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[TocoObue mnpegHazHaueHo s CTyAeHTOB crernuanbHocth 21.05.01
[Ipuknannas reonorus. JlanHoe ydeOHOe TmOcCOOME TpeAcTaBiIsieT CcoOoM
COJIEP)KATEIbHOE PYKOBOJACTBO K JAaOOpPAaTOpPHBIM  3aHATHSIM, COYETAIOIIee
TEOPETUYECKYI0 4YacTh K KaXIOH TeMe 3aHATHH UM OINMUCaHWE TMPOBEACHUS
71a00paTOPHBIX PaAdOT.

Teopetnueckas 4acTb COAEPKHUT CBEIECHHUS MO OCHOBHBIM pa3zzesiaM oOuiei
U HEOPraHMYECKOM XUMHUHU. OKCIEpUMEHTallbHasg dYacTh BKJIoyaeT 16
7a00paTOpHBIX PAOOT, BBIOJIHEHHE KOTOPHIX IO3BOJUT CTYJEHTaM 3aKpeIuTh
TEOPETUYECKHE 3HAHUS U TPHOOPECTH MPAKTHUECKUE YMEHHS M HaBBIKU B paboTe ¢
peakThuBaMu, 000pyAOBaHUEM U PUOOPAMHU.

JIJIsl 3aKpeTUIeHHsI TTONYYSHHBIX 3HAHWW, YMEHUH W HABBIKOB, JUIS 3allUTHI
7a00paTOPHBIX PabOT KO BCEM pazjesiaM MocoOusl MpeayiaratoTcs KOHTPOJIbHBIC
BOTIPOCHI.

© Amypckuii rocynapctBeHHbIl yHuBepcutet, 2020
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HPEAUCJIOBHUE

VYyebnoe mnocobue «JlaboparopHsiii mnpakTukym. Xwumus. Yacte I»
MOJITOTOBJIEHO B COOTBETCTBUU C MPOTpaMMOi Kypca 10 XUMUU U MPeHA3HAYCHO
s ctyaeHToB crienranbHOoCTH 21.05.01 — IlpukianHas reosorus, Tae XUMHUS
ABIIsIETCSL 6a30BBIM IPEIMETOM IIPH MOATOTOBKE CIICIIUAIICTOB.

JucuumnuHa «XuMus» HeoOXoauma sl JabHEHIIET0 OCBOCHHS JAPYTUX
JUCUUIUIMH, B YaCTHOCTH, XHMHMUYECKHE 3HAHUS HEOOXOAMMBI JUIsl OCBOCHUSA
qucuuiuinH  JlabopatopHble METOJbI M3YYEHHsST MUHEPAJIbHOrO ChIpbs, OOmas
reOXuMHUs, OKOJOTUS U MPUPOJAOIONIb30BaHNE, DU3NKO-XUMHUYECKHE OCHOBBI
nerpojyorun, O6oraiieHue HepyTHOTO ChIpbsi, OCHOBBI TEXHOJIOTHU TIEPEPabOTKU
pya u ap. B mpemmaraemom mocobwm paccMOTPEHBI OCHOBHBIE pPa3fielibl Kypca
HeOopraHudyeckon xumuu. TeopeTruueckuii MaTepuail MOMOXKET CTYJECHTaM OCBOUTH
M 3aKPENUTh OCHOBOIIOJIATAIONINE XUMUYECKUE MOHITHS M 3aKOHbI. OH sBIsETCS
TEOpEeTUUECKO 0a3oi MpH MOJrOTOBKE K JabOpaTOpHBIM paboTaMm, KOTOPHIE IO
psioy TEM COBMENIEHbI C CEMUHAPCKUMHU W TPAKTUYECKUMH 3aHSATHUSMHU.
KOHTpoJIbHBIE BOTIPOCHI B KOHIIE KaXI0W TEMbI IOMOTYT MPOBEPHUTH MPABHIBHOCTh
YCBOCHUSI MaTepHaia, ClioCOOHOCTh TPUMEHSITh MTOJIYYCHHBIC 3HAHUS JJIS pEIICHUS
KOHKPETHBIX 3a/1a4 M JIsI 3aIUTHI TaO0paTOpHBIX paboT.

[Tocobue Bkmowaer 17 nabopaTOpHBIX padOT, BBITOJIHEHHE KOTOPBIX
CIIOCOOCTBYET (POPMUPOBAHUIO y CTYACHTOB OSKCIEPUMEHTANBHBIX HABBIKOB
paboThl ¢ XUMHUYCCKUM OOOpYIOBaHHWEM, TIOCYIOM W pPEAKTUBAMH, YMEHUU
NPaBUIBLHO TPOBOAWTH HAOMIONEHHMS 332 XUMUYECKUMH OJKCIEPUMEHTAMH,
3aKPETUICHUIO TIONYYCHHBIX TEOPETUYECKUX 3HaHWU. Tak Kak JabopaTOpHbIE
paboTel  comepkaT dDIEMEHTHl HWCCIEIOBaHHWM, O5TO TO3BOJUT CTyJAEHTaM
OJTHOBPEMEHHO OBJIA/ICBaTh U UCCIICIOBATEILCKUMH HABBIKAMH, IPUMEHSIS UX TIPH
MOJITOTOBKE KYPCOBBIX M JPYTHX BHUIOB MpaKTHUECKUX paboT. IlepedeHp Tem
7abopaTopHBIX paboT O0OYCJIOBJIEH TpPeOOBAaHUSIMU TMOATOTOBKH OaKaiaBpoOB
JTAHHOTO HAIpaBJICHHUS TOJATOTOBKM W TMPOTPaAaMMOM Kypca, a TaKkKe HAIMYUeM
npubopHOro obecrneueHus, 00OpyJOBaHUSI U PEAKTUBOB, HEOOXOJIUMBIX ISl UX

IIPOBEICHUS.



[TocoOue cHaOxkeHO puCyHKaMmH, TaOiuIamu, cxemamu. HeoOxomumele
CIIPABOYHBIC MaTepUajbl, TAONHIIBI, a TAaK)XKe MpaBUJa TOBEACHUS W TEXHUKH
0€30MMacHOCTH B XUMHYECKOH JJa0OpaTOPUH MPUBEICHBI B IPUIIOKEHUH.

O3HakOMJICHME €  TEOPETHUYECKUM  MaTepuajJoM U  BBINOJHEHHE
71a00paToOpHBIX paboT OyAyT COCOOCTBOBATH HE TOJBKO Pa3BUTHIO XUMHYECKON
TPaMOTHOCTH, HO W PaCIIUPEHHUIO Kpyroszopa OyAyIIuX CIEIUAIMCTOB U Ooee
IyOOKOMY MTOHUMAHHUIO OCHOB M BO3MOXXHOCTEH XUMUM.

Llenvio oceoenus Oucyunaunvbl XUMHS SBISETCS — (opMHpOBaHHE Yy
CTYZACHTOB OOBEKTUBHOTO U IIEJIOCTHOTO €CTECTBEHHOHAYYHOTO MHPOBO33PECHHS;
pa3BUTHE M CHCTEMATH3alldsd XUMUYECKUX 3HAHHWM, HEOOXOIUMBIX ISl PEIICHUS
MPAKTUYECKUX BOMPOCOB HA MPEANPUSTHHU; PACKPBITHE POJIM XUMUU U CMEKHBIX C
HEell HayK B Pa3BUTHH HAYYHO-TEXHUYECKOTO IIporpecca.

3aoavamu oucyuniuHvl XUMHUS SABIISFOTCS

— yriayOJieHHe M CHUCTEeMaTh3alisl XUMUYECKUX 3HAHUM, HEO0OXOAUMBIX
CTYJIEHTaM JUTsl U3yYCHUsI IPYTUX TUCIHATLINH;

— oBiajeHue (GyHIAMEHTAIBHBIMUA TOHSITHSMHU, 3aKOHAMU U TEOPHUSMU
XUMHUH,

— U3YYCHUE TEOPETUYECKUX OCHOB (U3UKO-XMMHUUYECKHX METOOB
UCCJICIOBAHNUS,

— (hOopMHPOBAaHNE HABBIKOB MPOBEICHUS XUMUICCKOTO IKCITIEPUMEHTA,;

— (opMUpOBaHUE HABBIKOB WCIOIB30BAHUA XHUMHYECKUX 3HAHUM IS
pelIeHUs MPUKIAIHBIX 33729 yueOHO! U PpodeCCHOHATBHON ACSITETbHOCTH.

B mporecce oCBOCHHMS MMCHMIUIMHBI XUMUS CTYACHTHI JOJDKHBI 00J1aaTh
CJIETYIOIIUMU 00IIEeKYIbTYPHBIMH u o0menpogeccuoHAILHBIMHI
KOMIIETEHIUSIMHU

® CIOCOOHOCTBHIO K a0CTPAKTHOMY MBIIUICHUIO, aHamu3y, cuaTe3y (OK-1);

® TOTOBHOCTHIO K CaMOPAa3BUTHIO, caMopeaan3allid, WCIOIb30BAHUIO
TBOpueckoro notennuana (OK-3);

® CIIOCOOHOCTBIO  OPraHW30BBIBATH CBOW  TPYH, CAaMOCTOSTEIHHO

OLICHUBATDH PE3YyJIbTaThI CBOEH ACATCIIBHOCTH, BJIaACHUC HaBbIKaMH
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CaMOCTOSITENILHOM palbOThl, B TOM uHKcie B cdepe MNPOBEACHUS HAyYHBIX
ucciaenosanuii (OITK-5).

B pesynbrare  OCBOGHMS ~ JUCHUUIUIMHBI  OOydYarouuics  JOJDKEH
JIEMOHCTPHUPOBATH CIEAYIOLINE Pe3yIbTaThl 00pa30BaHUs:

1) 3HaTh: OCHOBHBIE 3aKOHBI U TIOHSTHS HEOPraHUYECKOM, OpPraHUYeCcKOn
XUMUH, HOMEHKJIATYPY, CTPOCHHUE M CBOWCTBA XMMHUUYECKUX AJIEMEHTOB, BEILECTB,
COCIMHEHUI; MPUPOY U THUIIBI XUMUUYECKOUN CBSI3U; B3AaMMHOE BIIMSIHUE aTOMOB B
MOJIEKYJIaX; THUIIbI XUMHYECKUX PpEaKIUH; TEOPEeTHUYECKUE OCHOBBI (PU3UKO-
XUMHYECKUX METOA0B UCCIENOBAHNS.

2) VYMmeTh: MNPOTHO3UPOBATH MW ONPEACNSITH CBONCTBA XHUMHYECKUX
COCJIMHEHUN IO WX CTPYKTYpHBIM (pOpMyliaM; MCHOJIB30BATh OCHOBHBIE METO/IbI
XUMHYECKOTO UCCIEAOBAHUSI BEIECTB U COCINHEHUM.

3) Bnanmerb: COBpeMEHHOM XUMHUYECKOM HAy4YHOW TEPMHUHOJOTUEH,
METOJaMU KaYECTBEHHOTO aHalii3a HEOPraHMYECKUX BEIIECTB, MHCTPYMEHTAPUEM
JUISL pEIICHUs XUMUYECKUX 3a7]ad B CBOEH mpeaMeTHON obnactu, nHpopmMarei o
HAa3HAUYCHUU U O0JACTSIX MPUMEHEHHS OCHOBHBIX XHMMHUUYECKHX BEIIECTB U HX
COCIVHEHNH.

3amMedaHust ¥ MOXKEIaHUs TI0 COACPKAHUIO TTOCOOUS HANIPABIIITH Ha Kadenpy

«XUMHUHU U XUMHAYECKOU TeXHOoJIoTUn» AMI'Y.



TEMATHUKA JIABOPATOPHBIX 3AHSTUI

Ne Tema 3ansTUS KomnnuectBo
I1/T1 JacoB
1 [TonyueHnne u cBOHCTBA HEOPTraHUUYECKUX COCTMHEHUN 2
2 CKOpOoCTh XUMUYECKUX PEAKIIUI 2
3 DIIeKTPOJIUTUYECKAs TUCCOIIUAITHS 2
4 IM'uaponus coneit 2
3) Komnnouaaeie pacTBOpbI 2
6 OKHCITUTETFHO-BOCCTAHOBUTEILHBIE PEAKITUT 2
7 Koppo3ust metamnos 2
8 KomIiekcHble coeTUHEHNS 2
9 XUMHYECKHE CBOMCTBA METAJJIOB 2
10 | Xumuueckue cBoiicTBa 0-371eMEHTOB 2
11 | CoiicTBa HEMETAILJIOB 2
12 | P-anementst VII rpymisl 2
13 | P-anements VI rpymibt 2
14 | P-anemeHThl V TpymIbI 2
15 | P-anements! IV rpynmnbl 2
16 | P-anmementsr III rpynms 2
Bceero 32




PA3JEI I
OCHOBHBIE TIOHATHA Y 3AKOHBI XUMHWH

1.1.0CHOBHBIE XUMNWYECKHUE ITOHATUA

XuMHusl — HayKa, U3ydyarolasi CTPOCHHUE M CBOICTBA BELIECTB, a TAKXKE HUX
IPEBPALICHUs], COIPOBOXKIAIOIIMECS W3MEHEHHEM COCTaBa W/MIM CTPOCHUS.
[TpenMeToM U3ydeHUs] XUMUU SBJISIOTCS XUMUYECKUE DJIEMEHTBI U UX COEIMHEHUSI.
Xumuueckuii 31emenm — 3TO COBOKYITHOCTb aTOMOB C OJMHAKOBBIM 3apsijioM
aapa. Xumuueckoe eéeuyecmeo — COBOKYIIHOCTb HOHOB, aTOMOB, MOJIEKYJ WU
pasuKaioB OMPEEIEHHOTO COCTaBa U CTPOCHUs, 00pa3yromiasi OMHOPOAHYIO (a3zy.
XUMUYECKUE BEIIECTBA MOTYT HAXOIUTHhCS B TPEX AarperatHbIX COCTOSTHHSX:
ra3oo0pa3HoM, XKMJIKOM U TBepAoM. JIroboe BeUIecTBO COCTOUT M3 YacTHI, T.€.
UMEET MPEPHIBHOE WM JAUCKPETHOE CTpoeHHe. [IpUHIMI AMCKPETHOCTH JIKHUT B
OCHOBE aTOMHO-MOJIEKYJIIPHOTO YUY€HHUs, BBIAAIOIIASACS POJIb B PA3BUTUH KOTOPOTO
npuHaexut M.B. JlomonocoBy (1741 r.).

OcCHOBHBIE MOJI0KEHHUST ATOMHO-MOJIEKYJISAPHOT0 YUEeHHS:

1. Bce BemiecTBa COCTOAT M3 MOJIEKYJ, aTOMOB WM HOHOB. MoJsekyJia
SIBJISIETCH MeJb4yailieil YacTUled BellecTBa, COXPaHAIOLIedl ero XuMu4ecKue
CBOJCTBA.

2. Monekynbl HaxoAsATCs B NOCTOSSHHOM JBHKeHUH. C MOBBILIEHUEM
TEMIIEpaTypbl CKOPOCTb JIBMJKEHHMsSI (WJIM 4acToTa KoOJIeOAHWUH) MOJIEKYJ
BO3pacTaer.

3. Monekynbl pa3IUYHBIX BEIIECTB pa3jMyYaloTCs pa3MepaMH, MaccCow,
CTPOCHHEM U XMMHUYECKUMHU CBONCTBaMH.

4. Monexynpl MOTYT COCTOSITh KaK M3 aTOMOB OJHOTO 3JieMeHTa (MpOCThie
BEIIIECTBA), TAK ¥ M3 aTOMOB Pa3HBIX AJIEMEHTOB (CIIOKHBIE BEIIIECTBA).

ATOMaMHU Ha3bIBAKT MeJbYaiiliMe YacTHIbI XMMHYECKOIr0 3JIeMeHTa,
COXpaHSIIOIIME ero XHMHUYEeCKHe CBOCTBA. ATOMBI HENb3 Pa3JIOXKUTh

XUMHUUYCCKUM ITYTEM.



[TockonmbKy aTOMBI W MOJIEKYJIBI WMEIOT UYPE3BBIYAHO MaJIble MAcCHhI,
UCIIOJIP30BaTh WX B XUMHUYECKHX pacderax HeyaoOHo. Tak, Macca aroma
KHCJIOpoa paBHa 2,667+1072° xr, a Macca MoneKysbsl Boabl paBHa 2,992¢1072° kr.
[ToaToMy aTOMHBIE W MOJICKYJSPHBIE MAacChl BBIPAXKAIOT B OTHOCHUTEIBHBIX
enuaunax. B 1961 r npunsTa enuHas mIkaga OTHOCUTEIBHBIX aTOMHBIX Macc,
KOTOpbIE U3MEPSIOT B ATOMHBIX €AMHHUIIAX MAcChI (a.€.M.). 32 aTOMHYI0 eIMHHILY
macchbl npuauMaetcs 1/12 wacts macesl nykmuaa 2C (1 a.e.m. = 1,6605¢10727 kr).
OTHocuTelbHAsI aTOMHasi macca (Ar) — 3TO Macca aroma, BBIpaKCHHAs B
aTOMHBIX CAMHMIIAX Macchl. OTHOCHTEIbHAs MoJIeKyJsipHas Macca (Mr) — sto
Macca MOJICKYJIbI, BRIpaKECHHAs! B AaTOMHBIX €IMHHUIIAX MaCCHI.

Hapsiny ¢ enuHuiiamu macchl 1 00beMa B XMMHHM HCIOJB3YETCS €IMHUIIA
KoJimyecTBa BemectBa — Moiib. Moab (N, V) — 3TO KOJMYECTBO BEIIECTBA,
coJiepKalliee CTOJbKO MOJIEKYJ, aTOMOB, HOHOB WM JPYTUX CTPYKTYPHBIX
eJIMHUL, CKOILKO aTOMOB COJIEpKMTCS B 12 rpamMmax Hykiuaa yriepoxa 2C.
KonuvecTBOo yacTtull B OJHOM MOJ€E JIOOOrO BEHIECTBA OAMHAKOBO U PAaBHO
6,02¢102% moms ! (mocrosHHas ABoraapo). Macca OZHOrO MOJS BELIECTBA
HA3bIBACTCS €r0 MOJIIPHOI Maccoil. OHa paBHA OTHOILICHUIO MAacChl BEIIECTBA K
ero koiuuectBy: M = m/v (r/mons). CnenoBarensHo, Maccy atoma (MOJIEKYJIbI)
MOXHO HalTH, KaK OTHOIICHHE MOJIAPHON Macchl dJeMeHTa (BEIIecTBa) K
MOCTOSTHHOM ABorajipo. Macca aroma (MOJIEKYJIbI) TaK)Ke paBHA MPOU3BEIICHUIO
OTHOCUTEJIHLHOM aTOMHOM (MOJEKYJISIPHON) MAacChl Ha aTOMHYIO €IMHHILy Maccy.
Hamrpumep, m(H,0) = 18,016/(6,0210%%) = 18,016°1,6605¢102" = 2,992107% kr.

Jlist  BemiecTB B ra3000pa3HOM  COCTOSIHUM — yIOOHEE TMOJIb30BATHCS
MOJISIDHBIM 00beMOM — 3TO 00beM, KOTOpBIN 3aHMMaeT | MOJb ra3000pa3HOTO
BEILECTBA MPU HOPMAJBHBIX yCIOBUSIX (H.y.): Vim = V/v (1/Monb). HopmanbHbIMU
cuntarotcs yciosusi, ecnu P = 101,325 xIIa, t = 0 °C. Tak kak B 1 Moyb BemiecTBa
COJIEPKUTCS MOCTOSIHHOE YMCIIO YaCTHUI, TO JII0O0e razo00pa3HOe BEIIECTBO IMpPH
H.y. OyZIeT 3aHUMAaTh OJUH U TOT k€ 00beM: Vi = 22,4 11/MOJIb.

KonTpoabHbBIE BONPOCHI:

1. JIaiiTe MOHATHSA XUMUYECKOMY JIEMEHTY, aTOMY, MOJIEKYJIE.
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2. ChopmynupyiiTe OCHOBHBIE MOTOKEHHS ATOMHO-MOJIEKYJISIPHOTO yUEHUSI.

3. Uro Takoe aToMHas enquHUIA Macchl? UTO Takoe OTHOCUTENbHASI aTOMHAs
¥ OTHOCHTEIbHAS MOJICKYJISIpHAs MacChl?

4. Yto Takoe Mosb? YUemy paBHa ocTostHHAass ABOrajapo?

5. Urto Takoe MoJIsipHasi Macca U MOJISIPHBIN 00BheM?

6. Uemy paBeH MOJISIPHBIN 00BeM?

7. Kakue ycinoBusl Ha3pIBatOT HOPMaJIbHBIMU?

1.2. OCHOBHBIE KJIACCbI U HOMEHKIJIATYPA
HEOPI' AHMYECKUX COEJMHEHNH

KosmnuectBo HeopraHnueckux coeauHeHnd orpomHo. CoBpeMeHHas
cucTeMa Kiaccu(uKaluyd AENUT MX Ha JABE OOJbLIME TPYMIbl — IPOCThIE U
CJIOKHBIE.

IlIpocmuimu nasvigaomcea eeujecmea, COCMOAWUE U3 AMOMOE MOIAbKO
00H020 3/leMeHma: cepa, KUCIOPOJ, YriaepoJ, Mar"uii, xeme3o u ap. IIpocrteie
BEILECTBA KIACCU(PUIUPYIOTCS HA METaUIbl U HeMeTaJIbl. K THIUYHBIM MeTalljiam
OTHOCSITCSI ILIEJI0OYHBIE U IIEIOYHO3EMENbHBIE AIEMEHThI, OOJBIIMHCTBO JIEMEHTOB
NO0OOYHBIX TOATPYIII.

K HemeTamiam oTHOCSATCSI BOJOPOI, OOp, yIiiepo, KpeMHuUM, a3oT, Gocdop,
MBILIBSK, KUCIIOPOI, CE€Pa, CEJIEH, TEJLTYD, FAJIOTE€Hbl U HHEPTHBIE T'a3bl.

Mertaibl OTINYAIOTCA XapaKTEPHbIM METAIIMYECKUM OJIECKOM, KOBKOCTHIO,
TATYYECThIO, MOTYT MPOKATHIBATHCS B JIMCTHI WJIM BBITATMBATHCA B IPOBOJOKY,
0o0NagaloT XOpOoIIeH TEIUIOMPOBOJHOCTBIO M 3JIEKTPONPOBOIHOCTHIO. Ilpu
KOMHATHOM TEMIEPATypEe BCE METAJUIbI, KPOME PTYTH, HAXOJATCS B TBEPAOM
COCTOSIHUHU.

Hemerannbl He 0071a1a10T XapaKTEPHBIM JIJIsi METAIIOB OJIECKOM, XPYIKHUE,
O4YEHb IUIOXO NPOBOLAT TEIUIO M DJEKTpUuYeCcKui TOK. Ilpu KomHaTHOMU
TEMIEPaType CYLIECTBYIOT B TBEPAOM, KHJIKOM WJIA ra3000pa3HOM COCTOSTHUM.

Mosnekynbl MPOCThIX BeIIeCTB MOryT ObITh oaHoaTomHbIMHU: Fe, Cu, Ne;

nByxatoMHbIMU: Hp, Oz, Cly, N2; TpexatomubimMu: O3, MHOroaTOMHBIMHU: P4, Sg.
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Cnoxcuvie eewjecmea cOCmMoOAm U3 AMOMO8 PA3HBIX XUMUYECKUX
nemenmos. VIx MOXKHO pa3feNuTh 10 COCTaBy Ha 4 Kjacca: OKCUIBI, THAPOKCHUIBI,
KHUCIIOTBI U COJIH.

1. Oxcuabt

OxcuaaMu Ha3bIBAIOT COCIMHEHHUSI, COCTOSIIUE U3 JIBYX AJIEMEHTOB, OJIUH
U3 KOTOPBIX — KUCIIOpo B cteneHu okucieHus -2. Na,O, CaO, Al;O3, N2,Os, COy,
SO3;.  Okcuasr  ObBalOT  HecoJeoOpasyiomme W cojeoOpasyromue.
HeconeoOpa3yromnye, win Oe3pa3ivyHble, OKCHUIbI HE 00pa3yloT TUIpaTHBIX
coemnaeanii u coneii: NO, CO, N;O. Coneobpa3yomme OKCHIBI II0
(GYHKIIMOHATBHBIM MPU3HAKAM JEISTCS HAa OCHOBHBIE, KUCIIOTHBIE M aM(pOTEPHEIE.

OcHOBHLIMU ~ HA3BIBAIOTCS.  OKCU[BI, KOTOpbIE O00pa3ylT COJIM MpHU
B3aMMOJICCTBUH C KMCJIIOTAaMU WJIM KUCIOTHBIMHU OKcHaamMu. OCHOBHBIM OKCHIaM
COOTBETCTBYIOT OcHOBaHusa. Hampumep, okcuay kambius CaO COOTBETCTBYET
ocHoBanue ruapokcua kambiusg Ca(OH),, okcunmy kaamus CdO — ruapokcun
kagmust Cd(OH),. OcHOBHBIE OKCHABI 00pa3ylOT METAJLIbl B HHU3KOW CTEICHH
okucienus (+1, +2): menouHple W MIEI0YHO3EMEIbHBIE METAIUIBI, MEllb, KEJe30,
MapraHell, HUKellb, KOOalbT U Jp.

XUMHUYECKUE CBOMCTBA OCHOBHBIX OKCHUIIOB:

L OKCI/II[bI MICJIOYHBIX u mMCJI0YHO3CMCIBbHBIX 9JICMCHTOB JCT'KO

B3aMMOJICHCTBYIOT C BOJIOM, 00pa3ys OCHOBAHUSI:
CaO + H,0 = Ca(OH),

e (OCHOBHBIC OKCH/bI BSaI/IMOI[CfICTBYIOT C KHcCJIOTaMu C 06pa3013aH1/IeM

COJICH:
FeO + H,SO4 = FeSO, + H,0O

e (OCHOBHBIC OKCH bl BBaHMOHeﬁCTBYIOT C KHCJIIOTHBIMHM OKCHAAMHU C

o0pa3oBaHUEM COJIeH:
MgO + CO; = MgCOs
Kucrnomnvimu Ha3bIBaIOTCSI OKCHBI, KOTOpBIE MpPH B3aWMOJCUCTBUU C

OCHOBAaHWAMH HJIM OCHOBHBIMH OKCHIaMH O6p8,3y}OT coimm. KucinorHeim OKCHJIaM
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COOTBETCTBYIOT KHCIOTHL. Hampumep, oxcumy xpoma(VI) CrOsz cooTrBercTBYyeET
xpomoBast kucnora HyCrOa, okcuny kpemuus SiO; — kpemueBas kucinota H,SiOs.
K KHCIIOTHBIM OTHOCSITCSI OKCHJIbI HEMETAJUIOB U OKCHJbl METAJJIOB B BBICOKOM
cTeneHu okuciaeHus (+5, +6, +7): SiO,, CO,, P,0s, SOs, Cl,07, Mn,07, V,0s,
CrOs u ap.

XHUMMYECKHUE CBOMCTBA KUCJIOTHBIX OKCUIOB:

e Hekoropsle KHCIOTHBIE OKCHABI B3aMMOJEUCTBYIOT C BOJOHM C
o0Opa30oBaHHUEM KHCJIOT:
CO; + H,O = H,CO3
P,0O3; + 3H,0 = 2H3PO3
e KucnoTHbie OKCUIBI B3aUMOICHCTBYIOT C OCHOBaHUSIMU, 00pa3ys COJIH:
SiO; + 2NaOH = Na,SiO3 + H,0

e KucnoTHele OKCHIBI B3aUMOJEUCTBYIOT C OCHOBHBIMH OKCHUJIAMH C
o0Opa3oBaHUEM COJIEH:

SOz + Na,O = Na,SOq

Amgomepnble OKCUIBI TPOSBIAIOT CBOMCTBA KaK KHUCJIOTHBIX, TaK U
OCHOBHBIX OKCHJIOB. OHU B3aUMOJICUCTBYIOT M C KHUCJIOTaMU U C OCHOBAHMSIMU C
00pa3oBaHUEM COJICH.

Al;O3 + 2NaOH = 2NaAlO; + H,0
Al,O3 + 6HCI = 2AICI; + 3H,0

Takue okcuabpl 00pa3yrOT HEKOTOPHIE METaUIbl B CTEMIEHU OKUCICHUS +2
(BeO, ZnO, SnO, PbO) u mourn Bce METaIbl B CTEIIEHU OKHCIICHUSA +3 u +4
(Aleg, SﬂOz, PbOz, szOg)

Ha3Banue oxcumoB oOpasyeTcs u3 cioBa "OKCHUI' M PYCCKOTO Ha3BaHUS
XUMHUYECKOTO 3JIEMEHTa B POAMUTEIBLHOM Majexe. s 31eMeHTOB ¢ mepeMEeHHON
CTETICHBIO OKHCJICHHUSI CTETCHb OKUCIEHUS YKa3bIBAIOT PUMCKUMH Iudpamu B
Kpyraeix ckoOkax. Hampumep, P;Os — oxcun docdopa(V), MnO — oxcua
mapranua(ll), MnO, — oxcun mapranua(IV). Eciu 3yeMeHT TposBIISIET TOJIBKO
OJIHY CTENIEHb OKUCIIEHHUSI, TO €€ 3HaUYE€HHE MOXKHO He ykasbiBaTh. Hanmpumep, CaO

— OKCHJ KaJIBIIHSL.
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2.'mapokcuabl

Iuapokcuabl — 3TO CIIOKHBIE BEIIECTBA, B COCTaB KOTOPBIX BXOIAT
ruapokcorpymmsl OH.

[To GyHKIHMOHANBHBIM MPH3HAKAM THAPOKCHUIBI JEAST Ha OCHOBHEIE,
KHCJIOTHBIE B aM(OTEPHBIE.

OcHosHble 2UuOpOKCUObl — OCHOBAHUS — 3TO BEIIECTBA, KOTOPBIC MpPH
JTUCCOIMAIIMA B BOJHBIX pPacTBOpax OOpa3ylOT B KadyeCTBE AHHOHOB TOJBKO
ruapokcua-uonbl  OH™.  OcHOBaHHMS TOJPA3NENAIOTCS HAa PACTBOPUMBIC U
HEPACTBOPHMEBIC. PacTBOpMMbIE B BOZIE OCHOBAHMS HAa3bIBAIOT Iiemodamu. K
IIeJI09aM OTHOCSTCS THIPOKCHIIBI menouHbix mMetauioB — LIOH, NaOH, KOH,
RbOH, CsOH u menouno3emensubix MetamioB — Ca(OH),, Sr(OH),, Ba(OH)..
['MapoKCHIBI OCTANBHBIX MeTauIoB B Boje HepactBopuMbl: MQ(OH),, Ni(OH),,
Cu(OH),, Fe(OH)s, Sn(OH), u ap. Kpome Toro, ocCHOBaHHUS Pa3IHYAIOTCS IO
KHACJIOTHOCTH. KHCIOTHOCTE OCHOBAHMSI OINPEACIISICTCS YHCIOM THIPOKCOTPYII B
ero monekyie. Tak, NaOH, KOH — opmHokucinotrHeie ocHoBanus; Ca(OH),,
Cu(OH); — aByxkuciotHbsie ocHoBauus; Fe(OH); — TpeXKUCIIOTHOE OCHOBAHHME.

OCHOBaHHS TUCCOIMMPYIOT B BOIHBIX PacCTBOpax ¢ 00pa3oBaHHWEM KaTHOHA
MeTaJlla ¥ TUAPOKCHI-MOHA!

KOH = K" + OH"
MHOTOKHCIOTHBIC OCHOBAHUS TUCCOIUUPYIOT CTYIIEHYATO:
Ca(OH), = CaOH" + OH~
CaOH" = Ca®* + OH-

XUMHWYECKUE CBOMCTBA OCHOBAHUM:

e (OcHoBaHHS B3aUMOJICHCTBYIOT C KHCIIOTAMH C 00pa30BaHUEM COJICH:
NaOH + HCI = NaCl + H,0
e OcHOBaHHMS  B3aUMOJICHCTBYIOT C  KHCJIOTHBIMA  OKCHAaMH  C
oOpa3oBaHHEM COJICH:
Ca(OH)z + CO, = CaCO3; + H,O
e (OCHOBaHHS B3aUMOJICHCTBYIOT C COJIIMH, €CJIM B pe3yJibTaTe 00pazyercs

HCPACTBOPUMOC COCINHCHUC!
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Ba(OH), + Na,SO, = BaSO,4| + 2NaOH

Ha3Banue ocHoBaHMi oOpa3yeTcss W3 cloBa "THAPOKCHA' W PYCCKOTO
Ha3BaHUS XMMHUYECKOTO 3JIEMEHTa B POJUTEIBHOM Tajaexe. s sjaeMeHTOB ¢
MEPEMEHHON CTETICHBIO OKHUCICHUS CTEICHb OKHCIICHHS YKa3bIBAIOT PUMCKUMU
mubpamu B Kpyrabix ckoOkax. Hampumep, Fe(OH), — rumpokcun kenesza(ll),
Fe(OH); — ruapoxcun xene3a(lll). Ecau siaeMEHT HpOSBISET TOJBKO OJHY
CTEIECHb OKUCIICHUSI, TO €€ 3HaUeHUE MOXKHO He yka3biBaTh. Hanpumep, Ca(OH); —
TUAPOKCHU/] KaJIbIIHUA.

Kucrnomnule euopokcudor — SO2(OH)2, NO2(OH), MnO3(OH), CrO,(0OH), —
MPOSIBIISIIOT CBOMCTBA KHUCHOT. MX Ha3BaHus o0O0Opa3yloTcs IO TMpaBUjiaM,
YCTaHOBJICHHBIM JUISI KUCJIOT (CM. HIDKE).

Amehomepubie eudpoxcuovt MPOSIBISIOT KaK OCHOBHBIE, TaK U KHCJIOTHBIE
cBoiictBa. OHH  COOTBETCTBYIOT aM(OTEpHBIM  OKcHaaMm. AMQoTepHbIe
THIPOKCUIBI BEIYT ce0sl KaK OCHOBAHHS MPU B3aUMOJECHCTBUU C KHUCIOTAMHU C
o0Opa3oBaHUEM COJIEH:

BG(OH)Z + H,SO, = BeSO, + 2H,0

OOpa3yst coiu TIpU B3aMMOJCUCTBHUM C OCHOBAHHMSAMH, OHH TIPOSBIISIOT
KHUCJIOTHBIE CBOMCTBA:

Be(OH), + 2NaOH = Na;BeO, + 2H,0

Ha3Banusa am@oTepHbIX THUIPOKCUAOB OOpa3yloTca MO  MpaBHIIaM,
yCTaHOBJICHHBIM JiJIs1 ocHoBaHui. Hanpumep, Be(OH), — ruapokcun 6epuiius.

3. Kucaorsl

KucaoTsl — 3T0O CI0KHBIE BEIIECTBa, KOTOPBIC MTPH JUCCOIMAIIMH B BOIHBIX
pacTBOpax B KauyeCTBE KATHMOHOB O0pa3ylOT TOJbKO KATHOHBI Bojopoma H™.
AHHOHAMH B COCTaBE KHCIIOT SBJISIFOTCS KHCIOTHBIC oOcTaTku. I[lo Hamuyuio
KHCIIOPOJIa B CBOEM COCTaBe, KUCJIOTHI ACNATCS Ha OECKUCIOPOHBIC (Hampumep,
HBr, H,S) u kucnopoaconepxamue (H3PO4, HNO3). Uncio aromoB Bojgopoja B
MOJICKYJIC KHCIJIOTBI, CITOCOOHBIX 3aMeIIaThCs aTOMaMH MeTajula, ONpeIeiisieT ee

OCHOBHOCTH. 1l0 3TOMYy MpH3HAKy pa3Iu4aloT OJHOOCHOBHBIE KuciIoThl — HCI,
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HNO;3;, HMnO,; nByxocuoBHbIe KucI0Thl — H2SO4, HoCO3, H2S; TpexocHoBHBIC
kuciIoTel — H3PO4 1 T.11.
KucioTel AuCCONMHMPYIOT B BOJHBIX PacTBOPax Ha KAaTHOHBI BOJOpOJa U

AHMOHBI KUCJIOTHOTO OCTATKa:

HNOz; =H* + NO3~
MHOTOOCHOBHBIC KHCIIOTBI JUCCOIMUPYIOT CTYIICHYATO:

H,SO4 = H" + HSO,

HSO, = H* + SO,

XUMHUYECKUE CBOMCTBA KHUCIIOT.

e KucnoTsl B3aUMOJIEWCTBYIOT C OCHOBAaHUSIMU ¢ 00Pa30BAHUEM COJIEH:
H,SO, + Ba(OH)z = B&SO4L + 2H,0

o KucnoTel B3aMMOJEUCTBYIOT ¢ OCHOBHBIMH OKCHJAMU C OOpa3OBaHUEM

COJIEH:
H,SO, + CuO = CuSO, + H,O

e KucnoTsl B3aUMOJICUCTBYIOT C COJISIMH, €CJIM B pe3yjbTaTre oOpa3yeTcs

HEPACTBOPUMOE COCIMHECHHUE:
H,SO, + Pb(N03)2 = PbSO4l + 2HNO3
e KWuCIOTBI B3aWMMOJECUCTBYIOT C MeETaUlaMH, CTOSIIIMMHA B  PAIY

HAIIPsDKEHUI 10 BOIOPO/A, C BBIAEIEHHEM BOIOPO/IA:
2HCI + Mg = MgCl, + H,?
H,SO, + Zn = ZnSO,4 + HzT

Ha3Banus KHCIOT TPOW3BOAST OT JJIEMEHTa, OOpa3yIoImIero KHUCIOTY, C
noOasiienneM cioa "kucnora". B ciydyae OeCKUCTOPOAHBIX KUCIOT K Ha3BaHUIO
AJIEMEHTA WJIU TPYIIBI 3JIEMEHTOB, 00pa3yroNuX KHUCIOTY, A00aBISIOT cydhdukc
"o" m okoHuaHuwe "BogopoaHas" (Tabn. 2). Ha3BaHMS KHCIOPOACOIEPIKAITUX
KHUCIIOT 3aBUCST OT CTENEHU OKUCIEHUs KHuCIoTooOpasyromiero sneMmenta. Ecmm
2JIEMEHT HAXOJUTCS B BBICIIECH WU JII000M €IMHCTBEHHON CTENEHU OKUCIIEHHUS, TO
Ha3BaHMS KHCJIOT OKaHYMBaeTcs Ha '-Haf', "-oBas', "-eBas’". JInsg nieMeHTa B
MPOMEKYTOUYHOM CTENEHW OKHUCeHUs (+5) Ha3BaHUE KHUCIOThl OKAHYMBAETCS Ha

"-HoBaTas"; I dJIEMEHTAa B MPOMEXKYTOUYHBIX CTENEHAX OKHUCiIeHus (+3) u (+4)
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Ha3BaHWE KHUCJIOTHI OKaHYMBAaeTCsa Ha '-mcras’, "-oBHUcTas'', I dDJIEMEHTA B

HU3IIEH TMOJIOXKUTEIBLHONM CcTeneHu oOkucieHuss (+1) Ha3BaHME KHUCIOTHI

OKaHYHMBaeTcd Ha "-HoBaTucTas'. Eciy pjaeMeHT, HaXomsiCh B OJHOM M TOH Ke

CTCIICHHU OKMHCJICHUA, 06pa3yeT HECKOJIbKO KHCJIOT, TO Ha3BaHUC KHUCIIOTHI,

coJiepKallleid MEHbIIee YUCIO aTOMOB KHCJIOpO/a, UMEET MPUCTaBKYy 'MeTa-", a

Ha3BaHHUE KUCIOTHI C OOJBIIMM YHCIIOM aTOMOB KHCJIOpPOJa — IMPUCTaBKy ' OpTO-"

(cm. Tabnuiry).

Ta6Jmua 2. HOMGHKJIaTypa KHCJIOT 1 KHCJIOTHBIX OCTaTKOB

dopMyJia KUCIOTHI Ha3Banue kucinoTel Hazanue
KHCIIOTHOTO OCTAaTKa

HF! dbTOopoBOIOpPOIHAS dbropua
HCI XJIOPOBOJIOPOIHAS XJIOPHULL
HI? MOI0BOJOPOIHAS HOTU
HBr! OpPOMOBOIOPOIHAS Opomuz
H,S2 CEpOBOJOPOIHAS cynbdu
HCN™! IMAaHOBOJOPOIHAS IIUaHU]T
H,Si**0Os KPEMHHEBAS CUJTMKAT
H,C*O3 yroJbHas KapOoHaT
H,S*0, cepHas cynbdar
H,S*0; CEpHHUCTas CyabQUT
HN*O; a30THAs HUTPAT
HN*0, a30THCTAs HUTPUT
H;As™0, MBIIIBSKOBAS apceHar
H3;As*30, MBIIIBIKOBUCTAS ApCEHUT
HCI*'O, XJIOpHas IEePXJI0paT
HCI**O; XJIOpHOBATAsI XJI0par
HCI*0, XJIOpUCTast XJIOPUT
HCI*'O XJIOPHOBATUCTAS THITOXJIOPUT
HMn*"0Q, MapraiioBas IIepMaHraHar
H,Mn*t0, MapraHIlOBUCTas MaHTaHaT
H3P*0, oprodochopHas docdar
HP*O; metadochopHas meTadocdar
H3P*305 docdopucras dochur
H,Cr*®Q, XpOMOBast Xpomar
H,Cr,"0; JIBYXpPOMOBast TUXpoMaT
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Ha3BaHus KHCIOTHBIX OCTAaTKOB KHCJIOT TaK)Ke€ 3aBUCAT OT CTEIEHU
OKHUCJICHHSI KHCJIO0TOOOpasyromero sneMeHTa. Ha3BaHWS KHCIOTHBIX OCTAaTKOB
OCCKHUCIIOPOJIHBIX KHUCJIOT (OTpHUIIaTeNIbHAs CTETNEHb OKHUCJICHHUS DJIEMEHTA)
OoKaHUMBaroTcsa Ha "-ua'. Eciau sjieMeHT HaXOaUTCs B BBICHICH MIIM € IUHCTBEHHOMN
CTEIIEHN OKMCJICHHUSI, Ha3BaHHWE KHUCIOTHOI'O OCTAaTKa 3aKaH4YnMBaeTcd Ha "'-aT'. Ecin
AJIEMEHT MOJKET OBITh B JIBYX CTEMEHSIX OKHCJEHUS — BBICIICH W HHU3IICH, TO
Ha3BaHUS KHCJIOTHBIX OCTAaTKOB 3aKaHYMBAIOTCI, COOTBETCTBEHHO, Ha '-aTr' M
"-ut". Ha3BaHMS KHCIOTHBIX OCTaTKOB, OOpa30BaHHBIX JJEMEHTAMH, KOTOPHIE
MOTYT TpPOSBIATh TPH PA3JIUYHBIE CTCIICHW OKHUCJICHHS, OKAaHYUBAIOTCA,
COOTBETCTBEHHO ISl BBICIIEH, MPOMEXKYTOUYHOW M HU3LICH CTEIICHU OKHUCJIEHUS, HA
"-at", "-uT" u "-ur" c npucraBkoii "'runo-". B Ha3BaHUAX aHHOHOB C YETHIPHMSI
pPa3sTUYHBIMA CTETICHSIMH OKHCJICHHS DJJIEMECHTAa MPUMEHSIOT COOTBETCTBEHHO
cypdbukcer "-at" ¢ mpucraBkod 'mep-" (I BBICHICH CTENEHHM OKHUCICHUS

aneMmeHTa), "-at”, "-ut" u "-uT" ¢ mpucraBkoi "rumo-". ®opmynsl (¢ ykazaHuEeM
CTEMICHEW OKHUCJIEHUS 3JEMEHTOB, 00pa3yIOIIUX KHUCJIOTHI) U Ha3BaHUs HamboJiee
pacnpoCTpaHEHHBIX KHUCJIOT, a TaKXe€ COOTBETCTBYIOIIMX KHUCIOTHBIX OCTaTKOB
NPUBEACHBI B TAOIHIIE.

4. Cosn

Cosiu — 3TO CIIOKHBIC BEIECTBA, COCTOSAINIME M3 KAaTHOHOB MeETallia |
AHUOHOB KHCJIOTHOTO OCTaTka. KX MOXXHO paccMaTpuBaTh KaK IPOTYKTHI
3aMeIleHUs] MOHOB BOJOPOJIa B MOJICKYJIaX KHUCIOThl MOHAMU METaJlJla WU Kak
MPOIYKTHI 3aMEIICHUS THUIPOKCOTPYIINT B MOJICKYJIE OCHOBAHHS KHCJIOTHBIMHU
octatkamu. [1o cocTaBy pa3nuyarOT CpeIHUE COJU, KHCIIbIE U OCHOBHBIC. CpenHme
COJIM 00pa3yrOTCs MPH TOJHOM 3aMEIICHUHA HOHOB BOJOPOIa B MOJIEKYJIE KUCIIOTHI
WOHAMH METalla, HalpuMep

Cu(OH), + H,SO,4 = CuSO4 + 2H,0
Cpennue conmu AUCCONUUPYIOT Ha KaTHOHBI METaUla U aHUOHBI KHUCJIOTHBIX

OCTaTKOB.

CuSO, = Cu** + SO*
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Ha3Banus cpemnux coiieli 00pa3yroTCss W3 Ha3BaHUS KUCJIOTHOTO OCTAaTKa
(cM. TabnwIly) M pyCCKOTO Ha3BaHUS METasia B POIUTEIHLHOM Mmajexe. B ciydae,
€CIId METAJJI MOXKET BXOJUTh B COCTaB COJM B PA3IUYHON CTENEHU OKHCICHUS,
CTETICHb OKHCJICHHSI YKa3bIBaIOT B KPYIJIBIX CKOOKaX PHUMCKHMHU Idpamu.
Hanpumep, CuSO, — cynbdar meau(ll), Fe(NO3), — uutpar xene3a(ll).

[Tpu HEMONHOM 3aMelIeHUH HOHOB BOJOPOAA B COCTAaBE KHCIOTHI Ha MOHBI
MeTaia, oOpasyrorcs Kucibeie cond. OHM coAepKaT B CBOEM COCTaBe, KpoMme
KaTHOHOB MeTa/lla KaTHOHBI Bojopona. Kwucmple comm 00pa3yloT TOJBKO
MHOTOOCHOBHBIC KHCIIOTBI, HAIIPUMED

CU(OH)z + 2H,S0, = CU(HSO4)2 + 2H,0

Kucinblie comu AUCCOUUUPYIOT CTYIIEHYATO.

CU(HSO4)2 =Cu* + 2HSO4
HSO, =H*+ 80427

Ha3Banusa kucibIX coiieli 00pa3yroTcsi aHAJOTMYHO HAa3BaHUSM CPETHUX
cosiel. Ho k Ha3BaHWIO KUCIOTHOTO OCTaTka J00aBisieTcs MpuUcTaBKa "THAPO-,
yKa3bIBaroIasi Ha HAJIMYUE HE3aMEIICHHBIX KaTHOHOB BOJOPOJA, YHUCIO KOTOPBIX
0003HAYalOT TPEYCCKUMH YHCIUTCIbHBIMH (Au-, Tpu- W T.A4.). Hampuwmep,
Cu(HSOs); — ruapocynbdat meau, NaH,PO4 — quruapodocdar nHatpusi.

[Ipu HemonMHOM 3aMEIIEHWU TUIAPOKCOTPYI B MOJEKYJIE OCHOBAHUS
KHCIIOTHBIMH OCTaTKaMu 00pa3yroTcsi OCHOBHBIC coyd. OHHM comepkaT B CBOEM
COCTaBE OJIHY WJIM HECKOJBbKO Tujpokcorpymmn. OCHOBHBIE COJMH MOTYT
00pa30BBIBATh TOJIBKO MHOTOKHCJIOTHBIE OCHOBAHHMSI, HAIPUMEP

2CU(OH)2 + H,SO, = (CUOH)ZSO4 + 2H,0
OCHOBHBIE COJTM TUCCOIUUPYIOT CTYIIEHYATO.
(CuOH),SO, = 2CuOH* + SO,*
CuOH* = Cu** + OH"

Ha3Banus OCHOBHBIX cojieii 00pa3yloTcs aHAJIOTUYHO HA3BAHUSIM CPETHUX
cosiei. Ho k Ha3BaHWIO KaTHMOHAa MeTajla J00aBiseTCsl MpHUCTaBKa "TUIPOKCO-,
yKa3bIBaloIasi Ha HaIWYUE HE3aMENIEHHBIX THUIIPOKCOTPYII, YHCIO KOTOPBIX

0003HAYalOT TPEYECKUMH YHCIUTEIbHBIMU (Au-, Tpu- U T.4.). Hampuwmep,
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(CuOH),SOs - cymsdpar  ruapokcomenu, Al(OH);NO; —  HuTpar
JTUTHAPOKCOATFOMIHHS.

XUMHUYECKUE CBONCTBA COJIEU:

e PacTBOphI coJieil B3aUMOJEHCTBYIOT C MeTa/ulamMu: Oojiee aKTUBHBIN

METaJIJI BBITECHSIET U3 COJIM MEHEE aKTUBHBIN:
CuSO4 + Fe = FeSO,4 + Cu

L PaCTBOpBI coJieu BSaHMOHGﬁCTBYIOT C OCHOBAHHAMH C O6p&30BaHHeM

HOBOU COJIM U HCPACTBOPUMOI'O OCHOBAHMUA:
FeCls + 3NaOH = Fe(OH)3| + 3NaCl
CUOHCI + NaOH = Cu(OH),| + NaCl

e PacTBOphl coJieil B3aMMOACHCTBYIOT C KHUCJIOTaMU C OOpa3oBaHUEM
HOBOM KHUCIIOTHI U HOBOM COJIM, €CJIM 00pa3yeTcsi HEPaCTBOPUMOE COCAMHEHUE WU

CJ1a0bIi SJIEKTPOJINT:
NaHSO; + HCI = H,SO3 + NaCl
BaCl, + H,SO, = BaSO4¢ + 2HCI

e ConM B3aUMOJICUCTBYIOT C pacTBOpaMH JPYyTHX COJIEH, eciu B

pe3ynbTare 00pa3yeTcsi HepacTBOPUMAsi COJIb:
Pb(N03)2 + 2Kl = Pblzl + 2KNO3

KoHTpoJIbHBIE BOIIPOCHI:

1. JlaliTe MOHSATHE MPOCTHIM U CJIOKHBIM BEIIECTBAM, IPUBEIUTE TPUMEPHI.

2. ITo kakuM npuU3HAKaM U KakK KIaCCUDUITMPYIOTCS CIIOKHBIE BEleCcTBa?

3. Uto Takoe OKCHbI, OCHOBaHUS, KUCIOTHI, conu? [IpuBeaute mpumMepsl.

4. TlpuBenute TMPUMEPHl pPEaKIMi, XapaKTEPU3YIOIIUX XUMUUYECKUE
CBOMCTBA OKCHJIOB, OCHOBAHMI, KUCJIOT U COJICH.

5. KakoBbl mpaBuiia HOMEHKJIATYypbl OCHOBHBIX KJIaCCOB HEOPTaHMYECKUX

coenuHenuii? [IpuBeaure npuMepsl.
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JIABOPATOPHAA PABOTA Ne 1

Ho.ﬂyqeﬂne M CBOIICTBa HECOPraHNI€CKUX COCI[I/IHeHI/Iﬁ

Lenn Da6OTI>I: O3HAKOMHUTBCA C OCHOBHBIMH IIpaBUJIaMH TCXHHKH

0€30MacHOCTH B XMMHUYECKOW J1abOpaTOpHUM; TMO3HAKOMHUTLCA C HEKOTOPBIMU
METOJIaMH  TIOJyYCHUS HEOPraHWYECKUX COCAUHEHUH W HUX XHUMHUYECKUMHU
CBOMCTBaMM.

OOopynoBanue: ITaTUBBI C TPOOUPKAMHU, JIOKKH JJII  COKHTAHUSA,

crupToBKH, anmapar Kwurma, koHycoBuaHble KoJIObI Ha 200 M, JepiKaliku,
dbapdopoBbIe JTOKEUKH.

PeakTuBbI: cyxoil KapOOHAT THAPOKCOMEIM, CEpa MOPOIIKOBAs, Cylbdar
Meau 1 H, rugpokcua Hatpusi 1 H U 2 H, okcuj Kanblus, okcua dochopa (V),
U3BECTKOBass BoJa (THJIPOKCHJ Kaiblus), pactBop xiopuaa amomurms (1),
pacTBOp CEpPHOM KUCIOTHI 1 H, IMHK METAIUIMYECKUN TPAHYJIUPOBAHHBIN, PACTBOP
xyopuna Oapus 0,1 H, pacTBOpbl HMHIUKATOPOB JakMmyca u ¢eHondTraienHa,
JTUCTUIIMPOBaHHAs BOAA.

Xox pabors:

OmnbiT Ne 1. ITosryyeHue v CBOMCTBA OKCH/IOB

a) B cyxyi mpoOupKky TOMECTUTE HEMHOTO CyXoro KapOoHara
ruapokcomenn (CuOH),CO;. Jlepka mnpoOMpPKY B HAKIOHHOM TIOJIOKCHUH,
HarpeuTe 10 MOJHOro pas3nioxeHus cond. HaOmropaiiTe kakoro mBeTa BEUIECTBO
ocraercsi B mpoOupke? YTo BbAENAETCS HA XOJOJHBIX CTEHKaX MPOOUPKH?
Hamumure ypaBHenue peakuuu. [loirydeHHBIM OKCUI COXpaHUTE IJI JPYroro
OTIbITA.

06) B wmeramimMueckylo J0XKY IOMECTUTE HEMHOTO IOPOIIKAa CEPbl U
HarpeiTe B IUIaMeHU ropeniku. Kak TonbKo cepa 3aropurcsi, BHECUTE JIOKKY B
K010y, He Kacasch cTeHOK U aHa. Korma cepa cropur, JI0O)KKY BBIHBTE, a B KOJIOY
HaJICUTE HEMHOIO0 IUCTHWUIMPOBAHHOW BOAbI. McmbpiTaliTe pacTBOp JIAKMYCOM.

CocTaBbTe ypaBHEHUE PEAKIINH.
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B) JleiictBys Ha pacTBop cyib(dara Meau H30BITKOM pacTBOpa IIENIOYH,
noiayuute ruapokcus Menu. [lonmydennslii ocanok Harpeite. OObsIcHUTE
MOYEpPHEHHUE 0Ca/IKa U HAMUIIUTE YPAaBHEHUE PEAKIUU.

r) B npoOGupke k HEOOJIBIIOMY KOJMYECTBY OKCHIA KalbLMs MpUIIEHTE
Bozbl. VMcmbitTalite pactBop (denondranenHom. Habmromaiite m3MeHeHHE IBeTa
pactBopa. CrenaiiTe BEIBO/ U HAMUIIUTE YPABHEHHUE PEAKIIUH.

1) B mpobupke k HEOOMBIIIOMY KOTMUeCcTBY Okcuaa docdopa (V) mpueiite
BoAbl. B3Oonraiite comepxkumoe. HcmbiTaliTe pactBop nakmycoMm. CocTaBbTe
YpaBHEHUE PEAKIUU.

e) Haneiite B mnpoOUMpKy HEMHOTO W3BECTKOBOM BOJbLI (THIAPOKCHIA
kanplus). M3 anmapara Kumma mporyckaiTe YIJIEKUCIBIA Ta3 10 00pa3oBaHUs
ocanka. CoctaBbTe ypaBHEeHUE peakuuu. [Ipogomxkas mpormycka yrieKuciblil ras,

H&6JIIOII&I>1T€ PaCTBOPCHHUC OCAaaKa. Hanumure YPaBHCHHUC PCAKIIUHU.

OmnbIT Ne 2. IlosryyeHue U CBOMCTBA THAPOKCUAOB

a) K pactBopy comu amomunusg npuiente (OCTOpoXXHO MO Kamisam!)
pacTBOp THUApPOKCHIA HATpusi A0 0Opa3oBaHusl OENOro CTYIAEHHCTOIO OCaJKa.
Hanummre ypaBHEHME pEAKIIUN.

Paznenute ocamox Ha aBe mpoOupku. B omHy mpuieilTe pacTBOp cepHOM
KHUCTIOTBI, a B JpYryl0 — H30BITOK THIpoKcuaa HaTpus. Yrto Habmomaere?
CocraBbTe ypaBHeHHME peakuuu. Crenaite BbIBOJ O KHUCIOTHBIX U OCHOBHBIX
CBOMCTBA I'MIPOKCHA AITFOMUHUS.

06) K pactBopy rHapokcuia HaTpus MpPWIEHTE HECKOJIbKO Karelb
benondranenna. Obparure BHUMaHWe Ha okpacky. [IpuOaBnsiiTe Mo Kamisam
pacTBOp CEpPHOM KHUCJIOTHI J0 HCYE3HOBEHHs OKpacku. Hanmummre ypaBHEeHUe

peaKIuu.

OnpIiT Ne 3. ITosryueHune v CBOHCTBA KUCJIOT
a) B npobupky c pacTBOpOM CEpHOM KHUCIIOTBHI OMYCTUTE KyCOYEK I[MHKA.

Uro nabmrogaere? Hanummre ypaBHEHHE PEAKIIUU.
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0) K pactBopy conmm Oapus mpuieiiTe paBHbIE 00beM pacTBOpa CEpHOM
kucioTel. [lo KakoMy TpW3HAaKy OTy pEakIUi0 CYUTAIOT KAadeCTBCHHOW B
onpeneNeHud Kak HOHOB Oapus (Ba?"), Tak m cymbdaT-anuonos (SO;%)?

Hanmmmmre ypaBHEHME peakuu.

OnbiT Ne 4. ITosryyeHHe OCHOBHBIX COJIeH

K pactBopy cynbdara meau nmpuiieite no KarisiM pacTBOpP €IKOT0 HaTpa 10
oOpazoBanus ocanka. Kuakoctsh ¢ ocagkom Harpedte (OcropoxHo!). Hamummre
ypaBHEHUE pEaKlUu, UMEesl B BHJY, YTO IPH HEJOCTATKE MIEIOYH OOpa3yeTcs
OCHOBHAs COJIb.

Crnenaiite BbIBOJI, UICXO/I U3 MPOBEJCHHBIX OIBITOB, C KAKUMH BEIIECTBAMU
B3aUMOJICHCTBYIOT COJIH.

[To oxoHuaHuu pabOTHI clefaiiTe OONIMN BBHIBOJ O CBOMCTBAX HM3yUECHHBIX

KJIaCCOB HCOPTaHNYCCKUX COGHHHGHHﬁ.

1.3. 3AKOH 5KBHBAJIEHTOB

DKeueanenm — 3T0 peajbHas WIH YCIOBHAS YacTHIIA, KOTOpas B KHUCIIOTHO-
OCHOBHBIX PEaKIMIX MPUCOCTUHSICT WM oTmaeT oiauH moH H' mmm OH-, B
OKHMCJIUTEIHHO-BOCCTAHOBUTEIILHBIX PEAKIMAX MPUHHUMAET WIH OTJACT OIHH
3JIEKTPOH, pearupyeT ¢ OJHUM aTOMOM BOJOPOJa HJIM C OJHUM DKBHBAJICHTOM
JPYTOTO BEIIECTBA.

Daxkmop 3xeusarenmuocmu (f3) — ducio, mokaspiBarolee, Kakas 4acTh
MOJICKYJIBI MJIM JPYTO¥ YacCTHIbI BEIIECTBA COOTBETCTBYET SKBHBaCHTY. dDakTop
SKBUBAJIEHTHOCTH — 3T0 Oe3pa3MepHas BeIMUKHa, KOTOpas MEHBIIIE WK paBHa 1.

®dopmyiiel pacueta pakTopa SKBUBAICHTHOCTH MPUBEIEHBI B Ta0IuUIIE 2.

Tabnuna 2. Pacuer hakTopa SKBHBAJICHTHOCTH

Yactuna DakTop SKBUBAJIIEHTHOCTH IIpumepsl
DneMeHT f>=1/B Q) f(Cr) Cr203 = 1/3;
rae B(D) — BaleHTHOCTD AJIeMeHTa f5(Cr) HoCrO4 = 1/6
[Tpoctoe f3=1/n (3)*B(I) f3(H2) = 1/(2x1) = 1/2;
BEIIIECTBO rje N(D) — YUCIIo aTOMOB JIEMEHTA f3(02) = 1/(2x2) = 1/4;
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YacTuua

@DakTOop SKBUBAJIEHTHOCTH

ITpumepsl

(MHIIEKC B XUMHYECKOH opmyIe),

B(D) — BajgeHTHOCTH 3JIeMEHTa

f5(Cl2) = 1/(2x1) = 1/2;
f5(03) = 1/(3%2) = 1/6

rae N(Me) — yuciio aToMOB MeTaa,
B(Me) — BaJICHTHOCTh METaJLJIa;

N(A) — 4KCI0 KUCTOTHBIX OCTATKOB,

B(A) — BaeHTHOCTBH KUCIOTHOTO OCTaTKa

Oxcun f>=1/n(3)*B(I) f3(Cr203) = 1/(2%3) = 1/6;
rae N(D) — 4nucao aTOMOB 3JICMEHTA, f3(CrO) = 1/(1x2) = 1/2;
B(D) — BajileHTHOCTH 3JIEMEHTA f3(P205) = 1/(2x5) = 1/10
Kucnora fa=1/n (HY) fa(H2S0s) =1/1=1
rae N(H') — uKco oTHaHHbIX B X0/1€ (ocHOBHOCTH paBHa 1) umu
PEaKIuu KOHOB BOJIOPO/IA f3(H2S04) = 1/2
(OCHOBHOCTB KHCIIOTHI) (OCHOBHOCTB paBHa 2)
OcHoBaHue f3=1/n (OH") f3(Cu(OH)2) =1/1=1
rae N(OH™) — 4uciio oTAaHHBIX B X0JIE (xucnoTHOCTh paBHa 1) ummn
peaKIHMK THAPOKCH/I-HOHOB f3(Cu(OH)2) = 1/2
(KMCTIOTHOCTH OCHOBAHUS) (KHCTTOTHOCTH paBHA 2)
Conb f=1/n(Me)*B(Me) = 1/n(A)*B(A) f5(Cra(S0a4)3) = 1/(2%3)=1/6

(pacuer 1o mMeTasuly) Uiau
f2(Cr2(S04)3)=1/(3%x2)=1/6

(pacueT 1o KUCIOTHOMY OCTaTKY)

CneayeT YUYUTBIBATb, YTO 3KBHBAJICHT OAHOI'O M TOI'O JKC BCIICCTBA MOIKCET

MCHATBCA B 3aBUCHUMOCTH OT TOI'O, B KAKYIO PCAKIINIO OHO BCTYIIACT. OKBUBAJICHT

2JIEMEHTA MOXKET OBITH Pa3IMIYHBIM B 3aBUCMMOCTH OT BH/1a COCAMHCHHSA, B COCTAB

KOTOPOIro OH BXOJMUT. DOKBHBAJICHTOM MOJKET SIBIATHLCS KaK cama MOJICKYJIa HJIHA

Kakasi-nmi0o apyras GopMysibHas €IMHUIIA BEIIECTBA, TaK U €€ YacTh.

PaccMoTpuM clieayronyro peakiuto:

HsPO4 + 2KOH — K;HPO, + 2H,0

B xoje 3To# peakiuu TOJNBKO JBa aToMa BOJOPOJia 3aMEIalOTCs Ha aTOMBI

KaJIusl, MHaue, B PEaKkIMio BCTYyHaroT aBa HoHa H' (kucaoTa mposBiisieT OCHOBHOCTD

2). Torma mo ompenenenuro skBuBasieHTOM H3PO, Oyner sBHsATHCSA yClOBHas

yactuna 1/2H3PO4, T.x. ecan onHa mosekyna HsPO,4 npenocrasiser nBa nona HY,

To onuH woH H* gaet monoBuna monekynsl HzPO,.
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C npyroil CTOpOHBI, Ha PEAKIMIO C OJHOM MOJEKyNoil opTodochopHoit
KHCIIOTOM Ielloub oThgaer aBa moHa OH-, cmemomBarenbHOo, oaumH woH OH™
noTpedyeTcsi Ha B3auMOJEHCTBHE C 1/2 MOJIEKyJdbl KHCIOTBI. DKBUBAJICHTOM
KHUCTIOTHI siBNsieTcss ycnmoBHas dvactuna 1/2H3POs, a SKBUBaJeHTOM MIEIOYU
yactuna KOH. B npumepe (¢Gakrop SKBUBAJIEHTHOCTHM ISl KHUCIIOTHI,
COOTBETCTBEHHO, paBeH 1/2, a ms menoun KOH pasen 1.

Mexny H3PO4 u KOH Taxke MOTyT MpoucXoauTh U Apyrue peakuuu. [Ipu
3TOM KHCJI0Ta OYJET UMETh pa3Hble 3HAYCHUS (PaKTOpa S3KBUBAJIECHTHOCTH:

HsPO,; + NaOH — NaH,PO, + H,O  f5=1  M,(H3PO4) = 98 r/moib

H3PO, + 2NaOH — Na;HPO,4 + 2H,0 f3=1/2 M,(H3PO.) = 49 r/mons

H3PO4 + 3NaOH — NazPO4 + 3H,0  f5 = 1/3 M,(H3PO,) = 16,3 r/mMoins

OKBHMBAJICHT, KaK YacTHUI[A, MOXKET OBbITh OXapaKTEPU30BaH MOJSPHOMI
Maccoi (MOJISIPHBIM 00bEMOM) M OTIPEEICHHBIM KOJUYECTBOM BEIIIECTBA N,.

Monapunaa macca Ixkeusanenma (M>) — >TO Macca OJHOTO MOJb
sKkBUBaJICHTa. OHA paBHA MPOU3BEJCHUIO MOJSIPHON MacChl BellecTBa Ha (hakTop
SKBHBaJIeHTHOCTH: M> = M-f5

MounsipHas Macca SKBUBaJIEHTa UMEET pa3MEPHOCTh —T/MOJIb.

MoJasipaasi Macca SKBHBAaJEHTa CJO0KHOTO BellleCTBA paBHA CyMMeE

MOJISIPHBIX MacC YKBHBAJCHTOB 00Pa3yIOIINX €0 COCTaBHBIX YacTeH, HaIpUMeED:
Ms(okenaa) = M>(3aemenTta) + M»>(0) = Ms(saemenTa) + 8
Mbs(kucaorsl) = Ms(H) + M(KHCI0THOTO ocTtatka) = 1 + My(KHCI. OCT.)
Mb>(ocHoBanus) = M»>(Me) + M>(OH) = Ms(Me) + 17

M5 (coan) = M>(Me) + M>(KHCJIOTHOTO 0CTATKA)

["a3000pa3Hble BelecTBa MOMHMO MOJSIPHOM MaccChl 3KBHUBAJICHTa UMEIOT
monapuwlit 06vem rxeusanenma (V>) — o0beM, 3aHUMAEMBII MOJISIPHOH Maccoi
HKBUBAJICHTA UM 00BEM OJHOTO MOJIb dKBUBaJIeHTa. PasMepHOCTh — j1/Mob. [lpu
H.y. noiyqaem: Va =13 e V=13 « 22,4

Hanpumep, npu HOpMajibHBIX YCIOBHSX MOJIIPHBI 00BEM SKBHBAJICHTA

Bogopona V= 11,2 ii/mons, a kuciaopona Vs = 5,6 1/MOJb.
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B3aumojeiicTBue  3JIEMEHTOB B ONPEACJIICHHBIX  KOJIMYECTBEHHBIX
COOTHOIICHUSIX MPOUCXOAUT B COOTBETCTBHE C 3aKOHOM JKBUBAJICHTOB. 3aKOH
IKBUBAJIEHTOB Obul OTKpHIT B 1792 r. M. Puxtepom W uMeeT HECKOIBKO
(bOpMyITHPOBOK:

* Eciii Macchl ABYX 3J€MEHTOB pearupyroT 0e3 ocTarka ¢ OJHOM U TOU ke
MacCcol TPEThero BEIIECTBA, TO OHU PEarnupyroT 0€3 ocTaTKa U MEXAy COOOH.

* KonuyecTBa 3KBHBAJICHTOB BCEX BEIIECTB, YYACTBYIOIIUX B PEAKIIUU,
OJIMHAKOBBI.

* BeliectBa pearupyroT Mexay co00i B SKBUBAJICHTHBIX COOTHOIICHUSX.

Bce BemiecTBa B ypaBHEHMHM PEAKIMU CBSI3aHbl 3aKOHOM SKBHBAJICHTOB,
MOATOMY:

N,(pearenTta:) = ... = my(pearentan) = N,(MPOAYKTA1) = ... = Ny(MPOAYKTAn)
Hanpuwmep, nns peakuumn
Al(OH); + 3HCI = AICI; + 3H20
ng(Al(OH)g) = ng(HCD = ng(A|C|3) = na(HZO).

N3 3ak0oHa SKBUBAJIEHTOB CIIEYET, YTO MACCHI (HJIM 0OBEMBI) pEarupyronux
U 00pa3yroUIUXCs BEIIECTB MPOMOPLUHUOHAIBHBI MOJSPHBIM MaccaMm (MOJISPHBIM
o0BbeMaM) UX SKBUBAJICHTOB.

Jlyist 1r00BIX JABYX BEIIECTB, CBS3aHHBIX 3aKOHOM JKBHUBAJIEHTOB, MOXHO
3amucaTh:

Mi/Ms1=mz2/ Ms2 wm Vi/ V1=Va/ Va2 umn Mi/Msi1= Va/Va2

r7ie M1 ¥ My — MacChl peareHTOB U NMPOAYKTOB PEaKIH, T;

M5, Ms; — MOJIIpHBIE MacChl SKBHBAJICHTOB PEAreHTOB U MPOJIYKTOB
peaKIuu, I/MOJb,

V1, V2— 00BbEMBI peareHToB U MPOyKTOB PeaKInu, T,

V51, Va2 — MonsipHble 00bEMBl DKBUBAJICHTOB PEAarcHTOB M TMPOAYKTOB
peaKIuu, J1/MOJIb.

KonTpoabHbIE BONPOCHI:

1. ChopmynupyiiTe 3aKOH SKBHBAJICHTOB, 3alHIIUTE €r0 MaTeMaTUYECKOe

BBIPa’XKCHHC.
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2. UYto Takoe MOJSApHas Macca SKBUBAJCHTa, MOJSIPHBIA 00BEM
DKBHUBAJICHTA?
3. Kak HailTu (axTop 3KBHUBAJEHTHOCTH MPOCTOIO BEILIECTBA, CIOKHOTO

BCII[ECTBA — KUCJIOTHI, OCHOBAHMS, COJIN?

PA3EJ II
CTPOEHUE ATOMA

Jlosroe BpeMsi B HayKe I'OCIHOJICTBOBAJIO MPEACTABICHUE O HEU3MEHHOCTH U
HezenuMoct atroMoB. OpHako B koHie XIX Beka ObUIM CleNaHbl OTKPBITHS,
CBUJETENBCTBYIOIIME O CJIOXKHOM CTPOCHHMM aTOMOB M O BO3MOXHOCTH UX
B3auMornpeBpaieHuid. K HUM OTHOCSTCS OTKpBITHE SIBJICHUS PaJUOaKTUBHOCTHU B
1896 1. @panmysckum ¢uzukom A. bekkepereM U OTKPBITHE DSJIEKTPOHA
anrmiickum  gusznkom J[x. TomcoHom B 1897 1. DTH OTKPBITUS TOCITYXUIU
OCHOBOM 111 TJIyOOKOTO TEOPETHMUYECKOTO U HKCIHEPUMEHTAIbHOIO H3YUYEHMS
CTPOEHUS aToMa.

