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BBEJAEHHUE

[Ipennaraemoe mocobne oxBaThIBA€T OCHOBHOM MaTepHall Kypca oOImei
XUMUHU, KOTOPBIN pa3aenéH Ha 4 Moayins (pa3zena), KaKIOMY U3 KOTOPBIX
COOTBETCTBYET HECKOJBKO I1aB NOCOOMs. MOAYIbHBIN NPUHIMI HOCTPOECHUS
JUCUUIUIMHBI U Ipolecca €€ U3y4eHus SIBJIAETCS OOLIECTIPUHATHIM B BBICILIEM
npodeccuonanbHoM oOpazoBanuu. CleayeT OTMETHTb, YTO 3TOT MPHHIIUII
COOTBETCTBYET OCHOBHOMY BEKTOPY Pa3BUTHs COBPEMEHHON BBICIIEN LIKOJIBI
— nepexoay €€ K KpeAUTHO-MOAYJIbHOM cUCTeMe yuyeOHOro mporuecca, KOTo-
PBIA IIPUHAT B MUPOBOU IPAKTHUKE.

ITo xaxxmoy riaBe BHaAyaje NMPUBOAUTCA IEPEYCHb 3HAHUNM, YMEHHUU U
HAaBBIKOB, KOTOPBIMH JOJDKEH OBJIAJIETh CTYNEHT. Takue nepeuyHu peako mnpu-
BOJSTCS B YUEOHBIX MOCOOUSIX, HO OHU HEOOXOAMMBI, TaK KaK MO HUM CTY-
JIEHT MOXET OLEHUTh CTPYKTYPY CBOMX 3HAHUU, 3apaHeEe OINPEICIIUTh B HUX
npo0eibl, ONpeaeuTh 00BEM BPEMEHH IS UX JTUKBUIAIIH.

3a nepevyHeM 3HAHUM U yMEHHUH B TOCOOMM MPUBEEHBI IPUMEPHI pellie-
HUI COOTBETCTBYIOUIMX 3a7ad U ynpaxHeHuil. CoaeprkaHue, TUIl U CIIOXK-
HOCTh 337]a4, a TAaK)K€ METOJMKA IPEeajaraeMoro peueHus 0a3upyroTcs Ha
OCHOBHBIX OOILENEIarornyeckKux MNPUHLIMINAX W NPUHLHINAX Hpodeccro-
HaJbHOro oOpa3oBaHud. [IpuMepsl BBINONHEHUS 3aJaHUN MPEIT0KEHBI aB-
TOpPaMU € Y4ETOM CUCTEMHO-CTPYKTYPHOTO MOAX0/1a K U3JI0KEHUIO0 MaTepua-
Ja, TOCTYMHOCTH NMPU 00bSICHEHUH HAaMOO0JIee CIOXKHBIX XUMUYECKUX MPOILIEC-
COB M MPUEMOB pELICHUS] PACUETHBIX 337ad. B Takux ClOXXHBIX U aOCTpaKT-
HbIX TeMax, Kak «CTpOoeHHME BelIeCTBa» U «XUMHUYECKAS CBSA3b» aABTOPBI
CTPEMUJIUCh MPUMEHUTH Haubosee HarIsAHble CIIOCOObl OOBICHEHMS] MaTe-
puana. boapIIMHCTBO MPUMEPOB BBINOJHEHUS 3aJaHUN, IPUBEACHHBIX B I10-
coOuu, IpearnoiaraloT pa3BUTUE IPOYKTUBHOTO YPOBHS 3HAHUN CTY/ICHTOB.

CUMBOJIMKA U TEPMHUHOJIOI'UA

B teme «CoctaB BerecTBa U XUMHUIECKUE PEAKIIUN» TEPMUHBI ATOMHAS
Macca, JKBUBAJIEHTHAsl Macca ¥ MOJIEKYJIsIpHAsi Macca 03HAYaIlOT MX OT-
HOCHUTEIIbHYI0 BEJIMYHMHY, BBIPAKCHHYIO B aTOMHBIX CIWHHUIIAX MAaCChI
(a.e.M.), KOTOpYIO OOBIYHO HE yKa3bIBalOT. Ho eciu B 3ajanuu tpedyercs or-
pENCTUTh MOJISIPHYIH) MAacCy WM KOJHYECTBO BelleCTBA, TO CIUHUIIBI MX
U3MEPCHUS YKa3bIBAIOTCS, OTO SBJSETCS IMOJCKA3KOW, KOTOpasl CTyIAeHTaM
HEXMMUYECKUX HAIIPABJICHUN U CTICIIMATLHOCTEH HEOOX0arMa.

B Teme «Knaccudukanus 1 HOMEHKIATypa HEOPTraHUYECKHX COCIMHE-
HUI» OOBIYHBIC COJTM HA3BIBAIOTCS HOPMAJBbHBIMH U CPEIHUMHU, TIOCKOJIBKY
o0a TEpMHHA HCIIOJIB3YIOTCSA B XUMUU. KHCITBIe U OCHOBHBIE COJIH, KPOME
ATUX HA3BAHMM, HA3BIBAIOTCS TAKKE TMAPOCOJISIMH U THAPOKcocoasiMu. Ku-
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CJIOTHBIE OKCHJIbI B HEKOTOPBIX 3aJIaHUSIX HA3bIBAIOTCS AHTHAPUAAMM COOT-
BETCTBYIOIUX KHCIJIOT; 3TOT TEPMUH UMEET ONPEIEIEHHBIM CMBICT U JOCTa-
TOYHO HIMPOKO UCIOJIB3YETCSI B XUMHUH.

B teme «Crtpoenue aroma. Ilepuoamueckuii 3akoH u Ilepuogmueckas
cucteMa xumuueckux snemeHToB [[.M.MeHneneeBa» B MOCOOMU HUCMOJB3Y-
IOTCSI TEPMUHBI SJIEKTPOHHAS (pOpPMYJIa U DJICKTPOHHAST KOH(PUTYypalus KaK
CUHOHUMBIL. [Ipu 3TOM B OAHMX 3aJaHUSX TOBOPUTCS 00 ANEKTPOHHOU (hop-
Myie (KoH(pUTrypaluuu) aTomMa, a B JIPyrux — 3JeMeHTAa, UYTo, B CYIIHOCTH,
O3Ha4aeT oAHO U TO ke. C OJJHON CTOPOHBI, UCIOJIb30BAHUE PA3HBIX TEPMU-
HOB JIJI1 OTHOTO M TOTI'O € MOHSTHS HEKENIaTeNbHO, HO, C APYTOi CTOPOHBI,
MIOCKOJIBKY OHHM HMCHOJB3YIOTCS B YUeOHHKAX M Y4EOHBIX MOCOOUSX, TO CTY-
JIEHTHI JIOJKHBI OBITH K HUM TOTOBBI. B 3a1aHusIX 110 3TOM TeMe HE UCTIOJIb3Y-
€TCSl TEPMUH MOPSAIKOBBII HOMEP 3JIEMEHTA, MOCKOJIBKY CE4ac UCMOJb3yeT-
Csl TEPMUH ATOMHBIA HOMEP DJIEMEHTA.

B teme «Xumuueckas CBSI3b U CTPOCHHE BELIECTBA» TEPMUH KPATHOCTH
CBSI3M HCIIOJIB3YETCSl B METOJIE BAaJICHTHBIX CBS3€H, a MOPSAA0K CBA3HM — B Me-
TOJIE MOJIEKYJIAPHBIX opOuTaneil. TepMuH IJIeKTPOHHAS BAJEHTHOCTb XU-
MUYECKOT'0 3JIEMEHTA OTHOCUTCSI K METO/1y BAJICHTHBIX CBSA3€H. DIEKTpOHHAs
BAJICHTHOCTb 3JIEMEHTA paBHA YUCILY JABYX3JEKTPOHHBIX CBSI3€W aTOMa 3TOr0
AJIEMEHTa C aTOMaMHU JIPYTUX 3JIEMEHTOB B JJAHHOHN YacThlle (MOJIEKYJIEe WU
noHe). [Ipu 3TOM IBYX3JIEKTPOHHBIE XUMUYECKUE CBSI3H MOTYT OBITh PE3YJib-
TAaTOM KaKk OOMEHHOT0, TaK U JIOHOPHO-aKLEITOPHOTO B3aUMOJECHCTBUS.

CrexuomeTpruyeckasi BaJ€HTHOCTD SIBIISIETCSI XapaKTEPUCTUKOU 3JI€MEH-
Ta B COEIMHEHUSAX C IPYTMMHU 3JIEMEHTAMU; OHAa paBHA OTHOLIEHUIO aTOMHOMN
Macchbl K 9KBUBAJEHTHOW Macce AJIEMEHTa. XMMHUYECKUE CBA3U MEXIY aro-
MaMH OJHOTO MU TOrO K€ DJIEMEHTAa HAa 3HAYEHUE CTEXMOMETPUYECKOU Ba-
JIEHTHOCTU HE BIJIMSIIOT, B TO BPEMs KAaK IIPU ONPENEIICHUH 3JIEKTPOHHOU Ba-
JIEHTHOCTU OHM YuYuThIBatOTCA. Hampumep, crexnoMmerpuyeckasi BaJICHTHOCTh
azora B MoJieKyJie N, paBHa HYJIO, a JIIEKTPOHHAsI — TPEM; CTEXHOMETPHUYE-
CKas BAJIGHTHOCTh KHCJIOpoAa B nepokcuae Bopopona H,O, paBHa equnune,
a ANEeKTpoHHas — AByM. CTexmomeTpuuyeckas BAJIEHTHOCTh 3JEMEHTa YuC-
JIEHHO paBHa a0COJIOTHOM BEJIMYMHE €r0 CTENEHH OKUCIIEHUS B COCAUHEHUU;
P 3TOM MEXaHU3M OOpa30BaHMUS XMMUYECKHUX CBSI3€ B COEIMHEHHUH HE
MMEET 3HaYEHUSI.

B teme «OCHOBBI XMMHUYECKON TEPMOJUHAMHUKNY» CTAHAAPTHBIE TEPMO-
JMHAMUYECKHE KOHCTAHTBI BEIIECTB 0003HAYAIOTCS TaK, KaK 3TO PEKOMEH0-
BaHo UMIOITAK u nenaercss B OOJBIIMHCTBE HOBBIX CIPABOYHUKOB: CTaH-
JapTHasi JHTAIbIHA 00pa3zoBaHUs Ad1°jg, CTaHmapTHas SHTPONUS 4S°os,
crapnaprtHas sHeprus I'mboca odbpasoBanus A/G°95. MI3MeHEeHHE 5TUX Belu-
YUH B XMMHUYECKHX PEaKIUsIX oOo3Hadaetrcs cumBonamu AH°, AS° u A,G°
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(npu crannaptHoi Temnepatype 298 K) unu A,G°r (ipu 3a1aHHON Temmnepa-
Type). [Ipu 3TOM M3MEHEHHE SHTANBIINU, SHTPONHUHU U 3Heprun ['mbbca npu
MPOTEKaHUU XMMHUYECKON PEaKUUy B JAHHOM IMOCOOWH HA3bIBAECTCS IHTAJb-
nMed peakuuu, JHTpPonueld peakunu U dHepruei I'md6dca peakuuu. B 3a-
JAHUSIX HA BBIYMCIICHUE SHTAIBNHMK U 3Hepruu ['mboca, a Takke KOJUYecTBa
BBIICIIAIONIETOCS WJIM TMOTJIOMIAIONIEroCsl TeIUla €IMHULA UX U3MEpPEHUsl He
yKa3bIBaeTCs, Tak Kak oHa oOmenpuHsaTa u oueBuaHa (k). Ho B 3amanusx
Ha BBIYHMCIICHUE OSHTPOINMUM pPEAKLUHMH E€IWHHIA HU3MEPEHUs YKa3bIBaCTCs
(Isx/K), Tak kak nepeBoj e€ B kJ[»k/K HEKOTOpBIMHU CTyJ€HTaMU BO3MOXKEH,
YTO MPU KOMITBIOTEPHOU MpOBEpKE OyneT 3apuKCHpoBaHO Kak omuOka. B
TEPMOXUMHUYECKUX YPABHEHMSIX, KOTOPbIE NMPUBOAATCS B 3aJlaHUSAX IO 3TOU
TE€ME, arperaTHble COCTOSIHUS BEIIECTB YKA3bIBAIOTCA BO BCEX CIIydasX, JaxKe
KOI'/Ia OHM OYEBHUAHBI (11 COBPEMEHHBIX CTYJIEHTOB MHOIO€ OYEBUIHOE, K
COXKaJICHUIO, HE 04eBUIHO). [Ipu 3TO MCnosib3yroTcs oOHIenpuHATHIE 000-
3HAYCHHS: K — KPUCTAJUIMYECKUE, K — KUIKOE, I — ra3000pa3Hoe, p — pac-
TBOPEHHOE.

B teme «Xumuueckoe paBHOBECHE» PABHOBECHBIE MOJISIPHBIE KOHIICH-
TpalMu BEILECTB B MaTeMaTHYECKUX BBIPAKEHUSIX 3aKOHA JIEWCTBYIOIIMX
Macc yKa3bIBAIOTCS UX (OPMYJIAMH, 3aKJTIOYEHHBIMHU B KBaIPaTHBIMHU CKOOKHU.
KoHueHTpamusi peareHToB 10 Hadaja MPOTEKaHUs OOpaTUMOM pEakiuu BO
BCEX 3aJIaHMSIX HA3bIBACTCS MCXOAHOM KOHILEeHTpauued. HampaBnenue cme-
LIECHUS PABHOBECHS JJIsI KPATKOCTH YKAa3bIBAETCS CJIOBAaMU BIPABO HWIIH BJIe-
BO, XOTs TIpaBWJIbHEE ObUIO OBl — B CTOPOHY O0Opa30BaHusi MPOAYKTOB WJIH
B CTOPOHY 00pa30BaHMS PEAreHTOB.

B teme «OCHOBBI XUMHUYECKOW KUHETUKW» TEKYIME MOJISIPHBIE KOHIICH-
TpalMK PEareHTOB yKa3bIBAIOTCS OyKBOHM ¢ U (OPMYIION COOTBETCTBYIOIIETO
BEILECTBA B KPYIJIbIX CKOOKax. KOHCTaHTBI CKOpOCTEH peakuuil B 3TOW TeMe
IPUBOJATCS C YKa3aHUEM €IMHMIIBI U3MEPEHHUSI, KOTOpasl HE OAMHAKOBA, TaK
KaK 3aBHCHUT OT OOLIEro KUHETHYECKOTO MOPSIKa PEaKLUu.

B Teme «CrnocoObl BBIpaK€HHsI KOHLIEHTpPALlMM PacTBOPOB» MaccoBas
J0JIsi BELIECTBAa B pacTBope 0003HAYAETCS CHUMBOJIOM @ M BBIPAXAaeTCs B
npoueHTax. MoJjsipHas KOHUEHTpalus TPaJulHMOHHO 0003HAYaeTCsi CUMBO-
aoM Cy, a eAMHULIA €€ U3MEpPEHUs] — OOIIENPUHATHIM cuMBoJIoM M. Mousip-
Hasl KOHLIEHTPALKs SKBUBAJIEHTOB B MOCOOME JIs1 KPATKOCTH HA3bIBAETCS IK-
BHBAJICHTHON KOHUeHTpanuel, e€ cumBoi C,,, a eIMHULA €€ U3MEPEHUS
(MOJIB 2K/M) NIt KPATKOCTH O0O3HAYAETCs CUMBOJIOM «H.» (pycckas OykBa
«3H» C TOYKOU CIIpaBa BHM3Y, J1a)K€ €CJIM OHA HAXOJUTCA HE B KOHUE Ipel-
noxeHus ). MoastiibHOCTB 0003HavaeTcst CuMBOJIOM C,,, @ THTP — CUMBOJIOM
T. B HEKOTOPBIX 3aJaHUSIX BBIYUCISIETCS MOJIbHAS 10JIsI, KOTOpasl BhIpaka-
€TCS B JIOJISIX €AMHULIbI, B IPOLICHTHI €€ MEPEBOJAUTH HE CIEAYET.



B teme «CBoiicTBa pacTBOPOB HEDJIEKTPOJIMTOB U 3JIEKTPOIUTOBY KO-
3pPUUMEeHT pacTBOPUMOCTH BEIIECTB MPUBOJIUTCS B 3aJaHUAX 0e€3 yKaza-
HUS €MHULIBI U3MEPEHUSI — 3TO Macca BEIEeCTBa, KOTOpas pacTBOPSETCS B
100 r BoaBI IpU 0OPA30BaHMM HACHIIIEHHOTO MPHU JAHHOW TeMIepaTrype pac-
TBOpa. Takke B BUAE Oe3pa3MEpHBIX BEIUYUH MPUBOIATCS I0YLIIHOCKONM-
yecHe Y KPHOCKONMMYECKHe KOHCTAHThI PACTBOPUTEIICH.

B teme «DleKTpoXUMHUYECKUE MPOIECChD TEPMUH AKTHBHBIE MeETAJI-
JIbI OTHOCHUTCSI KO BCEM MeTajljlaM, KOTOpbIE B sy HANpPsKEHUN pacmoio-
JKEHBI OT JIUTHUS IO aTIOMHHUSI BKJIIOUUTENIBHO (HU OJIMH M3 HUX HE BOCCTa-
HABJIUBAETCA Ha KaToJe MpHU DJIEKTPOJIN3E PacCTBOPOB cojieh). MeTtaibl
cpeaHell aKTUBHOCTH B PsIIy HANPsHKEHUN PACIIONOKEHBI MEXKIY ATFOMUHHU-
€M U BOJOPOJOM, 2 MAJOAKTHUBHBIE — MTOCJIE BOJopoAa (Y BCeX MalOaKTHB-
HBIX METAJUIOB CTAHJAPTHBIM JIEKTPOAHBIA MOTEHIIMAT UMEET MOJO0XKHUTEIb-
HOE 3HAUCHHE).

TepMuH 3JeKTPOABMKYIIAA CHJIa ranbBaHndeckoro anementa (3/C)
OTHOCHTCS K BEJIMYMHE, PABHON PA3HOCTH JIEKTPOJHBIX IMOTEHIIMAIOB MEHEE
aKTUBHOTO MeTallna (mpu paboTe raabBaHUYECKOTO SJIEMEHTA OH SIBISETCS
KaToJoM) U 0oJiee aKTUBHOIO (Mpu paboOTe FJIEMEHTA OH SIBIISIETCS aHOAOM).
Jliist 0603HaYEHHS 3JIeKTPOAHBIX MOTEHIMAJIOB HUCIIOIb3YETCS CUMBOI @, a
€CJIM peub UJIET O CTAHJIAPTHOM 3HAYEHUU MOTEHIKANa, TO (¢°.

Pa3zmen I
OCHOBHBIE ITOHSATUS 1 3BAKOHBI XUMHUUN

I'maBa 1
OCHOBHBIE KJIACCBI HEOPTAHUYECKUX COEI[I/IHEHI/Iﬁ

ITo TeMe «OCHOBHBIE KJIACCHI HEOPTAHUYECKUX COEIUHEHUI» CTYIEHTaM
HEOOXO0IMMO OBJIAJIETh CIEAYIOIMMHU 3HAHUSMHU, YMEHUSIMHU U HaBBIKAMH.

1. 3HaTh OCHOBHBIEC ITpaBUJIa MEXKIyHApOJHOW HOMEHKJIATYpPbl HEOpra-
HUYECKUX COCIMHEHHH, BIIAJIETh MEXKIYHAPOJHOW HOMEHKJIATypOM Heopra-
HUYECKUX COCAMHEHMWH, 3HATh TPHUBUAIbHBIE HA3BAHMS PACHPOCTPAHEHHBIX
HEOPTraHWYECKUX U OPIraHUYECKUX COCAMHEHUM.

2. 3HaTh OCHOBHBIE MPU3HAKU KJIaCCU(UKALIMK HEOPTAHUYECKUX COE/IU-
HEHUM (10 COCTaBy, MO CBOMCTBaM), IPUBOJIUTH MIPUMEPHI: OKCUJIOB (OCHOB-
HbI€, KUCJIOTHBIE, aM(OTEpHbIE, HECOJIe00pa3yIollrue), OCHOBAHUN (THIINY-
Hble, aMm(pOTEepHbIE; PACTBOPUMBIE, HEPACTBOPUMBIE; OJIHOKUCIOTHBIE, JIBYX-
KHUCJIOTHBIE, TPEXKUCIIOTHBIE), KUCIOT (O€3KUCIOPOHbIE U KUCIOPOIHBIE; O/1-
HOOCHOBHBIE, JBYXOCHOBHBIE, TPEXOCHOBHBIE), COJIel (HOpMasbHbIe, KUCTIbIE,
OCHOBHBIE, OKCOCOJIH, COMU-KPUCTAIIIOTUAPATHI).
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3. YcranaBnuBath (HopMyIy aHTHIIPHUIA KUCIOTHI U KUCIIOTHI, COOTBETCT-
BYIOLIEH TaHHOMY aHTHJIPULY.

4. JleMOHCTpUPOBaTh YPAaBHEHUSIMU PEAKLIMM 3HAHUE XapaKTEPHBIX XU-
MHYECKHX CBOMCTB COCIMHEHU OCHOBHBIX KJIACCOB.

5. 3HaTh U WUTIOCTPUPOBATH YPABHEHUSIMHU peakUuil Hanboliee pacnpo-
CTpaHEHHbIE CIIOCOOBI MOTYYEHHUsI COETMHEHNI OCHOBHBIX KJIACCOB.

6. Iloka3pIBaTh 3HAHWE T'€HETUYECKOM CBSI3M MEXIAY OCHOBHBIMHU KJac-
CaMU HEOPraHWYECKUX COCTMHEHUH (IIEMOYKHU MTPEBPaIEHUN ).

ITPUMEPBI BBIIIOJIHEHUS 3AJTAHUH

IIpumep 1. Ykaxunre, K KaKUM KJIaccaM OTHOCSATCS COCIUHEHHs U Ha-
numure ux HasBanus: Cu(OH),, CO,, LiOH, CuO, H;BO;, C,0,;, HCIO;,
KzHPO4, HzCI'O4, FC(OH)2N03, LizO, (NH4)2F€(SO4)2, NaQCO3.

Pewenue. Oxenapl: CO, — kucnotHsli okcup (okcupa yriaepoaa (IV),
yriekuchsiil raz); CuO — ocHoBHbIM okcup (okcua meau (I1)); Cl,O; — ku-
cinotHbli okcup (okeua xsopa (VII), xinopusiit anruapun); Li;O — ocHOBHBIM
okcup (okcuna autus). OcnoBanusi: Cu(OH), — HepacTBoprMOe OCHOBaHUE
(runpoxcun menu (II)); LiOH — pacTBopuMoe ocHOBaHUE — MIENOYb (THIIPO-
keua autus). Kucanorsl: H;BO; — 6opnas kuciora; HCIO; — xmopHoBarast
kuciota; H,CrO4 — xpomosas kucinora. Coam: K;HPO, — kucnas conb (ruj-
podocdar kamus); Fe(OH),NO; — ocHOBHasi coib (HUTpAT IUTHAPOKCOMKEIE-
3a); (NH4),Fe(SO4), — nBoitHas conbs (cynbdar xenesa (II)-ammonus);
Na,CO; — cpenuss, uau HopMajbHas, colib (KapOOHAT HATPUS).

Ipumep 2. Hamumure Ha3BaHUs CHEAYIOIIUX coeAuHEHH: Sb,0s,
SGOz, P205, CI'O3, Ml’l207, Cd(OH)z, SI’I(OH)z, H3PO4, HPO3, Kzs, NaHSO4,
Na3P04, KPO3, NazHPO4, NaH2P04, NaHS, Mg(H2PO4)2, AlOH(NO3)2

Pewenue.
Sb,03 — okcup cypbmsr (111), SeO, — okcup cenena (IV),
P,0Os5 — okcun dhocdopa (V), CrO; — okcupg xpoma (VI),
Mn,07 — okcua mapranua (VII), Cd(OH), — runpokcu Kaamus,
Sn(OH), — ruapokcup onosa (1), H;PO,4 — optrodocdopnas kuciora,
HPO; — metadochopnas kucnora, K,S — cynpdun xanus,
NaHSO, — runpocynsdar Hatpus, Na;PO, — opTodocdar Hatpus,
KPO; — metadocdar xamms, Na,HPO, — runpodocdar narpus,

NaH,PO, — nuruapodocdar natpusi, NaHS — ruapocynbdun Hatpus,
Mg(H,PO,), — auruapodochar mar- AIOH(NOs), — HUTpAT THAPOKCO-
HUS AITFOMUHUS.
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Ipumep 3. Hanummre GopmMynbl COSAMHEHUN 1O WX HA3BAHUSM: THJI-
pokcup kenesa (III), cympdpun ceunmna (II), cynedum omosa (IV), cymbdun
Oapus, cynbhut O6apus, cynabdar 6apus, oprodocdar cepedpa, metadocdar
cepebpa, xjopar Kajiblus, MEpXJoparT Kajiblus, THAPOKApOOHAT KaJbllus,
kapOoHat ruapokcomenu (II), MeTaMblIIbSIKOBasE KUCIOTA, OPTOMBIIIBIKOBAS
KHUCJIOTA.

Pewenue. FG(OH)g,, PbS, SI’ISQ, BaS, BaSO3, BaSO4, Ag3PO4, AgPO3,
C&(ClOg)z, Ca(ClO4)2, Ca(HCO3)2, (CUOH)2CO3, HASO3, H3ASO4.

IIpumep 4. IlpuBenutre TpuUBHUATIbHBIE (MCTOPUYECKU CIIOKUBILIHECS,
TpaguuoHubie) HazBaHus coeaudeHui: HCIL, MgSO,, Na,CO;, NaHCOs;,
NaOH, KOH, KCl0;, CO, CO,, NH;, NH,CI, Ca(OH),, CaOCl,, N,O, NaCl,
CuSO,4-5H,0, SO;, SO,, Ca0, K,CO;, HF, KAI(SO,4),-12H,0.

Peuwenue.
HCI — consnas xuciora, MgSQO, — ropbkas cob,
Na,CO; — kanpuimHupoBanHas cojga, NaHCO; — numieBas coja,
NaOH — eaxuii HaTp, KayCTHK, KOH - enxoe xanu,
KClO; — 6eproneToBa cob, CO — yrapHslii ras,
CO, — yriekucnelii ras, NH; — ammuax,
NH,4Cl — HamaTsIpsb, Ca(OH), — raménas u3BecTb,
CaOCl, — xyopHast H3BECTh, N,O — Becensuii ras,
NaCl — noBapeHHas coJib, CuS0O,4:5H,0 — MennsIil Kynopoc,
SO; — cepHblii a3, SO, — cepHHUCTBHII ra3,
CaO — HeraméHas U3BeCTh, K,COs — nmora,
HF — nnaBukoBas Kuciora, KAI(SO,),-12H,0 — amromoxanue-

BBIE KBACIIEI.

Hpumep S. Hanumure ypaBHEHHUs] peaklUUi, XapaKTEPU3YIOIIUE CBOM-
ctBa MgO, P,0:s.

Pewenue. Oxkcug MarHusi OTHOCUTCS K OCHOBHBIM OKCHJIaM, KOTOpbIE
B3aUMOJICHCTBYIOT C KMUCJIOTAMH U KUCIOTHBIMU OKCUJIAMH, HAIIPUMED:

MgO + 2HCI = MgCl, + HO; MgO +S0O; = MgSO,.

Oxcun docdopa (V) OTHOCUTCA K KUCTOTHBIM OKCHAAM, KOTOPHIE B3au-

MOJICHCTBYIOT C OCHOBAaHUSMH U OCHOBHBIMHU OKCHJIAMH, HAIIpUMED:
P205 + 3NaOH = Na3PO4 + 3H20, P205 +3L120 = 2L13PO4

IIpumep 6. YpaBHCHHSIMH peaklnii MOKaXHTEe aM(DOTEPHOCTh OKCHIA
amomunusa Al,O; u rugpokcuaa xpoma Cr(OH);.

Pewenue. AMdorepHbie OKCUABI U TUAPOKCHUIIBI B3aUMOJICHCTBYIOT U C
KHUCIIOTaMU, U CO IIeI0YaMHu:

1) Al,0O5 + 6HCl = 2AICl; + 3H,0,
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2) ALO; + 2NaOH = 2NaAlO, + H,0,
3) 2Cr(OH); + 3H,S0, = Cry(SO,); + 6H,0,
4) Cr(OH); + 3NaOH = Na;[Cr(OH)q].

Ipumeuanue. /{ns Al,O3; ypaBHeHHe peakiuu (ypaBHEHUE 2) HAMMCAHO IS
ClIydasi ero B3auMOJICHCTBUS C pacIlIaBOM IIENO0YH, MPOAYKT peakuuu NaAlO; — me-
taamomuHat Hatpus; a s Cr(OH)s (ypaBHeHue 3) — ¢ pacTBOpOM MIENOYH, TPO-
nykT peakuuu Naz[Cr(OH)g] — rexcarunpokcoxpomar (II1) marpus.

Ipumep 7. O0bsicHUTE, KaKU€ U3 YKA3aHHBIX BELIECTB B3aUMOJICUCT-
ByIOT ¢ pactBopamu menoueit: HCl, H,S, N,, CH,;, NH;, SO,. Hanumure
YpaBHEHHUS UX PEAKIIUNA C TUIPOKCUIOM HATPHSI.

Pewenue. Co menoyamu B3aMMOJEHUCTBYIOT KUCJIOThHI U KUCJIOTHBIE OK-
cunel, B 1anHoM criiucke 3o HCL, H,S u SO,. YpaBHeHus peakiuid:

HCl1 + NaOH = NaCl + H,0,
st + 2NaOH = Nazs + 2H20,
SOz + 2NaOH = N&zSO3 + Hzo

Ipumep 8. Hanummure ypaBHEHUs peakluii, XapaKTEpHU3YIOIIUX T'eHe-
THUYECKYIO B3aMMOCBSI3b MEKJY BEIIECTBAMU B CIECAYIOUIEH LEIOYKE IIpe-
BpALCHUN:

Pewenue.

4A1+ 30, = 2A1,0;,

ALO; + 3H,S0, = Al,(SOy); + 3H,0,
AL(SO,); + 6NaOH = 2A1(OH); + 3Na,SO.,
Al(OH); + HCI = AI(OH),Cl + H,0,
Al(OH),Cl + HCI = AIOHCI, + H,0,
AIOHCI, + HCI = AICI; + H,0.

IIpumep 9. Hanummure ypaBHEHHs peakuuid, MMOKA3bIBAIOIIMX B3aHMO-
cBsa3b okcuaoB CuO, CO,, Cl,07, BaO, B,0;, CrO; ¢ cOOTBETCTBYIOITUMU
TUAPOKCUIAMU.

Pewenue. TlpuBeneHHbIe B yCIOBUM 3aJJaHUSI OKCUIbBl MOYKHO TOJIYYUTh
1Mo OOpaTUMBIM PEAKIUSM M3 COOTBETCTBYIOIIMX MM THIPOKCUIOB (OCHOBA-
HUW U KUCIIOT) MyTEM TEPMHUYECKOTO Pa3JIOKEHHUs (B ClIydae XJIOPHOTO aH-
ruapuga Cl,O; HEOOXOIMMO HCMOIB30BAaTh CHJIBHBIA BOJOOTHUMAIONTUN
areHt, Hanpumep GochopHsil anruapu). B 9TUX peakuusx KpoMme OKcuia
oOpasyercs Boja:

CU(OH)2 =CuO + HZO, Ba(OH)z =BaO + Hzo,



H2C03 = C02 =+ HQO, 2H3BO3 = B203 =+ Hzo,
2HC1O4 = C1207 + HZO, HzCTO4 = CI'O3 + HZO

IIpumep 10. Hanummure ypaBHeHUs peakUuuid NOJIyYEHUS CPEAHUX, KHC-
JIBIX U OCHOBHBIX COJIeH TpHu B3auMmojeiicTBun ruapokcuaa xpoma (I11) ¢ co-
JIAHOM U CEpHOU KHuciaoTaMu. [IpuBeauTe Ha3BaHUS MOJTYYECHHBIX COJIEH.

Pewenue.

Cr(OH); + 3HCI = CrCl; + 3H,0, CrCl; — xmopun xpoma (I11);

Cr(OH); + 2HCI1 = CrOHCIl, + 2H,0O, CrOHCI, — xnopua ruapoKco-
xpoma (III);

Cr(OH); + HC1 = Cr(OH),Cl1 + H,O, Cr(OH),Cl — xiopua muruapok-
coxpoma (III);

Cr(OH); + 3H,SO,4 = Cr(HSO,); + 3H,0, Cr(HSO,); — ruapocynbdar
xpoma (III);

2CI'(OH)3 + 3stO4 = Crz(SO4)3 + 6H20, CI'Q(SO4)3 — CYJ'II)(baT Xpoma
(1ID);

Cr(OH); + H,SO, = CrOHSO,4 + 2H,0, CrOHSO, — cynbdat rumpo-
kcoxpoma (I11);

2CI’(OH)3 + HQSO4 = (CT(OH)2)2804 + 2H20, (CT(OH)2)2804 — CYJIb-
dart quruapokcoxpoma (I1I).

I'nasa 2
ATOMHO-MOJIEKYJSAPHOE YYEHUE U CTEXUOMETPUsA

[To TemMe «ATOMHO-MOJIEKYJIIPHOE YYEHHE M CTEXUOMETPHs» HE00XO-
JUMO OBJIAJIETh CJIEIYIOIIMMU 3HAHUSIMU, YMEHUSIMU U HABbIKAMU.

1. 3HaThb OCHOBHBIE MOHATUA (ATOM, MOJIEKYJIa, XUMHUYECKUI 3JIEMEHT,
IIPOCTOE€ W CJIOKHOE BEIIECTBA, YMCTHIE BEIIECTBA U CMECH, SKBHUBAJICHT,
MOJIb, OTHOCUTEIBHBIE U MOJISIPHBIE MAcChl aTOMOB, MOJIEKYJI U 3KBHUBAJICH-
TOB, MOJISIPHBIN O0BEM raza, XUMHUUYECKasl PEaKilvs, BAJICHTHOCTh) U 3aKOHBI
(coxpaHeHMs, CTEXMOMETPUH, Ta30BbIX) aTOMHO-MOJEKYJSIPHOIO YUYEHHUS U
WCITOJIB30BATh UX IPU PEIICHUH Ka4€CTBEHHBIX M PACUETHBIX 3a/1a4.

2. IIpoBOOUTE pacyeTsl 0 COOTHOLIEHUSAM, KOTOPBIE CBA3BIBAIOT Maccy,
00BbeM (7151 Ta30B), KOJIMYECTBO, MOJIIPHYIO MAacCy M MOJISIpHBIM 00beM (IJis
ra3oB) BELIECTBA, BHIYHUCISATH COCTAB BELIECTBA 110 €ro popMmyJie.

3. BBINIOJHATE pacyeThl MO ra30BbIM YPAaBHEHUSIM, MO ypaBHeHHIO Kia-
neiipona-MeHeneeBa, TpUBOIUTh 00bEM ra3000pa3HOrO BELIECTBA K HOP-
MaJbHBIM YCIOBHSIM.
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4. YcraHaBnMBaTh NMPOCTEHIINE U UCTUHHBIE (OPMYJIbI ra3000pa3HbIX
COEIMHEHUH 10 UX COCTAaBY M OTHOCUTENBHON IIJIOTHOCTH IO IPYyroMy rasy.

5. IIpoBOIWTE MPOCTBIE CTEXHMOMETPHUUECKHUE PACUYETHI 110 YPaBHEHUSIM
peaxIuii: Mo U3BECTHON Macce (00BEMY) OJTHOTO BEIIECTBA BBIUUCIISITH MACChI
(0OBbEMBI) OCTAJIBHBIX BELIECTB, YYACTBYIOLUX B PEAKLIUU.

6. IIpoBOOUTE CIOXHBIE CTEXMOMETPUYECKHE PACUEThl: MPU H3OBITKE
WIM HEJAO0CTaTKE BEUIECTBA, IPU HAIMYMU PUMECEN B BEUIECTBE, ITPU HEMOJI-
HOM BBIXO/I€ PEAKIIMH BCIEICTBHE €€ 00OpaTUMOCTH.

7. 3HaTh OIpEIENIEHUE SKBUBAJIICHTA U 3aKOH JKBUBAJIECHTOB, MPOBOJUTH
pacyeTbl MO 3aKOHY SKBUBAJICHTOB: BBIYUCIISATH SKBUBAJEHTHYIO U ATOMHYIO
Maccy XMMHUYECKOI'O 3JI€MEHTA, WCIOJb3ysl 3aKOH 3KBUBAJIECHTOB W MPABUIIO
Jrononra-IItu.

8. CoctaBisATh (HOpMYJIbI COEIUHEHHUM 1O BaJEHTHOCTH U ONPEIENATH
BaJICHTHOCTb JIEMEHTOB 110 (OpPMyJIaM UX COETUHEHUI.

ITPUMEPBI BBIIIOJIHEHUS 3AJTAHUH

IIpumep 1. B npupoze okoso 76 % Bcex aTOMOB XJIOpa UMEKOT OTHOCH-
TeabHYI0 Maccy 35, a 24 % — 37. UeMy paBHa OTHOCHUTEIbHASI aTOMHAs1 Macca
xJjopa?

Pewenue. 3naueHne 0THOCUTEILHOM aTOMHOM Macchl XJ0pa, MPUBEIECH-
Hoe B [lepuoanueckoii Tabnuie, siBnserca cpeiHuM. [1o 1aHHBIM B yCIOBUU
3a]aud OTHOCHUTEJIBHBIM aTOMHBIM MaccaM H30TONOB M HUX COJEPKaHUIO
MO’KHO BBIYMCIIUTB 3TO CPEHEE 3HAUEHUE:

A,(Cl)=35-0,76 + 37-0,24 = 35,5.
Ipumep 2. Onpeaennute Maccy OJHOW MOJIEKYJIbI THOKCUA CEPBI.
Pewenue. Beruucisem MOJEKYJSIPHYIO MacCy CEpHHUCTOTO rasa:

M (SO,)=A4,S) +24,(0)=32+2-16 = 64,
cienoBaTeNbHO, MoJisipHas macca M(SO,) = 64 r/Mob.

M3BEeCTHO, YTO OJMH MOJb JTIOOOr0 BEwecTBa coaepxkuT 6,022-10% mo-
JIeKyJI, CIeZI0BATEIbHO Macca 0 HOM Monekyisl SO, Oyaer paBHa:

B 64 r/Monb
"= 6.022-10% momp”

=1,063-10 % r.

IIpumep 3. Kakoe KOJIMYECTBO BEUIECTBA COCTABIISIOT: a) 3,94 r 30i10Ta,
6) 212 kr kap6oHaTa HaTpHs, B) 56 M’ (IIPH H.y.) YIIEKHCIOro ra3a’?

Pewenue. Macca m, 00bEM V' 1 4HCI0 YacTHIl BelllecTBa /N CBSI3aHBI C
KOJIMYECTBOM BEIIECTBA 71 CIEAYIOIIMMHU COOTHOIICHUSIMU
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V N
n=—; n=—;n=—o0.
M v N,
[Ipocreiimue apudMeTHIECKUE BBIYUCICHUS IO 3TUM (opMysIaM HE MPUBO-
TIVIM.
Omesem. a) 0,02 monb; 6) 2000 Mob; B) 2500 MOJIB.

IIpumep 4. Berauciaure Mmaccy ra3oB npu H.y.: a) 200 i1 xjopa, 6) 1,8
CEpOBOOPOIA
Pewenue. Pacu€t Maccel ra30B BeJIEM Yepe3 KOJIMUYECTBO BEIIECTBRA.

Omeem. a) 633,21;0) 2,73 1.

IIpumep 5. Kakoit ob6beM 3aHMMaeT mpu H.y.. a) 5 T BOAOPOJIA,
0) 5 r kucmopozaa?
Pewenue. Pacu€r 00bp€Ma ra3oB BeéM TakKe 4epe3 KOJIMYECTBO Bellle-
CTBa.
Omeem. a) 56 11; 0) 3,5 .

Ipumep 6. Kakoe uncino Mojekyn coaepkuTcs: a) B 1 T aMMmHaxa,
0) B 1 M1 Botopoia?
Pewenue. Pacuér uncia monekyn BeIEM 4epe3 KOJIMUYECTBO BEIIECTBA.

Omeem. a) 3,5-10%; 6) 2,7-10".

IIpumep 7. Onpenennure CTEXMOMETPUUECKYIO BAJIEHTHOCTH JIEMEHTOB
B COCJIMHEHUSX: CEpOBOAOPOA, opTodochopHass KUCIOTa, Cyabdar HaATpus,
KapOoHaT JuTHus, TuapodocdaT KaabIus.

Pewenue. 3anuceiBaem popmynsl coequnennii: H,S, H3PO4, Na,SO,,
LizCO3, CaHPO4

N3BecTHO, 4UTO cTexmomMeTpuueckass BaJIEHTHOCTh BOJOPOJa B JIOOBIX
COEJIMHEHUSX paBHA €IMHHMIIEC, a KUCIOPOJa B MOJABISIONIEM OOJBIIMHCTBE
clly4aeB — JABYM (KpoMe nepokcuoB). CTeXruoMeTpudecKas BAJICHTHOCTD JIH-
TS, HATPUS, KAJIBIUS MTOCTOSIHHA W paBHA HOMepy rpymm B [lepunonnyeckoit
TabynIle, B KOTOPHIX HAXOAATCS 3TH dJEMEHTHI. PaccTaBuM M3BECTHBIC Ba-
JICHTHOCTH HAJ[ JJIEMEHTaMH B (hOpMyJIax:

1 I I I 1I I 11 JI I
H,S, H;PO4, Na,SOs4, Li2CO;, CaHPOs.

JInst OMHApHBIX COEIUHEHUM, KaKuM SIBIISIETCSI CEpOBOJOPOJ, COOJIIOa-
€TCsl MPOCTOE MPABUIIO — MPOU3BEACHUSI BAJEHTHOCTU DJIEMEHTOB Ha YHUCIIO
UX aToMOB B (popmyJie TOKHBI ObITh paBHbL: 1-2 = x-1 (4KCIIO aTOMOB Cepbl
B (hopmyIie cepoBoIopoia paBHO 1), OTCIOJ1a BAJICHTHOCTD CEPBI X = 2.
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MoxHO pacCyXKaaTb MHAYC: OAUH aTOM CCPHI IIPUCOCANHACT IBa aTOMA

BOJIOPOJIa, BAJICHTHOCTh KaXKJIOTO M3 KOTOPBIX paBHa eauHuie. Crenoa-
I 1
TEJILHO, BAJICHTHOCTH cepbl paBHa aByM: Ho> S.

B ocTranpHBIX COEIMHEHUSIX OT MPOU3BEACHUS BAUICHTHOCTH KHUCIOPOAA
Ha YHCIIO €ro aToMOB B (hOpMyJie HYKHO BBIYECTh TAKOE K€ MPOU3BEIICHUE
JUIsE MeTasuia (MM CyMMBbI TTPOM3BEICHUH Il MeTajia M BoJiopoda ISl Ku-

CJIOM COJM); B pE3yJIbTATE MOJy4aeM 3HAUCHHS BaJICHTHOCTHU:
vV 1

dbocdopa B pocdopnoii kuciaore 2-4 — 1.3 =5, }113 P O4;

1 VI 1T

cepsl B cysibdare HaTpus 2-4 —2:1 =6, Na, S Ou;

1 v 11
yriaeponaa B kapoonate nutus 3-2 —1-2=4, Li, C Os;

I v 1II

octopa B ruapodocdare kanpiug 4-2 — (2-1 + 1-1) =5, CHaHPO4.
hocdop podocd

IIpumep 8. PykoBoxacTBysich mojoXkeHHUEM 371eMeHTOB B Ilepmoauue-
CKOM cucTeMe, COCTaBbTE (POPMYJIbI COETUHEHUI: CEPBI C ATFOMUHHUEM, KaJlb-
Usl C BOJOPOJIOM, TUTaHa C XJIOPOM, Maprasiia ¢ KMCIopoaoM, (propa ¢ ce-
poi.

Pewenue. Bce coenuHeHust sBIAIOTCS OMHAPHBIMU (COCTOSAT UX JBYX
351eMeHTOB). UTOOBI cOCTaBUTH (HOPMYJIBI TAKMX COCTUHEHHM, HY>KHO IMOM-
HUTh MPOCTBIEC MpaBHJIa: METaJUIbl, Haxoxsmuecs B 1-3 rpynnax Ilepuonu-
YECKOM CUCTEMBI, MPOSBIAIOT B COEAUHEHUSX YCTOWYMBYIO BAJIEHTHOCTb,
paBHYIO HOMEpY T'PYIIIbl; HEMETAJUIBl B OMHAPHBIX COSAMHEHUSIX C MeTaJlja-
MU OOBIYHO MIPOSBIIAIOT BAJIEHTHOCTbh, PaBHYIO pazHocTu (8 — Ne rpymnmsi).

CornacHo 3TUM npaBuiiaM, (POPMyYJIbl COETUHEHUN TAaKOBBI:
m 1
cepsl ¢ amomuHneM — Al S3 (amroMHHUIT HAXOAHUTCS B TPEThEH rpyIine
[leprognyeckoli CUCTEMBI, cepa — B LIECTOM, BAJIGHTHOCTh CEPbl 8 — 6 = 2,
HEMETaJI B OMHApHOM COEIMHEHUH C METAJJIOM CTaBUTCA B (hopMylse Ha

BTOPOE MECTO);
I I
Kayblysl ¢ BojopoaoM — Ca Ha (kanbIuid HAXOJIUTCS BO BTOPOM TpyII-

1€, BOJIOPOJI BCET/1a MPOSIBIISAET BAJICHTHOCTh PABHYIO €IMHUIIC);
IV 1
turana ¢ xaopoMm — T1Cls(TuTan HaxoguTcsa B YETBEPTON IpyIIIIE, XJIOD

B COCJIMHEHUSX C METAJNIAMU TIPOSIBISIET BAJICHTHOCTh PABHYIO €/IUHHUIIC);
Iv 1
Maprasiia ¢ KkucjaopojaoM — Mn O, (ycroiuuBas BaJI€HTHOCTb MapraHia

B COCIMHEHUSIX C KHCIOPOIOM MPU OOBIYHBIX YCIIOBUAX PABHA YETHIPEM);
VI 1

dTopa ¢ cepoit — SFe (amexTpoorprmarensHOCTs GTOpa GOMBINE, YEM
Cephbl, MOATOMY B (DOpMYJi€ OH CTAaBUTCS Ha BTOPOE MECTO; BaJCHTHOCTH (TO-
13



pa MOCTOSIHHA M PaBHA €IMHUIIC; Cepa MPOSIBIIET IEPEMEHHYIO BaJICHTHOCTb,
HO B COEJIMHEHUU C TaKUM CUJIbHBIM OKHCIHUTENIEM Kak (GTOp cepa MpOsBISET
BBICIIYIO BAJICHTHOCTh, PABHYIO HOMEPY TPYIIIIbI, T.€. IIECTH).

IIpumep 9. Meibsk o6pasyer aBa okcuaa. MaccoBast 10J1 MBIIIbSIKA B
HUX paBHa 65,2 % u 75,7 %. Onpenenurte 3KBUBAJICHTHbIE MACChl MBIIIbSIKA B
000MX OKCHIAX.

Pewenue. Tlpunnmaem maccel okenaoB 1o 100 r. Tlockonbky conepixka-
HUE MBIIIbSKA JAETCSI B MAaCCOBBIX MPOLIEHTAX, TO B COCTaBE NEPBOr0 OKCUIA
Macca Mblbsika 65,2 1, a kuciaopoaa — 34,8 r; B 100 r BToporo okcuaa Ha
MBIIIBSK MpUXoAuTCs 75,7 T, a Ha kuciopon — 24,3 r. DKBUBAJIEHTHAsI Macca
KHciopoza pasHa 8. IIpyMeHMM 3aKOH SKBUBAJICHTOB JUIS IEPBOTO OKCUAA:

m(As) _ M, (As) 652 M, (As) 6528
m(0) M_(0) 348 g Mu(As)= 348 =15 r/monb.

J71st BTOPOTO OKCHA pacy€T MpOBOAUM aHAIOTHYHO: M, (As) = 25 r/Mob.

IIpumep 10. Beruucnute coctas (B %) cepHOTo aHTUIIPUIA.

Pewenue. Monsipaast macca SO; paBna 80 r/moinb. KonmdectBo aToMoB
cepbl B 80 I cepHOro aHruaIpuaa cocrasisier 1 Moib, T.€. 32 T, a Kuciuopoaa —
3 Modb, T.€. 48 . Haxonum maccoBble J0JIU CEpPhl U KUCIIOPOa:

32 48
w(S)= g = 04 mm 40%; w(0)=%=0,6 w 60%

>

Ipumep 11. Onpenenute dopmyiay razoo0pa3HOro BEIIECTBA, COIEP-
xamero 30,43 % azora u 69,57 % kucnopona; mIoTHOCTh 3TOT0 Ta3a Mo BO-
nopoay paBHa 46.

Pewenue. 3anumem ¢opmyny semectBa B Buge N,O,. Macca a3ora B
OTHOM MOJIb BEIIECTBA COCTABUT 14x, Macca kuciopona — 16y, a OTHOLIEHHE
Macc BBIPA3UTCSl PABEHCTBOM:

14x : 16y = 30,43 : 69,57.

W3 3TOoro paBeHCTBa HAXOAMM OTHOILIEHHE KOJMYECTBA aTOMOB a30Ta U

KHCIIOpo/a:
30,43 60,57
X:y=—"—:—"—=2]17:434=1:2.
14 16

Takum o6pazom, npocreitmias Gopmyia Bemectsa NOs.

Ecnu 651 mpocteiimas ¢popmyna Obuta HCTUHHOW, TO MOJISIpHAsi Macca
Obuta OBl paBHa 46 r/MoIb. B felicTBUTENHHOCTH OHA B 2 pa3a OoJblie:

M = M(H,)-D(H,) = 2-46 = 92 r/mMo0b,
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clieIoBaTeIbHO, UCTUHHAS (opMyna JaHHOTO BemectBa N,O4 — 3TO qumep
JMOKCHIA a30Ta (CUCTEMATHYECKOE Ha3BaHUE TETPAOKCHU] J1Ma30Ta), KOTO-
pBIif 00paszyercs npu HU3KuX Temmneparypax u3z NO,.

Ipumep 12. Omnpenenure SKBUBAJIICHTHBIE MACChl CEPHOM KHCIIOTHI,
rUAPOKCUAA IUHKA, ruapocyibdara kamus, okcuna xeneza (1) u yrimeku-
CJIOTO ra3a B PeaKIUsX:

1) H,SO,4 + 2KOH = K,SO,4 + 2H,0,

2) H,SO4 + KOH = KHSO, + H,0,

3) Zn(OH), + 2HCI = ZnCl, + 2H,0,

4) Zn(OH), + HCl = ZnOHCI + H,0,

5) KHSO, + BaCl, = BaSO, + KCl + HCl,
6) KHSO, + KOH = K,S0O, + H,0,

7) Fe,O; + 3H, = 2Fe + 3H,0,

8) Fe,O3; + H, = 2FeO + H,0,

9) CO, + 2NaOH = Na,CO; + H,0,

10) CO, + NaOH = NaHCO; + H,O0.

Pewenue. 3HaueHne >KBUBAJICHTHOM MacChl BEIIECTBA 3aBHUCHUT OT TO-
ro, B KAKOM KOHKPETHOW PEaKIMu y4acTBYET 3TO BEIICCTBO, T.C. SIBISETCA
MePEMEHHON BEJUYMHOHN (B OTJIWYHE OT MOJSPHOM Macchl). DKBUBAJCHTHAS
Macca OCHOBAHUSI MOXKET OBITh BBIUMCIIEHA KaK YaCTHOE OT JIeJICHUSI MOJICKY-
JIIPHOM MacChl OCHOBAaHMSI Ha €ro KHUCJIOTHOCTB, OIPECTISIEMYI0 YHCIOM
BCTYMNAIOIIUX B PEAKIMIO TUIPOKCUIBHBIX Ipynil. [ BeIUMCIEHUS IKBUBa-
JICHTHOM MacChl KMCJIOTHI HEOOXOIUMO MOJICKYJISIPHYIO MacCy KHCIIOTHI pa3-
JIETIUTh HA €€ OCHOBHOCTb, KOTOpas ONPEIEIISIETCS YMCIOM aTOMOB BOJIOPO/Ia,
3aMEIIAIONINXCSI Ha aTOMbl MeTajia. {1 Toro 4roObl BRIYMCINTH SKBHUBA-
JIEHTHYIO Maccy COJIM, HaJ0 MOJIEKYJISIPHYIO MAacCy COJIM pa3/iesIuTh HA Mpo-
M3BEJICHUE YKCIIa aTOMOB METaJlJla B MOJIEKYJI€ COJI Ha €ro CTENEHb OKUCJIe-
Hus. Tak, B nepBoii peakiuu B moiiekysne H,SO, 06a atoma Bojiopoia 3ame-
HIAI0TCSl HA METaJll, CJIEIOBATENIbHO SKBUBAJICHTHAS Macca CEPHOU KUCIOTHI
B JJaHHOM peakiuu Oynet paBHa M. (H,SO,) = YaM(H,SO,4) = 49 r/mMmonb. Ana-
JIOTUYHO paccy:kjaasi, BEIYMCIISIEM SKBUBAJICHTHBIE MAacChl JPYTHUX BEIIECTB.
[Tonydaem ciienyroiue pe3yibTaThl:

Peaxyus Omeem Peaxyus Omeem
1. M., (H,SO4) =49 6. M, (KHSO,) =136
2. M, (H,SO,4) =98 7. M, (Fe,0;) = 26,7
3. M, (Zn(OH),) = 49,5 8. M., (Fe,O3) = 80
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. [ M,(Zn(OH),) = 99 9. | M,(CO,) =22
5. | M,(KHSO,) =68 10. | M, (CO,) =44

Ipumep 13. Meramn maccoit 1,215 r BbITECHSIET U3 CEPHON KHUCIOTHI
1,12 1 Bogopoaa (H.y.). Onpenenure MOJSIPHYIO MacCy KBHBAJIEHTOB Me-
TajIa.

Pewenue. 1) Haxoqum Maccy Bosioposa:

m(H,)= VV'M = 1’2122 ;12 =0,1r
M 9

2) W3 3aKk0Ha HKBUBAJICHTOB BBIPAXAEM U BBIUHCIISIEM 3KBHUBAJIEHTHYIO
Maccy MeTajiia:

m(Me)- M, (H,) _1,215-1

MaK(Me): m(Hz) 0.1

=12,15r/moib.

IIpumep 14. IIpu B3aumopeiicTBuu 5,6 T xene3a ¢ cepoit 00pa3oBaioch
8,8 r cynbduaa xkenesa. Onpeaennure MOJSIPHYIO MacCy SKBUBAJICHTA JKeJe3a.

Pewenue. Tlo ycnoButro 3aaum 5,6 T xene3a NpUCOEAUHSIOT 3,2 T Cephl
(pa3HOCTh MEXIy MaccaMu Cylnbduaa u sxene3a). MomsipHas Macca 3KBHBa-
JIEHTOB CEPbI BBIUUCISETCS IO COOTHOLIEHUIO

M,(S) = m = % =16 r/monB |
z

I7ie Z — BaJICHTHOCTb CEPHI, B CyNIb(UIaX OHA paBHA JABYM.
MonspHyr0 Maccy 3KBHMBAJIEHTOB JKEJIE€3a HAXOAHMM IO 3aKOHY JKBHBa-
JIEHTOB:

m(Fe) _M,(Fo. . (Fo) = m(Fe)- M, (S) _5,6-16

; =28 r/MOIBb.
mS) M, (S) m(S) 3,2

Ipumep 15. VaenvHas termnoemkocTs Merauia paBHa 0,39 JIx/(r-K).
Ortot metait maccoit 20 r coenunsiercs ¢ 3,426 1 kucnopona (H.y.). Onpene-
JIUTE BAJIEHTHOCTh U aTOMHYIO Maccy Metaiia. Kakoi 3To merami?

Pewenue: 1) Haxogum no 3akony drononra u Ity npubnuzurenbHyto
aTOMHYIO Maccy MeTajuia:

AMe) x> =B _gan
C. 039

yo

2) BeruncisieM Maccy y4acTBYIOIIETO B pEaKLUU KUCIOPOJa:
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7(0,)-M(0,) 342632
v, 22,4

m(0O,) = =489r.

3) Ilo 3akOHY PKBHMBAJIEHTOB PACCUMTHIBAEM MOJSIPHYIO Maccy SKBHUBa-
JIEHTOB METaJlja:

m(Me)- M,,(0) _20-8

M, (Me) = =32,69 r/moinb
m(O) 4.89
4) BeruucnsieM BAJIGHTHOCTh MeTajuia:
_ Ar(Me) 64,1 ~1.96 ~ 2.

M. (Me) 32,69
5) HaxoauM TO4HYI0 aTOMHYIO MacCy MeTalia:
A,(Me) =z-M,(Me) =2-32,69 = 65,38.

JIByXBaJ€HTHBIM METAJIJI C TAKOM aTOMHOU MacCOU — LIUHK.

IIpumep 16. IIpu BoccTtanoBnennu 8 r okcuaa merayia (III) mzpacxo-
noBaHo 3,36 1 Bopopoaa (H.y.). Onpenenure 3KBUBAJECHTHYIO U aTOMHYIO
Maccy MeTaia.

Pewenue. 1lo ycnoBuro 3amaun BoccTaHaBiuBaeTcs okcupa Me,0s. 3a-
KOH S5KBHUBAJICHTOB IIO3BOJIIET PACCUUTHIBATH HE TOJBKO SKBHUBAJICHTHBIC
MAaCChI 3JIEMEHTOB B COCAMHEHUH, HO U SKBUBAJICHTHYIO MAacCy BCETO COEIU-
HeHus. [[pruMeHrM 3aKOH 3KBUBAJICHTOB ISl pacyeTa YKBUBAJICHTHOW MACCHI
OKCHJIa METaJlla.

OKBHUBaJICHTHBIII O0OBEM rasza IO aHAJIOTMHM C DKBHUBAJIEHTHOM MacCOM
MO>KHO OIPEJICJIUTH 110 COOTHOIIEHUIO

3K

V, =—L,
z

rae Vy, — MonsipHbli 00BbEM raza (22,4 n/mMonb npu H.y.), z4 — IPOU3BEACHUE
BaJEHTHOCTH Z Ha YHCJIO aTOMOB B (hopMyJIe rasa.
g Bogopona
22,4 n/Moib
9K 1 A 2

CocraBnsieM U pelaeM MponopLuIO:

= 11,2 n/Moib.

8 I OKcHJa MeTaJ1a 3KBUBAJIEHTHHI 3,36 11 BO10poAa,
x r _(‘_ _‘6_ _G‘_ 1 1’2 I[ _G‘_.

8-11,2

X = 26,67.

b
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[TonydeHHOE YnCIO SBISAETCS KBUBAJEHTHOM MAacCOW OKCHAA METAJIA:
M3K(M6203) = 26,67

2) DKBUBAJEHTHAsI Macca OKCUJA MPEICTABISIET CyMMY SKBUBAJIEHTHBIX
Macc MeTaJuia M Kuciopoja (He3aBUCHUMO OT YHUCJIa aTOMOB B (hOpMYJIE€ OKCH-
na). 3Hasi, 4YTO PKBUBAJICHTHAsI Macca KUCJIOpOJa paBHA §, HAXOJUM SKBUBa-
JIEHTHYIO Maccy MeTasia:

M,(Me) = M,(Me,03) — M, (O) = 26,67 — 8 = 18,67.
Ilo YCJIOBHUIO MCTAJLII TpéXBaHCHTeH; OTCHOAa aTOMHada Macca MEcTaJljia
A,(Me) = M, (Me)-z = 18,67-3 = 56,

CJICA0OBATCIBbHO, 3TOT MCTAJLII — KEJIC30.

IIpumep 17. Ha weirpamuzauuto 0,728 r MmEIOYM H3PACXOJOBAHO
0,535 r HNOs. Beruncinure MOJSIpHYXO MacCy 3KBHBAJIEHTOB LIENOYH; OIpe-
JeNnuTe, Kakas B3sTa HIEN0Yb.

Pewenue. Monapnas macca skBuBasieHTOB HNO;3 paBHa €€ mossspHOU
macce 63 T/MONb, MOCKOJIbKY KHCIIOTa OAHOOCHOBHas. [lo 3akoHy SKkBHBa-
JICHTOB BEIIECTBAa B3aMMOJICHCTBYIOT MEXAYy co00il B Maccax, MpOIOpIHO-
HaJbHBIX UX MOJISIPHBIM MaccaM 3KBHBaJEHTOB, T.e. 0,728 r ménoun (obo-
3Ha4YMM 1IEN0uYb yciioBHOM dhopmynorr Me(OH),) Bzaumopeiictyer ¢ 0,535 ¢
HNO;, oTcrona:

m(Me(OH),) M, (Me(OH),) 0,728 63
= . M,(Me(OH),) = ————~

m(HNO,) M. (HNO,) (Me(OH)) =~ 535
MossipHasi Macca SKBHMBAJICHTOB INENOYM, 10 aHAJOTMH C OKCHIAaMHU,

paBHa CyMM€ MOJIIPHBIX MacC JKBHUBAJICHTOB MeTajula M THIPOKCOTPYIIIHI
(HE3aBUCHMMO OT YHCJIa TUIPOKCOTPYIII B hopmyJie):

M,,(Me(ORH),) = M, (Me) + M, (OH) = M, (Me) + 17 r/momb.
N3 5TOTO paBEeHCTBA BEIYHUCIISIEM MOJISIPHYIO MacCy SKBUBAJICHTOB METaIA;
M, (Me) = M, (Me(OH),) — 17 = 85,7 — 17 = 68,7 r/moub.

[TockonbKy BaJIeHTHOCTh METajlsIa, BXOJIAIIErO B COCTAB IMIENOYU, HEU3-
BECTHA, ISl ONPEACIICHUST aTOMHON MacChl METalljla BOCTIOJIB3YEMCSI METO-
JIOM TTO100pa BaJICHTHOCTH.

Ecnu metann oxHoBaneHteH, To 4,(Me) = 68,7. OIHOBaJEHTHOTO Me-
Tajyia ¢ Takoil aTOMHOM Maccoil, oOpasyroiero meénods, B [lepuoanueckoit

CUCTEME HET.
Ecnu BaneHTHOCTh MeTajllla paBHA IBYM, TO

4,(Me) = M, (Me)-z = 68,72 = 137.4.

=85,7 r/mMOIb.
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JIByxXBaJIeHTHBI METaJUT C TAKOM aTOMHOW Maccoi — O6apuif; ciaeqoBaTeIbHO,
dbopmyna ménoun — Ba(OH),.

IIpumep 18. Onpenenure Maccy IMHKA, B3aMMOJEHCTBYIOIIYIO C pac-
TBOPOM CEpPHOI KUCIOTHI, B KOTOpoM conepxkutcs 150 r H,SO,.

Pewenue. 1) 3anuceiBaeM ypaBHEHHE pEaKUWW U MOJSPHBIE MAacChl
UHKA U CEPHOM KUCJIOTHI:

/n + HzSO4 = ZI’ISO4 + Hz,
M(Zn) = 65,38 r/monb; M(H,SO,4) = 98 r/morb.

2) Boluucrnsiem KOJIM4eCTBO CEPHOU KUCIIOTHI:

W(HL.SO, ) = m(H,S0,) 150
Y M(H,SO,) 98

= 1,53 M0b.

3) U3 ypaBHeHUs peakuuu BUAHO, YTO KOJIMYECTBO IIUHKA PABHO KOJIH-
YECTBY CEPHOM KUCIOTHL, T. €. 1,53 MOJIb, IO3TOMY MOYHO BBIYUCIUTH Maccy

IIUHKA:
m(Zn)=n(Zn)- M(Zn)=1,53-6538=100r.

Ipumep 19. Omnpenenure maccy u3BecTHsika, coaepxamiero 90 %
CaCOs;, xoTopast moTpedyeTcst s MOTyUYeHUs 7 T HeralleHO! U3BECTH.

Pewenue. 1) Heraményio u3BecTh (OKCHI KaJbLKA) MOXHO MOJYYHTb
U3 U3BECTHsKA (KapOoHaTa Kajablus) MyTEM TEPMUUYECKOTO PA3IOKECHHUS:

CaCO; =Ca0O + COqy;
M(CaCOs) = 100 r/monb; M(CaO) = 56 r/mMo7b.
2) CocTaBiisieM U peliaeM Npornopuuo:

u3 100 r CaCO; moxkHo nonyuutsb 56 T CaO,
x T CaCO; 7 1 CaO;
X = M =125T
56

3) Takum obpazom, s monyuenus 7 T CaO Heobxoqumo 12,5 T yucto-
ro kKapOoHaTa KanbIusa. Maccy N3BECTHSAKA BBIYUCIISEM TI0 MPOTIOPITUH:

B 100 r u3BectHsika coaepxurca 90 r CaCOs;,
VT 12,5 T CaCOg;

100-125

y =139
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Hpumep 20. IIpu cxuranuu 3,0 KT KAMEHHOTO yIJId M 00BEM MOJy4YCH-
HOTO YTJIEKHCIIOTO ra3a, MPUBSACHHBIH K H.y., COCTaBHI 5,3 M’. Onpeennre
MacCOBYIO JOJIIO YIJIEPOJia B KAMEHHOM YTJIE.

Pewenue. 1) 3anncpiBaeM ypaBHEHHE PEAKIUU TOPEHUS U MOJIAPHYIO
Maccy yriaepoja:

C+0,=C0O,; M(C)=12 r/moib.

2) Jlns ompemeneHuss MacChl YIJIepoaa COCTaBIIIEM M pelIaeM MpoIop-
ITUIO:
npu cropanuu 12 r yriepojaa obpazyercs 22,4 1 CO,,
XT 5300 1 COy;

‘= 12 7-5300 n
22,4 n

= 2840 r = 2,84 kr.

3) Takum oGpazom, B 3,0 KT aHTparuTa coaepkutcs 2,84 Kr yriepoja, a
ocTalibHOE — MpuMecu. Haxoaum MaccoByto JOJI0 yIiIepo/ia B aHTpalUTe:

2,84
3,0

w(C)= = 0,946 = 94,6 %,

IMpumep 21. Ilpu cunreze ammuaka no peakuuu N, + 3H, = 2NH; Obuio
B3sTO 22,4 M’ asora u 67,2 M’ BOJIOpOJa M mostyueHo 4,25 M’ aMMuaKa (Bce
00BEMBI PUBEICHHI K H.Y.). OnpeenuTe MpakTUYECKUA BHIX0I aMMHAKA.

Pewenue. Paccuntaem koiinuecTBa BellleCcTBa peareHToB. KoiamdyecTBo
azora — 1000 mounb, konuuecTBO Bogopoaa — 3000 mMoJib, T.€. peareHThl B3SIThI
B CTEXMOMETPUUECKOM COOTHOIIECHUH 1:3, Kak 3TO HEOOXOAMMO 1O ypaBHe-
HUIO peakiuu. [1o 3TOMy ypaBHEHHUIO TEOPETHYECKUI BBIXOJ] aMMHaKa JI0JI-
’keH ObITh paBer 2000 Mob, mm 44800 11 (44,8 M°). A 10 yciI0BHIO, 06pa3o-
Banoch 4,25 m° ammuaka. ClIe0BaTeIbHO, IPAKTHYECKHH BBIXO aMMHAKa Pa-
BEH:

425
NH,) =-
n( 3) 148

b

= 0,095 unu 9,5%.

Ipumep 22. bruio cmemano 7,3 r xsnopoBoaopoaa u 4,0 r ammuaka.
Kaxkoe BemiecTBo oOpa3zoBanoch U 4eMy paBHa ero macca? Kakoe BemecTBo
OBLJIO B3ATO B M30BITKE U KaKasi Macca 3TOT0 BEIIECTBA OCTANIACh MOCTIE PeaK-
mun’?

Pewenue. 1) 3anucpiBaeM ypaBHEHHE PEAKIIUH U MOJISIPHBIE MACChl pe-
TE€HTOB U MPOJIYKTa PEAKIIUHU:

NH; + HCl = NH,CI;
M(NH3) = 17 r/monb; M(HCI) = 36,5 r/monb; M(NH4CI) = 53,5 r/mMmob.
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2) BrraucinsieM Konru4ecTBa B3STHIX PCArcHTOB!

40 =0,235 MoK n(HCl)= 7,3

NH.) =
n(NH,) =22 365

=0,200 MOJIb.

W3 nony4yeHHBIX TaHHBIX BUIHO, YTO aMMHAK B3SIT B U30BITKE, IIOITOMY
pacyeTsl IPOBOJIUM MO XJIOPOBOJAOPOAY (BEMIECTBY, B3SITOMY B HEJOCTATKE).
Tak xak mo ypasaenuto peaknuu 1 Mmons HCI maér 1 moms NH,Cl, xonmaect-
B0 BemniectBa NH4Cl Oyzaer paBuo 0,2 MoJb.

3) HaxoguMm Maccy Mnoiay4eHHOro XJIOpUaa aMMOHUSA:

m(NH4Cl) = 0,2-:53,5=10,7 r.
4) Haxonum mMaccy aMMHaKa, BCTYNIHMBIIETO B PEAKIUIO:
m(NH;)=0,2-17=3,4 .
5) Beruncnsiem maccy aMMHaka, KOTopasi OCTaiach B H30BITKE:

m(NH;) =4,0-3,4=0,6T.

Ipumep 23. Onpenenure MOJSIPHYIO Maccy rasa, €ciau | J1 3Toro rasa
npu naBnernu 1,2-10° ITa u Temneparype 27 °C umeer maccy 0,96 T.

Pewenue. N3 ypaBuenus Knaneripona—MeHieneeBa BbIpaXkaeM U BbI-
YUCIIIEM MOJISIPHYIO MaccCy:

mRT  0,96-8,31-300

M = =
PV 120000 -0,001

=20 r/mob.

Ipumep 24. Konba o6bémom 750 mut, HarmoaHeHHas npu 27 °C Kucio-
poziom, umeeT maccy 83,3 r. Macca mycToii konOsl paBHa 82,1 1. Onpenenure
JaBJIEHUE KUCI0poa B KoJioe.

Pewenue. 1) Beruutas u3 macchl KojiObl ¢ kuciopoaom (83,3 r) maccy
mycToi Koiobl (82,1 r), HaxXoauM Maccy KUCIOpo/a; oHa paBHa 1,2 T.

2) Ilo ypaBHeHnuto Knaneiipona — MeHienieeBa BBIYUCIISIEM JIABIICHHE:

p_MRT_ 12-831-300

S MY 32075107 =125 10T

IIpumep 25. Merann maccoid 1,168 r BBITECHWI U3 CEPHOU KUCIOTHI
438 mn Bogopona npu 17 °C u 750 mm pr.cT. Onpenenure SKBUBAIEHTHYIO U
aTOMHYIO Macchl MeTaJljIa.

Pewenue. 1) llepeBonuM naBieHue B NacKajlyd MO MPOHOpUUHU (HOP-
MajibHOe atMocdepHoe napieHue 760 MM pr.cT. wim 101325 I1a):
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101325 Ila cootBeTcTBYET 760 MM PT. CT.,
x1la 750 MM pT. CT.;
o 101325-750

760

=99992 [1a

2) Ilo ypaBHenuto Kiamneiipona—MeHieneeBa BbIUUCIAEM MacCy BOJO-
pona:
)= pVM 99992 -438-107° -2
)= =

m(H
RT 8,31-290

=0,036T.

3) 1o 3aKoHYy KBUBaJIE€HTOB HAXOAUM SKBUBAJIICHTHYIO MacCy MeTaJlja:

11681

N =326.
0,036

4) IlockoybKy BaJIGHTHOCTh METaJlIa HE JIaHa, aTOMHYIO Maccy MeTasuia
HaxXoJUM TyTEéM MoAOOpa BAJIEHTHOCTU. Ecnu BaleHTHOCTh MeTalia paBHA
€JIMHUIIE, TO aTOMHAas Macca paBHa 32,6; OJHOBAJIEHTHOI'O METAJIJIa C TaKUM
3HaueHueM A, HeT B llepmoanueckoit cucreme. Ecnu BaneHTHOCTH paBHa
nByM, 10 A,(Me) = M, (Me)-z = 32,6:2 = 65,2; IByXBaJICHTHBI METAJLJI C Ta-
KUM 3HAYCHUEM A, — INHK.

3AJAHUSA U1 CAMOCTOSATEJIBHOI'O PEHIEHUA

1. B3sThl 0iuHAaKOBBIE MacChl a30Ta, BOJAOPOJIa U YIIIEKUCIIOTO ra3a Mnpu
OJIMHAKOBBIX JAaBJIEHUU W TemiiepaType. KakoBo oTHomieHune o0beMOB
B3SIThIX ra30B?

2. Ecnu orcuntsiBath 10 60 MOJIEKYJT B MUHYTY, TO CKOJBKO JIET TOTpE-
OyeTcsi AJi TOTO, UTOOBI TIEPECUUTATh BCE MOJIEKYJIbI, COIEpPKAIINECS B
OJIHOM KUJIOTpaMMe io/1a (cuuTath roj paBHbIM 365 cyTkam)?

3. Kakyro maccy umeror 10 moinb yraekucioro raza? Kakoit o0beM 3aHu-
MaeT 310 konndectBo CO, pu H.y.? Uemy paBHa Macca OJJHON MOJIEKY-
JIBI Ta3a’?
18
4. OO6neMHast 107151 paMOaKTUBHOTO raza pajioHa B BO3IyXe paBHa 6-10

%. CKOJBKO MOJIEKYJ 3TOTO raza COAEPXKHUTCS B OJHOM KyOHYECKOM
meTpe (M) BO3LyXa IpH H.y.?

