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Beenenue

Huctunnuna «XuMus»» OTHOCUTCA K TUCHUIUIMHE 0a3oBoi yacTu. OHa HampaBiieHa Ha
(hopMHpOBaHHE YHHBEPCATBHBIX W OOMIENPO(ECCHOHATBHBIX KOMIETCHIHA OOYyJaromuXxcs B
MpoIriecce BRIMOMHEHUs padoT, onpeneineHHbx GI'OC BO.

Meronueckue ykKa3aHus COCTABJIEHBI HA COBPEMEHHOM HAYyYHOM YpPOBHE M pPACCUMTAaHbl HA
CTYJIEHTOB, 10 HanpasiaeHUIo 15.03.04 ApTomaTr3anns TEXHOJOTHYECKHUX MPOLIECCOB U MTPOU3BOACTB.

[TocnenoBarenbHOCTh J1a0OPAaTOPHBIX PabOT COOTBETCTBYET JIOTMUECKOH CTPYKType ee
npoxoxaeHus. IIpemymaraemble METOAMYECKHE YKa3aHUsS COAEpKAT MaTepuai, KOTOPBIi
PEKOMEHAYETCS UCII0Ib30BaTh CTYIEHTaM MPU OCYIIECTBIIEHNH J1a0OpaTOPHBIX padoT.



Tema 1. OcHOBHBIE NOHATHS M 3aKOHbI XHMHUH.

JlabopaTopHas pa6ora 1. OCHOBHbIE KJ1aCChl HEOPraHUYECKHUX BellecTB

Lenp paboTer: M3ydeHHE OCHOBHBIX KJIACCOB HEOPTaHWYECKUX COCAMHCHUH W HX
XUMHYECKUX CBOMCTB.

Teopernyeckas 4acTb
Oxcuanl

Crpoenne okcumoB. OKCHIBI MPEACTABISIOT COOOM CIOXKHBIE BEIIECTBA, COCTOSIIHE U3 aTOMOB
ABYX 3JIEMEHTOB, OJJTHUM U3 KOTOPLIX ABJIACTCA KUCIOPO.

Taxoe ompeneneHre OKCHIOB 110 JIEMEHTAPHOMY COCTaBY HE SIBJISIETCS 3aKOHYEHHBIM U TpeOyeT
YTOYHEHUS: K OKCHJIAaM CJICAYET OTHECTH TOJILKO TaKUE KHCIOPOJIHBIC COCTMHEHHUS, B KOTOPHIX CTEICHb
OKHCJICHUS KUCIIOpOJia PaBHa — 2.

Oxcuibl MOTYT 00pa30BbIBaTh KaK METAJUIbI, TAK U HEMETAJLIBL.

st Toro 4ToObI COCTABUTh XMMHYECKYIO (DOPMYITY JIFOOOT0 OKCHJIA, HEOOXOAMMO MOMHHUTB, YTO
MOJICKYJIbI XMMHYECKHUX COCJAMHEHUH JJICKTPOHEUTpadbHbl. OJTO O3HAYaeT, YTO CyMMa CTeleHel
OKHUCJICHHUA 3JIEMCHTOB, BXOAINX B COCTAaB MOJICKYJIbI, JOJDKHA 6I)ITB paBHaA HYIIIO.

Hanpumep:

Na,"'0? — oxcnp HaTpust; P2°0s52 — okern docdopa (+5).

Crnenyer 3HaTh, 4TO OOJBIIMHCTBO 3JIEMEHTOB B 3aBHCHMOCTH OT YMCJIa BO3MOJKHBIX CTEICHEH
OKHCJICHUSI MOTYT OOpa30BbIBATh HECKOJNBKO OKcHIOB. Hampumep, a3or oOpasyeT MSITh OKCHJIOB, T.K.
HMMEET IATh MOJI0KHUTEIbHBIX cTeneHel okucaenus (+1, +2, +3, +4, +5): N2O, NO, N2O3, NO2, N2Os.

Homenknatypa u rpaduyeckue GopMynsl okcuaoB. Ha3BaHue okcuzia CKIIAABIBACTCS M3 JIBYX
cinoB: 1) okcum;, 2) pyccKoe Ha3BaHHWE JJIEMEHTAa C YKa3aHHMEM B KPYTJIBIX CKOOKaxX €ro CTENneHH
OKHUCJICHHUS.

[Mpumeuanue. Ecim 351ieMeHT UMeeT B CBOMX COCJMHEHHSIX TOJNBKO OJHY CTEIECHb OKUCIICHUS, TO
e€ 0OBIYHO HE IPUBOISIT:

ZnO — okcup nuuka; CaO — okcupa Kanblus; FeO — okcupn xkenesa (+2); SnO2 — okcu onosa
(+4); Naz0 — oxcun Hatpus; Al,O3 — OKCHIT ATIOMIHHSL

1. KucnorHele ©  HEKOTOpble aM(ONUTHBIE OKCHJBl  HA3bIBAIOTCS  AHTHIPHIAMHU
COOTBETCTBYIOIIUX KUCJIOT:

B2O3 — 6opHbIit anruapua, okcua odopa (+3);

SiO; — KpeMHUEBBIH aHTUAPHU, THOKCUI KpeMHUS (+4);

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

Sb>03 — CypbMSIHUCTBIN aHTHAPHUIT, OKCUT CYPHMBI (+3).

2. Ha3BaHus OKCHJIOB IO MEXKIYHapOJHOW HOMEHKIIATYpE CKJIAJBIBACTCS W3 CJIOBA OKCHJI,
Ha3BaHHA DIIEMEHTA C yKa3aHHEM ero CTENeHH OKUCIeHUs (apaOcKkuMu UpaMu B KPYTIIBIX CKOOKaX):

CuO — okcun meau (+2);

Cu20 — okcua memu (+1);

FeO — okcup xemesa (+2);

Fe,O3 — okcup xenesa (+3).

3. B 3aBUCHMOCTH OT CTEICHU OKUCIICHHS SMIMPHUECKUE U Tpaduyeckue GOpMyIbl OKCHIOB
HUMEIOT BUJL:

2,0 9-0-9
50 D=0
D,0, 0=0-0-2=0
9,
|
20, ﬁ
0



0 o

| |
2,0, ﬁ—O—ﬁ
0 0

0 @)

| |
2,0, O:ﬁ_o_ﬁza
9, o)

50, 0=2=0

Knaccudukamus okcumoB. Bce okcuapl (0 WX CBOMCTBAM) MOXKHO pa3ieiuTh Ha
coneobpasyrome 1 HecoIeo0pa3yroIiue.

K HeconeoOpasyrommm otHocsTest okcunsl: N2O, NO, CO.

Bce octanpHBIE OTHOCATCSA K coneoOpasyromuM. Cojaeo0pa3yronme OKCHUJIBI, B CBOIO OYEpeb,
MOKHO Pa3eiuTh Ha TPH IPYIIIbL:

—  OCHOBHBIE;

—  KHCIIOTHBIE;

—  aM{QOIHTHBIE.

OcHoBHBbIe OKcHIBI. K OCHOBHBIM OKCHIIAM OTHOCSTCSI OKCHIIBI, THIAPATHI KOTOPBIX SIBIISIOTCS
OCHOBAHUSIMH.

Hanpumep:

Na.O — NaOH,;

Ca0 — Ca(OH);;

FeO — Fe(OH)..

4, Oxcumel caMbIx akTHBHBIX MeTamwioB (K, Na, Ca u ap.) COeAMHSIOTCS HEIOCPEICTBEHHO C
BOJI0i1, 00pa3yst paCTBOPUMEIE B BOZIE CHIIHHBIE OCHOBAHMS — IIEIOUH:

Na,O + H,O = 2NaOH;

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

5.  BonbimacTBo 0cHOBHBIX OKcHI0B (CuO, FeO, Fe;O3 u mp.) mII0X0 pacTBOPSIOTCS B BOJE.
[TosTOMy COOTBETCTBYIOIIME UM OCHOBAHUS (OHH TaK)Ke HEPACTBOPHUMEI B BOJIE) TTOMYUYAIOTCS] KOCBEHHBIM
IyTEM.

6. XapaxkTepHBIM CBOICTBOM OCHOBHBIX OKCHJIOB SIBIISIETCS B3aWMOJIEHCTBHE UX C KHCIOTaMHU
WJTM KUCIIOTHBIMH OKCHJIAMH C 00pa30BaHUEM COJIEH:

NazO + H,SO4 = Na,SO,4 + H.0;

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

7. OcHOBHBIE OKCHJIBI 00Pa3yIOTCS TOIBKO METaJNIAMHU.

Kucnorasie okcumpl. K KHCIIOTHBIM OKCHIIaM OTHOCSTCSI OKCHIBI, KOTOPBIM COOTBETCTBYIOT
KHCIIOTBI:

CO2 — HxCOs;

SOz > HzSO4;

P205 —> H3PO4.

8. KucnotHble okcuabl 00pa3yroT:

a) oxkcuael HemeramwioB — N2Oz, N2Os, SO,, SOs, P03, P2Os u ap.;

0) OKCHIIBI HEKOTOPBIX METAJIOB MOOOYHBIX MOATPYIII, MMEIOIIMX BHICHIYIO (PaBHYIO HOMEpPY
rpymmbl) wik O1u3Kyro K Helt crenedb okucienus — CrOs, Vo.0s, Mn.O7, MnOsz;, MoOs u 1.1.

9. KwucnorHeie OKCHIBI B3aMMOICHCTBYIOT C OCHOBAaHUSIMH U OCHOBHBIMH OKcHAamu. Um
COOTBETCTBYIOT TUAPOKCH/IBI, TPOSBIISIONINE KUCIOTHBIC CBOWCTBA!

SO; + 2NaOH = Na»SOs + H»0;



SO; + KoO = K3SO0s;
SO, + H,0 = H,S0:s.

10. BonbIIMHCTBO KUCIOTHBIX OKCHIOB PAacTBOPHMO B BOAE M, pearupys ¢ Heid, oOpasyer
KHACHOTHL. [103TOMY KHCIOTHBIE OKCHABI HA3bIBAIOT TaKKe aHTHUAPHIAMU KUCIOT («aHTHIPUI O3HAYaeT
«OE3BOHEIIN).

1) N2Os + H,0 — (H2N206) — 2HNO;3;

2) SOz + H,O — H,SO0y4;

3) CrO3 + H,O — H,CrOq;

4) Cl,07 + H,0 — (H2Cl,0g) — 2HCIOy;

5)  MnyO7 + H,0 — (H:Mn;0g) — 2HMnNO..

11. CTenenu OKHCIIEHHUs SIEMEHTOB B OKCHIE M B KUCIOTE OAMHAKOBEIE, HanpuMep, B Mn, 'O7 1
HMn"*Os.

Amdonurabie  okcuasl. K aMQomuTHBIM < OKCHIaM  OTHOCATCS OKCHIBI, OOJajaroniue
CIOCOOHOCTBIO PearupoBaTh KakK ¢ KUCIOTaMH, Tak U co mieinodamu: BeO, ZnO, SnO, PbO, Al;O3, Cr,0a.

12. Ux rugpatHbie GopMbl — aMQOTUTHBIE THUAPOKCHIBI — OONAJAIOT CBOWCTBAMH Kak
OCHOBaHHM, TaK ¥ KUCIIOT, T.€. OHU BCTYNAIOT B PEaKIIMU B3aUMOJEHCTBUA C KUCIOTAMH U IIET0YaMHU.

13. AMdonHuTHBIE OKCHJIBI HEPACTBOPUMBI B BOJIE.

14. AmdonuTHBIE OKCHIBI, MPOSBIISAS CBONCTBA OCHOBHBIX OKCHJIOB, PEaTHPYIOT C KHUCIOTaMH,
o0pasysi Cob ¥ BOAY:

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

PbO + 2HNO3; = Pb(NOs), + H20;
A|203 + 6HNO; = 2A|(N03)3 + 3H,0.

15. AM(poIUTHBIE OKCHJbI TakXe OOpa3ylOT COJIM MPU B3aMMOACHCTBHH C OCHOBAHHMSIMU H
OCHOBHBIMHU OKCHJIAMHU:

CILTaBJIICHUEC

Zn0 + Na,O ————— > NaoZn0g;

CIUTIaBIICHUE

ZnO + 2NaOH ——— > Na2Zn0: + H:0;

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

16. Naz[Zn(OH)4] — xoMmiekcHas conb. B cocTaB KOMIUIEKCHOM COJIM BXOIST:

1) moH MeTaiia aM(pOIUTHOro OKCHAA (C TOMH ke CTeNeHbI0 OKUCIeHus) Zn2";

2) ruapokcuibHbIe Tpynnsl OH

3) MOHBI M€TaILIA, BXOAAMIETO B COCTaB ménoun, Na®,

UwMcno THIpOKCHIIBHBIX TPYII (JMTaHO0B), KOTOPOE MOXET YICPKUBATH IEHTPAIBLHBIA aTOM —
KoMITIeKcooOpa3oBaTenb (MeTaum aM(OIUTHOTO OKCHA), ONpEneseTcs KOOPIMHAIIMOHHBIM YHCIIOM,
MPHUCYIIUM JaHHOMY METaJLTy.

17. KoopauHauuoHHbIe uncia paBHsl: Be?* — 4, Zn* — 4, Sn** — 3, Pb*" — 3, APF* — 4, Cr¥* — 4,

18. Paccmorpum mpumep cocTaBiieHHsT (OPMYNBI KOMIUIEKCHOH COJH, TIONydaromieics u3
THIPOKCH/A IIMHKA M IIEN0ur. KOMILIEKCHEIH MOH COTEPKHT KOMIIEKCOo6pa3oBaTenb Zn?* u ueThpe
noHa rujpokcria. CyMMapHBIA 3aps)] KOMIZISKCHOTO MOHA paBeH —2, & COCTaB €ro MOXKHO M300pa3uTh
dopmymnoit [Zn(OH)s]*. DToT KOMIUIEKCHBI HOH SBIIAETCS AHHOHOM. 3apsj KOMIUIEKCHOTO aHMOHA
HEHTPaU3yeTcss KATHOHOM, BXOJSIIIUM B COCTAB MENOYH (IPOTUBOMOHOM). ECITH 3TO 0JIHO3ApSIHBIN 1 OH
(K" mmm Na®), To cocraB KOMIUIEKCHOM COJIM MOXKHO 3amucaTh (OopMyJaMu: K3[Zn(OH)4],
Naz[Zn(OH)4].

19. Ha3BaHus KOMITICKCHBIX cojiell (AaHMOHHOTO THIIA):

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

Naz[Zn(OH)4] — TerparuapokcorukaT (+2) HATpHS;

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

K[Pb(OH)3] — tpuruapokcoruiombar (+2) kams;

Na[Al(OH)4] — TerparuapokcoantoMuHar (+3) HaTpus;

K[Cr(OH)4] — Terparuapokcoxpomat (+3) Kasms.

Kucaorsi

KucnoramMn Ha3bIBAIOTCS CIIOXKHBIC BEIIECTBA, MOJEKYJbI KOTOPBIX COCTOSAT W3 KHCIOTHOTO
0CTaTKa U aTOMOB BOJIOPO/IA, CIOCOOHBIX 3aMEIIAThCS Ha METaIL.

KucrnoThl MOXHO paccMaTpHBaTh Kak MPOAYKT B3aUMOJCHCTBUS KHCIOTHBIX OKCHJIOB
(aHrHOPUIOB) C BOAOM:

SOz + H,0 = HySOy;

CO, + H,0O = H,CO:a.



IIo KOJIMYCCTBY MOHOB BOAOpPOAA, CITOCOOHBIX 3aMCIIaTbCA Ha METAJJI, B MOJICKYJIC KHCJIOTBI

MOAPA3IEISIIOTCS Ha OJHO-, JIBYX-, TPEXOCHOBHEIC U T.1I.:

HCI, HNOs, HF — oqH00CHOBHBIE KMCIIOTHI;
H,SO4, H>COs3, H2S — AByXOCHOBHEIC KHCIIOTHI,
H3PO4, H3AsOs — TpéXOCHOBHBIE KHCIIOTHI.
Ha3zBanusg kucnor:
HCI — xnopoBomopoanas (comsHast);
H>S — cepoBoopoaHas;
HF — ¢ropoBogopoanas (maaBukoBasi);
HNOs — azoTHas;
H,SO4 — cepHas;
H,CO3 — yronbHas;
H3PO. — oprodochophas.
KucnoTst B3auMoielCTBYIOT C:
a) ocHoBanusMu — HSO4+ 2NaOH = Na,SO. + H,0;
6) ocHoBubIMHU OKcuaamu — HSO4+ CuO = CuSO4 + H,0;
B) comsmu — H,SO4+ BaCl, = BaSO, + 2HCI.
I'paduueckne GopMyITbI KHCIOT.
N306paxast rpaduuecKut KHCIOTY, CIAEIyeT HCXOAUTh U3 TOTO, 9YTO OHA COCTOMT M3 IEHTPAIBHOTO

aToMa HeMeTajula, COeAMHEHHOro C ruapokcuiabHOW rpynmo OH  u xucmopomom. Ilo kommdecTBy
aTOMOB BOAOpOJia B KUCJIOTE MOXHO CYIUTH O KOJIMYECTBE T'MAPOKCUIIBHBIX I'PYIIIT B MOJICKYJIC:

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

H-0/ 0 O-H

Ecmm MOJIEKYJIa KHUCJIIOTBI COACPKUT IBa LCHTPAJIbBHBIX aTOMa, TO IIpU HEYETHOM YHCJIE aTOMOB

KHCTIOPOZla OHU COENUHSIOTCS MEXKIy co0Oil depe3 aToM KHCIIOpO[a, a THAPOKCHIIBHBIE TPYIIBI U
OCTaJIbHBIE aTOMBI KUCIIOPO/Ia PACTIPEIENIIOTCSA TOPOBHY MEXKAY IIEHTPAITbHBIMHI aTOMaMH:

OH".

H28207 H4P207
O O H-0 O-H
| | \ /
H-O0O-S-0-S-0-H O=P-0-P=0
| | / \
O O H-0 O-H
OcHoBaHuA

OcHoOBaHUS — CIIOKHBIC BCIIICCTBA, COCTOAIIMEC M3 KaTHOHA MCTalia U FPI,HpOKCPIJ'ILHOfI Tpynbl

I'pynny OH™ Ha3siBaroT rugpokcu. OTcroga OCHOBaHUS HAa3bIBAIOT:

LiOH — ruapokcu TuTus;

Ca(OH); — ruapokcu1 KaabIus;

Fe(OH), — ruapokcu sxenesa (+2);

Fe(OH)s — ruapokcu sxenesa (+3).

Yucno ruapokcwibHbix Tpynn OH™ B Mojiekylie OCHOBaHUS, CIOCOOHBIX OTIICMIISTHCA MPU

Aucconuanuu, onpeacgeT €ro KUCJI0THOCTDb:

a) omgHokuciotaeie — NaOH, KOH;
0) nByxkucnoraeie — Ba(OH), , Ca(OH),;
B) Tpéxkucnorabie — Al(OH)s , Fe(OH)a.
I'paduueckne popmysr:
Fe(OH)2 Fe(OH)3
OH
/

Fe — OH

OH



H-O- Fe -O-H

OcHoBaHHA B3aUMOACHCTBYIOT:

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

0) ¢ kucnorabiME okcuaamu: CO2 + NaOH = Na,COs3 + H20;

B) ¢ comsamu: CuSO4 + 2NaOH = Cu(OH)2{ + Na;SO..

AMQonuTHBIE TUAPOKCUABI (TaK K€ KaK W WX OKCHJBI) 00JIAAal0T JBOHCTBEHHBIM XapaKTEpOM:
pearupyloT ¢ KUCIOTaMH — IPOSBIISIOT CBOWMCTBA OCHOBaHHMH, a TaKKe PEarupyroT € MIETOYaMU —
MPOSIBIISIIOT KHUCIIOTHBIE CBOWCTBA

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

CIINIaBIICHUEC

Zn(OH), + 2NaOH — 5 Na,Zn0O, + 2H,0;

pacTtBop

Zn(OH), + 2NaOH —2=2—> Na,[Zn(OH)d];

CIUIaBIICHUE

Al(OH); + NaOH ——— > NaAlO; + 2 H,0;

pacTtBop

AI(OH); + NaOH ——— > Na[Al(OH)4].

Kak yka3aHo BbIlie, aM(OIUTHBIC OKCHIBI M THUAPOKCHIbI MOT'YT PEarupoBaTh HE TOJIBKO C
pacTtBopam¥ Iienodeld, o0paszysi KOMIUIEKCHBIE COJU, HO U C TBEPAbIMU O€3BOJHBIMH ILENOYaMHU MyTEM
crutaBiienus, oopasys NaAlO; — meTaamoMHHAT HATPHS.

IIpu pactBOopenun B Bome Oe3BomHbIX comedl NaoZnOz um NaAlO, OHM THUIAPATHPYIOTCS,
npeBpalasch B KPUCTAUIOTUIPATHI:

Na,ZnO; + 2H,0 — Naz[Zn(OH)4];
NaAIO; + 2H,0 — Na[AI(OH)4].

HaobGopor, ecnu BbImapuBaTh pacTBOP CONM KPHUCTAUIOTHIpATa, a 3aTeM NpOKalluBaTh

KPHUCTAJUIOTUAPAT, TO THApaTHAs opMa pa3pymaeTcs, a 3aTeM BOJa YIeTyInBaeTCs

Naz[Zn(OH):] ——> 2H,0 + Na;ZnOs.

Coun
Conn MOXXHO paccMaTpHBaTh KaK MPOAYKTHI IMOJHOTO WJIM YaCTHYHOTO 3aMEIIeHHUS] aTOMOB
BO/IOPO/Ia B MOJIEKYJIe KHCIOTHI HA aTOM MeTalljla, JIMOO TUAPOKCIIIHHBIX TPYII B MOJIEKYJIe OCHOBAHUS
Ha KHCJIOTHBIE OCTaTKH. Pa3nm4aror coiu cpemHue, KIcibie, OCHOBHBIE, TBOMHBIE.
Conu pa3niyaror:
a) cpenune — NaxSO4 ,AlCI3 , KsPOy;
0) xucibie — NaHSO, , KH2PO, , KoHPOy;
B) ocaoBHbIe — AIOHCI; , AI(OH).ClI,
r) asoitabie — KAI(SOa)s.
Cpennue conu noiay4yaroT:
a) TP B3aNMOJEWCTBUN OCHOBHOTO OKCH/IA C KHCIIOTHBIM OKCHIOM:
CaO + CO,= CaCOg;
0) TIpu B3aMMOICHCTBUU OCHOBAHHUS C KUCIIOTHBIM OKCHJIOM:
Ca(OH)z + CO,=CaCO3 + H.0;
B) MPH B3aUMOJICHCTBUH OCHOBAaHHS C KHCIIOTOW (€CITM BEIECTBAa B3STHI B HKBHBAJIEHTHBIX
KOJIMYECTBAX):
Ca(OH); + 2HNO3 = Ca(NO), + 2H.0;
T') IIpH B3aMMOZEHCTBUU OCHOBHOT'O OKCHJIA C KHCIIOTOM:
CuO + H,S0O,4 = CuSO,4 + H.0;
1) IpA OOMEHHON peaKInyi MEX]Ty CONBIO U KUCIIOTOM, MITH BBIAIAeT OCaIOK:
Na,COs + H,SO4 = Na,SO4 + CO; + H.0;
BaCl, + H,SO4 = BaSO4d + 2HCI;
€) TMpu B3aWMOJACHCTBUU COJM CO IIENOYBID, B pe3yiabTare dero ooOpasyercs
MaJjopacTBOPUMOE OCHOBAHUE HITU JIETKOJIETY4ee COSANHEHIE:
CuSO, + 2NaOH = Na,S04 + Cu(OH)24:;
NH.Cl + NaOH = NaCl + NH3T + H.0.
3AIIOMHMUTE, uto conu ¢ HepacTBopuMbIMU ocHOBaHUAMH HE PEAT'MIPYIOT!



XK) Tpu OOMEHHOM B3aMMOACHUCTBHU JBYX COJIeH, B pe3ylbTaTe KOTOpOro oOpasyercs
MaJopacTBOpuUMasi Cojb:
AgNO; + NaCl = AgC + NaNOs;
3) mpHU B3aMMOJCHCTBHM METAJUIOB C HEMETAJIaMH, B PE3yJbTaTe KOTOPOro oOpasyroTcs
coJT OECKUCIIOPOIHBIX KUCIIOT:
2Al + 31, = 2Alls.
Kucneie conmu. Kucnple conu MOKHO paccMaTpuBaTh Kak MPOAYKTHI HEMOIHOTO 3aMeIeHHUs
BOJIOPOJIHBIX HOHOB B MOJIEKYJIE KHCIOTH HOHAMH MeTala:
H3PO,; + KOH = KH2PO4 + H20;
H3PO, + 2KOH = K;HPO4 + 2H,0;
H3PO, + 3KOH = K3PO, + 3H20.
KH2PO4 — nuruapodochat xanus, kucublid GochOPHOKUCIBIN KA 0THO3aM elIEHHBIH;
K2HPO, — ruapodocdat kanus, kKuciibiit GocHOpHOKUCIBIN Kanui JBY3aMEIIEHHBIN;
K3PO4 — oprodocdar kanus, GpochOpHOKHUCIBII Kaluii.
Kucnblie conu kanpuust pocOpHO KUCIOTH UMEIOT BUL:
Ca(H2POs); —  pmurmapodochar  Kambiusi, KHCIbIA  (POCHOPHOKUCIBIA  KaIbIHN
OJTHO3aMEIEHHBIH;
CaHPO4 — ruapodocdaT kanbiwst, KUCIbIA HOCHOPHOKUCIBIN KAl IBy3aMeIEHHBIN.
OCHOBHbBIE COJIM — TPOAYKTHI HEMOIHOIO 3aMEIICHHS THIPOKCUIIbHBIX HOHOB OCHOBAaHUS Ha
KHCJIOTHBIE OCTaTKU. TakuM oOpa3oM, B MOJIEKYJIe OCHOBHOM COJIM KPOME MOHOB MeTajlia U KHUCIIOTHOTO
0CTaTKa COAEPIKATCS U MOHBI THAPOKCHIIA!
Al(OH); + HNO; = AI(OH)2NO;3 + H,0;
A|(OH)3 + 2HNO; = A|OH(N03)2 + 2H20;
A|(OH)3 + 3HNO; = A|(N03)3 + 3H-0.
Al(OH);NO3 — HuTpaT IUTHAPOKCHT ATFOMHUHIS,
AIOH(NOs3); — HUTpaT rHapOKCH I aTIOMHHUS;
Al(NO3)3 — HATpAT aTIOMUHHSL.
3Has 3apsa HOHA BXOISAIIErO B COCTAB OCHOBHOM COJIH, a TAK)KE 3apsi/i KHCIOTHOTO OCTAaTKa,
HETPYIHO COCTaBHUTH (hOPMyITy OCHOBHOM COJH:
CocraBieHne ypaBHEHHUS PEaKIUil MOTyIeHHs BCEX MBICIMMBIX COJIEH MPH B3aNMOACHCTBHN
THIPOKCHIA ATIOMHHUS M CEPHOM KHCIOTHl (HEOOXOAMMO IIOMHHTH, YTO HE BCE COJIM CIOCOOHBI
CYIIIeCTBOBATH):

CrOH(NO3); AI(HSOy)
MgOHCI

Cr(OH):NO; 7 e Aly(S04)3
Cr(OH)s >  CroHSO; Mg(OH), — (MgOH), 0,

\u \

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

AI(OH)3 + 3H2S0O, = AI(HSO,)s + 3H:0;

2AI(OH)3 + 3H2S0, = Alx(SO4)3 + 6H20;

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

AI(OH)3 + 3H2S0O, = [AlI(OH);].SO4 + 2H:0.

I'padmueckne ¢dopmynsl comeil. s mpaBHIBHOrO rpaguyecKoro M300pa’KeHHs COIH
HEOOXOIMMO OTYETIIMBO MPEACTABIATE TpadryecKkie GOpMYITbl KUCIOTHBIX M OCHOBHBIX OCTAaTKOB. Tak,
XJIOpHAS KHACIOTa 00pa3yeT ofuH KUCcIOTHBIN octaTok ClO4

CepHas KuUCIIOTa — JBa: SO4* , HSOs:

docdopnas kucnora — tpu: POs> , HoPOs , HPO,”
[ToaTOMy C THIPOKCHIOM HATPUS 3TH KHCIOTHI 00pa3yIoT CONH:

Al(OH)3 > AIOHSO,

-0 H-0 H-0
\ \ \
-0-P=0 H-0O-P=0 -0-P=0
/ / /
-0 -0 -0
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NaClOq NaxSO4 NaHSO4

) OH Na-O O
/ / \
Cu ~_0- Cu S
\ \
[\ [\
@) Na-0O @) H-O @)
NasPOy4 NaH2POj4 NazHPO4
Na—-0O Na—-0O Na—-O
\ \ \
Na-O-P=0 H-O-P=0 Na-O-P=0
/ / /

NI ~ LI ] ~ L ] ~
T'uapokeun Menu (+2) — Cu(OH), obpasyer nBa ocratka: Cu* u CuOH:
U, CIIEJIOBATEIbHO, C a30THOW KHCJIOTOM MOKET 00Pa30BbIBATh JIBE COJIH:

Cu(NO:s): u CuOHNO:3

0 @)
T T
O-N H-O-Cu-O-N
/ \\ \\
/ 0] @)
Cu
\ O
v 1
O-N
\\
O

Peaknuu B3auMHOro npespamieHus coneil. Panee ObIIM paccMOTpEHBI COMM KaK MIPOMYKTEHI

B3aUMOJICHCTBUS KUCIIOTHI M1 OCHOBAHHSI. HpI/I HCOO0CTAaTKEC KHCJIOTHI O6p33y10TC$I OCHOBHBIC COJIM, T.C. HC
BC€ T'MIAPOKCHUIIBHBIE MOHBI MOI'YT 3aMECTHUTBCA Ha KHCJIOTHBIE OCTAaTKH. A IIpU HEAOCTATKE OCHOBAHHSA
MOI'YT IIOJY4YaTbCsd KHCJIBIE COJIH. OTcroma CTaHOBHUTCS ITOHSATHBIM METOJ nepeBoaa OIHON colmHu B

Hns mepeBoma OCHOBHOM COMM B HOPMAaJIbHYIO (CPEIHIOI) WM KUCIYI0 HEOOXOIUMO

ILO6aBI/ITI> KHCIIOTY, a HOpu NOCepeBOAC KHCIIOH COJIU B CpCAHIOI0 HJIM OCHOBHYIO CJICOYCT ,[[063,BI/ITB
OCHOBAaHMHCE. HpI/I 9TOM y,I[O6HO HCIIOJIB30BaTh OJHOMMCHHBIC OCHOBAaHHUA MW KHUCJIOTHI, 9TOOBI HE

3arpoMoOXXJ1aTb YPaBHCHUC PCAKIIUN JPYTUMU COJIAMMU:

) CaCOs
(« (CaOH).COs3 H,0:
(C Ca(HCOs)2 )+ 2H.0;
5) CrOHCI;
Cr(OH).CI
Cr( CrCI3
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Cr(OH):Cl + 2HCI = CrCl; + H.0;

") CaHPO,
Ca(HzPO4)T Ca3(PO4)2 O:
(CaOH)3PO4 1,0:
_ .+ 4H,0;

R S R U 7= A Vad

(CaOH)3PO4
Caz(POs4)2 —>CaHPO4
Ca(H2P0s)2

1)

(CaOH)3PO4

(CaOH)3PO, +%ng(Po4)z + 3H0;
(CaOH)3P04 + H3PO4 = CaHPO4 + 3H,0:;

Caz(POa)2

e) Al(HSO4)3
Aly(SO4); - AIOHSO4
Al(r ™ [AI(OH)2]2S04 304 + 6H,0.
Ob6patu HEWTpaM3alui UAET B MPUCYTCTBHH INEIOYN

NaOH, a ne ocaoBanust AI(OH)s, T.k. mocnenHee HepacTBOPUMO.
AIOHSO, + H,SO, = Alz(SO4)3 +2H,0:;
[Al(OH)z]st4 + 2H,S04 = Alz(SO4)3 +2H,0.

OoOopynoBanue U MaTepUaJIbl
Oxcup kaneug CaO
WnaukaTop penondranens
Oxcuna meau CuO
PactBop cepHoii kuciorsl H2SO; ¢ xornentparmeii C(H2SO04)=2 Mons/am?
PactBop NaOH c konuentpanmeit C(NaOH) = 2 mons/am°
Oxcun muuaka ZnO
Xnopun kagmus CdCl,
Xnopun amomuuus AlCl;
Cynbdart menun CuSO,4
10. Xnopun 6apus BaCl,
11. JTuctuinmpoBaHHas Bojia
12. TIpoGupku
13. Jloxeuxa

CoNOR~WNE

Yka3anusi 1o TeXHHKe 0e30MaACHOCTH
1. Bce paboTel B XMMHYECKOHW J1aOOpaTOPUU [ODKHBI HPOBOAUTHCA NPH HCHPABHOM

3JIEKTPOOOOPYI0BAHNH, NEKTPOIPOBOJIKE, IPABUILHO 000PYJOBAHHOM BBITSKHOM LIKaQdy.

2. Ta30BbIe KpaHBI ¥ ra30MPOBO JOJKHBI HAXOAUTHCS B UCIIPABHOM COCTOSIHUH, IEPUOANIECKH
MIPOBEPSITHCAL.

3. PaGouee MecTo comepKaTh B HOPSIIKE U YHCTOTE.

4. Cyxue peakTHBbI TpeOyeTcs OpaTh YMCTHIM IIIATEIEM UM CHEHaIbHON JTOKEUKOH.

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

6. Bce onbIThI ¢ BpeAHBIMU M MIAXHYIIMMH BEIIECTBAMH, & TAKXKE yIIapUBaHUE KUCIOT U KUCIBIX
PacTBOpOB MPOBOAUTE B BBITSDKHOM IIKAQy.

7. OcraTku coeAMHEHNH cepeOpa CIMBaTh B 0COObIE CKIISTHKH.
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8. Ilpu HarpeBaHUM PACTBOPOB B MPOOHMpPKE BCEraa CIEAyeT IepkaTb e€ TakuM o0pa3oM, YTOOBI
OTBEpCTHE MPOOHPKHU OBLIO HAIIPABJICHO B CTOPOHY OT pabOTAIOIIEro psiioM COCcea.

9. He HaKJIOHATH JIMIO HAJ HATPEBAEMOM KHKOCTHIO MJIH CILIABIISIEMBIM BEIIECTBOM.

10. He crenyer BApIXaTh Maxydue BEIIECTBA M Ta3bl, OJM3KO HAKJIOHSSACH K COCYOY C 3TUMH
BemlecTBaMy. HioxaTh BelliecTBa MOYXHO JIMIIL OCTOPOKHO, HAMpaBJIsis K ceOe Maphl UK Ta3 JBIKEHHEM
PYKH.

11. XpaHuTb pacTBOpPHI KOHIEHTPUPOBAHHBIX KUCIIOT U LIETIOYEH B BBITSDKHOM IIKaQy.

12. BbuinBath pa30aBicHHbBIC KHCIIOTHI U IICTIOYHbBIE PACTBOPHI CIICAYET B CIMBHYIO CKIISIHKY.

13. Kareropuuecku 3amperiaercs mpoOoBaTh XMMHYECKHE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIErKO BOCIUIAMEHSIOIIUMUCS BellecTBaMu (3(UphI, OSH30JI, CepOyIiaepoa U
T.JI.) HE JIOJDKHO OBITh PSIIOM OTHSI M BKITFOUCHHBIX TUIUTOK.

15. Tlpu pabore co CTEKIOM, XWMHYECKOH MOCyIol, HE00XOAWMO COON0AaTh TpaBUia
MPEAOCTOPOKHOCTH BO M30SKaHNE PAHEHUH OCKOJIKAMH CTEKIIA.

16. Kareropudecku 3ampemniaercs OCTaBisATh paboTaroiiye npuOopsl 03 HaOMIOIeHUS.

17. B xumudeckoi J1abopaTopun HeoOX0IUMO paboTaTh B Xajiare.

3aganus

OmnpiT 1. Bo3pMuTe J10K€UKOl 04eHb HEOONBIIOE KOMMYECTBO OKCHJIA KATBIIHS, TIOMECTHTE €ro B
npo6upky 1 n06asbTe 3 cM® Boxpl. Ecrm oxenp kanpius CaO pacTBOpHIICS He MONTHOCTBIO, 3TO 03HAYAET,
y10 B3aT M30bITOK CaQ. Hammmure ypaBHeHue peakuuu. JloO0aBbTe B MpoOMPKy, rae oOpa3oBajics
THJIPOKCH]| Kalbllusl, 1-2 karum uHaukatopa (enondranenHa. B kakol mBeT OKpacHIICS pacTBOp B
npobupke? Kakast cpena pactsopa?

OmnbiT 2. Bo3bMHUTE JIOXKEYKOM HEOOIBIIOE KOJNWYECTBO OKCHJA MEIOW, IOMECTUTE €ro B
npo6upky. Tyma e 106aBbTe 2-3 cM® pa30aBIeHHON CepHOIl KHCIIOTHI, HarpeiiTe MPOOHPKY 10 KHTICHHS.
B kaxoif mBer okpacuicsi pactBop? CocrtaBbTe ypaBHeHHE peakmuu. OTQuiasTpyldTe pacTtBop OT
OCTaBIIIErocs OKCHAA MEIM M K OXJaXKICHHOMY (GuiubTpary (pacTBopy) mob6aBbTe 2-3 cM® pacTBOpa
méroun NaOH. Urto mpom3onnio? Hanmwmmmre ypaBHeHHE peaknuu. Temeps Harpelte mpobupky. Kak
H3MeHMIICS LBeT ocazika? CocTaBbTe ypaBHEHHUE PEaKIMU Pa3I0KEHUs THAPOKCUIA MEIH.

OmeiT 3. Bo3smute nBe mpobupku. [lomecTuTe B HUX HEOOIBINOEC KOJIMYECTBO (Ha KOHUHKE
JIO’KEYKH) OKCHJ@ LIWHKA MM OKCHJA ATIOMUHMS. B omHy mpoGupky Haneiite 2-3 cM® pa3baBieHHOI
CepHOIl KHCIOTBI, B JPYryilo 2-3 cM° KOHIIGHTPMPOBAHHOI'O pacTBOpa Inenodn. Harpeiite BTOpyro
mpobupky. OKcuael B 00enX MPOOMPKax pacTBOPSIOTCS, YTO TOATBEPIKIAET WX aM(OIUTHOCTE.
CocraBbTe ypaBHEHHS pPEAKITUH.

Ompit 4. Haneiite B mpo6upky 1,5 cm® pactopa comu kaamus (xnopuaa CdCl, wm cynsdara
CdSOs) n Tyna xe nob6asbTe 1 cM® pacTBOpa ménoun. Hammmmre ypaBHeHHs peakmuil. B mpoGupke
obpazoBaics ocagok. OtMersTe mBeT ocagka. ComepKUMoe TPOOHPKH, MPEIBAPUTEIHLHO B30OJITaB,
paszenuTe Ha 2 4acTH, NEPENHUB ONHY M3 HUX B APYryro npodupky. K comepxuMoMy omHOW mpoOupku
n06aBbTe 2 cM° pa3baBIEHHOM CepHOM KHCIOTHL. OcCaJoK PacTBOPHICA. DTO MPOM3OLUIO B PE3yNbTATe
peakuuy HeWTpanu3zauuu OcHoBaHuA. Hamummre ypaBHeHue peakuuu. K comgepxumMomy oOmHOH
poGupKH 106aBbTe 2 cM® pacTBopa ménoun. Ocanok He PacTBOPHICA, T.K. 061aas TONBKO CBOHCTBAMH
OCHOBAaHUS, CO IIEI0YaMH HE B3aUMOJEIHCTBYET.

Ompit 5. Haneiite B npobupky 2-3 cm® pactBopa comu amomuaus. JI06aBbTe 10 KammsM (J0
oOpazoBaHus ocanka) pa3oaBneHHbli pactBop mmenoun (KOH  wmm NaOH). IlosBuncs ocamox
ruapokcuga  amomuHus Al(OH)z Oemoro mBera. Hammmmre ypaBHeHuwe peakmuu. Copepkumoe
npoOUpPKH, MpeaBapUTENbHO B300JTaB, pa3genuTe Ha ABe 4yacTu. K comepkuMoMy OIHOH MpoOMpKH
no6aBbTe 2-3 cM® pasbaBieHHOl cepHoll Kucmotel. Ocanok pacTBopwiics. CoCTaBbTe ypaBHEHHE
peakuuu. Bo BTopyro npo6upky g06aBbTe 2-3 cM® KOHIIEHTpHPOBAHHOrO pacTBopa menoun (KOH umu
NaOH). Yto npou3o1uio ¢ ocagxoM T'HApOKcHIa adoMuHus? Hanummre ypaBHEHNS peaKuyy.

OnmiT 6. Haneiite B nmpobupky 2-3 cm® pactBopa cyibdata meau. JJobaBbTe HECKOIBKO Kareib
(ae 6onee nByx!) meénoun NaOH mo oOpazoBaHus cBeTno-3e1€H0ro ocaaka ocHoBHoH coiu (CuOH)2SO4.
N36wITOK TIENTOUM TTpUBENET K 00pa3oBaHuto ocaaka rumpokcuaa meau Cu(OH),.

Onmit 7. Haneiite B npobupky 2-3 cm® pactopa xsopuna 6apus BaCl, u memnoro cepHoit
KACIOTBI 110 oOpasoBaHus ocanka. OTMerbTe mBeT oOpasymoomerocs ocaaka. VcmeltailTe Ha
PacTBOPUMOCTb MOJTYYEHHBIH OCaJOK B KHCIOT€ W IMIenoud. s 3Toro: comepKumoe NpOOHpKH,
MpeABapUTENbHO B300NTAaB, pa3ienuTe Ha aBe npodupku. K cogepkxumomy oqHOM npodupku 100aBbTe 2—
3cm® ceproit kucnoTsl ¢ koHuentpamueir C(H;SOs) = 2mons/nm?, a B apyryro mpobupky — 2-3cm®
pactBopa ménoun ¢ koHrentpanueii C(NaOH) = 2 mons/am® 1 morpeiiTe B MIaMeHH ra3oBoil TOPENKH.
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OTMerbTe, MPOM3OILIO JIM PACTBOPEHHE ocaaka cynbdarta Oapus. OObsicHuTe noBeneHue ocaaka BaSO4
npu 00pabotke ero pactBopamu H>SOs 1 NaOH monb3ysics Tabnuneld pacTBOPHMOCTH.
CocTaBbTe ypaBHCHUE XMMUUECKOW peaKkuu o0pa3oBaHus Cylib(ara Gapusi.

