MuHuCTEpCTBO HAYKH U BbIcuiero odpasosanus Poccuiickoit @enepanuun
denepalibHOE OCYJAPCTBEHHOE ABTOHOMHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICILIETO 00pa30BaHUs
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHbI YHUBEPCUTET»
HeBuHHOMBICCKHIA TeXHOJOTHYeCKUd HHCTUTYT ((punmuan) CKOY

METO/JHYECKHE YKA3AHUA
0 BBITIOJTHEHHUIO JTA0OPATOPHBIX pabOT
10 TUCLIUIUINHE «XUMUI»

1151 HanpasieHust moarotoBku 15.03.02 TexHonornueckne MaluHbl U
obopynoBaHue
HarpaBlieHHOCTh (npoduib) [IpoekTupoBaHre TEXHUYECKUX U TEXHOJIOTHYECKHUX
KOMIIJIEKCOB

CraBponojsb
2022



Mertoanyeckue ykazaHus pa3padboTaHsl B cooTBeTCTBHH ¢ TpeboBanusmMu O@I'OC BO u paboueit
MIPOrpaMMBbl TUCIHUIIIHMHBI « XuMus». YKa3aHUS MPEIHAa3HAYCHbI ISl CTYJICHTOB OUYHON (OPMBI
oOyuenus, HanpaBiaeHust noArotoBku 15.03.02 TexHomorMueckue MaIMHBI U 000PYOBaHNE

Cocmasumenu T.C. Yepeonuuenko, KaHO.XuM.HAYK
K.C. Cwinko, accucmenm.
Oms. pedakxmop A.JL IlpockypHuH, KaHO.XUM.HAYK, OOYEHM.



Conepxxanue
BBenenue
Tema 1. OcHOBHBIE MOHATHS ¥ 3aKOHbI XUMHUH.
JlaGopaTopHas padora 1. OcHOBHbIE KJIACCHI HEOPTaHUYECKHX BellecTB
Tema 5. O611He 3aKOHOMEPHOCTH MPOTEKAHUS XUMHUYECKHX MPOLIECCOB.
JladopaTopHas pa6ora 2. XuMHUYecKasi KHHeTHKA U XUMHYeCKoe paBHOBecHe
Tema 6. PacTBOpbI
JladopaTopHas pa6ora 3. DIeKTPOJIUTHYECKAS TUCCOIHALNS
Tema 6. PacTBOpbI
JladopaTopuas pa6ora 4. [IpoTosan3 coJei
Tema 6. PacTBOpBbI
JlabopaTopHnas pa6ora 5. [IpousBeneHne pacTBOPUMOCTH
Tema 6. PacTBOpbI
JladopaTopHas padora 6. PacTBopbl
Tema 7. KommiekcHble coelMHEHU S
JladopaTopHas padora 7. KoMnjiekcHbie coeTMHEHUA
Tema 8. OkuCIANTENBHO-BOCCTAHOBUTEIbHbIC PEAKIINH
JlaGoparopHas padora 8. OKMCIMTEIHLHO-BOCCTAHOBUTEIbHbIE
Tema 9. OcHOBHBIE OJT0KEHHS JTIEKTPOXUMHH.
JlaGoparopHas padora 9. 'anbBaHn4YecKHe 3J1eMEHTbI

o1 o101

1
15
25
25
32
32
38
38
45
45
51
51
61
61
68
68



Beenenue

JucuurumHa «Xumus» OTHOCUTCS K JAUCHHILIMHE 0a30Boi wacTh. OHa HampaBiieHa Ha
dbopMupoBaHHEe  OOMIEKYIBTYPHBIX, NPO(ECCHOHATBHBIX ¥  00menpodecCHOHATLHBIX
KOMIIETEHIMI 00yJaromuxcs B mpolecce BeIoJHeHnus padot, onpeaeneHusix @I'OC BO.
Mertoanyeckne ykazaHUs COCTAaBIICHbl Ha COBPEMEHHOM HAyYHOM YPOBHE M PacCUMTaHBI Ha
CTYIEHTOB, 10 HarpasieHuto 15.03.02 TexHosornyeckue MalvHbl 1 000pyI0BaHUE.

[TocnenoBaTenbHOCTH JTA0OPATOPHBIX PabOT COOTBETCTBYET JIOTMUYECKOH CTPYKType ee
npoxoxaeHus. [Ipemmaraempie MeToAWYECKHE YyKa3aHUS COJEp)KaT Marepuair, KOTOPBIHA
PEKOMEH/IyeTCsl MCTIOBb30BATh CTYICHTAM MIPH OCYIIECTBICHNH JTA00PAaTOPHBIX padoT.



Tema 1. OcHOBHBIE NOHATHS M 3aKOHbI XHMHUH.

JIaﬁopaTopHaﬂ pa60Ta 1. OcHOBHBIE KJIaCChI HEOPraHU4YE€CKUX BEIIECCTB

enp paboTel: M3ydeHHEe OCHOBHBIX KJIAacCOB HEOPraHWMYECKUX COCAMHCHUH W HX
XUMHYECKUX CBOMCTB.
dopmupyemMble KOMIETEHIIUN UIH UX YaCTH:

HNupexc DopMyIUpOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AIMK U CaMOOOpPa30BAHUIO
OIIK-4 MMOHMMAaHHEM CYLIHOCTH U 3Ha4eHMsI MH(pOpMalluK B pa3BUTUU

COBPEMEHHOTO0 00I11€CTBa, CIIOCOOHOCTHIO MOJIY4YaTh U 00pabaThIBaTh
I/IH(bOpMaIII/IIO M3 pas3IMYHbIX UCTOYHHUKOB, TOTOBHOCTBIO HHTCPIIPETUPOBATD,
CTPYKTYpUPOBATh U 0POPMIISITh HH(DOPMALINIO B JOCTYIIHOM JUIsL IPYTUX
BHUC

ITK-5 CIOCOOHOCTBIO MPUHUMATH ydacTHe B paboTax Mo pacuery u
MIPOEKTUPOBAHUIO JIETATIEHN U Y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIIUI B
COOTBETCTBUU C TEXHHYECKUMHU 33JJaHUSAMH U UCIIOIb30BAHUEM
CTaHJAPTHBIX CPEJCTB ABTOMATH3ALIMU TPOECKTUPOBAHMS

TeopeTnyeckas 4acTb
Oxcuanl

Crpoennie okcumoB. OKCHUIBI TPEACTABISIOT CO00M CIOXKHBIC BEIIECTBA, COCTOSIINE U3 aTOMOB
JBYX 3JIEMCHTOB, OJHUM U3 KOTOPBIX SBJISAETCS KHCIOPO/I.

Takoe omnpeeeHne OKCHIOB IO 3JIEMEHTAPHOMY COCTaBY HE SBJISICTCS 3aKOHYCHHBIM U TpeOyeT
YTOYHCHHS: K OKCHJaM CJIEAYeT OTHECTH TOJBbKO TaKUe KUCIOPOIHBIC COSITUHEHHS, B KOTOPBIX CTEIICHb
OKHCJICHHS KUCIIOpOIa PaBHa — 2.

Oxcuzibl MOT'YT 00pa30BbIBaTh KaK METaJlIbl, TAaK M HEMETAJLIBI.

Jliist TOro 4ToOBI COCTABUTHh XMMHYECKYIO (hOPMYITy JIF00Or0 OKCH/Ia, HEOOXOAMMO IOMHHUTh, YTO
MOJICKYJIBI XUMHUYECKHX COCIMHCHHH SJCKTPOHEUTpadbHBI. OTO O3HAYAET, 4YTO CYMMa CTeleHEH
OKHUCJICHUS 3JIEMEHTOB, BXOJISIIIMX B COCTAB MOJICKYJIBL, JIOJKHA OBITh PaBHA HYIIIO.

Hanpumep:

Na,"'0? — oxcnn HaTpust; 2052 — okern docdopa (+5).

Crnenyer 3HaTh, 4YTO OONBIIUHCTBO 3JIEMEHTOB B 3aBUCHMOCTH OT YMCIIa BO3MOJXKHBIX CTENEHEH
OKHCJICHUSI MOTYT OOpa30BBIBATH HECKOJNBKO OKCHIOB. Hampumep, a3or oOpa3yeT msTh OKCHUIOB, T.K.
HMECT IIATh IOJI0KHUTENbHBIX cTeneHel okucaeHus (+1, +2, +3, +4, +5): N2O, NO, N2Os, NO2, N2Os.

Homenknatypa u rpaduyeckue GopMynsl okcuaoB. Ha3BaHue okcuza CKIIAABIBACTCS M3 JBYX
cioB: 1) okcupa;, 2) pycckoe Ha3BaHHE JJIEMEHTa C yKa3aHWEM B KPYIJBIX CKOOKax ero CTeleHu
OKHCIIEHHS.

[Mpumeuanue. Eciu 351eMEHT UMeeT B CBOMX COCAMHCHHSX TONBKO OJHY CTEIEHb OKUCIICHHS, TO
e€ 0ObIYHO HE TIPUBOJISIT:

Zn0O — okcun muaka; CaO — okcwmn kameiust; FeO — okenp xxenesa (+2); SnO; — okcua oiroBa
(+4); Na20 — okcup Hatpust; Al,O3 — OKCHJT ATFIOMHUHUS.

1. KucnotHple ©  HEKOTOpbie  aM(OIUTHBIC  OKCHIBI  HA3BIBAKOTCA  AHTUAPHUIIAMH
COOTBETCTBYIOIIUX KUCJIOT:

B0z — 6opHbIit aHTHAPHIA, OKCH Oopa (+3);

SiO; — KpeMHHEBBIN aHTUAPH/I, TUOKCH] KpeMHHS (+4);

N2Os — a30THBIN aHTUAPUT, OKCHJ a30Ta (+5);

Sb203 — CypbMSIHUCTBIN aHTHIPHUT, OKCHJT CYPHMBI (+3).

2. Ha3BaHHsS OKCHJIOB TIO MEXKIyHApOJHOW HOMEHKIIATYpe CKIIAJbIBACTCS M3 CJIOBa OKCHU],
Ha3BaHHA DJIEMEHTA C YKa3aHHEM ero CTENEeHH OKUCIEeHUs (apaOCcKkuMu UGpaMu B KPYTIIBIX CKOOKaX):

CuO - okcupn memu (+2);

Cu0 — okcua menu (+1);

FeO — okcupa xenesa (+2);




Fe O3 — okcup xenesa (+3).
3. B 3aBHCHMOCTH OT CTENEHH OKHCIICHHS SMIMPHUECKUE U Tpaduueckue GOpMyIbl OKCHIOB
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Knmaccudukamms okcumoB. Bce okcuapl (IT0 WX CBOMCTBAM) MOXKHO —pa3leiluTh Ha
coreoOpasytomme 1 HecoieoOpa3yromue.

K HeconeoOpasyromum otHocsTes okcuasl: N2O, NO, CO.

Bce ocrampable OTHOCATCS K coneobpasyromuM. ConeoOpasyronme OKCHIBL, B CBOIO OYepeb,
MOKHO Pa3felNTh Ha TPH TPYIIIIHL:

—  OCHOBHFIE;

—  KHUCIIOTHEIE;

—  aMm{QoNHTHEIE.

OcHoBHBIE OKcHIBI. K OCHOBHBIM OKCHIAM OTHOCSITCSA OKCHIBI, TUAPATHl KOTOPBIX SBIISIOTCS
OCHOBaHUSIMH.

Hanpumep:

Na;O — NaOH;

Ca0 — Ca(OH);;

FeO — Fe(OH)..

4. Okcunsl cambix aktuBHBIX MetaiuioB (K, Na, Ca u 1p.) COeIMHSAIOTCS HEMOCPENCTBEHHO C
BOJIO#1, 00pa3ysi paCTBOPHMBIE B BOJIE CUIILHBIE OCHOBAHUS — HIEIOYN:

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

BaO + H,0O = Ba(OH)..

5. bBompmmaCcTBO 0cHOBHBIX OKcHOoB (CuO, FeO, Fe;O3 u np.) TUI0X0 pacTBOpSIOTCS B BOJIE.
[To3TOMY COOTBETCTBYIOIIME UM OCHOBAHUS (OHH TaKXKe HEPACTBOPUMBI B BOZIE) IOTYYAOTCS KOCBEHHBIM
IyTEM.

6. XapakTepHbIM CBOHCTBOM OCHOBHBIX OKCHJIOB SIBIISIETCS B3aUMOJICHCTBHE UX C KHCIOTaMHU
WJIM KUCIIOTHBIMH OKCHJIaMHU C 00pa30BaHUEM COJICH:

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

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



7. OCHOBHBIE OKCHJIBI 00Pa3yIOTCS TOIBKO METaIAMHU.

Kucnorueie okcumpl. K KUCIIOTHBIM OKCHJIaM OTHOCSTCS OKCHJbI, KOTOPBIM COOTBETCTBYIOT
KHCJIOTBI;

CO2 — H2COs;

SO; —» HzSO4;

P20s5 — H3POs.

8. KucnorHsie okcuabl 006pa3yroT:

a) okcuael HemetawioB — N2Oz, N2Os, SO,, SOs, P20s, P2Os u ap.;

0) OKCH/BI HEKOTOPBIX METaNIOB MOOOYHBIX MOATPYII, UMEIONIMX BBICIIYIO (PaBHYIO HOMEPY
IpyIIb) Wik OJIU3KYH0 K Hel crenedb okucinenus — CrOs, Vo0s, Mn,O7, MnOs;, MoOs u 1.1.

9. KwucnoTHble OKCHIBI B3aMMOCHCTBYIOT C OCHOBAHHMSIMH W OCHOBHBIMH OKcHIamH. WM
COOTBETCTBYIOT TUAPOKCHUBI, ITPOSABIIAONIUEC KUCIIOTHBIC CBOMCTBA:

SO, + 2NaOH = Nay;SO3 + H,0:;
SO, + K0 = K3SOs3;
SO, + H,0O = H,SO0s.

10. BoOmbIIMHCTBO KHCIOTHBIX OKCHIOB PAacTBOPHUMO B BOJIE W, pearupys C Hel, oOpasyer
KHCJIIOTHI. HOBTOMy KHCJIOTHBIC OKCHUABI HA3bIBAIOT TAKXKC aHTHAPUIaAMU KHCJIOT (((aHFI/IIlpI/II[)) O3HayacTr
«OE3BOHBIIN).

1) N.Os + H,O — (HzNzOs) — 2HNOs3;

2) SO;3 + H,O — H,SOy4;

3) CrOs;+ HO — H.CrOy;

4) Cl,07 + H,0 — (H2Cl,0g) — 2HCIOy;

5)  Mny0; + H,0 — (H:Mnz0g) — 2HMnNO..

11. CTeneHu OKHCIIEHNS JIEMEHTOB B OKCHJIE M B KHCJIOTE OJMHAKOBEIE, HAaIpuMep, B Mn, 'O7 1
HMn7+O4.

Amdonutapie  okcuapl. K aMQOMUTHBIM OKCHIaM OTHOCATCS OKCHJBI, OOJajaromiue
CHOCOOHOCTBIO PearupoBaTh KakK ¢ KUCIOTaMH, Tak U co 1ieiaodamu: BeO, ZnO, SnO, PbO, Al;O3, Cr,0s.

12. Ux rugpatHbie ¢GopMbl — aMGOIUTHBIE THAPOKCHUABI — O0JIAJAlOT CBOMCTBAMH Kak
OCHOBaHU1, TaK U KUCIIOT, T.€. OHU BCTYIAIOT B PEAKIINU B3ANMOJICHCTBUS C KACJIOTAMH U IIEIOYaMH.

13. AMdonUTHBIC OKCHIBI HEPACTBOPUMEI B BOJIE.

14. AMdonuTHBIE OKCHIBI, MPOSBIISAS CBONCTBA OCHOBHBIX OKCHJIOB, PEATUPYIOT C KHCIIOTAMH,
00pasys coib 1 BOAY:

ZnO + H,SO4 = ZnO4 +H.0;

PbO + 2HNO3; = Pb(NOs), + H20;
Al,O3 + 6BHNO3 = 2A|(NO3)3 + 3H,0.
15. AmdonuTHBIE OKCHIBI TakXe OOpa3ylOT CONM TPH B3aMMOACHCTBHH C OCHOBAHWSIMHA H

OCHOBHBIMH OKCHIAaMH:
CIUIaBJIEHUE

Zn0O + Na,O —————> Na,ZnO0y;

CIUIaBJIICHUE

ZnO + 2NaOH — > NaxZn0, + H.0:;

ZnO + 2NaOH + H,0 = Naz[Zn(OH)4].

16. Naz[Zn(OH),] — xommiekcHas conb. B cocTaB KOMIUIEKCHOM COIIM BXOIST:

1) moH Merasuia aMQOINTHOrO OKCHIA (C TOH XKe CTENEeHbI0 OKUCIeHns) Zn2";

2) runpokcuibHble rpymmsl OH

3) MOHBI M€TaLIa, BXOSIIErO B COCTaB Enoun, Na®.

Uwucnao ruIpOoKCHIBHBIX TPYIIN (JMTaHO0B), KOTOPOE MOXET YJCPKUBAThH IEHTPAILHBIA aTOM —
KOMITJIeKcooOpasoBartelb (Meral aM(MOITUTHOTO OKCHUAA), OMPEACTSIeTCS KOOPIUHAIMOHHBIM YHCIIOM,
MPUCYIIUM JaHHOMY METalTy.

17. KoopauHauuoHHkIe uncna paBusl: Be?* — 4, Zn* — 4, Sn** — 3, Pb* — 3, AP** — 4, Cr¥* — 4,

18. Paccmorpum mpumep cocTaBiieHHsT (OPMYNbI KOMIUIEKCHOM COJH, TONydaromnieics u3
TUIPOKCH/IA IIMHKA U mEnodr. KOMIUTEKCHBIH HOH CONEpKHMT KOMILIeKcoobpasoBatens Zn?t u dersipe
noHa ruapokcuina. CyMMapHBIN 3apsiJi KOMIDIEKCHOTO FOHA paBeH —2, a COCTaB €ro MOXKHO M300pa3uTh
dopmyoii [Zn(OH)4]*. DTOT KOMIUIEKCHBI MOH SABJIAETCS AHHMOHOM. 3aps[ KOMILIEKCHOTO aHHMOHA
HEHTpanu3yercs KaTHOHOM, BXOZSIIIUM B COCTaB IEN0YH (TPOTHBOMOHOM). Ecim 3T0 0/THO3apsAHBIN MOH
(K" wim Na®), To cocraB KOMIUIEKCHOM COJM MOXKHO 3amucarh (opMyaamu: K2[Zn(OH)4],
Naz[Zn(OH)4].

19. Ha3zBaHuWs KOMILJIEKCHBIX COJIel (AHHOHHOTO THUTIA):

7



Naz[Be(OH)4] — terparuapokcodepuiiar (+2) HaTpus;
Naz[Zn(OH)4] — TerparuapokcoukaT (+2) HaTpHs;
K[Sn(OH)3] — TpuruapokcocranHar (+2) Kajius;
K[Pb(OH)3] — Tpurnapokcormarombar (+2) Kamms;
Na[Al(OH)4] — TerparunpokcoantomMuHar (+3) HaTpus;
K[Cr(OH)4] — Terparuapokcoxpomat (+3) Kasmsi.
Kucaorst
KucnoramMu Ha3bIBaIOTCSI CIIOKHBIC BEIECTBA, MOJCKYJBl KOTOPBIX COCTOST M3 KHCJIOTHOTO

oCTaTKa U aTOMOB BOJ0OpOAa, CITOCOOHBIX 3aMCIIaThCsa Ha MCTAJIJI.

Kucnorsl MOXHO paccMaTpuBaTh Kak MpPOAYKT B3aUMOJEHCTBHUA KHUCIOTHBIX OKCHIOB

(aHTUIPUIOB) C BOMIOM:

SOs3 + H,0 = H,SOqy;
CO; + H,O = H,CO:s.
ITo KOJIMYECTBY MOHOB BOJ0pOAA, CHOCO6HBIX 3aMeCIaTbCAd Ha META/UI, B MOJICKYJIC KHUCJIOThI

TIOAPA3IEISAIOTCS Ha OJHO-, JBYX-, TPEXOCHOBHEIE H T.]1.:

HCI, HNOs, HF — oqHOOCHOBHBIE KMCIIOTHI;

H,S04, H>COs, H2S — AByXOCHOBHBIE KHCIIOTHI,

H3PO4, H3ASOs — TpéXOCHOBHBIE KMCIIOTHI.

Ha3zBanusg kucnior:

HCI — xnopoBomopoanas (comsHas);

H2S — cepoBogopoaHas;

HF — ¢TopoBonoponnas (maBukoBasi);

HNO; — a3orHas;

H,SO. — cepnas;

H,COs3 — yronbHas;

HsPO. — oprodochophas.

Kucnotsl B3auMoJIeHCTBYIOT C:

a) ocHoBaunusmMu — HSO4+ 2NaOH = Na;SO. + H,0;

0) ocHoBHbIMU OKkcHaMu — HaSOs+ CuO = CuSO4 + H20;
B) comsmu — HSO4+ BaCl, = BaSO4 + 2HCI.
I'paduaeckne GopmMyIsl KUCITOT.

Nzobpaxast rpaduveckul KUCIOTY, CIeTyeT HCXOAUTh U3 TOr0, YTO OHA COCTOHT M3 IIEHTPAIBHOTO

aToMa HeMeTaJjula, COeOMHEHHOro ¢ ruapokcuiabHoW rpynmoi OH  um xucmopomom. Ilo kommdecTBy
aTOMOB BOZOPOZa B KUCIIOTE€ MOYXHO CYIUTh O KOTMIECTBE THAPOKCIIIBHBIX TPYIIIT B MOJIEK yIIe:

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 MOJICKYJIa KHUCJIIOTBI CONEPKHUT JIBa LEHTPAJIBHBIX aToMa, TO IIpU HEYETHOM YHCIIE€ aTOMOB

KHCJIOpOJa OHHM COCOUHSIOTCS MEXKOY COOOH dYepe3 aToM KHCIOPOAd, a THAPOKCHIIbHBIE TPYNIBI U
OCTaJIbHBIE aTOMBI KUCJIOPOJA PacTIpelessiloTCA OPOBHY MEXAY LIEHTPAIbHBIMU aTOMaMHU:

OH'.

H2$207 H4P207
0] O H-0 O-H
| | \ /
H-O0O-S-0-S-0-H O=P-0-P=0
| | / \
O O H-0O O-H
OcHoBaHuA

OcHoBaHUS — CIIOKHBIC BC€IICCTBA, COCTOAIIME M3 KaTHOHa MCTalllla U FI/IZLpOKCI/IHLHOﬁ Tpynmbl



I'pyny OH™ HasbiBaroT ruapokcn. OTCIoa OCHOBaHUS HA3BIBAIOT:

LiOH — ruapokcu TuTHs;

Ca(OH), — ruapokcuI KambIus;

Fe(OH), — rumpokcu sxenesa (+2);

Fe(OH); — rumpokcu sxenesa (+3).

Yucno ruapokcunbhbix rpynn OH™ B Mojekysie OCHOBAaHHS, CIIOCOOHBIX OTHICIIISATHCSA IPU
JTICCOLIMAIIMHU, ONIPEICIIIET €r0 KUCIOTHOCTD:

a) ognokucioraeie — NaOH, KOH;

0) neyxkucnorusie — Ba(OH), , Ca(OH);;

B) Tpéxkuciorusie — AI(OH)z , Fe(OH)s.

I'padmyeckue hopmyIb:

Fe(OH), Fe(OH)s
H-O- Fe -O-H / OH
Fe — OH
OcHOBaHUS B3aUMOJICHCTBYIOT: \
a) ¢ xkucmoramu: 2HCI + OH Cu(OH); = CuCl; + 2H0;
0) C KHCIOTHBIMH OKCHJAMHU: CO; + NaOH = Na,COs + H,0:;
B) ¢ comsamu: CuSO4 + 2NaOH = Cu(OH)2{ + NazSO..

AMbonUTHBIE THAPOKCH/IBI (TaK K€ KaK M MX OKCHBI) 00JIaJal0T JIBOHCTBEHHBIM XapaKTepOM:
pearupyroT ¢ KUCIOTaMHM — MPOSBISIOT CBOWCTBA OCHOBAHWM, a TAK)KE PEArMPyIOT C INEIOYaMU —
MIPOABJIAIOT KUCJIOTHBIC CBOICTBa

Zn(OH); + H2S0O4 = ZnSO4 + 2H0;

CIINIaBJIICHUEC

Zn(OH); + 2NaOH ————— > NaxZn0; + 2H,0;

pacTtBop

Zn(OH); + 2NaOH ———— > Naz[Zn(OH).];

CIUIaBIICHUE

A|(OH)3 + NaOH ————— > NaAlO; + 2 H.0:

pacTtBop

Al(OH); + NaOH ——— > Na[Al(OH)4].

Kak ykazano Bblle, aM(pOIUTHBIE OKCHUJIBI M THIPOKCHIBI MOTYT pearupoBaTh HE TONBKO C
pacTtBopam¥ Ienodeld, 00pazysi KOMIUIEKCHBIE COJNU, HO U C TBEPAbIMU OC3BOJHBIMHU MICIOYAMH ITYTEM
crtaBnenust, 00pasyst NaAlO, — MeTaaaroMUHAT HATPHS.

IIpu pactBOopeHun B Bome Oe3BomHbIX comedd NaoZnOz m NaAlO, OHM THAPATHPYIOTCA,
MpeBpamasich B KPUCTAUIOTHIPATHI:

NaZnO; + 2H,0 — Naz[Zn(OH)4];
NaAlO; + 2H,0 — Na[AI(OH)a].

HaoGopot, ecnu BbIMapuBaTh pacTBOP COJM KPUCTALIOTHIPATa, & 3aTeM IPOKAIUBAThH

KPHCTAIOTH/IPAT, TO THApPaTHAsA opMa pa3pyllaeTcs, a 3aTeM BoJa YIeTyIHBacTCs

Naz[Zn(OH).] ——> 2H,0 + Na,ZnOs.

Coun
Conu MOKHO paccMaTpuBaTh Kak MPOLYKTHI MOJHOTO MM YaCTHYHOTO 3aMEIICHHs aTOMOB
BOJIOpOJa B MOJICKYJI€ KUCIOTHI Ha aTOM METalIa, JIM0O THAPOKCHIBHBIX IPYII B MOJEKYJIE OCHOBAHHUS
Ha KUCIIOTHBIE OCTATKH. Pa3IMyaroT COIM CpeHKe, KHCIble, OCHOBHBIE, JIBOIHBIE.
Conu pasnyaroT:
a) cpenane — NaSOs4 ,AlCl; , KsPOy;
0) kucieie — NaHSO4 , KH2PO4 , KoHPO,;
B) ocaosHble — AIOHCI; , AI(OH).ClI,
r) nBoitHbie — KAI(SO4)s.
CpenHre COTH MOJTydYaroT:
a) P B3aUMOJICUCTBUH OCHOBHOI'O OKCHJIa C KHCIIOTHBIM OKCHIOM:
CaO + CO,=CaCOg3;
0) npu B3aMMOJICHCTBUU OCHOBAHHMS C KUCJIOTHBIM OKCHJIOM:
Ca(OH)z + CO,=CaCO3 + H.0;



B) MPH B3aUMOJICHCTBUY OCHOBAHUS C KHCJIOTOM (€CIIU BEIISCTBA B3ATHI B IKBUBAJICHTHBIX
KOJINYECTBAX):
Ca(OH); + 2HNO3 = Ca(NO), + 2H:0;
T') IpY B3aUMOJICHCTBUU OCHOBHOTO OKCHJIA C KHCJIOTOM:
CuO + HzS04 = CuSO4 + H0;
1) Ipy OOMEHHO peakinu MEeXIy COJbIO U KUCIOTOM, WIIH BHIMAAAET 0CATOK:
Na.COs + H.SO4 = Na;SO4 + CO; + H,0;
BaClz + H2S04 = BaSOsl + 2HCI;
€) TpU B3aUMOJCHCTBMM COJM CO IIENOYbIO, B pe3yiabTare 4dero obOpasyercs
MaJIoOpacTBOPUMOE OCHOBAHHE HITH JIETKOJIETyUee COeJUHEHNE!
CuSO; + 2NaOH = Na;SO4 + Cu(OH)2\;
NH4Cl + NaOH = NaCl + NHT + H0.
3AIIOMHUTE, urto conu ¢ HepactBopuMbiMu ocHoBaHussMH HE PEAT'MPYIOT!
) NMpH OOMEHHOM B3aMMOJEHCTBUM JIByX COJIEH, B pe3yJibTaTe KOTOPOro oOpa3yercs
MaJopacTBOpuMast Cojb:
AgNOs + NaCl = AgC + NaNOs;
3) MpH B3aWMOJICHCTBHM METAJUIOB C HEMETAJUIAMH, B pe3yJbTaTe KOTOPOro 00pa3yroTcs
COJIM OECKUCITOPOHBIX KHCIIOT:
2Al + 3l, = 2A||3.
Kucnbie comu. Kucnple coinu MOXKHO paccMaTpvBaTh Kak MPOJYKTHI HEIOIHOTO 3aMeIeHHUs
BOJIOPOJIHBIX MOHOB B MOJIEKYJIE KHCIIOTHI HOHAMH MeTalia:
H3PO4 + KOH = KH,PO4 + H20;
Hs;PO,4 + 2KOH = K,HPO, + 2H20;
HsPO,4 + 3KOH = K3PO4 + 3H,0.
KH2PO4 — murunpodochat xanms, Kuciblid (GochOPHOKUCIBINA KU 0THO3aM elIEHHBIH;
K2HPO, — ruapodocdat kanus, Kucibiit GocPOpHOKUCIBIN Kalui JBy3aMEeIEHHBIN;
KsPO4 — oprodocdar xamus, GochOpHOKUCIIBII KaTui.
Kwucnpie conmu kanbimst GochopHOM KUCITOTEI UMEIOT BHI:
Ca(H:POs); — murmmpodochar  KambIus, KACHBIH  (HOCHOPHOKUCIBIN  KaIbIHi
OTHO3aMEIIEHHBIN;
CaHPOQ4 — ruapodochat Kaabiys, KUCIbIHA (GOoCHOPHOKUCIBIN KaIUil 1By3aM eIIEHHbIMH.
OCHOBHBIE COJH — MPOAYKTHI HEMOIHOTO 3aMENIeHHS THIPOKCHUIHHBIX HOHOB OCHOBaHUS Ha
KHCTIOTHBIE OCTaTKH. Takum o0pa3oMm, B MOJIEKYJIe OCHOBHON COIM KPOME MOHOB MeTaJlla ¥ KHCIOTHOTO
OCTaTKa COAepKaTcs U MOHBI THAPOKCHIIA:
A|(OH)3 + HNO; = A|(OH)2N03 + Hzo;
A|(OH)3 + 2HNO; = A|OH(NO3)2 + 2H20;
A|(OH)3 + 3HNO; = A|(N03)3 + 3H-0.
Al(OH);NO; — HuTpar IUTHAPOKCH ATFOMHUHIS,
AIOH(NOs3); — HUTpAT THAPOKCH]I ATFOMUHUS;
AI(NOs3)3 — HUTpaT aTFOMUHHS.
3Has 3apsg HOHa BXOZSIIEro B COCTaB OCHOBHOM COIH, a TAKXKe 3apsiji KUCIOTHOTO OCTaTKa,
HETPYIHO COCTaBUTH (DOPMYITy OCHOBHOW COIIH:
CocTaBieHue ypaBHEHHUSI peaKIMi NOMYyYEHUS BCEX MBICIUMBIX COJIEH MPU B3aUMOJICHCTBUU
THUAPOKCHIA AIFOMHHUS W CEPHOM KHUCIOTHl (HEOOXOIMMO IOMHHTH, YTO HE BCE CONU CIOCOOHBI
CYIIIECTBOBATH):

CrOH(NO3), AI(HSOJ)
MgOHCI

Cr(OH):NO3 7 Alx(SO4)3
Mg(OH), - (MgOH), CO; 7

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

A|(OH)3 + 3H,S0, = A|(HSO4)3 + 3H.0;
2A|(OH)3 + 3H,S0, = A|2(SO4)3 + 6H.0;
Al(OH)3 + H.SO4 = AIOHSO4 + 2H:0;

Cr(OH)s >  CroOHSO, Al(OH)3 > AIOHSO,
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AIl(OH); + 3H,S04 = [AI(OH)2]2SO4 + 2H0.

I'paduueckre Gopmyasl comei. st TpaBHIBHOTO TIpadUUECKOro H300PAKEHHUS CONH
HEOOXOMMO OTUYETIMBO MPEACTABIATh rpaduueckrue GopMysbl KUCIOTHBIX U OCHOBHBIX OCTAaTKOB. Tak,
XJIOpHAsE KUCIIOTa 00pasyeT ofuH KUCIoTHBIN octaTok ClO4

Cepnas xucnora — gsa: SO4% , HSOy

docpopuas kucnora — tpu: POs> , H.PO, , HPO,”

[ToaTOMy C THIPOKCHIOM HATPHUS 3TH KHCIOTHI 00pa3yIOT CONH:

- 0 H-O H-0O
NaClOq NaxSO4 NaHSO4
0O Na-O O Na-0O 0O
1 \ \
1111 Na-O-Cl=0 S
S
\\ [\ [\
(0] Na—-O (0] H-O (0]
NasPOg4 NaH2PO4 Na;HPO4
Na—-O Na—-O Na—-O
\ \ \
Na-O-P=0 H-O-P=0 Na-O-P=0
/ / /

T'uapokenn Menu (+2) — Cu(OH), o6pasyer nBa ocratka: Cu> u CuOH:
H, CIICJIOBATEIIbHO, C a30THOM KHCIIOTOM MOKET 0Opa30BBIBATh JIBE COJIH:

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

Peaknuu B3aMHOrO mpeBpamieHus coneil. Panee ObIIM pacCMOTPEHBI COMM KaK MPOAYKTEHI
B3aMMOJICHCTBHSI KUCIIOTHI U OCHOBaHMA. [Ipy HemocTaTke KUCIOTHI 00pa3yroTcs OCHOBHBIE CONH, T.€. HE
BCE TMIPOKCUIIbHBIE MOHBI MOT'YT 3aMECTUTBhCS Ha KUCIOTHBIE OCTATKHU. A IIPH HEAOCTATKE OCHOBAaHUS
MOT'yT NOIy4aTbcs Kucible conu. OTcroja CTaHOBUTCA IOHATHBIM METOJ| MEpeBoJa OJHOW COJNHM B
ApYry1o.

Jns mepeBoma OCHOBHOM COMM B HOPMaJibHYIO (CPEIHIOI) WM KUCIYI0 HEOOXOIUMO
N00aBUTh KHCIOTY, a IPH IEPEBOJE KUCIOW COMM B CPEJHIOI HJIM OCHOBHYIO cJelyeT A00aBHUTh
ocHoBaHue. Ilpm 3ToM ymoOHO HCHONB30BAaTH OJHOMMEHHBIE OCHOBAaHUSI M KUCIJIOTBHI, 4YTOOBI HE
3arpOMOXKAaTh YPaBHEHHE PEaKIIMU APYTHUMHU COJISIMU:
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2 CaCO;
(¢ (CaOH)2COs H,0:
(« Ca(HCO3)2 )+ 2H,0;
CrOHCI;
Cr(OH).C1 77
Cr( CrCls
Cr(OH).CI + 2HCI = CrCl; + H.0;

6)

") CaHPO,
Ca(H2PO4)x%\ Caz(POa)2 O:
(CaOH)3PO4 1,0;
-\ e T e et e N e '*+4H20;
(CaOH)3P0O4

Ca3(PO4)2 —>CaHPO4
Ca(H2P0s)2

1)

(CaOH)3PO4

(CaOH):PO, +MH@§(PO4)2 + 3H,0;
(CaOH)3PO4 + H3PO4 = CaHPO, + 3H,0:;

Caz(POa4)2

e) U Al(HSO4)3
Al(SO4)3 —> AIOHSO,
Al(r ™ [AI(OH)2]:S04 304 + 6H0.
Ob6partu HeWTpann3anuyd HIAET B MPHUCYTCTBUU IIENOYN

NaOH, a ve ocaoBanmst Al(OH)s, T.K. mocnenHee HepacTBOPHUMO.
AIOHSO, + H,SO, = A|2(SO4)3 +2H20;
[A|(OH)2]2SO4 + 2H,S0O,4 = A|2(804)3 +2H-0.

OoOopynoBanue U MaTepPUAJIbI
Oxcupn kanpimsga CaO
WNunukatop Genondranens
Oxkcuna meau CuO
PactBop cepHoii kucnorsl H2SOs ¢ kornenTparmeii C(H2S04)=2 mons/am>
PactBop NaOH ¢ kornentpanueii C(NaOH) = 2 mons/mm°
Oxcun muaka ZnO
Xuopun kaamust CACl,
Xuopun amomunns AlCl;
Cynbdart menn CuSOq4
10. Xnopun 6apus BaCl,
11. ucrunnupoBaHHas Bojia
12. TIpobupku
13. Jloxeuka

wCoNoUR~WNE

Yka3zanusi 1o TexHukKe 0e30MacHOCTH
1. Bce paboTel B XMMHYECKOHW J1a0OpaTOpPUU [ODKHBI HPOBOIUTHCA NPH HCHPABHOM
3JIEKTPOOOOPYI0BAHNH, IEKTPONPOBOJIKE, IPABUIBLHO 000PYJOBAHHOM BBITSKHOM LIKaQdy.
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2. Ta3oBbIe KpaHBI U TA30MPOBOJ, JOIKHBI HAXOJUTHCS B UCIIPABHOM COCTOSIHUH, TIEPUOIUIECKH
MPOBEPSTHCA.

3. Pa0ouee MecTo copepkaTh B MOPSJIKE U YUCTOTE.

4. Cyxue peakTHBHI TpeOyeTcsi OpaTh YMCTHIM IIIATENEM UM CHEelHaIbHON JTOKEUKOM.

5. Uznumek peakTrBa He BHUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLT B3ST.

6. Bce onbIThI € BPC€AHBIMHA U IMIAXHYIIMMU BEHICCTBAMU, 4 TAKIKC ylIapUBAHUC KHUCJIOT U KHUCJIBIX
PacTBOpOB MPOBOAUTH B BHITSDKHOM IIKaQy.

7. OcTaTk¥ COeTUHEHHMI cepedpa CIIMBATh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHUM PAacCTBOPOB B MPOOHPKE BCEra CIEAYeT IepkaTh e€ TakuM oOpa3oM, 4TOOBI
OTBEpPCTHE MPOOHPKHU OBLIO HATIPABICHO B CTOPOHY OT PaOOTAIOIIEro PSIOM COCENa.

9. He naxinonsaTb JIMIO HajJg HanCBaCMOﬁ KUJIKOCTBIO UJIN CIIJIaBJIIEMbBIM BEIIIECCTBOM.

10. He crnenmyer BApIXaTh Maxydue BEIIECTBA U ra3bl, OJU3KO HAKIOHSSACH K COCYAY C 3TUMHU
BeIIeCTBaAMMU. Hroxatb BCIISCTBA MOXXHO JIMIIb OCTOPOKHO, HAIIpaBJIAd K cebe Iapsl WiK ra3 IBUKCHUEM
PYKH.

11. XpaHuTb pacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT U IIETIOYEH B BBITSDKHOM IIKaQy.

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

13. Kareropuuecku 3ampemiaercs npoOOBaTh XUMHUECKHE BEIECTBA HA BKYC.

14. Tlpu pabote ¢ JIErKO BOCIJIAMEHSIOIMIMMUCS BellecTBaMu (3GHpBI, OCH30I, Cepoyriepo] u
T.ZI.) HE JOJIXKHO OBITH pAAOM OTHA U BKIIFOYEHHBIX ITIJIMTOK.

15. Tlpu pabore co CTEKJIIOM, XWMHYECKOH IOCyIOl, HEo0XO0AWMO COONII0JaTh TpaBUia
MPEAOCTOPOKHOCTH BO M30EKaHNE PAHEHHI OCKOJIKAMU CTEKIIA.

16. Kareropuuecku 3ampemniaercs OCTaBisATh paboTaroliye npuOopsl 03 HaOMIOIeHHS.

17. B xumudeckoi JrabopaTtopun HeoOX0IuMO paboTaTh B Xajare.

3ananus

Omnpit 1. Bo3pmuTe 10XKEUKOI 0UeHh HEOOMBIIOE KOINYECTBO OKCH/IA KaJbIIKA, IOMECTHTE €r0 B
npobupky n 106asbTe 3 cM® Bozbl. Eciu okeny kambims CaO pacTBOPHIICS HE TMOTHOCTBIO, 3TO 03HAYAET,
y1o B3aT M30bITOK CaQ. Hammmurte ypaBHeHue peakuuu. Jlo0aBbTe B IMpOOMPKY, rae oOpa3oBajics
TUAPOKCU KaibItus, 1-2 Kammm wHAuKaTopa ¢eHondTanenHa. B kakod IIBET OKpacwJICS pacTBOp B
npobupke? Kakas cpema pactBopa?

OmnbIT 2. Bo3bMHUTE IIOKEYKOM HEOOIBIIOE KOJNWYECTBO OKCHJA MEOW, IOMECTUTE €ro B
npo6upky. Tyma ke 106aBbTe 2-3 cM® pa30aBIEHHON CepHOI KHCIOTHI, HarpeiiTe MPOOHPKY 10 KHTICHHS.
B xakoii mBer oxpacmics pactBop? CoctaBeTe ypaBHeHHe peakund. OTUIBTpyHTE pacTBOp OT
OCTABIIEroCs OKCHJA MEIM M K OXJIaXIeHHOMY (HIBTpary (pacTBopy) mo0aBeTe 2-3 cM° pacTBopa
ménmoun NaOH. Uto mpowmsommmo? Hanummre ypaBHeHue peakunu. Temneps Harpelte mpobupky. Kax
M3MeHWICA BeT ocanka? CocTaBbTe ypaBHEHNE PEAKIIUU PA3IIOKEHIS THAPOKCH A METH.

OmpiT 3. Bo3smute nBe mpobupku. [lomecTuTe B HHMX HEOOIBIIOE KOMMYECTBO (Ha KOHUHKE
JOXKEUKH) OKCHJA IMHKA WM OKCHAA aTioMHHHA. B omHy mpobupky Hanmeiite 2-3 cm® pa3GaBlieHHOI
CepHOH KHCIOTBI, B APYryl0 2-3 cM> KOHIIEHTPHPOBAHHOrO pacTBopa Ineioun. Harpeiite BTOpyRO
mpobupky. OKcumel B 00eMX MPOOMPKAaxX pPacTBOPSIOTCS, YTO TOATBEPIKIAET WX aM(OIUTHOCTB.
CocTaBbTe ypaBHEHUS PEaKLIHi.

Ompit 4. Haneiite B mpoGupky 1,5 cm® pactBopa comu kaamus (xnopuaa CdCl; wm cynsdara
CdSOs) m Tyma xe no6asbTe | oM pacTBOpa ménoun. Hamuimmre ypaBHeHHs peakimii. B mpoGupke
oOpasoBazcst ocamok. OtmerpTe mBeT ocaaka. ComepKUMoe TPOOHPKH, MpenBapUTENbHO B30ONTaB,
paszenuTe Ha 2 9acTH, MEepeNuB ONHY M3 HUX B Apyryro mpodupky. K comepxxuMomy omHON MPpOOHpKH
n06aBbTe 2 cM® pa3OaBIeHHOH cepHOil KHCTOTH. OCaZoK PacTBOPHIICA. DTO MPOM3ONLIO B Pe3yIbTaTe
peaknuu HeWTpanu3aluu OcHoBaHWA. Hamummre ypaBHeHue peaknuu. K comepkumomy OmHOU
npobupkyu 106assTe 2 cM® pactBopa ménoun. Ocagok HE PACTBOPHIICS, T.K. 00/1a1as TOIBKO CBOHCTBAMH
OCHOBaHWUS, CO IIENT0YaMH He B3aMOJICHCTBYeET.

Onpit 5. Haneiite B npo6upky 2-3 cm® pactBopa conu amomuaus. Jlo6aBbTe 10 KamisM (J0
oOpasoBaHusi ocaznka) paszOasieHHbli pactBop menoun (KOH  wmm NaOH). IlosBuncs ocamok
rugpokcuaa amomuuust Al(OH)s Oemoro nBera. Hamummte ypaBHeHue peakiuu. ComaepkuMoe
MpoOMpPKH, MpeaBapUTENbHO B300JNTAB, pa3aenuTe Ha ABe 4dacTd. K comepkMMOMYy OTHOH MpoOMpKH
no6aBbTe 2-3 cM® pasbaBieHHOl cepHOMl Kucmotel. Ocanok pacTBopuiics. COCTaBbTe ypaBHEHHE
peaktuu. Bo BTOpyIo mpoOupKy 106aBbTe 2-3 cM® KOHIIEHTPHPOBAHHOTrO pacTsopa mienoun (KOH nm
NaOH). Yto npoun3omuio ¢ ocagxoM THApoKcHIa aqoMuHus? Hanummre ypaBHeHNs peaKuyy.
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OmpiT 6. Haneiite B mpobupky 2-3 cm® pacTBopa cymbdata mMeau. JJob6aBbTe HECKOTBKO Kalemb
(ae 6onee nByx!) meénoun NaOH 1o oOpa3oBanus cBeriio-3ei1€Horo ocaaka ocHoBHol coimu (CuOH)2SO4.
N30bITOK 1I€104M TPUBENET K 00pa3oBaHuto ocajaka ruapokcuaa meau Cu(OH),.

Onmit 7. Haneiite B mpobupky 2-3 cm® pactopa xmopuna 6apus BaCl, u memnoro cepHoit
KUCIIOTBI 10 oOpa3oBaHus ocanka. OTMerbTe LBeT oOpasyromierocs ocaaka. Mcnbitaiite Ha
pPacTBOPUMOCTh TIONYYCHHBIH OCAJ0K B KHCIOTE M Mienoudd. sl 3TOro: COAEpKUMOE MPOOUPKH,
MPEeIBAPUTEIBHO B300TAB, pa3eiuTe Ha ABe Mpooupku. K comepxumMoMy oHO# poOupKH 100aBbTe 2—
3cm® ceproii kucnoTsl ¢ komuedtpamueir C(H:SOs) = 2moms/nM®, a B apyryro mpobupky — 2-3cm®
pactBopa ménoun ¢ konuentpanueii C(NaOH) = 2 mons/am® u morpeiiTe B IIaMEHH ra30BOil TOPENIKH.
OTMeThTe, MPOU30IIIIO JIM PACTBOPEHHUE Ocalka cyibdarta Oapus. OO0bsicHUTE ToBeaeHUEe ocagka BaSOq
pu oopadotke ero pacrBopamu H>SOs 1 NaOH nonb3ysick Tabnuiieli pacCTBOPUMOCTH.

CocraBbTe ypaBHEHHE XUMUYECKON peakuu oOpa3oBaHus cynbdarta Gapusi.

Conepxanue oTyera
[Tony4yennsie nanubie 3aguKcupyitTe B Tadbnuie 1 mo cienyromieit popme:
Tabnua 1. Pe3ynbpTaTsl sxciepruMeHTa

Ne i/ | Pearentsl XHUMHUYECKasl peaKus Habmronenus

1

gl |wiN

KonTposbHbIe BOPOCHI
ba3oBblii ypoBeHb
Uro razeiBaeTcs okcugamu? Kakyro cTerneHb OKUCIEHUS TPOSIBIIET KUCIOPO B OKCHIAX ?
Jla¥iTe KpaTKyro KIacCU(pUKAIMIO OKCHIAM.
Uro HazbiBaeTcs kucioramu? [IpuBeanTe nx knaccu@ukauio
Uro HazbiBaeTcs ocHoBaHUsIME? [IpuBEIUTE UX KIaCCUPUKALINIO

N =

IloBbIIEHHBII YPOBEHb
1. Kakwue aeMeHTHl 00pa3yroT OKCHIBI?
2. Kak cocraBisiercs xumudeckas: popMmyna okcuia?
3. Kaxkue okcujpl oOpasyer a3or?
4. Kakue okcuabpl B3aUMOJISMCTBYIOT ¢ Boaol. [IpuBectn mpumep.
5 Kakne coennHeHns Ha3pIBAIOTCS coisiMu? [IpuBeauTe ux KiaccuOUKAIIO

Cnmcok JIuTeparypbl, peKOMEH/yeMblil K HCII0JIb30BAHUIO 110 JAHHON Teme

OcHoBHast JinTeparypa:

1. Koposun, H. B. O0mas xumus : yue6nuk / H. B. KopoBus. - 13-e u3z., nepepab. u gom. - M.
: Akanemus, 2011. - 496 c. : un. - (bakanaBpuar). - Pek. MOuH P®. - ITpun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumust okpyxaromiei cpe/ipl : XuMUs )KUBBIX opranu3MoB. Kypc nekiuii /
E. C. Muxanuna, A. JI. Ilerenun. — M. : U3narensckmii JJom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 37eKTpOHHBIH // D1eKTpoHHO-01OMMoTeuHas cuctema IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pexxum goctyma: mist
aBTOPHU3HP. MOJIb30BaTENEH

JonoaHUTeILHAS IUTEpPAaTypa:

1. I'nunka, H. JI. O6mas xumus / H. I'. I'nmunka ; [Tox pen. A. . Epmakosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. yka3s.: c. 706. - ISBN 5-
89602-017-1

2. XuMmus METaIIoB : yueObHOe TocoOue (ISl CTYACHTOB XUMHUYECKOTO (pakynpTera
HampaBJICHUN 0akanaBpoB «XUMUs» U «XUMHUECKask TEXHOJOTUsN») / coctaButenu O. A.
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I'onoBanoBa. — Owmck : Omckuil rocygapcTBeHHbIN yHuBepcuTeT uM. @.M. JloctoeBckoro,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TekcT : anekTpoHHbIH // DnexkTpoHHO 6ubnmoreynas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum nocrymna: mis
ABTOPU3HUP. I0JIb30BATEIICH
HNuTepHeT-pecypcebl:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcuTerckasi OMOINOTEKA OHIARHY.

3 http://catalog.ncstu.ru/ — >aeKTPOHHBIH KaTaJIOT aCCOIHAIIMU AJICKTPOHHBIX OMOINOTEK
y4eOHbIX 3aBeieHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpbITOE 0Opa3oBaHKe

Tema 5. O01ue 3aKOHOMEPHOCTH MPOTEKAHUS XMMHYECKHUX MPOLECCOB.
JlaGopaTopHasi padoTa 2. XuMu4uecKasi KHHETHKA U XUMHYeCKOe PaBHOBeCHE

ens pabOTHI: W3ydeHHE XMMHUYECKOM KHHETHKH W PaBHOBECHs, W (DAKTOPOB, BIHSIOIIMNX Ha

CKOpPOCTb U CMEUICHUEC PABHOBECUS XUMHNYCCKUX peaKHHﬁ.

DopmupyemMble KOMIETEHIMN WIN UX YaCTH:

HNunexc DopMyIUpOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTraHU3alliy U CaMOOOpa30BaHUIO
OIIK-4 TMOHMMAaHHEM CYIITHOCTH U 3Ha4YCHHsI HHPOPMAIINH B Pa3BUTHU

COBPEMEHHOTO O0IIECTBAa, CIOCOOHOCTHIO MOTY4aTh U 00pabaThIBaTh
WH(POPMAIIHIO U3 PA3INYHBIX HICTOYHUKOB, TOTOBHOCTBIO HHTEPIIPETUPOBATD,
CTPYKTYpUPOBATh U 0POPMIIATH HHYOPMAIHIO B JOCTYITHOM JISt APYTHX
BUJIC

[1K-5 CIOCOOHOCTBIO MPUHUMATH ydacTHe B paboTax Mo pacuery u
IPOEKTUPOBAHUIO JIETAJIEH U Y3JI0B MAIIMHOCTPOUTEIbHBIX KOHCTPYKIIUIA B
COOTBETCTBUU C TEXHUUECKUMH 3a/IaHUSIMU U HCTIOJIb30BAaHHEM
CTaHJIAPTHBIX CPEJICTB ABTOMATH3AI[UH POCKTHUPOBAHUS

Teopernveckasi 4acThb
CkopocTh XMMHYECKHUX peaKIuii

VYpaBHEHUS] XUMUYECKUX PpEAKIMUI, XapaKTepu3ysh MHOTHE CTOpPOHBI IPOLIECCOB, HE
BCErJa JAAr0T MOJIHOE IPEICTABICHHUE O CYITHOCTH MPOUCXOIAIINX TPEBPAILICHUI.

Hekotopele xumuyeckue NpOLECChl, HApUMEp, PEaKLUUH Pa3JIOKEHHUsSI B3PbIBUATHIX
BEIIECTB, 3aKaHYMBAIOTCS B T€UCHHE JI0JIeH ceKyH/bl. OueHb OBICTPO 3aKaHUYMBAIOTCS PEaKLUU
B3aMMOJICICTBUSA KHUCIOT, HIeN04Yel U coieil B pactBope. OpraHMYecKkue K€ COCAUHEHUsS B
OOBIYHBIX YCJIOBHSIX B OOJIBIIMHCTBE CIy4aeB B3aUMOJICHCTBYIOT MEXKAy COOOW MeIJIeHHO.
Takum 00pazom, pa3HbIe peaklui COBEPILIAIOTCS B HEPABHBIE MPOMEKYTKH BPEMEHH, T.€. MOTYT
UITH C Pa3INYHONU CKOPOCThIO. [103TOMY Ha OCHOBaHMM TOJIBKO YPABHEHUN OJHUX XUMUUYECKHUX
peaKkLMil HeNb3s CYIUTh O CKOPOCTH MPOILECCa.

Xumuueckas KuHemuxa -— 5mo yueHue O CKopocmu XuMudecKux npoyeccoe, ux
HanpasieHHoCmu U 0 PaKkmopax Ha HUX GIUAIOUWUX.

Lenp u 3amaym XUMHUYECKOW KWHETUKU — W3BICKAHME ONTUMAJbHBIX MMapaMeTpoB s
MPOBEJICHUS] XMMHYECKOTO CHHTE3a, a HMEHHO: o0ecleueHne MaKCUMaIbHOW CKOPOCTH
mpolecca, HauboJee palMoOHATLHOE UCIIOJIB30BAHHUE CHIPhS U DHEPTOPECYPCOB U JP.
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VYCTaHOBJIEHO, YTO HAa CKOPOCTh XMMHYECKHX DPEAKUUH BIUSAIOT MHOTO (aKTOpPOB —
KOHLIEHTpallMs B3aMMOJEHCTBYIOIIMX BEIIECTB, TEMIIeparypa Ipolecca, Hajiuuue (Win
OTCYTCTBHUE) KaTallu3aTopa u Jp.

OKCIIEpUMEHTBI II0KA3aJ¥, YTO YBEJIWYEHHWE KOHLIEHTPALMM  B3aUMOJIEHCTBYIOLINX
BEILECTB BBI3bIBAET YBEIMUYEHNUE CKOPOCTH PEAKIIMH.

Ecnu B 3akpeiTOM cocyzne Npu 3aJaHHOW TEMIEpaType pearupyroT JiBa BEIECTBa B
ra3000pa3HOM COCTOSIHUM WJIM B PaCTBOPE

AC + BD « AD + BC,

TO CKOPOCTh 3TOH PEAKIHH OMpeeNseTcss YMEHbIICHHEM KOHIEHTparuu (MOJIb/IMS)
BeuiecTB AC u BD B eaunuily BpemeHH (CEKyHIy, MUHYTY, 4ac). Tak Kak ¢ Te4YeHHEM BPEMEHU
KOHLIEHTpAllMsl pearupymoolux BEIIeCTB MaJaeT, TO 3aBUCUMOCTb CKOPOCTH pEaKUHUHU OT
KOHLIEHTPALIMK MOKHO BBIPa3UTh CIEAYIOUIUM 00pa3oM:

E—

v=—(AC/At) (2.1)

rae &2 — CKOPOCTh MPSMOM peaKiiuy, AC - MOJISIpHAs KOHLEHTpanus, t — BpeMsi.
I'paduaecku 3Ta 3aBUCUMOCTH U300pakeHa Ha pucyHke S.1.

A

v =—(AC/ AY)

o S

Caor-----

t1 o, ——m
Puc. 2.1 3asucumocms ckopocmu peaxyuu om epemenu
JI0BOJIBHO pacipoCTpaHEHbl PEaKIMK TUIIA:
mA + nB—> ¢C, (2.2)

B KOTOPBIX Ha M MOJIEKYJ BellecTBa A MPUXOAUTCS N MOJIEKYIN BeliecTBa B, mpu 3ToM M
1 N OOJIbIIIE ETUHULIBL.

DKCHEPUMEHTAIBHO YCTAHOBIIEHO, YTO VISl TAKOT'O IIPOLIECCa CKOPOCTh MPSIMOM peakiuu
MOJKET OBITh BBIPpAXKEHA CIEIYIOIINM 00pazoM:

v=K[AT*-[BY, (2.3)

—

rae K - xoncranra CKOPOCTH MPSMOUN peakIiy — BEUYNHA, paBHASI CKOPOCTH PEAKIIHH
IIPU KOHLIEHTPAIMSIX PeareHTOB PaBHBIX €IUHHIIE; 0OPaTHO MPOMOPLUOHATIbHAS BPEMEHH; X U Y
— HEKOTOPbIE YHCIIa, OIIPEAEIIIEMBIE ONIBITHBIM ITyTEM.

Koncmanma cxopocmu 3aBUCUT OT TeX ke (aKTOPOB, UTO U CKOPOCTh JAHHOM peakluy,
HO He 3a8UCUM OM KOHYEHMPAayull peacupyrouux 8eujecms.

KoHcTanTa CKOpOCTM XapakTepU3yeT PpEaKkLU Uil OINpEACICHHBIX YCIOBHM —
memnepamypa, oagjexue, KOIU4ecmso u Kavecmeo kamaiuzamopa v T.A. Pa3nudHble peakiuu
MO>KHO CPaBHHUBATh TOJIKO €CJIM OHU ITPOTEKAIOT IIPU CTPOTO OJMHAKOBBIX YCIOBUSX.

VYpaBHenuss Tuna (5.3), yCTaHaBIMBAIOIIME OSKCIEPUMEHTAIBHO  OINPEACICHHYIO
3aBUCHUMOCTb CKOPOCTH pE€akLUMU OT KOHIIEHTPAaLUH pearupyrolyx BEIIECTB, Ha3bIBAIOT
KUHEeMU4eCcKUMU YPasHEeHUAMU PeaKyuil.

Kunernueckue ypaBHeHHMs peakiuii (5.3) SBISIOTCS MaTEeMaTUYECKHUM BBIPAKECHHEM
3aKOHA JIEHCTBUSA MacC — OCHOBHOIO 3aKOHAa XUMUYECKOW KHHETUKU: CKOPOCMb XUMUYECKOU
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peakyuu nPonopYUOHANbHA NPOUIEEOEHUI0 KOHYEHMPAyuli peazupyrouux 6eujecme 6 cmeneHu
HEeKOmopwIX uucel, onpedensemvix Ikcnepumernmanvro (nepsas popmynuposka — H.U. bekeros,
1865 r; I'ynpabepr u Bare, 1867 r.).

Tonpko MHOTIA MTOKA3aTeNu CTENEHN KOHUEHTPALUu JUlsl JaHHOTO BewlecTsa (X, Y u ap.)
B KMHETUYECKUX YpaBHEHUX (5.3) COBMAgAIOT ¢ €ro CTEXMOMETPUUYECKHM KOA(PPHUIIMEHTOM (X =
M; Y =N ) B ypaBHEeHUHU peakuuu. OObIYHO 3TO BBINOJHAETCS JUIsSl SJIEMEHTAPHBIX PEeaKIuil, T.e.
peaKkuuii NpOXOASIIMX B OAHY CTA/IHIO.

[IpuMeps! NpsAMBIX 3JIEMEHTAPHBIX PEAKLIAN:

NO + O — NO2;
H +Cl — HCI;
N204 — 2NO:.

JUia  TakMx peakuud CTENEHW B KUHETMYECKUX YpPaBHEHMSX COBMAJAIOT  CO
CTEXMOMETPUUYECKUMH KO3(pPUIIMEeHTaMU peareHTOB B ypaBHEHUH PEaKIUH.

Ilokazamenvy cmenenu KOHYeHMpayuu peazupyiouje2o eeujecmed 6 KUHemuyeckom
ypaeHenuu peaxyuu (X, Y u 0p.) Hazvieaemcs NOPsaOKoOM peakyuu no oannomy eeuwjecmsy. Tak,
Hampumep, s peakuuu (6.1.2) mopsimok mo BemiecTBy 4 paBeH X, mo B — Y. [lopankom xe
peakiuu B 1esoM (N) ABISETCS cyMMa HOPSAAKOB MO KaKJIOMY pEareHTy /sl JaHHOM peaKiuH,
Hampumep, s peakuuu (6.1.2): n=x +y.

Benuuunbl nopsaka mo peareHtam (X, Y ¥ Jp.) W 1O peakiuu B 1esoM (N) MOTyT OBITH
JMOO0BIMU HEOOJBIIMMU 1enbIMU uuciamMu (1, 2 u penko 3), paBHATbCA HYJIIO WIH OBITH
npoOubMu uncnamu (1/2, 2/3, 3/4 n np.). Hanpumep, aist peakiiuu CUHTE3a BOJIBI

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

MOPSIIOK PEaKIUK, B 3aBUCHMOCTH OT HapUUalIbHBIX JaBIE€HUI BOJOPOAA M KHUCIOPOJA,
nmMeet npobHoe 3nauenue — 1, 0,5 u 0,7 (cm. Tabnuiy 5.1).

Tabauya 2.1 — 3asucumocms nopsoka peaxyuu 0m napyuaibHbix 0a1eHull KUciopooa u
6000p00a

p(Hy), Ta p(02), Ta Bup xuHeTnyeckoro CyMMmapHsbIit
ypaBHEHUs MOPSIIOK
Ll 0
130 — 2600 26600 — 53300 L= ka2 p02 1
2600 — 8000 20000 — 53300 LU= kpo p0’5 0,5
Hy 7O,
_ kn94 /03
8000 — 50600 1330 — 5300 L= ka ) p02 0,7

Heo0xoMMbIM  yCIIOBHEM XHMHUYECKOTO B3aUMOJICHCTBUS SIBJIIETCS CTOJIKHOBCHHE
pearupyroIux 4acTUIl — MOJICKYJI, aTOMOB, HOHOB U JIp. B MOMEHT CTOJIKHOBEHHUS 3JICKTPOHHBIC
o0J1aka peareHTOB CMEIIMBAIOTCS, 00pa3ys PH ITOM HOBBIC CBSI3H.

Yucno monexyn, 0OHOBPEMEHHbIM B3AUMOOCUCIEUEM MeNHCOY KOMOPLIMU 6 MOMEHM
CMOJKHOBEHUsL  OCYWEeCMBNISIeMCcs  aKm — XUMUYECK020 — NpespaujeHusi,  Ha3vl8aemcst
MOLEKYTAPHOCIBIO PeaKYUU.

Peakuiuu ObBatoT MOHO-, OHU- U TPUMOJEKYISIPHBIMH. TpUMONEKYISpHBIE W
TETPAMOJEKYISIPHBIE pEaKIUH OYeHb peAKu. 3BecTHh JUIIb HECKOJIbKO MPHUMEPOB
MIEHTaMOJIEK YIS PHBIX peaKIni.

B yacTHOCTH, K MOHOMOJEKYJISIPHBIM PEAKIUsIM OTHOCST PEAKIMH PA3JIOKEHUS MOJEKYIT
Y BHYTPUMOJIEKYIISIPHBIX TIEPErPYNIHPOBOK, HAIPHUMED, PEAKIUIO PA3I0KEHUS MOJIEKYI Hoja:

l2(2) < 21 ().

Kunernueckoe ypaBHEHHE TOTO MPOIiecca UMEET MEPBBI MOPSIOK:

v = K[I2].
[Tpumepbl OUMONEKYISIPHBIX PEAKIIHH:
2NO(2) <> N202(2); v = k/NOJ?
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HBr(2) + H(e) & Hz(2) + Br(e); v = K[HBr][H] — xuneTnueckoe ypaBHEHHE BTOPOTO
NopsIKa.

TpumoJIeKyIsIpHas peaKuus:

Cly(2) + 2NO(2) <> 2NOCl(z); v = K[CI2][NO]? — kuHeTHyeckoe ypaBHEHHE TPETHETO
Mops/IKa.

JInsi mpHUBENEHHBIX PEaKUUM MOPANOK M MOJIEKYJSIPHOCTh PEaKUMH COBIIANAIOT, HO B
oOrIeM ciryyae OHU pa3IHn4HbI.

Tlopsaoox peakyuu onpedensemcs MONEKYIAPHOCMbIO CAMOU MeONIeHHOU CMaouu OaHHOU
peaxkyuu.

Ecmm peakiusi wper mo craausM, TO €€ TOPSJAOK PEaKUWW MEHbIIE WIH PaBeH
MOJIEKYJISIPHOCTH peakiuu. Tak, Harpumep, pu CUHTe3€ BOJIbl (cM. Tabiuiy 5.1) npu nopsiake

peakuuu paBHoMy eauHune (N = 1; U = kp:lH2 pg ), peakuusi — MOHOMOJIEKYJISIpHast; Ipu N =
2

05 (L= kp& pg’S), peakius — MOHOMoOJeKyisipHas; mpu N = 0,7 (U = kpa’4 p’c())’s),
2 Y2 2 W
peakius — OMMOJIEKYISIpHAsL.

Ipumeuanue. HeoOX0qMMO MOMHHUTH, YTO MOJIEKYJISIPHOCTh PEaKIUU, B OTIUYHE OT €€
nopsiyika, Beeraa menoe uncio — 0, 1, 3.

3akon Oeticmeusi macc cnpaseoius8 MoAbKo Ol MOHO-, Ou- u pedce Ol
MPUMONEKYIAPHBIX PeAKYUIL.

[Ipu snemMeHTapHOM peakiiy B CUCTEME MPOTEKAeT TOJBKO OJIMH MPOIECC U YpaBHCHHE
pPEaKIMu PacKphIBaeT €ro MEXaHHW3M. BOJBIIMHCTBO pEaKIMi — CIIOKHBIC M TPEICTABIISIOT
co00l cyMMapHBIi pe3ynbTaT HECKOJIbKHIX JIEMEHTAPHBIX MporieccoB (nByX u 6omee). [ToaTomy
oO11ee CII0KHBIX YpaBHEHHE PEaKIUi He OTPakaeT UX peallbHBI MEXaHU3M.

Jnsa cnoscuvix peakyuil 3aKOH O€UCMBUS MACC He NPUTONCUM 6 YELOM, d CHpaseonus
UMD K OMOENbHLIM e€ cmaousim Hebovwou monexkynsipruocmu. Harpumep, obiee ypaBHEHHE
peaKIuy UMeeT BUJI:

24+ B« C,

COTJIACHO KOTOPOMY SIBJISIETCS SIKOOBI TpUMOJIEKY/sipHOW. OMHAKO TPOTEKaeT B JIBE
CTaJINH:

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

24+ B« C.
Tak Kak TOPSIIOK PeaKIMU ONMPEACIIICTCS MOJICKYIIPHOCThIO CaMOW MEJICHHOW CTaluu
peaknuu, TO JaHHAs peakuus — OWUMOJIKYJsipHas W BTOoporo mopsaka. CremoBaTeabHO,

KHHETHYECKOE YPAaBHEHHE 3TOTO B3aUMOJICHCTBHS OyI€T HMETh BH/I:
v =K[A][B], a ne v = K[AJ*/B].

N3 (5.1) ciemyer, 4TO CKOpOCMb peakyuu — eluduHa 0OpaAmHO NPONOPYUOHATIBHAS
8pemeni.

BcenencrBue pasnuuHON CKOPOCTH JBMDKEHHS MOJIEKYJ, OHHM OOJAJaroT pasIMyHOM
KUHETHYECKOU dHeprueii. [Ipr 3ToM KUHETHYECKast SHEPIHs IPSMO MPOIOPIHOHAIBLHA CKOPOCTH
JIBYDKCHHUST MOJIEKYJIBI.

Mostekyiibl, KOTOpbIE 00JIaTaI0T BHICOKAM 3aIlacOM KHHETHYECKOW SHEPTUH, HA3bIBAIOTCS
AKTUBHBIMH.

Hononnumenvryio sHepeuio, KOmMopylo HA00 COOOWUMb MOLEKYIAM Ol Nepesood ux 8
AKMU6HoOe COCMosHUe, HA3bIBAIOM dHepeuell akmuéayuy. XUMHYECKas PpEeaKius MOXKeT
MPOM30MTH TOJIBKO MPU CTOJKHOBEHUH AKTHBHBIX MOJICKYIL.

Cropocmo  XUMUYeCckol peakyuu npsmo NpPONOPYUOHAIbHA YUCTY CMOJKHOGEHUU 6
COUHUYY BPEMEHI.

Pouss kaTanu3zaropa, MPUMEHIEMOTO I MPOTEKaHHs JAaHHOTO XMMHYECKOTO IMpoliecca,
3aKJII0YaeTcsl B CleayromieM: 1) B TMOHMKEHWM ODHEPIHMHM AaKTHBAIlMH, 2) B 00ECHeYCHUH
HEOOXO0JMMOM OPHEHTAIINH PEaruPYIONIUX YaCTHUII.
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Bausinue TeMnepaTypbl Ha CKOPOCTh peaKuu

C mMOBBIIEHHWEM TEMIIEPATYPhl YBEIMYUBACTCS CKOPOCTh ABFMDKCHUS MOJICKYI M HX
KMHETUYECKas SHEPTHsl. AKTUBHOCTh MOJIEKYJ BO3PACTAET, 1 CKOPOCTh PEAKIIUU YBEITUIUBACTCS.

3aBUCUMOCTh CKOPOCTH PEaKIMH OT TEMIIepaTyphl OMpEIeNseTcss MpaBUioM BaHT-
Todda: mpu yseruuenuu memnepamypor na ragicovie 10°C ckopocms peaxyuu 8o3pacmaem
npumepro 6 2 paza. JIJis HEKOTOPBIX PEAKIIUN CKOPOCTh Bo3pacTaeT B 3 — 4 pasza. DTO 3aBUCUT OT
MIPUPOJIBI PEarupyIOIINX BEIIECTB.

Yucno, nokasvigaroujee 60 CKOIbKO pa3 YEEIUYUBAEMCS CKOPOCHb peakyuu npu
yeenuuenuu memnepamypvl Ha 10°C, Hazvieaemcs memnepamypuvim Kodpguyuenmom u

oboznauaemcs 7/ .

N3meHeHne cKOpoCTH peakluu OT TeMIIepaTypbl MOXKET ObITh BBIUMCIEHO MO (popmyiie
Bant-T'odda:

t,—t;

Uy
=y 10 (2.4)

_2

Utl

j9I(S Utz n l)t1 — CKOpPOCTH pPEaKIMu MpH Temrieparypax 2 u t1 COOTBETCTBEHHO; Y —

TeMIiepatrypHbliil koagduiuent Baut-I'odda.
CxopocTh peakumu B reTeporeHHbIX cucreMax. Biusinue karanusaropa Ha
CKOPOCTh XMMHUYECKUX peaKkuuii

BemectBa,  u3MEHAMOIIME  CKOPOCTh  XMMHYECKOIO  Mpollecca,  Ha3bIBAIOTCS
Katanmzaropamu. Kartamuzatopamu MoOryr ObITb TBEpAble, KHUIKME U Tra3000pa3HbIe
BelecTBa. lisMeHeHne CKOpOCTM XMMHYECKOM peakUUU IOJ BIMSHHEM IPHCYTCTBYIOLIETO B
CHUCTEME MTOCTOPOHHETO BEILECTBA, COCTaB M KOJUYECTBO KOTOPOTO K KOHILY PEaKIUU OCTaIOTCS
0€3 U3MEHEHU, Ha3bIBAIOTCS KaTaIU30M.

IIpy roMOreHHOM KaTanu3e B3aMOJACHCTBYIOIIHME BELIECTBA U KAaTAIU3aTOP COCTABIISIOT
onHo(asHyto cucteMy. Ilpu rereporeHHOM KaTanu3e pearupyrollye BellecTBa M KaTalu3aTop
COCTaBIISIIOT CHCTEMY U3 HecKolbkux (a3. Ilpu rereporeHHOM Karanu3e B INPUCYTCTBUHU
HEOOJIbIIMX KOJMYECTB KaTajlu3aTopa MOIYT IIPOpearupoBaTh OTHOCHUTENIBHO —OOJbLINE
KOJIMYECTBA B3aUMOJICHCTBYIOIUX BellecTB. [Ipy roMOreHHOM KaTaln3e CKOpPOCTb peakLuu
IIPAKTUYECKH MTPONIOPLMOHATIBHA KOJIMYECTBY KaTaJIn3aTopa.

AKTHBHOCTB KaTalMu3aTopa, a MHOT/AA U CeUU(UUHOCTb UX JeCcTBU, B OOIBIIONH Mepe
3aBUCHUT OT TeMIeparypsl. /s kaxaoro npouecca, CylecTBYIOT ONPECICHHbIE KaTalu3aTopBl,
4acTo M0A0MPaEMble 3KCIIEPUMEHTAIBHBIM IIYTEM.

XumMu4ecKkoe paBHOBecHe
Bce xumuueckue peakiuy MOXKHO pa3fefuTh Ha JIBa TUIA: 00paTUMbIE U HeOOpaTHUMBbIE.
MHorue peakiuu sBISIFOTCS 00paTUMBIMH, T.€. TAKUMH, IPU KOTOPBHIX 00pa30oBaBIIHECS
MPOIYKTHI B3aUMOACHCTBYIOT MEX1y COOOM, MpeBpallasch B HCXOIHbIE BEIIECTRA.
OOpaTuMble peakIui OrpaHUYCHbI ONPEACTICHHBIM MPEeIOM: OHH HE JOXOAT 10 KOHIIA.
OOt BUJ ypaBHEHHSI 0OpATUMOM peaKInu:

mA + nB<«pC + gD. (2.5)

CKOpOCTI/I psAMOTO U 06paTHOFO MMpOnCCCOB BBIPAKAKOTCA CICAYIOIIUMHU YPABHCHUAMMU:
v =k[A]"[B]" (2.6)
v=k[C]°[D]". (2.7)

B MoMeHT ycTaHOBIIEHUS paBHOBECHUs MpsiMasi M oOpaTHast peakluu He MpeKpalarTces, a
IIPOJIOJIKAIOT MPOTEKATh B IPOTHUBOIIOJIOKHOM HAlPaBICHUH C PABHBIMU CKOPOCTSIMHU.
I'padruecku 3T0 MOKET OBITH Tak, Kak MOKa3aHO Ha pUCYHKe 5.1.

19



UA

L2

Pucynox 2.2 3asucumocmo npsamoii u 0dpamuoi peakyuti om spemenu

Ecnu cxopoctu npsmMoit n 0OpaTHOM peakuuil paBHBI (Vnp = Vosp. — MATEMATHYECKOE
YCIIOBHE XHMHYECKOTO paBHOBECHs) , TO TMpaBble udacth  ypaBHeHui (5.6) u (5.7), ux
BBIPAKAIOIUX, TaKXXE PaBHBI:

k[A]"[B]" = k[C]P[D]". (2.8)
Ha ocHoBanmm 310r0 c(hopMyaHpOBaHO MOJIOKEHHE, HA3BAHHOE 3aKOHOM JICHCTBHS Macc
(BTOpast GopMyTUPOBKA): 8 MOMEHM PABHOBECUSI NPOU3BEOCHUEe KOHYEHMPAYULl OeluCmayoujux
MACC UCXOOHBIX Beujecms HA KOHCMAHMY CKOPOCMU NPIMOU Peakyuu paeHo NpPOU36e0eHUro
KOHYenmpayuii 0eticmeyowWux Macc o00pasyrowuxcsi 6eujecme HaA KOHCMAHMY CKOPOCMU
06pamHoll peakyuu.
W3 ypaBHenus (5.8) ciaemyer, 4To

e i o) 2.9)
[AI"[B]" |
OTtHolLIEHNE ABYX IIOCTOSAHHBIX BCJIWYHH €CTh BEJIMYNMHA ITOCTOAHHAA, CIICA0BATCIIbHO!:
E/E:Kl’:M (2.10)
[AI"[B]" |

KoHncranTOli XMMHYeckoro paBHOBecuss KP Ha3bIBaeTCs OTHOIICHHE IPOU3BEICHUS
PAaBHOBECHBIX  KOHIIGHTPAllMil TPOJYKTOB  pEaKIMH K TPOU3BEACHUIO  PAaBHOBECHBIX
KOHIICHTPAIIMH UCXOHBIX BEIIECTB, B CTENICHH UX CTEXHUOMETPHIECCKUX KOAPPHUIIMECHTOB.

KP BBIpa)kaeT 3aKOH JEHCTBUS MaccC Il PABHOBECHBIX CUCTEM: KOHCMAHMA XUMULECKO2O
PAsHOBeCUsl He 3A8UCUM ON KOHYEHMPAYUU PedazeHmos, HO 3asUcun om memnepamypuvl u om
npupoObl peazupyrouux 8euecms.

B MOMeEHT XMMHYECKOTO paBHOBECHS M3MeHeHHe dHeprun ['nooca He npoucxoautr — AG
= (. KoHcranTa XMMHUYeCKOTO paBHOBeCHs CBsizaHa ¢ AG COOTHOIICHUEM:

AG® = —RT InKP (2.11)

VYuaurteiBast, uto InKP =2303 IgKP u R = 8,314 JIx/K-monp ypaBHenue (2.12)
npeoodpa3yeTcst 10 BUA:

AG?=-19,14 T IgKP (2.13)

[Tonk3ysick ypaBHEHHWEM  KOHCTAHTBHl PABHOBECHS, MOXKHO YIPABIATh XUMHUYECKUM
MPOLIECCOM, YTO BaXKHO B TEXHOJIOTHUECKUX IIETISX.

Ecnu B paBHOBecHO# cucteme MA + NnB<«>pC + gD yBenuunth KOHIIEHTpalMiO0 A, TO B
cootHomeHuu (7.1.6) mis KP, NOJDKEH YBEIUYUTHCS YUCIUTENb WIM YMEHBIIUTHCS BTOPOH
COMHOXHTEIb 3HAMEHATENsI, T.€. BeNU4KHa [B]. 9TO MOXKET MPOU30WUTH B pe3ylIbTaTe CMEIECHUS
paBHOBECHS CJIeBa HAIpaBO, MPUBOMANIETO K OOpPa30BAaHUIO HOBBIX KOJHMYECTB MPOAYKTOB
peakiuu — C u D.

Takum 00pa3oM, MpU YCTAHOBUBIIEMCS HOBOM COCTOSIHUM PaBHOBECHS], KOHIICHTPAIUH
BCEX YEThIPEX BEIIECTB, MO0 CPABHEHUIO C MEPBOHAYATHHBIMH, OKAXYTCS W3MEHHUBIIMMUCSA, a
3HaYEHUE KOHCTAHTHI PAaBHOBECHS HE U3MEHUTCA.
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CrietoBaTenbHO, JUII CMEHICHHUSI PAaBHOBECHSI CIICBA HANMpPaBO HEOOXOIUMO WM
YBCJIUYUTHL KOHLOCHTPALIMIO OAHOIO M3 MCXOAHBIX BCHICCTB, WJIIM YMCHBIIUTH KOHICHTPAIIHUIO
OJTHOTO M3 IPOYKTOB PEAKIIUH.

C MMOMOIIBIO BBIPAKCHHUA KOHCTAHTBI PABHOBCCHUA MOXKHO OIIPCACIIATH KOHLICHTpPAlUU
BCIICCTB B MOMCHT pPAaBHOBCCHUSA, a €CJIUM HU3BCCTHbBI 3HAYCHUA KP u HCXOOHBIC KOHICHTpAlIUU
BCIICCTB, TO MOKHO OIIPECACIIUTD X PABHOBCCHBIC KOHICHTpPALINH.

Ecnu vcxoaHyro KOHIIEHTpaIMio BeriectBa A 00o03HaunTh uepe3 Co(A), a 4mcio MoJib

€ro, IpOpearupoBaBIINX K MOMEHTY PaBHOBECHSI, YEPE3 A C(A), To MOJSIpHasi KOHIICHTpAIIUs B
MOMEHT PaBHOBECHS OIIPENEIUTCA TaK:

[A] = Co(A) — A CA).

PaBHOBECHME B TreTEpOTEHHBIX CUCTEMAaxX OMPENETAETCS TOJBKO Ta30BOM WM KUJKOU
(ha3oif, T.K. KOHIIEHTPAIIUU TBEPJIBIX BEIIECTB HE BXOJAT B YpaBHEHUE ISl CKOPOCTU PEAKIIUH.

HampaBnenue cmemeHuss paBHOBECHSI CHUCTEMbI TIPH HW3MEHEHHHM KOHIIEHTpAIUH,
TEeMIIEpaTyphl WK JAaBJIEHUS onpeesercs npuHuunoM Jle [Hlarense:

«Ecnu Ha 00paTUMyI0 CHCTEMY, HaXOAIIYIOCS B TTOABMKHOM COCTOSIHMH, OKa3aTh U3BHE
Kakoe — JM0O0 BO3JIEHCTBHE, TO CHCTEMa OTBEYAEeT CMEIICHHWEM PaBHOBECHUsI TaKHMM 00pazoM,
4TOOBI OCIIA0UTE 3TO BO3AEHCTBHUEY.

OGopynoBanue U MaTepUAJIbI
1. PactBop ceproii kuciorsl H,SO4 ¢ koruentpanueii C(H2S04)=2 mons/mm®
Tuocynegara Hatpust NaxS;03
. HucrunnupoBaHHas Bosia
[Tpobupku
Jloxeuka
broperka
Bopsaas 6ans
TepMomeHT
9. PactBop comnstroi kuciaorel HCI ¢ konnentparuein C(HCl)=2 mons/am
10. Kap6onar kanbuus (Men) CaCOs
11. IMepoxcun Bomopona
12. PactBop okcuma mapranna (+4). MnO;
13. PactBop okcupa xenesa (+2), FeO
14. PactBop okcupa kpemuus (+4), SiO;
15. PactBop xiopuaa xenesa (+3) FeCls (C(FeCls) = 0,002 momns/am®
16. PactBop THonuanata kamus C(KNCS) = = 0,002 momns/am°
17. PactBop KCI

©ONPUTAWN

3

Yka3zaHus 10 TeXHUKe 0e30I1aCHOCTH
1. Bce paboThl B XHMHYECKOW abOpaTOpHH JIOIDKHBI IMPOBOMUTHCS TPH HUCHPABHOM

3JIEKTPOOOOPYIOBaHHH, IIEKTPOIPOBOJIKE, TIPABHIBHO 000PYIOBAHHOM BBHITSDKHOM HIKaQy.

2. T'a30BbIe KpaHbI U Ta30IPOBO]] JOJKHBI HAXOANUTHCS B UCTIPABHOM COCTOSTHHH, ITEPHOIHIECKH
IIPOBEPSATHCS.

3. Pabouvee mecTo comepxath B MOPSIKE U YUCTOTE.

4. Cyxue peakTuBbl TpeOyeTcs OpaTh YMCTHIM IITATEIEM HIIH CHICLUATIbHON JTOKEUKOM.

5. M3nuiuek peakTHBa HE BBUIMBATH OOPATHO B COCYJI, M3 KOTOPOTO OH OBLT B3ST.

6. Bce OmbITHI C BpeAHBIMH M TAXHYIIMMH BEIIECTBAMH, a TAKKE yITAPUBAHUE KUCIIOT M KU CIBIX
PacTBOpOB MPOBOAUTE B BHITSDKHOM IKAQYy.

7. OcraTKu coeArHEHNH cepeOpa CIIMBaTh B 0COObIE CKIISTHKH.

8. Ilpu HarpeBaHUM PACTBOPOB B MPOOHPKE BCEraa CIeAyeT IepxkaTb e€ TakuM o0pa3oM, 4TOOBI
OTBEpCTHE NPOOHPKU OBLIO HAIIPABJICHO B CTOPOHY OT Pa0OTAOIIEro PsAOM COce/a.

9. He HaKJIOHATH U0 HAJl HATPEBAEMOH JKUAKOCTHIO MM CIIABIISEMBIM BELLIECTBOM.
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10. He cienyer BOpIXaTh Maxy4due BEIIECTBA M Ta3bl, OJHM3KO HAKIOHSSACH K COCYAY C ITUMH
BemecTBaMu. HroxaTh BelecTBa MOXKHO JIMIIb OCTOPOYKHO, HAIIPABIISAs K ce0e Maphl UM ra3 IBUKCHHEM
PYKH.

11. XpaHuTb pacTBOPHI KOHIICHTPHPOBAHHBIX KUCJIOT U IIEJIOYECH B BHITSHKHOM HIKady.

12. BsbumBaTh pa30aBICHHbBIC KUCIIOTHI U IETOYHBIC PACTBOPBI CISAYET B CIMBHYIO CKIISIHKY.

13. Kareropuuecku 3ampemiaercs mpoOoBaTh XMMHYECKHE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIErKO BOCIUIAMEHSIOIIUMHUCS BellecTBaMu (3GHphI, OSH30JI, CEpOyriaepoa U
T.IL) HE JOJKHO 6BITL pAAOM OTrHA U BKIIFOYEHHBIX ITIJIMTOK.

15. Tlpu pabore co CTEKIOM, XWMHYECKOH MOCynol, HE00XOAWMO COON0AaTh TpaBUia
MPEIOCTOPOKHOCTH BO N30©KAHUE PAaHEHHI OCKOJIKAMH CTEKJIA.

16. Kareropudecku 3ampemniaercs 0CTaBisATh padoTaroIue IpuoOopsl 03 HaOII0ICH U

18. B xumudeckoii 1abopaTopuu HEOOX0UMO paboTaTh B Xajare.

3apanus
Oneir 1. OnpeaenuTe CKOPOCTh B3aUMOICHCTBUS THOCYJIb(AaTa HATPUS C CEPHOM KHCIIOTOM.
[porecc MokeT OBITH BBIPAKEH IBYMS CTAHSIMU:

a) NapS,03 + H,SO,4 = NapSO,4 + H»S,03 - 6rictpo;
6) H»S»03 = H,0 + SO, + S | - meanento.

Ha BTOpO# craguu peakiyu BhIJEISETCS CBOOOHAS cepa B BUJC ONMAIECIUPYIOIIErO BEIIeCTRA.
BpeMSI OT HaydajJla p€aKuu A0 IMOABJICHUA IEPBBIX BUANMBIX CJICAOB CEPBI 3aBUCUT OT KOHICHTPAIUH
pearupyromumx BEIECTB.

B Tpu mpobupKy HaneiTe 10 5 cM® CepHOi KHCIOTHI U3 GIOPETKH, 3aTeM BO3BMHTE TPH KOJNGOUKH
eMKocThiO 10 50 cM® u Haneiite: B mepByo 15 cm® THocynbdara HaTpus, Bo BTOpylo — 10 cm®
THOCYNb(paTa HATPHUS M 5 cM® BOABI M B TpeThio — 5 cM® TmocynbpaTta Hatpus u 10 cm® Bomsl
COOTBETCTBEHHO. bynpTe TOYHBI NIpU OTMEpe HYXHBIX 00beMOB BemiecTB. IlomerbTe HOMepa Koio.
Temepp 1Mo odepean B KKAYIO KOJOY IPIJIMBAMTE M3 MPOOMPKH IMPUTOTOBIICHHBIH pPAaCTBOpP CEPHOM
KUCIOThL. Bpemst oTcunThIBaiiTe 110 CEKyHIOMEPY (MM CEKyHIHOMN CTPEJIKE YacOB) C MOMEHTA CIIMBAHUS
pacTBOPOB 10 Hayaja IOMYTHEHHUS.

Pe3ynbrathl onbiTa CBEIUTE B TAOIHUILY 2.2.

B utore MO)XHO M cHENaTh BBIBOL: CKOPOCHMb PEAKyuu 3a6UCUm om npupoosbl peacupyioujux
gewecmes u ux KoHyenmpayuu?

OmpiT 2. B TpH cyxux mpoGUpKH HajeiiTe 10 5 cM® pacTBOpa CepHOM KHCIIOTHI, a B TPH JPYTHE —
1o 5 cM® pacTBopa THOCymb(aTa HaTpus. IToMecTHTe BCe MPOOUPKH B BOAAHYIO OaHio. Uepes 5 - 7 MUHYT
H3MephTe TEMIIEpPAaTypy pacTBopa THOCYNb(aTa HATPUSA U CIEHTE COAEPKUMOE OJHOM mapsl IPOOHPOK.
Otcuuraiite BpeMs OT CIMBaHHUA HPOOMPOK A0 NOSBJIECHUS NOMyTHEHUs. 3Mmepbre TemmepaTypy
pacTBOpa THOCyNb(aTa HaTpus B APYrodl mpoOupKe: oHa MOmKHA ObITh Ha 10° BBIIE, YeM B IEPBOM
ciyyae.

Creiite comepxruMoe BTOPOH Mapsl IPOOUPOK U OTMepbTe BpeMs. OIBIT ¢ TpeTbell MPOOHPKOM
MPOBOIAT Tpu Temrepatrype Ha 20°C Bblre nmepBoHAYAIBHON. Pe3ybTaThl OMBITOB 3aHECUTE B TAOIHILY
2.3.

Onwir 3. Hameiite B nBe mpoOumpku Ha 1/4 mx oObema consHOH KHCIOTH. BriOepute aBa
OZIMHAKOBBIX KyCOYKa MeJa ¥ OJWH U3 HUX PA30TPUTE B CTYIE B IOPOILIOK, 3aTEM OAHOBPEMEHHO B OJHY
13 NPOOUPOK OIYCTUTE KYCOUEK MEJIa, a B APYT'YIO CCHINBTE TOPOLIOK.

OnbiT 4. B 4erbipe MpoOUpKH HaleiiTe 110 3 cM® pacTBOpa IEPOKCHIA BOAOPOAA. B Tpu m3 HHX
BCBINIBTE OIHOBPEMEHHO 10 JIOXKEUYKE: B OIHY — OKcua Mapraina (+4), B Apyryro — okcuaa xeiuesa (+2),
B TpeThlo — okcuaa kKpemHus (+4). UerBepras mpoOupka — /s cpaBHeHHs. HaOxirogeHus 3anuimmTe B
TETpab.

Omnpit5. IlpumepoM 00paTUMOl peakuuu SIBJISETCS B3aMMOICHCTBHE MEKIY pa30aBICHHBIMU
pacTBopamMu XJiopuaa >keneza (+3) W THONMAaHATa Kamus WIA aMMOHHS (TpaKTU4YecKh OecCIBETHBIS
pPacTBOpBHI).

MornekyisipHOe ypaBHEHUE PEaKIINU:

FeClay) +3KNCS(p) <> Fe(NCS)3() +3KClyp.

WNonHoe ypaBHeHue:
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Fe3"(p) + 3NCS™(p) <> Fe(NCS)3(p).

O6pasyromuiicst B pe3yabTaTe peakluud KOMIUIEKC — THOLMAHAT jkene3a (+3) obnagaer KpacHBIM
LBETOM, MHTEHCUBHOCTH KOTOPOTO 3aBHCUT OT KOHLEHTpauuu. [loaToMy cMmelieHne paBHOBECHS JIETKO
HaAOJI01aTh 110 M3MEHEHNIO HHTEHCUBHOCTH OKPACKH.

Creiite B konby paBHble 06beMbl (10 — 15 cm®) pactopa FeCls (C(FeCls) = 0,002 mons/nm’) n
pacTBOpa THOIMOHATA Kanus (MM aMMOHHS) ¢ MonspHoit kornentpanueit C(KNCS) = = 0,002 moms/mam’,

[ony4eHHBIi pacTBOp pazielTe B YeThIpe MPOOUPKHU TaK, YTOOBI 0OBEMBI BCEX PACTBOPOB ObLIN
IIPHMEpHO OJIMHAKOBBLIMHU. B TepByto mpobupky nob6assTe 1 Cm° pactBopa FeCls; Bo Bropyio — 1 cm®
HACBIIICHHOTO PacTBOpa THOIMaHaTa Kanus; B TpeThio — Kpuctamdeckuii KCI (i NH4Cl). YerBepras
poOupKa — STAJIOH JJIsl CPABHEHMSL.

