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INIPABUJIA PABOTHI CTYAEHTOB
B XUMUYECKOM JIABOPATOPUU

PeakTusbl n o0pamenue ¢ HUMHM. [Ipy nosb30BaHMM peakTUBaMH He-

00X0IMMO COOMIOAATH CIEAYIOIUE TPaBUIIA:

PacTBOpBI U TBEpAbIC BEIIECTBA ISl MPOBEJACHUS OMBITOB HEOO-
X0JIMMO OpaTh B TAKOM KOJIMYECTBE U TAKOW KOHILIEHTPAIIUH, KaK 3TO YKa3aHO
B MHCTPYKLMU. Ecinu HET yka3aHuil O JO3UPOBKE PEAKTUBOB ISl JAHHOI'O
OIbITA, TO OpaTh UX HAJ0 B BO3MOXHO MEHbIIIEM KOJIMYECTBE.

Bce ckisHKH ¢ pacTBOpaMH UM CyXMMH BEILIECTBAMU JIEPHKATh 3a-
KPBITBIMHU, OTKPBIBATh UX TOJILKO BO BPEMS YIIOTPEOICHHUS.

He nmytath npoOku OT CKJISIHOK, a TaKKe MUIETKH JJIs B3ATHUS pe-
AKTHBOB.

[Ipy monb30BaHUU MHUIETKAMHU CJEIUTH 32 TEM, YTOObl KOHUMK
MUIIETKU HE KacaJicsi BHYTPEHHUX CTEHOK MpoOupku. B ciydae 3arps3HeHus
MUATIETKU IPOMBITh €€ TUCTUIUIMPOBAHHON BOJOM.

W3nuiiex peakTBa HE BBICHINNATH U HE BBUIMBATh OOPAaTHO B CO-
CyIl, U3 KOTOPOTO OH OBLJT B34T.

[Tocne ynoTpebaeHus: peakThBa CKISHKY CTaBUTh HA MECTO.

[IpochimanHbie U TPOJIUTHIE PEAKTUBBI HEOOXOAMMO cpasy yoO-
paTh, a CTOJI — BBIMBITb.

Henb3a npoboBarh BelecTBa Ha BKyc. Bce peakTUBbI B TOM WM
WHOW CTENECHU SIOBUTHI.

Ocratku coneii cepeOpa, a TaKKe KOHLIEHTPUPOBAHHBIX KUCIIOT U IIEJI0-

Yeil BbUIMBATh B CHELUAIBHbBIE EMKOCTH, HAXO/SIINECS B BBITSHKHBIX MIKa(ax.

Texnnka 0e30mMacHOCTH NPHU padoTe B XMMHYECKOM J1a0opaTopuu.

1. JJaGopaTopHBIil CTON coAepKaTh B YUCTOTE U MOPSAJIKE, HE 3arpOMO-
KJATh JTUIIIHUMHU [IPEAMETaMHU, B TOM YUCIIE MOPTQEISIMUA U CYMKaMHU.

2. 11onb30BaThCs TOABKO YMCTOM XUMUYECKOM MOCY 0.

3. AKKypaTHO 00pamarbcsi Co CTEKISIHHOM XuMudeckoil mocyaon. Oc-
TaTKH pa30oUTOM MOCYAbl yOUPATh C TOMOIIBIO COBKA U IIETKH.

4.Bce paboThl, CBA3aHHBIE C BBIACICHUEM SITOBUTHIX, JIETY4YUX U He-
MPUATHOMAXHYIIUX BEIIECTB, IPOBOJAUTH B BHITSKHOM HIKaQdy.

5. He BBINOJIHATH JOMOJHUTENBHBIX OMBITOB 0€3 pa3peuieHus npemnoaa-
BaTeJsl.

6. Ilpu ompenenenun 3amaxa BELIECTB OTBEPCTHE COCYyJa JIepKaTh Ha
paccrosiuun 25-30 cM OT JuIa, HANpaBJsisl K ce0e CTPYIO rasa JABHUIKECHUSIMU
Ja/IOHU.

/.1lpn HanMMBaHUM PEAKTUBOB HE HAKIIOHATHCA HAJl COCYIOM BO H30e-
’KaHUe MoMaaHus OpPBI3T WM YaCTHUIL Ha JIULIO WA OJICKIY.
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8. Ilpu paz0aBieHUU KOHIICHTPUPOBAHHBIX KUCIOT HEOOXOIUMO BIIH-
BaTh KHUCIIOTY B BOJY, @ HE HA00OPOT.

9. Ilpu HarpeBaHuM NPOOUPKHU HE AEpPKATh €€ OTBEPCTHEM K ceOe MM B
CTOPOHY HAXOJALIMXCS PSAJIOM JIFOJIEH.

10. 3ampemaercs npUuHUMATh MUIY B XUMUAYECKOHN 1ab0paTopuu, MUTh
BOJY U3 1a0OpaTOpHON MOCY/IbI, KYPHTb.

11. ITo oxoHYaHUM PAaOOTHI BHIKIIOYUTH U3 CETH BCE AJIEKTPONPUOOPHI
u yOpatb paboyee MecTo.

12. O60 Bcex HECYACTHBIX CIy4asX HEMEJIEHHO COOOIIUTH Mpernojia-
BaTEJIIO WIH JJAOOpaHTYy.

IlepBasi noMoOIIb NP HECYACTHBIX CJAYYAAX B XUMHYeCKO# j1adopa-
Topuu. Panbl. B xumuueckux nabopatopusx HauOoJiee 4acThl paHEHUS MpU
nopesax CTekyioM. B 3Tom ciiydae Ha/10 BHUMATEIbHO OCMOTPETh PaHy U yaa-
JIUTh OCTATKHM CTEKJIa BaTOM, CMOUYEHHOUW CIIMPTOM WJIM pacTBOPOM IE€pMaHra-
HaTa KaJiisi, OYUCTUTHh MOBEPXHOCTh BOKPYT paHbl OT rpsi3u U KpoBu. O6pado-
TaTb Kpas paHbl WOJAHOW HACTOMKOW. EcinM KpOBb NPOJOIDKAET COUYMUTHCH,
MPUMEHUTH KPOBOOCTAHABIIMBAIOIIEE CPEJCTBO — PACTBOP MEPOKCHIA BOJO-
poaa. Hanmoxuts Ha paHy CTEPIIIBHYIO caI(ETKy U TJIOTHO 3a0MHTOBATH €€.

Tepmuueckue oxoru. [Ipu HEOOMBIIMX OXKOTaX TOPSTYUMHU MpeIMETaMU
MOPAXXEHHBIM y4acTOK 00paboTaTh pacTBOPOM IE€pMaHraHaTa Kajusl WU
96%-HOro ATHIJIOBOTO CIUPTA, JeNias MPUMOYKH B TEUEHUU 2-3 MUHYT. 3aTeM
cMa3aTh 00O0XKKEHHOE MECTO TIUIIEPUHOM WJIU Ma3blo OT 03k0roB. [Ipu cuiib-
HBIX O’KOTaX Ha MOPAKEHHBIA y4aCTOK HAJIOKUTh HETYTYIO CYXYIO MOBSI3KY U3
CTEpUIILHOrO OMHTA, a MOCTPAIABILIEr0 HEME/JIEHHO 1I0CTAaBUTh K Bpady.

OXOru KOHIIEHTPUPOBAHHBIMH KHcaoTaMu. [Ipu momagaHuy KOHIIEH-
TPUPOBAHHBIX KHUCIOT HAa PYKH W JIMIO MOPAKEHHBINH Y4acTOK HEMEIJICHHO
npoMbITh B TeueHuu 10-15 MuH cTpyeil BOAONMPOBOAHON BOJIbI, a 3aT€M IPHU-
JIO)KUTHh BAaTHBIM TaMIIOH, CMOYEHHBIN 2%-HBIM pacTBOPOM THApPOKapOOHaTa
HaTpus ( MUTHEBOM COJIBI).

[Ipu oxorax moJIoCTH pTa KUCIOTaMH MOCE TPOMBIBKH MPOTOYHON BO-
J0M HEOOXOAMMO HECKOJIBKO pa3 MPOIHOJIOCKATh POT PacTBOPOM THAPOKAPOO-
HaTa HATpUSL.

[Ipu nomaganuy Kamnesb KACIOTHI B I71a3a MPOMBITh B TeueHue 10-15 mun
CTpyel BOJOIPOBOIHON BOJBI, a 3aTeM 2%-HbIM PacTBOPOM TujipokapOOoHaTa
Hatpus. [locie oka3zaHus MOMOIIM MOCTPAJaBUIErO HAMPABUTh HA KOHCYJIb-
TaIMI0 B METUIIUHCKOE YUPEKICHUE.

O0ru KOHIIEHTPUPOBAHHBIMU 1iefoyamu. [Ipu nmonaganuu pacTBOpoB
Hiesioue Ha KOXKY MOPaKEHHbIA Y4acTOK HEMEIJIEHHO MPOMBITh B TEUEHUU
10-15 muHyT CTpyeil BOAONPOBOAHON BOJBI, a 3aT€M CAENaTh MPUMOUKY 2%-
HBIM PACTBOPOM YKCYCHOM KHCIIOTHI.




[Ipu nopaxxeHuu ria3 meao4aMd Heo0XoauMo B TeueHue 15-20 MuHyT
MPOMBIBAaTh UX (POHTAHUYMKOM MPOTOYHOW BOJbI, a 3aT€M OIOJIOCHYTHh 2%-
HBIM PaCTBOPOM OOPHON KHCJIOTHI.

Iopsiaok padoTsl 1 opopmiieHust oTdeTa. Jlaboparopasie pabOThI MO
oO1iell XUMHUH TIPOBOJIAT B CIEIIMAIIBHO 00OPYIOBAHHOW XMMHUYECKON J1a00-
patopuu. BrinonHenue paboOT CBS3aHO C UCMOJIb30BaHUEM OOOpYIIOBaHUS,
XUMHUYECKOU MOCY/bl U PEAKTUBOB, CIOCOOHBIX HAHECTH TPaBMbI IPU HEYMeE-
oM oOpaienuu. [loaToMy oT cTyAaeHTOB TpeOyeTcsl paboTarh akKKypaTHO U
BHHUMATEIBHO, CTPOr0 COOJII0IaTh IPpaBUiia TEXHUKU OE30MaCHOCTH.

[Ipu pabore B XUMHUECKOM JIabOpaTOpUn HEOOXOIUMO TPUJIEPKUBATH-
Csl CJIEIYIOIINX MOpsAIKa padoT:

1. ITpeaBapuTeNbHO MOBTOPUTH TEOPETUYECKHN MaTEpHall COOTBETCT-
BYIOLIEH TeMbI 10 YYEOHUKY U KOHCIEKTY JIEKUUNA U 03HAKOMHUTBHCS C COJIEP-
KaHUEM JIabOpaTOpHOM PabOTHI.

2. IIpoBepuTh HamMuue Ha J1a0OPATOPHOM CTOJIE HEOOXOAUMOTO 000pY-
JOBaHUS U PEAKTUBOB ISl JAHHOW paOOThI UJTU OIbITA.

3. YSACHUTh U TOYHO COOIIOJATh MOPSIAOK M IMOCJIEI0BATEIILHOCTD OIle-
panmii, yKa3aHHbIX B PYKOBOJICTBE.

4.CoOnronarh Bce Mephl MPEAOCTOPOKHOCTH, YKa3aHHbIE B MHCTPYK-
MU WK COOOIICHHbIE MPETIOJaBaTENIEM YCTHO.

5. BHMMaTenpHO ClaeauTh 3a XOJ0M OmbiTa. B ciydae HeymadyHOW Mo-
CTaHOBKH OITIbITa ClIeyeT 00paTUThCS K MPENoaBaTeNto.

6. Bce 3anucu HaOIIOIEHUN eNIaTh Cpa3y K€ MOCIe OKOHYAHUS OIbITa
B JJaOOpaTOPHOM KypHaJe.

/.1locne okoHyaHusi pabOThI BBIMBITH UCIIOJIb30BAHHYIO MOCYAY U MPHU-
BECTH B TIOPSAZIOK pabouee MecTo.

OT4er 0 BBINOJIHEHUH JTAOOPATOPHOU PabOTHI JODKEH COAEpk aTh Clie-
AYIOIIHUE CBEJICHUS:

Homep pa®oThsl u ee Ha3BaHUE.
Jlaty BbIIOSTHEHUS paOOoTHI.
ens paboTHI.
Howmep v Ha3zBaHue omnbiTa.
PucyHku u cxembl HCHOJIb3YEMBIX TPUOOPOB.
Hab6monenus.
YpaBHEHUS NMPOTEKAIOIINX PEAKIIUM.
Pacuersl, Tabnuipl, rpaduky.
BriBogbl
Otyer o npoBeAeHHON padoTe MPOBEPSET U MOAMUCHIBAET MPENOIABATENb.



JlaGoparopuas padora Ne 1 _
KJIIACCbl HEOPTAHUYECKUX COEAUHEHNHA

Hean padoTbl: nproOpeTEeHNE HABBIKOB COCTABIEHUS (HOPMYIT BEILIECTB
M0 Ha3BaHUSM U Ha3BaHUU MO (opMyliaM, SKCIIEPUMEHTAILHOE ONPE/IEICHUE
CBOMCTB HEKOTOPBIX KJIACCOB HEOPTAHUYECKUX COCIMHECHHU.

Oo0mue cBeIeHUA

Bce Heoprannyeckue coelMHEHUsI MOXKHO pa3AenuTh Ha 4 kiacca: Ou-
HapHbIE COCIMHEHHUS, KUCIIOThI, OCHOBAHMUS, COJIH.

Kaace Ounapubix coeguHenmii. CucreMaTnyeckue Ha3BaHHsl OuWHap-
HBIX COCJMHEHHH (T.€. COCTOSIIMX M3 JBYX JJIEMEHTOB) 00pa3yrOTCs OT Jia-
THUHCKOTO KOpPHSI CJIOBa — HAa3BaHUA JIEKTPOOTPULATEIBHOTO 3JIEMEHTA C
cy(d(pHUKCOM U1 U PYCCKOrO CJIOBA — HA3BAHUS JIEKTPOIOJIOKUTEIBLHOTO AJIe-
MeHTa B poaurTenbHoM maneke. Hanpumep, Al,O3 — okcun anromuHus, 1€
OKC — KOPEHb CJIOBA OKCUI€HUYM» — JJATUHCKOTO Ha3BaHMsI KUCJIOPOJIa!

CaC, — xapOuy KanbIus; NazN — HuTpu HaTpus;
RbF — ¢ropun pyoumus; KH — runpun kanus u T.1.

Haubonee pacrpoctpanena 6ofblas rpymnmna OMHAPHBIX COSAMHEHUHN —
OKCHUJIBI. DTO COCIMHEHUS C KHCJIOPOJOM, B KOTOPBIX BAJICHTHOCTH KHCIIOPO-
na paBHa 1ByM. Ecim sieMeHT 001a1aeT mepeMeHHON BaJeHTHOCTRIO U C KH-
CJIOpOIOM 00pa3yeT HeCKOJIbKO COSIMHEHUH, TO B 3TOM cllydae Tocje Ha3Ba-
HUSl OKCHJIa B CKOOKaxX YKa3bIBAETCS BAaJCHTHOCTH DJIEMEHTA, 00pa3yroIero
OKCH/I;

Cu,0 — okcun menu (1); CuO - okcua memu (11).

Knaccudukarmss OKCHI0B MOXET OBITh TMpEACTaBiICHA CIEAYIONIEH
CXEMOMU.

OKcHIEI

/\

Coneobpazyroniue Heconeobpazytomue

i

OcHoBHBIE Kucnornsie AMboTepHBIE

OCHOBHBIC OKCHJBI MPU B3aUMOJCHCTBUU C KUCIOTHBIMA HJIH C KH-
CIIOTHBIMH OKCHJaMHU 00pa3ytoT coid. OCHOBHBIM OKCHJAM COOTBETCTBYIOT
ocHoBanus (ruapokcusl). Hampumep, okcuny kamms K,O cooTBeTcTByeT OC-
HoBanue KOH — rumpokcun kamust; okcuay CaO — ocHoBanme Ca(OH)y; u 1.1

6



KucnorHbie okcuapr 00pa3yroT COMU MPH B3aUMOICHCTBUY C TUAPOKCH-
JaMH B C OCHOBHBIMU OKCHJIAMH, a MPUCOEAUHSS HETIOCPECTBEHHO WIIH KOC-
BEHHO BOJy, 00pa3ytot kucioTsl. Hanpumep, okcua cepol (V1) SOz — cepras
kuciory HySOy; okena azota (V) NoOs — azorhyro kuciory HNOs.

AmMpoTepHbIe OKCUABI 00pa3yIOT COJIM MPU B3aUMOJCHCTBUU U C KUCIO-
Tamu U ¢ THapokcuaaMu. M cootBeTcTBYIOT amdoTepHbie runpokcusl. K am-
¢orepHbIM oKcuaaMm oTHOocsaTcs: ZnO; Al,Oz; SnO; SnO,; PbO; Cr,03 u 1.1I.

Heconeobpasyrolye OKCHUIbl He B3aUMOICUCTBYIOT HA C KUCIIOTaMU HU
¢ ruapokcuamu. K aum otHocsres: NO, CO, N,O u ap.

Kiacc kucaor. Kucnora — 1) cliokHOE BEIIECTBO, KOTOPOE COJCPIKUT
OJIMH WJIA HECKOJBKO aTOMOB BOJOPOJIA, CIIOCOOHBIX 3aMENIaThCs Ha aTOMBI
METAJUIOB, ¥ KUCIIOTHOTO OCTaTKa; 2) AJICKTPOJIUT NP JUCCOIHAIIH KOTOPO-
ro o6pasyrorcs HoHbI Bogopoaa H'; 3) BemecTBa BHICBOOOKIAIONIHE IIPOTO-
HbI; 4) BelecTBa, KOTOPbIC aKIENTUPYIOT (IPHUCOCTUHSIOT) SJICKTPOHHYIO Ia-
py (Tabm. 1).

[To HanMuMIO aTOMOB KHCIIOPOJA KUCIOTHI ACMSATCS Ha KHUCIOPOI0CO-
JeprKaIue u He COJIEpKAIINE KUCTOPOI.

Tab6maua 1.
dopmyia Haspanue xucnorsr | Dopmyna HaszBanue annona
KHCJIOTBI aHUOHA

HNO; A3zorHasg NO3;~ Hurpar
HNO, Azorucras NO,~ Hutput
H3:BO; Bbopuas (opTobopHast) BO;> Bbopar (opro6opar)
HBr bpomoBonoponnas Br- bpomnn
HI HNomosonopoaHas I~ Honmnn
H,Si10; Kpemuuenas SiO” Cunukar
NMnQO, MapraniioBas MnQO,~ ITepmanranat
H3;AsO, MpebnubsakoBas AsO,* Apcenar
H3PO, OprodochopHas PO, docpart (oprodocdar)
H,SO, CepHas SO, Cynbdat
H,SO;3 CepHucras SO5* Cynbdut
H,S CepHOBOJIOpOIHAS S* Cynbdun
H,COs VYronpHas COs* Kap6onar
HCI XJ10pOBOAOPOTHAS ClI Xiopun
HCIO, XiopHas ClO, [Tepxnopar
HCIO; XJiopHOBaTas HCIO; Xopar
H,CrO, XpomoBasi CrO42_ Xpomar
HCN [{nanoBo0pOIHAS CN™ Huannn
CH;COOH| Vkcycnas kucnota |CH3;COO Anerar
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HaszBanus O6ec kuciopomHbix kuciot garorcs tak: HCl — xmoposoo-
poaHasi; H,S — cepoBogopoanast u 1.1. TpaaunnoHHbIe HA3BaHUS KHCIOPOI0-
COJIEpIKaIIUM KHCIIOTaM JA0T TI0 HAMMEHOBAHHUIO aTOMa — KHCIOTOOOpa3oBa-
tess (YroibHasi KUCIIOTa, TJE YIiiepo]l — KUCIOTooOpa3oBarelb) U T.1. Eciu
KHCIIOTOOOPAa30BaTeNb UMEET Pa3iMUHbIC CTEIIEHN OKUCIICHUS, TO BBICIICH U3
HUX COOTBETCTBYET CYQDHUKC «...H(as) WiH...0B(as1)», a HU3IIEH — «...UCT(as)».
Hamnpumep HNO3 — azotrast, a HNO; — a3otucras kucmuora.

Ecnu anemenT, HaXoAsCh B OJTHOM M TOM K€ CTETIEHU OKHCJICHHsI, o0pa-
3yeT HEeCKOJIBKO KHCIIOT, COJICPKAIIUX [0 OJJHOMY aTOMY JJaHHOTO 3JIEMEHTA B
MOJIEKyJIe, TO Ha3BaHHME KHUCIOTHI, COACPIKAICH HANMEHBIIIEe YUCIO aTOMOB
KHCIIOPOJIa, CHa0XKaeTCsl MPUCTABKOW «MeTa», a ¢ HanboubInee — «opto». Ha-
npumep, HPO, — metadocdopnas, a HsPO4 — oprodocdhopHas kucinora.

KucnoTel B3aMOICHCTBYIOT ¢ OCHOBAHUSMH, OKJICUAaMU (OCHOBHBIMU
¥ aM()OTEPHBIMH), COJIIMU M METAJUIAMH.

Kaacc ocHoBanmii. OcHoBaHus (TUAPOKCHIBI) — 1)CIIOKHBIC BEIIIECCTRA,
B COCTaB KOTOPBIX BXOJSAT aTOMbl META/NIOB COCTUHCHHBIC C OJTHOW I HE-
CKOJIBKUMH THApOKCHIbHBIMEU Tpymmamu (OH); 2) BemiecTBa, oOpasyromue
pH AMcColManuu rugapokcua-uonsl OH™; 3) BeriecrBa, crmocoOHBIC COCIM-
HATHCS C TIPOTOHOM; 4) BEIECTBa, KOTOPHIC MPEIOCTABIISIOT DJICKTPOHHYIO
napy. OcHOBaHUS OBIBAIOT:

1. pacTBOpUMBIC B BOJE — MIEJIOYM, HaUOOJEe BAKHBIC M3 KOTOPBIX —
NaOH — ruapoxcun Hatpus, KOH — ruapokcua kanus, Ca(OH), —ruapokcun
KaJIbIIHS;

2. HepactBopuMbie B Bojie ocHoBanusi Fe(OH), — ruapokcuy xenesa
(1), Fe(OH)s rumpoxcu sxenesza (11).

OcCHOBaHHSI B3aUMOJICHCTBYIOT C KUCJIOTaMH, KUCIOTHBIMUA OKCHIAMHU,
COJISIMU.

Kaace coueii. Coy — 3TO TPOJIYKTHl YaCTHYHOTO (KUCIIBIC COJIH) WIIN
TIOJTHOTO (CpellHUE COJIM) 3aMEIICHHS aTOMOB BOJIOPOJIa B MOJICKYJIC KHCIOTHI
Ha aTOMBI METaJlla, WM IOJHOro (CpeIHHe COJIM) MIIM YaCTHYHOro (OCHOB-
HBIC COJIH) 3aMEIICHHS THPOKCOTPYIIT B MOJICKYJIC THIPOKCH 1A KUCIIOTHBIMU
OCTaTKaMHu:

Comm
Kucnsie Cpennue OcCHOBHBIE
K2HPO, — ruapodocdar NH4NOj3 — HuTpar Al(OH)2NO3 — muruapoxco-
KaJust ATIOMHHUS HHUTpAT
KH2PO4 — murunpodocdar KNO; — autpar kanus ATFOMHUHHUS
KaJus FeOHCI - xnopun



JIns mpeBpameHus KUCJIOW WM OCHOBHOW COJIM B CPEIHIOK HAAO IO-
JEUCTBOBATh. HAa KHUCIYK COJIb — JOCTAaTOYHBIM KOJUYECTBOM COOTBETCT-
BYIOILIETO OCHOBAHMUSI HA OCHOBHYIO — JIOCTATOYHBIM KOJUYECTBOM COOTBET-
CTBYIOIIIEH KUCIOTHI.

Pearentnl: cepa, crpyxka maraus, pactBop KOH, pactBopsl conei:
CuSOy, NiSO,, NICl,, FeCls, NaCl, Na;COs, ZnSO,. MuaukaTopel: JIaKMyc,
METUJIOpaHX U (heHonTanenH.

Oo0opynoBanue: TpoOUPKH, KOJIOBI, >KENE3Has JIOKEYKa, IHHIIET,
CIIMPTOBKA.

IHopsinok BbINOJHEHHUS PadOThI

OnwiT 1. MMonyyenue oxcuma cepa (V) M cepHHCTOH KHCJIOTHI.

Haneiite B KOHMUECKYIO KOJIOY HEMHOTO JUCTHUIUIMPOBAaHHOM Bojbl. Ha-
IPEUTE B JKEJIC3HOM JIOKEUKE HA CIIUPTOBKE CEPY JI0 BOCIUIAMEHEHUS U OITyC-
TUTE JIOKEUKY B KOJIOY, HE KacasCh BOJbI M MPUKPBIB KOOy Kpbiikoit. [locie
CrOpaHusl Cepbl YOepUTe JIOKEUKY M, OCTaBUB KPBIIIKY, TIEpEMEIIaiTe Coaep-
KUMOe KOJIObI. VcnbITaliTe MOMYYESHHBIN PACTBOP UHIMKATOPOM (JIAKMYCOBas
Oymara, METUJIOBBI OpamKeBbIi). Kak M3MEHseTCs 1BET MHIUKaTopa? 3arm-
LIUTE YpaBHEHUS peakiuu. OXapakTepru3yruTe NOJyYEHHYIO KUCIIOTY.

OnbiT 2. [lolyyenue okcuaa Maruusi U ero ruipoxkcuaa. Bossmure
MMUHIIETOM HEMHOTO CTPYKKM MAarHusl U MOJOXKIUTE e Ha cnupToBke. [locne
CrOpaHus IOMECTUTE CTPYXKKY B IPOOUPKY € BOJAOH U mnepemeraiire. Mcnbi-
TalTe MOAYy4eHHBIN pacTBOp PpeHondranennom. Uto Habmogaere? 3anuimmre
YPaBHEHHUS MPOBOIUMOM PEAKIINH.

OnpiT 3. [loryyeHHe HEPACTBOPHMBIX B BOJe OCHOBaHHWil (TUAPO-
kcuaoB). Ha maGopaTtopHoM crolsie BEIOEpUTE J1Ba pacTBOpa COJU TOTO Me-
TaJula, OCHOBAHUS KOTOPBIX OyIyT HEPACTBOPUMBI.

Haneiite HeMHOTO pacTBOPOB 3TUX COJIEH B JIBE€ MPOOUPKHU U 100aBbHTE B
KXyt pactBop menoun — KOH. Onumure xapakrep v UBET MOTY4YHUBILINX-
Cs1 OCAJIKOB. 3aIUIIUTE YPAaBHEHUE PEAKIUI B MOJIEKYJISIPHOM U MOHHOM BUJIE.

Omnbit 4. IlosryyeHHe HEPaACTBOPUMOM COJIM peakuueid oOMeHa. Broi-
Oepute Ha J1a0OPAaTOPHOM CTOJIE TaKyrO Mapy PeakTUBOB, IPU B3aUMOJACHCT-
BUH KOTOPBIX 00pa3yroTCs HepacTBOpuMas coib. [IposenaiiTe maHHBIA OMBIT
B NpoOUpKe. 3aluInTe YpaBHEHUE PEaKUU B MOJIEKYJISIPHOM U UOHHOM BHU-
nax.

B kakoMm ciiydae MOTYT HOJTyYUTHCS KUCIIbIE UM OCHOBHBIE COJIH?

KonTpoibHbIe BOPOCHI

1. Jlaitte nHazBanus cruenytomuM coeauHeHusaMm: Na,S; NaHS; NaH;
HMnO4, BaT|O3, Ca(C|O4)2, N&zZﬂOz, HN4C|, Cr(OH)g, (NlOH)zSO4,

9



H,CrO,; KHSO;. K kakuM ki1accam HEOpPTaHWYECKUX COCAMHEHHN OHU OTHO-
CATCS?
2.3anuimTe ypaBHEHHS PEaKIIui B MOJIEKYISIPHOM M HIOHOM BHJIaX.

CO,+ NaOH — ...: H,SO, + BaCl, — ... ; Pb(NO3)2 + HCl — ....
3.CocTaBbTe ypaBHEHHS pEaKLUil, C IOMOMIGI KOTOPHIX MOKHO
OCYLIECTBUTH NPEBPAIICHUS;

Ba — BaO — BaC|2 — B&(NOg)z — BaSOy;
Zn — ZnSO, — Zn(OH); — ZnOHNO3z; — Zn(NOs),;
Mg — MgSO,; — Mg(OH), — MgOHCI — MgCl..

4. Kakue ObIBAXOT KMCJIOTHI U COJIN?

_ JlabopaTopHasi paGora Ne 2
XUMHNYECKHUHU S5 KBUBAJIEHT. 3AKOH 9KBUBAJIEHTOB

Heab padoThl: 3aKperieHUEe TEOPETUUECKUX 3HAHUM 10 TeME; IPHOo-
pETEHNE HABBIKOB PACYETHOIO M 3KCIEPUMEHTAJIBHOIO ONPEICICHUS XUMU-
YECKOr0 3KBHUBAJICHTA W SKBHUBAJIEHTHOM MAacChl IPOCTBIX M CIIOKHBIX Be-
IECTB.

OO0mue cBeaeHus

DkBHUBaJIeHTOM BemiecTBa (D) Ha3bIBaeTCS peaibHast UM YCIOBHAs Yac-
THUIIA BEIIECTBA, KOTOPask MOXKET 3aMeNIaTh, IPUCOSAUHATE, BEICBOOOXKIATh, a
TaKkke ObITh KaKUM JMOO APYrUM 0Opa3oM paBHO3HAYHOW OJHOMY HOHY BO-
J0pOJia B KHCIOTHO-OCHOBHBIX HMJIM MOHOOOMEHHBIX PEAKIUIX WIH OJTHOMY
AIIEKTPOHY B OKUCIUTEILHO-BOCCTAHOBUTEILHBIX PEAKIIUSX.

MoJsipHOM MaccoW SKBUBAJICHTA BEIECTBA X WM SKBUBAJIECHTHOW Mac-
coit (M»(X)) nmu (M(D(X))) Ha3piBaeTCs Macca OMHOIO MOJISI-3KBHBAJICHTOB
BeriecTBa (I/Moub).

DOKBUBAJICHTHI M SKBUBAJICHTHBIC MACCHI XJIOpa, KUCIOPO/a, a30Ta U YT-
Jepoa B HEKOTOPBIX COSAMHEHUSIX C BOAOPOOM MPUBEEHBI B Ta0. 2.

Ta0muna 2
BemecrBo C) M5 (r/mob)
HCI Cl 35,45
H,O 150 16/2=8
NH; /5N 14/3 = 4,67
CH, Y4C 12/4=3
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Yncna 1, %, s, Y4 0603HavYaONMIKe, KaKas JOJS OT PeaabHOI YaCTUIIbI
SKBHMBAJICHTHA OJTHOMY HOHY BOJIOPO/Ia UJIA OJTHOMY DJICKTPOHY, Ha3bIBAIOTCS
(akropamu s3xBuBanentHoctu (f = 1/2).

C yueToM (pakTOpa SKBUBAIICHTHOCTH SKBHBAJICHT BEIIECTBA U €r0 SKBU-
BaJICHTHAS. Macca MOTYT ObITh 0603HaueHEl: J(0) = ¥20; M,(0) = M (Y/,0) =
= M(0)/2 = 16/2 = 8 r/momb

ComnocTaByisisi MOJydEHHBIC PE3yIbTaThl C BaJCHTHOCTBHIO 3JICMEHTOB,
NPHUXOJUM K BBIBOAY, YTO 3KBHMBAJCHTHAs Macca €CTh YaCTHOEC OT JCIICHHUS
MOJIbHOM Macchl (M) aiieMeHTa Ha ero BaJleHTHOCTH (B):

W3 BeimenpuBeneHHbIX (HOpMyH BbITEKaeT, yTo My u D ogHoro sie-
MEHTa MOTYT HMETh pa3jHdYHbIC 3HAYCHUS, ONPECIISIEMbIC BaJICHTHOCTHIO
3JIEMEHTa B KOHKPETHOM COCIUHCHHUHU.

Hanpumep, mens o6paszyer okcuisl Cu,O u CuO, T.K. BaJIGHTHOCTH Me-
1M B TIepBOM okcujie — 1, a Bo BTopoM — 2. B mepBom ciywyae 9(Cu) = Cu , a
B0 BTOopoM — D(Cu) = 1/2 Cu; s5KkBHBaJICHTHBIC MacChl COOTBETCTBEHHO PaBHHbI:
64 r/mMoib 1 64/2 = 32 r/MOIb.

MonspHbIii 00beM SKBHBaJicHTa WK 3KBUBaJICHTHBIH 00beM (V5(X))
i (Vin(D(X))) 310 00bEM, 3aHUMAEMBIN TPU JAHHBIX YCIOBHSX OJHHUM MO-
JIeM 3KBHBAJICHTOB ra3000pa3Horo BemiectBa (X). MojbHBIH 00BeM JIH000T0
raza — 22,4 n/monb, T.e. 22,4 11 Ta3a, COCTOAIIETO U3 JBYXaTOMHBIX MOJICKYJI
(H,) u (O,), comepxat no 2 moist atromoB: I(H) = H, a D(0) = %20, noatomy
22,4 11 comepxaT 2 MOJIb YKBUBaJIECHTOB H, 1 4 Moib 9kBUBaieHTOB O».

V5(H,) = £2’4 =11,2 n/monb; V5(0,) = %4’4 = 5,6 1/MOIIb

[Tonb3ysch NOHATHEM SKBUBAJIEHTHON MAacCChl, MOXKHO C(HOPMYIUPOBATH
3aKO0H YKBUBAJIEHTOB. MacChl (0OBEMBI) pearupyromux JApyr ¢ APYyroM Be-
IIECTB IMPOITOPITUOHATBHBI UX SKBUBAJICHTHBIM MaccaM (00beMam):

m, My V, Vi,

X

IIpumep. OnpenenuTs Maccy MeTallia, BBITECHSIOIIETO U3 KHUCJIOTHI
py HOpMaJbHBIX ycioBusix 0,7 71 BoAopoa, €ciii SKBUBAJICHTHAsI Macca Me-
tayuia I(0) =% O paBHa 28 r/MOJIb.

Pemenne. CoryiacHO 3aKOHY SKBUBAJICHTOB:

m M, (Me) X 28 r/MoITh
Me - 2 HITH =
VH2 V5(H,) 0,7n 11,2 n/monsb

oTkygax =1,75r
11



Onupasich Ha 3aKOH YKBUBAJIEHTOB, MOKHO BBIBECTH (POPMYJIbI AJIs1 BBI-
YUCJICHNS DKBUBAJICHTHOU MAaCCHI CIJIOKHBIX BEILIECTB!

M

YHCJIO aTOMOB JJICMCHTA X BaJCHTHOCTB JJICMCHTA

1. M5 (oxcuna) =

Hanpumep, M,(Ca0) = A0 v _ 20 r/moinb

1x2

M

OCHOBHOCTBb KHCJIOTHBI

2. M (xuciorsr) =

M, (H,SO,) = w =49 r/mMmonp

M

KHCJIIOTHOCTb OCHOBAaHHA

3. M (ocHoBanus ) =

M, (NaOH) = ML;[OJH’ = 40 r/monb

1€ OCHOBHOCTH KHCJIOTHI U KUCJIOTHOCTb OCHOBAHUS — YMCJIO MOHOB BOJO-
pOJa WK TUIPOKCU/IA, MPUHAMAIOIINX YYaCTHUE B PEAKIUH.