Conepxanue oT4yeTa
[Toyuennsie maHHbIe 3adukcupyiite B Tadumie 1 mo cnexyromei Gopme:
Tabmuna 1. Pe3ynbTaThl SKCIEpUMEHTA

Ne i/t | PearenTsl XUMHYECKask peaKkus HaOmronenus

1

gl wN

KonTposbHbIe BOIPOCHI
ba3oBblii ypoBeHb
Uto Ha3zwiBaeTcs okcuaamMu? Kakyro cTereHb OKUCICHUS TIPOSBIISIET KUCIOPO B OKCHAaX?
JlaiiTe KpaTKyr0 KiIacCU(PUKAIMIO OKCHIAM.
Uro HasbiBaercs kuciioramu? [IpuBeauTe ux KiacCU(pUKAIUIO
Yr0 HA3BIBAETCS OCHOBAHUAMU? [TpuBenure nx KnaccmbMKauH}o

ropnE

IloBbIICHHBI YPOBEHb
1. Kaxkue sneMeHThI 00pa3yroT OKCHIIBI?
2. Kak cocraBisercs xumuueckas Gpopmyiia okcuaa?
3. Kakwue okcumpl oOpasyer a3ot?
4. Kakuie OKCHIBI B3aUMOEHCTBYIOT ¢ BomoOH. [IpuBecTn mpumep.
5 Kakwue coennHeHns Ha3pIBaroTCs coisiMu? [IpuBeauTe nx KiaccuuKaImio

Cnucok JuTeparypbl, peKOMeHyeMblil K HCIIOJIb30BAHUIO 110 JAHHOH Teme

OcHoBHas1 iuTEeparypa:
1 Koposun, H. B. O6mas xumus : yaeonuk / H. B. KopoBun. - 13-e uzn., nepepab. u mom. - M. :
Axkanemus, 2011. - 496 c. : un. - (bakanagpuar). - Pek. MOuH P®. - [Ipun.: c. 461. - bubnuorp.:
c. 486. - ISBN 978-5-7695-8015-4
2. bapkosckuii, E. B. O6mas xumus : yueoHoe nocooue / E. B. bapkosckuii, C. B. Tkaues, JI.
I'. Ilerpymenko. — MwuHck : Beimaiimas mkoia, 2013. — 641 ¢. — ISBN 978-985-06-2314-0.
— Texkcr : anekTpoHHbIH // DnekTponHo-O0nbnmroreyHas cuctema IPR BOOKS : [caiit]. — URL.:
http://www.iprbookshop.ru/35509.html — Pexwum moctyma: s aBTOpHU3HP. MOJIb30BaTENEiH
JlonoJIHUTEIbHAS JINTEpaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nuaka ; [Tox pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubnuorp.: c. 704. - [Ipeam. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. bBoarpometok, B. B. O0mas xumus : yuebnoe nocodue / B. B. bonrpomerok. — MuHCK :
Beriitmas mkomna, 2012. — 624 ¢. — ISBN 978-985-06-2144-3. — TekcT : 21€KTpOHHBIH //
DnexTpoHHO-0ubnuoTeunas cucrema IPR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/20236.html — Pexxum moctyna: s aBTOpU3Mp. MOJIB30BaTENEH
HNHuTepHer-pecypcesnl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTyIa K 00pa30BaTEILHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuTerckast 6HOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTaaoT acCoIMAIMU IIEKTPOHHBIX OMOINOTEK
yueOHBbIX 3aBeieHuil u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 3BC.
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S https://openedu.ru — OTkpeiToe 06pa3oBanue

Tema 5. O01ue 3aKOHOMEPHOCTH IPOTEKAHUSA XMMHYECKHUX MPOLECCOB.
JlaGopaTopHas padora 2. XuMH4eckas KHHEeTHKA U XHMHYeCKOe paBHOBecHe

[enp pabOThI: u3yueHHe XUMUYECKOW KMHETHKH W PABHOBECHs, U (DAKTOPOB, BIMAIONIMX HA

CKOpPOCTb U CMEUICHUEC PABHOBCCUS XUMHNYCCKUX peaKHHﬁ.

Teopernyeckas 4acTb
CxopocTh XUMHYECKHUX peakuuii

VYpaBHeHMs] XMMHUYECKHUX pEaKIUil, XapakTepu3ys MHOTHE CTOPOHBI MPOILIECCOB, HE
BCEr/Ia JAl0T MOJHOE MPEJICTaBICHHUE O CYLIHOCTH MIPOUCXOAIINX MTPEBPALLIEHUI.

HekoTtopble xuMmHueckue NpoOLECChl, HANpUMEp, PEAKIHMHM pPa3l0oKEeHHs] B3pPbIBUATHIX
BEIIECTB, 3aKaHYMBAIOTCS B T€UEHHE JI0JIeH ceKyH/bl. OueHb OBICTPO 3aKaHUMBAIOTCSI peaKLuu
B3aUMO/JICHCTBUSL KUCIOT, IIejo4yeil u cojiell B pacTtBope. OpraHuyeckue XK€ COEAUHEHHUS B
OOBIYHBIX YCJIOBHUAX B OOJBIIMHCTBE CIIYy9acB B3aMMOJICUCTBYIOT MEXIYy COOOW MEIJICHHO.
Takum 06pazom, pa3Hble peakliy COBEPILAIOTCA B HEPABHbIE MPOMEKYTKH BPEMEHH, T.€. MOTYT
UATH C pa3iINdHOM CKOpOCThIO. [103TOMY Ha OCHOBAHMU TOJIBKO YpaBHEHHUI OJHUX XUMHUYECKUX
peaxiuii HeJib3sl CYIUTh O CKOPOCTH Ipoliecca.

Xumuueckas Kumemuka — 3MO YueHue O CKOPOCMU XUMUYECKUX NpOYeccos, ux
HanpaseneHHoCmu U 0 (pakmopax Ha HUX 6IUSIOUUX.

Henp m 3amayn XUMHUYECKON KUHETUKH — U3BICKAHWE ONTHMAJBHBIX MapaMeTpoB JUIs
MPOBEJICHUS] XHMHYECKOTO CHUHTE3a, a MMEHHO: oOOecleyeHHe MaKCHMaJbHOW CKOPOCTH
nporecca, Hau0oJiee pallnoOHAIbHOE UCII0JIb30BAaHUE CHIPhS U IHEPrOPECYPCOB U JP.

YCTaHOBIIEHO, YTO Ha CKOPOCTh XMMHUECKHUX PEAKIHi BIUSAIOT MHOro (hakTOpoB —
KOHLIEHTpAllMs B3aMMOJEUCTBYIOIIUX BEIIECTB, TEMIleparypa Mpolecca, Haiuyue (Win
OTCYTCTBHE) KaTaJl3aTopa u Jp.

DKCIIEpUMEHTHl T0Ka3ajy, YTO YBEJIWYEHHWE KOHIIEHTPALlMU  B3aUMOJICHCTBYIOIINUX
BEIIECTB BBI3bIBAET YBEIMUYECHNUE CKOPOCTH PEAKIIHH.

Ecnu B 3akpeiTOM cocyzae Mpu 3aJaHHOW TeMIepaType pearupyroT JIBa BellecTBa B
ra3o00pa3HOM COCTOSIHUM WJIU B PacTBOPE

AC + BD < AD + BC,

TO CKOPOCTh 3TOH peaKLHH ONpeeseTcsl YMEHbIIEHHEM KOHLEHTpPAluH (MOIb/IM°)
BemecTB AC u BD B eaunuily BpeMeHH (CEKyHIy, MUHYTY, 4ac). Tak Kak ¢ TeYeHHEM BpPEeMEHU
KOHLIEHTpAllMsl pPEearupylooIluX BeIIeCTB IMaJaeT, TO 3aBUCUMOCTh CKOPOCTH pEAaKIHH OT
KOHIIEHTPAIIMK MOKHO BBIPA3UTh CIIEAYIOLUIUM 00pa3oM:

E—

v=—(AC/At) (2.1)
rae &2 — cKOpOCTh IPSIMOM PeaKIlnu, AC - MOJISIpHAs KOHIIEHTpaius, t — Bpemsi.
I'paduuecku 3Ta 3aBUCUMOCTb N300pakeHa Ha pucyHke 5.1.

A

v =—(AC/ AY)
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Puc. 2.1 3asucumocms ckopocmu peaxyuu om epemenu
JI0BOJIBHO pacmpoCTpaHEHBI PEAKIINH TUIIA:
mA + nB—> ¢C, (2.2)
B KOTOPBIX Ha M MOJICKYJT BEIIeCTBA A MPUXOJUTCS N MOJICKYI BeliecTBa B, py 3TOM M
1 N OOJIbIIIE €IUHUIIBL.
DKCIepUMEHTAIBHO YCTaHOBJICHO, YTO JJISl TAKOTO MPOIEcca CKOPOCTh MPSIMOM PEeaKIIHH
MOJKET OBITh BBIPAXKECHA CIICIYIOIIHM 00pa3oM:

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

—

rae K - KoHCTaHTa CKOPOCTH IIPSMON PEaKIMK — BENUUHMHA, PABHAS CKOPOCTH PEaKIluu
P KOHIIEHTPAIMSIX PeareHTOB PaBHBIX €IUHHIIE; 0OPaTHO MPOTIOPIMOHATIBHAS BPEMEHH; X U Y
— HEKOTOPBIE YMCIIA, ONPEEIISIEMbIE ONIBITHBIM ITYTEM.

Koncmanma cxopocmu 3aBUCUT OT TeX e (aKTOPOB, YTO M CKOPOCTh JAHHOW peaKInwy,
HO He 3a8UCUm Om KOHYEHMPAayull peasupyioujux 6euecms.

KoHcTaHTa CKOpPOCTH XapakTepu3yeT pEakIHio ISl OINpENeIeHHBIX YCIOBHH —
memnepamypa, 0asieHue, KOIuYecmso u Kaiecmeo Kamaiuzamopa v T.1. Pa3andHble peakiun
MO>KHO CPaBHUBATh TOJILKO €CITH OHH MTPOTEKAIOT MIPH CTPOTO OJMHAKOBBIX YCIOBHSX.

VpaBuenuss tuma (5.3), ycTaHaBIMBAIOUIWE JKCIEPUMEHTAJIBLHO OMPEACTICHHYIO
3aBHCUMOCTh CKOPOCTH pPEaKIHH OT KOHIICHTPAIM pearupyromuX BEMIECTB, HA3bIBAIOT
KUHeMU4eCKUMU YPABHEHUIMU PEaKyUll.

Kunernveckue ypaBHeHUs peakmuii (5.3) sBISAIOTCS MaTEMaTHUYECKHUM BBIpAKECHUEM
3aKOHa JCWCTBUSI MacC — OCHOBHOTO 3aKOHA XUMHUYECKON KHHETHKH: CKOPOCHMb XUMUYECKOU
peakyuu nPONoOPYUOHAIbHA NPOU3BEOCHUI) KOHYEHMPAYUll peasupyrouux eeujecme 8 CmeneHu
HEKOMopbIX uucel, onpeoensemvlx skcnepumenmanvro (nepas popmymuposka — H.U. bekeros,
1865 r; I'ynpabepr u Bare, 1867 1.).

Tonpko MHOTA TTOKA3aTeH CTEIICHN KOHIIGHTPAIMK ISl TAHHOTO BemiecTBa (X, Y u Jp.)
B KHHETUYECKHUX YpaBHEHUAX (5.3) COBMAIAIOT C €r0 CTEXHOMETPUUECKUM KOdhHUIIHEHTOM (X =
m; Y = N ) B ypaBHeHUU peakiuu. OOBIYHO ATO BBITIOIHSIETCS VIS DJIEMEHTAPHBIX PEaKIHid, T.e.
peaKiuii MPOXOAAIINX B OJHY CTaIHUIO.

[TpuMepbl MPSAMBIX AIIEMEHTAPHBIX PEAKIIHN:

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

Jiss  Takux peakuuMd CTENeHH B KHHETHYECKMX YPaBHEHUSX COBIAJAOT  CO
CTEXHOMETPUICCKUMU KOI(D(PUIICHTAMHU PEarecHTOB B YPAaBHCHHH PCAKIIHH.

THokazamenv cmenenu KOHYeHMpayuu peasupyroweco Geujecmsed 6 KUHEemU4eckom
ypasnenuu peaxkyuu (X, Y u 0p.) Hazvieaemcs nopaoKkom peaxyuu no 0aHHomy eeujecmsy. Tak,
Hanpumep, st peakiuu (6.1.2) nopsiok mo BemiectBy A paBeH X, mo B — Y. Tlopsakom xe
peakiuu B 1eoM (N) SBISETCS cyMMa MOPSAKOB MO KaKJIOMY pEareHtTy JIjs JaHHOW peakiluH,
Hanpumep, Uit peakuu (6.1.2): n =X +y.

Benuunnbl nopsaka mo peareHtam (X, Y ¥ Jp.) W MO peakiuu B 1esoM (N) MOTYT OBITH
MOOBIMM  HEOONBIIMMM 1eNbIMU uuciamMu (1, 2 u penko 3), paBHATBCS HYJIIO WIH OBbITH
npoOHbIMU uncinamu (1/2, 2/3, 3/4 u np.). Hanpumep, a7 peakiiuu CHHTE3a BO/IbI

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

MOPSIIOK PEAKIUK, B 3aBUCHMOCTH OT MaplUaibHBIX JaBIEHUI BOJOPOAA M KHUCIOPOJA,
uMmeeT apobHoe 3Hauenue — 1, 0,5 u 0,7 (cm. Tabmumy 5.1).

Tabnuya 2.1 — 3asucumocms nopsaoka peakyuu om napyuaibHulx 0ae1eHUll KUciopooa u
8000p00a

| p(Hz), I1a | p(O2), ITa | By KHHETHYECKOTO | CyMMapHBbIii
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ypaBHEHUS HOPAHOK
130 — 2600 26600 — 53300 v=kpy, PO, 1
2600 — 8000 20000 — 53300 L= ka|2 pco)’z5 0,5
8000 — 50600 1330 — 5300 L= kp&;1 p’gf 0,7

Heo0OxoauMbIM ~ yCIIOBHEM XHMHYECKOTO B3aMMOJICHCTBHUS SIBJIICTCS CTOJIKHOBCHHE
pearupyroux 4acTUIl — MOJICKYJI, aTOMOB, HOHOB U JIp. B MOMEHT CTOJIKHOBEHHS 3JICKTPOHHBIC
o0J1aka peareHTOB CMEIIMBAIOTCS, 00pa3ys IPH STOM HOBBIE CBSI3H.

Yucno monexyn, 0OHOBPEMEHHbIM B3aAUMOOCUCEUEM MeHCOY KOMOPbIMU 6 MOMEHM
CMOJKHOBEHUsL ~ OCYWeCMBNIAemcs — aKm — XUMUYECKO20 — NpespaujeHus,  Ha3vlaemcs
MONEKYNAPHOCIBIO PeaKyUU.

Peakiiuu  ObIBalOT MOHO-, OM- ¥ TPUMOJICKYJISPHBIMH. TpPHUMOJICKYJISIPHBIE U
TETPAaMOJIEKYJSIpHbIE  PEaKIIMA OYeHb pPEAKU. M3BECTHBI JIHIb HECKOJbKO MPUMEPOB
MIEHTAMOJIEKY/ISIPHBIX PEaKI[HiA.

B gacTHOCTH, K MOHOMOJIEKYJIIPHBIM PEAKIMSIM OTHOCAT PEAKIIUU Pa3JI0KEHUS MOJICKYIT
1 BHYTPUMOJIEKY/ISIPHBIX TIEPETPYIITMPOBOK, HAPUMED, PEAKIIHIO Pa3I0KEeHNs MOJIEKYI Hoa:

l2(2) < 2l(2).
KuneTtrueckoe ypaBHEHHE 3TOTO MPOIECCa UMEET MIEPBhIi MOPAIOK:
v =K[I2].
[Tpumepbl OUMOJIEKYITSIPHBIX PEAKIIHU:
2NO(2) <> N202(2); v = k/NOJ?

HBr) + H(z) < Hz2) + Br(2); v = k[HBr][H] — xunernueckoe ypaBHEHHE BTOPOTO
MOpsIKA.

TpumonexynspHasi peaKius:

Cly(2) + 2NO(z2) <> 2NOCl(z); v = K[CI2][NO]J? — kuHeTHUYecKOE ypaBHEHHE TPETHETO
MOpsi/IKA.

Jlnsi TIpUBEICHHBIX PEAKIUH MOPAIOK W MOJICKYJSIPHOCTh PEaKIUi COBIAJAIOT, HO B
o0rIeM cityyae OHU pa3In4yHbl.

Tlopsoox peakyuu onpeoensemcs MONEKYIAPHOCMbIO CAMOU MeOJIeHHOU CMaouu OaHHOU
peakyuu.

Ecim peakiust mumer mo craausM, TO €€ TOPSIOK PEaKIWW MEHBIIE WIH PaBEH
MOJICKYJISIPHOCTH peakiuu. Tak, HarpuMep, Ipu CHHTE3€ BOJbI (cM. Tabmuiy S5.1) mpu mopsake

peakiuu paBHoMy eaunuie (N = 1; U = kp|1_|2 pg ), peakuusi — MOHOMOJIEKYJISIpHAs; Ipu N =
2

05 (L= kpa pg’S), peakiusi — MOHOMOJIeKyisipHas;, npu N = 0,7 (U = kpa’4 pg’s),
2 2 2 2
peakuus — OMMOJIeKyIsIpHas.

Ilpumeuanue. HeoOX0qMMO TIOMHHTB, YTO MOJIEKYJSIPHOCTh PEAKIMH, B OTIMYHE OT €€
nopsizika, Beceraa menoe uucio — 0, 1, 3.

3axkon Oelicmeusi macc cnpageoiug MoONLKO 0N  MOHO-, Ou- u pedxce O
MPUMOIEKYIAPHBIX PeaKyul.

[Tpu >neMeHTapHOH peakyy B CHCTEME MPOTEKAaeT TOJLKO OJUH MPOIECC U ypaBHEHHE
pPEaKIK pacKpbIBaCT €ro MEXaHU3M. BOJBIIMHCTBO peakiuii — CIO0XKHBIE M TPEACTABISIOT
co00i1 cyMMapHBIH pe3yNnbTaT HECKOJIBKHX JIEMEHTapHBIX MPOIeccOB (IBYX U Ooiee). [TorTomy
o0lI1ee CI0KHBIX YpaBHEHHE PEakInii He OTpaKaeT UX PeabHBIH MEXaHU3M.

Hns cnooucuvix peakyuil 3aKOH O€liCMBUs MACC He NPULONCUM 6 YeloM, d CHpaseoniug
JUUDb K OMOENbHbIM €€ cmaousam Hebonvbuol moaekyrapHocmu. Hanpumep, oOiiee ypaBHeHHE
pEaKIuy UMEET BHI:
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24+ B < C,
COTJIACHO KOTOPOMY SIBJISIETCSL SIKOOBI TPUMOJICKYIApHOH. OJHAKO IMPOTEKaeT B JBE
CTaJIMu:
1) A + B < D — ouens 6vicmpo;
2) D + 4 < C— meonenno.

24+ B < C.
Tak Kak MOPSIOK PEaKIHUK OMPEACIIIETCS MOJICKYJIIPHOCTHIO CAMOM MEJICHHON CTaIuu
peaknuu, TO JaHHas peakuus — OWMOJICKYJspHas H BToporo mnopsaka. CrenoBarenbHO,

KHHETUYECKOE YPaBHEHHE ITOTO B3aUMOICUCTBUS OYJET UMETh BU/I:
v =K[A][B], a ne v =K[A]*[B].

N3 (5.1) cmenyer, 4TOo Ccropocmb peakyuu — GeiUYUHA OOPAMHO NPONOPYUOHATLHAS
8peMeHU.

BcenenctBue pasnuyHOM CKOPOCTH JBMKEHHS MOJIEKYN, OHM OOJalaloT pa3InyHOU
KHHETH4eCcKo# sHepruei. [Ipu s3ToM KuHEeTHUecKasi SHEPTUS MPSAMO MPOMOPIIHOHATIEHA CKOPOCTH
JBKEHUSI MOJICKYJIIBI.

Mouiekyinbl, KOTOpbIE 00J1aJat0T BEICOKMM 3al1acOM KMHETHUYECKON SHEPTUH, Ha3bIBAIOTCS
AKTUBHBIMHU.

Jlononnumenvnyto sHepauto, KOMopyro HaA0o cooOWUMs MONEKYIam Ol nepesooa Uux 8
aKkmueHnoe COCMosAHUe, HA3bI8AIOM JHepeuell akmueayuy. XUMHAYECKash peakus MOXKET
MIPOU30UTHU TOJIBKO MPH CTOJTKHOBEHUHU aKTHBHBIX MOJICKYII.

Ckropocmb  XumMu4eckou peaxyuu NpsmMo HNPONOPYUOHANbHA HUCTY CMOJKHOBEHUl 8
eOUHUYY 8PEeMEHU.

Ponp karanuzaTopa, mpUMeEHSEMOro Ui MpOTeKaHUs JaHHOTO XMMMUYECKOTO Ipoliecca,
3aKII0YaeTCs B CAEAYIOmeM: 1) B TOHWKEHWW HHEPrUM aKTHUBAIMH; 2) B OOCCICYCHHH
HE00X0IMMOM OpPUEHTAIIMH PEearupyIOIINX YaCTHII.

Bausinne TeMnepaTypbl Ha CKOPOCTh PeaKIuu

C mnoBbIlLIEHWEM TeMIEepaTypbl YBEIWYMBAETCS CKOPOCTh MABMKEHHS MOJIEKYI M HX
KMHETHUYecKasi SHepTrHsi. AKTUBHOCTh MOJIEKYJI BO3PACTaeT, U CKOPOCTh PEaKIMU YBEINUUBAETCS.

3aBUCHUMOCTh CKOPOCTH pEakUUu OT TEeMIEepaTypbl OINpeaesseTcss MpaBuioM Bant-
Todda: npu yseruuenuu memnepamypor na kagxcovie 10°C cxopocmv peakyuu eospacmaem
npumepHo 6 2 pasza. J1ji1 HEKOTOPBIX PEaKIIMi CKOPOCTh Bo3pacTaeTr B 3 — 4 pa3a. ITO 3aBUCUT OT
MIPUPO/IbI PearupyroIIUX BEIIECTB.

Yucno, nokasvléaioujee 80 CKOIbKO pa3 YBeIUdUUBAEMCs CKOPOCMb peakyuu npu
yeenuuenuu memnepamypol Ha 10°C, Hazvligaemcsi memnepamypHuiM Kodgduyuenmom u

obosnavaemcs 7/ .

V3MeHeHre CKOPOCTH PEaKIMH OT TEMIIEPATypPbl MOXKET OBITh BBIYMCIICHO IO (OpMyIie
BanTt-I'odda:

-1

ty
—2 =y 10 (2.4)
Utl

rae Utz 51 Utl — CKOPOCTH PEaKLUH NpH TemrepaTypax t2 u t1 COOTBETCTBEHHO; Y —

TemnepaTypHbli koaddunment Bant-I'opoda.
CkopocTh peakliiu B reTeporeHHbIX cucreMax. Bausinue karaausaropa Ha
CKOPOCTh XUMHUYECKHX peaKuii

BemectBa,  u3MeHsMOIMUE ~ CKOPOCTh ~ XMMHUYECKOTO  IpOLEcca,  Has3bIBAIOTCA
Katanm3aropamu. Katamumzatopamu MoOryT OBITH TBEpJble, KHUIKHE U Tra3000pa3HbIe
BeniecTBa.ll3MeHeHne CKOPOCTH XMMHUYECKOM peakIMM IOJ BIUSHHEM MPUCYTCTBYIOILETO B
crcTeMe MMOCTOPOHHET0 BEIIECTBA, COCTAB U KOJIMYECTBO KOTOPOTO K KOHILY PEAKLUU OCTAIOTCS
0e3 U3MEHEHH, Ha3bIBAIOTCS KAaTaJIU30M.
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IIpy roMOreHHOM Karanuse B3auMOJCHCTBYIOIIME BEIIECTBA U KATAJIU3aTOP COCTABJISAIOT
onHodasHyto cucremy. Ilpu rereporeHHOM KaTalau3e pearupyroliye BELIeCTBA U KaTalu3aTop
COCTAaBJIIIOT CHCTEMY U3 HECKOJbkuX (a3. Ilpum rereporeHHOM Karaiu3e B TPHCYTCTBUHU
HEOONBIIMX KOJMYECTB KaTalu3aTopa MOTYT MPOpearupoBaTh OTHOCHTEIBHO —OOJbLINE
KOJIMYECTBA B3aMMOJCHCTBYIOIIMX BewECTB. [IpM rOMOreHHOM Karajin3e CKOpPOCTh pPEAKLUU
MIPAKTUYECKH MPONOPLHOHAIIbHA KOJIMYECTBY KaTaJIN3aTOPA.

AKTHBHOCTB KaTalM3aTopa, a MHOT/IA M CIIeUU(UIHOCTD UX JEHCTBHSA, B OOJBIION Mepe
3aBUCHUT OT TeMIIeparypshl. /g Kaa0ro mnpouecca, CymecTBYOT ONPECICHHBIE KaTalu3aTOPBI,
9acTo MOA0MPAEMbIe KCIIEPUMEHTAIBHBIM ITYTEM.

XuMHYeCKoe paBHOBecHe
Bce xumnueckne peakiui MOYXHO pa3efiuTh Ha JIBa TUIA: 00paTUMbIe U HEOOpaTUMBbIE.
MHorue peakuuu sBISIFOTCS 00paTUMBIMH, T.€. TAKMMH, IPU KOTOPBIX 00pa30BaBIIHECS
MIPOJIYKThI B3aUMOJCHCTBYIOT MEX/1y COOOM, MpeBpallasch B HCXOIHbIE BEILIECTBA.
OOpaTuMble peakiy OrpaHUYEHbI ONPEAEICHHBIM IPEIEIOM: OHU HE JOXOAT 10 KOHIIA.
OOt Buj ypaBHEHUsI 0OpaTUMON peaKIuu:

mA + nB<«>pC + gD. (2.5)

CKOpOCTH IPSIMOTO M 0OPATHOTO MPOIIECCOB BEIPAKAIOTCS CIIEAYIOIUMH YPaBHEHUSIMHU:
v=k[A]"[B]" (2.6)
v=k[C]°[D]". 2.7)

B MoMeHT ycTaHOBIEHUSI paBHOBECHS TpsiMasi U 0OpaTHasl peakIiy He TMPEKPAIIaTcs, a
MPOJIOJDKAIOT MPOTEKATh B MTPOTHBOIIOJIOKHOM HAIPABICHUH C PABHBIMUA CKOPOCTSIMH.
I'paduaecku 3TO MOXKET OBITH TaK, KaK MOKa3aHO Ha pUCyHKe 5. 1.

UA

L2

»
»

t

Pucynox 2.2 3asucumocmo npsamoi u 06pamuou peakyuti om epemenu

Eciu ckopoctu mpsiMoii U 0OpaTHOW peakiuii paBHBI (Vnmp = Voop. — MATEMATHUECKOE
yCIOBUE XUMHUYECKOIO paBHOBECHs) , TO MpaBble uyacTH  ypaBHeHuil (5.6) u (5.7), ux
BBIPXKAIOIIUX, TAKXKE PaBHbI:

k[A]"[B]" =K[C]’[DF. 29
Ha ocHOBanuu 310ro0 chopMyImpoBaHO MOJIOKEHHE, HA3BAHHOE 3aKOHOM JICHCTBUS Macc
(BTOpast GOPMYIUPOBKA): 8 MOMEHM PABHOBECUS NPOU3BEOEHUE KOHYEHMPAYUli 0etcmeyiouux
MAcc UCXOOHBIX BeWecms HA KOHCMAHMY CKOPOCMU NPSAMOU DPeakyuu pPAasHO NPOU3EEOCHUIO
KOHYEHMpayuti 0elcmeyowux Macc o0pa3yiowuxcs eeuwjecme Ha KOHCMAHMY CKOPOCHMU
0bpamHou peaxkyuu.
W3 ypaBuenus (5.8) cnenyer, 4To

[c]P[D]
m n'

[A]"[B]

OTHo1IEHUE ABYX NOCTOSIHHBIX BEJIMUMH €CTh BEJIMYMHA IOCTOSIHHAS, CJIEI0BATEIBHO:

k/k = (2.9)
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kik=K? =M. (2.10)
[A]"[B]"

KoHncranToli xumuueckoro paBHoBecusi K” Ha3bIBaeTCsi OTHOLIEHHME IPOMU3BEACHUS
PaBHOBECHBIX  KOHLIEHTpPALMH MPOAYKTOB peakUMh K IPOU3BEACHHUIO PAaBHOBECHBIX
KOHLIEHTPALIMN UCXOAHBIX BELIECTB, B CTEIIEHU UX CTEXMOMETPUUECKUX KOA(P(PUIIUEHTOB.

KP BbIpakaeT 3ak0H JeMCTBHS Macc [yl pAaBHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
pasHosecus He 3a8ucum Om KOHYEHMPAyuu peazesmos, HO 3asUcCUm om memnepamypul u om
npupoobl peasupyroujux 6eujecms.

B MOoMeHT XxuMHUECKOTO paBHOBECHS M3MeHEeHHE 3Heprun [ m60ca He mpoucxoaut — AG
= 0. KoHcTanTa XuMU4eCcKoro paBHoBecHs cBsizaHa ¢ AG COOTHOIIEHUEM:

AG® = _RT InKP (2.11)

VYuauteiBas, uto InKP =2,303 IgKkP u R = 8,314 JIx/K-monp ypaBHeHnue (2.12)
npeoOpasyeTcs 10 BUAA:

AG®=-19,14 T IgKP (2.13)

[lonb3ysch ypaBHEHHMEM  KOHCTAaHThl PAaBHOBECHS, MOXKHO YIPaBIATh XUMHYECKUM
MIPOLIECCOM, YTO BaXKHO B TEXHOJIOTMUECKUX LIETIAX.

Ecmu B paBHOBecHO# cucteme MA + NB<«»>pC + gD yBenmnuuTh KOHIEHTpAIMIO A, TO B
cooTHowmeHUH (7.1.6) mnst KP, NOJKEH YBETUYMTHCS YUCIWUTENb WIM YMEHBIIUTHCS BTOPOI
COMHOXHTEJb 3HAMEHATENs], T.€. BeM4YKHA [B]. OTO MOXKET MPOU30UTH B pe3ylbTaTe CMEUICHUs
paBHOBECHS CJIeBa HaIlpaBO, IMPUBOJALIETO K OOpPa30BAaHUIO HOBBIX KOJHMYECTB MPOAYKTOB
peakmuu — C u D.

Takum 00Opa3oM, Mpu YCTAaHOBUBIIEMCS HOBOM COCTOSIHUM PaBHOBECHSI, KOHIIEHTPAIUH
BCEX YETHIPEX BEILIECTB, 10 CPABHEHHUIO C MEPBOHAYAIBHBIMU, OKA)KyTCS M3MEHHUBILIUMHUCS, a
3Ha4YeHHUE KOHCTaHThl PABHOBECUS HE U3MEHUTCH.

CnenoBarenbHO, JUIsI CMEIIEHUS DPABHOBECHs CJI€Ba HAIpPaBO HEOOXOOUMO WU
YBEJIMYUTh KOHLEHTPALMIO OJHOTO M3 MCXOJHBIX BEIIECTB, WIM YMEHBIIMTb KOHLEHTPALHIO
OJIHOTO U3 MPOJIYKTOB PEAKLIUU.

C nomouip0 BBIPAKEHHUS KOHCTAaHTHI PABHOBECHS MOKHO OIPENENATh KOHLEHTpaluu
BEIIECTB B MOMEHT PAaBHOBECHUS, a €CJIM W3BECTHBbI 3HaueHHUs K¥ M MCXOJHbIE KOHLEHTpaLUU
BEIIECTB, TO MOKHO OIPEIEIUTh UX PABHOBECHbBIE KOHLIEHTPALUH.

Eciu ucxoqHyro KOHIEHTpauuio BemiecTBa A 00o03Hauuth 4yepe3 Co(A), a 4HUCIIO MOJb

€ro, MpopearupoBaBIINX K MOMEHTY PaBHOBECHUS, Yepe3 A C(A), T0 MOISIpHasi KOHIICHTpAIIUs B
MOMEHT PaBHOBECHS OIIPEJICIUTCS TaK:

[A] = Co(A) — A c).

PaBHOBecue B ICTCPOIrCHHBLIX CHUCTEMAX OIIPCACIIACTCA TOJIBKO ra3oBoil WiH )KPII[KOﬁ
(1)3301‘/'1, T.K. KOHICHTpAalUKU TBEPAbIX BEIICCTB HE BXOJAT B YPABHCHUC JISI CKOPOCTHU PCAKIIUH.

HaHpaBHeHI/Ie CMCIICHUA PAaBHOBCCHA CHCTCMbI IIpU HW3MCHCHHM KOHICHTpALUHU,
TEMIICPATYPhI UK JABJIICHUS ONPEACIIACTCA MPUHIUIIOM JIe llaTemnse:

«Ecmu Ha O6paTI/IMy10 CUCTEMY, HAXOOAIIYHOCA B IIOABUXXHOM COCTOSHWH, OKA3aThb U3BHC
KaKoO¢€ — .]'II/I6O BOSHGI‘/‘ICTBI/IC, TO CHUCTECMa OTBCYACT CMCHICHUCM PABHOBCCHUSA TAKHM O6p8.3OM,
LITO6I>I OCJ'Ia6I/ITB 3TO BO3,HCI>’ICTBHC)).

O6opynoBanue U MaTepuaJIbl
1. PactBop cepnoit kuciorsl HoSOs ¢ kornentpanuein C(H2SO04)=2 MOJTB/ M
Tuocynbdara matpus NaxS;03
. JluctunnupoBaHHas Bojia
[IpoOupku
Jloxkeuka
broperka
Boxsuas Oans
TepmomeHT

e Al
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9. PacrBop consuoii kucnorsl HCI ¢ xonnenrpamumeit C(HCI)=2 mons/am?
10. Kap6onar kanbius (Mmen) CaCOs

11. TTepokcua Bogopozaa

12. PactBop okcuza mapranua (+4). MnO;

13. PactBop okcuaa xenesa (+2), FeO

14. PactBop okcuaa kpemuus (+4), SiO;

15. PactBop xopuaa xenesa (+3) FeCls (C(FeCls) = 0,002 mons/am>

16. Pacteop THommanata xkamus C(KNCS) = = 0,002 mons/am°

17. Pacteop KCI

Yka3aHnus no TexHuke 6e30MacHOCTH
1. Bce paboTel B XMMHYECKOW Ja0OpaTOPUM JIOJDKHBI TPOBOAWUTHCS TPH HCIPABHOM
3JEKTPOOOOPYIOBAHNH, IEKTPOIPOBOJIKE, MPABHIBLHO 000PYJOBAHHOM BBITSIKHOM IIKAQ]Yy.

2. T"a3oBBIC KpaHBbI U Ia301poOBO/ JOJIPKHBI HAXOAUTHCA B UCIIPABHOM COCTOAHUU, IICPUOANICCKU
IIPOBEPATHCS.

3. PaGouee MecTo comepkaTh B OPSIJIKE H YHCTOTE.

4. Cyxue peakTHBbI TpeOyeTcs OpaTh YMCTHIM IITATENEM HITH CIICIIHATBHON JIOKEUKOM.

5. Uznuiek peakTrBa He BBUTMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLIT B3ST.

6. Bce onbIThI € BPC€OHBIMHA U IMaXHYIIUMHU BEHICCTBAMHU, a TAKXKE YITapUBAHUEC KUCIIOT U KU CJIBIX
pPacTBOpPOB MPOBOIUTH B BHITSDKHOM IIKady.

7. OcraTk¥ coeIMHEHHI cepedpa CIMBaTh B 0COObIE CKIISTHKY.

8. Ilpu HarpeBaHHH PaCTBOPOB B MPOOMPKE BCEraa CIEAyeT AepiKaTh € TaKuM 00pa3oM, 4TOObI
OTBEpCTHE MPOOUPKU OBLIO HATIPABJICHO B CTOPOHY OT Pa0OTAOIIEro PSIIOM COCENa.

9. He HaKJIOHATH JTUIIO HAJl HATPEBAEMOH JKUAKOCTHIO WM CILIABJISIEMBIM BEIIICCTBOM.

10. He crenyer BABIXaTh Maxydue BEIIECTBA M Ta3bl, OJHM3KO HAKIOHSSACH K COCYIY C STUMH
BemectBamMu. HroxaTh BelecTBa MOXKHO JIMIIH OCTOPOKHO, HAMIPABIIAL K ceOe Maphl MM Ta3 ABIK CHHEM
PYKH.

11. XpaHuUTH pacTBOPHI KOHIICHTPHPOBAHHBIX KUCJIOT H IIENI0YEH B BBITSDKHOM MIKady.

12. BoumBath pa30aBiIeHHBIC KHCIOTHI U METOYHBIC PACTBOPHI CIEIYET B CIIMBHYIO CKIISTHKY.

13. Kareropuuecku 3amperiaercs mpoOoBaTh XUMHYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIETKO BOCIUIAMEHSIOIIMMUCS BelecTBamMu (3Guphl, OEH30I, Cepoyriaepon U
T.71.) HE OJDKHO OBITH PSOM OTHA Y BKITFOYEHHBIX TUIATOK.

15. Ilpu paboTe cO CTEKIOM, XHMHYECKOH TOCYqoH, HEOOXOIWMO COONM0JaTh IpaBUIIa
MIPETOCTOPOKHOCTH BO M30€KaHNE PAHEHUI OCKOJIKAMHU CTEKIIA.

16. Kareropuuecku 3ampemniaercs 0CTaBIsATh paboTarolire IpuOopsl 0e3 HaOIIOICHHS.

18. B xumudeckoii mabopatopuu HeoOXoquMO paboTaTh B Xamare.

3amanusa
Oneir 1. OmnpenenuTe CKOPOCTh B3aMMOACHCTBUS THOCYNIb(aTa HATPHUS C CEPHOM KHCIIOTOM.
[Ipouecc MokeT OBITH BBIPAXKEH ABYMS CTAJUSIMU:

a) NapS,03 + H,SO,4 = NapSO,4 + H»S203 - 6rictpo;
6) HpS»03 =H,0+ S0, +S 4~ Memwento.

Ha Bropoii cragun peakuuu BeigessieTcsi cBOOOIHAs cepa B BUJE ONAIECHUPYIOIIErO BELIeCTRa.
Bpemst oT Havana peakiuM [0 MOSBIECHHUS MEPBBIX BUAMUMBIX CIIEIOB CEPbl 3aBHCUT OT KOHIEHTPALUHU
pearupyronmx BeecTs.

B Tpu npobupky HaseiTe 110 5 cM® cepHOit KUCIOTHI U3 GIOPETKH, 3aTeM BO3bMHUTE TPH KONGOUKH
eMKocThi0 1o 50 cM® u Haneiite: B mepByo 15 cm® Tmocynsdara HaTpus, Bo BTOpylo — 10 cm®
THOCYNb(aTa HATPUSA M 5 cM® BOABI M B TpeThio — 5 cM® TwocyibpaTta Hatpus u 10 cM® Bombl
COOTBETCTBEHHO. bynpTe TOUHBI NMpH OTMEpe HYXKHBIX 00beMoB BemecTB. llomersTe HOMmepa KoO.
Tenepp mo ovepenu B KaXIylo KOOy NpHIMBAHTE W3 MPOOMPKH MPUTOTOBICHHBIH PacTBOP CEPHOH
KHCIOTBI. Bpems oTcunThIBaiiTe M0 CEKyHAOMEPY (MM CEKYHIHON CTPEIIKE YacoB) C MOMEHTA CIIMBAHUS
pacTBOPOB 10 Havaja MOMYTHEHHS.

Pesynbratel onbita cBeauTe B TadnMLy 2.2.
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B uTore MOXHO M cENaTh BBIBOL: CKOPOCHb PEaKyuu 3a6UcUm om npupoobl peazupyioujux
gewjecme u ux KOHyeHmpayuu?

OmpiT 2. B Tpu cyxux npoGupkyu Hajeiite 0 5 cM® pacTBopa cepHOI KHCIIOTHI, a B TPHU JPYTHE —
o 5 cm® pacTBopa THocynbdaTa HaTpus. [loMecTHTE BCe MPOOUPKH B BOAAHYIO OaHio. Uepes 5 - 7 MUHYT
H3MephTe TEMIIepaTypy pacTBopa THOCYyNb(daTa HATPUS W CIIEHTE COACPKUMOE OJHOM Mapbl MPOOHPOK.
OtcunraiiTe BpeMs OT CIMBaHUS OPOOHPOK A0 TOSBJICHHS TOMYyTHEHHs. V3Mmepbre TemmepaTypy
pacTBopa THOCYJb(aTa HaTpUs B APYrod MpoOUpKe: OoHa JNO/bKHA ObiTh Ha 10° BhINIE, YeM B IEPBOM
ciyJae.

CreiliTe comepKUMOe BTOPOil Mapbl MPOOUPOK U oTMepbTe Bpemst. OMBIT ¢ TpeTbell MpoOHpKon
MPOBOIAT Tpu Temreparype Ha 20°C Bbllle MepBOHAYAIBHON. Pe3ylIbTaThl OMBITOB 3aHECHTE B TAOIHUILY
2.3.

OmneiT 3. Haneiite B nBe mpoOupku Ha 1/4 mx oObema CONSHOH KHCIOTHL. BpiOepute nBa
OJMHAKOBBIX KyCOYKa Mefla U OAWH M3 HUX Pa30TPUTE B CTYIE B MOPOIIOK, 3aT€M OJHOBPEMEHHO B OAHY
13 MPOOUPOK OIMYCTUTE KYCOYEK Mella, a B APYTYIO CCHIMBTE MOPOIIOK.

OnmiT 4. B uersipe MpobUpKH HalneiTe 0 3 cM® pacTBOpa TepOKCHIA BOAOPOAA. B Tpu m3 HuX
BCHITIBTE OJTHOBPEMEHHO TI0 JIOKEUKe: B OJHY — OKCHJIa MapraHiia (+4), B Ipyryro — okcuaa xenesa (+2),
B TpeThi0 — oKcuaa KpemHus (+4). UerBepras mpobupka — ais cpaBHeHusi. HaOmroneHust 3anummure B
TeTpap.

OnpitS. TlpuMmepoM 00paTHMO# peakiMu SBJSETCA B3aUMOJCHCTBHE MEKIY pa30aBICHHBIMU
pacTtBopaMu xyopuma skenesa (+3) W THONHMaHATa Kauusd WIA aMMOHHS (TIPAaKTUYECKH OECIIBETHBIC
pPacTBOPBHI).

MonekynspHOe YpaBHEHHE PEaKIINH:

FeClzy) +3KNCS) <> Fe(NCS)3(p) +3KClipy.

HonHoe ypaBHEHME:

Fe3"(p) +3NCS™(p) <> Fe(NCS)3(p).

OO0pa3yromuiics B pe3ysIbTaTe peaKIuyu KOMILIEKC — THOIMAHAT jkeie3a (+3) obnamaer KpacHBIM
I[BETOM, HHTEHCUBHOCTh KOTOPOTO 3aBHCUT OT KOHIIEHTpamuu. [103ToMy cMellieHue paBHOBECHS JIETKO
HAOIIO/IaTh 110 U3MEHEHUIO HHTEHCUBHOCTH OKPACKHU.

Creiite B kKonby paBHble 00bemsI (10 — 15 cm®) pactopa FeCls (C(FeCls) = 0,002 mons/nv®) u
pacTBOpa THOLMOHATA Kaus (MM aMMOHUS) ¢ MomsipHoii koHnenTparmeit C(KNCS) == 0,002 mons/mm®.

