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BBEJIEHHUE

IIpakTHueckoe mocobue Mo HEOPraHUYECKOH XMMMHU COCTABJICHO B
COOTBETCTBUU C yueOHON MpOrpaMMOH U SBISIETCSI OCHOBHBIM PYKOBO-
JICTBOM ISl JIaOOpaTOpHO-TIpakTUUeCKuX 3aHATHH. IlpakTudeckoe mo-
cobHue CTaBUT CBOEH LENbI0 CHCTEMAaTHUECKOE HM3YYEHHE OCHOBHBIX
3aKOHOMEPHOCTEH XMMUYECKHX PEaKLUil: KUHETUKA XUMUYECKUX IMPOo-
L[ECCOB; XMMMYECKOE PAaBHOBECHE; MOIYYEHUE PACTBOPOB U H3y4YEHUE
UX  CBOWCTB;, peakuuu OOMEHa, TMJPOIH3A, OKUCIUTEIBHO-
BOCCTAHOBUTEJIbHBIE, KOMIIJIEKCOOOPa30BaHMs;, OCHOBHBIX CBONCTB XH-
MUYECKHX 3JIEMEHTOB U UX COCAUHEHUH ¢ mo3unuu lleproandeckoro
3akoHa J[.J1. MeHzeneeBa; 0CBOGHUE CTyIEHTaMHU IIPUEMOB J1ab0paTop-
HOTO DKCIIEPUMEHTa. B COCTaB MPakTUYECKOro MocoOHsl BXOIAT 8 TeM
[0 BOMpOcaM OOILIed XUMMU: XUMUYECKasi KHHETHKA, OCHOBHBIE MOHS-
TUS U TIOJIOKEHHUS; XUMHUECKOE PAaBHOBECHUE; PACTBOPBI, OCMOTHUECKOE
JIaBJICHUE PACTBOPOB; PACTBOPHI MIEKTPOIUTOB; THPOIU3 CONEH; OKHC-
JINTENbHO-BOCCTAHOBUTEIIBHBIC PEAKIMH; 3JICKTPOXUMUUYECKUE COEIU-
HEHMsI; KOMIUIEKCHbIE coeluHeHus. JlabopaTopHO-IpaKTUUECKUe 3aHs-
THUS TI0 XUMHUHU OTJEIBHBIX AJIEMEHTOB BKJIIOUAIOT B ceOs Hanbosee Bax-
HBIE JUIsL OMOJIOrOB 3JEMEHTHI U TPYIIIBI JJIEMEHTOB TaKUX KaK ranore-
HBI, BOIOPOJI, KUCIOPOJ, XaJIbKOI'€HBI, a30T, pocdop, MIETOUHbIEC U IIie-
JIOYHO-3eMeNIbHbIC MeTaulbl. IlocinenoBaTebHOCTh cofepkaHus J1abo-
PaTOpHBIX PadOT MO3BOJISIET MPOCIEAUTh JTOTUYECKUE CBSI3U “COCTaB —
ctpoenne — cBoiictBa” [logpoOHO omHMcaHbl METOAWMKHU BBITTOTHEHUS
71a00paTOPHBIX 3aJaHUH U yJENseTCsl BHUMaHUE TEXHUKE MPOBEICHUS
XMMHYECKOT0 3KCIEPHUMEHTA.

3anaun, ynpa>kHEHUs, KOHTPOJIbHBIE BOMPOCH! Pa3/ieNieHbl MO TPeM
YPOBHSIM CIIOXHOCTU. B Hauane MoCTaBJICHbI BOMPOCH! LIENbIO, KOTOPBIX
SIBJISIETCST OoJiee MOJTHOE YCBOEHHE (DaKTHUECKOro MaTepualia; Apyrue
3ajaHus TPeOYIOT OT CTYAECHTOB HAlMCaHHUS COOTBETCTBYIOIIUX ypaBHe-
HUM peakiuii, pacCTAHOBKH KO3()(UIIMEHTOB U HECIOXKHBIX PAaCUeTOB.
3amaHusg ¢ TPETbUM YPOBHEM CIIOXKHOCTU MPEAINOJIAraloT BHIIOIHEHUE
HETPaJUIMOHHBIX 3aJau, TPeOYyIOIUX MpOpadOTKH JOMOIHUTEIbHON
yueOHOM JTUTEepaTypbl, KOHCIEKTOB JICKIIUH.



Tema 1 Xumu4ueckas KHHETHKA,
OCHOBHbIE MOHATHS U MOJI0KEHUS

1.1 CkopocTh XUMHYECKHX peaKiuii. 3aK0H AeiicTBUA Macc
1.2 BumsinMe TeMmepaTypbl M KaTAJIU3AaTOPOB HA CKOPOCTh
XHMHUYEeCKHX peaknmii

1.1 CkopocTh XUMHYeCKHX peakiuii. 3aK0H AeiicTBUA Macc

CKOpOCTh XMMHUYECKUX PEaKIMi U3MEHSETCS B COOTBETCTBHU C 3a-
KOHOM JICHCTBUSI MAcC, KOTOPBIA TIACHT: CKOPOCHb XUMUYECKOU PeaK-
Yuu U3MeHsemcs npsamo NPoNnopPYUOHANbHO NPOU3EE0EHUI0 KOHYEeHmMpa-
yuil peazupyiowux eeugecms. ITY 3aBUCHMOCTH Ui PEAKIUH, MPOTe-
Katomieit mo cxeme mA+ nB = pC + qD, MOXXHO BBIPa3UTh ypaBHEHUEM:
v = K [A]" [B]", rme v — ckopocTs peakiuu; K — KOHCTaHTa CKOPOCTH
peakiuu.

[pumep 1 BerauciuTe CpeaHIO CKOPOCTh XUMUYECKOW PEaKIuu
A + B = C, ecnu HavanpHas KOHIICHTPALUS BEIIECTBA A COCTaBIsUIA
0,42 monn/n1, a uepes 10 ¢ crana paBHa 0,32 monb/n. Kak uaMeHmucs 3a
3TO BpeMsi KOHIIeHTpanuu Beriects B u C?

Pemienne [To ycrmoBHIO KOHIICHTpAIlHsI BEHIECTBA A YMEHBIINIACH
3a 10 ¢ na (0,42 — 0,32) momnw/n, T.¢. Ha 0,10 MOJIB/J, ClEIOBATENBHO,
CpemHsIsl CKOpPOCTh JaHHOH peakiuu pasHa 0,10 /10 = 0,01 moms/11 -c.

Konnentpanus BeriecTBa B yMeHbIIMIACh, KaK U KOHIEHTPALUS
BemiectBa A, Ha 0,10 monb/n, a KoHLEeHTpalus BemecTBa C, cOracHo
ypaBHeHH10, ctana paBHa 0,10 Moib/I.

Ipumep 2 Kak usmenurcst ckopocts peakuu 2H, + O, = 2H,0
MIPH YBEJTMYEHUN KOHILIEHTPAIlMU BOAOpoa B 2 paza?

Pemenue [Tycts [H,] = a mons/n1; [O,] = b Mmonb/n. HawansHas cko-
pocth peakuuu — v;. Torma v, =K [Hz]z[Oz] wim v, = Ka’b.

Ecnu [H;] craner paBHa 2a MOJNB/J, TO CKOPOCTh PEAKIIUH V; OyJeT
paBHa K (2a)2b wn K4a’b. Orcrona vVy/V; = K4a’b / (Kazb) = 4. Cneno-
BaTENbHO, MPH YBEIUYCHUHM KOHIIGHTPAIMU BOJOpoma B 2 pasa, CKO-
POCTB peakiiu Bo3pacraer B 4 pasa.

1.2 BumsinMe TeMmepaTypbl M KaTAJIU3AaTOPOB HA CKOPOCTh
XHMHUYEeCKHX peaknmii

CKOpOCTL XUMHNYCCKHUX peaKLlI/Iﬁ YBCIIMYUBACTCA C MNOBBINICHUEM
TEMIICPATYPbI pearupyromux BCUICCTB. 210 nporucxoauT B COOTBETCT-



BUU ¢ npaBuwioM Baut-T'odda, koTopoe rmacut: npu nogviuenuu mem-
nepamypei na 10°C ckopocms peaxyuu eospacmaem 6 2—4 pasa.

Ctonp 3HAYUTEIBPHOE M3MEHEHHE CKOPOCTH XMUMUYECKUX PEaKIHil
Mpu HEOONBIIOM TMOBBIIIEHUH (MJIM TIOHMKEHWH) TEeMIepaTypbl 00y-
CJIOBJICHO PE3KMM BO3pacCTaHUEM UHCIA AKTUBHBIX MOJEKYJN. YCTaHOB-
JICHO, 4TO HE BCSKOE COyJapeHHE MOJIEKYJ MPUBOIUT K Pa3pbIBYy XH-
MUYECKHX CBSI3€H M 00pa3oBaHUIO HOBBIX CBSI3€H, T. €. K XUMHUYECKOU
peakiuu. IIpy CTOIKHOBEHUH PEarupyrOT TOJIBKO T€ MOJIEKYJBI, KOTO-
pble 00MajgaroT KUHETHYECKOW »HEpruei, JOCTaTOYHOM eclu He uis
MOJHOTO pa3pblBa CBSI3€H, TO JUI MAKCUMAJIBHOTO X ociabneHus. Ta-
KHUX MOJICKYJI MaJIo IIpU OOBIYHON TemmepaType. HeakTuBHbIe Moneky-
JBI MOTYT CTaTh AKTHBHBIMH, €CIIM UM COOOLIUTH JIOMOJHUTEIBHYIO
SHEPrUI0 IMyTEM IOBBILIIEHUS TEMIIEPATypbl. DTOT MPOLECC HAa3bIBAIOT
axmueayueti, a SHEPTUI0, KOTOPYIO HaJ0 COOOIIUTH MOJICKYJIaM pearu-
PYIOIIMX BEIIECTB, YTOOBI OHU CTalM aKTUBHBIMHU, — 9HepIuel akmu-
eéayuu. Ecnu sHeprus axkTUBAIlMM Majia, TO 33 ONPEACICHHOE BpEMs
BCTYMAET B PEAKIMIO MHOIO MoOJeKysl. Ecimu e sHeprus akTHBaLUU
BENHKa, TO B €UHUIY BPEMEHU IIPOpearupyeT HeOOobIIoe YUCI0 MOJIe-
Kyl, U peakuusi OyaeT mporekaTb MeaieHHo. Ilpu B3aumopeiicTBum
VOHOB DHEPrus aKTUBAIIMK OYEHb MaJla, U MOHHbIE PEaKIMH MPOTEKAIOT
¢ OOMBIIOH CKOPOCTBIO.

UYucno, MokasbIBaAIOIIEE, BO CKONBKO pa3 YBENUUMBACTCS CKOPOCTh
peakiuy ¢ TmoBbIIeHHeM Temmepatypsl Ha 10°C, HassiBaloT memnepa-
MYpHbIM KO3 duyuenmom peaxyuu 1 0003HAYAIOT CUMBOJIOM Y.

3Has CKOPOCTh XUMHUECKOI peakIy MpH OIpe/eNeHHOIl TeMmnepa-
Type (t;) 1 TeMIepaTypHbId KO3()(UIMEHT peaKkluu, MOXXHO BBIUYUCIHUTD
CKOpOCTb TOH K€ peakuuu Mpu JIo0oW Ipyroil temmeparype (t,) mo

popuyze: L (@41)10
Ve = VY

B coorBerctBun ¢ npasmiiom Bant-I'odda ¢ noBslmenneM Temie-
patypsl peakuuu B apupmernueckoil nporpeccuu (10, 20, 30°C) cko-
POCTb peaKIH BO3PacTacT B TEOMETPHUECKOI TPOrpecCH.

Hpumep ITpu 80°C HekoTOpast peakius 3aKkaHYMBAEeTCs 3a 16 MUH.
Ckonbko morpedyercs BpeMEHHW JUIS NMPOBEACHHS TOM JKe pEeaKIiH:
a) mpu 120°C; 6) mpu 60°C. TemnepaTypHblii k03¢ uIieHT naHHON
peakiuu y = 2.

Pemenue a) vy = vgoY Vg 2% Orcrona V120/Vgo = 24 =
=16. Takxum 00pa30M, CKOPOCTh PEaKIUH IPH MOBBIIICHHH TEMIIEPaTy-

(120-80)/10 _



pst ot 80 mo 120°C Bo3pactaer B 16 pas, a ciieoBaTeNbHO, IS TPOBE-
JICHUS PEaKIINU nm‘geqyemﬂ B 16 pa3 MeHblIIe BpeMeHH, T. €. | MUH.

0) vy = D(,oy(go‘ 0o — 0" 2% = vgo * 4. OTcroma vgo/vgy = 1/4, T. €.
CKOpPOCTh PEaKIUM MNpU IMOHMXKEHUH TemmepaTypel oT 80 mo 60°C
YMEHBIINTCSA B 4 pasa, a BpeMeHH MoTpe0dyeTcst Uil TPOBeICHUS TaHHOH
peakuuu B 4 paza 6omnbliie — 64 MuH.

JInst ycKOpeHUsl MEUIEHHO IPOTEKAaroIIMX XHMHUYECKUX DPEeaKIuii
N00aBIISIOT BEIIECTBA - KAaTaJIM3aTOPBI, CIIOCOOHBIE TIOHMKATh SHEPIHIO
aKTHBAIMK MOJIEKYJI, OCIA0iIssl CBSI3M MexIy aToMamH. [Ipu atom Mo-
JIEKYJIbl CTAHOBSTCS PEaKIMOHHOCIIOCOOHBIMU ITpU Oo0Jiee HU3KOW TeM-
neparype, ¥ TpeOyeTcss MEeHbIIle DHEPIUH Uil pa3pbiBa cBszeil. Hanpu-
Mep, OeproneroBa conb KClO; pasnaraercs npu 400°C, a B mpucyTcT-
BuH Katanuzaropa (MnO,) — npu 200 °C (2KC10; = 2KC1 + 30,). Us-
MEHEHHE CKOPOCTH PeakIMi IyTeM J00aBJeHHs KaTaJu3aTOpOB Ha3bl-
BAaIOT KAMaau30M, a PEeaKiuy, MPOoTeKarouIie B MPUCYTCTBUN KaTalu3a-
TOPOB, — KAMAIUMUYECKUMU.

PaGora 1 Binsinne KOHIEHTPALUU PearupyroIMX BelecTB U
TeMIepaTypbl HA CKOPOCTh XUMHYECKOii peaKIUU B TOMOT¢HHOI1
cucTeMe

Oo0opynoBanne U peakTHBBI [IpuOOp A U3yUCHHUS 3aBUCUMOCTH
CKOPOCTH PEaKIMH OT TEMIIePaTypbl, CEKyHIOMep. PacTBOPHI: cepHOi
KHUCTOTHI (2H.), THOCYb(aTa HaTpus (1H.; 0,5H.).

OnbiT 1 BiusiHMe KOHUEHTpalMu THocydbdaTa HATPUS Ha
CKOPOCTh peakIuM B3aMMOJEHCTBUS €ro ¢ CEPHOW KHCJIOTOM
NPH NOCTOSIHHOM TeMIieparype

B3aumonelicTBue THOCYNb(aTa HATPUS C KUCIOTON MPOTEKAET OT-
HOCHUTEIBHO MEAJIEHHO U COMPOBOXKIAETCS BBIIEIEHUEM B 0CaJ0K CEpPbI
(BHauaJe TOSIBIISIETCA OMAJECLEHLNS, a 3aTEM Cepa OceJaeT Ha CTEHKaX
HMPOOHPKHU TUIOTHBIM CIIOEM):

Na28203 + HzSO4 = Nast4 +S+ SOZ + Hzo

CKOpOCTh peaklliy YCIOBHO MOXKHO BBIPa3UTh KaK BETUYHMHY, 00-
paTHyI0 BpEMEHHU MPOTEKaHHs peakiuu (OT MOMEHTa CMEIIeHUs pea-
TeHTOB JI0 TOMYTHEHHUS PacTBOpa).



Iepen HavamoM paboOTHI CieAyeT NMPOBECTH KaueCTBEHHBII OIBIT,
9TOObI Hay4UThCS OTMEYATh MOMEHT CaMOro IEpBOTO IMOSBJIEHHsS Ora-
JecueHnuu (Jry4ie HabIroAaTh Ha TEMHOM (oHE). 3aTeM B ISITh CyXHUX
poOUpoK BHeCTH pacTBOp Na,S,O3 pasHBIX KOHLEHTpALWii, HapuMep:
B nepByI0 — 2 kamu 1 H. pactBopa Na,S,03 u 8 kamnenb BOJIbI, BO BTO-
pyto — 4 xarum 1 H. pactBopa Na,S;03; u 6 xamnenb BOAbI; B TPETHIO —
6 xanenb 1 H. pactBopa Na,S,03 u 4 Karv BOAbI; B YETBEPTYIO — § Ka-
nenb 1 H. pactBopa Na,S,0; u 2 karum Boabl; B maTyto — 10 kanens 1 H.
pactBopa Na,S,03;. CozmepkuMoe NEPBBIX YEThIPEX MPOOUPOK OCTOPOXK-
HBIM BCTPSIXMBaHHEM MepeMeNIaTh.

Ecian 0003Ha4UNTh KOHIIEHTPALMIO THOCYNIb(ara HaTpUs B MEpBOH
poOUPKE ¢ MOJIB/JI, TOT/Ia KOHIIEHTpaLUs THOCYNIb(aTa HaTpusi BO BTO-
poit mpoOupKe COCTaBUT 2¢ MOJIb/J, B TPEThel — 3¢ MOJb/JI, B 4eTBEPTOU
— 4¢ MOJB/N, B TIATOM — 5¢ MOJIB/J.

B nepByto mpoOupky BHecTH 1 kammo 1 H. pacTBOpa CepHOH Kucio-
TBI, OZTHOBPEMEHHO BKIIIOYMB CEKyHIOMep. B MoMeHT mosiBneHus oma-
JIECIIEHIIMN CEKYHJIOMEp BBIKIIOYHTh. TakuM 00pa3oM, MOTy4HM BpeMs
TEYEeHUs peakLUH T; B CEKyH/aX. AHAIOIHMYHO ONPEACIIUTh BPEMs Teue-
HUS Peakiiy BO BTOPOH, TPeThel, YeTBEPTOH U MATOH, MpoOHpKaxX — 1o,
T3, T4, Ts COOTBETCTBEHHO. BBIYMCINTH CKOPOCTh PEAKIMU B KaxkIOH
IpoOHpKE — Ty, T2, T3, T4, U Ts KAK BEIMUUHY, O0paTHYIO BpeMeHu (v=1/1).

IMoctponuts TpadMK 3aBHCHMOCTH CKOPOCTH PEaKIUH OT KOHIICH-
TpalMHU M CIIeTaTh BBIBOJ O XapaKTepe 3TOH 3aBUCHMOCTH.

OnbiT 2 BuusiHMe TeMIIepaTypbl HAa CKOPOCTh Ppeakuuu
B3aHMO/ICIICTBHS THOCYJIb()aTa HATPHA C CEPHOIl KHUCJIOTOM NPH
NOCTOSIHHOM KOHIICHTPALMH PEarcHT0B

JInst BeIOJTHEHUST pabOTHI MUCMOJIB3YyeTCsl PHOOp, MOKAa3aHHBIH Ha
pucyHske 1.

B crakan 1 Hanmuth Ha % ero odbema Boay C Temmeparypoit 60 —
65°C. B mpobupky 3 Baectn 10 karmens 0,5 H. pacTBopa THOCYIb(hara
HaTpus, a B mpodupky 4 - 0,5 - 1 mu 1 H. pacTBOpa CepHOM KUCIOTHI U
BbIJIEpKaTh MPOOUPKH B TEPMOCTATE OKOJIO 2 MUH. 3aTeM B IPOOUpPKY 3
BHECTH | KaIuTlo pacTBOpa CEpHOW KUCIOTHI M3 MPOOUPKH 4, OAHOBpe-
MEHHO BKJIIOYHUTh CEKYHJOMEpP M OTMETHTh TeMIlepaTypy t; 1Mo TepMo-
MeTpy. B MOMeHT mosiBieHus onajeceHIMy CeKyHIOMEP BBIKIFOYHTS.
CKOpOCTh peakiMM Uy TpH JAHHOW TeMIIepaType BBIUMCIUTH KakK B
omelte 1.



1 — tepmocroiikuii crakan (500—-600 mu);
2 — KpBIIIKA C TPEMsI OTBEPCTHSIMH;

3 — npobupka s pactBopa Na,S,03;

4 —npobupka s pactBopa HaSOy;

5 — KaneJNbHHIIA;

6 —TepMoMeTp

PI/ICyHOK 1- HpPIGOp JJI U3YUYCHU S 3aBUCUMOCTH CKOPOCTH PEAKIIUU OT TEMIIEPATYPBL

B crakane 1 co3zmaTh TemmepaTypy HmpuMepHO Ha 10° Huxe mpe-
JbIayHIeld 100aBJIeHUEM XOJMOJHOM BOABI. 3aMEHUTH MPOOUpKY 3 Apy-
roi mpobupkoii, conepxkamierd 10 xanens 0,5 H. pacTBopa THOCYNbdaTa
HaTpusa. OnpeneuTh CKOPOCTh TEUEHUS PEaKINH Vy, MPHU TeMIepaType
ty, KaK OMHCAHO BhINIE. AHAIOTHYHO ONPENEIUTh CKOPOCTh PEAKIIHNA V3
U Vy, TIPU TEMIIEpATypax t3 U ts, CHUXKAA TEMIEepaTypy pPeaklnuu KaxIbli
pas npumepro Ha 10°C.

[Moctpouth rpaduk 3aBHCUMOCTH CKOPOCTH PEaKIMU OT TeMIepa-
TYpBI ¥ ONPEJEITUTh XapakTep dTON 3aBUCUMOCTH. VICIONb3ys MOTy4YeH-
HbIe HKCIEPUMEHTAIIbHBIE 3HAUYEHHUSI CKOPOCTEH pPeaKlnu Py TeMIiepa-
Typax ti, tp, t3 ¥ ts, BBIUYMCINUTH HECKOJIBKO 3HAUEHUN TEMIIEpPATypPHOIO
ko3 pUIMeHTa Y U ero cpeHee 3HaYeHUE.

PaGora 2 BiusiHMe KaTaJH3aTOPOB HA CKOPOCTh
XHMHUYEeCKHX peaknuii

O0OopynoBanne u peaxtusbl CexyHnomep, mumaiap (10 m),
LUHK TpaHyJIMPOBaHHBIN, cynbgaT Mapranua (1), okeua mapranna (IV),
oxcup xpoma (III), okeun kpemuus (IV), sxenesnsle crpyxku. PactBo-
pbl: cepHoil kucnothl (1:3), conmsHol kucnotsl (1:2), mepokcuaa BomO-
pona (30%-nsr1it), popmanuna, Tuocynbpara Hatpus (0,2 M), cynbdata
meau (II) (0,1 M), nepmanranara kamust (0,05 M), Hutpara kanus (Ha-
ceimt.), xyopuaa skeneza (III) (0,0008 M), TuounaHata aMMOHHUS
NH4SCN (0,0025 M), miaBeneBoii kuciotsl (1 M).



Onbit 1 T'oMoOreHHBINH KaTaIN3

B3aumopgeiicteue tHommanarta sxese3a (III) ¢ Tmocyandatom
HATpus B npucyTcTBuUH cyabpara meau (II). B mpobupky ¢ 3 mn
0,0008 M pactBopa xjopuna xene3a (II[) mpunuth paBHBI 00BEM
0,0025 M pacrtBopa THOLMaHaTa aMMOHUS. [lodydeHHbIH pacTBOp THO-
nuanata xenesa (III) kpacHoro 1Bera pa3auTh MOPOBHY B TPU MPOOUp-
kd. B mepByro npobupky npubaButh 5 kamens 0,2 M pacTBopa THO-
cynbdara HATPUS U 110 CEKyHIOMEpY OTMETHTh BPEMsl OT MOMEHTa J10-
6aBnenust Na,S,03; 10 obeciBeunBaHUs pacTBOPa, KOTOPOE MPOUCXOJUT
B pe3yJibTaTe BOCCTAHOBJIEHMsI KpacHOro tuoumanata xemnesa (III) B
OecuBeTHBIN THOIMAHAT Xkene3a (1):

2FG(SCN)3 + 2Na28203 = 2FG(SCN)2 + 2NaSCN + NaZS4O(,

Bo BTopyto mpobupky nodasuts 2 xamiu 0,1 M pactBopa cynbdata
menu (II), 5 xanens 0,2 M pacTBopa THOCYNb(aTa HATPUS U BHOBb OT-
METUTH BpeMsi OT MOMEHTa NPHJIMBAaHKs THOCYNIb(aTa HaTpus 10 odec-
L[BEUUBAHMsS pacTBOpa. B TpeThbto mpobupky modaButh 5 kamnens 0,1 M
pactBopa cynstata meau (II) u 5 xanens 0,2 M pactBopa THOCYIb(AaTa
HaTtpusi. OTMETHTh BpeMs TedeHus peakumu. Kak Biuser pasnuyHoe
conepxanue cyiabdparta meau (II) (katanuszaropa) Ha CKOPOCTh PEAKITUH?

B3anmopeiicTBHe nmepMaHranata Kajaus ¢ HIHHKOM B NMPHUCYTCT-
BHHU HUTpPATa KaJjus. B n1Be npobupku Hanuts no 2 mi 0,05 M pactso-
pa mepMaHraHaTa KaJlusi U1 B OJIHY M3 HHUX J00aBUTh 2 — 3 Karuld KOH-
LEHTPUPOBAHHOTO PAacTBOpa HUTparTa Kanus. B obe mpoOupku momec-
TUTB 110 | KyCOYKY TpaHyJIMPOBaHHOTO IIMHKA WK 1O | MUKPOIIITATEIIO
LIUHKOBOH TBUIH, PACTBOPBI MOJKUCIUTh cepHON Kucioroi (1:3). 3ame-
TUTH BPEMsI OT Hadalla peakiiu 10 obeciBeurBaHus pacTBopoB. C omu-
HaKOBOHM JIM CKOPOCTBIO HMJET peakius B obenx mnpobupkax? Kakymo
pons urpaer KNO3? HamucaTh ypaBHEHHE pEakLMU BOCCTAHOBJICHHUS
TIepMaHTaHaTa KaJIksl [IMHKOM.

B3aumojgeiicTBHe MepMaHraHaTa Kajaus CO IIaBeJieBOl KHCJIO-
TOH B IPHUCYTCTBMH HOHOB Mn”". B nse mpoOupKU BHECTH Mo | Kame
0,05 M pacTBOpa mepMaHraHaTa Kajaus, 2 — 3 KalUId pacTBOpa CEpHOU
kucinotsl (1:3) u 2 kammu 1 M pacTBopa 1aBeneBoi KUCIOTH. B3anMo-
JeHCTBHE MPOTEKAET 110 YPABHEHHIO PEaKIUU:

2KMHO4 + 5H2C204 + 3H2$O4 = 2MHSO4 + KzSO4 + 10C02 +8H20
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B onny u3 npobupok BHecTH 2 — 3 kpuctamia MnSOs.

HabGmonate usmenenue okpacku pacteopoB KMnO, B o06enx mpo-
OupKax.
2+
Kak u3meHnsiercsi CKOpocTh peakiiii B MIPUCYTCTBUU MOHOB Mn™ ?

OnbiT 2 I'eTeporennslii kataans. Pasjioxenne nepoxcuaa

BOJOpOAA

B Tpu mpoOupku HaIUTh MO 2 MII MEPOKCUIA BOAOpOJa M mpuba-
BUTh OJJHOBPEMEHHO Mo 1 Mukpommarento: MnO, B IiepByr0 IpoOHpKY,
Cr,03 Bo BTOpY!0 U SiO; B TpeTbto. C OMHAKOBOH JI CKOPOCTBIO MPO-
TEKAIOT PEAKLUH Pa3lIoKEHHs NEPOKCHIA BOIOPOIA B TPEX MPOoOUpKax?
HaOntonaTe BblAENEHNE KUcaopoaa (Impoba Tieromel tyduHoit). Hamu-
caTh ypaBHEHHE peaKlHMU pa3lloKeHMs Iepokcuaa Bogopona. Kakue us3
J00aBICHHBIX OKCHUJIOB SIBJISIOTCS KaTaau3aTopamu?

OnbiT 3 BiiusiHue HHTHONTOPA HA CKOPOCTh PeaKI U

B nBe npoOupky HAMUTH MO 5 MJI pacTBOpa CONISIHON KUCHOTHI (1:2)
M OITyCTUTh B HUX MO 1 KyCOUYKY kene3Hoi crpyxku. Korma B mpobup-
KaxX CTaHeT 3aMETHBIM BBIIENIEHHE MTy3bIPHKOB BOAOPOAA, B OHY M3 HUX
no0aBuTh 3 — 5 Kamenb pactBopa (opmanuna. Kak u3MeHsieTcst cKo-
POCTb peakIiy B IPUCYTCTBUH (hopManHa?

Bomnpocs! u 3aa4un

1 Kakue (axkTopbl BIHSIOT HA CKOPOCTh XUMHYECKHX PEAKIHNA?

2 Kak 3aBHCHT CKOPOCTb XMMHYECKOH PEaKkIHH OT KOHIEHTpalnH
pearupyromux Bemects? Hamuinre MaTeMaTHueckue BBIPAXKESHUS IS
CKOpPOCTEH peaKL Ui, IPOTEKAIOUINX 10 YPABHEHUAM:

a) 4NH3 + 502 =4NO + 6H20;

6) 2H,S + SO, = 3S + 2H,0;

B) Hz + Clz =2HCI.

3 Kak usmenurcs ckopocts peakiuu 2NO + O, = 2NO,, ecnu KoH-
LEHTPalH NCXOIHBIX BEIIECTB YBEIMYUTD B 4 paza?

4 Bo CKOJIBKO pa3 yBEJIMYUTCS CKOPOCTh PEaKIMU TIPH MOBBIIICHUN
TemmnepaTypsl oT 40 no 70°C, ecau TemmepaTypHbI k03 uIeHT pe-
aKIUM paBeH Tpem?

5 Kak n3MeHUTCS CKOPOCTh peakiuH, MpOTeKarolleil 1Mo ypaBHe-
Huto 2SO0, + O, = 2503: a) ecau yBeTUUUTh KOHIIEHTPAIMIO KHCIOPOIa

11



B 2 pa3a? 0) eciM, OCTaBHB KOHLIEHTPAlMIO KHCIOpPOAA HayvaibHOM,
YBEIMYHUTH BTpoe KOHIeHTparuo SO,?

6 KakoB (m3uueckuii CMBICI KOHCTaHTBI CKOPOCTH XHUMHYECKOW
peaxiuu?

7 Tlouemy BemiecTBa TOpsT B KHCIOpPOJE 3HAYMTEIHHO WHTEHCHB-
Hee, YeM Ha Bo3ayxe?

8 Bo cxompko pa3 HEOOXOAUMO YBEIMUYUTH JJISI PEaKIUU
2H,S+S0,=3S+2H,0 KOHIEHTpalHIO CEPOBOAOPOIA UITU OKCHJIA CEPbI
(IV), uToOBI B 0601X Cllydasx CKOPOCTh peakiy Bo3pocia B 9 pa3?

9 Kak usmenutcs ckopocts peakiuu H, + Cl, = 2HC1 npu yBe-
JUYEHUU KOHLIEHTpAIMH BOAOpoa U Xjopa B 4 paza?

10 Kak Bimser miomanbs MOBEPXHOCTH TBEPABIX BEIECTB Ha CKO-
pocth ux B3aumopeiicteua? [IpuBenuTe nprMepsl NCTIOIb30BAHMS 3TOH
3aBUCHMOCTH B XUMHUYECKOH MPOMBIIILIEHHOCTH.

11 Peakuus Mexxay BemectBaMu A W B mporekaer 1o ypaBHEHHIO
A + 2B = C. HauanpHas KoHIEHTpalus BemectBa A paBHa 0,3 mMonb/n,
a BeuectBa B — 0,5 monb/n. KoncranTa ckopoctu nanHou peaxiuu 0,4.
BrruncnmTe HayaabHYIO CKOPOCTh PEaKIUH M CKOPOCTh PEaKIMH 110 HC-
TEYEeHWH HEKOTOPOro BPEMEHH, KOrJa KOHIIEHTpalus BeliecTBa A
yMeHbmmiack Ha 0,1 Mosb/i.

12 Kak W3MEHHUTCS CKOpPOCTb XMMHYECKOU peakuu
2Fe + 3C1, = 2FeCl;, ecnu naBieHne cUCTEMBbI yBETUUUTH B 6 paz?

13 JIBe peakiuu MexIy MPOCTHIMH BEIIECTBAMHU NPOTEKAIOT C Ta-
KOI CKOpOCTBIO, uTO 32 1 MUH 00pasyeTcs U MepBoii peakuuu 6 T cepo-
BOJIOpOJia, a BO BTopoi peakiuu 20 r momoBojopona. Kakas n3 stux
peakiuii mpotekaer ¢ 60JbIIeH CKOPOCThIO?

14 Kax BiusieT noBbIlIeHUe (MM MOHMKEHHE) TEMIEpaTyphl B3au-
MOJICHCTBYIOIIMX BELIECTB Ha CKOPOCTh XUMUYECKOH peaKiuu?

15 Yro Takoe TemmepaTypHbId KO3((UIMEHT XMMUYECKOH peak-
un? Kak n3MeHseTcst CkopocTh XUMHYECKOH PEaKIMK B COOTBETCTBHH
¢ npasuiioM Baut-T'odpda?

16 TToueMy CKOPOCTb XMMHUYECKOH pEakIMM CHIBHO BO3PACTAET C
TIOBBIIICHHEM TEMIIEPATYPHI?

17 Yto Takoe HEprusi akTUBAlMH, KaK OHAa BIHMSET Ha CKOPOCTb
XMMHYECKOH peakiun?
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18 Ha ckonmbko rpaZycoB Haj0 MOBBICUTH TEMIEpPaTypy, 4TOOBI
CKOPOCTh peakiiM YBEIUYWIach B 64 pas3a, eciu TeMIepaTypHBIH Ko-
3G GHULHEHT peaKIuu paBeH JBYM?

19 Cxopocts xumuueckoil peakiuu npu 40 °C pasHa 1 mons/n - c.
Brruucnute ckopocts 3Toi peakiuu mpu 80 °C, ecnu TeMmepaTypHBbIil
K03(h(DUITHEHT peakuy paBeH YEThIPEM.

20 Ilpu yBenuueHuu TtemmepaTypbl Ha 50 °C cKOpOCTh peakIUH
Bo3pocia B 1024 pasza. Beruncnute temnepaTypHblii ko3 duumeHT pe-
aKIUH.

21 Bo CKOJBKO pa3 YMEHBIIUTCS CKOPOCTh PEAKIIUU, €CIIH TeMIIepa-
Typy ra3zoBoil cmecu nmoHu3uTh oT 140 no 110 °C. TemnepaTypHblil Ko-
3¢ GHULHEHT peaKIMU PaBeH TPEM.

Tema 2 Xumuyeckoe paBHOBecHe

2.1 KoHcTaHTa XUMH4Y€CKOI'0 PABHOBeCHS
2.2 CMeLeHHE XUMHYECKOr0 PABHOBECHS

2.1 KoHcTaHTa XUMHY€CKOI'0 PABHOBeCHS

B 3aBHCHMOCTH OT MpPUPOJBI PEATHPYIOUIMX BEIIECTB U YCIOBHI
MPOTEKaHUsI XHMHYECKOTO Mpolecca pasiInyaloT oopamumbvle U HeoO-
pamumble peakimu. Tak, pasiiokeHHe OepTOJIETOBOW CONHM IO CXeMe:

t
2KCIO; — 2KCI + 30, - peaxuus HeoOpaTHMasi, TOCKOJIBKY XJIOPUL
KaJgus He CHOCOOEH B3aMMOJCHCTBOBaThH C KHcIOpoxoM. Hamporus,
t

pasnoxenue xjopunaa ammonus npu HarpeBanun NH4C1 <> NH; + HCI
— obpaTuMasi peakiysi, OHa HE JOXOAUT A0 KOHIA, TaK KaK aMMHAK U
XJIOPOBOJIOPOZL B CBOIO OYEPE]b B3aUMOAECHCTBYIOT, 00pa3ys NMpHU 3THX
YCIOBUSIX XJIOpuJ amMMoHHs. CHaualla pa3iIoKeHHE XJIOpUAA aMMOHUS
UJET CO CPaBHUTEIBHO OOMBIION CKOPOCThI0. OJHAKO MO MEpe HaKoI-
nenus NH; u HC1 ckopocTs peakuuu MexJIy HUMHU BO3pPAacTaer, a CKo-
pocth mpaAMoil peakuuu — paznoxenne NH,C1 — ymenbmaercs. Yepes
OIIpPEJETICHHOE BPEMSI CKOPOCTh MPSAMOI peakluu CTaHOBUTCA pPaBHA
CKOpPOCTH O0paTHOM peakiui, T.¢,
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CocTostHME CHCTEMBI, IPH KOTOPOM CKOPOCTh 0Opa3oBaHUs HOBBIX
MPOAYKTOB paBHA CKOPOCTH INPEBPAILEHHs UX M MCXOJHBIC MPOAYKTHI,
HAas3bIBAIOT XUMUYECKUM PAGHOBECUCM.

Ilpm XxMMHUYECKOM paBHOBECHH IpsMas U oOpaTHas peakiud He
npekpamarorcs, Ho uucio Monexyn NH,4Cl, pasnararonmxcs B € IUHULLY
BpeMeHH, paBHO uuciy monekyn NH4Cl, BHOBR oOpasyromuxcs B pe-
synpTate B3aumojeicteus NH; ¢ HCI. Ilostomy Takoe paBHOBecHE
HAas3bIBAIOT NOOGUIICHIM, WIIH OUHAMUYECKUM, & YCTAHOBUBIINECS KOH-
LEHTPAIUU PearupyouX BEIEeCTB - pagHogecHbiMy. VI3 IpUBEIEHHOTO
YpPaBHEHUS CIE/yeT, 4TO

K1 /K, = [NH;] [HC1)/[NH,C1] =K,,

rae Kp — KoHCTaHTa XMMHUYECKOTO PaBHOBECHSI.

Takum 00pa3oM, XUMHYECKOES paBHOBECHE OOPATUMOI peakiuy Ha-
CTyIaeT TOTrJa, KOrJla OTHOIICHHE MPOU3BECHUS KOHIICHTpAaIUi o0pa-
3YIOIUXCSl BEHIECTB K IPOU3BEACHUIO KOHIICHTPAIMHA HMCXOMHBIX Be-
IIECTB CTAHOBHUTCS PABHBIM TIOCTOSHHOW BEIHMYWHE, HA3BIBAEMOW KOH-
CMAHMOU XUMUYECKO020 PABHOBECUSL.

3Hass PaBHOBECHBIC KOHIICHTPAIIMU, MOXXHO BBIYHCIUTH HUCXOIHBIC
KOHIICHTPAIINH, & TAK)KE KOHCTAHTY XUMUYIECKOTO PABHOBECHSI U HA000-
POT — 3Hasi KCXO/IHBIC KOHIICHTPAIIUU U KOHCTAHTY, PABHOBECHSI, MOXKHO
OIIPENICITUTh PABHOBECHBIC KOHIICHTPAIINH.

Hpumep 1 PaBnosecue peakuuun H, + [, «» 2HI ycranoBuiioch npu
cnenyromux KoHmnentpauusx: [Hp] = 0,5 mons/n; [I,] = 0,1 mons/n;
[HI] = 1,8 monb/n. OnpeaenuTe UCXOAHbIE KOHLIEHTPAIIMU MOa U BOJIO-
pOZia ¥ KOHCTAHTY XMMHUYECKOT'0 PAaBHOBECHSL.

Pemenne 113 ypaBHEHUS peakiuyl CIIEAYET, YTO K MOMEHTY PaBHO-
Becust m3pacxomoBano 0,9 MoOIB/T BOAOpOIAa M CTOJIBKO JKE HOJA.
CrnenoBaTenbHO, WCXOIHAs KOHIEGHTPALHMs BOJOPONA COCTaBJsLIa
0,5 + 0,9 = 1,4 monp/n, a wWCXoAHAas KOHUEHTpauMs  HOIa
0,1 +0,9 =1 momp/m.

K, = [HI]/ ([H,] [LL]) = 1,8%/(0,5-0,1) = 64.8.

Mpumep 2 Ilpu 1000°C  KkoOHCTAHTAa pABHOBECHS pPEAKIHH
FeO + CO < Fe + CO; paBna 0,5. KakoBbl paBHOBECHbIE KOHIIEHTpA-
muu CO um CO,, ecniu HavajgbHblE KOHLIEHTPAIMM STHX BELIECTB
cocrapysun: [CO] = 0,05 mons/it; [CO,] = 0,01 mMonb/n?
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Pemienne [lycTh kK MOMEHTY PaBHOBECHH B PEAKIIMIO BCTYIHIIO X
Mmoinb CO. Torza, corflacHO ypaBHEHHIO PEaKkluK, 00pa3oBajoch X MOJb
CO,. CnenoBatenbHo, kK MoMeHTY paBHoBecHs: [CO] = (0,05-x) monb/1;
[CO;] = (0,01 +x) monw/1. Otcroga Kp = (0,01 +x) / (0,05 - x). [Toxacra-
BUB B 3T0 BbIpaxeHue Kp = 0,5, momyaum x = 0,01. Takum o6pazom,
[CO]=0,05 - 0,01= 0,04 monw/n, a [COz] = 0,01 +0,01 = 0,02 momns/m.

2.2 CMeLeHHe XUMHYECKOr0 PAaBHOBECHS

[Mocne HACTYIUICHHST XUMHYECKOTO PAaBHOBECHS BO3HUKAET HEOOXO-
JMMOCTh — B LIEJISAX 00JIee TONHOrO MPEBPAIICHHUS UCXOTHBIX MTPOIYKTOB
B KOHEYHBIC — HAPYIIUTh PaBEHCTBO CKOPOCTEH MpsMOil M 0OpaTHOM
peakiuu, T. €. CMECTUTh PAaBHOBECHE B CTOPOHY MPSIMOM peakiuu. ITO
JOCTUTAETCS IMyTeM U3MEHEHHsI YCIOBUH Tpoliecca (TeMepaTyphl, KOH-
LEHTpalM pearnpyroNuX BEeLIeCTB, a U ra3000pa3HbIX BELIECTB TaK-
ke U nasieHus). [Ipu 9TOM KOHIIEHTPAIIMH BCEX PEarHpyIOIIIX BEIICCTB
OyIyT U3MEHSITHCS IO TE€X MOp, MOKa HE YCTAHOBUTCS HOBOE PaBHOBE-
CHe, HO Y2KE MPH WHBIX 3HAYCHUSIX PABHOBECHBIX KOHIICHTPAITUH.

[Mepexon peakIMOHHON CHCTEMBI OT OJJHOTO COCTOSIHHSI PABHOBECHSI
K IPyrOMY Ha3bIBalOT CMeUjeHUeM XUMUYECKO20 PABHOBECUS.

[Ipu W3MEHEHUH YCIIOBHIA TPOBEACHHS PEAKIIMA CMCIICHHE XHMH-
YECKOr0 PaBHOBECUS B CTOPOHY MPSMOW MM OOpaTHOH peakiMu Mpo-
WCXO/IUT B COOTBETCTBUH ¢ npuHImnoMm Jle — larense: eciu 6 pasuo-
8ECHOU CcMecU USMEHUMb KOHYESHMPAayuio 00HO20 U3 Peazupyiowmux ee-
wecmes, memnepamypy uiu OdejleHue, Mo pPAHOBeCUe CMEWaemcs 8
HanpaeneHuy mot peakyuu (Mpamou uiu oopamuoil), Komopas ociao-
Jislem 8030elicmeue Ha PaeHOBECHYI0 CUCTEM).

IIpumep 3 O6paTrMas peakuusi IPOTEKACT O YPABHEHUIO:

2NO + O, <> 2NO,. B cropony kakoit peakiuu (IpssMoil uiam o6-
paTHOM) CMECTHTCS XMMHYECKOe PaBHOBECHE, €CJIH [aBJICHUE YyBe-
JUYUTD B 2 paza?

Pemenne [lycTs paBHOBECHBIE KOHIICHTPALIMH JIO YBEINYEHHUS 1aB-
nenus coctarisu: [NO] = a monb/n, [O,]= b Mons/i,[NO;] = ¢ Monb/i.
CkopoCTh MpsIMOM peakuuu — vV, CKOPOCTh OOPaTHOM peakiuu — V.
Torma v; = Klazb; vy = chz.

ITpu yBennyeHnM naBieHHs B 2 pa3a paBHOBECHBIE KOHIEHTpalWH
Ooyayt: [NO] = 2a monb/7, [O,] = 2b monb/1, [NO;] = 2¢ MOIb/1; CKOPO-
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CTH TpsAMOM W  00paTHOM peakiuil TpU HOBBIX  YCIOBHSX:
v =K, (2a)22b = K18a2b; v =K, (2(:)2 = K24cz. Orcrona:

v’y /v, =K 8a%b / (Kja’b) = 8;

V' /0y = 4Ke? / (Kac?) = 4.

CrnenoBaTenbHO, TPH YBEIHMUYCHHUU JABJICHHUS B PAaBHOBECHOW CH-
cTeMe B 2 pa3a CKOPOCTh IPsAMOM peakiiy Bo3pacTaeT B 8 pa3, CKOPOCTh
00paTHOIi peakuuu — B 4 pasa, T. €. pABHOBECHE CMECTUTCS BIIPaBO — B
cropoHy oopazoBanust NO,.

Omnupasce Ha npuniun Jle-1llatense, MOXKHO TPUATH K TOMY K€
BbIBOAy. Kak BHUJHO M3 ypaBHEHHS PEaKIUH, IpsAMasi peakius BeIeT K
MOHMKEHUIO TABJICHHS — U3 TPEX MOJIEKYJ 00pa3yroTcs nuib ase. Cie-
JIOBaTENbHO, TPH YBEJIMYCHUU JABJICHUS PAaBHOBECHOH CHCTEMBI B 2
paza YCKOpHTCS peakiys, ocialisronias BHEIIHee BO3JEHCTBHE, T.C.
MOHWKAIONIAs TaByicHue. TakuM 0Opa3oM, BO3PACTET CKOPOCTh MPSIMOIA
pEaKIuu — PABHOBECHUE CMECTHTCS BIIPABO.

IIpumep 4 B ctopoHy Kakoil peakuuu (IpsMON WM OOpaTHOI)
CMECTHUTCSI XUMHUYECKOE PAaBHOBECHE OOPAaTHMOM XMMHMUYECKOW peaknuu
Ny+3H,<>2NH3, eciiu MOBBICUTH TEMIIEPATYPY PABHOBECHOW CHCTEMBI?
IIpsimas peakuus — 9K30TEpMUYECKas.

Pemenune B coorserctBun ¢ npunnunom Jle Ilatense npu noBbI-
HICHUH TEMIIEPATYpPbl YCKOPUTCS PeakIusi, ocaalnsiomiasi BHEIIHEE BO3-
JeicTBUe, T.e. 00paTHAs peakiysl, IPOTEKAIONas ¢ MOIJIOMICHUEM Tell-
JIOTBL.

Padora 1 Xumuueckoe papHoBecHe

OoOopynoBanne u peakTuBbI [IpOOMPKH, CTEKISIHHBIC MAJIOYKH,
XJIOpUJ aMMOHUS, aueraT HaTpusa. PactBopbl: xjopuna xenesa (III)
(0,0008 M, naceiu.); Tuounanata ammonus (0,0025 M, Hacell.), yKCyc-
Hoii kucinotsl (0,1 H.), ammuaka (0,1 H.), penondranernna, METUIOBOTO
OPaHKEBOTO.

Onpir 1 CMemenue XUMHMYECKOr0 paBHOBecHsl MyTeM
U3MEeHEeHHsl KOHLIEeHTPAaluii pearupyrommx BenecTs

B npobupky, cogepxamryro 3 mi 0,0008 M pactBopa Xxiopuaa xe-
ne3a (III), npunutk paBHbI 00BeM 0,0025 M pacTBOpa THOLMAHATA aM-
MoHus. IlomydeHHslit pacTBop THonuaHata xene3a (III) kpacHoro nsera
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pa3nuTh B Tpu NpoOUpku. B mepByto npoOupky n1o0aBUTh 5 Kareib Ha-
ceieHHoro pactepa FeCls, Bo BTOpyIo — 5 Karmenb HaChIIEHHOTO pac-
tBOopa NH4SCN. OT™MeTUTh, KaKk U3MEHHUIIACh UHTEHCUBHOCTh OKPAaCKH
PAacTBOPOB B ATUX HPOOHpKaxX MO CPaBHEHHIO C OKPACKOH pacTBOpa B
TpeTbel, KOHTPOJIbHOW mpoOupke. COCTaBUTh ypaBHEHHE peaKIHH
B3aumMozeicTBus xinopuaa skeneza (III) ¢ Tmonmanarom ammonwms. Ilo
WM3MEHEHHUSIM MHTEHCHBHOCTH OKpAacKH PacTBOPOB B TMEPBOMl M BTOpOU
MpoOUpKax ClenaTh BHIBOABI O HAMPABICHUH CMEIIEHUS XMMHYECKOTO
paBHOBecus npu aodaBieHuu: a) xyopuaa xenesa (III); 6) Tmounanata
aMMOHUS1. VI3MeHsIeTcsl Tu TIpu 3TOM 3HaUeHHE KOHCTaHThI paBHOBECHS?

OneiTr 2 CMelleHHe PpaBHOBecHsT MOHU3ALMH ci1adoro
3J1eKTPOJIMTA

JlobaBienne coym ¢a1ad0ii KHCJIOTBI K PACTBOPY 3TOMH KHUCJIOTHI.
B nBe npobupku BHecTH mo 6 — 8 kanens 0,1 H. pacTBOpa yKCYCHOI KH-
coTel U Mo 1 Kamie pacTBOpa METHJIOBOTO OpaHXKeBoro. B omHy u3
mpobupok 106aBuTh Heckonbko KpuctamioB CH3;COONa, nepemeriathb
CTEKJISIHHOM MANOuKOM U CPaBHUTh MHTEHCHBHOCTh OKPAacKU B 00euX
npobupkax. Hamucate ypaBHenue nonuzanuun CH;COOH u 00bscHUTD,
kak cMmemaercs paBHoBecue nonmzauun CH;COOH npu nobaBneHuu
arieraT-uoHa. Kak MeHseTcs MpH 3TOM CTENCHb MOHHM3ALUU YKCYCHOM
KHCJIOTHI M KOHIIEHTpaIus noHoB H ' ?

JlobaBienne coyin ¢j1a00ro OCHOBAHHSI K PACTBOPY 3TOI0 OCHO-
BaHus. B nBe mpoOupku BHectu no 6 — § kanens 0,1 H. pacTBOpa am-
MHuaka 1 o 1 xamie cnupTroBoro pacrsopa ¢enongranensa. B onxy us3
npoOUpoK 100aBUTHh Heckonbko kpuctamioB NH4Cl, nepememats
CTEKJISIHHOM, MaJOYKOM M CPaBHUTh MHTEHCHBHOCTb OKpPAacku B 00eux
npobupkax. Hamucats ypaBHenne nonuzamu NHs - H,O u 00bICcHUTS,
KaK CMEIaeTCsl pABHOBECHUE MOHU3ALIMU B PaCTBOPE aMMHAKa U U3MEHS-
ercs konnenTtpanus OH - moHnos npu no6aBnenny noros NHy .

Bomnpocs! u 3ana4un

1 Hanwucats BBIPAKECHUE KOHCTAHT paBHOBECUSA I peaKuMﬁ.
a) 2NH3 A 3H2 + Nz;

0) Fe;04 + 4CO < 3Fe + 4COy;

B) 3Fe,O5 + H, «> H,O (nap) + 2Fe30y4;

r) C+ CO; <> 2CO.
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B kakom HalpaBJICHUU CMCECTUTCS PaBHOBCCHUE B KaXKJIOM ClIydac
npy YBEJIIMYCHUN I(aBJ'IeHI/IH?

2 B KaxkoM HampaBJIEHUH CMECTHTCS PaBHOBECHE CICIYIOLINX 00-
PaTHMBIX peaKIni:

a) 2SO0, + O, <> 2505 + 192,76k Ik (46 kkan);

0) Na,O4 <> 2NO; — 54,47 xJIx (13 kkan);

TP TTOHIKEHUH TEMIIEPaTyphl; IPU ITOHMKSHNH JaBIeHH?

3 /JelictBueM kakux (hakTOpOB MOXKHO CMECTHTh pPaBHOBECHE YKa-
3aHHBIX peakIUi BIPaBo?

a) C + H,0O (map) <> CO + H, — 129,89 xJIx (31 kkan);

6) N, + 3H, <> 2NH; + 92,18 xJIx (22 kkan).

4 BelunciauTh KOHCTaHTY paBHOBecus K peakiuu 2HB < H; + Br,
€CITi MepBOHayYajbHast Macca OpoMuaa Bomopoaa Obuta paBHa 0,809 T, a
K MOMEHTY PaBHOBECHSI ITpopearupoBajo 5% HCXOIHOrO BELECTRa.

Otser: K=0,9 - 10,

5 B cocya Bmectumocthio 0,5 11 6b110 momernieHo 0,5 Mok BOIO-
pona u 0,5 monb azota. [Ipu HEKOTOpOI TemmepaType K MOMEHTY paB-
HoBecHust oOpaszoBasiock 0,02 MONb amMMMaka. BbluucnuTh KOHCTaHTY
paBHOBECHS TAHHOW CUCTEMBI.

OTtBeT: K=1,97 - 107,

6 B cocyne BMecTuMOCTBIO 0,5 J1 IPOTEKAET peaKmus:

CH, + H,O (map) < CO + 3H,.

BeruncimiTh KOHCTaHTY paBHOBecHs K JaHHOH CHCTEMBI, €CIH Tep-
BOHAYaJIbHBIE MacChl PEardpyrOLIUX BEUIECTB B JaHHOM OObeMe ObLIH
cnenytomue: CHs— 0,8 1; H,O-0,91; CO—- 1,4 1; H, — 0,1 T 11 ecimt
MOMEHTY paBHOBECH NPOpearupoBao 50% MeTtaHa.

OTtset: K. =9,37-10".

7 Ilpu HEKOTOpOIt TEMIEpaType COCTaB PABHOBECHOI CMeCU B 00b-
eme 10 1 661 cnenyrommiti: CO — 11,2 r; Cl, — 14,2 r; COCL, — 19,8 1.
Beruucnuts koHCTaHTY paBHOBecus K, peakuuu CO + Cl, «+» COClL, pu
JIaHHBIX YCJIOBHSIX.

Otser: K =25.

8 BbruncnuTh KOHCTaHTY paBHOBecHs peakiuu N, + 3H; <> 2NHj,
€CIIM TIPH HEKOTOPBIX TEMIIepaType M JaBJICHHUH B COCYJ, BMECTHMO-
cteto 10 1 BBeneHo 1,4 T azora u 1 r Bogopona. K MmomeHTy paBHOBecHUs

obpasosainock 0,85 r ammuaxa.
OTset: K=06,9.
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9 Koncranta paBHoBecusi K peakuuu 2NO, < N,O4 1Ipu HEKOTO-
poii Temneparype paBHa 0,3. BEIYUCTUTh KOHIIEHTPALUH KOMITOHCHTOB
CHCTEMBI TPU HACTYIUICHUH pPABHOBECHS, €CIHM IEpPBOHAYATBHAS KOH-
uentpauus NO, paBHa 9,2 1/11.

Otset: [NO,]=0,18 monb/i1; [N,O4] = 0,01 Momnb/m.

10 OmpenenuTs HMCXOAHBIE KOHIGHTpAIMM a30Ta M BOAOPOAA B
MOJB/T W B T/J, €COM MpPU HACTYIUICHMA DPABHOBECHUS CHCTEMEI
N, + 3H, <> 2NH; xoHueHTpanuu Bemects 0butH (B MOib/1): Ny — 0,5;
Hz* 0,3; NH;* 2.

Otser: N, — 1,5 monv/n; 42 r/m; Hy — 3,3 Mmons/a; 6,6 /1.

11 TIpu HekoTOpOIl TeMIepaType B 3aKPBHITOM COCYIE ObUIH CMela-
HbI 21,2 Mons Bopopona u 5,23 monb noga. OnpeaenuTb coCTaB paBHO-
BECHOM cMecH (B MOJB/N), €CIM KOHCTAHTa PAaBHOBECHUS PEaKLUU
H, + 1, &> 2H1 npu nanHbIX ycnoBusx pasHa 50.

Otser: H, =16 mons/n; I, = 0,13 momas/m; HI = 10,2 Mons/m.

12 KoHcTaHTa paBHOBECHS peakiuy paBHa 4.

CH;COOH + CszOH g CH3CO0C2H5 + Hzo
BBIUHCITUTD KOHIICHTPAIMH BCEX KOMIIOHEHTOB CHUCTEMBI MPH HACTYII-
JICHUU PAaBHOBECHS, €CIHM IEPBOHAYAIBHBIC KOHIICHTpAIMU OBUIH: YK-
CYCHOM KHCJOTBI 2 MOJIB/JI ¥ cUpTa 1 MOJIB/JI.

Otser: CH3;COOH = 1,155 monw/n; C,HsOH = 0,155 wmons/i;
CH;COOC,Hs = H,0 = 0,845 monb/1.

13 Onpenenutb 0ObEMHBIN MPOLIEHTHBIA COCTaB PABHOBECHOM CMe-
cu ra3oB B peakuuu C + O, <> CO,, eciiu mpyu HEKOTOPOH TeMmIepaType
KOHCTaHTa paBHOBecHs peakuuu paBHa 0,289.

Otser: CO;, — 22,6 %, O, —77,4%.

14 ITpu nexoropoii Temmneparype B cucteMe CO + HyO(pap) > CO;, +
+ H, ycTaHOBWIJIOCH paBHOBECHE; KOIHUYCCTBA PEAaruPYyIONIUX BEIIECTB (B
Monb) okazanuck cinexyromue: CO — 0,8; HyOap) — 7,2; CO, = Hy — 2,4,
OnpenenuTh Maccy KaxI0ro KOMIOHEHTa B CHCTEME, SCITU TIPU TOM JKe
TeMIIepaType B AAHHBII cOCYJ] BBEIH JOMOIHUTENBHO 2 Moib CO.

OTsert: 148,31 CO,; 6,7 T Hy; 112,1 T H,O; 51,2 T CO.

15 Ompeaenuts KOHCTAHTY paBHOBecus peakiun CO, +H,0— CO+
+ H,0O (map), ecnu nipu temmneparype okono S00°C paBHOBecHas cMeCh
conepxut: CO, — 4%; Hy — 64%; H,O — 16%; CO — 16%. Boruncnuthb
NepBOHaYaJIbHBIE KOHIIEHTPALUK JANOKCHIA yrieposa U Boxopona B %.

OtBer: K= 1; CO, —20%; H, — 80 %.
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16 IIpu HactymineHun paBHOBecus B peakiuu CO, + H, < CO +
+ H,O (map) koHnentpauuu Bemects Obutn (B Monb/n): CO, — 0,004;
H, - 0,001; CO - 0,02 1 H,O — 0,02. Beruucnutb KOHCTaHTY paBHOBE-
CHsI M TIepBOHAYAJIbHBIE KOHIIEHTPAIlMK AWOKCHJA YIIIepoJa U BOIOPO-
na. KoHIeHTpanmu OKcHIa yriiepoja W BOJABI B HAa4yalbHBI MOMEHT
pasHsI 0.

OtBer: K=1 - 10‘2; CO;,- 0,024 mons/i; H, — 0,021 Mons/m.

17 IIpu Hactymnenuu paBHoBecus peakiuu. 4HC1 + O, < 2C1, +
+2H,0 npu HEKOTOpBIX TeMIlepaType U AaBieHHH B oObeme 0,5 1 co-
nepxanock (B T); HC1 — 3,65; O, — 3,2; Cl, — 7,1; H,O — 1,8. Beruuc-
JIUTh KOHCTaHTY PaBHOBECHS JIAHHOW PeakIMH M MepBOHAYaJIbHYIO KOH-
LEHTPalMI0 MCXOJHBIX BEUIECTB B MOJB/T U B T/1. [lepBoHavanbHbIe
KOHIIEHTpAIUK XJIOpa U Bojiopoia paBHEI 0.

Otser: K= 5; HC1 - 0,6 moms/T; 21,9 v/1; O, — 0,3 Momnw/i1; 9,6 1/71.

Tema 3 PactBopbl. OcMOTHYECKOE 1aBJIeHHE PACTBOPOB

3.1 Cnoco0bl BbIpa:KeHHs COJEPHKAHUSI PACTBOPEHHOIO
BelllecTBA B pacTBoOpe

3.2 OcmoTH4eckoe AaBjeHHe PACTBOPOB

3.3 Temmeparypbl 3aMep3aHMsi W KHIIEHHSI PACTBOPOB H
COOTBETCTBYIOIIMX PACTBOPHTEJICH

3.1 Cnoco0bl BbIpa:KeHHs COJEPHKAHUSI PACTBOPEHHOIO
BelllecTBa B PacTBOpe

ConepxxaHue pacTBOPEHHOTO BEIIECTBA B PAacTBOPE MOXKET OBITH
BBIpaXKEHO 00 Oe3pa3MepHBIMU CIMHUIIAMU — JOJISIMH HIIM MPOIICH-
TaMu, 00 BENUYMHAMHU Pa3MEPHBIMU — KOHIICHTpanusaMu. Hroke mpu-
BeZICHBI HanOoJiee YacTo ymoTpeOisieMble B XUMHHU CIIOCOOBI BBIpaXKe-
HUS COZIep)KaHHs PaCTBOPEHHOI'O BEILIECTBA B PACTBOPE.