5. CormnocTaBbTe YMCIO MOJIEKYJI, COAEpKAMMXCA B | KI THApOKCUAA Ka-
aust u B 1 kr rugpokcuna Hatpusi. OTBET MOTUBHPOBAThb, HE MPOBOJS
BBIUKCJICHHS] YUCIIa MOJIEKY.

6. U3 cynepuna xenesa (II) 6p11 momydeH cepoBOAOPO, HAa CHOKUTAHUE
koTtoporo (¢ obpazoBanueM SO;) Obuio 3arpaueHo 306 1 KuCIOpoOaA.
Yemy paBHa Macca B3ATOro cyibpuna xenesza (11)?
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7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

K 10 r ruapokcuna xanus npubdaBuiau 10 r a30THOM KUCTOTHI (B mepe-
cuere Ha unctoe BemectBo HNO;). Kakoe BemiecTBo mocie peakiuu
0Ka3aJIOCh B U30BITKE U YeMY paBHA Macca N30bITKa?

Kakast macca HuTpara cepebpa HaxoIuaach B pacTBOpE, €CIIU U3 HETO
npu AecTBUM XJIopuia 6apus moidyyeH ocagok maccoit 0,287 r?

Kakoit 00beM yIiIeKUCIoro raza, IpUBEICHHOTO K H.Y., MOXET BbIJIE-
JauThCs npu npokanuBaHuu 920 r munepana gogomuta (CaCO;-MgCOs)
IIpY OTCYTCTBUU B HEM MpUMeCeii?

Ipu o6xwure 10 T mupurta 66U10 HomydeHo 3500 M (H.y.) CEPHHCTOrO
raza. Onpenenure MaccoByto noJto FeS, B nupure.

IIpu CXKUTaHHH 3 KT KAMEHHOro yris moiydaercs 5,3 M° CO, (H.y.).
Uemy paBHa MaccoBasi 40Ji yIJIEpoJa B KAMEHHOM YTIJie?

CKOJIBKO KeJie3a MOKHO MOJIyYUTh U3 2-X TOHH KEJIE3HOW pPYIbl, CO-
nepoxkartieit 94 macc. % Fe,03?

B cocraB BeliecTBa BXOIAT BOJOPO/, YIVIEPOJ U KHUCIOPOA B Macco-
BOM OTHOIEHUH 1:6:4. [ITOTHOCTH TapoOB BEMIECTBA 110 BOAOPOY PaBHA
22. YcranoBute (hopMyITy BelIeCTBa.

BemectBo conepxut 37,71 % narpus, 22,95 % xkpemHus1, a OCTaabHOE
— kucnopona. KakoBa mpocteiiimas ¢opmysia BeliecTBa, COBIANACT JIH
OHa C UCTUHHOU (PopMyI0ii?

BemectBo coaepxur 84,2 % cepsl u 15,8 % yrnepona. [InoTHOCTH Na-
POB 3TOrO BEILIECTBA 1O BO3LyXy paBHa 2,62. Haiinute ero dopmyiy.

BemiecTBO cOAEpKUT BOAOPO, YIIIEPOA U KUCIOPOA B MAacCOBOM OT-
HomeHuu 1:6:8. I110THOCTHh apoB 3TOro BEIIECTBA MO BOAOPOIY pPaBHA
15. YcranoBute (hopMyITy BEIIeCTBa.

BemectBo conmepxut cepy (23,7 %), xucmopon (23,7 %) u xjop
(52,6 %). I1noTHOCTH APOB 3TOrO BEHIECTBA MO BOAOPOAY paBHa 67,5.
Ycranosute hopMysTy BEIIEeCTBa.

["a3000pa3ublil yrierogoposa coaepxxut 92,3 % yraepona. Ero miot-
HOCTB 110 BoAopoAy paBHa 39. Onpenenute GopmyIty yriieBoa0poaa.

Haiinure uctunnyro dhopmyily coenuHeHus 0opa ¢ BOAOPOAOM, €Clu
Macca OJIHOTO JIMTpa 3TOro ra3a paBHa macce 1 J a3ora, a copepx aHue
Oopa B BemiecTBe cocrapiseT 78,2 macc. %.

Haiinute gopmyny kpuctaioruapara kapOoHaTta HaTpHs, Macca Ko-
TOPOTO JI0 IpOKaJIMBaHus paBHa 14,3 r, a mocie npokaiuBaHus — 5,3 T.

bamnon emkoctero 10 11 Bmemaer npu 27 °C 0auH MOJb KHCIOPOJA.
[Ton xakuM AaBiIEHHWEM HAXOAUTCSA KHUCJIOPOA B 3ToM OaiuioHe? OTBET
BBIPA3UTh B KUJIOMACKAIAX, MUJUIMMETpaX PTYTHOTO CTOJ0a U B aTMO-
chepax.

I'az maccoit 1,105 r npu 27 °C u naBiaeHuun 1,013-10°T1a 3aHMMaeT

oowveM 0,8 1. KakoBa MonsipHast macca raza?
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kakyro Maccy kapOoHara KaybliMisi HEOOXOJIMMO MPOKAJIUTh, YTOOBI
MOJIYYUTh YTACKUCIBIN Ta3 oobemMoMm 25 1 mpu 15 °C u nmaBneHuun
104000 ITa?

Macca oxnoro ymtpa Bo3ayxa npu 101330 Ila u 20 °C paBna 1,2 r.
Brruncnure cpeHIo0 MOJSIPHYIO MacCcy BO3ayXa.

Metan o0néMom 22,4 1 HackimeH BoAsHBIM mapoM npu 20 °C u gas-
nernu 0,986-10° Tla. JlapieHue mapa BOIbI IIPH 3TOM TeMIepaType pas-
HO 2,33 kIla. Yemy paBHa Macca MeTaHa B JaHHOM oObemMe?

Onpenenute AaBiieHWE yriekucioro raza maccoi 0,022 kr B cocyjne
o0bEéMoM 5 11 ipu Temnepatype 27 °C.

N3 npoctoro Bemecta (Metaia) maccoit 0,6 T ¢ yAeIbHOM TeIioeM-
kocthio 0,281 JIx/(r-K) 610 ostyueno 0,9 r ero okcuaa. Yemy paBHa
SKBUBAJICHTHAs Macca, BAJCHTHOCTh M aTOMHAsi Macca MeTajuia, Kakou
ATO METaJI, YEMY pPaBHA MOTPEIIHOCTh B OMPEACIICHUN aTOMHOM Macchl?

Metamn maccoit 40 r BBITECHSIET U3 KUCIOTHI BOJOPOA 00beMoM 14,6 1
npu 18 °C u naBieHuun 1,013-105 IIa. Y aenpHasa TemI0eMKOCTh MeTasljia
paBHa 0,39 [Ix(r-K). Onpeaennte 3KkBUBaJIE€HTHYIO MAcCy, BAJICHTHOCTb
Y aTOMHYIO Maccy MeTasia, Kakol 3TO MeTasul.

HexkoTopslil 31€eMEHT B BUJIE MPOCTOTO BEUIECTBA UMEET YIEIbHYIO Te-
mioemkocth 0,145 JIx/(r-K), a ero maccoBas 10715 B cyib(duae cocra-
et 74,2 %. Onpenenure SKBUBAJICHTHYK) MaccCy, BaJ€HTHOCTb H
ATOMHYIO Maccy 3JeMeHTa, HanuimuTe Gopmyiy ero cyibdusa.

[Ipu TepMonun3e BOJOPOJHOrO COECIMHEHUSI HEM3BECTHOIO 3JIEMEHTA
ObUT0 TIONTy4eHo 2,162 T mpocToro BelecTa AToro snemMenta u 14,78 n
Bojopoaa (ripu 327 °C u 760 mM. pT. cT.). YaenbHas TEIIOEMKOCTb
npocroro BemectBa paBHa 2,209 JIx/(r-K). Onpenenure >KBUBaJICHT-
HYIO0 MaccCy, BaJEHTHOCTh U aTOMHYIO MaccCy 3JIEMEHTAa U HaWJIUTE €ro B
Ilepnognueckon cucreme.

VYnenpHas TEII0EMKOCTh HekoToporo metamia paBHa 0,92 J[x/(r-K).
Hagecka 0,54 1 sToro merayia 0e3 octaTka B3auMojehcTByeT ¢ 2,94 T
YUCTOM CEPHOU KHUCIOTHL. UeMy paBHA SKBUBAJEHTHasi Macca, BaJICHT-
HOCTh ¥ aTOMHAas Macca MeTajiia, Kakoi 3To MeTai?

UeMy paBHa aTomHas Macca MeTamla C YJIEJIbHOM TEIIOEMKOCTBIO
0,67 Ix/(r-K), ecnu mpu B3auMozeicTBuu 5 T ero ¢ 6poMomM obpazyeTcs
OpomMua Maccoit 25 1, a OpoM TOM ke MacChl B3aUMOJECHCTBYET C BOJIO-
poaom oovéMoM 2,8 11 (H.y.)? Kakoii 3To meTamn?
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I'maBa 3
OKHUCJ/IUTEJIBHO-BOCCTAHOBUTEJIBHBIE PEAKIIUU

ITo Teme «OxucnuTenbHO-BOCCTaHOBUTENBHBIE peakiun» (OBP) HeoO-
XOJUMO BIIAJIETh CIAEAYIOIIMMHA 3HAHUSIMHU, YMEHUSIMUA U HABBIKAMH :

1. Onpenenars CTENEHNU OKUCIEHUS 3JIEMEHTOB B COCIMHEHUSX.

2. OOBSICHATH CYIIHOCTh IPOIIECCOB OKHCICHHUSI M BOCCTAaHOBJIEHUS,
3HATh BEIIECTBA OKHUCIUTEIN U BOCCTAHOBUTEIIH, OOBSICHATHL OKUCIHUTEIHHO-
BOCCTAaHOBUTEIBHYIO JBOMCTBEHHOCTh U MPUBOJINUTH IPUMEPHI.

3. 3HaTh KJIacCU(PUKAIIUIO OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUH,
YMETh WTIOCTPUPOBATH UX TUIIbI YPABHECHUSAMU PEAKIIUM.

4. OnpenensaTh cTexuoMeTpudeckue KodOQPUIIUEHTH B OKUCIUTEILHO-
BOCCTAaHOBUTENHHBIX PEAKITUSIX METOJAAMH SJIEKTPOHHOTO OanaHca U MOoype-
aAKIUH.

5. BIUnCIATH SKBUBAJICHTHBIE MACChl OKMCIIUTEJICH M BOCCTAaHOBUTEIICH.

IPUMEPBI 3AJTAY U YIIPAXKHEHUM

Ipumep 1. Onpenenure CTENEHb OKUCIEHUS 3JIEMEHTOB B COCIMHEHU-
aX: NH3, PC15, NH4NO3

Pewenue. Tlo Tabnuiie 3MeKTPOOTPUIIATENHHOCTEN (€€ MOXHO HAWTH B
J1000M CHpPaBOYHUKE) HAXOJMM, YTO B MEPBOM COCIMHEHHH (3TO aMMHAaK)
OONBIIYIO AJIEKTPOOTPULIATEIBLHOCTh UMEET a30T, I03TOMY OH UMEET OTPHIIA-
TEJIbHYIO CTENIEHb OKHCIICHUS, PABHYIO €TI0 BaJICHTHOCTH B 3TOM COE/IMHEHUH,
T.€. —3, a BOJOPOJI — MOJIOKHUTENBHYIO U TOXKE PAaBHYIO €r0 BaJIECHTHOCTH, T.€.
+1. Ilo MexxayHapoIHBIM IpaBuiaM (popMyTy aMMHaKa CIeI0BaIo Obl 3amu-
ceiBaTh H3N, HO JUIsl 3TOTO IIMPOKO MU3BECTHOIO COEIMHEHHSI COXPaHEHA HUC-
TOpUYECKHU cioxuBIascs hopma 3anucu NH;.

Bo BTopom coenuHeHHM 0oJiee B3JIEKTPOOTPULATENbHBIA 3JIEMEHT —
XJIOp, OH OJHOBAJIEHTEH, IO3TOMY €r0 CTENEHb OKUCIEHUs paBHA —1, a oc-
dbopa — +5.

B tperheM coenuHeHnu HauOosiee 3JIEKTPOOTPUIATENbHBIA AIEMEHT —
KHCJIOPOJI, OH JIBYXBAJEHTEH, MOATOMY €ro CTENEHb OKUCJIEHHUS paBHA —2.
CreneHp OKUCIEHUS OJHOBAJIEHTHOIO BOAOpoaa paBHa +1, a 1Ba atoma a3o-
Ta UMEIOT Pa3JIMYHbIE CTETICHU OKUCIICHUS: MEPBbII B (POpMyIie aTOM SIBIISET-
Csl COCTaBHOM YacThIO KATHOHA aMMOHHMS U TTIOATOMY UMEET CTEIEHb OKHUCIIE-
HUA —3, a Ipyrod BXOAMUT B COCTaB KHCIOTHOIO OCTATKa a30THON KHCIIOTHI,
CJIEI0BATENbHO, €r0 CTEIEHb OKUCIEHUS paBHa +5.

Ipumeuyanue. CteneHb OKUCIEHUS a30Ta B HUTpaT-uoHe NO3 MOXKHO ompe-
JEJIATh 10 MIPOCTOMY IIPABUIIY: CyMMa CTEIEHEH OKUCIIEHUS BCEX DJIEMEHTOB B HO-
HE, TIOMHO>XEHHBIX Ha YHCIIO aTOMOB 3THUX 3JIEMEHTOB B (opMylie MOHA, JOJKHA
OBITH paBHA 3apsily MOHA.

25



Ipumep 2. Cpeau JaHHBIX YpaBHEHMM HaWIUTE ypaBHEHUS OKHCIIU-
TEJIbHO-BOCCTAHOBUTENIBHBIX PEAKIIUI:

1) Cu(OH), = CuO + H,0,
2) Mg + Cl, = MgCl,

3) NH; + HNO; = NH,NO;,

4) S + 2HNO; = H,SO, + 2NO.

Pewenue. OKHCINTEIBHO-BOCCTAHOBUTEIILHBIMHA HA3BIBAIOTCS peaKuunu,
B X0AC KOTOPBIX U3MCHAIOTCA CTCIICHHU OKMCJICHUSA 3JICMCHTOB. OxucInuTeIb-
HO-BOCCTAHOBUTCIIbHBIMHA SABJIAIOTCA PCAKIIMU 2u 4, TaK KaK TOJbKO B HUX
HU3MCHAKOTCA CTCIICHU OKHUCJICHUA 3JICMCHTOB (HpOBCpBTC C&MOCTOHTCHBHO).

Ipumep 3. Cpean NaHHBIX COEAUHEHUN YKAXKUTE OKUCIUTEIN, BOCCTA-
HOBUTEJIM U BELIECTBA C OKUCIUTEIbHO-BOCCTAHOBUTEIHLHON JBOWCTBEHHO-
CTBIO. 1) FGC13, KQFCO4, Fe; 2) KQS, HQSO4, NaZSO3.

Pewenue. 1lpu npoTe€KaHWH OKHUCIUTEIBHO-BOCCTAHOBUTEIIBHBIX PEaK-
WA BOCCTAHOBUTENU, TEPSISl AIEKTPOHBI, MOBBIIIAIOT CBOK CTENEHb OKHUCIIE-
HUS, a OKHUCJIUTENIH, MpuoOperas 3JIEKTPOHBI, MOHMKAIOT CBOKO CTEIEHb
okuciieHus. B mepBoM chucke BO BCEX COCTUHEHUSIX MPUCYTCTBYET JKEJe30,
MPUYEM BBICHIYIO CTEIIEHb OKHCIIEHHUS 3TOT 3JIEMEHT MPOSBISET BO BTOPOM
coelMHeHUH (ero Ha3BaHue — (eppar Kajus, CTENEeHb OKHUCIEHUS jKelie3a
paBHa +6), cIe0BATENbHO, 3TO COCIUHEHHUE SBIISIETCS] OKUCIUTENIEM, TaK KaK
0oJiee BHICOKYIO CTENEHb OKUCIICHMSI KeIe30 He MposBIigeT. MeTtamnnyeckoe
XKene30 (CTeneHb OKHUCICHUS paBHA HYJII0) — BOCCTAHOBUTENb. B mepBoM co-
€AMHEHUN KEJIe30 HaXOJUTCA B MPOMEXKYTOUYHON CTENEHU OKucieHus (+3),
MO3TOMY MOET OT/JAaBaTh WJIM IPUHUMATD 3JIEKTPOHBI B 3aBUCUMOCTH OT yC-
JOBUH npoBenieHus peakuuu. CieaoBaTenbHO, 3TO COSAMHEHUE MOXKET IMpO-
SIBJISITH B PEAKIUAX OKUCIUTEIIbHO-BOCCTAHOBUTEIBHYIO IBOMCTBEHHOCTb.

Bo BTOpOM cIiicke BOCCTAaHOBUTEIEM SIBIIICTCS CYJIb(PUI Kaaus, OKHC-
JUTEJIEM CEepHasl KUCJIOTa, a CYJb(PUT HATPUS — BEIIECTBO C OKUCIUTEILHO-
BOCCTAHOBUTEIBHON ABONCTBEHHOCTHIO (CAMOCTOSATENIBHO MPOBEIUTE aHAJIO-
TUYHBIC PACCYXKJCHUS C TOUKH 3PEHUS CTETICHEH OKUCIICHUS CEPBI).

IIpumep 4. Omnpenenure TUN KaXJAOW W3 JAHHBIX OKHUCIUTEIBHO-
BOCCTAaHOBUTEIBHBIX PEAKIINN:

1)NO + 0, — NO,,
2) Mo$S; + HNO; + H,0 — H,M00, + H,SO, + NO,,
3) KCIO, — KCl + 0,

4) K»,S0; — K,S0, + KsS,

5) HQS + SOZ — S+ Hzo
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Pewenue. JIns onpeneneHus TUNa OKUCIUTEIHHO-BOCCTAHOBUTEIHHOM
peakuu He0OX0AUMO OIPENEIUTh B HEW CTENEHU OKUCIEHMS BCEX DJIEMEH-
TOB (IPOJEIIANTE 3TO CAMOCTOSTENBHO).

[lepBast u BTOpast peakuu OTHOCATCS K Haubojee pacinpoCTpaHEHHOMY
TUITYy MEKMOJIEKYJISPHOI0 OKHCJIEHHUS-BOCCTAHOBIICHHS, T.K. BOCCTaHOBH-
TE€JIb U OKUCIIUTEIb — PA3HbIE BELECTBA.

Tperbst peakiusi OTHOCHUTCA K pEaKUUsM BHYTPHMOJIEKYJISPHOIO
OKHUCJICHUSI-BOCCTAHOBJICHUA: B XOJA€ €€ OKUCISAIOTCS aTOMBbI KHUCIOpOAa, a
BOCCTaHAaBJIMBAIOTCS — XJIOPA.

B yeTBEpTON peakuuu OKUCISETCS U BOCCTAHABIMBAETCA OJAUH DJIEMEHT
— cepa (B coctaBe cyib(duTa Kalus), Cle0BaTebHO, 3TO PEAKIUsS JUCHPO-
MOPUOHMPOBAHUS.

B msATol peakuuu OKUCISETCS M BOCCTAHABIMBAETCS OJMH U TOT K€
AJIEMEHT (cepa), BXOISALIUMN B COCTaB Pa3HbIX coenuHeHuid. Takue peakuuu
Ha3bIBAIOTCS PEAKUUSIMH KOHIPONMOPUMOHMPOBAHUS WIH, WHAa4ye TOBOpA,
ABJIAFOTCS] PEAKLIUSMH, TPOTUBOIIOIOKHBIMU AUCIPONOPLIHOHUPOBAHUIO.

IIpumep 5. Omnpenenute crexuomMeTpuyeckne Ko UIUEHTH B OKHC-
JUTENHHO-BOCCTAHOBUTEIHHON PEAKIIHH:

NaCr02 + KC]O3 + NaOH — KCI + N32CTO4 + Hzo

Pewenue. B naHHOW peakuyy IOBBIIIAECTCSA CTEIEHb OKUCICHUS XpOoMa
(ot +3 B coctraBe NaCrO, 1o +6 B coctaBe Na,CrO,), 1 moHMXKaETCA y XJIopa
(ot +5 B coctaBe KClO;5 no —1 B coctaBe KCl). CnenoBarenbHO XpOMUT Ha-
tpust NaCrO, siBisieTcs BocctaHoBHUTeENEM, a xyopat kanus KClO; — okuciu-
TEJEM.

1) Bocrnionbs3zyeMmcsi METOJIOM 3JIEKTPOHHOT0 0ajiaHca /i ONpe/IeTIeHUs
CTEXHUOMETPUUECKUX KOIPPUIIUEHTOB:

+3 +6

BocctaHoBuTenb Cr —3e = Cr (mpouecc OKUCIEHUS) |2
+5 -1

OKHUCJTUTEIb Cl + 6e = Cl (mporiecc BOCCTaHOBJICHUS) | 1

Muoxutenu 2 u 1 — 310 cTexuomeTpudeckue KodPphUIHUEeHTHl Tepen
dbopmysiaMi BOCCTAHOBUTEIISI M OKUCIUTENS U MPOAYKTOB UX MpEBpaIICHUS,
2 — g xpoMma, 1 — s xsopa:

2N3CI'02 + KC103 + NaOH — KCI + 2N32CI'O4 + HQO

Koaddummentsr nepen dopmynamu NaOH u H,O onpenensem B mo-
CJIETHIOI0 OuYepelb IO YKMCIy aTOMOB BOAOPOJA U HATpus B MPaBOM U JEBOU
YacTAX YpaBHEHUS:

2NaCr02 + KC103 + 2NaOH = KClI + 2N32CI'O4 + HzO
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[Tonyuyeno ypasanenue OBP, o npaBuibHOCTH 1I0/100pa CTEXHUOMETPHUYE-
CKUX KOA(h(UIIMEHTOB B KOTOPOM CBUCTEIBCTBYET OJAMHAKOBOE YUCIIO aToO-
MOB Kuciopoza (9) B 1€eBoOM U NMPaBOM YaCTAX YPaBHEHHS.

2) Bocnonb3yeMcsi METOIOM MOJYyPeaKIuid JJis OTPESTICHHs] CTEXHO-
METPUYECKUX KOI(P(HUIIMEHTOB. 3aNuUIleM YpaBHCHUS TOYPEAKIIUN OTHEIb-
HO JJIsI TPOLIECCOB OKUCIICHHS] U BOCCTAHOBJIEHUS C YUETOM TOTO, UTO JaHHAS
OKHCIIUTEIbHO-BOCCTAHOBUTENIbHASL PEaKIMsl MPOTEKAET B LIEJIOYHOU Cpejie.
[Ipu cocraBieHHM MOJypEaKUUH YKa3bIBAIOTCA PEAbHO CYIIECTBYIOIIME B
pacTBOpax YacTHUIIbI — MOHBI (€CIM BEIIECTBO, B COCTaB KOTOPOTO BXOJUT
3JIEMEHT-OKHUCIIUTEIb UM BOCCTAHOBUTENh, PACTBOPUMO; B JAHHOM IIpUMEpE
ClO; u Cl', CrO, u CrO,*") miu MOIeKyIibI (€CIIH BEIECTBO HEPACTBOPHMO
WIM TJI0XO JAMCCOLMUPYET; B 1aHHOM npumepe H,O); nmns mienoyHon cpeabl
B MoJypeakiusax 3anucbiBatorcss OH -noHbI B TOM CTOpOHE YpaBHEHHUS, B KO-
TOpPON HEIOCTATOYHO aTOMOB KHCJIOpPOJA, a B MPOTHBOMOJOKHOW CTOPOHE
3aMMCBhIBAETCA B IBa pa3a MeHblIee yncio Mmojiekya H,O:

BocctaHoBuTenb CrO, +40H —3e = CrO42* + 2H,0 | 2
oxuciurens ClOs~ +3H,0 + 6e = CI” + 60H 1
CyMMapHO€ MOHHO-MOJIEKYJISIPHOE YpaBHEHUE C y4eTOM KO3 (ULIUEH-
TOB (MHOXUTENEH 2 u 1):
2CrO, + 8OH + ClO; + 3H,0 = 2Cr0,* + 4H,0 + CI” + 60H .
CokpariraeM 9acTHIIbI OJTHOTO BHJA B 00CHX YaCTSIX YPaBHCHUS:
2CrO, +20H + ClO; =2CrO,” + H,0 + CI.
3anuchiBaeM ypaBHEHUE B MOJICKYJISPHOM BHUJIE:
2NaCrO, + KClO; + 2NaOH = KCl1 + 2Na,CrO, + H,0.

Ipumep 6. Onpenenure >KBUBAJICHTHYIO MacCy IMEpMaHraHara Kaus
KMnO,; B OKHCIHTEIBHO-BOCCTAHOBUTEIBHBIX PEAKLMAX C €ro Y4YacTHEM,
MPOTEKAOIINX B KUCJIOM, HEUTPAIIbHOM U IIEJTOYHOU CPENAX.

Pewenue. B cocraBe nepmanranara kanuss KMnO, okucnurenem siBisi-
€TCA MapraHell B CTEIIEHU OKUCIICHUS +7; B KUCIIOW Cpelle OH BOCCTAHABIIU-
BAETCS JI0 CTENEHU OKHUCIICHHS +2, B HEUTPAIbHOW — JI0 CTENIEHU OKUCIICHUS
+4, a B IIEJIOYHOMN — JI0 CTENEHU OKuciaeHus +6. Uuciao npuHUMMaeMbIX 3JIEK-
TPOHOB PaBHO 5, 3 U 1, COOTBETCTBEHHO:

+7
kuciast cpena: Mn O, +8H' + 5e — Mn”" + 4H,0;
+7 +4
HeWTpansHasg cpena: MnO, + 2H,0 + 3e - MnO, +40H;

+7 +6
eao4Has cpega: MnO, + le - MnO; .
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MonekynspHasa Macca nepMaHranara kanus pasHa 158. I[Ipu e€ nenenuun
Ha YUCJIO MPUHUMAEMBIX 3JeKTpoHOB nonydaem M, (KMnQO,) kak okuciurte-
75 B pa3nuuHbiX cpenax: 158/5 = 31,6 (kucnas cpena), 158/3 = 52,7 (ueii-
TpasibHas cpena) u 158/1 = 158 (menounas cpena).

Hpumep 7. Onpenenure SKBUBAJECHTHYIO MAacCy CEpHOUM KHUCIIOTHI B pe-
AKIUAX:
1) Zn + H,SO4(pa36) = ZnSO,4 + H,,

2) 2HBr + HzSO4(KOHH) = Br2 + SOZ + 2H20,
3) 8HI + HzSO4(KOHI_I) = 412 + st + 4H20

Pewenue. B mepBoi 1 BTOPOM peakysIX OJHA MOJIEKYJIa CEPHON KHCIIO-
Thl BOCCTAHABJIMBAETCS JBYMs JJIEKTPOHAMH, a B TPEThEW HAa €€ BOCCTaHOB-
JICHUE 3aTPAunuBaETCs BOCEMb JJIEKTPOHOB (IIPOBEPHTE MO MU3MEHEHHUIO CTe-
NeHeH OKMCJICHUSI BOCCTaHABJIMBAIOIIUXCS AyeMeHTOB). [Ipu nenenun moie-
KYJISIpPHOM Macchl CEpHOM KHUCIOTHI (98) Ha YUCIO BJIEKTPOHOB MOIYy4YaeM
49,0, 49,0 m 12,3.

IIpumep 8. IIpuBennre npuMepsl peakiui, B KOTOPBIX MEPOKCH]T BOJO-
pona H,O, sABnsgercs okuciauteneMm U BoccraHoButreneMm. Omnpenenure cre-
XHUOMETpUYECKUE KOIPPUIUMEHTH METOJOM MOTYPEAKIIHIA.

Pewenue. OHpeI[eJ'IHCM CTCIICHU OKHUCIICHHUA JJICMCHTOB B IICPOKCHIAC
+1 -1
BoJOpoJa: H,O,. 3HaueHUE CTENEHU OKHUCIEHHUsI Kuciopoja —1 sBisercs

MIPOMEKYTOUHBIM MEXy 3HaueHusiMU 0 (B MoJsieKyisipHOM kucioponae O,) u
—2 (B okcunax). IToatomy B OBP mnepokcua Bogopoja IposiBIsSET JBOMCT-
BEHHBIN xapakrtep. lIpu npuHsTHM 35€KTpOoHOB Mojekyinoil H,O, creneHb
OKHCJIEHUS] KHCIIOPOJA CTAHOBUTCS PABHOM —2 M IPOLIECC ONMMUCHIBAETCS I10-
Jypeakiuen

H202 +2H+ +2e = 2H20

[Ipu oTmaye AMEKTPOHOB CTETICHh OKUCIICHHS KHCIOPOa CTAHOBUTCSI PaBHOM
HYJIO (BBIIETSETCS Ta3000pa3HbId KUCIOPO/), U MPOLECC OMUCHIBACTCS TO-
Jypeakiuen

H202 —2e= 2H+ + 02.

OKUCINTENBHO-BOCCTAHOBUTEIIbHAS JTBOMCTBEHHOCTh IMEPOKCUAA BOJO-
poaa MpUBOAUT K TOMY, UTO OH JIEFKO JUCIPOHOPLUMOHUPYET M0 PEAKLIUN

2H202 = 2H20 + 02.

Karanuzaropamu peakuuu AUCTIPONOPLUMUOHUPOBAHMS SIBIISIOTCS COJIA TSKE-
JIBIX METAJJIOB, HEKOTOpbIE OKCUABI (Hampumep, MnO,).
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[IpuBenem mnpumepnl peakuuii, B kotopbix H,O, BbicTymaeTr B poiu
OKHCJIMTEJISI U BOCCTAHOBUTEIS.
1) H,O, — okucnurtens:
NO + HzOz —> HNO3 + HQO,

+2 +5
NO +2H,0=NO; + 4H +3e|2 — OKHCJICHHUE,

-1 -2
H,0, +2H +2e=2H,0 |3 — BoccTaHOBICHHE.

2NO + 4H,0 + 3H,0, + 6H =2NO; + 8H" + 6H,0;
2NO + 3H,0, =2NO0O; + 2H" + 2H,0;

2NO + 3H202 = 2HNO3 + 2H20
2) H,O, — BocCTaHOBHTEIb:

KMIIO4 + HzOz + HzSO4 - KzSO4 + MHSO4 + 02 + Hzo,
l\;fn o, + 8H™ + 5¢ =Mn*" + 4H,0 | 2 — BOCCTaHOBJICHHE,

-1 0
H,0, —2e=0, +2H" | 5 — oxucenye.

2MnO, + 16H" + 5H,0, = 2Mn*" + 8H,0 + 50, +10H";
2MnO, + 6H" + 5H,0, = 2Mn*" + 8H,0 +50,;
2KMI104 +5H202 + 3H2804 = KQSO4 + 2MHSO4 + 502 + SHZO

SAJAHUSA JJId CAMOCTOSATEJBHOI'O PEHHEHUA

1. HalinuTe OKMCINTEIb, BOCCTAHOBUTEIb U BEIIECTBO C OKHUCIIMTEIIh-
HO-BOCCTAHOBHTEIIPHOM JIBOMCTBEHHOCThIO cpenu BemecTtB: Fe, FeCl;,
K2F604; Hzo, Hz, NaH, Kzs, HzSO3, SO3, Kzse, S@Oz, HzSGO4; KCI, Clz,
KCl0y4; K1, I,, HsIOg; Mn, MnO,, KMnOy; Nas;N, HNO,, HNOjs; Sn, SnCly,
SnCl, IlpuBenute Ha3BaHUS BEIICCTB.

2. Omnpenenure cTrexuoMeTpudeckre KOI(HUIMEHTH METOAOM dJieK-
TPOHHOTO OajaHca B peaKIusX:

1. H202 = Hzo + Oz

st + SOQ =S+ HzO
KMI’IO4 = Ml’lOz + Kle’lO4 + 02
N02 + HzO = HNO3 + HN02
Br, + KOH = KBr + KBrO; + H,0.
FeS + HNO3 = FC(NO3)3 + HQSO4 +NO + HZO
HCI + HCIO = Clz + HZO
P + NaOH + HQO = PH3 + NaH2P02.
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9. Pb(N03)2 = PbO + NOz + 02.
3. Omnpenenure crexuomMeTpuueckre K03 OUIIMEHTH METOJAOM IOIype-

aKIUM B peaKIUsIX:
A8203 + HNO3 + HzO = H3ASO4 + NO
ASH3 + HNO3 H3ASO4 + N02 + HzO
Cd + HNO; = Cd(NO;), + N,O + H,0
Cl, + I, + H,O = HC1 + HIO;
BI(NO3)3 + KzSI’lOz + KOH =Bi1 + KZSIIO3 + KNO3 + HZO
C12 + N&HSO3 + Hzo =HCl + N&HSO4
CI'Q(SO4)3 + NaClO + KOH = KzCI'O4 + NaCl + KzSO4 + Hzo
CI'203 + KC103 + KOH = KzCI’O4 + KCl + HzO

9. H,0, + H,S = H,S0O4 + H,O

10.H,0O, + I, = HIO; + H,0

11.H,0, + KI + H,SO, = K,SO4 + I, + H,O

12.H202 + KMI’IO4 + HQSO4 = MHSO4 + KZSO4 + 02 + HzO

13.H202 + KMIIO4 = MHOQ + KOH + 02 + HQO

14.H202 + NaCr02 + NaOH = NazCrO4 + HzO

15HQS + C12 + HZO = HQSO4 + HCI

16.M1’102 + KC]O3 + KOH = KQMI’IO4 + KCI + HQO

17M1'ISO4 + Ca(ClO)z + NaOH = NagMnO4 + CaClz + N&zSO4 + HQO

188]3203 + BI'z + NaOH = Na3SbO4 + NaBr + Hzo

4. B p€aKiuuAX BBIYHUCIUTC SKBUBAJICHTHBLIC MACChl OKHCIUTCIIA U BOC-

crtaHoBuress, onpeaenure Tun OBP:

1. Cl, + NaOH = NaClO + NaCl + H,O
CuS + HNO; = CU(NO3)2 + H,SO, + NO, + H,O
Fe,O; + KNO; + KOH = K,FeO, + KNO, + H,O
FCCIZ + KMHO4 + HCI = F€C13 + MnC12 + KCI + Hzo
FeS + HNO3 = FC(NO3)3 + HzSO4 + NO + HZO
FGSO4 + KCIO3 + HzSO4 = FGQ(SO4)3 + KCI + HZO
HBr + HzSO4 = BI’Z + SOQ + HQO
HN02 + KMHO4 + HQSO4 = HNO3 + MHSO4 + KzSO4 + HZO
Mg + HzSO4(KOHL[) MgSO4 + st + HZO
10 MOSQ + PbOz + HNO3 H2M004 + HzSO4 + Pb(NO3)2 + HQO
11.Nal + N&NOz + HzSO4 = Iz + NO + Na2804 + Hzo
12.NO + KMI’IO4 + HQSO4 = MHSO4 + N02 + KzSO4 + Hzo
13.P + HNO3 + Hzo = H3PO4 + NO
14SI’ISO4 =+ K2C1'207 + H2804: SI’I(SO4)2 =+ CI’z(SO4)3 =+ KzSO4 =+ H20
15.Zn + HNO; = Zn(NO3), + N,O + H,0
16.S + KOH = K,S + K,SO;5 + H,O

SR e
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Paszpen II. CTPOEHHUE BEILIECTBA

I'nasa 4
CTPOEHUE ATOMA. HEPI/IOIII/I‘IECKI/Iﬁ 3AKOH
N IMEPUOAUYECKAS CUCTEMA JI.U. MEHJAEJIEEBA

ITo teme «CtpoeHue aroma, nepuoaudeckuil 3akoH u llepuognueckas
cuctema /.. MenneneeBay HEOOXOAMMO 3HATh U YMETh CJICAYIOIICE:

1. 3Hats Ha3BaHus, 0003HAUYCHUS, 3apsii U OTHOCUTEIBHYIO Maccy 3Jie-
MEHTapHBIX YaCTHII, BXOASAIIMX B COCTaB aTOMa M aTOMHOTO spa.

2. OOBACHATH, YEM OTJIMYAIOTCA U30TOMBI OJTHOTO M TOTO K€ XMMHYE-
CKOT'0 DJIEMEHTA, YMETh 3allMChIBATh CUMBOJIBI M30TOIOB, YMETH BBIUUCIATH
CPEIHIOK aTOMHYIO MAacCy XMMHUYECKOTO 3JIEMEHTA MO €ro M30TOMHOMY CO-
CTaBy.

3. IloHMMaTh TEOPETUYECKHUE OCHOBBI (IIPUHIIUI KBAHTOBAHMSI, KOPITyC-
KYJISIPHO-BOJTHOBAsI IBOMCTBEHHOCTb, MPHUHIIUI HEOIPENEICHHOCTH) U 3HATh
AKCIIEPUMEHTaIbHbIE (PaKThl, HA KOTOPHIX OCHOBaHAa COBpPEMEHHas MOJEIh
CTPOEHHMSI aToMa.

4. YMeTh OOBSICHATH TIOHITHE «aTOMHAasi OpOUTaJIby U 3HATh HATJISTHBIC
dbopmbl €€ TpencTaBiIeHus, N300paxkaTh (OPMBI TPAHUYHON MOBEPXHOCTH S-,
p- u d-opouTaieil.

5. 3HaTh KBaHTOBBIE YHCJA: Ha3BaHWs, OOO3HAUEeHUSs, (PuU3NUECKUi
CMBICJI, 3HaYEHUS1, B3aUMOCBS3b.

6. 3HaTh 3aKOHOMEPHOCTH (HOPMUPOBAHUS DJICKTPOHHBIX O000JOYEK
MHOT'O3JICKTPOHHBIX aTOMOB: MPUHIMI HAaWMEHBIIEH JHEPTUM, IPaBUIIO
KneukoBckoro, npunnun [Taynu, npasuna XyHza.

7. YMeTh 3aluchiBaTh AJIEKTPOHHYIO (OPMYTy aromMa Mo aTOMHOMY HO-
Mepy 3JEMEHTAa U yKa3blBaTh B aTOME BAJEHTHBIE DJIEKTPOHBIL; ISl BAJICHT-
HBIX AJIEKTPOHOB YMEThH 3aIMCHIBATh IpauuecKkyro GopMyy.

8. OmpenensTh 3HaYCHHUS] KBAHTOBBIX YHWCEN JJISl JIIOOOTO SJIEKTPOHA B
AIIEKTPOHHOU 000JI0UKE aToMa.

9. 3Hath (HOPMYIHUPOBKY MEPUOIUUECKOTO 3aKOHA, CTPYKTYpPY ABYX OC-
HOBHBIX (opM [leproamdeckoit cuctemsr (8- u 18-KIeTOUHOI), MPU3HAK Pa3-
JIeJICHUS DJIEMEHTOB Ha CEMENCTRBA S-, P-, d- u f-311eMeHTOoB.

10. OOBsACHATP (PUBHUECKHI CMBICI aTOMHOIO HOMEpa, Nepuoja u
IpyNIbl, 3HaTh OTIWYMUS MOOOYHON MOATrPYNIBI OT TJIABHOW B 8-KIETOYHOMH
dbopme [leprogudyeckon CUCTEMBI.

11. OOBACHATDH MO AEKTPOHHOMY CTPOCHMIO aTOMa U MECTY AJIEMEHTa B
[leprognyeckoii CUCTEME XMMHYECKHUE CBOMCTBA JJIEMEHTA, 4 TAKKE COCTaB
Y CBOICTBA €r0 OKCUJOB U TUJIPOKCUIOB.
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12. 3HaTh U OOBSICHATH 3aKOHOMEPHOCTH H3MEHCHHS B TEPUOAaX U
rpynmnax XapakTepUCTHK aToMOB (pajnyC, WOHU3AIMOHHBIN TOTEHIIHAI,
AIIEKTPOOTPUIIATENILHOCTh) U CBOMCTB 3JIEMEHTOB U MPOCTHIX BEIIECTB (Me-
TQUVIMYECKHE W HEMETAUIMYECKUE U OKHUCIUTEIbHO-BOCCTAHOBHUTEIIbHbBIC
CBOMCTBA).

13. OOBACHITh 3aKOHOMEPHOCTH M3MEHEHHUS B TIEPHOJAX W B TPYIIax
COCTaBa M CBOMCTB OKCHJIOB U THAPOKCH]IOB.

MNPUMEPHI BBIITOJIHEHUA 3ATAHUI

IIpumep 1. Hanumwure snexkrponHHyo dopmyny ¢rtopa. CocrosiHue
BHEILIHUX 3JIEKTPOHOB BBIPA3UTE AJIEKTPOHHO-Tpaduyueckoi cxemoil. Ompe-
JICJIUTE YUCIIO HECTIAPEHHBIX AJEKTPOHOB B aTOME 3TOr'0 3JIEMEHTA.

Pewenue. ATomubsiii HOMEp (pTOpa paBeH JIEBATH, CIEIOBATEIHLHO B €T0
aToMe HMMeeTCsl JEBATh 3JEKTPOHOB. B COOTBETCTBMM C NMPUHIMIOM HaW-
MeHbIleil JHePruM U yuuThiBas cieacTsus npuHuuna [aymam, 3anuceiBaem
3IeKTpoHHYI0 hopmyity ropa: 15°2s*2p’. BTopoii sHepreTHyeckuii ypoBeHsb
B atoMe (propa — BHEMIHUN. J[JI1 BHEHIHMX 3JIEKTPOHOB COCTAaBIISIEM AJIEK-
TPOHHO-TPAYUUECKYIO CXEMY:

F (1s22s22p%) [ 1L T
2s 2p

N3 cxembl ciaenyeT, 4To B aToMe (PTopa MMeeTcs OAMH HECIapeHHBIN AJIeK-
TPOH, T.€. aTOM (PTOpa MOXKET MPOSIBIATH TOIBKO OJHY BaJIECHTHOCTh, PABHYIO
enunute. [lepexon atoma propa B BO30yKIEHHOE BaJIGHTHOE COCTOSIHUE He-
BO3MOXEH, TaK KaK Ha BHEIIHEM YHEPreTUYECKOM YPOBHE (BTOPOM) HET CBO-
Oooaubix opOutanelt. Ilpu pacnapuBaHUM 3JEKTPOHHBIX Map HECTAapEHHBIC
AJIEKTPOHBI HE MOTYT NIEPEUTH HA TPETUN SHEPIeTHUECKUI YPOBEHb (MMEIOT-
csl B BUIY pealbHble XUMUYECKHE MPoLEecChl; (POpMaIbHO 3JIEKTPOHBI B aTO-
M€ MOTYT 3aHHUMATh IOJOKEHUSA Ha JIOOBIX SHEPreTUYECKUX YPOBHSX, BCE
3aBUCHUT OT MPUJIOKEHHON SHEPTUN).

IIpumep 2. CocTtaBpTe 3MEKTPOHHO-TPAYUUECKUE CXEMBbI BO3MOMKHBIX
COCTOSIHUI BaJ€HTHBIX 3JIEKTPOHOB aroma yrieponaa. Onpenenure cymmap-
HBIW CIIUH 711 HOPMAJIBHOTO U BO30YKIEHHOTO COCTOSIHUS aTOMA.

Pewenue. dnextporHas GopMyiia aToma yriaepona 1s*2s°2p’, cocTosHue
BaJICHTHBIX 3JIEKTPOHOB 25°2p°. I10/1ypoBeHb 2p He 3aBepIleH, TaK KaK YHCIIO
AJIIEKTPOHOB Ha HEM MeHbIIe mecTu. CXxemMbl pacipeneneHus IeKTPOHOB Ha
BaJEHTHOM yYpOBHE B OCHOBHOM M BO30YKIEHHOM COCTOSIHUSIX aTOMa yTJe-

pona:
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“TT fﬂ'C*TTTT
2s 2p 2s 2p

C (2522]32)

MakcumanbHoe (1o a0CONIIOTHOM BEJIMUMHE) 3HAaueHue crnuHa (2) cooT-
BETCTBYET BO30YKIEHHOMY COCTOSIHHIO, OCHOBHOMY COCTOSIHHIO COOTBETCT-
BYeT CyMMapHBII CIIUH, paBHBIN €IUHUIIE.

[pumep 3. Hanumute 3nexTpoHHbIe HOPMYIIBI aTOMa Keje3a U MOHOB
xenesa (+2) u xenesa (+3).

Pewenue. B arome xeneza 3d-nmogypoBeHb 3aMOJIHSIETCS 3JIEKTPOHAMMU
nociie 4s-mogypoBHS, HO MPU HOHU3AIMU aTOMa BHAyaje OTPBIBAIOTCS OT
aToMa 4s-371ekTpoHbl. [lo3ToMy 31eKTpOoHHBIE (DOPMYJIIBI TAKOBBI:

2n 2 2 2
Fe: 1525*2p®3s°3p°3d%4s?;
24, 12727622262 161 0
Fe™ : 1s2s2p’3s3p°3d’4s’;
+ 2 2 2
Fe'": 15*2s72p°3s*3p®3d’4s".

IIpumep 4. Hanumure cokpaiieHHbIe 3IEKTPOHHBIE (OPMYJIBI Kallusl U
pyTEHHUS.

Pewenue. B cokpamieHHOM BHUJE YacTh 3JEKTPOHHOU (HOPMYIIBI, COOT-
BETCTBYIOIAs YCTOMYMBOM AJIEKTPOHHON 000JI0UKE aToMa MPEAIIeCTBYIOIIE-
ro 0JIaropoAHOTO rasza, 3aMEHSIETCS CUMBOJIOM 3TOTO 3JIEMEHTa B KBaJpat-
HBIX CKOOKaX, a OCTaJIbHAsI YacTh (POPMYIIBI 3aITUCHIBACTCS B OOBIYHOM BHUJIE.
B pesynbrare snexTponHast GpopMysia CTaHOBUTCS KPaTKOM, HO ee HH(pOopMa-
THUBHOCTB OT 3TOT'O HE YMEHBILIAECTCS: KaJIU: [Ar]4s1; PyTEHUI: [Kr]4d65 5%,

IIpumep 5. Onpenenure, K KaKUM CEMENUCTBAM XUMHUYECKUX 3JIEMEHTOB
otHOcsATCs cTpoHIwmil (Z = 38), cBunen (Z = 82), uupkonuit (Z = 40) u cama-
puii (Z = 62).

Pewenue. XuMuuecKkue 31eMEHTBI MOAPA3IAEISIIOTCS HA YEThIPE CEeMEN-
CTBA.

1. s-OneMeHThl. B aromax 3TUX 3J€MEHTOB NMPOUCXOAUT 3alOJHEHUE
AIIEKTPOHAMHU S-TIOAYPOBHS BHEUIHETO (IIOCIEAHET0) SHEPTETUYECKOIO YPOB-
HSL

2. p-OneMeHThl. 3aloNHAETCA JJEKTPOHAMH P-IOAYPOBEHb BHEIIHETO
HYHEPreTUYECKOTrO YPOBHSL.

3. d-DnemeHtbl. 3anojHseTcs AJEeKTpoHamMu d-MOAYpPOBEHb MpeEl-
BHEIIHETO SHEPreTUYECKOr0 YPOBHHI.

4. f-OnemeHThl. 3anoIHIETCS EKTPOHAMU f-IIOypOBEHb BTOPOIO CHa-
PYKH SHEPreTUYECKOTO YPOBHSL.
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3anuchIiBacM COKpaH_IéHHBIC QJICKTPOHHLIC q)OpMy.HBI JaHHBIX 3JICMCH-
TOB:

Sr: [Kr]5s%; Pb: [Xe]4f'*5d'"6s%6p?;
Zr: [Kr]4d*5s%; Sm: [Xe]4f°6s>.

N3 popMy BUAHO, K KAKOMY CEMEUCTBY OTHOCHUTCS KaX bl AJIEMEHT.

IIpumep 6. Onpenennure YUCIO BaJEHTHBIX 3JIEKTPOHOB B aTOMax ajlto-
MUHUS U BaHAUS.

Pewenue. BaneHTHbIMH Ha3bIBAIOTCSA TE€ 3JIEKTPOHBI, KOTOpPbIE oOecme-
YUBAIOT XMMHUYECKYIO CBS3b JAHHOTO AJIEMEHTAa C APYTMMH JJIEMEHTAMH B
COEJIMHEHUSIX.

BasieHTHBIE 3J€KTPOHBI ONPEAEIIAIOTCS M0 MPUHAJJIEKHOCTH 3JIEMEHTOB
K ONPENIETIEHHOMY CEMENCTBY. B yacTHOCTH, y S-3JIEMEHTOB BaJICHTHBIMU SIB-
JISIFOTCS DJIEKTPOHBI BHELIHETO S-TIOYPOBHS, Y p-3JIEMEHTOB — BHEIIHUX I10-
JIypOBHEW § U p, a y d-DJIEMEHTOB BaJICHTHBIE ASJIEKTPOHBI HAXOJATCSA Ha
BHEIIHEM S-TI0YPOBHE U MPEBHEIIHEM d-TIOYPOBHE.

1) Dnekrponnas bopmya amomunmst (Z = 13): 1s*2s2p®3s*3p’, wm B
cokpauiéuaom Bume [Ne]3s’3p'. AMIOMUHHI NPUHAICKHT CEMEHCTBY p-
AJIIEMEHTOB, CJIEA0BATEIBHO B €0 aTOME TPU BAJIEHTHBIX AJIEKTPOHA.

2) DnexTponHas Gopmyna Banaus (Z = 23): 1s°2s*2p°3s*3p°3d’4s’, unn
B cokpamieHHoM Buae [Ar]3d’4s’. BaHamii NpHHAIIEKHT CEMEHCTBY d-
AJIIEMEHTOB, CJIEA0BATEILHO B €r0 aTOME MSATh BaJ€HTHBIX JIEKTPOHOB.

IIpumep 7. OxapakTepuzylTe BCE HECIAPEHHBIE DJIEKTPOHBI B aTOME
MapraHia (B OCHOBHOM COCTOSIHMH ) KBAHTOBBIMH YHCIIAMM.

Pewenue. Dnextponnas ¢opmyna aroma Mapradma (Z =25)
15*252p°3s*3p®3d°4s” mnn B cokpamentoM Buge [Ar]3d°4s”. U3 anekTpoH-
HOU (OpMYJIBI BUIHO, YTO HE3aBEPIIEHHBIM SIBisieTCsl 3d-TI0IypOBEeHb, MaK-
CUMaJIbHO BO3MOXHOE YHUCJIO 3JIEKTPOHOB HA KOTOPOM paBHO 10, Bce ocTalib-
HbIE MOJIyPOBHU 3aBEPIICHBI MOTHOCTHIO, TIOATOMY, COTJIACHO MpaBUily XyH-
J1a, 3JEKTPOHBI HA HUX crapeHbl. CleoBaTenbHO, BCE HECIIAPEHHBIE JJIEK-
TpOHBI HaxosATca Ha 3d-nmogypoBHe. M300pa3uM 31eKTPOHHO-TPAPUIECKYIO
dbopMyTy JUIsl 3TOrO MOAYPOBHS:

CocrosiHHE AIEKTPOHOB B aTOMax XapaKTEpU3yeTCsl YEThIPbMs KBaHTO-
BBIMU YUCJIAMH: TJIABHBIM, OPOUTATILHBIM, MATHUTHBIM M CIUHOBBIM. J[7151 T151-
THU HECITAPEHHBIX 3JIEKTPOHOB aTOMa MAPraHla UX 3HAYEHHUSI CIEAYIOLINE.
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Keanmoesoe uucno 3Hauenue

I'maBHOE, N 3 3 3 3 3
OpOutanbHoe, [ 2 2 2 2 2
MarnaurtHoe, m; 2 1 0 -1 -2
CnuHoBoOE, My Ya Va Va Va Va

N3 Tabnuibl BUAHO, YTO IVIABHOE KBAHTOBOE YHCJIO 7 (XapaKTepu3yeT
OOIIYI0 PHEPTHUIO 3JIEKTPOHA B TOJE spa) A BCEX 3JIEKTPOHOB OAMHAKOBO
Y paBHO 3, TaK Kak BCE 5 AJIIEKTPOHOB HAXOATCS HA TPETHEM SHEPreTHYE-
CKOM ypoBHE. OpOUTA/IbHOE KBAHTOBOE YUCJIO / (XapaKTepU3yeT SHEPTUIO
AJIEKTPOHA Ha KOHKPETHOM MOJYPOBHE; YACIO [ MOXKHO OIPEIEIUTh U3 COOT-
BETCTBUS: AJiA S-oaypoBHA [ = 0, myist p-niogypoBHs / = 1, ana d-noxypoBHs /
=2 u qns f-noxypoBHs /[ = 3) Takke OJUHAKOBO ISl BCEX AJIEKTPOHOB, IO-
CKOJIBKY BCE OHM HaXOJATCsSl HAa OAHOM MOAYpoBHE. MarHMTHOe KBAaHTOBOE
YHCJIO 71, XapaKTEPU3yeT NPOEKINI0 MEXaHUUYECKOIO0 U MarHUTHOTO MOMEH-
TOB 3JIEKTPOHA HAa OCU KOOPJAMHAT, T.€. B3aUMHOE PacIoIOKEHHUE opouTaieit
OJTHOTO IMOAYPOBHS B MPOCTPAaHCTBE NpHHUMAEeT. OHO NMPUHUMAET 3HAYCHUS
ot +/ 10 —/, mo3TOMY ISl BCEX MATH JIEKTPOHOB PA3JIMYHO, TaK KaK OHH Ha-
XOZSATCSI Ha pa3HbIX OpOUTANAX 3d-MOAYpOBHS, UMEIOUIMX B MPOCTPAHCTBE
pasnuYHOE B3aUMHOE pacrnojiokeHne. CIMHOBOE KBAaHTOBOE YHCJIO 7l
XapaKTepHU3yeT MPOEKIUI0 COOCTBEHHOIO MEXaHUYECKOTO MOMEHTA YaCTHUIIbI
(oueHp rpy0oe HaryIsIIHOE MPEACTABICHUE — BPAIECHUE SJIEKTPOHA BOKPYT
cBoell ocu). OHO mpuUHHMMAaeT nBa 3HaueHus: t'%. s paccmaTpuBaeMbIX
AJIEKTPOHOB B aTOME MapraHiia OHO MMEET OJMHAKOBOE 3HAYEHHs, TaK KaK
AJIEKTPOHBI HECIIAPEHBI U, CIEA0BATEIBHO, UMEIOT OAMHAKOBOE HAIIPABICHUE
COOCTBEHHOT'O MEXaHMYECKOT'O0 MOMEHTA.

Mpumep 8. CKOPOCTb ABIKEHMS IEKTpoHa paBHa 2-10° m/c. Paccuu-
TalTe JJINHY BOJIHBI JJIEKTPOHA.

Pewenue. B3auMoCBs3b MEXy CKOPOCTBIO ABUKEHUS AJIEKTPOHA U €ro
JUIMHOW BOJIHBI A (KOPIYCKYJISIPHO-BOJIHOBOM Jyajn3M) BbIPa)KaeTcsi ypas-
HeHnueM Jle bpoiius:

riae h — nocrosinnas [lnanka, paBHas 6,63-107" JIxk-c; m — Macca 3IeKTpOHa,
paBHas 9,1 1-107" KT; Vv — €ro ckopocTb. CiienoBaTeabHO, JJIMHA BOJIHBI AJIEK-
TpOHA:
. 6,63107
A= 9,11-10°"-2-10°
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Ipumep 9. [MoreHnman noHU3aIUKU aTOMa HaTpus paBeH 5,14 sB/aTowm,
yraepona 11,26 sB/atom. Uemy paBHa 3HEprusi HOHU3ALUN STUX AaTOMOB?

Pewenue. JIns nepexona oT NoTeHMaaa HOHU3ALUN K SHEPTUA HOHU3A-
uu (L>k/M0Jib) HEOOXOIMMO €ro COOTBETCTBYIOIIEE 3HAUEHUE YMHOXKUTh HA
noctosHHyi0 ABoragpo N, = 6,022-10” monb ' M 37eMeHTapHbI 3apsj e =
1,6:107" Ko:

1) E{(Na) = 5,14-6,022-10”-1,6-10"° = 4,95-10° I>x/M0b;
E(Na) =495 x/I»/mMoib.

2) E{C) =11,26-6,022-107-1,6:10""" = 1,085-10° Ix/Mo11b;
E(C)=1085 x/I»/mMoib.

Hpumep 10. Mcrmone3yss 3HA4€HMS OTHOCUTEIBHOM DJIEKTPOOTPHULA-
TEJILHOCTU 3JIEMEHTOB, YCTAHOBUTE MPABWIbHOE HamucaHue Gopmysl coeu-
HEHUU p-3JIEMEHTOB MATOU I'PYIIIBI C BOAOPOIOM.

Pewenue. 3anumeM TaOMUYHBIE 3HAYEHUS SJIEKTPOOTPHUIATEIHLHOCTU
anemeHToB (o [lonuury): Bogopon 2,1; azot 3,0; docdop 2,1; meubsik 2,0;
cypbpma 1,9; Bucmyt 1,9. B dhopmynax GMHApHBIX COSAMHEHUN CUMBOJI MEHEE
AIEKTPOOTPUIIATENILHOTO AJIEMEHTA 3aliChIBaeTCsl MEpBbIM, a Oosee dJeK-
TPOOTPHUIIATEIIBHOTO — BTOPBIM. ClieIoBaTeNIbHO, MpaBUiIbHAs 3amuch (Hop-
MyJbl aMmMmuaka H3;N, HO XMMUKM TTOJIB3YIOTCS UCTOPUUYECKU CIIOKUBIIEHCS
dbopmymoit NH;. @opmyiibl coeIMHEHUI MBITIBbSKA, CYPhMbI U BUCMYTa C BO-
nopoaom: AsHj, SbHj;, BiH;. @ocdop nmeer Takyro xe 31eKTPOOTPHUIIATEIb-
HOCTh, YTO W BOJOPOJ, MOATOMY (OpMYIIly COCAMHEHHS ITHX 3JIEMEHTOB
MOXHO 3anuckiBaTh Kak PH;, Tak u H;P, HO 00bIYHO MOJIb3y1OTCS IEPBOM 3a-
MHACBIO.

IIpumep 11. PykoBoacTBysCh MoN0KEeHHEM 3i1eMeHTOB B Ilepuoauye-
CKOHM cucTeMe, HamuImuTe (GOpMysbl COCTUHEHUN aTFOMUHUS C BOJIOPOJIOM,
KHCJIOPOJIOM, a30TOM, YTJIEPOI0M, CEPOi U GTOPOM.

Pewenue. ®opMynbl COEIMHEHHUIN COCTABIIAKOTCS MO BAJIEHTHOCTSIM JJIe-
MEHTOB, a BBICITIAsl BAJIGHTHOCTh AJIEMEHTA, CTOAIIETO B XUMUIECKON (HhopMy-
JIe Ha MIEPBOM MECTE, KaK MPaBWJIO COBMAAAET C HOMEPOM T'PYIIIIbI, B KOTOPOI
OH pacnojio)keH B [lepuonnueckor cucrteme. BaleHTHOCTH 37€MEHTA, CTOSI-
IIEr0 B XUMHUYECKOW (popMysie OMHAPHOTIO COEAUMHEHUS Ha BTOPOM MECTE,
paBHa pa3zHocTH: (8 — Ne rpyrrbr).

AMOMHHMI TPEXBAJIEHTEH, a BAJIECHTHOCTh BOJIOPOJa, KUCIOPOAA, a30Ta,
yriepojia, cepbl 1 GTOpa B COEAMHEHUIX C METaJIaMU paBHA, COOTBETCTBEH-
HO, €IMHULIE, ABYM, TPEM, YEeThIpEM, IBYM U enuHulie. B gopmynax 6unap-
HBIX COCAMHEHUN MPOU3BEICHUE YMCIIa ATOMOB HA BaJIECHTHOCTb OJHOTO 3Je-
MEHTa JIOJDKHO OBITh PAaBHO TaKOMY K€ MPOU3BEICHUIO JTPYTOro SJIEMEHTA.
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Ncxonst u3 atoro, cocraBisieM GopMyJibl TpeOyeMbix coenuueHuit: AlH;, Al,Os,
AIN, Al,C;, ALLS;, AlF;.

IIpumep 12. PykoBoACTBYSCH IMOJOKEHHEM 3iieMeHTOB B Ilepuoauye-
CKOM cucTeme, HamuIIuTe (OPMYJbl BBICIIMX OKCHIOB XpOMa, MapraHia u
0JIOBA, KUCJIOT, COOTBETCTBYIOIIMX ITUM OKCHJAM, a TAK)KE IPUMEPHI COJIEU
ITUX KHCJIIOT.

Pewenue. Xpom pacrnonoxen B mectoi rpynne Ilepuoanueckon cuc-
TE€MBI, MapraHel] B CEApMOM, a 0JIOBO B ueTBepTOo. HomMep rpynmsl yka3piBa-
€T UX MaKCHUMAaJIbHYI0 BaJ€HTHOCTb, CIEJOBATEIbHO TpeOyemble (POpMyIIbl
TaKOBBI:

ODJIeMEHTHI: Cr Mn Sn
OxcHabl: CrO; Mn,0, SnO,
Kucnotsr: H,CrO, HMnO, H,SnO;
Comnu: Na,CrO, KMnO, Na,SnO;

IIpumep 13. PyKoBOACTBYSCH ITONOKEHHEM 3IEMEHTOB B Ilepnonnye-
CKOM CHCTEME, OXapaKTEPU3yHUTE€ NU3MEHECHHUE KHCIOTHO-OCHOBHBIX CBOWMCTB
coenuuennii B psagax: 1) Na,O—Al,O;—SOs; 2) Ba(OH),—Ca(OH),—Be(OH)s.

Pewenue. DnemenTsl, 00pa3yromniye NPUBEACHHBIE PsAbl COEIMHEHHM
(OKCHUJI0OB U THAPOKCHUIOB), pacmojiokeHbl B llepumoandeckoit cucreme mo
pPa3HOMY NPHUHIMITY: OKCHJIBI NIEPBOr0 psjia 00pa3oBaHbl IEMEHTaMH 3-ro
NIEpUOAA U PACIIOJIOKEHBI B NOPSIAKE YBEIUYEHUS 3apsiia Aapa; THAPOKCUIBI
BTOPOIO psija 00pa3oBaHbl A€MEHTaMu TJaBHOM noarpymisl 11-i rpynnsl u
PacCIoOKEHbl B MOPSAJKE YMEHBUIEHUS 3apsia siApa aTOMa COOTBETCTBYIO-
LIETO JJIEMEHTA.

B nepuopax ¢ yBenuueHueM 3apsijia siipa aTOMOB HaOJIOJAeTCsl M3Me-
HEHUE CBOWCTB OJHOTHUIIHBIX COEIMHEHHMH (B JAHHOM Clly4ae OKCHIOB) OT
OCHOBHBIX uepe3 aM(pOTepHbIe K KUCIOTHBIM. [lo3TOMYy B mepBoM psy co-
eauHeHnd okcua HaTpus Na,O sBIsIeTCS OCHOBHBIM OKcuaoM, Al,O; — am-
dbotepubM U SO;3 — KUCIIOTHBIM.

B rimaBHBIX moArpymnax METAIIMYECKHE CBOMCTBA 3JIEMEHTOB C YBEIM-
YEHUEM 3apsA/ia Spa YCUIMBAKOTCA, CIEA0BATENBHO, YCUIMBAETCS OCHOBHBIN
XapakTep UX COeNMHEHUU. Bo BTOpOM psiay coearHEHUH (TMAPOKCHUIOB) 3a-
pAn sApa METallla YMEHBIIAETCS, CJIENOBATENIbHO OCHOBHBIE CBOMCTBA T'MI-
POKCHUJIOB CHUXKAIOTCS, TO3TOMY rusipokcui oepuust Be(OH), Oyner Hau-
0osee c1abbIM OCHOBAaHHUEM B 3TOM psify. boiiee Toro, U3BeCTHO, YTO 3TO CO-
€AMHEHNE MPOSBIAET KUCIOTHO-OCHOBHYIO JIBOMCTBEHHOCTb, TO €CTh SIBJIS-
eTcst aM(pOTEPHBIM.
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IIpumep 14. [IpuBegute oOILIYI0 XapaKTEPUCTUKY IJIEMEHTA C AaTOMHBIM
HOMEpoMm 33.

Pewenue. AToM JaHHOTO 3JIEeMEHTAa UMEET 33 AJIEKTPOHA, KOTOPHIE 3a-
CEJISIFOT  DHEPreTUYECKHE YPOBHU COTJIACHO JJIEKTPOHHOU  (opmyrie
15*25°2p®3s°3p®3d'%4s’4p’. CnemoBaTenbHO, STOT 3MEMEHT TPHHALISKUT K
CEMEUCTBY p-3JIEMEHTOB. BHEIIHUM 3HEPreTUYECKUM YPOBHEM B aTOME $IB-
JsieTCS YETBEPTHIM YPOBEHb, CIEAOBATEIBHO 3JIEMEHT HAXOJUTCSA B YETBEP-
ToM nepuoje [lepuoguyeckoit cucrembl. B aTome msITh BaJ€HTHBIX 3JIEKTPO-
HOB (4s°4p’), CII€IOBATEIBHO DIEMEHT HAXOMUTCS B IIATOI IPYIIIE, B [IABHOM
noarpynne Ilepuogmueckoit cuctemsl. ITOT MBIIBIAK As. OH OpOSIBISET
MPEUMYIIECTBEHHO HEMETAJIMYECKUE CBOMCTBA, XOTS M3BECTHA METaJLIMYe-
ckasg MoauduKkanus. XapakTepHble CTeleHu okucieHus: +5, +3, —3. [Ipume-
pel GOpMYJT COOTBETCTBYIOIIMX coenuHeHuit: As,Os, AsFs, AsH;, NazAs.
Oxcupa As,Os — KUCIIOTHBIM, €My COOTBETCTBYIOT KHCJIOTHI: H3AsO,4 (opTo-

MbIbsikoBas) 1 HAsO; (MeTaMbItibsikoBasi). BO3MOXKHBI cOeIMHEHUS B CTE-
ey okuciieHus +3: As,O3, AsCls, H;AsO3;, HAsO,.

SAJAHUSA JJII CAMOCTOSATEJBHOI'O PEHHEHUA

1. MWM3oOpasute BO3MOXHBIE OpHeHTauuu p- u d-opOutaneid B
MPOCTPAHCTBE.

2. Kakue KBaHTOBbIE YHUCIA ONPEACNSIIOT (HOpMYy M OpPUEHTALUIO B
MIPOCTPAHCTBE ANEKTPOHHOTO 00JaKa?

3. Hanumwure snektpoHHyo ¢opmyiny atomoB: Br, Ge, Co, Cu, S, Y,
V, Ce, W, Nb, Pt, Pd, ykaxuTte ceMelcTBO, K KOTOPOMY OTHOCHUTCS DJIEMEHT,
o0BsiICHUTE ero mojoxkeHue B lleproguueckoil cucreme, MPUBEAUTE HIICK-
TPOHHO-TpaduuecKoe N300paKEHNE BAJICHTHBIX SJIEKTPOHOB U OXapaKTepHu-
3yWTE UX KBAHTOBBIMH YHCIIAMH.

4.  Hanwmmure >ekTponnsie Gopmyist oo C1, 02 Sc™, Cr'.

5. OObsAcHUTE pa3NIuyue MEXIY BAJICHTHBIMU W HEBAJICHTHBIMHU, CIa-
PEHHBIMU U HECHIAPEHHBIMU 3JIEKTPOHAMU. MOTyT JIU BaJ€HTHBIE 3JIEKTPOHBI
OBITH CITAPEHHBIMU?

6. OOBsAcCHHUTE, YTO HA3bIBAECTCS ATOMHOW OpOUTAIBIO U MPUBEIUTE
pa3InYHbIE CIIOCOOBI MPEJCTABIICHUS aTOMHBIX OpOUTAICH.

7. Omnpenenute 4uCIiIoO S-, p- U d-opOuTalieil B aTome xeesa.

8. Kak cBsa3ano ¢ npuniunoM [laynu onpenenenue yucia 3IeKTPOHOB
Ha DHEPreTUYECKUX YPOBHSX U NOAYPOBHSX?

9. Kakue u3MeHeHus B 3JIEKTPOHHONU 000JI0UKE aToMa CBUHIIA HAOJIO-
IaroTCs B Xoge mpespamenuii: Pb — Pb*" u Pb — Pb*"? Kakoe cocrosnne
(Pb*" mu Pb*") sBisieTcs Goee yCTOHUMBBIM H OdeMy?
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10. Kak u3meHsieTcsi 3JeKTpOHHash 000Ji0ouKa aroma Keje3a B XOJIe
npespamennii: Fe — Fe*" u Fe — Fe’'? Kakoe cocrosuue (Fe*' nm Fe')
OoJsiee yCTOMYMBO U MoYeMy?

11. Kakoii ¢pu3nuecKkuil CMbICII UMEET aTOMHBIM HOMEp 3JIEMEHTa U MO-
YyeMy XHMHYECKHUE CBOMCTBA DJIEMEHTA OMNPEIESISIOTCS €ro aTOMHBIM HOMe-
pom B Ilepuognueckon cucreme?

12. Cxonbko CcBOOOAHBIX (HE 3aHATHIX JJIEKTpoHamu) d-opOurtaineit
MMEETCS B aTOMaxX CKaHusl, TUTaHa, BaHAAMs?

13. OObsicaute, moueMy OpoM M MapraHell; cepa U MOJIUOJIEH; TUTaH U
KPEMHHUM HaXOIATCS B OAHOM IpyIIle, HO B pa3HbIX noAarpynnax [lepuoauye-
ckoil cucrembl. [lokaxxute mpumepaMyu NPaBOMEPHOCTh MX HAXOXKJICHHS B
OJHOM IpyIIIE.

14. Tlouemy B OAHOI TpyIllie ¢ rajJoreHaMu-HEMEeTalJIaMUd HaXOJSATCA
MeTallIbl — MapraHel, TexHeuud u penuit? Cornacyercs Ju Takoe 00beau-
HEHHUE JIEMEHTOB C UX CBOMCTBAMH U CTPOECHHEM aTOMOB?

15. CocTosHME BHEIMIHETO 3JIEKTPOHA aTOMa ONMCHIBAETCS KBAHTOBBIMU
yucimamu: n = 3, [ = 0, m; = 0. ATOMBI KaKoT0 3JICMCHTa UMCIOT TaKOH JJICK-
TpOH?

16. UYewm ompenensieTcss YUCIO SHEPIEeTUYECKU BBIPOKACHHBIX aTOMHBIX
opOuTasnei Ha s-, p-, d- U f- SHepreTUUecKux MoyPOBHSX ?

17. VoHu3anmoHHBIC MOTEHIIMAIBI ATOMA YTJIEpO/ia UMEIOT CIIEeIYIOIINe
sHauenus: I, = 11,3 »B, I, = 24,4 »B, I = 47,9 5B, I, = 64,0 3B,
Is = 392,0 »B. Ilouemy B psany I, — I, — I3 — I, HaGmrogaeTcss MOHOTOHHOE
YBEJIIMYEHUE, a PU Iepexoie OT Iy k Is pe3kuii CKayOK MOHU3ALUOHHOTO I10-
TeHIrana?

18. Kak ¢opmynupyercs [lepnoanueckuil 3aKkoH, Kak OH WUTIOCTPUPY-
ercsi rpadudeckn? Kakme KOHKPETHO CBOMCTBA aTOMOB M XHUMHYECKUX
3JIEMEHTOB onuchiBatoTca [leproinueckum 3akoHOM?

19. Kakme cBOHCTBA DJJIEMEHTOB MOKHO OIIEHHTH C IIOMOIIBIO
MOHM3AIIMOHHBIX TMOTEHIManoB? UYTO MOXKHO CKa3aTb O CBOMCTBax
HEKOTOPBIX TPEX XMMHUUECKUX DJIEMEHTOB, JIJII KOTOPHIX BeauuyuHa / paBHa
5,39; 9,75 u 13,6 3B, ecnu camblii HU3KUW NOTEHIIMAI MOHU3ALIMU paBeH 3,89
»B (ue3uit), a camblii Beicokuit 24,58 3B (renuii)?

20. Kakoe XuMHUYeCKOE CBOMCTBO 3JIEMEHTA XapaKTEepHU3yeTCsl SIHEpruei
noHu3auuu ero aroma? OTBET WUIIOCTPUPYHTE MpUMEpaMH, HUCIOJb3Ys
CIIPaBOYHBIE TAHHBIE 110 SHEPTUSIM HOHHU3ALIUH.

21. Tlortenmman wWoHM3ANMU JUTUS paBeH 5,39 »B/atom wnun
520 x/I>x/momb, a ¢pTopa — 17,42 s3B/arom nnu 1680,4 kJx/Monb. O0bsicHUTE
TaKylo OOJIBIIIYIO pa3HuIly B 3HadeHUsX [ s autus u propa. [IpuBenure
COOTHOIIICHHE IS TIepexoaa oT 3B/aTtom k k/[/Mob.
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22. Y Kakoro u3 3JEMEHTOB ISATOM IPYNIIbl — MBIIIbAKA WA BUCMYTa —
CUJIbHEE BBIPAXKEHBI METAJUIMYECKHUE CBOMCTBA U MOYEMY ?

23. Honsl Li" u H umMeroT oamHakoBoe 4WmcIo (Kakoe?) 3JIEKTPOHOB.
Pannyc kakoro vona 6osbIme?

24. Kak u moyeMy HM3MEHSIIOTCS METALIMYECKUE U HEMETAJUTUYECKHE
CBOMCTBA 3JIEMEHTOB C YBEJIMYEHUEM aTOMHOTO HOMepa?

25. Kak u3MeHsI0TCSt OCHOBHO-KUCIOTHBIE CBOMCTBA OKCUAOB U THPO-
KCHUJIOB C YBEJIMYEHUEM aTOMHOIO HOMEpa 3JIEMEHTOB B MEPUOJaX U B TPYII-
nax? OTBET MOTUBUPOBATh U WILTIOCTPUPOBATH MPUMEPAMHU.

