITC

3/1C, AG 1 cTaHIapTHYIO KOHCTaHTY CKOPOCTH.

KoHTpoJibHBbIE BONIPOCHI
ba30BbIii ypOBEHB
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1Kakue mnpouecchl Ha3bpIBalOT 3MEKTpOXUMHUECKMMHU? YeM OHM OTIMYarTcs OT
00b1uHEIX OBP?

2KakoBbI MPUYMHBI BO3HUKHOBEHUS JBOWHOTO JJIEKTPUYECKOTO CJIOS HA TOBEPXHOCTH
METaJUIMYECKOM IJTACTUHEI B BOJIE?

3 Kakoe ycTpoHCTBO Ha3bIBAIOT rajdbBaHUYECKHM 31eMeHTOM? [IpuBeanuTe ero cxemy
Ha KOHKPETHOM ITpUMEpE.

4 Kakue anexkTposabl Ha3bIBalOT aHOJAaMM, Kakhe — KarojamHu? YKaXuTe aHOI U
KaToJl B LIMHK-CEPEOPSHHOM TrallbBAHUYECKOM 3JIEMEHTE.

S) MoxHO 1M omnpenenuTh abCONIOTHOE 3HAYEHHE DJIEKTPOJHOrO IOTeHUuana?
Kakoii a1exTpo/1 BBIOpaH B KauecTBE IEKTPOa CPABHEHUA?

6 Kak ycTpoeH cranpgapTHbli BojopojHblii anekrpoa? IlpuBeaure ero cxemy u
O0OBSCHUTE MPUHIIUAI PAOOTHI.

7 Uro Takoe «ps] HanpsKeHUu MetaiuioB»? Uto oH onpenenser?

IloBBIILIEHHBIN YPOBEHD

1 Kakoll «XMMUYECKMI CMBICI» HUMEIOT 3HAKU «+» U «—» IJIs CTaHJAPTHBIX
3JIEKTPOJHBIX MOTEHLUAIOB OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX CUCTEM?
2 Kax onenuBaror 3/]C rampBanudeckoro sneMenta? OTBET MOSICHUTE HA TIPUMEPE

KaJIMUI-MEIHOTO rajlbBaHUYECKOIO DJIEMEHTA.

3 Jlust wero npumeHsoT ypaBHeHne Heprucera? Hanummre ¢opmyity IpuBEACHHOTO BHIA
3TOr0 YpPaBHEHHS.

4 Kaxkue npubopsl Ha3bIBAIOT aKKyMyJsiTopaMu? KakoBbl UX TUIIBI?

5 Kak ycrpoeH cBuHLOBBII akkymysstop? IlpuBenuTte ypaBHEHHS, ONKCBHIBAIOLIME
IIPOLIECCHI €T0 3apsaa-paspsaa.

Cnucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCI0JIb30BAaHHIO 10 JAHHOI TeMe

OcHoBHasi MTEepaTypa:
1. Koposun, H. B. O6mras xumus : yaeounuk / H. B. KopoBuH. - 13-¢ u3., nepepab. u gorm. - M.
: Axagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyskaromieit cpebl : XUMHsI )KHUBBIX oprann3MoB. Kypc nekuuii /
E. C. Muxanuna, A. JI. [Terenmma. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTpOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
JlonoJIHUTe/IbHASA JINTEPATYypa:
1. T'munka, H. JI. O6mas xumus / H. I'. I'nurka ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uurerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XUMHS METaJUIoB : ydeOHOe mocodre (JIIs CTYJACHTOB XHMHUYECKOTO (aKyJIbTeTa
HarpaBiIeHuH 0akanaBpoB «XUMHUA» U «XUMHUUECKask TEXHOJOTHs») / cocTaButenu O. A.
I'onoBanoBa. — Omck : Omckuii rocygapcTBeHHbI yHuBepcurer uM. @.M. JlocTtoeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DekTpoHHO Oubimoteynas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum noctyna: mis
aBTOPU3HUP. MOJIB30BATENEH
HNuTepHeT-pecypcen:

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

2 http://biblioclub.ru/ — 5BC «YHuBepcuterckast OMOINOTEKA OHIIANHY.
3 http://catalog.ncstu.ru/ — 3neKTpOHHBII KaTajaor acCOIUAINU dJIEKTPOHHBIX OMOIMOTEK
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y4eOHbIX 3aBenieHuid u opranuzamnuii CKOO
4 http://www.iprbookshop.ru — DBC.

S https://openedu.ru — OTKpbITOE 0O6pa3oBaHKE
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