Maccoseasa 0onst ® — 4ACIIO EAWHUIL MAaCcChl PACTBOPEHHOT'O BEIIECT-
Ba, conepxamuxcs B 100 equHumax maccel pactBopa. Tak, 20 % pac-
tBOp NaOH coapepxut 20 equnui; maccsl NaOH B 100 ennHuIax Maccel
pacTBopa.

Monapuas xonyenmpayusa (W monaprocms) C,, 4UCIO MOJEH pac-
TBOPEHHOTO BELIECTBa, coaepxamnuxcs B 111 pactBopa. Tak, 2M pactBop
CEpHOM KHCIIOTHI COMEPKHUT 2 MOJIb CEPHOM KUCIIOTHI B 1 JI pacTBOpa.
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Oxeusanrenmuasn kKoHyenmpayus (WA HopmanvHocms) C,y — YUCIO
SKBUBAJICHTOB PACTBOPEHHOTO BEIIECTBA, COACPKAIIUXCSA B 1 J1 pacTBO-
pa. Tak, 3 H. pacCTBOp CEpPHOW KHUCIIOTHI COJACPIKUT 3 DKBHBAJICHTA Cep-
HOIi KHCTIOTHI B 1 71 pacTBOpa.

PactBopBI, conmepikanue M0au KBHBAJICHTOB B 1 J1 pacTBopa, Ha-
npumep 0,1; 0,01, Ha3pIBAIOT AEUHOPMATIHLHBIMU, CAHTHHOPMAJIbHBIMH.

Hcnonk30Banue 3KBHBAJCHTHBIX KOHICHTPAIIUA PACTBOPOB YIIPO-
[IaeT PacydeThl, YCKOPSET BBHIMOIHEHHE MpakTU4ecknx pador. Tak, wuc-
X0 U3 3aKOHA DKBUBAJICHTOB, JUIS HEWTpaIM3allu 1 J1 HOPMAIbHOTO
pactBopa HCI1 tpebyercs npubasuts 1 11 1 H, pactBopa wmm 0,5 1 2H.
pactBopa, unu 0,251 4 H. pactBopa, uiau 0,125 1 8 H. pacTBOpa ILEI0UH.

[IpousBeneHre SKBUBAJICHTHOW KOHIICHTPAIlMM pAcTBOpa Ha €ro
00beM B JHUTpax IOKAa3bIBaET OOIIEE YHCIO 3KBHBAJICHTOB, COICPIKa-
mjeecss B JaHHOM oObeme pacTtBopa. OO03HAUYMB SKBHUBAICHTHBIE KOH-
LEHTPaLUH ABYX pearupyroumx pactBopos uepes Cy u Cyp, a UX 00be-
MBI uepe3 V| U V,, NoIydum:

CH1V1 = CH2V2 nin CH] / CH2 = Vz / V]

CnenoBatenbHO, 00BEMBI PEarupyOIHX APYT C APyroM PacTBOPOB
00paTHO MPOMOPIMOHAIBHBI UX 3KBUBAJIEHTHBIM KOHIIEHTPALHSM.

OmnpenesieHre MaccoBOM J0J1M BelIeCTBA B paCTBOpe

Ipumep 1 Onpenenute MaccoByro 100 (B %) XJIOpHAA HATPUS B
pactBope, coaepxamiem 80 r conu B 500 T pacTtBopa.

Pemenne  MaccoBass  Jons  BBIpa)kaeTcs — COOTHOIICHHEM:
® = (m/m;) " 10, rme m — mMacca pacTBOPEHHOTO BEIIECTBA; M, — Macca
pactBopa. [1oncTaBUB N3BECTHBIE BEITMYUHBI, OITYYHM:
o= (80/500) 100 = 16%.

IIpumep 2 B 420 r Boas! pactBopeno 180 r Hutpata kanabuus. Omn-
penenuTe MaccoByro 070 (B %) HUTpaTa KaJbIHsl B pacTBOpE.

Pemenne ® = (m/ m;) - 100 =180/ (420 + 180)] - 100 =30%

Hpumep 3 Omnpenenute MaccoByr A0M0 (B %) XJIopuaa Kanus B
pactBope, nmonydeHHoM Tpu cMermBanuu 150 T 20% pactBopa u 250 T
40% pacTBOpa XJI0pUIa Kaus

Pemenne ® = (m/ m;) - 100 = (150 - 0,2 + 250 - 0,4) / (150+250) =
=32,5%.

IIpumep 4 Cxonbko rpaMMOB BOAbI Hano mpu6asuth k 8§00 T 60%
pacTBopa cepHOi KHCIOThI 15 mony4ennus.40% pactBopa?
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Pemenue OG6o3HAUMM Maccy BOJbI, KOTOpyIO TpeOyercs mpuba-
BUTB, uepe3 x. Toraa, ucxons us popmyns! o = (m/ m;) 100, 3anumem:
40 =1[800 - 0,6 / (800 + x)] - 100, orkyna x =400 r H,O.

3.2 OcmoTH4eckoe AaBjeHHe PACTBOPOB

OcMoc — 3T0 OJJHOCTOPOHHSS AU (y3Hsl BEIIECTB U3 PACTBOPOB Ye-
pe3 TONIIIPOHUIIAEMYIO TIEPETOPOAKY, PasJeNsIolyl0 PacTBOp M YHC-
TBI PACTBOPHUTENb WU JIBA PACTBOPA PA3TUYHON KOHI[CHTPAI[HH.

B cucreme pacTBOpHTENE — PacTBOP MOJIEKYJIBI PACTBOPUTENS MO-
TYT MEpeMenIaThcsl Yepe3 MEeperopoiky B oOomx HampasieHusx. Ho
YHCIO MOJEKYJ PacTBOPUTENS, MEPEXOIUX B PACTBOP B CAUHUILY
BpEeMEHH, OOJIblIe YMCiia MOJIEKYJI, MepPeMEeIIaloIUXCsl U3 pacTBopa B
pacTBOpUTENb. DTO OOBSICHSICTCA TEM, YTO B PACTBOPE KOHIICHTPALIUS
MOJICKYJI PACTBOPHTEIISI HAXKE, YeM B YUCTOM PACTBOPHUTENE, K TOMY XKE
o0paTHOE JIBM)KEHHE MOJIEKYJ PACTBOPHUTENS M3 PacTBOpa OrpaHUYEHO
CHJIAaMH WX COJIbBATAIIMOHHOTO B3aUMOJICHCTBUS C YaCTUI[AMH PACTBO-
PEHHOTO BEIIeCTBA.

JlaBneHue, KOTOPOE HAMO MPUIOKUTH K PACTBOPY, YTOOBI CKOPOCTH
000MX TPOIIECCOB CTaJIM PaBHBIMH, Ha3bIBAIOT ocvomuyeckum. Ha oc-
HOBAaHUHM MHOTOYMCIICHHBIX ONBITHBIX JIaHHBIX YCTAHOBICHO, YTO K OC-
MOTHYECKOMY JaBJICHUIO MPHIIOKUMBI BCE 3aKOHBI Fa30BOTO IABJICHUSI.

ITo aHajormu c ra3oBBIM JaBJICHHEM OCMOTHYECKOE JaBJICHHE
pa30aBIeHHOr0 pacTBOpa MpSAMO IPOMOPHHOHAIBHO KOHIEHTpPAIUH
pacTBopa M 00paTHO MPONMOPLHUOHATBHO ero o0beMy. C yBennueHHeM
KOHIIEHTpAllMK PAacTBOPEHHOI'O BEIIECTBA OCMOTHYECKOE [aBJICHUE
pacTBopa BO3pacTaer, a C pOocTOM OObeMa pacTBOpa — yMEHbIIaeTcs.
CrenoBaTebHO, K OCMOTHYECKOMY JIABICHHIO TIPUIIOKHM 3aKOH
Boiins — Mapuorra.

OcMoTHyeckoe JaBjeHHe pacTBOpa Tak ke, Kak M ra3oBoe JaBlie-
HUE, BO3PACTACT C MOBBIIICHUEM TEMIICPATYPHL.

OcMoTHYecKoe JIaBJIeHHE PacTBOpa MPSMO MPOIOPIHOHAIBHO €ro
abcomoTHOU Temmneparype (3akoH ['eii-Jlroccaka).

Ecnu cpaBHUBaTE OCMOTHYECKHE ABJICHUS pa30aBICHHBIX PACTBO-
POB pa3MYHBIX BEHICCTB (HEIJICKTPOJIUTOB) OIMHAKOBOH MOJSIPHOM
KOHIICHTPAIINH, TO TIPH OJIMHAKOBBIX TEMIIEPATypPax OHU OKAXKYTCS paB-
HBIMHU. PacTBOpBI, XapaKTEepU3YIONIHECs PABHBIM OCMOTHYCCKUM JIaBJie-
HUEM, Ha3bIBAIOTCS U3OMMOHUYECKUMU.
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U, HaobopoT, eciu pacTBOPBI ABYX HIIM HECKOJBKHX BEIIECTB H30-
TOHUYHBI, TO MOXXHO YTBEP)KIaTh, YTO MX MOJSIPHBIC KOHIIEHTpAIIMU
onuHakoBbl. ClieZIoBaTeNbHO, K OCMOTHYECKOMY JaBJIEHHIO PacTBOPOB
MIPUJIOKUM U 3aKOH ABOTajpo.

Haubonee monHoe CXOACTBO MEXKIY Ta30BBIM U OCMOTHYECKUM
JIaBJICHUEM OTpakeHOo B 3axoHe Baut-T'odda, cormacHo kotopomy: oc-
MOTHYECKOE JIaBJICHHE pa30aBICHHOIO PaCTBOPa YHCICHHO PaBHO TOMY
JIABJICHUIO, KOTOPOE MPOU3BOIMIO Obl JaHHOE KOJIUYECTBO PACTBOPEH-
HOW BEI[eCTBA, 3aHUMas B BUJIC Ta3a MPH JAHHOH TeMmIepaType o0beMm,
paBHBII 00bEMY pacTBOpA.

Tak Kak OCMOTHYECKOE MaBJCHHE MOTUMHSIETCS Ta30BBIM 3aKOHAM,
TO JUISl €r0 BBIYHCIICHISI MOXHO BOCIIONIL30BAaThCs ypaBHeHHeM Kiameii-
poHa — MenneneeBa PV = RT, HECKOIBKO BHIOM3MEHUB €ro. B stom
YPaBHEHUH MPUMEHHUTEIFHO K OCMOTHYECKOMY NaBJICHUIO V — 00beM
pacTtBopa, B KOTOPOM COJEPKHUTCA | MOJIb pacTBOPEHHOTO BEIECTBA.
Monsipuas koHuenTpauusi C pactBopa pasHa //V.

Torna Py = CRT. 3amenus C Ha oTHOWIEHUE 1/M, TIOITydnuM:

Py =mRT/M,

TIe m — Macca BEIIECTBAa, PACTBOPEHHOr0 B 1 JI pacTBoOpa;
R — ra3oBas nocrosHHas, paBHas 8,314 JIx/(monbK); T — abcomoTHas
temmepatypa, K; M — MonspHas Macca pacTBOPEHHOI'O BEIIIECTBA.

Mpumep 1 Boruncnure 0OCMOTUYECKOE JABICHUE PacTBOpa, COJICP-
xaiero B 1,5 1 135 r rmroko3sl CqH 206 ipu 0°C.

Pemenue Beruncinum maccy rimroko3sl B 1 J1 pacTBopa:

1,5 1 pactBopa comepxat 135 r CeH 2,06

1 n » » xT C¢H 1206 ;

X = 90 T NIIOKO3bI

MonspHas Macca rimoko3sl coctasisieT 180 r/mons. Torna,

Poew =mRT/M =90 - 8314 -273/(180 - 10°) = 11,34 -10° I1a

Ipumep 2 Ompenenurte MOJISIPHYIO MacCy BEIIECTBA, €CIIU B 5 1 TO
pactBopa comepxxutca 25 r BemecTBa. OCMOTHYECKOE AABIECHUE TOTO
pactBopa pasro 0,23 - 10° Ia mpu 20°C.

Pemenue B 111 pacTBOpa conepxutcs 4T BellecTsa.

Poew == mRT/M, orcrOza

M =mRT/P,.,,== 5 - 8,314 - 293/(0,23 - 10° - 10™) = 106 r/mo1b
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3.3 TemnepaTyphbl 3aMep3aHisi U KUIIEHUSI PACTBOPOB M COOT-
BETCTBYIOILUX pacTBOpUTeJIei

Bcenencreue moHMKEHUS TaBICHUS Mapa PaCTBOPUTENS HAJl paCTBO-
paMu BEIIECTB TEMIIEPATyphl 3aMep3aHMsl PacTBOPOB BCETIa HUKE, a
TEMITePATYPbl KHIIEHUS UX BBIIIE, YeM YHCTBIX PACTBOPUTEIICH.

U3BecTHO, 4TO MpH KUIEHUH JABJICHHUE Tapa KUAKOCTH CTAHOBHUTCS
PaBHBIM BHEITHEMY JABJICHUIO, TIO3TOMY PACTBOP JOJDKEH OBITH HArper
10 6oJiee BBICOKOM TEMIIEpaTyphl, YeM PaCTBOPHUTEIh, YTOOBI JIaBIICHHE
€ro rapa JIOCTUTJIIO BHEITHErO JaBJICHHS.

[NoBbIlIeHUE TEMIIEPATYphl KUIICHUS U TOHIKCHUE TEMIIEPaTyphI
3aMep3aHusl PACTBOPOB MPOMOPIIMOHAIBFHO WX MOJISUIBHONW KOHIICHTpA-
UM (4Uciio MoJiel pactBopeHHoro BemectBa B 1000 r pactBopurens).

[NoBbIlIeHHE TEMIEPAaTypbl KUIEHUS OTHOMOJSIIBHOTO PacTBOpa
Ha3bIBaeTCA 20)LIUOCKONUYeCKOl KoHcmanumotl pacmeopumens By, a,
MOHMKEHUE TEMIEPATyphl 3aMEP3aHUS - KPUOCKONUYECKOU KOHCMAH-
moti pacmeopumeinsi Eqyy,.

TeMmmepaTypbl KHIICHHUS U 3aMep3aHisi HEKOTOPBIX PACTBOPUTENEH
MpUBeICHBI B Tabmuie 1

Ta6mx111a 1 - XapaKTepI/ICTI/IKI/I KUTICHUA WU 3aMEp3aHUsl HEKOTOPLIX

pacTBopuTenen
PaTBoputean t kun'"C E kun t 3am’C E 3am
Bona 100 0,52 0 1,86
Benzon 80,2 2,53 5,4 5,12
YKcycHast KHCI0Ta 118,1 2,93 17,0 39
AlnieToH 56,0 1,71 - -
OTUioBbIH criupT 78,3 1,22 - -
Hadrammn - - 80 6,8

DO0YUIMOCKONTMYECKHE U KPUOCKOMMYECKNE KOHCTAHThl PacTBOPH-
TeNsl ONMPENeNIAI0T, UCXOAS U3 DKCIEPUMEHTANbHBIX JaHHBIX. 3HAas OTH
KOHCTAHThl PACTBOPUTENSI M MOJJIBHYIO KOHIIEHTPALMIO PacTBOpa,
MOKHO PacCUUTATh A tyoy U A tigy:

A tam = Eqe m - 1000/ (Mmy) wimm A tyay = Espy m - 1000/ (Mmy),

rae m u M — mMacca M MOJISIpHast Macca pacTBOPEHHOT'O BEIECTBa;
m; — Macca pacTBOPHTEIIS.
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Ipumep 1 Ompenenure Temmnepatypy KUIEHUS PacTBOpa, COAEP-
xaiero 1,84 r aurpobenszona C¢HsNO, B 10 T 6GeH30ma. D0yminocko-
nuyeckas KoHcTaHTa OeH3onma 2,53. TemmepaTypa KHUIIEHUS YHCTOTO
6ensoma 80,2°C.

Pemenne A tq; = En m - 1000/ (Mm;y) = 2,53 - 1,84 - 1000/(123 x
x 10) =3,8°C. tun=280,2+3,8= 84,0 C.

IIpumep 2 4 r BemectBa pacTBopeHs! B 110 r 3TuUnoBOro crnupra.
PactBop kumut mpu 78,62°C. Ompenenure OTHOCHUTEIBHYIO MOJIEKY-
JAPHYIO MaccCy BellecTBa. JOyJIMOCKONMYECKAs KOHCTaHTAa CIIMPTa
1,22. Temnepatypa kunenus coupra 78,3 C.

Pemenne OnpenenyiM MOBBIIICHUE TEMIIEPATYPhl KUIICHHUS PACTBO-
pa: A tgm = 78,62 — 78,3 = 0,32°C. MonspHyl0 Maccy BeIIecTBa pac-
CUHTACM, MOJIB3YSICh COOTHOIICHHEM:

M = Eyun m'1000/ (A tiun my) = 1,22° 4 -1000/(0,32 - 110) = 138 r/moms.

CrnenoBaTenbHO, OTHOCUTENbHAS MOJIEKYJIsIpHAs Macca paBHa 138.

PaGora 1 Ilpurorosijienne pacTBOpPOB H PACTBOPUMOCTh

IIpudope! 1 peakTuBbl. TEXHUKO-XMMUYECKUE BECHl U pa3HOBEC.
Cymmnssbiii mkagp. Habop apeomerpoB. Tepmomerpst (Ha 100 u
150 °C). Menzypku BMectuMocTtbio 50, 25, 15 u 10 mi. KonOsr koHn4e-
ckue BMectuMocTbi0 50 M. KonGwl MepHble BMecTHMOCTBIO 50 U
100 mn. Komba mnockonoHHast BMecTuMOcThio 200 — 250 mut. Broke
muaMerpoM 50 mm. ITunmerka BMecTuMocThiO 3 U 5 Mi. Broperka BMme-
ctumocTbio 100 M. Boponka nmuamerpom 30 — 40 mm. [Tpobupka Bme-
ctumocthio 10 — 12 mi1, nuamerpom 20 MM. CTakaHbl BMECTUMOCTBIO 50
u 100 mut. [Munner. Dxcukatop. Exkuii Hatp. Juxpomat kamus. PactBo-
pol: cepHoit kucnotel (10 — 15%-nb1it), ruapokcuaa Hatpus (5%-Hbli;
30%-Hbri1).

Omnpenesienne IVIOTHOCTH PacTBOpPa apeoMeTPoM. Mexay IIoT-
HOCTBIO PacTBOpa p M KOHLEHTPALUECH paCTBOPEHHOIO BEIIECTBA CyIIE-
CTBYET HENOCPEACTBEHHAsl 3aBUCUMOCTb. [l HauOonee 4acTo MpH-
MEHSIEMBIX KHCIIOT, PACTBOPUMBIX OCHOBAaHMH U COJICH 3Ta 3aBUCUMOCTD
YCTaHOBJIEHA U IMPUBOAUTCS B CIPaBOYHUKAX B BUJe Tabnuil. brarogaps
3TOMY OpPHEHTHPOBOYHOE OMpEeSieHHE KOHLIEHTPALUU PAaCTBOPEHHOTO
BEIIECTBA B MpeAenax TodHocTH +0,5% MoxeT ObITh MPOBEICHO MyTeM
9KCIIEPUMEHTATBHOTO N3MEPEHHsI IJIOTHOCTH PACTBOpPA U MOCIIEAYIOIIe-
IO HAaxXOXICHUS KOHIICHTPAIlMM BEIIECTBA M0 TaOIMYHBIM JAHHBIM.
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I110THOCTB PacTBOpa OIPEENAIOT Yallle BCEro ¢ IOMOIIBIO apEOMETPOB
(pucyHOK 2).

Pucynok 2 — ApeoMeTp J1st OnpejesIeHus IIOTHOCTH pacTBopa

Jiist 3TOro muccnegyeMslil pacTBOp HAJIMBAIOT B CTEKJISIHHBIA I(H-
suHIp. OCTOPOKHO MOrpyXast B HEro MOOUEPEHO apeOMETPHI, MO0U-
paloT TakoW W3 HHX, IPU KOTOPOM YPOBEHb JKUJKOCTH HaXOIHUTCS B
Ipezenax ero mkasusl. [Ipu 3ToM apeoMeTp He JOMKEH KacaTbCsl CTEHOK
nunuHapa. [loka3aHue mIKaibel apeoMeTpa Ha YpOBHE IOBEPXHOCTH
XKUJIKOCTH OTBEYAET IUIOTHOCTH 3TON XUJIKOCTH. C IMOMOIIBIO apeoMeT-
POB IIJIOTHOCTH >KUAKOCTU ONPEEIISIIOT C TOUHOCTBIO 10 TPETHETO Jiecs-
THUYHOTO 3HaKa.

Bonee TOYHO KOHIIGHTpAIWsi PAcTBOPEHHOIO BEIIECTBA OINpeEse-
JISIeTCS. METO/IaMH aHAJIMTHYECKOH XMMHH.

PaGora 2 IlpuroroB/jieHHe pACTBOPOB Pa3JINYHOI KOHIEHTPALH

a) npuzomoenenue 0,1 M u 0,1 n. pacmeopoe cepnoii Kuciomot

BoinosiHenne padorsl Hamute umeronryrocst B 1abopaTopuu cep-
Hy10 kucnoty (10 — 15%-Hoii KOHIIeHTpaluK) B CTEKISIHHBIN IIMJIMHAP U
OIIPEJENNTh IIOTHOCTh ee apeomerpoM. Kakomy comepxkanuto H,SO4
(B %) cOOTBETCTBYET HailIeHHAas MIIOTHOCTH?

PaccunTaTh, Kako 00beM 3TOW KHUCIOTHI HYKHO B3STh IJISl MPH-
rotoBieHust 100 M3 pacTBOpa CepHOIl KUCIIOTHI 3alaHHOW KOHIIEHTpa-
uuu (0,1 M vmm 0,1 H. o ykazaHuro npenoaaBarens). OTMEPUTH 3TOT
00beM MeH3ypKoi BMecTUMOCTBI0 10 — 15 mut.

B mepayto konOy BMectumocthio 100 mit (pucyHok 3a) mpuMepHO
Ha Y4 ee oObeMa HATUTh U3 MPOMBIBAIKU JUCTIIIMPOBAHHYIO BOAY.
[TepememnBasi >KUAKOCTh KPYTOBBIM JIBUYKEHHEM KOJIOBI, MMOHEMHOTY
4yepe3 BOPOHKY MEPENIUTh B HEe BCKO KUCIOTY U3 MEH3YPKH.
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OmnonocHyTh BOPOHKY BOZIOH, BEIHYTh €€ U JA0XKAATHCS OXJIAXKACHUS
KOJIOBI 10 KOMHATHOW TemIepaTypbl. 3aTeM, 100aBisisi, BOAY, 1OBECTH
YPOBEHb KUJKOCTHU B KOJIOE 1O METKH MO HWKHeMy MeHucky. Ilocnen-
HUE TIOPIUM BOABI J00ABIATH MO KaIUIIM NUIETKOH (pucyHok 30).
IInoTHO 3aKpbITh KOIOY MPOOKOI, MepeMelIaTh HECKOIbKO pa3 MOy-
YEHHBII pacTBOp, IEPEBEPTHIBAs KOJIOY THOM BBEPX.

IIpuroroBieHHbI pacTBOp craTh JaOOpaHTy HAa COXPaHEHUE IS
paboTs! 4.

a — MepHas Koiba;
2 ' 0 — MHUIeTKa;

B — OropeTka.

g

Pucynok 3 — Mepnas nocyna

0) npuzomoenenue pacmeopa 3a0aHHOU KOHUEHMPAUUU cmeule-
Huem pacmeopos boiee 6biCOKOIL U 00/1ee HUZKOUW KOHUEHMPAUuu

BoinosiHenne padorsl Ilpurorosuts 200 mi 10%-Horo pactBopa
THIPOKCHIA HATpus, MMes B CBoeM, pacrnopspkeHnu 30%-Hbld H
5%-nblii pactBopsl NaOH.

Beimucats u3 cripaBouHuka (cnpaBounuk Jlypee FO.10.) mnotHocTH
MIPUTOTOBJIIEMOT0 M UCXOIHBIX pacTBopoB NaOH, 3Has mx KoHIEHTpa-
uuu (B %). Paccuntate 00beMbl ucxoaubix 30%-noro u 5%-Horo pac-
TBOpa JBYMS CIIOCOOaMH.

IepeeIii cniocod pacyera Borunciuts maccy 200 M noasnexarie-
ro mpurotoeieHunto 10%-Horo pactBopa u maccy NaOH, coxeprxarniero-
csi B HeM. O6o3HauuB yepe3 X mil 06beM 30%-Horo u uepe3 Y Mi —
5%-HOro pacTBOPOB, COCTABHThH PacyeTHbIE (POPMYIIBI JUIsl BEIYMCICHHS
Macc UCXOAHBIX pacTBopoB U Macc NaOH, coneprkaierocst B HUX.
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CocTaBUTh J1Ba YpaBHCHHUS C IByMs HEHU3BECTHBIMHU, IIPUPABHSB B
MEePBOM U3 HUX CYMMY MAacC MCXOJAHBIX PacTBOPOB MAacce M3TOTOBIIsIE-
MOTO PacTBOpa, BO BTopoM — cyMmy mMacc NaOH B uCXOJHBIX pac-
TBOpax macce NaOH B u3rotoBisieMoMm pacTBope. PemuB cucremy co-
CTaBJICHHBIX YpaBHEHWH, HalWTHW 3HaueHUs X U Y, COOTBETCTBYIOIINE
oobemaMm (B mi1) 30%-Horo u 5%-HOro pacTBOPOB, HEOOXOIUMBIC IS
npuroroBneHus 200 mi 10%-Horo pactBopa.

Bropoii cnocod pacyera DTOT crnocod M3BECTEH MOl HAa3BaHUEM
«TIPaBUJIO KPECTa» M3-3a BHEIIHEr0 BUJa CXEMaTHUECKOT0 0(OpMIICHUS
pacuera:

C ‘C % m

C/ = mp,

I7ie C — KOHIIEHTpaLUsl U3TOTOBJIIEMOTr0 pacTBopa, %; ¢, u ¢; — 6o-
Jiee BbICOKas M Oosiee HU3Kas KOHIIEHTPAIIMM UCXOAHBIX PacTBOPOB (B
citydae 4yucToi BoAbl ¢; = ()), COOTBETCTBEHHO, %; mM; U M, — MacChl
HCXO/IHBIX PacTBOPOB OoJiee BHICOKOW M Oosiee HU3KOM KOHIIEHTpPAIWH,
yCTaHABJIMBAIOIIME COOTHOIIEHUS, B KOTOPBIX CIEAYeT CMEIINBaTh UC-
XOJHBIE PACTBOPBI: M| = C — Cp; My = €| — C.

CoCTaBHUTh CXEMY pacuera Mo «IIPaBUITy KPeCcTay U BHIYHUCIUTH MAC-
cel ucxoaHbIX 30%-Horo u 5%-Horo pactBopoB. [lonb3ysach MIOTHO-
CTSIMH, HAalTH 00BEMBI PACTBOPOB (B MII).

PesynbraThl pacueToB, BBHITIOJHEHHBIX JIByMsI CIIOCO0aMH, HE JOJK-
HBI OTJIMYATHCS OoJiee yem Ha =1 mil.

OTMEpUTh BBIYUCICHHBIE 00BEMBI MCXOIHBIX PACTBOPOB, CIUTH B
kosi0y Ha 200 mJ1, 3aKpbITh KOOy MPOOKOW M TIIATENBHO MepeMeniaTh
pacTBop, MepeBepHyB KO0y HECKOIBKO pa3 BBEpX MTHOM. OTIUTH 4acTh
pacTtBopa B HWIMHAP, U3MEPUTH apeOMETPOM IUIOTHOCTH MPUTOTOBJICH-
HOTO pacTBOpa M MO TalJI. CIPaBOYHMKA HAWTH €ro KOHIIEHTpaluio (B
%). 3anmucaTh B XKypHaJI BCE PacUyeThl, U3MEPEHHYIO INIOTHOCTh IIPUTO-
TOBJIGHHOT'O PacTBOpa M MPOLEHTHYIO KoHIeHTpauuio NaOH B Hewm,
HalJIeHHYIO 10 Tabiuile. YCTaHOBUTh PACXOXKIEHUE MPAKTHUECKH I0-
Jy4eHHOH KOHIEHTpAINH ¢ 3aJaHHOM.

PaGora 3 OnpeaesieHne pacTBOPUMOCTH AUXPOMATA KATUS

BoinosiHenne padorbl OTBEeCUTh HAa TEXHO-XMMHUYECKHX BeECax
OKOJIO 2 T pacTepToro B mopomok guxpomara kamst — K,Cr,O; u nepe-
CBINIATh €ro B cTakaH BMecTUMOCThIO 50 mi. Tyna sxe Hamuth 10 M
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JMCTHIIMPOBaHHOH BoAbl. [10CTaBUTH cTakaH Ha CETKy M HarpeBath J0
TIOJTHOTO PacTBOpeHust coii. OXJIauTh MOJTy4eHHBIH MPO3pavyHbIi pac-
TBOP 10 KOMHATHOM TeMIIEpaTyphl.

UTo MpOUCXOAUT MpH OXJakAeHUH pacTBopa? OOBSCHUTH HAOIMIO-
JlaeMoe sIBJICHHUE.

Korna BhInaBIIMe KPHCTAIUIBI COJM TOJHOCTBIO OCSITYT Ha JTHO CTa-
KaHa ¥ pacTBOp HaJ HUMH CTaHET COBEPLIEHHO IpO3payHbIM, He-
OOJBIIMM KOJMYECTBOM 3TOTO pacTBopa (OKOJIO 2 MII) OIOJIOCHYTBH
CYXYyI0 IIUPOKYI0 TPOOUPKY BMECTUMOCTBIO 10 MJI M CIIUTH B Hee pac-
TBOp, TIIATENIHO CJIEAs 32 TeM, YTOOBI KPUCTAJUIBI Ty/Aa HE MOMaJH.
W3mepuTh TEMIEpaTypy pacTBopa.

MOXHO JIM CUMTATh ATOT PACTBOP HACHIIIEHHBIM IPU JaHHOH TeM-
nepatype?

B3BecuTh OIOKC Ha XHMHKO-TEXHUYECKHUX Becax. [loMecTHTh B HEro
3 mu pactBopa. K,Cr,O; u3 6roperku (pucyHok 3 B). B3Becuts Orokc ¢
pacTBOpOM, 3aT€M ITOMECTHTh €ro B CYLIMJIbHBIN HIKa( M JepKaTh Tam
pu Temneparype okoao 90 °C 10 HONHOro ygaleHus BOJAbI. Y BEIUIUTh
temmnepatypy A0 150 °C u cymuts conb B TeueHue 30 muH. Ilocne sto-
r'0 OXJIaJUTh OIOKC C COJIBIO B DKCUKATOpE /10 KOMHATHOM TeMIIepaTypbl
u B3BecUTh. IIoBTOpUTH omepanuto BeicymuBanus npu 150 °C B Teue-
Hue 10 MUH U CHOBa B3BECHThb OIOKC ¢ conblo. OmpeseneHue cieayer
CUUTaTh 3aKOHYEHHBIM, €CIHM pe3yJbTaTbl JBYX IIOCIIEI0BATEIbHBIX
B3BELIMBAaHUN OyIyT OTJIMYATKCS APYT OT Apyra He 6onee ueM Ha 0,02 T.

3anuch JAHHBIX OMBITA M pacyeThl J[aHHBIE ONBITA 3amMCcaTh IO
NIPUBECHHON HIXKe Qopme:

TeMnepaTypa HACBIIIEHHOTO pacTBopa, t, °C.

O0BeM HaCBIIEHHOTO PAcTBOPA, B3ATHIH ISl ONpEeNeH s pacTBO-
pumoctH, V, Mil.

Macca Orokca, my, T.

Macca Orokca ¢ pacTBOpOM, My, T.

Macca pactBopa quxpomara, mz =m, —m , T.

Macca Owxkca ¢ cyxod conbto, my, T (I B3BemmBanue, my, T; II
B3BEIIUBAHHUE My, T).

Macca cyxoro quxpomara, ms = my —m;y , I

Ha ocHOBaHMM TOJNYYEHHBIX JAHHBIX BBIYMCIUTH PAaCTBOPHMOCTD
(KOHILIEHTpAIIMIO HACBHIIIEHHOTO pacTBopa) AuxpoMara kamus (B % u
B 1/100 r H,0). CpaBHUTh MONTYyUYCHHYIO BEIUYMHY C JAaHHBIMU TaOII.
CIPaBOYHHUKA.
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Padora 4 OnpenesieHre KOHUEHTPALMH PACTBOPOB THTPOBAHUEM

IIpudops! u peakTuBbl [Tunerku BMecTuMocTbio 3,5 u 15 M. bro-
perka BMecTUMOCThIO 10 My MeH3ypku BMecTUMOCTBIO 25 u 50 M.
Kon6s! konngeckue sMectuMocTbio 30 — 50 mut. Ctekno yacosoe. Mon
KpUCTAJUIMYECKU. AMUIIOBBIN crupT. MeTunoBslil opaHxkeBblil. Pac-
TBOpHI: rujpokcuaa Hatpus (0,1 H. TUTpOBaHHBIN); THOCYIb(aTa Ha-
Tpus (0,05 H. TUTPOBAHHBIN); Kpaxmala.

Ecnu To4HO M3MepUTh 00BEMBI PACTBOPOB XUMHUUYECKHX BEIIECTB,
BCTYMUBILIUX B PEaKIUIO, M 3HATh KOHLEHTPALUIO OJHOTO PacTBOpa, TO
JIETKO BBIYMCIMTH KOHIIEHTpaluio apyroro. IIporecc mocreneHHOro
npuOaBJICHUST pacTBOpa C M3BECTHOH KOHIIEHTpAIMel BelecTBa, Tak
Ha3bIBAEMOT0 TUTPOBAHHOTO PAcTBOpa, K TOYHO U3MEPEHHOMY O0BEMY
aHAJM3UPYEMOro pacTBopa (WM aHAIU3UPYEMOTO0 K THTPOBAHHOMY)
Ha3bIBAETCS TUTPOBAHUEM.

OmnbiT 1 Onpeaesienne KOHIEHTPALMHY KUCIOThI

Beinosinenue padorbl B nanHON paboTe HAANEKUT ONMpPEAETHUTH
KOHLIGHTPALIUIO CEPHOM KUCIIOTHI B PAaCTBOPE, IPUTOTOBJICHHOM B OMNbi-
me a pabomwi 2. ECii onsim a HE BBIIONHSICS, TO MOIYYUTh Y HPEIo-
JlaBaTeNs pacTBOP CEPHOM KUCIIOTHI, KOHLIEHTPALUIO KOTOPOH clexyeT
omnpenenuts. Ilomyuuts y nabopanta 0,1H. pacTBOp IIEIOYM, KOH-
LEHTPaLHs] KOTOPOTr0 TOYHO YCTAHOBJICHA, T.€. THTPOBAHHBIN PacTBOP, U
WH/IMKATOP METHIIOBBII OpaH)XEBBIH.

Hanuts B ogHy npoOupky Ha 1/3 o6sema 2 H. pacTBOpa CepHON KU-
CJIOTHI, B JIPYTyIO — TaKol ke 00beM 2H. pacTBopa menoun. B obe mpo-
OMpKM BHECTH MO OFHOM Karlle METUJIOBOTO OPaH)KEBOI'O U OTMETHUTH
LIBET pacTBOPA B KUCJION U IIEIIOYHOU Cpeae.

Broperky BmMecTuMOCThIO 10 Ml (pHUCYHOK 3B) HpPOMBITH HEOOJb-
MM OOBEMOM IOJIyYCHHOHW KHCIOTBHI, IOCJIE YEro BBUIUTH €€ 4Yepes
HUKHUWA KOHeIl| OIOpPETKH, CHAOXKEHHBIN 3a)KUMOM MM KPaHOM. YKpe-
MUTH OIOPETKY B IITAaTHBE U Yepe3 BOPOHKY HAJIUTH B HEE KUCJIOTY He-
CKOJIBKO BBIIIE HYJIEBOrO jAeieHus. KoHUMK OIOpETKH Takke JOJKEeH
OBITh 3aIOJTHEH PacTBOPOM. [lOBECTH ypOBEHB XUJIKOCTH B OIOpPETKE 10
HYJIsI, BBIITYCKAasi pacTBOP MO KAaIUIIM uepe3 HUKHUIM KOHell OIOpeTKH.
OTcuer BeCTH 110 HUXKHEMY YPOBHIO MEHHUCKA.

B xoHuueckyroo kombouky BMecTUMOCThIO 30 — 50 M cyxoil mu-
neTkor (pucyHok 30) BHECTH 3 MJI TUTPOBAHHOTO pacTBOpa €IKOro Ha-
Tpa U MpuOAaBUTH U3 MPOMBIBATKH HEMHOIO BOJBI, JOBEIs 00BEM pac-
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TBOpa 710 8 — 10 Mi1. BHecTH B pacTBOp OJHY KaILIIO METHUIIOBOIO OpaH-
xeBoro. [IpoBecTn OpHEHTHPOBOYHBIH ONBIT. J{JIs1 3TOro HEOONBIINMH
noprusamu (1o 0,5 M) IPUIMBATh KUCIOTY U3 OIOPETKH B KOJIOY CO Iie-
JIOYBIO 70 M3MEHEHUS OKPackW METHIIOBOTO OpaHXeBoro. PacTBop B
KOJI0OYKE BO BpPEMs OIbITa CIEIyeT BCE BPEMs MEpeMEIINBaTh JIETKUM
KPYT'OBBIM JIBH)KEHHEM KOJIOOUKU. Kak TONBKO METHIIOBBIN OpaHIKEBBIN
M3MEHUT CBOKO OKPACKy, 100aBJIEHHE KUCIOTHI IIPEKPAaTHTh U MPOU3Be-
CTH OTCYeT 00beMa M3PacXOJ0BaHHOH KUCIIOTHI C TOYHOCTBIO 10 JeCs-
TBIX JI0JIEH MUJUTAIIUTPA.

IToBTOpPHTE THUTpOBaHUE ellle TP pa3a, HO Ooinee TouHO. J{i1st 3TOrO
nocnenaue nopuuu kucaotsl (0,5 — 0,7 mi) ciemyeT mpuOaBiATh MO
KarsiM. Peskoe M3MeHeHHe OKpackh METHIIOBOTO-OpPaH)KEBOTO OT Off-
HOM KaIluIM KHCIIOTHI SIBJISIETCS ITOKas3aTeleM KoHIa peakuuu. Orpe-
JeNUTh 00bEM M3PACXOI0BaHHOM KHCIIOTHI C TOYHOCTBIO JIO COTBIX JIO-
JIel MUJUTAIIUTPA.

IMepen kaXkIpIM THTPOBaHHEM KOJOOYKY JUIS IIENOYM HEOOXOJUMO
BBIMBITh M OIOJIOCHYTh AUCTHIUIMPOBAHHON BOJIOHM, @ YPOBEHb KUCIOTHI
B OIOpETKe JI0BECTH JI0 HYJISL.

3anmuch JaHHBIX ONMBITA U pacyeThl Hamuicats ypaBHEHUE peakuu
B MOJIEKYJIIPHOM M MOHHOM BHJie. JlaHHBIE OmbITa 3amucarh B Jlabopa-
TOPHBII1 KypHaJI B BUJIE TaOIUIIBI 2.

Ta6mx111a 2 - PeSyJ'H)TaTI)I TUTPOBAHUS paCTBOpA MICIIOYN KHCIIOTOM

Ne O65ém 0,1H pac- Wuaukatop MeTiiio-  [(O0BEM U3pacXxoq0BaHHOTO
I/ | TBOpA MIENOYH, MIT BEIIf OpaHIKEBBIH, pacTBOpa KHCIIOTBI, MJI
YHCIIO Kalelb
1 3 1 3,26
3 1 3,24
3 3 1 3,25
Cpennee 3,25

W3 nmaHHBIX TpeX MOCIEIHUX TUTPOBAHUH (KOTOPHIC HE ITOKHBI
pacxonuThes Mexy coboi 6onee uem Ha 0,05 mi1) B3STh CpeiHee 3Ha-
YeHUE M3PACXOJ0BAHHOIO 00beMa KHCIOTHL. Tak KaK 4YHCIO JKBHU-
BAaJICHTOB BCTYIHBIICH B PEAKIIUIO KUCIOTHI JOJDKHO OBITh PABHO YHCITY
SKBUBAJICHTOB B3ATOM IMIEJIOYH, PACCUUTATh HOPMAITBLHOCTD KUCIOTHI 10
YPaBHEHUIO:

Vk' Nk = Vm 'Tm.

BrruucnuTe Taxke MOJSPHOCTh U TUTP (T.€. YHCIO TPAMMOB B 1 M
pacTBopa) KUCIIOTHI.
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3agaun

1 1 1 pactBopa comepxut 90 r rmoxo3sl C¢H»O6. Beruucnure oc-
MoTuyeckoe aapneHue mpu 27°C.

2 OrmpezenuTe OCMOTHYECKOE aBJIEHUE PacTBOpa, B 1 J1 KOTOPOro
conepxnres 3,01 - 10 monekyn, mpu 0°C.

3 Bonnsie pactBopsl penona CcHsOH u rmroxos3sr C¢H 12,06 comep-
xat B | J1 paBHBIE MAaCChl PACTBOPEHHBIX BEIIECTB. B KakoM W3 pacTBO-
POB OCMOTHYECKOE JIaBJIeHHE OOJbIE NPH OIMHAKOBOM TeMmepaType?
Bo ckomnbko pas?

4 OrmpezenuTe OCMOTHYECKOE JIaBJIEHHE PacTBopa, u | 1 koToporo
conepxutcs 18,4 r rmuuepuna npu 0°C.

5 BpluucianTe 0CMOTHYECKOE JaBJIEHHE PacTBOpa, B 5 JI KOTOPOro
conepxutcsa 171 r caxapa C;,H,0,; pu 25°C.

6 2,45t xapbamuga coaepxkatcs B 7 1 pactBopa. OcMOTHYECKOe
naBienne pacteopa npu 0°C pasro 1,317 - 10° TTa. Beranciute Mossip-
HYIO Maccy kapbamua.

7 400 M7 pacTBOpa coiepkaT 2 T paCTBOPEHHOrO BEIIECTBa IMPH
27°C. Ocmornueckoe nasienne pactsopa 1,216 - 10° ITa. Onpenenute
MOJISIPHYIO MacCy PacTBOPEHHOT'O BEIECTBa.

8 PactBop caxapa C;;H,,0;; mpu 0°C oka3piBaeT OCMOTHYECKOE
nasnenne 7,1 - 10° TTa. CKONBKO TPAMMOB caxapa COIEpKUTCs B 250 M1
TaKoro pacrsopa?

9 Ckonbko rpammoB rmoko3bsl C¢H 2O momken comepxatb 1 n
pacTBopa, 4ToObI €ro OCMOTHYECKOE JIaBJIieHHe OBbUIO TaKUM ke, KaK 1
pacTBoOpa, coxepxaiiero B 1 1 mpu Toi ke Temneparype 34,2 r caxapa
CIZHZZOII?

10 Onpenennte MOJSPHYIO Maccy pacTBOPEHHOI'O BELIECTBA, €CIH
pactBop, coaepkauiuii B 0,5 11 6 T BemectBa npu 17°C obnamaer ocMo-
THYECKUM NaBjiennem 4,82 - 10° Ta.

11 200 M pacTBOpa coaepxaT 1 © pacTBOPEHHOTO BEIIECTBA U MPH
20 °C umetor ocMorHueckoe aasienue 0,43 -+ 10° ITa. Onpexennre Mo-
JSIPHYIO MacCy pacTBOPEHHOT'O BEIIECTRA.

12 151 pactBopa comepxut 3,1 T BemectBa. OcMOTHUECKOE JaBiIe-
uue pactBopa mpu 20°C pasro 0,81 * 10° ITa. Onpenenute MOTAPHYIO
Maccy BellecTBa.
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13 Ckonbko rpaMmoB stusioBoro cnupra C,HsOH Hano pactBopuTth
B 500 M BOABI, YTOOBI OCMOTHYECKOE JIaBJIIEHHE 3TOI0 PAacTBOpa IpH
20 °C cocrassno 4,052 -10° [Ta?

14 Cxonpko rpamMmoB stmiioBoro cnupra C,HsOH nmomken conep-
®aTh 1 J1 pacTBOpa, 4TOOBI, €r0 OCMOTHYECKOE JaBJIEHHE OBLIO TaKUM
*&Ke, KaK ¥ pacTBOpa, CoJAepKaIero B 1 1 npu Toit xxe Temmneparype 4,5 r
¢dhopmanpaernga CH,0.

15 OcMoTHyeckoe NaBjeHUE pacTBOpa, 00beM KOTOPOro S Ji, IpH
27 °C paBuo 1,2 * 10° ITa. KakoBa MONSpHAs KOHIEHTPALMSA 5TOrO
pactBopa?

Tema 4 PacTBOpBI 3J1eKTPOJINTOB

4.1 CreneHb 3JIEKTPOJUTHYECKOH JMCCOUMALMM U KOHCTAHTA
AMCCONMALNT
4.2 NoHHbIe ypaBHEHUS

4.1 CreneHb 3JI€KTPOJUTHYECKOH JMCCONUALIUM U KOHCTAHTA
JAUCCONHAINA

IIpu pacTBOpeHMH pPa3IMYHBIX BELIECTB B BOJEC OOPa3yOTCsSl MOH-
HBIC WJIN MOJICKYJIAPHBIC paCTBOPLI, O6J'IaI[a}OH_[I/Ie pa3HbIMU CBOMCTBa-
MHU. OI{HO M3 HUX 3aKIH0YaC€TCd B TOM, YTO HNEPBLIC NPOBOIAT JJICKTPU-
YeCKUil TOK, a BTOPBIC — HET. BeII_[eCTBa, PacTBOPBI KOTOPBIX MPOBOAAT
BJIeKTpI/I‘{eCKI/Iﬁ TOK, HAa3bIBAIOT 3/IEKMPOIUMAMU.

3J’IeKTp0J'II/ITLI npyu paCTBOPCHUHN PACHATAOTCA HA MOJIOKUTCIbHBIC
1 OTPULATCIIbHO 3apPsS’KEHHBIC YaCTHUIIbL (I/IOHLI). 3TOT mponecc Ha3blBa-
eTcs 2eKmpoaumuieckou ouccoyuayuetl. Tak Kak 4MCIIO MOTOKUTENb-
HBIX 3apA0B PABHO YUCITY OTpUHATCIbHBIX, pAaCTBOP B LEJIOM 3JICKTPO-
HeﬁTpaJ'[eH. HOHLI, Haxo[sAlurecss B paCTBOpPE, MOryT BSaHMOILeﬁCTBO—
BaTh Apyr € Opyrom. HOBTOMy QJICKTPOJIMTUYCCKAd Aucconuanus —
mpolecc 00paTUMBIH.

YHpoleHHo ypaBHEHUS AIIEKTPOIUTHUECKON JUCCOLMALNA MOXKHO
3aIlInucaThb Tak:

HCI" & H +CI, Ca(OH), > Ca*" + 20H;

Na,CO; < 2Na" + CO;3™.
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QHGKTPOJ'II/ITI/I‘{GCKaH aucconuanuda 3aBUCUT HE TOJIBKO OT THUIIA XU-
MHUYECKOH CBSI3U B MOJIEKYJIaX, HO U OT XapaKTepa pacTBOPUTENs. DIieK-
TpOJ'II/ITLI MOFyT I[I/ICCOHI/II/IpOBaTL Ha MOHBI TOJILKO B HOJ'IHpHI)IX paCTBO—
puTensx.

KI/ICJ‘IOTLI — 9TO 3JIeKTpOJII/ITLI, HpI/I Jauccouuanmnun KOTOpLIX B Kadc-
CTBC KATUOHOB 06pa3y}0Tc;1 TOJIBKO MOHBI BOJOpOJA:

HNO; & H +NOs; H,S0, & 2H™ + SO~

OcHOBaHUSA — 3TO QJICKTPOJIUTBI, IIPU AWCCOLUALIUU KOTOPBIX B Ka-
YCCTBC aHMOHOB 06p33y}0TC${ TOJIBKO TUAPOKCUA-UOHBI:

NaOH < Na'+OH ;  Ba(OH), + 20H..

Conm — 3TO ANIEKTPOIMTHI, 0OPA3YIOIIHE B BOIHBIX PacTBOPAx IO-
JIOXKUTEIBHO 3apPsDKEHHBIC HOHBI METAIIA M OTPHUIIATENILHO 3aPSKCHHBIC
HMOHBI KUCIIOTHOTO OCTaTKa;

KNO; <> K" +NO5;  CaCl, «» Ca™ +2CI.

OTHOIIIEHHE YKCIa MOJIEKYJI, PaclaBIIMXCsS HA MOHBI (N), K YHCITY
MOJICKYJI pacTBOPEHHOrO BeliecTBa (N) HA3BIBACTCS CHMIENEHbIO IJIeK-
MPOIUMULECKOU OUCCOYUAYUU:

a=n/N.

B 3aBUCHMOCTH OT CTENEHN AMCCOLUALMH BCE SIEKTPOIUTHI YCIIOB-
HO nienat Ha cuiibHbie (o > 0,30), cpennue (o ot 0,03 1o 0,30) u cnabsie
(a0 <0,03). Crenens quccouayuy 3aBUCHT OT NMIPUPOJIBI SIEKTPOIUTA U
KOHLIEHTpalmu pactBopa. [Ipm BBemeHWH B pacTBop ciaboro
SJIEKTPOJINTA  OJHOMMEHHBIX HOHOB  PaBHOBECHE JWCCOLMALIUH
HapyllaeTcs M CMeEIaeTcs B HaIllpaBJIeHHH O00pa30BaHUs HEIMCCOIMH-
POBaHHBIX MOJIEKYJI.

Kputeprem neneHus 3JIEKTPOIUTOB Ha CHIIBHBIE M CIIA0bIe CITYXKUT
KoHcmanma ouccoyuayuu nexmponuma. OHa XapaKTepHU3YyeT ciadble
SJIEKTPOJIUTHI, @ Y CHIIBHBIX OTCyTCTBYeT. KoHcranTa muccormarm K
MOKa3bIBAaeT OTHOILIEHWE IPOM3BEACHHS KOHLEHTpAlMi MOHOB B pac-
TBOpE CNAa0Oro 3JIEKTPONIUTA K KOHLEHTPAIlMH HEIMCCOLMHPOBAHHBIX
MOJIEKYIL:

Kn=[K'][A]/[KA]

Koncranra auccouumanuu st cinaboro QJICKTPOJINTAa — BCJIMYHUHA
MOCTOsAAHHAs ITPU JIAHHOM TEMIICPATYPE U HE 3aBUCUT OT KOHLICHTPAIIUU,
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KoHcTaHTa AMCCONMAIUN U CTETICHD IUCCOIMAIMN HAXOIATCS B Ma-
TEMaTHUYeCKOW 3aBUCUMOCTH (3aKOH pa30aBIICHUs): C yeeauueHuem pas-
6edenus (ymeHvuleHuem roumyenmpayuu C) cmeneHv ouccoyuayuu o
JJIEKTPOJIMTA BO3PACTACT:

Ky = Co’ wm o= /K, /C.

4.2 NoHHbIe ypaBHEeHNs

Peakiiuu B pacTBOpax 3JIEKTPOJIUTOB OOBIYHO 3aKIIOYAIOTCS BO
B3aMMOJICHCTBUY MEXIy MOHAMU PACTBOPCHHBIX BEIECTB. J[Jsl BBISB-
JICHUSI CYIIHOCTH XHMHYCECKUX PEAKIUH YpaBHECHUS peakiuu ynoOHee
3aMUChIBATh B MOHHO-MOJICKYJIIPHOM Buze. JIJisl MPOCTOTHI TaAKHE ypaB-
HEHHs Ha3bIBAIOT uoHHbiMY. CYIIHOCTh MX CBOAUTCS K COCIUHEHUIO
HMOHOB B MOJICKYJIbI HOBBIX BEIIECTB. DTO COCTUHEHUE BO3MOXKHO TOJIb-
KO B TOM Clly4ae, €Cli 00pa3yrolieecs BEIIECTBO TPYAHO PACTBOPHMO
WK SBIIETCS CIa0BIM 3JEKTPOTUTOM. [103TOMy 00s3aTENBHBIM YCIIO-
BHEM MPOTEKAHU PEaKIuii 0OMEHA MEKITY DIICKTPOIUTAMH B PACTBOPAX
SIBIISIETCST 00pa30BaHUE MAaJIOPACTBOPHMBIX WM CIa0OIUCCOLUUPYIO-
KX BemiecTB. B mpotuBHOM ciydae peakiust Oyznet oopatuma. [Ipumep
00paTUMOM peaKIuu:

KCl + NaBr <> KBr + NaCl;

K'+ClI' +Na' +Br <> K +CI'+Na' + Br.

ITpumepsl HEOOPATUMBIX PEAKIIHIA:

1 Peakiiuu 1BoitHOro obMeHa ¢ 00pa3oBaHHEM MAaJOpPaCTBOPHMOTO
BEIIECTBA

BaCl, + Na,SO,4 = BaSO,4| + 2NaCl;

Ba’ + 2CI'+ 2Na" + SO*, = BaSO,| + 2Na" + 2CI;

Ba’" +SO”, = BaSOu|.
2 Peax1uu ¢ 00pa30BaHUEM ra3000pa3HbIX MaJIOPACTBOPUMBIX BEIIECCTB

Na,SO; + 2HCI1 = 2NaCl + SO, 1 + H,0;

2Na" + SO5> + 2H™ + 2CI" = SO,1 + H,0 + 2Na* + 2CI;
SO;* + 2H" = S0,1 + H,0.

3 Peakiuu ¢ 00pa3oBaHUEM MAJIOJMCCOI[MUPYIOIINX BEIICCTB
KOH + HC1 =KCl + H,0;

OH +H' = H,0;

CH;COOK + HNO3 = CH;COOH + KNO;;

CH3COO" + H" = CH;COOH.
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Padora 1 CpaBHeHuUeE 3J1eKTPONPOBOIHOCTH PACTBOPOB
HEKOTOPBIX JIEKTPOJIUTOB

BoinosiHeHne padoTbl YTONBHBIE AJIEKTPOJbI, YKPENJICHHBIE Ha
JICPEBSIHHON JIOIIEUKE, OMYCTUTh B CTaKaH BMECTUMOCThIO 50 M1 u
BKJIIOUUTh UX B ILIEMb MOCIEAOBATENBHO C JJIEKTPUUYECKON JIAMIIOUKON
(pucyHOK 4). BCTaBUTh BUJIKY B IITEMCETb.

Pucynox 4 — ITpubop st onpeseneHus 3JIeKTPOIPOBOJHOCTH PaCTBOPA

B crakan c anexkrpogamu HamuTh 20 — 30 MJI TUCTHIIIMPOBAHHOM
Bojibl. 3aropaercs tamnouka? [TpoBouT 1 BOAA IIEKTPUUECKUI TOK?

Buectn B crakaH ¢ BoAoil 4 — 5 Mukpoumnareieid n3Melb4eHHOro
caxapa. SIBnsieTcs JIn IpOBOJHUKOM pacTBop caxapa? [lepeHecTu aiek-
TPOZBI B CTaKaH C AUCTHITIMPOBAHHOM BOIOH U TPOMBITH HX.

B cyxoiil crakaH HacelnaTh MOBAPEHHYIO COJb TaK, YTOOBI OHA IO-
KpblJia JHO crakaHa. OMycTUTh B COJNb AJEKTPobl. [IpoBoauT u TOK
cyxas conb? [Ipuiute u3 npombiBanku 20 — 30 M1 AUCTHIUTUPOBAHHON
Bozbl. Uto Habmonaetca? [IpoMBITh 3JIEKTPO/IbI B CTAKAHE C TUCTHILIH-
POBaHHOM BOJIOM.

OOBSICHUTH, TOYEMY PACTBOP COJIM SIBISETCS MPOBOJHUKOM TOKa,
XOTSl 4McCTas BOJAAa M CyXasl COJb, B3AThle B OTACIHHOCTH, TOKa HE
MIPOBOJIAT

B uerblpe crakaHa BMeCTUMOCThIO 50 MJ KaXIbld HAUTh IO
20 — 30 mi 0,1H. pacTBOpPOB: B MEPBBIN — XJIOPOBOAOPOAHON KHUCIIOTHI,
BO BTOPOM — €JKOr'0 HATpa, B TPETHU — YKCYCHOM KUCIIOTHI, B YETBEP-
THII — pacTBOpa amMMHaka. VcheITaTh 3JIEKTPONPOBOAHOCTh ITUX pac-
TBOPOB, TIOTPY’Kasg B HUX 3JEKTPojbl. [lociie KaxIoro uCbpITaHus Mpo-
MBIBaTh 3JIEKTPOJbl B CTaKaHE C JAUCTHIUIMPOBAHHON BOJOH. Bo Bpems
OTBITA CIEAUTH 32 HAKaJIOM JIAMITOYKH M 110 CTENIEHH €€ HaKaJla C/enaTh
KaueCTBEHHBII BBIBOJ] O CUJIE UCCIIETyEMBIX KUCIIOT U OCHOBAHUH.
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[Mocnennue nBa pacTBopa (YKCYCHOM KHCIOTHI U aMMHaKa) CIUTh
BMECT€ M HCIBITATH HJICKTPONPOBOJHOCTh IOIYYEHHOTO pacTBOpA.
OOBSICHUTH Pa3HUILy B CTENEHHM HaKalla JIAMIIOYKH B STOM CiIy4yae U B
cllyyae MPOXOXAEHUS TOKA 4epe3 YKCYCHYI0 KUCIOTY M PacTBOp aM-
MHaka, B3sTble OTHeNbHO. OmnucaTh HaOMIOJaeMble SIBJICHUS U O0BsC-
HUTb HX.

PaGora 2 XapakTep quccouManuy ruipoKCHI0B

Buinmosinenne padorsl [IpoHymMepoBaTh 5 mpoOHPOK W BHECTH IO
4 — 5 xamens 0,5 H. pacTBOpoB: B nepByto npodbupky MgCl,, Bo  BTO-
pyto — AlCls, B Tpetbto — Na,SiOs, B yerBeptTyto — NiSOy, B maryro —
ZnS0O,. IIpubasuts B mpobupku 1, 2, 4, 5 mo HECKOIBKO Kamenb (10
Hayajia BbIMAJIEHUs] OCaJKOB THIPOKCHAOB) 0,5H. pacTBopa IIENOYH, B
npobupky 3 — 2 H. pactBopa HC1. Onpenenuts XuMUYECKUN XapakTep
BBINABIIMX THIPOKCUIIOB. JlJIsi 5TOrO MOJIOBUHY CYCHEH3MH THIPOKCHA
MarHusi OTJIMTh B YUCTYIO MPOOUPKY M MPUOABHUTH K HEeW 4 — 5 Kamelnb
0,5H. pactBopa HCI, k ocraBuieiicst yacTu B IepBoi mpoOupke 100aBUThH
JonojaHuTenbHO 6 — 8 kamens 0,5 H. pacTBOpa mienoun. B oboux nn
ciIydasx pacTtBopuiicsi ocasiok? KucinoTHeIMH, OCHOBHBIMH WJIH aM(o-
TepHBIMU cBoiicTBamu obsagaer Mg(OH),?

AHaJIOrMYHBIM 00pa30M HCCIE0BaTh CBONCTBA THAPOKCUIOB AJI0-
MuHus, kpemuus, Hukens (1) u nunka. B uem onu pacrBopstorcs? Ka-
KOBBI X XUMHUYECKHE CBOMCTBA?

3anmuch JaHHBIX OMBITA U OOCYXKICHHE HEKOTOPBHIX (HaKTOPOB,
OKa3bIBAIONIMX BIUSHHUE HA PA3IMYHBIA XapaKTep AUCCOIMALMU THIPO-
KCHJIOB.

1) 3anucate B Busie TabuIIbl 3 TaHHBIE, OTHOCSAIINECS K XapaKTepy
JIMCCOIMAIIMU THIPOKCUIOB MAarHus, aJlOMUHHS U KpeMHUs. CKOJIBKO
9JIEKTPOHOB HAXOJMTCS Ha BHELIHEM YJICKTPOHHOM YpOBHE HOHOB Mg,
AP" 1 atoma KpEeMHHUsI B CTeNleHH oKucieHus +47 B npsamoit uin o6pat-
HOIi 3aBUCUMOCTH HaXOJUTCS YCHJIEHHE KUCIOTHBIX CBOMCTB TUPOKCH-
JIOB OT yBEJMYEHUS 3apsijia HOHOB (CTETIEHU OKHCIICHHsI aTOMOB), TH[-
POKCHJIBI KOTOPBIX paccMaTpuBaeTcs?

Paymycsl nonos Mg, A’ 1 aToMa KpeMHHs B CTEIICHH OKHCIICHHS
+4 cootBercTBeHHO paBHbI (10 [Tonuury) 0,065; 0,050 u 0,041 am. Kak
BIIUSIET U3MEHEHHE PaJMyCOB MOHOB Ha XapaKTep XUMUYECKUX CBOWUCTB
THJIPOKCUIIOB?
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Tabnuna 3 — Xapakrep IuCCOUAIMHN THAPOKCUIOB

HasBanue rugpoxcuga Xumuyeckue Dopmyna Cxema auccorma-
cBOicTBa rugpokcuaa | 1mu (6e3 crynenei)

[uapoxcu MarHust
[Cuapokcu amoMHHUS
Il uapoKcu KpeMHHUS

2) 3anonHUTh TaOnuiy 4, OTHOCAILIYIOCA K IUCCOIMAIMUA THAPO-
KCHJIOB MarHus, HUKeJs ¥ LUHKA, KOTJla MOHBI DJIEMEHTOB UMEIOT OfIH-
HAaKOBBIE 3apsi/ibl U OJIM3KHUE PATITYCHI.