[lomydeHHsIi pacTBOp pasiieiiTe B 4eThIpe MPOOHPKH TaK, YTOOBI 0OBEMBI BCEX PACTBOPOB OBLITH
IPHMEPHO OJIMHAKOBBIMH. B TIepByro mpobupky nob6assTe 1 cm° pactBopa FeCls; Bo Bropyro — 1 cm®
HACHIIIEHHOTO pacTBOpa THONHMaHaTa Kamus; B Tperhio — kprucTammdeckuii KCI (mm NH4Cl). Yersepras
MIpoOHpPKa — ITAJIOH TSI CPAaBHECHHSL.

Pesynprater onbiTa 3aHecuTe B Tabmwmiy 2.4.

Conep:xanue oTyera
Il onvima 1.
Tabauya 2.2 3asucumocms ckopocmu peakyuu om KOHYeHmpayuu

KonuenTtpanus
Na;5,0s 3 Bpewmst ot Hauaa OTHOCUTENBHAS CKOPOCTh
Ci ( N ap 5203 ), MOJIb / om° = OTCYETAa 0 MOSIBJICHUSI peakuuu
MIOMYTHEHUS

V; (Na,S,0 U -

ZM'CO(N%SZO\%) t,c t
Vv
p—pa

rae Vi (NapS,03), en® =15;10;5;
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Vp_pa,C/l/l3 :Vi (Na28203)+Vi (H 20)+V(H 2804).

Ha ocHoBaHMM MexaHM3Ma pPEAKUHUH YKaXUTE €€ MOPSAAOK U MOJEKYIspHocTh. Hammimre
KHUHETUYECKOE ypaBHEHUE. 1lonbITaliTECh BBIYMCINTD KOHCTAHTY CKOPOCTH.

[MocrpotiTe rpaduk 3aBUCUMOCTHA CKOPOCTH PEAKIIMM OT KOHIICHTPAIMU PEarupyIONIUX BEIIECTB.
Kakoit nunueil BoIpakaercss HaiifieHHast 3aBUcHUMOCTh? IIpoxoauT M oHa uepe3 Hayaiao KOOpauHAT?
[Touemy?

s onvima 2.
Tabnuya 2.3 Brusuue memnepamypbl Ha CKOPOCHMb PEAKyuul

NoeNe TeMrenatvpa onurra. °C Bpewms ot Havyana orcuera 110 OtHocuTenbHas CKOpOCTh
OIlbITa patyp ’ IIOMYTHeHus, t peakmuu, U =t

Bripazute rpaduyeckd 3aBUCHUMOCTh CKOPOCTH PEAKIMU OT TeMIIepaTypbl, OTJIOXHB Ha OCH
a0CIIMCC 3HAYCHHSI TEMIIEPATYPhI, & HA OCH OPJMHAT 3HAYCHUS OTHOCHTEIBLHONW CKOPOCTH peakiuu. Yemy
pPaBHO 3HAUEHHE TEMITEPATYPHOIo K03 PHIMEeHTa B BALlIEM OIbITE?

s onvima 3.

OOmBsicHUTE, B KaKOW U3 TPOOHPOK peakius romuia obictpee? [Touemy?
Jlna onvima 4.

OOBsicCHUTE, OJMHAKOBO JIM MPOTEKAET MPOIECC Pa3IOKEHHUs mepokcuaa Bogopoaa? CocraBbTe
ypaBHEHHE PA3IOKEHHUs MEepPOKCUaa Bogopoaa. Onpeaenure TUIl KaTaau3a. Kakoe M3 BEIECTB 0Ka3alio
KaTaIMTHYECKOe NeiicTBre?

Jlnsa onvima 5.

O0bscauUTE, 9TO MporucxonuT. CocTaBhTe BEIpAKEHUE ISl KOHCTAHTHI paBHOBecHs. Ha ocHoBaHMM
dhopMynBl I pacdera KOHCTAHTHI PaBHOBECHS YKAXKHUTE, M3MCHEHHE KOHIICHTPAITMH KaKWX BEIIECTB
(MCXOMHBIX WIIH MTPOIYKTOB PEAKIIMH ) BRI30OBET O0JICe CYIIICCTBEHHBIN CABUT PABHOBECHS.

Tabnuya 2.4 BrusiHue KOHYeHMPaAyuu pea2eHmos Ha XUMUYecKkoe pasHosecue

. Ocnabnenue wn Hamnpasnenue cmenieHus
Homep onbiTa JloGaBneHHBIN pacTBOp
YCHUIICHHE OKPACKH paBHOBeCHS
1
2
3

KonTposabHbIe BOPOChI

ba3oBblil ypoBeHb

1. Uro n3yyaer XuMHYECKasi KWHETHKA U JIs Yero OHa CIIY>KUT?

2. Kakue daxTopbl He0OXOOUMBI I BCTYIUICHHUS B XHUMHUYECKYIO PEAKLHUIO pearupyromux
yacTuan?

3. Haiite omnpeneneHne CKOPOCTH XHMHYeCKOW peaknuu. Kak BeIrasautT rpaduk,

OTpaKAOIINI 3aBUCHMOCTh CKOPOCTH 3JIeMeHTapHOW peakuuu Buma P + G <> Q ot: 1) KoHIEeHTpanuu
pearenta G; 2) KOHIIEHTpaIMH MPOAyKTa peakunu Q?

4, Kax unraercs nepBast popMynupoBka 3aKoHa AEHCTBUS Macc?

5. Kakoil cMbIcl MMeeT KOHCTaHTa CKOpOCTH peakuuit? OT 4ero 3aBUCUT U OT YEro He
3aBUCHT ATOT mapamerp?

6. [IpuoxkuM 1 3aKOH AEHCTBHS Macc K CIOXKHBIM (MHOTOCTaIMHBIM) peaknusim? OTBeT
TIOSICHUTE Ha TIPUMeEpE.

7. YKkaxkuTe, KOraa CKOPOCTh XMMHYECKOH pEeaKIMu JSHCTBUTEIHHO IPOIOPIIMOHATIFHA
MPOU3BEACHUIO KOHIIEHTPALUA PEearupyrolux BEUIECTB B CTENEHSX, PAaBHBIX MUX CTEXHOMETPUUYECKUM
ko3 unmentam.

8. UTo Ha3bIBAIOT MOJEKYJISIPHOCTHIO U MOPSAKOM XMMHYECKUX peakiuii? Bcerma au oHu
OJUHAKOBBI?

9. Kak ompenensitor MOJIEKYISIPHOCTh U MOPSIAOK CIOKHBIX peakuuit? IloscHuTe oTBET Ha
npuMepe.
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10. Kaxue YJaCTHULbl HA3bIBAIOT «AKTUBHBIMH? I[aﬁTe OMpeACICHUEC TIOHATHUIO <«OHCPIUA
AKTUBallun».
IToBBILIEHHBIN YPOBEHD

1. Kak n3mensiercst sHeprust akTHBallUM B MPUCYTCTBUH KaTaiu3aTopa?

2. YTo mpouCXOAUT C pearupyoMMH YacTUIIAMU TIPH HArPeBaHUN?

3. [MpuBenure ¢opmynupoBky mnpaBuna Bant-I'opda. Kakas dopmyma orpaxkaer
MaTeMaTHYECKYIO 3aBUCHMOCTb BO3PACTAHHS CKOPOCTHU C YBEITUYECHUEM TEMIIEPaTypPhI?

4, Kakoit cMmbicn umeer TemnepaTypHbiid kodddumuent? Uto o3Havaer, HampuMep, eciu Y
=3?

5. Omnpenenute TeMnepaTypHbId KO3(PGHUIMEHT CKOPOCTH PEAKIUH, €CIH MpPU MOHWKEHUH
temnepatypsl Ha 45 °C peaxrus 3amemmnack B 30 pas. Otser: y = 2,13.

6. IIpu 393 K peaknus 3akaHuuBaercs 3a 25 MuH. Uepe3 CKOIBKO MHUHYT 3Ta peaKIHs

3axonuntes nmpu 443 K (y =2,5)? Otser: 0,255 muH.

7. Kakne xumMmuueckre peakiii Ha3bIBalOT 00paTUMbIMU? HeoOpaTuMbIMu? [IpuBennuTe nmpuMepsl
TaKUX PEAKIMi.

8. Ilpu KakuX ycIOBHIX HACTyMaeT XMMHYECKOE paBHOBECHE B OOPaTHUMBIX CHCTEMaXx?

9. Kakoit mapamerp Ha3BIBAIOT KOHCTAHTON paBHOBecus? Kak oTpakaercs €€ 3aBUCHUMOCTH OT
KOHCTaHT MpsIMOi1 1 00paTHOM peakiuii?

10. Ot xakux (pakTOpOB 3aBUCHUT KOHCTAHTA PABHOBECHS? OT KAKUX HE 3aBUCHUT?

11. Tlouemy B BBIpa)K€HHH KOHCTaHTHI PaBHOBECHS KOHIIEHTPAIMH BEIIECTB YKa3aHbl B CTEMEHSX,
COOTBETCTBYIOIIUX MX CTEXHOMETPUYECKUM KOd(pQHIMEHTaM, a HE IKCIIEPUMEHTAILHO OMpeeNsieMbIM
gucnam X, Y u ap.?

12. KakuM COOTHONICHHEM CBSI3aHA KOHCTAaHTa paBHOBecUs ¢ dHeprueit [ mboca?

13. Ipusenute dopmynuporky npunnuma Jle [llatense. Kakoe npakTuueckoe 3HaUY€HUE UMEET
aToT npuHun? [IpuBenuTe mpuMepsI.

Cnucok JuTeparypbl, peKOMeHyeMblil K HCIIOJIb30BAHUIO 110 JAHHOH Teme
OcHoBHas1 iuTEparypa:
1 Koposun, H. B. O6mas xumus : yaeonuk / H. B. Koposun. - 13-e uzn., nepepab. u mom. - M. :
Axanemus, 2011. - 496 c. : un. - (bakanagpuar). - Pek. MOuH P®. - [Ipun.: c. 461. - bubnuorp.:
c. 486. - ISBN 978-5-7695-8015-4
2. bapkosckuii, E. B. O0mas xumus : yue6Hoe nocodue / E. B. bapkosckuii, C. B. Tkaues, JI.
I'. Ilerpymenko. — MwuHck : Beimaiimas mkosa, 2013. — 641 ¢. — ISBN 978-985-06-2314-0.
— Texcr : anekTpoHHbIH // DnekrpoHHO-O0nOmroTedHas cuctema IPR BOOKS : [caiit]. — URL:
http://lwww.iprbookshop.ru/35509.html — Peskum mocTyma: 1uis aBTOpU3UP. MOJIb30BaTEIICH
JlonoJIHUTeIbHAS JINTEpaTypa:
1. I'munxka, H. JI. O6mras xumust / H. I'. I'nunka ; [Tox pen. A. U. Epmakosa. - U3a. 30-e, ucrp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. yka3z.: c. 706. - ISBN 5-
89602-017-1
2. bonrpomerok, B. B. O6mas xumus : yaedHoe nocodue / B. B. bontpomerok. — MuHCK :
Beimaiimas mkosra, 2012, — 624 ¢. — ISBN 978-985-06-2144-3. — TeKcT : 3JeKTPOHHBIH //
DnexTpoHHO-0ubnuoTeunas cucrema IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.ru/20236.html — Pexwum mgoctyma: 1is aBTOpU3UP. MOJIb30BaTEINCH
HNuTepHer-pecypcesl:

1 http://window.edu.ru/ — eauHO€ OKHO J0OCTyIa K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcuteTckas OHOTHOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 37eKTPOHHBINA KAaTAIOT aCCOIMAIMN ICKTPOHHBIX OHOIHOTEK
yueOHBbIX 3aBesieHuil u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpeiToe 06paszoBaHue
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Tema 6. PacTBopbI
JlaGopaTopHasi pa6ora 3. DJIeKTPOJIUTHYECKAS TUCCONUALHSA

enp paboThl: M3ydenue mpolecca >IEKTPOIUTHYECKOM JAUCCONUAIMU B BOJHBIX PacTBOpax

ANEKTPOJIUTOB Pa3HOW CHIIBI.
TeopeTnyeckas 4acTb

Pacnan 57ekTponnMTOB Ha MOHBI TPU UX PACTBOPEHUH B BOJIE Ha3bIBAETCS MTPOTOIU30M.

Ipumeuanue. K mporneccaM MpoToiN3a OTHOCIT BCE XMMHMUYECKHE B3aUMOJEHCTBHS, B KOTOPBIX
yuactByloT uoHbl HzO" wu OH™. TepMuH «I@ccOLMalus» YCTapel, BMECTO HETO0 PEKOMEHIYeTCs
MPUMEHSITH — IPOTOJTH3.

OCHOBHBIE TIONOKEHHSI TEOPUH MPOTONH3a (TOTrJa—d3JIEKTPOIUTHYECKON IHCCOIUAIK) ObLTH
paspabotansl B 1887 rogy mBenckum yaéHbeiM CBaHTE APPEHHYCOM.

ONEeKTpONUTHl TP PACTBOPEHHUH B BOJE IOABEPraloTCs MpOTONMU3y (pacrajgaroTcs WIN
JICCOIUUPYIOT) Ha TIOJIOKUTEIBHBIE U OTPUIIATEILHBIC HOHBI.

[ox neiicTBHEM SJEKTPHUUECKOTO TOKA IMOJOXKUTENBHO 3apsHKCHHbIE MOHBI JBHKYTCS K KaTOIy
(KaTHOHBI), a OTPUIATEIHHO 3aPsHKEHHBIE — K aHOY (AHUOHBI).

[porecc mpoTonusa — mporecc 00paTUMBIH, T.€. MapaJUIeIbHO paclaay MOJEKYJ Ha HOHBI UAET
MIPOIIECC COETUHEHHSI HOHOB B MOJIEKYJIBI.

Harpumep: CUSO4 <> Cu2+ + 804_

CynbhaT MeM B BOJHOM PacTBOpe pacraaercs Ha katnon Cu?" u anmon SO4%.

MexaHn3M MpOTONH3a (IUCCOIMAIK) ObUT pa3paboTaH pycckuM xuMukoMm M. A. KaGmykoBsiM.

I'naBHOIM npUYMHOW MPOTONIM3A SIBISETCA B3aUMOJEUCTBHE MOJIEKYJI AJIEKTPOJIUTA C MOJIEKyJIaMu
pacTtBopuTens (Bombl). Monekyna BOIBI TOJSPHASA, B3aUMOJCHCTBYS C DJIEKTPOIMTOM, BOJA OCIa0IseT
QJICKTPOCTATUYCCKHUE CUJIbI MMIPUTSXKCHUSA NOHOB B KpHUCTA/JIaX U CUJIBL BSaHMOJIeI\/’ICTBI/IH MECXAYy aToOMaMUu
B COCIMHCHUSIX C KOBAJICHTHON CBS3BI0, YTO U IMIPUBOIUT K UX MPOTONH3Y (PUCYHOK 2.1).

: i @ @ " @ F)
GO — O O —COE—EOWE
a) NONAPHASL MONEKYIA 8 Hayane 2UOpaAmayuul;
0) nepexo0 noNAPHOU MONEKYIbL 8 UOHHYIO NOO Oelicmauem Ounoiel 800bl;
8) 2UOPAMUPOBAHHBIL AHUOH,
2) eudpamupoBanHbll KAMUOH.

Pucynox 3.1 — Cxema npomonusza noaspHot MoeKyivl

OO6pasoBaBIIecss MOHBI OKPY)KEHBI OOOJOYKOH M3 TMONSPHBIX MOJIEKYJ BOIBI U SBJISIFOTCS
TUIPaTHPOBAHHBIMU HOHaMH. OHM yCTOMYHMBEI U CYLIECTBYIOT B paCTBOPE HE3ABUCUMO APYT OT Apyra.

I'mnpatupoBaHHBIE HOHBI MOTYT UMETH KaK IMIOCTOSHHOE, TaK U IIEPEMEHHOE KOJIMYECTBO MOJIEKYJT
BOJBL. ['MIpaT MoCTOAHHOrO cocTaBa 06pasyer HoH Bogopoaa H, yaepKuBaroluil 010y MOJIEKYITY BOJBL.
B HayuHO# 1 yueOHOl muTepatype ero o6o3nayaror HsO" (un OHs") 1 Ha3hIBAIOT MOHOM THIPOKCOHHUS.

Crnemyer moMHUTB, 4T0 MOH H® B BOJE HE CyLIECTBYET, TaK KaK MOMEHTAILHO pearupyer ¢
MOJIEKYJIOH (Monekynamu!) BOAbI U CyIIEeCTBYeT ( B OCHOBHOM) TOJIBKO B BHJIE€ HOHOB I'MAPOKCOHUS:

H* + H,O — H30".

Cunvrvle u cnadvie anexmpoaumsl. CUIBHBIE SJIEKTPOIUTHI IPH PACTBOPEHUH B BOAE MOJTHOCTHIO
(MM TOYTH MOJHOCTHIO) MOJBEPIatOTCs MPOTONN3Y — PACHaal0TCsA Ha HOHBI.

Ipumeuanue. IlpUHATO CUNTATh CWIBHBIMH JJEKTPOIMTAMHM BCE TE€ COEIWHEHMS, KOTOpBIE
pacnagarorcs Oosnee uem Ha 30%.

K =M oTHOCATCS:
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a) kucinotbl H,SO4 (Tonbko mo nepsoit crynenun!), HNOs, HCI, HI, HBr, HMnO., HCIOs, HCIOq;

0) ocuoBanus menodnbix (NaOH, KOH, RbOH, CsOH, no ue LiOH!) u mienouyHo3eMensHBIX
meraiuioB (Ca(OH),, Sr(OH),, Ba(OH)2 — Ho Tonbko 1Mo niepBoii cTymneHu!);

B) TIOYTH BCE PACTBOPUMBIC COJIH.

Crna0ble AJIEKTPOJIUTHI MPHU PACTBOPSHUM B BOJE JIUIIb YaCTUYHO IOJBEPraroTcs mpoTonmusy. K
cIaObIM 3JIEKTPOJIMUTAM OTHOCAT, Hampumep. ciaeayroniie kuciaotel: HCN, HNO,, HF, HCIO, HCOOH,
CH3COOH, HzCOs, HzCzO4, st, HzSO3, HzSiO3, HsBO3 n Jp.; OCHOBaHUA MCTAJIJIOB (KpOMe
OCHOBaHMWI MICNIOYHBIX U LIETOYHO3EMENbHBIX MeTauioB), a Tarke NH4sOH. K cnadeiM snekrponutam
OTHOCHTCS TAKXKE U BOJA.

IIporonus kucinor:

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

=+ —
HSO, +H,0 <> H30" +SOZ™; Ko, (H,S0,) = [H307][SO4 7]

[HSO, ]

=0,012

6) HCIO3 + H,0 <> H3O™ + ClOg3 ; (L00%);
6) HBr + H,0 <> H30™ + Br~; (100%).
IIpoTonu3 MHOTOOCHOBHBIX KHCJIOT CTYNEHYATHIH, MPU HTOM YHUCIO CTYINEHEH OIpenesnsercs
OCHOBHOCTBIO KHCIIOTHI (3TO K€ OTHOCUTCS U K MHOTOKHCIIOTHBIM OCHOBAaHHUSIM).
IIpoTronu3 ocHOBaHMIA:

a) NaOH < Na* +OH ~;

6) KOH <> K™ +OH ~;

6) Ca(OH), <> CaOH* +OH .
IIporonus comneit:
Cpeonue conu:

a) NaCl <> Na™ +CI~;
6) KNO; <> K* + NO3 ;
6) Al,(SO,)3 <> 2AI%" +3507.

Kucnvie conu:
K:HPO4 > 2K* + HPO,Z.
Ocnosnble conu:
a) AIOH (NO3), <> AIOH " +2NO;;
AIOH %" & AI®" +OH ~;
6) Al(OH),NO3 «>[AI(OH),]|" + NO;;
[AI(OH),]" <> AIOH 2 +OH ~;
AIOH %" & AI®" +OH .
Komnnexcuwie conu.
a) K[Cr(OH),]<> K™ +[Cr(OH),];
[Cr(OH),] <> Cr3" +40H ~;
6)Na,[Zn(OH), ] <> 2Na* +[Zn(OH), J*~;
[Zn(OH), > <> Zn?" + 40H .
KonnuyecrBenHo npouece NpoToIrM3a MOKHO OXapaKTCPHU30BaTh C ITIOMOLIBIO CmeneHu npomoausa
o, KOTOpas NpCACTaBIIACT c00O0l OTHOIIEHHE YHCIAa MOJIb (nx) MOABCPIIINXCA IMPOTOJIN3Y MOJICKYI, K
o01IeMy 9uciry Moltb (Nosy) PACTBOPEHHBIX MOJEKYI:

n
a,% = —2X

+100. (3.1)
n06u¢
JIs CHJIBHBIX AJIEKTPOJIUTOB CTeNeHb mpotonm3a Ommska k emuHuie (100 %). s cmabeix
3JIEKTPOIUTOB, MOJIEKYJIbI KOTOPhIX B OCHOBHOM HAaXOJSATCS B PACTBOPE B MOJIEKYJISIPHOM COCTOSAHUH, (X
— MaJjasi BeIUYMHa.
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CrerneHp MPOTOIU3a MOXKHO YBEIUYUTH MOHUKEHUEM KOHIEHTPAIIMHM PACTBOPEHHOTO BEIIECTBA
(Tabnuma 2.1) uin MOBBIICHUEM TEMITEPATyphl PaCTBOPA.

Tabnuya 3.1. 3asucumocmv cmenenu npoOmMoU3A YKCYCHOU KUCIOMbL OM KOHYEHMPayuu npu
20°C

C(CH3COOH), monb/mm* 0,1 0,01 0,001
a,% 14 4,2 12,4
Hanpumep, 11t yKCYCHON KUCIIOTBI:
CH3COOH + H,0 « CH3sCOO™ + H30+;

- +
[CHyC007] oo [H0]
C(CH;COOH ) C(CH;COOH )
21)'[5[ XapaKTECPUCTUKHU cnaGle QJICKTPOJIMTOB HMCIIOJIB3YIOTCA KOHCTAHTBLI IIPOTOJIM3a, KOTOPBLIC
ABJIAIOTCA YaCTHBIM CITy4a€M KOHCTAaHT XUMUYCCKOT'O PaBHOBECHUA.
[porecc mporonuza cnaboro 3MEKTPOIUTA SIBISETCS PAaBHOBECHBIM, T.€. B CHCTEME MPOTEKaIoT
OJTHOBPEMEHHO JIBa COMPSKEHHBIX IpoIiecca; POTOIN3 U Mojsipu3aiys. Hampumep, Juisi paBHOBECHOT'O
TpoIiecca a30TUCTON KUCTIOTHI C MOJICKYJIAMH BOJIBI: 1) mpsiMasi peakiius — IIpoIecc mpoToim3a (pacmasa)

monexyn HNO; na wonsr; 2) obpatHas peakuus — Monspusanus (caspiBanue noHoB HsO" u NO; B
monekysibl HNO2)

a(CH3COOH ), % = 00.

HNO, + H,0 <> H3;0" + NO;.
KomuvecTBeHHO 3TO paBHOBECHE XapaKkTepusyeT KoHcTaHTa nporonnza HNO;:
+ p—
[H307]-[NO; ]
[HNO, |

JJ11 MHOTOOCHOBHBIX KHCIIOT CyIIECTBYIOT HECKOJIBKO KOHCTAHT MPOTONIN3a, KaKJasi U3 KOTOPhIX
KOJIMYECTBEHHO XapaKTePH3yeT COOTBETCTBYIOMIYIO CTYIIEHb IPOTOIIN3A.
Hanpumep:

K, (HNO,) = =51.107%,

+ -.
H28+ H20<—> H3O + HS ,
+ -_—
_[H307]-[HS™]
al -
[H2S] ,
- + -.
HS™ +H,0< H;0" +S°7;
+ 2—
_[H07]-[57]
[HS™]
[Iporonu3 3MEKTPOIUTOB MO IEpBOH CTYNEHHW HAET JIerde H, CICNOBATElIbHO, BEIWYMHA
KOHCTaHTbI IIPOTOJIM3a IIEPBOW CTYNEHH BCeraa OoJbllle BETHMYMH KOHCTAHT IPOTOJIM3a MOCIEAYIOIINX
CTYIICHEH.
Koncmanma npomonuza max oice, Kax u KOHCMAHMA XUMUYECKO20 PABHOBECUS, AGNACHCA
BENIUYUHOL NOCMOAHHOU NPU OAHHOU MeMNepamype U He 3a8Ucum Om KOHYEHMpayuu eujecmad.

3aBUCHMOCTD MEXKIY KOHCTAHTOM PABHOBECHS M CTEIEHBIO IPOTONH3a OIMPEAENSeTCs] 3aKOHOM
pasbasienus OcTBalibJa, HAIPUMED, AT OJHOOCHOBHON KHUCIOTHI (THra HA):

[H0%1-[47] a®C(HA)

-1-107";

=11.1074,

a

K,(HA4) = [A] =1, —npua > 0,05 (5%)
Wi

_[Hs071-[47]_ o _ %
K,(H4) = [HA] =a“C(HA) —npua < 0,05 (5%)

Honuble ypaBHeHHS — 3TO (opMa 3alMCH, OTPAXKAIOIIAsi COCTOSHUE BEIIECTB B pPacTBOpe U
pe3yabpTaT UX B3aUMOJEHCTBHS JPYT C APYTOM.

[Ipu cocraBineHNMM WOHHBIX YPaBHEHHWH CJEAYeT PYKOBOJACTBOBATHCS TeM, UYTO cClabvie
NEKMPOAUMBL U MATOPACMEOPUMBLE Bewecea uzoopadicaromes 6 ude moaexyn. CunoHo pacmeopumvie
NEKMPOAUMbL, KAK HOJHOCMBIO UOHUSUPOBAHHbBIE, NUULYMCS 8 8UOE UOHOS.

B noHHBIX ypaBHEHUSIX JOJKHO COOMIONATHCS YCIOBUE IEKTPOHEHTPATBHOCTH — CYMMA 3aps008
6 J1e6o1 uacmu ypasHeHusi 00IJCHA ObIMb PAGHA CymMme 3aps008 NPasou 4acmu YyPAaGHeHUs.
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OGopynoBaHue U MaTepUAaJIbl
1. PactBop cepHoit kucnots H,SO4 ¢ konnentpammeit C(H2S04)=2 mons/mm*
2. PactBop consuoii kucnorsl HCI ¢ xonnenrpammeit C(HCI)=2 mons/nm?
3. Uunpukatop penondranens
4. VHIuKaTop METHUIOPAHKEBBIH
5. JlakmycoBas Oymara
6. PacrBop NaOH c xonnentpamueir C(NaOH) = 2 mons/am®
7. JlMcTHIUTMPOBAHHAS BOJA
8. TIpoGupku
9. Jloxeuka
10. PactBop NazSOq4
11. PactBop (NH4)2SO4
12. PactBop xsopuza 6apwust
13. PacTBOp cusMKaTa HATPUsI
14. PacTBOp CONAHOM KHCIIOTHI
15. PactBop cynbdara meau (+2)
16. PactBop amuerara natpuss CHsCOONa
17. Kap6onar kansuus (men) CaCO3
18. PactBOp cynbdara xpoma
19. PactBop eaxoro Hartpa

Yka3zaHus 10 TeXHUKe 0€30I1aCHOCTH
1. Bce paboTel B XUMHYECKOW J1a0OpPaTOPHH JOJDKHBEI TPOBOAUTHCS TPH HCIPABHOM
3JIEKTPOOOOPYIOBaHHH, IICKTPOIPOBOJIKE, IPABUIBHO 000PYIOBAHHOM BBHITSDKHOM MIKaQy.

2. T'a30BbIe KpaHBI U Ta30IPOBO]] JOJKHBI HAXOJUTHCS B HCIIPABHOM COCTOSTHHH, TIEPUOANIECCKH
IIPOBEPATHCA.

3. Pabouee mecTo comepxaTh B MOPSIKE U YHCTOTE.

4. Cyxue peakTUBbI TpeOyeTcss OpaTh YUCTHIM IIMATEIEM HIIN CHCIHAIBHON JT0KEUKOM.

5. HM3nuimek peakTuBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOT'O OH OBLT B3AT.

6. Bce ombITHI C BpeAHBIMH U MAXHYIIMMH BEIIECTBAMH, a TAKXKE yITAPUBAHUE KUCIIOT M KU CIBIX
PacTBOPOB MPOBOJUTH B BBITSHKHOM MIKady.

7. OcraTKu COeTMHEHHUH cepedpa CIIMBaTh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHUM PACTBOPOB B MPOOHMPKE BCErJa CIEAYET JIepKaTh e€ TaKUM 00pa3oM, YTOORI
OTBepcTHE IPOOMPKHU OBLIO HAMIPABIEHO B CTOPOHY OT pabOTAIOMIETo PSIOM COCE/a.

9. He HaKIOHATH JIMI0 HAJ HATPEBAEMOH KHUKOCTHIO MIIH CIIABIISIEMBIM BEIIECTBOM.

10. He crexyer BOpIXaTh Maxydue BEHIECTBA M Ta3bl, OJHM3KO HAKIOHSACH K COCYHY C ATUMH
BemecTBaMy. HroxaTp BemecTBa MOXHO JIMIIb OCTOPOKHO, HAIIPABIISASA K ce0e IMaphl MM ra3 IBHKEHHEM
PYKH.

11. XpaHuTb pacTBOpPHI KOHIIEHTPHPOBAHHBIX KHCJIOT U MIET0YEH B BHITSDKHOM IIKaQYy.

12. BpumBaTh pa30aBICHHBIC KUCIOTHI U IETOYHBIC PACTBOPHI CIEIYET B CIMBHYIO CKIISTHKY.

13. Kareropudecku 3ampemaercs mpodoBaTh XHMUYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIErKO BOCIUIAMEHSIOIIUMUCS BelecTBamMu (3GUphl, OEH30I, Cepoyriepoa U
T.Jl.) HE IOJDKHO OBITH PAZIOM OTHS M BKJIFOYEHHBIX TUTHTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHUYECKOH TOCYqoH, HEOOXOIWMO COON0JaTh IpaBUIiIa
MIPEIOCTOPOKHOCTH BO N30€KaHNE PAaHEHHI OCKOJIKAMH CTEKJIa.

16. Kareropudecku 3ampemniaercs OCTaBIsATh padoTaromye npuOopsl 0e3 HaOMFOIeHHSI.

19. B xumudeckoii mabopatopuu HeoOXouMo paboTaTh B Xajare.

3aganusa
Onpit 1. Haneiite B Tpu npoGupku 110 1-2 cM® pacTBopa KHMCIOTHI, IET0YH U Bojbl. JI06aBbTe B
KaXaylo npoOupky wuuHaukatop (cMm. Tadn. 3.2.1). OOpature BHUMaHHE HA LBET HWHIUKATOPOB B
Pa3INYHBIX Cpenax: KUCIOH, ET0YHON, HEUTPaJIbHOM.
Tabnuya 2.2 []{eem uHOUKamopog8 6 pasiuiHblix cpeoax
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Cpena
HNunukatop ped
KHCJIas HEUTpaJIbHAS LIEJIOYHAS
Jlakmyc KpacCHBII ¢duoneroBsIit CUHHUU
®denondranenn OecrBETHBIN OecrBETHBIN MAaJIMHOBBIH
MerunopaHxeBbli PpO30BBIi OpAaHKEBBII JKENTBIN

Onbit 2. B sBe mpoGupku Haneiite mo 1-2 cM® pactBopos: B omuy — NaSOs, B apyryio —
(NH4)2SOs. B xaxxayro u3 mpoOupok mprbaBbTe MO TaKOMy ke 00beMy pacTBopa xJjopuaa Oapus. Bo
Bcex mpoOupkax oOpasyercs ocamok Oenoro 1sera. CocTaBbTe MOJICKY/ISPHBIC M MOHHBIC YpaBHCHHS
COOTBETCTBYIOILMX PEAKIIMIL.

Iyt TOro 4TOOBI ONPENENNUTh KaKas U3 00pa30BaBIIMXCS COJICH TPYIHOPACTBOPUMA, IIOCMOTPUTE
TaOJIMIy PAcTBOPUMOCTA XMMHUYECKMX COCIAMHCHUU. B BBIIEPACCMOTPEHHOM IIPUMEPE 3Ta COJb —
cynbdat Gapusl.

Ompit 3. Haneiite B mpobupky 2 cM® pacTBopa CHIIMKAaTa HATpHs, 100aBBTE TAKOE XKe KOTMIECTBO
colstHOM KUcHoThl. Yto mpouszonmio? Hanummre MoNeKyJIsipHOE, MOJTHOE MOHHOE M KPaTKOe MOHHOE
ypaBHEHUS AaHHOU peakiuu. OOpaTHTe BHUMaHHE, 4YTO KPEMHHUEBAs KUCIIOTA MJI0X0 paCTBOPHUMA B BOJIE.

Omnwit 4. Haneiite B mpo6upky 2 cm® pactBopa cymbgara menu (+2). JIoGaBbTe pacTBOp MIEIOUHN
(NaOH wunmu KOH). Yto BBl Habmromaere? HamuimTe MOJNEKYISpPHOE ypaBHEHHE peakiuu. 1101b3ysach
TaONMUIICH PacTBOPUMOCTH, OINpENeNUTe, Kakoe M3 JBYX OOpa30BaBIIMXCS COCAWHEHWH, BBIAJIACT B
ocasioK. HarmmmmmTe morHOe U KpaTKoe HOHHBIE ypaBHEHUsA. OcaZiok COXpaHUTE ISl OMbITa 5.

OmnbiT 5. B npobupky ¢ ocaikoMm THIpOKcHJa MeaH (MONyYeHHOTO B TPEABIIYIIEM OIBITE)
100aBbTe HECKOTBKO CM° pacTBOpa CONSHOM KHCHOTHL. OCajoOK pacTBOPWIICA (€CIM OCaoK He
pacTBOpwIICs, TO BCTPSAXHUTE MNpoOMpKY). Hamummmre MonekyiasipHOe, IONHOE M KpaTKOE HOHHBIE
YpaBHEHHS.

OmnwiT 6. Hareiite B 1pobupky 2 cm® pacTBopa anerara Hatpus CHsCOONa u 106aBbTe HEMHOTO
pa3baBIEHHON CONSHOW KHCIOTH (vutm cepHoi). [losBruics 3amax, MPUCYIIWA MOJEKyJaM YKCYCHOH
kucnotel. [Ipu cocTaBneHMH HMOHHOTO YpaBHEHHWs He 3a0bIBaliTe, YTO YKCYCHasi KHCIOTa — CIAObIH
JIEKTPOIIHT.

OmpiT 7. B HEOONBIIOM KOJIMYECTBE BOIBI B30OJNTAMTE MIEMOTKY PACTEPTOrO B IOPOIIOK Mea U
MIpUJICHTE HEMHOTO PacTBOpa COJITHOM KUCIOTHI. Kakoif ras mpu 3TOM BBIIEITATCS?

BcnomauTe, 9T0 yronpHas KUCIIOTa OY€Hb HEYCTOHYNBA, Pa3araercs ¢ BbIICIECHUEM IIy3bIPbKOB
YIJIEKHUCIIOTO rasa.

Hanummre MonexyssipHOe, KpaTKOE U ITOJTHOE HOHHBIE YPaBHEHHUSI.

OmmiT 8. a) Haneiite B mpodupky 2-3 cM® pacTBopa cymb(aTa XpoMa M J00aBBTE MO KAIUISAM
pacTtBop emkoro Hatpa (mo oOpasoBanmsi ocamka). OOpaszoBaiics OcaJok THUApoKcHma xpoma (+3),
OTMEThTE LBET ocajaka. Hanumure MonekyaspHOe, IOJIHOE M KPAaTKOE HOHHBIE ypaBHEHUS PEaKLIUi.

0) O6pazoBaBmuiicst ocaZok B30ONTalTe U pa3aenuTe Ha nBe YacT. K ofgHOM yacTh qo0aBbTe 2-
3 cM® CoNsHOI KHCIIOTHI, a KO BTOPOi — 2-3 ¢M° KOHIIEHTPUPOBAHHOTO PACTBOPA MIETIOUH.

OO6patuTe BHUMaHKE, YTO OCAZAOK B 00enX MpOOHpPKax pacTBOPHIICS. BCroMHUTE, YTO THAPOKCH]
xpoma (+3) obmamaer aMQOIMTHBIMA CBOWCTBaMH, B3aUMOICHCTBYS KaK C KHCIOTaMH, TaK U C
menodamu. [Ipm 3TOM BO BTOpOM cirydae oOpasyeTcs KoMIUIeKcHas conb. Kakas? Hammmmre eé
hopmymy.

[lo ykazaHuio mpenogaBaTeliss MOXHO IIPOBECTH AHAJIOTMYHBIE PEAKIMH C Y4aCTHEM
THJIPOKCHIAMH TIOMUHMS WIIM IIMHKA, KOTOPBIE TAKKe 001a1al0T aM()OJTUTHBIMU CBOMCTBAMHU.

CocraBbTe MOJIEKYJISIPHBIE, TIONHBIE U KPATKHE YPABHEHHUS COOTBETCTBYIOIINX PEAKIINH.

OmnbiT 9. Ilonb3ysich BBICTABICHHBIMH Ha J1a0OpPAaTOPHOM CTOJIE PEAKTHBAMH, OCYIIECTBUTH
PEaKLuIo, BBIPAKXEHHYIO CIIEIYIOIIMM HOHHBIM ypaBHEHUEM:

Fe*>" +30H™ = Fe(OH); V.
Hamummure MOJICKYJISIDHOC YPAaBHCHUC PCAKIIUHU.

OmnpiT 10. [Tonp3ysch MoMy4eHHBIM B ONbITE 9 O0caikoM IMApPOKcUAa xeie3a (+3), OCylIecTBUTh
PEAKIHI0, KOTOPYIO OIHUCBIBAET CIENYIOIIEe HOHHOE ypaBHEHHUE:

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

29



HanmcaTe HECKOIIBKO MOJICKYJIAPHBIX ypaBHCHI/II‘/'I peakunﬁ, MNPUMCHAIA IIPU 3TOM TAKUC KHUCJIOTHI,

KOTOPbBIM OBI COOTBETCTBOBAJIHU PaCTBOPUMBIC COJIN Fe+3

Conepxanue oT4yeTa

[Tonyuennsie nanHbIe 3adukcupyiite B Taduuie 3.2 o cienyomei hopme:
Tabnuna 3.2. Pe3ynapTarhl SKCIEpUMEHTA

Ne o/

Pearentrl XUMHYECKask peaKkus HaOmronenus

1

allbjwIN

KonTposbHbIe BOIPOCHI
ba30BbIl1 ypOBEHB
1. Yro Takoe aeKTpoIuTHYECKas IUCCOLHAIs?
2. DIEKTPONIUTHI U HE DIIEKTPOIUTHI.
3. K10 13 XuMHUYECKUX COSAMHEHHN SBISETCS SIEKTPOIUTOM?
IIoBbIIIEHHBIN YPOBEHB
1. Hanmmmte MomneKy sipHbIE, TTOJHBIE M KPAaTKHE NOHHBIE ypaBHEHHS pPeakuii B3aUMOJEHCTBUS:
a) kapOoHaTa KaJus C COISTHON KHCIIOTOM;
0) a30THCTON KHCIIOTHI C THAPOKCHIOM HATPUS;
B) KapOOHATa MarHus C aQ30THON KHUCIIOTOM;
T') THAPOKapOOHATA HATPUS C €KUM HATPOM;
1) THAPOKCHA aIFOMUHUS C €IKHM HATPOM;
€) CONISTHOM KHCIIOTHI C CHIIMKATOM HaTpHSL.

Cnucok JuTeparypbl, peKOMeHyeMblil K HCIIOJIb30BAHUIO 110 TAHHOH Teme

OcHoBHas1 iuTEeparypa:
1 Koposun, H. B. O6mas xumus : yaeonuk / H. B. Koposun. - 13-e uzn., nepepab. u gom. - M. :
Axanemus, 2011. - 496 c. : un. - (bakanagpuar). - Pek. MOuH P®. - [Ipumn.: c. 461. - bubnuorp.:

c. 486.

- ISBN 978-5-7695-8015-4

2. bapkosckuii, E. B. O6mas xumus : yae6Hoe nocooue / E. B. bapkosckuii, C. B. Tkaues, JI.
I'. Ilerpymenko. — MwuHck : Beimaiimas mkosa, 2013. — 641 ¢. — ISBN 978-985-06-2314-0.
— Texcr : anexkTpoHHbIH // DnekrpoHHO-O0nOmHoTedHas cuctema IPR BOOKS : [caiit]. — URL:
http://lwww.iprbookshop.ru/35509.html — Peskum mocTyma: 1uis aBTOpU3UP. MOJIb30BaTEIICH
JlonoJIHUTEIbHAS JINTEpaTypa:
1. I'munka, H. JI. O6mas xumust / H. I'. I'nunka ; ITox pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. bonrpomerok, B. B. O6mas xumus : yauedHoe nocodue / B. B. bontpomerok. — MuHCK :
Bermaiimas mkomna, 2012, — 624 ¢. — ISBN 978-985-06-2144-3. — TeKcT : 37eKTPOHHBIH //
OnexTpoHHO-0ubnuoTeunas cucrema IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.ru/20236.html — Pexxum gocrtyna: s aBTOpU3Hp. MOJIb30BaTENEH
HNHuTepHer-pecypcesl:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcuteTckas OHOTHOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 371eKTPOHHBINA KAaTAIOT aCCOIMAIMH ICKTPOHHBIX OMOIHOTEK
yueOHBbIX 3aBeieHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.

S https://openedu.ru — OTkpeiTOE 06paszoBaHue
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Tema 6. PacTBopbI
JlaGopaTopnas paGora 4. IIporosm3 coseit
Lens paboTer: M3ydeHue mporiecca ruapon3a CoJei.
Teopernyeckas 4acTb

Ilpoyecc 63aumooelicmeus UOHO8 CONU C MONEKYIAMU B00bl, NPUBOOAWUL K 0OpA308aAHUIO
cnaboouccoyuupyiowux eeujecms (MoaeKkyil Ciadvlx KUCIOmM UMW OCHOBAHUL, AHUOHO8 KUCTBIX UIU
KamuoHO8 OCHOBHbIX cOJlell) U conpogoxcoaroujeecs usmenenuem pH pacmeopa, Hnasvieaemcs
NPOMONUZOM.

[IpoTonu3y nmoxBeprarwTCs COIU, 00pa30BaHHBIC CIA0BIM OCHOBAHHEM WJIU CJIa00W KUCIOTOM.

Cabble 3JeKTPOIUTHI B BOJIE JIMIIb YACTUYHO AUCCOLUUPYIOT HA HOHBL. K HUM OTHOCSTCS:

a) KHUCJIOTHI — HzS, HzSOa, HzCOa, H3PO4, HNOZ, H3803, HClO, HCN, HF, CH3COOH " ap.;

0) Bce ocHOBaHWs MeTaysioB (kpoMme mienoueii), a take NH4sOH. K cnabeiM a3nekrponuram
OTHOCHUTCS TAK)KE BOJIA.

