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BBEJAEHUE

B cooTBercTBUU ¢ TpeboBaHusMU ['0CyaapCTBEHHOr0 00pa3oBaTENIbHO-
ro CTaHJapTa, XUMUYECKUMN J1TaOOpaTOPHBIN MPAKTUKYM SIBISIETCS 00s3aTeNb-
HOM 4YacThl0 y4EOHBIX AUCHUILIMH «OOIIas M HeopraHuyeckKas XUMUsS» U
«XuUMHS», KOTOPbIE U3YYalOT CTYACHTbl XUMUYECKUX U OOIIETEeXHUYECKUX
HaIpaBJICHUH U CTIEIMATILHOCTEN TEXHUYECKUX YHUBEPCUTETOB. B O0NbIINH-
CTBE BY30B OOYyY€HHE CTYJCHTOB STHUM JHCLUUILIMHAM OOECIEeYMBaET OJHA
kadenpa. B ToMckoM MOIMTEXHUYECKOM YHHUBEpCUTETE — 3TO kKadeapa o0-
e 1 HEOPTaHMYECKOW XUMHH, UCTOPHUS KOTOPO HaunHaeTcs ¢ 14 okTa0ps
1900 r., korga e€ opranuzarop npodeccop J.I1. Typ6adba nmpounTtan nepByro
JIEKIUIO 110 XUMHUH.

3a mpoienaiee Bpemsi Ha kadeape O0buU10 pazpadbotano okono 40 mado-
paTOpHBIX pabOT, YACTh KOTOPHIX Ceiiyac HE MPOBOAMUTCS U3-3a OTPAHUYCHHUS
3aHIATHN MO0 XUMUU y4eOHbIMU TaHaMu. COXpaHEHBI U MOAICPKUBAIOTCS B
pabouem coctossHuu 34 nabopaTtopHbie padOThl — 22 1Mo o61ieit u 12 no He-
opraHuyeckoi xumuu. OHU SBJISIIOTCS COJIEPKAHUEM TAaHHOTO TTOCOOHUS.

JlabopaTopHbie paOOThI MO 00IIEH XUMHUU CTPYNIUPOBAHBI MO MSATH pa3-
JienaM ATOM AMCHUIUIMHBL. B pa3nen «ATOMHO-MOJIEKYJISIDHOE Y4YeHHUe)
BXOJIAT IIECTh PaboT: (OCHOBHBIE KJIACCHl HEOPraHMYECKUX BEIECTB; OMpe-
JICJICHHE MOJIAPHOM MaccChl Ta3a; yCTaHOBJICHHE (POPMYJIbl KPUCTAIIOTHIPA-
Ta; ONpeAeIICHNE YIKBUBAJICHTHOW M aTOMHOM MAacChl METaJlIa; CIIOCOOBI OYH-
CTKHA BEIECTB OT MPUMECEH; OIpeaesieHne IUIOTHOCTH MeTaiia). Bropoit
paznen «3aKOHOMEPHOCTH XMMHUYECKUX PeaKIuii» MPEeCTaBICH TPEeMs pa-
6otamu (TeruioBor A EKT peakuu; CKOPOCTh XUMUUYECKUX PEaKIUl; Xu-
MUYECKoe paBHOBecue). B Tperuii pazgen «PacTBOpbI» BXOIAT MSITh padoT
(OpUTrOTOBJIEHUE PACTBOPA U OMPEJIETICHUE €r0o KOHIIEHTPAIIMU; ONpEeIeTICHUE
TEIJIOThl PACTBOPEHUS; MIOHOOOMEHHBIEC PEaKIIUK; THAPOIIU3 COJICH; IPOU3BeE-
JIEHUE PACTBOPUMOCTH). UeTBepThlid pazfen «IJIeKTPOXHMHYecKHe TMPOo-
eCChD) COJIEPKUT YEThIpe pabOThl (OKUCIUTEILHO-BOCCTAHOBUTENIBHBIC Pe-
aKIIMK; TAIbBAHUYECKUE FJIEMEHTHI; AJIEKTPOJIN3; KOPPO3HS METAJIIOB)

PaboTsl msiToro pazzaena «CnenuajibHble BOMPOCHI XUMUMY HU3Y4alOT-
Csl OT/CJIbHBIMU T'PYIIIaMU CTYJIEHTOB C YYETOM HMX HANpaBJICHUN U CIEIU-
anbHOCTEH. Takux pabOT YeThIpe: B3aMMOJICHCTBHE METAIJIOB C KUCIOTAMH,
1IEJI0YaMH, BOJIOM; KOMIUIEKCHBIE COEAUHEHHUS; Kaue€CTBEHHBIE PEAKUUH U
KECTKOCTh BOJIBI.

[lo xuMuUUM 3IEMEHTOB U MX COCIMHEHUN B ocoOuu umeercst 12 pabor:
raJIor€Hbl, Cepa, IJaBHAs MOATPYyNINa MATOW TPYNIbl, IJIaBHAs MHOArpyMma
4eTBEPTOU TPYIIIBI, OOp W ATIOMHHHMN, XUMHUS S-3JIEMEHTOB, XPOM M €T0 CO-
CIMHCHMS, MapraHell U €r0 COCIWHEHUs, Kejne30, KoOambT, HUKEIb, IUHK,
KaJIMUU, PTYTh, MEJIb U CepeOpO, CHHTE3 HEOPTAHUYECKUX COCTMHCHHM.

3

YUYEEHO-METOAOAVYECKW 3AKPbITb
OOKYMEHT

X




/%Y WHCTUTYT
! é,i;'.'? AMCTAHLHOHHOTO

y

H

HaBbiku mpoBeneHus 1a00paTOPHOrO SKCHEPUMEHTA CTYIEHThl XHUMHU-
YECKUX CIEIUATBLHOCTEH K 9TOMY BPEMEHU YK€ UMEIOT, TaK KaK UMU BBITIOJI-
HEHa TporpamMma u3yudeHus obOmie xumuu. [loaToMy OCHOBHOE BHHUMaHUE
yAENEHO MO3HABaTEILHOMY 3HAYEHHUIO Ka)KJIOTO OTbITA, YMEHHUIO HAOII01aTh
camMbI€ TOHKHE OCOOCHHOCTH PEaKIUi U JIeNaTh MO HUM MPABUIILHBIC BBIBOJIBI
O CBOMCTBAxX COCAUHEHHM.

JlabGopaTopHbIe 3aHATHS MPU W3YYCHUU XMUMHUH B By3€ MPECICAYIOT B
OCHOBHBIC IIeNH: 1) MOATBEPKIECHNUE SKCIIEPUMEHTOM TCOPETUYCCKUX ITOJIO-
KEHUU U 3aKOHOB; 2) 00yueHHe HaBbIKaM MPOBEJICHUS J1a00paTOPHBIX padoT,
MIPHU BBITIOJITHEHUH KOTOPBIX CTYJIEHTHI OCBAaMBAIOT TEXHHUKY OOpAIICHUS C XHU-
MUYECKUMH PEAKTUBAMH U MPUCITOCOOICHUSIMHU, TIPUEMBI MIPOBEJCHUS XUMH-
YECKUX OIepaiuil, MeTopl 00pabOTKH OMBITHBIX JAHHBIX, YYaTCsl COMOCTAaB-
JSTh U aHAIM3UPOBATh PE3YJIbTAThl OMBITOB U JIEJIATh BHIBOIBI.

B cooTBeTcTBUM ¢ OCHOBHBIMM IIEJISIMU 3aHATUI MPOBEJEHA Kiaccuu-
KaIusi 1abopaTOpHBIX paboT, pe3yIbTaThl KOTOPOW IPUBEACHBI B TAOJIHIIE.

Haszseanue pabomul Lenv I | Lem 2
Oo0mas xumus
. OCHOBHBIE KJIaCChl HEOPTAHNMYECKHUX BEIIECTB +
. Ycra"oyieHue (HhopMyIibl KpUCTAIOTHApaTa —
. Onpesesienre MOJISIPHOM MaccChl IMOKCHJIA YTIIepoJia —
. OnpefiesieHne SKBUBAJIEHTHON M aTOMHOM MAaccHl ... +
. CiocoObl OYMCTKHU BEHIECTB OT MpUMecen
. Onpenenenne MI0OTHOCTU METajia
. TeroBoii a3 dexT peaknuu
. CKOpOCTh XUMUYECKUX PEaKITUi
XUMHUYECKOE PABHOBECUE
. [IpuroroBienue u onpejaesieHne KOHLIEHTPAIUH ...
. OnpeienieHre TEIIOTH PACTBOPEHUS
. NoHOOOMEHHBIE peaKiuu
. 'maponus coseit
. [IponsBeneHne pacCTBOPUMOCTH
. OKUCIUTETHbHO-BOCCTAHOBUTENILHBIE PEAKIIUU
. [aibBaHMYECKUE DJIEMEHTHI
. DIIEKTPOJIN3
. Koppo3ust metajuioB
. B3aumoieiicTBMe METAJJIOB ¢ KUCIOTAMM ...
. KoMIutekcHbIe coeIMHEHUS
. KauecTBeHHbIE peakuuu
. KecTtkocTb BOfIbI
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Heopranuuyeckasi Xumusi

. 'aymorenpl
. Cepa
. 'maBHas moarpynmna nsiToi rpynibl
. 'maBHas moarpynna 4eTBEPTON rpynisl
. bop, amroMuHum
. XUMHS S-2JIEMEHTOB
. XpOM U €ro COCJIUHEHHUS
. Maprasen u ero coeIMHeHUs
. Kene3o, koOAJIbT, HUKEIb
10. Menb u cepeOpo
11. Ilunk, kaaMui, pTyTh
12. CuHTE3 HEOPraHMYECKUX BEUIECTB
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N3 tabnuupl cneayet, uto 24 paboOThl COOTBETCTBYIOT TOJBKO IMEPBOM
e, 4 — ToJIbKO BTOPOM U 6 paboT — 00euM 1esisiM OAHOBpEMEHHO. B cBsi3u
C ATUM JIEKTOPY, KOTOPBIN OpraHu3yeT yueOHBIN MPOoIecc B MOTOKE U IJIAHH-
pyeT nabopaTopHbIC 3aHITHSI, HEOOXOJAMMO UMETh BBUJY BO3MOKHOCTH TOM
WU UHOU paboThl, €€ COOTBETCTBUE OCHOBHBIM II€JISIM MTPAKTUKyMa U €€ 3Ha-
YUMOCTH C TOYKH 3PEHHUS OOIIEro COJIepKaHUS JUCITUILINHBI. OYEeBHUIHO, YTO
B IIPAKTUKYME IO JAUCHUIUIMHE «XUMHS», KOTOPYIO M3y4daroT CTYJCHTHI He-
XUMHUYECKUX HaIpaBJICHUM, TOJDKHBI MpeodaaaTh paboThl, B KOTOPBIX IO/I-
TBEPKJAIOTCSL IKCIIEPUMEHTOM TEOPETUUECKHUE MOJOKEHU XuMuu. JJist cTy-
JICHTOB XMMHMYECKUX HAIPAaBICHUHN U CHENHAIBHOCTEl HE MEHEEe BaKHBI pa-
00TBI, B KOTOPBIX UACT 00yUeHNE TEXHUKE J1a00paTOPHOTO IKCIIEPUMEHTA.

JlaGopaTopHass pabota He 00s3aTEIBHO MTOJDKHA MPOBOJHUTHCS TOCIIEC
JISKIIU; OMBIT MOKA3bIBAET, YTO JIAOOPATOPHOE 3aHATHUE O JIEKIUU IO ITOMU
TEME COMPOBOXKJIACTCSI OOJIBIICH CaMOCTOATEIBHOCTBIO CTYJIEHTOB U MO3TO-
My TIPOXOJUT OoJiee akTUBHO. B nmaboparopHOM IMpakTHUKyMe OMUCAHHIO Ka-
XKI0W pabOThI IPEAIICCTBYET TEOPETUUECKOE BBEJICHHUE, YTO MO3BOJISIET MPO-
BOJUTH J1a0OpaTOpPHBIC 3aHATHS HE3aBUCHMO OT JPYTHMX BHJIOB 3aHATHM.
Bxitouenne B omucaHue pabOT TEOPETHUYECKHUX BBEACHUN YBEIWYMBACT MX
oOyyJaromuii MOTEHITMAJ 1 IMO3BOJISET UCIOJb30BaTh HEKOTOPHIC U3 HUX B Ka-
YEeCTBE CAMHCTBEHHOTO BUAA 3aHATUH 1O Teme. [1o TakuM paboTaM BBEJICHHE
B JIaHHOM ITOCOOWH MTPHUBOJIUTCS B PACIIMPEHHOM BapHaHTE.

[Ipu mocemiennu 1a00pPAaTOPHBIX 3aHITHH CTYJEHTOB MEPBOTO Kypca
MPEACTABUTENISIMU BBIMYCKAIOMKUX Kadeap BBICKA3bIBAETCA KPUTHUKA IO U3-
JIMIIHEN JIETANIN3AlMU IPU ONMMCAHUM XOJa ONBITOB. [[€MCTBUTENBHO, TaKast
netanmu3aius uMmeetr mecto. OHa HE0OX0MMa ISl CTYICHTOB TMIEPBOTO Kypca,
MHOTHE W3 KOTOPBIX B IIKOJIE HE TOJHLKO HE MPOBOJUIIM, HO U HE BUACIH
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IPOBEJCHUSI XUMUUECKHUX OIBITOB yUUTEJIeM. Mbl HE yKa3bIBacM, KakuM Oy-
JIeT pe3yJIbTaT PEaKlUu, ero CTYAEHT JOJLKEH OIUCATh CaMOCTOATENBHO. bo-
jee TOro, nmpu oGopMIIEHUU OTYETa OH JIOJIKEH OTBETUThH Ha Psij JOMOJIHU-
TEJbHBIX BOIIPOCOB B CBSA3U C MPOBEACHHBIM OINBITOM. B OOBIYHBIX «IIpOOH-
POYHBIX» paboTax HaillJEeHbl BO3MOKHOCTHU JIJIS TIOJYYEHHSI KOJTMYECTBEHHBIX
JAHHBIX M MPOBEACHUS KOJMYECTBEHHBIX pacdyeToB. Tem cambiM B ydeOHBIC
n1abopaTopHbie pabOThI BBOJSTCS 3JIEMEHTHI HAYYHOTO HCCIIEI0OBAHUSI.

Krnaccuueckuii 1a00paTOpHBIA MPAKTUKYM 10 XMMHUU HOCHT B OCHOB-
HOM WJUTIOCTPATUBHBIN XapakTep: B J1a0OpAaTOPHBIX OMbITAX CTYAEHTHI HAXO-
JAT TIOATBEPKICHHUE TEX 3aKOHOMEPHOCTEM, KOTOPBIE U3YYaAIOT Ha JIEKIUAX U
Ha MPaKTUYECKUX 3aHATHsIX. Ho mimocTpaTuBHbBIE 1a00paTopHbie padoThI B
HACTOsIIEE BPEMsI HE YJOBIETBOPAIOT CTyAeHTOB. HeoOxomumbl paboThl ¢
IPUMEHEHUEM COBPEMEHHBIX NMPUOOPOB M MAaTeMaTHYECKHX METOIO0B 00Opa-
OOTKHU pe3yJIbTaTOB SKCIIEPUMEHTA, YTOOBI COKPATUTH TOT OTPOMHBIN pa3phIB,
KOTOPBIN CYIIECTBYET B HACTOSIIEE BpEMSI MEXy YUEOHBIM JIabOpaTOPHBIM
IIPAaKTUKYMOM U «HACTOSIIIIMM» HAYYHBIM 3KCIEPUMEHTOM B XUMUU. B naH-
HOM MPAKTUKyME B KaX/1yl0 pabOTy BHECEHBI JOMOJHEHUS U U3MEHEHUs, I10-
BBILIAIOIINE UX ITO3HABATEIIbHBIN YPOBEHb.

B xuMum ncnone3yercs HEOJHO3HA4YHAsi CUMBOJIMKA, YTO B HAIlIE BPEMs
HEJOIYyCTUMO B CBSI3U € BXOXJeHHEM Poccum B MexayHapoJHOe o0pa3oBa-
TEJIbHOE MPOCTPAHCTBO, PACIIMPEHUEM MEXKIYHAPOJIHBIX KOHTAKTOB, pa3pa-
OOTKOW YHU(PUIIMPOBAHHBIX CUCTEM KOHTPOJISI 3HAHHMM, HCIOJb30BaHUEM
TECTUPOBaHUS U T.1. B JaHHOM mOCOOMU MBI HCTIOIB3YEM TAKYH0 CUMBOJIUKY
U TepMUHONIOTHIO, KoTopas pekoMeHnyercas MIOITAK wnu mmpoko npume-
HSIETCSl B U3JJaHHBIX OOJIBIIMMU TUPAKaMU y4eOHUKax U YUEOHBIX OCOOMSIX
OTEYECTBEHHBIX U 3apyOexHbIX aBTOPOB. OOBSICHEHHE UCIOJIB3YEMOI0 CHM-
BOJIa IPUBOJUTCS] B TOM MECTE 11OCOOUS, IJI€ OH IPUMEHSETCS B IEPBBIN pa3.

[Tocne onucanus Kax 0¥ paboThl B TOCOOMH MPUBOAUTCS NEPEUEHb BO-
IIPOCOB ISl TPOBEPKU 3HAHUM, YMEHHUI U HaBBIKOB CTYJIEHTOB, IpuoOpeTae-
MBIX TPU MNOJATOTOBKE K 3aHATHUSAM U IPU BBINOJIHEHUH pabOT. DTU BONPOCHI
MO>KHO HCIIOJIb30BaTh MPU COOECETOBAHUU CO CTYJEHTAMU B LIEISAX KOHTPOJISA
Y aKTUBU3aLUU UX paOOTBHI.

ABTOpPBI TIPUHOCAT OJaroJapHOCTh 3aBeayromeMy kadempoit obmiei u
Heopranunyeckod xumuu npodeccopy A.Il. Unbuny, npodeccopy I'.I'. Ca-
BeNbeBY, AoueHTaM A.A. BacunbeBy, A.W. I'amanoBy, I'.®. MBanoBy, B.M.
Wkpuny, I'.B. Kamkan, A.B. KopuynoBy, E.T. Jla6sikunoii, JI.JI. Cuniio-
Boii, JI.M. CmomnoBoii, T.A. FOpMa30Boil U BceM NMpenoaaBaTessiM, KOTOPhIC
CBOMM YYacTHEM B OOCYXKIECHMHM, 3aMEUAHUSIMU U MPEIJIOKEHUSIMH CIOCO0-
CTBOBAJIM IIOJATOTOBKE 3TOr'0 OCOOMUS.
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TEXHUKA BBIIIOJIHEHUA JIABOPATOPHbBIX PABOT
N TEXHUKA BE3OITACHOCTH

B mabGopaTopHbIx paboTax UCHOIB3YIOTCS €IKHE, arpeCCUBHBIE U S0-
BUTHIC BemecTBa. [loaTomy paboTra B XMMHUYECKOH J1abopaTopuu Oe3omacHa
JWIIb TIPU CTPOTOM COOIOJCHUHM OOIIUX TPAaBHJI W TPEOOBAHWA TEXHHUKH
0€30IaCHOCTH.

[Ipu BbITIONIHEHUH JTAOOPATOPHBIX PA0OT HEOOXOIUMO COOJIIONATH Clie-
IYIOIIHNE 00Wue npasuia:

1. Comepxath pabouee MECTO B YUCTOTE M TIOPSIIKE.

2. [IpucTtynath K BBITIOJHEHUIO OMBITA JIUIH TOT/A, KOT/Ia YSICHEHBI €T0
11eJTh ¥ 337291, KOTAa 00 yMaHbl OT/ICIbHBIC 3TAITbI BHITIOJTHEHUS OTIBITA.

3. ONBITBI JOJKHBI BBITTOHATHCS aKKypaTHO, 0€3 TOPOITUBOCTH, C CO-
OJIro/IeHuEeM BceX TpeOOBaHUM, COIEPIKALUXCS B METOIMUECKUX YKa3aHUSX.

4. B nmaGopatopuu HEOOXOAMMO COOJIOAATh THUIIUHY, 3alpeIiaeTcs
€CTh, TUTh ¥ 3aHUMAThCS IOCTOPOHHUMU JCTIaMHU.

5. Tlocne ucnonb30BaHUsl peakTHBAa €ro HEOOXOAWMO Cpa3y CTaBUTH B
HITaTHB, YTOOBI HE CO3aBaTh OecopsiKa Ha paboyeM MecTe.

6. [Toce okoHuaHust pabOTHI 0053aTETHLHO BHIMBITH PYKH.

Cpenn XMMHYECKUX PEareéHTOB MMEIOTCS SIIOBHTHIC BEIECTBA, OKa3bl-
BaIOIME TOKCUYECKOE BO3/ICHCTBHE Ha OPTaHN3M YeJIOBEKa B IIEJIOM (MBIIIIb-
K, CypbMa, CBHHEII, PTYTh U UX COCIWHEHUS, TaJOTeHBI, CEPOBOAOPO/I, OK-
cun yriepoaa (II), okcuaer a3ora u 1p.), ¥ arpeCCUBHBIC BEIIECTBA, OKa3bl-
BAaIOIINE JIOKAJIbHBIE BO3/ICUCTBUS HA KOXKY (KUCIOTHI U 1menoun). [Ipu pado-
T€ C HUIMH HEOOXOJUMO COONIONATh CIEAYIONINE NPpaguia no mexHuke 06e3o-
NACHOCMU:

1. Bce ombITBI C SIIOBUTHIMH W CHJIBHO TAXHYIIUMH BEMIECTBAMHU, a
TaK)K€ HarpeBaHUE W BHITAPUBAHHUE PACTBOPOB MPOU3BOJHUTH TOJBKO B BBI-
TSOKHOM 1Kady.

2. He HaKIJIOHATHCS HAJl COCYJIOM C KMISILIEW XUIKOCThIO. HarpeBae-
MY10 IPOOUPKY WK KOJIOY JepkKaTh OTBEPCTHEM B CTOPOHY, a HE K cebe niu
K COCe/y, TaK KaK MOXKET MPOU30UTH BIOPOC JKUIKOCTH.

3. OnpenensaTh 3anax BEUIECTBa CIAEAYET, HE BIbIXas Mapbl MOJHON Ipy-
JIBI0, @ HATTPABJISAS UX K ceOe ErKUM JBUKEHUEM PYKH.

4. PaGoThI C KMCJIOTAaMHU | IIEI0YaMHU MPOBOJAUTH TaK, YTOOBI PEAKTUBBI
HE MOMaJal Ha OJIeXAY, JIUlo, pyku. HammBast pacTBop B mpoOUpKy, e€ Ha-
710 Iep>KaTh HA HEKOTOPOM PACCTOSIHUH OT ceOsl.

5. Ilpu obOpameHny ¢ HEM3BECTHBIMU BEIECTBAMH HEOOXOIMMO IPOSIB-
JISITh MOBBIIICHHYIO0 OCTOPOXHOCTh. Hu npu kakux o6cmosamenbcmeax Hejlb3sl
npobosamy eewecmso Ha 6Kyc!
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6. HeoOxonuMo HeMeIeHHO yOpaTh BCe MPOJIMTOE, pa30UTOE U MPOCHI-
MaHHOE Ha CTOJIaX WM Ha Moiry B Jabopatopuu. Ecinu kucnora nponbeTcs Ha
CTOJI WM HAa I0JI, €€ CIIENyeT HEUTPAIIN30BATh LIEJI0UYbI0 UIH COHOM.

7. HaGop SA0BUTBHIX U €IKHX YKUIKOCTEH B MHUIETKH MPOU3BOIUTH HE
PTOM, a MPHU MOMOIIU PESUHOBOU IPyLIN.

8. Ilpu m3menpYeHUU CyXUX IIEIOUeH CleAyeT HaJeBaTh MPEeAOXpPaHU-
TEJIbHBbIE OUKU. bpaTh TBEPAYIO MIEIOYb TOJBKO MUHIIETOM WJIW IIUAMIAMH.

9. Henw3st ynoTpeOisiTh JIJIsi ONBITOB BEIIECTBA M3 KamedbHUII, KOJIO U
YIIAKOBOK 0€3 STUKETOK U ¢ HEpa30OpUYUBBIMU HAAMUCSIMH.

10. B xumuueckoit nabopatopun umeercs anreuka. Hamno ymers okassbi-
BaTh MEPBYIO MOMOIIH TOCTPAAABIINM, KOTJIa 3TO HEOOXOAUMO.

[Ipoucmectsue | IlepBas nomonipb
OXOI'"
Oxoru OrHeM, rapom, TOpSYMMHU MpeIMeTaMu
I-# crenenu (kpacHOTa) Hanoxuts Bary, CMOYEHHYIO JTHJIOBBIM
cruptoM. [ToBTOpUTH CMaunBaHKeE.
II-i1 crenenu (my3bIpH) To xe. O6pabatsiBath 5%-M pacTBOPOM

KMnO,4 ninu 5%-M pacTBOPOM TaHUHA.
III-i1  crenenn (paspyuieHue |[IokpbITh paHy CTEPUIBHOW MOBA3KOM U

TKaHEH) BBI3BATH Bpaya.

Oxoru kucioTamu, XJopoM |I[IpoMbITh 0XOr OOJBIIUM KOJIUYECTBOM
Wi OpOMOM BOJbI, 3aTeM 5%-M pactBopoM NaHCO;.
O>KorH 1eI04aMu ITpoMBITE OOMIIBHO BOJIOM.

Oxoru rina3 IIpu oxore KuciaoraMu HOPOMBITE 3%-M

pactBopoM Na,COj;. Ilpu oxore menoyamu
npuMeHsITh 2%-11 pacTBOpP OOPHOM KUCIIOTHI
OTPABJIEHIA
Ilonaganue enkux BemecTB B|lIpu nmomagaHuy KUCIIOT NMHUTH KAIWLY W3
pPOT M NULIEBAPUTENIBHBIE Op-|OKcuaa MarHud. IIpu momaganuu menouei
raHbl OUTh PACTBOP JIMMOHHOW KHUCJIOTBI WA
OUYCHb Pa30aBIEHHON YKCYCHOW KUCIJIOTHI.
OtpaBnenue TBepAbIMH WM |Bei3Bate pBOTy, BbIIUB 1%-i pacTtBOp
KUJKUMU BEIlleCTBaMU cynbdara menu (1) CuSQO,.
OtpaBneHue razamu [TocTpagaBimiero HEMEMJIEHHO BBIBECTH HA
CBEXXUHU BO3IYX.

11. IIpy npUroTOBIEHUH PACTBOPOB CEPHOM KUCIOTHI HYXKHO JIUTH €€ B
BOJY, a HE HA0OOPOT, TaK Kak, BCIEJACTBUE CHIBHOI'O MECTHOTO pa3orpeBa-
HUS, BO3MOXKHO pa3OphI3rMBaHUE KOHIIEHTPUPOBAHHOU KUCHOTHL. [Ipu sTom
HAJI0 MOJIb30BAThCSI TOHKOCTEHHOW CKIISTHKON Ui (happopoBoii MoCy 0.
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12. Hukakux BeIIeCTB U3 JTaOOPATOPUH Helb3sl Opamsb 0OMOU.

13. Merannnueckass pTyTh U €€ mapbl — CUIbHBIN si. [loaTomy pTyTh,
MPOJUTAsl P MOJIOMKE TPUOOPOB M TEPMOMETPOB, JOJIKHA OBITH TIIATEIb-
HO coOpana. CoOUparOT PTYTh C MOMOIIBI0 aMaJbI'aMUPOBAHHBIX IJIACTUHOK
U3 MEAU WK OEJION KEeCTH.

14. Tlpu mope3ax CTEKJIOM paHy HY>KHO TPOJE3MH(PHUIIUPOBATH PACTBO-
pOM TepMaHTaHaTa Kajus WIH CIIHPTOM, 00paboTaTh HOIOM W TepeBs3aTh
OMHTOM.

15. Ilocne oka3zaHusi NMEPBOM NOMOIIM IOCTPAJABUIETO HANPaBUTh K
Bpauy.

16. B nensx npoTUBONOXKapHO 0€30MacHOCTH XUMHUEcKas jJabopaTo-
pusi cHaOKeHa OTHETYIIMTENSIMH, SIUIUKAMH C TIECKOM, acOECTOBBIMHU OJesl-
namu. Heobxoammo 3HATh, rje HaxXoAATCs MPOTHUBOIIOXKAPHBIE CPEACTBA U
MOPSAJIOK CPOYHOI DBaKyaluu U3 Jab0paTOpuu MpH MOXKape.

17. OG0 Bcex ciaydyasx OTKIOHEHHS OT HOPMAaJbHOTO X0j]a J1abopaTop-
HOTO 3aHATHS, YTPOXKAIOIIETO HApYIICHUEM HACTOSIIUX MPaBUII, COOOIIATh
MPEXJIe BCEro MpernoJiaBarelio, ASKYypHOMY JIA0OPAHTY WIM 3aBEAYIOIIEMY
nabopaTtopuei.

[Tpu BbIMOTHEHNH 1a00PaTOPHOI PabOTHI KaXAbIi CTYACHT MUILET OM-
yem no pabome. 3aTUCU HAJO BECTH TaK, YTOOBI OHH KPATKO M JIOTUYHO OITH-
ChIBaJu paboTy, UCIOJIb3yeMble MPUOOPHI U PEAKTUBBHL. B oTuere MOIKHO
OBITH OTPAXKEHO CJICTYIOIIIECE.

1. HazBanue paboThI U JaTa €€ BHIIIOJTHEHUS.

2. llenb pa®oTHI B 1IETIOM U KaXKJIOTO OTJAEIBLHOTO OMbITA.

3. CxeMa yCTaHOBKHU U €€ OIMCAHUE.

4. Tlopsiiok BBIMOJIHEHUS PaObOTHI (X011 paboTHI).

5. Tabnuua sKCTIepUMEHTAIbHBIX JaHHBIX.

6. BrrunciieHre MICKOMOW BEJIMYHHBI.

7. Pacuer nmorpemHoCcTy onsbITa.

8. BoiBOIBI.
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ATOMHO-MOJIEKYJIAPHOE YYEHUE

Pa6ora 1. OCHOBHBIE KJIACCbBI HEOPTAHUYECKUX BELHIECTB

BemecTBa mompasienstoTcs Ha IPOCThIe U cllokHbIe. [IpocThie BemecT-
Ba COCTOSIT U3 aTOMOB OJJHOTO XMMHYECKOTO AJIEMEHTA, a CIOKHBIE — U3 aTo-
MOB Pa3IUYHBIX JIEMEHTOB. CII0KHBIC BEIIECTBA HA3BIBAIOTCS XUMHYCCKUMHU
COCTMHCHUSIMH.

I[TPOCTBIE BEIHIECTBA mnogpa3nensitoTcsi Ha METajulbl 1 HEMETALIBI.
K Hemeramnam OTHOCATCS BeIIeCTBa, OOpa30oBaHHBIC aTOMaMHU JBAIIATH
JIBYX XMMHYECKUX AJIEMEHTOB: BOJIOPOJA, 0JIArOpOIHBIX Ia30B, TaJOT€HOB,
KHCIIOpOJa, CEephl, celeHa, Telulypa, a3oTa, (pocdopa, Mbllbsika, yrieposa,
KpeMHus, 0opa. Bce ocTalibHble XUMUYECKUE 3JIEMEHTHI M UX MPOCTHIE Bellle-
CTBA — METAJLIBI.

MeTanibl B XUMHYECKUX PEAKIUAX TOJBKO OTAAIOT AJEKTPOHBI, TO €CTh
SIBJITFOTCSI BOCCTAHOBUTEIISIMH, ITOATOMY B COCIMHEHUAX UX aTOMBI HAXOJIAT-
Csl TONTBKO B TMOJIOKUTEIBHBIX CTETICHIX OKUCICHUS. HemeTammsl B peakiusax
MOTYT IPHHUMATh M OTJABaTh AJIEKTPOHHI, T.€. BECTU Ce0s U KaK OKHCIIUTE-
JM, ¥ KaK BOCCTAHOBUTENH, ITOITOMY CTETICHU OKHCJICHHSI HEMETAILJIOB B CO-
SAMHCHUSIX MOTYT OBITh KaK OTPHUIATCIIEHBIMU, TaK U TOJIOKUTCIIBHBIMU.

CJIOKHBIE BEIHIECTBA (xumuuyeckue COEIUHEHHS]) OYe€Hb MHOIO-
YUCJICHHBI W Pa3HOOOpa3HBl MO COCTaBYy M CBOWCTBaM. M3ydeHue BemiecTB
oOneryaer ux KiaccuuKaims, Tak Kak, 3Has 0COOCHHOCTH KJlacca COeIuHe-
HUMN, MO’KHO 0XapaKTEepPU30BaTh CBOWCTBA X OT/EIbHBIX MPEACTABUTEICH.

OCHOBHBIMM KJIaCCAMH HEOPTAaHMYECKUX COCAMHEHHM SIBJISIFOTCS OKCH-
JIbI, TUAPOKCUJIBI U COJTH.

Oxcuoamu Ha3bIBAIOTCS OMHAPHBIC COCTUHEHUS XUMUYECKHX DJIEMEH-
TOB C KUCJIOPOJIOM, B KOTOPBIX CTETICHb OKHCIICHUS KUCIOPO/ia paBHa —2.

[lo XUMHYECKMM CBOMCTBAM OKCH[bI MOJPA3CISIOTCS Ha COJieoOpa-
3yromme u Hecojeobpaszyroume win 0e3paznuunbie (CO, NO, N,O). Comne-
oOpa3yrolue OKCHUIbI, B CBOIO OYEpENb, MOAPA3ICISIOTCS Ha OCHOBHBIE
(Na,O, CaO, FeO u np.), kucnotasie (SO,, SO;, Si0,, CO, u T.4.) 1 amdo-
tepHbie (ZnO, Al,O5; Cr,03, SnO u np.).

Tuopoxcuoamu SIBISIIOTCS COEIUHEHHSI COJEOO0pa3yroUIMX OKCHUIIOB C
Bojoi. 1o THMY M MPOIYyKTaM AIEKTPOTUTHICCKON TUCCOIUAIIN B BOJTHBIX
pacTBOpax M MO XUMUYECKUM CBOMCTBAM THJIPOKCHUIBI MOJAPA3JEISAIOTCA Ha
ocHoBanus (NaOH, KOH, Mg(OH),, Ba(OH),, Fe(OH); u ap.), KUCIOTHI
(H,SO;, H,SO,, HNOs, H;PO,4, HCIO4 u 1p.) u amdoTepHbie THAPOKCUIBI,
wiu amdonutel (Be(OH),, Zn(OH),, Sn(OH),, Sn(OH),, AI(OH);, Cr(OH);,
Mn(OH), u ap.).
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Conu TIpeACTaBISIOT COOOH MPOIYKTHI 3aMEIICHUSI aTOMOB BOJOPOJIa B
KHCJIOTe HAa METAJI WJIM THAPOKCUA-aHUOHOB B OCHOBAHUSX HA KHUCIOTHBIM
octaToK. COTJIaCHO TEOPHH DJICKTPOTUTHICCKON AUCCOITMAIIUM, COJISIMU Ha-
3BIBAIOTCSI BEIIECTBA, MPH JAUCCOIMAIIMA KOTOPBIX 00pa3yroTCsl KATHOHBI Me-
TamnoB (a Takke NH, - KaTHOH aMMOHHSA) U aHUOHBI KHCIOTHBIX OCTATKOB.
Conu mnonpasnensaioTcs Ha HopMmanbHble, win cpennue (Na,SO4 K,S,
Na,SiO3 u ap.), kucneie, uinn ruapocoinu (NaHCO;, KHSO,4, NaHS u mp.),
ocHOBHBIE, unu rujapokcoconu (ZnOHCI, (CuOH),CO;, AIOH(NOs), u T.
n.), neoiHbie (KNaCO;, KAI(SO4), u np.), cmemannsie (CaClOCI, wmm
CaOCl,, Sr(HS)CI u np.) u okcoconu (SbOCI, BiIONOs;, TiOCl, u ap.).

CyIIecTBYIOT COSTUHEHUS, KOTOPhIE HE OTHOCATCS K OCHOBHBIM KJlac-
caM BEIIEeCTB: THAPHUIbI, KAPOHJIbI, HUTPHUJIBI, CYJIb(POKUCIOTH U CYIbPOCO-
JIM, KOMIUICKCHBIC COeIMHECHUS U Jap. OHU M3Yy4aroTCs Ha 3aHATHSX 110 XUMHUHU
AJICMCHTOB M HX COCTMHCHHM.

3KCHepI/IMeHTaJ'II)Haﬂ acCTb

Llenvio pabomel sBASIETCS TOJYYEHHUE U UCCIEIOBAHUE CBOMCTB Haubo-
Jiee pacpOCTPAHEHHBIX MPOCTHIX BEIIECTB U COSTUHEHUM.

Omneit 1. IlosryyeHnue u cBoiicTBa BOAOPOAA

Bonopon BXOIWUT B COCTaB KUCIOT, OCHOBAHUW, KUCIBIX U OCHOBHBIX
cojeil n Hauboyiee pacIpoOCTpaHEHHOTO Ha 3emiie BemiecTBa — Bojabl. OH
MPUMEHSIETCS KAK BOCCTAHOBUTEND MPU MOJYYEHUHU METAIUIOB U BO MHOTHUX
OpraHWYecKuX cuHTe3ax. B Hemanexkom Oynyiiem Bogopoj OyleT MCIONb30-
BaThCSl Kak roprouee BMeCTO O€H3MHA, KepOCHHA, Ma3yTa, rasa M yris, Tak
KaK MPHU €ro TOPEeHUH He 00pa3yeTcsl BpeAHbIX mpuMmeceid. Bomopoa B mpo-
MBIIIUICHHOCTH MOJYy4ar0T KOHBEPCHEH MeTaHa, 3JIEKTPOJIM30M BOJIbI, a B Ja-
OopaTopusix — U3 KUCIIOT MPU UX B3aUMOJCHCTBUM C METANIAMH.

B npoOupky nomectuth 2—3 rpaHyibl UHKA U MPUIUTH CONSTHOM KH-
CJIOTBI 10 1/3 ob0bema mpoOupku. Beiaenstoniuiics Bogopoa B Teuenue 3—4
MUH cOOMpaTh B MEPEBEPHYTYIO BBEPX JHOM OoJiee MIHPOKYI0 pooupky. He
nepeBopaynBas NMpoOUpKY, MOJHECTU K HEH ropairyro cnudky. Bomopon 3a-
ropaercs C JIETKUM 3BYKOM «I1a».

B oruere HanucaTh ypaBHEHHME PEAKUMU LIMHKA C COJISIHOW KHCIIOTOH,
yKa3aTh OKHUCIIUTENIb U BOCCTAHOBHUTENb, COCTABUThH JJIEKTPOHHBIE CXEMBI
OKHUCJICHUSI U BOCCTaHOBJICHHS. OOBSCHUTD, MOYEMY BBIJCISIFOIIUICS BOJIO-
poa HeoOXoAuMO coOupaTh, Aep:ka MPOOUPKY OTBEPCTHEM BHU3. YKa3aTh,
KAaKW€ METaJUIbl, KpOME IIMHKA, MOXHO UCIOJIb30BaTh JJISI MOJYy4EHUsI BOJIO-
poJa r3 COJISTHOM KUCIIOTHI.
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Omnpit 2. ITosryyeHHe U CBOCTBA KUCJIOPOAA

Kucnopon — camblii pacnpocTpaHeHHbIH Ha 3eMile XUMUYECKUN 3iie-
MEHT: OKOJIO 1MOJ0BUHBI (47 % 1o Macce) BelecTBa 3eMHON KOPbI MPUXOIUT-
csl Ha Kuciopo. bes kucioposa HEBO3MOXKHA KU3Hb, TaK KaK OH MOJIAEPKHU-
BAET JbIXaHHUE YEJIOBEKA U KMUBOTHBIX. C €ro mMOMOIIbIO CKUTaOT TOIUIMBO,
IoJIy4asi TeIUIO M 3JEKTpOdHepruro. Kuciaopon comepkurTcs B BO3AyXe U B
XUMUYECKUX COEIUHEHMSIX — BOJE, OKCHUJIaX, THJIPOKCUJIAX, COJISAX, OpraHu-
YeCcKHX BellecTBax. (s NpOMBIIIIEHHBIX LEJIed KUCIOPOJ IMOIYy4YaroT peK-
TUQUKALMEN KUIKOTO BO3yXa, a B JJaOOpaTOPUSX — U3 BEIIECTB, KOTOPhIE
IpU HarpeBaHuu pasnaratotcs ¢ ero BoaeneHuemM (KMnO,, KCIO;, BaO,).

B cyxyio mpoOWpKy TOMECTHTHh JBa MHKPOIITATENS XJopaTra Kaus
KClO; (6eproneToBa coJib), OMYCTUTh B HEE TICIONIYIO JIyduHKY. [IpoOoupky
HarpeTb Ha crnupToBKe. Uepe3 HEKOTOpoe BpeMsl OT Hayajida HarpeBaHUs
TJeouas JTy4MHKa BCIBbIXUBAET. [IOBTOPUTH OMBIT CO CMECHIO OEPTONETOBOM
coiu 1 okcuaa mapranna (IV), cMemanHbIX B COOTHOIIEHUU MPUOIU3UTEIh-
HO 4:1 Mo 00beMy MOPOIITKOB.

B otuere 3anucate ypaBHenue paznoxenus KClO; u 00bscHUTBD, TTOUe-
My BCIBIXMBAET Tieromias JydynHka. OObSICHUTH, TOYEMY BO BTOPOM OIIBITE
BpEMs OT Hayaia HarpeBaHusi TIPOOUPKHU /IO BCIIBIXMBAHUS TyUYUHKH MEHBIIIE,
yeM B iepBoM. Kakyto posib BO BTOpoM ombITe urpaet okcu mapranmna (I1V)?

Omnpit 3. IlosryyeHue u cBOICTBA XJ10pa

Camast MpayHas CTpaHMIla B UCTOPUU XJIOpa — IPUMEHEHHUE €ro B MEp-
BOM MHUPOBOM BOMHE B KauecTBE OOEBOr0 OTPaBJISIOLIEIO BEIIECTBA. JTO
MPOU30ILJIO0O HAa OJHOM U3 3alagHbIX yYacTKOB (poHTa, TIEe aHrio—
bpaHIy3cKHe BOWCKa BEJIHM Cpa)XEHUE C TepMaHCKOW apmued. YTpom 22 am-
pens 1915 roga repMaHckoe KOMaHJIOBAaHME MPOBEIO NEPBYIO B HUCTOPUU
BOWH ra3oBYIO aTaky, BBITYCTUB okoJio 180 T xmopa. O61ako TSKENOro siao-
BUTOT'O JKEJITO-3€JICHOr0 Ta3a mopasuiio Oonee 15 Thicad 4YeIOBEK, MPUUEM
OKOJIO TISITH ThICSY — HACMEPTh. DTO HAIIOMUHAET, KAK OMACEH XJIOp, IO3TOMY
BCE€ OMBITHI C HUM HEOOXO0IMMO TIPOBOJUTH TOJIBKO B BHITSDKHOM IIKaQy.

X7op mpuMeHsieTcs uig oTOenuBaHus OyMaru UM TKaHeW, JJIs MOJIyde-
HUSL COJITHOM KHMCJIOTBI U XJIOPOPTAaHMUYECKUX COEAMHEHHH, Cpeau KOTOPBIX
HauOomnee u3Bected noiauBuHuiaxjopun (I1BX), ucnonb3yemsbiid 1ist u30is-
LM AJIEKTPUUECKHUX MMPOBOJIOB U U3TOTOBIICHUS JI€TaNel paguoannaparypsbl.

1. Ilonyuenue xnaopa. B cyxyio mpoOUpKYy BHECTH JBa MHUKPOILIATEIS
nepManranara kaius u 20 kamnenb KOHIIEHTPUPOBAHHOMN COJITHOW KHCIIOTHI.
Hab6mronath npoTekanue peakimu:

HCI + KMnO, — MnCl, + CL,T + KCI + H,0
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B ypaBHCHMM peakliMM yKa3aTh OKHUCIUTEIIb U BOCCTAHOBHTEIb, HAITH-
caTh JJIEKTPOHHBIC CXEMBI OKHCIICHUSI U BOCCTAHOBJICHHUS, ONPEICIUTh B pac-
CTaBUTh CTEXHOMETPUYECCKHUE KO DHUITUSHTHI.

2. Omobenusarowue ceoticmea xaopa. Tpu TPOOUPKH 3aMOJHUTH
Ha 1/3 o0beMa XJIOpHOU BOJI0M. B 0/IHY MOMECTUTH JTOCKYTKH LIBETHON MaTe-
puH, B IPYTryI0 — OKpalleHHYI Oymary, B TPEThIO MPUIUTh JTHOOOTO OpraHu-
yeckoro kpacutens. Uepe3d HEKoTOpoe BpeMs BcE, 4TO OBLIO OKpAaISHO,
obecrBeunBaetcs. OTOCNIMBAIOIIME CBOMCTBA XJI0pa OOBICHSIOTCS MPOTEKa-
HHEM JIBYX ITOCJICIOBATEIbHBIX PEAKIHN:

1) Cl, + H,O = HCI + HCIO (xnopHoBatucTas Kuciora)
2) HCIO = HCl + O (aromapwusrii kucnopo)

ATOMapHBIA KUCIOPOJ — CUJIIbHEUIINI oKucInuTelb. OH OKUCISET opra-
HUYECKHE KPACUTENIM U TEM CaMbIM OTOEIMBAET MaTepUasbl. DTHUMH K€ pe-
aKIHUSAMU OOBSICHSAETCS] MPUMEHEHUE XJIopa ISl e3UH(EKIIUHU TOMEIICHUN U
st 06e33apakuBaHus BOJOIPOBOIHON BOJBI. B oTueTe mokaszaTh, y Kakux
3JIEMEHTOB M3MEHSETCS CTEIEHb OKHUCIEeHUA B peakuusax | u 2. K kakum tu-
IaM OTHOCSTCS 3TH OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIE PEaKIUn?

Omnpit 4. ITosryyeHHe METAIOB

Kaxxnplii MeTai1 BBITECHSIET U3 PACTBOPOB COJIEM BCE APYTME METAJLIBI,
PacroIOKEHHbIE B JJIEKTPOXHUMHUYECKOM Py AKTHBHOCTH METAUIOB (Pl
HaIpPsDKEHU METAJIOB) MpaBee ero. ITO CBOMCTBO MCMOIB3YETCS ISl MOJTY-
YEHUs MHOTUX METAJIJIOB.

[IpuroroButh Tpu npodbupku. B mepByto npobupky BHectu 20 Karenb
pactBopa cynbdata menu (I1), Bo BTOpyto — CTONBKO K€ pacTBopa cyibdara
KaaMus, B TpeThlo — HUTpata cBuHia (II). B kaxmyro mpoOUpKy OImyCTUTH 11O
OJIHOM rpaHyJje nnHka. Habmrogate mpoTekaHue peakiuii C BBIJCICHUEM Me-
I, KaJIMUSl U CBUHIIA HA IOBEPXHOCTH IIMHKA. B oT4eTe 3anucaTh ypaBHEHUS
peakiui, yka3aTb B KaXX0il OKHCIUTEIb U BOCCTAHOBUTEIb, COCTABUTh
ANEKTPOHHBIE CXEMBI OKUCIIEHUS U BOCCTAHOBJICHUS.

OmneiT 5. ITosry4yeHHne U CBOMCTBA OKCH/I0B

1. Ionyuenue oxcuoa macnus. CepeOpucTo-0embIii JETKUI MeTaul Mar-
Huit ipu 500 °C BCOBIXUBAET U OBICTPO CrOPAECT OCIEMHUTEIBHO SPKUM IIjia-
MeHeM. ['opeHune compoBOXKAAECTCA U3IYYCHUEM CBETa U BBIACICHUEM OOJb-
1I0r0 KOJIMYecTBa Terja. Ha cuibHOM BBIJIEIEHUHU CBETA IIPU TOPEHUM Mar-
HUSI OCHOBAHO €r0 MPUMEHEHHE JJIs1 U3TOTOBJICHUS] OCBETUTENIBHBIX PAKET U B
¢dotorpadguu (mMaraueBast Benbllka). O6pazyrouuiics okcug MgO (xoxeHast
MarHesusi) IpUMEHSETCSl B MEAUIIMHE KaK CPEJCTBO OT U3KOI'M, KaK COPOEHT
Y KaTajau3arop, OH BXOJIUT B COCTAB OTHEYIIOPHBIX U3JEIUN.
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B3saTh mumniamu HeOOIBIION KyCcOUeK CTPY)KKH MarHUsl U TIOJKEUb €T
IaMeHeM ChupToBKU. ['opsiuii marauii aepxath Haja dapdopoBoit yari-
Koi. B wamiky ¢ oOpa3oBaBHIMMCS OKCHUIOM Martusi JOOaBUTh HECKOJIBKO
MUJUTIIMTPOB BOJBI, pa3MeIIaTh CTEKITHHON MAIOYKON U OMPEICTUTh CPEeIy
pacTBopa HHAUKATOPOM (EeHOIPTAICMHOM WJIN YHUBEPCAIBHONW WHIUKATOP-
HOI OyMaroi.

B oTtdere omucaTh OMBIT, COCTaBUTh YPABHECHUS PEAKIIMI TOPEHHS Mar-
HUS ¥ B3aMMOJICHCTBUS OKCHJIa MarHus C BOJIOM, OOBSICHUTH Cpely pacTBOpa
W C/ENIaTh BBIBOJ O XUMUYECCKOM MPHUPOJIEC OKCHJIa MarHUsI.

2. Honyyenue oxcuoa xpoma (Ill) paznooicenuem conu. TeMHO-3€JICHBIN
okcun xpoma Cr,O; momydaroT pasznokeHueM rugapokcuga xpoma (III) wmm
Xxpomocoaepkanux coneid. OH MpUMeHsIeTCS B KaueCTBE MUTMEHTA, KaTaju-
3aTopa, MOJIUPYIOIIEro MaTepraia, BBOIUTCS B CTEKIA JIJIST UX OKPACKH.

B dapdopoByro yamky moMecTuTh HEOOJBIIONH TOPKOW KpHUCTAIHMYEC-
CKUN AMXpOMAT aMMOHHUS W BBECTU B IIEHTP TOPKH TOPSAIIyI0 ciruky. Ha-
OJIF01aTh Pa3JIOKEHUE COJIM, KOTOPOE BHAYAIEC UAET MEIJICHHO, a 3aTeM yObI-
cTpsercs. Cxema peakiuu:

(NH4)2CI’207 % CI'203 + NZT + 4H20T

Onucarb ONBIT U YKa3aTh, KAKOE NPUPOJHOE SABJICHUE OH HAIIOMUHAET B
yMeHblIeHHOM Maciutabe. [lepenucarh cxemy peakiuu, COCTaBUTh K Hel
AJIEKTPOHHBIE CXEMBI OKMUCJIEHUSI U BOCCTAHOBJICHUS, ONPENEIUTH CTEXHO-
MeTpudeckue Ko OUIIMEHTHI TIepe/T BEIeCTBAMH U THUIT PEAKIIHH.

3. Ilonyuenue CO, ¢ annapame Kunna. Oxcup yriepoaa (IV) — yriue-
KHUCJIBIUA Ta3 — COJIEPXKUTCS B HEOOobIIOM KoJinuecTBe B atMochepe (0,03 %)
U B PACTBOPEHHOM BHJI€ B HEKOTOPHIX MHHEPAITLHBIX HCTOYHHKAX. B TeXHHUKE
€ro TOJYYar0T MPOKAJTIMBAHKEM M3BECTHSIKA MO PEaKITUH:

CaCO; —> CaO + CO,T,

a B 1ab0OpaTopusx — pa3iokKEeHUEM Mpamopa COJSIHOM KHCJIOTOM B ammapare
Kunna o ypaBHeHU1O:

CaCO; + 2HCI = CaCl, + H,0 + CO,T

['maBHBIM MOTpeOUTEIEM YIJICKUCIOTO Tas3a SBISETCS IUIIEBas IMpo-
MBIIIJIEHHOCTh: MPOU3BOJICTBO caxapa, M1UBa, ra3upoBaHHO Bojabl. OH mpu-
MEHSIETCS TaKK€ B KaueCTBE XJjajoareHra (Cyxou jen), sl TyIICHUs MoKa-
POB U B Ka4ECTBE HATHETAIOIIETO Ta3a ISl MEPEKAYKHU JIETKOBOCILIAMEHSIFO-
IAXCS KUAKOCTEH. B XMMHUUYECKOW TPOMBIIUIEHHOCTH THOKCHI yIJIEpoaa
UCIIOB3YETCSl MPU MOJYYEHUHM KaJblIMHUPOBAHHOM coAbl — KapOoHaTa Ha-
Tpus Na,COs.
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B Teuenue mpuMepHO TpeX MHUHYT OOJBIIYIO MPOOUPKY HAMOJIHATH yT-
JIEKUCIIBIM ra3oMm u3 anmnaparta Kunma, 3atem BHectu B He€ 10-15 kamenb
pactBopa NaOH, ToT4yac 3akpbITh IPOOUPKY CMOUYEHHBIM BOJOU OOJIBIITUM
najablleM U BCTPSAXHYTh, TIOCIIE YEeTo MPoOUpKa CBOOOIHO MOBHUCAET HA Mallb-
1e. YTJEKUCIBIM ra3 B3aUMOJICVCTBYET CO ILIEJIOYbID, B PE3YJIbTATE YETO B
npoOupke 00pazyercs BaKyyM U BHEIIIHEE JABJICHUE MPOYHO MPUIKUMAET €€
K Majblly. DTy pEeaklui0 MPUMEHSIOT B MPOMBINLJICHHOCTUA JUISl YJaJCHUS
CO; u3 Ta30BBIX CMECe.

Yraekucnplil ra3 TSKeJIee Bo3ayXa, IOATOMY €r0 MOXKHO «II€pEIUBaThy,
Kak BOAy. B TeueHue nmpuMepHO TpeX MHUHYT 3alOJHITh YIVIEKUCIBIM Ta30M
XUMHYECKUN CTakaH eMKOCThi0 100 Mj. 3aTeM «IepesnThy» ra3 BO BTOPOU
CTaKaH M OIYCTUTh B HErO ropsuryto JyduHKy. [Imams racHeT, Tak Kak yriie-
KHUCJIBIM Ta3 HE MOJICPKUBAET TOPEHMUSL.

B otuere Hapucosats annapar Kunna (puc. 1) u onucate NpUHIIMI €r0
nevictBusi. HamucaTe ypaBHEHUE peaklUU MOJYYEHHUs YTJIEKHUCIOro raza u
ero B3aumozeicTBus ¢ NaOH. CaenaTte BbIBOJ 0 XMMUYECKON MPUPOJE ITO-
ro OKCHja.

4. Uzyuenue ceoticms oxcuoa yunxka. OKCUJ TUHKA UMEETCSI B KaXKJIOM
MOMEIIEHUH, TJI€ OKHA W JIBEPH OKpalleHbl Oeloi Kpackoil. DTa Kpacka
(IIMHKOBBIEC OenIIa) SIBISIETCS CaMOM paclpoCcTpaHeHHOU u3 Bcex Oenmi. Ok-
CHUJ] IIMHKA IPUMEHSIETCS] TaK)Ke IIPU U3TOTOBJICHUM O€I0i pe3uHbl, B KOCMeE-
THUKE U B MEJIULIVHE.

B aBe npoOupku MOMECTUTH MO OJHOMY MHKPOLITATENIO MOPOLIKO00-
pa3zHoro okcuja nuHKa. B nepByto npoOupky n1o6aButh 15-20 kamens ogHO-
MOJISIDHOM CEPHOM KHCIIOTHI, @ B APYryl0 — CTOJbKO k€ 30%-ro pactBopa
ruApoKcuaa Hatpus. [ yckopeHus peakinuii mogorpeTh NPOOUpPKH Ha
CIIUPTOBKE. 3almucaTh YPAaBHEHUSI peaKUUi U CHENATh BBIBOJ O XUMUUYECKOM
MPUPOJIE OKCUIA IIMHKA.

OmneiT 6. ITosryyeHnne U uccjieloOBaHue CBOMCTB 1Ie104eil

['uapokcuIbI-oOCHOBaHUS TOJPA3ACIAIOTCS Ha PAcTBOPUMbBIE U Hepac-
TBOpUMBIE. PacTBOpUMBbIE OCHOBaHUSI — 3TO T'MAPOKCHIbBI LIEJIOYHBIX U LIe-
JOYHO3EeMeNbHBIX MeTayuioB. OHM Ha3blBaloTcs mienodyamu. Camoe pacmpo-
CTpaHEHHOE Cpelld IIeJIoYed BEUIECTBO — IMAPOKCHU HATpus (€IKUil HATp).
[To macmTabam Mpou3BOACTBA U MPUMEHEHHSI OH 3aHUMAET Cpeid HeOpraHH-
YEeCKUX BEIIECTB TPEThE MECTO MOCJE CEPHOM KUCIOTHI U KapOOHATa HATPHSL.
B mpOMBIIINIEHHOCTH €ro MOMYYaroT AJIEKTPOJIM30M PacTBOpA XJIOpHIA Ha-
TpHsl, a B 1a00paTOPHBIX YCIOBHUIX — B3aUMOJICHCTBUEM HATPHs C BOJIOM. DTa
peakiusl mpoTeKaeT OypHO ¢ pa30pbhI3rUBaHUEM TMOIYy4YaeMOW IIENOYH, IO-
ATOMY P NPOBEJECHUU ONbITa HEOOXOAUMO COOJII0IaTh OCTOPOKHOCTb.
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1. Ilonyuenue euopoxcuoa nampus. B dapdopoByro damiky win Kpu-
CTAJUIM3aTOP HAJIMThH JO MOJOBUHBI AUCTUIUIMPOBAHHOM BOJbl. M3 OaHku, B
KOTOpPOM HAXOIUTCSI HAaTPHUM IMOJA CIOEM KEpOCHHA, MUHIIETOM H3BJIEYb Ha-
TpUH, OCYIIUTh (GUIBTPOBANBHONW OyMmMaroil OT KEpOCHHA, OTpe3aTh HOXKOM
Kycouek (He Oosiee TIOJIOBHHBI TOPOIINHBI) M OMYCTUTH B Boay. [locne okon-
YaHWUS PEaKIUU OINpPENeIUTh ¢ MOMOIIbI0 MHAWKATOPA Cpeay MOIYyYEeHHOTO
pacTBopa.

B otuere onucath onbIT U 00BACHUTH HaOMOgaeMble 3PPEeKThI (1uIe-
HUE, «OeraHne» Kycoudka Mo MOBEPXHOCTH, pa3Opel3ruBanue M T.1.). Hamu-
catb ypaBHeHHe peakiuu noiaydeHuss NaOH. OObscHUTD, TOUYeMy IIeJI0YHbIC
METAJUIBl XPaHAT NOA CiloeM KepocuHa. COCTaBUTH CIIMCOK BCEX IIEIOYEH
(MX TOJKHO OBITH JECATB).

2. Bzaumooeticmsue wenouu ¢ xuciomou. B pe3ynbTate peakuui Iie-
JIOYEHN C KUCIIOTaMH Cpe/la PAaCTBOPA CTAHOBUTCS HEUTPAIBbHOM, MOATOMY 3TH
PEaKIUM HA3bIBAKOTCS peaKUMUsIMH HeWTpanu3anuu. He3aBucuMo ot cocraBa
B3aMMOJICMCTBYIOIINX IIEIOYEN U KUCIIOT, BCE PEAKUNHU HEUTPaAIU3allH BbI-
Pa’XKaroTCsl OTHUM U TEM K€ NOHHBIM YPABHEHUEM

H +OH =H,0

Peakiuu HeliTpanu3auuud GUKCUPYIOTCS MO U3MEHEHUIO OKPACKU MH]IU-
KaTOpOB.

3anoJIHUTh TPOOUPKY JECATHIO KaIUIIMUA pacTBOpa THAPOKCHIA HATPHUS
1 100aBUTH OJHY KaIUIl0 MHIUKaTOpa (eHondTarenHa. 3aTeM MPUOaBIATH
10 KallJIsIM COJIHHYIO KI/ICJIOTy 0 U3MCHCHU OKpaCKH paCTBopa. Ol’II)IT I10-
BTOPHUTH HECKOJIBKO pa3, 3aMeHUB (PeHoN(TaTenH cHaYalla Ha METHJIOPAHK, a
34TCM Ha npyme HUMCHOIIIUECCS I/IHI[I/IKaTOpI)I.

B oryere HamucaTep ypaBHEHHE PEaKUUH B MOJIEKYJSPHOM U HOHHOM
BUJI€, HAUEPTUTH U 3aMOJIHUTH TAOJUIly OKPACKU WHJIUKATOPOB B PA3IMYHBIX

cpenax.
Ha3zBanue [[BeT nHaMKaTOpa B pa3IMUHbBIX Cpeaax
HHIUKATOpa B KHCJIOH B HEUTPaAJIbHON B IICIIOYHOU

OmneiT 7. IlosrydyeHune U MccJIeJ0BAHUE CBOMCTB MaJIOPACTBOPUMBbIX
OCHOBaHUI1

BonbIIMHCTBO METALJIOB, KPOME IIEJOYHBIX M IIEIOYHO-3€MEIbHBIX,
00pa3yoT MajopacTBOpUMBIC B BOj€ OCHOBaHMS. OHU TPUMEHSIOTCA Kak
COpOEHTHI, KaTaJIUu3aTOPbl, KPACUTEIN U KaK UCXOJIHbIC BEIIECTBA MPH MOJY-
YEHUU COJIEH, OKCUIOB U JPYTUX COCIUHEHUM.
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N3 umeromuxcsi peakTUBOB MOJYYUTh MajlOpacTBOPUMBIE OCHOBAHMS:
ruapokcun menu (1), ruapoxeun mukens (II) u ruapokcun sxenesa (I11). Ha-
MUCaTh YPaBHEHUS PEAKIUH, yKa3aTh [IBET OCAIKOB.

[Ipobupky ¢ ruapokcunom meau (II) mogorpeTs Ha CIUPTOBKE 10 U3MeE-
HEHUs I1BeTa ocajka (moreMmHeHus). HamucaTh ypaBHEHHE peakiuu pasiio-
»enust Cu(OH), npu HarpeBaHumu.

W3 ocTtanbHBIX TpeX MPOOHPOK OCTOPOKHO CIUTH KUAKOCTb U K OCTaB-
MIAMCS OCaJIkaM J00aBJATh MO KarlisIM COJISTHYIO KHCIIOTY, HaONIOAaTh WUC-
Ye3HOBEHUE 0CaAKoB. Hanucars ypaBHEHUS NPOTEKAIOLINUX PEAKLIAM.

OmneiT 8. IlosryyeHue u ucciel0BaHuEe CBOMCTB aM(OTEPHBIX OCHOBAHUI

AMdOTEpHOCTh — UHTEPECHOE SIBJICHUE, XapaKTepHOE JJII MHOTHX THJI-
pokcu1oB. OHO 03HAYaeT UX CIOCOOHOCTH MPOSBIATH CBOMCTBA KaK OCHOBA-
HUW, TaK U KUCJIOT, U MPOSBIISIETCS TEM CHUJIbHEE, YEM MEHBIIE PaUyC Me-
Tajla U BBILIE €r0 CTENEeHb OKUCIEHUS (BaJeHTHOCTh). [loaTtomy cpenu rua-
POKCUJOB OJHOBAJICHTHBIX METAIJIOB aM(pOTEPHbIE OTCYTCTBYIOT, CpEId
JNBYXBaJIGHTHbIX UX ToJibko 1ATh (Be(OH),, Zn(OH),, Ge(OH),, Sn(OH), u
Pb(OH),), cpemn TtpexBameHTHBIX — OonbmmHCTBO (Al(OH);, Fe(OH)s,
Cr(OH);, Sc(OH); u ap.), a TMAPOKCUIBI YETHIPEXBAJEHTHBIX METAJIIIOB BCE
ABJIAIOTCS CUIIBHO aM@oTepHbIMH. ['MAPOKCHIBI METAIIIIOB B 00Jiee BHICOKHX
CTEMEeHSIX OKUCIeHUs yxe saBisatoTcs kuciaoramu (H,CrO4, HMnO,4, HVO3).

[TonyuuTh B mpoOUpKe TUAPOKCU] IMHKA, JOO0ABIISS K PACTBOPY €ro CO-
JM pacTBOp pa30aBIEHHOrO THAPOKCHAA HATpUsi (OCTOPOXKHO, MO KAIIAM).
[TonoBUHY MOJYy4EHHOT'O OCajika MEePeHecTy B Apyryro npodbupky. Ha ocrtas-
IIUICSA B MEPBOM MPOOUPKE OCAJOK MOJICUCTBOBATH COJSHON KHUCIIOTOM, Ha
COZIEP>KMMOE BTOPOU MpoOHpKH — TeM ke pactBopom NaOH.

B otuere onucatek onbIiT U HaOmoaeHus. Hamcarh B MOJIEKYJISIPHOM U
MOHHOM BUJIE YPaBHEHUS PEaKINil: a) MOTyYeHUs TUIPOKCUAA IUHKA; 0) ero
B3aumozericteus ¢ HCI; B) ero B3aumoaeiictBust ¢ pactsopom NaOH. Haru-
caTh CXeMbl dJIeKTpoauTuueckoit aucconumanuu Zn(OH), no Tuny ocHOBaHUS
1 KUCHoThL. [IpoBecTu U onucaTh TaKOH K€ OMBIT MO MOJYYSHUIO U UCCIIE0-
BAaHUIO CBOMCTB IMAPOKCHUA ATFOMUHUS, OTBETUTH HA T€ K€ BOMPOCHI.