IlepBass Momens artoma Obuta mpennoxeHa [xk. Tomconom B 1903 1.,
COIJIACHO  KOTOpPOW  aTroM  MpeJCTaBiIsieT co0oil  MacCuBHYKO  cdepy
MOJIOKUTENIBHOTO  3apsifia, B IOBEPXHOCTHOM CJIO€ KOTOPOM pPaBHOMEPHO
pacrnipenenensl 37ekTponbl. [loznnee, B 1909 r. amepuxaHckuii ydensii P.O.
MuuIMKeH onpenenut 3apsij JIEKTPOHA U BBIYUCIIHII €r0 Maccy. 3apsj JIEKTpOHa
€ = 1,602¢107'° Ki1 — 5T0 HauMeHbIIMIA B IPUPOJIE OTPULIATENBHEIN 3aps. Macca
51eKTpoHa Me = 9,1095¢10728 1, uto B 1837 pa3 MeHbIIE MACCHI ATOMA BOIOPOJA.

Jnst mposepku monenu Tomcona B 1910 r. B maGopaTopuu U3BECTHOTO
anrnuiickoro ¢usuka J. Pe3zeppopaa ObuUM MpOBEACHBI OMBITHI MO PACCESHUIO
0-4acTHIl Ha 30710Toi (onbre. Ha ocHoBaHUM MOJTy4YeHHBIX JaHHBIX OH B 1911 r.
NPEJIOKUIT TUIAHETapHYI0 MOJIENb aTOMa, COTJACHO KOTOPOM aToOM COCTOUT W3
MOJIOXKUTENIBHO 3apsSHKEHHOTO sIpa M BPALLAIOIIUXCS BOKPYT HErO 3JIEKTPOHOB.
[TomOXKUTENBHBIN 3apsal AApa HEUTPAIU3YETCI CYMMApHBIM OTPHULIATEIbHBIM
3apsIIOM JIEKTPOHOB, TaK YTO B LIEJIOM aTOM JJIEKTPOHENTpasieH. Bo3Hukaromas B

pe3yabTaTe BpallleHUs AJIEKTPOHOB LIEHTPOOEKHAs CHUJIa YPAaBHOBEIINBAETCS CHIION
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AIEKTPOCTATUYECKOTO TMPUTSHKEHUS JJIEKTPOHOB K sapy. Pasmepnr siapa oueHb
MaJjbl TI0 CPAaBHEHUIO C pa3MepaMy aToMa: JUAMETP aToMa — BEJIMYWHA MOPSIKa
108 cM, a nuamerp sapa — nopaaka 1072 — 107 cm. ITosTOMY MpakTHUECKH BCA
Macca aToMa COCpEIOTOYEHa B sJIpe, IMJIOTHOCTh KOTOPOTO OYEHb BEIHMKA —

nopsaka 10* r/cm®

. PazBuras Pesepdopnom Mozenbp aroma crajga KpyMHBIM
mlaroM B TIO3HAHMM CTpoeHusi atoma. OJHAKO B HEKOTOPBIX CIy4asix OHa
MPOTUBOPEYMIIA SKCIEPUMEHTATBHBIM (akTaM. Mojenp He Morjia OOBSICHUTH
YCTOMYMBOCTh aTOMOB U JIMHEWYATHIN XapaKTep UX CIEKTPOB.

Boimaronuiics  marckuit  ¢usuk  H. bop npeomonen  HeQoCTaTKH,
CBOMCTBEHHbIE IUIaHETapHOW Mozenu. OH  HCIOJB30Bal  MPEACTABICHUSA
Pesepbopna u cozmannyro HemenkuMm ¢uzukoMm M. Ilmankom (1900 r.)
KBAHTOBYIO TE€OpHUIO JJIsl co3aanus B 1913 r. Teopun aroma BoaOpoJa U MEPBOU
KBaHTOBOM Mojenu aroma. Teopust bopa MoxkeT ObITh MpeCTaBICHA B BUJE TPEX
IIOCTYJIATOB:

1. DnexkTpoH B aroMe BpallaeTcs BOKPYT siipa TOJBKO IO OIMpPeaeSIEHHBIM
CTaI[MOHAPHBIM OpOUTaM.

2. Haxonsce Ha cranpoHapHOW oOpOHWTE, SJEKTPOH HE H3JIydaeT U He
IIOIJIOLIAET YHEPTHUIO.

3. Hznydyenwe u TIOTJIOMIEHHE OHHEPTUU MPOUCXOMUT TIPH TEpPexojie
AJIIEKTPOHA C OJTHOM CTAI[MOHAPHOU OPOUTHI HA IPYTYIO.

Koyin4ecTBO MOTJIOMIEHHON WM HU3Jy4YEHHOW SHEPTUM MOYKHO PAaCCUUTATH
no ypaBaenuto [Inanka: AE = E2 — E1 = hv, rne E; u Eq — sHeprum snextpona Ha
COOTBETCTBYIOIMX opbuTax, h — mocrosuuas Inanka (h = 6,625°1073* JIxkec), v —
yacToTa M3IydeHus. bop paccuuran paamyc opouTsl snextpona I = 0,529n? A, rae
N — HOMEp OpOUTHI. DHEPrusl ANEKTPOHA TAKKE 3aBUCUT OT HOMEpa OpOUTHI U
pasaa E = -13,6/n> 5B. Mouens Bopa o0bicHMIA YCTOWYMBOCTH aroMa H
JIMHENYAThIA XapAKTEp €ro CIEKTpa. TeopeTUYeCKuid CIEKTP, PAaCCUMTAHHBIA IS
aToMa BOJOPOJA, NOJIHOCTBIO COBIAJ C OJKCIEpUMEHTaIbHbBIM. Ho Teopus
OKa3ajach IPUMEHHMMA TOJIBKO JJIsI aTOMa OJTHOTO 3JIEMEHTa — BoAopoAa. lloneiTku

IMPHUIIOKHUTD €€ K CIICKTPY AAKC TAKOro IIpoCTOro aroMa, KaxKk atrom rejius, rnpuBCIin
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K nonHoi Heynaue. [lostomy Teopust bopa nomkHa Obuta yCTynmUTh MECTO HOBBIM
BO33PEHUSIM, YUUTHIBAIOIIUM BOJIHOBBIE CBOMCTBA AJIEMEHTAPHBIX YACTHULI.

B 1924 r. ¢panmy3ckuii yuensiii JI. ne bpoiab 000cHOBaNI JBONCTBEHHYIO
IIPUPOY DJIEMEHTAapHBIX YACTHL, B YaCTHOCTH JJEKTpoHa. PacnmpocTtpanus
MPEACTABICHUS] O JIBOWCTBEHHOW TMIPUPOJIE CBETA HAa BCE JABWKYIIUECS
MHUKpPOYACTHIIbI, A€ Bpoiiab MOCTYIMpOBal, 4TO MOTOK 3JIEKTPOHOB Hapsay C
KOPIYCKYJISIPHBIM XapaKTepoM 00JIaJJaeT W BOJHOBBIMHM cBoicTBaMHu. [Ipm 3Tom
CrpaBeNTMBO COOTHOIIeHue A = h/mV, rae A — jumMHaA BOJHBI, N — MOCTOSTHHAS
[Inanka, m u V — Macca u ckopocthb yactuubl. [Ipeanonoxenue ne bpoitnga B
JallbHENIIEM TMOJATBEPAUIOCH JKcHepuMeHTanbHo. B 1927 1. amepukaHckue
yuenble J[xepmep u JleBUCCOH OOHapyKuiau IUPPAKIIMOHHYIO KApTUHY IS
AIIEKTPOHOB, MPHU ATOM JUIMHA BOJHBI, HAWJECHHAS] SKCIIEPUMEHTAIBHO, ITOJTHOCTBIO
COBIIAJIA C JUIMHOM BOJIHBI, BBIYUCIIEHHOM I10 YpaBHEHUIO J¢ bpoiiiis.

Hcxons u3 ydyeHHs O KOPIYCKYJSIPHO-BOJHOBOM NPHUPOAE 3JIEMEHTAPHBIX
yacTul, B 1927 r. Ob11a pazpaboTaHa TEOpHs JBUKEHUS MUKPOUYACTHUIl — BOJIHOBAs
MEXaHHKa, KOTOpasi MpuBeJia K CO3JaHUI0 KBAHTOBO-MEXAHUYECKOW MOJIENIN aToMa.
[IpencraBienusi  KBAaHTOBOW ~ MEXaHUKM  Oa3UpylOTCs  HAa  NPUHIUIE
HeonpeneneHHoctn B. Deiisendepra (1927 r1.) W BOTHOBOM YypaBHEHHH I.
I peaunrepa (1927 r.). BonroBoe ypaBuenue lllpenunrepa urpaer B KBaHTOBOM
MEXaHHUKE Ty € pOJb, YTO M 3aKOHbI HBIOTOHAa B KJIACCHYECKOW MEXAHMKE.
CocTostHuE 2JIEKTpOHA B aTOME OIHUChIBaeTcs BoJIHOBOM (ynkmmeir V. Ksaapar
BOMHOBOM (Qynkuum P? uMeeT onpeneneHHBIA  (U3MYECKHH CMBICH —
XapaKTEpPU3yeT BEPOSATHOCTh HAXOXKJACHHS YaCTULBI B JAaHHOM IPOCTPAHCTBE
BOKDYT siapa.

KBanToBasi MexaHHMKa MOKa3bIBAET, UTO 3JEKTPOH MOKET HAXOJIUTHCS B
T000#1 TOUKE aroMa, HO BEPOSITHOCTh €ro HAXOXKJICHMSI B PAa3IMYHBIX 00JacTsIX
MPOCTPaHCTBA HE omHaKkoBa. OH Yarie ObIBAE€T B OJIHMX MECTAaX U PEkKE B APYTHUX.
[TosTomMy BMecTO TepMUHa "opOuTa" MUCHOJIB3YIOT OHSATHE 'aTOMHOM opOuTa m’
(AO), noa KOTOPOI MOHUMAIOT COBOKYIMHOCTh MOJIOKEHUI 3JIEKTPOHA B aTOME, TJIe

BEpPOATHO €ro HaxoxkaeHue. Jns rpaduueckoro u300pakeHUs 3JIEKTPOHHOTO
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o0naka dvalie HCHOJIB3YIOT MOJSpPHBIE IUAarpaMMbl, MPEICTaBISIONINE KBaapaT
BOJIHOBOM pyHKkumu (puc. 1).

Pemenne ypaBuenus lllpeauHrepa NpUBOAUT K MOSBICHUIO KBAHTOBBIX
YHCell, KOTOPhIE XapaKTePU3YIOT COCTOSIHME JJIEKTPOHA B aTOME M Ba)KHBI IS
NOHUMAaHHMSI CBOMCTB BEIIECTB U MPHUPOJIbI XUMUYECKON CBSI3U.

1. I''1aBHOEe KBAaHTOBOE YHCJI0

['maBHOE KBaHTOBOE YHUCIO N ompenenser Haubojiee BEPOATHOE YIalIeHHE
AJIEKTPOHA OT sApa. OJEKTPOHbI C OJMHAKOBBIM 3HAa4eHHEM N 00pasyroT
IHEPreTHUECKUN ypOBEHb. | TaBHOE KBAHTOBOE YHMCIIO MPUHUMAET I1EJIOUYHUCIICHHBIE
3HAYECHUsI, KAXKJIOMY U3 KOTOPBIX COOTBETCTBYET OYKBEHHOE 00O3HAUEHHE:!

n=1, 2, 3, 4, 5,6, 7

K,L MNO, P, Q

['maBHOE KBaHTOBOE YMCIIO OIPENCISCT pasmep amoMHOU opbumanu U

9HepaUio JNIeKMPOHA HA IHEPLeMUYECKOM YPOBHE.

z

% o

/) ¢ (™) o |
o3 05 <3

dxy

Puc. 1. ®opma aToMHBIX opOUTAIEH

(+ 1 — OTMEUaloT 3HaKU BOJTHOBOM (PYHKITUN)
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2. OpOuranbHoe (a3UMYyTaIbHOE) KBAHTOBOE YHCJIO

OpOurtanpbHOE KBaHTOBOE 4YHCIO | ompezenseT BeTMYUHY OpOUTAIBHOTO
MOMEHTa KOJMYECTBA JBM)KEHUS OJJIEKTPOHA. OJEKTPOHbI C OJAMHAKOBBIM
3HaueHueM | oOpa3yroT s3HepreTHueckuil moaypoBeHb. OpOUTATLHOE KBAaHTOBOE
yuciao npuHuUMaet 3HadeHus ot 0 go (N-1), kaxaoMy 3HAYEHUIO COOTBETCTBYET
OyKBEeHHOE 0003HaYCHUE:!

1=0,1,2,3,4,5

s,p,d, f,g,h
OpOuTanbHOE KBAaHTOBOE YHCIO XapaKTePU3YEeT @opmy 91eKMPOHHO2O0

obnaxa (puc. 1) u suepauro anekmpona Ha IHepeemuiecKom nooypoeHe.

3. MarHuTHO€ KBAHTOBOE YHCJI0

MarsuTHOE KBaHTOBOE UMCIIO M) XapaKTCPU3YCT IMMOBCACHHUC 3JICKTPOHOB BO
BHEIIHEM MaruuTHoM 1oje. OHo INPpUHUMACT MNCJIOYHUCIICHHBIC 3HAUCHHUA OT
—| a0 +|, Bkiodyas 0. MarauTHoe KBAaHTOBOE YHCIIO OIIPCACIICT opuermayuro
amomHblX 0p6umajzeﬁ 6 npocmpancmee N KOJAU4Yecmeo amoMHbIX 0p6umaﬂeﬁ 6

npe()efzax IdHepzenu4ecKoco I/IO()ypOGHﬂ.

Tabmanua 3. KBantoBble uncia

I'maBHoe | OpOuranbHoe | MarHUTHOE KBaHTOBOE Yucno AO ¢ Yucno AO ¢
KBaHTOBOE KBaHTOBOE qKCII0, M JTaHHBIM 3HAYEHHUEM | JaHHBIM 3HaYCHHEM
4HUCIIo, N quco, | | n
1 (K) 0 (s) 0 1 1
2 (L) 0(s) 0 1 4
1(p) -1,0,+1 3
3 (M) 0(s) 0 1 9
1(p) -1,0,+1 3
2 (d) -2,-1,0,+1,+2 5
4 (N) 0 (s) 0 1 16
1(p) -1,0,+1 3
2 (d) -2,-1,0,+1,+2 5
3(f) -3,-2,-1,0,+1,+2,+3 7

4. CniMHOBOE KBAHTOBOE YK CJI0
CrrHOBOE KBaHTOBOE YHMCIIO Ms (S) XapakTepu3yeT HaIW4He y JJICKTPOHA

COOCTBEHHOI'0O MOMEHTA KOJIMYECTBA [BHWKEHHUSA. YIPOIIEHHO 3Ty CHTYalHUIO
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MOYKHO IPEJICTABUTH BPALIEHUEM JJIEKTPOHA BOKPYT CBOEM OCH MO YaCOBOW WIIA
MPOTUB 4acOBOW CTpenku. [[03TOMy CIIMHOBOE KBAHTOBOE YMCJIO NMPUHHUMAET JBa
3HAYCHUS, COOTBETCTBYIOIINX HANPaBJICHUAM ABUXKeHus: —1/2 u +1/2.

Takum 00pa3oM, YEThIpE KBAHTOBBIX 4YHCJA TMOJHOCTHIO OMNPEACISIOT
COCTOSIHME AJIEKTPOHA B aTOME.

Ecnu atom He moaBepraeTcsi BHEUIHEMY BO3JICHCTBUIO, TO €0 3JIEKTPOHBI
HAXOJATCS B COCTOSIHMSIX C MHUHHUMAQJIbHOW JSHEpruerd. Takoe COCTOsSTHHE
HA3bIBACTCA OCHOBHBIM CcOCMOsAHUeM amoma. 1Ipu MOrJomeHu aTOMOM SHEPTUH
OJIMH WJIM HECKOJbKO €ro »JJEKTPOHOB MOTYT MEpeTH Ha O0o0jiee BBICOKUI
HSHEPreTUYECKUN YPOBEHb, B PE3YJbTATE YEro aTOM MEPEXOIUT 8 8030)HCOEHHOE
cocmosinue. B B0O30Y)XJICHHOM COCTOSIHUM aTOM HaXOJUTCS OYeHb KOPOTKOE
BpeMs, TIOCJIE YEro JJIEKTPOH MEPEXOIUT Ha Oojiee HU3KUU YPOBEHb DHEPTHHU U

aTOM CHOBa IICPCXOJUT B OCHOBHOC COCTOAHUC.

IIpaBuiia 3anoIHeHNsI ATOMHBIX OpOuTAaJIel

3anogHEeHUEe AaTOMHBIX OpOMTaled B  HEBO30YKIEHHOM COCTOSIHUU
MOTYMHSIETCS CICAYIONIUM ITpaBUIaM.

1. IlpuHUMI HAMMEHbLIEH YHepruu

H3 ecex 603MOMCHBIX COCMOAHUIL IJIEKMPOH 3AHUMAEHM COCMOAHUE,
KOMOpomMy COOmeenmcmeyem HauMeHbuiaa »IHepeus. IDTOMY COCTOSHHIO
COOTBETCTBYIOT CJICIYIOIIME 3HAUeHUs KBAHTOBBIX umcea: N = 1, | =0, m = 0,
S = 1/2. Ho Bce 2JeKTpOHBI aToMa HE MOTYT HaXOAUTHCS B ITOM COCTOSIHUH
OJIHOBpEeMEHHO. PacrnpeneneHue 53JeKTPOHOB MO BO3MOXHBIM JSHEPreTUYECKUM
COCTOSIHUSIM OIpejiessieTcs npuHiunom Ilaymm.

2. Mpunuun [Mayau

B amome ne moorwcem o0vimv 08yX IN1€KMPOHOE C 0OUHAKOBHIM HADOPOM
YemulpEX KGAHMOGHIX Yucesl. ITO 3HAUUT, YTO €CJIH Y DJIEKTPOHOB 3HAUYCHUS TPEX
KBaHTOBBIX uyucen omuHakoBbl: N, l ym (N =1, 1 =0, m = 0), To cnuHbl y HUX
JIOJDKHBI OBITH TPOTHUBOIONOXKHBEI — S = -1/2 u s = +1/2. Otcroga cienyer, 4To Ha
OJTHOM aTOMHON OpOWUTaTM HE MOXKET HAXOOUThCA OOJiee NBYX DJIEKTPOHOB C

IMPOTHUBOIIOJIOKHO OPUCHTHUPOBAHHBIMU CIIMHAMMU. I/ICXOILSI N3 IIPHUHIHAIIA Hame,
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MOYHO ONPENEIINTh €EMKOCTh JHEPIETUYECKUX YPOBHEHM M MOAypoBHEW. Tak, Ha
S-MOJyPOBHE MOXKET PA3MECTUTHCS 2 IIEKTPOHA; HA P-TIOAYPOBHE — 6 SJIEKTPOHOB;
Ha O-mogypoBue — 10 »sjekTpoHoB W Ha f-mmomypoBHe — 14 3JIeKTPOHOB.
MakcuManbHOE 4YHUCIO SJIEKTPOHOB HAa SHEPreTUYECKOM TMOJYPOBHE pPaBHO
2(21 + 1), a MakCUMaJIbHOE YHCJIO JICKTPOHOB HAa YHEPTETUYECKOM YPOBHE PABHO
2n2,

3. IpaBuiio XyHaa

Haubonee ycmoituugomy cocmosanuio amoma cOOMEemcmeyenm makxoe
pacnpeoenenue 31eKMPOHOE 6 npeodenax 3IHEPemuyecKoz0 NnoOypo6HA, Npu
KOMOpPOM UX CyMMAPHBLIL CRUH MAKCUMATbHBLIL.

[Mpu 3anonmHenuu pP-, d-, f-moxypoBHEH 3JEKTPOHBI 3aCENAIOT ATOMHBIC
opOuTany cHayajaa mo OAHOMY, U TOJIbKO MPU OTCYTCTBUM CBOOOJHBIX OpOUTaNICH
— I10 BTOPOMY.

4. lpaBuio KineukoBckoro

3anonneHue amomMHulX opoumaneil nPoucxooum 6 nopsaoKe yeeaudeHus
CYyMMbL 271a6H020 U OpOoumanvrHozo keanmosvix uucen (N+l). Ilpu pasencmee
cymmut (N+]) 3anonnenue amomuvix opoumaneii nPOUCxXooum 6 HANPAgIeHUU
Y6enuyeHun 3HaAUeHUs 21A6H020 K6AHM 06020 YUCA.

bes yuera "mpoBama" 92JIEKTPOHOB TOCJIEAOBATEIBHOCTh 3aIlOJHECHUS
aTOMHBIX OpOUTaseil Mo Mepe BO3pACTaHUS UX DHEPTUH, CIETYIOIIAs
1s<25<2p<3s<3p<4s<3d<4p<bs<4d<bp<bs<bd<4f<bp<7s<bd
<5f<7p

[Tosb3ysICh ATOW MOCHEAOBATEIBHOCTHIO, MOKHO COCTABUTH JJIEKTPOHHYIO
bopmyiy m060r0 aroma.

KonTpoabHbIe BONPOCHI:

1. DkcnepuMeHTaIbHOE OOOCHOBAHHWE TPEICTaBIEHUNH 00 aTome, Kak O
CJIOXKHOU cucteme. OTKPBITHE PaJUOAKTUBHOCTH, OTKPBITHE 3JEKTpoHA. Mojenb
aroma ToMmcoHa.

2. Monens atoma Pesepdopnaa, ee JOCTOMHCTBA U HEAOCTATKH.

3. Teopus Ilnanka. KopryckynsipHO-BOJIHOBOW Tyalii3M U3TyUYEHUS.
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4. Teopus bopa. JlocTonHCTBa M HEAOCTATKU Mojienu bopa.

5. KopryckyisipHO-BOJIHOBOM Ayanu3M MUKpodacTull. BonHsl ne bpoiiss.

6. [Ipunmun HeonpeaeneHHocTH [ elizendepra.

/. KBaHTOBOMEXaHMYECKOE OMNHCAaHWE CTpPOeHUss aroma. BoaHoBoe
ypaBHeHue peaunrepa. ATomHast opoUTAIIb.

8. KBanToBbIe uncia, ux GU3N4eCKuil CMBICIL.

9. IlpaBuna 3amoJIHEHUS DJICKTPOHHBIX OOOJOYEK AaTOMOB: TPUHITUI
HauMeHblied sHepruu, npuHuun Ilaymu, npaBwno XyHaa, MpaBHIO

KneukoBckoro.

PA3EJI III
MNEPUOJUYECKHUH 3AKOH U NMEPHOJUYECKAS CUCTEMA
XUMHUYECKHUX 23JEMEHTOB .. MEHAEJTEEBA

[lepuonuueckuii 3aKOH XUMHUYECKUX DJIEMEHTOB OBUT OTKPBIT PYCCKUM
yueHsiM .M. MengeseeBbiM 1 Mapra 1869 r. J[.M. MeHneneeB pacmnooxuil
W3BECTHBIE TOI/IAa XMMUYECKHE 3JIEMEHThl B TaOJMIle, MOJYYMBIIEH Ha3BaHUE
[lepponnueckoii cuUCTEMBbI, B TOPSJAKE BO3pacTaHUs KX AaTOMHBIX Macc.
[lepuoauyeckuii 3akoH, chOpMYyIUPOBAHHBIN MeEH 1eIeeBbIM, 3ByHaIl CIEAYIOIUM
00pa3oM: C80IICMEa XUMUUECKUX I]IEMEHMO08, A MAKMCE CEOUCHEA NPOCMBIX U
CNOJCHBIX mejl, O00pPA306AHHBIX UMU, HAXO00AMCA 6 NePUoOUYecKoll
3A8UCUMOCIU OM AMOMHbBIX 6€CO8 ITIEMEHM 08.

Opnako B 1913 rony aHrmiickuii ydeHsld Mo3jm claenan BakHOE
OTKpPBITHE, KOTOPOE MPHUBEIO K COBEPILIEHCTBOBAHMIO MEPHOJNYECKOIO 3aKOHA.
Mo3nu oOHapyX Ui, YTO JUIMHBI BOJH TJIaBHBIX JUHUN PEHTIEHOBCKOI'O CIEKTpa
3aKOHOMEpPHO HW3MEHSIOTCS OT OJHOT0 3JeMeHTa K apyromy. PaccraBuB Bce
AJIIEMEHTHI B Psii COOTBETCTBEHHO JJIMHAM BOJIH JIMHUM CrIeKTpa, MO3J1 NprUCBOUI
KOKJIOMY 3JIEMEHTY NOPSAIKOBBIA HOMep. IIpu 3TOM MOJIOKEHHE 3JIEMEHTOB B
NEPUOINYECKON CUCTEME HE UBMEHWIIOCH, a IIOPSAKOBBIA HOMED COBIIAJI C 3apsI0M
Alpa aroMa DBJIEMEHTa. OJTO OTKPBITHE MPHUBENO K IMOABICHUIO COBPEMEHHOMU

(hOpMYITUPOBKH IEPHOTUIECKOTO 3aKOHA.

34



Ceoiicmea Xumuueckux 31eMeHmos, a maKHce C6OUCmea ux cOeOuHeHuil,
HAX00AMCA 8 NEPUOOUYECKOU 3A6UCUMOCMU OM 3APA008 UX A OMHBIX Adep.

[Tepuonuueckas cucrema COCTOUT U3 7 IEPUOJOB U § TPYIIL.

Ilepuoabl — 3TO TOPU3OHTAIBHBIE PSAbI, KaXIbli M3 KOTOPBIX (Kpome
NEPBOT0) HAYMHAETCS IIEJIOYHBIM METAIJIOM U 3aKaH4YMBAaeTCs OJaropoJIHbIM
razoM. [lepBbiii, BTOPOM M TPETHM TEPUOALI HA3BIBAKOTCS MAJbIMU. B mepBom
NEPUOJIE PACIIONIOKEHO 2 3IEMEHTA, & BO BTOPOM M TPEThEM — MO 8 3JIEMEHTOB.
OcranbHbie epuobl Oolbiive. B 4eTBepTOM U MATOM MEPUOJIE PACIIOIATaeTCs Mo
18 aneMeHTOB, B mieCcTOM — 32 3JIEMEHTA, CEABMOM NIEPUOJ HE 3aKOHYEH.

I'pynnbl — 3TO BEpTHKalIbHBIE CTOJIOIBI, B KOTOPBIX pacCIOIararTcs
AJIEMEHTBHI CO CXOJHBIMU XMMHUYECKUMU CBOMCTBaMHU. Kaxkas rpymnna JeauTcs Ha
JIB€ TOJArPYIIBI — TJAaBHYI0O W NOOOYHYK. B TilaBHOW moOArpymie HaxoIsaTcs
AJIEMEHThl KAaK MaJlblX, TaK W OOJbIIMX MEPHOJOB, a B MOOOYHOW — TOJIBKO
3JIEMEHTHI OOJIBIINX EPUOOB.

[TonoxeHne XMMUYECKUX IEMEHTOB B MEPUOJANYECKON CUCTEME CBA3aHO CO
CTPOEHMEM HMX aTOMOB U TMOPSAKOM 3alOJHEHUs aTOMHBIX opOuTaned. Hawaino
Nepuojia COBMNAJACT C HAyajJoOM 3allOJIHEHHS HOBOTO 3JIEKTPOHHOTO YPOBHSI.
Kaxxaplit mepuos 3akaHuYMBaeTCsl 01aropoIHbIM ra3oM, y KOTOPOro (KpoMme reius)
HapYKHbIN CJIIOM COCTOUT U3 8 3JIEKTPOHOB U UMEET JEKTPOHHYIO KOH(PUTYPALIUIO
Ns2np®. DeMeHTHI MIABHBIX M MOOOYHBIX HOATPYII OTIMYAIOTCS 110 3aMOTHEHUIO
AJIEKTPOHHBIX MOJLYPOBHEM.

VY snemenToB raaBHbix noarpyni | u |l rpynn mocnenHUMH 3amnoIHSIOTCS
aTOMHBIE S-OpOUTAJIM BHEIIHErO AJEKTPOHHOTO YpPOBHS, T.€. NS-opOUTaIu. ITU
AJIIEMEHTBHl HA3bIBAIOTCS  S-3JIEMEHTAMM WM 3JIEMEHTaMH S-3JIEKTPOHHOIO
CEMENCTBA.

VY anementoB rnaBHeix noarpynn ¢ |l mo VI rpynmy nocnemnumu
3alOJIHAIOTCSL aTOMHBIE P-OpOMTAIM BHEIIHETO 3JEKTPOHHOTO YpPOBHA, T.€. Np-
opOuTanu. DTU HJIEMEHTHl HA3bIBAIOTCS P-3JI€MEHTAMH WIH BJIEMEHTaMu p-

AIEKTPOHHOTO CEMEMNCTBA.
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VY snemMeHTOB MOOOYHBIX MOATPYIIT BCEX TPYIII MOCISTHUME 3allOTHIIOTCS
aToMHbIe J-OopOWTAIM TPEABHEIIHETO0 3JIEKTPOHHOTO ypoBHA, T.e. (N-1)d-
opOuTayid. DTH DIEMEHTHl Ha3biBalOTCA O-31eMeHTaMM WM  3JCMCHTaMU
d-2JIeKTPOHHOTO CeMEHCTRA.

VY snemenToB BTOpoi mobounoi moarpynnsl || rpynmnel (JlanTaHOuABI U
AKTUHOUJIBI) TOCICIHUMH 3alOJHIITCS aToMHble f-opOutanm eme Oosee
riryookoro (N-2) sHepreTudeckoro ypoBHs, T.e. (N-2)f-opOurtamu. DT 351eMEHTHI
Ha3bIBatOTCs f-31eMeHTaMu win sneMeHTamu f-351eKTpoHHOTO ceMericTRa.

[lonoxeHue XUMHYECKUX DJIEMEHTOB B  IEPUOJUYECKOW  CHUCTEME
OompeeNnsieT WX CBOMCTBA. B 3aBUcHMMOCTH OT 3apsia fAapa MNEepUOJIHYECKH
U3MEHSIOTCS TaKHe XapaKTEPUCTHUKU AJIIEMEHTOB, KaK aTOMHBIA PajlyC, SHEPTHs
MOHU3ALUH, CPOJCTBO K ANEKTPOHY, JIEKTPOOTPULIATEIBHOCTD.

ATOMHBII paaMyc — pacCTOsIHUE OT IIEHTpa aToMa J0 Hapy>KHOTro
3JIEKTPOHHOTO ciiosi. M3Mepsercs B HanomeTpax, HM (1 am = 10~° M). B nepuomax
C pOCTOM 3apsifa sjpa CHJa MNPUTKEHUS AJIEKTPOHOB K SAPY BO3PACTAET, a
KOJIMYECTBO JJIEKTPOHHBIX CJIOEB OCTaeTcs Hem3MeHHbIM. [losTomy B mepuomax
clieBa HaIlpaBO aTOMHbBIE PagUyChl yMEHbLIAIOTCS. B rpymnmax cBepxy BHHU3 C
pOCTOM 3apsiia siipa BO3PACTaeT KOJUYECTBO DJIEKTPOHHBIX CJIOEB M ATOMHbBIC
paanyChl YBEJIMYNBAIOTCSI.

JHeprusi HOHM3AUUM — KOJMYECTBO SHEPTrUH, HEOOXOAMMOE IJisi OTpPhIBA
AJIEKTPOHA OT HEUTPAJIbHOTO aroMa M TMPEBpAIICHHS aToMa B TOJOXKHUTEIHHO
3apsOKEHHBIM  MOH  (u3mepsiercst B K/[&/Monib). MHOTOANIEKTPOHHBIE aTOMBI
XapaKTepU3yrTCd HECKOJBKUMH SHEPrusMu uoHuzauuu: li, lp, I3 u T.4., 4TO
COOTBETCTBYET OTPBIBY IIEPBOI0, BTOPOr'0, TPETHETO U MOCIEIYIOIIUX JIEKTPOHOB.
[Tpu sTtom I < |y < I3, Tak KaKk MEpBbI ANEKTPOH OTPHIBAETCS OT AJIEKTPUUECKU
HEUTPAJIBHOTO aToMa, TOT/Ia KakK CJIEAYIOIMHUE — OT HOHOB C TMOCIEAOBATEIIHHO
BO3PACTAIONIUM TIOJIOKHUTEIIBHBIM 3apsifioM. B mepuogax cieBa HampaBo dHEPTUs
WOHU3AIIMN YBEIMYHMBACTCS, a B TPYIIAaX CBEPXY BHU3 — YMCHBIIIACTCH.

CpoacTBO K 3JIEKTPOHY — 3TO KOJUYECTBO 3HEPIHH, KOTOPOE BBIIEISAETCA

Ipy TMPUCOCIUHEHUH OJJIEKTPOHA K HEUTpaJbHOMY aToMy C IMpeBpalleHHeM
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MOCIIEIHETO B OTPHUIATENbHO 3apsKeHHbIM HOH. W3mepsercs B kJ[>K/MOIb.
[Ipucoenunenue Oornee, 4YeM OIHOTO OHJIEKTPOHA K aTroMy HE MPOUCXOAUT
BCJICJICTBUE JEHUCTBUS CHJI OTTAJIKUBAaHUS MEXKIYy OJHOMMEHHO 3apshKEHHBIMU
AIEKTPOHOM U aHUOHOM. [lo3TOMy CyllleCTBOBaHHME MPOCTHIX MHOTO3apsAHBIX
annonoB (S%, 0%, N*) meBo3smoxkHO. B mepuonax cieBa HampaBo CPOJCTBO K
AIIEKTPOHY YBEJIIMUMUBAETCSA, a B TPYNIaX CBEPXY BHU3 — YMEHBIIIAETCS.

DJIEeKTPOOTPHUIATEIbHOCTH — MEpPa CIIOCOOHOCTH aTOMa K OTTSATUBAHUIO Ha
ceOsi DNEKTPOHHOW TMJIOTHOCTH. KOJMYECTBEHHO 3JIEKTPOOTPULIATEIBLHOCTD
OIpEENsIeTCs KaK MOIyCyMMa HEPrMM MOHU3aLUU U CPOJCTBA K 3JIEKTPOHY. Uem
OOJpIIE BEIMYMHA JJIEKTPOOTPHUIATEIBHOCTH, TEM JIETYE aToM 3JeMEHTa
OTTSTUBAECT Ha cebs AIEKTPOHHYIO IJIOTHOCT. B nepuoaax
AIEKTPOOTPHUIIATEILHOCTh BO3PACTAET CJIEBA HAINPAaBO, @ B IPYIIAX YMEHBIIAETCS
CBEpXY BHU3.

KoHTpoJibHBIE BONIPOCHI:

1. OtkpbiTHE nepuoaMYEcKOro 3akoHa. DopmyIMpoBKa NEPUOAUYECKOrO
3aKOHa.

2. CTpocHHUE EPUOANIECCKON CHCTEMBl XHMHUYECKUX 3JIEMEHTOB.

3. 3akon Mozmu. [lopsakoBbIiI HOMEp XHMHYECKOTO DJIEMEHTA.
CoBpeMenHas (popMyIUpOBKa MEPUOAUUECKOTO 3aKOHA.

4. CBs3b TIOJIOKEHUSI DJJIEMEHTAa B MEPUOJUYECKOM CHUCTEME C €ro
AIEKTPOHHBIM CTPOCHUEM.

5. DIIEKTPOHHBIE CEMEICTBA AIIEMEHTOB.

6. 3aBUCUMOCTh CBOWCTB XMMHUYECKHX JJEMEHTOB OT HUX TOJIOKEHUS B
NEePUOANYECKON CcHUCTEME (ATOMHBIA paaWyC, BSHEPrus HWOHU3ALMHU, SHEPrus

CPOJICTBA K AJIEKTPOHY, JIEKTPOOTPULIATENLHOCTH ).
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PA3JIEJ IV
XUMHUYECKASI CBS3b

XumMHnyeckasi CBSI3b — PE3yJIbTaT B3aUMOJICHCTBUSI aTOMOB, TPUBOSIIANA K
00pa30BaHUIO YCTOMYMBOW MHOTOATOMHOW CHCTEMBI: MOJICKYJbI, HWOHA WJIH
paaukana.

XuMHYECKas CBSA3b XapaKTepU3YyeTCs JUTMHOW CBSI3U U DHEPTUEH CBA3U.

Ilon Oaunou ceéa3u TOHUMAETCS PACCTOSAHME MEXAY LEHTpaMu
B3aMMOJICUCTBYIOIUX aTOMOB (u3Mepsercs B HM). JliMHA CBSI3M 3aBHCHUT OT
IPUPOABI ATOMOB, UX KOJIMYECTBA, KPATHOCTH (IOPSI/IKA) CBSA3M MEXAYy aToMamu. B
pAAy OIHOTHUIIHBIX COEIWHEHHUW [JIMHA CBA3UM H3MEHSETCS 3aKOHOMEpPHO, 4YTO

06YCJIOBJICHO 3dKOHOMCPHBIM H3MCHCHHCM pPaINYyCOB a4TOMOB B HepHOHH‘{eCKOﬁ

CHCTEME:
Coenunenune H-F H-CI H-Br H-1
JlnuHa cBs3U, HM 0,092 0,128 0,142 0,162

Iuepzusn cea3zu — napaMeTp, KOJIMUECTBEHHO XapaKTepU3yOUIMd TPOYHOCTh
CBsi3U. UMCIIEHHO OH PaBEH KOJWYECTBY SHEPrUU, HEOOXOAMMOMY JJIsl pa3pbiBa
cBs3U (M3MepsieTcs B KJPk/MoJIb). DHEPIrus XUMUYECKOW CBS3HU JICKHUT B IMATIa30HE
100-1000 xJ[>x/mMOnb. DHEprus CBS3U 3aBUCHT OT TMPUPOJLI aTOMOB, UX

KOJINYECTBA, KPATHOCTH (TIOPSI/IKA) CBSI3U MEXKTy HUMU.

OcHOBHbIE  BHJIbl ~ XMMHYECKOM  CBSI3U:  KOBAJEHTHAas,  HOHHas,
MeTaJuIn4YecKasl.
KoBanentHasi c¢Bsi3b — 3TO CBsI3b, OOpa3oBaHHas 3a cyeT OOIIUX

AIEKTPOHHBIX map. IIpu ommcanuu mpuponabl KOBAJEHTHOM CBS3M MCIOJIB3YETCS
nBa mnojaxona: Teopust BajeHTHBIX cBsized (TBC) m Teopuss MoOJEKyJISpHBIX
opouTtaneit (TMO).

B oCHOBE T€OpHM BaJICHTHBLIX CBSI3€H JICKUT KOHIICIINUA JIOKAIU308AHHbIX

971eKMPOHHBIX nap. BO3ZHUKHOBEHUE OJWHAPHONW XUMHUYECKOW CBS3U SIBIISETCS
PE3YABTATOM JIOKAIU3ALMK Taphl 3JEKTPOHOB C MPOTUBOIMOJIOKHBIMA CIIMHAMU B
MEXbAJIEPHOM TPOCTPAHCTBE aTOMOB, YYACTBYIOIIMX B €€ 00Opa3oBaHuHU. ITa
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OTPHUIATENFHO 3apshKeHHAst 00JacTh C TMOBBIIIEHHOW 3JIEKTPOHHON IMJIOTHOCTHIO
OPUTATUBACT S/pa M CTaOWIM3UPYeT HMX B PABHOBECHBIX IOJIOKEHUAX. B
pe3yibTaTe oO0mIas DJHEPrusi paccMaTpUBAEMOM CHCTEMBbl MOHMXAETCS W
oOpasyeTcsi xuMudeckas cBsi3b. Takum oOpaszom, B TBC xmmudeckas CBS3b
ABJISIETCSA JBYXUEHTPOBOM U ABYX3JIEKTPOHHOM.

B Teopun BC paccmarpuBaetcs 1Ba MexaHn3Ma 00pa30BaHUsl KOBAJIEHTHBIX
CBsI3€ii: OOMEHHBII U JOHOPHO-aKIETOPHBIN.

C HOSHHHI?I 0OMEHHOI0 MEXaHW3Ma O606IH€CTBJI€HHaH QJICKTPOHHAA I1apa

dbopMupyeTcss W3 HECHApEHHBIX JJIEKTPOHOB JBYX aTOMOB B pe3yJbTaTe
MEPEeKPBIBAHUS JBYX OJTHODJEKTPOHHBIX 00nakoB. Hampumep, nBe KOBaJeHTHBIC
cBsi3u B Mosekyse Boabl H,O, oOpa3yroTcss mo 0OMEHHOMY MEXaHM3My 3a CUeT
NEpPEKPhIBAaHUS  OJHORJIEKTPOHHBIX OOJAKOB JBYX aromMoB Bogopoaa (1s-

AJIEKTPOHBI) U aToMa Kuciopoaa (2p-3JIeKTPOHBDI).

O 2s 2p
RN

]
f

H 1s 1s H

[Ipyu oOpa3oBaHMM XUMHUYECKOM CBS3M 10 JAOHOPHO-aKIIENTOPHOMY

MEXaHU3My Tapy OSJEKTPOHOB TMPEIOCTABIACT OJHA W3 B3aMMOJCHCTBYIOIIMX
YacTUIl — JIOHOP, TOrJa Kak BTOpas — aKUENTOp HMMEET BAKAHTHYIO aTOMHYIO
opoutans (AQO). Xumuyeckasi CBsI3b BO3HUKAET TPHU 3aCEJICHUU HETMOJCICHHOMN
napbl 3JICGKTPOHOB JOoHOpa Ha BakaHTHyl0 AQO akuentopa. Hampumep, B HOHE
rupokconns Hz3O" aBe cBs3u 00pa3yroTcs 10 0OMEHHOMY MEXaHU3MY, a TPEThs —

0 JJOHOPHO-AKICIITOPHOMY:

O 2s 2p
N/uﬁg
L] L
H*1ls H1s 1sH



OpHako cienyetr UMeTh B BUAY, YTO XUMUYECKUE CBSI3U, 0Opa3yIOUIHecs o
OOMEHHOMY U JOHOPHO-aKIENTOPHOMY MEXaHU3My, Hepa3znuuuMmsbl. [loaTomy Bce
Tpu cBsi3u O-H B MOHE THAPOKCOHUS pABHOIICHHBI.

Tunsl cBA3M M KpPaTHOCTH CBA3M. B 3aBucuMocty 0T crocoba
NEepPEeKPhIBAaHUS OJHOAJIEKTPOHHBIX O0JaKOB Pa3iuyaroT G-, p- U 0-CBSI3U. G-CBS3U
o0pa3yroTcs eciii 00J1acTh MEPEKPhIBAHUS JICKUT Ha MPSMOM, COSTUHSIONIEH siipa.

CriocoOHOCTh K 00pa30BaHUIO G-CBA3EH MPOSIBIAIOT BCE THUIIBI OJHOIICKTPOHHBIX

AN

V. ] . W il

pP-p

ob1akoB (puc. 2).

d-d

Puc. 2. Cxema oOpa3oBaHus G-CBsI3U

Hanuune oOnacteil mnepekpbiBaHUs 1O 00€ CTOPOHBI OT MPSIMOW,
COCUHSIONIEH s]pa, CBUIETENBCTBYET O (OPMUPOBAHUU T-CBsI3U. 7m-CBsi3u

00pa3yroTCs MPH y4acTHH P- U d-37IeKTPOHHBIX 00J1aK0B (puc. 3).

p-p d-p d-d
Puc. 3. Cxema oOpa3oBaHus T-CBI3H

W HakoHel, B3auMHOE MepeKpbiBaHre O-3JIEKTPOHHBIX O00JaKOB BCEMH

YETBIPbMS JIOTTACTSMU MPUBOJUT K 00pa30BaHUIO O-CBsI3U (puc. 4).
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Puc. 4. Cxema o6pa3oBaHus d-CBsI3U

XuMudeckasi CBsI3b, 00pa3oBaHHAS OJTHOM 3JIEKTPOHHOM MapoM, HA3hIBACTCS
OJIMHApHOW WM ©-CBA3bI0. [Ipu ywyacTuu OoJIbIIErOo 4MCIia SJICKTPOHHBIX TMap
dbopMUpYIOTCS CBs3HU, Ha3biBaeMble KpaTHbIMU. OOCYKIaeMble CBSI3U MOTYT OBITh
JIBOMHBIMH, TPOMHBIMU U MMETh 0oJiee BBICOKYIO KpaTHOCTh. B dopmupoBanue
KpaTHBIX CBSI3€M BKJIAJ] BHOCAT G-, p- U Jaxe O-CBsi3u. [Ipu 3TOM MakcumalibHOE
YHUCIIO T-CBSI3€M MEXAY JABYMsI aTOMAaMH PAaBHO JBYM M OHH pACIoiararoTcs BO
B3aWMHO IEPIIEHANKYJIPHBIX INIOCKOCTAX. MaKCUMAIBHO BO3MOXKHOE KOJIMYECTBO
O-CBsI3eM Takke paBHO JABYM. Takum 0o0pa3oM, KPaTHOCTb CBSI3U OMPEAEIISIeTCS
YUCIIOM OOIIUX AJEKTPOHHBIX Map, YYaCTBYIOIIHUX B €€ 00pa30BaHUU MEXKY ABYyMS
aTOMAaMU.

KoBanieHTHas CBsI3b XapaKTEpU3yeTCd TAKUMH CBOMCTBAMHU KaK MOJISIPHOCTb,
MOJISIPU3YEMOCTb, HACHIIIAEMOCTh U HAIIPABICHHOCTb.

1. ToasipHocTh CBSI3M OOYCJIOBJIEHa ACUMMETPUYHBIM pacClpe/ieICHUEM
AJIEKTPOHHON IUIOTHOCTH MEXay aromamu. KoBajieHTHast CBsi3b MOXET OBbITh
NOJISIPHOW W HenoJsisipHOW. CBSI3b MEXKAY aTOMaMH OJIHOTO M TOTO K€ 3JIEMEHTa
BCErJa HEMOJSIpPHA, TaK KaK 3JEKTPOHHOE OO0Jako oOIed 3JEeKTPOHHOW mapbl
pacripenenieHo cuMMmeTpudHo oTHocuTenbHo aByx suaep (Cly, Hz, N2 u mp.).
CMmelieHue SJEKTPOHHOW TUIOTHOCTH OOIIEH 3JIEKTPOHHOW Taphbl MPOUCXOIUT
BCJIEZICTBUE PA3HOM 3JIEKTPOOTPULIATEILHOCTH 3JIeMeHTOB. [Ipu 3TOM atom Oonee
AIEKTPOOTPUIIATEIILHOTO dJJIEMEHTAa B OOJBINEH CTENEHW OTTATUBAECT Ha ce0s
OOLIyI0  JJIGKTPOHHYIO Tapy, B  pe3yJbTare »dJIEKTPOHHAas  MIOTHOCTb
pacnpenensercs HecumMmerpuuHo. Hampumep, B Mosnekyne xmopoogopoaa HCI
AJIEKTPOHHAS TUIOTHOCTh CMEMIAeTCs K aToMy O0o0Jiee 3JIEKTPOOTPHUIIATEIHLHOTO

9JICMCHTA — XJiOpa, BCICACTBHC 4YCro Ha aTOMC XJIOPC BO3HUKACT YACTUYHBIN
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oTpunarenbHel 3apan. [lo 3Tol ke mpuuMHE Ha aTtoMe BOAOPOJA BO3HUKAET
YUCJIEHHO PAaBHbIA YaCTHUYHBIA TOJOXUTEIbHBIN 3apsia. Takum oOpasom,
oOcyXx/1aemMasi KOBQJICHTHAsl CBsI3b TOJIAPHA, a MOJIEKYyJia MPEJCTaBIsET COOOM
aunons: H* — CI°,

2. Tloasipu3yemMocTh — 5TO CBOWCTBO KOBAJEHTHOM CBSI3U CTAaHOBHUTHCS
MOJISIPHOW TMOJ AEHCTBHEM BHEIIHETO JJIEKTpUYecKoro mnoiis. [lonspusyrommm
JercTBUEM 00J1aJal0T MOHBI WK TOJISIpHBIE MOJIEKYbL. [lonspuzyeMocTb 3aBUCHT
IJIaBHBIM O0pPa3oM OT SHEPIHMM BHEIIHUX 3JIEKTPOHOB (YEM BBIIIE HHEPTUs, TEM
BBIIIE MOJISIPU3YEMOCTD), & TAKXKE OT YKCIIa 3JIEKTPOHOB B aTome. [lossipuzyemMocThb
TM-CBSI3U  BBIIIE, YeM O-CBsi3U. Yem OoJibllie 3JIECKTPOHOB B aTOME, TEM
HOJISIPU3YEMOCTh BbIIe. [103ToMy aToMbl 0-371eMEHTOB U aTOMBI P-3JIEMEHTOB C
3aITOJIHEHHBIM (-TI0IypOBHEM 00JIaJal0T BBICOKOH MOJISIPU3YEMOCTHIO.

3. HacblmaemocTb. DTO CBOMCTBO XapaKTEPU3yeT CIOCOOHOCTh aToMa
JJieMEeHTa O00pa30BBIBATH OMNpPENEIICHHOE KOJWYECTBO CBsizel. BcneacTBue
HACBIIIAEMOCTH CBA3M MOJIEKYJIbI UMEIOT OMPEAECICHHBIN COCTaB U CYIIECTBYIOT B
BUJIE JUCKpPETHBIX uactuil. CHocoOHOCTH aroMa o0Opa3oBBIBATH CBSI3U C
ONpPEAECICHHBIM  YHUCJIOM  aTOMOB  JPYroro JJEMEHTa  XapaKTepU3yeTcs
BajieHTHOCTHIO. C mo3uniuii TBC 3HaueHue BaJICHTHOCTU COOTBETCTBYET UMCITY
KOBAJIGHTHBIX CBsA3eH, o0Opasyembix aromom. Ilpum oOpasoBaHuu CBSI3H TIO
OOMEHHOMY MEXaHHU3MYy BaJICHTHOCTh ONPEACNISIETCS YHUCIOM HECIapeHHBIX
ANEKTPOHOB. OJHAKO YUCIO HECHAPEHHBIX AJEKTPOHOB MOXKET YBEIMYUBATHCS B
pesyJibTate mepexojia aTomMa B BO30YXJIEHHOE COCTOsiHME. Tak, B OCHOBHOM
COCTOSIHUM y aToOMa YriiepoJia MMEETCs JBa HECHapeHHBIX 3JIEKTPOHA, HO IpHU
MOIJIOIIEHUN  JIOTIOJIHUTENBHOM SHEPIrUM OJIWH DJJIEKTPOH C  S-TIOJYPOBHSA
MEePEeXO/IUT Ha BaKAHTHYIO P-OpOUTAIb U aTOM YIJIEpOJia MPOSBISECT BaJ€HTHOCTh

PaBHYIO HCTLIPCM:

C 2s 2p C* 2s 2p
el ] EREREERER

B atome ¢docdopa nepexon B Bo30YKIEHHOE COCTOSHUE COMPOBOXKIAETCS

NIEPEX0I0M 3JICKTPOHA C S-TIOAYPOBHS Ha BaKaHTHYIO (-opOuTasb:
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P 3s 3p 3d P* 3s 3p 3d
) el LD RN

Kpome oOmeHHoro wexanu3Ma o0Opa3oBaHHME KOBAJCHTHBIX CBsI3ei

BO3MOYKHO M II0 JIOHOPHO-aKLENTOPHOMY MexaHusMy. [loaTomy MakcumasibHas
BaJICHTHOCTB, IIPOSIBIISIEMAsi ATOMOM 3JIEMEHTA, 3aBUCHUT HE TOJIBKO OT KOJMYECTBA
HECIAPEHHBIX 3JIEKTPOHOB, HO M OT YHMCJa BaKaHTHBIX aTOMHBIX opOuTaneil, a
TAK)KE€ YHMCJIA HENOJACIICHHBIX 3JIEKTPOHHBIX Iap. Tak, HanmpuMmep, MakCUMasbHas
BAJICHTHOCTh aTOMa a30Ta paBHAa 4YEThIpEM U OOYCJIOBJIEHA HaJUYUEM TPEX
HECITAPECHHBIX AJIEKTPOHOB ¥ OJTHOW HETOJEJIEHHOM AJEKTPOHHOM NapPHI.

5. HampasJieHHocTb. [loCKoNbKy aTOMHbIE OpOWTaNIM, Y4YacTBYIOLIUE B
0o0pa30BaHUU CBSI3H, OINPEAEIIEHHBIM 00pa30M OPUEHTHUPOBAHBI B MPOCTPAHCTBE,
XMMHYECKas CBS3b Takke O0O0JaJaeT HAaNpaBiICHHOCTBIO. YIOJd — MEXAy
HaIlpaBJICHUSAMU  CBsI3€  HA3bIBACTCS  BAJEHTHBIM  yIJIoM.  biaronmaps
HaIlpaBJICHHOCTH CBSA3M W Pa3HOOOpPa3HbIM 3HAYEHUSM BAJCHTHBIX YIJIOB,
MOJIEKYJIbI BELIECTB XapaKTEPU3YIOTCS MPOCTPAHCTBEHHBIM CTPOCHUEM M MMEIOT
pPa3NUYHYI0 TE€OMETPUYECKYI0 KOHQUTYpauuio: JHHEHHYI0, TpPeyroJjbHYIO,
poMOHMUYECKyl0, MNUpamMuAadbHyl0 H  T.A. llpocTpaHcTBeHHOE  CTpoeHHe
MOJIEKYJISIPHBIX 00Opa30BaHUN M XapaKTepHbIE 3HAYCHUS BAJICHTHBIX YIJIOB MOXHO
OOBSACHUTH C MO3ULUI TEOPUH TMOPUAN3AIMN ATOMHBIX OpOUTaneil, koTopas Obuia
npeioxkena B 1931 r. amepukanckum yuyensiM JI. IloauHrom.

I'mOpuau3anus — npouecc BhIpaBHUBAHUSA aTOMHBIX opoOuTtaniel mo ¢opme
U 1o nsHepruu. B pesynbrare 00pa3yroTcsi THOpUIIHBIE ATOMHBIE OpOUTAIU
OJMHAKOBOM (OpPMBI U DHEPrHH, MPU 3TOM HX CHUMMETPHUS IO CPAaBHEHUIO C
ucxoaueiMu AQO moHmkaercs. Yucno oOpasyronuxcs THOPUIHBIX opOuTanen
paBHO YHMCIIy MCXOJHBIX aTOMHBIX opOutanei. Ilponecc rubpuauzanuu Tpedyer
3aTpaThl 3HEPIHH, KOTOpas KOMIIEHCHPYIOTCS SHEPre€THYECKUM BBIMIPHIIIEM 32
cueT oOpa3oBaHus OOJiee MPOUYHBIX CBA3EH MPHU ydacTHUH TMOPUAHBIX OpOUTasei.
[To cpaBHenuto ¢ ucxogubiMu AQO, ruOpHUIHBIE OpPOMUTAIM XapaKTEPU3YHOTCS
HaJIM4YMEM  C€AUHCTBEHHOTO  HAIPaBIEHUSA, B  KOTOPOM  OTMEYaeTCs

MPEUMYIIIECTBEHHOE KOHLIEHTPUPOBAHKUE AJIEKTPOHHOU MI0oTHOCTHU. [loaTomy, npu
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00pa30BaHUM XUMUYECKOU CBSI3M THOpUIHAS OpOUTAIb MOXKET O0jee 3pPEeKTUBHO
NEPEKPBIBATECS € OpOUTANIAMU Jpyrux aromMoB. C Jpyrod CTOPOHBI, HAIUYHE
CAMHCTBEHHOM 00JIaCTU C TIOBBIIIEHHBIM 3apsSOM MPUBOAUT K TOMY, YTO
rUOpUAHBIE  OpOMTANIM  CTPEMATCS  MHUHHUMH3UPOBATH  MPOSIBICHHE  CHII
OTTAJIKUBAHUSI MEXIY HUMH U IMOATOMY B3aUMHO pacrojaraioTcs noj yriaamu 180°
(nBe Sp-rubpuanble opbutamu), 120° (tpm Sp>-rubpumHsie opburanum), 109,5°
(ueTbIpe SP3-rubpuaHble opbMTanmu) U T.1. [lociemHee MO3BONSAET OOBACHHUTH C
no3unuid TBC reometpuio MoliekysipHbIx 00pazoBanuii. CylecTByeT MHOXKECTBO
TUIOB THOPHAM3ALUM, PACCMOTPUM GoJiee IIOAPOOHO TPH U3 HUX — SP-, SP?- u SP°-
TUOPUIHBIE COCTOSHUS

[Ipu dopmupoBanuu SP-TUOPUAHBIX OpOUTANEH y4yacTBYIOT OjHA S- (B
dopme mapa) u ogHa pP-AO (B popme npaBUIILHONH 00BEMHON BOCBMEPKH).

B pesynbraTe 00pa3yrorcs aBe SP-TUOpUAHBIE OpOUTAIH, UMEoIIHe Gopmy
HEMPaBUIbHON BOCBMEPKH U B3aUMHO OpUEHTUpOBaHHbIE N0 yriioM 180° (puc. 5).

Takoli Tum ruOpuaM3anUu XapakTepeH Uil JduHeHHBIX Moiekyn BeCly,

ZnC|2, CdC'z, HgClz H Ip.

=

o

180

(stp) — oOmaka nBa Sp-o0Jaka
a 0 B
Puc. 5. ®opma uCcX0oAHBIX aTOMHBIX opouTanel (a), hopma ruOpuaHON aTOMHOU

opbutanu (0), pacrosioKeHNEe aTOMHBIX opOuTaneit nmpu SP-rudpuau3aiu (B)

B sp?-rubpuan3anuy y4acTBYIOT oiHa S- (B popMe mapa) u aBe P-opOUTaIn
(B ¢popme mpaBuUiibHON 00BEMHOI BochbMepku). OOpasyromuecs TpU THOPUIHBIX
sp?-opOuTamu pacnonararorcs nox yriaom 120° (puc. 6). Takas rubpuausaunus

XapakTepHa Jiis TpeyroybHbiX Mojiekya BCls, BFs.

44



(stp+p) — obOnaka Tpu Sp?-o0naxa

Puc. 6. PacrionoeHue SIEKTPOHHBIX 001aKOB IpH SP>-rHOPUIM3aluK

B spi-rubpuauszaniy NPUMHEMAOT y4acTHE OJHA S- W TPU P-OpOHMTAIM.
Yeteipe cHOPMHPOBAHHBIE SP-THOPHIHBIE OPOMTAIM B3aMMHO PACIIOJIATAIOTCS
nog ymiom 109°28' (puc. 7). Takoit Tunm ruOpUAM3alUM XapaKTepeH s

terpadapuueckux monekya CCly, CHy4, NHs.

(s+p+p+p) — obnaxa ueThIpe Sp-obiaka

Puc.7. PacnosnoxkeHune >1eKTPOHHBIX 00JIAKOB IIPHU SP3-TUOpHAN3aMH

['eoMeTpryecKkd TPaBWIBHBIC CTPYKTYPHl PEATU3YIOTCS TOJBKO B TOM
cilydae, KOr/ia Bce THOpUIHBIE OpOUTAIM MCTIONB30BaHbI JIJIsi 00pa30BaHUs CBS3EH,
W KpaTHOCTh BCEX CBs3el oauHakoBa. [Ipm HecoOMIOIEHWH 3THX YCIOBHI
CTPYKTYPBI HCKaKAFOTCSI.

Teopuss BaJneHTHBIX CBSI3€M WMEET CBOM JOCTOMHCTBA W HEIOCTATKH.
JlocTOMHCTBa 3aKIIOYAOTCSI B TOM, YTO OHA JAaeT BO3MOXXHOCTh HArJSTHOTO
OMMMCAHUS CTPOCHUS MOJIEKYJ C TIOMOIIbIO BAJICHTHBIX CXEM; TO3BOJISET
paccMaTpuBaTh XUMHUYECKHE CBOWCTBA MOJIGKYJI M JacT BO3MOXKHOCTH
MPOTHO3UPOBATh TEOMETpUYeCcKyto ¢opMmy Mojekyn. Ho Teopus BaJeHTHBIX
CBsI3€ll HE MOXXET OOBSICHUTH MAarHUTHBIE CBOMCTBA MOJICKYJ; HE pacCMaTpUBaeT

B036Y)KI[CHHOG COCTOAHHMEC MOJICKYJ, T.€. HC 00BACHSET CIICKTPAJIbHBIC
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XapaKTEPUCTUKN; HE MOXKET OOBSICHUTH CYIIECTBOBAHUE MOJICKYJSPHBIX HOHOB U
XUMHUYECKYIO CBS3b B AJIEKTPOHOJACHUIMTHBIX MOJeKyilax. Bce aTo sBisercs
HenocTaTkamu Teopur. Kpome Toro, maes o JIOKaJIW3alMM SJIEKTPOHHBIX Map
IIPOTUBOPEYNUT KBAHTOBOW MEXAHUKE, B OCHOBE KOTOPOM JIEXKUT MPEACTABICHUE O
JEJIOKaIn3aluu AIEKTPOHHOMN TUIOTHOCTH B IPOCTPAHCTBE.

HNonHasi cBsI3b BO3HUKAET MEXAY aTOMAMH, CUJIBHO OTJIMYAIOIIUMUCA IO
ANEKTPOOTPULIATENILHOCTH, HANPUMEpP, MEXAY TUNUYHBIMA METAUIAMH |
TUNUYHBIMA HEMETAJUIaMU. BcleacTBre 3HAUYNUTENbHON JIEKTPOOTPULATEIbHOCTH
aTOMOB HEMETAJIOB, JJIEKTPOHHAS IUIOTHOCTH B MPEJIEIIE MOTHOCTBIO CMEMIAETCA K
0o0J1e€ NIEKTPOOTPULIATETLHOMY aTOMY, TaK YTO CHJIbI, IEUCTBYIOIINE HA YaCTULIBI,
MOYKHO CUUTATh YUCTO JIEKTPOCTATUUECKUMU:

Na— 1€ =Na”
Cl+1e=CI"

[ToaToMy 11 COEIMHEHWM NAHHOIO THUIIA XapaKTEPHbI MOHHbIE KPUCTAILIBI,
B KOTOPBIX KAaTMOHbI WM AaHWOHBI PACIIONArarOTCs YIOPSAOYEHHO B Y3JIax
KPUCTAJUIMYECKON PELIETKHU.

CoenvHEHMM € HOHHBIM THIIOM XMMHWYECKOW CBS3HM  CYIIECTBYET
OTPAaHUYECHHOE KOJUYECTBO. DTO OOBICHSIETCS TE€M, YTO OJHOATOMHBIEC KAaTUOHBI
MOTYT UMETh 3aps ToJbko +1 nin +2 (Tak Kak SHEPruy MOHU3ALMU MPU OTPHIBE
TPETHETO AJEKTPOHA OYEHb BeJIMKHU). OJTHOATOMHBIE AaHMOHBI MOTYT UMEThH 3apsil
TONbKO —1 (IIOCKOJBKY MPUCOEIUHEHHE BTOPOrO0 BJIEKTPOHA K aHUOHY
HEBO3MOKHO, OJIHOQTOMHBIE AaHHOHBI C 3apsSAoM —2 M —3 HE CYIIECTBYIOT).
[loaToMy  HOHHBIE  COeIMHEHHMS  OOpa3yloT  TOJBKO  IIEJOYHbIE U
IEJIOYHO3EMETBHBIC METAJUIBI U TanoreHbl. OCTaNbHBIC COCTUHEHMSI, 00pa3yeMble
METAJUIAaMA M HEMETAJIAMH M PACCMATPUBAEMBIE KaK MOHHBIE, XapaKTEPU3YIOTCS
IIPUMECHIO0 KOBAJICHTHOTO B3aUMOJECHUCTBUS.

B oTinume OT KOBaJIEHTHOW  CBsI3W, HWOHHAs CBsA3b  oOJajaet
HEHAanpaegjleHHOCMbl0 I HeHacbhlujeHHocmblo. HeHanpaBiIeHHOCTh HOHHOW CBS3U
OOBSICHSIETCSI  TE€M, UYTO  OJJIEKTPUYECKOE  TOJIe, CO3JaBaeMO€  HOHOM,

pacmpocTpaHsieTcss ~ paBHOMEPHO IO  BCeM  HampaBieHusMm. llpuunHa
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HEHACBIIEHHOCTH MOHHOM CBSI3M B TOM, YTO JJIEKTPUYECKOE I10JI€ JTaHHOIO MOHA
JEWCTBYeT HA  BCE  HOHBI  IIPOTUBOIIOJIOKHOTO  3Haka.  Bcuencreue
HEHACBIICHHOCTH W HEHANpPaBJICHHOCTH WOHHBIE COEAMHEHUsA OOpa3yloT He
MOJIEKYJIbI, @ HOHHbIE KPUCTAJUIbL. KOJIMYECTBO HOHOB MPOTHUBOIIOJI0KHOTO 3HAKA,
KOTOpBIE OKPY)KalOT JaHHBIM MOH B KPUCTAJUIMYECKOW PpEIIETKE, HA3bIBACTCS
KOOPAMHALIMOHHBIM YHCIIOM.

[TonsTre MeTaIMYecKasi CBA3b IMOTYCPKHUBACT CHEHU(PUKY MPOSBICHUS
XMMHUYECKON CBSI3M B MeETajlaX, KOIZa OTHOCHUTEIBHO HEOONIBIIOE YHUCIIO
DIIEKTPOHOB CBSI3BIBAET BCE HWOHBI, HAXOIAIIHMECS B Yy3JaX KPUCTAIIMYECKOU
pEelIETKH W 00pa3ylollue KPUCTALIMYECKUHA OCTOB MeTamia. Bo3MOXHOCTH
CBOOO/IHOTO MEPEMEIIECHUS YaCTU JIEKTPOHOB 110 BCEMY 00bEMY METAJUINYECKOTO
KpUCTajuia OOBACHSIET OCHOBHBIE CBOMCTBA METANIOB — METAJUIMYECKUI OJeck,
TEIJIONPOBOJAHOCTD M 3JIEKTPONPOBOAHOCTb. MeETAIIBI  SIBISIOTCA 3JIEKTPOHO-
NePUIUTHBIMU CTPYKTYpPaMH C JEJIOKAIU30BAHHBIMHU CBA35IMH, KOTOPBIE MOKHO
paccMaTpuBaTh C MO3UMIUN TEOPUU MOJIEKYJApHbIX opbutaneii. TMO B
IPUMEHEHUHU K KPUCTAJLTY MIPEICTABISET COOOM 30HHYIO TEOPUIO KPUCTAIJIOB.

B xpuctamie u3 N aToMOB Kak/10€ aTOMHO€ COCTOsIHUE pacuieruisiercss Ha N
MOJIEKYJISIPHBIX COCTOSIHMM, 0Opa3ylolluX SHEpreTudyeckyro 30oHy. B mpenenax
30HBI Pa3JIM4YMs B SHEPIMHU COCTOSIHUI YPE3BBIYATHO MaJjbl, IO3TOMY 30HY MOYHO
CUMTATh HEMpEephIBHOU. [lepexon 3JIEeKTPOHOB MEXAY COCTOSIHUSIMUA OIHOW 30HBI
IIPOUCXOJNUT JIETKO. 30HA, 3aHATas BAJICHTHBIMU JJIEKTPOHAMM, HA3BIBACTCS
BAJICHTHOU 30HOM. BakaHTHas1 30Ha, pacnoyIoKEHHast 110 SHEPTUH BbILIE BaJIEHTHOU
30HbI, HA3bIBACTCS 30HOM IPOBOAMMOCTH. MEXIy BAJIEHTHOM 30HOM W 30HOM
IIPOBOJMMOCTH MOKET pacIoyiaratbCs 3alpelleHHas 30Ha, B KOTOPOW HET
paspemieHHbIX ypoBHeW (puc. 8). Ecmum mmpunHa 3ampernieHHON 30HBI AE
npeBbiaeT 3 3B, kpucrann sBaserca auanektpukom; eciu AE = 0,1 — 3 3B,
KPHUCTAJUI SIBJSETCS MOTYNPOBOJAHUKOM. IIpH OTCYTCTBHHM 3alpelieHHOM 30HBI, T.€.
IPYU MEPEKPHIBAHUN BAJIEHTHON 30HBI U 30HBI MPOBOAUMOCTH, KPUCTAIUT SIBIISIETCS

IMPOBOJHUKOM U O6J'IaI[aeT METaIJINYECKUMU CBOMCTBAMHU.
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EA EjA EA
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| D 1

a 3 8

Puc. 8. Pacnionosxenue BasieHTHOM 30HBI (1) U 30HBI MPOBOAUMOCTH (2)

B NMPOBOJIHUKAX (@), TOJIYNIPOBOAHUKAX (0) U AUIIEKTpUKaX (B)

MexmoJsieKkyasipHble  B3aUMOAEMCTBUS  OCYIICCTBISIIOTCA — Onarojaps
JEUCTBUIO MEXIy MoOJeKylaMu cuil BaH-nmep-Baanbca. OTH cuiibl Ha3BaHbI Tak
MIOTOMY, YTO BIIEPBBIE MEXKMOJIEKYJSIPHOE B3aMMOJICVCTBUE CTAl YYHUTHIBATH
rojutanackuit pusuk Ban-gep-Baanbe (1873 r.) Ay oObsicHEHUsT CBOWCTB T'a30B U
xkunkocre. Cunbl BaH-nmep-Baanbca HauMHalOT NpOABIATBCS HA PACCTOSTHUM
ok0J10 1 HM. [Io cpaBHEHHIO C XUMUYECKUMH CHJIAMU, 3TO B3aUMOAECHCTBUE OUYECHb
cmaboe, ero osHeprus coctaBiser 6-30 kJDx/Monab.  MexMonekynspHOe
B3aMMOJICHCTBUE HEUTPAJIbHBIX YaCTHUI[ BEIIECTBa (aTOMOB, MOJIEKYJ) HMEET
AJEKTPOCTATUYECKYI0 TMPUPOAY U 3aKIIOYACTCs B DJIEKTPOCTATUYECKOM
NPUTSHKEHUU MEXKIY MOJSPHBIMU WM HENOJSIPHBIMM 4YacTUUAaMH. Paznudaror
OpPUEHTAILIMOHHOE, WHAYKIIMOHHOE MW JHUCIEPCUOHHOE B3aUMOJICHCTBUE B
3aBUCUMOCTH OT OCOOEHHOCTEH MOJIEKYI.

OpueHTanMoOHHOE B3auMojAelcTBHE (AUMNONIb — JAUMNOJb) OCYIIECTBIIAECTCS
MEXAY MOJISIPHBIMU MoOJIeKylIaMu. llonsipHble MOJIEKYJbl OPUEHTUPYIOTCS IO
OTHOILIEHHIO APYT K JIPYTy TaK, YTO UX Pa3HOMMEHHbIE MOII0CA MPUTITUBAIOTCS.

NuayxkunoHHoe B3auMoOjAedcTBHE (IUIOIb — WHIYIIUPOBAHHBINA JIUIIOJb)
OCYILECTBIISIETCS MEXIY MOJSIPHBIMU M HEMOJISIPHBIMU MoJieKysiamu. [lonsipHas
MOJIEKYJIa, CO3/1aBasi AJIEKTPUYECKOE II0JIE, MOJAPU3YET HEMOISAPHYIO MOJICKYIY,
T.. HMHAYUMPYET JAUNOJb. WHIyUMpPOBAaHHBIA JWUMOJb IPUTATUBAETCS K
COOTBETCTBYIOIIEMY IOJIFOCY MOJSIPHON MOJIEKYJIBL.
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JlucnepcMoOHHOE B3aMMOJECTBHE BO3HUKAECT B PE3YJbTATE NPUTSHKEHUS
MTHOBEHHBIX JMIONECH. OTU CHJIbl YHHBEPCAJIbHBI M TPOSIBISIOTCS ISl JIOOBIX
yacTull. MTHOBEHHBIE JIUIOIN BO3HUKAIOT BCJIEICTBHUE JIBHIKEHHS JIEKTPOHOB B
aToMax M MOJIEKyJaX U 00yCIaBIMBAIOT B3aMMHOE BIMSHHUE YaCTUIL APYT Ha JpyTa.