CunpHbBIE 2JIEKTPOIUTHI:

a) kucitotsl — H2SO4, HNO;3, HC', HBr, HMnOy, HClOs, HC|O4;

0) OCHOBaHWUsI IIEOYHBIX U IIETOYHO3EMENbHBIX MeTaiioB, kpome Mg(OH),, Be(OH)..

CocraBuM Tabnuiyy coneif, 0Opa30BaHHBIX pPA3MUYHBIMU (Kak cIaOBIMH, TaK M CHIBHBIMH)
KHCIIOTAMH M OCHOBAHHUSIMH.
Tabauya 4.1 Tlpomoau3s paziuuno2co muna conel

Comnm, 00pa3oBaHHBIC

CHa6BIMI/I KHUCJIIOTaAMU U C.Ha6I)IMI/I KHUCJIOTAaMHU U CUJIbHBIMU KHUCJIOTaAMHU
ci1a0BLIMH OCHOBAHHUSIMHU
CUJIbHBIMHU CUJIbHBIMHU 1 CUJIBHBIMH
1 CUJIBHBIMH KUCJIOTaAMHU
OCHOBAHUAMHU OCHOBAHUAMU OCHOBAHUAMU
| | 1 \V4
AlS3, NH4CN,
N8.2CO3, KzS, Nast3 A|C|3, CUSO4, MgC|2 KC|, Na2804, KN03
Cl’z(COs)s
pH>7 pH<7 pH=7 pH=7

PactBopbI BBITIIEYKa3aHHBIX COJIEH WMEIOT Pa3iHYHYI0 PEAKINIO: IIEeT0YHYI0, KHACIOTHYIO HWIIH
HEHTpaIbHYI0. DTO OOBSICHIETCS TeM, YTO MOHBI, O0pa3yIOMIKecs Py pacaje dTHUX COoNed, Pa3TuIHBIM
00pa3oM B3aHMOJEHCTBYIOT C BOJIOM.

IIpoTosau3 coseii, 00pa30BaHHBIX CHJILHBIM OCHOBAHHUEM U
c1a00ii KUCJI0TOH

PaccmoTpumM mpomeccsl, mpoTekaromue mnpu nporonuse kapoonata Hatpus. NaCOs — comp
cimaboif TBYXOCHOBHOW YTOJBHOW KHCIIOTHI U CHIIBHOIO OFXHOKMCIOTHOro ocHoBanwmst NaOH. 3ammmrem
ypaBHEHHE ITPOTOJIM3a 3TOH COJIH:

H,0 -
Na,CO;3 <22 52Na* + COZ".
Ipumeuanue. Tlporonu3y HWOHOB (THIPONHU3Y) BCET/a MPEIIIECTBYET MPOIECC MPOTONU3a
(mccornmanym) Comm.
Oo6pasyrommecs: KapOOHAT-UOHBI B3aUMOJICHCTBYIOT C MOJICKYJIAMHU BOJIBI, TIPH 3TOM 00pa3yroTcs
AHHOHBI HCO;, a He Monekynbl HoCOs, Tak Kak HOHBI HCO3_ JIICCOLMUPYIOT ropas3io TpYyIHee,

gem monekyssl HoCOs. IloatoMy mpu OOBIYHBIX YCIOBHUSIX HPOTOJIM3 KapOOHAaTa HATPHsl MPAKTUUECKH
MPOTEKAET 10 MEPBOW CTYIECHHU.

HOHHO-MOJIEKYIIPHOE YPaBHEHHUE IPOTONN3A CO3 " 1o HIEPBOM CTYIEHH:
CO?™ +H,0 «> HCO; +OH; pH > 7.
B monekynsipHaoit Gpopme:
N32CO3 + Hzo <> NaHCO3 + NaOH .

HoHnHO-MONEKyIsIpHOE ypaBHEHUE NTPOTOIN3A H CO3 :
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HCOy +H,0 < H,CO;+0H ;pH > 7.
B monekynsipaoit Gpopme:
NaHCO3; + H,0 <> H,CO3 + NaOH - npaxruuecku He nporexaer!

B pacrBope mosBusiercst u36biTok moHoB OH', mostomy Boauwiii pactBop Na,COsz umeer
LIEJTIOYHYIO PEAKIIHIO.

KonmuuecTBeHHO MPOIECCH MPOTOM3a Coileil XxapakTepu3yroT KOHCTaHTHI (Kyp) ¥ cTemendb (Onp)
MPOTONN3a, a TIIYOUHY MPOTEKAHUS MPOTONIM3a — U3MEHEHHE peakuuu cpenpl (pH).

KoncraTel mpotonusa coineif, 00pa3oBaHHBIX CHJIBHBIM OCHOBaHHEM H cJabol KHCIOTOH,
BBIUUCIISIIOT 1O (popMyiaM clieyroniero Buaa

K 4.1
K“Pi =7KW , “-
8
rie K — KOHCTaHTa MPOTOJIN3a 110 I-CTYIeHH;
K . — 1~ KOHCTaHTa NpOTOJK3a 00pa3yloleics CONpPSKEHHOH KUCIIOTHL.
i
Crernenb npoTou3a;
2 Ky, Kop, _ (4.2)
anp +a,, - - =0,
P C 2 C 2
rae C — KOHIIEHTPAIIHS COJH, MOJTB/qM°,
Dopmyny (4.2) IPUMEHSIOT TOTJa, KOTaa CTerneHb mpotonm3a npessimaeT 0,05 (5%).
Ipu oupi < 0,05 (5%):
K”Pi . (4.3)
Cpp Ry~
o

KoHneHTpanmio ruapoKCHI-UOHOB, OMPEAENSIONNX TIyOMHY NPOTEKaHHs MPOTOIU3a, MOXHO

pacCcyuTaTh 110 YPABHCHHUIO:
[OH_]i ~ ’KHpiC ' (44)

IIpumenum, nampumep, dopmymnsl (3.1) — (3.4) nmnd KOTWYECTBEHHOM OIICHKH IIPOIIECCOB
IIPOTONIN3a TI0 TIEPBOii ¥ BTOPOIi cTyIeHsIM kapbonaTa Hatpus mpu C(NaCOsz) = 0,1 moms/mme.
st nepBoii cTyneHu:

Ke 10"

(COF) = = =2,17-10%;
oy Ka, (H,CO3) 4,610
K 104
a, z\/ e [217-10 ~ 0,0466 (~ 4,66%);
L C 0.1
— -3 MOJIb |
[OH ], ~ [K, C=+21-10"*.01=4,66-10"° —;
1 npy 'Z[Ms

POH =—Ig[OH "], =—1g 4,66 -10~% =2,33; pH =14- pOH =11,67.

J1st BTOpOH CTYIEeHU BBIYMCINM TOJIBKO KOHCTAHTY NPOTONIN3A:

K -14
cory=— ‘tw ___ 10

Kup, = -=222-10"
Kq (H2CO3)  45.10°

CootHomeHne nepBoii ¥ BTOPO KOHCTAHT MpoToin3a kapooHaT-uona (= 10 000)

npl(C03) 2,17-10
(C0Z) 222.10°

~10-10*
l‘[p2

II03BOJISIET PACYETOM JI0Ka3aTh, uTo Ipotonn3 COs?” (haKTHUeCKH MPOTEKaeT TONBKO I10 IEPBOM CTYMEHH.
IIpoToau3 coseii, 00pa30BaAHHBIX CUJILHON KMCJI0TON U CJ1a0bIM 0CHOBAHHEM
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Paccmorpum nporonus comu CuSOs. CynbdaT Menu — coib Cl1adoro JBYKHCIOTHOTO OCHOBAaHUS
Cu(OH); u cunbHO# 1BYXOCHOBHOM KUCIOTHI H2SOa.
[epBUUHBIH TIPOIIECC — MPOTONU3 (AUCCOIHALINS) COJTH:

CuSO, <22 5 Ccu?t + 502"

3aTeM HOHBI MCIHN PEearupyroT ¢ MOJICKYyJjaMUu BOAbI, TO €CThb I/IILGT MIPOTOJIM3 NOHOB — BTOpH‘IHI)II;'I
npouecc. KaToHbI Meny ¢ MOIEKyIaMU BOJBI 00pa3yroT KaTHOHBI 0OCHOBHOM comu CUOH™,
NoHHO-MONEKYIApHOE ypaBHeHHe npoTonusa Cu** 1o nepBoii cTymeHn:

Cu®* +2H,0 <> CuOH" + H,0™; pH <7
WM B MOJICKYJIApHOH (hopme:
2CuSO, +2H ,0 <> (CuOH), SO, + H,SO,.

Tak Kak B pacTBOpE NPUCYTCTBYET KHUCIIOTA, TO ero pH < 7.
Brimanenue ocagka rufpokcuaa Meau (+2) He TPOUCXOIUT, TaK KaK MOHBI CuOH* JIUCCOLUUPYIOT
ropasao TpyaHee, ueM Mojiekyisr Cu(OH)s.

CUOH " +2H,0 <> Cu(OH), + H30™; pH <7

WM B MOJIEKYJIAPHOH (hopme:

(CUOH ) 2 SO4 +2H 20 e 2(CUOH ) 9 + H 2804 — peaxIust MPaKTHYECKH HE HIET.

Utak, B OOBIYHBIX YCIOBUSX MPOTONU3 CYlb(aTa Meu MPOTeKaeT MPAaKTUIECKH TOJIBKO IO TTIePBOM
CTYIICHH.
CDOpMy.HBI, IIO3BOJIAIOIIINC KOJIMYCCTBCHHO OLICHUTH npoueccm HpOTOHI/I3a KAaTHUOHOB
COOTBETCTBYIOIIIUM CHa6LIM OCHOBAHUSM .
k- Kw (4.5)
. ’
le K .
bi

rac K — KOHCTaHTa IIPOTOJIM3a I10 i- CTYIICHU,

K bl — KOHCTaHTa IIpoTOJIM3a 110 i-CTyHeHI/I COIIPSAXKEHHOI'O OCHOBAHM.

CrereHb MpoOTONIH3A:
K, K,,
ol +a,, —2 T, (4.6)
hp C2 C2

e C — KOHI[GHTPAIIMS COJTH, MOJIb/IM .
Qopmyy (3.6) IpUMEHSIOT TOTa, KOra creneHs nporonusa mnpessimraer 0,05 (5%).
IMpu opi < 0,05 (5%):
Kop, . @.7)
np C
KoHIleHTpaIi0 KaTHOHOB THPOKCOHUS, OINPEACISIIOMUX TIIyOUHY MPOTEKAaHUS MPOTONH3a,
MOYHO PACCUUTATH 110 YPAaBHEHHUIO:

[H30+]i ~ KnpiC' (4.8)

IIporoaus coseil, 00pa30BaHHBIX CJ1a0bIM OCHOBAHHMEM M CJ1a00i KHCI0TOM
Paccmorpum kak mportekaer mporonus anerara aMMoHus. CH3COONH4 — conb cnmaoit sTaHOBOIMA
KUCNOTHI U ciaboro ocHoBaHust — NH4OH. YpaBHeHune nmpoTtonu3sa 3Toii conyu MMeeT CAeyIOUMi BU:

H,0 -
CH3COONH 4«22 5 CH,CO0 ™ + NH .
Janee noust CH;COO™ u NH," noaseprarorcst mpoToinsy — pearupyror ¢ MOJIEKYJIaMU BOJIBI:

CH,COO™ + NH} + H,0 <> CH;COOH + NH,OH
WU B MOJIEKYJISIPHOM opme

CH,COONH 4 + H,0 <> CH3COOH + NH 4;OH .
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[Ipu mpotonuse comeld, 0Opa3oBaHHBIX CIaOBIM OCHOBAaHHMEM W CIIa0OH KHCIOTOH, pEaKIHs
pacTBopa 3aBHCHUT OT CTEINEHHM MPOTOJIHM3a O0pa3yIoIMX3cs MPOAYKTOB — KucioTel (tuma HA) u
ocHoBanus (tuma KtOH). Ecmu nporonu3 ocHoanus KtOH mpeoGmamaer Haj MpoOTONM30M  KUCIOTHI
HA, to xonuentpaius nonos OH™ Gonbure konnenrpamuu H3O" —  cpena menodnas, eciu Hao00poT —
[H30"] > [OH ], T0 KuCnas.

B f1aHHOM clydae, TOCKONBKY CTENEHH IIpoTonm3a ykcycHoit kuciotl (K, = 1,8:10°) u
rugpokcuna ammonns  (Ky = 1,78:10°) npuGmusurensHo onmHakoBel, To pH cpemsl Oymer
MPHOJIM3UTEIBHO PABEH CEMU.

Cnedyem nomHumv, 4mo coau, 0OPA306aHHBIE CUTLHLIM OCHOBAHUEM U CUTbHOU KUCIOMOU,
NPOMONU3Y He NOOBEPEAIONICA.

Hanpumep, xmopun natpust NaCl — conp cunphoit kucinorsl HCl u cumsaOoro ocuoanumst NaOH.
Honbl, oOpasyromuecs B pPe3ylbTaTe JAUCCOLNMAIMU 3TOH COJIM, HE O00pa3ylT ¢ BOJOH Cla0bIX
AMEKTPONUTOB. [103TOMY B OOBIYHBIX YCJIOBHSIX DPAaBHOBECHE MPOTONM3a MOJIEKYNI BOJABI B TaKHX
pacTBopax He HapyllaeTcsi W KOHIICHTPAIMS MOHOB THAPOKCOHUSI W THAPOKCH]I-MOHOB OCTAETCS TaKou
JKe, KaK y 4YMcToi Boubl — pH = 7.

IHonHbIH IpOTOIH3

Paccmotpum, kakue mpoAykThl oOpasyrorcs 1mpu cmemmBaHuu pactBopoB Al(NO3)z u K>COa.

HuTtpat anroMuH#s ofiBepraercst MpoTOKM3y MO KaTHOHY, a KapOOHAT KaJlksl - 10 aHUOHY:

AL(NO,), <22 AI** +3NO;

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

AIOH # +2H,0 <> AI(OH); + H, 0"
AI(OH)} +2H,0 <> AI(OH); { +H,0"
K,CO, « 22 52K " +COZ"

CO;” +H,0 <> HCO; +OH "

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

Ecrmu pacTBOpBI HaxomaTcsi B OJHOM COCYZE, TO WAET B3aUMHOE YCHUJICHHE MPOTONN3a Ka)JIou
comnM, Tak Kak obpasyromuecs noHsl H3O" 1 OH cBsi3pIBarOTCS ¢ 00pa3oBaHMEM CIA00r0 JJIEKTPOIUTA —
BOJIBL. [Ipu 3TOM POTONUTHYIECKOE PABHOBECHE CMEIIACTCS BIIPABO, & IPOTOJIHM3 KaXKI0H COIH MPOTEeKaeT
JI0 KOHIIA.

HoHHO-MONEKyIApHOE YpaBHEHUE MMPOTOIH3A:

2AI%" +3C05 +3H,0 <> 2AI(OH)5 4 +3C0, T.
B monexymsapHoit hopwme:
2AI(NO3)3 +3K,CO;3 +3H,0 <> 2AI(OH)3 { +3CO, T +6KNO;.
Hpyrumu npruMepaMu TaKUX Hap HOHOB SIBJISIIOTCS:

1.Cr¥*us?
2. AP u %

2_
3.criry CO;
2_
4. Fe u CO;
+ ) 2—

O6opynoBanue U MaTepuaJIbl
PactBop mHmKaTopa
JlucTrinupoBaHHas BOJa
[IpoOupku
PactBop Na,CO3
PactBop AICI;
PactBop NaCl
PactBop xstopuaa aMMOHUS

NoakownpE
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8. PactBop cynbdara amomunust Al,(SO4)s
9. PacrBop docdara narpust NasPOs

10. PactBop (NH4)2S

11. PactBop cynbdara amoMUHUS

12. PactBop cynbdara xpoma Cra(SOs)s

13. PactBop pacteopa coapt Na,COs

Yka3anus no TexHuke 6€30MacHOCTH
1. Bce paboTel B XMMHYECKOW J1a0OpaTOPUM MODKHBI TPOBOIUTHCS TPU HCIPABHOM
3NEKTPOOOOPYIOBAHNH, IEKTPOIPOBOJIKE, MPABHILHO 000PY/I0BAHHOM BBITSIKHOM IIKAQYy.

2. I"a3oBBIC KpaHbI 1 Ia30pOBO JOJIKHBI HAXOAUTHCA B UCIIPABHOM COCTOAHUH, IICPUOANICCKU
IIPOBEPATHCS.

3. Pabouee MecTo comepkaTh B OPSIJIKE H YACTOTE.

4. Cyxue peakTHBbI TpeOyeTcss OpaTh YMCTHIM IIIATEIEM HITH CIIEIHaTbHON JTOKEUKOM.

5. MUznuiek peakTrBa He BBUTMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLIT B3ST.

6. Bce onbIThI € BPC€AHBIMHA U MMAXHYIIUMHU BEUHICCTBAMHU, a TAKKE YITapUBAHUEC KUCIIOT U KU CJIBIX
pPacTBOpOB MPOBOAUTH B BHITSDKHOM HIKaQYy.

7. OctaTku coemuHeHU! cepedpa CIMBaTh B 0COOBIE CKIISTHKU.

8. Ilpu HarpeBaHHM PaCTBOPOB B MPOOMPKE BCEraa CAEAyeT AepPiKaTh € TaKuM 00pa3oM, 4TOObI
OTBEpCTHE POOUPKHU OBLIO HATIPABJICHO B CTOPOHY OT Pa0OTAOIIEro PSIIOM COCENa.

9. He naxionsaTb JINIIO HaJg HaneBaeMOﬁ KNIKOCTBHIO NJIN CIIJIaBJIIEMBIM BCIIIECCTBOM.

10. He cienyer BapIxaTh Iaxydue BEIIECTBAa W rasbl, OJM3KO HAKIOHSSACH K COCYAY C 3TUMHU
BeIIeCTBaAMM. HroxaTb BEIIECTBA MOXXHO JIUIIIb OCTOPOKHO, HAITPaABJIAA K cebe Tapsl UK ra3 IBUKCHUEM
PYKH.

11. XpaHUTH PacTBOPHI KOHIICHTPHUPOBAHHBIX KUCJIOT H IIEIOYEH B BRITSHKHOM IIKady.

12. BoumBath pa30aBiIeHHBIC KHCIOTHI M IMEIOYHBIC PACTBOPHI CIEIYET B CIIMBHYIO CKIISTHKY.

13. Kareropuuecku 3amnperiaercs mpodoBaTh XUMHYECKHE BEIIECTBA HA BKYC.

14. TIpm paboTe C JIETKO BOCIUTAMEHSIIONTUMUCS BerecTBaMu (3HpHI, OSH30II, CEpOyTiaepos H
T.71.) HE JOTDKHO OBITH PSIZIOM OTHA W BKITFOYEHHBIX TIJIMTOK.

15. IIpu paboTe CcO CTEKJIOM, XHMHYECKOH ITOCY0W, HEOOXOAMMO COONIONAaTh IIPaBHIIA
MIPETOCTOPOKHOCTH BO M30€KaHNE PAHEHUI OCKOJIKAMHU CTEKIIA.

16. Kareropuuecku 3ampemniaercs 0CTaBIsATh paboTarolire IpuOopsl 0e3 HaOIIOICHHS.

20. B xumMuyeckoii 1abopaToprun HEOOXO0AUMO paboTaTh B XalaTe.

Saganusa
Ompit 1. B uerslpe mpoGupkn Haneiite mo 2-3 cM®: B NepByI0 — MMCTHILTHPOBAHHON BOMBI, BO
BTopyio — pactBopa Na,COs min K,COs, B Tpetbto — pactBopa AlCIs mimu Aly(SO4)s, B uersépryro — NaCl
wm KCl. B kaxayo mpoOMpKYy IOMECTHTE IO MaJE€HbKOMY KYCOYKY HHIMKATOPHOW OyMaru.
[IpenBapuTenbHO HM3ydyuTe M3MEHEHHE OKPACKHM WHIMKATOPOB B Pa3IM4HbIX cpenax. CpaBHUTE LBET
HMHJIMKATOPa B paCTBOPAX COJIEH C €ro OKpacKou B BOZE.

CocraBbTe HOHHO-MOJIEKYJISIDHBIE W MOJEKYJSPHBIE PEAaKUUU IMPOTOIHM3a COOTBETCTBYIOLINX
coneii. 3anonanuTe TabNHIy 4.2.

Onwim 2. Haneiite B poGupKy 3 cM® pacTBopa xsopuaa ammonus. Jlo6asbTe 1-2 karm pactBopa
nakmyca. OTMeTpTe LBET pacTBopa. KpacHbIl LBET pacTBOpa YKas3blBaeT HA KUCIYK Cpeny, T.. B
pacTBope MMEIOTCSI CBOOOAHBIE MOHBI TMAPOKCOHUS. COCTaBbTE MOHHOE M MOJEKYISAPHOE YpaBHEHHS
nporosu3za comr NH4Cl.

Onwoum 3. Haneiite B ipo6upky 2-3 cM® pacTBopa cynbdara amtomunus Aly(SO4); u mo6asbre 1-2
Karum pacTBopa jakmyca. Kak m3menwmncs user uHaukatopa? CocTaBbTe HMOHHOE U MOJIEKYISIPHOE
YpaBHEHHS MPOTOJM3a AAHHOW CONHM, YUMTHIBAs, YTO B CIy4ae HPOTOIM3a MHOT03apsIHBIX KaTHOHOB
00pa3yroTcsi KATHOHBI OCHOBHBIX COJIEH.

Onwvim 4. Haneiite B npobupky 2-3 cM® pactsopa pocdara natpust NasPOs u n06asbTe 1-2 Kanm
pacTtBopa nakmyca. B kakoi mBer okpacuics nakmyc? KakoBa cpena pactsopa? Kakoso 3Hauenune pH
pactBopa? CocTaBbTe HOHHOE M MOJIEKYJISIPHOE YpaBHEHHsI POTON3a Gocdara HATPHS, YIUTHIBAs, YTO B
pesynbraTe oOpasyercs ruapodocdat Hatpus. JanpHelmumii nporonau3 (o BTOPOH U TpeTbeil cTyneHH)
BO3MOXKEH JIMIIb B CiIydyae OYEHb pa30aBJICHHBIX PAcTBOPOB W MPH MOBBILIEHHOW TeMIepaType.
Hanummre mMoHHBIE M MONEKYJSIpHBIE YpaBHEHHs NpoTonH3a Qocdara HATPHUs 1O BTOPOH U TpeTbel
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crynenu. Paccunraiite 3HaueHus: koHcTaHT npotonn3a (Kupi, Kupz 1 Kip3), cTenenn mporonuza (Olpi, Omp2
U Oinp3) ¥ [H3O*] anst xaskmoit crymenu, cumntas C(NasPOs) = 0,1 moms/ove.

Oneim 5. Haneiite B mpobupky 2-3 cm® pactBopa (NH4)2S u no6assre 1-2 kammi pacTBopa
nakmyca. Kakoil user mpuo0pén pactBop? CHHHH IBET JlakMyca IOKa3bIBaeT, YTO Cpela B pacTBOpe
menovynas. OOpaTuTe BHMMaHUeE Ha 3anax pactBopa. Yem naxuer pactBop (NH4).S? 3anummre nonnoe u
MOJICKYJIIPHOE YpaBHEHHUS MPOTONU3a Cyibduna HaTpus. [Iporonus 3Toi conu uaéT Kak mo nepBoi, Tak
U 110 BTOPOU CTYIICHHU:

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

NH; + HS™ + H,0 <> NH,OH + H,S

Ky (NH4OH) =1,8-10"%; Ka (H2S) = 1,0-107; Ka2 (H2S) = 1,0-10™,

Hcxonst u3 3Hauenuit koHcranT nporonmsa maisi NH4sOH u H,S, cnenaiite BhIBOA 0 xapakrepe
cpenbl.

Ecnu Harpers pacTBOp AaHHOW CONMU (MIPOKUIIATUTE), TO MPOTOJINU3 CTAHOBUTCS HEOOPATUMBIM, TaK
Kak IPY HAarpeBaHUU aMMHUAK M CEPOBOJIOPOJT YXOIAT U3 Cephbl peaKiluK, CMeIlasi PABHOBECHSI B CTOPOHY
00pa30BaHusl MPOYKTOB MPOTOJIN3A.

Onweim 6. Haneiite B 1pobupky 2 cM® pacTBopa cynbdara aqoMuHHS 1 106aBbTe 2 cM® cynbduaa
HaTpusi. OOpaThTe BHUMaHME Ha I[BET BBIMABIIECTO OCAJKa M 3alax. 3aluiliTe HOHHOS U MOJIEKYJISIPHOE
ypaBHeHus npotosinza cMmecu pactBopoB Alx(SO4)s u NaoS.

Onweim 7. Haneiite B npobupky 2 cM® pactBopa cyibdara xpoma Cra(SOs)s 1 Tya ke 106aBbTe 2
cm® pacrBopa comel Na;COs. B pesynbraTe MOTHOTO IPOTONH3a BHIIAIAET OCANOK CEpPO-3€IEHOr0 IIBETa
Cr(OH)s u Beimensitorcss my3bipbku  yritekuciaoro raza CO;. CocTaBbTe HOHHOE M MOJIEKYJSIPHOE
yYpaBHEHHS TIPOTEKAIOIINX TPOIECCOB.

Conep:xanue oTyera

Onvim 1.
Tabnuya 4.2 Pesynomamoi 9KCHEPUMEHMA
No dopmyna BellecTBa IIBeT uHaMKaTOpA Peakuus cpenpl
1
2
3
4

[TonydyeHHbie naHHBIC B ONBITaX 2-7 3adukcupyite B Tadbumie 4.5 o ciemyromiei hopme:
Tabnuma 4.3. Pe3ynbTaThl SKClIEpUMEHTA

Ne i/ | Pearentsl XuMUYecKasi peakius HaOmronenus

1

Ol wiN

KonTpoJsbHbBIE BOIPOCHI
ba3oBblil ypoBeHb
1. YTo Ha3bIBaeTCsl MPOTOIU3OM?
2. Kakue conu noaBepraroTcsi IpoTonusy?
IloBbIIEHHBIN YPOBEHB
3. IlpuBenute npuMepbl YETHIPEX THUIOB CoOJel, OOpa30BaHHBIX CHJIBHBIMH WM CIaOBIMH
KHUCJIOTaMHU ¥ OCHOBAHHUSIMH.

Cnmcok 1uTepaTypsl, peKOMEH/yeMblii K HCII0JIb30BAHMIO 110 IAHHOH TeMe
OcHoBHas JinTeparypa:
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1 Koposun, H. B. O6mas xumus : yaebnuk / H. B. KopoBun. - 13-e u3n., nepepab. u nom. - M. :
Axanemus, 2011. - 496 c. : ui. - (bakanaspuar). - Pexk. MOuH P®. - Ilpui.: c. 461. - bubauorp.:
c. 486. - ISBN 978-5-7695-8015-4
2. bapxosckuit, E. B. O0mas xumus : yue6noe nocodue / E. B. bapkosckuii, C. B. Tkaues, JL.
I'. I[lerpymenko. — MwuHck : Bermitmas mkomna, 2013. — 641 ¢. — ISBN 978-985-06-2314-0.
— Texcrt : anexTpoHHbIH // DnekTpoHHO-O0nbmnoTeunas cuctema IPR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/35509.html — Pexwum noctyna: 1is aBTOpU3up. MOJIb30BaTENCH
JlonoIHNTEIbHASI JINTEpPaTypa:
1. I'muuka, H. JI. O6mas xumus / H. I'. I'munka ; [lox pen. A. U. Epmakosa. - M3a. 30-e, ucrp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubmuorp.: c. 704. - IIpeam. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. boarpomerok, B. B. Obmas xumus : yuednoe nocodue / B. B. bonrpomerok. — MuHCK :
Bermmaiimas mkona, 2012. — 624 ¢. — ISBN 978-985-06-2144-3. — TekcT : 25IeKTPOHHBIH //
OnexktponHo-Oubnoreunas cucrema IPR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/20236.html — Pexwum noctyna: s aBTopu3mp. MOJIb30BaTeNei
HNHTepHeT-pecypcebl:

1 http://window.edu.ru/ — emuHOE OKHO JOCTyIa K 00pa30BaTEIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YuuBepcuTerckasi OMOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — smeKTpOHHBIH KaTaaoT acCOIHAIMN DIIEKTPOHHBIX OHOTHOTEK
yueOHbIX 3aBefieHui u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpeIToe 06pa3oBanKe

Tema 6. PacTBOpBI
JlabopaTropnasi padora 5. [Ipou3BeaeHne pacTBOPUMOCTH

lens paOoOTHI: W3ydeHHWE YCIOBUIl BBHIMAJCHHS W PACTBOPEHUS OCAIKOB M BiusHue I[IP

3JIEKTPOIUTOB HAa MX CIIOCOOHOCTH K TIEPEOCAKICHHUIO.
TeopeTnyeckas 4acThb

Yacto B XHMHYECKHX pPEAKIUAX TMPUXOAUTCS WMETh Jel0 C PpaBHOBECHIMHE, KOTOpBIE
YCTaHABJIMBAIOTCS B TETEPOTrE€HHBIX cHCTeMax. Takoil cucTeMoll SBISETCsl, HaIpUMEp, HACBIILIECHHBIN
pacTBOp, COIMPHUKACAIOMIMNACSA C OCAIKOM PacTBOpPMMOro BemiectBa. OcaloK W HACHIIEHHBIA PacTBOP —
pasnuaHbIe (ha3bl TeTepOreHHON CHCTEMBI.

Ecnu kakyo-HUOYIb TPy IHOPACTBOPUMYIO COIib, Hampumep AJCI, mpuBeCTH B COMPUKOCHOBEHUE
¢ Bomoii, To moubl Ag" u CI', u3 KOTOPBIX MOCTPOEHBI KPUCTAJIBI COJIM, MCIBITHIBAS TPUTHKEHHE CO
CTOPOHBI ONYXKITAIOMIMX JWIIONEH BOIBI, OYAYyT OTPHIBATHCA OT IMOBEPXHOCTH KPHUCTAJUIOB W B BHUJE
TUIPATHPOBAHHBIX MOHOB OYAYT MEPEXOJUTh B PAacTBOP, HO HAPSAY C MPOIECCOM PACTBOPEHHS OyAeT
HPOXOIUTH U CONPSHKEHHBIN mporece — kpucTawmsanus. Monst Ag™ u Cl, crankuBasch npu JBHKEHUH C
noBepxHOCThI0 KpuctaiwioB AQJCl u  UCHBITBIBasT MPUTSHKEHHE CO CTOPOHBI  MPOTHBOIOIOXKHO
3apsOHKEHHBIX WOHOB KPUCTAJUIMYECKOW PEMIETKH, NeTHAPATUPYIOTCS ¥ OCENaloT Ha IOBEPXHOCTH
KkpucTaiioB. CKOpOCTh KPUCTAJUTM3AIMHA BO3PACTaeT MO Mepe YBEMWYeHHS KOHIICHTPAIMHA PacTBOpA.
Korma ckopoctu mporieccoB pacTBOpEHHWS W KPHUCTALTM3AIMU CTAHOBSITCS PaBHBI JPYT JpPYyry, TO B
TeTepPOreHHO CHCTEME PacTBOP — 0CAJ0K HACTYIAET IMOIBIYKHOE PaBHOBECHE.

[omyuuBImiics pacTBOp Ha3bIBAETCSI HACHIIIIEHHBIM, TaK KaK B HEM CONIEPIKUTCS MPEAETbHOE IS
JTAHHOM TeMIepaTypbl KOJIMYECTBO pPACTBOPEHHOro BeriecTBa. B  HaceimenHom pactBope AgCl
YCTaHaBIIMBAETCS CIEYIOIIee PABHOBECHE:

H,0 -
AgCI «2= 5 Ag"+Cl
tBEpaas daza HACBIICHHBIN PaCcTBOP

HpI/IMeHHH K 9TOMY paBHOBCECHUIO 3aKOH ﬂCﬁCTBHﬁ MacCC U y4uThbiBasd, YTO KOHICHTpAIUd TBép)lOﬁ
(1)3351 HC BXOOUT B BbIPA’KCHUC KOHCTAHTBI PABHOBCCHU A, MOKHO 3allNUCATh!:
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K =[Ag "]J[CI].

OTO ypaBHEHHE TIOKa3bIBAE€T, YTO B HACHIUYEHHOM pAcCmeope  mpyoOHOPACHEOPUMO2O
NEKMPOIUMA NPOU3BEOEHUEe KOHYSHMPAyUuti e20 UOHO8 ecmb 6eIUYUHA NOCMOSAHHAS NpU OaHHOU
memnepamype. Imy 6eIUYUHY HA3BIBATOM NPOU3EEOCHUEM pacmeopumocmu u obosnaydaiom I1P.

Hanpumep, st manopactBopumoro AgCl:

ITP(AQCI) = [Ag'][CI ],

rae [Ag*] u [Cl'] — paBHOBECHBIE KOHIIGHTPAINH, BHIPAKEHHBIE B MOJIB/IM>.

PaBHOBecHass KOHIIEHTpalusi JOO0r0 MoHa (YHKIMOHAILHO CBS3aHA C JAPYTUM IapaMeTpoM
CHCTEMBI — aKTMBHOCTBIO, HAIIPUMED, 171 HoHa Ag™:

a pg+ = ng+ [Ag+]

Koapdumument mpomoprimonansuoctd  f,  HaseiBaeMbIii  KO3()(DHUIIMEHTOM  aKTHBHOCTH,
XapakTepu3yer CTeMeHb OTKIOHEHUS CHCTEMbl OT HJealbHOM 32 CYeT JIIEKTPOCTATUYECKUX
B3aMMOJICHCTBHI MOHOB, YYaCTBYIONINX B M3y4aeMOW pEaKIMH, C IIOCTOPOHHUMH (MM COOCTBEHHBIMHU,
eclM MX KOHIIGHTpAIMs BbICOKAa) MOHaMHU. B maeanpHO#l cucteme aa = [A], Tak kak Kod(hHUIHEHT

aktuBHOCTH paBen eauuure (f = 1). Dro o3Hawaer, YTO DIIEKTPOCTATHYECKME B3aWMOICHCTBUSI
OTCYTCTBYIOT.

Benuunna ko3 GuiinenTa akTMBHOCTH 3d6UCUM OM 3apsi0d U UOHHOU CUlbl, CO3/IaBAEMON BCEMH
HOHAMH DJIEKTPOJIMTOB, IPUCYTCTBYIOIINX B PACTBOPE:

10 2
| =— ZCiZi . (5.1)
2i

rae | — nonnas cua;

[Ci] — paBHOBeCHasT KOHIIEHTPALINS HOHA,

Zi — ero 3apsi.

HerpynmHo ycTaHOBHTH, YTO MOHHASI CHJIa pacTBOpa OMHapHOTro djiekTponura (Tum AB) Bcerma
Oymer paBHA MOJISPHON KOHIEHTpanuu diekrponuta — U = C(AB); mis tpuHapHoro (tun A2B nmn AB2)
—u=3C (A2B) mm u =3C (AB>); g terpanaproro (tun AzB) — p = 6C (AsB).

Koo puumeHTsl aKTHBHOCTH WHIUBUIYaTbHBIX WOHOB MOXHO TEOPETHYECKH OIEHHUTh IO
dhopmynam Jlebas — Xrokkens:

—lg f; = Az?\/1, ecm 1 <0,01; 5.2)

AzZ1
—lgfi=—"-— ecm 1<0,1 (5.3)
1+ Bav/I

3nech A 1 B — KOHCTAHTBI, 3aBUCSIIHE OT TEMIIEPATYPhl U JUAJICKTPUIECKOH TPOHUIIAEMOCTH
pactBoputens (mis Bomel mpu 20 °C A =~ 0,5 (tounee 0,509) u B ~ 0,3); a — paccrosuue
MaKCHMAJIbHOTO COJIMIKCHHUSI WOHOB; STH BEIHYWUHBI OOBIYHO TMPHUBOAATCS B CIPABOYHBIX TaOIMIAX.
IMockonbky KoneOaHHs B 3HAYCHUSX «@ HE CIHUIIKOM CKa3bIBAIOTCSA HAa KOHEYHOM pe3ynbTare,

peKoMeH Tyercs 6path HocTosiHHOE 3Hauenue a = 3 A%, CieoBaTenbHO,

05271
—lgf, =
1+~1

Koa¢dduumeHT akTUBHOCTH MHIUBHIYaIbHOTO MOHA HENb3Sl U3MEPUTH IKCIIEPUMEHTAIbHO, TaK
KaK Helb3s MOIYyYUTh PACTBOP, COAEP)KALIMNA HOHBI TOJIBKO OJHOTO 3apsAfa. DKCIEPUMEHTAIBEHO MOXKHO
ONpPEIENUTh JIHIIb CpeAHHH Kod(hduimeHT akTtuBHOCTH fr amektponuta AmBn, KOTOpBIA CBsizaH ¢
k03 HUIIMEeHTaAMH AKTUBHOCTH MHIMBUAYaJIbHBIX HOHOB fa 1 fg, cOOTHOMICHHUAMM:

fi = 4/ f A fB — 171t OMHApHOTO 3MeKTpoiuTa AB;

men
fi m+\n/ f A fB — IJ1s 3JeKTponuTa THna AmBh.

Cpenuuii K03(G(GUIMEHT aKTHBHOCTH MOXKHO PACCYMTaTh U TEOPETUUECKH, HCIOIB3YA (POPMYJIIBI
Jebas — Xrokkens

(5.4)
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—lg f, = Az ;7g/l, ecmn 1<0,01;
gt = 2atsl
* 1+BaVl

3nechk a, A u B umeroT Te ke 3HaueHus1, uto U B hopmynax (4.3) u (4.4), mosTomy
052 4z 51
lgf = .
* 1++/1

s Gomee TouHoro pacyera KodQduuueHToB aktTuBHOcTH (ipu | > 0,1) IpUMEHSIOT ypaBHEHHE
HBBHC&, KOTOPOC MO3BOJIACT BBIYUCIUTD KO3¢)¢)HHI/IGHTLI AKTHUBHOCTH JJICKTPOJIMUTOB U MHANBUAYAJIbHBIX
noHoB s moHHBIX cui 0,2 — 0,5 ¢ morpemmHocTeio, He TpeBbimaromnieil 10%. Ypasaenune JpBuca s
ko3 uimenTa aKTUBHOCTH WHAWBUIYAILHOTO HOHA UIMEET BH/I;

0,521
g fi =240
1++1

a 1S cpeiHero ko3 QuimeHTa akTHBHOCTH 3JIEKTPOanuTa AmBn

—lg f, = 052,251 -0z 4z51. (5.7)

N 1+-/1

Hna 6onee Beicoknx moHHBIX cua (0,5 — 0,8) pekomMeHaylOT TpUMEHATH ypaBHeHHe J[IBumca
CJIEIYIOILEro BUJA:

Igf. =052%| ————0.21 |, 58
g T i 1+\/T (5.8)

a U1 cpemHero KodPUIMenTa akTHBHOCTH dJIEKTponuTa AmBn

JI
—lgf. =05z,z,| ———-0,21 |. 5.9
J' AB 1T &9

Benmanabl k03 pUIIMEHTOB aKTUBHOCTH WHIWBUAYATbHBIX HOHOB TPH Pa3HBIX HOHHBIX CHJIAX U
cpenarie  KO3(pPUIMEHTH AaKTUBHOCTH Ui PaCTBOPOB DJIIEKTPOJMWTOB pa3HOW KOHIIEHTPAIWH,
paccuntanasle o Qopmymnam Jlebas-Xrokkens, MPUBOAATCS B CIpPAaBOYHUKAX. 3Has KOI()PHUIIMEHTHI
AKTUBHOCTH, MOYXHO OIIEHUTh aKTUBHOCTH MOHA M AJIEKTPOJIUTA B pacTBOpe. st oOmerdennst pacueTon
MOJKHO TTOJTE30BATHCS CIEAYIONIMMHA TOMYIEHUSIMHU:

1 KosddummeHnTsl akTHBHOCTH MOHOB OJWHAKOBOI'O 3apsga HE3aBHUCHMO OT Pajnyca HOHOB
mpuUMepHO paBHBL. [lo3TOMy B CHpaBOYHWMKAax TMPHUBOMATCS WHOTJA YCPEAHEHHBIE BEITHYUHBI
KO3(PUIIMEHTOB aKTUBHOCTH JIJISl OHO-, ABYX-, TPEX- U YETHIPEX3aPSAHBIX HOHOB.

2 KoadumueHTsl akKTHBHOCTH HEUTPANBHBIX YaCTHUI] B Pa30aBIIEHHBIX PACTBOPAX AJIEKTP OIUTOB
TIOJIaTaf0T PaBHBIMHU €TUHUIIE.

3 OdeHp pa30aBIeHHBIE pPACTBOPHI DJJIEKTPOIMTOB, HANPUMEP, HACHIIICHHBIA PacTBOP
MaJopacTBOPUMOTO AJIEKTPOIUTA, MOKHO CUUTATH UCaIbHBIMH.

Yacto npu pacuerax CIIOKHBIX paBHOBeCHH KOA((UIMEHTH aKTHBHOCTH MPUHUMAIOT PaBHBIMH
enuHUIe. Takoe MOIMyIIeHre ONpaBIaHo Mo PSAY IPHYIHH.

Bo-miepBbix, BennunHBI KO3()(PHUIIMEHTOB aKTUBHOCTH, HaineHHbIe 1o ¢opmynam Jlebas —
XIOKKEIls, MOT'YT B 3THX CITydasX OKa3aThbCs OYEHb JAIEKUMHU OT UCTHHHBIX.

Bo-BTOpBIX, BIMSHHE XUMHYECKHX (PAKTOpOB Ha paBHOBECHE Topas3no Oomblie, dYeM
ANEKTPOCTATHYECKUX CHII, TTIO3TOMY MpEeHEOPEKEHNE MOCIESAHUMH TIPU PacueTax CIOXKHBIX PaBHOBECHI
HE BHOCHUT OLIYTUMYIO MOTPEHIHOCTh B PE3yIbTaThI.

Ecnu momekyna TpyqHOpacTBOPHMOI'O BEIIECTBA AWCCOLMUPYET ¢ 00pa3OBaHMEM HECKOJIbKHX
OJIMHAKOBBIX HOHOB, HAIIPHMED:

ecm |1<0,1

(5.5)

~01z71, (5.6)

Pby (PO, ), « 22 53Pb?" +2PO],
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TO IMpU BBIYUCICHHUU MNPOU3BCACHUA PACTBOPHUMOCTU ITOro COCAMHCHUA KOHICHTpAIIUU
COOTBCTCTBYIOIIUX MOHOB BO3BOAATCA B CTCIICHU PABHBIC UX CTCXUOMCETPHUYCCKUM KO3(1)(1)I/IHI/I€HT3MI

IIP(Pbs (PO,),) =[Pb** 1*[POZ 1.