Onpbit 9. [TosryyeHue U uccIeJ0BAHNE CBOMCTB KHCJIOT

1. Ilonyuenue consamnou xuciomst u3 eé conu. IIpOMBIIITIEHHBINH CIOCOO
MOJIYYEHUS COJISTHOM KMCJIOTBI — CUHTE3 M3 XJOpa M BOJIOpPOAA. DTa peaKius
ABJIETCS KJIIACCUYECKUM IPHUMEPOM LIEMHOW PEaKIMU, HA CBETY OHAa MOKET
IPUHUMATh B3pPBIBHOM XapakTep, MO3TOMY B yueOHBIX jaboparopusax e€ He
IpoBOAAT. B OTHeNbHBIX ciayyasx NMpUMEHSIETCS] CTapblii coco0 MoyydyeHus
COJISTHOM KHCIIOTBI — B3aUMOJECHCTBUEM XJIOPUIA HATPUS C CEPHOU KMCIIOTOM.
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B cyxyto npoOupKy mNoMeCTUTh OJMH MUKPOIIIATENb XJIOPUAA HATPUS U
HECKOJIbKO (8—10) Kamenb KOHIEHTPUPOBAHHON CEPHOM KUCIIOTHI (OIBIT MPO-
BOJUTH B BBITSDKHOM Ikady!). Habmionate BhigeneHne OECIBETHOTO Tasa.
[Togaectn K MPOOUPKE CMOYCHHYIO JUCTWIMPOBAHHOW BOJIOM CHHIOIO JIAK-
MYCOBYI0 OyMary u HaOJI0aTh U3MEHEHHE €€ OKPACKH.

B otuete onucate onbIT U HAOIIOACHMSI, 3aMTUCaTh ypaBHEHUE PEaKInHy,
OOBSICHUTh U3MEHEHHE OKPACKU HHIUKATOPA.

2. Bzaumooeticmsue conanot kuciomsl ¢ memaniamu. B 4deTeipe mpo-
Oupku HanuTh 1o 10 kamens pa3z0aBiIEHHON COJSHON KUCHOTHL. B mepByro
OIyCTUTh KyCOYEK MarHusi, BO BTOPYIO — jKeJie3a, B TPETbIO — LIMHKA, B YeT-
BEPTYI0 — Meau. B oruere 3amucaTh ypaBHEHHS MNPOTEKAIOIIHUX PEAKIUH.
OOBSICHUTB, IOYEMY B UETBEPTOM MPOOUPKE pEeaKIUs HE UCT.

3. Bzaumooeiicmeue azomnoii kuciomol ¢ oxcuoamu. B Tpu npooupku
MIOMECTUTH M0 OJHOMY MHUKPOILIIATEN0 OKCUAOB IIUHKA, MEIU U XpoMa. B
KaXXIyto MpoOupKy BHecTH 1o 10 xamesnb a30THOM KUCIIOTHI, HAOII0AaTh Mpo-
TEKaHUe peakuuiu. B oTyere 3anucarTe ypaBHEHUS pEaKIUK.

4. Bzaumooeiicmeue cepHoti kuciomsl ¢ coramu. B Tpu mpoOupKu mo-
MectuTh 1o 10 kamens pacTBOpoB xJopunaa Oapusi, Hutpata cBuHua (II) u
kapOoHata HaTpus. B kaxmayro mpoOupKy 100aBUTH 1O 5—6 Kameib CEepHOU
KkucioTel. HaOmomate 0Opa3oBaHuE OCagKOB B MEPBBIX JIBYX MPOOHMpPKAX U
BBbIJICJICHHUE ra3a B TpeThel. Hamucars ypaBHEHHs peakuuil B MOJIEKYIIPHOM
¥ MOHHOM BuJe. B 001iemM BriBojie K onbITy 10 chopmynupoBaTh OTHOLIEHUE
KHUCIIOT K METaJlJlaM, OKCUJ]aM, OCHOBAHUSIM H COJISIM.

OmnepiT 10. IlotyyeHue coJieid M UX CBOMCTBA

1. Tlonyuenue coneii ceunya u cepedbpa. K maru KarmisiM pacTBopa
Pb(NOs3), nmpubaButh 5 Kameinb pacTBopa Jroboro xiopuna, Hanpumep KCI.
Hab6mronats Beimagenue ocanka PbCl,. CamocrosiTenbHO Mog00paTh peakTu-
BBl M MOJNy4HuTh cyiabdar cBuHna PbSO, u #tomma cBuana Pbl,. Omnucars
OTIBITHI, 3aMMCAaTh YPABHEHUS PEAKIIMI B MOJIEKYJIIPHOM U HOHHOM BHJIC.

[TonoGparh HEOOXOAMMBIE PEAKTUBBI U MOJYUYUTh raJOreHu bl cepedpa:
xyopua, opomua u oaua. OOpaTUTh BHUMaHUE HA PA3IUYHYIO OKPACKY TO-
JyYEHHBIX COJIEH (UTO WCIOJIb3yeTCs B Ka4eCTBEHHOM aHanu3e). HamumcaTh
YpaBHEHUS PEaKIIUi B MOJICKYJISIPHOM U HOHHOM BHJIC.

2. Bzaumooeiicmsue coneil co wenoyamu. B Tpex nmpoOupkax npoBecTu
peakiuu pactBopoB cotieir Hukens (Ni1SQy), xkeneza (FeCls) u mequ (CuSO,)
¢ ruapokcusioMm Hatpus (NaOH). Onucats oOmbIT, 3anucaTh ypaBHEHUST PEaKIHIA.

3. Bzaumooeticmsue coneii ¢ conamu. B Tpex mpodbupkax cmemaTh pac-
TBOpHI coseit: B mepBoit BaCl, u Na,COs, Bo BTopoit Pb(NO;), u CuSOy, B
tpetheii KNO; u NaCl. Hanucarps ypaBHeHUsI peakiuii B IepBOA U BTOPOU
npobupkax. OOBIACHUTH, TIOYEMY B TPEThEH MPOOUPKE PeaKkius HE UIET.
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4. Bzaumooeticmsue coneii ¢ xkuciomamu. Coau B3aMMOJCHCTBYIOT C
KHCJIOTaMH B TOM CJIy4ae, eCclid 00pa3yromasicss HoBask COJIb WX KUCJIOTa BhI-
majaeT B ocaJoK. Peakiuu coseil ¢ KUCiIoTaMu ¢ 00pa3oBaHHEM HOBBIX He-
PacTBOPUMBIX COJIel OBUIM MPOBECHHBI B omnbiTe 9.4. B 3TOM ombITE cliemyeT
MOJIYYUTh OAHY U3 HEMHOTHUX MaJIOPACTBOPUMBIX KHUCIOT. JIJIs TOTO HAJIUTh
B TIPOOMpPKY 4—6 Kamenb pacTBOpa CHJIMKATa HATPHUS U JTOOABUTH IO KAIUISIM
pa30aBlIeHHYIO COJITHYIO KuCIoTy. HabmomaTe oO6pa3oBanue reiaeco0pa3HoOTro
0CaJIka METAKPEMHHMEBOM KHUCIIOTHI. B OTUeTE OmMcarh BHEIIHUE MPU3HAKU
reJisi KPEMHHUEBOM KUCJIOTHI, HAITMCAaTh YPAaBHEHUE PEAKIIUU.

5. Oxucnumenvhvle ceoticmgéa coiiei (ONBIT «OTOHb — XYAOXKHUK).
Hutpatsl 1menoYHpIX METAUIOB MPH HATPEBAHUM BBIACISIIOT KHCIOPOJ, IO-
ATOMY HMCHOJIB3YIOTCSI KAK OKHCIIHMTEIM B COCTABE CHUYEK, 3aKUTATEIbHBIX
CMecCeM, Iopoxa, paKETHOTO TOPIOYETO.

KonnentpupoBanasiM pactBopoM KNO; crmenath pucyHOK Ha (PHiibT-
pOBaJIbHOW Oymare B BUJI€ CIIUPAIH (JIMHUA JTOJKHA OBITh HEMPEPHIBHOM, 0€3
nepeceuenuit). Konen nuaum otMeTuTh KapanjamoM. [logoxaaTs BbiChIXa-
HUSI M HCUE3HOBEHUSI PUCYHKA, MTOCIIE YETO MPUKOCHYTHCS TICKOIIENH CIUYKOU
K MeTKe. OTOHb MPOABUTAETCS 110 PUCYHKY, «IIPOSIBISISD) €rO0.

Onucate 1 00BACHUTH ONBIT. B o0uiem BbIBOAE K ombiTy 11 mepeuuc-
JIUTh CIOCOOBI MOTYYSHUS COJIEH M UX BaXKHEUIIIMEe XUMUUECKHE CBOMCTRA.

KonTpoaupyommue 3aganus

1. Kakue BCHICCTBA HA3bIBAKOTCA IIPOCTBIMHU, 110 KaKUM CBOMCTBAM OHU
moApa3aACIArOTCA Ha MCTAJLJIbI 1 HEMETaJLJIbI?

2. Cpenn okcuaoB (CaO, SnO, NO, SOs) Haiitu ampOTEpHBII U TTOKa-
3aTh ero aM(pOTEPHOCTh YPABHCHHUSIMHU PEAKITUH.

3. Pacmpenenure mpemioxkenHsie coenuHeHus (Na,SO;, Ba(OH),,
HAIO,, SbOCl, KAI(SO,),, AIOH(NO3),, KHSO,, K,S) no kmaccam: kucio-
ThbI, OCHOBaHUs, conu. [IpuBeuTe Ha3BaHMs BCEX BEIIECTB.

4. U3 xakux kucnor (HCl, H,;SO4(pas6.), HySO4(xoun.), HNO;(pas6.),
HNOjs(xonn.), H;PO,4) MOXXHO MOJTy4uTh BOJIOPOJI MPU UX B3aUMOJACHCTBUU C
[IAHKOM?

5. Hanummre npoAyKThl BO3MOYKHBIX PEAKIINN:
Ag+ CuSO, = Mg + ZnSO4= Cu+ MgSO, =
Zn + CuSO,4 = Ag+ ZnSO,= Ag+ MgSO, =
6. Onpenenute MaccoByro gonto npumeced B 100 r wu3BecTHsIKa
(CaCO0s), eciu ipu €ro TEPMUYECKOM paziioxkeHuu Boiieausock 20 1 CO,.

7. UeM oTnuyaeTcs NPOTEKaHUWE PEAKUMU MEXIy T'MAPOKCUIAMU allto-
MUHHS ¥ HATpUs B pacTBope U paciuiaBe? Hanumure ypaBHEHHS peakLnii.
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Pa6ora 2. YCTAHOBJIEHUE ®OPMYJIbl KPUCTAJIJIOTUIAPATA

dopmysa XUMHUYECKOTO COEAUHEHUS IOKA3bIBACT, U3 KAKUX JJIEMEHTOB
COCTOMUT JIAaHHOE BEIIECTBO M CKOJIBKO aTOMOB Ka)KJIOTO 3JIEMEHTA BXOJHT B
COCTaB €ro MOJIEKYJbl WK (POPMYJIbHON eTUHUIIBI. MacCOBbIE COOTHOIICHUS
AJIEMEHTOB B MOJIEKYJIaX MOYKHO IPEACTABUTh KaK OTHOILIEHUE IPOU3BEEC-
HHUM COOTBETCTBYIOIIMX ATOMHBIX MacC HAa YUCIO aTOMOB KaXJO0r0 3JIEMEHTA
B MOJIEKYJIE, T.€. MOKHO 3aIIMCaTh:

m; :m,: ms :XAl . YAz . ZA3,

rje m;, My, M3 — COJICP>KaHKE AIEMEHTOB B coeauHennu (%); X, y, Z — 4UCI0
aTOMOB ATHX 3JIEMCHTOB B MOJICKYyJIe WM B (OPMYJBbHOU eauHuIe; A, A,,
A3 — aTOMHBIE MacChl 3JIEMEHTOB. M3 3TOro ypaBHeHUs clieyeT

Il’11-1’1’12'1’1’13

TA,LCA, A,

X:y:z

YTO MO3BOJISIET HAXOUTh OTHOIIICHUE MKy YHCIIAMHA aTOMOB B MOJICKYJIC.
IIpumep. Heobxomumo omnpenenuth GopMylly BEIIECTBa, KOTOPOE CO-

nepxxut Hatpuit (32,43 %), cepy (22,55 %) u xucnopon (45,02 %).
CooTHolieHre Yrces aToMOB B (hOpMyJIe TaHHOTO COSAMHEHUSI:

32,43 22,55 45,02

: =1,41:0,705:2,82
23 32

X:y:z

Ecau camoe menbiiee yucio (0,705) npuHATh 32 €UHUILY, TO JaHHOE
OTHOIICHUE CTAHOBHUTCS OTHOIIICHUEM IIEJIBIX YHCETT:

X:y:tz=2:1:4,

cienoBaTenbHO, GopMyna coenunenus Na,SO, Orta dopmyna Oyner npo-
cmetiuieli, TIOCKOJBKY TOJIYYeHHOE COOTHOIIEHHUE MOKET OBITh BBIPAKEHO
TaK)X€ W YUCIIAMH, KPAaTHBIMU HAWJICHHBIM.

JIst yCTaHOBIEHUS UCMUHHOU, WU MOJICKYIISIpHOU, popMyIibl HE0OX0-
JIUMO 3HAaTh MOJIEKYJIAPHYIO (MOJSIPHYIO) Maccy COEAMHEHHS; 3TO MO3BOJISET
HAlTU UCTUHHOE COOTHOLIEHUE aTOMOB B MoJieKyJie. Tak, Hanpumep, O€H3071
coaepxurt yraepon (92,3 %) u Bonopoxa (7,7 %). Halinennas u3 a3Toro cocra-
Ba npocreiimas gopmyna CH. Ho B aeficTBUTENBLHOCTH MOJIEKYJISIpHAsT Macca
OeH301a, onpeaesieMas o IIOTHOCTH ero napa, paBHa He 13 (12 + 1), a 78.
CnepnoBarenbHo, ucTUHHas hopmyna 6enzona CgHs.

Kpucmannocuopamamu Ha3pIBalOTCA KPUCTALIMYECKUE BEIIECTBA,
BKJIIOYAIOIIME MOJIEKYJbI BoAbl, Hanmpumep runc CaSO,2H,0, Mennsiil Ky-
nopoc CuSO45H,O u T1.n1. Kpucraminoruapatel Npu HArpeBaHUM TEPSIOT
KPUCTAJUTM3ALMOHHYIO BOY, Iepexois B 0e3BoHbIe conu. [1oab3ysch aTum,
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MOYKHO OMNPEACIUTh COAEPKaHUE BOJIbl B KPUCTALUIOTHJIpATE, a 3aTe€M, 3Had
dbopmyiry 6€3BOJTHOM COJIM, PACCUMTATh YHUCIO MOJICKYJI BOJbI, IIPUCOCIH-
HSIOITUXCS K OJHOM MOJIEKYyJie 6€3BOTHOM COJIH.

3KCHepI/IMeHTaJ'II)Haﬂ acCTb

Llenvio pabomul sSBASETCS OINpeAeTeHUE KoJudecTBa (MOJIb) BOJABI B
KPUCTAJIOTMIpAaTe — METHOM KyIIOpOCE.

Xoo pabomei. 1. B3BecuTs mycToit pappopoBbIil TUTETH C TOYHOCTHIO J10
0,01 r. Bo B3BemenHnslii Turens Hacematrh 0,5—-1 r megnoro xkynopoca. Tu-
relib ¢ KpUCTaJUIOTMAPAaTOM CHOBA B3BECUTD.

2. IloMecTuTh TUTENb B HATPETYIO NeCOUHYI0 OaHto Ha 20—30 MUHYT.

3. [lepenecTu mMMNIIAMHA TUTEIb B SKCUKATOP U OXJIaJAUTh.

4. B3BeCcUTh OXJIQXKICHHBIN TUTEb.

5. IloBTOpUTH MpOTrpeBaHUE TUTJIS, CHOBA OXJIAJUTh €0 B SKCHUKATOPE U
B3BecUTh. Eciin macca n3menunace He Oosee yem Ha 0,01 r, mporpeBanue
npekpatuTh. [1o pe3yapraTam NociaeIHero B3BEMBaHNs 3aII0JHUTh TAOIHILY
PE3yNbTATOB OIIBITA:

Macca | Macca turis Macca Macca turasg Macca Macca
MyCTOTO | C KPHUCTAJl- | KPUCTAUIO- | C BEIIECTBOM | O€3BOJHOMN BOJBI, T
TUTJIS, T | JIOTHAPATOM, | THApaTa, T | TOCIe MpoKa- COJIH, T

r JINBAHHUS, T

7. BBIYKCIIUTH KOJMYECTBO BOJIbI, MpUXOJsIieecs Ha oguH MoJib CuSQOy,
U 3anmcath GopMyIry MEIHOTO Kyropoca, ONMPeIeIEHHYIO ONIBITHBIM ITyTEM.

8. OmpenenuTh OTHOCUTEIBHYIO MOTPENTHOCTD OMBITA, UCXOMS U3 TOTO,
4yTO peanbHas popmyrna mearoro kymopoca CuSO,4 5H,0.

9. Caenatb BBIBOJ O MPOJEIaHHON padoTe.

KouTtpoaupyrwmue 3aganust

1. Kakue BemiecTBa Ha3bIBalOTCA Kpucrtamuioruapatamu? IlpuBenute
PUMEPHI KPUCTATIIOTUIPATOB.

2. PacnonioxuTe 1o yBEJIMYEHUIO KOJIMYECTBA CyIb(haThl HATPUSI, JIUTHUA,
Oapwus, 1e3Hsl, €CIIU UX MACChl OJIMHAKOBBI.

3. Jlyist yero NpUMEHSIIOTCSI B XUMHYECKOM 3KCIIEPUMEHTE TUT€JIb, YKCH-
KaTop, necuanas OaHs.

4. KakoBa opmyna coeMHEHHUS BOJAOPOJIa C KUCIOPOIOM, €CIIH MOJIb-
Hoe cooTHouenue H:O = 1:1, a mioTHOCTH ero ra3a 1o Bojgopoay paBHa 17?

5. Onpenenuth GHOpMYTy KPUCTAUTMYECKOW COMABI, €CIIM MPU HarpeBa-
HuH 286 T gaHHOM coym oOpa3zoBaiiock 106 r kapOoHATa HATPHS.
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Pa6ora 3.
OITPEJAEJIEHUE MOJISIPHOM MACCHI YIJIEKUCJIOIO 'A3A

PaBHble 00BEMBI Ta30B, B3SATHIX MPHU OJUHAKOBOW TeMIlepaType M OJu-
HAaKOBOM JIaBJIEHUM, COAEPXkAT PAaBHOE YUCIO MOJIEKYJ (3aKOH ABOraipo).
Otcrona cieayer, YTo Macchbl paBHBIX OOBEMOB JIBYX T'a30B OTHOCATCS APYT K
APYTy, KaK UX MOJIEKYJSIPHbIE WM YUCIEHHO UM PaBHBIE MOJISIPHBIE MACCHI:

ml Ml
mZ M2

rJ€ Mm; U M, — Macchl ra3oB; M; u M, — MOJISIpHBIE MacChl 3TUX T'a30B.

OTHomIeHne Macchl JAHHOTO Ta3a K Macce TOTO ke o0bema JIPyroro ra-
3a, B3SITOTO MIPU TOM ke TEMIIEPATYPE U TOM K€ JIaBJIICHUH, HA3bIBAETCSI OTHO-
CUTEILHOM TUIOTHOCTHIO MEPBOTO raza no Bropomy. Hanmpumep, macca ogHo-
ro JuTpa IUOKCHUA yriiepoja paBHa 1,98 r, a Macca 0JIHOrO JIUTpa BOAOPOAA
pu TeX ke ycnoBusix coctapisieT 0,09 r, cnenoBarenbHo, I0THOCTE CO, Mo
BOJIOPOJAY paBHa:

1,98 : 0,09 =22
O0603HaYMM OTHOCUTENBHYIO TUNIOTHOCTH raza Oyksoii D. Torna
ml Ml
D=—= , orkyma M;=D-M,,
m

2 2

TO €CTh MOJIIpHAsl Macca raza paBHa €ro IJIOTHOCTU MO OTHOUIEHHUIO KO BTO-
poMy rasy, YMHOXEHHOMY Ha MOJISIPHYIO MacCy BTOPOIO rasa.

Yaie Bcero MjaoTHOCTh T'a30B OMPEACISAIOT MO0 OTHOIICHUIO K CaMOMy
JAErkoMy ra3y — Bojopoay. MossipHas Macca BOJIOpoJia paBHa 2 T/MOJb, MO-
3TOMY YpaBHEHUE ISl pacueTa MOJISIPHBIX MacC ra30B UMEET BH/]I

M =2Dmn,
Hepenko Takke MOJSpHYIO MacCy Ta3a BBIYHMCISIIOT, UCXOIS W3 €ro
IJIOTHOCTH TI0 BO3AYXY. XOTS BO3AYX IMPEICTABIICT COOOH CMECh HECKOJb-

KHX Ta30B, U3BECTHA €r0 CPEIHSS MOJspHas Macca, paBHas 29 r/monb. B
ATOM CiIy4ae ypaBHEHHE IS pacueTa MOJSPHBIX MacC Ia30B UMEET BUJ

M = 29-Dgo3xa.

MossspHy0 MacCy rasa MOXHO OIPEIEIINTh TaKXKE YEpPe3 MOJISIPHBIN
o0beM, paBHbIN 22,4 51/MoJb. [l 3TOro HaxoAsIT 00beM, 3aHMMaeMbIi MpU
HOPMAJIBHBIX YCJIOBUSAX OIPEAEIEHHONM Maccoi ra3oo0pa3HOro BeIlecTBa, a
3aTEM BBIYUCIAIOT Maccy 22,4 1 atoro Benlectna. [loyueHHast BenuurHa sB-
JIAETCS €r0 MOJIAPHOM MacCOM.
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N3mepenns 00beMOB ra3oB OOBIYHO MPOBOJAT MPH YCIOBHUSX, OTJIH-
YaronMxcsi OT HOpMalbHBIX. J[71s1 mpuBeneHus oObeMa rasa K HOPMaJbHBIM
YCJIOBUSIM (H.y.) UCTIOJNB3yeTCsl ypaBHeHHe Kianeipona:

PV _PoVo
T T,

rae V — o0bem rasza npu aasinenuu P u temneparype T; Vo — o0beM rasza npu
HopMmaibHOM AaBienuu Py (101325 Tla) u remnepatype T, (273 K).

MouisipHy10 Maccy ra3a MOKHO TakK€ BBIYHMCIUTH MO YPABHEHHIO CO-
CTOSIHUS UeanbHOro rasa (ypasHenuto Knaneiipona—MeHnzeneena)

m
PV = —RT,
M
rie P — nasnenwue rasa (ITa); V — ero o6sem (M°); m — mMacea (r); M — Mousp-
Has macca (r/monb); T — temmneparypa (K); R = 8,31 JIx/(mons-K) — Mossip-
Has Ta30Bas MOCTOSTHHASL.

BKCHepI/IMeHTaJIBHaH 4acThb

Llenvto pabomsi ABASETCS ONPEEIIEHUE MOJISPHON MacChl YIIEKUCIOro
rasa.

Xoo pabomwi. 1. O3HAKOMUTHCS C YCTAHOBKOM JIJIS TIOTYYCHUSI YTIICKHU-
cioro ra3a B anmapate Kumma (puc. 1) u yoeautbcsi B TOM, 4TO OHA paboTaeT.

2. KonOy 3akpbITh MPOOKOW U OTMETUTh YEPTOW YPOBEHB, A0 KOTOPOIO
npoOKa BOIIIA B TOPJIO KOJIOBL. B3BECUTh Ha TEXHOXMMHUYECKUX Becax Kooy
¢ mpoOKoit ¢ TouHOCTHIO 10 0,02 T (my).

3. HamosnHute k0a0y Auokcuaom yrieponaa w3 anmnapara Kumma. ['a3
CJIEy€eT MPOITyCKaTh B KOJIOYy MEAJIEHHO, TaK, YTOObl MOKHO OBLIO CUMTATH
Iy3bIPbKU B IPOMBIBHBIX CKJISTHKAX.

4. Yepe3 5 muH, He 3aKkpbIBas KpaH y annapara Kumma, MeaseHHO Bbl-
HYTh Ta300TBOJHYIO TPYOKY W3 KOJOBI W TOTYAC 3aKPBITh KOJIOY MPOOKOii;
MIOCJIE TOTO 3aKPBITh KpaH 6.

5. B3Becuts K00y C AMOKCHIOM YIJIEpO/a Ha TEX e BECax U C TOM xKe
TOYHOCTBIO, YTO U KOJOY C BO3TyXOoM (1My).

6. U3meputh paboumnii 00beM KoJObl Vi, A1 4ero HAmoOJIHUTH KOJOy
JUCTWUTMPOBAHHOW BOJOM 10 4YepThl Ha MICHWKEe KOJOBI M 3aMEpUTh 00bEM
BOJIbl, BBUIMB €€ B MEPHBIN HUIUHAP.

7. 3anucaTh 3HAYEHUS aTMOC(PEPHOro NABIEHUS W TEMIEpaTyphl, MpU
KOTOPBIX MPOBOJUTCS OMNBIT, a TAKXKE ypaBHEHUE MOJIYYEHHS YTIEKHCIOTrO
rasa Ipu B3avMOJIEHCTBUU MpaMopa C COJITHON KUCIIOTOM.
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Puc.1. Cxema nabopamopnoti ycmanosxku
07151 NOY4UeHUsl yeneKucno2o 2aza 6 annapame Kunna.

1 — mapoobpazHas BOpoHKa, 2, 3 — cOeMHEHHBIE MEXKIY COO0H pe3epByaphl,
4, 5 — Ty0Oycel, 6 — KpaH, 8 — IPOMBIBHAs CKIIsIHKA, 9 — ckisiHKa Jlpexcens
JUTsl OCylIKH ra3a, 10 — npuéMHMK yTriIeKucIoro rasa.

8. Beranciuth 00beM raza V mpu H. y. o ypaBHeHuto Kiamneiipona.
9. Beruuciauts mMaccy Bo3ayxa (ms) B 00ObeMe KOJIOBI, YYUTBIBAs, 9TO
npu 0 °C u 101,3 xIla macca ogHoro nutpa Bo3ayxa paBHa 1,293 r.
10. Haiftu maccy mycToii (6e3 Bo3yxa) KoJIObI C TPOOKO:
my=m; —my
11. Haiftu maccy auokcua yriepoaa B 00beMe KOI0bl ms = m, — My
12. OnpenenuTh OTHOCUTENBHYIO MIIOTHOCTH CO, MO BO3AYyXY:

m
DBozn. = —

m,

13. Beruucnute Monsipayto maccy CO, Tpems cioco0amu:
a) 1Mo BO3IyXY:
Mco, = 29-Dso3n.
0) o 3akoHy ABOraapo:
22,4 -m;
co, v,
B) 1o ypaBHeHUI0 Knaneipona—MeHieneeBa:
_m.RT

Me. PV
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14. BeraucnuTh cpeqHee 3HaUYCHUE MOJISIPHON MAacChl YTIEKUCIIOTO Tra3a
C TOYHOCTHIO JI0 OJTHOTO 3HAKa MOCJIE 3aMsTOM.

15. OmnpenenuTh MOTPEUTHOCTH OIbBITA, CPABHUBAS CPEIHEE OMBITHOE
3HauYeHUe ¢ TeopeTndeckor BeanunHou (44,0 r/Momb), 1 0hOPMUTH OTUET.

KonTpoaupyroummue 3axanus

1. Bo ckonbKO pa3 yriaekuciblil ra3 Tsbkenee Bo3ayxa?

2. B anmapare Kunna qns nonydenuss CO, U3 MpamMopa UCIOIb3YyETCs
cojisiHag kucnota. [louemy Henb3s HCMIOIB30BAaTH O0Jiee NEUIEBYIO CEPHYIO
KHUCJIOTY?

3. Ilpu MOCTOSIHHOM JIaBJICHHHM M TEMIIEpaType Macca OJTHOTO JIUTpa BO-
nopoaa pasHa 0,082 r, a ogHOTO IUTpa BOJBI — 1 K. BO3MOXKHO 111 onpee-
JIEHUE TJIOTHOCTHU BOJIbI O Bojiopoay? Eciu HeBO3MOXKHO, TO TToYemy?

4. Macca onHOro Jurtpa rasa pasHa 2,86 r. Onpenenure ero MoJIsIpHYyIo
maccy.

5. [ImoTHOCTH Ta3a 1,96 r/n. Onpeaenute ero MOJIsPHYIO Maccy.

6. YcranoBure Gpopmyiy razoo0pa3zHoro BEIIECTBA, COACPKAILIETO yriie-
poa (81,82 %) u Bogopon (ocTaibHOE), Macca OJHOTO JIUTPa KOTOPOro IMpHU
HOPMAaJIbHBIX YCJIOBUSX paBHA 2,6 T.

Pa6ota 4. OIPEJAEJJEHUE DKBUBAJIEHTHOM
U ATOMHOM MACCBHI METAJLIA

3aKOH YKBHUBAJICHTOB I'JIACUT. MACChI BBaHMOI[CfICTBYIOIHHX 0e3 ocTaTka
BCHICCTB OTHOCATCA APYT K APYT'Y, KaK UX S3KBUBAJICHTHBIC MACCBI.

m(B,) M, (B
m(B,) M__ (B,)

IKBHBAJIEHTOM HA3bIBACTCS peabHAS WM yCIOBHAS YaCcTUIA, KOTOPas
COCIIMHSETCS] ¢ OAHUM aTOMOM WJIM MOHOM BOJIOPOJA, MO0 3aMeIIaeT ero.
PeanbHble 4acTHUIBI — 3TO aTOMBI WJIM MOJIEKYJIbl, @ YCIOBHBIE — MX YacCTH,
HAIpUMep '/, aToMa KHcIoposa, /3 Monekyisl HsPO, 1 T.11. (B aeiicTBUTEH-
HOCTH TaKMX YacTHI] He ObiBaeT). Macca Takoil 4acTHIlbI (Macca KBUBAJICH-
Ta), BRIpQXKEHHAs! B aTOMHBIX €IMHHIIAX MACChl, HA3bIBACTCSl YKBUBAJICHTHOU
MAaccoii, a Macca oHoro Mot (6,02-10%) Takux yacTHI (3KBUBAJICHTOB) Ha-
3BIBACTCS MOJISIPHOM Maccoii SkBUBaJieHTa. M3 3TOTO ClemyeT, 4To SKBUBA-
JICHTHAsl Macca — OTHOCUTENIbHAS BEJIMYMHA, TIPH ATOM CpaBHEHHUE HUJET C BO-
J0POJIOM, SKBHBAJIEHT KOTOPOTO — €Tr0 aToM, a SKBHBAJICHTHAs Macca paBHa
CAMHMIIC.
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Ilpumep 1. OquH aTOM XJIOpa COEIUHSIETCS C OHUM aTOMOM BOJOPO/Ia,
obpazys xmoporogopoa (HCI). CnenoBarenbHO, SKBUBAJICHTOM XJIOpa SIBJISI-
€TCS €r0 aTOM.

Ilpumep 2. Kucnopon c¢ Bogopoaom oOpasyer nBa coenuneHus: H,O,
(nepokcun Bogopoaa) u HO (Boma). B mepBoM COe€IMHEHUN SKBUBAJIIEHTOM
KHCIIOPOia SBJISIETCS] €0 aTOM U SKBUBAJICHTHAsI Macca paBHA IIECTHAIIATH,
a BO BTOPOM — 9KBHBAJICHTOM KHCJIOPOJIA SBISCTCA '/, aTOMa M SKBUBAJICHT-
Has Macca paBHa BOCHMHU.

Ilpumep 3. CepHas KHCIOTa COAEPKUT JIBA aTOMa Bojopoaa. B peakuun
3aMEIIEeHUS OJTHOTO M3 HUX SKBUBAJCHTOM KHUCIIOTHI SIBISETCS €€ MOJIEKya ¢
AKBHUBAJICHTHON Maccou 98, a B peakunu 3aMelIeHUs IBYX aTOMOB BOJIOpOAa
— TIOJIOBUHKA MOJIEKYJIbI (YCJIOBHAsI YaCTHUIIA) C PKBUBAJICHTHOM Maccoii 49.

DKBHUBAJIECHTHBIE MAaCChl 3JIEMEHTOB M COCIUHEHHM HMCHOJB3YIOTCS MPHU
BBIPQKEHUU KOHIIEHTpAIlUU PACTBOPOB (MOJSIpHAsT KOHIIEHTpAIlMs SKBHUBa-
JISHTOB), IIPH OIICHKE KECTKOCTH BOJIbI, B pacdeTax I10 JICKTPOIU3Y U T. JI.

UYepe3 7KBUBAJICHTHYIO MacCy 3JIEMEHTa MOXKET OBITh ONpejielieHa ero
aTOMHas Macca, Tak KaKk OHU CBSI3aHBI MEXKJTy COOOM COOTHOIIICHUEM:

A Ar

M, =— wm B-= )
* B M .,

rae B — BanenTHOCTH 35iemenTa. [Ipu 3TOM SKBHUBaJE€HTHAs Macca ONpeaes-
€TCsl DKCIIEPUMEHTAJIPHO, a aTOMHAs Macca PacCUUTHIBACTCS MPUOTUZUTEIb-
HO 1O 3aKOHYy /[[rosoHra — IITu, KOTOPBIN TJIACUT: amoMHaAs MenioemKoCms
(m.e. npoussedenue yoenvHou menioemkocmu C u amomHnou maccwl A,) npo-
CMbIX 8eujecms 8 meeépoomM COCMOSHUU NPUMEPHO 0OUHAKOBA U COCMABIsen
8 cpeonem oxono 26 [c/(monv-K), To ectb  C-A; = 26.

PaznenuB nmpuOIM3UTENBHYIO aTOMHYIO MacCy Ha SKBUBAJICHTHYIO Mac-
Cy, MOJIYYaroT BAJCHTHOCTh JIEMEHTA, KOTOPYIO OKPYTJISIOT J0 OJvKaiIiero
nenoro yucia. Ilociae 3TOro yMHOKEHHEM SKBHUBAJIGHTHOM MacChl Ha Ba-
JIEHTHOCTb TOJIy4YaroT 00Jiee TOYHOE 3HaUYE€HUE aTOMHOM MacChlI.

Ilpumep 4. 1Ipn B3aumonaeicTBun 59,5 Mr Merasia ¢ CEpHOW KUCIOTOU
BBIIENIIOCH 21,9 M1 Bogopona (o6weM m3mepen npu temmeparype 17 °C u
naBiaeHun’750 MM pt. cT.). YaenbHas termnoemMkocts Metama 0,39 Jx/(r-K).
BbIYMCIUTD aTOMHYI0 Maccy METallla U ONPEJEINTh, KAKOH 3TO METaJlI.

Pewenue. 1) I[lepeBoanm 3xkcniepruMeHTalIbHbIE JaHHbIE B cuctemy CU:

V=21,9 m1=21,9-10°nm’

750 -101325
P =750 MM pT. CT. = 760 = 99991 .8 1a
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2) Ilo ypaBuenuto Knanelipona—MeHieneeBa BBIYUCIISIEM MacCy BOJO-

poja:
P-V-M(H 1,8-21,9-107° -2
m(H,) = V-M(H,) 299918219 10 =0,00182 (1)
RT 8,31-290
3) Ilo 3aKkO0HY 3KBMBAJIEHTOB OIpEIEIs€M 3KBUBAJECHTHYIO Maccy Me-
Tajia:
M., (Me) = m(Me)-M , (H,) _0,0595-1 _ 32,69 (t/ons)

m(H,) 0,00182

4) Tlo 3axony /lromonra u Ity HaxoauM MPUOTM3UTEIHHYIO aTOMHYIO
Maccy MeTaja:

26 26
LR —=——=060,67
CcC 0,39
5) OnpenensieM NpuUOIU3UTENBHOE 3HAUEHUE BAJIEGHTHOCT
B = 06,67 ~ 2,04
32,69

Y OKPYTJISIEM €70 JI0 LIEJIOro 4ucia 2.

6) PaccunThiBaeM TOYHYIO aTOMHYIO Maccy:
A; =M, (Me)'B =32,69-2 = 65,38

IIo HGpPIO,Z[PI‘ICCKOﬁ CHUCTEMC OIIpCACIACM METAJI — 3TO IUHK.

BKCHepI/IMeHTaJII)HaH 4acThb

Lenvio pabomul SBASETCS yCTAHOBIICHWE SKBUBAJCHTHOM W aTOMHOM
MacChl HEM3BECTHOTO METalIa M €T0 OMpENeTICHUE M0 MEePUOIUYECKON CHC-
TEeMe.

DKBUBAJICHTHAs Macca MeTajlla OMPEesSeTCs M0 BOJOPOIY, KOTOPHIH
BBIJICJIACTCSA MPU B3aUMOJICUCTBUM METAIJIA C CEPHOM KUCIOTOU. Temnoem-
KOCTh MeTaJuta cooOIaeT mpernoiaBareiib. B3BemmBanne MeTaiia mpou3Bo-
nuTcst ¢ TounocThio 0,001 1.

Onucanue ycmanosku. Peakiusi MeTayiuia ¢ KUCIOTOW NMPOBOAMUTCS Ha
CHeUalbHOM yCTaHOBKE, M300paKEHHON HA PUCYHKE 2.

VYcranoBka coOpana Ha xumuueckoM mratuBe (1). OHa cocTtouT u3
CTEKJIIHHOTO PEAKIIMOHHOTO cocyna (4), B KOTOPOM HaxOJIUTCA KHUCIOTA,
MepHO# OropeTkH (5) s cOopa BBIJCIAIONIETO BOAOPOJAa M YPAaBHUTEIIBHOM
BOpOHKH (6). PeakimonasiM cocynoMm (4) siBasieTcs: koiba Bropma o6nemom
50 M ¢ mpucoeIMHEHHON TPoOupKoi (2). OHMU COeTMHEHBI TTOJUXJIOPBUHU-
JIOBOM TPyOKOM, KOTOPYIO MOKHO NEPEKUMATh CbEMHBIM 38KUMOM (3).
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Puc. 2. Cxema ycmanosku ons onpeoenenus K-
BUBATIEHMHOU MACCHl MEMAla:

1 — mrraTus,

2 — npobupka,

3 — 3axuM,

4 — xonba Bropria,

5 — MepHas OropeTKa,

6 — ypaBHUTEJIbHAsI BOPOHKA

Xoo pabomuwi. 1. IlonyuuB OT mpenojiaBaTeNsi KyCOUYeK MeTajia MacCou
0,02—0,03 r, B3BECUTh €r0 Ha AHAIIMTHYECKUX BECAX U y3HATh Yy MPENOjaBa-
TEJsI €ro TEeINIOEMKOCTh. Maccy U TEIIOEMKOCTb 3alucarh B Tabnuiy 1.

2. CHaTh IpoOUpPKY (2), MOAHATH U 3aKPEMUTh YPABHUTEIHHYIO BOPOHKY
(6) Ha mITaTUBE B TAKOM TOJIOKEHHUH, IPU KOTOPOM YPOBEHb CTOJIOMKA BOJIbI
B MepHOH OropeTtke (5) HaxoauTcs BOIM3M KpaitHero BepxHero AeneHus. [lpu
HEOOXOJUMOCTH JOJIUTh B BOPOHKY Boay. [locie 3Toro mepekpbITh MOJH-
XJIOPBUHUJIOBYIO TPYOKY 3a:KUMOM (3), MOJOKUTH B NPOOUPKY (2) MeTam u
BCTaBUTh MPOOUPKY B MOJIUXIOPBUHUIOBYIO TPYOKY.

3. [IpoBeputh nprOOp HAa TEPMETUYHOCTD. {7151 3TOr0 OMYCTUTH YpaBHU-
TeJIbHYI0 BOPOHKY (6) BHH3 HPHMEPHO 10 '/3— /, BHICOTHI IITATHBA, HAOIIOAAs
3a ypOBHEM BOJIbl B MepHOH Oropetke (5). Eciin ypoBeHb BOJbI HE U3MEHSET-
csi, TO nIpuOOp repMETUYEH, U Ha HEM MOXKHO NPOAOKUTH paboty. Ecin
YPOBEHb BOJBI BCE BpeMs MOHMKAETCs, TO MPUOOp HEe repmeTHyeH. B aTom
Clly4ae yCTPaHUTh HEMCIIPABHOCTh WJIM MTOIPOCUTH 3AMEHUTh YCTaHOBKY.

4. Bo3BpaTuTh BOPOHKY (6) B UCXOJHOE (BepXHEE) MOJOKEHUE U 3aIlh-
caThb ypOBEHb BOJBI B MepHOU Oropetke (5). OTKpBIB 3aKUM, COPOCUTH Me-
Tala B KucioTy. Habmrogate mpoTekaHue peakiyy U BbIAEICHHE BOAOPOAa
10 TIOHMKEHHUIO YPOBHS BOJBI B MepHOU Oropetke (5). [lepeasurars ypaBHH-
TEJNbHYIO BOPOHKY (6) BHM3 CUHXPOHHO C NOHWXEHHEM YPOBHS BOABI B O10-
petke (5).

5. Ilocne okOHYaHMS pEAKLUMU BbIAEPKaTh OKOJI0 10 MUH 11 oXJtaxae-
HUS BOJOPOJIA 10 TEMIIEpaTypbl B JadopaTOpuu (peakius UJIET C BbIACICHU-
eM Tera). [locie aToro ypoBeHb BoJibl B OropeTke (5) u BopoHke (6) ycTaHo-
BUTb OJIMHAKOBBIM U 3aIUCATh €TO0.
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6. 3anucaTh 3HaYCHHUS TEMIIEpATypbl U AaBjiCHUS B TaOuuily 1, BeIUHUC-
JIUTh U 3aIIMCaTh OCTaJIbHbIC [T0KA3aTEN OMbITA.

7. Ilo mpumepy, NPUBEICHHOMY BO BBEJICHUU, BBIYMCIUTH SKBUBAJICHT-
HYIO MacCy MeTajljla, €ro BaJIEHTHOCTh U aTOMHYIO Maccy.

Ta0mumna 1
Pe3ynbrarel axciepuMeHTa
IO OTIPEICIICHUIO SKBUBAJICHTHON M aTOMHOM MacChl MeTajljia

o Ha3Banue BennunHbI O6o3Ha- | Enqununa | 3Hauve-
/1 YCHUC N3MCPCHUA HHUC
1 Macca Mmerania m(Me) r
2 VY ienpHas TEMIOEMKOCTh METalIa C JIx/(1-K)

3 HauanbHbli ypoBEHb BOJIBI B OIOpETKE Vi MJI
4 YPpOBEHB BOJIBI MTOCIIE PEAKLIMHT V, MJT
5 O06neM BoJIopoJia V(Hy) MJI
6 Temneparypa B 1abopaTopuu t °C
7 Temneparypa no abCoJIFOTHOM MTKAJe T K
8 JlaBnenue o 6apomeTpy P MM PT. CT.
9 JlaBrieHne BOASIHOTO napa PH,0) | MM pT. CT.
10 | JlaBneHue Bogopoaa P, MM PT. CT.
11 JlaBienue BogopoJa P, I1Ta

[Ipu BBIYUCIIEHUU MAcChl BOJOPOJIa UMETh B BUY, YTO B PEAKLIMU BblJIE-
JSI€TCs BIAXKHBIM BOJOPOJ U MOATOMY €ro JaBJIEHUE PABHO OOIIEMYy JlaBie-
HUIO TI0 OapOMETpy 3a BBIYETOM JaBJICHUS BOASHOrO napa (Tabmuna 2):

]?(Iiz):: I)——]P(Iiz())
Tabauma 2

JlaByieHre BOASIHOTO ITapa IPHU Pa3IuyHbIX TEMIEPATypax

T, | PH0), | PH0), [T, °c PH,0), PH,0), T, | PH,0), PH,0),

°C klla |mwm pT. CT. klla |mmpr.cr.| °C | kIla | MM pr. cr.
10 | 1,226 9,2 15 1,706 12,8 20 | 2,333 17,5
11 | 1,306 9,8 16 1,813 13,6 21 | 2,479 18,0

12 | 1,399 10,5 17 1,933 14,5 22 | 2,639 19,8
13 | 1,493 11,2 18 2,066 15,5 23 | 2,813 21,1
14 | 1,599 12,0 19 2,199 16,5 24 | 2,986 224

9. Ilo mony4YeHHOM B ONBITE aTOMHOW MAacCe€ HAaWTHU JAHHBIM METall B
NEPUOJIMYECKON CUCTEME M 3amucaTh €ro TeopeThueckoe (TabinyHOe) 3Ha-
YeHHE aTOMHON MacChl.
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10. BeuuciuTh OmMOKY B ONpeIeeHUH aTOMHOW MacChl METajlla Io
dbopmye

| AP — AP
— . 0
n= NG, 100 %

11. Opopmuts otuet, chopMyIUPOBATH BHIBO/I.

KonTpoaupyommue 3axanus

1. IlpuBenuTe ompeneneHWe MNOHATHN SKBUBAJIEHT M SKBUBAJICHTHAs
Macca XMMHYECKOTr0 DJIEMEHTA U COSIUHECHUS.

2. DKBUBAJICHTHAs Macca KaKoro 3JieMeHTa paBHa 17

3. Bpruncinte MOJISIPHYIO MacCy 3KBUBAJIEHTA 3JEMEHTA, OKCUJ KOTOPO-
ro coaepxkut 22,2 % kucnopona.

4. Yemy paBHa MOJISIpHAs mMacca dKBUBajeHTa OpTOHOChHOPHON KHCIO-
Tbl, ecnii 1 Mmonb H3PO,4 mpoB3anmoneiictBoBai ¢ 1 Moab ruipokcuaa Kauus?

5. MonsipHasi macca SKBHBaJIeHTa MeTajljia paBHa 56,2 r/moib. Beiuuc-
JIMUTE MacCOBYIO JIOJIFO METaJlJIa B €r0 OKCHJIE.

6. Kakoit o6bem kucnmopoga (H.y.) moTpeOyercst it peakiuu ¢ 15 T
AJIIEMEHTA, UMEIOIIETO MOJIIPHYIO MAcCy 9KBUBaJIEHTa 3 1/MOJIb?

Pa6ora 5. CIIOCOBbBI OUUCTKU BEIIIECTB OT IMPUMECEA
1. YucroTa BelecTn

[IpencraBnenre 0 XUMUYECKUX BEIIECTBaX KaK COCTOSIIIMX M3 aTOMOB
WM MOJIEKYJI OJTHOTO BHUJA SIBJISETCS HICaTM3UPOBAHHBIM. B nelicTBUTEND-
HOCTHU BEIIECTBA cojaepkar npumecu. lIpenenbHoe comepxaHue npuMeceil B
BEIECTBAX perjiaMeHTUpyeTcs TexHumueckumu ycioBusmu (TY) wmu rocy-
napctBeHHbiMU cTangaptamu (I'OCT).

Brlmryckaemble I IIMPOKOTO HCITOJIB30BAaHUS B IPOMBIITUICHHOCTH,
CEbCKOM XO35UCTBE M B OBITY XUMUYCCKHE BEIIIECTBA HA3BIBAIOTCS TEXHUYC-
ckumHu. [[1s1 UCTIONMB30BaHMS B KAUECTBE XMMHYECKUX PEAKTHBOB OHU TIOJ-
BEPraroTCs JOMOJHUTEILHON OYMCTKE. XUMHUCCKHE PEAKTHUBBI TI0 YMEHBIIIC-
HUIO COJIep KaHUs MpuMecel (MOBBIIIEHUIO CTENEHU YUCTOTHI) MOAPA3Iesi-
IOTCSl HA YUCTHIE (1), YUCTHIC JIS aHAIu3a (41a) U XUMUUYECKH YUCThIC (X4).

Pa3BuTHE HOBBIX OTpacieil TEXHUKH (KOCMHUYECKAsl paguodJIeKTPOHUKA,
aTOMHAs SHEPTeTHUKA, BHIYUCIUTENbHAS TEXHUKA U JIp.) COMPOBOXKIAETCS He-
MIPEPHIBHBIM TOBBIIIICHUEM TPEOOBAHUI K YUCTOTE MPUMEHSIEMBIX BEIIECTB.
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[ToaTOMy B JOMOJHEHUE K OOIIECTPUHATHIM KAaTErOpUsIM BEUIECTB MpUOaBU-
Jach HOBas TpyIIa — BEIIECTBA 0CO00 BHICOKOM YHCTOTHI (0cH). B Takux Be-
IeCTBaX Ha MMJUIMOH aTOMOB OCHOBHOT'O BEILIECTBA JOITyCKAaIOTCs HEe Ooiee
OJTHOTO aTOMa MpUMeEceil; B HEKOTOPBIX CiIydasX TpeOOBaHUS MO YUCTOTE
emie Bble. B kauecTBe mpumepa B Tabnuie 3 MPUBEACHO JOMYCKaeMOe CO-
JiepKaHue MPUMECEH B a30THOM KUCIIOTE pa3IU4YHON KBaTU(pUKALIUH.

Tabmuna 3

Jonyckaemoe coaepskaHue mpuMeceit (B MacCoOBBIX %)
B 65%-11 azotHO# kucnore o 'OCT 4461 u 11125-84

Ne | HaumenoBaHue npumecen Jlommyckaemoe conepkanue

H/H "11" "‘:I,Z[a" "Xq" HOCqH
1 | Cynbdats 0,002 0,0005 | 0,0001 | 210
2 | ®ochatsl 0,002 | 0,00005 | 0,00002 | 1107
3 | Xnopuasl 0,0005 | 0,0001 | 0,00003 | 1-10°
4 | Keneso 0,0003 0,0001 | 0,00002 | 1-10°
5 | Kanbouit 0,001 0,0005 | 0,0005 | 5-10°
6 | Mblmubsik 3-10° | 1-10° | 1-10° | 1-107
7 | Cymma TSKEIbIX METAIIIOB 2107 2107 2107 1-10°
8 | Mapranen He Hopmupyercs 2107
9 | Hukenn He nHopmupyercs 5107

JIJ1s1 OYMCTKH MCTIOIB3YIOTCS PAa3Iudusl B XUMHUUECKUX WA (PU3UYECKUX
CBOMCTBaxX OCHOBHOI'O BEILIECTBA U MPUMECEN, HAIPUMEDP Pa3IUYUe IIIOTHO-
CTH, PaCTBOPUMOCTH, arperaTHOr0 COCTOSIHUSA, TEMIIEPATYP IJIABJICHHUS U KH-
MEHUs1, CIIOCOOHOCTU BCTYINAaTh B XUMHUYECKHE PEAKIUU C JPYTUMU BEIIECT-
BamMu U T.J. CyIIecTByeT MHOXKECTBO Pa3HOOOPa3HBIX CIOCOOOB OYHCTKH,
MPUMEHSEMBIX TPU Pa3IUYHBIX oOcTosiTenbcTBax. Hambonee pacmpoctpa-
HEHHBIMH CIIOCO0AMM SIBJISIETCS JIeKaHTaIusl, PUIbTpOBaHWE, BO3TOHKA, IIe-
PEroHKa, SKCTPAKLMS U MEPEKPUCTATUIN3ALUSA.

2. MeToabl OYUCTKH KUIKOCTEH, pACTBOPOB U TBEPABIX BellleCTB

Jlexanmayus — 3TO OTCTAaMBAaHWE TBEPJBIX YACTHIl, COJCPKAIIUXCS B
J)KUJIKOCTH, IIOJI BO3ACMCTBUEM CHIIbI TsKeCTH. 1lociae npexkaHTaium OCBETICH-
Hasl KUJIKOCTh OTIEISAECTCA OT OCAJKa TBEPIBIX YACTHUII; MIPUA 3TOM IIPOUCXO-
JIAT OYHUCTKA OT mpuMecer. [J0CTOMHCTBO MeTOAA — €r0 MPOCTOTA, & HEAOCTa-
TOK — 3aMEJJICHHOE OTCTaWMBaHWE MEJIKMX YacCTHUIl. 3HAYUTEIHHO OBICTpEe
MIPOUCXOIUT PA3IACICHUE CMECHU KUIKUX W TBEPIBIX YACTHUI| IIyTEM LIEHTPH-
(byrupoBaHus.
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Llenmpugyauposanue 0OCHOBAHO HA UCIIOJIB30BAHUU IIEHTPOOESKHOU CH-
JIbI, BO3HUKAIOMIEH TIpH OBICTPOM BpalleHuH. B 0OBIYHBIX 1a00paTOPHBIX
IeHTpudyrax CKoOpocTh BpamieHus coctasiisger okoyio 1000 060poToB B MH-
HYTY, a B crielHalibHbIX (ynbTpanenTpudyrax) — go 6000 o6/mun. Uckycet-
BEHHASI CHJIA TSDKECTHU B IIEHTpU(PYTax MPEeBHIIIAET 36MHOE MMPUTSKEHUE B JIC-
CSATKH-COTHU THICSIY pa3, BCIEICTBUE YEro OTCTAMBAHUE TBEPIBIX YACTHIL
MIPOUCXOINT 32 HECKOJIBKO MUHYT.

Dunbmposanue 3aKIIOYACTCS B MPOMYCKAaHUH CYyCIICH3UU Yepe3 TOpHC-
TYI0 MEPETrOPOJIKYy — (DUIBTP, 3aJ€P>KUBAIOIIUNA TBEPAbIC YacTULbl. DUIBT-
POM MOXET CIYXHUTh CHeluaibHas Oymara, TKaHb, IOPUCTasl KEpaMHKa, T0-
PHUCTOE CTEKJIO, CIION MecKka W Jpyrue NopucThie Matepuaisl. [Ipu oObIYHBIX
YCIOBUSIX (PUIBTPOBAHUE UAET MEUICHHO. I yCKOpEHUs ero MpoBOIST MO/
BaKyyMOM: B MPHUEMHHMKE I >KUJKOCTH C MOMOUIbIO Hacoca CO3/al0T pas-
peXeHue, BCIEIACTBUE YETro Ha >KUJIKOCTb HaJ (PUIBTPOM HaYMHAET JAEeHCTBO-
BaTb aTMOC(EepHOE JaBlieHHWE, M 4eM OOJbIIe Pa3HOCTh JABIEHUN (aTMO-
c(epHOTO U B IPUEMHUKE), TeEM ObICTpee UAET (PUIpTpoBaHuUE.

Bozeonka (mvnm cyOGnumarnusi) — 3TO TMPOIECC MPEBPAIICHUS TBEPAOTO
BEILIECTBA B Map, MUHYS KUIKOE COCTOsTHUE. BO3TOHKON MOJb3yOTCS TOT/AA,
KOrJla OCHOBHOE BEIIECTBO 00JiajjaeT, a MpUMeCcH He 00J1aJlaloT CBONMCTBOM
BO3TOHAITHCS. BO3roHKOM MOKHO OYHUCTUTH MOM, XJIOPUJ aMMOHHUS, CEpY,
HadtanuH u Ap. [Ipu ounctke Hoja, 3arpsiI3HEHHOro OpoOMOM, K HeMy J00aB-
JSA0T Honua kanus. bpom, B3auMOJEWCTBYS ¢ MOIUIIOM Kaiius, 0Opa3yeT
OpoMH]T KaJiKsi, KOTOPBIA HE BO3TOHSIETCHI.

Ilepeconka (Wi JUCTUIUISILIMS) MIPUMEHSIETCS ISl OYMCTKHU >KUJIKOCTEH
OT PacTBOPEHHBIX IPUMECEH, a TAKXKE ISl PA3AEIICHUS )KUIKUX BEIIECTB C
pa3IMYHON TemmepaTypoil KuneHus. B xumudeckux n1abopaTopusix neperoH-
Ka MMPUMEHSETCS IS MOJIyYeHUs! JUCTHUILIMPOBAHHOW BOJIBI M3 BOAOIPOBOI-
HOW, CoAep Kalled MPUMECU COJEH KalblUs, MarHud, xenesa u ap. Ilpo-
CTeHIIMA MpuOOp AJiA MEPEroHKU HEOONbIINX 00BEMOB BOJONPOBOAHON BO-
JIbI COCTOUT U3 KoJIObI Bropua, xononuneHuka JInOuxa, ajyioHka U mpueM-
Huka. [y nonydyeHust OonbuX 00bEMOB TUCTHIIIIMPOBAHHOM BOJIbI UCIIOb-
3YIOTCSl CIIELUAJIbHBIE BBICOKOIIPOU3BOJIUTENIBHBIE YCTAHOBKU (ONpPECHUTE-
JI1), BBIMIOJIHEHHBIE U3 HEPKABEIOLIEH CTaIM WU U3 AIFOMUHUS.

Ixempakyuss — 3TO MPOLECC U3BJICUYECHHSI PACTBOPEHHOI'O BEILECTBA U3
BOJHOT'O PacTBOpa MPHU MOMOLIM OPraHUYECKOI'0 PACTBOPUTENS, HE CMEIIHN-
Barolerocst ¢ Bogo. Hanpumep, coennHeHus: TpEXBAJIEHTHOIO JKEJI€3a O4YH-
[IAI0T OT COEIMHEHUI NBYXBAJEHTHOIO jKeJie3a SKCTpaKIMuen 3pupom, raio-
IeHbl M3 BOJHBIX PACTBOPOB AKCTPATUPYIOT OEH30JI0M, pPEIKO3eMEIbHbIE
AJIIEMEHTHI U HEKOTOPBIE COEIMHEHU ypaHa — TpuOyTuidgocpaTom U T.1.
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llepexpucmannuzayus NPUMEHSETCA U1 OYUCTKH TBEPABIX PAaCTBOPH-
MBIX B BOJE BELIECTB OT COAEPKAIIMNXCS B HUX Hpumecerd. Meros 3akitoya-
€TCsl B IPUTOTOBJICHUH ITPU HArPEBAHUH HACBIIIEHHOTO PACTBOPA OYMIIAEMO-
ro BENIECTBa C MOCJIEAYIOIIMM BBIIEIEHUEM €ro npu oxiaxiaeHuu. Hepac-
TBOpPUMBIC TIPUMECH OTAENSIOTCS Ha MEePBOM CTaluM — IPU PACTBOPEHHUH OC-
HOBHOT'O BEIECTBA, & PACTBOPUMBIE — HA BTOPOU: MIPU KPUCTAIIU3AIUU OC-
HOBHOI'O BEIIECTBA OHU OCTarOTCs B pacTBope. OHAKO HE3HAYUTEIHHOE KO-
JIMYECTBO MPUMECEH MPU KPUCTAJIIU3AIMHU 3aXBaThIBAETCS OCHOBHBIM Bellle-
CTBOM 3a CUeT aJcOpOINH, MOITOMY MEPEKPUCTAIIIU3AIMIO TOBTOPSIOT UHO-
r71a HECKOJIBKO pas3.

3. MeToabl OYMCTKH ra3oB

[Tomyyaemble B XMMHUYECKUX PEAKIUAX Ta3bl COJEPIKAT Mapbl BOABI U
MPUMECH JIPYTUX Ta30B, KOTOPbIC 00pa3yrTCs BCICACTBUE MPOTEKAHUS TI0-
OOYHBIX peakiuil. /{7 OYNCTKH ra30B OT MapoB BOJBI (OCYIIKH) MIPUMEHSIOT
KOHIICHTPUPOBAHHYIO CEPHYIO KHUCIIOTY, XJOPHA Kaiblius, (ochOpHBIA aH-
ruapua 1 Jp. DPGEKTUBHOCTh OCYIIUTENIEH ONMPEACISICTCS M0 OCTATOYHOM
BJIYKHOCTH Ta3a (Tabiurna 4).

Ta6muma 4
O PeKTUBHOCTD PA3IMYHBIX OCYIIUTENEH
Ne BemecrBo-ocymurens Ocrarounas
1.1 BJIQYKHOCTB T'a3a, MI/JI
1 Xnopua kanbiusa CaCl, 0,34
2 | Cepnas kucinora H,SO, (96 %) 0,30
3 I'mapokcua Hatpust NaOH 0,15
4 Oxkcupg maraus MgO 0,08
5 I'mopoxkenp kammss KOH 0,002
6 | Ilepxnopar maraus (anruapon) Mg(ClO,), 510"
7 Cunukareins S10, 3-10™
8 | Okcuz 6apus BaO 8:10”
9 | ®ochopusiii anruapua P40 1-10”

N3 npuBeAeHHBIX JAaHHBIX CIEAyeT, yTO Hanbosee >P(HEKTUBHBIE OCY-
mUTeNu — 3T0 (PocOpHBIA aHTUAPUI, OKCHII Oapus, CUIMKArelb U aHTH]I-
pon. Ho mpu BeIOOpe OCyIIaroImero BemecTBa ClieyeT MOMHUTh O BO3MOXK-
HOCTH XMMHMYECKOTO B3aMMOJIEHCTBUS Ta3a ¢ ocyluTeneM. ['a3bl, obnagaro-
1€ KUCIOTHBIMH CBOMCTBAMHM, B3aMMOJIEUCTBYIOT C OCHOBAHUSMH U OCHOB-
HBIMH OKCUJIAMU, T'a3bl C OCHOBHBIMH CBOMCTBAMHU — C KUCIOTAMH, BOCCTAHO-
BUTEJH — C OKUCAUTENAIMU. Hanpumep, A1 BBICYIIMBaHUS YIJIEKUCIIOTO rasa
HEJb35 UCTIOIh30BaTh OKCUJT Oapusi, a aMMHaka — PocOpHBIN aHTUIPHI.
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Jpyrue mpumecu W3 ra3oB yAasiOT C MOMOIIbIO BEHIECTB, KOTOPHIE
CBSI3BIBAIOT WJIM pasjiaraloT 3TH TpuMecH. Tak, mojydyaeMmblidi B armapare
Kurnmna u3 TeXHU4eCcKOoro IMHKAa U CEPHOM KUCIIOTHI BOJOPOJI MOXKET OBITH 3a-
I'PSI3HEH CEPOBOJIOPOJIOM, CEPHUCTBIM ra3oM SO, U BOAOPOAHBIMHU COEIUHE-
HUsMHA MbITTbsika AsH; 1 cypbmbl SbH;. OuncTky U BeICYIIIMBaHHE BOIOPOIA
OCYIIECTBIISIIOT, TIpoIrycKast ero depe3 pactBopsl KMnOy, Pb(NO;), 1 H,SO,.
[lepmaHraHar Kajiusi OKHCIISIET CEPOBOJIOPO, CEPHUCTBIN ra3 U BOAOPOIHbIE
COEJIMHEHHUs MbIlIbsiKa U cypbMbl. PacTBop Pb(NO;), cnykut st KOHTpOIsS
Ha MOJHOTY okucieHus H,S: ecnu cepoBoaopoa nepMaHraHaTOM Kayusl MOJI-
HOCTBIO HE OKHUCIISIETCS, TO 00pa3yeTcsl yepHbli ocagok. CepHasi KUCIOTA UC-
MOJIb3YETCsl KaK OCYILIUTENb.

VYrnekucnblil ra3, nony4yaemslii B anmnapare Kunna u3 mpamopa u coisi-
HOM KUCJIOTBI, COJEPKUT MPUMECH XJI0POBO10poaa. OT HEro 0CBOOOXKAAIOTCS
MPOIYCKAHUEM ra3a uyepe3 BOAY, a CyIIaT YIJIEKUCIbIA ra3 BEIEeCTBaMH, C
KOTOPBIMU OH HE B3aUMOJICHCTBYET, — CEPHOU KHCIOTOU, (hochopHBIM aH-
TUAPUIIOM U JIPYTUMH BEIIECTBAMH, HE 00JaJarONIMMU OCHOBHBIMU CBOMCT-
BaMH.

4. ITosryuyenue 0co00 YMCTHIX BelIECTB

CoBpeMeHHON TEXHUKOW OCBOEHO MHOTO PAa3JIMYHBIX CIIOCOOOB IMONY-
YEeHUs BEIECTB 0c000 BhICOKOW 4ucTOTHl. Hambonee pacnpocTpaHeHHbIMU
U3 HUX SIBJSIFOTCS: METOJ| JIETYYHUX COEIUHEHHM, aJcOpOLMOHHBIE METOJbI,
MOHHBI 0OMEH, 30HHAs IJIaBKa, pa3TOHKA B BaKyyMe M 3JIEKTPOJIUTUYECKOE
papuHUpOBaHHE.

B memooe nemyuux coeounenuii BemecTBo 00padaThIBAIOT PEareHToOM, C
KOTOPBIMH OHO 00pa3zyeT JieTydyee (ra3oo0pa3HOE) COSAUHEHUE, a MPUMECH
ero He oOpazytor. Hanpumep, ¢ momonipio ioja, oiarogapsi oOpa3oBaHUIO
JETy4YrX WOJUJIOB, MOJTYyYarOT 0CO00 YWCTHIA TUTaH, HMUPKOHUMU, radHUN U
KpeMHUi, ¢ nomouipto okcuga CO, Ginaromaps oOpa3oBaHHUIO JETYyYUX Kap-
OOHWIOB, — 0CO00 YUCTHIM HUKEIb, BoJbPpam, MoiubeH u kobanet. Jlety-
Yue COCIMHEHUS, MOCIIE€ OTAENICHHS OT HEJIETYUYUX NPUMECEH, pa3iaratoT Ha-
IPEBAHUEM, MOJIy4Yasl CBEPXUYUCTBIM MeETaUl. MeTon JeTydux COCIUHEHUU
4acTO HA3BIBAIOT TAKKE MEMOOOM MPAHCNOPMHBIX PeAKYUl.

