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Beenenune

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

[TocnenoBarenbHOCTh J1AOOPATOPHBIX PabOT COOTBETCTBYET JIOTMUECKOH CTPYKType ee
npoxoxjaenus. llpennmaraemple METOJMYECKUE YKa3aHUS COJEPKAT MaTepual, KOTOPbIN
PEKOMEHIyeTCsI UCII0JIb30BATh CTYIEHTaM MPHU OCYIIECTBICHUH JIaOOpaTOPHBIX padoT.



Tema 1. OcHOBHBIEC MOHATHS M 3AKOHbI XUMHH.

.JIaﬁopaTopHaﬂ paGOTa 1. OcHOBHBIE KJIaCChI HEOPraHNvIeCKUX BEIIECTB

Ilens pabotel: M3ydueHHE OCHOBHBIX KJIAaCCOB HEOPraHWYECKUX COEIMHEHUHM M HX
XUMUYECKUX CBOMCTB.
DopmupyemMble KOMIETEHIIMM UM X YaCTH:

Kon dopMyTHUpoBKa
OK-7 CIIOCOOHOCTHIO K CAMOOPTaHU3aLMHU U CaMOOOPa30BaHUIO
OIIK-1 CIOCOOHOCTHIO M TOTOBHOCTBIO HCIIOJIb30BATh OCHOBHBIC 3aKOHBI

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

I1K-3 T'OTOBHOCTBIO UCIIOJIb30BATh HOPMATUBHBIC TOKYMCHTEI 110 KA4YC€CTBY,
CTaHJapTU3aluu U CepTI/I(i)I/IKaHI/II/I IIPOAYKTOB U HSHCHHﬁ, 9JICMCHTbBI
OKOHOMHNYCCKOI'O aHajln3a B HpaKTquCKOﬁ ACATCIIbHOCTH

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

TeopeTuyeckas 4acTb
Oxcuanl

Crpoenue okcusioB. OKCHIIBI TPEACTABISAIOT COOOM CIIOKHBIC BEUIECTBA, COCTOSIIME U3 aTOMOB
JIBYX DJIEMEHTOB, OJTHUM W3 KOTOPBIX SBISICTCS KUCIOPO/I.

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

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

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

Hamnpumep:

Nay*'O? — okeupn narpus; P,"0s? — okeng pochopa (+53).

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

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

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

Zn0O — okcua nuuka; CaO — okcua kamenus, FeO — okcun xenesa (+2); SnO2 — okcnp o0Ba
(+4); Na20O — okcup narpust; Al,O3 — OKCHT ATFOMUHHS.

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

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

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

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

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

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

CuO — okcun menu (+2);

Cu20 — okeua meau (+1);

FeO — okcup xenesa (+2);

Fe.O3 — okcun xkenesa (+3).

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

K neconeobpasyromum otaocsarcst okcuasl: N2O, NO, CO.

Bce ocranpHBIe OTHOCATCS K coneoOpasyromuM. ConeoOpas3yrone OKCUABI, B CBOIO OYepeib,
MOJKHO Pa3elIUTh Ha TPU TPYIIIIHL:

—  OCHOBHBIE;

—  KHCJIOTHBIE;

—  aMm{QOIHUTHEIE.

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

Hanpumep:

Na;O — NaOH;

Ca0 — Ca(OH):;

FeO — Fe(OH)..

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

Na,O + H,O = 2NaOH;

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

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

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

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

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

7. OcHOBHBIE OKCHIBI 00Pa3yIOTCs TOIBKO METaJIAMH.

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

803 - HzSO4;

P205 —> H3PO4.

8. KucnorHble okcuasl 00pa3yor:

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

0) OKCHIBI HEKOTOPBIX METAJIOB MOOOYHBIX MOATPYIII, MMEIOIINX BEICIIYIO (PaBHYIO HOMEPY
TPYIITBI) WK OJIM3KYIO K Hell crenienb okucieHust — CrOs, V20s, Mn;0O7, MnOs, MoOs u T.51.

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

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

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

1) N2Os + H,O — (HzNzOe) — 2HNOs3;

2) SO3z + Hy0 — H2SO0y;

3) CrOz+ H,O — HyCrOq;

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

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

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

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

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

13. AMQoIUTHBIE OKCHIBI HEPACTBOPHUMEI B BOJIE.

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

Zn0O + H,SO4 = Zn04 +H0;

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

15. AmdonuTHBIE OKCHABI TaKKe OOpa3yrOT COJIM NPU B3aWMOJCHCTBUU C OCHOBaHUSIMH H
OCHOBHBIMH OKCHJIaMHU:

CIUIAaBJICHUC

Zn0O + Na;O —————— > Na2Zn0y;

CIUIAaBJICHHC

Zn0O + 2NaOH — > NaZn0; + H,0;

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

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

1) non MeTamwia aM(OIUTHOrO OKCUA (C TOM 5Ke CTENEHBIO OKHUCIeHHs) Zn?";

2) runpokcuibHble rpynnsl OH;

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

Yucino ruapOKCHIIbHBIX TPYI (JMTAHAO0B), KOTOPOE MOXKET YACPKHBATh IIEHTPAIBHBIH aTOM —
KOMIUIEKCOOOpa3oBaTenb (MeTaul aM(pOIUTHOTO OKCHA), OMPEIeIIseTCs] KOOPANHAIMOHHBIM YHCIIOM,
NPUCYIIHM JIAaHHOMY METaJLTy.

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

18. Paccmorpum mpuMmep coctaBieHus: (HOpMYJbl KOMILIEKCHOM COJNH, IMONyJaroleicst 13
IMIPOKCH/IA [IMHKA ¥ IEN0uM. KOMIUIEKCHBIH MOH CONEPKHUT KOMIUIEKCOOOpasoBareib Zn?* U 4eThipe
noHa rupokcuia. CyMMapHbIi 3apsi KOMIUIEKCHOTO HOHA PaBeH —2, a COCTaB €ro MOXHO M300pa3uTh
popmynoii [Zn(OH)s]*. DTOT KOMIUIEKCHBIH MOH SIBJISETCS aHMOHOM. 3apsj KOMIUIEKCHOIO aHHOHA
HENTpanu3yeTcsi KATHOHOM, BXOSIIMM B COCTaB MENOYH (TPOTHBONOHOM). Ecii 3T0 0tHO3apsqHbINH HOH
(K* mmm Na'), To cocTaB KOMIUIEKCHOH COJM MOXHO 3amucaTh (HopMyliamu: K2[Zn(OH)4],
Naz[Zn(OH)4].

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

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

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

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

OCTaTKa ¥ aTOMOB BOAOPOJIa, CIIOCOOHBIX 3aMeIIaThCs Ha METaJI.

Kucnotrel MoxHO paccMaTpuBaTh KakK IIPOAYKT BSaHMOHeﬁCTBHﬂ KHUCJIOTHBIX OKCHJOB

(aHTHIPUIOB) C BOJIOM:

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

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

HCI, HNO3, HF — onHOOCHOBHEIE KUCIIOTHL,

H>SO., H2COs, H2S — 1ByXOCHOBHBIE KUCIIOTHI;

H3PO., H3AsO4 — TpEXOCHOBHBIE KUCIOTHI.

Ha3Banus kucnor:

HCI — ximopoBomopoaHas (consHast);

H>S — cepoBomoponHas;

HF — ¢TopoBomopoanas (mmaBukoBas);

HNOs — a3otHas;

H2SO. — cepnas;

H>CO3 — yronpHas;

H3PO. — oprodochopnast.

KucnoTsr B3auMoI€HCTBYIOT C:

a) ocHoBaHuIMH — H2SO4+ 2NaOH = NaSO4 + H.0;

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

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

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

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

H-0/ 0 O-H

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

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

OH™.

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

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

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



Fe(OH)2 — ruppokcup xenesa (+2);

Fe(OH);3 — rumpokcup xenesa (+3).

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

a) ogHokucioTHeie — NaOH, KOH,;

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

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

I'padmaeckne hopmybr:

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

AmbonuTHBIE THAPOKCHBI (TaK K€ KaK U WX OKCHIBI) 001aJaf0T JBOWCTBEHHBIM XapaKTepOM:
pearupyroT ¢ KUCIOTaMH — IPOSIBIAIOT CBOMCTBa OCHOBAHUM, a TaKXkKe PEarupyroT C IIeJIoYaMH —
HPOSIBIISIIOT KHCIIOTHBIE CBOMCTBA

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

CIUIaBJICHUC

Zn(OH); + 2NaOH ——— > NaxZnO; + 2H,0;

Zn(OH), + 2NaOH —22—> Na,[Zn(OH)4];

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

AI(OH)3 + NaOH ——— > Na[AI(OH).].

Kak ykazaHo Bbllie, aMOIHUTHBIE OKCHIBI W THIPOKCHIBI MOTYT pPearupoBaTh HE TOJBKO C
pacTBOpaMH MIeIouei, 00pa3ysi KOMIUIEKCHBIE COJIM, HO U C TBEPIBIMH OE3BOIHBIMH MIENIOYaMU MYTEM
crutaBienusi, oopasys NaAlO, — meTaamroMuHAT HATPHSL.

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

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

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

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

Nas[Zn(OH);] ——> 2H,0 + Na;ZnO,.

Coimm
Conn MOXKHO paccMaTpuBaTh KaK MPOAYKTHI MOJHOTO MM YAaCTUYHOTO 3aMEIleHHs aTOMOB
BOJIOPOJIA B MOJIEKYJIE KHCIIOTHI HA aTOM MeTallia, THOO THIPOKCUIBHBIX TPYIIT B MOJIEKYJIE OCHOBAaHUS
Ha KHCJIOTHBIE OCTAaTKH. Pa3nu4arot coim cpeiHue, KUCIble, OCHOBHBIE, IBOMHBIE.
Conu pa3nnyaroT:
a) cpexaane — NaxSO4 ,AlICI3 , K3POy;
6) kucibie — NaHSO,4 s KH,PO,4 s KZHPOA;
B) ocHoBHBIE — AIOHCI> , Al(OH)ClI;
r) aBoiinbie — KAI(SO4)2.
CpenHne cony MoIyqaroT:
a) MU B3aUMOAEHCTBUH OCHOBHOTO OKCHA C KUCJIOTHBIM OKCHIIOM:
CaO + CO, = CaCQOg;
0) pyu B3aMMOJICHCTBUN OCHOBAHHUS C KHCJIOTHBIM OKCHJIOM:
Ca(OH), + CO,= CaCOs + H»0;
B) IPU B3aMMOJACHCTBHM OCHOBAHHUS C KUCIOTOW (€CNH BEUIECTBA B3STHl B DKBUBAJICHTHBIX
KOJTMYECTBAX):
Ca(OH)z + 2HNO; = Ca(NO)z + 2H,0:;
T') IpY B3aUMOACHCTBUN OCHOBHOT'O OKCHA C KHCIOTOM:
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CuO + H,S0O4 = CuSO,4 + H,0;
) Tp1 OOMEHHOMW PEaKIH MY COJIBIO M KUCIIOTOM, WK BBITIAIAET OCATIOK:
Na,CO3 + H,SO4 = Na,SO4 + CO; + H20;
BaCl, + H2SO4 = BaSOs! + 2HCI;
€) Tpu B3aUMOJCHCTBMM COJIM CO IIEJIOYbI0, B pe3yabTare uero oOpasyercs
MaJIOpaCTBOPUMOE OCHOBAHHE HITH JIETKOJIETY4ee COSTMHCHHUE:
CuSO; + 2NaOH = Na;S0, + Cu(OH)24;
NH4CI + NaOH = NaCl + NH;T + H:0.
3AIIOMHMUTE, 4ro comu ¢ HepacTBopuMbIME ocHOBaHmsIMH HE PEATUPYIOT!
’K) Tpu OOMEHHOM B3aMMOJEWCTBHUU NIBYX COJIeH, B pe3yibTrare KOTOPOTO oOpasyeTcs
MaJIOpacTBOpUMast COJIb:
AgNO; + NaCl = AgCN + NaNOs;
3) IpU B3aUMOJCHCTBHH METAaJUIOB C HEMETaJUIaMH, B Pe3yJbTaTe KOTOPOro oOpasyroTcs
COJM OECKHUCIOPOTHBIX KHUCIIOT:
2Al + 31, = 2Alls.
Kucneie conmu. Kucnble conm MOXHO paccMaTpuBaTh Kak MPOAYKTHI HEMOJIHOTO 3aMEILCHHS
BOJIOPOJTHBIX HOHOB B MOJIEKYJIC KUCIIOTHI MOHAMH METaJla:
H3PO4 + KOH = KH;PO4 + H20;
H3PO4 + 2KOH = K;HPO4 + 2H,0;
H3PO4 + 3KOH = K3PO, + 3H;0.
KH2PO, — murunpodocdar kamust, kucasiii pochOpHOKUCITBIN Kaluii 0qHO3aMEeIIEHHBIH;
K2HPO, — ruapodocdat xanms, kucublii pochOopHOKUCIBIN KaTuil [By3aMeIIEHHBIH;
K3PO4 — oprodocdar kanus, pochopHOKHCIBIN KaTHid.
Kucneie conu kanpuus GocGopHO KUCIOTH UMEIOT BUJI:
Ca(H:PO4); — murmmpodocdar  Kambitus, KHCIbIA  (POCHOPHOKUCIBIN  KaJbIHiA
OJTHO3aMEIIIEHHBIN;
CaHPO4 — ruapodocdat kampips, KUCIbId GOCHOPHOKUCIBIN KA JBY3aMeIIEHHBIH.
OCHOBHBIE COJIM — MPOIYKTHI HEMOJTHOTO 3aMeIIeHHs THIPOKCUIBLHBIX NOHOB OCHOBaHUS Ha
KHCJIOTHBIE OCTaTKU. TakuM 00pa3oM, B MOJIEKYJle OCHOBHOW COJIM KpOME MOHOB METallia U KUCIOTHOTO
ocTaTKa COJIEPKATCsl M MOHBI THAPOKCHIIA:
Al(OH)3z + HNOs = AI(OH)2NOs + H20;
Al(OH)3z + 2HNO3; = AIOH(NO3), + 2H0;
Al(OH)3 + 3HNO; = A|(NO3)3 + 3H,0.
Al(OH);NO; — HuTpar AUrHapOKCH T ATFOMUHHS,
AIOH(NO3), — HUTpAT THAPOKCHT ATFOMUHHS;
Al(NO3)3 — HUTpAT aTFOMUHHSI.
3Hast 3apsi/l HOHA BXOJSIIET0 B COCTaB OCHOBHOM COJIM, a TaKKe 3apsiji KUCJIOTHOTO OCTaTKa,
HETPY/HO COCTABUTH (HOPMYITY OCHOBHOMW COJIH:
CocraBiieHue ypaBHEHHS peakluii OTYyYSHHUS BCEX MBICIHMBIX COJICH MPH B3aUMOICHCTBUN
THUAPOKCHIA ANIOMHHHS W CEPHOM KHCIOTHI (HEOOXOAMMO TOMHHTH, YTO HE BCE COJHM CIIOCOOHBI
CYIIIECTBOBATH):

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

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

4 \

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

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

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

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

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

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

AI(OH)s > AIOHSO4

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

Cepnas kucnora — asa: SOs% , HSO4

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

[To3TOMY € TUAPOKCHUAOM HATPUS STH KUCIOTHI 00Pa3yIoT COJIH:

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

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

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

Peaknum B3amMHOTO TpeBpalieHus coyeid. Panee ObUTH paccMOTpPEHBI CONM KaK MPOJYKTHI
B3aUMOJICHCTBUS KUCIOTH M ocHOBaHMS. [Ipn HemocTaTke KUCIOTH 00pa3yroTCs OCHOBHBIE COJH, T.€. HE
BCE THJIPOKCUJIbHBIE HOHBI MOTYT 3aMECTUTBCSI Ha KUCJIOTHBIE OCTaTKU. A MpPU HEAOCTATKE OCHOBAHMUSI
MOTYT TOJy4aTbcs KHUcible conmu. OTCIoa CTaHOBUTCS TOHSATHBIM METOJ TI€PEBOJa OJHOM CONH B
ApYTIYIO.

s mepeBoma OCHOBHOW COJIM B HOPMAaJIbHYIO (CPEIHIOI0) WM KHCIYI0 HEO0OXOANMO
M00aBUTh KHCJIOTY, a TPH MEpPeBOe KHUCIOH COMM B CPEJHIOI0 WJIM OCHOBHYIO CJenyeT I00aBHTh
ocHoBaHue. [Ipu 3TOM yMOOHO WCIIONB30BATH OJHOMMCHHBIC OCHOBAaHHS M KHCJIOTBI, YTOOBI HE
3arpoOMOKJIaTh YPaBHEHUE PEAKIUU APYTUMHU COJSIMU:

2) CaCOs

(CaOH).COs3
Ca(HCO3)2



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

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

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

CoNoaRrWNE

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

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

. Xnopun 6apust BaCl,

. JductunnupoBanHas Boza
. IIpoOupku

. Jloxeuka

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

3NEKTPOOOOPYAOBAHHH, SITEKTPOIIPOBOAKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKAQYy.

2. Ta3oBnie KpaHbI U Ta301IPpOBO JOJKHBI HAXOAUTHCA B UCIIPABHOM COCTOSIHHUU, ICPUOJNICCKU

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

7. OcTaTKu coequHEHUH cepedpa cIMBaTh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHMM PacTBOPOB B MPOOUPKE BCETIa CICIYET NSPKATh €€ TaKUM 00pa3oM, 4TOOBI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJIEHO B CTOPOHY OT PabOTAIOIIETO PSIOM COCEeIa.

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

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

PYKH.

o gk w

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

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

13. Kareropuuecku 3ampemiaeTcsi IpoOOBaTh XUMHYECKHE BEIIECTBA HA BKYC.

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

15. IIpu paboTe co CTEKIOM, XHMHUYECKOW TOCyMOH, HEOoOXOAWMMO COONIIONAaTh IpaBUIIa
IPETOCTOPO’KHOCTH BO M30€KAaHUE PAHEHUH OCKOJIKAMH CTEKJIA.

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

17. B xumuueckoii 1abopaTopun HeoOX0AMMO paboTaTh B Xanare.

3amanua

OmpiT 1. Bo3pMuTE 10KEUKOH 04eHb HEOOIBIIOE KOJTUUECTBO OKCUAA KaJIbIIMs, IOMECTUTE €r0 B
npoOupKy u n06aBbTe 3 cM® Boztbl. Ecin okeua kanbius CaO pacTBOpUIICS HE MOJHOCTBIO, 3TO 03HAYAET,
yro B3aT W30bITOK CaQ. Hammmure ypaBHeHue peakuuu. Jlo0aBbTe B mpoOHMpKy, rie oOpa3oBajics
rUapokcua Kanbius, 1-2 xammm wmHaukatopa ¢eHondranenHa. B kakol mBeT OKpacwics pacTBOp B
npooupke? Kakas cpena pactBopa?

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

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

Ongpit 4. Haneiite B npo6upky 1,5 cm® pacteopa comu xaamus (xnopuna CACly mmm cynbdara
CdSOs) u Tyna xe nobabre 1 cm® pactBopa ménoun. Hanummre ypaBHenus peakuuil. B mpoGupke
oOpa3zoBainicsi ocamok. OrmeTrsTe 1BeT ocanka. ComepkuMoe MTPOOMpPKH, MPEIBAPHUTEIHHO B30ONTaB,
paszenuTe Ha 2 4acTH, MEepelinB OJHY M3 HHUX B JApyryio mpodupky. K comepxumomMy omHON mpobupku
no6aBbTe 2 cM® pa3baBIeHHON cepHOM KUCIoThl. Ocalok pacTBOPUICS. DTO MPOU3OILIO B PE3YJILTATE
peakuMu HeHTpanu3alud OCHOBaHWA. Hanummmre ypaBHeHwe peakiuud. K cogepkxuMoMy OTHOM
npobupku 106aBbTe 2 cM® pacTBopa mEnoun. OcasoK He pacTBOPUIICA, T.K. 00JIaas TOJBKO CBOWCTBAMM
OCHOBAaHHUSI, CO LIETI0YaMHU HE B3aUMOACHCTBYET.

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

OnwiT 6. Hanelite B mpodupky 2-3 cm® pacTBopa cynbdara Meau. JJo6aBbTe HECKOIBKO Kalelb
(ue 6onee aByx!) ménoun NaOH 1o o6pa3oBanus cBeTIIO-3eEHOr0 ocaaka ocHoBHOM coyn (CuOH)2S0..
N36bITOK mI€N0uM npuBeaeT K oOpa3oBaHuio ocaaka rugpokcuna meaun Cu(OH),.
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Onpir 7. Haneiite B mpobupky 2-3 cm® pactsopa xmopunga 6apus BaCly m memnoro cepHoii
KHCIIOTHI 710 oOpa3oBaHus ocanka. OTMeTsTe 1BeT oOpasylomerocs ocaaka. Vcmeitaiite Ha
pPacTBOPUMOCTh IONYYCHHBIH OCaZOK B KHCIOTe M mIedoud. J[ias 3Toro: coiepkuMoe MpOOWpPKH,
npeaBapUTeIbHO B300NTAB, pa3aenuTe Ha aBe npodupku. K cogepkumomMy oiHON MpoOHpKU 100aBbTE 2—
3cm® cepHoii kucnotel ¢ konuentpanuein C(H.SOs) = 2mons/aM®, a B apyryio mpoOupky — 2-3cm’
pactBopa ménoun ¢ konuenTpanueir C(NaOH) = 2 mons/am® n morpeiite B IIaMeHH ra30BOM FOpPENKH.
OTMeThTe, MPOU3OLLIO JIM PACTBOPEHUE Ocajka cyibdara Oapus. O0bscHUTE moBeneHue ocanka BaSO4
npu obpadoTke ero pacropamu H>SO, u NaOH monb3ysch Tabumiei pacTBOPUMOCTH.

CocTaBbTe ypaBHEHHE XUMHUECKOI peakiui oopazoBaHus cynbdara Oapus.

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

Ne /1 | Pearentsl XuMHYECKask peaKius HaOnronenus

1

gl wIN

KonTpoJibHbIE BOPOCHI
ba3oBblil ypoBeHb
Urto HaspiBaeTcs okcugaMu? Kakyro cTerneHb OKUCIECHUS TIPOSBIACT KHCIOPO B OKCUAAX ?
Jaiite kpaTKyro Ki1acCU(PUKAIIIIO OKCH/IAM.
Uro Ha3zwiBaeTcs kuciiotamu? [IpuBeauTe nx KiiacCUpUKAIIUIO
Uro Ha3zwiBaeTcsi ocHoBaHusMuU? [IpuBeuTe ux KiacCH(pUKAIMIO

el NS

IloBbIIEHHBII YPOBEHb
1. Kakwue 35eMeHThl 00pa3yroT OKCHIBI?
2. Kak cocraBnsercs xumudeckas ¢popmyiia okcuaa?
3. Kakue okcumpl o0pasyer a3oT?
4. Kaxue oKcHIBI B3aUMOJICUCTBYIOT ¢ Bojou. [IpuBecT mpumep.
5 Kakue coennHeHus Ha3pIBarOTCs cosiMu? [IpuBeuTe ux KiacCHMUKAITUIO

Cnmcok JiuTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHNIO M0 JAHHOM Teme

OcHoBHas MTEpaTypa:

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

2 I'manka, H. JI. O6mas xumus : yue6. mocooue / H.JI. ['muuka. - m3a. crep. - M. : KHOPYC,
2016. - 752 c. : un. - Ilpuin.: c. 721-724. - bubnuorp.: c. 725-726. - ISBN 978-5-406-04995-
2, 3K3eMIUTIpOB |

JlonosiHUTeIbHAS JIUTEPATYypAa:

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

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

Tema 5. Oﬁume 3aKOHOMEPHOCTH NPOTEKAHUA XUMHNYIECCKUX MMPOIECCOB.
JlaGopaTopHas padora 2. XuMH4YecKasi KHHeTHKA M XUMHYeCcKoe paBHOBecHe

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

CKOPOCThb U CMCIUICHHUEC PABHOBCCUA XUMHNYCCKUX peaKum?I.

CDOpMI/IpyeMLIe KOMIICTCHIIMHM HMJIM UX 4YaCTH:

Kon DopMyTHPOBKA
OK-7 CIIOCOOHOCTHIO K CAMOOPraHHM3alii U CaMOOOPa30BAHHIO
OIIK-1 CIIOCOOHOCTBIO ¥ TOTOBHOCTBIO MCIIOIb30BAaTh OCHOBHBIE 3aKOHBI

€CTCCTBECHHOHAYYHBIX JUCHUIIINH B HpO(l)GCCHOHaHLHOﬁ JCATCIIBHOCTHU

I1K-3 T'OTOBHOCTBIO UCIIOJIb30BATh HOPMATUBHBIC TOKYMCHTEI 110 KA4YC€CTBY,
CTaHJapTU3aluu U CepTI/I(i)I/IKaIII/II/I IMPOAYKTOB U I/I3II€JII/II7I, 9JICMCHTBI
OKOHOMHNYCCKOI'O aHajJIn3a B HpaKTI/I‘ICCKOI;'I ACATCIIBHOCTH

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

Teoperuyeckas 4acThb
CKopocTh XMMHYECKHX peaKknui

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

HekoTtopele XuMHUeCKHE€ MpOLECChl, HANpUMEp, PEAKIHH pPAa3I0KEHHUs] B3pPbIBUATHIX
BEIIIECTB, 3aKaHUMBAIOTCS B TeUEHHE J0Jel ceKyHIbl. OueHb ObICTPO 3aKaHUYMBAIOTCS PEAKLUU
B3aMMOJICHCTBUSI KUCIOT, LIeNo4Yed U coneid B pacTBope. OpraHMYecKHe e COCIUHEHHS B
OOBIYHBIX YCIOBUSIX B OOJBIIMHCTBE CIIy4aeB B3aHUMOACUCTBYIOT MEXAYy COO0OH MeIIeHHO.
TakuM 00pa3zoM, pa3Hble peakliMi COBEPILAIOTCS B HEpaBHbIE IPOMEKYTKU BPEMEHH, T.€. MOTYT
UATH C PA3IMYHON CKOPOCTHIO. [103TOMY HAa OCHOBAaHMM TOJIBKO YPAaBHEHUN OJHMX XUMHUYECKHX
peakuuii HeJlb3sl CyAUTh O CKOPOCTH Ipoliecca.