B obmem ciywae, ans ManopacTBOPUMOro cHibHOro snektponuta Tunma KityAny, mporonus
pPacTBOPUMOM YaCTH KOTOPOTO MPOTEKAET 10 CXEME:

KtAny (H—ZO) XKt* + yAn*, (5.10)
BhIpaxkeHue s [1P Oyner umers BUj
ITP(KtAny) = [K* T [An*]. (5.11)

Ces3b napamerpa 1P ¢ BennuunHol pactBopumoct KtyAny otpaxkaercs HopmMyioi:

MOJTb ITP(Kt, Any)
— X+Y

(5.12)

Sy (Kt, An, ),
M xly ™ xxyy

NI

IP(Kt,An )

S (Kt Any ), ——5 = x+yl—— L5 M (Kt An), (5.13)
IM X"y

3Has 3HaueHue IIP, MOXXHO mpenBHUIETh BO3MOXHOCTH TEPEXO0JIa PACTBOPEHHOI'O BEIIECTBA B
0CaJI0K UM HA000pOT — TIEPEX0/1 0CaIKa B PacTBOP.

Ecnu mpousBenenne KOHIIEHTpanuii HOHOB pactBopéHHOro BemectBa (I1K,) MeHbIie 3HaUeHUS
ero IIP, To BemazeHust ocaaka He OymeT. Takoil pacTBOp Ha3bIBACTCSl HEHACHIIICHHBIM, U B HEM emIé
MOXET HWJTH pacTBOpEHHUE JlaHHOro BeulecTBa. B HaceimeHHoM pactBope IIK, = TIIP. Korama
MIPOU3BEACHUE KOHIICHTPAIIMA WOHOB pPACTBOPEHHOI'O BEIIECTBA CTAHOBUTCS OOJBINE 3HAYCHHS
MIPOM3BENCHNS PACTBOPHMOCTH, TO BBITIAJAET OCAIOK.

Taxum obpazom, Harrpumep, 11t AQCI:

a) B HeHachlmenHoM pacteope 11K, = [Ag][CI] < TTPagci;

0) B Haceimennom pactBope 1K, = [Ag*][CI] = ITPagc;

B) B nepenaceimennom pacteope ITK, = [AgT][CI] > TTPagcl.

HenacpIteHHBI pacTBOpP KaKOro-inOO 3JIEKTPOIUTa MOXHO CIENaTh HACHIIIEHHBIM H JIaXe
TIePEHACHIIIEHHBIM, TPUOABIIAS K HEMY DJIEKTPOJIUT, COJIEpKAIINNA ONHONMEHHBIE HOHBI. Hampumep, eciu
k Henacoimennomy pactBopy AQCI mpumuBate HCI mm KCI, To MBI TeM cambiM OyjieM yBETHYHBATH
KOHLIEHTPAaLUIO0 HOHOB XJIOpa, 4To NpuBoauT K yBenuueHuro IIK,. B tor Mmoment, koraa ITKagcl cTaner
6ombme ero ITP (1,56-107%), npousoiiner Beimanenne ocamka AgCI.

Hns  pacTBOpeHHA oOcaJKa TPYIHOPACTBOPHMOIO 3JEKTPOIUTa HEOOXOAWMO YMEHBIIHUTH
KOHITEHTPAITMIO €r0 MOHOB B pacTBOpe I Toro, uroOnl BenmumHa ero I1K, crama mensme I1P. Dtoro
MOXKHO JTOOMTBCS, CBS3BIBAasl ONWH W3 MOHOB TPYIHOPACTBOPHUMOIO BEIIECTBA C MOHOM JOOABIIEMOTO
peaxTHBa B claboANCCONUUPYIOIIEe WK JIETY4Iee COSTUHEHUE.

PactBoprMoch ocaika MalopacTBOPUMOTO DJIEKTPOIUTA YBEIMUNBAETCSA TAKXKE MPH HAIUYHAU B
€ro HaCBIIIEHHOM pPacTBOpPE MOCTOPOHHUX WOHOB — JTO SIBJICHHE HA3BIBAIOT co/ie8biM d¢hgexmonm. Takx,
HalpuMep, YBEIUUYUBAETCS pacTBOpUMOCTh ocanka BaCOsz mpu BHECEHUU B €r0 HACBILICHHBIA PacTBOP
Hekotoporo komndectBa comu NaNOs nmm KBr u ap. Bo3pactanue pacTBOprMOCTH MajopacTBOPUMBIX
OCaJIKOB CHUIBHBIX JJIEKTPOJIUTOB B MPUCYTCTBHH TIOCTOPOHHUX HOHOB OOBSICHIETCS YBEIHMYCHHEM
HOHHOW CHJIBI PacTBOPA.

Urak, pacTBopeHHE 0caKa MOXKET MMPOUCXOJIUTh:

1) mpu 0Opa3oBaHUM PaCTBOPUMOTO CIIA0OAMCCOIMUPYOIIETO IEKTPOIUTA:

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

2) ipu 0Opa30BaHUH Ta3000pa3HOTO COSTUHEHHUS

FeSy +2H' > Fe?" + H,S T

3) npu 06p330BaHI/II/I CHa60,Z[I/ICCO]_II/II/IpyIOH_[€FO KOMIIJICKCHOI'O HOHA:

AgCl 4 +2NH; —[Ag(NH3),]" +CI™

4) IIpU OKUCIUTCIbHO-BOCCTAHOBUTCIILHBIX ITPOLIECCaX:
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CuS{ +4H" +2NO; — Cu®" +2NO+ SO, + 2H,0

5) Ipu HATWYMK TTOCTOPOHHUX UOHOB.

OGopynoBaHue U MaTepUAaJIbI
PacTBOp aMMuaka (KOHIIEHTpaIHs pacTBopa aMmuaka pasHa 0,1 moms/mv®)
Pactsop xnopuna ammonust, C(NH4CI) = 0,1 moms/mm®
PacTBop xyopuaa Mareus ¢ MonspHoi kornentpanueii C(MgClp) = 0,1 mons/ave.
Kpucrammaeckuii nog
Mukpommnarens
HaceplieHHBIN pacTBOp HOAUAA KaJIHS
Xnopuz kansius (C(CaCly) = 0,1 moms/av®
PactBOp KapOoHaTa U cynbhaTta HATpUS
. Heuumonsipubrii pacteop HCI
10. PactBop NazS
11. Conp nuHKa ¢ MOJIAPHON KOHIIEHTpaIel mociennei 0,1 MOJTB/ M
12. CactBop HCI, C(HCI) = 2 mons/nm®
13. PacTBOp yKCYCHOM KHMCIIOTHI
14. Pactsop cynsduna marpus (C(NazS) = 0,1 mons/mm°)
15. Jlettumonsipusiii pactBop CuSO4 u FeSO4
16. Consnas kucnora (C(HCI) = 0,1 mons/mm®).
17. Pacteop nutpata ceunna, C(Pb(NO3)2) = 0,1 mMons/mm?,
18. PactBop cynwbdara u cynsdpuaa Hatpus ¢ koruenTpammsivmu C(NazSOs) = C(NazS) = 0,1 momns/am®
19. PactBop xpomara Kajus

CoNoUR~wWNE

Yxa3aHus 10 TeXHUKe 0e30IaCHOCTH
1. Bce paboTel B XMUMHYECKOW J1a0OpPaTOPHHU JOJDKHBI IIPOBOAUTHCS TPH HCIPABHOM
3JIEKTPOOOOPYIOBAaHHUH, IIEKTPOIPOBOJIKE, IIPABUIBHO 000PYIOBAHHOM BBHITSDKHOM MIKaQy.

2. T'a30BbIe KpaHBI U Ta30IPOBO]] JOJKHBI HAXOANUTHCS B UCTIPABHOM COCTOSTHHH, ITEPHOIUIECCKH
MIPOBEPATHCA.

3. Pabouee mecTo comepxaTh B MOPSIKE U YUCTOTE.

4. Cyxue peakTuBHI TpeOyercss OpaTh YMCTHIM IIMATENEM HIIA CHIEIHAIBHON JTOKEIKOM.

5. M3nuimek peakTuBa HE BBUIMBATH OOPATHO B COCY, U3 KOTOPOT'O OH OBLIT B3ST.

6. Bce ombITHI C BpeAHBIMH M MAXHYIIMMH BEIIECTBAMH, a TAKKE YIIAPUBAHHUE KHCIIOT U KHCIBIX
PacTBOPOB MPOBOJUTH B BBITSHKHOM IIKady.

7. OcraTKu COeTMHEHHUH cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHUM PACTBOPOB B MPOOHMPKE BCEr/a CIEAYeT JepkaTh e€ TakuM 00pa3oM, 4TOOBI
OTBepcTHE IPOOHPKHU OBLIO HAMIPABIEHO B CTOPOHY OT pabOTAIOMIETO PSIOM COCEa.

9. He HaKIOHATH JIMI0 HAJ HATPEBAEMOH KHUKOCTHIO MIIH CIIIABIISIEMBIM BEIIECTBOM.

10. He crexyer BOpIXaTh Maxydue BEHIECTBA M Ta3bl, OJHM3KO HAKIOHSACH K COCYHY C ITUMH
BemecTBaMy. HroxaTe BemecTBa MOXKHO JIMIIb OCTOPOXKHO, HAIIPABIIIsA K cede maphl WM Ta3 ABHKEHUEM
PYKH.

11. XpaHuTb pacTBOpPH KOHIIEHTPHPOBAHHBIX KHCJIOT U MIET0YEH B BBITSDKHOM IIKaQYy.

12. BwumBaTh pa30aBICHHbBIC KUCIOTHI U IETOYHBIE PACTBOPHI CIEAYET B CIMBHYIO CKIISTHKY.

13. Kareropuyecku 3amperaercsi ipoOOBaTh XMMHYECKHE BEIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIErKO BOCIUIAMEHSIOIIUMUCS BelecTBamMu (3GUphl, OEH30I, Cepoyriepoa U
T.JI.) HE IOJDKHO OBITh PAZIOM OTHS M BKJIFOYEHHBIX TUTHTOK.

15. Ilpu paboTe cO CTEKIOM, XHWMHUYECKOH TOCYq0H, HEOOXOIWMO COON0JaTh IpaBUIIa
MIPEIOCTOPOKHOCTH BO N30€KaHNE PAaHEHHI OCKOJIKAMH CTEKJIa.

16. Kareropudecku 3arpemniaercs OCTaBIsATh padoTaroye npuOopsl Oe3 HaOFOIeHHS.

21. B xumuyeckoid 1abopatopun He0OX0AMMO paboTaTh B Xajare.

3aganusa
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Omwir 1. B e mpobupku BHecTH mo 1 cM® pacTBopa aMMuaka (KOHIIGHTpALMsl PacTBOpa
ammuaka pasHa 0,1 momb/mM®). B ofHy mpobupky m006aBUTH 2 cM® BOIBI, B APYrylo 2 cM® pacTBopa
xnopuna ammonns, C(NH4CI) = 0,1 mons/am>. TTocne 3toro B o6e mpodupku BHecTH 110 1 cM® pacTBopa
XJIOpHIa MaTHUS ¢ MonsapHoit kounenTpamueii C(MgCly) = 0,1 Mons/am®. O6paTuTh BHUMaHUE HA TO, YTO
0CaJIOK BBINIAIAET TOJIBKO B MPOOUPKE, T1€ HET XJIOPHIa aMMOHHUSI.

OmneiT 2. B nBe mpoOupku BHECTH MO | MHKPOIIIATENIO KPUCTAJUIMYECKOro Honxa. B mepByro
pOGUPKY 100aBHTH 2-3 CM® BOMBI, BO BTOPYIO CTOJBKO K€ HACHIIIEHHOTO PACTBOPA MOMMIA KA.
Y6enuThCs, 94TO MO/ Majo pacCTBOPSETCS B BOJIE, HO XOPOILIO PACTBOPSIETCS B MOMJIE KA.

OmnpiT 3. B aBYX mpoOupkax MOMy4HTh OCaAKH KapOoHaTa W cynb(ara KanblMs JEHCTBHEM Ha
pactop xnopuaa kansims (C(CaCly) = 0,1 mons/am®), pactBopamu kapboHaTa U cymbhaTa HaTpus. B
00e mpobupku 100aBbTe AeruMoisIpHBIi pactBop HCI. 3aMerbre, 4TO MPOMCXOIUT PACTBOPEHHE TOJIBKO
KapOOHaTa KaJIbIUs.

OmnpiT 4. B aByx mpobupkax mony4yuTth ocajgkud ZNS aeiictBuem pactBopa NapS Ha pactBop comn
[IMHKA C MOJISIPHOM KOHIIeHTpamuen nociaenuei 0,1 Mose/nm°. B OJTHY MPOOHPKY n00aBuThH 0,1 MOJTB/ M°
pacteop HCI 110 pacTBOpenms ocajika, B APYyrylo Takoi ke o0béM 0,1 moms/mm® pacTBOpa yKCyCHOI
KHCJIOTBL. Y OCIUTHCS, YTO B YKCYCHOM KUCIIOTE CY/Ib(U IMHKA HE PACTBOPSIETCSI.

OmnbiT 5. B 1BYX npobupkax nomyuuts ocanaku CuS u FeS B3anmoneiicTBieM pacTBopa cyibduia
natpus (C(NazS) = 0,1 mons/nm®), ¢ nemumonsapusiME pactBopamu CuSOs u FeSOs. B 06e mpobupku
106aBUTH OIMHAKOBHIE 00BEMBI pacTBopa consuoi kucnorsl (C(HCI) = 0,1 moms/mm?).

Ompit 6. B ongHoii mpobupke moiayunTh ocagok PbSO., B npyroii — ocamok PbS neiictBuem Ha
pactBop Hutpata cuHia, C(Pb(NO3)z) = 0,1 mons/mm®, pacTBopamu cymbgaTa U CyabdHaa HATPHS C
xonnenrtpamusimu C(NazSO,s) = C(Na,S) = 0,1 mons/mm® CooTBeTCTBEeHHO. B 00€ MpoOHpKH T06aBHTH
OIMHAKOBBIH 00bEM 0,1 Monb/mv® pacTBopa XpomaTa Kaims M TIIATENbHO IepeMernaTb. OTMETHTH
W3MEHEHUE [BETa 0CaJIKa B OJTHOHM M3 MPOOUPOK.

Conep:xanue oTyera

Omnerr 1. Hamucats ypaBhenus obpaszoBanus MQ(OH), B MOJEKyIIpHOM W HOHHOM BHJE.
JlokazaTh pacuéroM BO3MOXHOCTH BhIameHus B ocafgok MQ(OH), Tomeko B orcyrcrBuum NHiCl,
ucnons3ys 3uagenue [TP(Mg(OH),).

OnpIT 2. YOEIUThCS, 9TO WOA MaJ0 PacTBOPSETCS B BOJAE, HO XOPOIIO PAaCTBOPSETCS B HOMUIC
kamsi. Yem 310 00BscHUTHE? COCTaBUTH ypaBHEHHE PEaKIny B3amMmozaercTBus noga ¢ Kl B moHHOM m
MOJICKYJISIPHOM BHJIC.

OnbiT 3. Kak, mpumensisi nonsitue [P w 3Hast yclioBHsS pacTBOPEHHUS OCAJKOB, OOBSICHUTH
Habmomaaemoe sinenne? CocraBuTh ypaBHenusi peakuuu pactBoperus CaCOz B HCl B wonHOM U
MOJICKYJISIPHOM BHJIC.

OnbIT 4. O0BACHUTSH, TOYeMy ZNS PacTBOPSIETCS TOJIBKO B CONSIHOW KUCIIOTE, YYUTHIBAS MATYIO
pactBopuMOcCTS 1 jietydecth HoS. CocTaButh ypaBHeHus B3aumoeicteust Mmexay ZnS u HCl B nonrom
Y MOJICKYJISIPHOM BUJIE.

Omnpit 5. OTMETHTB pacTBOpeHHE TONBKO FES 1 00BSICHUTE 3TO, NcTIONb3ys 3HaueHne [1P mns FeS
u CuS. CocraButh ypaBHeHHUs B3aumoeicTeust Mmexay FeS u HCl B MOHHOM ¥ MOJIEKYJIIPHOM BHJIE.

OmpiT 6. OOBSCHUTE MPOUCXOISIICEe, MOIb3YiAch 3HaueHusiMu [IP mast PbS, PbSO4 u PbCrO..
CocTaBUTh ypaBHEHUS] COOTBETCTBYIOIINX PEAKIIUN B HOHHOM U MOJICKYJIIPHOM BHUJIC.

KonTposbHbie BONPoOCchI
ba3oBblii ypoBeHb

1. ChopmynupyiiTe NOHATHE «IIPOU3BEIEHUE PACTBOPUMOCTHY. JJIsI KAKOro THUIIA COEAMHEHUH
oHo npuMeHnMo? IlpuBenuTe npuMepslI.

2. Harmmmwre ypaBHEHUS mpoiieccoB mnporonu3sa i ciaenytonmx coenunennii: CaCOs, Ag2CrOs,
AI(OH)s. Kak Oyayr BbINISAETh COOTBETCTBYIOIIME MM BBIPAKEHHUS TPOU3BEICHHI pPacTBOPHMOCTH?
HaiinuTe ux 3HaueHHs B CIPaBOYHMKE U 3aIIUIINTE.

3. Uro takoe aktTuBHOCTH? MoHHas cuna pactBopa? [lpuBenure ¢popmyIisl [uist UX pacdera.

[loBbIlIEHHEBIN YpOBEHB

1. Kak cBsazansbl IIP 1 pacTBOpHMOCTh MajlopacTBOPUMBIX CHIIBHBIX 3JIEKTPOIUTOB? OTOOpasuTe
3Ty cBsi3b Ha mpuMepe AgsAsOs.

2. llepeuncnure yclnoBUS PacTBOPEHHsI OCAJKOB MallopacTBOPUMBIX BemlecTB. Kak MOXHO,
HarpuMmep, pacTBopuTh ocagok Zn(OH),?

3. Kakoe siBiieHre Ha3bIBaIOT «coyieBBIM 3 dexrom»? [IpuBeante npumepsl.
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Tema 6. PacTBOpBI
Jlaboparopnasi padora 6. PacTBopbl

Henb paGoThl: OCBOMTH METOAMKY MPHTOTOBICHHS PACTBOPOB 3aJaHHON KOHIEHTPAIIUH.
OcBOHUTH apeoMEeTPUUYECKH METOI M3MEPEHUs MJIOTHOCTH PAaCTBOPOB. Y CBOUTH HOHSTHUSA aOCOIIOTHON U
OTHOCHUTEIHHOW MOTrPenTHOCTEN U3MEpEHUH.

TeopeTnyeckas 4acThb

Pacmeopamu nazvieaiom zomozennvle cucmemvl, cocmosuue us 08yx u boiee KOMNOHEHmMos, a
makaice npooyKmos ux ezaumooericmeusi. Harpumep, BOOHBIN pacTBOp CEPHON KUCIIOTHI COIEPKUT: BOLY
(pacTBOpHTENSH), rUApaTHpoBaHHbIe HOHBI HSO4 xH20, H"xH0 1 SO4 2xH;0.

Cnoco0bl BbIpa:keHHsI KOHLEHTPALuu PACTBOPOB

Baxxneiiniell XapakTepUCTHUKOW PACTBOPOB SIBISICTCSI UX KOHLIEHTPALIUSI — Macca WM KOJIMYECTBO
BEILIECTBA, COAEprKaIIrecs B ONPEeTICHHON Macce Wi 00beMe pacTBOpa WIIM PACTBOPUTES.

MaccoBas nons BemectBa X — macca Bemectsa M(X) (B 1), coneprkarmasics B 100 r pacTBopa:

w(X),%=——"=-100 (6.1)
mp_pa
MonsibHasi KOHLEHTpAlUsi — KOJMYECTBO MOJb BemiectBa N(X), comepkaiieecsi B OXHOM
kmorpamme (uiu B 1000 r) pacTBopuTeIs:
m(X)

c (x), o™ _ N(X) 1000=
U M (X)m

p-nst p-nist

-1000 (6.2)

MonsipHas KOHIEHTpPAIHs — KOMMYECTBO MoJjib BemecTsa N(X), cofeprkarieecss B OJHOM AM° (KK
B 1000 cm®) pacTBopuTens:
Mo N(X m(X
C. (X)), _NX) 30002 —MX) 1000 63)
M 3V M (X)V
AM p-Jst ( ) p-ns
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MossipHasi KOHIIGHTpAIlMs KOJIMYECTBA OKBHUBANEHTA (HOPMAJIbHOCTH WIIM OSKBHUBAJICHTHAS
KOHIIGHTpAIHs) — KOJTHYECTBO MOJIb KBUBAJIEHTA BelecTBa X, coaepikareecs B oqHoM am° (umu B 1000
cm®) pacTBopHTENS:

1
n(—X
1 MOJIb (Zx ) m(X)
C(—X), —5 = .1000 = -1000, (6.4)
Zx M p-is M (7 X)Vp-J'DI
Zx

rie n(i) U M(—) — Konu4ecTBO MONIb OSKBUBAJIEHTA BENIECTBA (B MOJIB-3KB) M €rO
X X

SKBUBAJIEHTHAs Macca (I/MOJb) COOTBETCTBEHHO.

Ipumeuanue. Yucno Zy Ha3bIBAIOT 9KGUBANEHMHBIM YUCTOM WU YUCTIOM IKEUBANEHMHOCMU — Ly
> 1. 3HaueHune Zy ONpeaensioT 0 XUMHUYIECKOI peaklny, B KOTOPOH y4acTByeT JaHHOE BelecTBO. Tak, B
YJaCTHOCTH, IJIsI BEIIECTB, ydacTByomux B OB-peakuusx, 3KBUBaJIeHTHOE YMCIO Zg JUIsl BOCCTAHOBUTEIS
PaBHO YHCILy BJIEKTPOHOB, KOTOPOE OH OTIAET, a JUIl OKUCIHUTENS — YHCIy 3JIEKTPOHOB, KOTOPOE OH
npunuMmaer. Hanpumep, it annona MnOs B 3aBHCHMOCTH OT XapakTepa peakiuu Zx MOXKET ObITh
paBHoO 5, 3, 1, HanrpuMep:

MnOs + 8H* + 5¢” — Mn** + 5H,0; Z, = 5; 9(MnOs") = 1/5 mous;
MnOs + 2H,0+3e™ — MnO; +40H"; Z = 3; 3(MnOs") = 1/3 Moib;
MnOs + le — MnOs2; Z,=1; 3(MnOy4) = 1/1 monb.
CrnieoBatebHO, B 9TUX PeakIusax SkBuBajieHT okucautenss MnOs™ cooTBercTBeHHO paseH 1/5, 1/3 u 1
MOJIb.
HeobxoauMo Bcerjia TOMHHTD, YTO 3HAYEHHE DKBUBAJIEHTA JIF000T0 BerecTBa X HE IMPEBLINIAeT
eOUHUITEL, T. €. D(X) < 1.
Omnpenenenre YKBUBAICHTHBIX YUCENT HEOANHAKOBO JijIsi 0OMeHHBIX 1 OB-peakiuii.
B 00MEHHBIX peakIusXx SKBUBAICHTHOE YHCIIO ONMPENEIISIOT TI0 CTEXHOMETPUH peakiuu. Eciu st
peaknuu BUA:
vaA+vgB =vcC + vpD  (8.5)
Ha OJIMH MOJIb BemecTBa A Tpedyercst ve/va Moib BemecTBa B, T0 Za= vp/va.
ITose3no 3HaTh, uTO 0151 00HoOocHo8HbIx Kuciom (tuna HF, HCI, HBr, HI, HNO,, RCOOH u ap.)
u oonoxucnomusix ocrosanuti (tumra NH4sOH, LiOH, NaOH, KOH, CsOH, RbOH u mp.) sxeusarenm
6ce20a pasern 00UH MOJb.
J171s1 TIONTMOCHOBHBIX KUCIIOT U TIOJIMKUCIOTHBIX OCHOBAHH BETMYMHBI SKBHBAJICHTOB 3aBUCST OT
tuna peakuuil. Tak s peakiuu:
H2S04 + 2KOH = K504 + 2H,0,
Z (H2S0s) = 2, a sxeusanenm ceproii kucromoi — A(H>SOs) = ¥ monw, max kax Ha 00uH Moib
H>SO04 mpebyemces 2 monw (0sa sxeusanenma!) KOH.
st peakuuu:
H>SO4 + KOH = KHSO4 + H,0
Z(H2S04) = 1, a sxsusanenm cepnou kucromol — I(HSOs) = 1 monw, mak kak ¢ 00uH Mo
H>SOs peazupyem 1 mons (00un sxeueanenm!) KOH.
MonpHast 101 — OTHOIIEHWE KoimdecTBa Monb BemecTBa N(X) k obmemy 9mciy MOIb BCEX
BemectB Ny (Xj), coCTaBIAIOMINX pacTBOP:
N(X)
Ny (Xj)

Tutp pactBopa BemectBa X — Macca BemectBa M(X) (B r), comepkamasics B OTHOM CM

pactBopa:
e m(X)

3
em® Vppa
Tutp pacrBopa BemecTBa B mo ompenensiemoMy BemecTBy X — macca BemectBa M(X) (B 1),
COOTBCTCTBYIOLIAA OAHOMY CM3 CTaHAAPTHOI'O paCTBOpa BCIICCTBA B:

a(X) = (6.5)

3

T(X), (6.6)
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e _ m(X)
CM3 V(B)p—pa

Becbma BasKHBIM TTapaMeTpOM PacTBOPOB SIBJSIETCS] MX TUIOTHOCTH — OTHOILIEHHE MAacChl pacTBOpa
(B KT) K 00BEMY ATOTO pacTBopa:

T(BI X), . 6.7)

P, 3 = . (6.8)
M° Vppa

Ipumeuanue. B XUMWUY Yalie MPUMEHSIOT Pa3MEPHOCTh TIOTHOCTH PACTBOPOB B I/CM°.

s mpoBeneHusl pacdyeToB Moyie3Ho 3HaTh (Gopmyny (8.10), CBA3BIBAIOUIYIO KOJUYECTBO MOJIb

OKBHBAJICHTA BCIICCTBA Xc Pa3iMYHbIMA BUJaMU KOHHeHTpaHI/Iﬁ €ro paCTBOPOB.

o X MO0 _TOOV(X) _T(BIX)V(B) _
Zx M(Zix) M(Zix) M(ZiX)

X X X

1
CE XNV 0(X),%p-paV (X)
~ 1000

100M (i X)
ZX
IIpy npuUroToBIECHUU PACTBOPOB € PA3IMYHON MACCOBOH JOJIEW BECbMA IOJE3HBIM SIBJISETCS TAK
Ha3bIBAEMOE TIPABUIIO CMEMICHUS (MU TIPABHIIO «KPECTa»).
Cxema «kpecTta)» UMeeT BH/I:

1, % — my, T
wx, % (5.10)
2, % — my, T,

rae o1, % 1 2, % — MaccoBBIC TOJTM UCXOAHBIX PACTBOPOB;

M1 ¥ M — Macchl UICXOTHBIX PACTBOPOB (B T') TIOCIIE CMEIIIEHHS KOTOPBIX, OyZeT MoydeH pacTBOp
C MaccoBOH moiieii myx, %.

HNonnoe npousseaenne Boabl 1 pH pacTtBopos

Boma orHocuTCS K O4YeHb CaOBIM DJEKTPONUTAM, M Tporecc e€ mporonm3a (pacmaia WH
TICCOIIMAIINN) SIBIISieTCS oOpaTHMBIM. PaBHOBecre B STOM MPOIECCE CMEMIEHO BIIEBO, B CTOPOHY
00pa3oBaHUs MOJIEKYTT

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

Ilpumeuanue. 1lpoTONM30M HA3BIBAIOT TNPONECCHI KUCIOTHO-OCHOBHOT'O B3aWMOJEHCTBHUA,
MIPOTEKAIOMIHNE C YIACTHEM PACTBOPUTENS (ISl BOAHBIX PACTBOPOB — 3TO MOIEKYIIBI BOBI).

KoncranTa nporonusa Bojsl pu 22°C uMeeT cieayroliee 3HaueHHe

+ J—
_[HTJ[OH ]
S AL
[H,0]
TaK KaK HpOTOHI/I3 BOAbI BECbMA HE3HAYUTCIICH, TO paBHOBeCHyIO KOHHCHTpaHI/IIO MOJ’IeKyJ'I BOAbI
MOXHO HpHHHTB 3a HOCTO?{HHy}O BeJII/II{I/IHy, YUCJICHHO paBHyIO (%] OGIHefI MOHﬂpHOﬁ KOHH@HTpaHI/II/I, TO

ectb cuntatk, uto C(H20) = [H,0] Moms/am>.
Iposenem pacuer (mpu ycnosun, uto p(H20) = 1r/em®u M(H20) = 18 r/Mos):

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

ecTh MOJISIpHAs KOHIeHTpaIms Boapl, To ecth C(H20) = 55,56 Momns/am°.
[Ipencrasum (8.13) B crnenyromeM BUe:

~18-10716 (6.12)

B 1 am® BOMIBI conepxutcs N(H-0) = ~ 55,56 Moib — 3Ta BeIWYHHA U
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[H][OH 1=K ,[H,0]

[loncraBuB B (8.14) u3BecTHBIC BENUYUHBL, TIOJYYHUM BETHYUHY POU3BEACHHUS KOHICHTPALIUH
HMOHOB THJIPOKCOHHS U MOHOB TUPOKCHJIA!

[H*][OH ]1=18-10"°.5556 =107 = K. (6.13)

Urak, npoussenenne Ky = [H][OH] = 10 nns ymcroit Bomsl u ee pacTBOpOB, SBIAETCA
BEJTMYMHOM NOCTOSIHHOM U HA3bIBACTCSI UOHHBIM npoussedeHuem Bonbl (o0o3Hauaercs Ky).

C coBpeMEHHOI TOYKHM 3peHHs He ogHa Moiekyna Boasl H»O, a e€ mumep — H4O, mmm 2H-0,
HOBEPrasich MPOTONU3Y (pacmanaschk), 0opasyer omuH KatuoH ruapokconns (HzO%) u omgun ruapokcu-
WOH:

2H,0 <= H30" + OH"
B YUCTOMN BOJIC KOHLIEHTpaLHs ITUX HOHOB paBHa u COCTaBJISIET

[H;0%]1=[OH "1=+v10 =107 monw / on®.

B xucnbix pactBopax KOHIEHTPALUS MOHOB T'HJIPOKCOHHSI OOJIbIIE KOHIICHTPAIIMH THUIPOKCHUI-
nonos: [H30] > [OH].

B mrenounsix pacrBopax, Ha000poT, KoHIeHTpanusi noHoB OH™  Oosbllle KOHIIEHTpAIKA HOHOB
Bozopoaa: [Hs0*] < [OH].

Onnaxo npoussenenue [H3O'] u [OH] B moGom pactBope (KHCIOM M INEIOYHOM) SBIISETCS
BEJIMYUHOM MOCTOSHHOM.

Hcnonk3ys noHHOE TIpon3BeieHne BOAbl Ky, MOXKHO paccUuTaTh:

a) KOHIIEHTPAIIMIO HOHOB THIPOKCOHHS B PACTBOPAaX OCHOBaHWH

[H30*]= Ky (6.14)
[OH "]
0) KOHIIEHTPAITHIO THAPOKCHI-HOHOB B KHCIIOM PacTBOPE.
[OH "]= Ky . (6.15)
[H307]

Ucnonksys Benmuunny Ky yJaercst XxapakTepu3oBaTh KHCIOTHOCTh U OCHOBHOCTH PacTBOPOB IO
KOHIICHTPAIMH TOJIEKO HOHOB THAPOKCOHUSI.

Hanpumep:

o _ 3

a) B pactBope comsuoi kucnorel ¢ C(HCI) = 0,1 moms/mm° (cumTast pOTOIU3 KUCIOTHI TIOIHBIM,
to ectb a(HCI) = 1) KoHIIeHTpaIMss HOHOB BOIOPO/A PaBHA KOHIIEHTPAIIMH KHUCIIOTHI, TAK KaK MPOTOJIH3
KHCJIOTHI MTOJTHBIHN, CIIeI0BATEIBHO:

[H:0*1=0,1 momb/mm® wmmu [H30'] = 107 mons/nm;

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

[H30*] = 0,001 = 10" momns/am°.

o o _ 3

B) B pacTBOpe IIeno4d, Hampumep, ¢ momsipHor KoHmeHTparmedr C(NaOH) = 0,1 moms/am’,
KOHIICHTpAIMS THAPOKCUI-HOHOB paBHA KOHIICHTPALWH IIEIOYH, TaK KaK MPOTOIHN3 MIEJOYH POTEKAET
nonsocteio (a(NaOH) = 1). Cnenosatensro, [OH] = 0,1 = 107 mons/mm®. YuuTBIBas B3aHMHYIO CBS3b
nonoB [H3:O0'] u [OH'], mosBisercs BO3MOXHOCTH XapaKTEPU30BaTh OTOT INEIOYHOH PacTBOpP IO
KOHLIEHTpaluu noHos [HzO™]:

K, 10
[OH"] 107

[H 30+] — — 10‘13 Mot/ v,

r) B 0,001 m pacTtBOpE
[OH]=0,001 = 10°° mons/am;

K, 10
[OH"] 1073
Hns Oonbiiero ynoOcTBa XapaKTEPUCTHKY pPEAaKUUH Cpeldbl BBIPAXKAIOT HE KOHLEHTpalueH
BOIIOPO,Z[HLIX HOHOB, TO €CThb BCIMYMHAMH C OTpI/IL[aTeJ'ILHBIMI/I nokasarcjsiMu CTCIICHHM, a TakK
Ha3bIBACMbIM BOI[OpO,Z[HLIM I10Ka3aTCJIICM pH

pH — ,Z[CCSITI/I‘{HHﬁ J'IOFapI/Iq)M KOHIICHTPAIU BOAOPOAHBIX HOHOB, B3ATLIX C O6paTHI>IM 3HAKOM.: .
pH =—Ig[H"] (6.16)

_ 10—11 MOJIB/ M .

[H30"]=
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uau 0oJiee COBPEMEHHO

pH = —Ig[Hs0™], (6.17)
e [HsO"] BeIpaxaercs B MOTB/ >,
st onucanHbIX Bhime npuMepoB (. 13 a, 0, B, T) pH coorBercTBenHo paBHBI: 1, 3, 13, 11.
Usmenenne  [H30'] u pH B 3aBUCHMOCTH OT KHCJIOTHOCTH HWJIM OCHOBHOCTH  CPEIbI

npezacrasieHo B Tabmuue 8.1.

Tabnuya 6.1 3asucumocms [HsO*] u pH om peaxyuu cpedvi

N &R Y v © o © @ g 9933
[H:O'] 232329 S8 = SESRS 5555
VBennueHue KuCaI0THOCTH VBenuueHne 0OCHOBHOCTH
7
< HEWUTp >
cpena
56 8 9 10 11 12 13 14
01234
pH Cna6o- Cnabo- menmouyHas CUbHO- MIeJIoYHAas
CwiipHOKHMCTIAS cpena
KHCIIas cpena cpena cpena

B uucroii Bone pH = 7.

B xucnorHoit cpene pH < 7.

B menounoit cpene pH > 7.

Taxum 00pa3om, 4em OoIbIle KOHIIEHTPaIMs HOHOB Bogopoaa [HzO'], Tem Gomblie KMCIOTHOCTS

pacTBopa, TeM MeHbIIe BennanHa pH.

HaoGoport, uem menbuie [HzO*], Tem Gomblie 0CHOBHOCT pacTBOpa M 0ojbIIe BenrnurHa pH.
[IponorapudpmMupyeM ypaBHEHHE HOHHOIO IpousBeneHus Boawl (8.14) u, B3sAB jorapudmsl ¢

00paTHbIM 3HaKOM, monyduM (ipu 22°C):

Nogak~ownpE

pH + pOH = 14
Otkyna: pH = 14 — pOH u pOH = 14 — pH.
Bb1600: KOIMYECTBEHHYIO XapaKTEPUTHKY PEAKIH CPEIbl BIIOIHE ONpeaenseT 3Hauenne e€ pH.

OoOopynoBanue U MaTepPUaJIbI
PactBop NHsNOs
AMMHagHas cenurpa
CrekssHHAs BOPOHKA
Kon6e na 100 cm®
Apeomerp
narens
Hunuuap émkoctero 1,0 e

YKka3zaHus o TeXHUKe 0€30IACHOCTH
1. Bce paboTel B XMMHYECKOHW J1aOOpaTOPUU [ODKHBI HPOBOAUTHCA INPH HCHPABHOM

3JIEKTPOOOOPYI0BAHNH, IEKTPOIPOBOJIKE, IPABUILHO 000PYJOBAHHOM BBITSKHOM LIKaQdy.

2. Ta3oBbIc KpaHbI U Ira30npoBOJ JOJIZKHBI HAXOAUTHCA B UCIIPABHOM COCTOSIHUU, ICPUOJNYICCKU

MIPOBEPSITHCA.

3. PaGouee MecTo comepKaTh B HOPSIIKE M YHCTOTE.

4. Cyxue peakTuBbl TpeOyeTcs OpaTh YMCTHIM ILIIATENEM WM CHELHATbHON JTOKEUKOH.

5. MUznumek peakTrBa He BBUIMBATH OOPATHO B COCY/[, U3 KOTOPOT'O OH OBLT B3AT.

6. Bce onbIThI ¢ BpeAHBIMU U MaXHYIIUMH BELIECTBAMU, a TAKKE YIapUBAaHHE KUCJIOT U KUCIBIX

PacTBOPOB MMPOBOAUTH B BBITS)KHOM IJ_IKa(by.

7. OcraTku coeAMHEHNH cepeOpa CIMBaTh B 0COObIE CKIISTHKH.
8. Ilpn HarpeBaHUM PACTBOPOB B MPOOHPKE BCEraa CIEAyeT IepkaTb e€ TakuM o0pa3oM, 4TOOBI

OTBEpCTHE NPOOUPKH OBUIO HAIIPABJIEHO B CTOPOHY OT Pa0OTAIOIIEro PsAOM COCe/a.
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9. He HaKJIOHATH JIMIO HAJ HATPEBAEMOM KHKOCTHIO MJIH CILIABIISIEMBIM BEIIECTBOM.

10. He crenyer BapIXaTh Maxy4dde BEIIECTBAa M Ta3bl, OJHM3KO HAKIOHSSACH K COCYAY C ITUMH
BemecTBaMu. HroxaTh BelecTBa MOXKHO JIMIITb OCTOPOXKHO, HANPAaBJIsis K ce0e maphl WK ra3 ABUKCHHEM
PYKH.

11. XpaHuTb pacTBOPBI KOHIICHTPUPOBAHHBIX KUCJIOT U LIEJIOUCH B BBITSDKHOM IIKAQYy.

12. BbunBath pa30aBicHHbBIC KHCIIOTHI U IICIOYHbBIE PACTBOPHI CJIICAYET B CIIMBHYIO CKIISIHKY.

13. Kareropuuecku 3ampemiaercs npoO0oBaTh XMMHUYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIETKO BOCIUIAMEHSIOIIUMUCS BeliecTBaMu (3HphI, OSH30JI, CEpOyriaepoa U
T.ZL) HE JOJIXKHO 6BITL pAAOM OTrHA U BKIIFOYEHHBIX ITIJIMTOK.

15. Tlpu pabore co CTEKIOM, XWMHYECKOH MOCylol, HEo0XOAWMO COONII0AaTh TpaBUia
MPEAOCTOPOKHOCTH BO M30EKaHUE PAHEHUI OCKOJIKAMH CTEKIIA.

16. Kareropudecku 3ampemniaercs 0OCTaBisATh padoTarolme npuOopsl 0e3 HaOMIOICHUS.

22. B xumuveckoii 1abopatopun HEOOXOAMMO paboTaTh B XaJare.

3aganuda

Omnerr 1. Ilpuroroienne pacTBopa HUTpaTa aMMOHUSI ¢ MaccoBoi jtoneid 10%

1 Paccunrars HaBecky NHsNOs, HeoOxomamyo st ipurotosiierns 250 cm® pacTBopa ¢ MaccoBoi Joneit
(,O(N H4NO3) =10%.

2 Paccunrtannyio HaBecky NHiNOs B3BecuTh B OlOKCE Ha TEXHMUYECKMX Becax. Pe3ysbraThl
B3BEILIMBAaHUS 3aHECTH B TabOJ. 5.2.

3 HaBecky aMMHauyHOH CENUTPBI OCTOPOXKHO TMEPEHECTH C TOMOIIBI0 CYyXOW CTEKIISTHHOMN
BOPOHKH B MEPHYIO KOJIOY BMECTHMOCTBIO 250 cM®,

4 Jlo6aButh Kk HaBecke B konbe 100 cm® mucTmmmmpoBaHHOH Bombl. TIIAaTeNbHO IepeMeInaTh
pactBop mo momHOro pactBopeHmss NHiNOsz Jlomuth kom0y IUCTHIUTMPOBAHHON BOMOW 0O KOJNBIIEBOM
OTMETKH TI0 HIDKHEMY MEHHUCKY.

5 TmarenpHO MepeMernaTb MPUTOTOBIEHHBIH PACTBOP IBITH - IIECTHKPATHBIM IEPEBOpavYBAHAEM
KOJIOBL, TTOZICPYKHBAST TIPOOKY.

6 UM3Mmeputrh IJIOTHOCTH mpuroroBiaeHHoro pacrsopa NH:NOs; ¢ momoripto apeomerpa. s
3TOTO TIPHTOTOBIIGHHBIH PACTBOP TEPETUTh B MUIMHAP &MKOcThIO 1,0 M. OCTOPOKHO TOrpY3HTH B
pacTBOp apeoMeTp TakuM o00pa3oM, UYTOOBI apeoMeTp HE€ Kacajcsi CTEeHOK IHMIMHApa W 3aHsI
HEIMOIBIXKHOE TookeHue. CHATH MOKAa3aHUs TUIOTHOCTH CO IIIKaJIbl apeoMeTpa U 3aHeCTH B Tab. 6.2.

7 Paccuntath MOISIPHYIO KOHIIHTPAIIO TPUTOTOBJIEHHOTO PacTBOpa. PacuéTHpIe TaHHbIe U pe3yIbTaThl
M3MEpPEHHI 3aHeCTH B TaOI. 6.2,

8 OrbITHOE 3HAYCHHE ITIOTHOCTH PaCTBOPA HUTPATa AMMOHHS (Psxer) CPABHHTH C TEOPETUUSCKUM (TalsIHIIa
8.3)(PacCUMTAHHBIM Preop,)-

9 PaccunTath aGCOMIOTHYIO Ause(I/CM) M OTHOCHTENBHYIO MOTPEemTHOCTE o (%) H3MepeHHs
IJIOTHOCTH MPUTOTOBJIEHHTO PacTBOpA.

Tabnuya 6.3 IInomuocms 8o0nozo pacmeopa Humpama ammornus NHsNO3

Konuenrpanus Konuenrpanus
p, T/cm® p, r/em®
o, % MOB/IM° /mm® o, % MOJIB/IM® /am°

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

Macca Mms Macca
C(NHsNO3), Poxer- Prad, Aabc., AoTH.,
Or10KcCa, + HaBeCKa, | HABECKH, 3 3 3 3 0
MOJIB/IM r/cMm r/cMm r/cMm )
Mms, T r My, T

KonTposbHbIe BOIPOCHI
ba3oBblii ypoBeHb

1 M3 kakux KOMIIOHEHTOB COCTOST BOJHBIC pacTBOpHI cieayronmx BeriecTB: NasPOs KySOs,
NaNQ3? OTBeT 1aTh C y4€TOM MPOIECCOB IPOTOIM3a HOHOB.