BaxxHyto posib B MPOSIBICHUN MEXMOJICKYJISIPHBIX B3aUMOJACHCTBUN WUIpaeT
JTOHOPHO-AKIENTOPHAsA CBsA3b. Pe3ynbTaToM B3aUMOJCUCTBUS MOJEKYJI IO
JIOHOPHO-aKIENTOPHOMY MEXaHU3My SIBIISIETCS (OPMHUPOBAHUE YCTOMYMBBIX
MEXMOJIEKYJISIPHBIX KOMILIEKCOB. B 3TOM ciyyae sHEprus MeKMOJIEKYJISPHOTO
B3aUMOJICUCTBUS MPUOIMKAETCA K SHEPTUU KOBAJIEHTHONM XUMUYECKOM CBSI3U — 10
200-250 x/I>x/Mounb.

BopopoaHasi CBfI3b BO3HUKAECT MEXIY IOJIOKUTEIBHO MOJSIPU30BAaHHBIM
aTOMOM BOJIOPOJIa OJAHOW MOJIEKYJIbI M CHJIBHO 3JIEKTPOOTPULATEIbHBIM aTOMOM
(F, O, N) npyroii MoJieKyJibl. ATOMBI BOJIOPOJIa B MOJIEKYJIaX 00CYXIaeMOr0 THIIa
HECYT YaCTHYHBIA TMOJIOKUTEIBHBIA 3apsii O° © IMO3TOMY 3a CYET CHII
AIEKTPOCTATUYECKOTO B3aMMOJACHCTBUSA O0O0pa3ylOT CBs3b C O -3apsHDKCHHBIMU
atomami (O, F, N) cocennux mMoneky:n. Takasi MEKMOJIEKYJIIpHAs CBS3b MOJTydnIia
Ha3BaHWE BOJOpOIHOM cBs3u. Cuibl, JAEWUCTBYIOIIME MNpU 0Opa30BaHUU
BOJOPOJHOM CBSI3U, HOCST MPEUMYIIECTBEHHO 3JIEKTPOCTATUYECKHM XapakTtep.
OpHako Masible pa3Mepbl MOJIOKHUTENBHO MOJSPU30BAaHHOIO aToMa BOJOpoAa
MO3BOJISIIOT €My TIIyOOKO BHEAPATHCS B AJEKTPOHHYIO OOOJOYKY OTPHIATEIHEHO
NOJIIPU30BaHHBIX aTOMOB. 1103TOMY, KpOME 3JIEKTPOCTATUYECKOT0, B BOJOPOAHYIO
CBSI3b BHOCHUT BKJIAJ M JIOHOPHO-aKLENTOPHOE B3aUMOJICHCTBHE.

coeH3* _ E5 ees HE* _ 5 eee H* _ F3- eoe H* _ E5- oee

DHeprusi BOJOPOAHON CBsI3M HeBelnKka U coctaBisieT 8§ — 40 k/[x/Monb. 310
3HAYUTEIBLHO MEHBIIE, YEM dHEPTHs KOBAJIEHTHOM cBsi3u. Ho, Tak Kak KOJIWYECTBO
BOJOPOJHBIX CBA3€H BEIMKO, OHM OKa3bIBAIOT CYIIECTBEHHOE BIMSHUE Ha
CBOMCTBa BeIlIEeCTB. BemecTtBa ¢ BOAOPOIHBIMU CBSI3IMHU HMEIOT BBICOKHE
TEeMIIepaTypbl KUTIEHUS U MJIaBJICHUS, XOPOILIO pacTBOPUMBI B BoAe. OOpa3zoBaHue
BOJIOPOIHBIX CBSI3€H XapaKTEpHO ISl BOIbI, PTOPOBOAOPOIA, KUIKOTO aMMHUAaKa.

Bogoponnsie cBs3u obecrneunBaioT 00pa30BaHUE BTOPHUYHOM CTPYKTYphI OENKOB,
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HYKJIEMHOBBIX KHCIJIOT, TMOBBIIIAIOT MPOYHOCTh MOJHUMEPHBIX MaTEpPHUAJIOB,
XUMHUYECKUX BOJIOKOH.

KoHTpoJibHBbIE BONPOCHI:

1. IToHsATHE XUMUYECKOU CBSI3H. THITBI XUMHUECKOU cBs3u. OOIIHE CBOMCTBA
XUMHUYECKOU CBSI3U (IUIMHA CBSI3U, YHEPTHUS CBSI3N).

2. KoBasieHTHas cBsi3b. KBaHTOBO-MEXaHMYECKOE OINHMCAHME KOBAJIEHTHOM
CBSA3HU.

3. OcHoBHble mnonoxenus teopun BC. Mexanusmbl o0Opa3oBaHus
KOBAJICHTHOM CBSI3H.

4. CpoiicTBa KOBAJIGHTHOM CBsI3U  (MOJSPHOCTh, MOJSPU3YEMOCTb,
KpPaTHOCTh, HACHIIIIAEMOCTh, HAPABIEHHOCTH ).

5. I'mbpuauzanust aTOMHbIX opOuTasield. Tunel ruOpuaAU3auid U T€OMETPUS
MOJIEKYI.

6. [Monoxenuss Teopun MO. DHepreTHUeCKUe TUArpaMMbl JIBYXaTOMHBIX
MOJIEKYJI JJIEMEHTOB IIEPBOT0 U BTOPOIO MEPUOJIOB.

7. Nonnas cBa3b. Mexanusm oOpa3zoBanusi. CBOMCTBAa HOHHOM CBSI3U.

8. Bomopoanas cBsi3b, 00pa3oBaHue, CBOMCTBA. BiusiHME BOAOPOIHON CBSI3H
Ha CBOMCTBA BEIIECTB.

9. Merammueckass  cBsi3b.  Mexanusm  oOpazoBanusa.  CBoiicTBa
METAJUIMYECKOU CBSI3H.

10. Cubl MEXKMOJIEKYJISIPHOTO B3aHMOICHCTBHSI.
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PA3JIEJL V
3AKOHOMEPHOCTH NPOTEKAHUSI
XUMHUYECKHUX PEAKIIUHA

5.1. OCHOBBI TEPMOJUHAMUMKN XUMHNYECKNX PEAKITN

XuMHueckasi TepMOJAMHAMUKA U3Y4aeT: MePeXo]] SJHEPTUHU U3 OJHOU POPMBI
B Jpyrylo; »sHepretudeckue d(PPeKThl, conmpoBoXKaaromue (U3NIecKue u
XAMHUYECKUE TIPOLECCHI; BO3MOXKHOCTh M HAIPABJIEHUE CAMOIPOU3BOIBHOIO
IIPOTEKAHUS ITPOLECCOB.

OO0BEKTOM U3y4YeHUsS TEPMOJIMHAMHUKHA SIBISICTCS TEpPMOJUHAMUYECKas
CHCTEeMA — ATO TEJIO WK Tpynna Tell, GaKTUYeCKH UM MBICICHHO BBIJICJICHHAS U3
OKpyXKarouien cpeabl. BzanmMoaencTBue CUCTEMBbI C BHELIHEW CPENOM CBS3AHO C
nepeayeil TEIIOThl WM COBEPIICHHEM paldoThl. B 3aBUCMMOCTH OT Xapakrtepa
TAaKOI'0 B3aUMOJICUCTBHS Pa3JIN4atOT CUCTEMBI:

* M30JIUPOBAaHHBIE — HE OOMEHMBAIOTCA C OKpYXKAIOIIEeH Cpefol HuU
BEIIECTBOM, HU SHEPTHUEH;

* 3aKpBIThIE — HE OOMEHHBAIOTCS C OKPY’KAOIIEH CPeioii BEIIECTBOM;

* OTKpBIThIE — OOMEHHMBAIOTCS C OKpYXarouled Cpelod W BElEeCTBOM, U
SHEPTUEH.

Cucrema MoxeT ObITh TOMOTE€HHOM M TeTeporeHHou. ['oMoreHHast cucrema
COCTOUT U3 OJHOM (ha3bl, TETEPOTreHHAs] CHCTEMa COCTOUT M3 HECKOJbKUX (a3.
da3a — 3TO 4YaCThb CUCTEMBI, OTACJIEHHAS MOBEPXHOCTBIO paszieiia, U UMEruas
OJIMHaKOBbIC (PU3NUECKHE CBOMCTBA BO BCEX €€ TOUKAX.

COBOKYMHOCTh BC€X (U3UYECKUX W XHUMHYECKUX CBOMCTB CHCTEMBI
Ha3bIBAETCA COCTOSIHHEM CcUCTeMbl. (COCTOSIHUE CHUCTEMbI XapaKTepHU3yeTCs
TEpMOJMHAMUYECKMMU  mapamerpamu. [lapamerpel, KOTOpble MOJJAIOTCA
HEMOCPEJACTBEHHOMY HM3MEpPEHUI0 (MHTCHCUBHBIE CBOICTBA CHUCTEMBI, HE
3aBUCSIIKNE OT MACChl — TEMIIEPATYpPa, JaBJIECHUE, NIOTHOCTh, KOHIIEHTpalus U Ap.)
Ha3bIBAIOTCS OCHOBHBIMU napamempamu cocmoanusn. llapamerppl, KOTOpbIE HE

MOAJAIOTCS  HEMOCPEJACTBEHHOMY  H3MEPEHUI0  (SKCTEHCHUBHBIE  CBOMCTBA,
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3aBUCAIIME OT MacChl — BHYTPEHHSII DJHEPrUs, DSHTAIBIHS, SHTPOMNUS,
TEPMOJMHAMUYECKHE TMOTEHIHANIBI) pacCMaTPUBAIOTCA KaK (YyHKuuu OCHOBHBIX
napamempoe coCmoAHUA.

TepMoanHaMUUYECKUE MapaMeTpbl CUCTEMbl XapaKTEPU3YIOT JIMIIb JAHHOE
€€ COCTOSIHME, HUKaK HE OTpa)kas MPEALIECTBYIOIIUX cocTossHUW. [loaroMy mpu
MEPEXO0/IE€ CUCTEMBI M3 OJHOTO COCTOSIHUSI B APYro€, UBMEHEHUE €€ CBOMCTB HE
3aBUCUT OT MyTH MPOIIECCa, a ONMPENEINACTCs JIMIIb HAYaJIbHBIM U KOHEUHBIM €€
COCTOSIHUEM.

Bcesikoe  u3MeHeHue mapamMeTpoB  COCTOSIHMSI CHCTEMbl  Ha3bIBA€TCS
npoueccom. Bce mporiecchl, BCTpeydarmuecss B INPUPOAE MOXKHO pa3ieliuTh Ha
CaMOITPOU3BOJIBHBIE U HECAMOITPOU3BOJIbHBIE. CaMOIIPOU3BOJILHBIMA HA3bIBAIOTCS
MPOIIECChI, KOTOPhI€ HE TPeOyIOT 3aTpaT IHEPTUM HW3BHE (HAIpUMEpP, MEPEXo]
TEIUIOTBl OT TOPSYEro Tella K XoJogHoMYy). HecaMornpou3BOJIbHBIE MPOLECCHI
TPeOYIOT JIsl CBOETO MPOTEKAHMS 3aTpaT SHEPTUH U3BHE.

Ecnn caMonpoun3BOJIBHBIN IIPOLIECC MPOTEKAET B M30JIMPOBAHHOM CUCTEME,
TO OH JOXOJMUT JI0 COCTOSIHUSI paBHOBecHs. 1107 paBHOBECHBIM MOHUMAIOT TaKOE
COCTOSIHUE CHUCTEMbI, KOTOPOE HE M3MEHSIETCS BO BPEMEHU U HE TMOJJIEPKUBACTCS
KaKUMU-THM00 BHEMIHUMH (pakTopamMu. PaBHOBECHOMY NIpOIleCCY CBONCTBEHHBI
MaKcUMalibHas pabotra u oOpaTumMocTh. OOpaTHUMBIM HA3bIBAETCS PABHOBECHBIM
MpOIECC, MPU KOTOPOM CHCTEMa MOXET BO3BPATUTHCA B IEPBOHAYAIBHOE
cocTosiHue 0€3 KaKuX-TM0O IHEPreTUYECKUX M3MEHEHHH B OKpYyXKalolieh cpeje
WJIU B CaMOM CHCTEME MO/ BIUSHUEM OCCKOHEUHO MajlOl CHUIIBI.

JIroOasi TepMOaMHAMHUYECKAss CHUCTEMa COCTOMT M3 aTOMOB M MOJIEKYI,
HAaXOJAIINXCS B HENPEPBIBHOM ABHKEHUU. KOJIMYECTBEHHOM XapaKTEPUCTUKOU
JBUKCHMSI ABISICTCS SHEprus. Buympennsas snepzusn (U) xapakrepusyer OOIIHM
3amac SHepruu cucteMbl. OHa BKJIIOYAET BCE BBl JHEPrUM ABWKECHHUS U
B3aMMO/JICHCTBUSL YaCTHUIl, COCTABISIONIMX CHUCTEMY: KHHETHYECKYI) HHEPIUIO
JBIDKCHUSI MOJIEKYJ, DHEPIHI0 MEXMOJICKYJISIPHBIX B3aUMOJICUCTBUN, SHEPIUIO
XUMHUUYECKUX CBSA3EH, PHEPTHI0 BHYTPHUAJIEPHBIX CHJI — T.€. BCE BHJIbl DHEPTHH,

KpoMeE KHHETUYECKON OHCPIrunM CUCTEMBI, KaK LICJI0TO0, U HOTGHHH&J’ILHOﬁ OHCPIruu
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€€ MOJIOKCHUS. BelnunHa BHYTPEHHEN SHEPTUH 3aBUCUT OT MPUPOJIbI BEIIECTBA,
€ro MacChl U MapaMeTPOB COCTOSHUS cUCTeMbl. OOBIYHO BHYTPEHHIOI SHEPTHUIO
OTHOCAT K | MOJb BemecTBa U BbIpakaroT B kJ[k/Monb. OnpeneneHue mojgHoro
3amaca BHYTPECHHEW SHEPIrHM CHUCTEMbBI HEBO3MOXKHO, TaK KAaK HEJb3sl MEPEBECTH
CUCTEMY B COCTOSIHME, JIMIICHHOE€ BHYTpeHHeW dHepruu. Iloatomy B
TEPMOJIMHAMHKE pAacCMaTPUBAIOT U3MEHEeHUe BHyTpeHHel sneprun (AU), koTopoe
MpEeACTaBIsAeT CcOOOM pa3HOCTh BEJIMYMH BHYTPEHHEW OHHEPTUM CUCTEMBI B
KOHEYHOM U HA4aJIbHOM COCTOSIHUSAX:
AU =U,;-U;

Benmnuuny AU cuMTarOT NOJIOKUTEIBHOM, €CIM BHYTPEHHSS SHEPIUs
CUCTEMBbl IIPU IPOTEKAHUU IIPOLIECCAa BO3PACTAECT, U OTPULIATEIBHOU — €CIIH
yOBIBaET.

[lepenauya osHepruM OT CHUCTEMBI K OKpYyXKawomied cpene U oOpaTHO
OCYHIECTBISIETCS B BUjE TEIIoThl Q u pabotel A. Tennoma — dopma nepenayu
SHEPIrUh OT YaCTH CHUCTEMbI K JAPYTrOM BCIEJICTBUE XAOTUYECKOTO JABHXKCHUSA
yactull. [looxuTenbHON Ha3bIBACTCS TEIUIOTA, KOTOPYIO CHCTEMA IOJIy4aeT U3
OKPYKaIOIIEH Cpelbl, a OTPULIATEILHOW — KOTOPYIO MEPEAAET B OKPYKAIOIIYIO
cpeny. Paboma — dopma mepenauum SHEpPruvd B pe3yibTaTe YIOPSAOYECHHOTO
JIBIKEHUS YaCTHI] MOJ] ICUCTBUEM OIpeesieHHON cuibl. Ecnu paboTa mepexoaut
B TEIUIOTY, TO HAIMpPAaBJIECHHOE, OPraHU30BAHHOE JIBUKEHHE MOJIEKYJI CTAHOBUTCA
HEYIOPSAIOYECHHBIM.

Tennora u paboTa CBs3aHBI C MPOILIECCOM, @ HE C COCTOSIHUEM CHUCTEMBI,
MOATOMY TEIUIOTa W paboTa HE SIBISIOTCA (DYHKIUSIMU COCTOSIHUSI M 3aBUCAT OT
IIyTH MPOLIECCa.

B3anmocBs3p Mex) 1y KOJIMYECTBOM TEIUIOTHI, ITOJTYYEHHON WM BBIICICHHOM
B MPOIECCe, KOTUYECTBOM MPOU3BEJACHHOW PabOThI M M3MEHEHHEM BHYTPEHHEH
DHEPrUM YCTAHABIIMBACT IMEPBBIM 3aKOH TEPMOJWHAMHUKH, KOTOPBIA CBSI3aH C
3aKOHOM COXPAHEHUS YHEPTHUU.

IlepBblii 3aK0OH TEPMOAUHAMMKH UMEET HECKOJIBKO (POPMYITHPOBOK:

b 3H€p2u}l uzoﬂuposauuoﬁ cucmemobl nOCmosiHHA
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Ecnu Ob1 SHeprusi W30JMPOBAHHOM CHCTEMBI MOTJA YBEIWYUBATHCS 0€3
B3aUMOJICUCTBUS C OKPYKAOUIEH Cpenoi, TO MOXHO ObUIO Obl CKOHCTPYHPOBATh
BEUHBIM JIBUraTejb MEPBOro pojia, T.e. MallWHy, MPOU3BOAIIYI0 pabory Oe3
3aTpaT YHEPTHUHU.

* Beunwiit 0guzamesnv nepeozo pooa He6O3MONHCEH

[IoCTOSIHCTBO ~ DHEPruM  HM30JIUPOBAHHOM  CHUCTEMBbl HE  HMCKJIIOYAET
BO3MOKHOCTh TI€peXojia OAHOTO BUJa dHepruw B Apyroi. [Ipm Takux mepexomax
HHEPrUs HE TEPSIETCS U HE CO3/1a€TCS BHOBb.

* JHepzusa He ucuezaem OeccileOHO U He CO30aemca U3 Hu4e2o, nepexoo ee
U3 O00HOUl ¢hopmbl 6 Opy2yrww RHpoUCXOO0Um 6 CHPO20 IKEUEATIEHHIHBIX
KoJuuecmeax.

Ecnu HekoTopas cuctema 3a CYET MOTJIOMICHHS TETUIOThI Q mepexoauT u3
coctosiHug 1 B cocTosiHME 2, TO B OOIIEM cllydae 3Ta TEeIJIoTa pacxojyeTcs Ha
U3MEeHeHHe BHYTpeHHeH sHepruu cucrembl AU u coBepiieHue pabOThl MPOTHB
BHEIIIHUX CHIT A.

AQ=AU+A

DTO ypaBHEHHE SIBISCTCS MAaTEMaTHYECKUM BBIPAKECHUEM TEPBOTO 3aKOHA
TepMOIUHAMHUKH. J[J11 OOJIBIIMHCTBA CUCTEM €MHCTBEHHAsI coBepliaeMas pabora
— 910 pabota pacmmpenus. [IpakTudyeckoe 3HaueHWE UMeEET padoTa pacIIUupeHus
rasa, mo3Tomy Jjis u3odapHoro mnpotecca (p = const) A = pAV, Torna

AQ = AU + pAV = (U, — Uy) — p(V2 — V1) uiu
AQ = (Uz +pV2) — (U1 + pV1)
Benuuuny (U + pV) o0o3nauatotr H 1 Ha3bIBatoT sHTANBNNENH. Toraa
AQ=H>-H; =AH

Takum o0pa3om, TemIoTa, TOJABEACHHAS K CHCTEME IPU ITOCTOSHHOM
JIABJICHUH, PACXOIyETCsl HA U3MEHEHHUE DHTAJIBITUH.

OHTaNbIUs, KaKk U BHYTPCHHSS DHEPrus, SBISICTCS (PYHKIUEH COCTOSHUS
CUCTEMBI. MI3MeHeHre PHTANBITUN HE 3aBUCHUT OT IyTH MPOIIECCa, a 3aBUCHUT TOJIBKO
OT HAYaJhbHOTO W KOHEYHOTO COCTOSIHMs CUCTeMbl. Benmumny AH Bwipaxaiot B

KI[)K/MOJII) U IIPHUHHUMAIOT HOJ'IO)KPITCJ'II)HOﬁ, CCJIIM IIpU IMPOTCKAHUHU IIpoLecca
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DHTAIBIHS CHCTEMBl BO3PACTACT. DHTAIBINS WUMEET BAKHOE 3HAYCHHE B XUMUH,
TaK Kak OOJBIIMHCTBO XUMHUYECKHUX IPOIECCOB MPOTEKAIOT TMPHU IMOCTOSHHOM
JTABJICHUU.

KonudecTBo TEmIOTHI, MOTJIONAEMON WM BBIACISIEMONU TPH TPOTECKAHUH
XUMUYECKON peakluM, Ha3bIBaeTCid TEIUIOBBIM 3 dekTomM peakuuu. TernioBble
b dexThl peakiuil ompenensioT Kak SKCIEPUMEHTAIbHO, TaK M C MOMOIIBIO
TEPMOXHMHUUYECKUX pacdeToB. 3ydeHmem TemioBbiXx 3S()(PEKTOB XUMHUESCKHX
MPOLIECCOB 3aHUMaeTcd mepmoxumus. Ilo TeroBoMy sddexTy XumMudeckue
peaxkiuu OBIBAIOT IK30MepMuiecKue, POTEKAIONINE C BBIICICHUEM TEIUIOTHI, U
IHOOmMepMuYecKue, TPOTEKAIOIINE C MOTJIOMIEHNEM TeTUIOTHI.

st Toro, 4ToObl MOXXHO OBLIO CpaBHUBAThH JHepreTrudeckue 3P EeKThI
Pa3TUYHBIX PEAKIHUA, TEPMOXHUMHYECCKHE pacdeThl OOBIYHO OTHOCAT K 1 MOJb
BEILIECTBA W YCJIOBUSIM, MPUHATHIM 3a ctangapTHeie: P = 101 klla, T = 298 K.
OHTaNbIIUU, W3MEPEHHbIE MPU TAaKUX YCJIOBHSIX, HA3bIBAIOT CTAHIAPTHBIMU H
0003HayaroT AH ggs.

XVUMHUYECKHE ypaBHEHHS, B KOTOPBIX YKa3aH TEIUIOBOM »(h(deKT peakuuu,
HA3bIBAIOTCS  mepmoxumuueckumu. B TEpMOXMMHUYECKHX  YpPaBHECHHSIX
00s3aTENIbHO YKa3bIBalOT (ha30BO€ COCTOSIHME BemiecTB. TemtoBoil a¢dexkt AH
CUMTAIOT MOJIOKHUTEIBHBIM JIJIS1 SHAOTEPMUYECKUX MPOIIECCOB U OTPULIATETLHBIM —
JUTS SK30TEPMHUYECKHUX TPOIIECCOB.

B ocHOBEe TEpPMOXUMHUYECKUX PACUETOB JISKUT 3aKOH, CHOPMYIUPOBAHHBIM
pycckum xumukoM I'.H. T'eccom (1840 r.): TemnoBoii 3¢ dekT mporecca 3aBUCHUT
TOJIBKO OT BHJIa M COCTOSTHUSI MCXOJHBIX BEIICCTB U MPOIYKTOB PEAKIMH, HO HE
3aBUCUT OT TIyTH Tipoliecca. 3akoH l'ecca cmpaBemIvB i TIPOIECCOB,
MPOTEKAIONTUX TP TOCTOSHHOM JIaBJICHUW WJIM ITOCTOSHHOM oObeMme. M3 3akoHa
['ecca BBITEKAIOT 7B CJICICTBHUS:

[lepBoe cnenctBue: TemnoBoi 3¢h(dEKT peaknuu paBeH CyMME TEIUIOT

o0pa30oBaHUsI TMPOJIYKTOB PEAKIMU 32 BBIYETOM CYMMBI TEIJIOT OOpa30BaHUS
UCXOJHBIX BEIIECTB C YYETOM CTEXUOMETPUUECKIX KO (UIIUEHTOB:

AHyp. = ZiAH % (nmpoa.) — XjAHs (ucx.)
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[Ton TemuioToii o0paszoBanus, AH, monumaior TerioBoi 3¢ ekt peakuuu
oOpazoBanusi 1 MOJb BelIeCTBAa W3 MPOCTHIX BemlecTB. [ MHOTHUX BELIECTB
CTaHJapTHBIC TEIUIOTHI 00pa30BaHMS U3BECTHBI U CBEJEHBI B TaOJUIBI (TalJ. 4).
CranaapTHbIe SHTAJIBINK O0PAa30BaHMS MPOCTHIX BEUIECTB MPUHUMAIOT PaBHBIMU
HYJI0. 3HA4YeHUs OHHTAIbBNUI 00pa30BaHUA TMO3BOJIAET PACUYETHBIM IIyTEM
YCTaHOBUTH JHEpPreTudeckrue APQPEKThl Pa3IUIHBIX IPOILECCOB: PAaCTBOPCHUS,
($a30BBIX TMEPEXONIOB, AMCCOIMAINM, DSHEPTUI0 KPHUCTAJUIMYECKON PpEIIeTKH;
DHEPTUI0 XUMHUYECKOU CBSI3U U JIP.

Bropoe cneacrBue: TeruioBod 3(p¢eKT peakuuu paBeH CyMME TEIUIOT

CrOpaHusi UCXOJHBIX BEIIECTB 3a BBIYETOM CYMMBI TEIUIOT CTOPAaHUSI MPOIYKTOB
PEaKIMK C YI€TOM CTEXMOMETPUUYECKUX KOID(DUIIEHTOB:
AHxp. = ZiAH c (ucx.) — ZjAH c (mpoa.)

ITon Temsoroit cropanusi, AHc, moHnMaroT TermioBoi 3¢pGEeKT peakiuu
cropanus 1 MOJb BEIIECTBA JO BBICIINX OKCUIOB.

BoNbIIMHCTBO TPOILIECCOB  MPEACTABIAIOT CO0OM JBa OAHOBPEMEHHO
MPOUCXOAIINX SIBJICHUA: TepeAady dHEpPrul U U3MEHEHHUE B YNOPAIOYEHHOCTH
PaCIOJIOKEHUST 4acTull. YacTuiiaM MpUCYIIEe CTPEMIICHHE K OecrnopsaouHOMY
JBIDKEHUIO, TIOITOMY CHCTEMa CTPEMHTCS MEepeuTH u3 0Oojiee ymopsaoueHHOTO
COCTOSIHUA B MeEHee yrnopsgoueHHoe. KonmuecTBeHHOW Mepoi Oecropsiika
SIBJISICTCSI SJHTPOMUs, S.

[lepexon cucTteMbl M3 MEHEE YIOPSAOYEHHOTO COCTOsSHUS B Oosee
YHOPSA0YEHHOE CBSI3aH ¢ yMeHbleHueM sHTponuu (AS < 0). K Takum npoueccam
OTHOCSITCS KOHJICHCAIlUsI, KpUCTaJln3alus, oopa3zoBanue ocanka. [Ipu mepexone
CUCTEMBI U3 Oo0Jee YHOPAJOYCHHOTO B MEHEE YIOPSJOUYEHHOE COCTOSTHUE
SHTponHsl cucteMbl Bo3pactaer (AS > 0). OTo nNpoucxoAUT B Mpoleccax
JMCCOLUALINY, UCTTAPEHUS, PACTBOPEHUSI, IJIABJICHUS.

N3meHeHnne SHTPONMUM B XUMHUYECKUX PEaKIUsX U B (Da30BBIX IMEpexojax
BBIUMCIIAIOT 10 3aKOHY | 'ecca:

ASxp. = ZIAS (mpona.) — XjAS°(ucx.)
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Tak e, KaKk W SHTAIBINU, PHTPOMUU MPHUHSATO OTHOCUTH K CTAaHIAPTHHIM
YCIIOBHSIM, 3HA4YEHHUS KOTOPBIX TMPHBEACHBI B TaOmmmax (tabm. 4). DHTponus
uzmepsercs B [x/(monbeK). [Is mpocThIX BEUIECTB 3HAUEHHUE SHTPOIIMU HE PaBHO
HYJTIO.

Bo3pacranue sHTponuu B CHCTEME Ha3bIBACTCS IHTPONMUNHBIM (AKTOPOM.
OTOT (hakTOp MPOSBISETCS TEM BBINIE, YeM BbilIe TeMiepaTypa. KomuyecTBeHHO
SHTPOMHUMHBIN (HaKTOP MOKHO OLEHUTH pou3BeaeHrueM TAS.

[ToHmKeHue DSHEPrUM CHUCTEMBI HA3bIBAIOT HHTAIBIUHHBIM (HAaKTOPOM.
KonuuecTBeHHO BbIpaxkaeTcs yepes TertoBoit agpdext AH.

B xumuueckoM mpoliecce OJHOBPEMEHHO AEHCTBYIOT 00a 3Tux (akropa:
CTpPEMJICHHUE YacCTHUIl OOBETUHUTHCA 3a CUYET OOpa30BaHUs MPOUYHBIX CBS3EH, YTO
MPUBOJNUT K YMEHBIICHUIO YHTAIBIINK; U CTPEMJICHUE YACTHUI] Pa3beIUHUTHCS, YTO
MPUBOJUT K YBEITMUYCHUIO SHTPOIIHH.

CymMaphbiii 3¢ ¢heKT IByX TPOTHUBOIOJIOXKHBIX TEHIEHIIMH B Mpolleccax,
MIPOTEKAIONTUX MPU TTOCTOSHHOM JaBJICHUH M TEMIIEpaType, OTpakaeT U3MCHCHHE
yneprum I'no6ca, G — n3006apHO-U30TEPMUUYECKHI TTOTEHITA:

AG = AH -TAS

Xapaktep u3MeHeHuss oHeprun [mO0ca  TO3BOISET  CYyOUTh O
NPUHITUITHATBHON BO3MOKHOCTH WIH HEBO3MOXXHOCTH IPOTEKAHUS
CaMOIIPOU3BOJILHOTO Tpoliecca. YCJIOBHEM MPHHIMINAIBLHONW OCYIIECTBUMOCTH
nmporiecca sBIsETCS yMeHblieHue sHepruu I[uddca: AG < 0. Yem Oombiie
XUMHUYECKOE CpPOJICTBO PEAreHTOB, TEM CHJIbHEE CTPEMJICHHE K IPOTCKaHHUIO
nporiecca, TeM Oonbiie yobuis AG. Ypenuuenue sHeprum ['m66ca, AG > 0,
CBUJIETEIILCTBYET O HEBO3MOXKHOCTH OCYIICCTBJICHHS TIpollecca B JIaHHBIX
ycnoBusix. Ecniu AG = 0, To cuctema HaxoAUTCs B COCTOSTHUU PAaBHOBECHSI.

Takum o00OpazoM, yMeHbIlIeHHE OHHEpruu [ubOca SBISIETCS KpUTEpUEM
MPOTEKaHUS TPOIlecca, MEPOH XUMHUYECKOTO CpPOJCTBA. JTO ABWKYIIAS CHUJIA
nporecca. Yem mensbine Hyas1 AG, TeM Iajblie CUCTeMa OT COCTOSIHUS PaBHOBECHS

U TeM Oornee oOHa peakIHoHHOcmocoOHa. Ouepruss [ubO6ca xapakTepuszyer
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paboTOCIIOCOOHOCTh CHUCTEMBI, T.€. OMPEAENSIeT Ty YacTb JHEPIHH, KOTOpas B
M300apHO-U30TEPMHUUECKOM MPOIIECCE MPEBpAIIAcTCs B paboTy.

B cootBetcTBuE ¢ ypaBHeHHeM ['mO60ca caMOmpou3BOJILHOMY MPOTEKAHUIO
npolecca CrocoOCTBYET YMEHBUIEHWE OJHTAIBIMM M YBEIWYEHUE SHTPONUU
cucrembl, koraa AH <0, a AS > 0. IIpu apyrux coueTaHusIXx xapakTepa U3MEHEHUN
SHTAIBIINHU U SHTPOIIMHU BO3MOKHOCTH MPOIECCa OMPEAEISIET JIUO0 SHTAIBITUIHBIH,
100 SHTPONUHHBIN pakTop (Tadm. 4).

Ta6Jmua 4. OHpCI[CJ'IeHI/Ie BO3MOKHOCTH ITPOTCKAHUA XUMHYECKOM pCaKkunun

Kpurepun B03MOXHOCTB ITpOoTEKaHus Iporecca

AH<0,AS>0 | O06a dakTopa 61aronpUsATCTBYIOT PEaKIUH.

Kax IIpaBUJIO, TAKUC PCAKIUU ITPOTCKAIOT 6I>ICTp0 " IIOJIHOCTBIO.

AH <0, AS<0Q | DHeprernyeckuii pakTop OIATONPHUATCTBYET PEAKIIMH, SHTPOIUITHBIN

MNPEIATCTBYCT. PeaKHI/Iﬂ BO3MOJKHA IIPHU HU3KHX TCMIICpATypax.

AH >0, AS>0 | DHeprernueckuii (aKTOp MPEISITCTBYET PEAKIIUU, SHTPOITHIHBIH

6HarOHpI/I$ITCTByeT. Peakuus Bo3MoxHa ITPpU BBICOKUX TCMIICPATYpaAX.

AH >0, AS<0 | OOGa daxkTopa NpensaTCTBYIOT peakiuy. Takas peakius HEeBO3MOXKHa.

N3menenune sHeprum ['mbOca, Tak ke, Kak U HU3MEHECHHE JHTAIBIUU U

SHTPOIMH, HE 3aBUCHUT OT MYTH Ipoliecca U onpenensercs mno 3akony [ecca:
AGyp. = ZIAG (mpoa.) — XjAG®s (ucx.)

CrannaptHeie sHepruum ['mb0Oca oOpa3oBaHus BEUIECTB TNPUBEACHBI B
tabmumax ([Ipun. 4). Jlnsg mpocThIX BeEIIeCTB CTaHAAapTHhIE 3Hepruu [umbOca
oOpa3oBaHUs MPUHUMAIOT PABHBIMU HYIIIO.

KonTpoabHbIE BONPOCHI:

1. Yro u3yyaer TepMOIMHAMHUKA?

2. JlaliTe ompenesieHUs] OCHOBHBIX TMOHSTUUA B TEPMOJAMHAMHUKE: CHUCTEMA,
daza, mpolecc, mnapameTpbl COCTOSHHUA, (YHKIMH [apaMETPOB COCTOSHUS,
Teriora, pabora.

3. Uto Takoe BHYTpPEHHssSI dHEprus cuctembl? MOXKHO JIM ONpenesuTh ee

a0COJIFOTHOE 3HAUEHUE?
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4. Uto Takoe SHTaJbIHUS PEAKIMH; CTaHJAApTHAs SHTAJBINSA; CTaHIAApTHas
SHTANBIUS 00pa30BaHUsI?

5. Kakue ycinoBusi B TepMOJMHAMUKE CUUTAIOTCS CTaHAAPTHBIMU?

6. Chopmynupyiite 3axon ['ecca u cieacTBUs U3 HETO.

7. Yro Ttakoe oHTponus? IlpuBeauTe  TpUMEpPHl  MPOIIECCOB,
COIPOBOKIAIOIINXCS YBETMUEHUEM U YMEHBIIICHUEM SHTPOIHU CUCTEMBI.

8. Kakas TepmoamHamMuueckas BEJIMUMHA XapaKTepU3yeT BO3MOXKHOCTH H
HarpaBJIeHUE MPOTEKAaHUs CAMOTIPOU3BOJIBLHOTO Tporiecca?

9. 3Bamummure ypaBHeHue I[ub66ca. KakoBa ponb SHTAIBNHHAHOTO U

3HTp0HHﬁHOFO q)aKTopOB B OIIPpCACICHUH BO3MOKHOCTH ITPOTCKAHUA HpOHGCC&?

5.2. XUMMNYECKAS KUHETHUKA.
CKOPOCTb XUMHNYECKINX PEAKITNH

Kak u moOble apyrue mnpouecchl, XUMHUYECKHE PEaKUUU IMPOTEKAIOT BO
BPEMEHHU U IO3TOMY XapaKTEPU3YIOTCSA CKOPOCTHIO. Pasjies XuMuu, U3ydaronun
CKOPOCTh XMUMHYECKUX peakuuid M (akTopbl, BIUSIONIME HA HEE, Ha3bIBACTCS
XUMHYECKON KUHETUKOMU.

XHAMHUYECKHE PEAKIIMM MOTYT IPOTEKATh B TOMOTEHHOM WJIA T'€TEPOrE€HHOMN
cpene. ['omoreHnHas peakuusi MpoTeKaeT BO BCEM 00bEME CUCTEMbI PaBHOMEPHO, B
TO BpeMs KaK reTeporeHHas peakius IpoTeKaeT Ha MOBEPXHOCTH pa3jena (as.

CKOpOCTBIO TOMOTE€HHOM pEaKIMM Ha3bIBAETCS HM3MEHEHUE KOJIMYECTBA
BEILIECTBA PEArupPYyIOIIMX BEIIECTB WM NPOAYKTOB PEAKLMU 34 €AUHULY BPEMEHU
B €IMHUIE 00BEMA:

Urom. = An/(VeAt)

CKOpOCTBIO TE€TEPOreHHOW pEaKUWU Ha3bIBAETCS HW3MEHEHUE KOJIMYECTBA
BEILIECTBA PEATHPYIOIIMX BEIIECTB WM NPOAYKTOB PEAKIUU 32 €IUHUILY BPEMEHU
Ha eIMHUIIE TUIOIIAau pasnena das:

Urer. = An/(S-At)
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CKopoCTh XMMHUUYECKOW pEeaKkIMu 3aBUCUT OT HIPUPOJbI PEarupyronmx
BEILIECTB, KOHIIEHTPAIlUU BEILECTB, [ABIICHUS, TEMIEPaTyphbl, IMOBEPXHOCTU
pasnena ¢as, KaTaiuzaTopa.

3aBUCHUMOCTh ~ CKOPOCTHM  XMMHUYECKOM peakuuu OT KOHIICHTpaluu
pearupyromux — BEHIECTB  ONPEACISIETCS  3aKOHOM  JeMCTBYIOIIMX  Mace
(I'ynenbepr, Baare, 1867 1.): ckopocmb 2omozennoil xumuueckoii peakyuu npu
HOCMOAHHOU  memnepamype NpPAMO  HPONOPUUOHAIbBHA  NPOU3EEOCHUIO
KOHUEHmMpauuil peazupyroujux 6euiecme, 6036€06HHLIX 6 CHENeHb UX
cmexuomempuueckux Koygppuyuenmos.

Jns peakumu aA + bB = dD, marematmdeckoe BBIpaKCHHE 3aKOHA
neiicTByromux Macc 3amuchiBaercsa: U= KC?CP.

KoaddurmenT nponoprimonanbHocTH, K, Ha3pIBaeTCs KOHCTAHTOW CKOPOCTH
peakuuu. KoHcTaHTa CKOpPOCTH paBHA CKOPOCTH XHMHUYECKOW PEAKUHUHU TIPH
KOHIIEHTpAIUSIX PEarupyronux BeIecTB, paBHbIX 1 MoJb/1 (pU3ndeckuil CMBICT).
KoHcTaHTa CKOpPOCTH 3aBUCHUT OT TeMIepaTypbl W MPUPOJAbl pPEearupyromux
BEILIECTB, HO HE 3aBUCUT OT KOHLIEHTPALIUH.

B ominune OT TOMOTEHHBIX CHUCTEM, TJI€ PEaKIus MNPOTEKaeT BO BCEM
o0beMe, B TETEPOreHHBIX CHCTEMAaxX peaklUus MPOTEKAaeT Ha MOBEPXHOCTH
pearupytonux ¢a3. Ilpu sToM KoOHIEHTpaius TBEPAON (a3pl HE BIMSIET Ha
CKOPOCTh PEaKIIMHU U HE BXOJIUT B BHIPAKEHUE CKOPOCTH.

JInss  reTeporeHHBIX peakuud BaXXKHOE 3HAYEHHE MMEET  CTEIEHb
pazapobieHHoCcTH TBepaoi ¢as3wl. BemiecTtBa, Haxopmsmuecs B TBEPAOM WM
KUIKOM COCTOSIHUM, PEarupyroT MEIJICHHO BCIIEIACTBUE MAJIOTO KOHTaKTa MEXIY
HUMU. OTOT KOHTAKT MOXET OBITh YBEJIMYECH NyTeM JIUCTICPTUPOBAHMS
(npobsieHusi, u3MelbueHUs) BemiecTB. UeM MeHbllle pa3Mepbl 4YacTUll TBEPOH
da3pl, TeM OoJibllle TOBEPXHOCTHh pasznenia (a3 W TeM BBIIIE CKOPOCTh
TrE€TEPOrE€HHON PEAKILINH.

CKOpOCTh  peaklMM 3aBUCUT OT TeMIepaTyphl. OTa 3aBUCHUMOCTb

onpenensercs sMnupuueckum npasuiaom Bant — I'odda (1884 r.): nossimeHue
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TeMIepaTtypbl Ha Kaxaple 10 rpagycoB yBeIMYHMBAET CKOPOCTh peakiuu B 2-4
pasa:
U = 'UloyAtllo’ rae

U1 — CKOpPOCTh peaKIuu Npu Temiieparype ti;

U — CKOPOCTH peaKkIu Mpu Temiiepatype to;

At — pa3HOCTB TeMIepaTyp;

Y — TeMIiepaTypHbIi KO3PPUIIUEHT

TemneparypHblii KO3((UIHMEHT MOKa3bIBAET, BO CKOJBKO pa3 YBEJIWYUTCS
CKOPOCTh XUMHUYECKOH PEaKIiy MPH yBEITUYCHUH TeMiepaTypsl Ha 10°.

BnusiHue Ttemmeparypbl Ha CKOPOCTb XMMMYECKOH peakiuuu OOBACHSAET
TEOpHsI AKTUBHBIX CTOJIKHOBEHUH (Teopusi akTuBauuu). OCHOBHBIE MOJIOKEHUS
3TOM TEOPHUH:

— HE KaXIO€ CTOJIKHOBEHHE IIPUBOJAMT K AaKTy XUMHUYECKOTO
B3aMMO/JICHCTBUS,

— K XMMHUYECKOMY B3aMMOJICHCTBHIO IPUBOJAT TOJIBKO TE€ CTOJKHOBEHHS, B
KOTOPBIX YYacCTBYIOT YAaCTHIIbI, OOJaJarolIe 3HEprueil, HeoOXOoauMoll s
JTAHHOTO B3aMMOJICHCTBHSI (SHEPTHEH aKTUBALIUN);

— IPU COYJAapeHUM YaCTHUIbl JTOJDKHBI 00s1afaTh OJaronpusTHON B3aUMHOU
OpHEHTALIUEH.

JHeprusi AKTHUBALMM — 3TO MUHHMMAJIbBHASI SHEPIUs B3aUMOJEHCTBYIOIINX
YaCTHUL, JOCTATOYHAs U1 TOrO, YTOOBI BCE YACTHIIbl BCTYMMJIM B XUMHUYECKYIO
peaKIHIo.

IIpy NOBBIIIEHUU TEMIEPATYPHI YBEIMUYUBACTCS YHCIO AKTUBHBIX MOJIEKYJI,
CIOCOOHBIX K B3aUMOJCIHCTBHUIO, U CKOPOCTh PEAKIIMK BO3PACTAET.

OnHako, yBEIMYUTh CKOPOCTh PEAKLIUU MOKHO HE TOJIBKO YBEJIWYUB YHUCIIO
aKTUBHBIX YaCTHIl, HO U CHU3UB SHEPreTHUECKUil Oaphep HA MyTH peakuu. ITO
JIOCTUTaeTCs MPUMEHEHUEM CIIEMATIbHBIX BEIIECTB — KaTaJIu3aTOPOB.

Karaau3zatopom  Has3blBaeTcsi  BEIIECTBO, HM3MEHSIOLNIEE  CKOPOCTH
XUMHYECKON peaKlMK, HO OCTAIOIIEECS] XUMUYECKH HEM3MEHHBIM B €€ PE3YJIbTaTE.
Karanuzaropsi, YBEJIMYMBAIOIINE CKOPOCTh peakiuu, Ha3bIBAIOTCS
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NoJOXKUTENbHBIMU.  KaTanuzaTopbl, 3aMEIJIAIONIME pPEaKlHMH, Ha3bIBAIOTCS
oTpuliaTebHBIMU. OTpUILIATENBHBIE KAaTATU3ATOPhl MPUMEHSIOT JJIsl YMEHbBIIICHUS
CKOPOCTH BPEIHBIX PEAKIUH.

CHmXEeHUE HEPruy akTUBALUK MPOIIECCa U YBEIMYEHUE CKOPOCTH PEaKIMU
MoJ BIWSHUEM KaTajau3aTopa CBA3aHO C HM3MEHEHUEM MEXaHW3Ma pEeaKluu.
Hanpumep, peakuust A + B = AB, B IpucyTCTBUH KaTajau3aTopa UJIET 110 IPYyromMy
nyti: A+K=AK, AK+B=AB+K.

Kpome Toro, karanmzatop BIMSET HAa MPOCTPAHCTBEHHOE PACHOJIOKEHUE
YACTHUIl U YCTPAHSAET CTEPUUECKHUE MPEMATCTBUS HA IMyTU PEAKIUU.

B otnuuune ot kaTaam3aTtopoB, MHTUOUTOPHI YMEHBIIAIOT CKOPOCTh PEAKIIUH,
BCTyNasi BO B3aWMOJICHCTBUE C KaKUM-HHOYJb MPOMEKYTOUYHBIM BEIECTBOM, H,
TE€M CaMBbIM MPEMSATCTBYIOT MPOTEKAHUIO TIpoIiecca.

JleiicTBue KaTain3aTopoB (MHTUOMTOPOB) cHenudUYHO, OHU 00JIaJaoT
BBICOKOW AaKTHUBHOCTBIO, IMMOATOMY BBOJSTCS B PEAKUUIO B HUYTOXKHO MAajbIX

KOJIMYCCTBAX 110 OTHOIICHHUIO K MACCC pCarnpyromux BCIICCTB.

5.3. XUMNYECKOE PABHOBECHE

XYUMHYECKHE pPEaKIuu ObIBAIOT O0paTUMBIMU U HEOOpaTUMBIMHU.
HeoOpaTuMbIMU Ha3bIBAIOTCS PEAKIUK, KOTOPbIC MPOTEKAIOT TOJBKO B OJHOM
HaIpPaBIICHUH ¥ JI0 KOHIIA.

BoNbIIMHCTBO peakIuii ABISIOTCS 00pATUMBIMU. DTO MPOIIECCHI, B KOTOPBIX
OJTHOBPEMEHHO IPOTEKAIOT JIB€ B3aMMHO ITPOTHUBOIOJOKHBIC PEaKIIMK — IpsiMasi U
obOparHas. Takue peakMu 10 KOHIIA HE JOXOIAT H XapaKTePU3YHOTCS
YCTaHOBJICHHEM XHMHYECKOT'O PABHOBECHSI.

B camoMm Hawane mpouecca CKOpOCTh MNPSIMOM PEAKIIMM MaKCHUMallbHa, a
CKOpOCTh oOpaTHOI BooOIe He3ameTHa. [lo Mepe yMeHbIeHUsS KOHIEHTPAINH
UCXOIHBIX BEIECTB, CKOPOCTh MPSIMOH peakiuu yMmMeHbInaeTcs. OJHOBPEMEHHO,
0 Mepe HAKOIUICHWS TMPOIYKTOB TIPSIMON pEaKIMK, HAYMHACT Pa3BHBATHCS

oOpaTHasi peakuusi. Yepe3 HEKOTOpOe BpeMsi HACTYMAeT COCTOSIHHE, Korja o0e
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peaxkuu - npsMas u o0paTHas — IPOTEKAIOT C OAMHAKOBBIMU CKOpOCTIMHU. Takoe
COCTOSIHUE CUCTEMBI Ha3bIBAECTC XUMHYECKMM PAaBHOBECHEM.

KoHuenTpanum  Bcex  BEIIECTB, KOTOpbI€  YCTaHABIUBAIOTCS  IIPH
XUMHUYECKOM PABHOBECUH, HA3BIBAIOTCSI PABHOBECHBIMU KOHLIEHTPALUSIMH.

XHMMHUYECKOE PaBHOBECHE UMEET CIIEIYIONIUE OCOOEHHOCTH:

® JMHAMUYECKHHA XapaKTep XHUMHYECKOTO paBHOBECHS — TMpsMmas U
oOpaTuMas peakiui He MPEKPaIaloTCcs, a MPOTEKAIOT C PaBHBIMU CKOPOCTSMU;

® [IOCTOSIHCTBO COCTOSIHMSI XMMHYECKOTO PAaBHOBECHS BO BPEMEHH — IMpHU
HEU3MEHHBIX BHEIIHUX YCIOBHSIX COCTAB PABHOBECHOM CUCTEMBI HE MEHSETCS,

® [OABMXHOCTb pPABHOBECUS — TMPU M3MEHEHHH BHEUIHUX YCIOBUU
MPOUCXOJUT CMEIIEHHE XHWMHUYECKOIO PAaBHOBECHS, T.€. YCTAHOBJICHHE HOBBIX
PABHOBECHBIX KOHIICHTPALIMK BCEX PEAarnpyrOLINX BEILECTB;

® BO3MOKHOCTH ITOJIX0/1a K COCTOSIHHIO PAaBHOBECHS C JIBYX CTOPOH — KaK CO
CTOPOHBI UCXOJIHBIX BEILIECTB, TAK U CO CTOPOHBI MTPOYKTOB PEAKLIUU.

[IpencraBuM oOpaTUMYIO peakIuio B OOIIEM BHUJIE:

aA +bB 2 cC+dD

Ha ocHOBaHum 3akoHa AEHCTBYIOIIMX MAacC BBIPA3UM CKOPOCTh NPSIMOW U

oOpaTHOM peaKIuii:
Ui = ki[A][B]
Uz = kz[C]C[D]d,

rae [A], [B], [C], [D] — paBHOBECHBIC KOHIIEHTPAIIMU BEILIECTB.

B cocrosaum paBHoBecusi Uy = U, a 3HAUUT:

Ki[AT*[B]® = k.[C][D]*
ki [C]’[D]

k. [AF[BP

[Mockonbky ki w Ko nmias JaHHOW CHCTEMBI SIBJISIFOTCS —BEIIMYMHAMHU
MOCTOSTHHBIMHU, X OTHOILIEHHUE TaKkXe OyJIeT BeNIWYMHON NocTostHHOM. O003HAUMB

ki/k, = Kc, momyanm:
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[CI[D]°
Ke=——
[AT[B]°
rne: Kc — koHcTanta Xummudeckoro paBHOBecusi. OHa 3aBUCUT OT INPHUPOABI
pearupyrommx BEIIECTB W TEMIIEpaTypbl, HO HE 3aBUCUT OT KOHLIEHTpaUuil
BenlecTB. KOHCTaHTa paBHOBEcHs IIOKa3bIBa€T, BO CKOJbKO pa3 KOHCTAHTA
CKOpPOCTH TpSAMOM peakuuu Oosblie (WJIM MEHbIIE) KOHCTAHTBI CKOPOCTH
oOpaTHOM peakiuu, eciau KOHIEHTPAIMs UCXOAHBIX BEUIECTB U MPOAYKTOB PaBHBI
enunute (1 momp/m). B sToM 3akmrouaercd (U3MYECKUH CMBICT KOHCTAHTBI
paBHOBECHS.

Koncranta XmMu4eckoro pasHoOBecHsi 0OpaTUMOrO Mpolecca paBHa
OTHOUIEHUIO IIPOU3BEACHUS PABHOBECHBIX KOHIIEHTPALM KOHEYHBIX ITPOJYKTOB K
IIPOU3BEJCHUIO PABHOBECHBIX KOHIIEHTPALUKA UCXOJHBIX BEIIECTB, BO3BEACHHBIX B
CTEIICHU, paBHBIE CTEXHMOMETPUUECKUM Kod(dduuueHtaMm mnepen Qopmynamu
COOTBETCTBYIOINX BELIECTB B YPABHEHUN XUMUYECKOUN PEAKIIMH.

Cwmelienue paBHOBecHs (YBEJIIMYEHUE CKOPOCTH MPSIMOM WM OOpaTHOU
peakuuu) B 3aBUCHUMOCTH OT M3MEHEHHUS BHEUIHMX YCJIOBUNH — KOHLIEHTpALUU
pearupyroumx BeIIeCTB, TEMIEPATYPHI, AaBIeHUs (B Clydyae ra30BbIX peakluii) B
obmem Buue omnpenensercs npuHuunoMm Jle Illarenve. eciu na cucmemy,
HAX00AWYIOCA 6 COCMOAHUU PAGHOBECUS, OKA3bIGACMCA GHEUlIHee 6030¢elicmeue,
PasHogecue cMeCmumca 6 HanPAGIEHUU, YMEHbULAIOUIEM IMO 8030elicmeue.

VYBenuyeHne KOHUEHTpaUU BEIECTB IPUBOAUT K CMEILIEHUIO PABHOBECHUS B
CTOPOHY HUX PacxXxofOBaHUs, a YMEHBIIEHUE KOHUEHTPAIMU BEUIECTB — B CTOPOHY
X 00pa3oBaHUsI.

W3meHeHue JaBiaeHUS OKa3blBAa€T BIMSHUE TOJIBKO Ha BELIECTBA B
razoo0pa3HoM cOCTOSIHMM. [Ipu MOBBIIEHUU JaBJIEHUS PAaBHOBECHE CMEIAETCS B
CTOPOHY YMEHBIICHHSI YUCJIa MOJIEH Ta3000pa3HbIX BEIIECTB, MPU MOHMKEHUHU
JaBJICHUS — B CTOPOHY YBEJIMUYEHUS YHCIIa MOJIei ra3000pa3HbIX BEIIECTB.

WN3meHenue TemmepaTypbl BIMSET Ha PEAKIHMH, COMPOBOXKIAIOIIUECS

TeroBeiME  d(dekramu. [loBpIlIeHHE TeMmIepaTypsl CMENMIAeT PaBHOBECHE B
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CTOPOHY 3HJOTEPMHUYECKOTO IMPOLECCa, MOHMKEHUE TEMIIEpaTypbl — B CTOPOHY
HK30TEPMUYECKOTO MpoLecca.

KaTtanuzatop He BBI3BIBAET CMEIICHUS XUMUYECKOTO PAaBHOBECHS, a TOJIBKO
YCKOPSIET €ro HACTYyIUIEHHE, T.K. OJMHAKOBO YCKOpSET NpsMYyI0 U OOpaTHYIO
peakiuu 00paTUMOoro Impoiiecca.

KoHTpoJibHBbIE BONPOCHI:

1. Yto u3yyaetr XuMu4ecKass KHUHETHKa?

2. [laliTe onpenereHe CKOPOCTH PEAKIIMM B TOMOT€HHBIX U T'e€TePOreHHBIX
CUCTEMAX.

3. IlpuBenute GOpMYTUPOBKY 3aKOHA JACUCTBYIOIIMX MaccC. 3alMIIuTe
MaTEeMaTUYECKOEe BBIPAKEHHUE 3TOT0 3aKOHA.

4. Yrto onpenensieT KOHCTaHTa CKOpOCTH peakuun? Kakue (hakTopbl BIUSIOT
Ha €€ BEJIUYUHY?

5. Kak 1 moueMy MeHsIETCSI CKOPOCTh XUMUYECKUX peakUuil pU U3MEHEHUH
temriepaTtypsbl? IIpuBenure Boipaxkenue ypaBHenus Bant — ['odda.

6. Uto Takoe HEeprusi akTUBAIUH?

/. Kak BiuseT npupojia U COCTOSIHUE PEarupyrollnX BEIIECTB HA CKOPOCTh
XUMHUYECKOUN peakiuu?

8. Uro Takoe karamuzaTtop, Karanu3z? Ha dYem OCHOBaHO BIUSHUE
KaTajau3aTopa Ha U3MEHEHHUE CKOPOCTH PEaKIU?

9. Kakue peakiuu Ha3bIBaIOTCSl OOPaTUMBIMH U HEOOPATUMBIMU ?

10. Kakoe coctosiHME Ha3bIBaeTCsl XMMHUYECKHUM paBHOBecuem? Ilouemy
XUMHUYECKOE paBHOBECHE HA3bIBAETCS JUHAMUYECKUM U MOABUKHBIM?

11. B 4em cocTtouT (HU3UYECKUNA CMBICT KOHCTAHTHI XHUMHYECKOTO
paBHOBeCHUA?

12. Chopmynupyiite npuniun Jle [llaTenne.

13. Kak Bnmsier Ha CMEIICHWE DPaBHOBECHsS HW3MEHEHHE KOHIICHTpaIuil

BEILIECTB, TEMIIEpATYpa, 1aBICHUE, KAaTAIIU3aTOP?
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JIABOPATOPHAS PABOTA Ne 2

CKOpOCTb XUMHYCCKHX peammﬁ

Lenn Da6OTBI: OIIPCACINTL 3aBUCUMOCTE CKOPOCTHU PCAKIUU OT PA3JINYHBIX

(dakTOpOB (KOHILIEHTPALMU, TEMIEPATyPhI, TUIOIIA 1M TTOBEPXHOCTH TBEPAOH (asbl,
KaTajau3aTopa, a TaKXKe BJIMSHUE BHEIIHUX (PAKTOPOB HA CMEIICHUE XMMHYECKOTO
paBHOBECHS.

O6opynoBaHue: MITATUB C MPOOUPKAMHU, MEPHBIE MTPOOUPKH, CEKYHIOMEPHI,

Tpu crakaHa eMKocTbio 200-250 mu1, TepmomeTpsl Ha 50 °C, CTEKIIIHHBIE TAIOYKH,
MUTNETKH, acOecToBas ceTka, (QuiabTpoBalibHAs Oymara, mmarend, npubdop s
M3YUYEHHUS] CMEILICHUS] XUMUYECKOTO PaBHOBECHS B Ta3000pa3HOil cucTeMe, ropsiyas
BOJA.

PeakTuBpl: MpaMoOp B MOPOLIKE U KycoukaMu 1o 0,5 T, MOPOIIOK aTtOMUHUSA,
MOPOIIOK HOAa, KPUCTAUIMYECKHM XJIOPUJ aMMOHUS, PacTBOPHI: THOCY/Ib(ara
Hatpus (1 H), cepHoil kucnoTel (1 H), colsHOM KHUCIOTBHI (2 H); XJopuaa
xeneza(lll) (0,1 n; HacwimieHHslt), ponanuaa ammonusi (0,1 H; HACBHIIICHHBIN),
JUCTUWIJIMPOBAHHAS BOJA.

Xoz paboThl:

Onbir 1. 3aBHCHMMOCTHL CKOPOCTH peakuuM OT KOHIEHTpalun
pearMpyrommx BemecTs

Peaknusi THOCynb(aTa HATpus C CEpPHOM KHUCJIOTOM MPOTEKaeT IO
YPaBHEHUIO:

Na,S,03 + H,SO, = Na,SO4 + H,S,05
H2S;03 = H,O + SO, + S

[IpeaBapuTenbHO MpojeaiiTe KaueCTBEHHBIN OIBIT, JUISl Yero B MPOOHPKY
BHecute 1,5 M 1 H pactBopa THocyibdaTa Hatpus 1 1,5 M1 1 H pacTBOpa cepHOI
kucnoTel. HaOmromaiite mosiBaeHMEe cnabol oOMaleCeHIIMA ¥ JallbHEHIee
MOMYTHEHHE PacTBOpa OT BhIMAaBIIEH CBOOOJHOUW cephl. [lomyTHeHHe pacTBOpa
MPOUCXOJUT HE Cpa3y MOcle CIMBAaHUS PEaKTHUBOB, a CIIYCTS HEKOTOPOE BpeMsl.
[ToaTomMy, ompeaenuB Bpemsi, HEOOXOIWMOE IS TOSBICHUS TPU3HAKOB

MMPOTCKaHUsA PCAKIIUHY, MOKHO OXapaKTCPHU30BaTbh CKOPOCTh PCAKIIUU.
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B tpu npobupku Haneitte mo 6 M 1 H pacTBOopa cepHOil KUCIOThL. B npyrue
Tpu npoOupKu HanenTe 1 H pacTBOp THOCYNb(haTa HATPUA: B MEPBYIO — 2 MJ, BO
BTOpPYIO0 — 4 MJI, B TpeTbi0 — 6 MJ. 3aTeM B MEPBYIO MPOOUPKY C THOCYJIb(aTom
HaTpus A00aBbTe 4 MJI IUCTUIUIMPOBAHHOM BOJBI, @ BO BTOPYIO MPOOUPKY — 2 MII
JUCTWUIMPOBAHHOW BOJBI, C TEM, YTOOBI OOBEMBI PACTBOPOB BO BCEX MPOOUpPKax
ObLIM OoJlIMHAKOBBI. Takum o6pazom, koHIeHTpanus Na,S,O3 Oyaer: B mpooupke Ne
1—-1C, B mpobupke Ne 2 — 2C, B npobupke Ne 3 — 3C.

Caeiite nepByto napy npoOUpoK CEpHON KUCIOTON U TUOCYJIb(AaTOM HATPUS
U TOTYAC BKJIIOYUTE CEKyHAOMEp. 3aMeThbTe BpEMs OT MOMEHTa J00aBJICHUS
KHUCJIOTBl 10 TOSIBJIEHUS B PACTBOPE 3aMETHOM ONAJIECHEHUMHU. Takke cienre
BTOPYIO U TPETHIO Maphl NPOOUPOK, OTMEUAsI BpEMSI CEKYHJJOMEPOM J10 MOSIBJICHMUS
ONAJIECIICHIIUN.

HaHHBIe OIIbITAa 3aHCCUTC B Ta6JII/IHy3

Ne V H2S0y, Vv Vv O6m. V, | YcnoBuas | Bpems,t, | YcnoBHas
poOUpKH MII Na2S203, | H20, M MJI KOHII-SI CEK. CKOPOCTH
MII
1 6 2 4 12 1C
2 6 4 12 2C
3 6 6 - 12 3C

Haueptute rpaduk 3aBUCUMOCTH CKOPOCTH PEAKUUU OT KOHLEHTPALMH

pearupyromux  BemiectB. Ha ocum  alOcuucc  OTJIOXKHUTE  OTHOCUTEIbHBIE
KOHIIEHTpAIlUU THOCYJb(paTa HATPHUsS, HA OCH OPJIMHAT — COOTBETCTBYIOIIHME WM
ckopoctu U = 1l/t. CpenaiiTe BBIBOA O BJIMSHUU KOHIIEHTPAIIMH HA CKOPOCTH

PeaKIINH.

OmnbIT 2. Biansinue TeMnepaTypbl Ha CKOPOCTh PeaKIMu

B Tpu nmpoOupku Hamelte mo 5 mu pactBopa THocyib(dara HaTpus. B Tpu
JIpyrue npoOUpKH HaJeHTe MO 5 MJI pacTBopa CepHOU KUCIOTHL. llepByro mapy
IpOOMPOK COJIb-KUCIIOTA CleiTe MpU KOMHATHOW TeMIlepaType, BKJIIOUHMB Cpas3y
cekynaomep. OTMETbTE IO CEKyHAOMEpPY BpeMs, KOIJa IOSBUTCSA JIETKas
onajieCleHUUs (4eM MO BPEMEHHU paHbllle OTMEUEHO TMOSIBICHHE TOIy0OBaTOrO

IIOMYTHEHHSI, TEM TOUHEE PE3YJIbTaT OIbITA).
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Bropyto mapy npoOGupok, He ciuBasi, HarpeuTe MpeIBapuTeIbHO B CTAKaHE C
ropsiuer BooM 1o temmneparypbl Ha 10 rpagycoB Bblie KOMHaTHOW. CMemnaite
COJEPKUMOE 00erx MPOOUPOK, OTMETHTE BPEMs CEKYHJOMEPOM 10 IOSBICHUS
onajiecueHuuu. TpeThio mapy HNpoOHMPOK TaKKe MPEIBAPUTENBHO HarperTe 10
TeMIiepaTypbl Ha 20 TpaaycoB BbIIE€ KOMHATHONW M CHOBA CJIEUTE, OTMETUB BpeMs
CEKYHJOMEPOM JI0 NOSIBJICHUS ONAJIECLHEHLINN.

[Toctpoiite rpaguK 3aBUCUMOCTH CKOPOCTH PEAKIUH OT TEeMIIepaTyphl,
OTKJIQZIbIBAs 110 OCU abCLUCC TEMIIEPATYpPY, [0 OCU OPAMHAT — YCIOBHYIO CKOPOCTh
pEaKLuN.

Pe3ynbTaThl ONbITa 3aHECUTE B TAOIUILY:

Ne \Y \Y Temneparypa,| Bpewms,t, YcnosHas | Tewmmnepa-
npobupku | H2SO4, mir | NaS,03, M t°C CeK. CKOPOCTh TYPHBIHA
ko3 Pu-
IIUEHT, Y
1 5 5 t
2 5 5 t+10
3 5 ) t+20

Cpemaiite BBIBOJ O BIMSHMM TEMIIEpaTypa Ha CKOPOCTb PEaKIUU.
Boruncnute cpeaHion BEIMUMHY TEMIIEpaTypHOro Ko3(d@dUIUeHTa 3TON peaKltu.

Kak nanHble onbiTa coriacytorces ¢ npaBuiom Bant-I'odda?

OnbiT 3. Biinsinne BeJIMYMHBI MOBEPXHOCTH PearupyrouuxX BellecTB HA
CKOPOCTh XUMHUYECKOMN peaKkuumn

Peakiiuu B rereporeHHou cucteMe, B OTIMYHUE OT TOMOT€HHOM, MPOXOIAT HE
BO BCeM 00BEME, a JMIIb Ha TMOBEPXHOCTU pazaena ¢as. [ms rereporeHHom
CUCTEMBI, cOCTOsIEeH W3 AByXx (a3, omaHa U3 KOTOPBIX TBEPJAsi, CKOPOCThH
XUMHUYECKOTO B3aMMOJCHCTBUS CHJIBHO 3aBHCHUT OT CTCIICHM U3MEIbUYCHUS
TBEPJIOTO BEIIECTBA, T. €. CTEIEHHU AUCIIEPCHOCTH.

[ToMectuTe B OJHY MPOOUPKY KyCOYEK Mpamopa, a B JAPYTYIHO — IMOPOIIOK
Mpamopa. Macchel Kycouka M MOpOIIKa Mpamopa cocTaBiisaoT o 0,5 r. 3atem B
KOKIYI0 MPOOWPKY HajeTe mo 5 MI 2 H pacTBOpa COJSHOM KHUCIOTHL. YTO

HaOmonaere? CpaBHUTE BPEMsl pACTBOPEHUSI MpaMopa B KaXKJ10M POOUpKeE.
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CocraBbTe ypaBHEHHE PEAKLUHUHU B MOJEKYISIPHOM M HMOHHO-MOJIEKYJISIPHOM
Buje. Caenaiite BBIBOJ O BIIMSIHMM BEJIMYMHBI MOBEPXHOCTU TBEPJIOIO BELIECTBA

Ha CKOPOCTH XUMHUYECKOM PCAKIUN.

OnbIT 4. Binsinue KaTajau3aTopa Ha CKOPOCTh XHUMHMYECKOW peakiuu
(rpynmoBoi onbIT)

Ha acGecToByio ceTKy HachIlbTe HEMHOTO MOpPOIIKa antoMuHus U B 10 pa3
MEHBIIIEE KOJIUYECTBO MEJIKO PACTEPTOTO CyXOro roaa. TuareapHO mepeMenanTe.
OtmeThTe, 4TO peakuus npakTudyecku He uAET. JloGaBbTe numerkoit 1-2 karm
BoJibl. UTo HabmogaeTe? Kak BiusieT Boja Ha CKOPOCTh PeaKIvu?

Hanummre ypaBHeHue peakuuu. OTmeThTe Bce HaOmoaeHus. Caenaiite

BBIBO/J] O BJIIMSITHHUH KAaTAaJIN3aTOPAd Ha CKOPOCTb XUMHYECKOM PCaKIUU.

OneiT 5. BansiHue TeMmepaTypbl Ha CMellleHHE XHUMHU4Y€CKOI0
PaBHOBeCUA

[Ipubop 11 HaOMIOJAEHUS CIBUTa XUMHYECKOTO DPABHOBECHUS 3aIlOJIHEH
muokcugom azora NO; Oyporo mnBera. M3mepeHHS MOJEKYISIPHOW MacChl
JIMOKCHAA a30Ta MOKa3and, 4ro ra3 npu temmeparype Bbime 140°C cocrout
uckmountensHo u3 MoJdekyn NOp, Hibke 3ToW TeMIeparypbl MPOUCXOAUT
yacTU4YHas nuMepu3anus okcuaa azora(lV) mo ypaBaenuto:

2NO, 2 N,O4

I'a3 NO; umeer Oypsiii niBeT, a N,O4 — OecriBeTHas kuakoctb. OauH map
npudopa MOMECTUTE B CTAKaH C TOpSUEH BOJIOHN, IPYTOM — B COCY/I, HAITOJTHCHHBIN
BOJIOM co JibioM. HabmroaliTe n3MeHeHUE 1IBETa B KAKIOM COCY/IE.

Ha ocnoBanuu npunununa Jle Ilatense 0OBSICHUTE HW3MEHEHUS,
npoucxonasimue B mpubope. Crhemaiite BBIBOJI O BIUSHUW TEMIIEpaTypbl Ha

CMCIICHUEC XUMHUYCCKOTI'O paBHOBECHSI.

OnbiT 6. BuusiHMe KOHIEHTPAUUM PpPearvpyrloimux BellecTB Ha
CMelIeHUe XUMHYECKOIr0 PAaBHOBECHS

HCCJ’IGI{OB&HI/IC IMPOBOJAUTCA HA IIPUMEPE PCAKINU:
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FeCl; + 3NH4CNS 2 Fe(CNS); + 3NH,4CI.

Kpacnoe oxpammBanme ponanunma kene3a Fe(CNS);  mosBossier
¢uKCUpoOBaTH  CMEIIEHHWE  XUMHUYECKOTO  paBHOBECHS TIpU  H3MEHEHUU
KOHIICHTPAIIUU pPEarupyroirx BEeIIeCTB.

Hanetite B mpobupky 5 M 0,1 H pacTBopa xmopuna xkene3a(lll) u qodaBbTe
5 mn 0,1 H pactBopa pomanuna ammoHusi. [lomydeHHBIH pacTBOp pasienuTe Ha
yeTbipe uvactd. OHy NpoOMPKY OCTaBbT€ B KadyeCTBE KOHTPOJBHOM s
cpaBHeHuss. Ko  BTopoit  mpoOupke — mpuieiiTe  HECKOJbKO  Kamelb
KOHIIEHTPUPOBAHHOTO pacTBOpa pPOAAHHUIA AMMOHHUS, K TPEThEHl — HECKOJBKO
Kanejib KOHLEHTPUPOBAHHOTO pactBopa xuopuaa xene3a(lll). B uerBépryro
poOUPKY MpPUCHITBTEe KpucTaiumieckoro xiaopuaa ammonns NH4Cl. Berpsixuaute
POOUPKY, YTOOBI YCHIIUTh PACTBOPEHUE COJIH.