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

Ilenp m 3amaum XMMHMYECKONM KUHETUKM — W3BICKAHUE ONTHMAJbHBIX [apaMeTpoB AJIs
MPOBEJCHUS XHMHYECKOrO CHHTE3a, a HMEHHO: oOecriedyeHHe MaKCHMalbHOW CKOpPOCTHU
npoliecca, HauboJee palMoHaIbHOE HCIIOIB30BAHNE ChIPbS U SHEPTOPECYPCOB H JP.

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

DKCrepuMEHThl T0Ka3aly, 4YTO YBEJIWYEHHE KOHIIEHTpPAllMM  B3aUMOJEHCTBYIOIIMX
BELIECTB BBI3IBAET YBEJINYEHUE CKOPOCTH PEAKIIMH.

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

AC + BD < 4D + BC,

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

A

v =—(AC/At)

Cif-----

Cor-----

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

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

3KCH€pI/IMeHTaJH)HO YCTAHOBJICHO, YTO JIsI TAKOT'O IMponecca CKOPOCTh HpHMOﬁ pCaknuun
MOKET 6BITI> BbIpa’XC€Ha CIICAYIOIIHUM 06pa30M:

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

—

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

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

KoHcTanTa CKOpOCTH XapakTepu3yeT peakUui0 Uil ONPEACICHHBIX YCIOBUM —
memnepamypa, o0asnexue, Koauiecmso u Kaiecmeo Kamaiusamopa U T.1. Paznuynble peakuuu
MO>KHO CpPaBHUBATh TOJBKO €CJIM OHU MPOTEKAIOT IIPU CTPOTO OJMHAKOBBIX YCIOBUSX.

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

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

Tonbko MHOTJa IOKa3aTeNy CTENeHH KOHLEHTPAIMK ISl JaHHOTO BeriecTBa (X, Y U 1p.)
B KUHETHYECKUX ypaBHEHUSX (5.3) COBNAAAIOT C €r0 CTEXMOMETPUUECKUM K0P PUIIUEHTOM (X =
M; Y =N ) B ypaBHEeHUHU peakiuu. OOBIYHO ATO BBHINOIHIETCS JUIS AJIEMEHTAPHBIX peakuuii, T.e.
peaxkuil NpOXOASsIINUX B OHY CTaIHIO.

IIpuMepsl PSMBIX 2JIEMEHTAPHBIX PEAKLIAMN:

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

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

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

2Hz(2) + O2(2) <« 2H20(2)

MOPAIOK PEaKIMK, B 3aBUCHMOCTH OT NaplUajibHBIX JaBICHUN BOAOPOJAa M KUCIOPOJA,
umeeT npooHoe 3HaueHue — 1, 0,5 u 0,7 (cm. Tabmuity 5.1).

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

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

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

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

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

B yacTHOCTH, K MOHOMOJIEKYJISIPHBIM PEAKLUSM OTHOCST PEaKIUU Pa3JIOKESHUS MOJIEKYII
Y BHYTPUMOJICKYJISIPHBIX MEPErpyNIHPOBOK, HAIIPHUMED, PEAKIHIO PA3JIOKESHUS MOJICKYIT Ho/Ia:

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

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

TpumMosneKkyssipHast peaKIusi:

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

JIns mpUBENEHHBIX PEeakUWil MOPSIOK M MOJICKYJSIPHOCTh PEAKIUid COBIAJAIOT, HO B
o011eM ciyyae OHU Pa3InyHbI.

Topadok peaxyuu onpeodensiemcs MOIEKYIAPHOCIBIO CAMOU MeOeHHOU CMaouu OaHHOU
peaxyuu.

Ecnu peakiust uaer mo cCTagusM, TO €€ MOPSNOK pEaKIWWd MEHbIIE WIM paBeH
MOJICKYJIIPHOCTH peakiuu. Tak, HarpuMmep, pH CUHTe3e BOABI (CM. Tabmuiy 5.1) mpu mopsiake
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peakuuu paBHOMy exauHune (N =1, U = kp|1_|2 pg ), peakuys — MOHOMOJIEKYJIIpHast; Ipu N =
2

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

Ipumeuanue. HeoOX0qMMO MOMHUTH, YTO MOJIEKYJIAPHOCTh PEAKLUHU, B OTIMYHE OT e
nopsijika, Bceraa nesnoe uncio — 0, 1, 3.

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

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

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

24 +B < C,

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

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

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

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

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

BcenenctBue pa3nuuHOM CKOPOCTH JBMKEHHS MOJIEKYJ, OHH OONaJar0T pa3inyHOM
KHHETHYeCKoM 2Hepruei. [Ipu 3ToM KuHeTHYeCKast SHEPTusl MPSIMO MTPOTNOPIIMOHATBHA CKOPOCTH
JIBUYKEHUSI MOJIEKYJIBI.

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

Jlonoanumenvhyio snepauio, KOmopylo Hado cooOWUMb MONEKYIaM Ol nepeeooa Ux 8
AKMueHoe COCMOosIHUe, HA3bI8AIOM SHepeuel axkmueayuy. XHUMHYECKas peakius MOXKET
MIPOU30UTH TOJIBKO P CTOJIKHOBEHHH aKTUBHBIX MOJIEKYIL.

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

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

Biausinue TeMnepaTypbl Ha CKOPOCTh peaKIuu

C mNOBBILIEHUEM TEMIEPATypbl YBEIUUYMBAETCS CKOPOCTh JBMXKEHUS MOJEKYI U HUX
KHHETHYECKasi YHEPTHs. AKTUBHOCTh MOJIEKYJT BO3PACTAET, M CKOPOCTh PEAKIINH YBEITUIHBACTCSI.

3aBUCHMOCTh CKOPOCTHM PEaKIUU OT TEeMIEpPaTypbl OINpeAenseTcss MpaBuwioM BaHT-
lodda: npu yeeruvenuu memnepamypor na rascovie 10°C ckopocms peaxkyuu o3pacmaem
npumepHo 6 2 pasa. JIns HEKOTOPBIX peakIuii CKOPOCTh BO3pacTaer B 3 — 4 pa3a. DTO 3aBUCUT OT
MPUPOJIBI PEarupYIOIINX BEIIECTB.

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

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

t,—t;

t
Utl

rae Ut2 151 Utl — CKOpPOCTH peakuuu npu temneparypax t2 u t1 cOOTBETCTBEHHO; Y —

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

BemectBa, HM3MEHSAIOIME  CKOPOCTh  XHMHYECKOTO  IpoIecca,  Ha3bIBAIOTCA
Kataim3aropamu. KaranuzaTtopamMu MOTYT OBITh TBEpIbIC, KHIKAE W Ta3000pa3HbIC
BemecTBa. MI3MEHEHHE CKOPOCTH XUMHUYECKOW PEaKIMU IO/ BJIHMSHUEM IPHUCYTCTBYIOIICTO B
CHCTEME MMOCTOPOHHETO BEIECTBA, COCTaB M KOJIMYECTBO KOTOPOTO K KOHILYy PEaKIUU OCTAIOTCS
0€3 U3MEHEHM, Ha3bIBAIOTCS KATATU30M.

[Tpu roMoreHHOM KaTajlu3e B3aMMOJICHCTBYIONIME BEIIECTBA U KATAIM3aTOP COCTABIISIOT
onHo(daszuyro cucremy. [Ipu reTeporeHHOM KaTajaM3e pearupyrollue BEUIeCTBAa M KaTalIW3aTop
COCTAaBJIIIOT CHUCTEMY W3 HecKoibkuXx (a3. [Ipum rereporeHHOM Kartaju3e B MPHCYTCTBUU
HEOOJBIIMX KOJMYECTB KaTaJM3aropa MOTYT NPOPEarupoBaTh OTHOCHTEIBHO OOJbINNe
KOJINYECTBA B3aWMOJICHCTBYIOIIUX BellecTB. [Ipy rOMOTEHHOM KaTaliu3e CKOPOCTh PEaKIIMU
MIPAKTUYECKH MTPOITOPIMOHAIbHA KOJIMYECTBY KaTaanu3aTopa.

AKTHUBHOCTB KaTaju3aTropa, a MHOT/IA M CIeUU(UIHOCTD MX JIEHCTBHS, B OOJIBIIONW Mepe
3aBHCHUT OT TeMIiepaTypsl. sl KaKa0oro mporiecca, CyniecTBYIOT ONpeIeIeHHbIe KaTalu3aTophl,
4acTo MOoAOUpaeMble IKCIIEPUMEHTATbHBIM MTyTEM.

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

mA + nB<«>pC + gD. (2.5)

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

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

UA

U2

»
»

Pucynox 2.2 3asucumocms npsamoii u 0dpamuoil peaxkyuti om spemenu
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Ecnu cxopoctu mpsiMoii U1 oOpaTHOW peakiuii paBHBI (Vmp = Voop. — MATEMATHUYECKOE
YCJIIOBHE XHWMHUYECKOTO paBHOBECHs) , TO TpaBblie 4acTd  ypaBHeHui (5.6) m (5.7), ux
BBIPQKAIOUINX, TAKXKe PaBHBI:

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

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

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

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

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

AG® = —RT InKP (2.11)

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

AGY=-19,14 T IgKP (2.13)

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

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

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

CrnenoBarenbHO, JUIs CMEIIEHUS PAaBHOBECHS CJIEBa HAmpaBO HEOOXOJUMO WU
YBEIMYNATh KOHIIEHTPAIMIO OJHOTO M3 MCXOJHBIX BEHIECTB, WIM YMEHBIIUTH KOHIIEHTPAIIHIO
OJTHOTO U3 MPOAYKTOB PEAKIIHH.

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

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

€ro, NpopearupoBaBIIUX K MOMEHTY PaBHOBECHsI, YEPE3 A C(A), To MomsipHasi KOHLICHTPALUS B
MOMEHT PABHOBECHS ONPEIETUTCS TaK:
[A] = Co(A) — A CA).
PaBHOBECHE B TETEPOreHHBIX CUCTEMAX ONPENEIAETCS TOJBKO Ta30BOM WM KHUIKOU
¢dazoi, T.K. KOHIIEHTPALIUU TBEP/IbIX BEIIECTB HE BXOJAT B YPaBHEHHE JUIsl CKOPOCTH PEAKITHH.
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HanpaBienue CMeIICHUsST pPaBHOBECHUS CHCTEMbl TpPU HW3MEHCHHH KOHIICHTPAIIUH,
TEMIIEpaTyphl WK JaBiieHUs onpeaensercs npuniunom Jle [laresnne:

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

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

©@P NSO WD,

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

2. T'a30BbIe KpaHbI U ra30MPOBO/ IOJDKHBI HAXOUTHCS B HCIIPABHOM COCTOSIHUH, TIEPUOAMIESCKU
HPOBEPSATHCA.

3. Pabouee mecTo conepikaTh B OPSIKE U YUCTOTE.

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

5. M3numek peakTvBa HE BBUIMBATH OOPATHO B COCYJ, M3 KOTOPOTO OH OBLI B3SIT.

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

7. OcraTKu coOeqUHEHU cepedpa ciaMBaTh B 0COObIE CKIISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUPKE BCETr/a cieayeT Aepkarh e€ TakuM 00pa3oM, 4ToObI
OTBepcTHE MPOOUPKH OBLIO HATIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsIoM coceia.

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

10. He cnenyer BIBIXaTh MMaxy4due BEIIECTBA M ras3bl, OJU3KO HAKIOHSSICH K COCYyLy C 3THMHU
BenlecTBaMy. HroxaTh BeliecTBa MOKHO JIMIIL OCTOPOKHO, HANPABJISAS K ceOe Taphl WIIH ra3 JIBHKEHHEM
PYKH.

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

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

13. Kareropuuecku 3arpeniaercst mpoOoBaTh XUMUYECKUE BEIIECTBA HA BKYC.

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

15. TIlpu paGore €O CTEKIOM, XHMHYECKOH IIOCYIOH, HEOOXOAMMO COOJIIOIaTh IpaBUIIa
IPEIOCTOPOKHOCTH BO M30€kKaHNE PAHEHUH OCKOJIKAMH CTEKJIA.

16. Karteropuuecku 3ampeniaercsi OCTaBIsATh paboTarole Npuoopsl 63 HaOIIOACHUS.

18. B xumudeckoii 1aboparopun HeOOX0AMMO paboTaTh B XajaTe.

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

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

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

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

Pesynprare! onbiTa cBenuTe B TAONIUITY 2.2.

B utore MOXHO 1M cAENaTh BBIBOI: CKOPOCMb Pearyuiu 3a6UcCUm om npupoobl peazupyioujux
eewecms u ux KOHyenmpayuu?

OnpiT 2. B Tpu cyxux npoGHpKHU HalelTe no 5 cM® pacTBOpa CepHOM KUCIOTHI, a B TPH APYTUE —
o 5 cm® pacTBopa THOCYJIb(aTa HaTpus. [loMecTHTE BCe MPOOUPKH B BOAsHYIO OaHro. Uepes 5 - 7 MUHYT
U3MEphTE TeMIepaTypy pacTBopa THOCY/b(ara HATPUS U CICHTE COAep)KUMOE OJHOW Mapbl MPOOUPOK.
OrtcunTaiiTe BpeMs OT CIMBaHHUA NPOOUPOK N0 TOSABIEHUS NOMYyTHeHus. M3MmepwpTe Temmeparypy
pacTBopa THOCynb(]ara HaTpus B Ipyrod mpoOupke: OoHA JODKHA ObITH Ha 10° BBINIE, YeM B MEPBOM
ciIydae.

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

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

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

OmnpitS. IlpumepoMm 0OpaTUMON peakIMH SBISETCS B3aUMOJCHCTBHE MEXay pa30aBICHHBIMHU
pacTBopamMu xyopuzaa xenesa (+3) ¥ THOLMAHATA Kajuusl WM aMMOHHMS (IPaKTHYECKH OeCIBETHBIE
pacTBOPBHI).

MonekynspHOe YpaBHEHHE PEAKIIIH:

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

MoHHoe ypaBHEHUE:

Fe3"(p) +3NCS 7 (p) © Fe(NCS)3(p).

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

Cnetiite B k010y paBHble 00beMbl (10 — 15 cm®) pactsopa FeCls (C(FeCls) = 0,002 mons/am®) u
pacTBOpa TMOIMOHATA Kayusl (M1 aMMOHus) ¢ MossspHoi konnentpamuein C(KNCS) = = 0,002 mons/am>,

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

Pesynbratel onbiTa 3aHecuTe B TaOnuiy 2.4.

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

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

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

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

[ocTpoiite rpaduk 3aBUCUMOCTH CKOPOCTH PEAKLMU OT KOHLEHTPALMH PEarupyromnix BELIECTB.
Kakoil nuHueil BbIpakaeTcs HailneHHasi 3aBUCUMOCTb? IIpoXonWT M OHa uyepe3 Hayajao KOOpAUHAT?
[Touemy?

Jlna onvima 2.
Tabnuya 2.3 Brusnue memnepamypul Ha CKOPOCHb peaxyuu

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

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

Jlns onvima 3.

OOmBsicHHTE, B KaKOH M3 IPOOMPOK peakius nomnia osictpee? [loyemy?
Jlna onvima 4.

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

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

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

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

KoHTpoJibHBbIE BONIPOCHI

ba3oBblii ypoBEHb
Yro HU3y4acT XUMHUYECCKasd KWHETUKA U IJIA 4€ro OHa CJIy)KI/IT?
2. Kakue ¢akTopsl HCOOXOAUMBI ISl BCTYIUICHUS B XUMUYECKYIO PEAKIMIO pearupyromnux

=
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yacTui?

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

4, Kax gnraetcs nepBast popMynrpoBKa 3aK0HA AeHCTBHS Macc?

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

6. IIpunokuM i 3aKOH ACHCTBHUSA MacC K CIOXKHBIM (MHOTOCTaAMIHBIM) peakmusm? OTBeT
MOSICHUTE Ha MpUMeEpe.

7. YkaxkuTe, KOTJa CKOPOCTh XMUMHYECKOW PEAKIMH JCHCTBUTEILHO MPOMOPIUOHATBHA

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

8. Uro Ha3BIBAIOT MOJIEKYJSIPHOCTBIO M MOPSIKOM XMMHYECKHX peakuuit? Bcernma nmu oHm
OJIMHAKOBEI?

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

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

[1oBbIIEHHBIN YPOBEHB

1. Kak uzMmensieTcst sHeprus akTHBAllUK B MIPUCYTCTBUH KaTanuzaTopa?

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

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

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

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

6. IIpu 393 K peakuust 3akaHuMBaeTcsi 3a 25 MUH. Uepe3 CKOJNBKO MUHYT 3Ta pPEakLUs

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

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

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

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

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

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

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

13. IIpuBemute dopmynuposky npunnumna Jle [llatenpe. Kakoe mpakTuueckoe 3HaUYCHHE UMEET
s1oT npuHIMn? IlpuBenurte npumepsl.

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

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

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

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

2 Kenuna, H. FO. O0miast u Heopranndeckas XMMuUs B Ta0JIMILAX U CXeMax : yued. mocodue
s rexaukymoB / H. 0. Kenuna, H. B. be3pyuxko. - Poctos H//] : ®enukc, 2008. - 422 c. -
(Cpennee mpodeccronanbHoe oOpasoBanue). - bubmmorp.: ¢. 371-374. - Ilpeam. ykas.: c.
375-382. - IIpun.: c. 383-415. - ISBN 978-5-222-13586-0, sx3eMIIIIpOB HEOTPAaHUICHO

HNuTepHeT-pecypcen:

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

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

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

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

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

€CTCCTBECHHOHAYYHBIX JUCIUIIINH B HpO(l)CCCHOHaHBHOﬁ JCATCIIBHOCTHU

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

I1K-18 FOTOBHOCTBIO MCIIOJIb30BATh 3HAHUS CBOMCTB XUMHUECKUX IJIEMEHTOB,
COEIMHEHHI U MaTepPHAJIOB Ha UX OCHOBE JIJISl PEIeHHUs 33729 PO eCCHOHAIBHOM
1eATeIIbHOCTU

TeopeTuyeckas 4acTb

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

Ilpumeuanue. K mponeccam npoTojn3a OTHOCSAT BCE XMMHUUYECKHE B3aUMOJCHCTBUS, B KOTOPBIX
ydactByoT HMOHbI H30" u OH'. TepMHuH «aucconmanus» ycrapes, BMECTO HEro PeKOMEHIYeTCsl
MIPUMEHATH — MIPOTOJTHU3.

OCHOBHbBIE TOJOXEHHUSI TEOPHUU MPOTONM3a (TOrIA—3JIEKTPOIUTHUECKON OUCCOLMAMK) ObUIN
paspabotansl B 1887 rogy mBenckum yu€HeiM CBaHTE APPEHHYCOM.

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

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

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

Hanpumep: CUSO4 v CM2+ + 8042_

Cysbdar Meu B BOJHOM PacTBope pacnaaercs Ha katnoH Cu?* u annon SO42,

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

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

a) 6)® @ B) r)
< @—>®@ @@—>@O©—>©@@

@©@ N o f -
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@) NOTAPHAsL MOTIEKYNIA 8 HAYALEe cUOPAMAYUL,
0) nepexoo0 NoAPHOU MOJEKYIbL 8 UOHHYIO NOO Oeticmeuem Ounoel 600bl;
8) cUOPAMUPOBAHHBLI AHUOH,
2) euopamupoBaHHbLL KAMUOH.
Pucynox 3.1 — Cxema npomonusa nonspHot Moiexyivl

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

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

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

H" + H,O — H30".

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

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

K aum otHOCSTCS:

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

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

B) IIOYTH BCE PACTBOPUMBIC COJIH.

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

[Iporomu3 kucnor:

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

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

[HSO; ]

=0,012;

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

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

[Iporonus coneit:
Cpeonue conu:

a) NaCl <> Na™ +Cl~;
6) KNO; <> K+ +NO;3 ;
6) Al,(SO,)5 <> 2AI%" +3502.
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Kucnvie conu:
KoHPO4 <> 2K+ + HPO42.
Ocnosuvie conu:
a) AIOH(NO3), <> AIOH?" +2NO;;
AIOH?" & AI¥ +OH~:
6) AI(OH),NO; <> [AI(OH),]|" + NO3;
[AI(OH),]" <> AIOH?" + OH~;
AIOH?" & AI¥ +OH .

Komnnekcrole conu.
a) K[Cr(OH),]<«> K* +[Cr(OH),];
[Cr(OH),] <> Cr3 +40H;
6)Na,[Zn(OH), ] <> 2Na* +[zZn(OH), J*~;
[zZn(OH), % <> Zn?" + 40H ~.
KonnuectBenno IpOoNUECC MPOTOJIM3a MOKHO OXapaKTEPHU30BaTh C IOMOLIBIO cmeneHu npomoausa

Q , KOTOpasi MpEeACTaBIsAeT COOOH OTHOLICHUE YKCIa MOJb (Nx) MOABEPTIIMXCS MPOTOIU3Y MOJEKYJH, K
o0memMy aruciay Moiib (Nysy) PACTBOPEHHBIX MOJIEKYII:

Ny

a,% = -100. (3.1)

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

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

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

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

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

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

a(CH3COOH), % =

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

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

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

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

[H30"1-[47]1 _a®C(HA)

=1.107";

-11.107%,

a

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

Honnble ypaBHEeHHS — 3TO (opMa 3alKCH, OTPAKAIOIIAs COCTOSIHHE BEUIECTB B PAacTBOpPE U
Pe3ybTaT UX B3aUMOJCHCTBUS OPYT C APYTOM.

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

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

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

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

3. Pabouee mecTo conepkaTh B MOPSIKE U YUCTOTE.

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

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

6. Bce OmBITH C BpeJHBIMU M TAXHYIIMMH BEIIECTBAMH, & TAKKE YIIAPUBAHNE KHCIOT U KHCIIBIX
PacTBOPOB MPOBOJMTH B BBITSKHOM IIKAQYy.

7. OcTaTKu coequHEHUH cepedpa cIMBaTh B 0COOBIC CKIISTHKH.

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

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

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

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

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

13. Kareropuuecku 3ampeniaercsi mpoOdoBaTh XMMHUYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIErKO0 BOCILIAMEHSOIIUMUCS BemiecTBaMu (3QUphI, OEH301, CEpOyTIepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX IUIUTOK.

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

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

19. B xumuueckoii tabopaTopun HeoOX0AMMO paboTaTh B Xanare.

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

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

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

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

Ongit 3. Hanelite B mpoOupKy 2 cM® pacTBOpa CHJIMKATa HaTpHs, J0OABBTE TAKOE JKE KOJUYECTBO
coJIsIHOM KucioThl. YTo mpomszonuio? Hamummre MoJIEKyIsIpHOE, TOJIHOE MOHHOE M KpPaTKoe HOHHOE
ypaBHEHUs 1aHHOH peakiuu. OOpaTuTe BHUMaHHUE, YTO KPEMHHEBAsl KUCIIOTA IJIOX0 pacTBOpUMa B BOJIE.

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

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

OmnpiT 7. B HE6OTBIIIOM KOJTMYECTBE BOJBI B30ONTANTE IMIEMOTKY pacTepPTOTroO B MOPOIIOK MeJa H
MIPUJICHTEe HEMHOTO PacTBOpa COJISTHOM KHUCIOTHI. Kakoit ra3 mpu 3ToM BBEIACITATCS?

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

Hamummre MonexynspHoe, KpaTKOe U TIOTHOE HOHHBIC YPaBHEHWISL.

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

0) OOpazoBaBmIUiicsS 0cagoK B30ONTANTE U pa3jenuTe Ha aBe yacTu. K ogHOM yactu no0aBbTe 2-
3 cM® comHOM KUCIIOTBI, @ KO BTOPOH — 2-3 ¢cM® KOHIIEHTPUPOBAHHOTO PacTBOPA LIEIOUH.

OOpaTute BHIMaHHUE, YTO OCA/I0OK B 00eUX MpoOUpKaxX pacTBOPHICSA. BCIOMHHUTE, YTO THAPOKCHT
xpoma (+3) obOmamaer amMQOTUTHBIMH CBOMCTBaMH, B3aMMOCHCTBYS KaK C KHCIOTaMH, TaK U C
miesouamu. [Ipy 3TOM BO BTOpOM cCiiydae oOpa3yercs KOMIUIEKCHas coiib. Kakas? Hammmure o€
dhopmyy.