2lns uero upumeHsoT apeomerp? KakoBa mociemoBaTebHOCTh OIEpalldi MpH  3aMepe
TIOTHOCTH KUIKOCTH?

TIoBbIIIEHHBIN YPOBEHB

1TII0THOCT M TUTP PACTBOPOB MMEIOT OJJMHAKOBYIO Pa3sMepHOCTH (I/cM®). B ueM pasnuume >Tux
rmapamMeTpoB?

2 [IpuBenuTe aNropyuT™ B3BEIIMBAHUS TBEPIBIX BEILCCTB.

Cnucok JuTeparypbl, peKOMeHyeMblil K HCIIOJIb30BAHUIO 110 JAHHOH Teme
OcHoBHas iuTEparypa:
1 Koposwun, H. B. O6mas xumus : yaeonuk / H. B. KoposuH. - 13-¢ u3n., nepepad. u noi. - M. :
Axanemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - [Ipumn.: c. 461. - bubnuorp.:
c. 486. - ISBN 978-5-7695-8015-4
2. bapkosckuii, E. B. O0mas xumus : yue6Hoe noco6ue / E. B. bapkosckuii, C. B. Tkaues, JI.
I'. Ilerpymienko. — MwuHck : Beimaiimas mkoia, 2013. — 641 ¢. — ISBN 978-985-06-2314-0.
— Texcr : anexkTpoHHbI# // DnekrpoHHO-O0nOmroTedHas cuctema IPR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/35509.html — Peskum mocTyma: 1uis aBTOPU3UP. TOIb30BaTEIICH
JlonoJIHUTe/IbHAS JINTEpaTypa:
1. I'munxka, H. JI. O6mras xumust / H. I'. I'munka ; [Tox pen. A. Y. Epmakosa. - U3a. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubauorp.: ¢. 704. - [Ipeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1
2. boarpomerok, B. B. O6mas xumus : yue6Hoe nocobue / B. B. bontpomerok. — MuHCK :
Beimaiimas mkosra, 2012, — 624 ¢. — ISBN 978-985-06-2144-3. — TekcT : 37eKTPOHHBIH //
OnexktpoHHO-O0nbroreunas cucrema IPR BOOKS : [caiiT]. — URL:
http://lwww.iprbookshop.ru/20236.html — Peskum mocTyma: 1uis aBTOPU3UP. MOJIb30BaTEIICH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOE OKHO J0OCTyIa K 00pa30BaTEeIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YuuBepcuteTcKast 6MOINOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — >aeKTPOHHBINM KaTaIor acCOIHAIMU SJICKTPOHHBIX OMOINOTEK
yueOHbIX 3aBeAeHuii u opranuzanuii CKOO

4 http://lwww.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpeiToe 06pasoBaHue

Tema 7. KommiekcHble coeIMHEeHUSA
JlaGopaTopnasi paGora 7. KomiuiekcHbIe COeTMHEHH S
HCJ’IL pa6OTBIZ HU3YUCHUC KOMIIJICKCHBIX CO@I[I/IHCHI/Iﬁ M UX XUMHUYECKHX CBOMCTB.

Teopernyeckas 4acTb
XUMHYeCKHe CBSI3H OCYLICCTBJIAIOTCA 3a CUér 0606H_I€HI/I$I HC CIHIApCHHBIX JJICKTPOHOB WA
nepeaavn JSJICKTPOHOB OJHHUM H3 4aTOMOB, BCTYIIAOOIUX B CBA3b APYyromy. B PE3YJIbTATE TAKOI'O
B3aMMOJICUCTBHSL 00pa3yloTCsl YCTOMYMBBIE KOH(QHUIypauuu, HMEIOIIME Ha BaJCHTHOM 00OJIOUKe
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ANIEKTPOHHBIA OKTET. Y CTOWYMBOCTh TOMOOHOH CTPYKTYpbl OOBSCHSETCS CXOICTBOM B CTPOCHHH C
uHepTHbIME TazamMu. COeMHEHUS, OTyYarouecs NoA00HbBIM 00pa3oM, Ha3bIBAIOTCS OMHAPHBIMHU.

MHorvie aTOMBI WM HOHBIL, 00Pa3yIOIMe OMHAPHBIC COCIMHEHMS, MOTYT SIBISITBCS JIOHOPAMHU ICKTPOHOB VTS
JPYTHX aTOMOB, TPYIIT aTOMOB MJTA MOJICKYJI, HE MMEIOIIHMX YIEKTPOHHOIO OKTeTa. [loiyHdeHHbIe TaKiM ITyTéM CIIOMKHBIC
MOJICKYJTbI HA3bIBAKOTCS KOMIUICKCHBIMA COGIMHCHUSMU WM COSIMHEHUSMH BBICIIIErO Topsiaka. Hanpumep, B cocraB
KomriekcHoro coemunentst Ko[PtClg] Bxomsr nonb1 K+ u [PtCls] .

LenTpanbHbIi aTOM TMJIATUHBI CO CTEMEHbIO OKHUCIEHHUs +4, BOKPYT KOTOPOrO TPYIIHPYIOTCS
(KOOpAMHUPYIOTCS) APYTHE ATOMBI, HA3BIBAETCS KOMILTEKCOOOpa3oBaTeeM.
IMpucoenuusiomuecs k Hemy oHbl Cl” HassIBatoOTCs AurangamMu (MM aaacHIaMun).
HeKOTOpI)IC JIUIraHAbl 1 UX Ha3BaHUA:
H>0 — axBa; NHz — ammun; 0% — okco; OH — ruapokco; CN™ — nmano; SCN™ — pomano; NO,™ —
auTpo; SOs% — cynbpuro; NH,OH — ruppokeunamun; F- — dropo; CI- — xnopo; Br-— 6pomo; I~ — ifozo.

YucIto TMraHioB, MPUCOSANHEHHBIX K KOMILIEKCOOOPA30BaTEINI0, HA3bIBAIOT KOOPIMHAIIHOHHBIM
gpcioM (K.4.) Komriekcoobpasosarens. K.u. (Pt) = 6.

Wonsl K' — BHemHss koopauHanuonHas cdepa (mporusomon); [PtCle]* — BHyTpennss
KoopauHanuoHHas chepa. EE 3apsa( TouHee, cTeleHb OKUCICHHUS X) OIMpPENENseTcs anreOpandecKoi
CyMMO}i 3aps/10B KOMILIeKcooOpasoBaTens u turanios: x(/PtClg]?) = +4 +(-1)-6 = -2.

Ecrm  BHYTpeHHSIS KOOpIMHAIMOHHAs cdepa HMMEeT TONOKUTEIbHBIA 3apsill, TO OHA HAa3bIBACTCS
KOMITICKCHBIM KATHOHOM, €C/TH OTPHIIATEITBHBINA — KOMILIEKCHBIM aHHOHOM. VIMeeTcst psifi COSMHEHH, B KOTOPBIX
BHYTpPEHHSISI KOOpAMHAIIMOHHAS c(hepa He HecET 3apsjia — HeMTpaIbHble KOMITIEKCHI. [IpuMephl yKa3aHHBIX THIIOB
KOMILJIEKCHBIX COSIMHEHHI:

1) katuonusie — [Pt (NHs3)sCI]Cl (H—20> [Pt(NH3)sCI]* + CI;
[Cr(H20)4Br;]Br (H—ZO) [Cr(H20)4Br2]* + Br;
[Ni(H20)6]SO4 (H—20> [Ni(H20)6]** SO4*;

2) annonnble — Ka[Fe(CN)g] (H—ZO) 3K* + [Fe(CN)g]*;

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

H
Nas[AlFe] <+0> 3Na* + [[AlFs]*;

H,0
3) neiirpanbubie (Heanekrponuthi) — [Cr(H20)4P04] 2 3 x;

H,0

[Rh(NHs)3(NO,)s] ¢——2—> x;
H

[Pd(NH20H),Cl,] <O

Ipumeuanue. KOMIUIEKCHI aHHOHHOTO THIA TAKXe €II€ Ha3bIBAIOT AllJIOKOMILUIEKCHBIMHU, Tak
KaK TPH IEPBUYHOM ITPOTOJIU3E OHU OTIHICIUISIOT KOMITJIEKCHBIH aHUOH.

Aneopummol  HA36aHUT KOMAAEKCHbIX coeOunenutl: 1) KaTHOHHBIC KOMIUICKCHI — CHadYaia
Ha3BIBAIOT BHEIHIOO Cepy, a 3aTeM B POAUTEILHOM MMaJIeKe MPHUBOIAT HA3BAHMUS JIMTAHO0B BHYTPEHH Cif
chepsl U pycckoe Ha3BaHHE KOMILIEKCOOOPA30BaTellsl C yKa3aHHEM €ro CTEleHH OKUCICHUS apabCKUMU
uudpamu, HapuMep:

[Pt (NH3)sCl]Cl —xs0pun TpramMmmusxIoporiaTusbl (+2);
[Cr(H20)4Br2]Br —6pomun TerpaakBaguopomoxpoma (+3);
[Ni(H20)6]SOs4 — cynbdar rekcaaxBanukens (+2);

2) Ha3BaHWE AHWOHHBIX KOMIUICKCOB HAYMHAIOT ¢ BHYTPEHHEH cepsl — Ha3BaHWE JIMTAH/IOB U
JIATHHCKOI'0 KOMILTIEKCOO0pa3oBaTeNisi ¢ OKOHUYAHHEM -am, 3aTeM — PYCCKOE Ha3BaHHE KaTHOHA BHEITHEH
cepsl, HaTIPUMED:

Ks[Fe(CN)g] — rexcanmanodeppar (+3) kasws;
(NHa)2[Pt(OH).Cl4] — muruapokcorerpaxiaoporuiaTiHaT (+4) aMMOHHS;
Nas[AlFs] — rexcadropoamtomMuHar HaTpus;

3) B HEWTpanbHBIX KOMIUIEKCAX BHAuaje HAa3bIBAIOT JIMTAHIbI (C yderoM aidaBuTa), 3aTeM
CICIYET PyCcCKOe Ha3BaHHWE KOMIUIEKCOOOpa3oBaTels 0e3 yKa3aHHsl ero CTEeHH OKHUCICHHS (ITOCTCIHSIS
O/IHO3HAYHO MOXKET OBITh OMPEICICHA C YIETOM JJIEKTPOHEHTPATbHOCTH KOMILICKCA), HAIIPHMED:

[CrPO4(NHz3)3] — TpuammunapochaTxpom;

[Rh(NO2)3(NHa)3] — TppaMmuHTpHHUTPOPOANH;
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[Co(NO3)3(NH3)3] — TpuaMMUHTPUHHTPOKOOAIBT.
CBs13p MKy BHEIIHEW M BHYTPEHHEH cdepoll MMeeT MOHHBIN XapakTep, CBA3b BO BHyTpeHHEH
cdepe — KOOpANHALMOHHBIN (JIOHOPHO - aKLUENTOPHBIN, CEMHITOSPHBIN ).
BHyTpenHsis KoopIMHALMOHHAS chepa 71 KOMITIEKCOB KATMOHHOIO M AHHOHHOTO THTIOB YCJIOBHO OLIEISEICS OT
BHeIIHEH chepbl KBapaTHBIMI CKOOKAMIL
CyIecTBYIOT COETMHEHMSI, COCTOSIIINE U3 KOMITJIEKCHBIX KATHOHOB U aHMOHOB:
[Co(NHs)s][Cr(CN)g] — rexcarmanoxpomar (+3 ) rekcaaMMUHKOOATBTA (+3);
[Cr(NH3)s][CO(NO2)e] — rexcanmTpokobansTat (+3) rekcaammunxpoma (+3);
[Pt(NH3)3CI][Pt(NH3)Cls] — ammuaTpHXIOpOIUIaTHHAT (+2) TPHAMMHHXJIOPOIUIATHHBI (+2).
Conu HEKOTOPBIX METAJIOB, OCOOEHHO B KOHIICHTPUPOBAHHBIX pacTBOpaxX, CIOCOOHEI
pearupoBaTh MEeXIy co00H, 00pa3yst KOMIUIEKCHBIE COETUHEHUS — AYMOKOMNIEKCHL:
AUCI3+AUCIl; > Au[AUClg] — rexcaxmopoaypat (+3) 3omota (+3) ;
Cdl; + Cdl; <> Cd[Cdls] — rerpaiiomokaamaT (+2) KagMusi.
PaznuuyaroT nepBUYHBIA M BTOPUYHBIM IIPOTOJIM3 KOMIUIEKCHBIX cOequHeHui. IlepBrHuHBINA
MPOTONIU3 — OTHICTUIEHHUE BHEMIHEeW cQepbl, OOBIYHO MPOTEKAET IO THIY CHUJIBHBIX DJIEKTPOIUTOB.
Hanpumep, 151 KOMIUIEKCOB:

K[ PtCle] (H—ZO) 2K* + [PtClg]%;
[Cu(NH3)4]Cl, <222 5[Cu(NH3), 12" +2CI1~

CreneHb TMEPBUYHOrO MPOTONW3A JUIsl pa30aBIICHHBIX PACTBOPOB KOMILJIEKCHBIX COCAMHEHHN
00b19H0 100 % nau OM3Ka K 3TOM BETUUHMHE.

BropuuHoMy mnpoTONHM3y MOIBEPraroTCs KOMIUIEKCHBIE HWOHBL [Ipy 3TOM WX CTeleHb
mpoTonu3a BechbMa Maia. Pacmaj mporekaeT MO TUIY CiHaOblX 3JEKTPOIUTOB. THI MpoTONn3a —
CTYIIEHYAThIM, KOTOPBI OIMCHIBAETCS YPABHEHHEM 3aKOHA JEUCTBUS Macc.

KomuvecTBEHHO TPOIECCH TMPOTONHM3a KOMIUIEKCHBIX HOHOB XapaKTEePU3yeTCsl KOHCTAHTOMN
HecTOHKOCTH (Kyeer) MITM OOpATHOI e BEMMUMHON — KOHCTAaHTOU yeToHunBoCTH (Kycr).

PasnuuaroT KOHCTaHTHI POTONHM3a CTyMeH4YaTblie U obmme. CTyrnmeH4aThle KOHCTAHTHI CBSI3aHBI C
OTIIEINICHHEM OJJHOTO JIMTaHJIa OT KOMITJIEKCHOTO MOHA MJIM MOJIEKYJIBI, a OOIINE KOHCTAHThI YUUTHIBAIOT
PaBHOBECHBIC KOHIICHTPAIMM KaK JIUTaHJIOB, TaK M KOMILIEKCOOOpa3oBaTeis, 00pa3ylonuxcs B XOie
HpoTonu3a Mo BceM cTyneHsM.Hampumep, nporonus kommaexcHoro nona [CU(NHs)4]?* mporexaer B
YeThIpe CTYICHU:

2+
1) [Cu(NH3)4]%" < [CU(NH3)3]% + NHg; Kooy _ [ICu(NHs)s] ]ENH3]:1,07.10‘2;
[[Cu(NH3)4]°"]
2+ 2
2) [CU(NH3)3]% & [Cu(NH3),]%" +NH3,  Kyeers _[ICu(NHs),] ][ZNH3] ~186-103:
[[Cu(NH3)3]"]
2+ 3
3) [Cu(NH3),]%* <> [CUNH3]*" + NHg; Ko _ [[CulNH)] ][?Hﬂ ~4,68.107;
[Cu(NH3)4]7"]
2+ 4
4) [CUNH3]?" > Cu®* + NH3; Kieerl O INHST ) 4974
[[Cu(NH3)**]

CyMMapHOe ypaBHEHHE MPOTONN3a BHYTPEHHEH KOOPIMHAIIMOHHOM Cephbl BBIPAKaeTCsi OOIIUM
ypaBHEHHEM:
2+ , 4Hy0 2+
[CU(NH3)4] (—2)[CU(H20)4] +4NH3.
3HaveHre OOIIeH KOHCTAHTHI HECTOWKOCTH ONpPECseTCs MPOU3BEACHUEM BCEX CTYIEHYaThIX
KOHCTaHT HecToikocTu. Hampumep, ais nona [Cu(NH3)s]?* o6imas koncTanTa HecTOMKOCTH Gya€T MMETh
BUJL:
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Kyeer ([CU(NH3)4]2+) = Kyeery " Kueerp * Kueerz * Kuecra =
_[Cu(H20)41*"1-[NH31"*
[Cu(NH3)41%* |

Ipumeuanue. Ctynenuatsiii nporonu3 unona [CU(NH3)4]** B BOOHBIX pacTBOpax MpeACTaBICH B
BUJIC, KOTOPBIH OTBEYACT MPUHYUNY COXPAHEHUS NOCMOSHCMGA — KOOPOUHAYUOHHO2O — YUCTA
KoMniekcoobpasosamens. JIoka3aHO, 4TO TPH OTPHIBE OT KOMIUICKCHOTO HOHA JIMTAHJA €ro MECTO
3aHHMAIOT MOJICKYJIbI BOJIBI:

~951.10713,

[Cu(NH3)4]** + H20 <> [Cu(NH3)3sH,0]** + NH3
B utore npolecc J0IKeH 3aBEPIINThLC 00pa30oBaHueM TeTpaaksakominiekca [Cu(H20)4]%".

Yem Oosibllie BEIMYMHA KOHCTAHTHI HECTOWKOCTH (MJIM MEHBIIIE KOHCTAaHTa YCTOWYHMBOCTH),
TeM MEHee YCTOHYMBO TaHHOE KOMILJIEKCHOE COCIMHEHHE.

[Mporonu3 KOMIUIGKCHOrO HOHAa BO MHOTHX CIIydasX JOKa3blBAaeTCs C MOMOIIBIO
YyBCTBUTEIIBHBIX PEAKTHBOB, OOHAPYKUBAIONIMX B PACTBOPE KOMILICKCHOIO COCIMHEHHS HOHBI
KOMITJIEKCOOOpa30BaTels U JIUTAH/IOB.

Hanpumep, nonbsl memu B komiuiekcHoM coemuHeHun [Cu(NHs):]Cl: moxHO 00HApyXuTh,
MpuOaBUB K pacTBOPY 3TOW COJIM PACTBOP CYNb(raa HATPUS:

[Cu(NH3)4]Cl, + NayS = CuS 4 +2NaCl + 4NHg;
[Cu(NH3)41?" +572 =CuS | +4NH;

WJIN ITYTEM CBA3BIBaAHUA aMMHaKa B ooitee HpO‘IHBIﬁ KOMIIJICKC — KATHOHBI aMMOHHMS:

[CU(NH3)4]C|2 +4HCIl > CUC|2 +4NH4C|,
[Cu(NH3)4]?" +4H* - Cu®" +4NH].

Komnnexcnvle coedunenuss ¢ manoycmouyugol eHympeHnuel cgepoi, npomoaus Komopou
npPOXOOUM IPAKMUYECKU NOTHOCTBIO — 9MO 08OLIHble COIU, HATIPAMED:

H,0
[K(H20)s][AI(H20)6](S04). €——2—> K* + AP* + 250,2 + 12H,0; amomokamessie

KBaCIIbI

[2NH4(H20)6][Fe(H20)5](SOx4)2 (—M—> 2NH,*+ Fe3*+2S0,% +12H,0;
cosib Mopa.

Teopuss BamentHbIXx cBszelt (TBC) O0OBSICHAET CTpOCHHE KOMIUICKCHBIX COCHHHCHHH
BO3HHKHOBEHHEM JIOHOPHO-AKIIENITOPHOW CBS3W MEXKIy KOMIIEKCOOOpa3oBaTeieM U JIHTaHIaMU.
OOBIYHO TOHOPOM DBJIEKTPOHHOM TMapbl CIYXHUT JIATaHZ, AakKIenTop — CBOOOAHBIE OpOUTAIN
KOMILTIEKCOO0Pa30BaTes.

TBC BO MHOrux ciayyasx MO3BOJSIET YCTAHOBUTH JIEKTPOHHYK) M MPOCTPAHCTBEHHYIO
KOMILTeKca. TeopHst yIUThIBaeT IPH 3TOM XapaKTep BAJIEHTHBIX opOWTaNel IEeHTPaIbHOTO aToMa B €ro
TUOPHTHOM HJIM HErHOPUTHOM COCTOSIHUU.

OCHOBHBIE THITBI THOPUIHBIX COCTOSHUN KOMILIEKCOOOpPA30BaTENlsl U COOTBETCTBYIOIIME UM
npocTpaHcTBeHHble CTpyKTyphl: SPp — nuueiHas ([Ag(NHs)2]*, [Cu(NHs)2]*); sp® — Terpasapuueckas
([Cu(NH3)4]?*, [NiCl4]**); d?sp® ([CoFe]®*) mmu sp’d? ([Co(CN)e]*) — oxrasapuueckas. KpaapaTHo-
IJIOCKOCTHOM CTPYKType oTBedaer dsp?-rubpuausanus, Hanpumep, s komiuekcaoro nona [Ni(CN)4]? .

Oco00 meHHyr0 HHPOpPMAIHIO 00 3JIEKTPOHHOM CTPOSHHUH W TEOMETPUYECKOH CTPYKTYype
KOMILTEKCOO0pa30BaTelsi UMEIOT €ro MarHUTHBIE CBOMCTBA. [lapaMarHUTHBIE KOMILTEKCHI HMEIOT B CBOEM
COCTaBE€ HEMapHBIE JIEKTPOHBI — OHU BTATHBAIOTCS B MArHUTHOE TI0JIE, & THAMarHUTHBIE, B KOTOPBIX BCE
AIEKTPOHBI CIIAPEHBI, U3 MATHUTHOTO TIOJISI BBITAJTKUBAIOTCS.

MaruuTHbIH MOMEHT KOMILTEKCa (1) BHIPAXKaloT B MarHeToHax bopa (oauH M. b = 0,927-10%
apr/raycc), KOTOpbIii MOKET ObITh BBIYUCIIEH U3 GopMysia BHIA:

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

rae N — 4rcjio HE CIapEHHBIX DJICKTPOHOB B aTOME UJIM MOHE KOMHJ’IGKCOO6p8.30BaTCJ'I$[.
BKCHCpI/IMCHTaHLHaH I/IH(I)OpMa]_[I/Iﬂ O BCIMYMHAX MArHUTHOrO MOMCHTA MO3BOJISICT CYAUTH O
THUIIC FI/I6pI/I,Z[I/I3a]_[I/II/I LOEHTPAJIBHOI'O aTOMa U O rCOMETPUN KOMIIJICKCA B ILICJIOM.
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VIMeHHO BEMUYMHBI MATHUTHBIX MOMEHTOB JJIsi KOMILJIEKCOB ¢ KOOPIWHAIMOHHBIM YUCIOM 6
HO3BONIMJIA BBECTU IIOHATHS GHewHeopbumanvroti NSNP3nd? u enympuopbumanvuoti (n-1)d*nsnp® -
THOPHIU3AIINY.

BHyTpuopOuTanbHbie KOMIUIEKChI — THAMAarHATHBI MM HHU3KOCITMHOBBIC, COIEPIKAT OMH HIIH
nea necnapennbix snektpoHa ([Co(CN)e]* u /PdClj]*> — nuamarHuTHBI); BHENIHEOPOMTAIBHBIE —
BBICOKOCIIMHOBBIE, BKIIIOYAIOT 3 — 6 HecrapeHHbIX »1ekTpoHa ([COFs]® — tioxen = 4,8; 4 HecapeHHBIX
snektpona; [MNCla]? — toen. = 5,95; 6 HeCIAPEHHBIX BJIEKTPOHOB).

TBC y0eauTenbHO TMOSCHSICT CTPOCHHE KapOOHWJIOB METAJUIOB C HYJICBOH CTEIECHBIO
OKHUCIIeHUs. BO30yKIeHHOE COCTOSHIE aTOMa KOMILIEKCOOOpa30oBaTelisi MOXKET MPUBECTU K CIIAPUBAHUIO

AE
d->1exTpOHOB, HanpuUMep, Y TaKUX aTOMOB Kak XpoM (... 3d°4S*4p? ———— > 3d%4s°4p?), sxeneso (...

3d®45%4p° L}3d84so4p°), nukens (... 3d®4S%4p° L}3d104804p0). Orcrofa TOHATHO
obpa3oBaHWe JWAMarHUTHBIX KomiutekcoB — kapbouwmmoB: [Cr(CO)s], [Fe(CO)s/] u [Ni(CO)4]
COOTBECTBEHHO.

Teopus kpucrammndeckoro noist (TKII), B ornune ot TBC, yuuThIBaeT 351€KTpOCTaTHYECKOE
BJIMSHUE JIMTAaHA0B Ha O-opOWTanmy KOMITIEKCOOOpa3oBaTelsi, KOTOPOe HEOAWHAKOBO M3-3a WX Pa3HOU
MPOCTPAHCTBECHHON OpPUEHTAIUH.

Joxazano, uro 0 u dy?> opbutamu (d,- ypoBEHb) HCHBITHIBAIOT 0OJ€e CHUIBHOE
OTTAJIKUBAHKE TIOM BIMSHUAEM DIIEKTPOCTATHYECKOTO OIS JTUTAHIOB, YeM OpOUTAIH Ox.y, Oxz- ¥ Oy (d: -
YPOBEHB).

B oxrtasapuueckoMm moje  d-opOHTAamM  KOMIUTEKCOOOpa3oBaTenss IPHOOpETaroT  IBa
JHEPreTHYECKUX ypoBHS: 1) ¢ MeHblIeil sHeprueil d; — ypoBeHb, BKIIOYAIOIINI Tpu OpOUTanu Oy.y, Oxr- 1
dy-z; 2) ¢ Gonee BbICOKOIi sHEprueii d,- ypoBens, conepsxammii e d,2- u dy*.y*- opouTay.

DHeprus pacuieruieHus (A) — pasHOCTh MEXKIY dHEprusMu ypoBHeil O,- u d,, ducieHHas
XapaKTepUCTUKa PA3HOTO JIIEKTPOCTATHUYECKOrO0 JEWCTBHS TONS JIMTAaHAOB Ha IPOCTPAHCTBEHHOE
pacrpeeneHne IeKTPOHHON TNIOTHOCTH -opOuTaseil KoMIIeKcooOpa3oBaTels.

Benmurna A HeoaMHAKOBA IS Pa3HBIX JIUTAHAOB M 3aBUCHUT OT WX MPUPOALL. Benmuunaa sHepruu
pacIeruieHus, BbI3bIBaeMasi pa3HbIMH JIUTAHJaMH, BO3PACTaeT B CIEAYIOIIEM MOPSIKE:
I"<Br <ClI'<F <OH < C;04#<H;0 <NH3; <NO; <CN <NO<C(CO,
T.€. KQXIBIN CICTYIOIHH JInTaHa co31aéT 0oiee CHIILHOE TToJTe, YeM mpeaplaymuid. [IpuBenearas
MIOCTIEIOBATENFHOCTD HA3BIBACTCS CHEKIMPOXUMUYLECKUM PAOOM.

Jluzanowr cnabozo nons paclonaraloTcs B Hadale psma, obnagaroT BecbMa Manoir A. d-
OpOutani KOMIUTEKCOOOpa3oBaTensi ¢ TAaKUMH JIMTaHAAMH 3allOJHAIOTCS B COOTBETCTBUU IPABUIOM
XyHIa (abconomuas 8eiuyuna CyMMapHO20 CRUHA 8 NOOYPOBHe 00IXCHA Oblmb Makcumanvhou). 1lpu
9TOM DJHEPTUSl OTTAJKWBAHHSA JABYX CIIAPEHHBIX AJIEKTPOHOB OKA3BIBAETCS BBIIIE, YeM BeIHYWHA A.
Kommutekcrl, coneprkariue Turasipl ciaboro mosis, Beeria mapaMarHiTHEL

Jlueanowl cunbHo20 nosia BRI3BIBAIOT BEChMa 3HAYNTEIBHYIO DHEPTHIO paciieruienus. [Ipu stom
SHEpPrusl OTTAJKWBAaHUS JBYX CIAPEHHBIX DJJEKTPOHOB OKAa3bIBAE€TCS MEHBINE, 4YeM BemnduHa A.
[TocnenoBaTeNbHOCTh  3AIOMHEHUST JICKTPOHaMU (-YypOBHS KOMILIEKCOOOpA30BaTesss — CICMyIOIas:
CHavaja WIeT 3alO0IHCHUE OMMHOYHBIMHU, 3aT€M — CIIAPCHHBIMU 3JIEKTpOHAMU opoOuTainei d,, mocie yero
AIIEKTPOHAMH 3anoHs0TCs d,-opouTanu. KoMIUIeKCHBIE COSMHEHUS, COAEPIKAIIME JIUTAH/IbI CHIBHOTO
TIOJIS1, TMAMATHUTHBI WA SIBJISTFOTCSI HU3KOCTTMHOBBIMU.

TKII oOBScHAET OKpacKy KOMILIEKCHBIX BEIIECTB C HAIMYHEM Yy KOMILIEKCOooOpa3oBaTems
BakaHTHO#N opOutanu Ha d,- momypoBHe. IIpu mepexome snekTpoHa ¢ d.- Ha d,- MOXYPOBEHb DHEPTHUS
moryiomaeMoro cmera (£) mpm 3TOM ajeKkBaTHAa SHEPTHH paclietuieHus (A), 4YTo omnpenemnsercs
CJIEIYIOUINM COOTHOIIEHHEM (JIJIs1 OJTHOT'O MOJIbh BEIIIECTBA):

A, Ilorc/mons = ENa = hvNa = hcNa/A = 0,1196/4, (6.2)
rae Na = 6,02-10%° — nocrostaHas Asoraypo; h = 6,6:10% JIx-c — nmocrosunas [Tnaunka; ¢ = 3-10°
M/C — CKOPOCTB CBeTa; V(CM ) ¥ A(M) — YacTOTa ¥ JUTHHA BOJTHEI MOTTIONIAEMOTO CBETA COOTBETCTBEHHO.

LIBeT — 3TO 3pUTENBHOE OIIYIIEHUE 3JIEKTPOMATHUTHOT'O M3IyUeHUs ¢ JuymHaMu BoiH 400 —
760 am (1 BM = 107° M). Ecnu Bce maparomme Jiydu OTPaKaroTCs, TO BEIIECTBO — OECIBETHOE, €CIU
MTOJTHOCTRIO MOTIIOMAI0TCS — YepHoe. [Ipu n30upaTensHOM MOTTIONIEHUH ONIYIIEHHE IIBETHOCTH CO3/IaI0T
MPOIICIINE W OTPAKCHHBIC BEIIECTBOM JIydd. Takoil IBET HA3BIBACTCS JOMOIHUTEIBHBIM HIIN
HaOmonaemMbIM (cM. Tabm. 9.1.35).

Meron monexynsipasix opoutaneii (MMO) siBisiercss caMbIM yHUBEPCAJIBHBIM MPH ONKMCaHUU
XUMHYECKOW CBSI3M B KOMILIEKCHBIX coequHeHussX. MMO yuuThIBaeT B3aUMHOE BIHSHHE OpOuTaiel Kak
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KOMHHGKCOO6pa3OBaTeH$I, TaK U JIMI'aHJO0B (B OTJINYHUEC OT TKH) npu 06pa3OBaHI/II/I XUMHYCCKUX CBS3CH B

KOMITJIEKCax.
Tabnuya 7.1 Tabruya yeemnocmu
JnuHa BonH, [Ber

Hwm CnexTpanbHbIN Habmromaemprit
400 - 435 ®duoneroBsIi 3e1eHOBaTO-KENThIN
435 -480 Cunuit Kenterit
480 — 490 3eneHoBaTo-CHHUN OpaHXeBbIit
490 - 500 Cune-3enéHpiit KpacHsiit
500 — 560 3eneHbIi [TyprypHBIit
560 — 580 JKenro-3eneHnit ®duoneroBsii
580 — 595 JKenrsrit Cunnit
595 — 605 OpaHKeBbIii 3e1eHOBaTO-CHHU T
605 — 730 Kpacubiii CuHe-3eNeHbIi
730 - 760 IlypmypHbIii 3eneHbrit

MMO oCHOBBIBaeTCsS Ha B3aUMOJICHCTBUU aTOMHBIX OpOMTAJICH, MPUBOIAIINX K OOpa30BaHHIO
MHOTOITCHTPOBEIX MOJICKYJISIPHBIX OpOUTaNel, UMEIONNX pasHble dHeprun. OO0pa30BaHHUE CBSI3BIBAIOIIIX
MOJIEKYJISIPHBIX opOuTaseil (o) uaéT Ha HIKHUX YHEPreTHYECKUX YPOBHSX, PasphIxisonmx (o°7) — 3a
CYET BEPXHUX.

Mexnay ypoBHSIMHU ¢ U ¢”“? HAXOAATCS YPOBHH CIa0O0 CBS3BIBAIOIINX, HE CBS3BIBAIOIINX U
c1abo pasphIXJIAIONMX opOuTanel (0;). MonekyisipHble OpOMTaNX 3alOHSIOTCS JJICKTPOHAMH B
COOTBETCTBHH ¢ puHUUIIOM [Taynu u npaBuinoM XyHaa.

MMO ocHOBaH Ha OYeHb CJIOXHOM MAaTEMAaTHYECKOM ammapaTe, YTO MPEMATCTBYET €ro
IUPOKOMY HCHOIb30BAHHUIO.

Oo0pa3oBaHue KOMIJIEKCOB KATHOHAMU

[IpucoennHenne NUTaHIOB K KOMIUIEKCOOOPA30BaTEN0 MOXKET MPOHCXOJUTHh ITOCPEICTBOM
0000IIIEeHNs AIEKTPOHHON Tapbhl, MPUCOCTUHSIONICHCS] TPYIIBI (KOMIUIEKCHl BHEAPEHUS) UIM 33 CUET
JMEKTPOCTATHYECKUX CHJI TMPHUTSDKEHHS MOJIEKYJ, O0JaJalolX IUTOTHHBIM MOMEHTOM (KOMILIEKCHI
TIPUCOCTUHEHUS ).

Monekynsl W HOHBIL, CIIOCOOHBIE BBINOJMHATH POJNb JIATAHAOB, IO AKTUBHOCTH MOXHO
PaCIIOJIOKUTD B CICAYIOIINANA P

H,0 >NH:;>NO, >CN>1>Br>CI'>F,

Ecnn B KkauecTBE JMraHAOB MCIONB3YIOTCS HOHBI, IIEPEUMCICHHBIE BBILIE, TO IIOJNYy4YaroTCs
KOMILUIEKCHBIE COSIMHEHNS THUITA ABOMHBIX coiieil. Uem Ooiple BeMnYMHa KOHCTAHTHI HECTOMKOCTH, TEM
MEHee ITPOYCH KOMIUIEKC B TeM OJIMIKEe TI0 CBOMCTBAM JAHHBIN KOMILIEKC K TBOWHOMN COJIH.

KoMmuiekcHble coequHEeHHS ¢ BOA0I U IMAPOKCWIBHOMTPYIIOil B KaYecTBe JIMTAHA0B

WzBectHO, uTO O€3BomHBIA CyibdpaT Mmemu (MemHbii kymopoc) CuSOs OecrBereH, HO TIpH
N00aBICHNN BOIBI OH NMPUOOpETaeT CHHEE OKpAaIIMBAaHHE. JTO HMPOUCXOAUT BCIICACTBUE BHEAPCHUS
MOJIEKYJ BOJIbI BHYTPb KPHCTAIIINUECKON PEIIETKH COMH U 00pa30BaHUsI KOMIUIEKCHOTO THAPATa.

I[Ipu peiictBuM TIenodel Ha COMM  METAUIOB (32  WCKIIOYEHWEM  MICNOYHBIX U
LIEJI0YHO3EMENbHBIX) 00pa3yloTCsl THAPOKCHUIBI, JETKO PacTBOPUMBIE B KHUCIOTaX, a aM(oTepHbIE
OCHOBaHHUSl CIIOCOOHBI ~TAaKXK€ PpAcTBOPATHCS B  LIENoYax, oOpasysl KOMIUIEKCHBIE HMOHBI C
COOTBETCTBYIOIIMM JAHHOMY 3JIEMEHTY KOOPIMHAIMOHHBIM uHcioM. OOpa3oBaHHE 3THX HOHOB B
pacTBope MOXHO paccMaTpuBaTh Kak IPOLECC ITOCTEHEHHOIO BBITECHEHHMS BOJbI M3 THIPATHOIO
KOMIIJIEKCa HOHAMH T'HJIPOKCHJIA.

B 3aBucumoctu or pH cpensl mporonm3 cojed IMHKAa NPOTEKaeT CTYMEeH4Yaro. B KHCIbIX
pactBopax, rie pH<7 o6uapyxusatorcs nonsl [Zn(H20)4]** u [Zn(H.0);0H]".

B mHelitpanbHbIX pacTBopax, rae pH = 7 oOpasyercs He uMeromiee 3apsaa COEIMHEHHUE
[Zn(H20)2(0OH).], xoTopoe nerko Tepsier Boay, npespamiasics B ZN(OH)..

B menounsix pacteopax, rae pH > 7 obuapyxwusarorcs mobl [Zn(OH)s]*. O6pasosanue
NPUBEACHHBIX BBILIE COCAMHEHUH MOXKHO TaKKe paccMaTpUBAaTh KaK CTYNEHUYATYIO MOTEPIO MIPOTOHOB
MOJIEKyJIaMK BOIbI B KoMIutekce [Zn(H20)4]%".

Oo6pa3zoBaHne KOMIJIEKCHBIX AHUOHOB
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MHuorue KHCIIOPOACOALCPKAIIUC KHUCIOThI TAaKXE MOXHO paCCMAaTpuBaThb KaK KOMIUICKCHBIC
coenuHeHus. B kauecTBe KOMHJ'ICKCOO6pa3OBaTCJ'I$I BBICTYIIACT IICHTpaJ'ILHLIfI aTOM KHCJOThI, JIUTaHJaMH
OOBIYHO SIBIISIOTCS aTOMBEI Kucjiopoaa, a pojib BHCILIHEH C(I)Cpbl KOMIIJICKCHOI'O COCAMHCHUS BBIITOJIHAIOT
HWOHBI BOAOPOAA. PaCCMOTpI/IM 9TO Ha OIpUMEPEC KUCJIOT XJIopa.

HoH XJI0pa UMEET YeThIPE DIEKTPO HBIQIILY6 eTa, T.e. MOXKET SIBJIATHCS JOHOPOM 3JIEKTPOHOB,
TIOTOJIHSAS DJIEKTPOHHBIE 0OONOYKHU IPYTHX ATOMOB.

B 3aBMCHMOCTH OT KOJNMYECTBA KHUCIIOPOJA, MPHCOEAMHEHHOTO K MOHY XJIOPA, MOXET OBITH
00pa3oBaHo 4 KUCIOPOICOAEPIKAIMX KUCTOTHBIX OCTATKA.

[Ipy TPHCOEIMHEHUH OJHOTO aTOMa KHUCIOpOAa O0pasyercst TMIIOXJIOPHT- HOH, 3JEKTPOHHOE
CTPOEHHME KOTOPOrO MOXKHO MPEICTABUTE CIEAYIOIIMM 00pa3om

ATOM KHCJIOpOJa Ha BAJGHTHOW 3Iie Tp@lﬂ(@ ‘0(OI0UKE MMEeT 6 SICKTPOHOB, MOITOMY
KHCJIOPOIY JUIsl 3allOTHEHHUs AJIEKTPOHHOW OOONIOYKM JI0 OKTeTa He XBaTaeT ABYX SJIEKTPOHOB, a XJIOp,
HMes DJIEKTPOHHBIA OKTET, MOXKET CITYXKHUTh JOHOPOM JJIEKTPOHOB.

Kucnopon 3aBepiaer CBOIO 3IIEKTPOHHYIO 000JI0UKY, OTTSATHBASI 3JIEKTPOHHBIHN Jy0JeT OT XJopa.
[Tapa a5eKTpOHOB, paHee MPUHAIISKAIIAS XJIOPY, CTAHOBUTCS OOIIEH IS XJiopa W Kuciopoaa. Mexmy
HUMH BO3HHKAaeT JIOHOPHO-AaKIIENITOPHAS CBSI3b, IPH 3TOM JIOHOPOM JJIEKTPOHOB CTaHOBHUTCS XJIOp, a
aKIETITOPOM — KUCIIOPOI.

BBuny TOro, 4Tto K XJ0py NPUCOEIMHUIICS HEUTPAJIBHBIA aTOM KHCIOPOAA, 3apsj] HOBOI'O MOHA
OCTAJICSI TIPEKHHM.

[Mono6HO 00pa30BaHMIO MOHA TUIIOXJIOPUTA MOXKHO C HOHOM XJIOpa CBS3aTh JIBa, TPU HIIH YEThIpe
aToMa KHCJIOpOoJia, UCTIONB3YsI PH 3TOM I'OTOBBIE AJIEKTPOHHBIE TyOJIeThI XII0pa.

Hanmmmmre popmyist: a) xnopur-uona ClO, ; 6) xnopar-nona ClO ; B) nepxiopar-uona ClO,, .

CrerieHb OKMCIICHHS XJIOpa paBHA COOTBETCTBEHHO +1, +3, +5 u +7, a KOOpAMHAITMOHHBIC YHCIa
-1,2,3, u4.

KomnJiekcHble coelMHEHUs B peakIusX o0MeHa

Jnst oOHapy)XKeHUST B pacTBOpaX pa3IMYHbIX HOHOB YaCTO YHMOTPEONSIOT KOMIUICKCHBIC
coeqHenus. B uactHocTH, 11 oOHapyxkenus nona Fe*® ucnomssyror pactsop Ka[Fe(CN)s] — xentyro
KpPOBSIHYIO COJIb;, TECT Ha OTKPBITHE HOHOB Xene3a (+2) MpOBOIAT IECTBHEM pacTBOpa KpacHOU
kpossuoit comn — Ks[Fe(CN)s].

Oo0OopynoBanue U MaTepUAJIbI
PactBop xmopuna memu (+2)
PactBop cynpduma HaTpus
PactBOp ammuaka
PactBop cynpduma HaTpus
PactBop xerne3oammonniinbix kBacioB [NHiFe(SO4)2
PactBop ponanuga kanus mim ammonus (KCNS nin NH4CNS)
PactBop Ks[Fe(CN)e]
PactBop NH4CNS.
. PactBop cynbdara muHKa
10. PactBop ménoun
11. PactBop nutpara prytu (+2)
12. PacTBOp nomua Kajmst
13. PactBopa xstopua xenesa (+3)
14. PacTBOp *KENTOM KPOBAHOM COIH
15. PacTBOp KpHCTAIIMUECKOro Cylbdara xenesa (+2)
16. npobupku

wCoNORrWNE

Yka3zanusi 1o TexHukKe 0e30MacHOCTH
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1. Bce paboTel B XMMHYECKOH J1a0OpaTOPUM JAOJDKHBI MPOBOAWUTHCA TPU HMCIPABHOM
3NEKTPOOOOPYI0OBAHNH, HIEKTPONPOBOJIKE, MPABHIBLHO 000PYJOBAHHOM BBITSIKHOM IIKAQ]Yy.