PesynbTatel onbiTa 3aHecute B Tabmmiy 2.4.

Coneprxanue oTyeTa

[ onvima 1.
Tabnuya 2.2 3asucumocms ckopocmu peakyuu 0m KOHYeHmpayuu

KonuenTtpanus
Na;520s 3 Bpewms ot Havana OTHOCUTENbHAS CKOPOCTh
C;i(NayS,03), moan / om® = oTCYeTa 10 HOSABJICHHUSI peaKim
TOMYTHEHHUS
Vi(Na28203) U =t
=V—-C0(Na28203) t,c
p—pa

rae V;(Nay$,03), en® =15;10;5;
V, parent® =Vi(NagS03)+V; (H20) +V (H250,).

Ha ocHoBaHMM MexaHHW3Ma peakIH YKaXuTe e€ TMOpANOK W MONeKyJsIpHOcTh. Hamwmmmre
KHHETHYecKoe ypaBHeHure. [lonpiTaliTech BEIYUCIUTh KOHCTAHTY CKOPOCTH.

[ocrpoiiTe rpaduk 3aBHCHIMOCTH CKOPOCTH PEAKIINH OT KOHIIEHTPAIN PEAruPYIONINX BEIECTB.
Kaxkoit nuHmMel BbIpaskaeTcs HaiifieHHas 3aBUCHMOCTh? IIpoXoawT jam OHa Yepe3 Hadalo KOOpIWHAT?
[Touemy?

Il onvima 2.
Tabnuya 2.3 Brusnue memnepamypbl Ha CKOPOCHb PeaKyuu

NeNe TeMmenatvpa omera. °C Bpewmst ot Havana orcyera 10 OrHocuTenbHas CKOPOCTh
OIIbITa patyp ’ IIOMYyTHEHUS, { peaknuu, U = t?

Beipaszute rpaduueckn 3aBHCHMOCTb CKOPOCTH PEaKLUU OT TeMIIepaTyphl, OTJIOKHB Ha OCU
abcIyce 3HaYeHUs! TEMIIEPaTyphl, & HA OCH OPAMHAT 3HAYCHHUS] OTHOCUTENBHONW CKOPOCTH peakuuu. Yemy
PaBHO 3HaYEHHE TEMIIEPATyPHOro K03 UIMEHTa B BallleM OIbITE?

Il onvima 3.

OOmBsicHUTE, B KaKOH U3 MPOOHPOK peakius nouuia osictpee? [louemy?
Il onvima 4.

OObBsicHUTE, OAMHAKOBO JIM MPOTEKaeT Mpolecc pasiokeHHs nepokcuaa Bopopona? CocraBbTe
yYpaBHEHHUE pa3lIoKEHUs Mepokcuaa Bogopoaa. Onpenenure Tun karaiaus3a. Kakoe M3 BelecTB okazaso
KaTaJIUTHYECKOE AeNCTBUE?

Il onvima 5.
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O6’I)$ICHI/IT6, 4YTO INPOUCXOOUT. CocraBbTe BBIPAKCHUC IJI1 KOHCTAHTBI PAaBHOBECHH. Ha ocHoBanuu
q)OpMyJ'II)I IJId pacd€Ta KOHCTAHTBI PAaBHOBCCUA YKAXKUTE, U3MCHCHUC KOHHGHTpaHI/Iﬁ KaKHuX BCIICCTB
(I/ICXOHHI)IX HJIN ITPOAYKTOB pCaKHI/II/I) BBI3OBET OosIEe CyHIeCTBeHHBIﬁ CABUI' paBHOBECHUH.

Ta6fzuua 2.4 Bnusnue KOHYeHmpayuu peacennios Ha Xumu4ecKkoe pasrosecue

. Ocnabnenue uin Hanpasnenue cMmemeHus
Howmep onbita JobaBneHHbIi pacTBOp
YCHUIICHHE OKPACKH paBHOBeCUs
1
2
3

KOHTpOJ’leBIe BOIIPOCHI

ba30BbIl1 ypOBEHB

1. Uro n3yuyaer XUMUYECKasi KHHETHKA U JIJIsl Yero OHa CITYKUT?

2. Kakwue ¢akxTopbl HEOOXOUMBI ISl BCTYILUICHHS B XUMHYECKYIO PEAKIIUIO pearupyomnx
qacTuil?

3. Haiite ompeaerneHne CKOPOCTH XHMHUYECKOH peakuumu. Kak BeINISIIUT —rpaduk,

OTPaXKAOIIUI 3aBUCUMOCTh CKOPOCTH 3JIeMeHTapHOW peakiuu Buga P + G < Q ot: 1) KoHIIEHTpauu
pearenta G; 2) KOHIIGHTpalMK POAyKTa peakiuuu Q?

4. Kak unraercs nepBast popMynHpoBKa 3aKoHA AeicTBUs Macc?

5. Kaxkoli cMbIc MMeeT KOHCTaHTa CKOpOCTH peakmuii? OT 4ero 3aBHCHT W OT YEro He
3aBUCHUT ITOT ITapamerp?

6. [IpunoxxuM 5 3aKOH AEHCTBHS Macc K CIOKHBIM (MHOTOCTaAWMHBIM) peakuusimM? OTBeT
IOSICHUTE Ha IIPUMEPE.

1. VKaxkuTe, KOrja CKOpPOCTb XHMHYECKOM peakiuu AEHCTBUTEIBHO IPOIOPIIMOHATLHA
[IPOU3BEICHUIO KOHIIEHTPALUI pPearupyrolluX BEIIECTB B CTENEHSX, PABHBIX HUX CTEXHOMETPHUECKUM
kod(pummeHTam.

8. Uro Ha3bIBAIOT MOJIEKYJSIPHOCTBIO M IOPSJKOM XMMMYECKUX peakuuit? Beerna nm onu
OZIMHAKOBBI?

9. Kak ompenmemnsioT MOJIEKYISIPHOCTh U TIOPSAOK CIOKHBIX peaknuii? IloscHUTE OTBET Ha
IpUMepe.

10. Kakue wacTuipl Ha3plBalOT «aKTUBHBIMU»? JlaliTe oOnpeAeneHue IOHATHUIO «IHEpPrus
AKTHBALUNY.

[ToBbIIIEHHBIN YPOBEHD

1. Kak n3mensiercst sHeprus akTUBallMM B PUCYTCTBUM KaTaiu3aTopa?

2. UTo MpOMCXOAMT C pearupyolMy YaCTULAMH [IPY HarpeBaHUH?

3. [IpuBenute ¢dopmynupoBky mpaBmwia Bant-['odpda. Kakas dopmyna orpaxaer
MaTeMaTHUYECKYI0 3aBUCMOCTb BO3PACTAHUSI CKOPOCTHU C YBEIUYIEHUEM TEMIIEPaTyphI?

4. Kaxoti cMbicn umeer TemriepatypHblii kodddunment? Uro o3Hadaer, HampuUMep, eciiv Y
=3?

5. Omnpenenute TeMnepaTypHbli K03 (GHULUUEHT CKOPOCTH PEAKLUH, €CIH IpU MOHMKEHUH
Temmeparypsl Ha 45 °C peaxuus 3amemmmnacs B 30 pas. Otser: y = 2,13.

6. IIpu 393 K peakuus 3akaHuuBaercs 3a 25 MuH. Uepe3 CKOJIbKO MHUHYT 3Ta pEakLHs

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

7. Kakune xumuueckue peakuy Ha3blBaloT 0OpaTHUMbIMU? HeoOpaTuMmbiMu? [IpuBennuTe npuMepsl
TaKUX peaKuil.

8. Ilpu Kakux ycIOBHIX HACTYNAeT XMMHUUECKOE paBHOBECHE B OOPaTHUMBIX CHCTEMaXx?

9. Kakoil napamerp Ha3bIBalOT KOHCTAHTOH paBHoBecus? Kak orpakaercsa e€ 3aBUCHUMOCTh OT
KOHCTaHT MPsIMOi 1 00OpaTHOM peaxiuii?

10. Or kakux (akTOpPOB 3aBUCUT KOHCTaHTAa PABHOBECHUS? OT KAKUX HE 3aBHCUT?

11. Ilouemy B BBIpa>K€HHH KOHCTaHTbHI PABHOBECHS KOHUEHTPALMH BEIIECTB YKa3aHbI B CTEHECHSX,
COOTBETCTBYIOIIMX MX CTEXMOMETPUYECKUM KOd(pHIMEHTaM, a HE IKCIIEPUMEHTAIBLHO ONpeNessieMbIM
yucnam X, Y u ap.?

12. KakuM COOTHOLIEHHEM CBs3aHA KOHCTaHTa paBHOBeCHs ¢ sHepruei ['m6oca?

13. Tlpusenute QopmynupoBky npuniuna Jle Illarense. Kakoe nmpakTuueckoe 3HaUeHUE HMEET
aToT npuHIun? [IpuBenuTe npuMepsl.
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Choucox JUuTeparypbl, peKOMeH)IyeMLIﬁ K MCI0Jb30BAHUIO 110 JAHHOI TeMe

OcHoBHas1 JIMTEpaTypa:
1. Koposun, H. B. O6mas xumus : yae6nuk / H. B. KopoBuH. - 13-e u3z., nepepad. u gom. - M.
: Akagemus, 2011. - 496 c. : mi. - (bakanaspuar). - Pek. MOuH P®. - [Tpu.: c. 461. -
bubmmorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxamuna, E. C. Xumus OKpyKaromei cpeipl : XUMUs )KUBBIX oprann3mMoB. Kypc nekunii /
E. C. Muxanuna, A. JI. ITerenun. — M. : U3garensckuit JJom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTpOHHBIH // DneKkTpoHHO-0nbaroTeuHas cucrtema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocryna: mis
aBTOPH3HUP. MOJIb30BATENEH
JlonoJiHUTe/IbHAS JINTEpaTypa:
1. I'nmunka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubmumorp.: c. 704. - TIpeam. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. X¥uMHs METaJuIoB : yuyeOHOe mocoOue (I CTYIGHTOB XMMHYECKOTO (haKyIbTeTa
HamnpaBJIeHUH OakanaBpoB «XuUMUs» U «XUMHUECKas TEXHOJIOTUs») / coctaButenu O. A.
I'osmoBanoBa. — OMck : OMckwMii rocynapcTBeHHbIN yHuBepenureT nM. @.M. JloctoeBckoro,
2015. — 552 ¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aeKTpoHHBIH // DneKkTpoHHO OnbmmoTedHas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: ms
aBTOPH3HUP. MOJIb30BATENEH
HNuTepHeT-pecypceb:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcuteTcKkas OHOMMOTEKA OHITANHY.

3 http://catalog.ncstu.ru/ — s>meKTPOHHBIH KaTaIoT aCCOIHAIIMN AJICKTPOHHBIX OMOIHOTEK
yaeOHbIX 3aBefieHui u opranuzamnuii CKOO

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

Tema 6. PacTBopbI
JlabopaTopHasi padora 3. DIeKTPOJIUTHYECKAS THCCOIUALMSI
Lens paboThl: M3ydeHue mporecca >IEKTPOIUTHYECKON JUCCOIMAIMM B BOIHBIX PacTBOpax
3JIEKTPOIUTOB PA3HON CUJIBL
dopmupyemble KOMIIETESHIIMH UIH UX YaCTH:

WNuneke DopMyIHUpPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPIraHU3alliy U caMOOOpa30BaHUIO
OIlK-4 MOHMMAaHHUEM CYIIHOCTU U 3HA4YCeHUS WH(OPMAIIUU B Pa3BUTHH

COBPEMEHHOT0 00IIIecTBa, CIIOCOOHOCTHIO MOJy4aTh U 00padaThIBaTh
UH(POPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTBIO MHTEPIPETHPOBATH,
CTPYKTYpUPOBATh U 0GOPMIIATH HH(YOPMAIMIO B JOCTYITHOM JUIsl APYTUX
BUJIE

[K-5 CMOCOOHOCThIO MPUHUMATH YJ4acTHe B paboTax Mo pacyery u
MIPOEKTUPOBAHUIO IE€TAJIEN U Y3JI0B MAIIMHOCTPOUTENIBHBIX KOHCTPYKIUH B
COOTBETCTBUU C TEXHUUECKUMH 3aJJaHUSIMHU U UCIIOJIb30BAHUEM
CTaHJAPTHBIX CPEJICTB ABTOMATU3ALIMH POEKTUPOBAHMS

Teopernyeckas 4acTb
Pacnan QJICKTPOJIMUTOB Ha MOHBI ITPU UX PACTBOPCHUHN B BOAC HA3BIBACTCA ITPOTOJIN30M.
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https://openedu.ru/

IIpumeuanue. K mporeccaM ImpoToNH3a OTHOCST BCE XUMHMUYECKHE B3aUMOAEHCTBUS, B KOTOPBIX
yuactByror uoHbl H3O' wu OH. TepMuH «auccoluanys» ycTapeda, BMECTO HEr0 PEKOMEHIYeTCs
MPUMEHSITH — IPOTOJH3.

OCHOBHBIE TIONOKEHHSI TEOPUH MPOTONHM3a (TOrJa—d3JNEKTPOIUTHYECKON HccoUanui) ObUTH
paspabotansl B 1887 rogy mBenckuM yaéHsiM CBaHTEe APpEHHYCOM.

ONEeKTPONUTHl TIPU PACTBOPEHUM B BOJE IOJBEPraroOTCs MPOTONU3y (pacmafaloTcsl WM
JMCCOLMUPYIOT) Ha TIOJOKUTEIBHBIE U OTPUIIATEIbHBIC HOHBI.

[ox neiicTBHEM DJEKTPHUECKOrO TOKA IMOJOXKUTENBHO 3apsHKCHHBIE MOHBI JBIKYTCS K KaTOIy
(KaTHOHBI), a OTPULIATENBHO 3apsHKEHHBIE — K aHOY (aHUOHBI).

IMporecc mporonusa — mporecc 00paTUMBIH, T.€. MapaJIeNbHO paclaay MOJIEKYT Ha MOHBI UAET
IPOLIECC COSMHEHUSI HOHOB B MOJICKYJIBL.

Hampumep: CUSO4 <> Cu2+ + 804_

CynbhaT MeM B BOJHOM PacTBOpe pacnajaercs Ha katnon Cu®" u aumon SO4%.

MexaHu3M MpOTONK3a (IUCcCcoIraim) ObUT pa3padoTaH pycckuM xumukom M. A. KaOiiykoBbIM.

I'naBHOM mpUYKMHOW MPOTOJIM3A SIBISETCA B3aUMOJEHCTBHE MOJIEKYJI AJIEKTPOJIUTA C MOJIEKyJIaMu
pactBopuTtens (Boabl). MomneKyina BOJbI MOJSIPHAs, B3aUMOJACHCTBYS € AJIEKTPOIUTOM, BOjIa ociadJsier
QJICKTPOCTATUYCCKHUE CUJIbI IPUTSXKCHUSA MOHOB B KpHUCTAJ/JIaX U CUJIbL BSaHMOHeﬁCTBHH MCXKIY aTOMaMH1
B COEIMHEHHUAX C KOBAJIEHTHOW CBA3BIO, UTO M MPUBOJIUT K MX MIPOTONN3Y (PUCYHOK 2.1).

a) B) r)
@ @ @ ®@ @@@—»@@@

OND O@ @@ @
a) nonsPHAsi MONEKYIA 8 Hauae 2uopamayuu;
0) nepexo0 nONAPHOL MOJIEKYIbl 8 UOHHYIO NOO Oelicmauem Ounoiel 800bl;
8) eUOPAMUPOBAHHBLIL AHUOH,
2) eudpamupoB8anHulil KAMUOH.

Pucynok 3.1 — Cxema npomonuza ROISPHOU MOAEK) bl

OOpa3oBaBIIvecss HOHBI OKPYXKEHBI OOOJOYKOH M3 MONSAPHBIX MOJEKYJI BOJIBI U SBISIFOTCS
TUIPATHPOBAHHBIMU HOHAMU. OHM YCTOWYHBEI U CYIIIECTBYIOT B PACTBOPE HE3aBUCHMO JIPYT OT JpyTra.

I'unpatrpoBaHHBIE HOHBI MOTYT HMETh KaK IMMOCTOSIHHOE, TaK U TIEPEMEHHOE KOJIMYECTBO MOJICKYIT
BOIbL. ['MIpaT MOCTOSIHHOrO cocTaBa 06paszyer HoH Bomopona HY, yaepKuBaroimuii oHy MOJIEKYITY BOJIbL.
B nayuHO} 1 y4eOHOl nuTeparype ero o6osnavaror HzO" (wam OHz") 1 Ha3hIBalOT HOHOM TUIPOKCOHHS.

Cnenyer moMHHTh, 4To MOH H® B BOjE HE CYIIECTBYET, TaK KaK MOMEHTAILHO PEArupyer ¢
MOJIeKyIoi (MoneKynaMu!) BOIBI U CyliecTByeT ( B OCHOBHOM) TOJBKO B BUE HOHOB ' IPOKCOHWS:

H' + H,O — H30+.

Cunvrvle u crabwvie snexmponumsol. CUIBHBIC SIEKTPOIUTHI TPH PACTBOPEHUH B BOJIE IMTOIHOCTHIO
(MM TTOYTH TOJTHOCTBIO) MOJIBEPTAIOTCS MPOTONN3Y — PACHAIAIOTCS HA UOHBI.

Ipumeuanue. TIPUHATO CUYMTATH CHIJIBHBIMU DJICKTPOJIMTAMH BCE T€ COCAMWHECHUS, KOTOpBIC
pacnanatorcs 6onee uem Ha 30%.

K HuM oTHOCSTCS:

a) kucaotbl HSO4 (Tonbko mo niepBoii crynenn!), HNOs, HCI, HI, HBr, HMnQOs, HCIO3, HCIOq;

0) ocuoBanus menodnbix (NaOH, KOH, RbOH, CsOH, no ue LiOH!) u mienouyno3eMensHbIX
merasios (Ca(OH)z, Sr(OH),, Ba(OH), — Ho TosbKO 10 TIepBO# cTyneHu!);

B) IIOYTH BCE PACTBOPUMBIC COJIH.

Crna0ble AJIEKTPONIUTHI MIPU PACTBOPEHUH B BOJE JUIIb YaCTUYHO TOJBEpPraroTcs mpoTtonusy. K
caObIM BJIEKTPOJIUTAM OTHOCAT, Hampumep. caeayroniue kuciaotsl: HCN, HNO,, HF, HCIO, HCOOH,
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CH3;COOH, H:COs;, H:Cy04, H.S, H,SOs;, H:SiOs, H:BOs wu ap.; ocHOBaHHMsS MeTaioB (Kpome
OCHOBAHHH IEIOYHBIX U INETOYHO3EMETbHBIX MeraioB), a takke NH4sOH. K crnabGeim amekrponuram
OTHOCHTCSI TAKXKE U BOJIA.
IIporonus kucnor:
a)H,SO, + H,0 <> H30" + HSO, (100%);
H3;0"1[SO;~
HSO; + H,0 ¢ Hy0" + 502" Ky (H,50,) = 1130 1504 ]

[HSO, ]

=0,012;

6) HCIO3 + H,0 <> H3O™" + ClOg3 ; (L00%);
6) HBr + H,0 <> H3;0™ + Br~; (100%).
IIpoTonu3 MHOTOOCHOBHBIX KHUCJIOT CTYIIEHYATHIH, IPU HTOM YHUCIO CTYIIEHEH OIpenesnsercs
OCHOBHOCTBIO KHCJIOTHI (3TO 7K€ OTHOCHUTCSI U K MHOT'OKHCIIOTHBIM OCHOBAHUSIM).
IIporonu3s ocHOBaHMIA:

a) NaOH <> Na® +OH ~;

6) KOH <> K™ +0OH ;

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

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

Kucnvie conu:
KoHPOs > 2K* + HPO4Z
Ocnosnble conu:
a) AIOH (NO3), <> AIOH " +2NO;;
AIOH %" > AI®* +OH ~;
6) Al(OH),NO3 «>[AI(OH),]|" + NO3;
[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), ]*~;
[zZn(OH), ] <> Zn?* + 40H ~.
KonnuecrBenno IIPONLECC MPOTOJIM3a MOXKHO OXapaKTEPU30BATH C IIOMOILIBIO cmeneru npomoausa
&, KOTOpasi MPEACTaBIIsIeT COO0M OTHOIIEHHE Yucia MOJb (Nx) MOABEPTLIMXCS MPOTOIU3Y MOJEKYH, K
001IeMy 9ucITy MOITb (Nosy) PACTBOPEHHBIX MOJEKYI:

n
a,% =—=-.100. (3.1)
n06u¢

Jis CHUNBHBIX AIIEKTPONIIMTOB CTeNeHb mporonu3a Omms3ka k emuHuie (100 %). s cmabeix
AIEKTPOIUTOB, MOJIEKYJIBI KOTOPHIX B OCHOBHOM HaXOJISTCS B PACTBOPE B MOJIEKYJIIPHOM COCTOSTHUHU, (¥
— Majas BEIHYUHA.

CrerneHp IpOTOIU3a MOXKHO YBEJIUYUTH MOHMKEHUEM KOHUEHTPALMHU PACTBOPEHHOrO BEILIECTBA
(Tabmuma 2.1) nin MOBBIIIIEHUEM TEMITEPaTyphl PACTBOPA.

Tabnuya 3.1. 3asucumocms cmenenu nPOMOAU3A YKCYCHOU KUCIOMbL O KOHYEHMPayuu npu

20C

C(CH3COOH), Mons/mm® 0,1 0,01 0,001
a,% 1,4 4,2 12,4
Hampumep, 11 yKCYyCHOM KUCIOTBHI:
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CH3COOH + H20 «<» CH3COO™ + H30;
- +
[CH;COO™] 100 = [H;07] -

C(CH3;COOH) C(CH3COOH)

Jlis XapaKTEepUCTHKHU CIA0BIX 3JIEKTPOJIMTOB HCIOIB3YIOTCSI KOHCTaHTBI MPOTONU3a, KOTOPHIC
SIBJISFOTCSL YaCTHBIM CITy4aeM KOHCTaHT XUMUYECKOI'O PABHOBECHSI.

[pomecc nmporonuza cnaboro 3MEKTPOIUTA SBISETCS PAaBHOBECHBIM, T.€. B CHCTEME MPOTEKAIoT
OJTHOBPEMEHHO JIBa COMPSKEHHBIX IpoIiecca: MPOTOIN3 U Moysipu3aiys. Harnpumep, JUisi paBHOBECHOT'O
mpoliecca a30THCTON KUCIOTHI ¢ MOJIEKYJIaMU BOIBL: 1) mpsiMasi peakuus — mporecc mporonusa (pacnaja)

monexyn HNO, na wonsr; 2) obpatHas peakuus — Monspusanus (cBaspiBanue noHoB Hs;O™ u NO; B
monekyiiel HNO2)

00-

a(CH3COOH ), % =

HNO, + H,0 <> H3;0" + NO;.
KonunuecTBeHHO 3TO paBHOBECHE XapakTepu3yeTr koHcTaHTa rnporoin3a HNO,:
+ —
[H307]-[NO; ]
[HNO, |

JIJISI MHOI'OOCHOBHBIX KHCJIOT CYIIECTBYIOT HECKOJIBKO KOHCTAHT ITPOTOJIM3a, KaKaasd U3 KOTOPhIX
KOJINYECTBEHHO XaPAKTEPU3YET COOTBETCTBYIOIIYIO CTYIIEHb IIPOTOJIN3A.
Hanpumep:

~51-107%.

K, (HNO,) =

+ -.
H28+ H20<—> H3O + HS ,
+ -_—
_[H30"]-[HS7]
al -
[H2S] ,
- + -.
HS™ +H,0< H;0" +S°7;
+ 2—
_[H307]-[S7]
[HS™]
[IpoTonn3 >MEKTPOIUTOB IO TEPBOW CTYNEHW HWJAET JIerde U, CIEJOBATENbHO, BEIUYHHA
KOHCTaHTBI MPOTOJIM3a MEPBOW CTYIEHH BCeraa OOoINbIIe BETUYMH KOHCTAHT MPOTOJH3a MOCIEAYIOIINX
CTyTIEHEH.
Koncmaunma npomoauza mak odice, KaKk U KOHCMAHMA XUMUYECKO20 DABHOBECUS, SABNAEHICS
BEIUHUHOL NOCMOSHHOU NPU OAHHOL MeMnepamype U He 3d8Ucum om KOHYeHMpayuu eeujecmaa.

3aBHCUMOCTDh MEXTy KOHCTAHTOH PaBHOBECHS M CTEICHBIO MPOTOJIM3a OMPEIeNseTCs 3aKOHOM
pazbasienns OcTBabaa, HATPUMED, TSI OMHOOCHOBHON KUCIOTH (THa HA):

[H0%1-[47] a®C(HA)

-1-107";

=11.1074,

a

K,(HA4) = —npua > 0,05 (5%)

H4] 1-@
NI
H,0"]-[4~
K, (H4) =[3[H11][] =a?C(HA) -npua < 0,05 (5%)

Honnble ypaBHeHHS — 3TO (opMa 3alMCH, OTPAXKAIOLIAsi COCTOSHUE BEIIECTB B PacTBOpe U
pe3ynbTaT UX B3aUMOJCHCTBHS JPYT C APYTOM.

IIpu cocraBieHMM WOHHBIX YPaBHEHHWH CJEOYeT pPYKOBOJACTBOBATHCS TeM, UYTO clabvie
NEKMPOAUMBL U MATOPACMEOPUMBLE Bewecmea uzoopaicaromes 6 ude monexyi. CuibHo pacmeopumbie
NEKMPOAUMBL, KAK HOJHOCMBIO UOHUSUPOBAHHbBIE, NUULYMCS 8 8UOE UOHOS.

B noHHBIX ypaBHEHUSIX JOJKHO COOMIONATHCS YCIOBUE IEKTPOHEHTPATBHOCTH — CYMMA 3aps008
6 J1e6O1 uacmu ypasHeHusi 00IJCHA ObIMb PAGHA cCymMme 3aps008 NPasou 4acmu YyPaeHeHUs.

ObopynoBanue U MaTepUAJIbI
PactBop cepuoii kucnotsl HSOs ¢ konnentparueit C(H2SO04)=2 mons/am?
. PactBop consmoit kucnorsr HCI ¢ kornentpanueit C(HCI)=2 momn/mm®
Wnpnkarop penondranenn
WHaukaTop METHIIOpaHKEBBIN
JlakmycoBast Oymara

Sl I O
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PactBop NaOH ¢ kounentpanueii C(NaOH) = 2 mons/am?
JIMCTUILIMPOBAaHHAS BOJA

[Tpobupku

Jloxeuxa

0. PactBop NaSO4

11. PactBop (NH4)2SO4

12. PactBop xsopuna Gapust

13. PactBop cuimKaTa HATpUst

14. PacTBOp CONMAHOM KHCITOTHI

15. PactBop cynbdara meau (+2)

16. PactBop amuerara Hatpuss CHsCOONa
17. KapGonar kansuus (men) CaCO3

18. PactBOp cynbdara xpoma

19. PacrtBop eaxoro Hatpa

R©o~No

Yka3aHnus no TexHuke 6e30MacHOCTH
1. Bce paboTbl B XHUMHYECKOW abOpaTOPHHM JOJDKHBI IPOBOAUTHCS TPH HCIPABHOM
3NEKTPOOOOPYIOBAHNH, IEKTPOIPOBOJIKE, MPABHILHO 000PY/JOBAHHOM BBITSIKHOM IIKA]Yy.

2. T"a3oBBIE KpaHbI U Ira30pOBO JOJIPKHBI HAXOAUTHCA B UCIIPABHOM COCTOSHHU, IIEPUOJNICCKU
IIPOBEPSTHCSL.

3. PaGouee MecTo comepkaTh B OPSIJIKE H YHCTOTE.

4. Cyxue peakTHBbI TpeOyeTcss OpaTh YHCTHIM IITATEIEM HIIH CHEHaTbHON JTOKEUKOM.

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

6. Bce OmBITHI C BpEAHBIMHU M NAXHYIMMH BEIIECTBAMH, a TAKKE YIIAPUBAHNE KUCIIOT M KHUCIBIX
PacTBOPOB MPOBOJUTH B BBITSKHOM HIKady.

7. OcraTku COeTMHEHHUN cepedpa CIIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHHH PAaCTBOPOB B MPOOMPKE BCEraa CIEAyeT ACpPiKaTh € TaKuM 00pa3oM, 4TOOBI
OTBepcTHE MPOOHUPKH OBIIIO HAIIPABIICHO B CTOPOHY OT PabOTAIOIIEro pAIOM cocera.

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

10. He cnemyer BOpIXaTh Maxydue BEHIECTBA M Ta3bl, OJM3KO HAKIOHSACH K COCYHY C ATHMH
BemecTBaMy. HioxaTh BelecTBa MOKHO JIMILIL OCTOPOXKHO, HAIIPABIISAA K ce0e Maphl WK ra3 ABUXKEHUEM
PYKH.

11. XpaHuTb pacTBOpPBI KOHLIEHTPUPOBAHHBIX KUCIIOT U LIEJIOYEH B BHITSDKHOM IIKaQy.

12. BsumBaTh pa30aBIeHHbBIC KUCIOTHI U IETOYHBIC PACTBOPHI CIEAYET B CIMBHYIO CKIISTHKY.

13. Kareropudecku 3ampermaercst ipoOOBaTh XMMHUYECKHIE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIErKO BOCIUIAMEHSIOIIMMUCS BelecTBamMu (3uphl, OEH30I, Cepoyriaepon u
T.J1.) HE JOJDKHO OBITH PSIIOM OTHS M BKJIFOUEHHBIX [UIUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHYECKOH TOCYqoH, HEOOXOIWMO COONM0JaTh IpaBUIiIa
MPEAOCTOPOKHOCTH BO M30€KaHUE PAHEHUH OCKOJIKaMH CTEKIIA.

16. Kareropudecku 3ampemniaercs OCTaBIsATh padoTaromye mpuOopsl Oe3 HaOMFOIeHHSI.

19. B xumudeckoil mabopatopuu HeoOX0JuMO paboTaTh B Xajare.

3amanusa
Onpit 1. Haneiite B Tpu npoGupku 1o 1-2 cM® pacTBopa KMCIOTHI, MeN0o4H U Bobl. JJobaBbTe B
KaXayl0 npoOupky wuHAaukatop (cMm. Tabxn. 3.2.1). OOpature BHMUMaHHE HA LBET HWHIUKATOPOB B
Pa3JIMYHBIX CpeAax: KUCIOH, IET0UYHON, HEUTpaTbHOM.
Tabnuya 2.2 []eem uHOuUKamopog 8 pasiuiHbix cpedax

Cpena
WNunukatop P
Kucnas HeWTpajbHas HIeIoYHas
Jlakmyc KpacHBIN ¢buoneroBsIi CUHUI
Odenondranenn OeCLBETHBIN OecLBETHBIN MAaJIMHOBBIN
MerunopaH:xeBbIil PpO30BBIi OpaHKEBBIN JKENTBINA
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Onmbit 2. B sBe mpoGupku Haneiite mo 1-2 cM® pactBopos: B omny — Na,SOs, B apyryio —
(NH4)2SOs. B xaxxayro u3 mpoOupok mpubaBbTe MO TaKoMy ke o0beMy pacTBopa xyopuia OGapus. Bo
Bcex mpoOupkax oOpa3syercst ocamok Oenoro 1sera. CocTaBbTe MOJCKYISPHBIC M HMOHHBIC YpPaBHCHHS
COOTBETCTBYIOIUX PEAKLIHIA.

i TOro 4TOOKI ONPENEIUTh KaKas U3 00pa30BaBIIMXCS COJICH TPYIHOPACTBOPUMA, IIOCMOTPUTE
TaOJIUIy PAcTBOPUMOCTH XHMHUYECKHX COCAMHCHUU. B BBIIIEPACCMOTPEHHOM IIPHMEPE 3Ta COJb —
cynbdat Gapusl.

Ompit 3. Haneiite B mpobupky 2 cM® pacTBopa CHIIMKAaTa HATpHs, 100aBBTE TAKOE XKe KOTUIECTBO
colsiHOM KUCHoThl. Uto mpouzonnio? Hanummre MoNeKyiIsipHOE, MOJTHOE MOHHOE M KPaTKOE MOHHOE
ypaBHEHUs TaHHOH peakuuu. OOpaTUTE BHUMAaHUE, YTO KPEMHHEBAs KMCIIOTa IIJI0X0 PacTBOpUMa B BOJIE.

Ompit 4. Haneiite B mpoGupky 2 cm® pacTBopa cynbdara Memu (+2). JJo6aBbTe pacTBOp IIENOUH
(NaOH wnu KOH). Yto BBl Habmromaere? Hamummre MONEKyasSpHOE ypaBHEHHE peakiuu. [10ab3ysch
TaONMUIEH PacTBOPUMOCTH, ONpENeNuTe, Kakoe M3 JIBYX OOpa3OBaBIIMXCS COCAMHEHWM, BBIIIAJIAET B
ocaziok. Hamummre nmonHoe u KpaTkoe HOHHBIE ypaBHEHUs. OcaZOK COXpaHHUTE JJIS OMBITa 5.

OmnbiT 5. B npoOupky ¢ ocalkoM THApOKCHJAa MeaH (MOMYy4eHHOTO B TPEABIIYIIEM OIBITE)
n00aBbTe HECKOTBKO CM° pacTBOpa CONAHOM KHCHOTHL. OCajoK pacTBOPWIICA (€ClM OCaoK He
pacTBOPHIICS, TO BCTPSIXHUTE MNPOOWPKY). Hamummre MOIEKYIsIpHOE, TMONHOC M KpPaTKOe HOHHBIE
YpPaBHEHMUS.

Omsit 6. Haneiite B mpo6upky 2 cM® pactsopa arerata Hatpus CH;COONa 1 106aBbTe HEMHOTO
paz0aBJieHHON CONMSHOW KWCIOTH (MM cepHoil). IlosBuics 3amax, MpHCYmIMN MOJIEKyJdaM YKCYCHOM
KACHOTHL. [IpH cOCTaBlIeHWHM WOHHOTO ypaBHEHHWs He 3a0bIBaiiTe, 4TO YKCyCHasi KUCIoTa — claObIid
JJIEKTPOJIHT.

OnpiT 7. B HE0O/IBIIOM KOIMHYECTBE BOZBI B30OJITANTE IIENOTKY PACTEPTOrO B MOPOIIOK Meja U
MIpHIJIeiiTe HEMHOT'O PACTBOPA COJSTHOM KMCIOTHI. Kakoii ra3 mpu 3TOM BBIIEITUTCS ?

BceromanTe, 9TO yrompHas KHCIOTa OY€Hb HEYCTOWYNBA, PAa3Naraercs ¢ BHIJCTICHHEM ITy3bIPHKOB
YTIIEKUCIIOTO Ta3a.

Hamummre MonexkymnsapHoe, KpaTKOe ¥ TIOTHOE HOHHBIE YPaBHEHHUS.

Omnwit 8. a) Haneiite B mpodupky 2-3 cM® pacTBopa cyimbhaTa Xpoma M H00aBbTE MO KaILIaM
pacTBOp enkoro Hatpa (mo oOpasoBanms ocaaka). OOpasoBaiicsi ocafok THApPoKkcHaa Xpoma (+3),
OTMEThTE I[BET ocajaKa. Hamummre MoiIeKysipHOE, TTOTHOE U KPaTKOe HOHHBIE YPaBHEHUS PEAKIIHH.

6) O6pa3zoBaBIMMIACS OCaIOK B30ONTANTE M pa3aenuTe Ha ABe YacTh. K omHO# yacTu nmobGaBpTe 2-
3 cm® consHOI KHCIIOTHI, a KO BTOPOi — 2-3 ¢M° KOHIIEHTPUPOBAHHOT'O PACTBOPA MIETOUH.

OOpartuTe BHUMaHHE, YTO 0CAIOK B 00EHX MPOOHUPKaX PacTBOPHIICS. BCITOMHUTE, YTO THIPOKCHT
xpoma (+3) obmamaer amMQOIUTHBIMA CBOWCTBAMH, B3aMMOACHCTBYS KaK C KHCIOTaMH, TaK H C
menodamu. [Ipm 3TOM BO BTOpOM cirydae oOpasyeTcs KomIulekcHas conb. Kakas? Hammmmre eé
hopmymy.

[lo ykazaHwio mpenojaBaTeNss MOXHO IIPOBECTH AaHAJOTHYHBIE PEAKIHH C YYacTHEM
THUAPOKCHIAMHE aTFOMUHUS WITH [IMHKA, KOTOPBIE TAaKXKe 00JagaroT aM(OIUTHBIMA CBOWCTBAMH.

CocraBbTe MOJEKYISPHBIE, TOIHBIE U KPaTKHE yPaBHEHHS COOTBETCTBYIOIINX PEAKITHI.

Oneir 9. Ilomp3ysich BBICTAaBICHHBIMH Ha J1a0OpaTOPHOM CTONIe PEaKTUBAMH, OCYIIECTBHUTH
PEaKIiio, BRIPAKEHHYIO CIEAYIOIUM HOHHBIM YPaBHEHUEM:

Fe*>" +30H™ = Fe(OH); V.
Hanummre MonekynsapHOe ypaBHEHUE PEaKLUU.

Omnpit 10. [Tonmp3ysich MomydyeHHBIM B ONBITE 9 0cagKoM THIPOKCHaa xeme3a (+3), ocylecTBUTh
PEaKIuio, KOTOPYIO OMUCHIBAET CIENYIOIIee HOHHOE YpaBHEHHUE:

Fe(OH); +3H " = Fe®" +3H,0.
HammcaTb HeCKOIBKO MOJICKYJISAPHBIX ypaBHeHI/Iﬁ pGaKHHﬁ, MMPUMCHSA IIPU 9TOM TAKUC KHUCJIOTHI,
KOTOPbIM OBl COOTBETCTBOBAIU PaCTBOPUMBIC COJIN Fe+3
Conepxanue oT4yeTa
[Tomy4yeHnnsie naHHble 3adukcupyiite B Tabauue 3.2 no ciaeayoomueil popme:
Tabnuua 3.2. Pe3ynabpTarhl SKCIEpUMEHTA

Ne i/t | PearenTtsl XUMHUYECKasl peakius HaOmronenust

1
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KonTposbHbIe BOIPOCHI
ba3oBblii ypoBeHb
1. Yto Takoe 31eKTPOIUTHIECKAs TUCCOIHAITUS?
2. DNEKTPONIUTHL U HE DIEKTPOIUTHI.
3. KT0 13 XuMHUYECKUX COCAMHEHHN SIBISETCS SIEKTPOIUTOM?
IloBBIILIEHHBIN YPOBEHD
1. Hanmmute MoneKysipHbIE, MOJIHbIE U KpaTKHE MOHHbIE YpaBHEHUS peakiuii B3auMOJEHCTBUS:
a) kapOOHaTa KaJHs C CONISTHOM KHCIIOTOH;
0) a30THCTON KUCIIOTHI C THAPOKCHIIOM HATPHSI;
B) KapOOHAaTa MarHus ¢ a30THON KHCJIOTOMH;
T') THAPOKapOOHATa HATPUS C €KUM HATPOM;
1) THAPOKCUA aIFOMUHUS C €KUM HaTPOM;
€) COJITHOM KHCJIOTHI C CHIIMKATOM HaTpHsL.

Cnucok JuTeparypbl, peKOMeHyeMblil K HCIIOJIb30BAHUIO 110 JAHHOH Teme

OcHoBHas1 iuTEeparypa:
1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. Koposun. - 13-e u3., nepepad. u gom. - M.
: Akagemus, 2011. - 496 c. : mi. - (bakanaspuar). - Pek. MOuH P®. - ITpun.: c. 461. -
bubmmorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyKaromei cpefibl : XUMHUS KUBBIX Opranu3MoB. Kypc nekmmii /
E. C. Muxamuna, A. JI. Ileteaun. — M. : Usmarensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 35eKTpOoHHBIH // DnekTpoHHO-O0nbmroreunas cucrema IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Peskum noctyma: mis
ABTOPU3UP. TI0JIb30BATENCH
JlonoHUTeILHAS TUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nmunka ; [Tox pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubauorp.: ¢. 704. - [Ipeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1
2. XUMHS METAJUIOB : yueOHOE MocoOue (71 CTYJEHTOB XMMHUYECKOTO (haKyIbTeTa
HarpaBJieHUH OakagaBpoB «XUMU» U « XUMHUECKas TEXHOJIOTHs») / coctaButenu O. A.
l'onoBanoBa. — Omck : OMckuii rocyiapcTBeHHbIM yHUBEpcUTET UM. .M. [locToeBCKOTO,
2015. —552 c. —
ISBN 978-5-7779-1875-8. — TexkcT : anekTpoHHbIH // DnekTpoHHO 6nbanoreyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum goctymna: mis
aBTOPU3HP. MOJIb30BATENECH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOE OKHO J0OCTYyIa K 00pa3oBaTEeIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcuteTckas OHOITHOTEKA OHIIANHY.

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

4 http://lwww.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpbiToe 06pasoBaHue
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Tema 6. PacTBopbI
JlaGopaTopnasi paGora 4. IIporosmn3 coseit
Lenb paboTer: M3ydeHue mporiecca ruapon3a CoJei.
Dopmupyemble KOMIETEHIIMH WIH UX YaCTH:

HNupexc DopMyIUpOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AIMK U CaMOOOpPa30BAHUIO
OIlK-4 TIOHUMAHUEM CYIIHOCTH U 3HaYCHUS] MHPOPMALIUK B Pa3BUTHU

COBPEMEHHOTO 00IIeCTBa, CIIOCOOHOCTHIO MOJTy4aTh U 00padaThIBaTh
I/IH(bOpMaIII/IIO M3 pas3JIMYHbIX UCTOYHHUKOB, TOTOBHOCTBIO HHTCPIIPETUPOBATD,
CTPYKTYpUPOBATh M 0POPMIIATH HH(YOPMAIHIO B JOCTYITHOM JUISL APYTHUX
BHUC

ITK-5 CIOCOOHOCTBIO MPUHUMATH y4acTHE B paboTax IO pacyeTy u
MIPOEKTUPOBAHUIO JIETATIEN U Y3JI0B MAIMHOCTPOUTENBHBIX KOHCTPYKIIUH B
COOTBETCTBUU C TEXHHYECKUMHU 33JJaHUSAMH M UCIIOJIb30BAHUEM
CTaHJAPTHBIX CPEJACTB ABTOMATH3ALIUN ITPOCKTUPOBAHMS

TeopeTnyeckas 4acTb

Ilpoyecc 63aumodelicmeust UOHO8 CONU C MOJEKYIAMU B0O0bI, NPUBOOAUWUL K 0OPA308AHUIO
cnaboouccoyuupyromux  geujecms (MOEeKYl CIadblX KUCIOM UMU OCHOBAHUL, AHUOHO8 KUCIbIX WU
KAmMUuoHO8 OCHOBHLIX coOlell) u conposodcoaroueecs usmenenuem pH pacmeopa, Hasvieaemcs
NPOMONIUZOM.

[Iporonu3y monBepratoTcst Coiu, 00pa30BaHHbBIE CJIA0bIM OCHOBAHHUEM HIIN CIIA00 KHUCIOTOM.

CnaOble 37IeKTPOIUTHI B BOJIE JIMIIh YaCTHYHO JMCCOIIMUPYIOT Ha MOHBI. K HUM OTHOCSTCS:

a) KUCJIOTBI — HzS, HzSO3, H2C03, H3PO4, HNOz, H3BO?,, HC'O, HCN, HF, CH3COOH " ap.;

0) Bce ocHOBaHHs MeTayioB (kpome Imienoueii), a takke NH4sOH. K cnabeiM 3nekTposuTam
OTHOCHTCS TAKXKE BOJIA.

CuJIbHBIC 3JIEKTPOJIHTHI:

a) KUCJIIOTEI — HzSO4, HNOs, HCl, HBr, HMnO4, HC|03, HC|O4;

0) OCHOBaHHS MIEIOYHBIX M IIEIOYHO3EMENBHBIX MeTainioB, kpome Mg(OH)2, Be(OH)..

CoctraBuM TaOJHUIy coJiel, OOpa30BaHHBIX pPAa3IMYHBIMU (KaK CIa0bIMHU, TaK U CHJIbHBIMH)
KHCJIOTaMU ¥ OCHOBaHUSIMH.
Tabauya 4.1 Ilpomonus paznuunozo muna conetl

Conm, 00pa3oBaHHBIC

CI1a0BIMM KHCIIOTAMH U CJIa0BIMM KHCIIOTAMHA U | CHJIIBHBIMH KHCJIOTaMH
ci1a0BIMY OCHOBAHUSMH
CUJIBHBIMA CUIIBHBIMHA ¥ CHJILHBIMHU
¥ CHJIBLHBIMHU KHCJIOTaMHU
OCHOBaHUSIMHU OCHOBaHMSIMU OCHOBaHMSAMU
| 1 11 AV
AlLSs, NH4,CN
Na,COs3, K3S, Na;SO; | AlCIs, CuSOs MgCl; ' ' KCI, Na;SO4, KNOs3
CI’z(CO3)3
pH>7 pH<7 pH~=7 pH=7

PacTBopbI BBIIEyKa3aHHBIX COJIEH WMEIOT Pa3iHYHYI0 PEAKINIO: IIETO0YHYI0, KHACIOTHYIO WIIH
HEHTpanbHYI0. JTO OOBSICHAETCS TEM, YTO WOHBI, O0pa3yIOIIHeCs P paciajie STUX COJeH, Pa3InIHbIM
00pa3oM B3aHMOJIEHCTBYIOT C BOJIOM.

IIporoau3 coseil, 00pa30BaHHBIX CUJILHBIM OCHOBAHUEM U
CJ1a00H KHCJIOTOM

Paccmorpum mporeccel, mporekaromue npu mporonuse kapOonata Hatpus. Na;COsz — comb
caboil ABYXOCHOBHOW YTrOJIBHOW KHCJIOTBI M CHJIBHOTO OAHOKHCIOTHOro ocHoBanus NaOH. 3anuimem
ypaBHEHHE NTPOTONIN3a 3TOM CONH:

H,O —
Na,CO; «—2252Na* +COZ™.
Ipumeuanue. IlpoTonu3y WMOHOB (TUAPONU3Y) BCErjia MPEAMIECTBYET TMPOIECC MPOTONH3a
(mHcconumanym) Coiu.
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OOpasyromuecs: KapOOHAT-HOHBI B3aUMOJICHCTBYIOT C MOJICKYJIaMH BOJIbI, TIPU 3TOM 00pa3ylTCs

AHHOHBI HCO;, a He monekynbl H,COs, Tak Kak MOHBI HCOg JUCCOILIMUPYIOT TOPa3io TpyAHEE,

gem monekynasl HoCOs. [loaTomMy mpu OOBIYHBIX YCIOBHUSIX MPOTONHM3 KapOOHAaTa HATPHs MPAKTUYECKH
MIPOTEKAET IO MEepPBON CTYIEHH.

HonHo-MONneKynsipHOE ypaBHEHUE IPOTONIN3A CO3 IO MEPBOM CTYIEHHU:

CO% +H,0 <> HCO; +OH; pH > 7.
B monexynspHoii hopme:

Na2CO3 + Hzo <> NaHCO3 + NaOH .

HonHo-MONEKyIIpHOE YpaBHEHUE IPOTOIN3A H CO3 :

HCOy +H,0 - H,CO;+0H ; pH > 7.
B Monekynsipaoit Gopme:
NaHCO;3; + H,0 <> H,CO3 + NaOH — npaxruuecku se nporexaer!

B pactBope mnosieisercs u30biTok noHoB OH', mosromy Bomubiii pactBop Na,COz wumeer
HIETTOYHYIO PEAKITHIO.

KonruecTBEeHHO MPOIECChl MPOTOJM3a coneil xapakTepu3yroT KoHCcTaHThl (Kinp) U cTerneHb (Onp)
MIPOTOJIN3a, a TIIyOMHY MPOTEKaHUs MPOTONIN3a — U3MEHEeHue peakiuu cpeasl (pH).

Koncrarel mporonmsa coseldl, 00pa3OBaHHBIX CHJIBHBIM OCHOBAaHMEM M clabOi KHCIIOTOH,
BBIYHUCIISIIOT 110 (popMyiaM clieryroniero Buia

K 4.1
Knpi — W , ( )
Ka,
roe K np; ~ KOHCTAHTa MPOTONH3A 1O I-CTyIeHu;
K a i-s1 KOHCTaHTa IIPOTOIN3a 00Pa3yIOMIEHCS CONPSKEHHON KUCIOTEL.
CrereHnpb MpoToNIH3a:
2 Ky, Kop, _ 4.2)
anp +a,, - - =0,
‘P C 2 C 2
e C — KOHI[GHTPAIIMS COJH, MOJIb/IM .
Qopmyy (4.2) IpUMEHSFOT TOTAa, KOTa cTeneHb nporonusa mnpessimaer 0,05 (5%).
IMpu opi < 0,05 (5%):
Kp, . (4.3)

Ay ® c
KoHuenTpanuio ruIpoKCHI-HOHOB, ONPEHCISIOMNX INyOMHY MPOTEKaHUS MPOTONH3a, MOXKHO

paccyuTaTh 0 yPaBHEHUIO:
[OH_]i ~ ’KHpiC . (44)

[Ipumennm, wanpumep, Qopmynsr (3.1) — (3.4) mnd KOIMWYECTBEHHOW OIEHKHA IIPOIECCOB
TIPOTONH3A TIO TIEPBOH M BTOPOIi cTymeHsM Kapbounara Hatpus npu C(NaCOs) = 0,1 moms/mv°.
st nepBoii cTyneHu:

Ke 10"
Ka, (H,CO3)  4,6-10™

K .10~
a, z\/ e, [217-10 ~ 0,0466 (~ 4,66%);
L C 0.1

Kiup, (CO5) = =2,17-10%,

-1 - _ _4 _ _3 MOJIb
[OH "], = /Ky, C =+/21-107-01=4,66-10 N

POH =—Ig[OH "], =—1g4,66-107° =2,33; pH =14- pOH =11,67.
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I[J'Ii[ BTOpOfI CTYIICHU BBIYHCJIUM TOJIbKO KOHCTAHTY IIPOTOJIM3a:

~-222.108

(CO%) = Ky 104
H 3 =
b2 Ko (H,CO3)  45.107

CoOTHOIIICHHE TTEPBOI U BTOPOI KOHCTAHT MPOTOjK3a kapooHaT-uoHa (= 10 000)

le(COe,) _217-10™
(C0Z) 222.10°®

~10-10*
l‘lp2

TI03BOMIAET PACYETOM JI0Ka3aTh, uto mportomn3 COz* (haKTHUECKH IPOTEKAET TONBKO 110 MePBOil CTYTIEHH.
IIpoTosu3 coneii, 00pa30BaHHBIX CUJILHON KUCJIOTON U €1a0bIM OCHOBAHHEM

Paccmorpum nporonus conu CuSOs. Cynbdat Menu — cojib ClIadoro JBYKHCIOTHOTO OCHOBAaHUS
Cu(OH); u cusHO# 1BYXOCHOBHOM KUCTOTEI H2SOa.
[TepBuuHBI IpoIIECC — TIPOTOIU3 (AMCCOIUAIINS) COITH:

CuSO, <22, Ccu?t + 502"

3aTeM HOHBI MEIU PearupyroT ¢ MOJEKYJIaMHU BOMBI, TO €CTh HJAET IMPOTOJIN3 HOHOB — BTOPHYHBII
nporiecc. KaTHoHbI Meii ¢ MOJIEKYJIaMU BOJIbI 00pa3yroT KaTHOHbI 0OCHOBHOM comt CUOH"™.
HMoHHO-MONeKyIApHOe ypaBHeHHe npotonmsa CU®* 1o mepBoii crynenu:

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

Tak KaKk B pacTBOpE MPUCYTCTBYET KUCI0Ta, TO ero pH < 7.
Brlnagenue ocanka ruapokcuaa Meay (+2) He MPOUCXOmuT, Tak Kak moHel CUOH" muccomumpyror
ropaso TpyaHee, ueM Mojiekyiasl Cu(OH)s.

CUOH " +2H,0 <> Cu(OH), + H30™; pH <7

WJIN B MOJIEKYIIIPHOH (hopme:

(CUOH ) 2 SO4 +2H 20 g 2(CUOH ) 9 + H 2304 — peaxIysi MPaKTUIECKH HE UIIET.

HWtak, B OOBIYHBIX YCIOBHSIX MPOTOIU3 CYJIb(ara MeIn MPOTEKAET MPAKTHUSCKU TOIBKO IO TIEPBOM
CTYIICHHU.
cDOpMyJ'IBI, IIO3BOJIAIOIIINC KOJIMYCCTBCHHO OLICHUTH HpOHeCCBI HpOTOHI/I3a KAaTHUOHOB
COOTBCTCTByIOH.[HM CHa6BIM OCHOBAHUAIM:
_ Ky (4.5)
npj - ’
Kpi

rac K — KOHCTaHTa IIpOTOJIr3a I10 i- CTYIICHHU,

K bl — KOHCTaHTa IIPOTOJIM3a I10 i-CTyHeHI/I COIIPSIYKEHHOT'O OCHOBAHUA.

CTeHeHB HpOTOJ’II/I3aI
K. K,
ol +at,, 2, (4.6)
o2 2

rjie C — KOHLIEHTPAIIHS COIU, MOJIb/IM”,
dopmyiny (3.6) npuUMEHSIIOT TOrJa, Koraa cTerneHsb npotonusa npessimaer 0,05 (5%).
Ipu i < 0,05 (5%):
% - 4.7
np C
KoHueHTpanuio KaTHOHOB THUAPOKCOHHS, OINPEACSIOIMX T[IIyOMHY MpPOTEKaHUS MPOTOJIH3a,
MOYXHO PaccUMTaTh 110 YPaBHEHHUIO:
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[H307]; = K, C- (4.8)

IMpoToau3 coseil, 00pa30BaHHBIX C1a0bLIM OCHOBAHUEM M CJ1a00i KHCI0TOM
Paccmorpum kak mportekaer nporonu3 anerara ammonus. CH3COONH4 — conb cnaboii sTanoBoOM
KHCIOTHI U ciiaboro ocHoBanust — NH4OH. YpaBHeHre mpoTonm3a 3T COJIM UMEET CIISTYIOIIUN BU/T:

CH3COONH 4«22 5 CH,CO0 ™ + NH .

Janee noust CH;COO™ u NH4" noaseprarorcst poTonusy — pearupyroT ¢ MOJIEKYJIaMH BOJIBI:

CH,COO™ + NH} + H,0 <> CH;COOH + NH,OH
WM B MOJICKYJISIPHOM (hopme

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

[Ipu nporonuse coneli, o0Opa30oBaHHBIX CIaObIM OCHOBaHHMEM W Cj1a0OW KHUCIIOTOHM, peakius
pacTBopa 3aBHCHUT OT CTENEHHM MPOTOJIHM3a O00pa3yloIMX3cs MPOAYKTOB — KUcHoThl (tuma HA) u
ocHoBanus (tuma KtOH). Eciu nporonu3 ocHoanus KtOH mpeoGiamaer Haj MpOTONM30M  KUCIIOTHI
HA, To konuenTpanus nonos OH™ Gonbure konnenTpanuu H3O' —  cpena menodnas, eciu Hao60poT —
[H;0"] > [OH ], TO Kncnas.

B jaHHOM ciydae, TOCKONBKY CTENEHH IIpoTonm3a ykcycHoit kucrmotel (K, = 1,8:10°) u
rugpokcuga ammonms (Ko = 1,78:10°) npuGmusurensHo omuHakoBel, To pH cpemsr Oymer
MPHOJIM3UTEIHHO PABEH CEMU.

Credyem nomMHUmMb, 4mo coau, 00paA308aHHble CUNbHLIM OCHOBAHUEM U CUIbHOU KUCIOMOL,
npomoau3y He n008epPeaomcs.

Hanpumep, xmopun natpuss NaCl — conp cupnoit kucinorsl HCl u cumsaoro ocuoBarms NaOH.
Honwl, obpasyromuecss B pe3yiabTaTe AWCCOIMAIIMA DJTOM CONHM, HE O00pa3yloT ¢ BOIOH CiabbIx
9MeKTponuTOB. [loaTOMy B OOBIYHBIX YCIOBHAX paBHOBECHE IPOTOIM3a MOJEKYT BOABI B TaKHX
pacTBopax HE HApyIIaeTcs M KOHIIEHTPAIFsl MOHOB THAPOKCOHHS W TUIAPOKCHII-MOHOB OCTA&TcA TaKou
’Ke, Kak y uucTor Bojibl — pH = 7.

ITosHbIH npoToIM3

Paccmorpum, Kakwe TpOmyKThI oOpasyrorcss tpu cMermmBanuu pactBopoB AI(NOs); u KCOs.

Hutpar anromuans noasepraercs npOTonmy no KaTHOHY, a KapOOHAT KauA - TI0 aHHOHY:

AI(NO,), « 22 AI** +3NO;

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

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

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

K,CO, <L 52K " +COS”

CO;™ +H,0 <> HCO; +OH "

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

Ecmu pacTBOpbl HaXOJATCS B OJHOM COCYyIE, TO UOET B3aUMHOE YCHJIICHHE NPOTOJIM3a KaXX10H

COJIM, TaK KaK 00pa3yroLuecs: HOHbI H30" u OH" cBs3bIBatOTCS € o0pazoBaHKEeM caboro 3JIEKTPONUTa —
BOJHI. HpI/I 9TOM IIPOTOJIUTHICCKOC paBHOBECUC CMCIIACTCS BIIPAaBO, 4 IIPOTOJIN3 Ka)l([[oﬁ COJIM TP OTCKACT

710 KOHIIA.
HonHo-MOneKynsapHOe ypaBHEHHE IPOTONN3A:

2AI%* +3C0O% +3H,0 <> 2AI(OH); L +3C0, T.
B monexymspHoii hopme:

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

JpyruMu npuMepaMy TaKHX Map HOHOB SIBIISIOTCSA:
1.Cr¥*uS?
2. AP u §*
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2_
3.Cr¥n Cog
2_
4. Feu CO;
. 2
5, NH4+ u S10;™ 4.

OGopynoBanue U MaTepUAaJIbI
PactBop unaukaTopa
HucrtunnupoBaHHas BoJia
[Ipobupku
PactBop Na,COs3
PactBop AIClI;
PactBop NaCl
PactBop xymopuja aMMOHHMS
PactBop cynbdara amomurns Alx(SOa)s
. PactBop docdara narpust NasPOs
10. PactBop (NH4)2S
11. PactBOp cynbdara amoMUHUS
12. PactBop cynbdara xpoma Cra(SOs)s
13. PactBop pacrteopa coapt Na,COs

CoNoU~WNE

Yka3zanus mo rexHuke 0€30MacHOCTH
1. Bce paboTbl B XHUMHYECKOW 1aOOpaTOPHHM JOJDKHBI IPOBOAWTHCS TPH HCIPABHOM
3JIEKTPOOOOPYIOBaHHH, IICKTPOIPOBOJIKE, IIPABUIBHO 000PYIOBAHHOM BBHITSDKHOM MIKaQy.

2. T'a30BbIe KpaHBI U Ta30IPOBO]] JOJKHBI HAXOANUTHCS B CTIPABHOM COCTOSTHHH, ITEPHOIUIECCKH
IIPOBEPSITHCA.

3. Pabouee mecTo comepxath B MOPSIKE U YHCTOTE.

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

5. M3numek peakTHBa HE BBUIMBATH OOPATHO B COCY/I, M3 KOTOPOTO OH OBLT B3ST.

6. Bce ombITHI C BpeAHBIMH M MAXHYIIMMH BEIIECTBAMH, a TAKXKE yITAPUBAHUE KUCIIOT M KU CIBIX
PacTBOpPOB IPOBOAUTH B BBITSDKHOM HIKady.

7. OcraTKu COeTMHEHHUH cepedpa CIIMBaTh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHUM PACTBOPOB B MPOOHMPKE BCErJa CIEAYET JepkKaTh e TaKUM 00pa3oM, 4TOOBI
OTBepcTHE IPOOMPKHU OBLIO HAMIPABIEHO B CTOPOHY OT pabOTAIOMIETo PSIOM COCEa.

9. He HaKJIOHATH JIMI0 HAJ HATPEBAEMOH KHUKOCTHIO MJIH CIIIABIISIEMBIM BEIIECTBOM.

10. He cremyer BOpIXaTh Maxydue BEHIECTBA M Ta3bl, OJIM3KO HAKIOHSACH K COCYHY C ITHMH
BemecTBaMy. HioxaTh BelecTBa MOXKHO JIMIIb OCTOPOXKHO, HANPaBJIsisi K ceOe Mmaphl WM a3 IBUKCHUEM
PYKH.

11. XpaHuTb pacTBOpPBI KOHLEHTPUPOBAHHBIX KUCIOT U LIETIOYEH B BHITSDKHOM IIKaQy.

12. BoumBath pa30aBieHHbIC KUCIOTHI U LEJIOYHBIE PACTBOPHI CIENYET B CIMBHYIO CKIISTHKY.

13. Kareropudecku 3ampemniaercs mpodOBaTh XMMUYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIETKO BOCIUIAMEHSIOIIUMHUCS BelecTBamMu (3GHphL, OEH30I, Cepoyriaepon U
T.J1.) HE JOJDKHO OBITH PSIIOM OTHS M BKJIFOUEHHBIX [UIUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHYECKOH TIOCYJ0W, HEOOXOAWMO COON0JaTh IpaBUIIa
MPEAOCTOPOKHOCTH BO M30€KaHNE PAHEHNH OCKOJIKAMH CTEKIIA.

16. Kareropudecku 3ampemniaercs OCTaBIsATh padoTaromye mpuOopsl 0e3 HaOFOIeHHS.

20. B xumMuyeckoit 1abopaToprur HEOOXOIMMO padOTaTh B XallaTe.

3amanusa
Onpit 1. B uerhipe mpodupku Haneite mo 2-3 cM® B NepByi0 — AMCTUILUIMPOBAHHON BOMBI, BO
BTOpyro — pactBopa Na:COz mim K2COs, B Tpetbto — pactBopa AlCI3 min Al2(SO4)3, B uerBépryro — NaCl
wm KCl. B kaxnylo npoOUMpKy IOMECTHTE IO MaJEHbKOMY KYCOYKY HHIMKATOPHOH OyMarm.
[IpenBapuTenbHO HM3ydyuTe U3MEHEHHE OKPAaCKHM HMHIMKATOPOB B PA3NM4HBIX cpenax. CpaBHUTE LBET
WHAMKATOpa B PACTBOPAX COJIEH C €ro OKpPacKoil B BOJIE.
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CocraBbTe HOHHO-MOJIEKYJISIPHBIE W MOJIEKYJSIPHBIE pEaKLIUU IMPOTOIHM3a COOTBETCTBYIOIIUX
coneii. 3anonauTe TabmMIy 4.2.

Onwim 2. Haneiite B mpo6upky 3 cM® pacTBopa ximopuaa ammonus. Jlo6asbTe 1-2 Karim pacTBopa
nakmyca. OTMeTbTe IBET pacTBopa. KpacHblii LBeT pacTBopa yKas3blBaeT Ha KHCIYIO cpedy, T.e. B
pacTBope MMEIOTCSI CBOOOAHBIE MOHBI TMAPOKCOHUS. CocTaBbTe MOHHOE M MOJEKYISIPHOE YpaBHEHH S
mporonu3za comu NH4CI.

Onwvim 3. Haneiite B mpo6upky 2-3 cm® pactBopa cynbsdara amomunns Aly(SO4)s n nodassre 1-2
Karu pacTBopa Jakmyca. Kak m3menuics 1ser uuaukatopa? CocTaBbTe MOHHOE M MOJEKYIISIPHOE
YpaBHCHUA IIPOTOIMU3a I[aHHOP'I COJIM, YYUThbIBasA, 4TO B CIIy4a€ IPOTOJIM3a MHOro3apiaaHbIX KaTHOHOB
00pa3yroTCcsl KATHOHBI OCHOBHBIX COJICH.

Onwvim 4. Haneiite B mpo6upky 2-3 cm® pactsopa docdara matpus NasPOs u mo6aBbre 1-2 Kamm
pactBopa jakmyca. B kakoil nBer okpacuics makmyc? KakoBa cpema pactBopa? KakoBo 3nauenue pH
pactBopa? CocraBbTe HOHHOE M MOJIEKYJISIPHOE YpaBHEHUsI TPpoTonu3a Gocdara HATPHS, YIUTHIBAS, YTO B
pe3yabTaTe oOpasyercs runpodocdar Hatpus. JanpHelmmi nporoau3 (10 BTOPOH U TPEThel CTYIICHH )
BO3MOXKEH JIMIIb B CiIydyae OYEHb pa30aBJICHHBIX PacTBOPOB M TMPH IOBBIIICHHOW TeMIepaType.
Hamummre MoOHHBIE M MOJICKYJISIpHBIE YpaBHEHHUs MpoTojiu3a (ocdara HATpHs MO BTOPOU M TpEThel
crynenu. Paccuuraiite 3HaueHus koHcraHT nporonusa (Kupi, Kup2 1 Kups), cTenenu nporonusa (Olpt, Oup2
¥ Onp3) 1 [H3O*] anst xaskmoii crymenn, cuntas C(NasPOs) = 0,1 moms/mve.

Oneim 5. Haneiite B npobupky 2-3 cm® pactBopa (NH4)2S u noGaBsre 1-2 kamm pactBopa
nmakmyca. Kakoit mBer mpuoOpén pactBop? CHHHI IBET JaKMyca IOKa3bIBAaET, YTO Cpela B pacTBOpE
menovynas. OOpaTuTe BHMMaHKe Ha 3amax pactBopa. Yem maxuer pactBop (NH4).S? 3anummre nonsoe u
MOJIEKYJIIPHOE YpaBHEHHUS MPOTOU3a Cyibduaa HaTpus. [Iporonan3 3Toi cou uaéT Kak o MepBoi, TaKk
U 110 BTOPOH CTYIICHHU:

NH; +5% + 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 3HaueHuit koHcrant mportonusza it NH4OH u H,S, crnenmaiite BeIBOA 0 XapakTepe
CpebL.

Ecnu Harperh pacTBOp JNaHHOM coM (IPOKHITATUTH), TO TIPOTOIM3 CTAHOBHUTCS HEOOPATUMBIM, TaK
KaK [pH HAarpeBaHUM aMMHAK U CEPOBOIOPOJ] YXOMAT U3 cepbl Peakiiy, CMEIIas PaBHOBECHS B CTOPOHY
00pa30BaHUs POJYKTOB MPOTONIN3A.

Onwvim 6. Haneiite B mpobupKy 2 cM® pacTBopa cyib(haTa aTIOMHHAS U J06aBbTe 2 cM° cymbhuaa
HaTpus. OOpaTuTe BHUMAHKME HA IBET BBIMABIIETO OCAJIKA M 3amax. 3amuiiMTe HOHHOE U MOJIEKYJISIPHOE
ypaBHeHHs TipoTonu3a cmecu pactBopoB Alx(SOs)s u NaoS.

Onwvim 7. Haneiite B ipoGupKy 2 cM® pactBopa cynbdara xpoma Cra(SOs)s 1 Tyna xe 106aBbTe 2
cM® pactBopa comel Na;COs. B pesynbraTe MOTHOTO IPOTONH3a BHIIAIAET OCANOK CEPO-3€IEHOTO I[BETa
Cr(OH)s u Beimensrorcst my3bipbku  yriiekucnoro rasa CO,. CocTaBbTe HOHHOE M MOJIEKYJSIPHOE
YpaBHEHHUS IPOTEKAIOIINX MPOIIECCOB.

Conep:xanue oTyera

Onvim 1.
Tabnuya 4.2 Pe3ynbmamsl SKCnepumenma
No dopMylia BEIECTBA IIBer nHauKaTopa Peakius cpenpl
1
2
3
4

[TomydeHHble JaHHBIE B ONbITax 2-7 3adukcupyite B Tabnuue 4.5 o cienyromieit popme:
Tabnuna 4.3. Pe3ynbpTarsl SKCIEpUMEHTa

Ne i/t | PearenTtsl XUMHYeCKask peakius HaOmronenust

1

2

3
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KonTposbHbie BOIPOCHI
ba3oBblii ypoBeHb
1. Uto Ha3BIBAaETCS IIPOTOIU3OM?
2. Kakwue conu nmoaBeprarorcst mpoTonusy?
IToBBIILIEHHBIN YPOBEHD
3. TlpuBenuTe TpHUMEPbl YETHIPEX THIIOB COJieH, OOpPa30BaHHBIX CHJIBHBIMH MM ClaObIMU
KHCJIOTaM1 1 OCHOBAHUAMMU.

Choucokx JUTeparypbl, peKOMeH)IyEMI)Iﬁ K HCIOJIb30BAHMIO 110 JAHHOM TeMe

OcHoBHas JInTeparypa:
1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. KopoBun. - 13- u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : ni. - (bakanaspuar). - Pek. MOuH P®. - TTpun.: c. 461. -
BubGmmorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy»karouieil cpezipl : XUMHUsl )KUBbIX opranu3moB. Kypc nexuuii /
E. C. Muxanuna, A. JI. Ilerenun. — M. : U3parensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 3NMeKTpOHHBIH // DNeKTpoHHO-0nbOIHoTeuHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum mocryna: mis
aBTOPH3HUP. MOJIb30BATENIEH
JonmosiHuTe/IbHAS JIATEpaTypAa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Uuterpan-Ilpecc, 2003. - 728c. - bubauorp.: ¢. 704. - [Ipeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1
2. XUMHS METAJUIOB : yueOHOE mocoOue (711 CTyJIEHTOB XUMHUYECKOTO (paKyapTeTa
HaIpaBJIeHUH OaKaIaBpOB «XUMUD» U « XUMHUUYECKasi TEXHOJIOTHs») / coctaButenu O. A.
l'onoBanoBa. — Omck : OMckuii rocynapcTBeHHbIM yHUBEpcUTeT UM. .M. JlocToeBckoTO,
2015. —552 c. —
ISBN 978-5-7779-1875-8. — TekcT : 31eKTpOHHBIN // DNeKTpOHHO OMOInoTevyHas cuctema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxum noctyma: mis
aBTOPU3HP. MOJb30BaTENCH
HNHTepHET-pecypcehl:

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

2 http://biblioclub.ru/ — 3BC «YHuuBepcuteTckas OHOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — s>aeKTPOHHBINM KaTaIoT acCOIHAIMU SJICKTPOHHBIX OMOINOTEK
yueOHbIX 3aBeAeHuii u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpbITOE 0Opa3oBaHKE

Tema 6. PacTBopbI
JlaGopaTopHas padora 5. [Ipou3BeeHne pacTBOPUMOCTH
Lenp pabOOTHI: wW3ydeHWe YCIOBUI BBINAJCHHS W PACTBOPEHHS OCAIKOB W BimsHue [IP
QJICKTPOJIMUTOB Ha UX CIIOCOOHOCTH K MEePeOCaKACHULO.
DopmupyeMble KOMIIETEHIIMM UM UX YaCTH:

Wnpnexc dopmynupoBKa:
OK-7 CMOCOOHOCTBIO K CAMOOPraHU3aIMy U cCaMO0Opa30BaAHUIO
OIIK-4 MMOHMMaHHUEM CYIIIHOCTH U 3HaueHUs MH(OpMAIK B Pa3BUTUU
COBPEMEHHOT0 00IIeCTBa, CIIOCOOHOCTHIO MOJy4aTh U 00pabaThIBaTh
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https://openedu.ru/

MH(OPMALIHUIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTBIO MHTEPIIPETUPOBATH,
CTPYKTYpPUPOBATh U 0POPMIISITh HH(DOPMALIHIO B TOCTYITHOM JUISL IPYTUX
BUJIE

[IK-5 CIOCOOHOCTBIO MPUHUMATH YJacTHE B paboTax Mo pacyery u
IIPOCKTUPOBAHUIO JETAIEH U y3JI0B MAIIMHOCTPOUTENIBHBIX KOHCTPYKIIMN B
COOTBETCTBUU C TEXHHYECKUMHU 33JaHUAMH U UCIIOIb30BAHUEM
CTaHJAPTHBIX CPEJACTB ABTOMATH3ALMU ITPOCKTUPOBAHMS

Teopernyeckas 4acTb

YacTo B XMMHYECKMX PEAKLUAX IPUXOAUTCS HMETh JAEI0 C PAaBHOBECUSMH, KOTOpBIE
YCTAaHABJIMBAKOTCA B TE€TEPOrE€HHBIX cHUcTeMax. TakoW CHCTEMOH SIBISIETCS, HAlpPUMEP, HACBIILEHHBIN
pacTBop, COIpPUKACAIOIIUICI C 0CaAKOM pPacTBOPUMOro BemecTBa. OcaJOK M HACBHILIEHHBIA pacTBOp —
paznuyHble a3kl TeTEPOreHHON CHCTEMBI.

Ecinu kakyro-HUOYIb TPy IHOPACTBOPUMYIO cOlib, HanpumMep AJCI, mpuBecTH B CONMPUKOCHOBEHUE
¢ Bonoi, 10 mousl Ag" u Cl, U3 KOTOPBIX MOCTPOEHBI KPHCTAIbI CONIM, UCIIBITHIBAS MPHUTSKEHHE CO
CTOPOHBI OJIY)KIAIOUIMX JUTIONEH BOABI, OYAYT OTPBIBATHCS OT IMOBEPXHOCTH KPHCTAIJIOB M B BHUJE
THJIPaTHPOBAHHBIX MOHOB OYIyT MEpEeXOIuTh B PACTBOp, HO Hapsay C MPOIECCOM PacTBOpeHus Oyner
HPOXOJIUTH U CONPSIKEHHBIN mporecc — kpuctammsanus. Morsr Ag™ u Cl', crankusasch npy JABHKEHHUH C
noBepxHOCThI0 KpuctaiwioB AQJCl u  UCHBITBIBasT MPUTSHKEHHE CO CTOPOHBI  MPOTHBOIOIOKHO
3apSDKEHHBIX HMOHOB KPHUCTAUIMYECKOM PEINETKH, NETHIPaTUPYIOTCS M OCENAl0T HA IOBEPXHOCTH
Kpucra/ioB. CKOPOCTb KPUCTAJUIM3ALUKM BO3PACTAET 110 MEpEe YBEIUYEHHMs KOHLIEHTPALMM DPacTBOpA.
Korpa ckopoctu mpoLEecCOB pacTBOPEHUS W KPUCTAUIM3ALUU CTAHOBSITCS PaBHBI IPYr APYyry, TO B
TeTEPOreHHOM CHCTEME PAaCTBOP — 0CaJOK HACTYIAET IMOJABHKHOE PABHOBECHE.

[TonyuuBIIMIICS PacTBOP HA3bIBAETCSl HACBHIICHHBIM, TAK KaK B HEM COJEPIKUTCS NPEAEIbHOE IS
JIAHHOM TeMIepaTypbl KOJIMYECTBO pPAcTBOPEHHOro BeriecTBa. B HackimenHoMm pactBope AgCl
YCTaHAaBIIMBAETCA CIEIYIOIIEE PABHOBECHE:

H,0 —
AgCI «2~ 5  Ag"+Cl
TBEpHas daza HACBIIIEHHBIN PacTBOp

IIpumensis kK TOMY paBHOBECHIO 3aKOH JACUCTBUS MAacC M YUUTHIBasA, UTO KOHIIEHTpAIU TBEPAOH
(ha3pl HE BXOAWT B BBIPAKEHNE KOHCTAHTHI PABHOBECHS, MOXHO 3aITUCATh:

K=[Ag"][CI"].

DTO ypaBHEHHE TIOKa3bIBACT, UTO B HACLIYEHHOM pACmMeope  MmpYyOHOPACMBOPUMO20
INIEKMPOIUMA  NPOU3edeHUe KOHYEHMpayuti e20 UOHO8 eCMb GelUYUHA NOCMOSHHAS NpU OAHHOU
memnepamype. Dmy 6eautuHy HA3bI8AI0M NPOU3BedeHUeM pacmeopumocmu u obosnayarom I1P.

Hampumep, st manopactBopumoro AgCI:

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

rie [Ag*] u [Cl'] — paBHOBeCHBIE KOHIIGHTPAIINH, BHIPAXKEHHBIE B MOJIB/IM®.

PaBHOBecHass KOHIIGHTpalMs JIIOOOr0 MOHA (YHKIMOHAIBHO CBSA3aHA C JPYTHM IapaMeTpoM
CHCTEMBI — aKTHBHOCTBIO, HAIIPUMED, 171 HoHa A

a ag+ = ng+ [Ag+]

Kosbounment mnponoprmonansioctd  f,  HasbiBaemblii  KO3()(HUIIMEHTOM  aKTHBHOCTH,
XapaKTepu3yeT CTeMeHb OTKJIOHEHHWS CHCTEMBl OT HJICAIbHOM 32 CYeT AIIEKTPOCTATUYECKHX
B3aUMOJICHCTBHI MOHOB, YYaCTBYIOIINX B U3y4aeMOH PEaKIWH, ¢ TTOCTOPOHHUMH (MJIM COOCTBEHHBIMH,
€CIM WX KOHICHTpAllMsi BBICOKAa) MOHaMH. B mieanmbHOM cucteme aan = [A], Tak kak kod(dumueHt
aktuBHOCTH paBeH emunune (f = 1). Dro o3Havaer, YTO AIIEKTPOCTATHYCCKHE B3aUMOICHCTBHS
OTCYTCTBYIOT.

Benmmunna koo GunmenTa akTMBHOCTH 3d6UCUIN OM 3aps0d U UOHHOU CUbl, CO3/1aBAEMOI BCEMH
MOHAMU 3JIEKTPOJIUTOB, IPUCYTCTBYIOIIUX B PaCTBOPE:

n
| = E ZC-Z-2 . (5.1)
1=l
2ia
rae | — nonnas cuna;

[Ci] — paBHOBeCHasi KOHLIEHTpAIHS HOHA;
Zi — ero 3apsj.
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HerpynHo ycTaHOBWTB, UTO MOHHAsI CHja pacTBopa OMHApHOTro 3JekTponurta (Tun AB) Bcerma
Oyzer paBHa MOJISIPHOM KOHIeHTpauuu >ekrponuta — U = C(AB); s tpunaproro (tun A2B nn AB>)
—p=3C (A2B) mmu p = 3C (AB>); nns terpanapsoro (tum AsB) — i = 6C (AsB).

KoadduumenTsl aKTUBHOCTH HWHIUBHIYaTbHBIX HOHOB MOXKHO TEOPETHYECKH OLEHUTH IO
¢dopmynam [ebas — Xrokkens:

—Igf; = AziZ\/T, eccm |1 <0,01; (5.2)
AzE1

—lgfi=—"—+, ecm 1<0,1 (5.3)
1+ Bav/I
3nech A 1 B — KOHCTaHTBHI, 3aBHUCSIIUE OT TEMIEPaTypsl U JUIIEKTPUUECKON MPOHUIIAEMOCTH
pactBoputens (mis Bomel mpu 20 °C A =~ 0,5 (tounee 0,509) u B ~ 0,3); ¢ — paccrosuue
MaKCHUMAaJIBHOI'O C6J'H/I)K€HI/IH HOHOB; OTHU BCIMYHHBI OGLI‘IHO MMPpUBOAATCA B CHPAaBOYHBIX Ta6J'II/IHaX.
HOCKOHBKY KOJ'Ie6aHI/I$I B 3HA4YCHUAX a HE CIUIIKOM CKa3bIBAIOTCA Ha KOHCYHOM pPE3YJbTATE,
peKoMeH TyeTcs OpaTh HocTosHHOE 3Hauenue a = 3 A%, CrenoBaTenbHo,

O,52i2\/T
g f =AY
1+A/1

KoadduimenT akTHBHOCTH WHIMBHUAYaJbHOTO MOHA HENB3S1 U3MEPUTH IKCIEPUMEHTAIBHO, TaK
KaK HeJb3s MOJIYYHTh PAcTBOp, COAEPIKAIINN MOHBI TOIBKO OAHOTO 3apsia. DKCIEPHUMEHTAIbHO MOKHO
ONPENENUTh JIMIb CPEAHUH KOIhHUIUEHT akTHBHOCTH f:r anekTponuta AmBn, KOTOpBIH CBsizaH C
KO3 PHUIIMEHTAMU aKTHBHOCTH WHIMBUIYAIbHBIX HOHOB fA 11 T, cCOOTHOIICHUAMHE:

fi = 4/ f A fB — auist OuHApHOTO AJeKkTponuTa AB;

men
fi m+\n/ f A fB — JUTSI DJICKTpOIUTa THIa AmBh.

Cpenuuii K03()PHUIMEHT aKTHBHOCTH MOYKHO PAcCUUTaTh U TEOPETHUECKH, UCIOIB3Ys (DOPMYJIbI
JHebast — XroKkkens

(5.4)

—lg f, = Az ,zg/l, ecmn  1<0,01;
gt < 2azs
T 1+BaYl

3nmeck a, A u B uMetoT Te xe 3HaUeHUs, 9TO U B popmynax (4.3) u (4.4), moaTomy
052 4251
dgf = .
= 1+/1

Juis 6omee ToaHoro pacuera kKodQpuueHToB akruBHOCTH (11pu | > 0,1) mpuMeHSFOT ypaBHEHUE
JPBrca, KOTOpPOE MO3BOJISIET BBIYUCIUTE KO3(PPUIMEHTH aKTUBHOCTH 3JEKTPOIUTOB U WHAWBUIYaJIBHBIX
noHoB 1t moHHBIX cui 0,2 — 0,5 ¢ morpemHocteio, He npesblmatomeil 10%. Ypasuenue [[pBuca mis
ko3(h(pumeHTa aKTUBHOCTH HHAWBUAYaJIbHOIO HOHA UIMEET BU:

0,521
g fi =240
1+1

a I cpeaHero Kod(pQUIMenTa akTHBHOCTH 2JIEKTpouTa AmBn
gt 0,52 251
“lgf, =
1+/1

Hus Gonee Beicokumx moHHBIX cui (0,5 — 0,8) pekoMeHIyHT TPHMEHSATh ypaBHeHue JlIBHca
CJIEYIOLIEro BUA:

ecm |1<0,1

(5.5)

~04721, (5.6)

—01z 4z51. (5.7)
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N
1++1

a JIs CpeHero K03 uimenTa akTHBHOCTH 3JICKTPOIuTa AmBn

JI
—lgf. =05z,z,| ———-0,21 |. 5.9
Ile =02l Y &9

Bennunnbl k03¢ (QUIIMEHTOB aKTUBHOCTH HHIUBHYAIbHBIX MOHOB IPHU PAa3HBIX MOHHBIX CHJIaX H
cpennue KOX((GUIMEHTHl aKTUBHOCTH JUIS PACTBOPOB  DJIEKTPOIMTOB pa3HOM KOHIIEHTPAIIWH,
paccuntanuble Mo Qopmynam Jlebas-XiKkens, MPUBOAATCS B CIPaBOYHUKAX. 3Has KOI(P(UIIHMEHTHI
AKTUBHOCTH, MOXKHO OIIEHUTH aKTUBHOCTH MOHA WJTH 3JIEKTPONIUTa B pacTBope. J{ist oberueHns pacueron
MOYHO TTOJTb30BATHCS CIEIYIOIIMH JOMYIICHHSIMH:

1 KoaddunmeHTsl aKTUBHOCTH HOHOB OJIMHAKOBOIO 3apsijia HE3aBHCUMO OT pPajuyca HOHOB
npuUMepHO paBHBL [lodTOMy B CIpaBOYHWKAX TPHUBOISTCS HHOT/IA YCPEAHEHHBIE BEIWYHUHBI
K03 pULIMeHTOB aKTUBHOCTH ISl O/THO-, IBYX-, TPEX- M YETBIPEX3aPSAHBIX HOHOB.

2 KoapuimeHnTsl aKTUBHOCTH HEUTpPaJIBbHBIX YaCTHIl B pa30aBICHHBIX PACTBOPAX JIIEKTP ONUTOB
MOJIaraloT PAaBHBIMU S/IMHHIIE.

3 OdeHp pasz0aBlieHHbIE PACTBOPHI DJEKTPOJIMTOB, HANPUMEP, HACHIIICHHBI PacTBOP
MaJIOpaCTBOPUMOTO DJIEKTPOIIUTA, MOXKHO CUMTATH HJICAILHBIMHU.

Yacro mpu pacderax CIOXKHBIX paBHOBECHH KOA(GUIMEHTH aKTHBHOCTH TPHHHMAIOT PaBHBIMU
enuHuIle. Takoe JOMyIIEHHE OMPABIAHO TI0 Py MPUYHH.

Bo-miepBbIX, BeNMWYHHBI KOX(PQPHUIIMEHTOB aKTHBHOCTH, HaWjeHHble 1o (opmynam J[lebas —
XIOKKeJs, MOT'YT B 9THX CIIy4asiX OKa3aThCsl OYeHb JTAJEKUMH OT UCTUHHBIX.

Bo-BTOpBIX, BIMSHHE XUMHYECKHX (DAaKTOpOB Ha paBHOBECHE TIOpa3fgo OoJblle, YeM
3IIEKTPOCTATUYECKUX CHJI, ITOITOMY NpEHEOPEKEHHE MOCIEIHIMHU NPH pacdeTax CIOKHBIX PaBHOBECHI
HE BHOCHT OIIyTHMYIO TOIPEITHOCTh B PE3yIbTAThI.

Ecnn Monekyna TpyIHOpAaCTBOPHMOIO BEUIECTBA AMCCOLMHPYET ¢ 0Opa30BaHMEM HECKOJIBKUX
OZINHAKOBBIX MOHOB, HAIIPUMEP:

lg f, = 0,527 -0,21 |, (5.8)

Pby (PO, ), « 22 53Pb2" + 2P0

TO IIpU BBIYUCICHHU MPOU3BCACHUA pPACTBOPHMOCTH OTOro COCAMHCHUA KOHLICHTPAIIUU
COOTBETCTBYIOIINX MOHOB BO3BOJATCS B CTCIICHU PABHBIC UX CTEXUOMETPUICCKUM KOB(i)(I)I/ILIPICHTaMZ

IIP(Pbs (PO,),) =[Pb** 1*[POZ 1°.

B obmem cmywae, ans MamopacTBOPHMOTO CHIIBHOTO anektponuta Tuma KityAny, mporomus
PaAcTBOPUMOIT YaCTH KOTOPOTO MPOTEKAET IO CXeMe:

.M (Kt An,). (5.13)

KtAny (LO) XKt* + yAn©, (5.10)
BeIpakerue s [IP Oymer mmers Bua
IIP(Kt,Any) = [KP[ANT]. (5.11)
Caa3p mapamerpa 1P ¢ BenmmumHO# pacTBopuMocT KityAny otpaxkaercs hopMyoii:
MOJIb ITP(Kt, An,)
S, (Kt An,), —— = x+y x (5.12)
X2y 3 X\, Y
IM Xy
WIH
TIP(Kt, An, )
r x My
S (KtyAny ), ——5 = x+y

M x*yY

3Has 3HaueHue [IP, MOXXHO TpenBHIETh BO3MOXHOCTH IEPEX0Jla PACTBOPEHHOTO BEIECTBA B
0CaJI0K U HA000pOT — TIEPEXOJ1 0CAIKa B PACTBOP.

Ecnu npowusBeneHne KoHIeHTpanuli HOHOB pacTBopéHHOro Bemiecta (I1K,) MeHbiie 3HaueHHS
ero IIP, To BemmaneHus ocagaka He Oymer. Takoii pacTBOp Ha3bIBaeTCS HEHACHINICHHBIM, W B HEM emé
MOXET HITH pPACTBOPEHHE JaHHOro BemlectBa. B HaceimenHom pactBope IIK, = TIIP. Koraa
MPOU3BEJICHHE KOHIIGHTPAIlMii WOHOB pPACTBOPEHHOIO BEIIECTBA CTAHOBUTCS OOJbIIe 3HAYCHUS
MPOU3BEACHUS PACTBOPUMOCTH, TO BBIMAIAET OCAOK.
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Takum ob6pazom, Hanpumep, st AgCI:

a) B HenacolmennoM pactsope 11K, = [Ag][CI] < IIPagci;

0) B Hacwimennom pacteope 11K, = [Ag*][CI] = IPag;

B) B niepenachiennom pactsope [K, = [Ag*][CIT > [TPag.

HenacpitenHplii pacTBOp Kakoro-nmudo 3JEKTPOINTa MOKHO cJelaTh HACBHIIICHHBIM H JIaXe
MepEHACHIIICHHBIM, TIPUOABIISISI K HEMY DIIEKTPOJIHT, COEp KA OMHOMMEHHbIe HOHBL. Hanpumep, ecin
k HeHacblieHHoMy pactBopy AQCI mpumuBate HCI mnn KCI, To MBI TeM cambiM OyzeM yBeTUYMBATH
KOHIIEHTpAIMI0 HOHOB XJIOpa, 4To NpuBoauT K yBenuueHuto I1K,. B tor momenTt, koraa [1Kagci craner
6omnbme ero ITP (1,56-10%), npowsoiiner Bemanenne ocaaxa AgCI.

Hdnst  pacTBOpeHHs oOcaJka TPYIHOPACTBOPHMOTO DJEKTPONUTa HEOOXOAMMO YMEHBIINUTh
KOHIISHTPAIMIO €ro MOHOB B pacTBOpE JUIs Toro, yToObl BenuuuHa ero [1K, crama mensiie [1P. Dtoro
MOXHO JOOUTBCS, CBSI3bIBAs OAWH M3 MOHOB TPYAHOPACTBOPHUMOIO BELIECTBA C MOHOM A00aBISIEMOTO
peakTHBa B caboHCCOLMUPYIOIIEE WIIH JIETY4ee COeINHECHHE.

PacTBOpHMOCE Ocajzika ManopacTBOPHMOTO 3JIEKTPOJINTA YBEIWYHBACTCS TAKKE NMPU HAIMYHU B
€ro HACBIIICHHOM PacTBOPE MOCTOPOHHUX MOHOB — 3TO SIBJICHWE HA3bIBAIOT coedvim dghexmonm. Tak,
HaTpuMep, YBEITMUUBAETCs PacTBOPUMOCTh ocaika BaCOsz mpu BHeCEHHH B €ro HACHIIIEHHBIA pacTBOp
Hekoroporo konuuectBa comn NaNOs wimm KBr u np. Bo3pacranue pacTBOpEMOCTH MaliopacTBOPHMBIX
OCa/IKOB CHJIBHBIX DJIEKTPOJIMTOB B TPHUCYTCTBHHM TOCTOPOHHUX HOHOB OOBSICHSETCS YBEIMYEHHEM
HWOHHOM CUJIBI pacTBOpAa.

Urak, pacTBopeHue ocajika MOXKET IPOUCXOJTUTh:

1) mpu 06pazoBaHUH PACTBOPUMOTO CIA00IICCOIUUPYIOIIETO AIEKTPOIHTA!

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

2) ipu 00pa30BaHUN Ta3000pa3HOT0 COSUHEHHUS:

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

3) npu o0pa3zoBaHUU CIIA00INCCOIMUPYIONIEr0 KOMIUIEKCHOTO MOHA!

AgCl{ +2NH; —[Ag(NH3),]" +CI™

4) Ipy OKUCIIMTEITHFHO-BOCCTAHOBUTENBHBIX TIPOIECCaX:

CuS{ +4H" +2NO; — Cu®" +2NO+ SO, + 2H,0

5) IpH HATWYNH TOCTOPOHHUX HOHOB.