26. Kak u3MeHSI0TCS paguychl XMMUYECKUX DJIEMEHTOB B NEPUONAX U
rpynmnax? Kak oTpakaroTcs U3MEHEHUsS pajdyCcoOB aTOMOB Ha XUMHUYECKHX
CBOMCTBAx 3JIEMEHTOB?

27. KBaHTOBBIE 4HCIIa MOCIEOHETO 3JIEKTPOHA B aTOME HEU3BECTHOTO
sleMeHTa paBHBL 6, 4, +3, +'/,. Kakoii 5T0 31eMEHT, KaKoBa ero MmojHas
ANIEKTpPOHHAsA ¢opMysia U JJIEKTPOHHO-Tpaduueckas Gopmylsia BHEIIHUX
AIEKTPOHOB?

28. OObscHHUTE, TOYEMY U KaK U3MEHSIETCS C YBEIMYECHUEM aTOMHOTO
HOMEpa AJIEMEHTOB HOHU3ALMOHHBIN MOTEHINAI uX aToMoB. Kak oTpaxaercs
M3MEHEHHE MOHU3AIMOHHBIX MOTEHIIMAJIOB HAa XMMHYECKUX CBOMCTBaxX 3Jje-
MEHTOB?

29. TlocnenHuii SNEKTPOH B aTOME JJIEMEHTA XAPAKTEPU3YETCA KBAHTO-
BbIMM unciaamu: 6, 4, 0, +'/,. Kakoit 310 AJIEMEHT, KAKOBA €Tr0 JJIEKTPOHHAS
dbopmyia u 3neKTpoHHO-Tpaduyeckas GopMysia BHEUTHUX AIEKTPOHOB?

I'naBa 5
XUMHNYECKAS CBSI3b.
CTPOEHMUME MOJIEKYJI U KPUCTAJIJIOB

ITo Teme «Xumuueckas cBsA3b. CTPOCHHE MOJIEKYJI U KPUCTAJIOB» CTY-
JI€HTBI JOJDKHBI 3HATh U YMETh CIIEAYIOLIEE:

1. IlepeuncnsTe THUIBI XUMHYECKOW CBS3M U YKa3bIBaTh OTIUYUTEIIbHbBIE
PU3HAKU BEIIECTB C PA3IUYHBIM TUIIOM CBSI3U; 3HATh HauboJee BaKHbIE Xa-
PAKTEPUCTUKH XMMHUYECKUX CBSI3€H; CPAaBHUBATH XUMHUYECKHUE CBSI3U B OJIHO-
TUINHBIX MOJIEKYJaX IO JHEPTUH, JJIMHE, BAJICHTHOMY YINY, IWIIOJIBHOMY
MOMEHTY.

2. IIpuMeHATh METO]T BAJICHTHBIX CBSI3eH AJIs1 OOBSICHEHUsT 00pa30BaHUs
Y CBOMCTB KOBAJICHTHOM CBSI3H, CTPOCHMS MOJIEKYJI:

1) OOBSICHATH JIEKTPOHHYIO BAJIGHTHOCTh M €€ OTJIMYHME OT CTEXHOMET-
PHUYECKON;
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2) 3HaTh MEXaHU3Mbl 00OpPa30BaHUs KOBAJICHTHOM CBs3U (OOMEHHBIH, J0-
HOPHO-AKIENTOPHBII) U WILTIOCTPUPOBATh UX NPUMEPAMU;

3) ompenensTh TUN THOPUAN3AlUA OpOUTANIeH, MOKA3bIBATh YUCIIO U Ha-
npaBjieHUe THOPUIHBIX OpOUTael, yroia Mexay HUMH, U300pa’kaTh CXEMBbI
MOJIEKYT;

4) moka3bpIBaTh MEPEKPHIBAHUE DJICKTPOHHBIX OOJAKOB, YKa3bIBATh THII
MEPEKPHIBAHUS U KPATHOCThH CBSI3H;

5) OOBACHATH BIMSIHUE HECBS3BIBAIOIINX OpOUTANIEl HA CTPOEHUE MOJie-
KyJI;

6) UMETh TOHSTHE O JCIOKATU30BAHHBIX U JIEKTPOHOAEDUIIUTHBIX CBSI-
3s1X.

3. BnageTh 0CHOBaMH METO/1a MOJIEKYJIIPHBIX OpOUTaei:

1) n300paxkaTh SHEPreTUUECKUE TUAarpaMMbl MOJIEKYJISIPHBIX OpOUTaien
JIBYXaTOMHBIX MOJIEKYJI U HOHOB, OOpa30BaHHBIX 3JIEMEHTaMHU IE€PBOr0 M
BTOPOT'O NIEPUOJIOB;

2) ompenensaTh MOPSIOK CBS3M M MarHUTHBIC CBOMCTBA YacTHUIl, UMETh
MOHATHE 00 U30AJIEKTPOHHBIX MOJIEKYJIaX U HOHAX.

4. 3HaTh CBOMCTBA MOHHOM CBSI3U, YMETh ONPENIENATh CTENIEHb HOHHOCTH
XUMUYECKUX CBS3€H, UMETh MPEJCTABICHUE O B3aUMHOW MOJSpPU3AIUU HO-
HOB, UMETh TIOHATHE 00 SHEPTHH CBSA3CH B MOHHBIX KPUCTAIAX U €€ pacueTe
o 1ukity bopua—I"abepa.

5. OOBACHITH MPUPOJY METALUIUUECKON CBSI3M, UMETh MOHSTHUE O 30H-
HOW TEOpHH.

6. OOBACHATH BOJIOPOJIHYIO CBSI3b U €€ BIUSHUE HAa CBOMCTBA BEIIECTB.

7. 3HaTh TUIBI MEXMOJIEKYJIIPHOTO (BaH-JI€P-BAaaIbCOBOT0) B3aUMO/IEH -
CTBUSL.

8. 3HaTh 0COOCHHOCTH B3aUMOJICUCTBUS YACTHI] BEIIECTBA B Pa3TUYHBIX
arperaTHhIX COCTOSIHUSX; 3alUChIBATh YPABHEHUE COCTOSIHUSL PEAIbHOTO rasa.

9. 3HaTh TUIIBI XUMHYECKOM CBSI3M MEXIY YaCTULUAMU B TBEPJIbIX Bellle-
CTBaX, OTJIMYKA aMOP(GHOTO COCTOSHUSA OT KPUCTALITMYECKOTO; 3aBUCUMOCTD
CBOWCTB TBEPAOTO BELIECTBA OT TUIIA KPUCTAJUIMYECKOU PEIIETKH.

IMPUMEPBI BBITIOJTHEHUSI 3ATAHUI

Ipumep 1. [Ins pspa omHotunubeix mosekyn H,O-H,S-H,Se-H,Te
OOBSICHUTE W3MEHEHUE XapaKTePUCTHK M CBOWCTB XHMHYECKOH CBSI3U:
1) nnunel, 2) sHEpruu, 3) BaJIGHTHOTO yria, 4) MOJSIPHOCTH, 5) BUA MEXKMO-
JIEKYJIAPHBIX B3aUMOJCHCTBUU.

Pewenue. JIniHa XUMHYECKOW CBSI3M 3aBUCUT OT PaJIMyCOB COEIUHSIO-
mmxcs aroMoB. C yBeIMUEHUEM 3apsjia sSipa aTOMOB 3JIEMEHTOB B TJIAaBHBIX
MOATPYIINAX PaguyCchl aTOMOB yBEIMYHUBAIOTCS, CJIEIOBATEIHHO JUIMHA CBA3U
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B MIPUBEJCHHOM PAJIy MOJIEKYJ TaKXE YBEIUYUBAETCA. DHEPrusi CBI3U 00-
paTHO NMPONOPLUHOHANbHA €€ JUIMHE, TO €CTh B IIPUBEAECHHOM DSIIy MOJIEKYII
DHEPrUsl XUMUYECKOH CBSI3M YMEHBILIAETCS.

BaneHTHbIll yrom MexJay CBS3SMU 3aBHCUT OT TUIA THOpUIU3aLUU
aTOMHBIX OpOHUTalIell LEHTPaJbHOTO aToMa B MOJIeKyJe. BaneHTHble 3iek-
TpoHbI B aToMax O—S—Se—Te HAXOAATCS B COCTOSHHH NS Np’, HO3TOMY IpH
00pa30BaHNN COSIMHEHMI C BOJOPOJIOM BO3MOXKHA Sp -ruopuamsamnus AO.
[Ipu 3TOM THOpUAHBIE OPOUTAIM OPUEHTUPOBAHBI K BEpIIMHAM TeTpaszpa. B
aTOMaX KHMCIOPOJa, CePbl, CENICHa  TeIUTypa TOIBKO Ha JBYX SP -THOPUIHBIX
OpOUTANISIX HAXOASATCS HECIIAPEHHBIE IEKTPOHBI, KOTOPbIE 00Pa3yIOT C AJEK-
TPOHAMHM aTOMOB BOJIOPOJIa JIBE€ KOBAJICHTHbIE CBS3M O OOMEHHOMY MeXa-
Hu3My. U3 Teopun ruGpuan3anum cienyeT, 4To u3-3a Ooibliei crocoOHO-
CTH K Sp -FHOPHIM3AIMH ATOMOB 3JIEMEHTOB MAJbIX HEPUOIOB BAICHTHBIN
yroJi oyaer HanbosbimuM B MoJiekysie H,O u nomkeH ObITh OJIM30K K TeTpa-
sapuyeckoMy (109,5°), manee B mpuBEACHHOM psAy MOJEKYJ BaJIEHTHBIN
yTOJ JOKEH YMEHBIIATHCA. DKCIEPUMEHTAIbHBIE MCCIEIOBAHUS MOJIEKYJI
COIJACyIOTCSl C W3JIOKEHHBIMH BBIIIE BBIBOJIAMHU; BAJICHTHBIA YIrojl B pAIY
JIAHHBIX MOJICKYJ NeUCTBUTENbHO yMmeHbinaercs: 104,5° (H,0), 92,3° (H,S),
91° (H,Se), 90° (H,Te).

JI1ist 0ObsSICHEHUS TOJISIPHOCTU CBA3EH B OJHOTHUIIHBIX MOJEKYJaX (Kak B
MPUBEIECHHOM MPUMEPE) BaXKHO 3HATH JIUIIb OOLIME 3aKOHOMEPHOCTH H3Me-
HEHUsl AJEKTPOOTPHULIATEIbBHOCTH B mepuojax u rpynmax llepuoanyeckoit
cucteMbl xumudeckux onemeHTtoB .M. MenneneeBa. Tak, B psagy
O—-S—Se-Te oTHOCUTENbHAA 3JIEKTPOOTPHUATEIBHOCTh ) YMEHBIIACTCS:
3,5(0); 2,6(S); 2,4(Se); 2,1(Te). Bropoii s3meMeHT BO BCE€X MOJIEKYJIaX OJIUH U
TOT K€ — BOAOPOJ, dJIEKTPOOTPULIATENBLHOCTE KoToporo y = 2,1. CaenoBa-
TeJIbHO, HauboJiee MOJSIPHON OYJIET CBA3b B MOJIEKYJIE, COCTOAIIEH U3 aTOMOB
¢ HauOoJIbIIIeH pa3HuUllel 3ekTpooTpuniarenbHocten — H,O, nanee mo psagy
MOJISIPHOCTh CBSI3€M IOHMKAETCA, U B Mojekysie H,Te xumuueckue caszu
IIPAKTUYECKN HEITOJISIPHBI.

Bo Bcex BemiecTBax MOJIEKYJSIPHOTO CTPOEHHUS MEXIY MOJIEKYJIAMH,
KpOME OTTAJIKUBAaHHUS, CYIIECTBYET IMPUTSIKEHUE, KOTOPOE HA3bIBACTCS CH-
Jamu Ban-nep-Baanbca. Ero sHeprus 3aBHCUT OT MOJSPHOCTH MOJEKYJI.
[To Mepe yMeHbIIEHHS NOJISIPHOCTH MOJIEKYJI CHUKAETCS U SHEPIUsl MEXKMO-
JEKYJISIPHOTO B3aumojieicTBUs. [1o Mepe yMeHbIIeHUsI SHEPTUU 3TU B3aHUMO-
JNEeUCTBUSA (CHIIBI) MOXHO PAaCIOJIOKHUTh B Psijl: OPUMEHTAIMOHHOE (IUIIO0JIb-
JUTIOJIbHOE, MOH-IUIOJIbHOE), HHAYKIIMOHHOE (MOH — HETOJIIpHAs MOJICKYJia
WM JTAIIONb — HEMOJIApHAs MOJIEKYJIa) U JUCTIePCHOHHOe (MEXIy HEeIoJsp-
HBIMH MOJIEKYJIaMHu ).
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Kpome Toro, misi MoJieky, coAaepkKaliux aToOMbl BOJIOPOAA, BO3MOXHBI
MEKMOJIEKYJIIpHbIE BOAOPOJAHbIE CBSI3M, €CIIM BTOPOW aToM — aToMm (Topa,
KUCJIOpOJia Win azota. B mpuBeneHHOM mpumepe mMexay mosiekyinamu H,O
00pa3yroTcs BOJOPOJHBIE CBS3H, ITOATOMY BOJA UMEET aHOMAJIbHO BBICOKHE
TEMIIEPATYPHI IJIABJICHUS U KUTICHUS 110 CPABHEHUIO C OJIHOTUITHBIMU COEIU-
Henusimu H,S, H,Se u HyTe. Jlna monekyn H,S u H,Se naubonee BeposiTHO
OpHEHTALIMOHHOE B3aumozencreue, 1 HoTe — nucnepcnonnoe.

Hpumep 2. [Insa panoB monekyn H,—O,—N, (nepssiii psn); Cl,—Br—I,
(BTopoit psan); HF—BeF,—BF;—CF, (Tpetuii psn), ucnonb3ysi METOJ BaJl€HT-
HbIX cBsa3elt (Metoq BC) ykaxuTte: 1) MOJIEKyJbl ¢ KPaTHOCTBIO CBSI3U 2 U 00-
nee, 2) tun rubpunmzanun AO HeHTpaabHOTO aToMa U (OPMY HETUHEHHBIX
MOJIEKYJI, 3) psii, B KOTOPOM BCE€ MOJIEKYJIbl JUHEHHBI, 4) YUCIO HECBS3bI-
BAIOIIIMX AJIEKTPOHHBIX Map B MOJIEKyJiax psna 3.

Pewenue. Kpatnocts cBsizu B meroge BC omnpenensercst yuciom o6-
IIMX 3JIEKTPOHHBIX I1ap MEXJIy aTOMaMHM B MoOJeKyse. PaccMoTpum coctosi-
HUE BAJCHTHBIX SJIEKTPOHOB aTOMOB: BOOpoja — ls'; kuciopoma — 2s°2p*;
asora — 2s°2p’; xiopa — 2s°2p’. Ilpu o6pazoBannn Monekyis H, o6bexuHs-
I0TCA 110 OTHOMY HECHIAPEHHOMY 3JIEKTPOHY OT Ka)KJ0r0 aTOMa; B pe3yJIbTaTe
oOpa3yercs o/Ha 0OIIAsl 3JIEKTPOHHAsl Mapa, CIeOBaTEIbHO KPAaTHOCTH
cBs3u paBHa enunwuile (oaunapHas cBszb H:H wnu H-H). [Ipu obpazoBanuu
MOJIeKyJIbl O, 00BEIUHSAIOTCS MO J[Ba HECIIAPEHHBIX JIEKTPOHA OT KaXKIOTO
aToMa, CJIeI0OBaTeIbHO 00pa3zyeTcsi Be OOIIMe 3JIEKTPOHHBIE Mapbl U KpaT-
HOCTb CBSI3M paBHa JBYM (mBoiiHas cBsi3b :0::0: wim O=0). Mosekyna N,
COJIEP>KUT TPHU OOIINE AJIECKTPOHHBIC MapPbl, CIEOBATEIHHO KPATHOCTh CBS3H
B Hell paBHa TpeM (TpoiiHas cBs3b :N:::N: i N=N). Bce ocranbHble npuBe-
JICHHBIE MOJIEKYJIbI COAEp:KaT MO OJHOM OOIIel AJIEKTPOHHON Mape MEXIy
CBS3aHHBIMH aToMaMHU. Bce ByxaTOMHBIE MOJIEKYJIbI JIMHEWHBI B psAaax 1 u
2. HenuHelHbIMU MOJIEKyJIaMu SIBJISIFOTCS T€, B COCTaB KOTOPBIX BXOJIUT 0O-
Jee AByX aToMoB (psia 3).

Jlist oObsicHenus gpopMbl Mosiekysl B Metoae BC HeoOxonumo omnpene-
JuTh THN THOpUAN3anun AO LEHTPAIBHOTO aToMa.

IIpu nmepexone atoma Be u3 OCHOBHOrO COCTOSIHMSI B BO30YXKJICHHOE
3EKTPOH ¢ 2s- AO nepemMeniaerca Ha He3aHsITyro 2p-A0:

!

22 v
Be (1s%2s) | 1} 2p Be*| !
2s 2s

B B030y>XI€HHOM COCTOSIHUM aTOM OEpHJIJIMS MMEET JBa HECIAPEHHBIX
AIIEKTPOHA, ¢ KOTOPBIMU aTOMbI (hTOpa 00pa3yroT JIBE€ CBS3U MO OOMEHHOMY
Mexanu3my. ['mOpunmszanmu noasepratorcsi AO BajJeHTHOTO ypOBHS IEH-
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TpaJIbHOTrO aToMa (TO ecTh aroma Be), nMmeromue snekTpoHsl. Y aroma Oe-
puwuas 310 ogHa s-AO m oxHa p-AQ, MOATOMY THUIl THOPUAM3ALMH — SP.
OToMy TuUNy THOpUIU3allMU COOTBETCTBYET BaJieHTHBIH yroa 180°, Bcien-
cTBUE Yero moiiekyna BeF, nuneitna.

AHanoruyHo MOKHO OOBSICHUTH TUIbI THOpuAN3auuu AO u Gopmbl MO-
nekyn BF; u CF4. ATombl 60pa 1 yriaepoja HaxoasTcsl B BO30YXIEHHOM CO-
CTOSIHUU:

: . |1
1l hwog* [t

2p 2
2s 2s :

B (1s?25%2p")

7 Z, 7 T T hv T T T
c as?2s*2p’y [ 5p — — C*L I35
23 2s

CornacHo 3TUM cxeMaM, B BO30YXJAEHHOM COCTOSIHUU aTOM Oopa umeer
TPU HECMAPEHHBIX 3JIEKTPOHA, aTOM YIJIEpOJAa — YEThIpe. ITH IEKTPOHBI 00-
pa3yloT ¢ HECHapeHHBIMU BJIEKTPOHAMH aTOMOB (hTopa o0Iue (CBS3bIBAIO-
mpe) napsl. Tumsl tuéprmmsanun AO: B — sp”, C — sp’. DTHM THIIAM COOT-
BETCTBYIOT BajieHTHbIe yrubl 120° u 109°28', dopmbr monekyn: BF; — mio-
ckas tpeyroisbHas, CF4 — TeTpasapudeckas.

Hecpsi3piBaroiiye 31eKTpOHHBIE Mapbl B MOJIEKYJIaX 3TOr0 psjia UMEI0T-
Csl TOJIBKO Y aTOMOB ()TOpa, LEHTPAIbHbIE aTOMBbl UX HE UMEIOT (3TO BUIIHO
U3 CXEM 3JIEKTPOHHOI'O CTPOEHHUS BaJIEHTHBIX YPOBHEW aTOMOB B BO30YK/I€H-
HOM cocTostHUM ). [ToaTomy hopmbl MoJieKya OyayT NMpaBUIIbHBIMU C HEMCKa-
KEHHBIMH BAJICHTHBIMU yTJIAMHU.

IIpumep 3. DxcriepuMEHTANIBHO YCTAHOBIEHO, YTO MOJIEKYJIa TUOKCH/IA
yraepona CO, HenoissgpHa, a Mojiekyna Bojabl HyO — momnsipHa. OObsicHUTe
F€OMETPHUUECKOE CTPOCHUE MOJIEKYJI C TTIO3ULIMK METO/Ia BAJICHTHBIX CBS3CH.

Pewenue. 1) Xumuueckue cBI3M MKy aTOMaMH yIiiepojia U KUCIOPO-
Jla B JTUOKCHUJIE YTiepo/a MOJISIPHBI, TAK KAaK ATH AJEMEHTbl UMEIOT pa3iny-
HyI0 3nekTpooTpunareiasbHocts: 2,5 (C) u 3,5 (O). Henonen€HHbIx 3Iiek-
TPOHHBIX IIap Ha BAJIEHTHOM YPOBHE y aroma yriepoza Het (:0::C::0:), mo-
ATOMY MOJIEKyJa MMEeT JIMHEeHHYI ¢dopMy, BalleHTHBIA yroa paBeH 180°.
JlunoibHbIe MOMEHTBI OT/EIbHBIX CBSI3€H HANpaBlIEHbl B MPOTHUBOMOJIOXK-
HbIE CTOPOHBI, TO3TOMY CYMMAapHbI UMOJbHBI MOMEHT PaBEH HYJIO, TO
ecTh B 11esioM Mosiekyaa CO, HenoJisipHa, XOTSI OT/AEJIbHBIE CBSI3U MOJISIPHBI.

2) Csa3u H-O B MoJieKyJie BOAbI TAKXKE MOJSPHBI, TAK KaK 3TU 3JIEMEH-
Thl OTJIMYAIOTCS CBOEW anekTpoorpuuarensHoctoio: 2,1 (H) u 3,5 (O). Ho
LEHTPaJbHbIA aTOM (aTOM KHUCJIOpPOJa), B OTIWYUE OT MPEIbIAYIIETr0o NpumMe-
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pa, IMeeT Ha BaJICHTHOM YPOBHE JBE HEIOJICJICHHBIC DJICKTPOHHBIC Maphl,
MO3TOMY MOJIEKyJia uMmeeT yriaoByro ¢opmy (yrom H-O-H pasen 104,5°).
[TockonbKy MUIMIONBHBIE MOMEHTHI OTACIBHBIX CBS3€H HAIpaBJICHBI MO yT-
JIOM, TO TIPU UX CJOKECHUHU TIO MPABWIy TMapajuieiorpaMma CyMMapHBIA JTH-
TIOJIBHBIE MOMEHT HE paBeH HyJ 0. [l03TOMy MoJieKkysia BOIbI TIOJIApHA.

Ipumep 4. [Tokaxkute cxeMaTUIeCKu 00pa30BAHKE CBSI3EH B MOJIEKYJIax
BOJI0poJia, hropa U GTOPOBOAOPOIA.
Pewenue. 3anceiBaeM rpadudeckue dIEKTPOHHBIC (HOPMYIIBI aTOMOB:

— Bomopox (H): Is' mmm ‘I — OJINH HECIIaPEHHBIN AJIEKTPOH;

Is
b10 s 11 It )
_ p (F): 1s2s2p”° wnu > 2p — OJIMH HECIIapeHHbIN
S

QJICKTPOH.

JInist TaHHBIX aTOMOB YBEJMUYEHHUE YKCIia HECMIApEHHBIX JJIEKTPOHOB HE-
BO3MOYKHO, TaK KaK Ha BHEITHEM (BAJICHTHOM) YPOBHE HET HE3aHATHIX OpOU-
taneii. KoBalieHTHBIE CBS3M B MOJIEKYJIax 00pa3yloTcsi MO OOMEHHOMY MeXa-
HU3MYy MYTEM CHapuBaHUs HECHAPEHHBIX AJIEKTPOHOB ¢ 0oOpa3zoBaHHEM O00-
HIUX 3JEKTPOHHBIX map. Cxembl 00pa30BaHUsI KOBAJICHTHBIX CBS3€H B MoJie-
kymax H,, F, u HF:

Takum oOpazom, npu 0Opa30BaHUU MOJIEKYJ KaXKJIbIH aTOM JOCTpanBaeT
CBOIO BHENIHIOIO 3JIEKTPOHHYIO O0OJOYKY J0 YCTOWYMBOW OOOJIOUKH aToMa
OIaropoHOTO Ta3a, PacloNIOKEHHOTO B 3TOM MEPHOE: BOAOPO — 0 JIBYX-
DIIEKTPOHHON 000JI0YKHK renus, a GTOp — 0 8-3JEKTPOHHOU O0OJIOUKH He-
OHa.

IIpumep 5. Onpenennte 3J€KTPOHHYIO U CTEXMOMETPUUECKYIO BAJIEHT-
HOCTh a30Ta M KUCJIOPOJA B MOJIEKYJISIPHOM a30Te N, MEPOKCHIE BOAOPOAA
H,0,; u runpazune N,H,.

Pewenue. 1) B monekyne N, B XUMHYECKON CBSI3M Yy4acTBYIOT IO TPH
HECIAPEHHBIX AJEKTPOHA OT KaXKJIOr0 aToMa, CBsi3b OOYCJIOBJIEHA TpeMs 00-
MK 3JIeKTpoHHbIMU TlapaMu: :N:::N: mwiaum N=N. CrnenoBaTenbHO, 3JIeK-
TPOHHASI BAJIEHTHOCTb a30Ta paBHa TpeM. CTexmoMeTpuuyeckasi BajJeHT-
HOCTb, KOTOpPas TTOKa3bIBAET, CO CKOJILKUMHU aTOMaMH Opy2020 OJTHOBAJICHT-

46



HOTO 3JIEMEHTAa COEAMHSIETCS aTOM JJAHHOTO AJIEMEHTA, paBHA HYIIIO.

2) B monekyne H,O, ot aroma kuciaopona B 00pa3oBaHUU CBSI3H 3a]ICH-
CTBOBAHBI JIBAa HECIIAPEHHBIX JIEKTPOHA; OJIMH 3JIEKTPOH YYAaCTBYET B CBSI3U C
aTOMOM BOJOpOJa, a BTOPOM — C aTOMOM KHCIIOPOJIA:

H:0:0:H wm H-O-O-H

CrnenoBatenbHO, 3JIEKTPOHHAsI BaJE€HTHOCTh KUCJIOPOJa paBHA JIBYM, a
CTEXHOMETPUYECKasi BaJIEHTHOCTh — €IUHULIE, TAK KaK CBA3M aTOMOB OJHOTO
U TOTO K€ AJIIEMEHTA JIPYT C IPYrOM B CTEXHMOMETPUYECKON BAJIEHTHOCTU HE
YUHUTBIBAIOTCS.

3) CxeMa XuMHUYECKUX CBA3EH B MoJieKyJie ruapa3una NoH, Takosa:

HH

(AT
NEU m. m

~ HITH N—N
NEWWW 1 “H

hillvl

H H

CJIGI[OB&T@JIBHO, QJICKTPOHHAA BAJICHTHOCTL a30Ta paBHa TpPEM, a CTC-
XHOMCTPHUYCCKAsA BAJICHTHOCTD — JIBYM.

IIpumep 6. Vcrionb3yst METOJ] BaJICHTHBIX CBS3€H, OOBSICHUTE 00pa3o-
BaHUE MOJIEKydbl okcuaa yriepoaa (II), ompenenute 31EKTPOHHYIO U CTe-
XUOMETPUYECKYIO BAJIECHTHOCTD YIEpOJa B ’TOM COEAMHEHUH.

Pewenue. Y aToMOB yriiepojia 1 KMUCIOPOJa UMEETCS I10 JIBa HECIIapEH-
HBIX 3JIEKTpoHA. [103TOMY MOKHO MPEANOI0KUTh, YTO MEXKYy STUMHU aTOMa-
MU BO3HMKAET JIBOMHAs CBSI3b 10 0OMEeHHOMY MexaHnu3zMmy. Ho okcup yriepo-
na (II) mpencrapnsier cob0l O4YEHb MPOYHYIO MOJIEKYIY C SHEPrueu CBs3U
oonbieit (1075 xIx/Moinb), yem B MoJiekyJie azota (945 kJ[>x/mMoib), B KOTO-
POl KpaTHOCTh XMMUYECKOH CBsi3U paBHa TpEM. [loaTOMy XMMUUecKas CBSI3b
B MoJsiekysie CO Takke cuuTaercs TPOMHOM, 0JHa U3 KOTOPBIX 00pasyeTcs 1o
JOHOPHO-aKLENTOPHOMY MexaHu3Mmy. Cxema oOpa3oBaHus TPOWHOU CBsI3U
B 3TOW MOJIEKYJIE TAKOBA:

—*
—+D

I
O |{ \| i C=

WL e
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Takum oOpazoM, aToM yriaepoja B 3TOH MOJEKYJE SBISCTCS aKICTTO-
pPOM 3a CUYET OJHON CBOOOJHOW 2p-OpOWTaNM, a aTOM KHCIOPOJa SIBISETCS
JOHOPOM JIByX CIIAPCHHBIX 3JEKTPOHOB. /[l 0003HA4YCHHS JTOHOPHO-
AKIENITOPHOM CBSI3M B BAJICHTHBIX CXeMaX MPUMEHSIOT CTPEIIKY, HaIpaBJICH-
HYIO OT JIOHOpa K akuentopy. Takum oOpaszom, okcun yriepoaa (II) mpen-
CTaBJISIET COOOM XMMHYECKOE COCIWHEHWE, B KOTOPOM CTEXHOMETpHUYSCKas
BaJICHTHOCTh pPaBHA JBYM, a dJIEKTPOHHAS — TPEM.

Ipumep 7. Ilo s3xcniepuMeHTAIBHBIM JaHHBIM MoJjekysia CO, — nuHen-
Ha, MpuuéM 00€ CBSI3U YTiepojia ¢ KUCIOPOAOM oauHakoBbl 1o juHe (0,116
uM) 1 sHepruu (800 kJ[>x/Mob). Kak MOXKHO OOBSICHUTH 3TH JTAHHBIE?

Pewenue. ATom yriepoaa o0pa3yeT CBs3M B BO30YKICHHOM COCTOSIHUH,
pU KOTOPOM OH HMEET YEThIPE HECMAPEHHBIX 3JIEKTPOHA B COCTOSIHUU
25'2p’. TIpu 06pa3oBaHuM CBsA3€H MPOMCXOIUT SP-TUOPHIN3AIHIS OpPOHTAICH.
['uOpuaHbIe OpOUTAIM HATIPABJICHBI TIO TIPSIMOW JTMHUU B MPOTHBOIIOJIOKHBIE
CTOPOHBI OT fAJIpa aTOMa, a OCTABIIMECS JIBE YUCThIE P-OpOUTAIM pacrionara-
I0TCSl IEPIEHAUKYIISIPHO APYT K APYTY U K THOpUAHBIM opOuTaisiM. Bee op-
OuTanu — ruOpUIHbIE U HETMOPUIHBIE — COZIEpKaT MO OJTHOMY HECIapEeHHO-
MY 3JIEKTPOHY.

Kaxnplii aToM Kucnopoja, UMEIOIUN 1Ba HECHIAPEHHBIX AJIEKTPOHA Ha
JIBYX B3aMMHO MEPIEHIUKYJSPHBIX P-OPOUTANISIX, MPUCOSAUHSIETCS K aTOMY
yTIIepoJia o -CBS3BIO U T-CBS3BIO: o -CBSA3h 00paszyercs ¢ THOpUIHON opOuTa-
JBIO YTIEPOJa, a T-CBsI3b 00pa3zyeTcsi NEPEKPhIBAHUEM UUCTBIX P-OpOUTaen
atoMoB C 1 O (cM. pUCYHOK Ha CIIeJl. CTP).

KpaTtHocTh CBs3H, paBHAs IBYM, OOBSICHSET OOJIBIIYIO MPOYHOCTD CBSI3H,
a sp-TuOpUIn3aIUs — THHEHHOE CTPOSCHUE MOJICKYJIBI.

IIpumep 8. O6bsacHUTE 00pa3oBaHNE XUMUUECKHUX CBsI3ed U POopMy MO-
JIeKyJl METaHa U rekcapTopuaa Cephl.
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Pewenue. B monekyne meraHa B rubpuauzanuu
Y4acTBYIOT OJIHA S- M TPU P-OpOUTAIM aToMa yriiepojaa
(sp’-ruGpuamsammst). IIpn TOM 0Opa3ylOTCs HeTHIpe
ruOpuHbIe OpOUTANM, BBITSHYTHIE B HANPABICHUH K
BEpIIMHAM TETPadaApa, TO €CTh OPUECHTUPOBAHHBIE O]
yriaamu 109°28 (~109,5°) mpyr K apyry (CM. pUCYHOK).
['uOpuanzanuen 3Toro Tuna oObICHIETCS CTPOCHUE HE
TOJIbKO MOJIEKYJIbl METaHa, HO M BCEX MpPENETbHBIX yT-
JIEBOJIOPOJIOB, COEJIMHEHUN YyTIepoja C rajoreHaMu, MHOTHUX COEIUHEHUN
kpeMHus, Katrona ammonus NH,', monexynst TiCly u zp.

Ecnu B rubpunuzanuu y4yacTBYIOT OJHA S-, TpH p- U JBe d-opOutanu
(sp’d*-ruGpuausanus), TO BO3HHMKAIOT IIECTh THOPHIHBIX OpOHTAICH, Ha-
MIPaBJICHHBIX K BEPITMHAM OKTadpa, TO €CTh
OPUEHTUPOBAaHHBIX NoJ yriamu 90° mpyr k
npyry. OOpa3ymomuecs MOJIEKYJIbl HUMEIOT
OKTadJpUUYECKOE CTPOCHUE.

I'mbpunuzanueit >Toro Tuma OObBICHS-
eTCsl CTPOCHUE COCTUHEHHM Cephl, CelieHa U
TeJUypa ¢ rajaoreHamu, Hanpumep SF¢ u
SeFg, W MHOTMX KOMIUIEKCHBIX HOHOB:
[SiFs]”, [Fe(CN)¢]” u T.11. B kauectBe mpu-
Mepa Ha PUCYHKE NOKazaHa (popma MoJIeKy-
7b1 Tekcadropuaa cepol SF.

IIpumep 9. PaccmotpuTe BO3MOKHOCTh 00pa30BaHUsS OJJHOTHITHBIX MO-
JIEKYJI 110 PEAKLUSM:

1) CF, + 2HF = H,CF4;  2) SiF, + 2HF = H,SiFg.

Pewenue. TlepBas peakuus B IpUHLMIIE HEBO3MOXKHA, TaK KaK y yrIJe-
poOJla MAaKCUMAaJIbHOE YMCJIO BaJEHTHBIX OpOUTanell paBHO deTbipeM. st 00-
pazoBanusi moJiekyJsibl HyCFg HeoOxoauma sp3d2—rn6pnzm3aunﬂ, HO B aToOMe
yriiepoja BaJICHTHBIE AJIEKTPOHBI HAXOMASATCS HAa BTOPOM DHEPreTUUYECKOM
YpOBHE, Ha KOTOpoM HeT d-opOuraneii. Bropas peakius BO3MOXHa, T.K. aTOM
KpPEMHHUS UMEeT He3aHAThIN 3d-1olypoBeHb, 3a CUET KOTOPOrO0 BAJIEHTHOCTh
MOYXeET OBbITh yBEIHUeHA. B 3TOM ciyuae MpOMCXOAUT Sp d -rHOpHIH3aIHs
aTOMHBIX OpOUTaJIe KPEMHHS.

Ipumep 10. Vcnons3ys mMeTon OTTalKUBaHUS AJIEKTPOHHBIX Map Ba-
JIEHTHON 000JI04YKH, OOBACHUTE, TIOYEMY BAJIEHTHBI YIOJl B MOJIEKYJaxX 3Je-
MEHTOB IISITOM Tpynnsl ¢ BogopoaoMm ymenbmaercs: NH; — 107,5°, PH; —
93,3°, AsH;—-91,8°, SbH;—91,3°.
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Pewenue. B npuBeieHHBIX MOJIEKYJIaX IEHTPAJIbHBIM aTOM UMEET HEero-
JCJIEHHYIO AJIEKTPOHHYIO TIapy Ha BHEITHEM PHEPreTUYeCKOM ypoBHE. Bius-
HUE ATUX Tap Ha (GopMy MOJEKyJd OOBACHSETCS METOJOM OTTAJIKUBAHMS
3JIeKTPOHHBIX Nap BajJeHTHOMH 000/10uKku (MeTog OIIIBO).

Brusane HecBs3bIBaIONiel OpOWTAIM Ha BAJICHTHBIC YT MEXKIY CBS-
3BIBAIOIIIMMH OPOUTAISIMU TPOSIBIISIETCS TEM CHJIbHEE, YeM JabIlie OT siapa
HAXOJIATCSA 3TH OPOUTAIN, TO €CTh 4YeM OOJIbIIE TJIABHOE KBAHTOBOE YHCIIO
BaJIEHTHBIX 3JIEKTPOHOB. KpoMe Toro, 3To BIUsiHUE TEM CUJIbHEE, YeM OoJee
AJIEKTPOOTPHULIATEIIEH aTOM, CBSI3aHHBIA C LEHTPAJIBHBIM aTOMOM. [[Be Win
TPU HECBSI3BIBAIONINE OPOWTAI BIMSIIOT HAa BaJCHTHBIC YIJIBI CHJIbHEE, YeM
OJIHA.

Bo Bcex maHHBIX MOJIeKyJIaxX aTOMHbIE OpOUTANU LEHTPAIbHBIX aTOMOB
TOJBEPralOTCs S -THOPUAN3ALNH, HO M3-33 HAIMYMS OHOM HECBS3BIBAIO-
el opOuTanM BaJ€HTHBIA YroJl MEHbIIE TETPadApHU-
yeckoro. Ha pucyHke mpuBeneHa cxema MOJICKYJIBI
aMMHaKa, B KOTOpPOW BasieHTHBIM yros paBeH 107,5
rpaaycoB. YMEHbIIICHUE BAaJIEHTHOTO yrja B Kaxaou
CJIETyIOLIEN MOJIEKYJIE IO CPAaBHEHUIO C IPEIbLAYIEN
OOBSCHAETCS TEM, UTO TIPU YAAJICHUH aTOMHBIX OpOU-
Tajgei ot siapa (C pOCTOM TIIaBHOTO KBAHTOBOTO YHC-
Ja) OHU CTaHOBATCA Oosiee MUDPY3HBIMU (PACILIBIB-
YaThIMU), MOATOMY BIIMSIHUE HECBA3BIBAIONICH OpOU-
TaJu Ha HEYCTOMYMBBIEC CBSI3bIBAIOIINE CKA3bIBAETCS CUJIbHEE.

Ipumep 11. OO6bsICHUTE YIIOBOE CTPOSHUE MOJIEKYJIbI BOABI U MUPAMU-
JATbHOE — KATUOHA TUIPOKCOHMS.

Pewenue. B monekyie Boas H,O atoM KHcIopoaa oGpasyer CBSA3H Sp -
TUOPUIHBIME OPOUTANISIMU, HA KOTOPBIX HAXOMSTCS IIECTh BAJICHTHBIX JJICK-
TPOHOB, NMOATOMY JIB€ TUOPHIHBIE OPOUTAIHN — CBSA3BIBAIOIINE, a JIBE — HECBS-
3piBatoliie. CHUIIBHOE OTTAJIKUBAHUE [IBYX HECBS3bI-
BAIOIIMX OpOWTAalCi TPHUBOIUT K YCTAHOBJICHUIO Ba-
neHtHoro yrima 104,5°, uro wmensme, yem B CHy
(109,5°), roe Bce opOuTaNM CBSI3BIBAIONINE, U MEHBIIIE,
yeM B NHj3 (107,5°), B KOTOpO# MMEETCs UL OJJHA HE-
CBsI3bIBaoIIasl opoutans. Ha pucyHke mokasaHo cTpoe-
OH nue MOJIEKYJIbI BOJIBI.

Hecasi3piBaroiue ruOpuaHble OpoOUTAIA aTOMa KUCIOpoAa MOTYT MpH-
COCAMHATh KaTHOH BOJIOPOJia MO JIOHOPHO-aKIENTOPHOMY MeXaHu3Mmy. [Ipu
ero MpHCOEANHEHNH 00pa3yeTcs KaTHOH ruapokconus H;O', uMeronmii mu-
paMuJaIbHOE CTPOCHHE, MOAOOHOE CTPOECHUIO MOJIEKYJIbl aMMHUaKa.
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IIpumep 12. OOBsicHUTE, TTOYEMY BAJICHTHBIM yroi B moisiekysne NF;
(102°) menbiie, uem B mosiekyse NH; (107,5°).

Pewenue. JlaHHbIE MOJEKYJIBI OJHOTUIIHBI: B HUX aTOMHBIE OpOUTANIH
a30Ta HAXOIATCS B COCTOSHHM SP -TMOPHIM3AIMH, 00€ MONEKYJIbl MHPaMH-
JanbHbIE, B 00X MOJEKYJIaX aTOM a30Ta, KpOME TPEX CBS3BIBAIOIINX, UMEET
OJIHY HECBSI3bIBAIOLLYI0 OpOUTasib. HO MONIEKysIbl OTIMYAIOTCS TEM, UTO MPH-
COEIMHEHHBbIE K a30Ty BOJIOPOJ U (PTOP UMEIOT Pa3HYIO AJIEKTPOOTPULIATEIb-
HOCTB: Y BOjIopoja oHa MeHblie (2,1), a y drtopa (4,0) ona Gobliie, yeM y
azora (3,0). B monekyne NF; o0nacTh MOBBIIIEHHON 3JEKTPOHHOMN IMJIOTHO-
ct Ha cBs13six N-F cmemiena k atomy ¢gropa, a B Mosiekysie NH; obnacte mo-
BBIIIICHHOW AJIEKTPOHHOM TUIOTHOCTH Ha cBsi3six N—H cmemena, Hao00poT, K
aToMy a3orta. bosee ygaieHHbIe OT aTOMa a30Ta CBS3BIBAIOLUE OPOUTAIU B
Mosekyie NF; 3aHuMaroT MeHbIIH 00bEM B MPOCTPAHCTBE, MO3TOMY Ba-
JIEHTHBIM yTOJI B 3TOM MOJIEKYJIE MEHBIIIE, YeM B MoJeKye NHj.

IIpumep 13. O6bsicHUTE, TOUEMY CYMMapHbIN JUIOJIBHBIII MOMEHT OJI-
HUX TPEXATOMHBIX MOJIEKYJI PaBEH HYJIIO, a IPYTUX — OTIIMYAETCS OT HYJIS.

Pewenue. CymMMapHble NTHUIOIBHBIE MOMEHTBI MOJIEKYJI ONPENEISIOTCS
KaK CpelHEe IeOMETPHUYECKOE UITOJIBbHBIX MOMEHTOB OTJEIBHBIX CBS3EH I10
IIpaBUIIy Napajuieaorpamma.

PaccmoTpum B 001ieM Buae TpEXaToOMHbIE MOJIEKYJIbl THIIA AB,.

[Ipy nuHENHHOM CTPOEHHM PaBHBIE MO BEJIIMYMHE JIAIOJIbHBIE MOMEHTHI
cBsA3eil A—B mpoTHMBOMOJIOKHBI IO HAIPABJIEHUIO, CJIEI0BATEIbLHO CyMMap-
HBII JTUIIOJIBHBIA MOMEHT MOJIEKYJIBI PABEH HYJIIO M MOJIEKYJa B LIEJIOM He-
nossipHa (Hanpumep, BeF,, CaH,, CO, u T.11.). B cityuae yrioBoro crpoeHus
BEKTOpHAasi CyMMa JAMIMOJbHBIX MOMEHTOB JBYX CBsA3eil A—B orTinuaercs ot
HyJIs, IO3TOMY Takas MOJIeKyJa o01aaeT TUIOJbHBIM MOMEHTOM M SIBISET-
cst nossipHoit (H,O, SO, u 1.1.). Ha pucyHnke npuBesieHbl B 0011IEM BUJE CXE-
MBI COOTBETCTBYIOIIUX MOJIEKYJI.

Q—B—0

AHanornyHo o0bICHAETCS NOJIAPHOCTh MoJIeKy Thna AB;, ABs u T.1.
Taxkum 06pazom, MOXKHO chopMysIpoBaTh 0OIIEe MPABUIIO: €CIIU MOJIe-
KyJla UMEET CBSI3M OJMHAKOBOM JUIMHBI U OJWHAKOBBIE 3HAYEHHUs BAJEHTHBIX
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yIJIOB, TO Takas MOJIEKYJIa B 1[€JIOM HEMNOJISIPHA, HECMOTPSl Ha MOJAPHOCTh
OTIEIbHBIX CBSI3CH.

IIpumep 14. OObsicHuTe, TOUYEMY MOJIeKyna TeTpadTopHuaa KCEHOHA
XeF, umeer kBajipaTHOE CTPOEHHUE (CM. PUCYHOK) B OTJIMYHUE OT MHOTHX JIPY-
X MOJIEKYJI Tumna AB,, UMeIOImuxX TeTpa’sapruueckoe CTPOCHHE.

Pewenue. ATOM KCEHOHA B OCHOBHOM COCTOSHHH (55°5p°) He MMeeT He-
CHapEHHBIX AJIEKTPOHOB U HE CIIOCOOEH K 00pa30BaHUIO0 XUMUYECKUX CBS3EH.
Ho Ha ero BHeNIHEM SHEPreTUYECKOM YpPOBHE HUMEIOTCS CBOOOJHBIE d-
opOuTanu, Ha KOTOPbIE MOTYT IMEPEXOIUTh
ANIEKTPOHBI MPU BO30YxkaeHun atoma. Kce-
HOH TIPUCOEIUHSET YeThipe artoma ¢ropa,
CJIeIOBaTEIbHO B BO30YXKJIEHHOM COCTOSI-
HUU OH MMEET YEThIPE HECMApPEHHBIX AJIEK-
TpPOHA: JIBa — HA P-OopOUTTANAX U 1Ba — Ha d-
opbuTamsix: 5s*5p*5d°>.

Bce mects opOuTanei msaToro 3Hepre-
THYECKOr0 yPOBHS, «3aCENCHHBIC» DICKTPOHAMH, BCTYHAlOT B sp d’-
ruOpUIN3alniIo0, TOCKOJIbKY, BO-IIEPBBIX, THOPUAHBIE OpOUTANI Nal0T Oojee
MIPOYHBIE CBSI3U U, BO-BTOPBIX, 3Ta TMOPUIU3ALIMS 110 CPABHEHHIO C APYTUMU
HHEpreTUYecKu HambOosiee BbIrogHa. ['mOpuaHbie opOUTanu HampaBlIEHbI K
BepIIMHaM oktadjpa. [Ipu 3ToM aBe HECBSA3BIBAIOIINE OPOUTATU YCTaHABIIU-
BAIOTCSA HA MAKCUMAJIbHOM YJIaJIEHUU OJIHA OT JIPYroM, TO €CTh BBEPX U BHU3
OT TJIOCKOCTH KBaJpara (aKCHUaJbHBIE MOJOXKEHHUS), a YEThIPE CBA3BIBAIOIITUE
opOuTaNH, MPUCOEAUHSST aTOMBI (PTOpa MO OOMEHHOMY MEXaHu3My, o0pazy-
I0OT MOJIEKYJTy KBaJpaTHOTO CTPOEHHUS (3KBATOpPUAIbHBIE MOJIOKEHUS B OKTa-
sape). [loaromy Mosekyna UMeeT KBapaTHOE CTPOEHHUE.

[pumep 15. ITo metony Monekymsipubix opoutaneit (MO) obbsacHUTE
o0pa3oBaHHE XUMHUUYECKOUN CBSI3U B MOJICKYJI€ KHUCIOPOJa, MarHUTHBIE CBOM-
CTBa MOJIEKYJIbI U XMMHUUYECKYIO CBSI3b B PA3JIMUHBIX MOJICKYJISIPHBIX HMOHAX
KHCJIOPOJa. 3alUIIUTE 3JIEKTPOHHYIO (DOPMYJTy MOJIEKYJIbl KUCIOPO/A.

Pewenue. Cyunocts MmeTosia MO BbIpakaeTcsi FJHepreTH4eCKUMHM 1N a-
rpaMMaMM, Ha KOTOPBIX MOKAa3bIBAIOT MOJIEKYJSIPHbIe OpOuTaau, obOpa-
3YIOIIMECS U3 aTOMHBIX OpOuTane. JHepreTuuecKue JuarpaMMbl MOJIEKYJIbI
0,, karnona O,  u aunonos O, u 022_ MIPUBEJICHBI HA PUCYHKE.

N3 snepreTnyeckon 1uarpaMmMsl BUIHO, YTO MOPSAOK CBSA3U B MOJIEKY-
ne kuciopoaa paseH 2,0. HEU'H/I‘{I/IG JIBYX HECIIAPEHHBIX 3JIEKTPOHOB Ha pa3-
PBIXISIIOIINX OPOHTASIX T px H n py B Mojekyne O, SBIAIOTCA NPUYNHOU
napamMarHeTusma Kuciaopoja.

B monekynspHoM katnone O, (KaTHOH JMOKCHTEHMINA) TIOPSOK CBA3H
BO3pacraet 10 2,5, B anuone O, ymensiiaercs a0 1,5, a B aHuoHe 0,> - 10

52




1,0. DkciepuMeHTalIbHbIE JaHHBIE MO JJIMHE U SHEPIHH CBS3€M B 3THX yac-
THUIIAX COTJIACYIOTCS C X MOPSAKOM( CM. TaoI).

[IpuBeneHHBIE MOJIEKYJIIPHBIE HOHBI KHCIOPO/Ia MPU OOBIYHBIX yCIOBU-
X MOTYT 0Opa30BbIBATh KPUCTAJUIMYECKUE COeIMHEHUs. V3BECTHBI coenu-
HEHUsl TuoKcurenuna, Hanpumep O,[PtFq].

e H

R
_T_l_

_T_l_

-

i
[
pung
|

o3 03 02

Anunon O, cymectByer B kpuctauiax Hauanepokcuno (KO,, RbO, u
T.1.), a annon O,” — B kpuctamax nepokcunos (Na,O,, BaO, u 1.1.). B ra-
3000pa3HOM COCTOSIHMHM TaKH€ HOHBI O00pa3ylTCsS B BEPXHHUX CIIOSIX aTMO-
cdepbl U3 MOJIEKYJIIPHOTO KUCIOpOAa Mo AeicTBreM u3nydeHust CoHIa.

YacTuia 0, 0, O, 0,
[Topsiiok cBs3u 2,0 2,5 1,5 1,0
E.s, xJ[>x/M0B 494 642 394 210
[y, HM 0,121 0,112 0,132 0,149

B Merone MoneKyJIsSpHBIX OpOMTAICH AJIEKTPOHHOE CTPOSHHE MOJICKYIT
BBIPAXKAIOT AJICKTPOHHBIMU (hOpMYyJIaMH, B KOTOPBIX 1O AHAJOTHH C DJICK-
TPOHHBIMHU (POPMYyJIaMU aTOMOB 3aITMCHIBAIOTCS UX MOJIEKYJISIPHbIE OpOUTAIH
B MOPSJAKE YBEJIUYEHHUS] IHEPTUU U YKA3bIBACTCSI YUCIIO JIEKTPOHOB HA KaX-
noit u3 HuX. [Ipu 3TOM MOJEKyIsIpHBIE OpOUTAN, 00pa3yIOIINECs MPU B3au-
MOJICUCTBUU 1s-opOuTaneil u He BIMSIONIME Ha CBOMCTBA CBSI3U, JJISl KPATKO-
CTH 3aMEHSIOTCS IByMs OykBamu K. JIjist MOJIEKyJIbI KUCIOPOIa SIEKTPOHHAS
dbopmyia TakoBa:

02 [KK(GZSCB)z(GZS*)2(02pZCB)2(n2pxCB)2(Tc2pyCB)2(n2px*)I(TEZpy*)l]-
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Hpumep 16. Kakue yacTUIbl HA3BIBAIOTCS U303JIEKTPOHHBIMHU?

Pewenue. N3031eKTPOHHBIMHM HA3bIBAIOTCS YACTHUIBI (MOJEKYJIbI, HO-
HBI), UMEIOIIIUE OJMHAKOBOE OOIIIEe YHCIIO DJIEKTPOHOB.

PaccmoTpuM TpuBEIEHHBIE HAa PUCYHKE DHEPIETUUYECKUE AUArpaMMbl
MO monekyan azota u okcuaa yraepoaa (II):

1l

~

-

1l

2s

AO AO

W3 nuarpaMM BHJIHO, YTO OHU IMPEICTABISAIOT HAOOP OJIMHAKOBBIX MOJIE-
KYJISIPHBIX OpOHTalNiell C OJMHAKOBOW 3aCEIEHHOCTHIO X 3JeKTpoHamu. Obe
MOJIEKYJIbI JUAMarHUTHBI, Y HUX OJMHAKOBBIA MOpsAAokK cBs3u (3,0) u onnuHa-
KOBBI€ 3JIEKTPOHHBIE (HOPMYJIIBIL:

Nz: [KK(GZSCB)Z(st*)2(7t2pXCB)2(ﬂ:2pyCB)2(GszCB)z] ,
CO . [KK((52SCB)2((52s*)z(nszCB)z(nzpyCB)z(GszCB)z] .

B T36JII/ILIG IMPHUBCACHBI OKCIICPUMCHTAJIbHBIC HOaHHBIC, CBUIACTCIILCT-
BYIOINHMEC O TOM, YTO B M303JICKTPOHHBLIX MOJICKYJIaX OYCHb ON3KH XapakTe-
PUCTHUKH XUMHYECKOM CBSI3H:

Monekyna N, CO

JlnvHa cBs3u, HM 0,1097 0,128
DOHeprus cBs3H, kKJK/MOIb 945 1070
DHeprus HoHu3anuu, KJx/Monb 1503 1352

Hpumep 17. IIpoananu3zupyiite, 4eM OTINYAIOTCS 110 CBOMM CBOMCTBaM
BEILECTBA C NOJSIPHBIMU MOJIEKYJaMH OT BEIIECTB C HEMOJIIPHBIMU MOJIEKY-
Jamu.

Pewenue. TlonapHocTh MOJIEKY OKa3bIBa€T BIUSHUE HA (pU3MUECKHE U
XUMUYECKHE CBOMCTBA BellecTBa. [1onsipHbIE MOJIEKYJIBI OPUEHTUPYIOTCS 10
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OTHONIICHHUIO JIPYT K JIPYTy Pa3sHOMMEHHO 3apsKECHHBIMH KOHIIAMH, MEXKIY
HUMH BO3HHKAET MEKMOJICKYJISIPHOE OPHUCHTAIIMOHHOE (JIMIOJIb-TUIIOIBHOE)
B3aUMOJIeHicTBUE (IIPUTSHKEHHE), TIOITOMY BEIIIECTBA UMEIOT 0O0JIee BBICOKHE
TEMIIEPATYPHhI TUIABICHUS U KUTICHUS.

[Ipu pacTBOpeHWHU BEMIECTBA, COCTOAIIETO W3 TOJSPHBIX MOJICKYJ, B
KUIKOCTH, O0pPa30BaHHON TOJSPHBIMH MOJIEKYJIaMH, MEXIYy HUMH TaKKe
BO3HHUKACT MEXMOJICKYJIIPHOE OPUEHTAIMOHHOE B3aWMOJICHCTBUE, KOTOPOE
MIPUBOJMT K paciaay pPacTBOPSIONIIETOCS BEIIECTBA Ha MOHBI. [10o3TOMY >KHI-
KOCTH, COCTOSIITNE U3 TOJISIPHBIX MOJICKYJI, SBIISTFOTCS UOHUSUPVIOWUMU PAC-
meopumensimMu, TO €CTb OHH CIOCOOCTBYIOT DJICKTPOIMTHYCCKOW AMCCOIIHA-
1M1 PACTBOPCHHBIX B HUX BeIIeCcTB. OHU3UPYIONUM PAaCTBOPUTEIIEM SIBIIS-
eTcs Boja. Hampumep, XJ0poBOIOPOT pacTBOPSETCS B BOJIC U B OEH30JI€, HO
B BOJIE TIPOMCXOAUT AMcconuanys Monekyn Ha nonsl (HCl = H™ + CI), a B
OCH30JIe JUCCOMMAIINS Ha MOHBI HE HAOJI01aeTCl.

IIpumep 18. Omnpenenure SHEPru0 KOBAJEHTHOW CBSI3H KHUCIOPOI—
Bojiopoa B Mojekyie H,O, ecnu sHeprum cBsize BOJOPOI—BOJAOPOJ] U KH-
ciopoa—kuciaopoa B moiekynax H, u O,, paBabl 436,0 u 498,4 xJ[>/Mob,
COOTBETCTBEHHO, a YHTAJIBIHSI 00pa30BaHMS BOJBI U3 MPOCTHIX BEIIECTB PaB-
Ha —241,8 kJI>x/MOb.

Pewenue. Tlporiecc 06pa3zoBanusi OAHON MOJIEKYJIbI BOJbl MOKHO MbIC-
JIEHHO TIPEJCTAaBUTh COCTOSIIIMM K3 HECKOJbKUX CTaJauii: pa3pbiB CBA3EH B
MOJIEKYJIaX BOAOPOJA M KHUCIOpoAa ¢ 00pa30BaHUEM aTOMOB U COEAUHEHUE
00pa30BaBIIKMXCS aTOMOB BOJOpOAa U Kuciopoja B MoJiekyasl HyO, xaxaas
U3 KOTOPBIX COAEPKUT JIBE CBS3U KUCIOPOA—BOAOPOA. CXEMBI U SHTAJBIINU
ATUX TUIOTETUYECKUX MPOLIECCOB TAKOBBI:

1) Hy(r) = 2H(r), AH, = 436,0 xJIx;
2) ',0,(r) = O(), AH, ="/,498.4 = 2492 k]x;
3) 2H(r) + O(r) = H,O(r), AH;=2E,(H-O).
[Ipu cnokeHnu 3TUX CTaAMM MOJTydyaeM ypaBHEHHE Mpolecca o0pa3oBa-
HHUA BOABI U3 IIPOCTBIX BCHICCTB, QHTAJIBIINA KOTOPOI'O N3BCCTHA!
Ho(r) + ',0,(r) = HO(r);  AH, =-241,8 kJTx.
Cornacno 3akony I'ecca, cymMa sHTanbIuil TPEX MEPBBIX MPOIECCOB PaBHA

OHTAJIbIINN I-IeTBépTOFO, 9dTO HO3BOJIACT BBIYUCIIMTL IHEPIUI0 CBA3U MCKIY
aTOMaMHM BOJ0OpOoJaa 1 KHUCIIOPOZa B MOJICKYJIC BOJIbI:

436,0 +249,2 + 2E_(H-0O) = -241,8 /I x;
2E.(H-0)=-927,0 kI x;
E ,(H-0) =-468,5 x/I»/Mo0b.
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Ipumep 19. [Ipoananusupyiite, 4em OTINYAIOTCS 110 CBOMM CBOMCTBaM
VMOHHAsl XUMHYECKas CBA3b U BEUIECTBA C MOHHOM CBSA3BIO OT KOBAJEHTHBIX.

Pewenue. Paznuuns Mexxny KOBaJICHTHBIM U MOHHBIM THUIIAMU CBSA3U YC-
JIOBHBL. BMecTe ¢ TeM MOHHAs CBSI3b U MOHHBIE COEMHEHUS 110 CPABHEHHUIO C
KOBAJIECHTHBIMM MMEIOT CBOM OCOOEHHOCTH. B MOHHOM COEIMHEHHH KaXKIbIi
UOH TPUTATHBAEeT K ce0e HEe3aBUCHMO OT HAmpaBiICHHUs HEOTPAaHUYCHHOE
YUCJIO MPOTUBOIOJIOXKHO 3apsKEHHBIX MOHOB. JIMIIb B3aMMHOE OTTaJKWBA-
HUE NPOTMBOMOHOB OIPAHMYMBAET UX YMCIO B OKPYXEHUHM KaKIOr0 HOHA,
MO3TOMY HMOHHAs CBSI3b, B OTJIMYHME OT KOBAJEHTHOI, HEHAChIIaeMa U He-
HaINPaBJIeHHA B IPOCTPAHCTBE.

Yucno Onmkallinx COCeTHUX MOHOB, HAXOASIIMXCA B OKPY>KEHUU JaH-
HOT'O MOHA, Ha3bIBACTCS KOOPANHAIMOHHBIM YUCJIOM HOoHAa. OHO HE 3aBUCUT
OT €ro 3apsja U XUMUYECKON MPUPOJIbI, a 3aBUCUT OT OTHOUIECHUS PanyCOB
B3aMMOJICUCTBYIOIINX HOHOB. DOMIUPUYECKUM ITyTEM HAWJIEHO, YTO €CIIHA 3TO
OoTHoIllIeHHe HaxoauTcs B npedenax 0,41+0,73, To UMeeT MECTO OKTa3ipuye-
CKasg KOOpJMHAIMA MOHOB C KOOPJAWHALMOHHBIM YUCJIOM 6, a IpU OTHOLIE-
Huu 0,73+1,37 — xkyOudeckass ¢ KOOpAMHAIMOHHBIM 4uciaoMm 8. [Ipumepom
nepBoit sBisieTcst NaCl, a mpumepom Bropoit — CsCl.

Kpucraniabsl HOHHBIX CO€AMHEHUN COCTOAT M3 OOJIBLIOTO YHCia MOHOB,
CBSA3aHHBIX B OJIHO LIEJIO€ CHJIAMU 3JIEKTPOCTATUYECKOTO NPHUTSHKEHHUS, T.€. B
HUX HET OTHAEJbHBIX MOJIeKyJd. DOpMysibl MOHHBIX COECIMHEHUH — 3TO UX
dbopmybHBIE eMUHUIBI. VIOHHBIE COCMWHEHUS TMPU OOBIYHBIX YCIOBHSIX —
TBEpAbIe, HO XpyNKHe BellecTBa. [Ipy nuaBaeHun u pacTBOPEHUH B BOJIE OHU
pacnajaroTcss Ha HMOHBI (BJIEKTPOJUTUYECKAs AMCCOLMALUS) U MPOBOISAT
AIEKTPUUECKHUI TOK, TO €CTh SIBJISIOTCS 3JIEKTPOJIUTAMH.

Crnengyer OTMETUTh, UTO B COCTaB MHOTMX MOHHBIX COCAMHEHUI BXOIAT
CIIOHBIE MOHBI, B KOTOPHIX MMEIOTCSI KOBaJEHTHBIE MOJISpHbIE CBs3U. Ha-
MpUMEpP, B COJSAX KUCIOPOAOCOAEPKAUIUX KHUCIOT (Cylnb(aTbl, HUTPATHI,
¢docdaTel U T.A4.) XUMUUYECKas CBA3b MEXy KaTHOHAMHU METaJljla 1 aHUOHOM
KHCJIIOTHOT'O OCTaTKa — MOHHAsl, @ BHYTPU aHMOHA — KOBaJieHTHas. [loaTomy
IIPU PACTBOPEHHUH KUCIOTHBIE OCTAaTKU (aHMOHBI) HAa 0OJIee MEJIKUE YaCTHUIIbI
HE JIMCCOLUUPYIOT.

Ipumep 20. [IpoananusupyiTe, CymEeCTBYET JU B3aUMOCBSI3b MEXKIY
7 (HEKTUBHBIM 3apsIOM U CTETIEHbIO OKUCIICHHS aTOMa B COEJIMHEHUU.

Pewenue. Crenenb okucieHus (€.0.) paBHa YUCTY AJIEKTPOHOB, CMe-
HIEHHBIX OT aTOMa MEHEE AJIEKTPOOTPULIATEIIBHOTO 3JEMEHTA (MOJI0KUTEb-
Has C.0.) K OoJiee IEKTPOOTpHUIIaTEeIbHOMY (OTpULIATEIbHAS C.0.); TIPH 3TOM
MOJIHOTA CMEIIEHUS DJIEKTPOHHOTO 00Jlaka HE yYUThIBaeTCa. MOXKHO CKa3aTh
WHAYe: CTEMEHb OKWCIICHHS JJIEMEHTA — 3TO TOT 3apsll, KOTOPBIA MproOpen
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Obl €ro aToM MpHU MOJIHOM MEepeXojie IEKTPOHOB. TakuM 00pa3oM, CTENEHb
OKHCJIEHUSI — 3TO yCJIOBHAsl BEJIMYMHA, TOT/a Kak 3(h(PeKTUBHBIC 3apsAabl Xa-
PaKTEpU3YIOT JEUCTBUTENIBHOE PACIPEACIICHHE JIIEKTPOHHON IIJIOTHOCTU
MEXJly aToMaMH B COeAMHEHHUAX. D (EKTUBHBIN 3apsii BCEIr/la HUXKE CTere-
HU OKHCIICHUS, NMPUYEM B HEKOTOPBIX COECIMHEHUAX 3TU BEJIMYMHBI MOTYT
UMETh TIPOTUBOIIOJIOKHBIE 3HaKU. Tak, B Mojiekyne (ochuna PH; crenenn
okucnenus ¢ocdopa paBHa —3, Bopopoaa +1; apdexTuBHbIC K€ 3apsAabl HA
aToMax (KCIEPUMEHTAJIbHO HalJIEHHbIE) IPAKTUYECKU paBHbI Hymto0. C Apy-
rOl CTOPOHBI, CTENEHb OKHUCIEHUS paBHA CTEXMOMETPUYECKOW BaJIEHTHOCTU
AIIEMEHTA, B3ATOM CO 3HAKAMU «» HIIH «—».

Ipumep 21. Paccuuraiite 3dpexTuBHBIC 3apsapl aTOMOB BOAOPOJAA U
noja, 00pa3yrolUX KOBAJEHTHYIO CBSI3b, €CIU SJICKTPUUYECKUM MOMEHT IU-
nost (Len) MoOTiekysibl HI paBen 1,3-10730 Kn-m, a pnimna cBasu H-I paBnHa
1,61-107 .

Pewenue. IPpphekTUBHBIN 3apsag aTOMOB BOJAOPOJAa U HOJA, 00pa3yro-
IIUX KOBAJIEHTHYIO MOJSPHYIO CBA3b, MOKHO PAacCCUMTATh KaK OO OT 3apsi-
J1a JIEKTPOHA, MO0JIb3YSICh COOTHOIIEHUEM

5 = ,uakcn/ OH>

rae 0 — 3 (eKTUBHBIN 3apsia aToMa; fi,,, — 3HAYEHUE BJIEKTPUUYECKOTO MO-
MEHTa JMIIOJSA MOJIEKYJIbl, PACCUMTAHHOE, UCXOAS U3 IPEIIOJIIOKEHUSA, YTO
MOJIEKYJIa COCTOMT W3 MOHOB, a 3apsibl MOHOB PAaBHBI 3apsiAy 3JIEKTPOHA;
Moxen — DKCIIEPUMEHTAIBHO OIPEEIICHHOE 3HAaYEHHE 3JIEKTPUYECKOIO0 MOMEH-
Ta AUMOJIS MOJIEKYJIBI.

PaccunTeiBacM 3Hau€HUE HIIEKTPUYECKOTO MOMEHTA IUIIONS fh, IS
moJiekyJbl HI:

Lhwow = q-1=1,602:10""-1,61-10"° = 2,6-10 Ki-m.
Takum oOpazoM, 3ppexTruBHBIE 3apsAbl aTOMOB BOJAOPO/Ia U MOA B MO-

JIEKYyJI€ paBHBI:
Leen/ tuow = 1,3-107%/2,6-10 = 0,05;

on = 10,05; & =-0,05.

Ipumep 22. Kakum 00pa3zoM THII XMMUYECKOUN CBSI3U 3aBUCHUT OT JJIEK-
TPOOTPHULATEIBHOCTH B3aUMOIEUCTBYOIIUX aTOMOB?
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Pewenue. Yem 0omblie pa3HOCTh 3JIEKTPOOTPULIATEILHOCTEH aTOMOB,
TEeM OOJIbIIE CTETIEHb MOHHOCTH XMMHUYECKOW CBSI3U MEXIy HUMH. ['paduk,
OTPAXAIOIIMUK 3Ty  3aBUCUMOCTb,
IIPE/ICTABIICH HA PUCYHKE.

OKCTpanoiaupyss HOpsaMyr 10
MoHHbIC CBI3H | 100%-i1 cTerneHn WOHHOCTH, HAXO-
UM, 4TO B 3TOM CIlydyae pa3HOCTh
AIEKTPOOTPULIATETLHOCTEN  JTOJKHA
ObITh paBHa 3,5. Ho Takoi pa3HocTH
ANEKTPOOTPHULIATEIIBHOCTEN OBITH HE
MoxxeT. Hampumep, camas Oosibluas
Pa3HOCTh 3JIEKTPOOTPULIATENBHOCTEN
nmMeet mecto B CsF:

Ay =4,0-0,7=33.

CrnenoBareinbHo, «YHUCTOW»
MOHHOM CBSI3M HE MOXeET ObITb. Hanbosiee MOHHBIMU SIBISIOTCS CBSI3U B CO-
eMHEeHUsX 1enouHbix MetaiuioB ¢ propom (NaF, KF, CsF), onu xapakrepu-
3YIOTCS CTENIEHBIO HOHHOCTH 0KO0J10 90 %.
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IIpumep 21. Onpenenure CTENEHb HOHHOCTU U TUIT XMMUYECKOU CBSI3H
B okcuaax maraus (MgO) u azota (1) NO

Pewenue. 1) OtHOCUTENIBHAS AJEKTPOOTPUIIATEIIHLHOCTh MarHusi paBHa
1,2; a3zota 3,0; xkucinopoaa 3,5. B okcuae Maraus pasHoOCTh 3JIEKTPOOTPHUILIA-
TEJLHOCTEW MarHusi U KUCJIOpoja paBHa 2,3, 4eMy COOTBETCTBYET CTEIICHBb
noHHOCTH 73 %. B okcuae a3oTa npu pa3HOCTH AJIEKTPOOTPULIATEILHOCTEM,
paBHoii 0,5, cTeneHb MOHHOCTH paBHa ~6 %. B mepBoM cOeMHEHUU CBS3b
MOHHAs, BO BTOPOM — KOBAJICHTHAs! MOJISIpHASL.

IMpumep 23. [Touemy xnopus cepedpa MpaKTUIECKH HEPACTBOPUM B BO-
1€, a XJIOPUAbI HATPUS U KaJIUsl PACTBOPUMBI ?

Pewenue. Ha cBolicTBa MOHHBIX COCIMHEHHMN OKa3bIBA€T BIWSHHE B3a-
UMHas MOJISIPU3AIUA MOHOB — JeQopMarus dIEKTPOHHBIX 000JI0UYeK HOHOB
1O/ IEMCTBUEM 3JIEKTPOCTATUYECKOIO OISl COCETHErO HOHA.

Katronbl OOBIYHO MMEIOT MEHBIIWK paanyc, 4eM aHuoHbl. [losTomy
AJIEKTPOHHBIE 000JI0YKH AHUOHOB B OOJIBIIECH CTENEHU MOABEPIKEHBI MOJISIPU-
3aiuu (gedopmanuu), yeM 000JIOUKH KaTHUOHOB. CUUTAETCS, UYTO KaTHOHBI
00Ja1ar0T MOJSPU3YIOIIUM JEHCTBUEM, a AHHOHBI — OJIAPU3YIOTCS TIOJT IEH-
CTBUEM TIOJISl KATUOHOB. YeM MeHbIIIe pajnyc 1 OOJbIIIe 3aps]l KaTHOHA, TEM
BBIIIIE €r0 MOJsipu3ylollee aeicTrue. B psaay KaTHOHOB s-, p- U d-3J1€MEHTOB
(C OIMHAKOBBIM 3apsA/IOM MU OJIM3KUMU pazMepamMu) HauOOJBIIUM MOJISAPHU-

58



3YIOIIUM JIeicTBHEM 00JafatoT kaTHoHbl d-aneMeHToB. [lpu cunmbHOM 3(-
dekTe moyspu3aIi CTeTIeHb MOHHOCTH XMMHUYECKOW CBSI3U TOHMKAETCS, B
CBSI3M C YE€M CBOWCTBA JaK€ OJIHOTHUITHBIX COSUHEHUN MOTYT CHIIBHO pa3iiu-
4aThCsl.

Bapsasl katHOHOB cepebpa Ag', Na” u K* ogunakossl. Ho xatnon Ag'
uMeeT Bo BHemHeM cioe 18 d-amexktponoB. [losTomy kaTmoH cepebpa oka-
3pIBaeT Oo0Jiee CHUIIBbHOE MOJSIpU3YIOIIee JCHCTBME Ha aHWOH xjopa. U3-3a
ATOr0 XMUMHUYECKas CBS3b B XJIOpHAE cepedpa Oosee KOBAICHTHA, YEM B XJIO-
pUaax IEJTOYHBIX METAIB M 3THM OOBSCHAETCS IUIOXash PacTBOPUMOCTH
xJjiopuja cepedpa B BOJIE.

IIpumep 24. ITouemy oxcun 3omn0ta (III) Au,O3 HEeycToUMB U pa3nara-
ercst ipu 160 °C, Toraa kak okcuibl MHOTUX Japyrux meramioB (Na,O, CaO,
Al,O3) yCcTOMYMBEI 10 OYEHBb BHICOKUX TeMIIepaTyp?