M
YHCJIO aTOMOB MCTa/lJIa X BAJICHTHOCTBb MCTaJllla

4. My (comn) =

M5(K3S) = (110 r/moms) / 2 x 1 = 55 r/momb

OKBUBAJICHTHBIE MAaCChl COEAMHEHU MOTYT UMETh NIEPEMEHHOE 3HAYE-
HUE, ONPEETAEMOE XapaKTEPOM NpeBpalleHUs BenecTBa. B peaknusix

KHSO, + BaCl, = BaSO, + KCI + HCI
KHSO, + KOH = K,SO, + H,0O

skBuBasienTHas Macca KHSO, paznmuuna. B nepsoii peakuuu 1 moims KHSO,
B3anmoeiicteyer ¢ 1 mosiem BaCly, a sksuBanenr KHSO, — € sxBuBaieHTOM
BaCl,. OxeuBanenTHas macca BaCl, paBHa mosoBuHE €ro MOJIIPHOM MacChl H,

1361/MOIIE _ 68 1/nomn
5 .
Bo Bropoii peakuun moas KHSO, B3aumoneiictsyet ¢ moiem KOH, a skBu-

BasieHT KHSO, — ¢ sxBuBasienrom KOH nostomy
M, (KHSO,) = M(KHSO,) =136 r/™Mois.

OO0opynoBanue: u3MepuTeabHble OIOPETKHU, BOPOHKH, TPOOUPKH, Tep-
MOMETp, OGapoMeTp.
Pearentsi: pactBop H,SO,, HaBecku maruus.
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IHopsinok BbINOJIHEHHUS PadOThI

OmnbiT 1. Onpenesienne 3KBUBAJIEHTHON MACCHI MATHUSL. DKBUBAJICHT-
Has Macca Mar"us onpenensercs mo peakiuu: Mg + H,SO, — MgSO, + H,T
METOJIOM BhITeCHEHHUS Bogopoaa. [Ipubop (puc. 1) mis onpenesieHus S5KBUBa-
JICHTHOHN Macchl coctouT M3 Oropetku (1), coemuueHHon ¢ mpooupkoi (3) ¢
TIOMOIIBIO0 PE3UHOBBIX TPYOOK (2) u ¢ BopoHKoii (4). Bropetka u BopoHKa 3a-
MOJIHAIOTCS BOJOW. Peakuusa nmpoucxoaut B npodupke. Bruiaenstomuiics Bo-
JOPOJI BBITECHSIET BOTY U3 OIOPETKH

S :

N—— 1

Puc. 1. YcranoBka njis uaMepeHusi oobema razoo0pa3Horo Boa0poa.

[To 00BeMy BBITECHEHHOM BOJIBI OMpEAesAeTCS 00bEM raza W paccuu-
THIBAETCS IKBUBAJICHTHASI MAacCa MarHusi ¢ y4eTOM HaBECKU MarHusl.

[Topsiiok BBIOJIHEHUS OTIBITA.

1. IlpoBepbTe repMeTUUHOCTH MpuOOpa. Jjist 3TOro BOPOHKY C BOJIOM
OCTOPOXHO IMOJHUMUTE BBEpX (WiH omycTuTe BHU3). [Ipn 3TOM ypOBEHB BO-
Il B OIOPETKE COOTBETCTBEHHO HECKOJIBKO MOJHUMETCS HJIM TOHU3UTCS, €CIIU
yepe3 1-2 MuH nanbHEHIIero U3MEHEHUs1 YpOBHS BOJbI HE Oyner, mpuoop
MOXKHO CUMTATh FEPMETUYHBIM.

2. YcTaHOBHUTE BOPOHKY Ha IITaTWBE TaK, YTOObI YPOBEHb BOJAbI B HEM
COOTBETCTBOBAJI HYJIECBOMY JICJICHUIO YPOBHS OIOPETKH.

3. Ornenute npobupky ot mpudopa. Hanelite B mpodupky 5 mit H,SOy.
HanuBaTsk cienyet uepe3 BOPOHKY, HE CMaylBasi CTEHOK MPOOUPKHU.

4. Ha cyxyio CTEHKY MpOOUPKHU IMOJOXKUTE HABECKYy MarHuis u, Jepia
pOOUPKY B HAKJIOHHOM TOJIOXEeHUU (HE JOIMyCKass KOHTAKTa HABECKH C KH-
CIIOTOM), MPUCOEANHUTE €€ K IPHOopy.

5. [IpoBepbTe repMETUYHOCTD YCTAHOBKH.

6. IlombeMOM WM ONMyCKaHHMEM BOPOHKH YpaBHAWTE YPOBHU BOJIbI B
OfOpeTKE W BOPOHKE (U1 TOTO, YTOOBI JaBJICHHE B MPUOOpPE CPaBHSIIOCH C
aTMoc()EepHBIM) K OTMETHTE YPOBEHB BOJIbI B Oropetke (V7).

/. CTpsIXHUTE HABECKYy MarHusi B KHCIJIOTY M HaOJII0JaliTe 3a BHITECHE-
HUEeM Bojbl U3 Owoperku. [locie okoHYaHMs peakluu JaiTe MpoOUpKe Oc-
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TBITh, TTOCJIC Y€TO CHOBA YCTAHOBUTE YPOBHH BOJIbI B OIOPETKE W BOPOHKE Ha
0JTHOM ypoBHe. OTMEThTe YpoBeHb B OropeTke (Vs).

8. OTMmerbTe U 3anuinuTe nmokasanue Tepmomerpa (t°, C) u 6apomerpa
(P, mm pt. c1.). Haitmure (cm. mpuiiokenue 1) narieHue mapoB BOJBI MPH
nanHoi Temrieparype (h, MM pT. CT.).

9. IMony4eHHbIC JaHHBIC, YCIOBUS MPOBEICHUS OIbITA M PE3yJbTaThI
pacyeToB 3aHeCUTe B Ta0M. 3.

Tabmumua 3
v :

= o > - a. —

I + : Q = > | D

< ™ o | & | = > | 2

~ | 51 5 N~ s - l:\g ™
S = I U = = T O PR - B
= | 4 S | =05 - 5 | 2 = -
eS| S |93 - || £ | S| =22 |0O

Pacuer skBHBaJE€HTHOM MacChl MarHus IMPOU3BOJUTCSA B CICAYIOLIEM
MOPSAJIKE:
1. Beruncnure 06beM BBIACTUBIIETOCS BOIOPOIA.

AV = V2 - V1 (MJ'I)
2. IlpuBenuTte, HallIeHHBIA 00BEM K HOPMAJIbHBIM YCJIOBHSIM
AV (P - h)T,
o= 20
PoT
rae 1o — 273 K; Py — 760 MM pT.CT.

3. PaccuuTaiiTe SKBUBaJEHTHYIO MacCy MarHus, 3Has, 4TO SKBHBa-
JICHTHBIN 00BeM Bogopoaa 11,2 n/Momnb:

Vo(Hp) _ Mmg
Vy(H,;) M5 (Mg)

4. Onpenennure TEOPETUUECKU SKBUBAJICHT MAarHUsI

M5 (Mg) = %, (r/mob)

5. Bbluucnure OTHOCUTENBHYIO OIIMOKY
M (Mg) - m3"" (Mg)
mi (Mg)

-100%.

Q% =

14



KonTpo/bHbIE BONIPOCHI

1. Beruncnure SKBUBAJIEHT U DKBUBAJIECHTHBIE MACChl METAUIOB B ClIE-
ayromux coequneHusx: Ti0,; Fe(OH)s; CasP,; ZnS; Ag,0; Cd(OH)..

2. Brerunciure sxBuBanentHnle maccel coeanuenuii:. NaOH; H,SO,;
A|203; Cﬂ(NOg)z; Fe(OH)3; FeS.

3. Beruucnaure sKkBUBaNCeHTHBIE MacChl (POCHOPHON KUCIOTHI IO Peak-
LIUSIM

HsPO, + NaOH = NaH,PO, + H20;
HsPO, + 2NaOH = Na,HPO, + 2H,0;
HsPO, + 3NaOH = NazPO, + 3H,0.

4. TTpu B3aumonericteuu 13,07 r 1ByXBajJI€HTHOTO MeTajljia C KUCJIOTOH,
BeIiensiercs 4,48 1 Bogopona (H.y.). Onpenenure, Kakoi 3T0 METaLIL.

5. Okcun xpoma comepxut 48% kucnopona. Berancnure SKBUBAJICHT-
HYIO MacCy U BaJICHTHOCTh XpOMa B OKCH/IC.

JlabopaTopHasi pa6ora Ne 3
PACYET U ITPUT'OTOBJIEHUE PACTBOPOB

Leab padoThl: OCBOEHHE METOJMKH pacdera IPUTOTOBIEHUS PACTBO-
POB OINPEAEIEHHOW KOHLICHTPALIUH.

Oo01mue cBeaeHus

PacTBOpOM Ha3bIBaeTCs TOMOTCHHAs cucTeMa (TBepjas, )KHMJIKas, ra3o-
oOpasHasi), cocTosINas U3 JBYX WM 00jice KOMIIOHCHTOB, OTHOCHUTEJIBHBIC
KOJIMYECTBA KOTOPBHIX MOTYT U3MEHSTHCS B IMUPOKUX IpeIeax.

OTHOIIICHHE KOJIMYECTBA PACTBOPCHHOIO BelecTBa K Macce (Min 00b-
eMy) pacTBopa (WM PacTBOPHUTEIS) yKa3bIBacT Ha KOHIICHTPAIIUIO PAacTBOPA,
KOTOpasi BBIPAKACTCS Pa3IUIHBIMH CIIOCOOAMH.

[IporieHTHAs KOHIICHTPAIWS ITOKa3bIBACT, CKOJIBKO €IMHHUII MacChl pac-
TBOPEHHOr0 BemecTBa coaepkurcsa B 100 eauHMIIax Macchl pacTBOpa. 3aBH-
CUMOCTh MEX/1y MPOLIEHTHOW KOHIIeHTpanuei pactBopa (C), Maccoi pacTBo-
peHHoro Bemiectsa (M;) 1 Maccoii pactBopa (M) BbIpa)kaeTcst COOTHOIICHUEM:

C% = "100% (1)
m

Macca pactBopa paBHa Npou3sBencHUI0 o0bema pactBopa (V) Ha ero
IIOTHOCTH (p), TOra:
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co =™ 100% (2)
pV
Hanpumep, At ompeaesicHuss MPOLEHTHONW KOHIIGHTPALMK PacTBOPa
KCI, conepxkarero 53 r B 0,5 1 pactBopa (p = 1,063 r/mi), Bocmosib3yemcst
dopmyinoii (2)
C% = ﬂ ~10%
1,063-500
MousipHasi KOHIIEHTPAIKS WA MOJISIPHOCTh PAaCTBOpPa MOKA3bIBAET YHC-
JI0 MOJICH pacTBOPEHHOIO BEIIECTBA, coepkamuxces B 1 1 pacrBopa. Motsip-
Has KOHIeHTpanus (MoJb/1 niu M) Beipakaercst GopMyiou:

Cru =t 3)

rie M; — Macca pacTBOPEHHOTO BEIIECTBA, I, M — MOJsipHas Macca pacTBO-
PEHHOTO BEIIECTBa, I/MOJIb; V — 00beM pacTBOpa, JI.

YToObI omnpenennTs MOJISIpHOCTL pacTBopa, B 300 M1 koToporo cozaep-
xarcs 5 T KOH, Bocnonb3yemcst ¢popmynoit (3), yuursBas, yto M(KOH) =
= 56 1/MOJIb!

Cy = > 0,29M.
56-0,3
HopmasibHash KOHIICHTpALMS WK MOJIIPHAs. KOHIICHTPAIHs SKBHBAJICH-
Ta MOKA3bIBACT YHCIIO MOJIb-3KBUBAIICHTOB PACTBOPEHHOTO BEIECTBA, COJIEP-
xamuxcss B 1 11 pactBopa (Monb-3kB/11). KOHIIGHTpaIUsl BhIpaKEHHAS 3THM
ciocobom obo3navaercs Cy, i C(1/zX):

_
f M3-V’

(4)

rIe M; — Macca pacTBOpeHHOro BermiecTBa (T); M» — SKBUBAJICHTHAs macca
pacTBOPEHHOTro BelecTBa (r/Moib-3KB); V — 00beM pacTBopa (J1).

Haiinem mossipHOCTE pacTBopa xstopuaa xenesa (I1), ecou B 0,3 11 pac-
TBOpa coxepxkutcs 32,44 r FeCls.

DOksuBaneHTHas Macca FeCl; paBHa:

M 162,2

M, (FeCl;) = 3 = 54,07 r/mo1nb -3KB

Hopmanbraocts pactBopa FeCls cornacuo popmyne (4) paBHa:

32,44

 =——————— =2 MOJIb-IKB/II
54,07-0,3
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MoJsiibHasE KOHIIEHTPAIKsS WA MOJSUIBHOCTh PAacTBOPA IMOKA3bIBAET
YHCII0 MOJICH paCTBOPEHHOT'O BEIECTBA, IPUXOIAIIEECs Ha 1 KT pacTBOpHUTE-
751 (MOJIB/KT):

my

C,= :

()

rJIe M; —Macca pacTBOPEHHOI'0 BEIIECTBa, (T); M, — Macca pactBopures, (Kr);
M — MoJIbHast Macca PacTBOPEHHOr'O BEIIECTRa, (I/MOJIb).

YrtoOb!l onpeeNiTh, B KaKOM KondecTBe d¢upa Haao pactBoputh 0,04 T
annnmHa CgHsNH, st momydenust pactBopa, MOJISUTBHOCTh KOTOPOTO paBHA
0,3 Monp/KT, menarT ciaeayronui pacuer: MoibHas Macca CgHsNH, paBha
93,13 1, cnmemoBarenbHO, Macca pactBopurens (3dupa), ompenencHHas IO
dopmyie (5), paBHa:

my 3,04

m2 = =
C,-M 9313-0,3
MonbHas gons BemiectBa B pactBope (Nj) paBHa OTHOIICHHIO YHCIIa

MOJIEH TaHHOTO BEIIECTBA K OOIEMY YHCIy MOJIEH BCEX BEIIECTB, COACPIKA-
HINXCS B pacTBOpE:

=0,109r

r7€e N — YUCI0 MOJIEH BEIECTBA B PACTBOPE; 2. N, — cymMMa MoJIeil BCEX Be-
i=1
IIIECTB, HAXOIAIIUXCS B PACTBOPE.
Paccuutaem MomnbHBIEe monu TiOK03bl CgHi12Os m Boasl B 36%-HOM
BOJIHOM PaCTBOPE TJIFOKO3bI.
B 100 r 36%-Horo pactBopa TritOKO3bI COAEPKUTCS 36 T TIIFOKO3BI U
64 r Boapl. OnipenenuM YUCIo MOJIEH TIIFOKO3bI U BOJIBI:

n(CsH1206) = 36/180 = 0,2 mou1b;
n(H,O) = 64/18 = 3,56 mou1b;
n(CgH120¢) + n(H,0) = 0,2 + 3,56 = 3,76 MoOIb.
Tornma

0,2
N (CGHlZOG) = ﬁ = 0,053,

N(H,0) = % = 0,947.

CyMMa MOJIBHBIX JI0JIEH BCEX KOMIIOHEHTOB paBHa 1.
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[Tepexon oT oaHUX (GOPM BBIpAKEHHUS KOHLIEHTpAIM B ApYyrye MoKa3aH
Ha CJICAYIOIINX IIPUMEPAX.

Ipumep. BBMUUCIUTE MONSPHOCTh, HOPMAIBHOCTH U MOJSUILHOCTH
10%-noro pactBopa CuSOy (p = 1,107 r/mi).

Pewmrenue: onpenearyM MOJIBHYIO MacCy U MOJIb-3KBUBAJICHTHYIO MaccCy
CuSOq:

M(CuSOy) = 159,6 r/moinb; M»(CuSO,) = 159,6/2 = 79,8 r/moi1b-3KB.

B 100 r 10%-noro pactBopa coxepxurcs 10 r CuSO4 u 90 r BOABL
Haiinem MosutbHOCTB pacTBopa 1o gopmyie (5):

10

Ch=—""—

159,6-0,09

Monsipras 1 HOpMajibHas KOHILIEHTpAalMK OTHOcATCS K 1 1 pactBopa,
IIO3TOMY ONpeiesisieM Maccy 1 i1 pacTBopa:

m = pV =1,107- 1000 = 1107 r.
B sTol Macce pacTBOpa COIEPKUTCS
1107-0,1 = 110,7 r CuSOy,

=0,696 MOJB/KT;

YTO COCTABIISCT
m / M=110,7 / 159,61=0,693 mo:b,
WITH
0,693-2 = 1,386 MOIb-3KB.
Monsipras konnentparus 10%-unoro pactBopa CuSQO, paBHa:
Cy = 0,693 mounp/m1.

HopmaibHast KOHIIEHTPAIUS WK MOJISIpHAs KOHIIEHTPAIIUs SKBUBaJICH-
ta: C(1/2 CuSO,) 10%-noro pacteopa CuSO, paBHa:

Cy = 1,386 MOIB-3KB/I1.

PaccMoTprM METOIMKY TPHTOTOBIICHUS pa30aBiICHHBIX PACTBOPOB U3
0oJee KOHIIEHTPUPOBAHHBIX.

Ipumep 1. Cxombko utpoB 30%-Horo pactBopa HNO; (p = 1,180 r/mi)
Tpedyetcs ais npuroroienus 20 1 0,5 M pacTBopa 3TOil KUCIIOTHI?

Pemenue. Onpenenum, ckoibko HNO; comepxurcs B 20 1 ee 0,5 M
pacTBopa:

Cyu = ML; Myno, = 63,01 r/moms,

m,=Cy M-V =0,5-63,01-20 = 6301t

18



YToOBI OTBETUTH Ha BOMPOC 33/1a4H, HAJIO ONPEJCIUTh, B KAKOM 00beMe
30%-noro pactBopa HNO3 conepxutcs 630,1 r HNOs3:

m, -100 RV m,-100 630,1-100 _
p-V C%-p 30-1180
CrnenoBatenbHo, uT00bI TpUroToBUTH 20 11 0,5 M pactBopa HNO3, Hago
u3pacxoqoBath Bcero 1,78 n 30%-noro pactsopa HNO3.

CrnenoBarensHo, 4To0bI purotoButh 20 1 0,5 M pactBop HNO3, Hago
u3zpacxomaoath Bcero 1,78 1 30%-ro pactBopa HNO3.

C% = 1780 mn

IIpumep 2. Cxonbko rpammoB 20%-ro pactBopa KOH Hano npubaButh
K 250 r 90%-ro pacTBopa, 4yToOsI MoyunTh 50%-b1it pactBop KOH?

Pemenue. Konnenrparuu ucxoaasix pactBopoB (20 u 90) 3anuceiBacM
B JIByX yIJIax JIEBOM CTOPOHBI KBajapara. Ha mepeceueHnun nuaronasneu 3amnu-
ChIBaEcM 3HAUYCHHE KOHIICHTPAIMH, KOTOPYIO HYX)HO moiy4duth (50). 3atem B
HaANpaBIICHUH JUAroHalel MPOU3BOUM BBIYMTAHUE W3 OOJBIEH KOHIIEHTpPA-
IIUU MEHBIIEH M TMOJydeHHBIC Pa3HOCTH 3alMChIBAEM B JIBYX APYTUX yriax
KBaJIpara:

20 40
N
90 / \ 30

Yucaa 40 u 30 mmoka3pIBarOT, B KAKOM COOTHOIIEHUH JTOJKHBI OBITH
CMEIIaHbl MCXOJHBIE pacTBOphl. CiemoBaTenpHO, Ha 40 BECOBBIX HacTeH
20%-ro pactBopa Hy»x)HO B3siTh 30 BecoBbix yacteir 90%-ro pactBopa, T. €.
cmemath ux B coorHomeHuu 40:30. Macchl HICXOIHBIX paCTBOPOB, HEOOXO-
IUMBIE JJIs MPUTOTOBJICHUS PAacTBOPOB, 0OpaTHO IMPOMOPHHOHAIBHBEI pa3-
HOCTSIM MEX]Iy KOHIICHTpaIMed CMECH U KOHIICHTPAIUSIMH UCXOJHBIX pac-
TBOPOB:

X 40, 100055331,
250 30 3
g nonyuenus: 50%-ro pactBopa KOH k 250 r 90%-ro pacTBopa Haj0
npubasuth 333,3 r 20%-ro pactBopa KOH.
OO0opyaoBaHue: MEpHBIE IMIMHAPHI, XUMIUUECKAE CTAKaHBI, TEXHUYE-
CKHE BECHI, apEOMETP.

PeareHTbl: cepHas KucjaoTa pazauaHbix KoHneHTparmid, Na,CO5-10H,0.
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IHopsinok BbINOJHEHHUS PAadOThI

OnbiTt 1. IIpuroroBjieHHe pacTBOpa CepPHOM KHCJIOTHI 33aHHOU
KOHI[EHTPAILIUU U3 IBYX PACTBOPOB: 00Jiee U MEHEEe KOHLIEHTPUPOBAHHOTO.

[IpoBeieM OMBIT B TAKOM HOPSIJIKE!

1. Hanuth B MEpHBIN HWJIMHAP KaXIbIA U3 PACTBOPOB CEPHOM KUCIIOTHI
Y U3MEPUTH APEOMETPOM HX IIJIOTHOCTb.

2. I1lo TaOJMYHBIM TaHHBIM IJIOTHOCTH B 3aBUCHUMOCTU OT KOHLEHTpA-
LAY ONPENEIUTh KOHLIEHTPAlUU UCXOAHBIX PACTBOPOB.

3. Paccuutarh, CKOMBKO MJI UCXOJHBIX PACTBOPOB KUCJIOTHI HEOOXOU-
MO JUJIS TTOJTYYEHHUS PACTBOPA 3aJaHHOW KOHIIEHTpauuu. /(s pacyeToB mosb-
3YWUTECH MPABUIIOM CMEIIECHUSY.

- o 1
o \a

rae C; u Cy — KOHIEHTPAIMU UCXOJHBIX pacTBOPOB; Cy — 3aJjaHHAs] KOHIICH-
Tpauus pactBopa; A; U A, — BECOBBIE COOTHOIIEHHS YaCTEW PACTBOPOB.

B ciydae mpurotoBieHus: pacCTBOPOB KUCIOT HEOOXOIUMO HAWTH 00b-
€M pacTBopa 1o GpopmyIe:

V=m/p.

4. Tlocne pacuera 00BEMOB UCXOMHBIX pacTBopoB H,SO4 oTMepuTh B
MEpPHBIM IMJIMHAPOM, a 3aTeM CJIUTh (0oJee KOHIIEHTPUPOBAHHBIA PacTBOP
NPUJIMBACTCS K MEHEEe KOHIICHTPUPOBAHHOMY) B XMMHYECKHU CTaKaH, TIIa-
TEJIBHO NEPEMEIIHNBASL.

5. IIpuroToBieHHBIM PACTBOP HAJIUTh B MEPHBIN UUIMHADP U U3MEPUTH
€ro MIOTHOCTh, MO Tabymie 3 HAUTH MPOLEHTHYIO KOHIIEHTPAIUIO, KOTOPYIO
JOJIKHBI MOJTyYHUTb.

Tabnuua 3
C, % p, I/MJI C, % p, I/MJI
1 1,0086 8 1,0816
2 1,0190 10 1,1029
4 1,0398 12 1,1244
6 1,0606 14 1,1463

6. BerancanTs MOJSIPHOCTD M HOPMAJIBbHOCTh MOJTYYEHHOTO PacTBOpA.

OnwiT 2. Ilpurorosiaenue 250 r 6%-ro pacrBopa Na,CO; us
Na,CO;-10H,0.
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[IpoBeneM OMBIT B TAKOM TOPSJIKE:

1. TlpousBectu pacuer, ompeaensss HeoOxoaumoe kommdectBo H,O u
Na,CO3-10H,0 nisa npurotroBieHus pacTBopa.

2. B3BecuTh pacCUMTaHHYI0 HABECKYy Ha TEXHOXMMHUYECKHX BeECax C
ToyHOCTRIO 10 0,01 1.

3. Ilepenectn HaBeCKy B XMMUYECKUI CTaKaH M PAaCTBOPUTH B paccuu-
TaHHOM KOJIMYECTBE BO/IBI.

4. TlepenuThb MOTYYEHHBIN PACTBOP B IWJIUHJP U apEOMETPOM U3MEPHUTH
€ro MJIOTHOCTb.

[To Tabyuiie 3 HAWTH €ro KOHIICHTPAIIMIO B TIPOIICHTAX.

5. Brrancnute MONSPHOCTD M HOPMAJIBHOCTh MOJTYYEHHOT'O PacTBOpA.

KonTpo/bHbIe BOPOCHI

1. Akxymynstop asromoousiss 3UJI — 130 conepxut 6 1 36%-ro pac-
tBopa H,SO,; (snekTponut). PaccumraiiTe, CKOJBKO HY)XHO B3ATh BOJBI U
80%-noit H,SO4 ni1st 3anuBKY aKKyMyJIsITOpA.

2. B cucteme oxJIaXIeHUs ABUTATENIe BHYTPEHHETO CTOPAHUS HCTIONb-
3yercs 60%-b1ii pacTBOp STHIICHITIHMKONIA B Bojae (aHtugpus). Paccuuraiite
KOJIMYECTBA KOMITOHEHTOB iisi mpurotoBieHus 10 kr pactBopa uz 90%-ro
BostHOTO pactBopa stwieHr ko1 (HOH,C-CH,0OH) mmotHocthio 1,106 r/m.

3. Ckonbko qutpoB 24%-ro pactBopa KOH (p = 1,218 r/mu) mns 3a-
JIMBKH IIEIOYHBIX aKKyMYJIATOPOB MOXHO NMPUTOTOBUTH U3 125 1 48%-Horo
pactBopa KOH (p = 1,510 r/mi).

4. Bonusbiii pactBop coaepxur 577 r H,SO, B 1 11 (p = 1,335 r/mn).
Bbrancianre mporeHTHYI0 KOHIIEHTPAIIUIO PACTBOPA, MOJIIPHOCTh, HOPMAJTh-
HOCTb, MOJISLIBHOCTB, MOJIbHBIE 1011 HoSO4 1 BOAERL

JlaGoparopuasi padora Ne 4
JEKTPOHHASA CTPYKTYPA ATOMOB

Leap padoThI: 3aKpeIUICHHE TEOPETHUYECKUX 3HAHWK 110 CTPOCHHIO
aTOMa, OBJIAJICHUE METOJMKOW COCTABIICHHS TPa@UUSCKUX M DIICKTPOHHBIX
dbopmyn aToma JIeMEHTA.

Oo01mue cBeaeHus

ATOMBI COCTOAT U3 MOJIOKUTEIIBHO 3apsKEHHOTO SAPa U BPAIAOIIAXCS
BOKPYI' HET'O OTPHULATEIIBHO 3aPsKEHHBIX AJIEKTPOHOB. llonokurenbHbIn 3a-
pSIT SIpa paBeH CyMME OTPHIIATEIEHO 3apsHKCHHBIX DJIEKTPOHOB (IIOATOMY
aToOM 3JICKTPOHEUTPAJICH) M YHCICHHO PAaBEH MOPSIKOBOMY HOMEPY JIEMECHTa
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B IEPUOJIMYECKON CHUCTEME. XUMUUYECKUE CBOMCTBA AJIEMEHTA 3aBUCST IJIaB-
HBIM 00pa30M OT CTPOCHHsI AIEKTPOHHOW 00OJOYKH aTOMa M YUCIIa DIEKTPO-
HOB B Hapy>KHOM CJIOC.

DJeKTpOHHBIC KOHPHUTYpAIMU aTOMOB Y TIPOCTHIX HOHOB MPUHSTO 000-
3HAYaTh ONPE/ICIICHHBIMHA 3HAYCHUSIMHU KBAaHTOBBIX urcen: N, |, myu s.

CoCTOSIHHS JICKTPOHA B aTOME, OTBEYAIOIINE ONPEICICHHBIM 3HAYCHH-
sIM KBaHTOBBIX 4rcen N, |, M u S, Ha3pIBaeTCsS aTOMHOM DJIEKTPOHHOM OpOuTa-
ap10 (AO), rpaduyeckr 0003HAYACTCS CUMBOJIOM [

Pacnpenesienne 3J1eKTPOHOB HA aTOMHBIX opouTamsx. CoriacHo
npuHiuny [laynu AO moxer ObITh 3aHATA HE OoJiee YeM ABYMsI SJIEKTPOHA-
MU, UMCIOIIUMHE Pa3HbIC CIIUHBI, YTO CUMBOJIMYCCKH 0003HaYaeTcs Tak: [{A

[Topsinok 3amonHeHust 3yeKTpoHaMu AQ ONpenesstoTcs MpaBUaMu
KiedkoBCKOT0, KOTOPBIC YUUTHIBAIOT MOPSIOK 3aIIOJIHEHHS OPOUTAIH OT 3HA-
yeHHH Kak riaBHoro (N), Tak u opoutamsHoro (l) kBanToBhIX ymcen. AO 3a-
TIOJTHSICTCS AJICKTPOHAMH B TIOPSIJIKE MTOCIICIOBATEIHHOTO YBEITHUCHHS CYMMBbI
«n+I» (1-e mpaBmio KieykoBCKOr0), a MpU OJWHAKOBBIX 3HAUCHHSX STOU
CYMMBI — B MOPSJIKE MOCIIEIOBATEIIBHOTO BO3PACTAHUS TJIABHOTO KBAHTOBOT'O
yrcia «n» (2-e npasmito KieukoBckoro).

IIpumep 1. Kakoit mogypoBeHb OyaeT 3aNOJHATHCS BCIE 3a MOAYpPOB-
HeM 4s?

[MoxyposHto 4S cootBeTcTBYeT cymma N + | =4 + 0 = 4.

CrnenoBaTeNbHO, TIOCIIE 3TOTO MOAYPOBHS JOJDKEH 3aIOHATHCS C CyM-
moii N + | =5,

W3 Bcex BO3MOYKHBIX KOMOMHAaIUH ¢ Takoi cymmoirt (n = 3, 1 = 2; n=4,
| =1; n=25, | =0) nepsoii OyaeT 3aNOIHATHCS KOMOMHAIIMS ¢ MEHBIIIMM 3Ha-
YCHUEM TJIABHOTO KBAHTOBOT'O YHWCIIA, T.€. 3a MOAYypOBHEM 4S OyneT 3aroi-
HaThes 3d.

CoracHo npaBmia XyHIa MUHUMAIILHON SHEPTUU aTOMa COOTBETCTBY-
€T TaKoe€ pacrpeieieHue 31eKTpoHOB 10 AO TaHHOrO MOAYPOBHS, IPU KOTO-
POM 3HAUCHHE UX CYMMApPHOTO CITMHA MAKCHMAJIHHO.

Y aroma yriaepozna Ha BHemHeM 2p moayposre (15°25°2p?) HaxomsTes
1Ba syekTpoHa. I'padudyecku 370 MOKHO U300pa3uTh Tak: [A[A] ]

JIJIst TAaHHOTO COCTOSHHSL Ys=FLFY =1

Hpyrue Bo3moxHble pemenust [AV] | wmm [N [ |
OTBEYAIOT HYJIEBOMY 3HAYCHUIO CYMMAapHOI'O CIIMHA 3JICKTPOHOB, T.€.

daTOM HaxXOJUTCA B BO36y)KI[€HHOM, HCYCTOﬁ‘—IHBOM COCTOSHHNU.

IHopsinok BbINOJIHEHHUS PadOThI

OmnbiT 1. CocTaBbTe 3JEKTPOHHYIO U Ipa@UUecKyto (HOpMyIIbl 3JIEMEH-
Ta C MOPSAKOBBIM HOMepoM 23. OnpenenuTe TUI 3JIEMEHTa, KOJMYECTBO Ba-
JICHTHBIX 3JIEKTPOHOB.
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1. Onpenenure 4nuciio 3JIEKTPOHOB, HOMEP NEepUoa, TPYIIbl, TOATPYI-
nbl. [TopsiakoBeIf HOMEp daeMeHTa 23, 3HAYUT 3apsjl Aapa U MaKCUMaIbHOE
YHUCJI0 3JIEKTPOHOB paBHBI 23. DTO 3JIEMEHT BaHAIUW; CTOUT B YETBEPTOM IIe-
puoJie, 3HAYUT YPOBHEW B aTOME YeThIpe (HOMEp Iepuojia U 3HaYCHUE N JuC-
JeHHO coBmaaarot). [loarpynma moOodHas, Tpymmna 5 — YUCIO BaJICHTHBIX
AJIEKTPOHOB O.

2. OmnpeenuTe NOPSAOK 3aMI0JIHEHUS YPOBHEW U MOAYPOBHEN B JAHHOM
anemenTe. [lonp3ysack nepBeiM npaBuiIoM KiIe4KOBCKOro MmepBbIM 3aM0JIHSIET-
sl IOIypOBeHb 1S 3aTeM 1Mo cymme N + | 3amonHsoTes moaypoBHu 28, 2p, 38,
3p, 4s. lna noxyposueii 3d, 4p cymma n + | = 5, T.e. oaMHAaKOBa, 10 BTOPOMY
npaBuily KJedkoBCKOTO B MEPBYIO O4YEpElb 3aIlOJHSETCS IMOLYPOBEHb C
MCHBITUM 3HAaYCHUEM Jucia «N», T.e. 3d.

[Topsiiok 3amonHeHus ypoBHEW U MOIYpOBHEH B aroMe BaHaAus Oyner
TakoB: 15252p3s3p4s3d.

3. Ompenenure KOJIMYECTBO 3JEKTPOHOB HA KaXIOM YPOBHE U MOJY-
poBHe. [lonb3ysace npunnunoMm [laynmmn u XyHna pacnpenenseM 31€KTpOHBI 110
YPOBHSIM U TOAYPOBHSIM:

15°25°2p®3s?3p°3d%4s?

N HEEEEE
NINNALY VIV | Sy

NINNIN———

N— d
P

4. OmpenenuTe YUCIO BAJICHTHBIX JJIEKTPOHOB, TUI (CEMEWCTBO) dJie-
MeHTa. BalleHTHBIMU 3JIEKTpOHAMH SIBJISIFOTCSI S- U P- 3JEKTPOHBI BHEUIHETO
YPOBHSI M HECITAPCHHBIC (- 3JIEKTPOHBI IIPEIBHEITHETO YPoBHS. [iis aeMenTa

2 3
Ne23 BanenTHbIMU siBIIsitOTCS 4S° W 3d” 37IEKTPOHBI, T.€. TATH BaJCHTHBIX
anekTpoHoB. [logypoBens 3d sBnsiercss mpeaBHenHEM (T1aBHOE KBAaHTOBOE
YHCJIO PaBHO 3), IIOATOMY 3aIMCaTh 3JIEKTPOHHYIO (POPMYITY BaHAIHS MOXHO
C y4eTaM pacroJIOKeHHsI MOYyPOBHEN CIEAYIOMUM 00pa3oM:
2602916222623 2
15°25°2p°3s°3p°3d°4s
+2 o
DnexTpoHHas Gopmynina noHa V' (B HHU3IIEH CTEIIEHU OKHUCIICHUs) Oy-
JIET UMETH BU/I
0 s :
(V° -2 — V*):
26c29n620221623 0
15°25°2p°3s°3p°3d°4s
a B BBICIICH —
0 s :
(V° =5 — V*™):
26c2916202211620/ 0
15°25°2p°3s°3p°3d 4s
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KoTtpoJsbsHbIe Bonpocsl

1. Ompenenure no npaswiy KiaedkoBCKOro mocienoBaTENbHOCTh 3a-
TIOJTHCHUST 3JICKTPOHHBIX OpOMTANCH, XapaKTepU3yIommXcs cymmon n + |
a) 6;0) 7.