[lo yxazaHwio mpenojaBaTeNlss MOXHO TIPOBECTH AaHAJIOTUYHBIE PEAKIUH C Y4acTHEM
THJIPOKCHIAMH aTFOMUHUS WM [IMHKA, KOTOPBIE TaK)Ke 0013 at0T aM()OIUTHBIMHA CBOMCTBAMU.

CocTaBbTe MOJIEKYJIApHBIE, IOJIHbIE U KPAaTKHE YPaBHEHUS COOTBETCTBYIOIIMX PEaKIIUM.

Oneir 9. Ilome3ysich BBICTABICHHBIMH Ha Ja0OpaTOPHOM CTOJE pPEaKTUBAaMH, OCYIIECTBHUTH
PCaKnuo, BEIPAXKCHHYIO CICAYIOIIHUM NOHHBIM YPABHCHUEM!

Fe®" +30H ™ = Fe(OH);3 .

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

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

Ne i/t | PearenTtsl XUMUYeCcKas peakius HaoOmonenus

1

gl wIN

KoHTpoJibHBbIE BONIPOCHI
ba30BbIii ypoBEHB
1. Yro Takoe 3IeKTpOoIUTHYECKAs] AUCCOLMALINSA?
2. DIEKTPOIHUTHI U HE 3JEKTPOJIUTHI.
3. KT0 n3 XMMHUYECKUX COCANHEHUH SBIIACTCS IEKTPOIUTOM?
IloBbIlIEHHBIH ypOBEHD
1. Hanmmute MosieKyIIpHbIE, TOJTHBIE U KPaTKHE HOHHBIC YPaBHEHHS PEaKIMi B3aNMOICHCTBUSL:
a) kKapOoHAaTa KaJIUsI C COJISTHOM KUCIIOTOH;
0) a30TUCTOM KUCIOTHI C TUIPOKCUAOM HATPHUS;
B) KapOOHaTa MarHusl ¢ a30THON KHCIIOTOH;
T) TUIpOKapOOHATa HATPHS C €KUM HAaTPOM;
1) TUAPOKCUJIA AIFOMHUHUS C €KHM HaTPOM;
€) COJITHOM KUCIIOTBI C CHJIMKATOM HATpHL.
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Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHUIO M0 JAHHOM Teme

OcHoBHasi iUTEpaTypa:

1 Cemenos, 1.H.<BR>&nbsp;&nbsp;&nbsp; Xumusi I1eKTpoHHBIN pecypc : yueoHuk / M.JL.
[Teppunosa / U.H. Cemenos. - Xumus,2019-06-21. - Canxrt-Iletepoypr : XUMU3 AT,
2016. - 656 c. - Kaura naxonurcs B 6azoBoii Bepcuu DbC IPRbooks. - ISBN 978-5-9388-
275-5, SK3eMIUIIPOB HEOTPAHUICHO

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

JlonoIHUTeILHAS JTUTEpPaTypa:

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

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

HNuTepHeT-pecypces:
1 http://window.edu.ru/ — Eauroe okTo A0CTyIa K 00pa3oBaTeIbHBIM pecypcam.
2 http://window.edu.ru/resource/931/73931/files/tutorial8.pdf.

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

Tema 6. PacTBopsI
JlabopaTopHas padora 4. IIporosm3 coseit
Lenb pabotsl: M3yuenue mporecca rupoin3a Cojew.
DopmMupyemMble KOMIETEHIIMU WIM UX YaCTH:

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

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

I1K-3 T'OTOBHOCTBIO UCIIOJIB30BATh HOPMATUBHBIC TOKYMCHTEI 110 KA4Y€CTBY,
CTaHJapTU3aluu U CepTI/I(i)I/IKaHI/II/I IMPOAYKTOB U I/IB,I[CJ'II/II\/’I, 9JICMCHTbBI
OKOHOMHYCCKOT'O aHaJIn3a B HpaKTI/IquKOI\/’I ACATCIIBHOCTHU

I1K-18 FOTOBHOCTBIO UCIIOJIB30BaTh 3HAHUSI CBOMCTB XMMUYECKUX 3JIEMEHTOB,
COCJIMHEHHI U MaTepHalioB Ha UX OCHOBE JISl pEIlieHHs 33124 PO ECCUOHATBHON
NEATENBHOCTU

TeopeTuyeckas 4acTb

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

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

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

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

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

CuIbHBIC AJIEKTPOJIUTHL:

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

0) OCHOBaHHS IIETOYHBIX U IIEJT0YHO3EMETBHBIX MeTaiioB, kpome Mg(OH),, Be(OH)..

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

31



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

Conmn, 00pa3oBaHHBIC

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

PacTBOpBI BBIMIEYKAa3aHHBIX COJEH WMEIOT Pa3UYHYI0 PEaKIHIO: MIENIOYHYI0, KHCIOTHYIO HIIH
HEUTpaJbHYI0. DTO OOBSICHSETCS TEM, YTO MOHBI, 00pa3yroIuecs MpU pacmaje 3TUX COJIeH, pa3IuYHbIM
00pa3oM B3aMMOZEHCTBYIOT C BOJIOM.

IIpoTosu3 coneii, 00pa30BaHHBIX CHJILHBIM OCHOBAHHEM H
¢J1200ii KUCJIO0TOM

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

H-,0O -
Na,CO; «—22 52Na* + CO3 ™.
Ilpumeuanue. llporommzy WOHOB (THAPONHM3Y) BCErla IMPEAIIECTBYET NPOIECC IPOTOIH3A

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

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

yeM mousiekynbl H>COaz. TloaToMy mpu OOBIUHBIX YCIOBHUSX MPOTOIHM3 KapOOHATa HATPHUSA MPAKTHUECKH
IPOTEKAET 110 NEPBOM CTYICHHU.

HoHHO-MONEKYJIIPHOE ypaBHEHUE IIPOTOIMU3A CO3 0 NIEPBOU CTYIEHH:

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

N32CO3 + Hzo e NaHCO3 + NaOH .

HNonHo-MONEKyIApHOE YpaBHEHUE TIPOTOIHA3A HCO; :

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

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

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

Koncratel mportonmsa coneil, 0oOpa3oBaHHBIX CHJIbHBIM OCHOBAaHHEM U CIIA0OW KHCIIOTOH,
BBIYHUCIISIOT 110 (POpMYyJIaM CIIeIyIOIIEro BUaa

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

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

< | K. (4.3)
}’lp C
KOHHeHTpaHI/HO FI/II[I)OKCI/I,H'I/IOHOB, OHpCHCHHIOHII/IX rﬂy6I/IHy HpOTeKaHI/Iﬂ HpOTOHI/I3a, MOXHO
paccYMTaTh MO0 yPaBHEHHIO:

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

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

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

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

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

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

Kup, (CO37) 21710
(COZ) 222-10°®

~10-10%
Hp2

TI03BOJISIET PACUETOM JI0Ka3aTh, 4To npotonu3 COs?” (hakTHUECKH IPOTEKAET TOIBKO 10 MEPBOM CTYIICHH.
IIpoToau3 coseii, 00pa30BaHHBIX CWJILHON KMCJI0TOM U CJ1a0bIM OCHOBAHUEM

Paccmotpum nportonus conmu CuSQO4. Cynbdat Menu — coib c1aboro ABYKHUCIOTHOTO OCHOBaHHMS
Cu(OH); u cunpHO# ABYXOCHOBHOM KHUCITOTHI H2SO4.
IlepBu4HBI MpoIIecC — MPOTONH3 (JUCCOIHAIINSA) COIH:

CuSO, <22 5 cu?* +502"

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

npouecc. KaTHoHbI Mei ¢ MOJIEKyJIaMH BOJIbI 00pa3yroT KaTHOHBI 0CHOBHOM cosmt CUOH™.
HOoHHO-MOJIEKYIISIPHOE ypaBHeHHE npoTosu3a CU?* 110 nepBoi cTymeHu:

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

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

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

(CUOH )2 804 +2H 20 A4 Z(CUOH ) o + H 2804 — peaKuys NPaKTHYECKH HE HIET.
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Hrak, B 0OBIYHBIX YCIOBHIX IPOTOJIN3 CyIb(haTa MEIU IMPOTEKAET MPAKTHUECKU TOIBKO TI0 IIEPBOM
CTYIIEHU.
q)OpMyJ'II)I, IIO3BOJIAIOIINEC KOJIMYECCTBCHHO OLICHUTH IMPpOLUCCChL MMpoTOJInN3a KAaTHUOHOB
COOTBCTCTBYIOIIIUM CJ'Ia6BIM OCHOBAHMUAM:
K - Kw (4.5)
P H
l'[pl K .
bi

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

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

CremneHp mpoToIn3a;

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

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

Kop, . 4.7)
np C

KoHueHTpanyoo KaTHOHOB THUAPOKCOHMS, OINPENENSIOIINX TIJIyOMHY MpPOTEKaHHs MPOTONIN3a,
MOYKHO PacCUUTaTh 110 YPAaBHEHHUIO:
+
[Hs0* ] ~ /Kyp C- (4.8)

IIpoTonu3 coeii, 00pa3oBaHHBIX CJ1a0bIM OCHOBAHHEM U CJ1a00H KUCI0TOI
PaccmoTpum kak npotekaer nporonm3 anerata ammoHuss. CH3COONH, — conb cnaboit sTaHOBO#
KUCIOTHI U cnaboro ocHoBanust — NH4OH. YpaBaenue nmpoTonusa 3T0oi COIM UMEET CIEAYIOIUI BU:

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

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

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

[Ipu nportonuse conei, 0Opa30BaHHBIX CJIA0OBIM OCHOBaHMEM M CJa0OH KHCIIOTOW, peaKIusl
pacTBOpa 3aBUCHT OT CTEIEHH NPOTOJHM3a O0pa3yroIIMX3cid NPOAYKTOB — KucioTel (Tuna HA) u
ocnoBanus (tuna KtOH). Ecnu nporonus ocnoBanust KtOH mpeoOnagaer Hag OpOTOMU30M  KHUCIOTHI
HA, 1o xonnenrparus nonos OH™ 6ospiie konnentpanun H3O™ —  cpema menounas, eciau Ha060poT —
[H:O*] > [OH ], To Kucmas.

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

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

Hanpumep, xnopun nHatpust NaCl — conp cunproi kucinoter HCIl u cumsaOro ocroBanms NaOH.
Wonbl, oOpasyrommuecs B pe3yiabTaTe TUCCOLMALMM 3TOM COJHM, HEe OOpa3yloT ¢ BOAOH claldbIx
anekTposnToB. Ilo3TOMy B OOBIYHBIX YCIIOBHSX PAaBHOBECHE HPOTOJIM3a MOJEKYJN BOIBI B TaKHX
pacTBopax He HapyIIaeTCs W KOHIEHTPAIUS HOHOB TUAPOKCOHHS M THAPOKCHI-HOHOB OCTAETCS TaKOW
ke, KaKk y yiucToi Boasl — pH = 7.

IosHbIii MpoTO/IM3

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

HuTtpat anroMunus nojsepraercsi IpoToIN3Y 110 KaTHOHY, @ KApOOHAT KaJlus - 10 AaHUOHY:
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AI(NO,), <2 AI* +3NO,

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

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

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

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

HoHHO-MONEKYJIIpHOE ypaBHEHUE MTPOTOIH3A:

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

1.Cr¥*uS*
2. AP u S*

2_
3.Cr¥mnu C03

2_
4. Fe*u CO;

. 2

Oo0opynoBaHne U MaTepuasbl
PactBop nHIMKaTOpa
HuctunnupoBaHHas Boja
[Ipobupku
PactBop Na,COs
Pactrop AICI3
Pactsop NaCl
PactBop xs1opua aMMOHUS
PactBop cynbdara amomunus Alx(SOs)3
PactBop docdara Hatpus NasPOa
10 PactBop (NH.)2S
11. PactBop cynbdara anoMUHNs
12. PactBop cynbgara xpoma Cra(SOs)s
13. PactBop pactBopa comust Na;COs

CoNoa~WdDE

Yka3anus 1o TexHuke 0e30IaCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJDKHBI IMPOBOJUTHCS TPH HUCIPABHOM

ANEKTPOOOOPYAOBAHHH, IITEKTPOIIPOBOKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

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

3. Pabodee mMecTo comepkaTh B HOPSIKE U YHCTOTE.

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

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

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

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

9. He HaKIOHSTH MO HaJl HArPEBACMOM KUIKOCTBIO HIIH CIUIABIISIEMBIM BEILIECTBOM.

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

11. XpaHuth pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT H IIENOYCH B BRITSHXKHOM IIKaQy.

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

13. Kareropuuecku 3ampeniaercst mpoOoBaTh XMMHUUECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JISrKO BOCILIAMCHSIFOIIUMUCS BemecTBaMu (3HphI, OCH301, CEpOyriIepo U
T.JI.) HE TOJDKHO OBITh PSIIOM OTHSI U BKJTFOUCHHBIX TUTUTOK.

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

16. Kareropuiecku 3arpemiaeTcs OCTaBIsATh paOOTaIONIHe TPUOOPHI Oe3 HAOIIOIeHNSI.

20. B xumugeckoi tabopatopur HEOOXOANMO paboOTaTh B XallaTe.

3aganus
OnwiT 1. B ueThipe npoOupky Haneiite mo 2-3 cM®: B NepBYI0 — AMCTUIUIMPOBAHHOM BOJIBI, BO
BTOpY10 — pactBopa Na;COs mwiu K2COs, B Tpetbio — pactBopa AlCIs mwiu Alx(SOs)s, B yetsépTyro — NaCl
wim KCl. B kaxayro mnpoOHpKy TIOMECTHTE [0 MAJCHBKOMY KYCOYKY HHIMKATOPHOW OyMaru.
[IpeaBapuTenbHO HM3yYUTE W3MEHEHHWE OKPAacKW HHIMKATOPOB B Pa3NUUHBIX cpeaax. CpaBHHUTE LBET
MHJMKAaTOPa B paCTBOPAX COJIEH C €r0 OKPACKOM B BOJE.

CocTaBbTe HMOHHO-MOJEKYISPHBIE M MOJEKYISApPHbIE PEaKIHU HPOTOJIU3a COOTBETCTBYIOLIMX
coneii. 3anonHuTe Tabnuiy 4.2.

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

Onvim 3. Hanetire B mpodupky 2-3 cm® pactsopa cynbdara amomunus Al,(SOs)s u no6assre 1-2
KaruM pacTtBopa jakmyca. Kak m3menwics et mHaukatopa? CocTaBbTe MOHHOE M MOJIEKYJISIPHOE
YpaBHEHHUSI TPOTOJIM3a JaHHOW COJIM, YYHMTBIBAs, YTO B Ciydae MPOTOJU3a MHOTO3apSAHBIX KATHOHOB
00pa3yroTcst KATHOHBI OCHOBHBIX COJICH.

Onwvim 4. Haneiite B npo6upky 2-3 cm® pactsopa pocdara narpus NasPOs u noGasbre 1-2 karmm
pacTBopa Jakmyca. B kakoi uBer okpacuics nakmyc? KakoBa cpena pactBopa? KakoBo 3nauenue pH
pactBopa? CocTaBbTe HOHHOE M MOJICKYJISIPHOE ypaBHEHH MPoToin3a hocdara HATPHUs, YIUTHIBAs, YTO B
pesynbrate oOpasyercs ruapodocdart Hatpus. JanpHelmunii npoToau3 (10 BTOPOM M TpeThell CTYNEHH)
BO3MOXKEH JIMIIb B CIIydyae OuY€Hb pPa30aBIEHHBIX PACTBOPOB M MpPH MOBBIIEHHON TeMIepaType.
Hanumwure MoHHBIE M MOJIEKYJSIpHBIE ypaBHEHHUs! TpoTonu3a ¢ocdaTra HATPUS MO BTOPOH M TpeTheit
ctynenu. Paccauraiite 3HaueHns koHcTaHT npoToin3a (Kipi, Kip2 1 Kips), crenenn nmpotonusza (Oupi, Olp2
Y Op3) ¥ [H3O*] st kaxaoii crynenu, cuntas C(NasPOg) = 0,1 moms/am®.

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

NH; +5% + H,0 < NH,OH + HS ™

NH} +HS™ + H,0 <> NH,OH + H,S
Kb (NHsOH) =1,8-10"%; Ka1 (H2S) = 1,0-107; Kaz (H2S) = 1,0-10°5,
Ucxons w3 3Hauenuit koHcrant nportonusa it NH4sOH u H.S, cnemaiite BBIBOg 0 XapakTepe
Cpepl.
Ecnu Harpeth pacTBOp NaHHOU coyiv (POKHITATHTE), TO POTOJU3 CTAHOBUTCS HEOOPATHUMBIM, TaK
KaK TIpY HarpeBaHUHM aMMHUAK U CEPOBOJIOPOJT YXOAT U3 ChEephl peakluu, CMellasi PABHOBECHS B CTOPOHY
00pa3oBaHMs MPOYKTOB POTOJIH3A.
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Onwim 6. Haneiite B mpo6upky 2 cM® pacTBopa cyib(aTa aTroMUHHS B J00aBbTe 2 cM° cyabhuaa
Hatpust. OOpaTuTe BHUMaHKME HA I[BET BBHIMIABIIETO OCAJKa W 3arax. 3anuiinTe HOHHOE ¥ MOJEKYISIpHOE
ypaBHeHHs1 poTosin3a cmecu pactBopoB Al(SO4)3 u NazS.

Onwim 7. Haneiite B npo6upky 2 cm® pactsopa cyibspara xpoma Cra(SOs)s u Tyza xe 106aBbTe 2
cm® pactBopa coapl Na;COs. B pesynpTaTe MOIHOTO MPOTONIU3a BBINAAAET OCAMO0K CEPO-3€NEHOTO [BETA
Cr(OH); u BoeimensitoTess my3sipbku yriekuciaoro raza CO,. CocTaBbTe HOHHOE M MOJIEKYJISPHOE
ypaBHEHHSI POTEKAIOIINX POIIECCOB.

Conep:xanue oT4yeTa

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

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

Ne /1 | Pearentsl XuMHYECKask peaKius HaOnronenus

1

agllbwN

KonTposabHbIe BONPOCHI
ba30BbIil ypOoBEHB
1. YUto Ha3BIBAaETCS MPOTOU30OM?
2. Kakue conu noaBepraroTcs NpoToiausy?
[loBbILIEHHBIN YPOBEHB
3. IlpuBeaure mpUMEpHl YETHIPEX THUIOB coOJIed, OOPAa30BAHHBIX CHIIBHBIMH WU CIa0BIMU
KHCJIOTaMU ¥ OCHOBAaHUSIMHU.

Choucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHas1 JIMTepaTypa:

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

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

Jlono/IHUTeIbHAS JIUTepaTypa:

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

2 Kenuna, H. FO. O0miast u HeopraHnveckasi XMMUs B TA0JIUIAX U CXeMax : yued. mocobue
s TexauukymoB / H. FO. Kenuna, H. B. be3pyuxo. - PoctoB 0//] : ®enuxkc, 2008. - 422 c. -
(Cpennee npodeccuonanpHoe oopa3oBanue). - bubmmorp.: ¢. 371-374. - [Ipeam. ykas.: c.
375-382. - IIpun.: c. 383-415. - ISBN 978-5-222-13586-0, 5x3eMILISIpOB HEOTPAHUYECHO

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

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

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

Kon DopMyITHPOBKA
OK-7 CIIOCOOHOCTHIO K CAMOOPTaHHU3AIMH U CaMO0OPa30BaHHIO
OIIK-1 CIIOCOOHOCTBIO ¥ TOTOBHOCTBIO UCIIOIB30BaTh OCHOBHBIC 3aKOHBI

€CTCCTBECHHOHAYYHBIX JUCIUIIINH B HpO(l)eCCHOHaHLHOﬁ JCATCIIBHOCTHU

[1K-3 FOTOBHOCTBIO MCIOJIb30BaTh HOPMATUBHBIE JOKYMEHTHI 110 KAYECTBY,
CTaHJapTU3aLMU U CepTU(UKALUYU IPOJYKTOB U U3JIEJIUHN, JIEMEHTHI
PKOHOMHYECKOI'O aHAJIN3A B IPAKTUYECKOM EATEIBHOCTH

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

Teopernveckasi 4acTh

Yacto B XHMHYECKHX pEaKOUAX MPUXOOUTCA HMMETh JAEJI0 C PABHOBECUSAMH, KOTOPBIE
YCTaHABJIMBAKOTCS B TETEPOTrCHHBIX CHCTEMax. Takoil CUCTEMOMl SBISETCSl, HAIpHUMEp, HACBIILICHHBII
pacTBOp, COIpHKACAIOIIUICA C 0CAaAKOM pacTBOPUMOro BemiecTBa. OcaZloKk M HACBILIEHHBIA pacTBOp —
pasnuuHbie (a3bl TETEPOTCHHON CHCTEMBI.

Ecnu kakyo-HUOYAb TPy THOPACTBOPUMYIO coib, Harpumep AJCI, mpuBecTr B CONPHUKOCHOBEHUE
¢ Bomoi, To MoHbl AQ" u Cl, U3 KOTOPBIX MOCTPOCHBI KPUCTAJUIBI COJIM, MUCIIBITHIBASI MPUTSKEHUE CO
CTOPOHBI ONYXJArOIIUX JAWTOJNEeH BOJBI, OYyIYT OTPHIBATHCS OT IMMOBEPXHOCTH KPUCTAJIOB U B BHJIC
THIPATUPOBAHHBIX MOHOB OyIyT NMEPEXOAMTH B PAacTBOpP, HO HapsAy C MPOLECCOM pacTBOpEHHs OyneT
HPOXOIUTh U CONPSDKEHHBIH Tporiece — kpuctamutusaius. Moust Ag* u Cl, crankuBasich npu ABHKSHUH C
noBepxHOCThI0 KpucTamioB AQCl W  wuchbITBIBasS TPHUTHKEHHE CO CTOPOHBI  MIPOTHUBOIOJIOKHO
3apsOKCHHBIX HOHOB KPUCTAJUIMUECKOW pPEIIETKH, AECTHUAPATHPYIOTCA M OCEJAl0T Ha IOBEPXHOCTH
KpucTauioB. CKOPOCTh KPUCTAJUIM3ALMM BO3PACTacT MO MeEpe YBEIWYEHHs KOHIEHTPAalMH pPacTBOpA.
Korma ckopocTu mpoIieccoB pacTBOPEHUS W KPUCTAJUIM3AIIUU CTAHOBSTCS PaBHBI JPYT APYTY, TO B
reTeporeHHOM cucTeMe pacTBOp — 0Ca/I0K HACTyIAeT IOABUXKHOE PaBHOBECHE.

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

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

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

K =[Ag"][CI].

DTO ypaBHEHHE IOKa3bIBAET, 4YTO B HACBUYECHHOM PACMBOPE  MPYOHOPACMEOPUMO20
dneKkmpoauma np0u3eeOeHue KOHL;eHmpauuﬁ €20 UOHO6 eCcmb e6elUduHa NOCMOAHHAA npu OaHHOU
memnepamype. Dmy 8eIUNUHY HA3bI8AIOM NPOU3EedeHuemM pacmseopumocmu u obosnavarom I1P.

Hanpumep, st maiopactBopumoro AgCl:

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

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

PaBHOBeCHAss KOHIEHTpAIUs JTHOOOr0 MOHAa (YHKIMOHAIBLHO CBA3aHA C IPYTHM IIapaMeTPOM
CHCTEMBI — aKTHUBHOCTBIO, HAIIpUMep, 1 nona Ag*:

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

Koapdumuenr mnpomopumonansroctn  f,  HaseiBaemblii K03 (PHIIMEHTOM  aKTHBHOCTH,
XapaKTepU3yeT CTENEeHb OTKIOHCHHS CHCTEMbI OT HICAJIbHOW 3a CUET DICKTPOCTATHYECKUX
B3aMMO/ICHCTBHI MOHOB, YYacTBYIOIIUX B H3y4aeMOM pEeaKluH, C MOCTOPOHHUMHU (MM COOCTBEHHBIMH,
€ClIM MX KOHIICHTpaIlMs BBICOKAa) MOHaMH. B waeanbHON cucteme aan = [A], Tak Kak KOd(PHIUCHT
aktuBHOCTH paBeH emumuuie (f = 1). DTo o3HawaeT, YTO BIEKTPOCTATHUECKHE B3aUMOIEHCTBIHS
OTCYTCTBYIOT.

Bennunna koadduimeHTa akTUBHOCTH 3A6UCUM OM 3apsiod U UOHHOU CUbl, CO3aBaeMOM BCEMU
HOHAMH JJIEKTPOJIMTOB, MPUCYTCTBYIOIINX B PACTBOPE:

10 0 5
| =— ZCiZi . (5.1)
2i=1

rae | — nonHas cuia;

[Ci] — paBHOBeCHas KOHILIEHTpALIKS HOHA;

Zj — ero 3aps/.