Pewenue. TloBblllieHHE TeMIlepaTypbl CIIOCOOCTBYET MOJSPU3AIUU, TAK
KaK HarpeBaHHE YBEIWYMBAET aMIUIMTYy KoJieOaHUs MOHOB, a MpHU Kosebda-
HUSX MOHBI CONMMXKAIOTCSI Ha Onu3kue pacctosiHus. [Ipu 3ToM Bo3pacTaeT Be-
POSITHOCTh NEPEXO0/A AIEKTPOHOB OT aHMOHA K KATHOHY U PA3JIOKEHUS CO-
e/IMHEHMs] Ha MPOCThie BemlecTBa. Uem cuibHEe MOISpPU3yeMOCTh aHUOHA,
TEM HUXE TeMIeparypa pazloKeHHs] COeUHEHUs1. 30J0TO — d-3JIeMEeHT, MOo-
5TOMY €ro KatuoH Au’’ CHIBHO monspu3yer aHnoH O° U IO3TOMY OKCH 30-
JI0Ta pa3jiaraercsl Ipu HU3KOM TeMIieparype.

Ipumep 25. [Touemy kuCnOpoAcoaEpkKaAIME KUCIOTH MEHEE YCTONYH-
BbI [IPU HATPEBAHUU, YEM HUX COJIU?

Pewenue. ]JleiCTBUTENIBHO, MHOTME KHUCIOPOACOAEPKAIIUE KHUCIOTHI
paznararoTcs aaxke npu komHatHou temmeparype (H,COs;, H,SO;, HNO; u
Jp.), TOTJa KaK UX COJU pa3jiararTcs MpH 3HAYUTEIbHOM HArpeBaHUU. DTO
OOBSCHSIETCA OYEHb CUJIBHBIM MOJISPU3YIOIIUM JCHCTBHEM KaTHOHA BOJIOPO-
na. Katnon H' — 9T0 mpoToH, T.e. yacTnna upe3BBYAiHO HEOGOBIIOrO pas-
M€pa C OYEHb CWIBHBIM NOJISPU3YIOIIUM JericTtBueM. [lox nericrBuem moiis
MPOTOHA XMMHUYECKUE CBS3U B aHHMOHAX CHJIBHO JIeHOPMHUPYIOTCS, YTO JIETAeT
VX MEHEE IMIPOYHBIMU, YEM B COCTaBe colieil. [103TOMy KHCIOTBI JIETKO pa3na-
ratotcst Ha BoAy u okcua, Hanpumep: H,CO5; = H,O + CO,.

IIpuMmep 26. Brruncinure 3HEPru0 HOHHBIX XUMUYECKHUX CBSI3€U B KpH-
CTajuie XJOopuIa HaTpusl, Ucodib3ys 1uki bopua—I"abepa.

Pewenue. IoHHBIE COEUHEHHNSI CYIIECTBYIOT HE B MOJIEKYJISIPHOM BUJIE,
a B BHJIE KPUCTAJUIOB. DHEPTUsl KPUCTALINYECKOW PEIIETKA — 3TO DHEPTHS,
KOTOpast BBIJIEISETCS IPU 00pa30BaHUU OJHOTO MOJISI KpUCTaJlJla U3 ra3zo00-
pa3HbIX MOHOB, WJIN SHEPrus, KOTOPYK HEOOXOIUMO 3aTPATUTh NPHU paspy-
HIEHUW KPUCTAJJIa HA HOHBI.
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CBsi3p B KpHCTaJIe, HAIPUMEP B XJIOPHJIE HATPUS, MOKHO Pa3opBaTh IO
romojuTu4Yeckomy (1) 1 rerepouTudeckomy (2) MexaHu3Mam:

1) NaCl(x) = Na(r) + Cl(r);
2. NaCl() = Na'(r) + CI(r).

DHeprusi NepBOro Mnpolecca Ha3bIBAETCA YHEPrUe aTOMHU3AIUH, a SHEP-
TUsl BTOPOrO IIPOLIECCA SIBIISIETCS DHEPTUEU KPUCTAJUIMYECKOM PEMICTKH CO-
enquHeHus. IIpsMoe sKCrepUMEHTAIbHOE OMNpPECICHUE YHEPTUU KPUCTAIIIN-
YECKOM PEIICTKH SBIACTCS CIOXHBIM, MO3TOMY HCMOJIb3YETCS] KOCBEHHBIN
METO/I, U3BECTHBIM 1M0J1 Ha3BaHKEM HHKJa bopua—-I'abepa.

B sToM meTozne 00pa3zoBaHKe OJHOTO MOJISI KPUCTALIMYECKOTO HOHHOTO
COEOUMHEHUS MPEICTABIAIOT B BUJIE MHOTOCTYNEHYATOrO THMIOTETHYECKOIO
MPOILIECCA, COCTOSIIEr0 W3 IMATH KCIECPUMEHTAIbHBIX CTAJAUN, dHEpPreTHde-
CKME XapaKTEPUCTUKH KOTOPBIX OMPEAEISIOTCA 3KCHEPUMEHTaNbHO. [luki
bophua-I'abepa — 3T0 mpuUMEHEHHE OCHOBHOI'O 3aKOHAa TEPMOXHMHUU (3aKOHA
['ecca) nnst pacuera SHEPrUM KPUCTAUIMYECKON pemieTku. PaccMoTrpum ero
Ha MpUMEPE XJIOpHaa HATPHUA.

O6pa3oBaHue OHOTO MOJISI KPUCTALTNYECKOTO XJIOpHIa HATPUS MOYKHO
MpEeACTaBUTh ABYMS MyTAMH. [IepBbIil TyTh — 3TO 00pa30BaHUE U3 MPOCTHIX
BEIIECTB B OJHY CTAIUIO:

Na(x) + '/,Cly(r) = NaCl(x); AH,.

DHTaNbIUA 3TOTO Mporecca AH| npeacTaBisieT coO0H IHTATBINIO 00pa-
30BaHMsI XJIopuaa HaTpus, oHa paBHa —4 11,7 xJ[>k/MOTb.

Bropoii (runorernyeckuii) myTh — 310 KA bopHa-I"abepa, cocTosmmuii
13 HECKOJIbKUX CTaIUM:

1) Atomu3anus Kpucrauimdeckoro Hatpusi:  Na(x) = Na(r); AH..
DHTanbnus 3TOro mpoiiecca (cnpaBoyHas BenuynHa) paBHa 107,8 xJx/mMoib.

2) AtomMu3zainusi MOJEKYISIPHOTO XJIOpa: '5,Clx) = Cl(r); AH;.
OHTaAJIBNUSL 3TOTO MPOllecca paBHA IMOJOBUHE SHEPIUU CBS3U B MOJICKYJIC
xjopa Cl, u coctasnsier 121,1 xJ[x/MO0b.

3) Monuzanus atomoB HaTpusi: Na(r) — e = Na'(r); AH,.
DHTaIBIINA 3TOTO MpOIlecca paBHA SHEPTUM MOHM3AIMU HATPHUA W 1O CIpa-
BOYHBIM JJaHHEIM cocTaBiseT 495,8 x/[»x/Moub.

4) Uonuzanus atomoB xsopa: Cl(r) +e=Cl (r); AHs.
OHTaJIBINS 3TOr0 MPOIECcCa paBHA YHEPTUU CPOJICTBA XJIOpa K JIEKTPOHY U
cocraBisgeT —541,4 xJ>k/MOJIb.

5) BzaumogeiicTBre ra3000pa3HbIX MOHOB HATPUS U XJOpa C OJHOBpE-
MEHHOI KOHJCHCAINEe 00pa3yroIIerocs XJIOpuaa HaTpusi:

Na'(r) + CI'(r) = NaCl(x); AH,.
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OHTaIBINS 3TOTO MPOIECCa PABEH SHEPTUM KPUCTALINYECKONW PEIIETKH, KO-
TOPYIO0 HEOOXOUMO BHIYUCITUTH
Ha ocHoBanunu 3axoHa ['ecca MOXXHO 3armmcarth:

AHI :AH2+AH3+AH4+AH5+AH6.
OTtcro/1a MOKHO BBIPa3UTh U BRIYUCIUTH AHj:
AHg = U(NaCl) = 785,0 kJI>x/mMoJ1b.

Ipumep 27. Wcnonb3ys nukn bopHa—I'abGepa, BbIUHMCIUTE HEPTHUIO
KPUCTAJUIMYECKON PEIIeTKH OpoMMJia Kajausi, €ClId IHTAIbINS 00pa30BaHUs
ATOTO COeMUHEHUS paBHA —392,5 kJ[>K/MOJb, SHTAIBNHS ATOMHU3AIUNA KA
paBHa 88,9 kJI>k/MONb, MOTCHIIMA MOHHM3ALMKM Kaiaus paBeH 4,34 sB/atowm,
DHEPTHUs CBsI3W B MOJIeKyse Opoma paBHa 192,8 x]I/mMoib, a CPOJACTBO aTo-
MapHoro Opoma K 3JIEKTpoHy cocTtaisieT —341,6 k/[x/Moub.

Pewenue.

K(x) +'/, Bra(r) = KBr(x); AH; =—392,5 xJI/MOIb.

K(x) = K(r); AH, = 88,9 xJI>x/MOIb.

'/,Bra(r) = Br(r); AH; =192,9/2 = 96,4 xJ>x/M01b.

K@) —e=K'(r); AH, = 4,34-96,486 = 403,7 xJI>x/M0b.
Br(r) + e = Br(r); AHs =-341,6 xJI>x/Mo0b.

K'(r) + Br = KBr(x); AH; = U(KBr).

—392,5 = 88,9 + 96,4 + 403,7 — 341,6 + U(KBr).
U(KBr) = 641,9 xJ[x/M0b.

IIpumep 28. Kakue u3 ycloBHil TOMKHBI COOMIOAATHCS, YTOOBI MEXKIY
aToOMaMHM pa3IMYHBIX AJIEMEHTOB MOTJIa 00pa30BaThCs METAIIMUECKasi CBA3b:
1) HeGonpIIMe MEXBAIEPHBIE PACCTOSHUS, 2) BBICOKME KOOPAMHAIMOHHBIC
Yuciia aTOMOB; 3) Majloe pa3jinyie B 3HEPTUU BAJIECHTHBIX OpOUTaNel coeau-
HSIOLIUXCA aTOMOB; 4) OJM3KHE pa3Mepbl aTOMHBIX PalnycoB; 5) Onu3Kue
3HA4YEeHHUsI MOHMU3ALMOHHBIX OTEHIINATIOB aTOMOB; 6) HU3KUE 3HAYCHHSI HOHH-
3alIMOHHBIX MTOTEHIINAIOB aTOMOB?

Peuwenue. O0s3aTeNbHBIM YCIOBUEM 00pa30oBaHUs JIFOOOH XUMHUYECKON
CBSI3U SIBJIIETCS MEPBOE YCIOBHE: HEOOJBIIOE PACCTOSHUE MEXAY aTOMaMHU.
Merannuueckas CBSI3b — 3TO J€JIOKATM30BaHHAs CBs3b, 00ycIoBIIeHHas Qop-
MHUPOBaHUEM MOJEKYJISIPHBIX OpOUTANEH; a JUIsl 3TOr0 BayKHO, YTOOBI COOJIIO-
JIaJIoCh TPEThE YCIOBHE — MAJIOE Pa3iIMune B SHEPIMH BAJICHTHBIX OpOUTanien
COCIUHSIONINXCS aToMOB. KpoMe TOro, y aroMoB JOJKHBI OBITh BBICOKHE
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KOOpAMHAIIMOHHBIE YuCia (BTOPOE YCIOBHE) U HU3KHE 3HAUCHHS MOHU3AIIU-
OHHBIX TTOTEHIIMAJIOB aTOMOB (IIIECTOE YCIOBUE).

IIpumep 29. PaccMoTpuTe CBOMCTBA METALUIMYECKON CBS3U C TOYKH
3peHMs 30HHOU TEOPUH.

Pewenue. CneunduueckuMu CBOMCTBAMHU METAJIJIOB, 00YCIOBIECHHBIMU
O0COOCHHOCTSIMH METAJUIMYECKOM CBSI3U, SBISAIOTCS OOJBIINE BETUYHHBI TEM-
JIOTIPOBOJAHOCTA M DJIEKTPOIMPOBOJHOCTH, METANIMYECKU OJIECK, HEMmpo-
3payHOCTh. MeTrajunueckasi CBA3b OTIMYAETCS OT APYTUX THUIIOB CBSI3U IOJI-
HOM WJIM YaCTUYHOM JEJOKaJu3alyel BaJE€HTHBIX JIEKTPOHOB. 1o aToM nmpu-
YUHE METaJJIbl XOPOIIO MPOBOJAT AEKTpUUECKUil TOK. PazpaboTana Teopus
CTPOEHHUSI METAJUIOB, KOTOpPas OOBSICHSAET BBICOKYIO AJIEKTPOIPOBOIHOCTh
METaJJIOB, ONUPAsCh Ha MPEACTABJICHHUS O CBOOOJHO TMEpEeMEIAIONINXCS
AIIEKTPOHAX MEXJIY KaTHOHAMU METAJIOB B y3JlaX KPUCTAJUITMYECKON pemieT-
ki (MOJENb IJEeKTPOHHOro rasa). Ho sta mMonens He MOXKET OOBICHUTH
CBOICTBA IOJIYIIPOBOJIHUKOB, & TAKXKE TEINIOEMKOCTH IPOCTBIX TBEPABIX Be-
IIECTB.

CoBpeMeHHOE 00BSCHEHUE CBOMCTB METAJJIOB OCHOBAHO HA METOJIE MO-
JEKYJSpHBIX OpOuTasiel, KOTOPhI MPUMEHUTEIBHO K TBEPIAbIM TeiaMm (Me-
TaJyiaM U MOJYTPOBOJHUKAM ) HA3bIBAETCS 30HHOI TeOopHeii.

MeTtann MOXXHO IPEICTaBUTh KaK COBOKYIHOCTb /7 aTOMOB, Y KOTOPBIX
OpOUTaNIM C OJUHAKOBOW SHEPrHel KOMOMHHUPYIOTCS C oOpa3oBaHUEM 2n
o0beIMHEHHBIX opOutanen. [Ipu gocTatouHo OOJBIIOM YHCIE YHEPreTHYe-
CKHMX YPOBHEH, OJM3KUX MO SHEPIrUU, OHU 00Pa3yIoT IHEpPreTudecKne 30HbI
(6anenmnasn 30Ha, 3anpewéHHAsl 30HA, 30HA NPOBOOUMOCHU) C HEIPEPHIB-
HBIM pachpe/ieJICHUEM SHEPIuM BHYTPH KaXKI0M M3 HUX. B meTtannuyeckux
KpHUCTaJIax 30Ha MPOBOJAUMOCTH M BAJICHTHAsI 30HA NEPEKPhIBAOTCS, OJ1aro-
Japs 4eMmy 3JIEKTPOHbI BAJIEHTHBIX YPOBHEH MOI'YT O€CHpemnsiTCTBEHHO, 0e3
3aTpaThl JONOJHUTEIBHON dHEPIUM, NEpEMENIaThCsl B 30HE MPOBOAUMOCTH,
OXBAaTHIBAIOIIECH BECh KPUCTAILIL.
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Ha pucyHke nmoka3aHa guarpaMMa MOJIEKYJISIPHBIX OpOUTajneil KpucTa-
Ja JUTHS, U3 KOTOPOM BUAHO, YTO JIEKTPOHBI 3aMONHSIIOT OIM3KUE 10 SHEp-
I'MU SHEPre€TUYECKUE YPOBHU KPUCTAILIA.

30HHas TEOpHs TAKKE OOBACHAET KOHTAKTHYIO Pa3HOCTb IMOTEHIIMAJIOB!
IpU MPUBEICHUHU PA3HOPOJHBIX METAUIOB B KOHTAKT BEPXHHUE T'PAHMIIBI
HSHEPreTUYECKUX YPOBHEN METANIOB HAYMHAIOT BHIPABHUBATHLCSA, B PE3YJIbTa-
T€ 4YEero pa3HOCTh IMOTEHINAJIOB METAUIOB YBEJIMYMBAETCS 10 TEX IOp, MOKa
HE CPABHSIOTCS JEKTPUUYECKUE TOKU B CUCTEME.

IIpumep 30. O0bsicHuTe 0OpazoBaHKEe BOAOPOJHBIX CBSI3€H U CBOMCTBA
COEJIMHEHU Ha IPUMEPE rajoreHOBOIOPOI0B U XaJIbKOT€HOBOI0POIO0B.

Pewienue. Bonopoanasi ¢Bsi3b BO3HUKACT MEXAY MOJEKyJIamMu (MexK-
MOJIEKYJISIPHASI), B COCTaB KOTOPBIX BXOJST aTOMbI BOJIOPOJIa, CBSI3AHHbBIE C
HaumOoJiee HJIEKTPOOTPULIATEIBHBIMU 3JEMEHTaMU: (TOPOM, KHUCIOPOAOM,
azoroM. OOpa3oBaHHE BOJOPOIHON CBSI3U COCTOUT B TOM, YTO aTOM BOJOPO-
11a, OT KOTOPOT'O CBA3BIBAOIIAS JJIEKTPOHHAS Mapa CMELIEHA B CTOPOHY aTo-
Ma 3JIEKTPOOTPHUIIATEILHOTO 3JIEMEHTa, MPUOOpPETaeT YACTUUYHBIN TMOJIOXKHU-
TEJIbHBIN 3aps]] U 32 CUET 3TOTO MPUTATUBAETCS K OTPULIATEILHO 3aPSKEHHO-
My aToMy COCeIHeW MoJieKyJibl. Kpome Toro, BO3MOXHa BHYTPHMOJIEKY-
JIAPHAS BOJAOPOAHAS CBSI3b.

N3-3a Hanmuuus BOJOPOJHBIX CBSA3EH (PTOPOBOIOPOJHAS KUCIOTA SIBIIS-
ercst cnadoit (ananoruunsie kucyiotel HCL, HBr u HI — cunbnsbie). Ona o6pa-
3yet kucasle conu tuna NaHF,, B koTopsix umeercs ycronunssiii noH HF, ¢
0COOEHHO MPOYHON BOAOPOIHOM CBA3BIO.

Jleg uMeeT axKypHYIO TETPAIAPUUECKYIO CTPYKTYPY, COCTOSIILYIO U3 MO-
JIEKYJl BOJBI, CBSI3aHHBIX BOJAOPOAHBIMU CBA3sSMH. 3-3a Hamuuus MycToT B
ATOU CTPYKTYpE JieJ] UMEET MEHBIIYIO, [0 CPABHEHHUIO C BOJOM, MIOTHOCTb.
[To »TOM puyMHE BOJOEMBI 3aMEP3at0T 3UMOUM HE CO JHA, a C TOBEPXHOCTH,
YTO COXpaHseT KU3Hb oOuTaTensM BojgoémoB. [lpu miaBneHuu Jibaa BOAO-
POJIHBIE CBSA3U YACTHUYHO Pa3pyIIAIOTCs, MOJIEKYJbI BOJABI COMMKAIOTCS U €€
IJIOTHOCTh YBEJIMYHUBAETCA.

HawnGonee y1oO0HBIM «MHIUKATOPOMY BOJOPOTHOM CBSI3U SIBIISICTCS TEM-
nepaTypa KUIMEeHUs, TaKk KakK €€ JIETKO U3MEPUTb.

Temneparypa KuNeHUs 3aBUCUT OT MOJIEKYJISIPHOM Macchl BEIECTBA U
SHEPIUU CBSI3U MEXKIY €ro MoJieKyJdamMu. B psiay OJHOTHIHBIX COECIMHEHUM,
00pa30BaHHBIX 3JIEMEHTaMU OAHOW M TOM ke moAarpynmsl [lepuognueckoil
CUCTEMBI, TEMIIEpaTypa KHUIIEHUs BEIIECTB C YBEIMYECHHEM MOJICKYJISIPHOU
Macchl Bo3pactaeT. Tak, B psaay HCI-HBr-HI remnepaTtypa kunenus paBHa
-84,9, —66,8 u —39,4 °C, cooTBEeTCTBEHHO. AHajlOrn4yHas 3aBUCHUMOCThH Ha-
omonaercs u B pagy H,S—H,Se—H,Te. Onnako, kak BHUIHO W3 TaOJMIIBI,
(GbTOpOBOAOPO M BOAA KUITSIT IIPU aHOMAJIBHO BBICOKHMX TeMIlepaTypax. AHO-
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MaJMu TPOSBIIAIOTCS TakKKe B TeMIlepaTypax IUIaBJICHUS, TEIUIOTaX MNapooo-
pa30BaHUS U B JIPYTUX CBOMCTBAX BOJIbI 1 PTOPOBOIOPO/IA.

TeMreparypsl MJIaBICHUS U KUIIEHUS U SHTAJIBIINU UCTIAPEHUS
(B TOUKE KUTIEHUST) TAIOT€HOBOIOPO/IOB U XAJIbKOT€HOBOOPO/IOB

Coenunenne T, °C Tums °C K,Z[Aglb\l/iz)’nb

HF —83,4 -19,5 30,1
HCI ~114,2 85,1 15.1
HBr —86,9 —66,8 16,3

HI -50,8 -35,4 17,6
HO 0,0 100,0 40,8
H,S -85,5 60,7 18,8
H,Se —64,8 41,5 21,3
H,Te -49.0 -2.0 243

Ipumep 31. Kakue BUIIbI MEKMOJIEKYJIIPHOTO B3aUMOJECHCTBUS UMEIOT
MECTO IPH: a) pACTBOPEHUHU (PTOPOBOIOPOJIA B BOJIE U O) Mepexojie KUCIOPO-
Jla B )KUJIKOE COCTOSIHHE.

Pewenue. B monexynax ¢ropoogopoaa (HF) u Boasr (H,O) aromsr Bo-
JI0pO/ia CBSA3aHBI C aTOMaMU HanbOoJIee IEKTPOOTPHUIIATEIBHBIX SJIEMEHTOB —
dropa (x = 4,0) u kucioponaa (x = 3,5), B CBA3HM C Ye€M TUIl XUMHUIECKOU CBSI-
3U B MOJIEKYJIaX — KOBaJI€HTHasl MOJisipHas (MOJEKYJIbI MPECTaBIISIIOT COOOM
aunonun). BzanmoaencTBrUe ANEKTPOCTATUYECKON MPUPOABI MEXKIAY MOJIEKY-
JaMH, B COCTaB KOTOPBIX BXOJST aTOMBI BOJOPO/A U aTOMbl HauboJee dJIeK-
TPOOTPUIIATENILHBIX DJIEMEHTOB, HA3bIBAECTCS BOJOPOJIHOMN CBs3bI0. IMEHHO
BOJIOPOJHBIE CBSI3M BO3HUKAIOT Mexay monekyilamu HF u H,O nipu pactBo-
peHnu GTopoBOOpOA B BOJIC.

Kpome Bo1opo1HOM CBSA3M, U3BECTHBI ClIa0ble MEKMOJIEKYIISIPHBIE B3au-
MOJEUCTBUS — CWIIbl BaH-nep-Baanbsca. B 3aBUCHMOCTH OT MOJISIPHOCTH CBSI-
31 BHYTPU MOJIEKYJIbI 3TH B3aUMOJACHCTBHS MOPA3ICIAIOTCI HA OpPUCHTAIlU-
OHHBIE (JUIMOJb—INIOIb), UHAYKIUOHHBIE (JIUIOJIb—HEMOISIPHAs MOJIEKYJa
WM MOH—HEMOJISIpHAasi MOJIEKYJIa) U TUCIEPCUOHHBIE (MEXAY HEMOJISIPHBIMU
MoJieKyiIamMu). Mex 1y HenoJSpHBIMU MoJIeKyiamMu kuciaopoja (O,) BO3MOXk-
HO JIUIIb cj1aboe AUCIEPCUOHHOE B3aUMOJIEUCTBUE 32 CUET BOSHUKHOBEHUS
MTHOBEHHBIX aunoJieid. CieIcCTBUEM BO3HUKAIOIIUX MPU ATOM MEXMOJICKY-
JISIPHBIX CBSI3EU SIBJIAETCS MEPEX0] KUCIOPOIa B KOHJAEHCUPOBAHHOE COCTOS-
HUE TP 0YeHb HU3KUX Temrepatrypax (7., =—-183 °C, T,,, =-219 °C).
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IIpumep 32. Kakue BUABI B3aUMOJEHCTBUS BO3MOKHBI MEKTy MOJIEKY-
JaMHU BOJIOPOJia U Kuciaopoma, Bojopoaa u Bojasl, H,O u NH;, HCl u HCI?

Pewenue. Mexny nenonsipasiMu Mosekyinamu H, u O, BO3MOXKHO TOJIb-
KO JIMCIIEPCHOHHOE B3aWMOJICMCTBUE; HEMOISPHBIMA MOJIEKYJIAMH BOJIOpOAA
U noJsipHbIMUA MoJiekyinamu H,O — MHIYKIIMOHHOE U JTUCTIEPCHOHHOE B3au-
MOJICUCTBHE; MEXIY MOJIEKYJIaMU XJIOPOBOJIOPOJA — BCE TPHU BHJAA B3aUMO-
nenctBus; mexay Mmonekynamu H,O u NH; — BogoponHas cBsi3b U Bce Tpu
BUa cui BaH-nep-Baanbca.

Ipumep 33. bpomun ne3ust KpucTaJIu3yercsi B KyOuueckoi cucteme. B
neHTpe Kyba nHaxomutcs noH Cs', MOHBI Br HaxomsTcs B €ro BepIIMHAX,
IUIOTHOCTH Opomuza 1esus 4,44 r/cm’. Ompenenurte mIHHY pebpa dieMeH-
TAPHOM KPUCTAJUTNYECKOU STYCHUKH.

Pewenue. Inementapnas stueiika CsBr conepxxut 1 non ne3us u 1 uon
Opoma, 1 00beM STYEHKH MOXKHO PACCUUTATh U3 COOTHOIICHUS:

V= M(CsBr)/(p-N,) = (133 + 80)/(4,4-6,022-107) = 7,97-10 > cm’.
Ho o0beM kyOa MOKHO TakKe paccuuTaTh Kak JUIMHY peOpa B TpeTbeil
crenenu V =a’, orcrona a = /7,97 -10 2 =43-10° cm wu 4,3 A.

Ipumep 34. Moaun 1e3us UMEET TaKyro k€ CTPYKTYpPY, Kak U XJIOPUA
ne3ust (IBoiTHAsT B3aMMOIIPOHUKAIOIIas KyOudeckas pemierka ¢ k.4. = §). Pa-
nuycsl noHoB Cs” u I” pasubl 1,69 u 2,16 A, coorBercrBenno. Haiinure 00b-
€M 3JIEMEHTAPHON KPUCTAIIMYECKOMN STUEMKHU U TUIOTHOCTh KpUcTauioB Csl.

Pewenue. Ecnmu nipeanonoxutb, 4To HOHBI | HAXOmSITCA B COCEIHUX
BEpIIMHAX KyOa U coIpuKacaroTcs Mo pedpy, To ajuHa pebpa OyaeT paBHa
YABOEHHOMY pajuycy Hoaua-noHa: [ = 2-2,16 = 4,32 A. Tlo nuaronanu xy6a
conpukacarorcs HoHsl Cs' 1 I, py 3TOM JIMHA JMATOHATH JOJKHA OBITH
paBHa YJIBOEHHOUW cymme paanycoB noHOB. Kak u3BecTHO, AuaroHaisb kyOa
d= a~3, Tne a — cTopona ky6a: a+/3 = 2(1,69 + 2,16) = 7,7 A, orcrona
a="17,/\3 =445 A. BunHo, 4To Ha caMoOM Jeie YIIAKOBKA HOHOB B PEIIIETKE
HE TMpeJeNIbHO IUIOTHAsI U JJIMHA CTOPOHBI KyOa (pebpa siuelKu) HECKOIbKO
0oJbIIIE, YEM CyMMa paanycoB | .

s BbrunMcneHus oobema sueiiku V, OyaeM HCHoib30BaTh OOblee
3HAYEHUE CTOPOHBI:

V,=a’ =445 =88,12 A°, mim 8,812:10 = cm’.

Otcronia mnoTHOCTh 1 MOJIb siueek (C y4eToM Toro, uto ojaHa siueiika Csl
+ S
coaepkut 1 noun Cs u 1 won I):
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_ M(Gsl) 260 r/moib
N,V 6,022-10* momp " -8,812-107> cm

- =490 /c™’.

IIpumep 3S. Ykaxure, KAKUM THNAM KPUCTAJUIMYECKUX PEIIETOK COOT-
BETCTBYIOT (PU3UKO-XUMUYECKHE CBOMCTBA:
1) TBepAOCTb, XPYNKOCTh, BHICOKME TEMIEPATYPHI IJIABICHUS U KHUIIE-
HUS, B BOJIE HE PACTBOPSIIOTCS;
2) TBEpAOCTb, XPYIKOCTb, BHICOKME TEMIEPATyphl IJIABJICHUS U KHUIIE-
HUS1, BOAHBIE PACTBOPHI MPOBOAT 3JIEKTPUUECKUH TOK;
3) HM3Kasg NPOYHOCTb, MJIABJICHUE WJIM BO3TOHKa (JIETy4eCTb) MPU HU3-
KHX TEMIIEpaTypax, BOJHbIE paCTBOPHI HE MTPOBOJIAT ANEKTPUUECKUH TOK;
4) NIacTUYHOCTH, BBICOKAsS 3JIEKTPOIPOBOJHOCTh U TEIJIONPOBOAHOCTb,
OTpHUIIATEIBHBIN TeMIIepaTypHbIH KO OUIIMEHT dJEKTPOTPOBOAHOCTH?
Pewenue. Habop cBOWCTB, MEpeYUCICHHBIA B M. 1, MOKHO OTHECTH K
KPUCTAJNINYECKUM BEILIECTBAM C aTOMHOM aJIMa30I1o100-
HOM pemIéTKoi (CM. pucC.), KOTOpas XapaKTepU3yercs Ko-
OpJIMHAIIMOHHBIM 4YucloM 4 (npocmule gewjecmaa ¢ peliET-
koi tuna anMaza — C,pyas, S1, Ge, a-Sn; coedunenus ¢ pe-
mérkor tuma chanepura — ZnS, CdS, CdTe, AIP, GaAs,
InSb, SiC). CtpykTypHOIi equHUIEH TaKUX PEIIETOK SBIIS-
eTcst Terpa’ap. TUI XMMUYECKON CBSI3U B KPUCTAIaX 3TOTO THUIIA IPEUMY-
LIECTBEHHO KOBAJICHTHBIA. BOJBIIMHCTBO KPHUCTAIIIOB C TaKOW CTPYKTYpOH
00J1aJ1al0T OJYTPOBOTHUKOBBIMH CBONCTBAMHU.
HaGop cBoiicTB, mepeyncieHHblil B 1. 2, XapaKTepeH
JUISL KPUCTAJUIMYECKUX BEIIECTB € NPEUMYIIECTBEHHO
VMOHHBIM THUIIOM CBA3M (KakK ObLIO OKa3aHO B pumepe 22,
COCIMHEHNN C «YUCTOM» MOHHOM CBSI3bI0 HE CYLIECTBY-
eT). B y3max KpuCTalsIM4ecKoN pEeIIeTKH TaKUX BEIIECTB
HaxOJATCS 3apsKEHHBIE YacCTULIbl — HWOHBI, CBSI3aHHbIC
OpYr C APYrOM CHJIAMH 3JIEKTPOCTATUYECKOTO B3aWMO-
nerctBud. [1oCKONbKY 3J€KTpOCTaTHUECKUE CHUJIbI HEHANpPAaBJICHHbI M HEHa-
CBIILIAEMBI, TO JUISl TAKUX PEIIETOK XapaKTEPHBI BBICOKME KOOPAMHALIMOHHBIE
yucia (6, 8) U MIOTHBIE YMAKOBKHU. THUMUYHBIC MPUMEPHl TAaKUX BEIIECTB —
xsopun HaTpust NaCl (KY = 6, cm. puc.), CsCl (KUY = §) u apyrue conu 1ie-
JIOYHBIX U IIEIOYHO-3EMENBHBIX METAJIOB. B TBEpAOM BHIE 3TH BEUIECTBA
OOBIYHO SIBJISIFOTCSI IUAJIEKTPUKAMH, HO B PACILJIAaBJICHHOM COCTOSHUHM WU B
pacTBOpPE MPOBOAAT IEKTPUUECKHUI TOK, IMOCKOJIBKY JUCCOLMHPYIOT HA HO-
HBI.
B 1. 3 mepeuncneHbl CBOWCTBA, XapaKTEPHBIC I BEIIECTB C MOJIEKY-
JSIPHBIMH KPHUCTALUIMYECKHMH peméTkamMu (CM. pHC., KpHUCTAJUIMYECKas
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pemieTka ozaa). B y3max Takux peméTok HaXosT-
Csl MOJIEKYJIbI, CBSI3aHHBIE JIPYT C IPYTOM CIIa0bIMU
MEKMOJEKYJSIpHbIMUA cuiaMu. [loaTomy Takue
KPUCTAJUIBl CYIIECTBYIOT OOBIYHO TIPU HHU3KHUX
TEMIIEpaTypax, JIETKO BO3TOHSAIOTCA MPU HarpeBa-
HuU. [TOCKOJIBKY THI CBSI3W B MOJIEKYyJIaX KOBa-
JICHTHBIN, TaKUe BEIIECTBA OOBIYHO SIBJISIOTCS JIU-
AIIEKTPUKAMU KaK B KPUCTAJUTMYECKOM COCTOSIHUM, TaK U B PACTBOpax.

CBoiiCcTBa, IEPEUNCIICHHBIE B 1. 4, OTHOCATCA K MeTauiaMm. Mx kpucran-
JUYECKHUE PEMIETKU XaPaKTEPU3YIOTCS BHICOKUMHU KOOPIWHAIIMOHHBIMU YHC-
namu (8, 12) ¥ MIOTHEHIIUMU TUIIAMH YIIAKOBOK (CTENEHb 3aMOJHEHUS MPO-
CTpaHcTBa B pemérke 74 %) — kyOmuyeckasi rpaHeneHTpupoBanHas (Al,
Ca, N1, Cu, Pd, Ag, Pt, Au, cMm. puc.) U rekcaroHajbHasi
(Mg, Sc, Ti, Co, Zn, Cd). Metasibsl UMEIOT OTpHUIIATEIbHBIN
KOA(DPHUIIUEHT 3JIEKTPOIPOBOIHOCTH (TIOHMKEHHUE DJIeK-
TPONPOBOJIHOCTH NPU HArpeBaHUM), YTO CBA3AHO C YBEJIM-
YEeHUEM aMIUIUTYbI TEIUIOBBIX KOJIEOAaHUN aTOMOB B y3i1ax
PEIETOK NP MOBBIIICHUHN TeMIepaTypbl. Benencteue 3to-
ro 3aTpyAHSETCS ABUKEHHE HOCUTENEH 3apsaoB (3JIEKTPOHOB) U CONPOTHB-
JICHUE TOBBIIIAETCA.

SAJAHUSA A CAMOCTOATEJIBHOI'O PEHIEHUSA

1. Ucnonb3yst METO BaJCHTHBIX CBSI3€H, OMUIIATE CTPOCHUE MOJEKYJ
SIC14 COQ: C2H6: SF4: CO: NF3: BC13: PC13: C2H2: SF6§

1) mokaxkute 3AEKTPOHHYIO CTPYKTYPY BCTYMHAIOUIUX B CBSI3b ATOMOB B
OCHOBHOM U, TP HEOOXOIUMOCTH, B BO30YKJICHHOM COCTOSIHUSIX
2) ycTaHOBUTE THUN THOpUAM3alMK OpOuTajeil (eciu oHa UMEET Me-
CTO), TIOKaXUTE YUCJIO W HaIpaBieHUE THOPUAHBIX OpOUTanei, yroiu
MEX1y HUMHU, U300pa3uTe MOJIEKYIY;
3) MOKaXuTe MEePEKPHIBAHUE AJIEKTPOHHBIX OO0JIAKOB, YKOKUTE THUI H
KPaTHOCTb KaKJI0M CBSI3H;
4) eciii y UEHTPAJIBLHOIO aTOMa MMEIOTCSI HECBSI3bIBAIOIIUE OpOUTAIIH,
TO YKaXXUTE, KaK OHU BIIUSIOT HA CTPOCHUE MOJIEKYJIBI.
5) yCTaHOBUTE, €CTh JIM B MOJIEKYJI€ JJOHOPHO-AKIIENITOPHBIE U JIEJI0Ka-
JIM30BaHHBIE CBSI3U;
6) yKa)xuTe, MOXKET JIn MOJIEKYyJia 00pa3oBaTh 0oJiee CIOKHBIE COETu-
HEHUSI U 110 KAKOMY MEXaHU3MY; MIPUBEAUTE IPUMEPHI TAKUX COEIUHE-
HUH.

67



2. O0OBsicHUTE, TOYEMY TIPU HAJTMYUU TOJISIPHBIX CBA3EH MEXKIy aToMaMu
oIHU MoJeKyabl sBistoTces aunoisamu (H,O, NH3), a npyrue ner (CO,, BF;,

CH,).
3. CpaBHUTE MOTEHIIUAJIBI HOHU3AIIUH AaTOMOB U MOJICKYJI:
Yactuna N N> F F,
1, OB 14,5 15,6 17,4 15,8

I/ICHOHBSY}I MCTOJ MO, 06’b$ICHI/ITC, [mouemy PIOHPI?:&HI/IOHHBIﬁ IIOTCHII M-
aJI MOJICKYJIbI N2 BBIIIC, YCM aTOMa a30Ta, 4 B CJIydac @Topa Ha6JIIOI[aCTCH

MIPOTHUBOIIOJIOKHOE.
4. CpaBHUTE TIOTCHIIMAJIBI HOHU3AITMN aTOMOB U MOJICKYJI:
Yactuma H H, O O,
1, 3B 13,6 15.4 13,6 12,2

Ucnonszys meton MO, 00bsicHUTE, TOYEMY MOHU3AIIMOHHBIN MOTEHITU-
an mosiekyJsiel H, Bblllie, ueM aToMa BOAOpPOJA, a B CIydae KHCJIOpOJa Ha-
0JIroJaeTCs MPOTUBOIIOJIOKHAS KapTUHA.

5. IIpu BBICOKMX TeMIiepaTypax B ra3000pa3HOM COCTOSIHMM CYIIECTBYET
Mmoiiekysia okcuna oepwuius BeO. [locTpolite sHepreTuueckyo Auarpammy
MO »5T0i#1 MOJIEKyJbI, OOBSICHUTE MarHUTHBIE cBoicTBa. CaenaiiTe BBIBOJ O
CpaBHUTENBHOI ycToitunBocTH yactuil BeO u BeO'.

6. [Ipu BbICOKMX TeMIepaTypax B ra3000pa3HOM COCTOSIHUH CYIIECTBYET
Mmouiekysia 6opa B,. [locTpoiite sHeprernueckyo auarpammy MO 3T0i MO-
JIEKYJIbl, OOBSICHUTE MarHUTHBIE CBoOMcTBa. CenaiiTe BBIBOJ O CPABHHUTEIb-
HOW YCTOWYHUBOCTHU YacTull B,, B, u B,.

7. Ilpu BBICOKHX TeMIiepaTypax B ra3000pa3HOM COCTOSIHMH CYIIIECTBYET
Mosnekyna yriepona C,. Iloctpoiite sHepretudeckyto auarpammy MO 3Toit
MOJIEKYJIbI, OOBSICHUTE MarHuTHbIE cBoicTBa. CrenaliTe BBIBOJ O CpaBHU-
TEJIbHOW yCTOMYMBOCTH YacTull C,, C, u C,.

8. [Toctpoute quarpammy MO st Monekyabl Nj, paccuuTanTe mopsgok
CBsI3M, OOBSICHUTE MarHUTHBIE cBOMcTBA. ClenaiiTe BHIBOJ O CPAaBHUTEIBLHON
ycroianBocta gactuil No, N," 1 N, . ITogbepure MoneKyiy, H303IeKTPOH-
HYIO MOJIEKYJIE a30Ta.

9. Tloctpoiite nuarpamMmy MOJEKYJISPHBIX opOuTaneir momiekynsl O,
paccuMTaiTe TMOPSIOK CBSI3U, OOBSICHUTE MarHUTHbIE cBoicTBa. Crenaiite
BBIBOJI O CPABHUTEJILHOM YCTOMUMBOCTH YacTul] O, 0O," u O,

10. Onpenenure MoOJIEKyy, KOTOpas MO METOAY MOJIEKYJSPHBIX OpOH-
Tajeil ONMUCHIBACTCS PICKTPOHHOU (HOPMYIIOi:

[KK(GZSCB)Z(62s*)2(G2poB)2(ﬂ:prCB)z(ﬂ:ZpyCB)z]

[Toctpoiite sHepreTudeckyro auarpaMmmy MO 171 3TOH MOJIEKYJIbI, pac-

CUMTANTE MOPSAOK CBSA3U.
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11. TlocrtpoiiTe auarpamMmy MOJIEKYJSPHBIX OpOUTallel IHMaHUA-HMOHA
CN’, paccudTaiiTe TOPSIOK CBS3M, OOBICHUTE MAarHUTHBIC CBOICTBA.
VYKaxxure 1B€ OUEHb U3BECTHBIE MOJIEKYJIbI, N303JEKTPOHHBIEC ITOM YaCTHULIE.

12. Iloctpoiite auarpammy MO monekynbel CO, paccuutaiTe mopsiiok
CBS31, OOBSICHUTE MarHUTHBIC cBoMcTBA. CrenaiTe BBIBOJ O CPAaBHHUTEIIBHOM
ycroitumsoctn  wactunp, CO, CO" wu CO™. Ilogbepure Monekyiy,
M303JIEKTPOHHYIO MOJIEKyJie okcua yraepoaa (11).

13. TlocTpoiite auarpamMmy MOJIEKYJISAPHBIX opOuTaiieid MoJjekyiasl NO,
paccuuTaiTe TMOPSIOK CBS3U, OOBICHUTE MarHUTHbBIE CBoicTBa. Chenaiite
BHIBOJ] O CPABHUTENIBHOM ycToitunocty yacturl NO, NO' u NO™. [Tog6epure
MOJIEKYY (UM MOH), U303JIEKTPOHHYI0 MoJiekyJie NO.

14. Kanuii u cepedbpo HaxoaaTcs B ogHou rpynmne [leproauueckoit cuc-
TE€MBI, OJTHAKO UX OJHOTHUIIHBIE COEAMHEHUS 3aMETHO Pa3IMYAOTCA IO CBOM-
ctBaM, HanpuMmep, KCl pactBopum B Bojae, a AgCl — HepactBopuM. Kak 00b-
SCHHUTE TAKOE€ Pa3jIn4Me C IMO3ULMI CTPOCHUS BellecTBa?

15. B monexynax BF; u NF; xumuueckue cBsa3u B—F u N-F nonsipusl,
HO MoJIeKyna (propuaa 6opa HEMoJspHA, a MOJIeKyJia (TopUIa a30Ta MOJISIP-
Ha. Kak 00bsICHUTB 3TO paznuuue?

16. Pa3noskeHne KUCIOThI HA aHTUIPHUA U BOAY BCEI/Ia POUCXOIUT NMpU
CYILIECTBEHHO MEHBILIEH TEMIIEPATYPE, UEM PA3JI0KEHHE €€ COJIM, HallpUMep:

HQSO4 — SOg =+ HQO (300 OC)
N2,SO,; — SO; + Na,0 (1600 °C)

Kak 00BsSCHUTD 3TO pa3iuyue ¢ MO3UIUN CTPOEHHUS BellecTBa?

17. OnumuTe, 4TO TPOUCXOIUT C TOJISIPHBIMUA KOBAJIGHTHBIMU CBS3SIMU
B MOJIEKYJIaX MPU PaCTBOPEHUU BEIIECTB B Boje. Kak Ha3bIBaeTCs 3TOT MpPo-
necc? OTBET WLTIOCTPUPYITE MPUMEPAMHU.

18. Tlo mMexaHW3My IUCCOIMAIMU B BOJHBIX PACTBOPAX THUIPOKCHJIBI
MOJIPA3NICSIOTCS Ha OCHOBAHUS, KHUCIOTHI W aM(onauThl. CBSKUTE 3Ty
KJIACCU(DUKAITUIO C XapaKTEPOM XUMHUYECKUX CBSI3€H B THIPOKCHUIAX.

19. KapOoHaTs! KanbIus U KaJAMHUS Pa3iaraloTcsi Ha OKCHUJIBI METAIUIOB U
CO, npu cy1iecTBeHHO pa3nuuHbIX Temreparypax: 860 °C (CaCOs) u 300 °C
(CdCOs3). OOBsACHUTE 3TO pa3IMUUE C MMO3UIIUNA CTPOCHHUS BEIIECTRA.

20. OnumuTe TUMBI XUMUYECKUX CBSA3EH, UMEIOIMX MECTO B CICAYIO-
IIMX TBEPJBIX BEHIECTBAX: kKejne30, kBapil (S10,), cynbdar Hatpus (Na,SOy),
3aMOpOXKEHHas Boja (Jen).

21. ®roposogopoxa (HF) pactBopsiercss B BoJe HEOTPAaHUYEHHO, a XJO-
posoaopon (HCl) oOmamaer orpaHMYCHHOM pPACTBOPHUMOCTBIO, 4YTO HE
MO3BOJISIET TOJYy4YaTh COJSHYIO KHCIOTY C KOHIEeHTparued Beime 37 %.
OOBsICHUTE C TTO3UIIMU CTPOCHHUSI BEIIECTBA TAKOE Pa3JIMuU€ PACTBOPUMOCTHU
OJTHOTHUITHBIX BEIIECTB.
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22. O0wsacaute, nouemy s moiekyia H,O u HF oGpaszoBanue BOj0-
POJIHBIX CBSI3€H XapakTepHO, a 1 moaoOHbIx uM Mosekyn H,S u HCI nexa-
pakTepHO.

23. KpaTko ONMIINMTE TPU TUIA MEXMOJEKYISIPHOIO BaHAECPBAAIBCOB-
CKOro B3auMojeicTBus. [1o kakum MexaHU3MaM MPUTATUBAIOTCS APYT K ApPY-
I'y MOJIEKYJIBI a30Ta, TUOKCHJIA YTIEPOaa, HapOB BOJBI?

24. JIunionbHBIA MOMEHT — OJIMH W3 MOKa3aTeseill MOJIIPHOCTU KOBa-
JIEHTHBIX cBsi3ed. OT 4ero 3aBHCHUT €ro BEJIMYMHA, KAK OH PacCUUTHIBAETCA,
KaK OIpeAesieTcs] 3KCIEPUMEHTAIBHO, B KAKUX €IMHULIAX u3Mepserca? Ot-
BET WUTIOCTPUPOBATH TPUMEPAMH.

25. D@ deKkTUBHBIN 3apsa aToMa B MOJIEKYJIE — OJIHA U3 XapaKTEPUCTUK
KOBaJIeHTHOU cBsi3u. Kak ompenensiercss u paccuutbiBaercs 3(h()EKTUBHBIN
3apsiJl, MO>KHO JIM T10 €r0 BEJIMYMHE OMpPEAENUTh CTeeHb HOHHOCTH cBsi3u? B
YeM COBIAJIaeT, a B 4YeM He coBnajaaer 3¢G(EeKTUBHBIN 3apsja aromMa co
CTEINEHbIO €r0 OKUCIEHUs?

26. O0bsACHUTE, KaKOe SIBJICHUE HA3bIBAETCS MOJIApU3aLUEH XUMHUECKON
CBSI3M, & KaKoe — IOJIIPU3YEMOCTBIO CBs3U. [IpuBenure mpumepsl TOro u
JPYTroro siBJICHUS.

27.Ecnu  CpaBHUTh TEMIIEpATypbl KHIIEHUS IKUAKUX TaJOr€HO-
BoaoponoB HF (+19,5 °C), HCI (85,1 °C), HBr (—66,8 °C) u HI (-35,4 °C),
TO SIBHO BHJIHA aHOMalMs B moBelneHUu (ropoBojopoaa. OOBSCHUTE 3Ty
aHOMAJIMIO C MO3ULUN CTPOEHUS BEIIECTBA.

28. IIpoBeaute KJ1acCU(DUKAIUIO HIKETIEPEYUCIICHHBIX
KPUCTAJUINYECKUX BEIIECTB HAa KOBAJICHTHBIC, MOHHBIE, METAJUINYECKHE U
MOJIEKYJISIPHBIE KpPUCTAJUIBl: MOBapeHHasl Ccojb, anMma3, KpemHeseM (Si0,),
xKenes30, cyxou aex (TBepaslid okcun yraepoaa CO,), caxap.

29. OObsacHUTE, KAaKO€ 3HAYCHHE HMMEET 3JIEKTPOOTPULIATEIHHOCTh XH-
MHUYECKHX 3JIEMEHTOB NMpU 00pa30BaHUM XMMHUYECKUX CBA3EH MEXIy HUMH.
[IpuBeauTe mpUMEpPHl BIHUSHUS 3JIEKTPOOTPHULIATEIBHOCTH HAa THUI XUMHYE-
CKOM CBSA3U MEXY JIEMEHTAMH.

30. Cpemn monexyn H,SO,, PHj;, H,S, HF ykaxurte Takue, mexmay
KOTOPBIMU BO3MOXHO 00pa3oBaHUE BOJAOPOJIHBIX CBS3EH.
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I'nmaBa 6
KOMIIVIEKCHBIE COE/IMHEHMUSA

ITo teme «KoMruieKCHbIE COCIMHECHHS» HEOOXOIWMO 3HATh U YMETh
(1 (1% {011 (SR

1. 3HaTh cocTaB KOMIUJIEKCHBIX COCJAMHEHUM, YMETh ONPEACIATh 3apsi bl
KOMILIEKCO0Opa3oBaTeIs 1 KOMIUIEKCHOT'O HOHA.

2. JlaBaTh Ha3BaHHUS KOMIUICKCHBIX COCAMHEHUM M 3alIUCHIBATh UX (op-
MYJIbI IO HA3BaHUSIM.

3. 3HaTh KiacCH(HUKAIMIO KOMIUICKCHBIX COCIMHEHUN W WJLTFOCTPHUPO-
BAaTh IPUMEPAMMU.

4. 3anuchIBaTh CXEMbI JUCCOLMAIMA U BBIPAKEHUS 11 KOHCTAHTHI HE-
CTOMKOCTH KOMIUIEKCOB; MO CIIPABOYHBIM 3HAYCHUSIM KOHCTAHT HECTOMKOCTH
ONpPEAEsATh HAIMPABJICHUE MPOTEKAHUS PEAKIUN C y4aCTUEM KOMIUIEKCHBIX
COEIMHEHU.

5. OOBSACHATh XMMHUYECKYIO CBSI3b MEXKJy KOMILJIEKCOOOpa3oBareiieM U
JIUTaHJAMHU Ha OCHOBE 3JIEKTPOCTATUYECKON TEOPUHU, METO/1A BAJICHTHBIX CBSI-
3€d, TEOPUHU KPUCTATUINUECKOTO IOJIS.

6. I[IpuBOAUTH NMpPUMEPHI MOJYUYEHUS U TPUMEHEHHUS KOMILUIEKCHBIX CO-
CIMHCHUH.

IMPUMEPBI BBITIOJTHEHUSI 3ATAHUI

IIpumep 1. I[lepeuncnure cocTaBHble YaCTU KOMIUIEKCHOTO COEAMHEHUS
K;[Fe(CN)g], ykaxkuTe KOOpAUHALIMOHHOE YUCIIO, OMPEACIIUTE 3apsibl KOM-
rieKcooOpa3oBartessi U KOMIIEKCHOTO MOHA.

Pewenue. 1) B 3ToM coelMHEHUN KOMILJIEKCO00pPa3oBaTesieM SBIISCTCS
KaTHoH xene3a Fe'', muranmamu — CN -HOHBI, KOMIUIEKCOM (BHYTpeHHei
cepoii) — annon [Fe(CN)s]*, BHemmneii cepoii — vonsr kams K, koop-
JANHALMOHHOE YU CJIO PAaBHO IIECTH.

2) 3apsiibl KOMIUIEKCHOTO MOHA M KOMIUIEKCOOOPa30BaTeNsl ONpeaesis-
IOTCSL B pe3yJibTaTe cleAyromux cooOpakeHuil. Bo BHemHel cdepe Tpu Ka-
TuoHa kanusa K’ umeror o61muit 3apsz +3, a OCKONLKY COEMHEHHE B LIEJIOM
ANEKTPOHEUTPAIBHO, TO 3apsJ KOMIUIEKCHOIO MOHa paBeH —3. Jlurangamu
ABJISIFOTCSL KUCJIOTHBIE OCTaTKH IMaHOBOJOpoAHOM kuciaoTel HCN, 1O ecTh
annonsl CN', UX 1ecTh U UX o0mMii 3apsy paBeH —6. CienoBarenbHo, 3aps
MOHA KeJie3a paBeH +3.

Ipumep 2. Kakne XUMHUYECKHE 3JIEMEHTHI OOBIYHO SIBIISTFOTCS KOMILICK-
co00pa3oBaTENISIMH, KaKHEe YaCTHIBI MOTYT OBITh JIMTAHJIAMU U KaKHe KOOp-
JTUHAIMOHHBIC YHCIa Hanbosee XapaKTepHBI I KOMIUIEKCHBIX COEIUHE-
HUAN?
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Pewenue. B xomriekcax XxuMuuyeckasi CBSI3b 00pazyercsl o JOHOPHO-
aKIEeNTOPHOMY MeXaHU3MY: JIOHOpPaMHU JJICKTPOHHBIX Map SBISIOTCS JIH-
raHjpl, aKIenTopaMu — KOMIUIEKcooOpa3oBaTeab. CHIIBHBIMU aKIEITOPHBI-
MU CBOMCTBaMHM 00j1agaroT kaTnoHbl d-3nemenTtoB (Hanpumep Cu, Zn, Fe, Co,
Ni, Ag, Au, Pt u T.1.). AKIIeNTOPHBIE CBOMCTBA MPOSIBISAIOT TAKXKE HEKOTO-
pwie p-anementsl (Al, Sn, Pb, Ge, Si, P, As, Bi); cpenu s-3ieMeHTOB yCTO-
YUBBIC KOMIUIEKCHBIC COSIUHEHUS 00pa3yeT TOIbKO OSPHILIHA.

Jlurangamu B cocTaBe KOMIUICKCHBIX COCIMHCHHUN OBIBAIOT KHUCIIOTHEIC
octatku (F, Cl', Br, I, CN, NO; , NO, wu T1.1.) u runpokcua-uonsl OH ', a
TaKK€ MOJIEKYJIbl C HEMOJIEJIEHHBIMU 3JeKTpoHHbIMU mapamu: H,O, NHs,
N,Hy4, CO u ap. Bce onu o0nanaroT 3J1€KTPOHOJOHOPHBIMU CBOMCTBAMM.

Hanbonee xapaktepHble KOOpAMHAIIMOHHBIE YUCIA B KOMIUIEKCHBIX CO-
SAMHEHUSIX — ATO YeTHbIe uucia 2, 4, 6; pexxe BCTPEHAIOTCs COSTUHEHHUS C
KOOPJAVHAIIMOHHBIM YUCJIOM 8 U ¢ HEUETHBIMU 3HAYEHUAMH 3, 5 u 7.

Ipumep 3. Coueranuem 4acTuil C03+, NH;, NO,, K" MoHO cocTaBuTh
dhopMyJIBl CEMU KOMIUIEKCHBIX COSIMHEHUM ¢ KOOPAMHAIMOHHBIM YHCIIOM 6.
Hanumure 3t popmybl.

Pewenue. N3 3TUX dYacTHI] KOMIUIEKCOOOpa3oBaTeleM MOXKET OBbITh
Tonbko Katnon Co>’ (d-smemMeHT), a KaTHOH KaJIus K" MOeT HaXOmuThCs
TOJIBKO BO BHeIIHEH cdepe. Mosekyna amMuaka MOXKET OBITh TOJBKO JTUTaH-
JIOM, a HUTPUT-UOH MOKET PacroyiaratbCsi Kak BO BHYTPEHHEW, Tak U BO
BHeIIHEH chepe. PopMyJsibl CEMU KOMIUIEKCHBIX COSIMHEHUN TaKue:

1) [Co(NH;)s](NO>)s, 2) [Co(NH3)5(NO,)(NO2),,
3) [Co(NH3)s(NO2),]NO,, 4) [Co(NH;)3(NO)s],

5) K[Co(NH3)2(NO2)4], 6) K5[Co(NH;3)(NO»)s],

7) K5[Co(NOy)q].

IIpumep 4. [IpoBenuTe KIacCH(PUKANNIO KOMIUIEKCHBIX COSIUHEHUH T10
tpeM npuszHakam: Na;[Cr(OH)s], H;[Fe(CN)s] u [Cu(NH;),](OH)s.
Pewenue. OcHOBHBIMU KJIacCU(DUKATMOHHBIMUA MPU3HAKAMHU KOMILIEKC-
HBIX COCIMHEHU SIBIIAIOTCS 3apsij KoMIUieKca (KaTUOHHbIE, AHMOHHBIE, HEl-
TpaJIbHbIE), MPUPOJIa JUTAHJOB (aKBa-, aMMUH-, TUAPOKCO-, AllUI0- U CMeE-
IIaHHBIE KOMILUICKCHI) ¥ BHEITHEH cepbl (Cob, KUCIIOTa, OCHOBAHUE):
Na;[Cr(OH)g] — aHnoHHOE, TUAPOKCOKOMILIEKC, COJTb

H;[Fe(CN)¢] — annonHoe, aliuJOKOMILIEKC, KUCIIOTa
[Cu(NH3)4](OH), — kaTnoHHOE, aMMHUHOKOMILIEKC, OCHOBaHHE.

IMIpumep 5. Hamwmmure Ha3zBaHHWSA  CIEAYIOIIUX  COCAUHECHUM:
[CU(NH3)4]SO4, K3[FG(CN)6], [CO(Hzo)(NH3)3C1z]SO4, [Pt(NH3)2C14]
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Pewenue.
[Cu(NH3)4]SO,4 — cynbdat Terpaammuameu (11);

K;[Fe(CN)g] — rexcarmmanodeppat (I11) xamms;
[Co(H,O)(NH3);CI,]NO;s — HuTpar aquxioporpuammuHakakoOaisTa (111);
[Pt(NH;),Cly] — TerpaxnoponunammunIiuiatuaa (I1V).

Ipumep 6. Ha pactBop coenunenusi PtCly-3NH; monelictBoBanu HUT-
paToMm cepebpa. B ocamok Beiman xjaopun cepedpa, Ha 00pazoBaHNUE KOTOPOTO
3arpaueHo 1 Moiab AgNQO;. YcTaHOBUTE KOOPIMHAIIMOHHYIO (POPMYITY COeIIHE-
HUSL, HATTUIIIATE YPaBHEHUE PEAKIIUH.

Pewenue. C momotipto HUTpaTa cepedpa 0OBIUHO OMPEACIISICTCS COMIep-
xanue Cl -noHoB B pactBopax. To, UTO Ha peakUUIO U3pacxoaoBaH 1 Mok
AgNO;, o3HayaeT, 4To B pacTBOpe HaXOAUTCS 1 MOJIb CBOOOJHBIX HMOHOB
XJIOpa, a OCTaJIbHbIE MOHBI XJIOPA CBSI3aHbI B KOMIUIEKC U HAXOJSATCS BO BHYT-
peHHel koopauHarmoHHOU cdepe. Takum obOpasom, Gopmyna coeqUHEHHS
[Pt(NH;);CL]Cl. YpaBHeHue peakiuu:

[Pt(NH3)3C13]C1 + AgNO3 = [Pt(NH3)3C13]NO3 + AgCLL

IIpumep 7. Hanumure cxemy AUCCONUAANNAN KOMIUIEKCHOTO COEIUHEHUS
Na;[Co(CN)g] B BOZTHOM pacTBOPE U BHIPAKEHUE KOHCTAHTHI HECTOUKOCTH.

Pewenue. I'ekcatimanoko6anstat (I11) HaTpUs nuccouMupyer Kak CUilb-
HBIN 3JIEKTPOJIUT HA MOHBI BHENTHEN c(hephl (HATPHS) M KOMIUIEKCHBIC HOHBI:

Na;[Co(CN)g] = 3Na" + [Co(CN)e]*.

KoMruiekcHbIF MOH JUCCOIMUPYET KaK CIaObIid 3JIEKTPOJIUT Ha HOHBI
KoMImiekcoodpasoatenst (Co’") u muramast (CN). DTOT mporece 06paTHM U
XapaKTepu3yeTcss KOHCTAHTOM PaBHOBECHsI, KOTOpask JUIsl KOMIUJIEKCOB Ha3bl-
BaeTCAd KOHCTAHTOM HecTolikocTH (K),), a oOpaTHas eil BeJMYrHa Ha3bIBACT-
Csl KOHCTAHTON yCTOWYMBOCTH. 3aMWIIIeM YPaBHCHHE NUCCOIUMAIIMN U BBIpa-
YKEHUE KOHCTAHThI HECTOMKOCTH:

_[Co™]-[NO; I
" [[Co(NO,), T T

[Co(CN)]* 5 Co’" + 6CN,

Ipumep 8. OOBsicHUTE, MMOYEMY MaJOPACTBOPUMBIN XJIOpUJ cepedpa
pacTBOpsieTCs MpU J00ABIEHUH K HEMY pacTBopa THOCYIb(haTa HATpUs U HE
pacTBOpsieTcs pu J00aBIEHUU PACTBOpAa aMMHAKA.

Pewenue. VI3BeCTHO, 4TO HEKOTOPHIE MAaJIOPACTBOPUMBIE COEIWHEHHUS
B3aMMOJICHCTBYIOT C PaCTBOpaMHU KHUCJIOT, II€JI0YEH, coieil ¢ oOpa3oBaHuEM
pPacTBOPUMBIX MPOIYKTOB peakiuu. OO0Ias 3aKkOHOMEPHOCTh, KOTOPOM MOXK-
HO PYKOBOJICTBOBAThCS MPU OOBSICHEHUHM B3aUMOJICUCTBUS MaJlOpPacTBOPH-

73



MBIX COEIMHEHHMH C pacTBOpaMHU PEAareHTOB: B3aMMOJEHCTBUE OYyIIET UMETh
MECTO, €CJIM MPOJYKTOM SIBIISIETCSI TEPMOJMHAMUYECKH Oojiee yCTONYMBOE B
pacTBOpE COEAMHEHHUE, YEM MCXOJHOE MAJOpacTBOpUMOE coennHeHue. [Ipo-
AYKTaMU TaKuX peakiuil 0ObIYHO SBJISIFOTCS JTUOO pacTBOPUMBIE coiiu Oosee
CHJIBHBIX KHUCJOT (€CM HCXOJHOE MajlOpacTBOPUMOE COEAMHEHHE — COJIb
cJ1aboii KUCIIOTHI, @ PeareHT — CUJIbHasi KUCJI0Ta), INOO KOMITJIEKCHBIE COE/IH-
HeHus. C 3TON TOUYKM 3peHus: Hanbosee yA00HO MOJIb30BAThCS BETUYMHAMU
Npou3BeeHusl pacTBOpuMocTu (//P) s ManopacTBOPUMBIX COSAMHEHUN
U Ky U1 KOMIUIEKCOB: €CITU BBIMIONHSIETC ycioBue [IP > Kp, TO KOMILIEKC
0ojiee yCTOMYMB B JAaHHOM pacTBOPE, YEM MajOpacTBOPUMOE COEAUHEHHE,
CJIEJIOBATEIBHO 3TO COEMHEHNE OYIET PACTBOPATHCS B IAHHOM PEareHre.
Xnopuz cepebpa AgCl — manopactBopumoe Bemtecto (/7P = 1,8-107').
KaTion Ag', Kak U KaTHOHBI APyTrux d-371eMeHTOB, 06pa3yeT GOIbIIOe YHUCIIO
pPacTBOPUMBIX KOMILJIEKCHBIX coeAuHeHu. CripaBoYHbIe 3HAUEHHUSI KOHCTAHT
HECTOMKOCTH aMMHMAYHBIX M THOCYJIb(aTHBIX KOMILIEKCOB cepedpa TaKOBBI:

[Ag(NH;),]", Ky =6,25-10"%;  [Ag(S,0:).]*, Ky=3,45-10".
W3 ux 3Ha4eHmit BUIHO, 4TO ycnoBue /1P > Ky coOmomaeTcs JIUIb s
tHocynbdarHoro kommiekca (1,8-107'° > 3,45.10'%), to ectb 3TOT KOMIIIEKC

B pacTBOpe HamHOTro Oosee ycroituus, ueM AgCl. [Toatomy ocamox AgCl Oy-
JET PacTBOPATHCS MPH JOOABJICHUN K HEMY pacTBOpa THOCYJIb(ara HATPHs:

AgCl + 28,05" = [Ag(S,0;3),]" + CI” — nonno-monexynspHoe ypasHense,
AgCl + 2Na,S,0; = Na;z[Ag(S,0;),] + NaCl — monekynsproe ypasuenue.

Ipumep 9. Hcnonb3ys 30€KTPOCTATUYECKYIO TEOPHIO, OOBSICHUTE, KAKOU
xomiexe mpounee: 1) [Fe(CN)s]* mm [Fe(CN)]*;  2) [CoNH;)e]”" wmm
[Co(CN)]*: 3) [BeFs]* mmu [BeCl]*?

Pewenue. B nepBoM cityyae KOMIUIEKC COAEPKUT OAMHAKOBBIE JTUTaH b
U OJIMH U TOT € KOMIUJIEKCOO0pa30oBaTelib, HO 3apsi/i KOMILIEKCOOOpa3oBaTe-
Js1 B TIEPBOM COEIMHEHHUH PaBeH +2, a BO BTOPOM +3. DIEKTPOCTATUYECKOE
B3aMMOJECUCTBUE — MPUTSDKEHUE JIMTAHJOB K KOMIUIEKCOOOpAa30BaTeo IpU
YBEJIMUEHUH €ro 3apsaa ycunubaercs. ClieqoBaTebHO, B 3TOM Cllydyae BTOPOU
KOMIUIEKC IPOYHEE.

Bo BTOpOM ciydae 3apsi M pamuyc KomiuiekcooGpasosatens (Co’')
OJINHAKOB, HO B IIEPBOM COEIMHEHUH JIMTAHAAMH SIBJISIFOTCS. HEUTPAJIbHBIE MO-
nexysiel NHs, a Bo BTopom — anronsl CN . [1o3TOMy BTOpO#l KOMILIEKC J0JI-
YKE€H OBITh ITPOYHEE.

B tperhem ciiydae Gosiee MpOYHBIM SBIISETCS MEPBBIA KOMILIEKC, TaK
KaK B HEM JUTHHA CBSA3M MEXIy KOMIUIeKcoobpasoBareneM Be’ u muraniamu
F~ MmeHbllle, yeM BO BTOPOM, B KOTOPOM JIUTaHAaMHu sBIIsAtOTCS HoHbI Cl, pa-
JINyC KOTOPBIX OOJbIIIE, 4eM y HOHOB F .
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Ipumep 10. Mcnons3yst meton BaleHTHBIX cBs3ed (BC), oObsicHuTe

oOpa3zoBaHue CBS3EH B KOMILJIEKCE [Ni(NH3)4]2+, HUMEIOIIEM TETPAdIPUUECKOE
CTPOCHHE U MAarHUTHBIA MOMEHT, COOTBETCTBYIOIIMM JBYM HECIApEHHBIM
AIIEKTPOHAM.

Pewenue. DnexTpoHHoe cTpoeHure atoma Hukens (Z = 28) onuchiBaeTcs
bopmyon ls+22522p63sz3p63d8452, CJIEJIOBATEJILHO BAJICHTHBIC JJICKTPOHBI B

- 8 <040
katnone Ni  Haxomsarcs B cocrossHun 3d°4s4p, mpu xotopom Ha d-
OpOUTAISIX UMEETCS JIBa HECITAPEHHBIX AJICKTPOHA:

iyt
3d 4s 4p
[To ycioBHIO 3a1a4yd, OHM OCTAIOTCS HECIMAPEHHBIMH W B KOMILIEKCE

. 2+
[Ni(NH;3)4]". DTO cBHAETENBCTBYET O TOM, YTO IMPU OOpA30BAHUM XUMHUYE-
CKMX CBSI3€{ C JIMTAHJAMH [0 JOHOPHO-AKLIENTOPHOMY MEXAHU3MY MOTYT
3

y4acTBOBaTh TOJBKO 4s- U 4p-opOuTanu B COCTOSIHUM SpP -THOpPUIN3ALIUU.
OO0pa3zoBaHue KOMIUIEKCAa MOYKHO MIPEICTaBUTH CXEMOM:

+4 |41,
RREE T
id 45 4p
2+
Hi NHz WH; NHNH,
— [ w1 ][ ]
3d ds dp |
IO, ),

Ipumep 11. Hcnonb3yss meron BasieHTHbIX cBsizedt (BC), oObsicHute
obpasoBanue cBsseil B muamarauTHOM komiurekce [Ni(CN),]*, umeromem
KBaJipaTHOEe cTpoeHue. Ha npumepax KOMILIEKCOB JaHHOTO U MPEIbIAYIIEro
3ajaHNil 0OBACHUTE UX PEAKIMOHHYIO CLIOCOOHOCTH B PEAKIMIX OOMEHa JH-
raHJlaMu B pPacTBOpPaXx.

Pewenue. B mpenpiayiieM npuMepe MOKa3aHO, YTO B KaTHOHE HHKe-
ns (1) BaneHTHBIE 3IEKTPOHBI UMeIOT KoHduryparmio 3d°4s’4p’, mpu koto-
poii Ha d-opOWTaNAX HAXOAATCA JBa HECHApEHHBIX 3eKTpoHa. Ho B kom-
miekce [Ni(CN)4]* HeclapeHHBIX JJIEKTPOHOB HET, TAK KAaK OH JHAMATHH-
TeH. JOTO O3HAYaeT, YTO HECHapeHHbIE ANEKTPOHbI KatnoHa Hukens (II) mpu

oOpa3oBanuu cBsizeil ¢ CN—-moHamu ciapuBaroTcs, 0ocBoO0xaast d-opOuTansb,
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2
KoTopasi mojBepraercst dsp -ruOpuausaiuy, BCIEACTBUE 4Yero olpasyercs
KOMIUIEKC KBajpaTHOH (opmbl. OOpa3zoBaHHEe KOMILIEKCA MOXHO IpeicCTa-
BUTH CXEMOMU:

41T | ong-
a—.
g dsplFHﬁpHﬂHBauHH
id 4s 4p
Ni2+ ]
CN™ N c1l\~:r C:N
— T T LT LT LT LT
3o 4 A
[ (24,

B rubpuauzanuu MoryT ydacTBoBaTh d-OpOMTaNM WM BHEIIHETO, WU
MPEABHEIIHET0 YHEPTETUUECKOTO MOYPOBHS, B 3aBUCUMOCTH OT 3TOT'0 KOM-
TUICKCHI TOAPA3ACIIAIOTCS Ha BHEIIHEOPOMTAJbHbIE U BHYTPHOPOHMTAJIb-
Hble. KoMIIiekcHOE coeIMHEHNE HA3bIBACTCS GHEUHeOPOUMAIbHbIM, €CITH B
ruOpuau3auu ¢ ns- U Np-opOUTaIsiMU ydacTBYIOT nd-opOuTanu, TO €CTh
OopOMTaNIM BHEIIHETO SHepreTudeckoro ypoBHs. CoeIMHEHHE Ha3bIBACTCS
BHYMPUOPOUMANbHGIM B TOM CJy4yae, €Clidi B THOpUIM3AIMU C NS- U hp-
opOouTasiMu y4acTByIOT (n-1)d-opOutanu, To ecTh OpOUTAIM TIPEIABHEIITHETO
OHEPTEeTUYECKOTO YPOBHSI.

B npumepe 10 xomriekc [Ni(NH3)4]2+ SIBJISIETCS BHEITHEOPOUTAJIbHBIM,
a xommieke [Ni(CN),]*” B maHHOM TpuMepe — BHYTPHOPOUTATBHBIM. BHem-
HEOpOUTATbHBIE KOMILUIEKCHI, KaK MPaBUIIO, MEHEE YCTONYHMBBI, YEM BHYTPHU-
opOutanbHble. J[eMCTBUTENBbHO, KOHCTAHTa HECTOMKOCTH  KOMILIEKCA
[Ni(NH;)4]*" paBna 1,12-10°°, a kommrexca [Ni(CN)4]* — 1,8-10'*. B cBsi3u ¢
ATUM CKOPOCTh PEaKIMH OOMEHA JIMTaHJaMU MEXIY BHEITHCOPOUTATHLHBIMHU
KOMIIJIEKCAMH BBIIIE, YeM MEXAY BHYTpUOpOUTambHbIMHU. [103TOMY nepBbie
MPUHATO HA3bIBATh JIAOMIBHBIMU KOMIUIEKCAMH, @ BTOPbIE — CTAOMIIbHBIMH.

Mpumep 12. OGbscHuTe oOpaszoBanne kommmiekcoB [CoF¢]> u
[Co(CN)g]*, uMest B By mapaMarHeTH3M MEPBOTO, COOTBETCTBYIOMIMI Ha-
JUYHIO YETHIPEX HECMAPEHHBIX 3JIEKTPOHOB, U JUaMarHeTu3M BToporo. Kakoi
U3 HUX SBIIETCS BHEITHEOPOUTATBHBIM, & KAKOW — BHYTPHOPOUTATILHBIM?