OoOopynoBaHnue U MaTepPUAJIbI
PacTBOp aMMuaka (KOHIIEHTpAIHUs pacTBopa aMMuaka pasna 0,1 mMos/mm®)
Pactop xuopuaa ammonusi, C(NH4Cl) = 0,1 moms/am®
PacTBop XJI0pHIa Mareus ¢ MoNsapHoi kornentpamueii C(MgCly) = 0,1 mons/mv’.
Kpucramnuueckuii nog
Mukpommnarensb
HacplmeHHbIH pacTBOp HOAUAA KATHS
Xuopun kanpius (C(CaCly) = 0,1 MOJIB/IM®
PactBop xapbonata u cynbdara HaTpUS
. Hemumonsipubiii pactBop HCI
10. PactBop NazS
11. Conb nuHKa ¢ MOJIIPHOM KOHIEHTpalueii ociennei 0,1 MOJIB/ M
12. Cactop HCI, C(HCI) = 2 mons/am®
13. PacTBOp yKCYCHOM KHCIIOTBI
14. PactBop cyinbhuaa varpus (C(NazS) = 0,1 mons/am’)
15. Tetumonsipusiii pactBop CuSO4 u FeSO4
16. Consnas xucnora (C(HCI) = 0,1 moms/mm®).
17. PactBop nutpata cunia, C(Pb(NOs)2) = 0,1 moms/mm?,
18. PactBop cyibhaTa u cynbduaa Hatpus ¢ kornnentpamusmu C(NazSOs) = C(NazS) = 0,1 mons/mm?
19. PacrBop xpomara Kasmus

CoNORrWNE
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Yka3anus o TexHuke 0€30MacHOCTH
1. Bce paboTel B XMMHYECKOW Ja0OpaTOPUM MAOJDKHBI MPOBOAWUTHCS MPU HCIPABHOM
3NEKTPOOOOPYI0BAHNH, IEKTPONPOBOJIKE, MPABHIBLHO 000PYJOBAHHOM BBITSIKHOM IIKAQ]Yy.

2. Ta3oBbIe KpaHBI U Ta30MPOBO, JOIKHBI HAXOJUTHCS B UCIIPABHOM COCTOSIHUH, IEPUOANIECKH
MPOBEPSITHCA.

3. PaGouee MecTO comepkaTh B MOPSIKE U YUCTOTE.

4. Cyxue peakTHBBI TpeOyeTcss OpaTh YMCTBHIM IITATENEM HITH CIICIHATbHON JTOKEUKOM.

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

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

7. OcTaTku coOeTMHEHUI cepedpa CIMBATh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHUM PAacCTBOPOB B MPOOHPKE BCEra CIEAyeT IepkaTh e€ TakuM oOpa3oM, 4TOOBI
OTBEpPCTHE POOHPKHU OBLIO HATIPABJICHO B CTOPOHY OT Pa0OTAOIIEro PSIOM COCENa.

9. He naxinonsaTb JIMIIO HaJg HaneBaeMOﬁ KUIKOCTBIO UJIN CIIJIABJIIEMBIM BEIIICCTBOM.

10. He crnenyer BapIXaTh Haxyuue BEIIECTBA U ra3bl, OJU3KO HAKIOHSSACH K COCYAY C 3TUMHU
BeIIeCTBaAMM. Hroxatb BCIISCCTBA MOXXHO JIMIIbL OCTOPOKHO, HAITPABJIAA K ce6e Tnapsl UM ra3 IBUKCHUEM
PYKH.

11. XpaHuTb pacTBOPBI KOHIIEHTPUPOBAHHBIX KUCIIOT U MIEJ0OYEH B BBITSHKHOM MIKA]y.

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

13. Kareropuuecku 3amperniaercs mpodoBaTh XUMHYECKHE BEIIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIErKO BOCIIAMEHSIOIIMMHUCS BelecTBaMu (3¢Hphl, OSH30JI, CEPOyIIepoa U
T.ZI.) HE JOJKHO 6I)ITB pAAOM OTHSA M BKIIFOYCHHBIX IIJIMTOK.

15. Tlpu pabore co CTEKIIOM, XWMHYECKOH IOCylIOl, HEo0XOAWMO COONIIOJaTh TpaBUia
MPEAOCTOPOKHOCTH BO M30SKaHUE PAHEHUH OCKOJIKAMH CTEKIIA.

16. Kareropudecku 3ampemniaercs OCTaBisATh paboTaroliye npuOopsl 03 HaOMIOIeHHS.

21. B xumMuueckoi 1abopaTopun He0OX0IUMO paboTaTh B XallaTe.

Saganus

Omwir 1. B sBe mpobupku BHecTH mo 1 cM® pacTBopa amMMuaka (KOHIIGHTPALMsl PacTBOpa
ammuaka pasHa 0,1 mons/mM°). B omHy mpo6upKy 106aBUTH 2 cM® BOIBI, B JPYryio 2 cM® pacTBopa
xnopuna ammonnsi, C(NH4CI) = 0,1 mons/nm>. TTocie storo B o6e npodupku BHectn 10 1 cM® pactBopa
XJIOpUJIa MarHus ¢ MoysipHoit koHnenTparmeit C(MgCly) = 0,1 mons/nv®. OGpaTiTh BHUMAHKE HA TO, YTO
0CaJIOK BBITIJIACT TOJIILKO B MPOOUPKE, TJIE HET XJIOPHIa AMMOHHUSI.

OnwiT 2. B nBe mpoOupku BHECTH MO 1 MHUKPOIIIATENO KPUCTAILIMYECKOTo Hoaa. B mepByro
IPOGHPKY 100aBHTH 2-3 CM° BOJBI, BO BTOPYIO CTOJNBKO K€ HACHIIIEHHOTO PACTBOPA MOIMIA KA.
Y06enuThes, 9TO HOJ] Majlo paCTBOPSIETCS B BOJIE, HO XOPOIIIO PACTBOPSICTCS B MOHJIC KA.

OmnpwiT 3. B nByx mpoOmpKax MOMYYHTh OCAJKH KapOoHAaTa M Cyib(aTa KalabIHs ACHCTBHEM Ha
pactBop xyopuza kaneius (C(CaCly) = 0,1 mons/mm®), pacTBopaMu kapGoHaTta M Cynb(ara HaTpus. B
00e pobupku 106aBbTe AenuMosipHbiii pactBop HCI. 3amersTe, 4TO MPOUCXOIUT PACTBOPEHUE TOIBKO
KapOOHaTa KaJIbIHs.

OmnpiT 4. B 1Byx mpobupkax moay4duTh ocaiaku ZnS meiictBueM pactBopa Na»S Ha pacTBop conm
IIMHKA C MOJIAPHO# KOHIIeHTpamueii mocaenseii 0,1 mons/av>. B oxHy npodupky m1o6aButs 0,1 Moms/mm®
pactBop HCI 5o pactBopenms ocajka, B ApYryro Takoi xke o6béM 0,1 Moms/mM® pacTBopa yKCycHO#
KHCJOTBI. Y OCIUThCS, YTO B YKCYCHOM KHUCIIOTE CYIb(OU/] IMHKA HE PACTBOPSETCS.

OmnpIT 5. B 1Byx npobupkax nomyuuts ocaaxku CuS u FeS B3anmozericTBreM pacTBopa cyibduaa
natpus (C(NazS) = 0,1 monw/nm®), ¢ memmumonspubivu pactopamu CuSOs u FeSOs. B obe npobupku
1106aBUTH OMHAKOBBIE 00BEMBI pacTBopa consHoit kucnorsl (C(HCI) = 0,1 mons/mm?).

OmpiT 6. B ogHoii mpobupke moayunth ocagok PbSO., B apyroii — ocamok PbS neiictBuem Ha
pactBop Hutpata cunna, C(Pb(NOs),) = 0,1 moms/mm®, pacTBopamu cymbaTa u cyabduaa HaTpHs ¢
koHIeHTparmamMu C(NaxSO4) = C(NaxS) = 0,1 MOJTB/IM® COOTBETCTBEHHO. B 06e MIPOOHPKH JTOOABUTH
ONMHAKOBBIH 06bEM 0,1 Momb/mM° pacTBopa XpoMaTa Kalus M TIIATENLHO MHepemernaTh. OTMETHTh
HW3MEHEHHE L[BETa 0CaJKa B OJHOH U3 MPOOUPOK.

Conepxanue oT4yeTa
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Omnpir 1. Hanmcate ypaBHeHust oOpazoBanuss MQ(OH). B MonekyiasspHOM M HOHHOM BHJIE.
JlokazaTh pacyéroM BO3MOKHOCTH BbimazeHuss B ocajgok MQ(OH); tomeko B orcyrctBuum NH4CI,
ucnonb3ys 3HaueHue [IP(Mg(OH),).

OmnpIT 2. YOequThes, 4TO MO MaJIO PacTBOPSIETCS B BOAE, HO XOPOLIO PAacTBOPSETCS B MOAMAC
kamust. Yem 310 00bsicHUTH? COCTaBHTH ypaBHEHHE peakuuu B3aummojeicTBus noaa ¢ Kl B moHHOM u
MOJIEKYJIIPHOM BH/JIE.

OneiT 3. Kak, mpumensist nonstue [P u 3Hast yclioBHS pacTBOpEHHS OCAIKOB, OOBSCHHUTH
HaOmonaemoe sipneHue? CocraBuTh ypaBHenusi peakuuu pactBoperus CaCOs B HCl B monHOM M
MOJIEKYJIIPHOM BHJIE.

OmnbIT 4. O0BSACHUTSE, TOYeMy ZNS pacTBOPSIETCS TOIBKO B COISIHOM KUCIIOTE, YUUTHIBAS MAITYIO
pacTBopuMOCTb U Jteryuecth H,S. CoctaButh ypaBHeHus B3anMoeicTers Mexay ZnS u HCI B norroM
W MOJICKYJISIPHOM BUJIE.

OmnpiT 5. OTMETUTH pacTBOpeHne TONBKO FeS u 00bsACHUTH 3TO, ncnonb3ys 3HaueHue [1P ans FeS
u CuS. CocraButh ypaBHeHus B3aumoeiicteust mexay FeS u HCl B MOHHOM ¥ MOJIEKYJISIDHOM BHJIE.

OmnpiT 6. OOBACHUTE MPOMCXOAAIIee, MONB3yiach 3HadeHussmu [1P s PbS, PbSO4 u PhCrO..
CocTaBUTh ypaBHEHUS] COOTBETCTBYIONIMX PEAKIIMIA B HOHHOM U MOJICKYJISIPHOM BUJIE.

KonTposbHbIe BOIPOCHI
ba30BbIi1 ypOBEHB

1. ChopmynupyiTe TMOHITHE IPOU3BENCHUE PACTBOPUMOCTHY. J[Is Kakoro TWma COeNMHEHUH
oHO npuMeHnMo? [IpuBeanuTe IPUMEPHI.

2. Hamuimmre ypaBHEHHS IPOLIECCOB MPOTOau3a i cienyromux coeaunenuii: CaCOs, Ag2CrOq,
Al(OH);. Kak OyayT BBHITJISIIETh COOTBETCTBYIOIINE MM BBIPAKEHUS IPOU3BENAECHHH PacTBOPUMOCTH?
Haiinure nx 3HaueHus B COPaBOYHUKE U 3AIUILNTE.

3. Uto Takoe aktuBHOCTH? MoHHas cuina pactsopa? [IpuBeaure GopMysl i ux pacdera.

TloBbIllIEHHBIN YPOBEHD

1. Kak cBs3ansl [1IP 1 pacTBOPUMOCTE MaJOPaCTBOPUMBIX CHIIBHBIX dJIEKTpOIuTOB? OTOOpasuTe
3Ty CBsA3b Ha npumMepe AgsASOa.

2. Tlepeunciute yCIOBHS PACTBOPEHHS OCAJKOB MallOPACTBOPHMBIX BemlecTB. Kak MOXHO,
HaIpuMep, pacTBOPHUTH ocagok Zn(OH),?

3. Kakoe siBiieHre Ha3bIBAIOT «COJIEBBIM 3 dekTom»? [TpuBeaure mpumMepsl.

Cnucok JuTeparypbl, peKOMeHyeMblil K HCII0JIb30BAHUIO 110 JAHHOH TeMe

OcHoBHas1 iuTEparypa:

1. Koposun, H. B. O6mas xumus : yaeonnk / H. B. KopoBun. - 13-e uzn., mepepab. u mom. - M.
: Akagemus, 2011. - 496 c. : wi. - (bakanaspuar). - Pek. MOuH P®. - ITpun.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpy»Karomieil cpefibl : XuMHus KUBbIX opranu3moB. Kype nexiuii /
E. C. Muxanuna, A. JI. Ilereaun. — M. : U3parensckuii JJom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTpOHHBIN // DNeKTpoHHO-0nbnnoTeunas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum moctyna: mis
aBTOPU3HP. MOJIb30BaTENCH

JlonoHUTeILHAS TUTEPATypa:

1. I'nunka, H. JI. O6mas xumus / H. I'. I'nmunka ; [lox pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Unterpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpenm. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XuMus MeTalIoB : yueOHOe TocoOue (A CTYACHTOB XUMHUYECKOTO (haKylIbTeTa
HampaBJIeHUN 0akanaBpoB «XUMUs» U « XUMHUYECKas TeXHOJIOoTus») / coctaButenu O. A.
I'onoBanoBa. — Omck : Omckuil rocyaapcTBeHHbI yHuBepeuTeT M. @.M. JlocToeBckoro,
2015. —552 c. —

ISBN 978-5-7779-1875-8. — TekcT : 31eKTpOHHBIH // DnekTpoHHO 6ubnuoreyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pesxxum noctyna: mis
aBTOPH3UP. MOJIb30BaTENIEH

HNuTepHeT-pecypcebl:
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3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajaor acCoIMAIMU IICKTPOHHBIX OHOINOTEK
yueOHbIX 3aBeieHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpbITOE 0Opa3oBaHKE

Tema 6. PacTBopbI
JlaGopaTopnasi pa6ora 6. PacTBOpbI
enp paGoThl: OCBOMTH METOAMKY MNPHUIOTOBIECHHS PACTBOPOB 3aJaHHOM KOHIIEHTPALIUH.
OCBOUTH apEOMETPUUYECKUN METOJ] U3MEPEHUS TUIOTHOCTH PACTBOPOB. Y CBOMTH MOHSATHS a0COIIOTHON U
OTHOCUTENIBHOM MTOTPEIIHOCTEN U3MEPEHU.
DopmMupyeMble KOMIETEHIIMN WJIN UX YaCTH:

WNHupeke DopMyIIIpPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AIMK M CaMOOOpPa30BAHUIO
OIIK-4 MMOHMMAaHHUEM CYLIHOCTH U 3HaYeHUs] HH(QOPMAaIlMK B pa3BUTUHU

COBPEMEHHOTO 00111eCTBa, CHOCOOHOCTHIO MOIY4YaTh U 00pabaThIBaTh
I/IH(bOpMaI_[I/IIO M3 pas3IMYHbIX HCTOYHHUKOB, TOTOBHOCTBIO HHTCPIIPETUPOBATD,
CTPYKTYpUPOBATh U 0POPMIISITH HH(OPMALIMIO B JOCTYITHOM JUISL IPYTUX
BHUOC

ITK-5 CIOCOOHOCTBIO MPUHUMATH ydacTHe B paboTax Mo pacuery u
IIPOEKTUPOBAHMIO ACTAIECH U y3JI0B MAIIMHOCTPOUTEIIBHBIX KOHCTPYKLUI B
COOTBETCTBUU C TEXHUYECKUMHU 3aJaHUAMH U UCIIOJIb30BaHUEM
CTaHIAPTHBIX CPEACTB aBTOMATHU3ALUU ITPOCKTUPOBAHMS

Teopernyeckas 4acThb
Pacmeopamu nazvisaiom zomozcenHvle cucmemsl, cocmoswue uz 08yx u boiee KOMNOHEHMO8, a
maxaoice NPOOYKmMo8 ux 8saumooelicmsus. Harpumep, BOJHBIN pacTBOp CEPHOI KHUCIOTHI COEPIKUT: BOLY
(pacTBopHTeNB), rHapaTHpoBanHbie HoHbl HSO4 xH,0, H'xH,0 1 SO4 %xH-0.
Cnoco0bl BbIpaskeHHsi KOHIEHTPAlu PACTBOPOB
Baxwueiieit xapakTepuCcTUKOW PacTBOPOB SIBISIETCA MX KOHIEHTpALMS — Macca WM KOJIMYECTBO
BEIIIeCTBa, COJEpIKAIINECS B ONPEeNIEHHON Macce Wik 00beMe PacTBOpa I PaCTBOPUTEIIS.
MaccoBas moms BemecTBa X — macca BemtectBa M(X) (B 1), comeprkamasics B 100 T pacTBopa:
(X)
o(x),%="%) 100 61
mp—pa
MonsibHasi KOHIIEHTpaIMs — KOJIWYECTBO MoOnb BemlectBa N(X), comepkamieecss B OTHOM
kuorpamme (uu B 1000 r) pacTBopuTeIs:

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

-1000 =
M (X)m

p-st p-ast

-1000 (6.2)

MonsipHas KOHIIEHTpPAIHs — KOMMYECTBO MoJib BemecTBa N(X), cofeprkarieecs B OJHOM aAM° (KK
B 1000 cm®) pacTBopuTens:

Cpr (X), 20 = (X 1000=—MX) 5000 (6.3

o Vo M (X)Vp-s
MOJ'ISIpHaSI KOHOCHTpAIMd KOJIUYCCTBA SKBUBAJIICHTA (HOpMaJ’IBHOCTB WX JKBHUBAJICHTHAA

KOHIIEHTpaIIHs) — KOMMYECTBO MOJIb SKBUBAJIEHTA BellecTBa X, cojieprkareecs B ogHoM am° (wiu B 1000
cM®) pacTBOpHTEIS:
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n(i X)
Clx) MO Zx 4000
Zx ’ I[M3 Vp-nﬂ .
M XV
X

mX) 1000, (6.4)

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

SKBUBAJIEHTHAs Macca (I/MOJb) COOTBETCTBEHHO.

Ilpumeuanue. Yucno Z, Ha3bIBAIOT IKGUBANEHMHBIM YUCIOM WIH YUCTIOM IKEUBATEHMHOCIU — Ly
> 1. 3HaueHnune Z, ONpeAcisiioT M0 XUMHUECKOH peakiiy, B KOTOPOW y4acTBYeT JaHHOE BElIecTBO. Tak, B
JaCTHOCTH, IJISI BEIIECTB, ydacTByomux B OB-peakuusx, 3KBUBaJIeHTHOE Y CI0 Zg JUIsl BOCCTAHOBUTEISA
PaBHO YHCILy 3JIEKTPOHOB, KOTOPOE OH OTIAET, a JUIl OKUCIHUTENS — YHCIy 3JIEKTPOHOB, KOTOPOE OH
npunuMmaer. Hampumep, 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 mois;
MnOs + 2H,0+3e™ — MnO; +40H"; Z, = 3; 3(MnOs") = 1/3 Moib;
MnOs + le — MnOs2; Z,=1; 3(MnOy4) = 1/1 monb.
CrieoBatebHO, B 9TUX Peakiusax SKkBuBajieHT okucautenss MnOs™ cooTBercTBeHHO paseH 1/5, 1/3 u 1
MOJIb.
Heobxo0auMo Bcerjia TOMHHTD, YTO 3HAYEHHE DKBUBAJIEHTA JIF000T0 BemecTBa X HE MPEBLIIIAeT
eanHuLEL T. €. I(X) < 1.
Ormnpenenenrie SKBUBAIEHTHBIX YUCENT HEOANHAKOBO TSt 0OMeHHBIX 1 OB-peakiiuii.
B 00MeHHBIX peaKIusiX SKBUBAJIEHTHOE YHCIIO OMPENEIISIIOT TI0 CTEXHOMETPUH peaknnu. Ecnu mis
peaknuu BUA:
vaA+vgB =vcC + vpD  (8.5)
Ha OJIMH MOJIb BelecTBa A Tpedyercst ve/va Moilb BemecTBa B, T0 Za= vp/va.
ITose3Ho 3HaTh, uTO 0151 00HoOocHo8HbIX Kuciom (tuna HF, HCI, HBr, HI, HNO,, RCOOH u ap.)
u oonoxucnomuvix ocrosanuti (tumia NH,OH, LiOH, NaOH, KOH, CsOH, RbOH u np.) sxeuearenm
6ce20a paser 00UH MOJb.
J171s1 TIOMIMOCHOBHBIX KUCIIOT U TIOJIMKUCIOTHBIX OCHOBAHH BEITMYMHBI SKBHBAJICHTOB 3aBUCST OT
tuna peakuuit. Tak s peakiuu:
H2S04 + 2KOH = K504 + 2H,0,
Z (H2SOs) = 2, a sxeusanenm ceproii kuciomot — A(H>SOs) = ¥ monw, max kax na 00un Moib
H2SO4 mpebyemces 2 monw (0sa sxeusanenma!) KOH.
Hns peakumu:
H>SO4 + KOH = KHSO4 + H,0
Z(H2SOy4) = 1, a sxsusanenm ceproii kuciomoi — I(H2SO4) = 1 monw, max kak ¢ 00un Moo
H>SOs peazupyem 1 mons (00un sxeueanenm!) KOH.
MonpHast 10N — OTHOIIEHHE KoimdecTBa Monb BemlecTBa N(X) k obmemMy 9mciy MOIb BCEX
BemectB Ny (Xj), coCTaBIAIOIINX pacTBOP:
N (X)
Ny (Xj)

Tutp pacrBopa BemectBa X — Macca BemecTBa M(X) (B r), comepkamasicsi B OJHOM oM’

pactBopa:
e m(X)

cem® Vppa
Tutp pactBopa BemecTBa B mo ompenensiemoMy BemecTBy X — macca BemiectBa M(X) (B 1),
COOTBCTCTBYIOLIAA OAHOMY CM3 CTaHAApPTHOI'O paCTBOpa BCHICCTBA B:

T(BI X), leg =V(r;§x)

a(X) = (6.5)

T(X), (6.6)

. (6.7)
p—pa
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Becbma BaskHBIM TTapaMeTpOM PacTBOPOB SIBJSIETCS] MX TUIOTHOCTH — OTHOILIEHHE MAacChl pacTBOpa
(B Kr) K 00BEMY TOTO pacTBopa.

P, 3 = : (6.8)
M° Vppa

Ipumeuanue. B XUMUY Yalle MPUMEHSIOT Pa3MEPHOCTh TIOTHOCTH PACTBOPOB B I/CM°.

s mpoBeneHust pacdyeToB Mmoyie3Ho 3HaTh (Gopmyny (8.10), CBA3BIBAIOUIYIO KOJUYECTBO MOJIb

OKBHBAJICHTA BCIICCTBA Xc Pas3siiMYHbIMA BUAAMU KOHHGHTpaHI/Iﬁ €ro paCTBOpPOB.

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

X X X

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

100M (i X)
ZX
IIpy npUroTOBIEHUU PACTBOPOB € PA3JIMYHON MACCOBOHM JOJIEW BECHMA IOJE3HBIM SIBISETCS TAK
Ha3bIBAEMOE TIPABUIIO CMEIICHUSI (MITH TIPABHIIO KKPECTa»).
Cxema «kpecTta)» UMeeT BH/I:

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

rae o1, % 1 ®2, % — MaccoBbIe TOIN UCXOJHBIX PACTBOPOB;

M1 ¥ My — MacChl HCXOIHBIX PACTBOPOB (B T') TOCJIE CMEMICHUS KOTOPHIX, OYIET MOIYIeH PacTBOP
C MaccoBO# aonei wx, %.

Honnoe npoussenenne Boabl 1 pH pacTtBopoB

Bona orHocuTCS K O4YeHBb CaOBIM DJEKTPONUTAM, M Tporecc e€ mporonm3a (pacmaia WIH
IICCOIIMAIINN) SIBIISieTCS oOpaTHUMBIM. PaBHOBeCHE B 3TOM IIPOIECCE CMEMIEHO BJIEBO, B CTOPOHY
00pa3oBaHUs MOJIEKYT

HO << H' + OH". (6.11)

Ipumeuanue. 1lpoTONM30M HA3BIBAIOT TNPOLECCHI KHUCIOTHO-OCHOBHOT'O B3aWMOJEHCTBHUA,
MIPOTEKAIONIHNE C YIACTHEM PAaCTBOPUTENS (7151 BOJHBIX PACTBOPOB — 3TO MOJIEKYIIBI BOBI).

KoncranTa nporonusa Bojsl pu 22°C uMeeT cieayroliee 3HaueHHe

+ J—
_[HTJ[OH ]
S AL
[H,0]
TaK KakK HpOTOHH3 BOJBI BECbMa HC3HAYUTCIICH, TO paBHOBeCHyIO KOHHCHTpaHI/HO MOJIeKyJI BOIbI
MOKHO MPHHSATH 3a MOCTOSHHYIO BEIMYHHY, YHCIEHHO PAaBHYIO €€ 00IIell MOJISPHOM KOHIIEHTPAIMH, TO

ecth cuntath, uto C(H,0) ~ [H,0] mons/mm>.
Iposenem pacuer (mpu ycnosun, uto p(H20) = 1r/em®u M(H20) = 18 r/Mos):

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

€CTh MOIISIpHas KOHIIeHTparus Bojsl, To ecth C(H20) = 55,56 MOJTB/ M .
[Ipencrasum (8.13) B crnenyronieM BUe:

[H][OH"]=K,[H,0]

[loncraBuB B (8.14) n3BecTHBIE BENUYUHBL, TTIOJYYHUM BETHYUHY MPOU3BEACHUS KOHIEHTPALUii
HMOHOB THJIPOKCOHHS U MOHOB T'HIPOKCHJIA!

~18-10716 (6.12)

B 1 oM BOMBI conepxutca N(H-0) = ~ 55,56 Moip — 3Ta BeIWYHHA U
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[H*][OH ]1=18-10"°.5556 =107 = K. (6.13)

Urak, npoussenenne Ky = [H][OH] = 10™ nns ymcroit Bomsl u ee pacTBOpOB, sBIAETCA
BEIMYMHON MOCTOSTHHOM U HA3BIBACTCS UOHHLIM Npouseedenuem Boabl (0bo3Hauaercs Ky).

C coBpeMeHHOW TOYKHM 3peHus He oAHa Moiekyna Boasl HoO, a e€ mumep — HiO2 nnmmu 2H-0,
HOBEPrasich MPOTONU3Y (pacmanasck), 0bpasyer omuH KatuoH ruapokcorus (HzO") u omgun ruapokcu-
HOH:

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

[H30"]1=[OH 1=+10" =10"" moms/on®.

B xucnbix pactBopax KOHIEHTPALUS HOHOB T'HIIPOKCOHHSI OOJIbIIE KOHIICHTPAMH TUIAPOKCHU-
nonos: [Hz0"] > [OH].

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

Onanaxo npomssenenne [HsO'] u [OH] B moGom pactBope (KHUCIOM M INENOYHOM) SBISETCS
BEJIMYMHOMW TOCTOSHHOM.

HUcnonk3ys nonHOE Nipon3BeeHne BoAbl Ky, MOXKHO paccUuTaTh:

a) KOHIIEHTPAIIMIO HOHOB THIPOKCOHHS B PACTBOPAaX OCHOBAHWH

[H3O+]= KW ; (614)
[OH ]
0) KOHIIEHTPAIUIO THAPOKCUI-UOHOB B KHCIIOM PacTBOpE.
[OH = Ky (6.15)
[H30"]

Ucnone3ys Benmuunny Ky yaaercst XxapakTepu3oBaTh KHCIOTHOCTh U OCHOBHOCTH PAacTBOPOB IO
KOHIICHTPAIMH TOJIEKO HOHOB THAPOKCOHUSI.

Hanpumep:

o - 3

a) B pactBope comsuoi kucnorel ¢ C(HCI) = 0,1 moms/am° (cumTast pOTOIU3 KUCIOTHI TIOIHBIM,
10 ecth o HCI) = 1) KoHIIEHTpanMss HOHOB BOZOPOIa PaBHA KOHIICHTPAIIMH KHUCIIOTHI, TaK KaK IPOTONIN3
KHCJIOTHI TTOJTHBIH, CIIeI0BATEIBHO:

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

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

[H30*] = 0,001 = 10" momns/am°.

. o _ 3

B) B pacTBOpE ILEIOYM, Hampumep, ¢ MoisipHoi kKonieHtpaimedn C(NaOH) = 0,1 moms/am”,
KOHIICHTpAIHS THAPOKCHI-HOHOB paBHA KOHIICHTPAIUH MIEIOYH, TaK KaK MPOTOIHU3 MIEJOYH IPOTEKAET
nonsocteio (a(NaOH) = 1). Cnenosatensro, [OH] = 0,1 = 107 mons/mm°. YuuTHIBas B3aHMHYIO CBS3b
nonoB [H3O'] m [OH], mosBasercs BO3MOXKHOCTb XapaKTEPU30BATh OJTOT IIEJIOYHOW PpAacTBOpP IO
KOHILIEHTpaluu nonos [HzO0']:

K, 10
[OH"] 107

[H 30+] — — 10‘13 Mot/ v,

r) B 0,001 M pacTBOpe
[OH] = 0,001 = 10 mons/am>;

K, 107
[OH"] 1073
Jus Oonbirero ymoOCTBa XapakKTEPUCTHKY PEaKIMHM CPEeAbl BHIPAKAIOT HE KOHIEHTpalnen
BOI[OpO,Z[HLIX HOHOB, TO C€CThb BCIMYMHAMHU C OTpI/II_IaTeJ'ILHI:IMH nokaszarcjsiMu CTCIICHHM, a TakK
Ha3bIBACMbIM BO,Z[OpO,Z[HLIM I10Ka3aTCIICM pH

pH — necaruunsbiii toraprumM KOHIEHTPALUHN BOJOPOAHBIX HOHOB, B3STHIX C OOPaTHBIM 3HAKOM: .
pH =-Ig[H"] (6.16)

[H0"]= — 1071 momb/m’,

unu 0ojiee COBpeMEHHO

pH = —Ig[Hs0™], (6.17)
e [H3O"] BeIpaxkaercs B MOIb/mm>.
s onucanHbIX BhIle npuMepos (1. 13 a, 0, B, 1) pH coorBercTBenHo paBHbI: 1, 3, 13, 11.
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Usmenenve [H3O'] m pH B 3aBHCHMOCTH OT KHCIOTHOCTH MJIM OCHOBHOCTH  CPEIbI
npezacrasieHo B Tabnuue 8.1.
Tabnuya 6.1 3asucumocms [HsO*] u pH om peaxyuu cpedvi

N &R v © o © @ g 9933
[H307] =339 S 2 229 9888
YBennueHue KucaI0THOCTH VBenuueHne OCHOBHOCTH
7
< HEUTp >
cpena
56 8 9 10 11 12 13 14
01234
pH Cnabo- Cnabo- menoyHas CHUbHO- mIeJIouHAas
CuiipHOKHCTIAS cpena
KHCJIas cpena cpena cpena

B uucroii Bone pH = 7.

B xucnorHoit cpene pH < 7.

B menounoit cpene pH > 7.

Taxum 00pa3om, 4em GoIbIe KOHIIEHTPaMs HOHOB Bogopoaa [HzO"], Tem Gomblie KMCIOTHOCTS
pacTtBopa, TeM MeHbllle BenuuruHa pH.

HaoGopor, uem Menbiie [HzO"], Tem Goiblie OCHOBHOCTL pacTBopa U 6ojiblie Bennurna pH.

[ponorapupmupyeM ypaBHEHHE WOHHOTO NMPOU3BeneHUs Bojubl (8.14) u, B3gB yorapumsbl ¢
o0paTHBIM 3HaKoM, TToryuuM (ripu 22°C):

pH +pOH = 14

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

Bb1600: KONNYEeCTBEHHYIO XapaKTEpUTUKY PEaKLMU Cpezibl BIIOJIHE onpesesnser 3HadeHue eé pH.

OoOopynoBanue U MaTepUaIbl
PactBop NHsNOs
AMMHagHas cenurpa
CrekssHHAs BOPOHKA
Kon6e na 100 cv®
Apeomerp
[narens
Hunuuap émkoctsio 1,0 e

Noak~ownpE

Yka3aHus 0 TeXHUKe 0e30I1aCHOCTH
1. Bce paboThl B XHMHYECKOW abOpaTOpWH JOJDKHBI IMPOBOMUTHCS TPH HUCHPABHOM
3JIEKTPOOOOPYIOBAaHHH, IIEKTPOIPOBOJIKE, IIPABHIBHO 000PYIOBAHHOM BBHITSDKHOM MIKa(y.

2. Ta30BbIe KpaHBI U ra30MPOBO JOJKHBI HAXOAUTHCS B UCIIPABHOM COCTOSIHUH, IEPUOANIECKH
MIPOBEPSITHCA.

3. PaGouee MecTo comepKaTh B HOPSIIKE M YHCTOTE.

4. Cyxue peakTuBbl TpeOyeTcs OpaTh YMCTHIM IITATEIEM HIIH CIICLUAIbHON JTOKEUKOM.

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

6. Bce onbITH ¢ BpeAHBIMU M MIAXHYIIMMH BEIIECTBAMH, a TAK)KE YIApUBAaHUE KUCIIOT U KU CIBIX
PacTBOpOB MPOBOAUTE B BBITSDKHOM IIKAQy.

7. OcraTKu coeArHEHNH cepedpa CIMBaTh B 0COObIE CKIISTHKH.

8. Ilpn HarpeBaHUM PACTBOPOB B MPOOHPKE BCEraa CIEAyeT JIepkaTb e€ TaKuM o0pa3oM, 4TOOBI
OTBEpCTHE NPOOHPKU OBUIO HAIIPABJICHO B CTOPOHY OT Pa0OTAIOIIEro PsAOM COCea.

9. He HaKJIOHATH U0 HAJl HATPEBAEMOH JKUAKOCTHIO MM CIIABIISEMBIM BELLIECTBOM.

10. He cnenyer BApIXaTh Maxydue BELIECTBA M Ta3bl, OJM3KO HAKJIOHSSACH K COCYHY C 3TUMH
BemecTBaMy. HioxaTh BelecTBa MOXHO JIMIIb OCTOPOKHO, HANPaBJIsis K cede Maphl WM a3 IBUXKECHUEM
PYKH.
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11. XpaHuTb pacTBOPHI KOHIICHTPHPOBAHHBIX KUCJIOT U IIECJI0YECH B BHITSHKHOM HIKady.

12. BsbumBaTh pa30aBICHHbBIC KUCIOTHI U IETOYHBIC PACTBOPBI CISAYET B CIMBHYIO CKIISIHKY.

13. Kareropudecku 3amperaercs mpoOoBaTh XMMUYECKHE BELIECTBA HA BKYC.

14. TIpu paboTe ¢ JIETKO BOCIUIAMEHSIOIIUMUCS BelecTBamMu (3GHphl, OSH30I, CEpoyriaepoa U
T.JI.) HE JIOJDKHO OBITh PSIIOM OTHSI M BKITFOUCHHBIX TUIUTOK.

15. Tlpu pabore co CTEKIOM, XWMHYECKOH TMOCyIol, HE00XOAWMO COON0AaTh TpaBUia
MPEIOCTOPOKHOCTH BO N30©KAHUE PAaHEHHI OCKOJIKAMH CTEKJIA.

16. Kareropudecku 3ampemniaercs 0CTaBisATh padoTaroIue Ipudopsl 03 HaOII0ICH Ul

22. B xumuveckoii 1abopaTopun HEOOXOAMMO paboTaTh B Xajare.

3aganud

Omnerr 1. [lpurorosienne pacTBopa HUTpaTa aMMOHUSI ¢ MaccoBoi jtoneit 10%

1 Paccumrars HaBecky NHsNOs, HeoOxomamyo syt ipurotosyierrs 250 cm® pacTBopa ¢ MaccoBoi Joneit
(,O(N H4NO3) =10%.

2 Paccunrtannyo HaBecky NHiNOs; B3BecuTh B OlOKCE Ha TEXHMUYECKMX Becax. Pe3ysbraThl
B3BEILIMBAHUS 3aHECTH B TaOJ. 5.2.

3 HaBecky aMMHauyHOH CEIUTPHI OCTOPOXKHO MEPEHECTH C IMOMOIIBI0 CYXOH CTEKISIHHOW
BOPOHKH B MEPHYIO KOJIOY BMECTHMOCTBIO 250 cM®,

4 Jlo6aBuTh Kk HaBecke B konbe 100 cm® mucTmmmmpoBaHHOH Bombl. TIIAaTeNbHO IepeMeInaTh
pactBop mo momHOro pactBopermss NHiNOsz Jlomuths kom0y IUCTHIUTMPOBAHHON BOIOM 0O KOJNBIIEBOM
OTMETKH 10 HUYKHEMY MEHHUCKY.

5 TuarensHO TepeMeNiaTh MPUTOTOBICHHBIA PACTBOP IBITH - MIECTHKPATHBIM IEPEBOPAYNBAHAEM
KOJIOBL, TTOICPKIBAST TIPOOKY.

6 W3mepurs 1utotHOCTH mpurotoBieHHoro pactBopa NHiNOs; ¢ momompio apeomerpa. st
3TOTO TIPHTOTOBIIEHHBIH PACTBOP TEPETUTh B LUIMHAP MKOCThIO 1,0 avM°. OCTOPOKHO TOrpY3HTH B
pacTBOp apeoMeTp TakuM o00pa3oM, dYTOOBI apeoMeTp HEe Kacalcsi CTEHOK MHWIWHApAa W 3aHsI
HEIOIBIXKHOE TojokeHue. CHATh IMOKa3aHUs TUIOTHOCTH CO IIIKaJIbl apeoMeTpa 1 3aHeCTH B Tab. 6.2.

7 Paccuntath MOJSIPHYIO KOHIIGHTPAIHIO MPUTOTOBIICHHOTO pacTBopa. PacuéTHrie TaHHBIE U pe3yIbTaThI
M3MEpPEHHI 3aHECTH B TaOM. 6.2,

8 OnbITHOE 3HAaYCHHE TTIOTHOCTH PaCTBOPA HUTPATa AaMMOHHS (Paxer) CPABHHTH C TEOPETUUSCKHAM (TalsHIIa
8.3)(pacCUMTAHHBIM Preop,)-

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

Tabnuya 6.3 Iliomnocms 6oono2o pacmeopa Humpama ammonuss NHsNO3

Konuenrpauus Konuenrpanus
p, T/em® p, T/em®
o, % MOJB/IM° /o o, % MOJIB/ M r/am°

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

Conepxanue oT4yeTa
Tabnuya 6.2 Pesynvmamol s5Kkcnepumenma

| Macca | ms | Macca | C(NH:NO3), | powens |  prom | Aabc, | Aorh,
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OloKca, | + HaBecka, | HaBECKH, MOJTB/IM> r/em® r/em® r/em® %
M, T r My, T

KonTposbHbie BOIPOCHI
ba3oBblii ypoBeHb

1 M3 kakux KOMIIOHGHTOB COCTOST BOJHBIC pacTBOpbI cieayronmx BeriecTB: NasPOs KySOs,
NaNQO3? OTBeT 1aTh C Y4€TOM MPOIECCOB MIPOTOIM3a HOHOB.

2lns uero npuMeHsoT apeomerp? KakoBa mMmociemoBaTebHOCTh OIEpalldid MpH  3amepe
TIOTHOCTH KUIKOCTH?

IloBBIIIEHHBII YPOBEHD

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

2 [IpuBenuTe aqrOpUTM B3BEIIMBAHUS TBEPIBIX BEILCCTB.

Choucokx JUuTeparypbl, peKOMeH)IyEMI)Iﬁ K HCI0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHas JInTeparypa:
1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. KopoBun. - 13- u3z., nepepad. u jom. - M.
: Akanemus, 2011. - 496 c. : un. - (bakamaBpuar). - Pek. MOuH P®. - TTpui.: c. 461. -
bubmmorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy»karouieil cpefibl : XuMHusl )KUBbIX opranu3moB. Kypc nexuuii /
E. C. Muxanuna, A. JI. Ilerenun. — M. : U3parensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 3NeKTpOHHBIH // DNeKTpoHHO-0nOIHoTeuHas cuctema [IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Peskum noctyma: mis
ABTOPU3UP. TI0JIb30BATENCH
JlonoHUTeILHAS TUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tox pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Uuterpan-Ilpecc, 2003. - 728c. - bubauorp.: ¢. 704. - [Ipeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1
2. XUMHS METAJUIOB : yueOHOE MocoOue (I CTYJEHTOB XMMUYECKOTO (haKyIbTeTa
HarpaBJIeHUH OakajgaBpOB «XUMU» U « XUMHUECKasi TeXHOJIOTHs») / coctaButenu O. A.
l'onoBanoBa. — Omck : OMckuii rocyiapcTBeHHbIM yHUBEpcUTET UM. .M. [locToeBCKOTO,
2015. —552 c. —
ISBN 978-5-7779-1875-8. — TeKcT : 31eKTpOHHBIN // DNEKTpOHHO OnOInoTevyHas cuctema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxum noctyma: mis
aBTOPU3HP. MOJIb30BaTENCH
HNuTepHeT-pecypcebl:

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

2 http://biblioclub.ru/ — 3BC «YuuBepcuTeTcKast 6MOINOTEKA OHIANH.

3 http://catalog.ncstu.ru/ — s>aeKTPOHHBINM KaTaIor acCOIHAIMU SJICKTPOHHBIX OMOIHOTEK
yueOHBbIX 3aBesieHuil u opranuzanuit CKOO

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

Tema 7. KommiiekcHble coeIMHEeHUSA
JlaGopaTopnasi pa6ora 7. KoMIuieKcHbIe COeIMHEHH S
HCJ’IL pa6OTBIZ HU3YUCHUC KOMIIJICKCHBIX CO@I[I/IHCHI/Iﬁ M UX XUMHUYECKHX CBOMCTB.

cDOpMI/IpyeMLIC KOMIICTCHIIMH WJIN UX YaCTH.

| WNunexe | DopMyIHUpPOBKA:

o1


https://openedu.ru/

OK-7 CIOCOOHOCTBIO K CAMOOPTraHU3aIMH U CaMOOOPa30BaAHHIO

OIIK-4 MMOHMMaHHUEM CYIIHOCTH U 3HaueHUs MH(OPMAINH B Pa3BUTUU
COBPEMEHHOTO 00IIecTBa, CIIOCOOHOCTHIO MOJTy4aTh U 00padbaThIBaTh
MH(OPMAIIHIO U3 PA3IMYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIIPETUPOBATS,
CTPYKTYPUPOBaTh U 0(OPMIISTh HHPOPMAIIUIO B TOCTYITHOM IS IPYTUX
BUJIC

I1K-5 CIOCOOHOCTHIO MPUHUMATH YIacTHE B padoTax Mo pacyery u
IIPOCKTUPOBAHUIO JETAIIEH U y3JI0B MAIIMHOCTPOUTENIBHBIX KOHCTPYKIIMN B
COOTBETCTBUU C TEXHHYECKUMHU 33JJaHUSAMH U UCIIOIb30BAHUEM
CTaHJAPTHBIX CPEJACTB ABTOMATH3ALIMU TPOCKTUPOBAHMS

Teopernyeckas 4acTb
XUMHUYECKAE CBSI3U OCYIISCTBISIOTCSA 3a CYET OOOOIICHHS HE CIIAPEHHBIX J3JICKTPOHOB WJIH
nepeayu d3JIEKTPOHOB OJHHMM K3 aTOMOB, BCTYHAWIIMX B CBA3b Jpyromy. B pesynbraTe Takoro
B3aMMOJICUCTBHSI 00pa3yloTCsl YCTOWYMBBIE KOH(QHTYpalud, HMEIOIIME Ha BaJCHTHOW 000JIOUYKe
ANIEKTPOHHBIA OKTET. Y CTOWYMBOCTH TMOJOOHOH CTPYKTYpBI OOBSCHSIETCS CXOJICTBOM B CTPOCHHUHU C
MHEPTHBIMH Ta3aMu. COeIMHEHMS], ITOJTyJarOIHecs MoJ00HBIM 00pa30M, Ha3bIBAKOTCS OMHAPHBIMHU.

MHOIMe aToMbI WM HOHBI, 00pasyrolye OMHAPHBIC COSIMHEHNS, MOT'YT SIBIITHCS JOHOPAMH JIEKTPOHOB YIS
JPYrUX aTOMOB, TPYITI aTOMOB WJIA MOJICKYJT, HE MMEIOIINX AEKTPOHHOTO OKTeTa. [1omydeHHbIe TAKAM ITyTéM CIIOKHBIE
MOJIEKYJIbI HA3bIBAFOTCS KOMITIEKCHBIMA COCIIMHEHUSMU VI COCIIMHEHWSIMH BbICIIIEro Topsyika. Harprimep, B coctas
KomruiekcHoro coemuHentst Ko[PtClg] Bxomsr nons1 K+ u [PtCls] .

IlenTpasibHBIA aTOM IUIATHHBI CO CTEMEHBIO OKUCICHUS +4, BOKPYT KOTOPOTO TPYHIHPYIOTCS
(KOOpIMHUPYIOTCS) APYTHE ATOMBI, HA3BIBAETCSI KOMITJIEKCO00pa30BaTENEM.
Ipucoenuusromuecs k Hemy woHbI Cl” HassIBatoTCs Murangamu (MM aJaeHIaMm).
Hexoropsie muranipl U MX Ha3BaHUS:
H>0 — axBa; NHz — ammun; 0% — okco; OH — ruapokco; CN™ — nmano; SCN™ — ponmano; NO,™ —
HuTpo; SO% — cynbpuro; NH,OH — ruppokcunamun; F- — dropo; CI- — xnopo; Br-— 6pomo; I~ — ifozo.

UYwcino MranioB, MIPUCOSTMHEHHBIX K KOMILIEKCOO0PA30BATEN0, HA3BIBAIOT KOOPJMHAIIMOHHBIM
ypcioM (K.4.) Komriekcoobpasosarens. K.u. (Pt) = 6.

Housl K' — BHemHsis KoopauHaiuoHHas cgepa (npotusouon); [PtCls]> — BHyTpeHnss
KoopauHanuoHHas chepa. EE sapsa( TouHee, CTEIEHb OKHMCICHHS X) ONMPEICIACTCS aareOpandecKoi
CyMMOIi 3aps/10B KOMILIeKcooOpasoBatens u nuranios: x(/PtClg]?) = +4 +(-1)-6 = -2.

Ecrmn BHYTpeHHSIT KOOpIMHAIWIOHHAs cdepa MMeeT TONOKUTEIbHBIA 3apsi], TO OHA Ha3bIBACTCA
KOMIUTIEKCHBIM KATHOHOM, €CJTU OTPUIIATEIbHBINA — KOMILIEKCHBIM aHUOHOM. VIMeeTcs psifi COeMMHEHN, B KOTOPBIX
BHYTPEHHSISI KOOpIIMHAIMOHHAs cpepa He HecET 3apsia — HeMTpallbHbIe KOMILIEKCHI. [IprMephl YKa3aHHBIX THIIOB
KOMILJIEKCHBIX COSTUHEHHI:

1) katuonnse — [Pt (NHs)sCI]CI PRECZN [Pt(NHs):CI]* + CI;
[Cr(H20)4Br;]Br (H—ZO) [Cr(H20)4Br2]* + Br;
[Ni(H;0)e]50: <225 [Ni(H,0)e]?* S0,
2) aunonnbie — Ks[Fe(CN)e] <H—20> 3K* + [Fe(CN)q]*;
(NHa4)2[Pt(OH)2Cl4] <H—20> 2NH,* + [Pt(OH)2Cls]?;
Nas[AlFs] (H—ZO) 3Na* + [[AlIFe]*;
3) neitrpanbabie (HeamekTpomuThi) — [Cr(H20)4PO4] PRECFEN x:
[Rh(NH3)3(NO2)s] (H—ZO)X;
[Pd(NH,0H):Cl] <H—ZO>><.

Ipumeuanue. KOMIUIEKCBI aHMOHHOTO THUIA TAKXKE€ €IIE€ Ha3bIBAIOT AllMJJOKOMIUIEKCHBIMH, TaK

KaK MpH MIEPBUYHOM MPOTOJIU3€ OHU OTLIETIIIAIOT KOMIUIEKCHBIM aHUOH.
Aneopummvl Ha36aHUL KOMNIEKCHBIX coeOuHeHuti: 1) KaTHOHHBIE KOMIUIEKCHI — CHauasa
Ha3bIBaIOT BHELIHIOW cdepy, a 3aTeM B POAUTEIbHOM NaAeKe IPUBOIAT HA3BaHHsI JIMTAHI0B BHYTPEHHEN

52




cepsl ¥ pycckoe Ha3BaHUE KOMILIEKCOOOPA30BaTellsi C yKa3aHHEM €ro CTeleHH OKUCIICHUS apaOCKHUMU
uudpamu, HaIpuUMep:
[Pt (NH3):Cl]Cl —xi0pun TprammusxioporiaTus! (+2);
[Cr(H20)4Br;]Br —6pomun TerpaakBaguopomoxpoma (+3);
[Ni(H20)6]SO4 — cynbdar rekcaaxBanukens (+2);

2) Ha3BaHUC AHMOHHBIX KOMIUICKCOB HAYMHAIOT C BHYTPEHHEH CQepbl — Ha3BaHHUE JIMTAH/IOB U
JATUHCKOT'0 KOMIUIEKCOOOpa30BaTeNsi ¢ OKOHYAHHEM -am, 3aTeM — PYyCCKOEe Ha3BaHUE KATHOHA BHEIIHEH
cdepbl, HaITpUMep:

Ks[Fe(CN)g] — rexcanmanodeppart (+3) kams;
(NH4)2[Pt(OH).Cls] — muruapokcorerpaxioporiatuHat (+4) aMMOHHS;
Nas[AlFs] — rexcadropoantoMuHat HaTpusi;

3) B HEHTpalbHBIX KOMILUIEKCAX BHAuYalle HA3bIBAIOT JIMTraHibl (¢ yderoM andaBuTa), 3aTEM
CIIellyeT pycCKoe Ha3BaHHME KOMIUIeKcooOpa3oBaTesst Oe3 yKa3zaHUsl ero CTENeHH OKHUCIEeHUs! (TIOCTenHss
OJIHO3HAYHO MOXKET OBITh OIpe/e/ieHa C YIETOM JIEKTPOHEHTPaTbHOCTH KOMILIEKCa), HalPUMeED:

[CrPO4(NHz3)3] — rpuammundocharxpom;

[Rh(NO2)3(NHa)3] — TppaMMUHTPHHUTPOPOANH;

[Co(NO3)3(NH3)3] — TpuaMMUHTPUHUTPOKOOAIIBT.

CBsi3b MEX/Ty BHEIIHEW M BHYTPEHHEH cdepoll MMeeT MOHHBIN XapakTep, CBA3b BO BHyTpEeHHEN
cdepe — KOOPAMHAIMOHHBIHN (JJOHOPHO - aKIENTOPHBIH, CEMUTIOISIPHBIH ).
BHyTpenHsist KoopHAIMOHHAsT cepa JITs KOMITIEKCOB KATHOHHONO M aHHOHHOTO THTIOB YCJIOBHO OT/IRIISIETCS OT
BHeIHe! c(hepbI KBaaTHHIMU CKOOKAMEL
CyIIeCTBYIOT COSTMHEHHUSI, COCTOSIIME U3 KOMITJICKCHBIX KATHOHOB M AHUOHOB:

[Co(NHs)s] [Cr(CN)g] — rexcarmanoxpomar (+3 ) rekcaaMMUHKOOATBTA (+3);

[Cr(NH3)s] [CO(NO)] — rexcanmTpokobasTat (+3) rekcaammunxpoma (+3);

[Pt(NH3)sCI][Pt(NH3)Cls] — ammuaTpHXIOpOIUTaTHHAT (+2) TPHAMMHHXJIOPOIUIATHHBI (+2).

Conm  HEKOTOPHIX METaUIOB, OCOOCHHO B KOHIICHTPHPOBAHHBIX PACTBOpaX, CIIOCOOHBI
pearnpoBaTth MEKIy CO00H, 00pa3yst KOMIUIEKCHbIE COSANHEHUS — a)yMOKOMNIEKC b
AUCI3+AUCl; <> Au[AUClg] — rekcaxmopoaypart (+3) 3omota (+3) ;
Cdl; + Cdl; «» Cd[Cdl4] — Terpaiiogokaamat (+2) KaaMusi.
PaznuuaroT nepBUYHBIA M BTOPUYHBIA MPOTOJNM3 KOMIUIEKCHBIX coeAuHeHui. IlepBUYHBIN
[POTONN3 — OTIICIUICHHE BHEIIHEH cdepsl, OOBIYHO MPOTEKAET IO THUILy CHJIBHBIX 3JIEKTPOIHUTOB.
Hanpumep, 17151 KOMILIEKCOB:

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

CreneHp NEPBUYHOrO IMPOTONM3a ISl pa30aBICHHBIX PACTBOPOB KOMIIJIEKCHBIX COEAMHEHHUH
00b19H0 100 % wmin 61M3Ka K 9TOH BENUYHUHE.

BropuuHoMy mnpoTonM3y MOABEPraroTcs KOMIUIEKCHBIE HOHBL IIpu 3TOM HMX cTeleHb
mpoTonu3a BecbMa Maja. Pacmaj mporekaeT MO TUIy claOblX 3JEKTPOIMTOB. THN mpoTonmsa —
CTYIEHYAThIM, KOTOPBIM OMUCHIBAETCS] YPABHEHHEM 3aKOHA JCHCTBUS Macc.

KonnuecTBeHHO mpouecchl NPOTONHM3a KOMILIEKCHBIX HMOHOB XapaKTEpU3yeTCs KOHCTAaHTOH
HeCcTOHKOCTH (Kyeer) MITH OOPATHOM € BETMYHHON — KOHCTAHTOU yCTOHInBOCTH (Kycr).

Pa3znuuaroT KOHCTaHTBI IPOTONM3a CTyNeH4YaTble U obmume. CTyneHuaThle KOHCTAHTHI CBSI3aHBI C
OTILIEIIEHUEM OJHOI'O JIMTaH/a OT KOMIIJIEKCHOTO HOHA WJIM MOJIEKYJbI, a OOIIME KOHCTAHThl YUUTHIBAIOT
PaBHOBECHBIE KOHIICHTPALMM KakK JUCaHIOB, TaK M KOMILIEKCOOOpa3oBaTens, oOpa3ylolmuxcs B XOle
nportonusa nmo BeceM crynensM.Hanpumep, nporonus xommiekcHoro noHa [CU(NHs)4]?* mporekaer B
YeThIpe CTYICHU:

53



[[Cu(NH3)3]% ][NH;]

1) [CU(NH3)g ] <> [CUNH3)3 1% + NHg;  Kyeers = S =10710°%;
[[Cu(NH3)4]""]
2+ 2
2) [CUNH3)s T O [CuNHa) o2 4 NHg; Ky = 02l Iy 5,145
[[Cu(NH3)3]""]
2+ 3
3) [CU(NH3),]% < [CUNH3]> + NH3; Koo _ [Cu(NH5)] ][';'H3] ~4,68-107%:
[Cu(NH3)4]""]
2+ 4
4) [CUNH3]?* & Cu®* + NHj; Kyecrl =w=1,02-10‘4.
[[Cu(NH3)]*']

CyMMapHOe ypaBHEHHE TIPOTOJN3a BHYTPEHHEH KOOPAMHAIIMOHHON Chephl BRIpaKaeTCss OOIIHM
ypaBHEHUEM
2+ , 4Hy0 2+
[CU(NH3)4] (—2——)[CU(H20)4] +4NH3.
3Hadyenne o0IIel KOHCTAHTBI HECTOWKOCTH OINMPENESISACTCS MPOM3BENEHUEM BCEX CTYIEHYATHIX
KOHCTaHT HecToiikocTu. Hanpumep, a1 nona [Cu(NH3)s]?* o61mas koHcTanTa HecTolKoCTH GyaeT UMETh
BHI:

Kyeer ([CU(NH3)4]2+) = Kyeer1 * Kueerp * Kueerz * Kuecra =
_[Cu(H20)41*"1-[INH31"*
[Cu(NH3)41%* |

ITpumeuanue. Ctynendatsiii nporonus nona [CU(NHs)4]?" B BoTHBIX pacTBOpax NpeiCTaBieH B
BUJIC, KOTOPBIH OTBEYAET MPUHYUNY COXPAHEHUS NOCMOSHCMEA  KOOPOUHAYUOHHO20 — YUCIA
Komniekcoobpasosamens. JI0Kka3aHo, 94TO TPH OTPHIBE OT KOMIUIEKCHOTO HOHA JIMTAHJIA €ro MECTO
3aHUMAIOT MOJIEKYJIBI BOJIBI:

~951.10713,

[CU(NH3)4]2+ + H.0 [CU(NH3)3H20]2+ + NHs
B utore nporiecc J0KeH 3aBEPIIUThLCS 00pa3oBaHueM TeTpaakBakominiekca [Cu(H20)4]%".

Uem Oonblile BENMUYMHA KOHCTAHTHI HECTOWKOCTH (MJIM MEHBIIE KOHCTAHTA YCTOWYHBOCTH),
TEeM MEHee YCTOWYHMBO JAHHOE KOMITJICKCHOE COCTHHEHHUE.

[IpoTomu3 KOMIUIEKCHOrO HWOHAa BO MHOTUX CIIy4asx JIOKa3blBaeTcs C IOMOIIBIO
YYBCTBHUTEIBHBIX PEAKTHBOB, OOHAPYXHMBAIOIIUX B PACTBOPE KOMIUIEKCHOTO COCAWHEHUS] HWOHBI
KOMITJIEKCOOOpA30BaTellsl M JIUTAHJIOB.

Hanpumep, nonbsl memnu B komiuiekcHoM coemureHur [Cu(NHs):]Cl; mMoxkHO 00HApYXUTb,
prOaBUB K PaCTBOPY 3TOW COIU PacTBOP CyIb(pUAa HATPHUS:

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

HJIK TYTEM CBA3bIBAHWA aMMHUAaKa B boree HpO‘IHBIﬁ KOMIIJICKC — KATUOHBI aMMOHUA:

[CU(NH3)4]C|2 +4HCI —» CUC|2 +4NH4C|,
[Cu(NH3)4]%" +4H* - Cu?" + 4NHZ.

Komnaexcnvle coedunenus ¢ Mmanoycmouyugou ewympeHHel cghepoti, npomoaus Komopou
NPOXOOUM NPAKMUYECKU NOTHOCIBIO — 9O 080LHbIE COMU, HATIPUMED:

H,0
[K(H20)5][AI(H20)6](S0s). €——2—> K* + AP* + 250,2 + 12H,0; amomokameBsie
KBacCI1bl

[2NH.(H.0)6][Fe(H20)6] (SO4)2 (H—ZO) 2NH,*+ Fe**+2S04% +12H,0;
coib Mopa.
Teopus BaneHTHBIX cBszeld (TBC) 0OBSCHSIET CTpOCHHWE KOMIUIEKCHBIX COEAMHEHUN
BO3HHKHOBEHHEM JIOHOPHO-aKLENTOPHOH CBSI3M MEXAy KOMIUIEKCooOpa3oBaTeieM W JIMTaHIIaMH.
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OOBIYHO JIOHOPOM JJICKTPOHHOW TMapbl CIY)KUT JIMTaHJ, aKIEeNTop — CBOOOMHBIC OpOHMTAIU
KOMIIIIEKCOOOpa30oBaTes.

TBC BO MHOrHX Ciydasx TIO3BOJIICT YCTaHOBUTH OJJICKTPOHHYIO U IPOCTPAHCTBEHHYIO
KoMIuiekca. Teopusi y4uThIBaeT MPH ATOM XapaKTep BaJCHTHBIX OpOUTaseil LEHTPaJbHOrO aTOMa B €ro
THOPUTHOM WIJIM HETHOPUIHOM COCTOSTHHU.

OCHOBHbBIC THIBI THOPHIHBIX COCTOSIHUH KOMILIEKCOOOpa30BaTeNsl U COOTBETCTBYIOLIME UM
npoctpaHcTBeHHble cTpykTyphl: Sp — nuueinas ([Ag(NHs)2]*, [Cu(NHs)2]*); sp® — Terpasapuueckas
([Cu(NHs)4]?*, [NiCls]?*); d?sp® ([CoFs]®) umu sp®d? ([Co(CN)e]*) — okrasapuueckas. KpagpatHo-
IJIOCKOCTHO# CTpyKType oTBeuaer dsp’-rubpuausanys, Hanpumep, s komriekcaoro nona [Ni(CN)4]%.

Oco60 1eHHYI0 WHpOpPMALUI0 00 SJIEKTPOHHOM CTPOCHHHM M TEOMETPUYECKOH CTPYKTYpe
KOMITJIEKCOOOpa30BaTellsi UMEIOT €ro MarHUTHBIE CBOMCTBA. [lapaMarHUTHBIE KOMITJIEKCHI HMEIOT B CBOEM
COCTaBe HEMapHBIC ANEKTPOHBI — OHH BTATUBAIOTCS B MAarHUTHOE TOJIE, @ JMaMarHUTHBIC, B KOTOPBIX BCE
AIIEKTPOHBI CHIAPEHBI, M3 MATHUTHOTO TIOJISI BHITAJIKUBAIOTCSL.

MarHuTHBI MOMEHT KOMITTeKca (1) BHIPaXkaloT B MarHeToHax bopa (omuH m. B = 0,927-10%°
apr/raycc), KOTOPbIi MOXET ObITh BEIUYUCIIEH U3 (hopMyJia BHJA:

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

rJe N — YKCIIO He CIIAPEHHBIX SJIEKTPOHOB B aTOME MJIM HOHE KOMILJIEKCOO0pa3oBaTels.
DKcrepuMeHTa bHAs UHOOPMAIMs O BEIMYMHAX MArHMTHOIO MOMEHTA IO3BOJSET CYAUTH O
THUIIE€ THOPHUIM3AIMH [IEHTPAJIBHOIO ATOMA U O TEOMETPUH KOMILIEKCA B LIEIOM.
VIMEHHO BEIMYHMHBI MArHUTHBIX MOMEHTOB JIJIsi KOMIUIEKCOB C KOOPAMHAIIMOHHBIM YHCIIOM 6
HO3BOJIMJIM BBECTU TIOHATUS GHewHeopbumanwvroti NSNPnd? u suympuopbumanvuoti (n-1)d*nsnp® -

THOPHIU3ALINH.
BHYTpHOpOHTAIbHBIE KOMILIEKCHI — AMAMATHATHBI HJIM HU3KOCITMHOBBIE, COEP/KAT OJUH WA
nea HecnapeHHbix snektpoHa ([Co(CN)s]* u /PdClj]*> — nuamarHuTHBI); BHENIHEOPOMTAILHBIE —

BBICOKOCTIMHOBBIE, BKIIIOYAIOT 3 — 6 HecrapeHHbIX d1ekTpoHa ([COFs]®™ — fioxen. = 4,8; 4 HecrapeHHBIX
snextpoHa; [MNCls]? = toxen. = 5,95; 6 HecrTapeHHBIX 2MEKTPOHOB).

TBC y0emutensHO TMOSCHAET CTPOCHHE KapOOHHMIIOB METALIOB C HYJIEBOW CTEMEHBIO
okucieHus. Bo30yxIeHHOe COCTOsSHIE aToMa KOMILTEKCO00pa30BaTeNsl MOXKET MPUBECTH K CHIAPUBAHUIO

AE
d-311eKTpOHOB, HanpHUMep, Y TAKUX aTOMOB Kak XpoM (... 3d°4S*4p? ———— > 3d%4s°4p0), sxeneso (...

3d®45%4p° L)3d84804p0), Hukenb (... 3d®4S%4p° L)3d104504p0). OTcroa TIOHSATHO
obpa3oBaHHe IMAMarHUTHBEIX KomiutekcoB — kapbommmoB: [Cr(CO)s], [Fe(CO)s/) u [Ni(CO)4]
COOTBECTBEHHO.

Teopus xpucrammndeckoro noist (TKII), B ormmune ot TBC, yauThIBaeT 351€KTPOCTATHYECKOE
BJIMSIHUE JIMTAHIOB Ha O-0pOMTaIM KOMIUIEKCOOOpa3oBaTelisi, KOTOPOe HEOAWHAKOBO M3-3a MX Pa3HON
MPOCTPAHCTBEHHOW OpPUEHTAIINH.

Jokazano, uro d- u d¢%y?- opbutamu (d,- ypoBEeHb) HCHBITHIBAIOT 0OIEEe CHIBLHOE
OTTAJIKUBAHKE T0]] BIMSHHEM 3JIEKTPOCTATHUECKOTO TIOJIS JIUTAHIOB, YeM OpOUTAIH Oyy, Oxz- 1 Oy, (d; -
YPOBEHB).

B okrasapuueckom mone  d-opOMTanM  KOMILIEKCOOOpa3oBaTesss MPUOOPETAIOT — IBa
SHEPreTHYECKUX YPOBHS: 1) ¢ MeHbIIeil sHepruet d;, — ypoBeHb, BKIIOYAIOIINI TpH OpOUTann Uy.y, Oy~ 1
dy-z; 2) ¢ Gonee BbICOKOI 3HEprueii d,- ypoBens, conepskammii e d,2- u dy’y?- opouTay.

DHeprus pacmieruieHus (A) — pasHOCTb MEXIY SHEprusMu ypoBHedl O,- u d,, ducieHHas
XapaKTepPUCTHKA PA3HOTO 3JIEKTPOCTATHYECKOrO [SUCTBUSI MMOJs JIMTAHIOB HAa IPOCTPAHCTBEHHOE
pacrpezelieHue EKTPOHHON TI0THOCTH d-0pOuTaseil KOMILIEKCO0Opa3oBaTels.

BenuunHa A HEOJMHAKOBA /ISl Pa3HBIX JIMTAH/IOB U 3aBUCHUT OT UX MPHPO/bL. BennunHa sHeprun
pacIIeIUICHHs], BhI3bIBaEMasi Pa3HbIMHU JIMT'AH/IAMH, BO3PACTACT B CIEAYIONIEM MOPSIKE:
I"<Br <ClI'<F <OH < C;04#< H,0 <NH3; <NO; <CN <NO<C(CO,
T.€. KQXKBIH CIEIYIOIHIA IUraHa co3aaéT 0ojee CHIIbHOE MoJIe, YeM Ipeablayiuii. [IpuBeneHHast
MOCJIE0BATENBHOCTD HA3BIBACTCS CHEKMPOXUMUYECKUM PSOOM.

Jlueanowvl cnaboeo nonsi pacmonaraloTcss B Hadane psiga, 00JagaloT BechbMa Manod A. d-
Op6urtany KOMILIEKCOOOpa30BaTeNsi C TAKUMH JIMTAHAAMH 3arOJHSIIOTCS B COOTBETCTBHHU IPABUIOM
XyHpaa (abconiomuas Geautuna CyMMApHO20 CRUMA 8 NOOJYPosHe 00adCHA bbimb makcumanvrou). pu
ATOM OJHEPrHs OTTAIKUBAHUS [BYX CIAPEHHBIX DJICKTPOHOB OKA3bIBACTCS BBINIC, YeM BeiauvnHa A.
Komriiekcsl, comepiKaline JTMral/ipl ciaboro mosi, BCEra napaMarHuTHBIL.
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Jlueanowl cunbHO20 NOJIs BBI3BIBAIOT BEChMa 3HAYUTENLHYIO SJHEPTHUIO paciuenyienus. [Ipu stom
SHEPrus OTTaJKUBAaHUS JBYX CIAPEHHBIX JJCKTPOHOB OKAa3bIBACTCS MEHbBINE, YeM BeIMYuHA A,
[TocnenoBaTeNbHOCTh 3aIOMHEHUS AJIEKTpOHaMH (-ypOBHS KOMILIEKCOOOpa30oBaTess —CIEIyIoIas:
CHavaJa UJeT 3aMoJHEHUE OAMHOYHBIMH, 3aTEM — CIAPEHHBIMH DJIEKTpOHAMH opouTane# d., mocie yero
3JIEKTPOHAMH 3amoNHs0TCs O,-opouTanu. KoMIUIeKCHbIE COSTHHEHHS, COAEPIKAIINE JIUTaH Bl CHIBHOTO
10JIA, JMaMarduTHBI UJIN ABJIAIOTCSA HU3KOCIIMHOBBIMH.

TKII oOBsicHsIET OKpacKy KOMILUIEKCHBIX BEIECTB C HAJIMYUEM Y KOMILIEKCOOOpa3oBaTes
BakaHTHO# opOutanu Ha O, momyposme. Ilpu mepexosme aekrpoHa ¢ d.- Ha d,- MOXYPOBEHD DHEPTHUS
moryonaeMoro ceera (£) mpu 3TOM aJeKBaTHa SHEPTUU pacliemiieHus (A), 4YTO ONpeAensercs
CJIEIIYIOIINM COOTHOIIIEHUEM (/1 OTHOTO MOJIb BEIIIECTBA):

A, JTc/mons = ENa = hvNa = hcNa/A = 0,1196/1, (6.2)
rae Na = 6,02-10% — nocrostanas Asorangpo; h = 6,6:10* JIxk-c — nocrosnuas Ilnanka; ¢ = 3-10°
M/C — CKOPOCTb CBeTa; V(CM ) i A(M) — 4acTOTa ¥ JUTMHA BOJIHEI MOTJIONIAEMOT0 CBETA COOTBETCTBEHHO.

IlBer — 3TO 3pUTENHHOE ONIYIIEHUE AIEKTPOMATHUTHOI'O M3My4deHus ¢ januHamMu BoiH 400 —
760 uM (1 BM = 10°° M). Eciiv Bce majarolme JIydd OTPaKaroTCs, TO BEIIECTBO — OECIIBETHOE, €CIIN
MOJTHOCTBIO MOTJIOMIAIOTCS — YyepHoe. [Ipu n30upaTenbHOM MOTIIONIEHUH ONyIIeHUE IIBETHOCTH CO3Jal0T
npomeamue Wi OTpa’XCHHBIC BCUICCTBOM JIy4H. Taxoi IOBET HA3bIBACTCA AOIIOJIHUTCIBHBIM WJIN
HaOmomaeMbIM (cM. Tab. 9.1.35).

Meron monekynsipHbix opourtaneit (MMO) siBisieTcsi caMbIM YHUBEPCALHBIM TIPH ONACAHUU
XUMHYECKOH CBS3M B KOMIUICKCHBIX coemuHeHUsIx. MMO y4HThIBaeT B3aMMHOE BIIUSIHAE OpOUTaieil Kak
KOMITJIEKCoOOpasoBarelisi, Tak 1 JuranjoB (B oriamuue ot TKII) npu oOpa3oBaHHM XHMUYECKUX CBsI3EH B
KOMILIEKCaXx.

Tabnuya 7.1 Tabauya ysemnocmu

JnmvHa BOJH, IIBer

Hwm CrexTpanbHBIN Hab6mrogaemprit
400 — 435 OuoneroBsIi 3eneHoBaTO-KEeNThIH
435 -480 CuHuit JKenrsrit
480 - 490 3e1eHOBaTO-CHHUI OpaHKeBbIit
490 - 500 CuHe-3e/1EHbIiH Kpacubiit
500 - 560 3es1eHbII [MypnypHbIit
560 — 580 XKento-3enensrit duoneToBsIi
580 — 595 JKenrerit CuHuit
595 — 605 OpaHKeBbIit 3e1eHOBAaTO-CHHUI
605 — 730 Kpacubiit CuHe-3eNeHbli
730 - 760 [yprypHbIii 3eneHbIi

MMO ocHOBBIBAacTCS Ha B3aMMOJCHCTBHH aTOMHBIX OpOHMTaseH, MPUBOMANINX K OOpa30BaHHUIO
MHOTOLICHTPOBBIX MOJIEKYJISIPHBIX OpOHUTajell, UMEIOIMX pa3Hble dHepruu. OOpa3oBaHUE CBA3BIBAIOIINX
MOJIEKYJISIPHBIX opOuTaseil (0°°) uaéT Ha HIKHUX YHEPreTHYCCKUX YPOBHSX, Pa3phIXisttonmx (o#°7) — 3a
CUET BEPXHHUX.

Mexnay ypoBHSIMH ¢ U ¢”** HaXOmATCS YPOBHU cIa0O CBSI3BIBAIONINX, HE CBA3BIBAIOIIUX H
c1abo pa3phIXIIIONMX opouTtanei (0;). MonekymsipHble OpOWTaly 3alOMHSIOTCS JIIEKTPOHAMH B
COOTBETCTBUH ¢ NpuHIUNOM [laynu u npaBuioM XyHaa.

MMO ocHOBaH Ha O4Y€Hb CIOXHOM MaTEMaTH4eCKOM ammnapaTe, 4YTo MpPEMsSTCTBYET €ro
LIMPOKOMY HMCIIOIb30BAHUIO.

Oo0pa3oBaHNe KOMILJICKCOB KATHOHAMH

[IpucoenvHenne JMraHgoB K KOMILIEKCOOOPA30BATENI0 MOXET MPOUCXOIUTH MOCPEACTBOM
00001IeHNs 3JIEKTPOHHOM Maphl, MPHUCOEAUHSIOMICHCS TPYyNIbl (KOMIUIEKCHl BHEAPEHMS) WM 3a CUET
JNEKTPOCTATHYECKUX CHJI HPUTSDKEHHS MOJIEKYN, O0NaJaroIliX IUIIOJbHBIM MOMEHTOM (KOMIUIEKCHI
MPUCOCANHEHHUS).

Mornekysibl ¥ HWOHBI, CIIOCOOHBIE BBIIIOJNHATH POJb JIMTAHAOB, MO AKTHMBHOCTH MOXHO
PacCIONOXHUTD B CISTYIOLIHHA PSII:

H.0 >NH;>NO5 >CN>1>Br>ClI'>F.
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Ecnmu B KkauecTBe JHMraHAOB HCIONB3YIOTCS HOHBI, TEPEUYHCICHHBIC BBINIE, TO IONYYaroTCs
KOMITJICKCHBIE COSTMHEHUs TUTa ABOMHBIX cojeld. Uem Oombllie BeIMYMHA KOHCTaHTHI HECTOMKOCTH, TEM
MeHee MPOYCH KOMIUIEKC U TeM OJIMKE 10 CBOMCTBAM JaHHBIN KOMILJIEKC K JBOMHOW COJNH.

KomniiekcHble coeuHeHUs ¢ BOAOH U rMAPOKCUIBHOUIPYNOii B KauecTBe JIUTAHI0B

UzBectHo, uTO Oe3BoAHbIM cynbdar Memu (MemHbld kymopoc) CuSOs OecrBereH, HO Tpu
N00aBICHUH BOIBI OH TMPHOOpETaeT CHHEE OKpallMBaHHE. JTO MPOHMCXOAUT BCIEACTBUE BHEAPCHUS
MOJIEKYJ BOJIbI BHYTPb KPHCTAITUUECKON PEMETKH COMM U 00pa30BaHUsI KOMILIEKCHOTO THIpAaTa.

IIpu pgeiictBum  mienoded Ha COMM  METAUIOB (32  HCKIIOYCHHEM  IEJIOYHBIX |
LIETI0YHO3EMENBHBIX) 00pa3yloTcsi THIPOKCHIIBI, JIETKO pacTBOPUMBIE B KHCIOTaX, a aMQoOTepHbBIE
OCHOBaHHUSl CIIOCOOHBI ~TaK)K€ pacTBOPSAThCS B  MIenodax, oOpasyss KOMIUIEKCHBIE HOHBI C
COOTBETCTBYIOIIUM JAHHOMY O3JIEMEHTY KOOPIMHAIMOHHBIM yHciioM. OOpa3oBaHHE 3THX HOHOB B
pacTBope MOXHO paccMaTpuBaTh Kak IPOIECC IOCTEIIEHHOTO BBITECHEHHWS BOIBI M3 THAPATHOTO
KOMITJIEKCa MOHAMH THJIPOKCHJIA.

B 3aBucumoctu or pH cpembl mpoToiu3 cojedl UMHKa MPOTEKaeT CTyneH4yaTo. B kucibix
pacTBopax, re pH<7 obnapyxusatorcs nonsl [Zn(H.0)4]?" u [Zn(H.0);0H]*.

B meifrpanbHbIx pacTtBopax, rne pH = 7 obpasyercs He wuMeroliee 3apsga COEIMHEHHE
[Zn(H20)2(0H)2], xoTopoe nerko Tepsier Boay, npeppaiiascs B Zn(OH)..

B menounelx pactBopax, rae pH > 7 obuapyxusatorcs uonbl [Zn(OH)4]*. O6pasosanue
MPHUBEACHHBIX BBIIIE COCAMHEHUH MOXKHO TAKKe paccMaTpUBATh KaK CTYNEHUYATYH MOTEPIO0 MPOTOHOB
MoJleKyaMu Bozibl B koMiuiekce [Zn(H20)4]".

Oo0pa3zoBaHne KOMIJIEKCHBIX AHUOHOB

MHorrue Kuclopojico/epkKailie KHCIOTHl TaKKe MOXHO paccCMaTpHBaTh KaK KOMILJIEKCHBIC
coelMHEeHus. B kadecTBe KOMILUIEKCOOOPA30BaTeNsl BBICTYIAET IEHTPAIBHBIN aTOM KUCIOTHI, TUTAaHAaMHU
OOBIYHO SBIISIIOTCS aTOMBI KHCIIOPOJIa, a PO BHEMIHEH cdepbl KOMIIJIEKCHOTO COCIMHEHHS BBITOIHSIOT
WOHBI BoJIopojia. PaccMoTprM 3T0 Ha mpUMepe KUCIOT XJI0pa.

VoH XJI0pa MMEET YETHIPE DIIEKTPO HBIQII[Y6 eTa, T.e. MOXKET SABJIATHCSA JOHOPOM DJICKTPOHOB,
HOMOJNHSS 2JIEKTPOHHBIE 000JIOUYKH JIPYTHX aTOMOB.

B 3aBHCMMOCTH OT KOJIHMYECTBA KHMCIOPOIa, NMPHUCOEAMHEHHOrO K HMOHY XJIOPA, MOXKET OBITh
00pa3oBaHO 4 KHCIOPOACOACPIKANTUX KUCIOTHBIX OCTATKA.

[Ipy TPUCOEIMHEHMH OJHOTO aTOMa KHCIOpoAa 00pasyerTcs TMIIOXJIOPHT- MOH, JIEKTPOHHOE

CTPOCHHE KOTOPOT'0 MOYKHO MPEJCTABUTH CICAYIONIMM 00pa3oM

ATOM KHCIOpOJa Ha BaJCHTHOW D3I Tp@lﬂ(@ ‘0(ONOYKe HMEeT 6 ODIEKTPOHOB, MOITOMY
KUCIIOPOy UISl 3aIOJIHEHUSI 3JIEKTPOHHOM 00O0JIOYKM 10 OKTera He XBaTaeT JBYX JJIEKTPOHOB, a XJIOp,
MMest SJIEKTPOHHBIN OKTET, MOJKET CIIy)KHTh JJOHOPOM JICKTPOHOB.

Kucnopon 3aBepiaer CBOIO 3JIEKTPOHHYIO 000JI0UKY, OTTATHBAs AIICKTPOHHBINA AyOJIeT OT XJopa.
[Tapa >51eKTpOHOB, paHee MPHHALISKAIIAS XJIOPY, CTAHOBUTCS OOIIEH Ui XJopa U Kuciopoaa. Mexmy
HUMH{ BO3HUKAET JOHOPHO-AaKIENTOPHAs CBS3b, MPU ATOM JOHOPOM JJIEKTPOHOB CTaHOBUTCS XJIOp, a
aKIENTOPOM — KHCIIOPOI.

BBumy TOro, 94TO K XJIOpPY NMPUCOSIMHWICS HEHTPaJIbHBIN aTOM KHCIOpOa, 3aps HOBOTO MOHA
OCTaJICS TIPESKHUM.

[Tomo6HO 00pa30BaHMIO HOHA TUIIOXJIOPHTA MOKHO C HOHOM XJIOpa CBS3aTh JIBA, TPH WM YETHIPE
aToMa KHCJIOpO/a, HCIONIB3Ys IIPH TOM T'OTOBBIE 3JIEKTPOHHBIE Ty0JIETHI XJI0pa.

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

CreneHb OKHCICHHUS XJIOpa paBHA COOTBETCTBEHHO +1, +3, +5 U +7, a KOOpANHAIMOHHBIC YUCIIa
-1,2,3,u4.

KommiekcHble coeTUHEHUS B peaKIUsiX 00MeHa

Jlnst oOHapyKeHHsT B pacTBOpax pas3iMYHBIX HOHOB 4YacTO YHOTPEOJISIOT KOMIUIEKCHBIE
coenuHenus. B wacTHoCTH, 11 0OHapyxenus nona Fe*™® ucnonssyror pactBop Ka[Fe(CN)s] — xentyro
KPOBSHYIO COJIb; TECT Ha OTKpPBITUE HOHOB ’kene3a (+2) MpoBOAAT JAeiiCTBUEM pacTBOpa KpacHOH
kpossiHoi conun — Ks[Fe(CN)e].

O6opynoBaHue U MaTepuaJIbl
1. PacrBop xiopuna meau (+2)
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PactBop cynbduna HaTpus

PactBop ammuaka

PactBop cynbduaa HaTpus

PactBop xkenezoammonuiinbix kBacoB [NHiFe(SO4)2
PactBop ponanuna kanus nim ammonus (KCNS nim NH4CNS)
Pactop Ks[Fe(CN)s]

PactBop NH4CNS.

. PactBop cynbpdata nunka

10. PactBop ménoun

11. PactBop Hutpara prytH (+2)

12. PactBop noauaa xaust

13. PactBopa xsopuza xenesa (+3)

14. PactBOp *enToii KPOBSHOM COMH

15. PactBop KpHCTaLTMUECKOTO Cyb(ara xesesa (+2)
16. npoGupku

©CoNoGRWN

Yka3zanus nmo rexnuke 0€30MacHOCTH
1. Bce paboTbl B XHUMHYECKOW 1abOpaTOPHHM JOJDKHBI IPOBOAWTHCS TPH HCIPABHOM
ANEKTPOOOOPYIOBAHNH, IEKTPOIPOBOJIKE, MPABHILHO 000PY/JOBAHHOM BBITSXKHOM IIKA]Yy.

2. T"a3oBBIC KpaHbI U Ira30IpOBO JOJIPKHBI HAXOAUTHCA B UCIIPABHOM COCTOAHUH, IICPUOANICCKU
IIPOBEPSTHCSL.

3. Pabouee MecTo comepkaTh B OPSIJIKE H YACTOTE.

4. Cyxue peakTHBbI TpeOyeTcss OpaTh YHCTHIM IITIATEIEM HIIH CHEHaTbHON JIOKEUKOM.

5. Wznumek peakTuBa HE BEUIMBATH OOPATHO B COCY, W3 KOTOPOT'O OH OBLIT B3SIT.

6. Bce OmbITHI C BpeAHBIMH U MAXHYIIMMH BEIIECTBAMH, a TAKXKE YIIAPUBAHUE KUCIIOT M KU CIBIX
PacTBOPOB MPOBOJNTH B BBITSHKHOM IIKady.

7. OcraTku COeTMHEHHUM cepedpa CIIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHHM PAaCTBOPOB B IMPOOMPKE BCeraa CIEAYyeT JAepkKaTh e€ TaKUM 00pa3oM, YTOObBI
OTBepcTHE MPOOUPKH OBIJIO HAIIPABJICHO B CTOPOHY OT PabOTAIOIIEro pAIOM cocera.

9. He HaKJIOHATH JIMI0 HAJ HATPEBAEMOH KHUKOCTHIO MJIH CIIIABIISIEMBIM BEIIECTBOM.

10. He cnemyer BOpIXaTh Maxydue BEHIECTBA M Ta3bl, OJM3KO HAKIOHSACH K COCYHY C ATHMH
BemecTBaMy. HioxaTh BelecTBa MOXKHO JIMIIb OCTOPOKHO, HApaBJIsisi K ceOe Maphl WM a3 IBUXKECHUEM
PYKH.

11. XpaHuTb pacTBOpPBI KOHLEHTPUPOBAHHBIX KUCIIOT U LIEJI0YEH B BHITSDKHOM IIKaQy.

12. BsumBaTh pa30aBIeHHBIC KUCIOTHI U IETOYHBIC PACTBOPHI CISAYET B CIMBHYIO CKIISTHKY.

13. Kareropudecku 3ampernaercst mpoOOBaTh XUMUYIECKHE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIErKO BOCIUIAMEHSIOIIUMUCS BelecTBamMu (3GHphl, OEH30I, Cepoyriaepoa U
T.J1.) HE JOJDKHO OBITH PSIIOM OTHS M BKJIFOUEHHBIX [UIUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHYECKOH TOCYIOi, HEOOXOAMMO COONOJaTh IpaBUIiIa
MPEAOCTOPOKHOCTH BO M30€KaHNE PAHEHUH OCKOJIKAMH CTEKIIA.

16. Kareropudecku 3ampemniaercs OCTaBIsATh padoTaromye mpuOopsl Oe3 HaOMFOIeHHS.

23. B xuMuyeckoi 1abopaToprur HE0OXOIUMO padoOTaTh B XallaTe.

Saganus

Omnwit 1. Kauecmsennas peaxyusi na uon meou. B nmpobupky momecture 10 xamenb pactBopa
xiopuga (wnmu cyiabdara) Memu (+2) W TO KamisaM J00aBISIATE pacTBOp Cynb(puAa HATPUS IO
00pa3oBaHus OcaiKka YEPHOIO IIBETA.

Hanummre MmonekyisipHoe 1 HOHHOE ypaBHEHHE. [IpoOHpKy ¢ ocaikoM COXpaHUTE AJIsl OmbITa 3.

Onpit 2. IlonydnTe pacTBOp KOMIUIEKCHOM CONM — aMMHUakaTa MeAu. Jljig 3TOro rnoMmecTuTe B
npobupky 10 xamenb pacTBopa XJIOpUAa WM Cyib(ara MEAN U 1O KaIusIM A00aBIAdTEe pacTBOp aMMHUAKa
70 00pa3oBaHus 3eNEHOr0 Ocajka OCHOBHOIO XJjopuia (cyibdara) Meau. 3aTeM K MPOAYKTaM PEeaKkLuU
no6aBbTe HM30BITOK aMMHuaka J0 HCYe3HOBeHHs ocanka. OOpaszoBayics aMMuakaT mMeaud. PactBop
KOMIUIEKCHOM COJIM OCTaBBbTE JIJIsl CIEAYIOIIETO OIbITA.
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Hanummre MonekynsipHoe U MOHHOE ypaBHeHHE peakuni. KakoBa koH(UTrypalus KOMIUIEKCOB
[Cu(NH3)4]** u [Cu(H20)6]**? OnuiumTe MX MarHUTHBIE CBONHCTBA.

Onwit 3. Jlns o6Hapyxenust HOHOB Menu CU?* B KOMILIEKCHON COJM K MOIy4€HHOMY B OIBITE 2
aMMHaKaTy MEAX 110 KaluisiM MpuOaBIsiiTe pacTBOp Cyab(puaa HATpUsS A0 00pa3oBaHUs YEPHOTO OcalKa.
CpaBHHTE MTOTYYEHHBIN OCaIOK C 0CaJAKOM, MOTYYEHHBIM B ONbITE 1.

3anuiuTe MOJNEKYISIPHOE U MOHHOE ypaBHEHUS 00pa3oBaHus OcaiKa.

Hanummrte ypaBHeHHE MEpPBHYHOTO MPOTOJIHM3a M YPaBHEHHS BCEX CTYNEHUYATHIX IMPOIECCOB
MPOTONN3a KOMIUICKCHOTO HWOHA; 3allIINTEe BBIPAXKCHUS KOHCTAHT HECTOWKOCTH M OOpaTHBIX UM
KOHCTaHT YCTOMYMBOCTH U BCEX CTyMeHel mporosm3a. Kak BBIMISOUT COOTHOIIEHHE IS OOLIeH
KOHCTaHTHl amMmuakaTa meau? Haiinmute Hyx)HYyI0 WHQOpMAIHMIO B CpaBOYHMKaX W BemummTe e€. Kak
MOKHO 00BACHUTB OKpacKy coemunennii Cu®* ¢ mosummii TKIT?

Onrit 4. CpasHernue c8olicmea KOMIIEKCHOU U 080uHou coau. B mpodupky nmomectute 10 kamnensb
pactBopa xenezoaMMoHuiHBIX KBacioB [NHiFe(SO4):], mnobaBbTe Mo KarisiM pacTBOp poJaHUaa Kajus
win ammorus (KCNS mim NH4CNS). TTosiBisieTcss kpacHOe OKpallMBaHHe, XapakTepHoe juis noHa Fe** 3a
cuér oopazoanus Fe(CNS)s.

Hanummre MonexkynsipHOoe MW MOHHOE ypaBHEHHE peakinuu. Kakyr 4acTh BHIUMOTO CIEKTpa
morutortiaer pactBop Fe(CNS)s?

B apyryto mpobupky momecture 10 kanens pactBopa Ks[Fe(CN)s] u Taxke mo kamisiM go6aBbTe
paBHblii 066éM NH4CNS. Tlossuiocs i kpacHoe okpainnpanue? ColepKUT I pacTBOp MOHBI Fe3*?

OmpiT 5. [IpUrOTOBHTE TUAPOKCU] IIMHKA W MEPEBEIUTE €ro B IMHKAT. JIT 3TOro K pacTBOpy
cynbdara IUHKa JT00aBbTE MO KaIUISIM PACTBOp IIENOYM JIO TOSBJICHHUS OcajKa THApoKcHja muHka. K
MOJTy4YEeHHOH cMecH J00aBbTe W30BITOK IMIENOYM JO TMOIHOrO pacTBOpeHHst ocaaka. Hamwmmre
MOJIEKYJIIPHOE M HOHHOE YpaBHEHNE peaKkiuy 00pa30BaHue THIPOKCHIA U IIMHKATA.

OmnwiT 6. Hanelite B mpoOUpKy HECKOJBKO Kalenb HUTpaTa pTyTd (+2) um A00aBbTE MO KarlisaM
pacTBop MOAWIA Kajus 10 00pa3oBaHUs OcajIKa.

Hanmmmte MonekynsipHoe ¥ HOHHOE ypaBHEeHHUe peaknuu. K oOpa3oBaBiieMycsi 0caJiky HOIuIa
pTyTH TnpubaBbTe HW30BITOK HWOJHMJA Kalus 1O TOJHOTO PAacTBOpeHWs woamuma prytH. OOpasyercs
KOMITJIEKCHast conb. M300pasute GpopMyity OITydEeHHOM COJH, 3HAs, YTO CTEIIEHb OKHMCIICHUS PTYTH paBHA
(+2), a xoopmuHammoHHOEe YHuCiIO 4. VoHBI ¥oma — JWTaHIbl, MOHBI Kajdus — MPOTUBOHOHEI W,
CIIEeIOBATEIBHO, PACTIONOKEHBI BO BHEIITHEH KOOPAMHAIMOHHON chepe.

Hammmmre MonekyisipHOe M WOHHOS ypaBHEHHE obOpaszoBanms komruiekcHoi comn. Kak TBC
00BSCHSAET HIEKTPOHHYIO CTPYKTYpY KoMiiekcHoro noHa [Hgls]?™? Kakoii Tun rubpuansauum KaTHOHA
Hg?* B aTom komriekce? KakoBbl MaruuTHble cBoiicTsa [Hgla]??

Onwir 7. Tecm nHa omxpeimue odscenesa (+3). B mpobupky momectute 10 kamens pacTBopa
xjopuaa xemeza (+3), W IO KaluIAM JOOABJISHTE pacTBOP KEITOH KPOBSHOW CONMH 10 OOpa3oBaHUS
ro;xy0oro ocajka OepIMHCKOH JTa3ypH.

Omnwit 8. Tecm na omxpvimue scenesa (+2). B mpobupky momecture 10 kamenp pacTBOPEHHOTO B
BOJC KpHCTAIUIMYECKOro cyinbbara xemeza (+2), mpubaBbre 1o Karmmsim pactBop Ks[Fe(CN)g].
HaGmomaercs oOpa3oBaHue ocajika XapaKTepPHOTO CHHEro IBeTa (TypHOyIIeBa CHHbB). DTO COSIHMHEHUE
obpasyercst B pe3yJibTaTe HermonHoro 3amenenus nonoB kaius B Ks[Fe(CN)s nonamu xenesa (+2).