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

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

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

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

0,521
—lg f; = ——1—.
1++/1

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

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

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

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

(5.4)

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

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

s Gonee TouHoro pacueTta Ko uueHToB akTuBHOCTH (1ipH | > 0,1) mpuMeHsI0T ypaBHEHHE
J»Burca, KOTOpOE MO3BOJISET BEIYUCIUTH KOXPPHULINEHTH aKTUBHOCTH 3JIEKTPOIUTOB M HHIUBHIYATbHBIX

eccm 1 <0,1

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

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

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

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

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

a JIIsl CpeIHero KO3 UIIMEeHTa aKTUBHOCTH 3JICKTposiuTa AmBn

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

Bennunabl k03()(GUIIHMEHTOB aKTUBHOCTH MHIMBHYaTbHBIX HOHOB TPH PAa3HBIX MOHHBIX CHIIAX H
cpenHue KOS(PQGHUIMEHTHl AKTUBHOCTH JUIA PaCTBOPOB  AIICKTPOJIMTOB pa3HOM  KOHIIEHTpAIHH,
paccuntanuele 1o Qopmynam Jlebas-XioKKensi, MPUBOAATCS B CIPaBOYHUKAX. 3Has KOIDDUIMESHTHI
AKTUBHOCTH, MOKHO OIICHUTH aKTUBHOCThH HOHA WIIM 3JICKTPOJINTA B pacTBope. i1t 0bJerdeHus: pacueToB
MOKHO TIOJIB30BaThCS CIIETYIOIIUMH Oy IICHUSIMU:

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

2 KoaduieHThl aKTUBHOCTH HEWTPAIBHBIX YAaCTHIl B pa30aBICHHBIX PACTBOpPAX AJIEKTPOIHUTOB
MOJIaratoT PaBHBIMHU €IMHHIIE.

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

YacTo mpu pacyeTax CIOXKHBIX PaBHOBECHH KOI(P(PHUIMEHTH aKTUBHOCTH NMPUHUMAIOT PAaBHBIMH
eaunuie. Takoe JOMYIIEHHWE ONPABAAHO MO Py MPUYKH.

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

Bo-BToppIX, BIMSHHE XHMHYECKMX (AKTOPOB HA paBHOBECHE Topa3fo Oojblle, dYeM
ANEKTPOCTATHUECKUX CHII, TIOATOMY TpeHeOpeKeHrne MOCIEeTHUMHU TIPU pacdeTax CIOKHBIX paBHOBECHI
HE BHOCHUT OIIYTHMYIO OIPEIIHOCTE B PE3YJIbTATHI.

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

— O,lzizl , (5.6)

-01z 4zl . (5.7)

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

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

1IP(Pb3(PO,),) =[P * 1°[PO; 1.

B obmem cnywae, Ui ManopacTBOPUMOIO CHibHOro anekrpoiurta Thma KitxAny, mporonus
pacTBOPUMOM YacTH KOTOPOTO MPOTEKAET 10 CXEME:!

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

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

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

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

Ecnu npousBenenne KoHIeHTpanuii HoHOB pacTBopéHHOoro BemecTBa (I1IK,) menblie 3HaueHus
ero [IP, To BemmageHust ocamka He Oyner. Takoi pacTBOp Ha3bIBae€TCS HEHACHIIICHHBIM, U B HEM emé
MOXET HJTU pacTBOpeHHE JaHHOro BemlecTBa. B HaceimieHHoM pactBope IIK, = TIP. Korna
NpoM3Be/IcHHEe KOHLEHTPALMi HWOHOB pPACTBOPEHHOTO BEIIECTBA CTAHOBHUTCS OOJbIIE 3HAYCHUS
MPOM3BEEHHS PACTBOPHUMOCTH, TO BHIITAJAET OCAIOK.

Takum o6pazom, Hanpumep, st AgCI:

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

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

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

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

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

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

Wrak, pacTBOpeHHe ocaka MOKET IPOUCXOIUTh:

1) npu 06pa3oBaHMH PACTBOPUMOTO CIIA00ANCCOLUUPYIOLIETO IEKTPOIUTA:

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

2) ipu 006pa30BaHUH Tra3000pa3HOTO COETUHEHHUS:

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

3) npu 00pa3oBaHNH CIAOOAMCCOIMUPYIOIIEr0 KOMILIEKCHOTO HOHA:

AgCl | +2NH3; —[Ag(NH3),]" +CI-

4) IIpU OKUCIIUTCIIBHO-BOCCTAHOBUTCIIbHBIX MTPOLIECCAX:

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

5) Ipu HATUYUH TOCTOPOHHHUX HOHOB.

Oo0opynoBaHne U MaTepuasbl
PacTBop aMMuaka (KOHLEHTpalys pacTBopa aMmmuaka pasa 0,1 mons/nme)
PactBop xnopuna ammonus, C(NH4CI) = 0,1 mons/nm?
PacTBop xs10pua Maraus ¢ Monsipaoit konuenTpamueii C(MgCly) = 0,1 mons/mve,
Kpucrannuueckuii noz
Muxpounarenb
HacwimeHnsIit pacTBOp HOAMIA KATHS

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

PactBop xapOonara u cynbdara HaTpus

Hetmmonsipusrii pacteop HCI

0. Pacteop NazS

11. Conb nuHKa ¢ MONSIPHOM KOHIIEHTpalueii ocieauei 0,1 Mons/av3
12. Cactsop HCI, C(HCI) = 2 mons/gm®

13. PacTBOp YKCYCHO# KHUCIIOTBI

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

15. Meuumonsipusiii pactBop CuSO4 u FeSO4

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

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

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

B2 oo~

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

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

3. Pabouee MecTo comepxKaTh B OPSAKE M YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcsi OpaTh YMCTHIM IITATEIEM WU CIICIIHATIBHON JT0XKESUKOH.

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

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

7. OcraTKu coeqUHEHUI cepedpa cuBaTh B 0COObIC CKISHKH.

8. Ilpu HarpeBaHMM PAcTBOPOB B NPOOHPKE BCETZa CIEIYeT JAepkKaTh €€ TaKuM 00pa3oM, 4TOObI
OTBepcTHE MPOOUPKHU OBUIO HANIPABIEHO B CTOPOHY OT pabOTAIOLIEro PSAIOM COCEa.

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

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

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

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

13. Kareropuuecku 3armpeniaercst mpoOoBaTh XUMHUYECKUE BEIIECTBA Ha BKYC.

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

15. Ilpu paboTe cO CTEKIOM, XMMHYECKOW TOCYIOi, HEOoOXOAMMO COOJII0/IaTh IpaBUiIa
MPEJOCTOPOKHOCTH BO M30€KaHNE PAHEHHI OCKOJIKAMH CTEKIIA.

16. Karteropuuecku 3ampeniaercsi OCTaBiIsATh paboTarole Npuoopsl 63 HaOIIOACHUS.

21. B xumMuueckoit 1abopatopun He0OX0JUMO paboTaTh B Xajare.

3ananus

Oneir 1. B nBe npobupkm BHectn mo 1 cm® pacTBopa amMmuaka (KOHIEHTpamus pacTBOpa
ammuaka pasHa 0,1 mons/nm®). B omHy npoGupky n06aButh 2 cM® BOJBI, B APYrylo 2 ¢M° pacTBopa
xaopuna ammorus, C(NH4Cl) = 0,1 mons/am3. Tlocne storo B 06e npo6upku BHecTH 110 1 cM® pactBopa
XJI0pU/Ia Mareus ¢ MonspHoi konuentpanueit C(MgCl,) = 0,1 mons/nm3. O6paTuTh BHEMaHHUE Ha TO, 4TO
0CaJIOK BBINIAIa€T TOJIBKO B IPOOUPKE, T/I€ HET XJIOPHUIa AaMMOHHSL.

OmnpiT 2. B aBe mpoOupku BHECTH MO | MHUKpOLINATENI0 KPUCTALIMYECKOro Hoaa. B mepByio
npo6upKy n06aBuThE 2-3 cM® BOJBI, BO BTOPYIO CTOJBKO K€ HACBHIIIEHHOTO PAcTBOPA MOJAMIA KAIHs.
Y6eautncs, 4TO N0 MaJlo pacCTBOPAETCS B BOJIE, HO XOPOILO PACTBOPSIETCS B HOIUAC KA.

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

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

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

Conep:xkanue oTyera

Omeir 1. Hanwmcars ypaBuenus obOpazoBanust Mg(OH), B MOJeKyJsIpHOM ¥ HOHHOM BHJIE.
Joka3ath pacyéToM BO3MOXHOCTH BbimajaeHus B ocagok MQ(OH), tonbko B orcyrctBum NH4CI,
ucnonb3ys 3HaueHue [TP(Mg(OH),).

OmepIT 2. Y6enuTbes, 4TO HOX MaJIO PAacTBOPSETCS B BOAE, HO XOPOILIO PacTBOPSIETCS B MOIUIE
kanua. Yem 310 00bscHUTE? COCTaBUTH ypaBHEHHUE peakiyH B3aumMojieiicTBus noga ¢ Kl B HOHHOM u
MOJIEKYJISIPHOM BHJIE.

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

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

OmnebIT 5. OTMETUTH pacTBOPEHHE TONBKO FES 1 00BSICHUTD 3TO, HcoNb3ys 3HaueHue [1P s FeS
u CuS. CocraButh ypaBHeHus B3aumoeiicTeus mexay FeS u HCl B HOHHOM U MOJIEKYIISIPHOM BH/IE.

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

KoHnTposibHbIE BOIPOCHI
ba30BbIii ypoBEHB

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

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

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

IloBbIlIEHHBIH ypOBEHD

1. Kak cBszansl [IP u pacTBOpUMOCTD MajopacTBOPUMBIX CHIIBHBIX AJIeKTponuToB? OToOpasute
9Ty cBsi3b Ha mpuMepe AgzASOa.

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

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

Cnucok Jureparypbl, peKOMeHAyeMblil K HCIIOJIb30BAHUIO 110 JAHHOU Teme
OcHoBHasl JuTepaTypa:

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

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

1 Kapanerbstan, M. X. O0mias 1 HeopraHu4ecKas XuMus : yueOHUK 1711 By30B / M. X.
Kapaneresnn, C. U. [Ipakun. - 4-e uza., crep. - M. : Xumus, 2000. - 592 c. : un. - (s
BbICIICH mKOJIbI). - ISBN 5-7245-1130-4, 5k3eMIUISIPOB HEOTPAHHUYECHO

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

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

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

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

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

€CTCCTBECHHOHAYYHBIX JUCIUIIINH B HpO(l)GCCHOHaHLHOIZ JCATCIPHOCTH

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

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

Teoperuyeckas 4acTb

Pacmeopamu naszvisarom comoeennvle cucmemsvl, cocmosiuue u3 08yx u 6oiee KOMIOHEHMO8, a
makoaice npoOyKmos ux gzaumooeiicmeus. Harpumep, BOIHBIH pacTBOP CEPHOI KUCIOTHI COACPIKHUT: BOIY
(pactBOpuTens), ruapaTupoBanbie noHbl HSO4xH20, HxH,0 u SO42-xH-0.

Crnoco0bl BbIpaKeHHsI KOHIIEHTPAIIMH PACTBOPOB

Bakneiinieit xapakTepHCTHKON pacTBOPOB SIBISETCS WX KOHIIEHTPALMS — Macca WM KOJIMYECTBO
BEIIECTBA, COJICPIKAIIMECS B ONPEJICIIEHHON Macce Wi 00beMe pacTBOpa UM PACTBOPHUTEIIS.

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

m(X
w(X),% = Q 100 (6.1)
mp—pa
ModsiibHasi KOHLEHTpalusi — KOJIMYEeCTBO MOJbL BemiecTBa N(X), coiepxkaiieecs B OIHOM
kunorpamme (uu B 1000 1) pacTBOpuTeNS:

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

p-as p-ns

-1000 (6.2)

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

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

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

1000 (6.3)
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http://window.edu.ru/
http://window.edu.ru/resource/931/73931/files/tutorial8.pdf
http://window.edu.ru/resource/145/75145/files/book-3.pdf

MorsipHasi KOHIEHTpAIUsl KOJNUYECTBa DSKBHUBAICHTa (HOPMAJIbHOCTh WJIM OSKBHUBAJICHTHAS
KOHLIEHTpAIMs) — KOJIMYECTBO MOJIb SKBUBAJICHTA BellecTBa X, coziepskaiieecs B ogHoM am° (uiu B 1000
cm®) pacTBOpHTENS:

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

rae n(i) U M (—) — KOIMYeCTBO MOJb DKBMBAJIEHTA BEIIECTBA (B MOJB-3KB) H €TI0
X X

SKBHUBAJICHTHAs Macca (T/MOJIb) COOTBETCTBEHHO.

Ipumeuanue. Ynucno Zx Ha3bIBAIOT IKGUBANEHMHBIM YUCIOM WIIU YUCTOM IKEUBANEHMHOCIU — Zx
> 1. 3nauenHne Zy onpeAemnsioT M0 XUMUIECKON peakIny, B KOTOPOH y9acTByeT JaHHOE BelecTBo. Tak, B
YaCTHOCTH, [JIA BECUICCTB, YyHaCTBYIOIIUX B OB'peaK]_[I/ISIX, S9KBUBAJICHTHOC YUCJIO ZB JJ11 BOCCTAHOBUTECIISA
PaBHO YHMCITy SJIEKTPOHOB, KOTOPOE OH OTHAET, a Ul OKHCIHUTENS — YUCIy SJIEKTPOHOB, KOTOPOE OH
npuanMaeT. Hanpumep, ans anmona MnOs4 B 3aBHCHMOCTH OT XapakTepa peakuuu Zy MOXKET OBITh
paBHoO 3, 3, 1, Hanpumep:

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

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

MnOs + le- — MnOs2; Z, = 1; D(MnOy4") = 1/1 Mo7b.
CrnenoBaTenbHO, B 3THX peakiuax SkBuBajieHT okuciutesss MnOs™ cooTBeTcTBeHHO paseH 1/5, 1/3 u 1
MOJIb.
Heo6xomumo Bceria TOMHHTE, YTO 3HAYCHUE SKBUBAJICHTA TFOOOT0 BEIIeCTBA X HE MPEBBIIIACT
eauHuIipl, T. €. D(X) < 1.
Onpe/ieeHre 3KBUBAICHTHBIX YUCEIT HEOAMHAKOBO JIjIsl 0OMEeHHBIX U OB-peakiuii.
B 00MEHHBIX peakIUsix SKBUBAICHTHOE YUCIIO OMPEACISIOT MO0 CTEXHOMETPHH peakiuu. Eciu s
peakiuy BUA:
vaA+vegB =vcC +vpD  (8.5)
Ha OJIMH MOJIb BellecTBa A TpeOyeTcst Ve/va MOJTb BeliecTBa B, T0 Za= vp/va.

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

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

H,SO,4 + 2KOH = K,S0O4 + 2H,0,
Z (H2SOu) = 2, a axeusanrenm ceproti kuciomol — I(H2SOs) = %2 monw, max kax Ha 00uH Mo
H2S04 mpebyemcs 2 monw (06a sxeusanenma!) KOH.
Hns peaxuyu:
H>S04 + KOH = KHSO4 + H,0
Z(H2S04) = 1, a sxeusanenm ceproii kucromot — I(H2S04) = 1 monw, max kak ¢ 00uH monw
H.SO4 peazupyem 1 mons (00un sxeusanenm!) KOH.

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

BeriecTB Ny (Xi), cocTaBNISIONMX pacTBOP:

N(X)
Nx(Xj)

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

pacTBopa:
e m(X)

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

a(X)= (6.5)

3

T(X), (6.6)
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e _ m(X)
CM3 V(B)p—pa

BecbMa BayKHBIM TTapaMeTpOM PacTBOPOB SIBISIETCS UX IUIOTHOCTH — OTHOIIEHUE MACChl PACTBOPA
(B xT) K 00BEMY 3TOTO pacTBOpa!

T(BI X), . 67)

pr— = . (6.8)
M Vp-pa

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

Jnst mpoBeAeHusl pacyeToB MoJie3Ho 3HaTh Gopmyiny (8.10), cBA3BIBAIONIYI0O KOJTUYECTBO MOJIb

SKBHUBAJICHTA BEIIECTBA X C Pa3IMUYHBIMHU BUAAMH KOHIICHTPAIIAN €TI0 PaCTBOPOB.

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

X X X

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

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

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

rne o1, % 1 2, % — MaccoBbI€ JI0JIM HCXOIHBIX PACTBOPOB;

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

Honnoe npoussenenne soasl 1 pH pacteopos

Bopma oTtHocuTCS K O4YeHb CIa0BIM BIIEKTPOJIMTaM, W TIpoliecc e€ MmpoToiu3a (pachaja WIH
JUCCOLMAIK) sBiIsieTcsT oOpaTuMbIM. PaBHOBecME B 3TOM IHPOLIECCE CMELIEHO BIIEBO, B CTOPOHY
00pa3oBaHMs MOJIEKYT

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

Ilpumeuanue. IlpoTONM30M HAa3BIBAIOT TPOLECCHl KUCIOTHO-OCHOBHOTO B3aMMOJEHCTBHA,
MPOTEKAIOMIHNE C yYaCTHEM PAaCTBOPUTEINSA (7151 BOJHBIX PACTBOPOB — 3TO MOJIEKYIIBI BOJBI).

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

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

ecThb cuntath, uto C(H20) = [H20] mosn/mm3.
I[Tposenem pacuer (npu ycnosuu, uto p(H20) = 1r/em® u M(H20) = 18 r/moins):

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

€CTh MOJIApHas KOHIEHTpaus Boabl, To ecth C(H20) = 55,56 Mombs/mme.
[Ipencrasum (8.13) B crieqyromiem Bue:

=18-10716, (6.12)

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

[ToncrasuB B (8.14) n3BecTHBIE BEIMYNHBL, TIOTYYHM BEITHYMHY MTPONU3BEICHIS KOHIIEHTPAIUI
WOHOB THJIPOKCOHUS U MOHOB THPOKCHIA:

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

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

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

2H,0 <= H30" + OH"
B YHCTON BOJZIE KOHIIEHTPALHSI 3TUX HOHOB paBHa u COCTaBJIsICT

[H0"]=[OH ]=v10" =107 mons/on®.

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

B menounsix pacTBOpax, Ha060pOT, KOHIEHTparwst noHOB OH~  (ombIre KOHIIEHTpauy NOHOB
Bogopona: [HsO*] < [OH].

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

Hcnonb3yst HOHHOE Mpou3BeicH e BOIbI Ky, MOXKHO pacCUUTATH:

a) KOHIICHTPAIIMIO HOHOB THPOKCOHUS B PACTBOPAaX OCHOBAHUH

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

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

Hanpuwmep:

i =0,1 /m3

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

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

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

[H30%] = 0,001 = 10 mons/mm°.

N . _ 3

B) B pacTBOpE LIENIOYM, Hampumep, ¢ MoisipHoi koHueHTpauueir C(NaOH) = 0,1 mons/am’,
KOHIICHTpAIHS THAPOKCHI-UOHOB PaBHA KOHIEHTPALUH IIEIOYH, TaK KaK MPOTOJIU3 MIENIOYN MPOTEKaeT
nonnocteio (a(NaOH) = 1). Crenosatensno, [OH] = 0,1 = 10 mons/am®. YuuThiBas B3aUMHYIO CBA3b
nonoB [H3O*] m [OH7], mosiBisieTcs BO3MOXHOCTH XapaKTEPHU30BaTh ATOT MICJIOYHON pacTBOp IO
KOHIeHTparmu noHoB [H3O™]:

K, 107
[OH"] 107

[H 3O+] — — 10‘13 MOJIB/ M3,

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

K, 107
[OH"] 1073

Jna Oompiero ymoOCTBa XapaKTEPUCTHKY pPEaKIMH CPEeAbl BHIPAKAIOT HE KOHIEHTpAIHel
BOJOPOJHBIX HOHOB, TO €CTh BEJIMYMHAMU C OTPHUIATEIbHBIMU I[IOKA3aTENsIMU CTCICHU, a TakK
Ha3bIBAEMBIM BOJOPOIHBIM MOKa3aTenem pH.

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

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

pH = -Ig[Hs0"], (6.17)
rae [H3O*] BeipakaeTcs B MOJTB/IM®.
Jnst onrcanHbIX BhiIe mpumepos (1. 13 a, 0, B, T) pH cooTBeTcTBeHHO paBHbl: 1, 3, 13, 11.

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

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

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

B uucroii Boge pH = 7.

B xucnotnoi cpeae pH < 7.

B mienounoi cpene pH > 7.

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

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

[Iponorapupmupyem ypaBHEHHE HOHHOrO Hpou3BeleHHs BoAbl (8.14) u, B3sB sorapudmsl c
00paTHBIM 3HaKOM, NoxyduM (mipu 22°C):

pH+pOH =14

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

Bv1600: KOMMUECTBEHHYIO XapaKTEPUTHKY PEAKLUH CPEbl BIIOJIHE onpeaessier 3HaueHne e€ pH.

OO6opynoBaHue U MaTepuaJbl
Pacteop NHsNO3

AMMuUayvHas CENUTpa
CreknsHHas BOPOHKa
Kon6e na 100 cm®
Apeomertp

Inarens

Hunuuap émkocteio 1,0 e

NogobowhE

Yka3aHus 1o TexHuke 0e30I1aCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaToOpUM JOJDKHBI IMPOBOJUTHCS TPH HUCIPABHOM
AMEKTPOOOOPYAOBAHHH, IIEKTPOIIPOBOKE, MPABMIEHO 000PYA0BAHHOM BBITSDKHOM ITKaQYy.

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

3. Pabouee mecTo copepkaTh B IOPSIIKE M YHCTOTE.
4. Cyxue peakTHBbl TpeOyeTcst OpaTh YUCTHIM ILINATEIEM MU CHICIHAIbHON J0XKEUKOH.
5. Uznumex peakTuBa HE BBUIMBATH OOPATHO B COCY/l, U3 KOTOPOTO OH OBLI B3ST.

6. Bce OmbBITH ¢ BPeHBIMH U MIAXHYIIUMH BEIIECTBAMH, a TAKXKE yIapuBaHUE KHCIOT U KUCIBIX
pacTBOPOB MPOBOJIUTH B BBITSDKHOM KA.

7. OcraTKu coeqUHEHUI cepedpa cauBaTh B 0COObIE CKIAHKH.

8. Ilpu HarpeBaHHH PacTBOPOB B IMPOOUPKE BCErAa CIEAyeT AepKaTh €€ TaKuM 00pa3oM, YTOOBI
OTBEpCTHE MPOOUPKH OBLIO HATIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsIOM coceia.
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9. He HaKJIOHSITH JIUIO HaJl HATPEBACMOM KHUJIKOCTHIO HIIH CIUIABIISIEMbIM BEIIECTBOM.

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

11. XpaHuth pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT H IIENOYCH B BRITSHXKHOM IIKaQy.

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

13. Kareropuuecku 3ampeniaercst mpoOoBaTh XMMHUUECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIErKo BOCILIAMEHSIOIIMMUCS BemecTBaMu (3(HpbI, OEH301, CEpOyTIepo U
T.JI.) HE TOJDKHO OBITh PSIIOM OTHSI U BKJTFOUCHHBIX TUTUTOK.

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

16. Kareropuuecku 3ampemniacTcs OCTaBIATh paOdoTaroIe IpHOopsl 0e3 HAOIIOACHUS.

22. B xumMuveckoit 1abopatopun He0OX0JUMO paboTaTh B Xajare.

3aganuda

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

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

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

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

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

5 TmarensHO mepemenate NPUTOTOBICHHBIM PAcTBOP IBITU - LIECTHKPATHBIM IIEPEBOPAUMBAHUEM
KOJIOBI, TIOJIIEPYKUBAS TIPOOKY.

6 Usmepurs 1iotHocTh mpurotoBieHHOTo pactBopa NH:MNOs ¢ momombio apeomerpa. s
5TOrO TIPUTOTOBJIEHHBIH PACTBOP MEPEIUTh B HUIMHAP EMKOCThIO 1,0 M3, OCTOPOXHO MOrpysuth B
pacTBOp apeoMerp TakuM oOpa3oM, 4YTOOBI apeoMeTp He Kacajicsi CTeHOK LWIMHApa MW 3aHsuI
HETO/IBIKHOE MoJioxkeHre. CHATh MOKa3aHHs TNIOTHOCTH CO MIKAITbI apeOMETpa u 3aHECTH B Tab. 6.2.

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

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

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

Tabnuya 6.3 IInomnocms 6o00no2o pacmeopa Humpama ammorus NHaNO3

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

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

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

KonTpoJibHbIE BOIPOCHI
ba3oBblii ypoBEHb

1 V3 kakuxX KOMITOHEHTOB COCTOSIT BOJHBIC pacTBOphl cienyronmx BemiecTB: NasPOs, KoSOs,
NaNQO3? OtBeT AaTh ¢ Y4ETOM MPOIIECCOB MPOTOJIN3a NOHOB.

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

IloBbIIIEHHBIN YPOBEHD

3II0THOCTH ¥ TUTP PACTBOPOB UMEIOT OJMHAKOBYIO pa3sMepHOCTH (r/cm®). B ueM pasnuuue 5THX
napameTpoB?

