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BBEJIEHUE

Cpenu AMCUMILINH, COCTABIISAIOMMX 0a30BYI0 MOJATOTOBKY COBPEMEH-
HBIX MH)KEHEPOB JIIO0OW CIIEUaIbHOCTH, Ba)KHOE MECTO 3aHUMAET XMMMSL.
Hayunass moaroroBka Oynayliero HMHKeHepa MnpuoOpeTaer ocoOyro 3Hayu-
MOCTb B CBSI3U C HEOOXOAMMOCTBIO HCIOJIb30BaHUSI HOBBIX MaTEpUajoOB, CO-
31aHHEM OE€30TXOJHBIX, PECYPCO- M 3HEPrOCcOEPErarIuX TEXHOIOTHi, ¢ TO-
BBIIIIEHUEM HAJEKHOCTU COBPEMEHHOUN TEXHUKH, PEIICHUEM 3KOJOTHMYECKHX
npoOsem.

XuMus Kak ydyeOHasi JUCIHUIUIMHA 00J1aaeT OOJIbIIUMU CHCTEMOOOpa-
3YIOIIUMH BO3MOXHOCTSIMU U (POPMHUPYET B CO3HAHUU CTYACHTOB OCHOBBI
(yHIaMEHTAIbHOM XUMHUYECKOM Hayku. CucteMooOpasyIolMMH CBS3SIMU
Kypca XUMHH C 00111€00pa30BaTeIbHbIMU, OOIIETEXHUUYECKUMH U CIIEHab-
HBIMH JTUCLMIUIMHAMH SIBISIOTCS COAEP/KATEIBbHO-JIOTHUYECKUE U CTPYKTYPHO-
(YyHKIIMOHAJIbHBIE CBSI3M TAKMX HAYYHBIX HAIpPaBIIEHUH, KaK TEOpUs CTpOe-
HUS aTOMA U XMMHYECKOU CBSA3HM, TEPMOJMHAMHUYECKAsI U KUHETUYECKAs TE€O-
pUs paCTBOPOB U JUCIEPCHBIX CUCTEM, XMMUYECKUE UCTOYHUKH TOKA, KOPPO-
3Ms1 METAJJIOB, 3JIEKTPOJIN3, TEOPHUS CTPOEHUSI KOMIUIEKCHBIX COECIMHEHUN.

Jljig ydinero co4eTanus TEOPUM U MPAKTUKU K TaOOpaTOpHOMY 3aHsI-
THIO HE0OX0IMMa MOAr0oTOBKa. J{JIs 3TOTr0 CTyAEHT 00s3aH U3YYUTh TEOPETH-
YECKHUE OCHOBBI COOTBETCTBYIOLIETO pa3/iesia XUMUHU, OTBETUTh HA BOIPOCHI U
BBINIOJIHUTD MPEIOKEHHBIE 3aJaHUsI. TO HE TOIBKO YIIIYOIsIET NOJy4YECHHbIE
3HAHUS, HO U J1a€T BO3MOXHOCTh CTYJIEHTY CI€JaTh CAMOOLIEHKY CBOEW MO/I-
TOTOBKH.

BrlinonHenue 1a00patopHbIX padOT MO3BOJISIET 3aKPENHUTh TEOPETHUYE-
CKHE€ 3HaHUS, MPHOOPECTH SKCIIEPUMEHTAIbHbIE HABBIKM, YMEHUS IOJb30-
BaTbCs MpubopaMu, coOII0IaTh MPaBUiia TEXHUKU 0€30MaCHOCTH, COCTABIISATh
TaOJIUIIBI, CTPOUTH TPaUKH U T. II.

CripaBouHBI MaTepuai, HEOOXOJUMBINA JJIsl pelIeHUs 3a]ad, COCTaB-
JICHUSI YPABHEHUN M XAPAKTEPUCTHUKHU PA3JIMYHBIX XUMUYECKHUX IPOLIECCOB,
IIPUBEJIEH B IPUIIOKECHUU.

JucuunnuHa «XuMHs» CO3/1aeT TeopeTudeckyro 6asy st GopMupo-
BaHUS DKCINEPUMEHTAIBHBIX HABBIKOB CTYJEHTOB, YMEHHS MPOBOJIUTH 0000-
IMIEHUS] U HCIOJIb30BaTh MOJYYEHHBIE 3HAHMS B CBOEM MPAKTUYECKON Aesi-
TEJIbHOCTH.



TEMA 1. OCHOBHBIE HIOHATHUA U 3AKOHBI XUMHNHU

OcCHOBHBIC MIOHATHSA

MouJieky1a — 5T0 HaMMEHbIIIasg YacTHIlAa BEIIECTBA, 001alaromas ero
XUMUYECKUMU CBOMCTBAMU. MOJIEKYJIbI MTPOCTHIX BELIECTB COCTOSIT U3 OJIH-
HakoBbix atomoB (Fe, Si, H, , F, , Ny), MOJIEKyJIbI CIIOKHBIX BEIIECTB — U3
pazauaHbix atoMoB (CO,, CsHg, NaCl).

ATOMOM Ha3bIBACTCSl HAMMEHBIIAS YACTHUI[A XUMHIECKOTO DJIEMEHTA.

XUMHYECKHUIl 3JIeMEHT — COBOKYITHOCTh aTOMOB C OJJMHAKOBEIM 3apsi-
JIOM sIZIpa ¥ DJIEKTPOHHOW 000JIOUKOM.

AJssioTponus — siBJIeHHE 00pa30BaHUsI HECKOIBKUX MPOCTHIX BEIIECTB
onHUM syeMeHToM. [IpocTeie BemiecTBa, 0Opa30BaHHBIE OJHUM M TEM XK€
AJIEMEHTOM Ha3bIBAIOTCS AJUIOTPONHBIMM BHIOM3MeHeHUsIMHM (MoauduKa-
usiMu). OHU MOTYT OTJIMYaThCs cocTaBoM MoJiekyn O, — kuciopon, Oz —
030H WJIM CTPYKTYpOU — anmas, rpadur, kapOuH, GyIsepeH.

Honamm Ha3bIBalOTCS 3apsXKEHHBIE YACTHUIIBI, COCTOSAIINE U3 OTIEIb-
HBIX aTOMOB WJIH TPy XUMHUYECKH CBA3aHHBIX aTOMOB, UMEIOIIUX U30BITOK
WM HEJ0CTATOK JIEKTPOHOB. JIJisT aTOMOB 3JIEMEHTOB-METAIJIOB XapaKTEPHO
00pa3oBaHME MOJOKUTEIHLHO 3apPSHKEHHBIX MOHOB, T. €. KaTHOHOB. [l aTo-
MOB 3JIEMEHTOB-HEMETANIOB XapaKTepHO 00pa30BaHHWE OTPUIIATEIHLHO 3apsi-
KEHHBIX HOHOB, T. €. aHUOHOB.

XUMUYECKHE CBOMCTBA BEIIECTBA XapaKTEPU3YIOT €ro CHoCOOHOCTH
y4acTBOBaTh B XMMHUYECKUX PEAKIUAX, T. €. B MpoIeccax MPEeBpaIieHus oJ-
HUX BEIICCTB B APYTHE.

Macchl aToMOB, MOJIEKYJT O4€Hb MaJibl. Harpumep, Macchl OTIAEIbHBIX
aToMoB cocrapmsiior 102*~107%% r. Macchbl aTOMOB, MOJEKYIT BBIPAXKAIOT HIIA
B OTHOCUTEIBHBIX CIMHUIIAX (YepPe3 MACCy KaKOTO-THOO OJHOTO OIMpEaeiieH-
HOT'O BUJIa aTOMa), UJIM B aTOMHBIX €JMHUIIAX MACCHI (a.€.M.).

la.em. — smo 1/12 uwacms maccer amoma uszomona yenepooa ‘:C.

la.em. = 1,66053 - 10 .

3HaueHue omHoCUMeNbHOU amoMHOU (Ay) UNU MONEKYAAPHOU MACCH
(M,) nokasvieaem, 60 CKOILKO paz mMacca amoma uiu MoaeKyavl Ooabuie Yem
1/12 uwacmv maccot amoma uzomona yeaepooa C (yerepoonas wkana

AMOMHBIX MACC).

A; u M; — 6e3pazmepHbl. 3HaUeHUS A; IPUBOJATCS B IEPUOIUUYECKON
cucteme ayeMeHToB JI. M. MeneneeBa 1o CUMBOJIOM 3JeMeHTa. YHuCIeHHO
Ar u A (a.e.M.) coBmajarT. 3Has OTHOCUTEIBHYIO aTOMHYIO MAaccy, JIETKO
MOXHO HaWTH M MacCy aToMa, BRIp@KCHHYIO B rpamMmax. Tak, Macca aToma
yriaepoga-12 B T pasHa: 12 - 1,66053 - 102 = 1,992636 -10 % r. Macca mo-
JIeKY/Ibl PAGHA CYMMeE MACC AmMOMO8, 8X00SAUUX 8 ee COCMAS.



Cmexuomempusa — pazoen XumMuu, U3y4arOuull KoJIu4ecmseeHuvie om-
HOWleHUsl, 8 KOMOPBIX 8euecmaea 6CIMYNaron 8 XUMu4eckyro peakyuio.

Monw — konuuecmeo gewgecmaa, cooepicaujee CmobKO CMPYKIYPHbIX
eouHuy (MOJeKyl, amomos, UOHO8, PAOUKANIO8, IKBUBATIEHMOB), CKOIbKO CO-
Oeporcumest amomos 6 0,012 ke uzomona yenepooa 2c

Axeusanenm (I) — 3T0 TaKOE €ro KOJIUIECTBO, KOTOPOE COCTUHSICTCS C
1 MOJp aTOMOB BOJOPOA, WM 3aMEIIAeT TO K€ KOJIWYECTBO aTOMOB BOJIO-
poJia B XUMHUYECKHUX peaknusx. Macca | SKBHBaJICHTa 3JIEMEHTa Ha3bIBaCTCS
€ro SKBUBaAJICHTHOU Maccoi (M,). [lns snemeHnTa:

A
ma :E

mM5(H) = 1 r/Moab; m»(O) = 8 r/mMoub;
J1J1s1 CIIOKHBIX BEIIIECTB:

Moxc. _
OKCI’IIIa m3m<c. = I Myge = Moypen, + 8

yucino.am. snem. x B

m,, (CaO) = 40+16 56 _ 282 | monv,m,(CaO) =20+8=282/ monw
2 2 2 3

M

Kucmorer m, ~—=-——->""— OCHOBHOCTb — YUCJIO ATOMOB BOJO-

OCHOBHOCHIb

pona
3x1+31+4x16 98

m, (H,PO,) = =—=2382,72/ monv

3 3

M,. -

OcHoBanua m, = : , KUCJIIOTHOCTB — yKcio rpynn OH

KUCTOMHOCMb

40+2><2(16+1) :7_24:373/szb

m, (Ca(OH),) =

M

yucno.am. Mex B, ,




3x39+31+4x16 212
3x1

=70,72/ monv

m, (K3P04) =

OCHOBHBIC 3aKOHBI

3akon Ixeueanenmos (Puxtep, 1792 r.)
Maccol (06vemvl) peacupyrowux opye ¢ opyeom eeujecms My u My
NPONOPYUOHANLHBL UX XUMULECKUM IKBUBAEHMHbIM Maccam (oOvemam).

O0beM, 3aHMMAaeMblid MIPU TaHHBIX YCIOBHUSAX SKBUBAJEHTHOW Maccoi
BEILIECTBA HA3bIBAIOT 3KBUBAJIEHTHBIM 00beMOM BemiecTBa Vjy. O0beM MoJis
mo0oro rasza npu H.y. 22,4 mv°. CIIe0BaTeIbHO YKBHBAICHTHBI 00bEM BO-
0pOJa, MOJIEKYJIa KOTOPOrO COCTOMUT U3 JIBYX aTOMOB, T. €. COINEPKHUT 2 MO-
751 aTOMOB Bojioponaa Vo(H) = 22,4/2 = 11,2 om; V5(0) = 22,4/2-2 =5,6 o',
m. K. MOJIEeKYAa O8YXAMOMHASA U 8AIEHMHOCHb KUCI0pOOa pasHa 2.

Jns pearnpyrommx BEIIECTB, HAXOMAIIMXCS B PACTBOPE, 3AKOH IKEU-
6alenmos 3alUCHIBAIOT CIEAYIOIIMM 00pa3oM:

Co1- V1=Cxy- Vy,

rae Cy, Cy, — HOpMaJIbHBIC KOHIIEHTPAIMHN WU MOJISIPHBIC KOHIICHTPAITUU
SKBHUBAJICHTA TIEPBOTO U BTOPOTO PACTBOPOB, Mois/iM°;, V1 1 V, — 00BbeMBI
pearupyomux pacTBOPOB, IM .

3axkon nocmosncmea cocmaesa (K. J1. Ilpyct, 1808 1.)

Kaoicooe xumuueckoe coeounenue umeem onpeodenénnwviil U NOCHMOAH-
HbLUL KAYeCMBEeHHbIl U KOTUYECMBEHHbII COCMAB, He 3a8UCAWULI Om cnocodoa
€20 Noay4eHus.

3akon coxpanenus maccol eeutecme (M. B. Jlomonocos, 1748;
A. JI. JIaBya3be, 1789 1.)

Macca sewjecms, scmynuguiux 8 peakyuro, pagHa macce ewecms, 00-
PA308aBUIUXCSL 8 pe3yTbmame peaxkyui.

Ha ocHOBaHHMM 3TOTO 3aKOHA MOHO MPOBOJIUTH PACUETHI 0 XHMHUYE-
CKHM YPaBHCHUSIM.

3axon kpammuvix omnowenuit ([Janston , 1803 r.):

Ecnu 0sa snemenma obpazyrom opye ¢ Opy2om HECKONbKO XUMUUECKUX
COEOUHEHULl, MO MAcCbl 0OHO20 U3 JIEMEHMO8, NPUXOOAWUeCs 8 IMUX CO-
eOUHEHUSIX HA OOHY U MY Jice MACCY OPY2020, OMHOCAMCS MedHcO) COOO0U KaK
HebobLUe Yenble YUCA.

3akon o6vemuvlx omuouwtenuil (3akoH I'eit-Jlroccaka):
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Obvembl 6CmMynarwux 8 peakyuio 2a308 OMHOCAMC Opye K opyay u K
00veMam 0opa3yIoWUXcs 2a3000PA3HbIX NPOOYKMO8 peaKyuu KaKk Hebobulue
yenvle Yucid.

3akon Asozaopo (1811 1.):

B pasnbix obvemax 1obwix ea3o8, 835mvlx npu 0OHOU U MOU JHce mem-
nepamype u npu 0OUHAKOBOM OABIEHUU, COOEPHCUMC OOHO U MO JHce YUCLO
monexyn. Tlocrosiruast ABoragpo Na = 6,02 - 10% monb * — uncio crpykryp-
HBIX €IUHUI] B OJTHOM MOJIC BEIIIECTBA.

CnencrtBus U3 3aKkoHa ABOrajpo:

a) npu onpeoenenHvix memnepamype u oasieHuu I monb 1106020 Ge-
wecmea 6 2a3000pPA3HOM COCMOAHUU 3AHUMAen 0OUH U MOM Jice 00beM,

0) npu n.y. (273,15 K u 101,325 klla) monapusiii oo6vem (V,,) 1106020
easza pasen 22,4 o',

Ypasenenue cocmoanus uoeanvnozo 2aza Menoeneeea — Knaneiipona:

P-V=m-R.-T/M,

rine P — nmasimenue rasa, Ila; V — o6bem rasa, M3; M — Macca BeulecTBa, I, M —
ero MoJiipHas mMacca, r/Mmoib; T — abcomtoTHas Temmneparypa, K; R — yHusep-
cajpHas ra3oBas MocTosiHHas, paBHas 8,314 JIx/moinb-K.

3akon napuyuanvhuoix oasnenuil (3aKoH JlabTOHA):

Jlasnenue cmecu 2azo8, xumuuecku He 63aUMOOEUCMBYIOWUX Opye C
O0py20M, pa8HO CyMMe NAPYUATbHBIX 0ABIeHUL 24308, COCMABIAIOUUX CMECD.

OmHuocumenvHasa NjiOMHOCMb 2a3a — 4YWCIO, TOKa3bIBAKOIIEE, BO
CKOJIBKO pa3 Macca OJIHOTO Ta3a 0O0JIbIIEe UM MEHBIIIE MACChl TAKOTO ke 00b-
€Ma apyroro rasa:

rae D — oTHocuTenbHAas MIIOTHOCTH OJHOTO Ta3a K APyromy.

OOBIYHO TIOTHOCTH Ta3a OMPEAEIISIOT MO OTHOIIEHUIO K CaMOMY JIeT-
KoMy Ta3y — Bojgopoxny (M(Hz) = 2 r/mons) unm BO3IyXy, MOJISIpHasE Macca
KOTOpPOTO paBHa 29 1/MOJIb:

0, (-2 o -
IIpumepst

IMpumep 1. Onpenenute SKBUBAIICHTHBIE MACCHI CIEAYIOIINX BEIIECTB
Al, Fe, 03, Ca(OH)g, H,SO,, CaCOs,, A|2(504)3

Pemenue: m,(Al) = A/B =27/3 =9 r/monp;

m,(Fe,03) = 160/2 - 3 =26,7 r/moib;

m,(Ca(OH);) = 74/2 = 37 r/momnb;

m,(H,SO,) = 98/2 = 49 r/mons;



m,(CaCO3) = 100/ 1-2 = 50 r/mob;
m,(Alx(SO,)3) = 342/2-3 = 342/6 = 57 r/momns.
IIpumep 2. Beruucaure sxBuBasieHTHYI0 Maccy H,SO,4 B peakiusix:

1) H,SO,+ NaOH = NaHSO, + H,0;

2) H,SO, + 2NaOH = Na,SO, + H,0.

Pemenue: sKkBUBaJIeHTHAs Macca CJIOKHOTO BEIECTBa, KaK W SKBUBa-
JIEHTHAsl Macca 3JIEMEHTa, MOTYT UMETh Pa3JIMYHbIC 3HAYCHUS U 3aBUCST OT
TOTO, B KaKyl0 XUMHUYECKYIO PEaKIMIO BCTYNAeT JAHHOE BEIECTBO.

DKBUBAJIGHTHAs Macca CEpHOM KHUCIOThl paBHa MOJIbHOW Mmacce, Je-
JICHHOM Ha YKCIJI0 aTOMOB BOJOPO/Ia, 3aMEIICHHBIX B JAHHOW peakiuy Ha Me-
taut. CnegoBatenpHo, M,(H,SO,) B peaknmm 1 paBHa 98 r/mMoib, a B peakiuu
2 — 98/2 =49 r/moib.

IIpumep 3. Ilpu cropanum metamwia maccoit 5,00 r oOpasyercst OKcH
MeTaia maccout 9,44 r. Onpenennure 3KBUBAICHTHYIO MacCy METaJLIA.

Pemienue: u3 ycioBusl 3alauu CIEAyeT UTO, Macca KHUCJIOpOoja paBHa
pasHoctu 9,44 — 5,00 = 4,44 r. DKBUBAJIEHTHAsI Macca KUCJIOPOJa paBHa
8,0 r/monb. [loacTaBisst 3TH 3HAYEHUSI B BhIpA)KEHUE 3aKOHA SKBUBAJICHTOB,
MOJTYYUM:

5,00/ m,(Me)=4,44/8,0;, m,(Me)=15,00-8,0/4,44 =9 r/mo0b.

IIpumep 4. IlmoTtHOCTH Ta3a mo BO3AyXy paBHa 1,17. Onpenenute
MOJIBHYIO MAcCy rasa.

Pemenue:

D= Ml / M2 = 1,17

Cpennsist MosibHast Macca Bo3ayxa M, paBna 29,0 r/momns. Torga:

M;=1,17 - 29,0 = 33,9 r/mMOJIb.

I[Ipumep S. Beruncinure MOIBHYIO Maccy O€H30ja, 3Has, 4TO Macca
600 cm° ero apoB npu 87 °C u nasiennu 83,2 xIla paBHa 1,30 r.

Peuienue: BoipazuB gaHHble 3a1aun B enuauiax CU (P = 8,32 - 10* I1a;
V=6-10"m> m=1,30-10° kr; T = 360 K) u, m0CTaBHB UX B ypaBHEHHUE
MenneneeBa — Kimanerpona, HauaeMm:

M=1,30-10°8,31-360/8,32-10*-6-10*=78,0 - 10 kr/moms =
= 78,0 1/MOJIb.

3aoanusa npeonadopamopHozo KOHMPOIA

3ananue 1. B cocyne 06neéMom 40 11 HaxoauTcs 77 T yIJIEKUCIOTO raza
nox nasneHueM 154 klla. Halinure Temneparypy rasa.

3aganme 2. Onpeennure SKBUBAJICHTHBIE MACCHI 0JIOBA B €T0 OKCUJAX,
MaccoBasi J0Jisg Kucjaopoja B KoTopeix coctapiseT 21,2 % u 11,9 %.
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3apanme 3. [[ns peakunn metamia maccoit 0,44 T motpebGoBaics 6pom
Mmaccor 3,91 r, sKBUBaJICHTHasi Macca KOToporo paBHa 79,9 r/monb. Onpee-
JIUTE SKBUBAICHTHYIO MacCy MeTajlja.

3ananme 4. DKBUBaAJICHTHAsI Macca MeTayia paBHa 23 r/monb. Omnpe-
JEIUTE Maccy MeTajljia, KOTOPYIO HY’KHO B3SIThb JJISl BBIAEIEHUS U3 KUCIOTHI
BOOpOza 06beMoM 135,6 cM® (H.Y.).

3ananue 4. Beruncinure MOJEKYIISIPHBIE MACChI T'a30B, €CIIU:

a) INIOTHOCTH rasa no kuciaopoay passa 0,50;

0) MIOTHOCTH Tra3a no a3ory pasHa 0,93.

3apanme 5. ['azomerp BMectuMocThiO 20 aM° HAIONHEH Ta30M MO
nasiernem 103,3 kIla (774,8 mm pr. cr.) mpu 17 °C. II1oTHOCTB 3TOrO rasa
1o Bo3ayxy paBHa 0,4. Beruuciaure Maccy rasza, HaXOIsIIErocsi B ra30MeTpe.

3amanme 6. Macca mapoB Meranoma obsemom 85,5 cm® mpu 91 °C u
napienun 102344 ITa cocrasnsietr 0,0925 r. BeiunciauTe MoJIbHYIO Maccy Me-
TaHoJA.

3apnanme 7. Ha neitrpanuzanuio optodochOopHON KHCIOTHI Maccou
14,7 t uzpacxomoBan NaOH, maccoii 12,0 r. BpluncinTe SKBUBaJICHTHYIO
Maccy U OCHOBHOCThH opTodochopHOi KuciaoThl. Hamuimure ypaBHEeHUE CO-
OTBETCTBYIOIIEH PEaKIIUH.

Jlabopamopnasa pavoma «Onpeodenenue cpamm-IKeUBAIeHMA MEMALIA)

HeJ'IB Da6OTBIZ O3HAaKOMJICHHUC C ITIOHATHUEM 3KBHBAJICHT BEIICCTBA U MC-
TOI[HKOﬁ pacucTa MOHHpHOﬁ MAacCChbl SKBUBAJICHTOB I10 3aKOHY O9KBHBAJICHTOB.

Boinonnenue padotel. [Tpubop mist onpeneneHus: 5KBUBAJIEHTa METal-
na (puc. 1.1) cocrout u3 mratusa (6), HAa KOTOPOM C MOMOIIBIO JEPKATEIsS
(7) 3akperiena Otopetka (1), coemMHEHHON PE3UHOBHIM HUTAHTOM (4) C BO-
ponkoit 6ombiioro auametpa (3). [pubop 3anonnen Bogoi. K 6topetke npu-
coennHeHa npobupka (2).

[lepen BbIMOTHEHWEM OMBITA YOEAUTECh B T€PMETHYHOCTH MpUOOpa:
IJIOTHO MPHUCOCINHUTE ITYCTYIO MPOOUPKY K MpoOKe (5), COeTMHEHHOM ¢ 0F0-
peTkoi, BOpoHKy mnomHumute Ha 10—-15 cMm u HaGmomaiite B TeueHHe
1-2 MUHYT 3a TIOJIOKEHUEM YPOBHS BOJBI B OropeTke. Eciau ypoBeHb BOIBI
OCTaeTCsl HEM3MEHHBIM, CIIEIOBATEIHHO, MPUOOP TEPMETHYCH, U MOKHO MPHU-
CTYIaTh K BHITIOJHEHUIO PAOOTHI.
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Pucynox 1.1 — IIpubop ass onpeneneHus: SJKBUBaJICHTHOM
Macchl MeTajla

B mpobupKy, aepka eé HaKIOHHO, Haieiite 5—6 cm® 10%-it comstHOl
KHUCJIOTBHI TaK, YTOOBI OJIHA U3 BHYTPEHHUX CTCHOK MPOOUPKHU OCTaBalach Cy-
xoil. Bo3pMuUTe HaBeCKy MeTasuia, IpeABapUTEILHO 3allucaB ee Maccy (Macca
yKa3zaHa B rpaMMax), YJaJIUTe JIMIIHIO Oymary u, iepxa npoOupKy Moja yr-
oM ~45°, omycTuTte HaBecKy Ha BHYTPCHHIOK CyXYIO CTEHKY mpoGupKi. C
MOMOIIBIO CTEKJISTHHOW TaJO4YKU TMOJABUHBTE €€ TaK, 4yToObl OHa OblIa Ha
2—3 cM HIDKE MPOOKM M HE Kacajlach KUCIOThl. He MeHsist mosokeHus mpo-
OUpKHU, aKKypaTHO 3aKpouTe ee MpoOKoil, U erle pa3 yoeauTech B TepMEeTHY-
HOCTHU mpubopa. 3aTeM yCTaHOBUTE BOPOHKY TaK, YTOOBI YPOBHU BOJbI B BO-
poHkKe U OropeTke coBnanu. OTMEThTE W 3alUIIUTE TMOJOKEHHE MEHUCKA B
OropeTtke (1J1s1 TOrO, YTOOBI MPABWIHHO CHATH MOKAa3aHUs, IJ1a3 I0JHKEH Haxo-
JUTHCS HA JIMHUM KAacaTelbHONM K MEHUCKY). OTImycTuTe MpOOUPKY, METAILI
U3 yMnaBIleil HABECKU OBICTPO pearupyeT ¢ KUCIOTOM, U BBIICTSIONIUNACS BO-
JIOpOJ BBITECHSIET BOAYy M3 Oroperku. [locime pacTBopeHHs Bcero Meramia u
OCTBIBaHMSI PEAKIIMOHHOW CMECH MPHUBEIIUTE TMOJIOKEHUE BOJABI B OIOPETKE U
BOPOHKE K OJHOMY YPOBHIO M OTMETHTE TMOJIO)KEHHE MEHHCKa B OIOpETKe.
Pa3HOCTh IBYX OTCUETOB HaeT 00BEM BbImenmBIIErocs Bomopoma V(cmd).
OTMeThTe U 3alUIlIUTe TTOKa3aHusl TEPMOMETpa U OapomMeTpa BO BpeMsl OIbITa.

3anuch JAHHBIX OMbITA U pacyueThl. Pe3ynbTaThl U3BMEPEHUN 3alUIINUTE
1o cienyoieu popme:

Macca meramiaa, m, 2

HavanbHbill ypoBEeHb BOJIbI B Ot0peTKe, Vi, em®

YpoBeHb BOJEI B GIOPETKE MOCIE PACTBOPEHHs MeTamta, Vs , M’

O0BEM BeIEIUBIIIETOCS Bojoposaa, V = V,— Vy, e’

Temnepatypa, t, °C

AOGcomoTHas Temneparypa, 1 = (t + 273), K

AtMocdepHoe nasienue, P, mm. pm. cm.

JlaBieHre HAChIIEHHOTO T1apa MPU TAHHOM TEMIEpaType,
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Py o Mm.pm.cm. (cM. Tabi. 1.1).

[TapuuansHOE HaBIIEHUE BOAOPOA, PH2 =P - PHZO y MM.pm.cm.

Tabmuna 1.1 — JlaBieHWe HACBILIEHHOTO Nlapa IpPHU Pa3IUYHbBIX
TeMIepaTypax
Temneparypa, | JlaBnenue napa, Temneparypa, | [laBnenue napa,

°C MM. pT. CT. °C MM. pT. CT.

10 9,2 20 17,53

15 12,79 21 18,65

16 13,63 22 19,83

17 14,53 23 21,09

18 15,48 24 22,38

19 16,48 25 23,75

[TpuBenuTe 00bEM BBIIETUBIIETOCS BOJOPO/Ia K HOPMAJILHBIM yCIIOBH-
SIM TI0 YPaBHEHUIO:

P..v. P, -V P, -V-T,
L 02 omcrooa Vy=—2——
T, T T-R

rae To= 273 K, Py= 760 mm. pm. cm.

I/ICXOIIH N3 3aKOHA 3KBHBAJICHTOB, OIIPCACIIUTC SKBHUBAJICHTHYIO MACCy
METaJlia.

vV, omcrooa Vv

e V5 = 11200 cm® — SKBUBAICHTHBIH 00BEM BOLOPOLA.
[Tocnie BBIUMCIEHUS] SKBUBAICHTHOM MACChl METAJIa OMPEIACIUTE OT-
HOCHUTEJIbHYIO OLIUOKY OIbITA!

Omeop. ~ m93}<cn.

A= -100%

OMH.

Omeop.
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TEMA 2. TEOPUSA CTPOEHUSA ATOMA. IEPUOJANYECKAS
CUCTEMA 2JIEMEHTOB /I. U. MEH/IEJIEEBA.
XUMHNYECKAA CBA3b

CorylacHO COBpPEMEHHBIM IIPEACTABICHUSIM, aTOM — 3TO HaMMEHbLIas
4acTUI[a XUMUYECKOTO 3JIEMEHTA, SABJISIFOLIASACA HOCUTEIEM €r0 XUMHYECKHUX
CBOWCTB. ATOM JJIEKTPUYECKH HEUTPAJIEH U COCTOUT U3 MOJIOKUTEIBHO 3a-
PSKEHHOTO /Ipa M OTPULATEIBHO 3aPSHKEHHBIX JJIEKTPOHOB, KOTOPBIE JBH-
KyTCsl onpeeIEHHBIM 00pa3oM BOKPYT siapa. Aopo amoma, He U3MEHSIOIIE-
ecsl B XOJIe XUMUYECKUX PEeaKlui, cocmasgisaem e2o YyHOamMeHmaibHyo oc-
HO8Y U onpeoensem uHOUGUOyarbHocms dnemenma. 11oaTtomy 3HaueHue 3a-
psna siapa BeIOpanM 3a OCHOBHOM MpHU3HAK, [0 KOTOPOMY aTOMBI OTHOCST K
pPa3sHBIM BUJAM — XUMUYECKUM DJIEMEHTAM.

Snapa aToMOB BKIIIOYAKOT J1BA BUJA DJIEMEHTAPHBIX YaCTHULl: IPOTOHBI U
HEUTPOHBL.

OCHOBHBIE XapaKTEPUCTUKH 3JIEKTPOHA, IPOTOHA U HEUTPOHA IIPUBEEC-
HbI B TaOmune 2.1.

Tabnuna 2.1— CBeeHus 0 HEKOTOPBIX JIEMEHTApHBIX YaCTHUIIAX.

Yactuma CumBoi Macca 3apsiz

KT a.e.M. K. yCII.
IIpoToH p 1,673-107% 1,007276 | 1,602-107° +1
Hetitpon n 1,675-107 1, 008665 0 0
DNeKTPOH e 9,109-10" | 0,000547 | 1,602-107" -1

Kaxxap1ii IpOTOH HECET MOJIOKUTENBHBIN 3apsi/l, YUCIEHHO PABHBIN 3a-
psALy 27eKTpoHa. HEeNTpoH ke He HECET HUKAKOIro JJIEKTPUUYECKOro 3apsja.
OTcrona cienyet BBIBOA: 3apsio A0pa onpeoensemcs Yuciom npomonos. Ko-
JIMYECTBO MPOTOHOB B SIpE aTOMa COBHAAAET C MOPSAKOBBIM HOMEPOM 3Jie-
MeHTa (Z) B nepuoanydeckoit cucreme anemeHntoB .M. Menaeneena.

Kaxk BugHO U3 nanHbIx Tabnuie! 2.1, Mmacca snekTpoHa nmoutu B 1840 pas
MEHBIIIE MacChl POTOHA U HEUTPOHA. B sape cocpenoroueHo 99.9 % maccel
aToMa, I0ATOMY Macca aroMa NPAaKTUYECKH PaBHA Macce sipa — CyMME Mace
IIPOTOHOB U HEUTPOHOB.

Obwee uucno npomonos (Z) u neiimpornos (N) 6 si0pe Hazvieaemcs mac-
CcO8bIM YUciom A:

A=Z+N.

ITockoJibKy Macchl MPOTOHA U HEUTPOHA MPAKTUYECKH PaBHbI 1 a.e.M.,
TO Macca aToma B a.€.M., KaK U OTHOCUTEJIbHAsi aTOMHAsl Macca, YUCJIEHHO COB-
MajlaeT co 3HAYEHUEM MacCOBOTO YKcIia A.

UccnenoBanust mokasaiau, 4TO B IMPHUPOJE aTOMbI OJHOTO U TOTO XKe
AJIEMEHTA UMEIOT Pa3JIMYHbIe aTOMHbIE Macchl. Tak, aTOMbI XJOpa HUMEIOT
Maccy 35 u 37. Snpa 3TUX aTOMOB COAEPkKAT OJUHAKOBOE YHCIIO MPOTOHOB,
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HO Pa3HOE YKCJIO HEHTPOHOB. ATOMBI C OJIMHAKOBBIM YMCJIOM MIPOTOHOB, HO C

Pa3IMYHBIM YHCIIOM HEUTPOHOB Ha3bIBAIOTCS usomonamu. J1jis 0003HaueHus

U30TOMOB TMOJb3YIOTCS OOBIYHBIMU CHUMBOJIAMH COOTBETCTBYIOUIUX 3JIEMEH-

TOB, J100aBUB K HUM CJI€Ba BBEPXY MHJEKC, YKA3bIBAIOIIUIA MAacCOBOE YHUCIIO

U30TONa, BHU3Y — HMHJEKC, YKa3bIBAIOIIMN KOJIMYECTBO MPOTOHOB, PaBHOE

HopsAKOBOMY HOMepy (Z) snementa (12 ). [lpumep — H30TOIBI BOAOPO/IA:
+H — ipotuii (1p, ON)

’H — neirepuii (1p, 1n)

*H — tpurwuii (1p, 2n)

B nepuoauueckoii Tabnure snemenToB Jl. M. MenaeneeBa npuBoasTcs
yCpeqHEHHBIE 3HAUYEHUS OTHOCHTEIBHBIX aTOMHBIX Macc C y4€TOM pacmpo-
CTpaHEHHOCTHU PA3IMYHBIX H30TOMOB B MPUPOJIE.

[Ipn XUMHUYECKHUX PEaKIUAX sSapa aTOMOB OCTAIOTCS 0€3 M3MEHEHH,
M3MEHSETCS JIUITb CTPOCHHE DJIEKTPOHHBIX 000JI0UEK BCIEACTBHE Tepepac-
IpeJeIeHNs JIEKTPOHOB MKy aToMaMu. CIIOCOOHOCTBIO aTOMOB OT/1aBaTh
WIN IPUCOEANHSTD IEKTPOHBI ONPEIEIIAIOTCS €r0 XMMUUECKHUE CBOICTBA.

DJEKTPOH UMEET JBOMCTBEHHYIO (KOPITYCKYJISIPHO-BOJHOBYIO) IIPUPO-
ny. brarogapst BOJTHOBBIM CBOMCTBaM 3JIEKTPOHBI B aTOME MOTYT HMETh
TOJILKO CTPOT'O OMNPEENICHHbIE 3HAaYEHUs SHEPTUHU, KOTOPbIE 3aBUCST OT pac-
CTOSIHUS JIO siipa. DJEKTPOHBI, 00yaialomue OJIM3KUMHA 3HAYCHUSIMHU DHEpP-
Uy 00pa3yloT SHEPreTUYECKUil ypoBeHb. OH CONEPKUT CTPOro ONpeneeH-
HO€ YHCJIO BJIEKTPOHOB — MAKCUMAJIBHO 2n% DHEPreTUYECKNE YPOBHU MOA-
pas3aenstoTcs Ha S-, P-, d- u f- moypoBHM; UX YKCIIO PABHO HOMEPY YPOBHSL.

CocTrosiHuEe Ka)KIOro 3JIEKTPOHA B aroMe OOBIYHO ONHUCHIBAIOT C IO-
MOIIBIO YETHIPEX KBAHTOBBIX 4mcen: riaBHoro (N), opoutamsHoro (I), mar-
HutHOro (M) U cnuHOBOTO (MS). IlepBhie Tpu XapaKTEpU3YIOT IABUKECHHE
AJIEKTPOHA B MPOCTPAHCTBE, a YETBEPTOE — BOKPYT COOCTBEHHOM OCH.

['maBHOE KBaHTOBOE YMCIIO (N) OMPEAC/IIeT YHEPTeTUYECKUI YPOBEHD
AJIEKTPOHA, YJAJIEHHOCTh YPOBHS OT sijipa, pa3Mep AJIEKTPOHHOIO o0Jiaka.
[Tpunumaer nensie 3HaueHus (N = 1, 2, 3 ...) ¥ COOTBETCTBYET HOMEPY IMEPU-
ona. U3 mepuoanueckoit cucteMsl AJisl JIFOOOTO 3JIEMEHTa 10 HOMEPY MepUo-
Ja MOKHO OIpPEACIUTh YHUCIO HHEPreTUYECKUX YPOBHEM aTomMa W Kakoi
HHEPTreTUYECKUM YPOBEHb SIBJISIETCSI BHEITHUM.

Opb6urtanbHoe KBaHTOBOE uyuciio (l) XapakTepu3yer reoMeTpHUueCKYFO
dbopmy opOutanu. [Ipuaumaet 3HaueHue nenbix yucen ot 0 go (n — 1). Hesa-
BUCHUMO OT HOMEpa DHEPreTUYECKOTO YPOBHA, KaXIOMYy 3HAYEHHUIO OpOU-
TaJbHOTO KBAHTOBOTO YHCJIa COOTBETCTBYET OpOUTaIL O0CO00H (HOPMBEI.
HabGop opOuraneii ¢ omuHaAKOBBIMU 3HAUYCHUSMHU N HA3BIBAETCS DHEpreTHye-
CKHM ypOBHEM, C OJIMHAKOBBIMH N U | — oxypoBHEM.

JLiist

| = 0 s-moaypoBeHb, S-opOuTaTL — OpoHTah Cchepa,

| =1 p-moxypoBeHb, P-opOHUTaTH — OPOUTATH TAHTENb,

| = 2 d-moxypoBenb, d-opouTanb — OpOUTAIL CIIOKHON (HOPMBI,
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f-monyposens, f-opourans — opOuTais emie 6osee CI0KHOW (HOPMBI.

MarnutHoe KBaHTOBOE YHCIIO (M;) XapaKTepusyeT IOJOKEHUE DIIeK-
TPOHHOM OpOUTANIM B MPOCTPAHCTBE M MPHHUMACT IEJIOYUCICHHBIC 3HAYCHUS
ot —| mo +l, Brmodas 0. 1o 03HauaeT, yTo A KaXKIOH (HOPMBI OpOUTAIH CY-
mectByeT (21 + 1) sHEepreTHYecKy paBHOIICHHBIX OPUEHTAIIUH B IPOCTPAHCTBE.

/ |
z I & { Vi P/ >
< alcy + 2 v '
5y + s r o . SN
i’ ’
i S ud Y P 774 //_ s

de?
4 + ‘ + |_ #
y - o = W d +
+ = L5 /| / +
A d2_2 ) /;l/ -
/ + ‘ 7 / | @
i
ot 2
s b a fotoph | o |
E 2
- 3 ,’) 7 = e 2 4 - J - + »)j
—, — 5 N 4 _ v
& B o A - / "
g £ + 1 % '
. - R,
il » 72 ¢ + J
;\q y

Pucynok 2.1 — ®opmbl opOuTaneit

s s-opoutasm (I = 0) Takoe IMOJOXKEHHE OJAHO M COOTBETCTBYET
m = 0. Cdepa HE MOKET UMETh Pa3HbIE OPUEHTALIUU B MPOCTPAHCTBE.

Jns p-opoutanu (I = 1) — Tpu paBHOIICHHBIC OPUEHTAIIMU B MPOCTPAH-
cree (21+1=3): m=-1,0, +1.

s d-op6utamu (I = 2) — mATh PaBHOIICHHBIX OPUEHTALMH B IPO-
ctpanctBe (21 +1=5): m=-2,-1,0, +1, +2.

Takum oOpa3om, Ha S-TIOJYpOBHE — OJ[HA, HA P-TIOJypOBHE — TPH, Ha
d-moxypoBHe — ns1Th, Ha f-oypoBHE — 7 OpOHUTATICH.

CruHOBOE KBaHTOBOE YMCIO (M) XapaKTepU3yeT MarHUTHBIA MOMEHT,
BO3HUKAOUIMK IIPYU BPAILCHUU JJIEKTPOHA BOKPYT cBoed ocu. [IpuHmmaer
TOJIbKO JBa 3HaueHuss +1/2 m —1/2 cOOTBETCTBYIOIIME MPOTHUBOMOIOKHBIM
HaIlpaBJICHUSIM BpaICHUS.

Inekmpounas 000104Ka — COBOKYNHOCMb 8CeX INEKMPOHO8 8 AmoMe.
OO611ee yuCIo ANEKTPOHOB B aTOME PABHO 3apsify slipa. DIJIEKTpoHHas 000-
JI0OYKa CTPYKTYPUPOBAHA, TO €CTh COCTOUT U3 YPOBHEH, OypOBHEH U OpOU-
TaJIe.

Amomnuaa opoumanv (AO) unu s1eKmMpoHHOE 004AKO — MO NPO-
CMPAaHcmeo 80Kpye 0pa, 8 KOMOPOM 8EPOSIMHOCb NPebbl8aHUsl IJIeKMPOHA
cocmasnsem ne mernee 90 %. AO MOTYT pa3audarbcs pazmepamu, GopMoH,
OPUEHTALIMEN B IPOCTPAHCTBE.
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Ypoeenv (snextpoHHBIN COM) 00pa30BaH JIEKTPOHAMU C OMPEICIEH-
HBIM (OJMHAKOBBIM) IJIaBHBIM KBAHTOBBIM YUCJIOM 1.

Ilooyposens 006pa3oBaH 3IEKTPOHAMH, UMEIOIIMMU OJIMHAKOBBIC 3HAUE-
HUs TaBHOTO (N) U opouTambHOro () KBaHTOBBIX YKCE.

Kaxplit mogypoBeHs ¢ KBaHTOBBIM 4rciioM | paciiernsercs va (21 + 1)
opbumarneit, OTINYAIONINXCS APYT OT Apyra MarHUTHBIM KBAHTOBBIM YHUCJIOM
(m; — xapakTepu3yeT OPUEHTAIIMIO OPOUTAIIM B MATHUTOM ITOJIC).

Opoumans 00pa3zoBaHa ABYMs AIEKTPOHAMHU, OTIIMYAIOIIUMUCS IPYT OT
apyra cnuHoM (S = £1/2).

PaccMoTpeHHast CTpyKTypa 3JIEKTPOHHOM 0005104KkH (YpOBHHU, IOTYPOB-
HU, OpOUTalN), 3HAYEHUS KBAHTOBBIX YMCENI U YMCIIO AJIEKTPOHOB, 00pa3yro-
IIMX YPOBHH U MOAYPOBHU, IPUBEICHBI B TA0J. 2.2.

Tabmnura 2.2 — Bo3MoXHBIE 3HaUEHUS KBAHTOBBIX YHCET

®opmy- | Emkocts | EMKOCTB
n I m, mq
na HOJYPOBHS | YPOBHS
0 0
. (s) (oHA OpOUTAIID) 172, -172 1s 2 2
0 0 12,-12 | 2 2
5 (s) (omHA opOUTAID) 8
1 +1, 0,-1 (+1/2, 5 6
(p) (Tpu opOuTaH) -1/2)-3 P
0 0
(s) (oHa OpPOUTATIE) *12,-12 | 3 2
1 +1, 0, -1 (+1/2,
3 (p) (TpH opOHTAIIH) -1/2)-3 3p 6 18
2 +2,+1,0,-1, -2 (+1/2, ad 10
(d) | (uars opbOuTaneii) -1/2)-5
0 0
(s) (omHa opbuUTaNb) 12, -1z 4s 2
1 +1, 0, -1 (+1/2, 4p 6
4 (p) | (Tpu opOuTamM) -1/2)-3 32
2 |+2,+1,0,-1,-2 (+1/2, 4d 10
(d) | (mars opOuTaneii) -1/2)-5
3 | +3,+2,+1,0,-1,-2,-3 | (+1/2, 4f 14
(f) | (cemn opOuTaneii) -1/2)-7

3anonnenue opoumanei

1) OuepénHoCTh 3alOJHEHUs MOAYPOBHEH — MpUHUUR HaAUMEHbuUiell
Inepeuu unu npasuna Kneukoeckozo: B amome Kaxcowviii 21eKmMpoOH pacnoa-
eaemcsi max, umoowl e2o snepeus oviia munumanvuon (E=n +1).

1-0e mpaBuio KieukoBckoro: npu yeenuuenuu 3apsoa siopa amoma
nocnedogamenvbHoe 3anoJHeHUue JJeKMPOHHbIX OpOUmanei npoucxooum om
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opbumarnei ¢ MEHbWUM 3HAYEHUEM CYMMbl 2lIA6HO20 U OPOUMATLHO2O KEAH-
moswix yucen (N + 1) k opoumansm ¢ 6orvwum 3nauenuem 3moii cymmet.

2-0e mpaBuJI0 KiiedkoBCKOTO: npu 00UHAKOBbIX 3HAUEHUSX CYMMbL
(n + 1) 3anonnenue opbumaneti npoucxooum nociedo8amenrbHo 6 HaNPAGICHUU
803PACMAHUS 2TIABHO20 KBAHMOB020 YUCA N.

2) IMpunyun Ilayau — 6 amome ne modxcem 6vimv 08YX INEKMPOHOE C
oounakosvimu 3navenusmu N, |, M u Mg — MO3BOJIAET pacCYUTATh MAKCUMAITb-
HOE YHCIIO YIEKTPOHOB, 00pasyomux yposeHs (o gopmyne N = 2n% rae N —
MaKCHUMAaJIbHOE YUCJIO AJIEKTPOHOB, N — TJIABHOE KBAaHTOBOE YHUCIIO).

3) IIpasuno Xynoa — 6 npedenax nodypoeHsi 31eKmponsl pacnoiacarom-
cs Mmak, 4moovl UX CYMMAPHbIUL CRUH Obll MAKCUMAIbHbLIM — TIO3BOJISIET pac-
MIPEACIUTD AIEKTPOHBI IO OPOUTATISIM B TIPECIIax MOTyPOBHS.

[TocnenoBaTenbHOCTh 3aMOTHEHHUS DHEPTETUYCCKUX YpPOBHEW W TIO/I-
YPOBHEH CJIEAYIOIIAs:

Is > 2s =2p — 3s =»3p > 4s > 3d - 4p —»5s - 4d —» 5p —
— 65 — (5d") — 4f — 5d — 6p — 7s — (6d") — 5f — 6d — 7p.

Hepnonnqecmlﬁ 3aKOH M IIepHOINYECKad CUCTEMAa XHUMHUYECKHUX
3JJE€MEHTOB

OcHOBOIl COBpPEMEHHOM XUMHUU SIBISECTCS OTKPBHITBIA 6 [869 200y
. . MeHzieneeBbiM NePHOAMYECKHIA 3aKOH, rpapUUeCKUM H300pakeHuEM
KOTOpOro siisieTcst Tabnuna nepuoanyeckoi cuctemsl (I1C) (mpunoxkenue A).

CormacHo T€Opur CTPOEHHUS aTOMa IJIaBHOM XapaKTEPUCTUKOW aToMa
SBJISICTCSL NOMOMHCUMETIbHBLI 3apA0 A0pa, KOTOPBIA ONPENCNIeT YUC10
971IEKMPOHOE B aTOME U €r0 I1eKMPOHHOEe cmpoeHue. XUMUYECKUE CBOW-
CTBa aTOMOB Y UX COCJAMHEHUU OMPEESAIOTCA IIIaBHBIM 00pa3oM CTPOCHUEM
6HEUIHUX IHEP2eMUYEeCKUX YpO6Hell, CIENOBATEIbHO, 3apsal fAapa aroMa
OmpeesieT BCE CBOMCTBA AJIeMeHTa U ero nosoxenue B [1C.

Tloamomy cospemennas popmynuposka nepuooutecko20 3aKOHa MaKosa.:

Ceoiicmea amomoeé Xumuueckux 3j1eMeHmos, a makiyice cocmag u
ceolicmea o0pazyemuviX UMU RPOCHBIX U CJLONHCHBIX 6EU{ECNE HAXOOAMCA 6
nepuoOuUUecKoll 3aUCUMOCU OM 3apa006 AMOMHBIX A0ep.

Bospacranue 3apsna sigpa atomoB 35ieMeHTOB OT +1 1o +118 npuBo-
JTUT K TIOCTENEHHOM «3aCTPOMKEe» SJIEKTPOHHOU CTPYKTYypbl aTOMOB, NP
ATOM CTPOEHHUE DJIEKTPOHHBIX 000JIOYEK MEPUOJAMYECKHA M3MEHSIETCS W T0-
BTOPSIETCS, @ TaK KaK CBOMCTBA DJIEMEHTOB 3aBUCSAT OT CTPOEHUS DJICKTPOH-
HOM 000JI04KH (B MEPBYIO OYEPEdh — BHEUIHETO0 YHEPreTUYECKOTO YPOBHS),
TO U OHU MEPUOANYECKH U3MEHSIOTCS U MOBTOPSIOTCSA. B 3TOM 3aK/io4aer-
csl GU3UYECKHUN CMBIC/I MEPUOINYECKOT0 3aKOHA.

B IIC Bce xuMuUecKue 31€MEHTHl PacloJiararoTcs B MOPSJIKE BO3pac-
TaHUs 3apsjia sApa, KOTOPOMY COOTBETCTBYET T. H. aTOMHBIN (TOPSIKOBBIIN)
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HoMmep (ITH) xumuyeckoro snementa. B 3ToM cocTouT pusnvecKkuii CMbICII
NMOPAKOBOr0 HOMepa.

Crpykrypa IIC cBsi3aHa ¢ 3JIEKTPOHHOU CTPYKTYpOU 3JIEMEHTOB. B 3a-
BUCUMOCTH OT TOT0, KAKOW SHEPreTUUYECKUN MOLYPOBEHD 3aIOIHACTCS AJIEK-
TPOHAMU MOCIEAHUM, PA3INYalOT YEThIPE CEMEMCTBA 3JIEMEHTOB: y 3JIEMEH-
TOB S- W P-CEMEUCTB IMOCICAHUMHU 3aIlOJHSIOTCS COOTBETCTBEHHO S U
pP-TIONYPOBHHM BHEIIHETO JSHEPreTUYECKOro YpOBHS: Y d-3271eMEHTOB —
d-moypoBeHb MPEanocaeIHETO YHEPTETHUECKOTO YPOBHs, y f-ameMenToB —
f-mmomypoBeHb TPETHEro CHApY KK SHEPTETUIECKOTO YPOBHSI.

Cemb ropuzoHTasibHbIX psAAoB [1C Ha3bIBalOT neprogaMu, BEPTHKAIb-
HBIE PSbI — FPYIIIIAMHU.

IMepuoa — nocnenoBaTENbHBIA P JIEMEHTOB, PACIIOIOKEHHBIX B MO-
pAIKE BO3pACTAHMS 3apsA0B sIAEp UX aTOMOB), IEKTPOHHAsT KOH(PUTYpalus
BHEITHEr0 SHEPIeTHIECKOr0 yPOBHS KOTOPBIX M3MEHsIeTcs oT NS go ns’np®
(s 1 mepuona ot 1s' 10 15%). IIpu 3TOM HOMEp MEpHOIa COBIIAMACT C HOME-
POM BHEIIHETO YHEPIETUYECKOIO YPOBH:A. T. €. y 3JIEMEHTOB OJHOTO IIepruoaa
JJIEKTPOHAMHU 3aIIOJHAECTCS OJUHAKOBOE YHUCIO JHEPreTUYECKUX YPOBHEW,
paBHOE HOMEPY ATOTO nepruoaa. B 3Tom 3akiroyaercsd GU3HYIEeCKH CMbICI
HOMepa nepuoja.

DJeMeHTbI, UMEIOUINE CXOAHOE 3JIEKTPOHHOE CTPOEHUE, 0OBEINHEHBI
B KOJIOHKAaX, Ha3bIBAEMBIX TpyHIaMH. Y 3JIEMEHTOB A-rpynn (rJiaBHbIX)
MTOCIEAHUMH 3aNOJHAKTCA S- U P-TIOAYPOBHU 6HEUIHE20 DHEPTETUYECKOTO
YPOBHS, Y 3JIeMEHTOB B-rpynm (m0604YHbBIX) [TOCIICTHUMU 3an0HAI0TCS d- 1
f-moxypoBHE BTOPOr0 M TPETHhEro CHAPYKU DHEPTETUUCCKUX YPOBHEH CO-
OTBETCTBEHHO.

OneMeHThl A- 1 B-rpynn ¢ oguHakoBbiM HOMepoM (Hanpumep, VIA u
VIB) pa3znuuarorcst o CBOMCTBAM, OJTHAKO MMEIOT OMPENEIEHHOE CXOJICTBO
(Hampumep, cOCTaB M CBOWCTBA BBICIIMX OKCUIOB U TruapokcunoB: CrOz u
SO; — kucnorHeie okcuasl, H,CrO, u H,SO4 — cunbHBIE KMCTOTHI). DTO CBS-
3aHO C T€M, YTO YHUCJIO BAJEHTHBIX 3JIeKTPOHOB (3JIEKTPOHOB, CIIOCOOHBIX K
00pa30BaHUI0 XUMUYECKUX CBsi3el) y anemMeHToB A u B rpynn ¢ oamHako-
BBIM HOMEPOM — OJMHAKOBO, HO JIJISl 3JIEMEHTOB A TPYII BaJC€HTHBIMU SIB-
JIAIOTCS DJIEKTPOHBI BHEIIHETO JHEPreTUYECKOIO YPOBHSA, a y DJIEMEHTOB
B rpynm — 351eKTpOHBI BHEHIHETO M MPEANOCIEAHUX IHEPTETUUECKUX YPOB-
Hel. B 3ToM OCHOBHOE paznuune mMexay diaeMeHTamu rpynn A u B. Takum
00pa3oM HOMep IpyIIlbl TOKA3bIBAET YKCIIO BAJCHTHBIX 3JEKTPOHOB. B 3TOM
3aKJ/o4aercs Gu3n4ecKuil CMbICJ HOMePAa IPYIIbI.

I'pynna — 3T0 BEpTHKaJIbHBIN P 3JIEMEHTOB, PACIIOJIOKEHHBIX B IO-
PAOKE YBEIUYEHUS 3apsiioB SIAEP aTOMOB, KOTOPBIE COAEPIKAT OJUHAKOBOE
YHCJIO BaJIEHTHBIX JIEKTPOHOB.

Hepl/IOI[I/I‘IHOCTL CBOMCTB aTOMOB XMMHYECKHX 3JIEMEHTOB

C Touku 3PCHUA KBAHTOBOM MEXaHUKH aTOM HE UMEET CTpOro OonpcaciICH-
HBIX I'PAHUI], ITOOTOMY YCTAaHOBHUTH CT'O a0COJTIOTHBIE PasMEPBI HCBO3MOKHO.
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B xuMuueckoil nmpakThke Hanbosee MMPOKO UCIOIb3YIOTCS TaK Ha3bl-
BaeMble 3((eKTHBHBIE PAAMYChl — KOBAJICHTHbBIE, METAJUIMYECKHE, HOH-
HbIE — PACCUYMTAHHBIE IO SKCHEPUMEHTAIBHBIM JaHHBIM W3 MEXBbIJIECPHBIX
pPacCTOsIHUI B MOJIEKYJlaX WJIM KpucTauiax. Tak, panychl KATHOHOB BCeTra
MEHBIIIE PATUYCOB COOTBETCTBYIOIIMX HEUTPaJbHBIX AaTOMOB, a PaJNyChl
AHUOHOB — OOJIbIIE, T. K. KATUOHBI 00pa3yloTCs MPHU OTAaye SJIEKTPOHOB, a
aQHUOHBI — NP NprcoeanHeHnH 31eKTpoHoB (RkaT < Rat; Ran > Rar).

B HacTosiiee Bpemsi TakKe UCIOJIB3YIOT IIOHITHE «OpOUmaibHulil pa-
ouyc» — TEOPETUUECKU PACCUUTAHHOE PACCTOSIHUE OT siApa JI0 TJIABHOIO MakK-
CUMYMa 3JICKTPOHHON TUIOTHOCTH BHEIIHEW opOuTanu. OpOuTanbHbIi paau-
yC — XapaKTepUCTUKA CBOOOIHOT0, XMMUYECKH HECBSI3AaHHOTO aroMa. Panuyc
aToMa — 3TO IOJOBMHA MHUHHMAJIBHOIO PACCTOSIHUS, HA KOTOPOE MOTYT
COJIU3UTHCS AApPA IBYX OJUHAKOBBIX 3JIEMEHTOB.

B rpynnax cBepXy BHU3 C BO3pACTaHUEM 3apsia sSapa YBEIHMUYUBACTCA
YHUCJIO DHEPreTHYECKUX YPOBHEH, YTO NPHUBOJIWUT K YBEIMYEHUIO pajauyca
aToMa, B TJIaBHBIX MOATPYNIAX C YBEIWUYEHHUEM IJIaBHOTO KBAHTOBOI'O YHCIIA
IPOUCXOJNT 3aMETHOE YBEIMYECHHE PaJyca aToMa.

VY 371€MEHTOB OJHOrO MEPHOJA C BO3PACTAHHEM IOJIOKUTEIBHOTO 3a-
psina siapa npy JBUKEHUU ClieBa HAmpaBo (—) yBEJIMYMBACTCS CUJIA MPUTSI-
KEHHUSI DJIEKTPOHOB K SIAPY, YTO MPUBOJIUT K YMEHBIIEHUIO aTOMHBIX U UOH-
HBIX PaJUyCOB, T. €. B IEPUO/IaX aTOMHBIN paJnyc yObIBAET ClieBa HAPABO.

CrnocoOHOCTh aTOMOB XMMHUYECKHUX 3JIEMEHTOB OTAABAaTh WM IMPHUCO-
€AUHATH DJIEKTPOHBI ONpENEseT NPOSBICHUE aTOMOM METAJUIMYECKUX WIIU
HEMETAJUIMYECKUX CBOMCTB. JTa CIIOCOOHOCTh 3aBHCHUT OT 3JIEKTPOHHOIO
CTPOEHHUSA aTOMa, €ro paguyca U CUJIbl PUTSKEHUS JIEKTPOHA K SIIPY.