Ipumeuanue. JIoka3aHo, 4TO TypHOYIUIEBA CUHb M OCPIIMHCKAS JIa3yph MOJHOCTHIO HIICHTUYHBI 1
HUMEIOT OJJUHAKOBBIE (hOpMYIIBL.

Hazosute, ucnonezysa npaBuna MIOITAK, xentyro m KpacHyr KpPOBSIHYIO COJb; HM3HAYaJbHO
obpasyroluecs Cold IIpH OTKPHITMM HMoHOB Fe?* m Fe®'; kakoit (opmysoif ommchiBaeTcs cocTaB
TypHOyneBo cuHW u OepnmHCKON ma3ypu? Jladite nasBanme stoii comu. Kax TKII ommceiBaer
anexrponnsie ctpykTypsl [Fe(CN)s]* u [Fe(CN)s]*? YkaxuTe nx MarHuTHbIE CBOKCTBA.

Conepxanue oT4yeTa
ITomy4yeHnHsle naHHble 3adukcupyiiTe B Tabauue 7.2 no ciaeayomueil popme:
Tabnuua 7.2. Pe3ynabpTarhl SKCIEpUMEHTA

Ne i/t | PearenTtsl XUMHYeCKas peakius Haomronenust

1

gl wiN
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KoHTpoabHbIe BOIPOCHI
ba3oBblii ypoBeHb

1. Kakue coenqrHeHUs! Ha3bIBAIOT KOMITJIEKCHBIMU?

2 UeMm 00BsICHSICTCS UX MHOTOOOpasue?

3 Ilouemy TpyaHo nxaTh BceoOBbemIioliee (O4eHb MONHOE, HCYEPIBIBAIONIEE) ONpeaeieHre
KOMIUIEKCHBIM COEIMHEHUSIM?

4 Kro aBTOp KoopauHanmoHHOH Teopun KC? Koraa ona nosiBunacs?

5 U3 xakux snementoB coctoiat KC? [IpuBenute npuMepsi.

6 Kakasi cBs3b Ha3pIBaercs JOHOPHO-AKIENTOPHOH WM KoOopAMHauMoHHOW? Kakoil artom,
MoJTeKyJ1a Witk HoH siBisieTcst JoHopoM B komriekcax [Cr(CO)s], [Ag(NH3)2]™, [AlH4]?

7 Kak paccuuThIBaercsi CTENEeHb OKHCIEHUS KOMILTEKCO00pa3oBarens M 3apsil KOMILJIEKCHOTO
rnoHa? OTBET MOSCHUTE HA TIPUMEPE KOMILIEKCOB BOMpoca 6.

8 Ha kakwue TUITBI IOAPA3ACIAIOT KOMIUIEKCHBIE coetnHenus? [IpuBenuTe mo ABa mpuMepa TaKux
COCIMHEHUH U JalTe UM Ha3BaHHUSI.

9 Yrto Takoe KOOpAMHAIMOHHOE YHCIO KOMILIeKcooOpas3oBaTens? Kakue yacTuIbl Ha3bIBalOT
nurangamu? OTBET MOSICHUTE Ha IpUMepax.

IIoBbIIIEHHBIN YPOBEHB

1 Yewm oreHMBaIOT MPOYHOCTH KOMIUIEKCOB? HanummTe BbIpaXeHNs AJ1s1 KOHCTAaHT HECTOMKOCTH
M KOHCTAaHT ycTOH4MBOCTH Jutst KomIuiekcHbIX HOHOB: [AQ(NH:)2]", [AG(CN)2]-, [Ag(NO2)2]

2 B deMm omimumne JBOMHBIX COJIEH OT «TUIIMYHBIX) KOMIIJIEKCOB?

3 Kakue KOMIUIEKCHBIE COSIMHEHHUsI OTHOCAT K anuaokomiuiekcam? Kakue k ayToxkomiuiecam?
[IpuBenuTe npumepsl.

4 Kak TBC o0bscHsieT 00pa3oBaHHe XUMHUYECKOH CBS3U B KOMIUIEKCaX?

5 Kakue koMmIuiekchl Ha3biBalOT KapOoHmiamu? OObsICHUTE 00pa30BaHHE TAaKUX KOMILICKCOB C
MIO3ULIUU TEOPUU BAJIEHTHBIX CBSI3€H.

CHnucok JuTeparypbl, peKOMeHyeMblil K HCIIOJIb30BAHUIO 110 JAHHOH Teme

OcHoBHas1 iuTEeparypa:
1. Koposun, H. B. O6mas xumus : yaeonnk / H. B. KopoBun. - 13-e uzn., mepepab. u mom. - M.
: Akagemus, 2011. - 496 c. : mi. - (bakanaspuar). - Pek. MOuH P®. - ITpun.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyKaromen cpeibl : XUMUs KUBBIX Opranu3MoB. Kypc nekmuii /
E. C. Muxanuna, A. JI. Ilerenun. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 35eKTpOHHBIH // DnekTpoHHO-0nbnmroTeunas cucrema IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxum noctyma: mis
aBTOPU3HP. MOJIb30BaTENCH
JlonoHUTe/ILHAS JIUTEpaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nmunka ; [Tox 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. XuMmus METaJlIoB : yuyeOHoe nocobue (A5 CTYACHTOB XMMHYECKOro (hakylibTeTra
HampaBJIeHUH O0akanaBpoB « XUMUD» U «XUMHUECKask TEXHOIOTHs») / cocTtaButenu O. A.
I'onoBanoBa. — Omck : Omckuil rocyaapcTBeHHbI yHUBepeuTeT M. @.M. JlocToeBckoro,
2015. —552 c. —
ISBN 978-5-7779-1875-8. — TekcT : 31eKTpOHHbIH // DnekTpoHHO 6ubnnoreynas cucrema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum moctyna: mis
aBTOPHU3HP. MOJIb30BaTENEH
HNuTepHeT-pecypceb:

1 http://window.edu.ru/ — emuHOE OKHO JOCTYIa K 00pa30BaTEeIbLHBIM pecypcam

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

3 http://catalog.ncstu.ru/ — smeKTpOHHBII KaTaaoT acCoIUAIMU IIEKTPOHHBIX OMOINOTEK
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y4ueOHbIX 3aBeieHuil u opranuzanuii CKOO
4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpeIToe 06pazoBanue

Tema 8. OkHCIUTEIBLHO-BOCCTAHOBUTE/IbHbIE PeaKIIUH
JlaGopaTopnasi pa6ora 8. OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIE
Lenb paboThl: M3yueHne OKUCIUTENBHO—BOCCTAHOBUTEIBHBIX PEAKIMNA. Y PABHUBAHUE OKUCIUTEIBHO-
BOCCTaHOBHUTCIIbHBIX pCaKL[I/Iﬁ METOAOM JJICKTPOHHOI'O OajaHca
@opmMupyeMble KOMIIETEHIMN WM UX YaCTH:

WNHupeke DopMyIINpPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3aAIMK M CaMOOOpPa30BAHUIO
OIlK-4 MMOHMMAaHHEM CYLIHOCTH U 3Ha4eHMsI MH(OpMalluK B pa3BUTUU

COBPEMEHHOTO 00I11€CTBa, CHOCOOHOCTHIO MOJIY4YaTh U 00pabaThIBaTh
I/IH(i)OpMaIII/IIO U3 pas3IMYHbIX HCTOYHHUKOB, TOTOBHOCTBIO HHTCPIIPETUPOBATD,
CTPYKTYpUPOBATh U 0POPMIISITh HH(OPMALIMIO B JOCTYITHOM JUISL IPYTUX
BHUOC

I1K-5 CIIOCOOHOCTBIO MPUHUMATH ydacTHe B paboTax Mo pacueTry u
MIPOEKTUPOBAHUIO JI€TAIeH U y3JI0B MAIIMHOCTPOUTENbHBIX KOHCTPYKIIUI B
COOTBETCTBUU C TEXHUUECKUMH 3aJIaHUSIMU U UCIIOJIb30BAaHUEM
CTaHJIAPTHBIX CPEJICTB aBTOMATH3AI[H MPOESKTHUPOBAHUS

TeopeTnyeckas 4acThb
Teopml OKHUC/IUTECJIbHO-BOCCTAHOBHUTC/IBHBIX pealcum“d

Peakuuu, 8 Komopbvlx npoucxoéum U3MeHeHue cmenenel OKUC/IeHUS amomoe, HdA3bleAalnicA
OKUCTIUMETIbHO-60CCMAHOBUMETbHbIMU.

B mpocthix BemiecTBax CTENEHM OKHUCIEHUS aTOMOB paBHBI HYMIO. JIJIsI CIIOXKHON MOJIEKYJIbI
CymMmMa CTCIEeHEH OKHCIICHUS BXOOAIIMX B €€ COCTaB aTOMOB TaK>XK€ JOJI’KHA OBITh paBHa HYJIIO; JJId HOHA
— €ro 3apsmuy.

OKHCIIEHHEM Ha3bIBAETCS IIpouecc OTaAa4YmM aToOMOM MOJ'ICKyJIOﬁ WX NOHOM 3JICKTPOHOB:

Al —3e — AI3*
Fe’t —e - Fe®"
2ClI~ - 2e —»Cl,.

B npouecce okuciaeHns: IPOUCXOIUT MOBBILICHNE CTEIEHU OKHU CIICHUSI.
BoccranoBnenneM HasbIBaeTCs MPOLECC NPHCOCTUHEHHS 3JIEKTPOHOB aTOMOM, HOHOM WIIH
MOJIEKYJIOM:

S +2e 82t

Cl, +2e - 2CI~
Fe3* +e > Fe?t
[Tpu BOCCTaHOBJIEHHH CTEIEHb OKHUCIICHHS TIOHMKACTCSL.
B 3aBuCHMOCTH OT CITOCOOHOCTH OTAABaTh MJIM IPUHUMATH 3JIEKTPOHBI BCE BEIIECTBA JCNATCS Ha
OKHUCIIMTEII 1 BOCCTAHOBHTEIIH.
Oxucrumenu — smo amomsl, UOHbL UJU MOJEK)]lbl npucoeduﬁﬂmmue INIEKMPOHDbL. Bo epem
peaxkyuu OHU 60CCMAHABIUBAIONICA.
Boccmanosumenu — smo anombsl, UOHbL UIU MOJEKYIbl, KOmopble omoaiom INIEKMPOHDbL. Bo
epemsl peaKkyuu OHU OKUCTAIOMCA.
[Ipouecco! OKUCIIEHNS 1 BOCCTAHOBIIGHHS BCET/Ia IPOTEKAIOT MapaJljIelIbHO, YTO MOXKHO BBIPA3UTh
CJIEYIOLIEH CXEMOM:
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Boccranosurens (B1) — € <> okucnurens (O1)

Oxucnutensd (02) + € <> BoccTaHOBUTEND (B2).

CrnenoBaTenbHO, OKUCIUMENbHO-80CCMAHOBUMENbHBIE PeaKyul NPeocmagisaiom coooli eOuHCmeo
08YX NPOMUBONOJIONCHBIX NPOYECCO8 — OKUCIEHUS U 60CCMAHO06IeHUs. B 3THX peakiusx o0llee 4nciio
AJIEKTPOHOB, OTJABAEMBIX BOCCTAHOBUTEIEM, PABHO OOILEMY YHCITY, IPUCOSTUHIEMOMY OKH CITUTEIIEM.

[Ipu 5TOM HE3aBUCHMO OT TOTO MEPEXOMAT JIU DIIEKTPOHBI C OJJHOTO aTOMa Ha JIPyrod MOJHOCTHIO
WIH JIWIIb YAaCTUYHO OTTATHBAIOTCS K OJHOMY M3 aTOMOB, YCJIOBHO TOBOPAT TOJBKO 00 OTAauye H
MPHUCOEANHEHHUH DIIEKTPOHOB.

B OBP oxucnutens M BOCCTAaHOBUTENb pEArHpPYyOT JAPYr € JAPYTOM B 3SKBHUBAJIEHTHBIX
KOJTUYECTBaX.

Oxeusanenmom oxkucaumens (0O) unu eoccmanogumens (B) nazvieaemcs makoe Koauuecmeo ux
MOIb, KOMOpOe NPUucoeouHsem ui omoaem 0OUH MOTb INEKMPOHOB, YMO OMPAICACMC I CIeOYIOUWUMU
dopmynamu:

2(0), monv = 3 i I(B), monwb = i,
Zg Zg
/1€ Ze — YKMCII0 3JIEKTPOHOB, KOTOPOE MPHHUMAET OKUCIHUTETL O MK OTJaeT BOCCTAHOBUTEND B.
MonbHas (Wi MOJIIpHAs) Macca SKBHBJICHTA OKUCTHTENST O ¥ BOCCTAHOBUTEINS B BRIpakaeTcs B
T/MOITb M OTIPENETAETCS U3 COOTHOIIEHHH CIIEAYIOIIEro BUIa:

1) nist OKUCTUTENS — M(i 0), 2/ monw; 2) 17151 BOCCTAaHOBHUIEIS —M(i ,B), 2! mons -
Ze e

Tonvko B PO OKUCITUTEIA BBICTYIIAIOT YaCTUIBI, UMCIOIINE MAaKCUMAJIbHO BO3MOXXHBIC CTCIICHU
OKHUCIICHHsI (Hampumep, sl Maprauiia — 3to (+7), must azora (+5) ¥ T.1.); TOIBKO BOCCTAHOBUTEISI — C
MUHHMAJIBHON CTENEHBI0 OKMCIEHUS (T cephl — 3TO0 (—2), s asora — (-3) u T.11.).

Yacmuysl, umerowjue nPOMeENCYMOUHble CHENeHY OKUCIEHUS, MO2YM NPOAGIAMb C80UCMBA KAK
oKucaumens, mak u 80CCMAaHosumens. IT0 OOYCIIOBIEHO: XUMUYECKOH MPHUPOION peareHTa-mapTHEpaA;
YCIIOBHSIMH M XapaKTEePOM CPEIbl, B KOTOPHIX mpoTekaeT OBP.

Hampasnennocte OBP  ompenensercs BemWYMHAMHA 3HAYCHUH CTaHIAAPTHBIX ITOTCHIIMAJIOB
peareHTOB: OkuciauTeNh (O Bcerga MMeeT OonpImid (IO anreOpandecKol BEIWYWHE) CTaHIApPTHHIN
MTOTEHIMAJ, YeM BOCCTAaHOBUTEND B.

Hampumep, B kucioi cpeme cmenmmBaioT aBa BemiectBa: KoCroO7 m NaNO,. Kakoe u3 stux
BEIIIeCTB OyJeT OKUCIIUTENIEM, KaKOe — BOCCTAHOBHTENEM?

O6patumcs k crpaBoudbiM gaHHBIM: @°(Cr0772 + 14 HY/2Cr*3 + 7TH,0) = 1,33 B; ¢°(NOs +
2H"/ NO; + H,0) = 0,78 B.

Ipumeuanue. Pexomenayercs ucmons3oBaTh yueOHoe mocodme: H.C. AxmeroB, M.K. A3u3zoBa,
JLU. bappiruHa. JlabopaTopHbIe W CEMHHAPCKUE 3aHATHS IO OOmIel M HeopraHMYecKod XWMHH. M.:
Beici. mikoma, 2002.

Tak kak ¢°(Cr.072+ 14 H*/2Cr*3 + 7H,0) > ¢°(NOs + 2H* / NO;” + H,0), mo okucnutenem
oyzer sBusThest K2CraOs.

KommuaectBenHO# XapakTepucTHKON TiTyOuHBI nporekanuss OBP sBisiercss 3HaueHne KOHCTaHTHI

paBHOBECHSA:
0/Ay_ .0

K P = 2 ©)-¢"(B) ,
0,059

rne ¢°(0) u ¢°%B) — craHmapTHbIE NOTEHNMATbl OKMCIUTENs O W BOCCTAHOBUTENS B
COOTBETCTBEHHO, B; Zy — cyMMapHO€ KOIMYEeCTBO IIEKTPOHOB, TPUHUMAIOIINX ydacTre B JanHoi OBP.
Koncranra paBaoBecust OBP cBsizana ¢ norennmanom I'n66ca (Jlx/monn K):

AG? = -2,303RT Ig K P (8.2)
Dueprus ['u66ca, B cBoro odepenn, ceazana ¢ DJC (A¢®) mocrosuuoit ®apanes (F) u uucnom
3JIEKTPOHOB, yyacTByronmx B OBP:

Y (8.1)

AG®, Jlic/mons-K = —nAg°F, (8.3)
Ap® = ¢°(0) — ¢°(B) — DJIC OKMCIUTENLHO-BOCCTAHOBUTENBHON PEAKIIMK TIPU CTaHIaPTHBIX
ycnoBusx, B.
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s cranpaptreix yenosuid: 7= 298,15 K = 298,2 K; R = 8,314 Jlx/Monw'K; F = 96450 =
96500 k/MOJIB-3KB, MOIYYUM (POPMYITY YIOOHYIO IJIsi PACUCTOB:

gK P — F 96500
298~ 92 303RT 2,303-8,314-298,2

nAp® =16,90nA¢°.

(8.4)

B ycrnoBusX OTIAMYHBIX OT CTaHAAPTHBIX, OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIE MOTEHIHAIIBI

(OBII) u 5C OBP, mporekaromux B BOJHBIX pacTBOpax, 3aBUCAT OT KOHIIEHTpaluu (TOYHEe,
AKTUBHOCTEH ) yUaCTBYIOIIUX B MPOIIECCE HOHOB. DTa 3aBUCHMMOCTD BhIpaxkaercs hopmynoi HepHcera:

0,059, [O]
Ig T
[B]
rae ¢°os— cTaHAapTHBIN NOTEHIMal pearenTa (OKUCIUTENN UK BoccTaHoBuTens), B; [O] u [B] —
KOHIIEHTpAIIMH OKHCIEHHOH M BOCCTAHOBJIEHHOH (JOPM peareHTa, MOJb/IM®, Z — UHCIIO HJIEKTPOHOB B
HOJIypEaKLUU I JAaHHOTO pearcHTa.
Ipumeuanue. Cnemyer Bceryia MOMHHUTB, YTO KOHIIEHTpAIMK BceX ydacTHUKOB OBP B ypaBHeHUU
(7.5) sBisitoTest monsipHbiME KoHIeHTpanusmu (Cy (X)), a He MonspabiMu 3kBuBasienTa (C(1/z X)).
Ha 3nauenne OBII 1 Ha xapakTep MPOIYKTOB PEAKIIUH TOCTATOYHO CHIIBHOE BIUSHUE OKA3bIBACT
pH pactBopa, B xotopom mporekaer OBP. Hampumep, mpu pH < 7 3HayeHHMe CTaHAAPTHOTO
MOTEHIIMANA JUIsI CHCTEMBI:

@’ (MnO; +8H " /Mn?* + 4H,0)=151B .
wpupti=7— @ (MNOZ +2H,0/MnO, +40H ") =0,6 B
oi=7- 2 (MnOz /MnOz2) = 0,564 B.

BakHeiiime BOCCTAaHOBUTEIN: aTOMbI MeTaJlioB, Bogopoa, yriepoa, CO, H.S, H.SOs, NaNO,
Nazszos, H|, HBI’, HCl, FESO4, CI'C|3, MnSO4, NHs.

Baxkneiitme OKHCIIUTENN: TAIOTEHbI, XJI0paThl, KHciaopoa, 030H (Os), KMNnO4, KoCr,07, KoMNnOa,
H202, H2SO4 (kony.), HNOs, PbOs.

o,B= gog,B + (8.5)

Tunbl OKUCJIUTETbHO-BOCCTAHOBUTEIbHBIX PeaKkIMid
PaznmngaroT Tpu THIIA OKUCITATEEHO-BOCCTAHOBUTEBHBIX PEAKIIHIA:
a) BHYTPUMOJIEKYIISIpHBIE; 0) TUCIPOIOPIIOHUPOBAHUS; B) MEKMOJIEKYIISAPHBIE.
Buympumonexynsapuvie OBP — 5mo maxue peakyuu, 6 KOMOPbIX U OKUCIUMENb, U
80CCMAHOBUMENL HAXOOSMCA 8 COCMABe OOHOU MONEKYIbl, HO AGIANMCA HPU SMOM DPAZHbIMU
NeMEHMAMU.

2KNO3 —-52KNO, + O,
2N -2e > N*
12072 +4e <> O,.

Peaxyuu  oucnponopyuonuposanusi — OBP, 6 Xxo0e KOMOpuIX O00uH U3 21eMEHmMO8,
codeposcaujeticst 6 OOHOU MOeKYIe, 00HOBPEMEHHO U NOGLIUUAEM, U NOHUICAEm CIeNneHb OKUCIEHUS.

Cly + 2KOH — KCIO + KCI + H,0
1|Cly —2e <> 2CI*
1|C|2 —2e <> 2Cl .

K AUCIIPOITOPIUOHUPOBAHUTO CIIOCOOHBI TTOYTH BCE YaCcTullbl, MMCIOIIHNC MPOMECKYTOYHYIO
CTCIICHb OKHMCJICHUA.
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Haub6omnee pacnpoCTpaHCHHBI PCAKIIUHU TPETHEro TUIIA, KOTOPBIC MPOTCKAOT C HU3MCHCHHUEM
CTCIICHU OKHCJICHUA aTOMOB B PAa3HbIX MOJICKYJIaX, T.C. OKHUCIUTCIbL W BOCCTAHOBUTCIIL HAXOOATCA B
Ppa3HBIX BCHICCTBAX. CIOI[& JKC CJICAYCT OTHCCTU WU pPCaKIUU MCKAY PAa3sHbIMU BCHICCTBAMH, B KOTOPBIX
ATOMBI OAHOI'O U TOI'O K€ 3JICMCHTA UMCIOT PA3JINYHYIO CTCIICHb OKUCICHHUA:

5HCI + HC|03 —)3C|2 +3H20
112C1*° +10e <> CIS
5/2C1~ —2e <> CI9.

OGopynoBanue U MaTepUAaJIbI

PacTBop OpoMuaa HaTpust

PacrBop GeHzoma

[Ipobupku

PactBop ionHOM BOJIBI

PacTBOp KpHUCTAIIOB MOANA KaJIHsI

IIepexuck Bogopona

Kpucramios nepmaHranara Kanus

PactBop Na,SO3

PactBop HUTpHTA HATPUSL
. PacTBOp Omxpomara xanus
. PactBOp OpoMHO# BOIIBI
. [lopomkooOpa3Has cepbl
. Tmonmanat xkanus
. PactBop comm xenesa (+3)
. PactBop SnCl,
. PactBop cynbdara menu CuSO4
. XKenesnslii reo3ap

PactBop nepmanranara kanus KMnOy ¢ xonrentparmeit C(KMnOg) = 0,02 momb/am®

. pacTBOpa cepHoi KucIoTh kuciota H,SO4 ¢ konmentparmeii C(H2SO4) = 2 mons/ave,
PactBopa ménoun NaOH ¢ xonuentpanueit C(NaOH) = 2 mMois/am°>,
PacTBopa cynb¢ura Hatpus Na,SOs ¢ xoruentparnmeii C(Na,SOz) = 2 mons/mm>,
. PactBOpa cynsara xenesa (1) FeSO4 ¢ xonnentparnueir C(FeSO4) = 2 mons/mm3.

RoOooo~NoGaR~wWDNE

NN R R R R R R R R
NFPOOWOYOUODMWNEO

N
w

. PacTBop a3ornoii kucnorsl HNO3,p(HNO3) = 1, r/em®

. MEJTHasI TPOBOJIOKA

. JTuxpomar kamus KzCr,07 ¢ konnentpanueii C(K2Cr207) = 2 monb/nm®

. PactBopa Hutpura Hatpus NaNO; ¢ xonnenrpamueii C(NaNO2) = 2 mons/am®

NN N
[S2I6) QNN

Yka3aHus o TeXHUKe 0e30I1aCHOCTH
1. Bce paboTbl B XMUMHYECKOW 1aO0OpaTOpPHH JODKHBI IIPOBOAUTHCS TPH HCIPABHOM

3IIEKTPOOOOPYIOBaHHH, IIEKTPOIPOBOJIKE, IIPABHIBHO 000PYIOBAHHOM BBHITSDKHOM MIKaQy.

2. T'a30BbIe KpaHBI U Ta30IMPOBO]] JOJKHBI HAXOAUTHCS B HCTIPABHOM COCTOSTHHH, ITEPHOTHICCKH
MIPOBEPSATHCS.

3. Pabouyee mecTo comepxath B MOPSIKE U YUCTOTE.

4. Cyxue peakTuBbl TpeOyeTcs OpaTh YMCTHIM ILIIATEIEM WM CHELHaTbHON JTOKEUKOH.

5. M3nuiuek peakTHBa HE BBUIMBATH OOPATHO B COCY, U3 KOTOPOT'O OH OBLT B3SIT.

6. Bce OmbITHI C BpeAHBIMH M TAXHYIIMMH BEIIECTBAMH, a TAKKE yITAPUBAHUE KUCIIOT M KU CIBIX
pPacTBOPOB MPOBOJHTH B BBITSHKHOM IIKaQy.

7. OcraTku coerHEeHNH cepedpa CIMBaTh B 0COObIE CKIISTHKH.

8. Ilpu HarpeBaHUM PACTBOPOB B MPOOHpPKE BCErAa CIEAyeT AepKaTbh €€ TaKUM 00pa3oM, YTOOBI
OTBEpCTHE NPOOHPKU OBUIO HAIIPABJICHO B CTOPOHY OT Pa0OTAIOIIEro PsAOM COCea.

9. He HaKJIOHATH U0 HAJl HATPEBAEMOH JKUAKOCTHIO WU CIIJIABIISEMBIM BELLIECTBOM.

10. He cnenyer BApIXaTh Maxydue BELIECTBA M Ta3bl, OJM3KO HAKJIOHSSACH K COCYHY C 3TUMH
BemecTBaMy. HioxaTh BelecTBa MOXKHO JIMIIb OCTOPOKHO, HANPaBJIsis K cede Maphl WM Ta3 IBUKECHUEM

pyKH.
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11. XpaHuTb pacTBOPHI KOHIICHTPUPOBAHHBIX KUCJIOT U LIEJIOUCH B BBITSDKHOM IIKAQYy.

12. BsbumBaTh pa30aBICHHbBIC KUCIOTHI U IETOYHBIC PACTBOPBI CIEIYET B CIIMBHYIO CKIISIHKY.

13. Kareropudecku 3amperaercs mpoOoBaTh XMMUYECKHE BELIECTBA HA BKYC.

14. TIpu paboTe ¢ JIETKO BOCIUIAMEHSIOIIUMUCS BelecTBamMu (3GHphl, OSH30I, CEpoyriaepoa U
T.JI.) HE JIOJDKHO OBITh PSIIOM OTHSI M BKITFOUCHHBIX TUIUTOK.

15. Tlpu pabore co CTEKIOM, XWMHUYECKOH MOCynoi, HEoOXOAMMO COONI0AaTh TpaBUia
MPEIOCTOPOKHOCTH BO N30©KAHUE PAaHEHHI OCKOJIKAMH CTEKJIA.

16. Kareropudecku 3ampemniaercs OCTaBIsATh padoTarolye npuOopsl 0e3 HaOMIOICHUS.

24. B xumuveckoii 1abopaTopun HeOOXOAMMO paboTaTh B Xajare.

3aganus

OneiT 1. K pactBopy Opommiga HaTpusi B NMpoOUpKe MpHIeTe HEMHOTO XJIOPHOW BOIBI H
HECKOJIbKO Karienb OeH3ona. Berpsixaute conepskumoe mpoOupku. BepxHuit cioii okpacuics B Oypblid
uBer. YTto sBNsSETcd MPUYMHOM OKpacku? Hamummre ypaBHEHHE peaKIMH U COCTABbTE JJIEKTPOHHYIO
CXeMy M3MEHEHHs CTereHel okucieHus aneMenToB. Onpenenute DJ]C 3Tol peakiiuu.

Ompit 2. (OHBIT HPOBOAUTE B BHITAKHOM mKady). B mpobupky maneiite 1 cm® fiogHoil Bomsl 1
Tako#l jxe 00béM OeH3os1a. [IpodupKy BCTPAXHUTE HECKOIBKO pa3. OOpaTUTe BHUMaHHUE Ha I[BET BEPXHETO
0eH30IbHOTO ci10s1. [TonyUYeHHBIH pacTBOP COXpAaHUTE JIJIsl CPABHEHHS.

B cyxyro npoOupKy HachIIbTe HEMHOI'O KPHCTAIOB MOAWAA Kajus (OCTOPOXKHO!), MO CTEHKe
npoOupkH TpubaBbTe 2-3 KAl pPacTBOpa KOHIIGHTPUPOBAHHOW CEPHOW KHUCIOTHL. Beimensercs
ra3oo6pasmblii mpoaykr ¢ 3amaxom H»S. K comepxumomy mpoOupkm mpuieiite 1 cm® 6emsoma u
OCTOPOXKHO BCTPSIXHUTE HECKOJILKO pa3. OOpaTtuTe BHUMaHUE Ha OKpacKy OeH30i1bHOro cios. CpaBHHTE
3Ty OKpPACKy C OKPACKOM, MOIy4eHHONH BaMU TIPY BCTPAXUBAHUH HOTHOW BOJBI C OEH30JIOM.

Hanummre ypaBHeHus peakiuii. CocTaBbTe HOHHO-IJIEKTPOHHYIO CXEMY M3MEHEHHS CTerleHen
OKHCJICHUS] aTOMOB PEarHpYIOIINX BEIIECTB.

Ommit 3. K 2 cm® pactBopa nepmanranata kanmus KMnOg4 106aBbTe paBHBIA 00bEM pa3taBIeHHOM
CEpHOIl KMCIOTHI M mepekucu Bogopona. OOpaTure BHMMaHME Ha M3MEHEHHE IBera B pacTsope. K
OTBEPCTUIO NPOOHMPKH IMOJHECHTE TICIOIIYI0 JIyduHKy. Urto mpu sToM HaOmomaercsa? Kakoit ras
BbLIENsIeTCA?

Hamuimre ypaBHEHHE JaHHOM peakivy B MOJIEKYJIApHOW U MOHHON (opmax. KosdduumeHTs
OIIPEEINTE C IOMOILIBIO METOIAa HIEKTPOHHO-UOHHOIO OajaHca.

Omnpit 4. (OmBIT TIPOBOANUTCSA B BHITSHKHOM IKady). B cyXyio mpoOupKy HachIbTe HECKOIBKO
KPHCTAJIJIOB [IEpMAaHraHaTa Kajusl U OCTOPOKHO NPHIIEHTE HECKOJIBKO Kalelb pa30aBiIeHHOIO pPacTBOPa
constHo# kuciothl (1:1). Beigensercs rasz (ocTopoxHo!), TOHIOXaWTe €ro.

Hanummre ypaBHeHHE NaHHOW pEaKUHMU M COCTABBTE 3JICKTPOHHO-MOHHYIO CXEMY W3MEHCHUs
CTEIEHEH OKUCIIEHUS 3JIEMEHTOB, yJaCTBYIOIIUX B PEAKIUH.

OmwiT 5. B Tpu otnensHbie mpodupku BHecuTe 1-2 cm® pactBopa KMnOy, a 3aTeM 100aBbTe B 3TH
MPOOHMPKH paBHBIE 00BEMBI: B TIEPBYIO M3 HUX — PACTBOP pa30aBIEHHOW CEpHON KHCIOTHI, BO BTOPYIO —
BOIy, B TPETbl0 — KOHLEHTPUPOBAHHBIA pacTBOp Iienoud. [locie vero B KakAyl0 M3 NPOOMPOK
npu6aseTe 1-2 cm® pactBopa Na,SOs. UeM 06BACHATH mpowcIIeqmre u3MeneHna? HanummTe TomHble
ypaBaenuss OBP, ncmonp3yss HOHHO-37IeKTpOHHBIA MeTof. OneHnTe TIIyOMHY MPOTEKaHUS TPOIECCOB B
Kax1oM citydae. OT 4ero 3aBUCUT OKHUCIIHUTENbHAS! aKTUBHOCTD [IEpMaHraHT-HOHA?

Ombit 6. K 1ByM cM® pacTBOpa HHTpHTAa HATpHS NpHJIEiTe PaBHBIH 0OBEM PacTBOpa CepHOI
KHCJOTHI U 100aBbTE MO KaIUIIM HEOOJbIIOE KOJTMYECTBO pacTBopa noaua kamus. OOpaTure BHUMAaHUE
Ha U3MEHEHHUE LIBETa pacTBopa.

Kaxoe BemectBo Boienuinock? CocTaBbTe ypaBHEHHE COOTBETCTBYIOLIEH peakiuu. Onpenenure
K03(h(pULIMEHTHI METOIOM TONTypEaKLUii.

Onpit 7. Haneiite B npobupky 1-2 cm® pacTBopa GuxpomaTa Kaius, 106aBbTe K HEMY JBOMHOM
00BEM pa3baBIeHHON CepHOM KHMCIOTH M 4-5 ¢cM® pacTBOpa HUTpMTa HaTpus. OOpaTMTe BHUMaHME Ha
W3MEHEHHe 1BeTa pacTBopa. Hanummre MonekynsipHoe 1 MOHHOE ypaBHEHHs AaHHOU peakuuu. [logbop
K03()(pULIMEHTOB OCYIIIECTBUTE METOAOM 3JIEKTPOHHO-MOHHOr 0 OaslaHca.

Onpit 8. K 2-3 cM® 6poMHO# BozbI MpuieiiTe pacTBOp IMEI0UM O MOTHOTO 00ECIBEYHBAHUS
pactBopa. CocTaBbTe 3JEKTPOHHO-MOHHOE ypaBHEHHE AaHHOM Peakluu W omnpeaenute K03 UIUEeHTH
METO/I0M MOypEeaKIIHii.

Ompit 9. K 2-3 ¢M® KOHIIEHTPHPOBAHHOIO PAcTBOPA THMAPOKCUIA HATPHS J00aBbTe HEGONIBIIOE
KOJIMYECTBO MOPOIIKO0Opa3HOH cepbl. CMeCh KMIISITHTE 10 HCUE3HOBEHUS cepbl. COCTaBbTE 3JIEKTPOHHO-
HMOHHBIE CXEMbl U3MEHEHHSI CTENIEHEH OKHCIIEHHS pearupyrolux BeuecTs. Hanummre HOHHOE U TIONHOE
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ypaBHeHus1 maHHOHM peakunu. K xakomy tumy OBP orHOcHTCs maHHoe mpeBpaiuenue? [louemy aTombl
cephbl CIIOCOOHBI K TAKUM MPEBPALCHUSM?

Ommit 10. K pactBopy ( 1-2 cm®) TnonmanaTa kamus (I aMMOHHMS) NpUGABbTE TAKOMH ke 00BEM
pacTBopa conm skene3a (+3). Kakoil mser momydeHHOro pactBopa? 3aTeM K OKpalIeHHOMY pPacTBOPY
NpUOABIISIOT MO KAIUIAM JI0 MONHOro obecuBeunBanus pactBop SNCl.. Kakue mporecchl mpoucxoasT B
pactBopax u mouemy? Paccuuraiite DJIC peakuun BoccTaHoBienus Fe** momamu Sn?*. PaccumTaiite
usMenenue sHepruu I'm6oca (4GP ,.) u xoncranty paBHoBecusi (KP.,) mius 5Toit peakuun. OleHute
rIyOrHYy €€ MpOTeKaHMUS.

Omwir 11 B npobupky Haneiite 1-2 cm® pactBopa cymbpata meqn CuSOs u omycTuTe Tyna
3aYMILIEHHBIA C MOMOIIBIO HAXAAYHOW OyMaru >Kele3Hbli rBo3ab. IlocTaBbTe MPOOMPKY B IUTATHB Ha 5
MUHYT. Yepe3 5 MUHYT OTMEThTE M3MCHEHHS MMOBEPXHOCTH JKEIE3HOTO I'BO3JISL M 3aHECHUTE MX B rpady
«Habmroneunsn.

Hanummre ypaBHEHHE OKUCIUTEIBHO-BOCCTAHOBUTEIBHON PEAKIIMU U YPaBHSMTE €€ 10 METOMyY
AJIEKTPOHHOr0 OanaHca. YKaXKUTE OKHCIHTENb W BOCCTAHOBHUTENb. [l0JB3YysCh PSIIOM HaINpPSDKEHUH,
YKaXUTE, KAKHE METAJUIBI MOT'YT BBITECHATh ME/Ib U3 PACTBOPOB €€ COJIEH.

Ombir 12 B tpu mpobupku Haneiite mo 2-3 cm® pactBopa mepmanranata kamus KMnOs c
koniertpaipern C(KMnQy) = 0,02 MOJTB/IM°.

- B niepByto npobupky n06aBbTe 1-2 cM® pacTBOpa cepHOii kucoThl kuciaora HaSOsc
koHieHTparpenn C(H2SO4) =2 MO/ M°.

- Bo BTOpY!0 MpodHpKy K06aBbTe 1-2 cM® IMCTHIITMPOBAHHOM BOIBL.

B Tperbio npobupky nodassre 1-2 cm® pactBopa meénoun NaOH ¢ konnentpammeii C(NaOH) = 2
MOJTB/ M.

Bo Bce mpobupku HaneiiTe mo 3-4 cm® pactBopa cyneduta Hatpus Na,SOjz ¢ KOHIEHTparmei
C(NazS03) = 2 Mons/mm,

OTMeTbTe U3MEHEHHE IBETA PACTBOPOB B KAXKJIOH U3 POOMPOK C YIETOM 3aBUCHMOCTH OKPACKH
COCIMHEHMiT MapraHIia OT ero CTENeHH OKHMCICHMs: HoH MnOs MMeeT GHOIETOBYIO OKpacKy, MnOs* —
3enéHyro, Mn®" — c1a6opo30ByI0, a IPH MajIoi KOHIEHTPALMH — OECIIBETHYIO. 3aHECHTE HAOIIOCHNS B
rpady «HaOmroaeHus».

Hamummre ypaBHEHUS! OKMCIUTENHHO-BOCCTAHOBUTENBHBIX PEAKIINN U YpaBHINTE UX 1O METOLY
3JIEKTPOHHOTO OanaHca. YKaKUTe OKUCIUTENb U BOCCTAHOBUTENb.

Omwit 13 B npoGupky Hazeiite 1-2 cm® pactBopa nepManranara kamias KMnOg ¢ KoHIeHTparmeii
C(KMnOs) = 0,02 mons/nm® no6asere 1 cm® pactBopa ceproii kucnotsl H2SO, ¢ KoHIeHTparmeit
C(H2S04) = 2 momb/nm® 1 mpuneiite 1 cm® pactBopa momuna xamus Kl ¢ xonnentpamueit C(KI) = 2
MOITB/mM°,

3adukcupyiite N3MEHEHHe I[BETa pacTBOpa U 3aHecHTe HaOmoaeHns B rpady «HabmogeHns».

Hamummre ypaBHEHUS! OKMCIATEIEHO-BOCCTAHOBUTENBHBIX PEAKIINN M ypaBHINTE MX IO METOIY
3IEKTPOHHOTO Oananca. YKaKUTe OKUCIUTENb U BOCCTAHOBUTENb.

Oneir 14 B mpobupky Hameiite 1-2 cm3 pacrBopa mnepmanraHata kammss KMnO4 c
koHIerTpamuedn C(KMnO4) = 0,02 moms/mm3, mobaBeTe 1 cMm3 pactBopa cepHoii kucinotel H2S04 ¢
koHmerTpamenn C(H2SO4) = 2 mone/mm3 1 mpuneiite 1 cm3 pactBopa cyibdarta xenesa (II) FeSO4 ¢
koH1erTpamueir C(FeSO4) = 2 mons/am3.

3adukcupyiiTe H3MEHEHHE [[BETa pacTBOpa U 3aHecUTe HaOmroneHus B rpady «BeBoasr. HabmoneHus».
Hanummre ypaBHEHNS OKHCIHUTENBHO-BOCCTAHOBUTENIBHBIX PEAKIMN U YPABHINTE UX 10 METOLLY
3JIEKTPOHHOTO OanaHca. Y KaXUTE OKHCIUTENb U BOCCTAHOBUTEI.

Onpit 15 B npobupky Haseiite 1-2 cM® KOHIEHTpUpOBaHHOK a30THOM kucaoThl HNO3,p(HNO3)
= 1, r/cm® .OnycTuTte B MPOOMpPKY 3a4HMINEHHYIO HaXIauyHOH Oymaroil MenHyio mpoBonoky. Harpeiite
MpoOUpPKyY Ha TUIAMEHHU Ta30BOM FOPEJIKH U MOCTaBbTE €€ B IUTATUB Ha 5-10 MUHYT.

3adukcupyiite BblIerIeHUE raza B NPOOHPKE, LBET BBIACIAIOLIETOCsS Ia3a M U3MEHEHHE I[BeTa
pactBopa. 3anecure HabmoaeHus B rpady «Habmronenus».

Hanummre ypaBHEHHS! OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX PEAKIMNA U YPAaBHSANTE UX M0 METOAY
3JIEKTPOHHOTO 0anaHca. YKaXUTEe OKHCIUTENb U BOCCTAHOBUTEIIb.

Onpbit 16 Haneiite B npobupky 1 cm® pactopa auxpomara kamust KCrO7 ¢ KOHIeHTparuei
C(K:Cr,07) = 2 mons/nm® Jlo6aBbTe B mpodupky 2-3 cM® ceproit kucaorhl HoSO4 ¢ KoHIeHTpanueii
C(H2S04) = 2 monb/mm® u 2-3 cm® pactBopa muTputa Hatpus NaNO: ¢ konnentpanueit C(NaNO) = 2
MOJTB/IM®.
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BadukcupyiiTe HM3MEHEHHE I[BETa pACTBOpA. 3aHecuTe HaOmomeHuss B Tpady «BbIBOJIBL
HaGmronenus».

Hanwmmite ypaBHEHHST OKUCITUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIIMH M YPABHANTE MX MO0 METOMY
3JIEKTPOHHOTO OaaHca. YKaXUTe OKHCIUTENb U BOCCTAHOBHUTEID.

Conepxanue oTyera
[Tomy4yennsie nanneie 3adukcupyiite B Tadbaume 8.1 mo cnemyromeii popme:
Tabmuua 8.1. Pe3ynprarsl SKCIEpUMEHTa

Ne i/t | PearenTtsl XUMHYECKask peaKkus HaOmronenus

1

agllh_lwIN

KoHnTpoJibHbIE BOIPOCHI
ba30BbIi1 ypOBEHB

1 Uro Ha3wBarOT cTemeHbio okucieHus? Kak e€ 0003HAaUalOT M KakWe 3HAYECHUS MOXKET OHa
npuHUMaTh? OTBET OSICHUTE HA TIPUMEPAXx.

2 Kak ONpeaciaCTCa MaKCUMaJibHasd U MUHUMaAJIbHas CTCIICHU OKHUCIICHUA 3JIEMEHTOB?

3 Kakwue peakiiuu Ha3bIBarOT OKUCIIUTEIbHO-BOCCTAHOBUTENBHBIMU? [IpHBEIMTE TPHMEDHI.

4 Kaxkwne p€arcHThbl Ha3bIBaltOT BOCCTAHOBUTCIIAMU, KaKUC — OKHUCJINTEIAMHA?

5 B ueM cyTh MeTOoAa noaypeakuuii? J{is Kakux CHCTEM OH IMPHUMEHUM?

6 Kaxk BeIpaxkaeTcs KOHCTaHTa PABHOBECHSI PEAKIIMU M YTO OHA BBIpaXKaeT?

7 Kak MOXKHO paccuuTaTh KOHCTaHTY paBHOBecusi? [IpuBeanTe cOOTBETCTBYIONINE (HOPMYIIBL.

8 Or kakux (HaKkTOpPOB 3aBUCHUT MPOTEKAHNUE OKUCIUTENBHO - BOCCTAHOBUTEILHBIX PEAKIIA?

9 3aBHCHMOCTD OT KaKHMX IIapaMETPOB OTpaxkaeT ypaBHeHue Heprcra?

TloBblllIEHHBIH YPOBEHD

1 Kak oOIeHWBAOT 3KBUBAJECHTHI OKHCIHUTENS W BOCCTAHOBHTENA? B Kakux emWHWIAX OHU
BBIpa)KArOTCS?

2 Yro Ha3bIBAIOT MOJIBHOM MAacCOH OKHCIMTENsS M BoccraHoBHMTENS? KakoBa uMX pa3MepHOCTH?
ITpuBeauTe mpuMepHI.

3 KakoBa cTpykTypa airoputMa MeToja JJIEKTpoHHOro Oananca? OTBET HIUTIOCTpUPYHTE
MIPUMEPaMHL.

Cnmcok JIuTeparypbl, peKOMEH/yeMblil K HCII0JIb30BAHUIO 110 JAHHOW TeMe

OcHoBHas JinTeparypa:

1. Koposun, H. B. O0mas xumus : yue6nuk / H. B. KopoBus. - 13-e u3z., nepepad. u gom. - M.
. Akanemus, 2011. - 496 c. : un. - (bakanaBpuar). - Pek. MOuH P®. - Ilpun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpy»Karomieil cpefibl : XuMHus KUBbIX opranu3moB. Kype nexiuii /
E. C. Muxanuna, A. JI. Ilerenun. — M. : U3marensckmii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 3IeKTPOHHBIH // DneKTpoHHO-0MbaroTeuHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum moctyna: mis
aBTOPHU3HP. MOJIb30BaTENEH

JlonoHUTe/ILHASI IUTEpPaTypa:

1. I'nunka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tox pen. A. Y. Epmaxosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. yka3s.: c. 706. - ISBN 5-
89602-017-1

2. XuMmus METaIIoB : yueObHOe TocoOue (A CTYACHTOB XUMHUYECKOTO (aKyinbTeTa
HampaBJIeHUH 0akanaBpoB « XUMUD» U «XUMHUECKask TEXHOIOTHs») / cocTtaButenu O. A.
I'onoBanoBa. — Omck : Omckuil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
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2015. — 552 ¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DnekTpoHHO 6ubnmoreynas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
ABTOPU3UP. NIOJIb30BATENECH
HNuTepHeT-pecypceb:

1 http://window.edu.ru/ — emuHOE OKHO JOCTYyIa K 00pa30BaTEeIbHBIM pecypcam

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

3 http://catalog.ncstu.ru/ — >aeKTPOHHBIH KaTaIoOT aCCOIHAIIMU AIICKTPOHHBIX OMOINOTEK
yueOHbIX 3aBeAeHui u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTKpbITOE 0Opa3oBaHKE

Tema 9. OcHOBHBIE MOT0KEHUSA ITEKTPOXUMHUM.
JlaGopaTopHnasi padora 9. 'aibBaHNYecKHE YJIEMEHTHI
[lens paboOTHI: OCBOUTH COCTABIECHUE CXEMbI TAIbBAHUYECKOTO AIEMEHTA U METO bl HATHCAHUS
YpaBHEHUH AJIEKTPOIHBIX MPOIIECCOB.
DopmMupyeMble KOMIETEHIIUHA WIIH UX YaCTHU:

WNHupexe DopMyIINPOBKA:
OK-7 CIOCOOHOCTBIO K CaMOOPraHU3aliy U caMooOpa30BaHHIO
OIIK-4 MOHUMaHUEM CYIIHOCTH U 3HaueHHsI HH()OPMAIINK B Pa3BUTHH

COBPEMEHHOTO O0IIeCTBAa, CIOCOOHOCTHIO MOTY4aTh U 00pabaThIBaTh
MHGOPMAIIHIO U3 PA3IMYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETHPOBATH,
CTPYKTYpUPOBATh ¥ 0POPMIIATH HH(YOPMAIHIO B JOCTYITHOM JUISL APYTHX
BH/JIC

IK-5 CIOCOOHOCTBIO MPUHUMATD YJacTHe B paboTax Mo pacyeTy u
MPOEKTUPOBAHUIO JICTAICH U Y3JIOB MAITHHOCTPOUTEIBHBIX KOHCTPYKIIH B
COOTBETCTBUU C TEXHUYECKUMHU 3a/IaHUSIMH U HCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEJCTB aBTOMATU3AIIUH MPOCKTUPOBAHMSI

TeopeTnyeckas 4acThb
[TIpuo6peraempie kommnereHuuu OOIl mpu uM3ydeHMM Marepuayia pasjena:

OakanaBp JOHKEH TTOHUMATh POJIb OXPaHbl OKPY’KAIOIIEH Cpeibl M pallMOHATBHOTO
MPUPOJIONOIB30BAHUS ISl Pa3BUTUSL UM COXpPAaHEHMs] UUBHIM3ALMU; 00JanaTh
CIIOCOOHOCTBhIO M TOTOBHOCTBIO BJIaJI€Th OCHOBHBIMH METOJaMH, CIIOCOOaMU H
CpeICTBaMH TONy4YEHUS, XpaHEHHs, mepepadoTku HH(OpMAIMU, HCIOIB30BAThH
KOMITBIOTEpP KaK CPelCTBO paboOThl ¢ MH(pOpMAIIMEll; a Tak K€ CaMOCTOSTEILHOTO
npuoOpeTeHusi (U3NYECKUX 3HAHWUW, JUISI TIOHMMAaHUS TPUHIUIOB paOOTHI
mpruOOPOB M YCTPOMCTB, B TOM YHUCIIE€ BBIXOISIIMX 32 MPENEThl KOMIIETEHTHOCTH
KOHKPETHOTO HampaBjeHus. bakamBap Oynmer cmocoOeH JIeMOHCTPUpPOBATH
0a30Bble 3HAHUS B OO0JACTHU €CTECTBEHHOHAYYHBIX JUCIMIUIMH U TOTOBHOCTHIO

HCIIOJIBb30BATh OCHOBHBIC 3aKOHEBI B HpO(l)eCCHOHaHBHOﬁ ACATCIbHOCTH, IIPUMCHATDH
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MCTOJZbI MATCMATHUYCCKOI'0O aHajinda MW MOJACIHUPOBAHHA, TCOPCTHUYCCKOIO H

OKCIICPUMCHTAJIbHOTO UCCICAOBAHNA.

Teopernyeckue 0CHOBbI
[Ipubop, B KOTOPOM XMMHUYECKAsI SHEPrUs OKUCIUTEIbHO-BOCCTAHOBUTEIBHOW PEAKIIMU

MIPEBPALLAETCS B 3JIEKTPUUECKYIO, HA3bIBACTCSI FAJIbBAHUUYECKUM AJIEMEHTOM.

OcHoBHasi coCTaBHasl 4acTh rajlbBaHUYECKUX 3JIEMEHTOB — 3JIEKTPOJibl. Yalie Bcero oHu
OBIBAIOT METAUIMYECKUMHU. OJEKTPOJ, Ha KOTOPOM MPOUCXOJUT TPOIECC OKHUCICHHS,
Ha3bIBAETCS aHOJIOM.

Taxk, ecnu B ralbBaHMYECKOM 3JIEMEHTE MMEIOTCS MEAHBIM M LIMHKOBBIM AJIEKTPOAbI, 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 MeHbIH anekTpoa: Cu?*+ 2e” «» Cul,

DNEKTPOHBI C ANIEKTPOJa, HA KOTOPOM MPOUCXOIUT MPOIECC OKUCIIECHUS, MEPEXOIAT Ha
AIIEKTPOJ, T/I€ MPOTEKAET MPOIIECC BOCCTAHOBIICHUSI.

Takum 006pa3oM, B raJIbBAHUYECKOM IJIEMEHTE, UMEIOLIEM B KaUECTBE KaToJa MEIHYIO U
B KauecTBE aHOJa LIMHKOBYIO IUIACTHHBI, JJIEKTPOHBI C LIMHKOBO IMJIACTUHBI OyIyT MEPEeXoanuTh
Ha MEJHYIO.

10.7 DnexTpoa B raabBaHUYECKOM 3JIEMEHTE HAXOJUTCA B pacTBOpPE 3JeKTpoiuTa. 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(aTa [IUHKA, a METHBIN — B pacTBOP CyibdaTa MeIu.

CrnenoBarenbHO: IIUHK MMOMEIIAIOT B PAaCTBOP, COJAEPKALIUN KATHOHBI LIMHKA, a MeIb B
pacTBoOp, COAepKAIIUNA KATUOHBI MEJIH.

CI/ICTeMa, cocCrosAmasa U3 METajllda, OIMYHICHHOI'O B pacTBOP, conepmamnﬁ €ro HOHBEI,

n+
Ha3bIBACTCS IIOJYIJIEMEHTOM M 0003HAYaeTCsI 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
[l Y =B
Zn?*+S04? Cu?*+S04?




Pucynox 9.1 Cxema MeOHO-YUHKOB020O 2ANbBAHUYECKO20 dNIeMeHmA

B rampBaHWYECKOM 3JIEMEHTE OJHMH 3JIEKTPOJ (aHOJ) pacTBOPSIETCS, T.€. HOHBI MeTallia
MEepexXoIaT B pacTBOp. Tak B MEIHO-IIMHKOBOM TallbBAHHYECKOM D3JIEMEHTE IPOWCXOIUT
pacTBOpEHUE IIMHKOBOW TUTACTUHKH.

B pesynbpTare mepexoja MOHOB IIMHKA C IJIACTHHKH B PACTBOP HA IUIACTHHKE OCTA&TCs
M30BITOK AJIEKTPOHOB, W OHA 3apspKaeTcsl oTpuraresibHo. C JAPyroi CTOPOHBI, MEPEX0 HOHOB
IIMHKA B PACTBOP MPUBOINT K YBEIIMUCHHUIO MX KOHIICHTPAIIUU B PACTBOPE.

brnaronmapst mepexoay MOHOB IWHKA C IUIACTHHBI B PAcTBOP BEC ITMHKOBOW TUIACTUHKH
OyJeT yMEHbBIIIAThCS.

O)IHOBpeMeHHO C O3TUM Ha MCIHOM OJICKTPOJAC MPOUCXOJUT MPOLUECC BOCCTAHOBJIICHHA

MOHOB MeJIM M3 PacTBOpa: CU2+ +2e < Cu.

3a cuéT 3TOTrO TpoIecca KOHIIEHTPANXsI HOHOB MEIM B PACTBOPE YMEHBIIAETCS, a Macca
Me)IHOI\/II ITACTUHKHA YBCIIMYUBACTCH.

Iepexox moHoB CU?* m3 pacTBOpa Ha IIACTHHKY TPHBOAMT K TOMY, 4TO MeIHAs
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(+)

OauHOYHbBIE IMHUU B CXeMax 0003HA4al0T IPAHUILy METaJT — PacTBOP, a IBOWHBIC JTUHUU
— TpaHUILy MEXy pacTBopaMu. OTpUIIaTENIbHBIN 2IEKTPO/I (aHO) 3alUChIBACTCS CIIEBA.
B ocHoBe paboTel pa3o0paHHOTO 3IEMEHTA JIEKHUT OKUCIUTEIHHO-BOCCTAHOBUTEIbHAS

peaKknus:

Zn+CuSO, — ZnSO, +Cu

WM B HIOHHOM (popme:

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 3€KTPO1 MPUOOPETAET OTPULIATETBHBIN 3apsijl.

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 IO TPOBOJHUKY, COCAMHSIONIEMY IUIACTUHKH, OYAyT TMepexoauTh OT
JKEJIC3HOM IUIACTUHKHU K CBUHIIOBOM.

Htak, B raTbBaHMYECKOM 3JIEMEHTE T0 MPOBOJAHHUKY, COSAUHSIONIEMY JJICKTPOJIbI, TCUET
ANEKTPUYECKUI TOK.

[TosiBeHHE JIEKTPUUYECKOTO TOKA CBHAETEIBCTBYET O HAJIMYUHU PA3HOCTH MOTEHIIMAJIOB
MEXIy OdJIeKTpojgamu. lHade TOBOps, HA OJHOM U3 DJJIEKTPOJOB BO3HUKAET  KaKOM-TO
onpeIeEHHBIN MOTSHIIUAN, PA3IMYHbBIN I Pa3IUIHBIX JISKTPOIOB.

[ToTeHnman, KOTOPBIN yCTaHABIMBACTCS HA METAJUIMUYECKOM AJIEKTPOJe, MOMEIIEHHOM B
pPacTBOP COJIM OJTHOMMEHHOTO METaJlIa, Ha3bIBAETCS AJICKTPOIHBIM MOTCHIIMAJIOM METaJLIA.

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 DOJEKTPOHBL, T.€. YEM JIEr4€ OH OKHUCISETCS, TEM
OTPULIATENILHEE €ro JJIEKTPOJHBIM moTeHuuan. MHaue roBops, MO BEIMYHMHE 3JIEKTPOIHOTO
MOTEHIIMANa MOKHO CYTUTh O CIIOCOOHOCTH METallla OTAaBaTh AJNEKTPOHBI, T.€. 00 aKTUBHOCTH

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 CACJIaTh BbBIBOJ, YTO HaI/I6OJIe€ AKTUBHBIM U3 3TUX TpéX
METAJIJIOB SABJISICTCS MaI“HI/If/'I, a MCHCC aKTHUBHBIM — MCb.

B TaJJbBAaHUYECCKOM 3JJIEMCHTC, MMCIOILIIEM JBa paSJ'H/ILIHI)IX METAINITNYCCKUX 3J'ICKTpO}Ia,
aHOJOM OyJeT METaUl C MEHBIIEH BEJIMYMHON CTaHAAPTHOTO AJIEKTPOJHOTO TMOTEHIHAala, 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 QJICKTPOJHOIO IOTCHIHAaJIa METAaJlJIa 3aBUCUT, I''TaBHBIM 06p330M, OT ITPHUPOJAbI

MCTaJUIa, TEMIICPATYPbl MW KOHOCHTpALMUW HOHOB MCTAJJIa B PACTBOPC. OTa 3aBUCHUMOCTH

BbIPpA’KaCTCs YPABHCHHUEM HepHCTaZ

° 0,059
0=0 (Me/Men+)+TIg C(Me"™), ©.1)

rae ¢’ (Me/Me™) — HopManbHbI H1EKTPOHbIH TOTEHIIUAT;
N — YUCIIO0 OTAaBaEMbIX (PUHUMAEMBIX) METAJLIOM 3JICKTPOHOB;

C(Me"™) — KOHIIeHTpallisl HOHOB METALIa B PACTBOPE, MOJIb/IM°.
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IIpy KOHIEHTpAalMM HMOHOB METajlla, paBHOH 1 Momb/mM®, BTOpoOi wuneH ypaBHeHHS
0 %
oOpamaercss B HOJIb, TOTAA @ = @, M.e. 2JIeKMPOOHbIL NOMEHYUAl Memauia Hpu e2o
konyenmpayuu 1 monw/om® npedcmasnsem coboii cmanOapmubwlil 2NEKMPOOHbLI NOMEHYUA.

SHGKTPOI[BI/DK}’IIIEUI cuna E raapBaHHMYECKOTO JIIEMCHTA onpeaACIACTCA Pa3sHOCTBIO

[OTEHIMATOB KATONA U aHofa: & = DOk —PA.

Tak, D3/IC MaruueBO-UMHKOBOIO TaJbBaHUYECKOIO JJIEMEHTA, IPU KOHIEHTpAIUIX

HMOHOB COOTBCTCTBYIOIIUX MCTAJLJIOB OJWH MOJ'II)/I[Mg,

coctasnser: E = ¢°(Zn/Zn?") — p° (Mg / Mg?*) = —0,736 — (-2,34) =1,604 B.

Uewm OoJibIie pa3HOCTh B 3HAYCHUSX CTAHIAPTHBIX AJIEKTPOHBIX MOTSHIIMAJIOB METAJLIOB,
tem Oonbie 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 MMOTCHIUATIOB, TeM OobIne DJIC rarbBaHUYECKOTO JIEMEHTA.

Kak oTmeuanock paHee B pa3zesne, 3aBUCUMOCTb BEJIMYUH IEKTPOAHBIX MOTEHIINAIOB OT
KOHLIEHTPALIMM OKUCIUTENbHOM M BOCCTaHOBUTENbHON ¢(opMm pearenta u oT pH cpensl
BBIpakaeTcs ypaBHeHueMm Heprcra (9.1).

VYpaBuenue HepHcra nosBosisieT npoBoauTh pacdeT DJ[C rajabBaHUUYECKUX AJIEMEHTOB
MIPH YCIOBUAX 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 EKTPOHOB N, HANPSIKEHUS B AJEKTpUUECKOi nenu Ag u noctostHHol Papanes
F =96 454 Kn/mons = 96 500 Kn/mons.

JI1st cTaHAapTHBIX YCIIOBUM:

AG? =_-A%=_nAp °F. (9.3)

Koncranta paBHOBecHsS JIIEKTPOXMMHUYECKON peakluH [Uisl CTaHJAPTHBIX YCIOBHI

omnpenensercss opMyJIOi CIeIyIOIIEero BUIA:
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g K - =16,9nA¢° . (9.4)

)

BennuuHbl KOHCTAaHT PaBHOBECUM VI PA3HBIX 2JIEKTPOXUMHUUYECKUX PEAKIUH IT03BOJISIOT
ONPEEIATh CTENEHb UX HEOOPATUMOCTH.

[TocKOJIBKY AJIEKTPOIHBIN ITOTEHIMAT METalula 3aBUCUT OT KOHLEHTPAalMu pacTBOpA, TO
MOXHO COCTaBUTh LE€Nb N3 OJWHAKOBBIX METAUIMYECKUX JJIEKTPOAOB, IOIPYKECHHBIX B
pacTBOpBI C PA3JIMYHOM KOHLEHTPALMEH HMOHOB 3TOT0 METala — 3MO KOHYEHMPAYUOHHHIU
2aNb8AHUYECKUU DTIeMEHM.

OJ1C KOHIIEHTPAIIMOHHOTO JIEMEHTA OMPEEISIETCS TI0 (POopMYyIIe:

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 paboThl B XHMHYECKOW J1aOOpATOPHH [OJKHBI IPOBOAWUTHCS TPH HCIPABHOM
3IIEKTPOOOOPYIOBaHHH, IIEKTPOIPOBOIKE, TIPABHIBHO 000PYIOBAHHOM BBHITSDKHOM HIKaQy.

2. T'a30BbIe KpaHBI U Ta30IPOBO]] JOJKHBI HAXOANUTHCS B UCTIPABHOM COCTOSTHHH, TTEPHOIHICCKH
TIPOBEPATHCS.

3. Pabodee mecTo comepkaTh B TOPSAKE U YUCTOTE.

4. Cyxue peakTuBHI TpeOyeTcss OpaTh YMCTHIM IIIATENEM HIIA CHIEIHAIEHON JTOKEIKOM.

5. M3nuiuek peakTHBa HE BBUIMBATH OOPATHO B COCYJI, M3 KOTOPOTO OH OBLT B3ST.

6. Bce OmbITHI C BpeAHBIMU M TAXHYIIMMH BEIIECTBAMH, a TAKKE yITAPUBAHUE KUCIIOT M KU CIBIX
pPacTBOPOB MPOBOJHTE B BBITSHKHOM IIKa(]Yy.

7. OcraTKu coenMHEHH cepedpa CIMBAaTh B 0COObIE CKIISTHKHU.

8. IIpu HarpeBaHMM PacTBOPOB B MPOOMPKE BCEr/a CIEAYET JepKaTh €€ TaKuM 00pa3oM, YTOOBI
OTBEpCTHE MPOOUPKH OBIIIO HAIIPABJICHO B CTOPOHY OT PabOTAIOIIEro PSAOM Cocera.

9. He HaKJIOHATH JIMIO HAJ HATPEBAEMOMH KHUIKOCTHIO HIIH CIIJIABIISIEMBIM BEIIECTBOM.

10. He cnenyer BApIXaTh Maxydue BELIECTBA M Ta3bl, OJM3KO HAKJIOHSSACH K COCYHY C 3TUMH
BemecTBaMy. HioxaTh BelecTBa MOXHO JIMIIb OCTOPOKHO, HANpaBJIsis K cede Maphl WM Ta3 IBUKECHHEM
PYKH.

11. XpaHuTb pacTBOpPBI KOHLIEHTPUPOBAHHBIX KUCIIOT U LIEJIOYEH B BBITSDKHOM IIKaQy.

12. BoumBath pa30aBieHHbIEC KHCIOTHI U LIETOYHBIE PACTBOPHI CIEAYET B CIMBHYIO CKIISTHKY.

13. Kareropuuecku 3amperiaercs npoO0oBaTh XMMHUUECKHE BEILIECTBA Ha BKYC.
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14. TIpu paboTe ¢ JIErKO BOCIUIAMEHSIOIIUMUCS BelecTBamMu (3(UpBI, OCH30I, CEpOyriepoa u
T.J1.) HE TO/DKHO OBITH PSITIOM OTHS U BKJIFOYEHHBIX TIIUTOK.

15. Tlpu paboTe cO CTEKIOM, XHMMHUYECKOH TOCYJI0H, HEOOXOIUMO COO0JaTh IpaBUiIa
MPEIOCTOPOKHOCTH BO N30©KAHUE PAHEHHI OCKOJIKAMH CTEKJIA.

16. Kareropuuecku 3ampeniaercs OCTaBlsATh paboTaronme mpuOopsl 6e3 HaOIOICHUS.

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 nepBblif cTakaH OMycTUTE MEIHYIO IJIACTUHKY, BO BTOpPOM — HHMHKOBYIO. K 06eum
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 TOSBIAETCS
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 > Au” +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 Sh** + 3e & Sh +0,20
Fe’* + 2¢ <> Fe -0,473 Sn’t + 2e < Sn -0,140
2H" + 2e « H> 0,0000 Sr¥* + 2e < Sr -2,89
Hg?" + 2e < Hg +0,850 Zn°t +2e & Zn -0,764

Conepxanue oT4yeTa
Hanummure ypaBHeHHs 3IEKTPOIHBIX MPOIIECCOB U CYMMApPHOM PEaKIHH, MPOUCXOIAIINX

npu pa60Te 9JICMCHTA. OHpCI[eJ'II/ITe Katoa M aHOM. CocraBbTe CXEMYy JJICMCHTA, pacchTaﬁTe

SJ1C, AG u cTaHIapTHYIO KOHCTAHTY CKOPOCTH.

KonTpoJbHbBIE BOPOCHI
ba3oBblil ypoBeHb
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1Kakue mpomecchl Ha3bIBAIOT JIIEKTPOXUMUYECKUMHU? YUeM OHM OTIMYAITCS OT
00b1yHEIX OBP?

2KakoBbI MPUYMHBI BO3HUKHOBEHUS JIBOWHOTO 3JIEKTPHUECKOTO CJIOS HA TIOBEPXHOCTHU
METAJTINYECKON IUIACTUHEI B BOIE?

3 Kakoe ycTpoicTBO Ha3bIBAIOT rajbBaHUYECKUM 3eMeHTOM? [IpuBenuTre ero cxemy
Ha KOHKPETHOM TIpUMeEpe.

4 Kakue snexktposapl Ha3bpIBalOT aHOJAMH, Kakue — KaToJaMu? YKaXuTe aHod U
KaToJ B LIMHK-CEPEOPSHHOM raJIbBAHUYECKOM 3JIEMEHTE.

5 MoXHO 5 OmNpeAeuTh a0COJIOTHOE 3HAYEHHE JJIEKTPOIHOIO MOTeHIMana?
Kaxoit anexTpos BbIOpaH B Ka4eCTBE JIEKTPOia CpaBHEHUs?

6 Kak ycTtpoen cranmaptHblii BojopoaHbIN 31ekTpon? IlpuBeaure ero cxemy u
00BSACHUTE IPUHIUN PaOOTHI.

7 Uto Takoe «ps HanpsbKeHU MeTaiioB»? Uto oH onpenenser?

IIoBbIIIEHHBIN YPOBEHB

1 Kakoil «XMMWUYECKMI CMBIC» HUMEIOT 3HAKU «1+» M «—» I CTaHJAPTHBIX
AIEKTPOIHBIX MOTEHIIUAIOB OKUCIUTEILHO-BOCCTAHOBUTEIBHBIX CUCTEM?
2 Kak ounenuBaror 3/1C ransBanmyeckoro 3neMenTa? OTBET MOSICHUTE HA PUMEPE

KaJIMHI-METHOTO rajlbBAHUYECKOTO 2JIEMEHTA.

3 Jlnst wero nmpumeHstoT ypaBHeHne HepHera? Hanmmmre Gpopmyity mpuBeIeHHOTO BAIA
3TOTO YpaBHEHHS.

4 Kakue npubopsl HAa3bIBAIOT aKKyMyssiTopaMu? KakoBbl UX TUITBI?

5 Kak ycrpoen cBuHIOBBINM akkymyasarop? [lpuBenute ypaBHEHHS, OIHCHIBAIOIIHE
IIPOLIECCHI €T0 3apsaaa-paspsaa.

Cnucok JuTeparypbl, peKOMeHyeMblil K HCIIOJIb30BAHUIO 110 JAHHOH Teme

OcHoBHas1 iuTEeparypa:
1. Koposun, H. B. O6mas xumus : yaeonnk / H. B. KopoBus. - 13-e uzn., mepepab. u mom. - M.
: Akagemus, 2011. - 496 c. : mi. - (bakanaspuar). - Pek. MOuH P®. - ITpun.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyKaromei cpeibl : XUMUS KUBBIX Opranu3MoB. Kypc nekmwuii /
E. C. Muxamuna, A. JI. Ileteaun. — M. : U3marensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 35eKTpOHHBIH // DnekTpoHHO-0nbmroTeunas cucrema IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxum goctyma: mis
aBTOPU3HP. MOJIb30BaTENEH
JlonoaHUTeILHAS TUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nmunka ; [Tox 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. XuMmus METaJlIoB : yueOHOe mocobue (11 CTYAeHTOB XMMHYECKOro (hakyibTera
HampaBJIeHUH O0akanaBpoB «XUMUD» U «XUMHUECKask TEXHOIOTHs») / cocTtaButenu O. A.
I'onoBanoBa. — Omck : Omckuil rocyaapcTBeHHbl yHUBepeuTeT M. @.M. JlocToeBckoro,
2015. —552 c. —
ISBN 978-5-7779-1875-8. — TekcT : 31eKTpOHHBIH // DneKkTpoHHO 6ubnuoreyHas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum moctyna: mis
aBTOPHU3HP. MOJIb30BaTENEH
HNuTepHeT-pecypceb:

1 http://window.edu.ru/ — emuHOe OKHO OCTYyIA K 00pa30BaTEILHBIM pecypcaM

2 http://biblioclub.ru/ — 3bC «YHuBepcuTerckast 6HOIMOTEKA OHIIANHY.
3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTaaor acCoIMAIMU IIEKTPOHHBIX OMOINOTEK
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y4ueOHbIX 3aBeieHuil u opranuzanuii CKOO
4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpbIToe 06pa3oBanue
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MuHucTepcTBO HayKu U Bbiciiero oopaszosanus Poccuiickoit denepaunu
denepalibHOE OCYAPCTBEHHOE ABTOHOMHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICIIIETO 00pa30BaHuUs
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHbI YHUBEPCUTET»
HeBunnombicckuit TexHosoruueckuit HHCTUTYT (punain) CKOY

METOTHYECKHUE YKA3SAHUA

10 BBITIOJIHEHUIO TPAKTUYECKUX PAbOT
10 TUCUHUILTMHE «XHUMHUSI»
JUTSI CTYZICHTOB OYHOM (hopMBI 00yUueHus
HAIPAaBJICHUS] MOJTOTOBKH
15.03.02 TexHoNOrH4YeCKUE MAIIMHBI U 000PYI0BaHUE
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Meronnueckue ykazaHus pa3padOTaHbl B COOTBETCTBUU C TpeOOBaHUSAMU
OI'OC BO wu paboueil mnporpaMMbl JUCHUIUIMHBL «XUMHS». YKa3aHUS
MpelHa3HaYeHbl Uil CTYACHTOB OYHOM QopMbl OOydeHUs HampaBiICHUs
noarotoBku 15.03.02 TexHonornvyeckue MalluHbl U 000pYyI0BaHUE.

CopnepkaT OCHOBHBIE PAa3ACIbl M3Yy4acMOr0 TEOPETUYECKOTO MarTepuana,
nepevyeHb 3aJIaHuid, HEOOXOJMMBIX ISl TMpPOpPabOTKH, a TakKe CIUCOK
PEKOMEHAYEMOW JINTEPATYPBHI.

Cocmasumenu T.C. Yepeonuuenko, KaHo.Xxum.HayK
K.C. Cuinko, accucmenm.
Oms. pedaxmop A.JL TIpockyphun, KaHO.XUM.HAYK, OOYEHM.
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BBEJIEHUE

Jucuunnuna «XuMus»» OTHOCUTCA K JUCHUIUIMHE 0a30Boil yacTtu. OHa HampaBlieHa Ha
dbopMupoBaHHe  OOMIEKYIbTYPHBIX,  OOIIENPOPECCHOHANBHBIX H  NPOo(ecCHOHATBHBIX
KOMIETEHIMI 00yJaromuxcs B mpolecce BlojiHeHus padot, onpeaeneHusix @I'OC BO.

Metomueckue ykazaHusi COCTaBJICHbl HA COBPEMEHHOM Hay4HOM YPOBHE M PacCUUTaHbI
Ha CTYAEHTOB, 10 HampasyieHuto 15.03.02 TexHosornyeckue MamuHel 1 000pyIOBaHUE.

[locnenoBaTenbHOCTh TEM COOTBETCTBYET JIOTMUECKON CTPYKType €€ MPOXOXKICHHUS.
[Ipennaraemple METOOMYECKHE YKa3aHMsI COJEp)KAaT MaTepuall, KOTOPbIM pPEKOMEHIYETCs
HCI0JIb30BATh CTYJEHTAM IIPH MOJrOTOBKE K IPAKTUUECKUM 3aHSITHUSIM.

JUis MOJArOTOBKM K MPAKTHYECKUM 3aHATUSM CTYIEHT JIOJDKEH H3Y4YWUTh MaTepuan Io
COOTBETCTBYIOIIEH TEME, HCMOJb3yd OCHOBHYIO M JIOTIOJHUTEIBHYIO JIUTEPATYpPYy, a TaK XKe
UCTIONB3Ys nepuoanyeckue u3ganuss CMU.
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Tema 1. OcHOBHbIE MOHATHS U 3AKOHBI XUMUH.
IIpakTnyeckoe 3ansiTue 1. OCHOBHBIE KJIacChl HEOPraHnyeckux BemecTB. OCHOBHBIE
3aKOHBI XUMHHU
Hean 3ansaTus: O6001IeHNE, 3aKpEIIEHUE W CUCTEMATHU3allvs 3HAHUN O BaKHEUIIUX

KJ1IacCaxX HCOPraHM4ICCKUX COCIUHCHHUN Ha IpUMEpPEe OKCUIAOB, KUCJIOT, OCHOBAHUM U COJICH.

3HaHusa u yYmenus, npnoﬁpeTaeMble CTYACHTOM B PE€3yJIbTAaTE¢ OCBOCHHUSA TEMbI

3HaTb: OCHOBBI CAMOOPIaHU3AIUHU U CAMOOOPA30BaAHUS;
3HaTh: CYyLIHOCTb U 3HaueHUE MH(OPMAIMK B Pa3BUTHH COBPEMEHHOI'0 OOIIECTBA; OCHOBBI MOTYyYEHUS
1 00pabOTKK MHPOPMAIMK U3 Pa3IMYHBIX UCTOUHHKOB
3unarb: pabOTHI 110 pacyeTy U MPOESKTHUPOBAHUIO I€TAIEH U y3JI0B MAIIMHOCTPOUTENbHBIX
KOHCTPYKIIMI B COOTBETCTBUU C TEXHUYECKUMU 33JaHUSAMU U UCIIOJIBb30BAHUEM CTaHIAPTHBIX
CPEACTB aBTOMATU3aLUU IIPOCKTUPOBAHUS
YMeTb: caMOCTOSTENBHO CTPOUTH MPOLIECC OBNIaIeHUS] HH(OpMaInel, 0TOOpaHHOH 1
CTPYKTYPHUPOBAHHOM /IS BBIOHEHNUS PO eCCHOHATLHOM JIeITebHOCTH.
YMern: mnonydars U 00padaThIBaTh HH(OOPMAIIHIO U3 PA3IUYHBIX HCTOYHUKOB
YMeTh: IPUHUMAThH y4acTHE B paboTax Mo pacyeTy U MPOEKTUPOBAHUIO JAeTajlel U y3JI0B
MAIIMHOCTPOUTENIbHBIX KOHCTPYKIMA B COOTBETCTBUU C TEXHUYECKUMU 3aJaHUAMU U
HCII0JIb30BAHUEM CTAHIAPTHBIX CPEACTB aBTOMATU3ALMU IPOEKTUPOBAHUS

HaumenoBanue ¢opmupyeMbIX KOMIETEHIHMA

AKTYyaabHOCTb TEMBI

K HeopraHn4eckuM COECIUHEHMSIM OTHOCAT BCE COYETAaHMS XMMHYECKHX DJJIEMCHTOB,
KOTOpBIE HE COJEp)KaT yrjiaepoi. bDOJBIIMHCTBO M3BECTHBIX COCIUHEHUM  SIBISIOTCS
OPraHUYECKUMH, OJJHAKO M3BECTHO OK0JI0 20 MMJUIMOHOB T€X, KOTOpBIE IIPUHAUIEKAT K KJIACCy
Heopranudeckux. OrpoMHOE KOJMYECTBO BBI3BIBAET HEOOXOIUMOCTh UX KiacCU(UKALUH, TO
ecTb JieJleHusl Ha rpymnmsl. Kaxaoe U3 3TUX BeIecTB 00JaaeT CBOMMHU XapaKTEpUCTUKAMU, U
[I03TOMY MOJKHO BBIJIEJIUTh OCHOBHBIE KJIACChl HEOPraHMUYECKUX coeanHeHuH. [[ns moboro us
HUX XapaKTepHbl Pa3JIMYHbIE CIIOCOOHOCTH B3aUMOJEHCTBHUSA C APYrUMH BELIECTBAMH, CBOU
CBOMCTBA. XMMHs, KJIACChl HEOPraHUYECKUX COCAUHEHHUN B KOTOPOM 3aHMMAalOT Ba)KHOE MECTO,
paccMaTpUBaeT UX KJIACCU(DPUKALIUIO C HECKOJIBKUX TOUEK 3PEHMSL.

TeopeTnueckasi 4acTb

Heopranudeckue coemuHEHUs KIACCH(DUIMPYIOTCS MO COCTaBy WJIM TI0 CBOWCTBaM
(pyHKMOHANBHBIM TIpU3HAKaM). [1o cocTaBy OHHM JIENATCS HA MPOCTHIE — 3TO OJHOAIEMEHTHBIC
COEIIMHEHUS U CIIOXKHBIE, ABYX3JIeMEHTHbIE (OMHApHBIE) U MHOTORJIEMEHTHbIE (Tabnuma 1).

Tabauya 1 — Knaccugpuxayus neopeanuueckux coeouHeHull

ITpocteie CroKHBIC
Memannwot (88 31€MEHTOB): Heyxsnemenmuoie (OMHAPHBIC)
S- DJIEMEHTHI THAPHIBI LiH, NaH, CaH,,
(kpome H n He); KapOuIbI SiC, CaCy, AlsCs,
AI,pC-}?'aJTeII\r/II,e$T,HG N HUTPHIbI Na,N, Mg,N,,
Sn, Pb, Sb, Bi: OKCHIBI Ca0, Al,O3,
d -amemMeHTsI; cymb(upI K,S, ZnS,
f -onemenTsI. raaubl NaCl, FeCl,.
Hememannwr (22 >nemenTa): Miozoonemenmubie
S- 2JIEMEHTHI Conu
p—aliéhlfeirm cpenHue NaNQO,, K,PO,,
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Bv C1 Slv Nv P’ S KHCJIBIC NaHSO4, KH2P04,

O, As, Se, Te,
rajloreHsl, 0J1aropoIHbIE (rzpo-) Ca(HCO,),,
rasbl. OCHOBHBbIE MgOHCI, AlI(OH),CI,
(ruIpoKco-) (CuOH),SO,;
I'uppoxcnbr:

ocnosannst KOH, Ni(OH),, Ba(OH),
ampomnrer ZN(OH), <> H,ZnO,;
Al(CH), < H.,AIO,

Kucmnotsl

Be3KHCIOpOIHbIE HF, HCI, HBr, HI
Kucnopoaconepxamme HNO,, H,SO,

CrnosxHble HEOpraHU4YEeCKHe COeAMHEHUs, COTTIacHO Tabnuue 1, kpome noapasieneHuii no
COCTaBY, B CBOIO Ouepelb MNOJpa3AeisAloTcs M0 (YHKIMOHAIBHOMY MpPHU3HAKYy HAa OKCHUJbI,
TUAPOKCUBI (OCHOBHBIE 1 aM(OJIUTHBIE), KUCIOTHI U COJIH.

K OuHapHBIM COETMHEHHUSIM OTHOCSTCS:

1) OKCH/IBI — COCIMHEHHUS JICMEHTOB C KUCIOPOOM CO CTETICHBIO OKUCIICHHS (—2);

2) ranujipl — rajgoreHnpou3BoiHbIe ((PTopuIbl, XJIOPUABI U Ap.);

3) cyabduIbl — COSAMHEHUS C CEPO CO CTETEHBIO OKHCIICHUS (—2);

4) HUTPHUIBI — COCAUHEHHS C a30TOM CO CTCIIEHBIO OKUCITECHHS (—3);

5) KapOHIBI — COCTUHCHHS YIIIEPOIa CO CTEIEHBIO OKUCACHHUS (—4);

6) bochuasr — coequuenus Gochopa co CTEHCHBIO OKUCTCHUS (—3).

Homenxnamypa  ounapmwix  coeounenuii. K — naTMHCKOMY  Ha3BaHMIO  OoJjee
AIIEKTPOOTPHUIATEILHOTO AJIEMEHTAa C OKOHYAHUEM «u0» NT00aBIISAIOT PYCCKOE HAa3BaHUE MEHee
ANIEKTPOOTPHUIIATENILHOTO 3JIEMEHTa B POJUTEIBHOM TMaJie)Ke, C YKa3aHHEeM €ro CTeleHu
OKHCIIEHUS apaObCKUMU U(PpaMu B KPYTIIBIX CKOOKaX.

[Tpumepsr:

Cr,O, — okcun xpoma (+3);

O,F, — ¢ropun kucnopoxa (+1);

Al,C, — kapOua anromunmus;

CuBr, — 6pomua Menu (+2).

OcHoBHbIE TOHSATHS M OCHOBHBbIE 32KOHbI XUMHH

Monbs — KONUYECTBO BEIIECTBA, COJAEpIKAIIEee CTONBKO K€ CTPYKTYPHBIX EIHHHII
(MoneKyn, aTOMOB, HOHOB, 3JIEKTPOHOB WJIM APYTHX YACTHI]), CKOJILKO aTOMOB COJEPKUTCS B 12
r uzotona yriepoga 2C. UMco yacTul, cOAepKalluxXcs B OJHOM MOIb JI000TO BELIECTBaA,
cocrasnser 6,02-10% crpykTypHbIX equHuUL (nocmosnnas A602adpo).

Monvuas (monspnas) macca — 3TO Macca OJHOTO MOJIb BEUIECTBAa, BBIpAKEHHAs B
rpaMMax, YUCJIEHHO paBHasi OTHOCUTENBHON MOJIEKYJIIPHON Macce 3TOTO BEIEeCTBa.

Tax, monekynspras macca moinekynsl Cl, paBma 70,90 a. e. M. (aToMHBIX emuHHII
Mmaccel). Torma MonbHas Macca Mojekyn xiopa paBHa 70,90 r/monb. Ho MonbHas Macca atoma
xJ10pa pasHa 35,45 r/mMonb, npuuém oaun Mo Mosekyn Cl, conmepxur 2 mons atomos xnopa.

Dkeusanenm — 3TO pCajibHadA WM YCJIOBHad 4acCcTulla, KOTOpad B KHCJIIOTHO-OCHOBHOM
pCaKkiun JSKBHUBAJICHTHA OJHOMY HWOHY BOJOpOoJda, a B OKHCIUTENIbHO -BOCCTAaHOBUTEILHOM
pPCaKkiu — OJHOMY DJICKTPOHY. HaHpHMep, B KMCJIOTHO-OCHOBHOM pcaknuu

3H,S0, + 2AI(OH), = Al,(SO,), + 6H,0.
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IIeCTH HOHAM BOJIOPoAa (B TPEX pearupyromiuX MOJEKY/IaX CEpHON KUCIOTBI) COOTBETCTBYIOT
mee monekynsl  Al(OH),, cnemosarensno, onsHoMy mnOHy Bomoposa 9KBuBaneHTHa 1/3

mounekyast AI(OH),, unaue rosops, sxsusanentr Al(OH), cocrasnser 1/3 mons AI(OH),. B

PCaKK OKHUCIICHUA-BOCCTAHOBJICHUSA
H,SO, (pa36.) + Mg =MgSO, + H, T

aToOM MarHus TepAET [Ba JJIEKTPOHA! Mg° -2 — Mg2+ A II03TOMY OJWH DKBUBAJICHT
MarHusi cocTaBysieT Y2 mMonb. Bemuuwmasl 1/3 u 1/2 (B 3TUX mpuMepax) Ha3bIBAIOT (PAKmopom
9K8UBAIEHMHOCTMU.

Oxeueanenmunas macca — 3TO Macca OJHOTO SKBUBAJEHTA BEIECTBA BBIPAKEHHAS B
rpamMmax, T. €. pa3MEPHOCTb SKBUBAJIEHTHOM MacChl — I/MOJIb.

O0bEM, 3aHMMaEeMBbId TPU JAHHBIX YCIOBHUSIX MOJBHOM WIIM SKBUBAJEHTHOW Maccoi,
Ha3bIBAETCSl COOTBETCTBEHHO MOIbHbIM WUIH IKEUBALEHMHBIM 00BEMOM TOTO BEIIECTBA.

Tax, momnbaas macca Al(OH), pasra 78,0 r/mMoib, a SKBHBaJIEHTHAsS Macca COCTABIAET

1/3 monshoit maccsr Al(OH),, T.e. 26,0 r/monb. AtomHas macca Maruus pasna 24,3 /MoIb, a

€ro SKBHBaJICHTHAas Macca (B MpUBEIEHHOM BBIIIIE TPUMEPE) COCTaBISAET 1/2 ero MOJIbHON Macchl
— 12,12 r/Mo0b.

B cooTBercTBUM C 3aKOHOM AKBHBAJIEHTOB Macchl (0OBEMBI) pearupyrollux BelleCTB
m(X,) (V(X;)) u# m(X,) (V(X,)) npsMo NpomOpUHOHAIBHEI WX SKBHBAJICHTHBIM Macca
(oOBéMam):

m(X,) _ m(X,)

ML (%) Mo (X,) -1
V(X) V(X))

V(X)) Vy(X,) (1.2)

Bonpocsl u 3a1aHus:

[TpuBeném npuMepsl BHITOJITHEHHUS TUITMYHBIX 33J]aHUH, IPUBEIEHHBIX B padoTe.
Ilpumepl. CoctaBbTe (GopMysly HOpMabHOW (cpemHei) comm Oapusi W MBIIIBIKOBOK
KHCJIOTBIL

Pewenne. @opmyina MpiubsikoBoil kucnorel H,ASO,. Monekyna comu, oGpazoBaHHast

2+ 3- o
nonom Ba U KHUCIOTHBIM OCTaTKOM ASO4 , JOJDKHAa OBITh JIIEKTPOHEUTpalIbHA.
Haumensiee o6iiee kpatHoe ymcen 2 u 3 (3apsiibl HOHOB) paBHO 6, IOATOMY MOJIEKYJa JI0JKHA
3—
comepxkatb 6:2 = 3 aroma Oapust u 6:3 = 2 KUCIOTHBIX OCTaTKa ASO4 . ®opmyna comu

Ba, (AsO,),.

Ilpumep 2. CoctaBbTe (OpMyTy OCHOBHOM COJIM ATIOMMHHS U OpPOMOBOJIOPOJHOMN
KHCJIOTBI.
Pemenune. Monekyna OCHOBHOM COJM [IOJDKHA COJEP’KATh KHUCIOTHBIE OCTaTKM HOHA

Br ,uona Al’*'u OH -rpynmsl. Tak kax B Moekyse rHAPOKCHIa amroMuHKs Beero Tpu OH
rpymu;, a ocrarka ¢ OH -rpynmamu Bosmoxuo msa: (AI(OH),))* u (AIOH)*, 1o u
ocroBHbIx coneii Oynet Beero ase: Al(OH),Br u AIOHBE,.

Hpumep 3. CocraBbTe YpaBHCHUSA peaKuHﬁ MCKAY COOTBCTCTBYHOIIMMU KHCJIOTAMHU U
OCHOBAHUSIMMU, MMPUBOAAIIHX K 06pa30BaH1/110 CJICOYHOIIUX COJIEH:

Ni(NO,),, NaHCO,, Fe,(SO,)..
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Pewenne. Hopmansuyto coms Ni(NO;), moxHO nomyuuts npu B3ammozeiicTuu
ocnosanust NI(OH), n asornoit kucnorsr HNO,:
Ni(OH), + HNO, — NiNO, + 2H,0.
Kucnyio comns, runpokapbonar narpus NaHCO,, nonyqaror neiictBuem yriexucnoro
ra3a Ha TUJIPOKCHJI HATPHS:

NaOH + CO, = NaHCO.,.

Cons Fe,(SO,), moxer GbITb cCHHTE3UPOBaHa, HAIPUMED, TaK:

2Fe(OH), + 3H,S0, = Fe,(SO,), + 6H,0.

Xumuueckue peaxkyuu uoym 00 KOHYA, eClu 8 pacmeope o0pa3yemcs o0caook, 2as,
Ccnadvlll  INeKMpoaUm Ul  KOMHWJIEKCHuIl UOoH. YPAaBHEHHS peakluid HWOHHOro oOMeHa
HEOOXOMMO MHCaTh B MOJIEKYJISIPHOM, MOJMHOM UM COKpauméHHOW HOHHOM ¢opmax. [Ipu
HalMCaHUM WOHHBIX YpaBHEHHUU (OpPMyJbl Ta3oB, OCAJAKOB U CIa0BIX 3JIEKTPOJMTOB CIEAYET
3aMMChIBaTh B BUJE MOJIEKYII.

Cymma OJHOMMEHHBIX HOHOB M DJIEKTPUUYECKHUX 3apsl0B B JIEBOM M NIPaBOM dHacTsIX

YpaBHEHHS JIOJDKHA OBITH OJMHAKOBA. B HacTOsIeM pasjelie pacCMaTPUBAIOTCS PEaKIAN
MOHHOTO OOMeEHa.

Ilpumep 4. Hanummte B MOJIEKYJISIpHON M MOHHOW (popMax ypaBHEHMsI peakUUi Mexay
CJIEAYIOIIMMH BEIIECTBAMMU:

1) Pb(NO,), u H,S; 2) BaCl, n Na,SO,; 3) Na,CO, n HCl;4) NaOH u H,SO,;
5) CH,COONa u HNO,;.

Pemenue. B monexkynsapHoMm Buje:
1) Pb(NO,), + H,S = PbS{ + 2HNO,; 2) BaCl, + Na,SO, = BaSO, { + 2NaCl;
3) Na,CO, + HCI = 2NaCl + CO, T + H,0; 4) NaOH + H,SO, = Na,S0, + 2H,0;
5) CH,COONa + HNO, = CH,COOH + NaNO,.

B nonnom Bune:

1) Pb® +2NO; + H,S =PbS{ +2H" + 2NO;;

2) Ba? +2CI" +2Na* + SO? = BaSO, 4 +2Na* + 2CI;

3)2Na* + CO% +2H*+2CI" =2Na* +2CI' + CO, T + H,0;

4) 2Na* +20H" +2H" +SO? =2Na* + SOZ + 2H,0;

5) CH,COO™ + Na* + H* + NO;, = CH,COOH + Na* + NO;.