4 TIpuBeauTe aNTOPUTM B3BEUITHMBAHUS TBEPIBIX BEIICCTB.

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIOIb30BAHUIO M0 JAHHOM Teme

OcHoBHas iMTeparypa:

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

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

JlonoJIHUTeIbHAS JIUTEpPaTypa:

1 Kapanetsstau, M. X. O6mas 1 HeopraHudeckast XuMus : yueOHUK Juid By30B / M. X.
Kapaneresan, C. U. Ipakus. - 4-e uz., crep. - M. : Xumus, 2000. - 592 c. : un. - (s
BoIcuIel mKkobl). - ISBN 5-7245-1130-4, sx3eMIUIIpOB HEOTPAaHUUEHO

2 Kenuna, H. FO. O0miast u HeopraHndeckass XMMHUs B TA0JIMIAX U CXeMax : y4e0. mocodune
i TexaukymoB / H. 1O. Kenuna, H. B. be3spyuxko. - PoctoB H//] : ®denuxkc, 2008. - 422 c. -
(Cpennee nmpodeccronanbHoe oOpa3oBanue). - bubdmauorp.: ¢. 371-374. - Tlpeam. ykas.: c.
375-382. - [Ipun.: c. 383-415. - ISBN 978-5-222-13586-0, 5x3eMILIsIpOB HEOTPAHUYEHO

HNHTepHET-pecypcenl:

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

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

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

Tema 7. KomiuiekcHbIe cOeIHHEHUS
JlaGopaTopHas padora 7. KoMmnjiekcHbie coeinHeHUsI
I{ens pa®OThI: M3yUeHHE KOMIUICKCHBIX COEMHEHNI U UX XUMHYECKHX CBOMCTB.

dopmupyemble KOMIETEHIIMH WIIH UX YaCTH:

Kox DopMyTHPOBKA

OK-7 CIIOCOOHOCTBIO K CAMOOPTaHU3AINH U CaMOOOPa30BaHUIO

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

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

TeopeTuyeckas 4acThb
XUMHUUYECKHE CBS3H OCYIIECTBISIOTCS 3a CYET OOOOIICHWS HE CHAPCHHBIX JJICKTPOHOB HIIH
nepefayd IEKTPOHOB OJHMM M3 aTOMOB, BCTYMAWOIIMX B CBS3b JApyromy. B pesynbTare Takoro
B3aUMOJICHCTBUSL 00pa3yloTCsl YCTOWYMBHICE KOHQUTYpalud, HMEIONINEe Ha BaJICHTHOW 000J0YKe
AIIEKTPOHHBIN OKTET. Y CTOWYMBOCTH MOAOOHOW CTPYKTYpPHI OOBSCHSETCS CXOACTBOM B CTPOEHHUH C
WHEPTHBIMU Ta3aMu. CoeTMHEeHUs, MOTyYalorecs ToA00HBIM 00pa3oM, Ha3bIBAIOTCS OMHAPHBIMHU.

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

I{eHTpanbHBIN aTOM IUIATHHBI CO CTENICHBIO OKUCICHHS +4, BOKPYT KOTOPOTO TIPYMITUPYIOTCS
(KOOpIWHUPYIOTCS) IPyTHE aTOMBI, HA3bIBAETCS KOMILIEKCOO0pa30BaTeIeM.
IMpucoeaunstomuecs kK Hemy HoHbI Cl” Ha3bIBAIOTCS UTaHAaMHK (M aICHIaMH).
HekoTopble TUTaHIbl U MX HA3BaAHUSL:
H,0 — axBa; NH3 — ammun; O° — okco; OH — ruapokco; CN™ — mmano; SCN™ — pomano; NO; —
HuTpo; SOs% — cymbpduro; NH,OH — ruapoxcunamun; F- — dgropo; ClI- — xmopo; Br — 6pomo; | — iiozo.

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

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

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

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

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

Aneopummol HA38aHUL KOMNAEKCHBIX coeOunenuti: 1) KaTHOHHBIE KOMIUIEKCHI — CHadaia
Ha3bIBAIOT BHEIIHIO c(epy, a 3aTeM B POJUTEIHHOM Majiexke MPUBOIAT HA3BAHUS JIMTAHIO0B BHYTPECHHEH
cepbl U pyccKoe Ha3BaHHWE KOMIUIEKCOOOpA30BaTeNsl C YKa3aHUEM €ro CTEICHU OKHCIICHHs apaOCKHUMHU
uudpaMu, HapUMep:

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

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

3) B HeWTpaibHBIX KOMIUIEKCAX BHAuaje HA3bIBAIOT JIMTaHAbI (C y4eToMm anaButa), 3aTeM
CIIeyeT PycCKOe Ha3BaHHE KOMILIEKCOOOpa3oBatess 0e3 yKa3aHUs €ro CTENCHH OKUCIICHHs (TIOCIIeTHsIs
OJIHO3HAYHO MOXKET OBITh OIpe/esIeHa C YIETOM dICKTPOHEHTPAILHOCTH KOMILIEKCa), HAIPUMED:

[CrPO4(NHz3)3] — Tpuammundocharxpom;

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

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

Casi3p MEXX/y BHEIIHEH M BHYTpEeHHEH cepoii HMeeT HOHHBIN XapakTep, CB3b BO BHYTPECHHEH
cepe — KOOPAMHALIMOHHBIH (JIOHOPHO - aKLIENTOPHBIN, CEMHUITOJISIPHBIN).
BHyTpeHHsis1 KoopIMHALMOHHAS cepa [Tt KOMITICKCOB KATHOHHOTO M aHHOHHOTO TUTOB YCTIOBHO OTIIISICTCS OT
BHEITIHEH chepbl KBAPATHHIMI CKOOKAML.
CyIIecTBYIOT COSIMHEHHSI, COCTOSIINE U3 KOMIUICKCHBIX KATHOHOB U aHHOHOB:

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

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

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

ConM HEKOTOPBIX METAIOB, OCOOCHHO B KOHICHTPHPOBAHHBIX PACTBOPAX, CHOCOOHBI
pearupoBath Mexy co00it, 00pa3yst KOMIUICKCHBIE COSTUHEHUS — AYMOKOMNIEKCbL.
AUCIl3+AuCl; < Au[AuClg] — rexcaxiopoaypar (+3) 3omora (+3) ;
Cdl, + Cdl; <> Cd[Cdl,] — Terpaiiomokagmart (+2) KaaMusi.
PaznuuyaroT mepBUYHBIA M BTOPUYHBIA MPOTONHU3 KOMIUIEKCHBIX coeAuHeHHH. IlepBUUHBIN
HPOTOJIN3 — OTLICIVICHHE BHEUIHEH cepbl, OOBIMHO MPOTEKAET MO THIY CHJIBHBIX AIICKTPOIHTOB.
Hamnpumep, 1151 KOMIUIEKCOB:

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

CreneHp TMEPBUYHOTO MPOTONHM3A I pa30aBICHHBIX PAcTBOPOB KOMILIEKCHBIX COCIMHEHHUN
00braHO 100 % vt 61M3Ka K 3TOM BEIIMYHHE.

BropuduHoMy mNpoOTONAM3y TOJABEPraroTCS KOMIUIEKCHBIE HOHBL IIpum 3TOM HX CTeneHb
MPOTOJM3a BechMa Maja. Pacmaj mnpoTekaeT Mo THIY ClIa0bIX 3JCKTPONMTOB. THIT MPOTOIW3a —
CTYIIEHYATHIH, KOTOPHIH OIMMCHIBACTCS YPaBHEHHEM 3aKOHA JIEHCTBHUS Macc.

KonudecTBeHHO mporiecchl MPOTOJHM3a KOMIUIEKCHBIX HOHOB XapaKTePU3YETCS KOHCTAaHTOM
HeCTOUKOCTH (Kieer) MITH 0OpATHOI €ii BETMUMHOM — KOHCTAaHTOU YyCTOWIMBOCTH (Kyer).

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

2+
1) [Cu(NH3)4]%" < [Cu(NH3)3]%* + NHg; KHCCT4=[[C“(NH3)3] ]ENHS]:1,07.10‘2;
[[Cu(NH3)4]""]
2+ 2
2) [Cu(NH3)31%* & [Cu(NH3),]%" + NH3; KHGCT3=[[C”(NH3)2] ][ZNH3] ~186-103:
[[Cu(NH3)3]"]
2+ 3
3) [Cu(NH3),1% > [CUNH3]> + NH3; KHGCTZ:[[C“(NH”] ][';'H3] ~468-107*:
[Cu(NH3)4]""]
2+ 4
4) [CUNH3]?" > Cu® + NH3; Kecrl :W:Loz.m‘“.
[[Cu(NH3)]™"]
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CymMMapHOe ypaBHEHHE MPOTOJIM3a BHYTPEHHEH KOOPAWHAIMOHHOM Cepsl BHIPaXKaeTCst 00LIIMM
ypaBHEHHEM:
4H,0
[Cu(NH 3) 417" <2222 5 [Cu(H,0) 417" +4NH 3.
3HadyeHne OOMIeH KOHCTAHTBI HECTOMKOCTH OIpENesieTCs MPOM3BEIEHHEM BCEX CTYIEHUYATHIX
KOHCTaHT HecToitkocTH. Hampumep, mist mona [Cu(NHs)s]?* o6uias koHCTaHTa HecToHKOCTH GyaeT NMeTh
BUJI:

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

Ipumeuanue. Crynenuarsiii nporonus nona [CU(NH3)4]** B BoAHBIX pacTBOpax MpencTaBieH B
BHIC, KOTOPbIi OTBEYACT MPUHYUNY COXPAHEHUS NOCMOSHCMBA — KOOPOUHAYUOHHO20 — YUCIA
Komniekcoobpazoeamens. Jloka3aHO, 4TO TPH OTPBHIBE OT KOMIUIEKCHOIO HMOHA JIMTAaHJa €ro MecTo
3aHHMAIOT MOJICKYJIbI BOJIBI:

—951.10713,

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

Yem Oouibllle BeNWYMHA KOHCTAHTHI HECTOWKOCTH (MJIM MEHbBIIE KOHCTaHTa YCTOWYMBOCTH),
TEM MEHEe YCTOWYHMBO TaHHOE KOMIUICKCHOE COCTMHCHHE.

[IpoToNM3 KOMIUICKCHOTO HOHAa BO MHOTHX CJIy4asX JOKa3bIBaeTCsi C I[OMOIIBIO
YyBCTBUTEIILHBIX PEAKTHBOB, OOHAPYXHMBAIOLIMX B pACTBOPE KOMIUICKCHOTO COCAWHEHUS HOHBI
KOMILIEKCO00pa30BaTesist 1 JINTaH/IOB.

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

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

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

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

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

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

KBACIIbI

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

Teopust BameHTHBIX cBszet (TBC) o0OBSCHSIET CTpOeHWE KOMIUIEKCHBIX COEIWHEHHH
BO3HHUKHOBCHHEM JIOHOPHO-AKIEITOPHOW CBSI3M MEXKAy KOMIUIEKCOOOpa3oBaTeaeM U JIMTaHIaMH.
OOBIYHO JTOHOPOM  3JIGKTPOHHOM Tapbl CIY)XUT JIMTAHI, aKLENnTop — CBOOOAHBIE OpOUTAIN
KOMIUIEKCOO0Opa30BaTes.

TBC BO MHOrHX CIy4asX T[I03BOJISIET YCTAHOBUTH 3JEKTPOHHYIO M IPOCTPAHCTBEHHYIO
KoMIuteKca. TeopHst yunThIBaeT NMPH 3TOM XapaKTep BAJICHTHBIX OpOUTAJEH LEHTPAIBHOIO aroMa B €ro
THOPUTHOM WMJIM HETHOPHHOM COCTOSIHUH.

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

Oco60 meHHyl0 uWHGOPMANHUIO 00 3JIEKTPOHHOM CTPOCHHM W TE€OMETPUUYECKON CTPYKType
KOMILIEKCO00pa30BaTesi MMEIOT €ro MarHUTHBIE CBOWCTBA. [lapaMarHUTHBIE KOMILICKCHI UMEIOT B CBOEM
COCTaBe HeTapHbIC JICKTPOHBI — OHU BTATHBAIOTCS B MarHUTHOE TIOJIE, @ THAMarHUTHBIC, B KOTOPBIX BCE
JJIEKTPOHBI CIIAPEHBI, ©3 MArHUTHOTO MOJIS BBITAJIKHBAIOTCS.
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MarauTHBIH MOMEHT KOMIUIEKCa (1) BBIpakaroT B MarHeToHax bopa (omgun M. b = 0,927-107%°
apr/raycc), KOTOpbIii MOXKET OBITh BRIYHCIICH U3 (popMyIa Buaa:

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

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

DkcniepuMeHTallbHass UHQOPMALMSL O BEITMYMHAX MAarHUTHOIO MOMEHTA MO3BOJISIET CYIUTh O
THIE THOPUAN3AINY IEHTPAIEHOTO aTOMa ¥ O TEOMETPHH KOMILIEKCa B LIEJIOM.

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

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

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

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

AE AE
3d°4S%4p° ———> 3d%4s°4p°), mmkens (... 3084S%4p° ———— > 3d%4s°4p°). Orcrona momsTHO
oOpa3oBaHKMe aMaMarHUTHBIX KomiuiekcoB — kapOonmnoB: [Cr(CO)s], [Fe(CO)s/ u [Ni(CO)a]
COOTBECTBECHHO.

Teopus kpucrammmyeckoro mois (TKII), B ormuune ot TBC, yauThIBaeT 31€KTpOCTATHYECKOE
BIIMSIHHAE JTUTaHI0B Ha O-OpOHMTaM KOMILIEKCOOOpa30BaTelsi, KOTOPOE HEOJMHAKOBO M3-3a X Pa3HON
MIPOCTPAHCTBEHHOW OPUEHTALINH.

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

B okrasapuueckom mone d-opOuTanM  KOMIUIEKCOOOpa3oBaTessl  MPUOOpETaroT  JBa
SHEPreTHYECKUX YPOBHS: 1) ¢ MeHbIel sHeprueit d, — ypoBeHb, BKIIOYAIOIINI TpU OpOUTAIH Uyy, Oxr- U
dy; 2) ¢ 6onee BEICOKOIA FHeprueii d,- ypoBens, conepxkammii a8e d,*- u dy.,>- opbuTam.

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

BennunHa A HeoMHAKOBA ISl Pa3HBIX JIMTAHIOB M 3aBHCHUT OT MX MPUPOJIbL. Benudunna sHepruu
pacIIerIeHus], BbI3bIBaeMasi pa3HbIMU JINTAHIAMH, BO3PACTaCT B CICAYIOIIEM MOPSIKE:
I"<Br <ClI'<F <OH < ;044 < H;0 <NH3; <NO, <CN <NO<CO,
T.€. K&K/BIH CIENYIOIUI TUTaH] co3aa€T OoJiee CHIIbHOE MoJIe, 4eM mpeasiaynuil. [Ipusenennas
MOCJIEIOBATEIbHOCTD HA3BIBACTCS CHEKMPOXUMULECKUM PIOOM.

Jlucanowr cnaboeo nons pacmojaraloTcs B Haudane psaaa, o0iamaroT BechMa Maiod A. d-
OpOuTanu KOMIUIEKCOOOpa3oBaTeIs C TAaKUMH JIMTaHJAMH 3aIlOJHSIOTCS B COOTBETCTBUH IPABHIOM
XyHnaa (abcomomuas eIuyuUna CyMMAPHO20 CRUHA 8 NOOYPOBHe O0MXNCHA Oblmb Maxcumaivhou). Tpu
9TOM SHEPrusi OTTAIKUBAHHS IBYX CIAPCHHBIX DJICKTPOHOB OKAa3bIBACTCS BBINIE, YeM BEIUYUHA A.
Komrutekcsl, comeprkaniye JUratpl ¢1adoro o, Bceraa apaMarHiTHBIL.

JIueanowl cunbHo20 noJisi BBI3BIBAIOT BEChMa 3HAYUTEIIBHYIO SJHEPIHIO paciiervieHus. [Ipu stom
SHEPrHsl OTTAJKWUBAHUS JIByX CIAPEHHBIX O3JIEKTPOHOB OKAa3bIBACTCS MEHbBINE, YeM BEIHYHHA A.
[MocnenoBaTenbHOCTh  3aNOJIHEHMST AJIEKTpOHaMU O-ypOBHS KOMILIEKCOOOpa3oBaTellsi  CleAyroLIas:
CHaYaja WET 3al0JIHCHNE OJAMHOYHBIMH, 3aTE€M — CIIAPCHHBIMH JIEKTPOHAMH opOuTanei d,, mocie yero
aNIeKTpoHaMu 3anomHstoTes d,-opourtanu. KoMIUIeKCHbIE COSTMHEHHMS, COJCPIKAIIIE JINTaH bl CHIIBHOTO
TOJISI, IMAMATHUTHBI WK SIBJITFOTCS. HU3KOCTTMHOBBIMH.

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

A, IPic/mons = ENa = hvNa = hcNa/A = 0,1196/1, (6.2)
rae Na = 6,02:10% — nocrostraas Asoraapo; h = 6,6:10* Jlx-c — nocrosianas [lnanka; ¢ = 3-108
M/C — CKOpOCTB cBeTa; V(cM ) 1 A(M) — 4acTOTa M JJIMHA BOJIHBI OTJIOIAEMOTO CBETA COOTBETCTBEHHO.
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[[BeT — 3TO 3pHUTENBHOE OIIYNICHUE DIICKTPOMATHUTHOTO U3NIydeHHs ¢ JuyinHamu BoiH 400 —
760 um (1 BM = 10° m). Ecim Bce magaromue JIydd OTPaskaroTCs, TO BEIIECTBO — OECLBETHOE, €CIIH
MOJIHOCTHIO TIOTJIOMIAIOTCS — YepHoe. [Ipu n30upaTeIbHOM MOTJIOIISHUH OIYIEHHE [IBETHOCTH CO3JIAI0OT
MPOIICIIINE WM OTPAKCHHBIC BEHICCTBOM Jy4yH. TakoW IIBET HA3bIBACTCS JOIMOJHUTEIBHBIM WIH
HaOmoxaeMbIM (cM. Tabm. 9.1.35).

Merton monexkynsipHbix opoutaneit (MMO) sBisieTcss caMbIM YHUBEPCAJIbHBIM TPH OMHMCAHUH
XUMHYECKOHN CBSA3M B KOMIUICKCHBIX coenHEHUsX. MMO yunThIBaeT B3aMMHOE BIUSHUE OpOMTANCH KaK
KoMITIeKcooOpasoBarens, Tak u qurangoB (B ommane or TKII) mpu oOpazoBaHnN XUMHUYICCKUAX CBsI3Ei B
KOMILIICKCaX.

Tabnuya 7.1 Tabauya ysemnocmu

JnuHa BomH, IBer

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

MMO ocCHOBBIBaeTCS Ha B3aMMOJICHCTBHU aTOMHBIX OpOHUTaliel, MPUBOAIINX K OOpa30BaHUIO
MHOTOIIEHTPOBBIX MOJICKYJISIPHBIX OpOUTaJIed, UMEIOIIMX paszHblie dHeprun. OOpa3oBaHUE CBA3BIBAIOLINX
MOJIEKYJISIPHBIX opOuTaseit (6°°) uaéT Ha HWKHUX SHEPreTHYECKUX YPOBHSX, pasphixiistiomux (o7*F) — 3a
CYeT BEPXHUX.

Mexny ypoBHAMU ¢ U 0”*” HaXOOATCS YPOBHU CJ1abO0 CBA3BIBAIOIIMX, HE CBS3BIBAIOIIUX U
cnabo paspeIXJisAtonUX opoutaneil (o;). MoJeKyJIspHbIe OpPOUTANX 3alOJIHAIOTCS JJICKTPOHAMHU B
COOTBEeTCTBUH ¢ TpuHIUNOM [laynu n npaBunom XyHpa.

MMO ocHOBaH Ha OYEHb CIIO)KHOM MaTeMaTH4YeCKOM ammapaTe, 4TO TPENsTCTBYEeT €ero
HIMPOKOMY HCITOJIb30BAHUIO.

Oo0pa3oBanne KOMIICKCOB KATHOHAMH

[IpucoennHeHne IMTaHIOB K KOMIDIEKCOOOPA30BATEII0 MOXET IMPOUCXOAHUTH TOCPEICTBOM
00001IeHNs STIEKTPOHHOW Maphl, MPUCOCTUHSIONMIEHCS TPYIbl (KOMIUICKCH BHEIPEHUS) MM 32 CUET
ANIEKTPOCTATHYECKUX CHII MPUTHKEHUS MOJEKYJ, 00JaNaronuX TUMOIHHBIM MOMEHTOM (KOMIDIEKCHI
MIPUCOETUHEHUS ).

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

H,0 >NH;>NO» >CN>1>Br>Cl>F.

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

KommiekcHble coeMHeHUs ¢ BOAOH M TMAPOKCHIBHOMIPYNIOA B KayecTBe JTUTAHA0B

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

IIpn peiictBuM  1menoded HaA COJNM  METALIOB (32 HWCKIIOYEHHEM  MICJIOYHBIX U
[IeJIOYHO3EMENFHBIX) O00Pa3yIOTCS THUAPOKCHIBI, JIETKO DPACTBOPHMBIE B KHCIOTax, a amM(OTepHbIE
OCHOBAaHUS CIIOCOOHBI TaK)K€ pAacTBOPATBCA B  LIejgoyax, o0pa3ys KOMIUIEKCHBIE HOHBI C
COOTBETCTBYIOIIMM JaHHOMY OJJIEMEHTY KOOPAMHAIMOHHBIM ducioM. OOpa3oBaHWE 3THX HOHOB B
pacTBOpe MOYKHO pacCMaTpvBaTh KaK IPOLECC IIOCTEIIEHHOTO BBITECHEHHUS BOABI M3 THUAPATHOTO
KOMIUIEKCA HOHAMHU THIPOKCHUIIA.
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B 3aBucumoctu ot pH cpeabl NmpoToiav3 cojied IMHKAa MPOTEKAeT CcTyneH4daTo. B KHCIbIX
pactBopax, rie pH<7 o6napyxusatorcs nous [Zn(H20)4]%* u [Zn(H20)s0H]".

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

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

OO0pa3zoBaHue KOMILJIEKCHBIX AHUOHOB

MHoOTHe KHCIOPOACOACPIKAIIME KHUCIOThI TaK)KE€ MOYKHO paccMaTpuBaTh KaK KOMIUICKCHBIC
coeiMHeHMs. B kauecTBe KOMILIEKCOOOPa30BaTelisl BBICTYIACT LICHTPAIBHBIA aTOM KUCIIOTHI, JIMTAaHIaMU
OOBIYHO SIBIISIFOTCSL aTOMBI KUCIIOPO/IA, @ POJIb BHEIIHEH cepbl KOMIUICKCHOTO COSAMHECHUS BBIMOJIHSIOT
HOHBI BOIOPOa. PaccMOTpUM 3TO Ha MpUMeEpe KUCIIOT XJIOpa.

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

B 3aBMCHMOCTH OT KOJMYECTBA KHCJIOPOJA, TPUCOEAMHEHHOIO K HOHY XJIOpa, MOXKET OBITh
00pa30BaHo 4 KHCIOPOICOAEPKAIIMX KHCIOTHBIX OCTATKA.

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

ATOM KHCIIOpPO/a Ha BAJCHTHOW D3I Tp@—lH(@ -0GOJIOYKE HUMEET 6 OIEKTPOHOB, MOITOMY
KHCJIOPOy IS 3arOJIHCHHSI AJIEKTPOHHON 000JIOYKH 10 OKTeTa HE XBaTaeT JBYX DJIEKTPOHOB, a XJIOP,
UMesl SJIEKTPOHHBIN OKTET, MOXKET CITy’KHUTh JOHOPOM 3JIEKTPOHOB.

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

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

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

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

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

KomiuiekcHbIe coeTMHEHUsI B peaKkusix 00MeHa

Jlnst oOHapyXeHHs B pacTBOpaX pas3IMYHBIX HOHOB YacTO YIOTPEOISIOT KOMIUICKCHBIC
coeqmHeHus. B wacTHOCTH, /1 06HApY)eHus moHa Fe™® mcnomb3yror pactop Ka[Fe(CN)s] — xentyro
KPOBSIHYIO COJIb, TECT Ha OTKpPBITUE HOHOB Xeje3a (+2) MpoBOIAT ACWCTBHEM pacTBOpa KpacHON
kpoBsiHoi conn — K3[Fe(CN)e].

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

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

Yka3aHnus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTopul IOIKHBI IMPOBOJUTHCS TPH HCIPABHOM
AIIEKTPOOOOPYAOBAHNH, FIEKTPOIPOBOIKE, MPABMIHBHO 0OOPYIOBAaHHOM BBITSHKHOM IIKa(dy.

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

3. Pabouee mecTo conepkaTh B MOPSIKE U YUCTOTE.

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

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

6. Bce onbIThI € BPCAHBIMHA U IMTAaXHYIIUMHA BEIICCTBAMHU, a TAKKC YIIapUBAaHUE KUCIIOT U KUCJIBIX
PacTBOPOB MPOBOJIUTH B BBITSHKHOM IIKady.

7. OcTaTku coenHEHUI cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

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

9. He HaKIOHATH JIMIO HAJ HArPEBAEMOM KHIKOCTHIO MITH CIUIABIISIEMBIM BEIIECTBOM.

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

11. XpaHuUTb pacTBOPHI KOHIEHTPUPOBAHHBIX KHCIIOT U IIEJI0YEH B BEITSHKHOM IIKady.

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

13. Kareropuuecku 3ampemaeTcsi qpoOOBaTh XUMHYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIErKo BOCILIAMEHSFOIIMMUCS BemecTBaMu (3QUpbI, OSH301, CEpOyTIepo U
T.Il.) HE JOJDKHO 6BITB PAAOM OTrHA Y BKIIFOUYCHHBIX ITIJIMTOK.