PGBYJ'IBTaTI)I H&6J’IIOI[€HHI?I 3aHCCUTC B Ta6J'IHI_Iy2

Ne mpoGupku JloGaBieHHbII NHTeHcuBHOCTD Cwmemenne
peaKkTuB OKpacKH paBHOBECHS
KonTponbHas

1

2 FeCls
3 NH4CNS
4 NHCI

CpaBHUTE OKpAacKy pacTBOPOB B IPOOHMPKAX C OKPACKON KOHTPOJILHOMN
NpOoOMPKU W OOBSICHUTE NPOUCIICANINEC H3MEHEHHWS, MCX0oas W3 mpuHuuma Jle
[ITaTenpe. 3anummTe BBIPAXKEHWE KOHCTAHTHI PABHOBECHUS MJIS TAHHOW PEAKIIMH.
N3MeHusioce M 3HadueHWe KOHCTaHThI? (ClenaiTe BBIBOA O  BIWSHUH

KOHOCHTPAOHWH Ha CMCIHICHUC XNMHWYCCKOI'O PABHOBCCH.
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PA3JIEJ VI
OBIIAE CBOWCTBA PACTBOPOB

Pacmeoper — 5TO OJHOPOJHBIE TOMOTEHHBIE CHCTEMBI TEPEMEHHOTO
COCTaBa, COCTOSIIIME W3 JBYX WIH 0oJiee KOMIIOHEHTOB. PacTBOpbl MOryT
HAaXOJUTbCA B JIIOOOM arperaTHOM COCTOSIHUM: TBEPAOM, SKHJIKOM WJIH
razoo0pazHoM. OOImMKUM MNPU3HAKOM JJIi HUX SBISIETCS  OJHO(A3HOCTb.
KoMIioHeHTaMu pacTBOpa SIBIIAIOTCS PACTBOPUTEINL M PACTBOPEHHOE BEILIECTBO,
PaBHOMEPHO pACIHpPEACIECHHOE B PACTBOPUTENE B BHUJAE MOJIEKYJ, aTOMOB WIH
noHoB. Ilox pacTBopuTEneM OOBIYHO TOHMMAIOT TO BEIIECTBO, ArperaTHoe
COCTOSIHHE KOTOPOT'O COBIIAJIAET C arperaTHbIM COCTOSIHUEM Bcero pactsopa. Eciu
arperaTHOE€ COCTOSIHUE BEIIECTB, COCTAaBJSAIOIIMX pPACTBOP, OJHMHAKOBO, TO
pPacTBOPUTENIEM CUMUTAIOT TO BEIIECTBO, KOTOporo Oosbwme. [[ns pacTBOpoB
JIEKTPOJIUTOB PACTBOPUTEIIEM BCETJA CUMTAETCS BOJA, TAXKE €CIU €€ OYEHb MaJo.
B uenom nonstue "pactBoputens' M "pacTBOPEHHOE BEUIECTBO" MPUMEHHUMO K
pa30aBIEHHBIM pacTBOpaM.

K xonmy XIX B. chopmupoBasivch IBe MPOTUBOIOIOKHBIC TOUKH 3PEHUS HA
IPUPOAY PACTBOPOB — pu3nueckas U xumuueckas. CornacHo pu3nuecKor Teopuu
(C. Appennyc, B. OctBampa, . Baur-T'odd), mnpomecc pactBopeHus
paccMaTpUBAlOT KaK  pe3yJbTaT pPaBHOMEPHOIO  pPACHPENENICHUS  YaCTHIl
PacTBOPEHHOI'O BEUIECTBA MO BCEMY O0OBEMY PacTBOpUTEN 0€3 UX XUMHUYECKOTO
B3auMojielicTBUsl. CBOWCTBA pAacTBOPOB 3aBUCAT TOJIBKO OT YHCJIA YacTHIl
BEIECTBA B JAHHOM 00BEME PACTBOPA, T.€. OT €r0 KOHIEHTPALIMH.

Xumuueckas teopusi, pazpadborannas .M. Menneneesbsim B 1887 1. (1.A.
Kabnyxos, H.C. KypHakoB), paccmaTpuBaeT mpoiiecc 00pa3oBaHusi pacTBopa Kak
XUMHUYECKOE B3aUMOJICCTBUE PACTBOPEHHOIO BEUIECTBA C PACTBOPUTENIEM 32 CUET
BOJOPOJIHBIX CBSI3€M MJIM CUJI DJIEKTPOCTATHYECKOTO B3aUMOEHCTBHS.

CoBpeMeHHas Teopusi pacTBOPOB MPEICTaBIACT cOO0N CUHTE3 (PU3UUYECKOM
U XuMmuueckoi Teopuid. Ilpoliecc pacTBOpeHHsS] CONMPOBOXKIAAETCS TEIIOBHIMU

sbdexTamu, U3MEHEHHEM O00beMa, YTO SBISCTCS CIEACTBUEM O0O0pa3oBaHUS
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HEYCTOMYMBBIX MPOIYKTOB B3aMMOJICHCTBUS YACTHUI] BEIIECTBA C MOJICKYJIAMHU
pactBopuTelss. B o0meM ciydae Takwe COCIUHEHHUS Ha3bIBAIOTCS COJIbBATAMH, a
mporecc uX oOpazoBaHusl — colibBaTaiueil. Ecnu pacTBopuTtenem sSBISETCS BOJA,
TO COCAMHCHHS Ha3bIBAIOT THApPATAMHU, a MPOIECC UX 00Pa30BaHMSI — TUAPATAITUCH.
B HEKOTOpBIX ciydasx oOpa3yrommecs MPOayKThl OBIBAIOT HACTOJIBKO YCTOWYHBHI,
YTO MPH BBIICJICHUH PACTBOPEHHOTO BEIIECTBA M3 PACTBOPA PACTBOPHUTENH BXOJIUT
B COCTaB KpUCTaIOB. KpHcCTaibl, B COCTaB KOTOPBIX BXOISAT MOJICKYJIBI BOJIBI,
HA3bIBAIOTCS  KPUCTAUIOTHApATaMH, a CcoJepkamiasicsi B HHX Boja —
KPUCTAILIM3AIMOHHON. KpHcTamioruaparsl COXpaHSIOT OKPacKy, XapaKTEPHYIO
JUISL  COOTBETCTBYIOMIETO0 pacTBopa, Hampumep, CuSO4e5H,O — romybyto,
NiSO4¢7H,0 — 3enenyro.

[To xoMHMYECTBY pacTBOPEHHOTO BEIISCTBA PACTBOPHI MOXKHO Pa3ieiiuTh Ha
pa30aBicHHBIE W KOHIIEHTpHpoBaHHbIE. K pa30aBleHHBIM pacTBOpaM OTHOCST
PacTBOPBI, CoJleprKalie MeHee | MoJb BemecTBa B 1 JIUTpe pacTBopa.

[To xapakTepy yCTaHaBJIMBAIOIIETOCS B PAcTBOPE PABHOBECHS pPAaCTBOPHI
OBIBalOT HEHACHIIIICHHBIE, HACKHIIIICHHBIC U TIEpeChIleHHbIe. PacTBOp, conepkanue
BEIICCTBA B KOTOPOM MECHBIIIEC, YeM B HACBINICHHOM TMpPH JAHHOW TeMmIepaType
pacTBOpe, HA3bIBAIOT HEHACLIUW{CHHbIM. B HEHACHIIIICHHOM PacTBOpE €Iie MOXKET
pPacTBOPUTHCS KAaKOE-TO KOJIMYESCTBA BEIIISCTRA.

Hacvluwennovim Ha3bpIBaeTCs pacTBOP, KOTOPBIA HAXOIUTCS B THHAMUYECKOM
pPaBHOBECHH C OCaJKOM pAcCTBOPEHHOTO BEIIECTBA TMPHU  ONPEACICHHON
Temreparype. B HachIlleHHOM pacTBOpe NpH JAaHHOW TEMIEpaType HE MOXKET
pacTBOpUThCS OOJIbIe BeliecTBa. HachllieHHbIE pacTBOPHI MOTYT OBITH M OYEHB
KOHIICHTPUPOBAHHBIMK W OYeHb pa30aBiIcHHBIMU. Hampumep, HACHIIICHHBIN MPH
20 °C pacteop AgNO;3 comepxut 68 % comn, a pactsop Agl —3107° %.

Ilepecviuennvie pacTBOPBI COJIEPKAT OOJIBIIIE PACTBOPEHHOTO BEIIECTBA,
YeM HACBIICHHBIE TIPH JAHHOW Temrieparype. WX MOXHO TIOIYYUTh TIpH
MEIJICHHOM HM  OCTOPOKHOM  OXJIXJCHHHM  HACBIIICHHBIX  PacTBOPOB.

[lepechilieHHbIE PacTBOPHI SBISIOTCS HEYCTOWYMBBIMU M MPU JHOOOM BHEIIHEM
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BO3JICUCTBUH BBIJCISIIOT HW30BITOK PACTBOPEHHOTO BEIIECTBA B BHUAEC OCAIKa,
MepeXo/isi B HACHIIIIEHHBIE PACTBOPHI.

Pacmeopumocmuio BenecTBa Ha3bIBAIOT €0 CIIOCOOHOCTH 0OOPA30BHIBATH C
JPYTUM BEIIECTBOM, BBIONTHIIONUM (YHKIIUIO PACTBOPHUTEINS, OJHOPOIHYIO
cucteMy. Mepoil pacTBOPpUMOCTH BELIECTBA MPHU JAAHHBIX YCIOBHUAX SIBIAETCS €TO0
collep)kaHME B HACBHIIIEHHOM  pacTBope. PacTBOPUMOCTH  BBIPaKarOT
KoIhpuyuenmom pacmeopumocmu — Maccoii 6€3BOJHOTO BEIIECTBA, CIIOCOOHON
pacTBOpUThCS Tpu JaHHOUW Temmeparype B 100 r pactBoputens. Hanpumep, npu
20 °C ko3 dunment pacrBopumoctr NaCl papen 36. 1o 3HAYUT, YTO NMPH JTAHHOM
temneparype B 100 r Bojabl MoxeT pactBopuThes 36 T NaCl.

PacTBOpuMOCTh BeIIeCTB 3aBUCUT OT Temmeparypbl. B 3aBucumoctd OT
TeroBoro 3ddexkra pacTBOpPEHUs BIUSHUE TEMIIEPATYPhl  ONpEeseTCs
npuniunom Jle Illatenbe. Ho st GOnbIIMHCTBA BEIIECTB C TOBBIIICHUEM
TEMIIepaTypbl PaCTBOPUMOCTb YBEIWYUBAETCS. 3aBUCUMOCTh PAaCTBOPUMOCTHU
TBEPJBIX BEIICCTB OT TEMIIEpaTyphl M300pakaeTcs TrpaUYecKd B BHJAC KPHUBBIX
pPacTBOPUMOCTH.

PacTBOpUMOCTh Ta30B B JKHAKOCTSAX pa3iudyHa. B OOJNBIIMHCTBE clydaeB
ra3pl Majo pacTBOPUMBI B Bojae. Ha uX pacTBOPUMOCTH OKa3bIBAIOT BIIMSHUE
TeMriepatypa u nasieHue. [Ipy MoOBBIIIIEHUU TeMIIepaTyphl paCTBOPUMOCTH Ta30B
YMEHBIIIACTCS, a MPU KUISYECHUU Ta3 MPAKTHUYECKH TMOJHOCTHIO YAAISIETCA U3
pacTtBopa. 3aBUCUMOCTb PACTBOPUMOCTH Ta30B OT JaBJICHHUS OIpEHEnseTcs
3akoHOM I'eHpu: Macca rasza, pacTBOPAIONIAsCS B JaHHOM 00beMe JKUJIKOCTH MpHU
OTpeNICJICHHON TeMImepaType, PsSMO MPONOPIIMOHANIbHA €T0 JaBJICHUIO.

C=ke*P,rne

C — maccoBasi KOHIIEHTpAIMS rasa,

Kk — xorcranTa ['eHpw,

P — maBienue rasa.

3akoH ['eHpu crpaBemJiuB TOJBKO JUJIS Ta30B, HE BCTYNAKOIIMUX C

PACTBOPUTECIIEM B XUMHUYCCKOC B3aUMOJICHCTBHE.
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6.1 CITOCOBbI BbIPAXXEH S KOHIIEHTPAIIMII PACTBOPOB

JUIs  KOMMYECTBEHHOTO BBIPAKEHHsSI COCTaBa pacTBOpa MPUMEHSIOT
pas3IUYHbIC BBl KOHIIGHTPAIMA: MaccoBas JOJsSI BEIIECTBA B PacTBOPE WIH
npoleHTHass KoHIeHTpamus ® (%); momspHas koumeHTtpanus Cy  (MOJB/);
DKBHUBAJICHTHAs WM HopManbHas koHueHTpanus Cy (Moiw/m). CoctaB pacTBopa
MOJKHO TaK)K€ BBIPAa3UTh Yepe3 ero MIOTHOCTH p (T/M).

1. MaccoBas moJisi BemiecTBa B pacTtBope ® (%) MOKa3bIBaeT, CKOJIBKO

IIPOLCHTOB MaccCa paCTBOPCHHOI'O BCIICCTBA COCTABJIACT OT MACChI paCTBOpPA:

M(BeriecTBa)
(%) = 100 %
M(pactBoOpa)

2. Moasipuasi konuentpauusi Cy; (MOJIb/T) MTOKa3bIBAE€T KOJHMUECTBO MOJIEH

pPacTBOPEHHOTO BEIIeCTBa B 1 INTpe pacTBopa.

n m
Cu= = , TIe
Vv MeV

M — Macca pacTBOPEHHOT'O BEIECTBA, T;

M — ero MonsipHas Macca, r/MOJib;

V — o0BeM pacTBopa, JI.

3. DKBHMBAJIEHTHAsi WJIH HoOpMajbHasi KoHueHTpamusi Cpy (MOJB/M)
MOKa3bIBAE€T YUCJIO PKBUBAJICHTOB PACTBOPEHHOI'O BEIIECTBA, CoAepkKaiuxcs B 1

JUTPE pacTBOPA.

NH m m
Cu= = = —— rie
vV MseV MefokgeV

M — Macca pacTBOPEHHOTO BEIIECTBA, T;

M5 — MonsipHast Macca KBUBAJICHTA (PKBUBAJICHTHAS Macca), I/MOJIb;

M — ero MossipHas Macca, I/MOJIb;

ks — PaKTOp SKBUBAJICHTHOCTH BEILECCTBRA,

V — o0BeM pacTBopa, JI.

4. MoasibHasa koHueHTpauuss Cp (MOJB/KI) MOKa3bIBA€T KOJIMYECTBO

MOJIEH PaCTBOPEHHOIO BEIleCTBA B 1 KT pacTBOpUTENS.
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)
Cnhn= ———,1ze
MG
g — Macca paCTBOPEHHOI'O BEIIECTBA, T
M — ero momnsipHast Mmacca, I/MOJIb;

G — macca PaCTBOPHUTCIIA, KT'.

6.2. CBOMICTBA PACTBOPOB HEDQJIEKTPOJINTOB

CBoiicTBa pacTBOPOB BCErja OTIMYAIOTCA OT CBOMCTB Ka)XJOrO0 W3 €ro
KOMIIOHEHTOB. OJTO  CBSI3aHO C  XapakTEpPOM  B3aUMOJEHUCTBUS  MEXIY
KOMIIOHEHTaMU U C YMEHBIIEHHEM KOHLEHTpAlMyd MOJIEKYJl Ka)JO0ro BEUIECTBa
OpU pacHpelesieHnd B HeM Jpyroro BemiectBa. llosTomy O0ib1Ioil mMHTEpEC
IPEJICTaBIISIIOT OYEHb pa30aBICHHBIE PACTBOPBI, B KOTOPBIX B3aUMOJEHCTBUEM
YacTUI[ MOXKHO TnpeHeOpeub. Pa3z0aBieHHbIE pacTBOpPHl MPUOIMKAIOTCS K
UJCaNbHBIM pAacTBOpaM U MX CBOWCTBAa OINMUCHIBAIOTCA Oosiee MPOCTHIMU
YpaBHEHUSIMHU.

1. laBiienune napa HaJx pacTBOPOM

IIpu naHHOM TemMnepaTrype JaBJIE€HUE HACBILIEHHOTO Napa HaJ KUAKOCTBIO —
BeJMYMHA MOCTOsiHHAsA. [Ipu pacTBOpeHMH B KUAKOCTH KaKOro-imOO BeIeCTBa
KOHLIEHTpaUusi pacTBOPUTENI TIOHMKAETCA, YTO MPUBOAUT K IOHMKEHHUIO
JIaBJICHUS Tapa Haj pacTBOPOM. DTO MOHMKEHUE OyJeT TeM OoJibIlle, YEM BBIIIIEC
KOHIIGHTpaIusl pacTBOpeHHOTo BemiectBa. B 1887 r. dpanuysckuit pusuk Paynb
YCTAaHOBWJI 3aKOH, CBSA3BIBAIOLIMN NMOHM)KEHHE JABJICHHS Mapa HaJ PacTBOPOM C
ero KoHueHTpamueil. OTHOCUTENbHOE MOHM)KEHUE JIABJICHUS HACBIIIEHHOTO Hapa
pPacTBOPHUTENIS HAJl paCTBOPOM PABHO MOJIBHOM JI0JI€ PACTBOPEHHOT'O BEILIECTBA.

(Po— P)/Po = N, e
P, — naBneHue HACKIILIEHHOTO Mapa HaJl YUCTHIM PACTBOPUTEIIEM;
P — naBneHue HaCBIIEHHOTO Mapa HaJ pacTBOPOM;

N — MosbHas 107151 PAaCTBOPEHHOTO BEILIECTRA.
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2. TemnepaTypbl KUIIEHHS] M 3aMepP3aHUs PACTBOPOB

NHauBryallbHbIE BELIECTBA XapaKTEPU3YIOTCS CTPOrO OIpeAeSIEHHBIMU
TEeMIIepaTypaMH KUIIEHUs W 3aMep3aHus. [IpucyTcTBre pacTBOPEHHOIO BELIECTBA
NOBBIIIAET TEMIIEPAaTypy KHUIEHUS W T[OHWXKAET TEMIIepaTypy 3aMep3aHus
pacTBoOpa, ¥ TEM CUIIbHEE, YEM BBILIE KOHLIEHTPALMS pacTBOpa.

ATkun. =E ¢ Cny
AT3AM, =Ke Cm, rac

ATxuyr. — IOBBIIEHUE TEMIIEPATYPBI KUIICHUS;

AT3aAMm. — TOHWKEHUE TEMITEPATYPBI 3aMEP3AHUS;

E — 30ynnnockonnyeckas KOHCTaHTa;

K — xpruockonudeckass KOHCTAaHTa;

Cm — MOJIsIIbHAsA KOHLIEHTPAXs pacTBOpa.

D0Yy/JUIMOCKONUYECKYI0 U KPHUOCKONUYECKYIO KOHCTaHTBl OIpPEAEISIOT
JKCIEpPUMEHTaIbHO (Taba. 9). OHM He 3aBUCAT OT MNPHUPOABI PACTBOPEHHOI'O
BEILIECTBA U XapaKTEPU3YIOT TOJIBKO PACTBOPUTEIND.

OcmoTnueckoe 1aBjieHue

B pactBope dacTHUlbl PACTBOPEHHOTO  BEIIECTBA  HAXOAATCS B
OecropsIOUHOM TEIJIOBOM JIBUKEHUH M PAaBHOMEPHO PACIIPENEICHbl B pacTBOpE.
Ecnii K KOHIIEHTpUPOBAaHHOMY pacTBOpY JIOOOTO  BelecTBa  J100aBUTh
pacTBOPUTENb, TO YEpe3 HEKOTOPOE BpEMsi KOHIIEHTPALMM B JIIOOOW TOYKE
pacTBopa CpaBHSAIOTCSA, UTO sBIAETCs cieacTBueM auddysuu. Ilpu 3ToM vacTuis!
JNBIKYTCS W3 o0nacth c OOJblIed KOHUEHTpalued B 00acTb C HU3KOU
KOHLIeHTpanueil. Ecnu 1Ba pacTBopa ¢ pa3iMYHbIMUA KOHLUEHTPALUSIMU Pa3IeiauTh
MOJIYTIPOHUIIAEMON MeMOpaHOM, KOTOpas MPOMYCKAaeT TOJBKO PacTBOPUTEIND, TO
HAyHETCs TPOLECC CaMOINPOM3BOJIBHOTO IIEPEXOJa  PACTBOPUTENS  Yepe3
NOJyIPOHUIIAEMYI0 MeMOpaHy, Ha3blBaeMblii ocMmocoM. JlaBieHue, KOTOpoe
HY>KHO TPWIOXKHTb, YTOOBI OCMOC TPEKPATHIICSA, Ha3bIBA€TCI OCMOTHYECKUM
naBineHueM. OcMOTHYECKOE JaBlieHuE pa30aBJIEHHBIX PAacCTBOPOB HE 3aBUCUT OT

IPUPOABl KOMIIOHEHTOB, M BO3pPacTaeT IPONOPLHOHAIBHO KOHIIEHTPALUU

76



pPacTBOPEHHOIO BEIeCTBa U aOCOMIOTHON TemrepaType, npuieM KodpuueHToM
IPOMOPIIMOHATIFHOCTH SIBIISIETCS] YHUBEPCAIbHAs Ta30Basi MOCTOsAHHAA R.
Pocm.=C R T
Ecniu moncraBuTe B 3TO  ypaBHEHHE BBIpOKEHUE IS MOJSPHOH
KOHIICHTPALlMH, TO YpaBHEHHE TPUMET BHI:
Pocm.*V=neR T
OTO ypaBHEHHE COBIAJACT C YpPaBHEHHWEM COCTOSHHUS HAEATbHOrO rasa. JTO

no3osiniio Baut-I'oddy (1887 r.) chopmynupoBats 3akoH:

Ocmomuueckoe O0agnenue pazdagieHHOZ0 pacmeopa YUcCieHHO PAGHO
momy 0aejieHuio, Komopoe npou3zeo0ul0 0vl OaHHOE KOJIUYECH 80
PACmeEopeHH020 eeuiecmea, 3aHUMas 6 6Uoe 2a3a npu OAHHOU memnepamype
00vem, pagHuvlil 00vemy pacmaeopa.

OcMoTHYECKHE SIBICHUSI HIMPOKO PACIPOCTPAHEHBI B MPUPOJIE U TEXHUKE.
brnarogapst ocMocy OCYIIECTBISICTCS MOIBEM BOJABI IO CTEOJISIM pacTEHUH,
nuTaHue KiIeTok. OCMOC MPUMEHSIETCS JUIsl OYMCTKA CTOYHBIX BOJ, OMPECHEHUS
MOPCKOU BOJIBI.

KoHTpoJIbHBIE BOIIPOCHI:

1. Yrto Takoe pactBopsl? KakoB MexaHu3M Mpoiiecca pacTBOPEHUS?

2. UTo Takoe pacTBOPUMOCTH, KOIPPHUIIUEHT PACTBOPUMOCTH?

3. [To xakum mpuU3HAKAM KIACCU(PUITUPYIOTCS PAaCTBOPHI TBEPIBIX BEIIECTB?

4. OT 4ero 3aBUCUT PAaCTBOPUMOCTH razoB B kuakoctu? Cdhopmynupyirte
3aKOH ['enpu.

5. Kakue crocoObl BeIpaKeHUS] KOHIICHTPAIIUNA TPUMEHSIOT JIJIsl BRIPAKEHUS
cocTaBa pacTtBopa?

6. OxapakTepusyiiTe CBOMCTBA pa30aBICHHBIX PACTBOPOB HEIICKTPOIUTOB:
JaBJICHHWE Tlapa HaJ pacTBOPOM, TEMIIEpAaTyphl KUIEHUS W 3aMep3aHus,

OCMOTHYECCKOC OaBJICHUC.
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6.3. CBOMICTBA PACTBOPOB DJIEKTPOJINTOB

3akonsl Payns wm Bant-T'odda okazamwce crpaBeyIMBBI IJIS BOJHBIX
PacTBOPOB OPTaHUYECKUX COCIUHEHUN M PACTBOPOB B HEBOJHBIX PACTBOPHUTEIISX,
HO WX HENh3d OBUIO MPUMEHHUTH IJII PACTBOPOB KHCIOT, COJEH M OCHOBAaHUHU.
Oxkazanochb, 4TO HM3MEHEHHE CBOMCTB 3HAYMTENIBHO TPEBBIIIAET OXKUIAAECMYIO
BenunHy. KpoMe Toro, pacTBOpHI KHCIIOT, OCHOBAaHHH M COJICH, B OTIUYHE OT
pacTBOPOB OPraHUYECKUX COEMHECHUN, obOnamaroT AIEKTPUUECKOU

IMPOBOANMOCTLBIO.

BemectBa, pacTBOpbl MM PACIUIaBbl KOTOPBIX MPOBOAAT 3JIEKTPUUYECKHMA
TOK, OBLJIM Ha3BaHbl 2J1eKmpoaumamu. A BelecTBa, HE 00JIaJalolIie B PaCTBOPE
VI PACIlIaBE AIEKTPUIECKOU POBOIUMOCTBIO, — HEINEeKMPOIUMamu.

[Tp4rHON 3IEKTPONPOBOIHOCTH SIBISETCS HAJIUYHUE MOJABUKHBIX MOHOB B
pacIuiaBe U pacTBOpE 3JIEKTPoJIMTA. B paciuiaBe o AeHCTBUEM TEMIIEPATYPSHI, a B
pacTBOpe IMOJA BIMSHUEM MOJSAPHBIX MOJEKYJ] PACTBOPHUTENS 3IJIEKTPOIUTHI
pacnajaroTcs Ha MOJIOKUTENIBHO U OTPULIATENBHO 3apsSyKEHHbBIE OHBI:

NaOH — Na* + OH~
KsPO, — 3K* + PO4?k

[Ipouecc pacmaga 3JIEKTPOJIUTA HA HOHBI NOJX JACHCTBUEM MOJSPHBIX
MOJIEKYJI PACTBOPUTEIISI HA3BIBACTCS 21EKMPOAUMUYECKOU Ouccoyuayueil.

CormacHo Teopuu  daekTpoiautuyeckor — auccoumarmu - (TOJ) C.
AppeHnyca, MOJEKYJbl DJJEKTPOJIMTa B BOJE pacnajarOTCs HAa HMOHBI —
MOJIOKUTENbHbIE (KaTHOHBI) W oOTpularenbHble (aHuoHbl). Ho Appenuyc He
YUUTHIBANl B3aUMOJICUCTBUS MEXAY HMOHAMU W MoOJeKylamu pactBoputens. Ilo
COBPEMEHHBIM IPEACTABICHUAM 3JIEKTPOJIUTHYECKAs JUCCOLMALNS MPOUCXOAUT B
pe3yibTaTe CIOXKHOrO (PU3MKO-XMMHUYECKOTO MPOLEecca B3aUMOJICHCTBHS MOJIEKYIT
AIIEKTPOJIUTA U MOJISPHBIX MOJIEKYJI PACTBOPUTEISL.

[Ipu pacTBOpeHUHM 3IEKTPOJIUTA JUIOJU BOABI 332 CYET OPUEHTALMOHHOIO
WIM MOH-JIUIONBHOTO B3aMMOJICUCTBUS MPUTATUBAIOTCA K MOJSPHBIM MOJIEKYJIaM
WIM MOHHBIM KpHUCTaJUIaM pacTBOpeHHoro BemiectBa (puc. 9). Ilomspusie

MOJICKYJIbI BEIICCTBA B CHJIOBOM II0JIE OKPYKAIOIIUX HMX MOJICKYJ paCTBOPUTCIIA
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MOJISIPU3YIOTCSL U, BCJIEACTBHE CUIIBHOI'O CMEIIEHHUs CBS3BIBAIOLIMX JJIEKTPOHOB,
CBA3b CTAHOBUTCS WOHHOM. [IpOMCXOIMT TETEPOIUTUYECKUN pa3pblB CBS3U C
oOpa3oBaHHEM CBOOOJHBIX MOHOB. [lepexos1 HOHOB B pPaCTBOP COIIPOBOXKIAETCS UX

TUApaTalyen.

0 008p ollp of
& <

+G—E > @ @

TR 25N 9% oD

HCI + nH,0 — H*(H,0)m + CI-(H20)n-m
Puc. 9 CXGMa AUCCONUAINH ITOJIAPHBIX MOJICKYJI B paCTBOPC

Kaxx1ip1il HOH UMEET TMAPaTHYIO0 000JI0UKY. ['MapaTUpOBaHHBIA MOH BXOJIUT
B CTPYKTYpPY KUIKOro pactBopa. MoHbI B pacTBOpE MOTYT MEHATHCS MECTAMH C
OKpPY>KaIOIIMMU MOJIEKYJaMl BOJBI, YTO OOYCIIaBIMBAaET HX NEpEMELIECHHE U
AIEKTPONPOBOIHOCTh PACTBOPA.

Takoi e Mmporecc MPOUCXOAUT MPHU JIUCCOLMALMU MOHHBIX COCAUHECHUM

(puc. 10). ITpu B3anMOICHCTBIHM HOHHOTO KPUCTAJUIA C MOJIIPHBIMHU MOJICKYJIaMHU
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NaCI + nHZO — Na+(H20)m + C|_(H20)n,m
Puc. 10. CxemMa nucconuanii HOHHOTO KpUcTalljia

PaCTBOPUTEIISI TIPOUCXOTUT OCTIAbIEHNE CBSA3CH B KPUCTAJUIMUECKOU PEIIEeTKE, YTO

oOecrieuynBaeT Mepexo;] TuIPaTUPOBAHHBIX HOHOB B PaCTBOP.
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[Ipomecc muccommanuu MOXKET OBITh KOJUYECTBEHHO OXapaKTepHU30BaH
pPSAOM BEIMYHMH: CTENEHBIO JIIEKTPOIMTHYECCKOW JAWCCONMAINYA, KOHCTAHTOU
JUCCOIIMAIINHI, U30TOHUYECKUM KO3(PDUIIUEHTOM.

CreneHb AMCCOMMAIMH 0, — OTO OTHOIIICHNE YMCIIAa MOJICKYJI, PACIIaBITUXCS
Ha MOHBI, K 00I1IEMY YHCITy MOJIEKYJI:

o = (Nuue/Nosw.) * 100%

CreneHp IUCCOIMAIIMN HW3MEPSETCS B TPOIEHTAX WM JOJISIX CIUHUIIBI
(trabn. 7). Ecnmu o = 0, To nuccomuanusi oTcyrcTByer, ecnu o = 1 wim 100%, To
JIMCCOLUALIMS TTOJTHAS.

[lo cTeneHu AUCCOIMALIUM BJIEKTPOIUTHI JAeisTca Ha cuiabHbie (o0 > 30%),
cinadbie (o < 3%) u anexkTponauTsl cpeanent cuiibl (3 < a < 30%).

CuibHBIC 3JICKTPOJIUTH: MHOTHE Heopranmdeckue kucioTel — HCIl, HNOg,
H2SO4, HCIO4 u np., THAPOKCHIBI MIEIOYHBIX U MIEIOYHO3EMEIbHBIX METALIOB,
MOYTH BCE COJIH.

DNEKTPOJIUTHI CPEAHEH CHUIIBI: HEKOTOPBIC OPTaHUIECKUE U HEOPTAHNICCKHE
KHUCJIOTBI — H2C204, HCOOH, H3PO4.

Cnabwie snextpomutsl: kuciaorel — HpS, HCN, CH3COOH, H,CO3 u ap.,
ruapokcuanl d-meramio, NH,OH, Al(OH);, Mg(OH),, Be(OH),, HekoTopbie comnu
— Mg(CN), HgCl.

CrereHp TUCCOIMAIIIN 3aBUCUT OT MPUPOILI PACTBOPHUTEIIS, TEMIIEPATYPHI,
KOHIIEHTpanuu pactBopa. [lpu pazbaBieHuM pacTBOpa CTENEHb TUCCOIHAINH
BO3pAacTaeT.

[Ipu nguccommaruu caaObIX HW  CPEIHHUX DJEKTPOJIMTOB B  PacTBOPE
ycranapnuBaercs papuoBecue: KA 2 K"+ A~
rJIe IPSIMOM TIPOIIECC — IUCCOIMAIUS Ha MOHBI, 0OpATHBIA MPOIIECC — aCCOIUAITNS
WOHOB B MOJIEKYJbl. [IpuMeHsss K JTaHHOMY PaBHOBECHIO 3aKOH JICHCTBYIOIINX

MacC, MOJIYYHM:
[KTT[AT]
Kn= ——,rne
[KA]

KI[ — KOHCTAaHTa paBHOBCCH:, HA3bIBaACMas KOHCTAHTOU Jucconuanmnm
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Yem Oonpmie BenuunHa Ky, Tem cuinbHee saektposnr. KoHcraHTa
JUCCOLMAIIMN 3aBUCUT OT TMPHUPOABI DJIEKTPOJIUTA W OT TEMIepaTyphl, HO HE
3aBUCUT OT KOHUEHTpaluu. 3HAUY€HHUs] KOHCTAHT JUCCOIMAIMU  CIA0BIX
AJIEKTPOJIUTOB MPUBEICHBI B TAOIHUIIE 8.

YyuThiBas JAMCCOLMALIAIO DBJEKTPOJUTOB MOKHO MPUMEHUTH 3aKOHBI,
OIKMCBHIBAIOIINE CBOMCTBA pa30aBICHHBIX PACTBOPOB HEJIEKTPOIUTOB, K PACTBOPAM
AIIEKTPOJIUTOB, BBEIS MOMPABOYHBIA MHOXKHUTENb 1, Ha3bIBAEMbIN U30TOHUYECKUM
ko3 dunreHTOM.

(Po—P)/Po=i°N
ATkun. =i*E*Cn
ATzam. =1 ¢ K Cn
Pocm.=i*cCeR T

OueBUIHO, YTO Uil PAcCTBOPOB HEINEKTPOJIUTOB 1 = 1, a 11 pacTBOpOB
3neKTpouToB 1 > 1. M30TOHMYECKH KOPPPUIMEHT 3aBUCUT OT MPHUPOJIBI
pacTBOpa M €ro KOHIEHTPAIMHU, HO JIJIsl OTHOTO M TOTO K€ pacTBOpa 3HaYEHHE 1 BO
BCEX YETHIpEX YypaBHEHUsX OyaeT oauHakoBo. M3oTtoHmdeckuit kodDPUIIMEHT
MOKAa3bIBAET, HACKOJBKO CBOWCTBA PACTBOPOB DJEKTPOIUTOB OTIUYAOTCS OT

CBOWCTB PACTBOPOB HEAJICKTPOJIUTOB.

KI/ICJ'IOTBI, OCHOBaHHWA MW COJIM B CBCTC TCOPHUH BHCKTDOHHTHHGCKOﬁ

AU CCOoNMaIIn

Kucsorbl — 3TO 2JIEKTPOJIUTHI, KOTOPBIE MPHU AUCCOIMAIMU HE 00pa3yroT
JpPYTUX KaTUOHOB, KpPOME KaTHOHOB BojaOpoaa. YuWcCIO HOHOB BOAOPOAA,
0o0pa3yroluxcss OpU JHUCCOLMALMMA OJHOM MOJIEKYJIBI KUCIOTBI, OMNPEIEIseT ee
OCHOBHOCTb. MHOTOOCHOBHBIE KHUCJIOTHI JUCCOLMUPYIOT cTyrneHdaro. [Ipu 3tom

JUCCOIIMAITHS TIO TIEPBOM CTYTEHH MPOTEKAET TITy0Ke, YeM 10 BTOPOU U TPEThEH:

H3PO4 2 H* + H,PO,~ Ki=7,1110"
H,PO4~ 2 H' + HPO,> K, =6,34+1078
HPO,> 2 H" + PO Kz=1,26210"13
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CrnocoOHOCTh  MHOTOOCHOBHBIX ~ KHCJIOT —JHUCCOLMUPOBATH CTYNEHYATO
OOBSCHAET WX CKIOHHOCTh K OOpa3oBaHMIO KHCIBIX coyieir. OOpazoBaHme
KaTHOHOB BOJIOpOia MIPHU JUCCOLMAIIMKI 00YCIOBIMBAET OOIIME CBONCTBA KUCIIOT —
KHCJIBII BKYC, I3MEHEHHE OKPACKH MHIUKATOPA.

OcHOBaHHUSA — 3TO IEKTPOIUTHI, KOTOPBIE MPHU JAUCCOLMALIUUA HE 00pa3yroT
JIPYTUX aHUOHOB, KPOME TUPOKCUA-UOHOB. [10J00HO MHOTOOCHOBHBIM KHUCJIOTaM,
OCHOBAHMSI MHOTO3apSAHBIX KATHOHOB AUCCOLUUPYIOT CTYIIEHYATO:

Mg(OH); 2 MgOH™ + OH-
MgOH* 2 Mg + OH-

OTUM  OOBSACHSIETCA CHOCOOHOCTh MHOTOKHUCIIOTHBIX OCHOBAaHHMHM K
o0pa3oBaHMIO  OCHOBHbIX cosieil. OOpa3oBaHuE TUAPOKCUA-HOHOB  IpHU
JUCCOLMAIMM  O0YCJIOBIMBAET OOIIME CBOMCTBA OCHOBAHMM — OIIYILIEHHUE
“MBUIKOCTH Ha KOYK€ U U3MEHECHHUE OKPACKHA UHIUKATOPOB.

CornacHo MPOTOJUTUYECKON TEOpUU KUCIOT U ocHOoBaHUil bpeHcrema u Jloypu
(1923 1.), KUCHOTHI SIBISIOTCS JOHOPOM MPOTOHA, @ OCHOBAaHUS — AKUEHNTOPOM

1poToHa. KucioTel 1 OCHOBaHUS CYIIECTBYIOT KaK CONPSIKEHHBIC Maphl.

NH; + HCl = NH, +CI

OCHOBAHHE KHCJIOTA COIPSIKCHHAsA COIIPSIKCHHOC

KHUCJI0Ta OCHOBaHHUEC

Cou — 3TO NIEKTPOIHUTHI, KOTOPBIC TIPU AUCCOLMUAIIMKA 00PaA3YIOT KaTHOHBI,
OTJIMYHBIC OT KaTHOHOB BOAOPOAd, U aHHUOHBI, OTJIIMYHBIC OT THAPOKCHUA-NOHOB.
CaCl, = Ca®* + 2CI-
Kucneie 1 ocCHOBHEBIE COJTA AUCCOOUHNPYIOT CTYIICHYATO!:
NaHCO3; = Na* + HCO3~
HCO; 2 H™ + C032_
Mg(OH)CI = Mg(OH)* + CI
Mg(OH)* 2 Mg?* + OH-
[ToaToMy pacTBOPBHI KHCIIBIX COJIEH UMEIOT CIA00KHUCIIYIO CPEly, @ PACTBOPHI
OCHOBHBIX COJIEH — CI1a00MIEIIOYHYIO CPey.

3J’I€KTDOJ'II/ITI/I‘-IGCKEI$I Aucconmalnus BOAbl
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I[Mporiecc arcconualui BOAbI MpoTeKaeT ¢ oopasoBanrnemM noHoB H™ u OH™:
H,O 2 H "+ OH
U TIOCJIeAYIONIeH ruapaTarueit noHos Bogopoaa: H + H,O — H3;O"

Boga sBnsercs cnaObiM 35ieKTposnuToM, npu 22 °C cTeneHb AUCCOLMALMH
Boabel paBHa 1,8°10°° T.e. m3 555 MUIUIMOHOB MOJIEKYI AUCCOLMUPYET TOIBLKO
OJIHA.

[MpucyrctBue B Boge moHoB H' m OH™ mpumaeT el cBOicTBa KHCIOTHI U
OCHOBAaHMsI, T.€. BOJIa ABJISIETCS aM(OTEPHBIM COCTUHEHUEM.

[Ipumensist K mpoueccy IUCCOLMALMKA BOJBl 3aKOH JIEHCTBYIOIIMX MAacc,
MO>KHO BBIpa3uTh K BOABL:

Ky = [H*]s[OH]/[H-0]

[pu 22 °C Ky = 1,8°107%%. Tak kax cTemeHp auccoManuu BOIABI OYEHb
Maja, TO KOHIEHTPAIMIO HEAUCCOUMUPOBAHHBIX MOJIEKYJ BOJBI MOXKHO CUHUTATh
nocTossHHOM 1 paBHoi: [H20] = 1000/18,016 = 55,56 Monb/m.

[H*]s[OH] =Ky ¢ [H0] = 1,810 %655,56 = 1024

Tak xak Ky ¢ [H20] — BenmunHa nocrosiHast, To ee 0003HavyaroT Kp. Takum
oOpa3oM, W i YUCTOW BOABI W /I BOAHBIX PACTBOPOB TPOU3BEICHUE
KOHIICHTpPAIlMd HOHOB BOJOPOAA M THAPOKCHA-MOHOB BEIWYMHA TOCTOSHHAA W
Ha3bIBACTCSI UOHHBIM NPOU3BEOCHUEM 600bL.

[Tockonbky Kp # 0, TO HE MOXET OBITH BOJHOTO pacTBopa B Kotopom [H]
wi [OH] paBusnace 0wl Hy10. Bennuuna Kp mo3BosiseT paccyuThiBaTh XapakTep
cpenbl B BOAHBIX pacTBopax. s meirpambHOi cpenst [HY] = [OH] = 107, B
xucyoii cpene [H] > 1077, a B menounoii cpene [H] < 1077,

Jlnis ynoOcTBa Moib3yOTCsl HE BEJIMYMHON KOHIIEHTPAIlMM MOHOB BOJOPO/a,
a BEIMYMHOM BOAOpPOAHOro moka3areas, pH. OH paBeH oTpuuaTreIbHOMY
JECITUIHOMY Jiorapu(My KOHIIEHTparuu HoHOB Bojopoma: pH = —Ig[H']. B

HelTpansHOM cpene pH = 7, B kucnoit cpene pH < 7, B menounoit cpene pH > 7.

PaCTBOpr MaJ0PaACTBOPHUMBIX JJICKTPOJIHUTOB
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PactBopuMOCTh TBEpABIX BEMIECTB B BOJAE pas3iuyHa. AOCOIIOTHO
HEPACTBOPUMBIX BEIMICCTB HET. Eciu mMeeTcs MaaopacTBOPUMBIA SJIEKTPOJIUAT
K*A~, To MEeXIy 0CaIKOM M HACBIIICHHBIM PacTBOPOM, CoaepkaniuM HoHbl K* u
A, ycranoButrcs paBHoBecue: K'A(tB.) 2 K' + A", Dro paBHOBecue
xapakrtepusyercs koHctanToi paBaoBecus K = [K*]*[A7)/[K*A™]. [Ipu mocTostHHOI
temneparype K u [K*A7] — Benmu4MHBI MOCTOSHHBIC, TaK KaK pPacTBOPHUMOCTD
anextponuta KA~ B Bome moctosiuHa. ITostomy npousseaenne Ke[K*A™] Takxke
SIBIIIETCS. TIOCTOSTHHOW BeNWYMHOW. [Ipom3BeneHue KOHIICHTpAIlMii WOHOB B
HACBIIIIEHHOM  pPacTBOpPE  MaJlOpaCTBOPUMOTO  BJIEKTPOJUTAa TPU  JIAHHOU
TEMIIEpaType ©eCTh BEIWYWHA TIOCTOSHHAs, Ha3bIBacMasi HPOU3BEOCHUEM
pacmeopumocmu IIP = |[K'|*[A]. Uem wMeHbIlEe BeIUYMHA MPOU3BEACHHS
pPacTBOPUMOCTH, TEM TPYJIHEE OCYIIECTBISCTCS IMEPEXO0Jl BEIIeCTBa B PacTBOP.
3nauenust [IP 11 MHOTMX MajnopacTBOPUMBIX 3JIEKTPOJUTOB MPHUBEIACHBI B
cupaBouHbIX TabOmunax (tadn. 10). 3nas 3Hauenuss [IP MoXHO paccyuTath
BO3MOYKHOCThH O0pa30BaHMs WU PaCTBOPEHUS OCaKa B pPacTBOPE.

Peakiunu B pacTBOpax 3JICKTPOJUTOB

Peakinuu B pacTBOpax 3JIEKTPOJMTOB, MPU KOTOPBIX HE MPOUCXOAMT
U3MEHEHUS 3aps/ioB  HMOHOB, Ha3bIBAIOTCS HMOHOOOMEHHBIMU  PEAKIUSIMHU.
Paznmuuator 4 THnma HMOHOOOMEHHBIX PEAKIMA B PACTBOPax dJIEKTPOJIUTOB,
paBHOBECHE KOTOPBIX CHJIBHO CMEIIEHO B CTOPOHY HPOJIYKTOB pPEaKLHUH.
[Iporekanne Takux peakuud omnpenesnsercs npaBuwjiomM beproJssie — peakuuu
oOMeHa B pacTBOpax AJIEKTPOJIUTOB UAYT MPAKTUYECKH HEOOpPAaTHUMO U 10 KOHIIa,
KOI/Ia B KauyecTBE NPOJYKTOB peakIMU o00pasyercs MO0 MalopacTBOPUMBIE
BeIecTBa (OCAJKUA U Ta3bl), TUOO MAJOAUCCOIMUPOBAHHBIE COCTMHEHUS (Ciadbie
ANEKTPOIUTHI WU KOMIUIEKCHBIE HOHBI).

1. Peakuuu, npoTekaroiue ¢ 00pa3oBaHUEM OCAKa.

AgNO; + NaCl = AgCl| + NaNO3
Ag*™+ NO; + Na* + CI- = AgCl| + Na*" + NO3~
Ag*+ ClI-=AgCl]

2. Peakiuu, npoTekaronire ¢ 00pa3oBaHUEM Ia3000pa3HbIX BEILIECTB.
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2NaCl + H,SO4 = Na;SO4 + 2HCIT
2Na* + 2CI- + 2H" + SO,% = 2Na* + SO,* + 2HCIt
2CI- + 2H" = 2HCI®
3. Peakmuu, mpoTekarorire ¢ 00pa3oBaHUEM CIIA0BIX AJICKTPOIUTOB.
2KCN + HSO4 = K3SO4 + 2HCN
2K* + 2CN~ + 2H" + SO,% = 2K* + SO4% + 2HCN
2CN~ + 2H* = 2HCN
4. Peakiuu, mpoTeKaroIye ¢ 00pa3oBaHUEM KOMIUICKCHBIX HOHOB.
ZnCl; + 4NH; = [Zn(NH3)4]Cl;
Zn?* + 2CI~ + 4NHj3 = [Zn(NH3)4]** + 2CI-
Zn** + 4NH;z = [ZI’](NH3)4]2+

KonTpoabHbIe BONPOCHI:

1. B yeMm CyIIHOCTh TEOPUU AIEKTPOIUTHUECCKOMN TUCCOIUAIUY.

2. ChopmynupyiTe ompeneiieHue KHUCIOThI, OCHOBAHUS M COJIM B CBETE
TEOPHUU AIEKTPOJIUTHUECKON JUCCOIUALINH.

3. Uro Takoe cTemeHb SJICKTPOJUTHYSCKOW muccorpanuu? OT Kakux
(hakTOpOB OHA 3aBUCHUT?

4. Tlo xakoMy TpH3HAKY OJJIEKTPOJUTHI ICNSATCS HAa CUJIBbHBIC, CpPEIHHE,
cinabeie? [IpuBeaute npuMepsl TAKUX IEKTPOIUTOB.

5. Uto xapakTepu3yeT KOHCTaHTa auccouuanuu? OT Kakux (PaxkTopoB OHA
3aBUCUT?

6. UTo Takoe MOHHOE MPOU3BEICHUE BOJIbI?

/. Uro Takoe BoOJOpOIHBIA TIOKazaTenb? Ilo kakoit dopmyne oOH
onpexaensiercs?

8. Kakue 3HaueHus uMeeT BOJIOPOAHBIN MOKa3aTeNlb B KUCIOM, HEUTpaIbHOM
U LIeJI0YHOM cpene?

9. UYro xapakTepusyeT TMpOU3BEACHHE pacTBopuMmocTtu? JIjis Kakux
AIIEKTPOJIMTOB MPUMEHUMA 3Ta BeIUYNHA?

10. YTo Takoe HOHOOOMEHHBIE PEaAKITHH?
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11. IIpn Kakux yCJIOBUAX PEAKIMH B PacTBOpaxX 3JIEKTPOJIHUTOB MPOTEKAIOT

PaKTUYECKA HEOOPaTUMO U 10 KOHIA?
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JIABOPATOPHASA PABOTA Ne 3

BJICKTPOJII/ITH‘IGCK&H ANCCoOMManusd

Lenn Da6OTBI: HU3YUUTH IIPpOUCCC NHUCCOIUAIINH, (1)aKTOpI)I, BJIMAIOIIMUC Ha

CTCIICHb AucCCOoLHanmnu CIa0BIX 3JICKTPOJIMTOB, pCaKIIMM HOHHOI'O oOMeHa.

OO6opyioBaHKe: MITATUBBI C MPOOUPKAMU, CTaKaH ¢ TOpsiYeil BOJIOM.

PeaktuBbl: auctmiiupoBanHas Bozaa; pactBopel: 1 H HCI, 1 1 CH3COOH,
0,1 1 HCI, 0,1 © CH3COOH, NH,OH, NaOH, AgNQOs; NaCl, CuCl,, FeCls;
kpuctanaeckue CH3COONa, NH4Cl, CuCly; munk MeTaliMueckuii; KyCOUYKH

MpaMopa; aleToH; peHondTanernH, METUIOBBIN OPaH>KEBBIM.

OmnbiT 1. CpaBHeHHEe XMMHYECKON AKTUBHOCTH KHCJIOT

a) B onny mpoOupky Haneiite 5 Ma 1 H pacTBopa COJSHON KHUCJIOTHI, B
JIPYTYI0 — TAKOE K€ KOJIMYECTBO 1 H pacTBOpa YKCYCHOM KHUCIOTHI. Bribepute nBa
MPUOJIM3UTENIBHO OJJMHAKOBBIX 10 BEJIMYMHE KyCOYKa Mpamopa U MOMECTUTE IO
OJIHOMY B Kaxayro mpooupky. Kakoii ras Bepienserca? B kakoit npoOupke
peakuuss uaer uHTeHcuBHee? I[louemy? Hamummmre MonekynspHele M HOHHBIE
YPaBHEHUSI pEaKIUH.

06) B onny mpoOupky Haneiite 3 ma 0,1 H pacTBOpa COJSHOM KHCJIOTHI, B
apyryto — 3 miu 0,1 H pacTBOpa YKCYCHOM KHCIOTBL. B KaxIyro mpoOupKy
OITYCTHUTE M0 OJMHAKOBOMY KyCOUKY IIMHKA. O0e MpOoOUpPKHU MOMECTUTE B CTAKaH C
ropsiueit Bojio. Kakoit ra3 Beijensierca? C kakod KUCIOTON peakuus uaeT 0osee
sHepruyHo? OOBACHUTE OTO sBIeHUE. Hanummre ypaBHEHUsS peakuuii B

MOJIEKYJIIPHON ¥ HOHHOM (hopmax.

OnepiT 2. Biausinue OJHOMMEHHOI0 HMOHA HAa CTeNeHb JTHCCOLHAIMH
CJ1a0BbIX 3JIEKTPOJINTOB

a) B npoOupky Haneiite 4 M1 pacTBopa YKCYCHOM KUCJIOTHI U J00aBbTe 3-4
KAl WHAWKaTopa MeTwiopaHka. Iloa BIHMSHUEM KakKMX HOHOB METHJIOPAHK
MPUHUMAET PO30BYIO OKPACKy?

Pazpenure conepxkumoe npoOupku Ha 2 yactu. OgHy MpoOUPKY OCTaBbTE

JUIS CpaBHEHHUS, a B JAPYryl0 A00aBbT€ HEMHOTO KPHUCTaJUIMYECKOTO arlerara
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HaTpus. [IpoOupky BCTpsIXHUTE HECKONBKO pa3. CpaBHHTE OKPAacKy pacTBOPOB B
obOenx mpobupkax W o0BscHUTE €€ m3MeHeHue. UTo Hamo M00aBUTH K PacTBOPY
ciaboif KHCIOTHI, YTOOBI CMECTUTh pPaBHOBECHE B CTOPOHY OOpa3oBaHHS
MaJIOMCCOIMUPOBAHHBIX MOJIEKYI?

0) B nmpobupky HaneiTe 4 M1 pacTBOpa rUIPOKCHIa aMMOHUS U T0OABbTE 2-
3 karum wuHAuKatopa (enondranenHa. Kak MeHsercs okpacka WHAMKaTOpa?
[Touemy?

Pasznenute conepkumoe mpoOupku Ha nBe yacTH. OMHY TPOOUPKY OCTaBBTE
JUIS KOHTPOJISA, a B JAPYryl0 A00aBbT€ HEMHOTO KPUCTAIUIMUECKOTO XJIOpHIA
aMMOHUS. XOPOIIIO BCTPSAXHUTE HECKOJIbKO pa3 mpoOupky. [louemy mpu sTOM
okpacka ¢enondraienna Onenneer? l3MeHeHHE KOHIIEHTpAllMM KaKUX HOHOB

IIPOUCXOIUT?

OmnpIT 3. Iuccounanms coeit

a) Bo3pbMuTE HEMHOTO XJIOPHON MEU U OTMETHTE IIBET TBepAOH conu. OnHy
4acTh COJIM PAacTBOPUTE B alleTOHE, a Apyryiro — B Boje. HaOmropaiiTe 1uBet
pacTBOpa B IEPBOM U BO BTOPOM cirydasx. [laiiTe oObsicHeHue.

0) HeckoJIbKO KpUCTAJJIOB XJIOPHOW MEIU paCTBOPUTE B MaJIOM KOJIMUECTBE
Bozbl (1-2 xamm). Kakoro mBera pactBop? Jlo6aBbTe HECKOJIBKO MUJUIHIIUTPOB
Boabl (1-2 wmur). Yrto nHaOmomaere? KakoB MBeT MOJYy4EeHHOTO pacTBOpa?
CocTaBpTe ypaBHEHHE pEaKIMU TUIpaTallid HOHA MEIU U OTMEThTE IIBET

TUAPATUPOBAHHOIO MOHA.

OnbiT 4. MoHHBIE peakuun

a) Haneiite B mpobupky 1 ma 0,1 H pacTBopa COJIIHOM KHUCJIOTHI U
npubaBbTE HECKOJIBKO Kameidb pacTBopa HHUTpara cepebpa. Urto nHabmromaere?
[TogoOGHBIM 00pa3oM HCHBITAUTE B OTIEIBHBIX MPOOMpKax JEWCTBUE HHUTpaTa
cepeOpa Ha pacTBOPHI XJaopuaa HaTpus, xaopuaa meau(ll) u xmopuna xemeza(lll).
Hamumre ypaBHEHUs peakiuii B MOJEKYJISIpHOW W WOHHOW (opmax. Kakum

COKpallCHHbIM NOHHBIM YPAaBHCHHUCM MOKHO BbIPAa3UTh BCC UCTBIPC peaKHI/II/I?
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06) B mpoOupky c pacTBOpOM THUAPOKCHAA HaTpus A00aBbTe 1-2 Karm
denondranenna. Uro nHabmomgaere? B 3ty mpoOupky mpueiite 1-2 M pactBopa
constHOM KHUCIOThl. YTto mpoucxomut? Iloyemy? Hamummre MoseKkysspHOE |

MOHHOE YPaBHEHUs PEAKLINN.

6.4. TUIPOJIN3 COJIEM

XuUMHUYEcKasi aKTUBHOCTh BOJIbI MPOSIBISIETCSA HE TOJBKO B €€ BBICOKOM
pacTBOPSIONIEH CIOCOOHOCTH, HO U B XUMUUYECKUX MPEBPAIICHUSIX PACTBOPIEMBIX
BEIIECTB I0J JeWcTBHeM BoAbl. Boga cmocobHa pasiaraTh pPacTBOPEHHBIE
BEILIECTBA, JCUCTBYs, KaK KHUCJIOTa WJIM KaKk OCHOBaHHWE. Peakuuu oOmenHo20
Pa3ioxsceHus ¢ yuacmuem 600bl HA3bIGAIOMCA ZUOPOIU3OM. | UIPOTUTUIECKOMY
Pa3JIOKEHUIO TOABEPTalOTCA Pa3JIMYHbIE OPraHUYECKUE M HEOPraHUYECKHE
coeuHeHusa. B HeopraHuueckoil XMMUU Ba)XKHOE 3HAYECHUE HMEIOT PEaKIMu
TUAPOJU3a COJIEW. YCIOBHEM MPOTEKAHUS TUAPOJM3a COJEH  ABISETCA
oOpa3oBaHue c1aboro IEKTPOJIUTA.

B 3aBucMMOCTHM OT CHJIBI KHCJIOTHI M OCHOBaHUS, 0Opa3yrouiuecs COJu
MO>KHO pa3ieianuTh Ha 4 TuIa.

1. Conu, oOpa3oBaHHbIE CHJIBHON KHMCJIOTON U CHJIbLHBIM OCHOBAHUEM:
Na;SO4, KNO3, CaCl, u ap. Dti comu ruapoau3y He MOABEPraroTCs, Tak Kak Ipu
WX B3aMMOJIEUCTBUM C BOJOW HE MOTYT OBITh TMOJYYEHBI CIIa0BbI€ DJIEKTPOJIUTHI.
CwmernieHusi paBHOBECHUSI JUCCOIMALIMM BOJIbI HE MPOUCXOIUT, Cpella pacTBOpa
ocTaercst HeurpaibHOU, pH = 7.

2. Coan, odpa3oBaHHbIe CJ1a00il KHMCJIO0TON M CHUJIBHBIM OCHOBAHHMEM:
Na,COs3, K;SO3;, CH3COONa u ap. Takue conmu TUAPOIU3YIOTCS MO aHUOHY.
['uaponu3 MHOro3apsaHBIX AHUOHOB MPOUCXOAMUT cTyneHdaro. KomaudyecTBo
CTyNEeHEeN TUapoJii3a ONpeesaeTcss BEeIMUYMHON 3apsiaa. B pesynapTare ruaposnsa
HAKaIJIMBAIOTCA TUJIPOKCHI-HOHBI, [O3TOMY CpelJa pacTBOpa CTAaHOBUTCSA
niea04Hou, pH > 7.

1 crynens: Na;COs; + HOH 2 NaHCO; + NaOH

2Na* + COs* + HOH 2 Na* + HCO3™ + Na* + OH"
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COs* + HOH 2 HCO;™ + OH-

2 ctynenb: NaHCO;3; + HOH 2 H,CO3 + NaOH
Na* + HCO3; + HOH 2 Na* + H,COs3 + OH-
HCO3;  + HOH 2 H,CO3 + OH"
Ha mepBoii ctymenu rumaponmusa oOpasyroTcs kucible uoHel HCOsz™, mnsa
kotopeix Kn” = 4,810, a mo Bropoii crymenn — monexynst H,COs, nerue
pacnagaromuecs Ha uoHbl, Ky = 4,5¢1077. IlosToMy Iuapoiu3 Ipu OOBIYHBIX
YCIOBUSIX MPOTEKAET MPEUMYIIIECTBEHHO IO MIEPBON CTYTICHU.
3. Coun, oOpa3zoBaHHbIe CHJIbHOW KHCJOTOH U €Ja0ObIM OCHOBAHHEM:
CuSQO4, Fe(NOgs);, NH4Cl u np. Takume comm TUApOIM3YIOTCS MO KaTHOHY. B
pe3ynbTare THUIPOJIM3a HAKAIUIMBAIOTCS KAaTHOHBI BOJOPOJAA, IMO3TOMY Cpena
pacTBopa CTaHOBUTCS Kuciou, pH < 7.
1 crynens: ZnCl; + HOH 2 Zn(OH)CI + HCI
Zn** + 2CI-+ HOH 2 Zn(OH)* + CI-+ H* + CI-
Zn** + HOH 2 Zn(OH)* + H*

2 crynienb. ZN(OH)CI + HOH 2 Zn(OH), + HCI
Zn(OH)" + CI" + HOH 2 Zn(OH), + H* + CI~
Zn(OH)* + HOH 2 Zn(OH), + H*

4. Conu, oOpa3oBaHHbIe CJIA00H KHCJIOTOH M CJJa0OBIM OCHOBAHHUEM:
CH3COONH,, Alx(COs3)s u ap. Takue conu THAPOIM3YIOTCS M 1O KaTHOHY U IO
AHUOHY. DOJIBIIMHCTBO COJIEM HAHHOIO THNA ITOJIHOCTBIO pasiiararorcs BoAou. B
3aBHCHUMOCTH OT KOHCTAHTBHI JIUCCOIMANNK OOpa3yroIIMXCs CIa00i KHUCIOTH H
c1aboro OCHOBaHUS Cpela pacTBOpa MOXET ObITh CIIA0OKHCIION  WJIU
CJ1a0OIIETOYHOM.

CH3COONH,4 + HOH 2 CH;COOH + NH,OH
CH3COO™ + NH4* + HOH 2 CH3COOH + NH4OH

Jlns  obpasyromuxcs cnabeix  saexkrpomuto  Ky(NH,OH) = 1,79¢10°°
K;(CH3COOH) = 1,76°107°, mosToMy peakuus pacTBOpa IMOYTH HEHTpajibHas
pH=T.
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IIponecc ruaposn3a MOXKHO KOJMYECTBEHHO OXapaKTEPHU30BATh CTEIEHBIO
runponn3a, h. CTeneHs rUAPOIM3a — 3TO OTHOIICHHE YHUCIIA THIPOTH30BAHHBIX
MOJICKYJl K O0ImeMy 4YHWCIy MOJIEKYJ BellecTBa B pacTBope, h =
[N(runp.)/N(0611.)]*100%. Tak kak mporecc THAPOJU3a SBISAETCS OOpaTUMBIM
MPOIIECCOM, PABHOBECHE THUAPOIM3a MOXKHO CMEIIATh JEWCTBUEM BHEIIHHUX
daktopoB. B coorBercTBUe ¢ mpunuunoMm Jle Hlarenbe rumponus ycuiupaercs
npu paszOaBiieHHH pacTBopa (YBEJIMYEHUM KOHUEHTpaluu BoOJbl). ['maponns
ABJIIETCSL  DHAOTEPMHUYECKOM  peakuued, Tak Kak oOpaTHasg  peaxkuus
HEUTpanu3aluu sBJIseTCa JK30TepMuueckor. [loatoMy cremeHs ruaposnsa
BO3pACTAET MPU HATPEBAHUU. B ropsumx pacTBOpax T'UIPOJIM3 MOKET HACTOJIBKO
YCUJIUTBCA, 4YTO IPOM3OUIET IIOJIHOE pasiiokeHue couu. Ilosromy s
IIPEJOXPAHEHHsS] PACTBOPOB OT PA3PYILICHHsS BCIEACTBUE THUAPOIN3A CIEAYET
n30eratb X Ype3MEpHOTo pa30aBiIeHUs U HarPEBAHUS.

[Ipouecc ruaponusa MoOKeT ObITh YCHUJIEH WIM OClabjieH B IPUCYTCTBUU
JOPYTHUX DJJEKTPOJUTOB. Tak, I COJEed, THAPONMU3YIOIIHUXCA IO KAaTHOHY, M
UMEIOLINX B pACTBOPE KUCIYIO Cpeay, J0OaBICHHE 1IEI0YH MPUBEIET K YCHUIICHUIO
rUaposin3a, a Jo0aBlieHHE KHCIOTBI — K €ro nojaBieHuto. Jns cosed,
TUAPOIU3YIOIIMXCS 10 aHMOHY M HMMEIOIIMX B PacTBOpPE LIEJIOYHYIO Cpeny,
YCUJIEHUE THAPOJM3a TMPOU30MIET MpH A00aBICHHUU KHUCIOTHI, a OcialieHue
TUIPOJIN3a — TP 100aBICHUH ILIETOYH.

I'moponus MOXKET YCHIIUTBCA MPU COBMECTHOM IIPUCYTCTBUU coisiel. Eciu
COJIM CO3/al0T Pa3Hyl PEaKIUI0 Cpelbl B pPacTBOpPE, TO OHH OYIyT B3aUMHO
YCUJIMBATh THAPOAN3 JApyr apyra. PaccMorpum coBmecTHbIN ruaponn3 Na,COs u
ZnCl,. KapOoHaT HATpUsI THIPOJIM3YETCS 110 AHUOHY U B PACTBOPE HAKATUIUBAKOTCS
TUAPOKCUI-UOHBI, a MPU THIPOJIM3E XJIOPHUAA LUHKA B PACTBOPE HAKAIUIMBAIOTCS
wonbl Bogopoma. Howet H* m OH™ B3ammMopeiicTByeT Mexay cobOoit ¢
oOpa3oBaHueM BoOAbl. PaBHOBecus peakUuil CMELIAIOTCS B CTOPOHY YCHJICHHS
rugposnsa. Ilpu 3ToM ruapoIn3 MOXKET IPOTEKATH IO BTOPON U TPETHEH CTYIICHU
c oOpa3oBaHMEM HEPAaCTBOPUMBIX BEUIECTB WM Ta3000pa3HbIX MPOAYKTOB.

CoBMeCTHBIHN Ir'napoJin3 coJieu MMPOTEKACT A0 KOHILA U ABJISICTCA HCO6paTI/IMBIM.
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Na,COs3 + ZnCl, + 2HOH — 2NaCl + H,CO; + Zn(OH)z
2Na* + HCOs= + OH™ + Zn(OH)* + 2CI" + H* — 2Na* + 2CI~ + H,CO3 + Zn(OH);
HCO§: + OH + Zn(OH)* + H* — H,CO3 + Zn(OH)z

KoHTpoJibHBbIE BONPOCHI:

1. Yro HazpBalOT ruaposm3oM cojiei? KakoBbl NpUYMHBI NPOTEKAHUS
TUIpOJIN3a?

2. Ha xakue TUIBI JeNATCS COJIM IO UX OTHOLIEHMIO K Boje? [lpuBeaute
PUMEPBI.

3. Kak usmensercs cpeaa pactBopa B pe3yibTare ruipoiaun3a’

4. B KakoM ciy4yae THApPOJM3 COJIEM NpOTEKaeT cTyneHdaro? Yewm

OIIPEAEAETCS
5. KOJIMYECTBO CTYNEHEN Ipolecca ruaponnsa?
6. Uto xapakrtepusyer creneHb ruapoimza? Kakue QaxTopsl BIHSIOT Ha

CTENEHb THPOJIN3a U IT0YeEMY?
/. IToueMy COBMECTHBIA THAPOJIU3 cOjeil sBisieTcs: HeoOpatuMmbiM? Kakue

COJIM YCUJIMBAIOT TUAPOSM3 ApyT apyra? [Ipuseaure npumepsl.

JIABOPATOPHAS PABOTA Ne 4

I'maposmus cosient

Llenp paOoThl: M3YyYWUTh THAPOJIM3 PAJIMUYHBIX COJEH M HCCIEAOBAThH

BIUSIHUE psifa (PaKTOpPOB Ha CTEMEHb THApOJM3a (TeMmIeparypa, KOHIICHTpaIlus);

U3YYUTh HEOOPATUMBIN TUIPOIIHU3.

OO6opyioBaHKe: MITATUBHI C MPOOUPKAMU, TEPKAITKU, CIUPTOBKH, CITMYKH.

PeaktuBbl: aucTH/UTMpoBaHHas Boja; pactBopbl cojeit: NaCl, ZnCly,
Na,CO;, CH;COONH,, CH3;COONa; xonuenTpupoBanubiii pactBop SbCl; wm

Bi(NO3)3; mHauKaTOphl: eHONPTATICHH, METHIIOBBIH OPAH)KEBBIMH, JJAKMYC.

OmnbiT 1. OnpenesieHue cpeabl pacCTBOPOB coJieil
B uetsipe mpoOupku Hanelte mo 1 Ml pacTBOPOB COJIEH: XJIOpUa HATPus,

XJIopuaga IUHKA, Kap60HaTa HaTpus, anucerara aMMOHUA. Kakum HHIUKATOPOM —
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deHonpTanenHoM WM JAKMyCOM MOKHO ONPEIECIUTh CpPEoy PacTBOPOB ITHUX
cosieii? JloOaBbTE€ HECKOJIBKO Kallellb COOTBETCTBYIOLIEro MHAMKATOpa. O dem

roBOpAT U3MCHCHUA, IIPOUCXOOAIINC B HpO6I/IpKaX? PCSYJILT&T OIIbITa BHCCHUTC B

TabHIy:

No ®dopmyna Nunuxarop Okpacka Cpena Tun

COETMHEHUS WHMKaTOpa pacTtBopa MeXaHHU3Ma
TUAPOIIN3a

1 NaCl

2 Na2,CO3

3 ZnCl>

4 CH3COONH;4

Hamumute MOJICKYJIIPHBIC W HWOHHBIC YPABHCHUA PCEaKIUN THUAPOJIN3a

HCCICAOBaAHHBIX COJICH.

OnbIT 2. Biansinue HarpeBaHus HA THAPOJIN3

K pactBopy areratra HaTpust go6aBbre 1-2 kamnu (deHondTantenHa.
OtmeTbTe 1BET pacTBOpa. Harpeiite coaepkuMoe TPOOUPKU OO KHUIICHUS.
OOBsiCHUTE UW3MEHEHHWE OKpacKd NpH HarpeBaHUM pacTBOpa U IMOCIE €ro
OXJIQXJEHUS MOJI CTPYeil X0JI0AHOM BOAbl. COCTAaBbTE YPABHEHUS B MOJIEKYJISIPHOM

Y MOHHOU (opme.

OmnpbIT 3. BiansiHue KOHIEHTPAIUU COJIM HA THAPOJIN3

OTmeThTe 1BET KOHIIEHTPUPOBAHHOTO pacTBOpa XJIOpUIa CypbMbl (WM
HuTpata BucmyTa). K 1-2 mi aTOoro pactBopa mnpuiieite ABOWHONH 00BeM
JTUCTUILIUPOBAaHHOK BOjbl. UTo Habmomaere? OObscHUTE HAOII01aeMOe SIBJICHHE.
Hanmummre ypaBHeHHME peakuuu Tuapoiu3a. KakuMm HWHIUKATOPOM CJEAyeT

MOJIEUCTBOBATh, YTOOBI ONMPEEIUTH XapaKkTep Cpeibl?

OmnbiT 4. CoBMECTHBII THAPOJIN3 COJIei

K pactBopy xiyopuaa HUHKa NpPUIICHTE IO KaruisiM pacTBOp KapOoHata
Hatpusi. Habmronaiite oOpazoBanue ocanka. Kakoe BEecTBO BhIMAAACT B 0CAOK?
[Ty3bIpbKHU KaKoro rasa BblessatoTcsa npu 3ToM? CocTaBbTe YpaBHEHUE THIPOIIH3A

B MOJICKYJISIPHOM U HOHHOM BHU/C.
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PA3JIET VII
KOJLJIOWTHBIE PACTBOPEI

Komnmonnneie cucteMbl (OT TpEYECKOT0 «KOJUIa» — KJIEH) MPEeACTaBIsSIOT
MIPUMEP JTUCIIEPCHBIX CUCTEM. JIMCTIEpCHBIMU HA3BIBAOTCSI CHUCTEMBI, COCTOSIIINAE
U3 YacTUI jaucriepcHod (a3el  (pa3apoOIeHHOrO BEIIeCcTBAa) pPaBHOMEPHO
pacrpeeIeHHbIX MEXIy YacTUIaMU JTUCTICpCHOHHOW cpenbl. K HUM oTHOCSTCS
JBIMBI, TYMaHBI, B3BECH PA3TMYHbBIX YACTHUI, HAIIPUMEP TJIMHBI B BOJIC U T.].

JlucriepcHbIe CUCTEMBI KIACCUPHUITUPYIOTCS TI0 pa3Mepy YacTHUIl AUCTIEPCHOU
¢da3pl WK 10 CTETeHN AUCTEPCHOCTH. 1o 3TOMY mpH3HAKY pa3IndaroT UCTUHHBIC
pacTBophl ¢ pazmepoM dactul 10°-10"" M, KOIIOMIHBIE PACTBOPBI C Pa3MEPOM
gactuy 107-10° M, rpyboaucrepcHbIe CHCTEMBI ¢ pa3MepoM dacTull 6onee 107°
M.

['pyboaucniepcHble CHUCTEMBI, HANpUMEp, B3BECh TJUHBI B BOJE, HE
00J1a1at0T OCMOTUYECKUM JIaBlIEHUEM, (QUIBTPYIOTCS Yepe3 OyMakHbie PUIBTPHI U
SIBJITFOTCSI HEYCTOMYHMBBIMH, T.€. HE OCTAIOTCS JOJTO BO B3BEIICHHOM COCTOSIHUH B
KUIKON Cpelie, a OCENalT IMOJ| JCUCTBUEM CHJIBI TSHXKECTH Ha JHO cocyaa. ITo
KHHETHYCCKH HEYCTONYHBBIC CHCTEMBI.