2. 3anuumTe 3JIeKTPOHHbIE (DOPMYIIbI aTOMOB AJIEMEHTA C 3apsIoM Si/I-
pa a) 13; 6) 22; B) 41; 1) 53. CocraBbTe rpadudeckue cxembl (PopMyIibl) 3a-
MOJIHEHUS 3JIEKTPOHAMU BaJICHTHBIX OpOUTAsIEH 3TUX aTOMOB.

3. Hanmmmre snextponHsie Gopmyisl noHoB: a) Sn°*, Sn**: 6) Mn*",
Mn®*; 8) Cu®*, Cu®.

JlaGopaTopHuasi padora Ne 5
HEPUOANYECKAA CUCTEMA XUMHNYECKHUX
9JEMEHTOB . U. MEH/IEJIEEBA.
NEPUOJUYHOCTH CBOMCTB XUMHUYECKHX SJIEMEHTOB

Heab padoThl: OnpeaeieHne XUMUYECKUX CBOKCTB 3JIEMEHTOB 10 IOJIO-
’KEHHUIO UX B MIEPUOIMYECKON CUCTEME U CTPOEHUIO IEKTPOHHOM 00O0JIOUKH.

OO0mmue cBeaeHus

V3MeHeHne CBOMCTB XMMHYCECKUX DJIEMEHTOB 10 MEpE BO3pACTaHMs UX
TIOPSIKOBOTO HOMEpa OOYCIIOBJICHO TTOBTOPEHUEM CTPOCHHUS BHEITHUX DJICK-
TPOHHBIX 000JI04YeK aTOMOB. B mepronax (ropu3oHTAIBHBIX PSAAax) ¢ POCTOM
YKClia JCKTPOHOB Ha BHEIIHEM WJIM IIPEIBHEIIHEM YPOBHSX YMCHbBIIIACTCS
pajanyc aToMa, CBOMCTBAa 3JIEMCHTOB HM3MCHSIOTCS OT THIMYHBIX METAJIIOB
yepe3 aM(pOTepHbIC K HEMETA/UIMYSCKUM B KOHIIE TIEPHO/IA.

B BepTuKaabHBIX cTONOMAX (rpyInax) HaXOAATCS 3JCMCHThI, UMEIOITUE
CTEIEeHb OKUCIICHUS 110 KHCIOPOy, PaBHYIO HOMepy rpymisl. HaunHas ¢ 4-ro
neprojia Ipymrna JCAUTCS Ha TJIABHYIO MOATPYIY, KOTOpas BKIIIOYACT TH-
ITUYHBIC AJIEMEHTA (S- ¥ p- DJIEMEHTHI), ¥ 1000uHy0 (d- u f- amemenTsr). De-
MEHTBI OJTHOW TOJIPYIIBI HA3BIBAIOTCS SJICKTPOHHBIMHU aHajoramu. Mx Ba-
JICHTHBIC 3JICKTPOHBI PACIIOIOKEHBI Ha OpPOUTAISAX, OINHKCHIBAEMBbIC OOIICH
CTPYKTYpO#l NS. DieMeHThI MOOOYHON MOATPYIIBI UMEIOT OOIee CTpOEHHE
(n-1)d, ns BayieHTHBIX opOHTalcH. Pagryc aTomMa B TiIaBHOW MOATPYIIIE pac-
TeT (T.K. pacTeT YKCIIO YPOBHEH) M YBEIMUYMBAIOTCS BOCCTAHABJIMBAIOIINC
cBolcTBa. B moOouHOM moarpymme, u3-3a JAaHTAaHOMJIHOTO CHKAaTHusl, pajauyc
aTOMa IIOCJICJHErO BJIEMEHTa MOATrPYIIIbI MPAKTUUYCCKH PABEH PajnycCy BbI-
IIECTOSIIIETO aTOMa, BOCCTAHOBUTEIIEHBIC CBONCTBA YMEHBIIIAFOTCS.

BoccTaHOBUTEIIBHBIC U OKHCIUTEIIbHBIC CBOMCTBA 3JIEMEHTOB 3aBHUCST

OT BenM4MHbI SHeprun uonusamu (I, 3B) u sHepruum cpoAcTBa K IICKTPOHY
(Ecp, 2B).
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CrocoOHOCTh aTOMa MPUHUMATh WM OTJaBaTh 3JCKTPOHBI B XMMHYE-
CKHX PEAKIIMSIX OLCHMBACTCS BEIMYMHOM 3JIEKTPOOTPHUIATECILHOCTH (IPHJIIO-
KCHHE 2):

(30 =1 + E).

Pearentnl: cosb xpoma (I11), xmopoBomopoaHas KKCIOTa Kejae30, Mar-
HUH, TUAPOKCH]T HATPHS, IEPEKUCH BOIOPOIA.

Oo6opynoBanue: nepuogudeckas cucrema J[. 1. Menneneesa, mpooup-
KH, CIIMPTOBKA.

IHopsinok BbINMOJHEHUS PAdOThI

OnsiT 1. M3ydyeHue B3auMoaeiicTBHS S- ¥ 0- METa/IOB ¢ KMclIoTaMu. B
JBE POOUPKH TIOMECTUTH MarHuii u xene3o, npwmth 0,11 pactBop HCI 3a-
MUCaTh YPABHEHUS PEAKIUM, 3JIEKTPOHHbBIE (POPMYIIBI aTOMOB METAIIOB U MX
noHoB. Teopernueckn 000CHOBAaTh MPUUKUHY PA3HOM CKOPOCTH 3TUX pPeaKIuid
C TOYKHU 3PEHUS MOJI0KEHUS TaHHBIX METAJUIOB B IEPUOANYECKON CUCTEME.

OnbiT 2. V3ydeHne METOIUKH ONPENEICHUS OCHOBHBIX XHUMHUYECKUX
CBOMCTB 3JIEMEHTA IO €ro JJIeKTpoHHOU (opmyne. Ha mpumepe snemeHTa,
MMEIOLIET0 YIEKTPOHHY0 000104Ky 30°4s, SKCIIepIMEHTATBHO TOATBEPAHTD
3aBUCUMOCTb €r0 CBOMCTB OT CTPOEHUS aTOMa.

Ortger. [lepron 4 (paBeH rIaBHOMY KBaHTOBOMY YHUCITY).

['pymma 6 (MakcMMaIbHOE YHCIIO BAJICHTHBIX 3JICKTPOHOB).

[Moarpymma moboyHasi, T.K. 3T0 d- 3JIEMEHT.

[TopsinkoBbIit HOMEp 24, XpOM.

d-anmemeHT (B TOCTIEIHIO OYepe/ib 3anoiHseTcs d- o ypoBeHb Mpei-
BHEIITHETO YPOBHS).

HpOﬂBnﬂeT CTCHCHb OKHCJICHUS 110 KHMCJIOPOAY OT +1 no +6.

Ha BHEmHEeM ypoBHE TOJIBKO OJIMH DJIEKTPOH .48, II03TOMY CBOMCTBA
AJIEMEHTA B OOJIBIICH CTENEHU XapaKTepU3YIOTCS SHEPruel HOHU3AINH.

3aaHHBIA AJIEMEHT SIBJISICTCS METAUIOM, B XUMHUYECKHX PEAKIUIX —
BOCCTaHOBUTEIIb.

Husnme oxcuner Cr,O, CrO o0amaer OCHOBHBIMH CBOMCTBAaMHM, BBIC-
it CrO3 — kucnotueiMu, Cr,0O3 — aMmdoTepHbIMU.

JleTyunx coeMHEHUMN ¢ BOAOPOJIOM HE 00pa3yerT, T.K. SBJISETCS MeTaj-
joM. (JIeryune coeMHEHHUS ¢ BOJOPOJIOM JIAIOT TOJNBKO P- 3iaeMeHTsl 1V-VII
TPYIII, T.€. HEMETaJUIHI.

Onwit 3. [TonydeHue u cBoiicTBa ruApoKkcuaa xpoma (+3)

[Monyunth B 1ByX mpodupkax ruapokcu xpoma (I11) B3anmoneiicrBuem
pactBopa coiu xpoma (II1) — 1-2 Ma ¢ 2-MOJSIpHBIM PAacTBOPOM IICIIOUH
(2-3 xarum). HccnenoBaTh peakiiuio B3auMOJICHCTBHS THIPOKCHIA XpoMa C
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KHUCJIOTOW M ¢ U30BITKOM LIEJIOYH, IS YeTO 100aBIISTh B OJHY MPOOUPKY IO
KAIUIIM 2-MOJISIPHBIM PacTBOp COJISTHOM KUCIOTHI, B JPYTYIO — 2-MOJSIPHBIN
pacTBOp LIEIOYM A0 PacTBOpeHHUs ocanka. Hamucare ypaBHEHUS peaklUid:
nonydeHus: ruapokcuga xpoma (I11), B3auMomelicTBUSA THIpOKCHIA XpoMma
(I11) ¢ KuCAOTOM, CO IIENOYBbIO, YUMTHIBAs, YTO CO IIEIOYBI0 IOJY4acTCs
KoMIuIekcHbii annon [Cr(OH),]". Caenars BBIBOL 0 XUMHUYECKOM (KHCIOT-
HO-OCHOBHOM) Xapakrtepe ruapokcuia xpoma (111).

OnwlIT 4. 13yyeHnue BOCCTaHOBUTEIBHBIX CBOMCTB coieii xpoma (1)
K nmonyuennomy B ombiTe 3 Na[Cr(OH),] mob6aButs 1 M menoun u
1-2 mn 3%-ro pactBopa mepokcuaa Bogopoaa. Harpers cMech 10 mepexoja

3€JICHOM OKpacKu B JKeNTyro. Hamwmcars ypaBHEHHME peakIMu OKHCIICHHS
Na[Cr(OH),] 8 Na,CrO..

OnwIT 5. M3yuenue okucauteabHbIX cBOMCTB Cr (+6).

K pactBopy K,Cr,O; npunurs 1-2 mu 1%-noro pacrtsopa H,SO4 u
1-2 mu mutpura Hatpus (NaNO,) 1o u3meHeHus okpacku pactBopa. Ilpouc-
XOJIUT OKHCIIUTETHLHO-BOCCTAHOBUTEIIbHAS PEAKITHS:

K,Cr,;°0, +4H,S0, + 3NaNO, — Cr3*(S0,); + K,SO, +4H,0

3amnucaTh 3JCKTPOHHBIC (POopMYIbl HOHOB XpoMa (+6) u (+3).

KonTpo/bHbIe BONPOCHI

1. Vkaxute, KaKk MEHSETCS OKHCIHWTEIbHAs aKTHBHOCTH DJIEMEHTOB,
MMCIOIINX CIIEIYOIIHE dCKTPOHHbIE (OPMYIIBI U moueMy: ...35°3p°; ...45°4p>;
...55°5p°; ...65%6p’

2. OnpeneanTh MeCTOo 3JIeMeHTa (IIepHOo, TPYIIIY), €ro CBOMCTBa, (hop-
MYJIy ¥ XapaKTep €ro BBICIIETO OKCHJA, €CIU MOPSAIKOBBIE HOMEP DJIEMEHTA:
a) 35, 0) 38, B) 41.

3. OOBACHUTH XOJT U3BMEHEHUSI BOCCTAHOBUTEILHBIX CBOMCTB 3JIEMEHTOB
Mg — Al — Si, eciin ux Heprus HOHU3AIUK COOTBETCTBEHHO paBHa: 7,6; 6,0;
8,2 (3B).

4. Kakoil aieMeHT siBisieTcs 00jiee CUIIbHBIM BOCCTAHOBUTENIEM JIUTUI
WJIU HATpHii; 60Jee CUIIbHBIM OKUCIUTeNeM a30T win pochop? [louemy?

JlabopaTopHasi pa6ora Ne 6
XUMHNYECKAS CBA3b

Heab padoThl: 3aKperieHUE MyTEM IPOBEACHUS IKCIIEPUMEHTOB TEO-
pPETHUYECKUX 3HAHUI MO0 MEXaHMW3MY OOpa30BaHMS M CBOMCTBAM XMMHUYECKOU
CBSI3H.
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Oo0mue cBeaeHus

CBs3b, ylIepKUBaAKOLIAasi aTOMbl B MOJIEKYJIE, HA3bIBAETCS XUMUYECKOU.
XuMH4ecKasi CBSI3b UMEET AIEKTPOCTATHUECKYIO IPUPOLY U 00YCIIOBJIEHA I1€-
pepacnpeielieHueM napbl 3JeKTPOHOB MEXIYy ABYyMs aromamu. B oOpa3zoBa-
HAM XMMHAYECKOM CBA3M YYaCTBYET JIBa 3JIEKTPOHA C OTJIMYAOLIMMMUCS CIIH-
HOBBIMY KBaHTOBBIMH YHCJIAMM.

OO0pa3zoBaHuE XUMUYECKOH CBSI3U BCEra CONPOBOXKIAECTCS BbIACIECHUEM
sHepruu. HanpoTus, pa3pbIB cBsi3U TpeOyeT 3aTpaT SHEPTUH.

B 3aBucuMocTH OT pacmnonoXeHHs Mapbl JIEKTPOHOB, 00pa3yroIUX
CBSI3b, PA3JIMYAIOT CICAYIOIINE BUIbI XMMUYECKOU CBA3U BHYTPU MOJICKYJIBL

— KOBAJICHTHAS HEMOJIIPHAS U NOJISIPHAS;

— WOHHAA.

KoBaneHTHas HemnoussipHasl CBA3b 0Opa3yercsi, €cii CBA3YHOLIas Iapa
AIIEKTPOHOB HAXOAUTCSA HAa PAaBHOM paccTosiHue oT oboux sizep. [lpu cmerne-
HUU Maphl JIEKTPOHOB K OJTHOMY M3 aTOMOB MPOUCXOAUT 00pa3oBaHUE KOBa-
JICHTHOW TOJSIPHOM CBsi3W. EcCimM mapa 3JIEKTPOHOB IOJHOCTBIO IEpennia K
OJIHOMY M3 aTOMOB, TO CBSI3b CTAHOBUTCSI HOHHOM.

CKJIOHHOCTh aTOMOB NPUTATMBATh WM OTJABATh JJIEKTPOH XapaKTepu-
3yeTcsi BENMYMHOW 3yekrpoorpuiaresibHoctd (D0). JlaHHasi BelWYHMHA CO-
CTOUT M3 CYMMBI dHEpruu MOoHM3anuu 3Jektpona (I) u sHeprum cpoicTBa K
aekTpony (E):

0=E,, +|

Haunbonpmiet BeMMUYUHON 3IEKTPOOTPHUIIATEILHOCTH 00JamaeT aToM
¢dropa 4,0 (mo A. ITomunry). 3Ha4eHUs 3AESKTPOOTPUIIATEILHOCTH OCTATIbHBIX
aTOMOB TIPUBEICHBI B TIPHIOKeHUH 2. 1lenKkoM HOHHBIX CBSI3€H HET, TaK Kak
aToOM, OT/aB 3JIEKTPOH, MOJYy4aeT CIOCOOHOCTh MPUTITUBATh €r0 0OPaTHO U,
CJIEJIOBATEIbHO, OTPULIATENIbHBIN 3apsi/] Ha aTOMax MEHBIIIE 3apsia FJIEKTPOHA.

Takum 00pa3oM, MO Pa3HOCTH BEJIMYMH 3JIEKTPOOTPULIATEIBHOCTEN
aTOMOB MO)XHO CYAMTh O CTENEHH MOJSIPHOCTU 00pazyeMoil XMMHUYECKON
cBs3u. Yem Oosbiie 3ta pazHocTh (ADO), TeM Ooublie CTENeHh HOHHOCTH
(CH):

AD0 02 | 04 | 06 | 08 1,0 1,2 1,4 1,6
CH, % 1 4 9 15 22 30 28 47
AD0 18 | 20 | 2,2 24 | 26 28 | 30 | 32
CH, % 95 63 70 76 82 86 89 92

[Ipu pa3HOCTH ANEKTPOOTPUIIATEIHHOCTEH OOJBIIE 2, IPUHITO CUNTATH,
94TO 00pa3yeTcsi HOHHAS CBA3b.
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KoBanenTtHas mossipHasi cBsi3b 00Ja/JaeT HAMPABJICHHOCTHIO M HACHI-
IIEHHOCTBIO, TOTJ]a KaK MOHHAs CBS3h HEHACHIIEHHA U HE UMEET HaIlpaBJIcH-
HOCTH.

HampaBieHHOCTh W HACBHIIEHHOCTh KOBAJIEHTHOW CBSI3U ONPEHEISAET
CTPYKTYpPY MOJIEKYJ. PaccMOTpUM CTpO€HHE MOJIEKYJIbl BOABL. ATOM KHCIIO-
poIa MMeeT SIEKTPOHHOE crpoeHme 15°25°2p°. BasneHTHBIC p- HIEKTPOHEL
PaCIIOJIOKEHBI Ha 3JIEKTPOHHBIX OO0JIaKax, KOTOPBIE pAacClojaraloTcs B IMpo-
CTpaHCTBE BIOJIb TPEX ACKApPTOBBIX kKoopawHat moj yriaom 90°. Ha omHom
P- 3JEKTPOHHOM OO0JIaKe PACIONIOKEHO J[BAa AJIEKTPOHA, Ha JBYX JIPYrUX IO
OJIHOMY 2JIeKTpoHYy. [locnennue nBa P-37IEKTPOHHBIX 00JaKa MEPEKPHIBAIOTCS
C S- 3JIEKTPOHAMHU JIBYX aTOMOB Bojiopojia. Ho yron B Mosiekyse BOIbI MEXKTY
CBA3SIMU KHUCJIOPOJ-Boa0po HEe paBeH 90°, yTO OOBICHSETCS MOJSIPHOCTHIO
CBsI3u. MakcuManbHas 3JeKTPOHHAs IJIOTHOCTh CMEIeHa OT aToMa BOJIOPO/ia
K KACIIOpOAY, YTO 00YCIIOBIEHO 0OJbIINM 3HaueHueM D0 y aToMa KUCIOPO-
na. B pesynpTare Ha aroMax BOJIOPOJa BO3HUKAIOT 3(P(HEKTUBHBIC MOJIOXKH-
TeJbHBIE 3aps/ibl, KOTOPbIE OTTAJIKUBAIOTCS ApyT oT apyra. [lociegnee mpu-
BOJIUT K TOMY, UYTO YIOJI MEXJIY CBS3SMHU KUCIOPOA-BoA0po] paBeH 104°28’.
Yem OOJIbIIIC CMEIICHUE 3JICKTPOHHOM IJIOTHOCTH (OOJIBbIINE CTEICHh MOHHO-
CTH KOBQJICHTHOW CBSI3HM), T€M OOJIbIIIC OTTAJKMBAHUE JBYX aTOMOB BOIOpO/A
APYT OT JIpyra v TeM OOJIbIIIE Yroi MEX Ty CBs3AMU oTinyaercs ot 90°.

Ouyenp yacTo B 0Opa3oBaHUM XUMHUYECKUX CBS3EH y4acCTBYIOT OJIHO-
BPEMEHHO 3JIEKTPOHBI OJHOTO aTOMa, PacIlOJIOKEHHBIE Ha S- U p- TIOJAYPOB-
Hsax. Kak mokaseIBaroT ucciieqoBaHus, IPOYHOCTh CBSI3€M MPHU 3TOM HE pas-
auvaetrcsa. B maHHOM ciydae mMpOMCXOAUT CMENICHUE JIBYX WM HECKOJBbKHX
opOuTanei, KOTOpble OPUEHTHUPOBAHBI B MIPOCTPAHCTBE OIMpeIeIEHHBIM 00pa-
3oM. Habop HOBBIX opOuTasiell HOCUT Ha3BaHWE THOPHUAHBIX, a caM IMpUEM
CMEILCHUS — THOPUIN3aIlii OpOUTaICH.

[Ipu TubpuaN3anuy OJHON S- M OJHOM p- OpOUTAIIM IIPOUCXOIUT 00pa-
30BaHUE JIBYX SP-THOPHIHBIX OpOWTaliel, JIOKAJIU30BAaHHBIX BJIOJb OJHOU
MPSIMOM TI0 pa3HbIE€ CTOPOHBI OT siApa. [Ipu rubpunuszanuu ogHON S- U JABYX
p- DIEKTPOHHBIX OPOUTANICH MPOMCXOMUT 0Opa30BaHUE TPEX SP°- IEKTPOH-
HBIX OpOUTaNIeH, pacloI0KEeHHBIX B TwIockocTu nof yriiom 120°. Ilpu rubpu-
IU3aId OJTHOM S- M TpeX p- opOuTajIcii MPOUCXOAUT 00pa30BaHHUE YETHIPEX
Sp°- rHOPHAHBIX OpOHUTANIeH, TOKAIM30BAHHBIX B IPOCTPAHCTBE B BH/IE TETPa-
snpa. 'mOpuau3anys BO3MOXKHA U IIPH CMEIICHUH S-, P- ¥ 0- opOuTaneit. [1pu
THOpUIN3AIIN TIPOUCXOJAUT BBIPABHUBAHUE DHEPTUU SJECKTPOHOB, PACIOJIO-
YKEHHBIX Ha Pa3HBIX OpOUTAISIX.

Ecou nns oOpa3oBaHus XUMHUYECKOW CBSI3U Tapy DSJEKTPOHOB TIPEI-
CTaBJISIET OJIMH aTOM, a BTOPOH aTOM MPECTaBIIACT CBOOOTHYIO OpOUTAIIb, TO
TakKasi CBSI3b Ha3bIBACTCS JOHOPHO-AKIIENITOPHON MJIM KOBAJIEHTHOM CBA3BIO.

PeareHnTnl: pacTBOpHI Cyib(hara MeId 1 aMMHAKA.

Oo6opyaoBanue: mpoOUpKH
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IHopsinok BbINOJHEHUS PadOThI

3aganue 1. Onpeaenure TUMN CBSI3U B MOJIEKyJax (Topa, XJIOPOBOIO-
poa, XJopuaa Me3us U HaTpus, a30Ta, XJIopa, MATHOKUCH (hochopa u MeTaHa.

3aganme 2. Onpeaenure U3MEHEHUE XapaKTepa XMMUYECKOM CBSI3U B
cienyronux coenuneHusx KCI-CaCl—-FeCl,—BrCl.

3apanme 3. B xakom u3 ciaenyromux coequdenuid TiCl,, CaCl, mmm
MgBr; 6ombIm1as 1015 HOHHOM CBSI3H?

3aganmue 4. B xakoii u3 monekyn HoTe, H,S nnu H,Se BaneHTHBIN yron
npUOIMKACTCS K IPIMOMY ?

3apanue 5. Onpeaenure u3MeHeHue yrioB B mosekynax NH; PH; u
AsH;.

OnbiT 1. Haneiite B npoOupKy HEMHOTO pacTBopa cyib(ara Meu,
npubaBbTE PACTBOP aMMHAKa /IO PACTBOPEHUS BBINABILETO MEPBOHAYAIBHOTO
ocajka. [Ipu atom obpasyercs pactBop komiuiekcHoi coiu [Cu(NH3),]SO..

Kakas cBsi3b 00pa3yercs Mexay aMMHUAKOM U HOHOM MeJiu?

3ananue 6. Halimute B cipaBOYHOM JIMTepaType TEMIIepaTypy IiaBJie-
HHUs BOCKA U XJIOPUJA HATPUS.

[Touemy naHHbBIE TEMIEPATYPHI TAK CHIIBHO PA3THYAIOTCA?

KonTpoibHbIe BOPOCHI

1. KakoBa npuuuHa oOpa3oBaHUsi XUMUYECKON CBSZH?

2.Kakue cBsi3u Ha3bIBalOTCA MOJSIPHBIMU U MOHHBIMU? [lpuBenu npu-
MEpBIL.

3.YTo Takoe rudpuan3aius JIEKTPOHHBIX OpOUTaei?

4.YT0 Takoe JOHOPHO-AKIENTOPHAS CBA3b?

5.Uto Takoe G U T— CBA3b?

JlaGopaTopuasi padora Ne 7
OINPEJAEJIEHUE DOHEPTETUYECKHUX DOD®EKTOB
XUMHNYECKHUX ITPOLHECCOB.
HATIPABJIEHUE XUMUWYECKHUX PEAKIIUHA

Leab padoThbl: TEOPETUUECKUN U SKCIEPUMEHTAIBHBIN PacyeT TEII0-
BOro 3¢ (exTa XuMUYECKUX peakinii; BerancieHne AG XUMUUECKUX peaKIui
U OTIpeieJIieHe BO3MOKHOCTH 1 HAIIPaBIECHUS UX TTPOTEKAHUS.

Oo0mue cBeIeHUA

XUMHYECKHE PEAKIIUU COMTPOBOXKAAIOTCS BBIACICHUEM WIIH MOTJIOICHU-
eM SHEepruy B BUJIE TEILIOTHI (M3MeHeHus sHTainbnuu — AH'y, ). Peakmy, B Ko-
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TOPBIX TEIJIOTA BBIICISAETCS, HA3bIBAIOTCS SK30TEPMUUECKUMH, a PEAKIIUs, CO-
MPOBOKAOIINECS TTOTJIOMIEHUEM TETIIOTa, HA3bIBACTCS SHIOTEPMHUYECCKUMH.

Jl71st BerumcaeHus TemioBoro d¢dexra (nmm AHy,,) peakunuu moab3yT-
csl CIIe/ICTBUEM U3 3akoHa ['ecca: TermoBoit 3 dexr (rmu sHTAIBINS) TIpOIIec-
ca paBHa Pa3HOCTH MEXAY CYMMOH TETUIOT 00pa30BaHMs MPOIYKTOB PEAKIIUH
¥ CyMMOU TETUIOT 00Opa30BaHUs UCXOHBIX BEIIECTB C YYETOM UX CTEXHOMET-
prueckux ko3 durmentos (N, m):

AH . = 2 MAH 3661 =2, MiAH 5g; ,

NPOOYKMO8  UCXOOHBIX
peakyuu  eeuecma

rae AH" g — CTaHIApTHAS SHTAJBITNS BEIIECTBA, paBHAs TEIIOBOMY 3P eKTy
oOpazoBanusi 1 Moysi BemecTBa W3 MPOCTHIX BEIIECTB, YCTOWUYMBBIX TPHU
t =298 K u p = 101 klla. DTy BenuuuHy HaXOAST B CIIPABOYHBIX TaOJIMIIAX
(cM. mputoxkeHue 3).

Ipumep 1. Beruuciure w3meHeHue SHTambINK (TEIwioBoi 3ddekr)
XUMUYECKON peakinu BoccTaHoByieHus Fe,03 amtomMuHueM.

Pemrenue. /[ BBIUKMCICHUS SHTAIBIUM JAaHHOW PEAKUHUM 3alUIIUTE
TEPMOXHUMHUYECKOE YpaBHEHHE, KOTOPOE JOJKHO COACPKATh CTEXHOMETpHUYe-
cKre KO3 HUIIUCHTHI, CTOSAIINE Mepel MOJICKyIaMu (BO3MOXKHO JPOOHBIE) C
yKa3aHUEM arperaTHOro COCTOSHUS BEIECTB.

FGQOg(K) + 2A|(K) = Aleg(K) + ZFG(K), AHox.p_ =7

B cmpaBouHoii Tabiume (npuiaokeHue 3) HEOOXOIUMO HAWTH CTaH-
JapTHBIC SHTAJIBIINH BEIICCTB.
Jlst manHoro mpumepa AH' y93 paBHa!

AH 5gga; = 0; AHjg81,0, =—1676 xJli/mons;

AH 5ggre =0; AH 39gre,0, =—822,1 x/lx/mMOTIB.
Ortcroaa cienayer, 94To TeoBoi A(h(HEKT JaHHOM peaKIuy PaBeH:
AH, , = (AH 981 0, + 2AH 208re) — (AH 298¢ 0, + 2AH 5984)) =

=(-1676+2-0) - (-8221+2-0) =8539 /lx

IIpumep 2. BoiunciuTe CTaHAAPTHYIO SHTAIBIINIO 00pa30BaHUs THAPO-
KCUJA KAIBLMSA, UCXOS U3 CIIEAYIOIMNX TEPMOXUMUYECKAX YKA3aHUM:

Ca(T) + 1/202 = CaO(T); AHX_p_(1) =-635,6 KI[)K/MOJIB;
H2(r) + 1/202 = HZO(X(); AHX_p_(g) =-285,84 KI[)K/MOJ'IB;
CaOgy + H20y = Ca(OH),wm; AH, 3 = —65,06 xJIx/MOb.
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Pemenue. 1o 3akony I'ecca ctangapTHas sHTaIbIUS 00pa30BaHUs TUA-
pOKCHA KaJbIUs paBHA CyMME TEIIOBBIX 3(()EKTOB BCEX MPOMEKYTOUHBIX
craguii. [IponsBos ciokeHrne mpuBeAeHHBIX Bbilie AH 1 peakiui, yoexaa-
€MCsl, YTO OHHU MPEACTABISIOT MPOMEXYTOUHBIE CTAJNH PEAKUUN MOITYYECHUS
TUAPOKCHUAA KaJbIUS U3 MPOCTHIX BELIECTB:

Ca(T) + H2(r) + OZ(r) = Ca(OH)Z(T);

AH 395ca(0H), = AH
=-986,5 k/[x

X.p.(l) + AH X.p.(2) + AH X.p.(3) = _635,6 - 285,84 - 65,06 =

HampaBnenue, B KOTOpOM CaMOMNPOU3BOJIBHO MPOTEKAET XUMHUYECKas
peaKIusi, ONPEeCISIETCSI COBMECTHBIM JACHCTBHEM JBYX (PaKTOPOB:

1) TeHIEHIMEH K TEepeX0y CUCTEMBI B COCTOSHUE C HAaMMEHBIICH 3H-
TaJbIINEH,

2) TeHICHIMEH K TOCTHKCHHUIO HanboJ1ee BEPOSITHOTO COCTOSTHUS.

Mepoii BeposiTHOCTH (T.e. HAUOOJBIIETO OCCIIOpPSIIKA) COCTOSHUS CHUC-
TeMbl TPUHITO CUWATATh OJHTPONUIO S, KOTOpask HMEET pPa3MEpPHOCTH
([Ix/monb-K).

DHTPOIHS BO3pacTaeT IPH MEPEeXoJie BEIIeCTBA M3 KPHUCTAIINYECKOTO
COCTOSIHHSI B JKHIKOE M M3 KHUJIKOTO B Ta3000pa3HOe, P PACTBOPEHUH KPH-
CTaJIJIOB, IIPH PACIIMPEHUN T'a30B, IPU XUMHUYECKUX B3aUMOJCHCTBUSIX, IIPH-
BOJISIIUX K YBEJIMUYCHHUIO YMCJIa YACTHII.

Hamnpotus, mpoiieccrl, B KOTOPHIX YIOPSAOYEHHOCTh CUCTEMBI BO3pac-
TaeT, COMPOBOXKIAAIOTCS YMEHBIIIEHHEM SHTPOIHH.

Ipumep 3. He npousBoisi BEIYKMCICHUH, OMPEACIUTE 3HAK U3MEHEHUS
SHTPOIUH B PEAKITUAX
NH4NO3(K) = Nzo(r) + 2H20(r) (1)
2Hymy + Oz = 2H20p (2)
Otet. B peaknun (1) 1 Monp BeleCcTBa B KPUCTAIMUESCKOM COCTOS-
HUM oOpaszyer 3 Moisg rasos, cienoBarensHo, ASy, > 0. B peaxuun (2)
YMEHBIIIAETCs 001Iee YUCI0 MOJIEeH ra3000pa3HbIX BemecTs, AS,, < 0.

V3MeHeHHEe SHTPOMHUH CHUCTEMBI B PE3yJbTaTe XUMHUYCCKOH PEaKIHH
(ASy,.) paBHO:

ASx.p. = Z N;S; NPOAYKTOB Z m;S; HCXOJHBIX

peaKLII/Iﬁ BCIICCTB

OYHKIHUEN COCTOSIHUS, OTPAXKAIOIICH BIMSHUE 3HTAJIBIIMU U SHTPONUU
Ha HaIpaBJICHUS XUMHUYECKHUX MPOIECCOB, CIYXUT dHeprust [ m6oca

G=H-TS.
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Jlnst n300apHO-M30TEPMUIECKUX MPOIECCOB M3MEHEeHHE dHepruu [ uo-

Oca paBHO:
AG = AH -TAS.

XUMHUYECKUE PEaKIMd MOTYT CaMOMNPOM3BOJBHO MPOTEKaTh TOJILKO B
TaKOM HaIlpaBJICHUH, NPU KOTOpOM 3Heprusi ['mdboca cuctemMbl yMEHbIIACTCS
(AG < 0).

Temneparypy, npu koropoit AG® = 0, Ha3bIBalOT TeMIiepaTypoil Hayaia
peakuuu. [Ipu 310l Temneparype u npsimas, 1 oOpaTHasi peakius paBHOBEPO-
STHBI

AH®
AS°

T=

IIpumep 4. Ilo Benuuune u3zMeHeHus sHeprun ['MOOca ompenenure,
BO3MOXKHA JIU CJIEAYIOIIasi peaKIus:

SiOz(T) + 2NaOH(p_p) = N&zSiOg(T) + Hzo(m)

MO>KHO JTi BBIIAPHUBATh IIEI0Yb B CTEKISTHHOM CcOCy/1e?

Jns Beruncnienus 3HaueHust AGy, — U3 CIpaBOYHHKA (CM. PHIIOKEHHE 3)
ONpeNieNIuTe CTaHaapTHhIe SHepruu [mbOca oOpa3oBaHUsI BeIIECTB, T.€.
AG°y9g ipu peakiuu oOpa3zoBanusi 1 MOJIsI BeIecTBa U3 MPOCTHIX BEIIECTB.

M3meHeHne BcexX TePMOJAWHAMUYECKUX (DYHKIM HE 3aBHCHUT OT IyTH
mpoiiecca, mo3ToMy:

AGy, =2 NAG{g —2_ MAG; g
IpOOaYKTOB HNCXOOHBIX
pCaKknuu BCIICCTB

Torna
AG, , =(AGyg,sio, + AGH o) —(AGgio, +2AG,0n) =
— (~1427,8— 2855) — (803,75~ 2-419,5) = —22,55 &)l

AGy . < 0, cnenoBaTenbHO, IpsAMasi peaklus BO3MOXKHA. BrIapuBaTh menousb
B CTEKJISIHHOM mocyjie Hesb3sl, Tak kak SiO; 1 NaOH pearupyror Mexmay coOox.
OO6opynoBanme: KaJopuMeTprUIecKasi yCTaHOBKA, CTEKJISTHHASA TPYOOUKa.
PeareHTbl: pacTBOpPHI XJIOPOBOJOPOJHON KHCJIOTHI, THIAPOKCHAA Ha-
TpUs, KPUCTAJLIBI XJIOpUJIa aMMOHHMS, PACTBOPHI XJIOpHUIA Kallds M JKeye3a,
HOUT KaJHsl.

ITopsinok BBHINOJIHEHUSA PAOOTHI
OmnbiT 1. Onpenenenue TEIIOTH HEUTpaIKM3alMU CUILHOTO OCHOBAHMS
CHUJIBHOU KHUCJIOTOM.
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JIns mpoBeneHusl SKCIIEPUMEHTA BOCHOJIB3YHMTECh KATOPUMETPUIECKOU
YCTAaHOBKOM, OKa3aHHOM Ha puC. 2. YCTaHOBKA COCTOUT U3 METAJTIMYECKOTO
OCHOBaHHUs 1, HA KOTOPOM YCTAaHOBJIEH TEPMOU3OIUPYIOLIUI cocyn 2, py-
Oalllka KOTOpPOTO 3amloJHSETCS BOJIOM, peakMOHHOro cocyda 3, MmpoOupka
JUIsl OJTHOTO M3 PEareHToB 4, MEIIaIKu S, 3aKPEIJICHHON Ha BBIXOJHOM Bally
AJIEKTPOABUTATENISA, TEpMOMETPA 6.