Pewenue. dnekTponHoe cTpoeHue aroma kodanbta (Z=27) onuchiBaeTCs
dbopmyioit [Ar]3d’4s®, crenoBaTenbHO BaJCHTHBIC JJIEKTPOHBI B KATHOHE
Co’" maxonsrcs B cocrostann 3d°4s’4p°4d’, o ects Ha 3d-opGuTansax umeer-
Csl YEThIPE HECMAPEHHBIX 3JEKTPOHA, MOCKOJIbKY KOMIUIEKC MO YCIOBUIO Ma-
pamarauTeH. B komruiekce [C0F6]3*, TaKke Kak U B cBOGoxHOM mone Co’ ",
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MMEETCs 4eThIpe HECHapeHHBIX SJIEKTPOHA. JTO O3HadaeT, uto B sp d -
ruOpuau3auy npu oOpa30BaHUM dTOTO KOMIUIEKCA y4acTBYIOT JIB€ opOuTa-
a1 4d-moaypoBHS, CIE€NOBAaTEIbHO OH SIBJSETCS BHEHTHEOpOUTANbHBIM. Ero
o0pa3oBaHUE MOKHO MPEACTABUTH CXEMOM:

alr Tl Wl fur far ] [urTur
3d s 4p 4d
[CoE ™

B kommiekce [Co(CN)]’ HecnapeHHBIX JIEKTPOHOB HET. JTO MOXKHO
OOBSCHUTH TEM, 4TO B Sp d’-THOPHAM3ALMK MPH OOPA3OBAHHHE ITOrO KOM-
IJIEKCA YYacTBYIOT JBe opOuTanu 3d-moaypoBHS, KOTOPbIE CTAHOBSTCS CBO-
OOTHBIMY TIPH CTIAPUBAHUH HECTIAPEHHBIX AIEKTPOHOB. Clie10BaTENHHO, 3TOT
KOMIUJIEKC SBJISIETCSI BHYTpUOpOUTanbHBIM. Ero oOpa3oBaHue MOXXHO TIpe.-
CTaBUTh CXEMOM:

CH™ CNT CNT oNT oNTCN

i lTElT NEERARIRAREAR RS
i s 4p | ad
[Co(CN)]”

Takum 06p8,30M, MCTOJ BaJICHTHBLIX CBs3EH Y6CILI/ITCJII>HO 00BACHSET
S3HAYCHUA KOOPAMHAIIMOHHBIX YHCCII, MAIHUTHBLIC CBOMCTBA M IIPOCTPAHCT-
BCHHOC CTPOCHUC KOMILICKCHBIX COGHHHGHHﬁ. I[OCTOI/IHCTBOM 9TOTr0 MCTOAAa
ABJICTCA TAKXKC €TI0 HArJI1IAHOCTD. Ho »Tot MCTOJ HC O0OBSACHSAET HUMCIOIIIHNEC
OoJIbIIIOE 3HAYCHHE ONTHYECKHUE CBOMCTBA KOMIIJIEKCHBIX COG,III/IHGHI/Iﬁ (OKpa-
CKY, CIICKTPbI HOFJ’IOI]_IGHI/IH).

IIpumep 14. Ha ocHOBe Teopuu KpUCTAUIMYECKOTO MOJS OOBSICHUTE
JMaMarHeTU3M KOMIUIEKCHBIX COEIMHEHMH, coiepxaimux HOoH Co(CN)) , H

napaMarHeTH3M COSAMHEHUM, cofepkammx noH CoF, . OkpalieHbl uin Oec-

LBETHBI 3TH COEAUHEHUS?

Pewenue. Dnextponnas dopmynna atoma kobanbsTa (Z = 27) B COKpa-
IIEHHOM BH/IE [Ar]3d74s2, creoBaTebHO B KaTHoHe COo° ' BaJICHTHBIC JJICK-
Tponbl Haxomsatcs B cocrosuuu 3d°. B cBoGomHOM HOHe Ha d-opOHTANSIX
MMEETCs YEThIpE HECTIAPEHHBIX U JIBa CIIAPEHHBIX JIEKTPOHA.

JIuranmpl IO MEpe YBEIMUEHUS CHIIBI CO37]aBA€MOTO UMM TIOJIST PacIoJia-
raroT B CMIEKTPOXUMMYECKUH PSI;
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I,Br, SCN, CI,NO;, F, OH ', C,0,%, H,0, NCS ", NH3, NO,, CN, CO.

Crnenyer uMeTh B BHUJY, YTO JIAHHBIN DAl SIBISETCS SMIUPUYECKUM U
OTHOCHUTCS K coeauHeHUsIM 3d-saeMeHTOB. {1 KOMIUIEKCHBIX COCIUHCHUM
4d- n 5d->1eMeHTOB BCe JIMraHAbl ABJISTFOTCS JIMTAaHIaMH CHJIBHOTO MOJIS.

B okTasapuueckoM okpysxkeHuu auranaoB CN |, KOTOpbIE Jal0T CHUILHOE
noJie (CM. CHEKTPOXUMHYECKUI psiT), HECIAPEHHBIE 3JEKTPOHBI CIIAPUBAIOT-
cs Ha d,-opOuTansax, IOITOMY KOMIUIEKC HU3KOCIIMHOBBIA M JMaMarHUTHBIN.

B okTasapuueckoM Ione nuraHaos F pacmpeneneHue 3neKTpoHoB 1o d-
opOuTasIM HE U3MEHseTCs (Chydail ciaboro mois), MOATOMY KOMILIEKC BbI-
COKOCITMHOBBI U TapaMarHUTHBIN.

Pacmierienne d-nmogypoBHsi kaThoHA KoOanbTa (+3) B OKpYKEHUU JIH-

ranoB CN (/) u F (2) nokasaHo Ha pUCYHKe.

H-+++ —r—\ 4+ —r—\

0—3 6 0—3 d6

o He HA
I 2

3 PUCYHKA BUJHO, YTO KOMINIICKCHBIC COCANHCHNA JOJIKHBI UMETHh OKPACKY,

TaK KaKk B 000MX CIIydasX BO3MOXKHBI IIEPEXO/IbI DIIEKTPOHOB Mexkay d,- U d,-
ITOYPOBHSAMMU.

Ipumep 13. Ha ocHOBe TeOpUU KPUCTAUIMYECKOTO TMOJS OOBICHUTE,
Mo4YeMy BCE KOMIUIEKCHBIE COeAUHEHHUsI xpoma (+3) oKpalleHbl U mapamar-
HUTHBI, a KagMus (+2) OeCIBETHBI U JUaMarHUTHbI?

PemeHue DnextpoHHas popmyia atToma Xpoma (Z = 24) B KxpaTKOM BHU-

ne [Ar] 3d 4s CJ'ICI[OBaTGJIBHO B KaTHUOHE Cr BAJICHTHBIE JICKTPOHBI HAXO-

JIATCSI B COCTOSTHUU 3d’. B OKTa3IpUYECKOM OKPY>KEHUU JIFOOBIX JIUTAHJIOB,
HE3aBUCHMO OT MX TOJIOKEHHS B CIIEKTPOXHUMHUYECKOM DSy, SJIEKTPOHBI OY-
JyT HAXOAUTHCS Ha d~0pOUTaIsIX B HECIAPEHHOM COCTOSIHUM, YTO OOBSICHSET
napamMarHeTu3M BCEX KOMIUJIEKCHBIX COEIMHEHHM, 00pa3yeMbIX 3THM KOM-
IJIeKCo00pa3oBaTesieM.

Ha pucynke moxkaszano pacmierieHue d-mogypoBHS KaTHOHOB XpOMa
(+3) u xaamus (+2) B OKTadIPUYECKOM TIOJIC JIMTAHNIOB U «3aceieHue» d-
opOuTaNIeii AJIEKTPOHAMH.
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— 4 -

Oxkpacka KOMIUIEKCHBIX cOequHEeHUN xpoMma (+3) oOBsSCHSETCS MOTJo-
IIIEHHEM CBETa IPH IEePEXOE AIEKTPOHOB ¢ d,-opOuTtaneil Ha cBOOOAHbIE d -
opOuTany.

10_ 2
OnextponHas ¢opMyna aroma kaamus B Kpatkom Buae [Krl4d Ss,

+
crnenoBaTenbHO B KaTnoHe Cd  BaJeHTHBIE 3JIEKTPOHBI HAXOMATCS B COCTOS-

man 4d . B OKpPYKEHHH JIIOOBIX JIMTaHJI0B Bce d-OpOUTaIu 3TOro KOMILIEK-
coobpazoBaTels 3aceIeHbl SJIEKTPOHAMH MOJHOCTHIO, BCE DJIEKTPOHBI CIape-
HBI, IO3TOMY KOMILJIEKCHBIE COSAMHEHMS KaaMmus (+2) JMaMarHUTHBI, mepe-
X0J1 271eKTpoHOB ¢ d,- Ha d-opOuTanu HEBO3MOXKEH, IOITOMY KOMILIEKCHbIE
COeIMHEHUs OECIIBETHBI.

SAJAHUSA JJId CAMOCTOSATEJBHOI'O PEHHEHUA

1. Hanumwre Ha3BaHUSA COCIMHEHUM, ONPENEIUTE 3apsAlbl KOMILIEKCOB H
KOMITJIEKcooOpa3oBaTesiel, HaUIITUTE CXEMbl JTUCCOIMAIIMN U BBIPAKe-
Hue mis KoHctanThl HectohkocTu: Ky[Sn(OH)4]; [Cr(H,0)sClJ(NO3),;
[CoF3(NH;);].  Hs[AuClg];  Na[Co(NH3),(NO)s];  [PbI(NH;)],
[Cr(NH;3)6](NO3)3; Nay[Sn(ON)s]; [Ru(NO2)4(H20),], (NHg)2[RuCle)];
[Fe(NH;3)6](NO3)s; [PtCl,(H,0);], K,[NiCly]; [Ag(NH3),]Cl;
[Cu(SCN)»(NH3),], K5[Ni(CN)4]; [Ti(H,0)6]Cls; Ks[CoFe];
[Co(SO4)(NH;3)s]NO3;  [PtBry(NH3),], Na[Ag(NO,),]; [Cr(H,0)s]Cls;
K3[AI(OH)¢],  Ku[Fe(CN)s];  [PtF2(NH3)4](NOs)y;  [Phl;(NHs)s];
[NiCI(NH;);]Cl; - [Cr(SCN);(NHs)3];  [Ag(NH;3).]CL  Ko[PtCI(OH)s];
[PA(NO,),(H,0)4];  [PA(NH3)4]Cly;  Ky[PtCI(OH)s];  (NH,4),[PtClg];
[Fer(NH3)4]QSO4; [PdClz(HzO)4]

2. B pactBope Haxoautcs coenuHenue cocraBa PtCly-4NH;. [ns
ocaxaeHnuss xiopa (B Buae AgCl) wa 1 wMomp coeauHEHUS
U3PACX0JI0BAHO
2 monb AgNOQOs;. SBisieTcs 11 TaHHOE COeIMHEHNE KOMIUIEKCHbIM? Eciun
71a, TO HAITUIIIUTE €r0 KOOPAMHAIMOHHYIO (JOPMYITY U Ha3BaHHE.

3. B pesynbrate oOMeHHOM peakiuu Mexay rexcanuanopepparom (II) xa-
must u cynbgarom meau (I1) obpasyercs manopacTBOpUMOE KOMILIEKC-
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10.

11.

12.

13.

14.

15.

Hoe coenuHenue. Hanumure MoJieKyIsipHOE M MIOHHOE YpAaBHEHHS peak-
1107078
U3 coueranns sactun Fe’, H,O, CN™, Na" M0oxHO cocTaBHTS GOPMYIIBI
CEMH KOMIUIEKCHBIX coennHenuit. Hamummte ux ¢hopMyIibl 1 Ha3BaHHUSL.
Nmerotcs Ge3Bomubiii Opomun kobambra (II), Boma m razoobpaszHbii
amMmuak. Kak u3 3TUX BEIIeCTB MOJYYUTh OPOMUJ] TEKCAAMMHUHKOOAThTa
(I1)? Hanuinte ypaBHEHUsI pEaKIU.
K pactBopy rexcanmnanodeppara (II) kanus 7006aBuiIM CEpHYIO KUCIOTY
U PacTBOp IEpMaHraHaTa Kajds, KOTOPBIA TYT e OOCCIBETHIICS, —
MpoIUIa OKHCINUTEILHO-BOCCTAHOBUTEbHAS peaknus. Hammmure e€
ypaBHEHHUE.
K pactBopy cynbdara meau (II) gobGapisieTcss HEOOMBIIUMH TTOPITUSIMHU
pacTBOop ammuaka. [Ipu sTom BHauasie oOpasyercs 3e1eHOBaThli 0Ca/IOK,
KOTOPBIN 3aTeM PacTBOPSETCS C MEPEX0JIOM OKPACKW B CHHHMHA IIBET —
oOpa3zyeTcsi KOMILJIEKCHOE coelMHeHne. Hanuimre ypaBHEHUS peakIuii.
Omun monb PtCly-4NH; B3auMopeiicTByeT B pacTBOpE C JABYMSI MOJb
AgNO;, a oqun moinb PtCly-3NH; — ¢ ogaum mons AgNO; (¢ oOpa3oBa-
HUEM HEpacTBOPHMOTO Xjopuja cepebpa). Hamummre dhopmymnsr naH-
HBIX BEIIECTB B BUJIE KOMIUIEKCHBIX COSIUHEHUN W YPaBHEHUS UX PEaK-
uuid ¢ AgNO;
[Tpu noGaBneHWM pogaHua Kajaus K pacTBOPaM CIOKHBIX COCTUHEHUN
coctaBa (NH,4),SO4-FeSO4 u 4KCN-Fe(CN), B mepBoM ciiydae pacTBOp
CTAaHOBUTCS KPOBABO-KpPacHbIM, a BO BTOPOM — IIBET HE HU3MEHSETCH.
OOBbsicCHUTE 3TO SIBJICHUE.
B kakoM HampaBieHuu (IpsSIMOM WJIM OOpPAaTHOM) MPOTEKAET PEaKITus:
Mg(OH), + 4NH,OH(p) = [Mg(NH3)4](OH),(p) + 4H,0?
[Muppoxcua mHKAa B BOJAE MPAKTHUUYECKH HE PACTBOPSETCS, HO XOPOIIO
pacTBOpSIETCS] IMIEIOYaMH M THIPOKCHUIOM aMMOHHS C OOpa3OBaHHEM
KOMITJIEKCHBIX COeIWHEeHWH. Hamumure ypaBHEHHS COOTBETCTBYIOIIHMX
peaKuui.
Kakue ycnoBust onpeaenstoT BO3MOKHOCTD JJI TaHHOTO KOMIUIEKca 3a-
MEHBI JTIUraHa0B apyrumMu? Bo3moskHa M Takasi 3aMeHa 10 ypaBHEHHIO
[Zn(CN),]* + 40H = [Zn(OH),]* + 4CN?
MOXXHO 1M JEeHCTBUEM COOTBETCTBYIOUIMX JIMTAHNIOB MOJYYUTh KOM-
miexc [Ag(CN),]” u3 [Ag(NH;),]'? Ecau MoXHO, TO HAaIHIIHTE ypaB-
HeHue peakiuu. Eciiu HeT, 00bsSCHUTE TPUIHHY.
MosxHO 11 ocaauTh HOHBI xene3a (3+) menousto B Buae Fe(OH); us
pactBopa kpacHo# kpoBsiHol conu K;[Fe(CN)g]? Hanummure ypaBHeHue
pEeaKIny U ONPEICTUTE HAIIPABJICHHUE €€ MPOTCKAHUS.
OO0bsicauTe, Bo3MOXKHO Ji Tmiporekanue peakmuu 2[Cu(NH;),]Cl(p) +
K3S(p) = Cu,S + 2KCl(p) + 4NH;(p)?
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Onpenenure BO3MOXKHOCTh NPOTEKaHUS pPEaklMh B  PacTBOpE:
[Ag(NO,)] +2CN =[Ag(CN),] + 2NO, .

Onpenenure Hampasienne nporekanns peakuuu: [CA(CN)]* + Zn =
[Zn(CN),]* + Cd.

SBnserca nu oOpatumoi peakiusi B pactBope: K,[Cdly] + 4NH; =
[CA(NH;)4]I, + 2KI? Ecimu ma, To modeMmy, €ciii HET, TO B KaKOM
HaIpaBJICHUHU OHA ITPOTEKAET?

JlomumuTe ypaBHEHHE OKHCIHMTEIbHO-BOCCTAHOBUTEIBHONH PEAKIIUU C
yuactueM komruiekcHoro coenquneHust: Ky[Fe(CN)g] + Cl, = ?

B psay maHHBIX KOMITJIEKCOB pPaadyC JUTAHIOB M JJIMHA CBS3M KOM-
MJIEKCO00pa30BaTEIb—IUTaH]] YBEIMUYUBAIOTCS, @ KOHCTAHTa HECTOMKO-
ctu ymensmaercs: [HgCL]® (1-107'°), [HgBr,]© (2-10), [HglL]™
(5-107"). OGBsicHUTE 3TO sIBITCHME.

Hcnonb3ys 31eKTpOCTaTUUECKYIO TEOPUIO, OOBICHUTE, KAaKOH KOMILJIEKC
npounee: [Co(NHs)s]*" man [Co(CN)s]*; [Zn(NH;)4]*" wau [Zn(OH)4]™;
[Hg(CN),]* wu [Hg(SCN)4]*; [BeCly]* mmu [BeF,4]*; [AI(OH),]” wn
[Be(OH)4]*; [Cu(CN),]* mmm [Cu(NH3)4]*"; TiFs® wu ZrFe™ .

Ha ocHoBe anexTpocTatuyeckoi Teopuud OOBICHUTE, TIOYEMY Y ABYX
KOMIIJIEKCHBIX COEIMHEHUI C OJHHM W TE€M K€ KOMIUIEKcooOpa3oBare-
aem — [Ag(CN),] u [Ag(SCN),]” — KOHCTaHThl HECTOMKOCTH pa3inya-
roTcst Bo MHOTO pa3 (1,3-107° 1 6,2:107).

N3BecTHO, 4TO MOH [Fe(CN)4]2* nuamarauted. Ha ocHose teopuu BC
00BSCHUTE XMMUYECKYIO CBS3b U CTPOEHUE JAHHOTO KOMILIEKCA.

Hon [NiCl,]* mapamarHuTeH, Tak KaK HMeeT [Ba HECIIAPEHHBIX JJICK-
TpOHa, a UOH [Ni(CN)4]2* — nuamarauTeH. KakoB Tum rulGpuauzanuu
KOMITJIEKCOOOpa3oBarTessi B KaXKJJ0OM KOMILUIEKCE U KaKOBO WX MPOCTPaH-
CTBEHHO-T€OMETPUYECKOE CTPOEHHUE?

KobGanbT (+2) B cocTraBe akBakoMIUIeKCa (BHEITHEOPOUTAIHHOTO) CTa-
OWJIEH W B pacTBOpax HE OKHUCISIETCs Kuciopoaom. [Ipu moGaBieHum
pacTBOpa aMMHaka o0pa3yeTcsi aMMUAYHBIA KOMIUIEKC (C MarHUTHBIM
MOMEHTOM, COOTBETCTBYIOIIIUM OJTHOMY HECHMApPECHHOMY 3JIEKTPOHY), KO-
TOPBIN JIETKO OKUCISAETCS KUCIOpoAoM. OOBSICHUTE CBOMCTBA ATUX KOM-
MJICKCOB, HATTUIITNTE YPAaBHCHUS PEAKITHM.

Kommreke [Mn(H,0)s]*" 061afaeT MarHUTHBIM MOMEHTOM, COOTBETCT-
BYIOLIUM OJHOMY HecnapeHHoMy aiekTpoHy. Mcnonb3ys meton BC,
O00BSACHUTE XMUMHYECKYIO CBSI3b B KOMIUIEKCE U €r0 T'€OMETPUYECKYIO
dhopmy.

MarHutHbeli MOMEHT KOMILJIECKCA [Mn(NHg,)6]3Jr NpUOJM3UTENIBHO B 2
pa3a MEHbIIE MAarHUTHOIO MOMEHTAa KOMILICKCA [MnF6]3_. Ucnonp3ys
meton BC, o0bsicHuTe 00pa3oBaHME XMMHUYECKUX CBA3EH B ITHX KOM-

IJICKCax.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

Monekynsl [Ni(CO)4] umerot Terpasapudeckyto hopmy. Mcronsiys me-
toa BC, onumute ux 3eKTPOHHOE CTPOCHUE U MATHUTHBIE CBOMCTRBA.
Ha ocHoBe Teopuu BaJIGHTHBIX CBsi3ed OOBSICHUTE OOpa3oBaHME, DIIEK-
TPOHHYIO CTPYKTYpy U cTpoerue xommiekca [Ni(H,O)q]*", mapamarue-
TU3M KOTOPOIO COOTBETCTBYET HAJIMYMIO JIByX HECHAPEHHBIX 3JEKTPO-
HOB.

Huannaneiii komruieke kobaneta (1) quamarauteH, a akBaKOMIUIEKC —
napamarauteH. Ha ocHoBe Metona BC o0bsicHUTE, Kakoi U3 HUX BHEIII-
HEOpOUTATbHBIN, & KAKOW — BHYTPUOPOUTANBHBIA ? Y KaKUTE TUIIBI THO-
puan3anuy opOuTaieil KOMIUIeKCooOpa3oBaTeis B ’TUX KOMILIEKCAX.
N300pa3ute auarpammy pacuierieHuss 3d-mogypoBHsST KOMILIEKCO-
obpazoBarenss B kommiekce [Fe(CN)s]’, ykakuTe €ro MarHHUTHbBIC
CBOMCTBA M OKpacKy (OKpaIeH Uiu OCCIIBETEH).

N3o00pa3ute nuarpammy pacuieruieHus: 3d-nmoaypoBHs KOMILIEKCOOOpa-
3oBaTenst B Komiutekce [V(CN)g]®, ykakuTe ero MarHuTHbIC CBOMCTBA U
OKpacKy (OKpalleH uiu OeclBETEH).

Ha ocHOBe Teopuu KpHUCTAJUIMYECKOTO TOJS OOBSCHUTE, IOYEMY
KOMIUIEKCHBIE COeIMHEHUs XpoMa (+3) okpaiieHbl, a UuHKa (+2) —
O€CLIBETHBI.

Ha ocHOBe Teopuu KpUCTANIMUECKOTO TMOJsA OOBACHUTE, MOYEMY
komiurekc [CoFg]’" BbicokocrmuoBbii, a xommiekc [Co(NH3)]™" —
HU3KOCIIMHOBBIM.

Ha ocHoBe Teopuu KpHUCTAILIMYECKOTO MOJsi OOBACHUTE, NTOYEMY COJIb
K;[Zn(CN),4] 6ecuBetHa, a conb K;[Fe(CN)g] — okpariiena.

Ha ocHoBe Teopuu KpUCTAITMYECKOTO TO-

7Sl OTIPEACIIUTE, JIJI KaKOro ciaydas (CHIIb- ++ 4
HOTrO WM c1aboro mosisi JIMraHjoB) Ha-

OnroaeTcs JaHHas cXeMa pacrpeeIeHus

5JIEKTPOHOB 0 OPOUTANISAM KOMILIEKCOO0- _[__l__[__[__l_\
pazoBarensi. [logbepure kK naHHOU cxeme g
puMep.
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Pazpneon I11.
3JAKOHOMEPHOCTHU ITPOTEKAHUS
XUMHNYECKUX PEAKHI/Iﬁ

I'nmaBa 7.
OCHOBBI XUMHUYECKOM TEPMOIAUHAMUKHU

[Ipu nzyuennu tembl «OCHOBBI XUMHUYECKOW TEPMOJUHAMUKI HEO0XO-
JIUMO MPUOOPECTHU CIAEAYIOIINE 3HAHUS U YMEHHS.

1. 3HaTh nmpeaMeT XMMUYECKOW TEPMOJMHAMUKHN U €€ 3HAYEHUE; 3HATH
napameTpbl CTaHAAPTHOTIO COCTOSIHMS, OOBSCHATH MOHATHUE «XUMHUYECKas
CUCTEMa» W 3HATh TUIIBI CUCTEM (OTKpBITasl, 3aKpbITas, U30JMpPOBaHHAs, He-
M30JIMPOBAHHAS).

2. 3HaTh KJIacCU(UKAIUIO PEAKIUN B XUMUYECKON TEPMOJIMHAMHUKE (IK-
30T€PMUYECKUE U IHIOTEPMHUUECKUE, U30XOPHBIE U U300apHbIE, CAaMOTIPOU3-
BOJIBHBIE U HECAMOIIPOU3BOJIBHBIE).

3. OOBACHATH TOHSATUS BHYTPEHHEW SHEPTHMH M DHTAJBIUU CHUCTEMBI
(BewiecTBa) U 3HATh UX B3aUMOCBSI3b (IIEPBBIM 3aKOH TEPMOJIUHAMUKH ).

4. OnpenensiTh, HE MPOBOAS BHIYUCICHUMN, TUIl peaKkuu (PK30TepMUYe-
CKasl WIM 3HAOTEPMUYECKAs]) MPU MU3BECTHOM M HEU3BECTHOM 3HAYEHUU JH-
TaJIbIIUY 3TOW PEAKIIHH.

5. 3HaTh onpeneneHue MOHITHS «CTaHAApTHASI SHTAJIbIUS 00pa30BaAHMS
BEILIECTBA»; YMETh BBIUUCIIATH €€, €CJIM U3BECTHBI Macca (00beM — JIsl rasa)
MPOCTOr0 BEUIECTBA, B3aUMOJECHCTBYIOUIETO 0€3 OCTaTKa C IPYrUM MPOCThIM
BEILIECTBOM, U KOJIMYECTBO BBIJEISIONIETOCS IIPU ATOM TEILIA.

6. Ilo sHTanbnuu 00pa30BaHUs BEIIECTBA BBIYUCIATH KOJIWYECTBO TEIl-
Ja, KOTOPOE BBIIETSETCS WIM MOTJIOMIAETCA MPH MOJyYeHUH JI000H Macchl
(o6bema — 1t ra3a) 9TOTro BElIECTBa.

7. YMeTh 3anuchiBaTh TEPMOXUMHUUYECKUE YPABHEHUS pEaKIUi, 3HATh X
OCOOEHHOCTH.

8. BpIUMCHATH SHTAIBIUIO PEaKIMU Mo 3aKkoHy ['ecca mocpeacTBom ai-
reOpandyecKkux NpeoOdpa3oBaHUi JAHHBIX TEPMOXUMUYECKUX YPABHEHU.

9. BeIUKCIISITh SHTAIBIIMIO PEAKIIUH MO CIEICTBUIO 3akoHa ['ecca.

10. BpuncnsaTh KOJIMYECTBO TEIIA, KOTOPOE BBIACISACTCS WM MOTJIONIA-
€TCsl IPH MOJYYEHUU WU3BECTHOM Macchl (00beMa — I raza) NpoayKTa Uiu
IIPU U3PacXOJOBaHUM U3BECTHON MacChl MK 00beMa (U1l ra30B) peareHTa.

11. OOBsicHATH (UBUKO-XUMHUUECKUN CMBICT DHTPONHUH CHUCTEMBI H
CTaHJAPTHOM IHTPOINMM BELIECTBA; ONPEAEIIATh 10 YPABHEHUIO PEAKLIUH, HE
MIPOBO/ISI PACYETOB, KaK U3MEHSAETCS SHTPONUA (YBEJIUYUBAETCS, YMEHbIIIAET-
cs1) pu €€ NPOTEKAHUH.
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12. BpI4nCaATE SHTPONUIO PEAKIUH U 10 TIOJYYEHHOMY PE3yJbTaTy OIl-
penensTh HampaBlieHue e€ MPOTEKaHUs B M30JIMPOBAaHHON cucteme (BTOpOii
3aKOH TEPMOJANHAMUKH ).

13. Boeruncnars sHepruto ['m60ca XMMUYECKON peakiuu mpu CTaHaapT-
HOM M HECTAaHJAPTHOM TEMIIEPATYPE U AENaTh BBIBOJABI O BO3MOXXHOCTH U Ha-
IIPABICHUH €€ CaMOIIPOU3BOJIBHOIO ITPOTEKAHNS B HEM3OJIMPOBAHHOM 3aKpBbI-
TOH CUCTEME.

14. OnpenensAtb, HE MPOBOJSA BBIYMCICHUW, HANPABICHUE PEAKLIIMHU IO
3HAKaM SHTAJIBIIUU U SHTPOIMUH 3TOU PEAKLUU.

15. CpaBHUBaTh TEPMOAMHAMHYECKYIO YCTOMYMBOCTH COECIMHEHUN IIO
CIPABOYHBIM 3HAYEHUSIM UX CTaHAApTHOU 3Hepruu ['nboca o6pazoBaHusl.

IMPUMEPBI BBITIOJTHEHUSI 3ATAHUI

IIpumep 1. Ilpu B3anmonenicteun 9,0 T aIFOMUHUS C KUCIOPOAOM BBI-
nemsiercst 279,7 x/x temna. Onpenenure CTaHAAPTHYIO SHTAIBIUIO 00pa3o-
BAaHUS OKCHJIA aJTFOMUHUS.

Pewenue. 1) 3anucpiBacM TepMOXHUMHYECKOE YPABHEHUE PEAKIUU 00-
pa3zoBaHusg | MOJb OKCHJA ATIOMHHMS W3 MPOCTHIX BEIIECTB M MOJISIPHYIO
Maccy aJIlOMUHUSL:

2Al(x) + */,05(r) = ALOs(x); M(AL) = 27 r/mob.

2) Ilo ypaBHeHUIO peakiuu HaxoauM konudectBo Al,Os, oOpa3zyroiero-
cs U3 9 T aANIOMUHUS:

u3 2-:27 r amomunusa oopasyercs 1 moibs Al,Os,
nm90r = X;
1
X = /¢ MOJIb.
3) HaxomuM KoJM4YeCTBO TEIUIOTHI, BBIACISIONMICHCS TP 00pa3oBaHUU
OJIHOT'O MOJIb OKCHIa QJTFOMUHUS 110 TIPOTIOPIIHHU:

pu 00pa3oBaHUU !¢ Monb Al,O5 BeiiensteTcst 279,7 KJIK,
1 moip — X;

x=279,7-6 =1678,2 xIx.
[TosrydyeHHass BeMYMHA SBISETCS TEIUIOTOW OOpa30BaHMS OKCHA AJlO-

MUHUS;, CTAHAAPTHAS HTAJBIHA 00pa30BaHUs PaBHA TOUW BEIMYHMHE, HO
IPOTUBOIIOIOKHA 10 3HAKY: Ad71%93(A,03) = —-1678,2 xIx/Mob.

Ipumep 2. Onpenenure cCTaHAAPTHYIO SHTAJIBINIO 00pa30BaHUs ITUIIO-
BOT'O CIIUPTA, €CJIM PHTAJBIIUKA PEAKIMi TOpeHuUs yriaepoia, BOAOpoaa U ITH-
JIOBOTO criupTa paBHbl: —393,5; —285,8; —1366,9 kJ[>/MOIb.
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Pewenue. CtanmapTHasi SHTAIBINA 00pa30BaHUS PaBHA TEIUIOTE Peak-
1My 00pa3oBaHusl 1 MOJb ATOTO BEHIECTBA M3 MPOCTHIX BEUIECTB MPU CTaH-
naptheix ycnoBusax (7= 298,15 K; P = 101325 Ila). O6pa3zoBanue oHOTO
MOJIb 3TUJIOBOTO CIIUPTA U3 MPOCTHIX BEIIECTB BHIPAKAETCS YPABHEHUEM:

2C + 3H2 + 1/202 = C2H5OH
Ipumeuanue. OO6pa3oBaHME MHOTHX CIIOKHBIX BEIIECTB M3 MPOCTHIX BEIIECTB

B PEATBbHBIX YCIOBHIX HE MPOTEKAET, HO COJAEPKAHUE MOHITHSI «IHTANBIH 00pa30-

BaHUA BCUICCTBA» BBIPAKACTCA TAKMMU YPAaBHCHUAMU PCAKIIUH.

VYraepon cropaer 1o CO,, Bogopoa — 1o H,O, a 3TunoBsiil cnupt — 10
CO, u H,O. [Ins ompeneneHus CTaHAAPTHOM DSHTAIBIIAUA OOpa30BaHUS
C,HsOH coctaBuM cucteMy ypaBHEHHH PEaKIUil TOPEHUS, MPUIEM I Ka-
YKJOTO YPaBHEHUS MOA0CPEM MHOKHUTENH, HA KOTOPBIA HY)KHO YMHOXHUTH BCE
YJICHBI YpaBHEHUS IS TTOYYCHHUS] TaKMX K€ KOA(P(UIIMEHTOB Tepe]] Bellle-
CTBaMH, KaK B YKa3aHHOM BBIIIIC YPAaBHCHUH

2|c+0,=C0,; AH=-393,5 kJIx;
3| Hyt+ 1,0, =H,0 ; AH=-285.8 k]Ix;
~1|C,HOH + 30, =2C0, + 3H,0;  AH=-1366,9 x]Tx.
YMHOKEHHE BCEX WICHOB TPETHETO YPaBHEHUS HA —| NMpUBENET K U3Me-
HCHUIO 3HAKOB HCPCI[ HUMH, CIICA0OBATCIIBHO, HpI/I CJIOJKCHHUU OTUX ypaBHeHI/Iﬁ

BEILIECTBA W3 JIEBOM YaCTH 3-TO YPAaBHEHUS INEPEUIYT B MPABYIO YaCTh CyM-
MapHOTO YpaBHECHMUS:

2C + 20, + 3H, + */,0, — C,HsOH — 30, = 2CO, + 3H,0 — 2CO, — 3H,0.
CokpatuM mo00HbIE WICHBI YpaBHEHUS U MEPEHECEM BEIIECTBA CO 3HA-
KOM MHMHYC B IIPOTHBOIIOJIOKHYIO YaCTh YpaBHCHUS:
2C + 3H, + '/,0, = C,Hs;OH.
[TockonbKy KOMOMHAITUS TEPMOXUMUUYECKUX ypaBHEHUM MpHUBEa K MC-

KOMOMY YPaBHEHHUIO (CM. BBIILIE), C SHTAIBIUAMH PEAKIIUN HY>KHO MPOJIeTaTh
T€ K€ JEUCTBUSA. B pe3ynprare nojrydyaem:

AH=2-AH, + 3-AH, — AH;.
AH =2-(-393,5) + 3:(-285,8) + 1366,9 = -277,5 x/Ix.
[lomydeHnHasi BeIMYMHA SIBISICTCS CTAaHIAPTHOM SHTAIbIUEH 0Opa3oBa-

HUA dTaHona: Ad1°%93(C.HsOH) = —277,5 xJlx/mMonb. OHa COOTBETCTBYET
CIIPABOYHOMY 3HAYCHHIO DHTAIBITMH 00Pa30BaHUs KUIKOTO ATAaHOJIA.

IIpumep 3. Paccumraiite n3MeHeHHs 3HTanbnuu AH W BHYTpEHHEH
sHeprun AU nipu IpOTeKaHUU peakiuu (yCIOBUS CTaHIapTHHIE):

2C15(r) + 2H,0(r) = 4HCI1(r) + Oy(r),
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€CJIM U3BECTHBI CTaHAAPTHBIE SHTAIBIINU 0Opa30BaHUSl BOJBI U XJIOPOBOAO-
poxna: Ad1°(H,O(r)) = -241,84 xIx/monb, Ad°(HCl(r)) = 92,3 xJ1x/Mob.
Pewenue.
1) ITo cnenctBuio 3aKkoHa ['ecca paccunTaeM SHTAIBIINIO PEAKIINU:

AH = 4 AHP(HCI(r) — 2-AH (H,0(r)) = 4:(~92,3) — 2:(—241,84) =
= 369,2 + 483,68 = 114,48 xJTx.

2) U3 mepBoro 3akoHa TEPMOJAMHAMUKH H3BECTHO, UYTO BHYTPEHHSS
sHeprusa AU u sHTanbnus AH cBsi3aHbl MEXKIY COO0W COOTHOIIIEHUEM
AU=AH - PAV=AH - AnR'T,
rae An — U3BMEHEHHE YHCIia MOJIb Ta3000pa3HbIX MPOAYKTOB PEAKIIUU U HC-
XOJHBIX BEMIECTB (A7 = Xhnpon) — 2M(ucx))-
N3menenue 4yncna MoJib ra3000pa3HbIX MPOAYKTOB PEAKIMH U HUCXO]I-

HBIX BEILECTB B peaKIMU paBHO eauHuue (An =5 — 4 = 1), cnegoBarelnbHo,
VU3MEHEHNE BHYTPEHHEN DHEPTIUU B JAHHOW PEAKIIMU PABHO:

AU= 114,48 — 1-8,3144-298-10° = 112,0 kI

Takum 00pazoM, BHYTPEHHsISI SHEPTHUS MPU MPOTCKAHUHW PEAKINH YBe-
aramnack Ha 112,0 xJDx.

IIpumep 4. Onpenenure U3MEHEHNE BHYTPEHHEN 3HEPTUU MPU UCTape-
Huu 250 r Boasl nipu 20 °C, pomyckas, 4To napbl BOAbI MOAYMUHSAIOTCS 3aKO-
HaM HJIeaJbHbIX ra30B. OObEMOM KHIKOCTH IO CPABHEHUIO C 00bEMOM Mapa
MOXXHO NpeHeOpeub. Y enbHas TemioTa (PHTaNbIMA) NapooOpa3oBaHUsl BO-
Iel paBHa 2451 JIx/r.

Pewenue. B cnyuae ucnapenust Boasl H,O(x) — H,O(r) uzmenenue
gyyciaa MOJb ra3o00pa3HbIX BEUIECTB B XOA€ npouecca An = 1. DHTanenus
oOpa3oBaHus 1 MoJIb Mapa BOJbI paBHa:

AH = 2451 [Ix/r-18 r/mMmonb = 44118 JIx/mounb, niu 44,12 kJ>x/MoIb.

1) Beruuciisiem KOJIUYECTBO BelIeCTBA (MOJIb) UCTAPSIIOIIEHCS] BOBI:

250

n= 18 = 13,89 MOB.

2) HW3meHeHue BHyTpeHHEH »Hepruu (ypaBHEHHE U3 NPEIbLIYLIErO
npuMepa) B npoiiecce ucrnapenus 13,89 Moib BOAbI COCTABIISIET:

AU = (44,12 — 1-8,314-293-10°)13,89 = 579,0 k[

Takum o00pa3oM, BHYTPEHHSSI DHEPIrUs CUCTEMBbl YBEIWYWIACh Ha
579,0 x/Ix.
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Ipumep 5. Kakoe KOTHYECTBO TeIlIa BHIACIACTCS TP CKUTAHHH | M
BOZI0po/ia (00bEM U3MEPEH TPH H.Y.) C 00pa30BaHUEM KUIKON BOIBI?

Pewenue. 1) 3anucbiBaeM ypaBHEHUE PEAKIIUU TOPEHUS BOAOPOAA:

Ha(r) + '/205(r) = H,00x).

Momnsipubrit 006eM Bogopoaa V(H,) = 22,4 n/moinb; cripaBO4YHAsl BEIU-
YyHa CTaHJapTHOM SHTAIbIHMK 00pazoBaHus KuIKoU BoIbl Ad1°(H,O(x)) = —
285,3 kJI>x/MOIb.

2) U3 ypaBHEHHUs peakIu CIEIyeT, 4TO Ha 00pa3oBaHUE OJHOTO MOJb
BOJIbI 3aTpaunBaeTca 22,4 1 BOAOpoJa U mpu 3ToM Beiaensercs 285,3 kJx
Teria. J{is pelieHus 3a1aun coOCTaBiIsieM MPOIOPIIHIO:

nipu cxxuranuu 22,4 1 H, Beigensiercs 285,5 kJIx,
1000 1 — X;
x =12745,5 k][ x.

IIpumep 6. Onpenenure SHTATBNUIO PEAKLIWN TAIEHUS U3BECTU U BBI-
YUCIIUTE, CKOJIBKO TEIljla BBIAENSETCS MPU MOJYyYEHHUU OJIHOM TOHHBI Trallie-
HOW M3BeCTH (YCIOBHSI CTaHAAPTHBIE).

Pewenue. 1) 3anucpiBaeM ypaBHEHHE PEAKIMM U BBHIIUCHIBAEM U3 CIIpa-
BOYHBIX TaOJIUI] CTAHJaPTHBIE SHTAIBIIMU 00PA30BaHUS BEIIECTB:
Peaxmus: CaO(x) +|H,O(x) = | Ca(OH),(x)
AHC, xlx/monb: | —635,5 | -285,3 | -986,6

2) Ilo cnenctButo U3 3akoHa ['ecca BRIUMCIISIEM SHTAIBIIUIO PEAKIIUN:
AH° =-986,6 — (—635,5 — 285,3) =-986,6 + 920,8 = —65,8 x/Ik.
3) Ucxons u3 MoJisipHOM Macchl THAPOKcUAa Kanbius (74 r/Monb), co-
CTaBJISIEM U PEIIaeM MPOTOPIIHUIO:
npu nonyuenun 74 r Ca(OH), Beigensiercs 65,8 kJx,
106 T - X;
x = 88919 kJIx.

Hpumep 7. Mcxons u3 3Ha4€HUs YIHTAIBIINU PEAKLUHN:
3Ca0(x) + P,0s(x) = Ca3(PO4),(x); AH® =-739,0 kI k.

W CTaHJApPTHBIX SHTaIbNUM obOpaszoBanus CaO (—635,5 k/[x/monb) u P,Os
(-1492,0 x/Ix/Monb), ompenenuTe CTaHAAPTHYIO SHTAJBIUI0 0Opa30BaHUS
opTodocdaTa KaabIus.

Pewenue. O603HauaeM CTaHIAPTHYIO SHTAIBIHIO 00pa30BaHUS OPTO-
docdaTa KampIMsg CHMBOJIOM X M HAXOJHUM €€ T10 CJIeICTBHIO 3akoHa ['ecca:

739,0 = x — [(—635,5)-3 + (~1492,0)], x = -4136,5.

Taxum o6pazoM, Ad1°(Caz(POy)a(x)) = —4136,5 k/[x/MOIIb.
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IIpumep 8. He npoBonsg pacueToB, omnpenenute 3HaAK AS XUMHUYECKHUX
peaKuunii:
1) CaO(k) + CO,(r) = CaCO;(x);
2) (NH4)2CI'207(K) = CI'sz,(K) + Nz(r) + 4H20(F)
Pewenue. JuTpomnus BeliecTBa SBISETCS Mepor Oecropska B pacio-
JIO’KEHUU COCTAaBIIAIOMIMX €ro 4acTHI] (MOJIEKYJI, aTOMOB U T.1.). Kpucramiu-
YECKHUE BEILECTBA, MO CPABHEHUIO C ra3000pa3HbIMU U >KHJIKUMHU, UMEIOT
YHOPSIOYCHHOE CTPOSHUE, IIOATOMY MX SHTPOIHSI HAMHOTO MEHbIe. B mep-
BOM pEeaKIMu M3 KPUCTAUIMYECKOTO M Ta3000pa3HOro BEHIECTB OOpa3yeTcs
OJIHO KPHUCTAJUIMYECKOE BEUIECTBO, MO3TOMY B XOJE PEaKUUU MPOUCXOJUT
ymenbIenue sutpornuu (AS < 0). Bo BTopo#t peakunu U3 KpUCTALTUIECKOTO
BellleCTBa 00pa3yroTcs, Kpome kpuctauinueckoro Cr,Os, razoodpasusie N, u
H,0, nostomy sHTpomnus, T.e. becnopsaok B cucteme, Bozpactaet (AS > 0).

Ipumep 9. YnaenbHas sHranbnus tuiaBieHus cBuHua 23040 JDx/kr.
Temnepatypa miaBienus csunna 327,4 °C. Halimure M3MeHEHHUE SHTPOIUU
npu wiasjaeHuu 250 T CBUHIIA.

Pewenue. I3meHeHne >HTPONKUY TIPU NIEPEXOJI€ BEUIECTBA U3 OJTHOTO ar-
pPEraTHOTO COCTOSIHUA B IPYTO€ PABHO:

AS = AH/T,
rane AH — sHTanenus oopatuMoro ¢a3oBoro mpeBpaiieHus; I — abCooTHas
Temneparypa (a30BOTo MpeBpalleHusl.

[Ipu ompenenennn W3MEHEHUS SHTPOIMMUH HEOOXOAMMO YYECTh Maccy

BelllecTBa. BbruucisieM sHTaNbNUIO 1iaBiieHus 250 T cBUHLIA:

23040-0,25 = 5760 Ix.
Haxonum Temnepatypy miaBieHHUS:
T=327,40 + 273,15 = 600,55 K.
Brruncnsiem n3MeHeHrue SHTpONuu npu iaBiaeHuu 250 r cBUHIA!
AS =5760/600,55 = 9,59 Ix/K.

IIpumep 10. Beruncinre n3MeHEHHE SHTPOIIUU B XOJ€ XUMUYECKOU pe-
akiuu (YyCIOBUSI CTaHIAAPTHBIC):

2C(rpagut) + 3H,(r) = C,Hg(r).
Pewenue. Tlo cipaBOYHBIM 3HAYEHHSM CTaHAAPTHBIX SHTpONHM rpadu-
Ta, BOJOPOJIa U OEH30JIa BHIYUCIISIEM H3MEHEHUE SHTPOIHUH B XOJI€ PEAKIIUU:

AS® = 8°(CyHe) — (2+/8°(C) + 3+48°(Hy)),
AS® =229,5— (25,7 +3-130,5),
AS® =—-172,7 Tix/K.
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Ipumep 11. Boruucoure sneprun ['n66ca npu 600 °C mis peakuuii
pa3nokeHusl KapOOHATOB KaJIbIUSl U MarHus U OMpeeNuTe, Kakoil u3 kapoo-
HATOB pazJiaraeTcs Npyu JaHHOW TemMiepaType.

Pewenue. 1) 3anuceiBaeM ypaBHEHUSI peakIMil U HAXOJWM B CIPaBOY-
HOU JTUTEpaType TEPMOJUHAMHUYECKHE CBOMCTBA BEIIECTR:

CaCO;(x) = CaO(x) + COy(r).
Ad1%0s, k[Ix/Mos ~ —1206,9  —635,5 —393,5
5208, JIx/(Monb-K) 92,9 39,7 213,7
MgCO;(x) = MgO(x) + CO,(1).
Ad1%0s, kIx/Mos  —1113,0  —-601,8 —-393,5
5208, JIx/(Monb-K) 65,7 26,9 213,7
2) Beruucisiem Juis IEPBOM peakIuu SHTAIBIUIO, SHTPOITHIO U SHEPTHIO
['u66ca o ypaBuenuto A,G°r = A, H9s — T-A,S%95 ipu T = 873 K:
AH%93 =—-393,5 + (-635,5) — (—1206,9) = 177,9 xJIk.
AS%93 =213,7+39,7-92,6 =160,8 /K, nim 0,1608 x/x/K.
A,.G°73=177,9 — 873-0,1608 = 49,3 x/Ix.
3) IIpoBoM aHAJIOTUYHBIC BEIYUCIICHHS JIJII BTOPOW PCAKIINH:
AH%95 =-393,5+ (—601,8) — (-1113,0) = 117,7 x k.
AS%095 =213,7+26,9 — 65,7 =174,8 Ix/K, unu 0,1748 xJIx/K.
A.G%p;3=117,4 —873-0,1748 = 35,2 xJIxk.

Cynsa no 3Haky 3Heprun ['m606ca peakiuii, kapOOHAT KayibIus HE NOJ-

keH paznaratbes (AG > 0), a peakius pa3joKeHHs KapOoHaTa MarHus MpU
600 °C Bo3moxkHa (AG < 0).

IIpumep 12. Beruncnure npuOIM3UTEIBHYIO TEMIIEPATYPY AOCTHKEHUS
COCTOSIHMSI PABHOBECHS B 3aKPBITOM CUCTEME ISl PEAKLUU

4HClI(r) + O,(r) = 2H,0(r) + 2Cl,(1).

Pewenue. Vicxons 3 BTOPOro 3akOHa TEPMOJMHAMHKH, TEMIEPATypa,
IPU KOTOPOM JOCTUTAETCS COCTOSIHUE PaBHOBECHUE, ONpeenseTcs no Gopmy-
Je:

(npu ycnoBuu AG = 0).
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Jlist TouHbIX pacyeToB 3HaueHUS AH u AS peakuuu JOKHBI OBITH B3S-
THl IIPH TEMIIEPATypPE PABHOBECHOTO cocTosiHus. Ho, mo ycioBuro 3aaaum,
HEO0OXOJIMMO BBIYUCIUTH MPUOIU3UTENbHYIO TeMnepaTypy. [loaTomy MOXKHO
NPUHATH, YTO BEIUUUHBI AH 1 AS He 3aBHCAT OT TEMIEPATYPHI U BEIYUCIIUTH
ATU BEJIMYMHBI U3 CTAHJAPTHHIX (TaOJUYHBIX) 3HAYCHHUI DHTANBIINN 00pa3o-
BAHUS U DHTPONMU COCIMHEHNM, YUACTBYIOIIUX B PEAKLINH.

1) BelnucbiBaeM U3 CIPABOYHHMKA TEPMOJIMHAMUYECKHE KOHCTAHThI Be-
LIECTB:

BeniectBo HCl(r) Os(1) H,O(r) Cly(n)
AfHozgg, KI[)K/MOJ'IB -91 ,8 0 241 ,8 0
15208, [/ (Morb-K) 1868 | 2050 | 1887 | 2229

2) BeruucrisieM SHTaIbINUIO PEAKIMU TPU CTaHAAPTHBIX YCIOBUSX:
AH® = (-241,8)2 — (-91,8)-4 =-116,4 ]I x.
3) PaccunThiBaeM M3MEHEHHE SHTPOIHH B XOJI€ PEAKIIUU:
AS°=2-2229 +2-188,7—(205,0 — 4-186,8) =—128,9 JIx/K =
=-0,1289 xIx/K.
4) Beruucisiem Temneparypy:
7o~ 1164
—-0,1289

=903 K, wmmm 630 °C.

Takum o6pazom, npu 7 = 630 °C cuctema HaxOJIUTCA B PaBHOBECUU
(npsiMast u 0OpaTHAs peaKLMU PAaBHOBEPOSTHBI).

SAJAHUSA A CAMOCTOATEJIBHOI'O PEHIEHUSA

1. ITpu B3aumoneiicteuu 112 11 azota (H.y.) ¢ BOAOPOJOM BBIIETSETCS
462 kI Ternotsl. Hanummre TepMOXMMUYECKOE YPaBHEHUE PEAKIIUU U BbI-
YUCJIMTE SHTAIBIUIO0 00pa30BaHMUS aMMHUaKa.

2. Beruncinre, Kakoe KOJIMYECTBO TEIIOThI BBIJIETSETCS MPU CKUTAHUU
100 1 CHa.

3. He nmpoBoasi pacu€ToB, YKaKHUTE, B KAKOW M3 JABYX SHIOTEPMHUUYECKUX
peakiuit sHTanbnus oonbiie U nouemy: 1) BaCO; = BaO + CO,; 2) MgCO;
= MgO + CO..

4. He npoBOIs BBIYMCIIEHUM, ONPEACINUTE, KAK U3MEHSIETCA SHTPOIUS
npu nporekanuu peakuid: 1) MgO(x) + Hy = Mg(x) +H,0(x); 2) 3MnO,(x) =
M1’1304(K) + 02.
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5. Beruucnute sHepruto ['m66ca nmpu 500 °C gns peakuu NiO(k) +
Pb(x) = Ni(x) + PbO(k) u ykaxxuTe, B KAKOM HalpaBJIEeHUH OHA MOXKET MPO-
TEKaTh IPU JaHHOU TEMIIEpaType.

6. Mcxons U3 AByX TEPMOXUMUYECKUX YPABHEHUN:

1) Ca(OH), = CaO + H,0, AH® = 65,3 xJIx,

2) Ca(OH), + SiO, = CaSiO; + H,O,  AH°=-23.3 xJIk,
Y HE UCHOJIb3Ysl CIIPABOYHBIX JaHHBIX, ONPEAEIINTE SHTANbNUIO peakuuu CaO
+ SIOQ = Ca8103

7. AKTHBHBIE METAJUIBI MOTYT TOpETh B aTMoc(epe yrieKuciaoro rasa.
Boruncnure snTansnuio peakuuu: 2Mg(x) + CO, = 2Mg(x) + C(rpadur) 1 on-
penenuTe, Kakoe KOJIMYECTBO TEIJIOTHl BBIACIUTCS NMPH CrOpaHUM 1 Kr mar-
HUSL.

8. Beluucnure Temneparypy, HauMHas ¢ KOTOpOil B 00paTUMON peakluu
CaCOs(x) 5 CaO(x) + CO, npsimoe HampapjieHuE MpeodiIagaeT Haja o0part-
HBIM.

9. Ucxons u3 TepMOXUMUYECKUX YPaBHEHHU | M 2, BBIYMCIUTE SHTANIb-
MIUIO TPEThEN peakuu (CIPAaBOYHUKOM HE IMOJIb30BATHCSA):

1) HbS(r) + °/,0,(r) = HO(x) + SOa(r), AH®=-561,1 x/Ix,
2) S(x) +O,(r) = SOx(r), AH® =-296,2 x]Ix,
3) 2H,S(r) +SO;(r) = 3S(x) + 2H,00x), AH°=?
10. YcranoBute pacuérom, MoxeT Jid nporekats npu 500 °C peakuus:
Cu(x) + ZnO(x) = Cu,O(x) + Zn(x).

11. Hcxons w3 OBYX TEPMOXMMHYECKHX YpaBHEHUH (HE HCMOIb3Ys
CIPABOYHBIX JaHHBIX), ONPEAEIUTE CTAHIAPTHYIO SHTAJBIIMIO 00pa30BaHUs
xyopuaa meau (I):

1) CuCly(x) + Cu(x) = 2CuCl(x), AH® =-56,0 ]Ik,
2) Cu(k) + Cly(r) = CuCly(x), AH®=-216,0 k]Ix.

12. Tlomyuyenue xene3a u3 FeO ¢ moMouipro yriepoaa BO3MOKHO IO
nByM peakuusm: 1) FeO + '/,C(rpadur) = Fe + '/,COy; 2) FeO + C(rpagur) =
Fe + CO. Kakoii nporecc TepmMoauHamMmuiecku 0osee BepositeH npu 1000 K?

13. JIns onpenenenus sHTaNbIUKU 00pa3oBaHus (Gropua Kajabius ObUIO
B3iTO 2,0 T KanpLus U JOCTaTO4YHOE KoyinyecTBO (ropa. B xone peakuuu
Mexay HUMH BolIenwics 61 x/[x TeroTel. BeiunciauTe onbITHOE 3HaYEHUE
SHTANBNHUKU 00pa3oBaHusa (PTopuAa KajabIUs W MOTPEIIHOCTb OMNBITA, €CIU
crpaBoyHas Benn4yuHa paBHa —1214,6 kJ[>/MOb.

14. Boruucnure 3nepruto ['mb6ca u ycraHoBuTE, B KAKOM HalpaBlICHUU
MOTYT IpoTekath rnpu 25 °C peakuuu:

1) Cu(x) + PbO(x) = Pb(x) + CuO(x),
2) 8Al(x) + 3Fe,0;(x) = 6Fe(x) + 4A1,05(x).

15. Ucxons u3 IByX TEPMOXUMUYECKUX YPABHEHUM:
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1) 2As(x) + 3F,(r) = 2AsF;(r), AH®° =-1842 x/Ix,
2) AsFs(r) = AsF5(r) + Fy(n), AH® =317 x/Ix.
OTIPEJICIIUTE SHTAIBIINIO0 00pa30BaHus EeHTA(TOPH 1A MBIIIbSIKA.

16. PaccuuraiiTe, npu KakOW MHUHHUMAJIbHOU TEMIIEpAType BO3MOMKHO
nonyuyerue okcuza azora (1) u3z armocdeproro azora u kuciopoja 1Mo peax-
LUU:

NZ(F) + 02(1“) = 2NO(F)

17. OnpenenuTe 3HTAIBIINIO PEAKLIUHU PA3JI0KEHUS IEPOKCUIA BOIOPOIA
Ha BOAY U KHCJIOPOJ, UCIIOJIb3YsI JBA TEPMOXUMHUYECKUX YPABHEHHUS U HE HC-
MOJIb3Ysl CIIPABOYHBIX JIAHHBIX:

1) SnCly(p) + 2HCl(p) + H,O,(p) = SnCly(p) + 2H,0(x), AH°® =-393,3kx]/Ix,
2) SnCly(p) + 2HCl(p) + '/,04(r) = SnCly(p) + H,O(x),  AH® =-296,6K/Ix.

18. BeramcnuTe SHTANBINIO 00pa3oBaHUs Cyib(hara ITUHKA, UCXOIS W3

TEPMOXUMHUYECKUX YpaBHEHUH (CIIPAaBOYHUKOM HE T0JIb30BATHCH):

1) ZnSOy(x) = ZnO(x) + SO;(1), AH® =235,2 ]Ik,
2) 2ZnS(x) + 30,(r) = 2Zn0O(x) + 2S0,(r), AH® =-885,7 xJIxk,
3) ZnS(x) = Zn(x) + S(x), AH® =201,5 xJIx,
4) 2S0,(r) + Oy(r) + 2S05(r), AH® =-196,0 xJIx.

19. Ilpu kakux Temieparypax Mpeodiafarolryo pojib B ONPEICICHUN
BenuurHbl AG°r U HampaBJICHHs PEaKIMU UTPAET SHTAJBIIUWHBIN, a PU Ka-
KHUX TEMIIepaTypax — SHTPONUUHBIN dakTop?

20. B 19-M cTtonerun npu ONpeAeieHuU HApPaBIEHUS PEaKLU PyKOBO-
JCTBOBAINCH TpaBuiioM beptio — ToMceHa: caMONpPOU3BOJIBHO MPOTEKAIOT
BCE 3K30TepMHUUecKue peakunu. C KaKuMH OTOBOPKAaMU 3TO MPAaBUIIO HpHUMeE-
HSIETCS B HaIlle Bpems?

I'naBa 8
XUMHNYECKOE PABHOBECUE

[To Teme «XuMHUYECKOE PAaBHOBECHE» HEOOXOAMMO 3HATh M YMETh Clle-
AYIOIIEee.

1. IlpuBoauTh MpuMeEpPbl O0OpPaTHMBIX pPEAKIMid, 3HATh TEPMOJMHAMUYE-
CKHE INPU3HAKUA XUMHUYECKOI'O PAaBHOBECHs, 3aIIMCHIBATH BBIPAKCHUE 3aKOHA
JIEHCTBYIOUIUX MAacC JIJIsl paBHOBECHSI OOPAaTUMBIX PEaKLUM.

2. OOBACHATH COCTOSIHUE XUMUYECKOTO PABHOBECHUS C MO3UIMI XUMHUYE-
CKOW KMHETUKMU.

3. BBIYMCIATH MCXOAHYHO KOHLEHTPALMI0 PEArcHTOB IPU H3BECTHBIX
PAaBHOBECHBIX KOHLEHTPALUAX PEareHTOB U NPOAYKTOB; BBIYMCIATH PABHO-
BECHYIO KOHIICHTPALMIO BCEX BELIECTB IIPU MU3BECTHOM MCXOJHOM KOHIICH-
TpalLH PEareHTOB U CTEIIEHU UX MPEBPAILECHUS B IIPOIYKTHI.
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4. BbIYUCHATH KOHCTAHTY PABHOBECHUSl NPU H3BECTHBIX PaBHOBECHBIX
KOHIICHTPAIUSAX PEareHTOB U MPOIYKTOB WJIM BBIUYMCIECHHBIX 110 1. 2.

5. BbruucnsaTh KOHCTaHTY paBHOBECHS 10 3Hepruu [ ndoca peakiuu.

6. BprunciaTh TEMIIEpATypy, PU KOTOPOM KOHCTAHTA PABHOBECHUS PaB-
Ha €JIMHUILIE.

7. YcranaBnuBath no npuHuuny Jle IllaTense HanpaBiieHUE CMENICHUS
XMMHUYECKOTO PABHOBECHS ITPY U3MEHEHHUH YCIIOBUM MPOBEACHUS PEAKIIUU.

MNPUMEPHI BBIITOJIHEHUA 3ATAHUI

IIpumep 1. IIpu cunrese ammuaka N,+3H, S 2NH; paBHOoBecue ycra-
HOBHJIOCH NPH CIEAYIOIIMX KOHIIEHTPAUMUAX B3aMMOJCHCTBYIOIIMX BEILECTB
(monb/n): [N,] = 2,5; [Hy] = 1,8; [NH;3] = 3,6. Beiunucnure KOHCTaHTY paBHO-
BECHs OTOM pEaKIUU U UCXOAHbIE KOHLIEHTPAlMU a30Ta U BOJOPOJA.

Pemenne. BpruncisieM KOHCTaHTY paBHOBECHs peakUUM (IOCKOJIBbKY
JTaHbl PABHOBECHBIE KOHYeHmMpayuu, KOHCTAHTa UMEET UHJIEKC «C»):

[NH, T (36
COINLI[H,T 25187

b

HcxoHble KOHIIEHTpAIMK a30Ta U BOJOPO/a HAXOJAUM Ha OCHOBE ypaB-
HeHus1 peakiuu. Ha oOpa3zoBanue 2 monbp NH; pacxomyercst 1 mMonb asora,
clenoBaTeNibHO, Ha 00pa3oBaHue 3,6 MOJb aMMHaka noTpedoBanoch 1,8
MOJIb a30Ta. YUWTHIBAs PAaBHOBECHYIO KOHIIEHTPAIMIO a30Ta, HaXOAUM €ro
UCXOJIHYIO KOHIeHTpamwmio: 2,5 + 1,8 = 4,3 monp/n. Ha oOpa3oBanue 2 Moib
NH; Heobxoaumo u3pacxonoBath 3 Moib H,, ciempoBatenbHO, ISl MOTyYe-
Hus 3,6 monb NHj Tpebyercs 5,4 MoJib; UCXOJIHAsI KOHIIEHTpALUsI BOJAOPOAA
obuta 1,8 + 5,4 = 7,2 monw/n. Takum o0pa3oM, peaklys HauWHAJIAch MPU MO-
JspHBIX KoHIeHTpanusx 4,3 (N,) u 7,2 (Hy).

IIpumep 2. B kakom HampaBjIeHUU CMELIAETCS PaBHOBECHUE MPUBENICH-
HBIX pEaKlMil MpU MOBBIIIEHUH TEMIEPATyphbl U OOIIET0 AaBICHUS B CHUCTE-
Me:

1) 250, + O, 5 2S0;, AH° =-196,7 xJIx,
2) 30, 5 20;, AH° = 184,6 x/Ix,
3) N, + 3H, 5 2NHs, AH° =-92.4 xJ1x?

Pewenue. Cornacno npunuuny Jle Illarenbe, npu MOBBIIIEHUH TEMIIE-
paTypbl paBHOBECHE CMEIIAETCS B CTOPOHY 3HIOTEPMHUYECKOrO IIpolecca:
JUISl TIEPBOM M TPEThEH peakiuii — B CTOPOHY 0Opa3oBaHUs peareHTOB, a JJIs
BTOpPOW — B CTOpOHY OOpaszoBaHuUsi MpoaykToB. [Ipu moBbiieHUH OOIIETO
JaBJICHUS] PAaBHOBECHE BCEX PEAKIUH, Cylsd Mo cymmaM Kod(h(HIIMEeHTOB B
JIEBOM M TpaBOM YaCTAX YpPaBHEHHUI, CMENIAeTCsl B CTOPOHY OOpa3oBaHUs
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MPOIYKTOB (BIPABO), KOTOPHIE 3aHUMAIOT MEHBIIUN 00BEM MO CPABHEHUIO C
peareHTaMu.

Hpumep 3. PaBnosecue peakunu 2NO + O, = 2NO, yCTaHOBWIIOCH TIpU
CIEAYIONINX KOHIEHTPALUIX pearupyromux Bemect (Mosb/n): [NO] = 0,5;
[0,] = 0,7; [NO,] = 2,1. Kak u3MeHSTCS CKOPOCTH NPsIMOI U 00OpaTHOM peak-
LM, €CJIM B CUCTEME YMEHBIIUTH o0l1ee AaBieHue B 2 paza? [Ipousoiiner nu
IIPU ATOM CMEIIEHUE PABHOBECHUS peaKIuu’?

Pewenue. JIo ymeHbIIeHUS! TaBJIEHUSI B CUCTEME BBIPAKEHHUS ISl CKO-
pocteiil mpsiMoil U oOpaTHOM peakuuid (00e peakiuu SBISIFOTCS (HOpMaTbHO
MPOCTHIMU ) MOKHO 3aIMCaTh B CIAEAYIOIIEM BHUJIC:

= ky-c*(NO)-¢(05) = k1+(0,5)*0,7 = 0,175k;
= ky'*(NO,) = ky'(2,1)* = 4,41 k.

IIpyn yMeHbIIEHNN JaBJIEHMS B 2 pa3a KOHLEHTpaUus BCEX pearupyro-
IIMX BEUIECTB YMEHbLIAETCS TAKKe B 2 pa3a, TaK Kak OOIIMi 00beM CHCTEMBI
yBeIM4MBaeTcs B 2 pasa (3akoH boiuis—Mapuorra). Torga:

<!

<1

“«—

v = k+(0,5/2)%(0,7/2) = 0,0219-k,; v = k(2,1/2)> = 1,1025-k,.

B pe3ynbrare yMeHbIIEHHs IaBICHUS CKOPOCTH MPSAMON M OOpaTHOMU
peakIuil yMEHBIINWINCH 8 pa3 U 4 pa3a, COOTBETCTBEHHO:

<«

0,175k,
0,0219%,

441k,
1,1025k,

v v
> =
Vi

Takum 00pa3omM, CKOPOCTh OOpaTHOM peakiuu OyneT B 2 pasza OoJiblie,
YeM MpsAMOM, MO3TOMY MPOU30MIET CMEIICHUE PABHOBECHS B CTOPOHY pas-
noxeHuss NO,. BpiBoA, MOJSy4eHHBIM IyTEM BBIYMCIEHUS CKOPOCTEW peak-

1[I, coryiacyercs ¢ kKauecTBeHHbIM nipaBuiioM Jle [llarenbe (mpoBephTe).

IIpumep 4. Peakuus npotekaer no ypasuenuio A + B 5 2D (ypaBHeHue
3anmucaHo B obmieMm Buze). Onpenenure paBHOBECHBIE KOHLEHTPALMU BCEX
BEIECTB, €CJIM UCXOJIHbIE KOHIIEHTpauuu BemecTB A U B pasubl 0,5 monb/n
u 0,7 MoOJIB/11, @ KOHCTaHTa paBHOBecus peakiuu K. = 50.

Pewenue. K MoOMeHTy paBHOBecHs KOHLIEHTpaluu BemecTB A u B mo-
HU3STCA, a KOHUEHTpauus BeniectBa D yBennuutcsa. CorinacHO ypaBHEHUIO
peakiuu, Ha KaKJIbplii MoJib BemiecTB A u B oOpasyercs 2 mons BemectBa D;
M03TOMY, €CJIM MOHM)KEHNE KOHLEHTpauuu BeulectB A u B o0o3HauuTth ye-
pe3 X MoOJb, TO YBEJIMYEHHE KOHLEHTpaluuu BeuiectBa D Oyaer paBHO
2x Monb. PaBHOBECHbBIE KOHIIGHTPAIMH BEIIECTB OYyT PaBHbIL:

[A] = (0,5 —x) moaw/m; [B]= (0,7 —x) mons/a; [D]=2x mons/m.
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IToncTaBUB ATH BETMYMHBI B BBIPAYKEHUE KOHCTAHTHI PABHOBECHS
[D]* _ 4x° _ 4x°
[A]-[B] (0,5-x)0,7—x) 0,35-12x+x’
MOJTy9aeM KBaJIpaTHOE ypaBHEHUE:
46x° —60x +17,5=0.
Pemwas 310 ypaBHeHue, nosrydaem JBa 3HaueHud x: x; = 0,86; x, = 0,44.

[To ycnoButo 3aaum crpaBeiuBO 3HaYeHUE X,. OTCI0/Ia paBHOBECHBIE KOH-
IIEHTPAIH BEIICCTB PABHBI:

ca=0,5-0,44 = 0,06 monn/1,

cg =0,7-0,44 = 0,26 MoJIB/11,

cp = 0,44-2 = (0,88 Moib/1I.

C

=50;

Ipumep 5. Xumuueckoe papHoBecue B peakiun COCly(r) s CO + Cl,
YCTAHOBWJIOCH TIPU  CIAEAYIOIIMX KOHUEHTpAIMsAX BemecTB (MOJIb/J):
cocl, - 0,1, CO - 0,2, CI, — 0,15. B paBHOBEeCHYIO0 CHCTEMY BBEJIH
0,01 monw/n xyopa. Omnpenenutre HOBbIE PABHOBECHBIC KOHIICHTPAIMH Be-
IIECTB.

Pewienue. 1) HaxonuM KOHCTaHTY paBHOBECHS 10 JOOABIICHHUS XJIOpa:

_[COJ-[Cl,] _0,2-0.15

= =0,3.
[COCI, ] 0.1

2) JloGaBneHue XJjopa BBI30OBET CMEIICHHE PAaBHOBECUS B CTOPOHY HC-
XOJTHOTO BellecTBa (MpoTeKaHusi 00paTHOM peakiuu), T.€. yMEHbIIIEHUE KOH-
nenTpanuii xiopa u CO u yBenuuenue konnentpanuu COCl,. Ymenbinenue
KOHIICHTPAIIUU XJIOpa C MOMEHTA CIIBUTA PAaBHOBECHSI 10 YCTAaHOBJICHHS HO-
BOTO paBHOBecHsI 0003HauMM x. Torja HOBbIE PaBHOBECHBIE KOHIICHTPAITUU
BEILIECTB (MOJIb/JT) OyAYT PaBHBI:

[CL]'=(0,15+0,01)-x=0,16 —x; [CO]'=0,2—-x; [COClL]'=0,1 +x.

3) Koncranra PaBHOBCCHA OT KOHOCHTpAIHUKW HC 3aBHCUT, TO CCTb €C
3HAYCHUC OCTAHCTCA IIPCIKHUM. DTO MO3BOJISICT BHIYKUCINUTL X U HOBBIC paB-
HOBCCHBIC KOHICHTPAIWKU BCIICCTB!:

0,16 —x)- —
O16-902-%) oo
0,1+x
[Cl,]'=(0,15+0,01)-0,05=0,11 monb/m;
[CO]'=0,2—-0,05=0,15 monb/m;
[COCL,]'=0,1+0,05=0,15 momub/m.

0,3=
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Ipumep 6. J{ns peakiuu 2CO, = 2CO + O, 00bEMHBIN COCTAaB PEaKIIH-
OHHOW CMECH B MOMEHT paBHOBecHs mnpu temrepatype 2273 K 0wt cre-
nyromuM: 88,72 % CO,; 7,52 % CO; 3,76 % O,. Haiinute KOHCTAHTBI paB-
HoBecHs K, n K. Ui 5TOM peakUuu, eciii oOllee NaBICHUE B CUCTEME PABHO
101325 ITa.

Pewenue. ]Ina peakuuii, NpOTEKAOMNUX MEXAY Ia3aMu, KOHCTaHTY PaB-
HOBECHSI YIOOHO BBIYHCIIATH, MOJIB3YSICh PABHOBECHBIMU TMapIUATbLHBIMU
JABJICHUSIMU PEArupyromnux BeEHIeCTB (MO3TOMY 0003HAaYeHUE KOHCTAHTHI
MMEET HIXKHUN UHJIEKC «p»):

_ péo "Po,
]7(2302 .
OmnpenensieM napiyalibHbIE JABICHUS p; PEarupyroumx ra3oB no ¢op-
myne p; = P,-¢;, tne P, — oOuiee naBieHue, ¢, — 00bEMHas J0JIs rasa:
p(CO,) =101325-0,8872 = 0,8990-10° ITa;
p(CO) =101325-0,0752 = 0,0762-10° Ia;
p(0,) =101325-0,0376 = 0,0381-10° Ia.
BerancisieM KOHCTaHTy paBHOBeCHA K,
K - (0,0762 -10)* -0,0381 -10°
i (0,8990 -10°)*
N3 ypaBHEHUS COCTOSTHUS UaeanbHOro raza PV = n'R-T BeipaxkaeMm JaB-
JICHHE:

K

p

= 27,35 Ila.

P="-RT=cRT.
v

[ToxncraBisieM MOTYYEHHOE BBIPAKEHHE B ypaBHEHHE Ui pacuera K, u
BBIHOCUM 001U MHOXUTEND (R-T):

[COJ* -(RT)* -[0,]-(RT) _ [COT*-[O,]
[CO,T*-(RT)’ [CO, T
rie Av— pa3HOCTh MEXKIY YHUCIOM MOJIb Ta3000pa3HbIX BEHIECTB B IPABOM U

JIEBOM YaCTAX YPABHEHMS: AV = X V00 — 2 Vyers AV =3 —2 = 1. U3 nony4en-
HOT'0 YPAaBHEHMS pacCUUThIBaeM 3HaueHue K.:

.= _213 1,44 -107°.
8,314 -2273

K, = {(RT) = K, -(RT)"",

IIpumep 7. BolunciuTe KOHCTAHTY PaBHOBECHs OOpAaTHMOI peakiuu
cunTe3a ammuaka npu 298 K u 1000 K u cnenaiite BEIBOA.

Pewenue. 1) 3anuceiBaeM ypaBHEHHE pPEaKILMU U BBIIUCHIBAEM U3 CIIpa-
BOYHHMKA TEPMOJIMHAMHYECKNE KOHCTAHThI BEILIECTB:
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Nz(l“) + 3H2(F) s 2NH3(F);
AA°, xIxx/mons 0 0 —46,2
A, bx/(mone'K) 191,5  130,5 192,6

2) Boruucnsiem n3MEHEHHE SHTAJIBIIUU U SHTPOIUHU B XOJI€ PEAKIUU:

AP = (—46,2)2 = -92,4 k]I
AS® = 192,62 — 130,53 — 191,5 = —207,8 JLx/K = —0,2078 kJLx/K.

3) Beruucnsem snepruro ['m60ca npu 3aaHHBIX TeMIIEpaTypax:

AG®93 =—92,4 + 0,2078-:298 = -30,5 xIx.
AG® 1000 =—92,4 + 0,2078:1000 = 115,4 x/Ix.