B kommomaHbIX cucTEMax B CBSI3M C YMEHBIIEHHEM pa3Mepa 4YacTHI
MOSIBJISIIOTCST  HOBbIE KayecTBa. YacTUIBI KOJUIOMJHBIX CHCTEM 3HAYUTEIHHO
OOJBIIIE MOJIEKYJI, TaK KaK OHHM TPEJCTABIISIOT arperatbl M3 CPaBHHUTEIHHO
OOJBIIOr0 YKciia MOJICKYJT Ui aToMOB. Ho eciii B CyCTeH3UsAX YacCTHUI[bl MOYKHO
HAOJFOMAaTh MPU MOMOIIA MHUKPOCKOIA M TEM CaMbIM OOHApYXHUTh TOBEPXHOCTH
paszena, TO KOJUIOMIHBIC YACTHIBl M3-32 HE3HAYUTENbHBIX Pa3MEpOB HEIb3s
OOHapy>KUTh TPH TOMOIIM MHUKpPOCKoma. [lo3ToMy KOJIJIOWIHBIE CHCTEMBI, B
OTJIMYHME OT CYCTICH3UM, HA3bIBAFOTCSI MUKPOTETEPOTSHHBIMU CUCTEMaMHU.

Komnnouaasie pacTBOpPBI MOTYT OBITH TTOJIYYSHBI IBYMSI METOAAMHU:

* JUCHEPTalluOHHBIMH — pa3apoOJieHneM KPYMHBIX 4YacTUI[ Ha OoJee
MEJIKHE;

* KOHJCHCAIIMOHHBIMH — ITyTEM arperanud MOJIEKYJ WM HOHOB B Ooiiee

KPYIIHBIC YaCTHUIIBI.
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[TonyuyeHne  KOJUIOMAHBIX  PacTBOPOB  (30Jieil)  JaucHepraliOHHBIMU
METOJaMU OCYIIECTBIISIETCSI MEXAaHUUYECKUM M3MEJBYCHUEM TBEPIOrO BEIECTBA B
CTyIIKE WJIM TpPU TOMOIIA MEJbHUIBI, MyTEM DJJICKTPUYECKOTO  WIIH
yJIBTPa3BYKOBOTO jaucrieprupoBanusa. Crola e MOXKHO OTHECTH M METOJ
MenTU3auu  (XMMHUYECKOe JUCTIEPTHPOBAHKUE), OCHOBAaHHBIM Ha MpEBpaIleHUU
OCQJIKOB, OOPa3yIIIUXCSA MPHU KOAryIsAIUU (CIMMaHWK) KOJUIOWIHBIX CHUCTEM, B
KOJUIOWIHBIA pacTBOp (IIPU MIPOMBIBAHUHU OCAJKOB C MOMOIIBIO TIENTHU3aTOPOB).

[TprMepoM menTH3AIMK MOXKET CIyXHTh moaydeHue 3oisa Fe(OH)s mpu
JEUCTBUU pa30aBICHHON XJIOPUCTOBOJIOPOJIHOM KUCIOTHI HA CTYICHUCTBIN 0CaI0K
Fe(OH)s. Ilpu 3TOM 4YacTh pPAacCIOJIOKCHHBIX Ha IMOBEPXHOCTH YAaCTHI[ MOJIEKYII
Fe(OH)s; B3aummopeiictByer ¢ HCl u oOpasyer monekynasl FeOCl, kotopbie
MENTU3UPYIOT OCAOK.

K MeTtomam KOHIIEHCAalluM OTHOCSATCS YKPYIIHEHUE YaCTHUI] B PE3yJbTare
KOHJICHCAIlMM T1apa, 3aMEHbl PACTBOPUTENS WM B PE3YIbTATE€ MPOTECKAHUS
XAMHUYECKUX PEaKIUH.

OnHako BO BCEX 3THUX CIy4asX KOJUIOUJIHBIE CHUCTEMBI MOJIYYarOTCsl TOJIBKO
TOr/a, Korja aucnepcHas ¢asza o0jiajlaeT HUYTOXHO MaJjiol pacTBOPUMOCTHIO B
JTUCIIEpCUOHHONW cpene. [lpm  HecoOMOACHUHM O3TOrO0  YCIOBHS  BO3MOXKHO
oOpa3oBaHre MOJICKYISAPHBIX pacTBOpoB. Kpome Toro, HeoOXOAWMO, UYTOOBI
MEX]ly YacTUIIaMU U CPEJOM CYIIECTBOBAJIO B3aMMOJICHCTBUE, MPENATCTBYIOIIEE
CBSI3BIBAHUIO JIPYT C ApYroM. s mosydeHus: yCTOMYMBOM KOJUIOMAHOW CHUCTEMBI
HEOOXOJIMMO MPUCYTCTBUE BEIIECTB, KOTOpHIE, aacopOUpysch Ha IMOBEPXHOCTH
KOJUIOMIHBIX YacCTHIl, CO3/laBajii Obl JOCTATOYHO MHTCHCUBHOE B3aWMO/ICHCTBUE
MEXIY IIOBEPXHOCTBIO YaCTHL M OKpYXawllen ux cpenou. BemecTsa,
OoOyCJIOBJIMBAIOIIME  YCTOMYMBOCTh  KOJUIOMJHBIX  PAacTBOPOB,  Ha3bIBAIOT
cTabuIM3aTopaMu.

PaccmoTpum cTpoeHHE KOJUIOMAHBIX YACTHUIl HA IPUMEpPE 30JIs1 THAPOKCHAA

Kele3a, MOJIydeHHOTO TIPU TUpOoIin3e pacTBopa xiopuna xemneza(lll):

FeCl; + 3H,0 — Fe(OH)3 + 3HCI
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OcHoBy KOJIJIOUTHOU YaCTHULIBI COCTaBIISIOT MOHOKPHCTAJIIIBI
tpyaHopactBopuMmoro Fe(OH)s, xoTopeie Ha3piBaOT arperatamu. B pesymbrate
M30UpaTenbHOl ancopOuuu MoHOB Fe** Ha MOBEPXHOCTH arperara BO3HHKAET
ITOJIOKUATENIBHO 3apSDKEHHBIN CIIOM. B COOTBETCTBHE € SMIUPUYECKUM ITPABUIIOM,
Ha TIOBEPXHOCTH arperarta ajcopOUpPYIOTCS T€ HOHBI, KOTOPbIE BXOJAAT B COCTaB

arperata. Monsl Fe*'

ABJISAIOTCS NMOTeHuuanoopasywmumu nonamu (IION).
Arperatr Bmecte ¢ [IOU sBnsiercst yactuueid TBepAod ¢a3pl M €ro Ha3bIBAIOT
anpom. [lox nedicTBUEM AIEKTPOCTATUYECKUX CHII K SAPY MPUTATHBAIOTCS HMOHBI
MPOTUBOIOJIOKHOTO 3HaKa, KOMIIEHCHUPYIOUIUE 3aps]l Aapa. DTy POJb BBHIIOJHSIOT
nonbl Cl~. Yacts nporuBononoB 3(N-x)Cl~ Hanbosee 61M3K0 pacmoioskeHa K sjpy.
OHU yaep>KUBaIOTCSA HE TOJIBKO 3JIEKTPOCTATUYECKUMU CUJIAMH, HO U cuiiamu BaH-
nep-Baanbca u o0pa3zyloT aJAcOpOUMOHHBINA CJI0H NMPOTUBOMOHOB. Bech »TOT
KOMILUIEKC TMEpPEBUTracTcsi B PACTBOPE KaK €IMHOE LIEJI0E W €ro Ha3bIBAIOT
KOJUIOMJHOM YacTUIle WM TpaHynod. Tak Kak TMOJOKUTEIBHBIX 3apsioB B
a7ICOPOLIMOHHBIX CJIOSIX OOJbIE, YeM OTPHUIATEIbHBIX KOJUIOMAHAS YacTHIA
3apspkeHa  mosioxkuTenbHo.  OcraBimecss  npoTtuBouoHsl  3XCl™  oOpasyror
au(Py3Hbli ca0i U cBs3aHbI ¢ sAapoM ciadee. ['panyna Bmecte ¢ nuddy3HbIM

cioeM o0paszyeT MUIEJLTY.

dopMyna MULIEUIBI UMEET CIICAYIOIIUNA BUL:

{m[Fe(OH)3] nFe®* 3(n-x)CI-}** 3xClI-

arperat [IOW aacopOuuoHHBIN CI0M

N Wy
N
AJIPO
— g D7 S——
KoJutouaHas yactuia Aud@y3HbIi cioit
— _

M U 10 & 1 1 a
HavmeHnbliel CTpyKTYpHOU €IVHHULEH KOJUIOWIHOIO pPacTBOpA — 30111 —
ABIIAETCS MULEIIa. Munemna sBIsSEeTCA AJIEKTpOHEUTpanbHOW. Ho koiutonaHbie
YaCTHLIBI 3apsDKEHbl OJHOMMEHHO, 4YTO MPEMATCTBYET HMX ciaunaHuio. Kaxnas

3apsKCHHasA 4dJacThula COJIbBATUPYCETCA, T.C. OKPYKaACTCA 007109YKOM U3 MOJICKYJI
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pactBopuTens. Takum oOpa3oM, OJJHOMMEHHBIN 3apsij 4acTUIl B 30J€ U HaJu4ue
COJIbBATHBIX (B BOJIE€ — THUAPATHBIX) O00OJIOUYEK MEMIAIOT YKPYIHEHHUIO YacTHIl, a
3HAYUT, MOBBIIAIOT arperaTUBHYI0 YCTOMYMBOCTBH 30JIEH, OKa3blBas 3allUTHOE
JICUCTBHE.

Ha rpanune mexay nuddy3HbIM U a1cOpOLUOHHBIM CIIOSIMU IPU JBUKEHUN
YacTULl B  DJEKTPUUYECKOM I0oJIe  OOHApy)KMBAeTCd TaK  Ha3blBaeMbIH
JIeKTPOKUHETHYEeCKHii, Wi a3eTa-moteHuuan (5). Bennmuuna n3era-
NOTEHIMAJIA XapAKTEPU3YET arperaTuBHYI0 YCTOMYMBOCTh 30JIEH: YEM BBILIE 3TOT
ITOTEHIUAJI, TEM CHJIBHEE CHIIBI B3AUMHOTO OTTAJIKUBAHUS YACTHLI.

[Io yCTOMYMBOCTM KOJUIOMAHBIE CHUCTEMBI MOIYT CHJIBHO Pa3IU4aThCs.
HekoTopsie U3 HUX COXpaHSIOTCS 0€3 U3MEHEHUN JIIUTEbHbIE IEPUO/Ibl BPEMEHH,
JIPYTUE OKa3bIBAIOTCSI CPABHUTEIbHO HECTOMKUMU, TPETbU MOTYT OBITh TOJyYEHbI
c TpynoM. CyimiecTByeT JBa BHJAa IPOLECCOB, NPUBOAIIMX K pa3pyLICHUIO
KOJUJIOUJIHBIX CUCTEM.

B mpoueccax nepBoro pojia 4aCTHUIIbI JUCTIEPCHON (Pa3bl MOTYT BBIAEIATHCA
IIyTEM OCEJaHUs WU BCIUIBIBAaHUS. JTO MPOLECCHI CEAUMEHTALINN.

B nmponeccax BTOporo poja NpoMCXOIUT YKPYITHEHHE YaCTHUIl B PE3YJIbTATE
UX CIIMSHHUS U CIUIIAHUA. DTO IPOLECCHI KOAryJIsIuu.

[ToaToMy cCymiecTByeT TIOHSTHE O KHHETHYECKOM W arperaTuBHOMU
YCTOMYMBOCTH KOJUIOMJHBIX CUCTEM, T.€. YCTOWYMBOCTH B OTHOILIEHHWH IPOLIECCOB
CEUMEHTALINU U KOAryJIALHH.

Kunernueckasi ycToH4MBOCTb 00YCIIOBJIEHA F€TEPOr€HHOCThIO U BBICOKOM
JVCTIEPCHOCTBIO KOJUIOWJHBIX CUCTEM. TeruioBO€ ABMKEHHUE YaCTHI] JUCIIEPCHOU
¢da3pl (OpOYHOBCKOE IBHKEHHME) COXpPAHSET WX BO B3BELICHHOM COCTOSIHUM U
MPEMATCTBYET CEAUMEHTALINH.

ArperaTuBHasi yCTOMYMBOCTH OOBSCHSETCS HAJIMYUMEM Y KOJUIOMIHBIX
YacTHUll OJHOMMEHHBIX 3apsA0B M COJbBAaTHBIX OOO0JIOYEK, YTO MEMHIAET WM
COCIMHUTBCS B 0oJiee KPYMHbIE arperatrbl. YMEHbIICHHWE BEJIMYMHBI 3apsna

CIIOCOOCTBYET YKPYITHEHHUIO YACTHUIL ¥ BBI3BIBAET UX KOATYJISAIIHIO.
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Koarynsuuio KOJUIOMIOB MOTYT BBI3BaTh JJIEKTPOJIUTHI, HW3MEHEHUE
TeMIEpaTypbl, MEXaHUYECKHE  BO3JCUCTBUS, W3MEHEHUE  KOHIEHTpalUU
nucnepcHor (aszel, crapeHue cucteM. OCOOEHHO BaKHYIO pOJb B KOAryJsIUU
UrparoT SJEKTpoauThl. [Ipu 100aBIeHUN 3IEKTPOIUTOB MPOUCXOIUT HU3MEHEHUE
CTPOCHHUSI JIBOMHOTO BJIEKTPUYECKOTO CJIOA YacTull. YacTp NOPOTHUBOHOHOB
muddy3HOro cnosi MepexoIUT B aAACOPOIIMOHHBIA CIIOH, T.e. HWAET CXKaTue
muddy3HOro cmosi. DTOT TPOIECC COMPOBOXKIACTCA TaKXKEe JecobBaTaluen
YacTHIl, @ 3HAYUT, YMEHBIICHUEM TOJIIUHBI COJbBATHOM 00010uku. Uem BbIle
KOHIICHTpAIUs 100aBIsI€MOTr0 JIEKTPOIUTA, TEM CUJIbHEE CokuMaeTcst qudhy3HbIN
CJIOM, TEM MEHBIIIE CTAHOBUTCS 3HAUYCHHUE 5 -TIOTEHIMAaNa, U CIEAOBaTEIbHO, TEM
ObICTpee HAUMHAETCS MPOIECC KOATYJISIUH.

UtoObl HavaJICsi MPOLECC KOaryysiiiud, HYKHO HaJu4ue HEKOTOpOn
MHUHHUMAJIbHON KOHUEHTPALUK 3JIEKTPOIUTAa B 30Jie. HanmeHblasgs KOHIIEHTpauus
AIEKTPOJINTA, BBI3bIBAIONIAS KOAryJSIUIO 1 M [JaHHOTO 30J5, Ha3bIBACTCS
MOPOroM KOATYJISIMHU U BBIPAXKAECTCS B MMOJIb/JI.

HelictBue snexktponuToB nomuuHsiercs mnpasuiay Hlyasne-I'apau. Ono
TOBOPUT O TOM, YTO KOAryJHPYIOIIee NEHUCTBUE OKa3bIBAET TOT UOH J100aBIIEMOTO
ANEKTPOJINTA, 3apsA]l KOTOPOro MO 3HAKY MPOTUBOIOJIOKEH 3apsly KOJIIOWIHBIX
gactur. Yem BbIIe 3apsi] KOATyJIHPYIOUIEr0O HWOHA, TEM OOJbIlie €ro
KOaryJiMpyriiasi CnocoOHOCTh M TE€M HHUXKE TOpor Koaryisiuu. Tak, s
MOJIOKUTENIBHO 3apsHKEHHBIX 30JIEM KOAryJIupyrOIMMHA HOHAMU SIBJISIIOTCS] aHUOHBI,
a JJIsl OTPULIATENIBHO 3apsKEHHBIX — KATUOHBI.

3ammTa KOJUIOMJOB OT KOAaryjsainuu (TOBBIIIEHUE YCTOWYMBOCTU K
JIEUCTBUIO DJICKTPOJIUTOB U JPYTUX KOATYJIHUPYIOMIUX (PAKTOPOB) OCYIIECTBISETCS
Mpu BBeJEHUU cTabmin3atopoB. CtabuimM3aropaMyd MOTYT OBITh TMOBEPXHOCTHO-
aKTHUBHBIE BEIECTBAa (HAIpUMEp, MbUIA, BBICOKOMOJICKYJSAPHBIE CIHPTHI,
CyTb()OKHUCIOTHI M UX COJIU U T.J.) U BEICOKOMOJIEKYIsipHbIe coeauHenus (BMC) —
Takue, Kak Oeiaku (OKelaTuH, Ka3ewH, ajdbOyMUH) M YIJEeBOIbl (Kpaxmal,

IICKTHUHOBBLIC BCIICCTBA H I[p) B ocHoBe 3alllUTHOI'O I[GﬁCTBHH TaKH1X
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CTaOMIIM3aTOPOB JIEKUT aACOPOLIMS X HAa TOBEPXHOCTH YACTULl TUCTIEPCHOM (ha3bl
Y JIOTIOJIHATEJIbHAS COJIbBATALIAS UX MOJIEKYJIAMHA PACTBOPUTEIIS.

KoHTpoJibHBbIE BONPOCHI:

1. JlaiiTe ompenesieHHe KOJUIOUJHBIM pacTBOpaMm. Yem OHU OTIMYAIOTCS OT
VMCTUHHBIX PACTBOPOB U B3BECEH?

2. OxapakTepu3yiTe CTpOCHUE KOJUIOMIHBIX YaCTUIl U OOBACHUTE, KAK OHO
BJIMSIET HA CBOMCTBA KOJUIOUJHBIX PACTBOPOB.

3. [Touemy He caunaroTCsa KOJJIOUIHbBIE YaCTULIBI?

4. Yto HazbIBaeTCs Koaryssiuen? UeM MoxeT ObITh BbI3BaHA KOATYJISIIUA?

5. HazoBure npornecc, o0patHbiii koarynsuun. OxapakTepu3zyhuTe MpoIecc
MENTU3ALHAHN.

6. Kak MOXHO TOJTyYUTh KOJJIOUIHBIA pacTBOpP?

7. Kakumu cBoMicTBaMH 00J1a/1al0T KOJIJIOUTHBIE PaCTBOPHI?

8. Kakx MOXHO TMOBBICUTH YCTOWYMBOCTH KOJUIOMJOB K JIEUCTBHUIO

AIIEKTPOJIMTOB U APYTUX IPUYNH, BBI3BIBAIOIINX KOATYJISILUIO?

JIABOPATOPHASA PABOTA Ne 5

Kosutonanubie pacTBopsbl

OO6opynoBanue: MTATUBBI C TPOOUPKaMU, MepHBIN 1uauHAp Ha 100 mut, 1B

MJIOCKOA0HHBIE KO0BI Ha 100 M1, XuMudeckuii ctakad Ha 150 M, anexkTpuyeckas
TUIMTKA, QUIBTPOBANIbHAS Oymara, CTEKJISTHHbBIE TTAIOYKH, KA PHIL.

PeakTuBBI: NUCTHILIIMPOBAHHAS BOJAQ, HACBHIIMICHHBIM pPacTBOpP CEphl B
striioBoM crupte, 3%-ubiii pactBop FeCls, 0,005 u pacrtBop FeCls, 0,005 u
pactBop Ka[Fe(CN)s].

Omnpit 1. ITosryyenue 30415 cepbl

Cepa pactBOpsieTCss B 3TUJIOBOM CIHPTE, 00pa3ys UCTUHHBIN pacTBOp. B
BOJIC CE€pa NPAKTHMYECKH HEPacTBOpPHMMA, IMOATOMY IMpH J00aBICHUH BOABI K
CIIMPTOBOMY PAacTBOPY MOJIEKYJBI Cepbl OOBENUHAIOTCS B 0Oojiee KpYIHBIE

arperarnbl.
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B kon0y Haneiite ~ 80 M IUCTHITMPOBAHHOM BOJBI M TMPUIICHTE MPH
IEPEMEIINBAHNN 10 KarusiM ~ 20 MJI HaChIIIEHHOTO PacTBOpPa CEPBI B ATUIIOBOM
cnupre. OOpasyercs MoJouHO-Oenblil onanecuupyroumuil 301b. Kakoil croco6
MOJIYYEHUS] KOJUTOMAHBIX CUCTEM MCHOJIb3YyeTcs sl HojydeHus 30iia? Hanummre

CTPOCHUC MHUILCILJIBI 30JI51 CCPLI.

Onpit 2. [Toayuyenue 305 ruapoxcuna xeieza(lll)

[Tonyuenue 3o0ms rugpokcuna xkenesa(lll) ocymecTBiasercs mo peakuuu
TUIPOJIN3A;

FeCl; + 3H,0 — Fe(OH); + 3HCI

[ToBepxHOCTHBIE MOJIeKyJbl arperata Fe(OH)s; BCcTymaroT B XMMHYECKYIO

peaxkuuto ¢ HCI:
Fe(OH); + HCl — FeOCI + 2H,0
Monekyasl FeOCI, moaBeprascey aucconuaiuu, 00pa3yroT HOHBI:
FeOCl — FeO" + CI

PykoBoacTBysice mpaBmiiom JIumaroBa, B COOTBETCTBHE C KOTOPBIM U3
pPacTBOPOB Ha MOBEPXHOCTH KOJUIOWIHBIX YACTUIl aJICOPOUPYIOTCSI UOHBI, OJIM3KHE
10 CBOEH MPHUpPOAE K COCTaBy arperara, CTPOCHHWE MHIICIIBI 30JI1 THIPOKCHIA
&KeJe3a MOKHO U300pa3uTh CIEIyIOIIUM 00pa3oM:

{m[Fe(OH)3] nFeO" (n-x)CI }** xCI~

Harpeiite no xunenust 100 M 1MCTUIIMPOBAHHOM BOJIBI. B ropsadyro Boay
10 KaruisaM TpH nepeMennBanuu go6aBbTe 5-10 M 3%-noro pactBopa FeCls.
OO6pasyercs KOJIOMAHBIM pacTtBop Tuapokcuaa keneza(lll) wHTEeHCHBHOTO
KpPacHO-KOPUYHEBOTO IIBETA.

Kakoit cmoco0 monydeHus KOJUIOMIHBIX CHCTEM UCIOJIB3YeTCsS IS
MTOJTYYEHHUS 3071517

Onbit 3. Iloaydenune 30siel OepJaAMHCKON Ja3ypu ¢ Ppa3jiHYHBIMH
3apsiiaMmu

[IpuroroBbTe B ABYX MNPOOMpPKAX KOJJIOMIHBIE PACTBOPHI OCPIMHCKOU
na3ypu u3 0,005 H pactBopa FeCl; n 0,005 1 pactBopa Ks[Fe(CN)g] B crieayromux

COOTHOIICHUAX:
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a) 3 mut pactBopa FeCls u 1 mut pactBopa Ka[Fe(CN)g];

0) 3 mu1 pactBopa Ka[Fe(CN)g] u 1 mut pactBopa FeCls.

Hanwummre hopmMyny MUIesis 1jsi 000MX 30JIei U OTpeIenTe 3HaK 3apsiia
KaXJ0M KOJUIOUHOW YaCTULBI.

Omnpexnenute 3HaK 3apsaa KOJUIOMIHBIX YacTHUI] HA (PUIBTPOBANLHON Oymare
METOAOM KaNuUIIpHOTO aHayin3a. OH OCHOBaH Ha TOM, YTO LIEJUTIOJO3HbBIE CTEHKU
KaluIApoB  (QUIBTPOBAJIbHOM  Oymarm  3apspKaloTcs — OTPULIATENbHO,  a
NpONHTHIBarOIas OyMmary BoJa — MOJOXKUTENbHO. Ha JTUCTOK (QHIBTpOBANBHOM
Oymaru HaHecHTe KaIulo ucciemyemoro 3o0is. [locie BOUTHIBaHUS Kallid 30716 C
MOJIOKUTEIBHO 3apsSHKCHHBIMH YacTULIAaMU afcopOupyercs Ha Oymare W JaeT
OKpallIeHHOE B LIEHTPE U OECLBETHOE MO KpasM MATHO. 30Jb C OTPHULATEIHHO
3apsKEHHBIMU YAaCTHULIAMHM HE ajicopOupyercs Oymaroi u oOpa3yeT paBHOMEPHO

OKpPAaIICHHOC IIATHO.

PA3JIEJ VIII
OKHUCJUTEJIbHO-BOCCTAHOBUTEJIbBHBIE PEAKIIAUN

OKuciaumenbHo-60CCMAHOBUMETbHHIMU Ha3bIBAIOTCS peakiuu,
MPOTEKAIOIIUE C UBMEHEHHUEM CTETICHU OKUCIICHUS DJIEMEHTOB.

Cmenensv (cocmosanue) OKucCieHMsi — 3TO TUIOTETUYECKUN 3apsii aroMma,
BBIYHCIICHHBI B TPENANOJIOKEHWH, YTO BCE CBA3M B COCIUHEHUU SIBIISIOTCS
MOHHBIMH.

Hanpuwmep, B coenunennn HCl creniens okucienus Bogopoaa pasHa (+1), a
xyiopa — (-1), B P,Os crenens okucienus Gocdopa paBHa (+5), a kucimopoaa — (-2).
CyleCTBYIOT 3JIEMEHTBI C HOCMOSHHOU U NEPEMEHHOU CMENeHbl0 OKUCIEHUSL.

Y ¢ropa, Hanmpumep, CTENEHb OKHUCJICHUS B COCIUHEHUAX BCEraa
noctossHHast U paBHa (-1). Ho OONBIIMHCTBO 3JIEMEHTOB MPOSIBISIOT B Pa3HBIX
COEIMHEHUAX PA3HYIO CTEIIEHb OKUCIICHUSI.

A30T MOXET UMeTh cTeneHu okucienus (-3), 0, (+1), (+2), (+3), (+4), (+5) B
coemunenusnx: NHs, N2°, N0, N*20, HN*O,, N*0,, HN"O;. Berauciurs

CTENEHb OKHUCJIEHUS JII000ro 3JIEMEHTa B MOJICKYJIC MOXKHO, 3Has IMOCTOSHHBIC
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CTETICHU OKHCIICHUS DJIEMEHTOB M YUYWTHIBAs, YTO CyMMa BCEX CTEICHEH
OKHCJIEHHS 3JIEMEHTOB B COEIMHEHUH PaBHA HYJIIO.

[TocTosIHHBIC CTCTNICHW OKHCJICHHUS HMMECIOT: IIeJIoYHble MeTauisl — (+1),
AJIEMEHTHI TJIaBHOW MOATPYIIIBI BTOPOM rpymnmsl — (+2), amomunuii — (+3), ¢rop —
(-1). MOXXHO CUUTaTh, YTO MOCTOSHHBIC CTCIICHU OKUCJICHHUS TMPOSBISIOT TAKXKE
BOZIOPOJ U KUCIOpoJ. Bogopoa B OONBIIMHCTBE COCTUHEHUN MPOSIBISIET CTENICHb
okucnenus (+1), kpome ruapuaos Metamios (Hanpumep, Na™*H™), B kotopeix ero
cTeneHb oOkucieHuss paBHa (-1). Kucnopon B OOJBIIMHCTBE COEAMHEHHIM
MPOSIBIISIET CTETIEHb OKHUCIIEHUS (-2). VICKIIIOUeHHs COCTaBIISIET MEPOKCU] BOAOPOIA
U TEPOKCUBI METAILIOB (Hgngl, Na202*1), B KOTOPBIX CTE€NEHb OKHUCICHUS
kucnopona cocrasusger (-1), a raxke ¢ropun kucinopoma O?F, (cremeHsb
okuciieHus kuciaopoaa — (+2)) u 0301 Oz, B KOTOPOM OJIMH U3 aTOMOB KUCJIOpPOJa
MPOSIBIISIET CTeneHb okucieHus (+4). CTeneHb OKUCIEHUSI SJIEMEHTOB B MPOCTHIX
BEII[ECTBAX paBHA HYJIIO.

Paccuntaem ctenenr okmcieHus xpoma B guxpomate kamms KiCrOy.
O003HaYMB HEU3BECTHYIO CTEMECHb OKWCICHHUS XpOMa 4Yepe3 X, U 3Has CTENEHU
okucnenus kanus (+1) u kucnopona (-2), pemmm ypasuenue: 2(+1)+2x+7(-2) = 0.
OTtcrozia cTeneHb OKMCIICHUsI XpoMma paBHa (+6).

JItobGasi OKHCIUTENHbHO-BOCCTAHOBHUTENIbHAS PEAKIMs TPEJICTABIsAET COOOi
COBOKYITHOCTh JIBYX B3aMMOCBSI3aHHBIX ITPOTHBOIIOJIOKHBIX TPOIECCOB —
OKHUCJICHHS] U1 BOCCTAHOBJICHUS.

OxkucieHne — 3TO MPOIECC OTAAYM DJIEKTPOHOB aTOMOM, MOJIEKYJION WM
noHOM. [Ipy OKHCIIEHNH CTETIEHb OKUCIICHHUS JIEMEHTA TIOBBIIIIACTCS:

Cu® -2 — Cu*?
Fet2—1e — Fe'3
N*2 - 28 — N*

BemiectBa, KOTOpbIE OKUCISIOTCS, SBISIOTCS BOCCTAHOBUTEIISIMH.

BoccraHoBieHne — 3TO MpolLEcC MPUCOCIUHEHHUS 3JIEKTPOHOB aTOMOM,
MOJICKYJIOM WM WOHOM. [Ipy BOCCTaHOBIEHWW CTENEHb OKHUCICHHS SJIEMEHTa

ITOHMXXKACTCA:
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N* + 88 — N3
Mn** + 28 — Mn*?
CI* + 68 — CI?
BCHICCTBa, KOTOpBIe BOCCTAaHAaBJIMBAIOTCA, ABJIAKOTCA OKUCIUTCIISAIMU.
Hpoueccm OKHCJICHUA W BOCCTAHOBJICHHA HCOTACIIMMBI APYI' OT Apyra H
COCTaBJIAIOT ABC CTOPOHBI OAHOI'O IIPpOLCCCa.
4P° + 50,° — 2P,"°05 2

P°— 58 —» P*™ MPOLIECC OKUCIICHUS
BOCCTAaHOBUTCIIb OKHCJICHHAas (I)OpMa

0°+ 28 — O? mnporuecc BOCCTAHOBIECHHS
OKHCITUTE]b  BOCCTaHOBJICHHAs (popma

O CITOCOOHOCTH BCIICCTB IIPOABJIATH OKHUCJIUTCIIBHBIC HniIm
BOCCTAaHOBUTEILHBIC CBOMCTBA MOKHO CYAUTDH IO CTCIICHU OKUCIICHUA 3JICMCHTOB.

OKHUCIUTEISIMU MOTVT OBITh:

HeﬁTpaHBHBIe ATOMBI JIIOOBIX 3JIEMEHTOB:
C, S, P, Cu, Fe, Mn u napyrue.
ATOMBI D2JIEMEHTOB B BBICHINX H IMPOMCIKYTOYHBIX IIOJOKUTCIIbHBIX
CTCIICHAX OKHUCJIICHHUA.
Ksz2+607, KMn+7O4, H28+6O4, CU+ZC|2 H JIpyTrue,
S+402, KC|+503, HN+302, KzMn+6O4 H IpyTHe.

BoccranoBuTessiMu MOTYT OBITh:

HeiitpanbHple aTOMBI BCeX 3JIEMEHTOB, Kpome (Topa (0COOEHHO aTOMBI C
HU3KOW SHEPruei MOHU3AIUU — METaJUIbI):
C, S, Ca, Cu, Fe, Na u npyrue.
ATOMBI HEMETAIJIOB B OTPHUIIATEIILHBIX CTEIICHIX OKHCIICHUS:
H,S2, N=Hs, HCI! u npyrue.
ATOMBI  DJIEMEHTOB B TIPOMEKYTOYHBIX TIOJOKUTEIBHBIX CTCICHIX

OKUCJIICHU.

S$*0,, KCI**03, HN*0,, K,Mn*®0, u gpyrue
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PaCCMOTpI/IM pPa3INdHBIC COCAMHCHHUA CCPbI, B KOTOPBLIX OHA IIPOABIIACT
pasHbIC  CTCIICHU  OKHUCJIICHUS, MW  OIPCACIMM  BO3MOXKXHOCTHU  IIPOABJICHUA

OKHCJIUTEILHBIX U BOCCTAHOBUTEIILHBIX CBOMCTB.

HzS_2 SO S+402 H25+6O4
NG v
——
OKHUCJIATENbHBIE CBOMCTBA
_/

—

~
BOCCTAaHOBHUTEILHBIC CBOMCTBA

Cepa MOXET MPOSBIATH OKUCIUTEIbHBIC CBOMCTBAa B HYJIEBOMW, BBICHICH
MOJIOKUTENIBHOW M MPOMEKYTOUHOM MOJIOKUTEIBbHOM cTeneHu okucieHus. Cepa
MOKET OBITh BOCCTAHOBUTEJIEM B HYJIEBOM, OTPULIATEILHON M MPOMEKYTOUHOMN
IIOJIOJKATEJIBHOU CTETIICHU OKUCIICHHUS.

Takum oOpa3oMm, aToM »HJIEMEHTAa B BBICIICH MOJOXKUTEIBHON CTENEHU

OKHCJICHHA MOXCET IPOABJIATH TOJBKO OKHCIWTCIIBHBIC cpoiictBa. OH YKC HC

MOJKCT OTHaBaTb JJICKTPOHBI, 4 MOXKCT JIMIIIb HUX IIPHUHHUMATL, IIOHHXKAA CTCIICHDb
OKHCJICHUA.
ATOM »pJeMeHTa B HU3IICH OTpI/ILIaTeHBHOﬁ CTCIICHU OKHCJICHHUSA MOXKCT

MMPOABJIATH TOJIBKO BOCCTAHOBHUTCJIILHBIC CBOﬁCTBa, TaK KaK HC MOXKCT IIPUHHUMATb

eKTpoH. OH crnocoOeH TOJNBKO OTHAaBaTh AJEKTPOHBI W TMOBBINIATH CTEMEHb
OKHCJIEHUS.

Ecnu a3eMeHT HaXOUTCs B MPOMEKYTOYHON CTENEHN OKUCIIEHUS, TO OH CIOCOOEH
U NPUHUMAThb W OTJABAaTh OJJIEKTPOHBI, T.€. MPOSBIATh U OKHUCIHUTEIbHBIE W

BOCCTAaHOBUTEJIBLHBIC CBOMCTBA B 3aBUCUMOCTHU OT YCJ'IOBI/II\(JI PCAKIIHH.

K>Cr,*%07, KMn*'0,, H,S*%0, TOJILKO OKHCIIUTEIbHBIE CBOWCTBA
H,S2 N-2H;, C*H, TOJHKO BOCCTAHOBUTEIILHBIC CBOMCTBA
S*0,, KCI™03, HN*0, JIBONCTBEHHBIC OKHCJIUTEIBHO-

BOCCTAHOBUTEIBHBIE CBOUCTBA

Knaccudukauusi OKMCIUTEIbHO-BOCCTAHOBUTEIbHBIX PeaKIui
MO>KHO BBIACIUTH TPU TUINA OKUCIUTEIbHO-BOCCTAHOBUTEIILHBIX PEAKIINI:
1. Peakuum  MeEXKMOJIEKYJSIPHOTO  OKHUCJICHHUA-BOCCTAHOBJICHUSI.
OxucnauTenb U BOCCTAHOBUTENb HAXOIATCS B MOJIEKYJIaX Pa3IMYHbIX BEIIECTB.
Fe® + Cu*?SO, — Fe*™?S0, + Cu°
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Fe°— 28 — Fe*? okwucieHue, BOCCTAHOBHUTEb
Cu*™?+ 28 — Cu® BoccTaHOBJIEHHE, OKUCIUTEID
2. Peakuum BHYTPHMOJIEKYJISIPHOIO OKHMCJEHHS-BOCCTAHOBJICHHSI.
OKHCIUTENb U BOCCTAHOBHUTENb BXOIST B COCTAaB OJHON M TOM K€ YacTHULBL. ITO
MOTYT OBITh aTOMBI PA3HBIX JJIEMEHTOB MJIM aTOMBI OJHOTO 3JEMEHTA B Pa3HBIX
CTENEHAX OKUCIICHHUS.
2KCI*0572 — 2KCI* + 30,°
CI*®+ 68 — CI* BoccTaHoBIEHHE, OKUCIUTEND
0?%-28 - 0°  OKHCIEHHE, BOCCTAHOBUTEND
N73H4N+503 — N2+1O + 2H,0
N2 —-48 - N*'  okucnenue, BOCCTAaHOBHUTEIb
N*>+4& — N*'  BoccraHoBIIeHHE, OKUCIUTEND
3. Peakumm CaMOOKHCJICHHSI-CAMOBOCCTAHOBJICHMS WJIH PEAKIHH
JIHCIPONOPUHOHMPOBaHHs. OKHMCINTENEM U BOCCTAHOBUTENEM SBIISFOTCS aTOMBI
OJHOTO U TOro >ke n»iaeMeHTa. CTemeHb OKHCIEHHS OJHONH 4YacTH aTOMOB
TIOHMKAETCA 3a CYET IIOBBINICHHs CTEIIEHM OKHUCJIEHHMsS JPYrodl 4YacTH aTOMOB.
JIMCIpONIOPIMOHAPOBATE MOTYT aTOMBI JJIEMEHTOB B IIPOMEKYTOYHOM CTENEHU
OKHUCIICHUS.
3HN*™0, —» HN*03 + 2N*?0 + H,0
N*3+ 18 — N*2  BoccTaHOBIIEHHE, OKUCIUTEN

N*3-28 — N*  okwucieHue, BOCCTAHOBHUTEb

IIpaBuia cocraBienus ypapueuuni OBP
CymectByer pABa cmocoba COCTaBJIGHHs] YpaBHEHHH U PacCTaHOBKHU
KO2(PUIIMEHTOB B ypaBHEHUSIX OKUCITUTEIHHO-BOCCTAHOBUTEIILHBIX PEAKIIHIA.
1. MeToa 3/1eKTPOHHOTO OaJjiaHca
Cr,03 + KNO3 + K,CO3 — Ky,CrO4 + KNO, + COs»
OnpenensitoT CTENEHU OKUCIIEHUS SJIEMEHTOB B COEUHEHUSIX U HaXOJIAT, Y
KaKUX aTOMOB CTEIIEHU OKUCJICHUS U3MEHUINUCH.

CI’2+3O372 + K+1N+50372 + K2+1C+40372 — K2+1CT+60472 + K+1N+30272 + C+40272
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CreneHn OKMCICHHS M3MEHUIIMCh Y aTOMOB XpOMa U a30Ta.

OnpenensioT OKHCIUTEIb ¥ BOCCTAHOBUTEIb. HaxoaaT YMCIIO MPUHATHIX U
OTIAaHHBIX JJIEKTPOHOB M COCTABJISIIOT 3JIEKTPOHHBIE CXEMBI IIPOIIECCOB OKUCIIEHUS
Y BOCCTaHOBJIEHUS.

2Cr3 — 68 — 2Cr*®  okucnenue
N*® + 28 — N*3 BOCCTAHOBIIEHUE

KonndyecTBO OTAaHHBIX M MPUHATBHIX JOJDKHO OBITH OAHMHAKOBO. IToaTomy

HAXOIAT HaMMEHBIIEee O0IIee KPAaTHOE I KOJIMYECTBA OTHAHHBIX M IPHHITHIX

SJICKTPOHOB U OIIPCACIIAIOT JOIIOJIHUTCIbHBIC MHOXKHUTCIIMN.

2Cr3 — 68 — 2Cr*® 1

N* + 28 — N*3 3
PaccTaBnsioT noiaydeHHble KOADPUIUEHTHI EPE] MOJIEKYIaMU OKUCITUTENS
¥ BOCCTaHOBHTEIIS, & TAKKE OKUCJICHHOW U BOCCTAaHOBJICHHON ()OpM B ypaBHEHUH

PCaKIUU.

Cry,03 + 3KNO3 + K,CO3 — 2K»CrO4 + 3BKNO, + CO»

BOCCTAHOBHUTCJIb OKHUCIIUTCIIb OKHCJICHHas BOCCTAaHOBJICHHAas1

[TopOuparor kKodpPUITMEHTHI ISl IPYTUX 4YacTull peakiuu. [IpaBuibHOCTD
paccTaHOBKA KOI(PQPHUIIMEHTOB OMPEACIAIOT, ITOCYMTAB KOJUYECTBO aTOMOB

KHMCJIOPO/Ia B ITPABOM U JIEBOM YaCTU YPABHCHMUS.

Cr,03 + 3KNO3 + 2K,C0O3 — 2K,CrO4 + 3KNO, + 2C0O,

2. MeTo/ 3JIEKTPOHHO-HOHHBIX YPABHeHMII (METO/I MOJIypeaKkumii)

B peakuusax, IpoTeKarOIMX B pPacTBOpax, Yy4YacTBYIOT HE AaTOMbI C
(bopMalIbHBIMU CTEMEHSMH OKHCIICHHUS, a PEaTbHO CYIIECTBYIOIIME MOJIEKYJIbl U
3apsKEHHBIE NOHBI.

[IpoTekaHue OKHMCIMTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIUN 3aBUCUT OT
Cpelbl pacTBOpA, U B Cilydae pa3HOro yposHs pH MoryT oOpa3oBaThCsi pa3inyHbIe
IIPOIYKTBI.

OxuciaeHHass W BOCCTaHOBJEHHas (OpMBI YacTO OTJIMYAKOTCA IO

collepkaHuio kuciopoja. [loaToMy B ypaBHEHHUSX MONypeaklMid OKUCICHUS U
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BOCCTAHOBJICHHsI NMPUHUMAIOT Y4YacTHE KaTHOHBI BOAOPOJA, THAPOKCUI-HOHBI U
MOJICKYJIbI BOJIBI.

[lpu BoccTaHOBIeHHMH HCXOAHas (opMa TepseT CBOM aTOMBI KUCIOPOAA,
KOTOpPbIE B KUCIJION cpejie CBS3BIBAIOTCS C KaTHOHAMH BOJOpOJa C 00pa3oBaHHEM
MOJIEKYJT BOJBI, a B HIETIOYHOW cpele — C MOJEKyJaMH BOJbI C 00pa3oBaHHEM
TUIPOKCUI-UOHOB.

[Ipy oxucieHMM HEOOCTAaTOK B MCXOJHOW (opMe aTOMOB KHCIIOpOJa
KOMIICHCUpPYETCS B KUCJION cpeae A00aBIeHHEM MOJIEKYN BOJBI ¢ 00pa3oBaHHEM
KaTHOHOB BOJIOPOJia, a B IIEJIOYHOHM cpene — 100aBiICHUEM THAPOKCH]I-MOHOB C
00pa30BaHUEM MOJIEKYJI BOJBI.

VYyactue KaTHOHOB BOAOPOJA, THIPOKCHJ-MOHOB M MOJIEKYJl BOJIbl B
MPOTEKAaHUU OKUCIUTEIHbHO-BOCCTAHOBUTEIBHBIX PEAKIIMA MOYKHO TPEIACTaBUTH B

BHUJIE TAOJIUIIBI.

Cpena CocraB BoccranoBnenue Oxkucnenue
pH<7 H*/ H20 +2H" = H.0 + H,0 =2H"
pH=7 H20 +H0 =20H" + H,0 =2H"
pH>7 OH /H20 + H20 =20H" 20H =H20

JIns paccTaHOBKH KO3(D(PHUIIMEHTOB 3aMMCBIBAIOT MOJICKYJISIPHOEC YpaBHEHUE

pEeaKIum.
K,Cr,07 + H,SO4 + H,S — CI’Q(SO4)3 + S + K,SO,4 + H,O

3amuChIBalOT  MOJHOC  HMOHHOE  ypaBHeHHE. DOpPMyNbl  CHJIBHBIX
QJICKTPOJIMUTOB 3allMCBIBAIOT B MOHHOM BHJC, (bOpMyJ]LI cl1a0bIX QJICKTPOJINTOB U
HCOJICKTPOJIUTOB — B BUAC MOJICKYIJI.

2K* + Cry07% + 2H* + SO4* + H,S — 2Cr** + 38044 + S + 2K* + SO4% + H,0

3amUCHIBAIOT COKPAIEHHOE HMOHHOE ypaBHeHHE. HOHBI, KOTOpble He
HN3MCHHJIMCH B PE3YJIbTATC PCAKIMU, HC 3aIIMCBIBAIOT. OHpeI[eJI}I}OT OKHUCIUTECIIb U
BOCCTAHOBUTCIIb.

Cr,07% + 2H* + H,S — 2Cr** + S + H,0
3anKChIBAOT AJICKTPOHHO-UOHHBIC YPABHEHHSI MOJYPEAKIIUNA OKUCICHUS U

BOCCTAHOBIJICHHUA U HOI[6I/IpaI-OT JOIIOJTHUTCIIBbHBIC MHOKHNTCIIN.
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Cr,0/% + 14H* + 68 — 2Cr** + 7TH,O 1| BoccTaHOBJIEHUE;, OKUCIUTED

H,S 28 — S+ 2H" 3| OoKkHCIEeHHE; BOCCTAHOBUTEND

CyMMHUPYIOT YpaBHEHHS MOJYPEaKIUi C YIETOM KO3(PPHUITUESHTOB.

Cr,07# + 14H* + 3H,S — 2Cr** + 7H,0 + 3S + 6H*
Cr,0-% + 8H* + 3H,S — 2Cr®* + 7H,0 + 3S

Ha ocHOBe HMOHHOTO ypaBHEHHS COCTAaBIISIOT MOJICKYJSIPHOEC YpaBHCHHE.
KatroHbl W aHWOHBI, OTCYTCTBYIOIIME B HMOHHOM YPaBHCHHH, TPYIIUPYIOT B
JOTIOJTHUTEIIBHBIC TTPOTYKTHI.

K,Cr,0O7 + 4H,S04 + 3H,S — CI‘z(SO4)3 + 3S + K,SO4 + 7H,0

[IpoBomAT TMPOBEPKY MPABWIBHOCTA PACCTAHOBKH KOY(PDHUIIMESHTOB TI0
YUCJTy aTOMOB KHCJIOPO/Ia B JICBOM M MPABOM YaCTH YpaBHEHHUS.

KoHTposibHbIE BONPOCHI:
. Kakue peakiiuu Ha3bIBalOTCSI OKMCIUTEIIBHO-BOCCTAHOBUTEIbHBIMU?
. UTo Takoe cTerneHb OKUCIICHHS?
. Kakue mporiecchl Ha3bIBalOTCSI OKUCIICHUEM W BOCCTAHOBJICHHUEM?
. Kakune BeriecTBa Ha3bIBAIOTCS OKUCIIMTEISIMUA M BOCCTAHOBUTEISIMU ?
. HazoBuTe Hanboaee BaKHbIE OKUCIUTEIN U BOCCTAHOBUTEIH.
. Kak u3MeHsieTcst cTerneHb OKMCISHUSI IIPH OKUCICHUN U BOCCTAHOBJICHUU ?

. Kak xnmaccuunmpyrorcs OKUCIUTEIbHO-BOCCTAHOBUTEILHBIE PEAKITUH?

o N oo o A W N B

. Kakosa poss cpenbl B mporekaranu OBP?

JIABOPATOPHASA PABOTA Ne 6

OKuCcauTEIbHO-BOCCTAHOBUTEIbHbIE Pe€aKIuu

Llens Da6OTBI: HCCJIEA0OBATH OKHCIIMTCIbHO-BOCCTAHOBUTCIIBHYIO

CHOCOOHOCTh  BEIIECTB; HW3YYUTh THIIBI OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peaKkLuil ¥ BIUSHUE CPEbl Ha MTyOUHY NMPOTEKaHUs TaKUX MPOLIECCOB.

OO6opynoBanue: MTATUB C MPOOUPKAMU, METAJUTMUECKHUI IITATUB C JIAMTKOM,

JYYUHKH, cTuukH, papdopoBas vaiika, G0bIHne TPOOHUPKH.
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Peaktusbl: 0,1 1 pactBop Kl, 2 1 pactBop H2SO4, 30%-Hb1i1 pactBop H20,,
KpaxmaibHblid kieiictep, 0,1 H pactBop KMnQOy4, (NH4)2Cr,0; kpucramimyeckuid,

opomuas Boga, 30%-us1ii pactBop NaOH, 0,1 # pactBop Na SO:s.

OnbIT 1. OKuCANTE/IBbHBbIE CBOHCTBA MEPOKCH/IA BOAOPOAA

B npob6upky naneiite 2 min 0,1 H pacTBopa moaumaa kamus u 1 mu 2 H
pacTBopa CEpHOM KHUCIOTHI. 3areM mpubaBbTe 1 M Mepokcuja BOJIOPOAA.
OTMeThTE M3MEHEHHME OKpacku pacTBopa. Kakoe BemiecTBO MpUIAET pacTBOPY
okpacky? Pa30aBbTe conepkuMoe NpoOUPKHU BOJOU 1O COJTOMEHHO-KENTOr0 1[BETa
u npwiedte 1-2 xamnum pactBopa Kpaxmana. Yro Habmonaere? OObsicHUTE
HaOJII01aeMbI€ SBJICHHUS.

Peakiust mpoTekaeT 1o ypaBHEHHIO:

H,O, + Kl + H,SO, — |, + K,SO,4 + H,O

MeTooM 3IeKTPOHHO-UOHHBIX YPAaBHEHHM paccTaBbTe KOI(PPUIMEHTHI B

ypaBHeHUU peakuuu. OmnpenenuTe OKUCIUTENb U BOCCTAHOBUTEIb, IMPOIIECCHI

OKHCJICHUA U BOCCTAHOBJICHUS.

OmnbIT 2. BoccTaHOBUTE/IbHBIE CBOIICTBA EPOKCH/IA BOAOPOAA

B npobupky naneite 2 mi 0,1 H pacTBOpa nepmaHranara kanus 1 1 mi 2 H
pacTBOpa cepHOW KHUCIOTHL. [IpubaBbTe MO KaruisiM MEPOKCHUIl BOAOPOJA 10
MOJIHOTO oOeclBeurMBaHus pacTtBopa. OOparnTe BHMMaHHE Ha BBIJICIICHHUE Ta3a.
WcnpiTaiiTe BBIACISIOMMICS ra3 Tietome JyduHko. O0bsiCHUTE HaOJI0/1aeMble
SBJICHUSL.

CocTaBbTe ypaBHEHUE PEAKIINH.

MeToa0oM AJIEKTPOHHO-MOHHBIX YpaBHEHHH paccTaBbTe KOA(D(PUIIMEHTHI B
ypaBHEHUM peakiuu. Omnpenenure OKUCIUTENb W BOCCTAHOBUTEIb, MPOLECCHI
OKHUCJIEHUSI M BoccTaHOBJieHHsA. CpaBHHMTE MOBEJECHUE NEPOKCHAA BOJOpOAA B

ombiTe 1 u 2.
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OnowiT 3. BHyTpI/IMOJIeKy.]IﬂpHLIe OKUCIUTECJIBbHO-BOCCTAHOBUTC/IBHBIC
peakuuu

B ¢apdopoByro dYamKy NOMECTHTE TOpPKOM 1-2 Tpamma auxpomara
aMmMoHMs. K BepimMHe TOpKM NPUKOCHHUTECH 3a)OKEHHOW JydnHKoOH. Yepes
HECKOJIEKO CEKYHJI HaOIro1aliTe OypHOE pa3iokKeHHUE COJIH.

PeaKHI/IH IMPOTCKACT I10 YPAaBHCHHIO:

(NH4)2CT207 — Cr,0O3 + N, + H,0O

PaccraBbTe KOO(QUIMEHTH METOJOM JJIEKTPOHHOTO OanaHca. ATOMEI

KaKOro DIEMEHTa NPOABIAIOT (YHKIMU OKUCIUTENS; BoccTanoButens? Kak

MCHSETCS UX CTCIICHb OKHUCIICHUA?

Onbitr 4. Peakuyu JUCHPONOPUMOHMPOBAHUA (CAMOOKHUCJICHUSI-
CaAaMOBOCCTAHOBJICHUA)

B npo6upky Hanerite 2 Ma OpoMHOM BOJIbI M 100aBbTe 10 KaruisiM 30 %-Hbli
pacTBOP MIEJIOUHU J0 00ECIIBEUNBAHUS.

Peaknusa npotekaeT no ypaBHEHUIO:

Br, + NaOH — NaBr + NaBrO + H,0

PaccraBbre KOA(PPULIMEHTHI B ypaBHEHUM pPEAKIUHU, MOJB3YACh METOJIOM
nonypeakiuii. Kak u3amMeHsiercs cTeneHb OKucaeHus OpoMa? YKaKUTE OKUCINUTEIb
U BOCCTAHOBUTEb. Kakue peakiuu Ha3bIBAIOTCS peAKIUSIMHU

JUCTIPONIOPLIMOHUPOBAHUSA?

Oneir 5. Poap cpeabl B NPOTEKAHMH  OKHUCJIMTEIBHO-
BOCCTAHOBUTEJIbHbIX PeaKIMl

B tpu npobupku nanerite no 2 mu 0,1 H pacTBopa nepManraHata kanusi. B
OJIHY W3 HUX J00aBbTE TaKOH ke 00beM 2 H pacTBOpPA CEPHOM KHUCIIOTHI, B IPYTYIO
— 1-2 M BoABI, B TPEThIO — 2-3 MJI KOHLIEHTPUPOBAHHOTO pacTBopa Iienouu. Bo
BCE TpU MpoOMpKH NprbOaBbhTE MO KarisiM CBEkempuroToBieHHblt 0,1 H pacTBOp
cynb(duTa HaTpUs IO W3MEHEHUS OKpPAcKU pacTBOpPOB. Kak M3MEHsETCS OKpacka
pactBopoB? Kakue noHbl 00yCIOBIUBAIOT OKPACKY?

3anuIInTe MMOJHbIE YPABHEHMS pEaKIU:
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KMnQO4 + Na,SO3; + H,SO,4 —
KMnQO, + Na,SO3; + H,O —
KMnO, + Na;SO3z + NaOH —

PaccraBbTe KO3(pGUIIUEHTH B YPaBHEHUAX PEAKIMI METOJAOM 3JIEKTPOHHO-
VOHHBIX ypaBHeHHU. Onpenennre OKUCIUTENb U BOCCTAHOBUTEIND. B Kakoil cpeze
MnO, nposiBisieT 6oJiee BBICOKYIO OKUCIIUTENbHYIO aKTUBHOCTD?

[lo oxoHyaHuu padOTHl cAenaiiTe OOUMA BBIBOJ IO IOJIYYEHHBIM

pe3ynbTaTam.

PA3JIEJI IX
QJIEKTPOXUMMUA

9.1 DJIEKTPOJBI. DJIEKTPOAHBIE IOTEHLIAJIBI

Cucrema, cocrodmas W3 METAUIMYECKOW IUIACTUHKH, IOIPYKEHHOU B
PacTBOP DJIEKTPOJIMTA, HA3BIBAETCS AJICKTPOJIOM. DIEKTPOJ — ITO CUCTEMA U3 JIBYX
TOKOTIPOBOISIINX TEN: MPOBOJIHUKOB MEPBOT0 W BTOporo poaa. K mpoBoaHmkam
MEPBOTO POJa OTHOCATCS METAJIbI, WX CIUIaBBI, OKCHIBI C METALTHYCCKOMN
MPOBOJIMMOCTBIO, a TaK)Ke€ HEMETaUIMYecKhe maTepuaibl (rpaduT); HOCUTEIIMU
3apsa B TaKUX CHUCTEMax SIBISIIOTCS DJIEKTPOHBI. K MPOBOJHWKAM BTOPOTO pojia
OTHOCSTCS PAcTBOPHI U PACIUIABBI AJEKTPOJIUTOB; HOCUTEIISAMU 3apsjia SBISIOTCS
WOHBI.

Ecmm Merammueckyro TIACTHHKY ONYCTHTh B PacTBOpP, TO HAYHETCS
nepexoj] MOHOB METalljla B pacTBOP M OOpaTHBIM MEpexo] MOHOB M3 pacTBOpa Ha
miacTUHKy. [Ipr 3TOM CKOpOCTh mepexoja B OJHOM M3 HaIpaBJICHUH OyaeT
npeobnagaTh 10 TeX IMOp, MOKa HE HACTYNMUT paBHOBecue. [Ipomecc mepexona
MeTajula TUTAaCTHHKW B PAcTBOP CBsI3aH C MOTEPE €ro aToMamu JSJIEKTPOHOB
oOpa3oBaHHEM TIOJOKUTEIBHO 3apsOKCHHBIX HOHOB: Me — ngé — Me™, T.e.
IPOUCXOAUT OKuciaeHne. OOpaTHBIH mpolece — BoccTanoBiaeHue: Me™ +ng — Me.

[Tpu mpeoOnamaroremM nepexoje MOHOB METala B pacTBOpP, HA IJIACTHHKE
OCTaHYTCSl M30BITOUHBIE 3JIEKTPOHBI. [lmacTuHka 3apsAUTCS OTPULATENBHO IO

OTHOHICHHIO K paCTBOPY U IIPUTAHCT K cBoOcH MMOBCPXHOCTH ITOJIOKUTCIIbHBIC NOHBI
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pacTBOpa, KOTOPHIE 00pa3ylOT MOJOKHUTEIHHO 3apsHKEHHYI0 HOHHYIO OOKIAaIKy

MJIACTUHBI. DTO CJION B pacTBOPE Ha3bIBaeTCs MU(PGy3HBIM CIIOEM.

B clIydac, Koraa npeo6ﬂazlaeT IIepexoJ MOHOB MCTAJlJIa M3 PaCTBOPA Ha

IUIACTUHKY, IMMOBEPXHOCTh METajla 3apsKaeTcsl MOJOKHUTENbHO, a JU(Qy3HbIIA
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CJIOH OTPHUIIATEIBHO.

Takum o00pa3oMm, Mepexoa HOHOB W3
pacTBOpa Ha IUTACTUHKY U 00paTHO MPUBOIUT
K 00pa30BaHUIO JABOWHOIO 3JICKTPHUECKOTO
ciost (JI2C) (puc. 11).

Puc. 11. JIBOMHOI >J€KTpUYECKHIA

CJION MeTaJlia B pacTBOpPC

DJIEKTPOAHBIA TMOTEHIMA 3aBUCUT OT
CBOWCTB Me€Tajula, KOHLIEHTPAllUUu €r0 MOHOB

B pacTBOpe, TeMIEpaTypbl. ITa 3aBUCUMOCTh

RT

¢ = ¢° +——InC(Me"™), roe

nF

@ — DIJICKTPOJIHBIN MMOTCHIIMA METAJIIA;

@° — CTaHJIAPTHBIN JIEKTPOAHBIN MOTeHIIMAT Me;

R — yHuBepcanbpHas razoBasi HOCTOSHHAS,

T — aBGcoroTHas TEMIIEpaTypa;

N — 3aps MOHA METallia,

F — nmoctosinnas ®apanes;

C(Me"™) — akTuBHAs KOHIIEHTPALKS HOHOB.

[ToncTaBuB 3HaYCHHSI KOHCTAHT B popMyIty u niepeBens In B 1g, momydrm:

0,059

¢ =¢°+—— 1gC(Me™)

n
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CrnenoBaTenbHO, CTAaHAAPTHBIN ANEKTPOAHBIN MOTEHIHAN — 3TO MMOTEHUHUA,
KOTOpPBI BO3HHMKA€T Ha TPaHUIE METAUI-PacTBOP INpPU KOHILIEHTPALlUW HOHOB
MeTajla B pacTBope 1 Mouib/In.

CraHgapTHBIA 3JEKTPOAHBIA MOTEHIMAT — 3TO OCHOBHAs XapaKTEPUCTHKA
AJIEKTPO/Ia. DKCIEPUMEHTAIBHBIX METOAOB OIpE/EIeHHs a0CONIOTHOIO 3HAYEHUS
AJIEKTPOJHOTO moTeHIMana HeT. [loaToMy HX U3MEpPSIOT OTHOCHUTEIBHO
NOTEHIMAIa BOJOPOJHOIO 3JEKTPOJa B CTAHAAPTHBIX YCIOBHSIX, IPH KOTOPBIX
aKTUBHAsl KOHLIEHTpallMsg HMOHOB BOAOpoAa B pacTBope | Moib/i, a naBiieHUE
BOJIOPOJIa PABHO HOPMAJIbHOMY aTMOC()EPHOMY JTaBJICHUIO.

Bonoponnsiii  25ieKTpoa TpeacTaBisieT coOOW IUIATUHOBYIO IUIACTHUHKY,
HOKPBITYIO TJIATUHOBOW YEPHBIO, U OMYIICHHYIO B PACTBOP CEPHOI KUCIOTHI (pHC.
12). Yepes pacTBOp MpoOITyCKaeTcs Ta3000pa3Hblii BOJopoa. YacTh MOTIONICHHOTO
IUIATUHOW  BOJXOPOJA IIEPEXOAUT B aTOMapHOE COCTOSIHUE; II09TOMY B
IIOBEPXHOCTHOM CJIO€ IUIACTHHBI yCTaHaBIMBaeTcs paBHosecue: Hp 2 2H, a Ha
rpaHMIle TUIATUHBI M CEPHOM KHciIoThl — paBHoBecue H 2 H' + & Ha rpanwuie
METaJUI-PaCTBOP BO3HMKAET 3JIEKTPOJIHBIN MOTEHUHNAJ, KOTOPBIA MPUHAT PaBHBIM

HYJIIO.
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Puc. 12. Cxema BOIOPOTHOTO DJIEKTPO]IA

[To cpaBHEHHIO CO CTaHJIAPTHBIM 3HAYEHUEM BOJOPOIHOTO 3JIEKTPOJa
MOKHO OTPEAEIHUTh ANEKTPOJIHBIN MOTEHIMaN J000ro 3iexkrpoaa. CtaHgapTHbIE
AIEKTPOAHBIE MOTEHIHANIBI (M3MEPEHHbIE TPU CTaHAApTHOU Temrieparype T = 298
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K) B mopsiake ux Bo3pacTaHWe NpHBeACHbI B Tabiwmmax (mpwr 11). Psn
CTaHJAPTHBIX 3JEKTPOJHBIX MOTEHIMAIOB HAa3bIBAIOT TAKKE PSIAOM HaIPSKEHUN
METaJIJIOB.

VYObIBatome 3HAYEHUWE OTPULIATENILHOTO MOTEHIMAla M BO3PACTAOIIEE
3HaYCHUE MOJIOKUTEIBHOTO noTeHLuaza OTBEYAET YMEHBILIEHUIO
BOCCTAHOBUTENIBHON U POCTY OKHCIUTEIBHON aKTUBHOCTH METalIa.

Kaxnplii MeTamn B psiAy HanpsHKEHHWW BBITECHSIET U3 PACTBOPOB COJIEU BCE
METaJlJIbl, KOTOPBIE CIEAYIOT 32 HUM, M CaM BBITECHSIETCSI METAJUIAMHU, CTOSIILIUMU
10 Hero. Mertamibl, CTOSIUIME B Psly HANpSHKEHUH O BOAOPOJA, BBITECHSIOT
BOJOPOJI U3 paCTBOPOB KUCJIOT.

[IpencraBinenre 00 AJIEKTPOAHBIX NOTEHLUHMANAX MOXHO PACIIUPUTb.
Merasi, NOrpyXKEHHBI B pacTBOp €ro cojim, Hampumep Zn/Zn** — sto
OKHCIIUTEIbHO-BOCCTAHOBUTENbHAS Napa. Takum o0pa3oM, J1t00as OKUCIUTEIBHO-
BOCCTAaHOBHTENbHAS TIapa MOXKET ObITh 3JekTpogoM, Hampumep, 2CI/Cl,. Ecmu
MOMECTHUTH IUJIATUHY WM JPYrOod MHEPTHBIN AJIEKTPOJ B PACTBOP 3JIEKTPOJIUTA, B
KOTOPOM MPOTEKAET OKUCIUTEIBHO-BOCCTAHOBUTENbHAS PEAKLMs, TO HAa TPAHULE
WHEPTHOTO 3JIeKTpoia (MPUHUMAIOLIETO WM OTIAIOIIEro 3JIEKTPOHbI) U pacTBOpa
BO3HUKHET CKauOK MOTEHIMANA ¢op, BEIMYUHA KOTOPOT'O MOKET OBbITh BBIYUCIICHA
1o dopmyiie:

RT CXokuc.o.
@oB = ¢°oB + In , T
nF C¥Boccr.o.

¢°0B — CTaHIAPTHBIN OKUCIUTETbHO-BOCCTAHOBUTEIBHBIN OTEHIIUA;
Coxnci.o. — KOHLIEHTpAUs OKUCIEHHON (OpMBI;

Cgoccr.o. — KOHIIGHTpAIMs BOCCTAHOBJICHHOU (POPMBI;

N — 4KUCI0 OOMEHEHHBIX AJIEKTPOHOB;

X 1Y — KO3QPUIMEHTHI B YPaBHEHUH PEAKIINU

YeM MeHbIlIE OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIA MOTEHIINAI, TEM OOJIbIIIE

BOCCTAaHOBHTEJIbHASA CIOCOOHOCTH B€IIECTBA, YEM 0OBIIIE OKUCIMTEIBHO-
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BOCCTAHOBUTEIBHBIA TOTEHIIMAN, TEM BBINIE OKHCIUTEIbHAS CIIOCOOHOCTH
BEILECTBA.

Ha ocHOBe BeIMYHMH OKHUCIMTEIbHO-BOCCTAHOBUTENBHBIX IOTEHIMAIOB
MOoxHO  ompeneauts JIJC  (SNEKTpOABMKYILIYIO  CHUJIY)  OKHCIHUTENIBHO-
BOCCTAHOBUTEIBHOM  peakuuu, a, CIeJoBaTelbHO, €€  HalpaBJiCHUE.
OKHCIUTETbHO-BOCCTAHOBUTEIIbHAS PEAKIUsl B JAHHOM HAIlPaBJICHUU MOKET
POTEKaTh MPH YCIOBHH MOJOKUTEIbHOr0 3HaueHus J./1.C.

IAC = POKUCIUTES - PBOCCTAHOBUTEJIS

Hanpumep, nns omnpeneneHus, OyAeT JU XJOP BBITECHAThH OpoM u3
PacTBOPOB, COJICPKAIIMX OpOMUI-UOHBI, He0OXxoauMo HaiTu J.J[.C. npouecca:

1/2Cl,(r) + Br(p) = 1/2Br(r) + Cl(p)

¢°(Cl,/2CI") = 1,36 B;

¢°(Br/2Br)=1,07 B

2.4C.=136B.-1,07B=0,29B

Tak kak OJIC mnpomecca HMEET NOJIOXKUTEIBHOE 3HAYCHUE, PEAKIIHS

BO3MOYKHA B TPSIMOM HAINpPaBJICHHUH, T.C. XJOp OyIeT OKUCIATH OpOMUJ-WOHBI,

HAXOJSAIINECS B PACTBOPE.

9.2 TAJIbBAHUYECKMI1 SJIEMEHT

Ecin  mpocTpaHCTBEHHO — pa3aeiuTh  HPOIECCHI  OKHCIACHHS U
BOCCTAHOBIICHHSI, TO MOXXHO IOJYYHTh DJJICKTPUYECKMI TOK. B 3TOM ciyuae
OKHCJIUTEIbHO-BOCCTAHOBUTEIIbHAS PEAKIMs OCYIISCTBIISIETCS Ha JJIEKTPOjax, a
XMMHYECKast SHEPTHsI IPEBPAIIIAETCS B DJIEKTPUIECKYIO.

PaccMOTpUM  OKHMCIMTEIBHO-BOCCTAHOBUTEIBHYIO APy, COCTOSINYIO H3
MEAHOTO M LHMHKOBOIO 3JeKTpoAoB. CTaHOApTHBIA MOTEHIHAT IHHKOBOTO
snextpona ¢°(Zn/Zn?*) = -0,76 B, a mexnoro — ¢°(Cu/Cu?*) = +0,34 B. [TosTomy
cuctema Cu?" + 28 = CU o OTHOLIEHHIO K cucTeMe ZNn - 28 = Zn®* sBisercs
OKHCJIUTEJIEM, a JJIEKTPOHBI NMPHU MX KOHTAKTe OyayT MEPEXOAUTh OT IHUHKA K

HOHaM MCIH.

Zn + Cu?t = Z?” +Cu
|
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Oxmuciienue IIUHKa 1 BOCCTAHOBJICHUC MOHOB MC/JU MOKXHO OCYHICCTBHUTL Ha

9JIEKTPOJIaX raJbBaHHUECKOTO dieMeHTa (puc. 13).

=

—

l(_

Puc. 13. Cxema raapBaHMYECKOI0 dJIEMEHTA

MenHO-IIMHKOBBIA TajdbBaHUYECKUM 3JIEMEHT COCTOUT W3 LHMHKOBOTO U
MEJTHOTO JJIEKTPOJOB, TOTpy>KeHHbIX B pacTBOopbl ZNSOs m CuSOs. Cocymbi
COEJIMHEHbI TOHKOW CTEKJISIHHOW TpyOKOM, 3alI0JIHEHHON PACcTBOPOM 3JIEKTPOIHUTA
— coJeBbIM MocTHKOM. Ecnum 1menb 3aMKHYTb, HA4YHETCS OKHCIHUTEIbHO-
BOCCTAaHOBUTENbHAs peakius. Ha 1uHKOBOM 23iiekTpojie (aHO/A€) MPOUCXOIUT
noTepsi DJIEKTPOHOB M IOCTETICHHOE pAacTBOPEHHE MeTauila — okucieHue. Ha
METHOM JJIEKTpoJie (KaToje) MPOUCXOIUT OCAXKICHUE MEIU — BOCCTAHOBIICHUE.
AHOJ TpHU ATOM 3apsKAETCS OTPHUIIATEIBHO, a KAaToJ — IMOJOKUTEIbHO. 3a CYET
OKHUCJTUTEIIbHO-BOCCTAHOBUTEIIBHOW pPEaKIMM 10 BHEIIHEH IenW OT aHoma K
KaTOJy JABUKYTCS DIICKTPOHBI, 4 110 BHYTPEHHEH Lenu ABUKYTCS HOHBI SO42 .

A (=) Zn—-28=2Zn*  okuclcHHE
K(+)Cu?*+2e=CU  BOCCTaHOBIECHHE

. J.C. ranpbBaHMYECKOro JJIE€MEHTa ONpeAeNsieTcsl KakKk  pa3HOCTh

AJIEKTPOIHBIX MTOTCHITMAIOB KaTo/Ia U aHOIa:

3.J.C. = p°katona — @°anona = ¢°(Cu/Cu?) - ¢°(Zn/Zn**) = 0,34 - (-0,76) = 1,1 B
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l'anpBaHWMUYECKHE 3JIEMEHTHl HAUUIM IIAPOKOE NPUMEHEHHE B KaydeCTBE
VMCTOYHHUKOB HAIPSKECHUS MUKPOKAIBKYJISTOPOB, JIEKTPOHHBIX 4YaCOB, KAPMAHHBIX
dboHapei 1 IPYrux IEKTPOHHBIX YCTPOUCTB.

KoHTpoJibHBIE BONIPOCHI:

1. Yro HazwiBaeTcs anekTpoaom? [IpuBenure npumepsl.

2. Uto Takoe »nekTpoaHbli nmoteHmuan? Ot dyero oH 3aBucutr? Ilo kakoii
dbopMysie MOKHO pacCunTaTh 3HAUYCHUE AIEKTPOTHOTO TOTCHITHAA?