Tabnuma 4 — 3aBUCHMOCTb XapakTepa AUCCOLMALUMN THIPOKCHIOB
OT CTPOEHHMS aTOMa 3JIEMEHTa

Hown, runpokcuy Pannyc Buemmnss XuMHuueckue Cxema
KOTOPOTO paccMaT- | HOHA, HM JNIEKTPOHHAS CBOICTBa JIHCCOLHAIINY
puBaeTcst 000J109Ka HOHOB | THIPOKCUIIOB  |(6e3 cTymeHeii)
Mg™ 0,065
Ni** 0,069
Zn** 0,071

Kakoe BiusHIE OKa3bIBACT BHEIIHSS 000JIOUKA MOHOB HAa XapakTep
JICCOLIMALIMK THIIPOKCHIOB, eciu u3BecTHO, uto Mg(OH), — Gonee
cunbHOE ocHoBaHwue, yeM Ni(OH),?

Craenate oOWIUI BBIBOJ O BIMSIHUU Pajuyca, 3apsaa W BHEIIHEH
JJIEKTPOHHON OOOJIOYKH MOHOB Ha XapaKTep MUCCOIMAIMH THUAPOKCH-
noB. [Ipy HamUCaHUM CXEM IHMCCOIHANUU aM(OTEPHBIX THUIAPOKCHIOB
y4eCTh, YTO B IIEIOYHBIX BOJHBIX PACTBOPaxX OHHU MEPEXOMAAT B KOM-
TUIEKCHBIE THAPOKCOMOHBI. Hampumep, cxema auccoruanuu amgorep-
HOT'O THIPOKCHJIA IIMHKA 3aMUCHIBACTCS CIEAYIOIIUM 00pa3oMm:

20H" + Zn(H,0)s*" < Zn(OH), + 4H,0 —[Zn(OH),]* + 2H;0

B KHCIIOH cpefie B IETOYHOU cpefie

Hanucats ypaBHeHus pactBopenust Zn(OH), u A1(OH); B kucnore
U ILEJIOYH.

PaGora 3 CpaBHeHHe XUMMYECKOH AKTHBHOCTH KUCJIOT

a) e3zaumooleiicmeue Xa0pP060OOPOOHON U YKCYCHOU KUCAO0mM C
Mpamopom
BeinoJsiHenne padorel B ogHy npobupky BHecTu 3 — 4 xamuu 2H. pac-
TBOpa YKCYCHOIl KHCIIOTBI, B IPyI'yl0 — CTOJIBKO K€ 2H. pacTBOpa XJIO-
POBOJIOPOAHON KUCIOTHI. BEIOpaTh Ba MPUOIM3UTENBHO OAMHAKOBBIX
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10 BEIMYMHE KyCOYKa Mpamopa U OpOCHTH MO OJHOMY B KaXK/IyIO IpO-
6upky. Kakoii ra3 seaensercs?
3anuch AaHHBIX onbITa B kakoil mpobupke mporecc uaer donee
sHepruyHo? HamucaTb MoneKkynsipHble U MOHHBIE YpaBHEHHs pPeakini.
OT KOHLIEHTpAIIMM KaKuX HOHOB 3aBUCHT CKOPOCTh BhIAeeHHs rasa? B
pacTBoOpe KaKoi KHCIIOTHI KOHIIEHTPAIMH BOJIOPOIHBIX HOHOB O0JbIIe?
CnenaTb BBIBOJ 00 OTHOCHTEIIBHON CHIIE HCCIIEOBaHHBIX KHCIIOT.

0) e3aumoodeiicmeue XjiA0po6OOOPOOHON U YKCYCHOU KUCO0mM C
UUHKOM

BeinosiHenne padotsl B oqny npobupky 10 1/3 ee o6bemMa HaMUTh
2H. pacTBOP XJIOPOBOJIOPOJHON KUCIIOTHI, B IPYTYIO — CTOJIBKO K€ 2H.
pacTBopa yKCyCHOM KHCIIOTHI. BBIOpaTh /1Ba OAMHAKOBBIX 1O BEIHYMHE
KycoOdYKa ITMHKa. B kKaxmyto mpoOHpKy OpOCHTh MO OTHOMY KYCOUKY.

3anuch AaHHBIX ONBITA B xakoM ciyuae BOZOpoJ BeLIEsAETCS 60-
nee sHepruyHo? HamucaTe MOHHBIC ypaBHEHHS peakiuil. OObSCHUTH
HaOMI0aeMOe pa3InyKe B CKOPOCTAX PEaKLUil.

Padora 4 CmenieHue paBHOBeCHUS TUCCOLUALMH CJIA0BIX
3J1eKTPOJINTOB

a) enusAHUe Conu CaAadoi KUciomsvl HA OUCCOUUAUUIO IMOI KU-
ciomel

BoinoJsiHenne padorel B n1Be mpoOupku BHECTH 1O 5 — 7 Kamenb
0,1H. pacTBOpa yKCYCHOM KUCIIOTHL. B Kaxxayro mpoOupky npubaBUThH
OJHY KaIUII0 METHJIOBOTO OpamxeBoro. Ilox BIUSHMEM KaKUX HOHOB
METUJIOBBI OpaHXKEBbII NMPHUHHUMAET PO30BYI0 OKpacky? OnHy mpo-
OUPKY C YKCYCHOH KHMCIOTOH OCTaBUTh B KauecTBE KOHTPOJBLHOI, a B
JPYTyI0 BHECTH 3 — 4 MHKpoIINaTess aleraTa HaTpUsl U MepeMellaTh
pacTBOp CTEKJITHHOHM manoukoi. CpaBHUTH OKpacKy IMOIY4E€HHOTo pac-
TBOpa C OKPacKoW pacTBOpa B KOHTPOJbHOM mpobupke. Ha nsmenenue
KOHLIEHTPALIUU KaKHUX HOHOB YKa3bIBAE€T U3MEHEHHUE OKPACKU METUIIOBO-
IO OpaH>XeBOro?

3anuch JaHHBIX onbiTa Hamucath ypaBHEHHE JUCCOLMALIUU YK-
CYCHOM KHCIIOTBI U BBIPAaXKEHHE KOHCTaHTHI ee auccouuarnuu. OObsc-
HUTb, KAK CMEINAETCS PAaBHOBECHE TUCCOLMAIMM KHCIOTHI IpU A00aB-
JICHUU K Hel anerata HaTpus. Kak MEHSIOTCS NIPU 3TOM CTEMEHb JUCCO-
IMAIMK YKCYCHOM KHCJIOTHI ¥ KOHIIEHTpaIus HoHos H 2
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0) enuaHnue conu cnabozo0 OCHOBAHUA HA OUCCOUUAUUIO IMO20 OC-
HOGaHUA

BoinoJsiHenne padorel B n1Be mpoOupku BHECTH 1O 5 — 7 Kamenb
0,1H. pacTBOpa aMMuaka. B kxaxmyto mpoOupKy npruOaBUTh OJHY KaILTIO
pactBopa deHondTanenHa. [Ton BiusHUEM KaKuX HOHOB (eHOoI(TaIeHH
MPUHUMAET KpacHyIo okpacky? OJIHy NpoOUpKY ¢ pacCTBOPOM aMMMaKa
OCTaBUThH B KaueCTBE KOHTPOJIbHOM, a B IPYTyI0 J00aBUTh 3 — 4 MUK-
pouInaress XJIOpHAa aMMOHHS U MepeMelIaTh pacTBOp CTEKJISIHHOH ma-
nouxoil. CpaBHUTh OKpacKy IMOJYyYEeHHOIO PacTBOpa C OKPacKoM pac-
TBOpa B KOHTPOJIBHOI Tpodupke.

3anMch JaHHBIX OomNbITa. HamucaTe cxeMmy paBHOBECHs B pacTBOpE
ammuaka. Kax cmeniaercst paBHOBecHEe B 3TOM pacTBOpe MpH 100aBiie-
HUU K HeMmy xJyiopuaa amMmoHus? Ilodemy mpu 5TOM OKkpacka (eHoi-
¢ranenna OnenHeer?

Tema S Honnoe npoussenenne Boabl. Bogopoansblii nokasareb.
I'mapoaus coneit

5.1 NonHoe nponsseieHue BoAbL. BogopoaHblii noka3aresb
5.2 T'uapoau3 coueit

5.1 HonHnoe npouspeeHue BoAbl. BogopoaHblii nokasareinb

[IpousBeneHre KOHIICHTpAIMii WOHOB BOJOPOJAa U THIPOKCHI-
HWOHOB B BOJIE HAa3bIBAIOT MOHHBIM npousgedeHuem 600wi. llpu 25°C
HMOHHOE MPOU3BEICHIE BOIBI

Kg=[H][OH]=10"

Jnst wu3MepeHusl KOHIIGHTPAIlMd HOHOB BOAOpPONA BBEICHA ocobast
€IMHUIA, Ha3bIBaeMasi 8000poOubiM nokazamenem. OO0O3HAUaeTCAd OHA
pH u paBHa OTpHUIIATENEHOMY JECATUIHOMY JIOTApU(PMY KOHIICHTPAIIMU
MOHOB BOJIOPOJIA:

N

pH=-Ig[H];

JUIsl HEWTPaJIbHOTO pacTBOpa!

[H]=[OH]= 10" =107 Mons/x1, Toraa

pH=-Igl0”" =7.
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AHaJIOTHYHO OTPUIATENbHBIN NECATUYHBIN JIOrapu(M KOHIEHTpa-
UM THAPOKCUA-MOHOB Ha3bIBAIOT 2UOPOKCUNbHBIM NOKA3amenem 1 000-
3navatoT pOH.

Taxum obpaszom, uepe3 pH u pOH MoxHO mOKa3aTh XapakTep cpe-

JIBL:
pH = 7 — cpena HellTpanbHas pOH = 7 — cpena HeiiTpanbHas
pH <7 — cpena kucnas pOH > 7 — cpena xucnas
pH > 7 — cpena menounas pOH < 7 — cpena menovHas

5.2 T'uapoaus coaeit

IIpu pacTBOpEHHH HEKOTOPBIX CONEH B BOJIE MPOUCXOIUT UX 2UOPO-
JU3, T. €. Pa3ioKeHHE MOJI IEHCTBUEM BOJbI. B 3aBUCMMOCTH OT MpHUpO-
JIbl OCHOBaHHUH M KHCIOT 00Pa3yIOUINX COJIH, TUAPOIU3 MPOTEKAET MO-
pasHOMY: B OJHHMX CiIydasx o0pa3yloTcs MaJOJHCCOLMUPOBAaHHAS KH-
CJI0OTa ¥ TUAPOKCUI-UOH (IIEJOYHON XapakKTep pacTBOpa), B APYrUX—
MaJIOAUCCOLIMMPOBAHHOC OCHOBAHUC W MOH BOAOpOAa (KHCHOTHLIﬁ Xa-
paxtep pactBopa). Hanpumep:

1) CH;COONa + H,0 < CH;COOH + Na" + OH’;

CH;COO" + Na' + H,0 <> CH;COOH + Na’ + OH’;

CH;COO" + H,0 < CH;COOH + OH..

2) 2CuS0, + 2H,0 < (CuOH),SO, +H,SO04;

Cu®" + SO,* + H,0 & CuOH™ + SO~ + H;

Cu®" + H,0 &CuOH" + H".

Cne[{yeT 06paTI/ITL BHUMAaHHC HA TO, YTO COJIH, 06p330BaHHLIe ciia-
6LIMI/I OCHOBAHHUSIMHU U CJ'IaGI)IMI/I KHCJI0TaMH, B BOOAHBIX paCTBoan noa-
BepFaIOTCSI FHI[pOJ'H/ISy, KOTOpI;Iﬁ qacTto HpOTeKaeT HpaKTI/I‘{eCKI/I B O1-
HOM HaHpaBJ‘IeHI/II/I, a coJiu, 06paSOBaHHLIe CUJIBHBIMHX OCHOBAHHUSIMU U
CHJIBHBIMH KHCJIOTaAMHU, FI/IILPOJ‘II/ISy HC HOI{BepFaIOTCSI, TAaK KakK HpI/I nux
paCTBopeHI/II/I B BOJIC HC HpOI/ICXOI[I/IT HapyIIIeHI/ISI paBHOBeCI/IH Memay
YHUCJIIOM HNOHOB BOI[OpOI[a nu FHI{pOKCI/II[—I/IOHOB.

Padora 1 'uapoau3 coueit

IIpu6opsr n peakTuBsl BoxsHas GaHs, arierat HaTpus, KapOOHAT
HaTpusi, KapOOHAT aMMOHHMS, XJIOPHJ KaJus, XJIOPUZ allOMHHUS, XJIO-
pun onoa (II), cyneur Hatpus, aneratr aMMoHMs. VIHIMKaTOpBI: YHU-
BepcalibHasi MHJUKATOpHas Oymara, Jlakmyc (HEHTpasbHbIH), (eHom-
¢draneun. Pactopsl: anerara Hatpus (0,5H.); kapbonarta Hatpus (0,5H.);
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xyopuaa amomunus (0,5H.); xnopuaa maruus (0,5H.); xjnopuga Cypb-
mbel (III) (0,51.); cynpdpunma ammonus (0,5H.);. xmopuaa onosa (II)
(0,51.); xmopuaa ammonus (0,1H.); XJIOpPOBOAOPOAHOM KUCIOTHI (2 H.).

OnbiT 1 Peakuus cpeabl B pacTBOPAaX pa3JIMYHbIX coJIel

Beinosnenune pa6orsl B cemb mpobupok no 1/3 ux odbema Ha-
JIUTh HEWTpPabHBIA pacTBOp Jakmyca. OfHY MPOOUPKY OCTaBUTH B Ka-
YEeCTBE KOHTPOJBHOM, a B OCTANbHBIC TOOABUTH MO OJHOMY MHKPOIIIIA-
TEJI0 KPUCTAJIOB CIEAYIOIIUX COJICH: B IEPBYIO — alleTaTa HATPHS, BO
BTOPYIO — XJIOpHJIa QJIFOMHHUS; B TPEThI0 — KapOOHATa HATPHS, B YET-
BEPTYIO — KapOOHATA aMMOHUSI; B TISTYIO — XJIOPUJA KaJIHs; B IECTYIO —
arieraTa aMMOHUs. PacTBOpHI pa3meniath (CTEKISHHBIC MATOYKH HE Tie-
PCHOCUTh W3 OJHOTO pacTBOpa B Jpyroi). 1o M3MEHEHUIO OKpacKH
JIAKMYyCa CJICNIaTh BBIBOJ] O PEAKIIUH CPEbI B PACTBOPE KaXKIOH COJIH.

3amuch JaHHBIX onbITa [lodydeHHBIE pe3ynbTaThl OPOPMUTH B
BHJIE TAOIUIIBI 5.

Tabnuna 5 — Peakiust cpefibl B paCTBOpaxX pa3IHYHbIX CONEH

Ne mpobupku | dopmyna | Okpacka Peakuust | pH pacteopa (pH<7,
COJIH JlaKkmMyca cpessl pH =7 wim pH>7)

Kakue u3 uccnenoBaHHbIX coneil moaseprarores ruaponusy? Hamu-
caTh MOHHBIE U MOJIEKYJISIPHBIE YpaBHEHHS peakiuil X THIPOIu3a U
yKa3aTh BHJl THUAPOIM3a KAXKJIOH CONU (MPOCTOW HIIM CTYNEHYAThIN).
B ciydae crynmeHuaToro THApoSiM3a HamNKMcaTh, YpPaBHEHUE pPEaKIHH
TONIBKO JUIS TIEPBOM CTYINEHH, TaK KaK MPaKTHYECKH B JOCTATOUHO KOH-
LEHTPUPOBAHHBIX PACTBOPAX MOCIEIYIOIINE CTYIIEHH MPOTEKAIOT OYeHb
cnabo. CaenaTh oOuIMe BHIBOJBI O PEAKIMH CPEAbl B pacTBOpax CONEH,
00pa30BaHHBIX:

a) CHJIBHBIM OCHOBaHHUEM U CJIa00H KHUCIIOTOM;

0) c1aObbIM OCHOBaHUEM U CHIJIBHON KUCIIOTOM;

B) c1a0bIM OCHOBaHUEM U CJIa00W KHUCIIOTOM;

T') CUJIBHBIM OCHOBaHHEM U CUJIHON KUCIIOTOM.
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OnbiT 2 OOpa3oBaHMe OCHOBHBIX M KHCJBIX coJieil 1pu
ruapoJuse

a) 2udpoaus ayemama aalOMuHUA

BeinoJsiHenne padorsl B mpobupky BHecTu 7— § Kamenb pacTBOpa
XJIOpUJIA ANIOMUHMS U Takoil ke 00beM pacTBOpa aleraTa HaTpus. YK-
penuTh MpoOUpPKYy B MITATUBE M OMYCTUTH B BOISHYIO 0aHIO, HATPETYIO
10 kureHusi. OTMETHTh 00pa3oBaHUeE OCa/iIka OCHOBHOW COJIM aTFOMHHUS
A1(OH),CH;COO.

3anuch AaHHBIX onbITa Hamucath MonekynsipHOE ypaBHEHHUE pe-
aKkuuu oOpa3oBaHMs alleTaTa ajJlOMUHUS U MOHHOE ypaBHEHHE €ro TH/l-
ponu3a. IIpomykToM KakoW CTYNEeHHM TUApONHM3a sBIsSETcs oOpa-
30BaBLIMIiCA 0caloKk OCHOBHOU conu? [Ipu ruaponmnse Kakux coieil Mo-
TYT MOJIy4aThCsl OCHOBHBIE COJTH?

0) cudponu3s cynvpuma Hampus

Beimosnenune padorsl Hamute B ipoOupky 1o 1/3 ee oObema Bo-
JbI, BHECTH Tyza | — 2 MHUKpOIINATeNsl KPUCTAIUIOB CYJIb(UTA HATPHUS U
pa3MelaTh CTEKJITHHON Nalo4kod. J[Be Karuiy MoJly4eHHOro, pacTBOpa
HAHECTH Ha MHAUKATOpHYIO Oymary u onpenenuts pH.

Ha mpucyTtcTBHe KakuX HOHOB B PAacTBOPE YKasbIBaeT HaiifieHHOE
3HadeHue pH? B pe3ynbTare Kakoro nporecca 3TH HOHbI HOSBUIINCH?

[To orcyrcTBHIO 3amaxa CEPHHUCTOrO ra3a yOEIUTHCS B TOM, YTO
Cynb(UT HaATpusl MOJBEpraercs HemoiHoMy ruaponusy. Kakas comb
SIBJISIETCSI TPOAYKTOM T'HJIPOJIN3a 110 MEPBOH CTyNeHu?

HanucaTh MOJIEKYJIIpHOE U HOHHOE YPaBHEHUS PEAKIUU THPOIN3a
cynburta HaTpus. IIpu ruaponuse Kakux cojed MONydaroTcs KHCIIbIe
comu?

Omnsit 3 Cayyau nosaHoro (Heo0paTuMoro) ruJiposau3a coJiei

BoinoJsiHenne padorel B n1Be mpoOupku BHeCTH 1o 6 — 8 Kamenb
pacTBopa XJopHAa amoMuHUs. B omHy mpoOupky 100aBUTH Takoi xe
00beM pacTBOpa cyib(puia aMMOHHUS, B APYTYI0 — pacTBopa KapOoHaTta
HaTpust. OTMETHTD BbIJIENIECHHE CEPOBOOPOJA B MEpBOi mpodupke (1o
3amaxy) ¥ My3bIpbKOB JMOKCH/IA yIiiepoja Bo BTOpoid. B oboux cimydasx
B OCaJIOK BBIMAJaeT TUAPOKCHU]] ATFOMUHUSL.

3anuch AaHHBIX onbiTa Hamucate ypaBHEHUS peakuuii, KOTOpbIE
IpuBeNU K 00pa30BaHMIO THApOKcHAa amomMuHud. Ilouemy He momy-
YIIIOCh CyIbpuUIa U KapOoHaTa aTFOMUHHS?
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OnbIT 4 @aKTOpPLI, BIUSIOLINE HA CTelleHb THAPOJIN3A coJlei

a) enuAHUE CUNbL KUCAOMbL U OCHOGAHUS, 00PA3YIOUUX COJIb, HA

cmenens ee 2uoponu3a

BoinoJsiHenne padotel. B 18e npoOupku 10 2/3 ux o0bemMa HaIUTh
JTUCTHJUIMPOBAHHON BOABL. B oiHY nmpoOupKy BHECTH OJMH MMKPOIIMA-
TeNlb KPUCTAJUIOB CyIb(UTAa HATpUS, B JAPYTyH0 — CTOJBKO K€ KpH-
CTaJUIOB KapOoHaTa HaTpus. B kaxkayro mpobupky 100aBUTH MO OIHOM
karuie GenomndranenHa.

HanucaTh HOHHBIE YpaBHEHUsI THAPOIN3A CyIb(pHUTA HATPUS U Kap-
OonaTa HaTpus (IO TepBOM CTymneHH). B pacTBope kakoil conu okpacka
¢enongranenHa 6onee MHTEHCHBHA? B KakoM pacTBOpe KOHIICHTpPAIUs
nonoB OH™ Gonee Bricokass? CreneHb rUApPOIN3a Kakoi comu Oomnblie?
IMouyemy?

CreneHb rUApoIM3a KaKOH CONMM MpPU OJMHAKOBBIX KOHLIEHTPALIUSIX
U TeMIepatype AokHa ObITh Oombine: A1CI; unmu MgCl,? B pactBope
KakoW COJNM KOHIIEHTpalusi MOHOB H' Bbime? [IpoBepuTh CBOIl OTBET
OIIBITOM, ONPENEIUB OPUEHTUPOBOYHO MpPU IMOMOIIM HHIUKATOPHOU
Oymaru pH pacTBOpOB 3THX COJEH.

Craenatp OOLIMH BBIBOJX O BJIMSHHUM CHJIBI KHCJIOTBI U OCHOBAHUS,
00pa3yroIuX CoJib, HAa CTENEHb €€ THPONIN3A.

0) 6uUAHUE Memnepamypvl Ha CMeNnenb 2UOPOU3A COIU

Beinosinenune pa6orsl Hanmute B mpobupky Y4 €€ odObema aucTui-
JIMPOBAHHOM BOJABI M BHECTH B Hee 2 — 3 MHUKpOIIIIATENs alerara Ha-
Tpus. Hanucats noHHOE ypaBHEHHE ruaponnsa 3Toi conu. Kakoe 3Ha-
4yeHHe I0JDKeH uMeTh pH pacTBopa amerara HaTpHs: MEHbIIE 7 WM
6omnbie?

Jo06aBuTh B MPOOUPKY C paCTBOPOM COJIM OJHY KaIlIo (eHondra-
nenHa. OnyCTUTh TPOOMPKY B BOISHYIO OaHIO, HATPETYIO 110 KUTICHUSL.

3anmuchk 1aHHBIX onmbITa Kakoil BEIBO 00 M3MEHEHHH KOHIIEHTpa-
un noHoB OH™ B pacTBOpe MOXXHO clielaTh Ha OCHOBAHUHM M3MEHEHHS
OKpacku (eHoidrarenHa Hpu HarpeBaHnu? B kakoMm HampaBlieHUH
cMeraercs paBHoBecue ruaponusa? OXiaaguTh TPOOUPKY B XOJIOTHOM
Bojie. [IponcxoauT 1 CHOBa CMEIeHHEe PaBHOBECHS THIpOIn3a?

CpenaTb BBIBOJ O BJIMSHHM TEMIIEpaTypbl Ha CTENEHb THAPOJIN3a
coni. YKa3aTh MPUYUHBI ATOTO BIIUSHHS.
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8) enuaHUe pazdagieHus pacmeopa Ha CIMenens 2UOPOIU3A COU

BoinosiHenne padorsl B mpoOupky BHecTu 2 — 3 KaIulu pacTBopa
xnopuna cypbMel (III) 1 mocTeneHHO Mo KaruisiM MPUOABISATH BOIY IO
BbINa/IeHUs Oenoro ocajka xjopunaa okcocypbMbl SbOCI. DtoTt ocamok
oOpasyercsi Ha BTOpoii crynenu ruaponusa uz Sb(OH),Cl Bcrnenctsue
OTILETIIICHHST BOIBI.

3anuch JaHHBIX onmbIiTa HamucaTh MOHHBIE ypaBHEHHS INEPBOI U
BTOPOH cTymneHel ruaponusa xiaopuaa cypbmsl (I11) u obimee ypaBHeHUE
ee ruaponusa 1o obpazoBanus Sb(OH),Cl. Hamucate ¢dopmyny s
BBIYMCIICHNs] KOHCTaHTBI rHaponu3a xjopuaa cypsemsl (111) mis nepsoii
cryneny. [Toka3are mpu MOMOIIYM 3TOH KOHCTAHTHI, Kak BIHsSET pa30as-
JICHUE Ha CTelleHb THAPON3a 9Tol conu. Jlo0aBiIeHreM KaKkoro peakTu-
Ba MOYXHO YMEHBLINTh CTENEeHb TMAPOIM3a Xyopuaa cypbMbl? [Ipose-
PHTh CBOE 3aKITFOUEHHUE OIBITOM.

CnenaTp 0OImKMI BBIBOJ O BIMSHUM Pa3BENIEHUs] HA CTEIEHb THAPO-
nu3a coneil. CreneHp UIpONN3a, KaKUX CojJed He MeHseTcs IpH pas-
OaByieHNH pacTBOpa?

2) enuAHue U3MEHeHUA KOHUEHMPAUUu 6000POOHLIX UOHOE HA

2uopoaus conu

BoinosiHenne padorsl BHectu B npoOupky 8 - 10 xanens qUCTHII-
JIMPOBAHHOM BOJBI M OJMH MHKPOLINATEIh KPUCTAIUIOB XJIOPHJIA OJI0Ba
(IT). PacTBOp mepeMemnaTh CTEKISIHHON mayoukoil. OOpasyromuiics Oe-
JBI OCaJOK MpEeACTaBIseT co00i ocHOBHYIO conb onoBa SnOHCIL B
pe3ysbTaTe Kakoro mporecca MoIyqrIach 3Ta cojib?

Harnucate MOHHOE ypaBHEHHE COOTBETCTBYOLIeH peakiuu. KoH-
LEHTPalMIO KaKHUX HOHOB B PacTBOpPE CIEIYyeT YBEIHYHUTh, YTOOBI 0/1a-
BUTh rujipoiu3? Jlo0aBuTh 3TUX HOHOB. PacTBopuIICs 1 ocaok?

KoHTpoJiLHBIE BONIPOCHI U 321241

1 Uro npou3oiaéT ¢ HOHHBIM PaBHOBECHUEM BOJBI U CTEHEHBIO €€
JMCCOIMALUY MPU N00ABICHUHU CHIIBHOM KHCIIOTBI WM CUIBHOTO OCHO-
Bannsa? Kak 310 orpasutcs Ha konnentpanusx H u OH -uonos? Mo-
)KET JIM B BOJAHOM pacTBOpe KOHIeHTpamus uoHoB H mmm OH™ crats
paBHoii Hyt0? [Touemy?

2 Paccuntate pH cnegyromux pactBopos, cuutas, uto HCl1 u
NaOH guccounupytor monnocteto: a) 0,1n. HCI1; 6) 0,051. HCI;
B) 0,01n. NaOH; r) 0,21. NaOH; x) 0,11. HCN (cTenens auccoruanum
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npuHATh pasHoi 0,01%; e) 0,1H. pactBop ammuaka NHj - H,O (crenens
JMICCOLIMALINY TPUHSATH paBHOH 1%).

Ortser: a) 1;0) 1,3;8) 12; 1) 13,3; 1) 5;¢) 11.

3 Paccuutath pH ciiemyroniux pacTBOPOB, MONB3YSICh KOHCTAHTAMHU
JICCOLIMALIMK  COOTBETCTBYIOIIMX KHUCIOT W OcHOBaHuil: a) 0,1H.
CH;COOH; 6) 0,051. HCN; B) 0,001 HCI10O; 1) 0,20. NH;3 - Hy0;
II) 0,0IH. NH3 : Hzo

Ortser: a) 3,87; 0) 5,83; B) 5,25; 1) 11; n) 10,62.

4 pH oxHoro pactBopa paBeH 2, a apyroro 6. B 1 1 kakoro pactso-
pa KoHIeHTpamus HoHoB H' GoIbIle 1 BO CKOJIBKO pa3?

5 PaccumTath KoHIeHTpauuio nonoB H u pH B pactBopax, eciu
KOHueHI?aum OH -uoHOB (B MOJIb/T) paBHA: a) 10% 0) 107, B) 107
r4-10".

6 VYkaszaTb peakluio cpenbl (Kucias, HeWTpaidbHas WK LIeI0YHas)
u HaiiTn Kounentpammio H' - u OH -HOHOB B pacTBOpax (B MOIK/N),
i kotopbix pH pasen: a) 3; 6) 9; B) 7; 1) 1,6; 1) 10,5.

7 BBIYHCIUTH MOJSIPHYIO KOHIICHTPAIIUIO OJHOOCHOBHOM KHCIIOTBHI
HA B pactBope, eciu: a) pH = 4; o = 0,01; 6) pH = 3; a = 1%;
B) pH =15,8; a =0,001.

Ortger: a) 0,01 M; 6) 0,1 M; B) 0,06 M.

8 BBIYHCIHUTE CTENEHb U KOHCTAHTY JTUCCOLMAIMHA OJHOOCHOBHOTO
ocHoBanusi MeOH B pactBope, ecnu: a) pH = 8; ¢ = 0,001 momnb/i;
6) pH = 10; c = 0,01 monb/1; B) gH =11,6; ¢ = 0,2 Mmonn/m.

OtBer: a) 0.=0,1%; K=107;0) a=1%; K= 10‘6; B) o = 2%;

K=8-10".

9 Omnpenenuts pH B pacTBOpax MBYXOCHOBHBIX KucioT HoA, ecnu:
a) ¢ = 1 monw/1; a = 3%; 6) ¢ = 0, Imons/im; o = 5%; B) ¢ = 0,05 MomB/T;
a=1%.

Ortger: a) 1,22; 0) 2; B) 3.

10 Beraucnutes pH 0,05 M pactBopa ocHoBanust Me(OH),, ecnu
a = 10%.

Ortser: pH = 12.

11 Boeruucnuts pH OydepHbIXx cMecel, MPUTOTOBICHHBIX CIMBAHU-
€M paBHbIX 00beMoB pactBopoB: a) 0,1 M CH;COOH u 0,1 M
NaCH;COO; 6) 0,1 M CH;COOH u 0,01 M NaCH;COO; B) 0,001 M
CH;COOH u 0,1 M NaCH;COO.

OrtBer: a) 4,76; 0) 3,76; B) 6,76.
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12 Beruucnuth pH OydepHbIXx cMmecel, MONMy4CHHBIX CIMBAHUEM
paBHBIX 00beMoOB pacTtBopoB: a) 0,1 M NH; * H,O u 0,1 M NH4CI;
6) 0,2 M NH3'H,0 u 0,02 M NH4CI; B) 0,2M NH3'H,O u 0,2 M NH4CL

OrtBer: a) 9,25; 6) 10,25; B) 9,25.

13 Ha ckonbko eanHHI] yBeIHUUTCS Wi yMeHbmTess pH dhopmu-
atHoit O6ydepnoit cmecu (HCOOH + HCOONa) npu yBenTU4EeHUU KOH-
ueHTpauu conu B 100 pa3; 0) mpyu yMEHbLIIEHUH KOHIEHTPAIMH COJIU B
10 paz?

OTBeT: a) yBETMUUTCS HA 2 €AUHUIBL; 0) YMEHBIIUTCS HA SAUHUILY.

14 Ha CKOJNBKO €WMHUII YBEIMYUTCS WM yMeHbImTcs pH ammo-
HuitHOM OydepHoit cmecu (NH; - H,O + NH4CI): a) mpu yBennueHun
koHueHTpauuu NH4Cl B 10 pa3; 6) npu yMEHBIIEHHH KOHIEHTPALUH
NH; - H,O B 10 paz?

OtBeT: B 000uX ciydasx pH yMeHbBIINTCS HA SAMHUILY.

15 Kakyro peakiuro JOIKHBI NTOKa3bIBaTh BOJHBIE PACTBOPHI HUT-
pata aMMOHWUSs, HUTpaTa KaJus, IUaHWJA KaJlks, [UaHHJa aMMOHMS,
arieraTa aMMOHUSI? YKa3aTh NPUUNHY HAONIOJAEMOr0 SIBJICHUS U HAaIlu-
caTb COOTBETCTBYIOIINE YPABHEHUS PEAKIUA.

16 Kakue u3 yka3aHHBIX HMXE CONEH MOABEPraroTcs TMIPOIU3Y U
kakag (opma ruaponusa (IPOCTOH, CTyNMEHUaTbId, MONHBIN) Oyner
HUMETh MECTO B KaX/IOM OTAEIBHOM Cllydae:

a) NaClIO; 6) NaCl; B) K5POy; T) A1,S;3; 1) Fe(NOs3);?

OTBeTUTH HAa BONPOC, HE COCTABIISAS YPABHEHUS PEaKIHH.

17 Ycunenue Uiy MoAaBlieHUE TMAPONM3a LIUAHUA HATPUS BBI3O-
BET NpuOaBIEHUE K PACTBOPY: &) KUCIOTHI; O) IIENOUU; B) XJIOpHUIA
aMMoOHus?

18 OOBSICHUTD pasHUIly B CTENEHH THUAPOIU3a COJIEH, TOJIB3YySCh
cipaBounukoMm 1O.10. JIypee: a) NaCN; 6)NaCH;COO; B) NH4CH;COO.

19 Hanmcate, HOHHBIE ypaBHEHHUs TIEPBOM CTYIEHH T'MIPOIIN3a Kap-
OoHata kanus, ¢pocdara HATpUs U cyabdaTa aMMOHMSL. B kakoMm ciydae
CTETNEeHb M'MIPOIN3a HAauOOobIIAs], B KAKOM — HAUMEHBIIIAs?

OTBeT MOTHBUPOBATb.

20 HammcaTh MOHHBIE W MOJIEKYJISIPHBIE YpaBHEHHs BCEX CTYIEHEH
TUAPOJIN3a coliei: a) cynbhuaa HaTpus; 0) aleraTa aJlOMUHUS; B) CYJlb-
¢ata xxenesa (II). Kak MOXXHO yCHITUTB TUAPOIN3 KAXKION U3 DTUX COJICH
U Kak ocnabuts ero? Ilouemy cremneHb rHAPOIM3a YMEHBIIACTCS HA Ka-
HKJIOM MOCTIEAYIOIeH CTYeHH?
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21 BpIYMCIUTH KOHCTAHTY TUAPONN3A, CTEHEHb rujaponusa i u pH
NIpY KOMHATHOH TeMIiepaType B pacTBOpax Cojed, TMAPOIH3YFOLIHXCS
M0 aHUOHY cyiaboit ogHoocHOBHOM kucnothl; a) 0,1 M NaCH;COO;
6) 0,1 M KCN; B) 0,01 M KCN.

Ortser: a) Kiygp = 5,7 °107% h=7,6 - 10” mwm 0,0076%; pH = 8,88;
0) Kiup=1,6 - 107 h = 0,013 umm 1,3%; pH = 11,1; B) Kpyyyp=1,6 107°;
h= 0,04 unu 4%; pH = 10,6.

22 Berunenutb Kiyyp, cTenens rugponusa A u pH npu koMHaTHOI
TeMIlepaType B pacTBOpax COJIeH, ITOJBEPraroIixcs THAPOIN3Y M0 Ka-
THOHY OJTHOOCHOBHOTO ocHoBaHus: a) B 0,1 M pactBope xyiopuia am-
MoHus; 0) B 0,01 M pactBope xnopuaa ammonus; B) B 0,1 M pactBope
HUTpaTa aMMOHHUSI.

OtgeT: a) Kiygp= 5,6 - 10" h=7,4° 10” wm 0,0074%; pH = 5,12;
6) Kump = 5,6 © 10" h = 2,38 - 10 wmm 0,0238%; pH = 5,62;
B) Kiyp = 5,6 - 107, h= 7,4 - 10” o 0,0074%; pH = 5,12.

23 Bpruucmuts Kyp cTenens rugponusa A u pH npu koMHaTHOI
TeMIlepaType B pacTBopax cojed, oOpa3oBaHHBIX OJHOOCHOBHOM cia-
001 KUCIIOTON U OIHOOCHOBHBIM Ci1a0bIM ocHOBaHHWeM: a) B 0,1 M pac-
tBOpe NH4CH3COO; 6) B 0,1 M pactBope NH4CN.

OtseT: a) Kpyyp = 3.2 - 10% h=5,7"10" wm 0,57%; pH=17;
0) Kiupp = 0,912; h = 0,488 um 48,8%; pH =9,22;

24 Bpruucmute Kiyp cTenens rugponusa A u pH npu koMHaTHOI
TeMIlepaType B pacTBOpax cojiell ci1a0bIX MHOTOOCHOBHBIX KHCJIOT HIIH
cJ1a0bIX MHOTOOCHOBHBIX OCHOBAaHMI{, CUUTAs, YTO TUAPOIIN3 UJET IpaK-
THYecKH Nulib 1o nepoit crynenu: a) B 0,1 M pactBope Cd(NOsj),;
6) B 1 M pactBope A1Cl13; B) B 0,01 M pactBope Na,CO:s.

Otser: a) Koy =2 10"% h=4,6 - 10° nm 0,0005%; pH = 6,45;
6) Krugp=7.110"; h = 2,8:107 mmn 2,8%; pH =1,57; B) K= 1,8 - 107
h=1,8-10" wm 13%; pH=112.

25 Tlo 3naueHnio pH BBIYUCTUTH MOJSIPHYIO KOHIIEHTPAIIUIO, KOH-
CTaHTYy U CTENEHb THIPOJIN3a COMU B cleayrommx pactBopax: a) NH4CI,
pH = 5,62; 6) NH4NO;, pH = 6,12; 8) NaCH3COO, pH = 8,36; r) KCN,
pH =11,57.

OtseT: a) ¢ = 0,01 Monp/1; Kiypp = 5,6 10'10; h=2,38 - 10" wm
0,024%; 6) ¢ = 0,001 Momb/T; Kpyyp = 5,6 + 107% h = 7,5 - 10™ umm
0,075%; B) ¢ = 0,01 Momb/1; Ky = 5,7 10" h = 2,8 + 10™ um
0,028%; 1) ¢ = 1 MONB/TT; Kpyypp = 1,4+ 1075 h=3,75 - 107 wm 0,375%.
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Tema 6 OKucCIUTENHHO — BOCCTAHOBUTE/IbHbIE PEAKIINU

6.1 HN3meHeHHMe OKHUCJIUTEIbHO-BOCCTAHOBUTEJIBHBIX CBOWCTB
3JIeMEHTOB B 3aBHCUMOCTH OT CTPOEHHUSI UX aTOMOB.

6.2 OnpeseseHue OKUCIEHUSI IJIEMEHTOB B COeIMHEHUSX.

6.3 CocraBiieHHe YpaBHEHUI OKHUC/JIMTEJIbHO—BOCCTAHOBUTEIb-
HBIX peakiuii IByMs METOAMH B Pa3JIHYHBIX Cpeaax.

6.1 3MeHeHne OKHCINTEILHO-BOCCTAHOBUTEIbHBIX CBOMCTB

3J1EMEHTOB B 3aBHCHMOCTH OT CTPOEHHSI HX AaTOMOB

Oxucaumenamy HA3BIBAIOT MPOCTHIE U CIIOXKHBIE BELIECTBA, MOJIE-
KYJIBI, aTOMBI M MOHBI KOTOPBIX CHOCOOHBI MPUCOCIUHSITH JJIEKTPOHEI,
IIOHIDKAS CBOIO CTCIEHb OKHCIICHMS. Boccmanosumenu — BEIISCTBA,
MOJICKYJIbI, aTOMBI U MOHBI KOTOPBIX CIOCOOHBI OTIABaTh JJICKTPOHEI,
MOBBIIIAs CBOKO CTENEHb OKUCIIECHUS.

CnocobHocms 31eMeHmMOo8 K NPUCOeOUHEHUIO0 JIeKMPOHO8, M. e.
CnOCOOHOCMb OKUCTIAMb Opy2ue 8elecmed, Xapakmepusyemces sHepeuell
cpoocmea k 2nekmpony. Uem Oonbliie y 3JIeMEHTa SHEpPrus CpoICTBa K
JJIEKTPOHY, TEM CHJIbHEE €r0 OKHMCIHUTEIbHas CocOOHOCTh. Bonbiioi
JHEpPruer Cpo/CTBa K JEKTPOHY 00IaIal0T HEMETAJIbI, B 0COOEHHOCTH
¢rop m kuciuopoa. OKHUCIUTENBHBIE CBOMCTBA XapaKTEPHBI Ui TEX
CJIOXKHBIX BEIIECTB, aTOMbI KOTOPBIX HAXOIATCS B BBICIIUX CTEICHSIX
OKHCIICHHS:

K rtakum BemectBaM (okuciautensiM) otHOcAT: KMnOy, K,Cr,O7,
PbO,, H,SO4(xon1,), HNO; u ap.

BemectBa, coneprkaniye 3JeMEeHTBI ¢ IIPOMEXYTOYHON
+4 +3 -1 +4

crenenbto okucieHus (MnO,, HNO,, H,O,, SO, u ap.), MmoryT mo-
HUXATh W TOBBIIIATH CTENIEHh OKUCIIEHUS, T. €. BHICTYNATh B POJIH Kak
BOCCTAHOBHTENEH, TaK U okuciuteneir. Hampumep, MnO, nipu B3aumMo-
neictun ¢ KNO; B I1e104HOM cpefie ABIIETCS BOCCTAHOBUTEIEM

MIlOz + KNO3 + 2KOH = KzMIlO4 + KNOZ + Hzo,

a TIpU B3aUMOJEHUCTBUU C COJISHON KUCIOTOM — OKMCIUTEIEM:

MnO; + 4HC1 — MnCl, + Cl, + 2H,0.

TakuMu ke JABOMCTBEHHBIMH CBOWCTBAMHU 00JIaJal0T HEMETAJLIbI.
Hanpumep, npu B3aumozeictBuu mo peakuussMm S + O, = SO, u
Fe + S = FeS cepa B nepBoM cirydae SBIISIETCS BOCCTAaHOBHTENIEM, BO
BTOPOM — OKHCJIUTEJIEM.
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ATOMBI METAJUIOB 00JIAIAI0T TOJBKO BOCCTAHOBUTEIBHBIMU CBOMCT-
BaMH, TaK KaK MMEIOT HA BHEIIHEM YPOBHE MaJiO€ YHCJIO JICKTPOHOB
(1-3). CnocobHOCTh aTOMOB METAJLIOB MPEBPAIIATHCS B TIOJIOXKUTEIBHO
3apsHKCHHBIC MOHBI XapaKTepU3yeTcsl dHepruei nonusauu. Yem MeHb-
IIIe SHEPrHsl MOHHW3AIMU METaJUIa, TEM JIeTUe OH OTIAET JCKTPOHBI, TEM
CHJIbHEE ero BOCCTaHOBHTEJBHAs CIOCOOHOCTh. Camble CHIIbHBIE BOC-
CTaHOBUTEIIN — IIEIOYHBIE U IIEIOYHO3EMENbHBIE METaIIbI.

6.2 OnpeseseHue OKUCIEHUS IJTI€MEHTOB B COeTMHEHUSIX

[Ipu ompeneieHUH CTEIEHN OKHCICHUS JIEMEHTOB B COCAUHEHHSIX
U COCTAaBJICHUM YPABHEHHI OKUCIUTEIHHO-BOCCTAHOBHUTEIIHLHBIX PEakK-
LU CleayeT pyKOBOJICTBOBATHCS CIEIYIOIIMMH TTOJIOKCHUSMHU:

1 Bomopon B mogaBisiorieM OONBIIMHCTBE COSTUHECHHUH, 32 UCKITIO-
YEHUEM THJIPUIOB METAJUIOB, IPOSBIISICT CTEEHb OKUCICHUS +1.

2 Kucnopon Bo BCeX COSIMHEHHUSX, 32 UCKITIOUCHHEM MIEPOKCUJIOB U
¢ropuna kucnopoaa (OF,), nposBiseT cTeneHb OKUCIEHUs - 2.

3 Anrebpandeckasi CcyMMa CTETeHei OKMCIIeHUsl BCeX aTOMOB, 0Opa-
3YIOIIMX JaHHYK MOJIeKyly, paBHa Hymo. Tak, B monekyne NH,OH
anreOpanueckas CyMMa CTEIICHEH OKHCIIEHUS ISATH aTOMOB BOJOPOJA U
OJTHOTO aToMa KHuciaopoaa paBHa +3. OTCrola CTEIeHb OKHCICHHUS a30Ta
B 9TOM COEIMHEHUH paBHa - 3.

4 CreneHb OKHCIICHUS] aTOMOB B MOJICKYJIaX MPOCTHIX BEIIECTB PaB-
Ha HYJIIO.

5 M3MeHeHUE CTENCHU OKHCICHUS 3JIEMEHTOB TPH OKUCIUTEIHHO-
BOCCTAHOBHTEIIFHBIX PEAKIUSIX OOYCIOBICHO IepepacrpeesicHueM
JJIEKTPOHOB MEKAY OKUCIHUTEIEM M BOCCTAHOBHTEIIEM, TPOUCXOISIIUM
TakK, YTO YUCIIO JCKTPOHOB, OTIAHHOE BOCCTAHOBHUTEIIEM, PABHO YHCITY
JJIEKTPOHOB, MPUHATHIX OKHCIHTENEM. TakuM 00pa3oM, JUIs cOCTaBJie-
HUS TIOJHBIX YPaBHCHUH OKUCIUTEIBHO-BOCCTAHOBHUTEILHBIX PEaKIUil
HEOOXOMMO MPEABAPUTENILHO YPABHATH YUCIIO 3JCKTPOHOB, OTJAHHBIX
BOCCTAHOBHUTEIEM U MPHHATHIX oOkuchouteneM. OtThada W IpPUCO-
SIIUHECHUE HJICKTPOHOB M300PAXKAIOTCS C TIOMOIIBIO 3JEKTPOHHBIX YpaB-
HEHHH.

6.3 CocraBiieHHe YpaBHEHUI OKHUC/JIMTEJIbHO—BOCCTAHOBUTEIb-

HBIX peakiuii IByMs METOJAMH B Pa3THYHBIX Cpeaax

[MonHbIe ypaBHEHUS OKUCIUTEIBHO-BOCCTAHOBHUTEIHHBIX PEAKITHil
MOXXHO COCTaBUTH IBYMs MeTOJaMHU. Memoo 3neKmpoHHo20 bananca
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OCHOBAaH HAa CPaBHCHUH CTCIICHEH OKUCIICHHS aTOMOB B HCXOJHBIX U
KOHEYHBIX BEIECTBAX, IJIS YEro COCTABIIOT JCKTPOHHBIC yPaBHEHUS
Y Ha UX OCHOBE BBIYHCISIOT KOdpduuueHntsl. B memoode nonypeaxyuii
K03() QUITUEHTHI HAXOAT C TIOMOIIBIO 3JICKTPOHHO-UOHHBIX YPaBHCHH.
[Mocnennue OTIUYAIOTCS OT JICKTPOHHBIX TEM, YTO B HHUX YYHUTBHIBAIOT
WOHBI, PeaJTbHO CYILECTBYIOIUE B BOXHOM PacTBOPE.

Hpumep 1 OxucIUTENHHO — BOCCTAHOBHUTENbHAS PEAKIIHS MPOTE-
kaet no cxeme: KMnQO,4 + HCl = MnCl, + Cl, + KCI1 + H,O. CocTtaBsTe
MOJTHBIE YPABHEHMSI PEAKIMU JBYMS METOIAMHU.

Pemenne. Ilo METOAY JJICKTPOHHOT'O 0OajaHca COCTaBIIIEM OJJICK-
TPOHHBIC YPABHCHU !

Mn"" + 5¢ — Mn*| 2

2CI' -2 — Cl, 5

ITonnoe ypaBHEHME

2KMnO, + 16HCI1 = 2MnCl, + 5Cl, + 2KCl1 + 8H,0.

[To merony monmypeakiuii (3MEKTPOHHO — UOHHBIA METOJ) COCTaB-
JIsieM JICKTPOHHO — MOHHOE YPaBHEHHUSL:

MnO, + 8H' + 5¢ = Mn*" + 4H,0 | 2
2CI - 2¢ =Cl, 5

INonHoe ypaBHEHHE IPHHUMAET TOT e BUJI, YTO U IO METO/Y JIEK-
TPOHHOTO OajaHca.

IIpumep 2 Peakiust mpoTeKaer Mo cxeMe:
chr207 + HCI — CI'CI; + Clz + KCI + HzO
CocTaBbTe TIOJNHBIE YPaBHEHUS PEaKIIUH IBYMsI METOAAMHU.
Pemienue. 1o meTony sneKTpoHHOro OanaHca:
201" + 6e =2Cr" | 1
2ClI'-e =Cl, 3
K,Cr,07 + 14HCI = 2CrCl; + 3CI, + 2KCI + 7H,0.
ITo meTony momypeaxiuii:
Cr,07” + 14H + 6 =2Cr’" + TH,0 | 1
2CI'-2e =Cl, 3
[TonmHOE ypaBHEHHE UMEET TOT JKE BU/I.
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IIpu cocraBiieHWM ypaBHEHHI OKHCIHUTEIbHO-BOCCTAHOBUTEIBHBIX
peakuuii cleayeT YUMThIBATh CPEAy, B KOTOPOH MPOUCXOIUT pEaKIHs.
Tak, rajoreHbl, OKHCIAS APYTHE BELIECTBA, BOCCTAHABIMBAIOTCS IO-
pazHoMmy:

B KHCJION Cpelie — 10 COOTBETCTBYIOIINX T'aJIOT€HOBOJOPOIHBIX KH-
CJIOT, HalIpUMep:

Brz + SOZ + 2H20 = HzSO4 + 2HBI',

B ILIEJIOYHOI cpeie — ¢ 00pa3oBaHUEM COJIEH TajoreHOBOJOPOAHBIX
KHCJIOT, HAIIpUMED:

Mn(OH), + Cl, + 2KOH = MnO, + 2KClI + 2H,0.

[epmanranat kanust KMnQOy:

B KHCJION cpej/ie BOcCcTaHaBiMBaeTcs 1o coseii mapranua(ll)

2KMIlO4 + 5K2803 + 3H2$O4 = 6K2$O4 + 2MHSO4 + 3H20;

B HEHTpabHOI KUK ciadolienouHoi cpeae — 10 MnO,

2KMHO4 + 3K2$O3 + Hzo = 3K2$O4 + 2Mn02 + 2KOH,

B CHUIBHOILIENOYHOM cpee — 10 KoMnOy

2KMHO4 + KzSO; +2KOH = 2K2Mn04 + KzSO4 + Hzo

Hepokcua Bonopoaa H,O,:

B KHCIIOH Cpejie BOCCTaHABIMBAETCS IO CXEME

H,0, + 2H" + 2¢ = 2H,0,

Harpumep:

HzOz + 2Nal + HzSO4 = Nast4 + Iz + 2H20;

B HEWTpaJIBHOIN WM LIEJIOYHOM Cpefie - 0 CXEME

H202 +2¢” :2OH-,

Harpumep:

H,O,+ 2Nal = 2NaOH + I,.

Onnaxo H,O, MoxkeT BbICTYNaTh M KaK BOCCTAHOBUTENb — B Cllydae
B3aUMOJICHCTBHUS C CHIIBHBIM OKHCIIUTEIIEM, HAIPUMED:

5H202 + 2KMHO4 + 3sto = 502 + KzSO4 + 2MHSO4 + 8H20;

Huxpomat kamusi K,Cr,O; BoccTaHaBiIMBaeTcs: B KUCION cpele —
1o coneii Cr (IIT), Hanpumep:

chr207 + 3K2$O3 + 4H2$O4 = Crz(SO4)3 + 4K2$O4 + 4H20;

B IIENOuHOH cpene mpu aeiicrBun okuciureneit Cr(Ill) npespama-
etca B Cr(VI):
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2K3[CT(OH)6] + 3H202 = 2K2CI'O4 + 2KOH + 8H20

Ha Xon OKHCIHUTENbHO-BOCCTAHOBUTEIBHBIX PEAKIUIA BITUSIOT TaK-
’Ke KOHIeHTpauus, Temieparypa, karanmsarop. Hanpumep, Ha Xxonoxny
XJIOp pearupyer ¢ pa30aBIeHHBIM PaCTBOPOM LIEIOYH MO CXEMe

Cl, + 2NaOH = NaCl + NaClO + H,O,

a MpU MPOIMYCKAHUHU XJIOPA Yepe3 TOPSYUil KOHIEHTPUPOBAHHBIH
pacTBOp LIEIOYH — IO IPYTOi cXeme:

3Cl, + 6NaOH = NaClOs + 5NaCl + 3H,0.

PaGora 1 Peaknuu AMcnponopuoHupoOBaHUSs
(CaMOOKHC/IeHUSI — CAMOBOCCTAHOBJICHH)

@) peaKkyusn OUCHPONOPUUOHUPOSAHUA CYIbHUMA HAMPUs

BeinosiHenne padorsl B n8e mpoOupku momectuTs mo 2 — 3 KpH-
cTajuInKa cynbpuTa HaTpust. OfHY IPOOHPKY OCTABUThH B KAUECTBE KOH-
TponbHOH. BTOpyro 3akpenuTh B IITATHBE M HArpeBaTh B TCUCHUE
5 — 6 muH. JlaTh mpoOHpKe OCTHITh. B 00e npobupku BHeCTH 1O 5 —6 Ka-
neNb JUCTWIIIMPOBAHHONW BOABI, pa3MellaTh CTCKJISSHHBIMH MaJO4YKaMu
JI0 PaCTBOPEHHMS CONEH, HaXOAAMMXCA B IMpobupkax. Jl00aBUTh B Kaxk-
Iyto TpoOupKy mo 2 — 3 xarum pactBopa cynbdara meau (II). OtmeTutsb
OKpacKy OCaJIKOB B 00€HX MPOOUpKax.

3anuch JaHHBIX onbITa Kak OOBSCHUTH pas3lUYHBIC OKPACKHU?
UepHbli 0cafioK, MOITYyYEHHBIH BO BTOPOH MpoOHUpKE, MPEACTABISAET CO-
60ii cynehun Meau. Kakoif MpoxyKT NpOKaNIWBaHUS CyIb(hUTA HATPUS
Iaj ¢ cynb(haToM MEAU 3TOT 0CaL0K?

HanucaTh ypaBHEHHME peakIUU pa3IoKeHHs Cylb(puTa HATpus,
YUHUTBIBasl, YTO BTOPBIM MPOAYKTOM INPOKATUBAHUS SBISETCA Cynb(daT
HaTpus. Kak u3MeHsIach CTEneHb OKUCIEHUS Cepbl B JaHHOM peakiuu?
J1sl KaKuX CTENEeHel OKUCIIEHHsSI CePbl BO3MOXKHBI PEAKIIUU JUCIPOIOp-
LMOHUPOBAHUSA?

0) peakyusa OucnponopyUOHUPOGAnUs Opoma

Beinosinenue padorsl Baect B mpoOUpKy 5 — 7 Kamnenb OpOMHOM
BO/IbI U JJOOABUTH K HEW MO KaIljIsiM 2 H. pacTBOP LIETOYH JI0 oOeciBe-
YMHAUUA PACcTBOPA.

Hanmucath ypaBHeHHE peakuuii B3auMOJCHCTBHUsS Opoma co Iie-
JIOYBI0, YUYUTHIBASI, YTO MPH STOM IOIYYAIOTCS COIM OPOMOBOIOPOIHON
u 6pomHoBatuctot HBrO kucnor. YkazaTh, Kak U3MEHSETCA CTEIEHb
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okucneHus: 6poma. Kakue peakiuu Ha3bIBAIOTCSl PEAKLUSMH TUCIPO-
MOPLIUOHUPOBAHHUSA?

PaGora 2 BHyTpuMoJieKyJIsipHbIe OKHUCINTEIbHO —
BOCCTAHOBHTE/IbHbIE PeaKIUU

a) pasznodxcenue HUMpama meou

Boimostnenne padorsl [lomMecTHTh B MPOOMpPKY HECKOJBKO KpH-
crayjuinkoB Hutpata Meau Cu(NOs), - 3H,O. 3akpenuts mpoOUpKy B
IITaTUBE M OCTOPOXKHO HArpeTh MaJeHbKHM IUIaMeHeM ropeiikd. Ha-
OMI0AaTh U3MCHEHNE LIBETA B3ATON COJU U BBIJEICHUE Ta30B.

3anuck AaHHBIX ombITa Hamncats ypaBHEHHE peakinuH pasiioxe-
HUSl HUTpaTa MeIy, YYUTHIBas, 4TO NPOIYKTAMH PEAKIHH SBISFOTCS
OKCHJ MEIH, TUOKCHU][ a30Ta U KUCIOPOA. YKa3aTh OKUCIHUTEIb U BOC-
CTAHOBUTENb B MOJIEKyJle HUTpaTa Meau. COCTaBUTh CXeMy Iepexona
3JIEKTPOHOB.

0) paznoscenue ouxpomama AMmoHUA

BeinosiHenne pa6orsl B dapdopoByro gamieuky momMecTuTh Trop-
KOM HECKOJIBbKO MMKPOIINATENeH KPUCTAIUIMYECKOr0 AUXPOMaTa aMMo-
Hust (NH4)2Cr,07. B BepimimHy TOpKM BCTaBUTh MAJICHBKUH KyCOYEK
JICHTBl MarHus U 3akeub ee. Uepe3 HECKONbKO CEKyHA Ha0moaats Oyp-
HOE pa3loXkKeHHe COJH.

HanucaTh ypaBHEHHE peakIUM, YIUTHIBAs, YTO 3€JCHBIC OKATHILIH
npeacTaBisoT coboii okena xpoma (IIT). Kpome Hero obpasyrorcs a3or
U mapsl BOJbI. ATOMBI KaKOT'O 3JIEMEHTA SIBJISUIUCH OKUcIuTensiMu? Boc-
cTaHoBuTeNsIMU? Kak H3MEHSIACh UX CTENIEHb OKUCIEHUS?

PaGora 3 Bunsinne cpeibl Ha IpOTeKaHHe
OKHCJINTeIbHO—BOCCTAHOBUTE/ILHBIX NPOLECCOB

a) enuanue PpH cpeovt na xapakmep eoccmanoenenun
nepmanzaHama Kanus

BoinosiHenne padorsl B Tpu npoOupku BHectd mo 3 — 4 karuum
pacTBopa mepMaHraHara kaiaus. B onny nmpobupky n06aButh 2 — 3 kam-
mu 2 H. PacTBopa cepHOI KUCIIOTHI, BO BTOPYIO — CTOJIBKO K€ BOJBI, B
TPETBIO — TAKOE K€ KOIUYECTBO pacTBOpa 1Lienoyn. Bo Bce Tpu npobup-
K{ BHECTH T10 J[Ba MUKPOIIIATENS] KPUCTAIUINIECKOTO HUTPUTA KaJIUs U
nepeMellaTh PacTBOPBI [0 MOJHOTO PacTBOPEHUs! KpHcTauioB. Yepes
3 —4 MUH OTMETUTh U3MEHEHHE OKPACKHU PAaCTBOPA BO BCEX TPEX CIIydasx.
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3anuch naHHBIX onbITa HammcaTe ypaBHEHHs peakiuif BoccTa-
HOBJICHUsl TIepMaHraHaTa Kalus HUTPUTOM Kalus B KHCJIOH, Hell-
TpaJIbHOM M IIENOYHOM cpefax. YUecTb, UTO COCAMHEHUS] MapraHiia B
PA3IUYHBIX CTEHMEHSIX €r0 OKHCICHUS MMEIOT XapaKTepHBbIE OKPACKH:
noH MnO, umeer (HhHUOIIETOBYIO OKpacKy, MOH MnO,*" — 3eJIeHy10, NOH
Mn”" — c1aGo-po30Byi0, a MPH MAIIOi KOHIIEHTPALMH IPAKTHUECKH bec-
nBeTeH. JlMOKCHJ MapraHna M ero THIPOKCHUI SIBISIOTCS TPYAHO-
PacTBOPUMBIMHU BEIIECTBAMHU Oyporo IBeta. B kucnoii cpeae MoryT BbI-
JETSAThCST Ta3000pa3Hble OKCHUIBI a30Ta, KOTOpBIE SABISAIOTCA IPO-
JTyKTaMH TOOOYHO MPOTEKAIOIIeH peakiuu B3aUMOJAECHCTBUS HUTpHUTA
KaJlusl C CEPHON KHUCIOTOM.

Jlo Kakoll CTENeHHW OKUCIIEHHS BOCCTAHABIMBAETCA NMEPMAHTaHAT
Kanus B pacTBopax, uMmetomux pH>7, pH = 7, pH < 7?7 Ckonbko oxuc-
JIUTENbHBIX SKBUBAJIEHTOB cofepxkutca B 1 mons KMnOy4 B KaxaoM u3
ITHUX CITy4aeB?

0) eénuanue pH cpedel na cmewenue paenosecus 6 peaxkyuax

OUCHPONOPUUOHUDPOGAHUSA

BoinosiHenne padorsl IlomecTuTs B MpoOUpKY HEOONBIIONH Kpu-
cTayuiuk nozxa u 8 — 10 xamens 2 H. pactBopa menoun. Ilepemeriatsh
COJICPXKUMOE TIPOOUPKH 10 MOJHOTO pacTBopeHust nofa. K obpasosas-
nieMycst 0eciBETHOMY pacTBopy npubaButh 10 — 14 xanens 2H, pacTBo-
pa cepHOit KUCIIOTHI A0 MOsBIEHUsI Oypoil okpacku pactBopa. Ilonb3y-
sICb pacTBOPOM Kpaxmasa, AoKas3aTb, YTO Oypast OKpacka BbI3BaHa 00-
PaTHBIM IpoIiecCOM 00pa30BaHuUsl CBOOOIHOTO HOJA.