Oueprust monuzamuu (E,, 1) — MuHMManpHas sHeprus, HeoOXOau-
Masi JJIs OTpbIBa HamOoJbiiee ciado CBS3aHHOTO AJIEKTPOHA OT HEBO30YXK-
JIEHHOT'O aTOMa U MPEBPALLECHMS €70 B TIOJIO)KUTEIIBHO 3apPSKEHHBIN HOH:

P+E, >D" +é&

Bripaxkaercst B kJ[x/Monb. Onpenensercs 3apsaoM sapa, paauycom
aToMa M KOH(pUrypaluei BHEUTHUX 3JIEKTPOHHBIX 000JIOUEK.

Ilo nepuody cnesa nanpago ¢ pocmom 3apsoa s0pa U yMeHbUleHUeM
amommuoeo paouyca E, ysenuuusaemcsa. B A-epynnax ceepxy enus c ygenu-
yeHuem amomnozo paouyca E, ymenvuwaemcsa. Iueprus nonnzanuu (E,) xa-
pPaKTEpU3yEeT MPOSBICHUE METAJJIMYHOCTH Y aTOMOB »3JIEMEHTOB. Uem
MeHbIIe E,, Tem Oosee BrIpaxkeHa CIOCOOHOCTh aTOMa OT/AaBaTh 3JIEKTPOHBI,
€ro BOCCTaHOBUTENbHBIE U METAJUIMYECKUE CBOMCTBA.

Ilo nepuody cneéa nanpago memaniudeckue u 80CCMAHOBUMEbHbIE
CBOUCMBA AMOMO8 YMEHLULAIOMCSL, NO 2PYNNE C8EPX) HU3 PACTYM.

KonnuecTBeHHON XapaKTEPUCTUKOM CIIOCOOHOCTH aTOMOB IPHUCOEIU-

HATH JJIEKTPOHBI SABIISIETCS SHEPTHUsI CPOACTBA K MEKTPoHY Ep, F).
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JHePrus CPOJACTBA K JTEKTPOHY — 3TO SHEPrUs, KOTOPAsl BBIIEIAETCS
IpU MPUCOEAMHEHUH JIEKTPOHA K HEUTPAIIbHOMY aTOMY

°+&— 3 +E,

Yem Oonbme E,, TeM erde atom NPHCOCAMHSAET JIEKTPOHBI M TEM
CUJIbHEE MPOSIBISIIOTCA €r0 OKHCIUTEIbHBIE U HEMETAJUIMYECKUE CBOWMCTBA
aneMeHTOB. BripaxkaeTcst 00bI9HO B KJ[>K/MOJIH.

B nepuooax cnesa nanpaso c eospacmanuem 3apsaoa a0pa u ymeHvuie-
Huem paouyca amoma E., yeenuuusaemcs, 6 epynne ceepxy 6Hu3 ¢ yseiuye-
Huem paouyca amoma E., ymenvuaemes.

Tak E., OonpmMHCTBA METAJUIOB HEBEJIMKA WM JAaXKE OTPULATENBHA,
MOPTOMY OHU HE 00pa3yloT YCTOMYMBBIX aHMOHOB. Hemerainmuueckue u
OKHUCJIMTEJIbHBIE CBOMCTBA 3JIEMEHTOB 110 NEPHOJY CJIEBa HANpPaBO YCUIIMBA-
I0TCS, a IO TPYIIIE CBEPXY BHU3 YMEHBIIAKOTCS.

ATOMBI IPUCOEIUHSAIOT WIA OTAAOT 3JEKTPOHBI B MPOLECCEe XUMHUYE-
CKOr0 B3auMOAEHCTBHs. KOMIUIEKCHOM XapaKTEpUCTUKOM aToMa, YYWTHIBA-
IOLLEN ero CHOCOOHOCTh U K MIPUCOEIUHEHUIO, U K OTAa4€ 3JIEKTPOHOB, SIBJIS-
€TCs 3JIEKTPOOTPUIATENBHOCTH — D0 (Y).

20 srnemenma — Ycr06HAA GEIUHUHA, XAPAKMEPU3YIOUA CNOCOO-
HOCMb €20 AmoMO8 68 XUMUYECKUX COCOUHEHUAX NPUmseu8ams K cebe 3jieK-
MPOHLL OM AMOMOB-NAPMHEPO8 (MmeX, C KOMOPbIMU HeNnoCPeOCMBeHHO CB51-
3aH OAHHBILL AMOM,).

Bemuuna D0 3asucur ot E, u B, 1 ynpoieHo MoKeT ObITh ONpeAesieHa

x="2 (E; + Egp)

JInst mpakTUYEeCKOM OLEHKH 3TOM CIIOCOOHOCTH aTOMOB HCIOIb3YIOT
YCJIOBHYIO KAy, OTHOCUTEIIBHBIX JIEKTPOOTpULATENbHOCTEN. COrJacHo e
cambii DO snemeHT F, a Haumenee D0 — Fr.

Ouesuono, umo 6 nepuoode cieda HANPAo C YMeHbUleHUueM paouyca
amoma u yeenuuenuem E, u E., yeenuuusaemcss O30 npoucxoauT ocnadiie-

HUE BOCCTAHOBHUTEJBHBIX U YCUJIEHUE OKUCIUTEIbHBIX CBOWCTB, a 6 epynne
ceéepxy 6HU3 C ygenuueHuem paouyc amoma u ymeuwvuenuem E, u E,, O30
YyMeHbulaemcsi, TPOUCXOIUT OCJIabJieHHe OKHUCIHUTENbHBIX U YCUJIIEHUE BOC-
CTAHOBUTEJILHBIX CBOMCTB aTOMOB XMMHUYECKHUX JIEMEHTOB.

[To Bennunne OO0 MOXKHO OTHECTH DJIEMEHT K METaJlJIaM WJIM HEMe-
TaJjuiam.

Kak mpaBumno, Hemetamisl umetoT 3HadeHus: 020 6ombine 2. OHu pac-
nojaratorcs B A-rpynnax npaBoil Bepueit yactu [IC Hax ycnoBHOU quaroHa-
aei0 B—At. V meramnos 3nauenne OO0 < 2. Haubosnee akTUBHBIE METAJIIbI
HaxoAATcs B HbkHeEM jeBoM yrity [IC B A-rpynnax. Heckonbko 371€MEHTOB
(B, Si, Ge, As, Te) co 3naueare O30 OIU3KUM K 2, TPOSABIISIOT MPOMEXKY-
TOYHBIE CBOMCTBA, UX MHOT/Ia HA3bIBAIOT 1OIYMEMAIbL.
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Ilepuoanuyeckue CBOMCTBA CI0KHBIX BellIeCTB

XapakTepuCTUKU aTOMOB d1eMeHToB — E,, Eg;, % — HermocpeacTBeHHO
CBSI3aHBl C TUIAMU XUMHUYECKUX PEAKIUNA, B KOTOpPbIE CIIOCOOHBI BCTYNaTh
aTOMBI 3THUX DJIEMEHTOB, a TAK)KE€ C TUTIAMH M CBOMCTBAMH BEIIECTB, UMH 00-
pa3yeMbiX.

C uzmenenuem 31eKMPOHHOU KOHQDUISYpaYUuu amomos dJ1eMeHmo8 no
nepuody om ns' 0o ns’np® usmensiemcs evicuwan cmenensv oKucienus amo-
M08 Inemenmos (om +1 0o +7 (+8)), umo npusooum K usmeHeHuro cocmasa
U CBOUCMB BbICUIUX OKCUOO8 U SUOPOKCUO08. DMO UBMEHEHUE MAKHCEe HOCUM
nepuooudecKull xapaxmep.

ITo nepuoay cieBa HapaBO C YMEHBIIICHHUEM METANIMYECKUX CBOMCTB
aTOMOB DJIEMEHTOB U 0O0pa3yeMbIX WMH MPOCTHIX BEIIECTB MPOUCXOIUT
YMeHbUieHUue 0CHOBHbIX CBOWICTB OKCUIOB, U TUAPOKCUIOB U COOTBETCTBEH-
HO UX KUCTIOMHbIE CEOIICMEA YEEeTUYUBAIOMCA.

Ilo rpynme cBepXy BHU3 C YMEHBIIEHUEM HEMETANIMUECKUX U yCHIIE-
HUEM METaJUTMYECKUX CBOMCTB aTOMOB 3JIEMEHTOB MPOUCXOJIUT YMEHbUICHUE
KUCTIOMHBIX U yeeuderue 0CHOEHbIX CBOWICTB OKCUIOB U THAPOKCUIOB.

DTOT mepexo]i 0OBIYHO OCYIIECTBISCTCS Yepe3 TaKk Ha3bIBa€MbIC aM-
ghomepnure 2udpoxcudvt, CiocCOOHBIE AUCCOIMUPOBATH U KaK KUCIOTa, U KaK
OCHOBAaHHE.

Huszwasa cmenenv oxucnenus memannos paswa 0, a Hememaniog —
(Ne epynnol — 8), m. e. onpedensiemcs YUcCiom 31eKMPOHO8, HEOOCAWUX 00
3a6epuleHusl HEUIHe20 IHEPeemudecko20 Ypo6Hs. 3HAUUT, NPU U3MEHEHUU
JIEKTPOHHOM KOH(HUTYpAIMK aToMa HeMeTama oT NSNP? 1o NS“NP° Hu3IIas
CTEINEeHb OKUCIEeHUs1 u3MeHsiercst oT —4 1o —1. Takoe u3mMeHeHue Takxe me-
pUOAWMYHO. DTO MNPUBOAUT K TEPUOAMYECKOMY H3MEHEHHIO COCTaBa U
CBOWCTB JIETYYHMX BOAOPOAHBIX coennHennii HemerawioB (RH,, RH3, HiR,
RH).

KUCIOTHO-OCHOBHBIN XapakTep MX BOJHBIX PACTBOPOB H3MEHSIETCA
CJIENYIONMM 00pa3oM: MO TMEpPUOAY CJeBa HalpaBO KHUCIOTHBIE CBOWMCTBA
yCUJIMBAIOTCA BeieacTBue yBenuueHuss OO0 HemeTaia, 4TO MPUBOIUT K
YBEJIMUCHUIO MOJSIpHOCTH CBsi3u R — H; 1o rpymme cBepxy BHU3 KHUCIOTHbBIE
CBONMCTBA TAKXKE YCUJIMBAIOTCA B CJICJICTBUE YBEIUYCHHS PAJUyCOB aTOMOB,
YTO MPUBOAUT K YBEIIMUEHUIO JUTHHBI CBsI3u R — H u ee ocnabnenuro.

MeTtanibl He 00pa3yroT JETYYUX BOJAOPOIHBIX COCTUHEHHM, UX TUIPH-
1wl cosieoopaszubl (NaH, CaH,) wimn metamionogo0HsL.

Takoll xapakTep U3MEHEHHS C80UCME 8 OCHOBHOM NOBMOPAEMCs 80
8cex nepuooax (Kpome nepeoeo), N0IMoOMy maKoe usmeHeHue C80UCmeE HA3bl-
8a10M NEPUOOUYECKUM.
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XyuMHu4YecKkas CBA3b

XHUMHUYECKAs CBA3b — 3TO B3aWMOJICHCTBUE, CBI3BIBAOIIEE OT/ECIbHbBIC
aToOMbI B 00JIee CI0XKHBIE CUCTEMbI (MOJIEKYJIbI, KPUCTAILIbI ).

VYcaoBuem 00pa3oBaHMsl XMUMHUYECKOW CBSI3M SIBISIETCS YMEHBIICHUE
BHYTPEHHEW SHEprud oOpa30BaHHOM CHCTEMBbl MO CPABHEHUIO C CYMMO
SHEPTrUuil UCXOJHBIX U30JMPOBAHHBIX aToMOB. ClenoBaTeNbHO, TP 00pa3o-
BaHMM XMMUYECKOMN CBSA3M BCET/A IOJKHA BBIACIATHCS dHEprus. CtpeMieHue
aTOMOB K TIOHMKEHHIO CBOEH YHEPTHH, TO €CTh K JOCTIXKEHHUIO Oosiee yCTo-
YHBOTO, CTA0MIIBHOTO COCTOSIHUS, M SIBJISIETCSI OCHOBHOW MPUYMHOI 00pa3o-

BaHUS XMMUUYECKOM CBSI3U MCKIY aTOMaMH.
Baxxuenmumu XApPaKTCPUCTUKAMHA CBA3U SABJIIOTCA: SHCPIUS CBA3H,
JJIMHA CBA3H, YIOJI CBA3U.

JIITMHO#M CBSI3M HA3bIBAIOT CPEHEE PACCTOSTHUE MEXIY sAIpamu, OT-
BEYAIOIle€ MUHUMYMY 3HEPTUU CUCTEMBI.

YroJa Mexay BOOOpa)kaeMbIMU JIMHUSIMH, IPOXOISIIMUMH Yepe3 sapa

XMUMHYECKU CBA3aHHBIX aTOMOB, Ha3bIBACTCS BAJIEHTHBIM.

JHeprus, BblACIIEMas NPU 0Opa30BAaHUM CBSA3HM, HA3bIBAECTCS IHEP-
rueit cesi3u. OHa onpeaessieT IPOYHOCTh XUMUYECKOM CBSI3U (BBIPAXkKAETCs B
KKaJ1/MOJIb, KJ>K/MOJIB).

XYMHYECKas CBA3b — 3TO B3aUMOJECHCTBUE aTOMOB I10 3aKOHAM KBaH-
TOBOW MEXaHUKH, IPU KOTOPOM:

1. [IporcxoauT nepeKpbIBaHUE BAJIEHTHBIX OpOUTaIell aTOMOB.

2. IIpoucxoaut o00OIIECTBIEHNE BAJEHTHBIX JIEKTPOHOB B3aHUMOIEH-
CTBYIOLIUX aTOMOB.

3. [lonmxaercst o011ast SHEPTUS CUCTEMBI (IIOJT CUCTEMOW TTOHUMAETCSL:
MOJIEKYJIa, CIIOKHBINA UOH, pauKajl, KpUCTaLI).

JI1si KBaHTOBO-MEXAHMUYECKOIO0 OMUCAHUSI XMMHYECKOW CBSI3U NpHUMeE-
HSIOT J[Ba B3aMMOJOIOJHAIOIINUX METOJa: MeTo] BajeHTHbIX cBsizelt (BC) u
METOJ1 MOJIEKYJIIpHbIX opoutaneit (MO).

Metoa BC

1. Xumuyeckasi CBsI3b 00pa3yeTcsi mapoul 3JIEKTPOHOB C MPOTUBOIIO-
JIO’)KHBIMU CIIMHAMHM, KOTOPBIE€ JIOKAJM30BAHBI MEXAY JBYMS aTOMaMHu.
IIpu sTOoM 0000UICHHBIE 3JIEKTPOHBI NPHUHAAJIEKAT B PABHOW CTENEHU
000uM aToOMaMm.

2. Yucno cBsizeil, 00pa30BaHHBIM JaHHBIM aTOMOM PAaBHO YMCITy He-
CHApEHHBIX YacTHI] (3JIEKTPOHOB) B OCHOBHOM M HECIIAPEHHOM COCTOSHHUU
(BaJIEHTHOCTB).

3. DNEeKTpOHHbIE Maphl, HE Y4YacCTBYIOIIME B 0Opa3oBaHUM CBSI3€il,
Ha3bIBAIOTCS HenooenéHHbimu dnekmponnbimu napamu. pumepsr (H,, N,
H,O, CH,):
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I'nOpuau3zanuss — 310 cmemeHne pas3nuuHbix AO JaHHOIO aToMa
B MPOILECCE €ro XMUMHUYECKOr0 B3aUMOJEHCTBUSA C JIPYTMM aTOMOM, 4TO
NPUBOJIUT K 00pa30BaHUIO THOPUIHBIX OpOUTANICH, TOKATU30BAHHBIX MEXK-
1y nByMs aromamu. [Ipu 3ToMm urciio TiOpUIHBIX opOUTaneil paBHO YUCITY
aTOMHBIX OpOuTajeH, U3 KOTOPhIX OHU 00pa3oBaIucCh (Tadi. 2.3).

Ta6nuna 2.3 — 'mbpuauzaiys aTOMHBIX opOuTaen

Tun Kaxkune opbutanu ['uGpunueie Banenr-
rudpuansa- BBIPaBHUBAIOTCS opburtanu HBII yroJ
15051
./— -“'\-.
'\X/"
A ™ Y
;s | @00 | Ik
-\><,f' 109°
YeThIpe
OJlHa S-OpOUTaJb, sp>-ubpunHbIe
TpHU P-opOuTaAIH opOuTanu
. o0 \J
2 ! 4 i
S )
p 120°
OJiHa S-OpOUTaIb, TpHU
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O06001IeHreM MPECTABICHHN 0 XUMHUYECKON CBS3H SBIISICTCS METO/I
MOJICKYJISIPHBIX opOuTtasneii. MonekynsapHble OpOUTaTM KOHKPETHON MoJie-
KyJbl MOYXHO TOJIYYUTh B BHJE€ CyMM U paszHocted AQO BXOIAIIUX B HEE
aToMoB. [loMUMO pa3BUTHS HAIVISAHBIX NPEACTABICHUN O paclpeacsiCHUun
AJIEKTPOHOB B MOJIEKYJIE, METOJI MOXET UCTIOJIb30BAThCS JJI MPUOIMKEHHO-
ro peuieHusi ypapHenus lllpenunrepa.

OCHOBHBI€ TTOJI0KEHHUS :
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1. Kaxplil 3JIEKTpOH HaXOAUTCA B Mmoje Bcex saep. CBsA3b EI0KaInu30-
BaHa.
[Ipu 3TOM CBsI3b HE 00s3aTENBLHO 00pa30BaHa MapOil AEKTPOHOB.
3. Ilpu xomOuHanuu atoMmHbIx opoutaneir (AO) oOpa3yroTcsi MOJIEKY-
nsipabie opoutanu (MO).
KonuyecTBO paBHO CyMMe aTOMHBIX OpOUTAJIEH.
DONEeKTPOHBI HA MOJICKYJISIPHBIX OPOUTANIAX pa3MEIIAlOTCS MO TEM JKe
MPUHITUIIAM, YTO W HA aTOMHBIX OpOMTAISIX (MPUHIUI MHUHAMYyMa
sHepruy, [laymn, XyHaa)

6. MonekynsapHble opOUTaNK OBIBAIOT CBSA3BIBAIOIIUE, PA3PHIXIISIONINE U

HECBSI3bIBAIOILINE.

CornmacHo MeTOJla MOJEKYISpPHBIX OpOUTaliel MoJeKysaa paccMmart-
pUBaeTCAd KaKk COBOKYIHOCTb SIIEP M AJIEKTPOHOB, TIE KaXAbIA AJIEKTPOH
JIBUKETCS B MOJIE OCTAIBHBIX AJIEKTPOHOB U siiep. Moekylia paccMaTpuBa-
€TCsl KaK €JMHOE 1EJI0€ U HUMEET «OpOUTAIBHOE» CTPOEHUE, IIPU 3TOM BCE
DJICKTPOHBI JTAHHON MOJICKYJbl (KaKk M B aTOME) paclpeessiioTCs M0 COOT-
BETCTBYIOITUM OPOUTAIISM.

B oOpazoBanuu kaxaoi MO MoJeKyJbl MPUHUMAIOT y4acTHUE BCE HC-
xonHble AO Bcex aTroMoOB, OOBEAUHSIOMUXCS B MoJieKyny. Ho Bkiman kax-
noit AO B oOpazoBanue nanHoit MO paznuuen. Hauboinee cuibHO B3auMo-
nencTByroT AO, KOTOpBIE:

a) OJIM3KH 1O SHEPTHUH;

0) UMEIOT OMHaKOBYI0 popMmy (s+s, p+p, d+d);

B) O/IMHAKOBO OPUEHTUPOBAHBI B TPOCTPAHCTRBE (PX+PX, py+py U T. 11.).

DHEprumM CBA3BIBAIOIIMX OpOUTAJEH HUKE, YeM DHEPruv aTOMHBIX
opOuTaneil, UCIOJb30BaHHBIX Il UX O0pa3oBaHUs. DJIEKTPOHBI, 3aCEIIsI0-
M€ CBA3BIBAIOIINE MOJIEKYIISIPHBIC OPOUTANIN, HAXOASTCS MTPEUMYIIIECTBEH-
HO B MPOCTPAHCTBE MEKIY CBSI3bIBAEMBIMU aTOMaMU. DHEPTUU PA3PBIXJIIs-
IOIUX OpOUTaseil BBIIIE, YeM SHEPTUM UCXOJHBIX aTOMHBIX opOuTaneil. 3a-
CEJICHUE Pa3pBIXJISIONIMX MOJEKYJISIPHBIX OpOUTaNIel 3JIEKTPOHAMHU CIIOCO0-
CTBYET OCJIA0JICHUIO CBSI3U: YMEHBIICHHUIO €€ SHEPIMH U YBEJIMYEHHUIO pac-
CTOSIHUSI MEXAY aTOMaMH B MOJIEKYJIE.

no

o B

TUunbl XUMHYECKOH CBSA3M

B o0Opa3zoBaHMM XUMHYECKOW CBS3M MEXKIY aTOMaMH TJIaBHYIO POJIb
UTPAIOT AJIEKTPOHBI, PACIIOIOKCHHBIC HA BHEITHEH 000JI0UKE M CBS3aHHBIC C
SJIPOM HaMMEHEE TIPOYHO, TaK HA3bIBACMBIC BAICHMHbIE IIEKMPOHbL.

[Tox BaJICHTHOCTHIO 3JIEMEHTa B KJIACCHYECKOW TEOPHUH MOHHUMAIIU
Mepy €ro crocoOHOCTH K 00pa30BaHUI0 XMMHUYECKOW CBsi3u. [lepBoHaudasb-
HO I10J BAJICHTHOCTBHIO IMOHWMAJM YHCJIO aTOMOB BOJIOPOJA, C KOTOPBIMU
COCIUHSCTCS OJIMH aTOM JIAaHHOTO JJICMEHTA.
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Pa3znmnuaror cienyromue BUAbl XUMAYECKON CBSI3U: Koganenmuas (1o-
JsipHas U HemoJisipHas; OOMEHHas M JOHOPHO-aKUENTOpHAsA), UOHHAS, B0OO-
POOHASL N MEMATLIUYECKASL.

KoBasienTHasi cBsi3b. OCYIIECTBISIETCS 3a CUET AIEKTPOHHOM MAapHI,
npuHaaiexamnet oboum aromaM. PaznnuaroT OOMEHHBIM U JOHOPHO-
aKIIETITOPHBIA MEXaHU3M 00pa30BaHUsl KOBAJICHTHOM CBSI3H.

KoBasnieHTHast CBSI3b MOKET OBITh MOJSPHOM WIIM HEMOJISIPHOM B 3aBU-
CUMOCTH OT TOTrO, pa3JIMYHbIE WM OJMHAKOBBIE aTOMBI B3aUMOJCHCTBYIOT
MEXTy COOOM.

KoBasieHTHas CBSI3b XapaKTEPU3YETCS HACBHIIIAEMOCThIO U HAlPaBJICH-
HOCTBIO.

HacpllaeMocTh KOBaJIGHTHOM CBSI3M — 3TO CIIOCOOHOCTh aTOMOB 00pa-
30BBIBATh OIPAHUYEHHOE YUCIIO XUMHUYECKUX CBSI3E€U. ITO OOBICHSAETCS TEM,
YTO 3JIEKTPOHHBIE MAPBI, 32 CYET KOTOPHIX OOBEAUHSIOTCS aTOMbI, HE MOTYT
JOTIOJIHUTENIBHO MPHUCOEIUHATh JPYTrU€ aTOMbI, IIO3TOMY MOJEKYJbI C KOBa-
JIEHTHBIMM CBSI3IMH MMEIOT CTPOrO ONpeNeleHHbI cocTaB. HacklmaemocTsb
ONPENENAETCS BaJEHTHBIMA BO3MOKHOCTSIMA aTOMOB.

KoBaneHTHast CBSI3b BO3HUKAET B HAMNPABICHUU MAKCUMAJIBHOTO TIEpe-
KPBIBAHUS DJIEKTPOHHBIX 00JaKOB B3aUMOJICHCTBYIONIUX aTOMOB U, CJIEIOBa-
TEJIBHO, OIpEEICHHBIM 00pa3oM OpUEHTHUpPOBaHA B mpocTpaHcTBe. Hampas-
JIEHHOCTh KOBAJICHTHOW CBSA3U — 3TO PACIOJIOKEHHE CBSI3€ B MOJIEKYJIE TIOJI
ONpeeIeHHbIMH YIJIAMH OTHOCUTENIBHO APYT Apyra (ONpeAesieT FreOMETPHIO
MOJIEKYJIbI, TO €CTh IPOCTPAHCTBEHHOE PACIIONI0KEHUE ATOMOB).

HNonnas cBsa3b. [Ipenenbuslii ciiyyall NOJSIPHONM KOBAJIEHTHOW CBA3U.
HNoHHas cBA3b — 3JEKTPOCTATUYECKOE MPUTSHKEHUE MEXy UOHAMH, 00pa3o-
BaHHBIMU ITyTEM MOUYTHU MOJHOTO CMEIIEHHUS 3JIEKTPOHHOM Mapbl K OAHOMY U3
aTOMOB. DTOT TUI CBS3U 00pa3zyeTcsl, €Clii pa3HOCTh ANEKTPOOTPHULIATEIBHO-
cteit aromoB Benuka (> 1,7 o mkane [lonunra). Monnas cBsizs He o0sagaer
HAIIPaBJICHHOCTHIO U HACHIIAEMOCTHIO.

MeTtauinyeckasi CBsi3b. BalleHTHBIE 2JIEKTPOHBI METAJUIOB JI0CTATOY-
HO c1a00 CBSI3aHBI CO CBOMMH SIIPAMH U MOTYT JIETKO OTPBIBATHCS OT HUX.
[TosToMy MeTaJlT COEPKUT PsiI MOJOKUTEIbHBIX HOHOB, PACIIOJIOKEHHBIX B
OTIpE/ICTICHHBIX TOJOKEHUAX KPUCTAINYECKON pEeIeTKH, U OOJIbIIOe KOIH-
YECTBO 3JIEKTPOHOB, CBOOOJHO NEPEMEIIAIOIIMXCA MO BCEMY KpPHUCTAILTY.
DNEKTPOHBI B METAJIIE OCYILIECTBISIOT CBA3h MEK/y BCEMU aTOMAMH METalIa.

MeTtannuueckasi CBsI3b — CBSA3b MEXKIY IUIOTHO YHAKOBAHHBIMU T1OJIO-
KUTEIbHBIMA MOHAMHU B KPUCTAJUIaX METAJUIOB, OCYILIECTBIsieMasl 3a CUET
NPUTSDKEHUS BAJICHTHBIX 3JIEKTPOHOB (3JIEKTPOHHBIN Ta3).

MexmouiexyasipHoe B3aumojaencrsue. Boaopoanas cBsaszb. Bono-
pPOZIHAsl CBSI3b — 3TO CBSA3b MEXKIY MOJOKUTEIBHO 3apsSKEHHBIM aTOMOM BO-
nopojaa u orpunatesnbHo 3apsokeHHbIM atomoM (F, CI, N, O) apyroit Mmosneky-
nbl. BonopoiHas cBsi3b UMEET YaCTUYHO 3JEKTPOCTATHYECKHUI, YACTUYHO J0-
HOPHO-AKLENTOPHBIN XapaKTep.
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BonopoiHas cBs3b n300paxeHa TOUKaMH.

OTnauumne pealibHbIX Ta30B OT UJICANIbHBIX, CYIIECTBOBAHUE KUIKOCTEH
Y MOJICKYJISIPHBIX KPHUCTAJUIOB SIBIIAIOTCS PE3YJIBTATOM TOTO, YTO MEXKIY MO-
JIEKyJIaMH CYLIECTBYIOT B3aUMOJAEICTBHSI, HECMOTPSI Ha TO, YTO MOJIEKYJIbI B
LEJIOM 3JIEKTPOHEUTpaabHbl. VX MPUHATO Ha3bIBaTh MEKMOJIEKYJAPHBIMU
B3auMoiericTusiMu (MMB), To ecTh B3aUMOACHCTBUAMU MEXK]Ty MOJICKYJIa-
MU, HE COMPOBOXKIAIOIMIMMUCS TOTOJHUTEIBHBIM 000OIIECTBICHUEM 3JIEK-
TPOHHOM IJIOTHOCTU (0Opa30BaHHEM HOBBIX XUMHUYECKUX CBsi3eit). [loHsiTue
o MMB 06bu10 BBEZIeHO TrOJIaHACKUM yueHbIM Ban-nep-Baaascom, moatomy
MX €lI€ Ha3bIBAIOT U BaH-/I€P-BaalbCOBbIMU cuiaMu. MMB umeroT aiektpo-
CTaTUYECKYI0 TMPUPOIY, OJHAKO MX DHEPrus Ha OJUH-IBA MOPSIAKA HUKE
SHEPIrUM XUMHYECKOW CBsI3U. BaH-Iep-BaanbCOBBI CUJIbI 3aBHUCAT, MPEXKIE
BCEr0, OT PACCTOSIHUSA MEXKAY LIEHTPAMH B3aUMOJICUCTBYIOIIMX MOJEKyJ. Ha
OOJIBIIIUX PACCTOSTHUSX T CUJIBI HUYTOXKHO Malibl. Hampumep, B razax npu
HOPMAJIBHOM JIaBJICHHWM OHU IMOYTH MOJIHOCTBIO OTCYTCTBYIOT, TaK KaK UM
MPENATCTBYET OECHOpsIIOUHOE TEIUIOBOE JBIXKEHHE MOJeKyild. B rasax,
HaXOJSILINUXCS 101 BBICOKUM JABJIICHUEM, CUJIbI MEXKMOJIEKYJISIPHOTO B3aUMO-
JNEUCTBHUS yKE CIEAYET YUUTHIBATD.

Ban-nep-BaanbcoBbl CHIIBI OOYCIIOBJIEHBI TOJISIPHOCTHIO (HATHMYHUEM
JUTIOJIBHOTO MOMEHTA) U TOJIIPU3YEMOCThIO (CIIOCOOHOCTHIO M3MEHSTH I0-
JISIPHOCTBH MO ACMCTBUEM BHEIIHETO AJIEKTPUUYECKOTO MOJI) MOJIEKYI.

IIpumepsI

IIpumep 1. Mapranen (Mn) u Opom (Br) Haxonsarcs B 4 nepuoje, B
VII rpynne. Ha ocHOBaHUM 3JIEKTPOHHBIX (POPMYII aTOMOB 3TUX 3JIEMEHTOB
OnpeaeanTe UX MPUHAMIEKHOCTb K JIEKTPOHHBIM ceMelcTBaM. OObsCHUTE,
MOYEMY 3TH 3JIEMEHThl HaXOAATCA B PAa3HBIX MOATrpyNHmnax v o0JafaroT Mpo-
THUBOITOJIOKHBIMHM CBOWCTBaMU?
Pemenue: snexkTpoHHas popmyiia MapraHia:

25Mn 1s? 25 2p° 3s? 3p° 45 3d°.

On npuHaanexuT K d-ceMelcTBY, HaXOUTCS B MOOOYHON MoArpymme (Maet
3aM0JHEHUE KOHKYPHUPYIOIIUX 3HEPreTUYECKUX MOAYypOBHEW (BHELIHErO WU
NpeIBHEIIHEr0 YpoBHEH)). MapraHel] nposiBjisieT BOCCTAHOBUTEIbHBIE (Me-
TaJVIMYECKHE) CBOMCTBA, T. K. HA MOCIEIHEM (YETBEPTOM) SHEPTETUYECKOM
YPOBHE UMEETCS 2 AJIEKTPOHA, KOTOPBIE OH JIETKO MOXET OT/ATh.
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DnextpoHHas ¢popmyrna Opoma:
35Br 1s? 2s% 2p® 3s? 3p° 4s? 3d™ 4p°.

OH npUHAAJIEKUT K P-CEMEHCTBY, HAXOAUTCS B TJIABHOW MOATPYMIE, T. K. Y
HEro WuJAET 3aloJIHEHHWE OHJIEKTPOHAMU TMOCJIEIHET0 YETBEPTOro YPOBHS
(45°4p°). BpoMy 110 3aBepLICHHS 4p-IIOLYPOBHS HEOOXOAMM | AIEKTPOH, KO-
TOPBIA OH JIETKO TPHUCOSAUHSCT U, CIEAOBATEIIBHO, MPOSIBISET OKUCIUTEh-
HbIE (HEMETAJJTMYECKHE) CBOMCTRA.

IIpumep 2. Oxapakrepu3yiTe CBOMCTBA KPEMHHS M0 €r0 MOJIOKEHUIO
B Tabaumne . . Menaeneena.

Pemenwne: kpemuunii (Si) uMeeT MOpsSIKOBBIH HOMep 14, ciepoBareib-
HO, 3apsia atomHoro sjapa Z = +14. CoOTBETCTBEHHO B aTOM€ KPEMHHUS
14 MpOTOHOB M CTOJBKO k€ 31eKTpoHOB. KonruecTBo HeritponoB (NN) cum-
TAeTCs M0 pa3HHUIIe MEXAY aTOMHOU Maccoil (A = 28) U MOPSAKOBBIM HOME-
poM (Nmop = Z):

NN = A — Nriop(Z) = 28 — 14 = 14,
DnekTpoHHas GOpMysia aTOMa KPEMHUSL:
14Si 1s% 2s% 2p® 35 3p°.
DIIEKTPOHHO-TpapuUecKas CXeMa B HOPMAILHOM COCTOSHUU:

5 ry
14S1KL n=73 T T | 7T

Banentnocts B = 2.

DeKTpOHHO-TpaduuecKas cxeMa B BO30yKJICHHOM COCTOSIHUU:
s p

WS*KL n=3 |7 T T (7

Banentnocts B =4.

BajieHTHBIE 2JIEKTPOHBI HAXOJATCS Ha S- M P-TIOAYPOBHSIX TPETHETO
SHEPreTUYECKOro ypoBHs. KpeMHMI TposiBIsSieT B HOPMAJbHOM COCTOSIHUU
BaJICHTHOCTh PaBHYIO 2, a B BO30YXJICHHOM — 4 (KOJMYECTBO HECTIAPEHHBIX
AIEKTPOHOB).

Kpemnuii Haxoqutes B 3 nepuojie (MaKCUMaIbHOE 3HAYEHUE TTIaBHOTO
KBaHTOBOro uucia n = 3), IV rpynne (MakcumanbHasi CymMMa BaJIEHTHBIX
AJIEKTPOHOB paBHA 4), IVIABHOM MOArpymnne (3amojiHAeTCsl BHEUIHUN YpO-
BeHb). KpeMHUIl NpUHAMJICKUT K P-CEMEUCTBY (TOCIEIHUM 3aIOIHSAETCS
p-TioAypoBeHb). KpeMHUIT MOKHO OTHECTH K HEMeTalljlaM, MOCKOJIbKY 10 3a-
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BEPIIICHUS MMOCIIETHETO YHEPTETUUECKOTO YPOBHS €My HE XBaTaeT 4 3JIEKTPO-
HOB.

Taxoii ske BBIBOJ MOYKHO clieJlaTh Ha OCHOBAaHUH TOTO, YTO B TIpeeIax
OJTHOTO TIEPHOJAA CJIeBa HAMpPaBO BOCCTAHOBHTEIbHBIC (METAJIMYCCKUE)
CBOWCTBa 0CIIa0EBAIOT, & OKUCIUTEIbHBIE (HEMETAIUTMUECKNUE) — YCUIIUBAIOT-
csi (3a CYET yBEJNMYEHHUS KOJWYECTBA AJICKTPOHOB HAa BHEIIHEM YPOBHE,
YMEHBIIICHUSI pailyca, YBEIMUCHUS SHEPTrUU WOHMU3AIMH W SHEPTUU CPO/I-
CTBA K JJICKTPOHY).

3aoanus npeonadopamopHozo KOHmMPOia

3aganue 1. ®rop u 6pom HaxoaaTcs B rmaBHoM noarpynne VII rpyn-
nbl [lepronnueckoil cCUCTEMBI, UMEIOT OJIMHAKOBYIO 3JIEKTPOHHYIO KOHPUTY-
PALHIO BHEIIHEro ypoBHs s°P°. VICXOIT M3 CTPOCHHS aTOMOB DTHX JIEMCH-
TOB, UX PAJUYCOB, AJIEKTPOOTPUIIATEIILHOCTEH, 00bICHUTE: (HTOp WU OpoM
IPOSBIISIET B OOJIBbIIIEH CTENEHH OKHUCIHTENbHbIe cBoMcTBa? Ilouemy ¢rop
MPOSBIISIET BAJCHTHOCTh PaBHYIO TOJIBKO 1, a OpOM MOXKET UMETh MEepEeMEH-
Hyto: 1, 3, 5, 77 OtBet nosicHUTE, HAIKCaB JICKTPOHHO-TPAUUECKUE CXEMBI
aToMOB (pTOpa U OpomMa B HOPMAIILHOM M BO30Y>K/IEHHBIX COCTOSTHUSIX.
3amanue 2. HaTpuii u xjop HaxoAsTca B TpeTbeM nepuoje [lepuoau-
YECKOM CUCTEMBbI, HO B pa3HbiXx rpymnmax. [louemy? OObsicHuUTE, HamucaB
AIEKTPOHHBIE (OPMYJIBI U AJIEKTPOHHO-TpAPUUECKUE CXEMbl aTOMOB ATHUX
sneMeHToB. K KakuM 3JeKTpOHHBIM cemMelcTBaM OHU OTHOCSTCS? OOBbsICHU-
Te, MOYEMY aTOM XJIOpa MOXKET UMETh NMEPEMEHHYI0 BaJleHTHOCTh. Kak uzme-
HAKOTCSA PaIuyC U CBOMCTBA aTOMOB AJIEMEHTOB TPETHETO NEPUOAA?
3aganue 3. OOBSICHUTE BO3MOXKHEIC BAJICHTHOCTH aTOMa JKeje3a, HC-
X0l W3 DJEKTPOHHOro cTpoeHus. CocTaBbTE JJIEKTPOHHYIO (GOpMyITy U
ANIEKTPOHHO-TpaUUECKre CXEeMbl aroMa B HOPMaJIbHOM U BO30Y>KJIEHHOM
COCTOSTHUSIX.
3ananue 4. Kakue 3Ha4eHHUS MOTYT IIPUHUMATh KBAHTOBBIE YHMCIA N, |,
M| ¥ Mg, XapaKTEPU3YIOUIUE COCTOSTHUE 3JIEKTPOHOB B aTOME AJIFOMUHUSL.
3aganme 5. ATOMBI, KaKUX 2JIEMEHTOB MMEIOT CIECAYIOIEE CTPOCHUE
BHEIIIHETO U MPEABHEIIHETO JIEKTPOHHOTO YPOBHS:
a) 25°2p°3s%3p®; 6) 3s°3p%4s?;
B) 35°3p°4s%3d°; r) 45°4p®55°4d".
3amanue 6. Kakoil psg 3J€MEHTOB PaCIONOKEH MO MEPE BO3pacTa-
HUS UX aTOMHBIX PaJINYCOB:
a) Na, Mg, Al, Si; 0)C,N, O, F;
B) O, S, Sc, Fe; r) |, Br,Cl, F.
3ananme 7. Kak u3MeHseTcs CrIOCOOHOCTh METAJIJIOB OTAaBaTh JJICK-
TpOHHI B psiay: Mg — Ca — Sr — Ba?
3amanue 8. CKOJBKO TMOJHOCTBIO 3aMOJHEHHBIX JHEPreTUYECKUX
ypOBHei coepkut non Na*?

28



TEMA 3. OCHOBHBIE 3AKOHOMEPHOCTHU INPOTEKAHUSA
XUMHMNYECKHNX PEAKIIUT. SHEPT'ETUKA XUMHNYECKHUX
INPOLOECCOB. 9JIEMEHTbBI XUMHWYECKOU TEPMO/IMHAMUWKHU

TepMmoauHaMuyeckasi CuCTeMa — MaTepPUAIbHBINA OOBEKT, BbIJICICHHBIN
U3 BHEIIHEH cpejbl ¢ OMOIIBI0 PEaIbHO CYIIECTBYIOIIEH MM BOOOpaxkae-
MO TPaHUYHOI MOBEPXHOCTH U CIIOCOOHBIA OOMEHMBATHCS C APYTUMU Teja-
MU HEPTHEH U/WUIH BEIIECTBOM.

Pa3znnuaroT crneayroomme CUHCTEMBL:

1. M3onupoBaHHas cucTeMa — CHCTEMa, KOTOpas HE MOKET OOMEHH-
BaTbCA C OKPY>KEHHEM HU BEILIECTBOM HU YHEPTHUEH;

2. 3akpeiTas cHUCTeMa — CHUCTE€Ma, KOTOpas MOXKET OOMEHUBATHCS C
OKPYKEHUEM TOJIbKO SHEpPIrHUeil;

3. OTkpeITast cucreMa — CUCTEMa, KOTOpash MOXKET OOMEHHBATHCS C
OKPY>KEHUEM U BEIIECTBOM U SHEPTHUEH

[Ipy XUMUYECKUX TPEBPAIICHUSIX MPOUCXOIAT TIIyOOKHE KaueCTBEH-
HbIE U KOJUYECTBEHHbIE U3MEHEHHUSI B CUCTEME, KOTOPBIE COMPOBOXKIAKOTCA
MOTJIONIEHUEM WIIM BBIICIEHUEM SHEPTUM B pa3MyHbIX (opmax. B 06oib-
IIMHCTBE CIIy4aeB ATOM PHEpPruel sBIseTCs TeroTa. 1ennosvim 3¢ggexmom
(u3meHeHue SHMANbLAUU) XUMUYECKOU peaxkyuu Ha3bIBACTCS KOJMYECTBO
SHEPIruM, KOTOPOE BBIACIAECTCS WIA MOTJIOMAETCS MPU NPOTEKAaHWU AaHHOUN
XUMUYECKON peakiuu. TeraoBoil 3(EKT OTHOCUTCS K TOMY KOJUYECTBY
BELIECTBA, KOTOPOE YKa3aHO B YPABHEHHUH PEAKIIHH.

Ecnu peakiusi mpoTeKaeT ¢ BBIJACICHUEM TEIUIOThI, TO TaKas peaKuus
Ha3bIBaeTCs IK30mepmudeckol. Ecnu peakuus MpoTeKaeT C MOTJIOLIEHUEM
TEIJIOTHI, TO PEAKLMs HA3BIBACTCS 9HOOMEPMUUECKOU. Y PaBHEHUE XUMHYE-
CKMX pEakiuii, B KOTOPBIX MPUBEACHBI BEIMYUHBI TEIJIOBBIX 3(PPEKTOB U
yKa3aHbl arperaTHble COCTOSIHUS BEILIECTB, Ha3bIBAIOTCS MePMOXUMULECKUMU.
Benuuuna TeroBoro 3¢ @dexkra peakiuu 3aBUCUT OT BHJA Ipollecca, arpe-
raTHOTO COCTOSIHUSI BEIIECTBA, TEMIEPATYPhl U AaBJICHUS.

1. Aumanvnus oépaszosanus (AH") — mennosoii s¢ppexm pearxyuu
0bpazoeanust 1 MOJIS CLONHCHO20 8eujecmea U3 NpOCHbIX 6eUecms.

2. Tepmoxumuueckue ypagHeHus — 3TO YPAGHEHUS XUMUYECKUX PeaK-
Yuti ¢ yKazaHuem menyiogozo d¢gexma, a makxice azo020 coCMOAHUSL U
NOUMOPHHOU MoOuduKrayuu peazupyrowux u oopazyrouuxcs eewjecms (T —
ra3oo0pa3Hoe, K — JKHUJIKOe, K — KPUCTATHYECKOE, T — TBEPAOE, p — PACTBO-
pEHHOE U Ap.).

3. Ilpu 3x30mepmuueckux peaxyusax (ropeHue yrisi, CIUpPTa, METAHA,;
peakius HeuTpanuzamuu) menioma gvioensemces (Q>0), m. e. ymeHvuiarom-
Csl OHMANLNUA U GHYMPEHHss dHepaus cucmemsl, U 3HaueHuss AU u AH ms
HUX oTpuuarenbHbl. IIpu andomepmuueckux peakyusax (paznoxeHue Kap-
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OoHaTa KajbIus, THAPOKCHUIA MEIU, MOJTYYEeHUE HOJOBOJOPOAA) Mmenioma
noznouwaemces (Q < 0), a AU u AH nMeroT moyiokureIbHbIe 3HAYCHHMS.

4. JIist BOBMOXHOCTH CPaBHEHUS dHEPreTHIecKuX A((PEeKToB paszmnd-
HBIX TIPOIIECCOB TEPMOXHUMHUYECKUE PACUETHI OOBIYHO OTHOCST K CHIAHOApm -
notm yenosusm (p = 101,325 xIa u t = 25 °C wm 298 K) u 1 Moo Bere-
ctBa. CTaHAapTHBIC U3MEHEHHUS SHTAJBIIUY MPUHITO 0003HAYATh AHozgg WIH
AH®,

5. Iumanvnua XumMuueckoil peakyuu pagHa pasHoCmu CyMm SHMAlb-
nui 00pazoeanusi NPOOYKmMos u peazenmoa (CiaeacTBUe u3 3akona ['ecca):

AH’ =Y AH°(mpon)-> AH°(pear.)

6. KonnuecTBeHHON Mepoul HeynopsaooueHHOCmu COCMOSIHUSL CUCTeMbl
ABJISIETCSL TEPMOJIMHAMUYecKasi (QYHKIIMs, TOTyUMBIlIasi HA3BaHUE IHMPONUA
(S).

IHMPONUsL XUMUYECKOU peakyuu pasHad pa3HOCMU CYMM IHMPONUL
NPOOYKMO8 U peazeHmos:.

AS = > S% (mpon.) — > S (pear.)

7. B XUMHUYECKHUX IpOIECCaX OJHOBPEMEHHO JIEHCTBYIOT JBE TE€HJCH-
LMU: CTPEMJICHHUE YaCTULl OOBEIUHUTHCA 3a CUET MPOYHBIX CBSA3EH B Oojee
CJIIOKHBIC, YTO YMEHbUlaem IHMAIbNUI0 CUCTEMBI, U CTPEMJICHUE YaCTHIL
Pa3bEeAMHUTBCA, YTO ygeaudusaem 3umponuio. IHbBIMA CJIOBaMH, TIPOSIBISAECT-
Csl IeCTBHE JBYX MPOTHUBOIOJIOKHBIX (PAKTOPOB — SHTAJIBIUHUHOTO U SHTPO-
nuiiHoro. CyMMapHsbIii 3QQeKT 3TUX TeHICHLUN B MPOLECCaX, MPOTEKAIOIIUX
IIPH MTOCTOSIHHBIX T | P, oTpaxkaeT usmenenue nepeuu I'uooca (G):

AG = AH - TAS

AOCOTIOTHOE 3HAYEHHE U3MEPUTh HEBO3MOXKHO, TO3TOMY HCIIOJIb3YyEeT-
Csl UBMEHEHHE (PYHKITUHU B MIPOIIECCE MPOTEKAHUS TOTO WJIM MHOTO IpoIlecca.

CBoOoanas >neprust [ m60ca n3mepsiercs B kJ»x/mMonb u kx. Qusuye-
CKULL cMblCcl c80000HOU dHepeuu [ub6ca: cBOOOIHAS DYHEPTHS CUCTEMBI, KO-
TOpasi MOXKET OBITh MpeBpaleHa B padoTy. [ mpocThIX BemecTB cBOOO HAS
sHeprus ['ub0ca npuHUMaeTcs paBHOM HYJIIO.

3nax uzmenenus ceob6o0ouou suepeuu l'uboca AG u ee genuuuna npu

P = const onpedensarom mepmoounamuueckyro ycmoudueoCms CUCmeMbl:

—  €CIli B XUMHUYECKOM IPOLECCEe TPOUCXOAUT CHUKEHUE CBOOOTHOM
sneprun ['m66ca, 1. e. AG < 0, nmporecc MOXET MPOTEKATh CaMOIIPOU3-
BOJIBHO, UJTU TOBOPST: TIPOIECC TEPMOTUHAMUYECKH BO3MOXKEH;

—  €CIIM TPOAYKTHI PEAKIIUU MMEIOT OOJBIIHA TEPMOIMHAMHYCCKUAN
MOTEHIIUAJ, YeM UCXOJIHbIE BellecTBa, T. €. AG > 0, mpolecc npoTekaTh
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CaMOIIPOU3BOJILHO HE MOKET, HJIM TOBOPAT: MPOLIECC TEPMOAUHAMUYECKU
HEBO3MOJXKEH;

— eciu AG = 0, To peakiusi MOKET IPOTEKaTh Kak B MPSIMOM, TaK U B

0OpaTHOM HalNpaBJICHHUH, T. €. PEAKIIH 0OpaTuMa.

CrnenoBatenbHO, camonpoussovhsie npoyeccol npu P = const uoym c
yMenvuleHuem c80600Hot dHepeuu I ub6ca. ITOT BBIBOJ CIPABEIUB KaK TS
M30JIMPOBAHHBIX, TAK U JJIS1 OTKPBITBIX CUCTEM.

Hzmenenue snepeuu I'uboca cucmemol npu obpasoeanuu 1 monv euje-
CMBa U3 NPOCMuvlX Bewecms, YCMoudUussblx 6 OaAHHbIX YCI08USX, HA3bIBACMC S
anepeuell 1 ubbca obpazosanus eewjecmea AG,g,, usmepsaemcs 6 Koic/mono.

Hzmenenue snepeuu ['ub66ca, Kak 1 U3MEHEHUE SHTAIBIHNHU U DHTPO-
WU, He 3a8uUcum om nymu npoyecca, o3ToMy u3MeHeHnue >nepruu ['md6ca
XuMHUeckoi peakunn AG paBHO pa3HOCTH MEXAy CyMMOil sHepruii ['nb66ca
oOpa3oBaHMsI MPOAYKTOB PEaKIMU U cyMMOW 3Hepruil I'm6bca obpazoBaHus
MCXO/HBIX BEIECTB C YUETOM CTEXUOMETPHUUECKUX KOIPPUIIMEHTOB:

AGOZQS = Z:(ViAG Sﬁp.i 298)Hp- - Z:(ViA G 26p.i298)I/ICX.'

8. Cmanoapmmnasn snepeus I'uooca oopazosanusn. 1100 cmanoapmuoil
snepeueii I'uboca obpasosanus (AGP) nonumarom usmenenue suepeuu I'ubo-
ca npu peaxkyuu 00pazo8anusi 1 Mos ClONCHO20 8eujecmsd, Haxo0aue2ocs 8
CMAHOAPMHOM COCMOAHUU, U3 NPOCMbIX 8euyecms. ITO OTpeIeTICHUE TToIpa-
3yMEBAET, YTO AfGO MPOCTOTO BEIIECTBA PAaBHA HYJIO. 3HAYCHUS AGoo6p_298
BEIIECTB MPUBOJISTCS B CIIpaBOYHUKaX (mpuioxenue I).

9. Buepzuro I'ub6ca xumuueckoil peakuyuu 8 CMaHOAPMHBIX YCA0BUAX
paccuumulearom no gopmyne:

AG? = YAG? (mpon.) — YAG® (pear.)
IIpumepsI

IIpumep 1. PaccuntaTh 3HTANBNNI0O XUMAYECKOW PEAKIIMN KATAIUTHU-
YECKOTO OKUCIICHUSI aMMHUAKa MPU CTAaHAAPTHBIX YCIOBUAX:

4NH3 (r) + 502 ) — 4NO(F) + 6H20(r)
Pemenue:
OHTAIBIUSI XMMUYECKON PEaKIMM paBHA Pa3HOCTU CYMM HHTAJIbIIUM
o0pa3oBaHUsI MIPOTYKTOB U PEareHTOB (C YYETOM CTEXHOMETPUUYECKUX KOI (-
(bUIMEeHTOR):

AH’= (4-AH(NO) + 6-AH"(Hz0)) — (4-AH’(NHg) + 5-AH(02)).
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Haxonum B Tabnuie (npunoskenue ') 3HaYeHUsT CTaHIAPTHBIX YHTAJb-
v 00pa30BaHMUs BEIICCTB:

AHP(NO) = 90,37 xJIx/moinb, AH(H,0) = 241,82 xJIx/Moub,

AH(NH,) = —46,19 kJix/mois, AH%(O,) = 0.

Torma AH® = 490,37 + 6-(—241,82)— 4-(—46,19) = —904,68 k]I

Tax kak AH® < 0, To manHas peakuus — sx30TepMudeckas. TemoBoit
s ekt peakiuu (BbIACTUBIIA’CS B pe3ysibTaTe peaklUy TEIUIoTa) pPaBeH
+ 904,37 x]JIx, To ecth Q = 904,37 xJIx.

IIpumep 2. Berunciute n3mMeHeHue 3aepruu ['ndboca B peakuuu

2NO, @ < N,O,4 )

U OIPENETUTh BO3MOXHOCTh €€ mnpoTekanus npu 0 °C, 25 °C u 100 °C.
OrmpenenuTh TeMeparypy, npu kotopoit A,G° = 0 u cpemaTb BBIBOX O
HaIPaBJICHUH PEAKIINH BBIIIE U HUKE ITON TEMIIEpaTypPhI.

Pewenue:
1) ITo craHgapTHBHIM 3HaYCHHUAM SHTaNbIui oopasoanus NO, u N,O, BbI-
YUCJISIEM DHTAJIBIIUIO XUMUUECKOU PEaKIUU B CTaHIAPTHBIX YCIOBUSX:

AH? = AH(N,O,) — 2 - AH(NO,) = 9,66 — 2 - 33,50 = —57,34 k/Ix
2) PaccunthiBaeM SHTPOINMIO XMMHUYECKON pPEeaKIMU B CTAHAAPTHBIX YCIOBUSIX:

AS® = SU(N,O,) — 2 - S’NO,) = 304,3 - 2 - 240,45 = —176,6 JI/K =
=—0,1766 xJIx/K

3) TIo dopmyne: AG’ = AH° — TA,S° Boruncisiem suepruto ['n66ca B cTaH-
IAPTHBIX yCIOBHsX, TO ecTh mpu 25°C (T =t + 273 =25 + 273 = 298K):

AG’=AH’— TAS’ = — 57,34 — 298-(-0,1766) = —4,7132 kJIx .
Tax kak A,G’< 0, o PaBHOBECHE CMEIIAETCSI B CTOPOHY MPSIMOM peak-
UM TIPU CTAHIAPTHOU TEMIIEPATYPE.
4) Ipu 0 °C (273 K):
AGy73=—57,34 —273-(-0,1766) = —9,1282 x/Ix .
Jlannoe 3nauenue A,G,73 CBUIETENBCTBYET O TOM, uTo mpu 273 K pas-
HOBecHe ere O0IbIIe CMEIEHO BIPABO, B CTOPOHY MPSIMOM PEAKIIHH.

5) Ipu 100 °C (373 K):

AGs73 =—57,34-373(-0,1766) = 8,5318 xJIx .
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[TomoxutenpHas BenmnuuHa A;Ggz73 YKa3pIBaeT Ha CMEIICHUE PaBHOBE-
CHSl BJIEBO, B CTOPOHY OOpaTHOM peakiny.
6) Onpenensem Temieparypy, npu koropoit A,G = 0:

57,34

=-57,34-T - (-0,1766), otkynaT= g776c = 325 k.

[Tpu 3TOl TemmepaType U npsimas U oOpaTHasl peakusi paBHOBEPOAT-
HBI, TO €CTh YCTAHABJIMBAECTCSA XUMUYECKOE PABHOBECHE.

3aoanun npeonadopamopHozo KOHmMpPOa

3ananue 1. Beruncnure AHOX.p, ASOX.p, AGT peakunn, NpoTEKAOIEN

110 YPaBHECHHUIO:
Fe,O3(kp) + 3C(rpadur) = 2Fe(kp) + 3CO(1).

Bo3moskna nu peakuus BoccranoBieHus Fe,Os yriaeponom mpu tem-
nepatypax 500 u 1000 K?

3aganme 2. [Tpu B3auMoelicTBUM keje3a Maccol 6,3 T ¢ cepoil Bbljie-
munock 11,31 x/Ix termna. Beruncnure sHTanmpmnuio oopa3oBaHus cyibhuaa
xemnesza(ll).

3apanme 3. Vcxons u3 3HaAYEHUI CTaHIAPTHBIX SHTAIBINUNA 00pa3oBa-
HUSI U aOCOJIOTHBIX CTaHJAPTHBIX SHTPOIMHI COOTBETCTBYIOIIMX BEIIECTB
BorapcinTe AGP peaKuui, MPOTEKAIOIIUX 10 YPABHEHUSAM:

a) CS,(1) + 30,(r) = COy(T) + 2SO4(1);

6) AlO3(kp) + 2Cr(xp) = Cro05(xp) + 2Al(xp);

B) CaO(kp) + CO,(1) = CaCO3(xp);

r) 2PbS(kp) + 30,(r) = 2PbO(xp) + 2SO4(T).

3ananue 4. Maruuii roput B atMocepe yriIeKUCIoro rasa:

2Mg(k) + COy(r) = 2MgO(k) + 2C(rpadur)

Brruucnnre SHTaNbNUIO JAHHOW PEAKIIMU U ONPENECIIUTE, KAKOE KOJIU-

YECTBO TEIJIOTHI BBIICUTCS MPU CTOpaHUU 1 KT MarHus.

3amanue 5. PaccunTaiite, Kakas U3 peakluuil NpU CTaHAAPTHBIX YCIIO-
BHSIX MOXET UJITH CAMOIIPOU3BOJIBHO:

a) 2Fe(x) + Al,O3 (k) = 2Al(x) + Fe,03 (k) wnam
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6) 2Al(k) + Fe,05 (k) = 2Fe(x) + Al,O; (k)?

Jlabopamopnasa paboma «Onpeoenenue uHmezpaibHOll Menionbl
pacmeopenus coiu u onpeoenenue meniomsl 2UOpamoodpa308anus)

Llenp Da6OTLI: HU3YYUTDH BOIIPOCHI SQHCPI'CTUKN XUMHUYCCKUX ITPOLICCCOB,
OIIPCACIINTD TCIUIOTY PACTBOPCHUS COJIN U TCINIOTY FI/IIIpaTOO6pa3OBaHI/I$I.

OO0opy/ioBaHNE W PEaKTHUBBI. KaJIOpUMETp, TepMoMmeTp bekmana, Be-
CBbI, HABECKH KpHUCTAUIOTHIpaTa W OE3BOAHOTO Cyiab(ara Memu, CEKyHIO-
Mep, TUCTHJUTHPOBAHHAS BOJa KOMHATHOW TeMIIepaTypHhl.

Kanopumerpuueckas ycraHoBka. [Ipocreimmii kamopuMerp ¢ H30-
TEPMUYECKOW 000JI0uKON m300pakéH Ha puc. 3.1. BHyTpenHuii crakad
1 BcTaBieH B 000JI0UKY 2 Ha MOJICTaBKE 3 M3 Marepuaia ¢ Majod Teruio-
poBOJHOCThIO. CTakaH 3aKpbIBAIOT KPBIIIKOM 4, B KOTOPOM caeiaHbl OT-
BEpCTUA JUIsl MEIIAJIKK, TEPMOMETpa M JIPYTUX 4YacTeil kajmopumertpa. i
OBICTPOTO YCTAaHOBJICHUSI TEIJIOBOTO PABHOBECHUS MEXIY YacTSIMHU KaJlOpHU-
METPUYECKOM CHUCTEMBI U CMEUIEHUS HMCCIEAYEMBIX BEIIECTB HCIOJIb3YIOT
MEIIaJKy 5.