3. Uro Takoe cTaHHApTHBIM SJEKTpoAaHbIM moteHnuan? Kak onH
onpexaensiercs?

4. Yto nipeAcTaBisieT coO0M psiJ HAPSHKEHU METaIIoB?

5. Kak omnpemenmutrp  HampaBieHHE  MNPOTEKAHHWE  OKUCIUTEIIBHO-
BOCCTAaHOBUTEIBHOTO TIpo1ecca?

6. Uto Takoe raapBaHMYCCKUM DJIEMEHT?

7. Kako#l »JeKTpoJ B TaJlbBAaHWUYECKOM DJJIEMEHTE SBIIICTCS KaTOIOM;
a”HoJoM?

8. Kakue mporecchl mMpoTekaloT Ha KaToJe M aHOJE B TaJIbBAHUYECKOM
BJIEMEHTE?

9. I'me HaXoAT MPUMEHEHNE TaIbBAHUYECKUE DJIEMECHTHI?

9.3 DJIEKTPOJIN3

DJIEKTPOJIM3 — HTO MPOLECC NPEBPAIICHUS XUMHUYECKOW DSHEPrUM B
AIIEKTPUYECKYIO.

[Ipu MpoXoXkACHUH BIEKTPUUYECKOTO TOKA YEpe3 METaUIbl OHU OCTaIOTCS
HEU3MEHHBIMM, TOTJAa KaK MpU MPOXOXKIECHUU OHIIEKTPUUECKOTO TOKA 4Yepe3
pacIuiaBel U PAcTBOPBI 3JIEKTPOJIUTOB HA 3JJIEKTPOAAX IMPOTEKAIOT IPOLIECCHI
NpeBpalleHusl OJHMUX BellecTB B japyrue. llpu NpoXOoKIEeHUU MOCTOSTHHOTO
AIIEKTPUYECKOr0 TOKAa Yepe3 pacTBOpP WM pacCIUIaB d3JIEKTPOJIUTa KaTHOHBI
NEPEMEIIAIOTCA K OTPULATEIBHOMY 3JIEKTPOAY — KaTOIy — M pa3psiKaroTcs Ha

NEeKTpoJe  (MpOIleCC  BOCCTAHOBIEHHUA).  AHHOHBI  NEpPEMENIAITCS K
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MOJIOKUTEIBHOMY JJIEKTPOAY — Karoay — M OKucHsoTcs. B pesymbrare
3JIEKTPOJIUT Pa3iaraercs.

DJIEKTPOJIM3 — DPA3I0KEHHE XUMHUYECKOIO COEJUHEHMs IOJ JEHCTBHEM
3JIEKTPUUYECKOTO TOKA, COIIPOBOKIAIOIIEECS pa3psiioM HOHOB.

JInist oCyIIecTBICHHS DJICKTPOJIM3a K OTPUIATETILHOMY TOJIOCY MCTOYHUKY
TOKa MPUCOETUHSIIOT KAaTO/l, a K TOJO0KHUTEIBHOMY TOJIOCY — aHO, U MOTPYXKAIOT
WX B PacTBOP WJIU paciuiaB dJeKTposmTa (puc. 14).

DIEeKTPOJIbI MOTYT OBITh HHEPTHBIMU —
ONEKTPOHB —— g

METALINYECKUE (nyatuHa) 1581071

Lt
L — HEMETAJUIMYECKUE (rpadur), KOTOpBIE
+ + — CIIy’KaT TOJIbKO JJISl IEpEAady IEKTPOHOB; U
Anon Karon

AKTHUBHBIC — IIPUHUMAIOIIHNC

HCIIOCPCIACTBCHHOC Y4aCTHucC B

—_— e — QJICKTPOXUMHYCCKOM ITPOLHCCCC. PaCCMOTpI/IM

— @_._ - pa3IMYHBIE CITy4au AJIEKTPOJIN3a.
_-q_—e — 1. DJ1eKTpoOIN3 paciiaBoB

— U3 pacmiaBoB 3JIEKTPOJIU30M

|' Fn /|

/ MOJIy4alOT ~ METAUIbl, KOTOPHIE  HEJb3S
DIEeKTPOIHT BOCCTaHOBHTH M3 BOJHBIX PACTBOPOB.
Puc. 14. Cxema snekTpoausepa

DTO IIETOYHBIE M IETOYHO3EMEIBHBIE METAILIBI, & TAKIKE ATFOMHUHHI, XPOM,
TUTaH, Mapraden ¥ ap. [Ipu 3IeKTpojm3e paciulaBOB MCKIIOYAIOTCS MOOOYHBIE
pEaKIMK, CBA3AHHBIE C y4acTHEM BOALL IIpM BHICOKHMX TEMIIEPATYpax PacIlaBbl
XOpOIIO JAUCCONMUPYIOT. MOHBI MX 0ojiee MOABMIKHBI, YEM TMIAPATUPOBAHHEIE
VOHEI B PACTBOPE.

B NpOMBINIIEHHOCTH U3 INEIOYHBIX METAUIOB DIIEKTPOJIM30M B OOJBIINX
KOJMYECTBAX IOJIy4YaroT JHIIbL HaTpuii. Hanbosee MOCTYIMHBIM CHIPHEM SIBIIAETCS
XJIOpU HaTpus. Eciu B paciiaB XJ0puaa HaTpUsl TIOIPY3UTh UHEPTHEBIE YTOJIBHbIE
SIEKTPOALI M IPOIYCTUTH DJIEKTPUYECKMH TOK, TO HOHBI OYAyT IBHIaThCsa K

QJICKTPOAAaM: KaTHOHBI HATPHA — K KaTOAYy, aHMOHBI XJIOpAd — K aHOAY.
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Ha kaToae npoucxoauT npoiiecc BOCCTAHOBIICHHUS:
K (-) Na*+¢&=Na
Ha anoze npoucxoauT npouecc OKUCICHUS:
AH)Clr-g=Cl
2Cl =Cl,

[IponykTamMu 37€KTposin3a SBISAIOTCS METAUIMYECKUN HaTpuil Ha KaToje, a
Ha aHOJIe — Ta3000pa3HbIil XJI0P.

2. DJIEKTPOJIN3 BOJHBIX PACTBOPOB

[Ipu snexTposin3e BOAHBIX PACTBOPOB B BJICKTPOJHBIX MPOIECCAX MOXKET
MPUHUMATh ydacThe Bojaa. B pe3ynbTaTe 3JEKTPOJIUTHUYECKOTO Pa3I0KEHUS BObBI
Ha KaTOJI€ BBIJIENAETCS BOJOPO/, @ HA aHOJIE — KUCIOPOJ:

K (=) 2H20 + 2& = H, + 20H™
A (+)2H,O -4e =0, + 4H"

B xarogHOM M aHOJAHOM MpOoLEcCaX MOJIEKYJIBl BOJIBI U MOHBI 3JEKTPOIUTA
OyJIlyT KOHKYpHpOBaTh APYT C APYroM U pa3psbKaThCS Ha JIEKTpojae OyJeT TOT
KaTUOH WJIM aHUOH, KOTOPOMY COOTBETCTBYET MEHbIIIEE HANpsLKeHUE paspsana. s
pPacIpOCTPAaHEHHBIX KAaTHOHOB HMEETCSl CICAYIONIUN PAl pa3pskaeMOCTH Ha

Karoae:

HanOoee MEHee 0J1aropoJIHbIe

AKTUBHBIC MCTAJIJIbI AKTUBHBIC MCTaAJIJIbI MCETAJIJIbI
K* Na*, Mg?*, APF*  Zn?, Fe?*, Ni?*, Sn?*, Pb?* H* Cu?', Ag*

TPYJHO JIETKO

paspsiKaeMble paspsiKaeMble

ITpoayKThI 3JIEKTPOJIM3a B BOJJHOM PAacTBOPE
TonbKO H» metaut 1 Hy TOJILKO METAaJLT

PaznuyHoe mosokeHue BOJOpOJa B PSAAY pa3psiKaeMOCTH KAaTHOHOB U B
psAny HanpsDKEHUM MOXXHO OOBSICHUTH, PACCUMTAB 3HAUYEHUE DIIEKTPOJHOIO

NOTEHIMAJIa BOJOpoAa 1O YypaBHEeHHIO HepHcra. DNEeKTpOAHBIM MOTEHLHAT
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BOJIOPO/Ia PABEH HYIIIO B PACTBOpaX ¢ KOHIEHTpaluei noHoB Bogopoga C(H™) =1
Moib/11. [loaTOMy B 3IEKTPOXMMHYECKOM PSIAY HAMPSOKCHWA BOAOPON CTOUT
MEXy CBMHIIOM U Me/ibl0. B BOJHOM pacTBOpE COJIM, €CIM OHA HE MOJBEPraeTcs
rugponusy, pH = 7, C(H*) = 10" mons/x, a ¢° = —0,414 B. CinenoBaTenbHO, B psALy
pa3psKaeMOCTH KaTHOHOB BOJIOPOJ 3aHUMAET IMOJIOKEHUE 3HAYMTEIBHO JIeBee,
4YeM B psily HAIPSHDKSHUM.

Cample HEOJAaropoAaHBIC METAUTBl yJAeTCsS BBIACIUTh B CBOOOJHOM BHIIC
TOJIBKO U3 PACILIaBa, I7I€ HET KOHKYPEHIIMU C MOJIEKYJIaMHU BOJBI.

JIns  pacnupoCTpaHEHHBIX  AHMOHOB  HMEETCS  CICAYIOIMN P

PaspsizKacMOCTH HAa aHO/I€:

KHCIIOPOCOJIEpKAILNE OCTaTKHU
KHCJIOTHBIE OCTaTKU raJIOr€HOBOJOPOAHBIX KUCIIOT
S04*, NOs, PO OH- Cl, Br, I-
TPYJIHO JIETKO
paspsiKaeMble paspsiKaeMble

[IpoxyKThI 351€KTpOIM3a

KHCJIOpOJ rajJorcH

Paccmotpum  snekTponu3 pactBopa cyinbdara wmeau. Meab B psALy
pa3psKaeMOCTH KAaTHOHOB HAXOJUTCS TOCIE BOAOPOJIA, CJIEAOBATEIBHO, UMEET
MEHbIIIee HAMPsHDKEHHE pa3psia, U OyJeT BOCCTAaHABIMBATHCS HA KAaTOJIE:

K (-) Cu**+28=Cu

Cynb(daT-uoHbl SBISIOTCS TPYAHO paszpsbkaeMbiMu. [losToMy, Ha aHoze
OyZIeT MpOUCXOAUTh OKHUCIEHWE BOJBI, a B AaHOJHOM IPOCTPAHCTBE OYIyT
HaKarIMBaThCs HOHBI SO,

A (+)2H,0 - 46 = O, + 4H*

Takum oOpa3oM MNPOAYKTaMH DJIEKTPOJN3a OyAyT SIBISTHCS MeEIb,

BBIJICTISIOIIASCA Ha KaTole, KHUCIOpPOJ, BBIACIAIOUIMHCA HAa aHOJAE W CepHas

KHCJIOTA, HaKaIlJIMBAOIIaACA B aHOJAHOM IIPOCTPAHCTBCE.
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3. DJIEKTPOJIN3 ¢ PACTBOPHMBIM aHOIOM

Kpome ydacTus B TIepeHOCE DJJICKTPOHOB, aHOJ MOXKET IPUHAMATH
HETOCPEJCTBEHHOE y4yacTHE B JJICKTPOXHMHUECKOM Iporiecce. B ciydae
AKTUBHOTO aHOJA YHUCIIO KOHKYPHUPYIOIIMX OKHCIIUTEIBHBIX PEaKIUi BO3pacTaeT
70 TpexX: 3JCKTPOXUMHUECKOEC OKHCIICHHE BOJBI C BBIICICHHEM KHCIIOPOJA;
OKHCJICHHE aHHOHA JJICKTPOJIUTA; MIEKTPOXUMHUYCCKOE OKHCIICHUE METaJlIa aHOIa.

B kadecTBe pacTBOPMMBIX aHOJOB MOTYT OBITH HCIIOJB30BAHBI ME/Ib,
HUKEJb, KaJMHi, amoMuHuii u ap. Ilpu osnekTposnm3e marepuail aHona
pacTBOpsieTCs, 00pa3ysl KATHOHBI MeTaljla, KOTOPBIC MIEPEMEIIAIOTCS K KaTOy U Ha
HEM BOCCTaHABJMBAIOTCSA JO MeTaula. TakuM oOpa3oM, METalll pacTBOPHUMOTO
aHO/a OCAXKTACTCS Ha KaTO/IE.

DJICKTPOJIM3 C PACTBOPHMBIM aHOJIOM MMEET BaKHOEC TEXHUYCCKOE 3HAUCHHEC
— OH IIUPOKO MPUMEHSACTCS [Tl OYMCTKH METAJIOB — 3JICKTPOpadhUHUPOBAHHS.

[Tpu snekTpopadUHUPOBAHNN MEAM B JICKTPOJIM3EP C PaCTBOPOM CyJibdaTa
Me/M YCTaHABIUBAIOT B KA4eCTBE aHOJOB IUIACTUHBI U3 OYHUIIIAEMON TEXHHUECKOMN
MeJM, a B Ka4eCTBE KaTOJOB IJIACTHHBI U3 0c000 uucToi Meau. Ha anome menp,
NOJUIEKAIAs OYHUCTKE, TEPEXOAUT B Bujae MOHOB CU?* B pacTBOp, a Ha KaTOHE
TaKOE e KOJMUYECTBO HOHOB BOCCTAHABJIMBACTCS B BHJIC METAJUTMYECKON METH.

B mporiecce anektponusa npuMecu 6osiee 6maropoaHbix Metauio (Ag, Au)
Ha pPacTBOPUMOM aHOJIC¢ HE OKHCIIOTCS W He TMepexoisaT B pactBop. OHH
00pa3yroTcs B BUE [IIaMa Ha JHE dJIeKTposm3epa. [Ipumecu MeHee 0J1aropoIHbIx
metaiioB (Pb, Zn, Fe) Tak ke, kak 1 Me/b, OKHCIIIOTCS Ha aHOJE U MEPEXOJAT B
pacTBOp, HO HE BOCCTAHABJIMBAIOTCSA Ha Karojae (M HE 3arps3HSAIOT OYHIICHHYIO
MeJib), TaK KaK MMEIOT 00Jice BBICOKOE HAMPsDKEHUE paspsijia, YeM HOHBI ME/IH.
Takum 00pa3om, yaaeTcsi HOJy4UTh 0CO00 YUCTYIO MEIb.

JIng  OpakTUYEeCKOro  OCYMISCTBICHHS — JJIEKTPOJM3a  DJCKTPOJIUTA
HEOOXOMMO ONPEACTUTh MHUHHUMAIBHOE IMOPOTOBOE HANpsHKCHUE, 3HAYCHHE
KOTOPOrO0 TEM BBIIIEC, YeM TPYAHEE Ppa3psKAlOTCA Ha JJCKTPOJaxX KaTHOHBI H

aHUOHBI. DTO HAIIps’KCHUC HA3bIBACTCA HAIIPAKCHUCM PA3JI0KCHUA 3JICKTPOJIUTA.
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HanpsizkeHue  pa3jiosKeHUsi JJIEKTPOJUTA — O3TO  MHUHHUMAJIbHOE
HalpsDKEHUE  MEXAY JJIEKTPOJAMH, NpPH  KOTOPOM HA4YMHAET NPOTEKATh
aneKkTpoau3. HampsokeHue paszioKeHUs JTOJDKHO ObITh KaK MHUHHUMYM PaBHO
pa3HOCTH 31eKTpoAHbIX NOTeHIHAIOB: AE = Eanona — Exatona. Ho nmpaktnueckoe
HaIpsKEHUE PAa3JIOKEHHS] OKa3bIBAECTCS BBIIIE PACCUMTAHHOTO, TaK KaK Kaaas
AIEKTPOJIN3HAS AYerKa oOnamaer BHYTPEHHHM CONPOTHUBJICHUEM.
DNEKTPOXUMHUUYECKUM IPOLIECCAM NPEMSATCTBYIOT MPOTEKAaroIue 00jiee MEIJIEHHO
MPEAIECTBYIONINE WIM MOCJIEAYIOIKE Ipouecchl. K HUM OTHOCATCA: IPOLIECCHI
NEPeHOCca YacTHUIl B PAaCTBOPE, NPOLECCHl pa3pylICHHUs] THAPATHBIX O000JIOYEK
MOHOB, IpoIecCChl 00BEUHEHUSI aTOMOB B JIByXaTOMHbIE MOJIEKYJIbl. [oBbIIEHHNE
HaMpsHKeHUs,, He0OXOIMMOTO JIJIsl Pa3BUTUS MPOIECCa AIEKTPOJIN3a, Ha3bIBACTCS
NepeHanpsKeHueM.

[Ipy HanM4uM nepeHanpsH>KEHUsT NOTEHIMAl KaTola CABUTAETCS B CTOPOHY
MEHBIIIMX 3HAYCHHM, a MOTEHIMAJl aHOJla — B CTOPOHY OOJbIIUX 3HaueHu. B
pe3ynbTare o0uas pa3HoCTh MOTEHI[MATIOB OKa3bIBAETCS BBILIE, YEM TEOPETUUECKU
pPacCUMTAaHHOW 3HAYCHUE.

3aKOHBI YJIEKTPOJIN3A

Mexy KOJIMYECTBOM 3JIEKTPUUYECTBA, MOTPEOJIIEMOM IMPH 3JIEKTPOIH3E, U
MAacCOW BEILECTB, BBIACILAIOIIMXCA Ha DJJIEKTPOJAX CYIIECTBYET 3aBHCUMOCTb,
ycraHoBieHHas B 1833 r. anrnuiickum puszukom M. dapajneem.

1. Macca BemecTBa, BbIICIAIONIETOCSE HAa JJEKTPOAAX, MPSAMO
NMPONOPIHOHAIbHA KOJUYECTBY NMPOLIEALIEro Yepe3 pacTBop dJIeKTPHYeCTBA.
m=Kye Q, DI (&

M — Macca BBIAEIUBILETOCA Ha 3JIEKTPOJIE BEIIECTBA;

K5 — 211eKTpOXUMHYECKHI1 S5KBUBAJICHT;

Q — KonM4ecTBO dIeKTpudecTBa, Ki.

Q=1+t rue | — cuna Toka, A; t — Bpems, cex.

m=Kyelet
Ecrm =1 A, t=1cek., o Q=1Kinum=K,.
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T.e., DJJIEKTPOXHUMHMYECKHI JSKBMBAJEHT — DOTO Macca BELIECTBA,
BBIJICIISIFOIIETOCS Ha 3JIEKTPOJAE€ TOKOM cwiod 1 A B TedeHue 1 CexkyHIbl WU
KOJIMYECTBOM 3JiekTpruecTBa 1 Kit.

2. llpm »daexTponau3e pa3IUYHBIX XUMUYCCKUX COCAMHEHUN paBHbIE
KOJIMYECTBA JJIEKTPUYECTBA BbIICJASIOT HAa 3JIEKTPOJaX MacChl BelleCTB,
NPONOPUHOHAIbHbIE MOJSIPHBIM MAacCaM X IKBUBAJIEHTOB.

[Tpu mponyckanuu vepe3 eKTpoauT 96 485 Ku snekrpuuectsa (= 96500
K1) Ha anekTpojax BBIIEISETCS OJHA MOJSpHAs Macca SKBUBAJEHTa BEIIECTBA,
M>.

Kg.: M3/ F
m=Mselet/F

J171s1 Ta3000pa3HBIX BEIIECTB:

V=Vselet/F

[To atum (opmynaM MPOBOIATCS BCE pacyeThl, OCHOBAHHBIE Ha 3aKOHAaX
AIEKTPOIIN3A.

KoHTpoJibHBIE BOIIPOCHI:

1. Yro Takoe oyekTposu3? B ueMm oTiaumuue dieKTposM3epa OT
raJlbBaHMYECKOTO 3JIEMEHTa?

2. Kak mpoucxoauT siekTpoiiu3 B pacmuaBax? [lpuBeaure npumepsl u
PacCMOTPUTE AIEKTPOAHBIC MPOIECCHI?

3. B uem ocobeHHOCTB A5eKTpoau3a B pactBopax? Kakoi mopsmnok paspsaku
KaTMOHOB Ha KaToJIe U aHWOHOB Ha aHo/1e?

4. Kak nmpoTeKaeT JIEKTPOJIU3 C PacTBOPUMBIM aHojoM? ['e mpumensieTcs
AIEKTPOJIN3 C AKTUBHBIM aHOJIOM?

5. ChopmynupyiTe 3aKOHBI DJICKTPOJM3a U 3anuiIuTe GOPMYJIbI s
pacyeToB.

6. HazoBuTte 06acTu mpuMeHEHHUs dIEKTPOIIN3A.
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9.4 KOPPO3UA METAJIJIOB

Koppo3usi — caMonpou3BOJIbHO MNPOTEKAIONIUN HEOOPATUMBIA MPOIECC
pa3pylIeHHs] METaIOB BCJIEJICTBUE MX B3aUMOJICHCTBUS C OKPYXKAIOLIEH Cpeoi.
Pa3nnyaroT XUMHUYECKYIO U ANEKTPOXUMUYECKYIO KOPPO3HUIO.

XuMHnUyecKkasi KOPpPO3Usli TPOTEKAET B OTCYTCTBHE JJIEKTPOJIUTOB IIPH
BBICOKMX Temrieparypax. Eif moaBepsKeHbI JeTaau U y3/bl MalluH, padOoTaromux
IIPU BBICOKOM TeMIIepaType (paKeTHbIE IBUTaTEIM, Ta30BbIE TYPOUHBI).

Pa3znunuaroT HECKOJIbKO BUJIOB XUMUYECKON KOPPO3UU:

® Tra3oBas — NPOTEKAeT MOJl JEHCTBUEM AarpecCUBHBIX Ta30B (OKCHJbI
a30Ta, OKCHUJIbI CEPBI, XJI0P);

e arMocdepHas — TMPOTEKAeT NOJ JEHCTBHEM KHCIOpOJa, OKCUIa
yraepoaa(lV), mapoB BoibI;

® KOppO3Hsl B HEDJIEKTPOJIUTAX — MPOTEKAET MOJ ACHCTBUEM HEPTH U
He(TenpoaykToB (B HepTenpoBoAax M MPOAYKTONPOBOJAX, B JABUTATENAX
BHYTPEHHETO CTOPaHHS).

DJIEKTPOXMMHMYECKAasi KOPPO3Usl BO3HUKAET TPHU CONPUKOCHOBEHHH
pPa3TUYHBIX METAIOB B TMPUCYTCTBUU JJICKTPOJUTA (BOJBI, PaCTBOPOB KHCIIOT,
Hiesiouei, cojeil), BCIeACTBUE 4ero oOpa3yroTcsl JIOKaJbHbIE TallbBAHUYECKUE
anemeHThl. [lo Mepe ux aeiicTBUs MeTaut ¢ 0oJiee OTPUIIATEILHBIM MTOTEHIIUAIOM
pazpymaercd. g 3amuThl MOBEPXHOCTM METALUIOB OT KOPPO3UH, KpOMeE
JTAKOKPACOYHBIX TOKPBITUM, UCTOIB3YIOTCA MOKPBITUS ApyrumMu Metaimamu. [lo
XapaKTepy 3alUTHOIO JEHCTBUS pPa3IMYalOT KATOJHBIE M AHOJHBIE MOKPBITHUS.
CrutoniHele MOKPBITHS 000€ro THMa OAMHAKOBO A()(PEKTHBHO 3aIUIIAIOT METaJLI
OT KOppo3uH. PaccMOTpuUM 3IEKTPOXUMHUYECKHUE MPOLIECChl, MPOTEKAIOIINE B
OLIMHKOBAaHHOM U JIY>K€HOM JK€JIe3€ IIPU HAPYILIECHUH 3alUTHOTO MOKPBITHUS.

B ouuHKOBaHHOM 3keJie3e JEKTPOHBI MEPEXOIAT OT IMHKA K Kene3y (puc.
15). [luakoBOE MOKPBITHE, UMEIOIIIEEe 00JIee OTPUIIATEIIbHBIN MOTCHIUA, SIBJISICTCS
anonoM. Ha aHozie mpoucxXoAUT OKUCIIEHUE, U MOHBI [IUHKA NEPEXOST B PaCTBOP:

A (5) Zn-2e=2Zn* OKHCJICHUE
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Ha IMOBCPXHOCTH KCJIIC3a, KOTOpPOC ABJIAACTCA KaToa0oM, MMpoOUuCXoauT
BOCCTAHOBJICHUC PACTBOPCHHOI'O B BOJAC KHUCJIOPOJa:

K (+) (Fe) HoO + 1/20, + 2& = 20H" BOCCTAHOBJICHUE

2H,0 ==2H" + 20H~

ZntY _x
NN

)

Puc. 15. QHGKTpOXHMI/ILIeCKaSI KOPPO3Hr:A OHMHKOBAHHOT'O JKCJIC3a

Jlanee MOHBI LIMHKA, B3aUMOJEUCTBYS C THUAPOKCHII-MOHAMH, OOpa3yroT
TUAPOKCHJ LHMHKA, KOTOPBIM SBISIETCA IPOAYKTOM KOPPO3UM B HEUTPaAIbHOU
cpeze: Zn?* + 20H™ = Zn(OH),.

Ecnu mpouecc mpoucxoauT B KUCIOM Cpelie, HallpuMep, B CPElNe COISTHOM
KHCJIOTBI, TO Ha KaTOJ€ IPOUCXOIUT BOCCTAHOBJIEHUE KATUOHOB BOJIOPOAA:

K (+) (Fe) 2H" + 28 =H;
B aTom ciiydae nmpoayKTOM KOPpO3HUH SIBISETCS COJIb LIMHKA!
Zn** + 2Cl- = ZnCl,.

B cnyuae Koppo3uM JIyXKEHOTO JKelie3a MpU HAPYIIEHUH MOKPBITUS
AIIEKTPOHBI MEPEXOAIT OT kele3a K oJoBy (puc. 18). XKenezo aBnsieTcs aHOAOM,
OKHCJISIETCS, U MOHBI JKeJie3a MEePeXo/IAT B PaCTBOP:

A (-)Fe-2e=Fe?*  oxucnenue

DNEeKTPOHBI OT aHOAA NEPEXOAAT K KaToay, OJIOBY, HA KOTOPOM IPOUCXOJIUAT
BOCCTAaHOBJICHHE PACTBOPEHHOIO B BOJIE€ KUCIOpoAa (B HEHUTpalbHOM cpefe) WiH
KaTHOHOB BOAOPO/Ia (B KUCJION Cpejie):

K (+) (Sn) H,O + 1/20, + 28 = 20H~ BOCCTAHOBJICHUE
K (+) (Sn) 2H" + 28 = H,
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Puc. 15. Dnexkrpoxumuyeckas KOppo3us JIyKEHOTO KeJes3a

[IpoaykTaMu KOppO3HH SBISIFOTCSA TUAPOKCHU] JKEJIE3a B HEUTPAIIBHOU Cpefe:
Fe?* + 20H = Fe(OH),
4Fe(OH), + Oz + 2H,0 = 4Fe(OH)3
WJIM COJIM JK€JIe3a B KUCIIOU cpefe:
Fe** + 2CI~ = FeCl,
4FeCl, + O, + 2H,0 = 4F€(OH)C|2

Takum o0Opa3zom, NpU 3IEKTPOXUMHUYECKOW KOPPO3UU MOTOK IIIEKTPOHOB
HamnpaBJIsieTCs OT 0Oojiee aKTUBHOIO MeTajsla K MEHee aKTHMBHOMY, U OoJee
aKTUBHBIA MeTail paspyiaercs. CKOpocTb KOPpO3UH TeM OoJibllie, 4eM OOJbIie
Pa3HOCTh 3JEKTPOIHBIX NOTEHIMAIOB METAJUIOB. Ha CKOpOCTh KOPPO3UM BIUSET U
XapakTep SJEKTpoiuTa. YeMm BbINIE €ro KHUCIOTHOCTb, 4YeM OOJbllIe B HEM
OKHUCJIHTENIeH, TeM ObicTpee mpoTekaeT Koppo3usd. Kopposusi ycuiuBaeTcss u C
POCTOM TEMITIEPATYPBI.

MeTtoapbl 3a1IMTHI OT KOPPO3MH:

1. Hanecenne MeTalmIMYECKHX 3AIIMTHBIX MOKPBITHH. MeTamn MOKphIBAIOT
IPYTUM METauIoM, OOpa3yIolUM 3allUTHYI0 OKCHIHYIO TUICHKY (aJIOMHUHUH,
XpOM, HUKEJIb U Jp.), WU TACCUBHBIM METaIoM (cepeOpo, Me/b, 30JI0TO).

2. OkcuIMpOBAHUE — CO3/aHUE OKCUJHON IUICHKH, MPENATCTBYIOLIEH

JAIIbHENIIIEMY OKUCIICHUIO.
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3. Ucnonp3oBaHre MOKPBHITHIA W3 00Jiee aKTHBHBIX (aHOIHAS 3aIlWTa) WA
MEHEE aKTUBHBIX METAJUIOB (KaTOIHASI 3aIlUTA).

4. Meranuyeckue H3Ieus CMa3blBalOT HEOKUCISIOMIMMUCS MaciaaMu,
KOTOPBIE TIPH 3aCTHIBAHUH 00Pa3yIOT 3alTUTHBIN CIION Ha MOBEPXHOCTH METAJIJIA.

5. Ha moBepxHOCTh MeTajyla HAHOCAT PACTBOP BBICOKOMOJIEKYJISIPHOTO
coenunenus. llocie wucnapeHuss pacTBOpUTENsT Ha MOBEPXHOCTU O0Opazyercs
MOJIMMEpPHAas MJICHKA.

6. 3amuTa BHEIIHUM MOTEHIMAJIOM OCHOBAaHA HA TOM, YTO MPH HAJIOKECHHUH
W3BHE OTPHUIATEIBLHOIO TMOTEHIMada OOJbIIEro, 4YeM TMOTEHIMal AaKTUBHOTO
MeTaJljia, MOTOK AJIEKTPOHOB MPEKPATUTCS, U KOPPO3us MpoTeKaTh He Oynaet. s
ATOTO 3AIIUIIAEMBIM METAUT COEAUHSIOT C OTPUUATEIBHBIM IOJIOCOM BHEIIHETO
MCTOYHUKA MOCTOSSHHOTO TOKA, a TOJIOKUTEIbHBIN MOTIOC 3a3€MIISIIOT.

7.1IporekTopHas 3amuTta. K u3nenuo noJcoequHsoT AETalb-IIPOTEKTOP U3
Oojee AaKTUBHOTO METaJlla, KOTOPBIM JIETKO OKHUCJSETCS M TEM CaMbIM
MPEIOXPAHAET U3JICIINE OT KOPPO3UH.

KoHTpoJIbHBIE BOIIPOCHI:

1. Yto Takoe koppo3usi?

2. Uto Takoe xumuueckas kopposus? Kakue cCymecTByrOT BHIbBI
XHMHUYECKON KOPPO3UU?

3. [Ipu kakuX yCIOBHSIX MPOTEKAET IICKTPOXUMHUIECKAS KOPPO3HS?

4, Kakue MeTo Il MPUMEHSIOT JJISI 3alIUTHI OT KOPPO3HUH?

JIABOPATOPHAS PABOTA Ne 7

Koppo3us meTaioB

OO6opynoBanue: MTATUB C MPOOUPKAMU, XUMUYECKHUE CcTakaHbl Ha 50 wmui,

CTCKJITHHBIC TAJOYKH, TJIACTUHKH OIMHKOBAHHOTO M JIYXKEHOTO Keje3a, TBO3IH

MEePEBUTHIC METHON TIPOBOJIOKOM, CTaTbHBIC INIACTUHKY, HAKIa4Has Oymara.
Peaktusbl: 0,1 u pactBop H»SO4, 3%-mbrii pactBop NaCl, 0,5%-ubrit

pactBop rexcanuanodeppara(lll) xamus Ks[Fe(CN)g], penondranenn, dopmanu,

ypotpomnuH, 2 H pactBop HCI.
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X0 pabOTHI:

OmnbiT 1. Koppo3usi OLIHUHKOBAHHOTIO U JIY;KEHOT'0 KeJie3a

B crakan naneiite 30-40 M 0,1 H pacTBOopa CEepHOM KHCIOTHI M J00aBbTE
HECKOJIbKO Karenb pactBopa rekcammanodeppara(lll) xamus Ks[Fe(CN)g].
CopnepxumMoe nepemeniaiiTe U pasjieiiTe TOpoBHY B JiBa cTakaHa. B onuH crakaH
OITYCTHUTE IJIACTUHKY OLMHKOBAHHOIO )KeJie3a, a B IPYTOd — IMIACTUHKY JIYKEHOTO
xene3a (peBapuTeIbHO HAPYIIUTD MTOKPBITHE).

Uro nabmomaere? ['me m modemy HMHTEHCHBHee Bblaensercss raz? Kak
M3MEHAETCS OKpacka pacTBopa B Kaxaom ciydae? O uyeM CBHUACTEIbCTBYET
M3MEHEHUE OKPacKu?

KatogueiM Wi aHOJIHBIM SIBIISIETCS TOKPBITUE *Keje3a B KaXIoM ciiydae?

HanumuTe ypaBHEHHs IPOTEKAIOIIMX MTPOLIECCOB.

OmnbIT 2. Koppo3usi B HeTpaJIbHOI cpeae

B npo6upky Haneiite Ha 1/3 ee oo0bema 3%-HoOro pacTBopa XJopuaa HaTpHs.
JloOaBbTe HECKOJBKO Kamenb (eHosdranenHa. OnycTuTe B NMPOOMPKY T'BO3[Ib,
MEPEBUTHIM MEIHON IPOBOJOKON (JJAKOBOE IOKPHITUE C MPOBOJIOKH YAAIUTh
HaXXJauyHOU OymMaroit).

Uro nabmonmaere? Kakyro poiib B OMNBITE BBINONHIET xjiopua Hatpusi? C
KUCJIOPOJITHOW WJIM BOJIOPOAHOM JAemoJisipu3ale MpoTeKaeT Mpolecc KOppo3uu?
YKaxxute KaTOAHBIM M aHOAHBIM y4acTKU. COCTaBbTE ypaBHEHUS MPOUCXOSAIINX

IPOIIECCOB.

OnbIT 3. PoJib KNCJ10P0OAa B KOPPO3UHU METAJLIIOB

Haxxmaunoit Oymaroid 3auncTUTe CTalbHYIO IUIacTUHKY. Ha cepenuny
TJTACTUHKY HAHECHUTE KaIlII0 pacTBOpA XJIOpHJIa HATPUs ¢ Karumo (GeHondranenHa.
Yepe3 HexkoTOpoe BpeMs 0o0paTuTe BHUMAaHWE, Kakas 4acTh KaIUld pacTBopa
OKpalIMBaeTCsl B MAJIMHOBBIN 1BET. [Touemy?

VYKkaxkure KaTOIHbIA W aHOAHBIA ydacTku. CocTaBbT€ ypaBHEHHS

IMPOTCKAaOIUX IMPOLECCCOB.
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OnpbIt 4. /leiicTBHe HHTHOUTOPA KOPPO3UM

B nBa crakana naneiite mo 15-20 mn 0,1 H pacTBopa CepHON KHUCIOTHI,
n00aBbTe B K&K/l CTaKaH HECKOJBKO Karelb pacTBopa rekcanuanodeppata(lll)
kamust Ks[Fe(CN)g]. B mepBBIli cTakaH OITyCTHTE HPOTPABICHHYIO KEIE3HYIO
IUTACTUHKY (MIPEABAPUTEIBHO 00pabOTaHHYIO COJSTHOW KHCIOTOH). Bo BTOpOI
CTakaH HaJIGHTE HECKOJbKO Kareidb (GopMalnHAa WM J100aBbTE HECKOJIBKO
KPUCTAJUTMKOB ypoTpornuHa. OMyCTUTE B CTaKaH TaKyIO e JKEIEe3HYIO MIACTUHKY.

CpaBuute, Tae KOppo3us uueT Owictpee. [louemy? 3anmummre ypaBHEHHS

peaKunil.

PA3JIEJ X
KOMILJIEKCHBIE COETUHEHMS

MHuorue MOJICKYJIBI  CJIOKHBIX BCIICCTB, MCKAY aTOMaMH KOTOPBIX
I[ef/iCTBYIOT KOBAJICHTHBIC WJIM MOHHBIC CBJ3HU, CITOCOOHBI Y4aCTBOBAThb B PCAKIUAX
IMPUCOCANHCHHUA 3a CUCT 06paBOBaHI/ISI HX aTOMaMH JOIIOJHHUTCIBHBIX XUMHWYCCKHUX
CBA3€H 10 JOHOPHO-AaKLENTOPHOMY MexaHu3My. OOpa3oBaBIIMECS IIPU ITOM
BCHICCTBA pPACCMATPHUBAIOT KaK COCIAMHCHHA BBICHICTO IIOPAAKA MW HA3bIBAIOT
KOMIUTEKCHBIMU. COCIMHEHHs, B y3JaX KPHUCTAUTMUECKOM PEMIETKH KOTOPBIX
HaXOOATCA CJOXKHBIC MOJICKYJIbI HWJINW HWOHBI, CIIOCOOHBIE K CaMOCTOATCIIBHOMY
Cym€cCTBOBAaHHIO B pacTBOpax, Ha3bIBAIOT KOMIIJICKCHBIMH NN
KOOPpANMHAIIUOHHBIMM.

PeaKHI/H/I KOMHH@KCOO6paSOBaHI/Iﬂ MOTYT IIPOTCKATb MCKIAY BCHICCTBAMM,
HaXOOAINMUCA B JIF000M arpe€raTHomM COCTOSHUH, HO HauboJee
MHOTOYHCJICHHBIMU ABJIAIOTCS PCAKIUU, IIPOUCXOAAIINE B PaCTBOpaAX.

Hanpuwmep:

Fe(CN); + 3KCN = Fe(CN)s » 3KCN = Ka[Fe(CN)q]
Hgl, + 2K1 = Hgl, * 2KI = Ko[Hgl.]
CuSO4 + 4NH3 = CuSQ, * 4NHj3 = [Cu(NH3)4]SO4

O6p3,3y10HIHGCH KOMIIJICKCHBIC COCIMHCHUA 06Haﬂa}OT CBOﬁCTBaMH,

OTJIMYHBIMU OT CBOMCTB MCXOMHBIX BeliecTB. M3BecTHO, uT0o KCN — CHIBHBIN 1,
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TOrJa KaK TOKCHYHOCTh KpacHOW KpoBsiHou coim, Ks[Fe(CN)g], 3a cuer CN-
MPAKTUYECKU HE MPOSBIISIETCSI.

CucreMaTU3UpOBaHHbIE TIPEJCTABICHUS O IIPUPOJIE HM  CBOMCTBax
KOMILJIEKCOB ObLIM M3JI0KEeHBI B 1893 r. mBelnapckuM yueHeiM A. BepHepoMm B
“KOOpAMHAIMOHHOW TEOPUU KOMIUIEKCHBIX COCAMHECHU .

N3ydeHne xapakTepa AUCCOIMAIIMM KOMIUIEKCHBIX COEIUHEHHM M HX
XUMUYECKUX CBOMCTB IMO3BOJMIO C(HOPMHUPOBATH COBPEMEHHBIE MPEACTABICHUS O
CTPOCHHUHU KOMILICKCHBIX COCTUHCHUH.

B KOMIUIEKCHBIX COCIMHEHUSX MOXHO BBIJICUTh IEHTPAIbHbIA HOH —
KOMILIEKCOOOpa3oBaTeib u HOHBI W HEUTpaIbHbIE MOJICKYJIbI,
KOOPJIMHUPYIOIINE BOKPYT KOMILJIEKCOOOpa30BaTENsl — JIMTAH/IbI.

Kommiiekcoo0pa3oBarejb — aToM WIHA HOH, KOTOPBIA  SIBJISIETCS
aKIIETOPOM DJIEKTPOHHBIX Tap, MPEIOCTaBIIsAs BaKaHTHBIC aTOMHBIC opOuTanu. B
Ka4ecTBE KOMILIEKCOOOpa3oBareyiell yalle BBICTYMAIOT METaJlIbl, O0COOCHHO O-
METaJIJIbl, HO MOTYT OBITh U @TOMbI HEMETAJIJIOB.

JIuranabl — MOJIEKYJIbl HWJM HMOHBI, KOTOpPBIE SABJISIOTCA JOHOpaMU
AJIEKTPOHHBIX Tap M HEMOCPEACTBEHHO CBS3aHbI C KOMILIEKCOOOpa3oBaTeIeM.
Hanpumep, murangsi-uonsl — F-, CI°, Br, I, OH°, CN°, CNS", NO; wu ap;
murasasl-moiiekyisl — H,O, ROH, CO, NHs, RNH,, NO u np.

KonuuectBo cBs3eid, oOpazyeMbIx KOMILIECOOOpa30BaTeIeM C JIUTaHIaMU,
OTIpeJIeIISIET €r0 KoopaAnHaAnnoHHoe yucao (KY).

Yucno CBSI3EH, 00pa3yemMbIX KaXXIIbIM JIUTaHJIOM C
KOMILIEKCOOOpa3oBaTeaeM, OIMpenesiseT AeHTATHOCTh (WM KOOPAWHAIMOHHYIO
€MKOCTh) JIUTaHaa. B COOTBETCTBHE C 3TUM, Pa3IMYalOT MOHO-, OM- U, B O0IIEM
cily4ae, OJIUACHTATHBIC JTUTaH Ibl.

KommnekcooOpazoBarens  u  Jwuranfsl  00pa3yloT  BHYTPEHHIOIO
KOOPJIMHAIIMOHHYIO chepy KOMIUIEKCA, KOTopas MpH HAMMCAaHWUHU 3aKJII0YaeTCs B
KBaJIpaTHbIE CKOOKH.

CyMMa yCIIOBHBIX 3aps/ioB  KOMIUIEKCOOOpas3oBareiiss ¥ JIMTaHOB

OMpCACIACT 3apAan KOMILICKCHOU YaCTHUIIbI. HpI/I IMOJIOKUTCIIbHOM  3apsac
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KOMIUIEKCHAS YacTULa SBIsgeTcs KomiulekcHbIM KatmoHoM: [CU(NH3)i]?*; mpu
OTpHIIATENEHOM 3apsge — KoMmiuiekcHelM aHuoHoM: [Fe(CN)g]®; HyneBbm
3apsiioM 00JaarT kKomruiekcHbie MoJieKyJbl: [PtCly(NHs3)2]. 3apsa komiuiekcHOro
MOHA HEUTpaTU3yeTCsl PaBHBIM 3apsAOM TMPOTHUBOMOHOB, KOTOpBIE 00pa3yroT
BHEITHIOI0 KOOPJAUHAIMOHHYIO cepy KoMIuiekca. [I[poTHBOMOHBI MOTYT OBITH Kak
MIPOCTHIC, TAK M KOMILJICKCHBIE.

HoMeHknaTypa KOMILIEKCHBIX COeINHEHU

Ha3Banusi KOMIUIGKCHBIX COCAMHECHHUH O0pa3yloTcs 10  IpaBHIIaM
HomeHkJaTypel [UPAC ¢ yderom 0coO€HHOCTEH HOMEHKIATYpbI, MPUHATON B
pycckoM si3bike. Ha3BaHMe KOMIUIEKCHOTO HMOHA 3aIllMCBIBACTCS OJIHUM CIIOBOM.
CHavasia Ha3pIBaeTCS aHWOH, 3aTeM KaTHOH B POIUTEIBHOM maaexke. [lpu
HA3BaHUU KOMIUIEKCHOW YaCTHUIIBI TMTOTB3YIOTCS CIEAYIOIUMH MPaBUIIaMU:

1. BHayayie Ha3pIBAIOTCS JIMTAHIBI — KHUCIOTHBIE OocTaTkh. K JlaTHHCKOMY
HA3BaHUIO JIMraHAa J00aBIsETCS OKOHYAHWE — O; €CIM Ha3BaHUE KHUCJIOTHOTO
OCTaTKa OKaH4YMBAETCS HAa —HJI, TO OHO OTOpackiBaeTcd (Cybdaro, XJI0po, Opomo).

2. 3areM Ha3bIBAIOTCS JIMTAHIBI — HEUTPAJBbHBIC MOJCKYJIbI OOBIYHBIMU
HasBaHusMmu. Hckmrouenue cocraBiagior NHs; — ammun, H,O — akBa, CO —
KapOOHWIJI U HEKOTOpbIE APYyTHE.

3. Uwmcno nuranmoB 0003HAYAETCS TPEUYCCKUMH YHUCIUTEIbHBIMU: "mu",

"tpu", "terpa” u T.0. Eciiv B Ha3BaHMM JIMTaHAa YK€ UMEETCS YUCIUTEIbHOE, TO
YUCJIO TaKUX JIMTAaHAOB OO0O3HaYaeTcs MOAu(UIIMPOBAHHBIMUA  (QopMaMu
yucauTenbHbIX: "ouc”, "tpuc”, "rerpakuc” u 1.1.

4. Ha3plBalOT KOMIUJIEKCOOOpa3oBareiah JIATHHCKAM  Ha3BaHHEM C
OKOHYaHHEM -aT B CiIy4ae KOMIUIEKCHOTO aHHWOHA; M PYCCKUM Ha3BaHHEM B
POIMTENBHOM TAJIekKE — B CITy4ae KOMITJIEKCHOTO KaTHOHA.

5. VYKa3bIBalOT CTENEHb OKHUCIEHUS KOMIUIEKCOOOpa3oBaTelis, KOTOPYIO
3aMKUCHIBAIOT PUMCKUMU ITU(paMu B KPYTIIBIX CKOOKaX.

6. [lo oTHOmIEHHIO K Ha3BaHUIO (opMyJia KOOPAUHAIIMOHHOTO COCIUHCHHS

3aIIMCBIBACTCA B 06p3THOI>i IIOCJIACA0BATCIIbHOCTH.

Hampumep:
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[Cr(NH3)4(NO2)CIINO; — murpat xnoponutporerpaammuaxpoma(lll)
K[Fe(NH3)2(CN)4] — Terpanmanomuammundeppat(l) xams
[Co(H20)3(NO2)s] — punuTpoTprakBakodansT(l1l).

YcTOHYHUBOCTh KOMIIJIEKCHBIX COeIMHEHUH

KomrmuiekcHble cOeTMHEHHS B BOJIHBIX PacTBOpaxX MOTYT JUCCOIMUPOBATH HA
KOMILJIEKCHBIE U BHEITHEC(HEPHBIE UOHBI.

HNoHHOE  paBHOBECME  KOMIUIEKCHBIX  COCIMHEHUH  MOJUUHSACTCA
3aKOHOMEPHOCTSIM MOBEJICHUS B PACTBOPAX CUIIBHBIX 3JIEKTPOJUTOB.

[Ag(NH3)2]C1 — [Ag(NHz),]" + CI”

Jucconuanuu Mo TaKoM CXeMEe HE MOJIBEPraroTCsi TOJIbKO KOMILIEKCHBIC
COEIMHEHUS — HEAJIEKTPOIUTHI, T.€. KOMIUIEKCHBIE MOJIEKYJIbI.

Bropuunast auccouuanus — 3TO pacnaj BHYTPEHHEW cepbl KOMIUIEKca Ha
KOMILIEKCOOOpa3oBaTeab U Juranjsl. OHa oOyclIoOBJIEHA pa3phIBOM KOBaJECHTHOM
CBSI3M, TIO3TOMY CHJIbHO 3aTpyJHEHAa W MMEET PaBHOBECHBIA XapaKTep MOJ00HO
JIMCCOIUAIINY CTA0BIX DJIEKTPOJIUTOB:

[Ag(NH3)2]+ pad Ag+ + 2NH;

Bropuunass  guccomuanuys, Kak ~ BCSKMA ~ PaBHOBECHBIM  MPOIIECC,
XapaKkTepu3yeTcsi KOHCTAaHTOM paBHOBECHS WM KOHCTAaHTOM AUCCOIMAIUU
KOMIUIEKCHOTO HMOHA. B CBs3W C TeM, YTO BEJIMYMHA KOHCTAHTHI JMCCOIMAIUU
XapakTepu3yeT YCTOMYMBOCTh KOMIUIEKCHOTO HMOHA B pacTBOpE, €€ Ha3bIBalOT
KOHCTaHTOH HecTtoWkocTH Kpygcer, s komrmiekcHoro wona [Ag(NH;).]"
BBIPAKEHNE KOHCTAHThl HECTOMKOCTU UMEET BU/I;

Kiecr. = [Ag'] « [NHs]* / [[Ag(NHs)2]']

Yem MeHbIIIe KOHCTAaHTa HECTOMKOCTH, TEM CTaOWJIbHEE BHYTPEeHHSA cepa
KOMILUIEKCA, T.€. TEM MEHbIIE OHa JHUCCOLMHPYET B BOAHOM pactBope. Jlis
OOJIBIIMHCTBA PACIPOCTPAHEHHBIX KOMITJIEKCHBIX MOHOB KOHCTAHTHI HECTOMKOCTH
NpUBE/CHBI B TaOIUIax (Mpuiioskenue 12).

KonTpoabHbBIE BONIPOCHI:

1. Kakne COCAMHCHHA HA3bIBAOTCA KOMILJIEKCHBIMU ?
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2. Kakue MOJeKyJIbl U MOHBI MOTYT SIBJISTHCS JUTAaHAAMH B KOMIUIEKCHBIX
COEJIMHEHUSAX ?

3. UTto Takoe KoMILIeKco0Opa3oBaTelib?

4. Kak ornpenenuTs CTeNeHb OKUCIEHUsI KOMILIEKCOooOpa3oBaTes?

5. Kak onpenensiercst 3aps KOMIUIEKCHOTO HOHA?

6. JlaliTe onpeneneHne KOOPIAMHAMOHHOTO Uncia?

7. Kak xinaccu(uuupyroT KOMIUIEKCHBIE COSTUHEHUS ?

8. Kakue cymecTByloT OCOOEHHOCTH HOMEHKIATYPbl KOMIUIEKCHBIX
coequHEHUN?

9. Xumudeckast CBsi3b B KOMIUIEKCHBIX COSTUHEHUSX.

10.Yto OIIpCACIIACT KOHCTAHTAa HECTOMKOCTH KOMILIEKCHOT'O COCI[HHGHI/IH?

JIABOPATOPHAS PABOTA Ne 8

KoMmmiiekcHble COCINHCHUSA

Lenn DEI6OTI:II IIOJIYYUTb KOMIUICKCHBIC COCAMHCHHA C 3aJaHHBIMH

CBOMCTBaMU (3apsij] KOMIUIEKCHOTO MOHA) U U3YYUTh HEKOTOPhIE MX XUMHUYECKUE
CBOMCTBA.

OOopynoBaHue: WTAaTUB C MPOOUPKAMH, MEPHbIE NPOOUPKHU, CTEKIISIHHBIC

MaJOYKH, MUMETKH.

PeaktuBbl: Oenzon, rekcammanodeppar(lll) xamus kpucranmueckui,
pPONAHU] AMMOHUS KPHUCTAJUIMYECKUN, pacTBOPBL: HUTpAT BUcMyTa 0,5 H, monun
kanmus 0,5 1 u 0,1 1, HuTpat prytu(ll) 0,5 H, ruapOoKCcHI HaTpus 2 H, cynbdaT (Win
xnopua) Hukensa(ll) 0,5 u, 25% pactBop ammuaka, rexcanuanodeppar(ll) kanmus
0,5 n, cynbdar meau 0,5 H, coysiHas KuciaoTa 2 H, nepmaHraHat kamus 0,5 H,
xynopua (cynbdart) kodansra(ll) 0,5 1.

XoJ1 paboThI:

TlonyyeHne KOMIUIEKCHBIX COETUHEHUN

Onpbit 1. Tlosry4yenne coeIuHEeHNI ¢ KOMILUIEKCHBIM AHMOHOM

a) noayuenue mempauodosucmymama(lll) kanus
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B mpobupky k 3-4 xamisam 0,5 H pacTBOpa HUTpaTa BUCMYTa MPUOABBTE IO
kamsaM pactBop 0,5 H pacTBOp MoAMIA Kalusl O BBIIAJACHUS TEMHO-Oyporo
ocaJka MoJuAa BUCMyTa. PacTBopuTe 3TOT 0caJoK B M30BITKE pacTBOpa MOAHIA
Kainsi. OTMEThTE I1BET TMOJY4YEHHOTO pacTBopa. MoxeT aM 3Ta OKpacka
00ycIoBIMBaThCA npucyTcTBUeM noHoB K, |7, Bi**? Kakoii M3 5TUX HOHOB MOXKET
ObITh KOMIUIEKCOOOpa3oBaTesieM? C KakMMHU JIMTAHJAMU OH MOXET 00pa30BaTh B
JTAHHOM PacTBOPE CIOKHBI HOH?

Hanummre ¢opmyny KOOpAMHALIMOHHOTO COEOUHEHUS U YpaBHEHUS
PEAKIHN €ro MOJyYEHHUS.

0) nonyuenue mempauodomepxypama(ll) kanus

B nBe mnpobupku momectute mno 2-3 kamum 0,5 H pacTBopa HUTpaTa
prytu(ll). Ogny npoOHpKy OCTaBbT€ B KadyeCTBE KOHTPOJBHOH, a B JIPYrylO
no6aspTe 1-2 xarmmu 0,5 H pacTBopa MoaAuAa Kanus 10 00pa30BaHUs OPAHKEBOTO
ocagka noguaa prytu(Il). 3arem mpuneiite M30BITOK MOAMIA KAIHsI JO MOJIHOTO
pacTBOpeHHs ocanka. McnblTaiiTe pacTBOpbI B 00€MX MPOOMpPKax Ha MPUCYTCTBUE
noHoB Hg?*, 1006aBuB B KaXayr0 NpOOMpPKYy IO 2 KaIlld PacTBOpa I'MAPOKCHUIA
HaTpHSL.

N3 xakoro pactBopa BbIIagaet kenToiid ocagok okcuaa prytu(Il)? Ilouemy
BO BTOPOH IIPOOUPKE TIPH IEHCTBUH IEJI0YN 0CAIOK HE BHITIAACT?

Hanumumre ypaBHEeHHs MPOBENCHHBIX PEaKILMii: 00pa3oBaHUs HOaUAA PTYTU
U €ro B3aWMOJEWUCTBUSA C M30OBITKOM HOAWAA Kanus (KOOPAMHALIMOHHOE YHCIIO
nona Hg?* paBHO ueThIpem).

Hanummre ypaBHEHHS  DJIEKTPOJIMTHYECKOM  TUCCOIMAIMU  HUTpATa
prytu(Il) n monyueHHOU KOMIUIEKCHOU conu — TeTpanoaomepkypara(ll) kamus.

Hanumumre BbIpa)keHHE KOHCTAaHThl HECTOMKOCTH JIi KOMIUIEKCHOTO

COCIUHCHUS.

OnbiTt 2. IlosydyeHue coeqMHEHMH € KOMIUIEKCHBIM KATHOHOM.
IHosryyeHne aMMHAYHOI0 KOMILIEKCA HUKEJIA
[Tomyunte ocamox runpokcuaa aukensa(Il), Baecs B mpobupky 1-2 mu 0,5 =

pacTBopa cyibdaTa HUKEIS U TaKOU %e 00beM 2 H pacTBOpa TUAPOKCHIa HATPUSL.
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K wactu ocamka mobaswte 0,5-1 Mm 25 %-HOro pacTBOpa ammuaka. Urto
npoucxogur? CpaBHuTe OKpacKy HMOHOB Ni** B pacTBOpe Cynb(ara HUKENs C
OKpacKoil moyiydeHHoro pactBopa. [IpucyrcTBue Kakux HOHOB OOYCJIOBIMBAET
OKpacKy pactBopa?

Hanuimure MonexkynsipHble WU HOHHBIE ypaBHEHHUS peakiuu oOpa3OBaHMUS

KOMIIJICKCHOI'O COCIMHCHUA HUKCILA.

Onbir 3. IlosyyeHHe  KOOPAMHALIMOHHOIO  COEIMHEHUS] €
KOMILJIEKCHBIMHA AHMOHOM M KATHOHOM

B npobupky BHecute 1 mia 0,5 H pactBopa rexcanuanodeppara(ll) xamus,
Ka[Fe(CN)s], n nBoiinoe kommdectBo 0,5 H pactBopa cyiabdara aukemsi(ll). K
MOJIYYEHHOMY OCaJIKy TMpuieiiTe pactBop ammuaka (25 %) 10 TOJHOro
pactBopeHust ocaaka. CoaepXKuMoe NpOOMPKU TMepeMelaiTe CTEKJISHHOU
MMAIOYKOH.

HaGnrogaiite mocreneHHoe oOpa3oBaHWE  MEJIKUX — OJEAHO-JTUIOBBIX
kpuctaiioB koMiiekcHoi coym [Ni(NH3)s]2[Fe(CN)g].

Hanummre ypaBHEHNE pEaKIIMU NOIYYEHNS KOMIJIEKCHOTO COEAUHEHNS.

XUMHUYECKNE CBOMCTBA KOMIUIEKCHBIX COETUHEHUN

OnbiT 4. KoMmIiulekcHbIE COeAMHEHMSI B peakmusx oOMeHa.
B3aumoneiicTeue rexcanuanogeppara(ll) xanus c cyabparom mexu(ll)

B npobupky Baecute 1-1,5 ma 0,5 H pactBopa cynsdara Menu u 100aBbTe
takoi xe 00bem 0,5 H pacTtBopa koMmiuiekcHoi con K4[Fe(CN)g]. OrmerbTe mBet
oOpa3zoBaBierocst ocajaka recarmanodeppara(ll) meau. Hamummre Monexynspaoe

N MOHHOC YPAaBHCHUS PCAKIUH.

OneIT 5. KoMmmiiekcHbIe coeIMHEeHUs B OKMCJIUTEJIbHO-
BOCCTAHOBUTEJIbHBIX PEAKIHUAX

a) soccmanosnenue cexcayuanogeppama(lll) xanus

B mpo6upky BHecute 1,5-2 miu 0,1 H pacTBopa monuna xamus, 0,5-1 mu 2 1

consgHo kuciotel M 0,5 M Oemszoma. OtMmerbTe, 4YTO OEH30J OCTAaCTCS
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OecrBeTHBIM. J[00aBbTE HECKOJIBKO KPUCTALIOB KoMIuleKcHOM comu xene3a(lll)
Ks[Fe(CN)s] u mepememaiite pacTBOp CTEKISTHHOW majoukoil. [To m3MeHeHUIo
OKpacku OeH30J1a yOeIUTeCh B BbIJICJICHUU CBOOOJHOTO HO/IA.

Hanummre ypaBHeHHWE peakinu B3auMmojeicTBus rekcarmanodeppara(lll)
Kajaust ¢ momuaoM Kamus, yuutbiBas, uto Ks[Fe(CN)s] mepexoaut mpu 3ToM B
K4[Fe(CN)s]. Yka3aTh OKHCIUTEIIb U BOCCTAHOBUTEIID.

Kakune noHpl B KOMIUIEKCHOM COSAMHEHUN H3MEHUIIN CTETICHb OKUCIICHUS ?

0) okucnenue eexcayuanogpeppama(ll) kanus

[Tomectute B mpodbupky 0,5-1 ma 0,5 H pacTBopa mepMaHraHara Kajus,
n00aBbTE€ HECKOJBKO Kamelb 2 H pacTBOpa CEPHOM KHCIOTHI U 0OAaBHUTH IO
kamsaMm 0,5 H pactBop rekcannanodeppara(ll) xamus g0 obGeciBeunmBaHUs
pacTBopa.

OOecuBeunBaHUE pacTBOpa IPOUCXOAUT BCIEACTBHE BOCCTAHOBIICHUS
nepmaHraHara kamus a0 cyibdara wmapranua(ll). Ilpu sToM KOMILIEKCHOE
coequnenne K4 [Fe(CN)g] oxucnsercs no Ks[Fe(CN)s].

Hamumure ypaBHEHHE peaKIMM OKHCICHUS. YKaXKHTE OKHCIUTETh U

BOCCTaHOBHUTCIIb.

OnbiT 6. YCTOMYHBOCTH KOMILUIEKCHOIO HOHA. Peakuuu oOmMeHa
JIMTAH/IaMH
Buecute B mpobupky 1 mu xjopuna (cynasdara) kodansra(ll) mu nmpubdasbTe
HECKOJIbKO KPUCTANIOB pacTtBopa poaanuma ammonus NH4CNS. Habmronmaiite
o0pa30oBaHNUE KOMIUIEKCHOTO COEMHEHUSI CHHETO 1[BETA:
[Co(H20)4]Cl; + ANH4CNS = (NH4)2[Co(CNS),] + 2NH4CI + 4H,0
Jlo6aBpTe B mpoOupky Boabl. Uto Habmomaere? CpaBHHTE MOITYYCHHBIN
pacTBOp ¢ pacTBOpPOM xjopuaa kodbanbra. CpaBHUTE YCTOMYMBOCTH POAAHUIAHOIO

1 aKBaKOMILIEKCa KoOajbTa.
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PA3JIEJI XI
OBILME CBOIICTBA METAJLJIOB

IlopaBisgroniee OOJBIIMHCTBO XHMHYECKHX DJJEMEHTOB B CBOOOIHOM
COCTOSIHUM TMPEACTABIISIIOT OO0 MeTauibl. Eciv B NEpHOIUYECKON CHCTEME
AJIEMEHTOB IIPOBECTH JHMAroHajb OT Oopa K acTary, TO B MPaBOM BEpXHEW YacTH
OyIyT HaXOIUThCS HEMETaUIbl (KpoMe 3JIEMEHTOB MOOOYHBIX MOATPYIM), a B
JICBOM HIDKHEH — METaJIbl. DJIEMEHTBI, pacrojokeHHble BOMM3n muaroHamu (Al,
Ti, Ga, Sb u n1p.), oO6magarOT ABOMCTBEHHBIMHU CBOMCTBAMH. B 3TOM ciydyae HENb3s
MPOBOAUTE PE3KYI0 YEepTy MEXAy MeTalulaMd M HeMmeTauiamu. HekoTopbie
anemenTol (T1, As, Sb, Ge) BeayT cebOs Kak MeTaUlbl B OJHHMX YCJIOBHSX U Kak
HEMETAJIJIbl — B APYTHUX.

Bce metamnibl B OOBIUHBIX YCIOBHUSIX SIBISIIOTCS TBEPABIMHU BEIIECTBAMH,
KpOME€ PTYTH, U 00JaJal0T XapaKTEPHBIMH CBOMCTBAMU: METAJUTMYECKUM OJIECK,
AJIEKTPONPOBOAHOCTD, TEIJIOMPOBOAHOCTh, MJIACTUYHOCTh. (CBOMCTBA METAJIOB
00yCJIOBJIEHBI METAJUIMYECKUM TUIIOM XUMUYECKON CBSI3H.

Merammueckuii 0Jeck 0OYCIOBJIEH CIIOCOOHOCTHIO METAJJIOB OTpaXkaTh
CBETOBbIC JIyuH. B HanbOoblel cTeneHu 3Ta ClioCOOHOCTh MPOSIBIsiETCS y cepedpa
W WHIMS, YTO HAIUIO NMPHUMEHEHHE B W3TOTOBJICHUU 3€pPKaJl, MPOKEKTOPOB U Ap.
MeTajibl MMEIOT 0JIECK TOJIBKO B KOMIAKTHOM Macce, JUIIh MarHuil ¥ aJTIOMUAHUI
COXpaHSIOT OJIECK B MOPOIIKOOOPa3HOM COCTOSIHUU. MeTalibl, OTpakarolue Bce
CBETOBBIC JIyYH NPUMEPHO B OJMHAKOBOM CTEIEHU, MMEIOT CepeOpuCcTO-OebIi
uBeT. JIume aBa MeTtaiuia BBIACIAIOTCA U3 BCEX XapaKTEPHOM OKPACKOW: MEIb —
YKEJITO-KPACHOTO IIBETA M 30JI0TO — KEJITOr0 IBeTa. DTH METa/Ibl OTHOCUTEIHHO
CUJIBHO MOTJIOIIAOT JIYYH C KOPOTKOW JUTMHOW BOJIHBI.

Metannsl — TPOBOJHMKUA TeIla W JJIEKTPUUYECKOTO ToKa. Jlydmmmu
MIPOBOJTHUKAMH SIBIIIOTCSL cepedpo, Meab U aIIOMUHUN. MeTamibl ¢ BBICOKOMN
AIEKTPONPOBOIHOCTHIO XapaKTEPU3YIOTCS U BICOKOU TETIONPOBOAHOCTHIO.

OCHOBHOE MEXaHMYECKOE CBOMCTBO METAJUIOB — INIACTHYHOCTh. OHH

CHIOCOOHBI TIOJT TABJICHUEM M3MEHATh CBOIO (hOpMY, HE pa3pyIIasich. ITO CBOWCTBO
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MO3BOJISIET NPOKATHIBATh METAIUIBI B JINCThl M BBITATMBATh HX B IPOBOJIOKY.
[IepBoe MeCTO MO MIACTUYHOCTH 3aHUMAET 30J10TO.

OcHoBHBIE (PU3MYECKHE CBOWCTBA METAJUIOB: TBEPJOCTh, TEMIIEpaTypa
IJIABJICHUS, TUIOTHOCT.

ITo cTeneHn TBEPAOCTH METAIIbI 3HAYUTEIBHO OTJIMYAIOTCS APYT OT ApYyra.
Kanwmii, HaTpuii — MSTKHME METaJUIbl, UX MOYKHO pe3aTh HOKOM. Camblil TBEpAbIN
METaJIJI — XpOM, 10 CTETIIEHU TBEPJIOCTU MPUOIMKACTCS K aliMa3y.

TeMneparypa IJIaBJICHUS METAUIOB HM3MEHSETCSA B IIMPOKUX NPEaeIiax.
Camplii jerkoriaBkuii Metamt — pryTh (tpn = -38,87 °C), camblil TyromiaBkuit
metast — Bosbdpam (try, = 3370 °C).

Camoe TsKeI0€ BEECTBO HA 3€MIIE OTHOCUTCS K METaJUlaM. JTO OCMHU C
wioTHOCThIO 22480 kr/M°. CaMblif JETKHH U3 METAUIOB — JIMTHUil, €ro IUIOTHOCTh
590 kr/m®. YCIOBHO MeTaibl JeISTCS Ha TSHKENbIE M JIETKUE. | panunei Mexmy
HHUMH [IPUHUMAETCA II0THOCTH 6000 Kr/m3,

ATOMBI METaZIOB MOTYT OTJaBaTh 3JEKTPOHBI BHEIIHETO AJIEKTPOHHOTO
cyosi, o0pa3ysl MOJOKUTEIBHO 3apsiKEHHbIE MOHBL. B OTIMYME OT HEMETAJUIOB,
aTOMbl METAJIJIOB HE TMPHUCOCAUHSIOT SJEKTPOHBI U HE 00pa3yloT OTPUIATEIBHO
3apSOKEHHBIX HOHOB. T.e. MeETaulbl SBJISIIOTCA AJEKTPONOJIOKUTEIBHBIMU U
BOCCTAHOBUTEISIMU. Mepol aKTUBHOCTM METAJUIOB SBISIETCA BEJIWYMHA HX
ANIEKTPOAHOr0 moTeHImana. Yem Oosiee oTpullaTelbHa BEJWYMHA CTaHIAPTHOTO
AJIEKTPOJHOr0 MOTEHIMAIA, TEM BbIIIE BOCCTAHOBUTEIIbHAS AKTUBHOCTH METaslla.
Mertamasl  CrOCOOHBI  B3aMMOJICHCTBOBATH C  MPOCTHIMHA  BEHIECTBAMHU — —
HeMeTajulaMH (BOJOPOJIOM, rajloTeHaMu, YIIepoIoM, a30TOM, CEpOM, KUCIOPOIOM
U 7Ip.) ¢ 00pa30BaHHEM COOTBETCTBYIOIIUX OWHAPHBIX COCTWHEHUW — TUIPHUIOB,
rajJloreHu1I0B, KapOWJI0B, HUTPUJIOB, CYIb(UIOB, OKCUAOB U Ap. Bo3MOXKHOCTH
MPOTEKaHUs MOJOOHBIX PEaKIUN OMPEAeNSIeTCs] U3MEHEHUEM BEIMYUHBI SHEPTHH
I'n606ca (AG).

Bo3MoxxHOCTH B3aUMOJIECUCTBUS C BOJIOH, COIPOBOXKAAIOLIETOCS
BBIZICJICHHEM BOJIOPOJIA, TaKXKe OMpeeNsieTcsl yMeHbleHneM 3Hepruu ['nboca, a

TaK)K€ BEJIMYUHOM QJICKTPOAHBIX MOTCHIHUAIIOB U PACTBOPUMOCTBIO O6p3.3YI-OHII/IXCSI

138



THIPOKCUIOB. DJIEKTPOIHBIN moTeHIran cucremsl 2H™ + 2 = H, amsa Boabl mpu

pH =7 cocraBnsier ¢° = —0,414 B. CnenoBatenbHO, BBIICIICHUE BOJOPOA U3 BOIbI

UMEeT MECTO MPU B3aUMOJIEUCTBUM C HEW METaJIOB, DJIEKTPOJHBIA MOTEHIHAT

KOTOPBIX UMeeT OoJiee oTpuliatenbHoe 3Hadenue, yem —0,414 B. Hanpuwmep,
2Na(x) + 2HOH(x) = 2NaOH(p) + Ha(T)

Takoe B3anmoJIeliCTBHE XapaKTEPHO JIJISl MICTIOYHBIX M IIET0YHO3EMENbHBIX
MeTaJIoB. Peakius uaeT ¢ 3aMeTHON CKOPOCTbHIO, €CITH 00pa3yIOIIUCS THAPOKCHT
pactBopuM B Boje. OOpa3zoBaHHe K€ HEPACTBOPUMOIO I MaJOPacTBOPUMOIO
TUAPOKCHJIA Ha TMOBEPXHOCTH MeETajyla TOPMO3UT JalibHEWIlIee MpOTEKaHue
peaklnu, HalpuMep:

Zn(x) + 2HOH(x) = Zn(OH)2(T) + Ha(1)

[ToaTomy MeTaibl, 0Opa3yroye MajiopacTBopuMbie ruapokcuasl (Mg, Al,
Zn, Fe), moryT B3aMMOJICHCTBOBAaTH C BOJOW TOJBKO MpH HarpeBanud. Ha
CIOCOOHOCTh METAJUIOB BCTYNATh B PEAKIIUIO C BOJOW BIUSAET TAKXKE COCTOSIHUE UX
noBepxHocTtd. Hanmnuwe 3ammrHOM okcumHou mmieHku (ZnO, Al,O; BeO)
MOBBIIIAET YCTOWYMBOCTH METAJUIOB K BOJIE.

MHorue MeTamibl BCTYNalT B OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIE PEAKIIUU
C KHWciaoTamMH. B KuCIOH cpeme ¢ yBEIMYEHHEM KOHIEHTpalmu WoHOoB HY,
YMEHBIIAETCS OTPULATEIBHOE 3HAYEHHUE DJIEKTPOAHOIO IIOTEHLHANa CHUCTEMBI
H* + & = 1/2H,. TloaToMy OKHCIIEHUE METaIOB 3a CYET BBIIEICHUS BOJOPOJA B
pacTBOpax KHUCJIOT MPOUCXOAUT aKTHBHEE, YEM B BOJAE, U KOJUYECTBO METAJIOB,
B3aMMOJICUCTBYIOIIMX C KHUCJIOTaMH, BO3pacTtaer. Merajuibl, CTOSIIHUE B PSAy
HaIpsHKEeHUH 10 BOAOPO/Ia, CLIOCOOHBI BHITECHSATh BOAOPOJ U3 PACTBOPOB KHUCIOT.
N306bIToKk MoHOB H' mpensTcTByeT 0O0pa3oBaHUIO THUAPOKCHIOB M CIIOCOOCTBYET
nepexoay MeTajuioB B KATHOHHBIE aKBAKOMITJIEKCHI:

Zn(x) + HaSO4(p) +4H0(x) = [Zn(H20)4]SO4(p) + Ho(r)  wim
Zn(x) + H2SOu4(p) = ZnSOu(p) + Ha(T)

B psine ciyyaeB nmpu B3aMMOJEHCTBUM METAJUIOB C KMCIOTaMU 00pa3yroTcs

HEpPACTBOPUMBIE WM MaJIOPAaCTBOPUMBIE MPOAYKTBI, KOTOPbIE HPEMSATCTBYIOT

npoTekaHuio peakuuu. Hampumep, CBUHEI] HE pacTBOpsAETCS B pa30aBICHHBIX
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KHUCJIOTaX — CEpPHOM, COJSHOW, TaKk Kak Ha MOBEPXHOCTH CBUHIA 0Opa3yroTCs
HepacTBopuMble B Boje ocanku PbSOs PbCl,, mnpenoxpanstomue ero or
JanbHEHIero okucieHus. ToOpMOKeHHUE WU TIOJTHOE MPEKpAIlEHUEe XUMUYECKOTO
mpoliecca 3a cueT NPOAYKTOB B3aUMOICHCTBUS HA3bIBAETCS TACCUBHPOBAHHEM.