4) ITo cootHomenwuto (ypaBHeHne n3orepmbl Baut-I'odda)
AGr=-RTInK,=-23-R-T'1gK,=-19,12-T"1gK,,
BbIuncisieM 1gK),, a 3aTeM KOHCTaHThI PABHOBECHS:

1gK,, 208 = 30500/(19,12-298) = 5,85, K05 = 2,2:10°.
1K, 1000 = —115400/(19,12:1000) = —6,03, K, 1000 = 1-10°°.

Pe3ynbraThl pacueToB CBUIETEIBCTBYIOT O TOM, 4TO Ipu 298 K peakuus
UJET B CTOpOHY 0Opa3oBaHusi ammuaka, a mpu 1000 K — B cropony ero pas-
noxenud. ClenoBaTelbHO, YBEIMYEHUE TEMIIEpaTyphbl NPUBOJUT K CHHIKE-
HUIO BbIXOJa aMMuaka. Tem He MeHee, CHHTE3 aMMHAKa B IIPOMBIIIEHHOCTH
npoBoaaT nipu =400 °C (673 K), Tak kak npu HU3KUX TEMIIEpaTypax OYCHb
Maja CKOpocTh peakiuu. [Ipu 3ToM 11l yBEIMUYEHHS BbIXOJA aMMHUaKa Io-
BBIILIAIOT JIaBJICHHE, KOTOPOE CHOCOOCTBYET CMEILEHUIO PAaBHOBECHS BIIPABO
B cooTBeTcTBUU ¢ npuHuunom Jle Ilarense.

IIpumep 8. Paccuuraiite usmenenue >nepruu ['no66ca mpu 700 K mns
peakuuu

CO + Cl, = COCl,,

€CIM KOHCTaHTa paBHOBECHsA peakuumu K, Npu 5TOW TemIeparype paBHa
1,0685-104. [TapumanpHble JaBJ€HUS BCEX BEIIECTB OJWHAKOBBI M PABHBI
101325 Ila.

Pewenue. Bzaumocsssb A,G u K, peakiuu A + B =D + E B 00mmiem Bu-
Jie BeIpakaeTcsl ypaBHeHuEM n3otepmbl Bant-I'odda:

A G =2303 .RT(lg% ~lg Kpj.
PaPs

[Tox norapudmom nomkHa ObITH Oe3pa3MepHas BenuuuHa (TpeboBaHue
COTJIaCOBAHMS Pa3MEPHOCTEH BCEX BEJIWYHMH B YPaBHEHHWH), TIOITOMY IMapITHU-
aJIbHBIC TABJICHUS HY)KHO TMIEPEBECTH B JIOJU €IUHUIIBI, MHAYE B CKOOKAX IO-
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nyunrest Bepaxenne 1g{P '} (T.K. 10 YCIOBHIO B JICBOH YaCTH ypaBHEHHUS

HAXOJIUTCS JBa BEIIECTBA, a B IPaBOi — 07HO). J{J1st 3TOrO MpeacTaBuM map-

UAJIBHBIE JaBJICHUS KaXKI0ro KOMIIOHEHTa Kak 1/3:
P/P,=101325/(101325+101325+101325) = 1/3.

A, Gy =2,303-8,314-700(10,333 ~ 1g1,0685-10 ) =

0.333

1.0685 10 ¢
= 33375 JIxx/mons umu 33,375 kJI/MOIb.

Tak kak A,G > 0, To npsimas peakuus CO + Cl, = COCI, mpu 700 K ne-
BO3MOJKHA.

— 13403,65(1g 0,333 — 1g1,0685 -10*) =13403 ,65 - Ig

SAJAHUSA JJISA CAMOCTOSATEJIBHOI'O PEHIEHUSA

1. 3anuiuTe BhIpaXXEHUS ISl KOHCTAaHT XUMUYECKOIO paBHOBECHs 00-
paTUMBIX PEAKIIMiL:
ZHI(F) S H2 + 12(1")
2NH3(F) s Nz(r) + 3H2(F)
Mg(HCO3),(x) S MgO(x) + COx(r) + H,O(r)
4HCI(r) + Oy(r) S 2Cly(r) + 2H,0(1)
NQ(F) + OZ(F) S ZNO(F)
CaO(K) + COz(F) + HzO(F) s Ca(HCO3)2(K)
C(rpa(bHT) + COZ(F) S ZCO(F)
2NO,(r) S 2NO(r) + O,(1)
2. B kakyro CTOpOHY CMENIaeTcss paBHOBECHUE 0OPATHUMON peakiiuu
Hy(r) + CO,(r) S CO(r) + H,O(r), AH°=41,2 x/Ix
PCls(r) S PCls(r) + Clyr), AH°=92,6 x]Ix
COy(r) + 4Hy(r) S 2CHy(r) + 2H,0(r), AH®=-164,9 xJIx
2NO(r) + Cly(r) 5 2NOCl(r), AH°®=-73,6 xll:x
4HCI(r) + Oy(r) 5 2H,0(r) + 2Cly(r), AH°=-114,4 xJIx
a) MpU TMOBBIICHUH JABIECHUS; O) MPU MOBBIILICHUU TEMIEPATyphl; B)
MIPY YBEJIMYEHNH KOHILICHTPALUK BCEX PEArupyrOInX BEIIECTB B 2 pa3a?
3. ITo TepMOMHAMUYECKUM JIaHHBIM BBIYMCIUTE KOHCTAHTY PAaBHOBECHS
peaKiu
CaCO;(x) S CaO(x) + CO,(1).
npu 300 K u 1000 K u cnenaiite BBIBOJ O BIMSIHUM TEMIIEpATyphl HA €€ Be-
muuuny. Cornacyercs iim oH ¢ npuauunom Jle [latense?
4. B obpatumoii peakiuu
CO() + HyO(r) 5 CO,(r) + Hy(r)
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UCXOJIHbIE KOHIIeHTpauuu okcuaa yriaepozaa (II) u mapoB Bojbl ObUIH paBHBI
0,08 mons/1. K MOMeHTy ycTraHOBIeHUsS paBHOBecHsi KoHieHTparus CO
yMeHblIuiaach Ha 25 %. PaccuuTailite paBHOBECHBIC KOHIIEHTPAIIUU OCTalb-
HBIX ['a30B U BBIYMCIUTE KOHCTAHTY PABHOBECHUS PEAKIUU.

5. Ilo TepMOMHAMUYECKUM JIAHHBIM BBIYMCIUTE KOHCTAHTY PABHOBECHS
peakiuu  2NO,(r) S N,Ou(r) 1pu 0 °C u 27 °C u caenaiiTe BBIBOJ O BIIHS-
HUU TEMIIEpaTyphl HA COCTOSIHME paBHOBecus. Cornacyercst Jii OH ¢ IPUH-
mumoM Jle [larense?

6. Onpenenure paBHOBECHYIO KOHIIEHTPALIMIO BOAOPO/Ia B peakiuu
2HI(F) S H2 + 12(1"),
€CJIM MCXOJIHasi KOHIIEHTpalus MooBojopoaa Obuta paBHa 0,55 mosb/i, a
KOHCTaHTa paBHOBecHus paBHa 0,12.

7. Ilpn HEKOTOPOW TEMIIEpATYpPE KOHCTAHTA PABHOBECHUS PEAKLIMM pa3-
JIOXKEHHMST MOJIEKYIISIPHOTO XJI0pa Ha atoMbl paBHa 4,2-10 %, Uemy paBHa cre-
MEHb PA3NIOKEHHS XJIOpa Ha aTOMBI (B %) MpU ero Ha4adbHON KOHIIEHTpAIuu
0,04 monw/n?

8. [Ipu HEKOTOpO# TeMIlepaType KOHCTAHTA PABHOBECHSI PEAKIIUU

N204(F) A 2N02(F)
paBHa 0,26, paBHOBecHast kKoHLeHTpauusd NO, npu 3tom paBHa 0,28 MoIb/1.
Onpenenure paBHOBECHYIO M HCXOAHYIO KOHUEHTpAMH N,Oy.
9. Ilentaxnopua ¢ocdhopa npu HarpeBaHUU pasyiaraeTcs 1Mo Peakiuu:
PCls(r) S PCls(r) + Cly(r).

IIpn HEKOTOpOM TemmepaType KOHCTaHTa paBHOBecHs paBHa 125. CKoJbKO
npouentoB PCls paznaraercst npu 3Toil TeMiiepaType, €Clid €ro HayaiabHas
KOHIIeHTpalus paBHa 0,3 MoJb/n?

10. ITpn HarpeBaHMM OUOKCHAA a30Ta B 3aKPBITOM COCYJIE€ PABHOBECHE
peakuu 2NO,(r) S 2NO(r) + O,(r) ycTaHOBHIOCH TTpH KOHIEHTpauu NO,,
paBHo 0,8 MOJb/I, okcuaa azora — 2,2 MoJb/i, kuciaopoaa — 1,1 Momw/m.
OrnpenenuTe KOHCTAHTY PABHOBECHS U UCXOAHYIO KOHIIEHTpaluo NO,.

11. Onpenenute KOHCTAaHTY PaBHOBECUS OOPATUMON peaKuu

2802(1“) + 02(1“) s 2SO3(F),
eciu paBHOBecHas kKoHieHTparus SO; paBHa 0,04 Moib/11, a HICXOAHBIC KOH-
nentparuu SO, u O, paBHbl 1 Mob/1 u 0,8 MOJIB/JI, COOTBETCTBEHHO.

12. IIpn HarpeBaHUM CMECHU YTIIEKUCIOrO Ira3a U BOAOPOAA B 3aKPBITOM
COCY/JI€ YCTaHABJIMBAETCS PAaBHOBECHE:

COy(r) + Hy(r) 5 CO(r) + H,O(r).

KoncTtanTa paBHOBECHs 3TOW peakUMHM IPU HEKOTOPOW TEMIIEpaType
paBHa 1. Cxonbko npouenTtoB CO, npespamaercs B CO, eciid B UCXOTHOU
cmecu koHneHTparuu CO, u H, paBHbl 1 MOJb/11 1 2 MOJIB/JI, COOTBETCTBEH-
HO?

13. KoHcTaHTa paBHOBECHS pEAKLIUH
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PCls(r) 5 PCls(r) + Cly(r)

npu 500 °C pasHa 2,64-10 . Kakast qacTh neHTaxiopuaa pochopa pasiara-
eTcsl mpu 3ToW TemriepaType (B % OT CTEXMOMETPUYECKOT0) MPU €ro UCXO-
HOU KOHIIEHTpauuu 1 Mosb/n?

14. Ilpn HarpeBaHUM IUXJIOPUA-IUOKCHUI cepbl (XJIOpHUA Cylabhypuia)
paznaraercsi o 0OpaTUMOM peaKIuu:

802C12(r) s SOz(F) + Clz(r)

[Ipu HexoTOpO# TeMmepaType KOHCTaHTa paBHOBecus paBHa 0,025. On-
penenure, ckoiibko nponeHToB SO,Cl, paznaraercs, eciu B Hayasie ero ObLI0
B35TO | MOJIb B 3aKpBITOM COCYJI€ €MKOCThIO 20 TUTPOB.

I'maBa 9
OCHOBBI XUMHNUYECKOUN KUHETUKHA

[To Teme «OCHOBBI XUMHUYECKON KMHETUKW» HEOOXOJUMO 3HATh U YMETh
CIIEyIOLLEE.

1. OOBACHATH TPEeAMET XUMHUUYECKOW KUHETUKU U €€ COOTHOIICHHE C XH-
MUYECKOU TEPMOIMHAMUKOM.

2. 3HaTh KJIaCCHU(PUKALMIO peaKMil Ha TOMOI'€HHbIE U TE€TEPOreHHBIE; MPO-
CTBIE U CJIOJKHBIE; MOCIIEOBATENbHbIC, MApaJUIETIbHbIE U 1IETIHbIE; MOHO-, OU- U
TPUMOJIEKYJISIPHBIC; IIPUBOIUTH IIPUMEPBI COOTBETCTBYIOIIMX PEAKLUM.

3. 3HaTh 3aKOH JEHCTBYIOLIUX MAcC Il CKOPOCTH PEAKLIM, 3aIIMChIBATh
KMHETHYECKUE YPaBHEHUs PEAKLUM; I CIOKHBIX PEAKLUN pas3inydaTh KH-
HETUYECKUI MTOPSIIOK U MOJIEKYJIIPHOCTh PEAKIUH.

4. YcraHaBiIMBaTh KUHETUYECKUH MOPSAOK PEAKLUU 110 3aBUCUMOCTH €€
CKOPOCTH OT KOHIIEHTPALlUN PEareHTOB, BBIYUCISATh KOHCTAHTY CKOPOCTH pe-
aKLWHU 10 JAHHBIM O 3aBUCHUMOCTHU €€ CKOPOCTH OT KOHIIEHTPALIMH PEAareHTOB.

5. OOBSCHATH (PU3UUECKHI CMBICT SHEPTUU AKTUBAIMH U MPUYHUHY YBe-
JUYEHHS] CKOPOCTH PEAKLIMM MPHU MOBBIIIEHUU TEMIIEPATypbl; 3HATh PABUIIO
Baut-I'opda u ypaBHeHne AppeHuyca, NPOBOAUTH MO HUM MpsSMbIE U 00-
paTHbIEC pacUEThI.

6. OOBSACHATH CYIIHOCTh KaTajli3a U OOILYI0 MPUYMHY YBEIUYEHUS CKO-
pPOCTH peakIMil IpH HCHOJIb30BAaHUM KaTaau3aTOpPOB, MPUBOJIUTH MPUMEPHI
KATATUTUYECKUX PEAKLUH.

7. BBIYUCIIATH YBEJIMYEHUE CKOPOCTH WM KOHCTaHTBI CKOPOCTH pEak-
MU [IPU UCTIOJIB30BAHUM KATaJIN3aTOPOB (IIPU M3BECTHBIX 3HAYCHUSIX HEp-
I'MH aKTUBALIMU 0€3 UCTIOIb30BaHUS U MPHU UCIOIb30BAaHUH KaTaIn3aTopa).

IMPUMEPBI BBIIIOJTHEHUS 3ATAHUI
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IIpumep 1. Kakas peaxiys Mexay razoo0pa3HbIMHU BelIECTBaAMU SIBJIS-
€TCS CJIOKHOM:

1) 4NH; + 50, = 4NO + 6H,0,
2) 2H, + 0, = 2H,0,
3) 20; = 30,?

Pewenue. be3ycnoBHO, CJI0KHOM SBISETCA IEpPBasl peakUus, TaK Kak
OJTHOBPEMEHHOE CTOJIKHOBEHHUE JEBSATU MOJEKYJ PEAreéHTOB HEBO3MOKHO.
OaHOBpPEMEHHOE CTOJIKHOBEHHUE TPEX MOJIEKYJ BO BTOPOM U JBYX MOJIEKYJI B
TPETHEN peaKkUy BO3MOXKHO, HO UCCIIEA0BAHUSIMHI YCTAHOBIJIEHO, YTO 3TH pe-
aKLUW TAK)KE OTHOCSTCS K CIIOMKHBIM.

Bropas npoTrekaeT Kak HenHasi C y4aCTHEM PaJuKaJIOB:

H2 + 02 = 2OH’,

OHe+ H2 = Hzo + H.,

He + O, = OHe + ¢Qe,

eOe + H,=0OHe + He wuT.1I.,

a TPpEThA — KaK nmocjaeaoBaTeJIbHas1 ﬂBYXCTaHHﬁHaHZ
1)03:OZ+O, 2)O+O3:202.

DTOT IpUMeEp MOKa3bIBACT, YTO MO XUMHUYECKOMY YPaBHEHHIO OTIIMYUTH
NPOCTYI (OAHOCTAAUNHYIO) PEAKIMIO OT CJIOKHOM (MHOrOCTaAUiHON) He-
BO3MOJKHO, TaK KaK ypaBHEHHE PEAKIIUHA OTpakaeT €€ CTeXHOMEeTPHI0, a HE
MeXaHHU3M.

Ipumep 2. Hanumure KUHETUYECKHE YPABHEHHUS MPOCTHIX pPEaKIUl
MeX 1y ra3000pa3HbIMU BELIECTBAMU:

1) C2H5OH = C2H4 + Hzo,

2)2HI=H, + L,

3) 2NO + CL, = 2NOCI.
Pewenue.

1) v = k-¢(C,HsOH),

2) v = k-c*(HI),

3) v =k-c*(NO)-¢(CL).

IMpumep 3. Onpenenute yacTHBIE U OOIIUNA MOPSAIKA MPOCTOM pPEaKIuu
MEX]Ty ra3000pa3HbIMU BEIIECTBAMMU:

2NO + H, = N,O + H,0.
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Pewenue. Kunetndueckuii mopsiiok 3To peakiuu mo okcuay azota (I1)
paBeH JIBYM, MO BOJOPOJY — €AMHUIIE, a OOIIMI MOPSAIOK paBeH TPEM, YTO
COBIIAIAET C MOJICKYJIIPHOCTBIO PEAKLIHH.

IIpumep 4. Kak u3MeHseTCsl CKOPOCTh MPOCTOM pPEaKUU
2NO(r) + Cly(r) = 2NOClI(r)

MpY YBEJIMYECHUH KOHIIEHTpAIMU TOIbKO okcua a3zoTa (II) B Tpu pasa; Toib-
KO XJIOpa B TPHU pa3a; MpH OJHOBPEMEHHOM YBEITWYEHUHN KOHIIEHTpAIUi 000-
WX BEILIECTB B TPU paza’?

Pewenue. Kunetnueckuili mopsiiok 3Toil peakuuu no okcuay azota (1)
paBeH JIBYM a Mo xjopy — eaunuile. [loaTomy npu yBenuyeHUU KOHIIEHTpa-
[[MU XJIOpa B TPU paza CKOPOCTh PEaKIMK YBEIMUYUBACTCS TaKXKe B TPU pasa, a
MPU TAKOM K€ YBEJIWYEHUU KOHIIEHTPAIIMM NO CKOPOCTh PEaKIMH yBEIUYH-
Baercsa yxe B 9 pa3. [Ipu 0THOBpEMEHHOM YBEJIMYEHUU KOHUEHTPALMHU 000-
MX BELIECTB B TPU pa3a CKOPOCTh PEAKIIMMU yBEIUUUBAETCS B 27 pas.

Hpumep 5. Peakuuto 2H,(r) + O,(r) = 2H,O(r) mnpoBenu cHauvaia npu
OJIHOM JaBJICHUH, a 3aTeM npu AasieHuu B 10 pa3 GonbimeMm. Kak nsmenu-
J1aCh CKOPOCTh PEAKIHUHU BO BTOPOM OIBITE IO CPABHEHUIO C MEPBBIM, €CIU
KUHETUYECKOE YPABHEHHE STOU CJIOKHOM LIEITHON PEAKIIMU UMEET BUJI

0.4 0.3
v=kc"(Hy)c(0,)?
Pewenue. YBenmnuenue naBieHUs ra30B MPOMOPIHOHATLHO YBEIUINBA-

eT ux KoHueHTpauuto (ypaBHeHue MenpaeneeBa-Knaneiipona). CrenoBa-
TeJIbHO, CKOPOCTh Peakimy yBeanuusanack B 10”7, To ecth B 5 pas.

Ipumep 6. IIpocras peakiust mexay BemectBaMu A u B mpotekaer no
ypaBHeHuio 2A + B = C; xonnenTpamus Bemectsa A paBaa 0,6 Momib/m, a
BemectBa B — 0,5 wmonp/n. KoHcTaHTa CKOpOCTH peaklud paBHA
0,5 *-Moub ¢ . Borunciure CKOPOCTh XMMHYECKON PEAKIIMUA B HAYAJIbHBIN
MOMEHT U B TOT MOMEHT, KOrla B PEAaKIIMOHHOU cmecu octanercs 45 % Be-
mecrsa B.

Pewenue. CornacHo 3aKOHy [eiiCTBYHIIMX MAaCC CKOPOCTb MPOCTOU
peakiuu MNpsMO MOPONOPUUOHATbHA MPOU3BEACHUIO KOHIICHTpAIUi pearu-
PYIOIIMX BEIIECTB B CTEMCHIX, PABHBIX CTEXHOMETPHUUECCKUM KO3 (PPHUIIHCH-
TaM:

2
v=kcp " cp.
Breruncrnsem ckopocTh peakiiui B Ha4aJIbHBI MOMEHT:
2 -1 -1
v =0,5:6"5=90,0 Mmostb'Cc "1 .

IIo ncreyeHnn HEKOTOPOTrO BPEMEHH B PEAKIMOHHOM CMECH OCTaHETCS
45 % BemecTBa B, TO ecTb ero KOHUEHTpalUsi CTaHET paBHOW 2,25 MOb/1
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(5-0,45). 3naunt, KOHIIEHTpaIMs BemecTBa B ymenbimmnace Ha 2,75 Mob/1
(5,0 —2,25). Tak kak BemecTBa A u B B3auM0eiiCTBYIOT MEXIy COOO B CO-
oTHolIeHHH 2:1 (CM. ypaBHEHHME pEaklMH), TO KOHIICHTpalusi BellecTBa A
yYMEHbIIIWIACh Ha 5,5 Monb/1 (2,75-2) u crana paBHoit 0,5 monw/n (6,0 — 5,5).
CraenoBaTenabHO, B TOT MOMEHT, KOrja B cMecu octaHercs 45 % BemiectBa B,
CKOPOCTb PEAKIIMU CTAaHET PAaBHOM

v, =0,5:(0,5)2,25 = 0,28 MobC T .

IIpumep 7. Berunciaure 3HEPrUi0 aKTUBALMK HEKOTOPOW peaKIuu, KOH-
CTaHTa CKopocTu Kotopoit paBHa 83,9 npu 600 K n 407,0 npu 640 K.
Pewenue. 1) 3anucsiBaeM ypaBHeHHe AppeHuyca B 00IIeM BUIE IS

ABYX KOHCTAHT CKOpOCTeﬁ:
E E

a a

ki=A-e®" k,= A-e "

2) Iyt TOTO 94TOOBI M30aBUTHCS OT HEM3BECTHOM BETWYMHBI TIPEAIKCIIO-
HEHITUAJILHOTO MHOXHUTENS (A), menuM O0bIIyt0 KOHCTAaHTy ckopocth (k)
Ha MeHbINYI0 (k):

k _ Ea Ea Ea(T2_T1)
2 RT, RT, o R

—~ = ¢
kl

3) IlomydeHHOoe BBIpaK€HUE JIOTapu(PMHUPyeM M BBIpaKaeM M3 HETO
HHEPTUIO0 AKTUBAIIUU:

lnk—2= E.(T,-T) E - R TT, lnk—2= 2,3 R TT, lgﬁ.
k, R TT, YT, -T, k, T,-T, k,
4) Boruncnsiem norapu™M OTHOIICHHUS JAHHBIX KOHCTAHT CKOPOCTEH:
k 4
g—2 = 07,0 _ lg 4,851 = 0,6858 ~ 0,686 .
k, 83,9

5) Beruucinsem 3HEpPTHUIO aKTUBALIMY:

B, :2,3-8,31;1(-)600.640-09686:126060 b/ moms ~ 126 1ll/viors.

Ipumep 8. Kak n3MeHsieTcs CKOPOCTh PeaklMU MPU YBEIUUYEHUU TEM-
nepatypbl Ha 40 TpagycoB, eciyd TeMmImepaTypHbIH KO3()PHUIMEHT peakuuu
paBeH Tpem?

Pewenue. 3anaua pemaercsa no npasuiay Bant-I'ogda:

T,-T, 40
Va

=y 10 =310=3"=8l.
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Takum 00pa3oM, CKOPOCTh peakiuu yBeluuuBaercs B 81 pas.

IIpumep 9. Haiinute TemmnepaTypHblii KOAhOUIIMEHT CKOPOCTH PeaKuu
paznoxkenust MmypaBbuHoU kuciotel Ha CO, u H, B mpucyTCTBUU KaTanu3aTo-
pa, ecliM KOHCTAHTa CKOPOCTH 3Toii peakuuu npu 413 K pasna 5,510 % ¢, a
npu 458 K 9,2-107 ¢

Pewenue. Temnepatypubiii KO3QGUIMEHT PEAKIMH ONPEACIISIEM, TOJh-
3ysch npaBuiioM Baut-I'odda:

ky DT k.. 458—413 9.2-10°
_f 10 : |o =458 — 1 ; 1 =
ky, 4 8 ks A 55-107

=451gy;

lg16,7=4,5"1gv;

gy - 18167 1227 _ 000
45 45
v = 1,865.

Hpumep 8. IIpu 500 K peaknus 3akanunBaercs 3a 10 c¢. CkoJIbKO Bpe-
MeHu juitest 3ta peakius npu 400 K, ecnu remneparypHsiii ko3 puipeHt
paBeH 2,37

Pewenue. TIpoaomKUTENbHOCTh MPOTEKAHUS PEAKIIMU OOPATHO MPOTIOP-
[IUOHAJIbHA €€ CKOPOCTH, Mo3TOoMy mpaBuiio Baut-I'odda B nanHom ciydae

MO>KHO 3aImucaTh POPMYIION:
T2 _Tl
T 2k
Lo 10
. = 7/ ,
&

13 KOTOPOM BBIPAXKAEM U BBIUUCIIEM T):

T,-T, 500—400

o=ty ' =10-23 1 =10-2,3""=41550c, wm 11 u 32 mun 30 c.

Hpumep 9. Peakuus 2HI = H, + I, xapakrepusyercsa sHeprueil akruba-
nuu 184 x/lx/Monb 6e3 karamuzaropa u 59 k/[/Moib B IPUCYTCTBHUH T1JIa-
TUHOBOTO KaTain3atopa. Bo cKoibKo pa3 ycKopsieTcsl pa3lioKeHHe HOA0BO-
J0pOJia B PUCYTCTBUM Katanuzaropa npu 25 °C?

Pewenue. 1) O603HaYUM KOHCTAHTY CKOPOCTH PEAKIMU U DHEPTHIO aK-
TUBAIlMU B OTCYTCTBUHU KaTanu3aropa k u E,, a B IPUCYTCTBUM KaTaJln3aTopa
k’u E, . 3anmiem ypaBuenne Appennyca s k u k’:

E E!

a a

k=A-e *"; K=d-e &
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2) Pazpenum Oosbliiee 3HaYE€HUE KOHCTAHThI CKOPOCTH HAa MEHbIIEE U
MOJIYYEHHOE BBIPXKEHHE MPOJIOTapuPMUPyEM:
! !/
& — Ea — Ea .
b 2
k

E,-E,
k, aRTa
;:e 5 In

K E —E
% RT

3) Paccuntaem cHauana norapudm otHomeHus ki:k, a 3aT€M camo OT-
HOIIICHUE KOHCTAHT:
gk— _E,—E, 184000 —59000 _ 2: kK 102,
k  23RT  2,3-8,314-298 k

IIpumep 10. Beruucianre 3HEPIUI0 aKTUBAIMU HEKOTOPOU XMMHUYECKOU
peaKuy U MPEAIKCIOHCHITUATBHBIA MHOXHUTENb, €CITU KOHCTAHTa CKOPOCTH
peakuuu mpu 273 u 280 K pasna 4,04:10° 1 7,72:10 ¢ ',cooTBETCTBEHHO.

Pewenue. Jueprus akTuBaMu — MUHUMAJIbHAS W30BITOYHAS SHEPTHS
(0 CpaBHEHUIO CO 3HAYCHUEM CpEHEN AHEPruu Pearupyromux MOJEKyN),
KOTOPOU JOJKHBI 00J1a/iaTh MOJIEKYJIbI, YTOOBI peakius CTajda BO3MOXHOM.
Takue MOJEKyIbl HA3bIBAIOTCSI AKTUBHBIMU. 3aBUCUMOCTh KOHCTaHThI CKOPO-
CTH XMMHUYECKON peaklMu OT TeMIepaTyphbl ONMKMCHIBAECTCS ypaBHEHHUEM Ap-
peHuyca

d nk E

d T RTY

a

rae £, — DHeprusi akTUBALIMM XUMHUYECKOW peaklunu, R — MOJIApHas ra3oBas
IMOCTOSIHHAS.
Nurerpupys ypaBHeHue AppeHnyca B npenaenax ot 17 10 75, moiryyaem:
k, _E(1 1

a

n
k, R(T T,

b

rae k; ¥ k; — KOHCTaHTBI CKOPOCTH XUMHUYECKOW PEAKLMU NPH TEMIIEPATY-

pax 71 u 7>, COOTBETCTBEHHO.
Takum o0pa3om, e€clii M3BECTHBI KOHCTAHTHI CKOPOCTH PEAKIMH TIPH
JIByX TEMIIEPATYPaX, TO MOKHO pACCUUTATh YHEPTUI0 AKTUBAIUH PEAKIIUM:

kT
Rin-—=TT, 8,314 mZ’gim-zso
E,=———, E-= ’ =58740  kJbx/vor.
T,-T, 280273

[Ipyn mHTErpUpOBaHMHU NOJIy4aeM YpaBHEHHE AppEHUYca B M3BECTHOM
BUJIE
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f— Ea
k =Ae RT,
rae A — npeadKCIOHEHIIMAIbHBIA MHOXKHUTEIb.
HpeI[BKCHOHeHHHaHBHBIﬁ MHOKHUTCJIb MOKHO PaCCUUTATh 110 3HAYCHHIO
KOHCTaHTbl CKOPOCTH PEaKLUH NpH J000i U3 ABYX TEMIIEpATyp,

E'l

A:k:eR‘T;

58740

A=4,04-10"7:e%3142 =7012-10°c™".

[IpeadKcnoHeHITMATBHBIA MHOKHUTEINb BHIPAXKAIOT B TEX YK€ €MHUIIAX,
YTO U KOHCTAHTY CKOPOCTU XUMUYECKOU pEaKIUU.

SAJAHUSA JJII CAMOCTOSATEJIBHOI'O PEHHEHUA

1. HanumuTe KUHETUYECKHE YPABHEHUS MPOCTHIX PEAKIUU:
NO,(r) + CO(r) = NO(r) + COy(r).
2NO;(r) = 2NO(r) + Oy(r).

Kak n3mensieTcst €€ CKOpoCTh IpU yBEIWYEHNHN JaBJICHUS B 4 pa3a?

2. Jlns peakiuu

2Co™ + TI' =2Co® + TI*'

MOJIyY€Ha CJEAYoIIas 3aBUCUMOCTh CKOPOCTH PEAKIUU OT KOHUEHTPALHUH
HMOHOB B PacTBOpE:

KOHIIEHTpAIUs Co>", Monp/n 01 03 04 03 03

koHIeHTpanus T1', Mo/l o1 0,1 01 0,2 0,3

CKOpOCTH (YCII. €11.) 1 3 4 6 9
BriBeauTe KUHETUYECKOE YPAaBHEHHUE 3TOU PEaKIUu.

3. Onpenenure SJHEPTUIO0 AKTUBAIIUU PEAKIINU

CO + HQO = C02 + HQ,

KOHCTAHTa CKOpocTH KoTopoii rpu 288 K 1 313 K pasna 3,110 1 8,2:10°°.

4. ITokaxute rpaduuecK, Kak 3aBUCUT CKOPOCTb PEaKIMU OT TeMIlepa-
Typhl. Kak Ha3pIBaeTcst 3Ta 3aBUCUMOCTh?
Kak n3meHnsercs ee CKOpOCTh IPU yBEIMYEHUN JABIICHUS B 2 pa3a’?

5. CKopoCTh peakuuu

SO,(r) + 2H,(r) = S(x) + 2H,O(r)

3aBUCHT OT AaBieHus SO, u H, ciaexyromum oopazom:

nasienue SO, (yci. en.) 200 50 200 100 200
nasienue H, (yci. en.) 50 200 100 200 200
CKOPOCTH (YCII. €11.) 35 35 70 70 140

BriBeaguTe KNHETHYECKOE YPABHEHUE 3TOU PEAKLUN.
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6. KoHCTaHTa CKOpPOCTHM HEKOTOPOM XUMHUYECKOW pEakUuH paBHA
5,88-10* mpu 120 °C u 6,7-10* mpu 170 °C. Onpenenute TeMiepaTypHbIit
KO3(PUIIMEHT CKOPOCTH ITOM PEaKITUH.

7. Pa3iioxkeHue 030Ha Ha KUCIOPOJ [0 YPAaBHEHUIO

203 = 302
xapakrepusyerca sHeprueit akruBauuu 100 k/[x/mons. Uemy paBHa KOH-
CTaHTa CKOPOCTH 3Toii peaxiuy npu 100 °C, ecu npu 0 °C oHa paBHa 21077

8. Kakre MOneKyJibl B XUMUYECKON KUHETUKE HA3bIBAKOTCS AKTUBHBIMHU?
Uem akTUBHBIEC MOJICKYJIbI OTJIMYAIOTCS OT HEAKTUBHBIX ?

9. CxopocTh peakuuu

2NO(r) + Cly(r) = 2NOCl(r)

B TPEX OMNBITAX UMEET CIICYIOIINE 3HAYCHUS:

nasienne NO (atm.) 05 1,0 0,5

nasnenue Cl, (aTm.) 05 1,0 1,0

CKOPOCTH (YCII. €]1.) 5 40 10
BriBeuTe KUHETUUECKOE YPABHEHUE 3TOU PEAKIIUU.

10. DHeprus aKkTUBALIMU PEAKIIUU
2HI(r) = Hy(r) + Ix(r)

paBHa 192 kJI/MOJIb, a KOHCTaHTa cKopocTH npu 556 K cocrasnser 3,5-107.
Onpenenute koHCTaHTY ckopocT nipu 800 K.

I1. IlpuBeneHbl CTEXMOMETPUUECKOE U KUHETUUECKOE YPABHEHUS PEAK-

1UU:

2NO(r) + Hy(r) = N,O(r) + HO®r), v =k-c*(NO)-(Hy).
Kakas aTo peakuus — npocrast ninm cioxHada? Kak u3mMeHuTcs ee cKopocCTb
nipu yMeHblieHnu koHuenrpamuu NO u H, B 4 paza?

12. qns peakuuu  2NO(r) + O,(r) = 2NO,(1) onpenesieHa CKOPOCTh MpU
Pa3IMYHbBIX AABJIEHUAX PEArUPYIOIIUX ra30B:

nasienue NO (yci. en.) 10 10 30
nasnenue O, (yciu. en.) 10 20 20
CKOPOCTH (YCII. €]1.) 25 50 450

BbIBeIMTE KHHETHUECKOE YPABHEHUE 3TOW PEAKLINU.

13. ITpu noBelmieHU Temneparypsl Ha 50 rpaycoB CKOPOCTh PeaKUuu
Bo3pocia B 1200 pa3. Beraucaure remneparypHbiil KO3()PHUIHEHT peaKium.

14. KoHCcTaHTa CKOPOCTH pEaKLIMU

2HI(r) = Ha(r) + Ix(r)

npu 673 K pasua 2,2:10, a mpu 973 K pasna 8,33. Ompeeanre SHEPIHIO
aKTUBALMU 3TON PEaKLIHH.

15. Yem 0OBsCHsETCS BIMSHUE KATaJU3aTOPOB Ha CKOPOCTh XUMHYE-
CKMX peakiui?

16. Kunetnueckuid mopsiiOK peakiyuu

2N,05(r) = 4NO;(r) + Oy(r)
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paBeH enunuile. Kak M3MEHUTCS €€ CKOpPOCTbh MPHU YBEIUYEHUH JABICHUS
B 5 pa3?
17. Tepmuyeckoe pa3iaoKeHUE YKCYCHOTO allbJETH]ia MPOUCXOIUT IO
YPaBHEHHIO
CH;CHO(r) = CHy(r) + CO(1).
[Tpu 800 K mosrydensl ciieayroniie JaHHbIE 0 3aBUCUMOCTH CKOPOCTH PEeak-
MU OT KOHIICHTPALIUU albJAETH/IA:
Cum(CH;CHO), mos/n = 0,2 04 0,6 0,8
v-10°, Mo/ 1,8 72 162 28,8
BriBeauTe KUHETUYECKOE YPaBHEHHUE 3TOU PeaKIUu.

18. Ha ckoJsibKO IpaycoB HEOOXOAUMO MOBBICUTH TEMIEPATYPY, YTOOBI
CKOPOCTb peakIuu Bo3pocia B 64 pasa, eciiu TeMIepaTypHbIil KOdDPUIueHT
CKOPOCTH 3TOM peakiuu paBeH 27

19. DHeprus akTUBaLMU PEAKIIUN

2HI(r) = Ha(r) + Ix(r)
paBHa 184 k/[>/Monb 6e3 katanmuzatopa u 107 xJ[x/Moib B IPUCYTCTBUH Ka-
Tanu3aropa (3050t1a). Bo ckoiabko pa3 Bo3pacTtaeT CKOPOCTh PEAKIIMU B MPHU-
CYTCTBUM KaTajlu3aToOpa MPHU OJHOW M TOU KE€ TEeMIleparype, Halpumep npu
127 °C?

20. B kauecTtBe KaTtajgmzaTopa YacTo
NpUMEHsIeTCS HUKeNb PeHes (M0 MMEHHW aB-
TOopa narenta). Ero nomyyaror cruiaBieHueM
HUKENSI C QIIOMUHHEM C MOCIEIyIOIIUM
yAaJIeHUEM aJTIOMHHHUSI U3 CIUlaBa MpH IMO-
motu 1menodnd. OOBICHUTE, B YEM COCTOUT 15 1
CMBICJI TAKOM TEXHOJIOTHUHU.

21. 3aBUCUMOCTU CKOPOCTEN ABYX pe- 2
aKkIMil OT TemmepaTypbl MOKa3aHbl HAa pU-
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v, Mol e

[ ]
1

cyHke. Kak coOTHOCATCS SHEpPruM aKTHBa- 0 o= .
AN OTUX PEAKINI? 280 330 380 430

108

480
T.K



Paznen IV
PACTBOPbBI ! DQJIEKTPOXUMHNYECKHE IMTPOLUECCHI

I'nmasa 10
OBHIAS XAPAKTEPUCTHUKA PACTBOPOB
N CIIOCOBBI BBIPA’JKEHUS UX KOHIHEHTPALIUA

[To Teme «OO0Imas xapakTepUCTUKAa PacTBOPOB U CIOCOOBI BBIPAKEHUS
UX KOHIEHTPALUW» HEOOXOAUMO 3HATh U YMETh CIIEAYIOLIEE.

1. 3HaTh THUIBI JUCHEPCHBIX CUCTEM WU MPUBOJIUTH WX MPUMEPHI B MPHU-
pOJie U TEXHHKE.

2. OOBSCHATh U PACCUUTHIBATH TEIJIOBBIE AP(DEKTHI MPOILIECCOB PACTBO-
pEHUS U TUIpaTaliy.

3. IIpoBOIUTE pacyeThl 10 PAaCTBOPUMOCTH BEILECTB.

4. 3HaTh Ha3BaHUs, OOO3HAYEHUS, ONPEAEIECHUS IECTU CIOCOOOB BhIpa-
KCHHsI KOHLCHTPALlMKA PACTBOPOB: MAaccoBasi 10JIs1, MOJISIpHAs, SKBUBAJICHTHAs,
TUTP, MOJISUIBHOCTb M MOJIbHAS! JTOJIS.

5. IlpoBoauTh pacueThl Ha TMEPEXOi OT OJHOTO CIOC00a BBIPAKECHUS
KOHLIEHTpPaLUu K JPYroMy.

6. IIpoBoauTh pacueTsl HA IPUTOTOBIEHUE PACTBOPA 33AHHOW KOHLEH-
Tpaluy METOJOM PAaCTBOPEHHS YUCTOrO BELIECTBA (TBEPAOIrO, >KHJIKOTO, Ia-
3000pa3Horo), pazdaBieHus BOJIOM JAHHOTO PacTBOpa WM BBIIAPUBAHUS BO-
JIbl U3 TAaHHOT'O PacTBOPA.

7. BBIYUCHATH KOHLEHTPALUIO pacTBOpa, MOJYy4aeMOro CMEIIMBAHUEM
JIBYX PaCTBOPOB C U3BECTHOM KOHLIEHTPALIMEM.

8. Bbruucisath Maccy win 00beM pacTBOpa, HEOOXOAUMOTO JIs MPOBeE-
JICHUS PEaKLUN U KOTOPBIM MOKHO IIOJY4YHTh IIPU IIPOBEICHUH PEAKIIUH.

9. 3HaTh 3aKOH JKBUBAJICHTOB U PEAKUUN B pacTBOpax, BBIUUCIATH
KOHLIEHTPALMIO PACTBOpPA KUCJIOTHI MJIM INEIOUYU IO PE3yJIbTaTaM OCHOBHO-
KHCIIOTHOTO TUTPOBAHUS.

MPUMEPHI BBITIOJTHEHUS 3ATAHUI

Ipumep 1. K kakuM TUNaMm JUCNIEPCHBIX CHCTEM MOYKHO OTHECTH MO-
JIOKO, TYMaH, B3BECh TJIMHBI B BOJIE, TIEHY JISI OpUThS, IEHOOETOH, OETIOK Ky-
PHUHOTO fifl1a, caXapHbIA cUpon?

Pewenue. JluciepcHbie cCUCTEMBI IO BULy IUCHEPCHBIX (a3, pacmpese-
JNEHHBIX B JUCHEPCHOHHON cpene, MOAPA3AessieloTCs Ha CYCIEH3UH, 30JI4
(TBEépaas aza B KUJAKOCTH), IMYJIbCUU (KUJKAs B KUIKOW), adpO30JH, TY-
MaHbl (KUJKas B ra3000pa3HoOii), MeHbI (ra3000pa3Hasi B KUJKOW WIH TBEP-
J10i1), IBIMBI, TIbUTK (TBEpJas B ra3000pa3HoOi).
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Ecnu wactuisl aucnepcHoi ¢asbl, pacipenenéHHble B KUAKOCTH, SBIIS-
IOTCSI MOJIEKYJIAaMU WJIM MOHAMU, TO TAKUE CUCTEMbI OTHOCATCS K UCTUHHBIM
pactBopaM. CHUCTeMBI ¢ pa3MepaMH YacTHUIl B HECKOJIBKO MUKPOMETPOB OT-
HOCSTCS K TpyboaucnepcHbiM. CUCTEMBI C pa3MepaMy YacTHUIl B HECKOJIbKO
JIECATKOB HAHOMETPOB OTHOCATCS K KOJUIOMJIHBIM PACTBOPAM.

Takum oOpazoM, MpUBENCHHBIE B YCJIOBUHU 3aJaHUS CHCTEMBI MOXKHO
KJIaCCU(DUITMPOBATH CIEAYIOMNUM 00pa3oM: MOJIOKO — SMYJbCHS; TyMaH —
TyMaH WJIM a3p030Jib; B3BECH IJIMHBI B BOJIE — CYCIICH3USI; TIEHA ISl OpUTHS,
MEHOOETOH — TMEHbI, OEJOK KYpUHOTO siflla — KOJUIOMAHBIM pacTBOp; caxap-
HBIW CUPOIl — UICTUHHBIA pacTBOP.

Ipumep 2. Ilpu pactBopenuun 10 r ruapokcuaa Hatpus B 250 T BOIBI
temrneparypa noseicunace Ha 9,7 K. Onpenenure sHTanbIUIO pacTBOPEHUS
NaOH, nmpvHuMas yIeIbHYIO0 TEIUNIOEMKOCTh C,y PaCTBOpA PaBHOM YIECIBLHOU
TertoeMKocT Boabl (4,18 Ix/(1-K)).

Pewenue. 1) Haxogum maccy (m) pactBopa (260 1) 1 BBIUHCIIAEM KOJIHU-
YECTBO MOIVIOIIEHHOTO 3TUM PacTBOpOoM Teria ((J) Npy MOBBIIIEHUH TEMIIe-
patypsl Ha 9,7 K:

O = mc,y AT = 260-4,18:9,7 = 10542 Jik, wn 10,542 k]I

2) IlepecuutsiBas 3Ty Benunuuny Ha 1 mons NaOH (M = 40 r/mounsb), mo-
JYy4YaeM 3HTAJIBIIMIO PACTBOPEHUS CO 3HAKOM MHUHYC, TaK KaK TEIUIO BbLAEIS-
eTcsl:

Q-m  10,542-10
M 40

AH = =—-42,17 xJIx/MoIb.

IIpumep 3. Ilpu pactBopenuu 52 r 6e3BogHoro BaCl, B Hexoropom
o0béMe BOJbI BhIfenseTcs 2,795 k/[x, a npu pacTBopeHuu 244 r kpuctaio-
ruapara BaCl,-2H,0 (B Takom ke 00bEMe Boabl) noromiaercs 18,74 k/[x.
OnpenenuTe 3HTAIBINIO IpOLEcca THApaTaluy 0€3BOJHOTO XJIopuIa dapus.

Pewenue. 1) Monspaast macca 6e3sonnoro BaCl, paBua 208 r/moinb, a
kpucramuioruapara BaCl,-2H,0O — 244r/mons. Ecnu npu pactBopenuun 52 r
BbiAensAercs 2,795 kJlx, To npu pactBopeHuu 1 mosb (208 r) — B yeThpe
pasza Oomnbuie, To ecth 11,18 k/[x. Takum 006pazom, SHTANBNUS PACTBOPECHUS
oe3BonHoi conu AH, ,,,(BaCly) =—11,18 xJ{x/Monb.

2) DHTanbnus mpolecca TUAPATAlUd COJIU — MPUCOEAUHEHUS 2 MOJIb
BOJIbI K 1 MOJb 0€3BOAHON coyiv (HE MyTaTh C SHTAJBIKUEH THApATAIIMU HO-
HOB, PAaBHOM pPa3HOCTU SHTAJIbIUN PACTBOPEHHUS COJIM U PA3PYLIECHUS KpPHU-
cTajinyeckor pemetku!) Oyzaer paBHa pasHoctd AH pactBopenus: 0e3Boj-
HOM cosii 1 AH pacTBOpeHUs KpUCTAIIOTUAPATA:

AH.op = AHposs — AH pyern = —11,18 — 18,74 = —29,92 xJIx/Monb.
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IIpumep 4. [Ipu pactBopenuun 360 r xjJopuja HATPUsS B OJHOM JIUTPE
BozbI Tipu 20 °C oOpa3oBajcs HACBIIIEHHBIH PACTBOP IUIOTHOCTHIO 1,2 Kr/m.
Boruucnure k03QduiineHT pacTBOPUMOCTH XJIOPHUIA HATPHUS B BOJIE TIPH ITOU
TEeMIIepaType, €ro0 MAacCOBYIO JIOJII0 B HACBIIIEHHOM pPacTBOPE U MOJIAPHYIO
KOHLIEHTPALMIO HACBIIIEHHOI'O pacTBOpA.

Pewenue. 1) Macca ognoro nutpa Boasl paBHa 1 kr, uiau 1000 r. Eciu B
OJTHOM JuTpe BoAbl pactBopsiercss 360 r Beniecta, To B 100 r — 36,0 r. Cre-
JIOBATENbHO, KOA(DPUIIMEHT pacTBOPUMOCTH Xjopuaa HaTpus npu 20 °C pa-
BeH 36,0.

2) Macca HachIleHHOTO pacTBopa paBHa 1360 r, Macca coiau B HEM
360 r, cinegoBaTeNIbHO MaccoBasi JOJISl XJIOPUJIA HATPUS B HACBIIIEHHOM pac-
TBOpE paBHa:

a)zﬂ-IOO =26,5 %.
1360

3) OObeM mostyyaeMoro mpH AaHHBIX YCIOBUAX HACHIIIEHHOTO pacTBOpa
coctaBisier 1,36:1,2 = 1,13 n1. Monspnas macca NaCl paBna 58,5 r/moib,
CJIEIOBATEIbHO KOJMYECTBO XJIOpUAA HATpUsi B pacTBope paBHO 6,15 Moib
(360:58,5). BeruucisieM MOJISIpHYIO KOHIIEHTPAIIMIO HACBIIIIEHHOTO pacTBOpa:

M= 6,15 =5,44 wMonb/ 1.

”

IIpumep 5. Koapduiuent pacTBOpuMOCTH HUTpaTa Kajiusi B BOJE MpHU
60 °C paBen 110. Kakas mMacca 3TOro BeniecTBa pacTBOPSIETCS MPU TaHHOU
temmneparype B 500 M1 BOJbI M YEMY paBHA Macca IMOJIy4aeMoro HachIIeH-
HOTO pactBopa?

Pewenue. Macca 500 mn Bonbl coctasisier 500 r. Koadduuuent pac-
tBOpuUMOCTH (110) moka3piBaeT Maccy BEIECTBA, KOTOpask pacTBOPSIETCS B
100 r Bogsl, cnegoBarenbHO B 500 r Boasl pactBopsaeTcs 550 r KNO;. Macca
MOJTYYE€HHOT'0 HACBIIEHHOTo pacTBopa Oyaer paBHa 1050 r, wim 1,05 kr.

IIpumep 6. PactBopumocTs xjopa B Boje npu 20 °C paBua 300 mi raza
B 100 r Bogsl. Yemy paBHa maccoBast 107 Cl, B HaChIILIEHHOW MPU 3TOM TEM-
nepaType XJIOpHOU Boje?

Pewenue.1) Tlpu no6oit TemriepaType pacCTBOPUMOCTD r'a3a BhIpaXkaeTcst
00BEMOM, MPUBEAEHHBIM K HOPMaJbHBIM ycliOBUAM. [lo3TOMy BHauane BbI-
YHUCIISIEM Maccy XJIopa B pacTBOpE, UMesl B BUJy, UYTO MOJISIpPHAsl Macca Xjaopa
paBHa 71 r/Mob:

_V-M 300 -71

m = nM = — 0,95 c.
v, 22400
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2) Macca pactBopa coctasisgetr 100 + 0,95 = 100,95 r, cnenoBaTensHoO,
MaccoBasi J10JIsI XJIOpa B HEM paBHa:

o = 0,95 -100 = 0,94 %
100,95

Ipumep 7. Koapdunuent adbcopbumu cepoBogopoaa B Boae mpu 20 °C
paBeH 2,6. Uemy paBHa MaccoBas 10yi1 H,S B HachIIEHHOM pacTBOpE Cepo-
BOJIOPOJIHOM BOJIBI (CEpOBOIOPOIHOM KUCIOTHI) Tipu 20 °C 1 MoJisipHasi KOH-
HEHTpAIs pacTBOPa, MIOTHOCTh KOTOPOTO OJM3Ka eAMHUIIE?

Pewenue. 1) O0bem rasza, KOTOpbIil ykasbsiBaeTcsi kodpduimeHTom aod-
copOIuu, MPUBEICH K HOPMAJIBHBIM YCIIOBHUSM, ITO3TOMY BHayaje BBIYUCIIS-
€M Maccy pacTBOpeHHoro cepoBoaopoaa (M = 34 r/monb):

V-M 2,634

m(H.,S) =
(HS) v, 22.4

=3,95 a.

2) Macca oxmHoro nuTpa Boasl paBHa 1000 r, mMacca pacTBopa paBHA
1000 + 3,95 = 1003,95 r; Haxoaum mMaccoByto noito H,S B pactBope:
3,95

W= 100 = 0,39 %.
1003,95

3) Ecnu mmotHOCTH pactBopa O6inm3ka 1, To 00beM pacTBOpa paBeH O/I-
HOMY JIUTPY; UCXOJIA U3 3TOr0, BHIUUCIIIEM MOJSIPHYIO KOHIEHTPAIUIO pac-
TBOpA:

_ m(H,S) 395
YO M@H,S) V3441

=0,116 monw/ a.

IIpumep 8. Kosdduument pactBopumoct OEpTONETOBONM CONMM TNPHU
20 °C pasen 7,3, a ipu 100 °C — 52,6. Kakas macca KClO; kpucramiuzyercs
n3 10 xr pactBopa, HackimeHHoro mpu 100 °C u oxnaxaennoro no 20 °C?

Pewenue. Tlpu pacrBopennun KCIO; B 100 r Boxsl npu 100 °C macca
HACBIIIEHHOTO pacTtBopa coctasisier 150,6 r, a mpu 20 °C — 107,3 r. Pasz-
HOCTb MEXJly HUMHM, paBHas 45,3 r, npeacrasisier coboit maccy KClOs;, xo-
TOpasi KpucTaumsyercst U3 152,6 T HaChIIIEHHOTO PacTBOpa MPH €ro OXJIaxkK-
neHuu. [ HaxXoXAeHUs MCKOMOM BEIIMYMHBI COCTABISIEM U pEIIaeM Ipo-
MOPLHIO:

u3 0,1526 xr pactBopa kpuctamumzyercs 0,0453 kr KC1O;,
10 kr — X KT

. _10-0,0453
0,1526
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HMpumep 9. Ilpu temneparypax 0°C um 80°C B 100 M3 Boabl
pactBopsiercss 4,89 Mn u 1,76 mn kuciopoda, HU3MEPEHHOrO0 MpU H.Y.,
COOTBETCTBeHHO. Kakoit 00BeM Kucliopoaa BbIACTUTCS H3 1 M BOJIBI,
KoTopas Oblia HackleHa kuciopoaoM mpu 0 °C, a 3atem Harpera g0 80 °C?

Pewenue. 110 ycnoBuro 3a1adyn paCTBOPUMOCTh KUCIOPOJA B BOAE IPH
80 °C menbiue pactBopumoctu mipu 0 °C na 4,89 — 1,76 = 3,13 miu. 310 U
€CTh TOT 00BbeM Kuciiopona, KoTtopsiid Beiaensercs u3 0,1 o (100 mi) Bojsl
npu e€ HarpeBanuu ot 0 °C go 80 °C.

JIns  HaXOXJEHUsST HCKOMOW BEJIWYUHBI COCTaBJISIEM U pellaeM
MPOTIOPIIHIO:

u3 0,1 1 BonbI BeIensieTcs 3,13 Mi kuciaoposa,
1000 1 - X MII;

1000 -3,13
0,1

X =313 1.

Ipumep 10. ConepxaHue ra3oB B BO3AyXe cocTaBiseT: a3oT — 78,1 %,
kucnopon — 21,0 %, apron — 0,9 % (mponeHTsl 00beMHBIC). PacTBOpUMOCTH
(s) azora, kuciopona u aprona B 100 r Boumel mpu 0 °C u paBneHuu
101325 Ila paBna 2,35 mu, 4,89 mut u 5,20 M1, COOTBETCTBEHHO. Brruucnure
00bEeMHBIE JIOJIM a30Ta, KKUCJIOPO/Ia U aproHa B paCTBOPEHHOM BO3/yXeE.

Pewenue. 1) CornacHo 3akoHy ['eHpH, pacCTBOPUMOCTH T'a3a B BOJIE€ MPO-
MOPIIMOHAJIbHA €70 MapUUATILHOMY JaBJICHUIO B cMecu. [loaTomy cHagana
BBIYHUCIISIEM MMapLHAIbHBIC 1aBJICHUS Fa30B B aTMOC(EPHOM BO3yXeE:

p(N,) = 101325-0,781 = 79135 Tla,
p(0,) = 101325-0,210 = 21278 Tla,
p(Ar) = 101325-0,009 = 912 Ta.

2) YuureiBas MapuauajJdbHBIC NABJICHUSA, OIIPCACIIACM PACTBOPHUMOCTD I'ad-

30B:
S(N,) = 2,35-79135 ~ 1835w s(0,) = 4,89-21278 1027 s
101325 101325
s(Ar) = 3,20-912 = 0,047 M.
101325

3) Beraucnsiem o01muii 00beM pacTBOPEHHBIX Ta30B:
1,835+ 1,027 + 0,047 = 2,909 mu.
4) OnpenensieM 00beMHBIC JIOJIU Ta30B B pACTBOPCHHOM BO3TyXe€:
1,835 1,027

N,))= -100 = 63,1 %; 0,)=
o(N,) 2.909 0; ©(0,) 2.909

100 = 35,3 %;
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0,047
Ar) ==
¢(Ar) 2,909

b

100 =1,6 %.

Pe3ynbraTel pacuéra CBUAETENBCTBYIOT O TOM, YTO BOJA OTHOCUTEIIBHO
Ooraue pacTBOPEHHBIM KHCIOPOAOM, YEM BO3IYX.

Hpumep 11. B 200 mi Boas! pactBopwin S0 1 caxapa. Uemy paBHa mac-
COBasi 0JI caxapa B MOJIy4eHHOM pactBope? OTBET NPUBEAUTE B JOJISAX €JIU-
HUIIBI U B MPOIEHTAX.

Pewenue. 1) IInoTHOCTH BOJBI paBHA eAUHUIIE, TOATOMY Macca 200 mi
BOJibI paBHa 200 r. BeruncisieM maccy pactBopa:

m = m(H,0) + m(caxapa) =200 + 50 =250 r.
2) Haxonum MaccoBYIO JIOJK0 PaCTBOPEHHOIO BEIIECTBA (caxapa):

50
acaxapa) ﬁ 1 OO 20 %

IIpumep 12. B 450 M Bogsl pactBopuiu 50 r MenHOro Kynopoca. Yemy
paBHa MaccoBas A0 cyib(aTa MEIU B OJIYYEHHOM pacTBOpe?

Pewenue. Xumuueckast popmyna mennoro kymopoca CuSO4 5H,0, ero
MoJisipHasi Macca paBHa 249,6 r/mMonb, a MOJsIpHas Macca cyinbdara Meau B
guctoM Buae CuSO, paBHa 159,6 r/MOb.

1) Haxomum maccy cynbdara meau CuSO, B 50 T MeIHOTO Kymnopoca 1o
IPOMOPITUH:

B 249,6 r CuSO45H,0 COI[Cp)KI/ITCH 159,6 r CuSOy,
50r m (CuSQy);

50-159.6
CuSO ,)=—""T—-=132
m( 4) 249 6 T.

2) OnpenenseM Maccy BOIbI: m (H,O)=V-p=450-1 =450r.
3) Haxogum maccy pactBopa:  m =450+ 50 =500 r.
4) BerumcnsieM MacCcoOBYIO JIOJIO Cylb(haTa MeIu B pacTBOpE:

@(CuS0, ) =2 100 = 6.4 %.
500

IIpumep 13. Kakyro maccy pacTBopa ¢ MacCOBOH S0l cynbdara mar-
Hus 3 % MoxHO npurotoBuTh u3 100 r kpuctamnorugpara MgSO,4 7H,0?

Pewenue. 1) Monsipuast macca Kpuctajioruapara paBia 246,4 r/moib, a
6e3BoaHoi conu 120,4 r/moinb. PaccunteiBaeM maccy 6e3BogHoro MgSO, B
100 r kpucTamoruapara:

114



B 246,4 r MgSO,4 7H,0 conepxutcsa 120,4 r cynbdaTa Maruus,
100 T — m (MgSQy,);

100-120,4
246,4

2) IlonmyuenHnass macca BemiecTBa cocTaBiisieT 3 % OT BCEro pacTtBopa
(100 %), cnenoBaTenbHO Macca BCEro pacTBopa (m) paBHa:

_ 48,8-100 48,8
3 0,03

m(MgSO,) = =48,8 1.

m =1628 r.

Ipumep 14. U3 ognoro nutpa pactBopa ¢ maccoBoit noneit NaCl 3,7 %
n wioTHOCThIO 1,025 Bemapunu 400 r Boasl. Uemy paBHa maccoBas J0JA
NaCl B noiyyeHHOM Mocye BbIMapuBaHUs pacTBope?

Pewenue. 1) Beruucnsgem maccy m; HCXOJHOTO pacTBOpa:

m; = V-p=1000-1,025 = 1025 r.
2) Haxoaum maccy XJIOpUaa HaTpusi B HCXOJIHOM PacTBOpE:
m, - 1025 -3,7
100 100
3) Berunciisiem Maccy pacTBOpa m, IOCJ€ BhIITAPUBAHMS:
my = m; — m(H,O) = 1025 — 400 = 625 1.

4) HaxoguMm mMaccoByrO J0JIIO ((0,) XJIOpUJA HATPHS B MOJTYUYEHHOM pac-
TBOpE:

m(NaCl) = =38 .

m(NaC) 38

NaCl) = 100% =—=-100%=6,1 %.
@,(NaCl) 0= 0 0

m,

IIpumep 15. B Boge pacTtBopuiam 5,6 T THAPOKCHAA Kaus, 00bEM pac-
TBOpa JIOBEJM B MepHOM Koj6e 10 250 mi. Onpenenute MOISPHYIO KOHIICH-
TPaLHUIO OJIyYEHHOT'O PacTBOpA.

Pewenue. 1) Haxoaum KoIu4ecTBO paCTBOPEHHOTO TUIPOKCHIA KAJIHSL:

m(KOH ) 5,6
M (KOH ) 356

n(KOH) = = 0,1 wmoub.

2) BerunciisieM MOJSIPHYIO KOHIIEHTPAIUIO pacTBoOpa:

b

C,(KOH) = 025 =0,4 moms/n, wm 0,4 M.
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Ipumep 16. 50 My METUIIOBOTO CIIUPTA, INIOTHOCTH KoTOporo 0,8 r/m,
pactBopusin B 200 mut Bosibl. [1noTHOCTE osmydeHHoro pactBopa — 0,96 r/mu.
Onpenenute MOJISIPHYIO KOHLIEHTPALIMIO PACTBOPA.

Pewenue. 1) Beruncnsem maccy paCTBOPEHHOTO METAHOJIA:

m(CH;0H) = V-p=50-0,8 =40.
2) HaxoauM KOJIMYECTBO METAHOJIA:

CH.OH) = m(CH,OH) :ﬂzl 25 Mok
n(CH;OH) = M(CH,0H) 32 '

3) Briuucnsem maccy pactBopa, uMmesi B Buay, 4yto macca 200 M BoAbI
paBHa 200 r, Tak KaK INIOTHOCTh BOJIbI PaBHA €AUHHUIIE:

m = m(H,O) + m(CH;0H) = 200 + 40 = 240 1.
4) PaccuuthiBaeM 00bEM pacTBopa:
V= Ezﬂzzso mia, uma 0,25 m.
p 0,96
5) OnpenenseM MOJISIPHYIO KOHIICHTPAIIHIO:
n(CH,OH) 1,25

= =5 mons/n, wim SM.
A% 0,25

Cy(CH;0H) =

IIpumep 17. Briuncinure MOJAPHYIO U 3KBUBAJIEHTHYIO KOHIIEHTPAIUIO
opTodochHOpHON KUCTOTHI (U3 TPEIMTOIOKEHUS TTOTHOTO 3aMEIICHHUS aTOMOB
BOJIOPO/JIa HA METaJJI B OOMEHHOM peakiliu), INIOTHOCTh KOTOpou paBHa 1,33,
a maccosas goiad H;PO, cocraBisger 49 %.

Pewenue. 1) llpuarumaem 00beM pacTBOpa MPOU3BOJIBHO 1 J1 1 HAXOAUM
€ro Maccy:

m=Vp=1133=133kr=1330r

2) Beruucnsiem maccy H;PO, B pacTBope:
m-w 1330 -49
1000 1000

3) Monsipuas macca H;PO, paBHa 98 r/moinb, a MoJisipHas Macca dKBH-
BaJICHTOB IPH TOJHOM 3aMEIEHUs] aTOMOB BOJOPO/ia Ha METaUl B OOMEHHOU
PEaKIy B TPU pa3a MEHbIIE, TO ecTh 32,7 r/Moib. CienoBaTeNbHO:

WZ(H3PO4) = =652 I.

652 652
Cu(H3POy4) = 9 =6,68 M; (C,(H;PO,) = 3.7 20 |
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IIpumep 18. Kakoit o0beM cepHO KUCIOTHI ¢ MaccoBoil aojerd H,SO,
50,5 % u mnotHOCcThIO 1,40 moTpeOyeTcst s mpurotoBieHus 1,5 1 aenumo-
JIIPHOTO PacTBOPA ATOM KUCIOTHI?

Pewenue. 1) 3nas, uro momsipuas macca H,SO, paBua 98 r/moinb, Haxo-
nuM maccy H,SO,4 B ienuMonsipHoM pacTBOpE:

m(H,SO4) =0,1-1,5-98 = 14,7 r.
2) Briuucasiem Maccy pactBopa ¢ maccoBoi moiserd 50,5 %, B koTopom
coaepxutcs 14,7 r H,SOy4, no nponopuuu:
14,7 H,SO4 cocraBmsror 50,5 %,
m — 100 %;
~ 14,7 -100

- 291 .
50 .5 g

m

3) Haxomum o6bem pacTBoOpa:

m 29,1
- —=—=20_8
V o 1,40 MIL.

Ipumep 19. Ompenenure MOJIAIBHOCTh 54%-i a30THOM KHCIIOTHI,
IJIOTHOCTh KOTOPOi1 paBHa 1,38.

Pewenue. Ilpunumaem o0beM pacTBOpa MPOU3BOJIBHO 1 JI, BEIYMCIIAEM
ero maccy (1380 r), maccy pactBopenHoro BemectBa (1380-0,54 = 745 1) u
pactBoputens — Boabl (1380 — 745 = 635 r). Haxoqum konugectBo HNO; u
MOJISITBHOCTh PacTBOpa:

745 18
n(HNO3) = o 11,8 mons; C,(HNO;) = 0635

18,6 mose/kr H,O.

Ipumep 20. Boruucnure tutp 40%-ro pactBopa THIpOKCUAA HATPUS,
IJIOTHOCTH KOTOporo p = 1,43.

Pewenue. llpuaumaem o0beM pacTBOpa 1 MII, HaxOIuUM €ro Maccy
(1,43 r) u maccy pactBopeHHoro BemiectBa B HeM (1,43-0,4 = 0,572 r); TuTp
pactBopa paBeHn 0,572 r/mi.

IIpumep 21. Onpenenure MOJbHBIE I0JIU KOMIOHEHTOB 16%-ro pac-
TBOpa FUAPOKCUIA HATPUSL.

Pewenue. Ilpunumaem maccy pactBopa 100 r, Torma macca NaOH Oy-
JeT paBHa 16 1, a macca Boabl 84 r. KoimuecTBa ruipoKCcUIa HATPUs U BOABI
paBHbBI (MOJIB):

16 8 4
n(NaOH) = 7= = 0,40 ;  n(H,0)= T8 4,66.
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Haxonum MosbHBIE 1O KOMIIOHEHTOB:
, 4,66
0,40 + 4,66 0,40 + 4,66

Cymma MonbHBIX ntoseit paBHa exunuie (0,079 + 0,921 = 1), cnenosa-
TEJBHO 3aja4a PEIIicHa MPaBHILHO.

7(NaOH) = =0,079; »H,0)= 0,921

IIpumep 22. Bpruncianure MOJSIPHYIO KOHIIEHTPALMIO, YKBUBAJICHTHYIO
KOHLEHTPALUIO (M3 MPEANOI0KEHNS O IMOJTHOM 3aMEIIEHUH aTOMOB BOJIOPO-
Jla Ha MeTauT B OOMEHHOMW peakiuu) u TUTp 77%-it opTodhochopHON KUCITO-
T (p = 1,7 r/™mi).

Pewenue. O6bEM pacTBOpa NPUHUMAEM MTPOU3BOJIIBHO PaBHBIM OJIHOMY
JUTPY, YTO yJIOOHO NSl OIpeneIeHHs] MOJISIPHOM U SKBUBAJIEHTHOW KOHIIEH-
TparLuH.

1) Beruucinsem Maccy pacTBopa:

m = V-p=1000-1,7= 1700 r.
2) Haxonum maccy pactBopeHHOM opTohoCchHOpHON KUCTOTHI:
m(H3PO4) = m(paCTBopa)'a)(H3P04) = 17000,77 =1309r H3PO4.

3) 3uas mossipHyto Maccy H;PO,4 (98 r/mMonb), HaxoauM KOJIMYECTBO KH-
CJIOTHI B OJTHOM JIUTPE PacTBOPA, T.€. MOJIIPHYIO KOHIIEHTPAIUIO PACTBOPA:

c,= M- B9 336 vomn, wm 1336 M.
M.V 98 -1
4) MonsipHasi Macca KBHUBaJICHTOB TPEXOCHOBHOM 0pTO(hOCHOpHOM KH-
CIIOTHI B TP pa3a MEHbIIIE MOJISIPHOW MacChl, ClIeZI0BATEIbHO SKBUBAICHTHAS
KOHIICHTpAIUsi B TPU pa3a OoJbllle MOJSPHOW KOHIEHTpauuud U paBHa 40
MOJIB/J (I MOJTb-3K/JT).

5) Tutp pacTBOpa pacCUUTHIBAEM MO MPOTOPIUU:

B 1000 mu pactBopa coaepxurcs 1309 r H;PO,
B 1 M — X

x=T= 1309 1,309 r/mm.
1000

IIpumep 23. B xakoM cooTHOLIEHUWH HeoOXxoaumo cMemats 42%-i u
17%-1 pactBopsl KNO; i1 nostyuenust 22%-ro pacTBopa 3TOu coyin?

Pewenue. JIns pemieHus 3Toi 3a1a4u MOKHO HCIIOJIB30BATh IMArOHab-
HYIO CXeMY («IpaBUIIO KPECTa»):
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42 5
‘Exgrff
17 A~ H\“ED

N3 cxemnl cnenyet, uto 42%-it u 17%-i pactBopsl KNO; HEoOx0oaMMO
cMelaTh B coOoTHoweHuu 5:20 unu 1:4 no macce pacTBOpoOB.

I[Ipumep 24. B xakOoM COOTHOIIEHWH HEOOXOAMMO CMEIIATh KOHIICH-
TpupoBaHHYI0 96%-10 cepHyto kuciory (p = 1,84) u Boay (p = 1,00) myis mo-
Jy4YEHUs aKKyMYJIATOPHOU CepHOM KUCIOTHI (p = 1,28)?

Pewenue. CoctaBisieM IMaroHaJIbHYIO CXEMY C YKa3aHUEM IUIOTHOCTEH
MCXOJHBIX U IIOJIy4aeMOr'0 pacTBOPOB:

N3 cxembl cnefyer, yTo JaHHYIO KUCIOTY U BOJy HEOOXOAMMO CMEIIaTh
B cooTHommeHuu 0,28:0,56 wim 1:2 mo 06vémuy pacTBOPOB.

Ipumep 25. Kakoit 06bem 10%-11 H,SO4 (p = 1,066) TpeOyeTcs 11s pe-
akuuu ¢ 100 mu 13,7%-ro pactBopa kapbonara Hatpus (p = 1,145)?
Pewenue. 1) 3anuceiBacM ypaBHEHUE PEaKIIMA U MOJISIPHBIE MacChl pea-

T'€HTOB:
HzSO4 + N8.2C03 = NﬁzSO4 =+ C02 + HQO,
M(H,SO,4) =98 r/monb; M(Na,COs3) = 106 r/moub.

2) Onpenensiem Maccy 100 mit pacTBopa kapOoHATa HATPUA:
m=Vp=100-1,145=114,5.
3) Haxogum maccy pactBopenHoro Na,COs3 B 3TOM pacTBOpeE:
m(Na,CO;) =114,5-0,137 = 15,68 r.

4) Ilo ypaBHeHuto peakiuu Bbruucisiem maccy H,SO, B uucrom Buze,
B3aUMOJICHMCTBYIOIIYIO C HailieHHOM Maccor Na,COs:

15,68-98
m(stO4) = T = 14, 5.
5) Haxomum maccy 10%-ro pactBopa, cogepaxamero 14,5 r H,SO4:
= 142100 e

10
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6) Haxonum o6bem 10%-i1 cepHOI KUCTOTHI:
_m 145

p 1,066

=136 M.

Ipumep 26. Onpenenure Maccy ocajka, NOJIyYEHHOTO MNP B3aUMOCH-
ctBun 400 M 15%-i1 ceproit kucnotel (p = 1,11) u 1600 r 4%-ro pactBopa
rUApoKcHaa 6apus.

Pewenue. YpaBHEHHE XUMHUYECKON PEAKIIMU, KOTOpas UAET MPU B3au-
MOJEHCTBUM 3TUX BEUIECTB:

Ba(OH), + H,SO, = BaSO,{ + 2H,0.

Macca OoCalKa paCCYUTBIBACTCSA IO KOJIMYCCTBY TOI'O HCXOJHOI'0 BCIICCTBA,
B3JATOT'O B HCAOCTATKC.

1) Beruncisiem maccy uucroit HSO4 B 15%-ii cepHoOli KucnoTe:
m(H,SO04) = V-pw=100-1,11-0,15 = 66,6 .

2) Haxomum kommnuectBo H,SO,, yunthiBas, uTo €€ MOJsIpHas Macca
paBHa 98 1/MOJIb:
m_ 66,6 = 0,68 MoIb.
M 98
3) Beruucnsem maccy Ba(OH), B nanHOM pacTBoOpe:
m(Ba(OH),) = m,, ,,-@= 1600-0,04 = 64 r.

4) HaxoguMm KOJIMYECTBO THUJPOKCUAA Oapus, YUUThIBas, 4TO €ro Mo-
JsipHas Macca paBHa 171 r/MoJb:
m 64
n=—=——=0,37 Mob.
M 171
CpaBHUBasi KOJIMYECTBA TUAPOKCHIA OapUsi U CEPHON KHUCIIOTHI, BUJIUM,
YTO FUAPOKCH]T OapHs B HEJOCTATKE, IOATOMY JajJbHEHIINI PACUET BEIEM I10
TOMY BELUECTBY.
5) Haxoaum konuuectBo BaSO,4 no nponopuumu:

u3 1 moas Ba(OH), o6pazyercs 1 moas BaSO,,
u3 0,37 mons Ba(OH), - x monb BaSQy;

x =n(BaS0O,) = 0,37 moJb.

6) Berumcnsiem Maccy cyibdara O0apusi, y9uTbIBasi, 4TO €ro MOJISIpHAs
Macca paBHa 233 r/MoJb:

m=nM=0,37-233 =86,21r.
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IIpumep 27. Kakoif o0beM pacTBopa HUTpaTa cepedpa ¢ SKBUBAICHTHOM
koHnentpamnuet 0,1 H. B3ammonerictByer 0Oe3 ocrarka ¢ 0,5 1 pacTtBopa
FeCl;, skBuBaneHTHast KOHIIEHTpaIus KoToporo pasHa 0,3 H.?