W3meHeHne TeMImeparypbl B XOJE OIbITa OINPEIECISIOT C MOMOUIBIO
tepmomerpa bexmana 6. Cxema TepmoMerpa bekmana mpuBeicHa Ha
puc. 3.2. TepmomeTrp bekmana oTnu9aeTcss HaTUYMEM JIBYX pPE3€pBYapoB C
PTYTHIO, CBA3AHHBIX TOHKUM HW3MEPUTEIBHBIM KanwuiipoM. HrokHui pe-
3epByap 1 TepmomMeTpa uMmeeT OOJbIIoN 00BEM, MOATOMY HE3HAUUTEIHHOE
M3MEHEHUE TEMIIEPATypPhl BBI3BIBAET 3HAUUTEIILHOE MEPEMEIICHUE PTYTH MO
Kamwuapy 2. JlimHa xanwuiipa (IIKajda TepMOMETpa) pacCuMTaHa Ha W3-
MEpEeHHE Pa3HOCTH TeMIiiepaTyp He Oosee matu rpaaycoB. llena aenenus
mkaiasl Tepmomerpa 0,01 rpanmyca.

ITepen paGotoii TepMOMETp [OJDKEH OBITh «yCTAaHOBJICH» TaKHM
oOpa3zoM, 4TOOBI TpU TEeMIepaTypax OMNbITa YPOBEHb PTYTH B KaMUIUIAPE
HaxXOAWJICSA B Mpeaenax MKanasl TepMoMmeTpa. st HacTpOWKH ero Imome-
IIAI0T B BOJAY C KOMHATHOW TeMmmeparypou. Eciau BbICHSETCS, 4TO Ypo-
BEHb PTYTH HaXOAWTHCS 3HAYUTEIBHO HIDKE AeneHus 1-2 rpan., Tepmo-
METp NEPEBOPAUYUBACTCS BEpXHEH YaCThIO BHU3.
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Pucynok 3.1 — M3otepmueckuit Pucynok 3.2 — MeTacraTudeckuit
KaJIOpHMCTP TepMoMeTp bekmana

JIErkuM MOCTYKMBAHHUEM IO TEPMOMETPY JOOHMBAIOTCS, YTOOBI PTYTh
nepeTexsa u3 O00JBIIOro pe3epByapa Mo Kanuuisipy B 3alIacHOM 3 U coenu-
HUJIACh C PTYThIO 3alacHoOro pesepByapa. OCTOPOXKHO, YTOOBI PE3KUM
TOJYKOM HE pa3opBaTh PTYTh B KalWUIAPE, NEPEBOPAYMBAIOT TEPMOMETP
B IPAaBWIBHOE IIOJIO)KEHHWE W  CHOBAa MOTPYXKAKOT €ro B  BOZLY,
MMEIOUIYI0  TEMIIEpaTypy MPEACTOSUIErO ONbITa. PTyTh noJpKHA mepere-
KaThb U3 BEPXHETrO pe3epByapa B HWXKHUN, OCHOBHOU. IIlkana BepxHero pe-
3epByapa 4 mpuOIM3UTENBHO MOKA3bIBACT HA KaKYI0 TEMIEpaTypy HacTpoO-
eH tepmoMmerp. [locime TOro, Kak MEHHUCK PTYTH B BEPXHEM pe3epByape
nepectaHeT mepeMeniarbes (depes 5-10 MuH.), JErKUM yaapoMm TepMoO-
METpa O PYKY pa3pbIBalOT CTOJOMK PTYTHU B MECTE COCAUHEHUS KAMILIspa C
pe3epByapoM. He3HauuTeNnbHO HAarpeBarOT HM>KHUM pe3epByap TEILUIOM Jia-
NOHU. B pe3ynprare HarpeBa B MECTE COEAMHEHUs KalWUIspa C BEPXHUM
pe3epByapoM MOSBILIETCA KameiabKa PTYTH; JETKUM IMOCTYKUBAHUEM TEP-
MOMETpa O PYKY CTPSAXHUBAIOT ATy KamneiabKy BHHU3. CHOBAa MOMEMIAIOT TEp-
MOMETpP B BOJY, UMCIOIIYI0 TEMIIEpaTypy OIbITA, U HAOIIOAAIOT 3a yCTa-
HOBKOW MeHHCKa pTyTu. [Ipm HEoOXoAMMOCTH omepanuu HACTPONKHU IIO-
BTOPSIOT, & UMEHHO, €CJIM YPOBEHb PTYTH OKAXETCS 3HAYUTEIBHO BBILIE JIE-
nenud 1-2 rpaa., TO 4acTh PTYTH M3 HUYKHErO pe3epByapa NEPEBOIAT B
BEpXHUU. JlJIs1 3TOrO HArpeBarOT HWKHUM pe3epByap JIaJOHbIO, IMOSBUBIIY-
I0CSl B MECTE COEAMHEHUWs BEPXHErO pe3epByapa C KaNWUIIPOM KallelbKy
CTPAXHMBAIOT BHU3 U T.I. ECIM PTyTh B KalMIUIAPE OKAXKETCS 3HAYUTEIBHO
HUKe naeneHudt 1-2 rpan., HACTPOUMKY TEpMOMETpa HAYMHAIOT C CaMOTO
HayaJa.
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C tepmomerpom bexkmana criemyeT oOpaliatbCs OYEHb OCTOPOIKHO.
HactpoeHHbIll TEpMOMETP HE TOKEH HAXOOUTHCA B FOPU30HTAIBHOM IIO-
JoxkeHuu. B mporiecce paboThl ClieUTh 3a TeM, YTOObI HE HAPYIIAIach €ro
HACTPOMKA.

Onpit 1. Onpeodenenue mennoémKocmu Kaaopumempuieckou
cucmembl.

TemmoéMKOCThIO KaJJOPUMETPUICCKON CHCTEMbI HAa3bIBACTCS KOJIHYE-
CTBO TEIJIOTHI, HEOOXOIMMOE JIJIsl HarpeBaHus e€ Ha OAWH rpaxyc. B mpu-
OMMKEHHBIX HM3MEPEHUSX €€ MOKHO BBIUYUCIIHTD, 3HAS, YTO TEIIIOEMKOCTh
BCEH CHCTEMBI CIIaraeTcsl U3 TeIIOEMKOCTH KAJTOPUMETPHICCKOU KUIAKOCTH
M CONPHUKACAIOIIMXCA C HEW YacTed KalopuMeTpa. Temno€MKOCTh KaXIou
JacTH KaJOpHUMEeTpa PaCCUYUTHIBAIOT, YMHOXKas €€ yICIbHYIO TEII0EMKOCTh
Ha Maccy C - m;, a termoémkocts cucteMbl C, = > Cj- m;. TemmoéMKoCTh
IOTPYXKEHHOM B pacTBOp HMKHEW 4dactu tepmomerpa bexkmana C, paccuu-
THIBAIOT WUCXOJI U3 TOTO, CTO PaBHBIE O0OBEMBI PTYTH W CTEKJIa 00JIaIaroT
IPUMEPHO OJUHAKOBOU TEIUIOEMKOCTBIO, paBHOM 1,92 I[}K/CME-FpaI[. O0BEM
NOTPY>KEHHON YacTH TEPMOMETPA OIPEACIISIOT MOTrPYKEHUEM TEPMOMETPA B
MEpPHBIN WIMHJP C BOJOW Ha Ty K€ TIyOuHY, 4TO U B Kanopumerpe. U3me-
HEHUE YPOBHSI BOJBI B IIWJIMHJPE PaBHO O0BEMY MOTPY>KEHHOW YacTH Tep-
MoMerpa. Eciii BO BHYTPEHHEM CTEKISIHHOM cTakaHe Haxomutest 100 o’
BOJIbI MJIM Pa30aBICHHOTO pacTBopa (yaeabHasl TEIUIOEMKOCTh BOJBI paBHA
4,184 ]x/r-rpan.), Macca CTakaHa, KOHTa4aIlero ¢ XHUIKOCThIO, paBHa 37 T
(yn. Terumoémkocth crekiaa paBHa 0,79 JDx/rrpam.), macca MeaHOW Me-
IIAJIKK, TOTPYKEHHON B JKHUAKOCTh, paBHa 15 r (ya. TermnoéMKocTh Meau
pasHa 0,389 JIx/r-rpaz.), 00bEM pe3epByapa TepMOMETpa, MOTPYKEHHOTO B
JKIIKOCTb, paBeH 4,2 cM®, TO TEIIOEMKOCTh CHCTEMBI PABHA:

C,=100 - 4,184 +37-0,79+15- 0,389 + 4,2 - 1,92 = 461,6 Jx/rpan.

OnbIT 2. Onpeodenenue uHmMeZPAIbHOU MENI0OMbL PACHEOPEHUA
0e3600n01 conu.

Bo BHyTpeHHHIT cTakaH KamopuMerpa HamuaorT 100 cM® QuCTHIIIH-
POBAHHOI BO/IbI, 3aKPHIBAIOT KPBIIIKOW, BCTABISIIOT TEPMOMETP M U3MeEpsi-
I0T TeMIepaTypy BOJIbI B KajopumeTpe ¢ TouHoctbio a0 0,05 rpan. 3arewm,
yepe3 OTBEPCTHE B KPBIIIKE MEPECHINAaoT TIIATETbHO H3MENbUEHHYIO
HaBECKy cynb(dara Meau B IUCTHLIUPOBAHHYIO BOJIY, MEPEMEIINBAIOT, a
OTBEPCTHE KPBIIIKKA 3aKPBIBAIOT MPOOKOM. BriouaroT cekyHioMmep U de-
pe3 KaKIyl0 MUHYTY CHUMAIOT MOKAa3aHUS TEPMOMETpA, JaHHbIE 3aHOCAT B
Ta0HILy:
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Bpewms, MuH.

[Tokazanuss  TepMo-
METpa, Tpaj.

W3MmepeHust 3akaHUMBAIOT TOCJIE YCTAaHOBHUBIIETrocs (1Mocie ObICTpO-
ro U3MEHEHMs) paBHOMEPHOTO Xoja Temmeparypbl. [lo gaHHBIM TaOIUIIBI

HA MHJUTUMETPOBOM Oymare cTposT rpaduK TeMmiepaTrypa — Bpems
(puc. 3.3.).
a) 6)
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Pucynok 3.3 — ['paduueckuii MeTo1 onpeeieHus K3AMEHEHUs TEMIIEPATyPhl
BO BpEMS KAJIOPUMETPUICCKOTO OTIBITA!
a — IK30TEPMUYECKOE PACTBOPEHHE; O — SHIOTEPMHUUECKOE PACTBOPEHUE

Bech kanmopuMeTpruiecKuil Ipouece ASIUTCA Ha TPU NEPUOAA:

1) mpenBapurenbHblil (4B);
2) rnaBHbBIN — nporecc pactBopenus conu (BD);
3) 3akmounTenbHbiin (DE).

[Tocne BHECeHUsI BCEX OMBITHBIX JAHHBIX MPU SK30TEPMHUECKOM pac-
TBOpeHuu nonyyaetcs kpuas ABDE (cm. puc. 3.3 a), a ipu sHAOTEpMHUE-
ckoM pacTtBopeHuu nonydarcs kpubas ABDE (cm. puc. 3.3 6). Bpems rnas-
HOTO TepuoJia HeoOXoauMO pazaenuth nomoiam (touka C). U3 Touku C Boc-
CTAHOBHUTH MEPHEHAUKYISP U MPOU3BECTH IKCTPAMOIALIUIO TPIMOIUHENHBIX
yuacTkoB AB u DE Ha 3toT nepnenaukyisap. Otpe3ok mexay Toukamu KF,
BBIPAXEHHBIN B rpajycax, €cTb usmMeHenue temnepatrypol (AT), BeI3BaHHOE
IIPOLIECCOM PACTBOPEHHS.

KonnuecTBO TEIIOTHI, BBIACIUBIICUCS MNpPU PACTBOPEHUM HABECKHU
cynbgara Meau paccUuThBalOT 1o (opmyne Ah, = C, - AT;, a MomspHYIO

TEIUIOTY PAacCTBOPEHHS] — IO YPAaBHEHUIO!

(AHm), = (Ah,/my) - M,
37




OnbIT 3. Onpedenenue meniomel pacmeopenus KpUcmainouopama.

. 3
Bo BHyTpeHHu#l crakan kanmopumerpa nomemaror 100 am™ muctui-
JUPOBAHHOM BOJIBI U TIOBTOPSIIOT MOCIIEAOBATENILHOCTh ONEpalnid, ONUCaH-
HYIO B OIBITE 2, TOJHKO BMECTO O€3BOJHOM COJIM B KHJIKOCTh BHYTPEHHETO

CTakaHa  KaJoOpUMeTpa  TMOMEIIAl0T  HABECKy  KPHCTAJUIOTHIpAaTa
CuSO,-5H,0. KonuuecTBo TEMIOTHl pacCUUTHIBAIOT IO (popmyie:

Ahz = CK * ATz,
a MOJISIPHYIO TEIUIOTY PaCTBOPEHHMS KPUCTAJIOTHIpaTa:

TernoBoii 3¢ dexr ruaparoodpazoBanust (AHm);, cormacHo 3aKoHY
I'ecca paccuuTeIBaeTCs Kak

(AHmM); = (AHm); — (AHm),.

[Ipu pacuére yuects, uto (AHmM), <0, a (AHm), >0

TEMA 4. CKOPOCTb XUMHUYECKHNX PEAKIIHTA.
XUMHNYECKOE PABHOBECHE
OCHOBHBIC OHATHA
1. Cxopocmb xumuueckoii peakyuu npsamvo nponopyuUOHAIbHA NPOU3-
8€0eHUI0 KOHYeHmpayuti peacupyroujux eeujecms (3aKOH JEUCTBYIOIIUX
Macc; beketos, ['ynpn0epr u Baare).
mA +nB =pC +qD (YpaBHEHHE XUMUYECKON PEAKIUN)
v=k-[A]"-[B]" (KHHETMYECKOE yPABHEHUE)
1) ona 2omozennoit peakyuu CKOPOCTh 3aBHUCHT OT KOHIIEHTPAIUH
BCEX PEarupyromnnux BEIIECTB:
Nz(r) + 3H2(r): 2NH3(F) v =k- [Nz] : [Hz]3
2) Ons 2emepoceHHOU peaKyuu B KAHETUICCKOM YPaBHEHUH 3aIHCHI-
BaIOT TOJIbKO KOHIIEHTPAIIMKM PEareHTOB-Ta30B:

CaO(T) + COQ(F) = CaCO3(T) v=Kk- [COZ]
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2. IMosviuenue memnepamypol na xaxcovie 10° yeenuuusaem cxopocme
peaxyuu ¢ 2—4 paza (npaBuio Banr-TI'odda)

t2 _tl

_ 10
Vo=V, -y

I U — CKOPOCTb PEaKLUH IIpU TeMieparype i ; U, — CKOPOCTb peakuuu
npu temneparype tp ; ¥ — reMnepaTypHblii KOOQGUIUEHT CKOPOCTH PEAKIIMH,
1T OOJBIIMHCTBA PEAKIIU JIeXKaluil B uHTepBasie 2 — 4.

3. Xumuueckoe pasmnosecue (cocmosinue, npu KoOmopom CKOpPOCHb
NPAMOU peaKyuu pasHa cKopocmu oo6pamHoll peakyuu, To €CTh

3H, + N, 2 2NH;3

OHa MOXeET MpOoTeKaTh KaK B CTOPOHY 0Opa30BaHMs aMMHUaka (IpsIMOM
MPOLIECC), TAK U B CTOPOHY PEAreéHTOB — MOJIEKYJSIPHOIO a30Ta U BOJOPOJA
(oOpatHbIif Tporiecc). 3HaK 0OPAaTUMOCTH PEAKIMU — CTPEJIKU C MPOTHUBOIIO-
JIOKHBIMHU HAIIPABIICHUSIMU: .

Bripasum i oOpatuMoro mnpoiiecca JIBe€ CKOpOCTH IpsiMOH (V) U 00-
paTHOM peakiuu (V ) IO 3aKOHY JAEWCTBYIOUIMX Macc:

v=v, =k[H,][N,] (4.2)

V=v,, =k[NH,] (4.2)

Koraa ckopoctu npsiMoil 1 0OpaTHOM peakluid CTAaHOBATCSI paBHBIMU,
HACTYIaeT XuMudeckoe paBHoBecue. KomOunupys ypasuenus 4.1, 4.2, mo-
JTYYUM:

_ [NH, ]’
[H.T'[N.]

DTO ypaBHEHHE OTBE€YAET KUHETUUYECKOMY YCIIOBHUIO PaBHOBECHUs. XU-
MHMYECKOE€ PABHOBECHE HA3bIBAIOT JUHAMHYECKUM. JTHM MOAYEPKUBACTCH,
YTO TPH PABHOBECHM IPOTEKAIOT KaK IMpsMasi, TaK U oOpaTHas peakiuu, HO
MX CKOPOCTH PaBHBI, & YCTAHABIIMBAETCS OHO C TCUCHUEM BPEMEHU.

K46y — KOHCTAHTA PABHOBECHS SABJIAECTCS KOJUYECTBEHHOM MEpOM, Xa-
PAKTEPU3YIOIIEH PEAKIMI0 B COCTOSIHUM XMUMHUYECKOTO PABHOBECHUS. 3aKOH
JNEUCTBYIOIIUX Macc JIsi 00paTUMOro mpoiiecca MOXHO chOpMYJIUPOBATh: 8
COCMOSIHUU XUMUYECKO20 PABHOBECUsl OMHOULEHUE NPOU3BEOeHUsI KOHYEH-
mpayuii NpoOyKmMos8 peakyuu K npousse0eHut0 KOHYeHmpayuil UCXOOHbIX Ge-
wecme ecmv GenUYUHA nocmosiHnas. Ilpu s3mom KOHYyeHmpayus Karircoo2o

pasn

k
"
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gewecmea bepemcs 8 CmeneHu €20 CmexuoMempuyecko2o Kodgguyuenma 6
VPasHeHuu peakyuu.

IIpouece KOrna v mp) = U (o5p.) XAPAKTEPUYET KOHCIMAHMA PAGHOGECU S
(KpaBH)'

Jns peakim: MA +nB < pC+ gD

_[CP-[DF
wo = [AT"-[BT"

4. Cmewgenue xumuueckozo pasnosecus — npunyun Jle-Illamenve:
eciu Ha cucmemy, HaxXoO0AWYI0cs 68 paeHOBECUU, OKA3AHO GHeulHee 8030eli-
cmeue (usmeHneHvl memnepamypa, oagienue, 000a6eHbl 8 CUCEMY UNU Bbl-
8e0eHbl U3 Heé HeKOmopble KOIU4ecmea eeuwecms, yiacmsyouux 8 pagHoge-
cuu), mo npoucxooum co8ue pagHoO8ecUs 8 HanpasileHuu, oc1abasauem 3mo
so30eticmsue.

B o6miem ciyyae HampaBiieHHE CMEIIEHUS PABHOBECHSI ONPEACIIIETCS
npuniunom Jle-lllatense: eciu na cucmemy, nHaxoosawyrocs 8 cOCMOSHUU
PABHOBeCUsl, OKA3bl6AMb GHeulHee 8030elicmalue, Mo pagHo8ecUe cMeujaemcs
8 MOM HANPAasieHuu, Komopoe ocaabisiem aghghexkm eHeune2o 8030etcmausl.

CwmenieHrne paBHOBECHUSI MOXKET OBITh BBI3BAHO:

— HW3MCHEHHUEM TeMIIEPATYPHI;

— W3MCEHEHHEM KOHIIEHTPAIIMH OJJHOTO M3 PEarcHTOB;

— UW3MEHEHUEM JIaBJICHHUS.

OcTaHOBUMCSI Ha BIIUSHUHM KaXIO0TO M3 3TUX (aKTOPOB HA COCTOSHUE
XUMHUYECKOTO paBHOBECHS OoJiee Mo IpoOHO.

N3menenue Ttemmnepatypsbl. [loBEIIICHHE TeMIlepaTypbl BBI3BIBACT
YBEMYCHHE KOHCTAHTBI CKOPOCTH HA0TepMudeckoro mporecca (AHr > 0 u
AU’ > 0) 1 yMeHbIIEHHE KOHCTAHTBI CKOPOCTH 9K30TEPMHUUYECKOTO POLIECca
(AH%: < 0 1 AU’ < 0), criesjoBaTeNnbHO, IPU MOBBIMICHAH TEMIIEPATYPHI PaB-
HOBECHE CMEIIACTCS B CTOPOHY MPOTEKAHUS SHIOTEPMUUYECKOW PEaKInu, a
Y MIOHWKEHUU TEMIIEPATYPhI — IK30TEPMUUYECKON PEaKIUu.

Hanpumep:

Nz(r) + 3H2(r) s 2NH3(F) AHOT = —92,4 KI[)K,

T. €. PAMOMN MPOLECC IK3OTEPMUUECKUM, CICTOBATEIBHO, IPU YBEIMYECHUN
TEeMIIepaTyphbl PABHOBECHE CMECTHUTCS BJIEBO (B CTOPOHY MPOTEKAaHUS 00pat-
HOM peakiiyn).

N3meHenne xkoHueHTpauuu. [Ipy yBennueHnn KOHUEHTPALIMU KAKO-
ro-mu00 W3 BEIIECTB PAaBHOBECHE CMEIIAETCS B CTOPOHY pacxoja ATOro Be-
IIIECTBA, @ YMEHBIIICHHE KOHIIEHTPAIIMM KaKOTO-JIMOO0 BEIIeCTBAa CMEIIAeT
paBHOBECHE B CTOPOHY €r0 00pa30BaHMs.
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Hampuwmep, nna peakuun 2HCl,y S Hy + Clypy yBennuenune xonmes-
TpalMU XJIOPOBOJOPO/A HPUBOJUT K CMEILEHHIO PAaBHOBECHS BIIPABO (B CTO-
POHY IPOTEKaHHs NPAMON peakluu). DTOT )Ke PE3YNbTaT MOKHO MOIYyYHUTh
TIPU YMEHbIIEHUH KOHIEHTPAIMU BOAOPO/Ia UK XJI0Pa.

H3meHenue napjeHusi. Eciu B peakiuy y4acTByeT HECKOJIBKO Ia3o-
00pa3HbIX BEILECTB, TO NPH MOBBIIICHUH [JABICHUsS] PABHOBECHUE CMEILAETCS B
CTOPOHY 00pa30BaHus MEHbIIET0 KOJIUUECTBA MOJIEH ra3000pa3HbIX BEIIECTB
B I'a30BOH cMecU U, COOTBETCTBEHHO, B CTOPOHY YMEHBIICHHs JaBICHUS B
cucreme. HaoOopoT, mpu NMOHMKEHUM JaBIEHUs PaBHOBECHE CMELIAETCS B
CTOpPOHY 00pa30oBaHMsi OOJIBIIEr0 KOJMYECTBA MOJEH TIa3a, 4TO BBI3BIBACT
yBEJIMUEHUE JaBJICHUS B CUCTEME.

N2(r) + 3H2(r) s 2NH3(F).

1 mosb + 3 Moib S 2 mMonb

[Ipy yBenuyeHUM JABIEHUS B CHCTEME PaBHOBECHE ITAHHOW pEaKIMu
CMENIAeTCs BIIPaBO (B CTOPOHY MPOTEKAHUS MPSIMOM PEAKIINM ).

Ecnu 6 npamou u obpammoti peakyusx yuacmeyem 0OUHAKO80€e KOau-
yecmeo Moell 2a3000pa3HbIX gewecms, mo usmMeHeHue 0asieHus He Gbl3blea-
em cmeweHus XUMU4ecko20 pagHOGeCUs.

Karanu3zatop Ha cMellleHne paBHOBECHs BIMSHUS HE OKa3bIBaeT, OH
TOJIBKO YCKOPSIET HACTYIJIEHNE XUMUYECKOTO PABHOBECHSI.

Ipumepsi
IIpumep 1. Hanummre BbIpa)keHUs1 3aKOHA IEUCTBUAS MACC JIJIS1 PEaKLIHiA:
a) 2NO() + Clyr) = 2NOCl(v);
6) CaCOz(xp) = CaOp) + CO, ().

Penienue:

a) v =k [NOJ[CL,].

0) Ilockonbky KapOOHAT KaJIBIIHSI — TBEP/IOE BEIIECTBO, KOHIICHTPAIUS
KOTOPOTO HE HM3MEHSIETCS B XOJE PEaKIMh, MCKOMOE BBIpaKeHHE OyIeT
UMETh BHI: U = K, T. €. B IJaHHOM CJIy4ae CKOPOCTh PEaKIUH MPH ONpPeIeICH-
HOU TEMIIEpaType MOCTOSIHHA.

IIpumep 2. Bo ckoibKO pa3 yBEIMUUTCS CKOPOCTH TOMOTEHHOM peak-
uuu 2A + B = A,B nipu yBenuyeHuu naBiieHus B 2 pasza’?

Pemienue:

Ilo 3axoHy meiictByromux Macc v1 = K - [A]* [B]

[Ipu yBenuueHuu JaBiieHHs B 2 pa3a KOHIIEHTpaiuu BemiectB A u B
TaK)Xe YBEJIMYMBAETCS B 2 pas3a, MO3TOMY CKOPOCTh PEaKIIUU:
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v, =k (2[A])*- 2[B] =8 - k - [A]*- [B]
v/ v =8 k- [A] [B]/ k- [A]- [B] =8 pa3

IMpumep 3. Kak u3MeHUTCS CKOPOCTh PEAKIUU MPHU YBEITUYCHUN TEM-

neparypsl ¢ 15 g0 40 rpaaycoB, eciu TemnepaTypHbIi K03(QGUIIMEHT paBeH
2,67

Pemenue:
t, -t v, tzl—otl
v,=v,y =7
U,
40-15
v, 25

=26 ' -2 10=26"=+(2,6°=118,8=10,9

IIpumep 4. B cucreme Ar) + 2Br) <> C(r) paBHOBECHbBIE KOHIIEHTpa-
uu paBHbl (Moas/mvY): [A] = 0,6; [B] = 1,2; [C] = 2,16.

Onpenenurte KOHCTAaHTY PABHOBECHS PEAKLIHMM M HCXOJHBIE KOHIICH-
Tpauuu Beuects A u B.

Pemenue: koHcTaHTa PaBHOBCCHA ATOM PCAKIUHU BBIPAXKACTCA YPABHC-
HUCM.

K=[C]/[A]- [B]"
[ToncraBmsas B HETO NaHHBIE U3 YCIOBUS 3a7a4i, IIOJIyYaeM:
K=216/0,6-1,22=25.

JIns HaxoXKIEeHUs MCXOAHBIX KOHIIEHTpalui BemecTB A u B yurewm,
YTO, COTJIACHO YPaBHEHUIO peakiuu, u3 1 Mo BemecTtBa A U 2 MoJieil Be-
miectBa B o6paszyercs 1 monb BemectBa C. [IockobKy MO yCIOBHIO 33]1a4H B
KaXKIOM IM° CHCTeMbl 0OpasoBamochk 2,16 moms BemectBa C, TO mPH 3TOM
ObUTO M3pacxoaoBaHo 2,16 mons BemectBa A u 2,16 - 2 = 4,32 mouns Bere-
ctBa B. Takum 006pa3oM, HCKOMBIE UCXO/IHbIE KOHLIEHTPALUU PABHBbIL:

[Alucx. = 0,6 + 2,16 = 2,76 Mous/om™
[Bluex. = 1,2 + 4,32 = 5,52 Moms/am’.

IIpumep 5. Kak OyaeT BIMATH YBEJIMUCHHUE TEMIEpaTyphl U JaBJICHUS
Ha COCTOSIHME PABHOBECHS B CIIEAYIOIINUX PEAKIMIX:

a) 2C0O, <> 2CO + 0, - Q;

6) CO + Hzo(r) > C02 + H2 + Q’?
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Kak M3MEHMTCS YMCIEHHOE 3HAYEHUE KOHCTAHTHl PABHOBECHS PEAKLIUU
«2» IIPY YBEJIMYEHUU TEMIIEPATyphI?

Pemienue:

a) B ypaBHEHHU OOpaTMMOHN peaklHUHU NPUHATO YKa3blBaTh TEIUIOBOM
¢ ekt s IpsAMON peakluu, B JaHHOM cllydae IpsiMasl peakuus SHAO0TEp-
MHUYECKass U HAarpeBaHue B COOTBETCTBHU ¢ IpuHuunom Jle-IllaTense cmo-
COOCTBYET MPSAMOIN PEaKIH, PaBHOBECUE CMECTUTCSI B CTOPOHY MPOAYKTOB
peakuuu. [IoBbIlIEeHHE TEMIIEPATYPBI CMELIAET PABHOBECUE B 3TOU CUCTEME B
CTOPOHY NPSAMOU PEAKLINH, CIEN0BATENBHO, YACICHHOE 3HAYCHUE KOHCTAHTBI
PABHOBECHS YBEINUUTCS.

B xoze npsamoi peakiy yBEIUIUBAECTCS YUCIO MOJIEKYJ I'a3a, [I03TOMY
YBEJIMYECHHUE JAaBJICHHUS CIOCOOCTBYET OOpAaTHOM peaklUWH, U PaBHOBECHE B
cootBeTCcTBUM ¢ npuHUUIOM Jle-IllaTense cMemaercs B CTOPOHY MCXOIHBIX
BEILIECTB;

0) B JaHHOM clly4yae mpsiMasi peakiusi 9K30TepMUuUecKasi, H03TOMY IpU
HarpeBaHUM PAaBHOBECHE B COOTBETCTBUM C IpuHUHUINOM Jle-lllarenbe cme-
CTUTCSI B CTOPOHY OOpaTHOH peakiuu. /laBieHune He BIMSAET Ha IMOJIOKEHUE
paBHOBECHS, T. K. B XOJI€ PEAKLIMU YHUCIIO MOJIEKYJI F'a3a HE U3MEHAETCS.

3aoanusa npeodnadopamopHozo KOHmMpPOJiA

3aganue 1. Hanmmmre BeIpaskeHHe U1 CKOPOCTH MPSMOM PEAKIIMN:

a) 2A() + B <> A,B();

0) Nom) + 3Hy(r) <> 2NH3m);

B) COy(r) + C(xp) <> 2CO(r);

1) Fe3O04(xp) + 4CO) <> 3Fep) + 4COym).

Kak u3MeHsaTCs CKOpOCTH MPpSIMBIX peakiuii (a) u (0) mpu yBeIMUEeHUU
KOHIIEHTpAIIMU UCXOIHBIX BEIIECTB B JIBa pa3a?

3ananme 2. Yemy paBHA CKOPOCTHh OOPATHOM PEAKITUU:

COw + H00) <> COr) + Ha),

eciu koHneHTpanuu [CO,] = 0,30 MOJIB/JIM [H,] = 0,02 MoJb/mM; K = 1?2
3ananue 3. Kak n3MeHHTCS CKOPOCTh IPSIMOM PEAKLIMU:

2C0O@) + Oy1r) « 2CO,5 (),

€CJIM YBEJIUYUTH JABJIEHUE CUCTEMBI B TPU pasza’?
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3aganue 4. Boruncnute TemnepaTypHblii KO3QPHUIIMEHT CKOPOCTH He-
KOTOPBIX PEAKIIMM, €CIU MPU MOBBIIIEHUH TEMIEPATYPBbI:

a) ot 283 110 323 K ckopocTh peakiuu yBeJauuuiach B 16 pas;

0) ot 323 10 373 K ckopocTh peakiuu yBeauduiack B 1200 pas.

3amanue 5. [Ipu yBenuueHuu Temieparypbl peakiuuu Ha 60 °C cko-
pOCTh peakiuu Bo3pocia B 64 paza. Onpenenure TeMiepaTypHbiii korhdu-
IeHT ().

3aganme 6. Bo CKOJIBKO pa3 yBEIMYHUTCS CKOPOCTh XMMUYECKOM peak-
man  H, + |, <> 2HI nipn noBsimennn temmeparypsi ot 20 go 170 °C, ecin
OBLJIO YCTAHOBJIEHO, YTO TPHU MOBBIIICHUH TEMIIEPATYphl Ha Kaxable 25 rpa-
IyCOB CKOPOCTh PEaKIMU yBeJINYuBaeTcs B 3 pa3a’?

3amanue 7. B HauaIbHBIM MOMEHT IPOTEKAHUSI PEAKIIUHN:

COw) + H,0(r) <> COsr) + Hym)

KOHIGHTpALK: Obu paBHbl (Monmb/am’): [CO] = 0,30; [H,O] = 0,40;
[CO,] = 0,40; [H,] = 0,05. Beruncnure KOHIEHTPALUN BCEX BEIIECTB B MO-
MEHT, Kora mpopearupyeT 50 % BOJIBI.

3aganue 8. HaiiguTe KOHCTAHTY PaBHOBECHS TSI PCAKIIUU:

A® * B < Ci + Do),
€CIIM HCXOJHBIC KOHIIGHTpPAlMU BemecTB A u B ObUtM paBHBI 10
0,8 MOTB/IM°, @ paBHOBeCHas KOHICHTpamus BemecTBa C  paBHa

0,6 MoIB/IM’.
3ananue 9. KoncranTta paBHOBECHUS peaKLIMU:

FeOp) + COr) <> Fewp) + COx)

Ipu HEKOTOpoH Temrmiepatype paBHa 0,5. Halimure paBHOBECHBIE KOHILIEHTpa-
i CO u CO,, eciid Ha4YabHbIC KOHIIEHTPAIIMUA 3TUX BEILIECTB COCTABIISIIN
(moms/am’): [CO] = 0,05; [CO,] = 0,01.
3amanue 10. Kak noBiusieT NOHMKEHUE TEMIIEPATYPhI U JABJICHUS HA

paBHOBECHE CIEAYIONTUX TOMOTEHHBIX PEeaKINA:

a) 30, < 203, AH® = +184,6 xJx;

6) 2CO + O, «> 2CO,, AH® = —566,0 k/Tx;

B) N, + 3H, <> 2NHj, AH® = -92,4 xJIx;

r) 250, + O, <> 2S03, AH® = —196,6 kJ[x;

1) 4HCI + O, <> 2H,0 + 2Cl,, AH® = —114,5 kJ]x?
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Jlabopamopnas paboma « CKopocmos Xumuueckux peakuyuil.
Xumuueckoe pasgnogecuey

Llenp paboOThI: M3YyYUTHh 3aBUCHMOCTHh CKOPOCTH DPEAKIMA OT pasinud-
HBIX (paKTOPOB.

OnbiT 1. Baruanue Konyenmpayuu peazupyrouiux 6euiecme Ha cKo-
pocmob peakyuu 6 20M02eHHOU cucmeme. Bzaumooeiicmeue muocynopama
Hampua ¢ CepHOUl KUCIOMOU.

BeimostHenne omnbita. Peaknus THocynbhara HaTpUs ¢ CEPHOUM KUCIIO-
TOM IIPOTEKAET 110 YPABHEHHUIO:

Na,S,0; + H,50, - Na,S0, + SO, + S + H,0

[IpenBapuTenbHO TpojieNialiTe KaueCTBEHHBIN OMBIT, JJISI Yero B IPO-
OupKy BHecute 2 oM’ 0,15M Na,S;,0; u 2 oM’ 0,51 H,SO,. Habaronaiite
NosIBJICHHE C1abo OmajecleHIIMN U JajdbHelIee MOMyTHEHHE pacTBOpa OT
BBITIABIIIEH B 0CaJ 0K CBOOOIHOM CEPHI.

Jlst IpOBEACHUS OTBITA MIPUTOTOBLTE B TPEX MPOOMPKAX PaBHBIE 00b-
€MBI PaCTBOPOB THOCYJb(aTa HATPHUS PA3TUIHON KOHIIEHTpAINH, 100aBUB B
JIBE TIPOOMPKHU BOAY, KaK YKa3aHO B TaOJIHIIC.

Ne O06béM N O06béM YeiosHas Bpewms Ckopoctb
O06Bém KOHLEHTpalusl | TEUECHUs
Ipo- | pacTBOpa s | H0.003 pacTtBopa s | pacteopa peaKi peakuuu
OBI Na,S,03, cMm H5S0Oq4, cMm Na,S,05 c l/t, y. €.
1 1 2 1 C
2 2 1 1 2C
3 3 — 1 3C

ITociie T0GaBICHHS MOOYEPETHO B KAXKAYIO U3 TPEX Mpobupok 1mo 1 ev®

cepH0171 KHUCJIOTBI, OTMCTBHTC 110 CCKYHIOMCPY BpEMSA OT MOMCHTA I[O6aBJ'IeHI/IH
KHCJIOTBI 1O IIOMYTHCHUA paCcTBOpA.

3anuch IAHHBIX OMbITA. /[[aHHBIC OMBITA 3aHECUTE B TAOIUILY.

HauepTtute rpaduk 3aBUCUMOCTHA CKOPOCTH PEAKITUU OT KOHIICHTPALIUH
tuocynbdara Hatpus. st 3Toro Ha ocu abCIUCC OTIIOKUTE OTHOCUTEIILHBIE
KOHIICHTPAIlMU THOCYJb(aTa HATpUs, a HA OCH OPJAMHAT — OTBEYAIOIIUE UM
CKOPOCTH (B YCJIOBHBIX €IUHUIIAX).

3anumuTe BbIpaKEHUE 3aKOHA JACHCTBUSI MacC JUIsl UCCIEAYEeMOU pe-
aKIMU U ClIeJIaliTe BBIBOJl O 3aBUCHUMOCTH CKOPOCTH PEAKIIMU OT KOHIIEHTpa-
MU PEarupyronux BEIIECTB.
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OnbIT 2. Biusnue memnepamypvl Ha CKOPOCHIb XUMUUECKOU Peakyul.

BeinonHenue onbita. [TpoBeaure peakuuio B3anMOJIEHCTBUS TUOCYIIb-
¢daTa HATPUSI C CEPHOM KUCIOTOM MpU TPEX Pa3IMYHBIX TEMIIEpaTypax:
1) mpu KOMHATHOM TeMmeparype;
2) npu Temneparype Ha 10 °C BbIIIIE KOMHATHOIA;
3) npu Temneparype Ha 20 °C BbILIE KOMHATHOIA.
JI1st 3TOr0 HE0OXOIMMO B35Th LIECTh MPOOUPOK: B NEPBBIE TPU HAIUTH
o 2 cm® pactBopa Na,S,03, a Bo Bropsie Tpu — 110 2 cM° pactBopa H,SO, 1
pa3feNnuTh UX Ha TPHU Mapbl TakK, YTOOBI B KaXKJI0M mape Oblaa mpoOupka c
THOCYIb(PATOM HATPUS U CEPHOM KUCIOTOM.
CrneliTe BMecTe pacTBOPBI IEPBOM Mapbl IPOOUPOK U MO CEKYHAOMEPY
OTMETHTE BPEMSI OT MOMEHTA CIIMBAHUS JO MOMEHTA MOSIBJICHUS MYTH.
Bropyto mapy npoOupok MOMECTUTE B XMMHMUYECKUN CTakaH C BOJOM,
NOAOTPETON 10 TemmnepaTypsl Ha 10 °C BbIIIe KOMHATHOIL. UYepes 5 MuHyT
COJIEP’KUMOE MPOOUPOK CIIEHTE BMECTE U OTMETHTE BPEMSI MOSIBICHUS MYTH.
AHaJIOTUYHO TIPOBEIUTE OMBIT C TPEThEH Mapoil MPOOUPOK MPHU TEM-
nepatype Ha 20 °C BbILIIE KOMHATHOIA.

3anuce JaHHBIX OIIbITA. HaHHBIG OIIbITAa 3aHCCTH B Ta6JII/ILIy.

O06béM O0béM Bpews CxopocTb
Temnepatypa | TedeHHs
1po6I pacTBopa ; paCTBopa3 oruita. °C peasm peaxknuu
Na28203, cM HZSO4, CM ’ c i 1/t, y. €.
2 2
2 2
2 2

PaccuuTaiiTe 3HaUeHne TemmeparypHoro koshduimenTa ajis u3ydeH-
HOM pEaKLNH.

Kakue 3HaueHuss NpUHUMAET TEMIIEPATypHbIH KOIPOUIIMEHT IJis
OOJBIITMHCTBA PEAKITUIA?

Crenaiite BBIBOJ O 3aBUCHMOCTH CKOPOCTH XMMHUYECKON peakluuud OT
TEMIIEPaTypHI.

Onbit 3. Bauanue Konuenmpauuu eeuiecme Ha COCmosiHue paeHo-
eecus.

BblmosHeHne ombita. B HeGonmbIIoi Konbe cMermaiite mo 10 cm® pas-
OaBieHHbIX pacTBopoB xJyopuna xene3a(lll) u poganuna kamus. Ilomyyen-
HBI PAacTBOP Pa3IHUTh B YEThIpe MPOOUPKHU, HaxoasAMecs B mraruse. OaHy
NPOOMPKY COXPAaHUTh B KaUe€CTBE KOHTPOJIBHOU Il CPaBHEHUS PE3YJIbTaTOB
onbITa. B o0y U3 npoOupok 100aBbTe HACKHILIEHHBIH PACTBOP XJIOPUJA Ke-

46



7e3a, B IPYTyI0 — KPUCTAIIIBI POJAHUIA KaJIHsl, B TPEThIO — KPUCTAIUIBI XJIO-
puaa kanus. Pa3memaiite pacTBOpEI BO BCEX MPOOUPKAX U OTMETHTE H3MEHE-
HUE MHTEHCUBHOCTH OKPAaCKH B KaXJOM ciydac (CpaBHHTE C pacTBOPOM B
KOHTPOJIbHOM MPOOHPKE).

3anuce JIAHHBIX onbITa. B PacTBOPC IPOTCKACT 06paTI/IMaSI pCaKkuuA:

FeCl, + 3 KCNS 5 Fe(CNS); + 3 KCl.

3anummTe cBoM HAOMIOACHUS B (hOpME TAOHITHI.

N3menenue nareHcuBHOoCTH | Hampasnenue cMmeneHus
Homep | JloGaBnenHoe

OKpacku paBHOBECHS
OPOOUPKU |  BELIECTBO
(ociabneHue, yCUJICHUE) (—, <)
1
2
3

Ponanun »xene3a mpuaacT pacTBOpy KpacHyro okpacky. Ilo umsmene-
HUIO UHTEHCUBHOCTH OKPACKH MOKHO CYJUTh 00 U3MEHEHUHM KOHUEHTpPaluu
pOJlaHU/1A JKeJe3a, T. €. O CMEILEHUU PABHOBECUS B CTOPOHY MPSMOM Win 00-
PaTHOM peakIuu.

Hanummre BbhIpakeHHE KOHCTaHThl PABHOBECHUS JAHHOM pEakUuu 4e-
pe3 KOHCTaHThl CKOPOCTH MPSIMOM M OOpAaTHOM peaKkIuu U Yepe3 paBHOBEC-
HbI€ KOHLIEHTPALIMU IPOTYKTOB U UCXOIHBIX BEIIECTB.

3aBHUCHT JIM YUCIIEHHOE 3HAYEHUE KOHCTAHTBI PABHOBECUS OT KOHILIECH-
TpalMK PEArupyromnnx BEmecTB?

B kakom HarpaBlieHUM CMEILAETCS PaBHOBECHE MpHU 100aBICHUM HC-
XOJHBIX BEIECTB M MPOAYKTOB peakiuu? Chopmynupyiite npuHumn Jle-
[Tarense.

CrenaiiTe BBIBOJ O BJIMSIHUM KOHIIEHTPAaLlMA PEArvpyrolIuX BEILECTB
Ha CMEILEHUE XUMUYECKOIO PaBHOBECHS.

TEMA 5. PACTBOPBI HEQJIEKTPOJIUTOB

PacTBOpBI — TOMOT€HHBIE CUCTEMBI IEPEMEHHOTO COCTaBa, COCTOSIINE
U3 JIBYX WK 00Jiee KOMIIOHEHTOB.

[Ipocreiimie cocTaBHBIE YaCTH PaCTBOPOB (KOMIIOHEHTHI) OOBIYHO MO-
T'YT OBITh BBIJICTICHBI B UUCTOM BHUJIC; UX CMEIICHHEM MOKHO BHOBb MOTYYUTh
pacTBOp J1I000TO TOMYCTUMOTO COCTaBa.

Krnaccudukaius pacTBOpoB OCHOBaHA Ha Pa3IMYHBIX MpHU3HaKax. B
3aBUCHUMOCTH OT pa3Mepa PacTBOPEHHBIX YacTHI] (CTENIEHU JUCTIEPCHOCTH),
WX JENSAT Ha UCTUHHBIC, KOJUIOUIHBIE U B3BECU. B 3aBUCHUMOCTH OT KOHIIEH-
TpalKu PaCTBOPEHHOIO BEIIECTBA PACTBOPHI JIEIAT HA KOHUECHTPUPOBAHHbBIC
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U pa3baBiieHHbIe. B 3aBUCHMOCTH OT XapakTepa pacTBOPUTEINS pacTBOPHI ObI-
BalOT BOJIHbIE M HEBOJHBIE. B 3aBUCHUMOCTH OT arperaTHOro COCTOSIHUS pac-
TBOPBI MOTYT OBITh Ta3000pa3HbIE, JKUJIKUE, TBEP/IbIC.
CocraB pacTBOpa BhIPAXKAIOT KOHIIEHTPAIIMEH PAaCTBOPEHHBIX BEIIECTB.
Maccosan 0ona (@) v TPOILEHTHAS KOHICHTPALUS — OMHOULeHUE
Maccwl pacmeopeéHHO20 ewecmaead K Macce pacmeopa:

m,_ mg_
=264 W w=—81582 . 100%

Mp-pa Mp-pa

JlJis BBIYHCIIEHUST MacChl pacTBOpa (B 3aBUCHMOCTH OT yCIIOBHH 3aja-
9H) MPUMEHSIOT (POPMYIIbIL:

mp-pa = m(G-Ga) + m(pacmeopumeﬂﬂ) u m(p-pa) = V(p-pa) -p

MaccoByro 10110 pacTBOPEHHOTO BEIECTBA Wg) (ycTapeBlIee Ha3Ba-
HUE — MNPOLICHTHAs KOHIICHTpAIUsi) OOBIYHO BBIPAKAIOT B JOJAX €IUHUIIBI
WJIU B MPOIEHTAX.

Hanpumep, maccoBasi 10yisl pacTBOPEHHOTO BEIIECTBA — XJIOpUAA
Kanblus B Boje paBHa 0,06 uiau 6 %. D10 o3Havaet, uto B pactBope CaCl,
maccoi 100 r comepkutTcs XJIopua Kaiablysg Maccoil 6 © u Boga maccoi 94 r.

3amuce ®(NaCl) = 10 % o3nagaer, yto B 100 T pacTBOpa COACPKHUTCS
10 r comu NacCl.

Monsapnas xonuyenmpayusn (Cy) — omHoweHue xoauuecmea eeuje-
cmea K 00vémy pacmeopa:

n  m-1000
M -V

C,., =

(p)

rje M — Macca pacTBOPEHHOTO BeliecTBa, T; M — MolspHas macca pacTBO-
PEHHOTO BEIEeCTBa, I/MoIb; V — 00BEM pacTBopa, M,

Hanpumep, pactBop kapGonata Hatpusi ¢ Cy(Nay,CO3)=0,1 Moms/mm°
o0o3HayaroT Tak ke, kak 0,1M Na,CO3

3amce Cy(H,SO4) = 0,1 MOJIB/IM® WK 0,1M pactBop H,SO,4 o3naua-
er, uto B 1 qM° pactBopa comepxkutcs 0,1 MO GE3BOIHOM CePHOIT KHCTOTHL.

Monapnasa Konuenmpayus IKEUBATEHMA UTU HOPMAIbHAA KOH-
yenmpayusa (Cn) — omunoulenue KOIU4eCmseda IKEUBAIEHMO8 OAHHO20 Geuje-
cmea k 06émy pacmeopa. OHa TAaKKe BBIPAKACTCS B MOIb/OM’.

~ m-1000
m .V
9

H
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r7ie M — mMacca paCTBOPEHHOTO BELIECTBA, I'; M, — SKBUBAJIEHTHAs] Macca Be-
IeCTBa, I/MOJb; V — 00bEM pacTBOpa, oM.

JIist 3amUcU KOHIIEHTPAIMM TaKUX PACTBOPOB HMCHOJB3YIOT COKpare-
aust «i» win «Ny». HampuMep, pactsop, cogeprxatuii 0,1 Moib/M°, HasbI-
BaIOT JICLMHOPMAJIbHBIM U 3aMHUCHIBAIOT Kak 0, 1H.

Monanvnas konyenmpauus (Cy,) svlpaxcaemcst KOIu4ecmeom MoJell
pacmeopénnozo eewecmsa 6 1000 e pacmeopumernsi.

Me — 6a - 1000

Ms - 6a - Mpacmeopumens

Cm=

EnunHuia MoJsibHOCTH — MOJIB/KT.
Monsnas 0onn N(X) — omuowenue uucia moaei OAHHO20 KOMNOHEH-
ma K oowemy yuciy moaeti cex KOMNOHEeHMOo8 8 cucmeme.

nl
le—, N2:—1
nl+n2 nl+n2

n,

rac Nl — MOJIbHAaA O0JI1 PaCTBOPUTCIIA, N2 — MOJIbHAaA O0JI1 paCTBOPCHHOI'O
BCIICCTBA, N; — KOJMYECTBO BCIICCTBA PACTBOPHUTEIA, Ny — KOJIHUYECTBO pac-
TBOPCHHOI'O BCUICCTBA.

N1+N2:l

Hesnexmponaumamu Ha3bIBalOTCA BELIECTBA, PACTBOPBI KOTOPBIX HE
MIPOBOAAT IEKTPUUYECKHUMN TOK. HEanekTponuTsl — 3TO BEMIECTBA C HEMOJISAP-
HOM WJIM MaJIONOJIIPHON KOBAJEHTHOM CBA3BIO, B PACTBOPAX OHHU HAXOIATCA
B BHUJIC MOJICKYL.

B 1887 r. ¢panuysckuii yuenoli xumuk ®pancya Payrs ycmaHosun
| 3akon: omnocumenvroe nonudicenHue 0asieHus HacklWeHHO20 napa pacmeo-
pumers Hao pacmeopoM pagHO MOIbHOU 00Je PACHEOPEHHO20 BEUeCmEa.

Mamemamuueckas 3anucs | 3axona Payna:

rae N, — MoJbHast 107151 PAaCTBOPEHHOT'O BEIECTBA.
BoIpazuB MoJIbHYIO J10J1I0 pacTBOpeHHOro BemectBa N, uepe3 coot-
nomenne N =1—N_, moacraBuM JaHHOE PaBEHCTBO B BhIpaxkeHue | 3akoHa

Payisi, BBITOTHUB HEOOXOIMMEBIE MPeoOpa3oBaHus, MOJYYUM BTOPOW BapH-
anT 3anucu | 3akona Pays:

P=P,-N,
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rae N; — MonbHas 107151 pacTBOPUTENSL.

T. e. maBjIeHUE HACBHIIIEHHOIO Tapa HaJl paCTBOPOM PABHO €ro JaBiie-
HUIO HaJ[ YUCTBIM PACTBOPUTEJIEM, YMHOXEHHOMY Ha MOJIBHYIO JIOJIKO pac-
TBOPHUTEJIS.

Kunenue u 3amep3anue pacTBOPoB Hed1eKTPouTOoB. || 3akon Payiis.

CnencTBreM MOHUYKEHUS TaBJICHUSI HACHIIIIEHHOTO Mapa pacTBOPUTEIIA
HaJl paCTBOPOM Oy/IeT:

— TMOHWKEHUE TEMIIEPATYPbl 3aMEP3aHUA PACTBOPA;
— TMOBBILIEHUE TEMIIEPATYPHI KUIIEHHUS PACTBOPA.

At = (tKI/IH,p-pa — tmn_p-m) — NOBBILICHUE TEMIIEPATYpPbl KUIIEHUS pac-
TBOPA I10 CPABHEHUIO C TEMIIEPATYPOU KUIICHUS paCTBOPUTEIIS.

Aty = (tganp_mI — t3aM_p_pa) — MOHWXKEHUE TEMIEPATyphbl 3aMeEp3aHusd
(KpucTaIM3aIuy) pacTBOpa MO CPaBHEHUIO C TEMIIEPATypoOM 3aMep3aHus
pacTBOpUTEIIS.

3aBUCUMOCTD Aty 1 At,,, OT KOHIIEHTpALIMK PACTBOPOB OMPEACIACTCS
BTOPbIM 3aKOHOM Payusi: nosviuenue memnepamypol kunenus u noHudice-
HUe memnepamypuvl 3aMep3aHusi pacmeopos NPoONnOPYUOHATIbHBL MOJSIbHOU
KOHYeHmpayuu pacmeopeHno2o geujecmada, T. €.

At = E - Cp,
AtsaM: K °Cm )

rae E — koapduimenT nponopiroHaasHOCTH, Ha3bIBAEMBbIN 30YILTHOCKOIH-
YECKOM MOCTOSIHHOM pacTBoputelst; K — kpuockonmyeckas mocTostHHasl pac-
tBOpUTENs; Cp — MOJSJbHAS KOHUEHTpAILMs PACTBOPEHHOTO BEILIECTBA,
MOJIB/KT.

Ocmomuueckoe oasnenue (P,.) — mepa cunvi, npuxoosweics Ha
eOUHUYy NaowWaou NOBEPXHOCMU U 3ACMAGIAIOWEU NPOHUKAMb MOJIEK) bl
pacmeopumersi yepe3 NOAYNPOHUYAEeMyI0 nepe2opooKy uiu, IPyTUMH CI0Ba-
MU, OdsleHue, KOMOpoe HYHCHO NPUTONCUMb K pAcmeopy, 4mobbl 0CMOC
npexpamuncsi. OCMOTHYECKOE JABJIEHUE B PACTBOPE HE CYILECTBYET, OHO
MPOSIBJISIETCS TOJIBKO TOT/A, KOT/IA PACTBOP OTIEIEH OT PACTBOPUTEINS MOTY-
MPOHUIIAEMO MEMOPaHOM.

Ocmotnueckoe naBneHue P, 3aBHCUT OT TemIepaTypsl pacTBOpa U
€ro KOHIEHTPALUKU U HE 3aBUCUT OT MIPUPOJIbI PACTBOPUTENS U pACTBOPEHHO-
ro BemectBa. B 1886 r. rommannckuii xumuk Bant-I'odd mokazam, uto drs
Pa3dasieHHbIX pacmeopos HedNIeKMpOoIUmo8 3a8UCUMOCb OCMOMUYECKO20
0aslieHusi Om memnepamypvl U KOHYEHMPAYUU 8blparicaemcs ypaeHeHuem
(3axon Baum-T'oghgha):

P ocm C1M RT,

rae P,., — ocMoTHYecKoe AaBiieHue pactBopa, klla; Cy, — MoJisipHasi KOHIIEH-
Tpalusi paCTBOPEHHOTO HERJIEKTPOJIUTA, MOJ'IB/)IM3; T — abcomroTHas TeMIle-
parypa, K.
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m
YoMy
r7le M — Macca paCTBOPCHHOTO BEIIECTBA, I'; M — MOJIIpHAs Macca pacTBO-
3
PEHHOTO BEIIECTBA, I/MOJIb; V — 00BEM pacTBOpa, IM .
[ToacTaBuM 3TO OTHOIIIEHNE B BRIpakeHHE 3akoHa Bant-T'odda:

m_ .
3ameHuM BeanuruHy Cy OTHOLIEHHEM A C

m
P =—"RT.

ocm M V

®opmansHO ypaBHeHHe Bant-I'odda aHanornyHo ypaBHEHHIO COCTO-
SHUSI MJICaJIbHOTO Ta3a U BBIPAKAET CXOJICTBO B MOBEIECHUU pPa30aBIIEHHBIX
PacTBOPOB HEAJIEKTPOJIUTOB C HJI€ATbHBIMU ra3zamu. M3 BbILIEIPUBEIEHHOTO
ypaBHEHUS BbIpA3UM BelUYUHY M:

mRT

PV

ocm

I[aHHOG BBIPpAKCHHUC IIO3BOJIACT OIIPCACINTE MOJICKYJIAPHYIO MACCyY
PaCTBOPCHHOI'O BCUICCTBA, U3BMCPHUB OCMOTHYCCKOC IAaBJICHHUC B OCMOMCTPC.

IIpumepst

IIpumep 1. Beruucnure: a) MaccoBYIO JIOII0 PACTBOPEHHOI'O Bellle-
cTBa (®,%); 0) MOJSIPHYIO KOHUEHTpaluio S3kBuBajeHTa (Cu); B) MOJIIPHOCTh
(Cw); 1) momsutbHOCTH (Cm) pactBopa H3zPO,, mosrydeHHOro mpu pacTBope-
mun 18 r H3PO, B 282 oM’ BO/JIbI, €CJIN OTHOCUTEBHAS TIOTHOCTD TMOJIyYEH-
HOro pactBopa cocrasisier 1,031 r/em’.

Pemienue: koHIEHTpalIME pacTBOpa HA3bIBAETCS COAEPKaHUE PACTBO-
PEHHOI'0 BEIIECTBA B OMNpPEJCICHHON Macce WU B OMNPEAEIEHHOM OO0BbeMe
pacTBOpa UM PACTBOPUTEIIS:

a) MaccoBasi J10J1sl PaCTBOPEHHOrO BellecTBa () MOKA3bIBAE€T YMCIIO
rpaMMOB (€IMHUII MacChl) BellecTBa, coaepkamieecs B 100 r (eguHuI Mac-
chl) pactBopa. Tak kak maccy 282 cM® BOZIBI MOXKHO MPUHATH paBHOM 282 T,
TO Macca MoJay4yeHHoro pactBopa 18 + 282 =300 r.

® = (18/300) - 100 = 6 %:

0) MoJIsipHas KOHIICHTpAIMsl SKBHUBAJICHTA WJIM HOpMasibHasi KOHIICH-
Tpauus (Cu), TOKa3bIBA€T YMCIO SKBUBAJICHTOB PACTBOPEHHOI'O BEILIECTBA,
comeprammxcs B 1 gm° pactBopa.

Macca 1 mm° pactBopa 1031 r. Macca kuciorst B 1 nm° pactBopa co-
CTaBUT:

51



x=1031-18/300 =61,86 .
Tak kak M3(H3PO,) = M/3 =98/3 = 32,67 r/mMmob, TO
Cu = 61,86/32,67 = 1,89 mons/mm;

B) MOJISIPHOCTH (Cyr), TOKA3bIBAET YUCIIO MOJIEH paCTBOPEHHOTO BEIlle-
CTBa, coJiepKaluuxcs B 1 1M” pacTBopa.

MOJISAPHOCTH pacTBOpa MoIyduM jenennem mMacesl HsPO, B 1 im° pac-
TBOpa Ha MOJIbHYI0 Maccy H3PO,4 (98 r/moin):

Cy = 61,86/98 = 0,63 Mo/ AM;

) MOJISTLHOCTH (Cm) MOKa3bIBAET YMCIIO MOJIEH pacTBOPEHHOTO Bellle-
cTBa, copepxkammxcs B 1000 r pactBopurerns.