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

16. Kareropuuecku 3arpeiiacTcs OCTaBIATh padoTaroIre MpuOopsl 0e3 HAOIIOACHUSI.

23. B xumMuveckoit 1abopatopun He0OX0IUMO paboTaTh B Xajare.

3aganusa

Omnwit 1. Kauecmsennas peaxyus na uon medu. B mpoOupky momecture 10 kamens pactBopa
xynopuaa (win cynbpara) meau (+2) W Mo KamsM J100aBiAlTE PacTBOp Cyibduaa HATpUs [0
o0Opa3oBaHMs 0caaKa YEPHOTO LBETA.

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

Omnpit 2. [lomyunTe pacTBOp KOMIUIEKCHOM CONM — aMMHakaTa MeAw. [ 3Toro moMecTuTe B
npobupky 10 Karenp pacTBopa XJIOpHUIa WK cyJibdarta MEH U TI0 KaruisaMm T00aBIsIiTe pacTBOp aMMHUaKa
0 o0pa3oBaHMs 3€JIEHOTO OcajKa OCHOBHOTO xjiopuaa (cynbdara) Meau. 3aTeM K NPOOYKTaM peakuu
no0aBbTe M30BITOK aMMHaKka JIO HMCYE3HOBeHHs ocajaka. OOpazoBayics amMMuakaT Menu. PactBop
KOMIUIEKCHOM COJIM OCTaBbTE JIJIS CIEAYIOUIETO OMbBITA.

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

Ompit 3. Jlna o6HApykeHns HoHOB Mexu Cu?* B KOMILIEKCHO# CONM K MOJTYYEHHOMY B OTIBITE 2
aMMHaKaTy MeJ 110 KaIlIsiM MPHOaBIISIHTE pacTBOp cylb(duaa HATpus 10 oOpa3oBaHHs YEPHOTO OcaKa.
CpaBHHUTE MTOTYYECHHBIH 0CAIOK C OCAAKOM, ITOJYYEHHBIM B ONBITE 1.

3anuimTe MOJIEKYIISIPHOE M HOHHOE YpaBHEHHs 00pa30BaHMS OCaIKa.

Hanumwre ypaBHeHWE NEpPBHYHOTO MPOTOJIM3a W YpPaBHEHUS BCEX CTYIEHYATHIX MPOIECCOB
NPOTOJIN3a KOMIUIEKCHOTO HWOHA; 3allMIIMTE BBIPAXKEHHWS KOHCTAHT HECTOMKOCTH M OOpaTHBIX UM
KOHCTAHT YCTOMYMBOCTH Ul BCEX CTyNeHeH mnporonu3a. Kak BBIMISAMT COOTHOLIEHHE AJS OOLIEH
KOHCTaHThl aMMHuakatra menu? Haiinure HyXHYI0 WHOOpPMAITUIO B CIIPaBOYHWKAX W BhImUImHTE €. Kak
MOYHO OOBSICHUTL OKPAcKy coeaunennii Cu?* ¢ mosurmii TKIT?

OmeiT 4. Cpagnenue c8olicmea KOMIIAEKCHOU U 080LiHOU coau. B mpobupky nomectute 10 kamenb
pactBopa xeme3oaMMouuiHbIX kBacoB [NHiFe(SO4)2], mobaBbTe 1m0 KamisM pacTBOP POAAHMAA KK
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v ammonns (KCNS mm NH,CNS). TTosiBisieTcst kpacHOe OKpalliBaHKe, XapaKTepHoe U1 noHa Fe* 3a
cuét obpaszosauus Fe(CNS)s.

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

B apyryro npobupky nmomectute 10 kamens pactBopa Ks[Fe(CN)e] u tarxoke mo kamisM gobaBbTe
paBHblit 0668M NH,CNS. TTosBuock 11 kpacHoe okpammBanue? CoaepKuT I pacTBOp HoHbI Fe**?

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

OmneiT 6. Haneiite B mpoOUPKY HECKONBKO Kamedb HUTpaTa pTyTd (+2) ¥ m00aBbTe MO KarlIsaM
pacTBOp MOAUAA KAIHS IO 00pa30BaHUsI OCaIKa.

Hanumure mMonekynsipHoe U HOHHOE ypaBHeHHe peakuuu. K oOpasoBaBmieMycst ocaiky HMOaWAa
pTyTH mnpuOaBbTe W30BITOK HOAWIA Kalus A0 TOJNHOTO pacTBOpeHHs woaunpa pryTtu. OOpasyercs
KOMILICKCHAs collb. M300pa3ute GpopMyny NOTy4eHHOMN COJM, 3HAasI, YTO CTEIICHh OKUCIICHHS PTYTH PaBHA
(+2), a xoopmuHammonHoe umcino 4. WoHpl Homa — IWTaHIBl, WOHBI Kajus — MIPOTHBOWOHBI H,
CJIeZIOBaTENLHO, PACIIONIOKEHBI BO BHEIIHEH KOOPAWHAIIMOHHOMW cdepe.

Hamummre MonekynspHOoe W MOHHOE ypaBHEHHE 0OpazoBaHUs KomIutekcHO# coim. Kax TBC
00BSACHSET PNEKTPOHHYIO CTPYKTYpY KoMILiekcHoro noHa [Hgls]?? Kakoii THII ruGpuam3amyy KaTHOHA
Hg** B sTom kommnekce? KakoBsl MarauTHbIE cBoiicTBa [Hgl4]*?

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

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

Ipumeuanue. JIokazaHo, 4To TypHOYIIJIEBa CHHb M OSPIMHCKAS JIa3yph TOJTHOCTHIO WICHTHYHBI U
HUMEIOT OJTMHAKOBBIE POPMYJIBI.

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

Conep:xanue oTyeTa
[Tony4yennsle qaHHble 3auKcupyiite B Tabnuie 7.2 o cienyrouei gpopme:
Tabmuna 7.2. Pe3ynbTaThl SKCIIEpUMEHTA

Ne i/ | PearenTtsl XHUMUYECKas peakius HaoOmonenus

1

gl wiN

KoHnTposabHbIe BONpockl
ba30BbIi1 ypoBEHB

1. Kakuie coeiuHEHHS Ha3bIBAIOT KOMIUIEKCHBIME?

2 Uem 00BsCHSETCS UX MHOTOOOpasue?

3 Ilouemy TpyaHo paTh BceoObemimoliee (OYEHb IOJIHOE, HCUEPIBIBAIONIEE) OIpeeiCHHE
KOMIUIEKCHBIM COETMHEHUSIM?

4 Kro aBTOp KoopauHaunonHoi Teopun KC? Korna ona nosisuiace?

5 U3 kakux anemeHToB coctosit KC? [IpuBeaute npumepsl.

6 Kakast cBsI3p Ha3bIBae€TCs TOHOPHO-aKIENTOPHON WM KoopauHamuoHHON? Kakoit arom,
MOJIEKYJIa WK UOH siBIsieTcs oHopoM B Komiuiekcax [Cr(CO)s], [Ag(NH3)2]", [AlH4]?
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7 Kak paccuMThIBaeTCS CTENEHb OKHUCICHHS KOMILIEKCOOOpazoBaTeNs M 3apsii KOMILIEKCHOTO
noHa? OTBET MOSCHUTE Ha IPUMEPE KOMITIEKCOB BOIpoca 6.

8 Ha xakue THIIBI OJpa3IENIIOT KOMIDICKCHBIE coeirHeHus? [IpuBeauTe mo n8a npuMepa Takux
COEJIMHEHUM U 1aiTe UM Ha3BaHUA.

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

I1oBBIILIEHHBIN YPOBEHD

1 Yewm omeHHBAIOT MPOYHOCTH KOMITIEKCOB? Hammimute BrIpaskeHUs UII KOHCTAHT HECTOMKOCTH
¥ KOHCTaHT yCTOWYMBOCTH [ist KomiuiekcHbIX HOHOB: [Ag(NHs)2]™, [Ag(CN)2] ", [Ag(NO)2] .

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

3 Kakue KOMILIEKCHBIC COSTMHEHHS OTHOCAT K arumokoMiuiekcam? Kakue k ayrokomruiecam?
IIpuBeauTe MpuMepHI.

4 Kak TBC o0bsicHseT 00pa3oBaHUe XUMUYESCKON CBSA3H B KOMILIEKCAX ?

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

Chnucokx JUTEPATYPHI, peKOMeH)IyeMBIﬁ K MCI0JIb30BAHHUIO 10 TIAHHOI TeMe

OcHoBHas1 JIMTepaTypa:

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

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

JlonoIHUTeIbLHAS JJUTepaTypa:

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

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

HNurepuer-pecypcesl:

1 http://window.edu.ru/ — Eauaoe oKTO A0CTyIa K 00pa3oBaTeIbHBIM Pecypcam.

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

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

Tema 8. OKHCINTETbHO-BOCCTAHOBHUTEIbHBIE PeaKIIUU
JlaGopaTopnasi pa6ora 8. OKHCJIUTEIbHO-BOCCTAHOBUTEIbLHbIE
HCJ'IB pa6OTBIZ I/I3yquI/Ie OKHUCIUTCIbHO—BOCCTAHOBUTCJIIBHBIX peaK].[PIfI. ypaBHI/IBaHI/Ie OKHUCJIUTCIIBHO-
BOCCTAHOBUTCJILHBIX peaKLII/Iﬁ METOAOM SJICKTPOHHOI'O 6aJ1cha
dopmMHpyeMble KOMIETEHIIMN WM UX YacTH:

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

CCTCCTBCHHOHAYYHBIX TUCHUILIJIMH B HpO(l)CCCI/IOHaHLHOﬁ ACATCIIBHOCTHU

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

I1K-18 TOTOBHOCTBIO MCIIOJIb30BaTh 3HAHUS CBOMCTB XMMHYCCKUX 3JICMCHTOB,
COC)II/IHCHI/II71 1 MaTcpuaioB Ha UX OCHOBC IJIA pCUHICHUA 3a4a4 HpO(bGCCHOH&HLHOfI
JCATCIIBHOCTH

TeopeTuyeckas 4acTb
Teopusi OKHCIMTEIHLHO-BOCCTAHOBUTEIBLHBIX PeaKImii

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

B mpocThix BemiecTBax CTENCHUW OKHCICHHS aTOMOB paBHBI HYJHO. [ CIOXHOH MOJIEKYJIbI
CyMMa CTETIeHEH OKMCIICHHUS BXO/SIINX B €€ COCTaB aTOMOB TAaKXKe JIOJDKHA OBITh paBHA HYJIIO; JUII HOHA
— €ro 3apsmy.

OKHCIIeHHEM Ha3bIBACTCS MPOLIECC OT/IA4YM AaTOMOM MOJICKYJION MJIM HOHOM 3JICKTPOHOB:

Al —3e — AI3F

Fe’t —e— Fe3*

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

S +2e - S2*

Cly +2e — 2CI~

Fe3 +e - Fe?"

HpI/I BOCCTAHOBJICHHU CTCIICHb OKUCJICHUA IIOHUXKACTCA.

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

Oxucaumenu — 3mMo amoMvl, UOHbL UL MONEKYIbl NPUCOeOuHsiiowue 1eKmponsl. Bo epems
peaxkyuu OHU 80CCMAHABIUBAIONCSL.

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

[Tporiecchl OKUCICHIS 1 BOCCTAHOBJICHUS BCET/Ia MTPOTEKAIOT MapalIeIbHO, YTO MOXKHO BBIPA3HUTH
CIEYIOIENH CXEMOM:

Boccranosurens (B1) — € € okucaureins (O1)

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

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

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

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

Oxeusanenmom oxkucaumens (0O) uru eoccmanogumensn (B) Hazvieaemcs makoe KOAUYECMBO UX
MOb, KOMOPOEe NPUCOCOUHSAEN UTU OMOaem 0OUH MOJb JJIeKMPOHOS, YN0 OMPANCAEMC sl CAEOYIOUWUMU
dopmynamu:

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

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

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

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

Hampasnennocts OBP  ompenensieTcss BeIMYMHAMH 3HAYCHWHA CTAHOAPTHBIX ITOTEHITHAJIOB
peareHToB: OKHchHTEnb (O BcerJa MMeeT OonbIIui (MO anreOpanyueckod BeTUYMHE) CTaHAAPTHBIN
MOTEHIMAII, Y€M BOCCTaHOBHTEN B.

Hampumep, B xucmoii cpene cmemmBatoT nBa BemecTBa: KoCr.O; m NaNO;. Kakoe u3 atnx
BEIIECTB OyJeT OKHCIIUTENIEM, KAKOe — BOCCTAHOBUTENIEM?

O6paruMcst X crpaBoydbiM gaHHEIM: °(Cr,072 + 14 HY/2Cr* + 7H,0) = 1,33 B; ¢°(NOs +
2H*/ NO; + H;0) = 0,78 B.

Ipumeuanue. Pekomennyercs ucroyib3oBath yueoHoe nocodue: H.C. Axmero, M.K. A3u3oBa,
JL.U. bagpiruna. JlabopatopHble W CeMHHApPCKHE 3aHATHS MO OOIIEH M HEOPraHWYeCKOW XMUMHHU. M.:
Bricm. mkona, 2002.

Tak xak p°(Cr,072+ 14 H*/2Cr*3 + 7H,0) > ¢°(NOz + 2H*/ NO; + H.0), mo oxuciurenem
oynet sBasaThes KoCraO7.

KonnvecTBeHHOM XapakTeprcTUKON TyOnHbI npoTekanust OBP sBisieTcst 3HaYeHNE KOHCTAHTHI

PaBHOBECHSI:
0/Ay_ .0

gkp - 2"©@)=0"(®)
0,059

rne ¢°(0) u ¢°(B) — craHAapTHBIE NOTEHUMATbl OKuCauTens (O W BOCCTAHOBHTENs B
COOTBETCTBEHHO, B; Zy — cyMMapHOe KOJMYECTBO ANEKTPOHOB, IPUHUMAKOIINX ydacThe B qaHHoi# OBP.
Koncranra pasaoBecust OBP cBszana ¢ morenimanom ['ub6ca (x/mons K):

AG? = -2,303RT IgK P (8.2)
Dueprusa I'n66ca, B cBoro ouepesp, caasana ¢ IJIC (A¢p®) nocrosuuoit ®apanes (F) u uuciom
JIEKTPOHOB, y4acTByromKX B OBP:

o (8.1)

AG®, Toic/mons-K = —nAp°F, (8.3)
Ap® = ¢°(0) — ¢°(B) — DJIC OKHMCIHTENHFHO-BOCCTAHOBHTEIHHOH PEAKIIMH TIPU CTAHAPTHBIX
yCloBHsIX, B.
s cranpaptheix yenosuid: T = 298,15 K = 298,2 K; R = 8,314 Jx/monbK; F = 96450 =
96500 k/MOJIb-3KB, TIOJYYUM QOPMYITY YAO0OHYIO sl PACUCTOB:

GKE. F 96500
298 9 303RT  2,303-8314.298,2

nAp® =16,90nA¢°.

(8.4)

B ycrnoBusiX OTNMYHBIX OT CTaHAAPTHBIX, OKHCIWUTEIbHO-BOCCTAHOBUTEIBHBIC MOTEHITHAIIBI

(OBII) m 2/JIC OBP, mporekaromx B BOJHBIX pacTBOpax, 3aBHCAT OT KOHIIGHTpaluH (TOYHEE,
AKTUBHOCTEH) y4acCTBYIOIIMX B MPOLIECCE HOHOB. DTa 3aBUCUMOCTD BhIpaxkaercsi popmynoii HepHera:

0,059, [O]
g 8]’
rzie ¢°o/s— CTAHAAPTHEIH MOTEHIMAN PeareHTa (OKMCIMTENHN Ml BoccTaHoBuTens), B; [O] u [B] —
KOHIEHTPAIMK OKUCJIEHHOM M BOCCTAHOBJIEHHON (POPM peareHTa, MOJL/AMS; Z — YHCIIO JIIEKTPOHOB B
MOJIyPEaKUU AJI1 JAHHOTO pearcHTa.

Ipumeuanue. Cnenyer Bceria MOMHUTD, YTO KOHIIEHTpAIMK Bcex ydyacTHUKOB OBP B ypaBHeHUU
(7.5) sBasroTcst MoaspHbIME KoHIEHTparsaMu (Cy (X)), a e MmonspubiMu skBuBaienta (C(1/z X)).

0,B= gag,B + (8.5)
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Ha 3nauenne OBII n Ha xapakTep MPOIyKTOB PEAKINH TOCTATOYHO CHIBLHOE BIUSHHIE OKa3bIBACT
pH pactBopa, B xoTopom mpotekaet OBP. Hampumep, mpu pH < 7 3HaueHHe CTaHAAPTHOIO
MOTEHIIUAIA JUISI CHCTEMBI:

0 (MnO; +8H " /Mn?" + 4H,0) =151B .
wppii=7- @ (MNOZ + 2H,0/MnO, + 40H ) =0,6 B .
oi>7- @2 (MnOZ /MnOz2) = 0,564 B.

BaxcHelitme BOCCTaHOBUTENH: aTOMBl METAIOB, Boziopo, yriaepon, CO, H.S, HxSOs, NaNO,,
Nazszos, H|, HBI", HC|, FGSO4, CFC|3, MnSO4, NHs.

Baxkuelire OKUCIUTENH: TaIOTeHBI, XJIOpaThl, KUCI0po I, 030H (O3), KMNnOa, KoCr,07, KoMNnOs,
H202, H2SO4 (xony.), HNOs, PbOs.

THUNBI OKMCINTETbHO-BOCCTAHOBUTEIbHBIX pPeaKuid
Paznmuuaror TpU THUIIA OKUCIUTCIbHO-BOCCTAHOBUTCIIBHBIX pCaKHHﬁ:
a) BHYTPUMOIIEKYIIIpHBIE; 0) AUCITPOMIOPIIMOHUPOBAHUS; B) MEKMOJIEKYIISIPHEIE.
Buympumonexynsipnvie OBP — smo makue peaxyuu, 6 KOMOPbIX U OKUCIUMENb, U
60CCMAnO8UMENb HAXOOAMCA 6 COoCcmage OOHOU MONEKYNbl, HO AGIAIOMCA NpU MOM  PAHLIMU
NeMeHMamu:

2KNO3 —52KNO, + O,
2N -2e <> N ™
1207% +4e <> O,.

Peaxyuu  oucnponopyuonuposanuss — OBP, 6 x00e Komopulx O00uH U3 2JEeMEHMOS,
codepoicawjeticst 8 0OHOU MONEKYe, OOHOBPEMEHHO U NOGbILUAE, U NOHUIICAET CIENeHb OKUCTICHUSL.

Cly + 2KOH — KCIO + KCl + H,0
1|Cly —2e «> 2CI*
1|Cl, —2e <> 2C1™ |

K aucnpornoplimOHMPOBaHUIO CIOCOOHBI TOYTH BCE 4YACTHUIBI, HMEIOIIUE MTPOMEKYTOUHYIO
CTETICHb OKUCIICHUSI.

HauGosee pacrnpocTpaHeHHBI pEaklMd TPEThEro THUIMA, KOTOPBIE NMPOTEKAIOT C HM3MECHEHUEM
CTETIEHN OKWCIICHHUS aTOMOB B Pa3HBIX MOJICKyJaX, T.€. OKHCJIHUTEIh M BOCCTAHOBHTEIh HAXOMSITCS B
pa3HbIX BemlecTBax. Crofa ke cieAyeT OTHECTH U PeaKUU MEXIY Pa3HbIMH BELIECTBAMHU, B KOTOPBIX
aTOMBI OJIHOT'O U TOTO K€ AIIEMEHTA UMEIOT Pa3IMYHYIO CTETIEHb OKUCICHUS:

5HCI + HCIO; — 3Cl, +3H,0
112C1™ +10e <> CI3
512C1~ —2e &> CIS.

OobopynoBanue U MaTepuaJIbl
PactBop 6pommuia HaTpust
PactBop Genzona
[Ipobupkm
PactBop tonHO BOMIBI
PactBop KpHucTaIIOB HOAMIA KATHS
ITepexuch Bomopona
Kpucramios nepMaHraHaTta Kaius

NogobowhE
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8. PactBop Na,SO3

9. PacTBOp HUTpPHUTA HATPHS

10. PactBop Guxpomara Kajust

11. PactBop GpOMHOI BOIBI

12. TloporikooGpasHas cepbl

13. Tuormanar Kanust

14. PactBop comnu xene3a (+3)

15. PactBop SnCl;

16. PactBop cynbdara meau CuSOq4

17. XKenesuslii rBo31b

18. PactBop nepmanranara kaaus KMnO, ¢ xonnenTpanumeii C(KMnOg) = 0,02 mons/am3,
19. pactBopa ceproii kucnotsl kucnota HaSO4 ¢ konnenTpanmeii C(H2S04) = 2 Mons/mmve,
20. Pacteopa ménoun NaOH c konuentpammein C(NaOH) = 2 mons/mm®

21. PactBopa cynbdura Hatpus Na,SOjs ¢ konnenrparueii C(NaSOsz) = 2 Mons/ame.

22. PactBopa cymnndara xenesa (II) FeSO4 ¢ konnentpammeit C(FeSO4) = 2 monbs/mm3.

23. PactBop a3zotHoii kucaotsl HNO3,p(HNO3) = 1, r/em®

24. meqHas NpoBOJIOKA

25. Jluxpomar kamust KoCr.07 ¢ konuentpanueii C(K.Cr,07) = 2 mons/nme,

26. PactBopa nutputa Hatpust NaNO- ¢ konnentpanueii C(NaNO2) = 2 mons/nme,

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3IIEKTPOOOOPYI0BAHHH, HIIEKTPOIPOBOJIKE, MPABHIBHO 000PYIOBAHHOM BBITSDKHOM MIKAQy.

2. Ta30BbIe KpaHBI ¥ ra30MPOBO/] TOJKHBI HAXOTUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOANIECKU
MIPOBEPSTHCA.

3. Pabodyee mMecTo comepkaTh B HOPSIKE U YHUCTOTE.

4. Cyxue peakTuBbl TpeOyeTcst OpaTh YMCTHIM IINATEIEM MU CIICUAIbHON JTOXKEUKOH.

5. MUznumex peakTrBa HE BBUIMBATH OOPATHO B COCY/I, U3 KOTOPOTO OH OBLI B3SIT.

6. Bce onbITH ¢ BpeAHBIMHE U MAXHYIUMH BEIIECTBAMU, a TAK)KE yIApUBaHHE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJUTH B BHITSHKHOM IIKady.

7. OcraTKu coeqUHEHUI cepedpa cIMBaTh B 0COObIE CKISHKH.

8. Ilpu HarpeBaHWM PacTBOPOB B NMPOOUPKE BCET/Ia cIeAyeT AepKaTh e€ TaKuM 00pazoM, 4TOOBI
OTBepCTHE MPOOUPKHU OBUIO HAIIPABJIEHO B CTOPOHY OT pabOTArOIIETro PSIOM COCea.

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

10. He cnenyer BIbIXaTh IMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYIy C OTHUMHU
BemecTBaMy. HioxaTh BemecTBa MOYKHO JIMIIB OCTOPOXKHO, HAIPABJIsiA K ceOe mapbl WM ra3 ABHKCHUEM
PYKH.

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

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

13. Kareropuuecku 3ampeniaercsi mpoOoBaTh XMMHUYECKHE BEIIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIErKO0 BOCILIAMEHSIOIIUMUCS BellecTBaMH (3QUphI, OCH301, CEPOYIIepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOUSHHBIX TUTUTOK.

15. Ilpu paboTe co CTEKIOM, XHMHUYECKOHW IOCYyHoi, HeoOXoauMo coOmogaTh NpaBHiia
NPEIOCTOPOKHOCTH BO M30€KaHNE PAHEHUI OCKOJIKAMH CTEKIIA.

16. Kareropuuecku 3anpeiiacTcs OCTaBIATh paOdoTaroIe Ipruoopsl 0€3 HAOIOACHUS.

24. B xuMu4eckoi 1abopatopun He0OX0JuMO paboTaTh B Xajare.

3amanusa

Omeir 1. K pactBopy Opommza HaTpusi B NpoOUpKe NpHICHTE HEMHOTO XJIOPHOH BOIBI U
HECKOJIKO Kamenb OeH3ona. Berpsixaute comepkumoe mpoOupku. Bepxuuit cioit okpacuics B Oypbrit
uBeT. UTo sABNsSeTCS MPUYMHON OKpacku? HammmmTe ypaBHEHHE pEaKIMd U COCTABbTE AIEKTPOHHYIO
CXeMy U3MEHEHUs cTeneHel okucnenus snemeHToB. Onpeaenure I/ C sToil peakuuu.

Onpit 2. (ONBIT IPOBOIWUTE B BRITSKHOM mKady). B mpobupky Haneiire 1 cm® ffoquol BoAk U
TakoM ke 00sEM Oern3omna. [IpoOupKy BCTPSAXHUTE HECKOJIBKO pa3. OOpaTuTe BHUMAaHHUE Ha IIBET BEPXHETO
OeHzonbHOrO ciost. IlomydeHHbIH pacTBOp COXpaHUTE AJIsi CPAaBHEHUSI.
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B cyxyro npoOupKy HAcHIIbTE HEMHOTO KPHUCTALIOB MOIWIA Kaimus (OCTOPOXKHO!), IO CTEHKE
npoOupkn TpubaBbTe 2-3 KaITd pacTBOpa KOHIICHTPHUPOBAHHON CEpHON KHCIOTHL. Brigensercs
ra3zoo0pasHblii mpoaykT ¢ 3amaxom HpS. K comepxumomy mpoOupku npuneiite 1 cm® Gensona u
OCTOPOXHO BCTPAXHHUTE HECKOJBKO pa3. OOparuTe BHUMaHUE Ha OKpacKy OeH3onpHOro ciosi. CpaBHHTE
3Ty OKpPAacCKy ¢ OKPacKOM, TOYIeHHOW BaMU TIPY BCTPAXUBAHUH HOIHOM BOABI C OEH30IIOM.