N B cokpaménnoit popme:

1) Pb* + H,S=PbS{ +2H" ;2)Ba* + SO* =BaSO, ¥ ;

3) COZ +2H* =CO, T +H,0;4) OH +H" =H,0;

5) CH,COO" + H* = CH,COOH.

Ilpumep 5. T1o coxpall€HHBIM MOHHBIM YPaBHEHUSM HAIMUIIMTE TOJHBIE MOJIEKYJSpHbIE
ypaBHEHHUS:

1) OH +H' =H,0; 2) Cu® +S? = CuS{; 3) 2H* + CO? = H,CO,.
Pemenue. B neBoit yactu aTHX HOHHO-MOJICKYJIAPHBIX ypaBHeHPIfI YKa3aHbI CBO60£[HBIC

HOHBI, KOTOPBIC 06p8.3y[0TC}I npu aucconanu CHUJIIBHBIX 3JICKTPOJIUTOB. CHCI{OBaTeHBHO, npu
COCTaBJICHUU MOJICKYJISIPHBIX ypaBHCHI/Iﬁ CJICOYCT, II0JIb3YACH Ta6JII/II_IeI71 PacTBOPUMOCTH,
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BBIOMPATh CHIIBHBIC JIEKTPOJIUTBI, COJEPIKAIMe COOTBETCTBYIONMIA woH. Hanpumep, von H'

conepxutcs B coctase cuibHoro sekrpomura HCl,a OH ™ —8 NaOH. Torna:

1) HCI + NaOH = NaCl + H,O — monexynspuas popma;

H* +ClI"+Na" + OH =Na" + CI' + H,0 - nonnas wonmas ¢opma; u Torna
COKpaléHHas MIOHHas popMa OyneT UMETh 3aJaHHbII BUJ:
H* + OH = H,0.
CnenoBarenbHO, MOJIEKYISIPHOE YpaBHEHUE COCTaBJIEHO NpaBuibHO. OcraBlivecs IBa

YPAaBHEHUs COCTaBIAIOTCA 110 AHAJIOTMYHBIM NPHUHIMIIAM W  COOTBETCTBYIOIME UM
MOJIEKYJISIpHBIE (DOPMBI UMEIOT BH/I:

2) CuCl, + Na,S = CuS+{ + 2NaCl; 3) H,SO, + Na,CO, = H,CO, + Na,SO,.
Ipumep 1. Boranciure skBuBaneHTs! 1 dkBuBaneHtHoie Maccsl H,SO, n A1(OH), B

PCaKnuAX, BEIPAKCHHBIX YPABHCHUSAMM:

H,SO, + KOH = KHSO, + H,0 (1)
H,SO, + Mg=MgSO, +H, T 2)
AI(OH), + HC1 = A1(OH),C1 + H,0 (3)

AI(OH), + 3HNO, = AI(NO,), +3H,0.  (4)
PGHICHI/IG. 3KBI/IB3J'ICHT (BKBI/IBaﬂeHTHaH MaCC&) CJIOKHOT'O BCHIECTBA, KaK U 3KBHBAJICHT

(’KBHBaAJICHTHAsI Macca) IEeMEHTa, MOKET UMETh Pa3JIMYHbIC 3HAYEHUSI B 3aBUCUMOCTH OT TOTO,
B KaKyl0 peakiuio 0OMeHa BCTYyIaeT 3TO BEUIECTBO.

DreusaneHmuas macca KUuciomol paBHa €€ MOJBHOM Macce (M), ,I[CJICHHOI;'I Ha 4uCJIO

aTOMOB BOJIOPOJIa, 3aMEUIEHHBIX B JAHHOW pEaKIWM Ha METAUL. OK8UBALEHMHAS MACCa
OCHOB8AHUS PaBHA €ro0 MOJIBHOW Macce (M), JEICHHOW Ha YHCIO THAPOKCHUIBHBIX TPYIIII,

3aMCIIICHHBIX B I[ElHHOfI PE€aKIu KUCJIIOTHBIM OCTAaTKOM.

CnenoBarenbHo, sxkBuBaientnas macca H,SO, B peakunu (1): M(H,SO,)/1=
98 /Mo, a B peaxuuu (2): M(H,SO,)/2 = 49 r/mons. DxBuBanentnas macca Al(OH), B
peakIuu 3): M(AI(OH),)/1=782/ monv; , a B peakuuu (4):

M(AI(OH),)/3=262/ monw.

3ajauyy MOXHO pewnth M ApyruM crocobom. Tak kak omun wmoms H,SO,

B3auMoieiicTByeT ¢ oaHoii sxBuBanentHoit Maccoii KOH u nByms skBuBanentHbMuM Maccamu
MarHus, To ee >KBHBajJeHTHas Macca B peakimu (1) pasaa M/1 r/moms, a B peakuunm (2) —
M/2 r/mons; Al(OH), B3aumopeiicteyer ¢ ommoii skBuBanentHoi maccoii HCl u Tpems

sxeuBanentHbiMu Maccamu HNO,, nostomy ero skBuBanentnas macca B peakuuu (3) paBHa
M/1 r/mons, a B peakimu (4) — M/3 r/mons. Dxeusanenter H,SO, B peakimsax (1) u (2)

COOTBETCTBEHHO paBHbI 1 Moib u 1/2 monb; skuBanentst Al(OH), B ypaBnenusx (3) u (4)
COOTBETCTBEHHO paBHBI 1 MoJIb U 1/3 MOJIb.
Ipumep 2. B xaxoii macce Ca(OH), comepsutcst cTONBKO %€ SKBUBANEHTOB, CKOJBKO B

624 AI(OH),?
Pemenue. DxsuBanentnas macca Al(OH), pasma 1/3 ero monbHoit Maccel, T.e. 78/3 =
26 r/monb. Cnenosarensro, B 624 v AlI(OH), comepxurcas 624:26 = 24 oskeuBanenra.

Oxeusanentnas macca Ca(OH), pasna 1/2 ero monbHoit Maccsl, T.e. 37 r/mons. Otciona
24 sxeusanenta Ca(OH), umeror maccy 37,3-24 = 888 .
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IIpumep 3. Ha Boccranosnenue 7,09 r okcupa meramna (+2) tpebyerca 2,24 am®
BOJIOpOJia (HOpMaJlbHbIE yCIIOBMS). BplunMcinTe SKBUBAJIEHTHYIO Maccy Metaiia. YeMy paBHa
aTOMHas Macca Merasuia’?

Pemenne. MonbHBIH 00beM 000T0 Ta3za MpU HOPMAJbHBIX YCIOBUSX COCTABIISIET

22,4 nm®. Orcroma skBuBanenTHbIi 06beM Bonopoaa V,(H,), monexyna kotoporo cocromt
3 JIBYX aTOMOB BOJIOpOJa, paBeH 22,4/2 = 11,2 av°.
B COOTBETCTBUM C 3aKOHOM PKBUBAJIEHTOB COCTABIISAEM COOTHOIIECHHUE:
m(MeO) V(H,)
M,(MeO) V,(H,)
I[To/IcTaBUB COOTBETCTBYIONIME 3HAYEHUS U3 YCIOBHUS 3a1a4H, TIONYYAEM:

7,09 _M,(MeO). 1 meoy="99 11235 45 2/ wiome.
2,24~ 11,2 2,24

Jlanee, yuutsiBas, 4to dKkBuBaieHTHas macca okcuga M ,(MeO)cknansBaercs us

cymmsbl kBuBaneHTHbIX Mace Meramia (M, (Me)) u kucnopoma (M ,(0)=8 2/ monw),
HaaEM:
M,(Me)=M,(MeO)-M,(0)=35,45-8=27,45 2/ moxw.
AToMHas Macca MeTajuia COCTaBHT:
A(Me) =M, (Me)-V (Me)=27,45-2="54,92/ monw.

OtseT: 3TOT MeTamn — maprarer; Mn.

Ilpumep 4. N3 1,64 r HuTpata Metamia noaydeHo 1,36 r ero cynbdara. Berauciure
SKBHUBAJICHTHYIO Maccy MeTaslia.

Pemenue. [lpu pemenun 3agayu cieayeT UMETh B BUIY, YTO IKBUBANEHMHAS MACCA
XUMUYECKO20 COeOUuHeHUsl paBHA CyMMe SKBUBAJIEHTHBIX MacC COCTABJISIIOIINX €0 YacTeH.

B nmaHHOW peaknuu y4acTBYIOT COJIU: JIKGUBANEHMHAS MACCA COMU pPABHA CYMMe
IKBUBATIEHMHBIX MACC MEMALA U KUCTOMHO20 OCTAMKA.

[TosTomy: a) SKBUBaJEHTHAass Macca HHUTpaTa paBHA CyYMME OJKBUBAJCHTHBIX Macc
MeTajljia U HUTPaT-TPYIIIbI:

M, (Me(NGQ,).), e/ mono =M ,(Me) + M ,(NO; ) = M ,(Me) + 62;

0) SKBUBaJEHTHAs Macca cyabgama paBHA CYMME SKBHBAJCHTHBIX MacC MeTajlia U
cyibGhaTHON TPYIIIbL:

M,(Me,(SO,),), 2/ mone =M (Me) +M (SO;7) =
=M, (Me) +%M (SO;7) = Ma(l\/le)+%-96= M, (Me) +48.

YuuThIBas CKa3aHHOE, ITOJYyYUM:
m(Me(NO?,)X) _ m(Mex(SO4)y)
M,(Me(NO,),) M,(Me,(SO,),)’

uiau

164 136
M,(Me)+62 M (Me)+48
Omeem: M (Me) =20 2/ monw.

Bonpocel 1 3a1aHu4 1JI1 CAMOCTOATEIBHOI'0 PEIICHNS:
ba3oBb1ll ypoBeHb
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1. CocraBbre (HOpMyJIBl HOPMAIBHBIX M KHCIBIX coneil MpiubsikoBucroii H,ASO,; u

cepuoit H,SO, kucnor n maruus.
2. Mo:xHo I [IOJIy4YUTh pacTBop, coZiepaKaIlum OJHOBPEMEHHO

Ba(OH), u HCI? CaCl, u Na,CO,? NaCl n AgNO,? KCl u NaNO,?  Vraxure,

Kakre KOMOWHAIMHA HEBO3MOXKHBI U TIOYEMY.

3. CocraBbTe (POpPMYIBI OCHOBHBIX COJICH jKele3a M COJSHON KHCIIOTHI, aIFOMUHHS |
CEpPHOM KHUCJIOTBHI.

4. JloKaXWTe YpaBHCHHUSIMH pPEaKIUii aM(OIUTHOCTh CICIYIOIIUX COCAMHCHUMN:
Zn0O, Al,O,, Sn(OH),, Cr(OH)..

5. Hammmure xumuueckue QOpMynbl cilenyomux coniei: cynbpar wmeau (+2),
TUAPOCUIIMKAT HATPHsI, aleTaT Kaius, XJIOpUA AWTUApokcoxkene3a (+3), xkapOoHAT aMMOHUS,
muruapodocdat IUTUS, TETPAruapoKCOATIOMUHAT Kalusl. YKaKUTE TUIIbI IPUBEAEHHBIX COJIEH.

6. CocraBpTe MOJICKYISIpHBIC YPAaBHEHHS PEAKIU, KOTOPBIE BBIPAKAIOTCS CIIETYIOITIMHE
HMOHHO-MOJIEKYJIIPHBIMU YPaBHEHUSMU:

1) Zn*+H,S=2ZnS{ +2H"; 2) HCO,+ H" = CO, + H,0; 3) Ag* + CI'=AgCI .

7. Kaxne u3 semects: NaCl, NiSO,, Ba(OH),, NaHCO, - ssaumoneiicteyror ¢
pacTBOpPOM THAPOKCHUIA HanI/IH? Hamumure MOJICKYJIIPHBIE W HOHHO-MOJICKYJISIPHBIC
YPAaBHEHUSI COOTBETCTBYIOIIUX PEAKIIUH.

8. CocraBpTe MOJICKYJISIPHBIE ¥  HWOHHO-MOJICKYJSIPHBIC  YpaBHEHHUS  peaKIHid
B3aMMOJICHCTBHS B PACTBOPAX MEKY:

a) Na,PO, u CaCl,; 0) K,CO, u BaCl,; B) Zn(OH), u KOH.

9. CocraBbTe MOJICKYJIAPHBIE YPaBHEHUS PEaKIUid, KOTOPHIE BBIPAXKAIOTCS CICAYIONUMH
HOHHO-MOJICKYJISIPHBIMH YPAaBHCHHUAMMU:

1) Fe(OH),+ 3H*= Fe® + 3H,0; 2) Cd* + 20H" = Cd(OH), 4 ;
3) H*+ NO;, = HNO,.

10. CocraBbTe MOJEKYISpHbIE W HOHHO-MOJICKYJISPHBIE YpaBHEHMSI peakIuil
B3aUMO/ICHCTBUS MEXKLY:

1) FeCl, n KOH; 2) NiSO, u (NH,),S; 3) MgCO, n HNO,.
11. CocraBpTe MOJEKYISpHbIE YpPAaBHEHUS pPEAKIHH, KOTOPBHIE BBIPAKAIOTCS
CJIEYIOIIMMU HOHHO-MOJIEKYJIIPHBIMU YPAaBHEHUSAMU:

1) Mg* + CO? = MgCO, | ; 2) 2H" + Si0O2 =H,SiO, | ; 3) Pb* + 21" =Pbl, { .
12. CocTaBbTe MOJICKYJISAPHBIC u HOHHO-MOJICKYJIAPHBIC YPpaBHCHUA peaKI_lI/Iﬁ
BSaHMOﬂeﬁCTBHH B paCTBOpax MCKIAY:

1) CdS(xentsrit ocanox) u HC1;2) Cr(OH), n NaOH; 3) Ba(OH), u CoCl,.

13. CocraBpTe MOJNEKYISpHbIE YpPAaBHEHUS PEAKIHH, KOTOPBIE BBIPAKAIOTCS
CJIEYIOIIMMU HOHHO-MOJIEKYJIIPHBIMU YPABHEHUSAMU:

1) Cu* + 20H =Cu(OH), {; 2) Zn* +S* =2ZnSJ ; 3) Ca® + CO? =CaCO, .

14.  Bpbluuciure — SKBMBAJEHT M OSKBUBAJIEHTHYHO  Maccy  ¢ocdopHOii
kucnoret H,PO, B peakunsx obpaszosanus: a) ruapodocdara; 0)
murunpodocdara; B) pocdara.

15. Ilpu cropanun 10,00 r meramia o6pasyercs 18,88 r okcuna meramia. Onpenenure
HKBUBAJIECHTHYIO Maccy Metaiuia. Oter: 9,01 r/moib.

16. Omnpenenure HSKBUBAJICHTHBIE Macchl MeTtaia u cepHl,

ecau 3,24 r metanna obpasyior 3,48 r okcuaa u 3,72 r cynb puna.
17. Beruucnure KOJIMYECTBO BEIIECTBA HKBUBAJIECHTA U MOJISIPHYIO MacCcy SKBHUBAJICHTA

uurpara jguruapokcoxenesa FE(OH),NO, wu muruapoapcemara nurtus LiH,AsO, s
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pCaKnuAgX, BbIpa)KaCMbIX YPAaBHCHUAMU:
Fe(OH),NO, + 2HNO, = Fe(NO,), + 2H,0
LiH,AsO, + LiOH = Li,HAsO, + H,0.

IToBBIIIEHHBIN YPOBEHB

1. C xakuMH U3 TEPEUMCICHHBIX HWKE BEIIECTB MPOpPEarupyer a3zoTHas KHUCIIOTa:
N,O,, Al(OH),, CaO, HCI, K,S? Uso6pasure rpaguueckne popMyssl 3THX COEAMHEHHUIA.

Hanumure ypaBHEHUSI COOTBETCTBYIOLIMX PEAKLIMH.

2. CocraBbTe ypaBHEHHS peaKLUi B3aUMOJCHCTBYS CIEAYIOIINX COEIUHEHUI:

a) HUTpaT cepeOpa 1 HOAUJ Kaius; 0) OKCHUJI IMHKA U TUAPOKCU]] HATPHSL.

3. CocraBbTe (OPMYIIBI KHCIBIX KATMEBBIX coyiell opTo(HOoCHOpHOI KUCIOTHI, OCHOBHOU
LIMHKOBOM COJIM YrOJIbHOW KHCIIOThI, OCHOBHBIX QJIFOMUHUEBBIX COJIEH COJITHON KHCIIOTHI.

4. CocrtaBbTe€ MOJIEKYJISpHbIE ¥ HMOHHO-MOJIEKYJISIDHBIE ypaBHEHHUS  peaKlMi
B3aUMOJICCTBHS MEKTY:

1) H,SO, u Ba(OH),; 2) FeCl, u NH,OH; 3) CH,COONa u HCL.
5. YKaxuTe, B KAKUX U3 MPUBEIEHHBIX CITy4aeB B3aUMOACHCTBUE TTPOU3OUIET:

1) Sn(OH), + NaOH — ?; 2) Na,SO, + HCl —?;
3) BaCl, + Na,SO, —?; 4) Na,S + HCl — 2.

CocraBbTe MOJEKYISAPHbIE W HOHHO-MOJIEKYJISPHBIE YPaBHEHUS COOTBETCTBYIOIINX
peaKuum.

6. Uemy paBeH npu HOpPMaJIbHBIX YCIIOBUAX SKBHUBAJICHTHBIH
o6beM kucropona? Ha cxuranme 3 r meramna (+2) tpebyercs 1,38 mm® kucmopona (H.y.).
BeraucanuTh 3KBHBaAJICHTHYIO MacCy M MOJIBHYIO Maccy 3toro mertamia. Oteer: 12,15 r/moisb;
24,3 r/MOJIb.

7. DneMeHT oOpa3yeT psa ra3000pa3HBIX COCIMHEHUH, IUIOTHOCTH KOTOPBIX 10
Bojgopony 8, 15, 22, 29. ConepxxkaHue 3J€eMEHTa B JAHHBIX COCAMHEHHSX COOTBETCTBEHHO
pasHo 75,0; 80,0; 81,81 u 82,76 %. Onpenennure OTHOCUTEIIbHYIO aTOMHYIO MacCy U Ha3BaHUE
snementa. Otser: 12; C.

Cnucok JuTeparypbl, peKOMeHyeMblil K HCIIO0JIb30BAHUIO 110 JAHHOH Teme

OcHoBHas1 iuTEparypa:

1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. KopoBun. - 13-e u3a., nepepab. u gorm. - M.
: Akanemus, 2011. - 496 c. : un. - (bakanaBpuar). - Pek. MOuH P®. - Ilpun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. XuMus okpykaromiei cpeapl : XUMHUS KUBBIX opranu3mMoB. Kype nekiuii /
E. C. Muxanuna, A. JI. Ilereaun. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 3MeKTpOHHBIN // DNeKTpoHHO-O0nbnuoTeunas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum moctyna: mis
aBTOPH3UP. MOJIb30BaTeNEH

JlonoHUTe/ILHASI IUTEpPaTypa:

1. I'nunka, H. JI. O6mas xumus / H. I'. I'nuska ; [Tox pen. A. Y. Epmaxosa. - U3a. 30-e, ucnp. -
M. : Unterpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpenm. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XuMus MEeTalIoB : yueOHOe ocodue (A1 CTYACHTOB XMMHYECKOro (hakylibTera
HampaBJIeHUH O0akanaBpoB « XUMUD» U «XUMHUECKass TEXHOIOTHs») / cocTtaButenu O. A.
I'onoBanoBa. — Omck : Omckuil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552 ¢c. —

ISBN 978-5-7779-1875-8. — TekcT : aneKTpOHHBIH // DnekTpoHHO 6ubnuoreynas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pesxxum noctyna: mis
aBTOPH3UP. MOJIb30BaTENIEH
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HNuTepHeT-pecypcenl:
1 http://window.edu.ru/ — emuHOE OKHO IOCTYIa K 00pa30BaTeIbHBIM pecypcaM

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

3 http://catalog.ncstu.ru/ — ek TpOHHBIH KaTaIor acCOIMAIMU IICKTPOHHBIX OHOINOTEK
y4eOHbIX 3aBeieHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OtkpeiToe 0OpazoBaHue

Tema 2. CTpoenne aToma
IIpakTnuyeckoe 3aHsiTHe 2. JJIeKTPOHHBbIE GOPMYJIbI AaTOMOB

Heanb 3ansiTusi: 0000UIUTH 3HAHUS 00 AIIEKTPOHHOM CTPOEHHM aTOMOB XUMHUYECKHUX AJIEMEHTOB;
3aKpENUTh YMEHMSI M HaBBIKM COCTaBIEHHS JJIEKTPOHHBIX (QOpPMYyT aTOMOB XUMHYECKHX
AJIEMEHTOB, a TAaKXKe UX IpauuecKkux n300paxeHui.

3HaHus M yMeHUs, IpUoOpeTaeMble CTYJIEHTOM B pe3yJibTaTe 0CBOECHUSI TeMbIl
3HaTh: OCHOBBI CAMOOPTAaHHM3AIUHN U CAMOOOPa30BaAHMS;
3HaTh: CYyNIHOCTh U 3HAYECHUE MH(OPMAILIMU B Pa3BUTHH COBPEMEHHOI'O O0IIECTBA; OCHOBBI MONTYUECHUS
1 00paboTKK MH(OPMAIUK U3 Pa3IMUYHBIX HCTOYHHUKOB
3Harh: pabOTHI IO pacyeTy U MPOCKTUPOBAHUIO JACTAJICH U Y3JI0B MAITMHOCTPOUTEIIBHBIX
KOHCTPYKIIMI B COOTBETCTBUU C TEXHUYECKUMU 33JaHUSAMU U UCTIOJIBb30BAHUEM CTAHIAPTHBIX
CpPEACTB aBTOMATU3aLIMU IPOEKTUPOBAHUS
YMeThb: CaMOCTOSTEIBHO CTPOUTH IIPOIIECC OBafcHNUs HH(OpMAIIUEeh, 0TOOPaHHOM U
CTPYKTYPHPOBAHHOH ISl BBITOTHEHUS MPO(ECCHOHAIBHOM IS TeThHOCTH.
YMeTb: 1OIy9aTh U 00padaThIBATH HH(DOPMAITHIO U3 PA3IMIHBIX HCTOYHHUKOB
YMerb: TPUHUMATH y4acTHE B pabOTax Mo pacyeTy U MPOCKTUPOBAHUIO JICTAICH U Y3JI0B
MAIIMHOCTPOUTENIbHBIX KOHCTPYKIIMA B COOTBETCTBUU C TEXHUYECKUMU 3aJaHUSIMU U
UCIIOJIb30BAHUEM CTAHIAPTHBIX CPEICTB ABTOMATU3ALMU ITPOECKTUPOBAHUS

HaumenoBanue ¢GopMUpyeMBbIX KOMITETCHIIUNA

HNunexc DopMyIUpPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPIraHU3alliy U caMOOOpa30BaHUIO
OIIK-4 MMOHUMAaHHUEM CYIIHOCTH W 3HaY€HUS MH(POPMAIIUH B Pa3BUTHH

COBPEMEHHOTO 00I11eCTBa, CHOCOOHOCTHIO MOTY4YaTh U 00pabaThIBATh
UHGOPMAIIHIO U3 Pa3IUYHBIX HCTOYHHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATS,
CTPYKTYpUPOBATh U 0(OPMIIATH HHPOPMAIHIO B TOCTYITHOM JUISL JPYTHX
BUJIE

[1K-5 CHOCOOHOCTBIO MPUHUMATH y4acTHe B paboTax Mo pacuery u
IPOEKTUPOBAHUIO JIeTAJIEH U Y3JI0B MAIlIMHOCTPOUTEIHHBIX KOHCTPYKIIMIA B
COOTBETCTBUU C TEXHUUYECKUMHU 33JIaHUSAMH U UCTIOIb30BAHUEM
CTaHJIAPTHBIX CPEJICTB aBTOMATH3AIIMU POEKTUPOBAHUS

AKTYaJIbHOCTDb TeMbI:

[lepuomnueckuii 3akoH JI. M. MenneneeBa sABISETCI OCHOBOM COBPEMEHHOM XUMUH.
W3ydyeHne CcTpoeHHs aTOMOB BCKpPHIBaeT (DM3MUECKUN CMBICT TEPUOAMYECKOTO 3aKOHA U
OOBSCHSET 3aKOHOMEPHOCTH W3MEHEHUS CBOWCTB JJIEMEHTOB B TeEpHOJaX W B TPYIIax
MEPHOTUIECKON CUCTEMBI. 3HAHHE CTPOCHHSI aTOMOB SIBIISIETCS HEOOXOAMMBIM ISl TIOHUMaHUS
MPUYMH O0pa30BaHMsI XMMHUYECKOW CBSI3M, KOTOpas, B CBOIO O4YEpe/b, ONpEAeseT CBOWCTBA
BemecTB. [loaTOMy maHHBIN pa3fen SBISETCS OJHUM M3 BRXKHEUIINX Pa3IesoB 00Ield XUMHUH.
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https://openedu.ru/

[lepuoguueckast cucremMa 3JIEMEHTOB, pa3zpaboTaHHass BeJUKUM yu€HbiM  [I.M.
MeHzeneeBsIM, CyMMHUpPOBaJla BCE 3HAHUS 00 IEMEHTaxX, UX CTPOEHHH, MAcCax, COCTaBe sApa,
AIIEKTPOHHBIX 000JI0YEK, W SBISETCS CBOCOOpA3HOW IIMapraikoil MO Bcell HeopraHMYecKou
XUMHH.

Teopernueckast 4acTb

YceToiunMBO€ COCTOSIHME DJIEKTPOHA B aTOME OIIMCHIBACTCS 3HAYCHUSAMH 4YEThIPEX
XapaKTEpUCTUK — KBAHTOBBIX 4ucenx N, l, M, 1 m_.CocTosiHuE DIIEKTPOHA, OTBEYAIOIEE

ONPE/IEICHHBIM 3HAYEHUAM KBaHTOBBIX umucen N, | 1 m,, nasbiBaioT aTOMHOM 31MEeKTPOHHOM
opOUTaNbl0. DHEPreTHUECKUM MOIYPOBHSAM DJEKTPOHA B aTOME, OTBEYAIOIIUM DPa3IMYHBIM
3HAYeHHAM |, COOTBETCTBYIOT Cieytonue GYKBEHHbIE 0003HAYCHHS
MudpoBoe 0603HAUECHNE YHEPTETHUECKOTO MOAYpoBHS | 01 ]2 |3
BykBeHHOE 0603HaUEHNE YHEPTETHIECKOTO MOAypoBHs | S| P|d|f
I'paduuecku kaxkaas opouTanb 0003HA4aAETCSI CUMBOJIOM -KJIE€TKOM:

DJEKTPOHBI B aTOME PACIPEACISIOTCS COTJIACHO CICAYIOMMM IMPWHIMIAM: TPUHITUITY
[Taynu, npUHIANY HANMEHBIIEH YHEPTHU C JOTMOJHEHUSIMHU KIeYKOBCKOTO M MpPaBHIY
XyHpa.

CornmacHo mnpuHonumy Ilayam B aroMe HE MOXET OBITh JBYX DJJICKTPOHOB,
XapaKTePU3YIOMIUXCS OJMHAKOBBIM HAOOpPOM KBAaHTOBBIX dHCEN. V3 3TOro ciemyer, dToO
Kaxcoas amomMHasi 2J1eKMPOHHAS opoumans moxcem Oblmb 3aHaAmMa He Oonee yem 08YMs
INEKMPOHAMU.

Tl

MpUYEM pa3InvaThCsi OHU OYIYT TOJBKO CIIMHOBBIMHU KBAHTOBBIMH YHCIIAMHU.

[Topsimok 3amojHEHUs JJIEKTPOHAMU DJHEPreTUYEeCKUX YpOBHEH U MNOJYypOBHEH
onpeneasieTcss MPUHIUIIOM HauMEHbUIEH SHEPTUU: IJIEKTPOHBI B aTOME PacloJiaraloTcs
TakK, 4ToObl MX PHEprusi ObUTa HauMeHblIeH. [10CKOIbKY 3HEPIrUI0 AIEKTPOHA XapaKTEepU3YIOT Kak
[JIaBHOE 7, TaK M OpOWTaibHOE | KBAaHTOBBIC YKCIA, TO 3JIEKTPOHBI MPEXKIEC BCEr0 3aHUMAIOT
TIOJIOXKEHHE, COOTBETCTRYOIEee MUHUManbHOH cymme N+l — nepsoe dononnenue Kneuxoscrozo.
Ecmu cymma N+l onmmakoBa, To mekTpoHbI 3aHMMArOT OpOMTANB C MEHBIIMM 3HAuYeHHeM [ —
emopoe oononnenue Kneuxosckozo.

Pacmipenienienne >1MeKTPOHOB B SHEPreTHUECKOM TMOJYPOBHE OMPEIENAETCS MPABUIOM
XyHlla: YCTOWYMBOMY COCTOSIHHUIO aTOMa COOTBETCTBYET TaKO€ paclpejesieHHe JIEKTPOHOB B
MOAYpOBHE, IIPU KOTOPOM aOCOJIIOTHOE 3HAYEHHE CYMMApHOTO CHHMHa OyIeT MaKCHMabHBIM.
[ToaToMy pacmpeseneHre SJIEKTPOHOB B MOAYPOBHE MPOUCXOTUT B MAKCHMaJbHOM 4YHUCIE
opOuTanei u ¢ napayuienbHbBIMH CIIMHAMU:

Tax T WJIA TaK L1y ]
(+1/2+1/2+1/2) = 3/2 | (-1/2-1/2-112) | =312
HO HE TaK U ne Tak -
(+1/2-1/2+1/2)=1/2 (+1/2-1/2+1/2)=+1/2

HCO6XO,I[I/IMO HMCTH IIOHATHUC O KBAHTOBBIX 4YHUCIAX, TPCX YKa3aHHBIX IMPUHIMUIIAX H,
OnHrpadaCh HA HUX, YMCTb COCTABJIATH 3JICKTPOHHBIC (I)OpMyJ'ILI aTOMOB.

Bonpocsl 1 3agaHus
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Ilpumep 1. Kakoil moaypOBeHb 3aMOJHACTCS AJIEKTPOHAMH B aTOME IOCJE 3arOoJHEHUS
3p -noayposus?

Pewenue. 3P -noayposrio otseyaer cymma N+l | papmas 3 + 1 = 4. Tlocne 3anonnenus
3p -nozypoBHs Bo3MoxkHO 3amonnenne 30- umm 48 -noxyposus. IMojacunraem cymmy N+l B
oboux coydasx: 30 (3+2) =5, a 4S5 (4 + 0) = 4. B COOTBETCTBHH C TIEPBBIM JIOTIOJTHEHUEM
KII€4KOBCKOTO 3JIEKTPOH CTPEMHTCS 3aHATH MOJIOKeHHE Ha 4S-TomypoBHE, Tak Kak B 3TOM

ciygae cymma N+l Gyner nanmensmeii.

Ilpumep 2. CocraBbTe 3JCKTPOHHYIO (HOPMYIy aToMa KpEeMHUS U rpaduuecKylo cXemy
3aIOJHCHHS 3JICKTPOHAMH YPOBHEH W TOMYpOBHEH B HOPMAIbHOM M BO3OYKICHHOM €TO
COCTOSTHUSIX.

Pewenue.  Dnextponnas  ¢opmyna  aroMa  KPEeMHHS  WMEET  CIEIYIONIUi

B 15°25°2p°3s°3p?3d°. I'pauueckas cxema HeBO3OYHKICHHOrO aTOMa KPEMHHS HMEET
CHEAYIOUIUN BU:

14SI
n=3[11[1 |1 T T T
n=2 11 (10 |10 |14 d
n=111] P
S

BaneHTHBIME OpOUTATIIME 37IECH SBJISIFOTCSI OPOUTAIH TPETHETO BHEITHETO YJIEKTPOHHOTO
ypoBHs. B Bo36yxaenHoM coctostaun (SI*) mpu mornoniennn HEKOTOPOi SHEPTHH 3MEKTPOH C

3S-110TypOBHSI TIEpEiIET Ha CBOGOAHYIO 3 -OpOUTAID:

Si*  1s°2s°2p®3s'3p*3dP T | T | T | 1
n=3
n=2 o d
n=1 1l P
S

bazoBrlil ypoBeHB
1. Ctpykrypa BAJIEHTHOTO 3JIEKTPOHHOTO YPOBHS atoma
sJeMeHTa  BbIpakaercs  (QopMysioii: Q) 5s°5p”; 6) 3d°4s'. Onpenenure

MOPSAKOBBIN HOMEP M Ha3BaHHUE JIEMCHTA.

2. Hanuimute 3nmeKTpoHHbIE (POPMYIIBI aTOMOB 3JIEMEHTOB C MOPSIKOBRIMU HOMepamu 24
u 33. CocraBbre ux rpaduyeckue cxempl. K Kakomy 3JE€KTPOHHOMY CEMEHCTBY OTHOCHUTCS
KK U3 HUX U Touemy?

3. CocTaBbTe ANIEKTPOHHBIE POPMYIIBI ATOMOB JIEMEHTOB C MOPAIKOBBIM HOMEpOM 32 U
42. V mocHeIHEro OmMH DS -3meKkTpoH «mpopanmpaercsa» Ha 4d -noaypoBeHb. K kakomy
3NIEKTPOHHOMY CEMENCTBY OHM OTHOCSTCS?

4. Kakoif moaypoBeHb 3aloJHsIETCS B  aroMax TMoOcle  3aloJHEHUs
5P -noaypoBHA? MoCIE 3am0MHEHKS 5f -II0JTypPOBHSI?

S. 3anuimure DIIEKTPOHHBIE (hopMybl aTOMOB AJIEMEHTOB c
3apsagoM sapa 8; 13 u 18. CocTaBbTe 3JIEKTPOHHO-TpaUUECKUE CXEMBI.

6. Kaxkoe MAaKCHMaJIbHOE KOJINYECTBO JIIEKTPOHOB MOXKET
pacnonaraTtbcs B S-, p-, d- u f -moayposHax JAHHOTO YpOBHsA?

[Mouemy? HanucaTh 3J1€KTPOHHYIO CTPYKTYPY aToMa ¢ 3apsaom sapa Z = 22.
7. OneKTpoHHas CTpYKTypa aToma ONMCHIBAETCS bopmymoi

15%2s%2p°3s°3p°3d°4s”. Kaxoit 910 a1ement?
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8. CKONBbKO aTOMHBIX OpOHTAaJel CONEPKUT BTOPOH SHEPreTUYEeCKUil ypPOBEHb B
aTOMaxX XMMUYECKHX DIIEMEHTOB?

9. CKOJIBKO aTOMHBIX OpOHTANEH COACPKHUT TPETUH SHEPreTUIECKUN YPOBEHb B aTOMax
XUMHUYECKUX 3JIEMEHTOB?

10. CkonbKO aTOMHBIX OpOHTaNel COMCPKHUT TPETHH SHEPreTUYEeCKUl ypOBEHb aToMa
uuHka? [IpuBenure 37eKTPOHHYIO GOPMYIy aTOMa 3TOTO JIEMEHTA.

11. Ckonbko aTOMHBIX OpOUTaNEel COAEPIKUT IMSTHI SHEPreTUUECKUN YpOBEHb aroma
nanrtaHa? [IpuBenure 351eKTPOHHYIO (OPMYILy aTOMa 3TOrO IEMEHTA.

12. CxoJIbKO aTOMHBIX OpOHTAJICH COAECPIKUT MIECTON IHEPreTHUECKUI yPOBEHb aTromMa
uepus? [IpuBeanTe 371eKTPOHHYIO (POPMYITy aTOMa 3TOTO JIEMEHTA.

13. Tlo 3apsmy sapa aroma (Z=23) 3anummuTe 3JIEKTPOHHBIE KOH(MUTYpaAIUH
BAJICHTHBIX TMOTYpPOBHEH U, MCNONb3ys npaBuia KieukoBCKoro, ykaxuTe MOCIeA0BaTEIbHOCTh
UX 3ar0JIHEHUS.

IToBBIIIIEHHBIN YPOBEHB

1. Kaxkoe MaKCUMaJbHOE YHCIIO JJIEKTPOHOB MOJKET COJIEpKaTh
aToM B AIEKTPOHHOM YpOBHE c TJIaBHBIM KBaHTOBBIM YHCIIOM
N=5un=3?

2. CKOJBKO He CIapeHHBIX SIEKTPOHOB cojep:kaT HeBo3OyxaeHHele atomsl B, S, Cr?
CocTaBbTe UX 2JIEKTPOHHBIE U IPaUUECKUE CXEMBI.

3. Kakue u3 5JIEKTPOHHBIX Gopmya, OTpaXKAIOMIKX CTPOEHHE
HEBO30yKIEHHOTO aTOMa HEKOTOPOTO 3JIEMEHTA, HE BEPHBI:

1) 1s?25%2p°3st; 2) 1522522p®; 3) 1s22522p®3s23pe3d*

4) 15225°2p®3s?3p®4s? ; 5) 1s22522p°3s23d? ? [Touemy?

4. U3 npuBEeACHHBIX DJIEKTPOHHBIX KOHPHUTYpALIHIA:
lpz, 252, 2p’, 3d*, 3f”, 4p6, 5s®, 3d™ BriGepure Te, KOTOpBIE MPAKTHYECKH

CylIecTBOBaTh He MOTYT. OOBSACHUTE IPUUUHBI.
5. Ilo »nekTpoHHBIM KOH(MUTYpalMsIM HOHOB ONpeAeTauTe 3apsia sIep HX aTOMOB:

: 10 4.2 2
D%:..3d"4s%4p®; D% ...35*3p%3d%4s’.  Bammmmre  dmexrpommbie  popmymbI
aTOMOB M SJIEKTPOHHBIE CTPYKTYPBI UX BHEITHUX 000JI0YeK.

CHnucok JuTeparypbl, peKOMeHyeMblil K HCIIOJIb30BAHUIO 110 JAHHOH TeMe

OcHoBHas1 iuTEparypa:

1. Koposun, H. B. O6mas xumus : yaebnuk / H. B. KopoBus. - 13-e uzn., nepepab. u gorm. - M.
: Akanemus, 2011. - 496 c. : un. - (bakanaBpuar). - Pek. MOuH P®. - Ilpun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. XuMmus okpyxaromiei cpeapl : XUMHUS KUBBIX opranu3mMoB. Kypc nekiuii /
E. C. Muxanuna, A. JI. Ilereaun. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 31eKTpOHHBIN // DneKTpoHHO-0nbnuoTeunas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum moctyna: mis
aBTOPHU3HP. MOJIb30BaTENEH

JlonoHUTe/ILHASI IUTEpPaTypa:

1. I'nunka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tox pen. A. W. Epmakosa. - U3a. 30-e, ucnp. -
M. : Unterpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpenm. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XuMus METaIIoB : yueOHOe TocoOue (A1l CTYACHTOB XUMHYECKOTO (haKylIbTeTa
HampaBJIeHUH O6akanaBpoB « XUMU» U «XUMHUECKask TEXHOJIOTUs») / coctaButenn O. A.
I'onoBanoBa. — Omck : Omckuil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. —552 ¢c. —

ISBN 978-5-7779-1875-8. — TekcT : 3eKTpOHHBIH // DnekTpoHHO 6ubnuoreyHas cucrema [PR
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BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum nocryna: mis
aBTOPU3HUP. NOJIb30BATEIEH
HNuTepHeT-pecypceb:

1 http://window.edu.ru/ — emuHOE OKHO JOCTYyIa K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YuuBepcuterckas OHOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTaJIOT aCCOIHAIIMU AJICKTPOHHBIX OMOINOTEK

y4eOHbIX 3aBeieHuil u opranuzanuii CKOO
4 http://www.iprbookshop.ru — 3BC.

5 https://openedu.ru — OtkpeiToe 0OpazoBaHue

Tema 4. XUMHNYECKASA CBA3b
IIpakTnyeckoe 3ansatue 3. XUMHNUYeCKAS CBA3b
Hean 3aHATHS: PACIIUPUTD U YIITYOUTh 3HAHUS yUALIUXCS TI0 TEME «XUMHUYECKas CBSA3b»

3HaHUsA ¥ YMeHNsl, IpUoOpeTaeMbie CTYIEHTOM B pe3yJibTaTe 0CBOEHHUS TeMbl
3HaTh: OCHOBBI CAMOOPTaHHM3AIUHN U CAMOOOPa30BaAHMS;
3HaTh: CyHIIHOCTb U 3HAYCHHE I/IH(i)OpMaIII/II/I B pa3BUTUH COBPEMECHHOI'O OGH.[CCTBa; OCHOBBEI ITOJTYYCHU A
1 00paboTKK MH(OPMAIIUK U3 Pa3IMUYHBIX HCTOUHHUKOB
3Harh: pabOTHI IO pacyeTy U MPOCKTUPOBAHUIO ACTAJICH U Y3JI0B MAITMHOCTPOUTEIIBHBIX
KOHCTPYKIIMI B COOTBETCTBUU C TEXHUYECKUMU 33JaHUSAMU U UCTIOJIBb30BAHUEM CTaHIAPTHBIX
CpEJICTB aBTOMATU3alH ITPOEKTUPOBAHUS
YMeTh: CaMOCTOSATEIBHO CTPOUTH IIPOIIECC OBIacHHS HH(OpMAIIUEH, 0TOOPaHHOM U
CTPYKTYPHPOBAHHOH ISl BBITOTHEHUS MPO(ECCHOHAIBHOM IS TeThHOCTH.
YMeTb: TOIy4aTh U 00padaThIBATH HH(DOPMAITHIO U3 PA3INIHBIX HCTOYHHUKOB
YMerb: TPUHUMATH y4acTHE B pabOTax MO pacyeTy U MPOCKTUPOBAHUIO JIECTAICH U Y3JI0B
MAIIMHOCTPOUTENIBHBIX KOHCTPYKIIMA B COOTBETCTBUU C TEXHUYECKUMU 3aJaHUSIMU U
HCIIOJIb30BAHUEM CTAHIAPTHBIX CPEICTB ABTOMATU3ALMUA ITPOCKTUPOBAHUS

HaunmenoBanue ¢GopMUpyeMBbIX KOMITETCHIIUNA

HNunexc DopMyIHPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPIraHU3alliy U caMOOOpa30BaHUIO
OIIK-4 MMOHUMAaHHUEM CYIIHOCTH W 3HaYeHHUs MH(POPMAIIUK B Pa3BUTHH

COBPEMEHHOTO OOIIECTBAa, CIOCOOHOCTHIO MOTY4aTh U 00pabaThIBaTh
UHGOPMAITHIO U3 Pa3IUYHBIX HCTOYHHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATS,
CTPYKTYpUPOBATh U 0QOPMIIATH HH(POPMAIHIO B TOCTYITHOM JUISL APYTHX
BUJIE

IIK-5 CHOCOOHOCTBIO MPUHUMATH ydacTHe B paboTax Mo pacuery u
NPOEKTHUPOBAHUIO JCTANICH U Y3JIOB MAITUHOCTPOUTEIBHBIX KOHCTPYKIIU B
COOTBETCTBUU C TEXHUYECKUMHU 3a/IaHUSIMH U MCIIOJIb30BAaHUEM
CTaHJAPTHBIX CPEJCTB aBTOMATU3AIIUH ITPOCKTUPOBAHHS

CoBpeMeHHOE pa3BUTHE HAYKW M TEXHUKU IPUBEIO K PE3KOMY M3MEHEHHUIO PEIaeMbIX 3a7ad U
BBIIBUHYJIO HOBble TPeOOBaHUS KaK K BbICIIEMY OOpa30BaHUIO BOOOIIE, TaK M K HAYYHOW MOATOTOBKE
CTy/IeHTa B YaCTHOCTH. B Hacrosiiee BpeMs O0COOCHHOCTBIO CIIELHAINCTa CIEAYeT CUMUTaTh HAIWYHE Y
HEro TBOPYECKOIO MBIIUICHNUS, OJHUM M3 BAaXXHEHIIMX KAayeCTB KOTOPOIO SIBJISETCS CHCTEMHOCTb.
[TosTOMy pa3paboTKa CHCTEMHOrO IMOIXO/Aa K PacCMOTPEHHIO paszzaena "Xumuueckas CBs3p" B Kypce
XUMHH PEICTABIACTCS aKTyaIbHOMU.

Teopernyeckas 4acTb

Xumuueckas c643b — COBOKYNHOCMb CUN, OCUCEYIOWUX MedHCOy amomMamu U

00yCcnasIUBaOWUX YCmouuugocmsy OanHou cucmemsl. Pemaronryro poiib B 00pa3oBaHUM
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https://openedu.ru/

XUMHYECKON CBSI3U WUTPAIOT He CHapeHuvle (8aieHmHble) 21eKmpOHbl TPEABHEIIHETO WIIN
BHEIIIHETO 3HEPreTH4ecKuX YypoBHEH. CrapeHHble 3JE€KTPOHbI IPU BO30YKAECHUM CIIOCOOHBI
pacnapuBaTthCsi, 0OecrednBasi BO3MOXKHOCTh 00pa30BaHUsI OOJIBIIIETO YMCIa XUMHYCCKUX CBSI3CH.
BanenTtHocth, oOycioBlieHHas OONIMM YHUCIIOM, HMEIOIIUXCSA B aroMe HE CIapeHHBIX
AIIEKTPOHOB, HA3BIBACTCS CHUHBALEHMHOCMbIO. PeakiMoHHAs CHOCOOHOCTh XMMHYECKOH CBSI3H
OTIPE/ICIISICTCSl €€ KOAIUYEeCMBEHHbIMU XAPAKMEPUCMUKAMU, K YHCITY KOTOPBIX OTHOCSTCS:
ONUHA, 8ANEHMHBLU Y201 U dHEPIUSL.

Teoprst XUMHYECKOW CBS3M J1a€T BO3MOXKHOCTH OIMCATh PACHpENEICHHE SIEKTPOHHOU
IUIOTHOCTH B MOJIEKYJIE. XumuuecKkas cesa3b umeem mMecmo mam, 20e d1eKmpoHHAs NA0OMHOCMb
MedHcoy amomamu HauboabULas.

Jnst mpuOIMKEHHON OIEHKH 3JICKTPOHHOM IUIOTHOCTH MEXKIy arOMaMH CYIIECTBYET
JBA METOJA: Memoo MOAeKyIaApHulx opoumaneu (MO) u memoo eanenmuvix cesazeu (BC).
Pazmuaror cneayrone OCHOBHBIC THITBI XMMHUYECKOW CBSI3U: KOBALEHMHYI0, OCYIIECTBISIEMYIO
oOmield mapoil 3JEKTPOHOB; UOHHYIO, KaK PE3YNbTaT AJIEKTPOCTATHYECKOTO B3aWMOJCHCTBHS
Pa3HBIX MO 3apsAy MOHOB (MOHBI OOPa3yIOTCS 3a CYET IOJHOTO IEepexoja HEKOTOPHIX BHEIIHUX
SNIEKTPOHOB OHOTO aToMa K Jpyromy, Oojee 3JIEeKTPOOTPUIATEILHOMY), U MemaLiudecKyro.
JIOHOPHO-aKIENITOpHAst M BOJIOPOJIHASI CBSI3U PACCMaTPHBAIOTCS KaK Pa3HOBUIHOCTH KOBAJICHTHOM
CBSI3H.

Bonpocsl 1 3aganus
Ilpumep. Tlonp3ysch SJIEKTPOHHON CTPYKTYpOH aToMa KpeMHHUS B BO30YXIEHHOM
cocrosiHum (cM. pumep 2 B pasziene 3), o0bACHATE MexaHu3M oOpasoBanus monekynsl SiF, n

wona [SiF,]?.
Pewenne. AToM (TOpa HMEET BIEKTPOHHYIO CTPYKTYpy 15”25 2pP°:
n=2
n=1

R
P
T

S

Uerbipe HE CHApEHHBIX 3JEKTPOHA BO30YKIEHHOTO aTroMa KPEeMHHsI Y4acTBYIOT B
00pa3oBaHUM YETHIPEX KOBAJICHTHBIX CBS3€H C YeThIpbMS aToOMaMu (PTopa, MMEIOLIUMHU IO
OJIHOMY HE CIIApEHHOMY 3JIEKTPOHY:

F\Si/F
F-"  TNF

- 29e29n6
F -nonsl umeror anexrponnyio crpykrypy 1S°2S°2P° — Bce BaneHTHBIE 3JIEKTPOHBI B
HEM CITApEHBI:

nmo | T[T [

n=1 | 1l p
S

ba3oBb1il ypoBeHb
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1. YkaxuTe TUI XUMUYECKOU CBSI3U B MOJIEKYJax HZ, C|2 1 HCI. TIpusenure cxemy

o +
MEPCKPbIBAHUA 3JICKTPOHHBIX o0nakoB. Kakue THUIIBI XUMUYECKON CBS3U PCAIM3YIOTCA B NH4 -

none?

2. VYcraHoBuUTE  MPOCTPAHCTBCHHYKO  CTPYKTYPY  CIEAYIONIMX  MOJEKYI:
H.S, SiH, u PH,.

3. Kakyro XUMHYECKYIO CBS3b Ha3bIBAIOT BOJOPOIHON?
Mesxy MOJIEKYJIaMU KaKuX BEIIIECTB OHa obpasyercs? [Touemy
H,O u HF, uMest MECHBIITYIO MOJIEKYJISIPHYTO maccy, TUTaBSITCS u

KUIIAT Tpu 00Jiee BRICOKUX TEMIepaTypax, YeM UX aHaJloTH?

4. Kak meton BaneHTHbIX cBsizel (BC) oObsicHseT muHeliHOe cTpoeHne MoseKyiasl BeCl»
¥ TeTpasupudeckoe crpoerne monekyns: CH, ?

o. CkonpKO ~ HE  CHApeHHbIX  DJJEKTPOHOB  HMMeeT  aToM  Xjopa B
HOPMAJIbHOM M BO30Y)XKJIEHHOM COCTOSTHHSIX? UeMy paBHa BaJICHTHOCTH XJIOpAa B HOPMAaJIbHOM U
BO30YXJIeHHOM cocTosiHUsIX? [loyemy (TOop HE MpOSBISET BaJICHTHOCTh, PABHYIO CEMH, XOTS
ABJIICTCS AIEKTPOHHBIM aHAJIOIOM Xj10pa?

6. Kak meron MO 00BsicHSET TO, YTO B MOJICKYISIPHOM HOHe F,” 3HEpruu cBsi3u
(318 xJIx/moxnb) Gosbure, uem B Mouekyre F, (159 k[[x/mons)? Kakas ¢opma 3amucu

otpaxaer B Metone MO crpoenne F,” u F,?

[ToBBIIIIEHHBIN YPOBEHB
1. Onummre ¢ mo3ummii Meroda BaleHTHHIX cBsizedl (BC) snexTpoHHOE CTpoeHue

monexynst BH, unona [BH, ]
2. CpaBaure CIIOCOOBI 00pa3zoBaHus KOBQJICHTHBIX CBsI3eH B

monexymax CH,, NH, uuone NH}.

3. UYto Takoe O -CBSI3b u 7T -CBSI3b? Haiite 00BICHCHHE Ha
npumepe moekyn Cl,, N, u C,H,.

4. Kax metonq MO 00biACHSET, IOYEMY MOJIEKYIAPHBIA MOH Hep™ sHepreTHyecku
ycToiumB, Torjga Kak moisiekyna Hez He cymectByer? Kakas ¢opma 3amucu oTpaxaeT B

merone MO crpoenue Hep™? OOGnagaer nu uoH Hep™ napaMarHUTHBIMH CBOMCTBaMU?
[Touemy?

Cnmcok JIuTepaTypbl, peKOMEH/yeMblil K HCII0/Ib30BAHUIO 110 JAHHOW TeMe

OcHoBHast JinTeparypa:

1. Koposun, H. B. O6mas xumus : yaebnuk / H. B. KopoBuH. - 13-e uzn., nepepab. u gor. - M.
: Akanemus, 2011. - 496 c. : un. - (bakanaBpuar). - Pek. MOuH P®. - Ilpun.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. MuxanuHa, E. C. Xumus okpyxarouei cpespl : XUMUs )KUBbIX opraHusmMoB. Kypc nexiuii /
E. C. Muxanuna, A. JI. Ilerenun. — M. : U3marensckuii JJom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TexKcT : 31NeKTPOHHBIH // DneKTpoHHO-0nbaoTeuHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum moctyna: mis
aBTOPHU3HP. MOJIb30BaTENEH

JlonoHUTe/ILHASI IUTEpPaTypa:

1. I'nunka, H. JI. O6mas xumust / H. I'. I'nmunka ; [Tox pen. A. Y. Epmaxosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. yka3s.: c. 706. - ISBN 5-
89602-017-1

2. XuMus METaIIoB : yueOHOe TocoOue (A1l CTYACHTOB XHMHYECKOTO (haKylIbTeTa
HampaBJIeHUH 0akanaBpoB « XUMUD» U «XUMHUECKask TEXHOIOTHs») / cocTtaButenu O. A.
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I'onoBanoBa. — Owmck : Omckuil rocyaapcTBeHHbI yHUBepcuTeT M. @.M. JlocToeBckoro,
2015. — 552 ¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DnekTpoHHO 6ubnuoreunas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
aBTOPU3HUP. NOJIb30BATEIEH
HNuTepHeT-pecypcebl:

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

2 http://biblioclub.ru/ — 3BC «YuuBepcuTerckas OHOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — ek TpOHHBII KaTaaor acCOIMAIMH MICKTPOHHBIX OHMOIHOTEK
y4eOHbIX 3aBeieHuil u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OtkpbiToe 0OpazoBaHue

Tema 5. O01Iue 3aKOHOMEPHOCTH MPOTEKAHUS XMMHYECKHX IPOIECCOB.
HpaKTI/I‘IeCKOC 3anaTue 4. XumMmnueckas TEPpMOJIUHAMHUKA. 3HepreTm<a XUMHYECKHUX
npoueccoB. HanpaBjieHHOCTH XUMHYECKHUX NPOLIECCOB
Meap 3aHATHSA: BBeCTH TEPBbI 3aKOH TEPMOJMHAMHKM KaK 3aKOH COXPAaHEHHS JHEPTruH
TEPMOJIMHAMUYECKON CHCTEMBI, PACKPBITH ero ru3ndeckoe cojiepKanue Py paCCMOTPEHHH KOHKPETHBIX
MPOIIECCOB, TPOJODKUTh (OPMHPOBAHUE YMEHHWH OIKCHIBATH TEIUIOBBIE IPOIECCHl (DUBNYECKUMH
BEJIMYMHAMU U 3aKOHAMU;

3HaHuMs M YMEeHHUSs, IPUOOpeTaeMble CTYJIEHTOM B pe3yJibTaTe 0CBOEHUSI TeMbl
3HaTb: OCHOBBI CAMOOPTAaHU3AIIMH M CAMOOOPA30BAHHS;
3HaTh: CYIHOCTH W 3HaYCHHE HH(OpPMAIINU B Pa3BUTHH COBPEMEHHOT'O OOIIECTBA; OCHOBBI MOJTYICHMSI
1 06paboTKn HHGOPMAITUN U3 PA3TUIHBIX HCTOYHUKOB
3Hare: pabOTHI IO pacyeTy U MPOCKTUPOBAHUIO ACTANICH 1 Y3JI0B MAITMHOCTPOUTEIIBHBIX
KOHCTPYKIIMW B COOTBETCTBUU C TEXHUYECKUMU 33JaHUSMH U UCTIOJIb30BAHUEM CTAHIAPTHBIX
CpPEICTB aBTOMATU3ALUU IPOEKTUPOBAHUSL
YMeTb: caMOCTOSITEIBHO CTPOUTH MPOIIECC OBJIAICHUS HHPOpMaIeH, 0TOOpaHHON 1
CTPYKTYPHPOBAHHOH /ISl BBITOTHEHUS MTPO(ECCHOHANBHOM eI TeThHOCTH.
YMerb: TOTyYaTh U 00pabaThBATh HH(POPMAITHIO U3 PA3INIHBIX UCTOYHHKOB
YMerb: TPUHUMATh y4acTUE B pab0Tax Mo pacyeTy U MPOCKTUPOBAHUIO JETAICH U Y3JI0B
MAIIMHOCTPOUTEIIbHBIX KOHCTPYKIMA B COOTBETCTBUU C TEXHUYECKUMU 3aJaHUSIMU U
HCIIOJIb30BAHUEM CTAHIAPTHBIX CPEICTB ABTOMATU3ALMU ITPOCKTUPOBAHUS

HaumenoBanue (opmupyeMbIx KOMIETEHIIUI

WNuneke DopMyIHUpPOBKA:
OK-7 CIOCOOHOCTBIO K CaMOOPraHU3aliy U caMooOpa30BaHHIO
OIIK-4 NOHMMAaHHUEM CYIIHOCTU U 3HAUYCHUS UH(OPMAIIUU B Pa3BUTHH

COBPEMEHHOTO 00111eCTBa, CHOCOOHOCTHIO MOTY4YaTh U 00pabaThIBATh
UHGOPMAITUIO U3 PA3IMYHBIX HICTOYHUKOB, TOTOBHOCTBbIO MHTEPIIPETUPOBATD,
CTPYKTYpPUPOBATh U 0POPMIISITh HH(DOPMALIMIO B JOCTYITHOM JUIS IPYTUX
BUJIE

[K-5 COCcOOHOCThIO MPUHUMATH YJ4acTHe B paboTax Mo pacyery u
IIPOEKTUPOBAHMIO JIETAJIEN U Y3JI0B MAIIMHOCTPOUTEIbHBIX KOHCTPYKIIUN B
COOTBETCTBUU C TEXHUYECKUMH 3aIlaHUSIMHU U HCIIOJIb30BAHUEM
CTaHJAPTHBIX CPEJICTB aBTOMATU3ALIMH NPOEKTUPOBAHHMS

AKTyaJ'ILHOCTL pa6OTLI. CuHTE3 HOBBIX CO€IUHEHUHN U HN3y4CHHUC HCU3BCCTHLIX pPAHECC
(1)I/I3I/IKO-XI/IMI/IHCCKI/IX CBOICTB SBIISETCS AKTYAJIbHBIM U C TOYKH 3PCHUMA XHMHUYECKOH HAayKHu
nUMECT (pyHI[aMeHTaJ'IBHBIfI XapakTep. C MOMEHTa BO3HUKHOBEHHS XUMHUUECCKOM TCPMOJAUHAMUKHU
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OJHOM W3 BAKHEWIIMX 3aJa4 OTOM HAyKu SABJICTCS  OIPEIEICHUE  CTaHJApPTHBIX
TEPMOJMHAMHYECKUX (DYHKIMI WHAWBUIYalbHBIX BeHIECTB. Takue [aHHbIE HEOOXOIUMBI
IIpEX€E BCEro, Ul pacuyeTa paBHOBECHM XMMUUYECKUX PEAKLUN IIPU Pa3JIMYHbIX TEMIIEpaTypax u
nasneHud. [Ipu 3ToM TUMHTHPYIOIIUM (DaKTOPOM B TaKUX pacyueTax sBJISETCS, KaK MPaBHIIO,
OTHOCHUTEJIbHO HU3Kasi TOYHOCTb B OIPEIEIECHUU SHTAJIBIINY XUMHUYECKONH peakluu, KOoTopas
BBIYMCIISIETCS KaK ajreOpavueckas cymma >HTajibInii 00pa3oBaHUs peareHToB. B m3MepeHusx
SHTPOIHUU JIOMYCTHUMBI OOJIBIIME MOTPEUTHOCTH, OCOOCHHO, €CIM PedYb HAET O PEaAKIHAX C
Y4aCTHEM KOHJEHCUPOBAHHBIX BELIECTB. B 3TOM OTHOIIEHMH OIPENEIICHUE CTAHIAPTHBIX
SHTAJIBIUNA 00pa3oBaHUS M AOCOIIOTHBIX SHTPONUN HHIAMBHAYAJIbHBIX BELIECTB SBISAETCS
HEOO0XOIMMOM U aKTyaJIbHOW 3a/1aueil XMMUYECKOW HAyKH U TEXHOJIOTHH.
Teopernyeckas 4acTb

Hayka o0 B3auMMHBIX NpPEBPAIICHUAX PA3IMYHBIX BHUAOB DSHEPIHMHM HAa3bIBACTCS
MepMOOUHAMUKOI.

[Ipn XUMHYECKMX peakUUsX MPOUCXOAAT TIyOOKHE KadeCTBEHHbIE M3MEHEHMs B
CUCTEME: DPBYTCS CBSI3M B HCXOJHBIX BEIIECTBAaX M BO3HMKAIOT HOBBIE CBSI3M B KOHEUYHBIX
MPOJyKTaX. OTH HW3MEHEHHE COMPOBOXKIAIOTCS MOIJIONIEHUEM WJIM BBIJIEJICHUEM SHEpruu
OOBIYHO B BU/IE€ TEIUIOTHI.

Paznen TepMoaMHAMUKH, H3YyYarolIMi TemjaoBble A(PPEKTbl XUMHUYECKUX PpEaKLui,
HA3bIBACTCS MepMOXUMUEL.

[pu mo6GOM TIpollecce BBIMOJIHAETCS 3aKOH coxpaHeHus sHeprun. Tentoma Q,

noznowennas cucmemoti, udem na usmenenue eé enympenneii snepeuu AU u na cosepuenue
pabomor A

Q =AU+A. w

BuyTpeHHss sHEprust XapakTepu3yeT CKPBITYIO B BEHIECTBE SHEPTUIO (KUHETUYECKYIO U
MOTEHIMATIBHYIO), KOTOpasi BBICBOOOXKAaeTCsl MU (PU3HUECKUX U XMMHYECKHUX poleccax.

Tennogvim 2¢hghexkmom  peaxyuu Hazvleaemcs KOJIUYECMBO  BblOCNIEHHO20 UMl
noenowjenHo2o menia. CTaHAapTHBINA TEIIOBOM 3(h(PeKT COOTBETCTBYET CTaHAAPTHBIM YCIOBUAM
npoBeaeHuss peakmuid: T = 298,15 K, P = 101,3 «lla. Tennosou s¢ghghexm peaxyuu,
npomexaioujeli npu NOCMOSHHOM 0Obeme cucmemyl, pageH USMEHEeHUI0 BHYMPEHHeU IHEPLULL:

Q, = AU. @2

BoJIBIIMHCTBO XMMUYECKUX PEAKLIUI MPOTEKAET NPU IOCTOSHHOM JIaBIICHUHU. 1ennosou
aghghexm xumuueckol peaxkyuu, npomexaoujel Npu NOCMOAHHOM OABIEHUU, PABEH USMEHEHUIO
OHMANLNUU.

QP = AH. 4.3)
DHTAJBIUA paBHA CYMME BHYTPEHHEH SHEPTUHU U pabOThI PaCIIUPEHUSL:
H=U+pV.
U+p 4.3)

[loatoMy osumanvnuio onpedensiom Kak OSHepeUi0 pACUWUPEHHOU CUCHeMbl, €e
TEII0COAEP KaHHE.

Peakuun, KOTOpbIE  CONPOBOKIAIOTCS  BBIACICHMEM  TEIIOTBHI,  HA3bIBAIOTCS
skzomepmuyeckumu. Ilpu HMX NPOTEKaHUM TEIUIOCOJIEPKAHUE CHCTEMBl YMEHBIIAETCS
(AH < 0). Ipu npoTekanuy e SHAOTEPMUUYECKUX PEAKIUH, HIYIIUX C TOTIOIEHHEM Terla,

Teroconepxkanue yperuunpaerca (AH > 0).

B 3aBucuMmocTtu OT XapakKTepa IMMPOUCXOAAIICTO Ipolecca pa3jindaroT TCIIOThI
O6pa3OBaHI/I$I, CropaHusi, paCTBOpPCHHUA U T.H. Ilonste o TemIoTe 06pa30BaHI/I}I BCIICCTBA
SIBISICTCS OQHUM U3 BaXKHEUIIIHUX B TCPMOXHUMUHU.
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Tennomoii  obpaszosanus (AHo6pa&) Hasvleaom meniosol 3¢pgexm peaxyuu

06pa306anUs 0OOHO20 MOb CIOHCHO20 6EUeCMEa U3 NPOCMbIX, YCMOUMUEHIX NPU CIAHOAPIHBIX
yenosusix (T =298,15 K; P =101,3 k[la). Temnorsl 06pazoBaHus HEKOTOPHIX BEIIECTB

npuBeneHsl B Tabaune 6.1. OOparuTe BHUMAaHUE HA TO, YTO MeENI0mbl 00PA308aHUS NPOCTIbIX
gewecmea, yCTOWUUBBIX IIPU CTAHAAPTHBIX YCIOBUSX, NPUHAMbBI PAGHLIMU HYIIO.

Tennoeoii s¢pghexm xumuueckou peakyuu 3a6ucum om HPUpoosbl U QGU3ULECKO20
COCMOAHUS UCXOOHBIX 8eUjecme U NPOOYKMO8 peakyuu U He 3a6UcUm om nymu e€ npoeeoeHus.
TemoBbie 3((eKThl 3aBUCAT OT CTPOCHHS PEArupyOUIUX MOJIEKYN, MO3TOMY TEOPETUYECKU
paccuuTaTh HMX HEBO3MOXHO. 3akoH ['‘ecca moO3BoJIIE€T Ha OCHOBAHHWU OTPAHUYEHHOIO
KOJIMYECTBA ONBITHBIX JAaHHBIX MO TEIUIOTaM OOpa30BaHUS BBIYUCIATH TEIUIOBBIE S(PQEKTHI
00JIBIIOro YKCia peakui.

OCHOBHBIM 3aKOHOM TEPMOXUMUU SBISETCS 3akoH [ecca, B OCHOBE KOTOPOIO JIEKHUT
3aKOH COXpaHEHMsI SHEPTUu:

Tabauya 4.1 — Tennomul 06pazo6anus HEKOMOPLIX BeUieCme

Bewecmso AH06pa3' . kic/mons Bewecmeo AHo6pa3. ’

Ko/ mono
ALO, (1) -1675 H,0(r) 242
Al (SO,),(1) ~3434 H,S(r) 20
CH,(r) ~75 MgO(1) —601
C,H, () 85 Mg(NO,), (1) 790
C,H, (x) 49 NO, (r) 33
Co(r) ~110 NaHCO,(t) -914
CO,(r) 393 Na,CO,(r) -1129
COS(r) 137 Na,S(r) 372
HCI(r) 92 Na,SO,(r) —1090
HNO, () 173 Na,SO, (1) —1388
CuO(1) 165 POCI, (x) —597
Cu(NO,), (1) 307 PCl(r) 369
H,0(x) ~286 SO,(r) —297

B cootBerctBum ¢ 3akoHoM ['ecca: mennosoti a¢ppexm psioa nocredosamenbHbIX
peaxkyuil pageH meniogomy sggexmy O0pyeo2o pada Nnocied08amenbHblX peakyull, eciu
UCXOOHblEe geujecmaa U npooyKmuvl npeepaujerull 00uHakosvli. Ha 0CHOBaHMH 3TOTO TMOJX0/a C
TEPMOXUMHUYECKUMHU YPABHCHUSIMU MOXKHO OIIEPUPOBATH TaK K€, KaK U C aireOpanyecKHMH.
Tepmoxumuueckumu HA3bIBAIOMCL XUMUYECKUE VPABHEHUs, 6 KOMOPBIX YKA3AHbL MEeniosble
aghghexmul peaxyuil.

N3BecTHO, 9TO B HEM3OJIUPOBAHHBIX CUCTEMAaX MPHU OTCYTCTBUU BHEIIHUX BO3ACHCTBUI
CaMOTPOU3BOJIEHO MPOUCXOIAT IKZOTEPMUUYECKUE PEAKIIUN (AH< 0). OcoGeHHOCTbIO
XMUMHYECKUX TPEBpAIICHUN SBISETCS y4yacTHE B HHUX OONbIIOro yucia yactui. Jlis Takux
cucTeM HamOoyee BEPOATHO COCTOSHHE OecropsaKa, XapaKTepusyemMoe JSHTpomuei S.

H3menenue SHTPOIINHU MPU XUMHUYCCKUX PCAKIHUAX PACCUUTBIBACTCA HA OCHOBAHUU CIICACTBUA U3
3akoHa I'ecca. KadecTBeHHO 3HAaK HM3MCHCHHS OHTPOIIMKU MOXKHO OICHUTHL, COIIOCTAaBUB
KOJIHNYCCTBO Fa3006pa3HLIX BCIICCTB 10 U MOCJIC PCAKIIUU.

Bonpocsl 1 3agaHus
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Ilpumep 1. BpluncauTh CTAaHAAPTHYIO TEILIOTY 0Opa3oBaHMs okcuzaa xenesa (+3) 1o

CJICAYIOIIUM TCPMOXUMUUYCCKUM YPABHCHUAM:
1) 2Fe,,, +O,,, = 2Fe0,,; AH, = -532 kIx;

(1)?
2) 4FeQ,, + O, = 2Fe,0,,,; AH, = -584 k]lx.

2(r)
Pewenue. 3anuuemM TepMOXUMHYECKOe ypaBHeHne obpaszoanus F€,0, u3 mpoctsix

BCIICCTB:
3) 2Fe,, +1,50,,, = Fe,0,,,; AH, = ?x/Jc.

Jliig Toro uToOBI U3 IBYX JAHHBIX YPaBHEHUH MOJIyYUTh UCKOMOE 3), HY’)KHO ypaBHEHHE

2) pa3menuTh Ha JBa W CIOXKHUTH ¢ ypaBHeHueM 1). Takue >xe anreOpanyeckue NeHCTBUS

IIPOBEZEM C TEIIOBBIMU (P PEKTaMu JaHHBIX PEAKLIMN U MOTYYUM UCKOMYIO BETUUUHY AHX‘p':
2Fe,, + 1,50, =Fe,0,,; AH, , =0,5-(-584) - 532 = -824 KJlx/Mons.

g pacuera TemnoBbIX 3()()EKTOB XMMHUECKUX pEaKUUi 4acTO MCIOJB3YIOT MEpBOE
clIeICTBUE U3 3aKoHa ['ecca:
Tennoeoti 3¢ppexm Xxumuueckolr peakyuu pageH cymme meniom o00pa308aHus

I’lpOdyKWLOG peaxkyuu 3a 6bluemom CyMmobl menjiom O5pa3060HMﬂ UCXOOHBIX eeujecms.

AIi}c.p. = ZAHlfoéf B ZAHSZJ (44)

Ilpumep 2. Paccumraiite TermaoBoi 3¢¢EeKT peakuuu TOPEHUsS dTaHa HCXOAS U3
CTaHJIAPTHBIX TEIUIOT oOpa3oBaHus. Kakoe KOJIMYECTBO TETUIOTHI BBIJCIUTCS WU MOTJIOTUTCA,

eciu: a) cropaet 90 r sTaHa; 6) o6pasopanock 89,6 m°
CO, (n.y.).
Pewenue. 3anuiieM TepMOXUMUYECKOE ypaBHEHUE PEAKLIUU TOPEHUsSI dTaHa B pacyere
Ha | MoJIb:
C,H

+3,50,, — 2C0,, +3H,0,,; AH,, = ? kL.

6(r) 2(r) (x)>

PaccumnTtaem ternoBoit 3(1)(1)6KT pC€aKuu 110 ICpBOMY CICACTBUIO U3 3aKOHA I'ecca:
_ o0p. obp. oop.
AH, , = BAHH20 + ZAHCO2 AHCZH6 :
oop. __
Al iOz = 0, TaK KaK 3TO IIPOCTOC BEUICCTBO.

IloacraBuM 3HaYEHUS TETJIOT 06p830BaHI/I$I n3 Ta6J'II/II_U>I 6.1:

AH, , = 3(-286) + 2:(-393) + 85 = -1559 kJlx/Mob.

ITockonbky AHX.p' <0, peakuus 5K30TepMHUUECKas.
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Ilo ypasHenuto peakuuu cropaer 1 moms C,H,, t.e. 30 r. Ilo ycmoBuro 3agaqu B

peaxtuio Berymuio 90 r C,H, uro cocrasmser:

M, 90
M 30 2/ monw

CoHg

n(C,H,) = =3 moib .

Torma koaM4ecTBO TerIa, BRIJCIICHHOTO MpH cropanuu 90 T Tana, Oyaer:
Q=nAH, =3 - (-1559) =-4677 K/lx.
[lo ypaBHEHHIO PeakLMy U3 OXHOTO MOJb dTaHa obpasyercs 2 mois CO,. Hanmomunm,

YTO MOJIb Ta3a, TIPH H.Y., 3aHUMaeT oobeM 22,4 mv®. Tlo yenosuio 3anaun 06pazoBanock 89,6 am°

CO,, uro cocrasusier:

KommuectBo Teruta, BeIIENsAEMOE TIPH 3TOM, PAaBHO:
Q=nAH,, =4-(-1559) = - 6236 KJIx.

TemoBoit a3hpexT Xxumudeckoil peakliuu MOKHO TaK)K€ BBIYMCIUTH, HCIOJB3YSI BTOPOE
cleCTBUE U3 3aKoHa ['ecca:
Tennosotl 2¢hghexm xumuueckou peakyuu paseH cymme meniom C2OpaHus UCXOOHLIX

eeuiecnis 3a 6bl4enmom CYyMmbl meniom CcOpaHusl KOHEeYHblX 6eecmse.

AH,, =Y AHZ" = AHZS (4.5)

~ ceop. o
Tennomoii ceopanusa eewecmea AH“”" nasvisaemca mennoeoii s¢pgpexm peaxyuu

OKUCTIeHUs 0OHO20 MOJb BeWeCcmed KUCIOPOOOM C 00pa308aHuemM GulCUUX (VCMOUYUBHIX)

oxcudos. JIns OpraHUYecKuX COEAWHEHUU TEIUIOTOW CrOpaHusi Ha3bIBaeTcs TEIUIOBOM 3(PQexT

PEaKIMK TIOJIHOrO Cropanus 1 MOJb JaHHOTO OpraHn4eckoro Beuiectsa ¢ oopasosannem CO, u
H,O . Craunaprusie Temnots! cropanus npuseaeHsl B Tabnuue 6.2. O6parute BHUMaHKE Ha TO,

yTo TernoTsl cropanus Beicumx okenaos (CO, u H,0O) pasusl mymo.
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Ilpumep 3. PaccuuTtaiite TemiaoBoi 3pQeKT peakuuu 3Tepu(pUKanuu UCXOIS U3 CTaHAAPTHBIX

Tabnuya 4.2 — Cmanoapmuule SHMAIGRUU C2OPAHUS HEKOMOPBIX COeOUHeHUll TETUIOT CTOPaHUsL.

Bewecmeo AH “" T/ monw Bewecmeo AH <", xIoic/mons
CO -283 CH,COOH -874
CH, -890 CH,COOC,H, -2254
C,H, -1300 C,H,COOH -1370
C,H, -1560 H, -286
C,H.OH -1367 NH, -383

N,O -69

KaKOG KOJIMYECTBO TCIIJIOTHI BBIACIIMTCSA HJIM IIOTJIOTHUTCA, €CIIU B peaKumo BCTyrII/IJ'IO 138 T
sraHoia?

Pewenue. 3anmuirem TEPMOXUMHYCCKOC YPABHCHUEC PCAKIINH:

C,H,OH,,, + CH,COOH,,, =="2=> CH,COOC,H

) 5o T H,O AH = ? xkJIx.

(x)?

TemoBoii 3¢ ekt xuMHUEeCKON peakIi pacCUUTaeM 0 BTOPOMY CIIEJCTBUIO U3

3axkoHa ['ecca:

ceop ceop ceop
AH, , =AH: 7 oy +AH, —AH,

CHLCOOH CHACOOC,H,

AH ;f:g = (), TaK KaK BOJIA — ITO BBICIINIT OKCHI.

I[ToaCTaBUM YHCIICHHBIEC 3HAYCHHUS TEIUIOT CTOPAHHS U3 TAOIMHIIBI 6.2
AH, , = -1367 - 874 + 2254 = 13 x/Dx/morb,

tak kak AH e 0, peaxius sHIOTEpMUYECKAs.

[o ypasuenuto peakuun pearupyer 1 moms C,H.OH. Tlo ycnosuio 3amaun B
peakuuto Berynmiio 138 1 C,H,OH , uro cocrasnser:

mC2H5OH . 138 2
M uon 462/ Mo

n= =3 monwn.

Torma KoIM4ecTBO TCILIA, IIOTJIOIECHHOTI'O B JTAaHHOU peaKkuuu:
Q=nAH,  =3-13 =39 x/Ix.

CJ'Ie,Z[CTBI/ISI u3 3akoHa I'ecca MNPUMCHSAIOTCA TAKKC IIPpU TCPMOXUMHUUYCCKUX pacyuCTax
UL OMPEACIICHUSA TCIUIOT 06p8.30BaHI/I$I WM CTOpaHuA HUCXOJHBIX BCHICCTB HIU IMPOAYKTOB

pCaKkIuu.
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Ilpumep 4. Beluucinute CTaHIAPTHYIO TEIUIOTY oOpa3oBaHus OCH30J7a Ha OCHOBAaHUU

TCPMOXUMHUYCCKOTI'O YPaBHCHUA PCAKIIUU €CTO CrOpaHusi:

CeHygy +7,50,,, = 6CO,, +3H,0,,; AH,, =-3133 xJbx/Mmoms.

2(r) 2(r)

Pewenue. I1o nepBomy cneactsuro u3 3akona ['ecca:

— oop. 06p. obp.
AH, , =3AH:: + BAHZL — AH,

Cols
AH " = :
0, — 0, TaK KaK 3TO MPOCTOE BEIIECTBO. BbIpasum Temnoty 00pasoBanms 6eH3oa:
obp. _ Q. o0p. . obp.
AHCGH6 =3 AHH20 +6 AHCO2 AHx‘p_.

[ToncTaBuM yuciaeHHBIC 3HAYCHHS U3 TaOIUIIBI 6. 1:
AHZ: = 6:(-393) + 3+(-242) + 3133 = 49 xJlx/mous.
Ilpumep 5. Bbluuciaute CTaHAapTHyl TemwioTy cropanus auetminena C,H, na

OCHOBaHHU TCPMOXUMHUYCCKOI'O YPaBHCHH:

C,H,, +CO,, +H,0,,, —> CH,=CHCOOH,,; AH,_, = -213 kJlx/Moms.

AKpHJIOBast KHCJI0Ta

Pewenue. 1o BTOpoMy clieACTBUIO U3 3aKoHa ['ecca:

_ ceop ceop ceop ceop
AH, , = AHC2H2 +AH +AH, AH

C,H,COOH *
C20j

rme AH Hzg =0.
OTCIO/1a BEIPA3UM TEIUIOTY CTOPAHHUS AlleTHIICHA:

ceop  __ _ ceop ceop
AHCZH2 =AH_, —AH:, +AH,

C,Hy,COOH * !

AH 3 = -213 + 283 - 1370 = -1300 x/bx/moib.

G
IIpumep 5. PaccuuraiiTe n3MeHeHUE SHTPOIIMHU NIPU CUHTE3€ aMMHUAKA.

[[J'Iﬂ peUICHUA 3a1a4YH 3alINIIEM YPABHCHUC PCAKIIUHN B PACUCTC HA 1 MoJIb aMMHaKa:

0,5N, +1,5H, =NH, ; AS_ =7 [orc/ mons - K.

3HaK U3MEHECHUS SHTPOIIMU MOKHO YCTAHOBHUTH II0 KOJIHMYCCTBY MOJIb Fa3006pa3HBIX

BCIICCTB:
An=n_ -n_ =1-(05+15)=-1,

rac nKOH. nn — KOJIMYCCTBO MOJIb KOHCYHBIX M HCXOJHBIX BCHICCTB, An — HU3MCHCHHC

HCX.
KOJINYECTBA MOJIb ra3000pa3HbIX BEIIECTB MPU PEAKIUH.

Mockomeky AN <0, To B pesynbTarTe peakiuu 6€CTIOPANOK B CUCTEME YMEHBIIAETC.
CoOOTBETCTBEHHO SHTPOINHUS paccMaTpUBaeMOil cuCTeMbl Takxke yObiBaeT. IIpousBenem pacuer

HU3MCHCHUSA DOHTPOIINU ITPU 3TOH pCaknuu B COOTBETCTBUU CO CIICACTBUCM U3 3aKOHA I'ecca:
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AS®, =80, ~0,5-S% ~15-S7,

0
rac S — CTaHAAPTHBIC SHTPOIIHNN BCIICCTB.

HOI[CTaBI/IM X YUCJIOBBLIC 3HAYCHUA .
AS)?p_ =192,8-0,5-191,6 - 1,5-130,6 = -98,9 /T:x/mois - K.

B usonuposannou cucmeme (npu omcymcmeuu oomena 3Hepaueu U 8euwecmeom co
cpeooli) eo3pacmanue SHMPONUU SGIAEMC Kpumepuem Ccamonpou38oibHO20 NPOMEKaAHUs

peaxkyuii. B TpuUBENEeHHOM NpHUMEpPE CaMOIPOU3BOJIBHOE IMPOTEKaHHE MpPSAMOM peakuuu

0
HEBO3MOXXHO, TaK Kak ASX p. = 0. Kak wu3BecTHO, HampaBleHHE NPOTEKAHHS XHUMUYECKUX
MPOIIECCOB OMpPECNICTCS NEUCTBUEM JBYX (PAKTOPOB: IHTAIBIIMIHOTO AHX.p. (cTpemnenue

CUCTEMbl K MHUHUMYMY DBHEPruu) U SHTPONUNHHOTO ASX b (cTpemiieHHE K JOCTHKEHHIO

MaKCUMaJIbHOTO Xaoca). OHU 00BeMHAIOTCS H300aPHO-U30TEPMUUYECKUM MTOTEHITUATIOM

AG)c.p. = AP[x.p. _TASx.p. (46)

Kpumepuem camonpouszeonvrnozo npomexanus peaxyuu seisemcs yOvlib U300apHO—

uzomepmudeckoeco nomenyuaila AGx.p. '<O Uem MeEHBIIEC BEIUUYMHA AGx.p.’ TeEM OOJIbIIIE

BEPOSITHOCTH MPOTEKaHMSI XUMHUYECKOH peakuuu. Takum o6pasom, ¢ momomsio AG . MOXXHO

MIPOTHO3UPOBATH BO3MOYKHOCTh XUMHUYECKOTO MTPEBPAILICHHS U ACTaTh IPAKTUICCKUE BBHIBO/IBL.
Ilpumep 6. BO3MOXHO M COBMECTHOE XpaHEGHHUE Ha CKJIaJe ATUICHIJIMKOJIS
(anTH(dpU3HAS )KUIKOCTD) U KATMUHOM cenuTphl (yaoopeHue)?
W3BecTHO, YTO STHIICHTIMKOIb, KaK ¥ MHOTHE OpPraHMYECKHe BeIecTBa, oOiagaer
BoccranoButenbabiMu coiicTBamu, a KNO, sBustercst okucnurenem. OLeHuM, BO3MOKHO JIH
MPOTEKAHWE peaKIUU MEXIy OTUMHU BemecTBaMu. OIUMH M3 BO3MOXKHBIX BapHaHTOB

MpEeBpallCHUs 3alIMChIBACTCS CIICAYOIUM 06pa30M:
3C,H,0, + 10KNO, = 6CO, + 4H,0 + 10NO + 10KOH.

B cootBeTcTBHM CcO cieacTBHeM H3 3akoHa I'ecca H306apHLIfI NOTCHIMAJI JaHHOI'O
MpEBpaAlICHUSA MOXKET OBITh BBIPAXKCH YCPE3 I/1306apHLIe HNOTCHINAJIbI 06pa30BaHI/I}I Y4aCTHUKOB

IIpeBpalleHus:

npeep

AG,,,, =(6-AGYy +4-AG;”, +10-AG; +10-AG, ) —(3-AGE, , +10-AGT, ).

IloacTaBuM YHCIIOBBIEC 3HAUCHUS U3 Ta6.HI/II_IBI 3:
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AG,  =6-(-394,6) + 4(-228,8) +10-80,6 +10- (-379,3) - (3-(-319,4)+10 - (-393,4)) =

npesp
=-1377,6 xJIx.

Tenepb BBIYMCINM M3MEHEHHE M300apHOTO MOTEHIMAIa XUMHUYECKON peakuuu B pacyere Ha |

MOJIb 3TUJICHI JIMKOJIA:

AG,, =AG, .. N .0, =—1377,6 k/]orc/ 3 mone =—439,2 k/[orc | mone.

npesp
Takomy n300apHOMY NOTEHIMALY COOTBETCTBYET TEPMOXUMUYECKOE YPaBHEHUE!

C,H.0, +%KN03 =2CO, +%H20+%NO+%KOH; AG,, =7

Tabnuya 4.3 — 3nauenus cmanoapmHuLX NOMEHYUATI08 0OPA308AHUSL HEKOMOPBIX BEUECME

AG®  (xlorc/monw)

obpa3.

Bewecmso | AGP° Bewe cmso | AG® .| Bewe AG? - Bewe AG°

obpas. obpas. cmeo ob6pas. cCmeo ob6pa3.

LiH —68,7 SrH, -140 CHF, —644,7 C,H, 201,0
NaH -33,6 BaH2 -151 CHCIF, —429,4 HZO(F) -228,8

KH -34 Ca(O H)2 -899 CF4 -888,9 HZO()K) -237,4
RbH | 276 | Sf(OH), | 876 | CCI,F, | 435 | H,0,, | —1205
LiOH —439 | Ba(OH), | 855 C,F, —615,7 KNO, | —3934
NaOH -380 CO, -3% | C,H,0,| -3194 KCI —-409,0
KOH -379 CH . -50,8 C,H (OH), 477 KM nO4 —729,6
RbOH -374 CH3F -223,1 C5H402 -112,5 |\/|nO2 —467,0

BeH, +15,5 CH,O -110 C,H.Cl 89,3 NO 80,6

CaH ) -138 CH 2F2 -418,3 C,H,CH, 113,8

HonyquHoe HU3MCHCHUC I/1306apHOFO IOTCHIIMAJIa pCaKIIMK MCHBIIC, YEM I/I306apHBIe
IIOTCHIIMAJIbI O6paSOBaHI/I${ MHOTI'UX BCIICCTB. HOBTOMy IMPOTCKAHHEC Takoi PCaKIuu B€CbMa
BCEPOATHO. OTCIOI[a CJIICAYCT HpaKTI/I‘-IeCKI/Iﬁ BBIBOJ[: COBMCCTHOC XpaHCHUEC STUJICHIJINKOJIIA U

CCIIUTPBI Hedonycmwwo, TaK KaK MOKCT MPHUBECTHU K CAMOBO3I'OPaHUIO.

Kpurepnit  AG_ » = O wMoser ObITH NpUMeHEH W IS aHAIU3a YCTONYUBOCTH

XHUMHUYECKHUX COCIMHEHHUM Ha OCHOBAHMH BEIWYMH HX I/I3068.pHBIX INOTCHIIMAJIOB 06p8.30BaHI/ISI.

YeM MeHbIIIE AGx.p. , TCM IIPOYHEC MOJICKYJIA.

105



IIpumep 7. Ha ocHOBaHMM M300apHBIX NOTEHIUAIOB 00pa30BaHUS MOJIEKYN clielaiTe
BBIBOJI 00 YCTOMUMBOCTU (PTOPIIPOM3BOAHBIX MOJIEKYSl METaHA.

Beimummem u3 tabnuibl 4.3 n300apHbIe MOTEHIMATBI 00pa30BaHus (GTOPIPOU3BOTHBIX:

CH, |-508

CH,F | 2231
CH,F, |-4183
CHF, |-6447
CF, ~888,9

W3 npuBeneHHOro psjga BHUIHO, YTO C YBEJIMYEHUEM KOJMYECTBA aTOMOB (QTopa

ycroituuBocTh Mostekyn Bospactaer. [t monekyn CH, u CF, moxHO Bbrauciuts n3obapubie

norenumanst (K/Jorcl monw) cesseit AGS”) =-13 u AG”E =—222,2 . D10 Tosopur o

BBICOKOM TPOYHOCTH CBS3U C-F. B 1o xe BpeEMs B CMENIAHHBIX TAJIOT€HOBOJOPOAAX
n300apHBI MOTeHIMan o00pa3oBaHHUS HE MOXET OBITh pacCuMTaH IyTeM CYMMHpPOBaHUS

M300apHBIX TOTEHLIMAJIOB CBSI3€H, YTO CBA3aHO CO B3aMHBIM OTTAJIKUBAHUEM aTOMOB.

B nporecce xumuueckoro npespamenns ¢pynkuust AG ,. YOBIBACT JI0 TEX IO, TOKa
HE HACTYIHUT COCTOSTHHE XHUMHUYECKOTO paBHOBeCHs. B cocTosiHMM paBHOBECHUS SHTAIBIUUHBIN U
SHTPONUIHBIA  (aKTOpPbl CPaBHUBAIOTCSA. YCJIOBUEM XHMHUYECKOTO PABHOBECHS SBISETCS

pasercteo AG_ o= 0, coorserctyromee pasenctsy AH = TAS.

0 0
Tabmuunsie 3navenns AH™ m AS OTHOCSITCS. K CTaHJAPTHBIM  YCIOBHSIM

(T=298 K; P =101325IIa). dopmyna ans pacyera u300apHOTO MOTEHIHANIA AGS

.p.

npuoOpeTaeT BUI:

0o _ o 0
AG? =AH —TAS°, “n

Ora ¢opMmyna uMeeT NPUOMMKEHHBIM XapakTep, HO TO3BOJISET HA OCHOBAHHUH
0 _
AG, ’. =0 paccunteiBaTh TeMIepaTypy, COOTBETCTBYIOLIYHO pPaBHOBECHOMY COCTOSHHIO

CUCTCMBI:

AH°
L pan = 350 (4.8)

IIpu ucnosnb30BaHUM 3TOM (OPMYNBI HAJO0 MOMHUTH, YTO PA3MEPHOCTH TAOIMYHBIX

3Hauenuii He cornacosansl: AH msmepsercs B kJIx/Monb, a AS — B [lx/Mons K. Tlostomy npu
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. 0
HOJICTAHOBKE TabnMuHbIX 3HaueHuil 3Hauenue AH™ mepesoamtcs B JI/MOIB ¢ MOMOMLIBIO
mHoxuTens 103,

Ilpumep 8. Beruucimre n3o0apHbIe TOTSHITUAIBI ISl PEaKIIHH

2NO + 0, = 2NO,

npu temneparypax 600 — 1000 K, mocrpoiite rpapuxk AG-T wu cpenaiite BBIBOX ©
HAIPaBJICHUU PEAKIMHU TP PA3HBIX TeMITepaTypax.

3anuiem YPaBHCHUC PCAKIIMU B CTAHAAPTHOM BU/C!:
2NO + 0O, =2NO,; AS, | =? ol mons- K.

B cooTtBercTBUM cO criencTBUEM M3 3aKOHA ['ecca, BbIpa3uM M3MEHEHHUE SHTPOIHHU HpU

XUMHUYCSCKOMN PCaKkiun 4€pe€3 SHTPOIUHU YIACTHHUKOB PaABHOBCCHUA:

1

1
AS,, = S,ZOZ ~-Spo —Esgz =240— 211—5 -205=-73,5 /[orc | monw - K.

AHQJIOTUYHO HaWJIeM SHTAIBIIUI0 XUMUYECKON pEaKIn:
0 _ obp. oop. __ _ _
AH , =AH, — AH S =32 —90=-38 k/loic] mone.
HamomuamMM, 9TO TermaoThl 0O0pa3oBaHMsI MPOCTHIX BEIECTB MPUHSATHI PAaBHBIMH HYITIO
oop. __
(AHJ? =0).

Tenepp BbIYMCINM TeMIIEpaTypy, NpU KOTOPOM TOCTUraeTcsi TEPMOJWHAMHUYECKOE

PaBHOBECHE!:

5810

= =789 K.
paw 73,5

N306apHblil moTeHIMA IPU pa3HBIX TEMIIEpaTypax paccyuTaeM 1o Gopmysie ¢ y4eTom

muoxuTens 1073

0 -3
AG?  =-58+735-10° k/lx.

Iockonsky AS <0, to pynkuus AGS ) = f(T) — Bospacraromas.