Cm=18-1000/98 - 282 = 0,65 moib / 1Kr BOIEL;

Tpumep 2. Ipu 25 °C naBienne HACHIIEHHOTO [Tapa BOIBI COCTABIIS-
et 3,166 klla (23,75 mm prt. ct1.). Onpenenure Mpu TOM K€ TeMIepaType JAaB-
JICHWE HAaCBIIIEHHOTO TMapa Haj 5%-M BOJHBIM pacTBOpPOM Kapbammuia
CO(NHy),.

Pemenue: nns pacuera mo ¢gopmyse P = Nj- Py Hy)KHO BBIUKCIUTH
MOJIBHYIO a0Jt0 pactBoputeis Ni. B 100 r pacTtBopa coaepxutcs S T kapOa-
Muja (MoabHasg macca 60 r/Monb) u 95 T Boabl (MOJibHAs Macca 18 r/Mob).
KonuyecTBo kapOaMuia U BOBI COOTBETCTBEHHO PaBHO:

n, = 5/60 = 0,083 Moib; Ny = 95/18 = 5,278 MoJIb.
Haxonnm MOIbHYO 4OJIFO BOJBL:
N;=n/(n; +n,) =5,278 / (5,278 + 0,083) = 5,278/5,361 = 0,985.
CiienoBarenbHO:
P =0,985 - 3,166 = 3,119 klla (wnu 23,31 MM pT. CT.).

Ipumep 3. PactBOp, conepxamnmii 8 r Hekoroporo Bemectsa B 100 r
IIMSTHIIOBOTO d¢upa, KUIHT mpu 36,86 °C, Torma Kak YnCTBIH d(GUP KAIAT
ipr 35,60 °C. D6ymmockonmaeckas ocTosHHas pacTBoputens pasaa 2,02°,
Ornpenenure MOIBHYIO MacCy paCTBOPEHHOTO BELIECTBA.

Pemienue: u3 ycnoBus 3aa4u HaXOIUM:

At = 36,86 — 35,60 = 1,26°.
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ITo ypaBHeHHIO Atkun = E - Cm onpenensieM MOJIsIIBHOCTh PacTBOpa:

1,26 =2,02 - Cm; Cm =1,26/ 2,02 = 0,624 moust Ha 1000 T 3¢pupa.

Haxonum MosipHYI0 Maccy

M =m,,, - 1000/ Cm-m ., =8 -1000/0,624 - 100 = 128,2 r/mo0uB.
3aoanus npeonadopamopHozo KOHMpPOa

3amanue 1. Paccuuraiite 00beMbl paCTBOPA CEPHOUM KUCIOTHI C Macco-
Bou goseit 93,5 % (p = 1,83 r/cM°) ¥ BOJIBI, HEOOXOUMBIE IS MPUTOTOBJIE-
mmst 100 o’ pacTBOopa CEpHOM KHCIOTBI ¢ MaccoBo noned 15 %
(p=1,10 r/emd).

3amanue 2. CMmemanu pacTBopsl xjopunaa Hatpus maccamu 300 T u
500 r ¢ maccoBbiMu noisimu 20 % u 40 % cooTBercTBeHHO. Halinute macco-
BYIO JIOJIIO MTOJYYEHHOTO pacTBOPA XJIOPHJIa HATPHUS.

3aganne 3. B 600 cM® Bomel pacTBopeHo 50 T' THAPOKCHIA HATPHSL
[InmoTHOCTE MOJy4eHHOTO pacTBOpa paBHa 1,074 r/em”. Onpenenure: MOJIb-
Hyt0 1010 NaOH; MOJApHYI0 KOHLEHTPALUIO, MOJSPHYIO KOHUEHTPALUIO
SKBUBAJICHTA U MOJISUIBHYIO KOHILIEHTPAIIUIO MOJYY€HHOTO PacTBOpa.

3amanne 4. OcMoTHYeCKOe AaBiIeHne pactBopa, B 0,20 amM° KOTOporo
conepxurcs 0,66 r moueBnnsl, paBHo 111,439 xIla mpu 33 °C. Borumcmute
MOJIEKYJISIPHYIO MacCy MOUYEBHUHBI.

3amanue 5. Beruuciaure, KakuM OyJzet mpu 65 °C naBienne napa pac-
TBOpa, cojiepkamiero 13,68 r caxapa C1o,H2011 B 90 1 BobL.

3amanue 6. [Ipu kakoii TemnepaType KpUCTAIIM3YETCsl BOJHBINA pac-
TBOP, comepxaruii 3,01°10% Momnexy: HednekTpoauTa B 250 T BObI?

3ananme 7. B paguaTtop aBTOMOOWMISI HAMWIU 9 71 BOABI U TIPpUOaBIIIN
2 11 metuioBoro crupta (p = 0,8 r/cm’). KakoBa camast HU3Kast TeMIIeparypa,
IPU KOTOPOM MOXKHO OCTaBJIAITb aBTOMOOWJIb Ha OTKPBITOM BO3/IyXe€, HE 00-
SCh, UTO BOJIa B paguaTtope 3aMEp3HeT?

3ananue 8. Ha ckonbKO IpalyCcoB MOBBICUTCS TeEMIIEpaTypa KUIICHUS,
eciu B 200 T Boabl pactBopuTh 12 T rmroko3sr CgHyp06?
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TEMA 6. PACTBOPBI DJIEKTPOJINTOB

DJIEKTPOJUTBI — BEIIECTBA, TUCCOIMUPYIOIINE B PacTBOpaxX U pac-
IIaBaxX Ha UOHBI U MTPOBOJISAIIUE IIEKTPUUECKHM TOK.

DJIEKTPOJTUTHYECKAS JUCCONMALMSA — TPOLIECC pacnajga MOJICKYJIbI
AJIEKTPOJUTA HA MOHBI O] ACHUCTBUEM MOJIIPHBIX MOJIEKYJ PACTBOPUTEIIS.

IIpy n3ydyeHnn CBOMCTB BOJAHBIX PACTBOPOB KHUCIIOT, IIEI0YEH U COJIEH,
OTHOCSIIUXCS K DJIEKTPOJIUTAM, OBLIO YCTAHOBJICHO, YTO OHU HE MOAYUHSIOT-
cs1 3akoHaM Payiis u Bant-I'odpda. O uMmeroT 00bIMe, YeM BBIYUCICHHBIC
0 COOTBETCTBYIOMUM (hopMyJiaM, TIOHM)KCHHE JTaBJICHUS HACHIIIICHHOTO ITa-
pa pacTBOpuTENs HaJ pacTBOPOM (A P), mOBBIIIIEHUE TeMIEPATYpPhl KUTICHUS
(Atqn) ¥ TIOHMDKEHUE TeMITepaTypbl 3amep3aHus ( At,,,), OCMOTHUECKOE JIaB-
nenue (P,e,). UToOBI pacnpocTpaHUTh Ha PACTBOPHI JIEKTPOIUTOB pacyeT-
Hble opmyIbl 3akoHOB Payns u Baut-I'odda, B HUX ObUT BBEJICH MOMPABOY-
HBIH K03 (UITUCHT |, Ha3BIBAEMBIN TAK)KEe U30TOHHUCCKUM KOI(DHUITUCHTOM
(BBen Baut-I'opd — 1887r.). Torna

R-P =i-N,;
PO

AtKI/IH: I-E- Cm,

Aty =1 K- Cy;

Poew=1-Cy*R-T

M3oTonnyeckuii K03((GHUIMEHT TOKa3bIBAET, BO CKOJIBKO Pa3 IKCIEPH-
MEHTallbHbIe BeanauHsl AP, At”" (At | P GoIblle TCOPETHIECKHUX,

Kun ! Kun

T. €. BBIYUCJICHHBIX TI0 (POpMyJiaM JjIsl paCTBOPOB HEJIEKTPOJIUTOB:

IKC KC KC IKC

AP — Atkun — AtsaM — POCM :i
pacu pacu pacy pacu

A P AtKun Ath POCM

KoaddummenT | mokaspiBaeT Mepy OTKIIOHCHHS CBOHCTB PacTBOPOB
AJIEKTPOJIUTOB OT 3aKOHOMEPHOCTEN ISl HEAEKTPOJIUTOB; OH BCeraa OoJibliIe
€UHULIBI, CTPEMUTCS K LIEJIOMY YHCITY.

CormacHo Teopun AppeHuyca, BCIEACTBAE AMCCOLMALNNA 3JIEKTPOJIH-
TOB Ha MOHBI, C OJJHON CTOPOHBI, YBEJIMUMUBAETCS 00IIee YHCIIO YAaCTHI] B pac-
TBOpE, CIJIE0BATENIbHO, BO3PACTAIOT MOHW)KECHUE JABJIICHUS 1apa U U3MEHE-
HUE TeMIlepaTypbl KUIIEHUS U 3aMep3aHusi, C JPyroi CTOPOHBI — HOHBI 00Y-
CJIOBJIMBAIOT CIOCOOHOCTh PacTBOPA MPOBOAUTH DJIEKTPUUECKUMA TOK.

Du3zuyeckutl CMbICT U30MOHUYECKO20 Kod(@uyuenma | cocmoum 8
yeenuyeHuu 00we2o Yucia 4acmuy 8 pacmeope 3a cuem OUCCOyUayuu pac-
MEOPEHHO20 8euiecmea Ha UOHDI.
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Cmenenv ouccoyuauyuu o —>mo omuouieHue yucia moaekyi N, pac-

nasuiuxcsia Ha UOHbl, K O6W€My YUCTY MOJEKYJl pdCMBOPEHHO20 dlleKmpoJjumda
No:

YUCTO MOJIEKYIl, PACRABUUXCSL HA UOHDbL N
a= =—.
obuyee uucno Monekyn pacmeopennozo snekmpomuma N,

0L BBIPXKAIOT B JTOJISIX €AUHULBI WIH B %o.

[lo cTenenn nuccouranum MEKTPOIUTHI JIEJIST Ha CUIIbHBIE WK Ca0bIe.

Ilpu pacmeopenuu 6 600e CuibHble 21EKMPOIUMBL OUCCOYUUPYIOM
NPaKmu4ecKu MNoOJHOCMbIO, npoyecc ouccoyuayuu 6 Hux Heoopamum. YV
CUTIbHBIX IJIEKMPOSIUMOE8 CIeneHb OUCCOYUAYUU 8 pacmeopax pasha eouHuye
(a=1) u noumu He 3aeucum om KouyeHmpayuu pacmeopa. B ypaBHEHHSX
JUCCOLIMAIINN CUJIBHBIX 3JIEKTPOJIMTOB CTaBAT 3HAaK «=». Hampumep, ypas-
HEHUE JUCCOLMALIMY CHIIBHOTO 3JIEKTPOJIUTA Cyb(aTra HaTpUsi UMEET BUJT

Na,SO, = 2Na* + SO,

K cuibHBIM 2JIEKTPOIMTaM B BOJAHBIX PACTBOPAX OTHOCSTCS IMOYTH BCE
COJIM, OCHOBAHHS MICIIOYHBIX W ICIOYHO3EMEIBHBIX METAUIOB, KHCIIOTHI:
H,SO,4, HNO3, HCI, HBr, HI, HCIO,4, HCIO3, HBrO,4, HBrO3, HIO3, H,SeQy,
HMnO,, H,MnO,, HCNS, H,CrO,4, H,Cr,O; u 1. 1.

K cnabwvivm snekmponumam omuocames 21eKmpoaumel, cmeneHs Ouc-
coyuayuyu KOmopuwix 8 pacmeopax meHvuie eOunuysvl (o < 1) u ona ymenvuia-
emcsi ¢ poCmom KOHYEHmMpayuu.

IIpoyecc ouccoyuayuu crabwix 31eKmMpoIUmo8 npomexaem oopamumo
00 YCMAHOBNIEHUSI PABHOBECUSL 8 CUCTEME MeNCOY HePACNABUUMUCI MOJIEK)-
JIaMU pacmeopeHHo20 ewjecmsa u e2o uoHamu. B ypaBHEHUAX TUCCOLMALINN
CJTa0BIX AJICKTPOJIUTOB CTaBAT 3HAK «obOpatumoctn» (). Hampumep, ypas-
HEHUE JUCCOLUAINU CTTA00T0 SIEKTPOJIUTA THAPOKCHIA aMMOHUS UMEET BUJT

NH,OH S NH," + OH™

K cmabpiM 3JIEKTPOIMTAM OTHOCAT BOJY, IMOYTH BCE OpPraHUYECKHE
KHCJIOTHI (MypaBbUHYIO, YKCYCHYIO, OCH30MHYIO M T. 1.), psAJ HEOpraHuve-
CKUX KHCJIOT (HzSOg, HNO,, H,CO3;, H3AsO,, H3;AsO;, H3;BO3;, H3PO,,
H,SiO3;, H,S, H,Se, H,Te, HF, HCN), ocuoBanuss p-, d-, f-smementon
(AlI(OH);, Cu(OH),, Fe(OH), u T.1.), THAPOKCHI AMMOHHMS, THIPOKCHUIBI
Marauss u Oepwius, Hekotopeie coiu (Cdl,, CdCl,, HgCl,, Hg(CN),,
Fe(CNS)s;u 1. 1.).

OG6patuMbIii  TpollecC  JIUCCOLMAIMU  CJIAbOro  AJEKTPOJIUTa
XapaKTEPU3yeTCs KOHCTAHTON PaBHOBECHSL.

Tak, U1 iporiecca AUCCOMUAIIMH C1ab0ro AIEKTPOJINTA
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KA, S mK™ + nA™

MOJKHO 3aIlluCaTb KOHCTAHTY PABHOBCCHUA:

_ [Am—]n _[Kn+]m
T IKAl

rae [K™], [A™], [KmAn] — paBHOBECHBIE KOHIIEHTPAIUKM KOMIIOHEHTOB; M 1
N — crexuoMeTprdecKre Kod(p(UIUEHTE KOMIOHEHTOB B yPABHEHHUHU JUCCO-
LMALH;

K, — xoncmanma pasnosecus Ons npoyecca ouccoyuayuu ciabozo
2NEKMPONUMA, HA3bIEAEMAS KOHCMAHMOU OUCCOYUAYULL.

Hanpumep, 1u1s nporecca qUCCOLUAIMU YKCYCHOM KUCTOTBI

CH3;COOH S CHCOO™ + H'

_[CH,CO07]-[H"]
°" [CH,COOH]

K, npencrasnsieT coboi BaXKHYIO XapaKTEPUCTUKY CIAOBIX 3JIEKTPOJIU-
TOB, T.K. YKa3bIBa€T Ha MPOYHOCTh UX MOJIEKYJ B JAHHOM pacTBope. Uem
menbIe K, B 1aHHOM pacTtBoputesie, TeM ciadee JUCCOUUPYET IEKTPOIIUT U
TEM, CJIEI0BATEIbHO, YCTOMUMBEE €ro MoJieKyibl. K, — Tabnuynas BenuyuHa.

Mexny K, 1 o cymecTByeT KOJIMYECTBEHHAs 3aBUCUMOCTh. [Iprumem
JUTSI IpoLIecca AUCCOLMA OMHAPHOTO 3JIEKTPOJINTA

KASK'+A

MOJISIPHYKO KOHLEHTpPALHI pacTBOpeHHOro BemectBa KA pasnon C, a cre-
MeHb JUCCOIMAIMH O, TOT/Ia PAaBHOBECHbIE KOHIICHTPAIIMU HOHOB B PacTBOPE
6ynyT paBHbl [AT] = [K'] = a - C, a paBHOBECHAs KOHLIEHTPAINS HEINCCOIIH-
upoBaHHbIX MoJiekyl [KA]=C —a - C, To

_aC-aC :aZC :

K =
A C-aC 1-«a

rae (1—o) — moysi HeIUCCOUMMPOBAHHBIX MOJICKYJ BemiectBa. llonyuenHnoe
COOMHOUleHUe Hazvleaemcs 3aKoHom pazbaenenus Ocmeanvoa. B ciydae
c1a0ObIX TEKTPOJIUTOB eciu o << 1, TO

K, =a’C,
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Cremnenp TUCCOIUAIIIHN DJICKTPOJIUTA O CBsI3aHA C M30TOHHMYECKUM KO-
3 PUIUEHTOM 1 COOTHOIIEHUEM:

I=1+a(k—-1) wumu

(i-1) .

(k-1

rie K — 9ucio HOHOB, Ha KOTOPBIC paclagaeTcs MPU JUCCOIMAIMN MOJICKYJIa
anekrponuta (st KCI = 2, mist BaCl, u Na,SO4s k=3 ut. 11.).

Peakyuu, ocywecmeansarowuecs 6 pesyibmame 00MeHa UOHAMU MEHCOY
INEKMPOIUMAMY, HAZBLIBAIOMCSA UOHOOOMEHHLIMU (UTU PearKyusimu UOHHO20
oomena). OTIMUNTETHLHON YepTol peakiuii nonHoro oomena (PUO) sBisiet-
Csl COXpAHEHHE DJIIEMEHTaMH UX CTEIEeHEW OKHUCICeHHs (peakluy MpPOTEKAIOT
0e3 U3MEHEHMS 3apsa MPOCTHIX U CIOKHBIX HOHOB).

Paznmuuaror obpatumbie u HeoOpatumbie PMO. Bee peakunn mexny
MOHAMHU 00paTHMBI, TPOTEKAIOT 0YeHB OBICTPO. OTHAKO B HEKOTOPHIX CIyda-
X PaBHOBECHE CHJIBHO CMEIICHO B CTOPOHY OOpa30BaHMs MPOIYKTOB peax-
IIMY W3-3a yJIaJeHus uX u3 cepbl peakiuu (T. €. peakiuy MPaKTHICCKH WY T
710 KOHLA, HeoOpaTumsl). PUO npomexaiom npakmuuecku Heobpamumo, ec-
JIU UCXOOHBIE KOMNOHEHMbL — CUIbHbIE DNeKMPOIUMbL U PACNEOPUMbLE 8ele-
cmea, a 8 xoo0e peakyuu 0opasymcs:

— 0caoku (Hepacmeopumole Ui Maiopacmeopumbie);

— 2azoobpasHvle geuecmea;

— caabvle 21eKmpoumsl (Mai0OUCCoOyUUpyrowue eujecmesa),
— KOMMNJIeKCHble COeOUHEHUS.

Peakiiuun oOMeHa, HanmMCaHHBIE B MOJICKYJIIPHOU (hopMe, HE OTpa)karoT
0COOEHHOCTEN B3aMMOJIECHUCTBUS MEXKIY HOHaMH B pacTtBope. CywHocms 63a-
umooelcmsus. 8  pacmeopax — 2NeKmpoIUmos8  Ompaddcarom  UOHHO-
MOJIeKYIApHble YpasHeHus: — noaHvle u kpamkue. IIpu cocTaBIeHMH HOHHO-
MOJICKYJIIPHBIX YpaBHEHUH TPHUMEHSIOT TAOJHIy PacTBOPUMOCTH (TIPHIIO-
xenue B):

1) cumbHBIC SJIEKTPOJIMTHI U OJHOBPEMEHHO PAaCTBOPUMBIC BEIICCTBA
3aMKCHIBAIOT B BHJIC NOHOB,

2) cnalble 2JIEKTPOJIUTHI (MaJOAUCCOIIMUPYIOIIUE), HEPACTBOPUMEIE,
MaJIOPacTBOPUMBIE U Ta3000pa3HbIe BEIECTBA 3aMKMCHIBAIOT B BHUJIE MOJICKYII
C COOTBETCTBYIOLIIMMHU 3HAUKAMU: | UIIA T}

3) KpaTKO€ MOHHO-MOJICKYJISIPHOE YPAaBHEHUE MOIY4YarOT U3 MOJIHOTO
MyTeM UCKIIFOUYCHUSI U3 HETO T€X MOHOB, KOTOPBIE MIPUCYTCTBYIOT B HEHM3MECH-
HOM BUJIE U KOJIMYECTBE B IPABOM U JIEBOM YACTSX.

MonekynsapHoe ypaBHEHHUE:

BaCl, + Na,SO4 = BaSO,] + 2NaCl.
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[ToTHOE€ HOHHO-MOJIEKYJISIPHOE YPaBHEHHUE:
Ba” +2Cl- +2Na* + SO? =BaSO,| +2Na" + 2Cl".

CymHOCTh HMOHHOTO  Mpollecca  BBIPAXAET KpPAaTKOE  HOHHO-
MOJIEKYJIIPHOE YPAaBHEHHE:

Ba®* +S0,* = BaSO,|.
IIpumepsi

ITpumep 1. 3anmcars MOJIEKYJIIPHOE U MOHHO-MOJIEKYJIIPHOE ypaBHE-
HUE PeaKlUny MEXIy THAPOKApOOHATOM KaJIbLIUS U a30THOM KUCIOTOM.
Pewmenue:
1) CocraBiisieM MOJEKYISIPHOE YPaBHEHUE PEAKIIUU:

Ca(HCO3)2 + 2HNO; = C&(NOg)z + 2C02T + 2H,0.
2) B MOHHO-MOJICKYISPHOM YPAaBHEHUHM MOJIEKYJIbI CHJIBHBIX DJIEKTPOIUTOB

3aIIMChIBAEM B BHJIC MOHOB; CJa0bIe SJICKTPOJHUTHI, Ta3bl, OCATKH — B BHUIC
MOJIEKYJI:

Ca®* + 2HCO; + 2H*+ 2NO;” = Ca?* + 2NO; + 2C0O,? + 2H,0.
3) Uousr, He yuacTyomue B peakiun (2NO; -, Ca?"), cokpamaem:

2HCO; + 2H"=2C0,1 +2H,0 (:2)

HCO;™ + H" = CO,1 + H,0.

Ipumep 2. CocTaBUTh MOJICKYJISIPHOE YPAaBHEHHE [JIs CIEAYIOIIETO
MOHHO-MOJIEKYJISIPHOTO YPABHECHUS:

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

Pemenue:
1) Nonbr Bogopoaa 00pa3yroT MpU JIUCCOLMAIIUN KUCIOT — CHJIBHBIX DJICK-
TPOJMUTOB, MO3TOMY MOYHO B KauyecTBE «MCTOUYHMKA» KaTHOHOB H' B3sTh:

H,SO,, HNO3, HCI:

Fe(OH); + 3HCI = FeCl; + 3H,0
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2) CocraBnsieM HOHHO-MOJEKYJSpHOE ypaBHeHHe, B kotopom Fe(OH); —
0CaJIOK, TIOATOMY TPaKTHUYECKH He muccouuupyet, H,O — crnalbrii a1ekTpo-
JINT:

Fe(OH)s| + 3H" + 3CI” = Fe*" + 3CI” + 3H,0

3) Nonsr Cl™ cokparaem u mojydaeM UCXOJHOE HOHHO-MOJICKYJIIPHOE YPaB-
HEHUE:

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

OaHOMY MOHHOMY (MOHHO-MOJIEKYJISIPHOMY) YPABHEHUIO MOXKET COOT-
BETCTBOBATh HECKOJIBKO MOJIEKYJISIPHBIX YPABHEHHI.

IHpumep 3. IIpu pacTBOpeHNN r’MAPOKCHIA HaTpUs Maccou 12 r B Boze
maccon 100 r temmeparypa KUIIEHMS IMOBBICMJIACH Ha 2,65°. Onpenenure
crernenb aucconuanuu (%) rupokcua HaTpusl.

Pemenue: 1u1si CHIIBHBIX 3JIEKTPOJINTOB UMEEM:

Atan=1-E-Cm

WITH

1= Atxun / E- Cm = 2,65-40-100 / 0,52-12-1000 = 1,70.

Tormaa=(G1-1)/(n-1)=(1,70-1)/(2—-1)= 0,70 umu 70 %.
3aoanus npeoaadopamopHozo KOHMPOJiAa

3apanme 1. Uemy paBeH U30TOHUYECKUN KOADPUIIMEHT IJIs1 paCTBOPOB
OMHApPHBIX JJIEKTPOJMTOB MPHU CIAEAYIOIIMUX 3HAUYECHUSIX CTENEHH JIUCCOLMA-
mun: 1,0 %; 75,0 %?

3apanme 2. PactBop KCI, MonssibHOCT KOTOPOTO paBHA 1 MOJB/KT,
3amepaaer mpu —3,36 °C. OmnpeenTe H30TOHNYECKUH KO3(hMUIHEHT U CTe-
neHs aucconuanuu (%) xjaopuaa Kaausl.

3apnanmne 3. Onpenenure MOJSIBHYIO KOHIEHTPAIMIO pacTBopa Owu-
HAPHOTO JIEKTPONIHTA, €CIU ero BOAHBI pacTBop 3amep3aer mpu —0,31 °C, a
CTETEHb IUCCOIMalNU paBHa 66,5 %.

3apnanue 4. Onpenenure cTenenb aucconuanuu (%) pacTtBopa, coaep-
*aiero xjaopug ammonus maccoit 1,07 r B 200 cm® BOJIBI, eciTH TemIeparypa
KUIIEHHS 3TOTro pactBopa paBHa 100,09 °C.

3apanme 5. OcMOTHUYECKOE NaBJIIEHHE BOJHOIO pacTBOpa cyib(dara
xene3a (II), B koropom monsipHast koHueHTpaius dkBuBasieHTa CH(FeSOy)
paBHa 0,1 MOJIB/ M, nipu 0 °C paBHoO 1,7 atm. UeMy paBHa Kaxymiascsi cTe-
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MeHb BJIEKTpoJuThYecko nuccoumamuu FeSO, B 3TOoM  pacTBOpE?
R = 0,082 atm- am*/(mois-K).

3ananme 6. CocTaBbTe MOJIEKYJISIPHBIE U HOHHO-MOJIEKYJISIpHbIE (MOH-
HBIC) YpaBHEHUS PEaKIU, YKaKUTE MPUYUHBI UX TPOTEKAHUS 10 KOHIIA:

a) KpeMHHEBask KUCJIOTa U TUIPOKCHU]T HATPUS;

0) xmopun xkenesa (111) u cynsdun 6apus;

B) KapOoHAaT 0apus U YKCYCHasl KUCJIOTa;

') KapOOHAT KaJusl U HUTPAT CTPOHIIUS;

1) TUAPOKCHU/ KAJIbLIMsI U OPOMOBOAOPOIHAS KUCIIOTA;

e) cynb(dar Kamus ¥ CosIHasI KUCIIOTa,

3aganme 7. [To MOJIEKYyISIpPHO-HOHHBIM YPAaBHEHHSIM COCTaBbTE MOJE-
KYJISIpHBIC YPaBHEHHUS:

a) AI(OH); + 3H" = AI** + 3H,0

6) Fe”" + S = FeS

B) CaCO3| + 2H" = Ca®* + CO, + H,0
r) Pb?* + H,S = PbS| + 2H"

1) Mg + 20H™ = Mg(OH),

¢) CH;COOH + OH™ = CH;COO™ + H,0

Jlabopamopnasa paboma «Pacmeopul snexkmpoumos.
InexkmpoaumuuecKkan OuUccouuauus)

[leab pa®oThl: U3yYUTHh CBOMCTBA BOJHBIX PACTBOPOB AIIEKTPOIUTOB,
peaKkuuy, IPOTEKAIOIIUE B PACTBOPAX C YYACTHUEM DIIEKTPOJIMTOB, 3AKPEIUTh
YMEHUS HAIMCAHUS PEaKUUi B MOJIEKYJIIPHO-UOHHOM BUJE, BBISICHUTD YCIIO-
BUsI IIPOTEKAHUs PEAaKLUU B pacTBOPAxX 0 KOHIIA.

OnbIT 1. Inexkmponposoonocmes pacmeopos.

BhinosiHEHHE ONbITA. YTOJIBHBIC JICKTPOAbl ONYCTUTE B CTaKaH €MKO-
cteio 100 ¢M® ¥ BKIIOUMTE HMX B LENb TMOCIEN0BATEIBHO C AJIEKTPUUECKOU
naMroukoi. OO 3JEeKTPONPOBOAHOCTH PACTBOPA MOXKHO CYIUTH IO SPKOCTH
CBEUCHMS JIAMIIOUKH: YE€M sIpU€ CBETHUT JIAaMIIOUYKa, TEM OOJIBIIIE DJIECKTPOIPO-
BOJIHOCTh pacTBOpA.

B crakan ¢ snexrpogamu Haneute 30-50 e’ JTUCTUUTMPOBAHHOM BO-
nbl. Brirouute Tok. 3aroputcs Jiv amiouka? IIpoBoauT gy Bojaa 3IEKTPU-
YeCKHUI TOK?

Ha nHo cTakaHa HachIbTE CYyXyl0 MOBApEHHYIO coyib. OMyCTUTE B HEE
3neKkTpoabl. [[pOBOAUT 1M TOK cyxasi COJib? AHAJIOTUYHBIN OMBIT MPOBEIUTE C
pactBopom NaCl.
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OOBsicHUTE, TTOUYEMY YHCTas BOJAA M CyXas MOBapeHHAs COJIb HE MPOBO-
JSIT TOK, @ pAaCTBOP COJIH SIBJISIETCS TPOBOJHIUKOM TOKA.

3aTeM TOTpYy3uTEe OAJEKTPOJbl ToouyepenHo B pactBopsl: NaOH,
NH;OH, H,SO,, CH3;COOH, pactBop caxapa, B caxap Kpuctajuimdeckuii. Bo
BpEMsI OTbITA CIICJUTE 32 HAKaJOM JIAMITOYKH, U TI0 CTEIICHHW €€ Hakaia CHe-
JlaiiTe Ka4eCTBEHHBIM BBIBOJI O CHUJIE HCCIEAYEMBIX KUCIOT U OCHOBAHHA.

3anuce JAHHBIX OIIbITA. OTBeThTE HAa BCE NOCTaBJIICHHEIC BOIIPOCHI.
Cz[eﬂaﬁTe BbIBO/JI, KaKMC M3 IMPCIIIOKCHHBIX BCIICCTB ABJIAIOTCA CHUJIBHBIMU
QJICKTPOJIMTAMH, KaAKUC — CJ'Ia6BIMI/I, d KaKHMC — HCOJICKTPOJIUTAMU. Hanmumute
YPaBHCHUA JUCCOMUAIINHN IJICKTPOJIUTOB.

OublT 2. Bausanue pazoasnenus na cmenensv 31eKmMpPOaumu4ecKo
ouccouuayuu.

BrinosnHeHue onbita. B cTakaH ¢ KOHUEHTPUPOBAHHOW YKCYCHOW KU C-
JIOTOM OMmycTUTE TpaUTOBBIC ANEKTPO L. BriatounTe Tok. Xopoio v mpo-
BOJUT TOK KOHIICHTpUpPOBaHHAasl yKcycHas kuciora? JloGaBisiATe MOCTENneH-
HO B pacTBOpP NUCTUIUTMPOBAHHYIO BOy. UTO Habmogaete?

3anuch AaHHbIX onbiTa. OOBACHUTE pe3ysbTarhl omnbiTa. Hamumwre
BBIPAXEHUE JUISl KOHCTAHTHI JUCCOLMALNA YKCYCHOW KUCIOTHI. Kak 3aBucHT
CTEIEHb IUCCOIMAIMN YKCYCHOU KUCIIOTHI OT pa30aBiieHUs pacTBOpa?

OnsIT 3. Cmem(mue UOHHO20 pasHoeecu.

BrinosHeHue onbira.

1. Hareiite B gBe mpoGupku o 1-2 em® 0,11 pacTBOpa YKCYCHO# Kic-
JOTHI ¥ Mo 1-2 kamim meTuiopanxa. Jlo6aBbTe B OAHY MPOOUPKY HEMHOTO
kpuctammuyeckoro arerara Hatpusi CH3;COONa. Coxpepxkumoe mpoOupKu
nepemenraiite. CpaBHUTE IBET 1 HHTEHCUBHOCTH OKPACKH B IPOOUPKaX.

2. Haneiite B mBe mpobupku mo 1-2 cm® 0,1H pacTBOpa rHAPOKCHIA
aMmMmoHnus U 1o 1-2 karm penondranenna. JlobaBbTe B 0JJHY NMPOOUPKY He-
MHOI0 KPHUCTAJUIMYECKOTO XJIOpUJA aMMOHHUS U XOpOUIO MepeMellaiTe.
CpaBHHTE IIBET U UHTEHCUBHOCTH OKPACKH B Mpobupkax. OOBICHUTE PUUH-
HY U3MEHEHUS OKPACKU PacTBOpa.

3anuch JIaHHBIX ombITa. Hamuiiure ypaBHEHUE JUCCOLMALIMMU YKCYC-
HOM KUCIIOThl. Ha n3MeHeHne KOHIIEHTpAIlu KaKuX UOHOB YKa3bIBAE€T U3ME-
HEeHUEe OKpacku uHAauKatopa? OOBSICHUTE, KaK CMEIAETCs PaBHOBECHE YK-
CYCHOU KHCJIOTHI TIpU JOOABJICHUHU K HEH arletaTa Hatpus. Kak MeHsieTcs npu
ATOM CTEIEHb IUCCOIMAIIUN KUCIOTHI?

Hanummre ypaBHEHHE OuUCCOLMAIIMU TUIpPOKcHaa aMMOHMsS. OObsc-
HUTE, KaK CMEIIaeTCs paBHOBECHE B paCTBOPE TUIPOKCHJIAa aMMOHUS TIPH J0-
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OaBJICHHH K HEMY XJIOpHAa aMMOHMA. Kak mensercs IIpU 3TOM CTCIICHb JIUC-
conuanuu OCHOBaHUS?

CﬂeﬂaﬁTe BBIBOJ O CMCIIICHHUN MOHHOI'O PaBHOBCCH: IIPHU YBCIIMYCHUU
KOHIOCHTPAIUU OJHOMMCHHBIX HOHOB (aHI/IOHOB U KaTI/IOHOB).

Onbit 4. Ilonyuenue 2uopokcuo08 memanioe U yCMAaAHOGIAEHUE UX
xapakmepa.

BelnonHenue oneita. B yeTeipe mpoOupku HanenTe mo 2 cm® pactBopa:
B nepByto — CUSQOy, Bo BTOpyto — ZnSO4, B TpeThio — MNSO,, B 4eTBEpTYIO —
Aly(SOy)3. B xaxnyro mpoOupky 100aBbTE MO KAIUIIM PAacTBOP TUAPOKCHIA
HaTpusi 10 oOpa3oBaHusa ocagkoB. OTMeTbTe LBET OcaakoB. Hamwummre
YpaBHEHUS PeakUUidi B MOJIEKYJISIPHON U MOHHO-MOJIEKYJIIPHOI popMe.

Kax11p1i1 U3 MOy4eHHBIX OCAJKOB PA3JENIUTE HA JBEe YyacTh. Ha oy
4acTh MOJEHCTBYHTE COJITHOM KHCIOTOW, @ Ha APYTYIO — paCTBOPOM ILEJIOYH.

3anuch JaHHbIX onbiTa. [loayyeHHbIe JaHHbBIE 3aHECTH B TAOJIULLY.

®opmyina noiy- PacrBopumocTs 3aKJII04YeHuE O Xa-
dopmyia
o YCHHOI'O T'HIPOK- TAAPOKCHa pakTepe
B35ITOU COJIM
cuaa B KHCJIOTE B LIEJIOYH ruapoxcuia

CuSO,

ZnS0y

M nSO4

Aly(SO4)s

Kakue snekTponuTsl Ha3biBatoTCs aMdorepHbiMU? PacTBopeHHe TMAPOKCH-
OB B KHCIOTE WM B IIEJIOYM BBIPA3UTE MOJIEKYJSIPHBIMU W HWOHHO-
MOJIEKYJISIPHBIMU YPAaBHEHUSAMM.

TEMA 7. TUAPOJIA3 COJIEN

OCHOBHbBIC MOHATHUSA

T'uoponusz — smo obpamumas peaxyus coei ¢ 8000U, NPUBOOAUASL K
oopazosaruio ciabozo s1exkmpoauma. [IJpuaUHON THIPOIN3a SIBIISCTCS B3aH-
MOJICCTBHE MOHOB COJIM C MOJICKYJIaMH BOJBI M3 THAPATHON 000JI0YKH ¢ 00-
Pa30BaHUEM MAJIOAMCCOIIMUPOBAHHBIX COCTMHCHHUH HIJTM HOHOB.

CrocoOHOCTH COJIeH TIOIBEPTaThCs THIPOIN3Y 3aBUCUT KaK OT CBOWCTB
HMOHOB, 00Pa3yIOMINX COJIb, TAK U OT BHEITHUX (PAKTOPOB.

Bce conu mo crmocoOHOCTH K THAPOJIN3Y MOXKHO pa3eianuTh Ha 4 TUTIA.

I. Conu, obpazosannvie KamuoHoM CUNbHO20 OCHOBAHUS U AHUOHOM
cunvrou xucromer (Hampumep, LiBr, K,SO4, NaClO,, BaCl,, Ca(NOs), )
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TUAPOJIN3Y HE TIOJIBEPraloTCs, TaK KaK HU KaTHOH, HU aHUOH COJIM HE MOTYT
IpU B3aMMOJICHCTBUH C BOAOK 00pa30BaTh MOJIEKYJIbI C1a0bIX JIIEKTPOJIUTOB.

BopHble pacTBOPHI TAKUX COJICH UMEIOT HEUTPATBHYIO PEAKIIUIO CPEIBI
(pH = 7). IIpakTHuecKku HE THAPOJIM3YIOTCS TAKXKE U TPYTHOPACTBOPHUMBIC
comu (CaCOs, Mg3(PO,),) u3-3a oueHb HU3KOH KOHIICHTPALIMU HOHOB B BOJI-
HBIX PAaCTBOPAX 3TUX COJICH.

Il. Conu craboeo ocnosanus u cunbHol Kuciomsl TUIPOTUZYIOTCS TIO
KaTHOHY:

NH,CI + H,0 <> NH,OH + HCI.
B nonHoit popme:
NH," + H,O <> NH,OH + H".

FI/II[pOJII/I?; COJIGIZ, 06p2130BaHHBIX MHOTI'OBAJICHTHBIM KaTHOHOM IIPOTC-
KacT CTyIICHYAaTO, 4CPEC3 CTa AN 06pa3OBaHHH OCHOBHBIX COJICH:

1 ctyneHs:
AI(NO3); + H,O « AI(OH)(NO3), + HNO;
AP + H,0 < [AI(OH)]* + H".
2 CTYTICHB!
AI(OH)(N03)2 + Hzo > AI(OH)z(NOg) + HNOg
[AI(OH)]*" + H,0 <> [AI(OH),]" + H".
3 CTYIICHb.

AI(OH)»(NO5) + H,0 «> AI(OH); + HNO;
[AI(OH),]* + H,0 < AI(OH); + H".

['unponu3 mpoTeKkaeT JOCTATOYHO CHJIBHO IO MEPBOM CTYIEHH, ¢1abo — 1o
BTOPOM CTYIIEHU U COBCEM CJIab0 — MO TPEThEU CTYNEeHH (BBUIY HAKOIUJICHUS
MOHOB BOJIOPOJIa, MPOLIECC CMEMIAETCS B CTOPOHY MCXOJIHBIX BemiecTB). bo-
Jiee TMOJTHOMY THUJIPOJIM3Y CHOCOOCTBYET pa30aBlieHHWE pacTBOpa W TMOBBIIIIE-
HUe TemnepaTtypsbl. (B 3ToM cilydae MOXHO yUYUTBIBaTh TUAPOIIU3 U TIO TPETh-
el crynenu.) [Ipu ruapoause no KaTHOHY peakiys pacTBopa kucias pH < 7.

1. Conu, obpazosannvie cunvHbviM OCHOBAHUEM U CAAOOU KUCIOMOLU
TUAPOJU3YIOTCS 110 aHUOHY:

CH;3;COOK + H,0 < CH;COOH + KOH

B nonnoit dopme:
CH;COO™ + H,0 «» CH3COOH +OH"
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Cony MHOTOOCHOBHBIX KHCIIOT TUAPOJIU3YIOTCS CTyneH4aTo (¢ oOpa-
30BAHHEM KHUCJIBIX COJIEH):

1 ctyneHs:
K.CO; + H,0 «» KHCO; + KOH

CO,*> + H,0 <> HCO; + OH~
2 CTYTICHB!
KHCO; + H,0 < H,COs+ KOH

HCO3_ + Hzo <> H2C03 + OH

[lepBas cTymeHp THAPOM3A MPOTEKAET B 3HAUMTEIHHOM CTEMEHH, a
BTOpas — ciabo, o 4€M cBuAETeNbCTBYET pH pacTtBopa kapOboHaTa U THAPO-
kapOoHara Kayud. JIUib Mpu CUIIBHOM pa30aBiICHUU M HarpeBaHUU CIIETYET
YUUTBIBATh TUJIPOJIU3 TIO BTOPOM CTyrneHH. [1oCKoIbKY TTpH B3aUMOICHCTBUI
C BOJIOW aHHOHOB CIa0bIX KUCTIOT 00pa3yroTcsi noHbl OH ™, BoHBIE PaCcTBOPHI
TaKuX COJIeH UMEIOT IeIouHyto peakuuto (pH > 7).

IV. Conu, obpazosanmnsie crabvim ochoganuem u ciabou Kuciomot,
THAPOJIM3YIOTCS ¥ TI0O KATHOHY M TI0 aHUOHY:

CH3COONH, + H,0 «+» CH;COOH + NH,OH
WM B HOHHOH (opme:
CH;COO™ + NH,;" + H,0 «<» CH3;COOH + NH,OH.

['maponu3 Takux CoOJIed NMPOTEKAaeT OYEHb CUJIBHO, IOCKOJIBKY B pe-
3yJnbTaTe ero oopasyroTcs u ciaboe OCHOBaHUE, U ciabas kucioTa. Peakuus
Cpeabl B OTOM CJIy4ae 3aBUCUT OT CPABHUTEIIBHOW CUJIbI OCHOBAHUS U KUCIIO-
ThI, TO €CTh OT UX KOHCTAHT quccounanuu (Ky,e). Ecan K oenopanus) > Kaacnors,
TO pH > 79 CCJin K(OCHOBaHm) < K(KI/ICJ‘IOTLI)) TO pH <7.

B cmyuae rmgpormsa  CHCOONHs;:  Kwow = 63107

K(CH3COOH) = 1,8-10_5, MIOATOMY PEaKIUs BOJHOT'O PacTBOpa TOM Ccoi OyeT

cnabomenouynoir (pH = 7-8). Ecam ocHOBaHmWe M KuCIOTa, OOpa3yroIIue
COJIb, SIBIITFOTCSI HE TOJIBKO CIA0BIMU AJIEKTPOJIUTAMHU, HO U MAJIOPACTBOPHUMBI
WJIM HEYCTOWYMBEI M pa3jararoTcs ¢ 00pa30BaHUEM JIETY4YHUX MPOIYKTOB, TO B
ATOM CITydae TUAPOIIN3 COJIA MTPOTEKAET HEOOPATHUMO:

A|283 + 6H20 — 2A1(OH)3l + 3H28

[ToaToMy cynbdua altOMUHUS HE MOXET CYIIECTBOBATh B BOJHBIX
pacTBOpaxX, MOXKET OBITh MOJYUYEH TOIBKO «CYXUM CIIOCOOOM», HAITPUMED, U3
AJIEMEHTOB IIPU BBICOKOW TeMIEpaType:
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2Al + 385 ——> ALS..

Coemecmubiti eudponus. PaccMoTpuM, 4TO MPOU30UIET IPU CIMBAHUU
pacTBOpOB JIBYX COJIEH, OJJHA U3 KOTOPBIX 00pa3oBaHa Cl1a0bIM OCHOBAaHHEM
Y CUJIBHOM KHCJIOTOM, a Apyras CUJIbHBIM OCHOBAaHHWEM M CJIA00M KUCIOTOM.
Hanpuwmep, npu cnuBarunu pactBopos FeCl; u Na,COj:

2F6C13 + 3N32C03 + 6H20 = 2FC(OH)3\L + 3H2C03 + 6NaCl

I ctynens:
Fe** + HOH S FeOH* + HY,

CO;> +HOH S HCO; + OH™

U T. JI. IO CTYIEHSM, KaK B CJy4yae COJH, 00pa3oBaHHOW cliaboil MHOT0OC-
HOBHOM KHCJIOTOM U CJTA0BIM MHOTOKHCJIOTHBIM OCHOBAHHUEM.

2Fe* +3C05* + 6H,0 = 2Fe(OH)3| + 3H,COs.

C yuerom paznoxenusa H,COz; vHa H,O u CO,, okOHUaTENbHBIE YpaB-
HEHUsA (CyMMapHO€ HMOHHO-MOJIEKYJSIPHOE W MOJIEKYJSIpHOE) OyAyT HUMETh
BU/I:

2Fe* +3C05* + 3H,0 = 2Fe(OH)3| + 3CO,1.

2FeCl; + 3Na,CO; + 3H,0 = 2Fe(OH)3| + 3CO,1 + 6NaCl.

Ecnu B pacTBOope mpUCYTCTBYIOT JIB€ COJIU, OJTHA U3 KOTOPBIX THIPOJIH-
3yeTcsi IO aHUOHY, JApyTras M0 KaTHOHY, TO TUAPOIN3 00EUX COJIe yCHInBa-
€TCsl, IPOTEeKaeT HeOOpPaTHUMO ¢ 0Opa30BaHUEM KOHEUHBIX MPOTYKTOB (ci1abo-
ro OCHOBaHUS U cjIabOW KHUCIIOTHI). PacTBOpHI TakuX COJIE MMEIOT Cpeny,
0JM3KyI0 K HelTpansHoU (pH = 7).

Konn4yecTBEeHHBIME XapaKTEPUCTHKAMU B3aMMOJICHCTBHSI COJIEH C BO-
7o siBIIsieTcsl cTemedHb ruapoan3a (h) u xoncranra ruapomsa (K;), cBs-
3aHHBIE COOTHOIIICHUEM:

I<h = hZCCOHI/I

r71e Ceom — MOJISIPHAS KOHIICHTPAIIHS COJIH.

KoHcraHnTa ruaponns3a U KOHIIEHTPAIMs BOJOPOIHBIX MOHOB IS pas-
JUYHBIX CIy4YaeB TUPOJIN3a MOTYT ObITh BEIYHCIICHBI 110 MOHHOMY ITPOU3BE-
nennto Boabl (Ky) 1 KoHCTaHTaM Aucconmaiuu ciadboro ocHoBanus (Kuop)
wiu cinaboi kucnotsl (Kyg) (Tadm. 7.1).

IIpouseedenue [H'][OH ] nazvieaemcs uonHbiM npoussedenuem 00bl
(o6o3nauaemca: Ky umu K,): Kz=[H J[OH]. Dmo senmuuuna nocmosuuas
npu 0aHHOU memnepamype.
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Tak ripu 25°C, nonHoe npousseaenue poasl Ky=[H'J[OH™] = 107,
Jlns ynoOcTBa KOJIMYECTBEHHOM XapaKTePUCTUKH KUCIOTHBIX WJIH IIle-
JIOYHBIX CBOMCTB PACTBOPOB 66e0eHA BEIUYUHA, HAZLIBAEMASL 8000POOHbIM
noxaszamenem (pH).
(pH) — smo ompuyamenvuwlii decamuunslil 102apuphm KOHYeHMpayuu
uonoe H':
pH = —Ig[H"].

Ta6numa 7.1 — KoHCTaHTHI THAPOIN3a U KOHIIEHTPAIIUS BOJOPOIHBIX
HMOHOB B PACTBOpaXx COJICH, IMOBEPTaIOIINXCSI THIPOJIU3Y

Ciyuaii KoHncraura Konuentpanus
TUPOJIN3A TUPOJIN3A BOJIOPOJAHBIX HOHOB

1.Conb 0o6pa3oBa-
Ha cJ1a0bIM OCHO-
BAHUEM M CUJILHOU Kh=Kw / Kaon [H +]: VK - Ceomr ! Kon
KUCJIOTOU

2.Conb oOpazoBa-
Ha CHJIBHBIM OCHO-

BaHHEM U CJIa00H
= H|=,/K, Kx/C
KUCJIOTOU Kn=Kw/ Kus [ ] \/ w " Bus T Ccom
3.Coub 06pa3oBa-
Ha cJ1a0bIM OCHO-
BaHHEM U CJIA00¥ .
Kh = KW/KAOH'KHB [H ];\/KW'KHB/KAOH

KHUCJIOTOU

B neiimpanshoii cpede [H]=10"" mons/n, pH=— 19107 = 7;
— @ Kkucnou cpede pH < 7;
— 6 wenoyHot cpede pH > 7.
AHAJIOTUYHO BBEJICH 2UOpOKCUIbHBIU nokazamenv (pOH) — amo ompu-
yamenbHbll 0eCAMUYHBLU 102APUPM KOHYEHMPAyUUu 2UOPOKCUO-UOHOB:

pOH=-Ig[OH ].

[Ipomorapudmupyem ¢ oOpaTHBIM 3HAKOM BhIpakeHue it Ky mpu
25 °C, ucmons3yem BBeennble nokasarens pH u pOH u momydnm

pH + pOH = 14.

[TonaBisroree OOIBITUHCTBO BEIIECTB 00JaaeT OrpaHUYCHHON pac-
TBOPUMOCTBIO B BOJIE U IPYTUX pacTBopuTessix. [loaToMy Ha mpakTHKe 4acTo
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MIPUXOJIUTCS BCTPEUATHCSI C CUCTEMAMHU, B KOTOPBIX B COCTOSIHUM PaBHOBECHUS
HAXOJATCS 0CaJ0K U HACHIIIIEHHBIA PACTBOP AJIEKTPOJIUTA.

Hamnpumep, Bo3bMeM HACBIIIEHHBIA PACTBOP HEPACTBOPUMOI'O CHIIBHO-
ro anekrponauta BaSO,. B pacTBope ycTaHaBiMBaeTCsi T€TE€POr€HHOE paBHO-
BECHE MEXy OCaaKoM (TBepJoi (ha30ii) SIEKTPOIUTA U MOHAMH BJIEKTPOJIU-
Ta B pacTBOpE:

p—Hue

———p 2. 2 -
B’aSO4 () (_Ba(p) +SO4 )

Kp—ust

Ero MmoxHo OXapaKTCPHU30BaATh C TOYKH 3PCHHUA 3aKOHA HCﬁCTBYIOIHHX
MaccC, 3a1rcaB BbIPAKCHUC OJISI KOHCTAHTHI ICTCPOrCHHOTI'O PaBHOBCCHUA K:

o [Ba” IS0} 1
[BaSO,]

[IpeoOpazyem »To BoipakeHue k Buay: K-[BaSOy] = [Ba2+]-[SO42'];

[BaSO4] = const, kak s TBepaoro BemiectBa, To K- [BaSO4] = const
IpU JaHHOM TeMIlepaType.

OTcrofa CIIeAyeT, 4To MPOM3BEACHHE KOHLEHTpauuii noHoB Ba®® u
SO4* Takxke MpECTaBIAECT COOOM MOCTOSHHYIO BEJIMYHMHY. JTO MPOU3BEIE-
HHE HA3bIBACTCS MPOU3BEICHUEM pacTBOpuMOcTH [1P:

IIP (BaSO,) = [Ba”"]-[SO.*].

B o6mem Buje nsi HACHIIIEHHOTO PAacTBOpa MajlOPACTBOPUMOTO WIIU
HEPACTBOPUMOI'O CHIIBHOTO 3JIeKTpoiuTa AnBp, Haxossmerocss B paBHOBECUU
c ero TBepAoH (ha3oi, OyeT XapakTepeH CIASAYIONN 00paTUMBIIA ITPOLIECC:

p—Hue
m+ n—
B ey AL +mBl
Kp—ust ,

JUIsL KOTOpPOTro
TP (A.Bm)=[A™]"[B"]™

Ilpoussedenue pacmeopumocmu xapaxmepuszyem pacmeopumMocmy
sewjecmesa. yem ooavuue TP, mem 6onvuie pacmeopumocms. 11P — Tabmmunas
BenuunHa (npunokenue E).

Hcxons n3 3nauenunt [1P, MOKHO BBIpa3uTh PaCTBOPUMOCTH Majopac-
TBOPUMBIX CHUJIBHBIX AJICKTPOJIMTOB B BOJIE M PAacTBOpax, COACPKAIIUX JIPY-
TUE DJICKTPOJIUTHI.
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IIpumepsI

IIpumep 1. CocTaBuTh ypaBHEHHE TUIPOJIM3a KapOOHaTa HATPUS, YKa-
3aTh PEAKIIHIO CPEIbI.

Pemenue:
1) 3amuceiBaeM JUCCOLUAIIUIO COJIH:

Na,CO; = 2Na* + CO;*

o 2— 9
2) Nou ot caboro smekTpoiuTa — yroiabHoi kuciotsl — (CO3) B3aumoeii-
CTBYET C BOJIOI ¢ 00pa3oBaHUEM THAPOKapOOHAT aHHOHA

CO,> + H'OH «HCO; + OH~
mIcJIoYHas1 cpena

CocraBmnsieM MOJIEKYJISIPHOE YPaBHEHHE THIPOJIN3A, ISl ’TOTO K OTPH-
aTeIbHO 3apSKEHHBIM MOHAM U3 ypaBHeHus (2) nobasinsieM katuoHsl Na',
PUCYTCTBYIOIIKE B pacTBOpe kapOoHaTa HaTpus (ypaBHeHHE (1)):

Na,CO; + H,0O < NaHCO3; + NaOH

IIpumep 2. Beruuciuts PH pacTBopa U KOHIEHTPAIIUIO THAPOKCUITH-
HBIX MOHOB, YKa3aTh PEAaKUHUIO CPENIbl, €CIM KOHLUEHTPALHsI HOHOB BOAOPOAA
B pactBope paBHa 4-10™° Moms/am’.

Pewenue:
1) pH=-Ig [H]
pH=—lg4 - 10°= —(lg4 +1g10°) = —(0,6 —5) = 4,4 ,
kucnas cpeaa (pH < 7)

107 [ ] 0™

2) [H'][OH =107 [H*]= W’

=25-10" 10 MOJ'IB/I[M

IIpumep 3. Paccuntarh KOHCTAHTY THAPOIN3A XJIOPUAA aJTFOMUHUS 110
HIEPBO# CTyIeHH, cTeneHb ruaposim3a u PH ms 0,001 M pactBopa AlCl;.
Pemienue:
1) AICI; = AIF +3CI

APFf+HOH < AIOH* +H";
KHuciasa cpena

K -14
W ’ th — L—G

K . 9,55-10

AlOH 2

=1,05-10"°;

) Kh-

3) [H+]:\/KW “Ceomn I Kaon
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[H"]=10"-0,001/9,55-10° =1,02-10 °mo5 / o2’
pH =—lg [H]=-1g 1,02 - 107° = 5,87;

-9 -9
4) h=JK, /Cm;hz\/l’% 10 =\/1’05 10 _ f105-10° =102.10°

0,001 10°°

win 1,02-107°-100% = 0,1%

Ipumep 4. Ilpoussenenune pactsopumoctu Hoaunaa cBuHua (1) mpu
20 °C pasmo 8-10™°. Bbrumcimre pacTBOPHMOCTB COJTH (B MOJIB/IM°) IIPH yKa-
3aHHOU TeMIIeparype.

Pemienue: ypaBHEHHE 3JEKTPOJIUTUYECKON TUCCOIMAILMU PACTBOPEH-
HOW COJIM (CUIIBHOTO 3JIEKTPOJIUTA):

Pbl, = Pb* +2I.
YpaBHEHHE FETEPOreHHOr0 PaBHOBECHS B PaCTBOPE:
2+ —
Pblz(TB)l <~ Pb (p)—f— 21 )"

OGO3HAYNM HCKOMYIO pacTBOpuMocTs Pbl, depes s (momb/mmY):
s = Cy (Pbl,).

Konmenrpanus pactBopusiieiics coiu Pbl, B HackleHHOM pacTBOpe
COCTABJISIET S; 3@ CYET JAMCCOLUALNU JIAHHOTO CUJIBHOTO DJIEKTPOJIUTA B COOT-
BETCTBUH CO CTEXMOMETPUYECKUMU COOTHOIICHUSIMU B PACTBOPE COACPIKHUT-
cst S Moutb/M° oHOB Pb** 1 25 Mmons/nm® nonos I, T.e. [Pb*] ='s; [I7] = 2s.

CornacHo npaBuily IPOU3BEJEHUSI PACTBOPUMOCTH U C YUETOM TpUBE-
JICHHBIX COOTHOIICHUH:

[P, =[Pb**][I"P=S(2S)* =4S,

-9
S=3\/HPPMZ 21/8-10 :1,3'10,3
4 4

OtBer: S=1,3- 1073 MOJ'IB/)IM3.
3aoanusa npeonadopamopHozo KOHMPOJiA

3ananme 1. Hanummre HOHHO-MOJIEKYIISIPHBIE U MOJIEKYJISIPHOE ypaB-
HeHus ruaposusa cojieit (mo I crynenm), ykaxure peakuuto cpensl (pH) ux
BOJHBIX PacCTBOPOB:

a) oprodocdara Hatpust NazPOy; xmopuna uuaka ZnCl,.
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0) cynsduta kamus K,SOz; aurparta Hukens (IT) Ni(NO3),.
B) cyibdata amoMunus Aly(SOy)s; cynbduma natpus Na,S.
r) xsnopuaa xxenesa (I11) FeCls; aurputa nHatpus NaNO,.
1) kapoonara yutus Li,COs; xnopuna ammonns NH,4CI.
3apanme 2. Onpenenuts pH, KOHCTaHTY U CTENEHb THAPOJIM3a B pac-
TBOPAaX COJIEW C U3BECTHOW MOJIIPHOM KOHILIEHTpanueu. g conen, ruagposiu-
3YIOIIUXCS CTYNEHYATO, BCE PACUETHI BBIMOIHUTH JJIs IEPBOM CTYIICHHU.
a) 0,02 M xsytopu1 aMMOHUS;
0) 0,01 M cynbdpuTt xanus;
B) 0,8 M cynwsdat meau (I1);
r) 0,05 M HUTpaT aMMOHUS;
1) 0,002 M cynbdua HaTpusl.
3aganme 3. Borunciute IIP cnepyromux conew, e€ciyd W3BECTHA HX
pactBopuMocTh B 100 em® Bozsi: MNCO;3 — 0,0065 1, As,S; — 0,0005 T.
3ananme 4. Onpegenure, BHINAACT JIK (1a, HET) OCAJIOK IMOCJE CIUBa-
Husi paBHbIX 00bEMOB 0,0045 M pacTBOpPOB yKa3aHHBIX PEAreHTOB MPU
25 °C: a) Mn(NO3), 1 Na,S;
6) AgNOz; u KBr,
B) KOH u FeCly;
r) ZnCl, u Na,S;
1) MgSO, u NaOH.

Jlabopamopnasa pavoma «l'uopoaus coneiy

[{eab pa®oThl: O3HAKOMUTHCA ¢ OCOOEHHOCTSIMU MPOTEKAHUSI PeaKuui
HMOHHOT'0 00OMEHA, U3yUUTh BAXKHEUIIIUE CITy4au THIPOJIN3a COJCH.

OnbIT 1. Peakyus cpeosl 6 pacmeopax panuiHulx coJeil.