2. Ta3oBbIe KpaHBI U TA30MPOBO, JOIKHBI HAXOJUTHCS B UCIIPABHOM COCTOSIHUH, IEPUOANIECKH
MPOBEPSTHCA.

3. Pa0ouee MecTo copepkaTh B MOPSIKE U YUCTOTE.

4. Cyxue peakTHBHI TpeOyeTcs: OpaTh YHCTHIM IINATEIEM UM CHEHaTbHON JTOKEUKOM.

5. MUznuiek peakTrBa He BBUITMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLIT B3ST.

6. Bce onbIThI € BPC€AHBIMHA U IMAXHYIIUMHU BCUHICCTBAMHU, a TAKKE YITapUBAHUC KUCIIOT U KU CJIBIX
PacTBOpPOB MPOBOAUTH B BHITSDKHOM ITKaQYy.

7. OcTaTk¥ COeMUHEHUI cepedpa CIIMBATh B 0COOBbIC CKIISTHKH.

8. Ilpu HarpeBaHUM PAaCTBOPOB B MPOOHMPKE BCEra CIEAYeT IepkaTh e€ TakuM oOpa3oM, 4TOOBI
OTBEpPCTHE MPOOHPKU OBLIO HAIIPABJICHO B CTOPOHY OT Pa0OTAIOIIEro PSIOM COCENa.

9. He HaKIJIOHSTD JIUIIO HAJl HATPEBAEMOM JKUIKOCThIO HIIU CILIABJIIEMBIM BEIIIECTBOM.

10. He crnenyer BapIXaTh Haxyudue BEIIECTBA U ra3bl, OJU3KO HAKIOHSSACH K COCYAY C 3TUMHU
BeIIeCTBaAMMU. Hroxatb BCIICCTBA MOXXHO JIMIIb OCTOPOKHO, HAITPABJIAA K ce6e Tnapsl UM ra3 IBUKCHUEM
pyKH.

11. XpaHuTb pacTBOpPHI KOHIIEHTPHUPOBAHHBIX KUCIIOT U IIETIOYEH B BBITSDKHOM IIKaQy.

12. BoumBath pa30aBieHHbIC KHCIOTHI U MIETOYHBIE PACTBOPHI CIEAYET B CIIMBHYIO CKIISTHKY.

13. Kareropuuecku 3amperniaercs mpodoBaTh XUMHYECKHE BEIIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIErKO BOCILIAMEHSIOIIUMUCS BeliecTBaMu (3(UpbI, OCH301I, CEpOYIIIepo U
T.Z[.) HE JOJIXKHO OBITH pAAOM OTHA WM BKIIFOYEHHBIX ITIJIMTOK.

15. Tlpu pabore co CTEKIIOM, XWMHYECKOH IOCylOol, HEo0XO0AWMO COONII0JaTh TpaBUia
MPEAOCTOPOKHOCTH BO M30EKaHUE PAHEHUH OCKOJIKAMH CTEKIIA.

16. Kareropuuecku 3ampemniaercs 0CTaBIsATh paboTaroliye npruOopsl 0e3 HaOIIOIeHHS.

23. B xumMuyeckoi 1abopaToprun He0OX0IUMO paboTaTh B XaJlaTe.

Saganus

Omwir 1. Kauecmsennas peakyusi na uorn meou. B mpobupky momecture 10 kamems pacTBopa
xnopuaa (wim cymbdarta) Memd (+2) W MO KamsM JOOABISIMTE pacTBOp Cyibduaa HATPUS [0
00pa3oBaHus ocajka YEPHOIO 1IBeTA.

Hanummre MonexkyssipHOoe 1 HOHHOE ypaBHeHHE. IIpoOupKy ¢ 0cagkoM COXpaHHUTE JUIs OIbITa 3.

Omnpit 2. TlomydnTe pacTBOp KOMIDIEKCHOM CONM — aMMHuakata menw. [lJis 3Toro momectute B
pobupky 10 Karmenp pacTBopa XJIOpUAa WK CyiIb(haTa MEIH U 1O KaIulsiM JOOaBISHTE PaCTBOp aMMHUaKa
1o oOpa3oBaHMs 3eEHOr0 Ocajlka OCHOBHOI'O xyopuaa (cymbdara) menau. 3aTeM K MPOAYKTaM peakiuu
no0aBhTe M30BITOK aMMHaka 10 HCYe3HOBeHHMs ocanka. OOpaszoBaiics amMmmakaT Menu. PactBop
KOMIIJICKCHOM COJIM OCTaBbTE AJIS CJACAYIOLIETO OIBITA.

Hanummre MonexynsipHoe U MOHHOE ypaBHeHHE peakuuil. KakoBa koH(uUrypalus KOMIUIEKCOB
[Cu(NH3)4]?* u [Cu(H20)6]?*? Onmminte MX MarHUTHBIE CBOKCTBA.

OneT 3. Jlns o6HapyxkeHus noHOB Menu CU?* B KOMILIEKCHOM COJHM K MOTy4eHHOMY B OIBITE 2
aMMMaKaTy MEIM IO KaIuisM NpuOaBIsiiiTe pacTBOp cyiabhuaa HaTpUs A0 00pa3oBaHMA YEPHOTO OCAIKA.
CpaBHUTE MOJIIYYEHHBIN 0CaJIOK C OCAIKOM, IOJTYyYEHHBIM B OMbITE 1.

3anuimuTe MOJIEKYIIPHOE U HOHHOE YpaBHEHHUsI 00pa30BaHus ocaka.

Hanummre ypaBHeHHME NEpPBHYHOIO HPOTOIM3a M yPaBHEHHs BCEX CTYNEHYATHIX IPOLIECCOB
MPOTONN3a KOMIUICKCHOTO HOHA; 3allMIINTEe BBIPAXKCHUS KOHCTAHT HECTOWKOCTH M OOpaTHBIX UM
KOHCTaHT YCTOMYMBOCTH [UIsl BCEX CTyHeHed mnporonu3a. Kak BBIMISAUT COOTHOLIEHHE Ui OOmien
KOHCTaHThl amMmmuakaTa mean? Haiinute HyxHyI0 mHpOpMaIMio B CIpaBOYHMKAaX M BeimuiuuTe e€. Kak
MOXKHO OOBSCHUTH OKPACKY COCMHEHUN Cu®* ¢ nosummii TKIT?

OmnebiT 4. Cpasnenue ceolicmea KOMIIEKCHOU U 0680lHOU conu. B mpodbupky nomecrure 10 kanenb
pactBopa sxene3oaMMoHuiHBIX KBacoB [NHiFe(SOs).], mobaBbTe MO KaruisiM pacTBOp pOJaHUA Kajus
unu ammonus (KCNS um NH4CNS). TTosiBaseTcs KpacHOe OKpaluBaHue, XapakTepHoe 11 noHa Fe®t 3a
cuér oopazoBanus Fe(CNS)s.

Hanummre MomnekymsipHoe M MOHHOE ypaBHeHME peakuud. Kakyro 9acTh BHIMMOrO CIEKTpa
norsomaer pactsop Fe(CNS)s?

B apyryro npobupky nmomecrure 10 xanens pacrBopa Ks[Fe(CN)s] u Taxke no xamisim go6aBbTe
paBubiii 066éM NH4CNS. TlosBuiocs i kpacHoe okpainnsanue? COEpKUT JIM pacTBOP HOHBI Fe3*?
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OmnpiT 5. [IpuroToBbTE THUAPOKCH] IUHKA M TIEpEBEIUTE €ro B IMHKAT. sl 3TOro K pactBopy
cynb(ata UMHKA N00aBbTE MO KaIUISIM PAacTBOP LIENOYM A0 MOSBJIECHHUS Ocajka THApPOKcHIa nuHka. K
MOJTy4YeHHOH cMecH J00aBbTe HW30BITOK IIENOYM JO TMOJHOTO pacTBOpeHHst ocaaka. Hamummte
MOJIEKYJIIPHOE U HOHHOE YpaBHEHHE peakuy 00pa30BaHue TMAPOKCHIA U IMHKATA.

OmnpiT 6. Haneiite B mpoOMpKy HECKONBKO Kalelb HUTpaTa pTyTH (+2) u g00aBbTe MO KaruisiM
pacTBop MoAUIA Kajdus A0 0Opa3oBaHUs OcajKa.

Hanummte MonekynsipHOoe 1 HOHHOE ypaBHEHHe peakiuu. K oOpa3zoBaBuieMycsl ocajKy MO
pTyTH TpHOaBbTE H30BITOK HMOAMIA Kalus JO IIOJHOrO pacTBOpeHus wuoaumaa prytu. OOpasyercs
KOMILJIEKCHas conb. M300paszute GpopMyity IOITydEeHHOM COH, 3HAas, YTO CTEIIEHb OKHCIICHUS! PTYTH paBHa
(+2), a xoopmunarmmonHoe uyucio 4. MoHbl #Homa — JWraHabl, MOHBI Kajdusi — MPOTUBOHOHEI W,
CIIeIOBATEIBHO, PACIIONOKEHBI BO BHELTHEH KOOPAMHALIMOHHON cdepe.

Hanummre MonekynsipHOoe W MOHHOE ypaBHEHHE oOpa3oBaHHMsS KoMIulekcHOM comu. Kak TBC
00BACHSAET SIEKTPOHHYIO CTPYKTYpY KomiuiekcHoro nona [Hgls]>? Kakoif Tun rubpuansanuy KaTHOHA
Hg?* B 5ToM komutekce? KakoBbl MarHuTHbIe cBoiicTBa [HYl4]*?

Onwitr 7. Tecm na omxpwuimue ouceneza (+3). B mpobupky momectutre 10 kamens pacTtBopa
xyopuaa xenesa (+3), W MO KarwisaM JI00aBJISITE PAacTBOP JKEJITOM KPOBSHOH CONM 10 OOpa3oBaHUS
roiy0oro ocajka OCpJIIMHCKOM J1a3ypH.

OmnwiT 8. Tecm na omxpouimue dsceneza (+2). B nmpodbupky nomecture 10 xamenb pacTBOPEHHOTO B
BOJC KpHCTAUIMYECKoro cynbhara xene3a (+2), mpubaBbre 10 Karuisim pactBop Ks[Fe(CN)g].
HaGiomaercss oOpa3oBaHue 0cajika XapaKTEpPHOro CHHEro 1Bera (TypHOYJUIeBa CHHB). DTO COeIUHEHHE
oOpasyercsi B pe3yJibraTe HenonHoro 3amerenus: nonoB kajus B Ks[Fe(CN)s nonamu xenesa (+2).

Tpumeyanue. Jlokazano, 4to TypHOYyJUIEBA CHHD M OEPIIMHCKAS J1a3yph IMONHOCTHIO HJICHTUYHBI 1
HUMEIOT OJJMHAKOBBIE (POpMYIIBL.

HazoBute, ncnons3ya mpasuna MIOITAK, xenTyio M KpacHyI0 KPOBSIHYIO COJIb; M3HAYaIBHO
obpasyroluecs Coidu ITIpH OTKPHITMM HMOHOB Fe’* m Fe®'; kakoif (opmysoii ommchiBaeTcs cocTas
TypHOYIIIeBOH cuHH W OepiumHCKoW naszypu? Jlakte HasBanue dstoi comu. Kak TKII ommceiBaer
snextponnsie crpykTypsl [Fe(CN)e]* 1 [Fe(CN)s]*? YkaxunTe nX MarHUTHBIE CBOMCTBA.

Conep:xanue oTyera
[Tony4yenHnsie nanubpie 3apUKCUpYTE B Tabauie 7.2 1o ciemyromiei hopme:
Tabnuia 7.2. Pe3ynbrarhl SKCIIEpUMEHTA

Ne i/ | Pearentsl XuMUYecKasi peakius HaOmronenus

1

bW

KonTposbHbie BONPoOCchI
ba3oBblii ypoBeHb

1. Kakue coenmnHeHNs Ha3bIBAIOT KOMILIEKCHBIMU ?

2 UeMm 00BsICHSIETCS UX MHOTOOOpasue?

3 llouemy TtpymHO nmaTh BceoOBemuromee (OYEHb TOIMHOE, HCUEPIIBIBAIOIIEE) OIpe/elieHue
KOMILIEKCHBIM COEIUHEHUSIM?

4 Krto aBTOp KoopauHanmonHoi Teopun KC? Korna ona nosiBunace?

5 U3 xakux snementoB cocrosatT KC? [lpuBenuTe npumepsi.

6 Kakas cBs3b Ha3bpIBaeTCsl JIOHOPHO-AaKIENTOPHOW WM KoopAWHANMOHHOW? Kakoit atom,
MOJIEKYJIa WM HOH siBiisiercst joHopoM B komrutekcax [Cr(CO)s], [Ag(NHs)2]*, [AlH4]?

7 Kak paccumThIBaeTcs CTENEHb OKHCIIEHUS KOMIUIEKCOOOpa3oBaTelst M 3apsl KOMIUIEKCHOTO
rnoHa? OTBET NOACHUTE HA IIPUMEPE KOMILIEKCOB Bompoca 6.

8 Ha xakue THITBI TOAPa3IENsIOT KOMILIEKCHBIE coequHenus? [IpuBenuTe mo 1Ba nmpumepa Takux
COCIMHEHUH U JailiTe UM Ha3BaHUSL.

9 Yro Takoe KOOPAWHAIMOHHOE YHCIIO KOMILIeKcooOpaszoBaTens? Kakwme dacTUIbl HAa3BIBAIOT
nurasaamu? OTBET MOSICHUTE HAa NpUMeEpax.

[loBBIlIEHHEBIN ypOBEHB
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1 Yem o1eHMBAIOT MPOYHOCTH KOMILIEKCOB? HamuimTe BbIpaskeHUs JJIsl KOHCTAHT HECTOMKOCTH
M KOHCTAaHT yCTOMYMBOCTH it KomruiekcHbIX HOoHOB: [AQ(NH:)21%, [AG(CN)2], [Ag(NO2)] .

2 B d4em orTim4He IBOMHBIX COJCH OT «TUIMMYHBIX» KOMILUIEKCOB?

3 Kakue KOMILIEKCHBIC COCIMHEHUSI OTHOCAT K aruaokomiuiekcam? Kakue k ayrokommuiecam?
[TpuBenauTe mpuUMeEpsI.

4 Kak TBC o0bscHsieT 00pa3oBaHne XUMHUYECKOH CBS3U B KOMIUIEKCaX?

5 Kaxkue xomruiekcsl Ha3bBalOT KapOoHunamu? OObsicHuTe 00pa30BaHUE TAKUX KOMILIEKCOB C
TIO3UIIMY TEOPUH BaJICHTHBIX CBSI3CH.

Choucokx JuTeparypbl, peKOMeH)IyeMbIﬁ K MCI0Jb30BAHUIO 110 JAHHOI TeMe

OcHoBHas1 JInTEepaTypa:
1 Koposwun, H. B. O6mas xumus : yaeonuk / H. B. KoposuH. - 13-e u3n., nepepad. u nor. - M. :
Axanemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - [Tpun.: c. 461. - bubnuorp.:
c. 486. - ISBN 978-5-7695-8015-4
2. bapkosckuii, E. B. O06mas xumus : yaednoe nocodue / E. B. bapkosckuii, C. B. Tkaues, JI.
I'. I[lerpymenko. — MwuHck : Bermmitmas mkoma, 2013. — 641 ¢. — ISBN 978-985-06-2314-0.
— Texcr : anexTpoHHbIH // dnekrpoHHO-O0nbmroreynas cuctema IPR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/35509.html — Pexwum moctyna: mis aBTopu3up. mMoJib30BaTeneit
JonmosiHuTe/IbHAS JIUTEpaTypa:
1. I'manxka, H. JI. O6mras xumust / H. I'. I'nmunka ; [Tox pen. A. Y. Epmakosa. - U3a. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubmmorp.: c. 704. - TIpeam. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. boarpomerok, B. B. O6mas xumus : yue6Hoe nocobue / B. B. bontpomerok. — MuHCK :
Boimmaiimas mkosa, 2012, — 624 ¢. — ISBN 978-985-06-2144-3. — TekcT : 37eKTPOHHBIH //
OnexktponHO-Onbroreunas cucrema IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.ru/20236.html — Peskum mocTyma: 1uis aBTOPU3UP. TOIb30BaTEIIEH
HNHTepHET-pecypcebl:

1 http://window.edu.ru/ — emuHOE OKHO JOCTyIA K 00pa30BaTEIbLHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcuteTckast GHOIMOTEKA OHITANHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTaJIoT aCCOIHAIIMU dJICKTPOHHBIX OMOIHOTEK
yaeOHbIX 3aBeqieHui u opranusamnuii CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTkpeiToe 06pa3oBanKe

Tema 8. OkHCIUTEIbHO-BOCCTAHOBHUTEIbHBIE PeaKIIUN
JlaGopaTopnasi pa6ora 8. Okuc/JIUTEIbHO-BOCCTAHOBUTE/IbHbIE
Lens paboThl: M3yueHne OKUCIUTETBHO—BOCCTAHOBUTENBHBIX PEAKIINi. Y paBHUBAHKE OKHCIUTEIBHO-
BOCCTAHOBUTCIIBHBIX pCaKHI/Iﬁ METOAOM 3JIEKTPOHHOI'O OajaHca
Teopernveckasi 4acThb
Teopusi OKUCINTEIbHO-BOCCTAHOBUTEIbHBIX PeaKkLMi
Peam;uu, 6 Komopblx npoucxodum usMenenue cmenexeu OKUCIeHUS amomoes, HA3bledrnc
OKUCTIUMETIbHO-60CCMAHOBUMENTbHbIMU.
B MNPOCTBIX BCHICCTBAX CTCIICHW OKUCIICHUA aTOMOB pPABHBI HYIIHO. I[J'IH CIIOKHOM MOJICKYJIbI
CyMMa CTEIeHeH OKUCIICHHS BXOAIIUX B €€ COCTAB ATOMOB TAKXKC AOJDKHA OBITH paBHA HYJIIO; AJId HOHA
— €ro 3apsny.
OxucieHnEeM Ha3hIBaCTCS nmpouecc OTAa4m aToMOM MOJ'IeKy.]'IOfI HJIKM KOHOM 3JICKTPOHOB!

Al —3e — AI3*
Fe?* —e - Fe3*
2ClI~ —2e »Cl,.
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B nporiecce okucieHus NPOUCXOIUT MOBBIIIEHUE CTEIEHU OKHCIICHUS.
BoccranoBnenreM Ha3bIBa€TCS MPOIECC MPUCOCIUHEHHUS JJICKTPOHOB aTOMOM, HOHOM HIIH
MOJIEKYJIOM:

S +2e 82t

Cl, +2e — 2CI~

Feo +e - Fe?"

HpI/I BOCCTAaHOBJICHUU CTCIICHb OKUCJICHUS ITOHHUXACTCA.

B 3aBucuMocTH ot CHOCO6HOCTI/I OTAaBaTh WJIKM IMMPUHUMATDH 3JICKTPOHBI BCC BCIICCTBA ACIIATCA Ha
OKHUCJIUTENT! U BOCCTAHOBUTEIIH.

Oxuciumenu — 9mMo amMoMvl, UOHbL UAU MONEKYIbl NPUCOeOUHsIowue aeKmponsl. Bo epems
Peaxkyuy OHU 80CCMAHABIUBAIOMCAL.

Bocemanosumenu — smo amomul, UOHbL WU MOJEKYTbl, KOMOpble OMOAiOm 2NeKmpoHbl. Bo
8peMs peakyuy OHU OKUCIAIOMCA.

[Iporiecchl OKUCIIEHUS 1 BOCCTAHOBJICHUSI BCET]a TIPOTEKAIOT MapaJiIeIbHO, YTO MOXKHO BBIPA3UTh
CIEAYIOIIEN CXEeMOil:

Boccranosurens (By) — € € oxucaurenb (O1)

Okucnutens (Oz2) + € €< BoccraHoBUTENb (B2).

CrnenoBaTenbHO, OKUCIUMENbHO-60CCIAHOBUMENTbHBLE PEAKYUL NPEOCABIsIon cOO0U eOUHCMEO
08YX NPOMUBONOIOICHBIX NPOYECCO8 — OKUCAEHUs U 60CCMAHO0GIeHUs. B 3THX peakiusix o0lee 4ncIiio
AJIEKTPOHOB, OTJIABAEMBIX BOCCTAHOBUTENEM, PABHO O0IIEMY YHCITY, TPUCOSTUHIEMOMY OKHUCITUTEIIEM.

[Ipu 5TOM HE3aBUCHMO OT TOTO MEPEXOJIAT JIU DIICKTPOHBI C OJJHOTO aTOMa Ha JIPYrod MOJHOCTHIO
WIH JIWIIb YaCTUYHO OTTATHBAIOTCA K OJHOMY W3 aTOMOB, YCIIOBHO TOBODPAT TOJBKO 00 OTAaue H
MPHUCOCANHEHHUH DIICKTPOHOB.

B OBP oxucauTens ¥ BOCCTAHOBHTEIL pPEAardpPyOT IPYyr C IOPYyroM B JKBHBAICHTHBIX
KOITUYeCTBaX.

Oxeusanenmom oxkucaumens (0) unu éoccmanogumens (B) nazvieaemcss makoe KOAUYECMB0 UX
MOb, KOMOpOe NPUcoeouHsiem uil omoaem 0OUH MOTb INEKMPOHOB, YMO OMPAICACMC I CAeOYIOUWUMU
dopmynamu:

3(0), monv = 3 wiu I(B), monb = i,
Zg Zg
TO€ Ze — YUCIO OJICKTPOHOB, KOTOPOC NPUHUMACT OKUCIIUTEIID O unn OTHAa€T BOCCTAHOBUTCIIb B.
MosnbHas (MM MOJISIpHAs) Macca SKBHBAJIEHTa OKUCIUTENS O U BOCCTAHOBUTEIS B BEIPaXKaeTcs B
I/MOJIb U OTPEIEISIETCS U3 COOTHOIICHHH CICAYIOIIErO BH/IA:

1) nist OKUCTUTENS — M(i 0), 2/ monw; 2) ny1si BOCCTaHOBHUIEIIS —M(i ,B), 2! mons -
Ze e

Tonbko B pONIM OKUCINTENS BBICTYIAIOT YaCTUIIBI, UMEIOIIE MAaKCUMAaJIbHO BO3MOXKHBIE CTEIICHU
OKHUCIICHUS (Hampumep, A MapraHma — 3710 (+7), ;s azora (+5) ¥ T.71.); TONBKO BOCCTAHOBHUTENS — C
MHHHAMAJIBHON CTEIEHBIO OKUCICHUS (11t cepbl — 310 (—2), st a3ota — (-3) u T.11.).

Yacmuywl, umerowjue npOMeNICYmounbie Cmenenu OKUCIEHUs, MO2Yym NPOAGIAMb CEOUCMEaA KaK
OKUCIUmens, max u occmanogumens. ITo 00OyCIOBICHO: XMMUYECKONH NMPHUPOJOI peareHTa-nmapTHEPA;
YCIIOBUSIMHU M XapaKTEPOM Cpelibl, B KOTOpPBIX npoTtekaer OBP.

Hanpasnennocts OBP onpenensiercs BenTMUMHAMHM 3HA4YE€HWH CTAHAAPTHBIX IOTEHIIMAJIOB
peareHToB: OkuMciauTenbs O Bceraa uMeeT OoONbIIMKE (IO anreOpanyvecKoil BeIMYMHE) CTAaHAAPTHBIN
MOTEHIIHAJ, YeM BOCCTAaHOBUTEND B.

Hampumep, B xucnoit cpene cmemmBaioT nBa BemiectBa: KoCroO; m NaNO,. Kakoe u3 stux
BEIECTB OyJeT OKUCINUTENEM, KAKOE — BOCCTAHOBUTENEM?

O6partumcs K cripaBounbiM faHHbiM: @°(Cr2072 + 14 H*Y/2Cr*® + 7TH,0) = 1,33 B; ¢°(NOs +
2H*/ NO; + H,0) = 0,78 B.

Ipumeuanue. PekoMenayercs ucnoib3oBaTh yueoHoe nocodue: H.C. AxmeroB, M.K. Asusosa,
JL.W. Bagpiruna. JlabopaTopHble M CeMHHApCKHE 3aHSATHA MO OOLIEH M HEOPraHMYECKOM XUMHHU. M.:
Bricm. mkona, 2002.
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Tak kak ¢°(Cr.07 2+ 14 H*/2Cr*3 + 7H,0) > ¢°(NOs + 2H* / NO; + H,0), mo oxucnutenem
oyxaer sBasThest KoCraOs.
KosnnuecTBeHHOI XapaKTepUCTHKON ITyOMHbI TpoTekanuss OBP sBisieTcs 3Ha4YeHHE KOHCTAHTHI

paBHOBECHUS:
0/ .0

lgKP = ¢ ©)-¢°(B) ,
0,059

rne ¢°(0O) u ¢°B) — craHjapTHble NOTEHLHMANbl OKMCIMTens O M BOCCTaHOBUTENd B
COOTBETCTBEHHO, B; Zy — cyMMapHOe KOJIMYECTBO JIEKTPOHOB, MPUHUMAIOIINX yyacTue B fanHoid OBP.
Koncranra paBaoBecust OBP cBsizana ¢ norennmanom I'n66ca (Jx/momnb K):

AG? = -2,303RT Ig K P (8.2)
Dueprus ['u66ca, B cBoro ouepenn, cazana ¢ IJIC (A¢®) nmocrosunoit dapanes (F) u uuciom
3JIEKTPOHOB, ydacTByrommx B OBP:

3 (8.1)

AG®, Jlic/mons-K = —nAg°F, (8.3)
Ap® = ¢°(0) — ¢°(B) — DJIC OKMCIUTENBLHO-BOCCTAHOBUTENBHOM PEAKIMHU IIPH CTAHJAPTHBIX
yCII0BUsX, B.
s cranpapthbix yeiosuid: 7= 298,15 K = 298,2 K; R = 8,314 Jx/monb-K; F =96450 =
96500 K/MOB-3KB, TOTYYHM (HOPMYITY yIIOOHYIO JUTSL PACUETOB:

F 96500
Ig K Jgg =

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

(8.4)

B YCIOBUAX OTJIUYHBIX OT CTaHAAPTHBIX, OKUCIUTCIBHO-BOCCTAHOBUTCIIBHBIC ITOTCHIIMAJIBI

(OBII) m DJIC OBP, mporekarommx B BOMHBIX pPAacTBOpax, 3aBHCAT OT KOHIICHTpAWH (TOYHEE,
AKTHBHOCTEH) yUaCTBYIOIIMX B IPOIIECCE HOHOB. DTa 3aBUCMMOCTb BhIpakaercs hopmyioi HepHcera:

0,059, [O]
Ig T
[B]
rae ¢°oz— CTaHAApPTHBIN NOTEHIMA pearenTa (OKUCIUTENN UK BoccTaHoBuTens), B; [O] u [B] —
KOHIIGHTpAIIMH OKHCIEHHOH M BOCCTAHOBJICHHOH (JOPM peareHTa, MOJb/IM®, Z — UHCIIO HJIEKTPOHOB B
MONypEeaKIUK JUIs JaHHOTO pearcHTa.
Ipumeuanue. Crnenyer Bceraa MOMHUTD, YTO KOHIIGHTpaIMK Beex yaacTHUKOB OBP B ypaBHeHHH
(7.5) sBasroTcs MossipHBIME KoHIeHTpamusMu (Cy (X)), a ue monspusiMu skBuBajienta (C(1/z2 X)).
Ha 3navenne OBII 1 Ha XapakTep MPOIYKTOB PEAKI[UH TOCTATOUYHO CHUIIBHOE BIHSIHAE OKA3hIBACT

pH pactBopa, B kotopom mporekaer OBP. Hampumep, mpu pH < 7 3HaueHue CTaHIAPTHOIO
MOTEHIMANA JJIs1 CHCTEMBI:

9°(MnO; +8H " /Mn** + 4H,0) =151B .
wpupii =7 @°(MNOZ +2H,0/ MO, +40H ™) = 0,6 B
oi>7- @2 (MnOZ / MnOz2) = 0,564 B.

Baxneiimme BOCCTaHOBUTENHN: aTOMBI MeTaJioB, Bogopon, yriepoa, CO, H.S, H.SOs;, NaNOy,
Na,S;0s3, HI, HBr, HCI, FeSO4, CrCl;, MnSO4, NHa.

BaskHeiilme OKHCIUTEH: TaJOreHbl, XJI0paThl, KHcaopo, 030H (O3), KMnO4, K2Cr,07, KoMNnOs,
H?_O?_, H,S0, (KOHL;.), HNOs, Pb02.

o,B= gog,B + (8.5)

THubl OKUCITUTETbHO-BOCCTAHOBUTEIbHBIX peakluii
PaznmnyaroT Tpu THIIA OKUCITUTEIEHO-BOCCTAHOBUTEIBHBIX PEAKITHIA:
a) BHYTPUMOJIEKYJISIPHBIE; 0) TUCIPOIOPIIMOHUPOBAHUS; B) MEKMOJIEKYIISPHBIE.
Buympumonexynsapuoie OBP — 2mo maxue peakyuu, 6 KOMOPbIX U OKUCAUMENb, U
eoccmaHosumeilb HCIXOO}ZI’I’IC}Z 6 cocmaee 0()H0ﬁ MOJIEK)Ybl, HO A6IAOMCA npu 3nom pAaA3HbIMU
aJleMerHmamul .
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2KNO3 —-52KNO, + O,
2N -2e <> N*
12072 +4e <> O,.

Peaxyuu  oucnponopyuonuposanuss — OBP, 6 Xxo0e KOmMOpuix 00uM U3 21eMEeHmO8,
codepaoscaugetics 8 OOHOU MOeKYIe, 00HOBPEMEHHO U NOGbILUAET, U NOHUJICAem CIeneHb OKUCLeHUS.

Cly + 2KOH —> KCIO + KCl + H,0
1|/Cl, —2e <> 2CIT
1|C|2 -2 &> 2(:'_

K aucnpornopimoHUpOBaHUIO CIIOCOOHBI TIOYTH BCE YACTHIIBI, HMMEIOIIUE MPOMEKYTOUHYIO
CTETeHb OKHCIIEHUS.

Haubonee pacmpocTpaHeHHBI peakUHM TPETbEro THIA, KOTOPbIE MPOTEKAIOT ¢ M3MEHEHHEM
CTETIeHN OKHMCIIEHWS aTOMOB B Pa3HBIX MOJIEKYJaX, T.e. OKHCIUTENh M BOCCTAHOBHTENH HAXONSATCS B
pasHbIxX BemecTBax. Croa ke clelyeT OTHECTH M PEaKIMH MEXAY Pa3HBIMH BEIIECTBAMH, B KOTOPBIX
aTOMBI OJTHOTO U TOTO K€ AJIEMEHTa UMEIOT PA3NUYHYIO CTEIIEHbh OKHUCIICHUS:

5HCI + HC|03 —)3C|2 +3H20
112C1*° +10e <> CIS
512CI~ —2e <> CIS

OoOopynoBanue U MaTepUaIbl
PactBOp Opomuaa HaTpus
PactBop GeH30m1a
[Tpobupku
PacTtBop #ionHOM BOJIBI
PacTBOp KpHCTAIUIOB MOANIA KAJIHS
ITepexuch Bomopona
Kpucramios nepMaHranata Kainust
PactBop Na,SOs
PacTBOp HUTpHUTA HATPUSA
10. PacTBOp GuxpoMaTa Kajius
11. PactBop GpOMHO# BOIBI
12. TTopomkooGpa3Has cepsl
13. Tuormanat xasust
14. PactBop comu xenesa (+3)
15. PactBop SnCl,
16. PactBop cynbdara meaun CuSOq
17. XKene3ublii rBO3/b
18. PacrBop nepmanranata kamust KMnOs ¢ xonnerTparuert C(KMnQOg) = 0,02 MOJTB/M°.
19. pactBopa cepHoii kucnotsl kucnora HSO4 ¢ konnentparmeit C(H2SO4) = 2 Mons/am’,
20. PacrBopa mémnoun NaOH c xonnentpammeir C(NaOH) = 2 MOJTB/M°.
21. PactBopa cynbhuta Hatpus Na,SO;z ¢ kounentpanueii C(Na;SO3) = 2 Mosb/nam®.
22. PactBopa cynbdata xenesa (II) FeSO4 ¢ konuentpanueit C(FeSO4) = 2 momns/nm3.

CoNOURrWNE

23. PactBop azorHoit kucnotsl HNOs,p(HNO3) = 1, r/em®

24. menHas MpoBOJIOKa

25. Jluxpomar kamis K,Cr,07 ¢ xornentparmeii C(KoCr,07) = 2 mons/mm*

26. Pactpopa Hutputa Hatpuss NaNO; ¢ xonnentpamueit C(NaNO2) = 2 mons/am®
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Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboTel B XMMHYECKOH J1a0OpaTOPUM MOJDKHBI TPOBOAUTHCA TPU HCIPABHOM
3NEKTPOOOOPYI0BAHNH, IEKTPONPOBOJIKE, MPABHIBLHO 000PYJOBAHHOM BBITSIKHOM IIKAaQ]Yy.

2. Ta3oBbIe KpaHBI U TA30MPOBO JOIKHBI HAXOJUTHCS B UCIIPABHOM COCTOSIHUH, IEPUOANIECKH
NIPOBEPATHCS.

3. PaGouee MecTo coziepKaTh B MOPSAKE U YUCTOTE.

4. Cyxue peakTHBBI TpeOyeTcsi OpaTh YMCTHIM IINATEIEM UITH CHeHaTbHON JTOKEUKOM.

5. MUznuiek peakTrBa He BBUIMBATH OOPATHO B COCY/l, U3 KOTOPOTO OH OBLIT B3ST.

6. Bce onbIThI € BPC€AHBIMHA U IMAXHYIIUMHU BCUHICCTBAMHU, a TAKKE YITapUBAHUC KUCIIOT U KUCJIBIX
PacTBOpOB MPOBOAUTH B BHITSDKHOM IIKaQy.

7. OcraTku COeIMHEHUN cepedpa CIIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHUM PAacTBOPOB B MPOOHMPKE BCErja CIEAYeT JIepkKaTh €€ TakuM o0pa3oM, 4ToOBI
OTBEpPCTHE POOHPKHU OBLIO HATIPABIIEHO B CTOPOHY OT PaOOTAOIIETO PAJIOM COCElIa.

9. He naxionsaTb JIMIIO HaJg HaneBaeMOﬁ KUIKOCTBIO UJIN CIIJIaBJIIEMBIM BEIIIECCTBOM.

10. He crnenyer BapIXaTh Haxyuue BEIIECTBA U ra3bl, OJU3KO HAKIOHSSICH K COCYAY C 3TUMHU
BeIIeCTBaAMMU. Hroxatb BCIICCTBA MOXXHO JIMIIb OCTOPOKHO, HAITPABJIAA K ceGe napsl UM ra3 IBUKCHUEM
PYKH.

11. XpaHuTb pacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT U IIETOYEld B BBITSDKHOM IKaQy.

12. BbuinBath pa30aBjCHHbBIC KMCIIOTHI U IIEJIOUYHBIE PACTBOPHI CIIEAYET B CIMBHYIO CKIISIHKY.

13. Kareropuuecku 3amperniaercs mpodoBaTh XUMHYECKHE BEIIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIErKo BOCILIAMEHSIOIIMMUCS BeriecTBaMu (3(QHUpbI, OSH30I, CEepoyriiepoa U
T.Z[.) HE JOJIXKHO OBITH pAAOM OTHA WM BKIIFOYEHHBIX ITIJIMTOK.

15. Tlpu pabore co CTEKIIOM, XWMHYECKOH IOCyIOl, HEoOXOAWMO COONII0JaTh TpaBUia
MPEAOCTOPOKHOCTH BO M30SKaHUE PAHEHUH OCKOJIKAMH CTEKIIA.

16. KaTeropuuecku 3ampemiaercs 0CTaBsATh paboTaroliye Ipuoopsl 03 HaOII0ICHHS.

24. B xuMu4eckoi J1abopaTopruu HEOOX0IUMO paboTaTh B XaaTe.

3apanus

Ompir 1. K pactBopy Opomuaa HaTpuss B NMPOOMpPKE MPHICHTE HEMHOTO XJIOPHOW BOIBI H
HECKOJIbKO Kamellb OcH3051a. BeTpsaxauTe comepkuMoe nMpoOupku. BepxHuil ciioil okpacwics B OyphIid
uBer. UTo sABNSETCA MPUYMHON OKpacku? Hammmmre ypaBHEHWE pEaKIMH W COCTABBTE DIIEKTPOHHYIO
CXeMy U3MEHEHUS CTereHer okucienus aneMenToB. Onpenenure I/C 3T0i peakumm.

Ompit 2. (OHBIT HPOBOINTE B BHITKHOM mKady). B mpodupky manmeiite 1 cM® ffomHOi Bomsl 1
TaKoii ke 006EéM Oenzona. [Ipobupky BCTpsXxHUTE HECKOIBKO pa3. OOpaTuTe BHUMaHUE Ha I[BET BEPXHETO
6eH3ompHOTO ciost. [lomydeHHbIi pacTBOp COXpaHUTE ISl CPAaBHEHHS.

B cyxyro npoOupKy HachIIbTeé HEMHOTO KPHCTAUIOB MOAWIA Kanus (OCTOPOXKHO!), IO CTEHKe
npoOupky TpubaBhTe 2-3 Kaluld pacTBOpa KOHIICHTPHPOBAHHOW CEpHOW KHCIIOTHL Brigensercs
ra3oo6pasnblii mpoaykr ¢ 3amaxoMm H»S. K comepxumomy mpobupkm npuieiite 1 cM® Gemsoma u
OCTOPOXKHO BCTPAXHUTE HECKONMBKO pa3. OOpaTuTe BHUMaHWE HA OKPacKy OeH301bpHOrO cinos. CpaBHHTE
3Ty OKPACKY C OKPACKOM, ITOTy4YeHHONH BaMU TIPU BCTPSXMUBAHUH HOTHOW BOIBI C OEH30JIOM.

Hamummre ypaBHeHus peakuuid. CocTaBbT€ MOHHO-3JIEKTPOHHYIO CXEMY M3MEHEHHs CTEIEeHEU
OKHCIICHHS] aTOMOB PEAarnupyIOIINX BEIIECTB.

Omsit 3. K 2 cM® pacTBopa nepmanranara kamus KMnO4 106aBbTe paBHBIH 066EM pa3GaBIeHHOI
CepHOW KHCJIOTHI W TepeKkucH Bojopoma. OOpaTuTe BHMMaHHWE Ha W3MEHEHHE IBeTa B pacTBope. K
OTBEPCTUI0O TPOOWPKH IIOMHECHTE TNy Iy4nHKy. UTto mpum 3ToM HabOmomaercs? Kaxoil ras
BeIaEIIsIETCA?

Hamummre ypaBHeHHe HaHHOUN peakiuyl B MOJIEKYJSIPHOH u wioHHOW ¢opmax. KoaddurmeHTs
OIIPENIENNUTE C IIOMOIIHI0 METO/IA AIEKTPOHHO-HOHHOTO OallaHca.

Onpit 4. (OmBIT TPOBOAKTCSA B BHITSHKHOM IKady). B cyxyro mpoOWpKy HaCBITETE HECKOIBKO
KPUCTAIJIOB TIEpMaHTaHaTa Kajis ¥ OCTOPOKHO NMPHIIEHTE HECKOIBKO Karenb pa30aBIeHHOTO pacTBOpa
comstHol kucnoThl (1:1). Beimensercs ra3 (0cTOpokHO!), TOHIOXAWTE ero.

Hanummre ypaBHeHHE NaHHOW peakIMW M COCTaBbTE BJIEKTPOHHO-MOHHYIO CXEMY HM3MEHEHUs
CTEINEHEH OKUCIIEHUS 3JIEMEHTOB, yYaCTBYIOIIUX B PEAKIIH.

Onpit 5. B Tpu otaensHble podupku BHecuTe 1-2 cM® pactBopa KMNQOs, a 3aTeM 106aBbTe B 9TH
MpoOUPKH paBHBIE OOBEMBI: B NIEPBYIO U3 HUX — PACTBOP pPa30aBIEHHON CEpHON KUCIOTHI, BO BTOPYIO —
BOJy, B TPETbl0 — KOHLEHTPUPOBAHHBIH pPacTBOp Imienouyd. [locie wero B KakAyl0 M3 NPOOHPOK
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npu6asbTe 1-2 cm® pactBopa Na,SOs. UeM 06bACHUTH Mpouciieqmye u3Menenusa? Hanmummre monHble
ypaBHeHus: OBP, ucnonbs3yss HOHHO-3IEKTpOHHBIN MeToA. OLeHHuTe TyOuHy MPOTEKaHUs MPOLECCOB B
KaxxioM cirydae. OT 4ero 3aBUCHT OKHCIIHTENbHAS aKTUBHOCTD MTEpMaHraHT-HOHA?

Ombit 6. K mByM cM® pacTBopa HHTpHMTAa HATpMs MpuUiIeiiTe paBHBI 00BEM pacTBOpa CepHOil
KHCJOTHI U 100aBBTE MO KaIlisiM HeOOJbIIOE KOJTHYECTBO pacTBopa noauaa kamus. OOpaTute BHUMaHUE
Ha U3MEHEHHUE IIBETa PacTBOpA.

Kaxoe BemectBo Brigenuiaock? CocTaBbTe ypaBHEHHE COOTBETCTBYIOLIEH peakuuu. Onpenenure
KO3((UITUSHTHI METOJIOM TOJTypEaKIUH.

Ompit 7. Haneiite B mpobupky 1-2 cm® pacTBopa GuxpomaTa Kamus, 106aBbTe K HEMY JBOMHOIM
00BEM pa3baBIeHHON CepHOIl KMCIOTH M 4-5 ¢cM® pacTBOpa HHTpHTa HaTpus. OOpaTuTe BHHMAaHME Ha
W3MEHEHUE IBeTa pacTBopa. Hamuimmre MonekysipHOe U MOHHOE ypaBHEHHUs AaHHOW peakuuu. [Togbop
K03(h(pUIIMEHTOB OCYIIIECTBUTE METOAOM AJIEKTPOHHO-HOHHOTO OaslaHca.

Omeir 8. K 2-3 em® OpOMHOM BOZBI MPUJICHTE PACTBOP IIEIOYH JO MOJIHOTO OOCCIIBEUYHMBAHUS
pactBopa. CocTaBbTe 3JIEKTPOHHO-MOHHOE ypaBHEHUE JaHHOW peakluu W omnpeaenute Kodh UIUeHTH
METOJIOM TOJIyPEaKIIUi.

OmwiT 9. K 2-3 oM® KOHIICHTPUPOBAHHOTO0 PAacTBOpPa THAPOKCUIA HATpUS JT00aBbTE HEOOJBIIOE
KOJIMYECTBO MOPOIIKO0Opa3Hol cepbl. CMeCh KUIISITUTE IO HCUe3HOBEHUS cepbl. COCTaBbTE AIEKTPOHHO-
HWOHHBIE CXEMBI U3MECHEHHS CTEIIEHEH OKHCIICHHS Pearupyrolrx BellecTB. HanmuumTe HOHHOE U MTOJTHOE
ypaBHeHUs1 naHHOM peakiuu. K xakomy tunmy OBP orHOcuTCs manHoe mpeBparienue? Ilouemy atomsl
Cephbl CIIOCOOHBI K TAKUM MTPEBPAILICHUSIM?