B aocopoyuonnvix memodax ucnonb3yercs paziudyue B CIOCOOHOCTH
MOJIEKYJI OCHOBHOI'O BEILIECTBA U MPUMECEH acopOMpoBaThCs Ha MOBEPXHO-
CTU TBEPJIOr0 COpOEHTA: aKTUBUPOBAHHOTO YIJIs, CUiuKarens u ap. Hampu-
Mep, B MPOU3BOACTBE JIOMUHO(POPOB aJCOPOLIMOHHBIA METOJ MPUMEHSETCS
JUISl TIIyOOKOM OYKMCTKU PacTBOPOB Cyib(dara IUHKA M KaJMUsl OT MpUMeceit
xKenes3a, KodallbTa, MeIu.
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B memoode uonnoco obmena MCTIONB3YIOTCS TBEpIbIE HEPACTBOPUMBIE
BEIIECTBA, B COCTaBE KOTOPBIX MMEIOTCSI MOHBI, CIIOCOOHBIE K OOMEHY C HO-
HaMM pacTBopa. Takue BelecTBa Ha3bIBAIOTCS MOHUTAMU (MOHOOOMEHHBIMU
cmonamiu). [IpeacraBum cebe, 4TO B pacTBOPE KAKOTO-TUOO BEIIECTBA MPH-
CYTCTBYET MPUMECH XJIOpuaa Kaiblus. Torna ajis O4MCTKH OT HETO MOJ0H-
PAlOT MOHMT, CTIIOCOOHBIH OOMEHMBATH CBOM MOHBI, HampuMep H'-1moHbI, Ha
ronbr Ca”":

2RH + Ca*" +2C1" = R,Ca + 2HCL.

HNoHHBIM 0OMEH UCTIOJIB3YETCS B THAPOMETAILTYPTUU ISl U3BJICUEHUS U3
pacTBOPOB PEIKUX, OJIATOPOJHBIX U LIBETHHIX MeTauIOB. C MOMOUIbIO HOH-
HOTO OOMEHa pa3feistoT O4YeHb OJM3KHE MO CBOMCTBAM XHMMHYECKHE 3IIe-
MEHTBI: [IUPKOHUM 1 radHU, HUOOHI U TaHTaJ, PEKO3EMEIIbHbBIE JIIEMEHTHI.

IIpu ouncTke memooom 30HHOU NAA6KU CTEPKEHb U3 OYUILAEMOrO Be-
IIeCTBA IUIABUTCS B Y3KOM 30HE, T.€. HA OJIHOM U3 YYacTKOB €ro JUIMHbI. Pac-
IUIABJICHHYIO 30HY MENJIEHHO IEPEMEIAloT OT OJHOIO KOHIA CTEPKHS K
npyromy. I[lockosibKy pacTBOPUMOCTh IPUMECEHN B PACIIIIABICHHOM BEIIECTBE
BCEr/la 3HAYUTEIBHO BBIIIE, YEM B TBEPJOM, TO BMECTE C PACILIABIEHHOM 30-
HOI MO CTEP)KHIO MEePEeMEIaloTCs nNpuMecH. Takum o0pa3oM, MPUMECH KOH-
LHEHTPUPYIOTCA B HEOOJBIION YaCTH CTEPKHS, TOrla KaK OoJbllasi €ro 4acThb
OKa3bIBAa€TCA OUYMILEHHOM. HauBpicliasg O4MCTKA JOCTUTAETCS MPU MHOTO-
KpaTHOM IIOBTOPEHUM 3TOTO Ipouecca. 30HHas IUIaBKa IPUMEHSETCS IPU
MOJy4YE€HUHU 0C000 YUCTOTO KPEMHUS, TepMaHusl, TUTAHA, IUPKOHUS U JIp.

B memooe pazeonku 6 éakyyme o4nucTka OT MpUMecel MPOUCXouT OJia-
rofaps pasHULE TeMIEpaTyp KUIIEHHsS OCHOBHOI'O BEIIECTBA M IPHUMECEMN.
DTUM METOJOM IOJIB3YIOTCS ITPU OYUCTKE METAIIOB, KOTOPHIE CPABHUTEIBHO
JIETKO UCHAPSIIOTCS B BaKyyMe LIMHKA, CBUHIIA, PTYTH, LIEJIOYHBIX METAJUIOB,
MarHus, Kajablus, aTFOMUHUS.

Dnekmponrumuueckoe pagunuposanue TPUMEHSICTCS IS TOTyYeHUs
0Cc000 YHCTBIX MM, HUKEJS, [IMHKA, CBUHIIA, OJIOBA, CYPbMbI U JPYTHUX Me-
TauioB. OUUIIAEMBbIil METAJUT MOMEIIAETCS B AJIEKTPOJIM3EP B KAUECTBE aHO-
Jla, @ pacTBOP COJM ATOrO K€ MeTailia ABJIeTCs 3eKTpoiauToM. [lpu anek-
TPOJIM3€ METAJNI Ha aHO/E PACTBOPSAETCA (OKUCISIETCS ), @ Ha KAaTO/I€ BbIICIS-
eTcs (BOCCTaHaBIMBAETCsA) B YMCTOM Buie. [Ipumecu MeHee akTUBHBIX (00-
Jiee DJIEKTPONOJIOKUTENbHBIX B Ay HANpPsOKEHUN) METaNIOB HA aHONE He
PACTBOPSIFOTCS U IEPEXOIAT B TIIaM (TBEPbIid ocTaTokK). [Ipumecu Gomnee ak-
TUBHBIX (MEHEE HJIEKTPOMOJIOKUTEIBHBIX B PsAy HANpPSHKEHHI) METalioB
PacTBOPSIOTCS, HO HA KAaTOJI€ HE BBIJIEIISIFOTCS, & OCTAIOTCSI B PACTBOPE.
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Llenvio pabomelr sABIAETCA OCBOCHUE MPOCTEHIIMX CIIOCOOOB OYMCTKH
BEIIIECTB: JICKaHTAIMH, (UIBTPOBAHMS, TEPETOHKH, BO3TOHKUA U TEPEKpU-
CTaJUIM3aLIUH.

OrneIT 1. OuncTKa BOAbI JeKaHTAIHEeH

Xoo onvima. B IByX XMMHUYECKUX CTaKaHaX 3arps3HUTH BOAOIPOBOI-
HYIO BOJy IIECKOM B OJIHOM CTAaKaHE U TJIMHOW WJIM MEIKOU3MEJIbYEHHBIM
MEJIOM — B JIPYT'OM.

HabGnrogats oTcTanBanue TBEPIbIX YaCTHII.

B otuere onucaTh OmbIT, OTMETUTH CKOPOCTh MpOIEcca, 0ObSICHUTD, O-
yeMy MeCOK OTCTaWBaeTCsl ObICTpee TIIMHBI WK Mena. B BeiBoae chopmyim-
pOBaTh CYIIHOCTh, 00JACTh MPUMEHEHUS, TPEUMYIIECTBA U HETOCTATKU Me-
TOJA NEKAHTALUH.

OmnpiT 2. OuncTka BoAbl PUILTPOBAHUEM

Xoo onwvima. 1. Ilo pucynky 3 coOpaTh yCTaHOBKY JUisi (PUIBTPOBaHUS.
Jnia yBenuueHus 1miomaan (UIbTPOBAHHUS PEKOMEHIYETCS MCIIOJIb30BaTh
CKJIaa4yaTblii GQUIBTP, KOTOPBII MOXKHO M3TOTOBUTH CAMOCTOSITENILHO.

Kpyrablii GuibTp ClHOXKUTH MOMNOJaM, MOCIE YEro CKJIaAblBaTh IO pa-
JIMYCY C HEHTPOM B CEpEeAMHE JIMHUM Meperuda Kpyra 1o B OJIHY, TO B JIPYTyIO
cTopoHy. IlonyueHHyr0 KOHYCOOOpa3Hy0 rapMOHUKY 00pe3aTh 10 pa3mMepaM
BOPOHKH (3), pa3BEpHYTh U OIYCTUTh B BOPOHKY.

e | 5
1 2 | B N (\:
3
10
Puc. 3. Yemanoexa ona ob6viunozo Puc. 4. Yemanoska
Qurbmposanus: 0151 punbmposanus OO 8aKyyMom.
1 — mwtaTuB, 2 — cTakaH ¢ GUIBTPYEMOI 1 — papdoposas Boponka broxuepa,
BOJIOM, 3 — BOPOHKA, 4 — CTEKJIIHHAs 2 — ¢punbTp, 3 — pe3uHoBas MpoodKa,
Mmajo4kKa, 5 — crakad 4 — xonba bynsena, 5 — nHacoc KomoBckoro
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2. B xumundeckuii ctakad (2) Hamth 0k010 200 M1 BOJIOITPOBOHOM BO-
JIbl M BHECTH 2—3 T U3MEJIbYEHHOTr0 Mela (IJIMHBI, necka). Boay ocropoxHo,
M0 CTEKJITHHOW manouke (4) ciuBath B BOPOHKY (3), ciens 3a TeM, 4TOObI
YPOBEHb KHUIKOCTH B BOPOHKE ObUT HUXE KpaeB (uibrpa. HabmomaTe mo-
CTyIUIeHWEe OTHUIBTPOBAHHON BOJBI B cTakaH (5). OTrdunsTpoBaTh mpuMep-
HO '/3 4aCTh IIPHTOTOBIICHHON BOJIBL.

3. OcraBuiytocsi BOJy OT(QHIBTPOBATh Ha YCTAaHOBKE i (UIbTPALIUU
10J1 BAKyyMoM, coOpaHHOM 1o pucyHKy 4. Kpyrisiii opunsTtp (2) oOpe3ats 1no
arnameTpy BopoHku broxuepa (1), momoxuTh Ha JHO BOPOHKH, CMOUYUTH JTUC-
TWJUIMPOBAHHOM BOJIOH U, Bpaias Hacoc KomoBckoro (5), Ha0moAaTh MmioT-
HOE mpujieranve GuibTpa K nepGopupoBaHHON MOBEPXHOCTU BOPOHKH. [lo-
CJIe ATOr0 OJIMH CTYAEHT BpamiaeT Hacoc KoMoBCKoro, a Apyroi BIMBAaET BO-
1y, OCTaBILYIOCSI OT OOBIYHOTO (PUIBTpOBaHUA, B BOpOHKY broxuepa. Ha-
osronaTh nocryrienue puibTpara B koyi0y (4). CpaBHUTH CKOPOCTh MPOIIEC-
ca CO CKOPOCThIO OOBIYHOTO (PHIIBTPOBAHUA.

B oTuere 3apucoBaTh yCTaHOBKH, ONHUCATh OIBIT U OOBSCHUTH, IOYEMY
Ha BTOpPOM YCTaHOBKE (MIBTPOBaHHE WJET HaMHOro ObicTpee. B BbIBOAE
chopMyIMpOBaTh CYIIHOCTh, 00JacCTh MPUMEHEHUS U HEJOCTaTKU METOoJa
bunbTpoBaHUSL.

OnpbiT 3. OuncTKa BOABI NEPEroHKOM

Xoo onvima. 1.Cobpath yCTaHOBKY JJIA IEPETOHKH BOJBI (puUc. 5).

Puc. 5. Yemanoska Puc. 6. Yemanoska
0Jis1 NPOCMOT NEPecOHKU BOObL: 0J151 B0320HKU 100A:
1 — xon6Gonarpesarens, 2 — kox6a Bropua; 1 — konba, 2 — mpobupka ¢ xo-
3 — TepmoMeTp, 4 — popiiToce, 5 — Xonoquap-  JIOAHOM BOJOM, 3 — SIEKTPOIIHTKA
HUK JInbuxa; 6 — ayoHX, 7 — MPUEMHHUK WM TIeCYaHast Oams
38
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2. BogonpoBoaHy0 BOY MOAKPACUTH YEPHUIIAMU WJIM PACTBOPOM Iep-
MaHTraHaTa KaJlisl U MeperHarh Ha ycraHoBke. CpaBHUTH LIBET BOJBI 10 U TO-
CJI€ MEPErOHKHU.

3. CpaBHUTH coAepKaHUE MPUMECE B OUUILIEHHOW BOJAE C BOJIOIPOBOI-
HOM. JIJ1s1 TOTO HA JIBa YaCOBBIX CTEKJIa HAIUTH MO OJHOMY MJI TOM U APYroit
BOJIbl U BBIMAPUTH €€ Ha CIIUPTOBKE WJIU JIEKTPOILUIUTKE Aocyxa. O uucrore
BOJIbI CYJIUTh MO HAJIMYUIO HAJIETa CyXOr'o BEIIECTBA HA CTEKJIE.

B otuere HapucoBaTh YCTAaHOBKY, ONMKCATh OMBIT U PE3YJIbTATHI CPABHE-
HUS YACTOTHI BOJBI. B BBIBO/E CHOPMYITMPOBATH CYIIHOCTh, 00JIACTh MPUME-
HEHUs1, JOCTOMHCTBA U HEJJOCTATKU METO/1a.

OnpiT 4. OuncTKA HOAA BO3TOHKOM

Xoo onvima. 1. Tlo pucyHky 6 codpaTh yCTaHOBKY JIJISI OYMCTKH Mo,

2. Ilomectuth Ha nHE K0JIOHI (1) cmoem 4-5 MM cMmech Hojia C TIECKOM,
HarpeTh KoJ0y Ha rnmecyaHoi 0aHe WM Ha 3JIeKTporuuTke (3).

3. Habmronate nmpouecc BO3roHKH oza ((hroneToBble mapbl) U €ro Kpu-
CTAJTU3ALMK U3 TapO0OPA3HOr0 COCTOSHUS Ha XOJIOJAHON MOBEPXHOCTH MPO-
oupku (2). Ilo okoHYaHUHU OMBITa PACCMOTPETh KPUCTAIUIMKHU HO/AA O] MUK-
POCKOIIOM.

B otuere 3apucoBaTh yCTaHOBKY M ONMHCATH OMBIT, ONMKUCATh (HOpMY Kpu-
cTajuioB Mona. B BeiBosie chopMyaupoBaTh CyIIHOCTh, 00J1aCTh MPUMEHEHUS],
IIPEUMYILECTBA U HEJOCTATKH METO/1a BO3TOHKH.

OnpIT 5. OYnCTKA IUXPOMATA KAJTUSA NEPEeKPUCTAIN3AIHEH

C yBenuueHrneM TeMIEPATYpPbl PAaCTBOPUMOCTh JUXpoMara Kaiaus
K,Cr,O; Bo3pacTaer, 4To BUAHO W3 CIPABOYHBIX JAHHBIX, IPUBEICHHBIX B

Tabmuue S.
Ta0muna 5
PactBopumocTs nuxpomara kanus (r/100 r H,O)
Temmeparypa, °C| PactBopumocTtsb Temmeparypa, °C | PacTBopuMOCTb
0 4,6 60 45,3
10 8,1 70 56,2
20 12,5 80 69,0
30 18,2 90 83,2
40 26,0 100 102,0
50 35,0
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Xoo oneima.l. B3Becuts Ha TexHoxuMuuecknx Becax 20 r K,Cr,O».

2. 1o TabGauiie pacCTBOPUMOCTH BBIYUCIUTE 00BEM BOJIBI, HEOOXOIUMBIHA
JUISl TIOJYYEHUST HACBIIIEHHOTO pacTBopa auxpomata kamus npu 60 °C. Or-
MEPHUTh BBIYUCICHHBIH 00BEM BOJBI MEPHBIM IIJIMHIPOM U BBUTUTH B XUMH-
YECKHUU CTaKaH.

3. PacTBOpUTH COMb MPU HarpeBaHWM W OT(PHIBTPOBATH PACTBOP HA BO-
pOHKE, CHAOKEHHOM 3JIEKTPOHArpeBoM (ropsiuee GuiabTPOBaHUE).

4. OunpTpaT OXJAAUTH TPOTOYHOM BOJOU (B 3UMHEE BPEMSI — CHEI'OM)
JI0 BO3MOKHO 00Jiee HU3KOM TeMIiepaTyphl (TeMIiepaTypy 3amucaTh) U OT/Ie-
JIUTH BBIMABIINE B OCAJ0K KPUCTAIIIBI TUXpOMaTa Kajlvs OT BOABI (DUIBTPO-
BaHMEM I10]] BAKYyMOM Ha BopoHKe broxHepa.

5. Jluxpomat Kaius BBICYIIUTh B CyIIMJIBHOM IKady U B3BecuTh. Pac-
cuntath no tadmuie 5 maccy K,Cr,O7, ocTaBiierocst B pacTBope mociie mnepe-
KpUCTAJUTA3AIUH, ¥ OTIPEACIIUTh MMOTEPH BEIIECTBA B XOE OIBITA.

B oTdere ommcaTh OMBIT, MPUBECTU PE3YJIHTATHl PACUETOB, OOBSICHUTH
MPUYUHBI TIOTEPh AUXpoMaTa Kajaus B Tpolecce MepeKpucTai3anuu. B
BBIBOZIC CHOPMYJIUPOBATH CYIIHOCTh, 00JaCTh MPUMEHEHHS, TOCTOMHCTBA U
HEJI0CTATKH METO/Ia TIEPEKPUCTAIITU3AIIHH.

KonTpoaupymommue 3axanus

1. Pacnosioxute MapKMpOBKY XMMHUYECKUX PEAKTUBOB I10 ITOBBIIICHUIO
CTENEHU YHUCTOTBIL: «OCU», «XU», «U», «UIa».

2. Ha pa3nuuuu Kakux CBOMCTB (XMMMUYECKHX WM (PU3UYECKHUX) OCHO-
BaHbI METO/IbI OYMCTKH BEILIECTB: JIeKaHTaIsl, GUIbTPOBAHKUE, BOSTOHKA?

3. Kak MOXXHO YyCKOPUTb OYMCTKY BEUIECTB METOJAMHU JEKAHTALMU U
buabTpOBaHMS?

4. B xakoi 4acTu OYMINAEMOTo 00paslia CKaIUIMBAIOTCS MPUMECH NPHU
MIPUMEHEHUN METO/1a «30HHOM IJIaBKU»?

5. UTo mpoUCXOIUT C MPUMECSIMH IIMHKA U cepedpa Mpu 3IEKTPOXUMU-
4eCKOM pa(pMHUPOBAHUU MEJU, €CIIU CTaHJAPTHBIE dJIEKTPOAHbIE OTEHIUA-
7Bl IUHKA, cepebpa u meau paBubel —0,76 B, +0,80 B u +0,34 B, cootBeTcT-
BEHHO?

6. Kak Ha3bIBaeTcsi METOJ MOJYYEHUS! IIUPKOHHS BBICOKOM UMCTOTHI, B
KOTOPOM HUCIOJI30BaThCsl 0OpaTUMasi peakius

ZI'(K) + 212(1“) Ay ZI'Iz(F),

kotopas npu 200-300 °C npotekaet B npsimom, a ripu 1100-1300 °C — B 006-
paTHOM HarnpaBIeHUU?

7. Kak MOXHO OYHMCTUTH YTIEKUCIBIA ra3 OT MpHUMecel MapoB BOJBI U
cepHuctoro raza (SO,)?
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Pa6ora 6. OIIPEJEJIEHUE IIVIOTHOCTHU METAJIJIA

TBEpapie BelecTBAa UMEIOT, KaK MPABUIIO, KPUCTAIIMYECKOE CTPOCHHUE.
OnHo xapakTepusyeTrcs omnpe/e]IeHHOM OprUeHTallel YacTull (aTOMOB, HOHOB,
MOJIEKYJ) OTHOCUTENBHO Apyr npyra. [lo mpupoje BXoAsSIIMX B COCTaB KpH-
CTaJula YacCTHUIl U IO TUIY XUMUYECKOW CBSI3U MEKy HUMHU KPUCTAJUIbI MOJ-
pa3aeNsaOTCA Ha METALUTMYECKHUE, aTOMHBIC, HOHHBIE U MOJIEKYJISIPHBIE.

Memannuueckue Kpucmanivl OTIAYAIOTCS OT JAPYIHX KPHUCTAJLIOB
BHEIITHUM BUJOM (METaJUTMUECKH OJIECK), BBICOKOH 3JIEKTPO- W TETUIOMPO-
BOJIHOCTBIO, KOBKOCTBIO M IUIACTUYHOCTHIO. KpHcCTamibsl METAIIIOB OCTPOE-
Hbl U3 OJUHAKOBBIX aTOMOB, MO3TOMY OHHU MPEICTABISAIOT COOOW IIIOTHEM-
Me ynakoBKA atoMoB. C OpyroM CTOPOHBI, TAKME CBOMCTBA METAJIOB, KaK
IJTACTUYHOCTh M KOBKOCTh, YKa3bIBAIOT HA OTCYTCTBUE >KECTKOCTHU B METAJ-
JMYECKUX KPUCTAIJIAX: UX IUIOCKOCTH JOBOJIBHO JIETKO CABUTAIOTCS OJHA OT-
HOCUTEJIBHO APYTOil.

Bricokue 3HaueHUS AJEKTPO- U TEIIONPOBOJHOCTH YKa3bIBAKOT HA BBI-
COKYIO MOJBUKHOCTD 3JIEKTPOHOB B IPOCTPAHCTBEHHOW CTPYKType. C TOUKH
3pEHHs] CTPOCHHSI aTOMa METAUINYECKUE CBOMCTBA MPOSBIISIIOT 3JIEMEHTHI,
MMEIOIINE HEeOOJBIIIOE YUCIIO BaJEHTHBIX AJIEKTPOHOB M OOJIBIIIOE YUCIIO HE-
3aMOJTHEHHBIX JJICKTPOHAMH OpOUTAICH. YUYHUTBhIBash 3TO OOCTOSITEIBCTBO,
aTOMBI METAJIJIOB TIPU KPUCTAJUTH3AIIMN OyAYT YIIaKOBBIBATHCS C MaKCUMAJTh-
HO BO3MOJKHOU IIJIOTHOCTHIO, YTOOBI MX HE3alOJTHEHHBIC OpOWTAIA OKa3a-
JIUCh KaK MOKHO 0oJiee MOJHO 3aceNieHbl HEOOJbIIUM YKCIOM HMMEIOIIHUXCS
BAJICHTHBIX DJIEKTPOHOB COCEIHMX aTOMOB. Takum 00pa3oM, BaJICHTHBIC
AJIEKTPOHBI YYACTBYIOT B 00Opa30BaHUM CBSI3U Cpa3y ¢ BOCBMbIO WJIM JIBEHa-
IAThI0 aToMaMu. B 3THX yCIOBUSX BaJICHTHBIM SJIEKTPOH C HEOOJBIION
SHEpryuel MOHU3ALMK CBOOOJHO IMEpPEMENIaeTCsl 0 BAJICHTHBIM OpOUTAISIM
BCEX COCEJIHUX aTOMOB, 00€CTeUrBasl CBSI3b MEXKJy HUMH. Takas HeJloKallu-
30BaHHasl XMMHMYECKasl CBSI3b B METANIMYECKUX KPUCTAUIaX HA3bIBACTCS Me-
TAJJINYECKOMN CBSA3BIO.

B MeTaisinueckoM KpHUCTauIle aTOMbl CBSI3aHbl APYT C JAPYIOM TEM
MpoyHee, yeM OoJibllie JIEKTPOHOB Y4YacTBYET B oOpa3zoBaHuu cBs3ei. [lo-
3TOMY CPEAU METAIIOB UMEIOTCS JIETKOIUIABKUE U JIETKOJIETYYHE, ATOMBI KO-
TOPBIX UMEIOT 1—2 BaJICHTHBIX 3JEKTpoHA. B TO ke Bpems mepexoaHbie me-
TaJulbl LIEHTpadbHOM YacTh mnepuoanyeckor cucremsl (IV-VIII rpynmer),
uMeronue 4—8 BaJCHTHBIX AJIEKTPOHOB, 00Pa3ylOT OYEHb MPOUYHbIE KPUCTAJI-
JIMYECKHUE PEIIETKU M OTHOCATCS K YKMCIIy HauboJiee TYroIuIaBKUX U TPYIHO-
JIETY4YUX BEIIECTB.

JIns onucaHusT METAIUIMYECKOW CBS3M PaHBIIE HMCIOJIB30BAJIU TEOPHIO
«AJIEKTPOHHOTr0 ra3za». COrJlacHO 3TOW TEOpHH, B y3/1aX KPUCTAIIMYECKOU
PELIETKH METaIa HaXOIATCS KAaTHOHBI MeTajula, a HEJIOKAJIN30BAHHBIE Ba-
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JICHTHBIE JJIEKTPOHBI («AJEKTPOHHBIA Ta3») 00eCreYyMBaIOT yCTOWYHUBOCTH
KpUCTAIIJIA 32 CUET CUJI IMPUTSKEHUS MEXKAY MOJOKUTEIbHBIMU HOHAMH Me-
Tajia M «3JIEKTPOHHBIM razom». B Hacrosiee Bpemsi CTpOEHUE MeTallinye-
CKHMX KPHUCTAJJIOB OMUCHIBAETCS 30HHOM TEOpUEH, KOTOpas pacCMaTpUBAETCS
MIPU U3YUYEHUU TEMbl « XUMUYECKasl CBS3bY.

Amomnvle u uonnvie paouycol. Y CI0BHO NPUHUMAsI, YTO AaTOMBI U HOHBI
uMeroT (GopMy Iapa, MOXKHO CYUTATh, YTO MEXbsIAEpHOE paccTosiHue d paB-
HO CyMMe€ paJInyCoB JIBYX COCeIHUX yacTull. OueBUIHO, UTO e€clii 00e yac-
THUIBl OJWHAKOBBI, PAAYyC KaXKIOW pPaBEH 1/zd. Hanpumep, mexbsanepHoe
paccTtosiHue B MeTayinueckoM Hatpuu paBHO 0,320 am. OTCroaa MeTtaminye-
CKUU aTOMHBIN paaunyc HaTpus paBeH 0,160 HM. MexbsaIepHOE paCCTOSIHUE B
Mouiekysie Na, (Takue MOJeKylabl 00pa3yloTcs B Mapax HaTpusi) COCTaBISET
0,308 HM, T.€. Kosanenmubll paaguyc aromMa HaTpusa paseH 0,154 aMm. Takum
o0pa3oM, aTOMHBI paJlyC OJHOTO W TOTO K€ 3JEMEHTa 3aBHCHUT OT THUIa
XUMHUYECKOU CBSI3U €r0 aTOMOB B UCCJIEYEMOM BELIECTBE.

D pexmuensie pagrycbl aTOMOB U HOHOB B COCJIMHEHUSX OMPEIEIISIIOT
M0 Pa3HOCTH MEXBbsAAEPHOT0 paccTossHus d u u3BecTHOro »((HEKTUBHOTO pa-

anMyca omHoi w3 yactun. Hanpumep, paauyc anuona ¢ropa F cocrasuser
0,133 HM, a pEHTIE€HOCTPYKTYpHBIM aHanu30M Kpuctaima NaF ycraHoBieHo,
4yTO MeXbsaepHoe pacctosgHue B HéEM d = 0,231 um. CnegoBaTenabHO, paguyc
noHa Na' pasen 0,098 amM. D deKTHBHBIE PATHYChl ATOMOB ¥ HOHOB 3aBHCST
TaK)Ke OT XapaKTEepPHOTO AJI TaHHOM CTPYKTYpPbl KOOPJAMHAIIMOHHOTO YHCIIa
(x.u.). Tak, ecnu npu K.4., paBHOM 8, METANTMYECKUNA PaMyC aTOMa HATPUs
pasen 0,160 M, To ipu k.4. 12 oH cocraBnsier 0,189 uM. 3HaueHus: meTai-
JUYECKUX painycoB (Tab. 7) 0OBIYHO MPUBOJIAT JJIs 3HAUCHUH K.4. = 12 uiu
8, a MIOHHBIX — JJIS 3HAUCHUH K.4. = 0.

Tabauma 6

[110THOCTE M MeTaAJIMYECKUI paanyC HECKOTOPBIX MCTAJIJIIOB

Me- [1not- Merannuue-
TajuI Tun kpucTaIM4YecKoi pemeTku (K.9.) HOCTb, CKHI pannyc,
r/em’ HM
Au | KyOuueckas rpaneunentpupoBanHasi (12) 19,30 0,146
Ag | KyOuueckas rpaneunentpupoBanHas (12) 10,50 0,144
Cu | Ky6uueckas rpanenieHTpupoBaHHas (12) 8,92 0,128
Zn | I'excaronanpHas (12) 7,14 0,138
Al | Kybuueckas rpanenieHTpupoBansas (12) 2,70 0,143
Mg | I'ekcaronanbHas (12) 1,74 0,160
Na | Kybouueckas (8) 0,97 0,190
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IInomnocms memannos. I1IOTHOCTHIO HA3BIBAE€TCA Macca BEIECTBA, 3a-
KJIFOUEHHOTO B eAuHuIle oobema. O003HAayaeTcsi IUNIOTHOCTh CHUMBOJIOM p.
dopmyna s pacuera: p = m/V, riae m — Macca Beiiecta; V — oobeMm. Enu-
HUI(BI M3MEPEHHUS TUTOTHOCTH: KI/M’, T/CM”.

[110THOCTH METAIIOB ONPEAESIIOT TUKHOMETPUYECKUM METOIO0M.

[TukHOMETPOM HA3BIBAETCSA CTEKJISIHHBIA COCYJ] C MPUTEPTON MPOOKO
oovemom 10 M, 25 mut, 50 M 1 Ap. B mUKHOMETpP MOMEIIAIOT UCCIIETyEMOE
BEIIIECTBO B HEOOJBIIIOM KOJUYECTBE M 3AIMBAIOT JJO METKH MHUKHOMETPHYE-
CKOM KHUIKOCTHIO. B 3aBUCHUMOCTH OT BHA UCCIENyeMOro Marepuania (ToT-
HbI WJIM TOPHUCTHINA) UCTHOJB3YIOT Pa3IMYHbIe MUKHOMETPUUECKUE >KHUJIKO-
CTH: BOZly, KEpOCUH, O€H30J, criupT | Ap. [Ipu ompeneneHnn mioTHOCTA Me-
TaJIOB OOBIYHO UCTIONB3YIOT JUCTHIUIMPOBAHHYIO BOMY.

[To »skcnepUMEHTAaTbHOMY 3HAUYEHHIO IJIOTHOCTH MO>HO BBIUYUCIUTH
aTOMHBIN pajiiyc MeTaslia.

Ilpumep pacuema. BBIMUCIUTH aTOMHBIA PagUyC MEIU, IKCIEPUMEH-
TaIbHOE 3HAYCHUE [IOTHOCTH KOTOPOii paBHO 8,92 r/cm’.

AtomHas Macca Menu paBHa 63,55 1/MOJIb, ClIeIOBAaTEIBHO, OAUH MOJIb
M€JIH, COJIep KAl 6,02-1023 aTOMOB, 3aHMMacT 00beM

63,55
8,92

=712 c™’

[TockonbKy B MeTaylaX OCYILIECTBJISETCS IUIOTHEHIAsi ymakoBKa aTo-
MOB, TO 00bEM OJIHOTO aTOMa MEJIU PaBeH
7,12

— = 1,18-107% oM’
6,02-10

ATOMBI IPUHATO CYUTATH IAPOOOPa3HO HOPMBI, CIIEAOBATENLHO, OPH-
€HTUPOBOYHOE 3HAYECHUE PAJINYCA MOKHO BBIYMCIIUTH U3 COOTHOIIECHUS:

3
AR 1181072 em’s Rpaca = 1411078 om.

N3BecTHO, YTO Melb KPUCTAJUIM3YETCS B KyOMYECKON TpaHELeHTPUpo-
BaHHOM pelieTke (PUCYHOK 7), MOATOMY MOXKHO paccuuTarh 0oJjiee TOYHOE
3HAYEHUE paanyca.

B onHol snemeHTapHON sYeiike KyOMUYecKOW TpaHElEeHTPUPOBAHHON
pelIeTKH HaXoauTes 4 aToMa (B LeHTpe Tpaneii '/,'6 = 3 aToMa U B yriax Ky-
6a /g8 =1 aTtom). Uucsao sneMeHTapHbIX sSYeeK B OJJHOM MOJIe MEJU, 3aHU-
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MaromeM o0beM 7,12 M’ (CM. BbILIIE), paBHO:

23
6,02-107 =1,505-10%.

O6beM 0/1HOI PTIEMEHTApHOU AYEHKU paBeH
7,12
1,505-10%

O O Puc. 7. Cxema ona pacuema

AMoOMHO20 paouyca Kyouueckoui

Q Q epaneyeHmpupo8aHHoU AYetuKu

Ecmu pebpo xyba ayeMeHTapHO# siMeKu 0003HAYUTh X, TO, KaK BUIHO
W3 PUCYHKa 7,

= 4731073 oM’

X+ X* = (4R)’.
CrnenoBarenbHO, pedpo KyOa
X =2R+2,

a 00beM dJIeMEHTapHOM STYEHKHN paBeH
16R* V2.

OnpenenseM METATUTMYECKUN PainyC MEIU:
16R*2 =4,73-10%
R=1,2810" cm = 0,128 um.

[TonmyyeHHOE 3HAUYEHME METAUIMYECKOr0 paguyca MEIu COBIIAAECT CO
CIIPAaBOYHOU BEIIMYUHOM.

JKCNEePUMEHTAIBLHAS YaCTh

Lenvio pabomul ABIAETCS ONpeleNIeHUE IUIOTHOCTH MeTajlia 1o 3aja-
HUIO TIpernoaaBaTess (CBUHEIN, BUCMYT, OJIOBO, IIMHK U T.II.) MUKHOMETpUYE-
CKHM METOJIOM.

Xo0 pabomwi. 1. B3BeCUTh CyXOM 1 YUCTHIN TUKHOMETP.

2. 3ammoaHUTh MIKHOMETP METAJIJIOM (JTHO COCy/la) M CHOBA B3BECHTh.

3. He BbIHMMas MeTaJUl U3 MUKHOMETpPA, 3a7IUTh MUKHOMETP 0 METKHU
BOJOM M CHOBA B3BECHUTh.

4. BounTh BOAY M3 MUKHOMETPA, METAILI MPOCYIIUTh (DUIBTPOBATILHOM
OyMaroi u BEpHYTh MPENOIABATEINIO.
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5. 3anoaHUTH TUKHOMETP BOJIOM (0€3 MeTailia) 1 CHOBA B3BECHUTb.

6. 3amoIHUTh TaOIUILy 7 ONBITHBIMH JIAHHBIMUA W BBIYUCIICHHBIMH 3Ha-
YEHUSIMHU M5, Mg, M7 U Myg.
Ta0muna 7

OnbITHEIC JAaHHBIC I10 OIIPCACICHUIO INIOTHOCTH MCTAaJlJIa

Ne HazBanue OO6o3nauenne | Benmmuwmna

1. | Macca mycToro nuKHOMeTpa, T m,

2. | Macca nuKkHOMETpa ¢ METAJIOM, T m,

3. | Macca nukHOMeTpa ¢ METAJLIIOM m;
1 BOJIOM, T

4. | Macca nuKHOMETpa ¢ BOJIOH, T my

5. |Macca meTtania, r ms=m, —

6. | Macca BOJibl B TyCTOM MUKHOMETPE, I | Mg = my — M

7. |Macca BOJIbl B MMKHOMETPE C METaJ- m; =mz —my
JIOM, T

8. |Macca BoJibl, BRITECHEHHOM METalJIOM | Mg = Mg — My
(06beM MeTaIlIa), M’

9. | TLioTHOCTH MeTAILIA, T/CM” p = ms/mg

7. Ilpon3BecTr pacyeT aTOMHOTO pajuyca JAaHHOIO0 MeTajuia Mo MpuMe-
py, IpuBeieHHOMY HIKe. CBEpHUTh MOJYyUYEHHOE 3HaYEHUE MJIIOTHOCTH U pa-
IMyca MeTajula CO CHPaBOYHBIMM JIaHHbIMU (Ta0iauua 6) U BBIYUCIUTH MO-
IPELIHOCTH OMbITa. B BbIBO/IE yKa3aTh BOZMOXHBIE PUYUHBI MTOTPELTHOCTH.

KonTpoaupyommue 3axanus

1. HazoBuTe camblil TSDKEIIBIA, CaMbBId JICTKHM, HAHOOJIee JICTKOIIaBKHI
Y HAUMEHEE TYTOIUIAaBKUN METAJUIBI.

2. [Moyemy mpu ymape MeTauibl TOJIBKO Ae(OPMUPYIOTCS, HO HE pacria-
JTAFOTCA HA YaCTU KaK HEMETAJUIMYECKUE KPUCTAIIIIbI?

3. C 4yem cBs3aHa BBICOKAas 3JIEKTPOIPOBOJHOCTh MeTauioB? BynyT nu
AIEKTPONPOBOIHBIMHU Mapbl cepedpa?

4. Kakue Metaipl U modeMy oO0Jalal0T BBICOKUMH TeMIlepaTypaMu
IUTABJICHUS], KAKHE — HU3KUMU?

5. OObsicHUTE (PUBHUYECKHUI CMBICI TOHSTHA: aTOMHBIA, MOHHBIN, Me-
TaJUTMYECKHUM, OPOUTATHLHBIN pagnycC.

6. Hepe‘-II/ICJII/ITC XUMHUYCCKHUEC CBOﬁCTBa, KOTOPbIMHU MCTAJUJIBI OTJIM4Ya-
OTCA OT HEMCTAJIJIIOB.

45

YYEEHO-METOOVYECKWW




é&ny MHCTHTVT
é.'f;'.'? OHCTAHLUHOHHOTO

y

H

e—p

['maBa BTOpAas. _
3AKOHOMEPHOCTHU XUMHNYECKHUX PEAKLIUU

Pa6ora 7. TEIINIOBOH Y®DEKT PEAKIIUIA

Bce xuMuueckne peakiyu COMpPOBOXKIAIOTCS MOTJIOUIEHUEM WU BbIJIE-
JIEHUEM TEIUIOBOW dHepruu. Peakuunu, naymue ¢ BBIACICHUEM TEIUIA, HA3bI-
BaIOTCSl 3K30TEPMHUYECKUMH, & C IMOMIOLNIEHUEM — 3HAOoTepMUyYecKuMH. Ko-
JMYECTBO BBIJIECJIEHHOTO WJIM IOIVIONIEHHOIO TEIUla Ha3bIBAE€TCA TEIUIOBBIM
3 (HEeKTOM peakium.

DKCIEpUMEHTAIBHOE OINPEIEICHUE TEIJIOBBIX 3(P(HEKTOB XUMUYECKHUX
peakuuii MPOBOJAT B CIIELHAIBHBIX YCTPOWCTBAaX — KanopuMmerpax. Kamopu-
METp MPENCTaBISIET CO00M cOoCyl, CHAOKEHHBIM TEIMIOU30IUPYIOIIEH py-
OalKoW JJIsl yMEHBIIEHUS TEIIoo0MeHa ¢ OKpyskarolei cpenoil. [Ipocreit-
M KaopuMeTp (PUCYHOK 8) COCTOMT M3 JIBYX CTakaHOB: Hapy»Horo (1) u
BHYTpPEHHETO (2) — COOCTBEHHO KaJOpUMETpPa, YCTAHOBJIECHHOI'O Ha TEILIO-
M30JIMPYIOIIEH MOJICTABKE U CHAOKEHHOT'O KPBIMIKOM (3) ¢ OTBEPCTUSIMU IS
TepMoMeTpa (4), BOpoHKH (5) u Memanku (6). UToObl CBECTH MOTEPH TEIIA K
MUHHUMYMY, BHYyTPEHHUN CTAKaH HE JTOJKEH KacaTbCsl CTEHOK BHEIIHETO.

N
A FAEA / Puc. 8. Cxema npocmetiwezo
gzl | o | 7 Kaiopumempa

- p— /6 1 — Hapy>kHBII cTakaH, 2 — BHyTPEHHUI CTaKaH,
_— 3 — KpbllIKa, 4 — TEPMOMETP, 5 — BOPOHKA,

— 1 6 — MemIanka

C
i\

KonnuecTBO T€mnOThI, BEIACIUBIICUCS WJIM MOMVIOMIEHHON B XOJ€ PEaK-
IIUU, OTIPEJICNISIETCSI TI0 U3BECTHOU (popMyIie:

Q=K-AT, (1)
rac K — TermioeMkocCTh KaJIOpUMCETpPA, AT — usmMenenue TCMIICPATYPHI B XOAC
PCaAKINN.
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[To ¢uznyueckoMy CMBICTY TEIJIOEMKOCTh KaJTOPUMETPA €CTh KOJIUYECT-
BO TEIUIOTHI, HEOOXOIUMOE JIJIsi HarpeBa BCEX €ro 4acTei Ha OJUH Tpaayc.
OHa ckJajapIBaeTCcsl U3 TEIUIOEMKOCTH PacTBOpa, KOTOPBIA HAXOIUTCS BO
BHyTpeHHeM crakaHe (C,'m,), U TerIoeMKocT! caMoro cTakaHa (Cermey):

K = Cymy + Cormey @)

[TockonbKy KOHIIEHTpalMsl PacTBOpa Maja, yAelbHas TEIIOEMKOCTh
pacTBOpa MPUHUMAETCS PaBHON TeruioeMKocTH Bojbl, T.e. 4,18 JIx/(r-K);
Macca pacTBOpa U3BECTHA U TEIJIOEMKOCTh PacTBOPA MOKET ObITh BbIUUCIIE-
Ha. OJIHAaKO TEIUIOEMKOCTh CTakaHa HEM3BECTHA, U €€ HeOOXOAUMO oIpee-
JHUTH JKCIIepuMeHTanbHo. [loaTromy mannas paboTa BBITIOTHSAETCS B JIBa dTa-
na: 1) ompejaeneHue TEMI0EMKOCTU KajopuMeTpa (ombIT 1); 2) onpeneneHue
TEIJIOTHI peaKuu (ONbITH 2—4).

IKCNEPUMEHTAIbHAA YaCTh

Lenvio pabomul sBRSIETCA OMpeneneHne TeroBoro 3Qdexra peakiuii
TalleHus W3BECTH, HEUTpaau3aluy MIETOYM KHUCIOTOM W B3aUMOJICHMCTBUS
AIIFOMHHHUSA C COJITHON KHUCIOTOM.

Omnpit 1. OnpenesieHue TEMI0EMKOCTH KaJlopuMeTpa
¢ MIOMOIIbI0 TOpsYeld BOABI

Xoo onvima. 1. 3anucars Temneparypy kamopumerpa (T,).

2. C moMoIIb0 MEpHOTO IWINHApPa HaOpaTh B ctakaH 100 M1 BOJbI, Ha-
rperoii 10 50—60 °C, TemnepaTypy U3MEPUTH C TOUHOCTHIO JIO AECITHIX J10-
neit rpagyca u 3anucath (T;). BICTpO BBUIMTH HArpeTyr0 BOAY BO BHYTpPEH-
HUM cTakaH KajopumeTpa. [IoCTOSIHHO mepemennBas, 4yepe3 Kaxayro MUHY-
Ty 3aMepsTh TEMIIEpATypy BOJIbI B KAJIOPUMETPE U MOKa3aHUs TEPMOMETpa
3aHOCUTH B TAOJIHILY:

Bpewms, mun | O 1 2 3 4 5 6 7 8 9 | 10
T,°C

B xone usmepenuit HabmomaeTcss Tpu nepuona: 1) temmeparypa B Ka-
JIOpUMETpPE OBICTPO YMEHBIIAETCS (HarpeBaeTCsi BHYTPEHHHUU CTakaH Kalo-
puMeTpa); 2) Temreparypa cTabuin3upyercs: (HacTynaeT TerjIoBOe paBHOBE-
cue); 3) TeMriepaTypa MEIJICHHO YMEHbIIIAeTCs (32 CUET PACCEMBAHUS TEIIa).
JI71st pacyeToB TEIJIOEMKOCTH OpaTh TeMIIepaTypy BTOPOTO MEpHUOJa, OCTaI0-
IIYIOCS TIOCTOSTHHOM B Te4eHUe 2—3 MUH. DTy TeMIlepaTypy Ha30BEM paBHO-
BECHOU M 0003HaYUM CUMBOJIOM O (Tped. «TaTay).
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KonuuectBo Teria, cooOIlIeHHOE KaJOpUMETPy HarpeTou BOOM, Ompe-
JEsIeTCA M0 YPaBHEHUIO

Q= CH2O "My - (T, - 0) (3)

KomuuecTBo TCIUIOTHI, IIOTVIOIICHHOC KAJIOPUMETPOM, OIIPCACIIACTCA I10
ypaBHEHUIO:

Q=K«(0-T) 4

[Tockomnbky neBbie yacTu ypaBHeHu# (3) u (4) paBHBI, TO IPUPABHUBAECM
IpaBble YacTH U TOodydaeM (GopMylly IJs pacdeTa TeIIOEMKOCTH KaJlopH-
MeTpa:

Cio My (T, =0)  418-100-(T, - 6)

K =
0-T 0-T (5)

Omnpenensemas o Gopmyie (5) senuunna K usmepsercs B Jlx/rpa.

BolunciieHue TenJ10eMKOCTH KaJlopuMeTpa

[Tpubnu3uTEeIbHOE 3HAUYCHNE TEIJIOEMKOCTH KAJOPUMETPA MOXKET OBITh
BBIYUCIIEHO 10 (hopmyie (2). s 3Toro BHyTpeHHUN CTakaH KaJopuMeTpa
B3BEIIMBACTCS HA TEXHOXMMHYECKUX BECAX, PACCUMTAHHBIX HA MaKCUMaJlb-
Hy10 Harpy3ky 110 500 r, a yienpHas TEIIOEMKOCTb CTEKJIa, U3 KOTOPOIro U3-
TOTOBJICH CTaKkaH, puHumMaetcs paBHoi 0,78 Jx/(r-K).

OnbiT 2. OnpenesieHue TEIVIOTHI PEAKNNH TAIeHUs U3BECTH

Peaxnueii rameHuss W3BECTH HA3bIBACTCI B3aWMMOJEUCTBHE OKCHUIA
KaJIbLHUS C BOJOM, KOTOPOE COMPOBOXKIAETCS BBIACIECHUEM TEIUIa U ONUCHIBA-
€TCA YPaBHEHHEM

CaO(x) + H,O(x) = Ca(OH);(x)

Xoo onvima. 1. Bo BHyTpeHHMI cTakaH KajopumeTrpa HaauTh 100 mi
BOJIbI, BBIICPKAHHOM B KOMHATE, Temneparypy Boasl 3anucath (T).

2. Ha TeXHOXMMHYECKUX WM 3JEKTPOHHBIX BECAX B3SITh HABECKY OKCH-
nma Kanbiusg ot 5 1o 10 .

3. Bepimarh okcup Kanblusa B KasopumeTp. [locTossHHO nepemerinBasi,
yepe3 KaXIyl0 MUHYTY 3aMepATh TEMIIEpaTypy U 3alUChIBaTh €€ B TaOIHILy,
TaKyIo €, KaK B OnbITe 1.

B xozne onblTa HabmonaeTcs Tpu nepuoja: 1) remneparypa MOBBIIIAET-
Csl, TaK KaK MJET dK30TEpMUYECKasi PEeaKlys; 2) TeMIeparypa Ha HEKOTOpOe
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BpeMsi cTaOuiam3upyercs; 3) Temreparypa NOHMXKAeTCAd H3-32 pacCeUBaHUS
teria. [{s Beraucnenus 6path TeMmeparypy BTOpOro Mepuoa.

Xo0 evruucnenuti. 1. BBIMUCIATH KOJIMYSCTBO TEIIA, BHIJCIMBIICIOCS B

KaJIopuMeTpe 1o popMyIie

Q=KAT=K-(0-T),
rae K — TernnoeMKoCcTh KalopuMeTpa, onpeiesieHHast B onbITe 1 (MM BbIUKC-
JeHHas); 6 — TemmnepaTrypa BTOpOro rnepuoa.

2. Vcxons U3 MOJIIPHON MacChl MU HaBECKW OKCHJIa KaJbITUs, TIEPECUU-
TaTh MOJYYCHHBIN pe3yNbTaT Ha TEIUIOBOM 3D (eKT peakiuu, 0003HAYUB €ro
AH’,, («7ebTa aur HYJIEBOE OMBITHOEY») M BHIPA3HUB €ro B KJ[3K/MOJIb.

3. Ucxons w3 »sHTanpnuu oOpa3oBaHUsS OKcHaa Kamblus (—635,5
k/x/Monb), Boabl (—285,3 k/k/Monb) WM rTuiapokcuaa Kaublus (—986,6
k/J[>k/MOJIb), BEIYMCIIUTE TEOPETUYECKOE 3HAUCHUE TeIIoBoro 3pdexra peak-
1005051 AHOTCOP.

4. BeiuncanTh NOrpemHocTh onbita (B %) mo gopmyiie

AHL,, — AHG,
=k -100%

TEeop

B BBIBOJIC YKa3aThb HA BOSMOKHBIC IIPUYHUHBI ITIOTPCIIHOCTHU.

OmneiT 3. OnpeneJieHHe TEIJIOThI PEAKIMUA HEHTPaJIU3aunu

Peakuueln HeWTpanmu3anuu HA3bIBAETCA B3aHUMOJCHCTBUE CUJIBHBIX KH-
CJIOT CO WIEJI0YaMH, KOTOPOE OMHUCHIBAECTCS OJJHUM U TEM K€ MOHHBIM ypaB-
HEeHHUeM oOpa3zoBaHus Bojbl. Hanpumep:

HCI + NaOH = NaCl + H,O H" + OH =H,0
HNO; + KOH = KNO; + H,O H + OH =H,0

ITo »TOM MpUYMHE TEMIOTA HEUTPAIU3ALUHA HE 3aBUCUT OT COCTABA KH-
CJIOT U IIEJIOYEH M BCer/a paBHa OJHOM M TOM ke BelnuuHe —57,2 kJ>k/MoJIb.

Xoo onvima. 1. Ionyuntsh y nabopaHTa OJHOHOPMAJbHBIE PACTBOPHI
KHUCJIOTBI M LIEJ0YH, BbIAEPKAHHBIE ITPU KOMHATHOW TEMIIEpAType; TeMIepa-
Typy (T) 3anucars.

2. OT™MepUTh MEPHBIM TUIUHIAPOM 50 MJT KUCTIOTHI U HAJIUTH €€ B KaJlo-
pUMETD.

3. OTMepuUTh € MOMOIIBIO IPYroro MepHoro nuiauHapa S0 mu pactBopa
IEJI0YM, BIUTh €ro 4epe3 BOPOHKY B KUCIOTY W mepememars. HabGmonatsb
W3MCHEHHUE TeMITepaTyphl M 3aMUChIBaTh €€ 3HaUCHUS B TaOJUITy, TaKyIO XKe,
Kak B omnbITax 1 u 2.
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B xoze ompiTa HabmoMaeTcs TpuU mepuoja: 1) remmneparypa MoBHIIIaeT-
Csl, TaK KaK MJET dK30TEPMHUUECKasl peakiusi HeUTpaau3aium; 2) TemMnepary-
pa CTabMIM3UPYETCS U HEKOTOPOE BPEMs OCTAETCs MOCTOSHHOM; 3) Temmepa-
Typa TIOHIKAETCS U3-3a pacCerBaHus Teruia. J{s BeauciaeHus: OpaTh TeMIie-
paTypy BTOpOTO Ieproja, 0003HauuB e€ 0.

Xo0 evruucnenuti. 1. BBIMUCIATH KOJIMYSCTBO TEIIA, BHIJCIMBIICIOCS B
KaJIopuMeTpe, 1o popmyJie

Q=KAT=K©-T),

rae K — TernnoeMKoCcTh KalopuMeTpa, onpeesieHHas B onbITe 1 (MM BbIUKC-
JICHHAs).

2. BbluucauTh KOJIUYECTBO (MOJIb) KUCIOTHI M ILIEJIOYH, B3SATHIX IS
OTIbITA, U KOJIMYECTBO 00Pa3yIOLIEHCs BOJIBI.

3. BeluuciauTh SHTANBINIO HEUTpaIu3auu B KJ>k/MOJIb.

4. OnpeaenuTs MOrPEIIHOCTh ONbITa. B BBIBOAE yKa3aTh HA BO3MOKHbBIE
MIPUYHHBI IOTPEIIHOCTH.

OneiT 4. OnpeneJieHre TEIJIOThHI PEAKIMU AJIOMHUHHUSA
C COJITHOM KHCJIOTOM

Xoo onvima. 1. B31Th HaBeCKy MOPOIIIKA WM CTPYKEK aTIOMUHUS Mac-
coi okoJio 0,5 T.

2. Bo BHyTpeHHMU CTakaH Kajopumerpa HamTh 100 M1 0THOMOISAPHO-
ro pacTBOpa COJISTHOW KUCIOTHI M BChINAaTh B HErO HABECKY AJTFOMHHHS MPHU
MIOCTOSIHHOM IE€PEMENIMBAHNN PACTBOPA.

3. HaGntonath mpoTeKaHue peakiuy, 3aluchiBasi B TaOJIUILY, TaKyIO Ke,
Kak B onbITax 1—3, 3HaueHHE TeMInepaTypsbl pacTBOpa.

4. 1o 3Ha4YE€HHIO MAKCUMAIbHOW (PaBHOBECHOW) TEMIEPATYPhl BbIUKC-
JIUTh KOJIMYECTBO BBIJEIUBIIETOCS TEIUIA U PACCUUTATh OMBITHOE 3HAYEHUE
TemnoBoro dgdekra peakiuu AH .

5. I1o ypaBHEHUIO peaKnuu

2Al(x) + 6HCl(p) = 2AICl;5(p) + 3Hy(r)

BBIYUCIIUTh TEOPETUUECKOE 3HAYEHUE TEIIOBOro 3P (eKTa I3TON peakiuu 1o
sHTanenusM odbpazoBanust HCl(p) (—-167,5 k/lx/monb) u AlCli(p) (—672,3
kJ[>k/MOJIB).

6. OmnpenenauTh MOTPEUTHOCTh ONBITA U B OTYETE YKa3aTh HA BO3MOXKHBIC
MPUYUHBI TOTPEITHOCTH.
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KonTposmpyroummue 3aganus

1. Kak Ha3pIBalOTCSA pEAKLHH, UAYIIHUE C BBIACIECHUEM TeEIlIa, C MOIJo-
menneM? Kakol 3HaK UIMEIOT 3HAUYEHUS UX DHTAIBIUNA?

2. ITouemy >HTaIbIUS B3aUMOJCHCTBUS TMIPOKCUA HATPHS C pa3ivy-
HBIMU CUJIbHBIMU KUCJIOTAMHU UMEET OJIMHAKOBOE 3HAUYCHUE?

3. BeiBectu dopmyny uisi pacuera MOCTOSHHOM KalopuMmeTpa, 3Has
YVAENBHYIO TEINIOEMKOCTh CTEKIIIHHOTO CTakaHa W pactBopa. [louemy B pac-
YEeT HE BXOJUT Macca BHEIIHETO CTakaHa?

4. Tlouemy npouecc HEUTpaIU3alUKU BCETAa MPOUCXOINUT C BBIICICHUEM
TEIIa, a pACTBOPEHHE TBEPIBIX COJIEH HE Bceraa?

5. CpaBHuB Tpadviku U3MEHEHHUSI TEMIIEPATYPhl pacTBOpa B ABYX KaJlo-
pUMETpax, BHIOCPUTE KAJOPUMETP C JYUITUMHU XapaKTEPUCTUKAMH B 000C-
HYITE CBO BBIOOD.

A T,K A T,K

T, MUH . T,MHH

v
A

6. DKCIEpUMEHTAIBHO YCTAaHOBJIEHO, YTO MPHU B3auMojaeucTBUU 2,3 T
Hatpus ¢ BoAou Beiaensaercs 14,0 k/[x temiorsl. Beruncnure sHTanbnuro pe-
aKIIH.

Pa6ora 8. CKOPOCTh XUMHWYECKUX PEAKIIUIA

XHUMHYECKUE PEAKIUU OYEHb CHUIIBHO OTJIMYAIOTCS MO CKOPOCTH MPOTe-
kanus. Hampumep, B3aumMoaeiicTBHE BOJOPO/Ia C XJIOPOM Ha CBETY MPOUCXO-
JIUT MTHOBEHHO (B3PbIB), @ KOPPO3Hs METAIUIOB JuIUTCs rojgamMu. CKOpoCTh U
MEXaHHU3M XUMHUYECKUX PEAKLINUN U3ydaeT XUMUYECKAs] KHHETUKA.

B Xumuueckoll KHHETHKE pEaKUMH NOAPA3AEIAIOTCS Ha IPOCThIE U
cioxHsble. [IpocTeie peakunu npoTekatoT 0e3 00pa3oBaHUsI IPOMEKYTOUHBIX
COEIMHEHUI (B OJIHY CTA/IMIO), & CIOXKHBIE — C 00pa3oBaHUEM ITPOMEKYTOU-
HBIX MPOAYKTOB (B HECKOJIbKO cTaauil). Kaxknas ctagust CIOXKHOU peakuuu
MOXKET paccMaTpHUBaThCs Kak npoctas peakuus. Cpenu mocieqoBaTeNbHbIX
CTaui CIIOKHOM pEaKLUy BCEraa MMEETCs OJHa CTAIHsl, KOTOpask OrpaHu4u-
BaeT CKOPOCTh MPOTEKaHUs BCEil peakuu B 1enoM. OHa Ha3bIBAETCS JIMMHU-
TUPYIOIIEH CTATUEN CIIOKHOM XUMHUUYECKON PEAKLIUH.
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CKOpOCTh peaKklUM 3aBHUCUT OT KOHUEHTPALMHU B3aUMOAECHCTBYIOIIMX
BEILECTB, 3TA 3aBUCUMOCTb YCTAHABIIMBAECTCS 3aKOHOM JIEUCTBYIOIIMX Macc
JUIsL cCKopocTu peakuuii. COrjmacHO 3TOMY 3aKOHY, JUISl PeakUUH, MPOTEKaro-
1IEH 110 YPABHEHUIO

aA + bB = IIponykTbl

CKOPOCTb PEaKIIUU ONPEICTIAETCS BRIPAKCHUEM
_ n n
V=k-C}- -C3,

B KOTOpoM k — koHcTaHTa ckopocTH peakuuu; Ca, 1 Cg — MOJIIpHBIE KOHIIEH-
TpalUy peareHTOB; IM0KA3aTENH CTEIIEHN N U N, HAa3bIBAKOTCS YACTHBIMU KH-
HETUYECKUMH TMOPSIIKAMU PEAKLMH 110 BemecTBaM A u B, COOTBETCTBEHHO.

CyMmMa 4acTHBIX MOPSAKOB pPeakiuu n; + n, = p MpeacTaBisieT coOoil
OO KUHETUYECKUI MOpAnoK peakuuu. CyIecTBYIOT PEakUu HYJIEBOTO
(p=0), nepsoro (p = 1), BToporo (p = 2) u TpeTbero nopsjaka (p = 3).

JUis MpOCTBIX peakIuil YacTHBIC MOPSJIKA COBMANAIOT C KO3 ULeH-
TaMU TepeJ] peareHTaMd B XMMUYECKOM YpaBHEHUHU PEaKUuy, a OOIIMMA MOo-
PAIOK paBeH cCyMMe KO3((ULIMEHTOB B JIEBOM YaCTU YPABHEHUS PEAKLIUU.

JUist cinoHO#M peakuuu oOIMi KHHETUYECKUIA TTOPSAIOK HE COBIMAJAET C
koa(dpuLieHTaMu Tiepes] peareHTaMu, HO COBMIAAAET C MOPSAKOM €€ JIMMU-
TUpYIOIIEeH craguu. VIHOrIa nopsAIoK CIIOXKHOM peaklUy BBIPAKAETCS HE Lie-
JBIM, @ IPOOHBIM YHCIIOM.

Ilpumeuanue. 1151 HEKOTOPBIX CIIOKHBIX PEAKIUN KUHETUYECKUN MOPSIOK COB-

nagaer ¢ koddduureHTaMu nepes peareHTaMH; Takhe peaklUd B XUMUYECKOU KH-
HETHKE HA3bIBAIOTCA (OPMANbHO NPOCMbIMU.

KuHeTndecknii MOpSIIOK PEeakuu  OMPEIeISIIOT IKCIIEPUMEHTAIBHO
OOBIYHO TpaUIECKUM METOAOM. B peakiusx HyJIeBOro MOpsaKa CKOPOCTh
PEaKIUU OCTaeTCS MOCTOSHHOW. I'padK IKCIIEPUMEHTANBHBIX JaHHBIX IS
TaKON peakuuu B KoopauHaTaxX V(ckopocts) — C(koHumeHTpamus) MPEACTaBISICT
MpAMYIO JIMHUIO, TTapaJUIeIbHyI0 ocu adciuce (puc. 9a). B peakuusax nepBo-
ro TOpsAJIKa CKOPOCTh PEAKIIMH yBEIMYMUBACTCS MPONMOPIHUOHATHHO KOHIICH-
Tpaumu (puc. 96). B peakuusax, mopsaoK KOTOPBIX OOJbIIE €IUHUIIBI, MEXKIY
V u C nabnrogaercs SKCIIOHEHIIUANIbHAS 3aBUCUMOCTD (puc. 9B).

\Y \Y \Y Puc. 9.

2) ) B) 3asucumocms cxopo-
cmu (V) om konyen-
mpayuu (C) 6 peakyusx
HY1e8020 (a), nepeozo
(6) u emopozo (8) no-

C C C pAoka.
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Jlst Toro 4ToOBI Yy4acTBOBATh B PEAKIIMM, MOJIEKYyJIaM HEoOXoauMa U3-
OBITOYHASI PHEPTUS 10 CPABHEHUIO CO CPEIHEH dHEpruei MOJICKyJ IPH JIaH-
HOH TeMmrieparype. OTa W30bITOYHAS PHEPIHs Ha3bIBACTCS DHEPruei aKTHBa-
MU peaKIuu; oHa obo3Havaercs E, u uaMmepsercs B kJx/Monb. KoHcranta
CKOPOCTH PEAKIIMU Y SHEPTHsl aKTUBALIMHU CBSI3aHbI YPAaBHEHHEM AppeHnyca:

Ea

k=k -e ™

OHeprusi aktuBauuu E, u MHOXUTENb k, (ero Ha3bIBalOT MPEAIKCIIO-
HEHIMAJIbHBIM MHOKHUTEJIEM) SIBJIAFOTCSI ITIOCTOSIHHBIMHM BEJIMYWHAMHM, Xapak-
TEPU3YIOIIMMU JAHHYIO PEAKLMIO; B OTJIMYHME OT KOHCTAHTBI CKOPOCTH k, OHU
HE 3aBUCAT OT TEMIIEPATYPHI.

DHEpruro akTUBAIIMM MOKHO HAWTH, €CJIM U3MEPUTh KOHCTAHTY CKOPO-
CTU peakuuu npu AByx temneparypax T; u T,. Ilpu BblUKCIIEHUN DHEpPrUU
aKTUBALIMK MOTPeOyIOTCA HE a0CONIOTHBIE 3HAUYEHUS KOHCTAHThI CKOPOCTH, a
ux otHomeHue (k; : ki). 910 TO K€ camoe, UTO OTHOIIEHUE CKOPOCTEHN peak-
MU Tpu AByX Temmeparypax (V, : V) uim oTHOIlIEHHE BPEMEHH MpPOTEKa-
Hus peakuuu pu T k e€ Bpemenu nipu T, (T; : T,), TaK KaK BCE 9T OTHOIIIE-
HUS paBHBI MEXIy COOOM:

k2:k1 =V2:V1 =T« To.

dopMyity JUIsl BBIUUCICHUS SHEPTUH AKTUBALIUA MOYKHO TIOJY4UTb, €CITU
3amucarh ypaBHeHUE AppeHuyca JBa pa3a — s tremneparyp T u Ts:

_Eia Ea

k,=k,-e™ u k,=k, e

pa3aenuTh BTOPOE YpaBHEHHE Ha TIEPBOE, TPOIOTapu(hMUPOBATH MOTyICHHOE
ypaBHenue. [locne mpeoOpazoBanuii moyvaercs popmyra:

2,3RT,T, T,
a = g

T, - T, Ty
JlaHHbIN cnioco® pacuera MMEET CYIIECTBEHHbIE HEJOCTATKHU: pacder
DHEPIUM aKTUBALMU IIPOU3BOIUTCS TOJIBKO I10 IBYM TOYKaM; JJIs IIOJIYYEHUS
pe3yspTaTa HaJo0 MpoBecTH JABa ombiTa. CoBpeMeHHble 00pa3oBaTellbHbIC
TEXHOJIOTHH MO3BOJISIOT yCTPAHUTh 3TH HenocTtaTku. OqHa u3 Hux «Padora B
KOMaHzae». B 3ToM TEXHOJIOTMM KaK[Ias napa CTYJICHTOB BBINOJHSET TOJBKO
OJIMH OIBIT, HO NPH PA3HBIX TeMmIieparypax. Ecin B rpynne 14 demosek, TO
MOJTy4aeM cpa3y CeMb OIBITHBIX JaHHBIX, U3 KOTOPBIX CTPOUTCS OOIIMiA Tpa-
GuUK, MO0 KOTOPOMY pacCUMTBHIBAETCS HHEprus axktuBauuu. [Ipemmyiectsa
JAHHOM TEXHOJOTUM OYEBMJIHBI: MOIYyYaloTCad 00jiee KaueCTBEHHBIE PE3YJib-
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TaThl 3a 0oJiee KOPOTKOE BpEeMs; C APYroil CTOPOHBI MOBBIMIASTCS OTBETCT-
BEHHOCTH CTY/ICHTOB IIPY MPOBEACHUH IKCIIEPUMEHTA — HETOUHBIN pe3yJIbTaT
HE TOJILKO T'PO3UT MOHIKEHHUIO OLIEHKH 3a jJabopaTopHyio paboTy, HO U 00-
IIECTBEHHOE MHEHHE KOMaH[bI, C KOTOPOW ThI TPOBOJWI JIaHHYIO padoTy.
D10 60Jiee CyIECTBEHHO, YeM CHUKEHUE OIICHKH.