Brinonnenne onwita. B cempb npobupok g0 1/3 ux o6béma HaneiTe: B
HEPBYIO0 — AUCTUJUIMPOBAHHYIO BOJlY, BO BTOPYIO — PAacTBOP COJIIHOM KHCIIO-
Thl, B TPETHIO — PACTBOP TUIPOKCH/IA HATPUs, B UETBEPTYIO — PACTBOp aleTa-
Ta HATPHs, B IATYI0 — PAacTBOP HUTpATa aJlOMHUHHUSA, B IIECTYI0 — PAacTBOP
XJIOpUJa Kaaus, B CEAbBMYIO — pacTBOp KapOoHaTa aMMOHHMs. B kaxkayro mpo-
Oupky nobasbTe 1o 2—3 kamiu Jakmyca. [lepBble Tpu MPOOUPKU UCTIOIB3Y M-
TE B KAUECTBE KOHTPOJIbHbIX.

[To u3MeHeHHIo OKpacKH JJaKMyca clielaiiTe BHIBOJ O PEaKIMK CPEMbI B
pacTBope.

3anuce JaHHBIX OIIbITA. HOJ’IyLIeHHBIe pe3yJibTaThl CBCCTHU B Ta6n1/1uy:
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Ne dopmyna Oxpacka Peaknms (p%H <p’e7lc;1;;)11a7

poOUpKH coNu JTaKMyca Cpensl pH > 7)

1 H,O (GbUOIETOBBIN | HEUTpaIbHAS

2 HCI KpaCHBIN KHCIas

3 NaOH CUHUN IeJI0yHas

4 CH3;COONa

5 Al(NO;3);3

6 KCI

7 | (NH,4),COs3

Kakue u3 uccnepyeMbix coneil moasepriauch ruaponusy? Hamwmure
WOHHBIE U MOJIEKYJISIPHbIE ypaBHEHHUS peakuuil ux ruaponusza. Crenaiite
oO01111e BBIBOJIBI O PEAKIIMK CPEIbl B pACTBOPAX COJIeH, 00pa30BaAHHBIX:

a) CWJIbHBIM OCHOBAHHMEM M CJIa00M KUCIIOTOM;

0) c1abbIM OCHOBAaHUEM U CHIIBHOU KHCIIOTOM;

B) CJ1a0bIM OCHOBAHHMEM M CIIa00W KUCIIOTOM;

') CWIBHBIM OCHOBAaHUEM U CHJIbHOUW KHUCIIOTOM.

Oublt 2. Coémecmubtii 2uodpoau3 08yx coJieil.
. 3
Beinonnenue onbita. B mpoOupky HaneiTe 2—3 ¢cM™ pacTBOpa HUTpATa

amoMuHus. J[o0aBbTEe Takoe K€ KOJMYECTBO pacTBOpa KapOoHATa HATpHs.
Yro HaOIOMaerca?

3amuch TaHHBIX OmbITa. Hanmummre ypaBHEHHE peaKkIMi COBMECTHOTO
THIPOTIN3a IBYX COJICH, MpHUBE/AIIee K 00pa30BaHUIO THAPOKCUIA ATFOMUHHUS,
B MOHHOU W MoJekyisipHoi ¢opme. [louemy He oOpazoBasioch kapOoHaTa
ATIOMUHUSA?

OublT 3. Dakmopwl, erusaOwUe Ha CMeneHs 2UOPOIU3a.

1. Brusinue memnepamypoi Ha cmenens 2UOpoIU3a Coau

Brinonnenue onbita. Haneiire B mpobupky 1/2 €€ 06béma nucTusiim-
POBaHHOW BOJIBI M BHECHTE 1—2 MUKpoImimarens amerarta HaTpus. Tyna ke
no0aBbTe 2-3 KamM ¢eHondTalienHa WU HarperMTe pacTBOpP 10 KHUIEHHS.
HaGnronaiite, kak MeHsieTCsl okpacka deHoipTarienHa B pacTBOpE.

3anuch JIaHHBIX OomnbITa. Hanuiimre MoJIeKyJIIpHOE U HOHHOE ypaBHE-
HUSI THAPOJU3a 3To coimu. Ha ocHOBaHMM M3MEHEHHS OKpacku (eHosdra-
JIeWHa cJlieJIaiiTe BBIBOJ, KaKk M3MEHWJIAch KOHIIeHTpals noHoB OH B pac-
TBOpe? B KakoM HampaBJIE€HHM CMEIIAECTCS paBHOBecue ruaponnsa? Cuenaii-
T€ BBIBOJ O BJIMSHUU TEMIIEPATYPbl HA CTENIEHb THAPOJIN3a COJIH.
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2. Bausnue cunvl kKuciomol, 00pazyoujell colb, Ha CneneHs ee 2UOpoau3a
Beinonnenue onbita. B aBe npobupku 10 1/2 ux o6béma HaneilTe au-
CTHJUTMPOBAaHHOW BOJBI. B ofHYy BHecute 1—2 MHKpoOIIMaTens KPUCTAILIOB
cynb(duTa HaTPUS, a B APYTYIO — CTOJIBKO K€ KPUCTAIUIOB KapOOHATAa HATPHSL.
B kaxmyro mpobupky mobaBeTe mo 2-3 kammu ¢enondrairenna. OT-
METHTE B PACTBOpE KaKOH CoM okpacka heHodragenna 6ojiee HHTEHCHBHA?

3anuch JaHHBIX omnbiTa. Hanuimre MojieKkynsipHble 1 HOHHBIE YpaBHE-
HUS THAPOIIN3a KaXKI0i conu (110 mepBoi cTyrneHu). B pacTBope kakoit comu
koHueHTpaius nonoB OH™ 6onee Boicokasa? CreneHb TUAPOIN3a KaKoi COu
oompie? Ilouemy? ChaenaiiTe BBIBOJI O BIUSHUU CHIIBI KHUCIOTHI, 00pa3ylo-
IIEH COJIb, HA CTEIIEHB €€ THAPOIIH3A.

TEMA 8. OKUCJUTEJIbHO-BOCCTAHOBUTEJILHBIE
MPOLIECCHI

OCHOBHbBIC MOHATHS

1. OBP — peaxyuu, npomexaroujue ¢ U3MeHeHUeM CmeneHu OKUCIeHUs
amomoa.

2. Cmenenb OKUCIEHUA — YCIIOBHDILL 3apsA0 amoma 8 MOJIeK)Jie, 8bIUUC-
JIEHHDILL U3 NPEONONONHCEHUS, UMO MOSEKYIA COCMOUm u3 uonos. IHeIMH cI1o-
BaMM: CTEMIEHb OKUCJIEHUS — ATO YCIIOBHBIN 3apsij, KOTOPbIH mpuoOpen Obl
aTOM DJIEMEHTA, €CJIM TPEIIOJIOKUTh, YTO OH TMPHUHSUI WIA OTIAAl TO WIH
WHOE YHUCJIO OJJIEKTPOHOB. M3MEHEHWE CTENEeHW OKHCICHUS MPOUCXOAUT
BCJICJICTBUE TIEPEX0/a AIEKTPOHOB OT OJHMX aTOMOB WMJIM MOHOB K JPYTHM.
CrerneHb OKUCICHUSI MOXKET UMETh TOJIOKHUTEIIbHOE, OTPUIIATEIIbHOE U HyJIe-
Boe 3nauenue: Hy°, H,"0 7%, H," S0,

EcTb 251eMeHTBI, UMEIONTHE TOCTOSTHHYIO CTETICHb OKHCIICHUS

1) +1 — metautel [ A rpynmsl (enoyHsbie);

2) +2 — metayuibl 11 A rpynmsl (1e109HO-3eMENbHBIC);

3) +3 — anemenTs! [11 A rpymrsr;

4) +1 — Bozopox (B ruapunax metamios —1: Na'H);

5) -1 — ¢rop;

6) —2 — KUCIOPO B COSAMHECHUX (B MepoKcuaax —1: H, O, ; B okcue
dTopa cTereHs OKuCIeHws Kiucaopoaa +2; F, 0*9).

[IpocThIe BEIECTBA MMEIOT CTENEeHb OKHCICHHS, PABHYIO HYIIIO: Fe’,
0.°, §°.

AnreOpandeckas CymMma CTETICHEW OKHCJICHHS aTOMOB B MOJICKYJIC
CJIO’KHOTO BEIECTBA TAaK)KE PAaBHO HYIIIO, YTO W WCITOJIB3YIOT TIPH BBIYHCIIC-
HUY HEU3BECTHOW CTEIIEHU OKHCJICHUS DJICMEHTA:
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Hi P*0,2  3(+1) + x + 4(-2) = 0; X = +5

Hs PY05 3(+1) +y + 3(-2) = 0; y=+3

PaznuuaroT BhICIITYIO, HU3IIYIO U TPOMEKYTOUHbBIC CTEIIEHU OKUCIICHHUSI.

Buvicuan cmenens okucnenus — 3To €€ HauOOJbIIEe MOJIOKUTEIIBHOE
3HaueHHE. BpIciias cTeneHb OKUCICHUS, KaK MpaBUio, paBHA HOMEpY Ipyl-
nbl (N) IepuoaNdecKOl CUCTEMBI, B KOTOPOH 3JIeMEHT HaxoauTcs. Hampu-
Mmep, s snemedToB 11 mepuoaa ona paBHa: Na“, Mg+2, A|+3, Si*, p*°, S+6,
CI*". MckimodeHne coCTaBisioT dbTop, KUCIOPO, TeIHil, HEOH, apTOH, a TaK-
K€ JIEMEHTHI MOJATPYIIBl KOOaabTa U HUKEJIS: UX BBICIIAs CTEIICHb OKHUCIIe-
HUSI BBIPAXKAETCSl YMCIIOM, 3HAYCHUE KOTOPOr0 HUXKE, YeM HOMEp I'PYMIbI, K
KOTOPOW OHH OTHOCSITCS. Y DJIEMEHTOB IMOATPYIIIBI MEIH, HA00OPOT, BBICIIASA
CTEIEeHb OKUCJIEHUS OO0JIbIIE €AUHUIIBI, XOTSI OHU U OTHOCATCA K | rpymne.

Hu3wan cmenenb OKUCICHHUS ISl HEMETAIJIOB OIPEICIAETCA KOIU-
YECTBOM DJICKTPOHOB, HE JOCTAIOLIUMX 1O YCTOWYMBOTO COCTOSIHHS aToma
ns’np® u pasra (N-8), rae N — HOMep IPYIIIBI IEPHOIMUECKON CHCTEMBI, B
KOTOPOM 3JeMeHT Haxonutca. Hanmpumep, mis HemertaimoB III nepuona ona
pasHa: Si™*, P, S2.CI".

Husmas creneHb OKUCIECHUS JJIi METa/uioB paBHa (), KOTOPYHO OHH
MPOSIBIIAIOT B MPOCTHIX BEIIIECTBAX.

Bce octanbHble BCTpeUaronuecs: CTEEHN OKUCIICHHUS 2JIEMEHTA Ha3bl-
BaIOT NMPOMEXYTOUHBIMU. Hanpumep, AJ1s1 Cepbl CTENEHb OKUCIICHUS, paBHAs
+4, IBIAETCS MPOMEXKYTOUHOM.

3. B OKMCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUAX PA3INYaIOT:

— OKUCJIeHUue — npoyecc 0moayu 31eKmpoHO8 AmoMOM, MOAEKVIOU Ul
UOHOM,

— 80CCIMAHOGICHUE — NPOYECC NPUCOCOUHEHUS DTIeKMPOHO8 AMOMOM,
MOAEKYA0U UIU UOHOM.

4, B OBP yuacTByrOT 1Ba THIa BEUIECTB: OKUCIUMENU U 60CCA-
Hogumenu.

OKucaumenu — gewecmea, NPUCOeOUHIOUUE INeKMPOHbL.

— MPOCTHIE BEILIECTBA, 0OPa30BaHHBIC aTOMaMH JIEMEHTOB — HEMETAJI-
noB: Fp, O3 O,, Cly, Bry u ap.;

— wonnsl MeTayios: Fe*3, Cu*?, Pb™:

— MOHBI, COJIEpKAIIME aTOMBI 3JIEMEHTOB B BBICOKUX CTEIEHSX OKHC-
nernst MnO,~ (Mn*"), Cr,0;72 (Cr*®), NO; (N™);

— KMCIIOTHI (3a cuéT noHoB H')u npyrue BemecTsa.

Boccmanosumenu — sewyecmea, omoarowue 31eKmpoHblL.

— aromsl MeTaioB: Na, Ca, Al, Fe.. ;

— OTPULIATENBHO 3apsIKEHHBIE HOHBI HEMETAJLIIOB: S_z, Cl, Br u ap.;

— MHOTHE CPaBHMUTEIBLHO Majo3apsiAHble MOHbI METAJLJIOB: Fe*?, Sn*?,
Mn*2.. .

— MOHBI U MOJIEKYJIbI, COJIEpIKAIIe aTOMbl B IIPOMEXYTOUHBIX CTEIe-
Hsax okucienus: SH0,, (S+403)2_, H.P05 u ap.;
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—H,, CO, CH,4, NH3, C.

CoeauHeHUs, COJIEpP)KAIME aTOMBI 3JIEMEHTOB C BBICIICH CTEIICHBIO
OKHUCJICHUS, MOTYT OBITh TOJBKO OKHCIUTCIISIMU 3a CYCT 3THX aTOMOB, TaK
KaK OHH CITOCOOHBI TOJBKO IPUHUMATh DJICKTPOHBI.

CoenuHeHMs, COAEpKAIlMEe aTOMBI AJIEMEHTOB C HHU3IIEH CTENEHbIO
OKHUCJICHHUSI, MOTYT CIY)XHUTh TOJIBKO BOCCTAHOBHTECISIMH, ITOCKOJIBKY OHH
CIIOCOOHBI JIMIITh OTAABaTh AJICKTPOHBI, IIOTOMY YTO BHEIIHHHA SHEPIreTHYC-
CKH YPOBEHB Y TAKMX aTOMOB 3aBEPIIICH BOCEMBIO IJICKTPOHAMH.

Ecnm xe neMeHT HaXOAWTCsl B IPOMEKYTOYHOW CTETICHH OKHUCIICHUS,
TO €ro aTOMBI MOTYT, B 3aBUCUMOCTH OT yCIIOBUM, KaK IPUHUMATh, TaK U OT-
JaBaTh JJICKTPOHBL. B mepBOM cilydae CTEneHb OKHCICHHS dJIeMEHTa OyaeT
MOHWXAThCSI, BO BTOPOM — MOBHIIATHCA. [loaTOMYy coedunenus, codepoica-
wue sj1eMeHmbl 8 NPOMENCYMOUHBIX CIENeHsax OKUCIeHUs, 001adarom OKuc-
JAUMETIbHO-60CCMAHOBUMETbHOU  080UICIMEEHHOCHIbBIO — CHOCOOHOCMbBIO
6CmMynamv 68 peakyuu KakK ¢ OKUCIUMETSAMU, MAK U 80CCMAHOSUMETSAMU.
Hanpumep, azorucras kuciora HNO2 u ee comiu, rlie CTeeHb OKUCICHUS
azoTra paBHa (+3), BCTYMAOT B PEaKIMU KaK C CUJIbHBIMA OKHUCIUTEIISIMH, TaK
U C CHJILHBIMH BOCCTAHOBUTEIISIMH.

Knaccuuxkanusi OKHCIUTEILHO-BOCCTAHOBUTEIbHBIX pPeaKuni

1)  Mesxcmonexynapuvie OBP — xumuueckue peakyuu, 8 KOMopvlx OKUC-
JIUMenb U 60CCMAHOBUMENL MOJIEKYIbl PASHBIX BEULECMEB.

2NaCr*30, + 3Br,” + 8NaOH = 2Na,Cr"®0, + 6NaBr + 4H,0
Boccranosureib OKHCIUTEND

2)  Buympumonexynapuvie OBP — peakyuu, 6 Komopvix oKuciumenv u
80CCMAHOBUMENL — 21O PA3HLLE AMOMbL, 8X00AUUE 8 COCMAB MOJIEK)bl 00-
HO20 8eujecmea.

4HN"05? “2H,0 + 2N*™0, + 0,’
LBoccranosurens
OKUCINTEND

3) Peakuyuu oucnponopuyuonuposanus — OBP, ¢ komopvix okuciumenem u
goccmanogumeneMm AGNAI0MCs AmoMbl 00HO20 U MO20 JHce IeMEHmMAa 6 00U-
HAKOBOU CMeneHu OKUCTIeHU!

+5A~ — +7 -
4KCI™03 = 3KCI"'O4 + KCI

( CI"™®) — oxucIaUTEIH H BOCCTAHOBHUTEID

MeToa 3J1eKTPOHHOTI0 OaJIaHca.
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CocraBneHne ypaBHEHUN OKHCIUTEIHLHO-BOCCTAHOBHUTEIBHBIX pEaK-
[IUl METOJIOM 3JIEKTPOHHOTO OaslaHca Oa3upyeTcsl Ha TPABHIIE: YUCAO JJIeK-
MPOHO8, OMOAHHBIX 80CCMAHOBUMENEM, PABHO YUCTY INEKMPOHO8, NPUHSI-
MulX OKucaumenem. 3JeCh MOJCYET YHUCIAa MPUCOCAUHSIEMBIX U TEPSIEMbIX
AJIGKTPOHOB TIPOM3BOAMTCS Ha OCHOBAHWW 3HAYCHUH CTEMEHEH OKWCICHUS
AJIEMEHTOB JIO ¥ MTOCJIC PEAKIIHH.

Aneopumm noobopa kosghpuyuenmos 6 ypasnenusx OBP memooom
INEKMPOHHO20 OANAHCA:

1. 3anucaTh MOJEKYISPHYIO CXEMY PEAKIUH.

2. OmpenenauTsb C.0. ITEMEHTOB.

3. OTMETUTHh CUMBOJIBI 3JIEMEHTOB, U3MEHHBILIUX C.0. B X0JI€ PEAKIIHH.

4. Ha OCHOBaHMH CpPaBHEHMS C.0. DJIEMEHTOB, ONpPEAEIIUTH OKHUCIIH-
T€JIb U MPOAYKT BOCCTAHOBJICHUS, BOCCTAHOBUTENb U MPOAYKT OKHCIICHUS.

5. CocTaBUTH 3JEKTPOHHBIE YpaBHEHHs MPOLECCOB BOCCTAHOBIICHUS,
OKHCJIEHUS, COOIII0/1ast TP 3TOM OallaHC MO JIEMEHTaM U 3apsijiaM.

6. Haiitu naumenbiee obmee kpatHoe (HOK) nmnst uncna mpuHSATHIX
U OTAAHHBIX 3JIEKTPOHOB.

7. Haiitu ocHOBHbIE KOAI(PGUUIUEHTHl HPU KaXKIOM 3JIEKTPOHHOM
ypaBHeHuu. Jjig 3toro nosydeHHoe B nyHkre 6 uncino HOK paznenuts Ha
YHCIIO 3JIEKTPOHOB, (PUTypUPYIOLIUX B TAHHOM 3JIEKTPOHHOM YPaBHEHHUHU.

8. YMHOXHTH AJIEKTPOHHBIE YPaBHEHHUS Ha OCHOBHBIE KOd(duimeH-
Thl, IOJYYEHHBIE B I1.7, 1 IPOCYMMHUPOBATh UX MEXKIY COOOM (T. €. MOTYUUTh
CyMMapHOE€ 3JIEKTPOHHOE ypaBHEHHE). B cyMMapHOM ypaBHEHHUH 3JIEKTPOHBI
OTCYTCTBYIOT, T. K. COKPAILIatOTCsl.

9. TloactaBuTh KOI(PPHUIMEHTH U3 CYMMApHOTO AJIEKTPOHHOTO ypaB-
HEHHUA B MOJIEKYJsipHOE ypaBHeHHE. OcTaiabHble KO3DPUIIMEHTH TO10upaemM
B IIOCJIEIOBATEIBHOCTH: COJIb, KHCJIOTA MM OCHOBAaHME, BO/A.

10. Ocy1iecTBUTH NMPOBEPKY YKCIIa ATOMOB KHCIIOpOa B MPaBOH U Jie-
BOU YACTSAX YPABHCHMUS.

Monexkynapuas cxema peakyuu:

+3 +2 0 +4
&CIg + Na,SnO, + NaOH — & + NaCl + Na,SnO3; +H,0
OK-JIb BOCCT-JIb TPOJIYKT TPOJIYKT

BOCCT-HsI OK-Hsl

3Jl€Kmp0HHble YPABHEHUA:
OCH. K03(- |
(UIUEHTHI OK
1 Bi*® +3e = Bi IIPOIIECC BOCCTAHOBJICHUS

6 Sn*?-2e =Sn* IIPOLIECC OKUCIIEHUS

CymmapHasi cxema 3JeK-

43 +2 _ ; +4
2BI" +35n"" =2 BI +35n TPOHHOTO OajaHca
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Monexynsapnoe ypasnenue peakyuu:
2BiCl; + 3Na,SnO; + 6NaOH — 2Bi + 6NaCl + 3Na,SnO; +3H,0

Ilposepka: O: 12 = 12.

XapakTtep cpenbl (KUCIOTHBIN, HEHTpaabHBIN, IIEJIOYHOMN) BIUSET Ha
OBP. B pa3sbIX cpegax Nnpu B3aUMOJICCTBUM OJIHMX U TE€X K€ BEIIECTB MO-
T'yT NOJIy4aThCs Pa3IUYHbIE TPOAYKTHI.

OOBIYHO 1711 CO3MAaHMSI B PACTBOPE KHUCIIOW CPENbl MCIOIL3YIOT Cep-
HYIO KHCJIOTY. A30THYIO U COJISIHYIO (XJIOPOBOJAOPOAHYIO) KUCIOTHI IpUME-
HSIOT PEIKO: TIEpBasi cama SIBIICTCS OKUCIHMTENIEM, BTOpas CIOCOOHA OKHC-
JIAThCA. (s co3MaHus WET0YHOM CPEeAbl MPUMEHSIOT PACTBOPBI THAPOKCUAA
KaJaus WIA HATPUA.

PaccMmoTpum BisiHUE cpelibl HA NPUMEPE PEAKLUM, I1€ OKUCIUTEIEM
ABJIsIETCS mepMadranat — uon MnO,

OKHCJIeHHasA (popMa BOCCTAHOBJICHHAas ¢opma
KHCIasi cpenia Mn** 6/11 niu cia6o-
po3oBast
pH </ - OKpacka p-pa
+7 HEWTPANbHASA CPENIA | +4
MnO, pH= 7 MnO, (Oypslii 0casoK)
+6
IIeJIOYHAs cpeaa > (MnO,)*  (3enéHas

OKpacka
pH > 7 pacTBopa)
[lepMaHraHaT-MOH OKHUCIUTEJIbHBIE CBOMCTBA B OOJIBIICH CTETCHU
MPOSIBJISIET B KUCTION cpezie (0oJibliiee MTOHMKEHHE CTETIEHH OKUCIIEHU).

3aoanusa npeonadopamopHozo KOHMPOJiA

3amanue 1. YKaxuTe CTENEHN OKHCIIEHUS 3JIEMEHTOB B IPUBEICHHBIX
BemectBax.  Ompenenure, Kakue W3  HUX B OKHCJIHUTEIBHO-
BOCCTaHOBHUTEIBHBIX PEAKIIUIX SBISIOTCSA TOJBKO OKUCIUTEIISIMU WIIH TOJIBKO
BOCCTAHOBUTESIMHU, & KAKUE MPOSIBIISIIOT OKUCIUTEIIbHO-BOCCTAHOBUTEIIbHYIO
JIBOMCTBEHHOCTb:

a) MnO,, KMnQ,, P,Os, Na,S;

6) K2803, HNO3, HZS, NOz,

B) Cr, Nazcr04, KCrOz, chr207;
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F) NH;, KCIO,, Ny, KNO3, K,MnO,
3aganme 2. Peakiuu BRIPaKAIOTCA CXEMAMU:

a) Na,SO; + K103 + H,S0, — Na,SO, + I, + K,SO, + H,0;

6) CrCls + H,0, + NaOH — Na,CrO, + NaCl + H,0;

8) MnSO, + PbO, + HNO; — HMnO, + PbSO, + Pb(NOs), + H,0;
r) K,Cr,07 + KyS + H,SO, — K,SO0, + Cra(SOy)s + S + H,0;

m) HCIO; + P — HyPO, + HCI:

e) HNO; + HI — NO, + HIO; + H,0:

%) N,O + KMnO, + H,S0, — NO + MnSO, + K,SO, + H,0.

PaccraBpTe KOB(b(bI/IHI/IeHTBI B OKHCJIHUTCIIBHO-BOCCTAHOBHUTCIIBHBIX PC-
AKIIHAX. VkaxuTe OKHUCINUTENIbL U BOCCTAHOBUTEb. Kakoe BEIICCTBO OKUCIIA-
€TCs, KaKO¢C BOCCTaHABJIMBAETCs?

Jlabopamopnas paboma
«OKuciumenbHo-60CCMAaHOGUM EIbHbLE NPOUECCHL)

[leab paboThl: M3YYUTh OCOOCHHOCTH TPOTEKAHUSI OKUCIUTEIHHO-
BOCCTAHOBUTEJBHBIX PEAKINN, HAy4YUThCsl ypaBHHBaTh OBP Metomom snek-
TPOHHOTO OanaHca.

OnbIT 1. Okucnumensnusie céoticmea KMNO,.

Brimonnenne onwita. B Tpu nmpoOupku HaneiTe mo 1-2 cm’ pactBopa
MepMaHraHaTa Kanus. B mepByio mpobupky mo6asbre 1-2 CM°> 2H pacTBOpa
CEPHOM KHCJIOTBI, BO BTOPYIO — CTOJIBKO € 2H PacTBOpA 'MAPOKCHIA HATPHS,
B TPETHIO — TAKOE K€ KOJIUYECTBO BOJIBI.

Bo Bce Tpu npoOupky BHECUTE MO JIBA MUKPOLITATENsT KPUCTATUTNYECKO-
ro cynbduta Hatpus (Na,SO3z) u nepemeniaiiTe pacTBOphI 10 MOJTHOTO pac-
TBOPEHUS KpUCTAIIOB. OTMEThTE U3MEHEHHE OKPACKU BO BCEX TPEX CIyyasix.

3anuch AaHHBIX ombITa. Hamummre ypaBHEHUS! peakiiuii BOCCTaHOBIIE-
Hust KMnO, B KuCIIOH, IEIOYHON U HEUTpalibHOU cpenax. [o kakoil cremne-
HU OKucneHus BoccranaBiuBaercss KMnO,4 B pactBopax ¢ pH < 7, pH = 7,
pH > 7? (coenuHenus MapraHia B Pa3JIMYHbBIX CTEMEHIX UMEIOT Pa3InyHbIe
okpacku: HoH MnO, — nmeer (GHOIETOBYI0 OKpacKy, HoH MnO,” — 3eie-
HYI0, HOH Mn”" — B cl1a60 KOHIICHTPUPOBAHHBIX PACTBOPAX IPAKTHUCCKH

77



6ecusereH, MnO; 1 Mn(OH), sBAs10TCS TPy AHOPACTBOPUMBIMH BEIIECTBAMU
oyporo npeta). Cnenaiite BoiBoJI, 4eM siBiisseTcss KMnO,4 B OBP u mouemy?

OnbIT 2. BoccmanoeumenvHole C60OUCMEA HOOUOA KAIUAL.
N 3
Breinmonnenue onbita. B nmpobupky Haneite 2 cMm” pactBopa Kl, mpu-

neiite 1-2 cm® 2 pactBopa H,SO, n mo6asbre 1-2 cM® pactBopa KMnOs.
OtMmeThTe ncue3HoBeHne okpacku pactsopa KMnQO;.

3anuch JaHHBIX omnbiTa. Hamumure ypaBHeHHe peakiuu. Craenaiite
BbIBOJI, ueM siBiisseTcst KI B OBP u mouemy?

OnbIt 3. Okucaumensnusie ceoiicmea K,Cr,0.

Beimonuenne ombita. K 2 em® pactBopa K,Cr,0; npueiite 1-2 cM® 2H
pactBopa H,SO, u mprbaBbTe HEMHOTO KPUCTATUYECKOTO CYIb(PHUTA HATPHS
(Na,SO3). Kak n3Menumiacs okpacka pactBopa’?

3anuch JIJAHHBIX onbITa. Hanuimre COOTBCTCTBYIOIICC OKHUCIIMTCIBHO-
BOCCTAHOBHUTCIBHOC YPABHCHHC PCAKIIHWH. YKa}KI/ITe, yto sBisgercas B OBP
BOCCTAHOBHTCJICM U OKHCJIHNTCIICM U HO‘IGMY?

OnbiT_4. OKuciumenvHo-60CCMAHOBUMENbHBIE CBOIICHEA CoJlell
azomucmou Kucjiomal.

BeinonHeHue onbira:

a) k 1-2 cm® pacrBopa K| mpuneiite 1-2 cm® 21 pactopa H,SO4, mo-
6aBbTe HeckobKO Kamnelnb pacTBopa KNO,. OTMeTsTe u3MeHeHUS;

6) k 1-2 cm® pactBopa KMnO, mpuieiite 1-2 cM® 2H pacTBOpa CepHOI
KHCTOTHI 1 1-2 cm® pactBopa KNO,. OT™MeTbTe TpOUCXOAsIINe U3MEHEHUSI.

3anuch JaHHBIX OmbiTa. HanmummTe COOTBETCTBYIOIMIME OKUCIUTEIBHO-
BOCCTAaHOBUTEIbHBIC YPAaBHEHUS PEaKIMi. YKaKUTE, YTO SIBJISIETCA BOCCTa-
HoBUTENeM u okuciuteneMm. Cremaiite BbiBoj, modemy KNO, oGmamaer
OKHUCJIUTEILHO-BOCCTAHOBUTEIHLHON JIBOMCTBEHHOCTHIO?
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TEMA 9. QJIEKTPOJIN3

Inekmponuzom HA3bI8AEMC  OKUCIUMETbHO-80CCIMAHOBUMETbHBI
npoyecc, Npomexkanwull Ha 1eKmpooax 6 pacmeopax (pacniasax) 31eK-
MPpOAUMO8 NPU NPONYCKAHUU Yepe3 HUX INeKMPULECKO20 MOKA.

CymHoCcTh JT1000T0 3JIEKTPOIN3a COCTOUT B OCYIIECTBICHUU 3a CUET
ANEKTPUYECKOTO TOKA PEAKIIUM:

- BOCCTAHOBJICHHU HA KaTOJE;

- OKUCJIEHUS HA aHOJE.

B nponecce 3mekTponaunsa TOK UAET OT aHOJIA K KaTOAYy.

Inekmpoo, coeOuHEHHbIUL C OMPUYAETLHBIM NOAI0COM BHEULHE20 UC-
MOYHUKA MOKA, HA3b18AE€MCA KAMOOOM.

Inekmpoo, coeOUHEHHBIN C NONOHCUMENbHBIM NOTIOCOM BHEUIHEe2O
UCMOYHUKA MOKA, HA3bI8AEMCSL AHOOOM.

AnmnapaTsl, B KOTOPBIX MPOBOASAT 3JIEKTPOJIN3, HA3bIBAIOTCS AJIEKTPO-
JIA3EpaMH.

C moMoIuIp0 IpoOLECCOB IEKTPOJIN3a MOIYYalOT MHOTHE XUMHYECKHE
IIPOAYKTHI, B YaCTHOCTH, IIEJIOYHBIC U IIECJIOYHO3EMENIbHbIE METAJUIbI, YH-
CThI€ METAJUIBI (TaK Ha3pIBaEMOE papUHUPOBAHUE METAJUIOB), FAJIOTEHBI, IM1E-
JIOYU U JPYyTHE XUMHUYECKHUE BEIIECTRA.

Anekmponu3 pacniagos

B ciydae pacriiiaBoB B poIiecce JIEKTPOJIN3a He yU4aCTBYIOT MOJICKYJTbI
BOJBL. PaccMOTpUM Kak mpuMep aiekmponus pacniasa bpomuda kaaus KBr:

KBr —» K"+ Br

na anoge (+): 2Br —28 — Br okucnenue
na karome (-): K'+18 » K° BOCCTAHOBJICHUE

AIEKTPOJIU3

2KBr »2K + Br;

Anekmpoauz pacmeopos

B ciyuae snekTponn3a BOJAHBIX PACTBOPOB COJICH B TIPOIECC «BMEIITH-
BAIOTCS» MOJIEKYJIBI BOJIbI, KOTOPBIC HAPSTy C KATHOHAMU M aHMOHAMHM COJICH
MOTYT KaK OKHCIIAThCS Ha aHOJIE, TAK M BOCCTAHABJIMBATLCS HA KaTOJC.

Kamoomnwvie npouyeccol
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[Ipu paccMOTpeHHH THX TPOIECCOB CIEAYET MOJIB30BATHLCS TabIUIIeH
CTaHAAPTHBIX AJICKTPOIHBIX TOTCHIIMAIOB METALIOB (PAIOM HAIPSKCHUS)
(npunoxenre M) 1 yIuTHIBATH CIICAYIONICE:

1) MeTasuIbl, UMEIOIINE HU3KKE 3HAYCHHUS CTAHJAPTHBIX AJIEKTPOIHBIX
notenianoB (ot Li mo Al BKIIOYHTEIBHO), HUKOT/Ia HE BOCCTAHABIIMBAIOT-
Cs Ha KaToJIe, @ BMECTO HUX BOCCTAHABIIMBAIOTCS MOJICKYJIbI BOJBI COTJIACHO
ypaBHCHHUIO:

2H,0 +2& — H,’+20H"

2) MeTaJlIbl, UMEIOIINE 3HAYCHUS CTAHJIAPTHBIX JJICKTPOIHBIX MOTCH-
muanos B uHTepBane @A < °ume < ¢’io (T. €. CTOSIIIME B STy HAPSDKCHHUIA
MEX1Y aJIOMUHUEM M BOJAOPOJA0OM ), BOCCTAHABIMBAIOTCSA Ha KaTOJIE BMECTE
C MoJieKyJaMu Bojbl. [Ipu aTOM 00pasyercs 1 BOAOPOI U METAJLI:

Zn*+2 — zZn°
2H,0 +2& — H,® +20H"

3) METaJlJIbl, UMCIOINUEC ITOJTOKHUTCIIBHOC 3HAYCHUC CTaHI[apTHBIX DJICK-
TPOJHBIX TOTEHIHMAIOB (T.€. CTOSIINE B PNy HalpsOKEHHH mpaBee (HUKe)
BOIIOpOI[a), HpI/I 3HeKTp0JH/I3€ HpaKTquCKI/I ITOJIHOCTBIO BOCCTAHABJIHNBAKTCA
Ha KaTOoAcC:

Cu*+2 — cu°

Ag-+le > Ag°

4) ecnu B PacTBOPE MMEETCS HECKOJBKO BHIOB KaTHOHOB METAILIOB,
24 o2 .
narpumep, Ag’, Cu”", Fe™’, To ux BoccTaHOBJIEHUE HA KATOAE MAET MOTAIHO
B HATIPABJICHHM OT GOJIBIIOr0 3HAYCHHS ¢ K MEHBIIEMY 3HAYCHHIO ¢

(POAg+/Ag- =+0,799 B; (POCu2+/Cu = +0,337 B; (POFe2+/Fe =-0,440B
Ag - Cu —> H; > Fe

AHooHble npoyeccol

[Ipu paccMOTpeHNU aHOTHBIX MPOIIECCOB HEOOXOIUMO YUUTHIBATh, YTO
pa3IMyaioT 2 BUJIA JJIEKTPOJIN3A: C PACTBOPUMBIMU (AKTUBHBIMH) aHOAAMHU U
C HEPacCTBOPUMBIMU (MHEPTHBIMU) aHOJaMU. B kadecTBe mocienHUX MpuMe-
HSAIOT TpaduT, CBUHEN, MJIATUHY, TJIATUHUPOBAHHBIC THTAHOBHIC CILIABHI,
HaJJIagui.

Ilpu okucneHuu aHUOHO8 6 cyuae UHEPMHLIX AHO008 HA AHOOEe MO2YM
00pazo6vIBAMbCI:
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1) O, (xucnopon) — eciid B pacTBope cojaepxkarcs annonsl F, OH™,
S0,%, NOs, PO,* 1 mpyrie aHHOHBI KHCIOPOACOACPKAIIMX KUCIOT. [Ipn
ATOM B HIEJIOYHOM Cpeie MPOoLecC MPOTEKAET 10 yPaBHEHHUIO:

40H -4 — 0O +2H,0 pH>7
B HelTpabHON M KUCIIOM Cpeae — M0 YPABHEHUIO:
2H,0-48 — 0, +4H" pH<7

2) Cly, Bry, I, ,S — eciiu B pactBope conepskarcs anuonsl Cl-, Br, I
v S& I[Tpu 5TOM MpoILEcC MPOTEKAET IO YPaBHEHHIO:
2Br -2& —  Br

B cnydae, ecnu mpu 3NEKTpOJSM3€ MPUMEHSIOTCS aKmueHbvle aHOObl
(MeOmnble, YuHKoBble, HuUKelesvle, cepeOpsiHble W T.J.), IPOTEKAET MpPOIeCC
OKHUCJICHUS (pacTBOPEHUS) CAMOTO aHO/Ia TI0 YPABHEHHUIO:

cu’-28 —» Cu*; Ag’-1e¢ > Ag.

3axon @apadesn. TeopeTHIECKOE COOTHOIICHHE MEXIY KOJIHMYESCTBOM
IPOIICAIIECT0 JIEKTPUYSCTBA U KOJIUYECTBOM BCIIECTBA, OKMCIICHHOTO WJIH
BOCCTAaHOBJICHHOT'O Ha 3JICKTPOJEC, onpeaeisercs 3akoHoM Dapajesi, coriac-
HO KOTOPOMY Macca 31eKmpoauma, no08epeuudsics XUMU4eckomy npespauye-
HUIO, 4 MAKIHCe MACCa 6euecms, 8bl0eNUBUUUXCS HA DTIeKMPOOax, NPSAMO Npo-
HOPYUOHATIbHBL KOIUYECMBY NpOmedue20 uepe3 31eKmpoaum 3d1eKmpuye-
CMBA U MOJISIPHBIM MACCAM IKBUBATIEHMO8 8eecms:

m=m,-I-t/F

rae M — macca 2JICKTPOJIMTA, MOABEPTIIAsICA XMMHUYCCKOMY IIPEBPAICHUIO,
HJIK MaccCa BCIICCTB — IIPOAYKTOB JJICKTPOJIHM3a, BBIIACIMBIINXCA HA JJICKTPO-

nax, T; M, — MOJISIpHAs Macca SKBHUBAJICHTA BEIIECTBa, I/MOJIb; | — crita Toka,
A; t — TpOIOMKUTEIBLHOCTh JJIeKTpodu3a, ¢; F — uucmo dDapages —
96500 Kir/monb.
J11st ra3000pa3HBIX BEIIECTB:
V=V,-I-t/F,

3. .
rae V — o0beM BbIIENMBIIETOCA ra3a, AM ; V., — DKBUBAJCHTHBIA 00BbEM BEI-
3
JIEJIMBIIIETOCS ra3a, M /MOJIb.

BaxHbIM MTOHATHEM B BJICKTPOJUTHUYECKHUX MPOIECCaX SIBISIETCS MOHS-
THE 6b1X00a no mokKy (BT). BbIX0qOM MO TOKY Ha3bIBAETCS BBIPAXKECHHOE B
MPOIIEHTaX OTHOIICHHUS] MAacChl (DAKTUYECKH TOJIYUYEHHOTO MPOIYKTa dJIEK-
TPOJIM3a K Macce TEOPETUYECKOM, PACCUMTAHHOW UCXOs U3 3akoHa Dapaies.
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BT = 53T 100% : BT = Vopacr 100%  (mns razos)

TEOp Teop
IIpumepsI

IIpumep 1. Kakue BemecTBa U B KakoM OOBEME BBIIEISIOTCS Ha
MHEPTHBIX 3JEKTPOJAX, €CIH IMPOBOAMUTH 3JEKTPOJIM3 BOIHOTO pPacTBOpa
NaNO; B Teuenue 3 yacoB npu cuiie Toka 2 A. CocTaBbTe CXEMY JEKTPOJIH-
3a C ”HEPTHBIXMH 3JIEKTPOJIaMH.

Pemienne: cxema anekTpoausa BogHoro pactBopa NaNOjz ¢ HHEpTHBI-
MU 3JIEKTPOIJAMHU.

B BOIHOM pacTBOpe UMEIOTCS] HOHBI:

NaNO; — Na* + NO; .
K(-): Na*, H,0 A(+):NO;, H,0

K: 2H,0 + 2& =H,1+ 20H"
A: 2H,0 — 48 = 0,1 + 4H"
Ha KaToAC BBIACILACTCA BOAOPOA, HA aHOJAC BBIACIIACTCA KUCIIOPO.

IIo 3aKOHY CDapaz[e;I PaCCYUTBIBACM 00BEMBI BBIACIIMBIINXCA BOJOPO-
Jda 1 KHCJIopoda:

V(Hy) = V,(H,) - I - t/F=11,2-2 10800/ 96485 = 2,5 M’
Vo(0,) = V,(Op) - 1 - t/F=56-2-10800 /96485 = 1,25 i

Ipumep 2. Onpeaenute Maccy IMHKA, KOTOpas BBIACIUTCS Ha KaTOJIe
IIpU BJIEKTPOJIM3E pacTBOpa cyib(para IIMHKAa B TEUCHHE | yaca mMpH TOKE
26,8 A, ecnu BBIXO[I ITMHKA TIO TOKY paBeH 50 %.

Petienue: B cooTBeTcTBUU C 3aKkOHOM Dapajest onpeaeIuM Maccy UH-
Ka, KOTOPBIN BBIJCTWICS Obl, €CIi Obl Ha KaTo/e MPOTEKal OJIMH MPOIIECC:

m -l-t 32,7-26,8-3600

m=—2 =32,72
F 96485
Brixon nunHKa 110 TOKY paBeH
BT =2.100% = " .100%
Q m

OTCIOI[a MaccCa BBIACIIMBIICTOCA IMHKA COCTAaBJIACT.
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. _m-BT'_32,7-50%
2 100% 100%

=16,35¢

3aoanus npeonadopamopno2o KOHmMPO.s

3ananme 1. B kakoil mocnenoBaTebHOCTH OYyT BOCCTAHABIMBATHCS
KATHOHBI TIPH JIEKTPOJIH3e BOAHOTO PacTBOpa, Comeprkamero moHsr Cre
Pb*, Hg®* , Mn?* , eciin MoIIsipHast KOHIIGHTPAIMS COOTBETCTBYIOIIMX HM CO-
Jel OANHAKOBA, a HAMPSHKEHUE HA KATOJIE JOCTATOYHO JJIsi BOCCTAHOBIICHUS
Ka)XJ10T0 U3 HUX?

3amanue 2. B Kakux ciyyasx MpU 3JIEKTPOJU3E BOJHBIX PACTBOPOB
COJIEH:

a) Ha KaToJie BBIJEISAETCA BOJIOPO/I;

0) Ha aHOJIE BBIJICTSAETCS KUCIOPO/T;

B) COCTaB 3JICKTPOJIUTA HE U3MEHSETCS?

3amanue 3. Hanuuimre ypaBHEHUs peakUWid KaTOOHOTO U aHOIHOTO
IPOLIECCOB, MPOTEKAIONIUX Ha TPaQUTOBBIX JJIEKTPOAAX MPH DIECKTPOJIHU3E
BOoAHOTrO pacTtBopa Hurpata cBunua(ll);

3ananme 4. Yepe3 Boanbiii pactBop xjopuaa menu (II) mpomyckaror
MIOCTOSHHBIN TOK cujoil 3 A B TeueHue 6 4. Onpenenure Maccy mMeau, oca-
KICHHYIO Ha Karoje, U 00BbeM XJIopa, BBIJICJIEHHOTO Ha aHojae (H.y.), eciu
BBIXO/I 10 TOKY paBeH 75 %.

3amanue 5. DiekTponu3 pacTBopa cyib(dara IMHKA TPOBOAWINA C HE-
pacTBOPUMBIM aHOJIOM B TeueHue 6,7 4, B pe3yjibTaTe Yero BBIJACIUIOCH
5,6 IM° KHCIIOPOJA, H3MEPEHHOTO IIPH H.y. BEIUHCINTD CHITY TOKA U KOIMYe-
CTBO OCaXJEHHOTO IUHKA.

3aganme 6. [Ipu nponyckanuu Toka cuioit 2 A B teuenue 1 u 14 mun
24 c yepe3 BoJHbIN pacTBOp xjopuaa metauia (II) Ha ogHOM U3 rpadUTOBBIX
ANEKTPOAOB BbIACIWIOCH 2,94 T Metaima. UeMy paBHa aTOMHas macca Me-
Tajuia, eciid BoixoA 1o Toky 100 %, u uro 310 3a Metanmn? Hanumure ypas-
HEHUSI pEAKIUN, MPOTEKAIOIIUX Ha JIEKTPOAAX.

Jlabopamopnasa padoma «Inexkmponus)

[leab paGoThI: U3YyUUTH MPOIIECCHI AIEKTPOIN3a B PACTBOPAX COJICH.
OunbIT 1. dnekmpoausz 6oonozo pacmeopa cyavghama nampus.

BrinosiHeHue onbiTa. 3anoiaHUTE 31eKTposu3ep 1M pacTtBopom Cyiib-
¢data Hatpusi. B o0a koseHa no6aBpTe M0 3—4 KariM METUJIOPAaHXKa U OIly-
ctuTe rpadUTOBBIC AICKTPOJIbI, COSAMHEHHBIC C DJIEKTPOCETHIO Yepe3 TpaHC-
dbopmMaTop M BBIIPSAMUTENb. BKIIOYNTE TOK M HAOIIOJAWTE 3a IMPOIECCOM
anekTponusa. Kak M3MeHseTCs OKpacka METHJIOpaH)ka B O0OHMX KOJIEHAaX
3JeKTposn3epa’?
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3anuchk pe3yabTaToB omnbiTa. Hamuiure ypaBHEHHs] KaTOJHOTO U aHOJ-
HOT'O MPOLECCOB, MPOTEKAIOIIMX MPH dJEKTposn3e cyibpara HaTpus. Kakue
BEIIECTBA BBIIEISAIOTCS HA KaTo/e U aHojie? OObsICHUTE U3MEHEHUE OKPACKH
B IIPUKATOAHOM U MIPUAHOIHOM MTPOCTPAHCTBAX.

OunbIT 2. Inekmponu3 600H020 pacmeopa MeoHo20 Kynopoca.

BoinonHenue ombita. 3anoigHute s3JekTpoiuszep 30%-m pacTBOpoM
MEIHOTO KyHopoca W OMYCTUTE TPapUTOBBIC IJICKTPOJbI, COCAMHCHHBIC C
AIEKTPOCEThIO Yepe3 TpaHcHOpMATOpP M BHIIPSAMUTENh. BKIIOUHTE TOK U
HaOo/1aiiTe 3a mpoieccoM 3JeKTpoin3a. OTMETbTe Ha KaTOAE KpPACHBIM
HaJIET MEH.

3anuch pe3yabTaToB ombITa. Hanuimmre ypaBHEHUS! KaTOAHOTO W aHOJ-
HOTO TIPOIIECCOB, MPOTEKAIOIUX MpU dJIEKTposin3e cyibhara menu. Kakoit
ra3 BbIIEJISIETCS HA aHOAE?

OnbIT 3. dnekmpoaus 6001020 pacmeopa HoouUda Kaius

BrinonHenue oneita. 3anonHute anekTponnszep 1M pactBopom Hoau-
na kanus. B o06a konena no6aspTe 1o 3—4 karm ¢eHondTaienHa U OnyCcTH-
Te rpaUTOBBIE IEKTPOJIbl. BKIIIOUNTE MOCTOSHHBIA TOK M HaOroaiiTe 3a
IPOLECCOM UIEKTposin3a. OTMEThTE U3MEHEHHE LIBETA y KaToAa U aHOJ1a.

3anuch pe3yJabTaToB oOmnbiTa. HamuiunWrte ypaBHEHUsT KaTOIHOTO H
AHOJIHOTO MPOILIECCOB, MPOTEKAIIMX MPU JJIEKTpoiau3e noauna kamus. Ka-
KH€ BEIIECTBA BBIICISIOTCS Ha Karoje u aHone? OObscHUTE, TOYeMy OKpa-
CUJIUCh PACTBOPBI B KATOJJHOM U aHOJHOM MPOCTPAHCTBAX?

OnbiT 4. Inexkmponusz 60onozo pacmeopa CuSO, ¢ pacmeopumvim
AHOOOM.

Beinonnenue omnwita. 3anojsHute 3nekTposnsep 30%-M pacTBOpoM
MEJIHOTO KYNopoca M OIMYCTUTE TpaUTOBBIE AJIEKTPOJbI, MPOIyCcKaiTe mo-
CTOSIHHBIM JJIEKTPUYECKUN TOK. Uepe3 5 MUHYT NMpPEKpaTUTe 3JIEKTPOJIU3 U
OTMETHTE Ha KaTOJl€ KpAacHbIM HasleT Meau. OTKIIIOYUB 3JIEKTPOIU3EP OT KC-
TOYHHKA TOKA, IOMEHSMUTE TOJII0CA JNEKTPOJIOB, BCIEACTBUE YETO AIIEKTPO,
MOKPBIBIINICS BHAYalI€ MEbI0, OKaXKETCsl aHOoA0M. OmsTh MpoITyCcKanuTe mo-
CTOSIHHBIN AJIEKTPUUYECKUI TOK. UTO MPOUCXOJUT C ME/IbIO HAa aHO1e?

3anuch pe3yabTaTOB OMbITa. Hamummre ypaBHEHUS KaTOAHOTO H
AQHOJIHOTO TIPOIIECCOB, MPOTEKAIONIMX IMPH 3JIEKTPOJH3e Cyiabdara Meau C
MEHBIM aHOJI0M. Kakoe BemecTBo BeIICIsAETCS Ha KaToe?
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TEMA 10. TAJTbBBAHUYECKUM DJIEMEHT

Yempoticmea, komopuie npumensirtom 0151 HenocpeOCmeeHH020 NPeon-
DPA308aHUSL IHEPSUU XUMUUECKOU PeaKyuu 8 31eKmpUyeckylo IHepeulo Ha3vi-
saromcs eanb8anuyeckumu snemenmamu (I'3) unu xumuueckumu ucmoyHu-
Kamu 3nexmpuyeckou snepeuu (XUI3).

K HUM OTHOCSTCA raJbBaHUYECKHUE DJIEMEHTBI U AKKYMYJISTOPBI.

[Ipocrenmmii TaTbBAHUYECKUN JIEMEHT COCTOUT U3 JIBYX AJIEKTPOJIOB,
MOTPYKEHHBIX B PACTBOPHI JIEKTPOJUTOB, COJIEPKAIIUX OJHOUMEHHBIE MO-
Hel. B cucremMe MeTann-3NeKTpPOJIUT Ha TpaHuUlEe paszjaena a3 BO3HHUKAET
JIBOMHOMN 3JIEKTPUUYECKUIN CJION, OJIOKUPYIOMIMI HNOBEpPXHOCTh MeTaiuia. O0-
pa3oBaBIlasCsl MOTPAHUYHAS PA3HOCTh MOTEHIMAJIOB IMOJYy4YWJia Ha3BaHUE
ANEKTPOAHOTO MOTEHIIMAIa METAJLIA.

Cmanoapmuvim  371eKmpooHbiM  nomenyuaniom memaid (9°ve e
HA3bl8AeMcs maxKou NOMEHYUasl, KOmopwll 803HUKAEM HA MemAalIudecKol
NIACMUHKeE, HAX00sAUelcs 8 KOHMakme ¢ 0OHOUMEHHbIMU UOHAMU 8 PACMEBO-
pe ¢ konyenmpayueii ux 1 monv/om’.

OH 3aBHCHUT OT TEMIIEPATYPbl U PACCUUTHIBAECTCSI OTHOCUTEIBHO IO-
TEHLMAJIa CTAHJAPTHOTO BOJOPOJHOrO BJEKTPOJa, MOTEHIHUAT KOTOPOTro
MIPUHAT PaBHBIM HYJIIO IIPU BCEX TEMIIepaTypax.

BennuuHa cTaHIapTHOrO 3JIEKTPOAHOTO MOTEHIMAIA METAILJIA 3aBUCUT
HE TOJBKO OT MPHUPOJIbI METAILIA, HO U OT BEJIMYUHBI 3aps/ia €ro HOHOB B pac-
TBODE.

o 2+ - o 3+ —
0 re Ire=-0,44 B 0°re Ire =—0,036 B

B 3aBucHUMOCTH OT BEIMYWH CTaHJAPTHBIX AJIEKTPOTHBIX MOTEHIMATIOB
mpu 25 °C (298 K) Bce MeTamibl paciog0KeHbl B PSL HAPSIKEHUIH HITH A
aKTUBHOCTH METaJUIOB (CM. ipuiioxkenue M).

Ecnm  xoHmeHTpamus coiu MeTalyla OTJIWYaeTCs OT BEIUYHHBI
1 Monb/aM®, TO 3HAYEHHE DIEKTPOIHOTO MOTECHIIMANA METAIIA PACCUUTHIBA-
eTCsl Ha OCHOBaHUU ypaenenus Hepucma:

0,059
¢ =¢+——"1gCyen+

rie N — 3apan umoHa Meramna, Cy.' — KOHLEHTpalus HOHOB MeTajlla
( Moms/amY).

Cxema 2anvb8aHuuecKozo 3nemenma

Paccmotpum onnH 13 Hanbonee mpocThix [ D — MeTHO-IIMHKOBBIN, UITH
anemeHT Januans — SAxobu (puc. 10.1).
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- sof +
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2+ - - 2+
ZEH zn cu |&u”
A SOZ SOF 3

Pucynox 10.1 — KoHcTpyKIus MeIHO-IIMHKOBOTO TaJIbBAHHYECKOTO
aneMeHTa (deMeHT Jlanuaisa — Axkoomn)

B HEM mpoOBOAHMKOM COEAMHSIOTCS TUTACTHHKY M3 IMHKA U MEAH, TIPH
ATOM KXl M3 METAUIOB OMYIIEH B PAacTBOP COOTBETCTBYIOIIEH COJIM:
cynbdara uHkKa (cocyn A) u cynbdarta meau (1) (cocyn b). [TomyanemeHThI
COCIMHEHBI JJIEKTPOJUTUYECKUM KIIOYOM B, mpencrasistommm coOoi
U-o06pa3Hyto TpyOKy, 3alOJIHEHHYIO KaKUM-JIHOO SJEKTPOJIMTOM, dYalle —
HACBIIIEHHBIM PacTBOPOM XJIopHaa Kanus. Eciu coequHUTh 00€ IIaCTUHKH
IIPOBOJIOM, TO IO HEMY B YKa3aHHOM CTPEJIKON HampaBiICHUH HAYHYT Tepe-
MEIaTbCsl  DJIEKTPOHBI  (TOTEUeT  DJEKTpUYecKuid  Tok).  TpyO-
Ka B obecreunBaeT 3aMKHYTOCTb IICIIH, TI0 Heil mepeMemaroTcst HoHbl SO4° .

CxeMaTH4YeCKH TaTbBAHUICCKUN AJIEMEHT MOYHO MPEJCTAaBUTh TaK:

(=) zn| zn*

| Cu®"|Cu (+)

o 2+ _ o 2+ _
(P Zn /Zn - _0976 B (P Cu /CU =+ 0934 B
QI/IHK KakK 6OJ'ICC aKTHBHBIﬁ MCETaAJIJI (T. €. MCTaJlll, I/IMCIOH_[I/Iﬁ MCHBIIICC

3HAQYEHUE CTAHJAPTHOTO JJICKTPOJHOrO MOTEHIMAaNa) sBiseTcd aHonoMm. Ha
AHOJIE MIET MPOLECC OKUCIICHUS !

Zn°-2& —» zZn*

Menpb KaK MEHee aKTUBHBIM MeTaslI (T. €. METaJll, UMEIOIIHKI OoJIblliee
3HaQYEHUE CTaHJIAPTHOTO DJIEKTPOIHOTO MOTEHIIMANIA) sIBIsieTcsl KatoaoM. Ha
KaToJe UAET MPOLIECC BOCCTAHOBJICHUS

cu+28 —» cu°
CYMMapHO HpOHeCC MOXHO BBIpaBI/ITB TakK.

Zn® + Cu®* = zZn*" + CU°
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B cimydae pa3oMKHYTOH 11emu mpoiiecc OBICTPO JOCTUTAeT PAaBHOBECHOTO
COCTOSIHUS M TIPUOCTAHABITHBACTCSI.

B cirydae 3aMbpIkaHUS 1M H30BITOYHBIC SJICKTPOHBI C IIMHKOBOTO AJICK-
TPOJIa IMOTCKYT» Ha MEIHBIM AJICKTPOJ U B LIETTH BO3HUKHET AJICKTPHYCCKUI
TOK, KOTOPBII MOYKHO U3MEPHUTH C TIOMOIIBIO FalbBAHOMETPA.

Kaxxplii TalbBaHUYECKUN DJIEMEHT XapakTepusyercs 3HaueHueM 3/C
(amexTpoaBmKymeld cuiibl). OHa PaCCUYUTBHIBACTCS KAK PA3HOCb 3JeKMPOO-
HbIX NOMEHYUAI08 Kamood U aHo0d 8 pazoMKHymom dnemenme ( M BCETna
MOJIOKUTEIIbHA):

E= O+ =P >0 niin E= QPxarona — Panona = 0
IHpumepsi

Ilpumep 1. BBIYUCIUTH 2JIEKTPOJHBIM MOTEHIIMAN ITUHKOBOTO DJIEK-
TpoJa, MorpyxkEHHoro B pactBop commm ZnSO,; ¢ xonnentpamuei 0,0001
MOJ'IB/J:[M3.

Penienue:

1) Tlo Tabmune npuioxeHus M Haxoaum, 94To (p02n2+/2n =-0,76 B

2+ _ 14 3
2) YuutsiBas, 9To Czsos = C zo°° = 107 mons/aM®, paccunTaem
AIIEKTPOIHBIN MOTEHITHA IIMTHKOBOTO AJICKTPoa Mo ypaBHeHUI0 HepHcTa.

0,059
2

Oz’ zn = 0,76 + lg-10~*=-0,76 —0,118 = —0,878 B

IIpumep 2. CocTaBUTh CXEMBbI raJIbBAHUYECKHUX JIEMEHTOB, B KOTOPBIX
HUKEJb ObLT OBI: a) aHOJOM; 0) KaTOJI0M.

Pemenue:
a) Hukenp — a”HOI
[To Tabnue nmpunoxenus M Haxoaum (pONi2+/Ni = —0,250 B, nonbupaem

€My KaToJ, T. €. MeTaJlJl, UMEIOLUI OoJIblllee 3HaYEHNE CTAaHAAPTHOIO JJIEK-
TPOJHOTO MoTeHuuana. O4eBUIHO, YTO 3TO JI000I METasl, CTOSIIIUNA B pALy
HaIpsOKEHUS! IpaBee HUKEJIs: BOJOPO/, CBUHELL, CypbMa, ME/lb U T. 1.

-CxeMma dJIeMEeHTa () Ni| Ni?* || Pb*

Pb (+)

0) Hukenpb — xaton

Paccyxmast ananorudno, momOupaem sl HUKEIS aHOMd, T.. METall,
UMEIOITUN MEHbIIIee 3HAUCHHUE DJIEKTPOHOTO MOTEHIIMAIA. ITO MOXKET OBITh
m000M MeTallI, CTOSIIIUN B POy HANpsDKCHUN JIEBee HUKENs: BOJOPO/I,
KaJgMUM, Ke1e30, IIMHK U T.].