3anuch AaHHBIX onbITa IIpy pacTBOpPEHHH HOAA B pacTBOpE Lie-
JIOYM TONY4aroTCs COJIM — HOAUCTOBOAOPOIHOM U HoaHoBatucToii HIO
KucnoT. HamucaTe COKpallleHHOE HOHHOE ypaBHEHUE MpOTEKaroIeit
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHOM pEakuUU U OOBSICHUTH MOSBICHUE
CBOOOAHOrO MOJA MPU MOAKUCIEHUH PacTBOpa.

Padora 4 Oxuciaure/bLHbIe H BOCCTAHOBHTEILHBIE CBOMCTBA
NEePOKCH/I0OB

a) OucCnponoOPUUOHUPOBAHUE NEPOKCUOA 8000POOA

BoeinoJsiHenne padoTel B npobupKy ¢ HECKOIBKUMM KallJISIMU TIe-
pOKCHIa BOJOPO/A MPUOAaBUTH 2H. PaCcTBOp CepHOIl kucnoThl. Kakoit ra3
BbIsIENIsICTCS?
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CocTaBUTh CXEMy peakIMM AUCIPONOPLUOHUPOBAHUS MEPOKCUAA
BOJIOpoAa ¢ oOpa3oBaHMEM Kuciopopa u Bojsl. IlomoOpats koaddu-
LUEHTHI METOJIOM TOJTypEeaKIUii:

JUISL peaKkLiiU BOCCTAHOBJIEHUS IEPOKCHAA BOJOPOAA

(H,O, — okucnurens):

H,0, + 2H" + 2¢" = 2H,0

JUISL peaKkLiuu OKUCIICHUS TIEPOKCH 1A BOAOPOA

(H,O, — BocCTaHOBUTEIB):

H,0,-2¢ =0, +2H"

0) 63aumoodeiicmeue nepoKkcuda 6000p00a ¢ HOOUOOM Kanus

Brinosinenune padorsl K pactBopy noauaa Kanus, HOJKUCIEHHOMY
CEPHOI KUCIIOTOH, MpubaBuTh 1—2 Karum pacTBopa MepoKcua BoI0po-
na. JIst Kakoro BeIlecTBa XapaKTepHa MOSBUBIIAACS OKpacka pactBopa?

Hanucate ypaBHenue peakiuu. OKUCIUTENEM WM BOCCTAaHOBUTE-
JIeM SIBJISIICS B HEW MepoKCH]T Bogopoaa?

6) é3aumodeiicmeue nepokcuda 6000pooa ¢ okcuoom, pmymau (1)

Beinosinenune padornl [lomectuts B npoOupky 3 — 4 xamiau pac-
TBOpa HuTparta prytu Hg(NOs), 1 100aBUTH CTOIBKO K€ 2 H. pacTBOpa
miejaoun A0 BhIMAAeHUs ocajaka oxcupa pryru (II). Otmeruts nBer
ocazaka. JlobaBuTh 4 — 5 Kamenb pacTBOpa MEPOKCHUIA BOLOPOJA U Ha-
OmrofaTh M3MEHEHHE IBETa OCajika BCIEACTBHE 00pa30BaHUS B3BeE-
HIEHHBIX YaCTUIl METAJUTMYECKON pTyTH. Kakoii ra3 Belensiercs?

Hanucath ypaBHeHHe peakiuu. OKHCIUTENIEM WIH BOCCTAHOBHUTE-
JIeM SIBJISIETCS IEPOKCU BOJOPOAA B TaHHOM peakiuu?

2) 83aumodeiicmeue nepokcuoa dapus ¢ NePMAHZAHUMOM KAaus

Brinosinenue pa6oTsl B mpoOUpKy ¢ HECKONBKUMHU KarUIsIMU TIep-
MaHraHaTa Kanus BHeCTH | — 2 Mukpommarens nepokcuaa 6apusi BaO,.
Kak usmenuscs user pacrsopa? Kakoii Beigensiercs ras?

Hanucatp ypaBHEHHE peaklliy, YUUTHIBasA, YTO BBIACISIOMINECS KO-
pUYHEBbIE XJIOMbSl MPEACTABIIAIOT cO00W aumokcuna Mapranua. Oxuc-
JUTENbHbIE WM BOCCTAHOBUTENBHBIE CBOWCTBA MPOSBISIET B JaHHOU
peaxiuu nepokcua 6apus?

Hanucatp rpaduueckue ¢popMyibl JUOKCHa MapraHily U MepoKCH-
na Oapusl.
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KOHTpOJIbHLIe BOIIPOCHI U 3a1a49u

1 Kakue 13 yKa3aHHBIX HUXKE PEaKIUil OTHOCATCS K OKUCIUTEIbHO-
BOCCTAaHOBUTEIBHBIM:

a) Zn + H,SOy4 (pa36.) = ZnSO, + Hy;

0) Zn + 2H,SOy (koH1.) = ZnSO,4 + SO, + 2H,0;

B) Zn(OH), + H,SO,4 = ZnSO, + 2H,0;

r) Fe,0; + CO = CO, + 2Fe0;

1) Fe,05 + 6HCI = 2FeCl; + 3H,0;

e) Na2C03 + SIOQ = NaZSiO3 + COQ,

)K) 2N32804 + 28102 +C= 2NaZSiO3 + C02 + 2802

OtBer MOTUBUPOBATH u yKa3aTb B OKHUCJIUTEIIBHO-
BOCCTAHOBUTENIBHBIX PEAKIUAX OKUCIUTEND U BOCCTAHOBUTEID.

2 OKucIeHHe WM BOCCTAHOBJIEHHE TIPOUCXONT MPU TIepexo1ax:

a) FeSO4; — Fey(S0y4);;  6) Fe,O3 — Fe; B) NH; — NO;

r)2C1° — Cly; n) Cl"— C10y; e) 210, — L.

3 VYBenuuuBaeTca WIM  YMEHBLIAETCS B  OKUCIHUTEIBHO-
BOCCTAHOBHTEJIBHOM IPOIIECCE CTENEHb OKUCIIEHUsl okuciutens? Boc-
cranoButena? [IpuBectu mpumep.

4 Kakue u3 yKka3aHHBIX HIKE BEIIECTB MOTYT IPOSBISATH: TOJNBKO
OKHMCJIUTENIbHbIE CBOMCTBA; TOJbKO BOCCTAaHOBUTEIBHBIE CBOMCTBA; KakK
OKHCIIUTEIbHBIC, TAK M BOCCTAHOBUTCIIBHBIC CBOMCTBA?

A) KM1'104, Ml’l02, VzOs, KI, 6) PbOz, NH3, HNOQ, NaZS; B) NaZSO3,
HNOj,, KQCI'207, PH3

5 TlpuBecTu mpUMepsl COEAMHEHUH a30Ta, XJIOpa U Maprasua, Ko-
TOpbIE MOTYT NPOSIBISATH: TOJIBKO OKUCIUTENBbHBIE CBOMCTBA; TOJIBKO
BOCCTAaHOBHTENbHBIE CBOICTBA. HammcaTs Mx ¢hopmybl.

6 Ilonobpath K03(h(HUIMEHTH B YPaBHEHUSIX PEAKLMI AUCIPOIOP-
LUOHUPOBAHMUSL:

a) HNO, — HNO; + NO + H,0;

6) TiCl; — TiCl, + TiCly;

B) KOH + Cl, — KCIO + KCI;

r) KOH + Cl, — KCIO; + KCI;

1) K;MnO; — KMnO4+ MnO; + KOH,;

e) Se + KOH — K,SeO; + K,Se + H,0;

)K) H202 — H20 + 02.
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7 YKa3aTh OKUCIUTENIb U BOCCTAHOBUTENb U 1OJ00paTh K03 duru-

CHTbI B YpPaBHCHUAX peakunﬁ BHYTPUMOJICKYJISIDHOT'O OKHUCJIICHUA —
BOCCTaHOBJICHU S

a) NH4N02 — Nz + HzO,

0) KCIO; — KCl + Oy;

B) Au,03 —Au + Oy;

F) Pb(NO3)2 — PbO + NOZ + 02;

1) (NH4)>Cr;,07 — Cr,03 + N, + H,O.

8 ITonobpaTh K03(h(HUIMEHTH B YpaBHEHUSX, B KOTOPBIX OKHCIH-

TElb WJIA BOCCTAHOBHUTENb OJHOBPEMEHHO SBIICTCS PEAKIIMOHHOW
cpene:

a) Zn + H,SO4 (xon11.) — ZnSO4 + H,S + H,0;

6) Mg + HNO; — Mg(NOs), + NH,NO; + H,0;

B) CuS + HNO; — Cu (NO;), + SO, + NO + H,0;

r) KMnO, + HCI (xon11.) — Cl, + MnCl, + KCI + H,0;
1) K,Cr,O7 + HCI (xon1.) — Cl, + CrCl; + KCI + H,0.

9 yKaSaTL, OKHCJIUTCIIEM HUJIN BOCCTAHOBUTECIIEM SBJIAKOTCS ICPOK-

CHJIbl B IPUBEJICHHBIX HIKE CXeMaX peakiuil? 3aKOHUYMTh YPaBHEHUS U
nof06path k03¢ HUIUEHTHI:

a) CrCl; + H,O, + NaOH — Na,CrO4 + ... ;

6) KMIlO4 + H202 + HzSO4 — MIISO4 + ... N

B) Na202 +KI+stO4 «— Iz + ... N

r) Mo(NO;3); + Na,O, + NaOH — Na,MoO, + ... ;
)1) KzSzOg + MIISO4 + HzO — MIIOZ + HzSO4 + ...

10 3akOHYMUTH ypaBHEHUsI U TOAOOPATh KO (UIUEHTHI B PEAKIUSIX

BOCCTAHOBJICHUSI BEUICCTB OPraHNn4CCKNUMHU BOCCTAHOBUTCIISAMU

a) CuO + C;H,0H — C,HsCHO + H,O + ... ;

6) KMnO, + C,HsOH + H,SO, — CH;CHO + ... ;

B) KzCI’zO7 + (COOH)2 + HzSO4 — C02+ oo s

r) Ag,0 + CsHg(OH)sCHO — CsHg(OH)sCOOH + ... .

11 BeuncianTh 3KBHBAJIEHTHI OKMCIIUTEIS U BOCCTAHOBUTENSA B pe-

AKOUAX, MPOTCKAIOIIUX IO CXEMaM:

a) PbOz + NaNOz + HzSO4 — PbSO4 + NaNO3 + HzO,

0) Cr(OH); + Br, + NaOH — Na,CrO,4 + NaBr + H,0;

B) KzCI’zO7 + KZSO3 + HzSO4 — Crz(SO4)3 + KzSO4 + HzO,

T) (NHy)sV 10055 + KI + HCl — VOCIl, + I, + NH,Cl + KCI1 + H,0.

12 TIlogoOpaTe KO3()PUIMEHTH B CIEAYIOIIUX OKUCIUTEIBHO-

BOCCTAHOBUTECJIbHBIX PCAKIIUAX!
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a) ASQOj, + HNO3 + H20 — H3ASO4 + NO,

6) Fez(SO4)3 + ASH3 — As+ FeSO4 + HQSO4;

B) KIO3 + NaZSO3 + HQSO4 — Iz + NaZSO4 + KQSO4 + HZO,

F) KMnO4+Ca(N02)2+HZSO4 — CaSO4 + MI'I(NO3)2+KNO3+KQSO4 + HZO,
I[) A8203 + 12 + KOH — KI + K3ASO4 + HzO,

e) Crz(SO4)3 + 12 + KOH — KzCI'O4 + KBr + KzSO4 + HzO,

%) KCIO; + I, + H,O — HIO; + KCl;

3) Zn + HNO; — Zn(NO;), +NH,NO; + H,0;

I/I) Ag + HNO3 — N02 + AgNO3 + HZO,

k) Bi + HNO; — Bi(NO;); + NO + H,0;

J'I) Ca(OH)z + C12 —’C&(ClO)z + CaClz + HZO,

M) KQCI'207 + C2H4(OH)2 + HQSO4 — CI'Q(SO4)3 +(COOH)2+ KQSO4+ HZO,
H) Vsz, + KM1'104 + HCI — H6V10028 +S+ Ml’lc12 + KCI + H20

13 Cxonbpko rpamMMmoB Kpuctamindeckoro KMnQO4 cnemyer B3Th
quia npurotoByieHus 1 1 0,02H. pacTBOpa mepMaHraHata Kajiusl, IpeaHa-
3HAYEHHOTO0 ISl OKHCIHTEIbHO-BOCCTAHOBUTEIBHOTO THTPOBAHHS B
kucnoit cpene? Mon MnO,4 BoccTaHaBIMBAETCS MPH 3TOM 0 Mn® -nona.

Ortser: 0,63 1.

14 Ha tutpoBanue 20 mMJ1 pacTBOpa, Copep Kallero cynbdar xenesa
(II), momuto 16 ma 0,5 H. pacTBopa NmepMaHraHaTa Kajus. Berauciuts
HOPMaJIbHOCTh ¥ TUTP PacTBOpa Cyibdara xeiesa.

Otser: N=0,4n.; T = 0,0608 r/m.

15 3akoH4YMTH ypaBHEHHs U MON00PaTh KOIPPUIMEHTHI U1 OKHC-
JUTENFHO-BOCCTAHOBUTENIbHBIX PEaKIUii:

a) Zn + H,SOy4 (pa36.) =;

0) Zn + H,SO, (xoHIL.) = ;

B) Al + HNO; (pa36.) = ;

F) KM1'104 +7Zn++ HQSO4 =,

1) KMnOy4 + Zn + KOH = K;MnO4 + Kp[Zn(OH)4] + ... ;

e) CL+1,+H,0=;

x) HgO + H,0, =Hg + ... ;

3) Bisz, + HNO3 = BIQ(SO4)3 + ...

I/I) K2Cr207 + KN02 + HQSO4 =,

k) FeCl; + KCIO; + HCl = FeCl; + ... ;

J'I) H3ASO3 + H202 = H3ASO4 + ...

M) KCIO; + Tix(SOy4); + HHO =KCl + TiOSO4 + ... ;

H) Ca(ClO)z + H202 = CaClz + ... N

0) KNO; + Zn + KOH = NH; + K, [Zn(OH)4] + ... ;

m) BiCl; + SnCl, + NaOH = Bi + Na,[Sn(OH)s] + ... ;
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p) CI‘Q(SO4)3 + H202 + KOH = KQCI'O4 + ... N

¢) NiS + HNO; =Ni(NO;); + S+ ... ;

T) ReO, + O, + NaOH = Na;ReOs + ... ;

y) Co,O; + HCI (konm.) =Cl, + ... .

16 0,70 T >xese3HO# TPOBOJIOKH PACTBOPHIIA B CEPHON KUCIOTE Oe3
JocTyna Bo3ayxa (Bo m3bexxanue okucienus sxenesa (II) mo xemesa
(II1)) B xon6e BMecTumocThio 100 M. Ha TutpoBanue 15 mi momyveH-
HOro pacTBopa norpedosanocs 14,91 miu 0,1H. pacTBopa nmepMaHraHara
kanusi. CKOJIBKO *Kele3a COAEpKUTCs B IpoBoiioke (B %)?

OrTser: 99,15%.

Tema 7 JyieKTpoXuMHUYECKHE PeaKIMH

7.1 TanbBaHn4ueckue jieMeHThl. Boruancienune 3/1C
7. 2 DJIeKTPO/IU3 BOJAHBIX PACTBOPOB coJIei

7.1 T'aabBannveckue dj1eMeHThl. Borunciaenue 3/C

YcTpolicTBa, KOTOpbIe TPUMEHSIOT U1 HEMOCPEICTBEHHOT 0 Ipeod-
pPa30BaHHUsI SHEPTUH XUMHUYECKON PEAKIUU B BJIEKTPUUYECKYIO SHEPTHIO,
Ha3bIBAIOT raIbBAHUYECKUMU AJIEMEHTaMHU.

JeiicTBue M000r0 ralbBaHUYECKOT0 3JIEMEHTa OCHOBAHO Ha MPOTe-
KaHUM B HEM OKHCIIHMTEIbHO-BOCCTAHOBUTENBHOM peakunu. B mpocreil-
LIEM Clly4yae TajbBaHMYECKUIN 3JIEMEHT COCTOMT U3 JIBYX IIJIACTUH UM
CTEp>KHEHN, U3TOTOBJIEHHBIX U3 PAa3JIMYHBIX METAJIJIOB U MOTPYKEHHBIX B
pacTBOp EKTpoauTa. Takas cucreMa AenaacT BO3MOXKHBIM IIPOCTPAHCT-
BEHHOE pa3ZelCHUE OKUCIIUTEIbHO-BOCCTAHOBUTEIbHOM  PEaKLUU:
OKMCIIEHME IIPOTEKAET Ha OJHOM METAJUIE, & BOCCTAHOBJIEHUE — Ha JpY-
roM. Takum 00pa3oM, 3JIEKTPOHBI NMEPEAAIOTCS OT BOCCTAHOBUTENS K
OKMCIIUTEIIO 110 BHEIIHEH LIETIN.

DIeKTpos, Ha KOTOPOM IIPOTEKAET OKUCIICHUE, HA3bIBACTCA AHOOOM.
DIeKTpOos, Ha KOTOPOM MPOTEKAET BOCCTAHOBIECHUE — KAMOOOM.

IIpu cxemaTudeckoM H300paXKEHUU TaJIbBAHUYECKOTO 3JIEMEHTA
rpaHulla pas3liella MEXxIy METajuIoM M PacTBOPOM O3HAyaeTcsi BEPTH-
KaJIbHOM 4epTOM, IPaHULIa MEXAY PacTBOpaMHU 3JIEKTPOJIUTOB — JIBOM-
HOW BEpTUKAJIBbHOW ueproi. Hampumep, cxema raabBaHMYECKOrO 3JIe-
MEHTa, B OCHOBE pabOThl KOTOPOTO JIEXKUT PEAKIIUSL:

Zn+ 2AgNO;s; =Zn(NOs), + 2Ag,
u3o0paxaercsa CleIyIoIMUM 00pa3oM:

Zn | Zn(NOs), || AgNO; | Ag.
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MaxkcuManbHOE HANpsHKCHUE TajJbBAHUYECKOrO 3JIEMEHTa, OTBe-
qamlee 00paTHMOMY MPOTEKAHWIO MPOMCXOMAIICH B HEM PEaKIIWH,
HasbIBaeTcsa 21ekmpoosudxcywetl curon E (3.0.c.). D.A.c. TambBaHUYe-
CKOTO JJIEMEHTA PaBHA Pa3HOCTH AJIEKTPOIHBIX TOTECHIMAJIOB (), OTBE-
YAFOIMX MOIYPEaKIUSIM, TPOTEKAIONINM Ha JIEKTPOIax.

[Ipu BBIYUCICHUU DIIEKTPOABIIKYIIEH CHIIBI MEHBINHI (B anredpau-
YECKOM CMBICIIC) SJICKTPOIHBII MOTEHIIUAN BRIYUTACTCS U3 OOJBIIETO.

3aBUCHUMOCTh DJICKTPOJHOTO MOTCHIMANA OT KOHIICHTpAI[UH Be-
IIECTB, YYACTBYIOUIMX B AJIEKTPOIHBIX IpoOIEccaX, U OT TeMIeparypy
BEIpaXkaeTcs ypasnenuem Hepnema:
2,3RT 1 [Ox] i

zF g[Re d]

TJie (9 — CTAHJAPTHBIN 3JICKTPOIHBIN MOTEHIMAT;, R — yHUBepcalib-
Has ra3oBas moctosiHHas; T — abcomoTHas Temneparypa; F — mocrosH-
Has Dapazes (96500 Ki/Moi1b); Z — 4HCIIO 3JIEKTPOHOB, YYACTBYIOIIUX B
anektpoaHoM npouecce; [Ox] u [Red] — koHUeHTpalMK BEIIECTB, MPH-
HUMAIOIIMX YYaCTHE B COOTBETCTBYIOUICH MONYPEAKIMH B OKUCICHHON
Y BOCCTAHOBJICHHOHM (opMax.

p=0,+

7.2 DJ1eKTPOJIN3 BOJAHBIX PACTBOPOB CoJIeil

DIEeKTPONN30M HA3bIBAIOT OKUCIUTEIbHO-BOCCTAHOBUTEIILHBII MPO-
L[eCC Pa3IOoKEHHs BEIIECTBa 3JICKTpUUecKUM TokoM. Ha katone, mon-
KJIIIOUEHHOM K OTPHULIATEIbHOMY MOJIOCY, IPOUCXOJUT IPOLECcC BOCCTa-
HOBJICHUS, @ Ha QHOZIE — OKUCIICHUS. DJEKTPOIU3Y MOJBEPratoOTCsl TOIb-
KO 3J1eKTpOoNUThl. UTOOB! 00eceunTh MOHAM TOABUKHOCTD, 3JIEKTPOIUT
MEPEeBOIST B PaCTBOP MIIH PACILIAB.

Kpome kaTHOHa M aHHMOHA 3NEKTPOIUTA B BOAHBIX PACTBOPaxX B
JJIEKTPOJHBIX MPOLECCAX YYACTBYIOT MOHBI H' u OH". U3 HeCKoIbKHX
BO3MO>KHBIX TapaUIeNbHBIX 3JEKTPOIHBIX IPOIECCOB MPeodnIagaeT ToT,
KOTOPBIN TpeOyeT MEHBIIIEH 3aTpaThl SHEPTHH, a 3TO 3aBUCUT OT 3Haue-
HUM 3JEKTPOJHBIX IMOTEHIUANOB COOTBETCTBYIOIIUX 3JIEKTPOXUMHUYE-
CKUX peakIui MpH AaHHBIX ycIoBUsX. [loaToMy mpH anekTponuse pac-
tBopa NaCl Ha katone GymyT BoccTaHaBmuBaThcst Houbl H ', a He Na',
tak Kak Eay i =- 0,41 B, a Exy /na = - 2,71 B.

KonnuecTBeHHast XapaKTEpPUCTUKA IMPOIECCOB HIICKTPOIM3a JaHa
dapajieeM B CICAYIOIUX 3aKOHAX:

1. Macca o0pasyromuxcs MpH JIEKTPONIH3€E BEIIECTB MPOHOPLUO-
HaJbHA KOJIMYECTBY IEKTPUUECTBA, MPOIICAIIETO YePe3 NEKTPOIU3Eep.
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2. PaBHBIE KONMYECTBA JJIEKTPUUYECTBA BBI3BIBAIOT MPEBPAILLECHUS
MIPU 3JEKTPOJIN3E HKBUBAJIEHTHBIX KOJIWYECTB PA3TUYHBIX XMMHUYECKHUX
COCIUHCHHI.

g pacyeToB monb3yroTcs GopMyIIoi:

m=Z7Z/1t/F,

IJIe M — Macca BEIISCTBA; Z, - XUMHUUYCCKHUI SKBUBAJICHT BEIICCTBA;
I — cuna Toka; T — MPOAOIHKUTEIBLHOCTD IEKTPOIH3A.

Paoora 1 CocraBienune rajibBaHHYeCKHX DJI€MEHTOB

a) cocmaenenue MeOHO-YUHKOB020 INEMEHNA

BoinosiHenne padorel OUH U3 MUKPOCTAaKaHUMKOB 1 (pUCYHOK 5)
3allOJIHUTh J0BepXy 1M pacTBOpoM cyiabdaTa IIMHKA (TOUHEE PacTBO-
pOM, B KOTOPOM aKTUBHOCTb HOHOB METaJIIa PaBHA €IUHUIIE), APYToif
— IM pactBopoM cynbtaTta Meau. Oba cTakaH4IMKa OCTaBUTh B yIiIyO-
neHus noactaBku 2. COEAMHUTH CTAKAHYMKU BJIEKTPOJIUTHBIM MOCTH-
KOM 3, 3alIOJTHEHHBIM HACBHIIIEHHBIM PACTBOPOM XJIOPUJA KaJIHsl B CMECH
¢ arap-arapoM. OmyCTUTb B pacTBOP CyJb(haTa I[UHKA Y3KYIO IIHHKOBYIO
IUIACTUHKY, @ B PacTBOp Cylb(ara Meau — MeqHyl0. COeIMHUTD JJIeK-
TPUYECKUM IPOBOAOM OIYLICHHBIE MIACTUHKU C TaJbBaHOMETPOM 4.
HaOntonaTe OTKIOHEHHME CTPENKU TalbBaHOMETPA, YKa3bIBaIOIEe Ha
BOSHHKHOBEHME OJIEKTPHYECKOrO TOKA BCNE/CTBHE PasHBIX 3HaUEHMI
DIEKTPOHBIX HOTGHHI/IE}IJ'IOB WMHKA Q70 /70 MEIH Qcy” / cu.

1 — MHKpOCTaKaHUUKH;

2 — MOJICTaBKa;

3 — 3JIeKTPUYECKHIH MOCTHK;
4 — ranbBaHOMETP.

Pucynok 5 — I'anbBaHn4€CKUil 351€eMEHT

3anuch AaHHBIX ONbITa 1300pa3uTh ABOMHON 3NEKTpHUECKUN
CJIOHM Ha IpaHMIIE pa3/ieNa METaJll — PacTBOP €ro CONM Ha IIMHKOBOM U
MEJIHOM 3JIEKTpoAax. UeM OHU OTJIMYAIOTCS KA4eCTBEHHO?

Hanucate ypaBHEHUS XMMHUYECKMX pEaKLMH, MPOTEKAalOIIMX Ha
JJIEKTPOAAX TaJIbBAHUYECKOrO JIEMEHTA, U CyMMapHOE YpaBHEHUE XU-
MUYECKOH PEaKlMH, B pe3yJbTaTe KOTOPOU BO3HHUKAET JJIEKTPUUECKUN
TOK B JJaHHOM JJIEMEHTE. B KakoM HampaBIeHUU IEPEMELIAIOTCS K-
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TPOHBI BO BHEIHEW Ienu? Beimucate U3 TaONUIBI CHPABOYHUKA YHC-
JIOBBIC 3HAUCHHS CTAHIAPTHBIX 3JCKTPOAHBIX IMOTCHIMAIOB MEIH U
[UHKA ¥ BBIYHCIIUTH 9.]1.C. MEIHO-I[MHKOBOTO dJieMeHTa. Kakue HoHbI 1
B KaKOM HallpaBJIEHUH NTepeMeIaroTcs B pacTBope?

6) cocmaejienue KOHUeHmpauuoHHo2o 2A1b6AHUYECKO20
Jjemenma

Beimosinenue padorsl HamonuuTs crakanunku 1 (pucyHoK 5) pac-
TBOpaMU cyJib(haTa IIMHKA Pa3HON KOHIIEHTPAIlMK: TIEPBbIi CTaKaHYMK —
1 M ZnSO,, Bropoit — 0,01 M ZnSO,4. CoeIWHUTh CTaKaHYUKH DIICK-
TPOJIMTHBIM MOCTUKOM 3. OMYyCTUTh B KaXKIbli CTaKaHYMK I[UHKOBBIC
MOJIOCKH M COEMHUTH WX TPOBOOM C rajibBaHOMETPOM. OTKIOHSETCS
JIU CTpeJiKa rajbBaHoMeTpa?

3anuch JaHHBIX onbITa [lonb3ysich TabnuIel cTaHAAPTHBIX DJIEK-
TPOAHBIX TIOTEHIIMAJIOB U ypaBHEHUEM HepHcTa, BEIYMCIUTE () KaXKI0T0
anekTpoaa. HamucaTe ypaBHEHUS XMMHUYECKHX MPOLIECCOB, MPOTEKat0-
OIMX Ha DJIEKTpoAax. B kakoMm HampaBiieHMM OyAyT MepeMenaTbes
9JIEKTPOHBI BO BHEIIHEH 1enu? BeuucauTh 3.4.C. KOHIEHTPAIMOHHOTO
raJIbBaHUYE€CKOr0 PIIEMEHTA.

PaGora 2 OnpeaesieHne 31eKTPOAHBIX NOTEHIUAIOB METAJIOB

W3MepuTh HEMOCPEACTBEHHO MOTECHIMAN OTASIBHOrO DICKTPOIA
Henb3st. [IpUBOAMMEBIC B CIIPABOYHHMKAX 3HAYCHHS DIICKTPOIHBIX IIO-
TEHIIUAJIOB SIBJIIOTCS OTHOCUTENbHBIMH. OHHM M3MEPEHBI OTHOCHTEIILHO
CTAaHJAPTHOrO BOJOPOAHOrO 3JIEKTPOAA, MOTEHIIHAT KOTOPOTO YCIOBHO
TpUHAT paBHBIM HYMO (01 12 = 0). B npakTtuueckoii paGote ynobHee
MOJIb30BAThCSL  JIPYTHMHU  CTAHIAPTHBIMHM  DJIEKTPOJAMU  CPABHEHHS,
HUMEIOIIMMU TIOCTOSIHHOE 3HAYCHHE 3JIEKTPOJHOrO MOTEHIMANA 110 OT-
HOIICHHIO K CTaHIapTHOMY BOJOPOAHOMY djekTpoay. Yarie apyrux
MIPUMEHSIFOTCSL  XJIOPCEPEOPSHBIM U KaJOMENbHBIM 3JICKTPOIBI, DJIEK-
TPOJHBIE TMOTEHIMANbl KOTOPBIX B BOJOPOAHOW IIKajge pPaBHbIL:

¢3gCI/Ag =+0,222B, (Dggz

na 1 1. pactBopom KCl1.

JInst u3MepeHust 3.71.C. TajlbBAaHMYECKOTO JIEMEHTA, COCTaBJICHHOTO
W3 2JIEKTPOJA CPaBHEHHMS M MCCIIENyeMOro 3JeKTpoaa, YA00HO MoiIb30-
BaThCS MOTCHIIMOMETPAMH JTFOO0T0 THITA, UMEIOIIIMMHE JIBE IIKAJIbI H3ME-
peHuii: onHy — B equHunaxX pH, BTOPyIo — B MAJUTHBOJIBTAX.

ey 1g = 10,268 B TIPH 3aMOTHEHHIA IEKTPO-
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Beimosnenue pa6orsl Onpenenutb CTaHIAPTHBIE DIIEKTPOAHBIC
MOTEHIINAJIBI METU (POCu2+/Cu Y IUHKa (pOZn2+/Zn UCTIONB3YsSI XJIopcepedpsi-
HBII 3JIEKTPOJI.

Jiist onpeneneHust 31eKTPOAHOr0 MOTeHInala Meu coopaTh ralb-
BaHWYECKHIA DIIEMEHT, aHAJIOTMYHO W300paKEHHOMY Ha PUCYHKe, CHa0-
JIUB KaKJbI CTAKAHYMK KPBIIIKON C IBYMS OTBEPCTUSIMH.

PaGora 3 Ji1eKTpos1u3 BOJAHBIX paCTBOPOB

[pubopsr U peakTunbl [IpuOop aIs 31MeKTponu3a, rpadUTOBbIC
CTepKHH, OaTapes KapMaHHOTO AJIEKTPUYECKOro (hoHaps, MemHas Mpo-
BOJIOKA, JJICKTPHUYECCKUN TpHBOA, GeHondTanenH. PacTBopsl: ximopuaa
onosa (II) (0,5 H.); noguna kanus (0,1 H.); cynbdaTa Hatpusa (0,5 H.);
cynbdpata tutaHa (IV) (0,5H.); HEWTpaJnbHOTO JIaKMyca, Kpaxmaina,
cynbdata nHukens (II) (0,5 H.); Tnocynsdata Harpus (0,5H.); cynbdata
memu (1) (0,5 1.).

OnbiT 1 DJIeKTPoH3 BOAHBIX PACTBOPOB € WHEPTHBIMH
3J1eKTpoAaMu

OmnmcaHHbIe HW)KE OMBITHI IPOBOASAT B MPUOOpE, MPEICTaBICHHOM
Ha pHUCYHKe 0.

1 — U-obpa3nas TpyOKa;
2 — BIEKTPOJIBL;

3 — mrTaTus;

4 — Garapeiika.

Pucynox 6 — ITpubop st anekTponisa

DnekTtponusepom siBisierca U-o0pa3Has TpyOka 1; ee 3aKperuisioT B
mTatuBe 3. DIeKTponbl 2 MPeACTaBIsalOT co00i rpaduT, BEIHYTHIN U3
Kapauzama (TpadUTOBBIC 3JIEKTPOJIBI), HIIH MPOBOJIOYKUA U3 COOTBETCT-
BYIOIIIUX METAJJIOB, (METAIUTMYECKUE DIICKTPO/IbI), BCTABICHHBIC B Kay-
9yKOBbIe MPOOOUKU. [IpOOKH B AJIEKTPOIH3Ep BCTABISIOTCS HEIIOTHO.
HcTOuHMKOM TOKa CIYXKHT OaTapeiika 4 KapMaHHOTO 3JIEKTPUYCCKOTO
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¢douapsi. Bo Bcex ombiTax 3JIEKTPOIM3Ep 3AMONHIIOT IEKTPOIUTOM Ha
Y5 ero oobema. DIEeKTPOoIbI Mepe]] KaXkKIbIM OIBITOM TIIATEIbHO MPOMBI-
BaIOT JUCTUJLIMPOBAHHOMN BOOM.

a) anekmponu3s, pacmeopa xnopuoa onaosa (1)

BroinostHenne padoThl 3aroiHUTE 3JIEKTPOIN3Ep PACTBOPOM XJIO-
puaa onosa (II). B 06a koneHa snexTponusepa ONyCTUTh TpadUTOBbIC
SIIEKTPOJIBl U COCAMHHUTB, MX MEJHBIMH IPOBOJIOKAMH C DJIEKTPHYECKOM
Oarapeiikoil. Habmonate Ha kaTo/e MosiBICHUE OJIECTAMNUX KPUCTAIIIU-
KOB MeTayindeckoro onopa. OKHCIEHHE WM BOCCTaHOBJIEHHE O0JI0Ba
npoucxoauT Ha karoxe? HamumcaTh ypaBHEHHE KaTOZHOTO Hpoliecca.
JlokaszaTh 00pa3oBaHKMe CBOOOJHOrO XJIOpa Ha aHOJE, JUIS 4ero 4Yepes
4 — 5 MHH TIPOITyCKaHHs 3JIEKTPHYECKOTO TOKa BBIHYTh aHOJ M3 DJIEK-
Tpoiu3epa, NprOaBUTh B aHOIHOE MPOCTPAHCTBO 10 3 — 4 KaruM pac-
TBOPOB MOJMIA Kalus M KpaxMalla W HaOoJaTh, MOSBICHHE CHHETO
okpamrBaHus. HamicaTs ypaBHEHHE aHOJHOTO ITpolecca.

0) In1eKmpou3 pacmeopa uoouoa Kaaius

Broimostnenne padorsl B koHMUECKyt0 POOUPKY MaJIUTh HA 74 ee
o0beMa pacTBOp HOAMA KaJlus U 100aBUTh 110 5 — 6 kanenb GeHonadra-
JlenHa M Kpaxmana. PacTBop mepeMemiaTb M BBUIMTH B JJIEKTPOIU3ED.
OnycTuTh B HEro rpadUTOBBIE AIIEKTPOIbI U NMPUCOSIUHUTD MX K OaTa-
peiike.

OTMeTHTh U3MEHEHHE IBeTa PacTBOpPa OKOJIO Karozja W aHona. Ha-
MUcaTh ypaBHEHUs KaTOAHOTO U aHOJHOTro HporeccoB. [louemy okpacu-
JIUCh PacTBOPHI B KaTOJHOM W aHOJHOM HpocTpaHcTBax? OKwuciieHne
WJIM BOCCTAHOBJICHHE HO/a TIPOM30IILTO Ha aHo/e?

IMpumeuanue. [To okOHYaHMM OMBITA aHOA MPOMBITH CHayalla THO-
cynb(haTroM HaTpus Ui Oojiee MOJHOTO yAaleHHs C HEero Moja, 3aTeM
JUCTUIITMPOBAHHOM BOJIOM.

8) 2J1IeKmMPOIU3 pacmeopa cyibghama Hampus

BuinmosiHenne padoThbl B koHHUECKOH TPOOUpPKE cMeIaTh MPHOIH-
3UTENBHO %2 00beMa MpoOUpKU pacTBopa cyibdara HaTpus ¢ 4 oObeMa
NpoOMPKH HEUTPAILHOTO pPacTBOpa JaKMyca U BBUINTH IONTYYCHHBIH
pacTBop B snekrpoinsep. [IpomycTuth 4epe3 pacTBOp 3JIEKTPHUYECKHUIt
TOK U OTMETHTh U3MCHEHUE OKPACKU B 000X KOJICHAX DJICKTPOIH3EpA.

Hanmwmcath ypaBHEHHsI KaTOAHOI'O M AHOIHOTO IIPOIECCOB, IPO-
TEKaIOUIMX IPH dJIeKTpoim3e cynbdara Hatpus. Kakue BerecTBa Bbize-
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JISIFOTCSL Ha KaTojie U Ha aHofe? OObACHUTh U3MEHEHUE OKPACKH JIaKMY-
ca B KaTOJHOM U aHOJHOM IIPOCTPAHCTBAX.

2) anexmponus pacmeopa cynvhama mumana (IV)

BobinoJsiHeHne padoThl 3ar0OIHUTE IEKTPOIU3EP PACTBOPOM CYIIb-
¢aTa TutaHa (IV) 1 NOAKIIOYUTE €TO K AIIEKTPUUECKOl OaTapelike, IpH-
MeHsIs rpaduToBble AekTpoasl. HaOmonaTh B OAHOM KOJIEHE 3JEKTPO-
nu3epa MOsBIEHHE (HONETOBOH OKPAacCKH pacTBOpa, 00YCIOBIECHHOM
obGpazosanmeM HoHoB Tutana Ti' .

Ha KakoM dieKTpoie mpomsounio obpasosanne Ti° ? Hammcats
ypaBHEHHUE PEaKIH HIEKTPOBOCCTAHOBJICHHS TUTAHA.

OneIT 2 DJeKTPoJIM3 BOJHBIX PACTBOPOB € PACTBOPHUMBIMU
aHoJaMu

Boinosinenne padorel Hamute B anextponusep 0,5 H. pacTBOp
cynbpara MeAM, ONYCTUTh B HEro TpadUTOBbIE AIIEKTPOABI W IIPO-
MyCTUTh YEPE3 PacTBOp BJIEKTPUUECKUI TOK. Uepe3 HECKOIbKO MUHYT
MPEKPATUTh DJIEKTPOJIU3 U OTMETUTh Ha KAaTO/AE KPacHBIA HAJET MEIH.
Hamnuncats ypaBHEHHs] KaTOIHOTO M aHOAHOrO MpoueccoB. Kakoi ras B
HeOOJIbIINX KOTMYECTBAX BhIAEISETCS Ha aHOE?

He otkmiouast snexrponuszep oT OaTapelku, MOMEHATh MECTaMH
JJIEKTPOABI B KOJIEHAX JIEKTPOIU3EPA, BCIEACTBUE YErO IIEKTPOJ, I10-
KpBIBILIMICS BHayalle MeJblo, OKaxkercss aHogoM. CHOBa MPOIMYCTUTh
aNeKTpuuecKuit Tok. UTo mpoucxomuT ¢ Meapto, Ha aHozae? Kakoe Be-
IecTBO BbIAETseTcd Ha katoge? HamucaTh ypaBHEHHS! KaTOIHOTO U
aHO/HOTO MPOIECCOB, MPOTEKAIOLINX MPU IEKTPONIN3E CyabhaTa MeIu
C MEZHBIM aHOJIOM.

IIpoBectn anamoruuuslil onelT ¢ 0,5 H. pacTBOpOM cyibdaTa HU-
kens (II). Yro Beinensercs Ha katoae? HamucaTh ypaBHEHHE KaTOHOTO
BOCCTaHOBJIEHUs HUKelsd. Kakoe BelecTBO OKMCISETCA Ha aHOAE IpU
UIEKTpoaM3e Cynb(ara HUKENIS C yroibHbIM aHoAoM? C HHUKEIEBBIM
aHogoM?  Hamumcate  ypaBHEHUS  COOTBETCTBYIOIIMX  aHOAHBIX
Lpoweccccos.

KOHTpOJIbHLIe BOIIPOCHI U 3a1a49u

1 HamucaTh MOJEKyJIIpHbIE 1 MOHHBIE YPABHEHUS BOSMOKHBIX pe-
aKIil BHITECHEHHUS METAJUIOB U3 MX COJEH JPYrHM METalIoM B yKas3aTh
CTpeNKaMH Mepexoj] 1eKTPOHOB:

a) Zn(NO3), +Pb;  n) Pb(NOs), + Ag;
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0) AICI; + Mg; e) H,SO4 (paz6.) + Ni;

B) AgNO; + Cu; x) HCI (pa36.) + Cu;

r) FeSO, + Zn ; 3) Na,SO, + Al

2 XWMUYECKHA YUCTBHIA IHMHK TOYTH HE pearupyer XJIOPOBOIOPO/I-
HOIi kucnoToi. Ilpu mo6aBneHNH K yKa3aHHBIM BEIIECTBAM COJIM HUKEINS
MPOMCXOIUT DHEPruyHOe BbIJAENEHHE Boxopona. OOBACHUTH OTH
SIBJICHHSL.

3 CocTaBUThH CXEMBI FaIbBAHUYCCKUX DJIEMEHTOB JIJISl OMPEICICHUS
CTAHAPTHBIX OJIEKTPOMHBIX IIOTCHIMANOB 9IekTponoB NiZ/Ni u
Cu”"/Cu B mape ¢ HOPMAJILHEIM BOIOPOJIHBIM JIEKTPOIOM. YKa3aTh Tie-
PEXO0J1 AIIEKTPOHOB BO BHEIIHEH ICIIH.

4 CoCTaBHUThH CXEMBI JIBYX raJIbBAHHYECKHUX DJIEMEHTOB, B OJIHOM U3
KOTOPBIX HHKENh SBIISCTCS KATOAOM, B IIpyroM — aHomoM. Hamucath
YpaBHEHUS TPOIECCOB, MPOTEKAIONIMX HA HHUKEJIECBBIX SJIEKTPOJAX BO
BpeMsi pabOThI JJIIEMEHTOB B IIEPBOM U BO BTOPOM CITy4asX.

5 JlaTb cxeMmy TraJIbBaHU4YECKOTO DJIEMEHTA, COCTAaBJIEHHOTO U3 KO-
0anbTOBOM W >KEJIE3HOH IMJIACTHHOK, OMYyIIEHHBIX B 1 M pacTBOpBl HX
Ccynb(pUTOB. YKa3aTh HANPABICHUE ABMXKEHHS DJIEKTPOHOB B CETH U HO-
HOB B pacTBope. HamucaTh ypaBHEHHS] KATOIHOTO M aHOAHOTO TpoIlec-
COB BO BpeMs pabOTHI AJIEMEHTA U BBIYUCIUTH 3. JI. C. DJIEMEHTA.

Ortser: 1,94 B.

6 BorauciuTh 3.7.C. MEIHO-IIMHKOBOTO TaJbBAHUYIECKOTO DIIEMEHTA,
paboTaroiiero mpu KOHLEHTpanusax sJekTponuToB: 1,5 M CuSO4 u
0,01 M ZnSO,.

Ortser: 1,163 B.

7 BBIYMCINTP 3.1.C. KOHUEHTPALMOHHOTO TaJIbBAHUYECKOIO 3Jie-
MEHTa, COCTABJICHHOTO U3 JIBYX MEIHBIX JJICKTPOJIOB, OUH M3 KOTOPHIX
omyiueH B 0,001 M pactBop CuSOs, apyroii — B 1 M pactBop CuSOs.

Ortser: 0,087 B.

8 N3 xakux MOIYdJIEMEHTOB CIEIyeT COCTABUThH TabBAaHHMYECKUIN
3JIEMEHT, 4TOOBI €ro 3./1.C. OblJIa MaKCUMaIbHOU: 1) Ca’ /Cau Au3+/Au;
2) Zn® /Zn u Fe*'/Fe; 3) Ni*/Ni u Pb’"/Pb; 4) Mg* /Mg n Cd**/Cd;
5) Fe*"/Fe u Ni* /Ni?

9 U3 kakux MOIY’JIEMEHTOB CIICAYET COCTABUTH T'aJbBaHHUYCCKHIA
3JIEMEHT C IEITBIO MOMYISHUST MAKCUMAITBHOM 3.11.C.:

1) Cu*"/Cu u Pb*"/Pb; 2) Cr’*/Cr u Fe’*/Fe; 3) Pb>"/Pb u Cr’'/Cr;
4) Cr’/Cr u Cu*"/Cu; 5) Pb*"/Pb u Fe*"/Fe?
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10 B xakoM ciryyae KOppO3us >kelie3a IPU MOBPEXKICHUN MOKPITUS
OyzeT MpOUCXOAUTH OBICTpEE:

a) B cIy4ae JIy)KEHOTr 0 JKeJle3a WK OLIMHKOBaHHOT0?

0) XpOMHUPOBAaHHOT'O WJIN HUKEIUPOBAHHOTO?

OTBET MOTUBHUPOBATb.

11 CocraBuThb ypaBHEHHUS MOIYPEaKIUid B OKUCIUTEIHHO-
BOCCTaHOBUTEINILHOM CUCTEME:

KIO3 + FeSO4 + HQSO4 — 12 + Fez(SO4)3 + KQSO4 + H20

VYka3aTh, B KAKOM HaIlpaBlIeHUM OyJeT MpoTeKaTh MPOIecC, U BBI-
YUCIUTH 3.].C. OKHCIMTEIBbHO-BOCCTAHOBUTEIHHOTO TaJIbBAHMUECKOTO
3JIEMEHTa, PabOTAIOLIET0 HA OCHOBE JAHHOM PeakIuHy.

Ortser: 0,42 B.

12 B npsiMmoM uiH B 00paTHOM HaImpaBiICHUU OyAyT MPOTEKATh IPH
CTaHIAPTHBIX YCIOBUSX IPHUBEJICHHBIE HUXE OKHUCIUTEIHLHO-BOCCTA-
HOBUTEIIBHBIE PEAKIUH WK CHCTeMa OyJeT HaXOAUThCA B paBHOBECHU?

a) KMIIO4 + BI'Z + HzSO4 — MIISO4+ KBI'O_“, + HZO,

0) KBrO; + KAsO, + KOH — K;As0,4 + KBr + H,0;

B) KIO3 + HzO + SOZ — 12 + HQSO4 + KQSO4;

F) Nal + NaZSO4 + H20 — 12 + NaZSO3 + NaOH,

I[) MIISO4 + Pb02 + HNO3 — HMI’IO4 + PbSO4 + Pb(NO3)2 + HZO,

e) KQCI'207+ NaCl+ HQSO4 — CI'Q(SO4)3 + C12 + NaZSO4 + KQSO4 + H20

13 Kakoii 3 oxucnureneit — KMnO,, K,Cr,O7 umu I, (mepsble aBa
B KuCIoi cpejie) — 6yznet okucisate Cl uoHsr?

14 Kaxoii u3 nonoB rayorenoB (I7) — F, CI', Br', I - Moxer ObITh
+ + | - 2+
okucien nonom Fe'* o cxeme: Fe¥'+T™ — Fe? + I,?

15 Haiit cpemu HMKETIPUBEACHHBIX OKHUCIUTEIHHO-BOCCTAHOBH-
TENFHBIX MAaP BOCCTAHOBHUTENb, CIIOCOOHBIH BOCCTAHOBHUTH xkene3o (111)
1o xenesa (II):

a) 105 /I; 6) PbO,/ Pb*"; B) Co®/ Co*"; 1) Bry/ 2Br; 1) I/ 2I'

16 HammcaTh ypaBHEHHs pEaKIUil KATOAHOTO M aHOAHOTO IMPOIle-
COB, MPOTEKAIOUIUX MPH 3JCKTPONIU3E BOIHBIX PACTBOPOB YKA3aHHBIX
HUKE BELIECTB ¢ TPa(QUTOBBIMU IIICKTPOIAMHU:

a) xJopuza HUKeNs; 0) HUTpaTa KalblMs; B) TUAPOKCHIIA HATPHUS,
r) cynbdata xenesa (II); 1) cepHO KUCIOTHI; €) HUTpaTa cepedpa.

17 Kakue nponyKTel OyAyT BBIIEIATHCS HAa KATOAE M aHOMAE B Iep-
BYIO OYepelb MPH DIIEKTPOIM3E BOIHBIX PACTBOPOB IPH YrONBHBIX
AJIEKTPOJIAX, €CIIH B JEKTPOJIU3EPE HAXOIMUTCS CMECh CICHYIONIUX CO-
neii: a) CuSO,4 u KC1; 6) NiSO,4 u NaCl; B) FeCl; u Na,SOy; 1) SnCl, u KI?

68



18 Hamucath ypaBHEHUS peaklHi, MPOTEKAIOIIUX Ha JJIEKTpoJaax
TIPU DJIEKTPONIN3E PacTBOpa: a) cyib(aTa HUKENs C HUKEJIEBBIMH JJIEK-
Tpoaamu; 6) HUTpaTa cepedpu ¢ cepeOPSIHBIMH BIIEKTPOIaMU; B) XJIOpPH-
Jla MeJI C MEJTHBIMH JJIEKTPOJIaMH.

19 Tok MpOoXOAUT TOCIIEA0BATENLHO Yepe3 pacTBOPHI cyiibdara Me-
mu 1 xiopuaa onosa (II). 3a HEKOTOPBIA MPOMEKYTOK BPEMEHH B TIEp-
BOM pacTBope BeLienmiock 3,176 r. Menu. Onpenenuts mMaccy BbLae-
JIMBIIETOCS OJIOBA M TEOPETHYECKHH 00BEM 00pa3oBaBILEroCs XJopa
MIPY HOPMAJIBHBIX YCIIOBHSIX.

Otsert: 5,93r onosa; 1,121 xs0pa.

20 Tok cuioii B 1,5 A mpoXoAuT MOCTEN0BATENHHO YePE3 PaCTBOPEI
cynbara xenes3a (II) u xaopuna xenesa (III) B reuenune 1 4. Onpene-
JIUTh MACCY K€JIe3a, BBIICIUBIIETOCS B KaXK/I0i1 BaHHE.

Ortser: 1,56r u 1,04r.

21 Ipu npoxoxAEHUU TOKA CHIION 5 A depe3 pacTBOP ANEKTPOIUTA
3a 2 4 2 MuH 2 ¢ Belienuiock 12,4 r metamia. OnpeaenuTs ero S5KBUBa-

JICHTHYIO MacCy M JIEKTPOXUMHUYCCKUN IKBUBAJICHT.
OrTser: 32,7 1; 0,00034 1.

22 B TeueHHe KaKOro BpeMEHU CIIeyeT MPOMYyCKaTh Yepe3 pacTBOp
AJIEKTPOJIUTA DIEKTPUUECKUI TOK CHIION 5 A, 4TOOBI BBIICIUTD XUMHYE-
CKHUIl SKBUBAJICHT T000r0 Meramna? DICKTPOXUMUYECKUI SKBUBAJICHT
moboro metana?

Otser: 5 u 22 muH; 0,2 c.

23 Ilpoxoas depe3 pacTBOp 3JIEKTponuTa, Tok cuioi 0,5 A 3a 1 u
Beiensier 0,60 T Meramna. OnpenenuTb 3NEeKTPOXUMUYECKUI 3KBUBa-
JICHT ¥ SKBUBAJICHTHYIO MECCY 3TOr0 MeTaJlIa.

OrTsert: 0,00031 1; 29,43 1.

24 TIpoxops uepe3 pacTBOP IEKTPONUTA, TOK CUJIOi 2 A 3a 44 MuH
BbIAETSS 2,3 T Metayia. OnpeaenuTh SKBUBAJICHTHYIO MacCy U JJIeK-
TPOXMMHUYECKUH SKBHUBAJIEHT ATOr0 METaIlIA.

Ortger: 56,6 r; 0,0006 .

25 BBIUUCIUTH IEKTPOXUMUYECKHH 3KBUBAIEHT jKejle3a B Clle-
JYIOIIUX COEIUHEHUSIX:

a) FGSO4; 6) Fez(SO4)3.

Ortger: a) 0,0003 r; 6) 0,0002 r.
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Tema 8 KoMmieKkcHbIe cOeIUHECHHS

8.1 CTpoenne KOMILJIEKCHBIX COeTHHEHUI
8.2 YcToiiunBOCTh KOMIIEKCHBIX COEIMHEHMIT
8.3 HomeHK1aTypa KOMIIEKCHBIX COeIUHEHHU

8.1 CTpoenne KOMIJIEKCHBIX COeTMHEHUI

CtpoeHHe KOMIUIEKCHBIX MM, KaK WX Ha3bIBAIOT B MOCIIEIHEE BpE-
Ms, KOODIMHAIMOHHBIX COCAMHCHHUN OOBICHSIET KOOPAWHAIIMOHHAS
Teopust. OCHOBY 9TOH TEOPHH COCTABIISIOT CIEAYIOIIUE TTONOKEHH: 1)
LEHTPaJIbHOE MECTO B KOMIUIEKCHOM COEIMHEHHH 3aHUMAaET KOMMNJIeK-
coobpaszosamens — OOBIYHO TIOJIOXKUTEINBHO 3apsDKSHHBIN MOH (dale
BCEr0 METaJll); 2) BOKPYI KOMIUIEKCOOOPa30BaTeNsl pacioioxKeHbl WK
KOOPAMHUPOBAHBI Jueanobl (CTapoe Ha3BaHWE aJUICHIbl), T.€. HOHBI
MPOTUBOIOJIOKHOTO 3HAKA WM HEUTpPAIbHBIE MOJICKYJIBI; 3) KOMILICK-
coobpa3oBaTenb U JUTaHAbl 00pa3yIOT 6HYMPEHHION Cqhepy KOMILIEKC-
HOT'O COCIMHEHHUS; 4) HOHBI, HE BOIIEAIINE BO BHYTPEHHIOW cdepy, co-
CTaBJISAIOT 8HEWIHIOIO chepy KOMILIEKCHOTO coepnHenus. CornacHo o0-
HICTIPUHATEIM 0003HAYCHUSAM BHYTpeHHssI chepa mpu Hamucanuu Ghop-
MYJIBl OTHENSCTCS OT BHEIIHEH KBaJIpaTHBIMU CKoOkamu. Tak, KoM-
mekcHoe coenuHeHne Fe(CN); - 3KCN moxeT ObITh H300pakeHo:

K [ on
CN° CN°
K Fe* i K;[Fe(CN)g]
CN° CN°
K' CN
- _/

UYncno, rokasbIBarolee, CKOJIbKO JIMTaHJIOB YASP)KUBAET KOMILIEK-
co00pazoBarTenb, Ha3bIBACTCS KOOPOUHAYUOHHBIM YucIoM. B TIpuBeneH-
HOM TIPHMEpPE OHO PaBHO 6.

W3 u3110’KE€HHOr0 BBITEKAET, YTO Ul HamucaHus (GopMysbl KOM-
TUIEKCHOTO COEIMHEHMs HaJ0 3HATh 3apsj (CTENeHb OKHCIICHHs) KOM-
TIeKco00pa3oBaTesst, 3apsil JIMTaH/I0B, KOOPAWHAIIMOHHOE YHCIIO, HOHBI
BHEUIHEN cdepsl.
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TUNUYHBIMH  KOMILIEKCOOOPA30BaTENSIMU  SIBIISIFOTCS  d-DJIEMEHTHI
nepuognueckoit cucremsl .M. MenaeneeBa. KatnoHsl 3TUX 371€MEHTOB
HMMEIOT Tepexo/Hbie 0T § K 18 3IIeKTpOHHBIE YPOBHU U JIETKO MOJSPHU-
3YIOT aHUOHBI U TOJSIPHBIE MOJIEKYJIbI, 00pa3yss KOMIIJIEKCHBIE HOHBI.
9T0 Ag+, Au+t, Cut, Cu2+, Hg2+, Cd2+, Zn2+, Fe%, Fe3+, Co3+, Ni2+, pt**
u ap. OgHaKo W KaTHUOHBI JIPYTHUX D3JEMEHTOB B OMNPEAETICHHBIX yC-
JIOBUSIX CIIOCOOHBI K KOMITJIEKCOOOPa30BaHUIO.

Baxxneillmmy nuraHaMu SIBISIOTCS: a) HEUTpasibHble MOJIEKYIBI,
npeacrapistonie codoi aunons: H,O, NH;, NO, CO u ap.; 6) cneny-
rorue nouel: CN°, NO,-, Cl1-, Br-, I-, OH-, CO;Z‘, 82032‘ u ap.

KOOpI[I/IHaIII/IOHHI)Ie quciia 1y HEKOTOPbIX I/IOHOB-KOMHHGKCOO6pa-
30Bareleu MPUBOIATCA HUKE:

2 4 6 8
Cu’, Ag', Au" Cu’" Hg”', Au™* Fe*', Fe*', Cr'" Ca®", Sr**
Cd2+ Pb2+ C02+ N12+ Al3+ Ba2+
PR, P 7", PE, pd*

Kak BuHO, Yalie BCero KOOPANHAIIMOHHBIC YUCIIA IMEIOT 3HAYCHUS
6u4.

Honamu enewreli cghepvl 4acTo ABIAIOTCS WOHBI IIEJOYHBIX M IIE-
JIOYHO3EMENbHBIX METAJIOB, aMMOHHS | Jip. HekoTopble KOMIIIEKCHBIE
COCIMHEHHSI HE UMEIOT BHEITHEW chephl — Y HUX OTPUIATEIBHBIN 3apsi
VOHOB, BXOJSIIIMX BO BHYTPEHHIOK cepy, paBeH IOJIOKUTEIbHOMY 3a-
psiy Komiekcoobpasosarens. Takossl [Pt(NH;3),C14]°,[Co(NH3):Cl15]°
Y MHOTHE JpyTHE.

Uro6sl HamucaTh (HOPMYTy KOMIUIEKCHOTO HOHA, COCTOSIIETO M3
KOMILIEKCO06pa3oBaTens Au’ (KOOPAMHALMOHHOE YMCIIO 2) M JINTaH/a
CN-, HaJ10 cHavana HamMcaTh Au, pAIOoM JIUTaH/] (IBaXIbl) U 3aTEM OIl-
penenuTh 3aps/ KOMILUIEKCHOTO HOHA.

3apsad KomnaexcHo20 UOHA pageH aneedpauteckol cymme 3apsoos
KoMnReKcoobpasosamens u JaueaHdog. B mpumepe 3apsj  HMOHa
[Au(CN,]" Oyner paBeH (+1) + (-2) = -1.

KoopnuHanyonHast TeopHs He pelmia BOIpoca O HMPUPOAE CHII
KOMILIEKCOOOpa3oBaHus. DTO C/IeNlaHO Ha OCHOBE yYEHHS O CTPOCHUH
aTOMOB U MoJieKyJ. Kak W3BeCTHO, XMMUYECKas CBSI3b MKy KOMILICK-
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coobpa3oBaTenieM (akUENTOpPOM) M JUTaHAaMd (IOHOPOM) OCYILIECTB-
JISISIETCSI IO JIOHOPHO-AKI[ENITOPHOMY MEXaHU3MY.

Ucxonst 3 Mexanuzma 00pa30BaHUs KOMILUICKCHBIX COCIMHCHHUH,
MOXHO JaTh UM 0oOJiee TOYHOE, HE MMEIOIee MCKIIOUCHUI ompeerne-
HUE, KOMNIEKCHble COCOUHEHUSI — IMO COeOUHEHUs], XapaKmepusylo-
wuecs Haauyuem xoms 0vl, 0OHOU C643U, 0OPA30BAHHOU NO OOHOPHO-
AKYENMOPHOMY MEXAHUIMY.

8.2 YeTOHYHMBOCTL KOMILIEKCHBIX COeIHMHEHUI

KoMIiekcHbIe COCMHEHHUS] TMpU JUCCOLHUAIMUA O00pa3yloT KOM-
TUIEKCHBIC HOHBI, HATIPUMED:

[Ag(NH;3),] Cl — [Ag(NH3)H,]" + CI;

K[Ag(CN)] < K"+ [Ag(CN),].

Takas rcconanys MpoTeKaeT MOJTHOCTHIO.

KoMIiekcHbIC MOHBI B CBOKO O4YEpE/b MOJIBEPrarOTCsl BTOPHYHOM
JIMCCOLAIINY:

[Ag(NH3),] & Ag” + 2NH;;

[Ag(CN),] < Ag +2CN".

Ora mucconualys 00bIYHO TMPOTEKACT B HE3HAYMTENLHON CTCIICHU.
[IpumeHsis 3aKOH JCHCTBYIOIUX MAacc K OOpaTHMBIM IpoieccaM (a) u
(6), moIy4yuM BBIPAXKEHUSI KOHCIMAHM HeCMOUKOCHMU KOMILJIEKCHBIX HO-
HOB:

[Ag JINH, T _ 6810

[[Ag(NH,),]"] sl =
+ -q2

u [4g 1[CN ] _ :1’0_10721'

[[Ag(CN),]'] ~ As(@v]

KoHcTaHTa HECTOMKOCTH KOMIUIEKCHOT'O HOHA XapaKTepU3yeT Mpod-
HOCTH (YCTOWYMBOCTH) BHYTPEHHEW c(ephl KOMIUIEKCHOTO COSTMHEHUSI.
B npuBenennbix mpumepax komruieke [Ag(CN),]” Oonee mpodeH, uem
xommekc [Ag(NH;3),]".