BKCHepI/IMeHTaJIBHaH 4acTb

L]envio pabomul ABISIETCS IKCIIEPUMEHTAIBHOE ONPEACIICHUE KHHETHYE-
CKHMX MapaMeTpPOB XMMHUYECKON peaKIuu: MOPsAKa peaklui U SHEPTUU aKTH-
BaIlUH.

Uccnenyercs peakius MeXay THOCYIh(ATOM HATPUSI U CEPHOUM KUCIIO-
TOM, KOTOpasi OMMCHIBACTCS YPABHECHUEM:

Na,S,0; + H,SO4 = Na,SO, + SO, T + S+ H,0

OnuH U3 TPOIYKTOB peakiuu (cepa) Mo XOJay peakiuu obOpasyercs B
BHUJIC OYCHb MEIKHUX, HEBHUJIMMbLIX BHadajie, KOJJIOHIHBLIX YaCTHII, B3BCIICH-
HbIX B BoJie. Koryia konndecTBO cephbl BO3pacTaeT, €€ YaCTUIlbl HAYMHAIOT CO-
SAMHITHCS MEXTy cO00M (KOaryaupoBaTs) U CTAHOBSITCS 3aMETHBIMH OJ1aro-
Jlaps TOMY, YTO PacCCEUBAIOT CBET.

Paccesinue cBeTa KOJUIOMIHBIMU YaCTUIIAMU CEpPbl HAOJIIOJAeTCs B BHUJIC
rojiy0boBaTOTO OKpalllMBaHUSI PaCTBOPA, HAIIOMHUHAIOIIETO CJla00e CBEUYCHHE.
DTOo sIBJIE€HUE Ha3bIBaeTcsl onanecieHuueil. [Ipu mpoBeaeHnn sKCriepuMeHTa
HEOOXOJMMO HM3MEPATHh MPOMEKYTOK BPEMEHH MEXKIY IBYMS MOMEHTAMH:
MOMEHTOM Hayaja peaklui U MOMEHTOM, KOIrJa CTAaHOBUTCS BUIUMOU oma-
JICCIICHIIHS.

DTOT NPOMEXKYTOK IMPUHUMAETCS 3a BpeMs MPOTEKaHHsS peakiuu (7).
Benuuuna, o6patHasi 7, mponoplroHalibHa ckopocTu peakuuu (V); equHuia
e€ U3MEpPEHUs — ¢ Jlanee 1 KpaTKOCTH 3Ty BEIWYUHY OyJieM HasbIBaTh
CKOPOCTBIO PEaKIIUU.

[Tpu BbINIOTHEHUH PAOOTHI MPOBOJSATCA TPU ONBITA.

[TepBbIii ONBIT BHIMOIHAETCS MIPU PA3IMYHBIX KOHIEHTPAIIUAX THUOCYJIb-
(data HATpHA, B TO BpeMs KaK KOHIIEHTpAIlUs CEpHOM KHUCIIOTHI OepeTcs Oau-
HAKOBOM JIJI1 BCEX M3MEPEHUN B 3TOM cepuu. B 3TOM OIbITE BBISABIAECTCS 3a-
BUCUMOCThH CKOPOCTH PEaKIIMU OT KOHIIEHTPAllUU THOCYIb(aTa HATpHUsI.

Bo BTOpOM oOmbITE MEPEMEHHON BEIMYMHOM SIBISETCS KOHLEHTPALUS
CEPHOM KHCIIOTBI, B TO BpeMsl KaK KOHIICHTpaIHs THOCYJb(aTa HATPHUS TO-
JICPKUBAETCS TTOCTOAHHOM. B 3TOM ombITE ONpenenseTcss CKOPOCTh PEAKIINU
B 3aBUCHUMOCTH OT KOHIIEHTPAIUU CEPHOU KUCIIOTHI.
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OObeIMHUB U3MEPEHHBIE 3aBUCUMOCTH CKOPOCTU PEAKIIMU OT KOHIIEH-
Tpanuil THoCyIb(haTa HaTPUS U CEPHOM KUCIIOTHI, MOTYYal0T YpaBHEHUE, CBS-
3BIBAIOIIEE CKOPOCTh PEaKUUHh C OOEMMHU MEPEMEHHBIMU KOHUEHTPALMSIMU
peareHTOB. DTO U OyJeT ypaBHEHHE 3aKOHA JCWCTBYIOUINX MacC WM KUHE-
TUYECKOE YPABHEHHE PEAKIINU:

V=k-Cl, -C

Na,$,05 H,S0,

HeusBecTHbIMU BENMYMHAMM, KOTOPBIE HYKHO OIPENIEIINUTh, SIBISIIOTCS
MOKA3aTeNu CTENEHU N U Ny, T.€. KHHETUYECKUN MOPSAJ0K PEaKIUU MO THO-
cynbdary HaTpus u cepHOil kuciore. VX ycTaHOBIEHUE SIBISIETCS IIEIBIO
JIBYX IEPBBIX OIBITOB.

OmnpiT 1. OnpeneneHue YaCTHOT0 KHHETHYECKOT0 MOPSIAKA
10 THOCYAb(aTy HATPUS

Xoo onvima. 1. B nsiTH OTIENBHBIX MPOOMPKAX MPUTOTOBUTH MSATh pac-
TBOPOB THOCYJb(haTa HATPUS C Pa3IUYHBIMU KOHIIEHTpauusMu. B mepByio
NpOOUPKY HAUTh U3 KalleJIbHUIIbI 2 Karu pacTBopa Na,S,0s3, Bo BTOpyro —
YeTbIpE, B TPETHIO — IIECTh, B YETBEPTYIO — BOCEMb U B MATYIO — JECAThH Ka-
nenb pactBopa. [locne 3Toro 00bEM pacTBOpa B Kaxa0il MPoOUPKE TOBECTU
1o 12 xamens mo0aBlieHHEM BOBI: B MEpBYIO MpoOupKy BHecTH 10 karenb
BO/IbI, BO BTOPYIO — 8, B TpeThiO — 6, B ueTBEPTYIO — 4 U B msATyr0 — 2. Eciu
TeNepb NPUHATH KOHIICHTPAITUIO CaMOro pa30aBIICHHOrO pacTBopa (IIepBOro)
YCJIOBHO 3a €UHUILY, TO CJIEIyIoNue OyayT UMETh KOHIICHTPAITUIO JIBa, TPH,
YETBIPE U MSATh.

2. B mpurotoBiaeHHBIX Mpobupkax ¢ pactBopamu Na,S,0; mpoBecTH pe-
aKIMKU C CEPHOM KUCIOTOM. J[JIst ATOTO B KXY U3 HUX 00aBUTH OJHY Ka-
TUTI0 CEpHOM KHUCIOTHI. Kaxkaplil pa3 mo cekyHaoMepy OnpeaeiuTh BpeMsl pe-
aKIMKU — IOCTUXKEHUE OJITMHAKOBON MHTEHCUBHOCTHU OMNAJIECICHIINH.

3. Beruucnuth 3Ha4eHUs] CKOPOCTH PEAKLIUU U 3aMOJHUTH TaOIHUILY:

Homep | Yucno kanens | Yucno | KoHuentpauus Bpewms CxopocTb
onbITa | THOCYIb(aTa | Kameib | THOCYIb(ara | peakuuu, T peakiuu,
HaTpUs BOJIBI narpus, C V="
1 2 10 1
2 4 8 2
3 6 6 3
4 8 4 4
S 10 2 5
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4. Tloctpouth rpadvk 3aBUCUMOCTH CKOPOCTH PEaKIMU OT KOHIICHTpa-
MU pacTBopa THocybdaTta HaTpusi Na,S,0;, 0 BULY KOTOPOTO YCTAaHOBUTH
YACTHBIA KHHETHUECKUH TOPSAIOK PEAKIIUU 10 THOCYIb(haTy HATPUS.

OmneiT 2. OnpeaesieHre YaCTHOIO0 KHHETHYECKOI0 MOPSAAKA
110 CEPHOM KHCI0TE

1. IlpurotoBuTh TpHU MpoOUpKU ¢ pactBopamu H,SO, pa3Hoil KOHIIEH-
Tpauuu. s 3TOro B nepByro NpoOHPKY HAJIUTh OAHY KaIUIIO pacTBopa cep-
HOM KHCJIOTBI, BO BTOPYIO 2 KaIUIM, @ B TPEThIO 3 KaIUIW; MOCJE 3TOTr0 B KaX-
Iy10 mpoOUpKy A00aBUTHh NUCTHILTUPOBAHHYIO BOAY TakK, 4TOOBI OOBEMBI
PacTBOPOB BO BCEX TpeX MPOOMpPKax ObLIM OJUHAKOBBIMU — MO § KaIleb.

2. PactBop THOCYNb(aTa HATPUS B 3TOM ONBITE OEPETCS OJIMHAKOBBIM —
yeTbIpe Kariu. YToObl pe3ysibTaT onbiTa ObLT 00J€€ TOUHBIM, PEKOMEH Ty EeTCS
yeTbIipe Karau pactBopa Na,S,0; MoMecTuTh B OTAENIBbHYIO MPOOUPKY, a 3a-
TEM B HE€ BJIMBATh PACTBOP CEPHOM KHUCIIOTHI M3 OJIHOM (M3 TpEX 3apaHee
IPUTOTOBJIEHHBIX) MPOOUpPKHU. Bpems peakuuu usmepsercs TakuM ke ooOpa-
30M, KaK U B IIEPBOM CEpUU; 3aTEM TAKXKE 3aloiIHsIeTCa Tabuuua:

Homep | Ywmcno kanens | Ywucio Konuenrpanus Bpewms CxopocTb
OTbITa cepHoi Karenb | CEepHOW KHUCIOTHI, | peaklHH, | peakuuu, V
KHUCJIOTBI BO/IbI C T =1/
1 1 7 1
2 2 6 2
3 3 S 3

3. Ilo nmosiy4eHHBIM OMBITHBIM PE3yJbTaTaM MOCTPOUTH IpaduK 3aBUCH-
MOCTH CKOPOCTH PEaKUHH OT KOHUEHTPALMU CEpHOM KHCIOTBHL. Bum momy-
YEHHOT'0 IpaduKa MO3BOJISET ONPEACIUTh YaCTHBIN KHMHETHUYECKUM MOPSI0K
peaxkIuu 1o cepHo Kuciaore. 3Hast 00a YaCTHBIX MOPSAJIKA, HAUTH (MX CIOXKe-
HUEM) OOIINIA KHHETUYECKUIA TIOPSAIOK HccleayeMon peakiuu. [1o pe3ynpra-
TaM onbITOB 1 M 2 B BBIBOJE 3amucaTh KMHETUYECKOE YPAaBHEHUE PEaKUUU
THOCYJb(aTa HaTPUsI C CEPHON KUCIOTOM.

OmrlT 3. Onpenene}me IHEPTUMN aKTUBAIlUN

B TperbeM ombITe OmMpeenseTcs SHePTHUs aKTUBALUU PEAKIIMH MEXKITY
THOCYTb(ATOM HATPUS U CEPHON KUCTOTOM. [[ist 3TOTO BpeMst €€ mpoTeKaHus
U3MepSETCs MPU TPEX Pa3HBIX TEMIEpaTypax, HO MPU OJIMHAKOBBIX KOHIICH-
TpaIusx peareHTOB.

1. B 1pé€x mpoOupkax MNPUTOTOBUTH OJWHAKOBBIE OOBEMBI pPacTBOpa
Na,S,03; oaHOM M TOHM K€ KOHIEHTpalluu. PekomMeHIyeTcsi B KaXKJI0W Mpo-
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OMpKe K BYM KaruisiM pacTBopa THOCYJb(}aTa HaTpus, B3ATOTO U3 IITATUBA C
peakTuBamMu, 100aBUTh JECATH Karellb JTUCTULUIMPOBAHHOMN BOJIBI.

2. B mepBoit npobupke peakiysi MPOBOJUTCA TP KOMHATHOU TeMIepa-
Type. s aToro nmpobupky nepen Ha4ajaoM peakiy MOMECTUTh Ha 3—5 MUH
B TEPMOCTAT, UMEIOIINM KOMHATHYIO TEMIIEpaTypy, TakK, 4TOObl pacTBOp B
npoOUpKe MPHUHSUI TEMIEpATypy TepMmocrara. B kadecTBe TepMocTaTa HC-
IIOJIB3YETCA XMMHUUYECKUN CTaKaH ¢ BOJOM; TEMIIEpaTypa BOABI B TEPMOCTATE
KOHTposnupyercst TepmoMmeTpoM. [locie Toro kak temmeparypa YCTaHOBH-
Jachk, B IPOOUPKY A00aBISETCS OJHA KaIllsl CEPHOU KHUCIOTHI U U3MEPSIETCs
BpEMSI PEAKIINH.

3. Temneparypa TepMocTaTa MOBBIIIACTCS (IPUOABICHUEM TOpsiYeii BO-
JIbl) Ha JIeCITh rpaaycoB. Bropas npobupka ¢ Na,S,0; Tepmoctatupyercs B
TEUEHHUE 5 MUH IIPU HOBOW TEMIEPAType U B HEM TOYHO TaK K€ MPOBOJUTCS
peakIus ¢ OJIHOW Karjiel cepHOM KUCIOThL. TakuM ke o0pa3oM ¢ MHTEpBa-
JIOM B JI€CATh T'PAAYyCOB MPOBOAUTCS U3MEPEHNUE BPEMEHU MPOTEKAHUS PEaK-
IIUU B TPEThel mpooupke. J[aHHbIE 3aHOCSATCS B TAOJIHILY:

Howmep npobupku 1 2 3
Temneparypa, °C
Temneparypa, K

Bpewms peakuuu T, ¢
Ckopoctb peaximn, V ="/,

4. JInst KaKIO# maphl U3 IBYX TEMIIEPaTyp BBIYHCIUTH BETUYHHY dHEP-
ruu aktuBaruu. [locie aToro, UCXosa U3 TPEX MOTYUYCHHBIX 3HAYEHUH dHEP-
'Y aKTHBAIIUM, BBIYUCIUTD €€ Cpe/IHEE 3HAUCHUE.

5. OnpeaenuTh OMMOKY OIBITA, CPABHUB HAMJICHHOE 3HAYCHUE dYHEPTUU
aKTHBAIIUM C U3BECTHBIM 110 JuTeparype (35 x/[»/Momn).

6. OnucaTh ONBIT U CIIEJIATh BEIBOI.

OneiT 3. OnpenesieHre JHEPIruyd AKTUBALMH
(«paboTa B KOMaH/ae»)

Jlng rpynnel U3 14 yenoBeK MOYKHO IPOBECTH OIBITHI NMPU 7 pa3ind-
HBIX TeMmiieparypax. OmNbITbl IPOBOJIAT B TEPMOCTATE, I/I€ CMEIINBas rops-
YYI0 U XOJIOJHYIO BOJy MOXHO IOJIYYHTh PA3JIUYHYIO TEMIIEpaTypy dKCIIe-
pumenTta. Konnenrpamus THocynb(ara HaTpUs BO BCEX OMBITAX OJMHAKOBA.
Pexomenayercst B kax a0l npoOupKe K ABYM KaIUIsIM pacTBopa THOCYJbdara
HaTpus, B3ATOTO U3 LITAaTHBA C PEaKTUBAaMH, JOOABUThH JECATh Kaleib JTUC-
TUJUIMPOBAHHON BOAbI. JKelaTreapbHO BCEM CTYJEHTaM IOJIb30BAaThCS OJHOMU
KareJbHUIeH ¢ THOCYIb()aTOM HaTpHsi, YTOOBI M30eKaTh OLINOKH, CBS3aH-
HOU C IPUTOTOBJICHUEM HEOOXOAMMON KOHIeHTpanuu. [locie Toro, Kak mpo-
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Oupka ¢ THOCYIh(haTOM MPUHSIIA TEMIIEPATYPYy TepMOCTaTa, KarnaeM 1 Karuio
CEpHOM KHCIIOTHI M OIpeNieisieM BpeMsl MpOoTeKaHus peakiuu. JlaHHbIe 3aHO-
CUM B TaOJIHITY.

No ombiTa | 2 3 4 5 6
3ananue xosoaHas | =30 ~40 | =50 ~60 ropsiyast
TEeMITepaTyphl
Temneparypa, K
Bpewms 1, ¢
1/t=k

Ink

1/T107

Pacyer sHepruum akTUBAIIMU MPOBOIMM IO YPAaBHEHUIO AppeHHnyca
_ E,
k, =k, -e
Jlorapudmuueckast opma 3TOro ypaBHEHUSI UMEET BU/I.
Ink = Inky — E,/R(1/T).
Crpoum rpadux 3aBucumoctd Ink ot 1/T. B 3Tux xoopaunarax man-
HO€ YpaBHEHHUE MPEICTABIISIET MPSMOIMHEHHYIO 3aBUCUMOCTD 1 TAHTEHC YyTJIa

HAKJIOHA paBeH KO3(PPULHUEHTY IPU HEU3BECTHOM — «- E,/R».
Ink

»
»

/T
tg B =-tg a = E,/R. tg B paccuutaTh Jierde, Kak OTHOIIICHUE TPOTUBOJICIKA-
MeTo KaTeTa K mpuiiekamieMy. M3 pe3ysbTaToB 3KCIIEPUMEHTa BBIOMpacM
JIBa, KOTOpPBIE 00JIee TOYHO JIOKATCS Ha MOTYYESHHYIO KPUBYIO (IOTYCTHM 2 U
5 ombithr), Torma Ey/R = (Inks — Ink,)/((1/Ts — 1/T,)107).
YMHOXUB TIoJTydyeHHOe 3HaueHue Ha R, momyuum E,, [ JI>x/Moub .

OnpenenuTh OMIMOKY ONBITa, CPABHUB HaWJEHHOE 3HAUYECHUE DHEPTUU
aKTHBAIIMK C U3BECTHBIM 10 JuTeparype (35 kx/monb).

OnucaTh ONBIT U CAENATH BHIBOJ.

KonTpoaupyommue 3axanus
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1. Ilo xkakoMy MpHU3HAKY pEaKIUU MOJAPA3JEISAI0TCI HAa MPOCThIE U
CJIOKHBIE, TOMOTE€HHbIE U T€TEPOTreHHbIE?

2. Kakue peakuun Ha3bIBAIOTCS CI0KHBIMU? Kakas ctaaus CIIOXKHOU pe-
aKIUU SBJISCTCS JTUMUTUPYIOIICH?

3. [lepeuncnute HakTOPhI, OT KOTOPHIX 3aBUCUT CKOPOCThH PEAKITUH.

4. Kak ¢GopMynupyeTcsi ¥ Kak 3alUChIBAETCS B MAaTEeMaTHUYECKOM BHJIC
npasuio Bant-T'odda?

5. Kakas sueprust Ha3piBaeTcsi sHeprue aktuBanuu? Kak oHa BiausieT Ha
CKOPOCTb XUMUYECKON peakiuu? 3aBUCHUT JIM OHA OT TeMIIepaTypbl?

6. KakoB (usnueckuii cMbICT MPEIIKCIOHEHIIMATLHOIO MHOXHUTENS B
ypaBHeHUH Appenunyca? OT 4ero OH 3aBUCHUT U HE 3aBUCUT?

7. Kunernueckoe ypasuenue peakuuu umeer Bua V = k-Co-C). Kak

MU3MEHUTCS CKOPOCTh MPH YBEJIIMUYECHUHM KOHUEHTpaunii A u B B 2 paza? Kak
IIPU 3TOM U3MEHMTCSI KOHCTAHTA CKOPOCTH?

Pa6ora 9. XUMHNUYECKOE PABHOBECHE

MHorune XMuMHUYECKUE PEAKIIMU TP OJHOM U TOU K€ TEMIIEPATypeE B 3a-
BUCHMOCTH OT COOTHOLIEHUS! PEareHTOB MOT'YT CAMOIPOU3BOJIBHO MPOTEKATh
KaK B IPSIMOM, TaK U B 00OpaTHOM HampaBieHUH. Takue peakuu Ha3bIBalOTCs
oOpaTtumMbiMU. B 00paTuMbIX peakuusX CyLIECTBYET OOMIMI mpeaen U mps-
MOl U OOpaTHON peaKIMH, KOTOPbIA Ha3bIBAETCS COCTOSIHUEM XUMUYECKO20
pasHoeecus.

B XMMHYECKON TEPMOJMHAMMKE COCTOSIHUE PABHOBECHS ONPEAEIAETCS
KaK TaKOE COCTOSIHUE, IIPU KOTOPOM pearupyromas CUCTEMa XapaKTepu3yeT-
Ccsl HyJIeBbIM 3HaueHHeM sHepruu I'mboca: AGy = 0. Ho nepexoxa cucremsl B
COCTOSIHHE XHUMHMUYECKOTO PABHOBECHUS HE O3HAYAET MPEKPAIICHUS PEaKLIUH, a
CBUJETENIBCTBYET JUIIb O TOM, YTO IEPECTAIOT U3MEHATHCA KOHLEHTpaLUuu
pearupyronmx BEIIEeCTB U MPOJAYKTOB.

B xumu4eckoil KHHETUKE COCTOSSHHEM XMMHUYECKOTO PAaBHOBECHS HA3bI-
BAa€TCAd TAKO€ COCTOSIHHE, NMPU KOTOPOM CKOPOCTh MPSIMOM peaKIMU CTaHO-
BUTCA PABHOM CKOpocTH oOpaTHOM. B cocTosiHMM paBHOBECHS CKOJBKO MO-
JeKyJ (MM IPYTUX YacTHUIl) MPOAYKTA PEAKIMK B €IUHUILY BpEMEHU 00pasy-
€TCsl, CTOJIbKO UX M pa3jaraercs, T.6. XAMUYECKOE PaBHOBECHE SIBIIIETCS -
HAaMUYECKHUM, WIH MOJIBUKHBIM. TakuM 00pa3oM, B COCTOSIHUM XMMUYECKOTO
paBHOBECHSI KOHLIEHTPALIMHU BCEX BEILLECTB (PEareHTOB M MPOJYKTOB) SIBIIS-
I0TCA TIOCTOSIHHBIMM M HE M3MEHSAIOTCS J0 TeX IOp, NOKa HE H3MEHSTCS
BHEILIHUE YCIIOBUS ITPOBEACHUS PEAKIIUU.

KonnenTpanuu peareHToB (MCXOAHBIX BELIECTB) M IMPOIYKTOB B CO-
CTOSIHUM XMMHUYECKOI'0 PAaBHOBECHS HAa3bIBAKOTCS PABHOGECHBIMUL.
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[Ipu3HaKK XMMHUYECKOTO PaBHOBECHs CiEAyOIue: 1) COCTOSHUE CHC-
TEMbI HE 3aBUCUT OT TOr'0, C KAKOW CTOPOHBI OHA MOAXOJUT K PABHOBECHIO —
CO CTOPOHBI MCXOJHBIX BEIIECTB WJIM CO CTOPOHBI IMPOIYKTOB pEAKIWH;
2) COCTOSTHHE CHUCTEMBl OCTACTCS HEU3MEHHBIM TIPH OTCYTCTBUHM BHEIIHHX
BO3JICHCTBHI; 3) OHO U3MEHSAETCS MTPU U3MEHEHUHU BHEIIHMX YCJIOBUH, CKOJIb
OBI MaJIbI OHU HU OBLIH.

YacTtHOE OT AEenNeHHs NPOU3BEIACHHS PAaBHOBECHBIX KOHIEHTpPALMK B
CTEINEHSX, PaBHBIX CTEXHMOMETPUUECKUM KOd(DPuiMeHTam, mpoayKToOB peak-
UM HA MPOU3BEIACHUE PABHOBECHBIX KOHUEHTPAIMA HCXOJHBIX BEIIECTB B
COOTBETCTBYIOIIUX CTEIMEHSX SIBJISIETCA BEJIMYMHOW MOCTOSIHHOM MPU JAHHOU
TeMIeparype W JaBJICHUHM (3aKOH JCHCTBYIOIIMX MacC IS XMMHUYECKOOTO
paBHOBecCHs). JTa BeJIMYMHA HA3bIBACTCSI KOHCTAHTOM PaBHOBECHS M 0003HA-
yaeTcss cuMBoJioM K.

Jl1s1 ypaBHEHUS peakiuy B 00IIEM BHJIE:

aA+8BB S cC+dD

KOHCTAaHTa paBHOBCCH:A 3aIlIMCBIBACTCS TaK:

_[C)-[D]
“ " [A]-[BT°

rae [A], [B], [C], [D] — paBHOBecHbIe KOHLIEHTpauuu Bemects A, B, C, D;
a, B, ¢, d — mokaszaTenu CTENEeHH, B KOTOPbIE BO3BOASTCS KOHIEHTpAIMHU Be-
HIECTB U KOTOPbIE YHCIEHHO paBHbI KO3 dulineHTam nepea GpopmyiaMmu Be-
LIECTB B YPABHEHUU PEAKIINHU.

JlaHHOE MaTeMaTHYEeCKOE YPAaBHEHHE SBIISIETCS BBIPAXKCHUEM 3aKOHA
JEUCTBYIOIIMX MACC JJIsI XUMUYECKOTO PAaBHOBECHS.

Hampumep, xoHCTaHTa paBHOBECHS IJIsi OOpaTUMOW pEaKIMM CHUHTE3a
aMMMaKa 3aluChbIBaCTCs TaK:

9

_ [NH,TP
[I\Iz]'[Hz]3 ’

a KOHCTaHTa PaBHOBECHS JJIsi OOpaTUMOM peaklud KOHBEPCUU BOJSIHOTO Tia-
pa UMEET TAKOE BhIPaKEHUE:

N, + 3H, 5 2NH;

K = [Coz][Hz]

CO+H,0 S CO, +H, = :
[CO]-[H,0]

Koncranta paBHOBecHsi OompeAeisieT MOJTHOTY MPOTEKAHMUS PEAKLIMHU K
MOMEHTY JOCTH)KEHUS PABHOBECHOTO COCTOSHUS: 4eM OoJibllle 3HAYEHUE
KOHCTaHThI PaBHOBECHS, TEM B OOJIBbIIIEH CTENEHN B PABHOBECHON PEaKIIMOH-
HOI cMecH MpeoOI1aatoT MPOAYKTHl PEAKIIUU, TEM OOJIbIIIE UX BBIXO/I.
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[Ipu n3MeHeHuu ycioBUN, B KOTOPBIX HAXOAUTCS CHUCTEMa (TeMIiepary-
PBL, JaBJIECHUS, KOHIIEHTPAlMH ), XUMHUUECKOEe paBHOBecue Hapyiaercs. Yepes
HEKOTOpOE BPEMS B CUCTEME YCTaHABIMBACTCA HOBOE XMMUYECKOE PaBHOBE-
CHe, COOTBETCTBYIOIIIEE HOBBIM yCiI0BUsAM. [lepexon U3 0JHOro paBHOBECHO-
IO COCTOSIHHS B APYrO€ HA3bIBAETCS CABUIOM MJIM CMEILIEHHEM PABHOBECHS.

HamnpaBnenue cmenieHuss paBHOBECUS B PE3ysIbTaTe€ U3MEHEHUs BHEIII-
HUX YCIIOBHM ompezensiercs npuHuunom Jle Illarense: ecim Haxoxsmascs B
PAaBHOBECUM CHUCTEMA IOJBEPracTCs BHEIIHEMY BO3JEHCTBHIO, PAaBHOBECHUE
CMEILAETCsl B TOM HAIIPaBJIEHUU, KOTOPOE CIOCOOCTBYET OCIA0IEHUIO ITOrO
BO3JICUCTBHL.

PaccmoTpum, Kak BIMsET Ha HampaBJIEHHWE CMELIECHHS PABHOBECUS IIO-
BBIIICHUE WJIM TIOHMKCHHE JAaBJICHUS, TEMIIEPAaTypbl U KOHILICHTPALlUH Be-
LIECTB, YYaCTBYIOIMX B PEAKLUU.

asnenue. JlaBneHue BIUSET Ha PAaBHOBECHE OOpPAaTUMBIX pPEaKLMH ¢
ydacTueM ra3o00pa3HbIX BemiecTB. [Ipy MOBBILIEHUH AAaBJIEHUS PaBHOBECHE
CMEILaeTCsl B HaIpaBJICHUU OOpa30BaHUs BEUIECTB C MEHBIIUM O0BEMOM;
IpU MMOHM)KEHUU JABJICHUS PaBHOBECHE CMEIIAETCS B HaIlpaBJIeHUU 00pa3o-
BaHUs BellecTB ¢ OonbimuM o0bemMoM. Hampumep, B peakiuu CUHTE3a am-
MHaKa

N, + 3H, 5 2NH;

o0BeM TMPOAYKTa B JBa pa3a MEHbIIE 00beMa peareHToB. [loaTomMy paBHOBe-
CHE 3TOT0 00paTHUMOro mpoiiecca MpU YBEIWYEHUU JIaBJICHUS CMEIaeTCs B
cTOpoHy oOpa3zoBanusi NH;, a npu yMeHbIIEHUH JaBJICHUS — B CTOPOHY €r0
Pa3IOKEeHHUS.

Temnepamypa. Tlpn NOBBIIEHUU TEMIEPATypbl XUMUYECKOE paBHOBE-
CHE CMEIIAeTCs B HANPABJICHUH SHIOTEPMUUYECKON PEAKIUH, a TIPU TTOHUKE-
HUU TEMIIEpaTyphbl — B HAPABICHUH dK30TepMUUEeCcKoil peakiuu. Hampumep,
Ta K€ PeakKIusi CHHTEe3a aMMHaKa sBJsieTCsl dK30TepMudeckoil. [loatomy mpu
MOBBIIMICHUHA TEMIEPATYpPhl €€ PABHOBECHUE CMEIIAETCS B JIEBYIO CTOPOHY
(amMMuak paznaraercs), a Ipu NOHUKEHUU — HAIMPaBo (aMMHaK 00pa3yeTcs).

Konyenmpayus. Ilpu NOBBIIIEHUN KOHIICHTPAIIMHA OJTHOTO M3 MUCXOIHBIX
BEIIIECTB PAaBHOBECHE CMEIIACTCS B HAIpPaBJICHUU OOpa30BaHUS MPOTYKTOB
peakiuy; MPU MOBBIIMICHHH KOHIICHTPAIIMH OIHOTO M3 MPOIYKTOB PEaKIIUU
paBHOBECHE CMEIACTCs B HAIIPaBJICHUN 00pa30BaHUS PEarcHTOB.

B kaudecTBe npruMepa pacCMOTPUM KOHTAKTHBIA METOJI MOJIYYEHUS Cep-
HOW KHUCJIOTHI:

2802 + 02 S 2803 SO3 + Hzo = H2804,

B KOTOPOM J>KEJIaTEIbHO BO3MOXKHO 0OJiee TOJIHOE MPEBPAIICHUE OKCHIA Ce-
pet (IV) B okcup ceper SO; (VI) B iepBoit (oOparumoii) peaknuu. Jljist yBe-
nudyeHus Bbixoga SO; MOXKHO YBEJIMYUTH KOHIEHTpauuio SO, B UCXOTHOU
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peakimoHHON cMecu. OIHAKO ATO HEPEHTAOEIBHO U DKOJIOTUYECKU BPEIHO,
Tak Kak u30eiTok SO, OyneTr BbiOpackiBaThesa B atMocdepy. [loaTomy peak-
U0 TPOBOMST MPHU M3OBITKE BO3ayXa, 00OTameHHoro Kuciopoaom. B pe-
3yJbTaTe JOCTUTACTCS CMEIIEHUE PAaBHOBECHS BIIPABO, TO €CTh OOJIEE MOIHOE
npespaienue SO, B SOs.

B nM0HOOOMEHHBIX PEaKIUAX MEXTYy PAaCTBOPCHHBIMH BEIIECTBAMH PaB-
HOBECHE CMEIAETCsI B CTOPOHY 0Opa3oBaHHUS OCAIKOB, Ta30B WM CIaObIX
ANIEKTPOIUTOB. ECiin Takue BerecTBa HaxXOaITCs B 00EHX YacTSAX ypaBHEHUS
pEaKIuu, TO BOMPOC O CMEIICHUH PABHOBECHS PEIIAETCs pacYeTOM KOHCTaH-
ThI PABHOBECHSI.

3KCHepI/IMeHTaJ'II)Haﬂ acCTb

L]envio pabomul IBNSETCSA SKCIEPUMEHTAILHOE U3YUCHUE HAIpPaBIICHUS
CMEIICHUS] XUMHYECKOTO PABHOBECHSI B TOMOTE€HHBIX M T€TEPOreHHBIX 00pa-
TUMBIX PEAKLMAX B 3aBUCMMOCTH OT BHEIIIHUX BO3JAECHUCTBUM.

OnpiT 1. BansiHue KOHIEHTPAIMU B3aUMO/IECTBYIOIINX BelIECTB
HA CMellleHre PABHOBECHS

B yeTbipe npobupku BHECTH 1O 5—7 Kamneiab pacTBOpa XJopuaa TpEéxpa-
JIEHTHOTO >Kene3a u poaanuaa ammoHuss NH4SCN. Onny npobupky c pac-
TBOPOM TIOCTaBUTh B IITATUB U XPAHUTH KaK 3TAJIOH JJISI CPABHEHUS PE3YIb-
TaTOB OMbITa. B ocTangbHbie TpU MPOOUPKHU 100aBUTH CIEAYIONINE PEAKTUBBI:
B MIEPBYIO — MATh—IIECTh Karemb xjopuaa xkenesa (I11); Bo BTopyro — cToiabko
K€ Kaneib poJaHuJa aMMOHUS; B TPEThIO — OJMH MHUKPOILIATEIb KPUCTa-
TuKoB xJjopuna ammonus. CoaepkuMoe MpoOUpOK pa3MeniaTh CTEKISTHHOU
nanoukoil. CpaBHUTh MHTEHCHUBHOCTh OKPACKHU IMOJIYYEHHBIX PAaCTBOPOB C
MHTEHCUBHOCTBHIO OKPACKH 3TaJIOHA.

B oruére: a) Hanucath ypaBHEHHE 00paTUMON MOHOOOMEHHOMN peakiuu
FeCl; ¢ NH4SCN; 6) 3anucath cBOM HaOMIOACHUS 110 H3MCHEHHUIO HHTCHCHB-
HOCTH OKPAacKHU PacTBOPOB B TPEX MPOOUPKAX MO CPABHEHUIO C MHTEHCHUBHO-
CThIO OKpPAcCKH 3TajlOHA; B) yKa3aTh, B KAKOM HAaIlPaBJIEHUU CMELIAETCS paB-
HOBECHUE PEAKIMHU B KOXKJIOM U3 UCCIEAOBAHHBIX CIIyYaeB U COOTBETCTBYET JIU
ono npuHuumny Jle [llaTtense; r) HamucaTh BBIPAKEHUE JIJIi KOHCTAHTHI pPaB-
HOBECHSI DTOM 00paTUMON peaKIIiH.

OmnpiT 2. CMenieHne paBHOBECHS B PACTBOPe aMMHAKa

B nBe nmpoOupku HaTUTH MO OJHON TPETH JUCTHUIUIMPOBAHHOUW BOJIBI, TIO
5 kamenb ¢eHondTanenHa U no 2-3 KamiM pactBopa amMmuaka. OTMETUTh
BET pacTBOpoB. OHY MPOOUPKY OCTABUTH JAJISl CPABHEHUS, a B APYTYIO JI0-
0aBUTh 3—4 MHUKpOILIATENS XJIOpUAa aMMOHUS M pazMenaTh pacTBop. Kak u
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MmoueMy U3MCHWJIACb HHTCHCUBHOCTD OKpaCKI/I? Hanwucatb CXCMY paBHOBCCHA
B BOOAHOM paCTBOPC aMMHUAKaA U OOBACHUTHL €r0 CMCHICHUC IIpU I[O6aBJ'IeHI/II/I
KPpUCTATININYICCKOI'O XJI0opHuaa aMMOHUA.

OmneiT 3. BausiHue cpeabl pacTBopa
HA cMellleHHe PABHOBECHS Mepexo1a XpoMaTa B INXpoMaT

XpoM B HIECTHBAJIEHTHOM COCTOSIHUM OOpa3yeT JBa aHMOHA: XpOMart-
noH CrO;  u muxpomat-uoH Cr,O2 . Ux cymiecTBOBaHUE OIpPEIEIsIeTCs Ha-
auaueM menouno (pH > 7) wim kucnoit (pH < 7) cpensi.

B nBe npo6upku BHecTH 1o 3 karu pactBopa xpomara kanus (K,CrOy)
U 100aBUTh HECKOJIBKO Kalellb pacTBOpa CEPHOM KUCIOTHI 10 U3MEHEHHS OK-
packu pactBopa. OHy NpoOUPKY OCTaBUTH I CPAaBHEHHUS, a B APYTYIO JO-
0aBUTH PACTBOP LIEIOYH 10 U3SMEHEHHS OKPACKU PacTBOPA.

[ToBTOpPUTH OMBIT, B3SIB B JABYX MPOOHPKAX MCXOIHBIM BEIIECTBOM [H-
xpomart kanusi K,Cr,O;. OnHy npoOUpKy OCTaBHUTH I CPaBHEHHUS, a B APY-
T'YI0 J00OABUTH PAcTBOP LIENIOYH O U3MEHEHHUSI OKPACKH PacTBOpA.

Omnwucartp onbIT. Hanucats MoneKynispHble ypaBHEHHS MEpexo/ia XpoMa-
Ta B JUXPOMAT U OOpPaTHOTO TMpOIlecca, MCIOJNb3Yys CIEAYIOUINEe HOHHBIC
ypaBHEHUS:

2CrO* +2H" 5 Cr,0% + H,0;
—

Cr,O 3_ +20H S 2CrO i_ + H,O0.

Cnenatb BBIBOJI O BJIUSHUU CPEJIbl HA 00pa30BaHUE XPOMATOB U TUXPO-
MAaTOB.
OnpbiT 4. CMenieHue paBHOBECUSA
Nnpu 00pa30BaHUM HEPACTBOPUMBIX BellleCTB

B Tpu mpoOupku BHECTH 1O 3 Karuld XJIOPHIA MarHUs W IO KaruisMm
MEJUICHHO M00aBIATh B KaXAyro npooupky menoub NaOH mo obpazoBanus
ocaaka. XOpoOIIO IMEepEMENIaTh MOJYYEHHYIO CYCIIEH3UIO Nanoukoil. OmgHy
NpOOUPKY OCTABUTH JIJISl CPABHEHHS, BO BTOPYIO JOOABHUTH COJSHYIO KHCIIO-
Ty, @ B TPEThl0 NpwiInTh HackimeHHbIH pacTBop NH4Cl mo pactBopenus
ocajka.

B oTtuére ommcarh ONBIT W HAOIOIEHUS, HAMIMCATh MOHHBIC U MOJICKY-
JSIpHBIE ypaBHEHUS peakiuii oopasoBanus ocagka Mg(OH), u ero pactBope-
HUS B pe3yJbTaTe B3aMMOACHCTBHS C COJITHON KHCIOTON M XJIOPUIOM aMMO-
HUSL.

CaenaTb BBIBOJ 00 YCJIOBUSIX U HANPABIEHUH CMEIICHUS XUMUYECKOTO
paBHOBECHUS B 00paTHMBIX PEAKIMSIX HOHHOTO 0OMEHa B PacTBOpPax dJIEKTPO-
JNTOB.
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OmpiT 5. CMenieHne paBHOBECUSA
NP JUCCONMAIUM CIA0BIX KHCJIOT

Jduccoumanusi BCeX DJJIEKTPOJUTOB MNPHU PACTBOPEHUH MPOUCXOJUT
BCJIEICTBUE MX B3aMMOJEHCTBHUA C BOAOoW. Hampumep, mporecc 31aeKTpoiu-
TUYECKON JHMCCOLMALNS CTa00i YKCYCHOM KHCIOTBI, KOTOPbIA BbIpa)KaeTcs
KpaTKOMN CXEMOW:

CH,COOH S H' + CH,COO

B JICMCTBUTEIHHOCTH UAET C 00pa30BaHUEM THIIPATOB HEONPEAEIECHHOTO CO-
cTaBa:

CH;COOH + (m + n)H,0 5 H' -mH,0 + CH;COO 'nH,O.

PaBHOBecue 3T0ro o0paTuMoro (pU3HKO-XMMHUYECKOI0 Impolecca, Kak u
00paTUMBIX peakiuii, MOXKHO CMEIIAaTh B 00€ CTOPOHBI C MOMOUIbIO BHEITHUX
BO3JICVCTBUM.

B nBe npoOupku BHecTH 1o 6 Kanenb aeuumossipHoit (0,1 M) ykcycHoi
KUACJIOTHI. B Kakayro mpuOaBUTh OJHY Karuio MeTwiopanxka. [lox Bnusauem
KAaKUX HOHOB MHIUKATOP MPUHUMAET PO30OBYIO OKPACKY?

Opany nmpoOHMpKY € KHCIOTOM OCTaBUTh B KAa4ECTBE KOHTPOJIbHOM, a B
JIPYTyI0 BHECTH 3—4 MHUKpPOLINIATENs aleraTta HaTpus U MepeMeniaTb pacTBOp
CTEKJISTHHOW Manioukoil. CpaBHUTHh OKPACKY IMOJIYYEHHOI'O pacTBoOpa C OKpa-
CKOM B KOHTPOJIbHOU MpoOupke. Ha u3aMeHeHne KOHLEHTpAuu KaKuX HOHOB
yKa3bIBaeT U3MEHEHUE OKPACKU UHJIUKaTOpa?

B ortuere onucars onbIT U HaOmoAeHUs. HanucaTte cxemy auccouuanuu
YKCYCHOM KHUCJIOTHI B YIIPOILIEHHOM BuJe (0€3 y4acTHusi BOJbl) U BBIPAXKEHUE
KOHCTaHThI €€ nuccoruanuu (KOHCTaHThl paBHOBecHs). OOBICHUTH CMellle-
HUE paBHOBECHS JMCCOLMAIMM KUCIOTHI IPU 100aBJIEHUH K HEH aneraTa Ha-
Tpus. Kak u3MeHseTcs IpU 3TOM CTENEHb AUCCOLMALMK KHCIOTHI M KOHIIEH-
Tpalusi KaTHOHOB BOoAOpoa B pacTtBope? [loaTBepanics 1 B ONBITaX MPUH-
un Jle Hlatense? ChopmynupoBaTs oOIIHiIA BEIBOA IO paboTe.

KonTposmpyoummue 3aganus

1. Harmmmre BbIpaskeHHUE U151 KOHCTAHTBI PABHOBECHS PEaKIIMU
H, +1, S 2HI

Kak #u3MeHHTCS KOHCTaHTa pPAaBHOBECHS MPU YBEIMYCHUU KOHIIEHTPAIUU
MPOJIyKTa peakiuu (1o10BoA0poaa) B 2 paza?

2. Jlns peakiuu
Na2C03(K) + COQ(F) + HQO(F) s 2NaHCO3(K)
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3aMMcaTh BBIPAXKEHUE JJI1 KOHCTAHTHI PABHOBECHS Yepe3 paBHOBECHBIE KOH-
nentpamuu (K¢) u paBHoBecHbie napuuanbubie napienus (Kp).

3. Kak moBnusieT Ha paBHOBecHE 0OpaTUMON peaKIuu
Fe,0;(x) + 3CO((r) S 2Fe(x) + 3COx(r)
yBEJIUYECHHE JIaBJICHUA?
4. Kak moBiusieT Ha paBHOBECHE 0OPATHUMOM peaKIuu
CaCO;(x) S CaO(x) + COy(r); AH® =171,4 x]JIx
MOBBIIICHUE TEMIIEPaTyphI?

5. Kakyto cpeny UMEIOT pacTBOp AUXpoMaTa Kajaus U pacTBOP Xpomara
Kainud B Boae?

6. Kakue ycioBus (Temrneparypa, JaBjleHUE, KOHIEHTPAlUU YYaCTHUKOB
peaKkIuu, KaTaau3aTop) HEOOXO0AUMBI JJIsl TTIOBBIIIIEHUS BBIX0J1a XJIOopa Mo 00-
paTUMON peaKuuu

AHCI(r) + O(r) 5 2Cly(ry + 2H,0(r); AHP =—-116,4 kJTx
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I'naBa Tperbpsi. PACTBOPDBI

Pa6ora 10. IPUTTOTOBJIEHUE
N ONNPEJEJEHUE KOHIEHTPAIIMU PACTBOPA

B xumudeckoil nmpakTuke, a TakKe B OBITY 4acTO BO3HUKAET HEOOXO/IU-
MOCTbh B MPUTOTOBJIEHUU PACTBOPOB pazIMyHON KOHIEHTpauuu. CrnocoOoB
MPUTOTOBJICHHUS] PACTBOPOB MHOTO, HO KXl W3 HUX 00JIalaeT CBOMMHU
MPEUMYILECTBAMH U HEJIOCTATKAMHU.

Hamnpumep, npuroToBiieHHe pacTBOpa Mo «IPaBUITy KpecTa» He TpeOyeT
CJIIOXHBIX PAacyeToB, HO JOBOJBHO BEJIMKA OTHOCHUTENbHAs IOIPEIIHOCTh
npurotosieHus (10 10 %).

PacTtBOp MOXHO PUTOTOBUTH C TOMOIIBIO (hrukcaHana. DukcaHad — 3To
repMETUYHO 3anasiHHas CTEKJISIHHAs aMIlyjla ¢ TOYHO B3SITOM HABECKOM CyXO-
ro BENIECTBA WJIM TOYHBIM OOBEMOM KHCJIOTHL. B 3TOM citydae mocturaercs
camasi BICOKasi TOYHOCTb KOHIIEHTPALMH IPUTOTOBJIEHHUS, HO M3-3a BBICOKOM
CTOUMOCTHU (PMKCAHAJIOB PACTBOPHI Ha UX OCHOBE IOTOBST B PEAKUX CIydasx
— 7151 IPOBEACHMSI 0CO00 TOYHBIX aHATH30B.

HaunGoiee onTuManbHbIM SBIISETCS CIIOCO0, Koraa 6ojiee KOHIIEHTPUPO-
BaHHBIN PAacTBOP pa30ABISIIOT BOAOW J0 33JIaHHON KOHIEHTPAIMH. DTO MPO-
CTOM €1oco0, MO3BOJISIIOLIUN TOTOBUTH PACTBOPHI C JOBOJBHO BBICOKOW TOY-
HOCTBIO.

JIJist IpUTOTOBJIEHUSI PACTBOPAa HEOOXOAMMO 3HAHHUE PA3JIMYHBIX CIIOCO-
OOB BBIPAKEHUS KOHIEHTPAIMU U YMEHHE NEPEXOAUTh OT OJHOrO crocoda K
Ipyromy.

Hauboinee pacnpocTpaneHsl NsATh CIIOCOOOB BHIPAXKEHHSI KOHIICHTPALIUU
pacTtBOpoB: 1) MaccoBasi 0Jisl paCTBOPEHHOTO BEIIECTBAa — Macca pacTBOPEH-
HOTO BellecTBa, cojaepkamascss B 100 MaccoBBIX 4acTsAX pacTBOpa; 2) Mo-
JsipHAs KOHUEHTpAlUs — KOJMYECTBO BEILECTBA B OJHOM JIUTPE PacTBOPA;
3) MossipHasi KOHLIEHTPAIIMS SKBUBAJICHTA (9KBUBAJICHTHAsI KOHIICHTpAIUs) —
KOJMYECTBO DJKBHUBAJIEHTHBIX MacC BEIIECTBA B OJIHOM JIUTPE pacTBOpa;
4) MOJIAITBHOCTh — KOJIMYECTBO BEILIECTBA B OJTHOM KWJIOIPAMME PacTBOPUTE-
J1; 5) TUTP — Macca PaCTBOPEHHOTO BEIIECTBA B OJHOM Ml (CM’) pacTBOpA.

[Ipu nepexoae OT MacCOBOM JIOJIM U MOJISUIBHOCTH K OCTaJbHBIM CIIOCO-
0aM BBIpaXEHUS KOHLEHTpalMd HEOOXOIMMO 3HATh IUIOTHOCTH PAacTBOPA,
KOTOpasi ONPEAEIISIETCS. ONBITHBIM MMYTEM C IOMOIILBIO apEOMETPA.

ApeomeTp — 3T0 mpubOp Il U3MEPEHHUs IUIOTHOCTH Kuikocted. OH
MPE/ICTaBIIAECT COOOM 3amMasiHHYIO CTEKIISIHHYIO TPYOKY € TpPy30M Ha KOHIIE U
co mkanoit. [lIkaa rpagynpoBaHa B IHHHUIAX INIOTHOCTH (Kr/M° HIH T/11).
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Korpa apeomerp morpy»eH B >KUJIKOCTb, TO YPOBEHb €€ MOBEPXHOCTHU
COBIIAJIAaCT C TE€M JCJICHHUEM Ha IIKajle, KOTOPOE YKa3bIBAaeT IUNIOTHOCTH ATOU
KUAKOCTH. 3Hasi TUIOTHOCTh pPacTBOpa, MOKHO B CIIPAaBOYHOM JIMUTEpaType
HaATH MacCOBYIO JIOJII0 PACTBOPEHHOrO BellecTBa. Hampumep, uis pactBopa
THAPOKCH]IA HATPHS UMEIOTCS TaKUE TaHHBIC:

p,kr/n | 1,00 | 1,05 | 1,10 | 1,15 | 1,20 | 1,25 | 1,30 | 1,40 | 1,50
®, % 0 4,65 | 9,19 13,73 |18.25 |22,81 |27,40 {36,99 |47,33

Hanbomnee TOYHBIM M TPOCTBIM METOJIOM OMPEACICHUS] KOHIICHTPAIUH
pacTBOPOB SIBIISIETCA Mumpoganue. ITO METOJ KOJIUYECTBEHHOTO XHMHUYE-
CKOI'0 aHajii3a, OCHOBAHHBIM Ha M3MEPEHHH 0O0beMa pacTBOpa C U3BECTHOM
KOHIIEHTpAIIMEN, 3aTPAY€HHOTO Ha PEaKIHUI0 C PacTBOPOM BEILIECTBA HEU3-
BECTHOM KOHUEHTPALMU, KOTOPYIO HYKHO MU3MEPUTH. B 3aBUCUMOCTH OT TH-
Ma peakuu, MPOTEKAOMIEH NpPU THUTPOBAHUH, PAa3JIMYarOT KHUCIOTHO-
OCHOBHO€ TUTPOBAHUE, OKUCIUTEIIbHO-BOCCTAHOBUTEIIBHOE U T.J.

Jns onpeneneHrs KOHUEHTPALMU IIEIOYEH MPUMEHSAETCS KHCIOTHO-
OCHOBHO€ THUTPOBAaHHE PACTBOPOM KHUCJIOTHI. [Ipyr 3TOM mpoTekaer peakuus
HEUTpaIN3auu

NaOH + HCI1 = NaCl + H,0,
K KOTOPOW MOXKHO MMPUMEHHUTH 3aKOH YKBUBAJIICHTOB:

m(NaOH) _ M, (NaOH)
mHCl) ~ M, (HCI)

Ecnu xoHIEHTpaIys pacTBopa sSBISETCS SKBUBAJICHTHON KOHIIEHTPAIIU-
et (C,x), To Macca BemecTa (m) B o0beMe pactBopa (V) paBHa

m = Cy My V,
H BBIPAKCHNEC 3aKOHA SKBUBAJICHTOB ITPUHUMACT BU:
V(NaOH)-C,(NaOH) = V(HCI)-C,(HCI).

Takum 0Opaszom, A onpeeseHUs] IKBUBAJICHTHONW KOHIIEHTPAIUH I1ie-
JI0YM HEOOXOIMMO 3HATh KOHIICHTPAIMIO KUCIOTHI U OOBEMBI PACTBOPOB KH-
CJIOTBI U IIEJIOYH, BCTYITUBIIMX B PEAKLIHIO.

IKCNEPUMEHTAIBHAS YaCTh

Llenvio pabomwr sBasieTcs: 1) ompeneneHUe ¢ MOMOIIbIO apeoMeETpa
IJIOTHOCTH PAcTBOPa THAPOKCHAA HATPUS U MACCOBOM JOJIM PACTBOPEHHOTO
BEIIECTBA, 2) MPUTOTOBJIICHUE PACTBOpa THAPOKCUIA HATPHS 3aJIaHHON KOH-
HEHTpaluy, 3) ONpeJeseHHe METOJAOM THUTPOBAaHUS KOHIIEHTPAIUU IMPHUTO-
TOBJIEHHOT'O pacTBOPA.
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OnbiT 1. OnpenesneHue MIOTHOCTH PACTBOPAa apeoMeTPOM

[TomyunTh y mabopaHTa pacTBOp THIPOKCHIA HATPUS U HAJIUTH €TO B
CTEKJISITHHBII MEpPHBIM HUWIMHIP €MKOCThI0 250 Mi. B pacTBop ocCTOpOXHO
OMYCTUTh apeOMETp. 3amucarh MOKa3aHUsi apeoMeTpa (BO BpeMsl CHATHS TI0-
Ka3aHUM apeoMeTp He JOJIKEH KacaThCsi CTEHOK IwimHiapa). [lo tabmune
IUIOTHOCTH (CM. BBEJEHHUE) OMNPENEIUTh MACCOBYIO JOJIO PAaCTBOPEHHOTO
BEIIECTBA B HccleayeMoM pacTBope. Eciu mokaszanusi apeoMeTpa HEe COBIa-
JAI0T ¢ TaOJUYHBIMU JAHHBIMH, TO MAacCOBYIO JIOJIIO OIMpPEACIUTh METOJA0M
MHTEPHOJISALHUU.

Memoo unmepnonsayuu 3aKI04aeTCs B ONPEICICHUHN TPOMEKYTOUYHOTO,
MEXy TaOJIMUHBIMU, 3HAYEHUS HICKOMOM BEJIMYHHBI.

[Ipennosioxum, 4TO MPHU MOMOIIM apEOMETpa OIpeesieHa MIOTHOCTh
pactBopa ruspokcuaa Hatpus 1,125. [lo MmeToay MHTEPHOJISIIMUA pacyET MPo-
BOJISIT B CJIEYIOIIEM TTOPSIIKE.

1. Ilo Tabnuile TIOTHOCTEM HAxXOAAT MEHbIEee W OOJIbIliee 3HAYCHUS
MaccoBoi 1011 NaOH 1 miioTHOCTH pacTBOPOB:

MeHbIee 3HaueHne ® = 9,19 %, menpiee 3Hauenue p = 1,10 r/mi;
oomnpmiee 3HadeHue ® = 13,73 %, 6onpuiee 3HaueHue p = 1,15 r/mi.

2. HaxoasT pa3HOCTh MEXy TaOJWYHBIMU 3HAYEHUSMHU IUIOTHOCTEH M
KOHLIECHTPALUN:

1,15-1,10 = 0,05 (r/m1), 13,73 —9,19 = 4,54 (%)

3. Haxomar pa3HOCTh MEXAy 3HAYEHUEM IUIOTHOCTH, OIPEIEICHHON
apeoMeTpPOM, U MEHBIIIUM TaOJIHMYHBIM:

1,125 - 1,100 = 0,025 (r/m1)

4. CocTaBIAIOT MPOTOPIIMIO U PEMIAIOT €€:

4,54 (%) — 0,05 (r/mm)
X — 0,025 (r/mm)
0,025 - 4,54
x=—"--"—>—=27270
0,05 /o

5. HaiineHHoe yucio npubaBisioT K MEHbIIIEMY TaOJIMYHOMY 3HAUYECHUIO
MacCOBOM JIOJIM M TIOJy4ar0T MacCOBYIO JIOJIO TUIPOKCUAA HATPUS B pacTBO-
pe ¢ miotHocThio 1,125:

9,19+227=11,46 %
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Omnpit 2. IIpurorosjieHue pacTBOpPa 3aIaHHONH KOHLUEHTPAIUU

Xoo onvima. 1. IlonyuuTh OT mpernojiaBarens 3aJaHue Ha MPUTOTOBIIE-
HUE PacTBOpPa METOJOM pa30aBJICHUsI TOTO pacTBOpa, MaccoBasi J0Jsi KOTOPO-
ro ObUIa OIpezeNieHa MpY MOMOIIHM apeoMeTpa B mepBoM orbiTe. OOBIYHO /1a-
eTCsl 3aJ]aHie MPUTOTOBUTH PACTBOP THAPOKCHIA HATpUs 00bEMOM 250 mil C
SKBUBaJIEHTHOU KoHIeHTpanuen 0,08 u., 0,09 u., 0,1 H., 0,11 H. u T. A. Pac-
TBOP TOTOBST B MEPHBIX KOJIOAX, pa30aBiisisi pacTBOP MEPBOTO OIMBITA BOJIOMH.

2. Beruncauts 00b€M pacTBOpa LIENOYH, MAaccoBasi A0Js KOTOPOro ObLia
OmpeielieHa MPU MOMOIIM apeoMETpa, HEOOXOIUMBIA ISl TPUTOTOBICHUS
3aJIaHHOTO pacTBOpa 00BEMOM 250 M.

3. MepHbIM HWIMHAPOM UM OIOPETKON OTMEPUTH HEOOXOIUMBINA 00BEM
pacTBopa mENno4Yn. BeUIUTE pacTBOp B MEPHYIO KOJI0Y. J[BaXKbl OMOJOCHYTH
UWIMHAP AUCTUILTMPOBAHHOM BOJIOM, CITUTH BOAY B TY K€ KOJIOY.

4. Conepxumoe KoJIObI pa30aBUTh 10 METKHU BOJIOM. Paz0aBneHnue BHa-
qaJjie MOKHO BECTU OBICTPO, HO B KOHIIE JOOABIATH BOAY CIEAYET MO KaIuisiM
U3 KanenabHUIsl. PazbaBieHne MOKHO CUMTATh 3aKOHYEHHBIM, KOTJIa HUKHUN
YPOBEHb MEHHCKA KUJIKOCTH KOCHETCSI METKH Ha KoJj0e.

5. 3akpeiTh KOOy TIPOOKOW U TMepemMeniaTh pacTBOpP, MHOTOKPATHO Tie-
peBopaunBasi kKojiOy. [IpUroToBNEHHBIN PAaCTBOP HCIOIL30BATh B CIEMYIO-
IIEM OTIBITE.

Omnpbit 3. TUTpOoBaHMe pacTBOpa

Xoo onvima. 1. B MepHyt0 OIOpeTKY, 3aKPEIUIEHHYIO B IUTAaTUBE, HATUTh
pacTBOp KHUCIOTHI C SKBHBaJIeHTHOW KoHIeHTparueil 0,1 mons/n (0,1 H.).
DTOT pacTBOp Ha3bIBAECTCSA PabOYNM PACTBOPOM.

2. B Tpu KOHHYECKHE KOJObI BHECTH C TOMOIIBI0 MEPHOW MHIIETKU
no 10 ma pacrBopa NaOH, npuroToBieHHOTO B MPeIbIIyIIEM OMbITe, 100a-
BUTh B KOXKAYIO KOJIOY MO OJHOM Karie MHIMKATOpa METUJIOpaHka uin de-
HoJIpTasenHa.

3. 3 GropeTku MeIEHHO, MO KaIljIsM, NpUOaBIsATh PaCTBOP KUCIOTHI K
pacTBOpY IIEJIOYHU 10 U3MEHEHUs1 OKpacku uHAuKatopa. Ilo okoHuaHuu TuT-
pOBaHMUs 3aMKucaTh 00BEM KUCIOTHI, UCIIOJIb30BAaHHOM HAa TUTPOBAHUE.

4. OnbIT MOBTOPUTH €IIIE JBa pa3a, KaxAbli pa3 MpeABapUTEIbHO T0JIU-
Basi PaCTBOP KHUCIJIOTHI B OIOPETKY J0 HYJEBOTO JICJICHHUS.

5. PaccuuTath cpenHuil 00beM KHCIOTHI, UCIIOJIb30BAHHON Ha TUTPOBa-
HUE, ¥ PKBUBAJICHTHYIO KOHIIEHTPAIHIO MIEI0YH. BRIYHCIUTE TUTP pacTBOpA.

6. ComnocTaBUTh KOHIICHTPAIMIO MPUTOTOBICHHOTO PacTBOpa, Hai/ieH-
HYI0 METOJIOM THUTPOBaHUs, C 3aJaHHBIM 3HadeHHeM. PaccuuTarh morpeni-
HOCTb, JOMYIIEHHYIO MPU MIPUTOTOBIEHUHN PacTBOPA, B BBIBOJE yKa3aTh BO3-
MOYKHBIE TIPUYMHBI TOTPEUTHOCTH OTIBITA.
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KonTposmpyroummue 3aganus

1. IIpuBenute GopMyIibl AJis BBIYMCICHUS BCEX CIOCOOOB BBIPAXKEHUS
KOHIEHTPALIMM PACTBOPOB: MAaCCOBOM J0JIU, MOJIAPHOU, SKBUBAJICHTHOM, MO-
JSUTBHOCTH, TUTPA U MOJIBHOM JTOJIM PACTBOPEHHOIO BEILIECTBA.

2. BeiBenute opmysabl epexoaa OT MOJISIPHOM KOHIIEHTpAaIMH K Mac-
COBOM J10JI€ PAaCTBOPEHHOI'O BEILIECTBA, MOJISUIBHOCTH U TUTPY pacTBOpa.

3. Paccumraiite 00bpeM pacTBOpa TMAPOKCHJA HATPHUS C IUIOTHOCTHEO
1,15 r/mn, HeoOxomumebrit At purotoBieHus 250 vt 0,08 M pactBopa.

4. Insa werirpanuzanuu 10 mi pactBopa ruapokcuaa 0apus u3pacxojio-
BaHOo 7 ma 0,1 H. a30THOM KHCIOTEL. OnpenennuTe MOJISIPHYIO KOHIIEHTPALUIO
ruapokcuaa 6apus.

5. BriBenuTe MaTeMaTH4ECKOE BhIPAKEHUE 3aKOHA XUMUYECKUX HKBUBA-
JICHTOB MPUMEHUTENBLHO K PACTBOPAM.

6. BoiBeiuTe MaTeMaTHYECKOE BBIpAXKEHUE JJI pacyeTa Macchl pacTBO-
PEHHOTO BEIIECTBA, €CJIM U3BECTHBI €r0 MaccoBas J0Jis1, O0BEM U MJIOTHOCTh
pacTtBopa.

6. BelBeuTe MaTeMaTHYECKOE BBIPAKEHUE IS pacyeTa MacChl PacTBO-
PEHHOTO BEIECTBAa B JIOOOM O0BEME pacTBOpa MPHU M3BECTHOW MOJISPHOMU
KOHLIEHTpaLMu pacTBOpa.

PaGora 11.
OINPEJAEJIEHUE TEIIJIOTBI PACTBOPEHUS

OU3NKO-XUMUYECKUE MPOIECCHI (PaCTBOPEHUE, TUTABJICHHE, THIpaTAITUs
U 7p.) COMPOBOXKIAIOTCH, KaK M XUMHUYCCKHE PEAKIUH, TOTJIOMEHUEM WU
BbIiesieHneM Teria. [Ipu pacTBopeHuu coseil B BoJe MPOUCXOMAST JBa MpPO-
1ecca: IHAOTEPMHUYECKUH, CBS3aHHBIA C Pa3pyHICHUEM KPUCTALTHYCCKON
pEIIeTKH, U HK30TEPMUYECKUNA, O0YCIOBIEHHBIN B3aUMOACHCTBHEM pPACTBO-
PEHHOTO BEIIeCTBa M BOJBI ¢ 00pa3oBaHMEM TUAPATOB. B 3aBUCUMOCTH OT
TOr0, KaKOW M3 3TUX MPOIIECCOB Mpeodiiaiaet, TermioBoi 3PpheKT pacTBope-
HUS MOXKET OBbITh WJIU TOJOKUTEIBHBIM (PHAOTEPMHUYECKOE PACTBOPEHHE),
WM OTPUIATEIBHBIM (PK30TEPMUYECKOE PAaCTBOPEHUE).

KonudecTBo TemnoTkl, noriomaromencs (BplIESomencs) Ipu pacTBo-
PEHUU OJHOTO MOJISI BEIIECTBA, HA3BIBACTCS TEIIOTOW PaCTBOPEHUS TAaHHOTO
BEIIECTBA.