Hanumure ypaBHeHus peakiuil. CocTaBbT€ MOHHO-3JIEKTPOHHYIO CXEMY M3MEHEHMS CTeleHen
OKHCJICHHSI aTOMOB PEarupyroIix BemecTB.

Omngit 3. K 2 cm® pactBopa nepmanranara kamus KMnOs 106aBbTe paBHBINH 00bEM pa30aBIeHHOM
CepHOW KHUCIOTHI M Iepekucu Boxopona. OOpartuTe BHHUMaHHE Ha HM3MEHEHHME LBera B pacTBope. K
OTBEPCTUIO TNPOOMPKH MMOJHECHUTE TICKIOMIYI0 Ny4nHKY. UTto mpm sToM HaOmomaercs? Kakoii ras
BBIICNIACTCA?

Hamumnre ypaBHeHWe MaHHOW peakiuyl B MOJEKYJSpHON W noHHON (opmax. KoaddummenTtsr
OTIpEJICNIUTE C IIOMOIIBI0 METO/Ia 3JIEKTPOHHO-HOHHOTO OanaHca.

OmnpiT 4. (OOBIT TPOBOAMTCS B BBITSHDKHOM IKady). B cyxyro mpoOupKy HachIIbTE HECKOJIBKO
KPHCTAJJIOB IIEpMaHraHaTa Kajusi 1 OCTOPOKHO IPWIICHTE HECKOJIBKO Kamellb pa30aBICHHOTO pacTBOpa
comnsiHOM kucaoTsI (1:1). Beimensercs ra3 (octopoxHo!), HOHIOXAMTE €ero.

Hanumwure ypaBHeHHE NAaHHOM pEaklWM WU COCTABBTE DJIEKTPOHHO-HOHHYIO CXEMy HM3MEHEHHS
CTETICHEeH OKHCIICHUS 3JIEMEHTOB, YUYaCTBYIOIIUX B PEAKLIUH.

Ongit 5. B Tpu oTaenbHbIe npooupku BHecute 1-2 cm® pactBopa KMnOy, a 3aTeM 106aBbTe B 3TH
NpOoOUPKH paBHBIE OOBEMBI: B TIEPBYIO U3 HUX — PAacTBOP pa30aBICHHOW CEPHOU KUCIOTHI, BO BTOPYIO —
BONy, B TPEThI0O — KOHICHTPUPOBAHHBIA pacTBOp Imieioud. [locie 4Hero B KaxIyl W3 HpOOUpPOK
npubasbre 1-2 cm® pactBopa Na,SO;z. UeM 0OBACHHTL MpoMCHIEANNE U3MeHeHHA? HanuimmTe momHble
ypaBHenus: OBP, ucnonb3yst HOHHO-3JIEKTPOHHBIN MeTo. OueHuTe TyOrHY MPOTEKaHHs MPOLECCOB B
KaxaoM cirydae. OT 4ero 3aBUCHT OKHUCIIHUTENbHAsI aKTHBHOCTh TIEpMaHTaHT-HOHA?

Onpir 6. K nBym cM® pacTBopa HUTpHTAa HATpHsl NPHJIECHTE PaBHBIA OOBEM pacTBOpa CEPHOMN
KHCJIOTHI U J00aBbTE 0 KAIUIIM HeOOJIbIIOEe KOJMYECTBO pacTBopa noauaa kainus. OOpaTure BHUMaHUE
Ha U3MEHEHHE 1IBeTa pacTBOpa.

Kaxkoe BemectBo Beieamiocs? CoCTaBbTE YpaBHEHUE COOTBETCTBYIONICH peaknuu. OmnpenennTe
K03(pPULIHEHTHI METOIOM MOITYPEaKLHUiL.

Onpit 7. Haneiire B npo6upky 1-2 cm® pactBopa Guxpomara Kanus, 100aBbTE K HEMY JBOWHON
00bEM pa3baBlieHHOM cepHON KHMCIOTHI M 4-5 cm® pacTBopa HuTpura HaTpus. OOpartuTe BHUMAaHHE Ha
M3MEHEHHUe LBeTa pacTBopa. Hanumire MosieKyasipHOEe 1 MOHHOE ypaBHEHHUs TaHHOH peakuuu. Iloxbop
K03()PULIMEHTOB OCYIIECTBUTE METOJOM 3JIEKTPOHHO-MOHHOTO OajaHca.

Onpir 8. K 2-3 ¢M® GpoMHOMN BOABI MPUIIEHTE PacTBOP WIENOYH 10 IOJHOTO 0OECHBEUNBAHUS
pactBopa. CocTaBbTe 3JEKTPOHHO-MOHHOE ypaBHEHHE JaHHOW pPeakuuu W omnpenenure ko3 uumeHTs!
METO/OM TOJTypPEeaKIni.

OnmwiT 9. K 2-3 oM KOHIIEHTPUPOBAaHHOI'O PacTBOpa TMIPOKCHUIA HATPUs J00aBbTE HEOOJBIIOE
KOJIMYECTBO MOPOIIKO0OpazHoi cepbl. CMeCh KUISITUTE JI0 HCUE3HOBEHHUs cepbl. COCTaBbTE IEKTPOHHO-
VOHHBIE CXEMBl I3MEHEHHSI CTENICHEH OKMCIICHHS pearupyromux BemecTs. Hanummre HOoHHOE U TIOJTHOE
ypaBHeHUs1 maHHOM peakuuu. K xakomy tumy OBP otHOCuTCs mannHoe mpeBpamnerne? [louemy atomsl
CepBI CIIOCOOHBI K TAKUM MPEBPAIEHUSIM?

Omnwit 10. K pactBopy ( 1-2 cm®) THONMaHaTa Kaaus (MM aMMOHHMS) PHOABBTE TAaKOM XkKe 00bEM
pactBopa comu xene3a (+3). Kakoil nBer momydeHHoro pactsopa? 3aTeM K OKpaIICHHOMY pPacTBOPY
MprUOAaBIISAIOT 10 KaIUIAM JI0 MOJIHOTo obecrBeunBanus pactBop SNClo. Kakue mporiecchl MpOUCXomsiT B
pactBopax u mouemy? Paccuwmraiite DJIC peakuuu BoccTaHopienus Fe®* momamu Sn?*. Paccuuraiite
usMeHenne >Heprun I'm66ca (4G’ ,.) u xoucranty pasHoBecus (KPy,) mnst oToi peakimu. OleHHTe
ryOuHy €€ poTeKaHusl.

Oneir 11 B npobupky nHaneiire 1-2 c¢m® pactsopa cynbpara mequ CuSOs m omycTuTe Tyna
3aYMILEHHBIA C MOMOIIBI0 HaKAaYHON OyMaru sxkejie3Hblid rBo3ab. [locTtaBbTe IpoOUpKY B LITaTUB HA 5
MUHYT. Yepe3 5 MUHYT OTMEThTe M3MEHEHUsI MIOBEPXHOCTH JKEJIC3HOTO TBO3/S M 3aHECHTE WX B rpady
«HaOmronenus».

Hanumure ypaBHEHHE OKHCIMTEIbHO-BOCCTAHOBUTENBHONW PEAKIUHN U YPAaBHSANTE €€ 110 METOIY
9NEKTPOHHOTO OajaHca. YKaXUTE OKUCIUTEIb M BOCCTAHOBHUTENb. [lONMB3ysich pSAOM HampsDKEHHH,
YKa)KUTE, KAKUE METaJUIbl MOTYT BBITECHATH ME/lb U3 PaCTBOPOB €€ coJlel.

Oneir 12 B Tpu npobupku Haneiite mo 2-3 cm® pactBopa nepmanranara kaams KMnOs c
koHneHrparueir C(KMnOy) = 0,02 MOJTB/IM®.
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- B nepByro npo6upky no6assTe 1-2 cm® pacTBopa cepHoii kucnotsl kucnora HaSO4 ¢
xouuenTpanuei C(H2S04) = 2 mons/mve,

- Bo BTOpyro npo6bupKy g06aBbTe 1-2 cM® IMCTUIMPOBAHHOM BOJIBL.

B tpetsio npobupky no6asbTe 1-2 cm® pactBopa ménoun NaOH ¢ konnentpanueii C(NaOH) = 2
MOJIB/IM®,

Bo Bce mpoGupku Haneite mo 3-4 cm® pacteopa cymbdura Hatpus Na;SOz ¢ KOHLIEHTpanueit
C(NazS0s) = 2 mons/nme,

OTMeThTe N3MEHEHHE I[BETa PACTBOPOB B KAXKIOW M3 MPOOUPOK C YIETOM 3aBUCUMOCTH OKPACKH
COEIMHEHMI MapraHIa OT €ro CTENEHU OKHUCIEHUs: HoH MnOs~ uMeeT GpuoneToByro okpacky, MnO4s> —
3en1éHyro, Mn?' — c1abopo30ByI0, a IpU Mallol KOHIEHTPALMH — OECLBETHYIO. 3aHEeCUTEe HAOIONCHHS B
rpady «Habmronenus».

Hamummre ypaBHEHUS! OKHCIHTEIHHO-BOCCTAHOBUTENBHBIX PEAKIUi U YPaBHINTE MX 10 METOILY
3NEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENb U BOCCTAHOBHUTENb.

Omnwit 13 B npo6upky naneite 1-2 cm® pactBopa nepmanranara kamust KMnO; ¢ koHLeHTpanueii
C(KMnQ4) = 0,02 moms/am® nobasere 1 cM® pactBopa cepnoii kucnotel H;SOs ¢ KoOHIEHTpanmeit
C(H2S04) = 2 mons/nm® u npuneiite 1 cm® pactBopa moauna kamus Kl ¢ konnenrpamueii C(KI) = 2
MOJIB/IM®.

3adukcupyiiTe n3MEeHEHHE [[BETA pacTBOpA U 3aHecHTe HaOmoneHus B rpady «HabmoneHus.

Hamummre ypaBHEHUS! OKHCIHTEIHHO-BOCCTAHOBUTENBHBIX PEAKIUN U YPABHIUTE UX TI0 METOILY
ANIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENh U BOCCTAHOBHUTENb.

Omeir 14 B mnpobupky Hanedite 1-2 cm3 pactBopa mnepmanraHara kamuss KMnO4 c
kounenTpamueir C(KMnO4) = 0,02 mons/mm3, nobaBsre 1 cM3 pactBopa cepHoit kuciaotrel H2SO4 ¢
kounenrparuein C(H2SO4) = 2 mone/mmM3 u npuitetite 1 cm3 pactBopa cynbdara xenesa (II) FeSO4 ¢
kouneHrparuein C(FeSO4) = 2 monb/am3.

3adukcupyiite n3MEeHeHHE [[BETa pacTBOpA U 3aHecuTe HaOmroneHus B rpady «BeiBoabl. HabmoneHws».
Hanummre ypaBHEHHs OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKM ¥ YPaBHINTE UX 110 METOIY
ANIEKTPOHHOTO OaniaHca. YKaXUTe OKUCIUTENh U BOCCTAHOBHUTENb.

Onwir 15 B npoGupky Haneiite 1-2 cm® konnentpuposannoii azotoit kucnotst HNOs,p(HNO3)
= 1, r/em® .OnycTuTe B NPOOHMPKY 3auYMINEHHYI0 HaXKIAYHOM OymMaroil MemHyio mpoBosioky. Harpeiite
npoOUpPKY Ha IJIAMEHU Ta30BOM FOPEIKU U MOCTaBbTe €€ B IITAaTUB Ha 5-10 MUHYT.

3adukcupyiite BeIIENCHHE Ta3a B NPOOMPKE, IBET BBIACIAIOMIEIOCS ra3a M W3MEHEHHE IIBEeTa
pacTBopa. 3aHecute HaOmoaeHus B rpady «Haobmoaenus».

Hanumure ypaBHEHHS! OKUCITUTEIBHO-BOCCTAHOBUTENBHBIX PEAKMHA U YPaBHSNTE UX MO METOLY
3JIEKTPOHHOTO OajlaHca. YKaXUTe OKUCIUTEIb U BOCCTAHOBHUTENb.

Onsir 16 Haneiire B mpobupky 1 cm® pactsopa muxpomara kamus K,Cr.O7 ¢ KoHueHTpanueit
C(K2Cr207) = 2 mons/nm® JIo6aBbTe B mpoOupky 2-3 cm® cepHoii kucinotsl H2SOs ¢ KOHIEHTpanueit
C(H2S04) = 2 mons/am® u 2-3 c¢m® pactopa nutpura Hatpus NaNO; ¢ konnentpanueii C(NaNOy) = 2
MOJIB/IM®,

3adukcupyiiTe W3MEHEHHE I[BETa pacTBopa. 3aHecuTe HaOmoJcHMs B rpady «BbIBOIBL
HabGmaronenus».

Hanumure ypaBHEHHSI OKUCITUTEIHHO-BOCCTAHOBUTENBHBIX PEAKIMNA U YPaBHANTE UX MO METOLY
ANIEKTPOHHOTO OanaHca. YKaXHTe OKUCIUTENh U BOCCTAHOBHUTENb.

Conep:xanue oT4yeTa
[Tony4yennbie nanubie 3adukcupyiite B Tabmmme 8.1 mo ciemyromeit popme:
Tabnuua 8.1. Pe3ynbTarhl SKCIIEpUMEHTa

Ne i/ | Pearentsl XHUMHYECKash peaKus Habmonenus

1

b wIN
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KoHnTposabHbIe BOnpockl
ba3oBblii ypoBEHb

1 Yto Ha3pIBaioT cTemeHpio okucieHus? Kak e€ 0003Ha4aroT M KakWe 3HauYeHUs MOXKET OHa
npuHUMAaTh? OTBET MOSCHHUTE HA TIPUMEPax.

2 Kak onpenensercst MakCUMallbHas 1 MUHUMANbHAS CTETIEHU OKUCIICHUSI SJIEMEHTOB?

3 Kakue peakunu Ha3bIBalOT OKHCIUTELHO-BOCCTAaHOBUTENbHEIMU? [IprBerTE IPUMEpHI.

4 Kakue peareHTbl Ha3bIBalOT BOCCTAHOBUTEIISIMH, KAKHUE — OKUCIUTENAMH?

5 B uem cyTh MeToa momypeakuii? s Kakux cHCTeM OH IPUMEHUM?

6 Kax BeIpaxkaeTcsi KOHCTaHTa PABHOBECHS PEaKIMK U YTO OHA BhIpaKkaeT?

7 Kak MO)XHO paccuMTaTh KOHCTaHTY paBHOBecusi? IIpuBenure cooTBeTcTBYIOIINE (HOPMYIIBI.

8 Ot Kakux (aKTOPOB 3aBUCHUT IMPOTEKAHNE OKUCIUTEIHEHO - BOCCTAHOBUTEJIBHBIX PEaKInii?

9 3aBuCHMOCTB OT KaKUX IapaMeTpoB OTpakaeT ypasHenue Hepucra?

I1oBBIILIEHHBIN YPOBEHD

1 Kaxk OLEHMBAIOT 3KBHBAJICHTHl OKHCIWTENS M BOCCTaHOBUTENA? B Kakux enmHMIAX OHHU
BbIpa)karoTcsi?

2 Yro Ha3bIBAIOT MOJIBHON MacCoOi OKHCIUTENs M BOccTaHoBUTeNsA? KakoBa Mx pa3MepHOCTH?
[IpuBenuTe npUMepsI.

3 KakoBa cTpykTypa amropuTMa MeToAa JJIEKTpoHHOro OamaHca? OTBET WILTIOCTPUPYHTE
pUMEpPaMH.

Cnmcok JimTeparypbl, peKOMeHAyeMblil K HCIO0JIb30BAHUIO M0 JAHHOM Teme

OcHoBHas iMTeparypa:

1 Cemenos, 1.H.<BR>&nbsp;&nbsp;&nbsp; Xumus DnekTpoHHbIH pecypc : yueOnuk / N.JI.
[Teppunosa / U.H. Cemenos. - Xumus,2019-06-21. - Canxt-Ilerepoypr : XUMU3 AT,
2016. - 656 c. - Knura naxoautcs B 6azoBoit Bepcun DbC IPRbooks. - ISBN 978-5-9388-
275-5, 5K3eMIUTSIPOB HEOTPAHUUYECHO

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

JlonmoJIHUTeIbHAS JIUTEpaTypa:

1 Kapanetsstau, M. X. O6mas 1 HeopraHudeckast XuMus : yueOHUK Juid By30B / M. X.
Kapaneresan, C. U. [Ipakun. - 4-e uz., crep. - M. : Xumus, 2000. - 592 c. : un. - (s
BhIcuIel mKkobl). - ISBN 5-7245-1130-4, sx3eMIUIIpoB HEOTPAaHUUEHO

2 Kenuna, H. FO. O0miast u HeopraHndeckass XMMHUs B TAOJIMIIAX U CXeMax : yue0. mocodune
i TexaukymoB / H. 1O. Kenuna, H. B. be3pyuxo. - PoctoB H//] : ®enukc, 2008. - 422 c. -
(Cpennee mpodeccronanbHoe oOpa3oBanwue). - bubdmauorp.: ¢. 371-374. - Tlpeam. ykas.: c.
375-382. - IIpun.: c. 383-415. - ISBN 978-5-222-13586-0, 5x3eMILISIpOB HEOTPAHUYEHO

HNHTepHET-pecypcenl:
1 http://window.edu.ru/ — ExnHoe oKTO H0ocTyma K 00pa30BaTeIbHBIM pPecypcaMm.
2 http://window.edu.ru/resource/931/73931/files/tutorial8.pdf.

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

Tema 9. OcHOBHBIE MOJIOKEHUS IJIEKTPOXUMMHU.
JlaGopaTopHnas pa6ora 9. 'anbBaHMYeCKHe 3JIEMEHThI
[lenb paboThI: OCBOMTBH COCTaBJIEHUE CXEMbI FAJIbBAHUYECKOTO 3JIEMEHTA U METObl HAITUCAHUS
YPaBHEHUH AJIEKTPOJHBIX IIPOLIECCOB.
dopmupyemble KOMIETEHIIUN HJIM X YacCTH:

|KOI[ DopMyTHPOBKA
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OK-7 CIIOCOOHOCTBIO K CAMOOPTaHU3ANH U CaMOOOPa30BaHUIO

OIIK-1 CII0OCOOHOCTBHIO ¥ TOTOBHOCTBIO MCIIONB30BATH OCHOBHBIE 3aKOHBI
€CTECTBEHHOHAYYHBIX AUCIUIUIMH B MPOGECCHOHATBHOMN IS TEILHOCTH

[1K-3 FOTOBHOCTBIO MCIIOJIb30BaTh HOPMATUBHBIE JOKYMEHTHI 110 KAUYECTBY,
CTaH/IAPTH3AIUH U CePTU(DHUKAIIH TPOTYKTOB U U3JICITHIA, JJIEMEHTBI
SKOHOMHUYECKOI'O aHAJIU3a B IPAKTUYECKOU 1E€ATEIbHOCTU

I1K-18 COTOBHOCTBIO HCIIOJIH30BATh 3HAHUS CBOMCTB XUMUYECKUX JIEMEHTOB,
COEIMHEHHH U MaTepPHAJIOB Ha X OCHOBE JIJISl pEIICHHMS 33729 PO eCCHOHAIBHOMN
e TeNbHOCTH

TeopeaneCRaﬂ 4acTb
[IpuoOperaembie komrerenuuu OOIl npu m3ydeHUM Marepuana paszelna:

OakanaBp JOKEH MOHUMATh POJIb OXPAaHbl OKPY’KAIOIIEH Cpebl U palliOHAIBHOTO
IPUPOAOIIONb30BAHUS Il PA3BUTHUS M COXPAHEHMS LMBWIM3ALUMK; 00Ja1aTh
CHOCOOHOCTBIO M TOTOBHOCTBIO BIJIaJIETh OCHOBHBIMH METOJAMH, CIOCOOAMH U
CpEICTBAMH TMOJYYEHUs, XpaHEHUs, MepepadOTKM HHQPOpPMalUU, HCIOJIb30BaTh
KOMIIBIOTEp KaK CPeACTBO pabOThl C MH(OpMALIUEN; a Tak ke CaMOCTOATEIbHOIO
npuoOpeTeHuss (U3NYECKUX 3HAHWM, MJI1 TMOHMMAHUA MPHUHLIMIIOB PAOOTHI
pUOOPOB U YCTPOMCTB, B TOM YMCIJI€ BBIXOJSLIMX 33 MpPeNesbl KOMIIETEHTHOCTH
KOHKPETHOTO HampasiieHusi. bakanBap Oyzaer cmocoOeH J1eMOHCTpUpPOBATH
0a30Bble 3HAaHUA B OOJACTH E€CTECTBEHHOHAYUYHBIX AMCIMUIUIMH M TOTOBHOCTHIO
MCITI0JIb30BaTh OCHOBHBIE 3aKOHBI B IPO(ECCHOHATLHOM €SI TEIbHOCTH, IPUMEHSTh
METOAbl MAaTEMaTHYECKOIO aHaln3a M MOJCIMPOBAHUSA, TEOPETUUYECKOIO U

IKCIICPUMCHTAJILHOTI'O UCCICAOBAHMS.

Teopernyeckue 0CHOBBI
[Tpubop, B KOTOPOM XMMUYECKAsI SHEPTUs OKHCIUTEIbHO-BOCCTAHOBUTEIHLHON pEeaKInu

MpEeBpaIaeTCA B JIEKTPUUECKYIO, HA3BIBACTCA IAJIbBAHUYECKUM 3JIEMEHTOM.

OcHOBHas COCTaBHAs 4acCTh FAJIbBAHHYECKHUX JIEMEHTOB — JJICKTPOBL. Yalie Bcero oHu
OBIBAIOT METAJUIMYECKUMHU. DIIEKTPOJl, Ha KOTOPOM MPOUCXOIUT TPOILECC OKHUCICHHUS,
HAa3bIBACTCS aHOJIOM.

TaK, €CJIM B TAJIbBAHUYCCKOM DJICMCHTC UMCHKOTCS Me}IHI)H\/'I nu I_[I/IHKOBBII\/'I 3J'IeKTpO)II)I, U B
TIOCTIETHEM MPOMCXOINT MPOIIEcC OKHMCTeHHs muHKa: ZNn® — 2 <> Zn?*, To IIMHKOBBIH 21EKTPOT
OyIeT aHoAOM.

DNeKTpo, Ha KOTOPOM MPOUCXOAMT MPOIECC BOCCTAHOBIIEHUS, HA3bIBACTCS KaTofgoM. B
BBITIICTIPUBEAEHHOM MPUMEPE KaTOJAOM SIBJISICTCS MEIHBIA SJIEKTPOI: Cu*+ 2e & CU°,

DJEKTPOHBI C JIEKTPOJIa, HA KOTOPOM IPOUCXOIMT MPOIECC OKHCICHUS, TIEPEXOIAT Ha

QJICKTPOA, I'’AC NPOTCKACT MPOUECCC BOCCTAHOBJICHU.
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Takum 006pazoM, B rajlbBAaHUYECKOM JJIEMEHTE, HMEIOIEM B KauecTBE KaToJa MEAHYIO0 U
B Ka4eCTBE aHOJa IUHKOBYIO IJIACTHHBI, 3JICKTPOHBI C ITMHKOBOM TUIACTUHBI OYIyT MEPEXOIUTh
Ha MEJIHYIO.

10.7 DnexkTpoa B rajibBaHMYECKOM 3JIEMEHTE HAXOJUTCS B pacTBOpPE AJIEKTpoiuTa. B
MPOCTEHIIEM cTydae JIEKTPOIIUTOM SIBISIETCS] PACTBOP COJIM TOTO METalljia, U3 KOTOPOro CesaH
AIIEKTPONI.

Tak, B MEIHO-IIMHKOBOM TaJIbBAHHYECKOM JJIEMEHTE IIMHKOBBIN AJIEKTPOJ MOXKET OBITh
MOMEIIEH B pacTBOP Cylb(dara IUHKA, a METHBINA — B pacTBOp CyJb(hara Meau.

CrnenoBaTenbHO: IIMHK MMOMEMIAIOT B PacTBOpP, COAEPIKAIMN KATHOHBI LIMHKA, a ME/Ib B
pacTBOp, CoAEp KA KATUOHBI MEJIU.

Cuctema, cocrosiiuas M3 MeTalla, OIYIIEHHOIO B pacTBOpP, COACpPXKAIIUN €ro HOHBI,

n+
Ha3bIBACTCS TIOJIY?JIEMEHTOM W 0003Ha4YaeTcs Me ™ / Me (cBepxy Bcerna OKHCIICHHAs
dbopma).
JIBa moyaJieMeHTa, COSAMHEHHBIC MPOBOJHUKOM, 00pa3yIOT TralbBaHUYCCKHI JJICMECHT

(pucynok 9.1):

£ (%)
) — R
_,-/-:: S0.% \H +
— +
Dpald- el
— B = g 5
Zn2++s_o42 C:Z++SO_42

Pucynok 9.1 Cxema MeOHO-YUHKOBO2O 2ANbBAHUYECKO20 dNIeMeHMA

B ranpBaHMYeckoM 3leMeHTe OAMH 3JEKTPOJ (aHOM) pacTBOpSETCS, T.€. HOHBI MeTasuia
NepexonaT B pacTBOp. Tak B METHO-IIMHKOBOM TallbBAHUYECKOM DJJIEMEHTE MPOUCXOAUT
pacTBOpPEHHE IIMHKOBOH TTACTUHKH.