IloacraBnsas 3HaueHUs TEMIICpATyp U3 YCJIOBUA IIpUMEpa, HalaeMm H306aprIC

MOTEHIUAIBI (K/]otc/MOb):
AGy,, =-13,9; AGY,, =-6,55; AGJ, = 0,8; AG,,, =8,15; AG,,,, = 15,5.

Ha ocHoBaHMHU 3TUX JaHHBIX CTPpOUM I‘paq)I/IKI

T,K 600 700 800 900 1000

AG)?.p. -13,9 —6,55 0,8 8,15 15,5
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Pucynok 4.1. I'paduk 3aBUCUMOCTH U3MEHEHHS U300apHOT0 NOTEHIMaIa

OT TEMIIEpaTyphl

W3 rpaduka crenyer, wro mpu T <T =~ mpeobnanaer mpsMas peaxius, npu

T>T — o6Opatnas. IlockombKy peakimsl 5K3oTepMudeckas, To mpu | < T

paBH. paBH.
HaIpaBJIEHHOCTh PEAKIIMU OMpEaeIsIeTCs TMpeoOiIalaHueM SHTaIbIIUIHOTO, (akTopa, a TpH

T >-TpaBH. — BHTponuitHOrO (pakropa. OTMETUM, YTO HACTYIUICHHE PaBHOBECHUS BO3MOKHO

TOJILKO TOT/1a, Koryia 3Hakyu u3Menenus Gpyakuuit AH 1 AS onunaxossL

ba3oBrIil ypoBEeHB
1. Boruncnute TemiaoTy o6pa3oBaHus MOJUEPKHYTOrO B ypaBHEHUU BEIIECTBA, UCXOS

N3 TCPMOXUMHUYECCKOTO YPABHCHUSA

Ne Ypasnenus peaxyuu AH, | Omeemul
3a0ayu x-P- AH %
Kkl | monw ’
ki | monw
1 1) 4NH, + 50, = 4NO + 6H,0, -1169 90
2) 4NH, + 30, = 2N, + 6H,0,,, -1530
2 1) 4AS(T) + 302@ = 2A8203(T) -1328 -925
2) As,0Oy,) + 0, = ASZOS(T) -261
3 1) CuCIz(m) + Cu(m) = 2CuC|(m) -56 -136
2) Cu,,, + Cl,, =CuCl,,, -216
4 |1 2P, +3Cl,, =2PCly,, -574 -375
2) PCly,,, =PCl,,, +Cl,, 88
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1) 2Pb,, +O,,, =2PbO,,
2) 2PbO,,,, = 2PbO,, + O

2(r)

-438
116

277

2. Paccumraiite TemioBod AS(PQEKT yKa3aHHOW peaKIuu HUCXOAS W3 CTaHJApPTHBIX

TCILJIOT O6pa3OBaHI/I$[. Brruncanre Takke KOJIUYECTBO TEILIOTHI (Q), KOTOPOC BBIACIUTCA WA

IOTJIOTUTCA, €CJIM B JaHHYIO PCAKIUIO BCTYIIUIIO mr IEpBOro BCUICCTBA.

Ne Vpaenenus peaxyuu m, 2 Omeemor
3a0aqu Q, Trclvons

6 | HSy +CO,, =H,0,, +COS,, 102 102

! S(T) + 2C02(r) = SOZ(F) + ZCO(F) 64 538

8 COZ(F) + 4H2(r) = CH4(r) + ZHQO(F) 88 -332

9 I:)CI5(T) + Hzo(r) = POCI3()K)+ ZHCI(F) 836 -680

10 | 2NaHCO,,, = Na,CO,, +H,0, +CO,, | 252 %

3. Beruncaure TerumoBoit G GEeKT yKazaHHON PeaKIUy UCXOAS U3 CTaHAAPTHBIX TETUIOT

CropaHus. Paccuuraiite KONMHMYECTBO TCIJIOTBI, KOTOPOEC BBIACIUTCA WM IIOTJIOTUTCA, €CIU B

naHHyo peakuuio Berymuno V' ame mepsoro rasa.

Ne Ypaenenus peaxyuu V, om® Omeembwi
3a0auu Q, xoclmons

11 [ 2CH,, +0,, =2CO,, +4H,, 89,6 ~140

12| 2NH,, +20,, =N,0,, +3H,0,, 67,2 ~1045,5

13 C,H,, +2CO,, =4CO, +H,, 112 590

14 [ CH,, +CO,, =2CO,, +2H,, 44,8 496

15 | C,Hgy, +H,,=2CH, 56 ~165

4. PaccunTaiite CTAaHAAPTHYIO TCIUIOTY 06p3303aH1/1;1 NIEpBOIro B YpaBHCHHUHN BCIICCTBA

oop.
HUCXO0Jd U3 MTPUBCACHHOTO TCPMOXUMHUUYCCKOI'0 YPABHCHUS PECAKIIMN U JaHHBIX I10 AH p .

Ne sadauu Vpasnenus peaxiyuu AH
K/l | monw
16 2Al,0,,, +6S0,, + 30, =2Al,(SO,),, -1736
17 4NO,, + 0O, +2H,0,, =4HNO, —252
18 2Mg(NG,),,, =2MgO,, +4NO,, + 0, 510
19 2CuQ,, +4NO,, + 0, =2Cu(NO,),, —416
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20 NaZSO3(T) = Na2804(T) + Nazs(T) _176

5. Ilo maHHBIM TaOIUIBI BHIYMCINTE U3MEHEHUE M300apHOTO MOTECHIMAa 00paTHMON
peaxuum mpu temmneparypax: 800, 900, 1000 m 1100 K. Beruucnure taxxke Temmneparypy,
IPU KOTOPOW OCYIIECTBISICTCS paBHOBeCHEe B cucreMe. l[locTpoiite Tpaduk 3aBUCHMOCTH
M300apHOTO MOTEHIMAJIA OT TEMIIEPaTyphl M CICJIaliTe BBIBOJBI O HAINPABICHUU PEAKIUU TPU

pa3HbIX TEMIEPATypax.

Ne 3a0auu Obpamumas peakyus Ang., ASSP. )
k{orc/mono Joc/monvK
1. SO, + 0,50, =S0;, > s
> COZ(F) n C(T) — ZCO(F) +173 +176
3 COy *+ Hyy =Cy +H,0,, e B
4. CH,, + H,0,, =CO, +3H,, +2or +210
5. C,, +2H,, =CH,, =75 82
6. 3Fe,, + 2CO,, =Fe,C,, +CO,, -149 195

[ToBbIlIEHHBIN YPOBEHB
1. Ucxons w3 ypaBHEHHUs peakIMH, JaiiTe KaueCTBEHHYIO OLEHKY W3 HM3MEHEHMHS

SHTPONUM TPSIMOro Tmpoiecca (yYTUTE arperaTHble COCTOSIHMSI YYaCTHUKOB pEaKluu).
Hcnonb3ys MOJIbHBIE SHTPOIUH 3TUX BEUIECTB, YKaXXKHUTE, OYAET JIM MPOTEKATh JaHHAsl peakius

CaMOIIPOMU3BOJIBHO B HSOHHPOBaHHOﬁ CHCTEME.

Ypaenenue peaxyuu Monvnwvie smmponuu, Omeem
No Lo/ monv K
3a0aqu 1 2 3 4 1 2 3 4 AS?
X.p.
L | NH,, +3/40,, =3/2H,0,, + 1/2N, | 192 | 205 | 189 | 192 | 33,75
2 KCIO,,, =KCl, +3/20,,) 143 | 83 | 205 2475
3. 2C(r) + 3H,,, = C,H,,, 74 | 131 | 229 -312
4 CH,,, +4Cl,, =CCl,, +4HCl | 186 | 223 | 215 | 187 | -115
5 CeHey + NH,, = C(H;NH,  +H, | 173 | 192 | 191 | 131 | -43

Cnmcok JiuTeparypbl, peKOMEH/yeMblil K HCIIO0JIb30BAHUIO 110 JAHHOM Teme

OcHoBHasi JinTeparypa:

1. Koposun, H. B. O6mas xumus : yae6nuk / H. B. KopoBus. - 13-e u3na., nepepad. u gom. - M.
: Akanemus, 2011. - 496 c. : un. - (bakanaBpuar). - Pek. MOuH P®. - Tlpun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpykaromeil cpepl : XUMUs )KUBbIX OpraHnusmMoB. Kypc nexiuii /
E. C. Muxanuna, A. JI. Ilerenun. — M. : U3marensckuii JJom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTPOHHBIH // DnekTpoHHO-0nbaroTeuHas cuctema [IPR
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BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocryna: mis
ABTOPHU3UP. NIOJIb30BATENEH
Jlono/JIHUTeIbHAS JINTepaTypa:
1. I'nunka, H. JI. O6mas xumust / H. I'. I'nurka ; [Tox pen. A. Y. Epmaxosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubmuorp.: c. 704. - IIpeam. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. X¥uMHs METaJuIoB : yuyeOHOe mocodue (U1 CTYIGHTOB XMMHYECKOTO (haKyIbTeTa
HanpaBJIeHU O0akanaBpoB « XUMHUs» U «XUMHUUECKas TEXHOIOTH») / cocTaButenn O. A.
I'onoBanoBa. — Owmck : Omckuil rocyaapcTBeHHbI yHuBepcuteT uM. @.M. JloctoeBckoro,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DnekTpoHHO 6ubmmoreunas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum nocryna: mis
aBTOPU3HUP. MOJIb30BATENIEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYyIa K 00pa30BaTEIbHBIM pecypcam

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

3 http://catalog.ncstu.ru/ — smeKTpOHHBIH KaTaaor acCOIHAIMN JIEKTPOHHBIX OHOIHOTEK
yueOHbIX 3aBefieHui u opranuzanuit CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OtkpbiToe 0OpazoBaHue

Tema 5. O61He 3aKOHOMEPHOCTH MPOTEKAHUSA XUMHYECKHX MPOIECCOB.
IIpakTHyeckoe 3aHsaTHE 5. CKOPOCTH XMMUYECKHUX peakiuii. XuMHYecKoe paBHOBeCHE
Hean 3aHsTUsA: YyryOUTh W OOOOMIMTH TEOPETHYECCKHE 3HAHUS OOYYArONIUXCS O CKOPOCTH

XMUMHYECKON peakiuy, 3aKperuTh 3HaHHE (OPMYJ BBIPAKEHHUS CKOPOCTH pEeakIuil, HAayYUThCS
BBITIOJIHATh PAcyeThl, HCMONb3ysd JaHHble ¢GopMynbl. HayuuTbcs BBIBOJUTH KOHCTaHTY
XMUMHYECKOTO PAaBHOBECHUS.

3HaHus M YyMeHHUSs, IpUoOpeTaeMble CTYJIEHTOM B pe3yJibTaTe 0CBOEHUSI TeMbI
3HaTbh: OCHOBBI CAMOOPTAHM3AIINH M CaMOOOPa30BaHNS;
3HaThb: CYIIHOCTH W 3HAUYEHUE HH(POPMAIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBBI ITOTYICHUS
1 006paboTKH HHGPOPMAITUN U3 PA3TUIHBIX HCTOYHHKOB
3Hare: pabOTHI IO pacyeTy U MPOCKTUPOBAHUIO JACTAJICH 1 Y3JI0B MAITMHOCTPOUTEIIBHBIX
KOHCTPYKLMH B COOTBETCTBUU C TEXHUYECKUMU 3aJAHUSMU U UCIIOJIB30BAaHUEM CTaHAAPTHBIX
CpPEICTB aBTOMATU3ALUU IPOEKTUPOBAHUSL
YMeTb: CaMOCTOATENBHO CTPOUTH TIPOIlecC OBNafieHns nH(opMaIield, 0TOOpaHHOM u
CTPYKTYPHPOBAHHOH /ISl BBITOTHEHUS MTPO(ECCHOHANBHOM eI TETHHOCTH.
YMmerb: TONTyYaTh U 00pabaTHBATH HHPOPMAIIHIO M3 PA3TUYHBIX HICTOUHHKOB
YmMerh: TIPUHUMATH y4acTHE B paboOTax Mo pacyeTy U MPOESKTUPOBAHUIO JETalleH U Y3JI0B
MAIIMHOCTPOUTENILHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSAMU U
HCIIOJIb30BAHMUEM CTAaHAAPTHBIX CPEACTB aBTOMATU3ALUU IPOEKTUPOBAHUS

HaumenoBanue (opMupyeMbIXx KOMIETEHIIHIA

WNuneke DopMyIHUpPOBKA:
OK-7 CIOCOOHOCTBIO K CaMOOPraHU3aIMyl U caMO0Opa30BaHUIO
OIIK-4 MOHMMAaHHUEM CYITHOCTH U 3HaYeHHsI HH(pOpMAaINK B pa3BUTHHU

COBPEMEHHOTO 00IIIeCTBa, CIIOCOOHOCTHIO MOJTy4aTh U 00pabaThIBaTh
MH(GOPMAIIMIO U3 PA3INYHBIX HICTOUHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATD,
CTPYKTYpUPOBATh U 0POPMIIATH HHOOPMAIIMIO B JOCTYITHOM JUIS JPYTHX
BUJIE
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https://openedu.ru/

[IK-5 CIOCOOHOCTBIO MPUHUMATH YJacTHE B paboTax Mo pacyery u
IIPOEKTUPOBAHUIO JIETAJIEH U Y3JI0B MAIUHOCTPOUTENBHBIX KOHCTPYKIIUH B
COOTBETCTBUU C TEXHHUYECKUMHU 33JaHUSAMH U UCIIOJIb30BAHUEM
CTaHJAPTHBIX CPEIACTB aBTOMATHU3ALIMU ITPOCKTUPOBAHMS

AKTyanpHOCTb T€MBI. Bee nmporeccehl, KOTOphIE IIPOUCXOAAT BOKPYT HAC U BHYTPH Hac,
UIYT C IpeoOpa30BaHUEM SHEPTUHU U, IPUUEM C pa3HOU CKOpoCThIO. Tak, mpouecc nepegauu
HEPBHOT'O UMITYJIbCA COBEPILIACTCSA B COTHIE JIOJIM CEKYH/IbI, IPOIECChl YCBOCHUS MUIIU TPEOYIOT
HCCKOJIbKHX YaCOB, a IPOUCCChI CTAPCHUA MOT'YT JJINTHCA ACCATUIICTUA.

Bomwsmoe IMPAKTUYCCKOC 3HAUYCHUC XUMHUYECKON KUHETUKU COCTOUT B TOM, 4TO OHa
pasperniaeT onpeeNsiTh, BO3MOKEH HJIM HEBO3MOKEH TOT WJIM MHOM MIPOLIECC, U B KAKUX
YCJIOBHAX OH IPOUCXOUT. HpaKTI/I‘IGCKOG 3Ha4YeHUE € OYC€BHHO, TaK KaK, TOJIbKO 3Has 3aKOHBI
KHHETHUKHN U MEXaHNU3M peaKHI/II\/'I MOKHO YIPaBJIATb XUMHUYCCKUMU PO ECCaMU. Or CKOpPOCTH
XUMHUYECKOUI PCaKnn 3aBUCUT BBIXOA IMTPOAYKTOB, T.C. IPOU3BOANUTCIBLHOCTE TPyda U
anmapaTypbl.

Teopernyeckas 4acTb

CkopocTh XMMHUYECKUX Ppeakuuii

VYpaBHeHHS] XMMHYECKHUX pEaKIui, XapakTepu3yss MHOTHE CTOPOHBI MPOIECCOB, HE
BCET/Ia JAIOT MOJHOE MPEJICTaBICHHUE O CYLIHOCTH MTPOUCXOIAIINX PEBPALLIEHUI.

HekoTtopble xuMmuueckue MpoOILECChl, HAaNpUMEp, PEAKIHH pPa3I0KEeHHs] B3pPhIBUATHIX
BEIECTB, 3aKaHYMBAIOTCS B T€UEHHE JI0JieH ceKyHibl. OueHb OBICTPO 3aKaHYMBAIOTCS PEAKIIMU
B3aMMOJICICTBHSA KHUCIJIOT, LIEJOYe M coiell B pactBope. OpraHMYecKue K€ COCAVNHEHUS B
OOBIYHBIX YCIIOBUSX B OOJBIIMHCTBE CIIy4acB B3aMMOJAEHCTBYIOT MEXJy COOOH MEIUIEHHO.
Taxum 06pa3zom, pazHble peakii COBEPLIAIOTCA B HEPABHBIE IPOMEKYTKHA BPEMEHH, T.€. MOTYT
UATU C Pa3IMYHON CKOPOCThIO. I103TOMY Ha OCHOBAaHMM TOJBKO YPaBHEHUI OJHUX XUMHUYECKUX
peaKuMid HeJlb3s CYUTh O CKOPOCTH ITpoLiecca.

Xumuueckas KuHemuxa — 5mMO YuyeHue O CKOPOCMU XUMUYECKUX NpoYeccos, ux
HanpaeieHHoCmu U 0 (pakmopax Ha HUX IUAIOUWUX.

Henp 1 3a7a4d XMMMUYECKOW KMHETUKU — H3bICKAHME ONTHMAIbHBIX MapaMeTpoB IS
IIPOBEACHUS XHMUYECKOIO CHHTE33a, a HMEHHO: o0ecledeHHe MAaKCHUMAalIbHOM CKOPOCTH
npolecca, Hanbosee paluoHaIbHOE UCIIOIb30BAaHUE ChIPbS U SHEPTOPECYPCOB U JIP.

VYCTaHOBIEHO, YTO HAa CKOPOCTh XMMHYECKMX PEAKLUH BIUSAIOT MHOIO (aKTOpOB —
KOHIIEHTpalusl B3aMMOJEHCTBYIOIIMX BEIIECTB, TeMIlepaTypa Ipolecca, Hajiuuue (Win
OTCYTCTBHE) KaTaJlu3aTropa u Jp.

OKCIIepUMEHTBl TI0Ka3ajd, YTO YBEJIMUYCHHE KOHLEHTpAllUM  B3aUMOJECHCTBYIOLIUX
BEIIECTB BbI3bIBACT YBEJINUEHUE CKOPOCTH PEAKIIHH.

Eciu B 3akpbeITOM cocyzne HpU 3aJaHHOM TeMmIepaType pearupyroT JiBa BellecTBa B
ra3o00pa3HOM COCTOSIHUM WJIM B PacTBOpE

AC + BD < 4D + BC,

TO CKOpOCTb 3TOH PEAaKIUU ONpEAENsIeTcss YMEHbLUICHHEM KOHIEHTpauu (MoJjb/am>)
BeniectB AC u BD B eaununy Bpemenu (cekyHay, MUHYTY, 4ac). Tak Kak ¢ TeUeHHEM BpEeMEHH
KOHLIEHTPALlUsl PEearupymrolluX BEIIECTB MaaaeT, TO 3aBUCUMOCTb CKOPOCTH PpEaKIHH OT
KOHIICHTPAIlMU MOYKHO BBIPA3HUTh CIEAYIOIIUM 00pa3oM:

_

v=—(AC/At) (5.1)

rie &2 — ckopocts npsmoii peakimi, AC - MonspHAs KOHIIEHTpAIHS, T — BPEMSL.
I'paduuecku 3Ta 3aBUCUMOCTH N300pakeHa Ha pucyHke 5.1.
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Puc. 5.1 3asucumocmv cxopocmu peaxyuu om epemenu
JIOBOJIBHO pacipoCTpaHEHBI PEAKIINH THTIA:
mA + nB—> ¢C, (5.2)

B KOTOPBIX Ha M MOJICKYJ BEIIeCTBA A MPUXOJUTCS N MOJICKYIT BeliecTBa B, Ipy 3TOM M
# N OONBIIE eIUHUAILEL.

DKCIIepUMEHTAIBHO YCTAaHOBJICHO, UTO JIJISl TAKOTO MPOIIecca CKOPOCTh MPSMOM PEeaKIHH
MOXET OBITh BEIPAKEHA CIASAYIOMIUM 00pa3oMm:

v=K[A]*-[BY, (5.3)

—

rae K - KoHCTaHTa CKOPOCTH IIPSMON PEaKIMy — BeNUUMHA, PABHAS CKOPOCTH PEaKIIuu
MIPU KOHIEHTPAIMSAX PEareHTOB PaBHBIX €IMHHUIIE; 0OpATHO MPONOPIHOHATIbHAS BPEMEHHU; X U Y
— HEKOTOPbIE YHCTIa, OTPEIEIIIEMbIE ONIBITHBIM ITyTEM.

Koncmanma ckopocmu 3aBUCHUT OT TeX ke (aKTOPOB, YTO U CKOPOCTh JAaHHOW peaklivy,
HO He 3a8UcUm om KOHYEHmpayuti peasupyioujux 6euecms.

KoHcTaHTa CKOpPOCTM XapakTepu3yeT peakluio s OINpPElIeICHHBIX YCIOBHUH —
memnepamypa, 0asieHue, KOIuYecmso u Kkaiecmeo kamaausamopa u T.A. PazauuHble peakiuu
MO’KHO CPaBHUBATh TOJILKO €CJIM OHU IIPOTEKAIOT IIPHU CTPOTO OAUHAKOBBIX YCIOBHSX.

VpaBuenuss Ttuma (5.3), yCTaHABIWBAIOIIME OSKCIEPUMEHTAIBHO  OIMPEICICHHYIO
3aBHUCUMOCTb CKOPOCTH PEAKIMHM OT KOHIEHTPAlMil pearupyroliux BeELECTB, Ha3bIBAIOT
KUHeMU4eCKUMU YPAGHEHUAMU PeaKyull.

Kunernueckue ypaBHeHHMs peakiuil (5.3) sBISAIOTCS MaTEeMAaTUYECKUM BBIPAKCHHEM
3aKOHA JEWCTBUS MAacc — OCHOBHOIO 3aKOHA XMMHUYECKOH KHHETHKH: CKOPOCMb XUMUYECKOU
peakyuu nponopYUOHAIbHA NPOU3BEOEHUIO KOHYEHMPAyuli peasupyrouux eeujecme 6 cmeneHu
HEKOmopbIX uucel, onpedensemvix skcnepumenmanvro (nepsas popmynuposka — H.U. bekeros,
1865 r; I'ynpabepr u Bare, 1867 1.).

Tonbko MHOTJA MOKa3aTean CTENEHH KOHLEHTPALMK AJIs JaHHOTo BeuiecTBa (X, Y U Jp.)
B KMHETUYECKUX YpaBHEHUX (5.3) COBMAAIOT C €ro CTEXMOMETPUUYECKUM KOA(PPULIUEHTOM (X =
M; Y = N ) B ypaBHEHUHU peakuuu. OObIYHO 3TO BBIMOIHIETCS Ul AJIEMEHTAPHBIX peaKiuii, T.e.
peaKkuuii IpoXoAALIUX B OHY CTaAHUIO.

[TpumMepbl NPSAMBIX IEMEHTAPHBIX PEAKLINMI:

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

JUia  Takux peakuud CTENEHW B KUHETHMYECKUX YPABHEHHUSAX COBHAAAIOT  CO
CTEXMOMETPUUECKUMHU KOI((PUIIMEHTAMHU PEareHTOB B YpaBHEHUH PEAKIIHH.

Ilokazamenvy cmenenu KOHYeHmMpayuu peazupyroweco Geujecmea 6 KUHemuieckom
ypasnenuu peaxyuu (X, Y u 0p.) Hazvieaemcs nopsaoKkom peaxyuu no 0auHomy eewjecmsy. Tak,
Hanpumep, st peakiuu (6.1.2) mopsgok mo BemiecTBy A paBeH X, mo B — Y. Ilopsakom xe
peakuuu B 1e0M (N) ABISETCS CyMMa NOPSAAKOB MO KaKJOMY pEarcHTy Il JaHHOM PEaKIVH,
Hanpumep, Uit peakiuu (6.1.2): n=Xx+y.
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Bennunnel nopsiika mo peareHtam (X, Y U Jip.) ¥ 10 peakuuu B 1esoM (N) MOTYT OBITh
MOOBIMH  HEOONBIIMMH IeNbiMA uncinamMu (1, 2 u penko 3), paBHATBCS HYJIIO WIH OBbITH
npoousiMu unciamu (1/2, 2/3, 3/4 n ap.). Hanpumep, a7 peakiiuu CHHTE3a BOIbI

2H3(2) + O2(2) < 2H20(2)

MOPSAZIOK PEaKIMU, B 3aBUCUMOCTH OT MapIMajbHBIX JaBICHUH BOJOPOAA U KUCIOpOJa,
uMeet apobHoe 3Hauenue — 1, 0,5 u 0,7 (cm. Tabmumy 5.1).

Tabnuya 5.1 — 3asucumocms nopsoKa peakyuu Om NApYUAIbHLIX 0A8IeHUL KUCI0POOd U
6000p00a

P, Ta p(02). e B merecxoro | Comapr
130 - 2600 26600 — 53300 v=kpj, Po, 1
2600 — 8000 20000 — 53300 L= kpa2 pg’z5 05
8000 — 50600 1330 - 5300 = kpa’j pgf 0.7

HeoOxoauMbIM ~ yCIIOBHEM XHMHYECKOTO B3aMMOJICHCTBUS SBJIIETCS CTOJIKHOBCHHE
pearupyroInx 4acTUIl — MOJICKYJI, aTOMOB, HOHOB U JIp. B MOMEHT CTOJIKHOBEHHS DIIEKTPOHHBIE
o0Jiaka peareHTOB CMEIIMBAIOTCS, 00pa3ys MPU 3TOM HOBBIC CBSI3H.

Yucno Monexyin, 00HOBPEMEHHBIM B3AUMOOCUCTBUEM MeNCOY KOMOPLIMU 6 MOMEHM
CMONKHOBEHUsL  OCYWeCMBISemcs — aKkm — XUMUYEeCKO20 — NpPeepaujeHus,  HAa3vleaemcs
MONEKYISIPHOCIBIO PEaKYUU.

Peaknuu ObIBalOT MOHO-, OH- ¥ TPUMOJICKYJSPHBIMH. TpPUMOJICKYJISIpHBIE H
TETPAMOJICKYJISIPHBIC PEAKIUU OYeHb pEeIKd. V3BECTHBI JIMIb HECKOJBKO TMPUMEPOB
MICHTAMOJICKY/ISIPHBIX PEAKIIHH.

B wacTHOCTH, K MOHOMOJIEKYJISIPHBIM PEAKIIUSM OTHOCST PEaKIUU Pa3I0KEHHUsI MOJICKYIT
U BHYTPUMOJICKYJISIPHBIX TIEPETrPYNITUPOBOK, HAIPHUMEP, PEAKIIUIO PA3IOKCHUS MOJICKYIT Hoa:

l2(2) < 21(2).
Kunernveckoe ypaBHEHHE 3TOTO MPOIECCa MMEET MEPBBIi MOPSIOK:
v = K[12].
[Tpumepsl OUMOJIEKYISPHBIX PEAKIHH:
2NO(2) <> N202(2); v = k/NOJ?

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

TpumosiekyIsipHast peaKIiusi:

Cly(z) + 2NO(2) «<» 2NOClz); v = K[CI2][NO]? — kuHeTudeckoe ypaBHEHHE TPETHETO
MOPSIIKA.

JInsi mpUBEACHHBIX PEAaKIUil MOPSIOK M MOJIEKYISPHOCTh PEaKIUil COBIAJAIOT, HO B
00I1IeM ciTydae OHH Pa3IHYHBbI.

Tlopsioox peakyuu onpeoensiemcs MOLEKYIAPHOCMbIO CAMOU MeOIeHHOU CMaouu OaHHOL
peaxkyuu.

Ecnn peakiuss muaer mo craausM, TO €€ TOPSJIOK PEaKIUd MEHBIIC WIH PaBEH
MOJICKYJISIPHOCTH peakiuu. Tak, HapuMep, Py CUHTE3e BOJBI (M. Tabmuily S5.1) mpu mopsake

peakuuu paBHOMY equHune (N =1; U = kp|1_|2 pg ), peaxiysi — MOHOMOJIEKYIIIpHast; Ipu N =
2

0 ,05 0,4 ,,03
0,5 U - k ! , — ; n = 0,7 U k 1 (A} ,
( sz p02 ), peaKuus — MOHOMOJICKYJISIpHAs, TpU (L= sz p02 )

peaxiusi — OMMOJIEKyIIIpHasl.
Ipumeuanue. HeoOX0AMMO TOMHUTH, YTO MOJIEKYJISIPHOCTh PEAKIUHU, B OTIUYME OT €&
nopsijika, Beeraa menoe uncio — 0, 1, 3.
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3axkon Oelicmgusi macc cnpageoiu8 MoaAbKO Ol MOHO-, Ou- u pedce O
MPUMONEKYTIAPHBIX PEAKYUIL.

[Ipu smeMeHTapHON peaky B CUCTEME MPOTEKAET TOJIBKO OJUH MPOLECC M ypaBHEHHE
peaKkIMy pacKphIBa€T €ro MEXaHW3M. BOJBIIMHCTBO peakmHuid — CIIOKHBIE W MPEICTABISIOT
co0Ol CyMMapHBIi pe3y/IbTaT HECKOIBKUX AJIEMEHTAPHBIX MpoIeccoB (aByx u Ooiee). [TosTomy
oO111ee CIIOKHBIX YpaBHEHHE PEAKLU HE OTPAKAET UX PealbHBI MEXaHU3M.

Jna cnoscuvix peakyuii 3aKOH OeUCMBUs MACC He NPUNONCUM 8 YELOM, d CNpageoius
JIUWb K OMOENbHLIM €€ cmaousim Hebovuwou monexkynsapruocmu. Harpumep, obiiee ypaBHEHHE
peaKIuy UMeeT BUJI:

24+ B« C,

COTJIACHO KOTOPOMY SIBIISIETCS SIKOOBI TPUMOJIEKYIsipHOH. OnHAKO TPOTEKaeT B JIBE
CTaJINH:

1) A+ B < D — ouens 6vicmpo,
2) D + 4 <> C — meonenno.

24+ B < C.
Tak Kak MOPSIOK PEaKIMK OTMPEICIIICTCS MOJICKYIIPHOCTHIO CaMOW ME JICHHON CTaauu
peaknuu, TO JaHHas peakiuus — OWMOJIEKYJIspHas H BToporo mnopsaka. CrenoBarenbHO,

KHHETUYECKOE YpaBHEHHE dTOTO B3aUMOJICUCTBUS OYJET UMETh BU/I:
v =K[A][B], a ne v =Kk[A]J*[B].

N3 (5.1) cmenyer, 4TO0 CcKOpocmb peakyuu — GeiUYUHA OOPAMHO NPONOPYUOHATbHAS
8peMeHU.

BcenencTBue paznuyHON CKOPOCTH JBIDKCHHS MOJIEKYJ, OHH OOJaJar0T pa3IndyHOMN
KHHETHYeCKOM sHepruei. [Ipu sToM KuHEeTHYeCcKast YHEPTUS MPSIMO MPOMOPIIMOHATIEHA CKOPOCTH
JBWKEHUSI MOJICKYJIIBI.

Monekyibl, KOTOpble 00JIaJal0T BRICOKHM 3alacoM KHHETHYECKON SHEPTUH, HA3bIBAIOTCS
AKTHUBHBIMH.

JlononHumenvuyro sunepeuro, KOMopyr HA00 coOOWUMb MONEKYIAM 0N Nepesood Uux 6
aKmueHoe COCmosiHue, HA3bIBAIOM dHepauell akxmueayuu. XUMUYECKas pPEaKIUs MOXKET
MIPOU30UTHU TOJIBKO MPH CTOJIKHOBEHUHU aKTUBHBIX MOJICKYIL.

Ckopocmb  XuMUYeckou peaxyuu Npsimo HNPONOPYUOHAIbHA YUCTY CHMOJKHOBEHUU 6
eOUHUYY BPEMEHU.

Ponp kaTanuzaropa, MpUMEHSIEMOTO IS MPOTEKAHUS JAaHHOTO XMMHUYECKOIo Ipoliecca,
3aKJII0YAeTCS B CACAYOMmEeM: 1) B TOHWKEHWW HHEPrUM aKTHUBAIMH; 2) B OOCCICYCHHH
HEOOXOMMOM OPUEHTAIIUN PearupyroIIuX YacTHII.

Bausinue TeMnepaTypbl Ha CKOPOCTh peaKIuu

C mnoBbIIIEHHEM TEMIEepaTypbl YBEIUYMBACTCS CKOPOCTh MABIIKEHHS MOJIEKYJT M HX
KMHETUYeCcKasi SHePTHsi. AKTUBHOCTH MOJIEKYJ BO3PACTaeT, 1 CKOPOCTh PEaKIIUU YBEINUUBAETCA.

3aBUCUMOCTh CKOPOCTH pEaKIMU OT TEeMIIepaTypbl OIpeAensercs IpaBwioM BaHT-
Todda: npu yseruuenuu memnepamypor na rascovie 10°C ckopocms peaxyuu 8o3pacmaem
npumepHo 6 2 paza. J1Jis HEKOTOPBIX PEaKIIMi CKOPOCTh Bo3pacTaeT B 3 — 4 pa3a. ITO 3aBUCUT OT
MIPUPO/IbI pearupyroIIUX BEIIECTB.

Yucno, nokasvlgarowee 60 CKOIbKO paA3 YBeIUdUBAEMCs CKOPOCMb peakyuu npu
yeenuuenuu memnepamypol Ha 10°C, Hazvigaemcsi memnepamypHuiM Kodgduyuenmom u

obosnavaemcs 7/ .

V3MeHeHre CKOPOCTH peakiMM OT TeMIIEPaTypbl MOKET ObITh BBIYMCIIEHO IO (Gopmylie
Baunt-T'odda:

4
t
—2 =y 10 (5.4)

Utl
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rue Utz u Utl — CKOpPOCTH pEaKIMu NpU Temieparypax t2 u t1 COOTBETCTBEHHO; Y —

TemneparypHbiid koapduuuent Baut-TI'odda.
CxopocTh peakumu B reTeporeHHbIX cucreMax. Biausinne karanusaropa Ha
CKOpPOCTH XUMHYECKHUX peaKIuii

BemecTBa,  M3MEHAIOIIME  CKOPOCTb  XMMHMYECKOIO  IIPOLIECCA,  HAa3bIBAKOTCS
karanu3aTtopamu. Karamuzaropamu Moryr ObITh TBEpAble, JKUJIKME M ra3000pa3Hble
BelecTBa. [isMeHeHre CKOpOCTH XMMMYECKOW PEaKIUHU I0J BIWSHUEM NPUCYTCTBYIOIIETO B
CHUCTEME ITOCTOPOHHETO BEIECTBA, COCTAB M KOJIMYECTBO KOTOPOTO K KOHILy PEAKLIMH OCTAIOTCS
0e3 U3MEHEHHI, Ha3bIBAIOTCS KATaJTU30M.

[Ipy roMOreHHOM Katanuse B3auMOJCHCTBYIOIIME BEIIECTBA M KATAJIN3aTOP COCTABJIISAIOT
onHo(aszHyro cucteMy. Ilpu rereporeHHOM KaTalau3e pearupyroliye BEllecTBAa M KaTalu3aTop
COCTaBIIIIOT CHUCTEMY M3 HECKOJIbKMX (pa3. IIpum rereporeHHOM Karaiu3e B MPUCYTCTBHU
HEOOJBIINX KOJMYECTB Karajiu3aTopa MOTYT [pOpearupoBaTh OTHOCHUTEIbHO OOJbIlINeE
KOJINYECTBA B3aMMOJCHCTBYIOIIMX BeHIECTB. [IpM rOMOreHHOM Karajin3e CKOPOCTh PEAKIUHU
MIPAKTUYECKH NMPONOPLHHOHAIIbHA KOJIUYECTBY KaTaJIN3aTOPA.

AKTHUBHOCTB KaTajlu3aTopa, a MHOT/AAa U Cenu(UIHOCTh UX NEHCTBUS, B OOJBIION Mepe
3aBUCHUT OT TeMIleparypsbl. /s KaXa0ro mpouecca, CylecTBYIOT ONPENEICHHbIE KaTaIN3aTOPBI,
4acTo MOJI0MpaeMble SKCIIEPUMEHTAIBHBIM ITyTEM.

XuMHYecKoe paBHOBecHe
Bce xumnueckue PCaKI MOXXHO pa3JICIINTh HA JIBa TUIIA: O6paTI/IMI)Ie n H€O6paTI/IMI)Ie.
Mpmuorue PCaKIUN ABJIAIOTCSA O6paTI/IMI)IMI/I, T.C. TaAKUMH, IIPHU KOTOPHBIX 06p330BaBIHI/IeC${
MPOJIYKTHI B3aUMOJCHCTBYIOT MKy cOOOM, MpeBpallasch B HCXOIHbIE BEIIECTBA.
OOpaTuMble peakIui OrpaHUYEeHbI ONPEAETICHHBIM MPEIEIOM: OHU HE TOXOAST 0 KOHIIA.
OO6mwmit Bu ypaBHEHUSI 0OpaTUMOM PEaKIIiH:

mA + nB<«pC + gD. (5.5)

CxopocTy TIpsIMOTO M 00paTHOTO TPOIIECCOB BRIPAKAIOTCS CICAYIONIMMH YPaBHEHUSIMH:
v =k[A]"[B]" (5.6)
v=k[C]P[D]". (5.7)

B MoMeHT ycTaHOBIIEHHS paBHOBECHS MpsiMasi U 0OpaTHas peaKlUK He MpeKpaliamTces, a
MIPOJIOJIKAIOT MPOTEKATh B MPOTHUBOIIOJIOKHOM HAMpPaBICHUH C PABHBIMU CKOPOCTSAMHU.
I'padmyecku 310 MOKET OBITh TaK, KaK MOKa3aHO Ha pUCyHKe 5.1.

UA

L2

Pucynox 5.1
3asucumocms npsamou u t
06pammoll peakyutl om pemenu

v

Ecnu ckopoctu mpsiMoit u oOpaTHOW peakiuil paBHBI (Vmp = Vogp. — MAaTEMaTHUECKOE
yCJIOBHE XUMHYECKOTO paBHOBECHs) , TO IMpaBble 4acTH  ypaBHeHu# (5.6) u (5.7), ux
BBIPAXKAIOIIUX, TAKXKe PaBHBI:

e
k[A"[B]' =k[C]°[D]". 9

Ha ocHoBanuu 310r0 CHOPMYIHPOBAHO MOT0KEHHUE, HA3BAHHOE 3aKOHOM JICHCTBUS Macc
(BTOpast GOPMYIUPOBKA): 8 MOMEHM PABHOBECUS. NPOU3BEOEHUE KOHYEHMPAYUll 0etcmeyiouux
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MACC UCXOOHBIX Beujecms HA KOHCMAHMY CKOPOCMU NPAMOU Peakyuu paeHo NpOoU36e0eHuro
KOHYenmpayuti  0eticmeyiowux macc oopasyrowuxcsi 6ewecme Ha KOHCMAHMY CKOpOCmu
06pamuoll peakyuu.

U3 ypaBuenus (5.8) ciaemyer, 4o

¢k [clPb) (5.9)
[AI"[B]" |
OTHOHIGHI/IG ZIByX IIOCTOAHHBIX BCIINYUH €CTHh BCJIMUMUHA HOCTOﬂHHaﬂ, CJICOOBATCIIBHO.
E/E:KP:M (5.10)
(AB |

Koncrantoii xumuyeckoro paBHOBecHsi K” Ha3bIBa€TCS OTHOLICHUE MPOU3BEICHUS
PAaBHOBECHBIX  KOHIIEHTpAaIlMii TMPOJAYKTOB PEAKIMU K TMPOU3BEIACHUIO PAaBHOBECHBIX
KOHIICHTPAIIUIA UCXOIHBIX BEIIECTB, B CTENIEHU UX CTEXHOMETPUUECKUX KOIPPHUIIMEHTOB.

KP BbIpakaeT 3ak0H AeMCTBHS Macc /Ui paBHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
paeHogecusi He 3a8UCUmM OM KOHYEHMPAyuu peazenmos, HO 3asUcCum Oom memnepamypuvl u om
npUpoObL peazupyioujux eujecms.

B MoMeHT XxuMuYecKoro paBHOBeCHs W3MeHeHue sHepruu [ mboca He npoucxoaut — AG
= 0. KoHcTaHTa XUMUYECKOTo paBHOBecHs cBsi3aHa ¢ AG COOTHOIIEHUEM:

AG® = _RT InKP (5.11)

VYuauteiBas, uto InKP =2303 IgKkP u R = 8,314 JIx/Kmonp ypaBHenue (5.12)
npeoOpasyeTcs 10 BUIA:

AG?=-19,14 T IgKP (5.13)

[lonb3ysach ypaBHEHHMEM  KOHCTAaHThl PABHOBECHS, MOKHO YIPAaBIATh XUMHYECKUM
MIPOLIECCOM, YTO BaXKHO B TEXHOJIOTMUECKUX LIETISX.

Ecnu B paBHOBecHOi cucteme MA + NnB<«>pC + gD yBenuuuth KOHILEHTpaLuio A, TO B
cootHomeHuu (7.1.6) mns KP, MOJDKEH YBETWYHUTHCS UYUCITUTENh WIM YMEHBIIUTHCS BTOPOH
COMHOYHUTEJIb 3HAMEHATEJIA, T.€. BEJIMYKMHA [B]. 9TO MOXKET NMPOUZOUTH B pPE3yJIbTaTe CMEIICHUS
paBHOBECHS CJIeBa HaIlpaBO, MPUBOJALIETO K OOpPa30BAaHUIO HOBBIX KOJHMYECTB MPOAYKTOB
peakmuu — C u D.

Takum 00Opa3oM, MpU YCTAaHOBUBIIEMCSI HOBOM COCTOSIHUM PaBHOBECHSI, KOHIIEHTPAIUH
BCEX YEThIPEX BEIIECTB, IO CPABHEHUIO C MEPBOHAYATBHBIMU, OKaXYTCS HW3MEHHUBIIMMHUCA, a
3HaYEHUE KOHCTAHTHI PAaBHOBECHSI HE U3MEHUTCA.

CnenoBarenbHO, [UIs CMEIIEHUS paBHOBECHUS CJ€Ba HAMpaBO HEOOXOAUMO WIH
YBEJIMYUTH KOHIIGHTPAIMIO OJHOTO M3 HMCXOJHBIX BEIIECTB, WJIM YMEHBIIUTh KOHIIEHTPALIUIO
OJIHOTO M3 MPOJAYKTOB PEAKIIHH.

C moMmoIIbpl0 BBIPRKEHUS KOHCTAHTHI PABHOBECHSI MOXKHO OIpPEAEINSATh KOHIIEHTPAIMH
BEIIECTB B MOMEHT pPABHOBECHS, a €CIM M3BECTHBI 3HaueHUsI K¥ M HCXOJHBIE KOHILIEHTPAIMH
BEIECTB, TO MOYKHO OTIPEJENIUTh UX PABHOBECHBIE KOHIICHTPAIHH.

Ecnu ucxoaHyro KOHIEHTpanuio BeriecTBa A 0603HaunTh depe3 Co(A), a 4ucio MoJib

€ro, MpopearupoBaBIINX K MOMEHTY PaBHOBECHUS, Yepe3 A C(A), T0 MOISIpHast KOHIICHTpAIUs B
MOMEHT PaBHOBECHUS ONIPENETUTCA TaK:

[A] = Co(A) — A ca).

PaBHOBecHe B TeTEpOTEHHBIX CHUCTEMaX OMPENENSAETCS TOJBKO Ta30BOM WM KUAKOU
(dazoi, T.K. KOHIIEHTPALIMU TBEP/IBIX BEIIECTB HE BXOISAT B ypaBHEHUE JIJIsI CKOPOCTH PEAKIUH.

HampaBnenue cMmerieHus paBHOBECHS CHCTEMBl IpPU HW3MEHEHUH KOHIICHTpAIlHH,
TeMIIepaTyphl WK JaBieHus onpeaensercs npuniunom Jle [llarense:

«Ecnu na oopamumyro cucmemy, Haxo0AWYIOCa 6 NOOGUNHCHOM COCMOAHUU, OKA3AMb
uzene Kakoe — nubo eo3oeiicmeue, Mo cucmema omeeuaem cCMeujeHuem pagHosecus maxKum
00pazom, umoodwvl ocnadbume IMo 6030elicmeue).

Bonpocsl 1 3agaHus

117



3amaga 1. Peakuust pasznoxeHuss okcuia aszora (+5), mporekaromias IO ypaBHEHHUIO
obmero Buaa 2N20s(2) «» 4NO2(2) + Oz(2), mpoTekaer B 1BE CTaIUU:

1) N2Os(2) <> N2Oz(e) + O2(2) — meonenno;
2) N2Os(2) + N2O3(2) <> 4NO2(2) — bvicmpo.

Omnpexnenurte NOPSAAOK U MOJIEKYISIPHOCTH 3TOTO TpoIiecca.

Pemenue. U3 ycnoBuid 3aga4n CIEYET, UYTO CKOPOCTh PEAKIIMH, B LIEJIOM, ONPEAEISAETCA
MepBOM cTaauei mporecca. Mtak, CKopocTh peakiuu MpornopiuoHanbaa KoHeHTpanuu N2Os(T),
T.€. IPOIIECC PA3IOKEHHS OKCHIA a30Ta (+5) — peakiys MepBOro Mmopsiika, MOHOMOJICKYJISIpHAsI.

3amaua 2. Beraucnure 3HaYeHHE KOHCTAHTHI CKOPOCTH TPH HEKOTOPOH TeMIIEpaType s
anementapHoii peakiuu C(2) + D(2) <> B(z), ecnu npu konnentpanusx [C] = 0,04 mons/nm u
[D] = 0,05 moms/mm® ckopocTs peakiuu coctaBuma v = 3,2-1074,

Pemienne: Tak kak peakuusi >J€MEHTapHas, TO YPABHEHHE PEAKIHMH OTPAXKAET €€
MEXaHU3M — 3TO PEaKIMsl BTOPOTO IMOPSAIKA, T.€. KHHETHUYECKOE YpPaBHEHHE STOTO Ipollecca
OyJeT UMETh BUI:

v 32-10%
[C][D] 0,04-0,05

v = k[C] [D] , OmMCr00a k= ,
3amaua 3. [lns peakiuu B ra3oBoi (aze
24 + 3B < A2B3
TOJTyYeHHAsT 3aBUCUMOCTh €€ CKOPOCTH OT KOHIICHTpAIlMHM pPEarcHTOB IPEJICTABJIICHA B
Tabmuie 6.2.1.
Tabnuya 5.2. 3asucumocms ckOpocmu peakyuu om KOHYESHMpPAayuu peazenmos

KOHIIEHTpAIS, MOJIB/IM°

BemectBo 4 0,20 0,40 0,50 0,60 1,20 0,20

Bemectso B 0,20 0,40 0,20 0,80 0,80 1,00

CKOPOCTh PEaKINH, MOJIB/(JIM°-MUH) 032 064 032 198 198 160

KakoB mopsinok peaknuu? Bplunciante KOHCTaHTY CKOpOCTH. Kak M3MEHHMTCS CKOPOCTh
peaxkiuu npu yBeITUYCHUN JaBJICHUS B J[Ba pa3a?

Pewenne:

1. Jlns HaxoXJeHWsl TOpSAKa peakiuu MPekJIe BCEro HaA0 HAWTH KHUHETUYECKOe

ypaBHEHUE JIsi OTOW CJIOXKHOW XUMHUYECKOW peakiuu. Ilpum 3ToM HEoO0X0oauMo

MIPOTECTUPOBATH YPABHEHHUS CIEAYIOUIUX TUIIOB:

1) nepsoro mopsaka — v = k[A],; v = k/BJ,

2) Broporo nopsiaka — v = K[A][B]; v = k[A]?; v = k/BJ?;

3) Tperwero mopsaka — v = K/AJ?/B]; v = K[A][B]>.

2 Kunernyeckoe ypaBHEHHE OyIET COOTBETCTBOBATH JCHCTBUTEIHHOMY MEXaHU3ZMY
peaKkiuu, €cid BBIYHCIECHHOE M3 HEro 3Ha4yeHHe KOHCTAaHThl CKOPOCTH peakuuu Oynaer
OJIMHAKOBBIM (WJIM TPUMEPHO OJUHAKOBBIM, C YYETOM MOTPEIIHOCTH HU3MEPEHHs B XOJe
IKCIIEPUMECHTA).

3 TectupoBaHue ypaBHEHHS MIEPBOTO MOPsiAKa Buaa v = K/AJ:

1) mst mepBoi poOsr Ky = B % =16;
[Al; 0,20
2) s BTOpoit mpo0Osl Ky = 2 _ % =16;
[A], 0,40
3) s Tpetheit mpoosl K3 = 3 % =0,
[Alz 050

Tak kak 3HaYe€HHE KOHCTAHTHI CKOPOCTH HC OJWMHAKOBBI IJIA UCCIICAOBAHHBIX Hp06, TO

KUHETHYECKOE ypPaBHEHHE TEpBOro mopsijaka Buma v = K/A] He COOTBETCTBYET MEXaHH3MY
JAHHOW peaKUuu.
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TectupoBaHue ypaBHEHHUs IEPBOTO Mopsiaka Buaa v = K/BJ:

1) s mepBoit mpoOsI Ky = s ﬁ =16;
[B]; 0,20

2) s BTOpoit npo0s! Ky = 2 _ % =16;
[B], 0,40

3) s Tperbeit mpobsl K3 = % 032 =1,6;
[B]s 0,20

4) s uerBepToit mpoosl Ky = b4 _ 128 =16,

[B]l, 0,80
5) st siToit poosl Kg = Y5 @ =106;
[Bls 0,80

6) [utst mecToi npoOsl Kg = Y6 _ 160 =16.

[Ble 1,00

Wtak, KUHETHYECKOE YpaBHEHHUE JAaHHOM peakiuu: v = K/B/J; koHcTaHTa cKOopocTH — K =
1,6.
4 YBenu4eHue JaBJICHUS B CUCTEME B JIBAa pa3a MOBBICUT KOHIIEHTPAIIMU PEAreHToOB A U B
TOXE B JIBa Pa3a, 4TO NPUBENET B BO3PACTAHUIO CKOPOCTH PEAKIMU TAKXKE B JBa pasza. ITO
MOKHO MOJTBEPJIUTh PACUETOM:
vy 2k[B] 9

vor  K[BI
3anaua4 Ha ckoJIBKO HaJ0 MOBBICUTH TEMIIEPATYPy, YTOOBI CKOPOCTh PEAKIIMH BO3pOCIa
B 50 pa3 (y =2,3)?

Pemienue
Pacuer mpoBeném no popmyne Bant-T'odda:
L =h th-t
t 10 Y,
—= =y ,Tie —2 =50; y=2,3; orcroma 50 = 2,3 10
Ut Ut]_

1
[Iponorapudmupyem 06e yaCTH MOJTYy4EHHOTO PABEHCTBA:

-4
< =923 =1Ig50
10 g g

¥ TIOCTIe ero pemeHus nonydnum At = 47 °C.
OtBet: UToOBI CKOPOCTH peakiuu Bo3pocia B 50 pa3 HaJo MOBBICUTH TeMIlepaTypy Ha 47
°C
3amaua 5. [Ipu 393 K peakuust 3akanuuBaercs 3a 10 MUHYT. 3a CKOJIBKO MUHYT 3Ta peaklus
3akonuutcs npu 363 K (y =3,0)?
Pemenne
Kak u3BecTHO, 4TO MEXy CKOPOCThIO XUMUYECKON PEaKuu U e€ MPOA0IKUTEIHbHOCTHIO
CyIIeCTByeT 00paTHO MPOMOPIIMOHANIbHAS 3aBUCUMOCTD:
L
b _n

)
Utl
IJI€ T1 ¥ T2 — BpeMsI IPOTEKaHUs pPEeaKIMK MpU TeMiepaTypax t1 u t2 COOTBETCTBEHHO.
CnenoBatenbHO, ypaBHeHHE (7.2.2.1) MOKHO 3amucaTh B CIEIYIOIIEM BUE:
-ty
o y 10
72

i

OTKyZa
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t,—t 393-363
rn=1p-y 10 =10-3 10 =270 mun.
Otsert: npu Temriepatype 363 K sta peakius 3akanuuBaercs 3a 270 MUHYT

ba3oBb1i1 ypoBeHb

3anaga 1 Omnpenenute U3MEHEHHE CKOPOCTU MPSMBIX AJIEMEHTAPHBIX I'a30BBIX PEaKIMii
IIpY YBEJIMUYEHUS JaBJICHUS B JBa pasa:
1) H, + O — H + OH; 2) Cl + H— HCI;
3) 2NO + Cl2 — 2NOCI; 4) NO + O — NO:..
JUia  KaxJIoM peakuuu ONpPENeNIUTEe MOPAJOK U MOJEKYJISIPHOCTh W HAMUIIUTE
KMHETUYECKOE YpaBHEHUE.
3amaauy 2 Pe3ymbraThl M3ydeHHsI CKOPOCTH pEaKIMHW MeEXay BemectBaMu 4 u B
IpesicTaBjieHbl B Tabmune 5.3.
Tabnuya 5.3 3asucumocmuv CKOpOCMU peakyuu om KOHYeHmpayuy peazeHmos
Konuenrpanmus, MOJTB/IM°
Bemecto 4 0,10 0,20 0,20 0,10
BemectBo B 0,10 0,10 0,20 0,05
CKOpOCTh peaKium, MOJIL/(JIMs-MI/IH) 0,004 0,016 0,016 0,004
KakoB nmopsa0k 1 MOJEKYJIAPHOCTh peakinK? BeIUNCINTE KOHCTAHTY CKOPOCTH.
3amaua 3 [lpu yBenmuveHWW KOHIEHTpamuu BemectBa 4 B 1,6 pa3za CKOpPOCTh peakiuu
Bo3pacTaet B 2,93 pa3a. KakoB nmopsiiok peaknuu 1o BemectBy 4? Otset: Na = 1,83.
3amaua 4. CocraBbTe BbIpaK€HHE JUISI KOHCTAHThI PaBHOBECHS FOMOI'€HHOIO Ipoliecca,
ONMCHIBAEMOT'0 YPaBHCHUEM:

4HCI +02 <> 2H20 + 2C|2

3amaya 5. [[7s1 paBHOBECHOM ra3000pa3HO CHCTEMBI
CO+HyO <> COy +Hy, k= 1,0 (mpu 830 °C).
Onpenenure KOHIIEHTpPAIMM BCEX BEIIECTB B MOMEHT DPAaBHOBECHS, €CIU HadallbHas
xoHnenTpamms Co(CO) = 2 mons/am® u Co(H20) = 3 Mons/mv°.
3agada 6 Kak U3BMEHUTCSI CKOPOCTh PEaKIuU
2H5S +30, <> 2SO, +2H50,

€CJIM KOHIIGHTpAIlMM BCEX Ta30oB YBEJIWYUTh B TpH paza? B cropony mpsmMoil mnmu oOpaTHOI
peaKuu CMECTUTCS XUMHUYECKOoe paBHOBecHe?

[ToBbILLIEHHBIN YPOBEHB
3anaua 1 Peakuust mpoxoauT B ra30Boi ¢ase:
A+2B+D e C

IIpn yBenuueHMN KOHLEHTpaluuu peareHTa 4 B 2 pa3a CKOPOCTb peakluu BOo3pocia B 2
pasza. [Ipu yBenuueHun KOHLIEHTpALMK peareHTa B B 2 pa3a CKOPOCTb PEaKIIMHA HE U3MEHMIIACh.
IIpu yBennueHnn KoHIEHTpanuu pearenta D B 2 pa3a ckopocTh peakuuu Bo3pocia B 4 pasa.

Kax BBINISIIUT KNHETUUYECKOE ypaBHEHHE 3TOM peakimu? Kak W3MEeHNTCs CKOPOCTh peakLiy Tpr
YBEJTMUYEHHUH OOILEro aBienus B 3 pa3a? OTBET: CKOPOCTh PEaKIMK P YBEIMYEHNH OOILIEro TaBlIeHNs B
3 paza Bo3pacter B 27 pas.

3amaua 2 Tlpu 25 °C koHCTaHTa CKOPOCTH peakiuH B ra3oBoii (ase

N2O4 < 2NO2
UMEET CIICIYIOIINE 3HAYCHUS:
P, Ila 21590 34660 89040
K(yca. equHUIIBI) 4.4 4.8 6,0.

Hoquy KOHCTAHTa CKOPOCTHU BO3pacCTaCT IMpU YBCINYCHUU I[aBJ'IeHI/I}I? HO‘{CMy
KOHCTAHTa CKOPOCTH Ha3BaHa KOHCTaHTOﬁ, €CJIM OHa 3aBHUCHUT OT ,[[aBJICHI/I}I?
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3anmaua 3. B kakoM HampaBlIeHUN CMECTUTCS PAaBHOBECUE PEAKIIUU

AHCI +0Oy <> 2H,0+2Cly, AR, = 114,42 xJix/Mons,

ecnu: 1) moBelcUTh KOHUEHTpauuio Oz; 2) yBEIMUUTh KOHUEHTpauuio /H20; 3) NOHU3UTH
nasnenue; 4) mosbicuth Temmeparypy Ha 50 °C (TemmeparypHbli Kod(QUIMEHT mpAMOiL
PEAKIHHU Yrp = 2, & Yoop. = 3)?

Choucokx JuTeparypbl, peKOMeH)IyeMbIﬁ K MCI0Jb30BAHUIO 110 JaHHOI TeMe

OcHoBHas1 JInTEepaTypa:
1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. KopoBuH. - 13-e usn., nepepad. u nor. - M.
: Akagemus, 2011. - 496 c. : mi. - (bakanaspuar). - Pek. MOuH P®. - [Tpui.: c. 461. -
BubGmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxamuna, E. C. Xumus okpyxaromieii cpesibl : XUMUsI )KUBBIX OpraHu3MoB. Kypc nexrwii /
E. C. Muxanmuna, A. JI. TTeremun. — M. : U3garensckuit JJom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TekcT : 2NeKTpOHHBIH // DNeKTpoHHO-0nbIroTeuHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocryna: mis
aBTOPU3HUP. MOJIb30BATENIEH
JonmosiHuTe/IbHAS JIUTEpaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubmmorp.: c. 704. - TIpeam. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. X¥uMHs METaJUIoB : yuyeOHOe MmocoOue (I CTYICHTOB XMMHUYECKOTO (haKyIbTeTa
HampaBJIeHUH O0akanaBpoB «XUMUs» U «XUMHUEcKas TeXHOJIOTus») / coctaButenu O. A.
l'onoBanoBa. — Omck : OMckuii rocynapcTBeHHbId yHUBepcuTeT uM. .M. JloctoeBckoro,
2015. —552 c. —
ISBN 978-5-7779-1875-8. — TeKcT : 3neKTpOHHBIH // DNeKTpOHHO OnbInoTevyHas cuctema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum noctyma: mis
ABTOPU3UP. TI0JIb30BATENCH
HNHTepHET-pecypcebl:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcuteTckas OHOTMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIHM KaTaJIoT aCCOIHAIMH dIICKTPOHHBIX OMOIHOTEK
yaeOHbIX 3aBeqieHui u opranusamnuii CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OtkpbeITOoE 0OpazoBaHKe

Tema 6. PacTBOpBI
IIpakTnyeckoe 3ausTue 6. PactBopbl. Ciocodbl BhIpaskeHUs] KOHIEHTPALMHU
pacTBopoB. PacTBOpPHI 2J1eKTPOIUTOB. PacTBOPHI HEAJIEKTPOJIMTOB

Heap 3ansaTusi: GopmupoBaHue 0a30BBIX 3HAHWUN O crocobOax oONpeAeNeHUs CBOWCTB U
KOHIIEHTPALM pacTBOPOB U HaBBIKOB MPOBEJICHUS PACUETOB.

3HaHMA ¥ YMEHHs, IPHOOpeTaeMble CTYAeHTOM B pPe3yJIbTaTe 0CBOCHHS TeMbl
3HaTh: OCHOBBI CAMOOPTaHM3ALUHN U CAMOOOPa30BaHMUS;
3HaTh: CYLIHOCTH U 3HaUYEHHE MH(OpMAIMU B Pa3BUTUU COBPEMEHHOI'O OOILECTBA; OCHOBBI MOTY4EHHS
1 00paboTKK MHPOPMAIMK U3 Pa3IMYHbIX HCTOYHUKOB
3HaTh: PabOTHI MO PACUETy U MPOESKTUPOBAHUIO JIeTaNICH U y37I0B MATMHOCTPOUTEIBHBIX
KOHCTPYKIIMI B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSMU U UCIIOJIb30 BAHUEM CTAHAAPTHBIX
CpPEICTB aBTOMATU3aLHUU IPOEKTUPOBAHUS
YMeTh: caMOCTOATENBHO CTPOUTH IPOLECC OBIIaieHNs HHPOpMalLMeld, OTOOpaHHOH 1
CTPYKTYPHPOBAaHHOM JJIsl BBIOJIHEHUS IPO(ECCUOHAIBHOM JEeATENbHOCTH.
YMerb: nonyyats v 00padaThIBaTh MH(OPMALIMIO U3 PA3INYHBIX HCTOYHUKOB
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YMerTh: IPUHUMATDH y4acTHE B padOTax M0 pacyeTy U MPOEKTUPOBAHUIO AETaleH U y3JI0B

MAaIIMHOCTPOUTEIbHBIX KOHCTPYKIUH B COOTBETCTBUU C TEXHUYECKUMHU 3aJaHUSAMU U

HCIIOJIb30BAHUEM CTAHJAPTHBIX CPEICTB ABTOMATU3ALUU ITPOCKTUPOBAHUS
HanmenoBanue ¢GopMHUpYEeMBIX KOMIETEHINH

HNupexc DopMyIHpOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AIMK U CaMOOOpPa30BaAHUIO
OIlK-4 TIOHMMAHUEM CYIIHOCTH ¥ 3Ha4CHHsI MHPOPMAIIMU B Pa3BUTUH

COBPEMEHHOTO 00IIEeCTBa, CIIOCOOHOCTHIO MOJTy4aTh U 00padaThIBaTh
I/IH(bOpMaIII/IIO U3 pa3JIMYHbIX UCTOYHHUKOB, TOTOBHOCTBIO HHTCPIIPCTUPOBATD,
CTPYKTYpUPOBATh M 0POPMIIATH HH(POPMAIHIO B JOCTYITHOM JUISL APYTHUX
BHUIC

I1K-5 CIOCOOHOCTBIO MPUHUMATH ydacTHEe B paboTax Mo pacuery u
MIPOEKTUPOBAHUIO JIETATIEN U Y3JI0B MAIMHOCTPOUTENBHBIX KOHCTPYKIIUH B
COOTBETCTBUU C TEXHHYECKUMHU 33JIaHUSMH U UCIIOIb30BAHNEM
CTaHJAPTHBIX CPEJACTB ABTOMATH3ALIUN ITPOECKTUPOBAHMS

AxtyanpHOCTh TeMbl. COBpeMEHHasi MOJIEKYJSIpHAsT TEOPHS PAacTBOPOB MPEICTABISET
co0oil  OOMIMPHYIO, HWHTEHCHUBHO pa3BHUBAIOIIYIOCS 00JacTb MOJEKYIIpHOH  (DU3HKH.
MoneKmepHa;{ TEOPUA XKHUIKUX PACTBOPOB OIMHUPACTCA HA TCOPUIO YUCTBIX OJHOKOMIIOHCHTHBIX
KHUJIKOCTEH M TEOPHI0 MEXKMOJICKYJSPHBIX CHJI. PacTBOpBI 3JEKTPOJIMTOB - OCOOBIH Kitacc
KOHJICHCHPOBAaHHBIX HMOHHO-MOJIEKYJISIDHBIX CUCTEM. Upe3BbIHaiHAsl CIIOKHOCTh H3y4aeMOIo
00BEKTa TpeonpeIeNsieT MHOTOYHCIICHHBIE TPYAHOCTH U TPOOJIEMBI B 3TOW OTPACIH HAYIHOTO
MO3HAHMSL

TeopeTnyeckas 4acThb
Cnoco0bl BbIpakeHNsi KOHHEHTPAMHM PACTBOPOB

Pacmeopamu Hnazvieatom mepmoouHamuyecku ycmouuugvle 0OHOPOOHble CUCTEMb,
cocmoswue u3 08yx u 0Oolee KOMNOHEHMOS8 (PACMBOPEHHBIX Gewecms U pacmeopumerns).
PacTtBopeHHbIe BeliecTBa — 3TO KOMIIOHEHTHI PAacTBOPA, KOTOpbIE MEHSIOT CBOE arperaTHoe
COCTOSIHUE TpU ero oOpazoBaHuu. PacTBOopuTens — BELIECTBO, HE H3MEHSIOIIEE CBOErO
arperaTHoro COCTOSIHUS NPU 00pa30BaHUU PACTBOPA.

Haubonee mmpokoe pacnpocTpaHeHue NOTYyYHIA BOJIHBIE PACTBOPBL, PACTBOPUTEIIEM B
KOTOPBIX SIBJISIETCS BOJIA.

Baxkneiieil xapakTepUCTHKOW pacTBOPOB SIBISIETCS WX KOHIIGHTpAlMs — Macca WU
KOJIMYECTBO BEIIECTBa, COJEpXalluecss B OINPEACICHHOW Macce WM O0beMe pacTBOpa WU
pacTBOpPUTEISL.

Maccopas mons BemectBa X — macca semectsa M(X) (8 r), comepsxamasica B 100 T

pactBopa:

0(X),%=-"") 100

My 6.1)

MossibHAsL KOHIIEHTpalus — KomdecTBo Mo BemectBa N(X), comepixkanieecss B 01HOM
kuorpamme (wu B 1000 1) pacTBopuTens:

Moib _ N(X)
KT

M(X) 1000

1000 = —————
M (X)mp_ﬂ,I (6.2)

c, (%)

p-yst
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MoysisipHas KOHLIEHTpalus — KoaudectBo Mok Bemectsa N(X), conepxkanieecss B 01HOM
am® (wm B 1000 cm®) pacTBOpUTES:

C,, (X), X% _NCX) 4000 =—MX) 4000
m Vo M (X)Vp_mI (6.3)

p-1st

MomnsipHasi KOHIEHTpaNusl KOJMYECTBA SKBUBAJICHTAa (HOPMAIBHOCTh WJIM SKBHBAJICHTHAS
KOHIIEHTpAIHs) — KOJMYECTBO MOJIb DKBHBAJIEHTA BellecTBa X, COAEpIKaIleecs B OJHOM IM°
(wu B 1000 cm®) pactBopuTeNS:

n(i X)
MOTb _ Z m(X)
C (— X), < -1000 = 1 -1000 (6.4)
x M Vp_ﬂ;[ M (? X )Vp_ﬂﬂ .

X

1 1

rne N(—) u M(—) — KOIWYeCTBO MOJIb SKBUBAJICHTA BellecTBa (B MOJB-9KB) M €r0
ZX X

SKBMBaJIEHTHas Macca (I/MOJib) COOTBETCTBEHHO.

prwelmﬁue. Ywucio Zx Ha3bIBAKOT  OKBUBANIEHMHbIM  YUCIOM WX YUCTIOM

okeusarenmunocmu —Z, > 1. 3nadenne Z, onpenensior 0 XMMUYECKOM peakiuu, B KOTOPOH
Y4acTBYeT JAHHOE BEHIECTBO. Tak, B YaCTHOCTH, U1 JJI BEHIECTB, ydacTByromux B OB-
peakuuaxX, SKBUBANCHTHOE Yncno Zg Uil BOCCTAHOBHUTENS PABHO YHCIY DIIEKTPOHOB, KOTOPOE
OH OTHAET, a JIJIs OKUCIMTENS — YHUCIY DJIEKTPOHOB, KOTOpOe OH mpuHMMaeT. Hampumep, mis
aunona MnO, B 3aBucMMOCTH OT Xxapakrepa peakuun Z, MoxeT ObiTh paBHO 5, 3, 1,
HaIpuMep:

MnO, +8H" +5¢" = Mn* +5H,0; Z, =5; 9(MnO,) = 1/5 mos;

MnO; +2H,0+3e" = MnO, +40H"; Z, = 3; 5(MnO,) = 1/3 moub;

MnO;, +1e =MnO? ;Z =1;3(MnO;) = 1/1 Mos.

CrnenoBaTenbHO, B 3THX PEaKIUAX SKBUBAJICHT okucautenass MnO, cooTBETCTBEHHO paBeH

1/5, 1/3 u 1 mous.
HeoOxonuMo Bcerzia MOMHUTb, YTO 3Ha4€HHE SKBUBAJICHTA JIFOOOT0 BemiecTBa X He
MPEBBIIACT €NUHULBL, T. €. I(X) < 1
OrnpeneneHne SKBUBAJICHTHBIX YHUCET HEOAUHAKOBO 11 0OMeHHBIX 1 OB-peakiuii.
B 06MeHHBIX peakuusax SKBUBAJICHTHOE YUCIIO OIPEEIIAIOT 10 CTEXUOMETpHHU peakiuu. Eciu
A7l peakIuy BUIA

VAA+ v;B=v.C +v,D
Ha OJIMH MOIb BemectBa A tpedyercs vgB/v,A momb BemectBa B, 10 Z, =v;/v, .
MounbHast 10715 — OTHOIICHUE KomuecTBa MoJib BerectBa N(X) k oOmeMy gucity MoJib Beex

BEILIECTB NZ (X;) , cocraBnsommx pacTsop:

N(X)
X)=—"7
() Ny (X;) (6.5)

Tutp pactopa BemectBa X — macca BemectBa M(X) (B 1), comepkamascs B 0JHOM cM°
pacTBopa:
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e m(X)
em® Vo (6.6)

p-pa

r(Xx),

Tutp pacTBopa BemectBa B mo onpenensemomy BemectBy X — macca semectsa M(X)

3 cTaHmAapTHOTO pacTBOpa BemecTa B :

e m(X)
e’ V(B) (6.7)

p-pa

(B ), COOTBETCTBYIOILIAsI OJHOMY CM

T(B/ X),

Becoma BakHBIM nmapaMeTpoM pPacCTBOPOB ABJIACTCA HUX INJIOTHOCTH — OTHOIICHHUE MACChI
pacTBopa (B KT') K 00bEMY 3TOTO pacTBopa:

Ke nqpma

PV (6.8)

p-pa

Ipumeuanue. B XuMuu yalie TPUMEHSIOT Pa3MEPHOCTH IIIOTHOCTH PAcTBOPOB B I/cM>,
Jl71st mpoBeIeHHsI pacueToB TMOJIE3HO 3HATH Popmyiy (9), CBSI3BIBAIOIIYIO KOJMYECTBO MOJIh
HKBUBAJICHTA BEIIECTBA X C PA3IMYHBIMH BHIAMH KOHIICHTPAIIUI €r0 pacTBOPOB.

n(E X, rone= m(lx) :T(X)l/(x):T(Blﬁ)V(B):
zZ, M(Z—X) M(Z—X) M(Z—X)

x x x

1
CCEGXW) o(x),%p,,V (X)

1000 1
100M (X)) 6.9)

x

HpI/I IIPUTOTOBJICHHUU PacCTBOPOB C paanquﬁ MaccoBoO# ,Z[OJ'IGI\/'I BECbMa IIO0JIC3HBIM
SABJISIETCA TaK HA3bIBAEMOE€ IIPaBUJIO CMCUICHUSA (I/IJ'II/I IIpaBUJIO «KpCCTa»).
Cxema «KpeCTa» UMECT BU:

w,% — m, T
,, %
w,, % — m,, I.

rac a)l, % u COZ, % — MacCCOBBIC JOJH UCXOIHBIX PaCTBOPOB;

— MAacCChbl UCXOJHBIX pPAaCTBOPOB (B F) noCJIc CMCIICHUA

m,=|w, -o,| nm, =0, - o,

KOTOPBIX GY/ET MOJy4eH PACcTBOP ¢ MACCOBOM noneii @, , %0.

PacTBOpBI 2JIEKTPOJINTOB
Onekmponumamu Ha3bIBAIOTCA BEIIECTBA, KOTOpPBIE IIPU PAacTBOPEHHMM B BOJE
MOJIBEPratoTcs MPOTOJIM3Y (IUCCOLMHUPYIOT WJIM pPAcHajaloTcs) Ha MOHBI M MPOBOJSAT
JIEKTPUYECKUH TOK. HeopraHnyeckue KUCIOThbl, OCHOBAHUS U COJIU SABIISAIOTCS DIIEKTPOJIUTAMMU.
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Cuiia 3JIeKTpOSuTa XapaKTepU3yeTcs CTENEHbI0 MpoToau3a (& ), KOTopas MoKa3bIBaeT
OTHOIIGHHE 4YUCIa MoJeKyn, pacnasmmxca Ha uoHbl (N), x o6memy wumciay Monekyi

anexrposuta B pactBope (N, ), 1 Beipaxaercst B mpoueHTax:

N
= — 0
a N 100%. (6.10)

0

VYCIOBHO CUHMTAIOT AJIEKTPOJUTHI, MOJBEPriivecs mporosin3y Ha 3% u MmeHee (T.e.
o < 3%) — cnaboivu, a Ha 30% u Gouee (& = 30%0) — cunpHbIMA.

B pactBope ciiaboro - 3IEKTPOJIUTA  yYCTAHABIMBACTCS  PABHOBECHE  MEKIY
HEJMCCOIMUPOBAHHBIME MOJIEKYJIaMU W TPOJYKTAaMU WX pacmaja — WoHamu. Hampumep, B
pacTBope c1aboif O JHOOCHOBHOU KHCIIOTHI:

H,0 N _
HAT=== HY + A

KoHcTanTa Takoro paBHOBECHsS BBIPKAETCS 4Yepe3 PaBHOBECHBIC KOHIICHTPAIUU

COOTBETCTBYIOIINX YACTHI] B PACTBOPE U HA3BIBACTCS KOHCHIAHMOU NPOMOAU3A UTU KOHCIAHMOU

ouccoyuayuu K, (HA):
_[H[AT]

MHOTOOCHOBHEIE KHCIIOTBI pacnagaroTCda CTyIC€HYAaTO, KaxKJaasd CTYIICHb H3 KOTOPBIX
XapaKkTepu3yeTcsi CBoel KoHcTaHTo. Hanpumep:

H,0 _ H*J[HS™
H,Se—==H"+HS"; K, _LHJIHS ]
[H,S]
B 3 H + S 2—
HS $O—)H++SZ; Ka2:[ ][7 ]
[HS7]
Cornacuo 3akony pas6asnenus OctBanbaa, K, U & cBsasansl ypaBHeHnuewm:
2
a -C
rae C — MonspHas KOHIEHTPAIHs 3J1EKTPOJIHTA, MOJIb/IM°,
Ipn o << 1 ypaBnenue ynpomaercs:
2
K,(HA)=a*-C. (6.13)

I[J'ISI PacuCTOB, CBA3AHHBIX C IPOTOJIU30M KUCJIOT, 4aCTO HUCIIOJIB3YIOT HE Ka ,a

ToKa3aTeNb KOHCTAHThI mpoTonusa (mccomuannn) PK, , koTopslii pase:

pKa = _IgKa' (6.14)

C Bospacranmem K,, T.e. ¢ yBenudeHHeM CWIbI KUCIOTHI, 3Hadenne PK,
YMEHbIIAETCS, cieaoBarensHo, ueM 6ombie PK., tem cnabee kucnora. Tak, snavenus PK,
mis cnabeix kuenor or CH,COOH no HCN nexar B npenenax ot 4,76 10 9,21.

Jlnst onHOOCHOBHBIX KucioT, Hampumep, ykcychoit — CH,COOH, konuenrpammu
[H"] 1 [A"] pasust u cocrapsior:
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[H*] = [CH,CO0] = aC.

C yuerom ypaBHenwus (10.2.4) umeem:

[H*]1=[CH,COO 1~ /K, -C.
PacTBOpBI HEIIEKTPOJIMTOB

Paz0aBiieHHBIE PACTBOpPBI  BEIIECTB-HEIJICKTPOJIUTOB 0OOMAamar0OT psaoM  (U3HKO-
XUMHUUYECKUX CBOMCTB, JIJISI KOTOPBIX KOJMYECTBEHHOE BBIPAKEHHUE 3TUX CBOMCTB 3aBUCUT TOJIBKO
OT 4YHCIla HaXOJAIIMXCA B PAcTBOPE 4YaCTUI PACTBOPEHHOIO BEIIECTBA W PACTBOPHUTEIS
(komMraTuBHBIE CBOMCTBA). HekoTopbie M3 3THUX CBOWCTB HCIOJB3YIOTCS JUISl ONPECICHUS
MOJIEKYJIIPHOM MacChl paCTBOPEHHOTO BEUIECTBA.

Tak, B COOTBETCTBUU CO 8MOpbIM 3aKOHOM Payns: NMOBBIIEHUE TEMIIEPATYPbl KUIICHUS

(At

HERJIEKTPOJIUTOB MPONOPLUUOHAIBHO YHCIY YacTUIl paCTBOPEHHOTO BEILECTBA U HE 3aBUCHUT OT
€ro IPUPOJIbI:

) WIA TIOHIKEHHE TEMIIEPATyphl KPUCTAJUIM3ALMU (Atkp) pa30aBJeHHBIX PACTBOPOB

At =KC
p m’ (6.15)
Aty = EC,, (6.16)
rac At — INOHMXXCHUC TEMIICPATYypPhbl 3aMCp3aHUd HJIW TOBBIMICHUC TEMIICPATYPbl KUIICHHA
pactBopa, rpax; K u E — xpuockonmueckas u 50y/UIMOCKONMYECKas KOHCTAHTHI

COOTBETCTBEHHO; Cm — MOJISUThHAS KOHIIGHTpAIlMs pacTBOPEHHOTO BemiecTBa, Moib/1000 T

pacTBOPHTEIIS.

Ipumeuanue. Kpuockornmdeckas W 30yUTHOCKOMUYECKAsh KOHCTAHTHI TPEACTABIISIOT
co0OW TOHMXCHHE TEMIIepPaTyphl 3aMep3aHMsl WM TOBBIIICHHE TEMIIEPATyphl KHIICHUS IS
PACTBOPOB HEINEKTPOIUTOB MPU MX KOHIIEHTPAIUAX PaBHBIX 1 MOIb/mM°,

Ecniu M (1) HesnekTpoauTa, uMeromero MojibHyto Maccy M, pactBopenst B M . (1)
pacTBOpHTEIIS, TO:

m
Ataaw = Kaaw e 1000 ) Zpaayc
J “ Mg—sa mp—fm (617)
m
A, =Eq, = 0 paoye
M@—@a mp—,m (618)

(DOpMy.]'ILI MO3BOJIAOT OIIPEACIIUTE TCMIICPATYPhI 3aMCP3aHUA U KHUIICHHSA PACTBOPOB
HEIJICKTPOJIUTOB II0 HMX KOHLCHTpAIHU, a4 TAKKEC HAXOAUTH MOJIbBHYHO MAacCCy paCTBopéHHOI‘O
BCIICCTBA IO NOHUKCHUIO TCMIICPATYPhI KUIICHUSA WA 3aMEpP3aHUS PAaCTBOPOB.

Bonpocsl u 3aganus

IIpumep 1. Hanucats MONEKYISIpHOE M MOHHOE YPaBHEHHS PEAKLMM B3aUMOJAEHCTBHUSA
pacTBOpOB HUTpaTa 6apus U cynbdara HATPHSL.
1 CocraBisieM MOJIEKYJIIPHOE ypaBHEHUE pPeaKLUu:

Ba(NOs), + Na,SO, = BaSO, | +2NaNO,

2 HepeHI/ICLIBaeM 9TO YpaBHCHU, I/1306p8.31/IB XO0poHuIo AUuCCONUHPYROIIHUEC BCHICCTBA B
BHUJC HMOHOB, a yXOIAIIHUEC U3 C(I)CpBI pcaknuuun — B BUAC MOJICKYJ, T.C. COCTABJIACM IIOJIHOC
HOHHOC YpAaBHCHUC JTaHHOM pcaKknuu.
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Ba®" +2NO;3 +2Na" +SOZ™ = BaSO, { +2Na* + 2NO;.

3 BreimucbiBaeM HMOHHOE YpaBHEHHE PEAaKIMM B OKOHYATEILHOM BHJIE (COKPAIICHHOE
NOHHOE YPaBHEHHE):

Ba®" +S0;” =BasOy {,

KOTOpOE OIpeseNsieT CyTh Ipoliecca B3aHMMOJCHCTBUS PAacTBOPOB HHUTpara Oapust M
cynb(dara HaTpwHsL.

3amaua 2. Paccuwraiite nonHyio cmiry pactBopoB RDNOs, CuCl; u NasPOa, eciu ux

MOJISIpHBIE KOHIEHTparuu paBHsI 0,1 MoJIs/ave.
Pemenue. 1 B pactBope HuTpara pyouus:

|=1(C 22 +C___z° j:%(o,l-lz+O,1-(-1)2):O,1.

2\ "Rb* TRb* NO3 NO3
2 st pactBopa CuCly:
1( 2 2 ) 1 2 2
| =2[Coye 2o +Caizdi )= (01-2° +2:01- (1)) = 03
3 Honsr Na* u PO4~3 co3naror nonHyt0 cHTy:
_ 1( 2 2 )_ 1 2 2\
I = E CNa+ ZNa+ + CPO;B ZPOEB - 5(013 '1 + 011. (-3) ) - 016

Ipumep 3. Ckonmbko cM° pacTBOpa THAPOKCH/A HATPHS ¢ MaccoBoit goneit w1(NaOH) = 30%
(p1 ~ 1,300 r/cm®) Hamo no6asuts k 300 cm® Boas! (p(H20) = 1,00 r/cM®), 4TO6EI MOTYYUTH PacTBOP
¢ MaccoBoit goseit wx(NaOH) = 10%?

Pemennme. MOoOXHO IpEeAIOKUTh TPU BapUaHTa PEUICHUS TaKOW 3a1a4H:

1) mosTamHeIi pacyeT, ¢ COCTABICHUEM CUCTEMBI U3 JIBYX YPaBHEHUI;

2) ¢ UCTIOJIb30BaHUEM 3aKOHA SKBUBAJICHTOB;

3) IpUMEHHTH TPABUIIO KPECTa.

Bapuanm 1. Beraucium maccy ruapokcuaa Hatpust (M(NaOH), 1), kotopas A0oDKHA

COJZIEPKAThCsI B UICXOTHOM PacTBOPE C Maccoi My, T
100 r pactBopa ¢ w1(NaOH) = 30% conxepxut 30 r NaOH
mz, T pactBopa ¢ m1(NaOH) = 30% cozxepkur m r NaOH

Ilepsoe ypasnenue: m(NaOH) = % My, T = 0,3- mq, T.

Paccunraem maccy pactBopa ¢ MaccoBoit moiieit wx(NaOH) = 10%:
100 r pactBopa ¢ wx(NaOH) = 10% coaepsxut 10 r NaOH
(300 + my), r pactBopa ¢ ®(NaOH) = 10% coaepsxkut m r NaOH.

Bmopoe ypasnenue: (300 + ml) :10=100-m(NaOH).

Hanee Beipaxenune it M(NaOH) u3 mepBoro ypaBHEHHS MMOJCTABUM BO BTOPOE M PEIIHM
BHOBb IMOJIy4€HHOE ypaBHEHHE OTHOCHTEIHLHO M1 — MCKOMOW MAacChl HCXOJHOTO pPacTBOpa C
®1(NaOH) = 30%:

(300+ ml) 10 = 100 0,3m1; ml = 2—0 = 150 T.

Tenepr BeIYMCIUM 00BEM, KOTOpBIA OynyT 3aHumMaTh 150 r pactBopa ¢ ®wi(NaOH) =
30%, ucnomns3ys Gpopmyimy (8):

127



V, en® =" =120 11539
1 1,30

Otser: K 300 cm® Boas! Hazo n06aButh 115,39 cm® (150 r) pactBopa ¢ w1(NaOH) = 30%,
YTOOBI MOJIY4HTh pacTBOp ¢ MaccoBoii posert wx(NaOH) = 10%.
Bapuanm 2 'Y 1o6HO Bocnonb30BaThest GopMyinoi (9), yauTsIiBasi, 4To
w;(NaOH)-m; @, (NaOH)-(300+m
M (NaOH) M (NaOH)

rae My = p1Vi, r — macca pactBopa ¢ ®1(NaOH) = 30%;
300 + my=my = p2Va, .
B urore:

w,(NaOH)-m; = o, (NaOH) - (300+m,); m;=150r; V; =11539 cai®.

Bapuanm 3. TlpumeHNM TpaBHIIO «KpecTa», y4uThiBas, 4to KoHueHTparms NaOH B
YUCTOW BOJIE paBHA HYIIIO:

30% — mi, r
10, %
0,% — mo, T.

Berurcianm maccy pactBopa (mi, 1) ¢ @1(NaOH) = 30% u maccy Bojsl (M2, T'), KOTOPbIE
HAJI0 CMelIaTh, YTOObI MOTY4UTh pacTBOp ¢ ®x(NaOH) = 10%:
m=10-0=10r;m=30-10=20r.
Utak, uto6sl momyduts pactBop ¢ wx(NaOH) = 10%, mamo k 20 r (20 cM®) BoABI
no6asuth 10 r pactBopa ¢ ®@1(NaOH) = 30%, a x 300 r BosI Ha10 JOOABUTH:
10

m =1 .300=>".300=1502 Vi, eu3 =11539.
ms 20

bazoBriil ypoBeHB

3amaya 1. Hamwmcath HMOHHO-MOJICKYJSIDHBIC YPAaBHEHUS PEAKIUHA B3aMMOJICHCTBUS
CICAYIOIIUX BCIICCTB!:
a) Pb(N03)2 u NazS;
6) CU(OH)Z 1 HoSOq;
B) CaCOs u HCI;
r) FeSO4 u H2S;
1) CUO 1 HS04.
332[3‘13 2. CocraBbTe MOJICKYJIAPHBIC YpPAaBHCHUA peaKHI/Iﬁ, KOTOPBIC BbIPAXKAIOTCA
CJICAYIOIIUMHU KPATKUMHU HOHHBIMU YPABHCHUSAMMU:

a)H"+OH™ =H,0
6) Cu?" +S2 =CuS
6) CO3~ +2H* =CO, +H,0
2) ZNOH™ +H ™ =Zn*" +H,0
0) HCO; +OH™ =CO5™ +H,0
e) Mg(OH), +2H " = Mg?" +2H,0.
3amaua 3. Paccuuraiite aktuBHOCTH MoHOB K* m SOs* B pactBope cyinbhaTa Kanus c
mostsipHoit konnenTpamueit C(K2SO4) = 0,1 moss/am>,
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3amaga 4. Paccuuraiite cpemHuil KOd(pQUIMEHT aKTUBHOCTH JJIsi BOJHOTO PacTBOpa
TUIPOKCHIA HATpUs ¢ MoJjisipHoii konnentpanueir C(NaOH) = 0,1 mons/aqm® u cpaBHUTE €ro C
9KCIEPUMEHTAIbHO HallJIeHHOHN BenuunHoi 0,764.

3amaya 5. Berumciure npomssenenue pactBopumoctd Fe(OH)z, ecnm B 100 cm® ero
HACHIIEHHOTO pacTBOpa coaepxkutcsa 9,6-107° r 3Toro ruapoxcuia.

3amaya 6. Ilpomssenenme pactBopumoctH AQ2COsz cocraBmser 8-107%2. Paccumrars
PacTBOPHMOCTH KapboHaTa cepedpa B MOJIb/IM° 1 1/mM°.

3anaua 7. Berauciuts pactBopuMocts CaF, (B Moms/mv®) B Boge u B pactsope CaCl, ¢
xonnenTpamuein C(CaCl) = 0,05 wmoms/nm® (TTP(CaFz) = 4-10'Y). Bo ckombko pa3
pPacTBOPUMOCTH BO BTOPOM CiIydae MEHbIIE, YeM B mepBoM? PacdeTs mpoBecTu ¢ yueToM u 6e3
y4yeTa MOHHOW CHJIBI PacTBOpA.

3amaua 8. Ckombko cm® pactopa (Vi(HsPOs)) docdoproii kucnotsr (C1(HsPOs) = 1,010
Moms/IM°) Hamo n06aButh k 250 cM® pactBopa ¢ocdopHoii kucimotel (C2(HsPOs) = 1,510
MoJtb/M?), 9T06BI mOTYanTH pacTBop ¢ w3(HsPO4) = 11,19% u ps = 1,060 r/cm>?

3amaua 9. Kakyto maccy kpucramnoruapata kapoonara Hatpusi NayCOs-10H20 namo B3s1H
vt mpurotorierns 200 cM® ero BogHOTO pactBopa ¢ Maccooit noneit m(NazCOs) = 10 % (p = 1,102
r/em®)?

Paccuntath it IOSTy4eHHOTO pacTBOpa: THTP, MOJBIPHYO, MOJISIPHYFO SKBHBAJICHTA U MOJISUTBHYEO
konrieHTpaimi  NayCOs.  OrneHuTh aOCOMIOTHYIO W OTHOCHTENBHYIO (YCJIOBHBIE!) TIOTPEITHOCTH
TIPUTOTOBJIEHHST 3TOTO PACTBOPA.

3amaya 10. BpraucanTe MOJISIPHYHO KOHIIEHTPALMIO KOJIMYECTBA HSKBUBAJIEHTA PACTBOpA
THIPOKCHIA Kalns TIONYdEHHOTO TPH CMemmBaHMM pacTBopos: 300 cv® ¢ C(KOH) = 0,8
moms/mm® 1 700 em® ¢ ¢(KOH) = 1,2 moms/mv®? Kakos Tutp KOH 1o HCI?

[ToBbIIIEHHBIN YPOBEHB

3amaga 1. Cxompko cm® Bomsl (p(H20) = 1 r/em®) cienyer no6asuts k 1 aM° pactBopa
xnopoBogopoaHoii kucaotel ¢ C(HCI) = 1,5 mMoms/nm3, 9TO6BI TOTYUHTH PACTBOP C MOJSPHOI
KOHIICHTpanuen paBHoi TouHO 1,0 MOJTB/M3?

3amaua 2. B kakoMm 00bEMe HachimeHHoro pactBopa AgsPOs comepKuTcst OIuH TpaMM
stoit comu (TTP(AgsPO4) = 1,3:107%)?

Bamaua 3. B 10 aM° HaChIIIEHHOTO pactBopa CaCOs conpepxurcs 0,0278 T MOHOB
KanpIusl. BeluucanTh nmpousBeieHne pacTBOPUMOCTH KapOOHaTa KaabIIUs.

3amaua 4. O6pasyercs mu ocagok AgBr (ITP = 6,0-107), ecau ciuth paBHBIE 00BEMBI
pactBopoB AgNO; u KBr ¢ xonuenTpanusamu C(AgNOs) = C(KBr) = 0,001 mons/am>?

Cnmcok JIuTepaTypbl, peKOMEH/yeMblil K HCII0/Ib30BAHUIO 110 JAHHOW TeMe
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3 http://catalog.ncstu.ru/ — ek TpOHHBIH KaTaaor acCOIMAIIMH MIEKTPOHHBIX OMOIHOTEK
y4eOHBIX 3aBeieHui u opranuzanuii CKOO
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Tema 7. KoMniiekcHble coelMHEHMS.
IIpakTnueckoe 3ansiTue 7. KoMiiekcHble coeIMHEHUSI.

Heab 3ansTus: ChopMupoBaTh y CTYACHTOB CUCTEMHbIE 3HAaHUS O CTPOEHUHU M CBOMCTBAX
KOMIIJIEKCHBIX COeAMHEHUHA. HayuuTh CTyIEeHTOB MOIydaTh KOMILJIEKCHBIE COEIMHEHHS M Ha
OCHOBAaHUHU TIOBEJIEHUS KOMIUIEKCHBIX COEJMHEHWH B pacTBOpax JejlaTh BBIBOJABI 00 uX
YCTOWYHUBOCTH.