DKCIEpUMEHTAIBHOE OMPEEICHUE TeIJIOTHl PACTBOPEHUS TIPOBOAT B
KaJlopuMeTpax. B maHHOM paboTe UCTIONIB3YIOTCS T€ K€ KaJOPUMETPhI, KOTO-
poie mpumensitotres B pabote Ne 7 «TemmoBoit ad ekt peakium». PucyHok u
OMHUCaHWE KaJOpUMETpa CMOTPUTE B 3TOM padore. OnucaHue METOIUKH Ofl-
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peleneHnsl TeIIOEMKOCTH KaJlopUMeTpa C IMOMOIIBI0 TOpsdei BOIBI JUIs
yn00CTBa MpOBeNCHUsI JaHHONW pabOThl MOBTOPSIETCS U, KPOME TOTO, MPUBO-
JIUTCSI METOJIMKA OTIPEAEIICHHS 3TOW BEJIMYMHBI C TOMOIIBIO XJIOPH/1a AMMOHHSL.

IKCNEPUMEHTAIbHAA YaCTh

OmneiT 1. OnpenesieHne TEMI0EMKOCTH KAJIOpPUMeTpa
¢ MIOMOIIbI0 TOpsYeld BOABI

Xoo onvima. 1. 3anucars Temnepatypy kamopumerpa (T,).

2. Habpath B cTakaH ¢ mOMOIIbI0 MepHOro muauuapa 100 mu Harpetoi
1o 50-60 °C Bogsl, Temmneparypy u3Meputh ¢ To4HOCThIO A0 0,1 °C u 3anu-
catb (T,). BricTpo BBUIMTH HarpeTyro BOAY BO BHYTPEHHHUI CTakaH KaJlopH-
MmeTpa. [TocTossHHO mepemenmmBasi, yepe3 Kaxaylo MUHYTY 3aMepsATh TeMIIe-
paTypy BOJABI B KAJOPUMETPE M MOKA3aHUS TEPMOMETPA 3aHOCUTH B TAOJIHILY

Bpewms, mun | 0 1 2 3 4 5 6 7 8 9 |10
T,°C

B xone uamepenuit HabmomaeTcss Tpu nepuona: 1) temmeparypa B Ka-
JIOpUMETpPE OBICTPO yYMEHBIIAETCS (HarpeBaeTCsi BHYTPEHHUI CTakaH Kallo-
pumMeTpa); 2) Temreparypa cTabunu3upyercs (HacTymnaeT TEIIOBOE paBHOBE-
cue); 3) TeMriepaTypa MeJIJIEHHO YMEHbIIAETCs (32 CUET pacCeMBaHUA TEILIa).
JlJist pacdyeToB TEMIOEMKOCTH OpaTh TeMIlepaTypy BTOPOTO MEPHOJa, OCTAI0-
LIYIOCS MTOCTOSIHHOW B T€YEHUE 2—3 MUH. DTy TEMIIEpaTypy Ha30BEM paBHO-
BECHOUM U 0003HaYUM CUMBOJIOM O (Tped. «TaTay).

KonunuecTBo Terma, cooOlIEHHOE KaTOPUMETPY HAarpeTou BOAOMU, Oompe-
JIEJISIeTCS 0 YPaBHEHUIO

Q= CH20 My - (T, - 0) (3)

KommnuecTBo TCIUIOTBI, IIOITIONICHHOC KaJIOPHUMCTPOM, OIIPCACIICTCA II0
YPaBHEHUIO:

Q=K«(0-T) 4

[TockonbKy seBble yacTu ypaBHeHUH (3) u (4) paBHbI, TO IPUPABHUBAEM MpPa-
BbIE YaCTH U I0JIydaeM (HOopMyJly IJIsl pacyeTa TEIUIOEMKOCTH KaJlOpUMETpa:

Cio My (T, -0)  418-100-(T, - 6)

k= 0-T 0-T (%)

Omnpenensiemas no ¢popmyie (5) Bennunna K uzmepsiercs B x/rpan.
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OmnpiT 2. OnpenesieHue TEIVIOEMKOCTH KaJopuMeTpa
¢ MOMOIIBIO XJIOPU/Ia aMMOHUS

PacTtBopeHue XJiopH1a aMMOHHUS COITPOBOKIAETCS MOTJIOIIEHUEM TeIlIa,
TersioTa pactBopeHus pasHa 15,3 k/[x/monb. Takum oOpazoM, pu pacTBO-
perann NH,Cl npoucxonut nmoHmwkeHue temmneparypsl. [1o BennunHe moHu-
YKEHUS TeMIIEpaTypbl MOKHO ONPEAEIIUTh TEIJIOEMKOCTh KaJOPUMETPA.

Xoo onvima. 1. Bo BHyTpeHHMI cTakaH KajopumeTrpa HaiauTh 100 mi
BOJIbI, BBIICPYKAHHOU B KOMHATE; TemnepaTtypy 3anucats (T).

2. B3Becurs 10,0 r xsopuga aMMOHHUSL.

3. Bepmate xnopu aMMOHMS B KanopuMerp. IlocTosHHO nepememn-
Bas, 4epe3 KaKIyI0 MUHYTY 3aMepsATh TEMIIEpaTypy pacTBOpa U 3aMUChIBATh
ee B TaONUILy, TAKyIO )K€, KaK B OTBITE 1.

B xozne onbita HaOm0gaeTCs TpU Nepuoja: 1) teMmrepaTypa B KaJlOpH-
METPE YMEHBIIAETCS, T.K. UAET PACTBOPEHHUE C IMOTJIOIICHUEM TEIlIa; 2) TeM-
neparypa craduiausupyercsi (pacTBOPEHUE 3aKOHUMIIOCH); 3) TemIiepaTypa
MEJUIEHHO IOBBIIIAETCA 3a CUET MOCTYIUIEHHs Teria u3BHe. /[ pacueroB
oepetcs TemiiepaTypa BToporo nepuoja (0).

TennoeMKoCcTh KalopuMeTpa BbIYUCISIETCS IO popMmyiie:

_Q_Q
AT T-0’

rae Q — TemIoTa pacTBOPEHUs XJIOpUIa aMMOHMS, IEPECUYNTAHHAS HA B3SATYIO
HABECKY COJIU.

OneiT 3. OnpeaeJieHre TEIJIOTHI PACTBOPEHUSI HUTPaTa KAJIUs

Xoo onvima. 1. Bo BHyTpeHHMI cTakaH KajopumeTrpa HaiauTh 100 mi
BOJIbI, BBIJICPY)KAHHOU B KOMHATE; TemnepaTtypy 3anucats (T).

2. B3securs 10,0 r HUTpaTa Kanus.

3. Bewmare HUTpAT Kanmws B KanmopumeTp. [locTosHHO mepemermBas,
yepe3 KaKIyl0 MUHYTY 3aMepsTh TEMIEpaTypy pacTBOpa U 3aluChiBaTh €€ B
TaOJUILy, TAKYIO K€, KaK B OMBITE 1.

B xoxe ombiTa Takke HaOmromaeTcss Tpu nepuoga (cMm. ombIT 2): s
pacyeToB OepeTcst TeMIeparypa BToporo nepuoaa (0).

KonnuecTBO MOToeHHoro Teria BaucseTcs mo popmyie:

Q=K-AT=K«(T-0),

rae K — TermioeMKocTh KalopuMeTpa.
3aTeM MpOU3BOJUTCS MEPECUET Ha OANH MOJb HUTpara kanus (AH®,;).
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[TorpemrHocTs onbiTa (B %) BRIYUCHSETCS IO PopMyIie:

S, —AH
== 1100 04
AH

meop

C Y4ETOM TEOPETHUUECKOM BEIIMUYMHBI TETIOTHI PACTBOPEHHS HUTPATa KA,
KoTopas paBHa 36,3 kJ[x/MoJb.

B oTuéte onmucath ombIT M OOBSICHUTH MOTJIOMICHHUE TETUIOTHI TP pac-
TBOPEHHUH 3TOTO BEIIECTBA.

OmrlT 4. Onpeneﬂe}me TEIJIOTHI PACTBOPCHUSA T'MIPOKCUIA HATPUS

Xoo oneima. 1. Bo BHyTpeHHUI cTakaH Kajopumerpa 3aauth 100 mu
BOJIbl, 3aMEPUThH TEMIIEPATYPy BOJIbI U 3aMIKMCATh TOKA3aHUE TEPMOMETPA.

2. B3eecuts 10,0 r rugpokcusa HaTpusi, COOJIO/Aasi MEPHI MPEIOCTO-
POKHOCTH TIPH pabOTe ¢ CyXUMH IIET0YaAMHU.

3. lllenoys BchmaTh BO BHYTPEHHUI CTaKaH U, HETIPEPBHIBHO MEepEMEIIu-
Bas, ¢ uHrepBaioMm B 30 c, 3aMepsATh TeMIlepaTypy; MOKa3aHUs TEPMOMETpa
3aHOCUTH B TAOJHILYy, TAKyIO e 1o popMe, KaKk B ombITe 1.

4. BpIlUUCIUTH TEIUIOTY PACTBOPEHHUS C TTIOMOIILI0 YpaBHEHUS (7151 pac-
4eTOB OpaTh TEMIIEPATYPy BTOPOTO MEPHUOIA):

Q=K-AT,
rae AT — nu3menenne remneparypsbl, K — TermnoémMKocTs Kagopumerpa.

[TonydeHHyI0 BEIMYMHY MPUBECTH K OJTHOMY MOJIIO IEJIOYH IO YypaB-
HEHHUIO:

A= QM
m
rje m — HaBecka BeniecTBa (10 r), M — MomsipHas Macca BelllecTBa.

B oTdeTre omucarth OMBIT, TPUBECTH PUCYHOK KaJOPUMETpPA, TAOIHIIGI
OTBITHBIX JIAaHHBIX W BCe BblYKClIeHUs. CpaBHUTH MOJYYEHHYIO ONBITHYIO Be-
au4yuHy SHTanbnuu pactBopenuss NaOH c¢ tabmuunoit (42,4 x/>x/mMoinb) u
BBIYHCIIUTh MOTPENTHOCTh ONbITa. OOBSICHUTH BbIICIEHUE TEIUIOTHI MPHU pac-
TBOPEHHUH 3TOrO BEUIECTBA.

OmneIT 5. OnpenesieHne TEIJIOTHI THAPATANNHM CyJabdaTa Meau

Tennora ruaparaumu AH®.,,, onpenensercs mo TEIIOTE PaCTBOPEHHS
0€3BOHOM COJIM U KPUCTAJUIOTUAPATA.

Xoo onvima. 1. Ilonyuuts y nabopanta 6e3BoiHbIN cyiabdar meau (II) u
kpuctaimoruapar — meansiii kynopoc CuSO,4-5H,0. Ha texHoXxumMuyeckux
BECax WJIM 3JICKTPOHHBIX BECaxX B3ATh HaBeCKHU 1Mo 10 T 060UX BEIIECTB.
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2. IIpoBecTH OMBIT MO PACTBOPEHUIO OE3BOJHON COJM, a 3aT€M IMOBTO-
pUTH ero [ Kpucramuioruapara. [locienoBaTtenbHOCTD onepaiuii (X011 OmbI-
Ta) Takas ke, KaK B onbITax 3 u 4.

[To pe3ynbTraraM OMBITOB BHIYUCIHUTH TEIUIOTY PACTBOPEHUsI O€3BOTHON
conu (AH®) u kpucramnoruapara (AH®,).

PaccuuTaTh ONMBITHOE 3HAYCHHE TEIIOTHI THApATAIlMU O€3BOAHON COJIH,
UCXOJI U3 CIeAyIomuX cooopaxkenuid. Temnnora pactBopeHus 6€3BOAHON CO-
JIM — 3TO CyMMa TeIUIOThl THApaTaluu cyibdara Meau U TEIUIOThl pacTBOpe-
HUSL TIOJIYYEHHOr0 KpucTajuioruapara. MHbIMU clioBaMH, pacTBOpeHUE 0e3-
BoaHOTO cyibdara meau (II) MOkHO MpencTaBUTh COCTOSIIIMM M3 ABYX CTa-
AU

1. CuSO4(x) + SH,O(x) = CuSO45H,0(x); AH"

runap

2. CUSO45H20(K) = CUSO45H20(p), AHS .
ITo 3akony I'ecca AH®, = AH®,,,, + AH®,, cienoBarensHo

AH’ ~=AH] — AH’

THAp

CpaBHHTPH TIOJYYCHHYIO B OIBITE BEIMYUHY TEIUIOTHI THAPATAIINN CYJIIh-
dara meau (II) co cnpaBounbiM 3HadeHueM (78,2 k/[>K/MOJb), BBIYHUCIUTH
MOTPEITHOCTD OTIBITA M CJIENATh BBHIBO/I.

KonTpoaupyroummue 3axanus

1. Kakoe KOIM4ecTBO TEIUIOTHl HA3bIBACTCS TETUIOTOW PacTBOPEHUS Be-
mectBa? YeMm OTIMYAETCs] OT TEIUIOTHI PACTBOPEHHS SHTAIBIHS PACTBOPE-
HUA?

2. Kak Ha3pIBaroTCs JIB€ CTAMU, HA KOTOPHIE MOXKHO pa3eiuTh (Teope-
TUYECKU) TPOLECC pacTBOpeHUs BelecTBa B Boae? Kakas u3 Hux nns ans
COJIEH SIBISIETCA SHIOTEPMUYECKUM, a KaKas SK30TEPMUYECKUM MPLECCOM?

3. [ToueMy Bce KHUCIIOTHI U IIEIIOYH PACTBOPSIOTCS B BOJE C BBIACICHUEM
Temia, a OOJBIIMHCTBO COJIEH — ¢ MOTJIOMeHuEM ?

4. Haiinute B cCipaBOYHUKE COJIb, KOTOPAsi paCTBOPSIETCS C BbIJCICHUEM
Teria ¥ O0BSICHUTE IPUYUHY €TO BBIJICIICHHUS.

5. BeiBenute (popmyily Ajis BBIYMCIEHHUS TEIUIOEMKOCTH KaJlOpuUMeETpa
IIPU €€ ONPENEICHUU C IIOMOIIBIO TOPsYEH BOJIBI.

6. M300pa3zute obOmuii Buj rpaduka U3MEHEHUS TEMIIepaTyphl BOAbI B
KaJIOPUMETPE, €CJIM B HEM HJIET MPOIIECC IK30TEPMHUUECKOTO PACTBOPEHHUSI.

7. N306pa3ute oOmwmii By rpaduka U3MEHEHUS TEMIEpaTypbl BOJABI B
KaJIOpUMETpE, €CIM B HEM HJIET MPOIIECC SHIOTEPMHUYECKOTO PAaCTBOPEHHS.
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Pa6ora 12. MOHOOBMEHHBIE PEAKIIUU

B pacTBOpax 3JIEKTPOIUTOB pEaKIMH MPOTEKAIOT MEXIY MOHAMH, IO-
ATOMY CYLIHOCTh MPOTEKAIOUIUX MPOLECCOB Haubojee MOJHO BbIpa)kaeTcs
IIpY 3alMCU WX YPAaBHEHUU B MOHHO-MOJIEKYJSIpHOM BHUje. B Takux ypaBHe-
HUSX cJadble 3JIEKTPOJIUTHI, MAaJOPACTBOPUMBIE COCIMHEHUS U Ta3bl 3alKCh-
BAIOTCSl B MOJIEKYJIAPHOU (hopMe, a CUIIbHBIE JIEKTPOJIUTHI — B BUJIE MOHOB.
Hamnpumep, peakiinu HeWTpann3aluuy 3aMiCbIBAIOTCS TaK:

HCl1 + KOH = KCI + H,O — monekynsapaoe ypasHeHune
H'+ OH = H,0 — noHHo-MOneKyIpHOE ypaBHEeHHe,

U3 KOTOPOTO CJIEAYeT, YTO CYIIHOCTh TOTO IMpoliecca CBOJUTCS K oOpa3oBa-
HUIO U3 HOHOB BOJIOPO/IA U THAPOKCUJI-MOHOB CIIA00TO 3JIEKTPOJIUTA — BOJIBI.
YpaBHEHUS peaKLnii:

BaCl, + H,SO, = BaSO,4 + 2HCI
Ba(NOs), + Na,SO, = BaSO,4 + 2NaNO;

CBOJIATCSL K OJJHOMY U TOMY K€ Tporieccy oOpa3oBaHHs MalOpacTBOPUMOTO
BelllecTBa — cyJibaTa Gapusi:

Ba>" + SO,* = BaSO,d

OTH NpUMEPHI MTOKA3bIBAIOT, YTO HOHOOOMEHHBIE PEAKIIUM B PacTBOpPaX
AJIEKTPOJIUTOB MPOTEKAIOT B HAMPABICHUU CBS3bIBAHHS HOHOB, ITPUBOJISIIETO
K 00pa30BaHUIO MaJOPACTBOPUMBIX BEHIECTB (OCAJKOB WUJIU Ta30B) WA MO-
JIEKYJT CNA0BIX AJIEKTPOIUTOB:

Na,COj; + 2HCI = 2NaCl + H,O + CO,T
CO> +2H"=H,0 + CO,T

B Tex ClIy4daidax, Korga MajJopaCcTBOPHMMBIC BCIICCTBA HIIN ci1a0bIe DJIEK-
TpOJ'II/ITBI HNMCHOTCS KaK CpC)II/I HCXOAHBIX BCIICCTB, TaK H cpe)m HpOILYKTOB
peaKkiluu, paBHOBECHE CMEIIAETCs B CTOPOHY oOpa3oBaHUsS HAaUMEHEE pac-
TBOPUMBIX WJIM HAMMCHCC TUCCOINHPYIOIUX BCUICCTB. HaanMep:

{Mg(OH), + 2HCI = MgCl, + 2H,0

IMg(OH),+ 2H" = Mg”" + 2H,0

B sT0i1 peakiuu paBHOBecHE CMEIEHO B CTOPOHY 0Opa3oBaHus OoJiee
c1aboro 3JIEKTPOJIUTAa — BOJIbI, HOHHOE MPOU3BEJEHUE KOTOPOH paBHO 107",
torga kak [IP(Mg(OH),) = 5,5 1072, JloKka3aTesbCTBOM 3TOMY CIIYXKUT PACUET
KOHCTaHThI paBHOBecus peakiuu (K). Peakinusa Oyner nporekaTh B MPSIMOM
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HarpaslyieHuH, eciii K > 1. 3anuiiemM KOHCTaHTy paBHOBECHS JJISl PEAKLIHUH B
MOHHOM BH/IE:

Mg(OH), |+ 2H" = Mg** + 2H,0

_ [Mg*]-[H,0]
[Mg(OH),]-[H' ]

B BI)Ipa)KeHI/Ie KOHCTAQHTBI paBHOBeCI/ISI HC BXOAUT KOHHeHTpaHPIH TBep-
JA0ro BeuieCcrBa U BOJEBI. HOBTOMY BBIpa)KeHI/IC KOHCTAHTBI MOKHO npeo6pa-
30BAaTh.

[Mg*']

C[H'T

12
[ToMHOXHUM YHCIUTENb W 3HaMeHaredb apobou Ha [OH]” u momyuum
CJIEYIOILEE BbIPAKCHHE:

[Mg*']-[OH T’
[H']* -[OH T’

[IpousBenenue B yuciurenae Jpodu eCTh HUUTO MHOE KaK MPOU3BE/ICHUE
pactBopumoctu ruapokcuaa maraus (IIP(Mg(OH),), a B 3HameHarene —
KBajpaT MOHHOTro mpomssenenus Bogsl (K, = [H][OH] = 10'%). Takum
o0pa3oM, KOHCTaHTa PaBHOBECHS MOHOOOMEHHOW pEaKklUh MMEET CIeTyro-
U1 BUJ;

_ ITP(Mg(OH),)

K
K

ITP(Mg(OH),) = 5.5 107", K,, = 10"*. [Toxcraum MPUBEJCHHbBIC 3HAUE-
HUS B YPAaBHEHUE U TIOJTYYUM 3HAYEHHUE KOHCTAHTHI PABHOBECHS:

—-12
3,510

= =5,5-10"
(10—14 )2

CJIeTOBATEIbHO, peakius OyAeT MPOTEKaTh B MPSMOM HaPaBJICHHH.

B mo6om ciyyae MOXKHO MOKa3aTh, YTO KOHCTAaHTa PAaBHOBECHUS MOHO-
OOMEHHOW PEaKIMU €CTh OTHOIICHHE KOHCTAHTHI (WM MPOU3BEIACHUS KOH-
ctanT) peareHTOB (IIP, Ko, Ky ¥ T.1.) K KOHCTAHTE (UJIM TPOU3BEICHUS
KOHCTAHT) MPOJIYKTa PEAKIMH C YYETOM CTEXHOMETPHUYECKUX KOIPPHUICH-
TOB TEPE COOTBETCTBYIOIIMMH BEIIECTBAMHU B MOHHOM YPaBHEHHUH PEaKIIUH.

Hampumep, mi1s peaxiuu:

CuS + 2HCI SCuCl, + H,S
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P IIP(CuS)
K, (H,S)’

rae Ky(H,S) = K, - K} (K} — KoHcTaHTa aucconmanuu H,S mo nepsoii cry-
neHu, K; — KoHcTaHnTa auccorumanuu HyS no BTOpoii cTynenn).

OOpa3zoBaHue M PacCTBOPEHHE OCAIKOB MOXXHO OOBSICHUTH, MOJIb3YSCh
IIPaBUJIOM MPOU3BEINECHUS PACTBOPUMOCTHU: OCAJOK BBINIAJIAET, KOTAA MPOU3-
BEJICHUME KOHLEHTpauuii HoHOB mpesaiaeT [IP; ocamok pacteopsiercs, eciu
MPOU3BEJCHNE KOHIIEHTpAIUi MOHOB He Jocturaet BenuuuHbl [1P (koHIeH-
Tpalid MOHOB MPH BBHIYUCICHUM HMX TMPOU3BEICHUSI OEpyTCS B CTENECHSX,
paBHBIX Kod(pdurmentam nepen GopmMyiaMu HOHOB B CXeMaX TUCCOIHAITIN).

BKCHepI/IMeHTaJIbHaﬂ 4acTb

Lenvto pabomul siBRgercs: 1) npoBeeHre HEOOPATUMBIX U OOPATUMBIX
MOHOOOMEHHBIX pEaKIMii B BOJHBIX PACTBOpaxX U 2) U3y4YEHHUE BIUSHUSA YC-
JIOBUH B3aMMOJICHCTBUS Ha COCTOSIHE PAaBHOBECHS] HOHOOOMEHHBIX PEaAKIUH.

OmnpiT 1. ITosryyeHne MaJIopacTBOPUMBIX COJICH

1. Ilonyuenue coneti ceunya (I1). B n1Be mpoOUpKU BHECTH 1O 2—3 KaTuTH
pacTBopa HuUTpaTta cBuHIA (II) ¥ MpWIMTE B OHY pacTBOp Hoauaa Kaaus, B
ApyTyro — xjmopuaa Hatpus. Ommcarh XOJ ONbITa ¥ HAOJIOACHHS, HAITUCATh
YpaBHEHUS PEAKIIUN B MOJICKYJSIPHOM U HOHHOM BH/IC.

2. Ionyuenue opyeux manopacmeopumulx coseti. [1onp3ysice Tabauiei
pPacTBOPUMOCTHU, MOAOOPATh PEAKTUBBI, C TOMOIIBIO KOTOPHIX MOXHO MOJY-
yuTh cynbdun ceunima (1), xpomar 6apus, xnopun cepedpa (I). B mpodupkax
CMEIIaTh M0 HECKOJBKO KalleJh PEakTUBOB U HabOI01aTh 00pa3oBaHue OCa/l-
KOB. B oTu€re Hamucath ypaBHEHUs pE€aKUUi B MOJIEKYJIPHOM MU HOHHOM
BHJIC U OTMETHUTh OKPACKY 00pa30BaBIINXCS OCAIKOB.

OmneiT 2. IlosryyeHne MaJIopacTBOPUMbIX OCHOBAHM

1. Heamgpomepnwvie ocnosanus. B Tpu mpoOUpPKU BHECTH MO 2—3 KaIuiH
pPacTBOPOB coJiei: xyopuaa Maraus, cyinbdarta menu (I1) u HuTpara Bucmyra
(ITI); B xaxmyr0 AOOABUTH TUIPOKCHU HATPHS 10 BhIMaaeHUs ocanka. Omnu-
caTh ONbIT. OTMETUTH I[BET U 3€PHUCTOCTH MOTYUYECHHBIX MAJIOPACTBOPUMBIX
OCHOBAHUWU, HAMUCATh YPABHECHUS PEAKLIUI B MOJICKYJISIPHOM U HOHHOM BUJIE.

2. Ampomepnvie ocnosanus. HamoaHuts '/, 4acTb IPOGUPKH PacTBO-
pom xsopua xpoma (III), 1o6aBuTH pacTBOp TUAPOKCHAA HATPHS TIO KaILJIsIM
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710 BhIMaieHus ocajka. Ocaiok pa3ieauTh Ha JBe 4yacTu. B oaHy npobupky c
0CaJIKOM MPUIUTH W30BITOK LIEJIOYH, B APYTYIO — COJIIHYIO KUCTIOTY.

Hanwucate ypaBHeHus peakuuil nonydeHus: ruapokcuaa xpoma (III) u
ero B3aumozeiicTBus ¢ HCl u NaOH. [loBToputh 1 onucath OMBIT ¢ UCTIOJb-
30BaHUEM CyJb(aTa allOMUHUA U CyJb(aTa [IMHKA.

Omnpit 3. IlosryyeHHe MaJI0PACTBOPUMO KHCJIOTHI

B npoOupky HaimuTh HECKOJBKO Karellb pacTBOpa CUJIMKATa HATpus U
MpuOABIATH K HEMY MO KaIULSIM COJISHYIO KucnoTy. HaGmronaThs BeIageHue
resieo0pa3sHoro ocaaka METaKpeMHHEBOW KUCTOTh. Hammcath ypaBHeHHE pe-
aKI[MU B MOJIEKYJIIPHOM U MOHHOM BHJIE.

OmnbiT 4. UoHOOOMEeHHAs peaku s
¢ o0pa3oBaHHeM ra3oo0pa3HoOro NpoayKrTa

B npoOupky HaJIUTh HECKOJBKO Kamellb pacTBOpa XJOpHAa aMMOHUS,
n00aBUTh PAacTBOp THIAPOKCUA HATPUSI U MPOOUPKY HArpeTh Ha CIUPTOBKE,
HE 0BOJAS N0 KumeHus. OnpeaenuTh BhLACIAIONIMNACS ra3 1o 3anaxy. B oT-
4yé€Te ONucaTh ONBIT M HANKCATh ypaBHEHUE PEAKIHUHU B MOJIEKYJISIPHOM H
MOHHOM BHJIE.

Onpit 5. IlosryyeHue U pacTBOpeHre MAJIOPACTBOPUMBIX BellleCTB

B oany npobupky nomectuTh 5—6 Karenb pacTBopa cysibdaTa JAByXBa-
aentHoro xene3a (I1), a Bo BTopyro — CTONBKO K€ Karelb pacTBopa cyibdara
menu (I1). B 06e npobupku 1006aBUTH 1O HECKOJILKO Kareilb pacTBOpa CyJlb-
duna Harpusa. K nonydennsim ocaakam cynbdumos FeS u CuS npunuts co-
JAHYI0 KucnoTy. Kakoi u3 ocaakoB pacTBOPUIICS B KACIOTE?

B oruére 3anucaTh ypaBHEHHUS! BCEX MPOBEJICHHBIX PEAKIIMI B MOJIEKY-
JSIPHOM U MOHHOM Buze. OOBACHUTH pa3auyue B PaCTBOPUMOCTH OCAIKOB,

UCTIONB3Ysl 3HAUYCHHs TPOM3BEACHUI pPACTBOPUMOCTH CyJb(puma xeiesa
(5:10""*) u cynbouna meau (6,3-107°°).

KonTpoaupyommue 3axanus

1. IlpuBenuTe ABa mpuMepa peakuuil ¢ 00pa3oBaHUEM NMPAKTUYECKH He-
pPacTBOPUMBIX M MaJOPacCTBOPUMBIX cojied. Hanmummre ux ypaBHEHUs B MO-
JEKYJISIPHOM U MOHHO-MOJIEKYJISIPHOM BU/IE.

2. IlpuBeaute Mo OgHOMY-Ba IpUMEpPA peakuil ¢ 00pa30BaHUEM IpaK-
TAYECKU HEPACTBOPUMBIX M MaJIOPACTBOPUMBIX KHCIOT M OcHOBaHuu. Ha-
IUIINTE UX YPABHEHUS B MOJIEKYJIIPHOM M MOHHO-MOJIEKYJIIPHOM BHUJE.
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3. IlpuBenute nBa mpUMepa peakiuil ¢ 00pa3oBaHUEM Tra3000pa3HBIX
MaJIOpacTBOPUMBIX B BOJie BemlecTB. Hamummre UX ypaBHEHHUS B MOJIEKY-
JIIPHOM ¥ MIOHHO-MOJIEKYJISIPHOM BUJIE.

4. IlpuBenuTe TpU MpUMEpPa peakluil ¢ 00pa30BaHUEM CIAOBIX AIIEKTPO-
auTOB. Hanmummnre ux ypaBHEHHsI B MOJIEKYJISIPHOM M HOHHO-MOJIEKYJISIPHOM
BHJIE.

5. IlpuBenure Mo OHHOMY IPUMEPY PEAKIMKA NEPEeBOAA KUCIOM U OC-
HOBHOU COJIM B HOpMajbHbIE (CcpeaHue) cond. Hamummure X ypaBHEHUS B
MOJIEKYJIIPHOM ¥ MOHHO-MOJIEKYJISIPHOM BUJIE.

6. Hanumure B MOJEKYJISPHOM M MOHHO-MOJIEKYJISIPHOM BUJIE YpaBHE-
HUS peakiuil aMm(pOTEPHOTrO THAPOKCHUA XPOMa C CEPHOM KUCIIOTOM U C pac-
TBOPOM THAPOKCH]IA KaJIS.

7. OOBSICHUTE U TIOATBEPAUTE PACUETOM, ITOUEMY CyIb(U] LIMHKA B3au-
MOJIEMCTBYET C COJITHOM KHUCIOTOW (HANUIIWTE YPABHEHUS B MOJIEKYJIIPHOM
Y MOHHO-MOJIEKYJIIPHOM BUJE), & CYyJIbPUa KaAMUSI HE B3AUMOJIECHCTBYET.

Pa6ora 13. TUJIPOJIN3 COJIEH

IIpu pacTBOpeHHH coJieil B BOJAE, HAPSAY C MPOLECCAMH JIEKTPOJIUTH-
YECKOU MCCOLUAIIMU ¢ 00pa30BaHUEM TUJIPATUPOBAHHBIX HOHOB, TPOTEKAIOT
peakiMy B3aMMOJICUCTBUSI MOHOB COJM C BOJOM UX THUIPATHBIX 00OJOYEK.
DTOT MpoIEecC Ha3bIBAECTCS 2uopoiu3om coseti. B pesynbrare ruaposnsa
CMEIIAETCS] PAaBHOBECHUE AJIEKTPOTUTHYECKON JUCCOLMAIIMN BOJbBI, MPUBOISI-
niee K u3MeHeHuo pH cpeapl, KOTOpoe MOYKHO ONPENETUTh C TOMOIIbIO WH-
JTUKATOPOB.

Hanpumep, npu pacTBOpeHUH aimeTaTa HaTpUsl Cpela CTAHOBUTCS Ilie-
JIOYHOU B pe3yJIbTaTe MPOTEKAHUS CIECAYIOIIHNX MPOLECCOB:

NaCH;COO SNa' + CH;COO
CH;COO + HOH S CH;COOH + OH

M3menenue BogopoaHOTO ToKaszaresis pH npu pacTBOPEHUN COJIH SIBIISI-
€TCSl OCHOBHBIM ITPU3HAKOM, YKa3bIBAIOIITUM Ha MPOTEKAHKUE THAPOIN3A.

[unponu3 sBIsSETCS Pe3yabTATOM TOJSIPU3AMMOHHOTO B3aUMOCHCTBUS
HMOHOB C MX THJPATHON 000JI04K0i. UeM CHIIbHEE MOJSpU3YIONIee ACHCTBUE
HWOHOB M OOJIBIIIE MX TOJSIPU3YEMOCTh, TeM B OOJIBIIICH CTETICHH MPOTEKAET
ruposin3. CHIBHOE TOJIIPU3YIOINIEe JCHCTBUE OKa3bIBAIOT HEOOJBIITUE I10
pasMepy MHOTO3apsiHble MOHBI; OOBIYHO ATO KAaTHOHBI CIA0BIX OCHOBAHUM.
CHIIBHO TIOJISIpU3YIOTCS OOJIBIIIHE 10 pa3MepaM aHUOHBI — KUCJIIOTHBIC OCTaT-
KU CJIa0BbIX KUCJIOT.
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PaznnuaroT HECKOJBKO TUIIOB THAPOJIN3a COJIEH.

1. Conu, o6pa3oBaHHbIE CUJILHBIMU OCHOBAHMSIMU (IL[E€JI0YAMHU) U CHIIb-
HBIMH KHCJIOTaMH, HE TOJBEPraroTcs THAposin3y. PacTBopwel Takux comei
(NaCl, KNO3, Ba(NO;), u ap.) umerot HelTpanpHyto cpeny (pH = 7).

2. Conm, 06pa3oBaHHbIC CHIIBHBIMA OCHOBAHMSIMHU M CIa0OBIMU KHCJIOTA-
MU, TUAPOIUIYIOTCSA TI0 aHUOHY, TaK KaK aHHOH 00pa3yeT ¢ MOHAMHU BOJIOPO-
na crnadyro kucnoty. Cpena pactBopa B 3ToM ciydae menoynas (pH > 7):

KCN + H,0O S HCN + KOH — monexynspHoe ypaBHeHHe MHAPOIH3a
CN + HOH S HCN + OH — nonHoe ypaBHEHHE MHAPOIH3a 10 aHHOHY

Conm 3TOrO THMA, 0OOpPa30BaHHBIE MHOTOOCHOBHBIMH KHCIIOTaMH, TH/I-
POJIU3YIOTCS CTYIIEHYATO, HAIPUMED:

1-g crynens:  K,CO; + HOH S KHCO; + KOH
CO%¥ + HOH S HCO; + OH

2-s crynenb:  KHCO; + H,O S H,CO; + KOH
HCO; + HOH S H,CO; + OH,

MMpHUYCM T'UAPOJIN3 UJICT B OCHOBHOM I10 HepBOﬁ CTYIICHHU.

3. Conu, oOpazoBaHHbIE CIA0BIMH OCHOBAaHUSIMU M CUJIbHBIMHU KHCJIOTA-
MU, THPOJIM3YIOTCS MO KAaTHOHY, TaK KaK KaTHOH 00pa3yeT C TUAPOKCHI-
noHamu ciaboe ocHoBanue. Cpena pactBopa B 3ToM ciydae kucias (pH < 7).

NH,CI1 + H,O S NH,OH + HCI - monexynspHoe ypaBHeHHE THAPOIN3a
NH4Jr + HOH S NH,OH + H" — uonnoe ypaBHEHHE THIPOIIU3A 10 KATHOHY

Comu aTtorO THIIA, 06pa3OBaHHBIC MHOTI'OKHCJIOTHBIMH OCHOBAHUSIMU,
T'NAPOJIN3YIOTCA CTYIICHYATO, HAIIPUMCP:

1-1 ctyniens:  ZnCl, + HO S Zn(OH)Cl1 + HCl
Zn”* + HOH S Zn(OH)' +H'

2-s ctyniesb: Zn(OH)CI + H,O S Zn(OH), + HCI
Zn(OH)" + HOH & Zn(OH), + H',

MpHUYCM THAPOJIU3 UICT B OCHOBHOM I10 HepBOﬁ CTYIICHH.
4, COJIH, 06p2130BaHHBIC c71a0BIMH OCHOBAHMSIMHM M CIA0OBIMM KHCJIOTa-
MU, THAPOJIU3YIOTCA U 110 KATUOHY U 110 aHUOHY, HAIIpUMCECD:

NH4,CN + H,0 5 NH,OH + HCN

[Tpu sTom pH cpenpl 3aBUCUT OT CHUITBI 00PA3YIOMIUXCS CIA0BIX KUCIOT U OC-
HoBaHu# (00bryHO pH paBen 6—8). Takue conu TUAPOTU3YIOTCS B OOJNBIIEH
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CTETNIEHU, YeM PACCMOTPEHHBIE B M. . 2 ¥ 3. I'uaponaun3 Takux cojied mpouc-
XOJIUT TIPAKTUYECKU HEOOPATHMO, €CIM BBIACNACTCS ra3 WIH OCaJoK JHO0
€CJIM TO M Ipyroe o0pa3yeTcsi OIHOBPEMEHHO, HaIlpUMED:

ALS; + 3H,0 = 2A1(OH);4 + 3H,ST

BKCHepI/IMeHTaJIBHaH 4acTb

Llenvio pabomwl sBASIETCS MPOBEJACHUE THUAPOIN3Aa HEKOTOPBIX COJEH,
M3YUYEHHUE BJIMSHUS COCTaBa COJIEH M BHEIIHUX YCJIOBHUI Ha MOJHOTY UX TH-
ponn3a.

OneiT 1. Onpenesienne cpeabl pAaCTBOPOB Pa3JIMYHbIX COJICH

Ha monocky yHMBEpCcallbHONW MHIUKATOPHON Oymaru HaHECTH IO OJTHOU
karuie pactBopoB KCl, Al,(SO4);, Pb(NOs),, Na,COs. B kakom ciyuae npo-
TekaeT ruapoaus? Onpeaenuts pH pacTBopoB, pe3yibTaThl ONbITa OPOPMUTH
B BUJE TaOJIUIIBI:

No | ®opmyna et alc YpaBHEeHHE TUAPOIIN3A B MO-
COJIH VMHJMKAaTOpa P peia JIEKYJISIPHOM U MOHHOM BUJIE

1 | KCI

2 | AI(SOy);
3 | Pb(NOs),
4 | Na,CO,

OmnpiT 2. U3ydyeHne BIUSTHUS 3apA/ia KATHOHA
HA MOJIHOTY UAPOJIHN3a N0 KATHOHY

Opun mukpommarens cyibdara xenesa (II) pactBopute B 10—15 kan-
asx BoAbl. C MOMOIIBIO YHHBEPCATIbHOM HWHJMKATOPHOM OyMaru CpaBHUTH
pH pactBopoB FeSO,4 u FeCl; (pactBop 3T0# conu umeercs B mraruse). Ka-
Kas U3 JABYX COJIEH TMAPOJIM3YETCs CUibHee U mouyeMmy? Hammcars moieky-
JISIPHBIC U MOHHBIE YPABHEHUS THJPOJIN3A dTUX COJIEH IO MIEPBOM CTYIICHHU.

Omnpit 3. CpaBHeHHE THAPOJIN3YEMOCTH M0 AHUOHY

C nmomo1ipo0 yHUBEpCATbHONW MHIUKATOpHOU Oymaru cpaBHUTH pH pac-
TBOpoB Na,SO; u Na,CO;. B oTu€re Hamucath MOJICKYJISIPHBICE U MOHHO-
MOJICKYJISIpHBIE ypaBHEHHS runposn3a. [lo Benmnuune pH ykaszaTth, B KakoMm

U3 JIBYX PacTBOPOB OOJIBILE: a) CTENEHb TUAPOIK3a; 6) konuenTpauus OH -
noHoB. Kakoit anron o0ianaet O6onblieil noaspu3yeMoCTbio?
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OmnpiT 4. U3ydyeHnne BJAMSHUS YCJAOBHIA MPOBeIeHUS IMAPOIH3A
HA MOJIHOTY €ro NPOTeKAHUS

1. Bnuanue xonyenmpayuu. B mpoObupKy moMecTuTh 2—3 Karuid KOH-
HEHTPUPOBAHHOIO pacTBopa xjopuja xenesa (I1I). YcranoBuTh ¢ nmomoipio
WHIUKAaTOpHOU Oymaru cpemy pactBopa (pH). PactBop B mpobupke paszba-
BUTh BOJOW, yBeIMUMB 00beM B 3—4 pasza u ycTtaHOBUTH pH pa3zbaBieHHOTro
pactBopa. Hanmcars ypaBHEHHUs TUAPOIIM3A IO IIEPBOU U BTOPOU CTYIICHSIM B
MOJIEKYJISIPHOM UM MOHHOM Buje. ClenaTh BBIBOJ O BIUSHUU KOHIEHTPALUU
COJIA HA MOJHOTY €€ TUIPOJIN3a.

2. Buusinue memnepamypol. B mpoGupky Ha '/3 eé 00béMa HAIUTH pac-
TBOp XJyopua xene3a (I1I) u mpoKUNATUTH €ro HECKOJIBKO MUHYT Ha CIHp-
toBke. Uto Habmonmaercs? Iloyemy pacTBOp Npu KUISSYEHUH CTAHOBHUTCS
MYTHBIM?

B oruére onucaTe ONBIT M 3alKMCAaTh YPAaBHEHUS T'MAPOJIM3A B MOJIEKY-
JSIPHOM M MOHHOM BHUJIE IO BCEM CTYIIEHSIM, UMes B BH]y, YTO BTOpas U Tpe-
Thsl CTYIIEHU THIPOJIN3a BO3MOKHBI IIPY HATPEBAHUU.

[To onbITy 4 caenaTh OOIIMK BBIBOJ O BJIMSHUU KOHIIEHTPAIMHU PacTBO-
pa CoJIM ¥ TEMIEPATYPHI HA TIOJIHOTY NMPOTEKAHUS TUAPOIIN3A COJIEH.

OmneIT 5. B3anMHOe ycujIeHHe THAPOJIN3a ABYX coJlei

K 5-6 xamnsm pactBopa cyib(dara adrOMUHUS NMPUOABUTH TakoM ke
o0beM pacTBopa KapOoHaTta Hartpus. HaGmomate oOpa3oBaHue ocajka TH-
pPOKCHIa aTIOMUHHMSI U BBIJICIICHUE MTy3bIPHKOB YTIIEKUCIIOTO ra3a. [loBTopuTh
OTIBIT B JIPYTOil IPOOUPKE C UCIOJIb30BAHUEM CyJb(aTa aTlOMUHUS U CYJIb-
buna Hatpust. ONpeaenuTh 1Mo 3armaxy, Kakoi ra3 IPH 3TOM BBIICIIACTCS.

B ortuére onucate onbiT. Hanmcate ypaBHEHHS peakiuid B MOJIEKYJISIP-
HOM M MOHHOM BHJIC ¥ OOBSICHUTH, IOYEMY B PEAKIUIX 00pa3yrOTCs HE Kap-
OoHaT aroMHUHUS (B TIEPBOM MPOOUPKE) U HE Cyabdua aTroMUHUS (BO BTO-
poii mpoOupke), a THAPOKCUA amtoMunus (B obemx mpoOupkax). [Ipusectn
eni€ 1Ba-TpH MPUMEpPa B3aMMHOTO YCHJICHUS THAPOJIH3a ABYX COJICH.

OmnpiT 6. O0pa3zoBaHue OKCOCOJIU MPU THAPOTH3E

B nmpoGupky BHectu 2-3 kxarum pactBopa xiopuaa cypbmsl (I1I). IIpo-
BEPUTH C IOMOUIbIO UHAUKATOPHON OyMaru cpeny pactBopa (pH).

Conepxxumoe mpoOupku pa3zbaButh Bogoil. Uto HabGmromaetcsa? Hamu-
caTh YpaBHEHHS THAPOJIM3a COJIM IO MEPBOM W BTOPOIl CTYNEHSIM M ypaBHE-
HUE 00pa30BaHUs OKCOCOJIM, KOTOpas BBINAJACT B OCAIOK.
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KonTposmpyroummue 3aganus

1. IlpuBeauTe nMpuUMepbl PaCTBOPUMBIX B BOJE COJIEH, Cpella pacTBOPOB
KOTOPBIX HEWTpaibHas, KUCHas, lienoyHas. Hanumure ypaBHEHHUS UX TUI-
poJsin3a B MOJIEKYJISIPHOM U HOHHO-MOJIEKYJIIPHOM BHJIE.

2. IIpuBegure npuMeEpsl COJEN, THAPOJIA3 KOTOPHIX UAET TOJBKO IO Ka-
THOHY, TOJIBKO 10 aHWOHY, U II0 KATHOHY U II0 aHWOHY OJHOBpeMeHHO. Ha-
MUIINATE YPABHEHUS UX TUAPOIN3A B MOJIEKYJISIPHOM U MOHHO-MOJIEKYJISIPHOM
BHJIE.

3. [lpuBeauTe npuMepsl cojeil, TUAPOIN3 KOTOPHIX BO3MOXKEH IO O/I-
HOM, IBYM U TpeM cTyneHsM. HanuiuTre ypaBHeHHS UX THAPOJIM3A B MOJIe-
KYJISIPHOM U MOHHO-MOJIEKYJISPHOM BUJIE.

4. HanuimuTe B MOJIEKYJISIPHOM M MOHHOM BHUJIE YPaBHEHUS COBMECTHO-
ro ruaponmsa: a) cyibdara xpoma (III) u xkapbonara HaTpust u 0) HUTpaTa
ATFOMUHUS U CyJb(puaa Kaus.

5. Kak Biusier no6asnenue pactsopoB KOH, ZnCl,, Na,S, consHoi ku-
ciotel ¥ TBepaoro NaCl Ha ruzponu3 kapOoHarta Kaaus (TUAPOJIU3 YCUIIUBA-
€T, OcJla0isieTcs, BIUSHUS He HAOJII0gaeTCs).

6. Kak Bmusier no6asnenue pactsopoB NaOH, Na,COs, Aly(SOy)s, cep-
HOM KucIoThl U TBepaoro K,SO, Ha ruaponus xjopujaa IMHKA (TUIPOIU3
YCUJIUBACT, OCTIA0ISACTCS, BIUSHUS HEe HaOIr01aeTcs).

7. Hanuiure B MOJEKYISIPHOM M MOHHOM BHUJI€ YPaBHEHUS TPEX CTere-
Hel rugponusa xiopuaa xkenesza (I1). O0bsacHuUTE, TOUeMy NpU KOMHATHOU
TeMIIepaType THUAPOIN3 UIET TOJBKO MO MEePBOU CTYNEHU, a IPU KUTISTYCHUU
pacTBOpa — MO BCEM TPEM.

8. B oqHOMOISIpHOM pacTBOpe HUTpaTa IWHKA BOJIOPOIHBIN MTOKA3aTENb
(pH) pasen 2. Yemy paBHa cTeneHb ruapoiusa coiu (%)?

Pabora 14. IPOU3BEJEHUE PACTBOPUMOCTH

TBepable BellecTBa XapaKTEPU3YIOTCS Pa3IMYHOM PACTBOPUMOCTBIO B
Bozie. Hapsiny ¢ Xopomo pacTBOPHUMBIMH BEIIECTBAMHU CYIIECTBYIOT MaJo-
pacTBOpPUMBIC M MPAKTHUECKU HepacTBopuMble. OmgHako abCONIOTHO Hepac-
TBOPUMBIX BEILIECTB B NpHUpoie HeT. JIroboe BemecTBo, XO0Tad Obl B HUYTOXK-
HOMW CTENEHH, HO BCE K€ 00JIaJaeT paCTBOPUMOCTBIO.

PacTBOpUMOCTh BelECTBAa OLIEHUBAETCS MO KOHLEHTPALMU €ro Hachl-
HIEHHOro pacTBopa. KoHLEHTpanusi HAaCBIILIEHHOTO pacTBOpa MaJlopacTBOPHU-
MOT0 MJIM IPAaKTUYECKN HEPACTBOPUMOI'O BELIECTBA OYEHb Majla, T.€. paCTBOP
oueHb pa3z0aBieH. Eciau pacTBOpPEHHOE BELIECTBO SABISETCS AIIEKTPOJIUTOM,
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TO OHO B OYEHb Pa30aBICHHOM PAcCTBOPE MPAKTUYECKU HAIENO AUCCOLUUPO-
BaHO Ha MOHBI (B COOTBETCTBHUH C 3aKOHOM pazbasienust OCTBaiIbaa).

PaccmoTpum paBHOBecHE MEXIY TBEPABIM OCAJIKOM MajlopacTBOPUMOM
conu, Hanipumep AgCl, u e€ noHamu B pacTBope:

AgCl(r) SAg (p) + Cl(p)
YPaBHCHI/Ie IJIs1 KOHCTAHTBI paBHOBCCH}I HNUMECT BHU.
« _[AgTICr]
[AgCl ]

Konnentparus tBepaoit dasel [AgCl(1)], kak BeIUYHWHA MMOCTOSIHHAS, U3 BbI-
pakeHHs ISl KOHCTAHThl PaBHOBECHUSI MCKJIOYaeTcs. Torjga KOHCTaHTa paB-

o +
HOBECHSI OINPEIEAETCS TOIbKO MPOU3BEACHUEM KOHIIEHTPAIIMI UOHOB [Ag |

u [Cl'] u HaswIBaeTca npoussedenuem pacmeopumocmu (I1P):

+ -
[TP(AgCl) =[Ag |-[CI ]
B o0meM Buae miis coequHenus A,,B,
+ -
[P =[A "B
Bennunaa mnpousBenaeHUsT pacTBOPUMOCTH XapaKTEPU3YET PACTBOPHU-
MOCTh MaJIOPACTBOPUMBIX U MPAKTUYECKH HEPACTBOPHUMBIX BEIIECTB (3JIEK-
TPOJIMTOB) IIPHU NOCTOSIHHOM TeMiiepaType. 3Hauenus [IP npuBeneHs! B cripa-
BOYHHKAX U B 3TOM ITocoOuu B Tadiuiie 8.

HpOI/I3BeI[CHI/I€ pPaCTBOPUMOCTHU IMO3BOJISICT BBIYMCINTH KOHOCHTPALIWUIO
HACBIIICHHOTO pacTBOpa MaJI0paCTBOPHUMOTO WM IMMPAKTUYCCKH HEPACTBOPH-

+ -
Moro a3JekTponuta. Hanpumep, nns xnopuna cepedpa [Ag | = [Cl ], cneno-
BaTEJIbHO, KOHIIGHTPAIMS HACBHIIIEHHOTO pacTBOpa WU, YTO, TO YK€ CaMoe,
pacTBOPUMOCTS (S) BbIUHCIsAETCA 110 hopMyIe:

S = ./mip
s PbCl, — o popmyne S=3TIP/4,
s Caz(PO,), — no popmyne  S=3TIP/108 wurT. 1.

[To pacTBOpUMOCTH MOKHO, B CBOIO OYepe/b, pacCuuTaTh 00beM pac-
TBOpa, HEOOXOAMMBIN JJIsi pacCTBOPEHHUs JAHHON MacChl, HAIPUMEp OJHOTO
rpamMma, BemecTBa. PacyeT mpoBOAMTCS UCXOMAS U3 TOTO, YTO KOHIIEHTPAIUU
HACBIIIEHHOTO PacTBOpa (S) BbIpa)KkaeTcsi B MOJIb/J, T.€. TIO MPOTIOPIIUU:

B 1 1 pactBopsiercs S-M r BemecTBa
B X JI - Ir
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ITo 3nauenusm [IP MOXXHO OmpenesATh HalpaBICHUE NMPOTEKAHUS HO-
HOOOMEHHBIX pEeaklMii B pacTBOpax B TEX CiydasX, KOrja W B JIEBOW, U B
IIPABOM YACTAX YPABHEHUS PEAKUUU HAXOIITCS MaJOpACTBOPUMBIE WIIH
IIPAKTUYECKU HEPACTBOPUMBIE BellecTBa. Hanpumep, peakuus:

AgBr (ITP = 5,3-10 %) + KI = KBr + Agl (ITP = 8,3-10 ")
IMPOTCKACT B IIPSAMOM HAIIPABJICHUH, a4 PCAKIIUA:
AgBr (ITP = 5,3:10 ") + KC1 = KBr + AgCl1 (ITP = 1,8-10'°)

— B 00paTHOM, TO €CTh B CTOPOHY MEHEE pacTBOPHUMBIX BelleCcTB. Takue pe-
aKI[MY Ha3bIBAIOTCS PEAKIUSIMU MEPEOCAKICHUA MATIOPACTBOPUMBIX BEILIECTB
WJIM peakusIMU JBOMHOTO OOMEHa.

[TocTosiHCcTBO BenmnuuHbl [IP HE 03Ha4YaeT MOCTOSIHCTBA KOHIIEHTPALlAMN
OTACIBHBIX HMOHOB. KOHIEHTpaIMio KaXJa0ro M3 HUX MOXXHO H3MEHSTh.
MoxHO yBeau4uTh KOHIEHTparuio Cl-moOHOB B HACBIIICHHOM pPacTBOPE
xjopuaa cepebpa, nod6asus, Hanpumep, HCl. 310 HapymuT coctossHue paB-
HOBECHS JUCCOITMAIIMK, CABUHET €T0 BJIEBO, TaK KaK M30BITOYHOE (IO CpaB-

HEHHIO C PAaBHOBECHBIM) KOMMYeCTBO MOHOB Cl INpUBENET K yBEIUYEHHIO

. + -
ckopocTu obpatHoi peakiuu ocaxaeHus (Ag + Cl = AgCl). BHoBb ycra-
HOBUBIIICECS] PABHOBECHE OYJET MO-TIPEKHEMY XapaKTePU30BATHCS TOU Ke
BesimunHOM [IP, 0gHaKo paBHOBECHBIE KOHUEHTPALMU H3MEHSATCS: KOHLIECH-

Tpauusi MOHOB Ag+ Oyzner Menbine, a noHOB Cl GoJblle 110 CPABHEHHUIO C
NPEeXHUM COCTOsSIHUEM paBHOBecusa. JlomomnutensHoe ocaxnaenne AgCl
MPOUCXOJUT MOTOMY, YTO TPU NPHOABICHUH COJSHON KHCIOTHI MPOU3BEIE-
HUE KOHLEHTpPAlUid MOHOB CTAHOBHUTCS OOJbIIE BEJIMYMHBI MPOU3BEACHUS
PacTBOPUMOCTHU:

[Ag T[CI]> TP

+
HaHpOTI/IB, CCJIM IIOHHU3UTHb KOHLICHTpPAIMIO, CBA3aB HMOHBI Ag B KOM-

+
miekc [Ag(NH;),] , Torma ocanok, B cootBeTcTBuM ¢ npuHiunom Jle [late-
JIb€, HAYHET PACTBOPATHCA. Y CIOBHEM PACTBOPEHMS OCAIKA SBIIIETCSA COOT-
HOULICHHE:

[Ag J[CI] < TIP
Ecu B paCTBope HaxXoOATCA KaTUOHBI HECKOJBbKHUX paSJII/I‘-IHBIX McETall-
JIOB, TO UX MOXHO IICPCBCCTHU B OCAOK ITOCJICAOBATCIIBHO OJHH 3a APYI'UM,
CBA3bIBAA B MAJIOPACTBOPUMBIC WJIN IMPAKTHYCCKU HCPACTBOPHUMBIC BCIIICCTBA
C Pa3/IMYHBIMH 3HAYCHHUAMU IIP. Taxkasa OorIcpanuAa Ha3bIBACTCA ,Z[pO6I—IBIM
OCAXKICHUCM, OHA ITPUMCHACTCA OJIA PA3ACIICHUA U OYUCTKH BCIICCTB, IIPH UX
CHUHTC3C N aHAJIN3C.
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Takum obpazom, npousBeaeHue pactsopumoctu [1P xapakrepusyer re-
TEPOr€HHOE PAaBHOBECHE:!

0CadoK S pacmeop

T MAJIOPACTBOPUMBIX U IMTPAKTHYCCKU HCPACTBOPHUMBIX BCIICCTB U IIHUPOKO
HCIIOJIB3YCTCA B XUMHUHU U XUMHYECKON TEXHOJIOTUH.

IKCNEPUMEHTAIbHAA YaCTh

Lenvio pabomul SBASETCS TOJNYYSHHUE, MCCIEIOBAHUE U C TIOMOIIBIO
CIIPABOYHBIX 3HAYEHHUM MPOM3BENICHUS PACTBOPUMOCTU OOBSICHEHHE CBOWMCTB
HEKOTOPBIX MAJIOPACTBOPUMBIX U MPAKTUYECKA HEPACTBOPUMBIX BEILIECTB.

Omnpit 1. ITosryueHne Ma10pacTBOPUMBbIX COCAUHEHHU I

[TomecTuTh B Tpu npoOupku 1o 3 kamiu pactBopa HuTpara csunua (II),
3ateM 100aBUTh B 0JIHY NpoOupky 3—4 karum pactBopa Kl, B 1pyryto cTosib-
ko xe pactBopa K,CrOy,, B TpeThio — pactBopa H,S. OT™MeTuTh IBET 00pa3o-
BABIINXCS OCAJKOB.

B oTdere onucaTh ONBIT U COCTABUTHh YPABHEHUS PEAKLUUN B MOJIEKY-
JSPHOM ¥ MOHHO-MOJIeKyJsipHOi opme. Ucxonsa uz 3nauenuit [1P nomyden-
HBIX COEAMHEHUH (Tabu. 8), BBIYMCIUTH JUIS KaXKJ0T0 KOHLIEHTPALUIO HOHOB
Pb>’, COOTBETCTBYIOIIYIO COCTOSHHIO PABHOBECHS C TBEpHOH (ha3oil. Berumc-
JUTh TaKXke 00bEM BOJBI, HEOOXOAUMBIN I PACTBOPEHHUS OJTHOTO rpamma
Ka)XI0ro BelecTBa. Pe3yabTaThl BEIYMCICHUN MTPEICTABUTh B BUC TAOJIULIBI.

BemectBo | IIP | PaBHOBecHast KOHIEH- O6bem BojbI (1),
Tpanus HoHOB Pb*", HEOOXOAMMBII JIJIsl PACTBOPEHHS
MOJTB/JT OJTHOTO 'paMMa BEIeCTBa
Pbl,
PbCrO,
PbS

B BBIBOJIE CPaBHUTH PaCTBOPUMOCTH ITOJIYYEHHBIX COCIMHEHMI CBUHIIA
“ - _ 2-
¥ OTBETUTH Ha BOIpoc: kakor annoH — I, CrO; wim S° — sBisiercss Hanbo-
Jiee 4YyBCTBUTEIIBHBIM PEAKTUBOM HAa KaTMOHBI CBMHIIA B KAYECTBEHHOM aHa-
am3e?

OmnmiT 2. CpaBHeHne MMOJIHOTHBI 0CaKACHHUA NOHOB
PA3JINIHBIMUA O0CAAUTECIAMHA

1. Ocaocoenue coneti ceunya (11). Tonyuuts xnopun ceunna (I1) B3au-
MojieiicTBUeM pacTBopoB HuTpara cBuHNA (II) (4 kammm) u xnopuna HATpUA
(6 xamenp). PacTBOp mOcTe OTCTaMBaHMsI OCaJKa CIIUTh B JABE MPOOUPKH.
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B oany mpoOupky no6aBuTh 2—3 KaruiM pacTBOpa XJOpUAa HATpus, B
JPYTyl0 — CTOJBKO kK€ pacTBopa Hoauaa kanus. HabmionaTe oOpa3oBaHue
ocajika (Kako# conu?) B OJIHOM U3 MTPOOUPOK.

Omnucary onbiT. Hamucatb MoJeKyJsIpHbIE W HOHHO-MOJIEKYJISIPHBIE
ypaBHeHus peakiuii. CaenaTh BBIBOJ O CPAaBHUTEIBHOM BETMYMHE MPOU3BE-
nenuit pactsopumoctu PbCl, u Pbl, u mpoBeputh cBOE 3aKiiOueHUE 1O JTaH-
HBIM TaOJIUITH 8.

2. Ocadcoenue coneti 6apus. Ilonyduth ocajiok okcajiaTta Oapusi B3au-
MOJICHICTBHEM paCcTBOPOB XJiopuaa Oapusi (4 Kalju) U OKcajaTa aMMOHUS
(NH4),C,04 (6 xanens). ats pacTtBopy oTcrosthes. [Ipo3paunbiii pacTBOp
MEPEHECTH MUIETKOW WM CIUTh B JIBE YHUCThIE MPOOUPKHU 1Mo 3—4 Kamiu B
Kaxayto. B ogHy u3 Hux q00aBuTh 1-2 Karim pacTBOpa okcajiara aMMOHUS,
4TOOBI yOSIUTCS B MOJHOTE OCaXeHHs noHoB Ba® monamu C,02 . B apy-
Iy npooupky n1o0aButh 3—4 Karum pacTBopa xpomara kanus. Kakoe Berie-
CTBO BBINAJIAET B OCAA0K?

Omnucarh ONMBIT M HamucaTh ypaBHeHUs peakuuil. [lo mpousBeaeHusIM
pPacTBOPUMOCTH OKcajlaTa U Xxpomara Oapus (Tabin. 8) oObsICHUTH 00pa3oBa-
Hue ocanka BaCrO, mocie ocakueHHs M3 pacTBOpa MOHOB Ba’' B Bmje
BaC,0,. B BrIBOJI€ yKa3aTh, KAKUM PEAKTUBOM Han00JIee MOJHO OCAXKAAIOTCS
MOHBI Oapust U3 pacTBOpa.

OmneiT 3. /Ipo0HOE ocaxaeHue

B nByx mpobupkax moixy4yuTh pazaenbHo ximopun v woaun cBunna (II).
OTMeTuTh MBET 00pPa30BaBIIUXCS OCAJKOB. B TpeThio MpoOUpPKY BHECTH
4 xamM pacTBOpa MOAMAA Kalusg U CTOJIBKO € pacTBOpa XJIOpHUJIa HATPHS.
JloGaButh omHy Karumto pactBopa Hutpara cBuHna (II). C kakumu moHamu
(I win Cl) B mepByIo ouepe/s B3aMMOICHCTBYIOT KaTHOHBI Pb®*? Hamuts
u30bITok HUTpata cBuHIa (II). late ocanky orcrosthes. Uto HabmromaeTcs?

B ortuere omucath onbIT U HabmMOgaeMble siBlieHUs. Hamucarh ypaBHe-
HUS TIpOTeKaronux peakiuuii. OObSICHUTH (C YYETOM COOTBETCTBYIOIIMX 3HA-
yenuii [1P) mocnemoBarensHOCTH 00pa3oBaHMsI OCAIKOB TPH J00ABICHUU
Pb(NOs), k pactBOpy, conepskamiemy xsuopun (Cl )-vionsl u oaun (I )-MOHBI.
Cnenatb BBIBOJI O MPAKTUUYECKOM 3HAYEHUH JAPOOHOTO OCAXKICHUSI HOHOB.

Omnpit 4. IlepeocaxaeHue MaJI0pPacCTBOPUMBIX BelleCTB

1. Ionyuenue cynvgpuoa ceunya (1) uz cyrvgpama ceunya (I1). B mpo-
OupKy BHeCTH 2 Karuii pactBopa HuTparta cBuHua (II) u mpubaBuTh Tyna xe
TPU Karuiu pactBopa cyib(para HaTpus. OcaloKk Kakoro BelecTBa 00pa3o-
BaJICA?
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Ocaaxky naTh OTCTOSITHCA UM KYyCOYKOM (UIBTPOBAIBLHON OyMaru Wiu
MUTIETKONU 0TOOpaTh xkuakyto ¢aszy. K ocanky no6aButh 3—4 xarm cyiabhu-
Jla aMMOHHS U MEpeMEIIaTh 0CaA0K CTEKIISIHHOM nanodkon. Kak uzmeHusics
nBeT ocaaka? Kakoe BemiecTBo 00pa3oBajioch?

Onucarb oneIT W HabOmomaembie sBieHUs. Hamucate HWOHHO-
MOJIEKYJISIDHBIE YPAaBHEHUSI PEAKIMi, BBIPAKEHUS MPOU3BEACHUSI PACTBOPU-
MOCTH M WX YHUCJEHHbIEC 3HaueHus (Tabu. 8) Mg MOJyYEHHBIX MallopacTBO-
PUMBIX BeliecTB. B BbIBOJIE 0OBSICHUTD MEPEX0/ OJTHOTO OCajiKa B APYTOil.

2. Ilonyuenue xpomama ceunya (1) uz cyrsgpama ceunya (Il). Ilpone-
JaTh OMBIT AHAJIOTMYHO OMBITY 4a mo moiydeHuto cyibdara csunma (II) u
nepeBectH ero B xpomat cBuHIa (I1). Kak n3menuncs uset ocaaka?

Onucarb ONBIT U HAONIOEHUS, HAMKUCATh YPaBHEHUS peakuuid. 3amu-
caTh YHMCIICHHBIE 3HAUYEHHUS MPOU3BEJCHHUI pacTBOPUMOCTH MOJYyYECHHBIX Be-
1iecTB U 00BSACHUTH nepexo] cyibdara ceunina (II) B xpomar ceunna (1I).

3. Ilonyyenue tioouoa cepebpa uz xpomama cepebpa u cyivghuoa ce-
pebpa u3 ioouoa cepebpa. B mpoObupKy BHECTH 3 Karuid pacTBOpa XpomMara
KaJus, 106aBUTH 2 karm pactBopa AgNO;, OTMETUTH IIBET 00pa30BaBIIETO-
cs ocanka. Ilocie orcramBaHusg Ocajgka yJaIUTh PAacTBOP NUIETKOW WU
¢unbTpoBanbHON Oymaroil. K ocagky n1o0aBuTh 2—3 Kariu pacTBopa oauaa
KaJIMS U TIEpEeMENIaTh €ro CTEKJIISIHHOM nanoukor. Kak n3MeHuics uBer ocai-
ka? JlonomHuTenbHO mpubaBUTh 3—4 Karuid pacTBopa cyib(duaa HaTpUs U
BHOBb Ha0II0J]aTh U3MEHEHHE 1IBETAa 0CAJIKA.