—— T

Puc. 2. Cxema kamopumeTpa
YcraHoBneHo, 4To HeWTpanu3amus 1-To SKBUBAJICHTA JIFOOOW CHIIBHOU
KHUCIIOTHI JIFOOBIM CHJTBHBIM OCHOBaHHMEM B pa30aBICHHBIX PacTBOpax BCETIa
corpoBoxaaercst sk3orepMuaeckuM 3phektoM (AH,einp), paBHbIM 57,15 K/DK.
OT0 00BACHSETCA TEM, UTO B pa30aBIEHHBIX PaCTBOpPAX PEAKIUS HEUTpau-
3aIMU CBOJUTCA JIMIIb K 0OPa30BaHUIO MOJIEKYJ Boasl M3 MoHoB H' m OH,
HaTpUMep:
NaOH + HCI = NaCl +H,0;
Na"+ OH +H"+ CI'=Na" + CI" + H,0
OH +H" =H,0
[MpuroroBere 200 mut 0,25 H pactBopa NaOH(KOH) u 15 mn 5 H pac-
tBopa HCI(HNO;). BHecure B KanopuMeTpU4eCcKHuid CTaKaH MPUTOTOBJICHHBIN
pacTBOp MIEJIO0YH, a B IPOOUPKY pacTBOp KUCIOTHL. M3MephTe TeMieparypy B
ycTaHoBKe ¢ TouHOoCThIO 710 0,1°C.
3areM pacTBOp KHUCIIOTHI BJIECHUTE Yepe3 BOPOHKY B KAJIOPUMETPUIECCKUI

CTakaH mpu paboraroiieit Memaike. OTMEThTE MaKCUMAIILHYIO TEMIIEPATYPY,
KOTOPYIO MOKAXET TEPMOMETP IOCIIE CIAMBAHUS PACTBOPA.
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JIn BBIYMCIICHUS TETJIOThl HEUTPAIN3ALMU TAHHOM PEAaKIUU ITPOU3BE-
JIUTE BBIYUCIICHU.
1. Onpenenure TEMIOEMKOCTh KaJTOPUMETPUUECKONM CUCTEMBI MO ypaB-

HCHUIO
CKaJ'I.CI/ICT. — 0;754m1 + Cp'mZ

rae C, — yzaenpHas TeloeMKocTs pactBopa = 4,19 Jlx/r-rpax; 0,754 Jlx/r-rpag —
TEIUIOEMKOCTh CTEKJIa; M; U My — Macca CTakaHa U pacCTBOPOB COOTBETCTBEHHO.

2. BpruucnuTe KOMMYECTBO TEIUIOTHI, BBIJICIMBIIECHCS B pE3yibTaTe
HEUTpaJIM3allin:

AHl = CKaJ’I.CI/ICT.At;
At = (tKOH. - tHaq.)

3. Ompenenurte TEIJIOTY, KOTOpas BBIACTUTCS TMpU HeWTpamm3aruu 1
HKBUBAJICHTA CUJIBHOTO OCHOBaHUS. [[0CKOIBKY OBLT B3AT pacTBOP OCHOBAHUS
konueHrpanuu 0,25 H, To B 1000 M pactBopa coaepsxurcs 0,25 sxkBUBaneHTa
ocHoBanus, a B 200 miu pactBopa — 0.05 skBuBasieHra.

CTONBKO ke 3KBHBAJICHTa KHCIOTA (MM MOJEH, T.K. KHCIOTa OJHOOC-
HOBHAs) TIPOPEarupoBajIo MOJHOCThIO U Bhimenutrcs AH; temna. Torma npu
HelTpanu3anuu 1 sxBuBasienTa (1 MoJIst) OCHOBaHMSI BBIACITUTCS

_ AHl
eI 0 05

4. CpaBHUTE OIIBITHOE U TeopeTndeckoe 3HaueHue AH,jrp, BRIUMCIUTE
(B %) OTHOCHUTEIBHYIO OIIHOKY.

OnbiT 2. OnpeneneHue HampaBiCHUS XUMHUYECKOW peakinuu. B 1Be
npoOupku HanuTh 1o 2 Mt pactBopa FeCl; m no6aButs mo 1 mur 5%-x pac-
tBopoB Kl 1 KCI. Paccuntars AG naHHBIX XUMHUYECKUX peakiii. OObsICHHUTH
HaOII0JaeMBIC SIBJICHUS.

AH

KoHTpo/ILHEIE BOIPOCHI

1. Berancnmure AH® xumngeckoit peakunii 2MQ) + COyqy = 2MgO(y +
+ Cepagu)-

2. Beraucnoute teroty obpazoBanus NO,, ucxoas U3 TepMoxumMuye-
ckoro ypaBHEHUSA: Cpagur) T 2N20) = COxy + 2Ny, AHOX_p_ =—557,5 k]Ix

3. He mpousBons BBIYUCICHUMN, OMpEECIUTE 3HAK. U3MEHEHHUS IHTPO-
MUY B CJICTYIONTUX PEAKITUSIX:

1. COZ(K) = COz(r)

2. ZNO(F) + Oz(r) = ZNOZ(F)

3. 2H2(r) + 302(r) = 2H20(>K) + ZOZ(F)

4, AlgOg(K) + ZFG(K) = Fezog(K) + 2A|(K)
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JlaGopaTtopHast padora Ne 8
CKOPOCTb XUMHNYECKOU PEAKIIUHN

Heab pabdoThl: onpeaeacHre 3aBUCUMOCTH CKOPOCTH XUMHUYECKOU pe-
aKIMM OT KOHIIEHTPAIMU PEArupyroIMX BEIIECTB, TEMIEPATypPhl U HAIWYUS
katammu3aTopa. O3HAKOMJICHHE C TIOCJIEIOBATEIIbHBIMA M KOJEOATEIbHBIMU
XUMUYECKUMH PEaAKITUSIMU.

Oo0mue cBeIeHUA

CKOpOCTh XUMHUECKOH peakiuu (V) onpeaesieTcss KOJINISCTBOM B3au-
MOJICHCTBUS MEXIY MOJICKYJIAaMH PEarupyroinX BEIIEeCTB B €AMHUIE 00heMa
JUTsl TOMOTEHHBIX PEaKIUi WK Ha €IUHMIIE TTOBEPXHOCTHU JIJIsi T€TePOTeHHBIX,
B €/IMHUIlY BPEMCHU.

O ckopocTu peakmuu OOBIYHO CYISAT MO M3MEHEHHIO KOHIICHTpalluu
OJIHOTO U3 PEarupyroIIuX BEIIECTB B SAUHUILY BPEMEHHU:

v==xdc/dt

rae C — KOHIIGHTpalsi MCXOJHOTO WM KOHEYHOTO BEUIeCTBa, MOJIB/J; t —
BpeMms, C.

CKOpOCTb peakIuy 3aBUCUT OT MPUPOJIbl PEarupyroliux BelecTB, KOH-
LEHTPALIMA PEareHTOB, TEMIIEpaTypbl U HAJU4YMs KaTalau3aTopa, a Uil rere-
POTEHHBIX PEAKIUI U OT CTETIEHU U3MEJIbYEHHOCTH BEUIECTRA.

CKOpOCTh peakiiu ¢ y4acTHEM ra3000pa3HbIX BEIIECTB 3aBUCUT TAKXKE
OT JIaBJICHUS, T.K. B 3TOM CIy4ae ¢ U3MEHEHUEM JaBJICHUSI MEHSETCS] KOHIICH-
Tpalys peareHToB.

3aBUCUMOCTb CKOPOCTH PEAKIUU OT KOHIEHTPALUU BBIPAXKAeT 3aKOH
JCHCTBUSL Macc, COTJIACHO KOTOPOMY CKOPOCTh XHMHUYECKOH peakluu IMpo-
MOPLUHOHAIbHA KOHIEHTPALIMAM PEArupyroluX BEUIECTB B CTENEHHU, paBHOU
crexuomeTpudeckomy kodddunuenty. Tak, 11 TOMOreHHOMN peakiiu:

2NO + O, = 2NO..

MatemaTu4eckoe BBIPAKCHHE CKOPOCTH PEaKIUU OyAeT BBIMISACTD
CJICAYIOIIUM 00pa3oM:

v=k [NOJ* [02],

rne k — xorcranrta ckopoctu peaknun; [NO] u [O;] — koHIIEeHTpanuu pearu-
PYIOIIUX BEIIECTB; 2 — CTEXUOMETPUUECKU KO DUITUEHT.

Ecim ke peakius reTeporeHHa, T.e. B Hel yJacTBYeT TBEPJO€ BEIIECT-
BO, KOHIICHTpAIHsI KOTOPOro (KOJMUECTBO MOJICH B eIMHUIIC 00beMa) IOCTO-
SIHHA, TO CKOPOCTh PEaKIM{ 3aBHCUT TOJBKO OT KOHIICHTPAIlMK T'a30B HIIA
pPacTBOPEHHBIX BellecTB. Tak B CUCTEME ra3 — TBEPJI0E TEJIO B3aMMOJICHCTBUE
MEXTy MOJICKYJaMH ra3a M TBEPJOI'0 BEIIECTBA OCYIIECTBISACTCS TOJBKO Ha
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MOBEPXHOCTH TBEPAOH (pa3bl W KOHIIEHTpalusi TBepJoi (ha3bl BIMSHHS Ha
CKOpPOCTb peaKklMy He OKa3biBacT. Hampumep, 1is peakiuun

CUO(T) + Hz(r) = Hzo(n) + CU(T)
BLIpa)KeHI/Ie JJIA CKOpOCTI/I peaKHI/II/I BBITJIANUT Tak.
v = k[H,].

3aBUCUMOCTb CKOPOCTHU PEaKIUU OT TEeMIIepaTypbl B HEOOJBIIOM HH-
TepBaje M3MEHEHHs TeMIlepaTyp oTpakaeT mpaswio Baut-T'odda: mpu mno-
BBIIICHUH TeMIlepaTyphl Ha Kaxable 10° ckopocTh XUMHUECKON peakiiiu BO3-
pactaeT B 2—4 pa3a. 3Has CKOPOCTh peakllu Mpu Temmeparype t; , MOXKHO
BBIYHCIIUTH €€ Mpu Temneparype t; no popmye

t2 _tl

. . 10
L, =V 7

IJI€ Y — TeMIEPATYPHBIA KOIDPHUIIUEHT CKOPOCTH PEAKIIUU, UMEIOIINUNA 00bIY-
HO 3HA4Ye€HUs OT 2 10 4.

3aBHCHMOCTh CKOPOCTH XUMHUYECKON peakiuu (Mix ee KOHCTaHThI K) oT
temreparyps (7) BepaxkaeTcsl ypaBHEHHEM AppeHnyca:

Ink = InA-E/RT,

r7ie A — MOCTOSIHHAA JIJIs TAaHHOW peaKIuy BeTu4YnHa, £ — SHeprus aKTUBALUU
peaKIvH.

Kak mpaBuino, XMMHUYECKHE PEAKINH SIBISIOTCS CIOXKHBIMU U COCTOSIT
U3 JIBYX WM HECKOJBKHUX MPOCTHIX PEAKIMN. XUMHUECKHUE PEaKIMd MOTYT
OBIThH pa3zeiicHbl Ha HeoOpaTHMble (MIyT 10 KOHIIA) U oOpaThMbIe (10 KOHIIA
HE MPOTEKAIOT), a TaKKe MapaiesibHbIe (PeaKIuy, B KOTOPHIX U3 OJHOrO Be-
IIeCTBa IMOJy4yaeTcs JBa vk Ooublie). [locienoBaTenbHble PEAKIIMKA 3TO pe-
aKIMK B KOTOPBIX MPOIYKTHI MPEBPAICHUs UCXOJHOTO BEIECTBA SBIISIOTCS
HCXOJIHBIM BEILIECTBOM JIJIsl TTOJTYYEHUS TPETHETO.

[lenHble peakiuy 3TO PEaKIUU, B KOTOPHIX B KAKJOM 3JIEMEHTAPHOM
aKT€ BO3HHUKAET OJIHA WJIM HECKOJIbKO aKTHBHBIX YAaCTHI], YTO BHI3BIBACT IICIIb
MPEBPAILCHUM.

HaunGosee MHTepECHBIMU SIBJISIOTCS CONPSKCHHBIC peakiuu (peakiuu
B KOTOPBIX OJIHA PEaKIUs MPOTEKaeT TOJHKO MPH OCYIIECTBICHUH KaKoOu
a100 OmpeeICHHON JPYroil peakiuu) M KojeOaTeabHbIe WM IePUOaHYC-
ckue (maHHBIC PEaKIUU XapaKTEPH3YIOTCS KOJIeOaHUSMH KOHIICHTpAI[Hid
HEKOTOPBIX MPOMEXKYTOUHBIX COCJUHEHUNW W COOTBETCTBEHHO CKOPOCTHU
IPEBPAILCHHS).

3HAYUTEIBHOE BIUSHUE HA CKOPOCTh XUMUYECKON PEAKITUN OKA3bIBAIOT
KaTaJn3aTopbl U (PEPMEHTHI.

36



OO6opynoBanue: npoOUPKHU, KOJIOBI, IITATUB C TPEMsI OIOpETKaMH U ce-
KyHIOMEp.

PeareHThI: PacTBOPBI CEPHOW KHUCIOTHI, THOCyiab(para Hatpus (1H),
IMCTU/UIMPOBAaHHAs BOJA, MEPEKUCh BOaopoaa, okcua mapranna (IV), mepe-
krch Bogoposaa (10-12%), 4,3% pacteop noaata kanus (KIO3) ¢ modaBiaeH#H-
eM 4,4 MJ1/71 KOHLIEHTPUPOBAHHOM CEpHOM KUCIOTHI, 1 muTp pacTtBopa, coaep-
xarmiero 0,3 r kpaxmana, 3 T cyibdara mapraina u 15,6 T MaJTOHOBOM KHCIIO-
Thl, pacTBOp BaHajgata aMMoHus Wik HaTpus (0,5 r coau B 100 M Bombl),
KOHIICHTPHPOBAHHAS CEpHAs KHCIIOTA U TPaHyJIMPOBAHHBINA ITUHK.

IHopsinok BbINOJIHEHUS PAdOTHI

OmnbiT 1. 3aBUCHMOCTh CKOPOCTH XUMHUYECKON PEAKIIUA OT KOHLIEHTpa-
MY pPearnupyrouux BellecTB. V3ydyeHne yka3aHHOM 3aBUCHUMOCTH ITPOBOJSAT
Ha PEaKILIVH:

Na,S,03 + H,SO, = Na,SO, + H,SO3 + S\L

Beiiesienne MenpuaiiiX 9acTUIl cepbl BBI3BIBACT MOMYTHEHHE (Orma-
JICCIICHIINIO) Yepe3 HEKOTOPOE BpPEMsI TOCIIC CIIMBAHUS MPO3PAYHBIX PACTBO-
poB THOCY/b(AaTa HaTpUsl U CEPHOM KUCIOTHL. B XoJie skcrnepuMeHTa usme-
HAIOT KOHIICHTPALMIO TOJIBKO OJHOI0 U3 PEAarupyrolvxX BELIECTB — THOCYIIb-
¢darta Harpus myTeMm pa30aBieHHS TUCTUIUIMPOBaHHOW BoaoM. Takum oOpa-
30M, CYTb OIIBITA COCTOUT B ONPEACIICHUH NPU IIOMOIIU CEKyHAOMEPA BpEME-
HU TOSIBJICHUS] OMAJIECHEHIIMHU TOCJIe CIMBAaHUS PAaCTBOPOB THOCYJb(paTa Ha-
TPpUsI Pa3IUYHON KOHLIEHTPALIUU C PACTBOPOM CEPHOU KUCIIOTBHL

IIpoBecTr ONBIT B CIIEAYIOIIEN MTOCIEA0BATEIIBHOCTH

1. B coOTBETCTBUM C JaHHBIMU TAOJIHILIBI 4 OTMEPUTH U3 OIOPETKU B TPU
NpOOUPKHU YKa3aHHOE KOJMYECTBO PacTBOpa THOCYJb(ara HATPHs, MPU 3TOM
pacTBOpPbI BO BTOPOIl U TpeThbel MpoOHpKax pa30aBUTh JOOABIEHUEM COOT-
BETCTBYIOLIETO KOJIMYECTBA TUCTUIUTMPOBAHHON BOIbI. [locTaBuTh poOupku
B IITATUB, OTMETUTH MOCJIENOBATEIBLHOCTD PACCTAHOBKH.

Taomuma 4
O6beM, M OTtHOCHUTENBHAS Bpems CxopocTh peakuuu
KOHIICHTpALIUS | TOSIBJICHUS B YCJIOBHBIX
Na,S,05; | H,O | H,SO, Na,S,03 onayiecueHnmy,| equaunax v=1/t
t, C

7,5 — 2,5 3
5,0 2,5 2,5 2
2,5 5,0 2,5 1

2. B Tpu uyucThie pOOUPKUA OTMEPUTH U3 OIOPETKU MO 2,5 MJI CEpHOM
KHCJIOTBI M IOCTABUTD B IITATHB.
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3. CiuTh MomapHO MO OYepeau MPUTOTOBICHHBIE PACTBOPHI THOCYIIb-
(aTa HaTPUS U CEPHOM KUCIOTHI U OTCUUTATh BPEMS MO CEKYHJOMEPY C MO-
MEHTa CJIMBaHUs J0 Hayaja MOSBICHUS ONajecUeHIMU. Pe3ynbTarel 3anucarh
B Ta0HILy.

ITocne nmpoBeneHus onpITa CIEAYET:

— 3aIl0JIHUTh MOCJEIHIOI rpady TabJIUIbl, PACCUUTaB CKOPOCTh peak-
MM B YCJIOBHBIX €IUHUIIAX KaK BEJIMYUHY, OOpPaTHYIO BPEMEHU IOSBIICHUS
OTaJIECUEHIU Y,

— 3aMMcarh BBIPAXKEHUE CKOPOCTH MPOBOAMMOM pEaKlUU OT KOHIICH-
Tpaly pearupyronx BEIECTB B COOTBETCTBUU C 3aKOHOM JIEHCTBUS MAaCC;

— MOCTPOUTH TpaUK 3aBUCUMOCTH CKOPOCTU PEAKLMHU V OT KOHLIEHTpa-
MU THOCYNb(aTa HATpus, BbIOpaB ynoOHBIA MacmTad. YdecTb 3HauY€HUE
CKOPOCTH PEAKIUH MPU HYJIEBON KOHIIEHTPAILIUU THOCYIb(aTa HATPUSL.

OnbIT 2. 3aBUCUMOCTh CKOPOCTH PEaKIMU OT TeMIleparypbl (Hcciemy-
CTCsSl Ha TOW K€ pPeakiuu, 4yTo U B omnbiTe 1). [IpoBecTH OmBIT B ClIeayIONMIEM
MopsiAKe:

1. B Tpu npobupku HaIMTH 110 2,5 MJ1 THOCY/Ib(aTa HaTpus U3 OropeT-
KW, B TPH JIPyTH€ — 110 2,5 MJI paCTBOPA CEPHOM KUCIIOTHI.

2. 3Meputh TemmepaTypy pacTBopa THOCYyJdb(aTa HATpUs B OJHOU U3
pOOUPOK € MTOMOILBIO TEPMOMETPA U 3aIUCaTh €€ B Ta0JIUILy O.

Tadomuna 5
O06bem, M Temmneparypa, °C Bpewms CkopocTb peak-
MOSIBJICHUST | ITUW B YCIIOBHBIX
Na,S;03 | HSO4 OTaJIeCIICHIMY, | equHuIaxX V = 1/t
t,C
2,5 2,5 KomuarHas
2,5 2,5 Komnuarnas + 10°C
2,5 2.5 Komuarnas + 20°C

3. Cnuth BMECTE COAECPKUMOE OJHOU Mapbl NPOOUPOK € THOCYIb(ATOM
HATPUs U CEPHOM KUCITOTOM U OTCUUTATh MO CEKYHAOMEPY BpeMsl 110 MOsIBIIE-
HUS MYTH.

4. Bropyro mapy mpoOMpOK C peareéHTaMu HarpeTb B METAJLTUYECKOU
eMKOCTH Ha ruiuTke Ha 10° Bblllle KOMHAaTHON TeMIepaTyphl U CIUTh UX CO-
JEP>)KUMOE, ONpeIesisi BpeMsl MOSBJICHUS ONaJIECLIEHIIUN.

5. OmbIT ¢ TpeTheil mapoil MpoOUPOK MPOBECTH MPU TEMIEPAType Ha
20° BbIllIe KOMHATHOM.

Pe3ynbTaThl onbiTa CBECTH B TAOIUILY.

[To nanHbIM TaOMUIBI, KCXOAs U3 ypaBHeHUs1 Bant-I'opda, paccunrars
TeMIiepaTypHbiid KO3((OUIIMEHT CKOPOCTH PEAKIUH.
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[TocTpouth Tpadmk 3aBUCHUMOCTH CKOPOCTH XMMHUYECKOW pEakIuu OT
TEMIIEPATYPBHI.

OmnbiT 3. BausHue karanu3zatopa Ha CKOPOCTh XMMHUYECKON PEaKIIUU.
Bisaue xaranusaropa Ha CKOPOCTb PEAKLUU U3YydaeTCs Ha IpUMEpe peak-
LIUM PA3JI0KEHUS IIEPEKUCH BOIOPOAA!

4H,0, = 2H,0 + O,

[IpoBecTH ONBIT B CAEAYIOUIEM HOPSIKE:

1. Hanute B npoOupKy NpuOIM3UTENBHO 2 MJT pacTBOpa MEPEKUCH BO-
0poJa.

2. Omyctuth B ipoOupKy (HO He B pactBop!) Tierornryro aydanHky. Ha-
0JII01aTh, YTO MPOUCXOIUT.

3. [lomecTuTh B MpOOHPKY HECKOJIbKO KPUCTAIJIOB OKCHJla MapraHua
(IV) u cHOBa OMYCTHTH TIICIONIYIO JTyIHHKY.

4. O0bacuuTh HaOmonaeMele aBieHnsa. CaenaTs BBIBO O BIMSHUA Ka-
TaJIn3aTopa Ha CKOPOCTh PEaKIIUU.

OmnbiT 4. [TocnegoBarenbHbie peakiuu. B mpobupky BIUTH 5—6 M1 pac-
TBOp BaHaaata amMonus win Hatpus (0,5 r comu B 100 M1 BojbI), 3aTeM J10-
0aBUTh 1-2 MJT KOHLEHTPUPOBAHHOM CEPHON KHUCIOTHI U TPaHYJIUPOBAHHBIN
[IMHK.

IIpr >TOM NPOHMCXOIUT IIOCIACAOBATEIBHOEC BOCCTAaHOBJICHHE HOHOB
VO," atomapssmM BogopozoM 10 VO, V**, V" a 3atem u 10 MeTa/LIHYecKO-
r0 BaHa us.

Onummre Bamm nadmoneHus.

OmnbiT 5. KonebarenbHass xuMuueckasi peakiysa. B konly BIUTH pas-
uele 00beMbl (110 50 mi1) pactBopoB coaepxkaimx 4,3% nonara kanmus (KI1O3),
¢ nobasiaeHreM 4,4 M/ KOHIICHTPUPOBAHHOW CEpHON KUCIIOTHI, (pacTtBop 1)
U pactBopa, coxepxaiiero 0,3 r kpaxmana, 3 T cynbdara mapradmna u 15,6 t
MaJIOHOBOM KHCJIOTHI Ha 1 auTp pactBopa (pacTBop 2), a 3aTeM OBICTPO MPHU
nepemeruBanuy npuiauth 50 Mi 10-12% pactBopa mepekucu Bogopoaa.

Onummte Bamm HaOr01eHAS.

KoHTpo/bHbIE BONIPOCHI

1. 3anucaTth BBIpaKEHHUE OJisi CKOPOCTH peakimu A + 2B= AB,, ecnu
a) A u B — razoo0pa3Hbic BeliecTBa; 0) A U B — )KUIKOCTH, CMEIIMBAIOIIUACCS
B JIFOOBIX OTHOILICHUSAX; B) A — TBEpI0€ BEIIECTBO, B — ras.

2. Kak n3menutcs ckopocts peakmuu 2NO + Cl, = 2 NOCI npu yBe-
JUYCHHH. a) KOHLIEHTPAIMH XJIopa B 2 pa3a; 0) KOHIIEHTpalud 00OMX Be-
IIECTB B 2 pa3a; B) KOHIICHTPAIIMU OKCHIa a30Ta B 2 pa3a ?

3. Bo ckoibko pa3 He0OXOMMO YBEIIMYHUTH AaBJICHUE, YTOOBI CKOPOCTh

obpasosanus NO; o peakuuu 2NO + O, .~ 2NO, Bo3pocua B 1000 pas?
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4. Bo CKOJIbKO pa3 BO3PACTET CKOPOCTh XMMHYECKON PEAKIIUU TIPH T10-
BbIIeHUH Temrieparypsl Ha 40°C, ecnu y = 3,27

5. Kakue (akTopbl BIUSIOT HA CKOPOCTh XUMHUYECKON PEAKIUH?

6. IlpuBeaute rpadvk W3MEHEHHUs] KOHIICHTPALIUU PEarupyrolux Be-
IIECTB B HEOOPATHMBIX, OOPAaTUMBIX, MOCJIEAOBATEIBHBIX M KOJIEOATEIbHBIX
peaKIsIX.

JladbopaTopHasi pa6ora Ne 9
XUMHNYECKOE PABHOBECHE

Leab paGoThl: BRISICHEHUE 3aBUCUMOCTH XUMHUYECKOTO PAaBHOBECHS OT
KOHIEHTPALIMHA PEArupyrolIuX BEIIECTB; HAOII0IEHUE 0OpAaTUMOCTH CMeEIlle-
HUSI XUMUYECKOT'O PABHOBECHS.

Oo0mue cBeIeHUA

[ToHsiTHE COCTOSIHHST XMMHYECKOTO PABHOBECUS NMPUMEHUMO TOJBKO K
0o0paTUMBIM pPEaKIUsiM, T. €. K TeM, KOTOpPhIE OJHOBPEMEHHO MOTYT IpOTe-
KaTh B IPSIMOM M OOpPaTHOM HANpaBJICHUSX.

XUMHYECKOE PABHOBECUE — 3TO COCTOSIHUE CUCTEMBI, B KOTOPOM Ipsi-
Masi 1 oOpaTHasi peakiiu MPOTEKAOT ¢ OJUHAKOBOW CKOpOoCThio. [Ipu 3TOM
KOHIUECHTPAIlUHA BEIIECTB OCTAKOTCSI HEM3MEHHBIMH — CO3JAETCs BIICUYATJICHUE,
YTO B CHCTEME HE NPOUCXOAUT HUKAKOTO JBWXKCHHUS, MOITOMY COCTOSIHUE
PaBHOBECHS YaCTO Ha3bIBAIOT KBa3uCTallMOHAPHBIM. OHAKO U TIpsiMasi, U 00-
paTHas peakUunu MPOTEKAIOT, NMPUYEM, CKOJIBKO BEIIECTBA BCTYIAET B PEaK-
IIMIO B €IMHUILY BPEMEHU B XOJI¢ TIPSMOM peakiluu, CTOJBKO ke 00pazyercs
€ro B €IMHUILY BPEMEHHU B X0/I€ OOpaTHOU PEaKIIuH.

CocTosiHuE XMMHUYECKOTO PABHOBECHUS XapaKTEPHU3YETCS KOHCTAHTOU
PaBHOBECHS.

Hampumep, miist roMOreHHOM peakinu

aA+bB ” cC+dD

BBIpaXEHUE JIJI1 CKOPOCTH MPSIMOM PEaKIMU B COOTBETCTBHU C 3aKOHOM JIEH-
CTBHSI Macc:

Vip = Kp[A]® [B]°

rae Ky, — KoHcTaHTa ckopocTH npsamoit peakiwmu; [A] u [B] — xoHneHTparmm
BEIIICCTB.
AHaJIOrHYHO JUI 0OpaTHOMN peakyu:

V06p = k06p[C]C [D]d
40



Tak Kak B COCTOSTHMHM PaBHOBECHSI CKOPOCTH MPSIMOI M OOpaTHOM peak-
UM PaBHBI, TO

knp[A]a [B]b = k06p[C]c [D]d1

OTCrO1a.
K = Kap ! Kesp = [CI°[D]° / [AT*[B]°

CocrosiHue paBHOBECHS XapaKTEPU3YETCS MOCTOSHCTBOM OITPEAEIISIIO-
IIMX €ro IapaMerpoB — TEMIEPaTypbl, KOHILEHTPALMU PEArHpPYIOIIMX Be-
niecTB, AaBiaeHus. [Ipu u3mMeHeHun XoTst Obl OJTHOTO U3 ATUX MapaMeTPOB CO-
CTOSIHHE PABHOBECHs HAPYIIAETCA — CKOPOCTh OJHOTO U3 HAIIPABJICHUMN PEaK-
uu (IPSIMOTO MITM OOPATHOT0) HAYMHAET MPEBBIIIATH CKOPOCTh JPYroro Ha-
MpaBJiCHUs] U KOHIIEHTPAIlMU BEUIECTB H3MEHSAIOTCS. JTOT Mpolecc Oyner
MPOUCXOJIUTh IO T€X MOp, OKa CKOPOCTU MPSIMOMl M 00paTHOM peakiuil He
YPaBHSIOTCSI CHOBA, U HE HACTYIIUT HOBOE COCTOSHUE PaBHOBECHUs. 1 OBOpAT,
YTO MPU 3TOM XUMUYECKOE PABHOBECUE CMECTUIIOCH.

B coorserctBuu ¢ npuniuioM Jle-lllarense npu n3MeHeHnn OTHOTO U3
[IApaMETPOB, OINPEACIHIONMX COCTOSHUE XUMHUUYECKOIO PABHOBECHs, OHO
(paBHOBecHE) cMeIIaeTcss B HAIPaBICHHH, KOTOPOE YMCHBIIIACT BHEIIHEE
BO3JECUCTBUE, T. €. HAIPABJIICHO MPOTUB ITOTO Bo3aencTBusA. Hanpumep, npu
ITOBBIICHUM TEMIIEPATYPHl PABHOBECHUE CMEIIAETCS B YHAOTEPMUYECKOM Ha-
IIPABJICHUM PEAKLIMY, T. K. B 3TOM CIIy4ae 3a CYET IOTJIOLICHHUs TEeIUIa TEMIIEpa-
Typa B CUCTEME CHU3UTCS], YTO HAIPABJICHO IIPOTUB BHEIIHETO BO3ACUCTBUS.

PaccmorpuM u3meHeHue naBiieHUA. [1OCKOJBKY naBleHHME B CUCTEME
CO3/1a€TCs MPEUMYILECTBEHHO I'a3aMH, TO IIPU CHUKCHUU JaBJICHUs PaBHOBE-
CHUE CMECTUTHCS B CTOPOHY OOJBIIET0 KOJUYECTBA ra3000pa3HbIX BELIECTB,
41O OyIET CIOCOOCTBOBATH OMPEICICHHOMY MOBBIIIIEHUIO JIABJICHUS U OMSTh
HaIIPaBJICHHO NPOTUB BO3ECHCTBUSI U3BHE.

B03MOXHOCTh MPOTEKAHUST XUMUYECKOM PEAKIINH, OIPEICISIETCS Ha OC-
HOBaHHUHM pacuera sHeprus ['nooca (M300apHO-U30TEPMUYCCKHUI TOTCHIIAA)

AG = AH - TAS.

D10 00MmIas ABKYIIAs CHJIa MIPOIlecca, MPEeACTaBISIFoNas Pa3HOCTh 3H-
tanpruiinoro (AH) u surponuitHoro (TAS) dakTopoB. KpurepreM BO3MOXK-
HOCTH TMPOTEKaHUs mporecca (MEpoil XMMHYECKOTrO CpPOJCTBA) SIBIISCTCS
yobuts 3Heprun I'mooca cucrembl (AG < 0). YUem orpumarensiee AG, tem
JaJIbIlIe CHCTEMa OT COCTOSIHUS XMMHUYCCKOTO PaBHOBECHS W TeM 0oJjiee OHa
peakIuoHHOCocoOHa. [Ipy MOBBIICHUH TEMIIEPaTyphl BO3PACTaCT POJIb JH-
TponuiiHoro ¢akropa (co 3HakoM MmuHYC). Clle0BaTeIbHO, BO3MOXXHOCTH
IPOTCKAHUS PEaKIMU IPU 3TOM YCJIOBUHU BO3pPACTacT.

Ecmu AG > 0, To mporiecc camonpousBoyibHO He noiaeT, mpu AG = 0
HACTyIaeT COCTOSIHME paBHOBecHs. Temieparypa, Ipud KOTOPOH HacTymaer
COCTOSTHUE PABHOBECHSI OTIPEICIISICTCSl 110 YPABHEHUIO!
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T = AHIAS.

KoHcTanTa paBHOBECHST XMMHYECKOHN peakiuu cBs3aHa ¢ AG criemyro-
MM YPaBHEHUEM

9K you = — AG / 2,3RT,

rae R — yauBepcanbHas raszosas nocrosiuuas (8,31 Jx/mons K), T — Ttemme-
paTtypa npu Kotopou onpeaensercs AG.

Pearentnl: pactBopbl FeCl; waceumennsii u 0,02 H, pacTBOpHI
NH,CNS — nacemmennsii T 0,02 H, kpucrammmueckuit NH4Cl; pacrBop
K.Cr,0; 1 M, H,SO, (10%), NaOH (10%), B Orokcax KOHIIEHTPHPOBAaHHBIM
pPacTBOp aMMHUaKa M KOHIICHTPUPOBAHHBIA PACTBOP COJISHON KHUCIOTHL

OO6opynoBanue: KojObl, MPOOHMPKH, CTEKJIAHHAas TpyOkKa C JByMs
npoOKkamu, MUHIIET U Bara.

IHopsaok BbINOJHEHUS PA0OTHI

OmnbiT 1. 3aBUCHMOCTD MOJIOKEHHUSI XUMHUYECKOTO PAaBHOBECHS OT KOH-
LEHTpAllM PEarupyrollnx BelecTB. B 0CHOBE M3y4eHHs 3TOW 3aBUCUMOCTH
JICKUT PEAKLIUA:

FeCl; + 3NH,CNS = > FG(CNS)3 + 3NH,CI

OOpasyronuiics B pe3yiabTaTe Peakiuy poAaHHU] Kejle3a OKpaIleH B
KPOBaBO-KPACHBIN I[BET, B CBSI3M C Y€M WHTEHCHUBHOCTH OKPACKH IO3BOJISCT
CYIIUTh O CABUTE XUMHUYECKOTO PAaBHOBECHSI.

Jly1s1 onipenienieHust 3aBUCUMOCTH CJIETYeT:

— CIIUTh B OJHOM MPOOMPKE PaCTBOPHI XJIOpHJA JKelie3a W poAaHHUAA
aMMOHUSIL.

— Pa3IUTh MOJYYCHHBIM PacTBOP B YETHIPE MIPOOUPKHL.

B omny mpoOupky 100aBUTh HECKOJIBKO Kamejh KOHIIEHTPUPOBAHHOTO
pacTBOpa XJOpHUJA JKejie3a, BO BTOPYI0 — HECKOJIBKO Karejdb KOHIIEHTPHUPO-
BaHHOT'O PacTBOpA POJAHM]Ia AMMOHHUSI, B TPEThIO — HECKOJIBKO KPUCTAILTUKOB
XJIOpUa AMMOHHSI; YETBEPTYIO TPOOUPKY OCTABUTH JIJIsl CPABHEHUSI.