B pesynbTare mepexoja MOHOB IIMHKA C IJIACTHHKH B PACTBOP HA IUIACTHHKE OCTA&TCS
M30BITOK DJIEKTPOHOB, M OHA 3apshKaeTcsl oTpuuatenbHo. C Ipyroi CTOPOHBI, MEPEXo] MOHOB
[IMHKA B PACTBOP MPUBOAUT K YBEIIMYCHHUIO UX KOHIIEHTPAILIUU B PacTBOPE.

brnarogapst mepexojy MOHOB IWHKA C TUIACTHHBI B PAacTBOP BEC IMHKOBOHM TUIACTUHKU
OyZleT yMEHBIIaThCSI.

O,Z[HOBpCMCHHO C 3TUM Ha MCIOHOM DOJJICKTPOAC MPOUCXOAUT MNPOUCCC BOCCTAHOBJICHUA

2+ -
MOHOB MEJIM U3 PacTBOPA: Cu " +2e < Cu,
3a cuér HTOro mpolecca KOHLEHTPALUs HOHOB MEJM B PAacTBOPE YMEHBLIAETCS, a Macca
MeHOH ITaCTUHKYU yBEIHYUBAETCS.
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Ilepexon monoB CU?* m3 pacTBOpa Ha IIACTHMHKY NPHBOAMT K TOMY, 4TO MeHas
IIJIACTUHKA 3apsKaeTCs IOJI0KUTEIIBHO.
PaccMoTpenHbIii raibBaHHYECKUN AIeMeHT (3neMeHT Jlanuaus — SIkoOu) cxeMaTH4ecKu

MOYHO 3aITUCaTh CICIYIOIINM 00pa3om:
(-)Zn[Zns0,|/Cuso,|Cu(+)
WM B HOHHOU (hopme:

(—)Zn‘anJr cu?*icu(+)

OavHOYHBIE JIMHUU B CXEMax 0003Ha4aloT IPaHuIly METalll — pacTBOp, a IBOMHBIE TUHUU
— IpaHuIly MeX1y pacTBopaMu. OTpULIATENIbHBIN 31€KTPO/] (aHO) 3allUChIBAETCS CIIEBA.
B ocHoBe pa0®oThl pa300paHHOIO 3JIEMEHTA JIC)KUT OKUCIUTEbHO-BOCCTAHOBUTEIbHAS

peaKnuus:

Zn+CuSO4 — ZnSO4 +Cu

WU B MOHHOU opme:

Zn+Cu’t = 7Zn?* +Cu_

B ranbpBaHMuYECKOM 3JIEMEHTE, COCTABICHHOM W3 JKEJIE3HOW TUIACTUHKH, OMYIICHHOW B
pactBop FeSOs, u cBHHIIOBO# MmiacTHHKHU, onyiieHHOH B pactBop Pb(NOz3)z, sxene3o siBisiercs

AHOOOM. CXGMa 9TOr'o 3JIEMCHTA cnenyromaﬂ:
(—)Fe\ FeSOy4||Pb(NO3),|Pb(+)

Ha >xene3nom snextpone (aHOAE) MPOUCXOIUT OKHUCIECHUE. DTOT MPOIECC OMUCHIBACTCS

CJICAYIOUM 3JICKTPOHHO-UOHHBIM YPaBHCHUCM!

FeV — 2e «» Felt
JKene3Hslil 251eKTPO TPHOOPETACT OTPULIATESIBHBIN 3apsi/l.

Ha cBuHI1I0BOM QJICKTPOAC (KaTO,Z[C) MMPOUCXOAUT ITPOLECCC BOCCTAHOBJICHHUA MOHOB Pb2+

H3 paCTBOpa:

2+ - 0
Pb“" +2e <& Pb"
CBHHHOBLIﬁ BHCKTPOI[ 3ap51>1<aeTc;1 TITIOJIOXKUTCIIBHO.

Cymmupys o0a ypaBHEHHs, MOJyYUM HOHHOE YpaBHEHHE pEaKIMH, MPOTEKaloleHd B

JaHHOM TaJIbBAHHMYCCKOM DJICMCHTC:

Fe+Pb%" — Fe?" +Pb_
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ONEeKTPOHbl MO TPOBOJHMKY, COCOUHSIOIIEMY IUIACTHMHKHM, OYyAyT NEpeXOoAuTb OT
JKEJIE3HOH IUIACTUHKU K CBUHI[OBOM.

Nrak, B ralbBAHUYECKOM JIEMEHTE 110 IIPOBOJHUKY, COCAUHSIOIIEMY JIEKTPOJbI, TEYET
JNEKTPUYECKUH TOK.

[losiBneHHE 2IEKTPUYECKOIO TOKA CBHIETEIIBCTBYET O HAJWYMM PAa3HOCTH NOTECHIUAJIOB
MEXIy OJJIeKTpojgamMu. [Hadye TOBOps, Ha OJHOM M3 DJIEKTPOJOB BO3HMKAaE€T  KaKOM-TO
OIpPENEIEHHBIN OTEHIIAAN, PA3JIMYHbIN U1 Pa3JIMYHBIX JIEKTPOIOB.

IToTeHnnan, KOTOPBIM yCTaHABIMBACTCS HA METAJUIMYECKOM DJIEKTPOJE, MOMEIIEHHOM B
pacTBOp CONM OAHOMMEHHOIO METAJLIA, HA3bIBACTCS AIEKTPOAHBIM IIOTEHIIMAIOM METaJlIA.

N3mepenHble B CTAaHJAPTHBIX  YCIOBUAX IOTCHLMAIBl METAJUIOB  HA3bIBAIOTCS
HOPMaJIbHBIMU (WJIM CTAaHIAAPTHBIMM) JIEKTPOAHBIMU NOTEHLMANaMU MeTauioB. VX 3HaueHus
JUIS Pa3IMYHbIX METAJJIOB MIpUBEEHBI B Tabuuue 9.1.

Yem gnerye Meramul OTHAET DJIEKTPOHBI, T.€. YE€M JIETYE OH OKHUCIAETCA, TEM
OTPULIATENIBHEE €r0 JJIEKTPOAHBIM INoTeHuuan. VHade roBops, IO BEJIMYMHE DIIEKTPOJHOTO
MOTEHIIMAJIa MOKHO CYJUTh O CIIOCOOHOCTH METajlla OT/AaBaTh JEKTPOHHI, T.€. 00 aKTHBHOCTH
MeTalla.

Bonee akTuBHBIH MeTayul HMeeT Oojiee OTPHUIATENbHYIO BEIHYUHY 3JIEKTPOJIHOTO
noTeHIMana. Tak, HOpPMaJbHbIE JJIEKTPOAHBIE IIOTEHUMAJIbl MAarHus, LIOUHKA W MEIu

COOTBETCTBEHHO paBHbI (B B):

0° (Mg /Mg 2" =-2,34:9° (Zn/ Zn°*) = —0,76;¢° (Cu /Cu?") = +0,34.

CpaBHI/IBaﬂ O9TH 3HAUYCHUA, MOXKHO CACJIaTh BbIBO/J, UTO HaI/I60H€€ AKTHUBHBIM U3 3TUX TpéX
MCETAJIJIOB ABJISICTCA Mal"HI/II\/'I, a MCHEC aKTUBHBIM — MC/b.

B ranpBaHmueckoM 3IEMEHTE, MMEIOIIEM JIBa Pa3NUYHBIX METAUTMUECKHUX JJIEKTPOJa,
aHOJIOM OyJeT MeTayl C MEHbIIEH BENTWYMHOW CTaHJAPTHOTO 3JEKTPOJHOrO MOTEHIMana, T.e.
0oJjiee aKTUBHBIH METaI.

Hampumep, B rabBaHHYECKOM DJIEMEHTE
Mg‘MgZJr Zn2+|Zn

HamOoJee OTpUIIATEICH JJICKTPOAHBIA TOTEHIMANl MAarHus, I[O3TOMY MarHUEBBIH
ANEKTPO]T OyIET aHOIOM.

Ha maruueBom snextpojie (aHoAe) UAET MPOLECC OKUCIIEHUS TI0 YPAaBHEHUIO:

Mg <> Mg?* +2e.
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Ha nuakoBOM 31ekTpoze (kaTo/ie) mpoTeKaeT MPoIecC BOCCTAHOBICHUS ITUHKA:

Zn’* +2e &> zZn?.
10.36 CymmapHOE HOHHOE YpaBHEHHUE PEAKIUH, IPOTEKAIOIIECH B TAKOM raJIbBAHUYECKOM

9JICMCHTE, CIICAYIOIICC:

0 2+ 2+ 0
Mg” +Zn“" - Mg“" +2Zn",
Bennuunna 371€KTpoIHOTO MOTEHIMAa MeTaljia 3aBUCHT, TJIABHBIM 00pa3oM, OT MPHUPOIbI

MeTaljia, TEMIICpATypbl KW KOHICHTpalMKM HOHOB MCETalllla B pPacCTBOPE. OTa 3aBHCHMOCTH

BBIPAXKACTCA YPABHCHHUEM HepHCTaI

0 0,059
0=0 (Me/Me”+)+Tlg C(Me"), ©.1)

rae ¢ (Me/Me"™) — HopManbHBII YIEKTPOAHBINA MOTEHIIHAT;

N — YUCJIO OTJABACMBIX (PUHUMAECMBIX ) METAIIJIOM JJICKTPOHOB;

C(Me") — KOHIIEHTpAIMs HOHOB METaJlIa B PACTBOPE, MOJIB/IM".

[Ipy KOHIIEHTpAaIlMM HOHOB METajia, PaBHOW 1 Momb/mM°, BTOpOil uileH ypaBHEHHs
obpalaercss B HONb, TOTAA @ = ¢, m.e. 21eKMpOOHbl NOMEHYUAN MEemaiia npu e2o
xonyenmpayuu 1 Monu/om® npedcmasnsiem co6oii cmanOapmHblil 2NeKMPOOHbIL NOMEHYUA.

QHGKTPOJIBI/I)KYHIEUI cuna FE ranpBaHHYECKOTO 3JIEMEHTA OonpeaACIACTCA Pa3sHOCTHIO

MOTEHIMATIOR KATONA U aHofa: & = Ok —QA.

Tax, 3JIC MarHueBO-IIMHKOBOTO TaJlbBAHUYECKOTO 3JIEMEHTa, IMPH KOHLEHTPALUIX
HOHOB COOTBETCTBYIOIIUX METaJIJIOB OIMH MOJTB/ M2,
coctasmsier: E = @°(Zn/ Zn?") — ¢° (Mg / Mg?*) = —0,736 — (=2,34) =1,604 B.

Uem Oomplrie pa3HOCTh B 3HAUEHHUSAX CTAHJAPTHBIX AJIEKTPOIHBIX MOTEHIIUAJIOB METAIIIOB,
teMm Oosbire DJ]C raapBaHMYECKOTO DJIEMEHTA, KOTOPBIA AT METaJUIB 00pa3yIoT.

CpaBanm DJIC TOABKO YTO pa3o0paHHOTO MAarHHUEBO-IMHKOBOTO TajbBaHMUYECKOTO

2JICMCHTA C 3I[C MAardimeBO-MCIHOT' O 3JICMECHTA.
(-Mg
C(Mg/Mg?*)=C(Cu/Cu?") =Luomw! om®

Mg?*|zn%*|zn(+);

E=¢°(Cu/Cu®")—¢p°(Mg/Mg?*)=+0,34 - (—2,34) = 2,68 B. .

Wrtak, yem pnampie Opyr OT JApyra HaXOASATCS METAIBI B TaOJMIE HOPMAIbHBIX

AJIEKTPOJIHBIX MOTEHIIMANOB, TeM Oobiie DJ[C raabBaHUYECKOTO SJIEMEHTA.
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Kak ormeuanocs paHee B pas3zese, 3aBUCUMOCTD BEJIMYMH JJIEKTPOJHBIX IOTCHIIMAIOB OT
KOHIICHTPALMH OKHCIHMTEIbHOM M BOCCTAaHOBUTENIbHOW (opMm pearenta U or pH cpens
BbIpaxkaeTcst ypaBHeHueM Hepaera (9.1).

VYpaBHenue HepHcra mo3BosisieT npoBoauTh pacueT IJ[C raabBaHUYECKUX SJIEMEHTOB
IIPY YCJIOBUAX OTIIMYHBIX OT CTAHIAPTHBIX.

N3menenne wu3obapHOro mnoreHmuana ['mOOca B CHUCTEME YHCICHHO paBHO padore,
COBEpLIAEMON B PE3yJIbTaTe MPOTEKAHUS JIEKTPOXUMUUECKON PEaKIINU:

AG =-A=-nAgpF, (9.2)

rne A — paboTa »SJIEKTPUYECKOrO TOKA, paBHAs MPOU3BEIACHUIO YHUCIA MOJb

IIEPEHECEHHBIX IEKTPOHOB N, HAIIPSKEHUS B DJIEKTPUUECKON Lenu A¢ u nocrossHHoN dapanes
F =96 454 Kn/mons = 96 500 Kn/mob.

JUi cTaHAApTHBIX YCIOBUM:

AG? =-A%=_nAp °F. (9.3)

KoHcranta paBHOBeCHs JJIEKTPOXUMHUYECKOM pEaKkUMM Uil CTAHJAPTHBIX YCJIOBHUH
omnpezensercs GopMyJIoi CIeAYIOLEro BUAA:

0
p =%=16,9nA¢°. (9.4)
BennuuHel KOHCTAaHT paBHOBeCI/Iﬁ AJId pa3HbIX 3JICKTPOXUMUYICCKUX peaKHI/Iﬁ ITIO3BOJIAKOT
ONpCACIIATh CTCIICHDb UX HeO6paTI/IMOCTI/I.
HOCKOJ'H)Ky SHGKTpOJIHI)H\/’I IIOTCHIHAJI MeTaJljia 3aBUCUT OT KOHHGHTpaHI/II/I paCTBopa, TO
MOXHO COCTAaBUTH LCIIb HN3 OIAWHAKOBBIX MCTAINIMYCCKUX BHGKTPOIIOB, HOFPY)KGHHI)IX B
pacTBOpPLI C pa3J’IH‘-IHOI>i KOHI_ICHTpaI_II/IeI\/’I HOHOB OTOIo0 MfETtaljila — 2mo KOHL]eHmpaLﬂ/lOHHbllZ

2anbBARUYECKULL DTICMEHM.

3/1C KOHIIEHTPAIIMOHHOTO 3JIEMEHTA OTpEEIsIETCs: IO popMyIIe:
_ 0059, C1(Me?")
Z 7 Cy(Me™)

rae C(Me*") — KoHIeHTpalist HOHA METaJlIa B IPUAJIEKTPOIHOM CIIOE, Mot/ M2, npu4yemM

I[C (9.5)

C1(Me*") > Co(Me*) ; Z — cTeneHb OKUCIEHHS HOHA.

Oo0opynoBaHne U MaTepuasbl
JlBa crakaHa émKkocThio 100 cm®
PactBop CuSOs, C(CuSOs) = I monw/om®.

PactBop ZnSO4, C(ZnSO4) = I mons/om®.
MeaHas mIacTUHKA

[MuHkoBas MIaCTUHKA

MenHble TPOBOJIOYKHU

BousbT™meTp

Noakow NME
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8. U — ob6pa3nas TpyOka
9. pacreop KCI
10. Arap-arap

Yka3aHus no TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUH JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3NEKTPOOOOPYAOBAHHH, IITEKTPOIPOBOAKE, MPABMIEHO 000PYAOBAHHOM BBITSDKHOM IIKaQYy.

2. T'a30BbIe KpaHbI U Ta30MPOBOJ IOIDKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOAHIECKH
HPOBEPATHCA.

3. Pabouee mecTo conepkaTh B MOPSIKE U YUCTOTE.

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

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

6. Bce ombITH ¢ BpeAHBIMH U MTIAXHYIMMHU BEIIECTBAMH, a TAK)Ke yapuBaHUE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJNTH B BBITSDKHOM IIKaQYy.

7. OcTaTku coenMHEHUH cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHWH pacTBOPOB B MPOOUPKE BCETAA CIEAYET AepiKaTh €€ TaKuM 00pa3oM, Y4TOOBI
OTBepCcTHE MPOOUPKH OBLIO HAIIPABJIEHO B CTOPOHY OT PabOTAIONIEro PsIoM coceaa.

9. He HaKJIOHATH JIMIO HAJ HATPEBAEMOH KHIKOCTHIO MIIH CIUIABIISIEMBIM BEIIECTBOM.

10. He cnemyer BABIXaTh Maxydue BEIIECTBA M Ta3bl, OJM3KO HAKIOHSACH K COCYIY C ITHMH
BCUICCTBaAMMU. Hroxatb BCHICCTBA MOKHO JIMIIb OCTOPOKHO, HAIIPABJIAA K ce6e Iapbl WJIK ra3 IBUXKCHUCM
PYKH.

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

12. BbumBath pa30aBiicHHBIEC KUCIOTHI U IICJIIOYHBIC PACTBOPHI CICAYET B CAMBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOdoBaTh XUMHUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIerK0 BOCILIAMEHSIOIIUMUCS BemiecTBaMu (3QUphI, OSH301, CEpOyTIepos U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHS U BKJIFOYEHHBIX IUIUTOK.

15. Tlpu pabGoTe cO CTEKIOM, XHMHYECKOW IOCYAOH, HEoOXoAMMO coOMoIaTh TpaBUiia
IPEIOCTOPOKHOCTH BO M30€KaHUE PAHEHUH OCKOJIKAMH CTEKJIa.

16. Kareropuiecku 3arpemniaeTcs OCTaBIsATh paOdoTaroNre IpruOOps 63 HaOMI0IeHUS!.

25. B xumMuveckoit 1abopatopun He0OX0IUMO paboTaTh B Xajare.

3aganuda

Onvim 1 Bo3pmuTe 1Ba cTakaHa émkocTsio 100 cM®. B oaue n3 HuX HaneiiTe pacTBOp
CuSOs, B apyroit — pactBop ZnSOs. Konmentparuu pactBopoB oauHakoBbl: C(CuSQOs) =
C(ZnSO4) = 1 monv/om®.

B nepBbIii cTakaH omycTUTE MEIHYIO IUIACTUHKY, BO BTOpPOM — HHMHKOBYIO. K o6enm
IUIACTUHKAM TPUKPENHUTE MEIHble MPOBOJOYKH, KOTOpPHIE COEAMHUTE YEpe3 BOJIBTMETP.
PactBopel B crakanax coemunure U — oOpasHoil TpyOkol, HanoiHeHHOH pactBopoM KCl B
cMecu c arap-arapoMm. HaOmronaercss OTKJIOHEHHE CTpeNKH, T.. B LENU TOSBIAETCS
ANEKTPUYECKUN TOK.

Tabnuya 9.1 Cmanoapmmuouie 31eKmpoOHble NOMEHYUATbL MEMAILL08

YpaBHEHHE NOJypEeaKIUU ¢°, B YpaBHEHHE NTOJypEaKLIUU 1) 0, B
Agt+ e oAg +0,7994 Hg 5" + 2e < Hg +0,792
APRY + 3¢ o Al -1,66 Ktr+eeo K -2,923
Au®t + 3e o Aut +1,41 Lit+ee Li -3,04
Audt + e o Au +1,50 Mg?* + 2e —Mg -2,37
Aut + e — Au +1,68 Mn2* + 2e — Mn -1,17
Ba?* + 2¢ <> Ba -2.91 Mo®* + 3e — Mo -0,2

73



Ca** + 2e & Ca -2,79 Na* +e < Na -2,713
Co®** + 3¢ & Co +0,46 Ni°* + 2e & Ni -0,228
Co%** + 2e & Co -0,29 Pb%* + 2e & Pbh -0,126
Cr¥* + 3e < Cr -0,74 Pb*" + 4e < Pb +0,77
Cd** + 2e & Cd -0,403 Pd%* + 2e & Pd +0,915
Cu?* + 2e < Cu +0,345 Pt?* + 2e < Pt ~+1,2
Cu*+e« Cu +0,531 Rb*+e < Rb -2,924
Fe3* + 3¢ o Fe -0,058 Sh®* + 3e — Sh +0,20
Fe?* + 2e¢ <> 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 oTyera
Hanummre ypaBHeHHs 37IEKTPOHBIX MPOLIECCOB U CYMMAapHOW peakluy, MPOUCXOISIINX

IIpu pa60Te SJICMCHTA. OHpe,Z[eJ'II/ITe KaToa U aHO[. CocraBbTe CXEMY J3JICMCHTA, pacch/ITaﬁTe

3/1C, AG u cTaHIapTHYIO KOHCTaHTY CKOPOCTH.

KoHTpoJibHBbIE BOPOCHI
ba30BbIil ypOoBEHB

1Kakue mporecchl Ha3bIBAIOT JNEKTPOXUMHYECKUMHU? YeM OHU OTIMYaITCA OT
00braHBIX OBP?

2KakoBbl MPUYHHBI BO3HUKHOBEHUS JABOWHOTO DJIEKTPHUYECKOTO CJIOS HA MOBEPXHOCTH
METaJUTMYeCKOU IJIACTUHBI B BO/IE?

3 Kaxkoe ycTpoiicTBO Ha3bIBaIOT rajibBaHUYECKHM 31eMeHToM? [IpuBeaute ero cxemy
Ha KOHKPETHOM TIpUMEPE.

4 Kakue ameKkTponbl Ha3bIBAalOT aHOJAMM, KaKMe — KaroAaMH? YKaXUTe aHOI H
KaToJ B IMHK-CEPEOPSTHHOM T'aJIbBAHUYECKOM 3JIEMEHTE.

5 MoXHO 7M1 ompenenuTh aOCOMIOTHOE 3HAYEHUE 3JIEKTPOJHOIO IMOTeHIuaa?
Kakoli anexTpos BbIOpaH B KaUeCTBE AIEKTPOAA CPaBHEHUS?

6 Kak ycTpoeH craHpapTHbI BOAOponHbIA anektpon? IlpusBenure ero cxemy u
00BSACHUTE MPUHIUI PaOOTHI.

7 Yro Takoe «psn HanpsHKEHUN MeTauioB»? Uto oH onpenenser?

IToBbIILIEHHBIN YPOBEHD

8 Kakoil «XMMHYECKHI CMBICT» HMEIOT 3HAKH «+» M «—» I CTaHAApTHBIX
AJIEKTPOJHBIX TOTEHLINATIOB OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX CUCTEM?
9 Kax onenuBarotr 3/]C rampBanmdeckoro sneMenTa? OTBET MOSICHUTE HA TIpPUMEPE

KaJIMUN-MEIHOTO rajlbBaHUYECKOIO DJIEMEHTA.

10 /Tnst wero mpuMeHstoT ypaBHeHne Heprcra? Hammmmre ¢popmyny NpuBEACHHOTO BUIA
ATOr0 ypaBHEHUSI.

11 Kakue npubopsl Ha3bIBAIOT akKKyMyssiTopamu? KakoBel UX THIIBI?

12Kak yctpoeH cBUHIOBBIM akkymynarop? IlpuBenuTe ypaBHEHUS, OINHMCHIBAIOLIHE
IIPOLIECCHI €T0 3apsAaa-paspsaaa.

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

1 Cemenos, 1.H.<BR>&nbsp;&nbsp;&nbsp; Xumust IneKTpoHHBIN pecypc : yueonuk / M.JL.
[Teppunosa / U.H. Cemenos. - Xumus,2019-06-21. - Canxrt-Ilerepoypr : XUMU3 AT,
2016. - 656 c. - Kaura naxonurcs B 6azoBoii Bepcuu DbC IPRbooks. - ISBN 978-5-9388-
275-5, 3K3eMIUIIPOB HEOTPAHUYCHO
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2 I'muuka, H. JI. O6mas xumus : yue6. mocobue / H.JI. I'munka. - uzna. crep. - M. : KHOPVYC,

2016. - 752 c. : un. - [Ipun.: c. 721-724. - bubnuorp.: c. 725-726. - ISBN 978-5-406-04995-

2, 9K3eMILIApOB 1

JlomoJIHUTeIbHAS JIUTEPaTypa:

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

2 Kenmuna, H. 10. O6mas n Heopranuyeckass XuMusi B TaOJIUIIaX ¥ cXeMax : yue0. mocooue
s TexaukymoB / H. FO. Kenuna, H. B. be3pyuxo. - PoctoB 0//] : ®enukce, 2008. - 422 c. -
(Cpennee npodeccuonanbHoe oOpa3zoBanue). - bubmmorp.: ¢. 371-374. - [Ipeam. ykas.: c.
375-382. - [Ipun.: c. 383-415. - ISBN 978-5-222-13586-0, sx3eMILISIpOB HEOTPAHUIECHO

NuTepHeT-pecypcenl:
1 http://window.edu.ru/ — EauHoe okTo A0CTyIa K 00pa3oBaTeIbHBIM pecypcam.

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