B oTtyere omucarh ONBIT U HANKCAaTh YPaBHEHUSI BCEX pPEaKLUi, MPOTe-
KaIOMIMX 0 X0y MpeBpaIieHui:

AgNO; — Ag,CrOs — Agll — Ag,SI

Ucnonp3ys uncieHnsie 3HaueHus 1P (taba. 8), oOBsCHUTH Hampasiie-
HUE NMPOTEKAHUS KaXXJI0U PeaKIuu.

OnpIT 5. PacTBOpeHHe 0CaIKOB MAJIOPACTBOPUMBbIX BellleCTB

1. Obpazosarue pacmeopumbix KOMNIEKCHbIX coedurenul. B Tpex mpo-
OuMpKax MOJYyYUTh OCAIKH XJIOpUIa, OpoMuia u ionuaa cepedpa B3auMo,Iei-
CTBHEM PaCTBOPOB COOTBETCTBYIOIIUX COJiel ¢ HUTpaToM cepebpa (o 2-3
KAIlIM Ka)XXJ0T0 peakThBa). OTMETUTH LIBET OCATKOB.

K ocagkam B kaxxayro mpoOUpKy A00aBUTH MO 2—3 KaIjil pacTBopa aM-
Muaka. Pazmemars cogepkuMoe mpoOMpOK CTEKIISTHHON Maioukoil. B kakom
cllydae 0CaJIoK pacTBOpPsieTCsl OBICTPO M MOMHOCTHIO? OCaZoK KaKoro Bellle-
CTBa MPAKTUYECKU HE PACTBOPSICTCS?
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B oryere omucarh ONBIT U HaNMUCaTh YpPaBHEHUS PEaKUUN MOTyUYEHUs
rasioreHn10B cepedpa. [Ipusectu xapakrepuctuku (I1P, K, K,)) coenunennii,
YYaCTBYIOIIMX B PEAKIUSIX PACTBOPEHUS TaJIOTEHUIOB cepedpa B aMMHUAKe:

OObsiCHUTB, MOYEMY XJIOpUI U Opomuj cepedpa pacTBOPSIOTCA, a HUO-
U cepedpa MpakTUYeCKH HEPacTBOPUM B aMMHUAKE.

2. IHonyuenue  cynvghuoos,  pacmeopawwuxci 6  KUCIOMAX-
neoxucaumensax. [IpurotoBuTh pactBop cyibdarta xkenesa (I11). K 3—4 kamsam
MPUTOTOBJICHHOTO PacTBOpa MpUOaBUTH 2—3 KaIlld pacTBopa Cyib(puaa Ha-
Tpus. Habmonats oO6pazoBanue ocanka FeS. Buectu B npobupky 5—6 kaneib
2 H. cCepHOM KUCIOTHI. UTO MPOUCXOAUT C OCATAKOM?

Hamnmcate MosekymsipHbIe 1 MOHHO-MOJICKYJISIPHBIC YPABHEHHS PEaKITUN
oOpaszoBanus u pactBopeHus cyiabduma xenesa (II). OObSICHUTH TPUUUHY
CMEILIEHHUSI PABHOBECHS BTOPOI peakliii B CTOPOHY PaCTBOPEHHUS OCAJIKA.

[IpoBecTH 1 omucaTh TaKUE YKE OMBITHI IO MOJTYUYEHUIO CYIb()HIOB Map-
radmna (II) u nuHKa 1 UX PaCTBOPEHUIO B CEPHOU KHUCIIOTE.

[ToBTOpUTH OMBITHI, 3aMEHUB Pa30aBICHHYIO CEPHYIO KUCIOTY COJISTHOM.

Cnenath BBIBOJI O BO3MOXKHOCTH (MJIM HEBO3MOXKHOCTH) OCAXIACHUS
FeS, MnS u ZnS cepoBonopoHoil Boioi (BMecTo Na,S) U IpOBEpUTH CBOE
3aKJIFOYEHUE OIBITOM.

KouTpoaupyromue marepuaabl

1. HanmummTe cxeMy reTeporeHHOr0 XMMHUYECKOTO0 PaBHOBECHUS MEXKITY
ocaJikoM MajopactBopumoit conu Ag,CrO4 u e€ nonamu B pactBope. Hamnu-
IIUTE BBIPAXKEHHE JJIsI KOHCTAHTHI PaBHOBECHS 3TOrO Ipoliecca U MPOU3Be-
JICHUSI PACTBOPUMOCTH 3TOU COJIH.

2. Beruncnure MOJISIpHYIO KOHUEHTparuio xjaopuaa ceuHua (II) B Hackl-
LICHHOM PAacTBOPE, €CIIU IPOU3BEACHUE PACTBOPUMOCTHU 3TOU COJIU IO CIpa-
BOYHBIM JIAaHHBIM paBHO 2,0-107.

3. Bpiuucaure o0beM BOJbI, B KOTOPOM MOXET PACTBOPUTHCA OIUH
rpamMm cynbgarta cBunua (I1), npousBeaeHne pacTBOPUMOCTH KOTOPOTO paB-

HO 2,0-10°°,
4. Omnpenenure HampaBiICHUE PEAKIMA MEepPeocakaeHus (IBOMHOTO 00-
MEHA):
1) PbCI'O4 + KZSO4 = PbSO4 + KzCI'O4
2) 2Agl + Na,S = Ag,S + 2Nal
89
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5. Onpenenute, BhmazeT au ocanok AgNO, (ITP = 6,0-10™*) mpu cme-
[IMBAaHUU OJIMHAKOBBIX OOBEMOB CAHTUMOJSIPHBIX PACTBOPOB HUTpaTa cCe-
pebpa u HuTpuTa Kanus. [IpuBenure COOTBETCTBYIOIINE BRIUUCICHUSI.

6. Pacronosxure BeuiecTsa cyibdar Gapus BaSO4 (ITP = 1-10"°), ruz-
pokcug xpoma Cr(OH); (ITP = 4-10"°) u rumpoxcun marums Mg(OH),
(ITP = 8:10') B psizt 11O yBEINUYCHUIO HX PACTBOPUMOCTH B BOJIE.

TaOmuna &
[TpowsBeneHns paCTBOPUMOCTH,

KOHCTAHTBI AU CCONall 1 KOHCTAaHTHI HECTOMKOCTH BCIICCTB,
IMOJIy4aCMbIX WUJIN UCIIOJIb3YCMBIX B na60paT0pH0171 pa60Te

«HpOH?,BeI[eHI/Ie PaCTBOPUMOCTH

BemectBo 1P K, K,
AgCl 1,8-107"7 - -
AgBr 6,0-107" - -

Agl 1,1-107" - -
AgoS 1,0-107! — =
Ag,CrO, 1,1-107"2 - -
PbCl, 2,0-107° — —
PbBr, 8,0-107¢ — —
Pbl, 8,0-107 - -
PbS 1,0-1077 - -
PbSO, 2,0-107% — -
PbCrO, 1,8-1071 — —
BaSO, 1,1-1071° — —
BaC,0, 1,7-1077 — —
BaCrO, 1,2-1071° — —
NH,OH — 1,8-107 —
H,0 - 1,8-1071 -

[Ag(NH;),]" - - 7-107°
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QJIEKTPOXUMHNYECKHUE NTPOLECCHI

Pabota 15. OKUCJIIMTEJBHO-BOCCTAHOBUTEJ/IBHBIE PEAKIIUN

OKUCIUTENIbHO-BOCCTAHOBUTEILHBIMUA HA3bIBAIOTCS XMMHUUYECKHE PEak-
MU, COIPOBOXIAIOIIAECA W3MEHEHUEM CTEINEHEN OKHMCIIECHHUS 3JIEMEHTOB.
OKucieHreM Ha3bIBA€TCA MPOIIECC TMOBBIMICHUS, 2 BOCCTAHOBJIECHUEM — IIO-
HIDKEHUS CTEIEHM OKUCIICHUSA. ATOM, MOJEKYJIa WIM MOH, B KOTOPOM CTe-
IICHb OKMCJICHHUS 3JIEMEHTA MOBHIIIAETCS, HA3bIBACTCS BOCCTAHOBUTEJIEM, a B
KOTOPOM MOHMKAETCsl — okucautenaeM. CoriacHo anekTpoHHoi teopuu (I1u-
capxkeBckuil JI.B., 1914), usmeHeHnue creneHeil OKUCICHUSI B OKUCIUTENbHO-
BOCCTAaHOBUTENHHBIX PEAKIUSIX OOYCIOBICHO OTAAYei AJIEKTPOHOB BOCCTa-
HOBUTEJIEM U MPUCOETUHEHUEM UX OKUCIUTEIIEM.

OKUCIUTENSIMU SBIISIFOTCS MPOCTHIE BEIIECTBA — HEMETAJUIbI (TaJIOr€HBI,
KHUCJIOPOJI, Cepa U JIp.), a TaKXKe KUCIOTHl U COJU, B KOTOPBIX LIEHTPAIbHBIN
atoM umeeT Bbiciiyto cteneHb okucienus (HNO;, HCIO;, KNO;, KCIO;,
KMnO,, K,Cr,07, u ap.). BoccraHOBUTENSIMU SBISIOTCS METasUIbl, HEKOTO-
pble HEMeTallIbl (BOJAOPO, YIJIEPOJ, KPEeMHHUI) U COCAMHEHHUS, B KOTOPBIX

uMeercs atom B Hm3med crenenn okucienus (H,S, NH;, HCI, KBr, KI,
FeSOy, SnCl, u ap.).

BemecTBa, comepamuye aTOMbl B IPOMEKYTOYHOW CTEIIEHU OKHCIIE-
HUS, MOTYT OBITh KaK OKHUCIUTENSIMHU, TAK U BOCCTAHOBHUTEIISIMA B 3aBHCHMO-
CTH OT «IApTHEpa» W YCIOBUU NpOBeneHHs peakuuu. O TakuX BEUIECTBAX
TOBOPST, YTO OHHM 00JaJAI0T OKUCIUTEIbHO-BOCCTAHOBUTEIBHOMN JTBONCTBEH-
HOCTBIO; K HUM OTHOCSITCSL HUTPUTHL, CyJIbPuTsl, MnO, u ap.

Pa3znuuarot yeTeipe TUNAa OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIUH.

1. MexXMoeKyIsIpHOEe OKHCICHUE-BOCCTAHOBIECHHUE. JTO DPEakLUUH, B
KOTOPBIX OKHMCIIUTEIb U BOCCTAHOBUTEID SBIIIFOTCS Pa3HbIMU BELIECCTBAMU,
HaIpumep:

+5 +3

+3 +6
NaN02 +K2 Cl’z 07 +stO4 —> NaNO3 +C1‘2(SO4)3 +Kst4 +H20

2. BHyTpUMOJIEKYISIpHOE OKHCIICHUE-BOCCTAHOBJICHUE. JTO pPEaKIUH,
KOTOpbIE MPOTEKAIOT C M3MEHCHHEM CTENEeHEH OKUCIICHUS aTOMOB Pa3HbIX
AJIEMEHTOB, BXOJIAIIMX B COCTAB OJJHOTO U TOTO K€ BEIIECTBA, HAIIPUMED:

+5 -2 -1 0
KClIO3 - KCl+ 0>
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3. JlucnponopluuoOHUPOBaHUE. DTO PEAKIMU, B KOTOPBIX MPOUCXOJUT
YBEJIMYEHUE U YMEHBIIEHUE CTETIEHN OKUCIIEHUS OJTHOTO U TOTO K€ 3JIEMEHTA
(oKHCIHUTENIEM U BOCCTAHOBUTENIEM SIBIISIETCS] OJTHO M TO K€ BEIIECTBO):

+5 +7 -1
KClO, - KClO, +KCl

4. KoHTpAUCTIPONOPIMOHUPOBAHUE. DTO PEaKlMM, B KOTOPBIX ydacT-
BYIOT JIBa BEILIECTBA C aTOMaMHU OJHOTO U TOTO K€ JIEMEHTa B Pa3HbIX CTe-
MIEHSX OKHUCIICHUS:

-2 44 0
H,S+S0O, >S+H,0

OnpeneneHue CTEXHOMETPUUYECKUX KOI(PPUIIMEHTOB Tepes BellecTBa-
MU B PEAKIUSAX OKHUCICHHUSI-BOCCTAHOBIICHUS MPOBOASAT ABYMS METOAAMM:
AIIEKTPOHHOTO OallaHca U MOy PEeaKInu.

1. MeToa 3/1eKTPOHHOTI0 OaJjlaHca

B sTtom MCTOAC CYIIHOCTD OKUCIIUTCIbHO-BOCCTAHOBUTCIIBHBIX ITPOILICC-
COB BBIPAXAKOT 3JICKTPOHHBIMU CXCMAMMU. HaHpI/IMCp, AJIA pCaKIInU:

NaN02 + KMHO4 + HzSO4 —> NaNO3 + KzSO4 + MHSO4 + HzO

SJICKTPOHHBIC CXCMbI UMCIOT BU/

N-2e=N 5
+7 +2
Mn+ 5¢ = Mn 2

Hudpset 5 1 2 — MHOKUTENHU, KOTOPBIE SBISIFOTCS KO3PIUIIMEHTaMU NPU
dbopmMyax BOCCTAaHOBUTENS (HUTPUTA HATPHsI) U OKUCIUTENS (IIepMaHTaHaTa
kanus). [logcTaBuB uX B JIEBYIO U MPABYIO YaCTH CXEMbI M YUUTHIBAs, YTO Ha
cesi3b ¢ nonamu K™ 1 Mn®" pacxoxyercst 3 monb H,SO,, mOTydaroT ypaBHe-
HUE:

NaNOz + 2KM1'104 + 3stO4 = SNaNO3 + KzSO4 + 2MHSO4 + 3H20

2. MeToa mosaypeakuuii

DTOT METOJ UCTIOJIb3YETCS JAJIsl PEAKIIMIA B PACTBOPAX JIEKTPOIUTOB. OH
OCHOBaH Ha COCTAaBJICHUM YpaBHEHUU ABYX MOJypeakiuil (OTACIBHO MIJIs
MIPOLIECCOB OKUCJIEHUS! U BOCCTAHOBJIEHUS) C UX MOCJIEIYIOIUM CYyMMHPOBA-
HUEeM. B ypaBHEHUSX MoiMypeakimii JOKHBI BBIMOIHATHCA 3aKOHBI COXpaHe-
HUS BellecTBa (CyMMa aTOMOB B JIEBOW U MPABON YaCTAX JOJKHA OBITH OJIU-
HAKOBOM) U COXpaHEHUs HEPruu (CyMMapHbIN 3apsii BCEX YaCTHUIl B JIEBOU U
MPaBOMl YaCTAX JAOJHKEH ObITh OJIMHAKOBBIM).
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Hamnpumep, 11l peakiuu:
NaNOz + KMI’IO4 + HZSO4 —> NaNO3 + MI’ISO4 + KQSO4 + HQO

BHa4daJi€ HGO6XO,Z[I/IMO COCTAaBUTL CXEMY PCAKIIMU B MOHHOM BHUC:
- - + - 2+
NOZ + MHO4 +H — NO3 +Mn -+ Hzo,

da 3aTCM 3alliCaThb MOJYpCaKIHNN OTACIIBHO AJIA IIPOHCCCOB OKUCICHUA U BOC-
CTaHOBJICHH:

NO, +H,0-2e —»>NO; +H' S
MnO, +8H' +5¢ — Mn’" +4H,0 |2
ITOMHOkKUB TTOYpEAKIINIO OKUCIIEHUS HA YUCIIO S, a MOJYPEAKLHIO BOC-

CTAHOBJICHUSI HA YMCJIO 2 (IIpU 3TOM YpPaBHUBAETCS U COKPAIIAECTCS YHUCIO
AJIEKTPOHOB), MPOU3BOJIUM UX CIIOKECHHE:

5NO, + 5H,0 +2MnO, + 16H =5NO; + 10H +2Mn" + 3H,0

CoxkpaTtuB 1ogo0HbIE, MOTy4YaeM HOHHOE YpaBHEHUE:

5NO, +2MnO, +6H =5NO; +2Mn  + 3H,0,
B COOTBETCTBUH C KOTOPLIM MOJIEKYJIIPHOE YPABHEHHE PEAKLIUN UMEET BUI:
5NaNO3 + 2KMHO4 + 3stO4 = 5N3NO3 + 2MHSO4 + KzSO4 + 3H20

[Tonypeakuuu MMEIOTCS B CHPABOYHUKAX, HO MUX OOBIYHO COCTABIISIIOT
CaMOCTOSTEIILHO, PYKOBOJCTBYSICh CIICYIOIIUMU IIPABUIIAMMU:

1. B xucnoti cpede BocCTaHOBUTEIb MPUCOEAUHSIIET AaTOMBI KUCIOPOAA OT
BOJIBI, IPU TOM 006pa3yroTca H' -KaTHOHBI; OKUCIHMTENb, HAO60POT, OTAAET
aTOMBI KMCJIOpO/Ia KaTHOHAM BOJIOPO/Ia, IPU 3TOM 00pa3yeTcs BoJa.

2. B neumpanvroii u wenounoi cpedax BOCCTAHOBUTENb MPUCOCTUHSET
atombl kuciaopoaa ot OH -rnoHOB (0JIMH aTOM OT ABYX MOHOB), IPU ATOM 00-
pasyeTcsi BOJIa; OKHUCIUTENb, HA00OPOT, OTJAET aTOMbI KUCJIOPOJia MOJIEKY-

JaM BOJIBI, IIpH 3TOM 00pasytotcs OH -noHbI (Ba HOHA U3 OHO MOJICKYJIbI).

3KCHepI/IMeHTaJ'II)Haﬂ acCTb

Llenvto pabomul SBASETCS TPAKTUYECKOE O3HAKOMIICHHE C HauOoliee
PacrpoOCTPAHEHHBIMU OKUCIUTEISIMU U BOCCTAHOBUTEIISIMU U C Pa3TUYHBIMU
TUIAMU OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKITUH.

Ompit 1. Peaknum ¢ yuacTueM KUCJI0pPoOaa

B3saTh aBe mpobupku. B omHy TOMeCTUTh MUKpOIITIATENb Cybdara xe-
ne3a (II), B apyryro 2—3 karmm pactBopa cyibdara mapranua (II). Cynsdar
’Kelle3a pacTBOPUTH B BOJIE, 3aTeM B 00€ MPOOHPKH BBECTH PACTBOP IIETOYH.
[Ipu BcTpsixuBaHUU IPOOUPOK OCaTKU TeMHEIOT. [louemy?
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HammcaTte ypaBHEHUS peakiuil mojgydeHus: ruapokcuoB sxenesa (II) u
mapranna (II), ux mocneayronero OKUCIeHUsT KUCIOPOJAOM BO3ayxa (B MpHU-
cyTcTBUM BOAbI B KauecTBe cpenbl) 10 Fe(OH); u Mn(OH),. Koaddunnents
B OKHCJIMTEIIbHO-BOCCTAHOBUTENBHBIX PEAKIUSAX MOA00paTh METOJOM dJIEK-
TponHoro 6ananca. OrmeTuts 1BeT ocankoB Fe(OH), u Fe(OH);; Mn(OH), u
Mn(OH),4. Cnenatb BbiBOA 0 posiu kuciopona, Fe(OH), u Mn(OH), B atux
peaKuusx.

OnpIT 2. OKHUCINTEIbHBbIE CBOMCTBA IUXPOMATA KAJIUA

B mpoGupky momectuts 2-3 kamnu nuxpomara kamusi K,Cr,O;, moba-
BUTh /—8 Kameab CEPHOM KUCIOThI, BHECTU B IOJKUCICHHBIM PacTBOpP OJWH
MUKPOIITATENb KPUCTALTNYECKOTO cyibdara xenesa (II), pasmemars cTek-
JITHHOM manmouykoi. HaOmrogaTe M3MEHEHHE OKPACKHU IPHU MPOTEKAHUHM peak-
MU, 3anmucaTh CXEMYy PEaKilMM, YYUThIBas, YTO MPOAYKTAMHU SIBISETCS CYJlb-
dart xpoma (III), cynwdar xkenesa (III), cynwsdar kanus u Boga. Onpenenursb
TUT OKUCIUTEIbHO-BOCCTAHOBUTEILHON peakiuu, noaoopats ko3 duiueH-
Thl METOJIAMU JIEKTPOHHOTO OallaHca U MOy pPeaKIui.

OnbiT 3. OKHCINTEIBbHBIE CBOWICTBA HOHOB METAJLJIOB

1. Hon Fe&’" — oxucnumens. B poOUPKY MMOMECTUTh 2—3 KaIljid pacTBO-
pa xnopuna onoBa (II) u nobGaBUTH OJHY KaIUIIO pacTBOpa XJIOpHUJA >Kele3a
(IIT). 1oGaBuTh K TpOAYKTaM peakIuu OJHY KaIUII0 POJIaHWJa aMMOHUS
NH4SCN. 310 peakTuB, ¢ MOMOIIBIO KOTOPOTO B pacTBOpax OOHAPYKUBAIOT

KaTHOHBI Xkene3a Fe ' [Ipy mosiBI€HUMM KPAcCHOIO OKpalllMBaHUs pPacTBOpa
JI00aBUTH el1Ie JIBe-TPpH Karuiu xjopuaa ojiosa (11).

VYpaBHEeHUsT MPOTEKAIONIMX PEaKIUil 3amucarh mnocienoBarenbHo. CHa-
yajia HalmucaTh YpaBHEHUE KaueCTBEHHON peakiiMy Ha MOHBI Fe’™:

FCC13 + 3NH4SCN —> F@(SCN)3 + 3NH4C1

3aTeM HamucaTthb YPaBHCHHUC PCAKIIUHU BOCCTAHOBJICHUA FeCl3 XJI0puaoM
3+

osioBa (II) (B ciyuae, ecnmu Fe  BoccTaHOBWIICS TOJIHOCTHIO, KpacHasi OKpa-

cka pactBopa wucuezaeT). Cpaemarb  BBIBOJ 00  OKHUCIHMTEIbHO-
» 3+ 2+

BOCCTaHOBUTENBHBIX CBOMCTBaX HOHOB Fe” u Sn”.

2. Hon Bi’" — okucnumens. B IpobUpKy MOMECTUTh 2—3 KaIlld XIOPHIA
onoBa (II), no6aBuTk mo kamasiM pactBop menoun NaOH cHauana Hemocta-
TOK, B PE3yJIbTaTe Yero B MpooOupke oOpa3yeTcs Oeblil 0cag oK THAPOKCUIA
omoBa (II) Sn(OH),. 3arem mpuOGaBUTH U3OBITOK IIETOYN JO IMOJTHOTO pac-
TBOpPEHHUsI ocajika ¢ oOpa3oBaHueM TeTparujipokcoctannara (II) matpus no
YPaBHEHUIO:

Sn(OH), + 2NaOH = Na,[Sn(OH),]
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K o6pazoBaBmiemycs Tterparuapokcoctannary (II) nHatpus mo6aBUTH
pactBop HuTpara Bucmyta (III) (3—4 kamnum). [IpoucxoautT OKHCIUTETHHO-
BOCCTAaHOBUTEJIbHAS PEaKlus, YpaBHEHHE KOTOPOW HEOOXOIHWMO 3amucaTh
CaMOCTOSTENLHO, YUUTHIBASA, YTO CpPe/ia IIEJI0YHasl U YTO B PE3yJIbTATe PEaK-
uuu o0paszyercsi rekcarujipokcoctanHar (IV) matpus, MeTtaqindyeckuil Buc-
MyT (B BHJE OCaJKa YEPHOTO I[BETA) U HUTpAT HaTpus. Halitu crexuomeTpu-
geckre K03 UIMEHTHI epe]] BelecTBaMu IByMs MeToaMu. K kakoMy TH-
Iy OTHOCHUTCS peakius? Yka3aTh B HEH OKUCIHUTENb U BOCCTAHOBUTEIb.

OnpiT 4. TepMmuuyeckoe pa3jioKeHne ITMXPOMATa AaMMOHUS

B dapdopoByro gaiky noMecTUTh TOPKOM KPUCTATUTUIECKUI AUXpOMaT
aMMOHMUS. 3aXOKEHHOW CIIMYKOM MPUKOCHYTHCA K €ro MoBepXHOCTH. UTO Ha-
omogaeTcs B xoAe peaknuu? Onucath X0 peakuuu. HamucaTts cxemy peak-
LMY, YYUTBIBASA, YTO MPOAYKTaAMU pa3nokeHus siBasercs okcuna xpoma (III),
CBOOOMIHBIN a30T U BOJA. YPaBHAThH PEAKIMIO METOOM JIEKTPOHHOr0 OajaH-
ca. KakoB tun »Toil peakunu? Kakoe nMpupomHOE SIBJEHUE B YMEHBIIEHHOM
MacIiTabe OHa HallOMUHAET?

OmbIT 5. OKHCINTEIHLHO-BOCCTAHOBUTEILHAA ABOMICTBEHHOCTD
NMePOKCHIa BOJ0OPOAA

1. H,O; — oxuciumens. B mpoOUpKy MOMECTUTh 5—6 Kareiab pacTBOpa
MEePOKCUJIa BOJOPOJA, MOJKUCIUTL PACTBOP 3 KaIlJISIMH CEPHOW KHUCIIOTHI U
n00aBUTH OJHY KaIuTlO pacTBOpa Woauaa Kanusa. HaGmonats nossieHue ma-
JMHOBOTO OKpamuBaHus. Ha oOpa3oBaHue Kakoro npojayKTa OHO YKa3bIBaeT?

Hamucates ypaBHeHue peakiuu. OnpenenuTs B Hell KodOUITMEHTHI Me-
TOJIOM TOJIypeaKkivii. YKa3aTh OKUCIUTENIb U BOCCTAHOBUTEIIb.

2. H;O, — soccmanosumens. B mpoOUpKy MOMECTUTh 5—6 Karelb pac-
TBOpa NEpPMaHTaHaTa Kajius, MOJAKUCIUTh PACTBOP S5 KAarUIIMH CEPHOU KUCIIO-
Thl U J100aBUTh OJHY KaIllI0 pacTBOpa Mepokcuaa Boaopona. Habmronmath
BBIJICJICHUE Ta3000pa3HOI0 MPOAYKTa (KaKoTro).

Hamnucare ypaBHEHHE peakiiM, YYUTHIBAs, YTO MPOAYKTaMH €€ MpoTe-
KaHUs SIBISIIOTCS KUCIOPo, cyiabdar maprarma (II), cynbdar xanus u Bona.
Onpenenuth B HEH KOIPPUITUEHTH METOJIOM TMOTYpPEAKINA. YKa3aTh OKHUC-
JUTENIb U BOCCTAaHOBUTENb. [IOBTOPUTH 3KCIIEPUMEHT, 3aMEHHUB MEpMaHTaHAT
KaJIUsl Ha AUXPOMAT Kajusl.

3. Hucnponopyuonuposanue nepoxcuoa 6ooopooa. B npodbupky momec-
TUTHh 5-6 Kameyib pacTBOpa MEPOKCHIA BOJOPOJIa U CTOJIBKO Karelb BOJBI.
Jlo0aBUTh HECKOJBKO KpPUCTAUIMKOB TBepaoro MnO,. Uto nabmromaercs?
Hanucate ypaBHeHUE peakuuH. YKa3aTh OKHCIWTEIb U BOCCTAHOBUTEIb U
THUII PEaKIUU.
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OnpbiT 5. Bausinue cpeabl
HA OKMCJINTEIbHbIE CBOMCTBA MEPMAHIaHATA KAJIUs

[lepmanranar-uon MnQO, sBisieTcs CUIBHBIM OKUCTUTENEeM. B 3aBucH-
MOCTH OT CpelIbl BOCCTAaHOBJIEHHWE MEPMAHTaHAT-UOHOB MPOUCXOAUT IIO-
pazHOMY.

1. Boccmanoénenue MnO, 6 kucnoii cpede. B mpoOGupKy noMecTuth 3—4
Karuii MepMaHranara kanus, 106aButh 5—10 kanens H,SO,, a 3aTem BHecTH
OJIMH MUKpOIINAaTellb KPUCTAUIMYECKOro cyibpuTta Hatpud. Yto Habm01a-
eTcs Ipu 3TOM?

Hamnucare ypaBHEHHE peaklMM CaMOCTOSATEIbHO, YYUTHIBAs, YTO MPO-
IyKTamu aBistoTcs cynbdat mapranma (I1), cynedar natpus, cynbdar xamus
n Boja. K kakoMy TUIy OTHOCHUTCS 3Ta OKHCIHUTEIbHO-BOCCTAHOBUTEIbHAS
peakuus? OnpenenuTs B Hel KOG OUIIMEHTH METOI0M 0Ty PEaKIIUH.

2. Boccmanoenenue MnQO; 6 neiimpanvroii cpede. OTBIT MPOBOAUTCS
aHAJIOTUYHO OMUCAHHOMY B IMyHKTE |, TOJBKO BMECTO CEpPHOW KHCIOTHI B
poOUpKy MpuOABUTH BOAY (5—8 Kamesnb), a 3aTeM OJAMH MUKPOILIATEIb KPH-
CTAJLIMYECKOTO cyib(uTa HaTpus. B pacTBope 0Opasyercs KOpUUHEBBIN Oca-
nok okcuna mapranna (IV), a cynsdut Hatpust okucisieTcst 10 cyyibdara Ha-
Tpusi. Hammcarh ypaBHEHHE pEaKIMH CaMOCTOSITEIbHO U HAaWTH KO3 huUIu-
€HTBI METOJIOM TTOJTYPEaKIIHA.

3. Oxucnumensuvie céoiicmeéa MnO, 6 cunvro wenounoti cpede. Ilops-
JIOK MPOBEJICHUS OIbITA AHAJIIOTUYEH ONBITY |: K pacTBOpY mepMaHraHaTa Ka-
aust 100aBuTh 10 kamenb KoHIEeHTpupoBaHHOW mienoun KOH, 3arem BCHI-
NaTh OJIMH MUKPOIIIATENIh KPUCTAIUIMYECKOTO CylbduTa Hatpus. Cxema pe-
aKIHU:

KMHO4 + Nast3 + KOH — KQMHO4 + Nast4 + HQO

Ipumeuanue: Ecnu nobasnsercs menodb NaOH, To B kauecTBe MpoOIyK-
TOB 00pa3yl0TCs OJHOBPEMEHHO MAaHTaHAT HATPUS M MAaHTaHAT KaJlusl.

B otuete ommcarh OMBIT, OTMETUTH OKPACKy MaHTaHaTa Kaylus, pUBEC-
TH ypaBHEHHE PeaKIuH U moao0path B HEM KO3 (PUIIMEHTH METOIOM TOJTY-
peaKuui.

4. Oxucnumenvhuie ceoticmea MnQO, 6 crabowenounoii cpede. Ilpn wc-
MOJIb30BAHUU B KaueCTBE Cpe/ibl pPa30aBICHHOTO pacTBOpA IIETOUYH U MOCTe-
JIyIOIEeM JEUCTBUU CyJb(UTa HATPUS peaKIys MPOTEKAeT MO CXeMe, OIHU-
caHHOM B ombITe 2. TOIBKO B caMblii MEPBBII MOMEHT MOKET HaOJIIOAaThCS
3€JICHOE OKpaIllMBaHKHE PacTBOpa BCIIEACTBHME 00Opa30BaHUs MaHraHaTa Kaus
(xak B ombITe 3):

KMI’IO4 + N&zSO3 + NaOH(pa36) —> Kle’lO4 + NazMnO4 + Nast4 + Hzo
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Ho Bckope 11BeT pacTBOpa HaUMHACT MEHATHCS, TaK KaKk 00pa3yronunics
MaHraHaT-HOH B HEUTpaJbHOW M CJIA0OIIEIOUYHON cpellax SBISICTCS HECTa-
OMJILHBIM:

KQMHO4 + H20 —> Ml’lOz + KMHO4 + KOH,

TaK YTO KOHEYHBIM IMPOJYKTOM BOCCTAHOBJICHUS IME€pMaHTaHaT-MOHA B Clia-
OOLIEIOYHBIX PACTBOPAX, KaK U B HEUTPaAIbHBIX, siBisieTcss MnOs.
Haiitu kosduimenTsl B cxemMax OKHCIUTEIbHO-BOCCTAa-HOBUTEIBHBIX
peakuuii MetooM nonypeakiuid. K kakum tunnam OBP onn otHOCATCS?
BriBo 0 BIUAHUM Cpelbl Ha OKUCIUTEIbHBIE CBOMCTBA NEpMaHraHaTa
KaJIUSI PEKOMEHIYEeTCS CIIeTaTh M0 CIEAYIOIIEN cXeMe:

+5e
KHUCJIIasi cpeqia

MnO4_ +3¢”
HEHTpaabHas U caadoIeouHas cpeaa
+e
CUJIBHOIIIECTIOYHAS cpefia

v

v

v

3anucarth MPOTUB KaXXKJOH CTPEIKH COOTBETCTBYIOUIUMN MHPOIYKT (10
onbiTaM 1, 2, 3 u 4) ¢ ykazaHueM ero okpacku. B kakoil cpejie nepMaHranar-
VMOH BOCCTAaHABJIMBAETCS MAKCUMAJIBbHO, & B KAKOM — MUHUMAJIBHO?

KonTpoaupyommue 3axanus

1. Cpenu BemectB — xjopun xenes3a (II), xmopun xeneza (III), metan-
JUYECKOE KEJIE30 CEPOBOJOPO, CYyIb(PUT HATPHS, CEpHAS KUCIOTA — YKAKHU-
T€ BOCCTAHOBUTEIb, OKHCIUTEIh W BEIIECTBO C  OKUCIUTEIHHO-
BOCCTAHOBUTEIBHOU JIBOMCTBEHHOCTBIO.

2.. Onpenennurte creXxuoMeTpudeckne Kod3PPUIMEHTHI B pEaKITUIX:

st + KMI’IO4 + HzSO4 =S+ MIISO4 + KzSO4 + HzO
FCSO4 + KzCI’zO7 + HZSO4 = Fez(SO4)3 + CI'z(SO4)3 + KzSO4 + Hzo
Ml’lOz + KC103 + KOH = KzMIlO4 + KCI + Hzo

YKaXuTe B HUX OKUCIIUTEIb, BOCCTAHOBUTEID U CPELY.

3. YKaxuTe ypaBHEHHUs PEaKLUUN: MEXKMOJIEKYJSIPHOW, BHYTPUMOJIEKY-
JSIPHOM U JUCIPONOPLUHUOHUPOBAHMS; B YPABHEHUHN PEAKLIUNA AUCITPOIIOPLIHO-
HUPOBAHUS ONPEACIUTE CTEXUOMETPHUUECKHE KO (DUIIUEHTHI:

ClL, + NaOH = NaCl + NaClO; + H,O
Cl, + KyMnO,4 = KCl + KMnOy
KCIO; =KCI + O,

Zn + HNO; = Zn(NOs), + N, + H,O
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Pa6ora 16. TAIBBAHUYECKHUE 3JIEMEHTbDI

['anbBaHMYECKHUM 3JIEMEHT — 3TO XMMHYECKUN HUCTOYHHUK BJICKTPOIHEP-
T'YH, B KOTOPOM DHEPTUs XUMUUECKONU PEaKIuu MpeoOpazyeTcs B AIEKTpUYe-
CKYIO SHEPTHIO.

l'anpBaHWMYECKHN 3JIEMEHT COCTOUT M3 JIBYX SJIEKTPOJOB — Karoja u
aHOJIa, TIOTPYKEHHBIX B PACTBOPHI AJIEKTPOIUTOB. DJIEKTPOIUTAMHU OOBIYHO
SABJISIFOTCA COJIA T€X METAJIOB, U3 KOTOPBIX M3TOTOBJIEHBI JIEKTPObI. DIIEK-
TPUYECKAN KOHTAKT MEXIY PAacTBOPAMH 3JEKTPOJIMTOB OCYIIECTBISECTCS C
MOMOILBK0 TTOPUCTOM MEPETOPOAKH WIIM JJIEKTPOJUTHYECKOTO «MOCTHKAY,
KOTOpbIN u3rotosisierca u3 U-o0pa3HON CTEKIIHHOM TPYOKH, 3al0JIHEHHON
pPacTBOPOM 3JIEKTpONIUTA. Takoil «MOCTHUK» MPOBOJIUT TOK OJjarojapsi Hajiu-
YUIO HOHOB, HO MIPEMATCTBYET CMELIMBAHUIO AJIEKTPOJIUTOB.

PaboTa ranbBaHHYECKOTO 3JIEMEHTa OCHOBAaHA HA MPOTEKAIOIIEH B HEM
OKHUCJIMTEIBHO-BOCCTAHOBUTEIIBHON PEAKIMHU, IPUYEM IPOLIECCHI OKUCIIECHUS
Y BOCCTAHOBJICHUSI Pa3JEJCHBbl, OHU IPOTEKAIOT Ha pPa3HBIX dJIEKTPOAAX:
OKHCJICHHE Ha aHOJIe, & BOCCTAHOBJIEHHWE HA KaTOAE. DJIEKTPOHBI JBHKYTCA
BO BHEIIIHEH 1IeNU OT aHO/Aa K KaToly (OT BOCCTAHOBUTENSI K OKUCIUTEIIO).

['maBHOW XapakTEPUCTUKOW TajJbBAaHUYECKOrO SJIEMEHTA SIBJISETCS €T0
sanexktpoaBmkymias cuna (3C). 3C — 370 pa3HOCTh MOTEHIMAJIOB 3JICK-
TPOJOB B COCTOSIHMU, KOTJ[a CUJIa TOKa paBHA HYJIIO, T.€. KOT/a MEXAY AJIEK-
TPOJAMH U PaCTBOPAMH COJIEM YCTAHABIMBAETCS XUMUUECKOE PABHOBECHE:

DIC=¢’%— 9"

OOBIYHO AJI CO3aHMS TAIbBAHUYECKOTO 3JeMEHTa OepyT J1Ba pa3HBIX
MeTaJlja, PacloiI0KEHHBIX JAJIEKO APYT OT ApPyra B JIEKTPOXUMUYECKOM psi-
Jy aKTUBHOCTH METAJJIOB (PSy HaIpsKEHUM), yTOObI MOJYyYUTh HAUOOJIb-
mryto J1C.

Jis mpuMepa paccCMOTPUM MarHHEBO-CEPEOPSIHBIA TabBaHUYECKUN
DJIEMEHT.

Haitnem B psany HanmpsbkeHUM 3T METAUIBl M UX CTaHIAAPTHBIC JIICK-
TPOJIHBIE TTOTCHIIHAJIBI:

©’agag = 10,80 B 0 Mmegme = 2,36 B

Marnwuii — 6oJsiee aKTUBHBINH METaJlI, OH TIPH paboTe TraabBaHUYECKOTO
AIIEMEHTA SIBIISIETCS aHOJIOM, TO €CTh OKUCIISIETCS, a Ha CEpeOPSIHOM AJIEKTPO-
7ie IPOMCXOAUT BOCCTAHOBIICHNE KaTHOHOB cepedpa M3 pacTBopa, TO eCTh Ce-
PEOPSHBIN DIIEKTPOJI SABIAETCS KaTOAOM:

Mg —2e = Mg*" Ag +e=Ag
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9JI€KTpOXPIMH‘-I€CK&H cXeMa rajlbBAHUYECKOTI'0 JIEMEHTA M €ro TOKOO0O-
pasyromasa pCakuusd B MOHHOM BHUAC 3aIIMCBIBAOTCA TaK:

(Mg | Mg || Ag" | Ag (+); Mg+2Ag" =Mg™ +2Ag

VYpaBHeHUE TOKOOOPA3YIOIIEeH peakiiui B MOJEKYJISIPHOM BHUJE MTOKa3bI-
Bac€T, 4ToO ,Z[aHHBIﬁ raJilbBaHUYECKUMN DIIEMEHT IIPOU3BOJAUT JJICKTPOIHCPI'NIO
32 CYET OKHCIIUTEIHLHO-BOCCTAHOBUTEIHHOMN PC€aAKIHH BBITCCHCHHSA MCHCC aK-
TUBHOT'O MeTajljia 00jiee aKTHUBHBIM U3 PacTBOPA €0 COJIH:

Mg + 2AgNO; = Mg(NOs), + 2Agl

3J’ICKTpOI[BI/I)KYHla$I CHJIa MaFHHCBO-Cepe6p5[HOFO TaJIbBaHNYCCKOI'O
QJICMCHTA IIPpU CTAHAAPTHBIX YCIOBHUAX PACCUUTBIBACTCA 110 (1)0pMyJ1e:

SIC = ¢° — ¢°, = 0,80 — (-2,36) = 3,16 B

[Ipu pabore raabBaHUYECKOTO 3JIEMEHTAa B HECTAHJAPTHBIX YCIOBUSIX
BHayaje HEOOXOUMO BBIUHUCIUTH AJIEKTPOJIHBIC MOTEHIIMAIbBl KaToJa U aHO-
na o ypaBHeHuto HepHcra:

23-R-T
n-F

rie O°meme — CTAHTAPTHBIA AIEKTPOAHBIN moTeHIMam; T — TemmepaTypa;
N — YHUCIO 3JICKTPOHOB, MEPEXOISIINX OT BOCCTAHOBUTENS K OKHCIUTEIIO;
[Me"'] — MonsipHasi KOHIIEHTpaLHs KaTHOHOB METajlia B PacTBOPE DJIEKTPO-
muta; R — MonsipHast razoBast moctosiHHas; F — mocrosiHHas (uucio) Dapayes.

[Ipu cranmaptHoit Temneparype (298 K), HO HecTaHIapTHOM 3HAYEHUU
KOHIIEHTpAIlMd KaTUOHOB TOJB3YIOTCS YIIPOIIEHHBIM BapHaHTOM 3TOTO
ypaBHEHUSI:

lgMe™ ],

(pMe/Me"* :(pOMC/MCM +

. 0,059
¢(Me) = ¢°(Me) +

Ig[Me™]

IKCNEPUMEHTAIbHAA YaCTh

Llenvio pabomuvl ABNSAETCA W3yYCHHUE DICKTPOXMMHUYCCKOM aKTHUBHOCTH
HanOoJiee U3BECTHBIX METAIJIOB, COOPKE TaTbBAHMYECKOTO DJIEMEHTA M OTIpe-
nenenue ero DJIC.

OmnmiT 1. I/ICCJIeIIOBaHI/Ie 3JIeKTp0XI/IMI/I‘IeCKOI71 AKTUBHOCTH METAJIJIOB

B mects mpobupok Hamuth mo 10 kamens pacTBOPOB COJEH MarHus,
nuHka, xenesa (1), onosa (1), ceunna (II), meau (I1). Onmyctuth B mpoOupKH
M0 KyCOUYKY MarHus, MUCKJIIOYasi MepBYyH MpoOupKy. OTMETUTh M3MECHECHHS,
HaOmoaeMble B MpOOMpKax, HamUcaTh ypaBHEHHWs peakmnwid. [loBTopuTh
OTIBIT emIg MATh pa3, OMyCKas IIMHK, JKeJIe30, OJIOBO, CBUHEIl U MEJIb BO BCE
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MPOOUPKHU, KPOME TE€X, B KOTOPBIX COAECPKUTCS PaCTBOP COJIM TOTO K€ CaMoO-
ro metaya. Hamucars ypaBHeHHs HaOmrogaeMbix peakiuii. ONbITHBIC TaH-
HbIC 3aHECTH B Tabnuily 9, moctaBuB 3HaK "+'" MO MOHAMU METAJJIOB B TE€X
CIydasix, Korja 3T MeTaJUlbl BBITECHSUIMCh U3 UX coJiek, u 3Hak "0", korma
BBITECHEHUS HE MTPOUCXOJIUIIO.

Tabmuma 9
Cr1iocoOHOCTE METAJIJIOB
BOCCTaHABJIMBATH JIPYT JIpyTa U3 PaCTBOPOB UX COJie
HNounsl MeTamia B pacTBOpe
Meramn Zn*" Fe”* Sn** Pb**
Mg
/n
Fe
Sn
Pb
Cu

B BBIBOAC OXapaKTCPU30BATh BOCCTAHOBHUTCIILHYIO CITOCOOHOCTD n3y-
YCHHLIX MCTAJJIOB U PACIIOJIOKUTb UX B pPAJd IO YMCHBIICHUIO 3TOT'O CBOMCT-
Ba. COOTBGTCTByeT JIX PACIIOJOKCHUC MCTAJUIOB B 3TOM PAAY HX PacCIIOJIO-
JKCHHUIO B pAOY G)JIGKTpOXI/IMI/I‘IeCKOﬁ aKTUBHOCTH METAJIOB?

OmnpiT 2. CO0OpKa rajibBAHNYECKOIr0 JJIeMEeHTAa
u u3mepenne ero IJAC

CoOpaTh ranbBaHHMUECKHUN JIIEMEHT, J3JCKTPOAAMH KOTOPOTO CIy>KaT
IUMHK U Meab. [t 3TOro B34Th JBa XMMHYECKUX CTaKaHa WU 3allOJIHUTh HX
pacTBOpamu CoJiel ¢ M3BECTHOM KOHIICHTpAIMeil: OAUH — CyIb(paToM IHHKA,
a apyrou — cynbdparom meau (I1), 1 coeAMHUTH UX IEKTPOTUTHUECKUM MOC-
TUKOM. DJIEKTPOJUTUYECKUM MOCTHK — 3T0 U-oOpa3Hasi cTekJIsiHHasi TpyOKa,
3aMoJHEHHAsl pPacTBOPOM 3JIEKTPOJUTA, HAlpUMEP XJOpUAA WM CyibQaTa
HaTpHs, a B IPOCTEHIIEM Cilydae 3TO JEeHTa (PUIbTPOBaJIbHON OyMaru, cMo-
YeHHas pacTBOPOM JIHOOOTO JIEKTPOJINTA.

B niepBbIii CTakaH OMyCTUTh HUHKOBBIN 3JIEKTPOJ, BO BTOPOU — MEIHBIM.
[ToAKkIHOYUTh K KJIEMMaM BOJIBTMETP M 3aMEpPUTh HANPSIKEHHUE Ha DIIEKTPO-
nax. B orduere orpasuts cienyromee: 1) 3anucaTh coOpaHHbBIN rajibBaHUYE-
CKHH 3JIEMEHT €ro B BHJIE IEKTPOXUMUYECKON CXEMBI; 3) HAIMCATh CXEMBI
aHOJTHOTO M KaTO/JHOT'O MPOLIECCOB U YpaBHEHHE TOKOOOpa3yollel peakliny;
4) BBIYMCIUTH TeopeTnyeckoe 3HaueHue JJ[C, cpaBHUTH €ro ¢ U3MEPEHHBIM
U PacCYUTATh MOTPEIIHOCTH OIBITA; 5) B BHIBOJAE OOBSICHUTDH, TOUEMY H3MeE-
penHoe 3HadueHue JJ[C oTnuyaeTcs OT TEOPETUIECKOTO.
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KonTposmpyroummue 3aganus

1. PacmonoxuTe MeTayuibl JKele30, Me/ib, MapraHell, MarHuii, cepedpo B
PSI TIO YBEJIMUECHUIO OKUCIIUTENBHBIX CBOMCTB X KATHOHOB.

2. Cpenu METanaoB CBUHEL, 30J10TO, KAAMUM, KAJIbIUNA, MEIb YKAXKUTE:
a) B3aMMOJICHCTBYIOIIME C COJITHOW U pa30aBICHHON CEpPHOUM KUCIOTaMU;
0) BBITECHSIOIINE HUKEIb U3 PACTBOPOB €0 COJIECH.

3. Beruncnute 3HaUY€HHE AJIEKTPOJAHOTO MOTEHIIMANA [IMHKA, €CIIU IIMHK
HaxOJMUTCSl B PACTBOPE CBOEM cONM ¢ KOHUEHTpauueil katnoHoB 0,01 M, a
Temneparypa pactBopa pasHa 15 °C.

4. Bplunciure 3HAYEHUE DJIEKTPOJHOTO MOTEHIMAIA MEIH, €CIU DJICK-
Tpon HaxomuTcsi B pactBope comu Mmenu (II) ¢ xoHmeHTpammeil KaTHOHOB
0,1 M, Temnieparypa pactBopa pasHa 10 °C.

5. Hanummure 31€KTPOXUMUYECKYI0 CXEMY TaJIbBAHMYECKOTO 3JIEMEHTA,
COCTaBJIEHHOT'O0 M3 MEIHOI0 M MapraHieBOro 3JIEKTPOJIOB C pacTBOPAMH CO-
neit menu (II) u mapranna (I1). Beraucnure 9J1C snemenTa npu cTaHAapTHBIX
YCIIOBHSIX U IIPU KOHLEHTPALMK KaTHOHOB B pactBopax 0,1M (Ttemmeparypa
CTaHJapTHAas).

6. Hanumure cxeMy ABYX rajlbBaHMYECKUX IJIEMEHTOB, B OJIHOM U3 KO-
TOPBIX IIUHK SIBJIIETCS KaTOJIOM, a B IpyroM aHojom; Berauciaute ux J/C.

7. [IpuBeeHa AMEKTPOXUMHUYECKASI CXeMa TaIbBAHUYECKOTO AJIEMEHTA:

(=) Mn | Mn(NO5), | | Ag| AgNO; (+)

Hanumure cxeMy KaTOJHOTO ¥ aHOJHOTO MPOIIECCOB, YPaBHEHUE TOKOOOpa-
3YIOIIECH peaklud B MOJEKYJIIpHOM U noHHOM Buje. Onpenenute D/C ane-
MEHTa P CTAHIAPTHBIX yCIOBUSX.

Pa6ora 17. QJIEKTPOJIN3

DNEeKTPOJIN30M HAa3bIBAETCA COBOKYMHOCTh OKHCIUTEIbHO-BOCCTAHO-
BUTEJBHBIX TMPOILECCOB, MPOUCXOASANIMX MPU MPOMNYCKAHUU MOCTOSHHOTO
AIEKTPUUECKOT0 TOKA Yepe3 PacTBOP MIIM PACILIaB AJIEKTPOJIUTA.

[IpomyckaHue Toka uyepe3 3JIEKTPOJUTHI OCYIIECTBISIETCS C MOMOIIBIO
AJNIEKTPOJOB: KaToJla, HA KOTOPOM MPOUCXOJHUT MPOIECC BOCCTAHOBJICHUS, U
aHoJa, Ha KOTOPOM OCYIIECTBIISIETCS MIPOLIECC OKUCIICHUS.

[Ipu s5eKkTposin3e pacTBOPOB COJIEW 3aKOHOMEPHOCTH BOCCTAHOBJICHUS
Ha KaToJe CIEAYIOIIHE.

1. KatnoHbl MeTaJIOB, PACIOJIOKEHHBIX B PSAY HAIpPSOKEHUM TpaBee
xere3a (0T KaJIMHUs 10 30JI0Ta), BOCCTAHABIMBAIOTCS COTJIACHO YPABHEHHUIO:

Me"" + ne = Me
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2. KaTnoHbI aKTUBHBIX METAJIJIOB, PACIIOJIOKEHHBIX B JIEBOW YacTH psAla
HampsHKeHU (OT JIMTHUSI 10 aJIFOMUHUS), HE BOCCTAHABIMBAIOTCA. B 3TOM
CJly4ae Ha KaToAE MPOUCXOIUT BOCCTAHOBIICHUE BOJIbL:

2H,0 + 2e = H,T + 20H
3. KaTtnonsl MeTamioB, paclojaoKEHHBIX B CPEIHEW YacTH psla HaIps-
YKEHUH (Mapraseln, HUHK, XpOM, >KeJI€30 U JIp.), BOCCTaHABIIMBAKOTCS HA KaTO-
JIe BMECTE C BOCCTAHOBJIEHUEM BOJIbI, T.€. ApaJUIEIbHO UAYT JIBa IIpoLecca,
YpaBHEHUSI KOTOPHIX NMPUBEICHBI BHIILIE.
3aKOHOMEPHOCTH OKHUCIIEHHS Ha aHOJIE CIIETYIOIIHE.

- - - 2_ -
1. ITpocteie anmonsl (Cl, Br, I, S7), kpome F -OHOB, OKUCISAIOTCS C
o0pa3oBaHHMEM COOTBETCTBYIOIINX MTPOCTHIX BEIIECTB, HAIIPUMED:

2C1 —2e =C1,7T

- 2_ 3_ -
2. Cnoxunsie annonsl (NOs, SO,”, POs u ap.) u F -vuoHBI HE okuCIIS-
10TCs. B 3TOM ciydae Ha aHOJi€ MPOUCXOAUT OKUCIICHUE BOJIBI:

2H,0 —4e = 0,1 +4H"

DTN 3aKOHOMEPHOCTH OTHOCSITCSI K JIEKTPOJIU3y C MHEPTHBIM (Hepac-
TBOPUMBIM) 3JIEKTPOAOM: IUIATHHA, TPapUT, FTEKTPOAHAS CTaNb.

Ho ecin aHOJ M3roTOBIEH U3 META/UIA, COJIb KOTOPOTO SIBIISIETCS JJIEK-
TPOJIUTOM, TO B 3TOM CIIy4ae caM aHOJ OKHUCIISIETCS, IEPEXO/Asl B pacTBOP B
BU/JIE KATHOHOB

Me — ne = Me",
a Ha KaToJie MPOUCXOAUT BOCCTAHOBJIEHUE ITOTO K€ METalia
Me"" + ne = Me

Takoil 3JIeKTpOIN3 HA3BIBAETCS JIEKTPOIHM30OM C AKTUBHBIM (pPacTBOpH-

MBIM) aHOJIOM.

IKCNEPUMEHTAIbHAA YaCTh

Llenvio pabomsi SBIAETCS SKCIEPUMEHTAJIBHOE O3HAKOMIIEHHE C pa3-
JUYHBIMU TUTIAMU 3JIEKTPOIIU3A COJIEH.

Omnpit 1. daexkTposau3 xuaopuaa aukess (I)
¢ HHEPTHBIMHU JIEKTPOAAMHM

CobpaTh 31eKTpOIN3ep, UCMOIB3Ysl TpaUTOBBIE CTEPKHU B KadeCTBE
ANEKTPOAOB. 3ajduTh B 3JEKTpoau3ep pactBop xjopuna Hukens (1), Bkiro-
YUTh 3JIEKTPOJBI B CETh MOCTOSHHOI'O 3JIEKTPUYECKOr0 TOKA M BECTH dJIEK-
Tposn3 5—6 muH. HabmoaaTh BbleIeHHE METaIa Ha OJHOM 3JIeKTpoAe (Kak
ATOT BJIEKTPOJI Ha3bIBaeTCA?) U raza (Kakoro?) — Ha JPyroM 3JeKTpoie (Kak
OH Ha3bIBaeTcs?).
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B otuere HapucoBaTh CXeMy JJIEKTPOJIHM3Epa, ONMKUCATh OMBIT U HAOIIO-
JieHUsl. 3amucaTh YpaBHEHMsI KaTOJHOTO M aHOJHOTO TPOIIECCOB M 00Iee
ypaBHEHUE dJeKkTponn3a xiaopuaa nukens (II).

OnbIT 2. JIEKTPOJIN3 XJIOPUAA HATPUSA ¢ HHEPTHBIMH JJIEKTPOIaMH

OYuCTUTh AJEKTPOABI TMOCTE TEPBOTO OMNBbITA HAXKJIAYHOW Oymaro u
BHOBBb COOpATh AJICKTPONHM3EP. 3aIUTh B HErO0 PAacTBOP XJOPHAA HATPHUS H
BeCTH dj1eKTponu3 5—6 muH. HaGmronaTe BeIcIeHNE ra3oB (kakux?) Ha 000-
ux snekrpoaax. [locie mpoBeneHUs 3IEKTPOM3a YCTAHOBUTH C ITOMOIIBIO
WHMKATOpa CPeday pacTBOpA.

B otuere onmcaTh HaOMIOACHUS U PE3YIBTATHI AJICKTPOIM3a. 3amucaTh
ypaBHEHUSI KaTOJAHOTO W aHOJHOTO IPOIIECCOB, 00pa30BaHMs MIEIOUYH B pac-
TBOpPE ¥ 00IIIee YpaBHEHUE AJICKTPOIN3a PACTBOPA XJIOPHUIa HATPHS.

OneIT 3. DJIEKTPOJIM3 CyJIb(aTa HATPUA ¢ HHEPTHBIMH JJIEKTPOJIAMH

Co0pathb AMEKTPOIU3Ep TaAK, KaK 3TO ObUIO CIENaHO B MEPBOM OIIBITE, U
HAIOJIHUTh €ro PacTBOpOM cyibdara HaTpus. Bectu anektponus 5—6 MuH,
HaOJII0AaTh BbIIEJIEHNE ra30B (Kakux?) Ha 000UX 3JIEKTpoiax. B KoHIE OmbI-
Ta OTOOpaTh NIHUIIETKOM IPOOBI pacTBOpa M3 KAaTOAHOW W aHOJHON YacTH
AIIEKTPOJIN3EPa U YCTAHOBUTH CPEAY PAaCTBOPOB.

B otuére ommcarh onbIT 1 HAOMIOICHUS, HAMMCATH CXEMBI TIPOIIECCOB Ha
AIEKTPOAaX, «BTOPUYHBIX» MPOILIECCOB M OOIIEe ypaBHEHUE PEAKIMU DJICK-
TpoJIH3a.

Omnpbit 4. Jaextposus cyabdara meau (IT)
¢ HHEPTHBIMM JIEKTPOAAMM

Co0path AIEKTPOIU3EP TaK, KaK 3TO OBLJIO CACIIAHO B IEPBOM OIIBITE,
HANoOJHUTH ero pactBopoM CuSO, u Bectu anekrponus 5—6 mun. Habmronats
BBIJICJICHHE MeTajlla (Kakoro?) Ha KaToJie ¥ ra3a (Kakoro?) Ha aHoJe€.

B oTuére ommcath OmbIT U HAOMIOCHMSI, TPUBECTH CXEMBI SJIEKTPOTHBIX
IIPOLIECCOB Y YPABHEHHUSI PEAKLIAM.

Omnpbit 5. Jaexrposus cyabdara meau (IT)
C AKTUBHBIM aHOJIOM

Huuero He MeHss B 2JIEKTpONM3EpEe MOCIE YETBEPTOrO OIIBITA, IMOBEP-
HYTb BWJIKY JJIEKTponuTaHusa Ha 180° M BKIIOYUTH €€ B CETh IOCTOSHHOTO
ToKa. B 3TOM ciyuyae snmekTpos, ObIBIINMK KaTOAOM B YETBEPTOM OMNBITE (I10-
KPBITBII CI0EM M), CTaHOBUTCS aHOOM. [IpoBecTu anexkTponns 5—6 mMuH,
onucaTh HAONIOACHNUS, 3a1IUCaTh YPAaBHEHUSI aHOJHOIO U KaTOAHOIO MpOIleC-
COB.
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B otuere caciiaTtb O6IHHﬁ BBIBOJ O 3aKOHOMCPHOCTAX JJICKTPOJIN3a pa3-
JIMYHBIX TUIIOB COJIeH IIpHU UCIIOJIb30BAHHMH HMHCPTHBIX 3JICKTPOJOB N AKTHUB-
HOT'O aHOJa.

KonTpoaupyommue 3aganus

1. IlpuBeauTe MpUMEPHl METAIIOB, KOTOPHIE MOYKHO IOJYYUTH DJICK-
TPOJIU30M PACTBOPOB UX COJICH.

2. YcraHOBUTE TIOCIIEIOBATEIIPHOCTh BOCCTAHOBJICHUS METAIOB W3
pacmnaBa cmecu: AlCl;, CuCl,, FeCl,, CdCL.

3. PaccuuTaiiTe MUHMMAaJIbHOE HANpPsHDKEHUE PassIoKEeHHs, KOTOPOe He-
00XOJIMMO TPWIOKHUTH K AJIEKTpPOJaM JUlsl Haudaja 3JIEKTpOJIM3a pacruiaBa
XJIOpH/Ia aJTFOMUHHUS.

4. T'a3000pa3HBIMH TIPOIYKTAMHU SJIEKTPOJIM3a KAKUX COJICH SIBIISIFOTCS
TOJIBKO XJIOP U BOJOpOA?

5. DnexTponn3 pacTBOpa Kakoil COJM MPUBOJIUT K YBEIIUYEHUIO €€ KOH-
nentparuu B pactBope: FeCl;, NaNO;, Cu(NO;),, NaCl?

6. Ha pucynke m300paxeH 3JIEKTPOJIHU3EP C YIOJbHBIMHU 3JIEKTPOAAMHU.
Kakas cons Haxoautcs B pactBope: Na,COs, CuSO,, Na,S, AgNO;? O0sbsc-
HUTE CBOH BbIOOP. HammimuTe ypaBHEHUS TPOUCXOISAIINX MPOIIECCOB.

7. Beruucnure 00beM rasa, BBIACIMBILETOCS Ha aHOJIE MPH IJIEKTPOIIH3E

pacTBOpa HHUTpaTa Hatpus 3a | vac, ecnu cuiia Toka paBHa SA, a BBIXOJ IO
ToKy 90 %.

Pabora 18. KOPPO3UA METAJIJIOB

Koppo3ueil Ha3biBaeTcsi pa3pyll€eHHUE METAJIOB BCJIEACTBUE XHUMHUYE-
CKOTO BO3JECHUCTBHS OKPYKAKOIIEH CPEIBI.

[Ipu KOppO3UK METAILIBI OKUCISIOTCS U TEPSIIOT MPUCYLIUE UM CBOUCT-
Ba. Koppo3us npuBoauT K OONBIIMM MaTepUAIbHBIM MOTEPSM, MPOUCXOIS-
UM B PE3yJIbTaTe HAPYIICHHSI IETOCTHOCTH TPYyOOIPOBOIOB, ITUCTEPH, Me-
TAJUTMYECKUX YacTeH MAalluH, KOPIYCOB CYJ0B, MOPCKUX COOPYKEHUH U T.1.
be3Bo3BpaTHbIE MOTEPU METAIIOB OT KOPPO3uHU cocTaBisitoT 8—10 % ot exe-
TOJIHOTO MX BBIITYCKa.
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[To MmexaHu3My NpOTEKaHUsI KOPPO3US MOAPA3AEIAETCS Ha JBA TUTIA!

1) xuMu4ecKyto, KOTopasi HabJt01aeTCs MPU B3aUMOICUCTBUN METAIIOB
C CYXUMHU Ta3aMU U KUJAKOCTSIMHU, HE MPOBOISIIUMH TOK (HEIIEKTPOIUTAMHU );

2) SJIEeKTPOXUMHUYECKYIO, KOTOpas HaOIoJaeTCsl MPU B3aUMOJICHCTBUU
METAJIJIOB C PACTBOPaMU 3JIEKTPOIUTOB.

K snextpomuraMm OTHOCHUTCS BOJa OOBIYHAS W MOPCKasi, pacTBOPHI CO-
JIEW, KACIIOT U LIEJI0YEN, BIAXKHbIE ra3bl. Bo BIAXKHBIX Ta3ax U B BO3AYyXE CO-
Jiep KaTcsl mapbl BOAbI, KOTOPhIE aJCOPOUPYIOTCS HA MOBEPXHOCTU METAJIJIOB,
o0pa3ysi TOHKYI0 HEBUJIUMYIO JUIS TJIa3 IJIEHKY >KUJKOW BOJbI, B KOTOPOM
PACTBOPSIIOTCSL KUCTIOPO/I, YTIECKUCIIBINA a3, CEpHUCTHIC Ta3bl, OKCUABI a30Ta U
JIpyTH€ Ta3bl, IPUCYTCTBYIOIINE B aTMocdepe; MpU 3TOM 00pa3yroTCs KUCIIO-
Thl. Takum 00pazomM, BO BJIAXKHOM BO3/yXe Ha METaUIbl JEHCTBYIOT PacTBO-
PBI BJIEKTPOJIUTOB.

1. Koppo3uoHHble rajibBAHH4E€CKHE MUKPO3JIeMEHTbI

DJEKTPOXUMHUYECKAss KOPPO3HS SIBISIETCA CIEACTBHEM BO3HHUKHOBECHHSI
KOPPO3HOHHBIX TajdbBAaHUYECKUX MHUKPOAJIEMEHTOB (KOPPO3MOHHBIX TajbBa-
HUYECKHUX Tap), COCTOSIINX M3 KATOMHBIX U aHOAHBIX y4yacTKOB. [losiBieHue
KAaTOJAHBIX U aHOJIHBIX YYaCTKOB Ha MOBEPXHOCTH METAJLIOB MPOUCXOAUT IO
CJIeIYIOIIUM MTPUYHHAM:

— HEOJHOPOJHOCTh TMOBEPXHOCTH MeETalljla BCJIEACTBUE BKIIOUCHUMN
WHOU MPUPOJIbI, YAAPOB U M3rMO0B, HAKOIIJICHUSI TIPUMECEH Ha TpaHMIlAX 3€-
PEH, YYaCTKOB C pa3HOM CTENEeHbI0 00paOOTKH U T.1I.;

— HEOJHOPOTHOCTD KUAKOU (pa3bl, B KOTOPOU MPOUCXOIUT KOPPO3HUS U3-
3a paznuuMs KOHIIEHTpaluu HOHOB, pH cpeapl, HEpaBHOMEPHOTO AOCTYTIa
KHCIIOPOJIa WIIH IPYTUX OKUCIUTEIICH;

— pas3Iuyue BHENIHWX YCIOBUH: TEMIEPATyphl, JaBJICHUS, ICHCTBUS
AIIEKTPUYECKOTO TOJIA U T.1I.