OTMeTuTh U3MEHEHNE WHTCHCUBHOCTH OKPACKU B MPOOUpKAX IO CpaB-
HEHUIO C KOHTPOJIbHOM. Pe3ynbTaTel HAOIIOICHUI CBECTH B TAOIUITY 6.

Tabnuua 6
JloGaBnenHoe | W3MeHeHHE MHTEHCUBHOCTH Hanpasnenne
BEIIECTBO OKpacKu CMEIICHUS PaBHOBECUS
(ocmabrieHre I YCUJICHHE) (BIpaBo, BJICBO)
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B koHIIE OmbITa 3anmMcarh BBIPAKEHUE KOHCTAHTHI XUMUYECKOTO PABHO-
Becus uccieayeMoi peakiiuu. OOBSICHUTD MOTYYEHHBIE PEe3yabTaThl C TOUKH
3penusa npuHuuna Jle-lllarense.

OmnbIT 2. OOpaTUMOCTh CMEIIEHUSI XUMHUYECKOT0 paBHOBECHUS. XpOMart-
1 OMXpPOMAaT-MOHBI B BOJHOM PAacTBOPE HAXOSTCSI B PAaBHOBECHUMU:

Cr,0;” (opamxkessiit) + H,O <> 2 CrO,* (xentsiit) + 2H

3MeHeHHE KOHLEHTpauuu H' BBI3BIBAaET CMEIEHHE TOTO PABHOBECHSL.

JI71s1 TpOBEIEHHUSI OTIBITA CIIETYET:

Hanuts B mpobupky 1 mi pactsopa K,Cr,0x.

Jlo6aBUTH K pacTBOpY MO KaIjisiM pacTBop Ieioun. HabmrogaTs uzme-
HEHUE OKPACKHU.

K sxenroMy pacTBopy 100aBUTH MO KaIJISIM CEPHYIO KHUCIIOTY, HaOJIIIO-
JaTh MOSIBJIICHUE OPAHKEBOW OKPACKHU.

K opamxeBomy pacTBOpy NpuOaBUThH LIEIOYHM U YOEIUTHCS, YTO OH
CHOBA CTAHOBUTCS YKEJITHIM.

OObsicHuTh HaOMIOJaeMblIe siBJIeHUs ¢ Touku 3penus Jle-1llarense.

OmnbiT 3. B 1IMHHYIO CTEKIIIHHYIO TPYOKY C OJIHOI'O KOHIIA TIOJIOKUTh
KOMOUYEK BaThbl, CMOYCHHBIN KOHIIEHTPUPOBAHHBIM PACTBOPOM aMMHUAKa, U 3a-
KPBITh TIPOOKOM, C APYrol CTOPOHBI TPYOKU MOJIOKUTH KOMOYEK BaThl, CMO-
YEHHBI KOHIIEHTPUPOBAHHBIM PACTBOPOM COJISTHOW KHCIIOTBI, U 3aKPBITh
npoOkoit. (OcTopokHO, BaTy OpaTh nmuHmeTom!!!),

TpyOky HEOOXOAMMO BpaimaTh ¥ 4epe3 HEKOTOPOe BpeMs B HEU MOsIB-
asieTcs 0enoe KOJIEYKO XJIOpHIa aMMOHHS, €T0 KOJMUYECTBO OyJeT yBETU4H-
BaTbcs. UTo HabmogaemM?

Beruncinte Temneparypy (T) paBHOBecHs: 00paTHMOro mporecca

NHg(r) + HCl(r) = NH4C|(T)

a) aHAIMTUYCCKUM METOIOM. {1 4ero mo TepMOAMHAMUYCCKUM KOH-
crantam (cM. mpunoxkenue 3) Haitn AH'y,; AS’x,; AG’x, U Temmeparypy
P KOTOPOM HACTYITUT paBHOBECHE.

0) rpaduyeckum merogoM. Paccuntars 3HaueHus AG JuIst pa3HbIX TEM-
neparyp, 3amnucath B Ta0IMIy 7 M MOCTPOUTH rpaduK 3aBUCMMOCTH SHEPTUH
['u66ca oT Temmeparypsi.

Taomuma 7

T, K 298 500 600 650 700 750
AG, xJIx
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KonTpobHbIe BONPOCHI

1. BeiBequre BBIpaXCHHS JIJISI KOHCTAHT XUMHUYECKOTO PaBHOBECHS CJic-
TYIOIIUX PEAKINH, KCXO/IS U3 PABEHCTBA CKOPOCTEN MPSMOUM U 0OpaTHOM peax-
it a) 2NO, = - 2NO+ O,, 6) C + CO, = —» 2CO B) CuO + H, = — Cu+ H,0O

2. Onpenenure, B KaKyl0 CTOPOHY CMECTUTHCS PaBHOBECHE B PEAKITUU:
SOy + 2H,Sy = = 3S(y) + 2H,0(y) ipu: a) yBenmmueHun KoHeHTparmu H,S,
0) yBEeJIMUCHHUH JaBJICHHUS B CHCTEME, B) YBEIIMUYCHUH OOILEro 00beMa CHCTEMBI

YcraHoBHTE, KaK CeayeT U3MEHUTHh TEMIIEpaTypy U JaBJICHHE B CHCTeE-
Max, yTo0s! yBenmmunuth BIxoq NOy: a) Np + O, = — 20,, AHy,, = +67,80 x/Ixk;
6) 2N02 - —> N204, AHX.p_ =-49 KI[)K

3. Peakius oxucnenus nuokcuaa cepol 2S0; + O, = — 2503 Havanach
npu [SO,] = 0,030 monw/n1 u [Oz] = 0,025 monw/n. K MOMeHTY HacTyruieHus
paBHoBecus [O,] = 0,015 moinb/i1. Beiunciute paBHOBECHBIC KOHIICHTPALUN
JAPYTHX BEIIECTB M KOHCTAHTY PaBHOBECHSI.

JlabopaTopHnas pa6ora Ne 10
PACTBOPbBI DJIEKTPOJIUTOB

Heab padoThl: 3aKpeIICHNE TEOPETUUECKUX 3HAHUM 110 TEME 3aHATH:
U3Y4YCHHE 3aBUCUMOCTH CTENEHU JUCCOLMALMU OT Pa3MYHbIX (PAKTOPOB
(TpUpOIIBI BEMIECTBA, KOHIICHTPAIH, IPUPOJIBI PACTBOPUTEIISI, TEMITEPATYPHI. )

Oo0mmue ceeaeHus

DJIEKTPOJIUTAMU HA3bIBAIOTCSl BEIIIECTBA, KOTOPBIE B CPEAEC C BHICOKOM
IUDIIEKTPUICCKOM MOCTOSTHHOM (BOJa, CIIMPTHI U IP.) PACIaJaroTCs HA HOHBL
[Iponecc pacnaja BellecTBa Ha MOHBI MOJ JCHUCTBHEM MOJSPHBIX MOJIEKYI
PACTBOPUTEIISI HA3BIBACTCS SJIEKTPOJUTHYECKON JUCCOLUALINEH.

Jluccomnuyanus BEIIECTB Ha MOHBI COIPOBOXKIACTCS B3aUMOJICHCTBUEM
MOHOB C MOJISIPHBIMU MOJIEKYJIaMu cpebl. Eciu cpenoi siBisieTcst BOJa, Mpo-
1[ECC B3aMMOJICUCTBUSI HOHOB C MOJISIPHBIMU MOJIEKYJIaMU BOJIbI HA3bIBAECTCS
TUIpaTalueH.

[Iporiecc SIEKTPOIUTHYECKONM JTUCCOIUAIMN SBJISETCS OOpaTUMBIM
MPOIECCOM, XaPAKTEPUZYIOIIMMCSI HAIMYUEM B MOMEHT PaBHOBECHUS HE TOJIb-
KO MOHOB, HO M HEJUCCOLUUHPOBAHHBIX MOJIEKYJ. OTHOIIEHHE YHCIIa MOJe-
Ky, pacnaBmuxcs Ha HOHBI (N ), K 00OIIEMy YHCIy MOJICKYJ 3JICKTPOJINTa
(N) HasbIBacTCs cTENeHbIO AIeKTponnuTudecKor guccounanun (o = Ny, / N
WIA O = Cyye | €, THE Cpye KOHIIEHTPAIUS TTPOIUCCOIMPOBAHHBIX MOJICKYJI, € —
o0I11ast KOHIIEHTPAIKs MOJICKYJI JaHHOTO BEIIeCTBa B pacTtBope). [lo Beanuu-
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HE CTENECHU OJJIEKTPOIUTUYECKOM JUCCOLMALMM JJIEKTPOJIMTHI JEIATCS Ha
cribHbIe (o0 > 30%), cpennne (30% > o > 3%) u ciadbie (o < 3%).

[TouTHn Bce COIM OTHOCATCS K TPYHIE CHUIBHBIX AJIEKTpoanuToB. Conum —
BEILIECTBA C MOHHBIM THUIIOM CBSI3M, IIO3TOMY HMOHBI PAaCTBOPSIOIIUXCS BE-
IIECTB B3aUMOJICHCTBYIOT C JUIIOJSIMU BOJBI U MEPEXOIAT B PaCTBOP B BUIE
TUAPATUPOBAHHBIX HOHOB.

IIpn pacTBOpEHNH BEIIECTBA C KOBAJIEHTHOM CUJIBHO MOJIIPHOU CBSI3bIO
(XJIOPOBOIOPO, OPOMOBOJOPOJ, HOJOBOJOPOJ) HUMEET MECTO JIHITOJIb-
JUIIOJIBHOE B3aMO/ICVICTBHE MOJIEKYJI BOJIBI 1 MOJIEKYJI BEILIECTBA.

B pesynbrare 310r0 B3aMMOACUCTBUS MPOUCXOAUT IeTEPOIUTUYECKUN
pa3pbiB HEKOTOPBIX MOJIEKYJI BELIECTBA, C 00pa30BaHUEM T'HAPATUPOBAHHBIX
MOHOB. Mexly HEpacnaBIIMMHUCS MOJIEKYJIAMHA M MOHAMHU yCTAaHABJIMBAETCS
paBHOBecHe. Tak, yKCyCHas KHCJIOTa B BOAE IHWCCOLMUPYET IO CIEAYIOIIEH
pEeaKLnu:

CH3COOH <__> CH3COO_ + H+

Crenenp AMCCOLMALIMM 3aBUCUT KaK OT IPUPOJBI U KOHIIEHTPALUU Be-
IIECTBA, TaK U OT MPHUPOJILI pacTBopuTelisi. B BomHoM pactsope HCI, HBr, HI
ABJIAIOTCA CUIBHBIMU Kuciioramu. Cxema quccoumarmu ux takosa: HCI : H* +
+Cl ur.n.

[Ipu pacTBOpEHNH BEMIECTBA C KOBAJIECHTHOM HEMOJISIPHON WMJIM MAJIONO-
JSIPHOM CBSA3BIO (HAmpUMep, caxap, IIIF0K03a, MOYCBUHA) 00pa3oBaHUs TUIpa-
THUPOBAHHBIX MOHOB HE NMPOUCXOAMT. B pacTtBope comeparcs TOJIBKO MOJE-
KyJbl paCTBOPEHHOI'O BelllecTBa. B pacTBope ci1aboro 3JaeKTpojuTa, Halpu-
Mep HCN, ycraHaBiuBaercs paBHOBECHE, OIPEACIIEMOE YpaBHEHUEM
HCN ” H"+CN".

[IpuMeHsst K ’TOMY PaBHOBECHIO 3aKOH JEHCTBHS MAcC, MOJy4aeM Bbl-
pak€HUE KOHCTaHThI PaBHOBECHS

_ M[M —5.10710,

e [HCN]

B 3TOM ciydae KOHCTaHTa paBHOBECHS, T. €. OTHOLIECHUE ITPOU3BEICHUS
KOHIUECHTPAllM HOHOB K KOHICHTPALMHA HEAUCCOLMUPOBAHHBIX MOJICKYJ Clia-
O0ro 3JEeKTPOINTa B MOMEHT PAaBHOBECHSI, HA3bIBAETCS KOHCTAHTOU AJIEKTPO-
JIUTUYECKOU TUCCOIUAIHH.

Cnalble 3JEKTPOJIUTHI TUCCOIUUPYIOT 0OpaTUMO U, CIEAOBaTENbHO,
MOKHO BBIYMCIINTh KOHCTAHTY PABHOBECHS WJIM JIMCCOLUALMHA IS IIpouecca

auccormanyn;. AB <> AT+ B~
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« a5

e [AB]
3aMEHHUB BCE KOHIICHTPAI[MU HA MOJIHYIO MOJISIPHYIO KOHIEeHTpauuo C

a’C
M CTCICHb JUCCOLHMALNU O ITOJIyYUM K e = 1— Ecimu o << 1, T0o 1o 3ako-
-

K

Anc
C

CuyIbHBIC BJIEKTPOJIUTHI TUCCOUMUPYIOT HEOOpaTUMO U JUIsl MX Xapak-
TEPUCTUKHA BBEACHO IMOHATHE AaKTUBHOCTB» (), OMpEaeIIieMOl M0 ypaBHE-
HUIO

Hy paseaenus Ocreambaa K o = Ca?; a=

a=y c,

rae Y — Ko3((OUIHUEHT aKTUBHOCTH, YUUTHIBAIOUIUN B3aUMOJICIHCTBUE MEXIY
MOHAMH B pacTBODE.

KonnuecTBeHHONM XapaKTEpUCTUKOM CHOCOOHOCTH PacTBOPOB ITPOBO-
IUTh 3JEKTPUUECKUM TOK SBIISAETCS 3JIEKTPUUECKAsk MPOBOJIUMOCTh. DIEKTPO-
IIPOBOJTHOCTH PACTBOPOB 3aBUCHUT OT KOHLIEHTPALIMU HUOHOB B PACTBOPE M MX
CKOPOCTH JBM)KCHHUA. Pasmuuaror ynaenbHyio () U MOJSPHYIO 3JIEKTPOIPO-
BOJHOCTE (A). YIenbHas 3JCKTPOIPOBOIHOCTh — BETMUUHA 00OpaTHAs y/Ieib-
HOMY 3JieKTpoconpoTuBiicarnto ¥ = 1/ p. MomsipHast 3iekTpryeckas IpoBo-
JIMMOCTh onpeensercs ypasaeHuem A = 1000 y / c.

B paz06aBiieHHBIX pacTBOPAX AJIEKTPOIPOBOIHOCTD OCYILIECTBIISETCS Ka-
THOHAMHU M aHMOHAMHU HE 3aBUCUMO Apyr oT apyra. [Ipm omHoW m Tou ke
KOHI[EHTPALMK 3JIEKTPOIIPOBOJHOCTh CUJIBHOTO 3JIEKTPOJIUTA OOJIBIIE SJIEK-
TPOIPOBOJIHOCTH CJIA00T0 3JIEKTPOIUTA.

PearenTsni: 0,1 H pacTBOpBI COJISIHOM M YKCYCHOM KHCIIOT; Cylb(aTsl
MarHus, HaTpUsl, aTIOMUHUS, XJIOPHUJIBI HATPUS, KaJdus U MarHus, XJopar Ka-
aust; xaopun xenesa (I11); aurpar cepedpa; pacrBop Ky[Fe(CN)g]; moporrok
KapOoHaTa MarHus.

OO6opynoBanue: npoOUPKH, MPUOOP A U3MEPEHUS IIEKTPONPOBO/I-
HOCTH PacTBOPOB.

Iopsinok BbINOJIHEHHUS PAdOTHI

OnbiT 1. CpaBHeHue cuiibl KUCIOTH. B oaHYy mpoOupky Haleiite He-
muoro 0,1 1 pactBopa HCI, a B apyryro cromnsko ke 0,1  pactBopa CH3;COOH.
B kaxnayro no6aBbpTe cyxoi kapOoHaT maraus. Uto Habmogaere? [louemy B
pacTBOpe YKCYCHOM KHCJIOTHI BBIIEJICHUE ra3a (Kakoro?) mpoTekaeT Mpojio-
xuTenbpHee, yeM B pactBope HCI?

46



OmnbiT 2. UonHbie peakiuu. [IpoBecTr OnbIT B TAKOM MOPSAKE:

1. B Tpu npoOupku HaseldTe HEMHOTO PacTBOPOB Cylb(aTra Maruus, Ha-
Tpus U amtoMuHus. Jlo6aBbTe BO BCe TpU MPOOUMPKU HEMHOIO PacTBOpa XJio-
puaa Oapusi. Uto HabmonaeTe? 3anuinuTe ypaBHEHUS peakifil B MOJIEKYJIsIp-
HOM 1 MOHHOM (hopmMax M OOIITYI0 HOHHYIO PEAKIUI0 OOHAPYKEHHS CyabdaT —
WOHOB.

2. B nBe mpoOupku HajleiTe HEMHOTO PAaCTBOPOB XJIOPHUAOB Kalusl U
MarHusi, a B TPEThIO — pacTBOP XJiopara kKanus. B kaxmyio npobupky 100aBb-
Te Mo 2—3 Karuii pactBopa HUTpara cepedpa. [louemy B TpeTheil mpobupke He
oOpa3zyetcst ocaqok? Hanummre 001y peakuuio oOHapyKeHHs XJIOpUA —
noHOB. Ha kakue MoHbI TUCCOLUUPYIOT XJIOpaT Kaaus?

3. B peakuusix oOMeHa y4yacTBYIOT U KOMIUIEKCHbIE HOHBI. B mpobupky
Hayelite HeMHOro pactBopa FeCls u 100aBbTe HECKOJBKO Kalellb pacTBopa
K4[Fe(CN)e]. Habmomaiite oOpa3oBanue ocajaka OCpIMHCKOM Ja3ypH. 3amu-
HIUTE YPABHEHHUE PEAKIIUU B MOJICKYJIIPHOU U MOHHOM (hopMme.

OneiT 3. OnpeneneHne SIEKTPONPOBOTHOCTH PACTBOPOB caxapa, YK-
CYCHOW KHCJIOTHI M XJIOpUaa HATpus. J[s Mu3MepeHus AJIeKTPOIPOBOJHOCTH
pacTBOpoB B crakaH eMkocThio 150-200 mui. 3aneiiTe ananu3upyemsblil pac-
TBOP U OMYCTUTE B HETrO TPadUTOBBIE DIEKTPOJIbI COCTUHEHHBIE C UCTOYHHU-
KoM nepeMeHHOro Toka (220 B) uepe3 naMIiouky HakaIMBaHM.

[To MHTEHCUBHOCTH CBEYCHHMSI JTAMIIOUKH CJEIAlTE 3aKIIOUYEHUE O CIIO-
COOHOCTH UCCIIEAYEMBIX PACTBOPOB MPOBOAUTH INEKTPUUECCKHl TOK. OObsc-
aute Bamm HaOmoaeHus.

KonTpo/bHbIe BOPOCHI

1.Kakwue BemiecTBa Ha3bIBAIOTCS SJICKTPOITUTAMU ?

2.UT0 Ha3BIBAIOT CTEMEHBIO Aucconuanuu? Yemy paBHaA CTENECHb JHC-
COITHAITUY CUIIBHOTO AJIEKTPOIUTA?

3.Kakue nonsl 00pa3yroTcsi Ipyu pacCTBOPEHUU B BOJIE CIEAYIOLIUX CO-
€IUHEHUN . A|2(804)3, NazHPO4, Mg(OH)z, HzS, HC|O4

4.3anmumuTe MOJICKYJISIPHBIC YPaBHEHUS PEaKIUi, BBIPA)KAEMBIX ClIe-
AYIOIUMH KPaTKUMH HWOHHBIMH YPaBHCHHSIMU: a) Pb* + SO,* = PhSO4
6) H* + OH™ =H,0 B) Fe* + 30H™ = Fe(OH)3d 1) Cu(OH), + 2H" = Cu* +
+ 2H,0 1) MgCOsy + 2H" = Mg™ + H,0 + CO,T ¢) HCN + OH = CN+ H,0

5.3anummuTe MaTeMaTHYeCKOe BhIpaKCHUE 3aKOoHA pazOaBieHus. [1oib-
3ysICh 3aBUCUMOCTBIO, OIIPEACIIUTE CTETICHb JUCCOIMAIIMN YKCYCHON KUCIIOTHI
npu crnenyronmx konuentpanusax: 1,0; 0,1; 0,01; 0,001; 0,0001. Koncranta
nucconunanuu CH3;COOH paBha 1,75-107, [TocTpoiiTe Ha OCHOBAaHUU IMPOM3-
BEJICHHOI'0 pacueTa rpadrK 3aBUCUMOCTH O, OT KOHIICHTPAIIHH.

6.Kak KonmMuecTBEeHHO XapaKTepU3yeTCsl CIIOCOOHOCTh PacTBOpPa MPOBO-
JTUTH DIICKTPUICCKUM TOK?

47



JlaGoparopnas padora Ne 11
IrmaproJin3 COJEA

Lesb padoThl: 3aKpeIICHNE TEOPETUUECKUX 3HAHUMN 110 TEME 3aHATUS;
MPUOOPETEHNE HABBIKOB AKCIEPUMEHTAILHOTO OMPEEICHUs PEaKIUU cpena
pPacTBOPOB PA3JIMYHBIX COJIEH; BbIpAOOTKA HABBIKOB COCTABJICHHUS MOHHBIX U
MOJIEKYJIIPHBIX YPABHEHUHN THAPOIIU3A.

Oo0mue cBeIeHUA

['uaposian3oM cosieli Ha3bIBaeTCS XMMHUECKOEC B3aUMOJICHCTBHE HOHOB
COJIM C TIOJSIPHBIMH MOJICKYJIaMH BOJIbI. Pe3ynbTaToM THApPOJIH3a SIBIISCTCS
nu3MeHenue peakiuu cpeapl (pH) u oOpasoBanue c1ad0AMCCOMUPYITUX MTPO-
AyKTOB (MOJIEKYJI MM MOHOB). JlMccommanus MpoayKTOB THAPOJIN3a IO/aB-
JSICTCS PUCYTCTBUEM B PACTBOPE OJHOMMEHHBIX HOHOB COJIH.

PaBHOBecre B OOJIBIIMHCTBE CIIydaeB OKa3bIBACTCSA CHJIBHO CMEIICH-
HBIM B CTOPOHY HMCXOJHBIX BCINECTB M3-3a HUUYTOKHO Majod JAMCCOLMALINN
Bobl. (KoHCTaHTa AucconManyy BOIbl paBHa 1,8-10_16).

Coun, oOpa3oBaHHbBIC CHJIBLHBIMH OCHOBAaHHUSIMH M CHJIbHBIMH KHCJIOTa-
mu (NaCl, KNOgz, Rb,SO,4 u ap.), HE comepkaT B CBOEM COCTaBe MOHOB, CIIO-
COOHBIX K B3aMMOJICHCTBUHU C BOJOH, IMO3TOMY T'HAPOJIU3Y HE IOJABEPIracTCs.
Peakiius cpenbl B pacTBope Takux cojici HertpansHas (pH = 7). Jlns octanb-
HBIX COJICH BO3MOXKHBI TPH THIIA THAPOJIM3a B 3aBUCUMOCTH OT THIIA COJICH.

I'uapon3 mo KaTHOHY XapaKTepU3yeT COJIM, 00pa30BaHHBIC CHIIbHOM
kucioroit u ciadbiM ocHoBanueM (NH4Cl, ZnSO,, AI(NOs)3). B atom cityuae
KaTHOH COJM CBs3bIBaeT HOHBI OH™ BOJIBI, YTO CMEIIAET PABHOBECHE CHCTEMBI
HOH = — H" + OH Bnpaso. B pe3ynbrare B pacTBOpE yBEIMYHBAETC KOH-
IICHTPAIUs HOHOB BOJIOPOJIA M CPeJia CTAHOBUTCS KUCIIOHM.

YtoOb! 3amucarh ypaBHEHHUS THAPOIN3a yIOOHO paboTaTh MO CIEayI0-
IIEMY aJITOPUTMY:

1. Onpenenure NPUPOLY COJIU U 3AMMIIUTE CXEMY €€ TUCCOIUAIINH

NH.Cl —» NH4+ +CI”

COJIb CUJIBHOM KHMCJIOTHI U CJIA00TO OCHOBAHMUSI.
2.3anuImuTe ypaBHEHHUE TUIPOJIM3a TI0 KAaTHOHY B KpaTKo# ¢opme:

NH," + HOH = — NH,OH + H*

3.3anumure ypaBHEHUE THAPOINA3a B MOJIEKYJISIPHOM (popme, Ha30BUTE
MPOAYKTHI TUAPOIIU3A!

N H4CI + H O H = % N H4OHI‘I/II[p0KCI/I,H aMMOHM + H CI XJIOPOBOAOPOAHAS KHCJIOTA

Peaknust cpenpl B pacTBOpE 3TOM CONMM — KUCHas. Eciii KaTHOH MHOrO-
o2 3
sapaaubii (Zn“', AIPY) rugponus npu o6bIYHBIX YCIOBUAX NPOTEKaeT 1o Hep-
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BOM CTyNeHU ¢ oOpa3oBaHUEM MPOAYKTOB THAPOJIH3A — THMAPOKCOKATHOHOB
ZnOH*, AIOH*" inu B MONeKyIApHOi GOpME — OCHOBHBIX COJICHA.

I'maposu3 no aHMOHY XapaKTepu3yeT Cou, 00pa3oBaHHBIE CIIaA00H KH-
cioroii u cuiibHbIM ocHoBanneM (KCH3COO, Na,COgz, RbzPO, u ap.) B sTom
cilydae aHHUOH COJHM CBS3BIBAET MOHBI H' BOMIBI M B pacTBOpE HAKAILIUBAKOTCS
nonbl OH", cpena menounas pH > 7. Ucnonb3ys anroputM, 3anuiieM ypaB-
HEHUS TUIPOJU3a COJIM, OOpa30BaHHOM CJIa00l JBYXOCHOBHOW KHCIIOTON
(H2CO3) u cuibabiM ocHoBanue (NaOH):

1. Na,CO3; — 2Na" + COs*

2. CO5* + HOH = — HCO4 + OH~

3. Na,CO3 + HOH = — NaHCO3; + NaOH

[IponykTamu ruaposvsa SBIASIOTCA: KUCHAsl COJb THApokapOoHAT Ha-
TPHS ¥ TUAPOKCH] HATPHSI.

Peakums cpensl B pactBope Na,COs3 — mienounas, pH > 7.11o 1-it cTy-
NeHu 00pasyeTcs Kucias cojb. ECiii CUIIbHO HArpeTh, TO TUAPOIN3 YCUIIUBA-
€TCSl, U MOXKET NMPOUCXOAUTD MO 2-11 CTyNeHHU:

HCO; + HOH =— H,CO3; + OH™
NaHCO; + HOH — H,CO5; + NaOH
A
H,O CO;

I'uaposiu3 mo KATHOHY M AHUOHY CBOMCTBEH COJISIM, 0Opa30BaHHBIM
cimaboii kucaoroii u cimadeiM ocHoBanreM (NH4CN, NH,CH3;COO u ap.). Pe-
aKIUs Cpeabl B PacTBOpax TaKUX COJICH CilabOKucaas Wid Cla0oIIeIouHas
(pH = 7) u onpenensieTcss COOTHOIICHUEM KOHCTAHT JTUCCOLUAIIMH TIPOIYKTOB
TUIPOJIN3A.

Jlnst coueid, 0Opa30BaHHBIX CJIA0BIM MHOTO3apSIHBIM OCHOBAaHUEM H
c1a00i MHOTOOCHOBHOM KHCJIOTOM, CBOMCTBEH MOJIHBIA THAPOJIN3, T.€. HEOO-
patuMoe pasiioxeHue cosielt Boxoi, Harpumep AlySs, Cr,Ss, Aly(COs)s ..

Aleg + 6HOH — 2A|(OH)3 + 3stT

Bonnble pacTBOpPBI TAKUX COJIEU HE CYLIECTBYIOT.

PearenTsnl: pacTBOpBI XJopuAa Xpoma, KapOoHaTa HATpus, HUTpara
AIFOMUHMS ¥ HATPUS, alleTaTta HaTpusl cyib(aTa HaTpusl.

Oo6opyaoBanue: mpodupku, pH-metp.

Iopsinok BBINOJIHEHUSI PA0OTHI

OnwiT 1. BiausHue npupoaa cojiv Ha MEXaHW3M U XapaKTep T'UApoJIn3a.
Ha yacoBoe CTEKJI0 MOMECTUTE YeThIpe Mmapbl (KpacHas U CHHSIS) MOJIO-
COK JJAKMYCOBOM Oymara M Ha Kaxylo mapy KarHUTe 10 JBe—TPHU Karlik pac-
TBOPOB. BOJia JUCTWIIMPOBaHHAs, KapOOHAT HATpUs, HUTPAT ATIOMUHMS,
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HUTpaAT HATPUS WM Kajnus. Pe3ynbTarhl ombiTa 3anuimuTe B Ta0u. 8 u maiite
000CHOBaHHUE KXKIOMY MNPHUMEPY THUIPOJH3a COJIHM. 3alUIIUTE ypaBHEHUS
TUJIPOIU3a COJIEH.

Tabnuua 8
Oxkpacka JlakMmyca Haszpanue
dopmyia Peaxkums
Ha3Banue | kpacHast | cuHsS pH | npoayktoB
BELIECTBA Cpeabl
T'UIPOJIN3A
HOH
Na,CO;
Al(NO3);
NaN 03

OnwiT 2 (memoHcTpanuoHHbIN). Onpenenenne pH pacTBopoB cosieit
nomoribio mpudopa pH-340:

a) omnpeaenuTe pH pacTBOpoB coicii U3 onbiTa 1 ¢ MOMOIIBIO TPUOOpa
pH-340. Jlanable u3MepeHunii 3auInTe B Ta0IUILY;

0) m3meprTe pH 0,1 M pacTBOpOB CiICIYIOMUX COJICH: aleTaTa HaTpus,
cynbduTa HaTpusg U KapOoHaTa HATpUs. PacmonoXuTh 3aJjaHHBIE COU B PSI
[0 YMEHBIIECHHUIO CTeNeHu ruapoiu3a. [laiite obocHOBaHUE Mpoleccy U 3a-
MUIIATE YPaBHEHUS THAPOIIU3A.

OnwiT 3 (IeMOHCTpaIMOHHBIN). BimsHHEe TeMieparypbl Ha CTEICHb
TUIPOJIN3A;

a) uamepbre PH 0,01 M pactBopa coau xmopua xpoma (I11) mpu 25, 50
u 100°C ¢ momorpto mpubdopa pH-340;

0) msmepbre PpH 0,1 M pactBopa conm anerara HaTpws MPH TEX XK
TeMrepaTtypax u Ha ToM ke mpudope. Jlaiite obocHOBaHME Mpoliecca, 3amu-
IINTE ypaBHEHHUE THAPOIIN3a.

OmnbiT 4. Tlonuerii rugponus. Hamute B mpoOupky 1-2 mu pactBopa
HUTpaTa amroMuHus U 1-2 M pacTBopa kapOonarta HaTpus. HaGmomaemoe
BBIJICJICHHE ITy3BIPHKOB T'a3a U 00pa3oBaHKe OEI0ro 0caKa CBUACTEIbCTBYIOT
0 HeoOpaTuMOCTH mporecca. [Ipu cMemmMBaHUU PAacTBOPOB COJIeH, 0Opa3o-
BaHHBIX cJ1a0biM ocHoBaHueM M cuibHOM KuciaoTor (Al(NOg)s) U cHabHBIM
ocHoBaHueM u ciaboit kucimoror (Na;COjz), rUApPOIN3Y MOABEPrarOTCs MHO-
rozapsiaabie noust (AI*Y) u (CO5%), U B pe3ynbTaTe IPOLECe HACT 10 KOHIA:

Al(N03)3 + Na;CO3 + HOH — Al(OH)3 + H,O + COZT + NaNO;

VYpaBHsiiTE U 3aNTUIITUTE YpaBHEHUE B HOHHOM (hopMme.
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KonTpo/bHbIE BONIPOCHI

1. Kakue U3 yka3zaHHBIX COJIEH MOABEPrarOTCA THMAPOJIM3Y U KaKue He
MIOJIBEPTarOTCs: HUTpAT Kajus, cynbdar sxene3a (I1), xiopua kanpius, Cyb-
¢dbun HaTpus, anerar CBUHIIA, KapOOHAT Kajusl, HUTpaT aMMOHUS, Cylb(ar 1ie-
3Wsl, HUTPUT HATpus, HOAUJ Kalusl, [uaHug amMmoHusa? Jlaiite o0oCHOBaHUE.
3anuiuTe GopMyJibl COJIEd U CXEMBbI UX AUCCOLUALUHN, TOJUEPKHUTE TUPO-
JU3YIOUIUECS NOHBI.

2. Kakas U3 JaHHBIX COJIEH: XJOpUJ LIMHKA, HUTPAT HUKEJS, LIUAHU]
HaATpHs, Cylb(aT Kaius, XJOPHUI aMMOHUS — MOJABEpPraeTcsi TUApoIn3y ¢ 00-
pa3oBaHUEM cJIa00i KUCJIOTHI, ¢Ia00ro OCHOBaHUA? 3amUIIMTE YpaBHEHUS
TUIPOJIN3A.

3. B kakoM u3 BOJIHBIX PacTBOPOB coJieii: Opomuy kanus, ¢ocdar Ha-
Tpus, cyib(aT IIUHKA, HUTPAT PYOUAUS — peaKius Cpeabl Ie0UHast; KUcas?
JlokaxuTe BBIBOJI YPABHEHHUSMU THUPOJIM3a B MOHHOW U MOJIEKYIsIpHOU (op-
Max 1o 1-i cTyneHu.

4. B KakoM M3 BOJHBIX pacTBOpOB coueid: xmopua mapranna (I1), aur-
part Bucmyra (1), kapOoHaT pyOuams, cynbdar 1e3us, HUITPUT KaJusl, aleTar
amMmMoHusl, xjopua Hatpusi —pH > 7; pH < 7; pH =77

JlaGopaTopnas padora Ne 12
SJIEKTPOJHBIU TIOTEHIUAL
XUMHNYECKHUE UICTOYHUKHA TOKA

Heab padoThI: omnpeaesaeHrne NpUpoJIbl ANEKTPOAHOTO MOTEHIMANIA U
€ro YHCJIEHHOW 3aBUCUMOCTH OT Pa3IMYHBIX (hakTopoB. O3HAKOMIIEHHE C
YCTPOWCTBOM M MPUHIIUIIOM PAOOTHl XUMHUYECKHUX UCTOUYHUKOB TOKA.