Coedunenuss ¢ Manoycmouyueoln 6HympenHetl cgepoii Hazvlearmcsl
osotinbimu consmu. O003HAYAIOT UX WHAYE, YeM KOMILJICKCHBIE COEIIH-
HEHHs, a HWMEHHO, KaK COCIAMHEHHS MOJIEKYJ, HaIpuMep
K3SOy4 -Al15(SOy);. [IpuHIMNUATBHON Ke pasHHUIBI MEXKITY IBOWHBIMU
CONSIMA W KOMILUICKCHBIMU COCIUHECHUSMH HET. B pacTBope ABOIHOI
COJIM UMEETCsI HEKOTOPOE KOJMUYECTBO M KOMILIEKCHBIX MOHOB (Harpu-
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Mmep, [A1(SOq4),]). [BoiiHas conmp OTIAMYAETCS OT KOMIUIEKCHOW CONU
JIUIIG UCCOIUANNEH KOMILJICKCHOTO MOHA: Y MEPBOM OHA MPAKTUYCCKU
MOJIHAS, Y BTOPOH — HE3HAYMTEIIbHASL.

JIBOitHBIC COMM — MOBOJBHO PACIpOCTPaHEHHBIC coequHeHus. K
HUM oTHocsATcs conb Mopa (NH4),SO4 * FeSO, - 6H,0, npoiiHol xIo-
pua kanus 1 menu 2KCl - CuCl, - 2H,0 u muorue apyrue. [Ipu pactso-
PCHUHU B BOJIEC, HAIPUMEp, ITBOMHOIO XJIOPHIA MPOUCXOIUT JHCCOIHA-
st

2KCl - CuCl, - 2H,0 «» 2K" + Cu®" + 4Cl" + 2H,0,

U Bce 00pa3oBaBINMECS B PACTBOPE MOHBI MOXXHO OOHAPYKHTH C IIO-
MOIIIBIO COOTBETCTBYIOMIMX peakiuit. Ho ecnu 310 coemuHeHue pac-
CMaTPHUBATh KaK KOMILICKCHOE, TO ero (opMyity Hajo n300pa3uTh Tak:

K;[CuCly4] - 2H,0. Aucconmanus K;[CuCly] - 2H,0 npoTekaert:

K5[CuCly] - 2H,0 <> 2K* + [CuCly]” + 2H,0,

[CuCly]* < Cu*" +4CI.

O0pa3yromuUiAcs KOMIUIEKCHBI HOH YCTOWMYUB TOJNBKO B KOHIICH-
TPUPOBAHHBIX PACTBOPAaX M €ro KOHCTAHTA HECTOMKOCTU MPH KOMHAT-
HOIl TemmnepaType
_ [Cu* [Ccr 7t _y
- [[CuCLT]

CpaBuum 3Hauenue K, [CuCL4]2' CO 3HAYCHHUEM KOHCTAHTHI HECTOM-
KOCTH  ONHOrO W3 KOMIUICKCHBIX  HOHOB  MEIH,  HampuMmep

Torma MBI YyBUOUM, YTO > Ha HE-
A YBULHUM, KH[Cuc14]2* KH[Cu(z\/H3)4]2+

Kajcucr, - 107

H[Cu(NH3), 1
CKOJIBKO TIOPSIIKOB, @ YeM MEHbIIIE KOHCTAaHTa HECTOMKOCTH KOMILIEKCa,
TeM OOJIbIIIE €ro yCTOHYUBOCTD.

Tak kak Auccouuanusi KOMIUIEKCHOTO HMOHA SBIISIETCS MPOLIECCOM
00paTUMBIM, TO, BBIBOIS U3 c(epbl peakluy IMOChUIaeMble UM HOHBI,
MOXKHO MPAaKTHUYECKH pa3pylIMTh KOMIUIEKC. B kKauecTBe mpumepa pac-
cmotrpuM B3aumozaeicteue HNO; ¢ [Ag(NH3),]Cl.

[Ag(NH3),]C1 momHocThio muccomuupyer Ha [Ag(NH;),]” u Cl°
KomruiekcHBIN HOH UCCOUUMUPYET YACTUYHO:

[Ag(NH;),]" <> Ag + 2NH;.

Wonbl BoOpoa CBA3BIBAIOT MOJIEKYJIBI aMMHaKa

NH; + H =NH,

Y BBIBOJAT UX M3 cepbl peakiiy, B pe3yJbTaTe Yero HOBBIE HOHBI
[Ag(NH;)z]+ MOJIBEPraloTCcsl AMCCOUMANMHU (IJ11 BOCCTAHOBJIEHUS PaB-
HOBECHs1), B PACTBOPE YBEIMUMBACTCS KOHIEHTpAIHs Ag . A IOCKONBKY
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TaM HUMEIOTCSl XJIOPUA-UOHBI, TO TNPOM3BEJICHHUE KOHLIEHTpAalMil CBO-
6omubIx oHoB Ag 1 C1- npesbimaer ITPygc; 1 AgCl BEIIaaET B OCa-
nok. CyMMapHO BeCh NPOLIECC MOXKHO 3aIHUCATh TaK:

[Ag(NH;),] Cl + HNO; = AgCl| + 2NH4NO;

unu

[Ag(NH3),]" + Cl'+ 2H" = AgCl] + 2NH, .

Pa3pymieHne KoMmIiekca MOXET MPOU30MTH U B pe3yabTaTe odpa-
30BaHHs KaKOro-1ubo Oosnee MpOYHOro KOMILIEKCa, T. €. 00J1aaloIero
Mmenbreit K.

[Ag(NH3),] Cl1 + KCN = K[AgCN),] + KCI + 2NH;

WM B MOHHOM BUJIE

[Ag(NH;),]"+ 2CN = [AgCN),]" + 2NH,

a TaKXKe B PE3yNIbTaTe OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX pPEaK-
LUH, HAIIPUMEDP:

2K,[Ni(CN)4] + Br; + 6KOH = 2Ni(OH); + 2KBr + 8KCN.

Bonbiioe 3HaueHHE  KOMIUIEKCHBIM — COCIUHEHUSIM  IIpUIaBai
J. . Mengnenees. MoxHO cka3aTb, 4YTO HayKa O KOMIUIEKCHBIX COEIHU-
HEHMSIX pa3BUWIIaCh U3 XMMUYECKON TEOpPUHU pacTBOpoB MeHeneeBa, Tak
KaK y>Ke M3 3TOH TeOpHUU BBITEKAIN CYIECCTBOBAHUE MOJOOHBIX COEIH-
HEHMH U UX BaXKHOCTb.

Bonbias 3acnyra B pa3BUTHH YIEHUS O KOMIUIEKCHBIX COEIMHEHHU-
X puHaIISKUT JI.A. UyraeBy, KOTOPBIH BBITOIHIII Psil KITACCHYECKUX
UCCIIEIOBAaHUH MO KOMIUIEKCHBIM coefuHeHusM Pt, Os u apyrux Me-
TannoB. OH MOTyYUJI KOMIUIEKCHBIC COSIUHEHNUS, I/l JIUTaHJaMU SBIIs-
IOTCSI OPraHUYECKUE BEIECTBA, M MPUMEHWI UX B aHATUTHUYECKOH Xu-
mun. B 1905 r. uM Obl1a OTKPBITA OUCHb YYBCTBUTENIbHAS KAUECTBCHHAS
peakius Ha Ni** ¢ IOMOIIBIO IUMETHITIIHOKCHMA (peakyus dyzaesa).

BHYTpUKOMIIJIEKCHBIE COCIUHEHUsI OOpa3ylOTCsl pa3lNUYHbIMU Ka-
THOHAMM C OpPraHUMYECKMMHU peakTHBaMU. OHU HUMEIOT IMKINYECKOe
CTPOEHUE, TOYTH BCE IJIOXO PACTBOPUMBI B BOJIE, SIPKO OkpaiieHsl. Co-
emuuenns Ni°™ ¢ IMMETHIITTHOKCHMOM 00pPa3yioT 0Ca0K XapaKTepHOro
aJI0-KPacHOro I[BETA.

JUJ1s1 KOMIJICKCHBIX COSIMHEHHUH XapaKTepHO SIBIICHUE H30MEPHH.

8.3 HomeHKIaTypa KOMILIEKCHBIX COeIUHEHHU

CHauyaia Ha3bIBaIOT aHHOH B UMECHHUTEIIBHOM nagacKe, a 3aTéM KaTu-
OH B pOAUTECIIbHOM IaJICKeE.
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Ecnu B coenvHeHre BXOIUT KOMIUICKCHBIN KaTHOH, TO CHa4ajaa Ha-
3BIBAIOT JIMTAH/bl — HEUTPAJbHBIC MOJCKYJbI, BXOMIAIINE B KOMIUICKC.
[Ipu 3TOM amMMuaK Ha3bIBAIOT amMuK (€r0 HA3BIBAIOT MEPBBIM), BOLY —
—axeo (Ha3bIBAlOT IOCJE aMMHAaKa); €CIHM JIMTaHJIOB HECKOJBbKO, TO
criepBa Ha3bIBAIOT MX YMCIO HA TPEYECKOM fA3bIKe: 2—1u, 3—TpH, 4—
TeTpa, S-meHTa, 6-rekca. CIenyoNMMA Ha3bIBAIOT JIUTAH]IBI — HOHBI,
BXOJAIIUE B KOMIUIEKC (OOBIYHO OCTATKH KHCIIOT), A00aBIiss K HUM
oKoHYaHue «o», Hanmpumep nuaHo (CN'), Hutpo (NO;), xmopo (Cl1-),
ruapokco (OH-), ruapuzno (H-), okco (O-), Tro (S*), pomanHo Wi THO-
nuanaro (SCN-), okcanaTo (C2042') u T. 1. HakoHen, crnenyer Ha3BaHUE
KOMILIEKcoOOpa3zoBaTenisi (pycckoe Ha3BaHHME diieMeHTa). B ckobkax
MOKAa3bIBAIOT €ro CTENCHb OKucieHus. Hampumep:

[Ag(NH3),]Cl — xnopun nuammuH-cepedpa (1);

[Cu(NH3)4]SO4 — cynbdat Terpammun-menu 1),

[PtCI(NH3)5]Cl; — xnmopua neHTaMMHUH-XJ10poriaTubI(1V).

Ecnu B coenuHeHne BXOAUT KOMIUIEKCHBIM aHUOH, TO TaK)Ke CHayda-
J1a Ha3bIBAIOT JIMTAH IbI—HEUTPAbHbIE MOJIEKYIIbI, 3aTE€M JINTaHIbI—MOHBI
C BBeJIeHHEM B HAUMEHOBAHUE TPEUECKUX YUCIUTENBHBIX (€CII 3TO He-
00X0ZIMMO), KaK ¥ B Cllydae KOMIIJIEKCHOTO KaTHOHA (CM. MpeAblayIInui
cirydait). [Tocie 3Toro Ha3bpIBalOT KOMIUIEKCOOOPA30BaTENb, UCTIONB3YS
JATUHCKOE Ha3BaHHE dJeMEHTa C No0aBJIEHHWEM cllora -aT, a mepeq Ha-
3BaHMEM DJIEMEHTa B CKOOKaX YKa3bIBA€TCSl CTENEHb €ro OKHCIICHHS.
Hakonel, Ha3pIBaeTCsl KATHOH BHEITHEH c(epbl B pOJUTEILHOM MaJexKe.
Hanpumep:
K[Ag(CN),] — auumano-(I)aprentaaT xamus;
K4[Fe(CN)¢] — rexcaumano-(Il)peppat xanmus;
NH4[Cr(SCN)4(NHj3),] — muammun-Tetpapoaano-(Ill)xpomat aMMoHusL.

Ha3panue HEHTpalbHBIX KOMILIEKCOB (HEIJIEKTPOIUTOB) COCTABIIS-
€Tcs U3 Ha3BaHWW JTUTaHI0B (B YKa3aHHOI BBIIIE MOCIE0BATEIHHOCTH)
U OOBIYHBIX PYCCKHX HA3BaHHI IIEHTPAILHBIX ATOMOB B UMEHHUTEILHOM
nagexe. [Ipu 5ToM yka3aHHe CTETIEHN OKUCICHUS OMyCKaeTCsl.

Hanpumep:

[PtCl4(NH3),] — amaMMuH-TETpaxiopo-IJIaTHHa,

[Co(NO,);(NH3)3] — TpHaMMUH-TPUHUTPO-KOOAIIBT.

MHorue Ha3BaHUSI KOMIUIEKCHBIX COSTMHEHUH MOIy4aroTcs BECbMa

JUIMHHBIMU. [To3TOMY YacTo napaniesbHO C HUMU NPUMEHSIOTCS U ApY-
rue HaszBanus. Hampumep, K,[PtClg] — xnmopmnatuHar  kamus,
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K,[PtCly] — xnopmnatuaut kanust, K,[Fe(CN)g] — dbeppunrianny kamus,
[Pt(NH,)sC1]C1;— conp Uyraesa u T. 1.

Pa6ora 1 CunTe3 H Hcciae0BaHHEe KOMILIEKCHOM COIN
Terpangomepkypara (II) kanna K,;[Hgly]

IIpudope! u peakTusbl Ctakad BMecTUMOCTbIO 100 M1, HUIUHAD
BMecTuMOCTbI0 10 M1, papdopoBas gaika, SKCUKATOP ¢ CEPHOH KHUCIO-
TOH, BopoHKa broxnepa, Mukpockon, Homuna kamust, HUTpat pryta (II).
PactBopsI: xopHOi Bojbl, xsopuaa onosa (II) 0,5 H.; xnopuaa kamus
0,5 H.; peakTuB Ha HMOH Kaymus (mpuroroBineHue: 2 T NaNO,; 0,9 r
Cu(C,H30,),; 1,7 T Pb(C,H30;,),; 0,3 mit 30%-HO# yKCYCHOM KHCIIOTBI
PacTBOPUTH B 15 MII BOZIBI); Kpaxmail.

BoinosiHenne padorsl Paccuntats HeoOxomumoe koiauuectBo 0,5
H. pacTBOPOB coJieit Hoanaa kainus u Hutpata prytd (II) amst nomydeHus
o oOMeHHOH peakuuu 5 T ocagka uoxuaa prytd (II). IlpuroroButs 3ty
CONb M3 HUCXOIHBIX BELIECTB, AaThb HOAUAY PTYTH OCECTh, OT(HIIb-
TPOBATh U MPOMBITH BOJOI1 OCaJIOK.

B crakane BMectuMocThio 100 Mit pacTBopuTth 10 T Hoauaa Kauus B
10 M7 ropsiueld BOJBI U B TIOJYYEHHOM OXJIAXIEHHOM PacTBOPE pacTBO-
PUTB 10 HACBIIECHUS CBEXENPUIOTOBJIEHHBIN noaun pryTu. IlepeHectu
pactBop B (aphopoByrO HallKy U MOMECTUTh B 3KCHKATOp IJISI KpH-
cTajuiM3auyd. BpeMsi OoT BpeMeHM pa3pyllaTh CTEKISHHON MajouKon
00pa3yrolyrocss Ha MOBEPXHOCTU KOPOUKY, MEMIAIOUIYI0 HCHAPEHUIO.
O06pa3oBaBIIyIOCS KPUCTAIIMUECKYI0 MacCcy OT(hUIBTPOBATh HA BOPOH-
ke BroxHepa u mpocymuTs B cynmisHoM mkagy mpu 60-70°C.

IomyueHHBIE OpPaHXKEBO-KPACHBIE KPUCTAIBI MPEICTABISIIOT CO-
60if kpuctamtoruapat TerpanonoMepkypata (II) xamms Ky[Hgly]
2H,0. Hanucatb ypaBHEHUsI IPOBEACHHBIX PEAKIIHH.

Hccaenoanne kommiaekcHoii con K;[Hgly)

1 Onpenenuts Hanuuue HOHOB Kamus B pactBope KC1 u B pacTBo-
pe MONyYCHHON KOMILIEKCHON COJNM MHUKPOKPUCTALIOCKOMUYECKON pe-
akuueil ¢ momyuenuem kpucramioB KoPb[Cu(NO;)s]. Dta conb Bhinaaa-
€T B BHUJIC YCPHBIX KyOHMUECKHX KPUCTAJLIOB, XOPOIIO BUAUMBIX B MHK-
pockor. JIs ee MOIy4YeHUs] HAHECTH Ha MPEIMETHOE CTEKJIO OJHY Karl-
mo pactBopa Na,Pb[Cu(NO,)¢] 1 manoukoii BHECTH KPYNUHKY HOIUAA
kanust. PaccMoTpers 00pa3oBaHKMe KPHCTAIIOB MOJ MUKpOcKomoMm. To
e TPOJIeNaTh C MOMyYCHHBIM KOMIUIEKCHBIM coenHeHeM. [lomyyaroT-
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Csl TN OJJMHAKOBBIE KPUCTAJLIBI B 000uX citydasix? BXoJsIT MOHBI Kanus
BO BHEIIIHIOK WM BHYTPEHHIOO Chepy KOMIUIEKCHOTO COETUHEHUS?

2 Jloka3aTb, YTO MOHBI PTYTU U HOAA BXOMST B COCTaB KOMILIEKC-
HOT'O aHHOHA U HE OMPEJIENISIOTCS KaUeCTBEHHBIMU PEAKLUSIMU, TIPUTO-
HBIMU JUIS aHAJIM3a COETUHECHUI 3TUX 3IEMEHTOB MEPBOTO MOPSAAKA.

B onmny mpobupky BHECTH HEOOJBIIOE KOMUYECTBO MOIYUYEHHOTO
COEAMHEHHUS, a B APYTYI0O — HOAUA Kalus; PacTBOPUTH 00a BEIECTBA B
HeOOJIBIIIOM KOTUYECTBE BOJBI U B KAXKAYIO JOOABUTH HEMHOT'O XJIOPHOI
BOJIBI M MO 2 — 3 KamIu pacTBopa kpaxmana. UTto HaOMI0JaeTcst B Kax-
Joi ipoOupke?

3 Hccnenosate moBeAeHUe pTyTH. st 3TOro, HEOONbIIOE KOJH-
YEeCTBO MOJIYYEHHOH CONMM pacTBOpUTH Ipu HarpeBanuu B 0,5H. pac-
TBOpEe MoauAa Kanusd. B apyryro mpoOHMpKy BHECTH PacTBOp HHUTpaTta
prytu (II). B 00e mpoOupku 106aBUTH NOr HECKOJIBKO Kamelb PacTBOpa
xyopuaa onosa(ll). Hutpat pryru (II) BoccTaHaBiuBaeTcs XJIOPUAOM
onosa (II) mo ypaBHeHuto:

2Hg(NOs3), + 28SnCl, = 2Hg + SnCl + Sn(NOs)4

U PTYTb BBINAJAET B BUIE CEPOTO OCAIKA.

OOBSACHUTH pa3nUyKe B MOBEACHUH JIBYX colieil. BXoaaT uoHsl pry-
TH M HMOAA BO BHEIUIHIOI MM BHYTPEHHIOK cepy KOMIUIEKCHOTO
coeanHeHus?

3anuch JaHHBIX onbiTa HanucaTh ypaBHEHHE PEaKIUM MOTyUEHHUS
KOMITJIEKCHOTO COCJUHEHUS], €T0 TUCCOLUAINN, BHIPAXKEHUE KOHCTAHTBI
HECTOMKOCTH, a TAKXKEe YpaBHEHUS BCEX PEeaKLUil, IPOJEIaHHbBIX IPH €ro
UCCIIETOBAHUM.

Pa6ora 2 CuHTe3 U Hcciief0BaHNe KOMILIEKCHOM COJTH
cyiabpara u terpaammuaMe (II) [Cu(NH3)4]SO,4

IIpuops! n peakTuBBI Beckl TexHO-XMMHYECKHe, BOpOHKa brox-
Hepa, (apdopoBas CTymka, BOXOCTPYHHBIH HAcoc, CTakaH BMECTHMO-
ctbi0 100 My, MepHBIN IUIMHAP BMecTUMOCThI0 100 MiI, meHTaruapat
cynbdpata meau (II), atanon. PactBopsl: ammuaka (25%-Hblii), Xi0puaa
Oapus (2 H.), okcanata ammonus (0,5 H.), cepoBOIOpOIHAs BOJA.

Buinmosinenne padorsl OTBECHTh HAa TEXHO-XMMHUYECKUX Becax 5 T
neHraruapara cyibdarta MeIW U IOMECTHTh B XHMHUYECKHH CTaKaH.
Paccuurtath KommuecTBo 25%-HOro pacTBopa aMMHaka, HEOOXOIUMOE
JUIsl 00pa30BaHUsl KOMIUIEKCHOTO COCAWHEHHS, OTMEPHTHh MEH3YPKOIl
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yABOCHHBIN 00beM (AJIs1 yBEIMUYCHUS BBIXOJA MPOAYKTa, TaK KaK pac-
TBOPUMOCTh KOMIUIEKCHOTO COCIUHEHUSI yMEHBIIACTCS MpU  J0-
OaBneHMU amMmuaka). PacTBOpUTH B cTakaHe B3BEIIEHHYIO COJIb B OT-
MEpPEHHOM KOJIMUECTBE AMMHUAKa U TIIATENbHO IepeMelIaTh CTEKITHHON
MAJOYKON 0 MONHOr0 pacTBOpeHus conu. K momydeHHOMY pacTBOpy
n06aButh 10 M1 3THIIOBOTO chupTa (PacTBOPUMOCTb KOMILIEKCHOTO
COEIMHEHUS B CIIUPTE MEHBIIE, YeM B BOJIE€) U OCTABUTh KPUCTAILIN30-
BaThCs Ha 20 — 25 MuH. OTQUIBTPOBATH BBHINABIINE KPUCTAIUIBI HA BO-
poHKe broxHepa M OTCOETMHHUTH KOJIOY ¢ BOPOHKOH OT Hacoca. 3aTeM
IMPOMBITH KPUCTAJIBI HAa (PUIBTPE [BA Pa3a CMEChIO PAaBHBIX 00BEMOB
cnupra u 25%-Horo ammmaka. Iyl 3TOro HaJUTh B BOPOHKY CMECh
CHHUPTAa ¢ aMMHMAKOM, JaTh CMECH MPOMHUTATh OCAJOK U CHOBA IPUCOE-
JUHUTH KOOy K Hacocy. Ecnu He OTKIII0UaTh HACOC, TO CIIUPT CIIUIIKOM
OBICTPO MPOXOAUT Y€pe3 OCAJOK U NMPOMBIBAHHE MOIY4aeTCsl HElOCTa-
TOYHBIM.

B3BecuTh Ha TEXHO-XUMHUECKHX Becax OOKC, MEPEHECTH B HETO
KpUCTAJUIbI C (UJIBTPA M MOMECTUTh B CYLIMIBHBIN IIKad MpU TeMIie-
patype 50-60°C na 20 MuH. 3aTeM OXJIaJAWTh U CHOBA B3BECUTH OIOKC.
PaccuntaTh BBIXOJ KOMIIJIEKCHOI'O COSIMHEHHS 10 OTHOILEHHIO K B3S-
TOMY NeHTaruapaty cynbdara meau (II).

HccaenoBanne kommiekcHoro coequHenus [Cu(NH3)4]SO,
BHecTu 1o HECKOJIBKO KPHUCTAJLIOB MOJMYYEHHON CONU B 4 MPOOHPKHU U
pPacTBOpUTH B HEOONBIIOM KONMHYECTBE BOAbL. OMpenenuTh B OAHON U3
HUX Halu4Me cyib(aT-uoHa, J0OABUB COOTBETCTBYIOIUII peakTus. Mc-
CJIeZIOBaTh MPOYHOCTH MOJIYYEHHOTO0 KOMIUIEKCHOTO HOHA; JUIS 3TOr0 BO
BTOPYIO IPOOUPKY MOMECTUTH JKENE3HbIH TBO3/b. BrigemnsieTcst mu Menpb
Ha JKeJe3e M3 pacTBopa MeaHoro kymopoca? Ha pactBop B TpeTheit
mpoOHpKe NOAEHCTBOBATh PACTBOPOM OKcaslaTa aMMOHUs. Brimanaer u
0CalioKk OKcajaTa Mmenu? B ueTBepTyro mpoOUpKY T0OABUTH PacTBOP
cynbuga amMmmonus. Uro Habmromaercsi? IloMecTUTh HECKOIBKO KpH-
CTAJUIOB COJIM B CYXYIO MIPOOUPKY U CJIErKa HarpeTh; MOJHECTH K OTBEp-
CTUIO MPOOHMPKU KPACHYIO JIAKMYCOBYIO OyMary, CMOYEHHYIO BOJIOMH.
Uro Habmronaercs?

3anuch AaHHBIX onbiTa HamucaTe ypaBHEHMsS: MOIy4EHHUS! KOM-
IJIEKCHOTO COEIMHEHHs], ero AMUCCOLMAINM, BCEX PEakIUii, mpojenaH-
HBIX IIPU €T0 UCCIEA0BaHUH, €T PA3JIOKEHUS IIPH HaIPEBAHUHU.

Bo BHENIHIOI MM BHYTPEHHIOK KOOPAMHALMOHHYIO chepy KOM-
IUIEKCHOTO COCIUHEHHUsl BXOAUT HMOH Menu? OObBSICHUTH NeHCTBHE Ha
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KOMIIJIEKCHOE COCIMHEHHE OKcallaTa aMMOHMS U CyJb(pHIa aMMOHUS,
JUIL ATOTO HAIKCaTh YpaBHEHHE ANUCCOLMAIMM KOMIUIEKCHOI'O HOHA,
HalTH B CIIPaBOYHHMKE 3HAYEHMs MPOU3BEACHUS PACTBOPHUMOCTH COOT-
BETCTBYIOIUX COJIEH MEH.

KOHTpOJILHLIe BOIIPOCHI U 3a1a49u

1 OHpeI{eJ’II/ITL CTCIICHb OKHCJICHHUA W KOOPAWHAIITMOHHOC YHCIIO
KOMHHGKCOO6P33OB3T€J’IH B CJICAYHOIIUX KOMIUICKCHBIX COCAWHCHUAX U
MNPUBECTU UX HA3BAHU:

a) K[AuBry]; e) K[PtNH;Cls];

6) Ko[Cd(CN)4]; K) H[Co(H20)2(CN)4)];
B) Ca[ZrF¢]; 3) [Pt(NH3)sCl]Cl3;

r) Nas[Ag(S:05),]; 1) Na,[FeNO(CN)s];
1) [Pt(NH3),Cl,]; K) K[Cr(S04),].

2 OHpeI[eJ'II/ITL BCJIMUMHY U 3HAK 3apsi/ia KOMIIJICKCHBIX MOHOB. Co-
CTaBUTH (bOpMyJ'ILI KOMIIJIEKCHBIX COSIMHEHHH ¢ MNPpUBCACHHBIM KaTHUO-
HOM WJIM aHHMOHOM!

a) [Bi™'L]; e) [Cr™ (H,0)4CLy];

6) [Cr™!" (NH3)sCl]; ) [Co™ (NH3),(NO2)4;
B) [Pd"" (NH;), (CN),]; 3) [Zr™" (OH)g];

r) [Fe™" Fg; n) [Ag” (CN)];

n) [Hg™ (SCN)4]; ) [Fe ™ (H,0)sBr].

3 Hanmcath koopauHAIMOHHBIE (POPMYIIBI CIEAYIOIUX KOMILIEKC-
HBIX COCAMHEHMH, 000CHOBATH BHIOOP KOMILJIEKCOOOpA30BaTeNs U MPU-
BECTU UX Ha3BaHUS:

a) 3NaF - AlF;; 3) 3NaCl - IrCl3;

0) SiF, - BaFy; n) 3KCN - Fe(CN);;

B) 2Ca(CN); - Fe(CN)y; k) Cd(OH), - 4NHj3;

r) 2Ba(OH); - Cu(OH),; 1) KCl - PtCl, - NHjz;

1) CoCl; - 4NHj; - H,O; M) KCN - Co(CN); - 2H,0;
e) 2KNO3 . HNO3 . Au(NO;);; H) NH4CN . CT(CN)3 . 2H20

%) 2NH4Br - CuBr; - 2NHs;

4 Hanucatb KOOPpAMHAITMOHHBIC (bOpMy.]'H;I CICAYHOINX KOMIIJICKC-
HBIX COSMHCHUN 1 IIPUBECTU UX HA3BAHUA:

a) PtCl4 . 6NH3; 1") PtCl4 . 3NH3;

6) PtCl4 . 5NH3; II) PtCl4 . 2NH3
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5 Nmes B BUAY, YTO KOOpAMHALIMOHHOE yKciio kobanbTa (1) paBHO
IIECTH, HAIKMCaTh KOOPAWHAIMOHHBIC (OPMYJBI CIEAYIOIIUX KOM-
TUIEKCHBIX COSTMHCHMUI:

a) COmOZ)j, . 6NH3;

6) COmOZ)j, . KNOZ . 2NH3;

B) COmOZ)j, . 3NH3;

1") COmOZ)j, . 3KN02

6 Hamucath ypaBHEHHUS IHCCOIMAIMM B PACTBOPE KOMIUIEKCHBIX
HOHOB CJICYIOUIUX COCIMHEHUIA U BBIPAXKEHUE KOHCTAHT HECTOHKOCTH
KOMITJICKCHBIX HOHOB:

a) K;[Fe(CN)g]; 1) K[VFe];

0) [Co(H,0),(NH3)4]Cl; e) Ba[BFs];

B) [Co(H,O)(NH3)4Cl]Cly; K) Nas[MoFg];
r) Cs[Ag(CN):]; 3) Ko[Zr(OH)s].

7 V3 kakux MOJICKYII, CIIOCOOHBIX K CaMOCTOATCIIbHOMY CYHICCTBO-
BAaHUIO, COCTOAT CIICAYIONINC KOMIIJICKCHBIC COCTUHCHUA:

a) Ko[PdBry]; e) (NHa)o[Fe(SO4)];

6) Bay[Co(OH)s]; %) [Cr(NH;3)4C204] Cl;
B) Nay[Ni(CN)4]; 3) Cs[AuCly];

r) [Cr(NH;);H,OCL] CL; 1) Nao[Pt(OH)q;

1) H[Co(H,0)>(CN)a]; ) [Cr(NH;)3;(H20)5] CL.

8 M3BecTHO, uTO M3 pacTBopa KoMIiiekcHOH comn CoCl; - 6NHj
HUTpaT cepedpa ocaxaaeT Bechb Xxjaop, a u3 pacrsopa CoCls - SNH;
TonbKo 2/3 xjopa. Hanucath KoopAuHALMOHHBIE (hOPMYJIIBI 3TUX COJNEH
Y YPaBHEHHS MX JTUCCOLUAIIHH.

9 HamnmcaTth MOJEKyJISIpHBIC U HOHHBIC YPABHEHHUS PEaKIuil oOMeHa
MEXIY CIACTYIOINIMMHU COSTMHECHUSIMU:

a) CdSO, - 4NH; + BaCl, =

6) PtCl4 . 2NH3 . Hzo + AgNO; =

B) Fe(CN), - 4KCN + FeCl; =

10 Kakoe ocHoBanue siBisiercst 6onee cunbHbIM: [Cu(NH3)4](OH),
un Cu(OH),? OTBeT MOTHBHPOBATH

11 Kakas kucnota cunbaee: HCN mnn H[Ag(CN),]? Tlouemy?

12 Crenenpb ruziponusa Kakoi, conu 0ombiie?

a) KCN mmu K[Ag(CN),]; 6) ZnCl, nnu [Zn(NHj3)4]CL.

OTBET MOTUBUPOBATH.
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13 PacTBOp cynbdaTa Meau o0pa3yeT OCaliku ¢ pacTBOPaMHU EIKOT0
HaTpa U cynbduaa aMmMoHuUs. PacTBop cynbdaTa TeTpaaMMUHMETN 00-
pa3yer 0caJioK TOJIBKO ¢ CyabpuaoM amMMoHHs. OOBSCHUTH 3TH SBIIE-
HUs, nonb3ysich Tabnuuamu 1P u Kye,

14 Kakoii KOMIUIEKCHBIH MOH TTPOYHEe:

a) [Zn(NH;),]"" mt [CA(NH3),]

6) [Co(NH3)s]"" mmit [Co(NH3)s] ™"

OtBeT MOTUBHPOBATh. COOTBETCTBYIOT JIM BEJIMUMHBI KOHCTAHT He-
CTOMKOCTH CJe/IaHHBIM BBIBOAAM?

15 Kaxkoit koMIuIekcoo0pa3oBaTenb JOKEH JaBaTh OoJiee MPOUHbIe
KOMILIEKCBI:

a) Pt'" wm Pt

6) Ca®" wmm Zn°

B) M > Ni™™5

r) Zn" wmm Cd>.

OTBET MOTUBUPOBATb.

16 Hanucats rpadguueckue (GpopMynbl LUC- U TPAHC-U30MEPOB TET-
paxyiopanaMMHHILIATUHEL (IV).

17 CymecTBYIOT Ba KOMILIEKCHBIX COCIUHEHUsI KOOaJIbTa OfUHA-
koBoro coctaBa: CoC1SQO, - SH,O. PacTtBop ofHO#1 conu gaet ocaliok ¢
pacTBOpOM xJiopuja Oapusi, HO HE B3aUMOJICHCTBYET C PaCTBOPOM HHT-
pata cepebpa. PacTBop npyroii conu gaer ocaZok ¢ HUTpaToM cepedpa,
HO HE B3aMMOJICHCTBYET ¢ XJ0puaoM Oapus. HamucaTs KoOpAMHAIMOH-
HbIE (POpMYIIBI 000UX COEIUHEHUH.

18 Kakue KOMITJIEKCHBIE COEIMHEHUS Ha3bIBatOTca xenatamu? [lpu-
BECTH JIBa IpUMeEpa.

19 Onpenenuth BO3MOXKHBIA THI THOPUIN3AIUH 3JIEKTPOHHBIX Op-
Outaneii KOMILUIEKCOOOpa3oBaTesi B KOMILUIEKCAX, YYUTHIBAs WX Mar-
HuTHEIE cBoiicTBa: a) [Co(NH3)]”" — mapamaranten; 6) [Co(NH;)e]*"
JIMaMarHUTeH.

20 Kaxo#f Tun rubpuau3anuy 3JIEKTPOHHBIX OpOHTanei KOMILICK-
coobpa3oBaTesisi U COOTBETCTBEHHO MPOCTPAHCTBEHHAs KOH(UTypalus
HOHOB JIOJKHA OBITh Y KOMIUIEKCHBIX yacTuil Zn(N H3)4]2+ u [Ni(CN )4]2'?
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Tema 9 Boiopoa u ero coenHeHus

9.1 Bonopoa. 'uapuasl MeTa/uI0B U HEMETAJLIIOB

Booopoo — mepBbIif 371EMEHT B NMEPUOJUUECKOM CUCTEME JIEMEH-
toB . 1. MenneneeBa. DnexkrpoHHas popmyna — Is'. Monekyna Bojo-
POZAa COCTOUT U3 IBYX aTOMOB. Bomopon Beeraa onHOBaJIEHTEH, OAHAKO
MPOSIBJISIET CTENEeHb OKUCIEeHUs Kak +1, Tak u -1. B mepuoanueckoit
TabJIMIEe ero MOMENIA0T B MEPBOI TpyIIe B MOATPYIIe MIETOYHBIX Me-
TaJUIOB WJIM XK€ B CEIbMOW TpYIIe B Hayajue MOArPYIIbl TajloreHoB.
[IposiBitsist CXOACTBO CO LIENTOYHBIMHU METAJIaMH, BOAOPOJ BHICTYIIA€T B
POJH BOCCTAaHOBUTETIS:

H,+ Cl, = 2HCI H’-¢ =H"
B peaKHI/II/I C aKTUBHbBIMHU MCTAJIJlaMHU OH BCTyHaeT KaK OKUCJIIUTCIIb:
2Na+H,=2NaH H’+e =H

B nocnegneii PpCaKuu MpOABJISICTCA €0 CXOACTBO C raJIOrCHaMU.

CoeMHEHMS BOIOPOA C PA3IMIHBIMU JJIEMEHTAMU HA3BIBAIOT 2U0-
puoamu: NHs, CHa, CaH,, NaH, H,S u np.

Bomopoa B mpOMBITIIIIEHHOCTH HCIOJIB3YIOT B OOJBIIUX KOIUYECT-
Bax, IOATOMY pa3paboTaHbl AenieBble CrocoO0bl ero nonyyenus. OCHOB-
HOHM U3 HUX — U3 BOASHOIO ras3a:

C+ Hzo =CO + Hz; CO + Hzo = C02+ Hz

Omneit 1 IlpoBepka BOAOPOJa HA YHCTOTY

(Hapenwste ouku umm macky!) Pabora ¢ Bomoponom Tpedyer 60ib-
10 OcTOpOKHOCTH. Bomopon roprod m B CMECH C KUCIOPOAOM HIIH
BO3ZyXOM 00pa3yeT B3phIBUATYIO CMECh B IIIMPOKOM HHTEpBaJie KOH-
ueHTpanuii. Bce ombIThl ¢ BOAOPOAOM MPOBOIMTE TOJIBKO B OYKAX WIIH
Macke Moj| HabJIIoAeHHEM NIPENojaBaTes.

Ecnu Bomopoa HEoOX0AMMO Harpetrb B MpuUOOpe WM MOMXKEYb Ha
BBIXO/IE M3 HEro, BHayajie cjelyeT BBITECHUTh W3 MpuOopa BO3AYX, a
3aTeM MPOBEPUTH BOAOPOJ HA YUCTOTY, T. €. YOIUTHCS B OTCYTCTBUH B
HEeM IIPUMECH KUCIOPOJa.

i mpoBepKu BOAOPOAA HA YUCTOTY MPUTOTOBBTE JBE HEOOINbIIIHE
npobupku (pucyHok 7a). HagenbTe Ha ra300TBOJIHYIO TPYOKY 2 U3 MPO-
Oupku 1 ¢ TpaHyJIMPOBAHHBIM IUHKOM U KHUCIIOTOH CYXyI0 IPOOUPKY 3,
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gepe3 5 — 10 c. MeNIeHHO CHUMHTE €€ U HEMEIJIEHHO 3aKpoiiTe OTBEp-
cTue HpoOHpKH OonbIIuM maiblieM. IlocTaBbTe Ha €€ MECTO BTOPYIO
npoOHpKy 4.

INopHecuTe 3alOIHEHHYIO BOZOPOAOM MPOOUPKY 3, HEPEBEPHYTYIO
BBEPX JHOM, K IIJIAMEHM TOpENIKU (PUCYHOK 70) U OTKpOHTE ee B Hemo-
CPEACTBEHHOM ONM30CTH OT MIaMeHU (TOpENKy AEpXKUTE BN OT MpU-
6opa ¢ Bomopoznom!). Ecinu Bomopos YHUCTBIH, TO OH 3aropaercs co cla-
OBbIM TJIyXUM 3BYKOM «II-TIa», & €CIIU 3arpA3HEH KHUCIOPOJOM, TO B3pbI-
BaeTCs WM CTOpaeT CO 3BOHKUM CBHUCTSIINUM 3BYKOM. IIpoBepky uucro-
ThI BBIJENAIOIIET0Cs] BOAOPOA IIPOBOIUTE CO CMEHOH MPOOHPOK O TeX
1op, MoKa COOpaHHBIN ra3 He OyJeT 3aropaTbesi 6€3 CBUCTAIIETO 3ByKa
(MMHEMYM JBE TPOOBI!).

1 — mpobupxka;

2 — TpyOKa;

3, 4 — npobupku
JUISL TPOBEPKH
BOJIOPOJIAa HA
YHCTOTY

a 6 ¢

Pucynok 7 — IlonydeHue BogopoJa U NpOBEPKa €ro Ha YHCTOTY: a — 3al10JHEHNE
MpoOKUPKH BOAOPOAOM; O — MpoBepKa Ha YUCTOTY; B — TOPEHHE BOIOPO/IA
Tonbko, yOEIUBIINCE B YUCTOTE BBIACISIONIETOCS BOAOPOAA, MOXK-
HO C pa3pelleHus IpenojaBaTells MOKeYb €ro Ha BBIXOAE M3 ra3ooT-
BOJHOI TpyOku mprOopa (pUCyHOK 7B) W/UIIM Ha4aTh HATPEBAHUE pEak-
LUOHHOM YacTH Mpubopa, 3a110JIHEHHOT0 BOAOPOIOM.
JU1s moKUraHus BOAOPOJA He UCNOAb3YIme 2a308)10 20peKy!

Omneit 2 IostyyeHue BogOpoaa
(HapenbTe 0uku niiu macky!)

Aeiicmeue memanna na kucaomy Ilomectute B MpoOHPKY MATH —
BOCEMb KyCOUKOB I'PaHyJIMPOBAaHHOTO LIMHKA, Ipuieiite 5 ma 20%-Horo
pacTBopa COJITHOW WJIM CEPHOM KUCIOTHI U 3aKpOTe MpOOMPKY MpoO-
KOM C OTTSHYTOH ra300TBOAHOM TpyOKoil (pucyHok 7a). IIpu ucnonb3o-
BaHUM CEpHON KHCIOTHI MPOBEPHTE, KaK BIMSIET Ha CKOPOCTh BhIJCIE-

&3



HUS BOAOPOJA J00ABJICHUE B PEaKIMOHHYIO CMECh pacTBOpa CyibdaTa
MeJIM, METHBIX CTPYKEK HIIM KPUCTAIITMYECKOT0 XJIOpUIa HATPHSL.

[IpoBepbTe BOAOPOA HA YUCTOTY. YOEOUBIIMCH B YUCTOTE BbIje-
JISIFOILErocst BOAopoAa (Mo HabIIoAeHHEM IPEerofaBaTesl), HOA0XKIUTE
€ro Ha BBIXOJIE U3 Ta300TBOIHON TPYOKH.

INonepxuTe HaJ MIAMEHEM NEPEBEPHYTYIO XONOAHYIO CTEKISHHYIO
BOpoHKYy. Uto Habmiogaere? Hamummre ypaBHenust peakuuid. Ilocne
3aBepIleHUs SIKCIIEPUMEHTA TIOracuTe TiaMs (HaKpoiTe miamsi mpooup-
Kol juia cbopa Bojopoaa) u pasbepure mpubop. LluHk mpomoiite u
cuaiite 1abopaHTy.

Aeiicmeue anromunusa na wienous (ONbIT TPOBOJUTE B BRITSHKHOM
mkady, HaJeHbTe Ouku! Peakuust MOXXeT MATH OueHb OypHO. 3apaHee
MOJATOTOBBTE CTaKaH C XOJNOAHON BoAoi!). OuncTUTE MOBEPXHOCTH
IIOMUHUS HAKAAYHOW OyMaroil Uiy cKanbleseM OT OKCUIHON MIEHKH,
pa3pexxpTe Ha KyCOUKU M MIOMECTHTE B MPOOHUPKY, mpuieite 2 — 3 mi
20%-Horo pacTBopa ruapoxcuaa Hatpus. Eciam peakuust 1oiro He Ha-
YMHACTCS WIM UJET CIUIIKOM MEJICHHO, IOAorpeiTe NpoOHpKy B cTa-
KaHe C Teroil Bogoll. Ecnu peakiys uaeT CIUIIKOM OypHO, TO IJIs 3a-
MEUICHUS] PEaKIUU PEKOMEHJyeTCsl OXJIaJUTh MPOOUPKY B CTAaKaHE C
xonoaHoil Bonoil. ITocne mpoBepkH BOAOPOAA Ha YUCTOTY IOJIOKIUTE
ero. Hanumure ypaBHeHuUs peakuuil.

Jeiicmeue memanna na 0dy 3akpoiiTe OOIBIINM MalbleM 3amoJ-
HEHHYIO BOJIOM 710 KpaeB MaJleHbKYI MpOOHpKY 1, mepeBepHUTE ee U
OIyCTUTE B KpHUCTAUIU3aTOp 3 ¢ Bonoil (pucyHok 8). IlogBenute mon
IpoOMpPKY MpU MOMOIIM MUHIETA 2 MaJeHbKUM KycOdeK KalbLius, 3a-
BEpHYTHIN B Mapiio. 3alONHUTE MPOOUPKY BBLACISAIONIMMCS Ta30M, 3a-
KpoiiTe 1o BOJO# OONBIIMM MalblleM M MOAHECUTE K IUIAMEHU Topen-
ku. Uto Habmonaere? Hanuimmre ypaBHEHUE peakiuy.

1 — mpobupka;

2 — IHUHLET;

3 — KpUCTAJIU3ATOP
¢ BOJIOM

Pucynoxk 8 — ITonyuenne Bojopoza aeiicTBHEM MeTallia Ha BOAY
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OnsiT 3 BoccTaHoB/1eHHE BOOPOOM OKCHI0OB METAJLJIOB

(HapmenbTe ouku mim Macky!)

Jisi BOCCTaHOBJIEHHSI BOJOPOAOM PEKOMEHAYETCS HCIONb30BaTh
OKCHJIBI MEJIU, CBUHIIA, BUCMYTA, KaIMHUS.

Cobepure mpubop (pucyHok 9), cocrosmmii u3 konosl Bropua 1 ¢
JUITMHHOW BOPOHKOM 2, MoXoAsIIel MpaKTHUECKU JI0 AHA KOJOBI, U peak-
LUOHHON TpyOKH 3, KOTOPYIO YCTAHOBHUTE C HEOOJIBIIMM HAKJIOHOM B
CTOPOHY BbIXOJa rasa u3 npuoopa. Konby Bropiia 3anonHute npuMepHo
Ha YETBEPTh I'PAHYIUPOBAHHBIM IIMHKOM. B pacimmpeHHyro 4acTh peak-
LUOHHOH TpyOkH BHecuTe ~0,3 T OKCHa MeTasia, B3BEILICHHOTO ¢ TOY-
HocThio +£0,01T. PeakionHyto TpyOKy 3akpoiTe MpoOKoil ¢ H30rHyTOi
BBepX [-00pa3Hoii TpyOKOH C OTTAHYTBIM KOHYMKOM 4, BHYTpb KOTOPOH
MPEeABAPUTENILHO TMOMEIIEHBI KyCOUeK MEIHOH CEeTKM WM MOJO0CKa
(omabru, CBEpHYTAsl CIIUPATIBIO.

1 — konba Bropia; 2 — BopoHka; 3 — peakiionHas Tpyoka; 4 — I'-o0pa3Hast TpyOKa ¢
OTTAHYTBIM KOHYHKOM; 5 — IPOGHPKH

Pucynox 9 — IIpu6op 11 BOCCTaHOBIICHHST OKCUIOB METAJLIOB BOJOPOLOM
(IIpoBepKa TepMETHIHOCTH NpHOopa)

ITpoBepbTe HAIEKHOCTh BCEX COCMHEHUIH.

Haneiite B xonOy Bropua 1 uepe3 BopoHky 2 HemHOro 20%-HOro
pacTBopa COJSTHOW WM CEPHOM KMCIIOTHI, YTOOBI KOHEIl BOPOHKH 2 TO-
rpy3uics B KUCIOTY npuMepHo Ha 10 MM. Ilpu ucnons3oBaHum cepHOM
KHCJIOTBI JUIsl YCKOPEHUS PEaKIUH, eCIId HE0O0X0IUMO, 100aBbTE€ HEMHO-
ro pactBopa cyibdparta menu. [IpoBepbTe mpuOOp Ha TepPMETHYHOCTb.
JJ1st 3TOrO 3aKpoiiTe BBIXOJ U3 TPYOKU 4 KOPOTKOI pe3snHOBOH TpyOKoi
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¢ mpobkoi mim ¢ 3axuMoM (pucyHok 9). IIpubop repmeruyeH, eciu
KHCJIOTa U3 KOJOBI 7 MOJAHUMAETCS 110 BOPOHKE 2.

Ybenutech B UMCTOTE BBIICISIOMIErocs BogopoAaa (moj Habmroxe-
HueM npenozasarens!). IIpoBepuB 4HCTOTY BOJOPOAA, MOJOXKIHTE €ro
Ha BBIXOJIE U3 ra300TBOAHOM TpyOKu 4 (pucyHok 9).

OCTOpPOXXKHO TPOTpeiTe CPEeqHIOI YacTh PEaKIMOHHOW TpyOKH B
paiioHe YTONIIEHHUS, a 3aTeM CHJIBHO HarpeiTe Ty 4acTh TpyOKH, Ine
HaxomuTcs okcua Menu. CrenuTe 3a TeM, 4TOOBI IUIaMs TOPSIIIETO BO-
JI0poJia CUJIBHO HE YMEHBIIATIOCH, JJIs1 3TOT0 CBOEBPEMEHHO A00aBIiTe
KHCJIOTY TI0 MEpEe €€ PAcXOJOBaHUsI HEOONBIINMHU MOPLUSIMU B KOJIOY
Bropua 1 uepe3 BopoHKy 2. Ecnu miaaMs moracHer, To HEMEIIEHHO Ipe-
KpaTUTE HarpeBaHUe, OXJIAAUTE NMPUOOpP B TOKE BOJOPOJA U JHIIb 3aTEM
(B mpUCYTCTBUHU IpenoaBaTess) BHOBb IPOBEPHTE BOAOPO/ HA YHCTOTY
U TIPOAOJIKUTE OIIBIT.

o 3aBepIeHUN BOCCTAHOBJICHHS OKCHJIA OTKJIIOYUTE Ta30BYIO T0O-
PETIKy M OXJaJUTe PEAKIMOHHYIO TPyOKy 10 KOMHATHOH TeMIepaTyphsl B
Toke Bozmopona. IloracuTe miaMs ropsiiero BoJOpoAa U pazbepure
npubop (oroHs BOMM3M He 3axuratb!). OcCTaBIIMICS HEMpOpearupo-
BaBILUI LIMHK TPOMOMTE BOIOH U cAaiiTe 1abOpaHTy.

(Tox BOIOPOAA MOXKHO MPEKPATUTh TOJIBKO MOCIE OXJIAXKICHHUS pe-
aKIIMOHHOM TPyOKH 10 TeMIepaTypsl, ONHU3KOI K KOMHATHOM!)

Tema 10 I'anorensl. I'aj10reHOBOJOPO/IHbIE KHCJIOTHI U UX COJIH.
Kucnopoaconep:xamme coeIHHEHHAs raJ10reHOB

10.1 I'a;10reHOBOAOPO/AHBIE KUCIOTHI
10.2 Kucnopoacoaepskaiye coelMHEHHs I'aJI0T€HOB

10.1 I'a;10reHOBOAOPO/AHBIE KUCIOThI

T'anozenvr — ¢op, xJ10p, OPOM U MO — COCTABISAIOT TJIABHYIO TOJ-
rpynny VII rpynnsl nepuoguueckoil cucreMsl 31eMeHTOB. OHU UMEIOT
OJIMHAKOBYIO CTPYKTYPY BHEIIHETO 3IEKTPOHHOTO CJ1os (Tabauna 6).

Tabnuia 6 — HekoTopsle CBOMCTBA rajloreHoB

OnemenT | IlopsaxoBblit ONeKTpOHHAs CTPYKTYpa BHELIHETO OTHOCHTENIBHAS 3JIEK-
HOMEp U TIPE/IBHEIIHETO CI0EB TPOOTPHLATENBHOCTh

F 9 152s72p° 4,0

Cl 17 2s72p%3s73p° 3,0

Br 35 3s73p®3d'%4s%4p’ 2,8

I 53 45%4p°4d'55%5p° 2,6
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Morekyibl TaloreHOB 00pa30BaHbI IByMsI aTOMAaMH 32 CYET CHapH-

BaHUs YJIEKTPOHOB
-zC"l--—l- . Ci: — :C1:Cls
p o ot

Hanbonee xapakTepHBIM CBOHCTBOM aTOMOB TaJOTCHOB SIBIISICTCSI
UX CHOCOOHOCTh MPUCOEAUHATH OMH JJICKTPOH M 00pa30oBBIBATH OTPH-
LATEIBHO 3apsHKEHHBIA WOH [, MPOSIBIISAS IPU 3TOM CTEIIEHb OKHCIICHUS
-1. BakHeHIIMMH COEIUHEHUSIMU TaJION€HOB CO CTENEHBI0 OKUCIIEHHS -
1 ABISIOTCS 2an02eH08000pOOHbIE KUCTIOMbL U 2AI02eHUObL MEemallos,
nanpumep HC1, HBr, NaCl, KI. OgHako akTHBHOCTb TaJIOTEHOB HE-
OJITHAKOBA: OHA YMEHBIIAETCS OT (ropa K HOAy MO Mepe YBEIUYCHUS
pamuyca atoma. Tak, GTOp U XJIOP COSTUHSIOTCS ¢ OOMBIIMHCTBOM Me-
TaJIJIOB TIPH OOBIYHBIX YCIOBUSX, HAITPUMED:

2Fe + 3Cl, = 2FeCl;; 2P + 4Cl, = PCl; + PCls,

a 6p0M U MOJ CO MHOTMMH BELICCTBaMU, HalIlpuMep € BOAOPOAOM,
pearupyroT TOJbKO IMpU HArpeBaHUU:

Hz + Brz = 2HBr.

SIBNISISICH cCaMBIM AKTHBHBIM 3JICMCHTOM, CBO6OI[HI)II>1 q)TOp BBITECC-
HACT BCC OCTAJIbHBIC T'aJIOTCHbI U3 UX BOAOPOAHBIX COCJMHEHHI U CO-
€IMHCHUM C METaJlJlaMU. AHaJIOTHYHO XJIOP BBITECHSACT 6pOM u I710I[, a
6pOM BBITCCHSCT I710[[, Harpumep:

2KBr + Cl, = 2KCl + Bry; 2Br" + Cl, = 2CI' + Bry.

Hao0opor, criocoOHOCTh K 00pa30BaHUIO KUCIOPOOHBIX COCOUHEHUT
U KUCIopoOocodepicawux Kuciom BO3pacTaeT oT ¢gropa k ilomy. Ilpu
3TOM XJIOp, OPOM M HOJ MOT'YT HPOSIBIISATH CTENEHb OKHCIeHus +1, +3,
+5, +7 nanpumep B coenunenusx CL,O, Cl,07, HCIOs.

10.2 Kucnopoacoaepsxaiye coelMHEHUs TaJI0r€HOB

Bce ranorensl B CBO60I[HOM COCTOSIHMU U B BUAEC KUCIOPOACOLACP-
Kalux KUCJIOT ABJIAIOTCA CUJIBHBIMHU OKHUCIHUTCIISIMU. HaHpI/IMep, (1)T0p
pasjiara€t Boay:

2F2 + 2H20 =4HF + 02,
a Xxjiop u 6p0M npu B3aUMOJICHCTBUH C BOLOM 06p33yIOT JABEC KHCJIOTHI:
Clz + HzO < HCI + HCIO.

Xnopat kanus (6epronerosa coib) KClO; nerko oxucnsieT gocdop,
pa3NUYHbIC OPraHUYECKUE U HEOPTaHUUCCKHE COCTUHCHUS, HATIPHIMEP:
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KC103 + 6FGSO4 + 3H2$O4 =KCl + 3F62(SO4)3 + 3H20

OxuciauTenbHass CHOCOOHOCTh KHCIOPOACOAEPIKALIMX KHUCIOT C
YBEIMYCHHUEM CTCNIEHU OKUCICHUS XJIOpA, T.€. OT XJIOPHOBATHCTON KH-
cnotel HC10 x xnoproit HC104, yMeHbIIaeTCsI, B TO BPeMsSI KaK KH-
CJIOTHBIE CBOWCTBA, HA0OOPOT, YCHIIMBAIOTCS.

Onbit 1 Tajiorennt

(OmBITHI ¢ TaNOr€HAMU BBITMOJIHSIOT TOJNIBKO B BBITSDKHOM LIKady, B
MacKe MJIM OYKax M C paspelieHus npenofasarens. OmbITl ¢ OpoMoM
MPOBOAAT MOJ] HAOMIOCHUEM MIPENoaBaTeNs B 3alIUTHBIX IepuaTKax U
OUKax.)

Jis HelTpanu3aluu CBOOOIHBIX TaJOT€HOB PEKOMEHIYeTCs HC-
MOJIb30BaTh KaJIbLIMHUPOBAHHYIO COY - KApOOHAT HATPHSL

ITpoxyKThl peakiuu, cofepkaiiue CBOOOTHBIC TaOTEHbI CIUBAIOT B
CHeLUaIbHbIE EMKOCTU (HH B KOEM Cllyuae HE BBUIMBAIOT B PAaKOBUHY!),
pacroioXKeHHbIe B BBITSDKHOM MIKady. PeakIMOHHBIH cocysd 3aTeM
JBa — TPU pasa OMOJACKUBAIOT HEOONIBIIMMU MOPHUSIMHU BOABI (B BbI-
TSOKHOM IKagy!), a IPOMBIBHBIE BOJIBI TAKXKE CIUBAIOT B 3TH €MKOCTH.
Ilocne mocnenHero OMOJIACKUBAHUSA PEaKIMOHHBIM CcOCYJ MPOMBIBAIOT
pactBopoM cofbl. COOBBII PacTBOP MOXKHO BBUIUTH B PAKOBHHY MOJ
TATOM, a MPUOOP BBIHECTH U3 BBITSDKHOTO MIKada.

Xnop — A10BUTHIHA 3€ICHOBATO-XKENTHIN ra3. Bapixanue HeOOIbIINX
KOJIMUECTB BBI3BIBACT Kalllelb, NPHU BABIXaHUM OONBIIMX KOJUYECTB
BO3MOXKHBI TSKEJIBIC TOCIEICTBHUS, B TOM YHCJIE BOCHAJCHUE M OTEK
nerkux. IIpy TSDKEIOM OTpaBIEHUH XJIOPOM J0 MPUOBITHS Bpada HEOO-
XOAUM IIOKOH M CBEXMHl Bo3ayX. IIpy HECHIBHOM OTpaBIIEHUM I1OCTpa-
JIABILIETO BBIBOJST HAa CBEXHUI BO3AYX JO MOJIHOTO MCUE3HOBEHUS CHUM-
ITOMOB OTpPaBJICHUS.

Bbpom — Tspxenast >KUAKOCTh, 00pasyrollas TEMHO-KpACHBIE Maphl,
CIOCOOHBIE BBI3BATH OTpPAaBJICHHE, CIE300TAEIECHUE, YIYLIbE U MOpaKe-
HUE AbIXaTeNbHbIX MyTell. [lonananue xxuakoro OpomMa Ha KOXY NPUBO-
JUT K 00pa30BaHUIO TPyAHO3KHUBaOMMX 513B. Hanmueate 6poM B mpo-
OUpKM U KalelbHblE BOPOHKHU CIIEAYET OCTOPOXHO 4Yepe3 BOPOHKY B
3alUTHBIX NEPYATKAX U OYKax IMOA HaOMofeHueM npenofasarens. s
HeHTpanu3aluy MONaBIIETo Ha KOXY OpoMa PeKOMEHYeTCsl HCTIONIb30-
BaTh 2 — 3%-HbIi pacTBOp THOCYIb(aTa HaTpus. [Ipu ciydaitHOM BJIBI-
XaHUU NapoB OpoMa HEOOXOAUMBI TIOKOH, BJBIXaHUE MapoB pa30aBIIeH-
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HOro (2%-HOro) pacTBOpa aMMHaka WJIM MApoB 3TaHONA U CBEXUN
BO31yX.

Hoo — xpuctanmmueckoe BemecTso. I1apkl Hozma, TeMHO-(HOTETO-
BOTO I[BETA, UMEIOT HETIPUATHBIN 3amax, MOXOKUH Ha 3amax Xjopa, pas-
JpaXkarolie JIeHCTBYIOT Ha CIM3UCThIe 000J0uKu. [l HeWTpanu3anuu
1oJ1a UCTIONB3YIOT THOCYNb(AT HATPUSL.

Omnbit 2 ITos1yyeHue rajaoreHoB

Peaknuu o0pa3zoBaHust XJopa

B kavecTBe MHIMKATOpa BBIZEIEHHS Ia3000pa3HOTO XJI0pa MCIOJb-
3ylTe NOJIOCKY (GUIBTPOBaJIbHON OyMaru, CMOYEHHYIO Karuieil pacTBopa
Honuaa kamus (pucyHok 10).

Pucynox 10 — Ananu3 coctaBa ra3oBOi cpe/ibl C TOMOIIBIO HHIUKATOPHOH Oymaru

1) ITomectrTe B NPOOMPKY HECKOJIBKO KPHCTAJUTMKOB ITEpMaHraHaTa
Kanusi ¥ 1o0GaBbTe 1 MJI KOHLEHTPHPOBAHHOM COJNSHOM KHCIOTHL. [Ipo-
JieaiiTe CIeAYIOLIHE ONbITHl K OTBETHTE HA BOIIPOCHI.

a) ITomHecuTe k MpoOUpPKe MOJIOCKY (PUIBTPOBATIBLHOM OymMaru, cMo-
YEHHOH pacTBOpoM Honauzaa kanud. Kak usMmeHsercs okpacka doauna
KaJusi Iy JIeHCTBUY XJopa? Hamummre ypaBHEHUs peakiuii.

0) [Mogxucnute pacTBOp Hoauaa Kanusg Ha GUIBTPOBANILHON Oymare
Karuledl KOHLEHTPUPOBAHHOW COJITHOW KHCIIOTBI M ITTOJJHECHTE K IIpO-
Oupke ¢ BeIgeAOmuMcs xyopoM. Yto Habmonaere? OTMEThTE OTIIH-
YHs OT IpebIYIIero onbita. Hanummre ypaBHeHUs peakiyii.