Ompit 10. K pactBopy ( 1-2 cm®) THOnMaHaTa Kanus (MM aMMOHHS) TIPHGABbTe TAKOH ke 00bEM
pactBopa comu keneza (+3). Kakoi mBer moimydeHHOro pacTBopa? 3aTeM K OKpPAIIeHHOMY pacTBOPY
NpUOABIISIOT MO KAIUIAM JI0 NOHOro obeciBeunBanus pactBop SNCly. Kakue mporiecchl mpoucxoasT B
pactBopax u mouemy? Paccumraiite DJIC peakuuu BoccTaHoBieHus Fe®* momamu Sn?*. Paccumtaiite
usMeHeHue sHeprun ['m6oca (4G’ ,.) u xoncranty pasHoBecus (KPy,) mns 5Toi peakuuu. OueHuTe
IyOnHY €€ IPOTeKaHuUs.

Omwir 11 B npo6upky Haneiite 1-2 cm® pactBopa cymbpata memn CuSOs m omycTuTe Tyna
3QUMINEHHBIN C MTOMOIIBI0 HAKIAYHOW OyMaru *Keie3Hbli TBo3b. IlocTaBhTe MpOOMPKY B IMTATUB HA 5
MUHYT. Uepe3 5 MUHYT OTMeThTE M3MCHEHHS IMOBEPXHOCTH KEIE3HOTO I'BO3JIS U 3aHECHUTE MX B rpady
«Habmonenws».

Hamummre ypaBHeHHE OKHCIUTEIHHO-BOCCTAHOBUTEIHFHONW PEAaKINH U yPaBHANTE €€ TI0 METOIY
3NEKTPOHHOrO OanaHca. YKaXUTE€ OKWUCIHTEIb M BOCCTAHOBUTENb. [lONB3ysCh pAIOM HampsSKEHUH,
YKaXHTe, KAKHE METaJUTBl MOT'YT BBITECHATH ME/Ib U3 PACTBOPOB €€ COJIEH.

Omwit 12 B tpu mpobupku Hanmeiite mo 2-3 cM® pactBopa mepmanranata xams KMnOj; c
xonnenrpanueit C(KMnOg) = 0,02 mMoms/mm>,

- B nepByro npobupKy 106aBbTe 1-2 cM® pacTBOpa cepHO# KucoThl kuciaora HaSOsc
xounenrpanueii C(H2S0;) = 2 mMons/mm°.

- Bo BTOpYIO podHpKy K06aBbTe 1-2 cM® IHCTHITMPOBAHHOM BOIBL.

B Tperbio pobupky nobasste 1-2 cM® pactBopa ménoun NaOH c¢ kornenTpamueii C(NaOH) = 2
MOJIB/ M.

Bo Bce mpobupkn Haneiite mo 3-4 cm® pactBopa cyneduta Hatpus Na;SOjz ¢ KOHIEHTpanmei
C(NazS03) = 2 Mons/nm,

OTMeThTe N3MEHEHHE IIBETa PACTBOPOB B KAXKIOW M3 MPOOHPOK C y4ETOM 3aBHCHMOCTH OKPACKH
COE/IMHEHMI MapraHIa OT €ro CTEIeHN OKHCIeHHs: HoH MnO4 mMeeT (prosneToByio okpacky, MnOs* —
3enényro, Mn®" — c1aGopo30Byr0, a PH MaJIOi KOHIIEHTPALMK — OECIBETHYIO. 3aHECHTE HAOIIONCHNS B
rpady «HabmogeHus».

Hammummre ypaBHEHUS! OKUCIUTEIIEHO-BOCCTAHOBUTEIBHBIX PEAKIINN U YPaBHINTE UX 110 METOLY
ANIEKTPOHHOTO OaaHca. Y KaKUTe OKUCIUTENb U BOCCTAHOBUTEb.

Onpit 13 B npo6upky Haneiite 1-2 cM® pactBopa nepmanranata kamus KMnO, ¢ KoHIieHTpanueit
C(KMnOs) = 0,02 MOJIL/J:[MS, nobasere 1 oM’ pactBopa cepHoii kucnorel H>SOs ¢ KoHIEHTpanmein
C(H2S0y) = 2 MOJIB/IIM® | npuieite 1 oM’ pactBopa uoauaa kamus Kl ¢ xonmenrparumenn C(KI) = 2
MOJIB/ M .

3adukcupyiiTe ©3MEHEHNE IBETa pacTBOpa U 3aHecuTe HaOmoaeHus B rpady «Habmaronenus».

Hanummre ypaBHEHUS! OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX PEAKIMNA U YPAaBHSANTE UX MO0 METOAY
3JIEKTPOHHOTO OanaHca. YKaXUTe OKHCIUTENb U BOCCTAHOBUTEIIb.

OmbiTr 14 B mnpobupky Haneiite 1-2 cm3 pactBopa mnepmanrasata kamuss KMnO4 ¢
koHIeHTpamedn C(KMnO4) = 0,02 mone/mm3, mobaseTe 1 cM3 pactBopa cepHoii kucinotel H2SO4 ¢
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koHtentparmenn C(H2SO4) = 2 mons/mm3 1 npuiieiite 1 cm3 pactBopa cyibdarta xkenesa (II) FeSO4 ¢
koHterTpaipent C(FeSO4) = 2 mons/am3.

3adukcupyiiTe ©3MeHEHHE IIBETa pacTBOpa 1 3aHecuTe HaOmoAeHus B rpady «BriBoabl. HabmomeHus».
Hanummwre ypaBHEHNS OKUCIUTENBHO-BOCCTAHOBUTEILHBIX PEAKIIMI M YPaBHINUTE UX IO METOLLY
ANEKTPOHHOTO OanaHca. YKaXUTe OKHCIUTENb U BOCCTAHOBHUTEIb.

Ompit 15 B npobupky Haneiite 1-2 cM® KOHIIEHTpUpOBaHHOK a30THOH kucaoThl HNO3,p(HNO3)
= 1, r/eM® .Omyctute B IpoOMpPKY 3auMINEHHYIO HaXKJa4yHOM OymMaroi MeHyio TpoBojioky. Harpeiite
MPOOHMPKY Ha IIAMEHHU T'a30BOM FOPEJIKU U TIOCTaBbTe e€ B ITaTHB Ha 5-10 MUHYT.

3adukcupyiite BbAENEHHE ra3za B MPOOHPKE, LBET BBLICISAIOUICIOCS Ta3a W M3MECHEHHE IIBeTa
pacTBopa. 3aHecuTe HaOmoaeHus B rpady «HabmoaeHus».

Hanummre ypaBHEHUs! OKUCITUTENbHO-BOCCTAHOBUTEIBHBIX PEAKIIMNA M YPaBHSANTE UX MO METOAY
AJIEKTPOHHOTO 0anaHca. YKaKUTe OKHCIUTENb U BOCCTAHOBUTEITb.

Omnwit 16 Haneiite B pobupky 1 cm® pactopa muxpomara kamus KoCrO; ¢ koHIeHTparmeii
C(K2Cr;07) = 2 mons/mm* Jlo6aBbTe B mpodupky 2—3 cM® cepHoil kuciorsl H2SO4 ¢ KoHIEHTparmeit
C(H2S0q) = 2 mons/am® 1 2-3 cm® pactBopa Hutpura Hatpust NaNO: ¢ konnenrtpanueii C(NaNO,) = 2
MOJTB/IM®.

3adukcupyiiTe W3MEHEHWE IIBeTa pacTBopa. 3aHecuTe HaOmroneHus B rpady «BbIBOABL
Habnronenwus».

Hanummte ypaBHEHUs] OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX PEAKIIMNA M YPaBHSIUTE HX MO0 METOMY
AJIEKTPOHHOTO 0ananca. YKaXUTe OKHCIUTENb U BOCCTAHOBUTEITb.

Conep:xanue oTyera
[Momy4yennsie nanubie 3adukcupyiite B Tadbauie 8.1 mo cnemyromeii popme:
Tabnuma 8.1. Pe3ynbrarhl 3KCrIEpuMEHTa

Ne i/ | Pearentsl XUMHUYECKasi PeaKIus HaOmronenus

1

gl |wiN

KonTposbHbIe BOPOChI
ba3oBblil ypoBEHb

1 Yro nHasbBaioT cremeHbro okucieHusa? Kak e€ 0003HA4arOT M Kakue 3HA4YEHHUsST MOXKET OHa
npuHuMaTh? OTBET NOSICHUTE HA IPUMEPaX.

2 Kak onpenensiercss MakCUMajbHAasi © MUHUMAJIbHAs CTETICHU OKHCIIEHHS SJIEMEHTOB?

3 Kakue peakiuy Ha3bIBatOT OKUCINTEIbHO-BOCCTaHOBUTENbHBIMU? [IprBeuTE IpUMEpHI.

4 Kakue peareHThl Ha3bIBalOT BOCCTAHOBUTEISIMU, KAKUE — OKUCIUTENSIMH?

5 B gem cyTh MeTona nomypeakuuid? s KakKux CHCTEM OH IPUMEHUM?

6 Kak BbIpaxkaeTcs KOHCTaHTa PAaBHOBECHSI PEAKLIMU U YTO OHA BBIPAXKAeT?

7 Kax MO)XHO paccuuTaTh KOHCTaHTY paBHOBecusi? [IpuBemuTe cooTBEeTCTBYIOMNE (OPMYITHL.

8 Or kakux (aKkTOpOB 3aBUCUT MPOTEKAHNE OKUCIUTENBHO - BOCCTAHOBUTEIBHBIX PEaKIUN?

9 3aBuCHMOCTH OT KaKHMX IapaMeTpoB oTpaxkaeT ypaBHeHne HepHcra?

IloBbIIIEHHBIN YPOBEHB

1 Kak OIEHMBAIOT 3KBUBAJICHTHl OKUCIUTENS] M BOCCTAHOBUTENS? B Kakux eIMHHLIAX OHHU
BBIpaXKaroTCs?

2 Yrto Ha3BIBAIOT MOJIBHOM MacCOW OKHCIHTENsI W BoccTaHoBHTENs? KakoBa mx pa3smMepHOCTH?
[IpuBennTe npuMepsI.

3 KakoBa cTpykTypa ajropuTMa MeToAa 3JIEKTpOHHOro Oananca? OTBET HIUTIOCTpUpPYHTE
MIpUMEpPaMH.

Cnmcoxk 1uTepaTypbl, peKOMEHyeMblii K HCII0/Ib30BAHUIO 10 JaHHOH TeMe
OcHoBHas JInTeparypa:
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1 Koposun, H. B. O6mas xumus : yaebnuk / H. B. KopoBuH. - 13-e u3n., nepepab. u nor. - M. :
Axanemus, 2011. - 496 c. : ui. - (bakanaspuar). - Pexk. MOuH P®. - Ilpui.: c. 461. - bubauorp.:
c. 486. - ISBN 978-5-7695-8015-4
2. bapxosckui, E. B. O6mas xumus : yue6noe nocodue / E. B. bapkosckuii, C. B. Tkaues, JI.
I'. I[lerpymenko. — MwuHck : Bermitmas mkomna, 2013. — 641 ¢. — ISBN 978-985-06-2314-0.
— Texcrt : anexTpoHHbIH // DnexkTpoHHO-O0nbmmoteunas cuctema IPR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/35509.html — Pexwum moctyna: mis aBTopusup. moJib30BarTeneit
JlonoIHNTEIbHASI JINTEpPaTypa:
1. I'muuka, H. JI. O6mas xumus / H. I'. I'munka ; [lox pen. A. U. Epmakosa. - M3a. 30-e, ucrp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubmuorp.: c. 704. - IIpeam. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. boarpomerok, B. B. Obmas xumus : yue6Hoe nocobue / B. B. bontpomerok. — MuHCK :
Bermmaiimas mkona, 2012. — 624 ¢. — ISBN 978-985-06-2144-3. — TekcT : 25IeKTPOHHBIH //
OnexktponHo-Oubnoreunas cucrema IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.ru/20236.html — Pexwum noctyna: mis aBTopusup. moJib30BaTeneit
HNHTepHeT-pecypcebl:

1 http://window.edu.ru/ — emuHOE OKHO JOCTyIa K 00pa30BaTEIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YuuBepcuTerckasi OHONINOTEKA OHJIANHY.

3 http://catalog.ncstu.ru/ — s3meKTPOHHBIH KaTaIoOT aCCOIHAIMU DIICKTPOHHBIX OMOINOTEK
yueOHbIX 3aBefieHui u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 3BC.

S https://openedu.ru — OTkpeIToe 06pa3oBaHKe

Tema 9. OcHOBHBIE MOJT0KEHUSA ITEKTPOXUMHUM.

JlabopaTropnasi padora 9. 'aabBaHMYeCKHUE IJIEMEHTbI
[enb paboOThI: OCBOUTH COCTABIIEHUE CXEMbI FAIbBBAHUYECKOTO 3JIEMEHTa U METO/Ibl HallMCAHUS
YpaBHEHUM AJIEKTPOIHBIX MTPOLIECCOB.

TeopeTnyeckas 4acThb
[Tpuo6peraempie komnereHuuu OOIIl mpu uM3ydeHMH Matepuayia pasjena:

OakanaBp JOHKEH OHUMATh POJIb OXPaHbl OKPYKAIOIIEH Cpeibl U pallMOHATBHOTO
PUPOJIOTIONIH30BAHUS ISl Pa3BUTUS W COXPAHEHUS [MBWIM3AIUU; 00J1a7aTh
CIIOCOOHOCTBHIO WM TOTOBHOCTBIO BJIaJI€Th OCHOBHBIMH METOJaMH, CIIOCOOAMU H
CpeICTBaMH TONY4YEHUS, XpaHEHUs, MepepadoTku HH(OpPMAIMU, HCTOIH30BAThH
KOMITBIOTEpP KaK CPelCTBO pabOThl ¢ MH(pOpMAIIMEll; a Tak K€ CaMOCTOSTEILHOTO
npuoOpeTeHnsi (GU3NYECKUX 3HAHWUHW, IS TOHMMAHHUS TPUHIUIOB PaOOTHI
mpuOOPOB U YCTPOMCTB, B TOM YHWCJE BBIXOASIINX 32 MPEAeNbl KOMIIETCHTHOCTH
KOHKPETHOTO HampaBjeHus. bakamBap Oynmer cmocoOeH JIeMOHCTPUpPOBATH
0a30BbIC 3HAHWA B OOJACTH €CTECTBEHHOHAYYHBIX UCIUIUIMH U TOTOBHOCTBHIO

HCIIOJIBb30BATh OCHOBHBIC 3aKOHEBI B HpO(I)eCCHOHaHBHOﬁ ACATCIbHOCTH, IPUMCHATDH
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MCTOJZbI MAaTCMATHYCCKOI'0O aHajlin3da W MOJACIUPOBAHHA, TCOPETUUYCCKOIO U

OKCIICPUMCHTAJIbHOTO UCCICAOBAHNA.

Teopernyeckue 0CHOBbI
[Ipubop, B KOTOPOM XMMHUYECKAsI SHEPrUs OKUCIUTEIbHO-BOCCTAHOBUTEIBHOW PEAKIIMU

MIPEBPALLAETCS B 3JIEKTPUUYECKYIO0, HA3bIBACTCSI FAJIbBAHUUECKUM JIEMEHTOM.

OcHoBHasi coCTaBHas 4acTh rajlbBaHUYECKUX 3JIEMEHTOB — 3JIEKTPOJibl. Yalie Bcero oHu
OBIBAIOT METAUIMYECKUMHU. OJEKTPOJ, Ha KOTOPOM MPOUCXOJUT TPOIECC OKHUCICHHS,
Ha3bIBAETCS aHOJIOM.

Tak, ecnu B ralbBaHMYECKOM 3JIEMEHTE UMEIOTCS MEJIHBIN U IIUHKOBBINA 3JIEKTPOJIbI, U B
TOCTIeIHEM TIPOMCXOAUT MPOIIECC OKUCIEeHHs IUHKA: ZN° — 287 <> ZN?*, To MUHKOBBII YIEKTPON
OyJIeT aHOJIOM.

DneKTpoJ, Ha KOTOPOM MPOUCXOIUT IMPOLIECC BOCCTAHOBJIEHHUS, Ha3bIBaeTcs KarojgoM. B
BHIIIETPHBEAEHHOM TIPHMEPE KaTOIOM ABJIAETCS MeAHEIH dnektpor: Cu?*+ 2e” «» Cul,

DNEeKTPOHBI C AJIEKTPO/a, HA KOTOPOM IPOUCXOAMUT MPOIIECC OKUCIEHHUS, MEPEXOIAT Ha
AIIEKTPOJ, T/I€ MPOTEKAET MPOIIECC BOCCTAHOBIICHUSI.

Takum 006pa3oM, B raJIbBAHUYECKOM IJIEMEHTE, UMEIOLIEM B KaUECTBE KaToJa MEIHYIO U
B KauecTBE aHOJa LIMHKOBYIO IJIACTHHBI, 3JIEKTPOHBI C LIMHKOBO IMJIACTUHBI OyIyT MEPEeXoauTh
Ha MEJHYIO.

10.7 DnexTpoa B raabBaHUYECKOM S3JIEMEHTE HAXOIUTCA B pAacTBOpPE dJeKTpoiuTa. B
MIPOCTEHIIIEM CITy4ae AJIEKTPOJIUTOM SIBIISIETCS PACTBOP COJIM TOTO MeTalljia, U3 KOTOPOro cAelaH
AIIEKTPO/I.

Tak, B MeIHO-IIMHKOBOM TaJIbBAHMYECKOM 3JIEMEHTE LIMHKOBBIN AJIEKTPOJ MOXKET ObITh
MOMEIIEH B PacTBOP cyib(daTa IIMHKA, & MEIHBII — B pacTBOP CyibdaTa MeIu.

CrnenoBarenbHO: IIUHK MMOMEIIAIOT B PAaCTBOP, COJAEPKALIUN KATHOHBI LIMHKA, a MeIb B
pacTBoOp, COAepKAIIUNA KATUOHBI MEJIH.

CI/ICTeMa, cocCrosAlmas 13 METallyla, OIMYHICHHOI'O B pacTBOpP, conepmamnﬁ €ro HOHBEI,

n+
Ha3bIBACTCS IOJYIIEMEHTOM M 0003HAYACTCsI Me ™ / Me (cBepxy Bceria OKHCICHHAs
¢dopma).
JIBa mosyaneMeHTa, COeMHEHHBIE MPOBOIHUKOM, O0pa3ylOT rajlbBaHUYECKHN 3JIEMEHT

(pucynok 9.1):

e /i\
=N
Zn Cu
— SO42_ s
—] +
i) g Ukt
B 6 =B
Zn?*+S04? Cu?*+S04?




Pucynox 9.1 Cxema MeOHO-YUHKOB020O 2ANbBAHUYECKO20 dNIeMeHmA

B rampBaHWYECKOM 3JIEMEHTE OJMH JJISKTPOJ (aHOJ) pacTBOpSIETCS, T.€. HOHBI MeTallia
MEepexXoIaT B pacTBOp. Tak B MEIHO-IIMHKOBOM TallbBAHHYECKOM D3JIEMEHTE IPOWCXOIUT
pacTBOpEHUE IIMHKOBOW TUTACTUHKH.

B pesynpTare mepexona MOHOB ITMHKA C IJIACTHHKH B PACTBOP HA IUIACTHHKE OCTAgTCs
M30BITOK AJIEKTPOHOB, W OHA 3apspKaeTcs oTpuiarebHo. C JAPyroi CTOPOHBI, IMEPEX0] HOHOB
IIMHKA B PACTBOP MPUBOINT K YBEIIMUCHHUIO MX KOHIICHTPAIIUU B PACTBOPE.

brnaronmapst mepexoay MOHOB IWHKA C IIACTHHBI B PAacTBOP BEC IIMHKOBOHM TUIACTUHKU
OyJeT yMEHbBIIIAThCS.

O)IHOBpeMeHHO C O3TUM Ha MCJIHOM OJJICKTPOAC HNPOUCXOJIUT MPOLUECC BOCCTAHOBJIICHHA

MOHOB MeJIM M3 PacTBOpa: CU2+ +2e < Cu.

3a cuéT 3TOrO TpoIecca KOHIEHTPAH HOHOB MEIM B PACTBOPE YMEHBIIAETCS, a Macca
Me)IHOI\/II ITACTUHKHA YBCIIMYUBACTCH.

Iepexon monoB CU?" m3 pacTBOpa Ha MIACTMHKY NPHBOAMT K TOMY, YTO MemHAs
TUTACTHHKA 3aPsKACTCS TIOJI0KUTEIBHO.

PaccmoTtpenHsIit ranbBaHrdecKuil aneMeHT (iemMeHT Jlanuans — SIkoOu) cxemaTudecku

MOYHO 3aITUCaTh CICAYIOIIUM 00pa3oM:
(-)Zn[znSO4|[CusOy|Cu(+)
WM B HOHHOU (hopMme:

(—)Zn‘anJr Cu?*lCu(+)

OauHOYHBIE IMHUU B CXeMax 0003HAYAIOT IPAHHUILy METaJl — PacTBOP, a IBOWHBIC JTUHUU
— TpaHUILy MEXy pacTBopaMu. OTpUIIaTENIbHBIN 2IEKTPO/I (aHO) 3alUChIBACTCS CIIEBA.
B ocHoBe paboTel pa300paHHOTO 3JIEMEHTa JIKHUT OKHCIUTEIHHO-BOCCTAHOBUTEIbHAS

peaKknus:

Zn+CuSO, — ZnSO, +Cu

WM B HOHHOU (opme:

Zn+Cut = Zn®t +Cu
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B rajpBaHHYECKOM 3JIEMEHTE, COCTABJICHHOM M3 KEJE3HOW IUIACTHHKH, OIMYIICHHON B
pactBop FeSOs, u cBuHIIOBOU TuTacTHHKH, omyiieHHOW B pacTBop PDH(NO3)2, xene3o sBisiercs

AHOIO0M. CXCMa 9TOI0 2JICMCHTA ClICAyronas:
(—)Fe\ FeSO,|Pb(NO3),|Pb(+).

Ha >xene3nom snextpoje (aHOJE) MPOUCXOAUT OKHUCICHUE. DTOT MPOIECC OMUCHIBACTCS

CJICAYIOIIUM SJICKTPOHHO-MOHHBIM YPABHCHUCM!

Fe¥ — 2e «» Fe?*,
Kenesnslii 2IEKTPOT MPUOOPETAET OTPUIIATEHHBIN 3apsiI.

Ha cBuHIIOBOM 3nekTpose (KaToze) MPOMCXOIUT TIPOIecC BOCCTAHOBIIEHHS HOHOB Ph?*

U3 pacCTBOpa:

2+ A 0
Pb“" +2e <> Pb”,
CBUHIIOBBI JIEKTPOJ 3aPSKAETCS MOJIOKUTENIBHO.

CymMmupyst 06a ypaBHEHHUS, MOJYyYUM HOHHOE ypPaBHEHHE PEAKIIMH, MPOTEKAIONMICH B

JaHHOM T'aJIbBaHUYCCKOM J3JICMCHTC!

Fe+Pb*t — Fe?* +Pb.

DNEKTPOHBI 10 TPOBOJHUKY, COCAMHSIONIEMY IUIACTMHKH, OYAyT TMEpeXOoauTh OT
JKEJIC3HOM IUIACTUHKHU K CBUHIIOBOM.

Htak, B raTbBaHMYECKOM 3JIEMEHTE T0 MPOBOJAHHUKY, COSAUHSIONIEMY JJICKTPOJIbI, TCUET
ANEKTPUYECKUI TOK.

[TosiBeHHE JIEKTPUUYECKOTO TOKA CBHAETEIBCTBYET O HAJIMYUHU PA3HOCTH MOTEHIIHMAJIOB
MEXIy OdJIeKTpoJaMu. MHaye TOBOps, Ha OJHOM U3 OJJICKTPOJIOB BO3HUKAET  KaKOMH-TO
onpeIeEHHBIN MOTSHIIUAN, PA3IMYHbBIN I Pa3IUIHBIX JISKTPOIOB.

[ToTeHmman, KOTOPBIN yCTAaHABIMBACTCS HA METAJUIMYECKOM DJIEKTPOJIE, MTOMEIIEHHOM B
pPacTBOP COJIM OJTHOMMEHHOTO METaJlIa, Ha3bIBAETCS AJICKTPOIHBIM MOTCHIIMAJIOM METalIa.

N3mepenHble B CTaHOAPTHBIX YCIOBUSX IOTEHIUAIbl METaJIOB  HAa3bIBAIOTCA
HOPMaJbHBIMU (WJIM CTAaHIAAPTHBIMH) SJIEKTPOJHBIMHU TOTEHIMANaMU MeTauioB. WX 3HaueHus
JUIS pa3IMYHbIX METAIJIOB MPUBEACHHI B Tabmuie 9.1.

Uem nerue wmetamn OTAAET DSJEKTPOHBL, T.€. YEM JIETYE OH OKHCISETCS, TEM
OTPULIATENILHEE €ro JJIEKTPOJHBIM moTeHuuan. MHaue roBops, MO BEIMYHMHE 3JIEKTPOIHOTO
MOTEHIIMAa MOXKHO CYTUTh O COCOOHOCTH METajlla OT/AaBaTh AJIEKTPOHBI, T.e. 00 aKTHBHOCTHU

MmceTalia.
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bonee akTuBHBII MeTamn uMeeT OoJjiee OTPULATENBHYIO BEIWYUHY 3JIEKTPOIHOTO
noreHuuana. Tak, HOPMalbHBIE MJIEKTPOAHBIE IIOTEHUMAJIbBl MarHus, UUHKA W MEIH

COOTBETCTBEHHO paBHbI (B B):

0° (Mg /Mg?") =—-2,34:90° (Zn/ Zn?*) = -0,76;¢° (Cu/Cu®*) = +0,34.

CpaBHI/IBaFI 39THU 3HAYCHUA, MOXHO CACIaTh BBIBOJ, UTO HaH6onee AKTUBHBIM U3 3TUX TpéX
METAJIJIOB SABJISICTCS MaI“HI/If/'I, a MCHCC aKTUBHBIM — MCb.

B TaJJbBAaHUYECCKOM 3JJIEMCHTC, MMCIOILIIEM JBa paSJ'H/ILIHI)IX METAINITNYCCKUX 3J'ICKTpO}Ia,
aHOJOM OyJeT METaUl C MEHBIICH BEJIMYMHON CTaHAAPTHOTO AJIEKTPOJHOTO TOTEHIIMANA, T.€.
0oJiee aKTUBHBIH METaI.

Hamnpumep, B ralbBaHM4ECKOM 3JIEMEHTE
Mg‘Mg 2*1zn*|zn

HauOoJyiee OTPHUIATEICH DJIEKTPOJHBIM TMOTEHIIMAd MAarHusi, IO3TOMY MAarHUEBBIN
ANEKTPOJT OyIeT aHOAOM.

Ha maraueBoM ssekTpose (aHoae) uAET MpoIecc OKUCICHHS TI0 YPaBHEHHUIO:
0 2+ -
Mg~ <> Mg“" +2e,
Ha nunkoBOM anekTpoae (KaToz[e) MIPOTEKAET MPOIIECC BOCCTAHOBJICHUS [TMHKA!
2+ - 0
nN“T +2e > 7Zn"

10.36 CymmapHOE€ HOHHOE YpPaBHEHHE PEAKIIMH, TPOTEKAIOUICH B TAKOM raJbBAHUYECKOM

QJIEMCHTC, CIICAYHOHUICC:

0 2+ 2+ 0
Mg™ +4Zn“" > Mg“" +2Zn",
Beanunna QJICKTPOJHOI'O IIOTCHIHAJIa MCTAaJlJIa 3aBUCUT, I''TAaBHBIM 06p330M, OT ITPHUPOJAbI

MCTaJUIa, TEMIICPATYPbl W KOHHLCHTpALIMM HOHOB MCTAJJIa B PACTBOPC. OTa 3aBUCHUMOCTH

BbIPpA’KaCTCs YPABHCHHUEM HepHCTaZ

° 0,059
0=0 (Me/Men+)+TIg C(Me"™), ©.1)

e ¢ (Me/Me™) — HopMaIbHBII HIEKTPOHbIN TOTEHINAT;
N — YUCIIO0 OTAaBaEMbIX (PUHUMAEMBIX) METAJLIOM 3JICKTPOHOB;

C(Me"™) — KOHIIeHTpallis HOHOB METAJla B PACTBOPE, MOJIb/IM®.
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IIpy KOHIEHTpAalMM HMOHOB METajlla, paBHOH 1 Momb/mM®, BTOpoOi wuneH ypaBHeHHS
0 %
oOpamaercss B HOJb, TOTJAA @ = @, mM.e. 2IeKMPOOHbIL NOMEHYUdl Memaila Hnpu e2o
konyenmpayuu 1 monw/om® npedcmasnsem cob6oii cmanOapmHbwlil 2NEKMPOOHbLI NOMEHYUAL.

SHGKTPOI[BI/DK}’IIIEUI cuna E raapBaHHMYECKOTO JIIEMCHTA onpeaACIACTCA Pa3sHOCTBIO

[OTEHIMATOB KATONA U aHofa: & = DOk —PA.

Tak, D3/IC MaraueBO-UMHKOBOIO TaJbBaHUUYECKOIO JJIEMEHTA, IPH KOHILIEHTpaLMIX

HMOHOB COOTBCTCTBYIOIIUX MCTAJLJIOB OJWH MOJ'II)/I[Mg,

cocrasmser: E = ¢°(Zn/Zn?") — p° (Mg / Mg?*) = —0,736 — (-2,34) =1,604 B.

Uewm OoJibIie pa3HOCTh B 3HAYCHUSX CTAHIAPTHBIX AJIEKTPOHBIX MOTSHIIMAJIOB METAJLIOB,
tem Oosbie DJIC raTbBaHMYECKOTO 3JIEMEHTA, KOTOPBIM 3TH METaJUIbl 00pa3yIoT.

CpaBaum DJIC TOMBKO YTO pa300paHHOTO MarHUEBO-IIMHKOBOTO TajbBAHMYECKOTO

anemenTa ¢ DJIC MarHueBO-MeIHOTO AJIIEMEHTA.
(—)Mg‘Mg 2+H2n2+\2n(+);
C(Mg/Mg?*)=C(Cu/Cu?") =Luons!om®

E = ¢°(Cu/Cu®")—¢°(Mg/Mg?") =+0,34—(-2,34) = 2,68B. .

Wrtak, yeM panpiie Apyr OT Jpyra HaxoAsTCS METaibl B TaliMile HOPMAalIbHBIX
AJIEKTPOIHBIX MMOTEHIIUATIOB, TeM Ooubine DJIC raTbBaHUYECKOTO IIEMEHTA.

Kak oTmeuanock paHee B paszzeiie, 3aBUCUMOCTb BEJIMUUH SJIEKTPOAHBIX MOTEHIIAIOB OT
KOHLIEHTPALIMM OKUCIUTENbHOM M BOCCTaHOBUTENbHON ¢(opMm pearenta u oT pH cpensl
BBIpakaeTcs ypaBHeHueMm Heprcra (9.1).

VYpaBunenue HepHcra no3BosisieT npoBoauTh pacdeT DJIC ranbBaHUUYECKUX 3JIEMEHTOB
MIPH YCIOBHUSAX OTIMYHBIX OT CTAaHAAPTHBIX.

N3menenne wuzobapHoro mnoteHnuana ['mG6ca B cucTtemMe 4YHMCICHHO paBHO padore,
COBEpIIaeMOi B pe3yibTaTe MPOTEKAHUSI AIEKTPOXUMUYECKON peaKIInu:

AG =-A = nAgpF, (9.2)

rnie A — paboTa »OIEKTPUYECKOTO TOKA, paBHAs MPOU3BEACHUIO YHCIAa MOJIb

MIEPEHECEHHBIX AIEKTPOHOB N, HANPSIKEHUS B MEKTpUUECKOi nenu Ag u noctostHHo Papanes
F =96 454 Kn/mons = 96 500 Kn/mons.

JI1st cTaHAapTHBIX YCIIOBUM:

AG? =_-A%=_nAp °F. (9.3)

Koncranta paBHOBeCHsS HIIEKTPOXUMHUYECKON pEeaKUMH [UIsl CTaHIAPTHBIX YCIOBHUM

omnpenensercss opMyJION CIeIyIONIEro BUIa:
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g K - =16,9nA¢° . (9.4)

)

BennuuHbl KOHCTAaHT PaBHOBECUM VI PA3HBIX 2JIEKTPOXUMHUUYECKUX PEAKIUH IT03BOJISIOT
ONPEEIATh CTENEHb UX HEOOPATUMOCTH.

[TocKOJIBKY 2JIEKTPOIHBIN MOTEHIMAI METaJlla 3aBUCUT OT KOHLEHTPALMU PacTBOpa, TO
MOXHO COCTaBUTh LE€Nb W3 OJMHAKOBBIX METAUIMYECKHUX DIIEKTPOJOB, IOIPYKEHHBIX B
pacTBOpBI C PA3JIMYHOM KOHLEHTPALMEH HMOHOB 3TOT0 METala — 3MO KOHYEHMPAYUOHHHIU
2aNb8AHUYECKUU DTIeMEHM.

OJ1C KOHIIEHTPAIIMOHHOTO JIEMEHTA OTPEEISIETCS IO PopMYyIie:

Z+
e = %059 C,(Me™)

Z " Cy(Me™)

riae C(Me?") — KOHIIEHTpAIMs HOHA METayuIa B MPUIIEKTPOIHOM CII0€, MOJIB/IMS, IPHYEM

(9.5)

C1(Me*) > Co(Me*) ; Z — cTeneHb OKUCIIEHHS HOHA.

OGopynoBanue U MaTepUAaJIbI
. JIBa crakaHa émkoctbio 100 cnm®
. PactBop CuSO4, C(CuSO4) = I monv/om®.

1

2

3. Pactop ZnSO4, C(ZnSO4) = I monv/om®.
4, MenHas IUTacTHHKA

5. IluHKOBas TIACTUHKA

6. MenHbie MPOBOJIOYKHI

7. BoibT™meTp

8. U — obpaznas TpybOka

9. pactsop KCI

10. Arap-arap

Yxka3aHusi 10 TeXHUKe 0e30I1aCHOCTH
1. Bce paboTbl B XMUMHYECKOW 1aOOpaTOpPHHM JOJDKHBI IIPOBOAUTHCS TPH HCIPABHOM
3JIEKTPOOOOPYIOBaHHH, IIEKTPOIPOBOIKE, TIPABHIBHO 000PYIOBAHHOM BBHITSDKHOM HIKaQy.

2. T'a30BbIe KpaHBI U Ta30IPOBO]] JOJKHBI HAXOANUTHCS B UCTIPABHOM COCTOSTHHH, TTEPHOIHICCKH
TIPOBEPATHCS.

3. Pabodee mecTo comepkaTh B OPSIKE U YUCTOTE.

4. Cyxue peakTuBHI TpeOyeTcss OpaTh YMCTHIM IIIATENEM HIIA CHIEIHAIEHON JTOKEIKOM.

5. Msnmuiuek peakTHBa HE BBUIMBATH OOPATHO B COCY/I, M3 KOTOPOTO OH OBLT B3ST.

6. Bce OmbITHI C BpeAHBIMU M TAXHYIIMMH BEIIECTBAMH, a TAKKE yITAPUBAHUE KUCIIOT M KU CIBIX
pPacTBOPOB MPOBOJIHTH B BBITSHKHOM IIKaQy.

7. OcraTKu coenMHEHH cepedpa CIMBAaTh B 0COObIE CKIISTHKHU.

8. IIpu HarpeBaHMU PacTBOPOB B MPOOMpPKE BCEr/a CIEAyeT NepKaTh €€ TaKuM 00pa3oM, YTOOBI
OTBEpCTHE MPOOUPKH OBIIIO HAIIPABJICHO B CTOPOHY OT PabOTAIOIIEro PSAOM Cocera.

9. He HaKJIOHATH JIMIO HAJ HATPEBAEMOH KHUKOCTHIO MJIH CILIABIISIEMBIM BEIIECTBOM.

10. He cnenyer BApIXaTh Maxydue BEIIECTBAa M Ta3bl, OJM3KO HAKIOHSACH K COCYHY C 3TUMH
BemecTBaMy. HioxaTh BelecTBa MOXHO JIMIIb OCTOPOKHO, HANpaBJIsis K cede Maphl WM Ta3 IBUKECHHEM
PYKH.

11. XpaHuTb pacTBOpPBI KOHLIEHTPUPOBAHHBIX KUCIOT U LIEJIOYEH B BHITSDKHOM IIKaQy.

12. BoumBath pa30aBieHHbIC KHCIOTHI U IIEJIOYHbBIE PACTBOPHI CIEAYET B CIMBHYIO CKIISTHKY.

13. Kareropuuecku 3amperiaercs npoO0oBaTh XMMHUUECKHE BEILIECTBA Ha BKYC.
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14. TIpu paboTe ¢ JIETKO BOCIUIAMEHSIOIIUMUCS BelecTBamMu (3GUphI, OSH30I, CEpoyriaepoa U
T.J1.) HE TO/DKHO OBITH PSITIOM OTHS U BKJIFOYEHHBIX TIIUTOK.

15. Tlpu paboTe cO CTEKIOM, XHMMHUYECKOH TOCYJ0W, HEOOXOAMMO COOI0JaTh IpaBUiIa
MPEIOCTOPOKHOCTH BO N30©KAHUE PAHEHHI OCKOJIKAMH CTEKJIA.

16. Kareropudecku 3ampemiaercs OCTaBIsATh padoTaromme npuOopsl 0e3 HAONIOICHUS.

25. B xumuyeckoii 1abopaTopun HEOOXOAUMO paboTaTh B XaJare.

3aganud

Onvim 1 BospMure nBa crakana émxocteio 100 cM®. B omun U3 HuX Haneiite pacTBOp
CuSOs, B mpyroit — pactBop ZnSOs. Kownrenrpamuu pactBopoB oauHakoBbl: C(CuSQOs) =
C(ZnSOs) = 1 monv/om®.

B nepBblii cTakaH OMycTUTE MEIHYIO IJIACTUHKY, BO BTOpPOM — HHMHKOBYIO. K 00eum
IUIACTUHKAM TPUKPENUTE MEAHbIE IPOBOJIOYKH, KOTOpPbIE COEAMHUTE 4Yepe3 BOJIBTMETP.
PactBopel B crakanax coemunute U — oOpasHoil TpyOkoi, HamojHeHHO# pactBopom KCI B
cMecu c arap-arapoM. HalOmronaercss OTKIIOHEHHME CTpeNKM, T.€. B LENu TOsBISETCS
AIEKTPUYECKUN TOK.

Tabauya 9.1 Cmanoapmuvie 21eKmMpoOHble NOMEHYUATIbI MEMAILILO8

YpaBHEHHE TOJTypEaKIUH 0, B VpaBHeHHE NOJTypeaKuH o', B
Ag*+ e >Ag +0,7994 Hg §+ 1 2e s Hg +0,792
APR* + 3¢ & Al -1,66 K'+e— K -2,923
AU + 3e — Aut +1,41 Lit+ e« Li -3,04
Autt + e Au +1,50 Mg?* + 2e —Mg -2,37
Au* + e <> Au +1,68 Mn?* + 2e < Mn -1,17
Ba?* + 2¢ <> Ba -2,91 Mo®* + 3e « Mo -0,2
Ca’* + 2e & Ca -2,79 Na* + e < Na -2,713
Co%** + 3e — Co +0,46 Ni%* + 2e & Ni -0,228
Co?* + 2e «— Co -0,29 Pb%* + 2e <> Pb -0,126
Cr¥* + 3e & Cr -0,74 Pb** + 4e < Pb +0,77
Cd** + 2e > Cd -0,403 Pd?* + 2e <> Pd +0,915
Cu®* + 2e & Cu +0,345 Pt** + 2e & Pt ~+1,2
Cu"+ e« Cu +0,531 Rb* + e« Rb -2,924
Fe3* + 3¢ & Fe -0,058 Sh3* + 3e & Sh +0,20
Fe?* + 2¢ « Fe -0,473 SNt + 2e & Sn -0,140
2H" + 2e « H> 0,0000 Sr¥t + 2e & Sr -2,89
Hg?" + 2e < Hg +0,850 Zn°t +2e & Zn -0,764

Conepxanue oT4yeTa
Hanummure ypaBHeHHsI 2IEKTPOIHBIX MPOILIECCOB U CYMMApHOM PEaKIHH, MPOUCXOIAIINX

npu pa60Te 9JICMCHTA. OHpCI[eJ'II/ITe Katoa M aHO. CocraBbTe CXEMY JJICMCHTA, pacch/ITaﬁTe

SJ1C, AG u cTaHIapTHYIO KOHCTAHTY CKOPOCTH.

KonTpoJbHbBIE BOPOCHI
ba3oBblil ypoBeHb
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1Kakue mpomeccsl Ha3bIBAIOT AIIEKTPOXUMUYECKUMHU? YUeM OHU OTIMYAIOTCS OT
00b1yHEIX OBP?

2KakoBbl MPUYMHBI BO3HUKHOBEHUS JABOWHOTO JJIEKTPHUYECKOT'O CIIOS HA MOBEPXHOCTH
METAJTINYECKON IUIACTUHEI B BOIE?

3 Kakoe ycTpoicTBO Ha3bIBAIOT rajbBaHUYECKUM 3eMeHTOM? [IpuBenuTre ero cxemy
Ha KOHKPETHOM TIpUMeEpe.

4 Kakue snexktposapl Ha3bIBalOT aHOJAMH, Kakue — KaToJaMu? YKaXuTe aHod U
KaToJ B LIMHK-CEPEOPSHHOM raJlbBAHUYECKOM 3JIEMEHTE.

5 MoXHO 5 OmNpeAeuTh a0COJIOTHOE 3HAYEHHE JJIEKTPOIHOIO MOTeHIMana?
Kaxoit anexTpos BbIOpaH B Ka4eCTBE JIEKTPOia CpaBHEHUs?

6 Kak ycrtpoen crannmaptHbiii BojoponaHblil anektpoa? Ilpusenurte ero cxemy u
00BSACHUTE IPUHIUN PaOOTHI.

7 Uto Takoe «ps] HanpsKeHu MeTaioB»? Uto oH onpenenser?

IIoBbIIIEHHBIN YPOBEHB

1 Kakoil «XMMWUYECKMI CMBIC» HUMEIOT 3HAKU «1+» M «—» I CTaHJAPTHBIX
3IEKTPOIHBIX NOTEHIUATIOB OKUCIUTEILHO-BOCCTAHOBUTEIBHBIX CUCTEM?
2 Kak ounenuBaror 3/1C ransBanmyeckoro 3neMenTa? OTBET MOSICHUTE HA PUMEPE

KaJIMMI-MEIHOTO rajlbBAHUYECKOTO 2JIEMEHTA.

3 Jlnst wero nmpumeHstoT ypaBHeHne HepHera? Hanmmmre Gpopmyity mpuBeIeHHOTO BAIA
3TOTO YpaBHEHHS.

4 Kakue npubopsl HAa3bIBAIOT aKKyMyssiTopamMu? KakoBbl UX TUITBI?

5 Kak ycrpoen cBuHIOBBIN akkymyasarop? [lpuBenure ypaBHEHHS, OIHMCHIBAIONINE
IIPOLIECCHI €T0 3apsaaa-paspsaa.
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