OO01mue cBeaeHus

[Ipu onmyckaHum MeTaia B pacTBOp €ro COJIA WM PacCTBOPUTEND U3-32
pa3IM4uMsl B SHEPTUU KPUCTAJUIMYECKOM PENIETKU METajla U SHEPTUH TUjipa-
TaIlUM, T.C. SHEPTHU CBS3M MOHOB C MOJICKYJIOH pacTBOpHUTENs (11 BOJHBIX
pPacTBOPOB DHEPIHM COJIbBATAIIMM) HAUYMHACTCS IEPEXOJ MOHOB METajlla U3
pacTBOpa Ha MeTain win obpaTtHo. [lepexon ocyiecTBisieTcss A0 TeX IMOp,
[IOKa HE HACTYNHUT paBHOBECHE, OOYCIIOBJIEHHOE PAa3HOMMEHHOCTBIO 3apsja
MeTaliia ¥ pactBopa. [Ipu 3Tom y MeTaia—3iekTpoia 00pa3yeTcsi ABOMHOM
ANeKTpuueckuid cioil. O0pa3zoBaHue MOTEHIMANIa MPOTEKAET HAa TPAHULIE pa3-
aena n1ByX (a3 u ABIsAETCSA reTepOreHHbIM npoueccoM. [loTeHiman anexkTpoaa
onpexensierca ypaBHeHueM HepHcra:
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rine R — yauBepcanbHas razopas nocrosinaas (8,3 Jx/mounb K); T — abconror-
Has temneparypa (K); F — nocrosiuaas ®apanest (96500 Kynon); n — 4ducio

. 0
NPUHUMACMBIX OJIEKTPOHOB; E., \\ o

BOCCTAHOBUTENBHBINA MM ANeKTpo bl notennuan (B) u [Me™] — xonnen-
Tpalusl NOHA MeTajuia B pactBope (MoJib/i1). UeM MeHbIe OTEHIIMAT METaJl-
JIMYECKOTO DJICKTPOJIA, TEM JIETYE €ro aTOMbI OTJAI0T CBOHM BAJICHTHBIE JJICK-

CTaHI[apTHBIﬁ OKHCJIMTCIIbHO-

TpoHsl. 110 Bemmmunne EIC\)/I METAJUIBI PACIIOJIOKEHBI B Psil HAIIPSKCHNAM.

™/ Me

Jis onpeneneHus 37EKTPOJHOrO IOTEHLMANA MPUMEHSIOT BOLOPOA-
HBIM DJIEKTPOJI CpaBHEHUS. BOIOPOIHBIN 3JIEKTPOJ 3TO IUIATUHOBAS MPOBOJIO-
Ka, TOKpBITasl IUIATUHOBOW YEPHBIO, U INOTPYKEHHAss B PACTBOP KHUCJOTHI C
KOHIIEHTpAallMe HOHOB BOJIOpoAa, paBHOH 1 r-uon/n. Ha nanHom snekrpoje
IIPOTEKAET PEAKIIUA:

1/2H2:—)H++€.

[Ipu maHHBIX YCIOBUSIX MOTEHIMAN 3JEKTPOJa YCIOBHO IMPUHST PaB-
HBIM HYJIIO.

XHMMHUYECKMH MCTOYHUK TOKa (rajbBaHMUYCCKUH DJIEMEHT) — 3TO IpHU-
0op, TpeaHa3HAYEHHBIN ISl MPEBPAIICHUS YHEPTUN XUMUYECKOU PeaKIluu B
AIEKTPUYECKYIO SHEPTUIO U COCTOAIIUN U3 MOHHBIX U 3JIEKTPOHHBIX MPOBO/I-
HUKOB, Ha TPAaHUIIE CONPUKOCHOBEHUS KOTOPBIX BO3HUKAET Pa3HOCTh JJICK-
TPUUYECKUX MOTCHIMAI0B M ekTpoasrxkyiias cuia (9J1C). DJ1C (AE) on-
pelensieTcsl Kak pa3HOCTh MEX]y MOTEHIMAIOM aHOJa M KaToja WK pas3-
HOCTh MEXy OOJIBIIIMM U MEHBIINM 3HAYEHUEM DJICKTPOJHBIX MOTCHIINAJIOB
(B). BJIC Bcerna BenmuuHa MOJIOKUTENbHAs. [IpeBpalieHie SHEPrUn XUMHU-
YECKOU peakii B AJIEKTPUYECKYIO BO3MOXKHO TOJBKO B TOM CIlydae, €CIu
sHeprus ['nd6ca maHHOM peakIuu MEHBIIE HYJA, T.C. peaKlus UIET C BbIJe-
JICHHEM SHepruu (camonpou3BoiibHO). I1pu aToM 3aBHcHMOCTh Mexay D/1C u
sHepruei 'mb6ca nMeeT clieyromui BU:

AE N F =-AG.

XUMHUYECKUE UCTOYHUKH TOKA MOAPA3ACISIIOTCA Ha TajJbBAaHUYECKUE
OaTapeiku, akKyMyJIITOPbI U TOTUTMBHBIC SJIEMEHTHI.
s peakuuu

Me; +M€2n+ = M€1n+ + Me,

C YYETOM, YTO KOHIIGHTpaluu (AaKTHBHOCTH) METAJIOB IOCTOSIHHBI, HepH-
CTOM MOJY4Y€HO ypaBHEeHUE Jy1s pacyeTa J/JC XMMUUECKOTO NCTOYHUKA TOKA:
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N3 manHOrO ypaBHeHus BUIHO, 4TO DJIC raabBaHHMYECKOTO 3JIEMEHTA
COCTOUT U3 aJIreOpandeckol CyMMBbI JABYX MOTEHIIMAIOB, 0Opa3yIOIIMXCS Ha
rpaHulie paszena ABYX (a3 MeTaurpacTBOp €ro COlM. DJNEKTPOJ, Ha KOTO-
POM IPOUCXOJUT PeaKiusi OKUCIECHUS U MPU 3TOM 00pa3yroTcsl AJIEKTPOHBHI,
Ha3bIBaeTCs aHOJOM (—). DJIEKTPOJ, Ha KOTOPOM MPOMCXOIUT PEAKIUS BOC-
CTaHOBJICHHS, Ha3bIBaCTCS KaTOIOM ().

PeareHTsbl: pacTBOpHI Cylb(paToOB MEAW, HUKEIA U LIMHKA, XJIOPOBOJO-
POJIHAS U CEpHAs KUCIIOTHI, MEJIHBIE, IMHKOBBIE U JKEJIC3HBIC IIJIACTUHKH.

Oob6opynoBanue: BOJIBTMETP.

IHopsinok BbINOJHEHUS PAdOTHI

Omnbit 1. Paa nanpsbkennit. cxonst W3 BEJMYMHBI CTAaHAAPTHBIX I0-
TEHIAAJIOB METAJJIOB, ONPEAECINTh BO3MOXKXHOCTh IIPOTEKAHUS MMPUBEICHHBIX
PEAKLIUM:

HCl + Cu —

HCIl + Zn —»

CuSO4 + Zn —»
ZnSO,4 + Cu >
CuSO, + Fe —>

Ocy1iiecTBUTEe JaHHBIE PEaKIUK B MPoOUpKax, HAIUB 1o 1-2 My kuco-
THI WJIM COJIU M OITYCTUB B HUX COOTBETCTBYIOIIUM METAILI.

3amanme 1. [Jonummre 3TH ypaBHEeHUs. COCTaBbTE CXEMbI U PaCCUH-
taiite DJIC rajpBaHUYECKUX JIEMEHTOB MPU CTAHAAPTHBIX YCIOBUSX M KOH-
[EHTpaIUIX CoJiel MeTauioB 1 MOJIB/J A1 peakiiuid, KOTOPbIE MOTYT TMIPOTe-
KarTb.

3ananmue 2. [IpousBeaure pacuer 3ICKTPOAHBIX oTeHIHanoB Fe, Cu u
ZN 3JIeKTPOJIOB, OMYIIIEHHBIX B paCTBOPHI UX colieit mpu Temrepatype 25°C u
KoHIHeHTparuu coiuer, pasaoi 0,01, 0,05, 0,1, 0,5 u 1,0 moaw/a. IlocTpoiiTe
rpaU4YEeCKy0 3aBUCUMOCTH MOTEHIIMAa OT KOHIIEHTPAllMU COJIM MeTasuia.
Pacnonoxure naHHbIC METAJIBI B PSIJI IO BO3PACTAHUIO X aKTHBHOCTH.

OmnbIT 2. ['anbBaHUYECKUI 371€MEHT. MEIHYI0 U IIUHKOBYIO IJIACTUHKU
OMYCTUTE B. CTAKAaHYMKH C PACTBOPOM Cyib(aTa MEIU W IIMHKA COOTBETCT-
BeHHO. CoennHUTe 00a CTaKaHYMKa M30THYTON TPYOKOM, 3aloJIHEHHOM pac-
TBOPOM XJIOpHJIA KIS C IPUMECHIO KJIES.

[TomcoenuHuTE MEIHYIO W LIMHKOBYIO IUIACTUHKHA C IOMOILIBIO MPOBO-
10B ¢ BonbTMeTpoM. M3MepbTe D J1C raibBAHMYECKOTO AJIEMEHTA.
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3apnanue 1. Hanumure ypaBHEHUS peakiuid, TPOTEKAIOIIMX HA KATOJIE,
aHoJ/e, U CYMMAapHYIO JaHHOTO TAIbBAHUYECKOTO AJIEMEHTA.

3ananue 2. [IpousBeaure pacder 3IEKTPOAHBIX MoTeHIIManmoB CU u Zn
AJIEKTPOJIOB, OMYIIEHHBIX B PACTBOPHI UX cosiel mpu temmeparype 25°C u
KOHIeHTpauuu conelt, pagHoit 0,01, 0,05, 0,1, 0,5 u 1,0 mons/n. Onpenenure
O/1C naHHOTO TaTbBAaHWYECKOTO 3JIEMEHTA M CPABHUTE C M3MEPEHHBIM 3HAYE-
HHUEM.

KonTpoibHbIe BONPOCHI

1.T e v moyemy BO3HUKAET JECKTPOAHBINA MOTEHIIAAI ?

2. 0T KakuX MapaMeTpoB 3aBHCHUT YMCIECHHOE 3HAYEHHUE DJIEKTPOIHOTO
NnoTeHI1aa?

3. Kak omnpepensiercs YMCIEHHOE 3HAYEHHE 3EKTPOJHOTO MOTEHI[aa?

4. Psn HanpsKeHU METaIoB — UTO 3TO?

5. OnumuTe NpUHIUI padOThI raJIbBAHUYECKOT O 3JIEMEHTA.

JlabopaTopHasi padora Nel3
OKUCJIUTEJBbHO-BOCCTAHOBUTEJIBHBIE PEAKIIUA

Heab padoThl: 3aKperuiCHHE TEOPETUUECKUX 3HAHUW MO OKUCIUTENb-
HO-BoccTaHOBUTENIbHBIM peakimsiM (OBP), mogoop ko3 dUIMeHTOB MeTOAa-
MU DJIEKTPOHHOTO OajaHca M 3JIEKTPOHHO-MOHHBIX TMOJYPEaKIHi, dKCIepH-
MEHTAJIbHOE TOATBEPKJICHUE OKUCIUTEIHbHO-BOCCTAHOBUTEIHHBIX CBOWCTB
BEILIECTB.

OO01mue cBeaeHus

B ornmume oT peakiuii 0OMEHa, OKHUCIHTEIbHO-BOCCTAHOBUTEIIHLHBIC
IPOIIECCH XaPaKTEPU3YIOTCS W3MCHEHHEM CTCIICHU OKHCJCHHS PEarcHTOB.
BeriecTBa, MpUHUMAIOIINAE 3JIEKTPOHBI, HA3bIBAIOTCS OKHCIMTEIIAMH. Bere-
CTBa, OTAAIOIINE JICKTPOHBI, HA3BIBAIOTCSA BOCCTaHOBUTENsAMH. [Iporiecc oT-
Ja4u 3JICKTPOHOB Ha3bIBACTCSI OKUCIICHUEM, a TIPOIECC MPUHSTHS JICKTPOHOB —
BoccTtaHoBJIeHHEM. (CJIeJ0BaTeIbHO, BOCCTAHOBHUTEIIb BCEINla OKHCISETCS, a
OKHCJIUTEIh — BOCCTAHABIIMBACTCA.

[Tpu onpeselieHuH CTENCHU OKUCIICHHUS (C.0.) ClIeIyeT UMETh B BHLY:

— MOJICKYJIa B II€JIOM 3JICKTPOHCHTpPaIbHA, T. €. CYMMbI OTPHUIIATEIILHBIX
U TIOJIOKUTEIILHBIX 3aPSIIOB PABHBEI;

— CTENCHb OKUCJIEHUs (C.0.) HEKOTOPBIX HOHOB IOCTOSIHHA. y WOHA
dropa (-1), y kucnopona (-2), kpome OF,, rae c.o. kuciaopona (+2), y Bojo-
pona c.o. (+1), kpome THIPHIOB, T1E C.0. Bogopoaa (1), y BceX S-MeTauioB
C.0. TIOCTOSIHHA M COOTBETCTBYET HOMEPY T'PYIIIIBI;
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— B MOJIEKYJaX MPOCTHIX BEUIECTB C.0. paBHA HYIIIO.

Kos¢pduumentsr B ypaBHenusix OBP Moryt ObITh HaiiieHbI METOaMU
AJIEKTPOHHOTO OajaHca WK 3JIEKTPOHHO-MOHHBIX YPABHEHUH.

PaccMoTpuM MeTOn 3JIEKTPOHHOro OanaHca: B OCHOBE METO/A JIEKUT
MPABWIO O TOM, YTO YKCIIO AJIEKTPOHOB, OTJITAHHBIX BOCCTAHOBUTENEM, JOJIK-
HO OBITh PABHO YHCITY 3JEKTPOHOB, MPUHATHIX OKUCIUTEIIEM.

B peakunn

K,Cr,0O7 + H,SO, + KNO, = KNO; + K,SO, + Cr2(804)3 + H,O

T0CJIE0BATENLHOCTh ONEPAIMK BHIPaBHUBAHUS KOA(D(HUIIMEHTOB CIIEyIOIIas

— ompejieNigeM C.0. BCeX aTOMOB JI0 M MOCJIE PEAKIMU U HOI4EPKUBAEM
37I€MEHTbI, U3MEHUBLIHUE C.O.;

— COCTaBJIsIeM 2JIeKTPOHHBIE YPABHEHHUS [IEPEIaUt JIEKTPOHOB!
nportecc Boccranosiaenns Cr' + 3e = Cr™ wmm 2Cr™® + 6e = 2Cr™, mpomecc
oxucierns N — 2e = N™. CreoBarepHo, GHXPOMAT KamHsi SBISIETCS OKHC-
JIUTENIEM, HUTPUT KaJlks — BOCCTAHOBUTEJIEM.

3a BepPTHKAIBHYIO YEPTY MO JUArOHAIM BBICTABIIsSIEM KOI(D(GUIMECHTHI,
KOTOpbIE MOKA3bIBAIOT YKCJIO OTAAHHBIX ¥ IPUHATHIX 2JIEKTPOHOB

2Crt+6e=2Cr* |2
N* = N*™ +2¢ 6

B stom nmpumepe ogHa MoJiekyina OMxpoMara Kajius MpUHUMAaET 6 Aiek-
TPOHOB, KOTOPBIE OTJAIOT TPU MOJIEKYJIbI HUTPUTA Kayus. JTU KO3pPuimen-
ThI BBICTABJISIFOTCSI B YPABHEHUE!

K>Cr,0O7+ 4H,S0O,4 + 3KNO, = =3KNO; + K,SO,4 + g2(804)3 + 4H,0.

3areM ypaBHUBAIOTCS OCTAJIbHBIE 3JIEMEHTBI, 4TOOBl B UTOre COOJIO-
JAJICsl 3aKOH COXpaHeHust Maccel. [IpoBepka mpaBWIBHOCTH ypaBHEHUS MPO-
WU3BOJUTCS 110 KUCIIOPOLY.

CxeMbl AJIEKTPOHHBIX YPAaBHEHHUH, KOTOPBIE MCHOJIB3YIOTCS ISl ypaB-
HUBAHUS, SBISIIOTCS (DOPMAJIbHBIMU U HE JAIOT MPEACTABJICHUS O XapaKTepe
YacCTUL, P€aJbHO YY4aCTBYIOIIMX B PEAKIIMHU. DTOr0 HEAOCTATKA JIUILIEH METO/
ANIEKTPOHHO-UOHHBIX YPAaBHEHNUH, KOTOPBIM HA3BIBAIOT METOJIOM IOJIYPEAKLIAMN.

JIns TPUBENEHHOrO BBIIIE NPUMEPA OKUCIMTEIBHO-BOCCTAHOBUTEIb-
HBIM IPOLECC BBIPA3UTCA CIEAYIOIIMMHA AIEKTPOHHO-NOHHBIMU YPABHEHUSMMU:

Cr,0, 2+ 14H" + 6e¢ = 2Cr*3 + 7H,0 1
NO,  + H,O —2e=NO; + 2H" 3

B J1aHHBIX ypaBHEHMSX CHayaja BBIMOJHICTCS 3aKOH COXpPaHCHHS Mac-
CBI; YHCJIO MIPHHATHIX U OTJAHHBIX DJICKTPOHOB HAXOIUTCS IO MPABUIY CyM-
MBI 3apsJIOB. Tak, B IEPBOM YPaBHCHHH CyMMa 3apsjioB B JICBOH dacTH
(-2 + 14) = +12, a B ipaBoii yactu (+6 + 0) = +6; cymma 3apsa0B OyaeT O1u-
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HAKOBOM, €CIIM K JIEBOM 4acTH ypaBHEHMsI IPUOABUTH 6 3JIEKTPOHOB. Y UUTHI-
Basg KOA(h(PUIIMEHT 32 BEPTUKAIBHOMN YepTOi, CYMMHPYEM MOJTypeakuu

Cr,0;2 + 14H" + 3NO, + 3H,0 = 2Cr *+ 7H,0+ 3NO;™ +6H",
nim
Cr,0;%+ 8H* + 3NO,” = 2Cr*® + 4H,0 + 3NO5,
U B MOJICKYJISIDHOM BHUJIC
K,Cr,07+ 8H,S0, + 3KNO, = Cry(SO,)s+ 4H,0 + 3KNOs+ K,S0,

Hanpasaenune OBP omnpenensiercss mo 3Ha4YC€HUSM OKHUCJIUTEIIBHO-
BOCCTaHOBHUTEIILHBIX MIOTCHIIMAJIOB PEarupyIONIuX CUCTEM.

[Torenira, BOSHUKAIONINI HA TPAHUIIE MHEPTHBIN 3JIeKTpoy (IIaTHHA) —
pacTBOp, COJAEPIKAIMI OKHUCICHHYIO M BOCCTAaHOBJICHHYIO (DOpPMY COCIMHE-
HUS, Ha3bIBACTCS OKMCIUTEIbHO-BOCCTAHOBUTEILHBIM IOTEHIIMANIOM. Ha-
npuMep, TiaTiHa (MHEPTHBIM 3JIEKTPOJI) IMOMEIIEHA B PACTBOP, COJACPIKAIIIMIA
coma xyopuaa skeneza (1) m xmopuma xenesa (I1). CranmapTHble 3HaYCHHUS
OKHCJIUTEIILHO-BOCCTAHOBUTEIBHBIX TOTCHIIHAIOB OMNPEICIIAIOTCS, KaK M CTaH-
JApTHBIC DJICKTPOJHBIC MOTCHIMAIbI METAIOB, OTHOCHTEIBHO BOJOPOIHOTO

aekTposa. (3HaueHHs E; cM. npuaokenust 4). s caMonporn3BOJIbHBIX PeaK-
0

OUM  OKUCIIEHUA-BOCCTAHOBICHMA  mopcuuteBaercs OAC=E_ . .. —

_E°

BOCCTAHOBUTECIIA !

Cr,07” +14H" + 68 — 2Cr>* + 7TH,0 mmeer EJ = +1,333 B, nonypeaxuus

NO; +2H" + 28 — NO; + H,0 umeer E%= +0,838 B. cnenoBarensHo, 9/1C

3TOM cuctemsl Oyaet Oonbire vyns: JIC = 1,333 — 0,838 = 0,495 B. Takum
obpaszom paccmoTtperHass OBP mporekaeT caMonponu3BOIBHO.

PeareHTbl: pacTBOpbI OMXpoMaTa Kajus, HUTPUTA HATPUsl, CEPHON KH-
CJIOTHI, TIEpMaHTaHaTa Kalus, CyJb(puTa HATPUs, THAPOKCHUIA KAIHS WM Ha-
tpus, xaopuaa xkeneza (ll), moaunma kamms, xjaopuaa Kajius, TUCTHILTHPO-
BaHHAas BOJIA U IIMHK.

Oo6opynoBanue: mpoOUPKH.

31C > 0. B paccMOTpeHHOM BbIIlI€ MPUMEPE MOJTYpEaAKIIUS

IHopsinok BbINOJHEHUS PAadOThI

OmnbiT 1. OkuciuTenbHbIE CBOWCTBAa OumxpomaTta Kamus. B mpoOupky
HaJelTe HEMHOT'O pacTBopa OuxpomMara Kaius, 700aBbT€ pacTBOpP CEpHOM KH-
CJIOTHI, a 3aTeM MPUOaBHTE PACTBOP HUTPUTA HATPHS 10 U3MEHEHHUS OKPACKHU.
3anuimmuTe ypaBHEHUE PEaKIuu U oa0epuTe Ko3(PHUIIMEHTHI METOIOM DJIEK-
TPOHHOTO OayaHca.

56



OmnbIT 2. BrivsiHue cpenbl HaA OKUCIUTENbHBIE CBOWCTBA NIEpMaHTraHaTa
Kanus. B Tpu npoOupku Hanelte pacTBOp MepMaHraHarta Kaius, J00aBbTe: B
NEPBYIO MPOOUPKY PACTBOP CEPHON KHUCIIOTHI, BO BTOPYIO — BOAY, B TPETHIO —
pacTBOp TMAPOKCHUIA Kajusl, a 3aT€M BO BCE TPU MPOOUPKU PacTBOp CyJbpura
HaTpus. Uro Habmonaere?

3anuinuTe ypaBHEHUS MOJYPEAKIU B KaXJAOM cllydyae U MOJI0epUTe
KO3 (P PUITUEHTHI JIEKTPOHHO-MOHHBIM METOJIOM.

OmnbiT 3. Hanpasnenne OBP. B nBe nmpobupku HajeiTe pacTBOp XJjo-
puna xxenesa (I1) u 3aTem B oJiHY npuiieliTe pacTBOp HOAMIA Kaus, a B JPY-
T'YIO pacTBOp XJopuaa Kaiaus. Yto Habmomaere?

3anuinuTe ypaBHEHUS MOTYPEAKIUI U, UCTIONb3Ys 3HAUYEHUS CTaH1apT-
HBIX OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX MOTEHIMAJIOB U3 TAOJMUIbI MPUIIO-
KEeHUs1, moaTBepauTe HabmoaeHus pacuerom JJIC.

OnbiT 4. BeiTecHeHre BOIOpOa U3 KUCIOTHI MeTalulaMu. B mpooupky
HajeiiTe HEMHOTO CEepHOW KHUCJIOTBHI, a 3aTeM IOJIOKUTE KYyCOUEK I[MHKA.
Onumure Bamm nHaGmiogenus. Ilonb3ysch psiaoM HampsDKEHHUsS METaJUIOB,
YKaXUTE, KaKU€ METaJIbl MOTYT SIBJIATbCSI BOCCTAHOBUTENISIMU IO OTHOIIIE-
HUIO K BOJIOPOJLY.

KonTpoibHbIe BOPOCHI

1.Kakue peakunu Ha3biBatoTcsi OBP?

2.YUT0 Takoe cTeneHb OKHUCIEHUS U KaK OHA ITOJACUYUTHIBACTCS ?

3.Mcxons U3 cTeneHu OKUCIICHHS CEPhI, YKAKUTE KaKOe U3 COSTUHEHUN
MOXKET OBITH TOJBKO OKHUCIIMTEIEM, a KaKo€ TOJIBKO BOCCTAHOBHUTEIIEM:

H,SO,; H»S; Na,SO,
4. [TonOepute KO3PPUIMEHTHI B CIETYIOUIUX YPABHEHUSIX

HI + H,S0, = I+ HpS + H,0
Mg + HNO; = Mg(NO3), + NH,NO; + H,0
K,Cr,07+H,SO,+FeS0,=Cr,(SO4)3 + H,O + Fe, (SO4)3 + K,SO,
Cu + HNOg3(pa3z6ag.) = Cu(NO3), + NO + H,0O

JIns Bcex peakunii yKa)KuTe OKUCIUTENb U BOCCTAHOBUTETD.
5. [Togbepute k03(GUIMEHTH METOAOM IJIEKTPOHHOTO OasiaHca; 3aru-
[IUTE MOJEKYJSPHbIC YPAaBHEHHUS

MnO; +H*™ +17 > Mn%" +1, + H,0
Ag+H"+NO; - Ag" +NO+H,O0.

6. B xakoM HampaBi€HHMM MOTYT MPOTEKaTh PEaKLUU, BBIPAKECHHbIE
CIEAYIOIIMMH YPaBHEHUSIMMU:

57



Cl, +2I" < 2CI" +1,
Fe’* +Cu?" < Cu+Fe®
2Br~ +Cl, < Br, + 2CI~
MnO, + 2CI™ + 4H* < Mn?* +Cl, + 2H,0.

/.Ilo mpUBENECHHBIM HWXE, 3JIEKTPOHHO-MOHHBIM IOJYPEAKIUsM CO-
ctaBbTe ypaBHeHus OBP B monekynsipHoil popme:

10Fe** —10e — 10Fe**
(2MnOj +16H" +108 — 2Mn** +8H,0

3Zn—6e — 3Zn*"
SO2” +8H" + 68 —>S+4H,0

JlaGopaTopHasi padora Ne 14
KOPPO3USA METAJIJIOB

Heap padoThI: 3aKpEIICHHE TEOPETHYECKUX 3HAHUW MO MPOLECCY
KOPPO3UHU METAJIJIOB Y MCCIICIOBAHUE BIIMSHUS PAa3IMUHBIX (haKTOPOB HA KOP-
PO3HIO.

OO0mue cBeaeHus

Koppo3uen MeraulmuecKux H3AEIuMd HAa3bIBAIOT CAMONPOU3BOJIBHOE
paspylICeHUE METAJUIOB BCJIEACTBUE XUMUYECKOTO WA JJIEKTPOXUMUYECKOTO
B3aMOJICUCTBUS UX C OKpPYXKAIOIIEH cpeoll u mpuBOALIeH K nmotepe QyHK-
LAOHAJIBHBIX CBOMCTB m3nemus. [Ipomecc KOppo3uy mpoOTEKaeT HAa TPaHULIE
paznena AByx ¢a3 u sIBISIETCS] TETEPOreHHbIM MpoiieccoM. [IpuuuHoii koppo-
3UM SBIIETCS TEPMOJMHAMUYECKAss HEYCTOMYMBOCTh METAJUIA WIM CIUIaBa B
OKpY>Karolleu cpene, T.K. XUMUYECKAsT PEeaKlUnsl B3anMOJACUCTBUS MeTauia C
KOMIIOHEHTOM OKpY>Karolleil cpeabl UAET ¢ yMeHblIeHHneM sHepruu ['ub0ca
(AG <0).

[To mexanu3my B3aMMOAECHUCTBUSI METAUIA C BHEIIHEW CPEIOU pas3iiv-
YT XUMUYECKYIO (ITPOTEKACT B PAacTBOpPaX HEDJICKTPOJIUTOB M B ra3ax IpHU
BBICOKOU TeMIIEpaType) ¥ AIEKTPOXUMHUIECKYIO (BO BIaKHOU arMocdepe U B
pacTBopax 3JICKTPOJIUTOB) KOPPO3HI0. [IpU 3IEKTPOXMMHUYECKON KOppO3HUU
MMEET MECTO 00pa30BaHME MUKPOTraJIbBAHMUECKHUX 3JIEMEHTOB, YTO 00YCIIOB-
JICHO HAJIWYMEM IPUMECEU IPYTUX METAJUIOB U HEMETAUIOB, HEOJHOPOIHO-
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CTH B CTPOCHUM KPHCTAJUIA METAIUIA U HEKOTOPBIMU IpYTMMH npuunHamu. Ha
AHOJHBIX YYaCTKaX, UMEIOIIMX MEHBIINNA MOTEHIMAJ, TPOUCXOIUT PacTBOpE-
HU€ METaJlJIa, a Ha KaTOAHbIX pu pH <7

H++e—) 1/2 H,
u npu pH > 7
O, + 2H,0 + 4e — 40H"

[To xapakTepy pa3pylleHHUs] METAJUIMYECKOTO HM3ENUsS KOPPO3Us MOJ-
pasjesnsiercss Ha paBHOMEPHYIO U CTPYKTYpPHO-M30HpaTebHyIO (MISATHAMH, 5I3-
BaMH, TOYCUHAS, MEXKKPUCTAJUTNIECKAS U JIP.).

OHEPruyHbIMU YCKOPUTENISIMH KOPPO3UH SIBJSIOTCS HOHBI XJIOpa, a
XpoMaThl U OMXpPOMAaThl CIOCOOCTBYIOT 00Opa30BaHUIO MPOYHOM IJICHKH, KO-
TOpas 3alUIIACT U3/ENIUE OT KOPPO3HHU.

[lo Buy OKpy:Karolien cpeaa Koppo3us Mmojpasaensercsa Ha arMmocgep-
HYI0, Fa30BYIO, TOYBEHHYIO, OMOJIOTUYECKYIO U HEKOTOPBIE APYTHE.

MeToabl 3aIUTHl METAIIOB OT KOPPO3UH 3aKIIIOUAETCS B CIEAYIOLIEM:

— W3MCHCHHME Marepuaia MeTajuia u3enusi (M3roTOBICHUE M3 HEepKa-
BEIOILIEH CTaldM ¢ OOLIMM COJIEpKAaHUEM XpoMa, HUKEJs, BoJib(pama Wi Ba-
Hagus 0osbire 13%);

— HAHECEHUE JIAKOKPACOYHOTO IMOKPBITHUS, OKCHUJIHOTO CJIOsl, JIPYroro
HEOPraHMYECKOTO MOKPBITUSI U KATOAHBIX, IO OTHOILIEHUIO K MOKPHIBAEMOMY
MeTasly, ralbBaHUYECKUX MOKPBITUH;

— HAHECEHHWE aHOIHBIX, MO OTHOIIECHUIO K IMOKPHIBAEMOMY METaLTY,
raJibBAHUYECKHUX MOKPBITUI MeTallJIaMH,

— MPOTEKTOpPHAs 3alllUTA,;

— 3JIEKTPOXMMHUYECKAsl KaToAHAasl WJIM aHO/IHAs 3alllUTa,;

— YMEHBIIEHHE arpeCCUBHOCTH CPEIbl MyTEM yNaJ€HUsl arpeCCUBHBIX C
TOYKHU 3pEHHsI KOPpPO3WH, BelecTB (yIajeHue Biard, ra3oB, m3mMeHeHue pH
Cpebl, BBEJICHHE UHTHONTOPOB—3aMEIUTEIICH KOPPO3HH).

PearenTsl: pacTBOpHI cynab(dara u XJI0opujia MM, THAPOKCUIA HATPHUS,
CEpHasi U XJOPOBOJIOPOAHASI KUCIOTHI, PAaCTBOPHI KPAaCHOW KPOBSHOM COJIM U
Ouxpomara Kajusi, HOJOCKH MEJIU, IMHKA, jKeJle3a U aTlOMUHUSL.

OO6opynoBanue: NpOOUPKU U XUMUYECKUI CTaKaH.

IHopsaok BbINOJHEHUS PA0OTHI

OmnbiT 1. BausHue ranbBaHMYECKOW Mapbl HA KOPPO3UIO kene3a. Ha-
JeiiTe B mpoOUpKY 6 MJT JUCTHUIUIMPOBAHHOW BOJIbI, HECKOJILKO Kameidb pac-
TBOpa CEPHOI KHCIOTHI M pacTBopa KpacHou kpossiHoW comu Kz[Fe(CN)g],
KOTOpasi MpU HaJU4YUKM MOHOB XKeje3a 00pa3yeT COeJIMHEHHWE C MHTEHCHBHO
CUHEN okpackoi. PazneiiTe nmoiay4eHHbIH pacTBOP B TPU MPOOUPKH.
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JI1si IpUrOTOBJIEHUS TAJIBBAHUYECKUX Iap B HAAPE3bl ABYX KEJIE3HBIX
IJJACTUH BCTABHTE TOHKUE HUHKOBYIO M MEJIHYIO HJIH OJIOBSIHHYIO TIJIACTUHKH.
ITomydeHHble 1BE ralIbBAaHUYECKUE NTApbl COBMECTHO C OJTHOM JKEJIE3HOM I1jIa-
CTUHKON MOMECTUTE B TPU paHEEe MPUTOTOBICHHBIE MPOOUPKU C PACTBOPOM.
Yepes HECKOJIBKO MUHYT B HEKOTOPBIX MPOOUPKaX MPOU30UJIET OKPALINBAHUE
pacTBopa.

3apanue 1. Onpenenure, Kakol MeTaT B TPOBEJAECHHBIX IKCIEPUMEH-
TaX BBINOJIHICT POJIb KaToaa (WM aHO/a).

3aganme 2. Hanumiure ypaBHEHUS peakiMid, MPOUCXOJSAIIUX B IPO-
Oupkax Ha MeTalIax.

OnbiT 2. B crexnsuubii crakan Haneite 0,1 H pacTBOp XJI0pOBOIO-
POJHON KHUCJIOTHI U MOTPY3UTE B HETO MOOYEPEAHO MOJOCKU LIMHKA, MEIU U
o0e oaHOoBpeMeHHO. [Ipu 0JHOBpEMEHHOM OIyCKAHHH JBYX IMOJIOCOK B CTa-
KaH C KMCJIOTOM COEIMHUTE UX BBICTYNAIOLIME HAa BO31YyX KOHIIBI.

3aganme 1. Hannmure peakunu, KOTOpbIE IPOTEKAIOT MIPU OIYCKAHUH
IIOJIOCOK MEJIA U IMHKA B PACTBOP KUCJIIOTHI.

3aganue 2. OObsACHUTE SIBICHUE, KOTOPOE MPOUCXOJUT MpPU 3aMbIKa-
HUHU JBYX NOJIOCOK. Hanmumure ypaBHEHHs peakuui, TPOTEKAOIINUX HA MEA-
HOM M MUHKOBOM ITOJIOCKAX.

OmnbiT 3. B ABe npoOupku HaselTe 3—4 M pacTBOpa CEpHOM KUCIOTHI
¥ B OJHY M3 HUX A00aBbTe 4—5 M pacTBopa Ouxpomara kanus. B obe mpo-
OMpKH OIyCTUTE MOJIOCKHU JKeJe3a.

3aganue 1. Hanumure ypaBHeHHe peakivii B IepBoi MpoOupke u 00b-
SICHUTE, TIOYEMYy OHA HE MPOTEKAeT BO BTOPOW (Ilie MPUCYTCTBYET OMXpOMAT
KaJIusi).

OmnbiT 4. B aBe npobupku HaneiTe no 2—3 M XJIOPOBOJIOPOIHON KH-
CJIOTBI U pacTBOpa ruApoKcua HaTpus. B 00e npobupka nomecTuTe moJ0CKU
xene3a Ha 5—10 MuH. BbiHbTE MOJOCKH U3 MPOOUPOK U 100aBHTE B KAXKIYHO
1o 2—3 Karuii pacTBOpa KpacHOU KPOBSHOM COJH.

3apanue 1. Onumure HaOmoAeHUs. Kakoe BIMsiHIE OKa3bIBAET TUIPO-
KCHJI HaTpUsI Ha KOPPO3HIO Kele3a?

OmnbiT 5. B 1Be npobupku Haneite mo 2—3 mul cynbdara U XJopuaa
Menu. B 06e mpoOupKy MOMECTUTE TTOJIOCKH AJTFOMUHUS.

3aganme 1. Omumure Bamu HaOmoaeHuda. Kakoe BiIuMsHUE OKa3bIBaeT
XJIOPUI—HUOH Ha KOPPO3HIO ATFOMUHUS ?