B) CMouuTe MONOCKY (PUIBTPOBAIBHON OymMarum pactBOopoMm Opo-
MHJIa KaJIusl U TTOJTHECHTE K IPOOUPKE C BBLAGISIOIUMCS XJIopoM. UTto
Habmonaere? Hanmimmre ypaBHEHUS peakui.

r) Kakoit et mpubpen pacTBop B MpoOHpPKE MOCIe MPEKPaIeHUs
BbIAeTIeHHst xyopa? Creiite pacTBOp B APYryr MPOOUPKY U pa30aBbTe
Bozmoil. Uto morno conmepxatbcs B pactBope? OTMeTbTe U3MEHEHHE
BeTA.
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1) Kakoil nBer uMeeT ocrasiieecsi B MpoOUpPKE TBEPIOE BEIIECTBO?
JobaBbTe K HEMY MUCTHILIMPOBAHHOW BOJABI M OTMETBTE OKPACKY pac-
TBOpA.

Yem MorkeT OBITH 00yCIIOBIIEHA OKpacka pactBopa? Byner nmu otim-
YaThCs MO Pe3yNIbTaTaM MOCIEIHUI SKCIEPUMEHT, €CIH MepMaHTaHaT
KaJusl peIBapUTEIbHO TIIATEIHHO PacTepeTh?

2) B npoOupky mnoMmecTuTe HEOONBIIOE KOIMUYECTBO OKCHUIA Map-
radna (IV) u nobaBpTe 1 M KOHLEHTPUPOBAHHOI CONSHOW KHCIIOTHI.
OtMmeThTe BBIAENCHHE Xjaopa. Kakyro oxpacky mpuoOpen pacTBop B
npobupke Mo 3aBepiieHnn peakuu? HeOonbloe konuyecTBO 00paso-
BaBIIIETOCA pacTBOpa MepeieiTe B APYryr0 MpoOUpKY U pa30aBbTE BO-
noi. OTMeThTe U3MEHEHHE LIBeTa. YTO MOIIO COepkKaThCsl B pacTBOpeE?
Hanumure ypaBHEeHUs peakuuil.

3) IlomectuTte B MpOoOHPKY HEMHOIO TILATEIBHO PACTEPTOrO JH-
XpoMmaTa Kajiusi U Jo06aBbTe 1 MJI KOHLIEHTPHUPOBAHHOM CONSHON KHCIO-
Tel. Eciii MpHU3HaKOB XMMUYECKOH peakiMy HET, MPOOUPKY ClIerka IMo-
JOTpeiiTe B IJIAMEHH ra3oBod ropenku. Omnpenenure, BbLAETSETCS U
XJIOp B 9TOM citydae. Hanummre ypaBHeHUs peakLuil.

4) IlomectTe B MPOOUPKY HEMHOTO XJIOPHON H3BECTH U A0OABBTE
1 MJI KOHLIEHTPUPOBAHHOI comstHOM kucioTel. Kakoii ra3 Beiaensercsa?
Hanumure ypaBHEHUE pEaKIUH.

5) Brecute B mpoOHpKy HEOOJBIIOE KOJHMYECTBO XJIOpAaTa KaJlHs U
nobaBbTe | MJI KOHLEHTPHUPOBAHHON COJISTHOW KHCIOTHL. UTO mpomcxo-
aut? Hanmummre ypaBHeHUE peakiny.

6) ITomectuTe B MPOOUPKY HEMHOI'O CyXOH CMECH XJIOpUAa HATpHs
n okcua mapranna (IV) u u3 nuneTku ocTopoxkHO 100aBbTE HECKOJIBKO
Karesjab KOHLEHTPUPOBAaHHOW CEpHOM KHUCIOTHL. CMech cierka Iojor-
peitte. Uto Habmogaere? HanumuTe ypaBHEHHE PEaKIUU.

Oneit 3 IHoryueHue xaopa

Ilonyuenue xnopa oeiicmeuem coONAHOU KUCTOMbl HA NEPMAH2A-
Ham Kanus. XJ0p, MOTyIaeMblid TEWCTBHEM COJISIHOW KHCIIOTHI Ha Tep-
MaHTaHaT Kalus, COJAEPKUT ra3000pa3Hbie MPUMECH XJIOPOBOAOPOIA U
BOJIbI, a TAaKXKe MEJIKME KaIUIM pacTBOpa IepMaHraHaTa Kaius (a’spo30-
JI51), yBJIeKaeMble U3 30HBI peakiuu TOKOM raza. Obmas cxema mpudopa
npuBesieHa Ha pucyHke 11.
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B kon6y Bropua 1 momectute 10-15 r TmaTensHO pacTepToro B
(bapdopoBoii cTynke MepMaHraHaTa Kajaus U CMOYHUTE HEOONBIINM KO-
nmuuecTBoM Boabl (1 — 2 mit). B kanenbHyr0 BOpOHKY 2 HanelTe Moj
HaOJII0JIGHHEM TTpernoiaBaTelisi KOHIEHTPUPOBAHHOH COJSIHON KUCIOTHI
He Oonee 2/3 obwvema. (YOenuTech, 4YTO UCTOIB3YETE UMEHHO CONSHYIO
KHUCIIOTY, a HE CEpHYIO, TaK KaK OIIMOKa MOXKET IIPHBECTH K B3PHIBY.)

KMnO, H,0 H,S0,
(+H20) KOHLL,

1 — xonba Bropna; 2 — xanenpHas BOPOHKa; 3, 4 — GIIIBTPEL; 5 — MPOMBIBAJIKA C BOOM;
6 — IpeJ0XpaHUTeNIbHAs I1yCTas IPOMBIBAJIKA; 7 — IIPOMBIBAJIKA C CEPHOM KUCIOTOMH;
8 —rasooTBozsImIAs TPyOKa; 9 — CKIISHKA.

Pucynox 11 — ITpuGop st momydeHus Xiaopa

ITpu HEOOXOMUMOCTH OYMCTKH OT a’PO30JIbHBIX YAaCTHIl MPUCOEIH-
HUTE K Konoe Bropra 7 ManeHbKyto TpyOKy (IpSIMYI0 ¢ pacIIUPEHUEM B
cpenneii yactu 3 wim U-o00pa3Hyto 4) ¢ IOMEIIEHHBIM B Hee HEOOb-
IIMM HETUIOTHBIM (PUIBTPOM U3 XJIONKOBOM MM CTEKISIHHOM BaThl. Jliist
MOTJIOMIEHUS TPUMeECEH XJIOPHCTOr0 BOAOPOJA MPOMYCTUTE XJIOP Yepe3
MPOMBIBAJIKY C BOJIOH 5, a JUISl OCYIIKH — Uepe3 OfHY WU JBE NMPOMBI-
BaJIKi 7 C KOHILIEHTPUPOBAHHOM CEpHON KUCIOTOM. CTeneHb OUYUCTKH U
OCYIIKH XJIOpa U, COOTBETCTBEHHO, KOMIUIEKTAllUs MpHOOpa onpeaens-
FOTCSI TOTPEOHOCTSIMU OTIBITA.

(Bo u3bexaHue nomnagaHus KOHICHTPUPOBAHHOW CEpHOI KUCIIOTHI
Ha IepMaHTaHaT KaJisl, IPOMBIBAJIKA C CEPHOM KHCIIOTOMN JOJIXKHA OBITh
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OTZAeJIeHa OT KOOkl Bropia mycToi npegoXpaHUTEeNbHON TPOMBIBATIKOI
6, yCTaHOBJICHHOH 0OpaTHBIM XOJIOM.)

JJ1st IosTy4eHust paBHOMEPHOr'0 TOKA XJIOpa MEUIEHHO TPUOTKPOITE
KpaH KamlelbHOI BOPOHKH 2 U A00aBNANTE MO KaIsiM KOHICHTPUPO-
BaHHYIO COJISIHYIO KHCJIOTY K IepMaHraHaTy kaiausi. CKOpocTb BbLaEINe-
HUS XJIOpa B CKJIIHKY 9 10 ra300TBOJsAIIEH TPYOKEe yCTAaHOBUTE IO CKO-
pocTu MpoOYIbKUBAHUS XJIOpa 4epe3 NMPOMBIBANKH (OOBIYHO PEKOMEH-
nyercst 1 —2 my3sIpbKa B CEKYHAY).

Ilonyuenue xnopa oelicmeuem cONAHOU KUCOMbL HA OKCUO Map-
2anya (IV). B xonby Biopua 1 (pucynok 12) nmomectute 20 T oKkcuaa
Mmaprasna (IV). Jlas ouucTKH MOTy4aeMoro XJopa Ha BBIXOAE KOJOBI
MPUCOCANHUTE TIOCIIEI0BATENILHO IBE IPOMBIBAJIKH: OJHY 3 — C BOJIOH, a
BTOpYIO 4, €clii 3TO HE0OXOAUMO, — C KOHIIEHTPUPOBAHHOW CEPHON KH-
cnoroif. C mOMOIIBIO Pe3NHOBOH MPOOKHU B Topiio KoyObI Bropia nomec-
TUTE AJTMHHYIO BOPOHKY 2 TaK, YTOOBI ee KOHell HeMHOro (Ha 5 — 10 Mmm)
He focraBai fHa konOwl. KonGy Bropma 3akpenuTe B Jlanke IMITaTHBA
HaJ| acOecTOBOM CETKOM MIIM CTEKJIOKepaMHYecKoW IutacTuHou. Yepes
BOPOHKY HaJleiiTe KOHIICHTPUPOBAHHYIO COJIIHYIO KUCJIOTY B KOJOy B
TaKOM KOJIMYECTBE, UTOOBI YPOBEHb XUKOCTH 3aKpbIBaJl KOHEI[ BOPOH-
k1 i xjopa. Korma Tok rasza 3aMemIMTCs, OCTOPOXHO MOAOTpelTe
KOJIOy MJIaMEHEM T'a30BOi rOpesKH Yepe3 acOEeCTOBYIO CETKY.

1 — konba Bropiia;

2 — BOPOHKa;

3,4 — IpOMBIBAJIKH;

5 —razooTBoAsLIas TPyOKa;
6 — CKJISTHKA.

0,5 em] X

Pucynok 12 — ITpuGop 1st OTyueHHUs XJI0pa IS CTBUEM COJISIHOM KU CIIOTHI
Ha oxcua Mapranna (IV)
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OnbiT 4 IlosryueHue Gpoma

B Gonburyto mpodupky Bropua 1 (pucynok 13) momecture 5 r 6po-
MUJa Kajnus ¥ 2,5 T [uXpoMara Kajaus U npuieite 2 mi Boasl. 'a3o00T1-
BOJIHYIO TPYOKY 2 OIyCTUTE B MPOOUPKY-NIPUEMHHK 3, OXJTAKAAEMYIO B
nensHoi 0aHe 4 Bopoii co ab10oM. OCcTOpoXKHO MpUbaBbTE B IPOOUPKY 1
C PEaKIMOHHONW CMEChIO 5 MJI KOHLIEHTPHPOBAHHON CEPHOM KHCIOTHI U
3aKpoiiTe MpoOHPKY CTEKISHHOM mnpunuindoBaHHOW mpobkoil. Octo-
POXKHO HarpeiTe peaklMOHHYI0 CMECh IIAMEHEM Tra30BOH TOPENKU U
oTroHuTe oOpaszoBaBiluiica 6poM B MpoOUpKy-npueMHuK 3. Hanummmre
YpaBHEHUS peakiuil.

IomyueHHBIII OpOM HUCHOMB3YHTE B ONBITAX IO H3YYCHUIO €ro
CBOWCTB.

1 — npobupka Bropiia;

2 — ra300TBOJIHas TpyOKa,

3 — npobupka — NpUEMHHK;
4 — GaHs CO JIbJIOM H BOJIOM.

Pucynox 13 — ITpuGop uis noydenust Gpoma

OmnbiT 5 Iloyuyenne fona

1) K 20 ma pacTtBOpa, coaepkaiuero 3,5 r ifoauaa kaiaus, 100aBbTe
paccyMTaHHOE MO YPaBHEHHIO PEaKIMH KOJIMYECTBO CEPHOH KHCIOTHI U
15 mn 3%-Horo pacTBOpa mepokcuaa Bopopona. BeimaBmmii ocamok
Hoza OTJeNMTe U MPOCYLINTE Ha CTEKITHHOM TIOPHCTOM (pHIIBTpE, 3aTeM
MOMeCTHTe B OOKC M B3BecbTe. Hamummmre ypaBHeHue peakuuu. Pac-
CUUTaNTE BBIXOJ MPOAYKTA B MPOLEHTaX OT TEOPETHYECKOTO OTHOCH-
TENTLHO B3ATOr0 KOJIMYECTBA MOIU/IA KaJIHs.

2) ITomectute B pubop s cyonumarun Hoxa 1,0 T oauna xamms
u 1,0 r okcuaa mapranna (IV), mepememiaiite cMech CTEKISTHHOM TMa-
JIOYKOH M CMOYMTE HECKONBbKMMHU KaIUIIMH KOHLIEHTPHUPOBAHHOHM cep-
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HOU kucnoTel. Harpelite cMech yepe3 acOECTOBYIO CETKY IIaMEHEM Io-
PETIKH 10 MOIHOM BO3TOHKU HOJa U MCUYE3HOBEHHs (PHOJICTOBBIX MAPOB.
BosornanHslit flog cobepute B O10KC U B3BechTe. Paccuuraiite BBIXOA
IIPOAYKTa B MPOLEHTaX OT B3ATOro Moauzaa kamus. Hanumwure ypaBHe-
HUE peaKluu.

ITomyyeHHslii 04 MCHONB3YWTE B ONbITAX IO H3YyYEHUIO €r0
CBOWCTB.

OmnsIT 6 CBolicTBa XJ10pa

Cobepute npubOp I TONY4YEeHHs XJIOpa U IpoJeTalTe CIeryro-
M€ OIBITHI.

B3aumogeiicTBHe XJ10pa ¢ MeTALJIAMHA

1) 3amonHUTE CKIISTHKY CYXHM XJIOPOM U CTPSIXHUTE B HEE C KOHUH-
Ka IImaTens HEeOOJbIIOEe KOIMUECTBO TOHKOM3MENBYEHHOTO IOPOIIKA
CcypbMBL. UTO nporcxoauTt?

2) IlomectuTe B MpOOUPKY IpaHylly 0JIOBA U MPOIYCTUTE TOK CYXO-
ro xynopa. Crerka HarpeiTe 0JI0BO 0 Hadana XUMHUUeckoi peaknuu. I1o
3aBEpUICHUU B3aUMOJCHCTBUSI OTMETHTE arperaTHOE COCTOSHUE TONy-
YUBILIETOCS BELIECTBA.

Hamummre ypaBHEHUs peakiuii.

B3anMmoaeiicTBae X10pa ¢ HEMETALIAMH

1) IlomectuTe Ha JHO MPOOHPKU HEOOIBIIOE KOIHYECTBO KPACHOTO
¢ocdopa u nponmycTuTe TOK cyxoro xjuopa. Eciu peakuus He UAET, TO
JUIS €€ MHULIMMPOBAHUS JHO MPOOUPKU cJerka MoJorpeire raMeHeM
ra3oBoit ropenku. UTo mpoucXomuT IpH MPONyCKaHUU U30bITKA Xjopa?
OTMeThTE arperaTHble COCTOSHUS M LBET 00Pa3yIOLIUXCS MOCIE0Ba-
TEJIbHO MPOJYKTOB PEaKIUH.

2) Ha aHO mpoOMpKH TOMECTHTE HECKOIBKO KPUCTAJUIOB CYXOTO
fona. IIpomycTuTe TOK CyXOro XJiopa M OTMETHTC HU3MEHEHHS IIBETa
IPOAYKTOB peaknuu. Kakue BeriecTBa MOCIEOBATEIbHO 00Pa3yOTCs
npu 3ToM?

Hamummre ypaBHEHUs peakiuii.

Kakue coeqmHeHust CylecTBYIOT B cUCTeMe “Hof — XJop”?

B3aumopeiicTBHe XJ10pa ¢ pacTBOpaMu OpoMuJa U fioanaa kaaus

1) IMomecTtute B Tpu npobupku mo 1 mi pactBopa OpoMuaa Kaaus
uny Hatpus. B omHy mpoOupky no0GaBbTe 1 MJ KOHIIEHTPUPOBAHHOU
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CONSIHOM KHUCIOTHI, a B Apyryo 1 mun 10%-Horo pactBopa ruapokcuia
HaTpus. PacTBop B TpeTheil mpobupke ocTaBbTe HeM3MEHHBIM. [Ipomyc-
TUTE Yepe3 pacTBOPBI M30BITOK XJIOpa 0 MPEKpPAIlEHUs] H3MEHEHUS OK-
packu. Yro Habmonaete?

2) IlponenaiiTe aHAJOTHYHBIN OMBIT C PACTBOpaMH Hoauja Kamus.
Uro Habmronaere? Hanummure ypaBHEHUS peakiyil.

XopHasi Boga

ITpoOupky ¢ 5 — 7 MJI TUCTUIITMPOBAHHOIN BOABI TOMECTUTE B CTa-
KaH CO JIbAOM M BOJOH M MPOMYCTUTE XJIOpP, OUYMIIEHHBIH OT CIEIO0B
XJIOPOBOJIOPOZA, O HACHIIEHUS. B Kakoi IIBET OKpalIuBaeTcs MOIY-
YEHHBII pacTBOp?

Uro obpa3yercst B pe3ynbTaTe pacTBopeHust xjopa? Hammmmre
ypaBHEeHHE peakiuu. Kak 3aBUCUT pacTBOPUMOCTh XJIOpa B BOJE OT
TeMIIepaTypbl?

1) K 1 — 2 M7 xyopHOH BOIBI B MPOOUpPKe J100aBbTE HEMHOTO Kap-
6oHata kanpuud. Uto npoucxoaut? HanummuTe ypaBHEHHE peakIUH.

Kak cooTHOCHTCA cuila CONSHOM, yrOAbHOM U XJIOPHOBATUCTON KU-
cnoT? MoXeT JIM yronbHas KUCIOTA BBITECHUTH XJIOPHOBATHUCTYHO KH-
CIJIOTY M3 €€ COoNu?

2) IlpoBepbTe NeiicTBHE XJIOPHOW BOJBI HAa OyMary ¢ yHHBepcallb-
HBIM HMHJUKaTopoM. UTo Habmogaere?

3) Haneiite B mpobupky 1 — 2 M XJIOpHOH BOIBI U J100aBbTE He-
00JBIIOE KOJIMUECTBO (CIIONH ~5 MM) HEMOJSIPHOTO pacTBOpHUTens (OeH-
30I1a, TeTpaxJopua yriepoja). TiaTelbHO mepeMenaiTe coaepxumoe
npobupku. [locne pazneneHuss BOAbI M HEMOJSAPHOIO PACTBOPUTEINS Ha
JIBa CJIOSl OTMETHTE OKPACKY KaXKJ0ro, CPABHUTE €€ C IBETOM MCXOAHOMN
XJIOpHOH Boabl. UTo mpouzonuio? B 3Ty xe nNpoOUpKy MO KaruisiM J10-
6aBbTe 1 M pacTBOp IMAPOKCHIA HATPUS J0 MpPEKpaIleHUs] U3MEHEHUs
OKpPacK, TIIATENIbHO IMEepPeMENINBasi COAEPKUMOE IOocie M00aBICHUS
KaXI0i KarM 1menodn. Kak m3aMeHsieTcsi okpacka KaKIoro u3 cioeB?
Kakue mporneccsl npoucxoasaT npu 3tom? Hamummre ypaBHEHHE peak-
uuu. [Tocne crabunuzanum OKpacku pacTBopa 100aBbTe B MPOOUPKY MO
karisiM 1 M pacTBop cepHOW KUCIOTHI, TEPEMENINBasi COJIEPHKUMOE T0-
clie KaxIoii HOBOM Karuid. Kak W3MeHseTcsl UBET KaKIOoro u3 cioeB?
Hanunmmre ypaBHeHUE peakiii.

4) Haneiite B mpoOUpKy 2 MJT BOABI, 100aBbTE 110 KaIljie pacCTBOPOB
OpoMuJa W Homuaa Kajus, NpUIedTe HEMONSIPHBIA pacTBOPUTENH O
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00pa3zoBaHus CJIOS TONIIUHON ~5 MM. J[00aBIIsiiTe MO KAIISIM XJIOPHYIO
BOJly, TIIATENbHO MEpPEMELINBast COAEPKUMOE ITPOOUPKH Mociie MprbaB-
JeHus Kaxaod Kam. OTMeTbTe H3MEHEHHs] OKPAacKH HEMOSPHOTrO
pactBopuTelns. O6pa30BaHUIO KaKUX IPOAYKTOB COOTBETCTBYET HAOMIO-
naemass  okpacka?  HamummuTe — ypaBHEHHS — ITOCIEAOBATEIbHBIX
IIpeBpallEeHU.

OneiT 7 CBolicTBa 6poma

B3aumopeiicTBue 6poMa ¢ MeTalIaMu

(OKCIepUMEHTSI ¢ KUAKUM OpOMOM CNEAYET IPOBOAUTH B BBITSK-
HOM IIKady B 3aIIUTHOM Macke (OUKax) M IMepuaTKax B MPUCYTCTBUU
MPEroAaBaTes.)

1) 3akpenuTe mpoOUpPKY B JIallKe IITaTHBa HaJ OaHEH C MECKOM U
HaJelTe B Hee Heboubloe konnyecTBo (~0,5 mi) 6poma. BozpMute TH-
TeJIbHBIMU LUIIAMU WIN JUIMHHBIM NTUHIETOM Y3KYIO MOJOCKY alTIOMHU-
HUEBOH (honbru, MPEeABAPUTENILHO 3aUMINEHHOM Ha)kAauHOW Oymaroif
WJIM CcKalibmeneM, 1 OpockTe B mpodupky ¢ 6pomom. (OctopoxkHo! Pe-
aKIUsl CUIBHO SK30TEPMUYHA U HaunHaeTcs He cpa3y!) Ilo 3aBepmenun
peakIuu OTMEThTE LIBET U arperaTHoe COCTOsIHUE MpoaykTa. Hamummre
YpaBHEHHUE PEaKI1H.

2) IlponenaiiTe aHANOTHYHBII ONBIT C TPAaHYIHPOBAHHBIM OJIOBOM.

B3aumopeiictBue 0poma ¢ HeMeTaLJIaMH

Haneiite B npoOupKy, 3aKpeMICHHYIO B JIANKE LITaTUBA HaJl OaHel ¢
neckoM, ~0,5 MJ OpoMa U CTpAXHHUTE B HEE CO INMATeNsi HEMHOTO I0-
porika cyxoro kpacHoro ¢ocdopa. Ilo 3aBepiieHUN peaku paccMoT-
pute oOpa3oBaBIIUecs MPOAYKTHI peakiun. OTMETbTE MX LBET U arpe-
raTtHoe cocrosiHue. Harummre ypaBHeHHS peakiuil.

Kak MoxeT 3aBUCETh COCTaB MPOAYKTOB PEAKIUH OT COOTHOILEHUS
B3ATBIX peareHToB?

ITonyyenue u cBoiicTBa GPOMHOIi BOABI

1) B npoOupky HaneiiTe onHy-/Be Kamim Opoma U 100aBbTe 5 M
JMCTWIJIMPOBAHHOH Boabl. [lepememaiite comepkMMoe CTEKISTHHOM
najoukoi. OTMeThTE OKpacKy BoAHOro cios. Otiedite 1 — 2 M moiny-
YEHHOr'0 PacTBOpa B APYryto MpoOHpkKy. JJo6aBbTe HEOOIbIIOE KOINYe-
CTBO (CIIOH ~5 MM) HEMOJIAPHOTO pacTBoputelns (OeH305a, TeTpaxIopH-
Jla yriiepoja) M TIIATeIbHO NepeMelaiTe conepxumoe npooupku. Ilo-
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Clle paccianBaHUS SKUAKOCTEH OTMEThTE OKPACKY BOJHOTO CJIOSI M CJIOSI
HenoJsipHoro pactsopurens. Ilo kamisam godassTe 1 M pacTBOp ruapo-
KCHJIa HaTpus, TUIATEIbHO MEePEMEINBasl HKUAKOCTU TOCTe Kaxa0i HO-
BOH Karu mienour. OTMEThTe U3MEHEHHUs OKPACKH CIIOSI HETOJIIPHON
KUAKOCTH. HanuiuTe ypaBHEHHE PeaKIIny.

B oOpasoBaBmytocs cmech npubaBbTe Mo KamsiM 1| M pacTtBop
CEpHOI KHCIOTHI, TIIATEIbHO MEPEMEIINBAs COACPKHUMOE IPOOHPKH.
OTMeThTE U3MEHEHHE OKPAcKH CIJIOsl HEMOJSIpHOro pacTtBopurens. Ha-
MUIINTE YPaBHEHUE PEaKIuu.

KaxkoBa pactBopumocts 6poma B Boze? Kak oHa 3aBUCHT OT TeMIle-
patypst?

2) K pactBopy 6pomMa B Bozie (OpoMHOIi BoJie) 100aBbTE MO KaIljIsiM
pactBop #omuaa kamus. Uto HaOmonaere? Hamuimmre ypaBHEHUS
peakuui.

3) K OpomHoOii Bozie, conmeprkaliield HepaCTBOpEHHBIH OpoM, 00aBb-
T€ HEMHOTO pacTBOpa OpomMujaa Kamus U nepemMeinaite. OTMEThTE W3-
MEHEHHe OKpackH pacTBopa. PactBopuiicst 11 6poM MOTHOCTIO?

CBoiicTBa Hoaa

1) B geTbIpe npoOUpKH HAJIEHTE 1O 5 MJT AUCTUILTMPOBAHHOM BOABI,
pacTBOpa XJIOpHAA HATpUs, pacTBOpa OpoMUIa Kadus U pacTBopa Hoau-
Ja kanus. B kaxayro mpoOUpKy OMyCTHTE MO HECKOIBKO KPYMUHOK Ma-
JICHBKUX KpHCTAIIUKOB ioma. Coaepkumoe MpoOHpOK MepemelIaire.
Uro Habmronaere? Hanummure ypaBHEHUS peakiyil.

2) B npobupky ¢ AUCTUIUIUPOBAHHON BOMOW NMOMECTUTE KpHUCTal-
JHK Homa u Harpelite. OTMEThTE OKPACKY OOpa3yIOLIErocsl MpU Harpe-
BaHUU pacTBopa. Kak n3MeHseTcs okpacka Mpu OXJIaXASHUU pacTBopa?

OOBsICHUTE U3MEHEHHS OKPACKU TOCIie OXJIaxaAeHus pactBopa. Ka-
KOBa pacTBOPUMOCTh Hoja B Boje? B kakoil ¢opme #ox HaxomuTcs B
BOJHOM pacTBope? Kak 3aBUCUT pacTBOPUMOCTH HOJla OT TeMIEpaTypbl?
CpaBHUTE ¢ TeMIepaTypHON 3aBHCHMOCTBIO PAaCTBOPHUMOCTH XJIOpa U
Opoma.

3) Hazneiite B mpoOupky 2 Mj pa30aBIeHHOI CEepHOI KUCIOTHI, 10-
0aBbTE J[BE-TpU KaIIM KOHIICHTPUPOBAHHOTIO pacTBOpa OpoMaTa Kasus
U MaleHbKHH kpucTaluk Homa. Comepskumoe MPOOHPKU TINATEIBHO
nepeMerniaiTe ¥ NpuOaBbTE HECKONBKO KaleNlb HEMOISIPHOTO PacTBOPU-
Tenst 1o 00pa30BaHUs TOHKOTO Cl0s (~5 MM);
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BerpsixHute conepxumMoe mpoOupku. OTMETbTE OKPAcKy CIOsI He-
MOJISIPHOTO pacTBOpUTeNs. Hanummre ypaBHEHHE peakiiyy.

Onbit 8 T'ajloreHnanLI METAJIOB
ManopacTBOpUMBbIE TAJIOTeHUABI

1) K pactBopam xyiopuja HaTpusi, OpoMuaa Kauus U HOIUAa Kajust
N00aBbTE MO HECKONBKO Kaleidb pacTBOpa HuTpata cepedpa. OTMeThTe
IBET 00pa3yrOIUXCsl OCaJKOB M HAMUINUTE ypaBHEHUs peakuuil. IIpo-
JienaiiTe cleayIoIye ONbITHI C MOMYYCHHBIMU OCaIKaMH.

a) McnoblTaiite neiicTBue Ha ocaaku XJIopuja cepedpa KOHLEHTPH-
POBaHHOI COJISTHOI KHCIOTBI M HACBIIIEHHOTO pacTBOpa XJIOpHAa Ha-
Tpus. Uro npoucxoaut? Hanummre ypaBHEHUS peakiuil.

6) VcnerTaiiTe neiictBue Ha ocagku 6pomuia cepedpa HACHIIEHHO-
ro pacTBopa OpoMHja Kaiaus U KOHIICHTPUPOBAHHON a30THOM KHCIIOTHI.
Uto nHabmonaere? Hanumute ypaBHEHHS peaKIIHid.

B) K ocaaky floguna cepebpa nmobaBbTe M30BITOK pacTBopa ioauaa
kanus. Yro Habmonaere? Hanummte ypaBHeHHE peakiinu.

2) K pactBopaMm xyiopuja HaTpusi, OpoMHIa Kanusd U Hoauaa Kauus
N00aBbTE O HECKONBKO Karellb pacTBOpa HUTpaTa CBHHIA. OTMEThTE
IBET 00Pa3yOLINXCS 0CAAKOB U HAMIINTE YPaBHEHUS peakLuii.

OxmuciieHne raaoreHn/1-HOHOB

1) K pactBopam xyopuja HaTpHsi, OpoMuaa Kauus U HOIuAa Kajust
n00aBbTE MO HECKOJIBKO Kamelb pacTBOpa MepmaHranara kamus. Ot-
METbTE OKpacKy pacTBopoB. Ompenenure pH pacTBOpoB yHHBepcallb-
HOW MHIUKaTOopHOH Oymaroil. Kakue xummueckue MpOLECCHl MOTYT
MpOTEKaTh B ATUX ycloBUsIX? Hanuimre ypaBHEHUS peakuuii.

K nonyueHHBIM pacTBOpaM IO KamjsiM goOaBisiite 5 M pacTBop
CEPHOM KHCIOTHI JO IIPEKpallleHusd U3MEHEHHs OKpacku pacteopa. Kak
U3MEHSIETCS] OKpacKa pacTBOpa MpH YBEIUYEHUH KOIMUYECTBa A00aBIse-
Mol kucnoThI? Kakue XUMMYEeCKue IMPEBPaAIICHUS MPOUCXOAAT IpU
sToM? Hanummure ypaBHEHUS peakuuii.

2) K pactBopam O6pomuzia Kanus 1 Honuaa Kanus 100aBbTe pacTBOP
JUXpoMaTa Kajdus ¥ MOAKUCINUTE MO KariaM 5 M cepHOM KUCIIOTOH 110
MpEeKpalieHusl U3MEHEeHUs! okpacku. /lo6aBbTe B MPOOUPKU HECKOJIBKO
KaIleJlb HEeTOJISIPHOTO PacTBOpUTENs (OEH30/1a, TETpaxiIopuaa yriiepoaa)
U OTMETbTE OKpACKYy CJIOS HENOJIAPHOro pacTBoputeis. Hanumure
YpaBHEHUS peakiuil.
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3) K pactBopam Opomua kanus 1 Hoauaa Kauus 100aBbTE pacTBOP
HEPOKCH]IA BOJOPOAA U MOJKUCIUTE CEpHOU Kucnorod. Yto mpoucxo-
aut? Harmuimmre ypaBHEHUS! XUMHYECKUX PEaKIHi.

CpaBHHTE CTaHJapTHBIE OKHCIMTEIbHO-BOCCTAHOBUTEIBHBIE II0-
TEHLUAJIbl T'aJOreHUA-HOHOB M HCIIONB3yeMbIX OKHCIUTENell n o0bsc-
HUTE HaOJII0JaeMbIe SIBJICHUSL.

B3aumopeiicTBue XJiopuaa HaTpus, OpoMHIa Kajausl M ioanaa
KaJIdsl ¢ KOHIICHTPUPOBAHHOI CEPHOH KHCI0TOH

B 1pu npobupku (pucyHok 14) momecture HemHoro (~0,5 T) cyxux
cofeil: xjopuaa HaTpusi, OpomMua Kanus U Hoauaa kanus. [lonrotrosbre
WHAUKATOPBL: a) YBIAXKHEHHBIE ITOJIOCKH OyMaru ¢ yHHUBEpCaJIbHBIM HH-
JUKAaToOpoM; 0) MONOCKM (DUIBTPOBANIBHOW OyMaru, CMOYEHHBIEC IMOJI-
KHCJIGHHBIM PAacTBOPOM II€pMaHraHaTa KajMsi; B) IOJIOCKH (UIIBTPO-
BaJIbHOW OyMaru, CMOYCHHBIE PACTBOPOM HUTpATa WM alleTaTa CBUHIQ.

@ @/
NaCl KBr K1

Pucynok 14 — MccnenoBanne B3aMO/1€HCTBHS TaJIOT€HHUIOB C CEPHOI KHCIOTON

B kaxnayro u3 mpoOupok n00aBbTE MUIETKOW OJHY — JBE KaIlIH
KOHIICHTPUPOBAHHOM cepHOM KucnoThl. IloouepeaHo momermas B mIpo-
OUpPKU TOJIOCKH MHJIUKATOPOB (PUCYHOK 14), OTMETbTE M3MEHEHHUS HUX
I[BETOB.

IToBTOpUTE 3TOT HKCIEPUMEHT C OPOMHUAOM U HOTUAOM Kayus, J0-
0aBUB U30bITOK KOHLIEHTPUPOBAHHOMN CEPHOI KHCIIOTHI.

CpaBHUTE MOIy4eHHbIC pe3ynbTaThl. CrenaiiTe BHIBOABI O COCTABE
ra3000pa3HbIX MPOAYKTOB peakiuu. Hanumure ypaBHEHUs! peakIuii.

Uem MoOryT OBITh 3arpsi3HEHBl OpOMUJ U HOMUA BOAOPOXA, MONTY-
YeHHbIE ATUM criocoboM? Kakoii 13 rajoreHoBOIOpoNIoB sBJsieTcss 00-
Jiee CHIIBHBIM BoccTaHoBUTeNeM? Kakue rajgoreHoBoJOopOoAbl B YHCTOM
BUJIC MOXHO MOJTyYUTh AEHCTBUEM KOHIICHTPUPOBAHHON CEpHOM KHCIIO-
Thl HA COOTBETCTBYIOLIUI rajoreHua?
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Tema 11 DjreMeHTHI NOATPYNIIBI KUCJI0POJA

11.1 BonopoaHblie coeIUHEHHS JIEMEHTOB I'PYIIBI KHCJI0POAa
11. 2 Kucsiopoansbie coeHEeHHUSA

11. 1 Bogopoanble coeiMHEHHSI 3JIEMEHTOB IPyNIbl KHCJI0POAa

K rnaBuoil noarpynne VI rpynnsl NEpUOAUYECKONM CUCTEMBI dJle-
MEHTOB OTHOCATCS KUCIIOPOJ, Cepa, CEJIEH U TEILLYP.

CXOJZICTBO B CTPOCHUU BHEIIHETO SHEPTeTUYECKOTO YPOBHS (Tabu-
1a 7) oTpajkaeTcsa Ha CBOMCTBax AJIIEMEHTOB U MX cOeqUHEeHHH. B oTmu-
4yhe OT APYTUX DJIEMEHTOB KUCIOPOJ, IPOSBIAET CTENEHb OKUCICHUS
TOIBKO — 2.

3TO0 00BSICHSIETCS TEM, YTO B aTOME KHCIOPO/a HECTIAPEHHBIE 3JICK-
TPOHBI HaXOJITCS Ha P-OpOUTANSIX BTOPOrO CIOs, HA KOTOPOM MAakKCH-
MAaJIbHO MOXXET OBITh BOCEMb 3JIEKTPOHOB.

Tabnuia 7 — HekoTopble CBONCTBA 3JIEMEHTOB MOATPYIIIBI KHCIOPO/a

OnemenT | IlopsakoBblit ONeKTpOHHAs CTPYKTYpa BHELIHETO OTHOCHTENIbHAS 3JIEK-
HOMeEp U TIPE/IBHEIIHETO CII0EB TPOOTPHLATENBHOCTh
0 8 1s22s72p* 3,2
S 16 2s2p%3s%3p* 2,5
Se 34 3s73p®3d'%4s%4p* 2,4
Te 52 45%4p°4d'55%5p* 2,1

CB0OOIHBIX OpOHUTasel BTOPOH CIIOi HE UMEET;

o T

v CCPHBI KE HICCTH BJICKTPOHOB HAXOAATCSA B TPETHEM CJIOC, B KOTO-

POM HUMECTCA d—HOI[ypOBeHI) C IIATBIO CBO6OI[HLIMI/I 0p6I/ITaJ'[$IMI/I. ITo-
9TOMY CHAPCEHHBIC 3JICKTPOHbI B HAPYKHOM 3JICKTPOHHOM CJIO€ MOT'YT
NepexXoanTh Ha BaKaHTHBIMN d—HOI[ypOBeHI) C TEM XK€ I'JIaBHbIM KBaHTO-
BbIM YK CJIOM n:
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Kucnopoo — spko BBIpaKeHHBIH OKUCIIMTEINb, BCE OCTAJbHBIE DIle-
MEHTHI HE SIBJISIFOTCS HU CHUJIBHBIMU OKUCIHTENSMH, HU CHJIBHBIME BOC-
CTaHOBHTEIISIMU.

O30H — aUIOTPONMYECKOE BHUJIOM3MEHEHHE KHCIIopoja — 3Hadu-
TENBHO 0O0JIee CHIIBHBIN OKHCIINTEINb, YEM KHCIIOPOI.

Ilepoxcud 6000poda B 3aBUCUIMOCTH OT TOTO, C KAKUM BEIIECTBOM
B3aMMOJICHCTBYET, MOXKET BBICTYIIATh B POJM KAK OKUCIUTENS, TaK U
BOCCTaHOBHTEIIS:

4H,0, + PbS = PbSO, + 4H,0;
HCIO + HzOz =HCl + 02 + Hzo

Crenenb okucieHus kucinopoga B monekyne H,O, paBna — 1. B
cllydae, Korja HMEepoKCH] BOJOPOJA SIBIISIETCS OKUCIUTENEM, CTEleHb
OKHUCIIEHUS KUCIOpOoJia YMEHbIIaeTcsl 10 — 2, TaKk Kak JiBa aToMa KUCJIO-
pOZIa MPHCOSMHSIOT 1Ba dekTpoHa: O,” + 2¢” = 207, Eciu mepokcny
BOJIOpOJia BBICTYNAEeT B Ka4ECTBE BOCCTAHOBHTENS, TO CTEHEHb OKHCIIE-
HUS KHUCJIOpOZAa B pe3ylibTaTe peaKknud IOBBINAETCS 1O HYJS:
0,"-2e'=0,".

Booopoouvie coedunenuss dIEMEHTOB TPYIIIBI KUCIOpOJa ¢ OOIIen
dbopmynoit H,D mpencraBisator coboi cradble KUCIOTHI, CHJIa KOTOPBIX
BO3pacTaeT C YBEIMYEHHEM aTOMHOW MaccChl dJIeMEHTa:

Tosuimenne yclm*oﬁquaocm MOMIEKYJt
H,0 H,S HySe H,Te :

Veunenve KHCIOTHEIX CBOHCTB

Ycujenye BOCCTAHOBHTENBHOH AKTHBHOCTH

11. 2 Kucsiopoansbie coeHEeHHUA

Bonbimoe 3HaueHHEe HMEIOT OKCUABI M THJIPOKCHIIBI 3JIEMEHTOB
rpynmnsl kucnopoaa. Jns oxcuaa cepsl (IV) xapakTepHbl BOCCTaHOBH-
TeJIbHBbIE CBOMCTBA:

SOZ + Brz + 2H20 = HzSO4 + 2HBr.

OHaKO OH MOXKET UCIHOJIL30BATHCA U KaK OKUCIUTEND:

SOZ + 2st = 2H20 + 3S.

I'mppokenn cepel (IV) — cepHucrast KucinoTa — COEAMHEHUE HEYC-
TOHYMBOE, NMOITOMY B CBOOOJHOM COCTOSHMM HE CyIIeCTByeT. B Buue
PacTBOPOB U OCOOEHHO COJIEH MCIONB3YeTCsl KaK CHIIBHBIN BOCCTAHOBH-
TelTb, TAK KaK JIETKO OKHCISETCS JaKe KUCIOPOJOM BO3yXa.
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Oxcup u TUAPOKCU]] CEPBI (VI) HUMCIOT BBICHIYHO ITOJIOKUTECIIBHYHO
CTCIICHb OKHUCJICHUA, 00/1a1a10T CHUIBHBIMU OKHUCIIMTEILHBIMU CBOMCT-
BaMmu. CTeneHb BOCCTAHOBJICHUS CEpPBI B OTUX COCAMHCHUAX 3aBUCUT OT
AKTHBHOCTHU BOCCTAaHOBUTCIIA.

2Hg + 2stO4 = ngsO4 + SOZ + 2H20;
4Zn + 5SH,SO4 = 4ZnS04 + 4H,0 . H,S.

Omnbit 1 IlosyyeHue Kucaopoaa

Paznoswcenue nepmanzanama kanus. llomecture B mpoOUpKy He-
CKOJIbKO KPUCTAJUIMKOB II€pPMaHraHaTa Kallusi, MpOOHPKY 3aKpenuTe
HAKJIOHHO B LITaTUBE M HarpeiTe IIaMeHeM ropeiku. BHecurte B mpo-
OupKy TiaeoLIyIo JIydnHKy. Uto mpoucxonut? Kakue NpomyKThl MOTYT
00pa30BaThCs B pe3ysbTaTe pa3loKeHHs MepMaHraHaTa kanus? Hamu-
HINTE YPaBHEHUS PEaKLUil.

Pa3znosrwcenue nepokcuoa 600opooa. B npobupky Hanente 3 — 5 miu
3%-Horo nepoxcuja Bofpopoaa. Ha koHunKe Imaresis BHECUTE HEMHOTO
nopomika okcuna Mapranma (IV). Tneromeil mydnHKOM mpoBepbTe, Ka-
Kol ra3 Belzensercs. Hanummre ypaBHeHHe peakund. Kakywoo poib ur-
paet okcun mapranua (IV)?

B Kakux ycloBHSIX MOXET OBITh MOJIy4eH KUCIIOpPOJ U3 MEPOKCUIA
Oapus u GeproneroBoit conu? Hanuiire ypaBHEHUS peakLuii.

OmnsiT 2 CBoiicTBa KHCJIOPOJa

3anoNHUTE KUCIOPOJIOM TPH CKIITHKM METOJIOM BBITECHEHHS BOJBI
(pucyHok 15). Jl7st 3TOr0 BHauajle HAOJIHUTE CKIISIHKY 3 BOAOM 10 Kpa-
€B U 3aKpOoiiTe ee CTEKIISIHHOM TUIACTUHKON 4, 3aTeM IepeBEpHUTE U T0-
Tpy3UTE B KpPUCTAIIN3AaTOp 2 ¢ BoJOH. [lanee, omycTUTE Ta300TBOHYIO
TpyOKy 7 OT razoMerpa (0ajuioHa, KUCIOPOJHOW MOMYIIKH) B BOAY H
OTPETYIUPYHTE TOK KUCIOPOJA, YTOOBI MOXHO OBUIO JIETKO CUUTATh
My3bIPBKY Ta3a. 3aloHUTE CKISHKY KHUCIOPOAOM, 3aKpOWTE ee MoJ BO-
JIOW CTEKJISTHHOW IUIACTUHKOM M BBIHBTE W3 BoAbl. lIponmenaiite cie-
JYIOILUE OTIBITHI.

a) [Tonoxxute B JOKEUKY IS CKUTAHUSA KyCOUEK Cepbl BETMYUHOM C
TOPOIIMHY, TOJIOKTUTE €€ B TJIAMEHU ra30BOM TOpeNKd (B BBITSKHOM
mkagy!).

OOpaTuTe BHUMaHME Ha LIBET M pa3Mep IUIaMeHH TopAlleil cepsbl.
BHecure ropsimyto cepy B 0aHKy ¢ kuciopogoM. Kax usmensiercs rope-
HUE cepbl?
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Bopa

1 - ra3ooTBOAHAs TPYOKa; 2 - KPUCTAIUIH3ATOP C BOTOMH; 3 - CKIISHKA,
4 - cTeKJITHHAs IUIACTUHKA

Pucynok 15 — 3anonHenne CKISHOK KUCIOPOIOM:

6) IlonmoxuTe B JIOXKEUKY Al COKUTAHUSI HEOOMBIION Kycouek Ipe-
BECHOTO YIJIf, HAKAJIUTE €r0 B IIJIAMEHH ra30BON TOPENIKU U BHECHUTE B
6aHKy c kucinoponoM. Kak u3aMeHseTcs MHTEHCUBHOCTh TOPEHHsI YIS B
Kuciopoze?

B) CBepHUTE CHNHpPAJbI0 OTPE30K TOHKON CTAaJbHOI IPOBOJIOKH.
Hakonutre Ha NpPOBOJNIOKY MAaJEHBKUN KYyCOYEK KOPKOBOH MpPOOKH.
IMonoxrure mpoOKy U ObICTPO BHECUTE B OaHKy ¢ Kuciopojom. Uro
MPOUCXOAUT?

Hanummre ypaBHEHUs! peakiuii.

1. Kakue mpumecu MOXeET copepkaTbh coOpaHHbIN kucimopon? Kak
oT Hux u30aBUThcA? Ilox KakMM JaBICHHEM HAXOIWUTCS KHCIOPOX B
razomerpe?

2. Kakoii BBIBOZI O CBOIMCTBaX KHCIOpPOJa MOXKHO CAeNaTh HAa OCHO-
BaHUU MPOBEJCHHBIX OMBbITOB? Kak BiuseT Ha MHTEHCUBHOCTb TOPEHUS
BEIIIECTB 3aMeHa Bo3ayxa kuciaoporoMm? Uem 3to obwsicHsercs? [louemy
y KHCJIOpOAa HHU3KHE TeMIepaTypbl IUiaBieHus U kureHus? Kakoe
CTpOEHHE UMEET MOJIeKyna 030Ha?

OnbiT 3 Xemom0oMUHeCHeHIUS (CHHIJIETHBIA KHCJIOPON)

CoOepute B BHITSXKHOM IIKay B 3aTEMHEHHOM MecCTe IMpuOOp Uis
noaydeHust xJjopa (pucyHok 11) 6e3 MpOMBIBANKU C CEPHON KHCIOTOM.
B kauecTBe cueTymKa My3bIPHKOB OCTaBbTE MPOMBIBAIIKY ¢ Bomou. [Tpu-
TrOTOBbTE B XMMHUUYECKOM CTaKaHE pacTBOp ABYX yacTedl 5 M pactBopa
TUApPOKCUAa HaTpusd W oaHoi yactu 30%-HOro pacTBOpa MEpOKCHIA
Bomopoza. Uepes MOMyUEHHBIH pacTBOP MPOMYCKANTe XJIOP OTHEIbHBI-
MU y3bIpbkaMu. MOXKHO MPOIMYCKATh CTPYIO XJIOPA HaJ| TOBEPXHOCTHIO
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pactBopa. HabGmionaiite cBeueHue. KakxoBa ero oxpacka? Hamwmute
yYpaBHEHUS peaKiuii.

Onbit 4 Ilepoxcna Bogoposa

IMosnyyenune mepokcuaa BOAOPOAa

Haneiite B om0y 20 mu 5%-HOro pactBopa CEpHOW KHCIOTHI.
BsbanteiBas comepxkumoe koo, 100aBbTe B Hee 1,0 T mepokcuaa Oa-
pust. [TomydeHHBIH pacTBOp MEPOKCHIA BOAOpOma OTQWIBTPYHUTE OT
ocajika. HanummTe ypaBHEHHS PeaKI[Hii.

Kak OynmeT 3aBHCeTh BBIXOJ MEPOKCHIA BOAOPOJA OT TEMIIEPaTyphI
Y BPEMCHU TPOBE/ICHHSI DKCIIEPUMEHTA?

CpoijicTBa nepokcuja Boaopoaa

1) K pactBopy mepokcuaa BOAOpOAa MPHIICHTE HECKOJIBKO Kallenlb
pactBopa Hoauna kanus. Uro Habmronaere? Pa3baBbTe pacTBOp BOIOH U
700aBbTE OHY — JIBE€ KaIlJIM pacTBopa Kpaxmana. Urto npoucxoaut? Ha-
MUIINTE YpaBHEHHUE PEaKIUH.

2) Ilomyuute (B BBHITSDKHOM InKady!) ocamok cymnbduaa CBHUHIA
B3aMMOJICHCTBHEM pAacTBOPOB HUTparta (auerata) CBHHLA U Cyab(puua
amMmonus (Hatpust). HeGomnpIioe KOJM4ecTBO Ocajika, IPOMBITOTO BOAOH
MyTeM JeKaHTaIuu, 00paboTaiiTe pacTBOpOM Mepokcuaa Bogopoaa. Yto
Habmonaere? Hanuimmre ypaBHEHUS peakui.

3) K pactBopy mepokcuia BOIOpOAa, MOJKUCICHHOTO CEPHOH KH-
CJIOTOM, 100aBbTE KAIUIIO MEpMaHraHaTta kaiausa. Uro Habmonaere? Ha-
MUIINTE YpaBHEHUE peakuuu. Kakue cBoiicTBa MPOSIBIISIET MEPOKCH]
BOJIOPO/Ia B ATHX peakiusix?

Tema 12 Cepa u eé coequneHust

12.1 Cepa, Bo10pO/AHbIE COETMHEHHUSI CEPbI
12.2 KucopoaHble coeiMHEHNs cepbl

12.1 Cepa, Bo10pO/AHbIE COETMHEHHUSI CEPbI

ATOM Cepbl HMeeT 6 BaJIEHTHBIX I1eKTpoHOB (35, 3p*). TTockombKy
cepa oTHOCHUTCS K p-aseMeHTaM III mepuona st HE€ BaJIEHTHBIMM SIB-
nstrorest v 3d opOuTanu, MakKCHMaJIbHOE KOOPJMHAIIMOHHOE YHCIIO CEpPBI
paBHo 6. HanGornee yCTOMUMBO S -rHOPHIHOE COCTOSHHE.

Cepa — TunuuHbI HeMeTammMueckuit anemeHT. [1o anekrpooTpuna-
tenbHOCTH (000 = 2.5). OHa ycTynaeTr TONbKO rajoreHaM, KUCIOpPOAY
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1 a30Ty. B coequHeHusIx cepa NposIBIIAET CTENEeHb OKUcIeHus —2, 0, +2,
+4, +6. JIy1s cepbl XapaKTepHbI HU3MIAS U BBICIIAS CTEIICHb OKHCICHUS.
Cepa obyajjaer crmocoOHOCThIO O0pPa30BBIBATH YCTOMYMBBIE TOMOIICTIH,
HMMEIOIINE 3Ur3aroo0pasHyro Gopmy.

B OOBIUHBIX YCIOBHSX yCTOWYHMBAs pOMOWYECKas U MOHOKIMHHAsS
Moudukamus cepsl. X KpUCTaTbl OTIUYAIOTCS B3aUMHOW OpHUCHTA-
1Kel KOJIBbIIEBBIX MOJIEKYH Sg.

B Bojne cepa pacTBOpsieTCs OYCHB IUIOXO; Jydille MOIU(HUKaus eé
pacTBOPSIETCSI B CEPOYTIIEPOIC.

Cepa — JI0CTaTOYHO AKTHBHBIA METaJUI, P YMEPCHHOM HarpeBa-
HUM OHA OKHCJISIET MHOTHE MPOCTHIC BEIECTBA M CaMa JIOBOJIBHO JIETKO
OKHCJISIETCSI KUCIIOPOIOM U TaJIOTCHAMH.

BomoposHbie coeIMHEHHs Cepbl OTBEUAIOT MOJICKYJIE CYbduaa Bo-
nopoaa (H,S), ona momsipHa ¥ cmocoOHO 00pa3oBBIBaTH BOJOPOIHBIC
CBsI3U; B OOBIYHBIX YCJIOBHSX 3TO T'a3, B BOJAHOM PacTBOpe 3TO ciabas
xuciora (K; = 107). CepoBonopon i cymb®UIbI — CHIBHBIE BOCCTAHO-
BUTENU. B 3aBUCUMOCTH OT YCIIOBHIA MPOMYKTAMH OKHCIICHHS CYIb(u-
J0B MOTYT OBbITH S, SO,, H,SO4.

12.2 KuciopoaHble coeJUHEHHS cepbl

Crenenp okucnenus +4, y cepsl nposisisiercst B auokcuae SO,. u-
OKCH/JI Cepbl PacTBOPSIETCS B BOJIE M BOAHBIA PacTBOpP HA3bIBAaeTCs cep-
HucToit kucnoroil. Cymbdua mon SOs” HMeeT HeMoACHEHHYI0 mapy
9JIEKTPOHOB M TIO3TOMY SBJISIETCS aKTHBHBIM JIOHOPOM U JIETKO HEepexo-
JUT B TeTpadapuueckue noHsl HSO3, SO,”. Cynbdutsl B pacTBOpax
00J1a/1af0T BOCCTAaHOBUTEIBHBIMK CBOMCTBAMH, & C CEPOBOJIOPOJIOM TIPO-
SBJISIIOT OKHCIIUTEIbHBIE CBOHCTBA. CyIb(QHUTHI — COJIU CITOCOOHBI K JNC-
MPONOPIHOHUPOBAHUIO.

CreneHb OKHUCIICHHUS cepbl +6 nposiBisiercs B okcuze SO3, B cepHOIt
kucnore. CoequHeHUs 00JANAI0T OKUCIUTENbHBIMU  CBOWCTBAMHU.
CHIIbHEHIIIMM OKHUCIIMTEJIEM SIBIISIETCS KOHIICHTPHPOBAHHAS CepHasl KH-
cora.

OnbiT 1 IlonyyeHue Moau(uKANUI cepbl U HCCJIe0BAHHE HX
CBONCTB

IIpuBenute B paboueM xypHaiue cxemy p — T a3oBoil quarpamMMel
cephl. YKaxuTe 00NacTH CyIIEeCTBOBAaHUS Pa3HBIX MOIU(UKAIUI cepbl.
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BeimuiuTte TeMrepaTypsl W JaBiieHUS Tpex(a3HbIX HOHBapUaHTHBIX
paBHOBECHH.

Pombuueckan cepa. B cyxyrwo npoOupky Hamneite 4 — 5 M XJopo-
¢opMa (B BBITSDKHOM MIKa(y) U HEOONBUIMMHU MOPLUIMHU, BCTPSIXUBAs
COJIep)KUMOE MPOOUPKU, BHECUTE MOPOIIOK CEpbl 10 00pa3oBaHMs Ha-
CBIIIIEHHOTO pacTBopa. IlomyueHHbIH pacTBOp mpouiIbTpyiiTe B (hap-
(hOpOBYIO YaIIKYy, 3aKPOUTE €€ CTEKIIOM U OCTaBbTE B BBITSDKHOM KAy
JUISL MEJUIEHHOT 0 ucnapeHus. Kammro pacTBopa moMecTHTe Ha MpeaMeT-
HOE CTEKJIO, 3aKpOiiTe MOKPOBHBIM CTEKJIOM M HaOrofaiTe 3a pocToM
Kpuctamos. Kpucrannsl 3apucyire.

Monoxnunnasn cepa

1) 3anomxute HeOOMBIION (hapdopoBbIi TUTENH CEPOil U MEATEHHO
pacmnaBbTe ee. PacmnaB noikeH 3aHMMAaTh HE MEHEE IIOJOBHHBI THUIIIL.
Oxulagure TUrenb, claeds 3a 00pa3oBaHUEM KPUCTAIIMYECKOH KOPOUYKH.
Korna xpuctajuibl MoYTH COMKHYTCS B IIEHTpE, OBICTPO BBUICHTE HE yC-
MIEBIIYIO 3aCTHITh CEPy B CTaKaH ¢ BOAOW. PaccMoTpHTe B MHKpPOCKOIT 1
3apHcyiiTe 00pa30BaBIINECS B THIIIE KPUCTAILIBL.

JIBa — TpH MOJYy4YEHHBIX KPHCTaJIa PacTBOPHUTE B XJIOpodopMe Ha
4aCcOBOM CTEKJIC U IIOCNIE yAAJICHUS! PACTBOPUTENS paccMoTpute Gopmy
BHOBb 00pa30BaBIINXCS KPUCTAIIJIOB.

2) Ilomectute B mpobupky 0,5 T cepbl U mpuieiTe 5 MJI KOHIIEH-
TPUPOBAHHOM cepHOI KUCIOTHI. IIpobupky c comepkUMbIM Harpeiite
IIJIaMEHEM TOPEJIKH [0 IUIABIEHUS CEPBI, 3aTEM OXJIAUTE 10 KOMHATHOU
Temmnepatypbl. Cneifre kucnory. OOpa30BaBIIMIICS MIAPHK CEPbl MPO-
MOITe BOJOI U mpocymuTe Ha (HIBTPOBANBHON OyMmare, pacKoJIUTe Ha
JIB€ TIOJIOBUHKHM U PAcCCMOTPUTE CKOJI IOJ MUKPOCKOIOM. 3apucyiTe
(hopMy KpHCTaJIIOB.

W3menenue cepsl mpu HarpeBaHuu. Hamomaure ~1/5 mpoOupku ce-
poit u, nepka MpOOUPKY B pyKe IPU MOMOIIM 3aKHUMa, OCTOPOXKHO
oborpeBaiiTe ee B IIaMeHu ropenku. HaGmogalite niuaBieHye u mocie-
JyIOIME U3MEHEHHUS 1IBETa U BI3KOCTH CEPHI.

Ilonyuenue nnracmuueckoit cepwl. Harpeiite B mpoOupke cepy a0
KUIIEHHS U BBUICHTE pacIiaB TOHKOH CTpyE&H B KpUCTAIU3aTOp C XO-
noaHo0i Bogoi. IlonydyeHHyI0 Maccy BBIHBTE U3 BOJBI U BBICYLIUTE Me-
KLy JTUCTaMU (PUIBTPOBATIBHOM Oymaru. MchbITaliTe TATy4ecTh Cephl U
€€ pacTBOPUMOCTh B xjiopoopme. HacTb MOTYyIEHHONH MacChl COXPaHU-
T€ 10 CIEIYIOILEro 3aHATHS U CHOBA U3YyYUTE €€ CBOMCTBA.
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B kakux ycrnoBusiX BO3MOXHO 00pa3oBaHHUE POMOMUYECKON MM MO-
HOKJIMHHOM cepbl? Kakoe cTpoeHue MOJeKysl OTBEYaeT MOIy4YeHHBIM
MonupuKanusaM cepbl? SIBIseTCA M TIaCTHYECKas cepa MOIUMOpGHON
Monugukanueit cepbl? Yem 0OBSICHAIOTCS U3MEHEHUS [[BETA U BSI3KOCTU
MpU HarpeBaHuM cepbl? B yeM NpuYHMHA CKIOHHOCTHU CEphl K KaTeHa-
uuu?

Omnsit 2 CepoBoaopos

(CepoBomopox simoBuT! Bee ONBITHI C CEPOBOAOPOIOM CIEIyeT
MPOBOJMUTH B BBITSHKHOM InKady. [IpoayKThl peakuuu, couepkaiiue
CEepOBOIOPO/, HH B KOEM ClTydae HeJlb3sl BEIIMBATh B pakoBUHY. [locymy
C CepOBOJIOPOJTHBIMU OCTaTKAMH HE JIOIYCKAaeTCsl BBIHOCHTH U3 BBITSK-
Horo mkaga! s HedTpanu3anuu CepoBOIOpOsia PEKOMEHIyeTcsl HC-
TIOJTE30BaTh KAJIBIMHIPOBAHHYIO COIY — KapOOHAT HATPHSI. )

ITomectute B mpobupKy 1 (pucyHok 16a) 1 — 2 r cynsduaa xenesa
u npuieiite 5 — 8 mit 20%-HOro pacTBOpa CONISTHOM KUCIOTHI. 3aKpoiTe
MpoOHPKY MPOOKOH ¢ OTTSAHYTON Ta300TBOAHON TPYOKOH 2.

1 — mpobupka;
1 2, 3 — ra300TBOJIHBIE TPYOKH.
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Pucynox 16 — ITpoOupku aJ1st OIydeHHs CEPOBOAOPO/A: ) C OTTSIHYTOMH ra300TBOIHOM
TpyOKO#; 6) C H30rHYTOM;
1) [omoxrure BBIIENAIONUIUICS CEPOBOIOPOJT HA BBIXOAE U3 TPYO-
ku 2 (OctopoxHo! CMech cepoBOZOpOa C BO3IyXOM B3PHIBOOMACHA) U,
Jepka HaJl TUIAMEHEM CMOYEHHYIO BOJIOM MaJIEHbKYIO MIOJIOCKY MHAMKA-
TOPHOM Oymaru, MpoHaO0AaNTe 32 U3MEHEHHUEM €€ OKPACKH.

2) BHecute B maMsi CEpOBOIOPO/a XOJIOAHYIO KPBIIIKY OT THTJIA.
Uro nosiBiisieTcs Ha ee oBepxHoctu? [loracure miuams U 3aMEHHUTE OT-
TSHYTYIO TPYOKY 2 Ha U30THYTYIO 3 (pucyHOK 16 0).

3) Cmouute HeOONbIIME MOJIOCKH (DHIBTPOBAIBHON Oymaru ue-
TBIPHMS — HIECThIO KAIJISIMHU: OPOMHOIA, HOAHOM BOJBI U TOAKUCIEHHBIX
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pacTBOpOB MepMaHTaHaTa U AUXPOMAaTa Kajus W MOACHCTBYHTE Ha HUX
BBIICTISIIOIIMMCS U3 TPYOKH 3 cepoBoAopoaoM. UTo nmpoucxoanut?
Hanumure ypaBHeHus peakuuil. Ha kakue cBolicTBa cepoBOAOPOAA
YKa3bIBAIOT MPOETIaHHbIE ONBITHI?
4) CMouuTe MOJIOCKY YHUBEPCAIBHOM WHIUKATOPHOW OyMaru BO-
JIOM ¥ TOICHCTBYITE Ha HEe TOKOM cepoBoiopoa. Uto Habmoaere?
O3HaKOMBTECH C KOHCTAaHTAMHU JICCOLIMALIMU CEPOBOIOPOIHON KUCIIOTHI.