Pewenue. He 3anuceiBasi ypaBHEHUE pPeakiliy, HAXOAUM 00HEM pacTBO-
pa AgNOj; u3 ypaBHEHUSI 3aKOHA IKBUBAJIEHTOB /IJI5l PACTBOPOB:

CH1 Vi =CH2 Vs
C,.(FeCl,)-V(FeCl,) 0,3-0,5
= K = = 1’5 .
MARNOY = 77¢ (agno) 0.1 !

IMpumep 28. Kakoit o6sem 0,3 H. pacTBOpa nepMaHraHaTa Kajaus B Kd-
cioi cpene morpedyercs miusa B3aumoaeicTus ¢ 25 miu 0,08 H. pacTtBopa
cynbdara xenesa (I11)?

Pewenue. VI3 ypaBHeHMsI 3aKOHA 3KBUBAJIEHTOB ISl PaCTBOPOB (CM. MpU-
Mep 27) BeIpakaeM U BbruucisieM 00bEM pacTBopa KMnOy:

v = Cn V2 25-0,08
gy 0,3

=6,7 M.

SAJAHUSA A CAMOCTOATEJIBHOI'O PEHIEHUSA

1. B kxakoM oObeme BOJIbI HE0OX0AUMO pacTBOpuTh 30 T OpoMuIa Kamus
IUIsl TIOJTy4eHUs pacTBopa ¢ MaccoBoil noneit KBr 6 %?

2. Brpruncnure maccoByto goito HNO; B pacTBope a30THOM KHCIIOTHI,
MoJIIpHas KoHIeHTpauus kotoporo Cy = 4,85, a mnotHocts p = 1160
KI/M .

3. Bpruuciaure MOJISIPHYIO KOHUEHTpAUIO 36%-i1 a30THOM KUCIIOTHI, TIIOT-
HOCTB KOTOPOii p = 1220 kr/n’.

4. Bpluncaure MOJSPHYIO KOHIIEHTPALMIO 3KBUBAJIECHTOB (PKBUBAJICHTHYIO
KoHIeHTpaiuio) 20%-i constnoit kucnotsl (p = 1,10).

5. Kakoit 00béM razoo00pa3zHOro XJIOPOBOAOPOAA, MPHUBEIECHHOTO K H.Y.,
HEe00X0ouMO pacTBoputh B 250 T Boabl jyuts nonyuenus 10%-# kucio-
ThI?

6. Omnpenenurte MaccoBylo J0Jt0 pacTBopeHHoro BemectBa B 0,7 M pac-
TBOpE ruapokcuaa Harpus (p = 1,03).

7. Onpenenute MacCOBYIO JIONKO pacTBOPEHHOTO BellecTBa B 10 H. pacTBo-
pe H,SO4 (p = 1,290).

8. CKOIJIbKO JIUTPOB JEHMMOJIIPHOIO PacTBOpa CEPHOM KHCIOTHI MOKHO
npurotoButh U3 70 M 50%-ro pacteopa (p = 1,40)?

121



9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

B 120 r Boawl pactBopeno 14,3 r xpuctamioruapara Na,CO;-10H;0.
Yemy paBHa mMaccoBasl J10J1s KapOOHATa HATPHUS B MOJYUYEHHOM PacTBO-
pe?

B kakoM o0beMe BOJIbI HEOOXOIUMO PACTBOPHUTH 25 T' MEIHOTO KYTOpO-
ca CuSO4-5H,0, uto6s! nonyuuts 8%-it pactBop CuSO,?

Breruucnure o0bém 10%-# ceproit kucnotel (p = 1,066), KOTOpHIi 110-
TpeOyeTcs NI MpUroToBieHus (MetoaoMm paszbamienus) 100 mu geru-
MOJISIPHOTO pacTBOpPA 3TOW KUCIOTBHI.

Jlns mevitpanuzanuu 20 M1 IEHUMOJIIPHON COJITHOM KUCIOTHI TOTPeOo-
BAJIOCh 8 MJI pacTBopa rujpokcuna Hatpusa. Ckonbko rpammoB NaOH
COJICPKUT OJUH JIUTP 3TOr0 pacTBopa?

Kaxkoit 06bem 0,25 H pacTBOpa CepHOMl KHUCIOTHI MOKHO HEHTpalin30-
Bath npudasnenueM 0,6 1 0,15 v pacTBOpa ruaApOKCHIA KATbIUS?
CKOJIbKO MWUIMIIUTPOB COJISHOM KHUCJIOTHI C 3KBUBAJICEHTHOW KOHIICH-
Tpauueit 0,5 H. moTpedyeTcs s OCaXIEHHs B BUAE XJIOpHla cepedpa
BCEX KaTHOHOB Ag ', comepxamuxcs B 500 M 0,2 H. pacTBOpa HUTpaTa
cepebpa?

s ocaxknenus cynbdara 6apust uz 100 r 15%-ro pactBopa BaCl, mo-
TpeboBanoch 14,4 Mi cepHOl KUCIOTH. UeMy paBHBI SKBUBaJCHTHAas
KOHLICHTPALUS U TUTP CEPHOU KUCIOTHI?

K 50 M 8%-ro pactBopa MnCl, (p = 1,085) npubasneno 200 ma 10%-
ro pactBopa ruapokcuaa autusa (p = 1,107). Kakoe BeiiecTBo B35TO B
U30BITKE U CKOJIBKO €r0 OCTAHETCS MOCIe PeaKIuu?

Kakum o6bemMoM 2 M cepHOM KHUCIOTHI MOKHO MOJTHOCTBIO Pa3ioKUTh
0,65 1 20%-ro pactBopa K,CO3 (p = 1,189)? Kakoit 00bem 3aiiMeT BbI-
JENHUBIIHMICS YIJIEKUCIBIA ra3 npu H.y.?

Cxonbko MHIILTUIHTPOB 23%-r0 pacTBopa ammuaka (p = 0,916) tpeby-
ercs ais peakiuu ¢ 750 mut mectuHopManibHOTO pactBopa HCI? Ckosnb-
KO TPaMMOB XJIOPHa AMMOHHUSI 00pa3yeTcsi IpHu 3TOM?

B 100 r Boas! ipu 20 °C pactBopsieTcst 67,2 1 amMuaka (00bEM u3MepeH
npu H.y.). Yemy paBHa maccoBas noist NH; B atom pactBope?

B 25 mn nutpe Boabl npu 25 °C pactBopsieTcs 8,75 T Xjgopuaa HaTpus.
Yemy paBeH KoO3((UIHMEHT pPaCTBOPUMOCTH JAHHOM CONMU TMPH ITOU
temneparype?

B naceimennom npu 90 °C BOIHOM pacTBOpE AMXpOMaTa KaJiusi Macco-
Bas goinst K,Cr,O; paBra 45,2 %. Onpenenute kodhduimeHt
PacTBOPHMMOCTHU IUXpoMaTa Kajius pU IaHHOU TeMIepaType.

B oxgnom mutpe Bonbl pactBopsiercs 2,91 1 cepoonopoaa (pu 20 °C u
nasnenun 101325 Ila). Yemy paBHa maccoBas J0Jisi oOpasyromiencs
CEpPOBOIOPOJHON KUCIOTHI?
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23. Koaddunment pactBopumoctu kapbonara kamus npu 100 °C paseH
155, a mpu 0 °C — 111. Onpenenute maccy coJiM, BhINaJarolIEeld B oca-
nok u3 770 r naceienHoro npu 100 °C pacTBopa npu OXJIaXICHUU €ro
1o 0 °C.

24. Hurpar cBunna (II) pactopuiu B 200 mMa Boasl mipu 60 °C 1o nonyuye-
HUSl HACBIIIEHHOT'O pacTBOpa, a 3areM pactBop oxyamwin go 10 °C.
Omnpenenure Maccy BBINABIIEH B OCAJ0K CONH, €CiIH KO3 UIUEHT
pactBopuMmoctu Pb(NOsj), npu ykazaHHbIX TemmepaTypax paBeH 90 u
46.

I'maBa 11
PACTBOPBI HEDQJIEKTPOJIUTOB

[To Teme «PacTBOpBI HEAINIEKTPOIUTOBY» HEOOXOJUMO 3HATH U YMETh
CJIEIYIOIIIEE:

1. 3HaTh OTIAMYUTENTHHBIE OCOOCHHOCTH W TIPUBOJIUTH MIPUMEPHI PACTBO-
POB HEBJIEKTPOJIUTOB, UMETh NPEACTABICHUE O KOJUIUTATHBHBIX CBOMCTBAX
TaKUX PaCTBOPOB.

2. OOBSICHATH 3aKOHOMEPHOCTH HM3MEHEHUS JaBJICHUSI HACBIIIEHHOTO
rapa HaJl paCTBOPUTESIMA U PACTBOPAMH U MPOBOJUTH PACUETHI IO IEPBOMY
3akoHy Payins.

3. 3HaTh 3aBUCHUMOCTH TEMIEpPATyp KHUIEHHUS M KPUCTAJUIM3ALUUA OT
KOHIIEHTPAIIMX PACTBOPOB U MPOBOJIUTH PACUYETHI IO BTOPOMY 3aKOHY Pays.

4. OOBSCHATH SBJICHUE OCMOCA U MPOBOJUTH PacdyeThl OCMOTHYECKOTO
JaBJIeHUs pacTBOPOB 10 3aKoHy Bant-I'odda.

ITPUMEPBI BBIIIOJITHEHUS 3AJTAHUH

IIpumep 1. Ykaxure, BOJHbIE paCTBOPHI KAKUX BELIECTB SIBISIOTCS HeE-
AJIEKTPOJIUTAMU: ATAHOJI, KaJbLIMHUPOBAHHAs COJA, JKEJIE3HbIM KyNopoc, ca-
Xap, JIMMOHHAS KUCJIOTAa.

Pewenue. PacTBOpBI HE3JIEKTPOJUTOB HE MPOBOIAT SIICKTPUUECKUN
TOK, MTOCKOJIbKY pPacCTBOPEHHBIC BEIIECTBA HE JUCCOLMUPYIOT HAa UOHBI. Cpe-
JIA TAaHHBIX B IPUMEPE — PACTBOPHI ITAHOJA U caxapa.

IIpumep 2. Beruncnure nasieHue HacwleHHOro napa npu 40 °C Han
4%-m BogHBIM pacTBOpPOM ITt0K03bI CeH1,Og.

Pewenue. JIng pemenus 3aiadu BOCHOJB3YEMCS YPABHEHUEM 3aBUCH-
MOCTH OTHOCHUTEJIBHOTO TMOHWXEHUS AaBJICHUS Mapa pacTBOpa OT MOJbHOMN
J0JIM paCTBOPEHHOT'O HEJIETYYEro BelllecTBa (3aKoH Payiis):
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?=}(,

o

rae AP — NOHWXEHHE JABJIICHUS Mapa HaJ pacTBOPOM P 1O CpPaBHEHHIO C
JABJICHHUEM HaJl YUCTbIM pactBoputenem P, (AP=P,—P); y — MollbHast 1075
PacTBOPEHHOIO HEJIETYUYErO BEIIECTBA (TJIFOKO3bI).

IIprnanmaem maccy pactBopa paBHou 100 1, Torma macca BOAbI B HEM
coctaBuT 96 1, a rimoko3bl 4 T. MonspHas macca BoJbl paBHa 18 r/mounb, a
ritoKo3bl 180 r/mMonb. JlaBineHre HACBILIEHHOTO Mapa HajJ YMCTOM BOJIOM MpHU
40 °C cocrapmsier 7374 Ila (cipaBoyHasi BEJIMUUHA).

1) OmpenenseM KoaudecTBa BOABI (711) U TIIIOKO3bI (71;) U MOJBHYIO J10-
JIO TJIOKO3HI (¥) B pacTBOpE:

n, = % =5,333 Mmonb; n, = 4 =0,022 monb; y = 0,022
'8 > 180 5333

=0,004.

2) BeruucrsieM BeIMUMHY MOHUKEHUS TaBJICHUA Mapa HaJl pAaCTBOPOM:
AP =7374-0,004 = 29 Ila.

3) Borunciisiem 1aBiieHHE HACHIIIEHHOTO Mapa HaJ paCTBOPOM:
P =7374-29 =7345 Ila.

Ipumep 3. IIpu 30 °C naBiieHHE HACBHIILIEHHOTO Napa BOAbI COCTABIISET
4241 Tla, a naBjeHUE HACHIIIEHHOTO Mapa Haja 5%-M pacTBOopoM KapOamujaa
(MoueBuHbI) — 4174 [1a. Beruncnure MOJSIPHYIO MacCcy Kapoamua.

Pewenue. 110 neppomy 3akony Pays:

?=Za

o

rae AP — NOHW)XEHHE JTaBJICHUS Mapa HaJ PacCTBOPOM IIPH TAHHOM TeMrepa-
Type€; ¥ — MOJIbHAs 101 KapOaMuia B pacTBOpE:
n

_ 2 mz/Mz
X h+n, m/M,)+(m,/M,)’

IZie 11 U Ny — KOJIMYECTBO (MOJIb) BOJIbI U KapOaMuja B pacTBOpe, m; U m; —
Macchl (T) BoawI U KapObamuna, M, u M, — MoJsipHBIE MacChl (T/MOJIb) BOJIBI U
KapbaMmuia, COOTBETCTBEHHO.

B 100 r pacTBopa conepxutcs S5 r kapObamuja (MossipHas macca M, He-
u3BecTHa) u 95 T Boabl (M = 18 1/Momb).

1) KonuruectBo BOABI (721) paBHO:

n,= ?—2 =5,278 MouIb.

124



2) [lonwmxenue nanenus napa (AP) paBHoO:
AP=4241 - 4174 = 67 Ila.
3) [loacTraBuM U3BECTHBIC 3HAYCHUS B YPaBHECHHUE:!

67 5/M,

) - 5/M,
4241 (95/18)+(5/M,)’

T 5,284(5/M,)

0,0158

PemaeM nosryyeHHO€E ypaBHEHUE U BbIUUCIISIEM M):

0,079 5
0,0834 + = = ; = )
M, M, M, = 60 r/moib

®dopmyna kapbamuna CO(NH,),. IIpoBepbTe NpaBMWIBHOCTH IMOTYYCH-
HOI'0 pe3yJbpTara CaMOCTOSITENBHO.

IIpumep 4. B 200 M Bozbl pactBopeHo 6,58 T caxapa. IIpu kakoi Tem-
nepaType KUIIUT 3TOT pacTBOP?

Pewenue. 1lpu pemiennn nmeeM B BUy, uto Macca 200 M BoJbl paBHA
200 r, 30ymnuockonuyecKkass MocTosiHHasg BoAbl paBHa 0,516, a monspHas
macca caxapa C,H,,0q; cocraBnser 342 r/MOb.

1) IlepecuntsiBaecm Maccy caxapa Ha 1000 r BoabI:

m = 0281000 _ o5 oo
200
2) OnpenensieM MOJISUIBHOCTh PacTBOpa:

= 32’28 =0,096 MoJb/KT.

m

3) BpluncnsieM NOBBIIEHUE TEMIIEPATypbl KUIIEHUs pacTBopa (B HEKO-
TOPBIX MOCOOUSIX 3TO COOTHOILLIEHNE HA3bIBAIOT BTOPBIM 3aKOHOM Payuis):

AT_ =0,516-0,096 =0,05".

Bopna kunut npu 100 °C (373,15 K), cnegoBaTeabHO pacTBOP KUIUT HPH
100,05 °C nnu 373,20 K.

IIpumep 5. PactBop, conmepxkamuii 3,2 T cepsl B 40 T GeH30/1a, KUTIUT
npu 80,90 °C. Yucteiii 6enzon kunut mnpu 80,10 °C. Beruncaure MOJISIpHYIO
Maccy cepbl, pacTBOPEHHON B OeH3o0ue. M3 CKOMBKUX aTOMOB COCTOSIT MOJIe-
KYJIbI CEpPBI?

Pewenue. 1) Beruucisiem noBbIIIEHUE TEMIEPATYPBI KUIIEHUS pPACTBOpA:

AT, =80,90-80,10=0,80".
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2) U3 ypaBHeHust 3aBucuMocTd A7 OT KOHUEHTpALUU PacTBOpa BbIpa-
’KaeM U BBIUUCIIIEM MOJISIJIBHOCTH PAacTBOpA:

AT =E-C_; C_= ALy, _ 0.80 =0,312 wmonb/Kr.
E 257
3) Berunciisiem maccy cepbl, KOTOpast HAXOAUTCS B 1 KT paCTBOPUTEIIS:
3,2-1000
m=—"-———=280r.
40

4) MoJiipHy10 Maccy cepbl HAXOAUM IO TPOMOPIIUHU:

80 r cepnl coctaBiisitoT 0,312 Mob,

M — 1 MounB;
& = %; M = & = 256 1r/MOIIB.
M 1 0,312

5) MonspHas Macca aTOMOB cepbl paBHa 32 T/MOJIb, CJIEIOBATENIbHO,
MOJIEKYJIbI CEPBI COCTOAT U3 BOCbMH (256:32) aTOMOB — Sg.

IIpumep 6. B 100 M Boxbl pacTBOPEHO 4 I HEDJIEKTPOJINTA, B COCTAB
kotoporo Bxomar yriepoxa (50,70 %), Bomopox (4,23 %) u kuciopon
(45,07 %). PactBop kpuctrammuzyercs npu —0,524 °C. Onpenenute hopmyy
PacTBOPEHHOI'O BEIIECTBA.

Pewenue. 3anauy pemaeM B ciieyronieil NocaeoBaTeIbHOCTU: CHavata
HAXOJIMM TI0 COCTaBY BEILECTBA €ro MpocTeiiyio (opmy.ay, 3aTeM MO TeM-
neparype KpucTaluin3aluil — MOJISUIBHOCTh PACcTBOpA, UICTUHHYIO MOJISIPHYIO
MAaccy BEIeCTBa U €r0 HCTHHHYIO opMy.Ty.

1) Ilpocreiinryro gpopmyity HesnekTponura 3anuceiaeM B Buge C.H,0O,
Y BBIYUCIISIEM HEU3BECTHBIE BEJIMYUHBI X, V' U Z:

5070 05,423 45,07

=4,23; z= =2,82;
16

xyiz=4,23:4,23:2,82 = 3:3:2.

Taxum o6pa3zom, npocteitmas popmyina BemiectBa C3H;0,; M =71 r/mMob.
2) Ilo u3mMeHeHut0 TeMNEPATYPbl KPUCTAIUIM3ALUN PACTBOPA BBIUMCIISIEM
MOJISLIIBHOCTB PAacTBOPA:

AT =K-C; C, = AT, _0.524 =0,282 Moub/Kr.
K 1,86

3) Brruucnsem maccy BemiecTa B 1 KT BojbI, moydaem 40 T.
4) MonsipHyt0 Maccy HaXx0JIUM IO IPOMOPIIUH:
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40 r BemecTBa cocTaBisAoT 0,282 MoJb,

M — 1 MoB;
40 _ 0,282
M

5) WctunHas MosisipHasi Macca OTJIMYAeTCsl OT MpocTeiield B 2 pasa,
cienoBaTeNbHO UCTUHHAS (opmyia BemecTBa CgHgOy.

; M =142 t/™MOmB.

IIpumep 7. B panuarop aBTOMOOUIIS 3aJIMIIH KUAKOCTh, COCTOSILYIO U3
8 11 Boawl 1 2 1 Metanona (p = 0,8 r/mn). [Ipu kakoit Hanbosee HU3KON TeM-
nepaType MOXKHO TOCJIE€ 3TOT0 OCTaBJISTh aBTOMOOWIIb Ha OTKPBITOM BO3Y-
X€, HE OIacasiCh, YTO KUIKOCTh B paANATOPE 3aMEP3HET?
Pewenue. 3anaua cBOIUTCS K OMpPEEICHUIO TTOHWKCHHS TEMIIEpaTyphbl
KpUCTaJUIA3al[M1 PACTBOPA IO CPABHEHHIO C BOJIOM.
1) Haxomum maccy u konmaectBo metanona CH;OH (M = 32 r/monb):
= p=0,82000= 1600 1; 7 === 1% _ 50 vom
mEprEE -0 M 32 '
2) Ucxons u3 Ttoro yro macca 8 J BOJABI paBHA § KI, BBIUHUCISIEM MO-
JSUTBHOCTD PacTBOPA:

C :5—;:6,25 MOJIb / KT.

m

3) HaxoguMm noHm»keHune TeMnepaTypbl KpUCTAILTA3ALUN:
AT _=K(H,0)-C_=1,86-6,25=11,625°.

Takum 00pazom, camasi HU3Kasi TeMIEparypa, MPU KOTOPOH KUIKOCTh
HE Kpuctajuuzyercs, coctaisier —11,6 °C.

IIpumep 8. Onpenenure ocmoTnyeckoe nasiienue npu 17 °C pactBopa,
B 500 M kotoporo coaepxurca 17,1 r caxapa C,H»,04;.

Pewenue. Monspras macca caxapa paBHa 342 r/mMojib, TeMmIeparypa
pactBopa paBHa 290 K. OcmoTrnyeckoe qaBjieHHe pacTBOpa ONPENEIsIeM I10
ypaBHenuto Bant-I'odda:

. m RT:17,1~8,314~220
MV 342-0,5-10"

=241106 IIa, wnnm 241,1 klla.

Ipumep 9. Jlns ompeneneHuss HEM3BECTHOI'O OJHOATOMHOIO CIUPTA
B3suM 11,5 T 3TOrO BelecTBa, pacCTBOPUIIM B BOJAE, 00bEM pacTBOpa J0BEIU
10 500 MJT 1 U3MEPUIIU OCMOTHUYECKOE JIaBJICHUE MOJYUYEHHOTO pacTBOpa, KO-
Topoe okazanock paBHbiM 1218 klla. YcTanoBute dhopmymny crnmpra.
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Pewenue. N3 ypaBuenust Baut-I'odda BbipakaeM U BBIYHCIISIEM MOJISP-
HYIO MacCy HEAJIEKTPOJIUTA:

mRT _ _11,5-8,314 -293 _ 0 o om |

" P V1218000 -0.5-10 "

ocm

Cpenu npeacTaBUTeNIed TOMOJIOTMYECKOTO PsiZia OJTHOATOMHBIX CIIUPTOB
MOJISIpHYIO Maccy 46 T/MOJIb UMEeT ATaHOJI (ITHJIOBBIN CITUPT).

Ipumep 10. PactBop, conepxammuii 3,2 r meranoina CH;OH B oxHoM
nutpe Boapl, ripu 18 °C nzoronnueH ¢ pactsopoM anuwinHa CcHsNH,. Kakas
Macca aHWINHA COJICPKUTCS B OJTHOM JINTPE pacTBopa?

Pewenue. 1) N30TOHN4YeCKHEe PACTBOPBI UMEIOT OJIMHAKOBOE OCMOTH-
yeckoe JapiieHue. [1oaToMy BHauasie BBIYMCISIEM OCMOTHYECKOE JIaBJICHUE
000MX PacTBOPOB, UCIOJIb3YSl JaHHBIE O PACTBOPE METAHOJIA:

p _MRT _32-8314-291
MV 32-1-10°°

2) Haxoaum maccy anununa (M = 93 r/Mo7b) B OJHOM JIUTPE pacTBOpa,
KOTOPBIN UMEET BBIUUCICHHYIO BETUIMHY OCMOTHYECKOTO JTaBJICHUS

241397 4-1-107°-93 _
8,314 -291

=241937,4 11a.

9,3 r.

Bpruncnenne maccbl aHWIMHA B 3TOM IPUMEPE MOXKHO OCYIIECTBUTH
OJIHUM JIEWCTBHEM, €CIIM NMPUPABHSATH MpaBbie YacTu ypaBHeHus Baut-I'odda
Y BBIPAa3UTh HEU3BECTHYIO BEJIMUMHY B OOIIIEM BHU/IE.

SAJAHUA JJId CAMOCTOSATEJBHOI'O PEHIEHUA

1. IIpuroToBiieHBI pacTBOPHI aMMHUAKA, STUICHIJIUKOIS U HUTpaTa HaTpUsl.
Kakoil U3 HUX SBISETCA CUJIBHBIM 3JEKTPOJIUTOM, Kakoil — cialbiM, a
KaKOW — HEDJIEKTPOIUTOM?

2. IlpuroTtoBneHbl pacTBOPBI XJIOPUCTOW KHUCIOTBI, COJSHOW KHUCJIOTBI H
MeTaHona. Kakoil U3 HHUX SABISETCA CHIBHBIM 3JIEKTPOJIUTOM, KAKOM —
cia0bIM, a KaKOW — HENIEKTPOIUTOM ?

3. B 20 r 6en3ona (kpuockonmu4eckas ocTosiHHAs paBHa 5,12°) pactBope-
HO 0,04 T xamdapsl. PacTBop kpucTamummsyercs mpu TeMmIeparype, Ha
0,067° HIKe TemrepaTypbl KpUCTaUIM3aIMu 4rcToro Oensomna. Ompe-
JIeNIUTE MOJISIPHYIO Maccy Kamdapsl.

4. WzBectHo, yto npu 42 °C paBineHue BOASHOrO napa pasHo 8199,3 Ila.
Kak m3menurcsa nasnenue, ecnu npu 3tou temreparype B 540 T BOIbI
pactBOpuTh 36 1 toko3bl CeH 5,047
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10.

11.

12.

13.

14.

15.

16.

Omnpenenute pasienue mnapa 10%-ro pactBopa moueBuHbl CO(NH,),
npu 100 °C. HackoJIbKO OHO OTIIMYAETC OT JIaBJICHUS Mapa YMCTOM BO-
617

PactBop 9,2 1 noga B 100 r Meranona (30yJUTMOCKOTIMYECKAsT TTOCTOSIH-
Has paBHa 0,84°) 3akunaet npu 65,0 °C, a YUCTHII METAaHOJI KUIUT HPH
64,7 °C. 13 ckoJIbKUX aTOMOB COCTOUT MOJIEKYJa H0/Ia B pacTBOpPE?
PactBop, conepxamnii 13,8 r rnueprHa B 1 11 BOABI, KPUCTATUIU3YETCSA
npu —0,279 °C. Onpenenure MOJAPHYIO KOHLEHTPALUIO TIIUIIEPUHA.
[ToueMy nosTy4eHHBIN OTBET SABISETCS MPUOTUZUTETHHBIM?

Brruucnure maccoByro gonto caxapa C,H,,0q; B pactBOpe, Temmiepary-
pa kunienust kotoporo 100,13 °C.

IIpu kakoii TemnepaType OCMOTHYECKOE JaBJICHUE pacTBOpA, COJEpKa-
uiero B ojHoM Jutpe 45 1 rimoko3sl C¢H 06, nocturuer 607,8 kl1a?
Ckomnbko rpammoB T0k03bl CgH1,0O4 ciegyer pactBoputs B 260 T BOJIBI
JUISl IONTy4EeHUsI pPacTBOpa, TeMIepaTypa KUIEHUS KOTOPOTO MPEBBIIIACT
TeMneparypy kuneHust yuctoi Boasl Ha 0,05 °C?

JaBnenue napa Bojbl 1ipu 10 °C pano 1227,8 I1a. B kakoMm o0beme Bo-
Ibl CJIENyeT PacCTBOPUTH 16 T METUIOBOTO CIHMPTA JJIsl MOJTYYEHHS pac-
TBOpA, JIaBJICHUE Iapa KOTOPOrOo MPHU TOU K€ TEMIIepaType COCTABUT
1200 ITa?

JaBnenne mapa Hax pactsopom 10,5 r Heanexkrponura B 200 r aneTona
paBHo 21854,40 Ila. JlaBnenue napa anerona (CH;),CO npu 3Toit Tem-
nepatype paBHo 23939,35 [la. Onpenenure MONEKYISIPHYIO Maccy pac-
TBOPEHHOT'O HEAJIEKTPOJIUTA.

Temmneparypa kpuctayuzanuu 6ensona 5,5°C, a pactBop 6,15 T HUTpO-
6enzona B 400 r 6ensona kpucramumsyercs npu 4,86 °C. Kpuockonuue-
CKkasg KoHCTaHTa OeH3ona 5,12°. Berumciure MOJEKYJISPHYIO Maccy
HUTPOOEH301a.

B Gonb1ioM cocyzie KHIUT BOJA; B 3TOT COCYJI IOMECTUIIN IPYTOM COCY [
TaK)Xe C BOAOW. 3aKUIUT JU B HeM Bojaa? B Ooubinoi cocyn mo0aBHIH
HEKOTOPOE KOJIMYECTBO XJOpHUJa HATpus. UTO MpOU30MIET B MAJIOM CO-
cyne?

B Tpex crakaHax HanuTa JKUJIKOCTh: B IEPBOM — PACTBOPUTEIIb, BO BTO-
POM — pa30aBICHHBIN PACTBOP BEIMIECTBA, HMEIONTUI 00JIee HU3KYIO TEM-
nepaTypy KUIICHHS, Ye€M pacTBOPUTENIb, U B TPETheM — TaKOW IKe
pacTBOp BEILECTBA, UMEIOLINN 00Jiee BBICOKYIO TEMIIEPATypy KUIICHHUS
[0 CPAaBHEHUIO C pacTBopuTesieM. Bce Tpu crakaHa OAHOBPEMEHHO Ha-
rpeBaroTcs. B kakoMm cTakaHe paHbIlle 3aKUITUT KUJTKOCTh?

Boluucnure mMaccoByio J0J1t0 CBMHIIA B CIUIABE C 30JI0TOM, €CJIU CILIaB
HAaYMHAET KPUCTAJUIM30BAThCS MpU TeMmIiiepaType Ha 60° HuKe Temrepa-

129



TYpbl KPUCTALTU3ALMKA YUCTOTO 30510Ta. Kprockonuueckasi mocTosiHHAs
30J10Ta paBHa 226.

17. Onpenenute coctaB (B %) cmecu kamdapor CoH;cO m MoueBHHBI
CO(NH,),, ucxonsa U3 CIEayIOMMX JaHHBIX: KPUOCKOIMYECKAsh MOCTO-
saHHast kam@apsbl paBHa 40; Temneparypa ruiasienust kampaper 178,4 °C,
a cMech kaM@apbl 1 MOUEBHUHBI Tu1aBuTcs npu 171,55 °C.

18. Omnpenenute Temneparypy 1uiaBienus 1%-ro pactBopa kamdapsl B O¢H-
30MHOM KHUCTOTE U OEH30MHOM KUCIOTHI B KaMdape Mo CIeAYIOIINM JaH-
HBIM: Kpuockommueckas moctosiHHas kamdapsl CoH;sO pasua 40,
temneparypa ee maBieHus 178,4 °C; kpuockonuyeckas MOCTOSHHAs
oenzorinoi kuciaotrel CsHsCOOH pagsna 8,8, ona maBurcs npu 122 °C.

19. PactBopenmem B 500 r BOoabl 0,5 T Kaxa0ro M3 YETHIPEX BELIECTB,
MMEIOIUX OJHMH M TOT e cocrtaB (6,66 % H; 40,1 % C u 53,33 % 0O),
IPUTOTOBIIEHBI PACTBOpPHI, Kpuctamusyromuecs npu —0,062; —0,031;—
0,021
u —0,0103 °C. YcraHOBUTE MOJICKYJISIPHBIE (POPMYJIBI ATHX BEIIECTB.

20. PactBopumocTs azota u kucinopoja B Bojae npu 0 °C u 101325 I1a paBHa
23,5 mn/n u 48,9 Mi/1, COOTBETCTBEHHO. BrIuncinuTe TemrepaTypy Kpu-
CTaJUIM3alMK BOJIbI, HACHIIIIEHHON BO3TYXOM.

I'nasa 12
PACTBOPBI DJIEKTPOJIUTOB

ITo Teme «PacTBOPBI IIEKTPOIUTOBY» HEOOXOJUMO 3HATH M YMETh CJie-
JyIOIIEe.

1. 3anuceiBaTh CXEMbl JUCCOLMAIIUM KUCIIOT, OCHOBaHUM, cojiei (Kuc-
JIBIX, OCHOBHBIX, HOPMAJIbHBIX ) IIPU UX PACTBOPEHUHM B BOJIE.

2. 3HaTh KOJIMYECTBEHHBIE XAPAKTEPUCTUKH MPOIIecca SIEKTPOIUTHYE-
CKOM JTUCCOLUAIINY, X B3aUMOCBSA3b U CIIOCOOBI pacyeTa.

3. IlpoBoauTh KIaCCU(PUKAIMIO DJIEKTPOJIUTOB MO CTENEHU IUCCOLHA-
MU U KOHCTAHTE JTUCCOIMAINK, TPUBOAUTH MPUMEPHI CHIIBHBIX U CJIa0bIX
AIIEKTPOJIUTOB.

4. OOBACHATH OCOOEHHOCTH CUJIBHBIX AJIEKTPOJIUTOB, BHIYUCISATH U30TO-
HUYECKUN KOA(PPHUIIMEHT, KaXKYIIYIOCS CTENEHb MX JUCCOLMAINU, HOHHYIO
CUJIy pacTBopa U KO3 HUIIMEHT aKTUBHOCTH.

5. OOBACHATH MPOIECC NUCCOLMAIIMN BOABI M 3HATh HOHHOE IIPOU3BE/IC-
HUE BOJIBI.

6. YMETh pacCUMTHIBATh BOJAOPOJHBIM MOKAa3aTelh PAaCTBOPOB CHUJIBHBIX
1 CJ1a0bIX AJIEKTPOJIUTOB.

7. Jlns MamopacTBOPUMBIX M TMPAKTUYECKH HEPACTBOPUMBIX BEIIECTB
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3HATh MPABUJIO MPOU3BEACHUS PACTBOPUMOCTH M HMCIOJIb30BATh TAOJIMYHBIC
3HaueHus [IP 1y KoMMyeCcTBEHHBIX PACUYETOB.

IPUMEPBI BBIIIOJTHEHUS 3ATAHUI

Hpumep 1. Hanummre cxemsl auccounanuu: 1) kuciaor HNO; u HySOy,
2) menoueit KOH u Ba(OH),, 3) Hopmanbnbix (cpeanux) coneit K,SO4 u
CaCl,, 4) xucmnoit conmu NaHCO; u ocHoBHOi#1 conmun ZnOHCI.

Pewenue. 1) OnHOOCHOBHBIE KUCIOTHI JUCCOLUUPYIOT B OAHY CTYIEHbD,
JIBYyXOCHOBHEIE — B JIBE€, TPEXOCHOBHBIE — B TPH U T.1., IO3TOMY:

HNO; =H" +NO;; H,SO,=H"+ HSO;; HSO; S H' + so’.
2) AHaJIOTUYHO IUCCOLMUPYIOT OCHOBAHUS:
KOH=K"+OH; Ba(OH),=BaOH +OH; BaOH' S Ba* + OH .

3) HopmanbHbI€ COM TUCCOLUUUPYIOT B OJHY CTYNEHb HE3aBUCHUMO OT
COCTaBa, MOATOMY:
K>S0, =2K"+ s0>; CaCl,=Ca*" +2CI.
4) Kucible 1 OCHOBHBIE COJIM AUCCOLUMPYIOT CTYIIEHYATO:
NaHCO;=Na" + HCO;; HCO; S H' + cor.

ZnOHCl = ZnOH" + CI'; ZnOH' S Zn’" + OH .

Hpumep 2. Onpenenure KOJIUYECTBEHHBIE XAPAKTEPUCTUKHU (HM30TOHU-
yeckuil Ko3((ULMEHT, CTeNneHb IUCCOLMALNU, KOHCTAHTY IHCCOIIMAIIIH)
AIEKTPOJIMTUYECKOM TUCCOLMAIIMU YKCYCHOW KHCIIOTBI B pacTBOpE, COIEp-
xameM 0,571 r kucnotel B 100 T BOABI, €CIIM 3TOT paCTBOP KPUCTAIIIU3YETCS
npu temneparype —0,181 °C.

Pewenue. 1) YuutbiBas, 4TOo MOIpHAs Macca YKCYCHOM KHCIIOTHI
CH;3;COOH pagna 60 1/M0J1b, BEIYHCIIIEM MOJSJIBHOCTH PAaCTBOpA:

0,571-1000
~100-60
2) Haxonum moHM>XeHUE TEMITEpaTyphbl KPUCTATUIM3ALMK PACTBOPA:

AT, =K, C,=1,860,095=0,1767 °.
3) Beiuucnsem nzoronndecknii KoO3PpPuiueHT:
0,181

= 1767 =1,0243.

Cu = 0,095 MoNB/KT.

4) Ucxons U3 TOTO, UTO Ka)KJas MOJIEKyJa TaHHOW KUCJIOTHI AUCCOLIMU-
+ —_
pyet Ha nBa noHa (CH;COOH = H™ + CH;COQ"), BeIUnCIIsI€M CTEIICHb DJICK-
TPOJIMTUYECKON JUCCOLMALINN:
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i—1 1,0243-1
n—1 2-1

5) BBuay TOoro, 4ro pactBOp paz0aBiieH, MOJSPHYIO KOHIICHTPAIUIO
MIPUHMMAEM PAaBHOM MOJISIIIBHOCTH U HAXOJUM KOHCTAHTY JUCCOLMALINU:

K = o*Cy = (0,0243)*:0,095 = 5,6:10 ™.

=0,0243 = 2,43 9,

a:

Ipumep 3. IIpu pactBopenuu 3,48 r HuTpata Kanbuus B 200 T BOIbI
MOJIyYEH PacTBOpP, KpucTaunzytomuiics npu temneparype —0,491 °C. On-
peAeNIUTe KAKYUIYIOCs CTENEHb AneKTpoauTudeckoil nuccounanuu Ca(NO;),.

Pewenue. 1) MonsipHas macca HUTpaTa Kainbliug paBHa 174 r/monb. Boi-
YUCJISIEM MOJISUTBHOCTh PacTBOpa:

c - 3,48 -1000
" 200 -174

2) Haxoaum TeopeTnyeckoe NOHMKEHUE TEMIIEPATYPbl KPUCTAIUIU3ALUN
pacTBopa:

= 0,1 wmomb/kr.

AT, = K(H,0) C,,=1,850,1 =0,185 °.
3) Beruucnsem nzoronnyeckuit KoappuuneHT:
AT en 0,491
AT 0,185
4) OnpenernsieM kaxkyuyca crenenb auccounannu Ca(NOs);:
i-1 _ 2,64-1 1,64
B ™ n 1" 3-1 2

i= = 2,64,

=0,82, unun 82 %.

IIpumep 4. B 250 r Boas! pactBopeno 0,375 r cynspara maruus. Pac-
CUMTANTE UOHHYIO CHIIY PacTBOpa, omnpenenuTe Kod3PGUIrueHTbl aKTUBHOCTH
MOHOB M aKTUBHOCTh PacTBOpA.

Pewenue. JIns peiienus 3agauv HE0OXOIMMO 3HATh MOJISUIBHOCTB pac-
tBOpa. Eciiu B 250 1 Boabl conepxkurcs 0,375 r cynbdara maraus, To B 1 kr
BozbI — 1,5 r. Momnsipuast macca MgSO, paBaa 120 r/moub.

1) Beruncrnsem MOJISJIBHOCTh pacTBOpA:

1,5

C,= W =0,0125 mMonp/Kr.

N3 ogHO# GopMynbHOM €IMHHULIBI JIEKTPOIUTA 00pa3yeTcsl M0 OJHOMY
HOHY, CJIE0BATEIHHO MOJISIIBHOCTh KaX0T0 HOoHA Takxke paBHa 0,0125.
2) BeruuciisieM HOHHYI0 CHJIY pacTBOpa:

1
I= (0,0125-2% + 0,0125-2%) = 0,05 MOIB/KT.
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B cripaBounmnke HaxoauM KO3(pGUUMEHTHI AKTUBHOCTH HOHOB:
AMg*) =0,595; f(SO%)=0,545.
3) OnpenenseM akTUBHOCTh HOHOB:

a(Mg*") =0,595:0,0125 = 0,00744 momb/kr,
a(SO37) =0,545:0,0125 = 0,00681 MonB/KT.

4) BeiuucisieM akTUBHOCTD CyJib(aTa MarHusi B JAHHOM PacTBOPE:
a(MgS04) = 0,00744:0,00681 = 5-10 MOIB/KT.

IIpumep S. Brrunciaure BOAOPOAHBIN MMOKA3aTENb PACTBOPOB COJISTHOM
KUCIIOTHI ¢ KoHIeHTparueit 0,005 MoJb/1 ¥ TUAPOKCHUIA Kadusl ¢ KOHIICHTpa-
uueii 4,2:10~° mons/.

Pewenue. Oba naHHBIX pacTBOpa — ATO PACTBOPHI CUIIBHBIX 3JIEKTPOIIH-
TOB, KOTOPBIE TUCCOIUUPYIOT HEOOPATHMO:

HCI=H +ClI; KOH=K"+OH
[Tockonbky u3 omnnoit monekynsl HCl u u3 ogHoM hopmynbHON eaUHM-
sl KOH o6pasyercs no ogaomy nony H' unu OH', To MX KOHIEHTpaLUU B
pacTBOpPax paBHbI KOHIIEHTPALUAM CAMHX UCXOJHBIX BEIIECTB.
1) Beruucnsiem pH pactBopa consiHOM KUCIOTHI:
pH = —Ig[H"'] = -1g0,005 = 2,30.
2) Beruucasiem pOH pactBopa ruipokcuaa Kajaus:
pOH = —1g[OH | = —Ig(4,2:10°) = 2,38.
3) Beruucnsiem pH pacTBopa ruipokcHia Kajius:
pH =14 -pOH = 14,00 — 2,38 = 11,62.

IIpumep 6. Boiuucnure xonnentpauuo OH -moHOB B pacTBOpe, BOAO-
POIHBIN MMOKa3aTeab KOTOPOro paBeH 3,28.
+
Pewenue. 1) Beruucnsiem KOHUEHTpaUuo HOHOB H ':

pH=—-lg[H]; Ig[H]=-3,28=-4+0,7200;
[H]=5,2510"* mons/m.
2) Ucxons U3 MOHHOTO MPOM3BEAeHUs BOAbI, BHIUKCISEM KOHIICHTpA-
LU0 TUJIPOKCH/I-UOHOB:

K, =[H"]-[OH"];
_14

[OH"]= K, _ 110 —=0,19-10"" monb/.
[H'] 5,25-10
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Ipumep 7. Beruucnute pH pactBopa nuranoBogopoaHou kuciaotsl HCN
c MoJisipHOM KoHueHTpauueit 0,17 M, KoHCTaHTa AHMCCOIMALMUA KOTOPOM
paBHa 6,2:107"°.

Pewenue. 1lnanoBogopoaHas KuciaoTa (CJIaObI AIEKTPOJIHMT) JIUCCO-
IIUUPYET 00paTUMO:

HCN S H +CN'.

HaxoauM cTemeHb AMCCONMAIMM, 3aTeM KOHIEHTpamuio H -HOHOB B
pactBope u 1ocie 3toro pH.

1) Crenenp auccoruanvy BBIYUCISIEM IO 3aKOHY pa3daBienusi Oct-

BaJibJAa:
K . -10
“=\/c - \/6’2 o 36,4710 =6,0.107

0,17
2) OnpenernsieM KOHIICHTPAIIMIO KATUOHOB BOJIOPO/IA:
[H'] = a-C,(HCN) = 6,0-10>-0,17 = 1,0-10"°.
3) Borunciisiem BoIOpOHBIN MOKa3aTeNb:
pH =—lg[H'] = —1g(1,0-107) = 5.

Ipumep 8. IIpoeneHo Tpu paza TurpoBaHue S0 MJI COJISIHOM KHUCIOTHI
neuuHopManbHbiM pacTBopoM KOH. Pacxon miénoym B KaXAOM U3 TPEX
onbITOB coctaBui 12,6 mut, 12,4 M u 12,5 mut. BeluucinTe KOHIEHTPALUIO U
BOJIOPOAHBIN ITOKA3aTENb PACTBOPA COJISIHOM KUCIIOTHI.

Pewenue. 1) Haxogum cpenuuii 00bEM pacTBopa MIENOYH, UCIIOIB30-
BAHHOM JIJIs TUTPOBAHUSI:

Vi="0(12,6 + 12,4 + 12,5) = 12,5 mu.

2) Ilo 3akOHY SKBHUBAJICHTOB JJIS PEAKIMi B paCTBOPAX BBIYUCISEM JK-
BUBAJICHTHYIO KOHIICHTPALMKO pacTBOpa COJISIHOW KHCIIOTBHI, KOTOpas paBHa
MOJISIPHOM:

Ve CGow 12501
K, K V -

K

=0,025 1. = 0,025 M.

o +

3) B paz0aBiieHHOM pacTBOpE COJISHOM KHUCIIOTHI KOHIeHTpamus H -

MOHOB paBHA KOHIIEHTPAIlMU CaMON KUCJIOTHI BCIEACTBUE €€ MOJHOM AUCCO-
nnanuu. Beraucisiem pH pactBopa:

pH =—lg[H"] = -1g0,025 = 1,6.

Ipumep 9. Brruucnure pacTBOpUMOCTh opTodocdaTa KaldbIUs U MO-
2+ 3-
asipHble  KOHIeHTpauuu uoHoB Ca” u PO,” B HACBIIIEHHOM pacTBOpe
-29
Caz(PO,),, npousBeieHre pacCTBOPUMOCTH KOTOporo pasHo 2,0:10 .
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Pewenue. 1) 3anuceiBaeM cxemy Arccormaiiy oprodocdaTa Kanblus U
BBIPKEHUE MMPOU3BEICHUS PACTBOPUMOCTH:
Ca;(PO,), S 3Ca® + 2P0, IIP =[Ca*']:[PO, T
2) PactBopumocTh oprodocdara kanablius B MOJL/J 0003HaUMM Xx. B
srom ciygae [Ca*'] = 3x, [PO,” ] == 2x, IIP = (3x)’:(2x)* = 108-x’. O1crona
HAXOJIUM X:

2.0-10 *
xX= S\/T = 0,75-10"° momnb/i.

3) PaccuntsiBaeM pacTBopuMOCTSH (S) opTodocdaTa Kamplus B I/1, yuu-
TBIBasl, YTO €ro MoJisipHast Macca paBHa 310 r/Mob:
s = Mx=310-0,7510"°=2,3-10" r/n.
4) HaxouM KOHIIEHTPAllUh HOHOB Ca*" uPO,”:
[Ca’]=2,25-10"° momns/m; [PO4]=1,5-10"° moms/m.

Ipumep 10. [IpousBeneHue pacTBOPUMOCTU XJOpUJa cepedpa paBHO
1,78:107". Kaxoit 066EM BOABI OTPeOyETCS ISl PACTBOPEHHS OHOTO IPAM-
Ma 3TOTO BellecTBa?

Pewienue. 1) 3anucbiBaeM ypaBHEHUE PACTBOPEHHS U BBIPAXKEHHE MPO-
U3BEJICHUS] PaCTBOPUMOCTH XJIOpHIa cepedpa:

AgClyy 5 Ag') + Clp;  TIP(AgCl) = [Ag'][CI]=1,78-10""

2) PactBopumocTh XJopuaa cepedpa 0003HayaeM X; B ITOM CIydae

[Ag"]=[Cl]=x, IIP = x* & MOXHO BBIYUCIIUTb X'

x= VIIP = \/1,78 107" = 1,3-107° mons/.

3) MonspHas macca xyopuaa cepedbpa 143,3 r/MoJib; BBIUKCISAEM €ro
pPacTBOPUMOCTS § B T/II:

s=Mx=143,3-1,3-10"=1,86:10" r/n.

4) Haxomum o00OBEM BOJIbI, HEOOXOAMMBIN i PACTBOPEHUS OJHOTO
rpamma XJIopuja cepeopa:

1 1
—~ 3 - 537,6 JI.

MH0) =5 = 178610

Ipumep 11. Onpenenure pacTBOPUMOCTh cyiibdaTta Gapus. Kak uzme-
HUTCS pacTBopuMocTh BaSO, mocie nobaBieHusi K OIHOMY JIUTPY €ro Ha-
ceIieHHoro pactsopa 1,74 r K,SO,?

Pewenue.1) Cyasdar 6apust (ITP = 1,1-10"'"°) mpu pacTBOopernn aucco-
LUUPYET IO CXEME:
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BaSO, = Ba*" + SO,*,

2+ 2-
MO3TOMY MOJIIpHBbIE KOHIIeHTpauu noHoB Ba™ u SO~ oauHaKoBHI U, clie-
JoBaTeNbHO, pacTBopuMocTs BaSO, paBHa:

s=+/1,1-10"" =1,05-10" monp/m.

2) Monspnas macca K,SO,4 paBHa 174 r/Mob, clieoBaTeIbHO, KOTHYEC-
CTBO cyJb(ara Kajus B OJHOM JUTpe pactBopa coctapiset 0,01 mob.

3) ITOCKOJIBKY MPOHM3BEICHNE KOHIEHTpaImii noHoB Ba® 1 SO,* paBHO
MIPOU3BEJICHUIO PACTBOPUMOCTH CyJib(aTa Oapusi, MOKHO BBIYHUCIUTH KOH-
LEHTPALHIO HOHOB Ba®" B moydeHHOM pacTBope:

., P(BaSO,) _ 1,1:107"
[SO2] 0,01+1,05-10°

=1,1-10"® moms/m.

[Ba

4) PactBopumocth BaSO,4 B pacTBOpe cynbdara Kaaus MEHbIIE ero pac-
tBOprMocTH B Boze B (1,05-107)/(1,1-10%) = 955 pas.

Mpumep 12. Bomagaer mu ocaxox dropuna Gapust (ITP = 1,1-10°°) mpu
CMEIIMBAaHUU OJUMHAKOBBIX OOBEMOB CAHTHUMOJISIPHBIX PAacTBOPOB HHUTpaTa
Oapus u dhropuaa Kamus?

Pewenue. 1) Ilpu cmemmBaHM OJUHAKOBBIX 00BEMOB TaHHBIX PACTBO-
pOB 00BEM YBEIMUHBACTCS B [BA Pa3a, a KOHICHTpALHH HOHOB Ba™ u F B
J(Ba pa3a YMEHBIIAIOTCS M CTAHOBSTCS PaBHBIMHU 510~ MOIB/1.

2) dropuy Gapus auccomumpyer no cxeme BaF, S Ba®' + 2F, mosro-
MY €ro MpOU3BeICHNE PACTBOPUMOCTH BhIpaXkaeTcsi (hOpMyJIIOit:

IIP = [Ba”"]-[F ]*.
PaccunteiBaeM mpousBeAEHUE KOHLUEHTPALMA HOHOB Ba®* u F B pac-
TBOPE MOCJIE CMEIIMBAHUS JAHHBIX PACTBOPOB:
[Ba> ' [F > =5-107+(5:107)* = 1,25-10"".

[Tomy4yennas BenmmunHa meHbIne 3HadeHus [P dropuna Gapus, ciemo-
BatenbHO BaF, B ocajiok He BhImagaeT.

SAJAHUSA A CAMOCTOATEJIBHOI'O PEHIEHUSA

1. Hanummure cxeMbl 3JEKTPOJUTUYECKON JUCCOLMAIIMKI: OPTOHOTHON KH-
ciotel; cynabdara ammonus-xkeneza (I1); ruagpodocdara ammonus; op-
TOMBIIIBSIKOBOM KHCJIOTBI; XpoMara Kajus; HUTpaTa THIPOKCOXKEeJe3a
(IIT); oproTemTypOBOW KHCIOTHI; CHJIMKAaTa HATPHs; TUApOKapOoHaTa
xene3a (II); oprodocdopHoit KUCTOTHI; Cyabhara aMMOHHMS; XJIOPHIA
TUAPOKCOIMHKA; TUPOo(OCchHOPHOI KUCIOTHI; Cylb(ara Xpoma; HUTpaTa
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10.

11.

12.

13.

JTUTUIPOKCOATIOMUHUS; CEJIEHUCTON KUCIOTHI; IMEepMaHraHaTa Kajus;
TUApOapCceHaTa Kallus, CEPHUCTOM KHUCIOTHI; Cylb(dara Kalus-xpoma
(III); ruapokapOoHaTa Kanbius; GochOpUCTON KUCIOTHI; HUTpATa ajko-
MUHHUS; HUTpaTa ruapokcoBucmyta (I1I).
Brruncnure MOJISIpHYIO KOHIICHTPAIIUIO YKCYCHOW KHUCJIOTHI B PacTBOPE,
IIpU KOTOpOii €€ crenenp aucconuanuu pasHa 0,1 %.
JlaBneHue mapa pactBopa, coaepxaniero 0,05 moinb cynbdara HaTpus B
450 r BozpL, paBro 1,0072-10° Ia mpu 100 °C. Onpenenure Kaxyyocs
CTENEeHb AUCCOLUAIMKA PACTBOPEHHOTO BEIIECTBA.
Koncranta pucconmanuu wMypaBbuHoM kuciorsl HCOOH paBha
1,77-10"*. Onpenenute CTeneHb ee YIEKTPOITUTHISCKON IUCCOLMALINH B
CAaHTHUMOJIIPHOM PacTBOPE U BOJOPOJIHBIN MOKA3aTeNb 3TOTO pacTBOpA.
Onpenenurte KaXXyl[yrcs CTENEHb JUCCOLMAIMU XJIOpUAA KalablUsi B
pacTBOpe, MOJSUTBHOCTH KOTOpOoro paBHa 0,1 MOIB/KT, €ClM OH KpUCTAII-
musyercsa npu —0,52 °C.
Onpenenure Kaxyllylocs CTENEHb IWCCOLUMALMU XJOpUJA HATpUsi B
0,25 H. pacTBOpE, €ciu ITOT pacTBOp u3oronnyeH ¢ 0,44 M pactBopom
TJIFOKO3BI C6H1206.
ITpu 100 °C pnaBnenue mapa pactBopa, comepxkaimero 0,05 monb cyib-
dara Hatpus B 450 r Boasl, paBHo 100,8 klla (756,2 MM pT. cT.). Onpe-
JEJINTE KKYUIYIOCs cTeneHb Aucconunanuu Na,SOy.
Xnopua ammonust maccoit 1,07 r pactsopen B 200 mut Boasl. Temrmepa-
Typa kurenus pactBopa paBHa 100,09 °C. Onpenenute KaKyuryrocs
crenenb aucconuaruu NH,Cl B pactBope.
B pactBope xmopaoBarrctoii kucnotsl HCIO (K = 5,0-10™") ¢ koHueH-
tparueit 0,1 monw/n ctenens e€ aucconuanuu paBaa 0,08 %. [1pu kakoi
KOHLIEHTpAlM1 pacTBopa oHa yBenuuusaercs B 10 paz?
KOHCTaHTa JIMCCONMALNH a30THCTOM KUCIOTH paBHa 5-107. Onpenenu-
T€ CTeneHb Auccounranuu KuciaoTel B 0,1 M pacTBope U BOJOPOAHBIN
MOKa3aTellb TOr0 pacTBOpA.
KoHcraHTa nucconuanuy CEpHUCTON KUCIIOTHI MO MEPBOM CTYNEHU paB-
Ha 1,3-107, a o Bropoit 0,6:10"". YeMy paBHBI CTEIICHN AHCCOLUALIHH
CEPHUCTOMN KUCIIOTHI O; U Oy B IELIMMOJISIPHOM PAacTBOPE U BOJOPOIHBIIM
MoKa3aTelb 3TOro pacTBopa’?
Onpenenure NaBieHUWE Mapa BOJHOIO pacTBOpa THUAPOKCHIA KaIHs
(0 = 0,5 %) npu 50 °C. JlaBnenue napa BOJABI IIPU 3TOM Temmeparype
paBHO 12334 Ila. Kaxxymiasicst CTeNeHb IUCCOLUMAIIMU THIPOKCUIA KaTUs
B 3TOM pacTBope paBHa 87 %.
Onpenenure CTENEHb JIUCCOIMALMU ClIa00M yKCYCHOM KHCIOTBI
CH;COOH (K = 1,754-107) B 0,001 M pacTBOpe U BOZOPOIHBII TTOKA-
3arelib 3TOr0 pacTBOpa.

137



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

25.

26.

B pactBOpe comepkarcs MOHBI Ba™ u Sr** ¢ KOHICHTpalUuen 510" u
5-10"" momb/1, cooTBeTCTBEHHO. K pacTBOpY MOCTEIICHHO IpHGABIsSETCS
xpomat kamusa K,CrO,. Kakoe BeliecTBO M NMpHU KakoW KOHIIEHTpAIUU
K,CrO,4 BbIllagaeT B 0CaJOK TEPBBIM — XpoOMaT Oapusi WIU Xpomar
CTPOHIMS, €CIIM MX HPOM3BEIEHMs pacTBOpuMocTH paBHb 2,3-107'0 u
3,6:107?

[Tpu 20 °C B ogHOM IUTpPE BOABI pacTBOpsieTcst 6,5 Mr docdara cepedpa
Ag;PO,. Beiuucnure npousBeieHre pacCTBOPUMOCTH 3TOTO BEIIECTBA.
[IpousBefeHHe PACTBOPUMOCTH KapOOHATa KaaMmus paBHO 2,5:107'7
BhImazer 11 0cagoK, ecim cMemars 1 1 107 M pactBopa Cd(NO3), ¢ 1
1 peuuMossipHoro pactsopa Na,COs?

Cmemano 50 mn pactBopa AgNO; (konuentparus 0,1 M) u 100 mn
pactBopa NaCl (koumnentparust 0,5 M). Omnpenenure maccy XJIOpHuaa
cepeOpa, BBIIABIIEro B 0canok, ecau IIP(AgCl) = 1,8:107"°.

Beruucnure pH 0,2 M pactBopa Mypassunoil kuciaotsl HCOOH, k on-
HOMY JUTpPY KoToporo aobasieHo 3,4 r ¢opmuara Hatpus HCOONa,
ec a(HCOONa) = 93 %, K(HCOOH) = 1,77-10 ",

Brruncnure pH pactBopa, nmomydyeHHoro cmemmBanuem 0,5 1 0,02 M
pactBopa AICl; u 0,5 1 1,5 M pactBopa ammuaka.

Boruucnure BoJIOpOHBIN MOKa3aTeNb pacTBOPa, B OJTHOM JIUTPE KOTOPO-
ro coaepxutca 0,2 Moas NaHCO; u 1 monb Na,COs;.

Kak uzmenutcs xonnenrpanus nonoB OH B 1 H. pacTBope ammuaka (K
=1,77-107), eciut k 5 11 pacTBOpa 106aBUTH 26,75 T XJIOPHIA AMMOHHS,
KKYILIAsACS CTENEHb IUCCOLMAIMU KOTOPOro 85 %?

Kaxoit 06bem 1 M cosnstHOM KUCIIOTHI TpedyeTcs 100aBuTh K 100 Mt 9%-
ro pactBopa KOH (p = 1,006) myst noctrkenust pH = 5,57

Onpenenute KoHIEHTpanuo H -HOHOB B pacTBOpE, B OJJHOM JIUTPE KO-
Toporo cogepxkurcss 0,1 Mons rugpoxcuga ammonus (K = 1,77-107)
u 0,01 monp kapboHara ammonusi. Kak M3MEHUTCS KOHIIEHTpALMs HOHOB
H' npu pas6asnenun pactopa B 10 paz?

. Cmemamu 350 mn 1,4 M pactBopa NaOH u 650 mn 1,6 M pactBopa

NaOH. Yemy paBeH BOAOPOAHBIN MOKA3aTENb MOJIYYEHHOTO pacTBopa’?
Cwmemanu paBubie 00bembl 0,02 M pactBopa KOH u 0,002 M pactBopa
CH;COOH. Yemy pasen pH nomyuenHoro pactsopa ?

Temnepatrypa kpuctamuzanuu 0,018-MonsIpHOr0 pacTBOpa rHAPOKCHU-
na 6apus pasua —0,088 °C. Beraucnute pH atoro pactopa.

I'nasa 13
PEAKIIUU B PACTBOPAX DJIEKTPOJIUTOB

138



ITo Teme «Peakiuu B pacTBOpax 3JIEKTPOJIIUTOBY HEOOXOAUMO 3HATh U
YMETB CIIETyIOLIEE.

1. 3anuceiBaTh B MOJIEKYJSIPHOM M HOHHOM BHUJE YpPaBHEHHUS HMOHOOO-
MEHHBIX PEaKIMi ¢ ydacTheM U 00pa3oBaHMEM HEPacTBOPHMOIO BEIIECTBA,
rasa, ciaboro 3JeKTpOJIMTa, NEPEeBOa KUCIBIX U OCHOBHBIX COJEH B HOp-
MaJibHBIE.

2. YcraHaBiIMBaTh HalpaBie€HUE HOHOOOMEHHOU pEeaKuu, €CIH B JIEBOM
U MPaBOM 4YacTAX €€ YpaBHEHHs] MMEIOTCS HEPaCTBOPHUMBIEC BEIIECTBA WJIU
CJ1a0bI€ 3JIEKTPOJIUTHI.

3. Onpenensats o GpopMyJie coyiv TUM €€ TUAPOJIN3a U CPEy pacTBOpPA.

4. 3anuceIBaTh MOJIEKYJISIPHBIE M MOHHBIE YPaBHEHUS THIPOJIM3a COJIEN U
COJIEMOAOOHBIX COETUHEHUI HEMETAILIIOB.

6. YcTaHaBiMBaTh, YTO MPOUCXOJUT C TUAPOJIU3OM JaHHOM coiu (ycu-
JeHue, ocialiaeHne, U3MEHEHUI HeT) mpu pa30aBlIEHUU pacTBOpa U BBEJE-
HUU B €€ pacTBOp APYI'UX BEIECTB.

3. CpaBHHMBATH COJIM 10 TOJHOTE WX THApoiu3a (6e3 pacueToB) M pac-
CUMTBIBATh KOHCTAHTY U CTENEHb THIPOJIN3A COJIEH.

IMPUMEPBI BBIIIOJTHEHU S 3AJAHUM

IIpumep 1. Hanummure B MOJEKYJISIPHONW U MOJICKYJIIPHO-HOHHOM (op-
Max YpaBHEHMs peakiuii Mexay cieayroomumu BemiectBamu: a) BaCl, u
Nast4; 6) Na2803 u HCI, B) CH3COOK n HzSO4, F) HC1 n KOH.

Pewenue. OOMeHHbBIE pEAKIMU MEXAY 3JIEKTPOIUTAMH MPAKTUYECKH
HEoOpaTUMbI M HIYT O KOHIIA B Ciiydae OOpa3oBaHUS MajJOpaCTBOPUMBIX,
MaJIOAUCCOIMUPYIONIUX U Ta3000pa3Hbix coeauHenuil. [lpu cocrtaBieHun
MOJIEKYJISIPHO-MOHHBIX YPaBHEHUN MajopacTBOPUMBIC, MajloJAUCCOLMUPYIO-
IIMe ¥ ra3000pa3HbIe BEIIECTBA 3alMCHIBAIOTCS B BHUJIE MOJIEKYJI, a CHIIbHBIC
3JIEKTPOJIUTHI B BUJIE HOHOB, HA KOTOPbIE OHU Juccoruupytor. CiaenoBaTeib-
HO, YPABHEHUS PEAKIMI MEK/y BEIIECTBAMU TaKOBBI:

a) BaCl, + Na,SO, = BaSO, + 2NaC(Cl;
Ba®" + SO,” = BaSO..
6) NﬂzSOg, +2HC1 = 2NaCl + 802 + HQO,
SO;* +2H" = S0, + H,0.
B) 2CH;COOK + H,S0,4 = K,SO, + 2CH;COOH;
CH;COO™ + H" = CH;COOH.
r) HC1 + KOH = KCI + H;0;
OH +H" =H,0.
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Ipumep 2. Hanumunre B MOJEKYJISIPHO-UOHHOM BUJE PEAKIIMU MEXKIY:
a) THIPOKCUIIOM aMMOHUSI M COJITHOM KHUCJIOTOM, 0) THMIPOKCUIOM ITMHKA U
CEPHOU KUCIIOTOM, 1) TUIPOKCUIOM LIMHKA U TUAPOKCUIOM HATPHSL.

Pewenue. Ilpu BBIIOTHEHUU 3TOTO 3aJaHUA CIEAYET UMETh B BHJY, UYTO
THIPOKCU]] aMMOHUS M BOJA SIBJISIOTCS CIA0OBIMU AJICKTPOIUTAMHU (TTOITOMY
X (HOpPMyYJIBI 3aMUCHIBAIOTCS B MOJEKYJISIPHOM BHUJE), & MaJOPACTBOPUMBII
THIPOKCH]] IIMHKA TPOSBIIsICT aM(OTEpHBIE CBOWCTBA (B3aUMOJACHCTBYET C
KHUCJIOTaMH U IeJI0YaMu):

a) NH,OH + HC1 = NH,C1 + H,0;
NH,OH + H" = NH," + H,0.
6) ZH(OH)2 + HzSO4 = ZHSO4 + ZHZO,
Zn(OH), + 2H" = Zn*" + 2H,0.
B) Zn(OH), + 2NaOH = Na,[Zn(OH),];
Zn(OH), + 20H = [Zn(OH),]*".

IIpumep 3. IlpuBeneHo COKpalleHHOE HOHHO-MOJEKYJSIPHOE YypaBHE-
ane: CN + H' = HCN. CocraBbTe 10 HEMy HECKOJIBKO BO3MOKHBIX MOJIEKY-
JIIPHBIX YPaBHEHUU.

Pewienue. B neBoii yacTu JaHHOTO YpaBHEHUS yKa3aHbl CBOOOHBIE HO-
el CN™ 1 H'. DTu noHBI 06pa3syloTcs NpH AUCCOIMAIMH KaKHX-THO0 pac-
TBOPUMBIX CHJIBHBIX AMEKTPOauTOB. MoHbl CN™ MOTYT 00pa30BBIBATHCS MPU
muccormaruu, Hanpumep, KCN, NaCN, LiCN; noHs H' o0pa3yroTcs npu

JUCCOLMAIIMU JTFOOBIX CHJIBHBIX KHCIOT. TakuM 00pa3oM, MOJIEKYJISIpHbIC
YPaBHEHHMS PEAKLIMI MOKHO 3alIMCaTh B CIEAYIOIIMX BapyUaHTaX:

1) KCN + HC1 = KC1 + HCN,
2) NaCN + HNO; = NaNO; + HCN,
3) 2LiCN + H,SO4 = L1,SO4 + 2HCN.
IIpumep 4. Hanumute ypaBHEHUs CTYNEHYATOrO THIPOIN3a KapOoHaTta
HaTpus, oprodocdara Kanus, HUTpaTa IIUHKA U XJIOPHUIA aTIOMUHUS, YKAKH-

TE Cpelly pacTBOPOB.
Pewenue. 1) 'unponus kapOboHaTa HaTpus UAET B IBE CTYIICHHU.

— nepBas ctynenb: Na,CO; + H,O 5 NaHCO; + NaOH,
COZ +HOH s HCO;+OH",

— BTopas crynenb: NaHCO; + H,O 5 H,CO; + NaOH,
HCO; + HOH S H,CO;+OH .
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B cBs3u ¢ Tem, yto ruapokapoonar-uoH HCO; umeer Oounbliuid, yeMm
kapGoHaT-non COs>, pasMep M B [Ba pa3a MEHBIIHII 3apsil, ero IOJSpH-
3yIolllee JIEWCTBHE HE3HAUMTENbHO. 1l03TOMYy BTOpas CTymeHb THAPOIH3A
IIPAKTUYECKHU HE UIET U €€ MOKHO HE YUuThIBaTh. OTCYTCTBHE BTOPOM CTY-
NEHU TUAPOJIN3a MOXXHO OOBSICHUTH W TEM, YTO HAKOIUIEHHE B PacTBOpE
OH -HOHOB npU THIPOIU3E MO NEPBOM CTYNEHU MPEMATCTBYET UX 00pa3oBa-
HUIO 10 BTOpoi (B coorBeTcTBUM ¢ mpuHiuinoM Jle Illatense). Cpena pac-
TBOpa — menoynas (pH > 7).

2) IIpu runponuse oprodocdara Kanust BO3MOXKHBI TPU CTYIEHU:

—mnepsas: K;PO, + H,O S K,;HPO, + KOH,
PO} + HOH & HPO; +OH;
—Bropas: K,HPO, + H,0 S KH,PO, + KOH,
HPO +HOH & H,PO, + OH;
— TpCThA: KH2P04 + HzO A H3PO4 + KOH,
H,PO, +HOH S H,PO,+OH";

MPAKTUYCCKUA PEAKIUs MPOTEKAET MO MIEPBOM CTYNCHW M B HE3HAYMTEILHON
CTETICHU TI0 BTOPOM, TPEThs CTYNEHBb MPH OOBIYHBIX YCIOBHSIX HE HaOJIO/a-
ercs. Cpena pactBopa — menoynas (pH > 7).

3) 'maponu3 HUTpaTa IMHKA UAET B JIBE CTYTICHU:

—mnepBast:  Zn(NOs), + H,O S ZnOHNO; + HNO;,
Zn’"+HOH S ZnOH' + H';

—Bropas: ZnOHNO; + H,O 5 Zn(OH), + HNO;,
ZnOH" + HOH S Zn(OH), + H™.

Katnonbl ruipokconmHka ZnOH" MMEIOT, 110 CPABHEHUIO C KATUOHAMU
Zn*", Gompmmii pasMep U B JIBa pa3a MEHbLIMU 3apsll; UX NOJISPU3YIOLIEE
JIEWCTBUE HEBEIMKO, MOATOMY BTOpasl CTYNEHb TMIPOJIA3a MPAKTUYECKU HE
unct. [lomaBmeHrne BTOPOM CTYNMEHH THUIPOJIW3a MOKHO OOBSICHHUTH U TEM,
YTO HaKOTIeHHe B pacTBope H' -MOHOB Ha MepBOii CTYMEHH MPENATCTBYET UX
oOpa3oBanuto no Bropoit. Cpena pactBopa — kucias (pH < 7).

4) Ilpu runponuse XJI0opu/ia aTIOMUHUS BO3MOKHBI TPU CTYIICHHU:

—mepBasi:  AICL, + H,0 S AIOHCI, + HCI,
Al +HOH S AIOH* +H';
—Bropasi: AIOHCI, +H,0 S Al(OH),Cl+HCI,

AIOH* + HOH & Al(OH); +H*;
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—Tpetbsi: Al(OH),Cl+H,0 & Al(OH), +HCI,
AI(OH)! + HOH S Al(OH),+H".

[Tpu 0OBIYHBIX YCIOBHSIX MOYTH HAIIENO MPOXOAUT TUIPOIU3 MO MEPBOU
CTYNEHU U 4acTU4YHO 1o BTopoi. Cpena pactBopa — kucnas (pH < 7).

IIpuMmep S. Beruucaure KOHCTaHTY THIPOJIM3A XJIOPUIA aMMOHMS, CTe-
nenb rugponusa B 0,1 M pactBope u pH storo pactBopa. Ilo pesynbratam
BBIYMCJICHUN CIIETIANTE BBIBO/I.

Pewenue. 1) 3anucbiBaeM ypaBHEHUE THIPOJIU3Aa U BBIPAKEHUE KOH-
CTaHThI TUAPOJIN3A:

NH,C1+ H,0 $ NH,OH + HCl, NH, +H,0 $ NH,OH+H".

x = [NH OHJH ']
[NH ;]

2) YMHOXKas YUCIUTEIb M 3HAMEHATENb MPABOM YaCTU BBIPAXKEHUS Ha
KOHIICHTPAIUIO THAPOKCUI-MOHOB, TOJlydaeM (GopMyiy IJjis pacuéra KOH-
CTaHTBI TUJIPOJIN3a U BBIYUCIISIEM €€ M0 CIIPABOYHBIM JIAHHBIM:

_ [NH,OHJ-[H']-[OH]_ K, _110™

= =5,6-10",
' [NH;]-[OH "] K(NH,OH) 1,8:10°

3) Ilo 3akoHy pa3baBnenust OCTBaIbAA BHIYUCISIEM CTENEHb THIPOJIN3A:

K. 56-107" .
G=al o = o1 =7,5-10" =7,5-10" %.

4) PaccunThiBaeM KOHIEHTPALIUIO HOHOB BOJIOPO/IA:
[H] =0, Cy=7,5107-0,1=7,510"°.
5) Borunciisiem BoJIOpOIHBIN MOKa3aTeNb pacTBOpa:
pH =—1g(7,5:10%) =5,1.

N3 pe3ynpTaToB BBIUUCICHUS CIEAYET, UTO TUAPOIU3 XJIOPUAa aMMOHUS
MIPOTEKAET B HE3HAYUTEIBHOW CTEIIEHHU, CPEla PACTBOPA KUCIIASL.

IIpuMmep 6. Beruncnure KOHCTaHTY THAPOIM3A HUAHUAA KAJINSL, CTEIICHb
ruapoausa B 0,1 M pactsope u pH atoro pacteopa. I1o pe3ynpraram BbIYmUC-
JICHUM cliejaliTe BBIBO/I.

Pewenue. 11ocnenoBaTebHOCTh PELIEHUS TAKAS K€, KAK U B NPEAbIAY-
HIEM IIPUMEpPE, TOJIBKO BO BTOPOM JEHCTBUU IPABYIO YaCTh BBIPAKECHHS IS
KOHCTaHThI TMAPOJIM3a YMHOXKAEM U JIEJIUM Ha KOHLEHTPALUIO0 KaTHOHOB BO-
nopoaa.
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1) KCN + H,0 5§ HCN + KOH; CN + H,O5 HCN + OH".
[HCN]-[OH ]

' [CN7]
- + -14
2 . = [HCN] [_OH ]+[H ]_ K, _ 110 L 16107,
' [CN™]-[H"] K(HCN) 6,2-10
1,6-107 3
D=4 T gy 40107 =04%.