KonTpoibHbIe BONPOCHI

1. YUro takoe koppo3usi MeTayioB? KakoBbl MPUYMHBI BOSHUKHOBEHUSI
KOppOo3uu?

60



2. ITo xakuM mpu3HaKaM KJ1acCU(ULIUPYETCS KOPPO3Us METAIIIOB?
3. Kakne MeTopI—CcrmocoObl 3aiuThl OT KOPPO3UH BBl 3HAETE?
4. Yto Takoe 3JIEKTPOXUMHUUECKask KOPpO3Usi METAILIIOB?

JlaGopaTopHuasi padora Nel5
IJEKTPOJIN3

eap padoThbI: 03HAKOMUTHCS C OCHOBHBIMHU IMPUHIIMIIAMH IPOIIECCa
AIEKTPOIU3A.

Oo0mue cBeIeHUA

[Tox 3JIEKTPOIU30M MOHUMAIOT XUMHUYECKHE MPOIIECCHI, TPOTCKAIOIIHE
IPH MPOXOXKACHUH 3JIEKTPUUECKOr0 TOKa Yepe3 pacTBOP WIIM PACIlIaB DJICK-
TPOJHMTa. B NaHHOM cilydae 3JIeKTpHUECKas SHEPTus MEPEeXOAUT B XUMHYEC-
CKYIO.

[Tpu s51eKTpoJIM3e Ha OTPHUIIATEIIBHOM 3JIEKTpojae (KaToze) MPOUCXOIUT
IPOIIECC BOCCTAHOBJICHHMS, a Ha MTOJIOKUTEIIBHOM (aHOJIe) — OKHCIICHHE.

DJICKTPUYCCKUI TOK B PacTBOPE MPOBOAMTCS KaTHOHAMU U aHHMOHAMH,
T.€. TAaKUE PACTBOPHI SIBJIIOTCS IIPOBOIHUKAMH BTOPOTO PO/Ia.

[poriecchl, MpoTEKAONHEe HA 3JEKTPOJAX, 3aBUCAT OT COCTaBa JJICK-
TPOJMTAa M MarepHaia syekrpojaa. Ha HepactBopumMom aHoje (rpadur, Iia-
THHA) MPU HAJMYUHU B paCTBOPE MOHOB XJIopa, Opoma mim Hoaa (X) mpoucxo-
JUT PEaKITs:

2X —> X, + 2e.

Ecmu B pactBope umerorcs cynbdar wind ¢ocdaT MOHBI, TO OHH OCTa-
I0TCSI B pacTBope 0e3 U3MEHEHHUs, a Ha aHOJIe, €CIU cpella HeUTpanbHash Wiu
KHCJIasi, pa3psKarOTCsl MOJIEKYJIBI BOBI

H,O - 1/2 O, + 2H" + 2e,
€CJIY CpeJia ISJIOUHAs!, MOHBI TUAPOKCUIA
20H — 1/2 O, + H,0 + 2e.

PactBopumbiii anoj (Me — MeTalll) HpH 3JCKTPOJIM3E Pa3pyllaeTcs,
IIEPEXOIUT B PaCTBOP B BHJIC KaTHMOHA METalJIa;

Me — Me™ + ne.

[Ipu snekTponuse pacTBOPOB COJIEN WIIM OCHOBAHUU LIECJIOYHBIX METAJI-
JIOB HA KAaTOJE NPOTEKAET PEAaKLHUs BBIACICHHs BOJIOPOJA 3a CUET paspsia
MOJICKYJ BOJIbI
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H,O+e —> 1/2H, + OH
WM MOHA BOJOPOJIA:
H + e —>1/2 H,.

JlaHHbBIC peakiMy MPOTEKAIOT U MPU pa3psijie Ha KaToAe HOHOB HHUKE,
IIMHKA, JKeJie3a, 0JI0Ba M HEKOTOPBIX JAPYTUX KaTHOHOB.

Macca BemiectBa (M), BBIACIMBIIETOCS Ha KaToje, MPSIMO HPOIOPIIHO-
HaJlbHA KOJMYECTBY MPOMYIIEHHOro snekTpuuectBa (Q) u ommchiBaeTcs 3a-
koHoM Dapanes

m = kQ = klr,

riae K — 3JIeKTpOXMMUYECKHI SKBUBAJICHT BEIIECTBA, BBIICIISIONICIOCS HA Ka-
tone (k = A/ Fn, A — atoMHas Macca BelecTBa, N — KOJIMYSCTBO MPHHSATHIX
ANEKTpOHOB, F — moctosinnas @apanesd, paBHas F = Nae, Ny — uncino ABo-
rajipo, e —3apsi dekTpona), | — Tok, 4 u T — Bpems, C.

Ecimu Ha karoje mporekaeT JBe M Oojiee peakIMii BOCCTAHOBJICHUS, TO
111 COOJIIO/IEHUS MOCJIETHEr0 YPaBHEHUS HEOOX0AMMO BBECTU KO3 (PUIIMEHT,
yuuThIBaromuii 10110 Toka (BT — BBIXOJ O TOKY), PacX0ayeMOro Ha BbIJC-
JICHHE JAHHOT'O BEIIEeCTRA.

PeareHTBI. pacTBOpHI HOAWIA Kallus, CyJab()AaTOB MEIU M HUKEIS, BEH-
CKasl U3BECTh, CEPHAs KHCJIOTa, ME/IHbIC, HUKEJICBBIC ¥ IPa(HUTOBBIC SJICKTPO/IBI.

OO0opyaoBaHHe: YCTaHOBKA JIJISI SJICKTPOJIN3A.

IHopsiaok BbINOJIHEHUS PA0OTHI

CoOpath ycTaHOBKY JJIsl TIPOBEACHUS IPOIECCa AIIEKTPOIN3a KaK H30-
OpaxeHo Ha puc. 3.

ULL
VA )

Puc. 3. Banna mns pactBopa 1, ICTOYHUK TOKa 2 , peocTat 3, JJIEKTPoAbI 4,
aMIiepMeTp 5

OnbiT 1. NanbBaHWYECKOE MNOKPBITUE HUKEJIEM. JJEKTPOOCAXKICHUE
HUKEJSI OCYLIECTBIISIETCS. U3 PAcTBOPA, COAEPKALIEro Cyab(dar U XJIOPUI HU-
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KeJisl. 3ajielTe pacTBOp B rajibBaHUYECKYHO BaHHY. llepen Hanecenuem mo-
KPBITHSI HUKEJIEM Ha MEIHYIO TUIACTUHKY, MOBEPXHOCTh MOCJEIHEN HE00X0-
JUMO OYHCTHUTH OT JKMPOBBIX 3arpsi3HCHUNA W MPOJIYKTOB KOoppo3uu. MenHas
MJIACTHHKA MOJTOTABIMBAETCS CICIYIOIIUM 00pa3oM:

— 00€3KUPUTD ITyTEM MPOTHUPAHUS MOPOIIKOM BEHCKOM U3BECTH;

— IIPOMBITH IJIACTUHKY MOJ CTPYEN BOJDI;

— IPOTPABUTH B pACTBOPE KHUCIIOTHI;

— IIPOMBITH IIJTACTUHKY NOJ CTPYE BOABI.

JlaHHasi MOATrOTOBKA MO3BOJISIET 00ECIEYUTh KaueCTBEHHOE CIICIUICHHUE
HUKEIS ¢ MEIHOU OCHOBOM.

[TonroroBneHHbIN 00pa3ell 3arpyKaeTcsi B BAHHY B Ka4eCTBE Karoja, a
B KQYECTBE aHOJ1A UCIIOJIb3YETCA IUIACTUHA U3 HUKEJIS.

YcranoBuTh ¢ momoltsio peocrara Tok cuiioit 100-200 MA u mposectu
AIIEKTPOJIN3 B TEUCHHE 15 MUHYT.

[Tocne anektposnu3a oOpa3el BBIHYTh U3 BaHHBI, IPOMBITh BOJIOW U BbI-
CylIuTh QUIBTPOBAIILHON OymMaroi.

3apanue 1. 3anummre peakuuu, NPOTEKAOIINE HA AIEKTPOAAX.

3apanue 2. OnpenenuTe MacCy OCaKIECHHOTO HUKEISI U €ro TOJIIUHY,
eciu BbIxoJ 1o Toky Hukenst BT — 80%.

OnbIT 2. D1eKTpoAN3 pacTBoOpa cyib(para MeIu ¢ TpapUTOBBIM U MeJ-
HBIM aHOJIAMH.

Hanetlite B BaHHy pacTBOp cyib(aTa Med, OIyCTUTE IpadUTOBbIN aHO U
MEJIHYIO TUIACTUHKY B KadecTBe kKatoja. Bxmrouute Tok cuiioit 50-150 MA.
[TpoBeaute anexTponu3 10-15 mun. [IpoBeauTe 37EKTPOIN3 ¢ MEIHBIM aHOIOM.

3aganme 1. Hanumure ypaBHEHUS KaTOJHOIO M AHOJIHOTO MPOLECCOB C
MEJHBIM U IPa(UTOBBIM aHOIOM.

3aganue 2. PaccuuTaiiTe BpeMs 3JICKTPOIHM3a JJIsSI TTOJTYyYCHUS METHOTO

. 2
mokpbeITUs ToiuHor 10 MkMm Ha aeTanum ¢ moBepxHocThi0 0,5 AM” mpu Toke
cuion 0,5 A.

OnpIT 3. DIEKTPOIIM3 pacTBOpa MOAUIAA Kars. 3allOJHUTE JICKTPOJIH-
3ep pacTBOPOM Hojua Kaimus. Jlo0aBpTe B KaTOAHOE IIPOCTPAHCTBO 2—3 Karll-
JIM pacTBOpa UHAMKaTopa GeHondTanienHa, a B aHOJHOE TPOCTPAHCTBO — 2—3
KaIIi pacTtBopa Kpaxmayia. OmycTUTE B pacTBOp yroyibHbie (rpaduroBbic)
AJICKTPO/IbI, BKIIFOUUTE TOK.

3agpanue 1. OnumuuTe SBJICHHUS HAa KaTOJI€ M aHOJIE MPHU IPOBEACHUU
AJIEKTPOJIN3a.

3ananue 2. Hanummwre ypaBHEHMs] peaKIMu, KOTOpPbIE MPOTEKAIOT Ha
KaTo/e U aHOJE.
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KonTpobHbIe BONPOCHI

1. Yto Takoe 37IeKTpoau3?

2. Kakue mporiecchl IpOTEeKalT Ha 3JIEKTPOIax B paCTBOPE THAPOKCH 1A
Kans, cyib(ara 0j0Ba, HUTpaTa cepedpa Mpu HAIMIHH PACTBOPUMBIX U HE-
PacTBOPUMBIX aHOJIOB?

3. Chopmymupyiite 3akonbl Dapases.

4. Yro o3HAYACT DJICKTPOXUMHUYCCKUN AKBHUBAJICHT M KaK OH OIPEJIEIIs-
eTcsi?

5. I'me ucnonp3yercs mpoiece AMeKTpoan3a?

JlaGopaTopHast padora Ne 16
OBIINE CBOUCTBA METAJIJIOB

Leap padoThbl: HA OCHOBAHHMH IPOBEACHHBIX XWMHUYECKUX SKCIEPH-
MEHTOB 3aKPENUTh TECOPETUUYECKUE 3HAHUSA 110 XMMUYECKMM CBOMCTBAM MeE-
TaJUJIOB.

Oo0mue cBeIeHUA

Mertanisl SBISIIOTCA OCHOBHBIM KOHCTPYKUMOHHBIM MAaT€pHAIOM B
npUOOPOCTPOCHUN M MAIIMHOCTPOECHUU. M3 BCeX M3BECTHBIX B HACTOSILEE
BpEeMsI DJIIEMEHTOB, 86 OTHOCSTCS K METaJLJIaM.

C ¢(usmyeckoil TOUKU 3pEHUS] K METalJlaM OTHOCSITCS BEIeCTBa, KOTO-
pble UMEIOT OTPHUIATENLHBIN KOA(PPUIUEHT 3JIEKTPONPOBOAHOCTH, T.€. C IO-
BBILIEHUEM TEMIIEPATYPhI UX JIEKTPOCONPOTUBIICHNE BO3PACTAET.

C TOYKHM 3peHHs] XUMHKA METAJUIbl — 3TO XUMHUUYECKHUE 3JIEMEHTHI, 00J1a-
JAIOIINE MOJ0KUTEIbHBIM 3aPSAI0M HOHOB B JIFOOBIX COEAUHEHUSIX.

XUMHYECKHE CBOMCTBA METAUIOB OOYCIIOBJIEHBI MaJlOM BEIWYMHOU
AIIEKTPOOTPHUIIATEILHOCTH (HU3KHIA MTOTSHITMA MOHU3AIIUU ¥ MAJIOro, a Jarle
OTPHIIATEIILHOTO, CPOJICTBA K DJIEKTPOHY), YTO TPUBOJUT BCET/A K IOJI0XKH-
TEJIBHOMY 3apsily NIOHOB METAJIIOB.

B 3aBucrMOCTH OT TOTO, KAKOW OAYPOBEHb y aTOMa METasUIa 3aroJIHs-
eTCsI BJICKTPOHAMH, Pa3INJaroT S-, P-, d- u f-meramibl. S-meTamibl (31eMeHTBI
[VIABHBIX MOATPYNI NEPBOTO M BTOPOTO MEPUOJA NEPUOIUYECKON CHCTEMBI
JI.1. MeneneeBa) IMEIOT MTOCTOSHHYIO BaJICHTHOCTD 1 1 2. OKCH/IBI JaHHBIX
METAJIJIOB UMEIOT OCHOBHBII XapaKTep.

K p-Mertamiam OTHOCSATCS 3JIEMEHTHI, pacloyiokeHHbIe B 3, 4 U 5 rpym-
nax (B IIaBHBIX HOATpymmax) 3-ro, 4-ro, 5-ro u 6-ro mepuoaoB. Merauisl,
OTHOCSAIINECS K JaHHOW rpyIie, 00pa3yloT XMMUYECKUE COCAUHEHUS 3a CUET
y4acTus Kak S-, Tak U P-3JIeKTpoHOB. [Ipu 0AHOBpEeMEHHOM ydacTuu B 00pa-

64



30BaHUH XMUMUYECKOW CBSI3U S- M P-3JIEKTPOHOB MPOUCXOIUT THOPHUIU3AINS
3JICKTPOHHBIX 00J1aKkoB (S-p mim S-p-d rubpuanzaius). OKCHIbI P-3JIEMCHTOB
UMCIOT aM(OTEpHBIA WM KHCIOTHBIM Xapaktep (KpoMmMe OKCHIOB WHIUS U
TaJUTHSI, KOTOPBIC IPOSIBJISIIOT OCHOBHBINA XapakTep).

d-metamel (epexoaHble METaJlIbl) PACIOJOKEHBI B CepeaMHEe 00JIb-
mmx 1mepuozioB (4, 5 u 6) U XapaKTepU3yIOTCs CICAYIOIIUMEI CBOMNCTBAMU: B
00pa3oBaHUM XWMHUYECKON CBSI3U MOTYT IMPUHUMATh Y4acTHE 3JIEKTPOHHI,
pacIoNoKEHHBIC KaK Ha S-, Tak U Ha d-moaypoBHsX. [laHHBIC MeTasUTbl 00Ja-
JAIOT TIEPEMEHHOM CTENEHbI0 OKHUCIEHHS. OKCHUIbl C HU3LIEH CTENEHBIO
OKHUCJICHHSI UMEIOT OCHOBHBIN XapakTep, cpeaHeil — aM(pOTEepHBIid, C BbICHIEH
CTEIICHBIO OKHUCIICHUS — KUCIOTHBIN. K f-MeTamaM oTHOCSTCS TaHTaHOUIBI U
AKTUHOMU/IBL.

du3nyeckrue CBOMCTBAa METajlla 3aBUCAT OT KOJMYECTBA SJIEKTPOHOB,
NPUHUMAIONINX y4acTHe B 00pa3oBaHUM MeTaynueckoil cBsi3u. [locnennsis,
oOycioBiieHa 0000IIECTBICHUEM BAJICHTHBIX AJIEKTPOHOB BCEX aTOMOB C 00-
pa3oBaHUEM 3JIEKTPOHHOTO Tasza. Ilpu 3ToM B y31max KpHUCTaUIMUECKOW pe-
HIETKH PACTIONOKEHBI aTOMBI, OTJABIIIAE CBOU AJIEKTPOHBI, T.€. KATHOHBHI.

XWMUYECKUE CBOWCTBA METAUIOB BEChbMa Pa3HOOOpPA3HbI, OJTHAKO 00-
IIUM JJI51 BCEX METAIIOB SIBJISIETCS] TO, YTO OHU BCETJa SIBJSIIOTCS BOCCTaHO-
BUTEIISIMU. 32 MEPY XMMHUYECKOM aKTUBHOCTH CBOOOJHOTO MeTasla MpPUHU-
MaETCsl €ro COCOOHOCTh OTAABAaTh JIEKTPOHBL. OTHAB 3JIEKTPOHBI, METAILIbI
MOTYT BBICTYNaTh KaK OKHCIUTENH, €CJIM OHU OTJAJM BCE BO3MOXKHBIE DJIEK-
TPOHBIL.

[Toutn Bce MeTasuIbl pearupyroT ¢ KUCI0TaMU, 00pasys Colid. XapakTep
B3aMMOJICHCTBUS METalJIa C KUCJIOTOM 3aBUCUT KaK OT aKTUBHOCTH METaJlia,
TaK U OT CBOWCTB KUCJIOTHI U €€ KOHI[EHTPAITHH.

Pearentsl: pa3bapiiennbie (10%) pacTBOpbI COISHOW, CEPHOM M a30T-
HOU KHMCJIOT, KOHIICHTPUPOBAHHBIE PACTBOPBI CEPHOM, a30THOM KUCIIOT U TH]I-
POKCHJIa HATPHSI; KyCOUKH MU, [IMHKA, ATFOMUHUS U JKeJe3a.

OO6opynoBanue: npoOUPKH, CIIUPTOBKHU U AP KaTelu.

IHopsaok BbINOJHEHUS PA0OTHI

OnbiT 1. [leticTBue pa30aBiIeHHONW COJITHOW KHUCJIOTHI Ha MeTauibl. B
yeTeipe TpoOupku Hanente mo 2—3 mu 10% pactBopa comsHOM KUCIOTHL. B
OJIHY MPOOUPKY MOMECTUTE KYCOYEK *Keje3a, B APYTrylo — KyCOoueK IMHKA, B
TPETHhIO — KyCOUEK alllOMUHUS, B YETBEPTYIO Kycouek meau. Kakue meranib
pearupyroT ¢ KuciaoToi? Onuirre Baly HaOMIOICHUS U HAITUIIUTE PEaKIINH,
KOTOpBIE MPOTEKAIOT B TAOJIHUILY.

OnbiT 2. [lelicTBue pa30aBieHHONW CEpHOW KUCIOTHI Ha MeTasuibl. [lo-
BTOPUTE MPEIBITYIIUNA ONBIT, 3aMEHUB COJIIHYIO KHCJIOTY Ha pa30aBJICHHYIO
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CepHYI0 KUCIIOTY. OnuImuTe Bamy HAONIOACHUS U 3aMUIINATE PEaKiuu KOTO-
pBI€ MPOTEKAIOT B TabmuIry 9.

Taomumna 9

dopmyia kucaorel | Meramn HMonHOEe ypaBHEHHME peakIun

OmnbiT 3. JleiicTBUE KOHIEHTPUPOBAHHOW CEPHOM KUCIOT HAa MEIb U
xene30. (IlpoBoauTh moa TAroii B BBITS:KHOM mKady.) B n1Be npobupku
HajeiTe o 2—3 MJ KUCJIOThL. B 0JiHYy nmpoOHpKy MoOMecTUTe Kycodek Keje3a
B JIPYTYIO KyCOU€K Meau. YOeauTech, 4YTO MpU KOMHATHOM TeMIepaType pe-
aKlMs HE MPOTEKAaeT, MPOOMPKU Ha IJIAMEHHU CIMPTOBKHU CIIErKa Harpeure.
[IpekpaTute HarpeBaHue, Korjga OyJaeT JOCTUTHYTO 3aMETHOE MPOTEKaHUE pe-
akiuu. OCTOPOXKHO MOHIOXAWTE BBIICIISIOIIUANCS Ta3.

OnbiT 4. JletictBue a30THOM KUCIOTH HA MeAb. (IIpoBoauTs moa Ts-
roii B BBITS:KHOM mikady.) [Tonoxute B IBe MPOOUPKH 110 KyCOUKy Menu. B
OJIHY TipuiieiiTe 2—3 MuT pa30aBiIeHHOM a30THOM KucinoThl (p = 1,12 r/mi), a B
Apyryro — KoHneHTpupoBanHoi (p = 1,12 r/mi). Eciu peaknus B niepBoit He
UJIET, clieAyeT HarpeTh npoOupky. Kakoi ra3 Boljensercs B IepBOM U BTOPOH
npoOupkax?

OmnbIT 5. JlelicTBre pacTBOpa 1Ie104M Ha aMPOTepHbIe MeTasuibl. B 1Be
npoOUpKU HajeiTe 1Mo 2—-3 MJI KOHIIEHTPUPOBAHHOTO pacTBOpa ILEJIOYU —
THJIPOKCUIA HaTpus. B oHy mpoOUpKy MOJ0XKHUTE KyCOUYeK IIUHKA, B APYTYIO —
Kycouek amoMunus. Eciau peakuus He UAET, clerka Harpeure mpoOupKy.

KonTpoibHbIe BOPOCHI

1. Kakue 31eMeHTbl OTHOCATCS K MeTaJuiam?

2. JlaiiTe ompeneneHre MeTalljlaM ¢ XUMHYECKON U (PU3UUECKON TOUKHU
3pEHUSI.

3.Kakast BennunHa XapakTepu3yeT BOCCTAHOBUTEIbHBIE CBOMCTBA Me-
TaJJIOB?

4. KakuM 00pa3oM M3MEHSAIOTCS BOCCTAHOBUTEIBHBIE CBOICTBA MeTal-
JIOB B IPYMNIE U NEPUOAEC NEPUOANUECKON crucTtembl dieMmeHToB .M. Menne-
neeBa’?

5. Yo Takoe MeTayuInyecKas CBs3b?

6. Kakue 35eKTpoHBI aTOMOB ME€Tajlla MOTYT y4acTBOBaTh B 0Opa3oBa-
HUU XUMHYECKOU CBS3U?
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/.Kakue »7eKTpOHBI aTOMOB METAJIJIOB — pyouaus, Oapus, MHIUS |
BOJIb()paMa — SIBJISIFOTCSI BAJICHTHBIMHU? 3alUIIUTE 3JIEKTPOHHBIE (HOPMYIIbI
ATUX 3JIEMEHTOB.

JlabopaTopHasi padora Ne 17
KAYECTBEHHBIN AHAJIN3 KATUOHOB

He.]'lb paﬁoTBI — O3HAaKOMJICHHEC C KQYCCTBCHHBIM aHAJIM30M KaTHOHOB.

Oo0mue cBeIeHUA

AHanmuTudeckass XUMUsl, Tpe/ICTaBisisi coO0M OAMH U3 Pa3JesioB IpH-
KJIQJTHOW XUMUH, OIpeAeNsieTcsl KaKk HayKa, h3ydaroiiasi CBOCTBa U Mpoliec-
ChI MIPEBPAILICHUS BEILIECTB C LIEJIbI0 YCTAHOBJICHUS UX XUMUYECKOTO COCTaBA.

VY CTaHOBUTH XMMUYECKUN COCTaB BEILIECTBA — 3TO OTBETUTH Ha BOIPOC
O TOM, KaKHe 3JIEMEHTbI WIH X COCAUHEHUS U B KAKOM KOJHMYeCTBe CO-
JepKaTcs B aHAJIM3UPYEMOM BelllecTBe. B aHanuTHyeckoil XuMHUK pa3inyaroT
aHaJIN3 HEOPTaHUYECKUX U OPTaHUYECKUX MaTEPUAIOB.

B 3aBuCcMMOCTH OT xapakTepa MOCTaBJICHHOM 3a/aydl pa3inyaroT JBa
BHUJIa aHAJIN3a — KAUECTBECHHBIN M KOJMYECTBCHHBLIN. KauecTBEeHHBIN aHAIN3
MO3BOJISIET OTBETUTH HAa BOMPOC, KAKKE BEILIECTBA HAXOATCS B JAaHHOU Mpo0e;
KOJIMYECTBEHHBIN aHaJIu3 OTBEYAeT Ha BOIPOC, B KaKMX KOJIMYECTBAaX OOHA-
PY’KEHHBbIE BellleCTBA IPUCYTCTBYIOT B JAHHOM Ipooe.

XUMHUYECKUNA aHAJIU3 COCTOMT B OCHOBHOM M3 CIICAYIOIIMX 3TAllOB —
0TOOp TpOOBI, pa3iokKEeHHE MPOOKI C MEPEBOJIOM B PACTBOP, MPOBEICHUE XU-
MUYECKOMN peakly UiIN U3MEPEHHE KaKoro-muoo (hrU3nuecKkoro napameTpa.

B ocHoBe nieneHusi KAaTHOHOB Ha TPYIIIHI JIEXKAT PEaKIUU ¢ KUCIOTaMU
U ocHOBaHWsMU. [Ipu mocienoBarebHOW 00pabOTKE CMECH a) COJISTHOW KH-
CIIOTOM, 0) CEpHOM KHUCIIOTOH, B) U30BITKOM IIEIIOYU B TPUCYTCTBUH MEPOK-
CHJIa BOJIOPO/Ia, T) pACTBOPOM aMMHAKa BBIJCIISIOT CIICIYFOIUE TPYIIIThI:

— HMOHBI, HE 00pa3yIoIINe OCAIKU HU C OJTHUM U3 MEPEUHCIICHHBIX peakK-
tuoB: K', Na" u NH;" (nepsas rpynmna);

— WoHBI, 06pa3yolye HepacTBopuMbIe xtopuasl: Ag', Pb*™, Hg*™ (sTo-
pasi rpymma);

— WOHBI, 0Opasyromie HepacTBopuMEle cyabdarsr Pb™?, Ba™, Ca',
Sr*? (tpeThs Tpymmna);

— HMOHBI, 00pa3yrole ruAPOKCUIbI, PACTBOPUMBIE B U30BITKE HIEIOYH:
AI*, Cr**, Zn* (uerBepras rpyrma);

— MOHBbI, 0o0Opa3yrolye TUIPOKCHIbI, HEPACTBOPUMBIE HU B H30BITKE
meo4n, HU B ammuake: Fe?*, Fe**, Mn®*, Mg™" (mwsrast rpymma);
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— HMOHBI, 00pa3yIOIHe THAPOKCH/IbI, PACTBOPUMBIC B amMmuake: CO™,
Cu®*, Ni*", Hg®" (urecras rpymma).

PearenTnl: 5%-¢ pacTBOpbI coJjiell HUKENs, IIMHKA, KaJMHUs, Kele3a,
KoOanbTa, BUCMYTa, Meau, cBuHIA U ojoBa. 10%-e pacTBOpHI TUAPOKCHAA
HATpHUs M aMMHaKa, Kajaus Opomuaa U oauaa, OuxpoMara Kaius, KapOoHata
HaTpus, CyJbpuaa HATPUs 1 aMMOHHSI.

Oo6opynoBanme: IPOOUPKH, YaCOBBIE CTEKIIA, KANEIbHUIIBI U CTUPTOBKA.

IHopsinok BbINOJIHEHHUS PAdOTHI

1. JeiicTBue rpynmnoBbIX peareHToB. IIpy n3ydyeHHH KaTHOHOB KaX-
IO aHAJIUTUYECKOW TI'PYIIIBI ITOACHCTBYMTE I'PYIIIOBBIM PEAreHTOM Ha pac-
TBOPBI COOTBETCTBYIOUIMX coyiei. ONUIIUTE Ballld HAOMIOACHUS U COCTaBbTE
YPaBHEHUSI XUMUYECKUX PEAKLINM.

2. HekoTopble YaCTHbIE PeAKIINH HA KATHOHBDI.

Yacmuvie peaxyuu na NH," 1llenoun pasnararoT coad aMMOHHMS C BbI-
JeJeHIEeM Ta3000pa3HOro aMMHyaKa.

NH,Cl + NaOH = NH; + NaCl + H,0

OnbiT 1. Ha yacoBoe CTEKIO MOMECTUTh 2—3 KaIlld PacTBOpa COJIU
aMMOHHUA U 3—4 KarM pacTBopa IIEJIOYH U cierka Harpetb. OOpaTuTe BHU-
MaHHE Ha 3amax BhIAesstonierocs raza. OOHApYKUTh aMMHUAK MOXHO BJIaX-
HOM KpacHOM JJaKMyCOBOM OyMaKKOM, €CJIM OTBIT IIPOBOJIUTH B MPOOHPKE.

YcnoBus npoBeaeHus onbita — pH > 9, pactBop HE0OX0AUMO HArpeTh U
WHJMKaTOpHAs OyMa)kKa He JTOJDKHA KacaThCs CTEHOK MPOOUPKH.

Yacmuas peakyus Ha kamuox Hukes. BoIHbIE paCTBOPBI COIM HUKEIS
UMEIOT 3CJICHYI0 OKpacky. Jumermirimokcum (peaktuB Uyraea) B aMMuad-
HOW cpelie JaeT C KAaTHOHOM HHKEJS OCaJIOK BHYTPUKOMIUIEKCHOW COJIHU

Ni(C4H7N202) 2

OnbiT 2. B mpobOupky HaneiTe 4 KarmiM pacTBOpa COJIM HUKES U
5—6 kamenp 25%-ro pacTBopa ammuaka. Eciu ocagok HE pacTBOPHWIICS, OT-
bunpTpynTe €ro.

Opnny karmmo QuiabTpaTa MOMENIAIOT Ha CTEKJIO U JT00ABJISIOT KaIlIio
pacTBopa AuMeTmiIrianokcuma. Onuimure Bamm HaOmoneHusl.

Yacmuvie peakyuu Ha KAMUOH YUHKA.

OnewIT 3. PacTBOp aMMMaka JaeT ¢ KaTHOHOM ITMHKA OENbId OcCagoK
ruapokcua uaka ZN(OH),, pacTBOprMEBIil B H30BITKE peareHTa ¢ 00pa3oBa-
HUeM KoMiuiekcHou coiu [ZN(NH3)4](OH),.

OmnbiT 4. KapOoHaThI 1I€T0YHBIX METAJUIOB U AMMOHHUS 00pa3yloT C Ka-
THOHOM IIMHKa Oebiii ocagok ocHoBHOI coau [Zn(OH)], COs..
Yacmuas peakyus Ha Kamuou meou.
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OnbIT 5. Metamnyeckuii allFOMUHAH, KEI€30 WIA [IUHK BOCCTAHABIN-
BAaIOT KaTHOH MEIU 10 MeTajula, MMEIOIIEr0 BUJ KPAacHOro Ty04aToro Io-
pOILIKa!

Cu*?+ Me=Cu + Me™

Ha o0e3xupeHHyl0 M 3a4MIIEHHYIO MOBEPXHOCTh METajljla HAHECUTE
KaIuIo pacTBopa coiu meau. OnuiumTe cBou HaOMI0ICHUS.
Yacmuvie peakyuu Ha KamuoH cepeopa.

OnbiT 6. I'MAPOKCUABI KA WU HATPpUS 0Opa3yrOT C KAaTHOHOM Ce-
pebpa OypbhIit ocagok okcuaa cepedpa Ag0.

AgNO; + KOH = AgOH + KNOs
2 AgOH = Ag,O + H,0

Hcnonwp30Bath 15 3TUX LEJIEN BOJHBIA PACTBOP AMMHUAKA HEJIB3S, U3-3a
obpazoBanus komruiekca [Ag(NHs3),], koTopblii Xoporro pacTBopuM B BOJIC.

OnbiT 7. Xpomar kamusi K,CrO, maer ¢ xatmoHoM cepeOpa ocaliok
xpomara cepedbpa Ag,CrO,4 KUPITUYHO-KPACHOTO I[BETA:

KoCrO4 + 2 AgNO3 = A92CrO4 + 2 KNO;

Bossmute B mpobupky 2—-3 Kamm pacTBopa HUTpaTa cepedpa u J1o-
0aBbTe 3—4 Kalu AUCTUIUIMPOBAHHOW BOABI M 1-2 Kamiu Xpomara Kalus.
OOparuTe BHUMaHKE Ha [BET OCAJIKa U €r0 PaCTBOPUMOCTH. Y CJIOBHSI ITPOBE-
nenus onbita — pH 6,5-7,5

Yacmuvie peakyuu Ha KAMUOH CEUHYA.

OmnbiT 8. ['Mapokcuabl Kaus Wi HaTpUsi 00pa3yloT ¢ KATAOHOM CBHH-
na Oenbiii ocagok Pb(OH),, pacTBopuMbIii Kak B KHCIIOTax, TaK U B KOHIICH-
TPUPOBAHHOM I1€JI0UM ¢ 00pa30BaHUEM KOMIUIEKCHOM COJIH :

Pb(OH), + 2NaOH = Nay[Pb(OH),]

OnbiT 9. CepHast KucioTa Uim CyibGhaThl CBSI3bIBAIOT KATHOH CBUHIIA B
Oenblii ocanok cynbdara cBunia PhSO,, KOTOpHIH B M30BITKE MICIOYH JTaeT
PacCTBOPUMBIM MUIFOMOUT CBUHIIA.

OnbiT 10. Xpomar kamas K,CrO,4 unu quxpomat kanus K,Cr,0O7 o6pa-
3YIOT C KATHOHAMH CBHUHIIA MAJIOPACTBOPUMBI XpOMAaT CBHUHIIA >KEITOTO I[BETA.

OmnbiT 11. Mon nona obpasyet ¢ katuoHoM cBuHIA Tipu pH 3-5 xen-

TBIA OCaJIOK MOJIM]T CBHHIIA, PACTBOPHUMBIM B M30BITKE MOAMAA KaJIHsI.

O0padoTKa JaHHBIX AHAJIN3A
JlaHHBIE TTPOBEICHHBIX SKCIIEPUMEHTOB 3amuchiBatoTcs B Taduie 10.
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Taomura 10

YacTHbie 1 001IME PEAKITUU KaTHOHOB

Pearenr YpaBHEHUE peaKINU HaoGmronenust Brionx

KonTpobHbIe BONPOCHI

1. Kakum nokaszaTesneM XapaKTepu3yeTcsi YyBCTBUTEIBHOCTb PEAKIIUA?
2. MOXHO J1i KaKUM-TTMOO PEaKTUBOM OCA/IUTh BCE KATHOHBI 1-i1 rpymibl?
3.Yto Takoe aMpOTepHOCTh XUMUYECKOTO BEIlleCTBA?

4.Ha 4TO OTBEYaeT KaYeCTBEHHBIN U KOJIMUECTBEHHBIN aHaIu3?

5. Kakue cyiecTByIOT peakTUBBI [l ONPEIeTICHUSI METAILIIOB?

JlabopaTopHnasi pa6ora Ne 18
OUBUKO-XUMHNYECKUE METOAbI AHAJIN3A.
KOJIOPUMETPUSA

Heab paGoTbl: 03HAKOMIIEHHE C METOJUKON (POTOKOIOPUMETPUUECKO-
IO ONpPENESICHAs KOHIIEHTPALMK BEIIECTBA.

Oo0mue cBeIeHUA

[IpenmeT KOJUYECTBEHHOTO aHAIN3a — U3YYEHHUE METOJIOB, MO3BOJISIO-
ITUX ONPEACIISATh KOJMUYECTBEHHBIM COCTAB BEIIECTRA.

3ajauya KOJMYECTBEHHOTO aHaIM3a — OMpPEeNIeHHe KOJMYECTBEHHOTO
COJICpKaHUsI XUMUYECKUX JIEMEHTOB B COCTMHCHUSIX.