3HaHMs M yMeHHUSs, IpUoOpeTaeMble CTYJIEHTOM B pe3yJibTaTe 0CBOCHUS TeMbl
3HaTh: OCHOBBI CAMOOPTAHHM3AIUHN U CAMOOOPa30BaAHMS;
3HaTh: CYyIIHOCTbh U 3HAYEHUE HH(DOPMALIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBBI ITOJTyYCHHS
1 06paboTKn HHPOPMAITUN U3 PA3TUIHBIX HCTOYHUKOB
3Hare: pabOTHI IO pacyeTy U MPOCKTUPOBAHUIO ACTAJICH 1 Y3JI0B MAITMHOCTPOUTEIIBHBIX
KOHCTPYKIIMI B COOTBETCTBUU C TEXHUYECKUMU 33JaHUSAMU U UCIIOJIBb30BAHUEM CTaHIAPTHBIX
CpPENCTB aBTOMATU3ALUU IPOEKTUPOBAHUS
YMeThb: CaMOCTOSATENBHO CTPOUTH IIPOIIECC OBJaZeHUs nH(pOpMaIel, 0TOOpaHHON U
CTPYKTYPHPOBAHHOH ISl BBITOTHEHUS MPO(ECCHOHAIBHOM eI TeThHOCTH.
YMeTb: 1OIy9aTh U 00padaThIBATH HH(DOPMAITHIO U3 PA3INIHBIX HCTOYHHKOB
YMerb: TPUHUMATH y4acTHE B pab0OTax Mo pacyeTy u MPOCKTUPOBAHUIO JETAICH U Y3JI0B
MAIIMHOCTPOUTEIIbHBIX KOHCTPYKIIMIA B COOTBETCTBUHU C TEXHUYECKUMU 3aJaHUSIMU U
HCIIOJIb30BAHUEM CTAHIAPTHBIX CPEICTB ABTOMATU3ALMU ITPOECKTUPOBAHUS

HaumenoBanue ¢GopMUpyeMBbIX KOMITETCHIIUNA

HNunexc DopMyIUpPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPIraHU3alliy U caMOOOpa30BaHUIO
OIIK-4 MOHMMAaHHUEM CYITHOCTU U 3HAYeHUS UH(QOPMAIINH B PA3BUTUHU

COBPEMEHHOTO 00111eCTBa, CIOCOOHOCTHIO MOTY4YaTh U 00pabaThIBATh
UHGOPMAIIHIO U3 Pa3IUYHBIX HCTOYHHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATh,
CTPYKTYpUPOBATh U 0(OPMIIATH HHYOPMAIHIO B JOCTYITHOM JJISL APYTHUX
BUJIE

IIK-5 CMOCOOHOCTBIO MPUHUMATh YU4acTHe B paboTax 1o pacueTy u
HNPOEKTHUPOBAHUIO JeTalel U y3JI0B MAlIMHOCTPOUTEIbHBIX KOHCTPYKIUI B
COOTBETCTBUU C TEXHUUECKUMHU 33/IaHUSIMH U HCTIOJIb30BaHUEM
CTaHJAPTHBIX CPEJCTB aBTOMATU3ALIMH TPOEKTUPOBAHMS

AKTyaJ'ILHOCTB TCMBI. KOMHJ’IGKCOO6paSOBaHI/Ie HMeeT OOJIBIIOE 3HAUCHHE IIpU MMPOTCKAHUU
OMOJIOTHYECKUX MpoHuecCOB B KUBLIX OpraHU3MaAX. HMoHBI IIENOYHBIX M IIEI0YHO-36MEIbHBIX
METaJVIOB B OHMOJIOTMYECKHUX KHUAKOCTAX HaAxXoAATCd B BHAC AKBAKOMIIJIICKCOB, a HOHBI d-
QJICMCHTOB, SBJISAACH MPCKPACHBIMU KOMHHGKCOO6p330BaTCHHMI/I, 06pa3y10T KOMIIJICKCEI, B
KOTOPBIX B KAaUCCTBC JIMTAHIAOB BBICTYIIAIOT aMUHOKHUCJIOTBI, HYKJIICHMHOBBIC KHCJIOTBI, BUTAMUWHBI
U TOPMOHBI. HaHpI/IMCp, KCIC30 BXOAUT B COCTaB reMOorjo0HHa. HCKOTOPBIC KOMIIJICKCHBIC
COCAMHCHUA 06JIa,H3.IOT OMOJIOTUYECKON aKTUBHOCTBIO U INPpUMCHAIOTCA B  Ka4CCTBC
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JIeKapCTBEHHBIX TmpenaparoB (ButamuH B12). Kpome Ttoro, oOpa3zoBaHHE pacTBOPUMBIX
YCTOMYMBBIX KOMIUIEKCHBIX COEIMHEHUI I03BOJIIET BBIBOJUTH M3 OPraHU3Ma COJIM TSDKEIBIX
METAJUIOB, 410 CIIOCOOCTBYET J€3UHTOKCUKALUU oprasusma.

Teopernyeckas 4acTb
XUMHUYECKUE CBSI3U OCYIIECTBISIFOTCA 3a CYET 00OOIICHMST HE CIAPEHHBIX AJIEKTPOHOB
WIA TIepefayyl dJIEKTPOHOB OJHUM M3 aTOMOB, BCTYMAIOMIMX B CBS3b JApyromy. B pesynbrare
TAKOTO B3aMMOJCHCTBHS OOpa3yrOTCS yCTOMUYMBBIC KOH(UTYpalluy, MMEIOIIME Ha BaJICHTHOU
000JI0YKe AIEKTPOHHBIN OKTET. Y CTOWYMBOCTH MOJAOOHOM CTPYKTYPBI OOBSCHIETCS CXOACTBOM B
CTpOCHMH C WHEpPTHbIMH Ta3amu. CoeauHEHHs, TOJydalouirecs NOJ00HBIM 00pa3oM,
Ha3bIBAIOTCSA OMHAPHBIMHU.

MHorme aroMbl WIM HOHBIL, OOpa3yroliue OMHAPHBIC COCMMHEHHs, MOTYT SIRIATHCS JIOHOPAMHU
WIEKTPOHOB YISl JIPYrMX AarOMOB, TPYIIT aTOMOB WM MOJIEKYN, HE HMEIOHNIMX WIEKTPOHHOIO OKTETa.
[lonmygeHHple TaKMM IIyTEM CJIOKHBIE MOJIEKYJIbI HA3bIBAIOTCS KOMIUIEKCHBIMM  COCAMHEHUSMU WIIH
COEIMHEHMSAMH BBICILENO ropsika. Harnpumep, B coctas komiutekcHoro coemnerns Ko[PtClg] Bxonsr nonbr K+
u [PtCls]*.

[lenTpasibHBI aTOM IUIATUHBI CO CTENEHBID OKHUCIEHUs +4, BOKpPYr KOTOPOTO
TPYINIUPYIOTCS (KOOPAUHUPYIOTCS) IPYTHE aTOMBI, Ha3bIBAETCSI KOMILIEKCOO0pa30BaTeieM.
[Mpucoenuustonuecs kK Hemy noHbl Cl” Ha3bIBarOTCS TUraHIaMu (M aJICHIaMH).
HexoTopble MUraHabl ¥ MX Ha3BaHHS:
H>0 — axBa; NH3 — amvun; 0% — okco; OH — ruapokco; CN™ — rmano; SCN™ — poano;
NO;~ — mutpo; SOs>™ — cympduro; NH2OH — rugpokcunamun; F- — ¢propo; CI- — xmopo; Br —
opomo; |~ — #iom0.

Uucno nuraHaoB, MOPUCOEAMHEHHBIX K  KOMIUIEKCOOOpa3oBaTeNio, Ha3bIBAIOT
KOOPAMHAIIMOHHBIM YHCIIOM (K.4.) KomIiekcoobpasoparens. K.u. (Pt™) = 6.

Wonsl K™ — BHEMHSA KoOpWHAIMOHHAs chepa (mpoTtuBoroH); [PtCls]?> — BHyTpeHHs
koopauHarmonHast cdepa. EE 3apsa( TodHee, cCTeNmeHb OKHUCICHUS X) OIpeAeseTcs
anrebpanuecKoil CyMMO 3apsI0B KOMILIeKcooOpaszoBaTens u nmranaos: x(/PtCls]>) = +4 +(—
1)6 =-2.

Ecnu BHyTpeHHSIS1 KOOpAMHAIIMOHHAS cepa UMeeT MONOKUTEBHbIN 3apsi/l, TO OHA HAa3bIBACTCS
KOMILJIEKCHBIM KaTHOHOM, €CITU OTPHLIATEbHbINA — KOMIUIEKCHBIM aHHOHOM. MIMeercst psizt coeHeHui, B
KOTOPBIX BHYTPEHHSISI KOOpAMHAIIMOHHAS chepa He HEeCET 3apsiia — HeMTpaibHble KoMIUIeKCh. [IprumMepbl
YKa3aHHBIX THUIIOB KOMITIEKCHBIX COSAMHEHMI:

H
1) karnonnsie — [Pt (NH3)3CI]Cl (i) [Pt(NH3)sCI]* + CI~;

H
[Cr(H20)4Br2]Br (i) [Cr(H20)4Br2]" + Br;

[Ni(H20)6]S04 <H—ZO> [Ni(H20)6]?* SO4%;

H
2) annonnsie — K3[Fe(CN)s] (;O) 3K* + [Fe(CN)s]®;

(NHa)2[Pt(OH).Cl4] (LO) 2NH4* + [Pt(OH).Cls]?*;

H.
Nas[AlFe] (40} 3Na* + [[AlIFs]®;

H.
3) ueiitpanshbie (HeanekTpoauTsl) — [Cr(H20)4P04] (i) x;

[Rh(NH3)3(NO2)3] (LO) x;

H
[PA(NH20H),Cl;] VL SN

Hpumeqaﬂue. KomMmiexcrr AHHUOHHOI'O THIIA TaKXC eme Ha3bIBAIOT
AIUTOKOMINIJICKCHBIMU, TaK KaK HOpHU NCPBUYHOM MNPOTOJIM3C OHHU OTHICIIIAIOT KO MILIEKCHBIM
AHHOH.
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Aneopummbl Ha36aHU KOMNIEKCHBIX cOeOuHenuti: 1) KaTHOHHBIE KOMIUIEKCHI — CHavaia
Ha3bIBAIOT BHEIIHIOK cdepy, a 3aTeM B POIUTEIHHOM MaJieKe MPUBOIAT HA3BaHUS JIMTAaHIOB
BHYTpEHHEH cepsl U pycckoe Ha3BaHHME KOMILIEKCOOOpa3oBaTels ¢ yKa3aHUEM €ro CTENeHH
OKHUCJICHUS apaOCKuMu udpamu, Hampumep:

[Pt (NH3)3Cl]Cl —xnopun TppaMMUHXIOpOTLIATHHEI (12);
[Cr(H20)4Br2]Br —6pomu TeTpaakBagudopomoxpoma (+3);
[Ni(H20)6]SOs4 — cynbdar rekcaakBanukess (+2);

2) Ha3BaHWE AHMOHHBIX KOMIUJIEKCOB HAYMHAIOT C BHYTpeHHEH cdepbl — Ha3BaHUE
JUTaHAOB M JIATHHCKOTO KOMIUIEKCOOOpa3oBaTeist C OKOHYaHHMEM -am, 3aTeM — PYCCKOE
Ha3BaHUE KaTHOHA BHEIIHEH chepbl, Hanmpumep:

Ks[Fe(CN)s] — rexcarmanodeppar (+3) xanus;
(NHa)2[Pt(OH)2Cls] — murunpoxcorerpaxioporuiatuHat (+4) aMMOHUS;
Nas[AlFs] — rekcadTopoaitoMiHaT HATPUS;

3) B HEUTpaAJIBbHBIX KOMIUJIEKCAX BHayaje Ha3bIBAIOT JIMTaHIbl (C ydeToM aidaButa),
3aTeM CcleqyeT pYCCKOe Ha3BaHUE KOMIUIEKCooOpa3oBarens Oe3 yKa3aHWs €ro CTEeleHH
OKHCIIEHHS (TTOCIETHSS OJHO3HAYHO MOXKET OBITh OTIpe/ieNieHa C YI€TOM JJIEKTPOHEHTPaTbHOCTH
KOMILIEKCa), HalpuMep:

[CrPO4(NH3)3z] — Tpuammundochatxpom;

[Rh(NO2)3(NHs)3] — TpriaMMHHTPUHHTPOPOTHIA;

[Co(NO2)3(NHz3)3] — TpuaMMHUHTPHUHUTPOKOOANBT.

CBsi3p Mex1y BHEIIHEH M BHYTpeHHell cdepoil MMeeT MOHHBIM XapakTep, CBS3b BO
BHYTpEHHEH cdepe — KOOPAUHAMOHHBIHN (JOHOPHO - aKIENTOPHBIN, CEMUITOJISIPHBIIA).

BHyTtpeHHsst kooprpHAIMOHHas cepa U1l KOMIDIEKCOB KATHOHHOTO M aHHOHHOTO THTIOB YC/IOBHO
OTJIRIIETCS OT BHEITHEH cpepbl KBAPATHHIMI CKOOKAMIL
CyIIecTBYIOT COSMHEHUS, COCTOSIIUE U3 KOMIUICKCHBIX KATHOHOB ¥ aHUOHOB:

[Co(NH3)s][Cr(CN)e] — rexcarmanoxpomar (+3) rekcaaMMUHKOOATBTA (+3);

[Cr(NH3)s][Co(NO»)6] — rekcarmtpokobanbrar (+3) rekcaaMMuuxpoma (+3);

[Pt(NH3)3CI][Pt(NH3)Cls] — ammubTpuxaopomiatuHar (+2) TPHAMMHHXJIOPOTUIATHHBI
(+2).

CoJii HEKOTOPBIX METAJUIOB, 0COOEHHO B KOHIICHTPHPOBAHHBIX PAcTBOPAX, CHIOCOOHBI
pearupoBaTh MEXy CO00i, 00pa3yst KOMIUICKCHBIC COSUHEHUSI — dYMOKOMNIEKCbL.
AUCI3+AuClz <> Au[AuCle] — rekcaxmopoaypar (+3) 3o50ta (+3) ;
Cdlz + Cdl; <> Cd[Cdl4] — TeTpaiiogokaamar (+2) KaaMusi.
Paznuuaror mepBUYHBIA M BTOPUYHBIA IPOTOJM3 KOMIUICKCHBIX —COCIWHCHHIA.
[lepBUuHBIH TPOTOJIN3 — OTHICIUICHUE BHEIIHEH cdepbl, 0OBIYHO MPOTEKAET IO TUITY CHIIBHBIX
ANIEeKTpoIMTOB. Hanmpumep, st KOMIUIEKCOB:

H
Ke[PtCls] <225 2k + [PICIS]?

[Cu(NH3)4]Cl, <222 5[Cu(NH3), 12" +2CI~ .

CreneHp NEPBUYHOTO MPOTOJNM3Aa JUIsI pa30aBICHHBIX PACTBOPOB KOMILIEKCHBIX
coequnennii 006r4HO 100 % uian O61M3Ka K DTOH BEITMYUHE.

BropruuHoMmy npoTosiM3y MoABEpraroTcs KOMILIEKCHbIE HMOHBI. [Ipu 3TOM HX cTeneHb
MPOTOJIM3a BecbMa Mana. Pacmaa mpoTekaer mo THUMY ClaObIX ANIEKTPOIUTOB. THIT MPOTOIU3a —
CTYIEHYAThIN, KOTOPBIN ONMKUCHIBAETCS YPAaBHEHUEM 3aKOHA JEHCTBUS Macc.

KonnuecTBeHHO Tmpolecchl  MPOTOJIM3a KOMIUIEKCHBIX HOHOB — XapaKTepU3yeTcs
KOHCTaHTOU HECTOUKOCTH (Kuecr) MM O0OpaTHON €l BENWYMHONW — KOHCTAHTOM YCTOWYHMBOCTH
(Kyer).

Pa3nuyaroT KOHCTAHTBI MPOTONM3a CTynmeHdarble u obmrue. CTymeHYaTble KOHCTAHTBI
CBSI3aHBI C OTHICIIEHUEM OJHOTO JIMTAaHJa OT KOMIUIEKCHOTO MOHA WM MOJEKYNbI, a OOIIHe
KOHCTAHTBl  YYHUTBHIBAIOT  pPABHOBECHbIE  KOHLEHTpalMd  Kak  JIMFAHJIOB, TaKk H
KOMILJIEKCOOOpazoBarensi, 00pa3yromuxcsi B XOJe NMpOToiau3a Mo BceM crymneHsM.Hampumep,
npotonus komrnekcHoro nona [Cu(NHs)4]?" mpoTekaer B yeTwIpe CTymeHH:
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 [[Cu(NH3)3]* JINH3]

1) [Cu(NH3) 4] > [CUNH3)s]™ + NHg;  Kyeors = S =107:107%;
[[Cu(NH3)4]"]
2+ 2
2) [CUNHg)s T o [CUNHa) T2 +NHy; gy = a2l Ny 54505
[[Cu(NH3)3]""]
2+ 3
3) [Cu(NH3),1% < [CUNH3]%" + NH3; KHeCT2=[[C”(NH3)] ][Z'H's] ~468.107
[Cu(NH3)4]""]
2+ 4
4) [CUNH3]** > Cu?* + NHy; K el =w=1,oz 1074
[[Cu(NH3)]*"]

CymMmapHOe ypaBHEHHE MMPOTOJIM3a BHYTPEHHEHW KOOPIWHAIMOHHON CEephl BhIpaXKaceTcs
00IIMM ypaBHEHHUEM:

[Cu(NH3) 412" <2729, [Cu(#,0),]%" + 4NH3.

3HaueHne oOmIell KOHCTaHTbl HECTOWKOCTH OIpeAeNseTcss MpOoU3BEACHUEM BCeEX
CTYIEHYaThIX KOHCTaHT HecTtoiikocTn. Hampumep, mms mona [Cu(NHs)4]?* obmas koHcTaHTa
HECTOMKOCTH OyIeT MMETh BU/I:
KHCCT ([CU(NH3)4]2+) = KHeCT]_ 'KHeCTz 'KHeCT3 'KHeCT4 =
_[Cu(H,0)41*]-[NH3z]*
[cuNHg) 417 |
Ipumeuanue. Crynenuaterii mpotomu3 woHa [Cu(NHs)s]?* B BomHBIX pacTBOpax
OpEACTaBICH B  BHUJAC, KOTOPBIH OTBEYACT  MPUHYUNY  COXPAHEHUs. — NOCMOSHCMBA
KOOPOUHAYUOHHO20 —YUCIA KOMNJIeKcoobpazosamens. Jloka3aHo, 4YTO TPH OTPBIBE OT
KOMILJICKCHOTO MOHA JIMTaH/a €r0 MECTO 3aHUMAIOT MOJICKYJIbI BOJIBI:
[Cu(NH3)4]*" + H20 <> [Cu(NH3)3sH20]?" + NH3
B wurtore mporecc J0DKEH 3aBepIINThCS 00pa3’oBaHHWEM TETPaaKBaKOMILICKCA
[Cu(H20)4]?*.

Yem Oospliie BEIUYMHA KOHCTAHTHI HECTOMKOCTH (WJIM MEHbBIIE KOHCTaHTA
YCTOWYMBOCTH ), TEM MEHEE YCTOWYHMBO JAHHOE KOMIUICKCHOE COCUHEHHE.

[TpoToJIN3 KOMIUIEKCHOTO HOHA BO MHOTHMX CJIydYasX JOKa3bIBA€TCS C MOMOIIBIO
YYBCTBUTEIBHBIX PEAKTHBOB, OOHAPYXHMBAIOIIMX B PACTBOPE KOMILICKCHOTO COCAMHEHUST HOHBI
KOMILJICKCOOOpa30BaTeIs U JIMTAH/IOB.

Hanpumep, wonsl Meau B kKomiuiekcHOM coeaunenud  [Cu(NHs3)s]Cl,  moskHO
0OHAPYKUTh, IPUOABUB K PACTBOPY ITON COJIM PACTBOP CY/Ib(HIa HATPHSL:
[Cu(NH3)4]1Cl, + Na,S = CuS ¥ +2NaCl +4NHa;

[Cu(NH3)41%" +S72 =CuS { +4NHg
WJIN IIYTEM CBA3bIBAHUS dMMHAKa B 60.]166 HpO‘IHBIfI KOMIIJICKC — KATUOHBbI aMMOHUSA .
[CU(NH3)4]C|2 +4HCI —» CUC|2 +4NH4C|,
[Cu(NH3)4]%* +4H* — Cu®* +4ANHJ.

Komnnexchvle coedunenus ¢ manoycmouuusou eHympenHeli cghepoi, npomonus
KOMOPOU NpoxXooum npaKxmuiecku nOIHOCMbIO — 9Mo 08OLiHble CONU, HATIPUMED:

H,0
[K(H20)6][AI(H20)6](SO4)2 > K+ APt + 2504% + 12H,0;
AJTIOMOKaJIMCBBIC KBACIIbI

—951.10713,

H,0
[2NH4(H20)6][Fe(H20)6](SO4) (;) 2NHs "+ Fe3*+2504% +12H,0;
cosib Mopa.
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Teopust BanentHeix cBsizeil (TBC) oOBsICHSIET CTpoeHHE KOMIUICKCHBIX COCIMHCHHIMA
BO3HUKHOBEHHEM  JIOHOPHO-AaKLENTOPHOM CBA3M MEXIY KOMILIEKCOOOpa3oBareneM |
muraggaMu. OOBIYHO JIOHOPOM DJIEKTPOHHOM Maphl CIYKUT JIMTaHJ, aKUENTOp — CBOOOHbIC
opOUTaIN KOMILIEKCOOOpa30BaTes.

TBC B0o MHOTUX CilydasiX I103BOJISIET YCTAHOBUTH AJIEKTPOHHYIO U IPOCTPAHCTBEHHYIO
KOMILIeKca. Teopusi YUYUTHIBAET IMPU 3TOM XapaKTep BaJEHTHBIX OpOUTaliell LIEHTPaJIbHOTO
aToMa B €ro TMOpHUIHOM UJIM HETUOPUTHOM COCTOSIHUU.

OcHOBHBIE ~ THUNBI  THOPUAHBIX  COCTOSHMH  KOMIUIEKCOOoOpas3oBaTtens |

COOTBETCTBYIOIIUE MM IIPOCTPAHCTBEHHBIE CTPYKTYphl: SP — JmHeinas ([Ag(NHs)2]™,
[Cu(NH3)2]1%); sp® — Terpasmpuueckas ([Cu(NHs)a]?*, [NiCls]?"); d?sp® ([CoFs]®) mmm spid?
([Co(CN)6]®*) — oxradapuyeckas. KBampaTHO-TIOCKOCTHOH CTPYKType oTBedaeT —dsp’-

rUOpHAM3AIHMS, HApUMep, 1T KoMrutekcHoro uona [Ni(CN)4]%.

Oco00 1eHHyl0 HHPOpMaALUI0 00 3JIEKTPOHHOM CTPOEHUHM M TE€OMETPHUYECKON
CTPYKType KOMIUIEKCOOOpa3oBaTeNsi WMEIOT €ro MarHWTHhIe cBoiicTBa. [lapamarHuTHBIE
KOMIUIEKCHI UMEIOT B CBOEM COCTaBE HETapHBIC JIEKTPOHBI — OHHM BTSATHUBAIOTCS B MarHUTHOE
MoJie, a JWaMarHUTHBIE, B KOTOPBIX BCE OJJIEKTPOHBI CIIAPEHBI, W3 MArHUTHOTO TOJIS
BBITAJIKUBAIOTCS.

MarautHbeIii MOMEHT KOMIUIEKca (u) BbIpakaloT B MarHetoHax bopa (omun M. b =
0,927-107%° apr/raycc), KOTOpHIi MOXKET OBITH BRIUICIEH U3 GopMyIa BHA:

p#=n(n+2),
rie N — 9HCII0 He CMIAPEHHBIX 3JIEKTPOHOB B aTOME WITH HOHE KOMILIEKCOO Opa3oBareis.

DKcrepruMeHTa bHass WH(GOpMAIKsS O BEJIMYMHAX MArHUTHOIO MOMEHTa IO3BOJISET
CYIUTh O THIIE THOPUAN3AINH [IEHTPAILHOTO aTOMa U O TEOMETPUH KOMILIEKCA B LIEJIOM.

VIMEHHO BeJMYMHBI MAarHUTHBIX MOMEHTOB IS KOMIUIEKCOB C KOODIMHAIMOHHBIM
YHCIIOM 6 TIO3BOJIMIIM BBECTH TIOHATHS GHeluneopbumanvroii NSNP°nd? u enympuopbumansroil
(n—1)d?nsnp® - rubpum3ammm.

BayTpropOuTaIbHBIE KOMIUICKCHI — JMAMArHUTHBI WJIM HHU3KOCITUHOBBIE, COJEPIKAT

omvuH wmu gBa HecmapeHHBIX snektpoHa ([CO(CN)e]®>™ u /PdCli]*> — mmamarauTHBI);
BHEIIHEOPOUTAIBHBIE — BHICOKOCIIMHOBBIE, BKIIOUAIOT 3 — 6 HecrmapeHHBIX dnextpoHa ([CoFg]®
— loken. = 4,8; 4 HecmapeHHBIX d7ekTpoHa; [MNCla]®> — toxen. = 5,95; 6 HecmapeHHBIX
AJIEKTPOHOB).

TBC ybenurenbHO MOSICHAET CTPOCHUE KapOOHWIOB METAJUIOB C HYJIEBOM CTEHNEHBIO
OKHCIICHHUSL.

Teopus xpuctaumueckoro mois (TKII), B ortmuume ot TBC, yuutsiBaeT
ANEKTPOCTATUYECKOE BJMSHHUE JIMTAaHAOB Ha (-opOUTanyM KOMIUIEKCOOOpa3oBaTes, KOTOPOE
HEOIMHAKOBO M3-3a MX Pa3HOI MPOCTPaHCTBEHHOIN OPUEHTAIIHH.

Jlokazano, uto d2- u dy%y?- opbutamu (d,- ypoBeHb) HCHBHITBIBAIOT GOJiEe CHILHOE
OTTAJKHMBAHUE TOJ| BIUSHUEM 3JIEKTPOCTATHYECKOTO MOJISl JIMTAH/IOB, YeM opOuTanu Oxy, Oxz- U
dy-z (d: - ypoBeHb).

B oxrasmpuueckom moine d-opOuTamM KOMIUIEKCOOOpa3oBarelssi NPHOOPETaloT Ba
JHEPreTHYECKUX YPOBHs: 1) ¢ MeHblIel dHeprueil d; — ypoBeHb, BKIIOYAIOIINIT TpU opouTamm Ox-
y» Oez= U Gyz; 2) ¢ Gosee BhICOKOM sHeprueii d,- yposeHb, comepxkammii mse d2- u Oy

opburanu.

DHeprusi paciierieHus: (A) — pasHOCTb MEXAy OSHeprusimu ypoBHed O, u d
YHUCIIEHHAs XapaKTepUCTUKA PA3HOTO DJJIEKTPOCTAaTHYECKOTO JEHCTBUS TIOJI JIMTAHIOB Ha
POCTPAHCTBEHHOE pacnpeeneHue AIIEKTPOHHON TUIOTHOCTH d-opbOuTaneit

KOMHJ’ICKCOO6pa3OBaTeJ'I5{.
Bennunna A HeoguHAKOBa IJIs PAa3HBIX JIMTAHAOB U 3aBUCUT OT UX IMPUPObI. Benuuuna
OHCPTUU PACIICIUICHHA, BBI3bIBACMAA PA3HBIMU JIMTaHJAAMHU, BO3PACTACT B CJICAYIOLICM ITOPAIAKE:
I"<Br <ClI'<F < OH < C20+4< H,0 < NH3 < NO, < CN- < NO<(O,
T.€. KaXKIbId CJ'ICI[yIOIJ_II/Iﬁ JUTaHd Co31aéT 0oJiee CHIBHOE IoJIC, 4YEM Hpenbu:[ymnﬁ.
HpI/IBe,Z[eHHaﬂ MOCJICA0BATCIIbBHOCTb HA3BIBACTCA CNEKMpPOXUMUUECKUM pﬂaOM.
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Jlueanowl cnaboco noas pacnoiaraloTcs B Havyale psijaa, 001a1ar0T BecbMa Maioi A. d-
OpOutanu KoOMIUIEKCOOOpa3oBarenass C TAKUMHU JIMTaHJAaMU 3amoJHSIOTCS B COOTBETCTBUU
npaBuiaoM XyHpaa (abcontomuas 6eIuduHa CYMMAPHO20 CAUHA 6 NOOYPOBHE OO0JIHCHA OblMb
maxcumanvrou). [Ipu 3TOM 3HEpPrus OTTATKUBAHUS JBYX CIIAPEHHBIX 3JIEKTPOHOB OKAa3bIBACTCS
BhIllle, 4YeM BenmuuuHa A. Komrimekcel, cojepxamme Jurasabl caaboro mmoJisi, Bcerna
MapaMarHuTHEL.

Jlueanowi cunvbHo2o noss BBI3BIBAIOT BEChbMa 3HAYUTEIBHYIO SHEPIUIO0 PACIICTUICHUS.
[Ipu 3TOM RHEpPrus OTTATKWBAHUS JABYX CHAPCHHBIX JJIEKTPOHOB OKA3bIBACTCS MEHBIIE, YeM
BEITMYHMHA A. [TocnenoBarenbHOCTH 3aIOTHEHUS AIEKTPOHAMH d-ypoBHs
KOMIIJIEKCOOOpa3oBareisl CIEAyIomas: CHadala WIST 3all0JIHCHUE OJIMHOYHBIMH, 3aTeM —
CIIAPCHHBIMH JICKTPOHAMHU OpOuTasei d;, MOCIIe Yero IeKTPOHAMHK 3aroIHIIOTCs O,-opOuTam.
KoMIiekcHbie COSMHEHUS, COJEpKallie JIMTAHIbl CHJIBHOTO TIOJS, JUAMArHWTHBI WA
SIBJISTFOTCSI HU3KOCITHHOBBIMH.

TKII  oObsicHS€T  OKpacKy  KOMIUIEKCHBIX  BEIIECTB C  HaJlM4yueM Yy
KOMILTIEKCOOOpa3oBaressi BakaHTHOM opOuTanu Ha d,- moaypoBHe. [Ipu mepexojie 3JIeKTpoHa ¢
d.- Ha d,- momypoBeHb SHEprus morjoniaeMoro cera (F) mpu 3TOM aJeKBaTHA SHEPTHH
pacuieruieHust  (A), 4YTO OMIpEAeNsieTcs CIEAYIONIMM COOTHOIICHHEM (i OJHOTO MOJIb
BEIIIECTBA):

A, JPic/mone = ENa = hvNa = hcNa/A = 0,1196/2, (6.2)

rae Na = 6,02:10% — nocrostHEas ABoraapo; h = 6,6-10* JIx-c — mocrosaHas [Tnanka; ¢
= 3-108 m/c — ckopocTh cBeTa; V(cM *) M A(M) — 9acTOTa ¥ JUIMHA BOJHEI MOTJIOMAEMOTO CBETA
COOTBETCTBEHHO.

L[BeT — 3TO 3pUTEIBHOE OIIYIIECHNUE AICKTPOMArHUTHOTO M3ITy4eHHS C JUTMHAMH BOJTH
400 — 760 mm (1 BM = 10™° m). Ecim Bce Tajaomue JTydd OTPAKAIOTCSA, TO BEIIECTBO —
OecLBETHOE, €CJIM TMOJHOCThIO TOriomanTcs — 4depHoe. [Ipu m30uparenbHOM MOTIIONIEHUN
OLIYIIEHUE IIBETHOCTU CO3AAIOT MPOIIEIINE WIH OTPaKEHHbIE BEIIECTBOM Jy4d. Takoi IBET
Ha3bIBAETCS JAOMOJHUTEIbHBIM UIN HAOII0AaEMbIM.

Meton monekymsipabix opoutaneir (MMO) sBisieTcsl caMbiM YHUBEpPCAIbHBIM TIPH
ONMCAaHUU XMMHUYECKOW CBSI3W B KOMIUIEKCHBIX coequHEeHHsX. MMO yuuThIBaeT B3auMHOE
BIIUsIHUE OpOuTaNel Kak KOMIUIeKcooOpazoBaTens, Tak U JuranaoB (B oriauuue ot TKII) npu
00pa3oBaHUM XUMHUYECKHUX CBS3€H B KOMILJIEKCaX.

MMO ocHOBBIBa€TCS Ha B3aUMOJICUCTBUM AaTOMHBIX OpOWTaNeld, NPUBOIAIIMX K
00pa30oBaHUIO MHOTOLIEHTPOBBIX MOJEKYISPHBIX OpOUTalel, HMMEIOIIUX pa3Hble SHEPTUU.
OO6pa3oBaHue CBSI3BIBAIOIINX MOJIEKYJIAPHBIX opOuTanei (¢°°) uaAET Ha HUKHUX SHEPreTHYECKUX
YPOBHSX, Pa3phIXIAIONIHX (67*?) — 3a CUeT BEpXHUX.

Mexny ypoBHAMU ¢ u o¢7“? HaXOHATCS YPOBHH CJa0O CBSI3BIBAIOIINX, HE
CBSA3BIBAOIIMX U ciab0 pa3peIxisiomux opourtaneil  (oz). MonekyinspHble opOuTau
3aIOJHSIOTCS 3JIEKTPOHAMHU B COOTBETCTBHUH ¢ MpuHUHNoM [laynu u npaBunom XyH7a.

MMO ocHOBaH Ha OYEHb CJIOKHOM MaTEeMaTHYECKOM arapare, 4YTo MPEensTCTBYET ero
HIMPOKOMY HCIOJIB30BaHUIO.

Bonpocsl 1 3aganus

[Tpumep 1 Hanumure ypaBHEeHUs! IEPBUYHOTO MPOTOJINA3A 711 KOMILIEKCOB:

1) [Co(NH3)s][CoF¢]; 2) [Pt(NH3):]Cl2; 3) K[Co(NO2)a(NHs)2]; 4) [Pt(NH3).Cl.].
YkaxuTe UX THI, ONpeAeNnuTe CTeneHb OKHUCIeHHs KoMiuiekcooOpaszoBarens (KO), ero
koopauHaronHoe yucio (KY), naiite um HazBaHwue.

OrTBer.

1.1 [Pt(NH3)4]Cl (LO) [Pt(NHs)4]?* + 2CI- — tun xatuonnsii; KO — nmaTtuna;

crerieHb okucienuss KO: x(Pt) = +2 (paBeH 3apsay KOMILICKCHOTO HOHA, TaK KaK MOJICKYJIbI
ammuaka HeiiTpanbhbl); KU(Pt) = 4; HazBaHue — XJIOpHl TMAMMHHIUTATAHBI (12).
H>,O
1.2 K/Co(NO,)a(NH3):] ¢—2"—> K* + [Co(NO2)a(NHs)2]" — tvn ammonmsiii; KO —
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k00anbT; crenenb okuciacHus KO: X(K) + x(Co) + 4X(NO2) + 2X(NH3) = 0 wiu +1 + x(Co) +
4(-1) + 2(0) = 0; x(Co) = +3; KU(Co) = 6, Ha3BaHWE — TUAMMHUHOTETPAHUTPOKOOATbTAT (+3
Kanus ).

H,0
1.3 [Pt(NH3)2Cly] «—22—>x — neanexrpoiut; KO — IIaTHHa; CTENCHD OKHUCICHHS

KO: x(Pt) + 2x(NHz3) + 2x(CI") = 0 mim X(Pt) = — 2x(CI") = -2-(=1) = +2; KY(Pt) = 4; na3Banue
— IMaMMUHIUXJIOPOTLIATHHEI.

1.4 [Co(NHz3)s][CoFe] (LO) [Co(NH3)s]** + [CoFs]* — tunm xarmoHHO-

annoHHbll; KO B karnoHe u aHMoHe — KoOaibT; creneHb okucienus KO B: a) kKaTHOHHOM
xommrexce [CO(NH3)e]®™ — x1(Co) + 6X(NH3) = +3; X1(Co) = +3; 6) B aHHOHHOM KOMILIEKCE
[CoFs]® — x2(Co) + 6X(F) = —3; X2(Co) = -3 + (—)-6x(F) =

=3 + (-)6:(-1) = +3; KU1(Co) = KU2(Co) = 6; nHazBanue — rekcadropokobansrar (+3)
rekcaaMMHUHKOOabTa (+3).

[Tpumep 2 Kak TBC o0OBsICHSET SJIEKTPOHHOE CTPOCHHE U TPOCTPAHCTBEHHYIO
CTpYKTYpy KapOoHuina Hukens? KakoB tunm ruOpuausanuu KomIuiekcooOpa3oBaTels M KakoBa
reoMeTpHuuecKas CTpYKTypa 3TOro Komruiekca?

OtBer

TBC BrosiHe yIOBJIETBOPUTEIHLHO OOBSICHSAET CTPOCHHE KOMIUIEKCHBIX KapOOHMIBHBIX
COEIMHEHUH, B KOTOPBIX CTENEHb OKHCIEHUS KOMILIeKcooOpa3oBaTelns paBHa Hy/I0. [IpuBenem
MIpUMEpP TaKOTro OOBSACHEHUS JJISl JIEKTPOHHOM CTPYKTYpbhl KOMIUIEKCA TeTpakapOOHUIa HUKENS
Ni(CO)as.

Cxema 37eKTPOHHOM CTPYKTYpbl HEBO30YK/IEHHOTO aTOMa HUKEJS UMEET BUJI:

Ni° 4s 4p

ad
NN N T T TN

-0
[lox BuusHueM dverbipex Mmosekyn CO atom Hukens (og NI~) mnepexomur B

.0*
BO30YKJICHHOE COCTOSIHHE (28 NI ) HmyTeM cHapuBaHHUs ABYX O-3JIEKTPOHOB M IIEpexoja

napsl 3JEKTPOHOB ¢ 4S-1MOJypOBHS Ha MATYI0 BakaHTHYIO 3d-opOuTanb. B utore peanusyercs
AJIEKTPOHHASI CTPYKTypa C YETHIPbMS CBOOOJHBIMH OpOUTAISIMA — OJHOW 4S- u Tpex 4p-
opOUTaJISIMHU.

Ni%* 4s 4p

3d
MR EEIEREEIEE

co co co Co
VuuteiBas, uto Bce wersipe Ni®&®CO — cssm (9KcrepuMeHTAIbHEIC TaHHBIC)

abCOTIOTHO PABHOIEHHBI, BIOIHE JIOTMYHO INPEANONIONKUTh MX SP3-THOPUAM3ALUIO, TO €CTh
reomerpudeckast koupuryparms Ni(CO)s— TeTpasapudeckasi.

[Mpumepa 3  OmpenenuTh TUN  THOPHOW3AIMM —  BHEIIHCOPOWTANBHBIA  WIH
BHYTPHOPOUTATBHBIN, 7151 ciaeayromux kommmiekcoB: [FeCls]™, mats He criapeHHBIX IEKTPOHOB,;
[PACl4]?> muamarautusri; [Mn(CN)e]®, 1 = 2,93, ecnu a1 HUX M3BECTHO YMCIIO HE CHAPEHHBIX
AJIEKTPOHOB HWJIM TPHUBOIMTCS SKCIICPUMEHTAILHO OIpPENE/ICHHBIC 3HAYEHUS CYMMAapHOTO
MarHUTHOTO MOMEHTa (11).

Ortser.

3.1 Ilatp He ciapeHHBIX 1eKTpoHOB B HoHE [FeCls]™ oTBeuaroT anekTpoHHO# CTPYKTYype

noHa xenesa Fe** ... 3d°4s%4p® unm B rpaduueckoit popme

Fe®* 3d 4s 4p
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Yersipe wnona-muranga ClI-  o0pa3yloT ueTbipe XMMHUYECKHE CBS3H IO JOHOPHO-
aKIETITOPHOMY ~ MEXaHM3My 3a CYeT BaKaHTHBIX, OJHOM S- u  3p-opOuraiei,
KoMIIeKcooOpasoparens Fe3*. Tonpko Takoe B3amMojeiicTBue opOuTtanel sxemesa (+3) u
4eThipex HoHOB xJiopa Cl™ MoxkeT coxpaHuTh mapamaruuTHbIe cBoiicTBa KoMiuiekca [FeCls]™.

Urak, rpadudeckas popmyna [FeCls]™ Oyner umers crnenyrommii BU:

[FeCls]™ 3d sp? — ruGpuaM3anysa
YA T A 11 00000088

Cl Cl Cl Cl
Tun ruOpugu3andy — BHEIIHE OpOWTANBHBIN;, TeoMeTpuyeckas Qopma —
TeTpadAprUecKasl.
3.2 B muamarsutHoMm [PdCls]? mony s6Pd?** cooTBeTcTByeT rpaduueckas HIeKTpOHHAS
CTPYKTYpa, KOTOpasi He COJCPIKUT HE CIIAPEHHBIX dJICKTPOHOB, YTO OOBSICHIETCS BIMSHUEM IMOJIS
yeTbipex juranoB Cl.

Pd?* 4

d
NININ N

B pesynbTare, 1o JOHOPHO-AKIIENTOPHOMY MEXaHU3MY, 00pa3yrTCs YETHIPE CBA3U: OJHA
3a cueT BakaHTHO# 4d-opOuTanu; Tpu — 3a CUeT OAHOHN 5S- M ABYX — 3a cueT Sp-opOuTancii
noypoBHeit Pd?*,

B urore rpadudeckas CTpyKTypa AuaMarHuTHOro komirekca [PdCls]? umeer Bup:

5s Sp

Pd* 4d 5s 5p
MR EEIEEIEEIEE

4d'5s'5p? — ruGpuM3ays.

Tun rubpumuzanuu — BHYTpUOpPOMTAnbHBIA; Teomerpus [PdCls]?>” — xBampartsO-
TUIOCKOCTHASI.

3.3 BennurHa SKCIIEPUMEHTAIBHO OMPEISIICHHOTO CYMMapHOTO MarHUTHOTO MOMEHTa (1
= 2,93) ms xommuiekcHoro nona [Mn(CN)s]®™ mokassiBaeT, 4To MOH-KOMIIIEKCOOOPA30BaTENb
Mn®* conep kuT 1Ba He CIIAPEHHBIX AEKTPOHA.

JIBa He CHAPEHHBIX >JIEKTPOHA OTBEUYAIOT AJIEKTPOHHOH cTpykType uona Mn®*
3d*4s%4p° umm B rpadmueckoii popme

Mn3* 3d 4s 4p

N7

[lnaHua-uoHBl 00PA3yIOT IIECTh XUMHYECKHX CBs3€il 3a CUET BaKaHTHBIX opOuTaeil
Mn3*, e — ¢ 3d-; omHy ¢ 4S- U TpH — ¢ 4P-OpOUTATIAMH.
Torna rpaduueckas popmyna [Mn(CN)s]* Oyner umeTs craeyrommii BUI:

[Mn(CN)e]* 3d2sp® — rubpuausanus
R ENEEEEIEEIEEICEICEREE

CN CN CN CN CN CN
Tun ruGpuau3zanuy — BHyTpHOpOUTANBHBIN; reoMeTprudeckas (hopMa — OKTadApHUIecKasi.
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ba3oBb1il ypoBeHb

3anaua 1 Ko6aner B cocrosuuu Co?* (3d’) oOpasyeT aBa TuIa KOMILIEKCOB,
PasIMYAIOIMXCA MO MArHMTHBIM CBOMCTBaM: Hu3KOCTHHOBBIH kommiekce [CONO2)s]* (u =
1,73) u BeicokocrmHOBBIE — [CO(H20)6]*" (1 = 3,87). M306pasuTh cxeMy pacnpeieleHus
371eKTPOHOB 110 d.- 1 d,- opOuTaNsIM HOHA-KOMILTeKcoobpasopatens Co®*.

3amaua 2 O6bsacuuty ¢ mnoszuumu TKII uBerHocts coenuHeHuit menu (+2) wu
0eCIBETHOCTh coeTMHEHU Meu (+1).
3amaua 3 CrekTp mornomenus mus kommiekcHoro uoHa [Ti(H20)6]®* umeer

MakcuMyM mpd 504 HM. UTO MPOUCXOIUT IMPH TOIJIOMICHUH CBETa 3TUM MOHOM? BBIUMCIUTH
SHEPrUIO paclieruieHns (Bo30yxaeHus). B kakoii IBET OKpalleH 3TOT KOMILIEKC?

3amaya 4 K 1 am® pacrBopa Kz[Hgls] ¢ xonmentpammeii C(Kz[Hgls]) = 0,001
Mouts/mm3, comepxkarero 0,05 momb u36biTka Kl, mpubaBuiy Takylo Maccy HOHOB S, KoTopast
conepxurcs B 1 av° HacemmenHoro pactsopa CdS. Bemmazner mi ocamox HOS  Kieer([Hgl2]?) =
1,5-107%; TIP(CdS) = 7,9-107?7; TIP(HgS) = 1,6-:107%2).

3amaua 5 HNonuzarmonHas u30oMepusi KOMIUIEKCHBIX COCIMHEHMM 3aKII04YacTCs B
Pa3IMYHOM pacrpeeCHHH HOHOB MEX/y BHYTPCHHEH M BHEIIHEH cdepamu, YTO CKa3bhIBACTCS
Ha pa3HOM mporekaHuu mpoTosm3a. Kommieke cocraBa CoSOsBr(NHs)s cymiectByer B BUje
JIBYX U30MEPOB: OJIUH C HUTpaTOM cepedpa maét ocanok Ag.SOs, apyroit — AgBr; ipu merictBun
xyopusa 6apust oquH 1aét ocanaok BaSOs, npyroii ocaika He oOpa3yer.

Hanwmure xoopauHannoHHbIE GOPMYJIBI H30MEPOB, YUHUTHIBAS, YTO KOOPIMHAIIHOHHOE
gucio kobanbTa (+3) paBHO MIECTH.

3amaua 6 Ilose3ysace HOMeHkmatypoir MIOITAK, Ha3BaTh CleayrOIIHe KOMIUICKCHI:
1) [Ptls(NHz3)2]; 2) [CoPO4(NHz3)s]; 3) [Co(OH)3(NHs)z]; 4) [PtCls(NHz3)2]; 5)
[Co(NO2)2CI(NH3)s]; 6) [Cr(H20)3(CNS)s]; 7) [PtSO3(NH3)s]; 8) [Pt (NH3)4] [IrFe].

3amaua 7 Kakas cBsi3p Ha3bIBAaeTCs JIOHOpPHO-akuentopHoi? Kakoi aroM wuiun HOH
ABJIAECTCS JTOHOPOM M KAaKOH aKIEeNTopoM B KOMILIEKCHBIX moHax: [BF4], [PtF6]%, [HsO]",
[CU(CN)4]?**? Onpemenute B HHX CTEIeHb OKHCIGHHS KOMILIEKCOOOpa3oBaTenss W
KOOPAWHAITMOHHOE YHCIIO.

3amaua 8 Kakue coenuHEHHs] HA3bIBAIOT aua0KOMILIEKCHBIMH? CocTaBbTe (HOPMYITBI
koMIuiekcoB st woHa V' ¢ wmomamm F, CNS™ u NO; B KayecTBE JIMraHIOB, €CIH
KoopauHaLHoHHOoe uucio V3t papHo mecTy.

3anaua 9 Hanwmure ypaBHEHHS peakifii HUTpaTa cepedpa ¢ KOMILIEKCAMH CIIETYIOIIETO
cocraBa: PtCls:6NHs, PtCls:5NHs, PtCls-4NH3, PtCls-3NH3, PtCls:2NH3z.  Cocrasere
KOOPAMHAIIMOHHBIE (DOPMYITBI ATHX KOMIUIEKCOB, HA30BUTE UX M HAINUIIATE YPABHEHUS PEaKIIUA
MEPBUYHOTO TPOTOJIM3A ISl KAXKJIOTO U3 HUX. Kakoii u3 3THX KOMIUIEKCOB — HEJICKTPOJIUT?

3amaua 10 Beruwciure KoHIEHTpanuio (B MOJ'IB/I[M3) HOHOB KaJMHUsl B PacTBOpPE C
xoHnentpammeit C(K2[Cdls]) = 0,1 moms/am3, conepsxamem #onun xamus ¢ C(KI) 0,1 momns/am®
(K*T([CdI4]?) = 7,94-1077).

3amaua 10 Mapranen (0) u koGambt (0) 0Opa3yloT JIUMEpHBIE JBYXSJIEPHBIE
kapOoumibHble KoMIuTeKChl [C02(CO)g] u [Mn2(CO)10]. Kak TBC 00bscHSET UX 3JIEKTPOHHOE
crpoenue? [IpuBenuTe COOTBETCTBYIOIIUE JICKTPOHHBIC TPAdUIECKUE CXEMBI.

3amaua 11 Kakoi#l tun ruOpuau3aiuy, BHEIIHE- WU BHYTPU OpPOMTAIbHBIN, aTOMHBIX
opoutaneii Co®* B xommuekcHeix uoHax [CO(NHs3)e]** (mmamaramren) u [CoFs]®  (tpu
HECITAPCHHBIX JICKTPOHA)?

3agaua 12 OnpenenuTh THOPUIHBIE OPOUTAIM LEHTPAILHOTO HOHA M TEOMETPUYECKYIO
CTPYKTYPY KOMILJICKCOB, JUIsl KOTOPBIX YKa3bIBAETCS YMCIIO HE CHAPEHHBIX DJIEKTPOHOB WIIH
HaWJICHHOE OMBITHBIM TyTeM 3HadeHue . a) [CoCls]™, Tpu HeCIapeHHBIX AICKTPOHA,; 0)
[MnClg]?%, 1= 5,95; B) [AUCls]” — nuamaruutsbiii; r) [FeCls]™, nare HecapeHHBIX JIEKTPOHOB;
1) [PdCl4]%, nuamarsurhsiii; e) [Fe(CN)s]®, x) [Fe(CN)s]*", amamMaruuTHbIiA.

3anaua 13 Kakoii Tum ruOpuan3anuy aToMHbIX opOuTaneit Gocdopa ocyiecTBisieTcs B
uonax [PCls]" u [PCle]", u3 xotopsix cocrost kpucramisl P2Clig? KakoBa mpoctpaHcTBeHHast
KOH(UTyparus STUX HOHOB?
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3anaua 14 Pacteop [Ni(H20)s]?* umeer 3enenyro oxpacky. OObsCHUTE, TOUEMy OKPAcKa
MCYe3aeT P BBEACHHUH B 3TOT pacTBOp HOHOB CN.

3anaua 15 IpejnckaxuTte MarHUTHEIE cBoiicTBa HOHOB: a) [Al(H20)s]%*, 6) [Zn(H20)6]*",
B) [Cu(H20)4]**, 1) [Fe(H20)6]*", n) [Fe(H20)6]?", e) [Cr(H20)s]**. IpeackaxuTe MarHUTHEIE
CBOICTBA HOHOB, Y KOTOPBIX MOJIEKYJbI BOJIbI 3amernensl Ha NHs, F~ wiu CN-.

IToBBIIEHHBIN YPOBEHB

3amaga 1 Hon [CrFes]®* — mapamarauTeH (Useen. = 3,91). IlocTpoiite ero
SHEPTreTUUYECKYI0 IauarpamMmy, ucnojibdys MMO. VkaxuTe 4YuciIo U XapakTep XUMHUYECKUX
CBsA3€H B KOMILUIEKCE.

3amaua 2 BeluncianTe  KOHIEHTpanuioo  woHoB Ag® B pacTBope,  ecid
C(/Ag(NH3)2]NO3) = 0,2 moms/am® u C(NH3) = 0,5 moms/mm®. O6mas KoHCTaHTa HECTOMKOCTH
xommnekca [Ag(NHs)2]* pasua 6:1078,

1 Hammucatp dopmynbsl coenuuennii: 1) tpuammuHdocdaToxpoma (+3); 2)
TpuaMMuHTpuioopoaus (+3); 3) IMaMMHHTETPaxJI0OpOIIaTHHbI (+4); 4)
TpUAaMMUHTpUHUTpOpoaus (+3); 5) muruapokcuiaMuHAnXJIoponamaaaus (+2); 6)
aMMUHTPUXJIOPOIUIATUHAT (+2) TpUaMMHUHXJIOPOIUIaTUHBI (+2); 7) rekcanuaHokoOanbTat (+3)
rekcaMmMuHKOOabTa(+3); 8) rexkcadropoxpomar (+3) rexcakBaxpoma(+3); 9)

TeTpaxyioporiaTuHaT (+2) TeTpaMMHUHIUTHIpOKcOIUIaTuHbl (+4); 10) rexcanuanoxpomar (+3
rekcaMMHHKOOabTa(+3); 11) rekcanuTpo-kobanerar (+3) rekcammuaxpoma(+3).

3amaua 3 Bemaner nm ocamok kap6onarta kaamumst (ITP(CACO3)=2,5-10%), ecmu k
pactBopy ¢ konmenrtpammeii C(CA(NH3)sSOs) = 0,01 momb/nM°® 1006aBHTH PaBHEI 00BEM
pactBopa comsl ¢ koHmeHrtpammeidi C(NaxCOsz) = 1-10* moms/mm>? Otser: ocamox CdCO3
BBITIAJIET.

3amaua 4 BemiectBo coctaBa PtSO4(OH)2(NH3)s 06pa3yeT 1Ba HOHHU3AIMOHHBIX H30MEPA.
Boanblil pacTBOp OJHOTO M3 HUX HEUTpAJICH, APYroro — MUMEET IIeOYHyI0 cpeny. Hanummre
KOOpAMHAIIMOHHBIE (OPMYJBI U30MEPOB, YYHUTHIBAs, YTO KOOPIMHAIMOHHOE YHCIIO IJIATHHBI
pPaBHO IIECTH, & HOH SO4% — GUICHTaHTEH.

3amaua 5 Kak TBC o0bsicHsieT ctpoenue kapOonminoB xpoma (0) u xenesa (0)? Kakue
koopauHanuonusie yncia umeror Cr(0) u Fe(0) B aTux xommiekcax?

3agaua 6 B kakux 00JacTsAX 3JIEKTPOMArHUTHOTO CIEKTpa MPOMCXOIUT TOTJIOIICHHE,
ecnu pactBopel umeroT okpacky: NiCly — semenyro, TiClz — kpacHo-mypmypayro, CuSOs —
CUHIOI0?

Bagauya 7 OOwsacuure, moyemy coeaumHeHuss Au (+1) He oxpamensl, a Au (+3) —
OKpAIIICHBI.

3anaua 8 Makcumym nornomenus BogHoro pactsopa [Cr(NHs)e]® cocrapnser 460 nm,
a ans pacteopa [Cr(H20)6]3"— 710 am. Kakylo oKpacky HMEIOT pacTBOPBI STHX KOMILIEKCOB?
PaccuuTaiite 3HEpPruIo pacuieruIeHUs sl 3THX HOHOB.

3amaua 9 Kakoil JumMHE BOJHBI COOTBETCTBYET MAKCUMyM TOTJIONIEHHS Ui BOJHBIX
pactBopoB uona [Mn(H20)s]**, eciu sueprus pacmennenus nis d- u d,- nogyposneit Mn3*
paBHa 250,5 xJI>x/monb? Kakyto okpacky UMeeT 3TOT pacTBOp?

OTBeT: OKpacka opaHxeBasi; Amax = 472 HM.

Bamaua 10 M300pasuTh cXeMy pacrpenesieHust 3IeKTpoHoB 1o de- u d,-opOutasnsm
KOMILTeKcooOpasoBates B kommuiekcHbIX uoHaX [Cr(H20)6]®* (usen = 4,8) m [Cr(CN)s]®*
(TMamMarHUTHBIN).

3amaya 11 MOXHO M CYHMTaTh MOJICKYJbl METaHa M aMMHaKa KOMIUIEKCHBIMU
coequaenusmMu? Kak MMO onuceiBaeT oOpa3oBaHue MOJeKyIsapHbIX opOutaneit B CHs u NH3?

Cnmcok 1uTepaTypsl, peKOMEH/yeMblii K HCII0JIb30BAHMIO 110 IAHHOH TeMe
OcHoBHas JinTeparypa:
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BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocryna: mis
aBTOPU3HUP. NOJIb30BATEIEH
Jlono/JIHUTe/IbHAS JINTepaTypa:
1. I'munka, H. JI. O6mas xumust / H. I'. I'nmuaka ; [Tox pen. A. Y. Epmaxkosa. - U3n. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubmuorp.: c. 704. - IIpeam. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. X¥uMHs METaJuIoB : yuyeOHOe mocodue (I CTYIGHTOB XMMHYECKOTO (haKyIbTeTa
HampaBJIeHUH O0aKkanaBpoB «XUMU» U «XUMHUYECKask TeXHOJIOTUs») / coctaButenu O. A.
I'onoBanoBa. — Owmck : Omckuil rocyaapcTBeHHbIN yHUBepcuTeT uM. @.M. JlocTtoeBckoro,
2015. — 552 ¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aeKTpoHHBIH // DnekTpoHHO 6ubmmorednas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
aBTOPH3HUP. MOJIb30BATENIEH
HNuTepHeT-pecypceb:

1 http://window.edu.ru/ — emuHOE OKHO JOCTyIA K 00pa30BaTEILHBIM pecypcam

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

3 http://catalog.ncstu.ru/ — >meKTPOHHBIH KaTaJIoT aCCOIHAIIMU DJICKTPOHHBIX OMOIHOTEK
yaeOHbIX 3aBefieHui u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OTkpbeITOE 0Opa3oBaHKe

Tema 8. OKUCIANTENbHO-BOCCTAHOBUTEIbHbIE PEAKINH
IIpakTnueckoe 3ansaTHe 8. OKUCIUTETHHO-BOCCTAHOBUTE/IbHbIE PeAKIUT
Heap 3anaTHA: 1) NOBTOPUTH OCHOBHBIE MOHSTHA OO0 OKHCIEHHHM M BOCCTAHOBJICHHH,
PaccMOTPETh CYIIHOCTh OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIMIA;
2) BbIpabOTaTh YMEHHUS 10 COCTABICHUIO YPABHEHUM XMMUYECKUX PEaKLUN, TPOTEKAIOLIUX
B Pa3jIMYHBIX Cpeax METOI0M JIEKTPOHHOro OaaHca;

3HaHuA M yMeHHsl, IpuodpeTaeMble CTYI€HTOM B pe3yJibTaTe 0CBOCHHUS TeMbl
3HaTb: OCHOBBI CAMOOPTaHU3AIMH U CaMOOOPa30BaHNS;
3HaTh: CYIIHOCTH M 3HaYeHUE MH(OPMAIK B Pa3BUTHH COBPEMEHHOI'O OOIIECTBA; OCHOBHI MTOTYYCHUS
1 00paboTKK MH(OPMAITUH U3 PA3IHYHBIX HCTOYHIUKOB
3uarp: pabOTHI 10 pacyeTy U MPOCKTHUPOBAHUIO JE€TAJCH U Y3JI0B MAITUHOCTPOUTEIBHBIX
KOHCTPYKLMH B COOTBETCTBUU C TEXHUYECKUMU 3aJAHUSMU U UCIIOJIB30BAaHUEM CTaHAAPTHBIX
CPEACTB aBTOMATU3ALMU IIPOECKTUPOBAHUS
YMeTb: caMOCTOSTEIBHO CTPOUTH IPOLIECC OBNIaAeHHs HHpOpMaLel, OTOOpaHHON 1
CTPYKTYPHPOBAHHOM ISl BBIIIOIHEHU ST TPO(ECCHOHATBHOMN JIeITEHbHOCTH.
YMerb: nonydars u 00padaThIBaTh HH(OPMALIMIO U3 PA3IMYHBIX HCTOYHUKOB
YMerh: TPUHUMATH y4acTHE B padOTax Mo pacyeTy U MPOESKTUPOBAHUIO JAeTajel U y3II0B
MAIIMHOCTPOUTENILHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSAMU U
HCIIOJIb30BAHUEM CTaHAAPTHBIX CPEIACTB aBTOMATU3ALUU IIPOEKTUPOBAHUSA

HaumenoBanue (opMupyeMbIX KOMIETEHITHIA

WNunexe DopMyIHUpPOBKA:
OK-7 CMOCOOHOCTBIO K CAMOOPraHU3aIMK U caMO0OpPa30BAHUIO
OIIK-4 MOHUMAaHUEM CYIITHOCTH U 3HAYCHUS] HH(POPMAIH B Pa3BUTHU
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COBPEMEHHOT0 00IIIeCTBa, CIIOCOOHOCTHIO MOYyYaTh U 00pabaThIBaTh
I/IH(bOpMaI_H/IIO U3 pa3JIMYHbIX UCTOYHHUKOB, TOTOBHOCTBIO HHTCPIIPECTUPOBATD,
CTPYKTYpPUPOBATh U 0POPMIISITh HH(DOPMALIHIO B TOCTYITHOM JUISI IPYTUX
BHUJC

[IK-5 CIOCOOHOCTHIO MPUHUMATH YI9acTHE B paboTax Mo pacyery u
IPOEKTUPOBAHUIO JIeTAJIEN U Y3JI0B MAIIMHOCTPOUTEIbHBIX KOHCTPYKIIHM B
COOTBETCTBUU C TEXHUUECKUMH 3aJIaHUSIMU U UCIIOJIb30BAHUEM
CTaHJIAPTHBIX CPEJICTB ABTOMATH3AI[MH IPOECKTHUPOBAHUS

AKTyaJH)HOCTI) TeMbl. OKHCIUTEIBHO-BOCCTAaHOBUTEILHBIE MpoUeCChbl MPHUHAMICIKAT K
YUCITy HamboJiee PacIpOCTPAHEHHBIX XUMHUYECKHX PEaKlUid U UMEIOT OTPOMHOE 3HA4YCHUE B
TEOPHUHU U IIPAKTUKE.

TeopeTnyeckas 4acTb
Teopusi OKMCIUTEIHHO-BOCCTAHOBUTEIBLHBIX peaKiuii

Peaxyuu, 6 Kkomopwix npoucxooum uzmeHeHue cmeneHel OKUCIEHUs amomos,
HA3bI8AIOMCS OKUCTUMENbHO-80CCMANOBUMEIbHBIMU.

B mnpocTeix BelecTBax CTENEHM OKHUCIEHHS aTOMOB paBHbI HymO. [ ciosxHOM
MOJIEKYJIbI CyMMa CTETIEHEH OKWCIEHHUs BXOJSIIMX B €€ COCTaB aTOMOB TaKXe JOJKHAa OBITh
paBHa HYIIO; 7151 HOHA — €T0 3apsy.

OxucrieHreM Ha3bIBaeTCs MPOLECC OTAaYM aTOMOM MOJIEKYJION MJIM HOHOM 3JIE€KTPOHOB!

Al —3e —> AI3F

Fe?* —e - Fe3*

2CI~ —2e > Cl,.
B npouiecce okucieHus mpoucXoAuT MOBBIIEHUE CTENIEHU OKHCICHHUS.
BoccranoBrnenneM Ha3bIBaeTCsl MPOLIECC MPUCOECTUHEHHS SJIEKTPOHOB aTOMOM, HOHOM
WJIA MOJIEKYJIOM:

S +2e 82t

Cl, +2e — 2CI~

IIpu BocCTaHOBIIEHUH CTENEHb OKUCICHUS TIOHMKACTCH.

B 3aBucuMoOcTH OT CIOCOOHOCTH OT/AaBaTh WJIM MPHUHUMATh 3JEKTPOHBI BCE BEILIECTBA
JEJSATCS HA OKMCIMTEIN U BOCCTAHOBUTEIH.

Oxucnumenu — 5mo amomvl, UOHbL UIU MOJEKVIbl HPUCOeOUHAIOWUE 31eKmponsl. Bo
8pems peakyuu OHU 80CCMAHABIUBAIOMCA.

Boccmanoeumenu — amo amomol, UOHbL UNU MONEKYIbI, KOMOPblE OMOAIOM INEKMPOHDL.
Bo epems peaxyuu onu oxucasaromes.

IIpouiecchl OKUCIEHUSI U BOCCTAHOBJICHUSI BCErJla MPOTEKAIOT MapauleIbHO, YTO MOKHO
BBIPA3UTh CIEAYIOIIEH CXEMOM:

Boccranosuresns (B1) — € €> oxucaurens (O1)

Oxucnutens (Oz2) + € <> BoccraHoBHTEID (B2).

CrnenoBarenbHO, OKUCIUMENbHO-80CCMAHOBUMETIbHbIE peaKyul npeocmasisaom cooou
eOUHCBO 08YX NPOMUBONONOJNCHBIX NPOUECCcO8 — OKUCIEHUs U B80CCmaHognenus. B 3Tux
peakiusax oOlee YuciIo AIEKTPOHOB, OT/IABAEMBIX BOCCTAHOBHUTENIEM, PaBHO OOIIEMY YHCHTY,
MIPUCOCTUHIEMOMY OKUCITUTEIIEM.

[Ipu sTOM HE3aBHCHMO OT TOTO TMEPEXOJAT JIM AIEKTPOHBI C OJIHOTO aToMa Ha JIPYrou
MIOJIHOCTHIO MJIM JIMIIIb YaCTUYHO OTTATUBAIOTCS K OJJHOMY M3 aTOMOB, YCJIOBHO TOBOPST TOJIBKO
00 oT/1aue ¥ MPUCOEAUHEHUH IIIEKTPOHOB.
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B OBP oxkuciauTens U BOCCTAHOBUTENb PEArdpyOT APYr C APYTOM B IKBUBAJICHTHBIX
KOJIMYECTBAX.

Oxeueanenmom okucaumensi (0O) umu e6occmanosumens (B) Hnazvieaemca makoe
KOIUYeCmeo ux MONb, KOMOpOe NPUCOeOUHsem Uiy omoaem OOUH MOJb NEeKMPOHO8, UMO
ompaxcaemcsi CLeoyrouWUMU QOPMYTAMU:

3(0), monv = 3 wiu I(B), monb = i,
Zg Zg
I1€ Ze — 4YHUCIO DBJIEKTPOHOB, KOTOPOE IPUHUMAET OKHcauTenb (O WM OTHaeT
BOCCTAaHOBHTEIb B.
MouibHasg (WM MoOJIsIpHasl) Macca SKBHBAJIEHTa OKuciauTenss O U BOCCTaHOBUTENS B
BBIPA)KAeTCs B I/MOJIb U OTIPEAETSAETCS U3 COOTHOIEHUH CIIETYIOIIEro BUa:

1 1
1) nast okucrenst— M (— O), el monw; 2) nasBocctanoBuress —M (—, B), e[ monw
Zg Zg

ToJbKO B POJIM OKUCITUTEINS BHICTYMAIOT YaCTHUIIBI, UMEIONNE MAaKCUMAJIbHO BO3MOXKHBIC
CTENEHW OKHUCJICHHS (Hampumep, uisi MapraHma — 3t1o (+7), mns azota (+5) U T.A.); TOJIBKO
BOCCTAHOBHTESI — C MUHUMAJIBHOM CTETICHBIO OKUCIIEHUS ([T cepbl — 310 (—2), st a3ora — (-3)
U T.J.).

Yacmuyel, umerowue npomexcymounvie CmeneHu OKUCIeHUS, MO2Ym NpOsEIamb
ceolicmea Kak oOKucaumers, maxk u 60CCmanogumens. 1o 00yCIOBIEHO: XUMUYECKOW MPUPOIOH
peareHTa-napTHEPA; yCIOBHUIMH U XapaKTepOM CpeJibl, B KOTOphIX IporekaeT OBP.

Hanpasnennocte OBP  ompegensiercs  BeIMYMHAMM  3HAUYEHWM  CTAHJIAPTHBIX
MOTEHITMAJIOB PEareHTOB: OKHWCcIuTedbr () Bcerma wuMmeeT Oonpmui (1Mo anredpandecKou
BEJIMYMHE) CTAHJAPTHBII MOTEHIMAI, YeM BOCCTAHOBUTEND B.

Hampumep, B xucnoii cpene cmemmuBarot n8a BemiectBa: KoCroO7 m NaNO,. Kakoe u3
3THX BeIeCTB Oy/IeT OKUCIUTENIEM, KaKOe — BOCCTAHOBHUTENEM?

O6patuMcs K crpaBounbM maHHBM: ¢°(Cr20772 + 14 H*/2Cr*® + 7TH,0) = 1,33 B;
9°(NO3™+ 2H*/ NO2 + H20) = 0,78 B.

Ilpumeuanue. PexomeHayeTcss ucnoJsib3oBaTh ydeOHoe mocobue: H.C. Axmeros, M.K.
AsmzoBa, JL.W. banpiruna. JlaGopaTopHble H CEeMHHApCKHME 3aHATHS 10 oOmed wu
Heopranuyeckoi xumuu. M.: Beicui. mkosa, 2002.

Tak xak @°(Cr2072 + 14 H*/2Cr™® + 7H,0) > ¢°(NOs~ + 2H* / NOz~ + H20), mo
okucnutenem oyaet sBisaTbes KoCraOy7.

KonmnuecTtBeHHON xapakTepucTukoil TiyOuHbl mnpotekanus OBP sBisercs 3HadeHue

KOHCTAHTBI PaBHOBCCHUSI:
qkP -2 ©)-¢"(B)
g - ZZ’
0,059

rae ¢°(0) u ¢°(B) — cramjgapTHBle HOTEHIMANBl OKUCIMTeNs O M BOCCTAHOBMTENsA B
COOTBETCTBEHHO, B; Zy — cymMMapHO€ KOJMYECTBO JIIEKTPOHOB, MPUHUMAIONINX YYacTHE B
nmauaou OBP.

KoncranTa paBnoBecust OBP cBsizana ¢ motenimanom ['u66ca ([Jx/mons K):

AG? = -2,303RT Ig K P

Dueprus I'ub6ca, B cBoo ouepens, caaszana ¢ IJC (AgP®) mocrosuuoit dapanes (F) u
YHCIIOM DJIEKTPOHOB, ydacTBytoiux B OBP:

AGC, JInc/mons-K = —nAg°F,

Ap® = ¢°%0) — ¢°%B) — DJIC OKHCIUTENHHO-BOCCTAHOBMTEIBHON pPEaKIUM MpH
CTaHJAPTHBIX YCIOBHSX, B.

Hnsa cranpaptabeix yenmoBuit: 7' = 298,15 K = 2982 K; R = 8,314 x/monb-K; F=
96450 = 96500 k/MOJB-9KB, MOIYUIUM (HOPMYITY YIOOHYIO TSl PACUETOB:

142



gK P — F 96500
298~ 92303RT 2,303-8,314-298,2

B  ycnoBusix OTIMYHBIX OT CTaHJAPTHBIX, OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIE
noteHuuansl (OBII) m OJIC OBP, nporekaromux B BOJHBIX pacTBOpax, 3aBHUCIT OT
KOHLIEHTpaluu (TOYHEe, aKTUBHOCTEW) YYacTBYIOLIMX B IPOLIECCE MOHOB. JTa 3aBUCUMOCTH
BbIpaxkaercs popmynoit Heprera:

nAp® =16,90nA¢°.

0,059. [O
¢, B= Q) + |9EB},

rie ¢°os — CTaHJAPTHHIN MOTEHIMAN peareHTa (OKMCIHTENH MM BOCCTAHOBHTENs), B;
[O] u [B] — KOHIEHTpalMy OKHCIEHHONW M BOCCTAHOBIEHHOH (OpPM peareHTa, MOJB/IMS, Z —
YHCJIO NIEKTPOHOB B MOJYPEAKIIUU AJIS JAHHOTO peareHTa.

Ipumeuanue. Crnenyer Bcerja MOMHUTh, YTO KOHLEHTpaluuu Bcex ydyacTHUKOB OBP B
ypaBHeHUU (7.5) sBisitoTCS MOJIsApHBIMU KoHUeHTpauusMu (Cy (X)), a He MOJSIPHBIMU

skBuBatienta (C(1/2 X)).
Ha 3nauenne OBII u Ha xapakTep NpOJYKTOB pEaKIMU JOCTATOYHO CHJIBHOE BIIUSHUE
okazpiBaeT pH pactBopa, B koTopoM mpotekaer OBP. Hanpumep, npu pH < 7 3Hauenue

CTAHAAPTHOIO NOTEHHANE 1S CHCTCMBL
@’ (MnO7 +8H " /Mn** + 4H,0) =151B -
wupti=7- @ (MnOZ + 2H>0/MnO, + 40H ") =0,6 B -
ot >7 - @2 (MnOZ / MnOz?) = 0,564 B.

Bakneiimme BOCCTaHOBUTENIM: aTOMBI METauioB, Boaopos, yriaepon, CO, H.S, H2SOs,
NaNO2, NazS203, HI, HBr, HCI, FeSO4, CrCls, MnSO4, NHs.

Bakneiime OKUCIUTENN: TaIOTEHBI, XJIOpaThl, KHCI0pod, 030H (O3), KMnOas, K2Cr207,
KoMnOa, H202, H2SO4 (kony.), HNO3, PbOs.

Tunbl OKMCJINTEIHLHO-BOCCTAHOBUTEIbHBIX PeaKIuii

Paznu4aroT Tpu THIIA OKUCIUTEIHLHO-BOCCTAHOBUTEIBHBIX PEaKITUH:

a) BHYTPUMOJIEKYIIPHBIE; 0) TUCITPOTIOPIIMOHUPOBAHHUS; B) MEKMOJICKYJISIPHBIC.

Brympumonexynapuoie OBP — smo maxue peakyuu, 8 KOMOpP®IX U OKUCIUMENb, U
B0CCMAHOBUMENL HAXOO0AMCS 8 COCMABe OOHOU MOJEK)bl, HO ABIAIOMC NPU IMOM PA3HbIMU
NleMeHmamu.

2KNO; —52KNO, + 0,
AN —2e > N ™

1207% + 4e <> 0,.
Peaxyuu oucnponopyuonuposanus — OBP, 6 xo0e KOmopulx 00uH U3 31eMeHmOs,

coéepofcamezlc;l 68 00HOU MOoJieKyiie, 00H06p€M€HHO u noesvluiaem, u norHuddcaem cCcmeneHdsb
OKUCIeHUA.

Cly +2KOH — KCIO + KCl + H,0
1|Cl, —2e <> 2CI"
1|Cl, —2e <> 2CI~.

K AUCTIPpONTIOPIHUOHUPOBAHUTO CIIOCOOHBI IIOYTH BCC YaCTHUIbI, UMCIOIIUC
MMPOMCKYTOYHYIO CTCIICHDb OKHCJICHH.
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HaubGonee pacnpocTpaHeHHBI pPEAKIMH TPETHEro THIA, KOTOPBIE TPOTEKAIOT C
W3MEHEHUEM CTEIEHH OKHUCJICHUS aTOMOB B Pa3HbIX MOJIEKylaxX, T.€. OKHUCIUTEIb U
BOCCTAHOBUTEIb HAXOAATCS B pa3HbIX BenlecTBax. Cro/a ke ClielyeT OTHECTH U PEAKIIUU MEKLY
pa3HBIMHM BEIECTBAMH, B KOTOPBIX aTOMbl OJHOTO M TOTO K€ 3JEMEHTa MMEIOT Pa3IUYHYIO
CTENEHb OKUCIICHUS:

5HCI + HC|O3 —)3C|2 +3H20
112C1™ +10e <> CIY
512C1~ —2e <> CIS

AJITOPUTMBI COCTABJICHUS MOJHBIX YPABHEHUH OKMCIUTEIbHO-BOCCTAHOBUTEIbHBIX

peakuuii

[IpaBunbHO cocTaBiieHHOE MOJIHOE ypaBHeHHE peakiuu OBP nomkHO ynoBieTBOPSTH
3aKOHY COXPaHEHMsI MacChl BELIECTB — YUCIO OOHUX U MeX JHce AmMOMO8 8 UCXOOHBIX 8euecmeax
U NpoOyKmax peaxkyuu O00JHCHO Obimb 00uHakosvim. B moHHBIX ypaBHeHUsix OBP mosmkHBI
BBITIOJIHATHCS: 3aKOH COXPAHEHUS MACChl BEIIECTB U YCIOBHE 3JIEKTPOHEHTPAIbHOCTU — CyMMA
cmenenel OKUCTIeHUsL UCXOOHBIX 8eujecms O00NHCHA OblMb pABHA CyMMe CMmeneHell OKUCTeHUs
NPOOYKMO8 peaKyuu.

Kpome »sToro, HEOOXOAMMO TMOMHUTH, 4YTO CTENECHb OKHUCJICHUS MOXET OBITh
OTpHUIATENIbHOM, TOJOKUTEIBHOMN, paBHON HYIIIO, a TakKe U APpOoOHBIM yucioM. Tak, Hanpumep,
st coemuaenust KO2 crenens OKUCICHUsT KUCTIOpoaa paBHa (—)%2.

Cmenenb oKkucnenus ce20a npueooumcs co 3Hakom (3HaK IUTIOC HE OITYCKaeTcCsl, a BCeraa
yKa3biBaeTcs!).

[Ipu cocraBneHun ypaBHEHHI OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIIMIA HCTIONb3YIOT
JIBAa METOJa: METOJl JJIEKTPOHHOIro OajlaHca M METOJl 3JIEKTPOHHO-MOHHO-MOJIEKYISIPHOTO
Oamanca (Meron moaypeakumii). IlociaeaHuii MeTOJ WMCHOJIB3YeTCsS TOT/A, KOTAAa PpEaKIus
MPOXOJUT B cpene AnekTposuta. [Ipu sTom crabble 3IeKTpONIUThL, a TaKKe MajiopacTBOPUMbIE
BEIIECTBA, 3aMCHIBAIOTCS B MOJIEKYJIIPHOM BUJIE, @ CUJIbHBIE — B BUJIE HOHOB.

Aneopumm cocmaeénenus ypasuenuit OBP:

1) onpenensitoT OKUCIUTENb U BOCCTAHOBUTEID (B TAOIUIIaX HAXOAAT COOTBETCTBYIOLINE
3HAYEHUS CTAHJIAPTHHIX MOTEHIIMAJIOB PEareHTOB IJAHHOUW peaKlnn);

2) onpenensioT, Kakue CTEeNeHU OKUCICHUS TPUOOPETAIOT BOCCTAHOBUTEINb U OKUCIUTEINb
nocie peakiquu. Yem Oojee CHIBHBIM OKUCIMTENb YYacTBYeT B pEaKIMH, TaM BBbIIIE
MOJHUMAETCS CTETIeHb OKUCIICHUSI BOCCTAHOBUTEIIS.

AnHanoru4Ho, yeM OoJiee CUJIbHBI BOCCTAHOBUTENb pPEArupyeT C OKHUCIUTEIEM, TEM
CUJIbHEE MOHIKACTCS CTETIEHb OKUCIICHUS OKUCIUTEIIS.

3) ompenensoT, B BUAEC KAKUX COCJAWHEHUN CYIIECTBYIOT OKHCJIEHHBIE H
BOCCTaHOBJICHHBIE 2JIEMEHTHI B IaHHOU cpefie (KUCIIOM, eNoYHol U HeliTpanbpHoit). Hanpumep,
Fe** B kucnoii cpeme cymecTtByer B Buie comu Fe (+3), a B menouHoii cpeae — B Buje
MarnopactBopuMoro ocazika Fe(OH)s.

4) HaxomaT kod(dpduuuentsl B ypaBHeHun OBP Merogamu ANEKTpPOHHOTO WM
3JIEKTPOHHO-MOHHOTO OajaHca.

B wMmetone onexkTpoHHOTO 0OanmaHca pacCMaTPUBAIOT TOJMYPEAKIMH OKUCICHHS H
BOCCTAHOBJICHUS C yYaCTUEM aTOMOB, HAXOIAUIUXCS B ONPEEIEHHBIX CTENEHIX OKUCIEHUS.

Bonpocsl 1 3agaHus

HpI/IMep 1. I/ICHOJ'II:BYH MCTO/J DJICKTPOHHOT'O 6ancha, COCTaBUTH YPABHCHUC CHCI[y}OH_[Cﬁ
OKHCIUTEIbHO-BOCCTAHOBUTEILHOM pCaKkuuu:

FeClz + KI —
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Yka3arb OKHCIUTENb U BOCCTAHOBUTEh; ONPEACTUTh UX YKBUBAICHTHI i SKBUBAJICHTHBIC
MAacCChI;, BBIYUCIIUTH MOTeHIMANT [ M00ca U KOHCTAaHTY PaBHOBECHUSI PEAKIIMHU M CHIEIAaTh BBIBOJ O
riyOnHe e€ MpOTEeKaHusI.

Pemienue: 1) 3HaueHus: CTaHIAPTHBIX MOTEHIIMAIOB PEAreHTOB (CIPAaBOYHBIC JaHHBIC):
¢°(Fe*® Fe*?) = 0,76 B; ¢°(12/21") = 0,54 B;

2) tak kak @°(Fe*®/ Fe™?) > ¢°(I2/210), To Fe™ — okmcnmrens, BoccTaHABIMBAETCA 10
Fe*?: | - BocCTaHOBHTEb, OKUCISIETCS 110 |2

3) cxema ganHoit OBP Oyner uMeTh crieayromuii BUI:

FeClz + KI - FeCl, + 1, + KCI

Ilpumeuanue. Cxema OBP TONBKO NOKa3bIBa€T XapakTep HCXOJHBIX U KOHEUYHBIX
BEIIECTB.
4) 3amuIneM 3JIeKTPOHHBIE YPaBHEHUS JIJISl TIOJTypeaKIui

2|Fe™ +e” < Fe™?; Fet® —oxucmurens;

1121 —2e <> 1y; | —BoccraHoBUIENS;
1__+3 . 1_.+3 r .

O(=Fe ™) =1monb; mMonbHas Macca skBuBaneHta —M (= Fe” ) =56 ;
1 1 MOJIb
2 1 v )

3(=1") =1monb; MosbHas Macca 3kBUBaieHTa —M (=1 ) =127 ;
2 1 MOJTb

2 +3 2 - _ 2 +2
Fe™ +21 =2Fe"™ + 1y — kparkoe nonnoe ypasnenne OBP (151 HEro BBITOJHSAETCS

3aKOH COXPaHEHMsI MACChl BEILIECTB U YCIIOBUE AJIEKTPOHEUTPATbHOCTH);
6) W, OKOHUaTeabHO — moJHOoe ypaBHeHne OBP (a7 HEro BBITONHIETCS 3aKOH
COXpaHEHHs MacChl BEIIECTB):

2FeCls + 2KI = 2FeCl, + 1, + 2KCl,

7) BBIYHCIUM M300apHO-TepMUYECKUN ToTeHHan [ 'n6oca mo Gopmymne AGY = —

NA@°F, J[>x/MoJIb M KOHCTaHTY paBHOBecHs peakimu mo(10.1.86)
a) AG® = —1-2+(0,76 — 0,54) 96500 = — 42460 JIx/M0mb = — 42,46 KJIK/MOIB;

6) Ig Kiog =16,90nA¢° =16,90-1-2(0,76 -0,54) = 7,436, KRy =10"*° ~2,73.10".

BoiBog: rmiyOuHa mnpoTekaHWs MPSMOM peakiuy OTHOCUTENIBHO HEBEJIHKa, YTO
00yCIIOBJICHO HE3HAYUTEIbHBIM Pa3jIMudeM BEJIMYMH CTaHAAPTHBIX 3JEKTPOIHBIX MOTEHIINAIOB
peareHToB.

B memooe snekmponno-uonnoco 6ananca (mounee — 21eKmMpOHHO-UOHHO-MONLEK)ISIPHO2O
bananca) paccmampusarom nepexoo 31eKMpPOHO8 O OOHUX AMOMO8 WIU UOHO8 K Opyeum ¢
VUémom xapaxmepa cpeovl.

Jlns ypaBHUBaHUS aTOMOB KUCJIOPOJa, a 3aTEM BOJOPOJA, B HEUTPAIILHOMN (PH=7)n
uieniouHoi cpezae (pH > 7) ucnons3yrotr: 1) OH™ — HOHBL, YMCIIO KOTOPHIX OOBIYHO YABaUBAIOT; 2)
MOJIEKYITBI BOJIbI B KUC0# (pH < 7): 1) Monexyisl Boasl (st kucopoaal); 2) nmporonst HY (st
BOJIOPOJIA).

MeTon 9IEKTPOHHO-HUOHHO-MOJIEKYISPHOTO OajaHca Ha3bIBAIOT TaKXKe METOJIOM
MOJIypeakluid, U OH UMEET PAJ MPEUMYILECTB MO0 CPAaBHEHHUIO C METOJIOM 3JIEKTPOHHOTO OanaHca:
BO-TIEPBBIX, HE HAJO OMpPENeIsITh CTENEHH OKHCICHHS DSJIEMEHTOB, TaK KakK pacuéT 4ucia
AIIEKTPOHOB TMPOUCXOJUT MO 3aKOHY COXpPAaHEHUsS 3apsAloB, W, BO-BTOPHIX, aBTOMATHUECKU
noaduparTcs kodOPUIIMEHTH B COKpAlIEHHOM HOHHOM ypaBHeHHH naHHOW OBP. OcobenHO
BakeH mociennuit meroq B OBP ¢ ydactueM opraHmueckux COEAUHEHHM, TZIe Y4acTO CIO0XKHO
OTIPEICNTUTh T€ aTOMBI YIJIepOo/ia, KOTOPhIE MEHSIOT CBOIO CTETIEHb OKUCIICHUS.
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Meton noaypeakuii npuMeHuM Tosbko kK TeM OBP, koTopble poTeKkaroT B pacTBOpax,
IIO9TOMY BaXKHO YYMTBIBATH XapaKTEP CpPeibl, B KOTOPOM MPOTEKAET AAHHAs OKUCIUTEIIBHO-
BOCCTAaHOBUTEJIbHASL PEAKIIMSL.

[Tpumep 2. (pH < 7). Onpenenuts k03)HUIUEHTH METOIOM TOTYPEaKIHi B CIICAYIOIIEH
peakuuu:

KMnO4 + N&zSOS + H2804 —>
VKa3aTh OKHCINTEND U BOCCTAHOBUTEID; ONPEAEIIUTh UX DKBUBAJIEHTHI M SKBUBAJICHTHEIE

MacChl; BBIYUCIUTH MOTCHIMAN [ 'MOOCa M KOHCTAaHTYy PaBHOBECHS PEAKIUHM U C/ICNATh BBIBOJ] O
riryOnHe e€ MpOTEeKaHusI.

1) 9°(MnO7 +8H* /Mn?* + 4H,0) =151B;
o%(SOZ~ +2H* [(SO2™ + H,0) =0,22 B;

MnO4 — OKHCIIUTENIb, B KHCIIOW CpeAe BOCCTAaHABIMBAETCA 10 Mn?*; SO3 -

BOCCTaHOBHTEIIb, OKHCIISICTCS JIO SO4 ;
2) cxema panHoit OBP uMmeeT ciaemyromiuii BUT:

KMnO, + Na,SOg + H»S04 ——> K>S0, + NaySO, + MnSOy + H,0

3) SIEeKTPOHHO-HOHHO-MOJIEKYIISIPHBIC .ypaBHeHI/Iﬂ MOJYypEaKIui, C Yy4E€TOM KHUCIOU
cpelnbl, OyayT UMETh BU:
2| MNOZ +8H ™ 458 <> Mn** +4H,0
5| SO5™ +H0—2e <> SO5 +2H™

MoabHBIE MacChl SKBUBAJICHTOB OKHMCIINUTENISI M BOCCTAHOBUTESA COOTBETCTBEHHO:

M(%Mnog):%-119:23,8 r . M(%sog—)zg.sozm,o !

1
MOJIb MOJIb

4) ymHO)kaeM 00e TOJypeaKIMu Ha UX oOmue MHOXHUTEIH (2 U 5 COOTBETCTBEHHO),
MOCJIE ATOr0 CYMMHPYEM ITTOTIAPHO JICBBIC U MPABBIE YacTH MOJIYPEAKIHi, IPUBOINM I0I00HBIC

" II0JIy4ac€M KPaTKOC€ HOHHOC YPAaBHCHUC!

2MnO; +5S02™ +6H " <> 2Mn** +5507 +3H,0;
5) HpI/I6aBJI}ICM COOTBETCTBYIOIIHEC ITPOTHBOUOHBI U TTOJIYHaCM ITIOJIHOC YPABHCHHUC ,I[aHHOﬁ OBP:

2KMHO4 +5N82803 +3H 2804 == 2MnSO4 +5Na2804 + K2804 +3H 20

IIpumeuanue. TecT-poBEPKY MTPOBOAUM MOJCUYETOM YHCIIAa ATOMOB KUCJIOPOJa B JIEBOU U
IIPaBOM YacTsIX MOJYy4EHHOTO MOJHOTO ypaBHeHMs: OBP.

Hanpumep, uncio atToMoB KUCIIOpOJia B 00€UX YacTsAX COCTABIISET Mo 35 aTOMOB.

6) pacuer noteHuuana ['n66ca 1 KOHCTaHTHI PABHOBECHSI PEAKLINU:

a) AG? = —5-2:(1,51-0,22) 96500-103 = —1244,85 kJI/MOB;

0
6) Iy Kz%g _ AG _ 1244,85
—23RT  _23.8314.107%.298,2

BeiBox: rimyOuHa mNpoTeKaHUs MpsIMOM peakuMd OYEeHb BEIHMKA, YTO OOYCIOBJIEHO

SHAYUTCJIBbHBIM Pa3JIM4YUCM BCIIMYUH CTAHAAPTHBIX JJICKTPOJHBIX IMMOTCHIMUAJIOB PCAr€HTOB —
peaKknus MpakKTUYCCKU HCO6paTI/IMa.

~2183L Ky =108 £ 2,0.10%5,
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ITpumep 3. (cpena ueitrpansHas — pH = 7). CocTaBuTh ypaBHEHHE OKHCIEHHS CynbpuTa
HATpUs MEPMAaHTaHATOM Kajuus B HeWTpampHOU cpene. Koadduuumentsr momodbpar MeTOIOM
MIOJTypEaKLUI.

KMnO4 + Na2803 + Hzo —>

Omnpenenuts rIyOHMHY MPOTEKAHUS TPSIMON PEAKIINH.
3.1 OrmpenenuM HaMpaBIE€HHOCTh 3TOW PEAKIUU, T.€. OMNPEACIUM OKHUCIUTEIb U
BOCCTAHOBHTEJIb:

¢’ (MnO; +2H,0/MnO, +40H ) =0,6 B;
¢°(SOZ™ + H,0/(SO3™ +20H ) =—0,93B.

W3 BennuuH crangapTHeix OB-noTeHnuanoB cienyer, yTo MnO4 — OKHCIIUTEIb, B

2—
HeHTpaJbHOW cpese BoccTaHaBiuBaercs 10 MnOgz; S03 — BOCCTAHOBMTEJb, OKUCIISIETCS 10

SO; .
3.2 3anumem cxeMy nanHo OBP

KMnOy + NapSO3 + H,0 — MnO, + NaySOy +...

[Toka Henb3s TOYHO ONpeAeTuTh Kakol eié OyAeT MPOayKT B JaHHOW peakiuu.

3.3 CocraBum nosrypeakiuu ajsi: 1) OKUCIHUTENS U 2) BOCCTAHOBUTEISL.

1) MNO4 <> MnOy — cxema nonypeaxiun.

YpaBHUBaHUE KUCIOPOJa BEAEM C IMOMOUIBIO YIBOCHHOTO YMCia THAPOKCH] - HOHOB, a
BOJIOPO/JIa — MOJIEKYJT BOJIBL:

MHOZ +2H 20 +3e Mn02 +40H  — HOJTypEaKIMs I OKHUCIIUTENS,

2) S03 <~ S04 — cXeMa MOJIypeaKIMH JIJIi BOCCTAHOBUTEIIS,

2 - 2—
803 +20H -2e ¢ SO4 +H 20 — TOJTYPEAKITUS JIJISI BOCCTAHOBUTEJIS.