Koppo3usi, kak 51000i1 XUMU4eCKUil mpolecc, 001agaeT onpeneseHHOM
ckopocThio. [Ipy KOHTaKTe MeTamia ¢ 3JIEKTPOJUTOM Ha METallie yCTaHaB-
JIMBAETCs PAaBHOBECHBIN MOTEHIMAJ, ompeseisieMblii ypaBHeHuem HepHcra.
Ecnu nojgate BHelIHEe HaAMpsKEHUE, TO MOTEHIMAN JIEKTPOJIa YBEIUYUTCS.
OT0 U3MEHEHHUE IEKTPOJHOTO MOTEHIIMAIa HA3bIBACTCS 21eKMPOOHOU NOJIs-
pusayueti. Tlonspuzanus cnocoOCTBYET YMEHbBIICHUIO Koppo3uu. Ecimu uz-
MEHUTH XOJ MPOIIECCa, YBEIUYUB CKOPOCTh €T0 MPOTEKAHUs, TO IPOU30UIET
YMEHBILIEHUE 3JIEKTPOJHOTO TMOTEHIMAla MO CPaBHEHHIO C PAaBHOBECHBIM;
nporecc, o0yCIOBIMBAIOIINNA €ro, HAa3bIBAIOT JACTIONSIpU3ALNEHd, U OH CIIO-
COOCTBYET yBEJIIMYCHHUIO CKOPOCTH KOPPO3HUHU.

[Ipy BOBHMKHOBEHWU KOPPO3MOHHOTO TaThBAaHMUECKOTO MHUKPOIIIEMEH-
Ta MPOLECC AMEKTPOXUMUYECKON KOPPO3UN MOKHO MPEICTABUTH COCTOSIINM
U3 YETBIPEX CTaAUM.
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1. OkuciieHre TOM YacTHU MeTajlla, KOTopas UMeeT MEHbIIee 3HAaUCHUE
AIIEKTPOJHOrO IOTEHIIMANIa; 3Ta YacTh B KOPPO3HOHHOM TaJlbBAHUYECKOM
MHUKPOSJIEMEHTE SBJISCTCS aHOJIOM.

2. Ilepenoc 3apsaa daeKTpoHaMH (WJIH, TOBOPSI IPOIIE, MEPEeXo] dJIeK-
TPOHOB) TIO METAJLTY OT aHOJTHOTO K KAaTOJHOMY YYaCTKYy.

3. IlepeHoc 3apsijia HOHAMU B DJIEKTPOJIUTE.

4. BoccTaHOBIEHUE OKHCIHTENS HAa KAaTOJAHOM Yy4YacTKE IMOBEPXHOCTH
MeTaJia.

[Ipy 2IEKTPOXUMHUYECKON KOpPpO3WHM Hambojee pacipOoCTPaHCHHBIMU
OKHUCITUTEIISIMH SIBJISIIOTCS PACTBOPEHHBINA B IIEJIOYHBIX PACTBOPAX KHCIOPO/T
Y KaTHOHBI BOJIOPOJA B KUCIIOW CPEJIE.

PacTBOpeHHBIN B BOJ/IE U IIEJIOYHBIX PACTBOPAX KUCIOPO BOCCTAHABIIH-
BaeTCsl HAa KaTOJHBIX y4acTKax MeTajlia 1o ypaBHEHHUIO:

0, + 4e + 2H,0 =40H"

Takum 00pa3zoM, 37€Ch IEMONISIpU3AIUs OCYIIECTBISIETCS 32 CYET PACTBOPEH-
HOI'O KHUCJIOPOJAa M YCKOPEHHE Da3pyLICHUs METaJUla OCYIIECTBIISIETCA 3a
CYET KOPPO3UU C KUCITOPOJIHOMN ACTOISIPU3ALACH.

Karuronbl Bogopoia B KUCIBIX pacTBOpax (KUCIOPOJ B KUCIION cpefie He
PacTBOPSIETCS) BOCCTAHABIMBAIOTCSA 110 YPABHEHHUIO:

2H +2e=H,

3nech nenoisipu3alis MPOUCXOAUT 3a CUET MOHOB BOJIOPOJa M YCKOPEHUE
pa3pyIlieHus: MeTajuia OCYIECTBISETCS 32 CYET KOPPO3UHU C BOJAOPOIHOM Jie-
MOJISIPU3ALIUEH.

Karongubie 1 aHOHBIC YYACTKH B METAJUIaX YEPEAYIOTCS U UMEIOT OYeHb
MaJjble pa3Mephl, T.€. peub HIEeT 0 MUKPOAHOIaX U MUKPOKATOAaX M, KaK yKa-
3BIBAJIOCH BHINIE, O KOPPO3HOHHBIX TaTbBAHMUECKUX MHKpOdJIEeMEHTaX. Ta-
KAM 00pa3oM, DJICKTPOXUMHUYECKas KOPPO3US 3aKITF0YACTCS B pab0Te OrpoM-
HOTO YHCJIa TalbBAHMYECKUX MHUKPODJIEMECHTOB, MPU KOTOPOH MPOUCXOIUT
aHOJTHOE OKHUCJICHHE MeTallja.

Koppo3uoHHbI# rajgbBaHUYECKU MUKpPOAJIEMEHT, B OTJIMYHME OT OObIY-
HOTO TaJIbBAHUYECKOTO 3JIEMEHTA, SIBJIAETCS KOPOTKO3aMKHYTHIM MHUKPOJJIe-
MeHToM. Dopma ero 3amucu He OTIIMYAETCS OT 3aIMMCU AJIEKTPOXUMUUYECKON
CXEeMbI OOBIYHOTO TaTbBAHUYECKOTO 2JIEMEHTA, HO JUIsl COKpAIICHHs B HE He
YKa3bIBAIOT OKHUCIECHHYIO (popMy. Hampumep, Koppo3us kenie3a B KOHTAKTE €
yrieposioM (0ObIUHAs YTIIEPOAUCTAs CTallb) BO BIAXXHOU atMocdepe mpouc-
XOJUT B PE3yJNbTaTe BO3HUKHOBEHUS TajJbBaHUYECKHX MHUKPOIIEMEHTOB,
AHOJTHBIMHU yYaCTKaMHU KOTOPBIX SBJISIETCS METAILJI, @ KATOJHBIMU — BKJTIOUE-
Hus yriepoja (puc. 10).
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Puc. 10. Cxema obpazosanusi KOppo3uoHHbIX 2a1bEAHUYECKUX
MUKPOITEMEHMO8 8 Y2NlepOOUCOL CIMATU, HAXOOAWEUCS]
80 81AINCHOM 8030YyXe

[Tonmnas u cokparnieHHnas Gopma 3amucu Takoro 3JIeMEHTa UMEIOT BHI:
(-)Fe | Fe*" || 2H,0, O,, 40H | C(+);  (9)Fe | H,0, O,, | C(+)

Koppo3sus xenesza sBisieTcst pe3yabTaToM padoThl 3TOro 3eMenTa. [Ipu
KOPPO3UH KeJie3a UAYT CIEAYIONINe MPOIeCCh:

AHOTHOE OKHCJICHHE: Fe — 2e = Fe*'
KAaTOJHOE BOCCTAHOBJICHUE: 0, + 2H,0 + 4e =40H
o0Iiee ypaBHEHHE KOPPO3UU: 2Fe + O, + 2H,0 = 2Fe(OH),

2. KonTakTHasi Koppo3usi

Koppo3usi Metamia yckopsieTcst WiH 3aMeJIIeTCsl P €ro KOHTAaKTe C
JIPYTUMHU METaJIaMHU.

YckopeHue KOppo3ur MPOUCXOANT MPU KOHTAKTE METala ¢ MEHee aK-
TUBHBIM METAJIJIOM, PACIIOJIOKEHHOM B DSy AJIEKTPOXUMUYECKON aKTHBHO-
CTH METaJUIOB TIpaBee, TaK Kak B 3TOM CJIydae JJaHHBIH METAJII B KOPPO3HOH-
HOM TaJIbBAHUYECKOM Mape CTaHOBUTCS aHo10M (puc. 11a).

[Tpu koHTakTe MeTawia ¢ 6oyiee aKTUBHBIM METAJIIIOM KOPPO3HSI OCHOB-
HOTO MeTaJula Ha000POT 3aMeIAETCs, TaK KaK B KOPPO3MOHHOM TajlbBaHUYEC-
CKOM mape 3TOT MeTaJul sBisieTcst kKatooM (puc. 1106). IMeHnHo 1o 3ToM npu-
YUHE KPOBEJIHHOE KEJIEe30 MOKPHIBAIOT 00JIee aKTUBHBIM METAJUIOM ITUHKOM,
a HE 0JIOBOM WJIU MEJIIO.

Puc. 11. Cxema xopposuu sceneza 6 kucioti cpeoe
npu KOHMaxKme ¢ MeHee aKkmusHuIM (a) u bonee akmusHvim (6) Memaniiom
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3. 3amuTa oT KOPPO3UH

[TpumMenstoTCs pa3auyHbie COCOOBI 3aIUTHl METAIIJIOB OT KOPPO3HH.

Jlecuposanue memannos. JlerupoBaHMEM METAJUIOB HA3bIBAETCA IIPO-
1IECC BBEJICHUA B UX COCTAaB APYTHMX METAUIOB, TO €CTh MOJYUYEHHUE CTANICH U
CILJIaBOB, 00JIaJJal0IIMX BHICOKOM YCTOMYMBOCTHIO MPOTUB Koppo3uu. Hanbo-
JIe€ PaCIpPOCTPAHEHO JIETUPOBAHNUE XPOMOM, HUKEJIEM U TUTAHOM.

B xumudeckoM MalmmHOCTPOSHUH MIUPOKO MTPUMEHSIETCSI HePIKaBEIOIast
ctanb X18HIT, B coctaB kotopoit BxoauT xpom (18 %) a, Hukeam (9 %),
tutaH (okoiyio 1 %), sxxene3o (octanbHOE). Ha moBepxHOCTH 3TOM cTanu obpa-
3yeTcsl TOHKas mieHka ciaoxkHoro okcuaa NiO-Cr,O; co cTpyKTypo# HINuHe-
71, o0J1aaro1asi BRICOKOH YCTOMYMBOCTBIO K JIEHCTBUIO BOJIBI U KHCIIOT.

Memannuueckue noxpvimus. [ NOKPBITUS MATIOCTOUKUX IIPOTUB KOPPO-
3UM METAJUIOB MPUMEHSIOT METaJLIbl, 00pa3yroIIfe Ha CBOCH MOBEPXHOCTH 3a-
HNIUTHBIE TUIEHKU. K TakuM MeTaliaM OTHOCSITCSI XpOM, HUKEIb, aTlOMUHUMH,
LMHK, KaJMUH, 010BO U Jip. [[OKpBITHS HAHOCST pacibLIEHUEM PACILUIABIEHHOTO
MeETal1a, SIAEKTPOIN30M, XUMUUYECKUM OCAXKJIEHUEM U IPYTUMHU METOJAAMH.

Hememannuueckue nokpoimus. OHU NOAPA3IEIAIOTCI HA HEOpraHWYe-
ckue W opranuyeckue. CaMbpIMM pacOpOCTPAHEHHBIMH HEOPTaHUYECKUMU
MOKPBITUSIMU SIBJIIIOTCS OKCUHBIE, (hochaTHbIe U HUTPUIHBIEC TJICHKHU Ha TO0-
BEPXHOCTH METAJIJIOB, @ OPTaHUYECKUE — JIAKU, KPACKH, IOJIMMEPBI U PE3UHA.

Xumuuecxoe naccusuposanue. 11acCuBUpOBaHUEM METAJNIOB HA3bIBACT-
csl mpoliecc o0pa30BaHUs Ha UX MOBEPXHOCTH YCTOMYUBBIX K KOPPO3UU OK-
CUAHBIX MIEHOK. Takue 3amuTHBIC TUIEHKU 00pa3yroTcs, HapUMep, npu o0-
paboTKe HEKOTOPHIX METAJJIOB (3Kele3a, allfOMUHUS, XpoMa, BaHATUs U JIp.)
KOHUEHTPUPOBAHHOW a30THOW W KOHLICHTPUPOBAHHOM CEPHOU KHCIIOTAMMU.

Anexmpoxumuyeckas 3auwyuma. OHa IPUMEHSAETCS B TEX CIydasiX, KOraa
3ammuaeMasl KOHCTPYKIMS HaXOOUTCS B CPEAE JIEKTPOJUTA: KOPIIYC MOP-
CKOT'O CyAHa, TpyOOIIpOBOJ HA JIHE PEKH WM MOJ 3eMJIel U T.H. 3alluiiae-
MBIN METaJJI IPUCOECAUHSIETCA K OTPUIIATEIbHOMY MOJIOCY BHEUIHETO0 UCTOY-
HUKAa TOCTOSSHHOTO TOKA, U OH CTAHOBUTCA KaTOAOM. B kadecTBe aHOIOB HC-
MOJIB3YIOTCSI KYCKH JKEJIE3HOTO JIoMa. B 3TOM cilyyae mpouecc OKUCIEHUs
(koppo3usi) UAET HA aHOJE, T.€. Ha KyCKax >KeJIE3HOTO JIoMa.

Ilpumenenue uneubumopog kopposzuu. IHrubutopamMu Ha3pIBalOTCA Be-
HIeCTBa, JI00ABJIEHHE KOTOPBHIX B KOPPO3UOHHYIO CPEly B HE3HAYUTEIbHBIX
KOJIMYECTBaX 3aMETHO CHUYKAET CKOPOCTh KOppo3uu. MHruburopamu sBis-
I0TCS pa3uvHble HEOPTraHUYECKUE COCIUHEHUS (HUTPUT HATPHs, XpOMaT U
nuxpomat kanus, ¢ocdhar u ruapodocdaTsl HATPUS) U MHOTHE OpraHUye-
CKH€ BEIeCTBA. 3alIMTHOE JIEHCTBUE MHTUOUTOPOB OOYCIOBIEHO TEM, UTO
WX MOJIEKYJIbI WJIM MOHBI aJICOPOUPYIOTCS Ha TIOBEPXHOCTH METAIJIOB, 3aME/I-
JIsi WK MOJHOCTRIO MpeKpaliasi mporecc uX aHOJAHOTO OKUCIICHUS.
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BKCHepI/IMeHTaJIBHaH 4acTb

Lenvio pabomul ABNSAETCA UCCICIOBAHUE BIWSHHUS MPUPOJBI METalla,
Cpe/bl ¥ BHEIIHUX YCIOBHUM Ha MPOIECCHhl KOPPO3UHU METAVIOB U O3HAKOMJIE-
HHE CO CITOCOOaMU UX 3aIUTHI OT KOPPO3HH.

OnbiT 1. XuMuyeckasi M 3JIEKTPOXMMHUYECKAs] KOPPO3Usl HMHKA

B npoOupky ¢ 8—10 kamisMu pacTBopa cepHON KHCIOTHI OMYCTUTh Ipa-
HyJy nuHka. OTMETHTh 00pa3oBaHue My3bIPHKOB Ta3a Ha MOBEPXHOCTHU Tpa-
Hynbl. HanucaTe ypaBHEHHE peakiiuy B3aNMOJCHCTBUS [IMHKA C KUCIOTOU. B
Ty K€ MPOOUPKY OIYCTUTh MEIHYIO MPOBOJOKY U KOCHYTBCS €10 T'PaHyJIbl
nuHkKa. Yro nuzmenmiocs? Kakyro (yHKIHIO BBIIOJIHSAET MEHAs TPOBOJIOKA?

HanmcaTte cxeMy KOPpPO3MOHHOTO MEIHO-IMHKOBOT'O TaJbBAHUYECKOIO
MHUKPO3JIEMEHTA U CXEMbI AHOJHOI'O U KaTOIHOTO MPOILIECCOB IIPU €ro padoTe.

OnpiT 2. Bausinue KOHIEHTPAUMM OKHCJIUTENSI HA CKOPOCTh KOPPO3UH

B npobupky ¢ 5 kamisiMu CepHOW KHUCIOTHI JO00AaBUTH S5 Kareidb BOJbI,
T.e. pa30aBUThH pacTBOpP B JiBa pa3a. [Ipomenars OmbIT, aHAIOTUYHBIN ONBITY 1.

+
Cnenarb BBIBOJ O BIMSHUM KOHUEHTpaluu H -HOHOB Ha CKOPOCTh KOPPO3HH.

OnpiT 3. Bansinne HA KOPPO3UIO NPHPOABI 3AIIUTHOTO MOKPHITHSA

JIBe MPOGHPKH HATIONHUTH HA '/, HX 00beMa JUCTHILIMPOBAHHON BOJIO.
J06aBUTh B KaXIyH0 U3 HUX MO 2—3 KaIull CepHOM KUCIOTHI U 10 2—3 Karuiu
pactBopa rekcanuanodeppara (II1) xamusa Ks;[Fe(CN)g]. On siBisercs kaue-
CTBEHHBIM PEaKTHBOM Ha HOHHKI Fe”', ¢ KOTophIMU 06pa3yeT CHHee OKpalllh-
BaHue (TypHOyJeBa CHHB). B 0/lHY MpoOHUPKY OIMyCTUTH JKENE3HYIO MOJIOCKY,
B KOTOpPOM 3a)kaTa rpaHyJia IMHKA, a B APYTYIO — JKEJE3HYIO MOJOCKY, B KO-
TOpOW 3axxaTa rpaHyjia ojoBa. [lepBas mpoOupka UMHUTHUPYET KOPPO3HIO
OIIMHKOBAHHOTO KeJe3a, a BTopasi — Iy>)KEHOTO, T.€. ITOKPBITOTO OJIOBOM.

OTMeTuTh, B KaKoi MpOOHUPKE MOSBIIICTCS CHHEE OKpAITUBAHNUE.

B oTuére cocTaBUTh CXEMBI KOPPO3HOHHBIX TaTbBAHUYECKUX MHUKPO-
AJIEMEHTOB M HAIMCaTh YPaBHEHUS aHOJHBIX M KAaTOAHBIX IMporeccoB. O0b-
SICHUTb, KAaKO€ M3 TTOKPBITHHA SBISICTCS KaTOAHBIM, a Kakoe — aHOTHBIM. Kakoe
U3 HUX U TIOYEMY 3allMIIAeT XKeJIe30 OT KOPPO3UH, a KaKOe HE 3aIUIIaeT?

OmnpiT 4. 3amUTa METAJIA OT KOPPO3HUHU C MOMOIIBIO MPOTEKTOPA

B nBe mpoOupku ¢ pa30aBIeHHBIM PACTBOPOM YKCYCHOM KHUCIOTBI IIPH-
0aBUTH HECKOJIBKO Karellb pacTBOpa oauaa kamus. B oHy U3 HUX OMyCTUTH
MOJIOCKY CBUHIIA, & B IPYTyIO0 — MOJIOCKY CBUHIIA C 3a)KaTOM B HEW rpaHyion
nuHKa. OTMETUTD, B KAKOM TPOOMPKE paHbIIIe MOSBIISIETCS MaJIOPACTBOPUMOE
coenunenue Pbl,, 00bICHUTH MPUYNHY €T0 MOSBJICHUS B paCTBOPE.
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Hamucate ypaBHEHHE B3aMMOJEHCTBHS CBUHIIA C YKCYCHOW KHCIIOTOM,
HApUCOBATh CXEMY KOPPO3MOHHOI'O TAJIbBAHMYECKOTO MHUKpodjgeMmeHTa. Ha-
IACATh CXEMbI aHOJIHOT'O U KaTOJHOTO MPOLIECCOB. YKa3aTh, KAKYIO POJIb BbI-
MOJIHSET IPUXKATAsl K CBUHILY T'PaHyJIa [IMHKA B MPOLIECCE KOPPO3UU CBUHIIA.

OmnbiT 5. CpaBHeHHe KOPPO3MH Kejle3a W JIeTHPOBAHHOM CTAJIN

B nBe mpoOupKH C CepHOM KHUCIOTOM OIYCTUTh: B OJHY — IOJIOCKY
OOBIYHON cTanu, B JPyTryl — JIETUPOBAaHHON (HEpIKaBerollel) CTalu
X18HOIT. CpaBHUTH CKOPOCTH KOppo3uH. B oTuére 00BACHUTH YCTOMUNBOCTh
K KOpPO3UH JIETUPOBAaHHOW CTaJIN.

OnpIT 6. 3amUTa METAJJIA OT KOPPO3UHU
XUMHYECKUM MACCUBHUPOBAHUEM

OuncTuTh HAKIAYHOW Oymaroi JBE CTAJbHBIE MPOBOJOYKH (pPa3oTHY-
ThI€ KaHIEIIpCKue cKpenku). OHy U3 HUX OIYCTUTh B IPOOUPKY C KOHIICH-
TPUPOBAHHBIM PACTBOPOM a30THOW KHCIOTHI. 3amucath HaOmrogeHus. Omo-
JIOCHYTh MPOBOJIOKY BOJIOM U BHOBb OIMYCTUTh B TPOOUPKY C a30THOM KUCIIO-
Tol. IIpOoMBITH MAacCCHBUPOBAHHYIO MPOBOJIOKY M OIYCTUTh B MPOOUPKY C
pa30aBIeHHON CepHOM KUCIOTOMU. /{151 cpaBHEHUS OMYCTUTh BTOPYIO HEoOpa-
OO0TaHHYIO TPOBOJIOKY B TOT € PAacTBOP CEepHOM KHUCIOTh. CpaBHUTH CKO-
POCTb BBIJIETICHUS BOJOPO/Ia HA TPOBOJIOYKAX.

Onucate onbIT. B BbIBOJE OTMETUTH POJIb OKCUAHOW TUIEHKH, 00pa3o-
BaBIIICHCS HA MOBEPXHOCTHU keJe3a P ero o0paboTke a30THON KUCIOTOM.

OnpiT 7. 3amuTa MeTaJIa OT KOPPO3UH MJIEHKOW OKCHUIA,
MOJIy4YeHHOM Npu TepMoodpadoTKe

OuucTuTh HaXXJauHOW OyMaroil ABe cTajbHbIe MPOBOJIOYKU. OOHY U3
HUX HarpeThb B IJIAMEHU CIMPTOBKH JI0 MOSBIEHUS I[BETOB MOOEKAIOCTH, TO
€CTh J0 MOSBJICHUS OKCUJAHOMW IJIEHKH 1[BETAa «BOPOHOBA KpbUIay. JTa ornepa-
1S B TEXHUKE MOJyYWJIa Ha3BaHUE «BOPOHEHHE». OMyCTUTh 00€ TPOBOJIOKHU
B npoOupku ¢ pactBopoMm cyibdara menu (II). Onucary HabMIOIEHUS U CO-
CTaBUTh YPaBHEHUS peakuuu xkemuesa ¢ pactBopom CuSO,. ITo ckopoctu no-
SBJICHUS M€Y Ha IMOBEPXHOCTU IPOBOJOKH OLICHUThH 3aIUTHBIE CBOWMCTBA
OKCHUJHOM IUJICHKH, MTOJYYEHHOU PU BOPOHEHUH.

OmneiT 8. Koppo3ust anioMuHust
NPH YAAJEHUHU C Hero 3al{UTHON OKCHIHOHU MJICHKHU

HekoTopsie aktuBHbIe MeTaiwibl, Hampumep Al, Cr, Mn, ycToituuBsl K
KOPpO3HM H3-3a 00pa3OBaHMs HAa MX MOBEPXHOCTH 3aIUTHBIX OKCHUIHBIX
rieHoK. [Ipy HapyleHun NpOYHOCTH OKCHUJIHOM IJIEHKHM TAKWE METAJUIbI aK-
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TUBHO B3aMMOJICHCTBYIOT C OKHciauTedsiMu. Haunbonee mnoka3aTenbHBIM B
HTOM OTHOIIICHUH METAJUIOM SIBJISIETCS] AJIFOMUHUM.

Pa3pymuTh OKCHIIHYIO TUICHKY Ha MOBEPXHOCTH AIFOMUHUS MOKHO, 00-
paboTtaB e€ pacTBOPOM Kako-nmnbo comu pryTd. VIOHBI pTYyTH U3 pacTBOpa
YaCTUYHO BOCCTAaHABIWBAIOTCS a0 MeTauia. OOpa3oBaBIIascs MeETaJlIHYe-
CKasi pTYTh PacTBOPSET MOBEPXHOCTHBINA CJIOW aIFOMUHUS, 00pa3ysl amalibra-
My TIOMUHUSA. AMajgbrama aJllOMUHUS TPUOOPETACT MOJTOKUTEIBHBIA dJICK-
TPUYECKUH MMOTEHITHA TI0 OTHONICHUIO K YUCTOMY aFOMUHUI0. TakuMm obpa-
30M, 00pa3zyercss KOppO3NOHHBIN rajJbBaHUUYECKAsi MUKPOIJIEMEHT, B KOTOPOM
aHOJIOM SIBJIICTCS aJTFOMUHUH, a KaTOJ0M — aMajibramMa allfoMUHUsA. B pe3yib-
TaTe MPOUCXOIUT WHTCHCHUBHAS KOPPO3US ATIOMHHHS, KOTOPYIO MOKHO Ha-
OroaTh Kak B BOJIE, TaKk W Ha Bo3myxe. [Ipu aeiicTBUM BOABI HAOMIOdACTCS
BbIICJICHHE BOAOPO/IA, a HA BO3yXe 00pa3yeTcsl PhIXJIbIM CI0M OKCUIA ajlio-
MUHUSL.

Xoo onvima. Tlonocky amOMUHHMEBOW (POJIBIM HA HECKOJBKO CEKYH]T
MOMECTHUTH B PACTBOP COJIU JBYXBAJICHTHOW PTYTH, 3aTEM OTOJOCHYTH BOJIOM
U OCYIIUTH C MOMOIIbI0 (GUIbTpoBasIbHONW Oymaru. HabmronaTe, kKak mpouc-
XOJIUT KOPPO3Us ATFOMUHUS HA BO3yXe. 3aT€M OIYCTUThH MOJIOCKY B BOIY U
HaAOJIFOIaTh 3a TPOIECCOM KOPPO3HUH ATIOMHUHHS B BOJIE.

B otuere onucaThk xo1 omnbiTa U HaOmroAeHUs. Hamrcats ypaBHEHUS pe-
akiuii: 1) B3auMOJEHCTBUSI allFOMUHUS C COJIBIO PTYTH; 2) OKHCIICHUS allto-
MUHHS Ha BO3yXe; 3) B3aUMOICHUCTBUS AIFOMUHUSI C BOJOM.

KonTpoaupyommue 3aganus

1. IlpuBeguTe MpuMephI Ta30BOM, WM XUMUYECKOW KOPPO3UH METAIIIOB.

2. Kakoil meramn paspymaercss IpH dJICKTPOXHUMHUECKON KOPpPO3UH B
mukporanbBanomnape: Fe unu Mg, Fe unu Cd, Fe wiu Ni?

3. Kakue MpOLCCChI MPOUCXOAAT IIPU ITOBPCKIACHUU ITOBCPXHOCTHOI'O
CJI0s1 HUKCIIMPOBAHHOI'O xKenesa?

4. Kakve MeTamibl UCHOJB3YIOTCS ISl MPOTEKTOPHOM 3alllUThI JKeJe3-
HBIX U3JIETTUH OT KOppOo3uu?

5. Kakoe xene30 Ha3bIBaeTCs JIY)KEHBIM, & KAKOE€ OLIMHKOBAHHBIM ?

6. Kakue mpomeccsl IPOTEKAIOT Ha KATOAE M aHOAE NPU KOPPO3UU
OILIMHKOBAHHOTO JK€JI€3a B CEPHOKUCIION cpeae?

7. Kakast onepanys B TEXHUKE MOJy4Ynsia HA3BaHUE «BOPOHEHHE) CTaIH?

8. Kakumu metamiamu jgerupoBaHa Hepkaseromias ctainb X 18HIT?
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I'maBa msTag.
CIIEIHMAJIBHBIE BOITPOCHI XUMHUHA

Pa6ota 19. BBAUMOJENCTBUE METAJLJIOB C KUCJIOTAMM,
IEJIOYAMMH, BOJOHN

1. BoccTaHoOBHUTEJIBLHBIE CBOMCTBA METAJLJIOB

Mertanibsl B XUMAYECKUX PEAKLIUSIX SIBISIOTCS BOCCTAHOBUTENSIMU. Me-
POl BOCCTAaHOBUTEJIBHBIX CBOMCTB METAJUIOB MPU CTAaHAAPTHBIX YCIOBUSAX
(T=298 K, [Me"'] = 1 Momb/n) ABAAIOTCSA UX CTAHAAPTHBIE HEKTPOHBIE TIO-
teHnmanbl @° (wiam E°). MeTamibl, pacnofio)XeHHbIE MO YBEIWYEHUIO CTaH-
JAPTHOTO AJIEKTPOJHOTO MOTEHIHANa, 00pa3yroT 3JEKTPOXUMHYECKUN Pl
AKTUBHOCTH METAJIJIOB WJIH Psi HAIIPSIAKEHUM:

Me: | Li K Ba | Ca | Na | Mg | Al Ti | Mn | Zn
Me™ | Li" | K' |Ba® [Ca®" |Na' |[Mg™ [AP" | Ti" |[Mn™ |Zn*
¢°, B [-3,04 [-2,92 |-2,91 |-2,87 |-2,71 {-2,36 |-1,66 |-1,21 |-1,18 |-0,76

Cr Fe Cd | Ni Sn Pb H, Cu | Ag Pt Au
Cr' | Fe’" | Cd™ | Ni*" | Sn™ | Pb*" | 2H' | Cu™" | Ag" | Pt*" | Au’”
0,71 |-0,44 |-0,40 |-0,25 |-0,14 [-0,13 | 0,00 |+0,34 (+0,80 [+1,20 |+1,50

B psay nanpsbkeHMM BOCCTAaHOBUTEIBHBIE CBOMCTBA METAJUIOB YMEHB-
HIAKOTCA, 4 OKUCIUTEIbHBIE CBOMCTBA NX KATHOHOB BO3pPACTAOT. MeTasibl OT
JUTHS 0 aJTIOMUAHUS MPUHATO CUUTATh CUJIIBHBIMHU WJIM AKTUBHBIMH BOCCTa-
HOBUTEJSIMHM, OT TUTAHA /10 CBHMHIIA — BOCCTAHOBUTEIISIMU CPEIHEN aKTUBHO-
CTH, a PacIOJIOKEHHBIE B PsAly HANPSHKEHUM 1MOCe BOJIOPOa — CIa0bIMU UITU
MaJIOAKTUBHBIMU BOCCTAHOBUTEIISIMH.

2. O0mme 3aKOHOMEPHOCTH B3aMMO/IeCTBUA
METAJIJIOB C OKHCJIUTEJIIMH

OKHCITUTETFHO-BOCCTAHOBUTEIBHBIC PEAKIIMA C YYaCTHEM METaIJIOB
MPOBOJISATCS MPHU UX MOJYYCHUHU U aHATU3€, B IPOMU3BOJICTBE XUMHUUECKUX Pe-
aKTHUBOB, TP M3TOTOBJICHUY MEYATHBIX IUIAT U T.J. B KauecTBe okmcauTeneit
WCIIOJIB3YIOTCSI KUCTIOTHI M COJIH JAPYTUX METAIOB. Takue peakiuu BO3MOXK-
HBI TIPY YCIIOBUM, €CId 3HaYeHue (° y okuciurens (tadma. 10), 6omblie, 4eMm y
MeTasia (BOCCTAaHOBUTES ), T.€. KOTJIa BHITIONHSAETCS YCIOBUE:

o_ o0 0
A(P = O ok — P oc
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Ha npakTtuke peakuuu uAyT B TeX ciyyasx, korga A@°>0,3 B u xorma
MPOAYKTBHl MEPEXOJAT B PACTBOpP, @ HE MOKPHIBAIOT MOBEPXHOCTh MeTasuia
HEPOHUIIAEMOM 3aIIUTHOMN IICHKOM.

Ta6nuna 10

CranaapTHbIE OKMCIUTENBHO-BOCCTAHOBUTEIIBHBIC IOTCHIINAIIBI
HEKOTOPBIX MOJTYPEAKLIHAN

Ne .. [Tonmypeaknus ¢°, B
1 |[2H +2¢ =H, 0,00
2 |H,O+2e=H,+20H ([OH]=1M;[H]=10"M) —0,83
3 |[H0+2e =H,+20H ([OH]=[H]=10"M) 0,41
4 |Zn-2e =Z7Zn" 0,76
5 |Zn-2e +40H = [Zn(OH),]” -1,216
6 | Zn-—2e +4NH; =[Zn(NH;),]" —1,04
7 | Zn-2e +2H,0 = Zn(OH), + 2H" —0,439
8 Cu—-2e =Cu™" +0,34
9 |Cu—-2¢ +S"=CuS —0,79
10 |2Cu—2e +S“=Cu,S -0,95
11 [ Cu-—2e +4NH; = [Cu(NH;),]"" —0,05
12 |Cu—-2e +20H = Cu(OH), —0,224
13 |Be—2e +40H = [Be(OH),]” -2.,63
14 | Al-3e +40H =[Al(OH),] 2,33
15 |Cr—3e +40H =[Cr(OH),] ~1,27
16 |Ga-—3e +40H =[Ga(OH),] -1,22
17 | Sn—2e +40H = [Sn(OH),]” -0,91
18 |W-6e +80H =WO? +4H,0 ~1,05
19 | Mo - 6e +80H =MoO? +4H,0 ~1,05

20 |Sb-3e +40H =SbO, +2H,0 —0,675

21 [SO* +8e + 10H +=H,S +4H,0 +0,303

22 | SO +6e +8H =S+ 4H,0 +0,36

23 | SO* +2¢ +4H =SO0,+2H,0 +0,17

24 |NO; +8e¢ + 10H =NH: + 3H,0 +0,864

25 |2NO; + 10e + 12H =N, + 6H,0 +1,24
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26 |2NO; +8¢ 10H =N,O + 5H,0 +1,116
27 |[NO; +3e¢ +4H =NO + 2H,0 +0,96
28 |NO; +e +2H =NO, + H,0 +0,80
29 Au-3e =Au’’ +1,50
30 |Pt-2e =Pt +1,20
31 | Au-3e +4Cl = AuCl, +1,00
32 | Pt—4e + 6CI =PtCl> +0,68

[Ipy  OTKJIOHEHMM OT CTaHAAPTHBIX YCJIOBUH  OKHUCIUTEIBHO-
BOCCTAHOBUTEJbHBIE MOTEHUUAIBl U3MEHSIOTCS, MOATOMY MOXHO OCYILECT-
BUTh PEaKIIMM, HEBO3MOXKHBIE NIPU CTaHAAPTHBIX ycioBusax. Hanpumep, cep-
Hasl KUCJIOTa, 3HaueHusi (° KoTopoi paBHbl Hymo, 0,303, 0,36 u 0,17 B
(tabn. 10, crpoku 1, 21-23), npu cTaHAAPTHBIX YCIOBHUSX OKHUCIISIET TOJIBKO
T€ METaJlIbl, KOTOPBIE B Py HANPSKEHUH pacnoiiokeHsl 10 Bojgopoaa. Ho
KOHIICHTPUPOBAHHAsL CE€PHAsl KUCIOTA MPH HarpEBAHUU OKHUCIISIET HECKOJIBKO
METAJIJIOB, CTOSIILIKX I1OCJIE BOAOPOJA — J0 cepedpa BKIFOUUTEIBHO.

A30THas KUCIOTa SIBISETCS CUIIBHBIM OKHCIHUTENEM U MOXET OKHUCIATH
BCE METaJlIbl, KpOME 30J10Ta W IulaThHbl. Boccranosienne NOjJ -uoHa npu

ATOM MOXET MPOUCXOAUTh MNapajUIeIbHO MO HECKOJbKUM MOJIYpEaKIHsIM
(tabn. 10, crpoku 24-29), nostomy npu B3aumoaerncTBun MetaiioB ¢ HNO;
MOJIy4aroTcsl cMecu npoaykTtoB BoccraHoBieHus (NH4NO;, N, N,O, NO,
NO; u np.). Cpeau HUX TepMOJMHAMUYECKH HauOoJiee BEPOATHBIM MPOIYK-
TOM SIBJISIETCSl @30T, HO MO KUHETUYECKUM MPUYMHAM, KOTOpbIE O KOHIIA HE
u3yueHsl, npeobnanaoT okcuabl azora NO u NO,. 3anucbeiBas ypaBHEHUS
peakuuii METAIUIOB C a30THOW KUCJIOTOM, OOBIYHO YKa3bIBAIOT TOJIBKO OJIMH
MPOYKT BOCCTAHOBJICHUSI, KOTOPOTO 00pa3yeTcst O0JIbIIE BCETO.

[Ipu B3auMOAECMCTBMM MHOTMX META/IOB C a30THOM M KOHIIEHTPUPO-
BaHHOM CEpHON KHUCIOTaMH Ha MOBEPXHOCTH METAJIOB 00pa3yercs IIOTHas
OKCUJIHAs IJIEHKA, MPENATCTBYIOIIAs AAJbHEUIIEMY OKHCIEHUIO MeTalla.
OTO0 sIBJIEHUE HA3BIBAETCS MacCUBalMEl MeTajla, OHO UCIOJIb3YeTCs IS 3a-
IIUTHI METAJUIOB OT KOPPO3HUHU.

Ha BoccTaHOBUTEIBHYIO CITOCOOHOCTH METAJUIOB BIIMSIET MPUCYTCTBUE
BEILECTB, 00Pa3yIOIINX ¢ OKUCIEHHBIM METANIOM KOMILJIEKCHBIE COEAMHEHUS
WIA MaJlopacTBOPUMBIE MPOAyKThl. Hampumep, u3 cpaBHEHUS MOTypeakiuii
4 — 6 B Tabaune 10 BUAHO, YTO BOCCTAHOBUTEJIbHAS CIIOCOOHOCTH IIMHKA B
IPUCYTCTBUHM LIEI0YEH U aMMUaKa BbIIlIe, YeM IIPU UX OTCYTCTBUH.
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3. BzanMoaeiicTBHE METAJJIOB € COJISTHOM
U pa30aBJIeHHOI CePHOIl KUCJI0TAMU

[Ipu B3aMMOACHCTBUU METAJJIOB C COJISTHONM W Pa30aBICHHOW CEPHOU
KHMCJIOTAMH OKHCIHTENEM sBIseTcs MoH Bojopoaa H'. Ilostomy ¢ HuMH
B3aMMOJICHCTBYIOT METaJUIbl, CTOSIIHE B PSALYy HANpsDKEHUH 10 BOJOPOJA.
[Tpu 3TOM 00pazyercs coyib U BBIAENSIETCS BOAOPOI, HAIPUMED:

Zn + 2HCI = ZnCl, + H,T Zn + H,SO4(paz6) = ZnSO, + H,T

Meraibl NEpEMEHHON BAJIEHTHOCTH, MPOSIBIIAIOIINE IEPEMEHHYIO CTE-
MeHb OKHUCIICHUS, COJISTHON U pa30aBIeHHON CEPHON KUCIOTaMU OKHUCIISIFOTCS,
KaK MPAaBUJIO, 1O HU3IIUX CTEIICHEN OKUCIIEHHUS], HAIPUMED:

Fe + H,SO4(paz6.) = FeSO, + H,T

CBuHeIll TPAKTUYECKU HE B3aMMOJCHCTBYET C COJITHOU U pa30aBiIeHHON
CEpHOM KHCIOTaMH, TaK KaK Ha €ro MOBEPXHOCTH 0Opa3yeTcs IJIOTHAsl He-
pacTBOpuUMas MIeHKa Xjopuja win cyibgara ceunna (II).

4. B3aumojeiicTBMe MEeTA/UIOB ¢ KOHIIEHTPUPOBAHHON CEPHOM KHCJIOTOM

B KOHIEHTPUPOBAHHON CEPHOM KHMCIIOTE OKHUCIIHATENIEM SIBISIOTCS CYJIb-
dat-nousr SO. , B KOTOPBIX Cepa HAXOTUTCS B CTCIICHH OKHCICHHUS —+6.

Oxucrnsig MeTalll, cepHasi KUCJIOTa BOCCTaHABIMBAETCA 10 CEPOBOIOPOA, Ce-
pel 1 okcuga cepbl (IV). CooTBeTcTByrOUIME MOMYypEaKIUU NPHUBEACHBI B
tabmune 10 (ctpoku 21-23). Uem jeBee B psiAy HANPSHKEHUM HaXOJAUTCS Me-
TaJul, TEM MOJIHEE BOCCTAHABIIMBAETCS CEPHAs KUCIIOTA.

[Ipu B3aUMOIEHCTBUY C KOHLIEHTPUPOBAHHOW CEPHOM KHCIIOTOW aKTHB-
HBIX METAJUIOB 00pa3yroTCs COJIb, BOJA U MPEUMYIIIECTBEHHO CEPOBOIOPO:

8Na + 5H,SO, (ko) = 4Na,SO, + H,ST + 4H,0

ManoakThBHbBIE METaJIJIbl BOCCTAHABIUBAIOT KOHIIEHTPUPOBAHHYIO CEP-
HYIO KHCJIOTY MPEUMYIIECTBEHHO 110 SO,, HAIpUMED:

Cu + 2H,SOy(xonm.) = CuSO4 + SO, T + 2H,0
d MCTaJIJIbl cpenHeﬁ AKTUBHOCTHU — HpeI/IMyHleCTBeHHO a0 cepr:
37Zn + 4H,SOu(xonm.) = 3ZnSO, + S{ + 4H,0

Mertamibl TNEPEMEHHOW BaJ€HTHOCTHM KOHUEHTpupoBaHHOoW H,SO4
OKHUCJISIFOTCS, KaK MPABUIIO, A0 BBICIIEH CTENIEHU OKHUCIICHHS], HATpUMED:

3Sn + 8H,SO4(komr.) = 3Sn(SO,), + 2S84 + 8H,0

brnaropogHbeie MeTamuibl ¢ KOHIIEHTPUPOBAHHOM CEPHOM KHUCIOTOM HE
B3aMMOJCHCTBYIOT HHU MpH Kakux ycnoBusx. Hexoropsie meramnsl (Al, Fe,
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Cr, Ni, Ti, V u 1p.) He B3auUMOJEHCTBYIOT C KOHIICHTPUPOBAHHON CEpHOM KH-
CJIOTOM TPU OOBIYHBIX YCIOBUAX (IMACCUBUPYIOTCS), HO B3aUMOJCUCTBYIOT
[IPA HarpeBaHWU. bOJIbIIOE MPAKTUYECKOE 3HAUCHUE MMEET MacCUBalus Ke-
Jie3a: KOHLIEHTPUPOBAHHYIO CEPHYIO KUCIOTY MOYXHO XPaHUTh B EMKOCTSX U3
OOBIYHOW HEJIETUPOBAHHOM CTAJIH.

CBuHEl ¢ KOHIIEHTPUPOBAHHON CEpPHOW KHUCJIOTOM B3aUMOJEHCTBYET C
o0pa3oBaHHEM PaCTBOPUMOM THIPOCOIIH, okcuaa cepbl (IV) u BoabI:

Pb + 3H,SO, = Pb(HSO,), + SO,T + 2H,0
5. BzauMoelicTBHEe METAJLJIOB €C A30THON KHUCJI0TOM

HeszaBucumMo OT KOHLIEHTPALIMM OKUCIUTEIEM B a30THOW KHUCIIOTE SIBIIS-
10Tca HUTpaT-uoHsl NOJ, colepkaiiue a3oT B creneHu okucienus +5. Ilo-

ATOMY MNP B3aUMOJEHCTBUHA METAJUIOB C a30THOM KUCIIOTON BOJAOPO]I HE BHI-
nenseTcs. A30THas KMCJIOTa OKHUCIISIST BCE METAJIJIBI 32 UCKIIOUCHHEM CaMbIX
HEaKTUBHBIX (Onaropoansix). [Ipu a3ToM 00pa3yroTcs coJib, BOAA U MPOAYKTHI
BoccTaHoBieHHUs azora (+5): NH4NOs, Ny, N,O, NO, HNO,, NO,. Co6o-
HbII aMMHMaK HE€ BBIAECIACTCA, TAK KaK OH B3aMMOJICMCTBYET C a30THOM KH-
CJIOTOM, 00pa3yst HUTpAT aMMOHUSI:

NH3 + HNO3 = NH4NO3

IIpu B3aMMOAEHUCTBUHM METAJUIOB C KOHLIEHTPUPOBAHHOM A30THOM KH-
cnoroit (30-60 % HNOs) nponykrom BocctanoBieHuss HNO; siBisieTcst npe-
uMyniecTBeHHO okcua a3zota (IV), HezaBUCMMO OT MpUPOABI MeTalia, Ha-
npuMep:

Mg + 4HNOj(xonw.) = Mg(NOs), + 2NO, T + 2H,0

Zn + 4HNO;(xonm.) = Zn(NOs), + 2NO,T + 2H,0
Hg + 4HNOs(xonn.) = Hg(NO;), + 2NO,T + 2H,0

Merannpel nEpEMEHHONM BAJIEHTHOCTH IIPU B3aUMOJICHCTBHM C KOHIICH-
TPUPOBAHHOM a30THOM KHCIOTOM OKHUCISAIOTCS OO BBICIIEN CTEIEHH OKHUCIE-
Hud. [Ipu 3TOM Te MeTaibl, KOTOPBIE OKUCISAIOTCS 10 CTENEHU OKUCIIEHUS
+4 u BIlLIEe, 00pPa3yIOT KUCIOTHI WK OKcUIbl. Hammpumep:

Sn + 4HNOs(konm.) = H,SnO; + 4NO, T + H,O
2Sb + 10HNOj(xonm.) = Sb,Os + 10NO,T + 5H,0
Mo + 6HNO;(komm.) = H,M0O, + 6NO, T + 2H,0

B KOHIEHTpUPOBAaHHOM a30THOW KHUCJIOTE MACCUBUPYIOTCS ATFOMUHHM,
XpOM, KeJe30, HUKENb, KOOAIbT, TUTAaH U HEKOTOpbIe Ipyrue meramisl. [lo-
cie o0pabOTKM a30THOM KUCIOTOW 3TH METaulbl HE B3aUMOJCHCTBYIOT U C
OPYTUMH KACIOTAMH.
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[Ipu B3aMMOJEHCTBUU METAJIJIOB C pa30aBJICEHHOW a30THOM KHCIOTOM
MPOAYKT €€ BOCCTAHOBJIEHUSI 3aBUCUT OT BOCCTAHOBUTEJIBHBIX CBOWCTB Me-
Tajula: 4YeM aKTHBHEE METaJUl, TeM B OOJbIIEH CTEIEeHU BOCCTAHABIMBACTCS
a30THasl KUCIIOTA.

AKTHBHBIE METAJLJIbI BOCCTAHABIMBAIOT Pa30aBICHHYIO a30THYIO KUCIIO-
Ty MaKkCUMAaJIbHO, T.€. 00pa3ytoTcs coib, Boga 1 NH4NO;, Hanmpumep:

8K + 10HNO3(pa36) = 8KN03 + NH4NO3 + 3H20

MerTanmisl cpeHel aKTUBHOCTU MPHU B3aUMOJCHCTBUH C pa30aBICHHON
a30THOM KUCJIOTON 00pa3yroT coib, Boay U a30T win N,O. Yewm sieBee MeTain
B 9TOM HHTEpBasie (4eM OJmkKe K aJlOMUHHUIO), TEM BEposiTHEE 00pa3oBaHUE
a30Ta, HarnpuMep:

5Mn + 12HNO;(pas6.) = SMn(NOs), + N, T + 6H,0
4Cd + 10HNO;(pas6.) = 4Cd(NO5), + N,OT + 5H,0

ManoakThBHbIE METaJUIbI MPU B3aUMOJICUCTBUU C pa30aBICHHOMN a30T-
HOM KHCJIOTON 00pa3yroT coJib, BOAY U okcuja azoTa (I1), Hampumep:

3Cu + 8HNOj;(pas6.) = 3Cu(NOs), + 2NOT + 4H,0

Ho ypaBHeHns1 peakuuii B TaHHBIX IIPUMEpax YCIOBHBI, TaK KakK B JIEH-
CTBUTEJIBHOCTH TOJIY4aeTCA CMECh COCAVMHEHUH a30Ta, MPUYEM, YEM BBIIIE
AKTUBHOCTb METAJJIA U HW)KE KOHLEHTPALMS KHUCIOTHI, TEM HHM)KE CTEIEHb
OKHCJIEHHUS a30Ta B TOM MPOAYKTE, KOTOPOro oOpa3yercs OoJbIie IpyTrHx.

6. BzaumMoaecTBHe MEeTALJIOB € «IAPCKOM BOJAKOI)

«IJapckoil BOAKOI» HA3bIBACTCS CMECh KOHIICHTPUPOBAHHBIX a30THOM U
coJIsiHOM KUCHOT. OHAa MPUMEHSIETCS U1 OKUCJICHHS M MEPEBOJIa B PaCTBO-
PHUMOE COCTOSTHHE 30JI0Ta, TUTATHHBI M IPYTUX OJIarOpOIHBIX METAILIOB.

ConsiHasi KHCIIOTa B IIAPCKOM BOJIKE 3aTpadyuMBaeTcs Ha oOpa3oBaHHUE
KOMIIJIEKCHOT'O COEJIMHEHMSI OKUCJICHHOI0 MeTajia. M3 cpaBHEHUs MOJype-
akuwmii 29 u 30 ¢ nomypeakrusimu 31-32 (taba. 10) BugHO, uTO TipU 00pazo-
BAHUM KOMIUICKCHBIX COEJAVMHEHUN 30JI0Ta M IUIATUHBI OKHUCIUTEIHHO-
BOCCTAHOBUTEJBHBIN MOTEHIMAI YMEHBIIAETCS, YTO JIeJIaeT BO3MOKHBIM UX
OKHCJIEHHE a30THOM KHCIOTOW. YPaBHEHMS PEaKLUH 30JI0Ta U IUIATUHBI C
«IIAPCKOM BOJKOW 3aMMCHIBAIOTCS TaK:

Au + HNO; + 4HCI = H[AuCl,] + NOT + 2H,0
3Pt + 4HNO; + 18HCI = 3H,[PtCl¢] + 4NOT + 8H,0

C «1apckoil BOAKON» HE B3aUMOJICHCTBYIOT TpU MeTajia: BoJb(dpam,
HUOOUHU M TaHTal. X OKUCIIAIOT CMEChIO KOHIICHTPUPOBAHHON a30THOU KH-
CJIOTHI ¢ (PTOPOBOOPOAHOM, TaK Kak (TOPOBOAOPOIHAS KUCIOTa 0Opa3yeT
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0oJiee TPOUHBIE KOMIUICKCHBIE COCTMHEHUS, YeM COJISTHas. Y paBHEHUS peak-
MM TIPH 3TOM TAKOBBI:

W + 2HNO; + 8HF = H,[WF;] + 2NOT + 4H,0
3Nb + 5HNO; + 21HF = 3H,[NbF,] + 5NOT + 10H,0
3Ta + SHNO; + 24HF = 3H;[TaFs] + SNOT + 10H,0
B HekoTopbIx y4eOHBIX MOCOOMAX BCTpeUaeTcs APyroe OObsSCHEHUE
B3aUMOJICUCTBUS OJIATOPOJHBIX METAJUIOB C «IAPCKOW BOJKOW». CuuTaror,
gt0 B 3T0M cMecu mexny HNO; u HCI mpoucxoaut karanusupyemast 6aro-
POJHBIMM METaJJIAaMH PEaKIUs, B KOTOPOUM a30THAsi KUCIIOTA OKUCISAET COJs-
HYIO 110 YPABHEHHUIO:
HNO; + 3HCI = NOCI + 2H,0

Xnopun Hutposuia NOCI HenpoueH u paznaraercs 1o ypaBHEHHIO:

NOCI = NO + Cl(atomapHbrit)

Takum 00pa3oM, OKHUCIHUTEIEM MeTajljla SBJISIETCS aTOMapHbIA (T.€.
OUYCHb aKTHBHBIN) XJIOP B MOMEHT BblJeieHus. [loaToMy mpoaykTaMu B3au-
MOJICMCTBUS LIAPCKOM BOJKH C METallIaMH SABJISIFOTCSL COJIb (XJIOpUIT), BOJAa U
okcun azora (II):

Au + HNO; + 3HCI = AuCl; + NOT + 2H,0
3Pt + 4HNO; + 12HCI = 3PtCl, + 4NOT + 8H,0,

a4 KOMIINICKCHBIC COCAUMHCHUA O6pa3yIOTC$I IIpH MOCJICAYIOMIUX PCAKIIUAX
HCl + AuCl; = H[AuCL];  2HCI + PtCl, = H,[PtCle]

7. B3aumMoaeiicTBue MEeTAJLJIOB ¢ BOJAOM

Merauibl, pacoyIO)KEHHBIE B PsANY HANPSHKEHUN 10 BOAOPOJA, BOCCTA-
o +
HAaBJIMBAIOT BOJAOPOJ U3 PAaCTBOPOB ¢ KOHIeHTpanuend H -nonos 1 monp no-
+ -7
HOB B JuTpe. Tak kak koHueHTpauus noHoB H' B Boae cocrtasiser 10 moiib
+
MOHOB/JI, TO, BBIUUCISSA 10 ypaBHeHHI0 HepHcra motennman H -uoHoB mist
BO/JIBI, ITOJTy4aeM:
0,059
1
CnemoBatenbHO, BOJIOPOJ U3 BOJBI MOTYT BBITECHSTh METAJLIbI, PACHO-
JIOKEHHBIE B PAY HAIIPSLKEHUN JIEBEE KaIMUS — OT JIMTUS J10 JKeJle3a.

[Ipn KOMHAaTHOM TemIlepaType C AOCTATOYHOM CKOPOCTBIKO B3aUMOJICH-
CTBYIOT C BOJIOM JIMIIIb LIEJIOYHBIE U HIETOYHO3EMEIBHBIC METAJUIBL.

Pp=0+ 1gl0’=-041B
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[TopomkooOpa3Hble MarHuii ¥ aJlOMUHUNA B3aUMOJCHCTBYIOT C KHIIS-
et Bogoi. HeoOXonuMbIM yCIIOBUEM pEaKIMK SBISETCS MPEABAPUTEIBHOE
yIJICHUE OKCUIHOU MJICHKU:

MgO + H,0 = Mg(OH),
OTOT mporiecc mpoTekaeT 0e3 BbIAENEHUS Ta3a. A jaliee BojJa HEMOCPECT-
BCHHO BBaHMOﬂCﬁCTByCT C MCTAJIJIOM C BBIACIICHUCM BOAOPOJA:
Mg + 2H,0 = Mg(OH), + H, T

Bona sBnsiercst cnaObIM OKHCIUTENIEM, TTOATOMY OHA OKUCIISIET METaJLIbI
JI0 HU3IIMX CTENEHEeH OKUCICHUSI.

Yacto Habmro1aeTcs B3aMMOJIEUCTBHE C BOJIOM METAILJIOB, PACIIONI0KEH-
HBIX B psIly HampsikeHUH mpasee xene3a. OHo 00bsACHSIEeTCS TPUCYTCTBUEM B
BOJIC PAaCTBOPEHHOT'O KHCJIOPOJA, SIBISIONIETOCsS 00Jiee CHIIbHBIM OKHCIIUTE-
JeM, YEM BOJA.

8. BzanMoaeiicTBHE METAJJIOB €O HIEJI0YaAMHU

[Ilenoun SBIAIOTCS OYEHb CIAOBIMU OKHUCIUTEISIMH, TOITOMY TMPHU
B3aMMOJICHCTBUU METAJVIOB C PaCTBOpaMU IIEJIOYEH B POJIU OKUCIUTENS BbI-
CTyIaeT BOAa, MOTEHIIMA KOTOPOH B IIEJIOYHOM cpeae paBeH —0,83 B:

0,059
1

=0+ 1g10*=-0,83 B,

a IeJI0Yb SBJISIETCS CPEION WM KOMILIEKcooOpazoBareneM (Moyypeaxkius 2
B Ta01. 10). CneoBaTenbHO, C pacTBOpPaMHU IIEI0YEH PU CTAaHAAPTHON KOH-
[EHTPAIMK MOTYT B3aMMOJIeCTBOBATh aM(OTEpPHBbIE METAUIbI, 00pa3yIoIue
THIPOKCOKOMITIIEKCHI WJIM COJIH, TIOJIOOHBIE COJIIM HEMETAJUIOB, TIPH YCJIO-
BUHU, YTO TMOTEHIIUATBI COOTBETCTBYIOMINX TMOJYPEAKIIUi 0ojiee OTPHUIIATEIhb-
Hbl, ueM —0,83 B (nomypeakuuu 6, 13—19).

B3aumopeiicTBue METAJIOB CO IIEI0YaMH MOKHO BBIPa3UTh TakOW 00-
el CXEMOM:

Me + H,0 + menous = ruipoOKCOKOMIUIEKCHAs COJIb + HzT

Ponp menoun B Havasie peakuuy 3aKIIOYAETCS B TOM, YTO OHA PacTBO-
pSI€T MMOBEPXHOCTHBIN OKCHUJIHBIN €TI0 aM(OTEepHOTro MeTajljla, HalpuMep:

/n0O + HzO + 2KOH = Kz[Zl’l(OH)4]
ITocne yYAaJICHUsA OKCHJIHOHU IJIEHKH peaKkuuAa NpOTCKACT B JIBC CTAAUN:

1) Zn + 2H,0 = Zn(OH), + H,T
2) Zn(OH), + 2KOH = K,[Zn(OH),]
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Takum oOpa3om, ¢ pacTBOpaMH HIEJI0YEil B3aUMOJAECUCTBYIOT METaJLIbI,
KOTOpbIE B IIETOYHOMN cpeie 00pa3yoT THIPOKCOKOMIUIEKCHI U TTOTSHITHAIIBI
COOTBETCTBYIOIIMX MMOJTYypEeaKnil KOTOpbIX MeHble, yeM —0,83 B, a uMeHHO:

4A1+40H —3e =[AI(OH)4]; ©°=-2,33B
2Be + 60H — 4e” = [Be,(OH)6]™; ¢°=-2,63 B
Cr+40H —3e =[Cr(OH)4]; 0°=-1,27B
Ga+40H -3¢ =[Ga(OH)4]; ©¢°=-1,22B
Sn+ 40H —2¢ =[Sn(OH),]*; ¢°=-0,91 B
Hekoropsie metamisl (Fe, Ti, Re, Mn u np.) B3auMoIeHCTBYIOT CO IiIe-

JloYaMH B TMPUCYTCTBUU Oosiee cuiibHOro, yeM Boja, okuciutens (KClOs;,
KNO3, 02 u I[p)

Mn + KCIO; + 2KOH = K,MnO, + KCI + H,0
Fe + 3KNO; + 2KOH = K,FeO, + 3KNO, + H,0
4Sb + 30, + 4NaOH + 6H,0 = 4Na[Sb(OH),]
MCTaJIJIBI, CHOCO6HBI€ BSaHMOHeﬁCTBOBaTB HE TOJIBKO C KHUCJIOTaMH, HO

U CO IenoyamMu, HasbiBaloTcs amdoTepubiMu. HeamdorepHbie (TUnudHbIC)
METaJIbI CO MIEI0YaMUu HE B3aUMO/IEHCTBYIOT.

9. BzaumMopaeiicTBHE METAJJIOB C PACTBOPAMH COJIel APYTMX MEeTA/IIOB

CBou 0COOECHHOCTM HMMEIOT PEaKlMM METAJUIOB C PAacTBOPAMH COJei
npyrux metamwioB. [Ipyu m3yueHHHM Takux peakiuil He0OOXOIUMO YUUTHIBATH
BO3MOKHOCTh OKUCJIEHHUS TAHHOTO MeTaslia MPOoyKTaMH THIPOJIN3a COMH.

Hampumep, npu B3auMOAEMCTBUU LIMHKA C PACTBOPOM CyJb(aTa Meau
BO3MOYHBI CIIEAYIOIINE PEAKIINU:

— OKHCIIeHHE ITMHKAa noHamu Meau (+2): Zn + CuSO4 = Cu + ZnSO,

— OKHCIIEHUE [IMHKA CEPHOU KUCIOTOM, KOTOpast o0Opa3yeTcs pu TUaApo-
nu3e cynbdaTa MeIu:

2CuSO, + 2H,0 = (CuOH),SO,4 + H,SO4 — rupponus
/n + H,SO, = ZnSO, + HZT — OKHCJIEHHE
CymMMuUpy$ 3TH YpaBHEHHUS, MTOJTy4aeM:
27Zn + 3CuS0O, + 2H,0 = Cu + (CuOH),SO,4 + 2ZnSO,4 + H,T

IKCNEPUMEHTAIBHAS YaCTh

L]envio pabomsl ABASIETCA U3YYEHHUE BOCCTAHOBUTEIBHBIX CBOMCTB Me-
TaJUIOB, UX B3aUMOJECHCTBUS C KUCIOTAMHU, IIEI0YaMH, BOJIOW U pacTBOpaMH
COJIEMN.
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OmnpiT 1. CpaBHeHHE BOCCTAHOBHUTEJILHBIX CBOWICTB METALIIOB

B detbipe nmpobupku moMecTuTh MO 8 Kamenb pa30aBICHHON CONSHON
KHUCTIOTHI. B mepByro mpoOHpKy BHECTH KYyCOUYEK MarHusi, BO BTOPYIO — JKeJie-
3a, B TPEThIO — MEH, B UETBEPTYIO — IIUHKA. B 0TuéTe onucarh HaOMIOEeHNUS;
HaIMCaTh YPaBHEHUS pEaKIUil, OObSICHUTH, MIOYEMY B TPEThEH peaKuus He
MpoUCXoauT. B BbIBO/IE yKa3aTh, COOTBETCTBYIOT JIM OOHAPYKEHHBIE B ONBITE
CBOWCTBA U3YUYEHHBIX METAJIIIOB UX ITOJI0KEHUIO B PsIAY HAIIPSIKCHUU.

OnebiT 2. B3anMojaeiicTBue xKeJie3a
¢ pa30aBJIeHHOM M KOHIIECHTPUPOBAHHOM COJISIHOM KHCJIOTOM

B nBe mpoOupku BHecTH mo 8—10 kamenb pa30aBIeHHONW COJSHOW KH-
CJIOTHI ¥ TTO OJJTHOMY MHUKPOIITIATEII0 TIOPOITKOOOpa3HOTo xene3a. [ ycko-
pEHUSl peaKIMu MPOOMPKHU CIIErKa MOJOTPeTh. 3aTeM B MEPBOM MPOOHpKE
MIPOBECTH KAYECTBEHHYIO PEaKIMio Ha HOHBI xkene3a (11):

FeCl, + K3[Fe(CN)s] = KFe[Fe(CN)s]¥ + 2KCl,

a BO BTOpoii — Ha noHBI xkene3a (I11):
FeCl3 + 3NH4SCN = FG(SCN)3 + 3NH4C1

Ipyu Hamuuny B nepBoit mpoGupke noHoB Fe’* o6pasyercs TeMHO-CHHMIA
0CaJI0K TYpHOYIICBOH CHHH, a BO BTOPOil NPOOUPKE TPH HaTH4HH HOHOB Fe’*
— KpOBaBO-KpPaCHBI pacTBOP pOJaHUAA TPEXBAIIEHTHOTO KeJe3a (IIpU Majloi
KOHLIEHTpalluy MoHOB Fe’' HabmonaeTcs cnaboe OKpalIMBaHHe PacTBOpA).

3areM OIBIT HOBTOPUTH OT Hayajia J0 KOHLA, 3aMEHHUB Pa30aBIICHHYIO
COJISTHYIO KHCJIOTY Ha KOHIIEHTPUPOBAHHYIO.

Onwucatpe onelT. COCTaBUTh YPaBHEHMS JABYX BO3MOXKHBIX PEAKLUMN Ke-
Je3a ¢ COJIIHOM KUCIOTOM M O0BSICHUTD, Kakas U3 HUX Ooyiee BEpOsiTHA U KaK
BiusieT yBenuuenue konuentpanuu HCl Ha e€ nporexanue.

OnebiT 3. B3anMoaeiicTBHe HUHKA C BOJOH M PACTBOPOM aMMHAKA

B n1Be nmpoOHpKH BHECTH MO OJHOMY MHKPOLINATENIO IUHKOBOW MBUIH.
B nepByro npuwints 15-20 kanens BOJbI, @ BO BTOPYIO — CTOJIBKO € KOHIIEH-
TPUPOBAHHOI'O BOJHOIO pacTBopa aMmmuaka. Onucarb Habmoaenus. Mcnosb-
3ysl TOTEHIMabl monypeakiuid 3, 6, 7 (tabn. 10), OlEHUTh BO3MOXKHOCTH
MIPOTEKAHUS PEAKLIMIA:

Zn + 2H,0 = Zn(OH), + H,T
Zn + 2H,0 + 4NH; = [Zn(NH;),](OH), + 2H,T

OOBsICHUTH, KaKas peakius 1 Mo4eMy TepMOJUHAMUYECKU OoJiee BEpo-
ATHA; MIOYEeMY B IEPBOM MPOOUPKE B3aUMOICUCTBUE TIPAKTUUECKU HE UCT.
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OnrlIT 4. B3aumopaeiicTBre MeIH ¢ COJIAHONH KHUCJIOTOM
B IPUCYTCTBUM AaMMMAKA U CYJIb(HUIa HATPUSA

B nBe mpoOupKy BHECTH MO OAHOMY MUKpPOUINATENIO MOpoIIKa Meau. B
nepByro npwinTh 10 Kamenb KOHIEHTPUPOBAHHOTO PacTBOpa aMMHAaka, BO
BTOPYIO — CTOJIBKO € Karellb pacTBopa cyibduaa Hatpus. 3aTeM B 00e mpo-
Oupku npunuTh o 10 Kaneab KOHUEHTPUPOBAHHOW COJISTHOW KUCIOTHI. [[is
CpaBHEHUS B TpeThel nmpodupke npoBectu peakiuto mean ¢ HCI mpu otcyT-
CTBMU aMMHUaka Hu cyibhunaa Hatpus. Onucars Habmonenus. Ha ocHoBanuu
pe3yabpTaToB ombITa U noiypeakiuu 11 (tabn. 10) Hamucath ypaBHEHUE pe-
aKIIMH, MPOTEKAIOIIEeH B IEPBOM MTPOOHPKE.