MeTobpl KOTUYECTBEHHOTO aHaIM3a Pa3IeIaioTCs Ha XUuMU4Yeckue, (hu-
3UYECKHE U (PU3NKO-XUMUYECKHUE.

K XMMHYECKMM METO/aM aHajiM3a OTHOCSATCS TpaBUMETpUUCCKHi (Be-
COBOK) U TUTPUMETPUICCKHT (00 BEMHBIH).

Metoasl aHann3a, MO3BOJSIONINME OINPEETATh COCTaB BEIIECTBA, HE
npuoderas K UCIoJIb30BaHUIO XUMHUKATOB, T.€. KOT/Ia XUMHUYECKHUE PEaKIUU HE
MIPOTEKAIOT, HA3BIBAIOTCS (PU3MUECKUMU METOaMHU.

Metoasl aHanm3a, OCHOBaHHBIC HA HAOMIONCHUH (PU3UIECKUX SBJICHUH,
MIPOUCXOAAIINX TIPH MPOTEKAHUH OIPEACICHHBIX XUMHUYCCKUX PEaKIINi, Ha-
3BIBAIOT (PHM3MKO-XMMHUYECKUMH MeToiamu. HaumOompliee pacmpocTpaHeHHe
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IPH JKOJOTHYECKUX WCCIEAOBAHUAX Cpenr (DU3HKO-XMMHYECKUX METOJ/IOB
HAIIJTH METOBI KOJIOPUMETPUH, TTOTCHIIHOMETPUIECKOTO0 TUTPOBAHUS, KYJIO-
HOMETPUH U Xpomartorpaduu.

KonopumeTtpusi uiim KOJIOpUMETPUIESCKUI aHaIN3 OCHOBAH Ha Ompee-
JICHUH KOHIIEHTPAIUU BEIECTBA MO0 MHTEHCUBHOCTH OKPACKU PAcCTBOpa WIIH
Ha TEPEBOJIC OMPEIEIIEMON YaCTH aHATM3UPYEMOTO OOBEKTa B OKPAIICHHOE
coequHeHne. s OKpacKu MCCIEIyeMOTO BEIIeCTBA HCIOJIB3YIOTCS KaK Op-
TraHUYECKUE, TaK U HEOPTaHNUECKHE PeareHTh

W3 onTudecknx METOAOB aHaM3a HanOoJee IMIMPOKOE PacHpOCTpaHe-
HUE HAIUTH KOJIOPUMETPUYECKHE METOJIbI, OCHOBAHHBIC HAa W3MEPEHUH WH-
TEHCUBHOCTH CBETOBOT'O IMOTOKA, MPOMICAIIETO Yepe3 OKpaIIeHHBIA PacTBOP.
B xonmopuMeTpun ucmosb3yeTcs, Kak mpaBuio, aiauHa Boabl oT 400 mo 750 um.

3aBHCUMOCTh MEXIy MHTCHCHBHOCTHIO MPOIIEAIIETO CBETa Yepe3 pac-
TBOp (J) ¥ KOHIIEHTpAIMel OKPAIICHHOro BeliecTBa (c), TOMIUHON CBETOIO-
riomarornero pacteopa (1) 1 MHTEHCMBHOCTBIO MAJAIOIIETO Ha PACTBOP CBETa
(Jo) HOocuT Ha3BaHue 3akoHa byrepa-JlamGepTa-bepa u BhIpakaeTcs ypaBHe-
HUEM:

lglo/ J=¢cl,

rie € — Ko3(pPUIMEHT MOTJIONIEHUS CBETa, MTOCTOSHHAS BEJIMYNHA, XapaKTep-
Hasl JIJIS1 KKJIOTO OKPAIIEHHOTO BEIIECTBA U 3aBUCAIIAS OT €T0 MPUPOIBL.

Benvunna 1gJ, / J sBnsieTcss BaKHOW XapaKTEPUCTUKOW OKPAIIEHHOTO
pacTBopa, €€ Ha3bIBAIOT ONTHYECKOW IJIOTHOCTHIO pacTBopa W 0003HAYAIOT
oykBoii D. U3 Bcero storo cienyer, yTo ONTHYECKas MJIOTHOCTb pacTBopa
IPsIMO TPOTIOPIIMOHAIbHA KOHIIGHTPAIUK OKPAIICHHOTO BEIIEeCTBA M TOJIIIH-
He cios pactBopa (puc. 4). JlaHHOe COOTHOIICHUE CIIPABEUTUBO ISl pa30aB-
JICHHBIX KOHIeHTpanuii pactBopoB (Menbine 0,01 M). IIpu Goiiee BBICOKHX
KOHIIEHTpanusix 3akoH byrepa-Jlambepra-bepa He cobimomaercsi, BCeICTBHE
B3aMMHOTO BIIMSHUS YaCTHUI] HA X CIIOCOOHOCTH MOTJIONIATh CBET. 3aKoH by-
repa-JlamGepra-bepa crnpaBemyiuB 1711 MOHOXPOMAaTHYECKOTO U3Ty4YEHUs, TO-
r71a KaKk IpU KCIOJIb30BAaHUM CBETO(PUIBTPA C JOCTATOYHO IIMPOKOM 0OIia-
CTBIO MPOITYCKaHUsI HAOIFOAa€TCsl OTKIIOHEHUE OT MPSIMOJIMHEHHOCTH.

N

D

\4

Puc. 4 3aBuCcHMOCTH ONTHUYECKON INIOTHOCTH OT KOHIIEHTPAIIMHM pacTBOpa
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Paznuyaior Bu3yalibHble U (POTOKOJIOPUMETPUUYECKUE METOJIbI U3MEpe-
HUS ONTUYECKOM IJIOTHOCTH pacTBopa. K BU3yaldbHBIM METOJaM OTHOCSTCS
METO/]I CTAaHJAPTHBIX CEPH, METOJ| TyOIMPOBAHMS WU TUTPOBAHUS U METO]]
ypaBHuBaHus. [Ipu OTOKOIOPUMETPUUECKOM METO/I€ aHaJIM3a CBETOBOM MO-
TOK, IPOUIEAIINN Yepe3 OKpalleHHBbIA pacTBOp, BOCIpUHUMAETCs (hOoTodJe-
MEHTOM W BO3HUKAIOIIUN MPH 3TOM DJICKTPUUECKUN TOK M3MEPSETCS UyBCT-
BUTEJIHHBIM TaIbBAHOMETPOM.

OnpeneneHre KOHIIEHTPAMM OKPALIEHHOTO BEIECTBA METOA0M (hOTO-
KOJIOPUMETPUN TPOU3BOJAAT METOJOM CPABHEHHS ONTHUYECKUX IUIOTHOCTEH
CTaHJAapTHOTO U UCCIIEyeMOr0 PaCTBOPOB, METOJOM MOCTPOCHHS TPALyUPO-
BOYHOTO TpaduKa u METOJAOM JT00aBOK.

PeakTuBbl: cynbdar Hukenss u menu, 50% u 5 H pacTBOp CEpHON KH-
CJIOTBI, PaCTBOP COJITHOW KUCJIOTHI INIOTHOCTHIO 1,19 1/mut.

Oo6opynoBanue: pOTOIEKTPOKOIOPUMETD.

IHopsinok BbINOJHEHHUS PAadOThI

OnbiT 1. Onpenenenne coaepkaHus HUKENS B pacTBopax. B3meckre
TOYHYIO HaBECKY COJIM HUKEJs, cofepkamieit 1,4 1 MeTayuinueckoro HUKeNs u
pacTBOpPUTE B AUCTHUILUIMPOBAHHOM BOje B MepHOU koyioe Ha 100 mi.

[TocTpoenue kanuOpoBOYHOro rpaduka MPOU3BEAUTE MyTEM a00aBiie-
HUS B MEpHbIE KOJIObI Ha 25 uiu 50 MJT MPUTOTOBJIIEHHOT'O PAaCTBOPA COJIM HU-
ke ¢ cogepxanuemM ot 10 go 140 Mr MeTalsIM4ecKoro HUKENs C MHTepBa-
aom 20 mr, 1,7 MJ1 COnsIHON KUCIOTHI TIOTHOCTHIO 1,19 u pa30aBisioT Booi
0 METKHU. PacTBOpBI nepemenante U e OAHOTO U3 PACTBOPOB U3MEPHTE
ONTHYECKYIO TJIOTHOCTh MPU Pa3HbBIX JIJIMH BOJIH, B pa3HBIX KIOBETax corjac-
HO OTMMCAHMIO Ha (POTORIEKTPOKOJIOPUMETP, ONpeeiss Hanboee onTUMab-
HOE 3HAYCHWE JJIMHHBI KIOBETHI U JJTMHHBI BOJTHBI.

[TocTpoiite rpaduk 3aBUCUMOCTA ONTHUYECKON MIOTHOCTH OT JJIMHHBI
BOJIHBI. 3aT€M HaWJIMTE ONTUYECKYIO IJIOTHOCTh NP JAHHOMW JIJTMHE BOJIHBI U
B KIOBETE OMNPEJEICHHOI0 pa3Mepa sl OCTaJbHBIX KOHIIEHTpPAlUi pacTBO-
POB, 3alKChIBast TaHHBIC B TaOmMITy 11,

Tabmuma 11
Conepxxanune nukens, mr | 10 | 20 | 40 | 60 | 80 | 100 | 120 | 140

Onruyeckas MIOTHOCTD

Jlnvna BoaHbI (A) -. JIJIMHA KIOBETHI -.
Ha ocHOBaHMM JaHHBIX TaOJIMIIbI MOCTPOITE rpaduk 3aBUcUMOcTH D-C 1
10 YKa3aHUIO MPEeroiaBaTesis HalAuTe HEM3BECTHYIO KOHIICHTPALMS HUKEIIS.
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OnbiT 2. Onpenenenue coaepkanus Meau B pactBope. OnpeneneHue
CoJIep KaHMsI MEJIU TPOM3BEAUTE METOJIaMU CpaBHEHMs U J00aBku. [ uero
paccuutaiite u npuroroBsTe 100 Mt pactBopa ¢ cogepxanrem CuSQO4-5H,0 —
200 u H,SO4 — 100 r/n coorBercTBeHHO 1 200 MJ1 SH pacTBOpa CEpHOU Ku-
ciotel. B MepHyto kon0y Ha 25 unu 50 mu1 mpusieite 1 M mpuUroToBIEHHOTO
pacTBopa cyib(aTa MU U JI0JIEUTE 10 METKU SH pacTBOPOM CEPHOM KHUCIIO-
ThI, IIOCJI€ YEro B COOTBETCTBUU C OMHCAHUEM Ha (POTOIIEKTPOKOJIOPUMETPE
MPOU3BEIUTE ONpeJIeNiCHNe ONTUMATBHBIX 3HAYEHUH JJIMHBI BOJHBI U pa3Me-
pa KroBeThl. J[aHHbIE 3aMTUCHIBAIOT B TabIUIy 12.

Tabmuma 12

JImrHa BOJTHBI
Onrtrueckas MIOTHOCTh

[TocTpoiiTe rpaduk 3aBUCUMOCTHA ONTHUYECKON MIIOTHOCTU PACTBOPOB OT
JUTMHBI BOJIHBI.

Ha ocHoBaHuM npojie’aHHON paObOThl MPOU3BENUTE ONPEIEICHNE KOH-
LEHTpalKu cylb(ara Meu B IpoOe, BbIJAHHOM MPENo1aBaTEIIEM.

O0paboTKa TaHHBIX AHAJIH3A

HewusBecTHast KOHIIEHTpAIIUsI OKPAIIEHHOTO BEIECTBA OMPEEIAETCS 10
CJIEIYIOIINM (pOopMyJIaM:

meton cpaBHeHus C, = C,; D,/ Dyy;

meron n106aBok C, = C, D,/ (D,.,— D)),
rae C,, Cy; u C, — COOTBETCTBEHHO HEU3BECTHASI KOHIICHTpAIlUsI, KOHIICHTpa-
1M CTAaHJAPTHOTO PAcTBOpa M KOHIIEHTpaIUs TOOaBKH B MCCIIEIYEMOM pac-
tBOpE, Dy, Dyy 1 D,y — ONTHUECKHE TIIIOTHOCTH OKPAIIEHHOTO PAcTBOpa C HE-
W3BECTHON M CTAHJIAPTHOW KOHIICHTPAIIMM U ONTHYECKas IJIOTHOCTh HCCIIe-
JyeMOr0 pacTBopa ¢ J00aBKOM.

KonTpo/bHbIe BOPOCHI
1. Cpopmynupyiite 3akon byrepa-Jlambepra-bepa.
2. Kakue cymiecTByrOT CrocoObl OmpeseneHus] HeU3BECTHOM KOHIICH-
TpallMy BEIIeCTBa B KOJOPUMETPUU?
3. Pacckaxure o mpuHIHIE paboThl POTOIIEKTPOKOIOPUMETPA.
4. Tlpu xakux ycloBusix coomroaaercs 3akon byrepa-Jlambepra-bepa?
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JladbopaTopHnasi padora Ne 19
CUHTE3 IIOJIUMEPOB

Hesab padoThl: 03HAKOMJIEHHE C IByMsI OCHOBHBIMU CIIOCOOAMHU I0-
JYYEHHSI OPraHUYECKUX CMOJI: MPOLECCaMH MOJMKOHIACHCAUU U MOJIUMeE-
pHU3aLuu.

Oo0mmue cBeaeHus

[Monrmepu3arys — IpoIecc MOCIeIOBATEIILHOTO COSIMHEHUS OTMHAKO-
BBIX MOJICKYJ1 (MOHOMEPOB) B 0oJjiee KpyIHbIe (TOJTUMEPHI) IO MECTY Pa3phl-
Ba KpaTHbIX cBs3eil. CTPYKTypHOE 3BEHO MMOJIMMEpa — IPyIa aTOMOB, MHO-
TOKPATHO MOBTOPSIONIASICS B MAKPOMOJICKYJIe TIOJIMMEpa.

OcoOble cBOICTBA MOJMMEPOB:

1) HE UMEIOT OTIPEICIICHHON TeMITepaTyPhI TUTABIICHHS, HEKOTOPHIC pa3-
JIararoTCsl HIKE TEMITEpaTyphl IIaBICHUS

2) HE TIOJIBEpPraloTCs MIEPETOHKE, T.K. Pa3araloTcs MpH HarpeBaHUU

3) He PacTBOPSIOTCS B BOJIC (MJIH PACTBOPSIIOTCS C TPYJIOM)

4) 001a/1a10T BBICOKOM MMPOYHOCTHIO

5) MHEPTHBI B XUMHUYCECKUX CpeJiax, YCTOWYHMBHI K BO3JICHCTBHIO OKPY-
YKAIOIIEH CPEbI.

CUHTE3 OJMMEPOB OCYIIECTBIISICTCS] B X0/ PEAKIIUU MOJIMMEPH3AIIHH,
TIOJIMKOH/ICHCAITMH, COMOJMMEPHU3alii. B 3aBUCUMOCTH OT CTPOCHHS YTJie-
POJHOM TIeTH, pa3IMYaoT JUHEHHbIC (Hepa3BETBICHHBIC), Pa3BCTBICHHBIC H
ceryarbie (CITUTHIC) MTOIMMEPHI.

®denou (B n30bITKE) ¢ (hopMabACTHIOM B KUCIIOH cpelie o0pa3yeT Tep-
MOIIJIACTUYHBIC PACTBOPHMBIE HOBOJIAYHBIC CMOJIBI IMHEHHOTO CTPOCHWSI:

OH OH OH
OH

CCH— X
(n+1) +n CH,0 i 1 H,0
/

I (n-1)

OTHOCHTENbHAS MOJEKYJISIpHas Macca HOBOJAYHOW CMOJIBI HEBEJIHKA:
1000-2000. HoBomnauHble CMOJIbI MJIaBKH, PACTBOPUMBI; OHH TPUMEHSIOTCS
JJISL IPUTOTOBJICHUS JIAKOB M TIPECCOBOYHBIX ITOPOIITKOB.

B cayuasx moymkonaeHcaruu genona (0e3 u30bITKa) ¢ popmaiibaeru-
JIOM B IIIEJIOYHON Cpejie 00pa3yrTCs pe30JIbHbIC CMOJIBI (PE30JIbI):
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OH OH

N cH— N CH,

Z s
CH, CH,OH
X
CH,OH =
OH

Pe3onbl pacTBOpUMBI B OpraHUYECKHX PACTBOPUTENSX, HANpUMeEp, B
TUII0BOM cniupte. [lpu pacTBopeHuu pe3ojaoB 00pa3yroTCs TaKk Ha3bIBAEMbIE
OakenmuTOBBIC JakH, Kien (Hampumep, ket bd). Pe3onbl TepmorutacTHIHBI,
NP HArpeBaHUH OHU Pa3MENbUaIOTCs U MOTYT (hopmoBarhes. [lpu xpaHnenun
uiau HarpeBaHuu pe3osioB 10 413°C B u30bITKe hopmanbaeruaa OHU IpeBpa-
HIAIOTCSI B TEPMOPEAKTUBHBIC PE3UTHI. PE3UTHI HE TUTABATCS M HU B YeM HE
pPacTBOPSIOTCS. DTO OOBSACHSETCS JTaTbHEHINECH MOIMKOHIAEHCAIMEe MaKpo-
MOJIEKYJT PE30JIbHOW CMOJIbI C BBIJIECJIEHUEM BOJIbI 32 CUET METHJIOJIbHBIX
rpynn ¥ OEH30IbHBIX SAEP.

[MonuMeTnIIMeTaKpriIaT — OpraHndeckoe cTekio (IMIeKCHUriac) — moiy-
YyaeTrcsl MpU MOJMMEPHU3allud METUJIOBOrO 3(PUpa METaKpPUIOBON KHCIIOTHI
(MeTWIMEeTaKpuiIaTa) B TPUCYTCTBHM WHUIMATOpA TIEpOKCHIA OCH30mIIa
CeHs — CO — O — O — CO —-CgHs) u mpencrapisier coOoi OECIIBETHYIO MPO-
3payHyl0 Maccy:

COOCH; |coo<:H3
n HZC::C — HZC'C_
| |
CHs CHs n

[Tpu 573K nmonumeTuaMeTakpuiaaT AeNOJIUMEPU3yeTCs C 00pa3oBaHuEM
MCXOJHOTO MOHOMEpa METUIIMETAKpUJIaTa.

PeakTuBbl. peHON, popMmabaeruj, KOHICHTPUPOBAHHAS COJISTHAST KH-
CJIOTa, pacTBOp ammuaka (2 MOJIb/J), 3TaHOJ, CTPYKKA OPraHMYECKOTO CTEK-
Ja, OpomMHas BOJia, CTaKaH CO CHEIOM.

Oo6opynoBanue: mpoOUPKHU, CIUPTOBKA, CTAKAH, XOJIOAMIbHUK.
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IHopsinok BbINOJHEHHUS PAadOThI

OnbiT 1. Cunre3 denondopmanbaeruanonn cmosl. Genonodopmans-
JETUIHBIE CMOJIBI MOJIYYaIOTCS B PE3yJAbTaTe Peakliu MOJIUKOHIeHcauu (e-
HOJIa ¢ (POpMaTBLIAETHIOM.

a) Ilonyuenue nosonaunoii cmonvl. B nmpooupky nomecture 10 xamenb
Xuakoro genosa u 8 kanenb pactBopa hopmansaeruaa (40 r hopmabaeru-
na B 100 r pactBopa). Harpetite cMech Ha BOJSIHOM OaHe /10 pacTBOpeHHS (e-
HOJIA.

Yepesz 3 MuH. BHECHTE B MPOOUPKY D Karesib KOHIEHTPUPOBAHHOU CO-
ol kueothl (p = 1,19 r/em®) 1 nponoivkaiiTe HarpeBaHHE 10 PACCIOCHHUS
CMECH.

[IpoOupky nomecture B cTakaH ¢ XonoaHou Bojoil. [locie obpa3osa-
HUS YETKOW TPAaHUIIBI MEXKy BEpXHUM ciioeM H,O u HIKHUM CJIOEM CMOJIBI
cieiite BOAy U OBICTPO BbUIEHTE cMOTy Ha cTekino. Habmonalite oOpazoBanue
TBEPJOro MPOIYKTA.

HcnpiTaliTe 00pa30BaBIIyIOCS HOBOJIAYHYIO CMOJIY Ha PaCTBOPUMOCT:
a) B BoJiE; 0) B allETOHE.

0) Ilonyuenue pezonvnou cmonvi. B npodupky momecture 10 kamenb
xuakoro ¢enona m 10 xamenb pactBopa dopmansaeruga. K momydeHHOMY
PO3pavyHOMY PacTBOpPY J00aBbTE 6 Karenb pacTBopa aMmmuaka (¢ = 2 MOJIb/JI) U
MOMECTUTE MTPOOUPKY B KHUIIAILYIO BOASHYIO OaHto npuMepHo Ha 30—-35 muH.

[Tocie Toro Kak >KMIKOCTb B MMPOOUPKE paccIonTcs (BEpXHHM CIIOH BO-
14, HIDKHUN — pe30J1), BBIHBTE MPOOMPKY M3 BOJSHOW OaHW M OXJIAJWTE €.
Crneiite BepXHHi c1oit BojbL. Jl00aBbTE K CMOJIE HEMHOT'O dTaHOJIA U Harpem-
Te IpOoOUPKY B BOJSHON OaHE /10 pacTBOpeHHs CMOJbI. Bruielite oOpa3oBas-
IIUHCS COUPTOBOM J1ak Ha cTekjo0. HalmrogaiiTe Ha cTEKJIe TOCHe UCTTapeHUs
CIIUpTa 0Opa30BaHUE MPOYHOU TIISTHIICBOM IJICHKH.

[Ipu odopmieHrn pe3yabTaTOB OMbITA 3ANMUIIUTE (OPMYIIBI BEIIECTB
YYaCTBYIOLIUX B PEAKIIMAX U YPAaBHEHUS PEAKIINH MOJUKOHICHCAIIHH.

OnbiT 2. JlemonuMepusanus MoJIMMETHIMETaKpuiaara. HemHoro wus-
MEJIBYEHHOTO OPTraHWYECKOT0 CTEKJIa TOMECTUTE B MPOOUPKY U IIJIOTHO 3a-
KpoiiTe ee mpoOKOil C ra3o0TBOAHOM TPYOKOH, COEIMHEHHOW C TpPyOKOWi-
XOJIOAWJIBHUKOM. OIMyCTUTE KOHEI[ TPYOKU-XOJIOAWJIbHUKA TOYTH J0 JHA B
MPOOUPKY-TTPUEMHUK, OXJIKIAEMYIO BOJION CO CHETOM.

Peakiinonnyro npoOUpKy HarpeiTe B MjaMEHU TOPEJIKH, CHavajaa OCTo-
POXKHO, 3ateM CuibHO. HarpeBanwe BeauTe 10 IMOJHOM ACMOJUMEPU3ALAU
noJIMMETHIIMETaKpuiaaTa. B npueMHuke coOupaeTcs )KUAKOCTh JKEITOBATOTO
LIBE€TA — METUIIMETAKPUIIAT.

B ocTeiBIIYIO TPOOUPKY 100aBbTE MOCTENEHHO MPU BCTPAXUBAHUU HE-
CKOJIbKO Karesb OpoMHOM BOJibl. bpomMHas Boma o0eciBeunBaercs, 4To yKa-
3bIBAET HA HAIMYUE IBOMHOM CBSA3U B MOJIEKYJIE METUIIMETAKPUJIATA.
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[Ipu opopmieHnn pe3yabTaToOB OMNbITa 3aMUIINTE (HOPMYIY MOIUME-
TWJIMETAKPUJIaTa U YPABHEHUE PEAKIIUU JACITOIUMEPU3ALIIH.

3anuIInTe YpaBHEHUE KAUYE€CTBEHHOW pPEAKUMU Ha KPAaTHOCTH CBSI3U B
MOJIEKYJIE MOHOMEPA.

CocTaBbTe ypaBHEHUE PEAKIMU ITOJYYEHUS MOHOMEpPA — METHUIIMETAK-
puilaTa — U3 COOTBETCTBYIOLIEN KMCIIOTHI M crimpTa. Ha3oBuTe BCe BeliecTsa,

Y4aCTBYIOIIME B PEAKIIHH.

KonTpoibHbIe BOPOCHI

1. Ha3oBuTE OCHOBHBIE METOIbI MOJYYEHUS BBICOKOMOJIEKYJISIPHBIX CO-
€IUHEHNM, OXapaKTEPUZYUTE HX.

2. IlpuBeauTte npuMep peakuy NOJUMEpPHU3aLUU.

3. B xakom ciydae mporiecc Ha3bIBatOT COMOTUMEPHU3AIE?

4. [IpuBenuTe npuUMep peakinu MOJIUKOHICHCAIUH.

5. 3anumute GOpMySy CTUPOJIa U YPaBHEHUE PEAKIIUU MOTYYEHHUS T0-
JUCTHUPOJIA.

6. Kakoii mpoliiecc 1€XUT B OCHOBE MOJTyueHus peHonaodopmanbaerua-
HBIX CMOJI — MOJIMMEPU3aIUsl WU NOJIMKOH IeHcalusa? B uem pasHuia Mexmay
ATUMH TIPoIIecCcCamMu’?

7.1Ipn xakux YCJIOBHSIX Ipoliecca oO0pa3yercs: a) HOBOJIAYHAS CMOJIA,;
0) pe3osbHast cMoa?

8.3anuimuTe CTPYKTypHYIO (OpPMYTy HOBOJAYHOW CMOJIBI. YKaKWTE
OCHOBHBIE CBOMCTBA JIMHEUHBIX MOJIMMEPOB. B KakOoM pacTBopuTene pacTBo-
psieTCsl HOBOJIAYHAs cMoJia?

9. 3anumuTe CTPYKTYpHYIO (POPMYIy PE30JbHONW CMOJBI. Y KaXUTe OC-
HOBHBIE CBOMCTBA MPOCTPAHCTBEHHBIX MOJIMMEPOB.
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HNPUJIIOKEHUA



Hpuiaoxenue 1

JlaBiieHrE HACBHIIEHHOTO BOASHOTO apa B 3aBUCUMOCTH OT TEMITEPATypPhl

t,°C JlaBnenue, MM PT.CT.

10 9,2

15 12,8
16 13,6
17 14,5
18 15,5
19 16,5
20 17,5
21 18,7
22 19,8
23 21,1
24 22,4
25 23,8

IIpunoxenue 2

3HaYCHMS AJICKTPOOTPHIIATEIBHOCTEH 31eMeHTOoB (1o [TomuHry)

Li | Be | B H CIN|O|F
1115| 2 2,1 2513,01(35(4,0
Na| M | Al Si|P | S |C
09| g |15 181212530
1,2
K|{Ca|Sc|Ti|V |Cr|{M|Fe|Ca|Ni|Cu|Zn|Ga|Ge|As| Se | Br
08/10(15|15/16(16|n [18/19/19/19/16/16|18(20/(24 2,38
1,5
Rb|Sr| Y | Zr{Nb|M |Tc|Ru|Rh|Pd|Ag|Cd|In |Sn |Sb|Te| I
081 (12|14|16| o |19(22(22|22(19|1,7|17(18|19|21 |25
1,8
Cs|Ba|lLa|Hf | Ta|W |Re|Os|Ir | Pt Au|Hg| Tl |Pb| Bi|Po| At
0,7/09| * |13|15(1,7/19(22(22|22(24|19(18(19/19|2,02.2
1,0
1,2
Fr |Ra|Ac | Th | Po | U | Np-Nb
0,7/0911/13|14(14|14-13
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Crangaptabie s3HTanbuu (AH), saTponuu (S)

IIpunoxenue 3

u sHeprun I'n6oca (AG) oOpa3zoBaHMsI BEIIECTB

AH’ o6p 298, AG’ 56p 298, S 208,
Bemecrso KI[)K/I\I/;OJIB KI[)I(/I\I/;OJIB Jx/(mop-K)
1 2 3 4

Al(x) 0 0 28,35
Al,O,(x) -1676,0 -1582,0 50,92
C(anmas,K) 1,828 2,833 2,36
C(rpadur,k) 0 0 574
CCly(r) -102,93 —60,63 309,7
CO(r) 110,52 137,14 197,4
CO,(1) —-393,51 -397,38 213,68
CS,(x) 88,7 64.4 151,1
CaO(k) —635,5 —604,2 39,7
Ca(OH),(x) —986,6 —-893,8 76,1
CaCOs(x) —-1206,9 -1128,8 92,9
Cl,(1) 0 0 2229
CuO(x) -162 -129,4 42,63
CHy(1) —74,85 -50,85 186,27
C,Ha(1) 226,75 209,21 20,82
C,oHy(1) 52,28 68,14 219,4
CeHe(T) 82,93 129,68 269,20
CeHo (k) 49,03 124,38 173,26
CH3;0H(x) -115,90 —-109,94 218,78
CH,O(r) —238,57 -166,27 126,78
CH,OH(x) 276,98 174,15 160,67
C,HsOH(x) 52,3 68,1 219,4
Fe(x) 0 0 2715
FeO(k) —264,8 —244,3 60,75
Fe,O3(k) -922,3 —740,3 87,4
Fes04(x) 11171 1014 146,2
Ha(r) 0 0 130,52
H,O(m) —-241,82 228,61 188,72
H,O(x) —285,83 —237,24 70,08
H,0,(x) -187,8 -120,4 109,5
HCI(r) -91,8 94,79 186,8
HCl(p) —-166,9 -131,2 56,5
MgCOs(k) -1113 -1029,3 565,7
MgO(x) —-601,8 -569,6 26,9
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1 2 3 4

N>(r) 0 0 199,9
NH3(r) -46,19 -16,71 192,6
NH4NO;(k) -365,4 -183,8 151,0
NH4Cl(x) -314,2 -203,2 95,8

NO(r) 90,25 86,58 210,6
NOy(1) 33 51,5 240,2
N,O(r) 82,1 104,2 220

NiO(x) —-239,7 -211,6 37,99
O,(1) 0 0 205,04
Os(1) 142,3 162,7 238,8
PCl3(1) 287,02 —260,5 311,7
PCls(1) -374,0 -305,4 364,5
PbO(k) -219,3 -189,1 66,2

PbO,(x) —276,6 -218,3 74,89
PbS -100,4 98,77 91,2

SO,(1) -296,1 -300,2 248,1
SOs(r) -396,1 =370 265,4
TiO,(k) -943,9 —888,6 50,33
V,05(k) —1552 —-1421,2 131

Zn(x) 0 0 41,63
ZnO(k) -350,6 -320,7 43,64
P,05(k) -1432,0 -1348,8 114,5
C6H1206(K) -1274 -911 212

Nb,Os(k) —-1898 -1764,1 137,2
NiO(x) —239,7 -211,6 37,99
O,(1) 0 0 205,04
Os(1) 142,3 162,7 238,8
PCl3(1) 287,02 —260,5 311,7
PCls(1) -366,0 -305,4 364,5
PbO(k) -219,3 -189,1 66,2

PbO,(x) —276,6 -218,3 74,89
S(pom0., k) 0 0 31,9

SO,(1) -296,1 -300,2 248,1
SOs(r) -396,1 =370 265,4
SiO,(kBapil., k) —908,3 —854,2 42,7

SnO(k) —-286,0 —256,9 56,5

SnO,(x) -580,8 -579,9 52,3

Ta,05(x) —-2045,14 —-1909,99 143,01
TiCly(x) —763,2 726,12 352,23
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1 2 3 4
TiCly(x) ~804,2 —737,4 252,4
TiO(x) ~943,9 ~888,6 50,33
V:05(k) ~1552 ~1421,2 131
WOs(k) —842,7 ~763,9 75,94
Zn(x) 0 0 41,63
ZNnCly(x) ~415,05 ~369,4 1115
ZnO(x) ~350,6 ~320,7 43,64
ZnS(x) —205,4 —200,7 57,74
Na,SiOs(k) ~1518 ~1427.8 113,38
NaOH(p) - ~419,5 -

Hpunoxenne 4
CranaapTHBIC 3JIEKTPOIHbIC MOTeHIMAIBI ()
HEKOTOPBIX METAUIOB B BOJIHOM PacTBOPE UX COJIEN
DJIEMEHT DJIEKTPOIHBIN MPOLIECC ITorenmuan, B

Li Li* + e = Li -3,02

K K'+e =K -2,92

Ba Ba”" + 2¢” = Ba —2,92

Ca Ca’*+2e =Ca —2,84

Na Na" +e = Na -2,713

Mg Mg* + 2e" = Mg —2,38

Al AP+ 3e = Al ~1,66

Vv V¥ +2e =V ~1,186

Mn Mn?" + 2" = Mn ~1,05

Zn Zn* +2e"=2Zn ~0,763

Fe Fe’* +2e" =Fe —0,44

Cr Cr*+3e =Cr -0,41

Cd Cd* +2e =Cd —0,402

Co Co®* +2e =Co -0,28

Ni Ni®" + 2e” = Ni -0,25

Sn Sn** +2¢ =Sn -0,140

Pb Pb%* +2e"=Pb -0,126

H, H'+e =1/2 H, 0,0

Cu Cu* +2e =Cu 0,34

Ag Ag +e =Ag 0,799

Hg Hg®* + 2e” = Hg 0,85

Pt Pt + 2¢” = Pt 1,30

Au Au® +2e = Au 1,50
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PAL AKTUBHOCTH METAJIJIOB / 3JIE]
Li Rb K Ba Sr Ca Na Mg Al Mn Zn Cr Fe

AKTHBHOCTH MCT¢

PACTBOPHUMOCTb KHCJIOT,

H* | Li* | K | Na* | NH' | Ba® | ca® | Mg* | sr** | AP
OH" P P P P P M | H M H
F P M P P P M H H H M
cr P P P P P P P P p p
Br P P P P P P P P P P
I P P P p P P P P P P
s p P P P P - - s H -
HS P p P P P P p P P ?
SO0, P P P P P H H M H ?
HSO, P ? P P P P P P P 9
S0,~ P P P P P H M P H P
HSO, P P P P P ? 9 ? - ?
NO; P P P P P P 3 P P P
NO, P P P P P P P P P 9
PO~ P H P P - H H H H H
HPO,~ P ? P P P H H M H ?
H,PO, P P P P P P P P p 9
CO;™ P P P P P H H H H ?
HCO; P P P P P P P P P 9
CH,COO™ | P P P P P P P P P =
Si0;" H H P P ? H H H H ?

“P” — pactBopsiercs (> 1 r va 100 r H,O
“M” — mano pactBopsiercs (ot 0,1 r 1o 1 r va 100 r H,O)
“H” — ne pactBopserca (Mensniie 0,01 r aa 1000 r Bozb!)

—" — B BOJIHOH Cpe/ie pa3naraercs
“?” — HEeT NOCTOBEPHBIX CBEJAEHHUH O CYIIIECTBOBAHUH COEMHEHMH

ITprMeyaHHe: DNEeKTPOXHMHYECKHI PAJT HATIPSHKCHHH METAUIOB M TabnHiia «PacTBOPMMOCTh KHMCIIOT, COJICH H OCHOBAH
M., «DK3aMeH»,
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IIpunoxenue 6

“~r

AKEHUUA

: Cd Co Ni Sn Pb (H) Sb Bi Cu Hg Ag Pt A%

UJIJIOB YMCHBIIACTCA

ws

KTPOXUMHUYECKHH PAL HAIIP

s

WU B BOJIE

(%3

COJIEU U OCHOBAH

Cu2+

Sn2+

Pb**

Hg*

Ag’

zn2+

Mn2+

c°2+

Ni?*

Fe3+

Fe2+

H

C r3+

H

aTaHbl H3 COBPEMCHHOTO Kypca s noctynaoumx B BY3st HE. Kyssmenko u 1p. «Havyana xumun»

[MH B BOAE» HANeY
2000 (c. 241, dop3aw)
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