Cxema »leMeHTa (-) Fe |Fe2+ || Ni%* |Ni (+)
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IIpumep 3. CocTaBuUTh CXE€My TaJIbBAHMYECKOTO 3JEMEHTa, 00pa3o-
BAaHHOI'O MarHUEBBIM JIEKTPOJIOM, NOTPYKEHHBIM B PACTBOP COJIM MarHus ¢
KOHIIEHTpALen CMgz+ = 0,01 Momb/aM® ¥ HUKENEBBIM IIEKTPOIOM, MOTPY-
’KEHHBIM B PaCTBOP COIM HUKens ¢ Kouuentparueit Cyi”* = 0,005 mons/aM° 1
paccuutats ero J/1C.

1) ¢°mg Mg = —2,363 B; ©°ni> i = —0,250 B

2) CocTaBiisieM cXemy dJIeMEHTa
() Mg Mg || Ni**

Ni (+)
3) DieKTpoaHbIE MPOLECCH, mpoucxosiue B ['D:

Ha aHoje (—): Mg’ -2 —» Mg** (oxucienue)
Ha KaToje (+): Ni*+2& — Ni° (BoccraHoBicHIHE)

4) Tlo ypaBHeHMIO HepHCTa BBIYUCIISIEM AJICKTPOIHBIC MOTEHIHAIIBI
MAarHueBOI0 U HUKEJIEBOIO 3JIEKTPOIOB:

0,059
2

-1g(5-1073)=-0,318 B

Omg’ Mg = —2,363 + -1g1072 = -2,422 B

0,059
2

oni- ni= —0,250 +

5) PaccuutsiBaeM DJIC raibBaHUYECKOTO 3JICMEHTA!
E = oni— Omg;
E=-0,318 - (-2,422)=2,104 B
3aoanusa npeonadopamopHoz0 KOHMpPOJiA

3aganue 1. Mapranuesblii 21ekTpos B pactope comr Mn®* mmeer o-
TEHIIMAI (PMn2+/Mn = —1,356 B. Paccuurtarh KOHIIEHTpAIlMI0 HOHOB Mn* B
pacTBope.

3aganue 2. CocTaBbTe CXEMBI 2-X raJbBaHHUYECKHUX DJIEMEHTOB, B OJI-
HOM M3 KOTOPBIX KaJMHI SIBJIIETCS aHOJOM, a B ApyroMm — Katoaom. Hamu-
HIUTE COOTBETCTBYIOIIUE YPABHEHUSI 3JIEKTPOJIHBIX MPOLIECCOB.

3aganue 3. [Ipy KaKoil KOHIEHTpALHK HOHOB Fe** (Momb/am°) moTeH-
1Man kelne3Horo snekrpona Oynetr Ha 0,236 B meHsIe ero cTaHmaapTHOTO
3HaueHus1? Pacu€T npousBenuTe Ha OCHOBaHUM ypaBHeHuUst HepHcTa.

3ananue 4. Xenesnas u cepeOpsiHas IIACTUHBI COSAMHEHBI BHEITHUM
MPOBOJIHUKOM U MOTPY>KEHBI B paCTBOP CEPHOU KUCTOTHL. COCTaBbTE CXEMY
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JAHHOTO TaJbBAHMYECKOIO 3JEMEHTA W HAIUIIUTE YPaBHEHHS MPOLIECCOB,
POUCXOIAIIMX Ha KATOJI€ U HA aHOJIE.

3ananme 5. Kakoil raibBaHUYECKUN 3JI€MEHT HA3bIBACTCS KOHIIEHTpa-
uoHHBIM? COCTaBbTE€ CXEMY, HAIMMIIUTE 3JIEKTPOHHBIE YPABHEHMS DJIEK-
TPOJHBIX MPOIECCOB U BBIYUCIHUTE 3.]1.C. TATIbBAHUYECKOTO AJIEMEHTa, B KO-
TOPOM cepeOpsiHbIe 3eKTpo bl omyleHbl B 0,01 H u 0,1 H pacTBOPBI HUTpaTa
cepebpa.

Jlabopamopnaa paooma «I anveanuueckuit 31emenm)

[{eap paboThI: HAYYUTHCS COCTABISATH TATBBAHUYECKUN AJIEMEHT, U3Y-
YUTh MPOIIECCHI, MPOTEKAIOIINUE MPHU €T0 padoTe.

OnpIt 1. Hpueomoeﬂeuue 2A/1b6AHUYUECKO20 J/iemenmda.

BrinosnHeHnue onbita. B 0IUMH cTakaH, 10BepXy 3amoiHEHHbIA 1M pac-
TBOPOM cyib(daTa Meau, ONyCTUTE MEIHYIO IIACTHHKY, a BO BTOPOH, 3aI1oJI-
HeHHbIN 1M pacTBOpoM cyinbdaTa IMHKA, — IIMHKOBYIO uIacTUHKY. Oba pac-
TBOpa COEIUHUTE MEXKIY COOOM C MOMOIIBIO AJEKTPOIUTHOTO MOCTHKA. C
MTOMOIIIBIO TIPOBOJIHUKOB MPUCOCIUHHUTE TIJIACTUHKU K BOJbTMETpy. Habiro-
JATe OTKIIOHEHUE CTPEIIKU BOJIBTMETPA.

3anuch JaHHBIX OMNbITa. PaccuuTanTe 3HA4YEHUs AJNEKTPOJHOrO MOTEH-
1uaga mno npeoOpa3oBaHHOMY ypaBHEHHIO HepHcTa misi KaXXJa0Tro U3 dJIeK-
TPOAOB,  ONpEeAenuTe aHoAg W karon. Kakue — OKUCIUTENBHO-
BOCCTAHOBHUTEIBHBIC MPOLECCHI MMPOTEKAIOT HA JJICKTPOAAX, HAIHUIIUTE CXe-
MbI? HanuimmTe MOHHOE M MOJIEKYJISIPHOE YPaBHEHMS PEAKIIMH, MTPOTEKaro-
el 1mpy paboTe raTbBaHUYECKOTO dieMeHTa. CocTaBbTe CXeMy rajbBaHHYEC-
CKOT0 3JieMeHTa, Beruuciaute ero 3/[C. B kakoM HarpaBieHUU NEpEeMEIIatoT-
Cs DJICKTPOHBI BO BHEITHEH 11enn?

OneiT 2. Cocmaenenue KOHUEeHMPAUYUOHHO20 2A/1bBAHUUYECKO20
Jjiemenma.

Brinonnenue onbita. B aBa ctakana ¢ 1 M u 0,01 M pactBopamu cyib-
(daTa Meu OMyCTUTE B KaXKIblii MEHYIO MIACTUHKY, COEMHUTE 00a pacTBO-
pa MeXay coOOM AJIEKTPOIUTHBIM MOCTUKOM. C TOMOIIBIO MPOBOAHUKOB
NOJACOECINHUTE MEIHBbIE IUIACTUHKU K TranbBaHOMETpPY. OTKIIOHSAETCS JH
CTpEJIKa rajibBaHoMeTpa’?

3anuce JAaHHBIX OIIbITA. Breraucnoute BHCKTpOI[HBIﬁ IMIOTCHOHMAJI KaXXI0T'0
QJICKTPOJaa, OIIPCACIINTC aHoO [, " KaToA. Kaxkue OKHUCJIUTCIBHO-
BOCCTAHOBHUTCIIBHBIC ITPOLCCCHI IIPOTCKAIOT HaA JJICKTPOAdAX, 3allMIIUTC nux?
Hanumure MoHHOE U MOJICKYJIIPHOC YPABHCHUA PCAKIINU, HpOTeKaIOHICﬁ
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Ipu pa60Te rajJlbBaHM4eckoro sjieMenTa. CocTaBbTe CXEMY I'aJIbBaHNYCCKOTO
OJICMCHTA, BBIYUCIHUTE €TO0 QI[C B kakom HaIrpaBJICHUH IICPEMCIIAIOTCA
QJICKTPOHBI BO BHEIIIHEH HGHI/I?

OneIT 3. 3Hauenue 2anveanuuecKux nap npu pacmeopeHuu vwema’i-
J106 6 Kucjiiome.

Boinonnenue ombita. B mpoOupky ¢ 2H cepHOM KHUCIOTOM OMYyCTHUTE
rpanyny uuHka. Yro Habmogaere? KocHUTECH METHOM MTPOBOJIOKON KyCOUYKa
MHKa B npoOupke. Kak M3MeHsSeTCs MHTEHCUBHOCTD BBIJEJIECHHS BOJIOPOJA,
Y Ha KaKOM M3 METAJVIOB OH BhLEsAeTCA? UTO MPOUCXOAUT IPH HAPYLIEHUU
KOHTaKTa MEXJly MeTajljiaMu?

3anuce JaHHBIX OIIbITA. Onumure Ha6JIIOIIaeMBIe SIBJICHUS U OOBSICHU-
te ux. CocraBbTe CXCMY 06pa3013aBmer0051 MHUKPOTAJIbBAHNYCCKOI'O 3JICMCH-
Ta W HAIIMIIATC IIPOOCCChI, IIPOTCKAIOMINC IIPH €TI0 pa60Te. VYkaxure
HAIIPaBJICHUC IICPCXOAa DJICKTPOHOB B ITApC «MCAb — IUHK).

TEMA 11. KOPPO3USA METAJIJIOB

Kopposus memannos — smo npoyecc ux camonpousgoibHo2o paspyuie-
HUSL NPU 83AUMOOEUCBUL C OKPYHCatouell cpeooll.

[To MexaHu3My MPOTEKAHHUSI KOPPOZUOHHOTO MPOIIECCA PAZINYAIOT XHU-
MHYECKYIO U 3JIEKTPOXUMHUUYECKYIO KOPPO3HUIO.

Xumuueckas Koppo3us XapakTepHA I Cpeld, HE MPOBOIAIINX JIICK-
TPUYECKUN TOK. B mporiecce XUMUYECKOM KOPPO3UU MPOUCXOJUT MIPSIMOE Te-
TEPOr€HHOE B3aUMOJECHUCTBUE METAJJIOB C OKHUCIMUTEIEM OKPYKAIOILIEH cpe-
TIbl, B pE3yJIbTaTe€ KOTOPOTO MEXKIY HUMU COBEPIIACTCS OOMEH AIIEKTPOHAMH,
T. €. mpoTtekaetr oobiyHass OBP. [IpumepoM MOXET CIIyKUTh OKHCIIEHUE Me-
TaJJIOB KMCIIOPOJAOM BO3yXa MPHU BBICOKUX TEMIIEpaTypax:

Me + O, - MeO.

Inekmpoxumuieckasi Koppo3us BO3HHUKAET MPU KOHTAKTE METAUIOB C
AJIEKTPOJIUTaMU (BO BIIAXKHOM BO3/1yX€, B IOYBE, B PaCTBOpax 3JEKTPOJIUTOB U
T. I.) ¥ SIBJSIETCS PE3YJIbTATOM MPOTEKAHUS COMPSIAKEHHBIX 3JIEKTPOIHBIX MPO-
IIECCOB B OOPA3YIOMIMXCS KOPOTKO3aMKHYTHIX TaJIbBAHHUECKUX DJIEMEHTAX.

Koppo3uen merannoB Ha3bIBa€TCsl CaMONPOU3BOJIBHBIN IPOLECC pa3-
PYLIEHHS] METAJUIOB MOl IEUCTBUEM OKpY:Karouien cpenbl. [Ipuunnon koppo-
3UU SIBJISIETCS TEPMOJMHAMHYECKAsT HEYCTOMUYUBOCTh METAJVIOB B PA3JIUYHBIX
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cpenax. Bce KOpPpO3MOHHBIE MPOLECCHI MPOTEKAOT CAMONPOU3BOJIBHO C
yMeHblIeHreM sHeprun I'n66ca (AGY).

[To MexaHu3My NPOTEKAHUS PA3TMYAIOT XUMUYECKYIO U AJICKTPOXUMHU-
YECKYI0 KOPPO3HIO.

[Tox XMMUYECKOW KOPPO3HMEH MMOHUMAIOT OKUCJIIEHUE METa/lJIa B CPeJe
HedJiekTposuTa. [Ipu 3ToM mporecchl OKMCIECHUST M1 BOCCTAHOBJICHUS HE pas-
JI€JICHBI IPYT OT JIpyra B MPOCTPAHCTBE.

DIEeKTPOXUMHUYECKas KOPPO3Usl — pa3pylIeHUE MeTalljia B Cpefe DJIeK-
TPOJIUTA B PE3YJIbTATE PEAKIMI AJIEKTPOXUMUUYECKOTO XapakTepa. JTa Kop-
po3ust 00yCIIOBIIEHA IBYMSI pa3/ieIbHO MPOTEKAIOIUMH TIPOIECCAMH — aHOI-
HBIM M KaTOJJHBIM.

B npakTtrke 4acTo UMEIOT €0 ¢ KOHTAKTOM ABYX PA3JUYHBIX METAJI-
70B. [Ipn HaMM4MU ANEKTPOIUTA CAMOIIPOU3BOJIBHO BO3HHUKAET KOPPO3UOH-
HBINA TAJIbBAHUUYCCKHUM DJICMEHT.

[Ipu 27eKTPOXUMHUYECKON KOPPO3UHU Pa3IMIAIOT aTMOCPEPHYIO KOPPO-
3ui0 (B HEUTpAJIbHOM Cpejie KaK B MPUCYTCTBUU KHUCIOPOJA, TaK U MPH €ro
OTCYTCTBUH) U KOPPO3HUIO B KUCIION cpejie (Kak B MPUCYTCTBUHU KHUCIOPO/A,
TaK ¥ IIPH €r0 OTCYTCTBHUH).

PaccmoTpum, HanmpuMep, KOPPO3UIO KeJe3a, KOHTAKTUPYIOIIETO ¢ Me-
JbI0, B Pa3JIMUYHBIX YCJIOBHUSIX. DTH METAUIBI UMEIOT CICAYIOIIME 3HAYCHMS

o
0° rezeire =—0,44 B, ¢ cuzvicy= 0,34 B.

1. AtmocdepHas Koppo3usi (B HEMTPAJIbHOM cpeJe B PUCYTCTBUHU
KHCJI0POaA).
(CxeMa BO3HMKAIOILETO MIPU 3TOM KOPPO3UOHHOI'O JIEMEHTA!

(-) Fe |H,0,0, | Cu(+)

Ha anozne nmpoTekaet mmpouecc OKUCIEHUs, a Ha KaTo1e — IMPOLIECC BOC-
CTaHOBJICHHS (KUCJIOPOIHAS JETIOJIIPU3ALIHS ):

Anon: Fe — 28 = Fe?*, 2
Karton (Cu): 2H,0 + O, + 46 =40H 1
Cymmapnas peakuus: 2Fe + 2H,0 + O, = 2Fe(OH)s.

[TepBUYHBIM MPOIYKTOM KOppO3uH sBisieTcsa rugpokcu xemnesa (II).
[Ipu aTMocdepHBIX YCIOBUSX MPOTEKAIOT BTOPUYHBIE MPOIIECCHI, CBS-
3aHHBIE C €r0 OKUCIICHHEM 0 ruapokcua xemnesa (II):

4Fe(OH), + 2H,0 + O, = 4Fe(OH)3,
KOTOPBIN, TEPSSI MOJIEKYJTY BOZbI, IPEBPAILIACTCS B PAKABUNHY:
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FG(OH):J, — HzO + FeOOH.

okcun ruapokcu xenesa (111)

2. Koppo3usi B HeliTpaJIbHOM cpeje B OTCYTCTBHM KHUCJIOPOaA.
Cxema KOppO3HOHHOTO TAJIbBAHUYECKOTO JJIEMEHTA!

() Fe | H,O | Cu (.

Ha anome mpoTekaeT mpoiecc OKUCICHHs, a Ha KaTOJe — IMPOIECC BOC-
CTaHOBJICHHUS (BOJOPOAHAS ACTIOJISIPU3ALINS):

Anox: Fe — 2¢ = Fe**
Karon (Cu): 2H,0 +2&=H, + 20H"
Cymmapnas peakus: Fe +2H,0 = H, + Fe(OH)s,.

[IpomykToM KOppO3WH, KaK U B TICPBOM CIIydae, SIBJSETCS THIPOKCH]I
xenesa (I1), koropsiii nanee npeppaiaercs B ruapokcun xkenesa (I11I) u na-
Jiee B P’KaBUMHY.

3. Koppo3us kejie3a B pacCTBOpPe CEPHOM KUCJIOThI B IPUCYTCTBUHA
KHCJIOpOJA.
Cxema KOppO3HOHHOTO TAJIbBAHUYECKOTO 3JIEMEHTA!

(-) Fe | H,S04, O, | Cu(#).

Ha aHone npotekaer npouecc OKUCIEHHUs, a Ha KaToJe — IPOoLEecC BOC-
CTaHOBJICHHS (KUCJIOPOIHAS JETIOJIIPU3ALIHS ):

Anon: Fe — 2¢ = Fe?*, 2
Karon (Cu): O+ 4H" +4¢& =2H,0 1
Cymmapaast peaxtst: 2Fe + O, + 4H' = 2Fe*" + 2H,0.
[IponykTom KOppo3uu sBisieTcst coib — cynbdat xenesa (I11) — FeSO,.
4. Koppo3usi :kejiezda B pacTBope XJOPOBOJAOPOJAHON KHCJIOTHI B

OTCYTCTBHHU KHCJIOpOaA.
Cxema KOPPO3HMOHHOI'O IraJIbBAHUYCCKOI'O 3JICMCHTA!

(-) Fe | HCI | Cu ().

Ha aHome mpoTekaeT npoiecc OKUCICHHS, a Ha KaToJie — MPOoIecC BOC-
CTaHOBJICHUS (BOJAOPOIHAS ACTIOJSPH3ALINS):
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Anox: Fe — 2¢ = Fe**
Katon (Cu): 2H" + 2& = Ho.

CymmapHas peakius: Fe + 2H" = Fe** + H,.

IMpumepsbi

IIpumep 1. CocTaBbTe cCXeMy KOPPO3MOHHOTO T'aJIbBAHUYECKOrO 3Je-
MEHTAa, BO3HUKAIOLIErO IIPHU IMOBPEKICHUH XPOMUPOBAHHOTO CTAIIBHOTO MPO-
Boja B HeuTpasbHOU cpene (H,O). Hamummre ypaBHEHHS 3JIEKTPOIHBIX
nporeccoB. KakoB xapakTep MOKpbITUS (aHOTHOE UJIU KaTOHOE)?

Pemenne: [Ipn KOHTakTe NBYX METAJLUIOB BO3HHUKAET KOPPO3HUOHHBIN
MUKpOTaJIbBaHUYECKUI 3yieMeHT. [lo nmpwioxenuto M Haxonum 3Ha4YeHUS
CTaHAAPTHBIX JEKTPOIHBIX IOTEHIIMAJIOB JKEJIe3a U XpOMa:

¢° Fe**/Fe =-0,44B; ¢° Cr*/Cr=-0,91B.

Tax kak ¢° Cr**/Cr < ¢° Fe**/Fe, To aHOZOM KOppO3uOHHOTO I Gymer
XpoM, T. €. OH OyJIeT MOoABEPraThCs KOPPO3UH (OKUCIIATHCS ).
CocraBnsieM cxemy koppo3uonHoro ['D B HelitpansHoi cpeae (H,O):

(-) Cr | H20 | Fe (+).

ATOMBI XpoMa, KaK aToOMbl 00Jie€ aKTMBHOI'O METaslia, OKUCIISIOTCH,
OTAAaBasi CBOM AJIEKTPOHBI, U MEPEXOIAT B KOPPO3ZUOHHYIO CPELY B BHUJIE Ka-
tioroB Cr”* , a Ha elese, UrPAIONIEM POIb KATOAA, IPOMCXOIUT BOCCTa-
HOBJICHHE MOJIEKYJ BOJbI (BOJAOPOIHAS JEMOJIIpU3aIiusl). Y paBHEHUS KaTo -
HOI'O M aHOJHOTO IPOLIECCOB, a TAKKE CYMMAapHOW PEAKUUH KOPPO3UH B
MOHHO-MOJICKYJIAPHOI (hOpME UMEIOT CIICTYIOIINI BU/I:

A:Cr’—28=Cr"
K(Fe): 2H,0 + 2& = H,"1+ 20H
Cymmapaast peaxtst: Cr° + 2H,0 = Cr** + H,°1 + 20H"
Xapaktep MOKPBITUSA — aHOJHBIN, MOCKOJIBKY XPOM B MUKPOTaJbBaHU-
YCCKOM J3JICMCHTC BBICTYIIACT B KAUCCTBC aHO/IA.

3aoanusn npeonadopamopHo2o KOHmMpPOJia

3apanue 1. CocraBbTe cxemy KOppo3uoHHOro I3, 0Opa3zoBaHHOTO
Py HApYIICHUH TOKPBITHS JIYKEHOTO >Kejie3a B aTMOC(HEPHBIX YCIOBUSIX
(H,O + O,). Hanuiurte ypaBHEHUS 3JIEKTPOJAHBIX MPOIIECCOB U CYMMAapHYIO
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peakiuio mpoiiecca koppo3un. KakoB xapakTep MOKpbITUS (AaHOJHOE WUITU Ka-
TOAHOE)?

3amanue 2. CoctaBbTe cXeMy KOPpPO3MOHHOTO ['D, BO3HUKAIOIIErO NpH
MOBPEXKJICHUN KaAMUPOBAHHOMN >KEJIE3HOM JeTaliu B KUCIOW cpefie ¢ JOCTY-
nom kuciopoaa (H + O,). HanumuTe ypaBHeHHUs 3IEKTPOAHBIX MPOLIECCOB.
KaxoB xapakTep MOKpbITHs (aHOAHOE WUJIU KaTOIHOE)?

3amanue 3. CocraBbTe CXe€MY KOPPO3UOHHOTO ['D, BO3HUKAIOLIETO NpH
TIOBPEXKJICHUM OMENHEHHOTo cTajpHoro mposoma B kucioit (H') cpene.
Hanumwure ypaBHEHHS 3IEKTPOJHBIX IpoiieccoB. KakoB xapakTep MOKPHITHUS
(aHOIHOE UJIM KAaTOJIHOE)?

3amanue 4. CoctaBbTe CXeMy KOPpPO3MOHHOTO "D, BO3HUKAIOIIETO MpH
KOHTAKTE JKEJIE3HOW JETal CO CBHHIIOBOW JETAJbI0 B PACTBOPE CEPHOU KHC-
noTel. Hanmumure ypaBHEHHUS 3JIEKTPOJIHBIX MPOILIECCOB U CYMMApHYIO peak-
LU0 IIpoLiecca KOPPO3UH.

3apnanme 5. CocraBpTe cxemy Koppo3uoHHoro I3, oOpa3oBaHHOIO
IpY HAPYIIEHUU TOKPHITUS OIIMHKOBAHHOTO >KeJie3a B aTMOC(EPHBIX YCIIO-
BUsIX. Hanuimure ypaBHEHUsI 3JIEKTPOJHBIX MPOLIECCOB U CYMMapHYIO peak-
LU0 IIpoLiecca KOPPO3UH.

3apanue 6. [loueMy TexHHUYECKOE JKeJIe30 (CTallb) MOJIBEPIKEHO KOPPO-
3uM cuibHee, yeM uucroe? CocraBpTe cxemy ['D, mMeIIEro Mecro mnpu
KOpPpPO3WH TEXHHYECKOTO Keje3a B KUCiIoW cpene. Hammmmure ypaBHEHHs
ANEKTPOHBIX MPOLIECCOB U CYMMAapPHYIO PEAKIIUIO MTPOLiecca KOPPO3HUHU.

Jlabopamopnasn paboma «Kopposus memannos»

[lenb paOOThI: U3YUYUTH MPOIIECCHI XUMUYECKOU U IJIEKTPOXUMUYECKOM
KOPPO3UHU YU METOJIBI 3aLIUTHI OT HEE.

OnbIT 1. Inekmpoxumuueckas Koppo3us scenesd.

Brimonnenue onwita. Kauecmeennasa peaxyus Ha uoHwl Fe”": B po-
Oupky HaneiTe 5 oM JTUCTHJUTUPOBAHHOM BOBI, MpubaBbTe 1O 1 cm’ pac-
TBOpa cynbdata xenesa (1) u rekcarmanodeppara (I11) kamusa Ks[Fe(CN)g].
I'exkcarmmanodeppar (I1I) xanus siBasieTcsl 4yBCTBUTEIBHBIM PEAKTHMBOM Ha
roub! Fe?*, ¢ KOTOPBIM aeT CHHee OKpAIIMBaHUE 3a CUeT 00pa30BaHMs 0Ca/-
ka TypHOyneBoi cuan Fes[Fe(CN)s]».

DJIEKTPOXUMHUYECKAsi KOPPO3Us B KUCIOW cpefie

Zn |HZSO4| Fe u Fe|HZSO4|Sn

B nBe mpoOupku Hanelrte mo 5 oM’ TACTWJTAPOBAHHOW BOJABI U JO-
6aBbTe 0 1 CM® pacTBOpa cepHOI KucioThl 1 rekcanuanodeppara (I11) ka-
TS,
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Bo3bMuTe 1B€ KeNe3HbIe CKPENKU — OJIHY C IIMHKOM, a JIPYTYIO C OJIO-
BOM U OIYCTUTE MX B MPUTOTOBJIEHHBIE PACTBOPHI. Uepe3 HECKOIbKO MUHYT
Ha0JII0/1aliTe TOCUHEHHE PAcTBOpA C Mapod METAJJIOB <GKENE30 — OJIOBOY.
OGbsicHuTe mosiBIeHne noHoB Fe?* B pactBope. [loueMy B pacTBoOpe ¢ Hapoii
«GKEeJIe30 — IIMHK» CHHEE OKPAIlIMBAHUE HE MOSBISAETCA?

3JI€KTDOXHMH‘I€CK8§I KOpPpPO3Ms B HEUTPAJILHOM Cpelie — aTMOCd)eDHaH
KOPPO3us

Zn |0, H,O|Fe um  Fe|O,, H,O| Sn (pa3depute TeopeTHICCKH )

3anuch JaHHBIX OObITa. Hamumure ypaBHEHHE KayeCTBEHHOM peak-
MK Ha HoHBI Fe®': B MONEKyIIpHOM U HOHHOM BHae. ONHIINTE HAGMOTae-
MBI€ SIBJICHUS M OTBETHTE HA IOCTABJICHHBIE BOIIPOCH. COCTaBbTE YPABHEHUS
aHOJHOTO M KaTOJHOTO MPOLECCOB KOppo3uu B oboux ciydasax. [louemy
OLIMHKOBAHHOE XkeJe30 0osiee yCTOMUMBO K KOppo3uH, 4eM JyxeHoe? Hamu-
IINTE XUMUYECKHE YPABHEHUS KOPPO3HMM, HA30BUTE NMPOAYKTHI KOPPO3HH B
KUCJION cpejie ¥ TpU aTMOC(HEPHON KOPPO3HH.

OnbIT 2. AKmueupyrouwiee oeiicmeue UOHO8 XJ10paA HA KOPPO3UI0
AnIOMUHUA

Beimonnenne oneita. B aBe mpobupku Haneiite mo 2—3 cm® 30%-Horo
pacTBopa cynbdara Meau, 1006aBbTe MO 2—3 Kalulk pacTBOpa CEPHOM KHUCIIO-
Thl Y OIYCTUTE B KAXAYIO T'PaHyJly allOMHUHHS. 3aTeM B NEPBYIO MPOOUPKY
MIpUJIEUTE lem® pacTBopa xyopuaa HaTpus. OTMEThTE Pa3JIMYHbBIN PE3yJIbTaT
B 000MX CllydasiX: B TO BpeMsl KaK B NEPBOM MPOOMpPKE aIFOMUHHUI OBICTPO
MOKPBIBAETCS HAJIETOM MEJIU, TO BO BTOPOM MPOOMPKE OH OCTAETCs MPaKTH-
4ecKu 0€3 N3MEHEHHUS.

3anuce ga"HHbIX onbiTa. OOBsACHUTE HaOII0gaeMble siBiIeHUS. COCTaBb-
T€ YPaBHEHMSI aHOJAHOTO M KaTOJHOTO MPOLIECCOB, MPOTEKAOIINX MPU KOPPO-
3UH aJIOMUHUS.

Bnusier 11 npuCyTCTBUE HOHOB XJIOpa HA KOPPO3HUIO ATFOMUHUS?
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TEMA 12. KOMIVIEKCHBIE COEAUHEHUSA

1. CTtpoeHnne KOMILUIEKCHBIX COeIHHEHU

B Monekyiie KOMILJIEKCHOTO COeAMHEHUS [IEHTPaJbHOE MECTO 3aHUMa-
€T MOH WJIU aTOM MeTalila (peke — HeMeTalla) — KOMIIEKCoo00pa3oeameins.
TunwuHbie KOMITIEKCOOOpa3oBarean — 0-3J€MEHTHI: Ag’, Au’, Cu*?, zn*,
Fe*?, Fe™®, Fe®, Ni*?, Ni°, Co™, Co°, Pt™ u mpyrue.

Bokpyr komIuiekcooOpa3oBaTesisi pacioiaraloTcs JAu2anobl. XumMmude-
CKasl CBSI3b MEXKIY KOMIUIEKCOOOpa30BaTEIsIMU M JIUTaHAAMU OTHOCUTCS K
JOHOPHO-AKIENTOPHOU. BaxxHeNIIMMH JINTaHAAMH SIBJISTEOTCSL:

1) monst OH™, ClI, F, NO,", CN", SCN", B/ITA,;

2) monekynbsl H,O, NH3, CO, NO.

Yucno nueanoos, césa3aHHbIX ¢ KOMNIEKCO0Opazosameinem, HA3bleaem-
cs Koopounayuouuvim uuciom (K4). Oto onpenencane KU crnpaBeminBo
TOJIBKO JIJISI MOHOJICHTAHTHBIX JINTAHJI0B, K&K/ U3 KOTOPBIX 00pa3zyeT o/I-
HY JIOHOPHO-aKLENTOPHYIO CBS3b C KOMILIEKCOOOPA30BATEIIEM.

Koopounayuonnoe uucno sagucum om:

1) paguyca koMiiekcooOpa3oBaTes;

2) paanyca JUTraHa;

3) 3apszia noHa-KOMILIEKCOOOpa3oBaTesl.

Yame Bcero KUY B 2 pa3a Oonblmie 3apsga  HOHa-
KOMILJIEKCOOOpa3oBatessi.

Komnnexcoobpaszosamenv u nueanobt cocmasnsaom GHYmMpPEHHIOW
cghepy xKomniaexca, KOTOpasi TIpy HarmUcaHuu (HOPMYJIbI COCTUHEHUS 3aKITIO-
qaeTcs B kBagpaTHbie ckoOku: [Al(H,0)e] ™.

3aps BHYTpeHHEH cdepsl (Jaiie Bcero B BHJIC KOMIUIEKCHOTO HMOHA)
paBeH anreOpanyeckod CymMMe 3apsiioB KOMILIEKCOOOpa30BaTeNsl U JIUTaH-
JI0B, HAIIpUMEp:

[AI"*(H,0)%] " [Pt?Cl ]
3+6:0=+3 +4-(-1)=-2

KoopnvHannoHHble yuciaa HaumOOJee 4acTO BCTPEYAIOIIUXCS MOHOB-
KOMILJIEKCOOOpa3oBaTtesiel mpuBeaeHsl B Tadaune 12.1.

Tabnuua 12.1- KoopauHallMOHHBIE YUCIa HEKOTOPBIX KOMILJIEKCO00-
pa3oBareiien

K4 2 4 6 8
Fe'” Fe™,
+2 +2 +2 NP2
oma | g pg | S SN g
p Cu+ ) y y y Ba+2, M0+2

Pt*?, Cd** | Zn**Pt*,
Pb**, Mn*2

96




B OonbmumHCTBE CllydaeB B KOMIUIEKCHOM COCIWHEHUHU WMEETCS
6HeWHAA cghepa, COCTOSAASA U3 TOJOKUTEIBHO WM OTPULIATENIBHO 3apsi-
YKEHHBIX MOHOB. 3apsij] BHEIIHEHN cdepbl paBeH Mo a0COIIOTHON BEIMYUHE, HO
IIPOTUBOIIOJIOKEH 0 3HAKY 3apsily BHYTpeHHEH Chephl.

Takum o0Opa3zoM, CTpOCHHE KOMILJIEKCHOTO COEIUHEHUS MOXKHO Mpej-
CTABUTH CIICAYIOLIEH CXEMOM:

[AI(H20)6]Cl3
y > BHEmH:s cdhepa
l KY
JIUTaH b
BHYTpEHHss chepa
KOMILIEKCOOOpa30BaTeib

2. HomMeHKJIaTypa KOMILIEKCHBIX COeIUHEHUH

B cootBercTBUM C MpaBuiaMu MeXIyHApOJAHOTO COI03a MO TEOPETH-
yeckoi u npukinagnon xumun (MIOITAK) cnenyer:

Ha3BaTh aHUOH (B MMEHHUTEIILHOM IaJIe’kKe), a 3aTeM KaTUOH (B poau-
TEJIbHOM TIaJIeKeE);

Ha3zsanue xomnnexcnoco kamuoHa COCTABISIIOT CIEAYIONIUM 00pa3oM:

A. CHayana yka3bIBalOT yucia (MCIOJIb3ys TPEUECKUE YUCITUTEIbHBIC)
Y Ha3BaHMs aHUOHHBIX (OTPHIATEIIBHO 3aPSKEHHBIX ) JIUTAH/IOB C OKOHYAHHEM
«O». 3aTeM Ha3bIBAIOT YHCIIa M HA3BAHMS HEUTPATbHBIX JTUTAH/IOB:

B. TlocnennuM Ha3bIBaeTCs KOMILIEKCOOOpa30oBaTellb B POIUTEIIEHOM
MaJie’ke C yKa3aHUEM CTEIEHU e€ro OKUCIIeHHs (B CKOOKaxX pUMCKUMU 1udpa-
MH TI0CJIC Ha3BaHUS KOMILIEKCOOOpa3oBaTes).

Hanpuwmep, [Pt(NH;3)sCI]Cl — xnopun xnoporpuammunriatusst (11).

Ecau Metamn oOpa3yeT MOH ¢ OJHOM CTEIEHBIO OKHCJIECHHUS, TO OHA B
Ha3BaHUE KOMIUIEKCA MOXKET HE BXOUT.

Hanpuwmep, [Zn(NH3)4]Cl, — nuxnopun TerpaaMMUHIIMHKA.

Has3zeanue xomnnexcrnozo anuona o0pa3yeTcsi aHaJOTUYHBIM 00pa3oM,
¢ nobasnennem cyhdurca «at» K KOPHIO JIJATUHCKOTO Ha3BaHUS KOMILJIEKCO-
oOpazoBarens (Hampumep, geppar, HHKeNaT, XpoMaT, KoOanpTaT, Kynpar u
T. 1.). Hanpumep:

K,[PtClg] — rekcaxmopormnarunar (1V) kamnus;

Ba[Cr(NH3),(SCN),], — retpapoganoaunammunxpomart (I11) 6Gapus;

Ks[Fe(CN)s] — rekcarmanodeppar (I11) kamws;

K,[BeF,] — rerpadTopobepuiiar kamusi.

Ha3zeanus netimpanbHbiX KOMNIEKCHbIX yacmuy oOpazyloTcsl Tak ke,
KaKk ¥ KaTHOHOB, HO KOMIUIEKCOOOpA30BaTeNb Ha3bIBAIOT B MMEHUTEIHHOM
najiexe, a CTeTIeHb €ro OKUCJICHHs] HE YKa3bIBAIOT, T. K. OHA OMPEEIsIeTCs
3JIEKTPOHEUTPAIIBHOCTBIO KOMIUIEKca. Hanmpumep:

[Pt(NH3),Cl;] — nuxmopoanaMMuHILIaTHHA,

[Ni(CO),4] — TeTpakapOOHHITHHKETD.
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Tabmmia 12.2 — Ha3BaHue HEKOTOPHIX JTUTAHIOB

Jlurann Ha3zBanue Jlurann Ha3zBanue
= ¢dTopo COs* KapOOHATO
Cl XJIOPO C,0. oKcanaTo
Br- O6pomo S0,* cynbdarto
I~ U010 En mm C,HsOH STAaHOJIO

BO,™ MeTaboparo H,O aKBa

NO," HUTPO(HUTPHUTO) CO KapOOHWII

OH" THJIPOKCO N2H,4 THIPO3UHO
CN"~ IIUAHO Py MTUPUITHO
SCN™ pOJaHO NH; aMUH

Ecnu BHyTpeHHSs (KoopauHaAIMOHHAs) cepa 3apsKeHa TMOJI0KUTENb-
HO, TO KOMIUJIEKCOOOpa30BaTeb Ha3bIBAIOT MO-PYCCKU B POJUTEIHLHOM Iajie-
xe (1). Ecau BHyTpeHHssa chepa uMeeT HyJIeBOM 3apsij, TO KOMILIEKCOOOpa-
30BaTellb TaK)KE HA3bIBAIOT MO-PYCCKU, HO B UMEHHUTENIbHOM nanexe (2). Ec-
T KOOpAMHAIIMOHHAs cdepa 3apshkeHa OTPUIIATENIbHO, TO KOMILIEKCOO0Opa-
30BaTellb HA3bIBAIOT MO-JIAThIHU, TIPU 3TOM JIATUHCKOE Ha3BaHUE —yM OTOpa-
CBIBAIOT U 3aMEHSIOT Ha OKOHUYAHUE —am, XapaKTepHOE ISl aHUOHOB:

1) [Cu(H,0)4]"*S0,s — cynsbar terpaaxsamenu (11);

2) [Ni(C0O),]° — TerpakapGOHHITHHIKES;
3) K,[Cu(CN),J* — terpammanoxympar (I1) xasms.

3. DJIeKTPOIUTHYECKAS] TUCCONMAIUS U YCTOHYNBOCTH KOMILJIEKC-
HBIX COeIUHEHUM

JAuccouuanus KOMIUIEKCHBIX COeJIMHEHUI B pacTBopax. BHyTpeH-
HSI M BHEITHSA c(pepa KOMILIEKCHOTO COSMHEHHS CHIIBHO Pa3INYaroTCs 10
YCTOMYHUBOCTH.

YacTuisl, HaXOIAIINECS BO BHEIIHEH cepe, CBI3aHbI C KOMITJICKCHBIM
MOHOM TPEUMYIIECTBEHHO JJICKTPOCTATHUYSCKUMH CHIIaMH (MOHHAsI CBS3b) U
JIETKO OTIIEIIISIOTCS B BOJHOM PAcTBOPE MOAO0OHO MOHAM CHIIBHBIX 3JICKTPO-
JIUTOB.

JHucconuanus (pacnaa) KOMIJIEKCHOTO COSIMHEHUS Ha HOHBI BHEITHEH
chepsl 1 KOMIIEKCHBIA MOH (KOMITJIEKC) Ha3bIBaeTCs nepsuurou. OHa mpo-
TEKaeT MOYTH HAaIleNo, A0 KOHIA, MO0 THUILY JUCCOIMAIIMN CUIBHBIX 3JIEKTPO-
JIUTOB.

Hamnpumep, nporiecc nmepBUYHON TUCCOIUAIIAN TIPU PACTBOPECHHUH TET-
padTopobeprIIaTa Kajaus MOKET OBITh 3aITUCaH TI0 CXeME:
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K,[BeF,4] = 2K* + [BeF.]* .

JIurannpl, HaxoAIMECS BO BHYTpEHHEN cepe KOMILJIEKCHOTO COeIH-
HEHUs, CBS3aHbl C KOMILIEKCOOOpa30BaTeNeM IMPOYHBIMU KOBAJICHTHBIMU
CBA3SIMU, 0OpPA30BAHHBIMU IO JOHOPHO-AKIIENTOPHOMY MEXaHU3MY, U JUC-
coIMaIs KOMIIJIEKCHBIX MIOHOB B PACTBOPE OCYILIECTBIIAECTCS, KaK MPABUIIO, B
HE3HAYUTEIBLHOM CTENEHU IO THUIlY JUCCOLMAIMKU CHAObIX AJIEKTPOIUTOB,
T. €. 00paTUMO 10 YCTAaHOBJICHHS COCTOSIHHS paBHOBecus. OOpaTUMBIA pac-
maj; BHyTpeHHEH chephl KOMIUIEKCHOTO COSAMHCHHUS HOCUT Ha3BaHUE 6MO-
puuHou ouccoyuayuu. Hampumep, MoH TeTpadTopodbepuiiaT AUCCOIUUPYET
JUIIb YACTUYHO, YTO BBIPAKAETCA YPAaBHECHUEM

[BeF,]* <> Be?* + 4F (ypaBHEHMe BTOPHYHON AUCCOLHALIIN).

Jucconuanusi KOMIUIEKCa KaKk OOpaTUMBIN MPOIECC XapaKTEPU3yeTCs
KOHCTAHTOW PABHOBECHS, HA3bIBAEMOW KOHCMAHMOU HECMOUKOCMU KOM-
naexca K. J1ns paccmarpuBaeMoro npuMepa
[Be™ IIF 1"

K, = —
[BeF, 1" |

K, — Tabnuunas (cnpaBouHas) BenuurHa (npuioxenue K).

KomMriiekcHble COeMHEHUST TUCCOIMUPYIOT HA KOMIUIEKCHBIA MOH U
MOHBI BHEITHEN cephl:

K,[Hgls] — 2K* + [Hgl] ™

Takas nucconnanus MPOTEKAET MPAKTUYECKH MOJHOCTHIO, ITOCKOJIBKY
MOHBI BHEIIHEN cdepbl CBA3aHbl C BHYTPEHHEW c(hepoil MONEKYJIbl HOHHON
CBSA3BIO.

B cBoro oyepenb, KOMILIEKCHBIE MOHBI IOJBEPralOTCs AUCCOLUALINH,
HO B 3HAYMUTEJIbHO MEHBIIEH CTEIICHMU:

[Hgl,]? & Hg™ + 41

C nomowblo KauecmeeHHblX XUMUYECKUX Peakyuil 00bI1YHO 0OHAPYI*CU-
8alOMCs MOJILKO UOHBL GHEUHell cqhepbl UU KOMNJIEKCHbIE UOHbI.

KosmuecTBeHHON XapaKTEPUCTUKON MPOYHOCTH KOMIUIEKCHOTO HOHA
sBIsieTCS Koncmanma Hecmoitkocmu ( K., ):

Kueer [HOla] > = [Hg™] - [TT/ [ [Hgl] ]

B cBsi3u ¢ 3THM B pacTBOpax KOMILUICKCHBIX COCIUHCHHA BO3MOYKHBI
peaKIuu:
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1) oOMeHa HOHOB BHEIIHEH chepbl, MPH KOTOPOM COCTaB KOMITICKCHO-
r'0 MOHA OCTAETCS MOCTOSHHBIM;

2) BHyTpHUChEPHOro oOMeHa.

Ilepsvlii mun peaxyuu peanus3yercs B TeX Clydasx, KOTJa 3TO MPUBO-
JIUT K 0Opa30BaHHIO HEPACTBOPUMBIX M MaJOPACTBOPUMBIX COCIUHCHHHU.
[Tpumepom Mosket ObITh B3aumoeiicTBue Ky[Fe(CN)s] 1 Kz[Fe(CN)g] coor-
BeTCTBEHHO ¢ KatnoHamu Fe® i Fe”*, koTopoe maeT ocamok GepimMHCKOl Ja-
3ypu Fes[Fe(CN)s]s u TypuOyneBoii cuau Fes[Fe(CN)g]o:

3[Fe(CN)g]" + 4Fe" = Fey[Fe(CN)elsl,
OepJMHCKas J1a3ypb

2[Fe(CN)e]* + 3Fe®* = Fes[Fe(CN)glal .
TypHOYyJieBa CUHb

Peaxyuu emopoeco muna BoO3MOXHBI B T€X ClIydasx, KOrja 3TO IIPUBO-
YT K 00pa30BaHUI0 00JIee YCTOMYHMBOrO KOMIUIEKCA, T. €. C MCHBIIIMM 3Ha-
yenuneM K, Harpumep:

[Ag(NHa)]" + 25;,05° <> [Ag(S:03)]> + 2NHs.
K,9,3:10°® xp. — 110"

[Tpu Onu3kux 3HayeHusX K, BO3MOXKHOCTh TakOro mpoiiecca omnpeje-
Jsi€TCsl N30BITKOM KOHKYPUPYIOIIETO JUTaHAa.

JInsi  KOMIUJIEKCHBIX COEOUHEHUHW BO3MOXKHBI U  OKHUCIUTEIBHO-
BOCCTAHOBUTEJILHBIE PEAKINU, MPOXOJAIIue O0e3 M3MEHEHUs] aTOMHOIO CO-
CTaBa KOMILJIEKCHOTO MOHA, HO C U3MEHEHUEM €T0 3apsia, HallpuMep:

2K3[F9(CN)5] + H,0,+ 2KOH =2 K4[F€(CN)6] + O, + 2H,0.
Ipumepsi

IMpumep 1. Yka3zath cocTaB KOMIUIEKCHBIX COSAMHEHUH, KITacCUUIIH-
poBath M Ha3BaTh cieayromme komriekcol: Nap[Tal;]; [Cr(H20)4(OH),];
[V(H20)6]Cl3:

Pemienue:

1) Na,[Tal;] — renranonorantanat (V) HaTpus, aHUOHHBIN KOMILICKC;

Ta*® — KoMIuIeKcO0Opa3zoBaTeb (KOOPIUHALHOHHOE YHCIO 7);
|” — nurann;

[Tal;]* — BHyTpeHuss chepa;

Na" — Baemmnss cdepa.
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2) [Cr(H20)4(OH),] — muruapoxcorerpaakBaxpom (Il), HeliTpanbHBIH
KOMILJICKC;
Cr*? — xomrurexkcoo6pasosarens (KU = 6);
H,O, OH — nurannugr;
[Cr(H,0)4(OH),]° — BayTpenuss chepa.

3) [V(H,0)6]Cl; — xmopun rexkcaakBaBanaaus (I11), katTnoHHBIA KOM-
TUICKC;
V*® — xommiexcooGpasosareis (KU = 6);
H,0O — nuranng;
[V(H,0)e]*" — BHyTpenHuss cohepa;
Cl™ — BHemuss chepa.

IIpumep 2. CoctaBuTh (HOPMYJIbI KOMIUIEKCHBIX COETHHEHHI.
Pemenue:

1) rexcanmanodeppar (11) xamms — K, [Fe*(CN) 6]*;
2) cyabdar terpaammunonosa (11) — [Sn*4(NH;)%]* S0,%;
3) muxTopoaumupuarHIHEK — [Zn2(Py)%,Cl ]

IIpumep 3. Hanrcath BO3MOKHBIE YPABHEHHS PEAKLINM, UCIOJIb30BAB
BeTUYHUHBI Kjeor KOMIUIEKCHBIX HOHOB (Tipuiiokenue XK).

Penienue:
1) K[AUBr4] + NH3 — 2) [AU(NH3)4](N03)3 + SCN™ —
1) Kyeer. ([AUBF] ) =3,1 - 107 (Ky)

Kieer ([AU(NH3),]*) = 1,0 - 107 (K»)

T. x. K; < K;, T0 xommuekcubiii non [AuBry]” 6osaee ycroitums, yem
[Au(NHs),]*" 1 peaxums mexny K[AuBr,] u NH; HeBo3MOXHa.

2) Kieer. ([AU(NH3)4]+) =1,0- 10—30
([Au(SCN),J)=1,0 - 10™*

Wcxons w3 3HaueHUil K., komruiekcHbii uoH [AU(SCN),]” Oonee

YCTOMYMB M peakiusi, B pe3ysibrate Kotopoil auranasl NH; Bo BHyTpeHHEN
cthepe xommaekca [AU(NH;).]" 3amemarotces Ha muragel SCN™, Bo3MoXkHa:

[Au(NH3)4](NO3); + 4KSCN = K[Au(SCN),] + 3KNO; + 4NH;
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3aoanusn npeonadopamopHozo KOHMPOJiAa

3apanme 1. Hanummre ypaBHenus aucconuaiuu coseit K4[Fe(CN)g] u
(NH4),Fe(SO4), B BogunoM pactBope. B kakoM ciydae BbIagacT 0Caa0K T'HI-
pokcuna xene3za(ll), ecnmu kK Kaxaoil M3 HUX TPUIMTH PACTBOP INEIOYH?
Hanwummre MoJieKyIsipHbIC 1 HOHHO-MOJICKYJIIPHBIC YPABHEHUS PEAKITHIA.

B3aganme 2. Onpenenure 3apsia KOMIDICKCHOTO HOHA, CTEIICHb OKUCIIC-
HUS ¥ KOOPJIMHAIIMOHHOE YHCIIO KOMILIEKCOOOpa30BaTelis B COCIUHCHHSX:
[Cu(NH3)4]SO4; K;[PtClg]; K[IAg(CN),]. Hanummre ypaBHEHHs TUCCOIHA-
[IUH 3TUX COCAMHEHHUI B BOJAHBIX PaCTBOpaX.

3amanue 3. Hanumure BbIpakeHUsl AJis KOHCTAHT HECTOMKOCTH Clie-
nyrommx KoMiekcHsx HoHoB: [Ag(CN)]; [Ag(NH3),]": [Ag(S:03).]° . Uc-
MOJIB3YsI BEIIMYMHBI KOHCTAHT HECTOMKOCTH 3THUX MOHOB, OMNpEAEIUTE, B Ka-
KOM pPacTBOpE, COACPIKAIIEM 3TH HOHBI IPU PaBHON MOJISIPHOM KOHIIEHTpA-
[IUH TOHOB Ag+ OoJbIIIe?

3apanmne 4. CocTaBbTe KOOPJIMHALMOHHBIC (OPMYJIBI KOMITICKCHBIX
coequaenuit  kobanpTa(lll)  3NaNO,-Co(NO,);;  CoCl;-3NH3-2H,0;
2KNO;-NH3:Co(NO,);. Koopaunamuonnoe urciio kobansra (I1I) paBHo mie-
cti. Hanummre ypaBHEHHs TUCCOIMAIIMN TUX COCIMHEHHMH B BOJHBIX pac-
TBOpaX M BBIPAKCHUE JUII KOHCTAHTHI HECTOMKOCTH (KH) KOMIUIEKCHBIX
HOHOB.

Baganme 5. CocTaBbTe KOOPJIMHALMOHHBIC (OPMYJIBI KOMITICKCHBIX
coeaunenuit mwatunbl (1), KOOpAUHAIIMOHHOE YHCIO KOTOPOW PABHO YEThI-
pem PtCl,-3NHg; PtCl,-NH5:-KCl; PtCly-2NH3. Hanuimre ypaBHEHHS AKCCO-
IHMAlMHA dTUX COCIMHEHHI B BOJHBIX pacTBopax. Kakoe U3 3TuX COeMHEHUI
SIBIISICTCSI KOMIUTEKCHBIM HEDJIEKTPOJIUTOM?

3aganue 6. Mcxoas u3 BeINYNH KOHCTAaHT HECTOMKOCTH KOMIUIEKCHBIX
noHoB [Ag(NO,),] u [Ag(CN),] ompenenute BO3MOXKHBI JIU B pacTBOpax
peaKIuu:

a) [AG(CN),]” + 2NO, =[Ag(NO,),]” + 2CN;
0) [Ag(NOy),] + 2CN =[Ag(CN),] + 2NO, .
Jlabopamopnasa paboma «Komnnekcnule coeOurnenusn»
[lenb paGoThI: U3YUYUTh KIACCU(PUKAIIMIO U HOMEHKIIATYPY KOMILIEKC-

HBIX COGJII/IHGHI/Iﬁ, IMOJYYHUTh KaTUOHHBIC U aHMOHHBIC KOMIIJICKCHBIC COCIU-
HCHUA.

Onbit 1. Ilonyuenue KOMNIEKCHBIX COCOUHEHUIL.

BeImoHEHWE ONbITa
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1. Haneiite B mpoGupky 1—2 cM® pacTBOpa MEIHOTO Kymopoca W MpH-
0aBbTE IO KaIUISIM PACTBOP T'MJPOKCHJA HATpUs A0 00pa3oBaHUs royrydoro
OcajJKa TUAPOKCUIA MEH. 3aTeM MpujieTe B MPOOUPKY KOHIIEHTPHUPOBAHHO-
ro pactBopa ammuaka. HaOmriomailiTe pacTBopeHHE oOcajka M HM3MEHEHHE
OKpacKH pacTBOpa BCJEACTBHE OO0pa30BaHUSA KOMIUIEKCHOTO MOHA TETpaaM-
muameu (II).

2. B tpu npoOupku Haneilte mo 1-2 cm® pacTBOpPOB cyibh(hara IMHKA,
cyiabpaTa Xpoma, HUTpaTa aalOMUHUSA. B Kaxayro nmpoOupky 100aBbTE 110
KaIlljIsIM pacTBOp THMJpOKCHJAa HaTpus. BHayasle NpOUCXOAWT BbINAJCHUE
0CaJKOB, HO MpHU JaJbHENUIIEM HO0ABICHNUH LIEIOYH OCAJAKU PACTBOPSIIOTCS C
oOpa3zoBaHHEM KOMITJIEKCHBIX anronoB:[Zn(OH),]*, [Cr(OH)e]*,
[AIOH)s]*".

3anuch JaHHBIX onbITa. Hanmummre ypaBHEHMS MPOACIAHHBIX PEaKLIUN
B MOJIEKYJISIPHOM M MOHHOM BuJe. K KakoMy THITy KOMIUIEKCHBIX COEIHHE-
HHAW OTHOCATCS ITOJYYEHHbIE KOMIUIEKCHBIE coennHeHus? Hazosure 3tm co-
€IUHECHHS.

Oubit 2. Paznuuue merxincdy npocmovimu U KOMRIAEKCHbIMU UOHAMU
mMpexeaieHmHo20 yHeenesd.

BrinonHenue onbita

1. B tpu npobupku Haneiite mo 1-2 cm® pactBopa FeCls. B oxny mpo-
Oupky na00aBbT€ pacTBOp CyJdb(uaa HaTpus, B APYryl0 — THAPOKCUIA
HaTpus, B TPETbIO — pojaHuja Kanus. HaOmromaiite BblllaieHUE 4EpHOTO
ocanka Fe,S; B mepBoii mpodupke, Bo Bropoir — Oyporo ocanka Fe(OH)s, B
TpeThel — TEeMHO-KpacHOro pacTBopa Fe(CNS)s.

2. Ilponenaiite aHamoruybie oOmbIThI, B3siB BMecTo FeCly pactBop
Ks[Fe(CN)g]. Y6emurecs B Tom, uto non [Fe(CN)e]®™ He maer peaximii, xa-
paKTepHbIX st noHa Fe®.

3. Haneiite B omny mpoGupky 1-2 cm® pactBopa FeCls, a B mpyryio —
Ks[Fe(CN)g] u mob6aBbTe B KaXKAyI0 MPOOUPKY OJMHAKOBOE KOJIMYECTBO pac-
tBopa FeSO,. HaGmromalite oTCyTCTBHE M3MEHEHUI B MEPBOM MPOOHPKE H
obpasoBanue ocaaka TypuOynaeoi cuau Fez[Fe(CN)g], — Bo BTOpOIi.

3anuchk JIaHHBIX omnbITa. Hanummure ypaBHEHHs BCeX MPOJEIaHHBIX pe-
aKIMi B MOJIEKYJISIPHOM U HOHHOM BHJie. [loueMy KOMIIJIEKCHBIE HOHBI TPEX-
BAJICHTHOT'O JK€JI€3a HE JAI0T KAY€CTBEHHBIX PEAKIINI Ha Fe**?

OnbIT 3. Komniaekcnoie coeOunenust HuKess.

. 3
Breinonnenue onwita. B mpobupky HanelTe 1-2 cM” pacTtBopa cylibda-
Ta HUKEJSI U MPpUOaBbTE TaKoW ke 00beM ruapokcuaa Hatpus. K momydeH-
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3
HOMY ocanky ruapokcuma Hukens (II) mobaBeTe 1-2 ¢cM™ KOHIIEHTPUPOBAH-
HOTO pacTBopa ammuaka. Habmromaiite pactBopenue ocanaka. Kak nsmeHser-
csl OKpacka pactBopa?

3anuch JaHHBIX onbITa. Hanummre ypaBHEHHs IPOJEIAHHBIX PEaKUnn
B MOJIEKYJISIPHOM ¥ MOHHOM BHje. Hanmummre ypaBHeHUE AMCCOIUAINH O0-
Pa30BaBIIErOCs KOMIUIEKCHOIO OCHOBaHUS (KOOPIWHALIMOHHOE YHCIIO HUKE-
JIS1 IPUHATH PABHBIM IIECTH), BBIPAXKEHUE ISl KOHCTAHThl HECTOMKOCTH KOM-
IIJICKCHOT'O MOHA.

TEMA 13. JET'KHE KOHCTPYKIIMOHHBIE METAJLJIbI
IA —IITA T'PYIIIL. AJJIOMUHUUA

I'maBnasi noarpynna I rpynnsi

OneMeHThl | Tpynmbl rIaBHOM MOATPYIIBI HOCSAT 00Ilee Ha3BaHUE
IEJIOYHBIE METAJUIbI, T. K. IPU B3aUMOJICUCTBHUH C BOJION 00Pa3yrOT IIEIOYH.

DT0 S-3MEeMEHTH ¢ O06Iieil IIeKTPOHHOH (GOpMyIoil ..nS', rme n—
HOMEp Nepuoia dJIEMEHTAa.

B npupone nanbonee pacrpoctpanensl K u Na. Rb u Cs cBoux pyn He
UMEIOT U BcTpevaroTes: ¢ pyaamu K u Na. Fr — paguoakTuBHBIN 3JI€MEHT,
PaBHOBECHOE COAEPHKAHUE KOTOPOTO B 36MHOM KOPE HE MPEBBIIIAET 2 MT.

[IlenoyHple MeTaIbl B BHAE MPOCTHIX BELIECTB MOJYYarOTCS
AIEKTPOIN30M PACILJIABOB COJIEH.

III0THOCTh BCEX IIETOYHBIX METAIUIOB MEHEe 5 I/CM°, MOITOMY HX
OTHOCST K JieTKkMM MeTauiaM. CBepXy BHHU3 MO NOATPYHNE IJIOTHOCTb
yBenmumBaercs: Li — 0,53 r/em®, Rb — 2 r/em®. Illenounbie MeTamibl HMEIOT
HU3KHUE TeMIepaTypbl IJIABJICHUS, KOTOPbIE YMEHBIIAETCA CBEPXY BHU3 IO
mogrpymme: Li —130 °C, Rb — 39 °C. Illenousbie MeTaLIbl MATKHE, JIETKO
pexyTcs HOKOM. Hatpuil u Kanuil XpaHsT MMOJ CI0EM KEPOCHMHA WJIM Macia,
T. K. Ha BO3/[yX€ OHU JIETKO OKUCIISAIOTCA.