3.4 Tenepb cocTaBUM AIIEKTPOHHO-MOHHO-MOJIEKYJISIPHbIC YPABHEHHUS:

2|MnQOy4 +2H,0 +3e <> MnO, +40H
31502 +20H ™ —2e <> SO~ +H,0

3.5 IlpoBoaum aHajoOruuHble omnepanuu (cM. npumep 1) U HOIyd4aeM MOHHO-
MoJIeKyJsipHO€E ypaBHeHue OBP:

2MnOy +3505~ + H,0 <> 2MNnO, +3S02 ™ +20H

HNonno-monekynsipaoe ypaBHeHue OBP ynoBnerBopseT MmarepuaabHOMYy OajllaHCy U
YCIIOBUIO IEKTPOHENTPATIBHOCTH.
3.6 IIpubaBisieM COOTBETCTBYIOLIME IPOTUBOUOHBI U TIOJTy4aeM mnosiHoe ypaBHeHue OBP:

2KMnOy +3Na,SO3 + H,0 = 2MnO, +3Na,SO, + 2KOH .

3.7 BeinmonHeHnne matepuanbHOro OanaHca ais nosiHoro ypaBHeHuss OBP mposepsem
MIOICUETOM aTOMOB KHCJIOpOJa B JIEBOM M NpaBOM YacTsAX ypaBHeHus: cieBa 17 O = cnpasa 17
0.

Kak BHIHO W3 3TOro mpumepa, METOJ >JIEKTPOHHO-MOHHO-MOJEKYISIpHOTO OajaHca
MIO3BOJISIET TAK)KE ONPENENINTh U HEKOTOPBIE, 3apaHEe HEM3BECTHBIE, TPOAYKTHI OKHCIUTEIBHO-
BOCCTaHOBUTEIBHON PEAKIIUH.
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g KL, =169-nAp° =169-6- (0,60 (—0,93) ~155;, K2, ~10°.
BriBoa: peakiius mpakTH4eCKu HeoOpaTUMa.

[Ipumep 4. (pH > 7). Ilo npuBenennoii cxeme OBP, ucnons3ys MeTOJ 31€KTPOHHO-
MOHHOTO 0ajlaHca COCTAaBUTH MoJiIHOE ypaBHeHue OBP:

KMnOy + Na,SO3 + KOH —>

Paccuurare OJIC naHHOW cuUCTEMBl IPU CTAaHAAPTHBIX YCIOBUSAX U IPU CIEIYIOIIMX

PaBHOBECHBIX  KOHIICHTPAIMSIX  PEarcHTOB: [MHOZ ] =0,0% [Mn2+] =0,05;
[803_] = 0,01, [504_] = 0,05 u npu pH = 4.1 cranmapTHble MOTEHIUAIBI

OKHCIIUTECIIA U BOCCTAaHOBHUTCIIA

9’ (MnOZ / MnOZ ™) = 0,56 B; 0 (SOZ~ + H,0/(SOZ~ + 20H ) =— 0,93 B;

MnO, — okucnuTenb, BOCCTAHABINBACTCS J10 MnOf_; S03 — BOCCTAaHOBHUTEJb, OKUCIISIETCS

o SO4 B .
4.2 cxema magaoit OBP:

KMnO, + NaySO3 + KOH — K,MnOy + NaySOy + Ho0

4.3 DneKTpOHHO-MOHHO-MOJIEKYJISIPHBIE MTOJypEaKIUU

2l MnO4 +e & Mnof_
1 SOF™ +20H ™ —2e ¢> SOF™ + H,0

4.3 YMHO)kaeM 00e ToJTypeakIIii Ha COOTBETCTBYIONINE KO (OUIIMEHTHI, CYMMUPYEM UX
JeBble W TpaBble  YaCTH M [OJlydaéM  HMOHHO-MOJICKYISIPHO€  YpaBHECHHE:

2MnOZ + S0~ +20H ~ <> 2MnO3~ + 502~ + H,0 .
4.4 Z[O63BJ'I$[5[ COOTBCTCTBYIOIIUEC IMTPOTUBOHUOHBI, ITOJIY4a€eM ITIOJIHOC YPAaBHCHHUEC PCAKIINH:
2KMnO, + Na,SO3 + 2KOH = 2K,MnO,4 + NaySO, + H,0 .

4.5 TIlpooaum Tect mo kuciopoay: 130 (caeBa) = 130 (cmpaBa) — ycloBHE
MaTepHUaIbHOTO OaiaHCca BBITOIHIETCS.

4.6 Pacuér DJ1C cucrtemsl pu CTaHAAPTHBIX YCIOBUSIX:

C° = Ap® =p°(MnOs /MnO4>)—9°(S04?/SO3*) = 0,56—(-0,93) = 1,49 B.

47 Ouenky OJIC 1npu paBHOBECHBIX KOHIICHTPALMSX PEAreHToB BEIEM C
ucrnoJsib3oBanueM ypaBHeHus Hepucra (10.1.10):

a) BBIYKMCIIEHUE PAaBHOBECHOTO MOTEHIIMAJA IIEpMaHTaHaT-MaHT'aHATHOTO JIEKTPOIa:

M -7. H +18 X 8
o(Mn) = 9° (MnO; / Mn02") + 2089 IMnO4 ] £ I 056400119 2L _ 05535
[MnO47] 0,05
6) BBIYHCJICHUEC PABHOBCCHOTO MMOTCHI[MAJIA CYJ'IL(I)aT'Cy.HBq)I/ITHOFO QJICKTpOJa:
2— +12 2
o(B) =¢°(S03™/50%7) + 0,059 g [5O3 TIH 1" _ 49300205 Ig 0051 54785

2 [S037] 0011078
B) AC = Ap = p(MnOs/MNnOs*)— ¢(S04>/SOs%") = 0,553—(-0,378) = 0,931 B.

ba3oBb1ll ypoBeHb
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1 Paccuuraiite crenenb oxkuciaenus azora B ero coeguuenusx: AIN, Na2Hs, NH20OH,
N2O, NO, N203, N2O4, N2Os.

2 Hanumure nonHoe ypaBHEHUE peakUUH, IPUMEHSAS METOAbl 3JIEKTPOHHOIO
OanaHca ¥ MOJTypeaKIlHid, 1o CIEAYIONICH cXeMe MOTypeaKIuu:

K2Cr07 + SnSO4 + H2SO4 —

Onpenennure 3KBUBAJIEHTbl BOCCTAHOBUTENS M OKHUCIIUTENS; PACCUMTANTE UX MOJIbHBIE
Macchl.

3 K kakomy tumy OBP otHocutcs peakmusi pasioxeHuss H»(0.? UYem oObBsSCHseTCS
CIOCOOHOCTh MEPOKCHIA BOAOPOA K TAKUM TpeBpaIleHUusIM? 3aKOHUYNUTE YpaBHEHUS pPeakuil U
HAIUIINTE I KOKJOW U3 HUX IEKTPOHHO-UOHHBIE U MOJIEKYJISPHbIEC YPaBHEHUS:

1) H2 02— ...; 2) H2O2+ KMnO4 — MnO; + ...; 3) H2O2+ PbS — PbO2 + S + ...

4. Kucnopoja MOKHO MOJTYYUTh B pe3yJbTaTe pa3oKeHUs TAKUX BEIIECTB:

1) KCIO3 — ...; 2) KMnO4 — ...; 3) KoCr207 — ...

K kakomy tuny OBP otHOcaTrcs st peakunn? CocTaBbTe€ JIIEKTPOHHBIE M
MOJIEKYJISIPHBIE YPaBHEHMSI 3TUX PEaKIUil.

) K BomHomy pactBopy KCIO3 nobGasumu Boausiii pactBop Kls. B kakyro cropony
MpoMAeT peakuus OKUCIeHUs-BoccTaHoBIeHUus? Beruucoure 3C 3TOMl  peakumu  ist
CTaHJAPTHBIX YCIOBUM.

6 Kaknmu cBoiictBamu Oyner obmamgate NaNO.? Ilowemy? IlpuBemute mpumeps
peaxuui, rjaje HUTPUT HaTPHUsI — OKUCIINUTENb, I/1€ — BOCCTAHOBUTENH?

7 Wcxonast u3 3HaYEHUM CTAaHAAPTHBIX IEKTPOJHBIX MOTEHIIUAIOB, OIPEIEIIUTE, psMas
Wi oOpaTHas peakiys OyleT IpOTeKaTh B ITOH CHCTeMe TPH CTAHAAapTHBIX ycaosuax: 1) Fe?*
+ ClO3 + H* & Fe** + CI- + H.0.

2) Clz + Mn?* + H0 < MnO4s +CI~ + H*;

3) NOs~ + Fe?* + H* <> NO + Fe** + Hy0;

4) 105 + SOz* + H* & I, + SO4* + H,0.

JItst Kax 0¥ MPSIMOKM PeakIiiy OT[EHUTE TITyOUHY MTPOTEKaHUSI.

[ToBbIlIEHHBIN YPOBEHB

13akoHUUTH COCTaBICHUE YPAaBHEHHUS CIEIYIOIIEH PeaKIiu:
HAsO,; + KMnO4 + H2SO4 — H3AsO4 + ...

Y COCTaBUTH I HETO AJIEKTPOHHBIE U ANEKTPOHHO-UOHHBIE CXEMBI MOJIYPEaAKIIHA.

Paccunrate DJ1C peakuuu ajis CTaHAAPTHBIX YCIOBUH.

23apucut au nporekanue OBP ot pH cpenwi? I'mapokcunamMuH BoccTaHaBiauBaeT (Ipu
stoM okmcisercst 10 azora; @°(N2+ 2HO + 2H*/2NH,OH) = —1,87 B) B kucioM pacTBope
cynbdar xeneza (+3) mo cynbdara xeneza (+2), a B MIEJIOYHOM PACTBOpPE OKHUCISIET (caM IpH
3TOM BoccTaHaBnuBaercs 10 ammuaka; °(NH20H + 2H20/NHs + 20H) = + 0,42 B) tuapokcun
xene3a (+2) B ruapokcua kene3a (+3). CocTaBUTh AIIEKTPOHHBIE UM HOHHO-DJIEKTPOHHBIC
ypaBHeHUs1 00eux peakiuil. YKa3aThb OKHCIHUTEIb U BOCCTaHOBHUTENb. OINpeneiauTbh TIyOUHY
MIPOTEKAHUS MIPSIMOTO Tpoliecca B 00enX Cirydasx.

3 [IpoxonuT nu peakiuss B BOJHOM pacTBOpE MEXKIy HOAUIOM HATpHUS H
cBOOOAHBIM xJ10poM? JIJist IpsIMO¥ peakIiui BIUMCIUTE MOTeHIHaNn ['n60ca v mpoBECTH OLIEHKY
rIIyOUHBI POTEKaHUs Mpoliecca.

4 BeruucnuTe sjekTpoaHbiii noteHnuan cucrembl ClOs~ + 8H'/CIT + 4H,O npm
CIIETyIOMIUX PABHOBECHBIX MOJIAPHBIX KoHIEHTpamusax (mons/mm®) u pH: 1) [ClO4] = 0,1; [CIT]
=0,05; pH =1; 2) [CIO4] =0,05; [CI'] =0,1; pH = 2; 3) [CIOs] =0,01; [CI] =0,05;
pH = 0,5.

1211pu kakux 3HaueHusx pH Bo3MoxkHO BocctaHOBiIeHHEe HOHOB MNO4 nonamu: 1) 17; 2)
Br; 3) CI™?

Cnmcok 1uTepaTypsl, peKOMEH1yeMblii K HCI0JIb30BaHUIO 110 JaHHOH TeMe
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OcHoBHas1 JInTEepaTypa:
1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. KopoBuH. - 13-e usn., nepepad. u nor. - M.
: Akagemus, 2011. - 496 c. : ui. - (bakanaspuar). - Pek. MOuH P®. - [Tpun.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust okpyKaromeil cpesl : XUMUsl )KUBBIX OpraHnu3mMoB. Kypc neximii /
E. C. Muxanuna, A. JI. ITerenun. — M. : U3garensckuit JJom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 3NeKTpOHHBIH // DneKTpoHHO-0nbaroTeuHas cucrtema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocryna: mis
aBTOPU3HUP. NOJIb30BATENIEH
JlonoJiIHUTe/IbHAS JINTepaTypa:
1. I'nmunka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubmuorp.: c. 704. - TIpeam. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. X¥uMHs METaJuIoB : yuyeOHOe mocodue (I CTY/IGHTOB XMMHYECKOTO (haKyIbTeTa
HampaBJIeHUH O0aKkanaBpoB «XuUMUs» U «XUMHUECKas TEXHOJIOTUs») / coctaButenu O. A.
I'onoBanoBa. — Omck : Omckuii rocyaapcTBeHHbIN yHUBepcuTeT uM. ®.M. Jlocroesckoro,
2015. — 552 ¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aeKTpoHHBIH // DneKkTpoHHO Onbmmorednas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
aBTOPH3HUP. MOJIb30BATENEH
HNuTepHeT-pecypceb:

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

2 http://biblioclub.ru/ — 3BC «YHuuBepcuteTckas OHOTMOTEKA OHIIARHY.

3 http://catalog.ncstu.ru/ — s>meKTPOHHBIH KaTaIoT aCCOIHAIMN dIICKTPOHHBIX OMOIHOTEK
y4eOHbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 9BC.
5 https://openedu.ru — OtkpbeITOE 0Opa3oBaHKe

Tema 9. OcHOBHBIE MOJIOKEHHUS DJIEKTPOXUMHUM.
IpakTuyeckoe 3ausaTHe 9. I'asbBaHnuyeckue ieMenThl. Koppo3usi MeTasiioB.
DJIeKTPOJIH3

Hear  3anaTusa:  DopmupoBaHHe  HEOOXOJUMOro  KOMIUIEKCAa  3HaHMA 00
ANIEKTPOXUMHUYECKUX TMPOIECCaX M HX KOJIMUYECTBEHHBIX XapakTepuctukax. DopMupoBaHue
HABBIKOB UCIOJB30BaHUs ()yHIaMEHTAIBHBIX 3aKOHOB U OCHOBHBIX MOHITHI XUMUYECKON HAYKH
B 00J1aCTH AIIEKTPOXUMUU JUTsI MIOHUMAaHHSI CBOMCTB MPOIIECCOB, UCIIOJIb3YyEMBIX B COBPEMEHHOM
MIPOMBIIITICHHOCTH

3HaHus ¥ yMeHusl, IpuodpeTaeMbie CTYICHTOM B pe3yJIbTaTe 0CBOCHHUS TeMbl
3HaTh: OCHOBBI CAMOOpPTaHHM3ALUHN U CAaMOOOPa30BaHMUS;
3HaTh: CYLIHOCTH U 3HaUY€HHE MH(OpMAIMU B pa3BUTHU COBPEMEHHOIO 00IECTBA; OCHOBBI 11O Y4EHHS
1 00paboTKK MHPOPMAIMK U3 Pa3IMYHbIX HCTOYHUKOB
3uarb: pabOTHI 1O pacyeTy U MPOSKTHUPOBAHUIO ICTANCH U y3]I0B MAIIMHOCTPOUTEIBLHBIX
KOHCTPYKIMH B COOTBETCTBUU C TEXHUYECKUMU 3aJAHUSMU U UCIIOJIB30BAaHUEM CTaHAAPTHBIX
CpPEICTB aBTOMATU3aLUU IPOEKTUPOBAHUS
YMeTb: caMOCTOATENBHO CTPOUTH IPOLECC OBIIaieHNs HHpOpMalKel, 0TOOpaHHOH 1
CTPYKTYPHPOBAaHHOM JJIsl BBIIOJIHEHUS IPO(ECCUOHAIBHOM JEeATENbHOCTH.
YMerb: nonyyars u 00padaThIBaTh HH(OPMALIMIO U3 PA3IMYHBIX HCTOYHUKOB
Ymerh: TPUHUMATH y4acTHE B padoTax Mo pacyeTy U MPOSKTHPOBAHUIO JETallei U Y3JI0B
MAIIMHOCTPOUTENIbHBIX KOHCTPYKLUKA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSMU U
HCIIOJIb30BAHUEM CTAHAAPTHBIX CPEACTB aBTOMATU3ALUU IPOECKTUPOBAHUS
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HaumenoBanue ¢GopMHupyeMbIX KOMITETSHIUH

HNupexc DopmMyIUpoOBKa:
OK-7 CMOCOOHOCTBIO K CAMOOPTraHU3AIMH U CaMOOOPa30BaHHIO
OIIK-4 MOHUMAHUEM CYIIHOCTH U 3HAYCHUS] HHPOPMAIMH B Pa3BUTHH

COBPEMEHHOTO 00IIeCTBa, CIIOCOOHOCTHIO MOJTy4aTh U 00padaThIBaTh
I/IH(bOpMaIII/IIO M3 pas3JIMYHbIX UCTOYHHUKOB, TOTOBHOCTBIO HHTCPIIPETUPOBATD,
CTPYKTYpUPOBATh ¥ 0POPMIIATH HHOOPMAIHIO B JOCTYITHOM JUISL JPYTHX
BUIC

IIK-5 CIOCOOHOCTHIO MPUHUMATH YI9acTHE B padoTax Mo pacyery u
IPOEKTUPOBAHUIO JIeTAJIEN U Y3JI0B MAIIMHOCTPOUTEIbHBIX KOHCTPYKIIUN B
COOTBETCTBUU C TEXHUUECKUMU 3aJIaHUSIMU U UCIIOJIb30BAaHUEM
CTaHJIAPTHBIX CPEJICTB ABTOMATH3AI[MH POSKTHUPOBAHUS

OpnuM u3 Hambosee OBICTPO Pa3BUBAIOIIMXCS HANPABICHUM MPUKIAJHON AJIEKTPOXUMUM,
TECHO CBSI3aHHOW C DJICKTPOTEXHUKOM, SIBISETCA pa3palOTKa HETPAAMIIMOHHBIX XHMHUYECKHX
ncToyHNKOB Toka (XUT), mepCcreKTUBHBIMU CPEId KOTOPHIX SIBISIOTCS TBEPIO-IJIEKTPOJIUTHBIC
XWUT ¢ HaTpueBbIM M JMTUEBBIM aHOJaMH. [IprMeHEHHE MIEeTOYHBIX METAJVIOB B KayeCTBE
AQHOJHBIX MATEPHAJIOB BBITOJHO TE€M, YTO OHHU OOJAJAI0T CaMBIMH HU3KUMU cpenu apyrux Me -
OB DJIEKTPOXMMHUYECKUMU OJKBUBAJICHTAMH W BBICOKUMU OTPHUIATEIBHBIMU 3HAYCHUSMU
AJIEKTPOJIHBIX MOTEHIIUATIOB. [1090My 3HAHUS PIEKTPOXXUMHUN —aKTyaJIbHBI.

TeopeTnyeckas 4acTb

[Ipubop, B KOTOPOM XUMHUYECKasT SHEPTHUST OKUCIUTEIHHO-BOCCTAHOBUTEIHHONW PEAKITUN
MpEBpAIaeTCs B MICKTPUUECKYI0, HA3bIBACTCS TAIbBAHUYECKUM JIEMEHTOM.

OcHOBHas COCTaBHAasl 4acTh TAIbBAHUYECKUX AJIEMEHTOB — DJIEKTPObL. Yare Bcero oHu
OBIBAIOT METAUTMYECKUMH. OJIEKTPOJ, Ha KOTOPOM MPOUCXOIUT TMPOIECC OKHUCICHUS,
Ha3bIBAETCSI aHOIIOM.

Tak, ecu B raTbBAHMYECKOM DJIEMEHTE UMEIOTCS MEIHBIN M IIMHKOBBIA AJICKTPOJIbI, U B
MOCJICTHEM MTPOUCXOAMUT MPOIIECC OKUCICHUS ITMHKA! Zn° — 2e" < Zn?**, TO IMHKOBBIi AIEKTPO.T
OyIeT aHOJIOM.

DIeKTpo, Ha KOTOPOM MPOUCXOJMUT MPOIIECC BOCCTAHOBJICHUSI, Ha3bIBACTCS KaToA0M. B
BBILIETIPUBEIEHHOM MIPHMEpE KaToJIOM SBIISIeTCS MeAHbIH dnekTpo: Cu?*+ 2e” «» CUC.

DIEKTPOHBI C JJIEKTPOJIa, HA KOTOPOM IMPOUCXOIUT IMPOIIECC OKUCICHUS, MEePEX0IAT Ha
AJIEKTPO/I, T/I€ MPOTEKAET MPOIIECC BOCCTAHOBIICHUS.

Takum 00pa3om, B TAIbBAHUYECKOM 3JIEMEHTE, MMEIOIIIEM B Ka4eCTBE KaTO/1a MEIHYIO U
B KaueCTBE aHOJA LIMHKOBYIO IJIACTHHBI, YJIEKTPOHBI C LIMHKOBOH MJIACTUHBI OyIyT MEePEeXOaUTh
Ha MEJHYIO.

10.7 DnexTpoa B rajbBaHUYECKOM JJIEMEHTE HAXOJUTCS B PacTBOpPE AIEKTposuTa. B
MIPOCTEHIIIEM CITy4ae AJIEKTPOIUTOM SIBIISIETCS PACTBOP COJIM TOTO METalljia, U3 KOTOPOro CAeNaH
ANEKTPO/I.

Tak, B MEIHO-IIMHKOBOM TaJIbBAHHYECKOM AJIEMEHTE ITMHKOBBIA JICKTPOJ MOXKET OBITH
MOMEIIEH B PacTBOP cyab(aTa [IHKA, a METHBIN — B pPacTBOp CyibdaTa MeaIu.

CrnenoBaTenbHO: LIMHK MOMEIIAIOT B PACTBOP, COAEPKAUIMN KATHOHBI LIMHKA, a MEIb B
pacTBOp, COAEPKAIIUNA KATHOHBI ME/IH.

Cucrema, cocrosimias U3 MeTajula, OMYLIEHHOIO B pPacTBOpP, COJAEPX AIIUl €ro HOHBI,

n—+
Ha3bIBACTCS TIOJIYDJIEMEHTOM U 0003HavaeTcs Me ™ / Me (cBepxy Bcerja OKHCICHHAs
¢bopma).
JIBa mosyaneMeHTa, COCMHEHHBIC POBOIHUKOM, 00pa3ylOT rajlbBaHUYECKHI 3JIEMEHT
(pucynok 9.1):

e /,\\
I~
Zn ] Cu
— 8042_ +
T \
N1 — P 4—




Pucynox 9.1 Cxema meOHO-YUHKOB02O 2ANbBAHUYECKO20 dNIeMeHmA

B ranpBaHWYEeCKOM 3JIEMEHTE OJWMH JJIEKTPOJ (aHOJ) pacTBOPSIETCS, T.€. HOHBI METaylia
MepexXoaT B pacTBOp. Tak B MEIHO-IIMHKOBOM TallbBAHHYECKOM 3JIEMEHTE IPOWCXOUT
pacTBOpeHUE IIMHKOBOW TUTACTUHKH.

B pesynpTare mepexoja MOHOB ITMHKA C IJIACTHHKHM B PACTBOP HA IUIACTHHKE OCTA&TCs
M30BITOK AJIEKTPOHOB, W OHA 3apspKaeTcs oTpuraresibHo. C Apyroi CTOPOHBI, IMEPEX0] HOHOB
IIMHKA B PACTBOP MPUBOINT K YBEIIMUCHHUIO MX KOHIICHTPAIIUU B PACTBOPE.

brnaronmapst mepexoay MOHOB IWHKA C IJIACTHHBI B PAacTBOP BEC IIMHKOBOHM TUIACTUHKU
OyJeT yMEHbBIIATHCS.

OMHOBpEMEHHO C STHUM Ha MEIHOM DJIEKTPOJIe MPOUCXOJMT IPOIECC BOCCTAHOBIICHUS

MOHOB MeJIM M3 PacTBOpa: CU2+ +2e < Cu.

3a cuéT 3TOrO TpoIecca KOHIEHTPAIH HOHOB MEIM B PACTBOPE YMEHBIIAETCS, a Macca
Me)IHOI\/II ITACTUHKH YBCIIMYUBACTCH.

Iepexon monoB CU?* m3 pacTBOpa Ha MIACTHMHKY TPHBOAMT K TOMY, 4TO MeIHAs
TUTACTHHKA 3apsKACTCs TIOJI0KHUTEITBHO.

PaccmoTtpenHsIit ranbBaHrdeckuil aneMeHT (iemeHT Januans — SIkoOu) cxemaTudecku
MO>KHO 3aITUCaTh CICAYIOINUM 00pa3oM:

(-)Zn[znSO4|[CusOy|Cu(+)
WU B HOHHOU (hopMe:

(-)znzn?*|cu?tICu(+).

OauHOYHbBIE IMHUU B CXeMax 0003HA4al0T IPAHUILy METaJT — pacTBOP, a IBOMHBIEC JTUHUU
— TpaHUIly MEX]ly pacTBopaMu. OTpUIaTeNIbHBIN 31EKTPO (aHO) 3alKUChIBACTCS CIIeBA.
B ocHoBe paboTel pa3o0paHHOTO 3JIEMEHTa JIKHUT OKHCIUTEIbHO-BOCCTAHOBUTEIbHAS

peaKnus:
Zn+CuSO, — ZnSO, +Cu

WM B HIOHHOM (popme:

Zn+Cut = Zn®t +Cu.

B ranpBaHMYeCKOM 3JIEMEHTE, COCTAaBICHHOM W3 JKEIEe3HOW TIACTUHKH, OMYIIEHHOW B
pactBop FeSOs, u cBUHIIOBO# MmaacTHHKH, omyiieHHON B pactBop Pb(NOz3)2, *kernes3o smisercs
aHosioM. Cxema 3TOro dJIeMEeHTa CIIeAYIOIIas:

(—)Fe\Feso4HPb(Nog)2\Pb(+),

Ha xene3nom QJICKTPOAC (aHone) MPOUCXOAUT OKUCIICHUC. OTOT mponecc OIMMChIBACTCA
CJICAYIOIIUM SJICKTPOHHO-UOHHBIM YPABHCHUCM!

Fel —2e & Fe?t
JKernesHblii a51eKTpo ] MPHOOpETaeT OTpULIATENBHBIN 3aps.
Ha CBHUHIIOBOM 3J'ICKTp0I[C (KaTOIIC) HpOI/ICXOIlI/IT HpOI_ICCC BOCCTAHOBJICHHUS HMOHOB Pb2+
3 paCTBopa:
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2+ - 0
Pb“™ +2e & Pb".
CBHHL{OBHﬁ BJICKTpO,D; 3ap;1>1<aeTcsI ITOJIOKUTCIIBHO.

Cymmupyst o0a ypaBHEHHs, MOJIyYMM HOHHOE YpaBHEHHE pEaKlUH, MPOTEKaIomeld B
JAHHOM T'aJIbBAHUYECKOM 3JIEMEHTE:

Fe+Pb*t — Fe?* +Pb.

DNEeKTPOHBI MO TPOBOJHHKY, COCIMHSIONIEMY IUIACTHHKH, OyAyT MEpeXOAWuTh OT
MKEJIE3HON TUIACTUHKU K CBUHIIOBOM.

Wrak, B raJpBaHUYECKOM 3JIEMEHTE 10 IPOBOJAHMKY, COEIUHSIOIEMY JIEKTPObI, TEUET
AIEKTPUYECKUN TOK.

[losiBneHune >MEKTPUUECKOTO TOKA CBUJIETENILCTBYET O HAJIMYMM PAa3HOCTH MOTEHLHUAIOB
MEeXAy dJeKTpojaMu. lHaue roBops, Ha OJHOM U3 DJIEKTPOJOB BO3HHMKAEeT  KaKOW-TO
ONpeeNEHHBIN MOTEHIINAN, PA3TUYHbIN 17151 pa3JIUYHbIX AJIEKTPOJIOB.

[ToreHuman, KOTOPBIM yCTaHABIUBAETCS HA METAUIMYECKOM 3JIEKTPOJIE, MOMEIIEHHOM B
pacTBOp COJIM OJTHOUMEHHOTO METAJUIA, HAa3bIBAETCS AJEKTPOJHBIM OTEHIIMAIOM MeTallia.

W3mepeHnHple B CTaHIApTHBIX YCJIOBMSIX TMOTEHLUHUAIbl METaVIOB  HAa3bIBAIOTCS
HOPMaJIbHBIMU (WJIM CTAHIAAPTHBIMM) JIEKTPOJHBIMHU MOTEHIMANIaMu MeTauioB. Mx 3HaueHus
JUIS pa3IMYHbIX METAJIJIOB MPUBEACHHI B Tabmuie 9.1.

Uem gnerue wmetaul OTHAET DJIEKTPOHBI, T.€. YeM Jierde€ OH OKHUCISETCS, TeM
OTpULaTeNIbHEE €ro AJIEKTPOJAHBIM mNoTeHuuan. Haue roBops, MO BEJIUYMHE 3JIEKTPOJIHOTO
MOTEHIIMAIa MOKHO CYJTUTh O CHOCOOHOCTH METajlla OT/AaBaTh IEKTPOHBI, T.€. 00 aKTUBHOCTHU
MeTajuia.

bonee akTuBHBIM MeTamnm wuMeeT OoJjiee OTPULATENBHYIO BEIUYUHY 3JIEKTPOTHOTO
noreHuuana. Tak, HOPMaJbHBIE JJIEKTPOJAHBIE MOTEHLIHMAJIbl MAarHus, LIUHKA WU MEIH
COOTBETCTBEHHO paBHHI (B B):

0° (Mg /Mg?") =—-2,34:0° (Zn/ Zn?*) = -0,76;¢° (Cu/Cu®*) = +0,34.

CpaBHI/IBaﬂ 9TH 3HAYCHUA, MOXXHO CACJIaTh BBIBOJ, YTO HanoOoJiee aKTUBHBIM U3 dTHX TpéX
MCTAJIJIOB SABJIACTCA MaFHHfI, a MCHEC aKTUBHBIM — ME€b.

B rampBanmueckoM SJICMCHTC, UMCIOIIEM JIBa PA3JIMYHBIX METAINIMYECKHUX JBJICKTpOAa,
aHOIOM 6y,I[eT METaJJI C MEHBIIEH BEIIMYUHOMN CTaHJAPTHOI'O J3JICKTPOJHOI'O ITOTCHIMAJIA, T.C.
0oJjiee aKTUBHBIM METaJII.

HaHpHMep, B raJIbBAHU4YCCKOM JJICMCHTEC

Mg[Mg**|zn®*|zn

HamOoJee OTPULIATENCH JJIEKTPOAHBIA TOTEHIHAI MAarHus, I[03TOMY MAarHUEBBIH
ANEKTPO OyJIET aHOJOM.
Ha maraueBom sniektpojie (aHoAe) UAET MPOLECC OKUCICHHS IO yPaBHEHUIO:

Mg <> Mg?* +2e .

Ha nunkoBoM QJICKTPOAC (KaTO,I[e) MMPOTCKACT MPOUCCC BOCCTAHOBJICHUA [IUHKA:

2+ - 0
N +2e<>72n" .
10.36 CymmapHO€ HOHHOE YpaBHEHUE PEAKIINH, IPOTEKAIOIIEH B TAKOM T'aJIbBAHUYECKOM
3JIEMEHTE, CIIeyIOIIee:

0 2+ 2+ 0
Mg"” +Zn“" > Mg“" +2Zn",
Benununna QJICKTPOAHOTO MOTCHIMAJIa MCTAJJIa 3aBUCHUT, I'"IaBHBIM 06pa30M, OT IPpHUPOAbI

MCTaJUIa, TEMIICPATYPbl W KOHHOCHTpALMM HOHOB MCTAJJIa B PACTBOPC. DTa 3aBHCHUMOCTH
BbIPpAKaCTCSA YPABHCHHUEM HCpHCTaI
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0 0,059
p=@ (Me/Men+)+TIg C(Me"™), 9.1)

rae ¢ (Me/Me™) — HopManbHBII IEKTPOHBIN TOTEHINAT;

N — YKCIIO OTJaBa€MBbIX (MIPUHUMAEMBIX) METAJJIOM 3JIEKTPOHOB;

C(Me"™) — KOHIEHTpaIsl HOHOB METAILIA B PACTBOPE, MOJIb/ M .

[Ipy KOHIEHTpAalMM MOHOB METalla, paBHOH 1 Momb/mM®, BTOpOi 4neH ypaBHEHHS
obpamiaeTcs B HONb, TOTAA @ = @, N.e. 3J1eKMPOOHbILi NOMEHYUAl Memania npu e2o
konyenmpayuu 1 monw/om® npedcmasnsem cob6oii cmanOapmublil 2NeKMPOOHbLI NOMEHYUA.

DNeKTpoIBMKYIIass cwia E TranbBaHUYECKOTO OJIIEMEHTa ONPENCNSeTCS Pa3HOCTHIO

[TOTEHIMATOB KaTONa U aHofa: & = Ok —PA.

Tak, D3/JIC Mar#HueBO-IMHKOBOIO TaJlbBAHUYECKOTO 3JIEMEHTa, MpPH KOHILEHTPALMsIX
MOHOB COOTBETCTBYIOLIUX METaJUIOB OJVH MOB/ M3,

coctapnser: E = ¢°(Zn/ Zn’*) — ¢° (Mg / Mg?*) = —0,736 — (—2,34) = 1,604 B.

Uewm OoJibIie pa3HOCTh B 3HAYCHUSX CTAHIAPTHBIX AJIEKTPOHBIX MMOTSHIIMAJIOB METAJLIOB,
tem Oonbine DJIC rabBaHMYECKOTO 3JIEMEHTA, KOTOPBIM 3TH METaJUThl 00pa3yIoT.

CpaBaum DJIC TOMBKO YTO pa300paHHOTO MarHUEBO-IIMHKOBOTO TajbBAHMYECKOTO
anemenTa ¢ DJIC MarHueBO-MEeIHOTO AJIIEMEHTA.

(-WMglMg?* 20" znfs);

C(Mg/Mg?*)=C(Cu/Cu?") =Luons!om®
E =¢°(Cu/Cu®")—° (Mg /Mg?*) =+0,34—(-2,34) = 2,68 B. .

Wrak, yem panpiie Apyr OT Jpyra HaxoAsTCs METalibl B Taliuile HOPMAalIbHBIX
AJIEKTPOIHBIX MMOTEHIIUATIOB, TeM Ooubine DJC rambBaHUYECKOTO IIEMEHTA.

Kak otMeuanocs panee B paszese, 3aBUCUMOCTb BEJIUYHMH JIEKTPOJIHBIX TOTEHIHAIOB OT
KOHLIEHTPALIMM OKUCIUTENbHOM M BOCCTaHOBUTENbHON ¢(opMm pearenta u oT pH cpensl
BBIpakaeTcs ypaBHeHueMm Heprcra (9.1).

VYpaBunenue HepHcra no3BosisieT npoBoauTh pacdeT DJIC ranbBaHUYECKUX AJIEMEHTOB
IIPU YCIOBUAX OTJIMYHBIX OT CTAHJAAPTHBIX.

N3menenne wuzobapHoro mnoteHnuana ['mbOca B cucrteme 4YHMCIEHHO paBHO padore,
COBEPILAEMON B pe3yNbTaTe NPOTEKAHUS JIEKTPOXUMUYECKON PEAKIINNU:

AG =-A = —nAgpF, (9.2)
rie A — paboTa »OIEKTPUYECKOTO TOKAa, paBHAs MPOU3BEACHUIO YHCIA MOJIb
MIEPEHECEHHBIX IEKTPOHOB N, HANPSIKEHUS B AMEKTpUUECKOH 1enu Ag u noctostHHol Papanes
F =96 454 Kn/moinb = 96 500 Kn/momns.
JIns craHIapTHBIX YCIIOBUM:

AG? = —A? = _nAp°F. 9.3)

Koncranra PpaBHOBECUA SHCKTpOXHMquCKOﬁ pe€akuyun A CTaHAApTHBIX YCJ'IOBI/Iﬁ
OIIPEACIIACTCA CI)OpMyJIOfI CJICOYIOUICTO BUA:

2,3-RT

BenuuuHbl KOHCTAHT paBHOBeCI/Iﬁ JUIA Pa3HBIX JJICKTPOXUMHNYECCKUX peaKHI/Iﬁ IIO3BOJISKOT
OIPEACIIATE CTEIICHD UX HeO6paTI/IMOCTI/I.

HOCKOHLKy 3HeKTpO,Z[HBII>'I IMOTEHIHATI METaJlJIa 3aBUCUT OT KOHLOCHTpPAIlMHU pacTBOpa, TO
MOXHO COCTaBUTh L€Ib N3 OJHWHAKOBBIX MECTAUIMYECKUX OJJICKTPOIAOB, IIOTPYKCHHBIX B
paCTBOpPEI C pa3JII/I‘{HOI>'I KOHHCHTpaHHCﬁ HOHOB J3TOro Meramia — 9mo KOHHeHmanUOHHbHZ
2aNbBAHUYECKULL DTICMEHM.

QI[C KOHOCHTPAIUOHHOT'O 3JIEMEHTA OIIPEACIIACTCS 110 (I)OpMyJ‘Ie:
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C M Z+
e - 0059 Ca(Me™)

]
z  C,y(Me*™)

I'JIE C(ME#") — koHIIeHTpays HOHA MeTaJlIa B IPUAIEKTPOIHOM CII0€, MOJIB/IMS, IpHYeM
c1(me**) > co(me*) ; Z — cTeneHb OKUCIIEHHS HOHA.
DNeKTpoIn3
TeopeTnyeckue OCHOBBI
DNEKTPOIN30M HA3bIBAETCS OKUCIUTEIBHO-BOCCTAHOBUTENBHBIN MPOIIECC, IPOUCXOASINN Ha
AJIEKTPO/IAX MPU NPONYCKAHUU NOCMOAHHO20 SIEKTPUUECKOT0 TOKA Yepe3 pacTBOP MM pacIliiaB
AJIEKTPOJINTA.
Jlj1g oCyIIecTBIIEHUS JIEKTPOJIN3a HEOOXOIUMO B COCYJ] C paCTBOPOM HJIM PaCIlIaBOM
AJIEKTPOJIUTA BHECTH JIBA AJIEKTPO/Ia, COETUHEHHBIE C MTOJIFOCAMU BHELTHETO UCTOYHUKA
MTOCTOSIHHOTO TOKa.

DneKTpo, MPUCOETUHEHHBIN K OTPUIIATEIbHOMY TOJIFOCY BHEIIHETO HCTOYHUKA
MMOCTOSTHHOTO TOKa, Ha3biBaeTcst kKatoqoMm (K).

[Iponyckanue Toka uyepe3 3JEKTPOJUT MPUBOJUT K TOMY, YTO HOHBI B PacTBOpeE
HAaYMHAIOT TepeMemarbes. [1oMoKuTeNnbHbIE WOHBI, KATHOHBI, JIBHXKYTCS K OTPHUIATEIHHOMY
anekrpoay — Karoay. OtTpuuaTenbHble HOHBI, AHHOHBI, JIBUXKYTCS K IMOJIOKUTEIHHO
3apsSKEHHOMY SJIEKTPOAY — aHOY.

Ha xatone unér npoiecc BOCCTaHOBJIEHHUS, T.€. MPOIIECC TPUCOECIUHEHHS] FIEKTPOHOB.
B HanbGosnee npocToM cityyae KaTHOHBI BOCCTaHABIMBAIOTCA [0 CXEME:

.-
A" +e A
Ha anozae naér nporecc oKuciaeHus, T.€. IPOLECC OTAAYM JIEKTPOHOB HOHAMHU. B
MPOCTEHIIEM CITydae dTOT MPOIECC BBIPAKAIOT CICAYIOIIHM 00pa3oM:

B -ec& B,
bnarogapss pa0oTe HUCTOYHHMKA TOKa OJJIEKTPOHBI, OTJAHHbIE HOHAMHM Ha aHOJE,
nepenaroTcss Ha KaroJ. B pesynpraTe aHon Bc€ BpeMsi OO€AHSETCS SJEKTPOHAMHU, a KaToJ
oborarmaercs.
Ha pucynke 10.1 npencraBieHa cxema 31eKTpoau3Epa.

(9.5)

_ :‘T@”_ _

Pucynok 9.1 Cxema snexmponusépa
PacrmaB xmopuaa Hatpusi cojepkur katwona Hatpus Na* wu ammonsr Cl'. Tlpum
MPOIMYCKAaHUH Yepe3 3TOT paciljiaB dIEKTPUUECKOTO TOKA K KaTOJy HalpaBJIsIFOTCS HOHBI HATPHS,
a K aHOJ1y — XJIOPU/I - HOHBIL.
VY karoaa ua€r npolecc BOCCTAHOBJICHUS B COOTBETCTBUU C YPaBHEHUEM:

2Cl~ — 2e <> Cl,
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+ .3 0
Na" +e <> Na
VY aHoza UAET poLecC OKUCIICHHUS 110 YPAaBHEHHUIO:
Becs nporiecc anektposnza paciaBa NaCl Moxxer ObITh 3aricaH B BUIE CXEMBI:

‘Nat L& 0
K:Na" +e<> Na
A:2ClI" -2e < Cly,

Takum 06pa3om, Ipu IEKTPOJIN3E paciiaBa XJIOPUAA HATPUS HA KaTOAE BBLAEIAETCS
HAaTpuH, Ha aHOJIE — XJIOP.

Wrak, npu 31€KTposn3e paciulaBOB IEKTPOIUTOB HA KATOJE Pa3psKaroTCs KATUOHBI, a
Ha aHOJIe aHHOHBI, 00pa3yOUINe NIEKTPOIIHT.

BoaHble pacTBOPBI AIIEKTPOJIUTOB IOMUMO HOHOB, HAa KOTOPBIE paclagaeTcs JIEKTPOJINT,
COJACpKAT MOJICKYJIBI BOJbI, CHOCOOHbBIE OpuHUMAaTh Y4aCTHUC B KAaTOAHBIX W AHOJHBIX

nporeccax.
Ha xatosie BO3MOKEeH IPOIecC BOCCTAHOBIICHHSI MOJIEKYJI BOJBI [0 YPaBHEHHUIO:

2H,0 +2e <> H, +20H ~.

Ha anosne Bo3MokeH mpouccC OKMUCICHUA BOIBI, KOTOpBIﬁ IMPOTEKACT IO CXEME:

2H,0-4e <> 4H" + 0,

Kakme mporeccel OyayT NPOUCXOJUTH Ha OJIIEKTPOJAX — 3aBUCUT OT BEIHMYUHBI

HOPMAaJILHBIX OKHCITUTEIIEHO-BOCCTAHOBUTEIILHBIX TIOTCHITNAIOB TOTO HIIM MHOTO TIpoIlecca.

HNoHbl MeTauioB ¢ BechbMa Malioll anreOpandeckor BETUYMHOW CTaHIApTHOTO
AIIEKTPOTHOTO MOTEHIMaNa, OT Li 10 Al BKIIIOUHTETEHO, MMEIOT YPE3BhIYANHO MaJIoe CPOJICTBO K
SIEKTPOHAM, YCTYIIas B 3TOM OTHOIIEHHMU MOHaM H* (cM. Tabm. 9.1). IToaToMy IpH 3IEKTPOIU3E
BOJHBIX PACTBOPOB YyKa3aHHBIX META/NIOB HA KaToOJle MPOUCXOIUT BOCCTAHOBIEHUE BOJBI IO
cxeme, IPUBEACHHOMN paHee.

Katrnonsl MeTamioB ¢ MOJOXKUTENbHBIMH 3HAYEHHUSIMH CTaHJAPTHOTO 3JIEKTPOJIHOTO
norenumana (Cu, Ag, Hg, AU u 0p.) umerot Gosbllee CPpoACTBO K JIEKTPOHAM, YeM MOHBLI H' (cM.
tabin. 11.1). B utore, Ha kaTo/ie BOCCTaHABIIMBAIOTCA HOHBI METAIIJIOB 10 CXEME:

Me™ + ne” —Me’.

KaTroHbl MeTayuIoB, 3aHMMAIOIIKE B Sy HAIIPsHKCHUH cpeaHee monoxkenue (Zn, Fe, Cd,
Ni u 1p.), BOCCTaHABJIMBAIOTCA Ha KaTOJE OJHOBPEMEHHO C BOCCTAHOBJICHHEM KAaTHOHOB
BOJIOPO/JIA.

Wrak, npu onpeneneHuy MpoIyKTOB IEKTPOIIH3a BOHBIX PACTBOPOB AJIEKTPOJIUTOB,
HAJ0 PYKOBOJCTBOBATHCA BBHINICYKA3aHHBIMU COOOpa)KeHHUSIMH, OCHOBAHHBIMHU Ha aHajH3e psaa
HapsHKEHUM.

Ha xatonme inerde Bcero paspsuKaroTCs TakUe KaTHOHBI, KOTOphIE HUMEIOT Oolee

TI0JIOKUTENLHBIH SIEKTPOIHbIN IoTeHnuan. HanpuMep, eciu S1eKTpoIMT coaepsKuT noHsl Cu?

°Cu °Zn
2+ ¢ = Q = —
1 ZNn“", TO cpaBHUBAs 3HAYCHUS Cu2+ +0,34 Bu 7n 2+ 0,76 B, MoxxHO

clenaTh 3aKIIOYEHHe, uTO Jierde OymyT paspskaThess MoHbl CU?Y, Tak Kak MX DIEeKTPOHBI
MMOTEHIIMAN OOJIBIIIE.

Ha anome 1nerue mpoWCXOAUT TOT TpOIECC, HOPMAIbHBIH  OKHCIUTEIHHO-
BOCCTaHOBUTEJBHBINA MOTEHIIMAT KOTOPOTO MeHble. Hanmpumep, U3 IByX BO3MOKHBIX aHOJHBIX
MIPOLIECCOB B PACTBOPE CEPHOM KUCIIOTHI:

2507 — 26 <> S,057,¢° = +2,01

u
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2H,0 -4e & 4H" +0,,¢0° =+1,23

CleyeT OTAaTh MPEANOYTEHHE BTOPOMY, T.K. €My COOTBETCTBYET MEHBIIEE 3HAUCHUE
MIOTEHIIMATIA.

Cpeny aHHOHOB HaMOOJIBIICH CIIOCOOHOCTHIO K OKUCICHHIO Ha aHOZE 00J1a1al0T aHHMOHBI
6eckucnopoaubix kuciot (CI, Br, I, S). B pesynpTaTe 31eKTpoIH3a pacTBOPOB, COAEPKAIIIX
9TH MOHBI, HA aHOJIE BBIJEIISAIOTCS CBOOOHBIE T'AJIOTEHBI WIIH CEpa.

BoccraHoBiieHME METAJUIOB M3 PACTBOPOB UX COJIEM MIET TOJBKO B TEX CIIydasx,
Koraa ZI&HHBIfI MeETaJJI UMEET OOIbIINI SHGKTpOI[HLIﬁ noTeHuuala, 4e€M y aJlltOMUHHA, T.C. HaA
KaToAC BBIACIAKOTCA TC MCTAJUIbI, KOTOPBIC CTOAT B PAAY HAIIPSKCHUS ITPAaBCC AJIFOMHUHUA.
Hanpumep, snextposin3 pactopa ZnCly noiaér no cxeme:

K :Zn®* +2e < znY
A:2ClI~ —2e <> Cl,.

[Ipu smekTponu3e pacTBOPOB COJIEH METAJUIOB, PACIOJIOKEHHBIX B PSAY HANPSIKEHUS 10
AJIIOMHWHUA BKIIIOYUTEIIBHO, HA KATOAC MPOUCXOJUT BOCCTAHOBJICHHUE BOJBI 110 YPABHCHHIO!:

2H,0+2e <> H, T+20H .

Dnexrponu3s pactBopa NaCl MmokHO n300pa3uTh ClieaAyroIeil CXeMO:

K:2H,0+2e <> Hy T+20H "~
A:2CI~ —2e < Cly.

B xaroHOM IpocTpaHcTBe B pacTBope ocrarorcs nonsl Na™ u OH (wenous NaOH).

— _ 3—
Kucnoponconepsxamme aHMOHBI (NO3 ,804 1PO4 U JIp.) HUMEIT OOJbIINi

OKHCITUTEIFHO-BOCCTAHOBUTEIFHBIN MMOTEHIIHAN, YeM IOTCHIIHAJ TpoIlecca OKUCICHUS BOJBI,
MO3TOMY TIPH 3JIEKTPOJIM3E PACTBOPOB COJICH, COACPIKAIINX STH aHWUOHBI, HA aHOAE OKHCISETCS
BOJIA.

OmHako eCTh M WCKIIOYCHHUS, HANpUMeEp, HpPU DIIEKTPOJIM3E IIEJIOYHBIX PaCTBOPOB
THIIOXJIOPUTOB U XJIOPAaTOB Ha HHEPTHOM aHoje okucisiores annousl ClO™ u ClO3™ mo ClO3™ u
ClO4™ cOOTBETCTBEHHO.

Hanpuwmep, npu snexrponuse pactBopa KoSO4 mpoTekaroT cieyroniye mponeceh:

K:2H,0+2e <> H, +20H"
A:2H,0-4e <0, +4H",
Ha xatone o6pa3yeTc;1 BOOOPOZ, Ha aHOJAC KHUCIIOPOI. B xatoaHoM MMpOCTPAHCTBEC

HaKaIlJIMBarOTCsA HOHBI OHf, B aHOJHOM — HOHBI THAPOKCOHHS, ITOITOMY OKpaCKa JIaKMYyCa B
KaTOJHOM IIPOCTPAHCTBEC 6yz[eT CHHCﬁ, a B aHOJJHOM — KpaCHOﬁ.

[[lupokoe TPUMEHEHHE HMEET DJIEKTPOIU3 C pacmeopumvimu awodamu. B kadectse
TAKOBBIX IPUMCHSIIOT MC/Ib, Cepeﬁpo, 30JI0TO, HUKCJIb U APYI'U€ MCTAJIJIbI. HpOHeCC QJICKTPOJIN3a
IIprU 3TOM 3aKIHOYACTCA B OKHCICHHUU MCTA/UIa-dHOdAa A0 KaTHOHA W B MOCICAYHOIICM €TI0
BOCCTAaHOBJICHHUHU BHOBBH 10 MCTAJIJTIMYECCKOI'O COCTOSSHUSA HA KaTOAC.

CXCMa QJICKTPOJIM3a BOJHOTO paCTBOpa CUSO4 C MCIHBIM aHOAOM:

A:Cu’ —2e &> Cu*
K :Cu? +2e <« Cu’.
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CooTHoIIeHHE MEKTY Maccoi (Mir 00BEMOM) BEIIECTBA BBIICIUBIIUXCS HA 3JIEKTPOIaX
IIPU 3JIEKTPOJIM3€ U KOJIMYECTBOM 3aTPAu€HHOIO AJIEKTpUYECTBA ompenenser 3akoH Papanes:
KOIUYeCmeo 6eujecmed, 6blOeNUBUIe20Cs NpuU  IIeKmpoau3e, NpimMo  NPONOPYUOHATLHO

KOIUYeCmasy 31eKmpudecmead, npouieouie2o yepes 21eKkmpoaum 3a epemsi t

m( X
n(iX),MOJZb—QKG: (1 ) :96I5tOO’
ZX M X)
ZX
1
rae M(X) — Macca IEKTPOXMMHYECKH IPEBpAIeHHOro Bemectsa, 2; VI (— X) —
ZX

MOJISIpHas Macca 3KBUBAJIEHTA OIIPEJIENIIEMOTI0 BEILIECTBA, 2/MO/b;

Z — YHUCJI0 OJICKTPOHOB, YYaCTBYIOUIUX B OKUCJICHUW HWJIM BOCCTAHOBJICHHUU OJJHOTO MOHA;
t — BpeMs anekTponnsa, c.

Wnu nns rasos:

YEST

V(X)=—X
96500

rie V(X) — 06bEM SIEeKTPOXMMHYECKH BBIIEICHHOTO Ta3a, oM’ Vm (i X)—
Z[X
SKBHUBAJICHTHBIH 00BEM NIEKTPOXHMUUYECKH BBIICTIEHHOTO Ta3a, 0.

[Ipu anekTposin3e BOAHBIX PACTBOPOB COJICH METAJUIOB, 3aHUMAIOIINX IMPOMEKYTOYHOE
MOJIOKCHHUE B DSy HANPSDKEHUH, HApsly ¢ BBIICICHHEM METaJUIa Ha KaTOJe WCT BBIJICICHUC
Bojopoja. I[Ipm 3TOM Macca BBIJCIMBIIErOCS MeTajllla HE JKBHBAJICHTHA KOJUYECTBY
MPOIICAIIETO Yepe3 PAacTBOP JJIEKTPUYECTBA, YacTh KOTOPOTO PACXOAYeTCS Ha BBIJICIICHHE
BOJIOPO/IA.

DNekmponus ¢ HANONCeHUeM SHeulHe20 HanpsdiceHuss — TOK OT BHEIIHEr0 HMCTOYHHKA
MPOXOJIUT Yepe3 INEKTPOJUTHUYCCKYIO SUEHKY C HCCIeayeMbIM pacTBopoM. Ilpu 3Ttom oOimee
Hanpspkerre U CKiIaapIBaeTCsl U3 MOTEHIMANA Pa3IoKeHust £, = E4n — Ekt, IEPCHANPSHKCHUH HA
a”oJie 77An, KaroJie 77Kt u noteHmmana Ur = IR, HeoOXoauMoro uisi MpeoaosICHUs

COTIPOTHUBIICHHS IEKTpoanTa R:
U= (Eamn+ 1] a) - Exe—T] k) + Ur.

[MoanepxuBas OIpeJeNeHHOE 3HAUeHHe MOTEHIHMAna KaToja, MOMKHO IIPOBOIHTH
TI0CIIeI0BATENLHOE BhIACIEHHE METAIIOB M3 MCCIEAYeMOro pPacTBOpa MIIM OTAEIEHHE OT
MeIIaImUX IpuMecei (SMEKTPOIN3 IPU KOHTPOJIUPYEMOM HOTEHIIUAIE).

[Ipouecc SIEKTPOJIU3a CIOYXKUT MPEXKAE BCEr0 Ul MPOMBIIUIEHHOTO MONyYEHHUs
ATIOMUHMS, MEIU, MHOTHX IIEJOYHBIX M IIEJOYHO3EMENbHBIX M APYrUX METaJIoOB; s
AHAIUTHYECKOTO onpesenenus Metamios — Cu, Pb, Zn u muorux ap. Kpome Toro, ¢ noMomisio
5JIEKTPONIN3a MOXKET ObITh MPOBEACHO AHAJIUTUYECKOE pa3JelieHHE pAfa METalIoB B M3 UX
cMeceii. Hanpumep, 571€KTpoIn30M BeyT OIpeeeHie MeM, CBUHIA, 0JI0BA U [IMHKA B JIaTyHU
METOJOM Pa3JelbHOTO >JIEKTPOOCAXKAEHHUS IIPM KOHTPOJIMPYEMOM IOTeHIuane. MeTon
BHYTPEHHETO DIIEKTPOIN3a HCHONb3yeTcs Ul AHATUTHYECKUX OIpee]eHUH OYeHb MajbIX
KOJIMYECTB METAJJIOB B PACTBOPAX, KOTOPhIE HE MOT'YT ObITh ONpPEENEHbI APYTUMH METOAAMH.
KOPPO3U METAJIJIOB
TEOPETUYECKHWE OCHOBBI
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Kopposueii memannos nazvieaemcs npoyecc paspyuieHusi Memaiid, npoucxooauuii noo
Oeticmauem oKpyxcaroueli cpedvl. B pesylnbraTe 3TOTO TMpolecca METaul MEPEeXOIUT W3
CBO6OZ[HOFO COCTOAHUA B XUMHWYCCKU CBA3AHHOC.

Tak, pacTBOpeHHE jKee3a B COJITHOW KUCIIOTE WJIM PXKABJICHUE XKEJIE3HBIX M3JENUN Ha
BO3/IyX€ SBJISIOTCS MPOIECCaMU pa3pyIIEHHUs 3TOTO0 METallIa, T.€. IPOLeCCOM KOPPO3HUH.

Ilo MCXaHMU3MYy IPOTCKAHUA TIIpoHecCa KOPpPO3usa ACIUTCA Ha XUMHYCCKYIO U
AIEKTPOXUMUIECKYIO.

XuMHueckas KOpPpPO3uA HE COMPOBOXKAACTCA IMOABICHHUEM BJICKTPHUYCCKOI'0 TOKA, TaK KaK
B 9TOM CITy4ae HeT MPOCTPAHCTBEHHOTO Pa3/IeieHNUs MPOIIECCOB BOCCTAHOBIICHHS U OKUCIICHUSI.

XuMH4ecKas KOppo3usa IMPOTCKACT KakK 00bIYHAA XUMHUYECKAS pcakuus, HaIIpUuMEep,
B3aMMO/ICHCTBHE XKeJie3a C KUCIOPOAOM IPH BBICOKOH TeMIIepaType:

4Fe +30, —>2Fe,0;.

DneKTpoXuMHUecKas KOppo3usi HabIoAaeTcs MpU CONMPUKOCHOBEHUH METAIIJIOB C BOJIOM,
pacTBOpaMu 3JIEKTPOJIUTOB, aTMOC(HEPHBIM BO3IyXOM.

OcHogHoe omauyue 21eKMpOXUMUYECKOU KOPPO3UU OM XUMUYECKOU COCMOUm & MOM,
ymo obwas peaxyus 83auMOO0eticmeus Memaula ¢ OKUcaumenem modxcem Ovims pazoeneHa Ha
08a camocmoamenvHulx npoyecca: 1) npoyecc oxucieHusi unu aHOOHwll npoyecc, 2) npoyecc
80CCMAHOBNIEHUS UTU KAMOOHDBILL.

[Ipu >MEeKTPOXUMHUYECKON KOPPO3WUH TMPOIECC OKHCICHHUS U TPOIECC BOCCTAHOBICHUS
MPOTEKAIOT Ha Pa3IUYHBIX YYacTKaX MeTaula — aHOJHOM UM KaTOJHOM COOTBETCTBEHHO.

[Ipoueccrl, mnpoucxomsime TMpPHU DICKTPOXUMHUYECKOW KOPPO3UH, AHATOTHUYHBI
mporieccaM, MPOTEKAOINIMM B TajJbBaHMUECKHX dJeMeHTaX. [Ipomecchl AIeKTPOXUMUYECKON
KOPPO3UHU COTMPOBOXKAAIOTCS MEPEMEIIEHUEM AJIEKTPOHOB C aHOJIHBIX YYaCTKOB Ha KaTOJHbIE,
T.€. DJIEKTPOXUMHUECKas KOPPO3Us COMPOBOKIACTCS MOSIBICHUEM B METaJie JIEKTPHUYECKOTrO
TOKa.

AHOJIHBIA TIPOIECC MPH DJIECKTPOXUMHYECKOW KOPPO3UUM — BTO NEPEXo] MeTaya u3
CBOOOJHOTO COCTOSIHUE B HOHHOE:

0 - n+
Me™” —ne< Me'' .
Hanpumep, npu 3IeKTpOXMMHYECKOW KOPPO3MM IKeje3a  MPOUCXOAUT CJICAYIOIIHI
aH0I[HbII71 HpOI.ICCC:

Fe0 -2 Fe2+.

KaTOI[HHﬁ npouecc COoCToOUT B BOCCTAaHOBJIICHUHN OKI/ICJ'II/ITGJ'IGIZ, T.C. B l'IpI/ICOCI[I/IHCHI/II/I
QJICKTPOHOB K MOJICKYJIB.M NI NOHaAM U3 OKpY)KaIOHlefI CpCabl.

I/ITaK, QJICKTPOXUMHUYCCKAs KOppOo3usd MCTAJIJIOB — 3TO peBYJ'IBTaT HeﬁCTBHH
MUKPOTI'aJIbBAaHUYCCKHUX 3JICMCHTOB, 06p8.3y}OH_[I/IXC${ Ha IIOBCPXHOCTH MCTAJlJIA. B paac cnyqaeB
o6pa30BaHHe TaKHUX TaJIbBaHOIIAp 06YCJ'IOBJ'IGHO HAaJIUYHUCM B MCTaAJlJIax HpHMeCGﬁ NN
KOHTAKTOM I[BYX Pa3sSHOPOJHBLIX MECTAJLJIIOB.

Tak, npu pacTBOpeHUHU B pa30aBIICHHON CEPHOM KHCIIOTE IIMHKA, COJACPIKAIIErO PUMECH
KEIIC3a, HpOI/ICXOJ_'[}IT CJ'IC,I[YI-OH_II/IG npoueccm: IIMHK C HpI/IMeCBIO JKCJIC34a, HOMGI_I_IéHHHﬁ B
paCTBOp CCpHOfI KHCJIOTHBI, HpeI[CTaBJ'ISIeT CO6OI>'I FaHLBaHI/I‘{eCKI/Iﬁ AJICMCHT

(-)Zn|H,SO,|Fe(+).

AHOJIOM B 3TOM TraJbBaHUYECKOM dJIEMEHTE sIBJseTcsa Oojiee aKTUBHBIA MeTa nuHK. Ha
aHOJIe IPOUCXOAMT CIIEIYIOIIUN MTPOLIECC:

0 - 2+
n° —2e &> Zn° "
DNEeKTPOHBI OT aHoja (IIMHKA) HAMPaBJISIOTCS K KaTroay (Kemne3y), Tie MPOUCXOTUT
npouecc BOCCTAHOBJICHHA ITOJIOXHUTCIBHO 3ap$I)KeHHLIX HOHOB H+ n3 paCTBopa CCpHOﬁ KUCJIOTHI.

2HT +2e <> Hy.
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OmnbIT MOKa3bIBAaET, YTO CKOPOCTHh Ipoliecca PacTBOPEHMS LMHKA, MpU paboTe TaKoro
rajlbBaHUYECKOTO 3JIEMEHTa, Topas3io OoJiblie, YeM CKOPOCTh PEaKIUH HENOCPEJACTBEHHOTO
B3aUMOJICHCTBUS LIMHKA C KUCIOTOM.

OcoOblii MHTEpEC MPEACTABIAET JICKTPOXUMHUYECKAss KOPpO3us B HEUTpalbHOU cpene,
TaK KakK 3TOT ciy4ail HamOojee ONM30K K aTMOC(HEpHOH KOppO3uHU. DIEKTPOJIUTOM B TaKOM
cllydyae SIBJISIETCS BOJIa C pacTBOPEHHBIMHU B Heil razamu (CO2, 02, 3a4actyio — SO2, HITPO3HBIMA
razamu NxOy u 1p. ).

PacTBOpEHHBII B BOJIE KHCIIOPO/I, a TAKXKe KUCIOPO]] BO3IyXa MOTYT IIPUHUMATh y4acThue
B KaTOJHOM IIpolecce, MPH JTOM NPOUCXOIAWT BOCCTAHOBIICHHE KHCIIOPOJA COTJIACHO
YpaBHEHHIO:

O, +2H,0 +4e <> 40H ~

PacTBopenue B Boje YIJIEKHCIIOTO ra3a MPUBOAUT K 0Opa30BaHUIO YTOJIbHOW KHCIOTHI,
KOTOpas IpH AUCCOLUALUM TaET HEGOIIBINOE KOJIUUECTBO HOHOB H™:

CO, + H,0 <> H,CO <22 , H,0" + HCO3 «122

+ —
«H2° s H.0f+Cco?.
[1pu 5TOM Ha KaToje MOKET POUCXOIUTh BOCCTAHOBJICHHE KaTHOHOB H:

2H" +2e > H,.

YacTto KaToOAHBIM MpOUECC SBIAETCS CMENIaHHBIM, T.€. Ha KaToAe HIET MPOLIECC
BOCCTAHOBJIEHHSI KMCJIOPOJA M IPOLECC BOCCTAHOBJIEHHs MOHOB HY, mpuuéM mociennuii, Kak
MPaBUJIO, UMEET MOAYMHEHHOE 3HAUEHHUE.

BemiecTtBa, ycuUIMBAIOIMIYI0 KOPpPO3WIO, Ha3bIBAOTCA  axmusamopamu. CHUIBHO
JNEUCTBYIOIIMM aKTUBATOPOM SIBIIAETCS MOH xJyiopa. [loaTomy mpoueccsl KOppo3ur B MOPCKOM
BOJIE UIYT TOPA3/I0 MHTEHCUBHEW, U€M B IIPECHOM.

Bemecta, 3aMeisioniye mpoiece pa3pymeHus METaIJIOB, HA3bIBAIOTCS UHSUOUMOPAMU.

Jns 3auThl METAJJIOB OT KOPPO3UM YaCTO UCIOJIB3YIOT Pa3IMYHbIE TMOKPHITUSA, B TOM
yucjie MeTajuimdeckue. B 3TOM ciydae MeTaJIomOKPBITHE JOHKHO OBITh YCTOMYHMBBIM K
KOPpO3HH.

Hapymenne 1e10CTHOCTH METATMYECKOTO TOKPBITHS MOJXKET TMPUBECTH JHOO K
COXpPaHEHHWIO OCHOBHOTO MeTajlla, JHOO K YCHUJIEHHOW KOpPpPO3WH. OTO 3aBUCHUT OT
CpPaBHUTEIBHON aKTUBHOCTH 3al[MIIIAEMOT0 M 3alMTHOTO METajlia.

Mertannndeckoe MOKpheITHE U3 00Jiee aKTUBHOTO METalia, IPU HAPYIIEHUU LIETOCTHOCTH
€ro CJI0s1, BBICTYIIAeT B POJIM aHO/1a B 00pa30BaBIIEMCs TaJbBaHUYECKOM DIIEMEHTE.

OcHOBHOM MeTayul B Mpoliecce paboThl TaKOTO TaJbBaHUYECKOTO 3JIeMEHTa He OyneT
paspymarbes. [lokpeiTre U3 Hanbosee aKkTUBHOTO METaljia Ha3bIBA€TCS AHOIHBIM.

Korpga nokpeiTue cienaHo U3 MEHEE aKTUBHOI'O MeETajlla, TO HapyUIEHUE IEJIOCTHOCTH
ATOTO TOKPBHITUS MPUBEAET K 00pa30BaHUIO TaJIbBAHMUYECKOTO AJIEMEHTa, aHOJOM B KOTOPOM
OyZIeT SBIATHCA 3allUIIAeMbIi METAIJ, a KaTOJOM — MOKpPBITHE. Takue MOKPBITUS HA3BIBAIOTCS
KaTOAHBIMU. B 3TOM cityuae 0OCHOBHO# MeTasu1 OyAeT pa3pyIiaTbCes.

KaronHoe mnokpeiTHE SBISETCA MEHEE BBITOJHBIM, TaK KaK IpPH HAPYLIEHUU €ro
LIETIOCTHOCTA OCHOBHOM METAJIJI pa3pyliaeTcs.

B cnyyae aHOJIHOTO TOKpPBITHUS OCHOBHOW METAl MPU TOBPEXKICHUHM TOKPBITHS HE
paspyiaercs. B 3Tom ero npenumyiiecTso.

Bonpocsl 1 3agaHus
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[Tpumep 1 CranmapTHbIe JIEKTPOAHbIE MOTEHIMANBI ISl IUHKA U CBUHLA paBHBI — 0,76
B u — 0,13 B cooTBeTCTBEHHO. Y KaKOTro W3 3JEKTPOJOB, IIMHKOBOTO HJIM Yy CBUHIIOBOTO, BBIIIE
IUIOTHOCTH JIBOWHOTO JIEKTPUUYECKOTO CJIOS, €CIIM 00a 3JIEKTPOJIa IOMECTUTH B BOTY?

Pewenne

VY LIMHKOBOTO 3J€KTpoJa BEIMYHMHA CTAHIAPTHOTO IEKTPOJHOIO NOTEHIIMAjIa MEHbIIE,
YeM Yy CBHMHIIOBOTO, YTO CBSI3aHHO C OOJIbIIEH CHOCOOHOCTHIO MOHOB LIMHKA T'UAPATHPOBATHCS
MOJIEKYJIaMH BOJIbl U NEPEXOJUTh U3 TBEPIOM MOBEpPXHOCTH B pacTBop. B wurore, y nunHka
CO3/1aeTCs B MPHUAJICKTPOTHOM ClIo€ 0OJiee MOIIHBIN JBOWMHOMN SJIEKTPHUUECKUI CIIOW, YeM Y
MIOBEPXHOCTH CBUHLIOBOTO 3JIEKTPO/IA.

[Ipumep 2 JKenesHnas u HuUKeneBas IUIACTUHKU, MOTPYKEHHbIE B PACTBOP COJISHOM
kuciotsl ¢ konnentparmeit C(HCI) = 1 momb/aM°, pacTBOPSIOTCS C BHIIETCHHEM BOJOPOJIA.
Kakoii npouecc HaunHaeTcs1, €Cau MIIACTUHKU COEAUHUTD TPOBOIHUKOM?

Pemenne
2.1 I[o COCIMHCHMUS IIPOBOJHUKOM M K€JI€30, U HUKCIIb OKMCIISIIIMCh HOHAMH H*:
a) 1|Fe® — 26~ « Fe?*; ¢°(Fe**/Fe®) = - 0,44 B;
112H" + 26~ — H>t ¢°(2H*/H;) = 0,00 B;
DIC1 = ¢°(2H*IH,) — o°(Fe**/Fe®) = 0,00 — (- 0,44) = 0,44 B;
6) 1|Ni® — 26~ > Ni**; ¢°(Ni?*/Ni®) = - 0,25 B;
112H* + 26 < H>1 ¢°(2H*/H2) = 0,00 B;

DC> = p°(2H*IH2) — ¢°(Ni?*/Ni® = 0,00 — (- 0,25) = 0,25 B.

Tak kax 3/[C1 > 3/[C>, To Ha )KeJIE3HOW TUTACTHHKE BBIJCIIEHUE BOJIOpOJia OyaeT Oomee
WHTECHCUBHBIM, YeM Ha HUKEJICBOM.

2.2 Tlocne coeMHEHUS TIIACTHHOK — 00pa3zyeTcsl TalbBaHUUECKUHA DJIEMEHT, B KOTOPOM
OyIyT MPOTEKaTh PEaKIUU:

anon: 1|Fe’ —2e « Fe?™; ¢°(Fe**/Fe) = — 0,44 B;

katom: 1|(Ni% 2H* + 2e~ < Hot.

[ToTok 27EKTPOHOB C JKENE3HOW TUTACTMHKHU (aHOAa) Oy/IeT MepexoauTh Ha HUKEIEBYIO
(kaTomy) mo mNpoBOAHHUKY. [IOBEpXHOCTh HUKENEBOW TUIACTUHKH, HAXOJSCh B KOHTaKTE C
pacTBOpPOM cojepKaiuM H', TepeaaeT DIEKTPOHBl ITUM KaTHOHAM, YTO TPHBOIUT K
00pa30BaHUIO MOJIEKYJ BOJOPO/IA.

I[Ipumep 3 Toxk cunoit /0 A TpPOXOAUT Yepe3 DICKTPOJHU3EpP C IJIATUHOBBIMHU
3JIEKTpoJaMH, B KoTopoM Haxoautcs 500 cm® pacTBopa ruapokcuia HaTpHs C MAccoBOM momneit
oMNaOH) = 4,5 % (p = 1,05 2/cm®). HanuiuTe HOJIHYIO CXEMy 2JEKTPOJIN3a BOJHOTO PacTBoOpa
NaOH. Ckonpko 4acoB MoTpeOyeTcsi BECTH JIEKTPOJIN3, 4TOOBI MaccoBas noJis pactBopa NaOH
nocturia 10 %?

Pemenue
3.1 Beluuciaum maccy BOJIbl B ICXOJHOM pacTBOpE:
p1V1
m(H-O)="—==-(100—w,) =
1(H0) 100 ( 1)

~1,05-500

100
3.2 HaiineM Maccy KOHEYHOTO pacTBOpa:

_ a)lplvl _ 4,5-1,05-500
PPz, T 10
3.3 Onpenenum Maccy BOJbI, OJBEPTIICHCS ANEKTPOIU3Y:
Am(H,0) = Mp-pal = Mp-pa2 = pV1 — Mp-pa2 =
=1,05-500 — 236,25 = 288,75r.
3.4 Bpewms npo1iecca 3Je€KTpOIn3a COCTaBUT:

- (100 — 4,5) =501,375 e °.

m =236,25T.

161



. Am(H,0) F _ 288,75 96500

T
2

=309604,2¢c =86,0u.

M H20)

3.5 Peakuuu, npoTekaromue Ha 3JIeKTpoJax:
K :2H,0+2e <> HY +20H "~
A:40H™ —4e <>2H,0+05,

[Ipumep 4 DnexTpoau3ép ConEpKUT pacTBOP HUTpaTa CBUHLA (+2), aHOJ — CBUHIIOBBII.
[IponomxuTenbHoCTh 3neKTpoau3a 2 4 40 mun 50 c, cuna Toka 54. Beiuucnure TeopeTHyecKyro
yOBITb B Macce CBHHIIOBOTO aHOJa. Hammmure ypaBHEHHs peakluui, MPOWCXOAINX Ha

AIEKTPOJAX.
Pemenne

4.1 BapuaHT ¢ pacTBOPHMBIM aHOJOM. MeTamueckuii ceurer] — aHon (p°(Pb?+/Pb®) = —

a +
0,126 B) serde ormaer >JA€KTPOHBI, YEM MOJIEKYIILI BOJIBI (ZHZO —4de 02 +4H ",

o
@ —11238)
YpaBHEHUS peaklnil, IPOUCXOIAIINX HA ANEKTPOIaX:

K : Pb% +2e <> Pb°
A:PbY —2e <> PH%t

4.2 TeopeTnueckasi yObLIIb MacChl CBHHIIA COCTABUT:

Am(Pb) = 17 M (E Pb) = 29650 o571 51,75r.
F 2 96500 2

Ipumep 5 Paccunmraiite Bemuumast DJC u AGY%, 111 TpomeccoB KOppO3HH,
MPOTEKAIOIIUX 110 YPABHEHUSIM:

Me(K) +H20(9fc)+02(g) —>Me(OH)n(,<),
rae Me — Fe, Ag. Kakoii u3 nmpuBeICHHBIX METAJUIOB OyJET MOJABEPraThCsi KOPPO3UU BO

BJI&YKHOM BO311yXe?
OtBer

4.1 YcnoBus mpoTeKaHus IPsAMON peakLuy Py CTaHAapTHLIX ycnoBusax: IJC = Ap% .
> 0w AG%, < 0.

4.2 3anuuiemM ypaBHEHHUSI 3TUX IPOLECCOB U BbrurcauM s Hux C u AGox_p_:
a) 1| Fe® —2e - Fe?*; p°(Fe?*/Fe®) = — 0,44 B;

anoo

1| 2H20 +0, + 4~ <> 40H"; ¢°(2H.0 +0»/ 40H") = +0,40 B;

Kamoo

ONCL = Ag%p 1 = ok — @a = + 0,4 — (-0,44) = +0,84 B;
AGox,pJ: -n Aq)ox_pF =—20,8496,5 = — 162,12 kl{»c/monw
Fe(x) +H2040+02:) —Fe(OH)2.

Bwi600: camornpon3BoiibHAs KOPPO3HS Kelle3a BO BIAKHOM BO3AyXe MPU CTaHAAPTHBIX

YCIIOBHAX BO3MOKHA.
6) Tak kak ¢°(Ag*/Ag®) = + 0,80 B > ¢°(2H20 +0,/ 40H") = +0,40 B, T0 cepebpo OyneT

SBJIATHCSI AaHOJIOM, TOT'J1a
AC> = Ag’p2 = pk— pa = + 0,40 - 0,80 = — 0,40 B;
AG:p2=-NAp°, F =~ 2:(~0,40)96,5 = + 77,20 x/Jorc/moxe
Ag(x) +1/2H200¢)+1/40:) — xAg(OH) 4.
Bw1600: Tax kak I/JC2 = A, < 0,aAG% > >0, To caMOnpOU3BOILHAS KOPPO3HS
cepeOpa BO BIKHOM BO3JlyXe IPH CTAHJAPTHBIX YCIOBUSIX HEBO3MOXKHA.
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ba3oBb1il ypoBeHb

1 B rainpBaHUYECKOM 3JIEMEHTE MPOXOIUT PEAKIIUS:

Pb? + Cu?* = Pb?* +Cu°.
CocTaBUTh CXeMy 2JIEMEHTa, BEIYMCIUTH cTaHAapTHYI0 D/IC 1 KOHCTaHTy paBHOBECHSI.
2 D/1C ranpBaHUYECKOTO DJIEMEHTA, B KOTOPOM MPOTEKAET peaKius

2Ag" + Zn® = Zn?** + 2Ag°

pasHa 1,56 B (298 K). PaccunTaiite AG 1 KOHCTaHTY paBHOBECHS 3TOW PEAKIINU.

3 CraHgapTHBIE AJIEKTPOJHBIC MOTEHIIUABI IS JKele3a U KaaMus paBHbl — 0,44 B u —
0,40 B cooTBeTCTBEHHO. Y KakKoro M3 3JEKTPOJIOB, >KEJIE3HOTO0 WM KaJMHEBOBOTO, BBIIIEC
TUIOTHOCTH JIBOMHOTO JIEKTPHYECKOTO CII0sI, €CTIH 00a 3JIEKTPO1a IOMECTUTH B BOTY?

4 CranmapTHBIN AJIEKTPOIHBIN MOTEHIIMAN cepedpa paBeH

Ag* +e > Ag’, ¢°=08B.

KakoB OyzmeTr moteHnman 1 Kr MeTaJuimdeckoro cepedpa, OIyIEHHOTO B pacTBOP HUTpaTa
cepebpa ¢ C(AgNO3) = 1 mons/mm3?

5 N3o6pas3ute cxemy pabOThI TaTbBAHUYECKOTO JIEMEHTA, COCTABJICHHOTO M3 HUKEIEBOM
U cepeOpstHOH TUTACTHH, OMYHICHHBIX B PACTBOPHI UX HUTPATOB. YKAXKUTE KATOJ M aHOJ B 3TOM
rabBaHUYECKOM dJeMeHTe. Kakas Xumudueckas peakmus JIKHT B OCHOBE ATOTO
ralbBaHUYECKOTo dJiieMeHTa? Brrumcianre w3MeHeHWM TmoTeHIMana [ub0ca W KOHCTaHTY
PaBHOBECHS 3TOW PEAKLIHH.

6 CocraBpTe CXeMy TallbBaHUYECKOTO D3JIEMEHTa, OJHUM H3 DJIEKTPOJOB KOTOPOTO
SBIISICTCS KaJIMUEBas TUTACTUHA, TIOTPY>KEHHAsI B PacTBOP Cyibdara KaaMus, a APYrUM — MeTHas
TUTACTHHA, OITYIIICHHAsI B PACTBOP Cylb(haTa MeIH.

HanumuTe »1eKTpOHHBIE ypaBHEHHUs MPOLIECCOB, MPOUCXOAALIMX HA 3JIEKTPOJax IpH
paboTe aneMeHTa. YKaxuTe Kato] 1 aHo. CoCcTaBbTe CXEMY HJIEMEHTA.

7 Uemy paBHa DJIC 1 AG raibBaHUYECKOTO DJIEMEHTA

(-)Zn|ZnSO4|NiSO|Ni(+),

ecm KoHIeHTpanus noHoB Zn%* u Ni?* pasnsl (B Mois/am°): 1) 1,00; 2) 0,1; 3) 0,001?
8 Breruuciure D/1C raapBaHHYECKOTO JICMEHTA

(—)Fe[FeCl,||SnCl,|Sn(+),

eciu C(Fe?*) = 0,1 monw/om®, a C(Sn**) = 0,01 monv/om®.

9 CocTaBbTe CXEMBI ABYX IajJbBAHMYECKUX DJIEMEHTOB, B OJHOM M3 KOTOPBIX CBHHEIL
ABIIAETCA KAaTOAOM, a B APYyroM — aHogoM. COCTaBbTe DJIEKTPOHHBIE YPaBHEHHUS IPOLECCOB,
HPOMCXOMANIMX HA DIEKTPOAAX STHX DJIEMEHTOB. BBIUMCIMTE I KaXIOM PEeaKklUu KOHCTAHTY
CKOPOCTH.

10 OKHUCIMTENBHO-BOCCTAHOBUTENIbHAS PEAKIMsA, MPOTEKAOmas B TalbBaHUYECKOM
3JIEMEHTE, ONUCHIBAETCSA CXEMOM

(-)Pt| Fe?*, Fe>* IMnOz,Mn?* H™ | Pt(+).

Vka3aTh kKaton M aHoA. Kakyio ponb WrparoT IulaTMHOBBIE 3iekTpoibl? Hamwmmure
[IOJIHOE ypaBHEHHME OToW peakiuu. Bbrumcnure ans Heé AG M CTaHIApTHYIO KOHCTAHTY
CKOPOCTH.

11 DnexTpoAHBIM MOTEHIIMA MapraHLEeBOro 3JeKTPoJia, MOMEIEHHOTO B PAacTBOP COJIU
Mmapranua (+2), cocranisier — 1,1 B. Beruncnute KOHIIEHTpaIMo HOHOB MapraHiia B pacTBOpeE.

12 Bo03MOXHO 1M pacTBOpEHHE HHKENs M BBIJCJICHHE XpoMa IpH HOTPYKEHUH
HUKEJIEBOH MJIaCTUHKU B pacTBOP o Xpoma (+3)?

Bo3MOXHO 1M pacTBOpEHHME XpOMa U BBIIEICHHE METANIMYECKOIO HUKENS IIpH
TOTPY’KEHHH XPOMOBOH IJIACTHHKH B pacTBop comu NiZ*?

OTBeT MOTUBHpYNTE.
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13 T'anpBaHMYECKHH AJIEMEHT COCTOMT W3 CTAHIAPTHOTO BOJOPOIHOTO 3JIEKTPOJa H
BOJIOPOJHOTO 3JIEKTPO/1a, TOMEIIEHHOTO B pacTBOp ykcycHou kucinotel ¢ C(CH3COOH) = 0,01
monv/om®. DJIC snementa cocransger 0,200B. Brrunciaure pH pacTBopa, KOHCTaHTY U CTeNEHb
poTosr3a (auccouuanum) ykcycHon kucnotsl. Oret: pH = 3,39;

K.~ 1,710 a = 4,08107 (4,08 %).

14 TanpBaHWYECKHH AJIEMEHT COCTOMT W3 CTaHAAPTHOTO BOJOPOIHOTO INIEKTPOAa H
BOJIOPOJIHOTO 3JICKTpoJa, MomernieHHoro B pactBop xmopuaa ammonusi C(NH4Cl) = 0,01
monv/om®. DJIC anementa cocranser 0,366 B. Beraucnute pH pacTBopa, KOHCTaHTY U CTENIEHb
nporomsa (rumponnsa) NH4Cl. Otser: pH = 6,20; K,y = 5,56-107%%; anp = 6,26-107° (6,26-107°
%).

15 Tlpu xakux KoHIEHTpauusax xjopuja nuHka (+2) 31C KOHIEHTPAallMOHHOTO 3JIeMEHTa
pasHa 0,1 B? Hanumwure ypaBHEHUS OSJIEKTPOIHBIX peaKUMH. YKaXKHUTE€ OKHUCIUTENb U
BOCCTaHOBHTEb.

16 VkaxkuTe MpOAYKTHI 3JeKTposin3a BOAHBIX pacTBopoB: H2SOs, NaSOs, HCI, NaCl,
CaClz, CoSO..

17 AmoMuHHE B MIPOMBIIUIEHHOCTH MOJYYarOT 3JIEKTPou3oM paciiaBa cMecu AlOs(=
12 % mo macce) u Nas[AlFs] (= 88 % mo macce). Dnektpoasl — rpadurossie. [IpuBeaute
MOJTHYIO CXEMY JIEKTpoJu3a. JIJis 4ero mpuMeHsIFoT KoMIutekcHyto coiib Nas[AlFs]?

18 TIpoMbIlITIEHHOE TPOU3BOJICTBO HATPHUS BEAYT 3eKTposin3oM paciuiaBieHHoro NaCl
1 NaOH. HanmmuTe ypaBHEHHS peakIui, POUCXOISIINX Ha JJIEKTPOIaX.

19 Kakue mpouecchl MPOUCXOAAT Ha 3JIEKTPOJAX MPHU AJIEKTPOIU3E pacTBOpa XJIOPHUIA
Hukens (+2), ecnmu oba snekTpoga — HukeneBble? Kak u3MeHHMTCs Macca aHoJa IOcCiie
nporyckanus Toka cuioi 3,2 A B reuenne 30 mun? OtBet: 1,76 2.

20 CocraBbTe ypaBHEHHsI CAMOIPOM3BOJIBHO MPOTEKAIOMINX PEaKIUil Mpu KOPPO3UH B
BOJI€, HAXO/SAIIMUXCSl B KOHTAKTE IUIACTUH: a) IIMHKA U 0JI0Ba; 0)xkene3a U nuHKa. ['1e ckopocTh
nporieccoB Koppo3uu Beime? OTBeT 006ocHyiTe pacuetamu ctanaapTtHex DJ1C u AG.

21 Ha3zoBHUTE HECKOJIbKO METAJUIOB, KOTOPHIE MOTYT CIY)XKHTh AHOJHBIM U KaTOIHBIM
MOKpbITUEM JUIst skene3a. CocTaBbTe 3JIEKTPOHHBIE YPAaBHEHMSI AJIEKTPOJHBIX IPOIIECCOB,
MIPOUCXOJISIINX MPH AIIEKTPOXUMUYECKOW KOPPO3UH: 1) XpOMUPOBAHHOTO; 2) HUKEIHUPOBAHHOTO
JKejle3a BO BJIAKHOM BO3JlyXe M B KUCIOH cpene. CpaBHUTE CKOPOCTH MPOIECCOB KOPPO3UU B
3THUX CIIydasX.

22 Yto Takoe pkaBunHa? Hanummure eé nmpumepHyro dhopmyny. Eciu rBo3ap BOUTH BO
BJIQ)KHOE JIEPEBO, TO PXKABUMHOM MOKPHIBAETCS Ta €ro 4acTb, KOTOpas HaXOAUTCS BHYTPU
nepea. Uem 310 MOkHO 00bsicHUTH? Hanuiure ypaBHEHUSI aHOJHOTO U KaTOJHOTO IMPOLIECCOB.
[IpuBeaute ypaBHeHuUs: 00pa30oBaHUs BTOPHUUHBIX MPOAYKTOB pa3pyILICHUS Kele3a.

23 XKene3nble O0YKH MPUMEHSIOT ISl TPAHCIIOPTUPOBKU KOHIICHTPUPOBAHHOM CEpHOM
kucnotel. OnHako Tocie OCBOOOXKACHHS OT KHUCJIOTHI OOYKHM 4Ype3BBIYAITHO OBICTPO
pazpymartorcs. [louemy? Uto siBisieTcs aHOIOM, 4TO — KaTogoM? HanuimTe cOOTBETCTBYIOIINE
ypaBHeHus peakiuii. CocTaBbTe cXeMy 00pa3yIoerocs mpyu 3TOM rajlbBAHUYECKOTO 3JI€MEHTA.

[ToBbILLIEHHBIN YPOBEHB
1 Tpu kakoii KOHIEHTpauuu HoHOB CU?" 51IeKTpOIHbI MOTEHIMAN Me/IU PaBeH HYIT0?

2 'anpBaHMueCKasl 11eTb, COOpaHHasl U3 JIBYX IIMHKOBBIX 3JIEKTPOJOB, OJUH M3 KOTOPBIX
norpyseH B pacTBop cosu nuHka ¢ C1(Zn**) = 0,1 mosws/am3, a apyroii — B pactop ¢ Co(Zn?*) =
0,01 mosw/nm3. CocTaBbTe cXxeMy KOHLIEHTPAIMOHHOTO dIeMeHTa U paccuutaiite ero DJIC.

3 Paccuuraiite D/IC KOHLIEHTPALMOHHOTO 3JEMEHTA, COCTOSIIEr0 M3 CTaHAAPTHOTO
BOJIOPOJIHOTO JIEKTPOJIa U BOJIOPOJHOTO HIEKTPO/1a, HAXOISAIIET0Cs B UUCTOM BOJIE.

4 TloTeHIMaJl METAJUIMYECKOTO MapraHIia 1o OTHOIIEHHUIO K CTaHIapTHOMY BOJOPOIHOMY
snekTposy B pactopax MnCly ¢ konmentpaumsamu (B moas/am®) 0,001; 0,01 u 0,1
COOTBETCTBEHHO cocTaBmi (B B): — 1,277; — 1,248 u —1,219. Beiuucnure craHAapTHBINA
ANIEKTPOIHBIN MOTEHIMA MapraHLa.
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5 Paccunraiite 9/]C KOHLEHTPALMOHHOTO AJIEMEHTA, COCTOSALIETO U3 JBYX BOJOPOJHBIX
3JIEKTPOJIOB, MOTPYKEHHBIX B pacTBophl ¢ pH 2 u 4. CocTaBbTe CXEMY 3TOTO JIEMEHTA. Y KaKUTE
KaToJl ¥ aHO/I.

6 BblunciuTh MOTEHIMA CBUHIIOBOTO 3JIEKTPOJia B HACBIICHHOM pacTBope PbBr2, ecnu
xonnenTpauus C(Br) = I monw/om®, a npoussenenue pactsopumoctu I[IP(PbBr2) = 9,1-10°°.

7 Ormpenenute, MOXHO JIM TOJYYUTh Ta3000pa3sHBId (TOP DIEKTPOJIU30M BOJHOTO
pactBopa (hTopHIa HATPHS, ECITH:

2H,0—4e<>0y +4H" @° _i1238;

°
Fo+ 26 o 2F, P =42387B;
°
2H* (s H20) + 26~ Hp, P = 0,41 B.

OO6cyauTe aHaIOTUYHBIN BOIIPOC € Y4aCTUEM JPYTHUX rajJOreHoB.

8 3ayeM K pacTBOPY COJISHOW KHCIOTHI, NMPH MOJYYECHHH BOJOPOJA JCUCTBHEM € Ha
IIUHK, B KHCJIOTY JOOABJISIIOT HEMHOTO MeIHOTO Kyrnopoca? Jlaiite 0ObsICHEHHS C TIPUBEICHUEM
peaKIui, MPOUCXOIANINX IPH 3TOM TporieccoB. MoxxHo i BMecTo CuSQO4 B3ATh Apyrue Cou:
AgNOs3, NiSO4, FeSO4?

9 Kak Bimser pH cpempl Ha CKOpOCTh aTMOC(EpHOW KOPPO3HMH Kelle3a U IUHKA?
[Touemy? CocTaBbTe ypaBHEHHUS aHOJHOTO U KaTOJHOTO MPOILECCOB aTMOC(hEpHON KOppo3uu
ITUX METAJLJIOB.

Cnucok JuTeparypbl, peKOMeHyeMblil K HCIIOJIb30BAHUIO 110 TAHHOH TeMe

OcHoBHas1 iuTEeparypa:
1. Koposun, H. B. Obmas xumus : yaeonuk / H. B. KopoBus. - 13-e u3a., nepepad. u gotm. - M.
: Akagemus, 2011. - 496 c. : mi. - (bakanaspuar). - Pek. MOuH P®. - ITpun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxamuna, E. C. XuMust OKpy>KaroIIeH cpe/ibl : XMMHUsI )KUBBIX OpraHu3MoB. Kypc nekmuii /
E. C. Muxamuna, A. JI. Ilereaun. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 351eKTpOHHBIH // DnekTpoHHO-O0nbmroTeunas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxum noctyma: mis
aBTOPU3HP. MOJb30BaTENCH
JlonoHUTe/ILHAS JIUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nmunka ; [Tox pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XuMmus METaJIoB : yueObHOe ocodue (A1l CTYACHTOB XUMHUECKOT0 (haKylbTeTa
HamnpaBJIeHUH O6akanaBpoB «XUMUs» U «XUMHUECKas TeXHOIOTUs») / coctaButenu O. A.
I'onosanoBa. — Omck : Omckuil rocyaapcTBeHHbl yHuBepeuTeT uM. @.M. JlocToeBckoro,
2015. —552 ¢c. —
ISBN 978-5-7779-1875-8. — TekcT : 3eKTpOHHBIH // DneKkTpoHHO 6ubnuoreyHas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum moctyna: mis
aBTOPH3UP. MOJIb30BaTeNEH
HNHuTepHer-pecypcesl:

1 http://window.edu.ru/ — eauHO€ OKHO J0CTyIa K 00pa30BaTeIbHBIM pecypcam

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

3 http://catalog.ncstu.ru/ — >neKTPOHHBIH KaTaJIOT aCCOIUAIIMU dICKTPOHHBIX OUOINOTEK
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