[Ipu B3aMMOJEHUCTBUM METAJIOB C KHUCJIOPOJCOAECPKAUUMU KHUCIOTaMU-
OKHUCJIUTENIIMU OKUCJICHUE MEeTajula MPOUCXOJUT HE 3a CHYET KaTHUOHOB BOJOpOa
KHUCTIOTBI, @ 32 CYEeT aHHMOHOB KHUCJIOTHBIX OCTaTKOB. C TaKMMH OKHCIUTEISIMU
B3aMMOJICUCTBYIOT METAJUIbI, CTOAIIME B PSAY HAIPSKEHUH Kak 70 BOAOPOJA, TaK
U mocie Boaopona. CHUIBHBIM OKHCIUTEIBHBIM JIEHCTBHEM O0JIagaeT a3oTHas
KHCTIOTa, COJIEp>Kaliasi a30T B BBICIICH CTENEHU OKHCIEHUs. B 3aBHCHUMOCTH OT
KOHIIEHTpAIlMd KHUCIOThl U AaKTUBHOCTH MeETalla COCTaB MPOAYKTOB PpPEaKIUH
MOXXET OBbIThb pa3auyHbiM. [Ipym B3aMMOJEHCTBMM MallOAKTUBHOTO MeETajia ¢
pa30aBlieHHOM  a30THOM  KucioTo  oObiyHO  Bbgensercs NO, a ¢
KoHIIeHTpUpoBaHHOU — NO3:

3Cu + 8HNOg(pa36.) = 3CU(N03)2 + 2NO + 4H,0
Cu + 4HNOg3(kon1r.) = Cu(NOg3), + 2NO; + 2H,0

AKTHBHBIE METaJIIBI MOTYT BOCCTaHABIMBATh a30THYIO kucnoty 10 N2O, N

nu NH4NOs, Hanmpumep:
4Mg + 10HNO3(pa36.) = 4Mg(NOs3), + N,O + 5H,0
47n + 10HN03(0‘ICHB pa36.) = 4Zn(N03)2 + NHsNO3 + 3H,0

B KOHUEHTpHUPOBAHHOM CEPHOM KHUCIIOTE METAJUIbl OKHUCISIOTCS HOHAMH
SO,%. B 3aBUCMMOCTH OT aKTHBHOCTU METaJlIa IPOLYKThl BOCCTAHOBJICHUS MOTYT
OBITh Pa3JIUYHBbIL:

4Mg + 5H,S0O4 = 4MgSO,4 + H,S + 4H,0
3Zn + 4H,S0,4 = 3ZnS0O4 + S + 4H,0
Cu + 2H,S0O,4 = CuSO4 + SO; + 2H,0

PactBopel mienoueit 3a cuer mpucytctBus HMoHOB OH™ cmocoOCTBYrOT

00pa30BaHUIO aHHOHHBIX KOMIUIEKCOB. [103TOMY peakimu MpoTeKaroT TeM JieTye,

yem yCTOWUNBeEe obOpa3yromuecs KOMILUIEKCHbIE AHUOHBI. Tak,
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THUAPOKCOKOMITJIEKCHl HauOoJjiee yCTOMYMBBI y IIMHKA, ATIOMUHHUS U Oepuiuius,
MO3TOMY 3TH METAJUIbI JOBOJIBHO JIETKO PACTBOPSAIOTCS B LIEJI0YaX:
Zn + 2NaOH + 2H,0 = Nay[Zn(OH)4] + H2

B To e Bpems xene3o, K0OadbT, MapraHel] BCIEACTBHE HEYCTOWYHMBOCTHU
THIPOKCOKOMIUIEKCOB  B3aUMOJIEUCTBYIOT C pacTBOpamMH IeJoYed JUIb B
MEJIKOPa3aApOOJICHHOM COCTOSIHUM U MPU JUTUTEILHOM HarpeBaHUH.

[Tonapmnstoniee OONBIIMHCTBO METAUIOB MOMYYalOT IMyTeM XUMHUYECKOU
00pabOTKM MX COEQUWHEHUH, BXOMASIIIUX B COCTaB pyA. B 3aBucuMoctu ot
OKHUCJIUTEIIS, C KOTOPHIM METaJUI CBSI3aH B COCMHEHUH, PY/bl OBIBAIOT OKCHJIHBIE,
KapOOHATHbIE, CHIIMKATHBIE, Cylb(UaHbIE, pocaTHbIC, TAIUIHBIE, CYJIbPUIHBIE.
Belnenenre MeTaIIOB U3 TPUPOAHBIX Py MPOU3BOIUTCS Pa3IUYHBIMA METOAAMMU:

1. IlmpoMeTa/LIyprudyecKuii MeTol — BOCCTAHOBJIICHHE METAJJIOB U3 PY[
IIPY TOBBIIMICHHONM TEMIIEpAaType C IIOMOINBIO VI, MOHOOKCHIA YIJIEpOJa,
QIFOMUHUS UK BOJOPOJIA.

SnO, +2C =Sn + 2CO
Cu0+C=2Cu+CO

Cynbduansie pyasl MOJABEPraroT OOXKWUTY, a 3aT€éM BOCCTAHABJIMBAIOT C

MIOMOILBIO YIJIA:
2ZnS + 30, = 2Zn0 + 250,
Zn0+C=2n+CO

OpnHako yrieM BOCCTAHABIMBAKOTCA TOJIBKO T€ METaulbl, KOTOpBIE HE
00pa3yloT MPOYHbIX KapOuaoB. J[Ji1 BOCCTAaHOBJIEHUS METANIOB, 00pa3yIOLIUX C
YTIEPOJIOM POYHbIE COEAMHEHUS, TPUMEHSIOT BOAOPOI:

MoOs3; + 3H, = Mo + 3H,0

Takve MeTa/sibl MOXHO BBIJEIUTH METOJAOM METANIOTEPMUU, T.€.
BOCCTAaHOBJICHHEM U3 OKCHJOB 0ojiee aKTUBHBIM MeETaJIoM, OO0JaJalolum
OOJBIIIM CPOACTBOM K KUCIOPOAY:

Cr,0O3 + 2Al = 2Cr + A|203
3MnO, + 4Al = 3Mn + 2Al,0;
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2. 'mapoMeTasiyprudeckuii MeTo — U3BJICUYCHUE COCTUHEHUI METaJIOB
U3 pya ¢ momormipio xummudeckux peareHToB (H,SOs, KCN u ap.) B BHIe
PaCTBOPUMBIX COCAMHECHHI, C TMOCICAYIOIMNUM DIICKTPOJIU30M HIH 00pabOTKOH
PacTBOPOB JJIsl H3BIICYCHUS METAJIOB:

CuO + H,S0O, = CuSO, + H,O
CuSO4 + Fe = Cu + FeSO,

OtuMm MeTooM mosrydarot Ag, Zn, Cd, Mo, U.

3. DJIeKTpoTepMHYECKHii MeTOJd — BOCCTAHOBJICHHE AKTHUBHBIX JIETKHUX
metaioB (K, Na, Ca, Mg, Al) u3 paciaBiIeHHbIX OKCHJIOB, XJOPHJIOB,
THAPOKCHJIOB AJICKTPOIH30M.

Takum 00pa3oM, B OCHOBE BCEX METOJIOB IMOJYYEHHUS METALIOB JIeKaT

OKHUCJIUTCIIbHO-BOCCTAHOBUTCIIbHBIC PCAKIINH.

KonTpoabHbIe BONPOCHI:

1. KakoBO MmoJIOKEHUE METAILIOB B MEPUOJUYECKON CHUCTEME XUMHUYECKUX
3JIEMEHTOB?

2. KakoBbl 0OCOOCHHOCTHM DJJEKTPOHHOIO CTPOCHUS METAIOB U
METAJUIMYECKON XMMUUYECKOM CBS3HU?

3. JlaiiTe XapakTEpUCTUKY METAUNIMYECKUM CBOMCTBAM.

4. OxapakTepu3ylnTe OCHOBHBIC (PU3MUECKHE CBOMCTBA METAJIJIOB.

5. Ha3oBuTe OCHOBHBIEC MCTO/JbI BBIACIICHHUA MCTAJIJIOB U3 PY.

JIABOPATOPATOPHAS PABOTA Ne 9

XUMH4YECKHe CBOMCTBA METAJLJIOB

Llens paboThI: U3y4UThH OOIIIME CBOMCTBA METAJIJIOB.

OO0GopynoBaHue: MITATUB ¢ MPOOUpPKaAMHU, XUMHYECKHUE cTakaHbl Ha 100 mul,

JePKaIIKK, CIIUPTOBKU, CIUYKHU, (PUIBTPOBAJIbHASI Oymara, MUHIIET.
PeakTuBbl: METAaUIMYECKUE HATPUM W KaJbLIMM, TPAHYJUPOBAHHbIC LIMHK U
CBUHEL, MEIHbIC CTPYXKKH, QIIOMUHUEBBIE IUIACTUHKHU, JKEJIE3HBbIE TBO3/IH,

denondranenn, nuctuwiumpoBanHas Boaa, pactBopsl: NaOH 2 u, HCI 2 1, HCI
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koHnentpupoBannas, H,SO,s 2 1, H,SO, xornentpupoBannas, HNO; 2 H, HNO;
koHieHTpupoBanHas, CuSO,4 0,5 v, FeSO,4 0,5 1, ZnCl; 0,5 1, Pb(NO3); 0,5 H.

X0 pabOTHL:

OmneIT 1. B3aumMoaelicTBHe MeTAJLJIOB ¢ BOJOM

B xumnueckuii crakan Haieite 50 My Boxabl. OmycTUTE KyCcOUeK HaTpus,
peIBapUTENbHO 00CYIINUB ero (GUiIbTpoBalibHON Oymaroit (Ocmopooxcno! Hampuii
opame moavko nunyemom!). Urto mnpoucxoaut? Iloyemy Kycouek wmeTaiia
npeBpartuiica B Karumo? [locne OKOHYaHMs peakuy NPUIEUTE B CTaKaH 2-3 Karun
dbenondranenna. Yro Habmomaere? Uem 00yClIOBIECHO MOABICHUE OKPACKU?

[ToBTOpHUTE OMBIT ¢ KampieM. OOpaTuTe BHUMaHUE Ha CKOPOCTH PEaKIUU.
CpaBHUTE XUMHUYECKYIO aKTUBHOCTbh HATPUsI U KaJIbIMSI HA OCHOBAaHWW 3HAUYCHUI
CTaHJAPTHBIX JJIEKTPOAHBIX IOTCHIMAIOB M TMOJOXKEHUS B IEPUOJAUYECKOU
CHCTEME XHMHUYECKUX DJIEMEHTOB.

Hanumure YpPaBHCHHA peaKuHﬁ. VKaXuTe OKUCINTEIb U BOCCTAHOBUTEIb.

OnbIT 2. B3anmoaeicTBue METAIIOB C KUCJIOTAMHU

B mects mpoOUpOK MOMECTUTHh MO KYyCOUKY TPaHyJIHPOBAHHOTO IIMHKA U
npubaButh mo 2-3 ma kucaotr: 2 H pactBopa HCI, 2 v pactBopa H,SOs, 2 H
pactBopa HNOs, konm. HCI, xonm. HzSOs, ko1, HNOs. (OnsIThl IPOBOIUTH B
BBITSDKHOM TiKady). Uto Habmomaere? Kakue ycnoBus HEOOXOIUMBI JJIS peaKIuu
KOHIIEHTPUPOBAHHOW CEPHOMN KUCIOTHI C IIMHKOM?

Hanumumre ypaBHEeHMsI peaklMil, paccTaBbTe€ KOIPOUIMEHTHI. YKaXuTe
OKUCJIHUTENIb # BoccTaHoBHTENb. (C KakUMU U3 OTUX KHCIOT OyaeT

B3aUMO/IEHCTBOBATh Menb? [louemy?

OmnbIT 3. OTHOLIEHHE METAJJIOB K PACTBOPAM OCHOBAHUI
Haneiite B mpoOupky 5 mMi 2 H pacTBopa THIpOKcHaa Hatpus. Harpeiite
pacTBOp [0 KHUIIEHHsS M OIyCTUTE B HEr0 AIIOMUHUEBYIO IUIACTHHKY. YTO

HaOmonaere? JlokakUTe OMBITHBIM MYTEM, YTO BBIJCSIONIMICSA Ta3 — BOJOPOI.
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CocTaBbTe ypaBHEHHE PEAKIIUU. Y KAXKUTE OKUCIUTENb U BOCCTAHOBUTEND. JlaiiTe

Ha3BaHUE 00pa3yoLEMYCs THIPOKCOKOMIUIEKCY.

OmnbiT 4. Peakuuu MeTAJIOB € COISIMU

B detbipe mpoOupku naneiite mo 3 mu 0,5 H pactBopoB coneit: CuSOy,
FeSQO,4, ZnCl,, Pb(NOs),. Onyctute B mepByr0 MpOOUPKY JKEJIE3HBIA TBO3/b, BO
BTOPYIO — MEJIHbIE CTPYXKKH, B TPEThIO — KYCOUEK CBHHIIA, B YETBEPTYIO — KYCOUEK
nuHKa. Yepes 2-3 MUHYTHI OTMETHTE, B KAKUX MPOOUPKAX MPOU3OILIIN N3MEHEHUS.
[Touemy? CpaBHHMTE 3HAY€HHUS CTAHJIAPTHBIX JJIEKTPOAHBIX IOTEHIMAJIOB
METAaJIJIOB.

Hanmummre ypaBHEHUS peakuui. Y KaXKUTE OKUCIUTEIb U BOCCTAHOBUTED.

JIJABOPATOPATOPHA PABOTA Ne 10

XuMHYecKHe CBOMCcTBA 0-MeTas1l10B

Lenp Da6OTI>I: HN3YYUTDH O6HII/I€ CBOMCTBA d-MeTaHJ'IOB, B TOM YHCIIC,

o0pa3oBaHHE KOMILICKCOB.

OO6opynoBaHue: MITATUB C MPOOUPKAMH, XuMUUeckue crakanbl Ha 100 mu,

JIEPKaJIKK, CIIUPTOBKU, CIIUYKU, KapaHJAIII 110 CTEKITy, CTEKJITHHBIC MTaJOYKH.

PeakTuBBI: MeTaIIMYECKHE TPAHYJIUPOBAHHBIA IIMHK W jKeyie30 (TBO3IN),
MEJIHbIC CTPYXKKHU; TUCTHUTMpOBaHHas Bojaa, pactBopbl: NaOH 2 u, HCI 2 u, HCI
koHneHTpupoBanHas, H,SO,4 2 H, H,SO, konnientpupoBannas, HNO; 2 v, HNO;
koHIeHTpupoBanHas, CuSO, 0,5 v , CoSO4 0,5 uH , FeSO4 0,5 u, FeCl; 0,5 .,
ZnCl; 0,5 1, MnSQ4 0,5 1, Ni(NO3), 0,5 1, NH;SCN (macemr.), KI 0,11, NH,OH 2
H, rekcarmanodeppar (II) xamus u rekcarmanodeppar (III) xanus 0,5 H; cnupt
ATUJIOBBIN; OpOMHas BOJA.

Xo1 paboTst:
OmnpbITt 1. OTHOMICHHE d-MeTA/NIOB K KHCJI0TAM

a) szaumodeticmsue ¢ pazoasieHubimu Kucromamu. B3ate 9 mpoObupok u

MPOHYMEPYWUTE KapaHJIallloM IO CTEKIy U ¢ 1 o 9 u BHeCUTe Mocie0BaTeNbHO: B
1, 2 u 3 — no rpaHyJyie UWHKA, KEJIE3HbIN TBO3UK U MEIHYIO CTPYXKKY, TAKUM K€

o0pa3oM MOBTOPUTH mponeAypy mist 4, S u 6, 7, 8 u 9 npobupku. 3aTeM Tak ke
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nocineaoBaTeabHo BHecHute: B 1, 4 u 7 mpobupky npumepHo mo 1 mi 2 M consHoi
KHCJIOTBL; BO 2, 5 1 8 —mo 1 ma 2 M cepHoO#l KUCITIOTHL, B 3, 6 1 9 — npumepHo 1o 1
MJI COOTBETCTBEHHO 2 M a30THOM KHCIIOTBHI.

OctaBbTe pobupku Ha 10 muH. [IpoOupKku, B KOTOPBIX peakKilys HE IMOIILIa,
HarpeiTe Ha BOASIHOM OaHe. 3aHecuTe HAOII0ACHUS B Ta0JINLLy.

6) 83aumooelicmeaue KOHUEHMPUPOBAHHbIMU KUCJIOMAaMU. Bo3bmute Taxoke

Kak B ombIiTe (a) 9 49YUCTBIX TIPOOMPOK U TPOHYMEPYWTE HX. 3aTeM
MOCJIEIOBATEIbHO BHECUTE KOHIEHTPUPOBAHHBIE KUCIOTHL: B 1, 4 u 7 mpoOupky
MIPUMEPHO IO | MIT COJITHOM KUCTOTHI; BO 2, S 1 8 — o | M1 cepHOM KUCIOTHI, B 3,
6 1 9 — npumepHO 1O | MJI COOTBETCTBEHHO a30THOW KHCIIOTHI.

OctaBbre npobupku Ha 10 muH. [IpoOupKkU, B KOTOPHIX peakiius HE MOIuia,

HarpenTe Ha BOAsSHON OaHe. 3aHecuTe HAOIIOEHUS B TaOIHILY.

METaLT HCI H2SO4 HNOs
pa30.2 H KOHIICHTP. pa3z0.2 H KOHIICHTP. paz0.2 H KOHIICHTP.
Zn
Fe
Cu

Co Bcemu 1 KucnoTamu pearupyert menap? [Houemy? Hanummure ypaBHeHUs
peakiuu  MOJIEKYJSPHbIE M DJIGKTPOHHBIC, OIPEHCIUTE OKUCIUTEIb U

BOCCTAaHOBHTCIIb.

OmnpbIT 2. BzanMojeiictBue d-MeTaJIOB €O 1IEJ10YaAMHU

B mpoOupky momectuTe rpaHyiy IMHKA W 3aTeM NpuiieiTe nmpumepHo 1,5
MJI 2 H pacTBOpa TMAPOKCHU/Ia HATPHUSI.

HaOmronmaiite pacTBopeHue IMHKa W oOpa3oBaHUE IIMHKAaTa HaTPHA.

CocTaBbTe ypaBHEHUH PEAKIIUU B MOJICKYJIIPHON ¥ HIOHHOU hopme.

OnwIt 3. IlosiyyeHne U CBOMCTBA rMAPOKCHIOB d-MeTALI0B

a) noayuenue u ceovicmea euopokcuda meou. K 1,5 mu pactopa cynbsdara

meau (II) mpuneiite 1 mu pactBopa ruapokcuaa Hatpus. OOpa3yercs: CTyIeHUCTBIN

rosy6oii ocamok Cu(OH),.
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[Tomy4yeHHBIId OcCamoOK B30OJNTAWTE W pa3JeNWTe HA JBE MPOOHPKH.
HcnpiTaiiTe OTHOIIEHHWE €ro K pa30aBlIICHHBIM KHUCIOTaM W K H30BITKY
HACBIIIEHHOTO PacTBOpa FMAPOKCUIA HATPUSL.

Hanummvte ypaBHEeHUs peakiiuii B MOJIEKYJIIPHON U MOHHOU (hopMe.

0) noayuenue 2udpokcuda YUHKA U Ucnvlmanue e2o Ha amgpomepuocms. B

npoOupKy HallelTe 1 MII pacTBOpa XJIOpHUAA LIMHKA M 3aTEM MO KaruisiM MpujieiTe
pactBop rtuapokcuma ammonus (NH4OH). HaOmonaiite oGpa3oBanme Oeoro
cTyAcHHCcTOro ocanaka ruapokcuaa muaka (Zn(OH)y). IlomydeHHblid ocamok
paszenuTe Ha JBE MPOOMPKH W UCHBITAWTE HAa aM(pOTEPHOCTh: MPUIICHTE B OIHY
POOUPKY M30BITOK PacTBOPA COJITHOW KUCIIOTHI, @ B IPYTYIO THIPOKCHIA HATPHS.
UYro nHabmronaere?

Hanummvre ypaBHEHUs peakiiuy B MOJIEKYJIIPHON U HOHHOM (hopme.

B) nojyuenue u ceolicmea cudpoxcuoda kooarbma (I). B mpobupky HaieinTe

1 mn pactBopa xmopuaa kobGanbra (II), 3arem poGaButh 1 ™MI pactBOpa
rugpokcuaa Hatpus. Kakoro mBera ocamok oOpasyercs? PactBop ¢ ocaakom
HarpeTh Ha IJIJAaMEHU CHUPTOBKU 10 oOpaszoBanusi ruapokcuma kobambta (II)
po3oBoro 1BeTa. [lpm cTOSHUM THUIPOKCHUA KOOambTa MEIICHHO OKHCISCTCS
KHCIIOPOJIOM BO3AyXa W TEPEXOJAUT B KOPUYHEBO-OYpBIM OCaTOK THAPOKCHUIA
kobOanbTa (III).

CocTaBbTe ypaBHEHUS peakUuii B MOJIEKYJISIPHON U HOHHOM (hopMme.

OnbiT 4. Peaknum OKHCJIEHHSI M BOCCTAHOBJIEHHS HEKOTOPBIX
d-merasiioB

a) coeduHeHus mMapeanya Kaxk eoccmanosumenu. B nBe nmpoOUpku HaneiTe

no 2-3 mu pactBopa cynbdara maprania (MnSO,). [IpubaBbTe B KaxkmIyro
npoOupky mo 1 M 2 H. pacTBopa ruapokcuaa Hatpus. OTMEThTE IIBET OCaIKa.

B oxHoM mpoOupKe XKHIAKOCTh ¢ OCaIKOM XOPOIIO B30OJTAalTe M OCTABHTE
cTosiTh. K comepxumMoMy BTOPOi MpOOMpPKHU MpuOaBbTe 2 Karuii OPOMHOM BOJBI.
[ToueMy B 000X CiTydyasx MPOUCXOJUT U3MEHEHHUE 1BeTa ocaaka? Uto obpasyeTcs
B PE3YJIbTATE PEAKLIMH?

Hanummre ypaBHEHUs peakni.
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6) GJlUAHUE Cl?eabl pacmeopa HAa CKOpoCcmb OKUCHEHUA nepmMareananiom

kamus. B nBe mpobupku Hanenite no 1/3 pactBopa Opomuma kamusi. Bo BTOpyro
npoOupKy no6aBbTe Takol € o0bem 0,1 H. pacTBOpa YKCYCHOM KHCIIOTHIL. 3aTeM B
o0e MpOoOUpPKH OJHOBPEMEHHO mpwieiTe mo 1 i pa30aBIeHHOTO pacTBOpa
nepManranara kKanus. Yrto mpoucxoaut? OpuHaKoBa JIM CKOPOCTh pPEaKUUU B
oboux mpobupkax?

CocTaBbTe ypaBHEHHS PEaKkiuili B MOJIEKYIAPHONU U MOHHOM Qopme.

B) oKucienue 08yxeanenmuozo dcenesda. llomectuth B mpoOupky 1-2 mu

pactBopa xene3noro kymnopoca (FeSO,) u mpuute 0,5 M1 pa30aBiIeHHON CepHOM
KHUCJIOTHI M HECKOJIBKO Karesib OpoMHO# Bobl. UTo HaOmonaete?

CocTaBbTe ypaBHEHUS PeaKkliii B MOJIEKYJISIPHON U HOHHOM (hopMme.

T) 80CCMAHOBIeHUe mpexsaienmuo2o dceneza. [lomecture B mpoOupky 1-2
M1 pactBopa xjopHoro xene3a (FeCls) u 3arem mpmierite 0,5 Ma HOZHUCTOrO
kanus. Yro Habmronaere?

CocTaBbTe ypaBHEHUS PeakUUii B MOJEKYJISIPHON U HOHHOHU (hopMme.

OnpIT 5. [TosryyeHHe KOMIJIEKCHBIX COeIUHEHN d-MeTa/lI0B

a) nosyuenue KOMNIeKcHo2o ammuakama meou (II). B npodbupky Haneite 1-

2 mn cynbdata meau (I1) u 3arem go0GaBbTE MO KarwisaiM 2 H pacTBOpa aMMHAaKa 10
MOJIHOTO pacTBOpeHus ocaaka ocHoBHOW coiu  (CuOH),SO,, BbImaBiiero mpu
n00aBJICHUN TIEPBBIX Karellb pacTBOpa aMMHaKa.

OTmeThTe OKpacKy HCXOJHOTO pacTBopa cyib(ara Meau U pacTBopa
MOJIYYMBIICTOCS METHOAMMHAYHOTO KOMIUIeKca. Kakue HWOHBI 00yCIIaBIMBAIOT
OKpacKy pacTBOpa B IEPBOM U BO BTOPOM cirydae?

Hamnumure ypaBHeHHs B MOJISKYJISIPHOM U HOHHOU (hopMme.

0) nonyuenue KomMnjieKcHvlx coedurnenull yunka. B npoOupky Haneiire 1-2

MJI XJIOpHJA IIMHKa M 3aTeM J00aBbTEC IO KarusiM 2 H pacTBOpa aMMHaKa JIo
MOSIBJICHUST O€JIoro ocajka. 3aTeM MpWIeHTe W30BITOK BOJHOTO aMMHaKa JIo
pacTBOpeHHs ocajKa — oopasyeTcs komiuiekcHoe coeaunenne — [ZN(NHs)4] (OH)..

Hanummre ypaBHeHUs! B MOJIEKYJISIPHON U HOHHOH (opMe.
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B) NOJIYYeHUe KOMNIEKCHO20 podanuda kobarema. Ilomectute B mpoOUpKy 2

KaIlJId HaCBIIIEHHOTO pacTBopa cyibdaTa kobanbra (II) M nobGaBbTe 5-6 Kamenb
HACBIIIICHHOTO PacTBOpa pOJaHUIa aMMOHHMSI, YUTUTE, YTO MPH ITOM 00pazyeTcs
pactBop  komruiekcHOM  comm  (NH4)2[CO(SCN)s]. KowmruiekcHbIE — HOHBI
[Co(SCN),)* — oxpaniens! B cunmii 1BET, a TuapatpoBanHbie HoHbI [Co(H20)4]%*
— B po30BbIidi. OTMETUTH IBET MOJyYEHHOTO pacTBopa. Pa3daBpTe €ro BOIOM 10
W3MCHEHHUSI OKpackw, a00aBbTe 3-4 Kamd STHIOBOTO CIHPTA, pa3MeElIanTe
PacTBOp CTEKIISTHHOM Maj04YKON W BHOBH HAONIO/AlTEe H3MEHEHHE OKPACKHU. 3aTeM
B Ty K€ IpOOHMpKY MpHIIeHTe JUCTHIUTMPOBAHHYIO BOJY, HaOI0gash M3MEHEHUE
OKpACKH.

Onummre HaOmomaemble siBieHUs. CoOCTaBbTE YpaBHCHHS PEAKIUH
MOJTyYeHHUs KOMIUIEKCHOTO COEIWHEHHs KoOajabTa M YpaBHEHHUS IUCCOIUAINH
KOMIUIEKCHOH coiii KoOanmbTa. KakoBa pojib cnmpTra ¥ BOJIBI B CMEIICHUU

PaBHOBCCHA JUCCONHNAIINKN KOMIIJICKCHOI'O COGI[I/IHGHI/IH?

OnbiT 6. KayecTBeHHbIE peakuuu HA HOHBI d-MeTaJUIOB

a) kawecmeennas peaxyus Ha uon yuuxa Zn>*, Tlomecture B MpobupKy 1-2

MJI pacTBopa XJOpHAAa IIMHKAa M 3aTeM J00aBbTE€ HECKOJBKO Kamelb pacTBOpa
rekcannanodeppara (III) xamms — Ks[Fe(CN)s]. HabOmromaiite ob6pa3zoBaHue
KOPUYHEBOI'0 0CaJIKa KOMIUIEKCHOU COJIH.

CocTaBbTe ypaBHEHUE PEAKIIUU B MOJIEKYJIIPHON U HOHHOM (popMme.

0) xauecmeenHnvie peaxyuy Ha uoHwvl xcenesa — Fe** u Fe3*. Ilomectnte B

npoOupky 1-2 mi pactBopa cyibdara xenesa (II) — FeSO,4 u 3arem npueiite 0,5-1
mi rekcarmanodeppara (I1I) kamus — Ks[Fe(CN)g]. HaGmronalite oGpa3oBanue
«TypHOyIIeBoii cuam» - Fe 3[Fe(CN)g]2.

CocTaBbTe YpaBHEHHUE PEaKIIMU B MOJICKYJIIPHON ¥ HOHHOM (hopme.

B) momecTuTe B mpoOupky 1-2 mi pactBopa xmopHoro xene3a (I111) — FeCl; u
sateM npuieite 0,5-1 mun rekcanmanodeppara (II) xamus — Ky[Fe(CN)g].
HaoOnronaiite oOpazoBanue «OepiuHckoi nazypu» — Fe 4[Fe(CN)s]s.

CocTaBbTe ypaBHEHHE PEAKIIUU B MOJIEKYJISIPHONU U MOHHOM Qopme.
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PA3IEJ XII
OBILIME CBOICTBA HEMETAJLJIOB

B nepuomguueckoil cuctemMe XUMHUYECKHUX  DJIEMEHTOB  HEMETaJUIbI
PaCIOJIOKEHBI B MPABOW BepxHEW 4dacTu. 1lo cpaBHEHHIO ¢ MeTayuiaMHd ATOMBI
HEMETAJUIOB XapaKTEPHU3YIOTCS BBHICOKMMHU SHEPTUSIMH HMOHHU3AIMU U BBICOKHM
CPOJACTBOM K DJEKTpOHY. [lo3TOMy OHHU JIETKO NPHUCOETUHSIOT AJIEKTPOHBI,
MPOSIBIISAS OKUCIUTEIbHBIE CBOMCTBA.

HeMmeramibl He 00aa0T XapaKTEpHBIM [IJIi METAJUIOB OJIECKOM, XPYIKH,
OUYCHb IIOXO MPOBOJAT TEIJIOTY U DJIEKTpUYECKUM TOK. HekoTopwie M3 HUX TpH
OOBIYHBIX YCIOBUSIX Tra3zoo0pa3Hbl. Hemeramnsl oOpa3yroT MPOCThIE BEIIECTBA
MOJIEKYJISIDHOTO M  HEMOJIEKYJISIPHOTO CTPOEHUS, OTJIHWYAIOIIUECS CBOUMU
(U3MYECKUMU CBOIICTBAMU.

[IpocThic BemiecTBa ¢ HEMOJEKYJspHbIM cTtpoeHuem — C, B, Si umeror
ATOMHbBIC KPUCTAJUTMUECKUE PEIIETKH, T0ITOMY 001a/1at0T BEICOKOUM TBEPIOCTHIO U
OYCHb BBICOKMMHU TemrepaTypamu TulaBieHus. I[IpocTtele  BemiecTtBa ¢
MOJIEKYJISIpHBIM cTpoeHreM — F2, Oz, Clo, Bro, 12, Sg npu 0OBIYHBIX YCIOBHSIX
rasbl, )KUJIKOCTH WIM TBEPbIC BEIIECTBA C HU3KUMHU TEMIIEpaTypaMu IUIABJICHUSI.
B TBepmoM cocTosiHuM BCe OHM OOpa3ylOT MOJEKYJISIPHbIE KPUCTAITMYECKUE
PELIETKH.

OnuH U TOT K€ JIEMEHT MOXXET 00pa30BBIBATh HECKOJBKO THUIMOB MPOCTHIX
BEIICCTB, HA3bIBAEMBIX QLIOMPONHBIMU MOOUPuKayuamu. VI3BECTHO CBBIIIE
YETBIPEXCOT Pa3HOBHIHOCTEH MPOCTHIX BEIIESCTB. SIBJICHUE AJUIOTPOIIMU MOXKET
OBITh O0YCJIOBJICHO Pa3IMYHBIM COCTAaBOM MOJIEKYJ MPOCTOTO BEIIECTBA JIAHHOTO
AJIeMEHTa (AJJIOTPOIHS COCTaBa), IMOO CIIOCOOOM pa3MENICHHsI MOJIEKYJ U aTOMOB
B kpuctammax (amwtorponusi Gopmbl). CrocoOHOCTh 3JeMEHTa K 00pa30BaHMIO
AUTOTPONHBIX ~ Moau(dUKAIMi  00yCIOBI€HAa CTPOCHHEM AaTOMOB, KOTOpOE
onpenesseT TUI XUMUYECKON CBSI3H, CTPOEHUE MOJIEKYJ U KPUCTAILIOB.

PaccMoTpuM THIIBI M CTPYKTYPY Pa3IMYHBIX MPOCTHIX BEIIECTB. MOJIEKYIIbI
0JIarOpOJIHBIX Ta30B OJHOATOMHBI M B TBEPJIOM COCTOSHUM KPHUCTAJIbI

MOJICKYJISIPHEBIC. I[J'I}I raJorc¢HoB O6’I>€I[I/IH€HI/IC aTOMOB IIPUBOJUT K O6paSOBaHI/IIO
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JIByXaTOMHBIX ~ MOJIEKYyJ, OOpa3ylomMX MOJEKYJSPHbIE  KPUCTAUIMUECKHE
pemetku. [lo Mepe yBenanueHHUs YUCIAa HECIAPEHHBIX DJIEKTPOHOB B aToMme MJis
AJIEMEHTOB CTAaHOBUTCS BO3MOXHOW ajyuioTporus coctaBa. Cepa, uMmeromas JBa
HECMApEHHBIX JJIEKTPOHA, oOpa3yeT MOJIeKyldly B (GopMe 3HUr3arooopasHoi
LEMOYKH, 3aMKHYTOM B BOCBMUWICHHOE KOJbIO Sg. Kpome Takoit dopmbl
CYILIIECTBYIOT MOJIEKYJIbI CEPhl B BHUJI€ 3UI3aro00pa3HbIX OTKPBITHIX LeNel S» U B
BUIE Kojen Se, S4 M JABYXaTOMHBIX MOJeKyln Sz, Dochop, uMErOmmiA Tpu
HECMapeHHBIX JJEKTPOHa, OOpa3yeT MOJHUMEpPHbIE IBYMEpHbIe clion P2 ¢
MAPAMHAIAIIBHBIM PACIIPEICTICHUEM CBSA3EH — 3TO, TaK HA3bIBAEMBIM, KPAaCHBIN
dochop. Monekynsl cocraBa P4 Terpasapuueckoid  Gopmbl  00pa3yroT
Moaudukamuo — Oenbiii docdop. M3Becten u dyepHbit pocdop, KoTOpbIi
MOJIYYalOT MpU BBICOKMX TEMIEparypax MW JaBlieHHUH u3 Oenoro Qocdopa.
Kpemuuii 3a cuer sp*-ruOpuau3ainy aTOMHBIX OpOMTael 00pasyeT TpEXMEPHYIO
CTPYKTYpY Sise THIa anmaza. VIJIEpOA 3a CYET SP’-TMOPUIAM3ALMH ATOMHBIX
opOuTanei 06pasyeT CIOMCTYIO CTPYKTYpY IpauTa, a 3a CUeT SP -rHOpUIU3aLMH
— TETPadJIpHuECcKyI0 CTPYKTypy aimaza. Bce 3TH CTpyKTypbl MMEIOT aTOMHYIO
KPUCTAUTMUECKYIO PEIIETKY.

Eme oaHuM BaXHEWIIUM MOPUMEPOM SBISIETCS aJJIOTPOIHUS  CaMoOTo
pacnpocTpaHEHHOIO0 Ha 3eMjie  XMMHMUYECKOro D3JeMEeHTa —  KHUCJIOpoJa.
["'a3000pa3HbIil  KUCIOPOA COCTOUT M3 JBYXaTOMHBIX MoJyiekyn (2. Moekyna
030HAa COCTOMT U3 TpeX aTOMOB Kuciopoa Os.

B cooTBeTcTBUU C XapaKTepoM M3MEHEHHS CTPYKTYpPhI U THUIAa XUMHUYECKHIX
CBsI3CH 3aKOHOMEPHO M3MEHSIOTCS M CBOWMCTBA MPOCTHIX BEMIECTB — IUIOTHOCTH,
TEMIEPATYpbl IUJIABJICHUS M KHUIIEHUS, JIEKTPO- U TEIUIONPOBOAHOCTH U Jp. B
NIEPUOJIC CJIEBAa HANPABO YMEHBIIAIOTCS METAUTHIECKUE CBOMCTBA U YCHUITMBAIOTCS
HeMmeTajutnueckue. Tak, B TpeThbeM mnepuonae Si — noaympoBoanuk, a S, Cl, Ar B
TBEPJOM COCTOSIHUU SIBIISIIOTCSA JTUAJNIEKTpUKaMHU. B 3TOM ke psiiy NMOHMXKaKTCA
TEMIEpaTypbl KUMEHWsT W TUIaBIIEHUS TMPOCTHIX BemlecTB. B rpymnmax
METAIJTNYECKHE CBOWMCTBA CBEPXY BHH3 BO3pACTalOT, a HEMETAJUIMUECKHE —

ycunuBatores. Tak, B moarpyme rajgoredoB F, Cl, Br, | ¢ yBennyeHreM aTOMHBIX
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paanyCcoB  YBEIWUYHMBAETCSA  MOJSPHU3YEeMOCTh  JIBYXaTOMHBIX  MOJIEKYJT U
YCWJIMBAETCS WX CIOCOOHOCTh K MEXMOJICKYISIPHBIM B3aMMOJCUCTBHAM. OTO
MPUBOJUT K BO3PACTAHUIO TEMIIEpaTyp KUIEHHS U TUIABJICHUS MPOCTHIX BEIIECTB.
[Tpu OOBIYHBIX YCHOBHSIX (TOp W XJOp MPEACTABISAIOT COOOM Ta3000pa3HbIe
BEIIECTBA, OpOM — KpPACHO-KOPUYHEBAS KUAKOCTh, a MOJ — KPUCTAJUIMYECKOE
BEI[ECTBO C METANTUYECKUM OJIECKOM.

B xuMuueckux peaknusx HeMeTauibl, Kpome (Topa, MOTYT MPOSBIATh KakK
OKHUCJIUTENIbHbIE, TAK M BOCCTAaHOBUTEIHHBIE CBOWCTBA M XapaKTEPHU3YIOTCS Kak
MOJIOKUTEIIBHBIMA, TaK M OTPUIIATEIBLHBIMH CTETICHIMHU OKHCIeHUs. DTop Bcerma
SBJISIETCA OKHUCIIMTEIIEM M B COCIUHEHUSX TMPOSBISIET TOJBKO OTPUIATEILHYIO
CTEIEHb OKUCJICHUSI.

Xapaktep W3MEHEHUS BOCCTAHOBUTEIIBHOM W OKHUCIHUTEIBHOW AKTUBHOCTH
MPOCTHIX BEIIECTB B TIpyNmax M TMEpUOJIax OMpeAeNsieTcs HU3MEHEHUEM
AJEKTPOOTPUIIATEILHOCTH 3JIeMEeHTOB (Tabn. 3). B rpymmax cBepXy BHH3 C
YBEIIMYEHUEM  3apsfla spa OKHUCIHUTENIbHBIE CBOHCTBa oOcCliadeBaloT, a
BOCCTAaHOBUTEJIbHBIC HapacTaloT. B mepuwojgax cneBa HampaBo ociabeBaroT
BOCCTAHOBUTEJbHBIE U YCUJIMBAIOTCSI OKUCIUTENIbHBIC CBOMCTRA.

BzaumopeiicTByss ¢ MeTa/ulaMd, TUIWYHBIE HEMETAUIbl  00pa3yroT
coeaunenus: ¢ nonnoi cps3pio: NaCl, KBr u np. Hemeraibl B3auMoeHCTBYIOT
Ipyr ¢ apyrom, oopasys coeamHenus kak nossgpueie — HCI, H,O, NHs, Tak u
Henosipasie — CO,, CH4, CgHg. C BomoposioM HeMeTallibl 00pa3yroT JIETy4dne
coeaunenus — ¢propopoaopon HF, cepoBogopon H,S, ammuaxk NH3, meran CHa. C
KHCJIOPOJIOM HEMETa/UTbl 00pa3yroT KuciaoTHble okcuapl: SOs, P2,0s, CO,, SiO; u
Ap.

BonbIIMHCTBO HEMETAIOB HE PACTBOPSAETCS B BOJAEC M HE B3aUMOJICUCTBYET
¢ Heit. Ho mpocteie BeriecTBa Hanbosee 3aeKTpoOTpUIiaTebHbIX d5eMeHTOB (Cly,
Brs, ) 1npu  pactBopeHMM ~ BCTymaloT €  BOJOM B peakuuu
JCTIPOTIOPITUOHUPOBAHUS

Cl, (r) + HOH () — HCI + HCIO
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PacTBopeHne HeMmeTauioB B pacTBOpax IIEJIOYEeH MPOUCXOTUT JUOO
BCJICACTBUE OKHCIECHHS BOAOW C BblaeneHneM Bojopoaa (OH -rpynmsl
BBITIOJIHAIOT POJIb KOMIUIEKCOOOpa30BaTes):

Si (1) + H20 (%) + 2NaOH (p) = NaSiOs (p) + 2H; (1)
100 3a CYET CAMOOKHCIICHHS — CAMOBOCCTAaHOBJICHHUS:
Cl, (r) + 2NaOH (p) = NaCl (p) + NaClO (p) + H.0 ()
3S + 6NaOH = 2Na,S + Na,S0O; + 3H,0

C pa30aBieHHBIMM KHCJIOTAMH HEMETAJUIbl HE B3aUMOJICUCTBYIOT, HO
CIIOCOOHBI pearupoBaTh C KUCIOTAMU-OKUCIUTENSIMU. Tak, KOHUEHTPHUPOBAaHHBIE
a30THasi M cepHas KUCIOThl B3aMMOJEHCTBYIOT C (ochopoM, YyIiIeposoM, Cepoi,
O0opoM u Jp. A30THas KHUCJIOTAa OKHUCISIET HEMETaulbl /0 COOTBETCTBYIOLIMX
KuciotT, BoccranaBianBasch 10 NO miau NO;:

S + 2HNO3 = H,SO4 + 2NO
3P + SHNO;3; + 2H,0 = 3H3PO4 + 5SNO
B + 3HNO3; = H3BO3; + 3NO;
C + 4HNO;3; = CO; + 2H,0 + 4NO;

[TomoOHO a30THOM KHUCIOTE JEUCTBYeT Ha TMPOCThIE BeElIeCTBA U
KOHIICHTPUPOBAaHHAs CEpHAsl KUCIIOTa, KOTOpasi cama MpH 3TOM BOCCTaHABIIMBAETCS
yaiue Bcero 10 SOz:

S + 2H,S0,4 = 3S0; + 2H,0
2P + 5H,S04 = 2H3PO, + 550, + 2H,0
C + 2H,S04 = CO, + 250; + 2H,0

KonTpoabHbIE BONPOCHI:

1. KakoBoO 1010K€HNE HEMETAJUIOB B IIEPUOJANYECKON CUCTEME 3IIEMEHTOB?

2. KakoBbl 0COOEHHOCTH AJIEKTPOHHOTO CTPOCHUSI HEMETAIJIOB?

3. Uro Takoe amnoTpornHbie Moaudukanuu? OT 4ero 3aBUCHT CIIOCOOHOCTD K
ux 00pa3oBaHUIO?

4. Oxapakrepusyite pU3NUecKue 1 XUMUYECKUE CBOMCTBA HEMETAILIIOB.
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JIABOPATOPHAA PABOTA Ne 11

CBoiicTBa HeMETAJIOB

[leab pabGoThI: M3YYUTh HEKOTOpPHIE OOIIHE OCOOCHHOCTH PEaAKIIMOHHON

CIIOCOOHOCTH HEMETAJUIOB.

O6ODVI[OB&HI/I€: MTAaTUBbI C HpO6I/IpKaMH, CIIMPTOBKH, CIIMYKH, OCPIKAJIKH,

JIOKEUKHU JJIsi CKWraHusi BeimiecTB, konba Ha 100 wmi, mpoOKu € OTTSHYTOM
TpyOKoii, 3 crakana Ha 50 M1, CTEKJISTHHAS MaJI0YKa, 2 CTEKIISTHHBIC TUTACTUHKH.

PeakTuBbI: NTUCTUIUTMPOBAHHAS BOJA; PacTBOPBI CepHOM KucioThl (1:5) u
20%; pactBop moauma kamus (1%); nakMyc; IIMHK TpaHyJWPOBAaHHBINA; cepa
KpUCTAJUIMYECKas; MOJ KPUCTAUIMYECKUN; KPHUCTAIUIMYECKUE XJIOpUJ Kajus,
OpoMM]T Kausl, MOJU KaJlus; CepHasl KUCIO0Ta (KOHIL.); COJIsIHAas KUCIO0Ta (KOHIL.);
aMMuak (KOHI.); M3MEJbUYEHHAsl caxapo3a; cnupT 3TuwioBblid; 0,1 H pacTBOpHI
KCIOs, KBrOs, KIO3, KCI, KBr, KI, AgNO3, H,SO4, CuSO4, Na;SO4; 21 pactBop
HNOs; pactBop kpaxmana (1%); 0,5 v pactBopbl KyCrO7 1 KMnQOy; Gpomuast
BOJA.

X011 pabOTHI:

Onbit 1. [TosryyeHue BOAOPOAA 1eliCTBHEM META/LIA HA KUCJIOTY
B npobupky nmomectuth 2 Kycouka IIMHKAa U MPUIUTH Ha 1/3 1o BbICOTE
pactBop cepHoii kucinoThl (1:5). IIpoOupky 3aKkpbITh TPOOKONH C OTTSHYTOU
TpyOKO# M HaJeTh Ha TPYOKY Apyryto npooupky. CoOpaTh BOJOPO/ B MPOOUPKY H,
HE MepeBopavnBasi, MOJHECTH K ropenke. Uto HabmogaeTe? HamucaTth ypaBHEeHUs
peakuuii. MOXHO i1 TIOJIyYUTh BOJOPOJ ACUCTBUEM HA LIMHK COJITHOW KHUCJIOTOM;

KOHILICHTPUPOBAHHON CEPHOU KHUCIOTOM?

OmnbIT 2. CBoiicTBa iioaa

a) B cyxyro npoOupky moMecTUTh KpUCTALIUK Honaa. [IpoObupky 3akpenuThb
B JIEp)KaJIKe W HArpeTb Ha IUJIaMEHU CHOUPTOBKUA. OTMETUTh TPOUCXOJSINNE
n3MeHeHus1. OObSICHUTH H3MEHEHUsI B IpoOupke. OX1aauTh TPOOUPKY Ha BO3IyXeE.

Yto nmpoucxoaut?
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0) B mpoOupky moOMeCTUTh HECKOJIBKO KPHUCTAJUTMKOB HoAa M MPUOaBUTH 5
M Boabl. B30onrats. KakoBa pacTBopuMOCTh Hoaa B Boje, nmoueMy? Jlo0aBUTH
HECKOJIbKO Kamelb pacTBopa noiauaa kamus. Kak u3MeHsercs 1BET pacTBopa M
pactBopuMocTb ona? [Touemy?

B) B mpoOupky noMecTuTh OJIMH KPUCTAIUIMK HoJa W NpUiuTh | wmi
THIIoBOTrO cnupTa. Yto Habmonaere? CpaBHUTH PacCTBOPUMOCTh HO/Aa B BOJE U

CIupTe, 1aTh OOBICHCHHUS.

OnbiT 3. BoccTaHoBHTE/IbHBIE CBOMCTBA rajIOT€HOBO0PO/I0B

B Tpu cyxue npoOupku MOMECTUTH MO 1 T U3MENbUYEHHBIX XJIOpHUIA Kajus,
OpomMuaa Kamus, Moauja Kanud. B kaxayro npoOMpKy MPUIUTH MO 2 MJ KOHII.
cepHOll KHUCIOTBL. (Ocmopoosicno! Pabomy nposodums 6 evimsidcnom wxaghy!)
Kakue nusmMeHeHus: npoucxodar B Kaxaou npoodupke? /late o0bsicHenus. HanucaTth
ypaBHEHUsI peakuuii. Kak H3MEHSIOTCS BOCCTAHOBUTEIBbHBIE CBOWCTBA B PSAY

rajJjoreHOBOJOPOIOB?

Oneir 4.  OkxuciauTeIbHbIE  CBOMCTBA  KHUCJIOPOACOAEPKALIUX
COCIMHEHHMH raJIOreHOB

B tpu npobupku Buecure mo 0,5 mia o 0,1 M pactBopoB KC103, KBrQOs,
KIlO;. B kaxnayro mpobupky mpubaBbTe mo 1 karuie kpaxmana u mo 0,5 mi
pactBopa KI. 3atem B xaxayro npobupky mpuieite mo 0,5 mu 20 %-ii cepHoi
KHUCIIOTBI M1 OTMETHTE BpeMs MosiBlieHus Hona. Onummre Habmoaenus. Hanummre

ypaBHeHUs peakiuidi. OObSICHUTE Pe3yTbTaThI.

OmnbIT 5. KayecTBeHHasi peakuusi HA raJOreHN/A-HOHbI

Oopasosanue ocankoB AgCIl, AgBr, Agl ssisercst peakiieid, XxapakTepHO
11 HOHOB TasioreHoB. Haselite B 3 mpobupku o 1 mi 0,1 H pactBopoB KCI, KBr
u Kl, n1o6aBbTe HECKOJILKO Karellb pacTBOpa HUTpara cepedbpa. Uto HabmromaeTe?
Hanumure ypaBuenus peakiuii. K momydeHHbIM ocankam 100aBbTe 10 2-3 Karum

2 H pacTBOpa a30THOM KHUCIOTHL. HabmtogaeTcs iu ux pactBopeHue?

154



OmnbIT 6. 'openne cepbl B KUCI0pPOae

B noxeuky [si CKUraHWsl BEIIECTB MOMECTUTHh HEOOJBIIOE KOJIUYECTBO
cepol. [lomkeub cepy Ha MJIaMEHU CIUPTOBKU. AKKYPAaTHO OMYCTHUTH JIOKEUKY C
ropsel cepoir B konOy. (Pabomy nposooums 6 evimsdicHom wxagy). Ilocme
cropaHusi cepbl, HaIUTh B KojOy 20-30 mu Boabl U J00aBUTH jJakMyc. O dem
CBUJIECTEIBCTBYET H3MEHEHUE OKpacku? HamucaTh ypaBHEHUS TPOUCXOMASIINX

peakuuil. CrenaTh BBIBOJ O XapaKTEPe CBONCTB COCAUHEHHUN CEPBI.

OmnbiT 7. KayecTBeHHAs peakuus Ha CyJb(aT-uoH

B Tpu npobupku Haneite mo 1 mu 0,1 H. pacTBOpOB: B MEPBYIO — CEPHOM
KHCJIOTBI, BO BTOpPYI0 — cyib(dara HaTpus, B TpeTbio — cyinbdpara meau(ll). B
kaxayro npuieite o 0,5 mi 0,1 M pactBopa xiopuaa 6apusi. Uto HabmtogaeTe?
HanumuTe ypaBHEHHs peakuil B MOJIEKYJIApHOM 1 HOHHOM (hopmax. Ykaxure [1P

cynbdara Oapusi.

Oneir 8.  dermaparupymomme  CBOWCTBA  CePHOM  KHCJOTbI
(1eMOHCTPalMOHHBbIH)

B xumunueckuii ctakan Ha 50 MJI MOMECTUTh 5 T MEJIKO H3MEIBYEHHOUN
caxapo3sbl, 100aBuTh 0,5 MJI BOABI M 2-3 MJ KOHI[. CEpHON KHUCIOTHL. PasmemaTth
COJIEP)KMMOE CTCKJISTHHOM TManoukoi. OOBSICHUTH TPOUCXOMAIINE W3MEHEHUS.
Hanucate ypaBHeHnue peakunu. Crenath BRIBOJ O CBOMCTBAX KOHIIEHTPUPOBAHHOM

CEpPHOM KUCIIOTHI.

OmnbiT 9. BoccTaHOBHUTEJIBbHBIE CBOIICTBA AMMHAKA

B tpu npobupku BHecuTe pazaenbHo mo 0,5 mu: a) OpoMHON Bonbl; 0)
NepMaHraHara Kainus; B) Ouxpomara Kanus. B xkaxayro u3 npoOupok 100aBUTH 1O
3-5 kanenb 25%-HOro pactBopa amMMmHaka. B kaxaom ciydyae pacTBOpBI clierka
MOJIOTPETH 1O U3MEHEHHUS UX OKPACKHU.

Hanummre cOOTBETCTBYIOIIME YpaBHEHUS peaklui, y4uThIBas, 4YTO B
KaXXJOM Cllydae aMMHaK OKHCISETCS 10 CBOOOJHOTO a30Ta, MEpMaHraHaT Kaius
BOCCTaHaBJIMBaeTcs 10 okcuzaa mapranua(lV), a Ouxpomar kamus — 10 OKCHAa

xpoma(Ill). Bo Bcex ciaydasix OTMETUTh U3BMEHEHUE OKPACKU PAaCTBOPOB.
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Oneitr  10. B3aumopgeiicTBHe aMMHakKa ¢ XJOPOBOAOPOIAOM
(ZeMOHCTPALMOHHBII)

B nBa crakana Ha 50 Mu1 HanUTH IO 2 MJI KOHIL. PaCTBOPA COJISTHOM KHMCIJIOTBI
Y KOHII. paCTBOpa aMMHAaKa. 3aKpbITh CTaKaHbl CTEKJISHHBIMU IJIACTUHAMM, YTOOBI
CTaKaHbl 3alOJHWINCh ra3000pa3HbIMU AMMHMAKOM M XJIOPOBOJAOPOIOM. YOpaTh
IUTACTUHBI U COEAMHUTH OTBEPCTUS ABYX cTakaHoB. Uto HaOmonaere? OOBACHUTH
npoucxozsuee spieHue. Kakue cBOMCTBA MPOSABIAIOT aMMHUAK U XJIOPOBOJIOPO B
aTOM peakumu. Hanmcars ypaBHEHHE pEaKLUU.

[lo OKOHYaHMM SKCIEPUMEHTOB CHEJaWTe OOIIMI BBIBOJA MO H3y4aeMoO

TEMC.

JIABOPATOPHAS PABOTA Ne 12

p —3jaeMenTsI VII rpynnsi

[{eab paOoThI: MOXYYUTH IPOCTHIE BELIECTBA — XJIOP, OPOM U HOA, U3yUUTh

UX PEaKIIMOHHYIO CIIOCOOHOCTh M CBOMCTBA COCIMHEHUH TAJIOTEHOB Ha MPUMEPE
CBOMCTB I'aJIOT€HUJIOB.

OOopynoBaHue: MTATUBBI C MPOOMPKAMH, CIUPTOBKH, CIIMYKH, JEPKAIKH,

XUMHYECKHE CTakaHbl Ha 50 MJ, CTEKJISHHBIC ITaJOYKH, INMHIIETKH Ha 1-2 M,
MUKPOILIATEIIH.

PeakTuBbl: NUCTUIIMPOBAHHASA BOJA; pacmeopsl. CEPHOM KHUCIOTHI 2 H. H
KOHIITP.; COJISHOW KOHIITP., pacTBOPBI MOJUJA HATpusi U Opomuaa kaius 3 M,
nakMyc; xjopHoe xene3o 0,1 M, tuonumonara ammonust 0,1 M, dbropuna Harpus
0,1 M, xmopuna nHarpus 0,1 M; OpomHas W HojaHas BOJA; CHUPT STHUIIOBBIN;
meepovie seutecmea. KCl, KBr, Kl, K;Cr,0; u KMnQO4, MnO,, FeSO,4 (conb
Mopa).

X071 pabOTHI:

OmnpIT 1. [TosryyeHHe rajoreHOB OKUCJIEHHEM IraJIOreHU/10B

a) noayyeHue Xaopa: B JBe TPOOHMPKH pa3lelbHO BHecuTe 10 2-3

kpuctamiuka KMnOs u Ky;Cr,O7. B o0e mpobupku gob6aBeTe 1Mo 2-3 Kariu
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KOHLIEHTPHPOBAHHOM COJIAHOM KucaoTel (muotHocTh 1,19 r/em®). Bropyro cierka
nojporpeire. Habnrogaiite BelieI€HUE XII0PA.

OtMmeTbTe OKpacKy xjopa. Hanummure ypaBHEHUS NMPOTEKAIOMIMX PEAKIIUA,
YUUTBIBas], 4YTO OMXpomar Kanus nepexoauT B xjopua xpoma (III), a mepmanranar
Kanus B xjopua Mapranua (II). Ykaxxure okucauTesnb 1 BOCCTAaHOBUTEI.

0) noayuenue Opoma u tioda: B JBEe TPOOUPKH BHECUTE: B OAHY 2-3

KpUCTAJUIMKAa OpoMHJa Kajdusi WU HaTpus U 1-2 Mukpommarens IUOKCHIA
Maprasia. B npyryio npobupky — Takoe ke KOJIMYECTBO CMECH MOJAMJIa KaIHs C
JUOKCUAOM Mapranna. B kaxayro npoOupky po0aBpTe 1o 2-3  Karu
KOHLIEHTPMPOBAHHOM CEPHOM KUCIOTHI (IIOTHOCTH 1,84 r/cM3).

OtmeThTe BBIICNICHHE U LIBET OpoMa M ioja B ra3000pa3HOM COCTOSHHUU.
HanummuTe ypaBHEHUs NMPOTEKAIOIIUX PEAKIMM, YYUTHIBAsI, UTO JUOKCU]T MapraHIiia
nepexoauT B cyibdart maprania (II).

*B CBA3HU C TOKCHYHOCTBIO I'aJIOTCHOB B HpO6I/IpKI/I C OCTaTKaMH p€arcHTOB BHCCTH I10 3-5

KaIicJib TI/IOCYHB(I)B.TB. HaTpuAa U Cpa3y KC UX BbBIMbIThb.

Oneir 2. PacrBopumocth OpoMa M #oga B  OpPraHUYeCKHX
PacTBOPHUTEIAX

B nBe mpoOupku pa3naeiabHO BHECHUTE IO 2-3 Karjid OpOMHOW W HOJHOMU
BoAbl. [[00aBbTE B KaXK1yI0 MPOOUPKY MO 5-6 Karenab Kakoro-1mM00 OpraHu4ecKoro
pacTBOpUTENsA, HAlpUMEp, OTUJIOBOTO crupra. PacTBopbl  IepeMeranre
CTEKJISIHHOM nayioukoil. OTMEThTE OKpPACKY OTCTOSIBUIMXCSI CIIOEB B MPOOMpPKax
(opraHMYecKHii pacTBOPUTEIh YKCTPArUPyeT OpOM M HOJ M3 BOIHOTO PacTBOpPA).

Kakwue ranorensl MOXXHO OOHapY>KUTh 3TUM OIBITOM?

OnbIT 3. OKHUCAUTEIbHbIE CBOMCTBA IraJIOr€HOB

B nBe mpoOupku pa3aenpbHO BHeCHTE IO 3-5 Kareinb OpOMHON M HOJIHOM
BoJbl. J00aBbTE B KaKayt0 MpOoOUpPKY 1o 1-2 kpuctawivka cyiabgata xenesa (11)
(comu Mopa).

Yro Habmopaere? Hanumure ypaBHeHHE MpoTeKaromie peakuu. B kakom

et

Ci1ydac€ pc€akiusa OKHCICHUSA Fe"-mona He HpOTeKaﬂa? HanucaB BennuMHBI
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CTaHJAPTHBIX IEKTPoAHbIX noTeHmuanos cucteMm Clo/Cl, Bry/Br, 1o/, Fe**'Fe?*,
yYKaXXHTE, B KaKOM ciydae peakuus okucieHuss FeSO, neBozmokna. Ecth

MOATBEPKACHUE ATOMY B onbITe? ByaeT nmu xjaopHas Boaa okuciasate FeSO4?

OmnbIT 4. BoccTaHOBUTE/IbHbIE CBOMCTBA IaJIOTEHUI0B

B Tpu npoOupku BHecuTe 1o 2-4 Karum Ouxpomara Kaiaus, MOAKUCIECHHOTO
2 H. cepHoit kucioTol (1-2 xarum). Jlob6aBeTe 10 2-3 Karid B MEPBYIO MPOOUPKY
pacTBOpa MOAMIA KallKs, BO BTOPYIO — CTOJIBKO K€ OpOoMHJIa Kaaus U B TPETHIO —
xjopuna Hatpus. PacTBOpbl IepememanTe 4YUCTOM CTEKISSHHOM Malloukou. B
KAaKOM CJIy4ae BOCCTAHOBJIEHUE OMXpoMaTa Kajausl He POU301LUI0?

Hanummre ypaBHEHUS MPOTEKAIOIMIMX PEAKIUM, y4YUThIBasi, YTO OMXpomar
KaJlis, BOCCTAHABJIMBAsCH, nepexoauT B cyibdar xpoma (III). Kak uzmensnace
MpU 3TOM CTENEHb OKHUCIEHHUS COOTBETCTBYIOUIMX TajioreHoB? YUTo mpu 3TOM

HaOJIroganIu”?

OnbiTt 5. IlosyyeHHe M YCTOWYHMBOCTH TaJIOTEHHIHBbIX KOMILIEKCOB
skesieza (I1ID)

Cwmemraiite B ctakanunke 1o 5 kamenb 0,1 M pactopos FeCl; u NH,SCN.
[TonyueHHslii pacTBOp pa30aBbTE BOJON A0 MPO3PAYHOCTH W pasjieTe B TMATh
KOHUYECKUX MpoOupok mnpubnusurensHo Ha 1/3 ob6bema. OpHy mnpoOupky
OCTaBbTE B KAaueCTBE «CBUJETENS», BO BTOPYIO N00aBbTe paBHBIM 00beM 0,1 M
pactBopa NaF, B TpeThio — paBHBIH 00beM HackimeHHoro pactBopa NaCl, B
YETBEPTYI0 U TATYyI0 — paBHble o0beMbl 3 M pactBopoB  NaBr u Nal
COOTBETCTBEHHO. B mpoOupky «cBuieTenab» HJ00aBbTE TaKOE K€ KOJIUYECTBO
YHUCTOUN BOJIBI.

Uro wnabmomaere? Hamumure ypaBHenus peaknuid. Kakoit w3

raJIOTeHU IHBIX KOMILJIEKCOB eje3a Hanbosee yCTONIUB?

JIABOPATOPHAS PABOTA Ne 13

p —3jemeHnTsl VI rpynnsi
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[lenb paboOThI: M3YyYUTh HEKOTOPHIE CBOMCTBA COCAMHEHHM KHCIOpOJa H

CEpBIL.

O6ODVI[OB&HI/I€: MTAaTUBbLI C HpO6I/IpKaMI/I, CIIMPTOBKH, CIIMYKH, ACPKAJIKH,

XUMHUUYECKHE cTakaHbl Ha 50 MJI, CTEK/ISHHBIC MaJIOUYKH, MUIETKUM Ha 1-2 M,
OTBOJIHBIC TPYOKHU ¢ MPOOKOH 1151 IPOOHPOK.

PeakTuBbI: TUCTHILUIMPOBAHHAS BOJA; pacmeopsl. cepHas kucioTta 2 H, 1 M
U KOHII., COJISTHAs KHUCJIOTa KOHIL.; meepovle seujecmsa. NaOz, MnO,, BayOo,
Na,S, FeS, Na,SO3;, KMnO,4, CuSO45H,0, NiSO47H,0; nen wim cHer; cuHss
JaKMycoBasi Oymara, yHUBEPCAIbHBINH HHANKATOP.

X0 pabOTHL:

Omnpbit 1. 'mapoan3 nepokcua HaTpust

B mpoOupky ¢ BOJOI BCHINIBTE HIENOTKY MEPOKCUAA HATPUA. Y CTAHOBMTE,
KaKoW ra3 BbLIESETCS U 4TO oOpasyercs B pacTBope. OOBACHUTH HAOIII01aeMOE.
Jlis yckopeHHs mpoliecca MoxeTe npuMeHuTh karaiauzatop (MnO.). Hamummre

YPaBHEHHE PEAKLIAH.

Omnpbit 2. ITosry4yeHne nepoxkcuaa BOJAOPOAA U3 MepoKcHIa dapus

B crakaH HanenTe 0koyio 5 M1 2 H pacTBOpa CEPHOM KUCJIOTHI U OXJIAJIUTE €€
JBJOM WM CHETOM. 3aTeM BChINbTE Tyna 1 r nmepokcuaa 6apus. Cmech moMenanre
CTEKJISIHHON maioukod B TeueHue 4-5 MuH. OTaenutre pacTBOp OT OCajka u
IpOBEpbTE 00pa30BaHME B HEM NEPOKCHUAA BOAOPOJIa JEHCTBUEM pacTBOpa MOAUA

KaJIu:.

Onwit 3. ITosryueHne cepoBoIOPO/IA M €ro TopeHue (MpoBexeHue B Tsre!)
[TpoOupky, Ha 1/3 HaMOIHEHHYIO METKUMH KYyCOYKaMU CEPHUCTOTO Kele3a,
3akpenuTe B mraTuBe. J[o6aBbTe B Hee 5-6 Kamenb COJISTHON KUCIOTHI (TIJIOTHOCTh
1,19 r/cm®). Belctpo 3akpoiite npoOGHpKy IHpoOKOil ¢ OTBOAHOM TPyOKOIA.
Beigensironuiicss ra3 3akruTe 'y KOHIA OTBOAHOW TpyOku. Ham mmameHem
ropsIIero ra3a MOAEPKUTE CMOYEHHYK) JIHUCTHUJUIMPOBAHHOM BOJIOW CHHIOIO

JaKMYCOBYI0 OyMaxkKy. OOBsICHUTE U3BMEHEHHE €€ 1IBETA.
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Hanmummre ypaBHEHMs peakUuu: ITOIYYEHHs] CEpOBOAOPOJA, €ro IOJHOTO
CrOpaHHs, B3aWMMOJECHUCTBUA C BOJOW ras3a, IIOJYy4YEHHOIO MpPHU TOPEHUHU
cepopogopona. Kakag w3 peakumid OTHOCHTCS K THILy OKHCIUTEIBHO-

BOCCTAHOBUTEJIBLHBIX ?

Omnsit 4. I'mapoans cyabduaa HaTtpus

Haneiite npumepno 1 M AUCTWILIMPOBAHHOW BOJBI B MPOOUPKY H
pacTBOpUTE B HEH KpUCTAUMK Cyiabduma Hatpusa. Onpenenutre ¢ TOMOIILIO
yHUBEpcalbHOTo UHAuKaTopa pH pactBopa.

Onummre Habmonaemoe. CocTaBbTE ypaBHEHUS PEAKIIUU THIPOJIN3A.

OnbIT 5. OKHCIUTEIBHO-BOCCTAHOBUTEIbHBIE CBOCTBA CYJIb(pUTOB

Hanelite B mpobupky 1-2 mn 0,1 M pacrtBopa nepmaHraHara Kajaus U
npumepHo 2 mu 1 M pactBopa cepHod Kuciotbl. JloOaBbTe B HpOOUpPKY Ha
KOHUMKE mmarens cyiabur Hatpus. B apyryio npoOupky Haneite 2 wmi
HaCBILICHHOIO pacTBOpa CEpOBOJOPOAA, J00aBbTE K PpacTBOPY HECKOJBKO
KPUCTAJUIMKOB CyJb(puUTa HaTpus M 1o KamiasM npuieiite 1| M pactBop cepHoi
KHUCJIOTHI 10 BUAUMBIX U3MEHEHUM.

Onumute HabmoaeHus1. CocTaBbTEe YPaBHEHUS PEaKIIMil.

OmnbIT 6. BonooTHuMawee 1eiicTBHE CEPHON KUCIOThI

B nBe mpoOWpku — OAHY C CHHUMH KpHUCTaUIaMH MEIHOTO KYIopoca
CuSO45H;0, npyryio — ¢ 3enenbiMu kpuctamiamu NiSO4 7H,0O — noGasbre mo
HECKOJIbKO Karelb KOHIEHTPUPOBAHHON CEPHOU KHUCIIOTBHI.

Yro maOmomaere? Onuinnre HaOmoaeHusd. OOBSICHUTE BOIOOTHUMAIOIINE

CBOMCTBA KOHLIEHTPUPOBAHHOU CEPHOM KUCIIOTHI.

JIABOPATOPHAS PABOTA Ne 14

P —3JeMeHThI V rpynnbl

[{eab paboThI: U3yYUTh HEKOTOPHIE CBOMCTBA COEAMHEHHM a30Ta U pocdopa.

O6opynoBaHMe: MTATUBBI C MPOOMPKAMH, CIIUPTOBKHU, CIIUYKHU, IEPIKaJIKU,

XUMHUYECKHE cTakaHbl Ha 50 MJI, CTCKIIAHHBIC ITAJIOYKH, ITUIICTKHW Ha 1-2 M.
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PeakTUBBI: TUCTUILUIMPOBAHHAS BOJIA; pACMEOpbl: a30THASI KUCIIOTa pa30aBil.
Y KOHLTP., TUAPOKCU HATpus 2 H, C€pHas KUcCioTa 2 H, xjaopuxa ammonus 0,5 H,
NepMaHraHaT Kauus, XJOpHUI Kalblus, ruapodocdat HaTpus, buxpomar kanus 0,5
H, noaua kanus 0,1 1, 25 % pacTBOp aMMuaka; HEUTpaibHas U CHHSIS JTAKMYCOBast
Oymara; meepovle geujecmea’ XJIOpU AMMOHUS U MEJTHAs! CTPYIKKa.

X0 pabOTHI:

OmnbIT 1. BoccTaHoBHUTE/IbHBIE CBOMCTBA aMMHAKa

B Tpu npoOupku BHecHUTe pa3fenbHO Mo 3-4 Kariu pacTBOPOB: a) OpOMHOM
BOJIbI; 0) MepMaHraHatra Kajius; B) Ouxpomara Kaimusg. B kaxayro u3 mpoOupok
nobaBbre mo 3-5 kamenb 25 %-HOro pacTBOpa amMmmaka. B kaxgom ciydae
pacTBOPHI CIETKA MOAOTPENUTE IO U3MEHEHUS UX OKPACKHU.

HanummuTe COOTBETCTBYIOIIME YpaBHEHUS pPEaKLUM, YYUThIBas, 4YTO B
KOKJIOM CJy4yae aMMHAaK B OCHOBHOM OKHCISIETCS JI0 CBOOOJHOTO a3o0Ta,
NepMaHTaHaT Kaliusi BOCCTaHaBIMBaeTcs 10 okcuaa mapranma (II), a Guxpomar

kayus 10 okcuaa xpoma (I11). OTMeTuTs NI3MEHEHUE OKPACKU PACTBOPOB.

OmnpbIT 2. I'maposans costedd aMMOHHUS

B Tpu npoOupku HayeiTe no 5-6 kamnenb HEUTPAIBLHOTO pacTBOpa JaKMyca.
B kaxayio u3 mpoOMpOK pasliebHO J00aBUTE IO HECKOJIbKO KPUCTAJUIMKOB
XJopuaa, HHUTpata M auerara amMoHus. Kaxnapli pactBop Inepemeranre
CTEKJISIHHOM MaJIOUKOM.

OTMeTbTE M3MEHEHHE OKPACKU JIaKMyca B KaxKIoM ciyyae. Hanummre B
MOJIEKYJIIPHOM M HMOHHOM BHJIE COOTBETCTBYIOIIME YpaBHEHHUS peaKIui

TUAPOJIU3a.