5) CmouunTe NONOCKK (UIBTPOBATBHON OyMaru pacTBOpaMu coneit
xenes3a (II), mapranna (II), nuHKa, KagMUs, CBUHIA, CypbMbl U MEU H
MOJCHCTBYITE OOYEPETHO HAa HUX CEPOBOJOPOAOM U3 IMpoOupKu. UTo
HaOmomaere? OTMEThTE OKpacKy oOpasyrommxcs cynbdumoB. Hamu-
HINTE YPaBHEHUS PEaKLUil.

6) IlpomycTuUTe TOK CEPOBOIOPOA Yepe3 KOHIIEHTPUPOBAHHBIN pac-
TBOP CEPHOI KUCIIOTHI B podupke. Uto Habmonaere? Hanumure ypas-
HEHHE PeaKIuu.

OmnbiT 3 Cyib(uabl MeTAJLIOB

(OmnBITHI O MOMYYEHUIO U MCCIIEIOBAHUIO CBOMCTB CYNb(HUI0B BbI-
MIOJTHSNTE TOJIBKO B BHITSDKHOM HIKady!)

IHosyuenue cyabuaoB MEeTAIJIOB U3 NPOCTHIX BElIECTB

Cynvgpuo meou. 3anomuute npodbupky Ha ~1/10 cepoit u Harpeiite
ec B IUIAMEHM TOPEJIKU, TT0Ka Mapbl Cephbl HE 3aIOJHAT BCIO MPOOHUPKY.
He6onburyro nonocky meanoit ¢omsru ~0,1 T, nepxa muniaMu, Haka-
JIUTE B IJIAMEHU TOPENIKU JTOKpacHa U OBICTPO BHECHUTE B Maphbl CEphI.
Urto npoucxoaut? McnpiTaliTe OTHOLIEHHE CyNb(Uaa MEIU K ISHCTBHIO
BOJIBI U 3%-HOTO pacTBOpa COISTHOM KUCIIOTHI.

Cynbvpuo anromunun. Cmemaiite ~1,0 T TOPOIIKOOOPA3HOTO AITIO-
MUHHS CO CTEXHOMETPHUECKUM KOIMYECTBOM TOHKO PAacTEpPTOH B CTYI-
K€ cephbl. BBICBINIBTE cMech TOPKOM Ha XeJe3HyI0 IIacTUHY. BeraBpTe B
CepelMHy TOPKH MAarHUEBYIO JICHTY U NOJOXKTUTE €€ ropsiiel JTyduH-
KO B BBITSDKHOM IIKay (HE HaKJIOHSHTECh Haa cMechio!) mpu omy-
HICHHBIX CTBOpKax Ikaga. Hebomiblioe KOIU4YeCTBO Cyabhuaa aaroMHU-
HUS BHECUTE B IPOOUPKY ¢ ropsiueil Bopoit. Yto nporcxoaur?

Cynvgpuo xncenesa. Ilpurorobre 1,0 T cMecH MOPOLIKOOOPA3HBIX
Cepbl U BOCCTAHOBIICHHOTO eJe3a, B3ATHIX B CTCXHOMETPHUYECKOM CO-
OTHOIICHUH, MEPEHECUTE CMECh B MPOOHPKY M, YKPEHHUB €€ B JIAIIKe
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HITATHBA, CUIBHO HarpeiiTe ra30Boil ropenkoit JHO MpOoOUPKH 10 Hayana
B3auMmozeicTBud. Kak Tombko HauHeTCs peakuus, yoepute Harpes. Uto
Habmronaere? Kakoit cocTaB MOXET UMeTh cynbhua xene3a? Mcnsitaii-
Te OTHOILEHHE CyIb(pHIa Kene3a K IeHCTBUIO BOAbI U 3%-HOr0 pacTBo-
pa COJISTHOW KHUCIIOTBHI.

Cynbvgpuo yunka. lpuroroBere 5,0 T CMECH CTEXHMOMETPUUYECKHX
KOJIMYECTB MOPOIIKOOOPA3HBIX IIMHKA U Cepbl, IOMECTUTE CMECH Ha Me-
TAJUTMYECKYIO MJIACTUHKY M HarpedTe Ha ra3zoBoil ropenke. Yto mpowuc-
xoaut? McnpiTaliTe OTHOIIEHUE CYb(Uaa UHKA K JIEHCTBUIO BOIBI U
3%-HOT0 PacTBOpa COISIHON KUCIIOTHI.

Hanummrte ypaBHEHUs peakiuil moaydeHus Cyiab(UIOB METaJIOB
W3 MPOCTHIX BEUIECTB, a TAKXKE PEaKlUU B3aUMOJICHCTBHUS TOJTYYEHHBIX
Ccynb(pUI0B C BOJAOH U CONSTHOW KUCIOTOH.

Ocaxnenne cy1b(puI0B METAIOB CYJIb(pHI0M AMMOHHUS

B psin mpobupok Haneiite o 1 — 2 mi1 pacTBopoB coreit xxenesa (I1),
xenesa (III), mapranua (II), unHka, Kagmus, CBUHIIA, CYpbMBI U Meau. B
Kax Iyt U3 IpoOHpok mpubasbTe 1Mo 1 — 2 M1 pacTBOpa Ccyabpuaa aM-
MoHus. OTMEThTE LBET 00pa3yromuXcs ocaakoB. McnbiTaiiTe neiicTBue
3%-HOro pacTBOpa COJSIHOM KHUCIOTHI Ha IONYYEHHBIE OCAJKH, B3SB
HeOOoMbIINe UX KoaruecTBa. Hanuimre ypaBHEHUS peakiuii.

BreinmuiuTe 3HadeHUs MPOU3BENEHUS PACTBOPUMOCTH CYIb(HIOB
9TUX MeTaiioB. OOBSCHUTE, UCHOJB3Yys TOHATHE “IMPOM3BEACHUE pac-
TBOPUMOCTH’, TIPOLIECC OCAXKACHHSI M PACTBOPEHUSI CYIb(PUIOB B ITUX
ycnoBusix. Cynb(uIsl KaKuX METaUIOB HE PacTBOPSIIOTCA B COJISTHOM
kuciuore? B yem oHM pacTBOpUMBI?

Oca:xxeHue Cy1b()UI0B METAJIOB CEPOBOI0POAOM

UcneliTaiiTe neficTBUe CEpOBOIOPOAA HA PACTBOPBI TEX K€ COJIEH,
YTO U B HPEIBIAYIIEM OIBITE, HUCIOIb3YS I 3TOTO CEPOBOJOPOAHYIO
BOJIy WJIH MPOITyCKasi CEpOBOAOPOJ U3 MPOOUPKH C U30THYTOI TpyOKoi
( pucyHox 166) nnu npodupku Bropua (pucyHok 17).

1) OObsicHUTe, TOYEMY OCAJIKU BBITIAAAIOT HE U3 BCEX PacTBOPOB.
Cynabduasl KakuX METAJUIOB HE MOTYT OBITh MOJIYyYEHBI OCAXKACHHEM
CEpOBOIOPOIOM U3 BOTHBIX PACTBOPOB?

2) Knaccuduuupyiite uccienoBansple cyab(uIpl METAUIOB 1O UX
PAcTBOPUMOCTH B BOJIE U KUCIIOTAX.
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1 — npobupka Bropiia;

2 — ra300TBOJIHas TpyOKa,

3 — npobupKa ¢ UCCIENYEMBIM
pacTBOpOM.
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Pucynok 17 — Ipubop 11st ocaxxaeHust CyIb(hHI0B METAIUIOB CEPOBOIOPOIOM

Ocaxnenne cyib(uIOB METANIOB JEHCTBHEM HAa PACTBOPBI
APYTHMH CepOCoep:KALIMU peareHTaMu

B3zaumooeiicmeue pacmeopoe coneii memaniog ¢ muocyivgha-
mom nampusa. Hanelite B mpobupky 2 mi 1 M pactBopa THOCynb(darta
HaTpus U go06aBeTe 3 Ma 1 M pactBopa HUTpaTa Meau. Uto Habmoqae-
Te? OCTOpOXKHO HarpeiiTe NpoOUpKy B MIaMeHU ropenku. Kak nsmens-
ercst uBeT ocaaka? IIoBTOpUTE OMBIT C XJIOPUIOM LUHKA U HUTPATOM
cBUHIA. Hanmire ypaBHEHUS peakui.

Bzaumooeiicmeue pacmeopos coneii memaniog c muoMo4esuHoIl.
[Tomectute B mpobupky 3 mMa 1 M pacTBOpa HUTpaTa CBUHIA U 100aBb-
Te K HeMy u30bITOK 8 M pactBopa eaxoro Hatpa. (OcropoxkHo! HaneHs-
Te 3ammTHbIe ouku!) 3atem BHecute 1 mut 1,5 M pacTBOpa THOMOYEBU-
HBI, IepeMEIIalTe copepx uMoe npodupku u Harpeiite 1o 50 °C Ha Bo-
JsiHOM G6ane. Uto HaOmogaere? HanuimuTe ypaBHEHUS peakiii.

CpoiicTBa cy1b(U10B, PACTBOPUMBIX B BOJIe

a) McnerTaiiTe neiicTBue pacTBopa Cynb(UIa HATpHUs HA YHHUBEp-
CaJIbHYIO MHJIMKAaTOpHYIO Oymary. Uto Habmogaere?

Kak 00bCHUTH U3MEHEHHUE OKPACKU HHUKAaTOpa?

6) Haneiite B mpoOupky 2 M1 pacTBOpa Cyiab(puaa HaTpUs U Mpo-
mycTuTe TOK okcuaa yraepona (IV). Jns onpeneneHus cocTaBa BbLae-
JISIFOILIETOCS Ta3a UCMOIb3YHTE y3KHE MOTOCKH (PUIBTPOBATILHOM Oymaru
(pucynok 10), cMO4YeHHBIE PACTBOpaMM MOJKHCICHHOIO MepMaHraHaTa
KaJgusi U pacTBOpoOM areraTa cBuHI@A. Yto HaOmomaere? Hamummre
YPaBHEHUS peaKIHid.
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1) YUto npousoiiner ¢ cynb(GUIOM HaTpUs, €CIIH er0 OCTAaBUTh B OT-
KpbITOI OaHKe Ha BO3ayxe?

2) OOBsICHUTE MPOIIECCHl B PACTBOpPE €KOTrO HATpa MpU MpOIyCKa-
HUH 4Yepe3 Hero CepoBOIOPOJA.

OnsIT 4 Oxenp cepsol (IV)

(OmprTh! ¢ okcuziom cepsl (IV) mpoBoauTE B BHITSHKHOM HIKady!)

Peaxkuuu o0pa3zoanus okcuia cepsl (IV)

1) [MogoxruTe B JOXKEUKE AJISI CKUTAHUS KPYMHUHKY cepbl. UTO 00-
pasyeTcs IpH TOPEeHUH cepbl Ha BO3yxe?

2) TlonoxuTte B MpOOMPKY HECKOJIBKO KPUCTAIJIOB Cylbduta Ha-
Tpust U 100aBbTe 2 — 3 Kaluld KOHUEHTPUPOBAHHON CEPHOW KUCIOTHI.
Kaxkoii ra3 Beigensiercs?

3) omectute B mpobupky HemHoro (He Oomee 0,1 T) MegHBIX
CTpykeK Ui GoJbru U npuiieiite 1 — 2 MII KOHIIEGHTPUPOBAHHOM cep-
HOU kucnoTsl. Harpeiite nmpobupky B miaMmeHH ropenku. Uro HaOmo-
naere? Kakoii ra3 Beiiensercs?

UcneiTaiiTe AelicTBUE BBIAETSIONIETOCS ra3a B MIl. 1, 2 Ha MONOCKY
¢unbTpOBaTILHON OyMarv, CMOYEHHOH MOJIKUCIEHHBIM PacTBOPOM Tiep-
MaHraHata kanus. Yto HaOmonaere? Hanumure ypaBHeHUsT peakui.

ITosryuenne oxcuna cepsl (IV)

IHonyuenue oxcuoa cepur (IV) oeiicmeuem KonyenmpupoeaHHoil
CepHOIl Kuciomol Ha medb ¢ nocaedyrowum cocuxicenuem. Cobepute
npubop (pucyHok 18a). B mpombiBanky 3 HajelTe KOHIIEHTPHPOBAH-
HYIO CEpHYIO KUCIIOTY, Ha BbIxoje U3 U-00pa3Hoil TpyOKU-IpHEeMHUKa 4
yCTaHOBHUTE TPYOKY 5 ¢ xJyiopuaoM Kambiusi, U-oOpasHyto TpyOKy mo-
MeCTUTE B 0aHIO 6 ¢ OXJIAXKIAIOLIEH CMECHIO XJIOPHIA HATPUS CO JIBAOM,
TeMIepaTypa KOTopoi JomxHa ObITh HuXke -10 °C, U BbIAEPIKUTE €€ B
6ane 6 10 — 15 MuH 10 Hayana HarpeBaHus KOOkl 7.

B konby Bropua 1 momectute 3 — 5 T MEAHBIX CTPYKEK U MpHIIEHTE
gyepe3 BOpoHKY 2 20 — 30 MJI KOHLIEHTPUPOBAHHOM CEpHOI KHCIIOTHI.
CunpHO HarpelTe peakIMOHHYIO K00y Ha mecuaHoil 6aHe 7 10 Hadasa
WHTEHCUBHOI'O BBIJIETICHUS Ta3a, 3aTeM OTCTaBbTe ropenky. Cneaure 3a
TeMIepaTypoil oxnaxpatomeit cmecu. Uro cobupaercst B U-obpa3Hoil
TpyOke? HanmummuTe ypaBHEHHE PEakIiH.
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Conepxxumoe kosiObl Bropria 1o 3aBepliieHHuu OIbITa MEPEHECHTE B
TUTOCKOZIOHHYIO KOJIOY M MCIIOJNB3YyHTE B OMBITE 110 BBIJIEJICHUIO CyIb(ha-
Ta MEJIH.

Jlen + NaCl

a 4
1 — konba Bropiia; 2 — BOpOHKa; 3 — MpOMBIBaJIKa C CEPHOM KHCIOTOM; 4 - U-00pa3Hast
TpyOKa-IPHEMHHK; 5 — XJIOpKaJIbIHeBas TpyOka; 6 — 6aHs ¢ OXJIaXAAIONIe CMechIo;
7 — necuanas 0aHs; 8 — TOJCTOCTEHHAS CKJISHKA.

Pucynox 18 — ITpr6op [uist HOTy4eHUs] CepHICTOro rasa aeficTBHeM KOHIIEHTPHPOBAHHON
CEepHOI KHCIIOTHI Ha MEJIb U €r0 CXKIDKEHUs (), IEMOHCTpANus OnbITa «HOHTAHIHKY (0)

Ilonyuenue oxcuoa cepwt (IV) Oeiicmeuem KoHyenmpuposanHoil
cepHoll Kucnomul Ha cyavum Hampusa. VICXOTHBIM BEILIECTBOM IS
nonyyeHust okcuaa cepsl (IV) MOTYyT CIy>KUTh COJIM CEPHUCTON KHUCIIO-
Thl, HanIpuMep cynb(ut HaTpus. Jns nomyuenus okcuna cepsl (IV) ta-
KHM criocoOoM coOepuTe B BRITSXKHOM IKady npudop (pucyHok 19a). B
konoOy Bropra 1 nomecture 25 — 30 r cynb(uTa HATPUS U CMOYUTE 5 MIT
BOJIBI.

B xanensHyto BopoHKY 2 nomectute 20 — 30 MJI KOHIIGHTPHPOBAH-
HOIi cepHO#l KuCIOTHI (HO He Oojiee 2/3 obbema). [l ocymBaHus rasza
YCTaHOBUTE NIPOMBIBAJIKY C KOHLIEHTPUPOBAHHOI CEepHOIl KHCIOTOI 3.

MenneHHO MPUOTKPONTE KpaH KarelbHOH BOPOHKH 2 M MO KaruisiM
J00aBISIHTE CEPHYIO KUCIIOTY K CyIb(UTy HAaTpus. YCTAHOBUTE TOK CY-
xoro okcujaa cepsl (IV) oqun — 1Ba my3bIppKa B CEKYHAY IO CKOPOCTH
poOYIbKHBAaHUS Yepe3 MPOMbIBaJIKy 3. Hamummre ypaBHeHHE peakiny.
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Na;80; H,S0, Jen + NaCl
(+H,0) KOHIL.

1 — xonba Bropna; 2 — xanenpHas BOPOHKA; 3 — IPOMBIBAJIKA C CEPHOH KHCIIOTO;
4 — U-obpa3Hast TpyOKa-IIpUuEeMHHK; 5 — XJIOpKaJbIieBas TpyOKa; 6 — 6aHs ¢ OXJIaXKAaroIen
CMecChI0; 7 — ra300TBOAHAsS TPYOKa; 8§ — mpobHpKa.

Pucynok 19 — Ipu6op 11s1 MOJTy4eHHUs] CEPHUCTOrO rasa JeHCTBUEM CEPHOU KHUCIOTHI
Ha CyIb(HT HATPUSL: @ — CKIDKEHHE ra3a; 0 — MpOoIyCKaHHe Ta3a Yepe3 pacTBOp

CaoiicTBa okcuaa cepsi (IV)

Iocne Toro kak B mpueMHuKe codepercsa 2 — 3 M KHAKOCTH, OTCO-
eIUHHUTE €ro OT NMpubopa M MPUCOETUHUTE BMECTO HETO H30THYTYIO
BHU3 Ta300TBOJIHYIO TPYOKY 7.

1) B toncrocTennyto ckisHKy emMKocThio S0—100 M (pucyHok 180)
BBUIEHTE NONMy4eHHBIN xuakuid okcun cepsl (IV). [locne ero ncnapenus
IUIOTHO 3aKpONTE CKISHKY MPOOKOH CO CTEKISHHON TpyOKOH, OTTSIHY-
TOW BHYTpPb CKJISIHKU. [lepeBepHUTE CKIITHKY C Ta30M BBEPX JHOM U IO-
TPY3UTE KOHEIl CTEKJISHHOM TpyOKH B KPHUCTaJUIM3ATOp ¢ BOAOH. JloXk-
JUTECh MOSBIECHUS (POHTAHUMKA BOABI B CKIISHKE.

OOmwsicHuTe mpoucxojsiee siBneHne. Kakue paBHOBecus: ycTaHaB-
JUBAIOTCS MU pacTBopeHHH okcupaa cepsl (IV) B Bome? Hammmmre
ypaBHeHUs! peakuuil. Kakue comu mocienoBaTelbHO 00pa3yOTCs MpU
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mponyckaHuu okcuja cepel (IV) depe3 pacTBop ruppokcuaa HaTpus?
Kakue npoaykTsl 00pa3yroTcs Ipu NPOKAIMBAHUU ATUX COJeit?

2) CmounTe HEOONbIINE MOJOCKA (PUIBTPOBAIBHON Oymaru XJjop-
HOU U OPOMHOM BOJIOH, a TaKXKe PaCTBOpaMH IepMaHraHaTa 1 JUXpoMa-
Ta Kanus, MOJKUCICHHBIMU CEpHOH KucioTod. Ilpomycture Hajx cMmo-
YEHHBIMH TMOJIOCKaMHu OyMaru Tok okcupua cepsl (IV) u3 razoorBogHOM
TpyOku 7. Uto mpoucxoaut? Hanummre ypaBHEHUS peakiuii.

Kakue cBoiicTBa NpOSIBIISICT IPU 3TOM JTUOKCU CEPhI?

3) Haneiite B ogHy mpobupky 1 — 2 MJ1 cepoBOOPOIHON BOABI, a B
JPYTYIO pacTBOpP CyNb(UIa HATPUS U MPOIYCTUTE Yepe3 HUX TOK OKCH-
na cepol (IV) (pucynok 196). Uro npoucxoaut? Hanuimmre ypaBHeHUS
peakuui.

Kakue cBoiicTBa B JaHHOM CIIydae MpPOSIBISIET CEPHUCTAsE KUCIOTa?
Kakue BemiecTBa 00pa3yroTcs IpH B3aUMOJAECHCTBUM Ia3000pa3HbIX AU-
OKCHJa cepbl U cepoBoopoaa?

4) Haneiite B nmpoOupky 2 M1 pacTBopa (yKCHHA U MPOILYCTUTE Ye-
pe3 Hero Tok okcuna cepsl (IV). Uto mpoucxonut? [Ipokunsture pac-
TBOp. UTo Habmonaere?

YeM MOXXHO OOBSCHUTH MPOUCXOISIIIE SIBICHUS?

OnbiT S CepHasi KHCJI0TA U ee COJIH
(OmnbITHI TPOBOAUTE B BBHITSHKHOM MIKady!)
OTHOIICHHE KOHNCHTPUPOBAHHOM CEPHON KHCJIOTHI K BOJAE

Haneiite B crakan 10 — 15 My Boabl, U3MepbTe €€ TEMIIEpaTypy H,
HE BbIHMMas TEPMOMETpa, 100aBbTe 2 M1 96%-HOro pacTBOpa CepHOU
KHCJIOTBI. 3aIHIINTE TOKA3aHUSI TEPMOMETPA.

B xakom mopske ciieyeT MpuiiMBaTh BOAY U KOHIIEHTPUPOBAaHHYIO
CEpHYIO KHUCIJIOTY JJIsi MPUTOTOBJIECHUSI PAaCTBOPOB PA3IMUYHON KOHIICH-
Tpauuu?

JelicTBHe CepHOM KHCJIOTHI HA OPraHNYeCKHE BEIECTBA

1) Onycrute NyduHKY B HPOOHPKY C HEOONBIIMM KOJIHMYECTBOM
KOHLIGHTPUPOBAHHOH CEepHOI KHCIOTHI. YTO mpoucxomut?

2) IpurorossTe 2 — 3 M pacTBOpa cepHoit Kucnotsl (1:1). Cmoun-
T€ KOHEI| CTEKJISTHHOM MaJIoUKH ATUM PacTBOPOM, CAENaiTe HaAMHUCh HA
muctke 6enoit Oymaru. OCTOpOXKHO Harpemasi, BeICymuTe Oymary. Uro
MPOUCXOAUT?
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Ha xakue cBOMCTBa CEpHOM KHCIOTBHI YKa3blBAalOT IpPOJEIaHHbBIE
OIIBITHI?

3) B npoGupKy moMecTuTe 5 T caxapHOH MyJpsl, CMOYUTE €€ BOJOM
JI0 COCTOSIHMS T'yCTOM KAIIWI[BI, 3aT€M NpUeHTe 2 — 3 MJI KOHLEHTPU-
POBaHHOM CepHOW KUCIOTHI. BBICTpO mepeMelaiTe Maccy CTEKIISTHHON
MAaNOYKON ¥ MPOHAOIIOAANTE 32 IPOUCXOAAIIMMH SIBICHUSMHU.

Kakue razoo0pasHble BEIECTBA IPH ITOM MOIY4arOTCsI?

JeiicTBHe cepHOIl KMCJIO0THI HA HEMETAJJIbI

B aBe mpoOupku Haneiite o 2 — 3 mu 96%-HOro pacTBopa CepHOi
KHCJIOTBI, BHECUTE B OJJHY U3 HUX HEOOJBIION KyCOUEK CEphl, B IPYTYIO
— YIJIsl U OCTOpOXHO Harpeifre. Uro npoucxoaur? Hanumure ypaBHe-
HUA PeaKLuil.

HeiicTBHe cepHOI KMCIOTHI HA METAJIJIBI

Haneiite B mpobupKy 2 — 3 MJI KOHIIEHTPHPOBAHHOMN CEPHOM KHCIO-
Tl U OIYCTUTE B HEE HECKOJIBKO KYCOYKOB JKEJIE3HON MPOBOJIOKU. UTO
Habmonaere? OcropoxHO Harpeiite npobupky. IlpoucxoauT nu npu
9TOM Kakoe-1100 u3MeHeHue?

Kaxkue cBoiicTBa IposBIISIET B 3TOM Cllydae cepHas kuciora? B uem
pasnuuue JNefCTBUS KOHIIEHTPUPOBAaHHBIX M Pa30aBIEHHBIX PacTBOPOB
CEPHOI KUCIOTHl Ha MeTaiuibl? UeM oObscHseTCs OoMblasi cujia U yc-
TOHYMBOCTh CEPHOM KHCIIOTHI 110 CPABHEHHIO C CEPHUCTOH KHCIIOTOM?
CpaBHUTE OKUCIUTENIBHOE AEHCTBUE CEPHOM U CEPHUCTOM KUCIOT.

OnbIT 6 TepMmuueckasi ycToii4UBOCTh Cy/1b(aTOB

1) B HebGomnbIoit THreNnb moMectutTe 1 — 2 T rujpocyab(ara HaTpUsI
U CHauaJla OCTOPOXHO Harpeiite, a 3aTeM cUiIbHO npokanute. Kakue
COEAMHEHHUS TIPH 3TOM 00pa3yroTcsa? HanummTe ypaBHEHUs! peakIuii.

2) B HeOOonbLION THUreNb MOJIOXKUTE HECKONBKO KPUCTAJUIOB KpHU-
cramnoruapata cynbgata skene3a(ll), cHauana HarpeiiTe HX, a 3aTeM
clIbHO Ipokanute. [lonepxuTte Haj KpUCTaIIaMU UHAUKATOPHYIO Oy-
MaXXKy, CMOYEHHYI0 Bozoil. Uto mpoucxonut? Hamummre ypaBHEHUE
peaKIyH.

3) IlponenaiiTe aHAIOTMYHBIH ONBIT C TUIICOM U IN1ayOepOBO COMBIO.

OT 4ero 3aBUCHT pa3lUYHAsl TEPMHUUYECKAss YCTOWYMBOCTH KHCIIO-
pozcoaepKalInuX CoNel cepbl U COOTBETCTBYIOLUIUX KUCIOT?
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Omnsit 7 Tuocyiasdar HaTpus

ITosryuenue THocynb(aTa HATPHUA

PactBopuTe B HEOOMBINION KOHIMUECKOH Konbe 2 T cyab(huTa HaTpUs
B 25 M1 Boasl. M3Menbunte B (aphopoBoit crynke 1,5 T cepsl (Jrydie
UCTIOJIb30BATh CEPHBIN 1BET), CMOYMUTE CIIUPTOM M MEPEHECUTE B KONOY
¢ pactBopoM cynbpura HaTpust. CMmech Harpeiite 1o kuneHus. Ilpusna-
KOM OKOHUYaHHsI PeakIM CIyXUT HEHTpaslbHas peakius pacTBopa IO
YHUBEpCaJIbHOI MHAUKATOpHOM Oymare. JIo6aBbTe ele 1Ba pasa 1mo 2 r
cynb(uTa HATPHS C MPOAODKEHUEM KUIISTUEHUS 10 HEUTpanbHOU peax-
LUH B Ka)JOM CIlydae.

INomyueHHsIil Topstunil pacTBOp MpOPUILTPYIiTE Uepe3 OyMakKHBII
(uUNbTp Ha BOPOHKE ISl TOPSIUEro (pUIbTPOBAHUS U yHMapbTe HA BOJS-
Hol 6aHe 110 1/3 mepBoHauyanpHOro 00bEMa. Brlmasimine mocne oxiax-
JCHUSL KPUCTAJUIBl OT(GUIbTpyHTe Ha BOpoHke broxHepa. Hammmmre
ypaBHEHHUE PEaKIUH.

CpoiicTBa THOCY./1b(aTa HATPUSA

1) PacTBopHTE HECKOIBKO KPUCTAIOB THOCY/Ib(ara HATpUs B He-
OOJBIIOM KOJHMYECTBE BOJBI M 100aBbTe 1 — 2 MJI COJITHOW KHCIIOTHI.
Uro Habmonaere? Hanuimute ypaBHEHHE PEaKIINU.

2) [MomectuTe B HEOONBIION THUrelb HECKOIbKO KPUCTAJIIOB THO-
cynb(arta HATPHs U CHavYaja OCTOPOXKHO, a 3aTeM CHIIbHO HarpeiTe. Uto
Habmronaere? Hanmuimmre ypaBHEHHE peakiuy.

Kak nokasaTh, Kakue BelecTBA OOpa30BalIMCh MPH paclaje THO-
cynbdaTa HaTpusa?

3) Haneiite B nmpoOupky 3 — 4 MJ XJIOPHOH BOABI U MpUOaBBTE MO
KaIUISIM pacTBOP THOCYNIb(haTa HATPUS 10 MCUE3HOBEHUS 3alaxa XJopa.
Hanwummre ypaBHEHUE peaKIUHm.

IMouemy THOCYIB(AT HA3BIBAIOT «AHTHXJIOPOM)»?

4) IpopenaiiTe aHATOTMYHBIE OMBITHI ¢ OPOMHOW W HOAHOM BOAOM.
Hanumure ypaBHEHUs peakuuil.

IToyemy npu B3aMMOJCHCTBUH XJIOPHOW, OPOMHON M HOJHOM BOJIBI
C TUOCYIb(ATOM HATPUS TOIYUYAIOTCS pa3HbIC MPOTYKTHI OKHUCIEHUS
ceprl? Kakoe TexHu4eckoe Ha3BaHUE UMEET THOCYIb(AT HATpUs?

5) IlpoBeauTe ONBITHI IO U3YYEHHUIO B3aUMOJICHCTBUS THOCYNb(]aTa
HaTpus ¢ pactBopuMbiMuU comsimu Menu (1) u (1), unHka, cBUHIIA, KeTe-
3a (1) u (III).
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Tema 13 DnemeHTBI NOATpyNIbI 230Ta. X coeiMHeHNs

13.1 CBoiicTBa 3/1eMeHTOB NOATPYIII 230Ta
13.2 A3or, cBoiicTBa M IPUMEHEeHHe

13.3 AMMuak, coJii aMMOHHS

13.4 Kucaopojacoaepskauye coeiMHeHUs a30Ta

13.1 CBoiicTBa 3/1eMeHTOB NOATPYIIBI 230Ta

B rnaBHyro moArpynmy V rpynibl HEpHOAUYECKOH CHCTEMBI 3Jie-
MEHTOB BXOJAT a30T, GOC(Op, MBIIIBSIK, CypbMa, BUCMYT. ATOMBI MOJ-
IpYyNIBl a30Ta UMEIOT BO BHELIHEM 3JIEKTPOHHOM CJIOE IO MATh JIEK-
TPOHOB (Tabnuua 8) U, CIENOBATENBHO, CKIOHHBI IIPHHUMATD JIEKTPO-
Hbl. Ho, B omiinune ot anemenToB raaBHbix noarpynn VI u VII rpynm,
3JIEMEHTBl paccMaTpUBAEMON MOATPYINBI NPUHUMAIOT 3JIEKTPOHBI
TpyZIHEe, TaK KaK UM J0 BOCBMUAJIEKTPOHHON CTPYKTYpPhI BO BHELIHEM
CJI0€ HelocTaeT OONBIUIEr0 YHCIIA AIIEKTPOHOB. BHYTpU caMmoii moarpym-
bl C YBEJIMUEHUEM PaJyca aTOMOB JIEMEHTOB TEHACHIMS IPUHUMATh
JNIEKTPO/b! YMEHBIIAETCS.

DneMeHTbI MOATPYIIBl a30Ta MOTYT TAaKXKE OTAABAThH 3JIEKTPOHBI, U
9Ta CIOCOOHOCTh BhIpa)KEHA Y HUX CUIIbHEE, 4eM y aneMeHToB VI u VII
TpYIH, YTO CBS3aHO C YBEIMYEHHEM PaJUyCOB aTOMOB paccMaTpuBae-
MBIX 3JIEMEHTOB.

Tabnuia 8 — HekoTopbie CBOWCTBA 3JIEMEHTOB MOATPYIIIBI a30Ta

DneMeHT TopsiakoBsit DJeKTpOHHAsI CTPYKTypa BHEIIHET O OTHOCHTETbHAS JIEK-
HOMEp ¥ TIPEJIBHEIIHETO CII0EB TPOOTPHLIATEILHOCTh
7 1s%2s2p° 3,0
P 15 2572p°3s73p’ 2,1
As 33 3s73p®3d'%4s%4p’ 2,0
Sb 51 45%4p°4d'5575p° 1,8
Bi 83 5575p°5d'%6s%6p° 1,8

A30T ¥ 3JIEMEHTHI €ro MOJArPYIIbl B COSANHEHUSX MPOSIBIISIOT CTe-
MeHb OKUCIeHHs oT -3 mo +5. HambGonee XapaKTepHBIMH CTEHECHSIMU
OKHCIIEHUS SABISIIOTCA -3 U +5. C BOAOPOJAOM 3TH 3JIEMEHTHI 00pa3yroT
coequnenus tuna RH,: NH;, PH,, AsH;, SbH;, BiHj3, B koTopsIx cTe-
MeHb OKUCJICHUS DJIEMEHTOB paBHa -3. C KHCIOpOJOM OHHU 00pas3yloT
oxcupl obmeit popmynsl RyO, u RyOs rae creneHs OKUCIEHUS COCTaB-
nsieT +3 u +5. DTUM OKCUAaM COOTBETCTBYIOT KUCIIOTHI; HauOoJjblee
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3HadyeHue u3 Hux umeror: HNO; — azornas, HPO, — meradochopHas,
H,PO,4 — oprodochopuas, HAsO; — metambltbsikoBas, H3;AsO4 — op-
TOMBIIIBSIKOBAS.

13.2 A3or, cBoiicTBa M IPUMEHEeHHe

Bonbias yacTe a30Ta HAXOJAUTCSI B MPUPOJEC B CBOOOIHOM COCTOSI-
Huu. CBOOOIHBIN a30T SBJSETCS TJIABHOM COCTaBHOM YacThlO BO3ZyXa,
KOTOPBIN COCTOUT U3 MOCTOSIHHBIX KOMIIOHEHTOB:

Maccosas 1054,% Oo6bemMHas gos, %
Asor 75,6 78,09
Kucnopon 23 21
Bnaroponusie rassi 1,3 Oxomno 0,9

1 MEPEMEHHBIX KOMIIOHCHTOB

Maccosas 1054,% Oo6nemHas gons, %
Oxkcup yraepona (IV) 0,03 - 0,06 0,02 - 0,04
Bonsnble napsl 1,9 Ho3

Kpome Toro, BO3ayX CONEPXKUT HMPUMECH: MbUIb, NPOU3BOJCTBEH-
Hble Tasbl, HanpuMep SO;, OKCUIBI a30Ta, CEPOBOAOPOJ], MUKPOOpPra-
HU3MBI U Jp.

Bo3nyx crymaercsa npu temneparype -140 °C u naBnenuu 4 Mlla
W3 kuaxoro Bo3ayxa Mojy4aroT a30T B IPOMBIIIIEHHOCTH.

Monekyna a3ota nByxatomMHa (N;) U aTOMBI B HEil CBS3aHbBI OJHOM
G- U JBYMs T-CBSI3IMM, CyMMapHasi 3Heprust KoTopeix 945 kJ[»/Moib.
ITpu 0OBIYHBIX YCIOBHUSX 30T XMMUYECKH BECbMa MHEPTEH, HO MpH IO-
BBIIICHHONH TEMIEpaType OH COEAUHSCTCS ¢ HEKOTOPhIMU METaNJIaMHU,
KHCJIOPOJIOM, & TIPH MOBBIIICHHOM JABJIEHUU U IIPU YYaCTHUU KaTalu3a-
Topa — ¢ BomopoAoM. TakuM o00pa3oM, B OKHCIMTEIBHO-BOCCTAHO-
BUTEIIBHBIX MPOLECCAX a30T MOXET OBITh KaK OKUCIUTEIEM, TaK U BOC-
CTaHOBUTEIIEM.

13.3 AMMuak. Cojid aMMOHHUS

Monekyna ammuaxa NH; oOpasyercs myTeM crapuBaHUs TpeX T-
JJIEKTPOHOB aTOMa a30Ta C S-3JCKTPOHAMM TPEX aTOMOB BOAOPOJA.
Bcneacreue pasnuyHON 3JIEKTPOOTPULIATEIBHOCTH aTOMOB a30Ta U BO-
Jopoja oOpasyromuecs MeXIy HUMHU CBS3U HOJsIpHBI. OOmue smek-
TPOHHBIE MAphl CMEIIEHBI B CTOPOHY aToMa a30Ta, MOATOMY MOJIEKYJIa
aMMHaKa TakXke MOJspHAa. AMMHAK XOpOLIO PacTBOPUM B BOJIE, YTO
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00BSICHSICTCS BOSHUKHOBEHHEM BOJIOPOJHBIX CBSA3EH MEXIy MOJeKyJa-
MH aMMHaKa ¥ MOJIEKYJIaMH BOABL. AMMHaK TOPUT B KHCJIOpPOAE, B3au-
MOJICHCTBYET C METa/UlaMH, C BOJOH 00pa3yeT T'MIPOKCHI aMMOHHS
NH,4OH.

B amMuake a30T MMeeT caMyl0 HU3KYIO CTEleHb OKHUCIIEHHMS, IO-
3TOMY aMMHAaK MOXKET HPOSBIISATh, BOCCTAHOBUTEIbHBIE CBOICTBA.

ITpu B3aMMOIEHCTBUU C KUCIOTaMH Ta3000pa3HbIi aMMHaK M €ro
BOJIHbIE pacTBOpHl 00pasytor coru ammonus: NHsCl, (NH4),SOs,
NH,HCOj;. O6pasosanue nona ammonns NH, MpoMCXOIHT B pe3yrbTa-
TE€ TOrO, YTO HETOZENEHHAs JJISKTPOHHAsl Mapa aroMa a3oTa 3aHHMaeT
BaKaHTHYIO OpOMTalIb HOHA BOOPOJIA:

H H +'
H:l\I:A+H" —> |H:N:H
H ‘ H

Atom a3zora B Monekyse NHj BbICTymaer B polu JOHOPA, a HOH
BOZOPO/ia — B POJIM aKLENTOpa.
Conu aMMOHUS TIPU HAarpeBaHUM Pa3jaraloTcs, IPHYEM IPOTYKTHI
Pa3IOXKEHHsI YacTO 3aBUCAT OT aHUOHA CONHU. XapaKTEpHOU peaxiueil
JUIsL COJIeil aMMOHHUS SIBJISIETCS] UX B3AMMOJICHCTBHE CO IIEI0YaMHu.

13.4 Kucaopoacoaepxxaniye coelMHeHUs a30Ta

A30T ¢ Kucnopoaom obpasyer msiath okcudos: N,O NO, N,Osz;, NO,
u N,Os. [IBa u3 N,O3 u NyOs — SBISIFOTCA aHTUAPUAAMH, COOTBETCT-
Bytorumu azotuctoit HNO, u azotrHoit HNO; kucnoram.

A3zotucras kucnmora ciabas, HEyCTOMYMBAS, MPOSBIIET KaK OKHC-
JIUTENbHBIC, TAK ¥ BOCCTAHOBUTEILHBIC CBOWCTBA.

A30THasg KHCIIOTa CUJIbHAS, C BOJON CMEIIMBAETCS B JIIOOBIX COOT-
HOIICHUAX. be3BOIHAS a30THASI KHCIIOTA «JIBIMUT» HA BO3JyXE, Ha CBETY
pasmaraerca ¢ oOpasoBanueM okcuaa aszora (IV). B mpaktuke uarie
MOJNIB3YIOTCS HEe JbIMALIeH a30THOU Kucnotoi (98—100 % HNO;), a ee
BOIHBIM 65 % PacTBOPOM TLIOTHOCTEIO 1400 Kr/n’.

A3OTHasi KHCJIOTa SIBIISICTCSl CHJIBHBIM OKHCIHTEIEM, MO3TOMY €€
pEaKIUu C METAUIAMU 3HAYUTEIBHO OTIHYAIOTCS OT PEaKIIUi METaIIOB
C CONSHOM ¥ pa30aBIICHHOW CEPHOM KUCIIOTAMH: MPAaKTUUECKH HUKOTA
He HAONIOMAeTCsl BBIICICHUS BOmOpoaa. brmaromapss OKHCIUTEIEHBIM
CBOMCTBaM a30THAsI KACJIOTa B3aMMOJICHCTBYET U C HEMETAIIAMHU.
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BoccranoBieHue a30THOM KUCIOTHI MIpouCXOoauT A0 COEJTMHEHU ¢
paSHHqHOﬁ CTCIICHBIO OKHCJICHHA a30Ta B 3aBUCUMOCTHU OT KOHLCHTpA-
LU a30THOM KMCIIOTHI U aKTUBHOCTH METaJIa;

+5 +4 +3 +2 +1 0 =3
HNO3 ——> NO; ~— N;O3 —» NO —> Ny,O —> N, —> NH;

B KOHHCHTpHpOBaHHOﬁ A30THOM KHCIIOTE npyu HAarp€BaHuU pacTBO-
PAOTCA BC€ MCTAJIJIbl, KPOME 30J10Ta, IJIATUHBI U HECKOTOPLIX IJIAaTUHO-
BbIX MCTAJJIOB, Ha XOJIOAY K€ HCKOTOPLIC METAJUJIbI, TAKUC, KAK KEJIC30
" XpOM, MTaCCUBHUPYIOTCH. 30JI0TO ¥ TIJIATHHA PacTBOPAIOTCS B <<11ap(:1<0171
BOOKE»:

Au+ HNO; + 3HCI = AuCl; + NO + 2H,0
AuCl; + HCl = H[AuCly]

Conu a30THON KHCJIOTHI HA3bIBAIOT HUMPAMAMy, BCE OHU XOPOLIO
pacTBOpSIOTCS B BOZE, IIPH HarpeBaHuu pasnaratorcs. [IpoaykTsl pas-
JIO)KEHUSI MOTYT OBITh PA3IMYHBIMHU B 3aBUCHMOCTH OT aKTUBHOCTH Me-
TaJjlla, BXOJSIIETO B COCTaB CONMU. Tak, HUTPATHI IMIENIOYHBIX U IeJI0Y-
HO3EMENBHBIX METaJUIOB MPEBPAIAIOTCs B HUTPUTHI; HUTPAThl MeTall-
JIOB, PacHOJIOKEHHBIX B DSy HANPSOHKEHHS 10 MEOH BKIIIOYUTENBHO,
pasnararoTcst Ha OKCUA MeTauia, okcun asora (IV) u kucnopon; HuTpa-
THI ellle MEHee aKTHBHBIX METaJJIOB — Ha CBOOOJIHBIA MeETail, OKCH[
asora (IV) u xucinopon. ITomydaroT a30THYIO KHCIIOTY B J1a0OpaTOpUU U3
coJieil, B MPOMBILIJIEHHOCTH — U3 aMMHaKa.

OneiT 1 AMMHuak

(AMMuak u okcuzbl a3ora (KpoMe 3aKMCH a30Ta) pasipakarolie
JECTBYIOT Ha JbIXaTelbHble MyTH. BjbIXxaHue MapoB OKCHJIOB a30Ta
MOJKET BBI3BATh OTEK JIETKMX. PaboTy ¢ 3TMMH BellecTBaMu HEOOXOH-
MO BECTH TOJIBKO B BBITSHKHOM HIkady!)

Peaxnuu nony4eHnusi aMMHaKa U ero CBOMCTBa

1) IlpuroroBsTe cMech U3 1 — 2 r xnopujga aMmMoHust U 1 — 2 r ra-
mIeHol u3BecTu (Tuapokcuaa Kanblius). OOHapyKUBaeTCs JH IPU 3TOM
obpazoBanue ammuaka? IlepeHecure cMech B MPOOUPKY U MOJOTpeiTe
ee. IlogHecure x mpoOupke MOJIOCKY (PUIBTPOBaIBHOI Oymaru, cmo-
YEHHYIO KOHIICHTPUPOBAHHOM CONsiHON Kucnortoit. Yto Habmonaere?

2) Hazneiite B mpoOupKy 2 MII pa30aBIEHHOTO pacTBOpa aMMHUaKa U
Harpeiite. [loqHecuTe kK MpOOUpPKE CMOUCHHYIO BOJOM MOJIOCKY Oymaru
C YHMBEPCAIbHBIM HHIUKATOPOM.
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Kak cnBuraercs paBHOBECHE «aMMHAK — BOJA» INPH HU3MEHEHUU
TeMIIepaTypbl?

3) Haneiite B mpobupKy 2 M1 25%-HOro pacTBOpa aMMHaKa 1 OIyc-
TUTE B HEro HEOOMBIION KyCOYEK THApPOKCHAA HaTpus. UTo mpoucxo-
nuT? Hanmummre ypaBHEHUs peakuii.

OOBbsicHUTE BBIJECIICHUE aMMHaka M3 PacTBopa HpU J00aBICHUU
TBepAoil menoun. [ToueMy BOAHBIN pacTBOp aMMHaKa SIBISIETCS CIa0bIM
anekTpoautoM? Kakumu cnocobamu Mojy4aroT aMMHAK B IPOMBIIIIJICH-
Hoctu? Hamminnre ypaBHEHUs peakIiid.

ITosryuyenne aMMHaKa B PACTBOPEHHE €r0 B BoJe («(POHTAHIHMK)

Cobepure npubop (pucynok 20). Konby Bropua 7 3anonaure npu-
MepHO Ha 1/5 e€ o0beMa rpaHyIMpOBaHHBIM THIAPOKCHJIOM HATpus (Ka-
JHs), B KaleJbHYI0 BOPOHKY 2 HaJeiTe KOHLEHTPUPOBAHHBIH PacTBOP
ammuaka He Oonee 2/3 ee o0bema. (IIpu padore co 1MIETOYbI0 HAJCHBTE
ouku!) MeieHHO (10 KaruisiM) MPUJIMBATE PACTBOP aMMHUAKa K TPaHy-
JIMPOBAHHOM IIEJOYM W YCTAHOBUTE POBHBIA TOK aMMHaka. 3aIlOJHUTE
aMMHAKOM TOJICTOCTEHHYIO CKIISTHKY eMKOCThIO 50 — 100 mut.

Pacreop
NH;, koL

Bara

~

1 — konba Bropia;
2 - KamnenbHas BOPOHKA,
3 - IPOMBIBAJIKA CUETUYHK My3bIPHKOB;

NaOH 4 - TOJICTOCTEHHASI CKJISTHKA
Bazesaunosoe
Macio

Pucynox 20 — ITpu6op st morydeHns: aMMHaKa
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3akpoiiTe CKISHKY PEe3MHOBOM MPOOKOH ¢ OTTAHYTOM TpyOKOi, 00-
PAILEHHON KaMUIUISIPOM BHYTPb CKJISIHKU, U OMYCTUTE KOHEL| KammuIsip-
HOU TpyOKH B KpUCTAIJUIN3ATOpP ¢ BOAoH (pucyHok 186) Uro Habmona-
ercst yepe3 HekoTopoe BpeMsi? PaccumTtaiiTe KOHIIGHTPAIUIO MOTYyYUB-
HIerocss pacTBOpa aMMHaka B MPEINONOKEHHM, YTO O00BEM aMMMaka
ObUT TOTJIONIEH paBHBIM 00beMOM Boabl. Ompenenute pH pactBopa ¢
MOMOIIBIO YHUBEPCAILHOIN MHIUKATOPHON OyMar.

Kak ycTaHOBUTB, UTO CKJISHKA 3amoiHuiack ammuakoMm? Kakoe
paBHOBECHE yCTaHABIMBAETCA B pacTBope ammuaxa? Hamummre ypas-
HEHHE COOTBETCTBYIOIIEH peakluu U BeIpaxkeHue i K.

Onbit 2 CoJi1 AMMOHUS

Ammonuiinvie conu ocgpopnoit kucnomol. Ilomectute B MajneHb-
KUl THUreNnb HECKOJIBKO KpPUCTANIOB OJHOW W3 aMMOHUWHBIX COJEH
¢ochopHoii KUCIOTH U HarpeiTe. [logHECHTE K TUIIIIO CMOYEHHYIO BO-
JI0H TOJIOCKY yHUBEpCalbHOI MHAMKATOpHON Oymaru. Kax m3smeHumiics
1BeT uHAuKatopa? Kakoif ra3 Belaensiercst mpu pasnoxkeHun conu? Ka-
KO€ BEILECTBO OCTAJIOCh B TUIJIE ITOCTIE HATPEBAHUS?

Cynvpam ammonua. Tlonoxure B MaJeHbKUI THUTENlb HECKOJIBKO
KPUCTAJIOB CyJb(haTa aMMOHUS U mpokanute. IlogHecuTe K TUINIIO BO
BpeMs MIPOKAIHUBAHUS TMOJOCKY (DUIBTPOBATIBHOM OyMaru, CMOYEHHYIO
MOJKHCICHHBIM PacTBOPOM NEPMAaHTaHATa Kalus U CMOUCHHYIO BOAOH
MOJIOCKY YHHUBEpCAJIbHON MHIUKATOpHOH Oymaru. Kak m3meHseTcs Ok-
packa uHauKaTopoB? Kakue rassl BBLAEISIOTCS MPU MPOKAIUBAHUM CO-
m?

Humpam ammonusa. B manenbkoM (GpaphopoBOM TUTIIE MPOKATUTE
HECKOJIbKO KpHCTAJIJIOB HUTpaTa aMMoHHMsL. Uto Habmronaere?

Xnopuo ammonusn

a) ITomectute 0,2 — 0,5 r x7I0pUAa aMMOHUS B (papdopoBbIil TUTEND
1 u 3akpenuTe HaJA HUM IEPEBEPHYTYIO BOPOHKY 2 (pucyHok 21). Ha-
rpeiite turens. Uto Habmomaere? Paccmorpute (opMy BO3OTHaHHBIX
KPUCTAJUIOB O]l MHUKPOCKOIIOM U CPaBHUTE ¢ (POPMOIM MCXOAHBIX KpH-
CTaJUIOB.

6) [Tomectute B mpobupky 0,2 — 0,3 r xopuna ammonus. Harpeiite
BEIIECTBO U MOJHECUTE K MPOOHPKE MOJIOCKY YHUBEPCAIbHOM MHAMKA-
TOpPHOM Oymaru, cMOUeHHYIO Bojoil. Kak u3MeHsieTcst okpacka MHIUKa-
TOpa MpU BO3TOHKE XJIOPHIa AMMOHUS?
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1 — Turens paphopoBsIii;
2 — BOpPOHKa

Pucynok 21 — Bo3ronka xyopuia aMMOHHUS

Kapoonam ammonusa. llomecture 0,2 — 0,3 r kapOoHATa aMMOHHUS
B (aphopoBbIii TUTENb C YCTAaHOBJIEHHOW HaJ HUM IEpEeBEpPHYTOM Xu-
MUYECKOI BOPOHKOI! U Harpeiite (pucyHok 21). Uto Habmogaere?

Hanummre ypaBHEHUs peakiuii.

UeM 00BsICHSICTCS pa3HbIN XapaKkTep pas3ioKEeHUs aMMOHHUIHBIX CO-
neii npu HarpeBaHuu? Kakue conu aMMOHHUS BO3TOHSIFOTCS?

Kak noxa3aTe 3KCHEpUMEHTAIbHO, YTO UCIOJIB30BAHHBIC CONHU SIB-
JISIFOTCSL COJIIMU AMMOHUS?

OnbiT 3 CBoJicTBa rHIpa3suHa M THAPOKCUIAMHUHA

1) B nBe npoOupku HaNeHTe O 5 MJT BOJIBI M BHECUTE B HUX I10 JBE-
TpU KaIuUld TUApa3vHa, TUAPAZHHTHIPATa WIA HECKOJIbKO KPHCTAJUIOB
XJiopua Tuapasuaus. B ofqHy npoOupKy mpuOaBbTe HECKOIBKO Kareib
HonHoW Bogwl. UTto Habmogaere? B apyryro npoOupky moOaBbTe pac-
tBOpBI xyopuaa menu (II) u 20%-Ho# menoun. OCTOPOXKHO HarpeiTe
coJiepIKUMOe Pooupku. YTO MPOUCXOauT?

2) PacTBOpUTE HECKONBKO KPUCTAJUIOB XJIOPUAA THIPOKCUIAMUHA B
4 — 5 M1 BOABI U pasielTe B ABe MpoOupku. McneltaiiTe pacTBOp HHAU-
KaTopHOH OyMmaroil. B omHy mpoOupky mpuneiiTe HECKOJIBKO Kalelb
HMOIHOU BOABI, a B IPYTYI0 HECKOJIBKO KaIlellb IIOJKUCIEHHOIO pacTBoOpa
MepMaHraHaTa Win AuXpomara Kajuus. YTo mpoucxoaur?

3) Haueiite B mpoOupky 3 MJ (HOIETOBOTO COJITHOKUCIIOTO pac-
TBOpa xyopuna tutana (III) u BHecuTe B Hee HECKOJIBKO KPUCTAIJIOB
cynbara WIM XJOpuJa TUApPOKcHIaMuHa. Kak M3MeHseTcs okpacka
pactBopa? HanumuTe ypaBHEHUS peakiuii.

Kakoe cTpoeHune UMEIOT THAPA3UH, THAPAa3UHTUAPAT, CynIb(ar rua-
pasuHa u rugpokcmiamMua? Kakumu cBoiicTBamu 001aJatl0T 3TH COEAU-
HeHust?
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OmnbiT 4 OKkcuabl a30Ta

(OmnbITHI TPOBOAUTE B BBHITSHKHOM HIKady!)

Oxcup azora(l) [Tomectute B mpobupKy 1 — 2 r HUTpaTa aMMOHHUS
U OCTOPOXKHO Harpeire. BHecuTe B IpoOHpKY TIEIOUIYIO TYyYHHKY. UTO
Habmonaere? Hanuimmre ypaBHEHUS peakui.

Kak ortnmuntsk okcup asora (I) ot kucnopoaa? Kakumu cBolicTBamu
001a1aeT 3TOT OKCU?
Oxcup azora (II)

Ilonyuenue oxcuoa azoma (II) deiicmeuem pazbasnennoi azom-
HOIl Kucnomol Ha meds. Cobepute pubop (pUCYHOK 22 a).

1 — konba Bropia; 2 — karespHasi BOPOHKa; 3 — IpOMBIBaJKa; 4, 7 — Ta300TBOJIHBIC TPYO-
Ku; 5, 8 — mpoOUpPKH; 6 — KPUCTAIUTH3ATOP

Pucynox 22 — ITpu6op uis nomydenus okcuna azora (1I): a) nefictBueM pa3baBiaeHHOH
a30THOI KHCIIOTHI Ha MeJb; 6) BOCCTAHOBJICHHEM HUTPHTA HOIUIOM B BHCIIOH cpefie; B) Po-
nyckaHueM okcuja azota (II) yepes pacTBop KOHIIEHTPHPOBAHHON a30THON KUCIOTHI

B npomeiBanky 3 naneiire 10%-nb1il pactBop menoun. ITomectute
B kos10y Bropna 1 emkocTbio 250 M 5 T METHBIX CTPYXKEK, a B Kamelb-
Hy10 BOpoHKy 2 Haneite 20 — 30 mu 33%-Horo pactBopa a30THOM KH-
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cloThl, He Oonee 2/3 e€ oobema. MenneHHO MPUOTKPOITE KpaH Karenb-
HOIM BOPOHKH U ITOCTENEHHO MTPUIIMBANTE B KOJIOY a30THYIO KHCIIOTY JUTS
MOJTy4eHHs POBHOTO TOKa okcuaa azota (II).

Ilonyuenue oxkcuoa azoma (Il) 6occmanosnenuem numpuma Ka-
aua (nampus). Cobepute npubop (pucynok 226). PactBopute 15 r
HUTpUTA Kanus (HaTpusi) ¥ 7,5 T Hoauaa Kanus B 75 MII BOJbI, pacTBOP
nepeneiite B kondy Bropua 1. B kanensHyo BopoHKY 2 Haneidte 50%-
HBIM PacTBOpP CEPHOM KUCIIOTHI.

UeM 00BsICHSIETCS OSIBICHUE OKPACKU ra3oB B konbe? PacTtBopsier-
cs 1 okeua azota (II) B Boge u menoun? Uto oOpasyercs: B IpOMbIBaJ-
K€ B MPOBE/ICHHBIX OIMbITaX?

Ceoiicmea oxcuoa azoma (1)

1) CobGepute okcun azora (II) B mpoOupky moj Bomoit. OTKpoiite
npobupky. Yro Habmogaere?

2) 3ameHHUTe ra300TBOAHYIO TPYOKYy 4 Ha TpyOKy 7 W NpPOMYCTUTE
Tok okcuaa azora (II) gepes mpobupky ¢ 2 — 3 MJI clerka Harperoro
pacTBopa KOHIIEHTPUPOBAHHOM a30THOM KUCIOTHI (PHUCYHOK 22B). UTo
Habmonaere?

3) Haneiite B mpobupky 8 3 — 5 MJI CBEXKEMPUTOTOBJIEHHOT'O HACHI-
LIEHHOTO pacTBopa coiiu Mopa (pacTBOp JOKEH ObITh OECIIBETHBIM).
IIpomycrute uepes pacTBop Tok okcuaa asora (II). Kak usmensercs ok-
packa pactBopa? PactBop nomorpeiite. Uro Habmogaere?

Hamummre ypaBHEHUs peakiuii.

CrenaiiTe BBIBOJ O TOM, KAKUMH CBOMCTBaMU 00JIafaeT OKCHI a30-
ta (I). Kakoii cocraB umeer conb Mopa?

Oxcup azora (IIT)

Cobepure mpubop (pucyHok 23). 3anonaute U-o0pasHyto TpyoOky 3
okcuaoM (ocdopa (V), HaHECEHHBIM Ha CTEKJISIHHYIO BaTy, BTOPYIO
nycryto U-o0pasHyto TpyOKy-IpHEMHHK 4 TOTpy3UTe B OXJIaX/afoIIyI0
cMmech (Jen u xaopun HaTpus). Ha aHo xon6sl Bropua 1 nonoxure 1 — 2
T KpaxMaJa, B KalelIbHyI0 BOpoHKy 2 HajnelTe 5 — 10 mu 50%-Horo pac-
TBOpa a30THOW KHCIIOTHI. BbliepkuTe mpeiBapUTENbHO NPHEMHHK 4 B
6ane 6 10 — 15 MuH.

[MpunuBas Mo KaIwsiM a30THYIO KHCIIOTY K Kpaxmalily, HaOitosaiire
3a KOHJeHcaluen xxuakocty B U-o0pas3Hoii TpyOke-nipueMHuke 4. Eciu
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peakiys He MPOUCXOIUT, OCTOPOXKHO ITOIOTpeHTe KOOy C peakIMOH-
HOU cMechi0. Kakol 1[BET MMEET KHIKOCTh B IPHEMHUKE?

BruneiiTe ®UIKOCTh M3 TPUEMHUKA B TIPOOUPKY C KYCOUYKAMH JIBJIA.
Uro Habmoaaere? Hanumute ypaBHEHUS peaKIIyid.

P205 Ha

crexnobare  Jlex + NaCl N;0; (kuax.)

Kpaxman

1 — konba Bropia; 2 — kanesnpHast BOpoHKa; 3 — U-o0pasHast TpyOka ¢ okcumoM pocdopa
(V) Ha creknoBare; 4 — U-o0pa3Has TpyOKa-IpUEMHHUK; 5 — XJIOpKaJIbI{HeBas TpyOKa;
6 — 6ans co apnoM u NaCl

Pucynox 23 — ITpu6op uis nomydenus okcuaa azora (11I)

Oxcup azora (IV)

1) Cobepute npubop (pucynok 24). Ilonoxure B xoi0y Bropma 1
1 — 2 r MeIHBIX CTpYKEK M 3aKpoiTe ee MPOOKOil ¢ KamnenbHOW BOPOH-
Koii 2. B xanenbHyr0 BOpoHKY Hajeiite 10 — 20 M1 KOHIIEHTPUPOBaHHON
A30THOM KHCJIOTHI.

OcTopoXKHO TpHUIIMBaiiTe U3 KalenbHOH BOPOHKH a30THYIO KHUCIIOTY
B kosiOy 7. Uto Habmomaere? 3anonHute okcuaoMm azota (IV) cxisHky
6, IPUKPBITYIO CTEKIIOM 5.

Baecute B 6aHOUKY TJIEIONIYIO JIy9uHKY. UT0 HaOmonaete?

Kakue oxcupl azora 06p33y10TC$I B IpoLeCCe pCakunu ¢ MEAbIO 11O
MEpE paCxXOa0BAHUA U YMCHBIIICHNU A KOHIICHTPAIUX A30THOM KHCIIOTBI?
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CTPYXKH KOHII.

1 — konba Bropiia; 2 — karesabpHast BOPOHKa; 3 — MPOMBIBAJIKA C a30THOW KUCIOTOI;
4 — razonoBoasias Tpyoka; 5 — CTeKI0; 6 — CKITHKA

Pucynox 24 — ITpubop uist nomydenus okcuaa azora (IV)

2) Cobepute mpubop (pucyHok 25). 3amomnute U-00pasHyro
TpyOKy (MM KOJNOHKY) 2 (hoc(hOpHBIM aHTHJIPUAOM, HAHECEHHBIM Ha
CTEKJISTHHYIO BaTy. B mpoOupky 7 momecTHTe cMech, COCTOSILYIO W3
5 —7 r HUTpata cBuHIA U 1 — 2 r cyxoro necka.

[Morpysute nycryto U-00pa3Hyto TpyOKy-ipueMHUK 3 B OaHIO 5 C
OXJIAXKJAIOIEeH CMEChIO (JIe]l U XJIOpU HATPHs).