XuMHYeCKHe CBOMCTBA

1. O4eHpb peakIMOHHOCIIOCOOHHI. JIerko B3aMMOJIEHCTBYIOT C BOJOM,
HeMmeTauiamu. CBepxXy BHU3 MO MOJITPYINE aKTUBHOCTh BO3PACTACT:

2K + 2H,0 = 2KOH + H,T
2Na + H, = 2NaH

[Tpu moBBIIIIEHHON TeMIEpaType MIEIOUYHbIE METAJLIbI SHEPTUYHO B3a-
UMOJICUCTBYIOT ¢ cepoid. C a30TOM, YIJIepoJIOM U KPEMHHUEM HEMOCPEACTBEH-
HO B3aUMOJEHCTBYET TOJIBKO JIUTUM:
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6Li + N2 = 2L|3N
2Li + 2C = Li,C,
6Li + 2Si = LigSi

C KUIKUM YUCTBIM aMMHAKOM IICJIOYHBIC MCTaJIJIbI 06pa3yIOT aMHIbI:

2Na + 2NH; = 2NaNH, + H, T

2. Ilpu cropaHuu IIETOYHBIX METAUIOB B KHCJIOPOJE OOpa3yroTcs
coequHeHHs cienyromiero cocrasa: Li,O, Na,O,, KO,, RbO,, CsO,. 13 Bcex
ATUX BEIIECTB HOPMaJIbHBIM OKCHIOM sIBsieTcs Toibko Li,O, a ocTaigbHbIe
npeacTaBiIstioT coboii mepokcuabl (Na,O,) u maamepokcuabl (KO, RbO,,
CSOZ) .

3. Bce mienounslie MeTaIbl — CUIBHEHIIINE BOCCTAHOBUTEIIH
6Na + 4H,S0, = Sy + 3Na,SO, + 4H,0

CoenuHeHus MIEJOYHBIX METALIIOB

I'mapuabl. HauGonee ycTOWYMB TUAPHUA JIUTHUS, KOTOPBIMA JIETKO
MoJIy4aeTcsl TpHU MPONMYCKaHWK BOJOpoAa Haja HarpeTeiM jmtuem. LiH —
OeJbIil KPUCTATUIMYECKUM MOPOIIIOK ¢ TeMIIepaTypol riaBieHus: 680 °C. [Ipu
BbICOKOH Temneparype LiH upe3BbaitHO peakiiMOHHOCIIOCOOEH. DHEPTUYHO
pasnaraercsi BOJOM:

LiH + H,0 = LiOH + H,T

Oxcuabl. Hanbonee ycroituus Li,O. Oxkcuapl TUTHS U HATPHUSA 0E710T0
[BE€Ta, OCTaJbHbIE — KedAToro. [IpuueM, WHTEHCUBHOCTb OKpAacKu
YBEJIMYHMBAETCS C YBEJIIMYEHUEM MOPSIIKOBOTO HOMEpPA 3JIEMEHTA.

Iepokcnapl. IlomydaroTcss MpuU TOpPEeHHM METAUIOB B  HM30BITKE
kuciopoga.  Ilepokcuapl  IMIETOYHBIX ~ METAUIOB  MOKHO  CUUTATh
OPOU3BOAHBIMU MEPOKCHIA BOAOpOAa T. K. OHM B3aUMOJACHCTBYS C
KHCJIOTaMU M BOJIOM 00pa3yloT MepoKCH ] BOJOPOIa:

Mezoz + HzSO4 = M€2804 + HzOz

Mezoz + 2H20 = 2MeOH + H202

HawnGosnpiiee 3HaueHne UMEET IEPOKCHUI HATPHUSA, KOTOPBIN HCIIOIb3Y-
€TCs IJIS TIOJTyYCHUSI KHCIIOPOJIa B 3aKPBITHIX MTOMEIICHUAX (HapuMep, TOI-
BOJIHAS JIOJKA):
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2Na,0, + 2C0O, = 2Na,CO; + 20,1

I'mapokcuabl. B TexHuke HocsaT Ha3BaHue enkue menodu, (NaOH —
enxuit Hatp, KOH — eakoe kamm). DTo OecuBeTHbIE, JETKOIJIABKUE Belle-
cTBa. B pacruiaBiIeHHOM COCTOSIHMM B3aWMOJICHCTBYIOT CO CTEKJIOM, (apdo-
poMm, matuHo#. [losToOMy IIaBICHUE IIETIOYCH OCYIIECTBISIOT B CEpeOpsH-
HBIX WIIH KEJIE3HBIX THUTJIAX, ¢ KOTOPHIMH OHHM HE B3aUMOJCHCTBYIOT. M-
POKCHIBI XOPOIIIO PACTBOPUMEBI B BOZIC C OOJIBIIIMM BBIJICIICHHUEM TEILIIA.

[Tory4aroT THAPOKCHUIBI CICAYIOIIMMH CIIOCO0aMMU:

a) B3aHMOJICHCTBUEM METAJIJIOB UJIUM OKCHIOB C BOJIOM:
leo + Hzo = 2LiOH

OTa peakuus HCIOJIb3YETCS TOJBKO ISl MOJYYEHHS] OYEHb YHCTBIX
TUAPOKCUJIOB;

0) peakuus KayCTH(PUKALMA — CaMblii CTapblii U3 U3BECTHBIX METOOB
IIOJIy4EHUS €IKOr0 HaTpa. ITOT METOJ COCTOUT B 00padOTKE pacTBOpPA COABI
THJIPOKCHUIOM KaJlbLius (TalleHas U3BeCTb) NMpu KumsueHuu. OOpasyromuncs
HEpacCTBOPUMBII KapOOHAT KaJblUsl OT(QMIBTPOBBIBAETCS WM C HEro
JNEKAHTUPYIOT IPO3PAYHYIO )KUIKOCTb:

Na,CO; + Ca(OH), = 2NaOH + CaCO;

[TonydeHHBI pacTBOp €IKOTO HaTpa KOHLEHTPUPYIOT IMyTEM YIapH-
BaHUsA B Bakyyme. TBepnblid enkuid HaTp miaBatr npu 500 “C ais moaHoro
ynanenust Boasl u noydaroT NaOH, conmepxammii 3—4 % Na,COs;. Ilomy-
yeHHBIN ATUM crtocooom NaOH HocHT HazBaHWE «KayCTHUECKas COJan;

B) DJIEKTPOJIU3 XJIOPHUOB IIEJIOYHBIX METAUIOB B BOJIHOM PacTBOpE
MPECTaBIACT COOOW COBPEMEHHBIM TMPOMBINIJICHHBIM METOJ] MOJyYeHUS
NaOH u KOH omnoBpemenno ¢ xsnopom. Korma pactsop NaCl noaseprator
AJIEKTPOIU3Y C MHEPTHBIMU dJIEKTpoiaMu (TIJIaTUHA, TpaduT), HA aHONE BBI-
JensieTcs XJIop, a Ha KaTojie BOAOpo . B mpukaToqHOM NpoCTpaHCTBE HaKall-
nuBarotcs HoHsl Na* 1 monsl OH™ , koTopsle o6pasytor NaOH;

I') CIUIaBJIeHHEM KapOOHATOB IIETOYHBIX METAJJIOB C OKCHJIAMH U T10-
cnenyroiieir 00pabOTKOM CIIaBa BOJSHBIM MapOM:

Fe,O; + Na,CO; = 2NaFeO, + CO,T
2NaFeO, + H,0 = 2NaOH + Fe,0;

[Ilemoun SBISIIOTCA Ba)KHEUIIUM ChIPHEM B XUMHUYECKOW MPOMBIIIICH-
HOCTH JIJISl TIOJTyYeHUST KpacuTesel, CTeKOJI, MbliIa, OyMaru, NCKYCCTBEHHBIX
BOJIOKOH, JICKAPCTBEHHBIX CPEACTB.
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Couau. NaCl u KCl Bctpeuatorcs B OOJBIINX KOJTMYECTBAX B MMPUPO/IE.
NaCl (noBapeHHas coJib) COAEPKUTCSI B MOpCKoM Bojie (B cpenHeM 2,7 %) u
B BUJIC KAMEHHOMW COJIM B 3aJI€KaX MOUTHOCTHIO 0 HECKOJIbKHX KUIOMETPOB.
B uncrom Buae NaCl u KCl nonydaloT U3 NpPUPOIHBIX XJIOPUIOB
nepekpuctamuzanue. Cold JUTUS MONYYarOT U3 MPUPOJIHOTrO KapOoHaTa
mutus. [lonyuenue coneit pyOuIus U 11e3usl CBSI3aHO C TPYAHOCTAMH, T.K. UX
pPacTBOPUMOCTh OYEHb OJM3Ka K pPacTBOPUMOCTH cosied kamus. OObIYHO
HCXOSAT U3 MaTOYHBIX PACTBOPOB, OCTAIOIIMXCS MOCIIE MEPEKPUCTATIIN3ALUH
KapHaJUTUTa M BBIACISAIOT M3 HHUX KBaclbl PyOuaMs W II€3usl, KOTOpbIC
OUMIIAIOT  mepekpuctam3auuend. OrtaeneHus pyouaus OT  LEe3us
MPOU3BOJAT, HUCIOJB3Ys Pa3IMUHyI0 PAcTBOPUMOCTh HX KapOOHAaTOB B
CIHpTE.

N3 HutparoB mnpaktnueckoe 3HadeHHMe wuMeroT NaNO; u KNOs.
Texnuueckue Ha3BaHMs — HATpHUEBas CENUTpa W KanuiHas cenutpa. O6e
COJIM HCIIOJIB3YIOTCA B KadecTBe MHUHEpalbHBIX ynoopenuil. KNO; umaer
Tak)Ke Ha Mpou3BoACTBO uepHoro mopoxa (NaNOj; He mpumeHsieTcss u3-3a
CBOEH rUTPOCKONIUYHOCTH).

VYroneHas kucinota H,CO; maer nBa psima kapOOHATOB MIETOYHBIX
metauioB kucieie (MeHCO3) u cpennne (Me,COj3). Kucnbie kapOoHATHI
(rumpokapOoHaThl, OMKAPOOHATHI) U3BECTHBI ISl BCEX IETOYHBIX METAJIOB
KpoME€ JHTHS. 3a UCKIIOYEHHEeM KapOoHaTa JHMTHUS BCE HEUTPaJIbHbIE
KapOoOHAThl XOpoIo pacTBopuMbl B Bojme. Na,CO; — coma, uHOrAa
BCTpPEUaeTcsi B MPHUPOJAE B BOJAX HEKOTOPBHIX 03€p W B MHUHEPAIbHBIX
uctounukax. [lomydaroT comy aMMHauHBIM CIIOCOOOM: PacTBOP MOBAapEHHOU
COJIM HACHIMIAIOT aMMHUAKOM M AuokcuaoM yriaepona. IIpum stom NaHCOj;
BBIMAJIaeT B 0CAJIOK, T.K. cojia Xye pactBopuma, yeM NH,CI:

NaCl + H,0 + CO, + NH; = NaHCO3) + NH,CI
Hanee NaHCO3; oTuiibTpOBBIBAIOT, CYIIAT U MPOKAIUBAIOT:
2NaHCO; — Na,CO; + CO,T + H,0

K,CO; — moTtami, TUTPOCKOMUWYHBIM O€Mblii MOPOIIOK, XOPOIIO
pacTBOpuUMBIiA B Bojie. [lomydaroT kapOoHU3aIMeit eIKoro Kaaus:

2KOH + C02 = K2C03 + HZO

IToram npumeHsieTcss B MBUIOBAPEHHOM, CTEKOJBHOU MPOMBIIUIEHHO-
CTSIX, MIPU KPAIIEHUHU U OTOEIMBAHUU IIEPCTH, B MPOU3BOJCTBE IIMAHUIA Ka-
TS, B OPraHUYECKOM CHHTE3E.

CepHas KucjoTa JaeT aBa psiaa CyJdb(]aToB IIETOYHBIX METAIOB —
Kuchelx U cpenHux. Na,SO, mnoiaydyaroT Kak MNOOOYHBIA MPOAYKT MpHU
MIPOU3BOJICTBE COJITHOM KHCIIOTHI U3 XJIOPUJA HATPUS U CEPHOM KUCIOTHI. M3
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BOJIHBIX  PACTBOPOB  Cyidb(ar HATpus  KPUCTAUIM3YETCS B BHUJE
Na,SO,4-10H,0, B TeXHUKE 3TOT KPUCTAILIOTUAPAT HA3BIBACTCS IN1ayOepOBOM
conbro. HMcmonp3yeTcss TpW  KpalmieHWH XJIOMYaTOOyMaKHBIX TKaHEH, B
MEUIIIHE.

I'maBnasi noarpynna Il rpynmnsi

OO611ast 2IeKTPOHHAS POPMyIIa HIEMEHTOB [IIABHO MOATPYIIIEL ...05 .

ITepBoiii 3meMeHT Be 1Mo cBoMM XMMHUYECKMM CBOMCTBaM (0e3 ydeTa
BaJICHTHOCTH) 0o0Jiee TMOXO0XX Ha aJIOMHHHMM, 4YeM Ha D3JEMEHThl CBOEH
HNOJATPYIIIbL. DTO SBJICHHE HA3bIBACTCS NMArOHAIBHOW aHajoruei. Bropoi —
Mg, umeet cxoncTBO Kak ¢ Ca, Tak u ¢ LI.

Ca, Sr, Ba u Ra oTHOCATCS K CEMEUCTBY IIEIOYHO3EMEIbHBIX
METaJIOB.

Bce metamnel rnaBao# noarpynmsl |l rpynmer (kpome Ra) otHOcsATCS K
nerkuM. [lo cBoelt TBEPAOCTH 3HAYMTEIHLHO TMPEBOCXOIAT IIEIOYHBIC
MeTtaiibl. CaMblii MSTKUM Oapuil MO0 CBOEW TBEpIOCTH OJIM30K K CBUHILY.
OO1mMM CBOMCTBOM /IS 3JIEMEHTOB TJIaBHOW noArpyninsl I rpynmel sBiseTcs
TO, YTO OHU B CBOMX COCIWHCHHUSX IMPOSBISIOT TOJHKO CTCIICHh OKHCICHUS
+2.

B mnpupone smementsl rnaBHOW moxarpymmbel |l rpynmel  mmpoko
pacnpoctpaHensl (kpome Be um Ra). 3a cueT BBICOKOW AaKTUBHOCTH B
CBOOOJTHOM COCTOSIHUM HE BCTpPEYalOTCs, BCErJa B BHUJAEC COCAMHEHHI:
CaCO;z; — wm3Becthsik, CaCO3MgCO; — monmomur, MgCO; — Marseswr,
CaS0O42H,0 — runc, CaF, — d¢moopur, BaCO3; — Burepur, SrCOz; —
crponnmanut, MgCly KCI — xapranut, BesAls[SigO1g] — Oepumn (u3ympyn,
akBamapuH). Pamuii comepX uTCS B ypaHOBBIX pyJaX B HHUYTOXHBIX

KonuyecTBax. [ mosydeHus ogfHoro rpamMMa Ra Heobxonumo
nepepadoTaTh 0KoJI0 30 TOHH PY/BI.
[Tonygarot I1eJI0YHO3eMENbHbIE MeTaJlIbl AIIEKTPOIU30M

pAacCIUIaBICHHBIX COJICH.

XuMHUYeCKHe CBOMCTBA

1. Bce oOHM B3aMMOJEHCTBYIOT C BOJOW, OgHako Be u Mg
B3aMMOJIEUCTBYIOT C BOJOW TOJBKO 10 OOpa30BaHUsS HA UX MOBEPXHOCTH
IUIOTHOW  IUIEHKW THUAPOKCHIA, MajJ0 pacCTBOPUMOW B  BOJIE W
MPEIOXPAHAIOIEH OCHOBHOM METAJII OT JAJIbHEUIIIETO PACTBOPEHUSL:

Mg + 2H,0 = Mg(OH),| + H,1

[IlemouyHO3eMENbHBIE METaUIBl C BOJOW B3aMMOJIEHCTBYIOT Ooiee
OHEPrUYHO.

2. YCTOWYMBOCTh K OKHCJIEHHUIO KHCJIOPOJOM BO3ayXa YyObIBaeT OT
Oepwiutus K 6apuio.
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3. Ilpu B3auMOAEWCTBUU C KHUCIOPOJIOM OOpa3yroTCsi HOPMAaJbHBIC
okcunbl coctaBa MeO. Ilepokcuapl MeHee YCTOWYMBBI, YeM MEPOKCHUIbI
II[€JIOYHBIX METAJIJIOB.

4. C BOJ10poI0M 00pa3yroT TUIPHUIBI:

Ca+ H, =CaH,

OTHU TUIPUIBI, KaK U TUAPUIBI MIEJTOUYHBIX METAJIJIOB, UMEIOT COJIC00-
pa3Hblii XxapakTtep. Bomopoa B HUX MPOSBISIET OTPUILIATENBHYIO CTEICHb
okucieHusa —1.

5. Okcupapl u THUAPOKCHUIBI MOJTY4ar0TCS C)KUTaHUEM

COOTBETCTBYIOIIETO METaJJla B KHCIOPOJE WM TEPMUUYECKUM
Pa3I0KEHUEM KHUCIOPOICOACPHKAIIUX COJICH:

CaCO3 =Ca0 + CO,
COeMHSSACH ¢ BOJIOU, OKCH/IBI TEPEXOIST B TUAPOKCHUIBI:
CaO + H,0 = C&(OH)z

OCHOBHBI XapakTep THIPOKCHIOB BO3pPACTAaeT CBEPXY BHU3 IO
rpynne. ['mapokcun 6epmus amdporepen. Mg(OH), obHapyxuBaeT ciadbie
ocHoBHble cBoiictBa. Ca(OH), , Sr(OH), , Ba(OH), — cuibHBIC OCHOBaHUS.

6. [lpu OOBIYHOM  TeMIiepaType 158105 pu HarpeBaHUU
[IeIOYHO3EMENbHBIE METAJUTBI B3aWMOJCUCTBYIOT C KHCIOPOAOM, a30TOM,
YIJIEpOa0M, BOAOPOAOM, pochopom, rajJoreHamu.

7. Ilpm mnpoxkanuBaHUHM C yriaeM KapOOHATHl MIEIIOYHO3EMETBHBIX
METaJJIOB 00pa3yroT KapOuAbl, KOTOpbIE MPEICTABISIIOT OO0 CoeTUHEHUs
HECTEXHOMETPUIECKOTO COCTaBa, T.€. He OTBEYAOIINE MPaBmiy (GopMaIbHOU
BaJICHTHOCTH:

CaCO; + 3C =CaC, + CO + CO,
8. IIpu B3aumoperictuu CaC, ¢ BOJ0il MOJy4aeTcs alleTUIICH:
CaC, + 2H,0 = Ca(OH), + C,H,
9. Ilpu 06xure KapOOHATOB 0OPA3YIOTCS OKCHUJIBI:
CaCO; = Ca0 + CO,
Oxcu Kablus, TTOTYYCHHBIH O0KHTOM HM3BECTHSIKOB, HOCHT TE€XHU-

YeCKOe Ha3BaHUE «HeraiieHas u3Becth». CaO OypHO B3aMMOJICHCTBYET C BO-
JIOU:
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CaO + H,0 = Ca(OH),

HOHY‘ICHHBII?I T'HAPOKCUI HOCUT TCXHUYCCKOC HA3BAHUC «TalllCHAA U3-
BCCTb», KOTOpas IIpU I[O6aBJ'IeHI/II/I OKCHIa KPpCMHUA (HCCKa) HCIIOJIB3YCTCA B
CTPOUTCIIBHOM JCJIC B KAYCCTBC BIKYIICTO MAaTCpHaJIa. 3aTB€pI[€BaHI/Ie HU3BC-
CTH IMPOUCXOOUT 3a CUCT B3&HMOH€ﬁCTBHH C aTMOC(I)epHI)IM YTJICKHUCIIBIM T'a-
30M:

Ca(OH)z + CO, = CaCO;3 + H,0

B crpoutensHoM nene wmcronb3yercs rwic (CaSO, - 2H,0), mpu
npokamuBauun kotoporo (150 °C) o6pasyercs anebactp (CaSO, - 0,5H,0):

CaS0O, - 2H,0 = CaS0O, - 0,5H,0 + 1,5H,0

N3 npocThixX BelIEeCTB MPUMEHEHUE HAXOJSAT B OCHOBHOM OepMILIUNA U
MarHuii B KayecTBE MOKPBITUS ISl ypaHa B TETUIOBBLACISIONIMX 3JIEMEHTaX
ATOMHBIX PEAKTOPOB. 3HAYMTEJIbHBIC KOJIMYECTBA MArHUs HUCIOJIb3YeTCsS B
BU/IE CIUTABOB B aBTOMOOUJILHOM M aBUAITMOHHOW MPOMBIIUICHHOCTSX.

/KecTkocTh BOABI M METOIBI €€ ycTpaHeHus

CymmapHoe conepxanne noHos Ca”* u Mg®* B Bome HaswIBaeTcs ee
oOwel xecTkocThio. OHa mozpasensercs Ha KapOOHAaTHYIO (BPEMEHHYIO) U
HEeKapOOHATHYIO (MOCTOSHHYIO). KOMMuecTBEeHHO BPEMEHHYIO )KECTKOCTh Xa-
PaKTepU3yIOT COAECP)KAaHUEM THAPOKApOOHATOB, YAAISIOMIUXCS U3 BOJBI MIPH
€e KWISIYCHUHM B TeueHHe daca. JKecTKOCTh, OCTaBIIAsCS TOCIE KUISTICHUS,
HA3bIBACTCSI TOCTOSIHHOM JKECTKOCTHI0. JKECTKOCTh BOJBI BBIPAXKAOT CYMMOU
MUILTIMOITb SKBUBaneHTOB HoHoB Ca®’ n Mg®*, comepsxarmmxcs B 1 am° Bo-
nael. OAMH MWIIMMOJIb IKBHBAJICHTOB KECTKOCTH OTBEUYAET COJEPIKAHUIO
20,04 mr/am® Ca®* mim 12,16 Mr/am° Mg2+.

KapOonaTHas skecTKOCTh 00yCIIOBJIEHA MPUCYTCTBUEM B BOJIE PACTBO-
PUMBIX TUIPOKApOOHATOB Kaibliusg M MarHusi. CrocoObl ee yCTpaHeHHUs OcC-
HOBAHBI Ha BBIBOZE KaTHOHOB Ca”* i Mg 13 BOIbI B BHIE HEPACTBOPUMBIX
coJIei:

1) Kunissuenue (MCIOJIb3yeTCsl B OBITY):

Ca(HCOs), —» CaCOzl + CO,T + H,0

2) HetictBue u3BectkoBoro Mojoka Ca(OH), unu coapl Na,COs (uc-
MIOJIB3YETCS B MPOMBIIIJICHHOCTH ):

Ca(HCO), + Ca(OH), = 2CaCOs + 2H,0
C&(HCOg)Z + Na,CO3 = C&COg\L + 2NaHCO;
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Mg(HCO,), + Ca(OH), = Mg(OH),\ + CaCOgzl + CO,T + H,0
Mg(HCO;), + Na,CO; = MgCO3d + 2NaHCO:;.

HekapOoHaTHasi, WM MOCTOSIHHAS, )KECTKOCTh OOYCIIOBJICHA MPHUCYT-
CTBUEM CYJIb(aTOB, XJIOPUIOB, HUTPATOB U (HoCHaTOB KaTbIHI U MarHUSI.

[TocTostHHAsT ’KECTKOCTh MPHU KUIISYCHUU BOABI HE ycTpaHsercs. Ee
YCTpaHSIOT AoOaBiIeHueM coabl Wi pocdara HaTpus:

CaS0, + Na,CO; = CaCOs{ + Na,SO,
3C&SO4 + 2N&3PO4 = C&3(PO4)2\L + 3N&2804

Jl1st ycTpaHeHHs AKECTKOCTH METOJOM MOHHOIO 0OMEHa BOJY MPOITyC-
KAalOT 4epe3 CJIoWi KaTMOHWTa. BemecTBa, KOTOpble CIIOCOOHBI OOMEHUBATH
CBOM MOHBI Ha KaTMOHBI M3 PAcTBOPA, HA3bIBAIOTCA KaTUOHOOOMEHHUKAMHU
(KaTHOHMTaMM); Ha aHUOHBI M3 PAaCTBOpPa — AHMOHOOOMEHHHMKaMU (aHUOHU-
tamu). Ipu sTom Katrons! Ca®* u Mg”" obmennBaroTcs Ha katnoust Na®, co-
JeprKaluecs B IPUMEHSIEMOM KaTHOHHUTE.

XKecTkocTb BOIBI MOKET OBITh paccuuTaHa 1o popmyie:

o 1000-m,
m,-V '

rae Mg — Macca paCTBOPEHHOIO BewiecTsa (r); M, — MOJSpPHAs Macca dKBU-
BaJIeHTa BemecTBa (I/Moub); V — 00beM Bogb! (am°).

Takoke )XKeCTKOCTb BOJIbI MOYKHO BBIUHCIIUTD 11O (popMyIie:

2+ 2+
- Lca”1, Mg"]
20,04 1216

riae [Ca®*] u [Mg®'] — konuenTparmu nonos Ca”* u Mg, mr/am’,

[To 3HAYEHWIO JKECTKOCTH BOJY YCJIOBHO JENSAT Ha MATKYIO (10
4 MMOIB(9KB)/IM°), CpeIHeH KecTKOCTH (4—8 MMOIB(9KB)/IM°), HKECTKYIO
(8—12 MMOITB(9KB)/IM’) M OUEHB KECTKYIO (6oee 12 MMOMB(3KB)/IM°).

I'maBnas noarpynna Il rpynnsi
CtpoeHne BHENIHETO JJIEKTPOHHOTO YpPOBHA BbIpaxkaeTcsi oOuIei

. . 2,1
ANIEKTPOHHOM (POPMYIION ...ns°P”, BCE TPU BHEIIHUX AJIEKTPOHA — BaJICHTHBIE.
B cBs3u ¢ ManbiM paadycoM aroma OOp MEHEee BCEro CKJIOHEH K MOoTepe
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AIIEKTPOHOB M HE 00pa3yeT MOHHBIX CBsi3edl. Bce cBsi3m B coenuHeHMsIX Oopa
KOBaJIeHTHBIE. bop SBIsSETCS TUITMYHBIM HEMETAIIJIOM.

AnroMuHui, TayMi, WHIMA W Tamid — MeTtauel. Ilo
pacIpoCTpaHEHHOCTH B MPUPOJIC ATIOMUHMM Ha TPEThEM MECTE MOocie
Kuciopoaa v kpeMHusi. OH COJIEP>KUTCSI BO MHOTUX CUJIMKAaTaX U TNIMHAX:

Al,O3- nH,0 — 6okcwur;

A|203 . ZS|02 . 2H20 — KaOJIUH,

Na,O -Al,03-6Si0;, — Hedenun;

Nas [AlFs] — xpuomur.

[TomyyaroT aFOMHHHIA AJIEKTPOJIM30M paciuiaBa OOKCUTa B KPHOJIU-
Te (KPUOJUT MOOABISIFOT M1 CHUKEHUS TEMIEPATyPhI TUIABIICHUS OOKCH-
Ta). Dnextpomus mposoxutcs mpu 800—1000 °C, HampspkeHHHE 6 BONBT U
toke 30000 ammep.

XHMHYeCKHe CBOCTBA

1. AmOMUHHNA — aKTHBHBIM METAJUI, OJHAKO OH MOKPBIT ILIOTHOMN
KOPPO3UOHHO-CTOMKOW  IUIEHKOM  OKCHJa,  IPEMATCTBYIOLIEH  €ro
pa3pyLICHHUIO.

2. Ilpu HarpeBaHWMU aJOMUHUNA B3aMMOJEUCTBYET IOYTH CO BCEMU
HEMeTauIaMiM. MHOIME COCIMHEHUS QIIOMUHHMS C HEMETAUIAMH JIETKO
TUAPOIIU3YIOTCS:

AIN + 3H,0 = AI(OH); + NH;T

Al,C; + 12H,0 = 3CH,T + 4AI(OH)4
ALS; + 6H,0 = 2AI(OH); + 3H,ST

3. ATIOMUHHUII ~ JIETKO  pacTBOPSETCS BO  MHOTHX  KHCJIOTax.
KonuentpupoBannass HNO3; mnaccuBupyer ero. Xopoumo pacTBOPUM
AJTIOMUHUM U B LIEJIOYAX:

2Al + 6NaOH + 6H,0 = 2Nas[Al(OH)¢] + 3H,T

4. Okcuj antOMUHUA YacTO BCTPEUYAETCs B MPUPOJIE B BUIE KOPYHAIA U
OOKCUTa U B COCAMHEHUSIX C APYrUMHU okcuaaMu. OKCHJ alfOMHHHS OYEHb
ycroiuuBoe coeanHenue. M3secto 7 noaumopdusix Moaudukanuid Al,Os.
Hau6onee ycroiuussl o 1 y- Mmogudukanuu. B kucinorax o-Al,O3 npakrrye-
CKM HepacTBopuM. B pactBopumoe coctosiHre o-Al,O; MOXHO mepeBecTH
CIUTaBJICHHEM CO IIEJI0YaMHU:

Al,O3 + 2NaOH = 2NaAlO; + H,0
¥ — MoAuUKaIKs TOJydaeTcs MPOKaIUBAHUEM THAPOKCHIA:

2A|(OH)3 = A|203 + 3H20
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Ota MoauduKanus JErKo pacTBOpUMa B KUCIOTax  menovax. [locne
0c000i 00pabOTKK C MOCIENYIOIIENH TPaHyJALIUEN MOIy4aloT IPOAYKT MOJ
Ha3BaHUEM aJIIOMOIellb, IPUMEHSEMBbII KaK COPOEHT.

5. Tak kak Al,O; He pacTBopuM B BOJE, THIPOKCHI TOTYyYaOT

KOCBCHHBIM ITyTCM!
AICI; + 3NaOH = AI(OH)s| + 3NaCl

I'uppokcun — amroMuHHS  aMm(pOTEPHOE  COEIMHEHHE,  XOPOIIO
pPacTBOPUMOE B KHCIIOTAX M LIEN0Yax:

Al(OH); + 3NaOH = Na3[Al(OH)¢]
6. AnfOMHHHI XOpOIINi KOMILIEKCOOOpa30oBaTeb:

AIF; + 3NaF = Na[AlFg]
AICI; + LiH = Li[AlIH,] + LiCl
AICI; + 3NaCl = Nas[AICle]

7. C BOIOPOJIOM QIIOMHUHUN HE B3aMMOJICUCTBYET, HO O0Opa3yer
CMeIIaHHbIe TUAPHUIBI ¢ Apyrumu MeTayuiamu: Li[ AlHg4], Ti[AlH,].

OCHOBHOE HaIpaBJICHUE HCIOJIb30BAHUS ATIOMUHHS — METAJUTyPrus
(crimaBel  aBUANb, CHJIYMHH, MarHajidil, SJCKTPOH, IIOPATIOMUHHIA).
BomoponHbie coeAMHEHUS ATIOMHHHUS  SIBJISIOTCS  COCTaBHOM — 4acThiO
pakeTHoro torutuBa. ColM TNPUMEHSIOTCS JUIsL  JOyOJICHHUS KOX, B
npousBojacTBe Oymarn. OKcux amoMUHHUS (KOPYHZ) HCIOJBb3yeTCs B
Ka4eCTBE MUIH(OBOYHOTO IMOPOIIKA.

IIpumepsI

IIpumep 1. Beraucaure )KeCTKOCTh BOJBI, €CIIN B IM° ee COAECPIKUTCS
Ca(HCOg), maccoii 222 r u Mg(HCO3), maccoii 175 r.

Pemenue:

m, coneit Ca(HCO3), 1 Mg(HCO3), pasabl M/2, T. e. niast Ca(HCOs3),
m, = 162/2 = 81 r/moub, a it Mg(HCO3), m, = 146/2 = 73 r/mMou1b.

Conepxanue cojeli B 1 1M~ BOABI:

222 /1000 = 0,222 r Ca(HCOs),;

175/1000 = 0,175 r Mg(HCO3),.

’KecTrocTb, 00ycloBIEHHAs] HATMYKUEM JaHHBIX COJICH:

XK(Ca(HCO3),) =0,222:1000/ 81 = 2,7 MMOHB(BKB)/JIMs;
K(Mg(HCO5),) = 0,175-1000 / 73 = 2,4 Mmonb(3KB)/IM’;
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K=2,7+24=5,1 MMOJ'IB(BKB)/I[MS.
3aoanus npeonadopamopHo2o KOHmMPO.s

3apanue 1. Hanuimure ypaBHEHUS pEakildid, B Pe3ybTaTe KOTOPHIX
MOKHO OCYIIECTBUTD CJICAYIOIINE MTPEBPAIICHUS:
a) NaCl — NaOH — Na,CO3; — NaHCO3; — NaNO3; — NaNOy;

6) NaCl — Na — NaH — NaOH — NaHCOg;

B) CaCl, — Ca— CaO—> Ca(OH),— CaCO; — Ca(HCOs), —
CaCO3; — CaCly;

F) Ca0O — Ca(OH)z — Ca3(PO4)2 — H3PO4 — NazHPO4 — Na3PO4;

1) XJIOpUJ HaTpUsi— HATPUM — MEPOKCUJT HATPHUS —> OKCHUJ HATPHUS
— TUJAPOKCHUJ HATPUSL — TETPATUIPOKCOATIOMUHAT HATPUSL;
€) KaJblIUi — HUTPUJ KAIbIUSI — THAPOKCUJ KaJIbIHUSI — XJIOPU]L
KaJIblIMs — HUTPAT KaJIbIus.
3ananme 2. Kakyio maccy kapOoHaTta HaTpus HaJo0 MPUOABUTH K
800 mm° BOzIbI, 4TOOBI YCTPAHHUTH KECTKOCTD, PABHYIO 6 MIKB/IM ?
3aganue 3. B3auMoJelCTBHEM KAJIBIMHUPOBAHHOW COJbI MAacCOH
10,0 T ¢ rameHHON M3BECTHIO MOJIy4YE€HA KayCTHYECKas coaa maccou 6,7 T.
Omnpenenute Bbixo 1 npoaykra ( %).
3ananue 4. KapOu kanbIus MoaydaroT M0 CXEMeE:

CaO + 3C =CaC, + CO.

BbruncinTe Maccy oKcuaa KaJblns, HCOOXOAUMYFO JUIS ITOJIyYeHUs Kap-
Ooua xkaabiusa Maccoi 6,4 T. Kakoit o0bem (H.y.) CO mpu 3ToM oOpa3zyercs?

Jlabopamopnaa pavoma «Memannwt I— Il 2pynny

OnpiT 1. Omkpbtmue UOHO8 ULe/IOUHBIX Memalloe no OKpauiuea-
HUI0 njiamenu

Brinonnenue omnbita. [logepxkure HEKOTOpOE BpeMs HHUXPOMOBYIO
MIPOBOJIOKY B KOHLICHTPUPOBAHHOM COJITHOM KUCJIOTE M MPOKAINUTE B IJIAMeE-
HU TOPETKU 10 oOectBeUnBaHus maMeHu. OKyHHUTE TPOBOJIOKY B CKIISTHKY C
HACBIIICHHBIM PACTBOPOM COJIM JIUTHSA U OMSATh BHECHUTE B IJIaMsi TOPEJIKH.
OtmeTbTe 1BET IIaMeHU. ONBIT MOBTOPUTE C HACBHIIIEHHBIMU PAaCTBOpPaAMHU
cosner Hatpus W Kanus. llepen KakabIM ONBITOM MPOBOJIOKY CIEAYET OYH-
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11aTh, IOIPYKast €€ B KOHUEHTPUPOBAHHYIO COJISIHYIO KUCJIOTY M IIPOKAIUBas
B [IJIAMEHU T'OPEJIKU.

3anuce JaHHBIX OIIbITA. 3aHI/IHII/ITC, B KaKOU IBCT OKpAalINBAIOT ILJIaMs
HWOHBI JIMTHA, KaJIUA, HATPHA.

Onbit 2. ITonyuenue u ceoiicmea cuopoxcuoa meou (11)

Beimonsenne omneita. Haneiite B mpoGupky 2—3 cm® 30%-Horo pactBopa
MEJIHOTO KyIopoca M J100aBbT€ TaKOW XK€ 00BEM pacTBOpa THIPOKCH]IA
HaTpus. Yto HaOmromaete? OCTOPOKHO HarperTe COMAEPKUMOE MPOOHUPKH.
Kak n3mensgercsa user ocaaka?

3anuch TaHHBIX OmNbITa. HanmuimumTe COOTBETCTBYIONIME YPABHEHHS peak-
UMl B MOJIEKYJSIPHOM M HMOHHOM Buje. CrenaiTe BBIBOJ O TEPMUYECKOU
ycroiunBoctr ruapokcuaa meau (11).

OnbiT 3. Okpamueanue niaamenu CoOJAMU We/I0UHO3EeME/IbHBbIX Me-
masnioe

Brinonnenue onbita. [lorpy3snte HUXpOMOBYIO TPOBOJIOKY B KOHIIEHTPH-
POBAaHHYIO COJIIHYHKO KHUCJIOTY, 3aTE€M IPOKAJIUTE €€ B IUIAMEHU CIIMPTOBKH,
OKYHHUTE IIPOBOJIOKY B HACBIIICHHBIM PAaCTBOP COJIM KAJIbI[MS U BHECUTE €€
mams ropesiki. OTMeTbTe UBET IiaMeHd. OMNbIT TOBTOPUTE C HACHIIICHHBI-
MU pacTBOpamu coJjiei Oapusi u cTpoHIus. [lepea KaxapiM OMBITOM TPOBO-
JIOKY CJIEAYET OUMILATh, IOTPYXkasi €€ B KOHUEHTPUPOBAHHYIO COJIIHYIO KU C-
JIOTY ¥ IIPOKAJIIMBAS B INIAMEHU T'OPEIIKHU.

3anych JAHHBIX OMNbITA. 3aNUIINATE, B KaKOM LBET OKPAIIMBAIOT IIaMs
HOHBI KaJIbLIMsI, CTPOHLIUS U Oapusl.

OnbIT 4. Cotu wie104H03eMenbHbIX MEMAI106

BhironHenre ombita. B Tpu mpobupku Haneiite mo 2—3 cM® pacTBopa
XJIOpUIa Kallbllus. 3aTeM B TIEPBYIO MPOOHUPKY H00aBbTE pacTBOp KapOoHaTa
HaTpHsi, BO BTOPYIO — pacTBOp (docdara Kanusi, B TPEThIO — PacCTBOP Cyib(ha-
ta HaTpusa. OTMEThTe HW3MEHEHHS B MPOOMpPKaxX. AHAJIOTHYHO TMPOBEAWTE
OTIBITHI C PACTBOPAMU COJIEH CTPOHIIMSA U Oapusl.

3amuch JaHHBIX OmbITa. Hamummre ypaBHEHUS! COOTBETCTBYIOIIUX Pe-
aKIW{ B MOJICKYJSIPHOM U HOHHOM BHe. CrienaiiTe BBIBOA O PACTBOPUMOCTH
KapOoHaToB, (hochaToB, Cynb(aTOB KaNbIMs, CTPOHIUS U Oapusl.

OusIT 5. B3aumooeiicmeue aniomunus ¢ Kucaiomamu
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Brinonnenue onbita. B Tpu npoOupku HanelTe pacTBOPHI 2H KUCIOT:
B OJJHYy — COJIIHOM, B JAPYTYIO — CEPHOMH, B TPEThIO — a30THOWU. OmycTure B
Ka)X1yI0 IPOOUPKY rpaHy;ly adtoMuHusA. Bo Bcex Jn ciaydasx MpOTEKaroT pe-
akuuun? Kak mporekator peakuuu 6e3 HarpeBaHus? Harpeiite npoOupku Ha
BOIsTHOU Oaue. Uto HaOmromaere?

3anuch AaHHBIX onbiTa. OTBETHTE HA IOCTABIEHHBIE BONpoCkl. Hamu-
LIMTE MOJIEKYJIAPHBIEC U JIEKTPOHHBIE YpaBHEHUS peakuui. Kakoi ra3 Beiae-
JseTCs MPU B3aUMOJCHCTBUU aJIOMHUHHS C pa30aBICHHON a30THOM KHCIO-
toi? C pa30aBIeHHBIMHU CEPHOMN M COJISTHOM?

OnbIT 6. B3aumooeiicmeue anioMuHus co wienouamu

Brinonnenue onbita. BHecuTe B mpoOUpKy rpaHylly aJllOMUHHS U J0-
6aBbTe 2—3 cM° JUCTUIUTMPOBaHHOU BOjbl. Harpelite mpoOupKy Ha BOASHOM
Oane. HaOmromaercs nu BblaeneHue Bogoponaa? [loOaBpTe B HpoOUpPKY
2-3 cM® 2H pacTBOpa HAPOKCHAA HATpHst. OTMEThTe HHTCHCHBHOE BBIICIIC-
HUE Tasa.

3anych AAHHBIX OMNbITA. 3alUIIUTE PE3ybTaThl OMNbITa. OTCYTCTBUE
peaKIuy aJlOMHHHUS C BOJAOW OOBSICHACTCS HAJIMYMEM Ha €ro MOBEPXHOCTH
IJIOTHOM OKCHUJIHOM TUICHKH, KOTOpasl JIETKO PacTBOPSETCS B IEIOUYN ¢ 00pa-
30BaHMEM THAPOKCOATIOMUHATA, MOCJE YEro aJIOMUHUNA HEMOCPEICTBEHHO
BCTYNAET B PEAKIUIO C BOJOM:

1) Al,O3 + NaOH + H,O — Na[AI(OH),4]
2) AI + H20 - Al(OH)g + H2
3) AI(OH); + NaOH — Na[Al(OH),]

[TonpOepute k03 HULMEHTHI K JAHHBIM PEAKIIUSM.
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TEMA 14. TA/KEJIBIE KOHCTPYKIIMOHHBIE METAJLJIBI:
XPOM, KEJIE30, KOBAJIbT, HUKEJIb, ME/lb, IMHK,
MAPI'AHEL, OJIOBO, CBUHEIl U UX COEAUHEHMUA

Xpom

OcCHOBHOI1 cI0CO0 MOTYYEHUS B IPOMBIIIJIEHHOCTH:
a) CruiaByiieHUE PyJbI C COJIOM:

4Fe(Cr02)2 + 8Na,CO; + 70, = 2Fe,0O5 + 8Na,CrO, + 8C02T

0) BrimenaunBanue moay4eHHOTO CIjlaBa BoAoi. B pacTBope ocraercs
XpOMaT HATPUs, OKCUJL XKEJIe3a OCTACTCS B OCAJIKE.
B) [lepeBos xpoMara B TuXpoMaT CEPHON KUCIIOTOM:

2Na,CrO, + H,SO, = Na,Cr,07 + Na,SO, + H,0
r) CriaBlieHHE IUXpoMata ¢ yriieMm:

Na,Cr,0; + 2C = Na,CO; + Cr,03 + COT

1) AfOMOTepMHUS:

Cr,03 + 2Al = Al,O3 + 2Cr

XuMHuuyecKkue CBOMCTBA
1. B3anmMoaencTByeT npu HarpeBaHuu, CO BCEMU HEMETANIAMU, KpOME
a30Ta U BOJIOPOJA:
2Cr + 3Cl, = 2CrCl;3;

4Cr + 30, = 2Cr,03;
2Cr + 3S = Cr,S;

2. XpoM pacTBOpsieTcsl B pa30aBIIEHHbIX KUCJIOTax, B KOHILIEHTPUPO-
BaHHBIX — TACCUBUPYETCSL:

Cr + H,SO, = CrSO4 + H;

3. C KkuciaopoaoM XpoM 00pa3zyeT OKCUIBI PA3TUIHOTO COCTaBA.

CrO — oxcun xpoma (II), TBepmoe amopdHOE BemECTBO KpPacHOTO
I[BETa, TIOJy4aeTCs BOCCTAHOBJICHHEM BOJIOPOJOM TP HArpeBaHUU W3
okcuna xpoma (I1I):

Cr,0O3 + H, =2CrO + H,O
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2 )
COGI[I/IHCHI/I}I CI'+ HCYCTOMYHMBBI U OKHUCJIAIOTCA Ha BO3AYXC:

4Cr(OH), + O, + 2H,0 = 4Cr(OH);

Cr,O3 — mopomiok 3eJIeHOro I[BETa, MOJIYYaeTcs COKMraHheM Xpoma B
kuciopoze. Mcnonb3yercss Kak KaTalu3aTop, KpacuTelb, BXOJIUT B COCTaB
noJinpoBouHbIX nact. Cr,O3 — ampOoTEpHBIN OKCHI, KOTOPOMY COOTBETCTBYET
amporepusii ruapokcua Cr(OH)s, 1erko pacTBOPUMBINM B KMCJIOTaX U LIEI0-
yax:

Cr(OH); + 3HCI = CrCl; + 3H,0
Cr(OH); + 3NaOH = Nag[Cr(OH)g]

CoenuHenuss XxpoMa B CTENEHU OKHUCIEHHS +3 caMmble yCTOWYUBEIE,
00J1a4at0T OKUCIUTENBHBIMUA U BOCCTAHOBUTEIbHBIMA CBOWCTBAMM:

Cr2(804)3 +Zn =2CrSO, + ZnSO,
2CrCl; + 3KNO; + 10KOH = 2K,CrO,4 + 3KNO, + 6KCI + 5H,0

CrO3 okcua xpoma (V1) — TBepaoe BEIIECTBO KpacHO-OYpOro IBera,
Xopouo pactBopumoe B Boae. Kucnorneii oxcua. Ilomydaercs mnpwu
B3aMMOJECHCTBUU XPOMATa KAJIUS C KOHIIEHTPUPOBAHHOW CEPHON KUCIOTOM:

K,CrO, + H,SO, = CrO3 + K,SO, + H,0

CrO3 cOOTBETCTBYIOT JIBE€ KHCIIOTHI.

H,CrO4 — xpoMoBasi; COJTM HOCST Ha3BaHUE XPOMAThI — KEJITOTO IIBETA.

H,Cr,O; — nByxpomoBasi; coiu JIuxpoMatbl (OUXpoMaThl) —
OpaH>XEBOI'O [BETA.

Xpomatsl 1 OMXpOMAaThl CUITLHEHIITE OKUCIUTEIH.

XpOoM HCHOJB3YETCS KaK JIETUpyIolias 100aBKa K CTaJsiM, B KaUeCTBE
3alIUTHBIX TIOKPHITHI Ha MeHee OsaropogHeix Metamnax. CoeauHeHus
XpoMa HCIIONB3YIOTCS B KAUeCTBE KPACOK, KaTallu3aToOpPOB.

Maprasnen

B mnpupone Bctpewaercs B Buae MnO, — mmpomo3utr, Mn,0O;
(MnO,;MnO) — 6paynut, Mn3O4 — raycMaHuT.

[TomygatroT MapraHer] BOCCTAaHOBJICHHEM B 3JIEKTPONEYAX YIIEPOIOM
WJIN QJTFOMOTEPMUYECKUM CIIOCOOOM:

MnO, + C = Mn + CO,1
3MnO, + 4Al = 2A|203 + 3Mn
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Mapraner; — cepeOpucTo-0enblii MeTaul, yCTOMYMBBIA Ha BO3JYXE,

T. K. TIOKPBIT TUIOTHOM OKcHIHOW TmeHko. T, = 1200 0C, IUIOTHOCTD
71,2 /e,
XuMHYeCcKHe CBOMCTBA MapraHua
1. Mapranen, — BecbMa aKTHUBHBIA MeTal. B psay HanpsokeHUn
METaJUIOB CTOMT MEXKIy I[MHKOM H MarHueM. B mopomkooOpazHom
COCTOSIHUM MAapraHel] B3auMOJICUCTBYET TMPU HArpeBaHWUM C BOJOW,
KHUCIIOPOJIOM, CEPOM, XJTIOPOM:
Mn + 2H,0 = Mn(OH), + H,1;
Mn + O, = MnOy;
Mn + S = MnS;
Mn + Cl, = MnCl,

2. JIerko pacTBOpUM B KHCIIOTaX:
Mn + 2HCI = MnC|2 + HzT

3. IlposiBiiisi B CBOMX COCIMHEHUSIX CTENECHW OKucieHus +2, +3, +4,
+6, +7, Mmapraner gaet naTh okcuaoB: MnO, Mn,O3; — OCHOBHOTO XapakTepa,
MnO, — amporepnsbiit okcnst, MnO3z, MN,0O; — KHCIIOTHBIE OKCH/IBI.

4, MnO - 3eneHoro I1BeTa, HE pacTBOpHUM B Bojie. Ero MoxHo
MOJIYYUTh TEPMUYECKHUM  Pa3jIoKeHHEM KapOoHaTa Mapraia, WId
BOCCTAHOBJICHHEM BOJ10po oM MnQO;:

MnCO3z; = MnO + CO,?
MnO, + H, = MnO + H,0O

CootserctBytomuiik. MnO rugpokcun Mn(OH), — cepo-po3oBoro
[IBETA, MOJYYaETCs U3 COJICH MO/ IEUCTBUEM IIECIIOUEH:

MnSO, + 2NaOH = Mn(OH)zl + Na,SO,

I'unpoxcun mapranma (II) Mn(OH), — ciaboe ocHoBaHuE HE PAaCcTBO-
pumoe B Boze. Mn(OH), nerko okucnsiercs Ha Bo3ayxe 10 Mn(OH),:

2Mn(OH)2 + O, + 2H,0 :2Mn(OH)4
Mn(OH), — Toke HEYCTOWYMBOE COCTMHEHHE:

Mn(OH), = MnO, + 2H,0
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+2 5
5. Comu Mn™“ — po30BOro 1BeTa, YCTOMYUBBI B KUCHBIX cpenax. [lox
JNEUCTBUEM CUJIBHBIX OKHUCIUTENICH NEepexXoAsT B COCAUMHEHMS BBICIINX
CTETIEHEW OKUCIICHUSI MapraHIa;

2MnSO, + 5Pb0O, + 6HNO; = 2PbSO, + 3Pb(NO3), + 2HMnO, +2H,0

6. MnO, — KoOpWYHEBBIN, HE PACTBOPUMBIM B BOJIC€ TMOPOIIOK.
Ucnone3yercss kak ancopOeHT u kartanu3aTop. CHIbHBIA OKHUCIUTENbL B
KHUCJION cpefie:

MnO, + 4HCI = MnCl; + Cl, + 2H,0
B menounoi cpene nposiBIsIET BOCCTAaHOBUTENBHBIE CBOMCTBA:
MnO, + KNO3; + 2NaOH = Na,MnO, + KNO; + H,0
7. MaprasuoBUCTYIO KUCIOTY MOKHO IIOJIyYHTH 110 PEAKLIUN:
Na,MnQ, + H,SO, = Na,SO, + H,MnO,
Ota KHCIIoTa KpailHe HEYyCTONYMBA U OBICTPO pa3iaraercs:
3H,MnO, = MnO, + 2ZHMnO, + 2H,0

Conu MapraHiioOBUCTON KUCIOTHI (MAaHraHAThl) OKpAIICHbI B 3€JIEHBIN
1BeT. B BoJie 1€rKo ruAPONIU3YIOTCS U 3€JI€HBIN [IBET UCUE3aET:

3K;MnQO, + H,0 = 4KOH + MnO, + 2KMnO,

8. CoenvHEeHUsT MapraHia B CTENEHU OKHUCICHUS +7 MOXHO MOJIYYUTh
OKHCJIEHUEM MAHI'AHATOB:

2K,;MnO, + Cl, = 2KCI + 2KMnO,

[lepmanranar kaius KMnO, umMeer 0oibllioe MpakKTUYECKOE 3HAUe-
Hue. [I[puMeHsieTcs B pa3IMYHbIX CUHTE3aX KaK CUJIbHEUIIIUN OKUCIIATEND.
Oxkcun Mn,O; MOXKHO TIOJTYYUTh U3 TIEpMaHraHaTa Kajus:

2KMnO, + H,SO, (komm) = K,SO, + Mn,O; + H,O

Mn,0O7; — )XHAKOCTH 3€JICHOTO I[BETA, OYCHBb B3pbIBOONAacHa. OKHUCIICT
OpraHUYecKue BellecTBa cO B3pbIBOM. OUeHb HEYCTOMYMBA, pasjlaraercs ¢
BBIJICJIEHUEM O30HA:

Mn,0O; = 2Mn0O, + O,
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[Ipyu HarpeBaHWHU B CYXOM BHUJIE IEPMAHTAHAT KAJIUsI PA3JIaraeTcs:
2KMnO, = K,;MnO4 + MNO, + O,
Kenes3o

Hawunbonee pacripoctpaneHHBIM 3eMeHTOM 1Mo0o4HOM noarpymnmsl VI
TPYIIIBI SBJISIETCS KENE30 — OCHOBA METALTYPTrHYECKON MPOMBIIIICHHOCTH.
B nmpupone Bctpeuaercs B Bumge maraeruta (Fe;O,), kpacHoro sxenesHsika
(Fe,03), 6yporo xenesnska (FeO - XH,0), cunepura (FeCOj3), mupura (FeS,).

Otu pynsl conepxkar 10 40 % xkeneza, KOTOpOE U3BIEKAETCSA U3 HUX B
JIOMEHHOM mporecce. JIoMHa — 3TO arperat HempephIBHOTO ACHCTBUSA, Ky/a
CBEpXY TMOCJIOWHO 3arpyXarT pPyay, KOKC (CHEIUaIbHO MOATOTOBJICHHBIN
yToJb, B KAYECTBE BOCCTAHOBUTENS) U (pirroc (117151 CBSI3bIBaHMS Tpumecei). B
kadecTBe ¢urrocoB ucnonb3yroTes MgCO3; CaCOs, CaF,, CaCO;. JlomeHnHyo
Meyb YCJIOBHO MOXHO pPa30UTh Ha HECKOJbKO 30H (10 BEPTUKAIU CHU3Y
BBEPX), IJI€ MPOUCXOAT PA3TUUHbBIE TTPOILIECCHI:

I 30Ha (t =200 °C) — 06¢3BOXNUBAHHE [INXTHL;

IT 30na (t = 450-500 OC) — Boccta"oBienue Fe,O3 no Fe;O4 okcnaoMm

yraepoaa (I1):
3Fe,03 + CO = 2Fe;0,4 + COy;
111 30Ha (t = 600 °C) — Boccranosnenue Fe;O, no FeO:
Fe;O, + CO = 3FeO + CO,
IV 30Ha (t = 700-800 °C) — BoccranoBienne FeO no mMeranna:
FeO + CO = Fe + CO,
V 30ma (t = 800-1000 °C) — pasnoxenue dumoca:
CaCO; = CaO + CO,
VI 30mHa (t = 1200 °C) — 06pasoBanue muraxa:

Ca0 + SIO, = CaSiOs,

3Ca0 + P,05 = Ca3(POy),,

CaO + FeS =CaS + FeO
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0
VIl 30na (t = 1300 "C) — oOpa3oBaHme 4yryHa — CIUIaBa jKele3a,

yriaepona u kapOuma kemeza FesC, kotopeiii oOpa3yercs 3a cdyer

B3aMMOJICHCTBHSI JKeJie3a C PACTBOPCHHBIM B HEM YTIICPOJIOM:

3Fe + C — FesC

Hapsny ¢ yrmepomom u FesC, 4uyryH umMeer Opyrue NOCTOSHHBIE
mpuUMecH:  KpemHmi, Mapraner, ¢ochop, cepy. OcHOBHOE €ro
UCIIOJIb30BAaHUE: B KAYECTBE JIUThs U JUIsl MEpPEIIaBKU B CTajb (yAaJICHUE U3
YyryHa MpPUMECEH, KOTOpble MPHUAAIOT €My XPYIKOCTb). BblmiaBka cranu
3aKJII0YAETCS B MPOIYBKE Yepe3 pacIIaBICHHBIN YyT'yH KMCJIOPO/ia, KOTOPbIT
OKHCIIIeT mpuMmecu (KpemHu#, Mapranen, docdop, cepy) 0 OKCHIOB.
Oxcuapl pUMecel, B3aUMOAECUCTBYS C (JIIFOCOM MEPEXOJIAT B ILIAK.

XuMHYecKHe CBOicTBA

1. Xapakrepnas creneHb okucieHus: +3. COeIUHEHUSI CO CTENEHBIO
OKHCJIEHUsI +2 BOCCTAaHOBHUTENHM cpeiHed cuiibl. JKene3o mpu HarpeBaHUU
B3aUMOJICHCTBYET MPAKTUYECKH CO BCEMH HEMETAITIaMU (KpOME a30Ta):

2Fe + 3Cl, = 2FeCl;;
4Fe + 30, = 2Fe,03;
Fe+S=FeS

2. Ilox nevicTBUEM BOJIBI M KMCIIOPO1a 00pa3yeTcsl TUIPOKCHU]T Keje3a:
4Fe + 30, + 6H,0 = 4F€(OH)3
3. Jlerko uayT peaxkiuu ¢ pa30aBiIeHHBIMU KUCIOTAMMU:

Fe + 2HCI = FeCl, + Hy1
Fe + 4HNOg(pa36) = FG(NOg)g + NOT + 2H20

Konnentpupoanasie HNO3; u xomomumas H,SO, mnaccuBupytor
xene30. ['opsuast cepHasi KUCIIOTa paCTBOPSIET JKeJe30:

2Fe + 6HZSO4(K0HH) = Fez(SO4)3 + 3SOZT + 6H,0

4. KucjopoaHble coeTMHEHUSI KeJie3a.
a) FeO — nmonyyaeTcst KOCBEHHBIM MYTEM:

Fe,O; + CO = 2FeO + CO,1,
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FeO — OCHOBHBI OKCHI, KOTOPOMY COOTBETCTBYET THIAPOKCH]
Fe(OH),. Fe(OH), — coenuneHme 3eeHOro 1BeTa, c1adoe OCHOBAHME, JIETKO
OKHCJISIETCSI Ha BO3IyXeE:

4Fe(OH), + O, + 2H,0 = 4Fe(OH);

+2 o
COJ'II/I Fe HCYCTOI/ILIPIBBI B OKHUCIIHUTCIIBHBIX cpezxax (BOBI[yX n T. H.),
T. K. ABJIAKOTCA HCIIJIOXUMHW BOCCTAHOBUTCIIAIMMU.

4FeSO, + O, + 2H,0 = 4FeOHSO,
10FeSO,4+2KMnO,4 + 8H,SO, = 5Fe,(S0O4)3 +2MnS0O,+K,SO4+8H,0

bonee ycroWuwBBl ABOWHBIE COJIM, Halpumep, coiab Mopa:
(NH4)QSO4FGSO424H20

6) Fe,O3; momyuaercs mpsiMbIM OKHCIEHHEM Kuciopogom. Fe,O3
MPOSIBIISIET aM(OTEPHBIE CBOMCTBA!