OnpiT 3. KauecTBeHHas peaknusi Ha HOH ammoHust (NH4")

B npobupky BHecuTe 2-3 Kaljud pacTBOpa COJIM aMMOHHUS U J00aBbTE
CTOJIbKO K€ 2 H pacTBopa rupokcuaa Hatpus. Cierka HarpeiuTe mpoOupKy U HaJ
€€ OTBEPCTHEM TOJICPKUTE BIAXKHYIO KPACHYIO JJakKMycoBYI0 Oymaxky. [To 3amaxy
U 10 U3MEHEHMIO 1IBETa JIAKMYCOBOM OyMa)KKH yOeIUTeCh B BBIJICICHUN aMMHAaKa

u oOpazoBanuu OH - noHa.
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Hanmummre B MOJIEKYJIIPHOM U MOHHOM BUJE COOTBETCTBYIOIIME YPABHEHUS

peaKuni.

OnbiT 4. BoccTaHOBUTE/IbHbIE M OKHCJIUTEIbHbIE CBOIICTBA HUTPUTOB

B tpu mpoOupku BHecuTe 1o 3-4 Kamiu: B MEPBYIO — MOAUAA Kajus, BO
BTOpPYIO — MEpMaHTaHaTa Kallvs, B TPEeThIO OmxpomMara Kanus. Bo Bce mpoOupku
no0aBbTe MO 2-4 Karmim 2 H pacTBOpa CEPHOW KUCIOTHI U 4-5 Karmellb pacTBoOpa
HUTPUTA KaJusl.

OTMmeThTe M3MEHEHHE OKPAacKU PacTBOPOB B KaxJAoM ciydyae. Hamummre
ypaBHEHUS TMPOTEKAMOIINX PEAKIUi, YIUTHIBAsI, YTO B MEPBON MPOOUPKE HUTPUT
kanmus BocctaHaBiuBaeTcs 10 NO, Bo Bropoir — KMnO,4 mepexomutr B MnSO,, B
tpetbeit KyCro07; — B Cry(SO4);. B kakoe coeaMHEHUE TPU STOM IEPEXOIUT
HUTPUT Kajus? YKaKUTE B KaKOM Ciydae OH SIBIIACTCS OKHCIHUTENIEM, B KaKOM

BoccTtaHoBuTeneM? [loueMy HUTPUTBI MOTYT NPOSBIATH TE€ U APYTU€ CBOMCTBA?

OmnbIT 5. OKHCIUTEIbHBIE CBOICTBA 230THOM KUCJIOTHI

Bnecute B npobupky 3-4 Kariv KOHIIEHTPUPOBAHHON a30THOM KHMCJIOTHI U
MaJICHBKUH KyCOUe€K MEIHOH CTpPY)KKH. B J1pyryro mnpoOuUpKy BHECHUTE
pa30aBIEHHON a30THOM KHUCIOTHI U KyCOUYEK MEIHOUW CTPYX KU, MPOOUPKY Clierka
nogorpeiite. O6e mpoOUpKH AepkuTe Ha OeoM (hoHEe, OTMEeUas pa3IuIre TCUCHUS
peakiuii B 000X CITydasix.

Kakoii ra3 Beiensercs B nepBoil npoOupke, Kakoil — Bo BTopoil? Hanummre
YpaBHEHUSI COOTBETCTBYIOIIMX  peakiuil. Yem OOBICHUTH  TOXKEITCHUE

BBIJICIISIFOIIIETOCS Ta3a BO BTOPOW MPOOUPKE B HAYAJIC pEaKIuu?

OmnbIT 6. [Tosryyenue ruapodocdara kaabuus

Brecute B mpoOupky mo 4-5 Kamenb pacTBOPOB XJIOPHA KabIlUsi |
ruapodocdara HaTpus NaHPO..

OTMeTbTE ULBET BBHINABIIETO Ocajka. Hamummwre ypaBHEHHE peEaklUH B

MOJIEKYJIIPHOM ¥ HOHHOU (opMme.
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JIABOPATOPHAX PABOTA Ne 15

p — 3JieMeHThI IV

Llenp D&6OTBI: HN3YyUYUTb HCKOTOPLIC CBOMCTBA yriiepoga U KpEMHUA U HUX

COEIMHEHUMN.

O6ODVI[OB&HI/I€: MTAaTUBbI C HpO6I/IpKaMI/I, CIIMPTOBKH, CIIMYKH, OCPIKAJIKH,

XUMUYECKUE cTakaHbl Ha 50 MJI, CTEKISHHbIC NAJIOYKH, MUMETKA Ha 1-2 wmui,
pOOKH JIs1 IPOOUPOK.

PeakTuBbl: MUCTHILIMPOBAHHAS BOJA; paACMEOpbl. HUTPATBl — MarHUs,
kobanbTa 1 kKagmus 0,5 H, kapOoHat Hatpud 0,5 H, THAPOKAPOOHAT HATPUS (KAJIHSI)
0,5 H; cuMkat HaTpus (2 H ¥ HaChIIEHHBIN); xsopuasl xkenesa (I111) u onosa 0,5 H,
COJIIHass KHCJIOTa 1 H M KOHUTp., CEpHas KHUCIOTAa KOHUTP.; CBETJIO-PO30BBIA
pacTBOp (ykcuHa, HeWTpanbHas JaKMycoBasi Oymara; meepovie 6eujecmaa.
aKTUBUPOBAHHBIN YTOJIb.

Xoa paboThl:

OmnbIT 1. AncopOMOHHBIE CBOCTBA YIJIs

B npobupky no Y2 ee oObeMa HanelTe CBETIIO-pO30BbI pacTBOp (pykcuHa.
BHecuTe B pacTBOp HEMHOI'O aKTUBUPOBAHHOTO yris. [10THO 3akpoiiTe mpoOUpKy
MPOOKOM 1 PHEPTUYHO BCTPAXUBANTE €€ 2-3 MUH.

JlaliTe pacTBOpy OTCTOSITRCS W OTMEThTE €ro oOecliBeunBaHue. Yem

OTJIMYAETCSl aKTUBUPOBAHHBIN YTOJIb OT OOBIYHOTO YIS ?

OmnpbIT 2. BoccTaHOBUTE/IbHBIE CBOMCTBA YIJIS

B npoOupky nomecture 2-3 Kamiv KOHLUEHTPUPOBAHHOW CEPHOM KUCIOTHI
(motHOCTE 1,84 T/cM®) M MalleHBKUI KyCOYEK aKTUBUPOBAHHOIO YIJIA. 3aKPEIUTE
OpoOMpKY B JEpXKaJlKe OCTOPOXKHO TMOJOTPEHTe Ha IUIAMEHH CHUPTOBKH.
HaOmronmaiite BwieneHue My3bIphbKOB Traza. [lo 3amaxy ompeaenuTe OIuUH U3
BBIJICIIAIOIIMXCS Ta30B.

Hamummvre ypaBHeHME pEakUMM, YUYUTBIBAs, YTO YIIIEPOA OKMCISIETCA OO

AUOKCHU A yriepoaa. Kaxkoe BCIIICCTBO BOCCTaHOBMJIOCH?
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OmnbiT 3. MasopacTBOpHMBbIe KAaPOOHATHI HEKOTOPBIX METAJLJIOB

B Tpu npobupku Hanelite mo 0,5 M1 pacTBOPOB COJIEH MarHusi, KoOajabTa
KaJMusl U 3aTe€M J00aBUTE CTOJBKO YK€ pacTBOopa KapOOHATa HaTpHs B KaXAYIO
IpOOHPKY.

OTmeTHTe BbINAEHUE OCATKOB THIPOKCOKAPOOHATOB YKa3aHHBIX METAJIOB
U UX LBeT. BeneacTBue kakoi peakuu Mpou3ouuio ux oopasosanue? Hanummre

COOTBETCTBYIOIIME YPAaBHEHUS B MOJICKYJIIPHOW U HOHHOH (opMe.

OmnbIT 4. I'maposan3 kapOoHATa M THAPOKAPOOHATA HATPHUA

B nBe npoOupku BHecuTe 1o 3-4 Kariu HeHTpaIbHOTO pacTBopa jJakmyca. B
OJIHy M3 Npooupok go06aButTh 0,5 Ma pacTBopa kapOoHata HaTpusi, B JIPYTYIO -
TaKoe K€ KOJMYECTBO pacTBopa rujpokapOoHaTa HaTpusi. OTMEThTE paziuyue B
OKpAacKe JIaKMyca.

Hanumure B MOJEKYJISpHOM W HWOHHOM BHUJEC YPaBHEHUS pEAKIUU
TUIPOJIN3a MEPBOI U BTOPOH conu. B KakoM citydae ruapoin3 npoTekaer ciadee?

[Touemy?

Onpit 5. Biusinne nona CO3> HAa rHAPOJIM3 HEKOTOPBIX COJIei

B nBe npobupku Haneite o 0,5 — 1 mu pactBopoB xsopuza xkenesa (III) u
xynopuaa onosa (II), 3arem moGaBbTe B 3TH pacTBOpHI MO 3-5 Kareilb pacTBOpa
KapOoHaTa HaTpusl.

OTMmeThTe BBIJIEJIEHUE Ta3a U 00pa30BaHUE OCAJKOB TMIAPOKCHAA XKele3a U
osioBa. Hamummre ypaBHEHHs peakuui THAPOJIM3Aa YKa3aHHBIX COJIEM IIpH

2-

no0aBieHMH K HUM KapOoHaTta Hatpusa. [louemy B mpucyrctBuu mona COs

TUAPOJIU3 MPAKTUYECKH MPOTEKAET 10 KOHIa?

OnbIT 6. ITosryuyeHne reJif U 30J151 KPpeMHHEBOM KHCJIOTHI

B nBe nmpobupku BHecute mo 0,5-1 mui: B OgHYy — CWJIMKara HaTpus, B
JIPYTYIO — KOHIIEHTPUPOBAHHON COJISTHOM KUCIIOTHI. JI06aBbhTe B MEPBYIO MPOOUPKY
0,5 Mn 1 H pacTBOpa COJIIHOW KUCJIOTHI U BO BTOPYIO — 1-2 Kamiau HaCBIIIEHHOTO
pacTBOpa CuJIMKaTa HaTpus. 3akpoiTe MpoOUpKHU U BCTpsixHuTe ux. Habmromaiite

oOpa3oBaHME rejsi KPEMHHEBOW KUCIOTHI B TIEPBOM MPOOMPKE U 307151 — BO BTOPOH.
164



[lony4yeHHBIH 307b KPEMHMEBOM KHCIJIOTHI HAarpeyTe HAJ MAaJEHBKUM IUIAMEHEM
CHUPTOBKM JI0 Iepexoja B resb. Kak Ha3bIBaeTCs Mpolecc nepexoaa 305 B renb?
Kakoe 3HaueHne umeeT HarpeBanue?

Onumure nponaenaHHyro padoty. CocraBpTe YpaBHEHUE pEAKIUU

HOJIy4eHHUs MeTaKpeMHHeBOH KucaoThl HySiOs.

OnpIT 7. 'mapou3 CHINKATOB
Haneiite B mpoOupky 1-1,5 mir pacTBopa cunukara HaTpus U q100aBbpTe 1-2
Karuy Jjakmyca. Uro Habmonaere? [losicHuTe M HaNMUIIMTE YpaBHEHHUE THAPOIIHN3A

CWJIMKAaTa HaTpUs B MOJIEKYJISIPHOU U MOHHOM (popme.

JIABOPATOPHAS PABOTA Ne 16
p —3uaemenTsl 111 rpynmnsi

Llenb paboThl: M3YyUYUTh HEKOTOpPHIC CBOWMCTBA OOpa W AJIIOMUHHUS U HX

COEeJIMHEHUN.

OO6opyoBaHue: MTATUBBI ¢ MPOOUPKAMU, CITUPTOBKHU, CIIMYKH, JIEP>KAIKH,

XUMHUUYECKHE cTakaHbl Ha 50 MJI, CTEK/ISHHBIC MaJIOYKH, MUIETKHM Ha 1-2 M,
HUXPOMOBAs IMPOBOJIKA .

PeakTuBBI: AUCTHITMPOBaHHAS BOAA; pacmeopsl. xiopuaa kodansta (I1) n x
(III), cynbdara mapranna (II), cynedara menu (I1), xnopuna nukens (I1), aurpara
cepedpa — 0,1 M; xmopuna amomunus, cynbdara meau (II) u xmopuna menu (1) —
1 M; terpabopara HaTpusi 1 M; pactBop ammuaka 1:1; consiHas kucnora 2 M,
TUAPOKCUT HaTpus 2 M; makMyc; meepovie gewjecmsa: 0ypa, alllOMUHUT.

XoJ1 paboThI:

OmnpiT 1. OKpammBanue NJiaMeHu 00PHO KUCJIOTOM

Hakanute B miiaMeHu CIHUPTOBKM HUXPOMOBYIO MPOBOJIOUKY. Y OeAHTECH,
YTO OHa HE OKpamuBaeT miaMsa. OnmycTHTe HarpeTyro MpPOBOJOYKY B IMOPOLIOK
OOpHOM KUCJIOTHI 1 BHECHUTE B IJIaMsI CIIUPTOBKH.

B kakoii 1iBeT okpammBaeT miaMs OOpHast Kuciora?
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OnbIt 2. [TosyyeHnne nepJioB Oypbl

OO6pa3oBaHue MepiaoB — 3TO 0Opa30BaHME OKpPAIICHHBIX JIBOMHBIX COJEH
METa0OpHOM KUCITIOTHI C PA3IMYHBIMU METAIJIAMU B IJIAMEHU TOPEJIKH.

HuxpomMoBy10 NpOBOJIOYKY HAKaauTe B IUIAMEHM CIHUPTOBKM JTOKpPACHA.
[IpukocHuTECh K MOpPOHIKY Oypbl U NPOKAJIUTE MNPHUCTABIIME K MPOBOJIOYKE
KPUCTAUIMKU B IUIAMEHW CIHPTOBKM 1O TEX MOp, MOKAa Macca HE MEPECTAHET
BciyunBatbes. [lomyyennsiit mpoaykt cmounte 0,1 M pacTBopom con KoOaibTa.
CHOBa poKaIuTE HUXPOMOBYIO ITPOBOJIOYKY B INIAMEHU CITUPTOBKH.

Takxe moayuurte nepiasl ¢ ApyrumMu Metajuiamu. [loydenHbsie HaOIOAEHUS

onuimuTe U opopmMute B Tabuie. Hanummre ypaBHEHUST peakiiuil.

Mertaii, o6pasyrouiuii mepiu LBeT nepmna Oypbl

KobGanbet

Xpom

Menn

Mapranen

Huxkenn

Cepebpo

OnbIT 3. 'uapoau3 Terpadopara HATpUA

B mpoOupky ¢ 5-6 kamimsiMu HEHUTPaJbHOTO pacTBOpa Jlakmyca J00aBHUThH
0,5-1 mn pactBopa Tetpabopara Hatpusi Na,BsO;. Kak wu3menunace oxpacka
nakmyca?

Hamumure ypaBHeHMs] peakIMM CTYNEHYaToro TUApoju3a TeTpadbopara
HATpUs, YYUTHIBas, YTO B pe3yibTaTe MEPBOW CTYMEHW THUAPOIHM3a 00pazyeTcs
oprokuciora u metabopar Hatpus NaBO,, a mo BTopoil cymeHu — OopHas

OPTOKHUCJIOTA U €IKAW HATP.

OnpiT 4. CBoOMiCTBA AJTIOMUHUAA

a) gzaumooeticmaue anomunus ¢ kucromamu. B 6 nmpodbupok BHecute mo 1

rpaHyyie aJllOMUHUA. 3aTEM I[IOCJIEeNOBATEIbHO BHECUTE: B NEPBYIO MPOOUPKY
npumepHo 1 Ma 2 M consiHOM KHCIOTBI; BO BTOPYHO — CTOJIBKO K€

KOHLIEHTPUPOBAHHOW COJIIHOM KUCJIOTHI; B TPETHIO — puMepHO 1 M 2 M cepHoit
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KHUCJIOTBI, B YETBEPTYIO CTOJIBKO KOHIIEHTPUPOBAHHOM; B IATYIO U ILIECTYIO —
IpUMEpHO 1O | M COOTBETCTBEHHO 2 M M KOHLIEHTPUPOBAHHOM a30THOM
KHCJIOTBI.

OctaBbTe pobupku Ha 10 muH. [IpoOupKku, B KOTOPBIX peakKilys HE IMOIILIa,
HarpeiTe Ha BOJISTHOU OaHe.

0) gzaumodeticmaue anomMunusa ¢ corimu meou. B 1se mpoOUpKU MOMECTUTD

no 1 rpanyne amromuHus. B nepByro npobupky Hanuth 1 Ma 1 M cynbdata meau
(IT), Bo BTOpy1o — 1 M1 1 M xmmopuaa meau (11).

Onummre HaOmoaenus. CoctaBbTe ypaBHEHHs peakuuil. [louemy peakunu
QTIOMUHUSA € pa30aBiICHHBIMH KHUCJIOTaMH HUAyT He cpasy? llpoucxomut nm
IIACCUBALMSL AJIFOMUHMUS KOHLEHTPUPOBAaHHBIMU Kuciaoramu? Eciau HeT, TO
nouemy? [loyemy BblJIeJIEHUE MEOU HA MOBEPXHOCTH AJIOMUHHUS UAET OBICTpEE B

pactBope xiopuaa meau (I11)?

OnbiT 5. CBoiicTBa THAPOKCHIA AJTIOMUHUS

Haneiite B npobupky 1 min 1 M xjopuna amoMuHus J100aBUTH B Hee
pactBop NHs (1:1) mo BeImameHms ocanaka. PasmenuTe ocalok Ha JBE YacTH U
UCIIBITATE €ro Ha PacTBOPUMOCTH ¢ 2 M coistHOM Kuciore u 2 M rugpokcuae
HaTpUs.

Onummute Habmonenus. CoctaBbTe ypaBHeHUs peakuuii. Kakue KucioTHo-

OCHOBHBIE€ CBOMCTBA MPOSABISAET THIPOKCU] ATFOMUHUSA?
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[MTPMJIOKEHME 1

IIpaBuia TexHuKH 06e30MACHOCTH NMPU padoTe B XMMHYECKO# J1abopaTopun

[Ipu BBITIONHEHUU JTAOOPATOPHBIX PabOT MO OOINe W HEOPraHWMYECKOU
XUMHH HCIIOJIB3YIOTCS KOHIEHTPUPOBAHHBIE KHUCJIOTHI, IIETOYH, IIEJIOYHBIC
METaJIIbl, TOKCUYHBIE OpraHndeckue BemecTBa. [Ipm HEOpE)KHOM OTHOIIECHUH K
paboTe BO3MOXKHBI HECUACTHBIC CITy4yau, TOMaJaHie OMACHBIX BEIICCTB B IJla3a H
Ha KOXY, OXXOTH, BO3HHKHOBEHHE moOxapoB. [lpum pabore B XMMHUYECKOI
Jabopatopud  HEOoOXOAMMO  CTPOro  coOyrofaTh  TpeOOBaHMS  TEXHHMKHU
oe3omacHoctd. CTYHAEHTHI HECYT OTBETCTBEHHOCTh 3a COOJIOJIEHWE TMPaBHII
NOBEACHUSI B XMMHYECKOW JIabOpaTOpHH, TEXHUKH OE€30IacHOCTHU MpU padoTe C
XUMUYECKUMHU PEaKTUBAMH, ITOCY 10, 000pYA0BaHUEM.

Bce crynmeHThl 00si3aHBI BBITIONHATH OOIIME TPAaBHJIA TIOBEACHUS B
XMUMHUYECKOH J1abopaToOpHH.

1. B xumudeckoil J1abopaTopuu HENb3sl HAXOAUTHCS B BEPXHEH OJeKIE.
CTyneHTsI JOKHBI padoTaTh B XajlaTaX, BOJIOCH! JOJKHBI ObITh YOPaHBI.

2. Bo Bpems pabotel B nabopaTopuu cOOJOATh YUCTOTY, THIIUHY U
MOPSAZIOK, HE OTBIIEKATh U HE MEIIATh BBIMOJHATH Pa0OTy APYTUM CTYJCHTaM.

3. CTyneHThl MOTYT HaXOJWTHCS B JIADOPATOPUHM TOJBKO C pPa3pelIeHUs
npenojaBaresns uiau jabopanta. He momyckaercss mMpucyTcTBHE B JaOOpaTOPHUIX
MOCTOPOHHUX JIMII BO BPEMsI IPOBEIEHUS PadoT.

4. PaGouee MeCTO IOJDKHO COAEPKATbCSd B UHUCTOTE U MOPSAIKE, €ro He
CIIeIyeT 3arpoMOKIaTh OymMaraMu, TOCY/ION M peakTHBaMHU. 3amperiaeTcs KIacTh
Ha paboyue CTONBI ONEXKIYy, BEUIH, CYMKHA U JIOObIE MOCTOPOHHUE MPEIMETHI.
Henb3s 3arpoMoskiaTh TpoXoabl MEXAY pabOYMMU CTOJIAMHU.

5. B naboparopuu 3ampemaercss IpUHAMATh MHILY U HATUTKA, KypUTh.

6. Kateropuduecku 3ampernaercsi mpoOOBaTh XUMHUYECKHUE PEAKTUBBI Ha BKYC.
3amax COEOWHEHUW OIPEACNSIOT, OCTOPOKHO HAMpaBIsis €ro Maphl JIETKUM
IBWKCHUEM pYKH. Hemb3s MOTHOCUTH COCY/] K HOCY | JIeNaTh TTyOOKU BJIOX.

7. Henb3st 3arnsiapiBaTh B CKJISHKA M OYTBUIKM CBEpPXY, BCE HAOIIOACHUS

HE0OXO0MMO BECTH Yepe3 OOKOBYIO CTEHKY COCY/Ia.
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8. HeoOxomumo creauTh, 4TOOBI XUMHUYECKHE PEAKTHUBHI HE TOMAd Ha
oONleXAy, KOXy. Bo Bpems pabGoThl HENb3s TOTHOCHUTH PYKH K JIMITy, TJazam,
BOJIOCAM.

9. Ilepen mpoBeAcHUEM KaXIOW ONEpay HEOOXOIUMO YOSAWTHCS B
UCIIPAaBHOCTH TIOCYAbl U OOOpPYIOBaHMS, TPABUIBHOM BBIOOpE XHUMHUYECKHX
PEaKTHUBOB.

10. JIaGopaTtopHbie PabOTHI BHITOJHSIOTCS IO J[Ba YEJIOBEKA. 3amperniacTcs
BBITIOJIHATh XUMUYECKUM SKCIIEPUMEHT OJHOMY.

Ilepen HauajsoM padoThl padoTarolMe B XUMHUYECKHX J1a00opaTopHUsix
JOJDKHBI U3YYUTh METOAMKY BBITIOJIHCHHSI JTa0OpaTOPHOW PabOThI, HHCTPYKIIUHA K
npubdopam, MoCiIeI0BaTeILHOCTh BBIMTOJHEHUs onepanuid. [Ipocnyimare Texymuii
WHCTPYKTaX MPETNOaBaTelisi o MPOBEICHUIO Ja00paTopHOil pabOTHI.

Bo Bpemsi paboTbl CTYIEHTHI JIOJDKHBI COOJIOJATh OOIIMEe MpaBuia
noBeZicHUsT U PabOThl B XUMHUUYECKHX JAOOPATOPHUSAX, BBIMOJIHATH TPEOOBAHMS
TEXHUKH O€30MacHOCTH MpH padoTe CO IMIETOYHBIMU METAJUIAMH, KHUCIOTaMHU U
mieJio4aMH, HarpeBaTeIbHBIMA — MpUOOpaMH, CTEKJISHHOM TOCY/IOH; Mepbl
MPOTHUBOIIOKAPHON O€30MaCHOCTH.

1. Hcnonb3oBaTh XMMHYECKHE PEAKTHBBI, yKa3aHHbIE B J1aOOPaTOPHOI
pabore, oOpamias BHUMaHue Ha (OpPMyJIBI BEHIECTB, WX KOHIICHTPALUU U
MIOCIIEZIOBATEILHOCTh HCIIOJIB30BAHMS. 3allpeIiaeTcsl MOJIb30BaThCsl PEaKTUBAMU
0€3 ITUKETOK MJIM C COMHUTEILHBIMHU HAAMKUCIMU Ha HUX.

2. YacTh peakTUBOB HAXOJIWUTCS Ha pabOuYMX CTOJaxX CTYJIEHTOB. ITO
HEOIAacHbIe BEIIeCTBa, HE OO0JaJalolie TOKCHYHBIM JEHCTBHEM — pPacCTBOPHI
KHUCIIOT, OCHOBAaHHM, COJICH, TBEPHABIE COJM, MPOCTHIE BEIIECTBA, WHIMKATOPHI.
BemecTBa, mpeacTaBigONIAEe OMACHOCTh HAXOIATCSA B BBITSDKHOM KAy —
KOHIIGHTPUPOBAHHBIE KHUCIOTHl M IIEJI0YH, PacTBOp Opoma BOJE, IIETOYHBIC
METaJUIbl, TOPIOYHE WIIM TOKCUYHBIC BEIIECTBA.

3. PeakTuBBI, HaXOAIIUECS B BBITSDKHOM INKady HENb3s MEPEHOCHTH Ha

pabouee MecTo. Bee paboThl ¢ HUMU HEOOXOAMMO MPOBOUTH TOJIBKO B BHITSDKHOM
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mkady. Boszne BeITsDKHOTO miKada HE clieyeT co3laBaTh TONYEI0, MEUIaTh APYT
ApYTY.

4. PeakTuBbl cpa3y IMOCJE MCIOIb30BaHUS 3aKPbIBaTh TEMHU K€ MPOOKamH,
cpa3y CTaBUTh Ha MecTo. IlepemaBaTh pEakTHBBI MOYKHO TOJIBKO B 3aKpBITOM
COCTOSIHUU. 3alpellacTcsl XOAUTh C PEaKTUBAMU IO ayIUTOPHUU.

5. Ilepen momenieHreM peakTUBOB B MPOOUPKY HEOOXOAUMO YOEIUTHCS B €€
YUCTOTE M LEJOCTHOCTU. Henb3s HCIOiab30BaTh 3arps3HEHHYIO WM TPECHYTYIO
MOoCyay.

6. HeoOxoaumplii 00beM pacTBOPOB HM3MEPSETCS MEPHBIMH MPOOHpPKAMHU,
MUATIETKAMH WIH IPYTOM MEPHOU MOCYAO0U. JINIIHEE KOMMYECTBO PEAKTUBOB HEJIb351
BBUIMBATh 00OpaTHO B CKJSIHKY. Hemnb3si 3acachiBaTh peakTUBBI B MHUIETKY PTOM,
HYHO T0JIb30BAaThCA PE3NHOBOM TPYILIECH WIIM J03aTOPOM.

7. Ilpu pabore ¢ KHUCIOTaMH CIEAyeT HaIUBaThb KHUCJIOTY B BO.Y.
3anpeiaeTcss HaJlMBaTh BOJAY B KHUCIOTY, TaK KaK MOXET IMPOU30UTH BHIOPOC
KHCJIOTBI BCJIEJICTBUE CUIIBHOTO pa30rpeBaHUsl CMECH.

8. [Ipu paboTe co mENOYHBIMHU METAITIAMU HEOOX0UMO COOJII0IaTh 0COOYIO
OCTOPOJKHOCTh, HE [IONMYyCKas WX CONPUKOCHOBEHUS C BOAOM. BriHUMaTh
METAJUIMYECKUN HATPUU U KaJIUHU CIENYET TOJIBKO CyXuM IuHIETOM. lllenounsie
MeTaJlIbl HeNb3sl OpaTh pykamu. KepocuH ¢ MOBEPXHOCTH KYyCOYKOB MeTaiia
yAQISIIOT PUIBTPOBAILHOM Oymaroil. B peakuuu ucnoib3yroT KyCOUKUA HE OOJIbIIe
ropominHbl. Henb3st HAKJIOHATHCS HaJ CTAKAHOM BO BPEMSI PEAKIIUU.

9. Kareropuuecku 3ampeniaeTcsi BbIOpachlBaTh OCTATKU  IIEJIOYHBIX
METaJUIOB B KaHAIM3AIUIO, YPHY.

10. B xadecTBe HarpeBaTeIbHBIX MPUOOPOB HCIONB3YIOT SJIEKTPUUECKUE
TUTUTKYU C 3aKPBITOM CIIMPaJbIO; BOJASHbBIE OaHU; CIIMPTOBKH.

11. Tlepen 3aXuUTaHreM CIUPTOBKH CIEAYET YOEIUTHCS, 9YTO OHA MCIIPaBHA,
(GUTHIIL BBITAINEH HA HY)KHYIO BBICOTY, @ TOPJIOBUHA U JIepKaTellb QUTHIIS CyXHeE.
Ecnu cnuptoM cMmoueH paepxatenb (UTUIS M TOPJIOBMHA CHOUPTOBKH, IPHU

3KUTAHUU MOKET IIPOU30MTH B3PbIB IAPOB BHYTPH.
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12. CnupTOBKY MOKHO 3a)KUTaTh TOJIBKO CIIMYKAMU, 3aIlPEIlaeTCs 3aKUTraTh
OJIHY CIIUPTOBKY OT Apyroil. [[acuTh COUPTOBKY MOXHO TOJBKO OJHUM CIIOCOOOM
— HakphIBaTh MmiiaMsa putuis koiamaukoMm. Henb3st 3aayBarh miiams, Tak Kak Mpu
TOM MOKET MPOU30UTH HEOOJNBIION B3pPHIB CMECH MAapOB CIIHUPTA C BO3AYXOM U
TOPSIIIUI COUPT BHIOPOCUTCS B JIUIIO.

13. Topsiinyto CIUPTOBKY HENb3s1 HAKJIOHSTh, IEPEMENIaTh, XOAUTh C HEH 10
ayJUTOPUH BO M30€KAHKME pa3jivBa U 3aropaHus CIHUpTa.

14. TIpoGupku, UCHOJNIB3yeMbIe JJII HarpeBaHUs JOJDKHBI OBITh YHCTBHIMH,
CyXuMHU U 1enbiMu. [IpoOupka He nomkHa ObITh HAIlOJIHEHA COJEPKUMBIM OoJee
9YeM Ha TPETb.

15. [IpoOupky 3akperisitoT B JepKajke B BEpXHEH YacTU TPOOUPKHU.
[Tpobupky ¢ COAEPKUMBIM TPEABAPUTEIBHO MPOTPEBAIOT BO H30EKaHUE e€e
pactpeckuBanus. OTBepcTue NpPOOUPKM TNpU HArpeBaHUM JOJDKHO  OBITh
HAIpPaBJIEHO B CTOPOHY OT BCEX pabOTAOLIHX.

ITo oxkoH4YaHuu padoTHI HEOOXOIUMO:

1. ITpoBepuTh U MPUBECTHU B MOPSIAOK pabouee MeCcTo, MpUOOPHI U anmaparsl,
BBEIMBITH PYKH.

2. I'psA3HyI0 mocyny CKJIaAbIBalOT Ha clieluaibHble MpoTUBHU. He cienyer
OCTaBJISITh TPS3HYIO TIOCYAY Ha paboyeM CToIe.

3. CopepxnMoe MpoOMPOK TmOcCe JTadOpaTOpPHON padOTHI CIMBAIOT B
CHEIMaIbHO OTBEICHHbIE €MKOCTH. Henb3si BBUIMBATh XMMHYECKHUE PEaKTHBHI B
KaHaJTN3aIHIo.

[Ipy BO3HMKHOBEHHMH oOuara BO3TOpaHUS HEOOXOAMMO HEMEMJIECHHO
COOOMIUTH 00 ITOM TMPETNO/IaBATEIIO.

[Tpu 3aropaHuu TBEpIbIX rOPIOYMX BEUIECTB (MeOENb, MOM, CTEHBI U T. 11.) B
KayeCTBE CPEACTB MOXKAPOTYUICHHUS] MPUMEHSIOT MECOK, HAKUAKH W3 TOJCTON
TKaHU, OTHETYIIUTENU TICHHbIE U MIOPOIIKOBBIE, BOLY.

ITpu Bosropanuu JIBX u 'K (cniupt, OeH3011, U JIp.) MPUMEHSIOT TECOK,

HAaKMJIKH, JIO0BIE OIrHCTYIIHUTCIIN.
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JUIsL TylueHus IIEJOYHBIX M IIEJIOYHO3EMENIbHBIX METaUIOB HCHOJB3YIOT
CYyXO#l MECOK WM MOPOLIKOBBIE OTHETYWMUTENH. [IpuMeHsATh BOay, MEHHBIE H
YTJIIEKUCIOTHBIE OTHETYIIUTENIN HEIIb3sL.

Jis  TymeHus SJIeKTpOnpuOOpOB, HAXOIAIMIMXCS TOJ] HaMpsHKEHHUEM,
IPUMEHSIOT HAKWJKH, IE€COK, IOPOIIKOBBIE W YIJIEKUCIOTHBIC OTHETYIIUTEIIN.
Henp3g TymmTs BOJON U IEHHBIMHM OTHETYIIUTEISIMHU.

JlericTBUSA IIPU OKa3aHUU IIEPBOU IOMOIIU:

1. Ilpu okorax XHWMHUYECKMMH BEIECTBAMH, OCOOEHHO KHCIOTaMU U
niesioyamMi, TOPAKEHHBI y4acTOK KOXHM OBICTPO IPOMBIBAIOT  OOJIBILIMM
KOJIMYECTBOM BO/IbI, 3aTEM Ha 000KKEHHOE MECTO HAKJIaJbIBAIOT MPUMOUKY: MPHU
0KOTax KUCJIOTON — U3 2%-HOro pacTBopa MUTHEBOM COMBI, ITPH 0KOrax MIEJIOYbIO
— u3 ciaboro 1-2%-Horo pacTBOpa YKCYCHOM KHCIIOTHI.

2. llpy nomagaHuu OpBIT KUCIOTHI B Tja3a MX HEMEMJIEHHO HYKHO
IPOMBITH OOJIBIIMM KOJMYECTBOM BOJIbI U 3aTeM 3%-HBIM pacTBOPOM IHUTHEBOU
conpl. Ilocine 3Toro mocTtpagaBLIIEro HEOOXOAMMO HEMEUIEHHO JOCTaBUTh B
MEITYHKT.

3. Ilpu mope3ax pyK CTEKJIOM HEOOXOJUMO YyIadUTh W3 PaHbl MEJIKHUE
OCKOJIKM, 3aT€M MPOMBITh paHbl 2%-HBIM pacTBOPOM II€PMaHIaHATa Kajausl WU
CIIUPTOM M, CMa3aB HOJHOM HACTONKOM, 3a0MHTOBATb.

4. Tlpu BOCIIIaMEHEHUH OJEXKAbl HEOOXOIUMO 3aracuTh OTOHb Ha TrOPSILEM
(He Oerath!), HAOpPOCHB HA HEro OJEsIO, XajaT, MajabTo W T.J. IloracuB OroHs,
MPUCTYIUTH K OKa3aHUIO MEPBON MOMOIIIH.

5. SnoBuThie  BemiecTBA MOTYT IONACTh B OpraHU3M  4epe3
NULIEBAPUTENBHBINA TPAKT, AbIXATEJIbHBIEC ITyTH, HHOTAA Y€pe3 KOXKY U CIH3UCTHIE
obonouku. Ilpm Bcex ciydasx OTpaBi€HHS HEOOXOIUMO  JOCTABUTH

MMoCTpaaaBmICTO B MCAITYHKT MJIM BbI3BATh CKOPYIO ITOMOIIb.
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[MPMJIOXXEHUE 2
PacTBOpUMOCTH KHCJIOT, COJIEHd 1 OCHOBAHMH B BOJIe

Katuons! AHUOHEI

OH- Clr|Br| I' | S¥| NOs | COs% | SiOs* | SO4* PO

|

G 2 2 N L 0
S L3 L L L L L L
< r[ o veeele e e e e
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1Pl I G i B
= [ R ] e v R
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SN L 0
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|| e |

_ BEHICCTBO XOPOIIO paCTBOPHUMO B BOJE

M \ MaJIOPACTBOPHMO

o MPAKTUYECKH HEPACTBOPUMO B BOJE, HO JIETKO pAacTBOpPSETCS B CHAOBIX WM
pa30aBIICHHBIX KHUCIOTAX

_\ HEPACTBOPHUMO B BOJIC U PACTBOPSETCS TOJIHKO B CHIIBHBIX HEOPTAaHHMUECKUX KUCIOTaX

\ HEPaCTBOPHMO HHU B BOJIE, HU B KHCIIOTaX

| IOJTHOCTBIO THPONM3YETCS IPH PACTBOPEHHH U HE CYIIECTBYET B KOHTAKTE C BOJOM

174



|~ | BemrecTBO BOOGIIE HE CYIIECTBYET

ITPNJIOKEHMUE 3
OTHOCI/ITCJIbeIe AJIEKTPOOTPHUHATECJIBHOCTH 3JIEMEHTOB
[Tepronbl ["pymnibl
| I 1 AV V VI VIl VI
I H
2,1
T Li Be B C N o) F
1,0 1,5 2,0 2,5 3,0 3,5 4,0
i Na Mg Al Si P S Cl
0,9 1,2 15 1,8 2,1 2,5 3,0
K Ca Sc Ti V Cr Mn | Fe Co Ni
Y, 0,8 1,0 1,3 1,5 1,6 1,6 15 [191919
Cu Zn Ga Ge As Se Br
1,7 1,6 1,6 1,8 2,0 2,4 2,8
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd
v 0,8 1,0 1,2 1,5 1,6 1,8 19 |22 22 2.2
Ag Cd In Sn Sb Te I
1,4 1,7 1,7 1,8 1,9 2,1 2,5
Cs Ba |La-Lu| Hf Ta w Re Os Ir Pt
VI 0,7 09 [1,0-1,2| 1,3 1,5 1,7 19 (1222222
Au Hg Tl Pb Bi Po At
1,4 1,9 1,9 1,9 1,9 2,0 2,2
Fr Ra
VIE 1 07 | 09
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I[MPUJIOXEHUE 4
TepmoannamMuyeckne KOHCTAHTHI HEKOTOPBIX BeLECTB

AHozgg AGOZQB ASOZQS
Bemecrso K JI>K/MOJIb kJ>x/MOJIB Jbx/(mMormbeK)

Ag (k) 0 0 42,69
AgBr (x) -99,16 -95,94 107,1
AgClI (x) -126,8 -109,7 96,07
Agl (x) —64,2 -66,3 114,2
AgF (x) -202,9 -184,9 83,7
AgNO3 (k) -120,7 -32,2 140,9
Ag.0(x) -30,56 -10,82 121,7
Ag.CO3 -506,1 -437,1 167,4
Al (x) 0 0 28,31
A1,03 (k) -1675,0 -1576,4 50,94
A1(OH); (k) -1275,7 -1139,72 71,1
AlICl3 (k) —697,4 -636,8 167,0
Al1,(SO4)3 (k) -3434,0 -3091,9 239,2
As (k) 0 0 35,1
As,03 (k) —656,8 -575,0 107,1
As,05 (k) -918,0 —772,4 105,4
AU (k) 0 0 47,65
AUF (k) -74,3 -58,6 96,4
AUF3 (x) -348,53 -297,48 114,2
AU(OH)3 (k) -418,4 —289,95 121,3
AUCl3 (k) -118,4 -48,53 146,4
B (k) 0 0 5,87
B20s () -1264,0 -1184,0 53,85
BzHe (F) 31,4 82,8 232,9
Ba (k) 0 0 64,9
BaCOs; (k) -1202,0 -1138,8 112,1
Be (k) 0 0 9,54
BeO (k) -598,7 -581,6 14,10
BeCO3 (x) —081,57 —944,75 1994
Bi (x) 0 0 56,9
BiCls (r) -270,7 -260,2 356,9
BiCl; (x) -379,1 -318,9 189,5
Br; (1) 30,92 3,14 245,35
HBr (1) -36,23 -53,22 198,48
C (amma3) 1,897 2,866 2,38
C (rpadur) 0 0 5,74
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[Iponomxenue npunoxenus 4

BemeCTBO AHozgg AGozgg ASozgg
kJ[>x/MOJIB K J>x/MOITB Jbx/(MombeK)

CO (1) -110,5 -137,27 1974
COz (1) —393,51 —394,38 213,6
COCl; (1) —223,0 -210,5 289,2
CS, (1) 115,3 65,1 237,8
CS2 (k) 87,8 63,6 151,0
CoH: (1) 226,75 209,2 200,8
CoHy (1) 52,28 68,12 2194
CH4 (1) —74,85 -50,79 186,19
C,He (1) —84,67 -32,89 229,5
CsHs (k%) 49,04 124,50 173,2
CH30H (k) —238,7 -166,31 126,7
C,HsOH (k) —227,6 —174,77 160,7
CH3COOH (k) 4849 —392,46 159,8
Ca (k) 0 0 41,62
CaO (k) —635,1 —604,2 39,7
CaF; (k) -1214,0 -1161,0 68,87
CaCl; (k) —785,8 —750,2 1138
Ca(; —62,7 —67,8 70,3
CasN; (k) -431,8 —368,6 104,6
Ca(OH); (k) —986,2 —896,76 834
CaSO0s (k) —1424,0 -1320,3 106,7
CaSiOs (k) -1579,0 —14954 87,45
Caz(POy); (k) ~4125,0 ~3899,5 240,9
CaCOs3 (k) -1206,0 -1128.8 92,9
Cla(r) 0 0 223,0
HCI (1) -92,30 —95,27 186,7
HCI (x) -167,5 -131,2 55,2
HCIO (k) -1164 80,0 129,7
Cr (x) 0 0 23,76
Cr203 (k) —1141,0 —046,84 81,1
Cr(CO)s (k) —1075,62 —082,0 3594
Cs (k) 0 0 84,35
Cs20 (k) —317,6 —274,5 1238
CsOH (k) —406,5 —355,2 77,8
Cu (x) 0 0 33,3
Cu;0 (k) —-167,36 —146,36 93,93
CuO (x) -165,3 -127,19 42,64

177




[Iponomxenue npunoxenus 4

BemeCTBO AHozgg AGozgg ASozgg
k/J[>x/MOJIB K J>x/MOITB Jbx/(mMormbeK)

Cu(OH), (k) 4439 356,90 79,50
CuF; (k) ~530,9 4853 84,5
CuCl, (x) 2059 -166,1 113,0
CuBr (x) —141,42 —-126,78 142,34
Cul, (x) 21,34 23,85 159,0
CUsS () 82,01 86,19 119,24
CuS (x) —48,5 —48,95 66,5
CuSO4 () —771,1 —661,91 133,3
CuCOs (k) 594,96 517,98 87,9
CU(NO3); (k) -307,11 114,22 193
Fe () 0 0 27,15
FeO (k) 263,68 244,35 58,79
FeCl, —341,0 —-302,08 119,66
Fe 03 (k) —821,32 —740,99 89,96
Fe(OH)s (k) 824,25 694,54 96,23
FeCls (k) —405,0 —-336,39 130,1
FeS04 (k) —922,57 -829,69 107,51
FeCOs (k) —744,75 —637,88 92,9
GeO (k) -305,4 —276,1 50,2
GeO; (k) —539,74 —531,4 52,30
Ha (r) 0 0 1306
H,0 (1) 241,84 2288 188,74
H>0 (k) —285,84 —231,5 69,96
H,0; () 187,36 11757 105,86
Hg (x) 0 0 76,1
HgCl, (x) 230,12 185,77 144,35
Hg.Cl> (k) 264,85 210,66 185,81
1, (¥) 0 0 116,73
12 () 62,24 19,4 260,58
HI () 25,94 1,30 206,33
HIO (k) —158,9 —98,7 24,32
K (x) 0 0 64,35
KO(x) -361,5 1933 87,0
KOH (k) —425,93 -374,47 59,41
KNO;s (k) 492,71 393,13 123,93
KNO; (x) -370,28 —281,58 117,17
K2S04 (x) —-1433,44 -1316,37 175,73
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[Iponomxenue npunoxenus 4

BemeCTBO AHozgg AGozgg ASozgg
k/J[>x/MOJIB K J>x/MOITB Jbx/(mMormbeK)

KHSO;4 (k) -1158,1 —-1043,49 187,89
KH (x) —56,9 -38,49 67,95
Li () 0 0 28,03
Li,O (k) 5958 -560,2 37,9
NiOH (k) —487,8 —443,1 42,81
Mg (x) 0 0 32,55
MgO (k) 601,24 569,6 26,94
Mg(OH), (k) ~924,66 -833,7 63,14
MgCQOs; —1096,21 —-1029,3 65,69
MnSO, —-1063,74 —955,96 112,13
N2(r) 0 0 1915
N,O (r) 81,55 103,6 220,0
NO (1) 90,37 86,69 210,62
NO; (1) 33,89 51,84 240,45
N,Ox (1) 9,37 98,29 304,3
NH;3 (T) —46,19 16,64 192,5
HNO; (k) -173,0 —79,91 156,16
NH.C1 (k) -315,39 —343,64 94,56
NH4OH (x) —-366,69 —263,8 179,9
Na (x) 0 0 51,42
NazO (k) 4306 ~376,6 71,1
NaOH (x) —426,6 -377,0 64,18
NaCl (k) —410 -384,0 72,36
Na,COs (k) —1129,0 —1047,7 136,0
Na,SOs (k) -1384,0 12668 1494
Na,SiOs (k) ~1518,0 14267 1138
Oz (1) 0 0 205,03
P (xpacHsrif) -1841 13,81 22,8
PCl1;(r) —277,0 286,27 311,7
PCls () 369,45 324,55 362,9
HPO; () -982,4 902,91 150,6
H3PO4 (%) -1271,94 -1147,25 200,83
Pb (k) 0 0 64,9
PbO (k) —217,86 —-188,49 67,4
PbO; (k) —2176,86 —218,99 76,44
PbC1, (k) ~359,2 313,97 136,4
PbSO4 (k) -918,1 811,24 147,28
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[Iponomxenue npunoxenus 4

BemeCTBO AHozgg AGozgg ASozgg
k/J[>x/MOJIB K J>x/MOITB Jbx/(mMormbeK)

PbS (k) —94,28 —92,68 91,20
Rb (k) 0 0 76,20
Rb,0 (k) —330,12 —290,79 109,60
RbOH (k) -413,80 -364,43 70,70
S (pom6.) 0 0 31,88
SO, (1) —296,9 —300,37 248,10
SO; (1) 3952 370,37 256,23
H,S (r) 20,15 33,02 205,64
H,S (k) -39,33 —21,36 122,20
H,S04 (%) 811,3 7240 156,90
H,Se (1) 85,77 71,13 221,30
SiO; (x) -859,3 803,75 42,09
SnO (k) —286,0 —251,32 56,74
Sno; (k) 580,8 519,65 52,34
Sro () 590,4 559,8 54,40
SrCOs3 (k) —1221,3 -1137,6 97,10
H,Te (r) 154,39 138,48 234,3
Zn () 0 0 41,59
Zn0 (k) —-349,0 -318,19 43,50
ZnS (k) —-201,0 —198,32 57,70
ZnSO; (k) -978,2 871,75 124.6
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[MTPMJIOXKEHHME 5 I110THOCTH BOAHBIX PACTBOPOB KHCJIOT npu 15°C

p, Kr/Mm> MaccoBast norst, % p, Kr/M> Maccosast 1o, %

HCI1 HNO3 H,SO, HCl1 HNO; H,SO,
1005 1,15 1,00 0,83 1195 38,16 31,62 26,68
1010 2,14 1,90 1,57 1200 39,11 32,36 27,32
1015 3,12 2,80 2,30 1205 33,09 27,95
1020 4,13 3,70 3,03 1210 33,82 28,58
1025 5,15 4,60 3,76 1215 34,55 28,84
1030 6,15 5,50 4,49 1220 35,28 29,21
1035 7,15 6,38 5,23 1225 36,03 30,48
1040 8,16 7,26 5,96 1230 36,78 31,11
1045 9,13 8,13 6,67 1235 37,53 31,70
1050 10,17 8,99 1,37 1240 38,29 32,28
1055 11,18 9,84 8,07 1245 39,05 32,86
1060 12,19 10,68 8,77 1250 39,82 33,43
1065 13,19 11,51 9,47 1255 40,58 34,00
1070 14,17 12,33 10,19 1260 41,34 34,57
1075 15,16 13,15 10,90 1265 42,10 35,14
1080 16,15 13,95 11,60 1270 42,87 35,71
1085 16,13 14,74 12,30 1275 43,64 36,29
1090 18,11 15,53 12,99 1280 44,41 36,87
1095 19,06 16,32 13,67 1285 45,18 37,45
1100 20,01 17,11 14,33 1290 45,95 38,03
1105 20,97 17,97 15,03 1295 46,72 38,61
1110 21,92 18,67 15,71 1300 47,49 39,19
1115 26,86 19,45 16,36 1305 48,26 39,77
1120 23,82 20,23 17,01 1310 49,07 40,35
1125 24,78 21,00 16,66 1315 49,89 40,93
1130 25,75 21,77 18,31 1320 50,71 41,50
1135 26,70 22,54 18,96 1325 51,53 42,08
1140 27,66 23,31 19,61 1330 53,37 42,66
1145 28,61 24,08 20,26 1335 53,22 43,20
1150 29,57 24,84 20,91 1340 54,07 43,07
1155 30,55 25,60 21,55 1345 54,93 44,28
1160 31,52 26,36 22,19 1350 55,79 44,82
1165 32,49 27,12 22,83 1355 56,66 45,35
1170 33,46 27,88 23,47 1360 57,57 45,88
1175 34,42 28,63 24,12 1365 58,48 46,41
1180 35,39 29,38 24,76 1370 59,39 46,94
1185 36,31 30,13 24,40 1375 60,30 47,47
1190 37,23 30,38 26,04 1380 61,27 48,00
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IIponomxkeHne NpuIoKeHus 5

p, Kr/Mm> Maccosast gors, %0 p, Kr/M> Maccogast 1oms, %0
HC1 HNO;3 H,SO, HC1 HNO3 H,SO,
1385 62,24 48,53 1575 66,30
1390 63,23 49,06 1580 66,71
1395 64,25 49,59 1585 67,13
1400 65,30 50,11 1590 67,59
1405 66,40 50,63 1600 68,51
1410 67,50 51,15 1605 68,97
1415 68,63 51,66 1610 69,43
1420 69,80 52,15 1615 66,89
1425 70,98 52,63 1620 70,32
1430 12,17 53,11 1625 70,74
1435 73,39 53,59 1630 71,16
1440 74,68 54,07 1635 71,57
1445 75,98 54,55 1640 71,99
1450 77,28 55,03 1645 72,40
1455 78,60 55,50 1650 72,82
1460 79,98 55,97 1655 73,28
1465 8142 | 5143 1660 73,64
1470 82,90 56,90 1665 74,07
1475 84,45 57,37 1670 74,51
1480 86,05 57,83 1675 74,97
1485 87,70 58,28 1680 75,42
1490 86,60 58,74 1685 75,86
1495 91,60 59,22 1690 76,30
1500 94,09 59,70 1695 76,73
1505 96,39 60,18 1700 77,17
1510 98,10 60,65 1705 77,60
1515 99,08 61,12 1710 78,04
1520 99,67 61,59 1715 78,48
1525 62,66 1720 78,92
1530 62,53 1725 79,36
1535 63,00 1730 79,80
1540 63,43 1735 80,24
1545 63,85 1740 80,68
1550 64,26 1745 81,12
1555 64,67 1750 81,56
1560 65,08 1755 82,00
1565 65,49 1760 82,44
1570 65,90 1765 82,88
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IIponomxkeHne NpuIoKeHus 5

p, Kr/Mm> Maccosast gors, %0 p, Kr/M> Maccogast 1oms, %0

HC1 HNO3 H,SO, HC1 HNO3 H,SO,
1770 83,83 |1835 93,43
1775 83,90 |1840 95,60
1780 84,50 |1840,5 96,95
1785 85,10 |1841 97,00
1790 85,70 |18415 97,70
1800 86,90 |1841 98,20
1805 87,60 |1840,5 98,70
1810 88,30 |1840 99,20
1815 89,05 |1839,5 99,45
1820 90,05 (1839 99,70
1825 91,00 |1830,5 99,95
1830 92,10

183



[MPUJIOXEHME 6
I11oTHOCTH BOAHBIX PAacTBOPOB 11eaove npu 15°C

o, Kr/n® Maccosas o511, % o, KT/n® Maccosas nomst, %
’ KOH NaOH ’ KOH NaOH
1007 0,9 0,61 1263 28,0 23,67
1014 1,7 1,20 1274 28,9 24,81
1022 2,6 2,00 1285 29,8 25,80
1029 3,5 2,71 1297 30,7 26,83
1037 4,5 3,35 1308 31,8 27,80
1054 5,6 4,00 1320 32,7 28,83
1052 6,4 4,64 1332 33,7 29,93
1060 74 5,29 1345 34,9 31,22
1067 8,2 5,87 1357 35,9 32,47
1075 9,2 6,55 1370 36,9 33,69
1083 10,1 7,31 1383 37,8 34,96
1091 10,9 8,00 1397 38,9 36,25
1100 12,0 8,68 1410 39,9 37,47
1108 12,9 9,42 1424 40,9 38,80
1116 13,8 10,06 1438 42,1 39,99
1125 14,8 10,97 1453 43,4 41,41
1134 15,7 11,84 1468 44,6 42,83
1142 16,5 12,64 1483 45,8 44,88
1152 17,6 13,55 1498 471 46,15
1162 18,6 14,37 1514 48,3 47,60
1171 19,5 15,13 1530 49,4 49,02
1180 20,5 15,91 1546 50,6
1190 21,4 16,77 1563 51,9
1200 22,4 17,67 1580 53,2
1231 25,1 20,59 1597 54,4
1241 26,1 21,42 1615 55,9
1252 27,0 22,64 1634 57,5
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[TPMJIOXKEHUE 7

Crenenb auccounnanum 3JjaekTpoanTon (npu 18 °C)

HasBanue amextponmra dopmyna {TeTICHE JCCOLHALR,
lu 01lu
1. Kuciorbl
A3zotHas HNOs 82 92
Consnas HCl1 78 92
BpomoBoiopoHast HBr — 92
HonoBogopoaHas HI — 92
dTopoBOIOPOIHAS HF 7,0 8,5
Cepnas H,SO4 51 58
CepoBogopoHast H,S — 0,07
CepHucras H,SO; — 34
YronpHas H.CO3 — 0,17
dochopHas H3PO, — 27
bopwnast (opto) H3BOs — 0,01
YkcycHas CHsCOOH 04 1,3
[1aBeneBas H,C,04 — 31
2. OcHOBaHus
['uapokcun kanus KOH 77 91
['mapokcun Hatpus NaOH 78 91
['uapoxcua aMMoHUS NH,OH 04 1.3
['unpoxcun Gapust Ba(OH), 69 80
['mapokcna KambIwst Ca(OH); — 78
3. Coun
XJtopu1 HATpHs NaCl 67 84
Xnopua Kanust KC1 75 86
Hurpat xams KNO3; 64 83
Cynbdar kamus K2SO4 53 71
Cynbat Meau CuSO4 — 40
Auerat HaTpus CH3;COONa 53 79
Cynbdar Hatpus Na,SO4 45 69
XJopu aMMOHUS NH.C1 74 85
Arnterar xayms CH3COOK 64 —
HuTtpart cepebpa AgNO; 58 81
['uapokapOoHaT HATpUS NaHCO; 52 —

I[J'If{ CUJIBHBIX  JOJICKTPOJIMTOB IIPUBCIACHBLI

HUX Ka)Xyluecsa CTCIICHHU

JucCconuranuu. 3HayeHus JJIA MHOTOOCHOBHBIX KHCJIIOT OTHOCATCA K HGpBOﬁ

CTYIICHH JUCCOLMAIINH.
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[MTPMJIOXKEHUE 8

KoHcTaHTBI AMCCONUAIIMHT CIA0BIX 3JIEKTPOJIUTOB

HasBanwue s1ekrposnmra dopmyna Ky
AzoTHCTas KUCII0Ta HNO; K=5,1-10"*
BopHas kucnora (0pTo) HsBOs K;=7,1-10%0

K;=1,810"
BopHas kucioTa (TeTpa) H,B,0; K=12810"*
MypaBbrHas KACIOTa HCOOH K=1,8:10"
CepHuCTast KHUCTIOTa H,SO; Ki=14¢107
K;=6,2:108
CepoBoOpOaHAs KUCIIOTA H,S Ki1=1,0210"
K;=2,510"%
CunuibHas KUCI0Ta HCN K=5,0010%
VYronpHast KUciIoTa H,CO3 Ki=4,510""
K;=4,810
VKCycHas KUCIIOTa CH;COOH K=1,7410"°
docgopras kucnora (0pTO) HsPO, K;=7,1-1073
K;=6,2:10"8
K3=5,010"
[1laBeneBast KMCIOTa C,oH,04 K1=5,60107
K;=5,4°10"°
T'MapOKCH aMMOHHS NH,OH K=1,76°10"°
Bona H,O K=1,8621071
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[MPUJIOXXKEHUE 9
Kpuockonuyeckne v 30y THOCKONMYECKHE KOHCTAHTHI pacTBOpHUTeJIeii

PactBoputens K E tn°C txun°C
AHWINH 5,87 3,22 -5,96 184,4
Aueron 2,40 1,48 -94.6 56,0
beuson 5,10 2,57 5,4 80,2
Bona 1,85 0,52 0 100,0
Kamdopa 40,0 6,09 174,0 204,0
Hutpob6enzon 6,90 5,27 5,7 2109
denomn 7,30 3,60 41,0 182,1
Xmopohopm 490 3,88 -63,2 61,2
YeThIpeXXI0PUCTHIA YTIECPOT 2,98 5,30 -23,0 76,7
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[MTPUJIOXEHUE 10
IIpousBeneHus paCTBOPUMOCTH TPYAHOPACTBOPUMBIX BellleCTB

Np¥ KOMHATHOM TeMIeparype

BeriectBo IIP Berectso 1IP
AgBr 53101 FeS 5,0:1018
AgCN 1,4+10°16 HgS 1,6¢1072
AgSCN 1,0410°%2 Hg.Cl, 1,310°18
AgCl 1,78+10°10 Mg(OH); 7,1:10°%2
Ag.CO; 1,2¢1012 MgS 2,0010°0
Ag,CrO,4 1,1.107%2 Mn(OH); 1,910
Ag,Cr,07 1,0010710 MnS 2,5¢10710
Agl 8,3°10/ NiCO; 1,3+10°7
Ags;PO, 1,310 Ni(OH); 2,0010°5
Al1(OH); 3,2:103 PbCO; 7,510
BaCOs; 4,0:10°% PbCl, 1,610
BaC,04 1,110 PbCrO, 1,810
BaCrOq 1,2+107%0 Pbl; 1,110°°
BaSO, 1,110 Pb(OH); 7,9°10°1
CaCOs 3,810°° PbS 2,510°%
CaCy04 2,310°° PbSO, 1,6+1078
CaS0O, 2,510 Sh,S; 1,00107%
Cds 1,6¢102%8 H,Si0; 1,04107%
Cr(OH); 6,310 SnS 2,5:10%
Cu(OH), 8,3°10% SrCO; 1,1107%0
CuS 6,3°10°% SrC,04 1,6¢10°7
FeCOs 3,510 SrSO4 3,210
Fe(OH); 7,110716 Zn(OH), 1,410
Fe(OH); 6,310 ZnS 8,0:10%
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[MPMJIOXKEHME 11

CrangapTHble OKHCJINTEIbHO-BOCCTAHOBUTEIbHbIE MOTEHIIMAJBI pH 25 °C

Oxucnennass |BoccraHOBIeHHAs VYpaBHEHHE peaKIUu ¢°, B
dbopma dbopma
Li* Li (TB) Li*+e2 Li -3,02
K* K (1B) K'+e2K —2,92
Ba?* Ba (TB) Ba?*+2¢& 2 Ba 2,90
Sr2* Sr (TB) Sr?* +2g 2 Sr —2,89
Ca®* Ca (TB) Ca** +28 2 Ca 2,87
Na* Na (TB) Na"+¢& 2 Na -2,71
Mg?* Mg (TB) Mg?* + 28 2 Mg 2,34
AT Al (TB) AP +3g 2 Al -1,67
Mn?* Mn (TB) Mn?* + 28 2 Mn -1,05
SOs* SOs* SO + H,0 +2 & 2 SOz* + 20H" -0,90
NO3z NO: (r) NO;s; + H,O +& 2 NO, + 20H- -0,85
n* Zn (TB) Zn* +2e 2 2Zn —0,76
Cr3* Cr (TB) Cr**+3e2Cr 0,71
AsOs> AsO;- AsO# +2H,0 +28 2 AsO, +40H | 0,71
Fe(OH); Fe(OH), (TB) Fe(OH); + & 2 Fe(OH), + OH" —0,56
Fe?* Fe (TB) Fe?* + 28 2 Fe -0,44
Cd?* Cd (1B) Cd** +28 2 Cd -0,40
Co?* Co (TB) Co** +2e2Co 0,28
Ni?* Ni (TB) Ni%* + 28 2 Ni 0,25
NOs NO (r) NO;z; + 2H,0 + 3¢ 2 NO + 40H" -0,14
Sn?* Sn (1B) Sn?* + 28 2 Sn 0,14
Pb? Pb (TB) Pb?* + 28 2 Pb -0,13
CrO# Cr(OH)s CrO4* + 4H,0 + 2& 2 Cr(OH); + 50H | 0,12
2H* H, 2H* +2& 2 H; +0,00
NO;3~ NO;™ NO;3; + H,O + 28 2 NO, + 20H" +0,01
S(TB) H,S S+2H"+2e 2 H,S +O,14
Sn* Sn? Sn** + 28 2 Sn?* +0,15
Co(OH); Co(OH), Co(OH); + & 2 Co(OH), + OH- +0,20
SOs* H2SO; SO# + 4H* + & 2 H,S03 + H,0 +0,20
Cu?* Cu (tB) Cu** +2e=2Cu +0,34
Co®* Co (TB) Co** +382Co +0,43
H,SO3 S (TB) H,SO; + 4H" 46 2 S + 3H,0 +0,45
Ni(OH)3 Ni(OH), Ni(OH)3; + & 2 Ni(OH), + OH" +0,49
ClO4 Cr ClO4 + 4H,0 +8¢ 2 C1~ +8OH~ +0,51
I, 21 IL,+28 22 +0,53
MnOs MnOs* MnO; +& 2 MnO# +0,54
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[Iponomxenue npunoxenus 11

Oxucnennas | BoccranoBneHnHas YpaBHEHUE peakuu ¢°, B
dbopma dbopma
MnO4 MnO; (TB) MnO4 + 2H,0 + 3€ 2 MnO, + 40H- +0,57
MnO42* MnO; (TB) MnO42* + 2H,0 + 2e 2 MnO, +40H- | +0,58
BrO;~ Br- BrO; + 3H,0 + 6 2 Br + 60H" +0,60
O, H,O, O, + 2H* + 26 2 H,0, +0,68
H,SeO; Se H,SeOs; + 4H* + 4& 2 Se + 3H,0 +0,74
Fe3* Fe2* Fe3* + & 2 Fe?* +0,77
NO;~ NO-, (F) NO3; + 2H*+ e 2 NO, + H,O +0,81
NO; NH4+ NO; + 10H"*+8e 2 NH4 + 3H,0 +0,87
NO3~ NO (r) NOsz; + 4H" + 38 2 NO +2H,0 +0,96
HNO, NO (1) HNO, + H* + € 2 NO + H,0 +0,99
Br, (k) 2Br- Br, +2e 2 2Br +1,08
105 I~ IO +6 H" + 6e2 I + 3H,0 +1,09
MnO; (tB) | Mn? MnO; + 4H* + 28 2 Mn?" + 2H,0 +1,28
ClO,4 Cl- ClO; + 8H" + 8¢ 2 CI” + 4H,0 +1,34
Cl, (F) 2CI C|2 +2e 2 2Cl- +1,36
Cr,07% 2Cr* Cr,07% + 14H" + 68 2 2Cr®* + 7TH,0 +1,36
ClOs Cl- ClO; + 6H* + 6 2 CI- + 3H,0 +1,45
PbO; (TB) Pb?* PbO, + 4H* + 28 2 Pb?*+ 2H,0 +1,46
HCIO Cl- HCIO + H* + 2e 2 CI- + H,O +1,50
MnO4~ Mn?* MnO, + 8H* + 5e 2 Mn?* + 4H,0 +1,52
H>0, H,O H,O, + 2H* + 2 2 2H,0 +1,77
Co** Co* Co®** + g2 Co?* +1,84
F2 (r) 2F F, + 28 2 2F +2,85
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[MTPMJIOXXKEHUE 12

KoHCTaHTBI HECTOMKOCTH KOMILIEKCHBIX HOHOB

YPaBHeHI/Ie JUuCconuranny KOMIIJICKCHOI'O
HOHa

KoHcTanTa HECTOMKOCTH

[Ag(CN),] 2 Ag* + 2CN- 1,0010%
[Ag(NH3):]" 2 Ag™ + 2NH;3 6,8°10°8
[Ag(S:03),] 2 Ag™ + 25,03% 1,0010718
[AIF6]® 2 AP + 6F 5,0010718
[CA(CN)4]* 2 Cd?* + 4CN- 77410718
[CdL> & Cd?* + 4l 7,910
[CA(NH3),]?* 2 Cd?" + 4NH; 2,810
[Co(CNS)4]> 2 Co?" + 4CNS~ 5501073
[CO(NHs)e]2+ 2 Co?" + 6NH; 4,1410°
[Cu(CN),;]” 2 Cu* +2CN~ 1,010
[CU(CN),]*> 2 Cu* + 4CN- 5,1¢10°%
[CU(NH;)4]?* 2 Cu?* + 4NH; 9,3°103
[Fe(CN)e]* 2 Fe?* + 6CN- 1,010
[Fe(CN)s]> 2 Fe3* + 6CN- 1,0010°3%
[HCLJZ = Hg?" + 4CI- 6,010
IHg(CN)4]> 2 Hg?* + 4CN- 3,0010%
[Hg(CNS).]> = Hg?" + 4CNS- 13102
[Hgls]> 2 Hg?" + 41 1,4+107%
[Ni(CN)sJ?> 2 Ni?* + 4CN- 1,010
[Ni(NHs)s]?* 2 Niz* + 6NH; 9,810
[Zn(CN)4]?> 2 Zn?" + ACN- 1,010
[Zn(CNS)4]?> 2 Zn?* + ACNS~ 5,001072
[Zn(NH3)4]** 2 Zn?* + 4NH; 2,0010°
[Zn(OH),)> 2 Zn?* + 40H- 7,12107%6
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HEPUOINYECKASA CUCTEMA XUMHNYECKHUX DJIEMEHTOB /I.U. MEHAEJIEEBA

Mepuoabl Paabi I II III IV Vv VI VII VIII
H 1 (H) CHMEON 3NEMEHTS He 2
I 1 1.00797 | MopALKDEEIA HOMED 4.0026
Boaopona } } Fenun
Li 3 |Be a|B 5(C 6|N 7 |o 8 |F 9 Na 11 Ne 10
II 2 |6.9a1 9.0122 10.811 12.011 14.0067 15.9994 18.9984 22,9895 — 20.179
Nutnin Bepunnuii | Bop Yrnepoa Asot Kucnopoa ®dTop —Harpii HeoH
Na 11 Mg 12 | Al 13 [Si 14 |P 15 S 16 Cl 17 Ar 18
III 3 |22.9808  |24.305 26.9815 28.086 30.9738 32.064 35.453 HasBaHMe  OTHOCMTENEHSA MAcca 39.948
HaTtpwuii MarHumii AnOMUHUIA | KpeMHUM ®occhop Cepa Xnop AproH
K 19 (Ca 20 | 21 Sc| 22 Ti 23 \" 24 Cr| 25 Mn | 26 Fe |27 Co| 28 Ni
4 39.0983 40.08 44,956 47.88 50.942 51.996 54,938 55.847 58.9332 58.69
Iv Kanun Kanbunn CkaHann TuTtaH BaHaauu Xpom | MapraHey Xeneso Ko6anbTt Hukenb
29 Cu |30 Zn | Ga 31| Ge 32 |As 33 Se 34 Br 35 Kr 36
5 63.546 65.38(69.72 72.59 74.9216 78.96 79.904 83.80
Meab LuHk | FTanui FepmaHui MbiWwbAkK CeneH Bpom KpunTtoH
Rb 37 |Sr 38 | 39 Y| 40 Zr 41 Nb 42 Mo | 43 Tc| 44 Ru| 45 Rh| 46 Pd
6 85.4678 87.62 88.9059 91.22 92.9064 95.94 [98] 101.07 102.905 106.42
V Py6uanii CTpoHUMM UtTpun LiMpKoHui Huo6uin MonubpgeH| TexHeuun PyTeHunu Poann Mannapun
47 Ag |48 Cd|In 49 |Sn 50 | Sb 51 |Te 52 I 53 Xe 54
7 107.868 112.40(114.82 118.69 121.75 127.60 }‘26.9044 131.30
Cepebpo Kagmuii | UHauin OnoBo CypbMma Tennyp Wopn KceHoH
Cs 55 |Ba 56 |57 La*| 72 Hf 73 Ta 74 W| 75 Re| 76 Os |77 Ir| 78 Pt
8 132.905 137.34 138.905 178.49 180.948 183.85 186.207 190.2 192.22 195.09
VI Llesunii Bapwui JlaHTtaH radpHuin TaHTan Bonbdpam PeHui OcmMmumid Upunauin MnaTtuHa
79 Au| 80 Hg | TI 81 |Pb 82 | Bi 83 Po 84 At 85 Rn 86
9 196.967 200.59|204.383 207.19 208.980 [209] [210] [222]
3on0T0 PTyTb | Tannun CBuHeY Bucmyrt NMonoHun AcTart PaaoH
Fr 87 |Ra 88 | 89 Ac** | 104 Rf 105 Db 106 Sg| 107 Bh| 108 Hs | 109 Mt
VII 10 223 [226] [227] [261] [262] [266] [264] [269] [268]
dpaHumi Paguu AkTnHnii | Pesepdopanii Ay6Hunii Cun6oprui Bopui Xaccuin MeWTHepum
58 Ce|59 Pr| 60 Nd |61 Pm |62 Sm| 63 Eu 64 Gd 65 Tb| 66 Dy | 67 Ho | 68 Er| 69 Tm| 70 Yb 71 Lu
140.12 140.907 144.24 [145] 150.35 151.96 157,25 158.924 162.50 164.930 167.26 168.934 173.04 174.967
Lepuii Mpaseogum Heoaum NMpomeTni Camapui EBponuii | FapgonmHun Tep6ui Aucnpo3un FonbMui Spbun Tynuii | UTTepbuin JroTteumn
90 Th| 91 Pa| 92 U| 93 Np |94 Pu| 95 Am 96 Cm 97 Bk| 98 Cf| 99 Es | 100 Fm| 101 Md|102 No 103 Lr
232.038 [231] 238.03 237,048 [244] [243] [247] [247] [251] [252] [257] [260] [259] [262]
Topwuii | MpoTakTUHUI YpaH HenTyHui NMnytoHnii | AmMepuumni Kropuit Bepknui | KanudopHuit | DUHWITEHHUNA depmuii MeHgeneBuit | Ho6enuii | JloypeHcui
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BanenTtuna UBanoBua Murtpodganosa,
Hoyenm xagheopwi xumuu u xumuuecxou mexronoauu Aml'Y, kano xum. Hayx
Ceetrsiana AnarojibeBHa JleckoBa
Joyeum xaghedpwl xumuu u xumuyecxkou mexuoaocuu Aml'Y, kano xum. nayx

JlaGopaTopHbIi NpakTUKYM. Xumus. Yacrts |. YyebHoe mocodue.
N3n-Bo AMI'Y. Iloanucano k meyatu . ®opmart 60x84/16. Yci. neu. 1.
11,2. Tupax . 3aka3
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