4)[OH]1=4,0-107-0,1 =4,0-10"".
5) pOH = —-1g(4,0-10 %) =3 4.
6)pH=14—pOH=14-34=11,6.

IMuaponu3 nuaHuma Kaiaus MPOTEKaeT MOJHEE, YeM XJIOpUJa aMMOHUS,
nockoiabky HCN siBiisieTcst cnaObiM anextposnuToM (cinabee, uem NH,OH);
cpela pacTBOpa IIeToYHasl.

IIpumep 7. Bolunciure KOHCTAHTY THAPOJIM3a HUTPUTA AMMOHHUS U OTI-
penenuTe CTeneHb TUApPONN3a B JESHUMOINIIPHOM pacTtBope. CrenaiiTe BhIBOJ
U OIIPEJICIIUTE CPEAY PacTBOpA.

Pewenue. 1) 3anuceiBaeM ypaBHEHHE TUJIPOJIM3a U BBIPAKEHUE KOH-
CTaHThI THAPOJIN3A:

NH,NO, +H,0 5 NH,OH + HNO,;
NH, +NO, +H,0 5 NH,OH + HNO, .

~ [NH,OH]-[HNO,]
&7 T INH T NO, ]

2) YMHOXaeM YHCIUTEIb M 3HAMEHATEIb NPABOW YacTH BBIPAXKEHUS
KOHCTAHThI THAPOJIN3a HA KOHIEHTpanuio kaTuonos H' u anuonos OH ™, mo-
JTy4yaeMm (QopMyiy JUIs pacdéTa KOHCTAHTBI THIPOJIN3a MO CIIPAaBOYHBIM JaH-
HBIM:

K :[HCN][HNOZ][H*][OH‘]: K,
"~ [NHI][NO;][H']J[OH"]  K(NH,OH)K(HNO,)

3 1-107"
1,8-107-5,1-107
3) Beiuucinsem cTeneHb ruposinsa;

=1-10".
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-6
o — 1-10

=3,2-10°=0,32 %.

2

Cpena pactBopa ciaabokucias, Tak Kak U3 JIByX oOpa3yroIIuXcs cladbix
anexktponuToB (NH,OH u HNO,) azoTucras kuciora umeeT Oojblee 3Haye-
HUE KOHCTAHTHI TUCCOITHAITIH.

IIpumep 8. Onpenenure KOHCTAHTY TrUaposiu3a oprodocdara Kaaus Mo
BCEM CTYIICHSIM, BBIYUCIHUTE cTeneHb ruaponnsa B 0,1 M pactBope u pH 3T0-
ro pactBopa. Heobxoaumo ynu nipu BbrurciieHud pH yuuThIBaTh BCe CTyNEHU
TUIPOJIN3A?

Pewienue. 1) 3anucpiBaeM ypaBHEHHE THIPOJIM3A 10 TIEPBOM CTYNEHU U
MIPOBOJIUM BBIYHCIICHUS KOHCTAHTHI U CTETICHU TUIPOIIU3A:

K;PO, + H,O 5 K,HPO, + KOH; PO, + HOH S HPO; +OH';
K _ 110

W

K= @ro) 24107 -
3( 3 4) s T

2.3-107°
=,/’—= — 48 %.
0 01 0,48 = 48 %

2) IIpoBoaMM Takue x€ pacy€Thl JUIsl BTOPOM CTYIEHH TUAPOIIH3A:

K,HPO, + H,0 S KH,PO, + KOH; HPO. +HOH & H,PO, + OH " ;

23-107%;

-14
Ky, —tw 1-10 =16-107;
K,(H,PO,) 62-10

1,6-1077
0 = W’T: 1,3-10 * = 0,13 %.

3) AHanoru4Hsle pac4€Thl IPOBOJUM JJI TPETHEN CTYNEHH TUAPOIN3A:

KH2P04 + HQO s H3PO4 + KOH, HZPO; +HOH S H3PO4 +OH,

w

K =
* K,(H,PO,) 7,6-107

-12
Oy = ,/% =36-10°=36-10* %.

PacuéTel moka3pIBalOT, UTO CTETEHH TUAPOIH3a opTodocdaTa Kaaus 1Mo
BTOPOU U TPETHhEMN CTYIICHSIM [0 CPABHEHHIO C IIEPBOM CTYNEHBIO TMIPOJIN3A

14
K, 110" oo,
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HE3HAYUTENIbHA, [I03TOMY MX MOXHO HE Y4YUThIBATh. JlaJibHEUIINE PACUETHI
IIPOBOJIUM TOJIBKO JJIsI IEPBOM CTYIICHHU.

4) [OH ] = a,Cy = 0,48-0,1 = 4,8-10 * moIB/11.
5) pOH = —1g(4,8:10 %) = 1,3.
6)pH=14—pOH=14-13=12,7.

Ipumep 9. Onpenenute cpeay pacTBOPOB THIPOKapOOHATA HATPHS U
THIPOCYIIb(HUTA HATPHSL.

Pewenue. 1) PaccMoTpuM CcHavajia MpoIeccsl B pacTBOpe TMIPOKapOo-
Hata Harpusl. Jluccouuarysi 3Tol coyid UAET B JIBE CTYICHU, KATHOHBI BOJIO-
poJia 00pa3yroTcsi Ha BTOPOU CTYIICHHU:

NaHCO, =Na“ + HCO (I; HCO; S H' +CO* (ID).

KoncranTta auccorumanuu mno BTopoul cryneHu — 3T1o K, yroibpHOM Ku-
11
cioThl, paBHasg 4,8-10 .
I'uaponus rugpokapboHaTa HATPUSL ONMUCHIBAECTCS] YpaBHEHUEM

HCO; +H,0 5 H,CO, +OH ",
KOHCTaHTa KOTOPOIr'o paBHa:
K _ 110

W

K = = -
K,(H,CO,) 4,510

=2,2-10"%,

KoncranTa rugponusza 3aMeTHO OOJbIE KOHCTAHTHI JUCCOLUAIINH, TI0-
stoMy pactBop NaHCO; nmeer menounyro cpeny.

2) B takoii e mocineaoBaTeIbHOCTH PACCMOTPHUM MPOIECCHI B paCTBOPE
rUApoCyb(duTa HAaTPUS:

NaHSO, =Na" + HSO; (I); HSO; S H' +SO: (I).
KoncTanTa nucconpanuu 1o BTOPOM CTyIEeHH — 3TO K, CEpHUCTON Ku-

-8
cloThI, paBHag 6,2:10 °.
IM'uaponus rugpocyibpuTa HaTPUS OMUCHIBACTCS ypaBHEHUEM

HSO; +H,0 S H,SO, +OH,
KOHCTAHTAa TUAPOJIN3a paBHA:

14
K = K, _ 1-10 _ ~5.9.10".
K,(H,SO;) 1,7-10

B sToM cnyuyae KOHCTaHTa AMCCOIUAIMN OOJNbIEe KOHCTAHTBI THIPOIIH-
3a, mo3ToMy pactBop NaHSO; nmeer kuciyo cpeny.
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Ipumep 10. Iloxkaxkute ypaBHEHUSMH DPEAKLMI B3aMMHOE YCHUIICHHE
ruposinza npu cMmemuBanuu cojieit xpoma (III) m xapOoHATOB MIETOYHBIX
METaJIJIOB.

Pewenue. TlepBoie cTynenu ooparumoro ruapoausa coneit xpoma (I11) u
KapOOHATOB IIEJIOYHBIX METAJUIOB OMUCHIBAIOTCS CIEIYIONUMHA HOHHBIMU
YpaBHEHUSIMU

Cr’"+H,0 5 CrOH*” +H';  CO;” + H,0 5 HCO; + OH.
[Ipu cMemMBaHUM PacTBOPOB TMAPOJIN3 CTAHOBUTCS HEOOPATUMBIM U TIPOXO-
JUT 70 KOHIIA BCIIECTBUE HEUTPATN3AIMH KUCIIOTHI (H+) nienoubto (OH):
H'+OH =H,0.
OT0 cIOCOOCTBYET MPOTEKAHUIO BTOPBIX CTYMEHEH TUIPOIU3a:
CrOH*" + H,0 S Cr(OH),  + H; HCO; + H,0 S H,CO; + OH .

Kucnora u menous, oOpa3yrouecss Ha BTOPOil CTYIEHH, TaKKe HeUTpa-
JU3YIOT APYT JIPyTa, UTO BBI3BIBAET MPOTEKAHUE TPEThEW CTYNEHU TUIPOJIn3a
cosia xpoma (I1I):

Cr(OH), + H,0 = Cr(OH); + H".
CyMMupys Bce CTYIEHH MPOIEcca ¢ YYETOM TOT0, YTO YrOJbHasl KUCIIO-
Ta pasnaraercsi B MoMeHT oOpazoBanusi (H,CO; = H,O + CO,), nonydaem
oOlliee ypaBHEHHE PEAKIIUA B MIOHHOM BUJIE:
2Cr" + 3C0;” + 3H,0 = 2Cr(OH);4 + 3CO,T.
[Tpumep MONEKYISIPHOTO YpaBHEHUS:

Cry(SO4); + 3Na,CO; + 3H,0 = 2Cr(OH)54 + 3Na,SO, + 3CO,T.

Ipumep 11. O6bsicHUTE 0COOEHHOCTU TUAPOIN3A TUAPUIOB, HUTPHUIOB,
KapOuJI0B U CyIb(UJIOB.

Pewenue. I'unponus Takux coieo0pa3HbIX OMHAPHBIX COCUHEHUH, KaK
TUAPUIBI, HUTPUIBI, hochuibl, KapOuabl, CyabGUIbl U JIp., IPOTEKAET CBOE-
o0OpazHo.

ConeobpasHble THUIPU]IBI METAJUIOB pa3jaraioTcs BOJOW ¢ 0Opa3oBaHU-
€M BOJI0pO/ia, HUTPUIBI — aMMHUaka, a pocuabl — pochuna:

CaH, + 2H,0 = Ca(OH), + H,T,
MgsN, + 6H,0 = 3Mg(OH), + 2NH; T,
Ba;P, + 6H,0 = 3Ba(OH), + 2PH;T.

Coneobpa3Hbie KapOUIbl METALIOB MOAPA3ICISAIOTCS HAa METAHUIbBI U
aleTWICHUIBI. MeTaHUIbI IPH THAPOIN3E 00pa3yloT METaH:

AlC; + 12H,0 = 4A1(OH); + 3CH,T,
146



d alCTUJICHU bl — alICTUJICH .
CaC, + 2H,0 = Ca(OH), + C,H,T.

Cynbhuasl MEI0YHBIX U MIEIIOYHO3EMENBHBIX METAUIOB PACTBOPSIOTCS
B BOJI€ U TUJPOJIU3YIOTCS 00paTUMO:

Na,S + H,O S NaHS + NaOH,
BaS + H,O S Ba(HS), + Ba(OH),.
Cynsdune! xeneza (1), xpoma (III), amroMUHUS U HEKOTOpBIE Ipyrue
MOJIHOCTBIO Pa3JlaratoTcsl BOJAOW € BBIJAECICHHEM CEPOBOIOPO/IA, HAIPUMED:
ALS; + 6H,0 = 2A1(OH)4 + 3H,ST.

[Tonydenne 3TuUX CylIb(pUIOB B BOJHBIX PACTBOpPax HEBO3MOXKHO; UX
CUHTE3UPYIOT B HEBOJIHBIX CpefaxX WM METOJO0M HEMOCPEICTBEHHOTO B3au-
MOJICMCTBUS METAJIJIa C CEPOM.

OcranpHble Cyab(UIBI B BOJIC MPAKTUYECKH HE PACTBOPSIIOTCS, TTOITOMY
TUJIPOJIN3Y HE MOJIBEPIKEHBI.

IMpumep 12. Hanummre ypaBHEHHS peakivii THAPOINM3a COICO0pa3HbIX
COEIUHEHUH C MPEUMYIIECTBEHHO KOBAJICHTHOM CBSI3BIO.

Pewenue. Coneobpaszubie coenuHenus cypbMmbl (III), Turana (IV), uup-
konus (IV) u npyrue ruaponu3yroTcsi pakKTUYECKHn HeoOpaTUMO ¢ 00pa3o-
BaHUEM MaJIOPACTBOPUMBIX OKCOCOJEH M THAPATUPOBAHHBIX OKCUIOB. Ha-
npumep, ruaponu3 xjaopuaa cypbmsl (1) maer ¢ o6pazoBanueM Manopac-
TBOpUMOTO XJiopuaa okcocypbMmbl (I1I):

SbC13 + Hzo = SbOHC12 + HCl,
SbOHCI, + H,O = Sb(OH),Cl + HCI,
Sb(OH),C1 = SbOCI + H,0.
Taxoke uaer ruaponu3 xjaopuaa mupkonus (IV):
ZI'C14 + HzO = ZI'OHC13 + HCI,
ZrOHCl; + H,0 = Zr(OH),Cl1 + HCl,
Zr(OH),Cl, = ZrOCLY + H,0.
WNuoraa npu runponnse 00pa3yroTcsi HEPAaCTBOPUMBIE OKCH/IBI:
Mn(SOy), + 2H,0 = MnO,4 + 2H,SO..

ConeoOpa3zHble Tamorenuibl HemeramioB, Takue kak BCl;, SiCly AsCls
U Jp., B3aUMOJICUCTBYIOT C BOAOW HeoOpaTuMo ¢ oOpa3oBaHUEM JIBYX KH-
CJIOT: TAJIOT€HOBOJAOPOIHOM M OKCOKUCIIOTHI HEMETalIa:
SlC14 + 3H20 = HleOg + 4HC1,
AsCls + 4H,0O = H3AsO,4 + SHCI.
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["asorern bl aMpOTEPHBIX METAIJIOB B CTEIIEHU OKHCIICHUS +4 W BBIIIIE,
takue kak SnCly, PbF,, TiCly u ap.,He SBASIOTCS COJSIMH; 3TO BELIECTBA MO-
JEKYJISIPHOTO CTPOSHMSI C KOBAJCHTHO-TIOJISIPHBIMH CBS3MH. WX THapOn3
MPOTEKaeT Tak)Ke HeoOpaTMMo ¢ 0Opa30BaHHMEM TajOTCHOBOJIOPOJIHBIX KH-
CJIOT ¥ OKCHJI0OB MJIM OKCOKHCJIOT METAJJIOB:

TiCl, + 2H,0 = TiOx + 4HC,

SnCl, + 4H,0 = H,SnOsd + 4HCI.
B HekoTOpBIX ciayyasx TMIpOiau3 MOAOOHBIX COSAUHEHUN HE UAET U3-3a
KMHETUYECKUX 3aTpyIHEeHUN. Hanmpumep, ruaponus terpaxiopuia yriepoaa
U rekcadropua cepbl TEPMOIMHAMUYECKH BO3MOXKEH:

CCly + 2H,0 = CO, + 4HCl; A,G =-595 x/Ix,
SF¢ + 4H,0 = H,SO,4 + 6HF; A,G =—-460 x/Ix,

HO MpU OOBIYHBIX YCIOBHUSAX HE MPOTEKAET, TAaK KaK MOJIEKYJIbI BOJBI HE MO-
I'yT TIOJIONTH K LIEHTPaJIbHBIM aTOMaM Ha TaKO€ pacCTOsSHUE, MPU KOTOPOM
BO3MOXXHO oOpazoBanue cBs3eir C—O u S—O: aTomBbl yriepojia U cepbl IoJ-
HOCTBIO 3aKPBITHI [ B3aUMOJIEUCTBUS C BOAOUW TETPAIIPUUECKUM OKpYHKe-
HUEM aTOMOB XJIOpa U OKTadAPUUYECKUM OKpPYKEHHEM aTOMOB (pTopa.

SAJAHUSA JJII CAMOCTOSATEJBHOI'O PEHHEHUSA

1. Hanumure MONEKyISpHBIE U HOHHBIE YPABHEHUS PEAKIUM:

NaZS + HCl = Pb(NO3)2 + Nal =

Cr(OH); + KOH = Cr(OH); + HCl =

KHCO3 + KOH = NaOH + HzSO4 =

Ba(OH), + HCl = NaHSO, + NaOH =

AI(OH); + HNO; = Al(OH); + KOH =

CaCO3 + HCI = NaZS + F€SO4 =

Zn(OH), + HCl = Zn(OH), + KOH =

NaHS + NaOH = HNO; + NaOH =

Na,SO; + HCl = CH;COOK + HNO; =

SI’I(OH)2 + NaOH = SH(OH)2 + H2$O4 =

NaHSO, + NaOH = H,SeO; + NaOH =

Mg(NO;), + NaOH = ZnOHCI + HCI =

2. K MOHHBIM ypaBHEHUSIM TOAOEPUTE MOJIEKYJISIPHBIE:

Hg* + S* = HgS; CO;*> +2H" = CO, + H,0.
SO;* +2H =S0,+H,0;  NH, + OH =NH,OH.
Ca™" + SiO;s* = CaSiO;; Al(OH); + 30H = [AI(OH)¢]>.
CO,> +2H =CO,+H,0; Ag'+Br = AgBr.
Pb*" + 20H = Pb(OH),; CH;COO + H' = CH;COOH.
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Pb”" + 21 = Pbl,; HS +OH =S$* + H,0.

H'+ OH =H,0; Fe(OH), + 2H" = Fe*" + 2H,0.
Ca’ + CO;* = CaCOs; Cr(OH); + 30H = [Cr(OH)¢ .
AP’ +30H = Al(OH);; CN + H' = HCN.

3. Hanumure MOJEKyIsSpHbIE W HWOHHBIE YPaBHEHHS THUAPOIU3A Clie-
ayrorux  BemectB: KCN, (NHy),S, AICl;, PCl;, NaClO, Cry(SOy)s,
(NH4)QSO3, SOQCIQ, CU(NO3)2, KZSO3, CI’QS3, PC15, NaQSiO3, Zl’lClz,
NH4N02, SIC14, N&ClOz, FCz(SO4)3, (NH4)2CO3, NC13, NaNOz, FC(NO3)3,
Ale3, Sl’lC14, MgCIQ, KzSiO3, AlBI'j,, C1F3

4. BpluncnuTe KOHCTaHTYy rujposn3a ¢ropuaa HaTpus. Onpeaenurte
CTENEHb THAPOJIN3a B JCIUMOJISIPHOM PAacTBOPE M BOJOPOJHBIN MOKA3aTelb
ATOTO pacTBOpa.

5. BbluuciauTe KOHCTAHTY THApPOJW3a HUTpUTa Hatpus. Omnpenenure
CTENEeHb TUAPOn3a npu KoHueHTpauusx 0,1 M u 1-107° M. Onpenenure Bo-
JIOPOJIHBIN MTOKA3aTeb JEUUMOISPHOTIO pacTBOpA.

6. YkaxuTe colib, IpHu N00aBJICHUH KOTOPOU K PacTBOpYy CyJb(duma Ha-
TpUS THIIPOJIN3: a) YCUIIMBAETCS; 0) ocnabisercs.

7. BplunciuTe KOHCTAHTY THAPOJIU3a runoxjaopura Harpus. Onpeaenu-
Te CTEIeHb THApPoIN3a NpH KoHueHTpanusax NaClO 0,1 M u 10~ M. Onpe-
JIEJTUTE BOJOPOIHBIN MOKa3aTeIh MUJITUMOJISIPHOTO PacTBOpa.

8. BeruncinTe KOHCTAaHTY THAPOIN3a CyJb(PUTa Kaaus B JEHUMOJISIPHOM
pactBope. Breruuciute pH storo pactBopa. EcTh nu HE0OXOAUMOCTH TIpU
pacyeTe BOJOPOIHOIO IMOKa3aTels YYUThIBaTh 00€ CTYIEeHU Tuaposin3a’?

9. BpluncnuTe KOHCTAHTY THApPOJIW3a HUTpUTa Hatpus. Omnpenenurte
crenenb rugponnsza B 0,01 M pactBope. Beruncnure BOOOPOAHBIN MOKa3a-
TE€JIb ATOTO PacTBOpA.

10. Beruuciaure KOHCTAHTY THAPOJINU3a TUIIOXJI0pUTa Kanus. Onpenenu-
Te crenens ruapommsa B 0,1 M u B 1:10° M pacrtBopax. Crenaiite BBIBOI O
BIIUSIHUU pa30aBJIeHUs pacTBOpa Ha MOJHOTY Tuaposinza. Onpeaenure Boo-
POJIHBIN MMOKAa3aTellb paCTBOPOB.

11. Bpluucnaure KOHCTaHTy THIpojiM3a HuTputa Oapus. Paccuwmraiite
CTENEHb TUJPOJIU3a B JEUUMOJSPHOM pacTBope. Omnpeaenute BOAOPOIAHBIM
MoKa3aTesb pacTBOpa.

12. BpluncnuTe KOHCTaHTY THAPOJIK3a KapOoHAaTa Kalus 1Mo 00euM CTy-
nensM. Onpenenure CTENeHb THApPOIv3a B ACUUMOJISIPHOM pactBope. Pac-
CUMTaliTe BOJOPOJHBIN MOKa3aTellb pacTBOpa. ECTh 1M HEOOXOIUMOCTh MpH
pacueTe BOJOPOAHOTO MOKa3aTeNsl YYUThIBaTh 00€ CTYNEHH TUapoau3a?

I'nasa 14
QJEKTPOXUMHNYECKHE ITPOLNECCHI
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ITo TeMe «DIEeKTPOXUMHYECKUE MTPOLIECCH» HEOOXOIUMO 3HaTh U YMETh
CJIeIyIOLIEe.

1. OOBSICHATH MEXAaHNU3M BO3HUKHOBEHHUS AJIEKTPOJHOrO MOTEHIMANa Ha
MeTajllax, pacCCUUThIBaTh UX 3HAYEHUS MO ypaBHeHUI0 HepHcTa, 3HAaTh CBOA-
CTBa psJa HAIPSLDKECHUM METAJUIOB, YCTPOMCTBO M HAa3HAYEHHE BOJOPOJHOTO
ANIEKTPOJA.

2. OOBACHATH NPUHLIMIT JEHCTBUS TAJIbBAHUYECKUX 3JIEMEHTOB, 3aIHChI-
BaTh YPAaBHEHUS TOKOOOPA3YIOIIUX PEAKIINNA, BBIYUCISATh JIEKTPOIBHKYILYIO
CUITY.

3. 3Hatb OCOOEHHOCTH KOHIIEHTPAILIMOHHBIX 3JIEMEHTOB, TOIUIMBHBIX
AJIEMEHTOB U aKKyMYJIATOPOB U IPUBOJUTH UX IPUMEPBI.

4. 3anuchiBaTh CXEMbl MU YPAaBHEHHS IPOLIECCOB 3JIEKTPOJIN3A, HMPHUBO-
IUTh NPUMEPHI MOTYYEHUS U OYMCTKH BEIIECTB 3JEKTPOJIU30M, IPOBOIUTH
KOJIMYECTBEHHBIE PACUETHI ITPOLIECCOB AJIEKTPOJIN3A.

5. BbIUMCHIATh MO 3HAYEHUSIM DJIEKTPOXUMHUYECKUX MOTEHLUAIOB KOH-
CTaHThl PABHOBECUS OKUCIUTEIbHO-BOCCTAHOBUTENbHBIX PEAKIIUM.

6. OOBACHATH MPOLIECC IIIEKTPOXUMHUUECKON KOPPO3UH METANIOB, 3HATh
METOJIbI MX 3aIlHUTHI OT KOPPO3HH.

ITPUMEPBI BBIIIOJITHEHUS 3AJTAHUH

Ipumep 1. Ncxons u3 3akOHOMEPHOCTEN psila HAPSHKEHUN METaJIIOB,
3aKOHUYHUTE YPABHEHUS BO3MOKHBIX PEAKIIUM:

a) Cu + FeSO, = 6) Zu + FeSO, =
B) Al + HCI = r) Ag + H,SO, =

Pewenue. B COOTBETCTBUM CO CBOMCTBAMHU PSA/Ia HANPSKEHUH METAJI-
JIOB, BO3MO>KHBI peakiuu 0) ¥ B), B ATUX CIy4yasx METAJJIbl PACIOJIOKEHBI B
PAly HAIPSKEHUM JIEBEE BOAOPOAA:

0) Zn + FeSO,4 = ZnSO, + Fe
B) Al + 6HCI = 2AICl; + 3H,T.
IIpumep 2. Beruucaure 31EKTPOAHBIN NOTEHIMAJ IMHKA B PACTBOPE €TI0

COJIH, B KOTOPOM KOHIIGHTpAIMst HOHOB Zn”' pasna 1-10° M.
Pewenue. BeranciieHne npoBoauM 1o ypasHenuo Hepucera:

02 1g[7n%] = 0,76 + 20
n

P70 = Pzn + 1g(1-107°)=-0,85 B.

IIpumep 3. Onpenenure aHOI U KaTOJ B CBMHIIOBO-LIMHKOBOM TajbBa-
HUYECKOM DJIEMEHTE U HAIUILIUTE €r0 AIEKTPOXUMUYECKYIO CXEMY.
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Pewenue. CranmapTHbiii AleKTpoAHBIM moTeHnuan cBuHua (—0,13 B)
Oosee monoxkurteneH, yem nuHka (—0,76 B), mostomy aHogom (oTpuiaTeib-
HBIM TIOJIFOCOM) OyJieT 0oJjiee aKTUBHBINM METaJUT — IIUHK, a KaTOA0M (I10JI0-
KUTEJIbHBIM TOJOCOM) — CBUHEII.

B ycnoBum 3amaum KOHKPETHO HE yKa3bIBae€TCs, B PACTBOPHI KaKUX CO-
JIeH TIOTPY KEHBI IIMHK U CBUHEII, HO SICHO, YTO B COCTABE ATUX COJICH JOKHBI
6bI1Th HOHBI Zn” 1 Pb>", HO3TOMY 3IIEKTPOXHMUUECKYIO CXeMy rajbBaHHYe-
CKOT0 3JIEMEHTA 3alHChIBACM B KPATKOM BHUJIE:

(-) Zn | Zn*" || Pb>" | Pb (+).

IIpumep 4. 'anbBaHUYECKUI JIEMEHT COCTOUT U3 IUHKOBOIO U ceped-
PSHOTO JJIEKTPOJIOB B PAaCTBOpax MX HUTPATOB. COCTAaBBTE ANEKTPOXHUMUYE-
CKYIO CXEMY D3JIEMEHTA, HAIlMIIUTE YPABHEHHUS 3JIEKTPOIAHBIX IPOLIECCOB U
ToKooOpa3zytomei peakiuu. Boerauciure 3/C: a) npu cTaHIapTHBIX yCIOBU-
ax; 0) mpu xkoHrneHTpanusx 0,01 M (autpar nunka) u 2 M (Hutpat cepedpa)
U cranaapTHoi Temneparype (25 °C).

Pewenue. 1) Iluak, kak 0ojee aKTUBHBIM METaJUl, SBIIETCS aHOIOM, a
cepedpo — KaToJIoM, MO3TOMY AJIEKTPOXMMHUYECKAs] cXeMa JIaHHOTO rajbBa-
HUYECKOT0 AJIEMEHTA TaKasi:

(=) Zn | Zn(NOs), [| AgNOs | Ag (+).

2) DAeKTpOoaHbIE NPOLIECCHI:

AHOAHBIN: Zn — 2¢ = Zu2+, KAaTOAHBIN: Ag+ +e =Ag.

3) YpaBHeHuE TOKOOOpAa3ylolleii peakiuu:

Zn+2Ag = Zn* + 2Ag — MOHHO-MOJIEKYJISIPHOE,
Zn +2AgNO; = Zn(NOj3), + 2Ag — MOJNEKYJISIPHOE.

4) Daexrpoasuxymas cuia (3J1C) anemenTa npu cTaHJapTHBIX YCII0-

BUSX (KOHIEHTPAIIMK HOHOB METAJUIOB B pacTBOpax paBHbI 1 MOJIb/J):

&= A® = QOraroma — Paroza = 0,80 — (=0,76) = 1,56 B.
5) DnexTpoAHbINA MOTEHIMAN IUHKA pyu KoHUeHTpauuu 0,01 M:
0,059
1

6) DneKTpoAHBIN MOTEHIMA cepedpa MpHu KOHIeHTpauu 2 M:

Ozn =—0,76 + 120,01 =—0,76 — 0,059 = 0,82 B.

b

1
7) DNeKTpOoABMKYIIAS CUJIa DJIEMEHTA MPHU JAHHBIX KOHIIEHTPALMSIX:
&= Qag— 90zu = 0,82 — (-0,82) = 1,64 B.

9
Pag = 0,80 + 1g2 =0,80+ 0,018 = 0,82 B.
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IIpumep 5. B ranbBaHMYECKOM 3JIEMEHTE DJIEKTPOJAMHU SIBJISIETCS Map-
raHell M Apyroi MeHee akTUBHBIN Heu3BecTHbIM MeTaul. CtanaaptHas D /(C
paBHa 1,98 B. M3 kakoro merasia U3roToBJieH BTOPOM 3JIEKTpo1?

Pewenue. Haxonum 31eKTpOAHBIA NOTEHIIMA HEU3BECTHOTO METAILIA!

& = 0°Me — @°Mn; 1,98 =0 —(-1,18);  ¢°m = 0,80 B.

[To Tabmuile cTaHAAPTHBIX SJCKTPOJHBIX MOTCHIMAIOB HAXOJIUM METall —
cepeopo.

Ipumep 6. 3/C snemenTa, 0Opa30BaHHOTO HHUKEJIEM B PAacTBOpPE €ro
comn ¢ koHmeHtpauueil noros NiZ™ 1:10* M u cepeGpoM B pacTBOpe COIH,
paBHa 1,108 B. OnpenennuTe KOHIEHTPAIMIO HOHOB Ag' B pacTBOpE.

Pewenue. 1) Beruncisem no ypaBHeHnto HepHcra 31€eKTpoAHBIN TOTEH-
IIMaJT HAKeJIs [IPH JaHHOM KOHIeHTpamuy noHoB Ni’™ B pacTBope:

0,059 D 0,059+ (—4)
5 lg(1110%) =025+ ——~— = 0,368 B.

2
2) 3nas D/1C snemeHTa, BEIYUCISIEM AIEKTPOAHBIN MOTEHI[MA cepedpa:
E=0ag—Oni; 1,108 =, —(-0,368); s, =0,74 B.
3) Ilo ypaBHenuto HepHcra, 3anmucaHHOMY ISl 3JEKTPOJHOTO MOTEH-
nuana cepebpa, HAXOUM KOHIEHTPAIUIO HOHOB Ag' B PacTBOpE:

Pag = 9% +0,059-1g[Ag’]; 0,74 =0,80 + 0,059-1g[Ag’].
0,059-1g[Ag']=-0,06; lg[Ag’]=—1; [Ag']=0,1 M.

OnNi = _0925 +

Hpumep 7. Boruuciute IJIC MeaHOr0 KOHIICHTPALIMOHHOTO 3JIEMEHTA,
€CJIM KOHIICHTpallUsl HOHOB Cu? y OJIHOTO 3JIeKTpoja paBHa 1 M, a y npyro-
ro 1-10° M.

Pewenue. & = 0,059-lg% =0,059-1g 173

= 0,059-1g10° = 0,177 B.
5 10

IMpumep 8. Onummre snexrponus pactBopoB NaCl, NiSO, u K,SO,.

Pewenue. 1lpn onrcannu 3JeKTPOJIM3A MPUBOJUTCA CX€Ma JUCCOIMA-
MY BEILIECTBA, YPAaBHEHUS MOJIypeakluil Ha kaTtoxe (K-) u Ha aHoae (A+)
(3apsia KaToJa M aHoJia MIPU DJIEKTPOJIM3E MPOTUBOIMOIAKHBI TAKOBBIM B Tallb-
BAHMYECKUX DJIEMEHTAaX), YPAaBHEHUS BTOPUUYHBIX MPOILIECCOB U CYMMapHOE
ypaBHEHHE 3JIEKTpoiu3a. PaccMOTpUM 3JIEKTpOJIU3 pacTBOpa XJIOpUIa Ha-
TpHSL.

Dnextponutideckas auccormarms: NaCl=Na' + CI .

IIpouecc na karone K—: 2H,O + 2e =H, + 20H .

Bropuunsrii nponece: Na“ + OH™ = NaOH.
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[Tpouecc Ha anoae A+: 2Cl —2e = Cl,.
CymMapHO€e ypaBHEHHE:
2NaCl + 2H,0 2RI, 1, + Cl, + 2NaOH.
DNEKTPOJIU3 PaCTBOPOB CyJb(aTra HUKENS U CylibdaTa Kalus MOKa3hIBa-
eM 0e3 moApOOHBIX TOSICHEHU:
PactBop cynbdara Hukens:

NiSO, = Ni*" + SO,”.
K—: Ni*" + 2¢ = Ni.
A+:2H,0 —4e =0, +4H".
2H" + SO4* = H,S0..
CymMapHO€e ypaBHEHHE:
2NiSO, + 2H,0 —2IKIPOS , Njj + O, + H,SO..
PactBop cynbdara xanus:
K,SO, = 2K™ + SO,*.
K—: 2H,0 + 2e = H, + 20H".
K"+ OH = KOH.
A+: 2H,0 —4e =0, + 4H".
2H" + SO,* = H,S0.,.
2KOH + H,S0, = K,SO, + 2H,0.
CymMmmapHO€ ypaBHEHHE:
2H,0 DJIEKTPOJIN3 s> 2H, + O,.

Ipumep 9. Kakas macca Meau BbIIENSIETCS HA KaTOJE MPU AJIEKTPOIU3E
pactBopa cynbbara meau (1) B Teuenue 40 mun mipu cuse Toka 12 A?

Pewenue. MonsipHasi Macca 3KBUBAJICHTa MEJIM paBHA MOJIIPHON macce
atoma (63,5 r/Moi1), TIOIETIEHHON Ha BaJIGHTHOCTH (2), To ecTh 31,8 1/MOb.
Maccy Menu BeIYUCIIsIEM TI0 00beIMHEHHOMY 3aKkony Dapajes:

M, It 31,8 r/monb-12A -40-60c Y
~ T F 96500 Ku/momm - h

Ipumep 10. Onumure >mekTponu3 pactBopa cyiabdara meau (II) npu
npuMeHeHuH aHona: 1) u3 rpadwura; 2) u3 meau.

Pewenue. B nepBoM citydae cXxeMbl 3JIEKTPOJAHBIX MIPOLIECCOB U ypaBHE-
HUE IIEKTPOIN3a CIEeAYIOLIHE:

CuSO, = Cu*" +S0,>.
K—: Cu*" +2e=Cu.
A+: 2H,0 —4e =0, +4H": 2H" + SO, =H,SO,.
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CyMMapHOe ypaBHEHUE:

2CuSO, + 2H,0 — RO , 2Cu + O, + 2H,SO04.
N3 obmiero ypaBHeHUs clieyeT, 4To oOpasyeTrcs Meab (Ha KaToje), Ku-
ciopo (Ha aHOJIe) U cepHas KUCIoTa (B pacTBOPE).
Bo BTOpOM ciydae:

K—: Cu*" +2e=Cu.
A+: Cu—2e = Cu*".

BunHo, 4To B TaHHOM Cily4yae HOBBIX BEILECTB HE 00pa3zyeTcs; MPOUCX0-
JIUT TIEPEHOC MEM C aHOJIa Ha KaTOJI: Ha aHOZAE Me/b OKHUCIIAETCs (IIePEeXOauT
B PacTBOp), a HA KaToJie BOCCTaHaBiIMBaeTcs (ocaxaaercs). Takue mporecchl
VICTIOJIB3YIOTCSL TIPA OYMCTKE METAJUIOB OT MPUMECEN, HAHECEHUN MeTalInye-
CKHX IOKPBITHI U T.[I.

IIpumep 11. Kakoe Bpems cienyer nporyckars Tok cuwiion 0,5 A dgepes
pactBop AgNO; s Beigenenus: Ha katone 0,27 r cepedbpa?
Pewenue. BpeMms 31eKTpoau3a MOXKHO ONPEAEIUTh o 3akony Dapanes:

moF 02796500 _ 4e3 ¢

8 MUH.
M,o-J 10787-05

'Z':

Ipumep 12. IIpu snektponuse pacTtBopa cyib(aTa HEKOTOPOro JBYX-
BaJICHTHOTO MeETajja Ha Karoje Beiaeawioch 104,8 r mertamia. Cuia Toka
Obla paBHa 5 A, Bpems anekTpoiuza 10 4. Kakoit Metann ObuT oJydeH npu
3neKTpou3e?

Pewenue. MonsipHyr0 MacCy SKBHUBAJIEHTOB METANIa MOYHO OIIpeJie-
uTh 10 3aKkoHy Dapajes :

Iy m-F  104,8-96500 56.2 1/
= = = I/MOJb.
N Y 5-10-3600 ’

[TockonbKy MoOJsipHas Macca MeTalljla paBHa MOJISIPHOM Macce SKBHBa-
JIEHTa, YMHOKEHHON Ha BAJIECHTHOCTh, TO 3HAYEHUE MOJISIPHON MacChl paBHO
112,4 r/monb. B Tlepuoandeckoit cucreMe HaX0 UM METaJlI, TO KaJIMUM.

Ipumep 13. [Ipu snekrponuze pactBopa AgNO; B TeueHue S5 4 npu cu-
ne Toka 30 A Ha kaToze BeLIETMWIOCH 576 T cepebpa. OnpenenuTe BHIXO 110
TOKY.

Pewenue. 1) Beraucisiem TeopeTudeckyto Maccy cepedpa:

_M,-Jt_107,87-30-5-3600
F 96500

2) HaxoauM BBIXOJ MO TOKY:

m

=603,6T.
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n= 7% 100=954%.
603,6

IIpumep 14. B xakoM HanpaBieHUU OyJIeT TPOTEKATh PEeaKIHs:

2KI+ MnO,; + 2H,SO4 =1, + MnSO, + K,SO,+ 2H,0?

Pewenue. 1) 3anuiieM peakuio B COKpaIlleHHOW NOHHO-MOJIEKYJISIPHOM
dopme, pazennM Ha MOTypeakuy U HaiJleM B CIIPaBOYHUKE CTaHAapTHHIC
MOTEHUMAIBI TTOJTYPEAKLIUI:

21"+ MnO, + 4H" =1, + Mn’" + 2H,0.
21 —2e=1; ¢°=0,536B.
MnO, + 4H" + 2e = Mn*>" + 2H,0; ¢° = 1,23 B.

Bunno, uTo BTOpas noigypeakius uMeeT 00BN MOTSHIINAN, CIIe0Ba-

TeapHO okcua mapranna (IV) Oymer BbICTymaTh OKUCIHUTENIEM, PEaKius Oy-
JIET CaMOINPOU3BOJIBLHO MPOTEKATH CJIE€BA HAIIPABO.

Mpumep 15. Moxer 1 non Fe’* okMCIUTb raoreHu1-noHbI?
Pewenue. CpaBHUM NOTEHIHANBI OJTYPEAKIIHAM:

Fe’ +e= Fez+; ¢ °=0,77 B.
F, +2e= 2F; ¢ °=2,85B.
Cl, +2e= 2CI; ¢ °=1,36 B.
Br, + 2e =2Br ; ¢ °=1,065B.
I, +2e=2I; ¢ °=0,536 B.

Horennuan nomypeakuun Fe’™ + e = Fe*' (0,77 B) npesblmaer noTeH-
npan nomypeakuuu I, + 2e = 21" (¢° = 0,536 B), mostomy non Fe’* 6Gymer
OKHCIIATh UOHKI |, HarIpuMep 1o peaxiuu:

2KI + 2FGC13 = Iz + FCC12 + 2KCI.

Ocranbusie nous (F-, CI', Br') nonamu Fe’ okucieHs GbITh HE MOTYT.
Hamnpotus, ranorenst F,, Cl, Br, OyayT OKHCIATH MOHBI Fe’" 1o Fe3+, Ha-
MIPUMED IO PEAKITUU:

2FeC12 + C12 = 2FeCl3

IIpumep 16. BeiBegute dpopmyny s pacu€ra KOHCTAHTBI PaBHOBECHS
OKHUCJIMTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIUH.
Pewenue. Takyro (hopMyily MOXKHO BBIBECTH AJISi pEakUUi, MPOTEKAIO-
IIMX [IPU CTAaHAAPTHOM TeMIEepaType.
PaccmoTpuM B kauecTBe mpuMepa peakiuio:
2FeCl; + SnCl, = 2FeCl; + SnCl,.

[IpencraBum ee B MOHHOM BUJIE U B BUJIE TIOJIYPEAKLIHIA:
2Fe’” +Sn”" = 2Fe*" + Sn*".
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OKUCIUTEIIb: 2Fe* +2¢ = 2Fez+; ¢ °=0,771 B.

Boccranosurens: Sn°” —2¢ =Sn*"; ¢ °=-0,150 B.

3anmmieM ypaBHeHHe HepHCTa IS MOTEHIIMATIOB OKHUCIIUTENS U BOCCTA-
HOBHTEJIS CHa4ala B MCXOIHOM BHJE, a 3aTeM II0CJIe IIPeoOpa3oBaHus HATY-
PaJIbHOTO Jorapu(pMa B JeCATUYHBII:

R-T, [F&'T R-T [Sn*]

=°, + In : =%, + In
(POK (P OK nF [Fe2+]2 > (I)BOC (p BOC n F [Sn2+] ’

2,3-R-Tlg[Fe3+]2. _ o J23RT [Sn*']
n F [F62+ ]2 ’ (PBOC (P BOC l’l'F g[Sl’l2+] .
B cBs3u ¢ Tem uro mipu 25 °C (298 K) Benmuuuna 2,3RT/F = 0,059, BHI-

paxxkCHuA I IIOTCHOUAJIOB OKHUCIIHUTCIA WM BOCCTAHOBHUTCILA ano6peTa10T
BUA:

Qox = P°ox T

o 0,059 Ie [Fe™' )" oo s 0,059, [Sn*"]
(POK - (P 0K [Fez+]2 s (PBOC - (P BOC n g[Sl’l%] .

n

B cocTostHUM paBHOBECHS (o = Ppoc, CIICTOBATEIHHO, MOKHO TPHPAB-
HATH MPABBIC YaCTU POPMYIJI:

P 0,059 . [Sn*
ot 0,059, [Fe"] 059, [Sn"]

= o —|—
n C[F P P n g[Sn”]’

. o _ 0059 [Sn*][Fe’ ]’
WM Q@ ok — Q@ goc = n & [Fe3+]2[sn2+] .

B mocnenneii hopmysne BeIpak€HHE TOJ 3HAKOM Jorapudma SBISETCS
BBIPAKCHUEM JIJISI KOHCTAHTHI PABHOBECHS PEAKIMH, CIIEIOBATEIBHO:

0,059

1gK; ng — (¢0K _¢BOC)n )

(P OK (P BOC 03059

IIpumep 17. MOXHO 71 TOTHOCTBHIO BOCCTAHOBUTH MEJb U3 PACTBOPA €€
COJIM JKEJIE3HBIMU OIUIKAMMU?
Pewenue. Koncranra paBHOBeCHS peakUUU

2+ 2+
Cu +Fe=Cu+Fe .
BBIPAKACTCS YPABHECHUEM:

[Fe’ ]
[Cu™" ]’

Pa3HOoCTh CTaHIAPTHBIX NOTEHLIMAIOB ITOIYPEAKIUN

K:
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Cu®"+2e=Cu (¢°=0,34 B) u Fe*" +2e =Fe (¢° =-0,44 B)

coctanysier 0,78 B [0,34 — (—0,44)].
Jlorapu™M KOHCTAaHTHI PAaBHOBECHUS CBSI3aH C Pa3HOCTHIO MOTCHIIMAIIOB
COOTHOIIEHUSIMH:

nFAE
AG =-nFA9; AG=-RTInK; InK=—F—".
RT
CnenoBaTeibHO:
0,78 2
K=" o5 = 608: K= =2510%.

N3 pacuera cienyet, 4TO B COCTOSHUM PABHOBECHUSI KOHIIEHTpALIUS HO-
ros Fe*™ B pacTBope OO0JIbIIe KOHIIEHTPAIMK OCTABIINXCSI B HEM HOHOB Cu*"
B 2,5-1026 pas, cieioBaTeNbHO, JaHHAS Peakius MPaKTUYECKU HeoOpaTtuma,
TO €CTh BCS MEJb BOCCTAaHaBJIMBAETCS M3 pacTBopa €€ COJU >KEJIe3HBIMHU
OTMJIKAMH.

IIpumep 18. Onumure padboTy BOAOPOIHO-KUCIOPOAHOTO TOILTUBHOTO
AJIIEMEHTA.

Pewenue. TonmuBHBIE 3JIEMEHTbI — 3TO XUMUYECKUE UCTOYHUKH JIJTU-
TEJIBLHOTO JIEHCTBUS, paboTaronue UK 3a CUYET HEMPEPHIBHOTO MOABO/IA TOTI-
JIMBA U OKUCJIUTEIA B KOJIMYECTBE, IPONOPLIMOHATIBHOM TOKY pa3psiia, Wi 3a
CYET HENPEPHIBHOM PETreHEPAlMUA UX TEIJIOBBIM WJIM XUMMHYECKHUM METOJOM.
Ha pucyHke npuBeneHa cxemMa KHCIOPOIHO-BOJOPOJHOIO TOIUIMBHOTO 3Jie-
MEHTa, B KOTOPOM IPOUCXOAUT JIIEKTPOXUMHUYECKOE OKHCIEHHUE BOJIOPOJAA

KHCJIOPOJIOM.
11

e || e

DJIEKTPOIUTOM B 3TOM TOIUIMBHOM 3JIEMEHTE SIBJISIETCS KOHIEHTPUPO-
BAHHBIM PACTBOP THAPOKCHUAA KaJKs, a AJIEKTPOAbl U3TOTOBJICHBI U3 JIBYX-
CJIOMHOTO TTOPUCTOTO HUKEJIS. MEIKOTMOPUCTBIA CIION 3JEKTPOA0B 00paIiéH B
CTOPOHY 3JIEKTPOJIUTA M MPONMUTaH UM. KpynmHOMOPUCTHIN ciioi oOpaiiéH B
CTOpOHY ra3oB. Takum 00pa3oM, Ha BJEKTPOJIAX CO3JaHa Pa3BUTAasl MOBEPX-
HOCTb KOHTaKTa TpEX (a3: TBEPIOH, )KUAKON U ra3o00pa3Hoi. Bomopon an-
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COp6I/Ipy€TCH Ha IIOBCPXHOCTH HUKCIA U JOCTABJIACTCA IO €TO paSBI/ITOfI I10-
BCPXHOCTH K TOYKAM KOHTAKTa C 3JICKTPOJIUTOM.
3J’IeKTp0XI/IMI/ILIeCKa$I CXCMa OTOr'0 3JICMCHTA 3aIIMChIBACTCS TaK:

(-) Hy(Ni) | KOH | (N1)O, (+).
[Torenuman snexkTposa oOyCIOBIECH PaBHOBECHEM PEAKIIMH OKHCIICHUS
BOJIOpOJIA:
H, + 20H —2e S 2H,0; ¢°=-0,828 B (pH=14).

Kucnopon takke mocie aacopOIMy Ha HUKENE U JOCTaBKU K 30HE peak-
MU 00eCTICUnBAET MOJIOKUTEIbHBIN MOTEHITUAN JIEKTPOa 32 CUET paBHOBE-
CH DJIEKTPOXUMHYECKOW pEaKIIMM BOCCTAHOBIICHUS

',0,+H,0 +2¢ 5 20H; ¢°=0,401 B (pH=14).

[Ipy 3aMbIKaHUM BHEIIHEH LIENM PABHOBECHE HA AJIEKTPOAAX CMEIIAETCS
BIIPABO M CyMMapHas TOKOOOpasyrllas peakuus — 3TO peakuus oOpa3oBa-
HUS BOJbL:

Hz + 1/202 = HzO

CrangaptHas BenumuunHa JJIC BOJOPOAHO-KHCIOPOAHOTO TOIUIMBHOTO
DJICMCHTAa paBHa:
E=Ap=0,401 —(-0,828) = 1,229 B.

[pumep 19. Onummte padoTy CBUHIIOBOTO aKKyMYJISITOpA.

Pewenue. AKKyMyJSITOPbI — 3TO XUMHYECKHE UCTOYHHKU TOKA MHOTO-
pazoBoro aeiictBus. I[locne paspsna oHu nmoasiexaT 3apsay C LEJbI0 BOCCTa-
HOBJIEHUSI UX paboTocnocoOHOocTU. [loATOMY aKKyMylaTOpsl MOTYT OBITh
CO3/1aHbl TOJIKO Ha OCHOBE OOPATUMBIX AJEKTPOXUMHUYECKUX CUCTEM. ITO
O3HAYaeT, 4YTO MPHU 3apsAc Ha DJIEKTPOAAX AKKYMYJSTOpA MPOTEKAIOT AJIEK-
TPOXUMHYECKHE IPOLECCHI, MPSMO MPOTUBONOJIOKHBIE peakMsaM paspsana. B
pe3yJbTaTe 3apsiia aKTUBHbIE MaTepuaibl NEPEBOJATCS B UCXOAHOE (3aps-
KEHHOE) COCTOSIHUE.

IIpu 3apsae akKymyJisiTOp MOAKIHOYAETCS K MCTOYHUKY IOCTOSHHOTO
TOKa — BBIIPAMUTENIO. [Ipy 3TOM «IUIFOC» aKKyMyJIATOpa COEIUHSETCS C
«IUTFOCOM» BBIIPSIMUTEIS, & «MUHYC» — ¢ «MUHYCOM». CpOK CIy»KObI aKKy-
MYJISITOPOB KOJIEOJIETCST OT HECKOJNbKMX A0 15-20 yer, a 4yucio 3apsaHo-
pa3psaaHbix TUKI0B coctaBisieT oT 300-500 no 15—16 Teicsy HUKIOB.

Hanbonee mmpoko nMpuMeHsIeTCS CBUHIIOBBIA (aBTOMOOMIIBLHBIN) aKKy-
MYJISTOD:

(-) Pb | H,S0, | PbO, (Pb) (+).
DNeKTpoAbl CBUHIIOBOTO aKKyMYJISITOpa IMPEACTaBISAIOT COOON CBUHIIO-

BbI€ PEIIETKH, 3aMOJHEHHBIE PBIXJIBIM (B BUJIE T'yOKH) METANIMYECKUM CBUH-
IIOM Y OTPULIATEIbHBIX IJIACTHH M JTUOKCHUIOM CBUHIA Y TOJOXUTEIHHBIX.
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brnarogapst 60ybIIOMY pa3psIHOMY TOKY aKKyMYJISTOP IIUPOKO MCIOJIb3YET-
Csl NNl 3alycKa JBUTATelied BHYTPEHHETO CrOpaHHsi Ha aBTOMOOUIIEHOM
tpancropte: 70—80 % moObIBaeMOro B MUpE CBHUHIIA PACXOIYyeTCS Ha TIPOU3-
BOJICTBO ATUX aKKyMYJISITOPOB.

B CBHUHIIOBOM aKKyMyJsiTOpE B KaueCTBE BJIEKTPOJIUTA MPUMEHSETCS
cepHas kucinora ¢ KoHueHtpauuen 33-37 %. Jluccoumanuyst KUCIOTHI MPH
ATOM KOHILIEHTPALIMKU TPOUCXOUT, B OCHOBHOM, I10 TIEPBOM CTYIICHU:

H,SO, S HSO, + H',
MO3TOMY B JIEKTPOJHBIX PEAKUUAX NPUHUMAIOT ydyactue noHsl HSO, .
Ha orpunarenbHOM 351€KTpoJe ryOuYaThlil CBHHEL] MPU pa3psAIKe OKHC-
JsieTcs, o0pa3yst MaJopacTBOPHUMBIN CyIb(aT CBUHIIA TTO PEaKITUN
paspsod

Pb + HSO4 —2¢” PbSO,+H"; ¢°_,=-0,36 B.

3aps0

HpI/I 3apAAKE IIPOUCXOOUT 06paTHaﬂ pPCaKmuA. Ha nomnoxurenbHOM
QJICKTPOAC IIPU pa3pAAKC IMMPOUCXOAUT BOCCTAHOBIICHUC JUOKCHUIAa CBUHIA OO0
Cy.ﬂb(baTa CBHUHIA I10 pCaKIINU:

paspsio

PbOz + HSO4_ + ?)H+ +2e PbSO4 + ZHQO, (PO(+) = 1,69 B.

3aps0

CYMMapHaH TOKOOGpaSy}OHlaSI PCaKnA B aKKYMYJIATOPC
paspsio

Pb + PbO, + 2H,SO, 2PbS0O, + 2H,0.

3aps0

Ha3bIBAETCS peaklMeil NBOWHOM cyhbdaruzanuu, a cranaaptHas DJC akky-
MYJISITOpPa COCTAaBIISAET:

&=Ap=1,69—-(-0,36)=2,05 B.
HeoOxonumoe HampspkeHue 12 B nocturaercst Tem, 4YTO B aKKyMYyJISITOPHOU
Oarapee napajijiesIbHO padOTar0T HIECTh Map JIEKTPOOB.

IIpumep 20. CocTtaBbTe CXeMy rajbBaHUYECKOTO DJIEMEHTa, 00pa3yro-
IETOCs IPU KOPPO3UH CTAHM BO BIAXKHOM aTMocdepe. 3aluinTe ypaBHEHUS
MPOTEKAOIIUX ITPU 3TOM PEAKIUN.

Pewenue. 1lpu kOHTakTe MeTaiia C 3JIEKTPOJIMTOM HA METAJUIEC yCTa-
HAaBJIMBACTCS PABHOBECHBIN JIEKTPOJHBIA MOTEHUMAN. Ero yBenuueHue Ha-
3bIBACTCS AJICKTPOJHON MOJISIpU3alueii; Moaspu3aius cnocoOCTByeT ocnao-
JICHUIO KOPPO3UH. Y MEHBIICHHUE 3JIEKTPOJIHOTO MOTEHIAANIA TIO0 CPABHEHHUIO C
PABHOBECHBIM Ha3bIBACTCS JAENMOJIAPU3AIUEii; IenoIsIpU3alus CiocoOCTBYET
YBEJIIMYEHUIO CKOPOCTU KOPpO3UU. HaCTHUIIBI, KOTOPBIE TPUHUMAIOT JIEKTPO-
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HBI B KaTOJHOM Tporiecce (MOJIEKYJbI KHCIOpOia WM HOHBI BOJOPO/IA) Ha-
3BIBAIOTCS 1€MOJISIPU3ATOPAMMU.

Koppo3us »keneza B KOHTaKTe ¢ yriaepojoM (OObIYHASI yTIAEpOaUCTast
CTaJIb) BO BIAXHOW atMocdepe MPOUCXOIUT B pe3yibTaTe BO3HUKHOBEHHS
MUKPOTATEBAHNYECKUX JIEMEHTOB, aHOIHBIMU y4aCTKaMH KOTOPBIX SIBIISCT-
Csl METaJJ, @ KaTOJHBIMU — BKJIFOUEHUS yriiepoja (min kapous sxeneza Fe;C).
[Tpu cocTaBiaeHNH CXeMbl KOPPO3MOHHOTO ralbBaHMUECKOTO 3JIEMEHTA ClIeBa
yKa3bIBAIOT aHOJ, a cmpaBa — kaTtoj. [lomHas ¢opma 3amucu JaHHOTO dJe-
MEHTa UMEIOT BUI:

(-) Fe | Fe’" | 2H,0, O,, 40H | C(+),
COKpaIlleHHas:
(-)Fe | H,0, O,, | C(+)

Kucnopon B HelTpanbHOM cpejie BOCCTaHABIMBAETCS HA KaTOAHBIX yda-
CTKaX METaJlJia 10 YPaBHEHUIO:
O, +4e +2H,0 =40H,
T. €., JENOJIApU3AIIUs OCYIIECTBIISIETCS 32 CYET PACTBOPEHHOTO KUCIOPOa.
Takum oO6pazom, Ipu KOPPO3UH KeJie3a B HEUTpaJIbHOM cpesie B rajibBa-
HUYECKOM DJIEMEHTE MPOTEKAIOT CIEAYIOIINUE MPOIIECCHI:

2+
aHOJIHOE OKHCJICHUE: Fe —2e =Fe",
KaTOJIHOE BOCCTAHOBJICHUE: 0O, + 2H,0 + 4e = 40H,

cymmapHoe ypaBHenue koppo3uu: 2Fe + O, + 2H,0 = 2Fe(OH)s,.
[To6ouHBIE XMMHUYECKHE PEAKIMH, MPOTEKAIONIUEe C y4yacTUeM Ipo-

AYKTOB BHCKTPOXI/IMI/I‘-IGCKOI\/JI KOPPO3HH KCJIC3a:
4Fe(OH)2 + 02 + 2H20 = 4FC(OH)3,

Fe(OH); = FeOOH + H,O0.

Coenunenne FeOOH (retut) mpeacraBiseT coOOW YaCTUYHO JIETH/I-
patupoBanHyo ¢opmy ruapokcuna Fe(Ill) u saBisgercss OCHOBHBIM KOMIIO-
HEHTOM P>KaBUUHBI.

Ipumep 21. OObsicCHHUTE, KaK BIUACT HA KOPPO3UIO METalsIa €ro KOH-
TaKT C JPYTUM METaJIOM.

Pewenue. Koppo3us meTamia ycKopseTcs WIM 3aMEIICTCS IMPH €ro
KOHTAKTe C IPYrUMH MeTayiaMu. [Ipu 00bsICHEHHN KOPPO3UOHHOTO MPOIIEC-
ca HEOOXO0IMMO HCITOJIb30BaTh PsJT HAPSHKESHUN MeTauioB. UeM JanbIine Me-
TaJUTbl HAXOJATCS B ATOM PSIIY APYT OT Apyra, TeM OOJIbIIE 3JIEKTPOIBUIKY-
mas Cujia BO3HUKAIOMIETO MEXJIy HUMH KOPPO3HOHHOTO TajlbBAHUYECKOTO
anemeHTa (DJC = Qarona — Panona), @ CJIEIAOBATEIBHO, TEPMOJUHAMUYECKAS
BEPOSITHOCTH IMPOIIecca KOPPO3UHN YBEITUIHBACTCS.
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IIpu KOHTaKTE JAaHHOIO METAJlIa C MeHee aKmuUgHbIM METAJIIOM, PacIo-
JIOKEHHOM B DSy HAIPSHKCHUN METAUIOB IIPaBee, NAHHBIA METaJul CTaHO-
BUTCSI aHOJIOM M OKHcisieTcs (paspyiaercs). [Ipu koHTakTe mMeTaia ¢ 6onee
AKTUBHBIM METAJUIOM OCHOBHOM MeTaJlJ1 HA0OOPOT CTAHOBUTCS KaTOAOM, IIPU
ATOM HA4YMHAET KOPPOAUPOBATH O0OJIee aKTUBHBINA METAIII.

Ipumep 22. Kakue cnocoObl 3aluThl METAIOB OT JJIEKTPOXUMHUYE-
CKOM KOPPO3HUH MPUMEHSIOTCS B TEXHHUKE?

Pewenue. TlpuMeHsIOTCS pa3iu4HbIE CHOCOOBI 3alMThl METALUIOB OT
KOPPO3HH.

Jlecuposanue memannos. JlerupoBaHueM METAJJIOB Ha3bIBA€TCA MPO-
LIECC BBEJCHUS B UX COCTaB JAPYTHX METAJIOB, TO €CTh MOJIYYEHUE CTAIel U
CIUIaBOB, 00JaAI0OIIMX BHICOKOW YCTOMYMBOCTBIO IPOTUB Koppo3uu. Hanbo-
Jiee pacpoCTPAHEHO JIETUPOBAHNUE XPOMOM, HUKENIeM U TuTaHoM. Hanpumep,
B XMMHYECKOM MAIMHOCTPOEHUU IIUPOKO MPUMEHSETCS HEpKaBEIoIas
ctanb X18HIT, B coctaB kotopoit Bxoaut xpom (18 %), nukens (9 %), Tu-
taH (okosio 1 %), sxene3o (ocrambHOe). Ha moBepxHOCTH 3TOM cTamu 0Opasy-
eTcsl TOHKas ieHka cioxHoro okcuaa Ni(CrO;), co CTpyKTypo# wnuHenu,
o0Jaarorias BBICOKOW YCTOMYHUBOCTHIO K ACHCTBUIO BOJBI M KUCIIOT.

Memannuueckue noxpormus. JIji1 MOKPBITHS MaJIOCTOUKHX ITPOTHB KOPPO-
311 METAJUIOB MPUMEHSIOT METalIbl, 00pa3yIollue Ha CBOEH MOBEPXHOCTH 3a-
HMTHBIE MIeHKU. K TakuMm meramiam OTHOCATCS XpOM, HUKENb, aTFOMUHMIA,
LUHK, KaJIMUH, 0J10BO U J1p. [TOKpBITHS HAHOCAT pacHbIICHUEM PACILIABIEHHOTIO
MeTaJuIa, 3JEKTPOJIM30M, XUMHUYECKUM OCAKJICHUEM U IPYTUMU METOIAAMHU.

Hememannuueckue nokpoimus. OHM NOJAPA3IEIAIOTCI HA HEOpraHUYe-
ckue u opraHmyeckue. CaMbIMH paclpOCTPAHEHHBIMH HEOPTaHUYECKUMU
MOKPBITUSIMH SIBJISIFOTCSI OKCUAHBIC, (pochaTHbIE U HUTPUAHBIC IJIEHKHU Ha T0-
BEPXHOCTH METAJUIOB, 4 OPraHUYECKHUE — JIAKH, KPACKH, MIOJIMMEPHI U PE3UHA.

Xumuuecxoe naccusuposanue. IlacCuBUpOBaHUEM METAJJIOB HA3bIBACT-
csl mporecc oOpa3oBaHMs Ha MX MOBEPXHOCTH YCTOWYUBBIX K KOPPO3UH OK-
CUJHBIX TUIEHOK. Takue 3aluTHbIe TUIEHKU 00pa3yloTcs, HallpuMep, Mpu 00-
paboTKe HEKOTOPBIX METAJIOB (Kene3a, aJlOMUHUS, XpOMa, BaHAIus U Ap.)
KOHILICHTPUPOBAHHOM a30THOM M KOHLICHTPUPOBAHHOM CEPHOM KUCIIOTAMH.

Inexkmpoxumuyeckas 3auyuma. OHa TPUMEHSETCS B TEX CIIydasxX, KOrjaa
3aluuaeMas KOHCTPYKIMSI HaXxOJUTCS B Cpelle DJEKTPOJIUTA, HalpuMep,
TpyOONpOBOJ HA JAHE MOpPS WM MOJ 3eMiIed W T.O. 3alllMIIaeMblii MeTall
IPUCOEIUHAETCA K OTPULATEIbHOMY TOJIOCY BHEIIHEr0 MCTOYHUKA MOCTO-
SHHOTO TOKa, U OH CTAaHOBUTCS KaToJOM. B KadecTBe aHOAa MpHU 3TOM MC-
MOJIB3YIOTCSI KYCKHM JKEJIE3HOTO JioMa. B 3TOM cilyyae mpouecc OKUCIEHUS
(koppo3usi) UAET Ha aHOJE, T.€. Ha KyCKax >KeJIE3HOIro JIoMa.
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IIpumenenue uneubumopog kopposzuu. THrnbutopaMu Ha3bIBAIOTCS Be-
IECTBA, J00aBJI€HNE KOTOPBIX B KOPPO3MOHHYIO CpElly B HE3HAYUTENIbHBIX
KOJIMYECTBAX 3aMETHO CHHXKAET CKOPOCTh Koppo3uu. MHruburopamu sBis-
IOTCSl pa3fIMYHble HEOPraHUYECKHE COECIMHEHUS (HUTPUT HATpusi, XpoMaT U
nuxpomat kamusi, ¢ocdar u runpodocdaTsl HATpHUs) © MHOTHUE OpTraHHUYe-
CKHE BelLIecTBA. 3alUTHOE JeWCTBUE MHTHOUTOPOB OOYCIIOBIEHO TEM, YTO
UX MOJICKYJIbI WJIM UOHBI a[ICOPOUPYIOTCS HA MMOBEPXHOCTH METAJIIOB, 3aMe]I-
JISIs1 WJTH TIOJTHOCTRIO MPEeKpalasi Mpouecc UX aHOAHOTO OKUCIIEHUSI.

SAJAHUSA JJISA CAMOCTOATEJIBHOI'O PEHIEHUSA

1. Metamnst Bi, Mg u Ni nonapHo nmomMeIieHsl B pa30aBICeHHBIN pacTBOP
CEPHOM KHCIIOTHl M COEIUHEHBI MPOBOJHUKOM. B mMmape ¢ KakuM MeETajuioM
HUKEJb SBIISETCS KaToaoM?

2. Hcxoas v3 MOJIOKEHUS] METAIJIOB B PSiAy HANPSKEHUN, 3aKOHUUTE
YPABHEHHUS BO3MOXHBIX PEAKIUN:

Al+HCl = Bi +ZnSO, = Cd + Hg(NOs), =
Ni + H,SOy(paz6) =  Mn + CrCl; = Fe + CuSO4=
Cu + FeSO, = Zn + AuCl; = Pb + AgNO; =
Cu+ PdClz = Sn + Hg(NO3)2 = Ni + CdSO4 =

Zn + CuCl, = Mg + CdSO, = Ag+ FeSO, =

3. Hanumure cxemy 3J€KTPOIHBIX MPOIECCOB U OOIIyI0 TOKOOOpa3yo-
YO PEAKIIUIO TAIbBAHUYECKOTO DJIEMEHTA:
(-) Fe | FeSOy || CuSOy4 | Cu (1)
(-) Fe [ Fe(NO;), || AgNOs [ Ag (+)
(=) Mn | MnCl, || CdCl, | Cd (+)
(=) Ni | NiCl, || CuCl, | Cu (+)
(-) Cd | Cd(NOs), || Pb(NOs), [ Pb (+)
(=) Cu | Cu(NOs), || AgNO; [ Ag (1)
(=) Zn | ZnSOy4 || SnSO4 | Sn (+)
Beruucnure 9/1C npu cTaHIapTHBIX YCIOBUSX.
4. Vicnonb3ysl 3HAaUeHUsI OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX MOTEHIUA-
JIOB TIOJTypEaKIui, paccunTaite sHepruio [ mb0ca M KOHCTaHTYy PaBHOBECHS
peaKIuu U cjieraiTe BHIBOJIBI O HAMPABJICHUHU €€ MPOTEKAHUS:
4HCl(p) + O (r) = 2H,0(x) + 2Cl,(1)
HNO; + HClI =NO + Cl, + H,O
FCSO4 =+ Iz + HzSO4 = Fez(SO4)3 + 2HI
HzS =+ 12 =+ HQO = HQSO4 + HI
Cul + I, + Na,SO4 = CuSO, + Nal
HN02 + HI =NO + Iz+ HzO
H3P03 + 12 + HzO = H3PO4 + HI
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10.

11.

12.

13.

14.

15.

Hanuimure ypaBHEHHS 3JIEKTpOJM3a BOJHOTO pacTBOpa HUTpaTa MeIu
(II), Beruncute Maccy obpasyrorieiics meau npu cuiie Toka 20 A, Bpe-
MEHH 3eKTpoiu3a 20 4 u BeIXoe 1o ToKy 85 %.

OnummmTe 3IEKTPOJIM3 BOJHOTO pPacTBOpa OpoMuIa Kajus, BHIYUCIUTE
Maccy THAPOKCHIA Kallvs, 00pa3yromierocs mpu cuie Toka 10 A, Bpeme-
Hu 60 4 u BIxoAe 1o ToKy 70 %.

Onuiure 3JIeKTPOJIU3 BOJHOIO pacTBOpa HUTpaTa KaJMUsl, BBIUUCIUTE
Maccy oOpasyromierocs kaamus npu cujie Toka 50 A, Bpemenu 100 Mun
Y BBIXOJIE 11O TOKY 85 %.

AJIFOMUHUH CKJIENaH ¢ Meabo. Kakol U3 MeTalioB MOABEPraeTcsi Kop-
po3uun Bo BiaxHoi arMocgepe? CocTaBbTe cXeMy 00pa3yrouerocs npu
3TOM KOPPO3UOHHOT'O MUKPOTATbBAHUYECKOTO JIEMEHTA.

JIBa xene3HbIX BeApa (OLMHKOBAHHOE U JIYKEHOE) UCIOJIb3YIOTCS s
xpanenusi BoAbl. Kakoe Benpo BBIMAET U3 CTPOS paHbIIE BCIEICTBUE
Koppo3un? OTBET WITIOCTPUPYUTE CXEMaMU KOPPO3UOHHBIX MPOLECCOB
Y YPAaBHEHUSAMU PEAKLIHM.

JIBe xene3Hble IUIACTUHKY MOKPACWIM: OJHY KPacKOM C altOMUHHUEBOU
MyaApo#, a Apyryio — ¢ OpoH30BOH. COCTaBbTE CXEMBI KOPPO3HOHHBIX
raJlbBAaHMYECKUX AJIEMEHTOB, KOTOPbhIE OOpa3ylOTCs MPU MOBPEKICHUU
ciost kpacku. Kakas kpacka ¢ (deKkTruBHee 3aliimaeT xKene30 OT Koppo-
3un’?

Jlist mpenoxpanenust HeTe- U Ta30MpPOBOAOB OT KOPPO3UH UCIOJIb3YET-
sl DJIEKTpOXUMHUEcKas (KatojHas) 3anura. OObsICHUTE TPUHITUIT 3TOTO
crioco6a. CocTaBbTe CXeMy KAaTOJIHOM 3alllUTHI CTAIBHOU TPYOBI OT KOP-
PO3UH BO BJIQXXHOU MOYBE.

JIyist yiydiiieHus BHEITHETO BUIA M 3aIlIUTHI OT KOPPO3HH KeJie30 00bIu-
HO TOKPBIBAIOT IIMHKOM, OJIOBOM, XpOMOM, KaamueM, HukeneMm. Kakoe
MOKPBITHE HamOoJIee HAJIC)KHO 3aIUINACT *Kejae30 oT koppo3uu? Pacmo-
JIO’)KUTE METAJUTBI B TOpsiIKE yObIBaHMS 3ammTHOrO > dexra. s ox-
HOM U3 Map COCTaBbTE CXEMY M YPABHEHUS KOPPO3HUOHHBIX MTPOLIECCOB.

5. XKene3Hblil TBO3b MOMECTUIIM B pa30aBICHHBIN pacTBOP CEPHOM KHU-
CJIOTHI, B pe3yJIbTaT€ HA4YaJoCh BBIICJICHHE IMY3bIPHKOB raza ¢ MOBEpX-
HoctH. [Tocne moGamneHus cynbdara Menu ra3 cTaid BBIICIATHCS OBICT-
pee, a mocyie nobasieHust GochoOpHON KUCIOTHI BBIJACICHHUE Ta3a Ipe-
Kpatuiiock. O0BsICHUTE HAOIIOJaeMOE SIBJICHUE.

Cranp conepxut kapoup xenesza Fe;C. CoctaBbTe cxemMy KOPpPO3UOHHO-
r0 MUKpPOTaJIbBAHUYECKOTO 3JIeMEHTa, KOTOPhIH 00pa3yercs mpu padorte
CTaJIbHOT'O U3/EJIHS BO BJIAXKHOM KUCIION cpejie.

B pactBope HaxomsaTcs AgNO;, Pb(NO;),, Mg(NO;),, Zn(NOs),. B
KaKo TOCIEOBATEIbHOCTU MPU DJIEKTPOJIM3E PacTBOpa OYyIyT BbIjie-
JSTHCSL METAJIBI Ha KaTone? Bee um MeTasibl BBIIETSAIOTCS HAa KaToAe?
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16. Kak ¢ moMoIIbIO 3JIEKTPOJIM3a OUMILAIOT METaJIbl OT npumeceit? Iloka-
KUTE Ha KOHKPETHOM IIpUMEpE.

17. Kaxkasg xapakTepHUCTHKa MPOIECCa ANEKTPOJIN3a HA3bIBAETCS MEepEHAIpPS-
KEHUEM, KaKM 00pa3oM €ro MO>KHO MMOHU3UTD, TOBBICUTH?

18. Kakas xapakTepuCTHKa XMMHYECKOTO 3JIEMEHTA WM COCIUHEHHS Ha3bl-
BaETCsl €ro 3JIEKTPOXMMHYECKUM 3KBHBajeHTOM? Kak MOXHO paccum-
TaTh WX ONPEACIUTH IKCIIEPUMEHTATBLHO ATy BEIUYUHY?

19. Kakoe HampskeHHE IPU AJEKTPOIU3€ HA3bIBAECTCS HANPSIKEHUEM pas-
JoeHus BemlecTtBa? M3BECTHO, UTO OHO MOKET OBITh PACCUUTAHO JABY-
M3 criocobamu. OnUImuTe Ha KOHKPETHOM IpuMepe o0a crocooa.

20. Kakol nmoka3zarenb ONpolecca 3JIEKTPOIn3a HA3bIBAETCS BBIXOJOM IO TO-
ky? [Touemy oH Bcerga menbiie 100 %?

21. Ilpm »onexkTposv3e pacTBOPOB COJIEM BCE METAJUIBI C JJIEKTPOJHBIM
noteHuanoM E° > —0,41 B Beimensrorcs Ha karone, a ecan E°< —0,41
B, To Ha karoge CTaHOBUTCS BO3MOXKHBIM BBIJICJICHHUE BOJOPOJA.
Bennuuny norennuana, pasayto —0,41 B, 000cHYyiiTe TEOpETUUECKHU.
TexHudeckass Meap ¢ NMpUMeEcsMU cepedpa U IMHKA OYHUIIACTCS DJIeK-

TPOJIN30M. UTO TPOUCXOUT MPU ATOM C MEJBIO U UTO — C IPUMECIMHU?
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