Fe,O5 + 6HCI = 2FeC|3 + 3H,0
Fe,O; + Na,CO; = 2NaFeO, + CO, (cmiaBieHue)

NaFeO, (dbeppur HaTpusi) — COJIb HECYIIECTBYIOUIEH >KEJIe3UCTOU
KHUCIIOTHI, B BOJIE TIOJTHOCTHIO THIPOJIU3YETCS:

2NaFeO, + H,0 = Fe,03 + 2NaOH

MO>XHO MOJTYYUTH JKeie30 U B 00Jiee BHICOKOM CTENEHU OKHUCIICHUS +6
IIPY CIUIABJICHUU C OKHUCIIUTEIIEM U LIEIIOYBIO:

F9203 + 3KN03 + 4NaOH = 2Na2FeO4 + 3KN02 + 2H20

Na,FeO, (peppat HaTpus) — COJIb HEMOIYICHHON KEIE3HON KHCIIOTHI.
CunpHENIIMN OKUCIHUTEND, MIPU B3aUMOJCUCTBUM C BOJIOM JAXE€ BBITECHSET
KUCJIOPOA:

4Na,FeO, + 10H,0 = 4F€(OH)3 + 8NaOH + 30,

B Buzae mopomika Fe,O; ncnonp3yercs kak Kpacka (5KEJIe3HBIA CYpUK,
Mymusi, oxpa). Bxomut B cocrtaB TepmutHOil cmecu (2Al + Fe,03), koTopas
MIPUMEHSIETCS JIJISl CBAPKU PEJIbC, CTATBHBIX U YYTYHHBIX CTAHUH U T. 1. B x0-
JIe BOCCTAHOBJICHHS Keje3a alFOMHHHEM OCBOOOXKTAeTCsl OOJIBIIIOE KOIHYe-
CTBO SHEPIUH U TEMIIepaTypa B 30He peakuuu gocturaet 3000 °C:

2Al + Fe,O5 = A|203 + 2Fe + 847,3 KI[)K/MOJ'IB
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I'mopokcun sxeneza (III) Fe(OH); B Buae XJIOMbEBHIHOTO Oyporo
ocajJKa IMOJIydyaeTcsl MOoJ JACHCTBHEM IIe/Iovel MM KapOOHATOB INEIOYHBIX
METAJIJIOB Ha PACTBOPHI COJICH TPEXBAIEHTHOIO XKeJe3a:

FeCl; + 3NaOH = Fe(OH)s) + 3NaCl
3Na,CO; + 2FeC|3 + 3H,0 = ZFG(OH)gl + 6NaCl + 3C02T

Fe(OH); o6magaeT aMmOoTepHBIME CBOHCTBAMHU.

B) Oxcun Fe3O,4 (i FeO - Fe,0O3) B 1abopaTOpHBIX YCIOBUSX MOXKET
OBITh TIOJIy4€H HarpeBaHHEM >Kejie3a Ha BO3JyXE WM OKHCIECHHUEM €ro
BoJsiHBIM TlapoMm. Fe3O, Taxke oOpasyercs mnpu KoBke skene3a. FezO, —
BEIIECTBO  CHHEBATO-4epHOTO  IBeTa,  (eppOMarHeTUK,  IMPOBOIUT
ANEKTPUYECKUN TOK. KHCIIOpOX M XJIOp Ha HEro He JNEUCTBYIOT XK€ NPH
HarpeBanuu. B cuiapHBIX Kucnorax FesO, pacTBopsieTcss mpu HarpeBaHUH,
Ipu4eM cHayana pactBopsercs okcun skeneza (II) FeO, a 3arem oxcup
xenesa (1II) Fe,Os.

5. C oxkcuaom yraepoma (II) xene3o o00pa3yeT KOMIUICKCHI,
Ha3bIBaeMble KapOonuiaamu. IlenrakapOonmmkene3o [Fe(CO)s] momygaror
B3aMMOJIEUCTBHEM MeKopa3apooieHHoro xene3a ¢ CO npu HarpeBaHuu U
MOBBIIIECHHOM JaBieHuu. Ilpu komHaTHON Temmeparype [Fe(CO)s] —
KUAKOCTh  JKedaToBatoro 1Bera. Ha cBery meHTakapOOHWIDKENIE30
paznaraeTcs 1o ypaBHEHUIO:

2[F€(CO)5] = [FEz(CO)g] + CO

B temuote [Fe,(CO)q] cHoBa nepexoaut B [Fe(CO)s].

Terpakapoonmmkene3o [Fe(CO)4ls, momydaercs mnpu HarpeBaHUU
xesneza B Toiyone B atMochepe CO. DTO KpUCTALIUYECKOE BEIECTBO
3€JIEHOI0 1IBETA, MPU HArpeBaHuu Bbilie 150 °C pasnaraercs Ha KeJe30 U
OKCHJI YTIJepoja, YTO HCHIONBb3YETCA Ul MOJYYEHUS XUMHUYECKU YHCTOIro
xKelesa.

KapOoHuibl xenes3a mpeacTaBisioT coO0N KOMIJIEKCHbIE COETUHEHMS,
B KOTOPBIX CBSI3b MEXKIY aTOMaMM METajljla U YIJIepoJia OCYIIECTBIIAETCS 32
CUET Maphl AEKTPOHOB MocieaHero. Mosekybl KapOOHUIIOB JUaMarHUTHBL,
HEMOJISIPHBI.

6. VI3 1pyrux KOMIUIEKCHBIX COEIMHEHHH *kKeye3a Haubosee BaXXHbIMU
sisitoTesi: Ky[Fe(CN)g] — rexcarmanodeppar (I1) kanust (kenrast KpoBsiHAs
conb) U K3[Fe(CN)e] — rexcanmmanodeppar (I11) kanus (kpacHas KpoBsiHas

2 .
COJIb). DTH COCIMHCHNUSI SBISIIOTCS HHANKATOpaMu Ha noHsl Fe™? i Fe™™;

4FeCly + 3K4[Fe(CN)s] = Fes[Fe(CN)g]s + 12KClI

FesFe(CN)g]s — TeMHO-cMHHIT OCag0K, Ha3bIBAEMbIH «OEPIMHCKON
Ja3yPhIO».
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3FeC|2 + 2K3[F€(CN)6] = Feg[Fe(CN)g]Z + 6KCI

Fe;[Fe(CN)¢], — TemHO-cuHHIT OCaZOK, Ha3bIBAEMBIH «TYpPHOYIIEBOI
CUHBIO».

I[Ipy  gelcTBMM  KOHIECHTPUPOBAHHOW  COJIIHOM  KUCIIOTBI  Ha
K4[Fe(CN)s] obOpasyrorcs KpUCTaLIbl JKEAC3UCTOCHHEPOIUCTON KHUCIOTHI
H4[Fe(CN)g], koTopast qaeT coyii mOYTH CO BCEMHU METalllIaMH. AHAJOTHYHO
MOJKHO MOJIYYIHUTh XKene3ocuaepoaucTyro kuciioty Ha[Fe(CN)g].

Kob6aabT, HUKEIb

B npupone koOanbT Bceraga BCTPEYAETCs BMECTE C  HHUKEJIEM.
BaxxHeliuMu M3 MUHEpAJIOB KOOAJTbTa W HUKENS SIBISIOTCS KOOATBTOBBIN
mmeiic  (cManbTuT) CoOAsy;, KOoOanbTOBBIA Osieck (koOGanbTuT) COASS,
xJ10aHTUT NiAs,, repcnopdut NiAsS, Opeiitrayntut NiSb, ynemanut NiSbS.
[TonmyyaroT MeTamibl OUpOMETALTyprudeckuM crocoboM. Ilocime oOxwura
Cyab(QUIHBIX PYA U3 MOJTYYEHHBIX OKCHJIOB BOAOPOJOM BOCCTAHABIMBAIOT
MeTalll.

Orto Oenble OyiecTAIINE METAJUIbI, HA BO3JyXE HE OKHUCIISIOTCSH, B
HOPOLIKOOOPa3HOM COCTOSIHUU — MUPO(OPHBI.

XuMH4YecKue CBOMCTBA

1. Haubonee xapakrepHasi cteneHb okucieHus +2. [logoOHO xene3y
B3aUMOJICHCTBYIOT C rajgoreHamu, cepoil, ¢ocpopom. He Bcrymator B
PEaKILMU C YTIEepOoI0oM, a30TOM, BOJOPOAOM.

2. KucinopogHele COEAWHEHWS B HU3IICH CTENEHU OKHUCIEHUS +2
MOKHO TOJIyYUTh JIMOO HEMOCPEICTBEHHBIM OKHUCIECHUEM B KHUCIOPOIE WIIU
Ha BO3AyX€ I@pH HarpeBaHuH, OO0 TEPMUUYECKHUM  pa3I0KEHUEM
TUAPOKCU/IOB!

2Co + O, = 2Co0;
Nl(OH)2 =NiO + Hzo

CoO m NiO - BemectBa uepHoro I1Bera. OCHOBHBIE OKCH/IBIL.
CootserctBytomue um rugapokcusibl Co(OH), — cepo-po3oBoro 1Bera u
Ni(OH), — 3enenoro npera. Co(OH), u Ni(OH), — cmabbsle OcCHOBaHWS,
HEpaCTBOPUMBIE B BOJIC.

JIByXBaJICHTHBIE COSMHEHUSI KOOATbTa M HUKEJSI MOKHO TIEPEBECTH B
TPEXBAJICHTHBIC ICHCTBUEM OKHUCITUTEIICH:

2Co(OH), + H,0, = 2Co(OH)3
2Ni(OH); + Br, + 2NaOH = 2Ni(OH); + 2NaBr

ITpu ruapoxcunaoB Co(OH); u Ni(OH); o6pasyrores okcuasl Co,03 u
Ni O3 — BemectBa uepHoro 1Beta. [Ipu B3aumonericteun Co,03 1 NiyO3 ¢
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KHUCJIOTaM HC IOJYy4JarOTCsa COJIM TPCXBAJICHTHBLIX 3JICMCHTOB, T. K. OHHU
BBICTYIIAIOT KaK CHJIbHEMIIINE OKUCIUTEIIN:

Co,05 + 6HCI = 2COC|2 + CIZT + 3H,0
2Ni,O3 + 4H,S0, = 4NiSO,4 + 0,1 + 4H,0

3. Ha okucnmTenbHBIX cBoicTBax Ni'® ocHOBaHa pabOTa JKeIe30-
HUKEJICBOTO IIEJIOYHOTO aKKYMYJIATOPa, KOTOPBIM COCTOMT W3 JABYX IIACTHH,
omHa n3 KoTopbix 3amosiHeHa Ni,O; mmu Ni(OH)z, a BTOpas — mopomikom
xene3a. B xome paboThl Kee30-HUKEICBOrO aKKyMYJISITOpa Ha 3JIEKTPOIax
MPOTEKAIOT CJICTYIOLIUE TPOIECCHI:

Anon(-): Fe’—2¢ + 20H ™ = Fe(OH),

Katon(+): Ni,Os + 2¢ + 3H,0 = 2Ni(OH), + 20H "

OTH aKKyMYJISITOpPbl CTaOuIbHEE CBUHIIOBBIX, HO ux JJ[C He mpeBbI-
maer 1 BosbTa. Kpome TOro, Keie30-HUKEIEBBbIE AKKyMYJSTOPBI JOPOKE
CBHUHIIOBBIX.

Menn

B npupone BcTpeuaercs B BHAE CIEnyOMMX coeauHeHui: Cu,S —
menubii  Omeck, Cu,O — xkympur, CuFeS, — wMemnblii Koma4emas,
Cuy(OH),CO; — manaxwr.

Jlns TpoM3BOJCTBA MEIM 3HAYCHHE HWMEIOT CYJIb(GUIHBIE PY/IbL.
ITepepaboTka OCHOBaHa Ha TOM, YTO CYJIb(QHUABI TMEPEBOMAT B OKCHJIBI
00XXKMTOM C TIOCJICAYIOIIMM BOCCTAHOBIICHHEM YTIJEPOJOM [0 MEIu.
[TonyueHnHasi «4epHOBas» MeJb COJIEPKUT B KauecTBe nmpumecei Fe, Zn, Pb,
Bi, Sb. Ins monyueHHs] YUCTOM AIEKTPOTEXHUYECKOW MEAU €€ MOABEpraroT
paduHUpOBaHUIO, T. €. B DJIEKTPOJU3HYIO BaHHY B KayeCTBE aHOJa
MOMEIIAIOT «YEPHOBYIO» ME[lb, B KAUECTBE KaTOJAa YUCTYI0 ME/b B KAUECTBE
AJIEKTPOJIUTA UCIIOIB3YIOT PacTBOpP CyJib(ara MEAU U MPOIECC DIEKTPOIU3a
BEJIyT TaKUM 00pa3oM, 4TOOBI Ha KAaTOJE VIO BOCCTAHOBJIEHUE TOJIBKO MEJIH,
a IMpUMECH YXOJIWJIM B IIjlaM. B 4ucTtoMm BuIE MeIb — METal KPacHOIo
[BETA, BSI3KUM, INTACTUYHBIN, C BBICOKOW TEIUIO- U 3JIEKTPOITPOBOIHOCTHIO.

XyMHUYeCcKHe CBOiiCcTBa

1. Ha Bo3gyxe Menp IIOKpBIBAETCS IUIEHKOM OKCHIA, KOTOpas
MPENOTBPALIACT JaJIbHEUINEE pa3pylieHrne. Bo BIaXXHOM BO3AyXe, HIET
00pa3oBaHUE BEIIECTBA 3€JICHOTO I[BETa — MaJlaXHTa:

Cu+ 02 + C02 + Hzo = (CUOH)2C03

2. IIpu HarpeBaHuM MeZlb pearupyeT ¢ CEPOU U raJOreHaAMMU:
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Cu+ Clz = CUClz

3. Xopouio pacTBOPSIETCS B a30THOM KUCIIOTE€ M KOHUEHTPUPOBAHHOU
CepHOﬁ KHUCJIOTC:
CuU + 4HNO3( ey = CU(NO3); +2NO,T + 2H,0

3CU + 8HNOj(ps5 = 3CU(NO3), + 2NOT + 4H,0
CU + 2H,S04comy = CUSO, + SO, T + 2H,0

4. C xucnopomom obOpasyer nBa okcuma: CuO — dYepHOro IIBETa,
Cu,0— kpacHoro muBera. O0a okcuga B BOAE HE PACTBOPHUMBI.
CootBerctBytonue ocHoBanus: CuOH — xenroro ugera, Cu(OH), —
ronyboro mnBera. B Hebonbmoi crenenn Cu(OH), obnamaer amboTepHbIMU
CBOMCTBAMU:

Cu(OH), + 2NaOH = Na,[Cu(OH),]

Conm Menu B BOJHBIX PacTBOpax, Kak MpaBUJIO, OKPAIIEHbI B 3€JI€HO-
rojry0o# 1[BeT, MHOTHE W3 HUX 00pa3yroT kpuctamtoruapatel: CuSO,4-5H,0,
CuCl,-4H,0, Cu(CH3;CO0O0),-2H,0. Kpucramtoruapar CuSO45H,0 (men-
HBIIl KYIIOpOC) HUCMONB3YIOTCA KaK CPeACTBO OOPHOBI C BPEAUTEIAMH U IS
MIPOTPABKHU CEMSH.

Menp wumeer OOJbIIOE 3HAYEHHWE B TEXHUKE NPU IPOU3BOJICTBE
CIUIABOB. DTO JIATYHU, OPOH3bI U METHO-HUKEJIEBBIE CIIIABBI.

Jlatynb. CrinaB Menu ¢ HMHKOM (Zn 110 45 %). JlaTyHH UCTIOJIB3YIOTCS
B MAalIMHOCTPOEHUH, CYJJOCTPOEHUH (JIaTyHb YCTOMYMBA B MOPCKOI BOJIE).

Bponsel. CnaBel Meau C  OJIOBOM, OEpWIIueM, KpPEMHUEM,
anmoMuHueM. Vcronb3yoTes B MAIIMHOCTPOEHHUH.

MenHo-HUKENEeBbIe CIIABBI: MEJIBXUOP, KOHCTAHTaH, Konenb. oyt Ha
U3TOTOBJIEHHE MTOCY/IbI (MEJIBXUOP), UCTIOJIB3YIOTCS B JIEKTPOTEXHUKE.

Iuak 1 kagMumn

B npupozae BcTpewaroTcss B BUlle CyIb(UIHBIX pyA: ZnS — HUHKOBas
oomanka, ZnS ~ CdS — rpunokur, ZnCO3 — ranmeii. [Ipomecc mosrydeHus
MHKA W KaAMusl U3 pyA MpOBOIAT B naBe craguu. CHavasna O0XUIoOM Ha
BO3/lyX€ MEPEBOAAT CyIb(UIl B OKCHJ, @ 3aT€M BOCCTAHABIIMBAIOT OKCHUJ

MeTalja yriem:
2ZnS + 30, = 2Zn0 + 2S0,

Zn0+C=COT + Zn

OOpasyromecss B Mpolecce IMOCHeIHed peakIuu Mapbl MeTaja
yBIIekarTcsd TokoM CO U CTyIarTcsl B KOHAEHCATOPaX.
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I[IToMuMO BOCCTAaHOBJIEHHMS OKCHIA LMHKA YIJEM [JIsl BBIACICHUS
MeTajula 4acTO IOJIb3YIOTCS JJIEKTPOJIU30M. B 3TOM cilydae IOIy4YeHHBIH
00XHUIOM OKCHJI PacTBOPSIIOT B CepHOM Kuciore. OOpasyromumiicss pacTBOp
ZnSO,4 U CITYKUT 3JIEKTPOJIUTOM, U3 KOTOPOrO OCAXIAI0T IUHK Ha KaTOJIE.

XuMH4YecKue CBoicTBa

1. Ilunk 1 KagMui — aKTUBHBIE METAJUIBL. Pearnpyror ¢ rajoreHamy,
KHCJIOpOAOM, cepol. He B3auMOIEHCTBYIOT ¢ a30TOM, BOAOPOAOM,
YTIEPOIOM.

2. JIerko pacTBOPSIIOTCS B pa30aBICHHBIX KUCIOTAX:

47n + 10HNO; = 4Zn(NOg3), + NH;NO; + 3H,0
3. B menoyax pactBopsieTcs TOJIBKO [IMHK:

Zn + 2NaOH + 2H,0 = Na,[Zn(OH),] + H,

4, OKCHIII:I IOMUHKA U KaJIMHS — TYTI'OIINIaBKHC Oeiple IIOPOUIKH, IINIOXO
pPaCTBOPUMEBIC B BOAC. HOJ’IY“I&IOTCH TCPMHUUCCKHUM PA3JIOKCHUCM THAPOK-

CUJIOB WUJIU KapOOHATOB:
Cd(OH)2 =CdO + H,0O

5. 'mapokcup uHka amdoTepeH:
Zn(OH), + 2NaOH = Na,[Zn(OH)4]

6. Conu 1MHKA W KagMHUs B OCHOBHOM OECIIBETHBI, KpOME CyJb(puaa
kagmust CdS (sipko-»KenToro I1BeTa), KOTOPHIA HCIOIB3YETCS B KadeCTBE
kpacku. [Tonyuenue CdS:

CdCl; + Na,S = CdS + 2NaCl

B kauectBe Oenoil kpacku wucnosb3yerca cmecb ZnS + BaSO, —
JUTONOH W LUHKOBBIE Oenmna — ZnO. Zn u Cd ucnons3yroTcsi B CIuiaBax
(OpOH3BI, TaTyHU) U B KAUECTBE 3aAIIIMTHBIX TOKPHITUN Ha CTAJISX.

I'epmanuii, 0710B0, CBUHEL

B npupone onmoBo u cBUHEN OOBIYHO BCTpeuarotrcs B Buue: SnO, —
Kacceteput, PbS — cBuHIIOBBI Oneck. ['epmanHuii COOCTBEHHBIX pya HE
HMMEET, BCTpEYaeTcs C pyJaMu I[MHKA, OJIOBAa, CBUHIA. OJOBO U CBHUHEI
MOJIYyYarOT MUPOMETALTYPTHYECKUM CIIOCOOOM: OJIOBO — HEMOCPEICTBEHHO
BOCCTAHOBJICHHEM YTJEPOJOM M3 OKCHJa, CBUHEI — OOXHUroM cyib(huaa B
KHUCJIOpPOJE, C MOCIEAYIOIIMM BOCCTaHOBIIEHHEM okcuaoM yriaepona (II) mo
Metama. ['epmanuil mosydaroT OoJee CIOXKHBIM CIIOCOOOM: BHauaie
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MoJTy4aroT 4eThipexxyopuctbiii repmanuii GeCly , KOTOpBI pacTBOPSIIOT B
BOJAC W IIOJY4AarOT OKCHJ TepMaHus, M3 KOTOPOTrO  BOJOPOJIOM
BOCCTaHABJIMBAIOT F'€pPMaHUM:

GeCl, + H,0 = GeO, + 4HCI
GeO, + 2H, = Ge + 2H,0

I'epmannii 1 0510BO — Oenble OJECTANIME METauIbl Ha BO3AYXE
OKHUCIIAIOTCS ¢1a00. CBHHEI — CEeporo IBeTa 3a cueT MmieHKH okcuaa. OmoBo
nomumopdHo. ITpu Temmeparype > +13 °C ycroitumBa B-momuduxarms. C
MOHIDKEHUEM TEMIEpaTyphbl -0JI0BO MEPEXOTUT B O-MOAU(DUKAIMIO. DTOT
nepexox Haunnaercs npu +13 °C u ouens Gbictpo mpotekaet npu —33 °C, B
pe3yJIbTaTe 0JIOBO MPEBPALIAETCS B MOPOLIOK. DTO SIBJICHUE HOCUT Ha3BaHUE
«OJIOBSIHHAS YyMay.

XuMHYecKue CBoicTBa

1. XapakrepHble CTEIIEHH OKUCIEHUS B coenuHeHusAx misa Ge +4; ms
Sn +4,+2; nna Pb +2.

2. Ilpu HarpeBaHuM pearupyroT C KUCIOPOIOM, CEpOU, XJIOPOM, HE
pearupyror ¢ BOAOPOAOM, YIJIEPOIOM, a30TOM.

2Pb + O, = 2PbO;
Ge + 2S = GeS;;
Sn + 2C|2 = SnC|4

3. I'epmanuit m onoBo ¢ BOAOH HE B3aUMOACHCTBYIOT. (CBHHEN
MEJUICHHO PacTBOPSIETCS B BOJE:

2Pb + O, + 2H,0 = 2Pb(OH),

4. B psany aktuBHocTr Ge ctouT Mexay Cu u Ag, T. €. 1mociie BoJ0po-
na, a Sn u Pb 1o Bomopona. OnoBo, B3auMOACHCTBYS ¢ pa30aBICHHBIMH KHC-
JIOTaMH, BSUIO BBITECHSIET BOAOPO/I:

Sn + HZSO4 (paz6) — SnSO4 + HZT
Sn + 2HCI = SnCl, + H,T

AHanOTUYHBIE PEaKIIMU CO CBUHIIOM MPAKTUYECKU HE UIyT, T. K. PbCl,
u PbSO,4 mnoxo pacTBopuMEL.

CBuHEIl W OJIOBO B3aWMOJICHCTBYIOT ¢ pa30aBICHHOW a30THOMN
KHUCJIOTOM (B KOHIIEHTPUPOBAHHOM CBUHEI ACCUBUPYETCSI):

3Pb + 8HNOs a5 = 3PH(NO3), + 2NOT + 4H,0
3Sn + 8HNOs a5 = 3SN(NO3); + 2NOT + 4H,0
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On0BO ¥ repMaHuii B3aUMOJEHCTBYIOT C KOHUEHTPUPOBAHHON a30THOM
KHUCJIOTOM:

Sn + 4HNO; = H,Sn0; + 4NO,T + H,0O
Ge + 4HNO; = H,GeOs + 4NO,T + H,0

5. Bce Tpu 3neMeHTa B3aMMOJIEHCTBYIOT CO IeJoYaMu (TepMaHuid B
MIPUCYTCTBUU OKUCIIUTENSA):

Sn + 2NaOH + 2H,0 = Na,[Sn(OH),] + H, T
Ge + 2NaOH + 2H,0, = Naz[Ge(OH)G]
6. C xucinopogom Ge, Sn, Pb maror aBa psiga OKCHIOB M THIPOKCHIIOB
(Banmentrnoctu Il u 1V).
GeO, SnO — yepHble TyromiaBkue nopoimku, PbO — xentoiit mopo-

0K (CBUHIIOBBIN 1I1eT). Bee Tpu okcuia He pacTBOPUMEBI B BOJIE, B3aUMO-
JNEUCTBYIOT C KUCJIOTAMH U IIETOYaMU:

SnO + 2HCI = SnCl;, + H,0
SnO + 2NaOH = Na,Sn0O; + H,0

AHQJIOTUYHO UAYT PEaklMy ¢ T€PMaHUEM U CBHUHIIOM U COJM aHHOH-
HOT'O THUIA HOCST Ha3BaHUS: «T€PMAHUTY, «CTAHHUT, «IUTIOMOUT», T. €. ATO
COJIM TEPMAHKUCTOM, OJIOBSIHUCTOM U CBUHLIOBUCTOW KHUCJIOT.

7. Tunpoxcus (1) momydaroT B3auMo1eCTBHEM COJU CO MIEIOYBIO;

SnCl, + 2NaOH = Sn(OH), | + 2NaCl.

[Ipu w30bITKE 1METOYM TUIPOKCHUIBI, BBINNABIIME B  OCAJOK
PaCTBOPSFOTCAL:

Sn(OH), + 2NaOH = Na,[Sn(OH)4]
B pany Ge(OH), — Sn(OH), — Pb(OH), ocHoBHBIC CcBoOiicTBa

YCHJIMBAKOTCH.
[Munponu3 coneit aHMOHHOTO TUTIA UJIET IPAKTUIECKH HEOOpaTUMO:

Na,PbO, + 2H,0 = 6Pb(OH),| + 2NaOH

Cony KaTMOHHOrO THINA THAPOIU3YIOTCS TOJIBKO mo [ cTymenwu, T. K.
[IOJIYYAIOIIUECS OCHOBHBIE COJIM BBINIAAAIOT B OCA/IOK:

SnCl, + H,O = SnOHCI{ + HCI
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8. Okcumpl GeO,, SnO, — TtyromnaBkue Oenbie BemiecTBa, PbO, —
KOpHYHEBOro IBeTa. OKCHIbI F€PMaHUS K O0JIOBA IMOJIY4YarOT OKHCICHHEM
MeTajla B Kucjiopojae mpu HarpeBanmu. Okcupa cBuHI@ PbO; MOXHO
HOJYYUTh T10 PEAKIIHH:

Pb(CH3;COO0), + CaOCl, + H,0 = Pb0O,| + CaCl, + 2CH;COOH

Bce Tpu okcupga mposiBIsSIIOT aM(OTepHBIE CBOMCTBA, HO KUCIOTHAs
(GYHKIMS y HUX BBIpa)K€Ha CHJIbHEE, YEM Yy OKCHUJOB B HU3IIEH CTENEHU
okucieHusi. CyIiecTByeT cMemaHHbIi okcua cBuHIa Pb3O, — cBUHIIOBEII
CYpHK, HEpPacCTBOPUMBIM B BOJIE€ TMOPOIIOK KPACHBOTO SPKO-OPAHKEBOTO
usera. Ilpu B3ammomelcTBHM 3TOro OKCUAA € pa30aBIIEHHOM a30THOM
KHCIIOTOM 00pa3yloTcs IByXBaJCHTHBI HUTPAT CBUHIIA U JUOKCH]I CBUHIA!

Pb;0, + 4HNO; = PbO,| + 2Pb(NO3), + 2H,0

D10  B3auMOJECCTBME  mOATBepxkaaer, uro Pb3O,;  MoxkHO
paccMaTpuBaTh kak cmech 2PbO + PbO..

9. T'mapokcunsl (IV) MOXHO MONYYUTh TpPHU JEHCTBUM HA COJH
YETHIPEXBAJICHTHBIX METAILIOB IIEJIOYbIO:

SnCl, + 2NaOH = Sn(OH),| + 2NaCl
10. I'mppoxcuas (1V) amdpoTepHsr:

Sn(OH)4 + H,SO, = Sn(SO4)2 + H,0
Sn(OH), + 2NaOH = Na,[Sn(OHgs)]

Cony aHMOHHOTO THUIA HOCSAT Ha3BAaHUE «TEPMAHATBI», «CTAHHATHI»,
«IUTIOMOATBDY.
11. CoenuHeHus ¢ cepoil MOJy4arOT KaKk HEMOCPEICTBEHHBIM B3au-
MOJICICTBHEM TIPOCTHIX BEIIECTB, TaK M MPHU MPOIYCKAaHUH CEPOBOAOPOIA
Yyepe3 pacTBOPHI COJICH:

G@C|4 + 2H,S = GeSZl + 4HCI
Pb(N03)2 + st = PbSl + 2HNO3

['epmanmii 1 0JIOBO MArOT CYIbGUIBI U TUCYIb(UIBI, CBUHEI] AUCYIIb-
bunoB He 00pa3zyeT. Jucynbduasl 00pa3yroT THOCOCTUHECHUS:

GeS; + Na,S = Na,GeS; (Tnorepmanat HaTpus).
SnS + Na,S; = Na,SnS; (TnocTanHat HaTpus)

[IpumeHnenue:
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Ge — KaKk moJIyTpOBOTHUKOBBIN MaTepHall,

Sn u Pb B 0ocHOBHOM B BHJI€ CIIIaBOB (OpOH3BI, 06A00UTHI),

Sn — B KadecTBe 3alUTHOTO MMOKPBITUS OT KOPPO3HUH,

Pb3;0, — kak KpacuTelb,

Pb(C,Hs)4 (TeTpasTuncBunel) — qo0aBka B O€H3UH (aHTHACTOHATOP).

3aoanun npeonadopamopHo2o KOHmMpoa

3aganme 1. Hanmummre ypaBHEHUs peakUuid, C MOMOIIbIO KOTOPBIX
MOYKHO OCYILECTBUTH CIEAYIOIIUE ITPEBPAILCHNS], HA30BUTE BEILIECTBA!

a) Cu — Cu(NOg3); — CuO — CuSO,4 — [Cu(NHj3),4]SO4 — CuSO4 —
— CUC12 — Cu(N03)2 — Cu;

6) Fe — F€C12 — FG(OH)Z — FG(OH)3 — Fezog — FCZ(SO4)3 —
— Fe(OH);;

B) Fe — FG(NO3)3 — FG(OH)3 — F6203 — Fe — FeSO,— FG(OH)Z
— Fe(OH);— Na[Fe(OH),];

F) Cr — CrCl; — CI'(OH);; - K[CI’(OH)4] — K,CrO, — K»,Cr,0O; —
K,CrOy;

1) Zn — Zn(NO3), — Zn(OH), — ZnO — ZnSO4 — [Zn(NH3)4]SOy;
¢) Fe —» FeSO4 — Fe(NOj3), — Fe(NO3); — Fe(OH); — Fe,03; — Fe;

x) Ag — AgNO3; — Ag,CO3 — Ag,CrO; — Ag,0 — AgCl —
— [Ag(NH3),]C1 — AgBr — Agl.

3ananme 2. PactBopuMOCTh Ccynb(ua xene3a Ipu HEeKOTOpOH Temrie-
patype cocrapmsiet 5,35-10° B 100 cM® pactBOpa. Paccunmraiite mpoussese-
HUE PACTBOPUMOCTH CyJb(puia Keyesa.

3apanue 3. Kakoit 00beM pacTBOpa a30THOM KHUCIOTHI C MAacCCOBOM J10-
neit 8 % (p = 1,044 r/cm®) moTpeGyercst s pacTBOPEHUST MEU Maccoit 24 r?
Kaxkoii 06beM (H.y.) NO Boia€NISIETCS TTPU ITOM?

3ananue 4. [[ns padbuHrpoBaHusi OblIa B3SITa YEPHOBAs MEJb MAacCOM
1000 kr, B KOTOpO# MaccoBas 10Jsi nmpumecei cocrasisieT 4 %. Kakas macca
padbUHUPOBAHHON METU MOXET OBITh MOJIyYeHA U3 HEE, €CIHM BBIXOJ 110 TOKY
coctaBiset 92 %?

3apanme 5. CocTaBbTe MOJIEKYISIPHOE U MOHHO-MOJIEKYJIIPHOE ypaB-
HEHHSI COBMECTHOTO THAPOIU3a, IPOUCXOASIIETO MPU CMENIMBAHUMN PACTBO-
pOB:

a) Cr(NO3); u K,COs;

6) FeC|3 u Na,S.
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Jlabopamopnasa paooma «Kenezo, kodanom, Huxkenv, Xxpom, mapzaney
U UX COCOUHEHUA)

[leab paboOThI: U3YUYUTh CBOMCTBA TSDKENIBIX METANIOB M UX COEIUHE-
HUM Ha MpUMepe Keje3a, XpoMa, Maprasiia.

OnbIT 1. /leiicmeue kuciom na sceneso.

Bsimonenne ombita. Haneiite B oaHy mpobupky 1-2 cm® pasGasien-
HOM COJISTHOM KHUCJIOTHI, B APYryto — 1-2 cm® pa30aBICHHON CEPHOM KUCIIOTHI,
B TPEeThio — 1—2 cM® KOHIIEHTPHPOBAHHOMN COJISHOM, B 4eTBEPTYIO — 1-2 cM®
KOHIIEHTPUPOBAHHON CEpPHOM KUCIOTHI. B Kakayro mpoOHpKYy OMyCTUTE IO
Kycouky >xene3a. Kakoil rasz Beiiensercss B IEpBbIX Tpex npobupkax? Yet-
BEPTYIO MPOOMPKY cierka Harpeite. Kakoil rasz BwigensieTcsi Ipu HarpeBa-
HUU?

3anuch AaHHBIX OmnbiTa. COCTaBbTE YPABHEHUS PEAKIUI PACTBOPEHUS
’KeJe3a: B COJISTHOM KUCTIoTe, B pa30aBICHHON U KOHIICHTPUPOBAHHOM CEpHOM
KHCJIOTE.

Onsit 2. Ionyuenue zuopoxcuoa xeenesa (11).

Boinonnenue onbita. Hanelite B nmpoOupky 1-2 oM’ CBEXKEIPUTOTOB-
neHHoro pactBopa FeSO, u 1o6aBbTe Takoi ke o0beM Ienoun. Habmromaii-
Te oOpa3oBanue moutu Oenoro ocaaka Fe(OH),. [Toyemy ero oxpacka ObICT-
PO MEHSIETCS Ha BO3AyXE OT MOYTH 00 10 KpacHO-0ypoit?

3anuch AAaHHBIX OObITa. Hamummre ypaBHEHMS peakUuid MOIYYEHUS
ruapokcuaa xenesa (1) u ero okucnenust Ha BO3yXe.

Onbit 3. Ilonyuenue cuopokcuoa kooanvma (11) u ezo oxucnenue.

Baimonuenue ombita. Haseiite B mpo6upky 2—3 cm® pactBopa CoSO, 1
no6aBbTe TakoM ke 00beM 1menoun. Habmogalite oOpazoBaHue MOYTH ToOJy-
6oro ocagka ocHoBHOU conu (CoOH),SO,. Harpeiite conepxumoe nmpooup-
ku. ['o;ryOO0# IBET MOCTENEHHO MEPEXOAUT B PO3OBBIM, UTO yKa3bIBaeT Ha 00-
pazoBanue ruapokcuaa kobaneTa (). Ocamox mepememaiTe CTEKISHHOU
Najo4yKoM M pa3fenure Ha JBe npoOupku. OHY OCTaBbTE€ Ha BO3JAyX€E, a B
Ipyryto nobaBbre 1-2 cm® OpoMHOM Bonbl. ECTh M M3MEHEHUs B MEPBO
npobupke? [Ipoucxomut mu oxkucnenne Co(OH), kuciopomom Bo3ayxa? Uro
yKkasbiBaeT Ha oopazoBanue Co(OH); Bo BTopoii npobupke?
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3anuch JIaHHBIX onbITa. OTBETHTE HA MOCTABJICHHBIE BOMpochl. Hamu-
[INTE COOTBETCTBYIOUIUE YPABHEHUS PEAKIIHIA.

Onbit 4. ITonyuenue u ceoiicmea zuopoxcuoa nuxensn (11)

Bsinonuenne onbita. Haneiite B mpo6upky 2—3 cm® pactopa NiSO, 1
n00aBbTe TaKoM ke 00beM menoun. KakoB 11BeT 0O6pa3oBaBIierocs: ocaaka?
Ocanok nepemMenanTe CTeKISIHHON MMajJOYKOW U pa3JIeInuTe Ha IBE MPOOUPKHU.
OzHy OCTaBbTE Ha BO3IyXE, a B APYTYI0 100aBbTe 1—2 cM° GPOMHOIT BOIBL.
Ectp nmu w3meHenwss B mepBod mpoOupke? IIpoucxoautT v OKHCIECHHUE
Ni(OH), kucmopogom Bo3ayxa? UTo mMpoOUCXOAUT BO BTOPOU ITPOOHpKeE?

3anuch JaHHBIX onbITa. OTBETHTE HA MOCTABICHHBIE BOIPOCHl. Hanuimm-
T€ COOTBETCTBYIOIIME ypaBHEHHs peakuuil. CpaBHUTE BOCCTAHOBUTEIbHBIC
CBOMCTBa I'MIPOKCUJIOB Kelie3a, KoOaabTa, HUKENS B CTENIEHU OKUCIEHUS +2.

Onsit 5. Ilonyuenue u ceoiicmea oxcuoa xpoma (111).

Brmmonnenue ombita. B cyxyto mpobupky Ha 1/3 00béMa HackllbTe
KPUCTAJUIMYECKU OMXpOMaT aMMOHHUS. 3aKpenuTe MpoOUpKYy B AeprKaTelie
U, Iep’Ka €€ HAKJIOHHO, HalpaBJisisi OTBEPCTHE MPOOUPKHU B CTOPOHY OT ce0sl U
APYTUX paboTaIoLUX, OCTOPOKHO HArpeiTe BEpXHUMN CIION 10 Hayalla peakx-
[[UH, TIOCJIE Yero HarpeBanue npekparute. OObSICHUTE MPOUCXOASIIUE SIBIIE-
Husl. Ha mosrydeHHBIN 3€71€eHbI MOPOIIOK OKCHIa XpOMa MOJEUCTBYMTE BO-
701 1 pa30aBIEeHHON CepHOU KUCI0TOM. PacTBOpsieTcs 1M OKCHUJ XpoMa B BO-
7€ ¥ pa30aBICHHBIX KUCIOTaX?

3anuch AaHHBIX ombiTa. HamuiuTe ypaBHEHUE peakuuu pa3iioKeHHUs,
YUHTBIBASI, YTO OOpa3yeTcst a30T U BOJAA. Y KAXKHUTE OKHUCIUTEIb U BOCCTaHO-
BUTENh. K KakoMy THITy OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUNA OTHO-
CUTCS JaHHAs peakius?

Onsit 6. Ionyuenue u ceoiicmea 2uopoxcuoa xpoma (111).

Brinonnenne onbita. B mpobupky ¢ pactBopom cyibdara xpoma 1o
karusiM ipubaBbTe 2H NaOH 1o oOpaszoBaHust cepo-3eIeHOro ocaaka T'ujl-
pokcuna xpoma (I11). [Tomydennsiii ocamok pasnenure Ha 1Be MpoOUpku. B
OJIHY W3 HUX NpHOaBbhTE Pa30aBICHHYIO COJITHYIO KUCIIOTY, & B APYTYIO — U3-
OBITOK IIEJIOYM JI0 PAaCTBOPEHHS Ocajika (pacTBOP BO BTOPOM MPOOHPKE CO-
XPaHHUTE JI0 CISAYIOIIETO OIBITA).

3anuch JaHHBIX OMbITa. HanmummTe ypaBHEHUS pEaKIHii: a) MOTydCHUs
ruapokcusa xpoma (I11); 6) Bzaumonaericteus ruapokcuaa xpoma (1) ¢ xuc-
JOTON M co mmienoubto. CuenalTe BBIBOJ O XUMHUECKOM XapaKTepe THAPOK-
cuna xpoma (I11).

Onsit 7. Boccmanosumenvhuie céoticmea coneti xpoma (111).
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Beimonnenne ombiTa. K monydeHHOMYy B OMBITe 2  pacTBOPY
Na[Cr(OH),] mo6aBsre 1 cM® menoun u HeMHOro GpoMHOIT Boxsl. Harpeiite
CMeCh Ha BOJSHON OaHe 10 0Opa3oBaHHs B pacTBOpEe Xpomara HaTpus. Ha
YTO YKa3bIBACT MEPEXOJT 3€IEHON OKPACKHU B JKEITYIO?

3anuch JaHHBIX OnbiTa. HamwimmTe ypaBHEHHE PEaKIMM OKHCICHHS
Na[Cr(OH),] B Na,CrO,4. YkakuTe OKUCIIUTENIb U BOCCTAHOBUTEIIb.

OnbIT 8. Okucaumenvhsie ceoiicmea coneii xpoma (V1).

BrinosHeHue onbita.

a) k 1-2 oM’ pactBopa K,Cr,07, MOIKHCIEHHOTO CEPHOM KHUCIOTOM,
noGasbre 1-2 oM pactBopa KNO,. HaGntonaliTte u3mMeHeHrne OKpacKud OT
OpaHKeBOH, 06ycIoBIeHHON noHOM Cr,07%, 10 3enéHOMH, 0GYCIOBICHHOM
HOHOM Cr3+;

0) k 1-2 oM’ pactBopa K,Cr,0;, MOAKUCICEHHOTO CEPHOM KHCIOTOM,
no6aseTe 1-2 cM® pactBopa cyiasduma Hatpus. Habmomaiite oGpasoBaHme
cepo-3enéHoro ocajka ruapokcuaa xpoma (I1).

3anuch JaHHBIX ONbITa. HanmuiiMre COOTBETCTBYIONINE YpaBHEHUS pe-
aKkIui. YKaXUTe OKHUCIUTENIb M BOCCTAaHOBUTENb. UeM (OKHUCIUTEIEM WIH
BOCCTAHOBHUTEJIEM) B TaHHBIX peaknusax BeicTynaeT K,Cr,0; n mouemy?

OnbiT 9. Ilepexoo xpomama Kanus ¢ ouxpomam u 06pamHo.

BrinosiHeHKe omnbITa:

a) k 1-2 cm® pactBopa K,CrO, npubassre 1-2 cM® pasbaBieHHOI cep-
HOM KucioThl. Habmonaiite n3menenre okpacku. OOBICHUTE TPOUCXOSIICE
SBJICHUE;

6) x 1-2 em’pactBopa K,Cr,0; mpuneiite 1-2 cm® pactBopa mmenoun.
HaGnronaiite namenenne okpacku. OOBSCHUTE TPOUCXOISIIIEE SBIICHUE.

3anuce JaHHBIX OIIbITA. Hanumure COOTBCTCTBYIOIIMC YPAaBHCHHA PC-
aKHI/Iﬁ B MOJICKYJIIPHOM 1 HOHHOM BHUJIC.

Onpit 10. IMoayuenue u ceoiicmesa zuopoxcuoa mapzanua (11).

Bsinonsenne onsita. K 1-2 e’ pacTBopa cyib(dara MapraHiia 1mo Kar-
asM mpubaBbTe pacTBOp ruapokcuma Hatpus. OOpasyercss Oenblii 0cagok
ruapokcua maprania (I1). Tlomydennslit ocagok pasnenuTe Ha TpU TPoOHp-
ku. [lepByto mpoOWpKy OCTaBbTE CTOSTH Ha Bo3ayxe. OcaloK MOCTENEeHHO
TeMHeeT BeieacTrre okucinenus mapranma (11) 1o Mn (1V). Bo Bropyto mpo-
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Oupky n00aBbTe pa30aBICHHYIO CEPHYIO KUCIOTY. B TpeTbio mpoOHpKy —
pacTBop menoyn. B 060ux 5 ciaydasx MpoUCXOAUT paCTBOPEHHE 0caaKa?

3anuch JaHHbIX onbITa. Hanumure ypaBHEHUS peakiuii:

a) moiydeHus ruapokcuaa mapradmna (ll) u ero oxkucieHuss KUCIOpo-
JIOM BO37TyXa B TIPUCYTCTBUH BOJIBI;

0) B3aMMOJEHCTBUS THIPOKCHIA MapraHiia C CEpHON KHUCIOTOW B MO-
JEKYJSIPHOM U MOHHOM BHJIC.

Onbit 11. ITonyuenue cynvghuoa mapzanya.

3

Beimosaenne ombita. K 1-2 cM™ pacTBopa cynbdarta mapraHiia mpu-
6aBbTe pacTBOp cyibduma Hatpus. Uto Habmonaere? Mccnemyiite oTHOILIE-
HUE TIOJIyYEHHOT0 0Ca/IKa K JIEHCTBUIO pa30aBICHHBIX KUCIIOT.

3anuch AaHHBIX onblTa. Hanmummre ypaBHEHU peakvii B MOJIEKYJISIP-
HOM M MIOHHOM BHJIE: &) MOJyYEHHUs Cylb(puaa Mapraiua;
0) pacTBOpeHuUs CyJbpuaa Mapratiia B KUCJIOTE.

OnsiT 12. Boccmanosumensuvle ceoiicmea coneit mapzanua (11).

Boimonrenre ombita. K 1-2 cM® pacTBopa cynbdarta Maprasia mpu-
neiite 1-2 em® pacTBOpa €IKOro Hartpa.

K 06pa3oBaBiIeMycst ocaaky go0aBsre u 1—2 cM® GPOMHOI BOIBL.
OTMeThTE U3BMEHEHNE LIBETA OCAJKA.

3anuch AaHHBIX onbiTa. Hamuimmre ypaBHEHUE peakilvu, YUYUTHIBa,
gyro Mn (I1) nmepexoaut B Mn (IV). YkakuTe OKHCIUTEIIb U BOCCTAHOBUTEIID.

Onsit 13. Paznoscenue nepmanzanama Kanus npu HazpeeaHuu.

Boinonnenue omnbita. Ha n1HO Cyxoil mpOOMpPKH MOMECTUTE HEMHOIO
KPUCTAJUIMKOB TiepMaHranara kanus. [IpoObupky 3akpenute B Jepkarene, H,
Jep>ka €€ TOPU30HTAIBHO, HAarperTe /10 MOJHOIO Pa3I0KEHUsI IEpMaHraHaTa
Ha JVOKCHU/Jl MapraHiia, MaHraHaT KaJlusl U KUCIOPOJl (BbIICICHUE KUCIOPOaa
U TOJHOTY PAa3JI0KEeHUsl MEepMaHraHaTa yCTAaHOBUTE C TOMOIIbBIO TJCIOIIEH
nyunsku). [locne oxmaxkaeHus TPOOUPKH K CyXOMYy OCTaTKy mipuba-
BuTh 1 cM® Bogbl. OTMETBTE LBET MOJIy4eHHOro pactBopa. Kakoe BemiecTBo
HaxXOJUTCSl B pacTBOpE, a Kakoe — B ocaake?

3anuch JaHHBIX onbiTa. Hanumure ypaBHEHHE peakMu pa3ioKEeHHS
NIEpPMAHraHaTa Kajaus. YKaKUTE OKHCIWTEIb U BOCCTAaHOBUTENb. K Kakomy
TUITY OTHOCUTCS JaHHAsI OKUCIUTEIbHO-BOCCTAHOBUTENIbHAS PEAKIIUSA?
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HNPUJIOKEHHUE b

Ha3Banus u (l)OpMy.]'Ibl KHCJI0T H UX KHCJIOTHBIX OCTAaTKOB

HasBarie KUCIOThL @®opmyna |KucmorHeiil| HazBanne kucioTHOrO
KHCJIOTBI | OCTaTOK oCTaTKa
AsoTHas HNO; NOs ™ HHTpAT
Azotucras HNO, NO, ~ HUTPUT
BpomMoBoiopoiHast HBr Br~ OpoMuT
HonosonopoHas HI . HOIHU]
Kpemuuenas H,Si04 Si0,’ CHJIMKAT
MapranioBast HMnO, MnO, HepMaHraHaT
MapranmoBucras H,MnO, MnO,> MaHraHaT
MeTtadochopnas HPO; PO; metadocdar
MEImbSKoBas H3;AsO, AsO,” apceHar
MBIIBSKOBUCTAS H3AsO; AsO;” APCEHUT
3— optodocdar
OptodochopHas HsPO, PO, (bocdar)
4— nupodocdar
[Tupodochophnas H4P,0O-, P,O-, (adocdar)
JIByxpoMoBasi H,Cr,04 Cr2072 TUXpoMat
PomanoBomopoaHast HCNS CNS POJAHU]
Cepnast H,SO, SO, cynbdar
CepHucras H,SO, SO5° cynbhuT
CepoBoopogHast H,S s~ cynbhua
VYroneHas H,CO; COs* KapOoHAT
dochopucras H3PO; PO;>~ dochur
DTOPOBOAOPOIHAS —
(TTaBUKOBAs) HF F ropun
X1opoBoopo iHast (CosiHas) HCI Cl XJIOPH/T
XJopHas HCIO, ClO, nepxJIopaT
XJopHOBaTas HCIO; ClO; XJIopar
Xopucrast HCIO, ClO, XJIOPUT
XJ0pHOBaTHCTAs HCIO ClO TUTIOXJIOPUT
XpomoBas H,CrO, CrO42 Xpomar
[lnanoBogopoaHas HCN CN™ MAHHT
(cuHUIBHAS)
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HNPUJIOKEHUE I

TepmMoaguHaMHUYeCKHE XaPAKTEPUCTHKH HEKOTOPBHIX BellleCTB

BemectBo AH®, kJbx/mons | AG?, xlx/mons | S, JIx/(monbK)
A 0 0 42,69
AgBr, - 99,16 -94,90 107,10
AgCly,) -127,07 -109,70 96,11
Ag,0) - 30,56 -10,82 121,81
Al 0 0 28,32
Al,Car) -209,0 -196,0 88,95
ALOs(onvmm -1676,0 -1580,0 50,94
Al(OH)3) - 985,0 - 9235 70,1
Brz()K_) 0 0 152,3
Brz(r') 30,92 3,14 245 35
Crama 1,83 2,85 2.38
Crpadur) 0 0 5,74
COr)y -110,5 - 137,14 197,54
COy ) - 393,51 - 394,38 213,68
CSu) 88,7 64,4 151,0
CHy) - 74,85 - 50,79 186,19
C,Hy 226,75 209,2 200,8
CoHyry 52,28 68,11 2194
C,Hg(o - 84,68 - 32,89 2295
CsHgry - 103,85 - 23,49 269,9
CgsHeg(x) -49,0 -1245 172,8
CH30H 4 - 238,6 - 166,23 126,8
C,Hs0H () -271,7 - 174,76 160,7
Ca) 0 0 41,42
CaCOs3xansmm) -1207,1 - 1128,76 92,88
CaOy, - 6355 - 604,2 39,7
Ca(OH)s(x) - 986,2 - 898,5 83,4
Cas(POL)3 ) - 41376 -3899,5 236,0
CaSOyx) - 1424 - 1318,3 106,7
CaS0O42H,0) -2021,1 -1795,7 193,97
Cly 0 0 222,96
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IIponomxenne npunoxenus [’

BemectBo AH®, kJbx/mons | AG?, k] lx/mons | S, JIx/(Mmonb K)
Crec) 0 0 23,76
Cry03x) - 1141 - 1058 81,1
CrOgq) -594.5 -505,8 72,0
CuCly -172,4 -131,4 118,8
CuOy) - 165,0 -127,0 42,64
Far) 0 0 202,9
Fe) 0 0 27,15
FeCly) - 341,0 - 301,7 120,1
FeCls - 390,8 - 328,7 154,4
FeOx) - 263,7 - 2443 58,79
Fe,03x) - 822,16 - 740,98 89,96
FesOgu) - 1117,7 -1014,2 146,4
Ha 0 0 130,58
HBr,,, - 35,98 -53,5 198,5
HCl ., - 92,3 - 95,27 186,69
HCl,, -166,9 -131,2 56,5
HF ) - 268,61 - 270,7 173,51
Hlg, 25,94 1,3 206,3
HNO3(x,) -174,7 - 80,3 156,6
H,O, - 241,82 - 228,61 188,7
H20x) -285,84 -237,2 70,8
H,020x) -187,8 -120,4 109,6
HoSi) - 20,17 - 33,01 205,6
26 0 0 116,73
loc) 62,34 19,4 260,58
KCl,) -435,9 - 408,3 82,7
KOH) -425,8 - 380,2 59,41
LiOH, - 487,8 -443,9 42,7
Li,O) - 598,7 - 562,1 37,9
M) 0 0 32,55
MgCly) - 641,6 -592,1 89,6
MO, - 601,24 - 569,4 26,94
Mg(OH) ) -924,7 - 833.8 63,14
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IIponomxenne npunoxenus [’

BemecTBo AHC, kJ>k/MOJIb A{G, K JIx/MOIB sv, JIx/(monb K)
MnOyx) -519,4 - 464,8 53,14
Noey 0 0 191,5
NHs, - 46,19 - 16,66 192,5
NH,OH,, - 361,2 -254,2 165,4
NH,Cl, - 3144 -203,0 94.6
NH;NO3 - 365,4 - 183,8 151
N,O 82,0 104,1 219,9
NO, 90,37 86,71 210,62
NO;) 33,50 51,8 240,45
N,Ou) 9,66 08,28 304,3
NaCl, -4109 - 384,0 72,33
NaOH) -427,8 - 381,1 64,18
Na,SO4) -1384,6 -1266,8 149,4
Na,SiOz -1525,4 - 1427,0 113,8
Na,COs, -1130,9 -1047,7 136,0
NaNOg,, - 446,2 -372,4 207,0
Ni) 0 0 29,86
NiO, - 2397 - 2117 38,0
Oa,) 0 0 205,04
Os,) 1423 163,4 238,8
P (et 0 0 41,1
P20s5) - 1492 - 1348,8 1145
Pbe) 0 0 64,9
PbSOy -918,1 -811,2 147,28
PbO , -219,3 -189,1 66,1
PO - 276,6 -219,0 76,44
S vont) 0 0 31,88
SOy - 296,9 -300,4 2481
SOu() - 395,2 -370,4 256,23
Si06oman) - 859,3 -805,0 418
Tige,) 0 0 30,6
TiO) -943,9 - 888,6 50,3
ZN () 0 0 41,59
ZnCly, - 4159 - 360,2 108,4
ZnOy, - 349,0 - 318,2 435
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HPUJIOKEHUE /1

KoHcTaHTBI AMCCONUAIIMT HEKOTOPBIX CJIA0BIX JJIEKTPOJUTOB NPH 25 °C
(1J1s1 2JIEKTPOJIMTOB, JUCCOIMUPYIOUIUX CTYNIEHYATO, IPUBEAEHBbI BeJIH-

YHUHbI, COOTBCTCTByIOIIII/Ie nepBou CTleeHI/I III/ICCOIII/IaIII/II/I)

Coenunenue K CoenuHenue K
H,SO,4 1,7 107 H,S 1,1-107
H;PO, 7,1-10° HCN 7-107%
HCIO, 5-10° CsHsOH 1,0- 10"
CH,CICOOH 1,4-10° NH,OH 1,8-10°
H3AsO, 59-10° AgOH 1,1-10*
HF 6,610 Zn(OH), 1,3-10°
HNO, 4-10* Cu(OH), 2,6-107
HCOOH 1,8-10™ H,SiO; 2,2-10™%
CH;COOH 1,8-107 H,B,0; 1,8-10™
H,CO; 4,5-107 Fe(OH), 1,7-10°
HCIO 4-10°® Fe(OH), 6,310

MPUWIOKEHUE E
IIpousBeneHust paACTBOPUMOCTH HEKOTOPBIX
TPYAHOPACTBOPHUMBIX B BOJIe COeIMHEHHNI npH 25 °C

BemectBo I1P BemecTBo I1P
AgBr 50107 NiS 3,0- 104
AgBrO; 58-10° LiF 3,8-10°
Agl 2,3- 107 Li,CO; 1,9-10°
BaC,0, 1,1-107 LisPO, 3,2-10°
CaSO, 3,7-10° Mg(OH), 6,8 - 10™
Cd(OH), 43-10"% MnS 1,1-10"
CslO, 1,0- 102 Pb3(AsO,), 4,010
CsMnO, 9,1-107° PbC,0, 7,310
Fe(OH), 7,910 SrCrO, 2,7-107
FeS 3,410 ZnS 7,910

KCIO, 1,0- 102
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HPUJIOKEHHUE K

KoHcTaHTBI HECTOMKOCTH HEKOTOPLIX KOMILUVICKCHBIX HOHOB

KommniekcHbIi HOH Kueer KommiekcHbIN HOH Kueer
[Ag(NHs),]" 93-10° |[HgCI]* 8,5- 10
[Ag(CN).]" 8,0 102 | [HgBrJ* 2,0-107%
[Ag(S20)2]> 2,5-10 | [Hgl > 1,510
[AIFe]* 14102 | [Hg(SCN).J* 591072
[AI(OH).]" 3,1-10% | [Hg(CN),J* 4,0 107
[AU(CN).]" 50-10% | [Zn(CN).J* 1,3 107
[AuBr,] 3,5-107% | [Zn(OH)4] 36107
[Au(NHs),]" 1,0-10% | [ZnClL* 1
[Cu(NH;),]** 2,1-10 | [Zn(NH3),]* 3,5- 107
[Cu(CN).J> 50-10% | [Fe(CN)]* 1,010
[Cu(CN).]" 1,0- 102 | [Fe(CN)e]* 1,0 - 107
[Culo] 1,8-10° | [FeCL]” 1410
[CuCl,]* 63107
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HPUJIOKEHUE U

CTaHHapTHLIe JIEKTPOAHBIC IIOTCHIINAJbLI METALJIOB

npu 25 °C

DIIEKTPO.L DNEeKTpOIHAs peaKuus goo, B
Li*/Li Li* +& o Li -3,045
K* /K K'+go K -2,925
Rb* /Rb Rb*+& < Rb -2,925
Cs'/Cs Cs'+&« Cs -2,923
Ba**/Ba Ba*" +2& < Ba -2,906
Sr¥*/Sr Sr** + 28 < Sr -2,890
Ca’*/Ca Ca’*+2& < Ca -2,866
Na*/Na Na“+ &« Na -2,714
La*/La La* + 38 o La -2,522
Mg** /Mg Mg?* + 2& < Mg -2,363
Be**/Be Be” + 28 < Be -1,847
AP /Al AP+ 38 o Al -1,662
Ti%/Ti Ti* +28 o Ti -1,628
VZ*IV V¥ +28 oV -1,186
Mn** /Mn Mn?*+ 2& <> Mn -1,179
Cr*/Cr Cr*+ 28 & Cr 0,913
Zn?*/Zn Zn** + 28 <> Zn -0,763
Cr**/Cr Cr*+3g « Cr -0,744
Fe** /Fe Fe?*+ 28 & Fe -0,440
Cd**/Cd Cd**+2& — Cd -0,403
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DNEeKTPOI DIIeKTpOHAS peaKIus goo, B
TIY/TI TIF+e o Tl -0,335
Co*" ICo Co* + 28 « Co -0,277
Ni?* /Ni Ni?*+ 28 — Ni -0,250
Sn* /Sn Sn**+2& <> Sn -0,136
Pb* /Pb Pb* + 28 < Pb -0,126
Fe** /Fe Fe** + 38 & Fe -0,036
2H" /H, 2H"+ 28 < H, 0,000
Sn**/Sn Sn** +4& < Sn +0,050
Sb*/Sh Sb** + 3& < Sb +0,020
Bi**/Bi Bi** + 3¢ < Bi +0,230
Cu**/Cu Cu*" +28& & Cu +0,337
Cu’/Cu Cu'+é& e Cu +0,520
Fe¥* /Fe®* Fe*" + & « Fe* +0,770
Hg,”* 12Hg Hg,” + 2& < 2Hg +0,788
Ag’/Ag Ag'+E o Ag +0,799
Hg”* /Hg Hg®* + 2& < Hg +0,854
Pd* /Pd Pd* + 28 < Pd +0,987
Pt** /Pt Pt** + 2 < Pt +1,200
Au* /AU AU* + 38 o Au +1,498
Au*/Au Au'+& o Au +1,691
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