Harpeiite npodupky 1 ¢ HUTpaToM cBuHIa. Yto Habmonaere? Ka-
KOT'0 IIBeTa KOHIEHCHUPYETCs JKHJIKOCTh B mpueMHHKe 3? OTcoenuHuTE
MPUEMHHK 3 OT MpuOopa u OBICTPO BBUICHTE MONYYEHHYIO KHKOCTh B
poOUPKY ¢ Kycodkamu Jibjaa. Yto Habmonaere? Hammimre ypaBHeHUS
peakuui.

Kak MO>XHO 00BSACHUTD JIETKOCTh AUMeEpH3alluu okcuaa azora (IV)?
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P,0sHa

creknosare  Jlen + NaCl N,O4 (kuax.)

1 — npobupka u3 TyromiaBkoro crekia; 2 — U-obpa3Has Tpybka ¢ okcugoM dochopa (V)
Ha crekioBate; 3 — U-o0pa3Has TpyOKa-lpueMHHK; 4 — XJIOpKaIbIueBas TpyoKa;
5 — GaHs ¢ OXJIXKJAIOIIEH CMEChIO.

Pucynox 25 — ITpu6op uist nomydenus okcuzaa azora (IV)

Tema 14 ®ocdop u ero coequHeHUst

14.1 BonopoaHble u KHCJI0pOaHbIe coeanHenus gocdopa
14.2 MbimbsiK, CypbMa, BUCMYT

14.1 BonopoaHble u KHCJI0pOaHbIe coeanHenus gocdopa

®docdop 00pa3yeT HECKOIbKO AIJIOTPOMHBIX MOAM(UKAIMNA, HAU-
Oonee BaxHbIe U3 HUX — OeTbIit U KpacHbIi (hocdop,

benviii pocghop umeer monexynsapuyto Gopmyiy Ps. B a0 Terpa-
S/IPUYECKOi MOJIeKyJe KaxIpli atoM (ocopa HEOCPEJICTBEHHO CBS-
3aH C TpeMs JPYTHUMH, IPUYeM B 00pa30BaHMU MOJIEKYJIbI YUaCTBYIOT p-
opOUTaIy KaXJOro aroma, yroil Mexay p-opbutamsmu paseH 60°.
ITpo4HOCTb CBSA3M MEXIy aTOMaMH B ATUX MOJIEKYJIaX HEBEJIHKa, 4eM H
00BSICHSIETCSl BRICOKAsi XUMUYECKas akTUBHOCTh Oenoro ¢ocgopa.

Kpacuwiii pocghop o cBouM cBOMCTBAM PE3KO OTIMYAETCS OT Oe-
JIOTO: OH OY€Hb MEIJICHHO OKHCIISIETCS Ha BO3/IyXe, HE CBETHTCS B TEM-
HOTe, 3aropaercs Toibko npu 260°C, He pacTBOPSETCs B CEPOYTIEpoie
Y HE SJI0BHT.

[Monyuatot Gocdop u3 pochopuToB MpU UX HarpeBaHUH C TIECKOM H
yTJIEM.

®ochop nerko B3auMozEHCTBYET ¢ KHCIOPOIOM, XJIOPOM, CEpOii.
[Ipu n30BITKE ATUX 2IEMEHTOB 00pa3yroTcs coequHenus gochopa (V),
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npu Hegoctatke — coequHenust pocdopa (III). ITpu HarpeBanuu docdop
B3aMMOJICHCTBYET C MeTajulaMu, o0pasys gocghudsi, Hanpumep dhochun
kaneius CasP,. C Bogopoaom ¢ocdop obpasyer ¢pocghurn PH; — Gec-
LBETHBIM, SAOBUTHIN ra3, C HEMIPHATHBIM 3aMIaXO0M, ILIOX0 PACTBOPUMBIIN
B Bozie. Boanelit pactBop dochuna (PH,OH) He mposBisieT menoqHbIX
coiictB. MoH dochonms PH," MOeT BXOIHUTb B COCTAB COJICH, HaIpu-
Mmep PH4I — itomun pocdonms.

C xucnopoaom ¢ocdop obpasyer oxcudst P,Os u P,0s. ®ocdopu-
cteid anruapun P,O;, pactBopsisick B Boze, oOpasyer Qochopuctyro
kucnoty H;PO;. Conu 370l KuCHOTHI Has3bIBalOT @ochumamu. Doc-
¢opuslii anruapun P,Os ¢ Bogoit o6pasyet tpu kucinorsl: HPO3; — Mme-
tahocopuyto, H;PO4 — oprodocdopuyro, H4P,0O; — mupodochopnyro.
Conu optodocdoproit (unu npocto (ochopHO) KUCIOTHI HAXOIAT
HIMPOKOE MPUMEHEHHE B CENIbCKOM XO03siiicTBe, Kak ymoOpeHue. K HumM
oTHocsTCs pochopUTHAs U KOCTHAS MyKa, cynepdocdaT, mperunuTar.

14.2 Mbibsik. Cyppma. Buemyrt

MBIIBSAK, CypbMa M BUCMYT, UMesI CXOIHYIO C a30TOM 3JIEKTPOH-
HYIO CTPYKTYpY, 3aMETHO OTJIMYAIOTCA OT HEro MO CBOHCTBAM. DTO BBI-
3BaHO TEM, 4TO B IPYIIE CBEPXY BHU3 YBEIUUUBAETCS PaUyC aToMa U
YMEHBILIACTCS] SHEPTUsl MOHU3ALNY, YTO BEJET K OCIaONeHUI0 HeMeTal-
JIMYECKUX CBOMCTB U YCHJICHUIO METANIMUECKUX.

XapaKTepHBIMH CTENEHAMU OkucneHus As, Sb, Bi sBustores -3, +3
u + 5, mpuyeM BHUCMYT NPEUMYIIECTBEHHO 00pa3yeT COEJUHEHUS CO
CTENeHbl0 OKHUcaeHus: +3. Tak, ¢ BOAOPOAOM 3TH 3NEMEHTHI 00pa3yroT
coequnenust: AsHj (apcun), SbH; (ctubun) u BiH; (BucMyTHH), yCcTOM-
YUBOCTh KOTOPBIX YMEHBIIIAETCA OT MEPBOTO COCTUHEHUS K MOCIIEAHE-
My. C xucnoponom oHu o0pazyroT okcuasl: As,Os u As;Os, SbyO; u
Sb,0s5, Bi,03 1 Bi,Os. Oxcun Bi,O5 ouens HecToek. OKCHAAM MBIIILIKA
COOTBETCTBYIOT KHCHOTHL: H3AsO; — wblmbskoBuctas, H3;AsOs4 —
MblIIbsikoBasi. Okcupa Sb,Os; mposiBisieT aMmdoTepHble CBOICTBA, MpH
PACTBOPEHUU €T0 B IMIENOUU 00pa3ylOTCA COIM METACypbMSIHUCTOH KH-
cnotel. Okeuny Sb,Os cooTBercTBYIOT MeracypbMsiHas HSbOs, opro-
cypbMmsiHast H3SbOy4 n nBycypsmsiHas HySb,O7 xucnoter. Oxcuny BiyOs
COOTBETCTBYIOT OYEHb HEYCTOWUMBBIC KUCIIOTHI.
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®ocdop u ero cBoiicTBa

(Bce ombIThI ¢ 6enbIM 1 KpacHbIM (ocdopoM, a Takxke ¢ pochurom
HE00XOAMMO MPOBOAUTH TOJIIBKO B BHITSXKHOM IKa(y!)

Bensiit gocdop simoBUT U Jlerko BocmiameHsieTcs. Pabora ¢ HUM
Tpebyer ocoboit ocTopoxHOCTH. benblit gocdop paspemraercs Opath
ToNbKO nuHIeToM. K MecTy mpoBenienus onbita Oenblit pocdop cremyer
MIEPEHOCHTH TOJIBKO B (happOpOBOH HYaIlIKe WITM CTYIIKE ITOJT BOJIOH.

Oxxory, BeI3bIBaeMbIe (ochopoM, OUeHb OMacHbl. B ciyuae moma-
naHus 6enoro ¢ochopa Ha KOXY, HEOOXOAUMO TOTYAC JKE€ YAAIUTh €ro
Y TIPOMBITh 000X KEHHOE MeCTO 2%-HBbIM pacCTBOPOM HHUTpaTa cepedpa,
cynb(ara MEIU WIN TepMaHraHaTa KaJusl.

IMocne npoBeneHus ONBITOB ¢ KPacHBIM (ocopom mocy 1ty cieryeT
MOrPY3UTh Ha HEKoTopoe BpeMs B 10%-HbIi pacTBOp cyiabdaTa Meau,
Mocjie 4ero BBIMBITH OObIYHBIM criocoOoM. OctaTku 6enoro ¢ochopa
pEeKOMeH IyeTCs racUTh OPOMHOIT BOJIOH.

OmneIT 1 Hosrydenne 6esoro gocdopa

IMonoxwTe Ha THO MPOOUPKU HEOOJBIIOE KOIUYECTBO CYXOro Kpac-
Horo ¢ocdopa, 3aKpoiTe MPOOUPKY CBEPXY KYCOUKOM BAThl U 3aKpPEMHU-
T€ HAKJIOHHO B Janke mTaTuBa. OCTOpokHO Harpeiite docdop miame-
HeM ropenku (B BbITSDKHOM mmikady!). Uto mpoucxoaut? Ilomectute
IpoOHPKY B TEMHOE MECTO JUIs HabroieHust cBeueHus gocdopa.

KaxoBbl ycnoBust nepexona 6enoro ¢ocdopa B kpacHblit U 00paTt-
Ho? Kakue cyniecTByroT eme amorponnyeckre Moaudukanuu dpocdo-
pa? Kak oHH MOT'YT OBITh NOy4EHBI?

OnsiT 2 Bociamensiemocts ocopa

(OmeIT npoBoAuTE B BBHITSDKHOM HiKady!) [Tomoxure Ha OaUH Kpait
XKEJIE3HONW IUIACTHHKY, MTOMEIIEHHOW Ha KOJBIIO IITATHBA, HEOONbIIOE
KOJIMYECTBO CyXOro KpacHoro ¢ocdopa, a Ha apyroit kpaif — MaJIeHbKU
Kkycouek Oenoro Qocdopa. Harpeiite ropenkoil IiacTHHKY ONMMXke K
TOMY Kparo, Iie HaxoauTcsa KpacHblil ¢ocdop. Uro npoucxonut? Ha-
MUIIATE ypaBHEHUE PeaKiuii.

Onsit 3 T'openne 0esoro gocdopa noa Boaoii

(OmpIT mpoBOImUTE TON HabdrOAEeHWEM mpenoaasartens). Hamneiite
10 — 15 M AUCTUNIMPOBAHHOM BOABI B HIMPOKYIO MPOOUPKY 2 (pHUCy-
HOK 26), IOrpy3uTe ee B CTaKkaH C BOJOW | W 3aKpenuTe B JIanKe IITaTh-
Ba. OmycTute ManeHbKuil kycouek Oenoro ¢ochopa B mpoOupky 2 c
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BOJIOI M HarpeiTe BOAY B CTakaHe, PUKCHPYs ee TeMIeparypy TepMo-
metpom 4, Ha 30 — 40°C Bbllre TemmepaTypbl ILIaBICHHs 6e10ro (oc-
¢opa. OTperynupyiTe TOK KUCIOPOAA U3 ra3oMeTpa MU KUCIOPOAHON
MOAYIIKH TaK, YTOOBI MOXKHO OBLIO CUMTATh OTJENbHBIE ITY3BIPHKH, 3a-
TEM BBEAUTE CTEKISIHHYIO TPYOKYy 3 B MPOOUPKY Tak, YTOOBI My3bIPHKH
BBIJICJISIFOIIErOCs KUCIOpOo/a COMPUKACAIHICh C PACIUIaBICHHBIM (ocdo-
pom. Uto HaOmonaere? Hanummte ypaBHEHUS peakiuii.

1 — crakaH ¢ BOJIOH;

2 — mpobupka;

3 — rasonoaBoAsIas TpyOKa;
4 — TepmMomerp.

Pucynok 26 — I'openue 6emoro dpocdopa moa Bogoi

Hanummre ypaBHeHus: peakiuii HeliTpanuzanuu Oenoro docdopa
cynb(aToM Menu, IepMaHTaHATOM Kallusi, HUTpaToM cepebpa u Opom-
HOU BOZIOH.

OnbiT 4 ®ochopuctsiii aHruapua 1 gochopucrast KucaI0Ta

IHosyuenue pochopucroro anrugpuna u GpochopucToii KHCI0THI

Cobepure npubop (pucyHok 27). B mpomsiBanky 1 Haneiite Baze-
JIHOBOro mMacnia, U-o6pa3Hyto TpyOKy 2 3alOIHUTE IPaHyIHPOBAHHBIM
XJIOPUJIOM KaJbIHs, a B TpyOKy 5 momecTtuTe (QUIIBTP M3 CTEKISHHOH
WIIM XJIOIIKOBOM BaThl JUIS YJIaBJIUBAHHS adpO30JBbHBIX YACTHUI] OKCH[A
¢docdopa (III). Jlogouky 4 ¢ GenbiM pochopom nmomecTute B TpyOKy U3
TYTOIJIABKOTO CTekna 3 Omike K ee JeBomy Kparo. IlpucoeanHuTte
U-o0pa3Hyto TpyOKy 5 K BOAOCTpYWHOMY Hacocy. BbIHbTE IeByIO
npoOKy (pUCYHOK 27) M3 PeakIMOHHOM TpyOKH 3, MOJOXKTUTE Oenblif
¢dbochop B mogouke 4 MPUKOCHOBEHHEM HATrpPeTOW CTEKIISTHHOW MallOuKu
U BHOBbB 3aKpoiiTe TpyOKy 3 mpoOkoil. Bkmounte BoqoCTpyHHBIH Hacoc
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U IpoIycTHTE depe3 Mpubop crnabblif Tok Bozayxa. I'openue dochopa
JIOJDKHO TTPOMCXOJMTH B YCIIOBUSIX HeZocTaTka kucioposa. Korna Bech
¢dochop mpopearupyer, cmoiTe QochOpPUCTBII aHTUAPHUII, OCEBIINHA Ha
CTEeHKax TpyOKH 3, HEOONBIINM KOJIMYECTBOM JHCTHIUTUPOBAHHON BOJIBI
(5 — 10 mu). IIpomoiite HeOoMbIIUM KONMUYEeCTBOM (GuiasTp B U-00pas-
HOii TpyOKe 5 Bomoil. [lonmyuennsie pactBopsl u3 U-o0pasHoii TpyOku 5
W PeaKkInOHHOH TpyOKH 3 OOBEIMHNUTE U UCIIONB3YHTE JJIs TPOBEICHHS
OTIBITOB MO UCCIEI0BAHUIO CBOUCTB (hoc(hOpHCTON KUCTIOTHI.

5 K BozocTpyitHoMy
HacoCy

BasenuHosoe CaCl, P, Genwiit OuisTp
Macio

1 — IpoMBIBaJIKa ¢ Ba3eIMHOBBIM MaciioM; 2 — U-o0pa3Hast TpyOKa ¢ XJIOPUIOM KaJIbITHs;
3 — tpy0Oka peakunoHHas; 4 — 10104Ka ¢ 6enbiM pocdopom; 5 — U-obpasHas TpyOKa ¢
(DHIBTPOM M3 CTEKIISIHHOW MM XJIOMKOBOM BATHI.

Pucynox 27 — Ilpu6op mist nomydenns okcuna pocgopa (I11)

CaoiicTBa ¢ochopucToii KHCI0THI

[Monmyuyennsiit pactBop dochoprucTol KHCIOTHI pa3feNuTe Ha TPH
YaCTH.

1) IepByto yacTe pacTBOpa HEHTpaIU3yHTE COMOM O CIa0OKUCIION
peakiuu U J00aBbTE HECKOJIBKO Kamlelb pacTBOpa HUTpaTa cepedpa.
Uro Habmronaere? Harpeiite :KUIKOCTh ¢ 0cagkoM. UTO MpoucxXoauT?

2) Ko BTOpO#t yacTu pacTBOpa MpuOaBbTE HECKOJIBKO Kamelb pas-
0aBJICHHOTO pacTBOpa MepMaHraHara kamus. YTo npoucxoaut?

3) Tpetbto yacTe pactBopa (hocopHcTOil KUCIOTHI TTOMECTHTE B
¢aphopoByro HalIKy U CHaYana yrnapbTe I0CyXa, a 3aTeM MporpeiTe Ha
recyaHoii 6ane B BRITSKHOM Ikady. Uro Habmonaere?

Hamummre ypaBHEHUs peakiuii.

Ha xaxue cBoiictBa hochoprcToil KUCIOTH! YKa3bIBAIOT MPOBEICH-
Hble peakiu? KakoBa ocHOBHOCTH (hocdopucToii kucnoTsl? M300pasu-
Te cxeMy cTpoeHust ochopucToit KucaoTsl. Kakue KoopAUHAIMOHHBIE
yucia npossisieT ¢pocop B CBOMX COSAMHEHUSAK?
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®ocdopHbIii aHTHAPH]

(Hapenwste ouku!) Hebompiroe xomuuectBo okcuga docdopa (V)
MIOMECTUTE B CTEKJITHHBII CTaKaH U OCTaBbTE CTOSITh J0 KOHIA 3aHSTHUS.
Jpyryio 4acTb HEOOJNBIIMMU MOPLUSMH BHECUTE B CTakaH C BOAOH (B
BBITSKHOM MiKady!). Uto mpoucxoaut? McnblTaiiTe pacTBOp MHAMKA-
TOpHOM Oymaroit. [lomydeHHBIE pacTBOPHI COXPAaHUTE A AadbHEHIINX
9KCIIEPUMEHTOB.

Hanummre ypaBHEHUs peakiuiil.

KakoBa ycroitunBocTh ocdopHoro anruapuia Ha Bozayxe? Kako-
Ba 3(deKkTuBHOCTH OCylIaromero AelcTBus (pocdopHoro anruapua?
CpaBHUTE C JPYTUMHU OCYIIUTEIISIMHU.

OmnsiT S MeTadochopnasi KHca10Ta

IHosryuenune meradgocGopHOii KHCIOTHI

1) [Mony4enue u3 pochopHOro aHTHIPUIA.

2) Ilomectute B (aphopoByr0 yamKy 3 M KOHLEHTPUPOBAHHOTO
pactBopa oprodocdopHoit kuciaoTel. HarpeBanuem Ha mecuaHoif OaHe

yHapbTe ee 10 CHPOnooOpa3Hoi KOHCUCTEHIIMY, [10CIIE YEro NPOorpeiTe
0
mpu 350°C.

CpoiicTBa MeTadocopHOIi KHCJIOTHI U ee coJiei

1) Haneiite B mpobupky 1 M BogHOrO pactBopa Oeyika u mpubaBbTe
K HEMYy IpPUMEPHO TaKOe K€ KOJIMYeCTBO pacTBopa MeTadochopHOi
KHCJIOTHI B Oy(pepHOM pacTBOpe aleraTa HaTpUs U YKCYCHOM KHCIIOTHI.
Urto nabnromaere?

2) Ilpuneiite B mpobupky ¢ 1 ma meradocdara Hatpus 1 M pac-
TBOpa Ccyib(aTa HATPHUs, a 3aTEM IO KaIlIAM JT00aBbTE PaCTBOP XJIOPHUIA
Oapusi. Uto HaOio1aeTe Ipy MOCTENEHHOM MpuOaBieHun xjopujaa 6a-
pus? IlporcxoauT v cpa3y BhIlajieHHe ocajaka cyibdata 6apus? O0b-
SICHUTE HaOJII0]aeMbIe SIBIICHUS.

3) K pactBopy MetadocdaTta HaTpusi npruOaBbTE HECKOIBKO Karelb
HuTpata cepedpa. Uto Habironaere?

KakoBo crpoenne meradocdoproit kucnorsi? Ilouemy ycroitunba
¢dhopma tpumeradocdara?
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OmnbiT Ne 6. IInpodocdopHas kucjioTa

IMony4yenune nupodocdopHoOii KHCTOTHI

[Momectute B QaphopoByro yamky 3 MJI KOHIICHTPHPOBAHHON Op-
todochopHol kHcHOThl. HarpeBaHumem Ha mecuaHold OaHe ymapbTe
HIKOCTh JI0 CHPOIIO0OPa3HOM KOHCUCTEHIINH, TIOCTIe Yero Harpeiire 10
240°C.

CpoiicTBa nupodocopHOii KHCJIOTHI U ee coJiei

1) UcneiTaiiTe neiictBue pactBopa nupohocHOpHON KHUCIOTHI Ha
6emok B Oy(hepHOM pacTBOpE aleTaTa HaTpUs U YKCYCHOU KUCIOTHI. UTO
Habmonaere?

2) K 2 — 3 mu nupodocdaTta HaTpust 100aBbTE€ HECKOIBKO Karemb
pactBopa HuTpata cepebpa. Urto mpoucxoaut? IIpoBenute anajsoruy-
HYIO PEaKIUIO ¢ pacTBOPOM MupodocopHoii kuciaoThl. UTo HabmOqaE-
T€ B 3TOM city4ae?

UcneiTaliTe OTHOLIIEHHE BBINABLIETO OcajKa K pa30aBIeHHOMY pac-
TBOPY a30THOM KUCIIOTHI. Hamummre ypaBHEHUS peakluii.

B kakux ciy4asix MpOMCXOAWT BBIMAJCHUE OCAJIKa, KAaKOB €ro Co-
CTaB M PacTBOPSIETCS JIM MOJIYYEHHOE BEILECTBO B pa30aBICHHOM pac-
TBOpPE a30THOM KUCIIOTHI?

3) C nomotuibio YHUBEpCAIbHOTO HUHAMKaTOpa omnpenenure pH pac-
TBOPOB JIBYX- U YEThIPEX3aMEIICHHBIX HATPUEBBIX cosiell mupodocdop-
HOI KucnoTel. HanummTe ypaBHEHUsT peakiuii.

OmnbiT 7 OpTodochopnas kuciaora. Iloayuenne opropocdopnoii
KHCJIOThI

1) PactBOpuTE B IUCTIIIIMPOBAHHOM BOJE HEOONBIIOE KOIUIECTBO
¢dbochopHoro anrumpuaa, 1006aBbTE HECKOIBKO Kareb pa30aBIeHHON
CEpHOW KHCJIOTHI M MPOKUIATUTE pacTBOp. [TodyueHHBIH pacTBOp Hc-
TIOJB3YHTE JUTS TIOCIEAYIOINX HCCISIOBaHUIA.

2) Tonoxute B mpobupky HemHoro d¢ochopura (oprodocdara
KanpIys), nob6aBeTe S Ml 50%-HOro pacTBopa CepHOW KHCIOTHI M Ha-
rpeiite cMech 10 kureHus. CieliTe pacTBOp ¢ ocajika U pa3daBbTe BO-
JIoH (KUCToTy B Boay!).
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3) B dapdopoByto wamky momectute 0,2 r kpacHoro ¢ochopa u
MpUIeHTE K HEMy HEOONBIIMMHU TOPIUAME 2 — 3 MJI IBIMSINECH a30THOM
KHCJIOTHI (B BBITSDKHOM IiKady). [locTaBpTe Yaiiky Ha BOASHYIO OaHIO U
HarpeBaiiTe, moka Bech (ochop He BCTYNUT B peakinto. M30bITOK a30T-
HOUW KUCIIOTHI YIaJIMTE BHITIAPHBAHUEM Ha BOJSTHOM OaHe.

Hanummre ypaBHEHUs peakiuii.

Tema 15 MeTa1iabl

Mertasibl 001aaI0T PAIOM OOIINX CBOMCTB. B OOBIYHBIX YCIIOBHUSIX
METaJIIbI, 32 UCKITIOYCHHUEM PTYTH, — TBEP/IbIC HEIIPO3PAUHbIC BEIECTBA,
obnaaronie MeTaInyeckuM oneckoM. Hekoropele MeTauisl (atoMu-
HUM, MarHuii) COCOOHBI OTPa)aTh PATHOBOIHBI, YTO HCIONB3YETCS B
paguonokanuu. Ilapel JeTydux cosieil HEeKOTOPBIX METaJUIOB OKpalllu-
BAaIOT IUIaMsI B XapaKTEPHBIC IIBETa: KAIUs — B (PHOJICTOBBIN; HATPHUS — B
JKEJITHII; CTPOHIIVSI — B KPACHBIH; KaJIbIIUs — B OPAHIKEBO-KPACHBIIA.

Bce Merammsl — Xopomie MpOBOJAHUKH TEIIOTH M 3JICKTPUIECKOTO
Toka. [Tpn MeXaHUYECKOM BO3JICHCTBUU OHU CIIOCOOHBI H3MEHSTH CBOKO
(dopMy He pa3pymasich. XOTs CIIOH IPOCTPAHCTBEHHOM PEIIETKN MeTall-
JIOB M CMEIIAIOTCS IIPU 3TOM, HO CIIETUICHHE MEXLy HUMH COXPaHSeTCs
(6naromaps 0000IIECTBICHHBIM 3JIeKTpoHaM). [1o OTHOIIEHHIO K Mar-
HUTHBIM TIOJISIM METAJUTBI JICTISIT Ha TPU TPYIIIIBL:

1) ¢eppomarauTHbIe — CIIOCOOHBIE HaMarHUYMBaThCs. [Ipu meicT-
BUU C1a0BIX MATHUTHBIX MOJIEH (3Kele30, KOOAIbT, HUKENb U Ta0UHHAN);

2) mapaMarHUTHBIE — INPOSIBIISAIONIME CNAa0yH0 CIIOCOOHOCTh K Ha-
MAarHUYMBAHUIO (AJFOMUHHIA, XpOM, TUTAH U HEKOTOPBIC JIPYTHE);

3) AMamMarHWTHBIC — HE MPUTATUBAIOIINECS K MAarHuTy (HampuMep,
BHUCMYT, OJI0BO, ME/Ib).

Cnenuduyeckne CBOWCTBaA, NPUCYIIME MeTajulaM, OO0YCIOBIIEHBI
CTpPOGHHEM HX aTOMOB. VIMes Ha BHEIIHEM JHEPreTUYECKOM YPOBHE
Hebonbmoe yncio (1 — 3) 21MeKTPOHOB U CTpeMsiCh MPUHSTH Ooiee yc-
TOHYMBOE COCTOSHHE (CTPYKTYpY OJaropoJHbIX I'a3oB), aTOMBI MeTall-
JIOB CPAaBHUTEJBHO JIETKO OTIAIOT MPH XUMHUCCKUX PEAKIIHSIX 3TH JICK-
TPOHBI, 00pa3ys MOJOKUTEIBHO 3apPSKCHHBIC HOHBI. B y3max ux merai-
JIMYECKOH (MPOCTPAHCTBEHHOW) PEIICTKH PACIONaraloTcs WOHBI M aTo-
MBI METAJUIOB. MEXIy y3JIaMU HaxOIATCS 3JCKTPOHBI, HE MPHUHAJJIC-
JKalue KakuM-TH00 OnpeieneHHbIM aToMaM. B kpucramie meramia
CYILIECTBYET PaBHOBECHE:
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Met + ne* === Me® 'A (manpumep: Ca®™ 4 2¢" = Ca

B XMMHYECKOM OTHOLICHUU METaJUIbl OTIMYAIOTCS OT HEMETAJIOB
TEM, UYTO B COCAUHEHUSX OHU MPOSBISIOT TONBKO MOJIOXKUTENIBHBIE CTe-
MEHU OKHUCICHHUS, TaK KaK MPU XMMHUYECKHX PEaKIUsX BBICTYNAIOT B
ponu BoccTaHoBUTeNell. BoccTaHOBHUTENBHAS CIIOCOOHOCTb METAIOB
HaXOJIUTCS B NMPSIMOM 3aBUCHUMOCTH OT YMCNA HJIEKTPOHOB HA BHEIIHEM
SHepreTudeckoM ypoBHe. Haunbosee cUIbHBIMU BOCCTAHOBUTEISIMU SIB-
JISIFOTCSL METAJLIBI TIABHOM MOATPYMIIBI I TpymmbL.

MHorue MeTamuibl B3aUMOJICHCTBYIOT C KHCIOTaMH, BBITECHSS U3
HUX BOJOPOI.

INonasnstomee OOIBIIMHCTBO METAIIOB B3aUMOJCHCTBYET C KUCIIO-
POJIOM BO3/yXa; MHOTHE U3 HUX — MPH OOBIYHBIX YCIOBHSIX, OCOOEHHO B
MPUCYTCTBUU BJard. HekoTopble MeTajulbl OKUCISIFOTCS KHCIOPOIOM
BO3/yXa TOJIKO IPHU HArpeBaHUU, a OT/ACIbHBIE METAJUIbI HE OKUCIISIOT-
sl KUCTIOPOZIOM BO3/1yXa Ja)<e P MOBBILIIEHHON TeMIepaType (30J10To,
MJIaTHHA, NAJUTIAAU U JIp.).

Haubonee aktuBHBIE MeTaJIbl (ILIENOYHBIE U LIETIOYHO3EMEIIbHBIE)
JlaXke TIpU OOBIYHBIX YCIIOBUAX B3aUMOIEHUCTBYIOT C BOJIOM.

O creneHn aKTUBHOCTH METAJJIOB MOXKHO CYAMTD 10 3HAYEHHUSAM UX
CTaHJAPTHBIX 3JIEKTPOJIHBIX MOTEHIIUATOB. DIIEKTPOIHBIE TOTEHIHAIIBI
MaJjo akTuBHbIX MeTaiuioB (Cu, Hg, Ag, Au u np.) BeIpaxaroTcs Mmojo-
KUTETHHBIMU 3HAUCHUAMHU, a O0Jiee aKTUBHBIX METAJUIOB — OTPHIIATENb-
HBIMHU.

Onbit 1 CBojicTBA HIEJOYHBIX METALIOB

(ITpu paboTe co IIENOUHBIMU METAJUIAMH OcTeperaiitech Boabl. M3
KEpPOCHHA METaJUIbl BHIHUMAHTE TONBKO HMUHIIETOM, HU B KOEM Clydae
He Oepute pykamu! OOpe3KH LIETOYHBIX METAJUIOB, a TAKXKE HEHCIIONb-
30BaHHBIA MeTalll craBaiite nabopanty. He Opocaiite oOpesku meran-
JIOB B KOP3HMHBI I MycOpa ¥ B PaKOBHHBI!)

B3anMopeiicTBHE IIEJJOYHBIX METAJJIOB ¢ BOAOM

(OmnbITBI TPOBOIUTE B BBITSHDKHOM KAy MO HaOMIOIEHUEM Tpe-
T0/IaBaTelIsA, B OUKAX WJIM 3allUTHON Macke!)

Hanmonuute xpucramnusatop Bojgod. CrenmaiiTe MaleHBKYIO
(~2 x 2 cM”) KOpobOUKy U3 (HIBTPOBAIBHOIN GyMard M MOMECTHTE B
Hee KYCOYEK OYMIIEHHOTO JIUTHS pa3MEpOM HECKONBKO MEHBIIE Topo-
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mHBL. OCTOPOKHO MOMECTUTE KOPOOOUKY C JIUTHEM B KPUCTAJUIM3ATOP
¢ Bozoil. Uro HaOmoaere? Bospmute npoOy BOABI U3 KPUCTALIM3ATOPA
U ONpEeAENUTe €€ peakluio Ha (eHon(TanenH WUIM yHUBEPCAIbHBIN
WHJIUKATOP.

[IpoBeauTe aHaJOrMYHBIE OMBITHI C HATpUeM U KaiueM. OTMEThTe
HaOmomaeMble siBJeHUs. Yto wu3MeHunocs? HanwmuTe ypaBHEHUS
peakuui.

CornocTaBbTe XUMUYECKYIO0 aKTHBHOCTh M3YUYEHHBIX IIEIIOYHBIX Me-
tamnoB. OT uero oHa 3aBucut? Ilouemy NIuTHI pacronaraercst B Hayaie
psiia HAaPsHKEHU METaIIOB?

Amasbrama HaTpust

(Paboty mpoBoauTe B BBITSDKHOM HIKay moj HaOMIOJEHUEM Ipe-
MOJABATENIS; BCE OMBITBHI C PTYTHIO JOJDKHBI BBINOIHSTHCS B KIOBETAaX C
BBICOKUMU CTEHKaMH!)

IMomectute B cyxyto ¢apdopoByro CTynKy Kamiro prytd. Ilpu mo-
MOIIM TTMHIIETa BEIHBTE U3 KEPOCHHA KyCOYEK METaJIIMYECKOro HaTpus,
TIOJIOXKHTE €ro Ha (QUIBTPOBANBHYIO Oymary, JexKallyl0 B BBITSDKHOM
mkady Ha CyXOM CTEKJIe, H CO BCEX CTOPOH OCYIIHTE OT KEpOCHHA.
OctpueM cKaibleass OYUCTUTE IOBEPXHOCTh HATPHs, OTPEKbTE He-
CKOJIBKO MaJIEHbKHX KycOuKoB. OZIMH U3 KyCOYKOB HATpPHS ITOJIOXHUTE B
CTYIIKY C CYXOH PTYThIO M OCTOPOXHO Pa30TpPHUTE ero mecTukom. Yrto
Habmonaere? [1ogo00HBIM 00pa3oM pa3oTPUTE ellle HECKOIBKO KYCOUKOB
HaTpus, I0Ka aMajibraMa He 3arycreer.

HeGosnpioe KommyecTBO aMalibraMbl OIYCTHTE B CTAKaH C BOJIOH.
UYro npoucxonut? OCTaNbHYIO YacTh aMallbraMbl NEPEHECUTE B IHPO-
Kyl0 IpOOMpPKY MM CTaKaH HajelTe cBepXy 3 — 5 MJI HACBIIEHHOTO
pacTBopa xiopuna amMmMmoHus. Uro Habmronaere? YTo mpoucxoauT ¢ co-
JePKUMBIM ITPOOMPKH Yepe3 HekoTopoe Bpems? Hamummre ypaBHEHUS
peakuui.

Ilosryuyenne ® CBOICTBA KHCJIOPOIHBIX COCIMHCHHMI HATPHA
U KaJus

(OmbIT BBIMONHSNTE B BHITSDKHOM HIKady!)

a) Ha »xene3Hyr0 IJIACTHUHY, YCTAHOBJICHHYIO TOPU3OHTAIBHO Ha
TpEHOre, IOMECTUTE HEOONIBIION KycOueK METaNTHUECKOTr0 HATPHs MU
KaJusl, HarpeiTe miaTuHy CHU3Y U, KOTJa METaJUl PacIIaBUTCS, TTO0XK-
TUTE €ro0 CBEPXY IUIAMEHEM TOpENKU (OMYCTUTE CTBOPKH BBITSKHOTO
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mkadga!). Ilocre 3aBepiieHHuss TOPEHU METAUIa U OXJIAKICHUS TONy-
YEHHOTO BELIeCTBAa PACTBOPUTE €ro B 2 — 3 MJI IUCTHIIMPOBAHHOM BO-
Jb1 (OCTOPOXKHO, MOXKET OCTAaThCsl HECTOPEBIUHN MIETIOYHOM MeTasu!).

0) K obpazoBaBiiemycsi pacTBopy 100aBbTe pacTBOp Hoauaa Kamus,
MOJIKUCIICHHBIH pa30aBlieHHON CEpHOI KUCIOTOM, U JBE-TpU Karllk He-
MOJISIPHOTO pacTBopuTelisa. Yto Habmogaere?

Kakwue BemectBa 006pa3yroTcsi Ipyd TOPEHUH HATPUS U Kajus Ha BO3-
nyxe? Kak momyduTh OKCHABI 3TUX IEMEHTOB?

B) [IpoBenuTe aHATOTMYHBIM OMBIT ¢ METAJUTMYECKUM JIUTHEM. UTO
o0pasyercs B 3TOM citydae?
Hanwummre ypaBHEHUS BCEX PEAKIIUA.

1) Kaxue nponykTsl 00pa3yroTcst IpU B3aUMOAEHCTBUU ¢ KHCIOPO-
JIOM BO3/yXa pyouaus u ue3us?

2) IloueMy npu TOPEHUU IIEIOYHBIX METAJUIOB HA BO3AYXE OAWH U3
HUX 00pa3yeT OKCHJ, APYroil — MEepoKCH], a Ooyee TsSHKenble — Hajre-
pokcubi?

3) Kak u3mensiercst (OT JTUTHS K 1E3UI0) YCTOWYMBOCTh OKCHUJIOB U
MEePOKCUIOB IIEIIOYHBIX MeTajuloB mpu HarpeBanuu? Ilouemy oOpaso-
BaHHE TEPOKCUJIOB, HAAMEPOKCUIOB, a TaKKE O30HUIOB XapaKTEPHO
JUIS TMIETIOYHBIX MeTalIoB? Kak moiay4uTh nepoKCcU INTHs?

FHI[pOKCHZII)I IEJTOYHBIX 3JIEMEHTOB

1) Pactopute B 100 mit Bogb! 14 r 6e3BofHOTO KapOOHATa HATPHSL.
PactBop mepeneiite B KpyrJIOAOHHYIO KOOy eMkocThio 250 — 300 mur
Ha nHO k0nOBI MOMECTHUTE MSITh — IIECTh KyCOUKOB OuTOro dapdopa B
Ka4yecTBe “KHUMENOK’. 3aKpenuTe Konly B IITATHUBE TaK, YTOOBI MEXAY
CETKOM M JHOM OCTaBajloch HeOosbIoe mpocTpaHcTBo. Harpeiite pac-
TBOP B KOJI0€ 710 KMITEHHS U MTPpUOaBbTE K HEMY HEOOJIBIINMH MOPLSIMH
W3MEJIbUCHHYIO TallleHyl0 H3BeCTh, B3ATYI0 C 20%-HBIM H30BITKOM.
BcTaBbTe B ropio KoyuObl BOPOHKY AJISL MPEAOTBpAILCHUS pa30pbI3ruBa-
HUSI pacTBOpa M KHIIITUTE PacTBOP B TEUECHHUE Yaca, J00ABIISs BpeMs OT
BPEMEHU BOIY AJISl COXPAaHEHHUS IOCTOSHHOTO 00BbeMa.

2) IlomecTuTe TIOCKOIOHHYIO KOOy ¢ 20 MJ BOJIBI HA MATHUTHYIO
MeIIaNKy ¥ pacTBOPUTE IMPU MEpeMEIINBAHUU 3 T 6€3BOAHOrO KapOoHa-
Ta Hatpus. Jlob6aBbTe HEOONBIIUMH MOPLUSAMHU MIPU HETPEPHIBHOM ITe-
peMeNINBaHUN M3MENbYEHHYIO TalleHylo M3BECTb, B3ATYIO ¢ 20%-HbIM
U30BITKOM U IPOJOIKaliTe nepemMeniuBanue cmecu 1 — 1,5 4.
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[To 3aBepuieHNM peakuuu (M OXJAKISHUU pacTBopa B crocode 1)
JIeKaHTUPYHTE pacTBOp, U3MEPbTe ero 00beM M MI0THOCTH. [IpoBennTe
Ka4yeCTBEHHbIE peaklnu Ha kapOoHaT-woHHL Ilo pesynbraTam u3Mepe-
HUS TIJIOTHOCTH (€CNM HET 3aMETHOTO KOJMYECTBAa MpUMecH KapOoHaTa)
OIpe/ieNTUTe KOHIIEHTPAIUIO MOTyYeHHOH menoun. Hamummure ypaBHe-
HUE peaKkIi W PAacCUUTAalTe TEOPEeTHYECKHe 3HAUYeHUs KOHIIEHTPALUi
mIeJIoud M KapOOHAT-MOHOB. CpaBHUTE KOHLEHTPALUIO IOIY4EHHOI
IIEJIOYH C TEOPETHUECKN OKuiaeMoi. OnpeienuTe BEIXO B ITPOLIEHTAX.

O3HaKOMBTECh C BEJIMYMHAMH TPOM3BEIECHHI PACTBOPHUMOCTH Kap-
OoHaTa 1 TUApoKcuaa Kajplus. OOBSCHUTE TEUeHHE ITOrO IMpolecca B
CTOPOHY 00pa30BaHMs IMAPOKCHIA HATpHsS. MOXKHO JIM 3TUM CITOCOOOM
MOJYYUTh PACTBOP THAPOKCHAA HATPHsl BHICOKOW KOHIeHTparmu? Kak
M3MEHSETCSl PACTBOPHMOCTH THAPOKCHIIOB IICIIOYHBIX JJIEMEHTOB B psi-
Ty JIATUR-TIE3UI?

Onoit 2 CBojicTBAa MATHHUSA U KAJbIUSA

CBoiicTBa Maruus

1) 3axxmuTe TUTENBbHBIMU IIUMNIIAMUA HEOONBIIYIO JEHTY MarHus H
COXXTHTE ee Ha Bo3ayxe Hall (happopoBoii yalikoil (HaJeHbTEe 3alUTHbIE
ouku!). K monmyueHHOMY BelIeCTBY MpHIIeiiTe HEMHOTO BOJBI U ONpee-
nute pH pacrBopa. Hanumure ypaBHeHus: peakuuil.

C KakMMHU COCTaBHBIMH YacTAMHU BO3JlyXa BCTYMAaeT BO B3aUMOJEH-
CTBUE MarHuii?

2) Haneiite B 1Be mpoOHpPKHU 10 2 — 3 MJI BOJBI U MOJOXKUTE TIO KY-
couky MarHus. B ogHy u3 npobupok mpobasste 0,5 — 1 T xs1opuaa aMmmo-
Hus. Yto mpu s3ToM mpoucxoaut? Harpeiite pacTBops! 1o kumneHus. Yto
Habmronaere? Hanuimmre ypaBHEHUSI XUMHUYECKUX PEAKIUH.

OO6BsicHUTE TPOUCXOASIINE NTporiecchl. [loueMy B IpUCYTCTBUH HO-
HOB aMMOHHMS MAarHUi akTHBHEE B3aUMOAEHCTBYET ¢ BOJOH?

IosryyeHnue u cBOICTBA I'HIPOKCHIA MATHUS

Ocaaute B MpoOUpPKe TUAPOKCU]] MarHus JeiicTBUEM pacTBOpa Iile-
JIOYM Ha PAacTBOp COJNM MarHus. PazjenuTe ocaJoK Ha TPU YacTH U UC-
MbITalTE OTHOLIEHHE THIpOKcHaa mMarHus K 10%-HbIM pacTBOpam K-
CJIOT, WIETIOYM M xJiopuaa ammonus. Uto nHaOmronaere? Hamwmmute
ypaBHEHUS peaKiuii.

139



MOKHO JM TOJTHOCTBIO OCaIUTh TUAPOKCUI MarHus, €Cjin BMECTO
TUAPOKCHUAA HATpusa HUCIIOJIb30BATh pPACTBOP ammuaka? Hamummre
YpPaBHCHUEC PCAKIIUN AUCCONHUALNN THAPOKCUa Maruus.

Onbit 3 Cosin Maruus

KapOonatb! Maraus

a) K marperomy Ha BomsHoii 6ane 10 50°C pactopy cymbharta mm
XJIopyia Maraus B npodupke (2 — 3 M) mpusieiite pacTBop kapboHata
HaTpusl JI0 TOJNHOTHI ocaxJeHus. OTQUIBTPYHTE BBINABIINH OCAIOK,
MIPOMOMTE BOJIOW M BMeCTe C (DMIIBTPOM BBICYIIMTE Ha Bo3nyxe. Kakos
ero cocraB? HeGoJbpIroe KOIMYECTBO CyXOro BEIIECTBA BHECUTE B IPO-
6upky ¢ 1 —2 mn 10%-Hoii consiHO#M KuCTIO0THL. YTo HaOmogaere?

Harpeiite ¢puibTpaT 10 KHIEHUS U KUISATHTE JI0 BBINIAJICHUS 0Ca/l-
ka. Kakoii coctaB mmeer ocafok? JlekaHTUpyiTe pacTBOp C OCajKa,
0caJIoK MPOMOITE BOAOH U A00aBbTe K HeMy HemHOro 10%-Horo pac-
TBOpa COMSIHOW KHCHIOTHL. YTo HaOmomaere? Hamummre ypaBHEHHs
peakuui.

6) Ilpuneiite k 1 — 2 M1 pacTBOpa cynab(aTa WIn XJIOpHAA MarHus B
poOUpKe pacTBOp KapOOHaTa aMMOHHMS, BHa4yaje HEMHOrO, 3aTeM H3-
obrTok. Uto Habmronaere? Hanummre ypaBHEHUS peakiuii.

1) Kakue peakiuu mocieqoBaTeNbHO MPOTEKAIOT B PacTBOpPax CoO-
nel OepuIIMs U MarHus TpH JISWCTBUU Ha HUX KapOOHATa W THApOKap-
OoHaTa HaTpHsl, KapOOHATAa AMMOHUS?

2) B pesyinprare KakuxX IPOLECCOB 00pPasyrOTCs THIPOKCO-HOHBI
OeprILIis U MarHus?

3) Kak MOXHO nony4uTh cpeJHUN KapOoHAT MarHus?

Maruniiammonuiipochar

Haneiite B npobupky 1 — 2 M pacTBopa XJIOpHJa MarHus W J0-
0aBbTE pacTBOp aMMHaKa JI0 BBINAJEHHs Ocajka. 3aTeM NpHOaBbTe IO
KaIuIsiM pacTBOp XJIOPHa aMMOHHS JI0 PacTBOpPEHHs ocajika. Baecute B
MpoOHPKY HECKOJBKO Kamellb pacTBopa oprodocdara Harpus. Uro Ha-
6monaere? PaccmoTpute (hopMy BBINABIIMX KPHCTANIOB IOA MHUKPO-
CKOITIOM.

JlobaBbTe B MPOOUPKY C OCAZKOM COJISIHYIO KHCIOTY. UTO mpoucxo-
quT? Hanuimte ypaBHEHUS peaKiIyid.

OO6BsICHUTE NMPOTEKAIOIINE MPOLECChl 00Pa30BaHUs U PACTBOPEHMUS
0CaJIKOB.
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OnbiT 4 Cosu KaJabUUs, CTPOHIUS, Oapust

Haneiite B ceputo mpoOupok mo 1 — 2 M1 pacTBOPOB XJIOPUOB
KaJblys, CTpoHIMS U Oapus. [looyepenHo no0aBisiiTe K HUM paBHbIE
00BbeMBI pacTBOPOB (hTOpUaa, Cyib(ara, KapOoHaTa, OKCaIaTa U Pa3HbIX
¢docdaroB kanus. VcnpiTaiiTe momydeHHbIE OCaJIKK K AEHCTBUIO COJS-
HOHM KUCJIOTHI TIpH OOBIYHBIX YCJIOBUSX W NpU KumssdyeHWH. Hamwmmre
YpPaBHEHUS peaKIHil.

Iepokcun 6apus

PactBopute 4,0 r ruapokcuaa Oapust B 200 Ml mpeaBapUTENIbHO
MPOKUIITICHHON TUCTUILTNPOBAHHOM Bosbl. PacTBoOp oxmaaute 1o 0°C u
no6asbTe 10 Mt 3%-HOro pacTBopa Mepokcuaa BOAOPOAA, OXJIaXKACHHO-
ro 1o 0°C. IlomyueHHbIH 0cafiok MHOTOKpAaTHO NMPOMOITe BOAOI MeTo-
JIOM JIeKaHTALMH, OTQUIBTPYHTE W BBICYIIMTE B CYIIWJIBHOM HIKady
mpu 50 — 60°C.

JlokaxxuTe, 4TO MOIy4EHHOE BEIECTBO MPE/ICTABISET epOKCcH/I Oa-
pust. Ilpemioxnure cOOTBETCTBYIOIIUH OmbIT. OnpeaenuTe BHIXOA Iie-
pokcuza Oapus B poreHTax. Hanummre ypaBHEHUs peakuuii.

I'ekcaruapar xjiopujaa Martus.

B xumudeckuit crakan Haneite S0 M 20%-Horo pacTBOpa CONSHOM
KHCJIOTBI U 06aBbTE HEOOJBIINMH MOPIUSIMU PACCUNTAHHOE KONUYECT-
BO OKcHJa MarHusi. Eciu mocne pacTBOpeHHsI OKCHAA PacCTBOP HE CTAHET
MPO3pPayHbIM, €r0 HEOOXOAUMO MPOPUIBTPOBATE. YTIapbTe PacTBOP 10
MOJIOBUHBI NIEPBOHAYATIBHOTO 00BEMa, IMOMECTHTE B OXJIAKAAIOIIYIO
cMech (JIell C XJIOPHJIOM HaTpus) U MPOIMYCTHTE TOK XJIOPOBOAOPOJA.
BeigenuBimecss Kpucrauibl OTQUIBTPYHTE, BBICYIIMTE HAa YacOBOM
CTEKJIe IPH KOMHATHOW TeMmIepaType U B3BechTe. ONpenenuTe BbIXOA B
MPOLIEHTAX.

[Tomectute Bo B3BemeHHbli Turens (£0,01 1) HeOombIIOE KONTHYE-
CTBO TeKcaryapara XJOpHJa MarHus, B3BECHTEC BEIIECTBO C THUIJIEM U
npokanure. Yto HaOmonaere? JloBeaure pas3iloKeHHE COMU A0 KOHILA.
Kak B 3ToM yOenuthbesa? OxmnaguTe THreNlb U BHOBb B3BECHTE, PACCUM-
TaiiTe morepro Macchl. UTo 00pa3oBanoch B pe3ysbTaTe NPOKaIUBaHUs?
HobaBbTe K 3TOMY BemiecTBy 1 — 2 M Bozbl. Uto Habmonaere? Kakoit
COCTaB HE PAacTBOPHBILErocs B Boje BemlecTBa? Hamummre ypaBHeHUs
peakiuu.
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Be3BoaHBblIii Xy10pH Maraus

Obe3sodncusanue zekcazudpama Xnopuoa MAazHus HaAZpesanuem ¢
XJ10pUOOM AMMOHUA

Hagsecky rexcaruyapara XJopuaa Maraus TIIATEIbHO MepeMelniaite
C XJIOPUIOM aMMOHHS B MAacCOBOM OTHOIIEHMM 1:2, TOMECTHTE BO
B3BEUICHHBIN ¢ TOuHOCTBIO +0,01r dapdopoBslit THrenb, 3aKpoiiTe
KPBIIIKONH U NMPOKAIUTE B IIaMEHU ra3oBoi ropenku. OxyaauTe TUrelb
B DKCHKATOPE U B3BECHTE.

PaccunTaiiTe IOTEPI0 MacChl U 10 €€ BEIUYUHE ONPEAEIUTE COCTAB
MOIY4EHHOT 0 Mocie MpoKaJuBaHUs BellecTa. B mpoOupky Haneiite 3 —
5 MJI BOJBI U BHECUTE HEOOJIBIIOE KOJTMUYECTBO MOTYYEHHOI'0 OE3BOJHO-
ro xjopuna maruaus. Yro Habmonaere? Hanumure ypaBHEeHUS peakLni.

0be3600cusanue Xa0puda MazHus 6 MmoKe XJ10peooopooda
Cobepute npubdop (pucyHok 28).

Iv/IgClz +6H,0

NaCl H,80, i’,ﬁﬁ_‘

(+HCl xoHIL) KOHIL

1 — konba Bropia; 2 — kanesabHast BOPOHKa; 3,4,7 — IPOMBIBAJIKH C CEPHOM KUCIOTOM;
5 — peakiponHas (crekisiHHas) TpyOka; 6 — papdoposast 10104k

Pucynok 28 — IIpubop 11 00€3B0XKHUBAHUS FeKCATHAPaTa XJIOpH/a MarHus

KBaprieByro WM CTEKISTHHYIO PEaKkIHOHHYIO TPYyOKy 5 ycTaHOBHTE
¢ HeOOJIBIIMM HAKJIOHOM BIpaBo. B3ecbre 1 — 2 I rekcaruapata XJo-
puna maraus B ¢apgopoBoit nogouke 6 uzBectHoit maccel (£0,01 r) u
YCTaHOBUTE B CPEAHEH YaCTU PEaKI[MOHHOH TPyOKH 5. 3aIoIHUTE peak-
TOp 5 Ta3000pa3HBIM XJIOPOBOJOPOAOM H OCTOPOJKHO HarpeBaiite Bele-
CTBO B JIOJIOYKE ITPU HEIPEPHIBHOM IPOITYCKaHUH Ta3a.

142



Ilo 3aBCPIICHUUN BbIACIICHUS BObI y6epMTe TOpCJIKY U OXJIaAUTE
BCLICCTBO B TOKE XJIOPOBOAOPOAA, 6I)ICTp0 H3BJICKUTEC JIOJOYKY C BEIIC-
CTBOM U3 pPCAKTOpa U B3BECHTEC. HepeHeCMTe BCHICCTBO B orokc. Ilo pe-
3yJbTaTaM B3BCIIMBAHHWA OMPCACINTE COCTAB KpHUCTAJJIOrUApaTa.

B npoGupky Haneiite 3 — 5 MJI BOABI U BHECHTE HEOOJNBIIOE KOIH-
4eCTBO MOIY4EHHOro 0e3BOAHOrO Xjopuzaa Maraus. Uro Habmopaere?
Hanumure ypaBHEHUs peakuuil.

Obe3sodrncusanue 2excazuopama Xnopuoa MAzHUA KUNAYEHUEM C
XJ10pUOOM MUOHUNA

Cobepute mpubOp IUIsl KUMSYEHUSI C OOpaTHBIM XOJOIUIBHUKOM
(pucynok 29). BaeecsTe 1 — 1,5 r rekcaruapara XJIopuaa Mar€us ¢ TO4-
HocThio £0,01 1, momectute B konOy 1 u nobasbTe 10 M1 XJI0pUAA THO-
Huna. KonOy 3akpoiiTe mapruKoBbIM XOJIOAUIBHUKOM 2 € XJIOpKaJbIue-
BOI TpyOKoit 3.

1 — konba KpyriomoHHas,

2 — MIApUKOBBIH XOJIOAUIBHUK;
3 — xJIopKasbLIeBas TPyOKa;

4 — acbecToBast ceTKa.

Pucynok 29 — IpuGop 11st KUTISTYSHUS ¢ 00pATHBIM XOJIOUIIBHUKOM

OctopoxHO HarpelTe Kondy 1 depe3 acOeCTOBYIO CEeTKy 4 M KHUIIs-
tuTe 1 4 (He JomycKaiiTe MOJHOTO yJAeTyYHBaHUS XJIOPUJA THOHWIIA, B
Ccllydae HeOOXOJUMOCTH AOJIMBAMTE PEareHT Yepe3 XONOAWIBHUK).

ITo 3aBepuieHUH OIMBITAa OCTATKH XJIOpHJAa THOHMIIA JAEKaHTHUPYITe,
TBEPJI0€ BEIECTBO MPOCYIIUTE B KOJIOE IIPH HarpeBaHUU B TOKE CYyXOr'o
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a30Ta WM yriaekucnoro raza. Cyxoe BELIECTBO MEPEHECUTE B OIOKC HU3-
BecTHOM Macchl 1 B3BecbTe (+0,01 r). PaccunTaiite BbIX0/] B MpOLIEHTAX.

Haneiite B npoOupky 3 — 5 MJ1 BOABI U BHECHTE HEOOJBIIOE KOIH-
YEeCTBO MOIY4YEHHOro 0e3BOIHOrO Xjopujaa Maraus. Yro Habmromaere?
Hamummre ypaBHEHUs peakiiuii.

Kpucramioruapar xjopuaa Kajabuus

Haneiite B xumnueckuii ctakan 30 mi 15%-Horo pacTBopa CONSHOM
KHCJIOTBI U 06aBbTE HEOOJBIINMY MOPIUSIMU PACCUNTAHHOE KONUYECT-
BO MpaMopa WINM Mella 10 YCTaHOBJCHMS cnabokucioit cpensl. IIpo-
¢unpTpyiiTe MOTyYeHHBIN pacTBOp M ymapuBaiite ero B (aphopoBoii
YallIKe MpH HarpeBaHUU CJIAOBIM IJIAMEHEM TOPEJKH Yepe3 acOecTOBYIO
CeTKy J0 TeX IMop, TOKa TeMIepaTypa pacTBOpa HE JOCTUTHET
128 — 129°C (pacTBOpUMOCTB XJIOpHIa Kajblus B Boje npu 130°C pas-
Ha 101,0 /100 r BoBI).

OctaBbTe pacTBOp oxnaxaaTbes. OTAenUTe BBIMABIINE KPUCTAIUIBI
OT MaTOYHOI'0 PacTBOpPA Ha CTEKJISHHOM IMOPUCTOM (DUIBTpPE, BBICYIIUTE
Ha BO3yX€ M B3BEChTC. YCMOTPUTE B MHUKPOCKOI U 3apucyiire ¢popmy
KpucTaynos. OnpenenuTe BBIXOA B IPOLEHTAX.

B3BecbTe B Kene3HOM TUTIe u3BecTHOW Macchl ~1 — 2r (£0,01r)
MOTY4YEHHOTO KPUCTAJUIOTHApaTa U MPOKAJIUTE B TCUCHHE IOydaca B
IUIaMEHHU ra30Boi ropenku. Oxyaaure TUredb B SKCHKAaTOpe 10 KOMHAT-
HOU TeMmepaTypsl U B3BecbTe. 1o pe3ynbraTaM B3BEUIMBAHUS PaCcCUU-
TaliTe cocTaB KPUCTAIOTUpATa.

IlepenecuTe BElECTBO MOCHE NMPOKATUBAHUS B 3apaHEE B3BEIICH-
HBII OIOKC, B3BECHTE U OCTABBTE €r0 OTKPHITHIM Ha Bo3nyxe. Ilepuoau-
YECKUM B3BEIIMBAHUEM B TEUCHUE HECKOIBKUX JHEH ONpeaenuTe u3Me-
HEHHME Macchl XJIOpHUJA KalblUs co BpeMeHeM. Kakoro cocraBa Kpu-
CTAJUIOTHIpaT 00pa3oBaJICsl Ha BO3ayXe?

UeM 0OBACHSIETCS YBEIHMUEHHE MAacChl MPOKAJIEHHOrO BellecTBa?
Kak mnpumeHsiercs OC€3BOAHBIM XJIOpHA KaJlbIUsl B J1a0OpaTOpPHOH
TeXHUKe?

Iony4yenue xjopuaa 6apus us cyiabdara 6apus

Ilonyuenue cynvgpuoa dapus

Cwmemnaiite 4 r cynbpara Oapust u 2 © pacTepTOro B MOPOIIOK Jpe-
BECHOTO YTIJIsl, IOMECTUTE CMech B (papdopoBbIil TUrenh M 3aChIIBTE
CBEpXy MOPOLIKOM JAPEBECHOrO YIJIs. 3aKpoWTe TUTENb KPBIIIKOH U
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npoxanute 14 B TurensHo# neun npu 900 °C. Tlo oxmaxaeHUN U3BIe-
KUTE CHEKIIYIOCS MAacCy U3 TUIJISI U pa3oTpuTe B ¢aphopoBoil cTymKe.

HeGonpbyto yacte pacteproil maccel o0paboTaiiTe BOIOH, MpO-
(¢unpTpyiiTe pacTBOp U UCHBITAHTE €ro JEHCTBHE HA WHIUKATOPHYIO
Ooymary. [IponmycTuTte uepe3 pacTBOp TOK JHOKCHIA yriaepoia. Uto Ha-
6mronaere? HanmumuTe ypaBHEHUS peakIvi.

Ilonyuenue kpucmannozuopama xaopuoa dapus

Haneiite B xummnueckuit crakan 20 M 20%-HOTo pacTBOpa CONSTHOM
KHCJIOTBl M BHECUTE B Hee HEOOIBIINMHU MOPLUSMU MOJTYyYECHHBIH Cyllb-
¢un 6apust (B BeITsSDKHOM Ikagy!). IIpoxunsarure pacTBop mas yaane-
HUS CepoBOoIOpoza. Eciu pacTBOp UMEET LIETIOUHYI0 PEaKIuIo, HeHTpa-
JIM3YHTE €ro CONSTHOW KHCIOTOM. IIpyn Hamm4unyu HepacTBOPUMOro Oca-
Ka, PO IILTPYHTE PacTBOP.

Iepeneiite pactBop B (hapdopoByro HalIKy U ynapupaiTe, IOKa Ka-
st (B3Tast CTEKJSIHHON MaslouKoif) mpoOBl pacTBOpA, MOMEIIEHHAs Ha
4acoBOE CTEKJIO, HE HAYHET KPUCTAIN30BaThCs MpH oxyaxkaeHuu. Ox-
JaauTe pacTBOp. Beimasime kpucTanisl OT(GUIBTPYHTE HA CTEKISIHHOM
MOPUCTOM (PUIIBTPE U NEPEHECUTE BO B3BIIECHHBII Or0KC. B3BechTe O10KC
C BCIECTBOM U ONPEAENUTE BBIXOJ B IpoleHTax. PaccMorpure kpu-
CTaJUIBI TTOJT MUKPOCKOIIOM U 3apucyiite ux ¢popmy. Hamummre ypaBHe-
HUE PEaKIUU.

Ilonyuenue 6e36001020 xnopuoa dapusn

B3BecwTe B (haphopoBoM THriIe u3BecTHOI Maccsl (+0,01 r) momy-
YEHHOE BeIecTBO U mpokanute 0,5 4 B IJIaMEHH Tra30BOH TOPENKH 10
TIOCTOSHHOM Macchl. [lepen KaxabIM B3BELIMBAHUEM THIENb OXJIAXIal-
Te 10 KOMHATHOHM Temmepatypsl B skcukaTtope. Ilo pesynbraTam B3Be-
HIMBAHUS ONPEIEIUTE COCTaB KPUCTAIIOTUpATa.

[Toyemy Oe3BOMHBIE XJIOPUIBI MATHUS U Oapus MOIYYarOT pa3HBIMU
crocobamu?
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