[losiBneHne 4epHOro ocajka BO BTOPOW MPOOHPKE CBUIETEIBCTBYET O
MPOTEKAHUH PEAKIINI:

Cu + 2HCI + Na,S = CuS{ + 2NaCl + H,T
2Cu + 2HCI1 + Na,S = Cu,SY + 2NaCl + H,T

Ucnonws3ys noteHuansl noiaypeakiuuii 9 u 10 tabnuiel 10 u 3HaueHus
npomssesieHuii pactBopumocti CuS (6:107°% u Cu,S (1:107*%), 06bscHUTS,
KaKasi U3 3TUX JIBYX peakluil TepMOoJMHaMU4YecKu Oosiee BeposiTHA. B BbIBOJIE
OTpa3UTh BIUSHHUE KOMIUJIEKCOOOpa3oBaHMsl U 0Opa3oBaHUs OCajKa Ha BOC-
CTAHOBUTEJIbHBIE CBOMCTBA MEJIH.

OmeiT 5. ITaccuBanus xeJie3a
B KOHUICEHTPUPOBAHHON CEPHOM M A30THOM KHUCJIOTAX

Tpu >xene3Hbie MIACTUHKY OYUCTUTH HAXKAAUYHOW OyMaroi, mpoTpaBUTh
B KOHIICHTPUPOBAHHOM COJITHOW KHCJIOTE, IPOMBITH BOJOW W OCYIIWUTH
¢unbTpoBabHON OyMaroil. OqHy MJIACTUHKY MOTPY3UTh B IPOOUPKY C KOH-
LEHTPUPOBAHHOW Aa30THOM, a APYTYIO — C KOHLICHTPUPOBAHHON CEPHOM KH-
CIOTOM Ha 1—2 MMH; TPEThIO IIJJACTUHKY HE IIACCUBUPOBATH. 3aTE€M BCE IUIA-
CTUHKU TOTPY3UTh B pacTtBop cyiabdarta meau (II). Onucate HabmroaeHUs.
OOBSACHUTH Pa3TMYHOE OTHOIIEHUE IUIACTHHOK K pacTBopy CuSO,. Hanucatp
YpaBHEHHE PEaKIMK HENTAaCCUBUPOBAHHOTO Xkene3a ¢ cyiabpaTom meau (II).

B BwIBOze chopmynupoBaTh BiIMsHHE OOpabOTKH B KOHIIEHTPUPOBAH-
HBIX a30THOM M CEPHOM KHMCJIOTaX Ha BOCCTAHOBUTEJIBHBIEC CBOWCTBA XKeEJE3a U
yKa3aTh NPAaKTUYECKOE 3HAUEHHUE 3TOTO SBJICHHUS.

OneIT 6. B3anumoaeiicTBre METAJLJIOB CO IIEJI0YaMU

HeGonpme xonuuecTBa aTlOMHHMS, IMHKA ¥ MEIA MOMECTUTh B TPHU
poOUpKK 1 100aBUTH B HUX MO 10 Kamenb KOHIICHTPUPOBAHHOTO PAacTBOpa
rupokcuaa Hatpus. OnucaTh HaOMOAeHHS. VICTIONB3ys MOTEHITHAIBI TTOTY-
peakiuit 5, 7, 12, 13 u 15 (ta6a. 10), 00BsACHUTH, TOYEMY ME/b HE B3aHMO-

122

YUYEEHO-METOAOAVYECKW 3AKPbITb
OOKYMEHT

X




= 104

(]
SS2/9  MHCTAHUHOHHOO
OGPA3OBAHHA

H

é:*a\ HHCTHTVT

A

JICUCTBYET, a AIIOMUHUN U LIMHK B3aUMOJICHCTBYIOT ¢ pactBopoM NaOH; Ha-
MACATh YPABHEHUS PEAKIIUM.

Hanucares Takxe ypaBHEHHs] peaklLMi allOMUHUS U LIMHKA C pacIUIaB-
JICHHBIM TUAPOKCHUJIOM HATPU.

B BeIBOAE chopMynupoBaTh OTIMYUTEIBHBIE NPHU3HAKH METAJLIOB,
B3aMMOJECHUCTBYIOINX CO IIEJIOYAMH, U YKa3aTb, YEM OTIMYAIOTCSA PEAKLUUU
TAKAX METAJUIOB C PACTBOPAMU U PACIUIABAMU LIETOYEH.

OnbiT 7. B3anMoaeicTBHE METAIIOB C PACTBOPaMHM coJieil

1. Bzaumooeticmeue yunka ¢ pacmeopom cyrvgama meou (Il). Tlomec-
TUTh B MPOOUPKY KycoueK IIMHKa U mpuiuTh 8—10 kamenb pacTBopa cyibda-
ta Mmeau (II). Onucate Habmoaenusi. CocTaBuTh ypaBHEHHUE PEAKIIUH.

2. Bzaumooeticmsue anomunus ¢ pacmeopom kapoonama wnampus. Ilo-
MECTUTh B MPOOMPKY KyCOUEK aJlOMHHMS U NPWIUTh 6 Kaleilb pacTBopa
Na,CO;. IIpoOupky HarpeTh. Onucath HaOM0AeHUS. VICX0 U3 MOJ0XKEHUS
METAJJIOB B POy HANPSOKEHUH, OLICHUTh BO3MOXKHOCTh B3aMMOJICUCTBUSA
IFOMUHUS HETIOCPEJICTBEHHO C PACTBOPOM KapOOHATa HATPHUSL:

Al + N32C03 =

Hanucate ypaBHeHHE rUpoin3a KapOoHaTa HATPUs B MOJICKYJIIPHOM U
nOoHHOM BHJie. OOBACHUTD, C KAKUM U3 MPOTYKTOB TUPOJIM3a B3aUMOICHUCT-
ByET AJIIOMUHUI, U HANIUCATh ypaBHEHUE 3TOU peakuuu. CocTaBUTh CymMMap-
HOE YpaBHEHUE PEaKIUU U YKa3aTh B HEM OKUCIUTENIb U BOCCTAHOBUTEIb.

B BbIBOsIE 1O ombiTaM 1 U 2 yKa3aTh Ha OCOOCHHOCTb B3aMMOJICHCTBHUSI
METAJUIOB C paCTBOPaMH COJIEH.

KonTpoaupyommue 3axanus

1. Kakue meranibl, U3 NpeAJIOKEHHBIX B MEPEUYHE, B3aUMOJICUCTBYIOT C
BOJI0M mipu 0ObIYHBIX yeioBusix: Ni, Na, Mg, Fe, Cu, Ca?

2. IlokaxuTe C MOMOUIBIO YPaBHEHUI pEaKUUMHd MEXaHW3M B3aUMOJCH-
CTBUSI AJIOMHUHUSI C PAaCTBOPOM WIEIOYH, YUUTHIBAsL, YTO €r0 IOBEPXHOCTH
MOKPBITA OKCUIHOM IUIEHKOM.

3. Hanuinte HECKOJIBKO YPAaBHEHUH B3aMMOJICHCTBUS IMHKA C a30THOM
kucnoToi. [IpoTekanne KakoW peakiuy HanOoJiee BEPOSTHO MPHU CTaHIAApPT-
HBIX YCIOBUAX? YpaBHINTE €€ METOJIOM MOIYpPEaKIU.

4. Haubonee CHUIBHBIM OKHCISIONIMM BO3JCUCTBHEM 00JIalaeT CMECh
JIBYX KHCTIOT — a30THOU W (TOpOBOAOPOAHON. Hamuimure ypaBHEHUE peak-
IIUY B3aMMOJICUCTBHSI BOJIb(PpaMa ¢ 3TON CMECHIO.

5. [IpuBenute hopMyIbl COeTUHEHNH, UMEIOIINX HA3BaHUS: TypHOYJIeBa
CUHb, OEpJIMHCKAsI J1a3ypb, poaanu xenesa (I11).

6. Kakoe siBieHre Ha3bIBAETCA MacCUBALMEN MeTaia?
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Pa6ora 20. KOMIIVIEKCHBIE COEIUHEHU S

KoMIiekCHBIMIA Ha3BIBAIOTCSl TaAKWE COCIMHEHHUS, B y3jaX KPUCTAJUIH-
YECKUX PEIICTOK KOTOPBIX HAXOMITCS KOMIUICKCHBIC HOHBI, YCTOHYMBBIC KaK
B TBEPJIOM COCTOSTHUH, TaK U B PaCTBOPax.

KoMriiekcHbIMU MOHaMU Ha3bIBAETCSl CIOXKHBIE MOHBI, B COCTaB KOTO-
PBIX BXOJSAT KaTUOHBI WJIM aTOMbI METAJNIOB, CBSA3aHHBIE C HECKOJIBKUMU T10-
JSPHBIMU MOJIEKYJIAMH MJIM aHUOHAMMU.

PaccMOTpUM THTTMYHBIN COCTaB KOMILJICKCHBIX COCIMHCHUN HAa TIPHMEpE
[Cu(NH;),]SOs. Yactunma [Cu(NH;)s]*" Ha3bIBaCTCS KOMMIEKCHIM UOHOM
(IpyrHe Ha3BaHHS: KOMIUIEKC, BHyTpeHHss cdepa), a SO, — snewneii ce-
poii. Katnon Cu®’ B KOMIUIEKCe HA3BIBACTCS KOMAMIEKCOOOpa30oeamenem, a
Mouiekysibl NHj3 — aueanoamu. Yucno nuranoB, paBHOE B 3TOM COEIUHEHUU
YEeThIPEM, HA3bIBACTCS KOOPOUHAYUOHHBIM YUCIOM KOMILIEKCO0Opa3oBaTels.

KomrmekcoobpazoBarensiMu SBISFOTCS TJIaBHBIM 00pa30M KaTHOHBI Me-
TaJUJIOB, a IMranjgaMu — noJisspusie MoJiekyibl (NH;, H,O) uiu anuoHs! — Ku-

cnotusie octatku (F, CI', Br, I, CN', NO,, SCN), a Takxke TUIpOKCHUI-

non OH . KoopiMHAIMOHHOE YHCIIO Yallle BCETO PaBHO 6, 4 i 2.

ITo 3apsay KOMILIEKca ATH COCIMHEHHS ITOJpa3NIesIIOTCS Ha KaTHOH-
Heie, Hanpumep [Zn(H,0)4]Cl,, annonnsie — K3[Co(CN)g], aBoiiHbie (KaTH-
on-annoHHBIC) — [Ni(NH3)6]o[Fe(CN)g] u mewtrpansabie — [Pt(NH;),Cly].

[To Buy MUTaHAOB KOMILJIEKCHBIE COCTMHEHUS MOAPA3ICTSIOTCS TaK:

1) akBaKOMIUJICKCHBIE, JIMTAHAAMH SIBJISIOTCS MOJICKYJIBI BOJIBI, HAMPHU-
MCp [CI’(HzO)6]Cl3,

2) aMMHHOKOMIUIEKCHBIC, JIMTAHIaMHU SBJSIOTCS Mojekynsl NH;, Ha-
npumep [Cd(NH;)s](NO3);

3) rUAPOKCOKOMILIEKCHBIC, TUTanaaMu sBistores OH -noHsl, HampuMep
Na;[AI(OH)g];

4) anMI0KOMIUICKCHBIC, JTUTaHAaMU SIBJISIOTCS KUCIOTHBIC OCTAaTKH, Ha-
npumep Ky[FeClg];

5) cMemaHHbIe, JIMTaHIaMH SBIISIIOTCS Pa3IudHbIC YaCTHUIIbI, HAIPUMEP
[Pt(NH3)2(H20)2Br2]SO4.

IIpu pacTBOpeHHH KOMILIEKCHBIC COCAMHEHUS (KpOME HEWTpaIbHBIX)
JTUCCOTIMUPYIOT Ha KOMIUIEKCHBIC MOHBI ¥ MOHBI BHEIITHEH c(ephr:

Ks[Fe(CN)g] = 3K + [Fe(CN)s]*

KomruiekcHple HOHBI B pacTBOpax JIHUCCOLUMPYIOT HE3HAYUTEIBHO.
KoncranTe! ux qucconuaruu (K,) Ha3pIBaIOTCS KOHCMAaHmMamu HecmouKoCmu:

— [Fe3+]'[CN_]6 —10™
" [[Fe(CN),1"]

[Fe(CN)s]* S Fe’" + 6CN; K
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Homenkiiatypa KOMIUIEKCHBIX COEIMHEHUN U3YYAETCS HA IPAKTUYECKUX
3aHATUAX. HanmoMHUM €€ ¢ MOMOIIbI0 PUMEPOB:

[Zn(NH3)4](OH), — runpokcua TeTpaaMMUHIIMHKA,

K;[Fe(CN)g] — rexcanmanodeppar (111) xamus,

[N1(NH;),][PtCl¢] — rekcaxmoporutatunar (IV) rerpaammunnaukens (11),
[PdCl,(H,0)4] — TeTpaakBaguxioponaiaui.

3KCHepI/IMeHTaJ'II)Haﬂ acCTb

Lenvio pabomwl SIBASETCS SKCIEPUMEHTAILHOE O3HAKOMIICHHE C METO-
JTaMH TIOJTy4YE€HUSI KOMIUIEKCHBIX COCIMHEHUM, a4 TAKXKE U3YUYCHUE UX CBOMCTB.

Omnpit 1. ITosryyeHue coeTUHEHHUS ¢ KOMILUIEKCHBIM AHMOHOM

B npoOupky BHecTn 3—5 kamnens pactBopa Hutpata prytH (II) u nobdas-
JSTH MO KaIlIsiM PacTBOp WOAMIA Kallks IO TMOJIHOTO pacTBOpeHHs oOpaszo-
BaBIIerocsi BHavasie ocaaka noauaa prytu (II).

Hamnucatp ypaBHeHMs peakluii: a) MOJIy4eHUs] HEPACTBOPUMOTro Hoaua
prytu (II); 6) B3aumoneicTBusa Woauaa prytu (I1I) ¢ moaumom kanus ¢ mosry-
YEeHUEM KOMIUIEKCHOTO COEJIMHEHHMs, B KOTOPOM KOOPJMHALMOHHOE YHCIIO
KoMIuIeKcooOpa3oBaTenss paBHO 4. HammcaTb cXeMbl 3JIEKTPOIUTHUYECKON
JMCCOLMAIIUH TTOTY4YEeHHOTO KOMIUIEKCHOTO COEAMHEHUs, HAallCcaTh BbIpaxe-
HUE JIJIs1 KOHCTaHThl HECTOMKOCTH KOMILIEKCa.

Omnpit 2. ITosryyeHue coeTUHEHUS ¢ KOMIIEKCHBIM KATHOHOM

K 5-6 xamnsm pactBopa cynbdara meau (II) nodasmsate 25%-i pactBop
aMMHaKa J10 MOJIHOIO PacTBOPEHHUs 00pa3yIoIIerocss BHaYale 0cajika Tuapo-
keuna menu (I1). B otu€re onucare onbit. Hanucars: 1) ypaBHeHUs: peakuui,
IPUBOJAIIMX K 00pa3oBaHuIo ocaaka rugpokcuna meau (II) nu kommiekcHoro
COEIMHEHMSI C KOOPJAMHAIMOHHBIM YHUCJIOM KOMILIEKCOOOpa3oBaTess, paB-
HbIM 4; 2) ypaBHEHHE AJIEKTPOJIUTUUECKON JUCCOLMALMN BCETO COCAMHEHUS
U KOMIUIEKCHOTO MOHA; 3) BbIpaXXEHHE JUIsl KOHCTAHThl HECTOMKOCTH KOM-
IUIEKCA.

Omnpit 3. IlosryyeHue IBOWHOT0 KOMILJIEKCHOTO COeIMHEHUSA

JIBOMHBIMU Ha3bIBAIOTCA TAKHE KOMIUIEKCHBIE COCIMHEHUS, B KOTOPBIX
KOMILIEKCAMU SIBJISIFOTCS] U KATUOH, U AaHUOH.

JIJist moJTy4eHus: OJJHOTO U3 TaKUX COCIMHEHUI B IPOOUPKY BHECTH 3—5
Karenb PacTBOpa KEITOM KPOBSHOW COJIM — pacTBOpa TekcammaHodeppara
(IT) xamms K4[Fe(CN)g] u 5—6 xanenb pactBopa cyibdara aukens (II). K mo-
nydeHHoMy ocaaky rekcanuanodeppara (II) aukens (II) Nip[Fe(CN)g] moba-
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BUTH 25%-1 pacTBOp aMMHaka A0 MOJHOTO pacTBOpeHus: ocaaka. OgHoBpe-
MEHHO HabJt01aTh 00pa3oBaHue OJIETHO-TUIOBBIX KPUCTAIIIOB KOMITJIEKCHOM
COJIN [NI(NH3)6]2[FC(CN)6]

B onucanum omnbiTa MpUBECTH YpaBHEHUsI peakiinii 00pa3oBaHMs rekca-
nmanodeppara (I11) aukens (I1) u B3aumoelicTBrE €ro ¢ aMMHUAaKOM W Ha3Ba-
HUE TIOJYYCHHOW KOMIUIEKCHON coiu. OmpenenuTth 3apsibl KOMIUIEKCHBIX
HMOHOB M KOMILIEKCOOOpa3oBaTels.

OnbiT 4. MoHOOOMEHHBIE peaKINu
€ yyacTHeM KOMILJIEKCHBIX COeIMHeHul

B onny nmpoOupky BHecTu 4-5 kamnenb pactBopa cyibdara meau (II), B
JPYTYIO — CTOJIBKO ke Kanenb xjopuaa sxenesa (I11). B o6e npobupku BHECTH
no 2-3 xammu pactBopa Ky[Fe(CN)s]. B pesynbrate HOHOOOMEHHBIX peak-
Ui B 00enx mpoOupKax 0Opa3yrOTCs HOBBbIE KOMIUICKCHBIE COSAMHEHUS: B
nepBoit Cuy[Fe(CN)g]; Bo BTOpOoit — manopactBopuMbiit KFe[Fe(CN)g]. Bto-
poe CoeTMHEHNE HAa3bIBAIOT OEPINHCKOM J1a3ypbio.

B otuére onucate onbIT U HaOMOAeHU. Hamcath ypaBHEHHS peakiiuii
¥ HOMEHKJIATypHbIC Ha3BaHMSI TIOJTYUYCHHBIX COSIMHEHUM.

OmnpIT 5. OKHCJIHUTEIbHO-BOCCTAHOBHUTEIbLHAN peaKkuus
C y4aCTueM KOMIIJICKCHOI'0 COCIMHCHUS

K 4-5 xaruisim pacTBOpa nepMaHraHara Kajaus JI00aBUTh ISl CO3JaHUS
KHUCJION cpelibl 5—6 Karelib CepHOU KHUCIIOTHI, a 3aTeM IIPUOABIIATh MO KaIlJIsIM
pactBop xenrorr kpoBsiHOM coimu Ky[Fe(CN)y], oGnamaromield BOCCTaHOBH-
TeJIbHBIMU cBoMcTBaMu. Habmonats obeciiBedynBanme pacTBOpA.

B otuére ommcarh onbiT 1 HaOMOAeHUS. Hanucath ypaBHEHUE OKHCIIN-
TEJIbHO-BOCCTAHOBUTEJILHON pEakIluy, B KOTOpOM Maprasel] (+7) B cOoCTaBe
MepMaHraHara Kajivs BOCCTaHaBJIMBAETCA J0 Maprasia (+2), a xene3o (+2) B
COCTaBe KOMIUICKCHOTO COCIMHEHHUS OKHCIIIEeTCS JI0 Jkene3a (+3) ¢ oOpaso-
BaHUEM HOBOTO (KaKOro?) KOMILJIEKCHOTO COSIMHEHUS.

OneiT 6. UccienoBanue NpO4YHOCTH KOMILIEKCHBIX HOHOB

B nByx mpoOupkax moiayyuTh OCaJIKU XJIOpHUAa cepedpa myTeM B3auMo-
JICHCTBUSL pacTBOPOB HUTpaTa cepebpa u xyopuaa Hatpus (kamus). B onny
npoOupKy n00aBUTh 25%-i pacTBOp aMMHaka, a B JIpyTryl0 — pacTBOP THO-
cynb(dara Harpusa Na,S,0; 10 pacTBopeHus ocaakoB. PacTBopenue ocankos
CBUICTEILCTBYET 00 00pa30BaHUM KOMILJICKCHBIX COETUHEHUI.

B 06e npobupku nobdaButh mo 2 xarau pactBopa KI u cierka BcTpsix-
HyTh UX. Bemmagenue ocaaka Agl B oHOM K3 mpoOMPOK yKa3bIBaeT Ha He-
IPOYHOCTHh KOMIUIEKCHOTO MOHA B IMOJYYEHHOM KOMIUJIEKCHOM COEIMHEHHH.
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B otuére Hanucarb: 1) ypaBHeHHs peakuuid Xjopuja cepedpa ¢ aMMua-
KOM M THOCYJb(haToM HaTpus (00pa3yroTcs KOMILJIEKCHBIE COSTUHEHUS C KO-
OpJIMHAIMOHHBIM YHCIIOM, PABHBIM JBYM); 2) Ha3BaHUA KOMIUIEKCHBIX CO-
€AUHEHU; 2) CXEMbI 3JIEKTPOJUTUYECKON AMCCOLMAIUNA KOMIUIEKCHBIX CO-
€AMHEHUN U BBIPAKEHUS JJISI KOHCTAHT HECTOMKOCTH KOMIUIEKCHBIX MOHOB.

JUIs Kakoro KOMIUIEKCHOTO MOHA KOHCTAHTA HECTOMKOCTH OOJIbLIE, Ka-
KOW KOMIUIEKCHBIN HOH npouyHee? Ha nmprucyTcTBUE KakKMX MOHOB B pacTBOpE
KOMILUIEKCHOM COJIM YKa3bIBaeT MOSIBIEHUE Ocajika oauaa cepedpa?

KonTpoaupyommue 3axanus

1. Ha3oBuTE OCHOBHBIE COCTaBHbBIE YAaCTH JAHHBIX KOMIUIEKCHBIX COEIH-
HEHUH, IPUBEAUTE UX Ha3BaHUS, KIACCUDUIMPYHTE MO TPEM-UETHIPEM TPHU-

sHakaMm: [Ag(NHj;),]Cl, [Cr(CO)g].
2. Hanmummre dhopmyiy rekcanmanodeppata (II) nukens (11).

3. Jns kommnekcHoro coeaunenus K;[Al(OH)q] nanummTe ypaBHeHUs
NEPBUYHON M BTOPUYHOMN TUCCOLMALINY, BBIPAKEHNE KOHCTAHTBI HECTOMKOCTH.

4. KoHCTaHTBl HECTOMKOCTH KOMILJIEKCHBIX HOHOB PaBHBbI:

[Co(CN),]* K,=810"
[CA(CN),]* K,=110"
[Zn(CN),]* K,=210"

B pactBope kakoro BemiecTBa KoHieHTpaiusa noHoB CN™ HauOombIas?

5. Hanummure ypaBHEHHE pEaKIUU MOTYUYCHUS XJIOPU Ir'eKca aMUH HU-
keist (II) B3aumopeiicterem xnopuaa Hukens (I1I) ¢ pactBopom ammuaka.

Pa6ora 21. KAUECTBEHHBIE PEAKIINN

OIHO U3 BaXXHEHIINX NPUMEHEHU XUMUM — aHAJIU3 BEIIECTB. XUMUYE-
CKHMIl aHajau3 MOAPA3IEISIETCS HAa KAaUECTBEHHBIM M KOJWYECTBEHHBIN. Kaue-
CTBEHHBIM AHAJIM30M IMPOU3BOIAUTCS HACHTU(PHUKALIUS BEIIeCTBA U yCTaHaB-
JIMBAETCS HAJIMYME B HEM TE€X WIM UHBIX npumeceid. KonndyecTBEeHHbBIM aHa-
JIM30M YCTAaHABIIMBACTCS COJIEPKaHUE OCHOBHOIO BEllleCTBA U npumecent. Ka-
YECTBEHHBIM aHAJIU3 OTBEYAET HA BOIPOC «UTO?» (MPUCYTCTBYET B BEUIECT-
B€), 8 KOJIMYECTBEHHBIN — HAa BOMPOC «CKOJIBKO?».

KadecTBeHHBIN aHAN3 HEOPTAHMYECKOW BEIIECTB OCHOBAH Ha OOHApPY-
JKEHUU B PAaCTBOPAX ATUX BEIIECTB KATUOHOB U aHHMOHOB C MOMOIIBIO XapaK-
TEPHBIX KAYECTBEHHBIX peakuuii. XapaKTEPHOM HA3bIBAIOT PEAKIUIO, COIPO-
BOK/JIAIOIIYIOCS. U3BMEHEHUEM OKPACKH, BBINAJEHUEM OCAJKa, PACTBOPEHUEM
OCaJiKa WM BBIJICJICHUEM Ta3a. XapaKTepHasi KaueCTBEHHAs PEaKIUs ABJISCT-
Csl celeKmugHou, T.€. C €€ TIOMOILIBIO JAaHHBII 3JIEMEHT OOHapy>KUBaeTCs B
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MPUCYTCTBUM MHOTHX JIPYTHX 3JIEMEHTOB. BaKHOUW XapaKTepHUCTHKON Kaye-
CTBCHHOW pEaKUHH SBISETCS €€ YY8CMEUmMeNbHOCMb. YyBCTBUTEIBHOCTD
BBIPAYKAECTCS HAMMEHBIIEH KOHIIEHTPALMEN pacTBOpPa, IPU KOTOPOU JAaHHBIN
AJIIEMEHT elle MOXKET OBITh YBEPEHHO OOHapy>kKeH 0e3 MpeaBapuTebHONW 00-
pabOTKH pacTBOpA C MEBI0 YBETUYCHUS €r0 KOHIICHTPAIUH.

IKCNEPUMEHTAIBHAS YaCTh

Lenvio pabomul SBISIETCS TPOBEICHUE XAPAKTEPHBIX pEaKIMil Ha Ka-
TUOHBI U QHUOHBI U O3HAKOMJICHUE C BHEIIHUMH MPOSIBICHUSMHU KauyeCTBEH-
HBIX PEAKIUU.

OnpiT 1. KayecTBeHHBIE peakuiu HA KATHOHBI cepedpa

+
Jlsist oOHapy>KeHUs KaTUOHOB Ag HCIOJIb3YIOTCSl €r0 PEAKIUU C XpOMa-
TOM KaJus, eJI0YaMH U FaJIOreHUAaMH IIEeTOYHbIX METAJIJIOB.

1. Xpomat kanus oOpasyeT ¢ MOHAMM Ag KHUPIHYHO-KPACHBIH ocagok

xpomara cepedpa Ag,CrOy:
2AgNO; + K,CrO, = Ag,CrO4 + 2KNO;,

KOTOPBIN PacTBOPSIETCS B @30THOM KHUCIIOTE U pacTBOPE aMMMaKa, HO HE pac-
TBOPSIETCS. B YKCYCHOM KHUCIOTE.

2. gnoun (NaOH unu KOH) o6pasytor ¢ nonamu Ag' ocagox AgOH,
pasznararomiuiics ¢ oopazoBanueM okcuja cepedpa (I) Oyporo msera:

2AgNO; + 2NaOH = Ag,04 + 2NaNO; + H,0

3. PacTBOpHI TaJOT€HUOB METAIIOB 00PAa3ylOT ¢ MOHAMH Ag Oemblif
TBOPOKUCTBIM OCAJOK XJIOpHJA, OJICTHO-3CICHBIM — OpOMHUIa U JKEITHIH —
Homuaa cepebdpa:

AgNO; + NaCl = AgCHN + NaNO;
AgNO; + NaBr = AgBr{ + NaNO;
AgNO; + KI = Agl{ + KNO;

Ocanok xJyopuaa cepedpa XOpoIIo pacTBOPSETCS B paCTBOPE aMMHUAKaA C
00pa30BaHUEM KOMILJIEKCHOTO COSAMHEHUS:

AgCl + 2NH4OH = [Ag(NH;),]Cl + 2H,0

bpomun cepedpa pactBopsiercs B NH,OH wactuuno, a ioaua cepedpa mpak-
TUYECKU HEPACTBOPUM.

IIpoBecTu BCce yKa3aHHBIE peaKlMU, HAIIUCATh UX YPAaBHEHHS U yKa3aTh
MIPU3HAKH, 10 KOTOPHIM 0OHAPYKUBAIOTCA KaTHOHBI cepedpa. Craenarh BBIBOJ
0 TOM, Kakasi U3 peakluii ABisgeTcss Hanbosee YyBCTBUTEIBLHOM.
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OnpiT 2. KayecTBeHHBbIE PeaKIUM HA KATHOHBI PTYTH

1. lenoun o6pa3yroT ¢ comsmu prytu (II) xenterit ocamox HgO, tak
KaK 00pasyromuiicst 1o HOHOOOMeHHOU peakiuu ruapokcun prytu (1) Heyc-

TOWYUB:
Hg(NO;), + 2NaOH = Hg(OH), + 2NaNOs;

Hg(OH), = HgOY + H,0

2. Vonun xamust obpasyer ¢ nonamu Hg®' opamkeBo-KpacHbI 0CamoK
omuna prytu (II), koTOpeIil B M30BITKE peakTUBa pacTBOpsETCs, 00pa3ys B
pacTBOpe O€CLBETHOE YCTOMYMBOE KOMIUIEKCHOE COEIMHEHHE TEeTPailoio-
ruapaprupat (I1) kamus:

Hg(NO;), + 2KI = Hgl,J + 2KNO;
Hgl, + 2KI = K,[Hgl,]
[IpoBecTu peakiuu, ykazaTh IPU3HAKKA OOHAPYKEHUS] KATHOHOB ng+ 51

CeNaTh BBIBOJI O TOM, KaKasl U3 ATUX PEaKIMil SABJISICTCS 00Jiee YyBCTBUTEIIb-
HOM.

Omnpit 3. KayecTBeHHBbIE peaKIMi HA KATHOHBI CBUHIIA

1. Moaun xamust o6pasyer ¢ nonamu Pb” ocagok #omauma cumma (1)
JKEJTOro LIBETA:
Pb(NO3), + 2KI = PbL,J + 2KNO;

K nmonmydeHHOMY Ocanky mpuOaBUTh 4—5 Kareiah BOABI U CTOJIBKO ke Ka-
neib 2 H. YKCYCHOM KHCIIOTBI U HarpeTh. [Ipu 3ToM ocafok pactBopsieTcs, HO
P OXJAXKIEHUHU (ITOTPY>KEHUH TPOOUPKHU B XOJIOJHYIO BOJY) HOAMI CBUHIIA
(IT) cHoBa nosiBisieTcst B BUAE OJECTAIIMX 30JOTUCTBIX KPUCTAILIIOB.

Orta cremuduaeckas st Pb>" peakuust sBIseTcs OJHON M3 Hambosee
KPACUBBIX PEAKLUN B AaHAUIUTUYECKON XUMHUH.

2. XpoMar u Iuxpomar Kajius 00pa3yloT ¢ KaTHOHAMHU Pb*" OJIMH U TOT
*e ocanok — xpomat cBuHIa (I1) xentoro 1Bera:
Pb(NO3), + K,CrO, = PbCrO4 + 2KNO;
Pb(NOs), + K»Cr,07 + H,O = PbCrO4d + 2HNO;
Ocaziok pacTBopseTcsl B pacTBOpax Iejo4eii, B pacCTBOPE aMMHUAKa U B

s 2
YKCYCHOH KHCIIOTe. DTa peakiys Ha HOHBI Pb”" aBnsterca Haubomee uyBCTBH-
TEJIbHOM.

2+
3. CepHas KHUCJIOTa M PacTBOPUMBIE Cyib(aThl ocaxaaroT MoH Pb™ B
BUJIe Oenoro ocaaka cynbdara ceunma (II):

Pb>" + SO2 =PbSO{
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Ocaiok pacTBOPUM MPU HATPEBAHUM B paCcTBOPAX INEJIOUYCH, BCICACTBHE
oOpa3oBanus terparuapokcoriomoaros (II):

PbSO4 + 4NaOH = Naz[Pb(OH)4] =+ NﬂzSO4

OnpiT 4. KayecTBeHHBbIE peaKIMU HA KATHOHBI 0apus

2+ o
Huxpomar kamua K,Cr,O; obpa3yer ¢ nonamu Ba™ xentslii ocagok
BaCrO,4, a vHe BaCr,O;, kak MOXXHO ObUIO OBI OkHMAaTh. OOBICHIETCA DTO
TEM, YTO B PACTBOPE JUXpoMara Kaiaus umerorcs uoubl CrO; , KOTopsle 00-

o 2- o
Pa3yrOTCA B pE3YyJabTATC B3AUMOACHUCTBHUA NOHOB CI'207 C BOAOH I10 06paTI/I-

MOM pEaKIUu:
Cr, 07 + H,0 52CrOY +2H"

2—
KOHHQHTpaIII/ISI HOHOB CI'()4 HCBCJIMKA, HO BCC KC A0CTATOYHA IJISA TO-

ro, 4ToObl 0OpazoBaincsa ocanok BaCrO,, npousBeneHne pacCTBOPUMOCTH KO-
TOpPOr0 HAMHOTO MEHbIIIE, YeM IPOU3BEJICHUE PACTBOPUMOCTH IUXpOMaTa
Oapusi:
2+ 2- __ \L
2Ba” +2CrO; =2BaCrO,

[Ipu cnoxenun o0OMX ypaBHEHUU MOIYy4arOT 0OIlee ypaBHEHUE 3TOU
cnenupuYecKor peakuuu:

2Ba’’ + Cr,02 + H,0 = 2BaCrO4l + 2H'
2BaCl, + K,Cr,0; + H,0 = 2BaCrO4{ + 2KCl + 2HCI

Ocanok xpomara 6apusi paCTBOPUM B CUIIBHBIX KHcIOTax. CHIIbHAs KU-
cinora HCl oGpasyercs nipu camoil peakiiuu, O3TOMY IOJIHOTO OCaXJIEHUS
BaCrO, ve mpoucxoautr. Ho eciu Kk MCXOIHOMY pacTBOpY xjopuaa Oapus
npuOaBUTh M3OBITOK aleraTa HaTpHsl, TO COJISIHas KUCIOTa OyJeT B3auMO-
JIEUCTBOBaTh C HUM C O0Opa3oBaHUEM CJa0OM yKCYCHOM KHUCIOTHI
(CH3COONa + HCI = CH3;COOH + Nac(Cl), B koropoit BaCrO, HepacTBoO-
puM. Jlns mpoBeneHHsI ONMbITa BHECTH B MPOOMPKY 2—3 Kaljid pacTBOpa
BaCl,, no6aButh 5—6 kamenb pacTBOpa arerara HaTpus U T00ABIISTH PACTBOP
TuXpomara Kanusi, Habronast o0pa3zoBaHue KEJITOro 0cajka XpomaTa b6apus.

Honsr Ca*" 1 Sr*" ¢ ZUXpOMaToM Kaius 0CaIKoB He 00pasyloT u oOHa-
pYXKEHHUIO 6apus HE MEIIAIOT, TO3TOMY PACCMOTPEHHAs pPeaKlUs MPUMEHSET-
Cs He TONBKO JIIsl OTKPHITHS HOHOB Ba”™', HO M JUIA OT/IENICHNS UX OT HOHOB
KaJIbIUS U CTPOHILIUA.

Ocanox BaCrO4 obpa3zyeTcst Takxke MpU JIEUCTBUU HA PACTBOPHI COJieH
0apusa xpomarom kanus K,CrO, (mpoBenute peakuuto). Ho xpomar kanus
o6pasyeT TaKoif e skenThiit ocaxok SrCrO4 ¢ HoHaMu Sr°', TOITOMY JaHHAS
peaKIus y)Ke He SIBIACTCS CIEIU(PUICCKON.
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OmnpiT 5. KayecTBeHHbIE peaKkIuU HA KATHOHBI JKeJie3a

2+ 3+

XKeneso B Buae katuoHoB Fe” u Fe' mOCTOSIHHO MPUCYTCTBYET B IPYH-
TOBBIX Bojiax 3amamanou Cubupu. /s oOHapyKeHHs TUX KaTHOHOB UCIIOJIb-
3y€eTCsl HECKOJIbKO BBICOKOUYBCTBUTEIbHBIX PEAKIIMIA.

a) OGHapy:xenne nonos Fe’*

1. émoun NaOH u KOH, a Taxxe ruapokcun ammonnss NH,OH o6pa-
3yIOT C HOHAMU Fe*" 3eneHslii ocamox ruapokcuaa xenesza (II). Ocagok pac-
TBOPUM TOJILKO B KHCIIOTaX, Tak kak Fe(OH), obnagaeT mpenmyIiiecTBeHHO
OCHOBHBIMHU CcBoWcTBamu. [Ipy nmepeMemmBaHuM CTEKIISIHHOM MAJIOYKOU 3€-
JICHBIA OCAIOK CTAHOBUTCS OyPHIM BCJIEACTBUE OKHUCICHUS KUCIOPOIOM BO3-
nyxa 1o Fe(OH)s.

Xoo onvima. Heckonbko MHUKPOKPHUCTAIUTMKOB cynbdarta xeme3a (1)
i conu Mopa (NHy),Fe(SO,4),-6H,0 pactBoputh B 20 Karuisix BOJbI U pas-
JIEJTUTh PACTBOP Ha JIBE€ MPUMEPHO PaBHBIC YacCTH, OTJIMB IMOJOBUHY BO BTO-
pyI0 NpoOUPKY ISl MPOBEACHUS CIEAYIOIIEero onbiTa. B mepByto npoOupky
n00aBUTh 2—3 Karid pacTBOpa IIEIOYH WK THAPOKcUAa ammoHus. O6pa3y-
eTcsl HepacTBOpUMBIN ruapokcun xenesa (I1) cerno-zenenoro museta. [lepe-
MEIIIaTh PACTBOP CTEKJISTHHOM MAJIOYKOM. UTO MPOUCXOUT C OCATKOM?

B oTtuere Hanmmcarh ypaBHEHUs peakluil 0Opa30BaHUS THIPOKCHUIA JKe-
ne3a (I1) u ero okuciaeHUs: KUCIOPOAOM MPU YUACTUU BOBI.

+ )
2. Texcarmanodeppar (I11) kanus o6pasyer ¢ nonom Fe*™ cunmuit ocamox
KOMITJIEKCHOTO COSMHEHUS — «TYPHOYJICBOW CHHIY:

FeSO, + K5[Fe(CN)s] = KFe[Fe(CN)s ]V + K>SO,
Ota peakius — HaubOosiee YyBCTBUTEIbHAsT Ha WOHBI xene3a (II). Ona
IPOBOAMTCS BO BTOPOU MpoOupKe ¢ pacTBOpoM cyibdata xenesa (I1I) nobas-

nenueM (1o xarsim) rexcanmanodeppara (I1I) kamus. Ocagok oObr9HO 00pa-
3yeTCsl yKe IMocIie JOOABJICHHSI IIEPBOI KaIluId 3TOT0 PEaKTHBA.

6) O6napy:xenne nonos Fe’*

+ )
1. Tecarmanodeppar (II) kanus o6pasyer ¢ nonom Fe’™ TemHo-cuHuit
0CaJIOK KOMIUIEKCHOTO COSIMHEHUS — «OEPIMHCKON JIa3ypu»:

FeCl; + Ku[Fe(CN)s] = KFe[Fe(CN)s ]V + 3KCl

Xoo onvima. Tlomectuth B mpoOupky oaHy Kario pactBopa FeCls, pas-
0aBuUTH ero Boaou (6—8 karens) u BHecTH 1-2 karm pactBopa Ky[Fe(CN)g].

B oryere onucaTh ONMBIT U OOBSICHUTD, YEM OTIUYACTCS OCpIIMHCKAS Jia-
3ypb OT TypHOYJIEBO# CHMHHM. J[JIs IPaBUIILHOTO OTBETA HA 3TOT BOMPOC HEOO-
XOJMMO ONPEACITUTh CTEIICHN OKHUCJIICHUS aTOMOB Xelie3a B 000UX COCIMHe-
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HUSAX U O3HAKOMHUTBHCS C COOTBETCTBYIOIIIMM MAaTEPHAIIOM B YYCOHBIX IOCO-
OUsIX.

2. Popanun ammonust NH,SCN mnu kanust KSCN oOpasyer ¢ nonamu
Fe’" pomamnn xenesa Fe(SCN);, OKpalmMBalomuii pacTBOp B KPOBABO-
KpaCHBIN LIBET:

Fe'" + 3SCN™ = Fe(SCN);

Dta peakuus Hanbonee 4yBCTBUTEIbHAS Ha HOHBI Fe' ', oaHako, oHa He
BCEr/a HaJe)XHa, TaK KakK psJ BEUIECTB, 00Pa3yIOIUX KOMIUIEKCH ¢ HOHOM
Fe'', MelaroT nosBiIennio okpacku. K TakuM BemmecTBaM OTHOCSTCS (GTOpH-
11, (hochopHas KUCI0Ta, COJIM IABEIEBOM KHCIOTHI.

IIpoBectu ombiT, 70OaBSIS B pa30aBICHHBIN pacTBOp XJIOpHUAA *Keje3a
(IIT) poganu aMmMOHUsT; YOEAUTHCS B MOSIBICHUM KPOBABO-KPACHOM OKpacKu
pactBopa. Hamucats ypaBHEHHE peakiuy B MOJIEKYJISIPHOM BUJIE.

OnpiT 6. KayecTBeHHBbIE peaKkIMi HA KATHOHBI BUCMYTA

1. Tlpu rugponuse coneit Bucmyta (III) obpasyercs Oemnblii 0cagoK OK-
coconu. CHavana Ha MEPBOMl W BTOPOW CTYNEHSX THIPOJN3a 00paszyroTcs
THJIPOKCOCOJIH:

BiCl; + H,O = Bi(OH)CIl, + HCI
Bi(OH)CIl, + H,O = Bi(OH),CI + HCI
Ho xnopun muruapokcosucmyta (I1I) Bi(OH),Cl neycroiiuus, u camonpouns-
BOJIBHO pasjiaraercs ¢ o0pa3oBaHHEM HEPAaCTBOPUMON OKCOCOJIH U BOJBIL:

Bi(OH),Cl = BiOCIl. + H,0

[Ipu 06paboTke ocaaka KUCIOTON OH PacTBOPSETCS, HO MPHU MOBTOPHOM
pa30aBieHUHU BOJOI CHOBA 00pa3yeTcs: OKCOCOJIb CHOBA BBINAJAET B OCAJIOK.

[IpoBecTr u onmcars ONBIT. Y PaBHEHUS PEAKUMKA THAPOJIM3a HAIUCATh B
MOJIEKYJISIPHOM ¥ HOHHOM BHJIE.

5 <3+
2. Nomun xanus KI B3aumojielicTByeT ¢ katnoHamu Bi® ¢ oOpa3oBaHu-
eM dyepHoro ocajka Bils, koropsiit B n306eiTke Kl pacTtBopsiercs ¢ o6pa3oBa-

HHMEM KOMIUIEKCHBIX MOHOB [Bily] opamkeBoro nsera:

Bi*" +3I'=Bild; Bil;+1 =[BilL]

[Ipn ymepeHHOM pa30aBiIeHUH BOJOM KOMIUIEKC pa3jaraercs U U3 pac-
TBOpa CHOBAa BBIMAJaeT 4YepHBI ocanok Bils, a mpu cuinbHOM pazbaBieHUH
BMecTo Bil; oOpa3yercst opaHKeBBbI 0CaJOK OKCOCOIH — HOIUIa OKCOBHC-
myTa (I1):

[Bily] +H,0 =BiOI + 31" +2H"

IIpoBecTH OMBIT, HAIIMCATH MOJIEKYJISIPHBIE YPAaBHEHUS PEAKIIUM.
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3. TerparuapokcoctranHaThl (II) HaTpus K Kanusg BocCTaHABIMBAKOT HOH
Bi’" 10 MeTanmIM4YecKoro BUCMyTa, KOTOPBIH 06pa3yeTcs B BHIE OCAIKa dep-
HOTO 11BeTa. I BBIMOJIHEHUS PEaKUU K 2 KaIlIsiM pacTBOpa XJIOpHUia 0J0Ba
(IT) mpubasnsror 810 kanens 2 H. pactBopa NaOH unu KOH, uto6s1 niep-
BOHauajabHO BhIMaBmuii ocagok Sn(OH), pacTtBopuscs ¢ oOpazoBaHHEM TeT-
paruznpokcoctannara (II):

Sn*" + 20H" = Sn(OH)¥ Sn(OH), + 20H = [Sn(OH),]*

K nmomyueHHomy pacTBOpy, colepkaileMy H30BITOK IIEI04YHd, NpudaB-
70T Karuto pactBopa conu BucmyTa (IID). IIpu sTom oOGpasyercss uepHbIit
0CaJI0K METAJUTMYECKOTO0 BUCMYTA:

2Bi*" + 3[Sn(OH),]* + 60H" = 2Bi{ + 3[Sn(OH)]*

IIpoBecTn M omucarth ONBIT, HANIMCATh YPABHEHUS PEAKUUKW B MOJIEKY-
JIIPHOM BUJIE.

OmnwiT 7. KayecTBeHHDBIE P€aKIIM HA KAaTUOHbI ME€IH

1. Illenounr NaOH u KOH o6pasyior ¢ nonamu Cu’’ romy6oit ocamox
Cu(OH),, yepHeOMHM MPY HATrPEBAaHUH BCIICICTBHUE MPEBPAICHUS B OKCH/I;

Cu®" + 20H = Cu(OH),4 Cu(OH), = CuO + H,0

2. T'excarmmanodeppar (II) xamuss B HEHTpalbHONW WM CIAOOKHUCION
cpene obpasyer ¢ nonom Cu”’ ocagok rexcanuanodeppara (I1) Menu kpacHo-
Oyporo mBeTa:

2Cu*" + [Fe(CN)s]" = Cuy[Fe(CN) ¥

Ocanok HEepacTBOPUM B pa30aBICHHBIX KUCIIOTaX, HO pasjiaraeTcsl Mpu
JICUCTBHUHU IICIIOYCH:
Cu,[Fe(CN)g] + 40H = 2Cu(OH),\ + [Fe(CN)s]*

3. MeTtalutnuecKuii aJlOMUHMHN, IIMHK U JKEJIE30 BOCCTAHABIMBAIOT MOHBI
2+ o o
Cu”" nmo meTainia, BHIMAAIONIETO B OCAIOK B BUI€ KPACHOW Ty0UaTOM MaCCHI:

Cu*" + Zn = Cud + zn*"

MeTalia-BoCCTaHOBHTEIb MOKET OBITh B JIFOOOM BHUAC, HO JIYy4lIC BCCTO
peakuuAa Ha6n}onaeTc51 IIpHU UX HUCIIOJIb30BAHUU B BUAC ITOPOIIKA.

HpOBeCTI/I BCC pCAaKIIMM M CPABHUTL HMX HAITLIIHOCTbL M YYBCTBHTCIIb-
HOCTB.

Omnpit 8. KayecTBeHHBIEC peaKIUM HA XPOM

3+
XpoM B pacTBOpax MOXKET HAXOAUTHCS KAK B BUJE KaTUOHOB Cr” , TaK U
2- 2-
B Busie aHnoHOB CrO; u Cr,O7 .
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+
a) O6Hapy:kenne katuona Cr’

I'uapokcna aMMoHus obpasyer ¢ karnonamu Cr'' ocagok Cr(OH); ce-
pOo-(pHONETOBOTO WM CEPO-3€JICHOTO I[BeTa, 00Jamaroriero ampoTepHBIMU
CBOMCTBaMU.

Xoo onvima. K 5 xamnsm pactBopa cyibdara xpoma (III) mpubaButh
cToibKO ke Kamenb pactBopa NH,OH. IlonydeHHbIli Oocaiok pa3faenuTh B
JBe MpoOUpku. B o/1HOM pacTBOpUTH 0CAIOK 100aBICHUEM PACTBOPA CEPHOU
KHUCJIOTBI, @ B APYTroi — ruipokcuaa Hatpus. CXxeMbl peakiuii:

CI'z(SO4)3 =+ NH4OH —> CI'(OH)3 =+ (NH4)2SO4
CI'(OH)3 + HzSO4 —d CI'Q(SO4)3 + HzO
Cr(OH); + NaOH — Na[Cr(OH),]

[IpoOupky c¢ sipKko-3eJeHBIM pacTBOpoM TeTparuapokcoxpomata (III)
HATPHs HarpeTh Ha TUIAMEHH CIIUPTOBKHU; IIPH 3TOM KOMILUIEKC pa3jaraercs ¢
BbinajienneM B ocagok Cr(OH);. B otuere omucarh ONbIT U HamucaTh BCE
YpaBHEHUS PEAKIIUN B MOJICKYJISIPHOM U MOHHOM BHJIC.

0) O6uapyskenune nonos CrO. u Cr,0"

1. O6pasosanune HepacTBOPUMBIX XxpomaroB. Honsl CrO:~ o6pasyior ¢
2+ 2+ +
karnoHamu Ba“', Pb™ u ¢ Ag HepacTBopuUMBbIE XpOMAThI:

CrO2 + Ba’" = BaCrO,4 (oca/IoK KeTOoro 1BETa)
CrO7 + Pb>" = PbCrO4 (ocanok xenroro mpera)
CrO if +2Ag= Ag2CrO4~L (0camoK KHPITMYHO-KPACHOTO 1[BETA)

[Ipu mpoBeneHnH peakiuii pacTBOp HEOOXOAUMO MOJIKUCIATh YKCYCHOM
KHCIIOTOM 1 00Jiee MOJTHOrO MPOTEKAHUS PEAKIIMA.

2. Boccranosnenune xpoma (VI) B xpom (I1I). B xauecTBe BoccTaHOBH-
TeJeil MOKHO UCIOJIb30BATh CYJIb(MUT HATPUSI, HUTPUT HATPHsI, CEPOBOAOPO/I,
ATWIIOBBIN cniupT, conu xene3a (II) u npyrue; BoccTaHOBIIEHHE MTPOBOJUTH B
KHUCIION cpelie. AHATUTUYECKUM MPU3HAKOM PEAKIMH SIBJISETCS M3MEHEHUE
OKPAaCKH pacTBOpa: paCTBOPHI XPOMATOB UMEIOT KEJITYIO OKPACKY, PACTBOPHI
JUXPOMATOB — OPAHKEBYIO, a PACTBOPHI COJIEH TPEXBAJIEHTHOTO XpoMa — 3e-
JICHYTO WK (PHOJIETOBYTO.

[Ipu BemmosnHeHnu peakuuu B pactBop K,Cr,O; (5—6 kanens), mogkuc-
JICHHBIN cepHOM KuUcIoTOM (3—4 Karu), BHECTH MHUKPOIINATENb KPUCTAIIIHU-
gyeckoro cynbpura HaTpus. OnucaTh ONBIT U MPUBECTH YPABHEHUE PEAKIINH.
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OnbiT 9. KayecTBeHHAs1 peaknus HA CyJab(aT-aHUOHBI

Camas u3BeCTHas KaueCTBEHHAs peakuus Ha MoHbl SO, — 910 06pa3o-

BaHue cyib(para 6apus, KOTOPbIA HEPACTBOPUM HE TOJIBKO B BOJIE, HO U B KH-
ciotax (3tuM BaSO, otnnuaercs ot coneit 6apus ¢ IpyruMu aHUOHAMM ).

[TpoBectn peakmnuio mexay Na,SO, u BaCl, u yoeauThcss B TOM, 4TO
oenbiit ocagok BaSO, He pacTBOpsieTCcs B CEpHOM, COJITHOM W a30THOW KH-
cnorax. HamucaTpe ypaBHEHHE Kauye€CTBEHHOM PEaKUUU B MOJEKYJISIPHOM H
MOHHOM BH/JIE.

OnpiT 10. KayecTBeHHAs1 peaknus HA KAPOOHAT-HOHbI

Xnopun 6apust BaCl, ocaxnaer nonst CO:™ B Buze Genoro ocanka Ba-
CO;3, KOTOPBIN pacTBOPSAETCS B COJISTHOM, a30THOM M YKCYCHOM KHMCJIOTaX C
BbIICJIEHHEM yruiekucioro rasa. [lpu neifictBun Ha BaCO;3 cepHOIl KUCTOTHI
OH TIPEBPAIACTCS B MEHEE PACTBOPUMBIN Cynbdar Oapusi TakKe C BbIIEIe-
Huem CO,.

[Ipu BbIOTHEHUU peakiuu K pactBopy Na,CO; m00aBidTh pacTBOp
BaCl,, nabmronas obpazoBanue ocagka BaCO;. [locne oTrcTauBanus CiuTh C
ocajJKa JKUIKOCTh U MOJICUCTBOBAThL HA OCAIOK COJISTHOM WJIM a30THOM KHCIIO-
ToM, HaOmonas BeiaeneHue CO,. YpaBHEHHUS peakIui MPUBECTH B MOJICKY-
JISIPHOM U MOHHOM BHJIE.

Omnpit 11. KayecTBeHHbIE peaKIUM HA CYJIb(HUI-HOHBI

1. KucioTel B3auMOIEUCTBYIOT C CylbpuaamMu ¢ 00pa30BaHHEM CEPOBO-
nopoja:
Na,S + H,SO, = Na,SO, + H,ST;  FeS + 2HCI = FeCl, + H,ST
Brinenenne cepoBogopoa 0OHApYKUBACTCS IO 3amaxy TYXJIbIX SWII, a

TaKkKe MO TMOYEPHEHUIO (UILTPOBAILHONM OyMmarv, CMOYEHHOW PacTBOPOM
conu cBuHIa (1I):

H,S + Pb(NOs), = 2HNO; + PbSY (uepnsiit)
2. Conu KaaMusi oOpa3yloT ¢ MOHaMH S° XapaKTepHbIH SPKO-KeITHIN
ocanok cynbduaa kaamust CdS:

CdSO, + Na,S = CdS{ + Na,S0,

2- o
3. Hutpar cepebpa oOpasyer ¢ nonamu S~ yepHbIil ocagok Ag,S. Oca-
JIOK HE pacTBOPSAETCS B pacTBOpe aMMHaKa, HO PacTBOPSETCS MPHU Harpena-
HUH B pa30aBIeHHOI a30THON KUCIIOTE:

2AgNO; + Na,S = Ag,S{ + 2NaNO;
3AgZS + 14HNO3 = 6AgNO3 + 3HQSO4 + 8NOT + 4HQO
HpOBeCTI/I BCC OIIMCAHHBIC PCAKIIMU U OLCHUTDb UX YyBCTBUTCIbHOCTD.
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Omnpit 12. KayecTBeHHBbIE peaKIUU HA TaJI0T€HUI-UOHBbI

Honbl Cl, Br u I o0o0HapyXHBalOTCS ¢ MOMOIIBIO HUTpaTa cepedpa,
KOHIEHTPUPOBAHHOW CEPHOM KHUCJIOTHI, IEMCTBUEM OKHUCIUTENEN U IPYTUX
Ka4EeCTBEHHBIX PEAKIUM.

1. Hurpar cepebpa o6pa3yeT C rajoreHuA-HOHaMHu O€JIbIi TBOPOXKHU-
cteiit ocanok AgCl, sxenToBatbiii ocagok AgBr u skenThiit ocagok Agl.
Ocanox AgCl He pacTBOpsIeTCSI B KUCJIOTaX, HO JIETKO PacTBOPSIETCS MPHU
NeWCTBUM BEIIECTB, CIIOCOOHBIX CBSI3BIBATH MOH Ag B KOMIUIEKCHI, HAIIPH-
mep: NH,OH, Na,S,0;5;, KCN. B ciyyae NH4,OH peakuusa uaer no ypaBHe-
HUIO:
AgCl + 2NH4OH = [Ag(NH3)2]C1 + 2H20

Ocagok AgBr Takxe HepacTBOpUM B KUCJIOTax, a B aMMHAKe OH pac-
TBOPSICTCS YACTHYHO, TAK KaK ero MpomsBeneHHe pactBopumocti (7,7-107"°)
MeHbIIIe nponsBeneHus pactBopumocta AgCl (1,6:107).

Ocamok Agl ¢ eme MeHpIIMM 3HAaYEHUEM IPOU3BENCHUS PACTBOPHUMO-
ctu (1,5:107'°) me pacrBopsiercs 8 HNO; u NH,OH, HO pacTBOpsieTCst B THO-
cylib(are HaTpusi:

AgI + 2N328203 = Na3[Ag(SzOg)2] + Nal

2. KoHLleHTpUpOBaHHAs CEpHAsi KUCJIOTA IPU ACHCTBUM HA CyXHUE XJIO-
PHIBI BBIAEIAET U3 HUX Ta3000pa3HbIA XJIOPOBOIOPO:

NaCl + H,S0, = NaHSO, + HCIT,

KOTOPbIN 0OHApYKUBAETCS MO PE3KOMY 3araxy U Mo MOKPACHEHHIO BJIaXKHOMN
CUHEH JJTaKMYyCOBOM OyMare, oJHECEHHON K MPOOHpPKeE.

[Ipu neiictBun konuentpupoBanHo H,SO, Ha TBepabie OPOMUIBI BbI-
JeJsieTCsl Ta3000pa3Hblii OPOMOBOJIOPO, KOTOPBIM YAaCTUYHO OKHUCISETCS
CEpHON KHUCIOTOM 0 CBOOOAHOrO0 OpoMa, YTO 3aMETHO MO OypoBaTOM OKpa-
CKE BBIACIISIOIINUXCS MapOB. Y pPAaBHEHUS PEAKIINM:

NaBr + H,S0, = NaHSO, + HBrT
2HBr + H,S0, = Br,T + SO, T + 2H,0

KonnentpupoBaHnHas cepHasi KUCJIOTa OKUCISIET CyXue WOAMUIIBI IO CBO-
00aHOTO H0/1a ¥ BOCCTAHABJIMBACTCS MPHU 3TOM JI0 CEPOBOIOPOA:

8KI + 5H,S0, = 41, + 4K,S0, + H,ST + 4H,0

OO0pa3yromuiicst o OKpalIMBaeT pacTBOp B OypbI IBET, a CEPOBOJIO-
pon oOHapyXHMBaeTCs MO 3amaxy TyXJbIX SHUI, a TaKXKe IO MOYCPHEHHIO
buIbTpOBaNBEHOM OyMaru, cMoueHHOU pacTBopoM coiu cBunIa (11).
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3. HleiictBue okucnurenei. [loreHnuan @° XJ10puI-uOHOB MPU UX OKHC-
aerun 10 cBoboaHoro xnopa (2C1I° — 2e = Cl,) pasen 1,36 B. [loatomy s
OKHUCJICHHS] 3THX MOHOB HCIOJB3YIOTCS OKHUCIUTENH ¢ 00Jiee BBICOKUM IIO-
tennuraiom: KMnQO,, PbO,, KCIO; u ap. Bee okucnutenu, cnocoOHbIe OKHUC-
JSATh XJOPUJI-UOHBI, JIETKO OKHUCIISIOT OpOMUI- U WOAUA-UOHBI, TOTECHIIAAIIBI
KOTOPBIX HUKE, YEM Y XJIOPUA-UOHOB.

[Ipu nmpoBenenun peakiuii (nod msaeoii!) neicTBoBaTh NEPMaHTAHATOM
Kayus Ha ojakucieHHbie pactBopsl NaCl, NaBr u KI. YpaBHenus peakiuii:

10NaCl + 2KM1’104 + 8H2$O4 = SCIZT + ZMI’ISO4 + SNast4 + KzSO4 + 8H20
10NaBr + 2KMnO, + 8H,SO, = 5Br,T + 2MnSO, + 5Na,S0, + K,SO, + 8H,0
10KI + 2KMnO, + 7H,S0, = 51,1 + 2MnSO, + 7K,SO, + 7H,O

Boinenenre xjiopa B MEpBOM peakluu OOHAPYKUBAETCS MO >KEJITO-
3eJIEHOMY IIBETY 3TOTO ra3a, 3armaxy u MOCHHEHUIO HOAKpaxMallbHON Oymaru,
MOTHECEHHOU K OTBEPCTHUIO MPOOUPKH.

Ilpumeuanue. VoakpaxmaiabHON Ha3bplBaeTcsi Oymara, CMOUYEHHas
pactBopamu kpaxmaia u KI. [Ipu B3aumoneticteuu KI ¢ xmopom o6pa-
3yeTcs cBOOOIHBIN MO/, Naromuii ¢ KpaxMaioM CHHEe OKpallliBaHUE.

OO0pazoBanue 6poMa BO BTOPOI peakiiuu 0OHApYKUBAETCA TIOTOMY, YTO
pacTBop B mpobupke Oypeer. Eciu B mpoOMpKy BHECTH HECKOJIBKO Kareilb
opranndeckoro pactBoputens (CCly, CS,, Tomyon u T.1.) U B360ATaTH, TO
OpOM 3KCTparupyercs B OPraHUYECKUN PACTBOPHUTENb M OKPAIIUBACT €T0 B
XapaKTepHBIN I OpomMa KpacHOBATO-OYypHIii IIBET.

OOpa3zoBanue oa B TpeThel MpoOUpKe OOHAPYKUBAETCS MO OKpPALLIHU-
BaHUIO pacTBOpa B OyphIit 11BeT. OpraHnYecKre pacTBOPUTENH, T0OABICHHBIE
B MPOOUPKY, OKPAIIMBAIOTCS HOJOM B KpACHUBBIN (hUOJIETOBBIN I[BET.

[IpoBecTH peakiuu 1 OLIEHUTh UX CEJIEKTUBHOCTh U UYBCTBUTEIBHOCTb.

KonTtpoaupyrwmue 3aganust

1. Kakue peakuny Ha3bIBarOTCS XapaKTEPHBIMU ?

2. Hanumure ypaBHEHMs AMCCOLMAIMU CIEAYIOUIUX BEIIECTB: AUXPO-
Mat Hatpusi, Hutpat ceuHua (II), rekcanmanodeppara (I11) kanus.

3. 3amoiHUTE TAOIHILY:

Kartnon KayecTBeHHbBIE pEaKTHBBI
3+
Fe
Ag’
2
Pb™"
2+
Ba
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4. B moazeMHubIx Bojiax 3anaaHoi CuOMpU BO3MOKHO MPUCYTCTBHE pac-
TBOpUMBIX coenuHeHui xenesa (I1). [IpuBenure kauecTBEHHbIE peakiuu 00-
Hapy»XEHHS KaTUOHA 3TOr0 METaJlIa.

5. Ilpemnoxkure cnoco® MAECHTU(DUKALMU COJIEH: XJIOPHUI HATpus, XJO-
pun meau (1) u xmopun amoMuHUA.

6. CepHasl KMCIIOTa UCIOJIb3YETCS B KaUeCTBEHHOM aHanuie. Kakue ka-
TUOHBI U @aHUOHBI MOXHO OOHAPYKUTh C TOMOIIBIO CEPHOIN KUCIOTHI?

Paborta 22. ZKECTKOCTb BO/JbI

JKecTtkocTh BOBI 00YCIIOBIICHA COAEP)KAaHUEM B HEW PAaCTBOPHMBIX CO-
JIell Kablys, MarHus, *eye3a: HUTPaToB, XJIOPUI0B, THIPOKApOOHATOB U AP.
Pa3znuuaroT *KeCcTKOCTh BPEMEHHYIO U MOCTOSHHYI0. BpeMeHHas ®eCTKOCTh
oOycnoBieHa cozaepxkanueM ruapokapobonaroB: Ca(HCOs),, Mg(HCOs),,
Fe(HCOs),, mocTtosiHHas — cOJep>KaHUEeM XJIOPUIIOB, HUTPATOB, CYIb(HaToOB
stux metawioB: CaCl,, MgCl,, Ca(NOs), u np. CymMMa MOCTOSIHHON U Bpe-
MEHHOM KECTKOCTH COCTaBIISIET OOIIYIO KECTKOCTH:

>Ko6m. = }KHOCT. + >KBpeM.

KecTkocTh BOJBI OIIEHMBACTCS YHCJIOM MUIJIMMOJIb-2KBHUBAJICHTOB HO-
nos Ca’’ u Mg2+, COJZICPIKAIIUXCS B OJHOM JIMTPE BOJIbI. EAMHMIIA )KECTKOCTH
— MMOJIB/N. JI7s ompeneneHus YUCICHHOTO 3HAYEHUsT OJHOTO MMOJIb HOHOB
KaJIbLHSI U MArHUS UCTIOJIb3YIOTCS COOTHOILICHUS:

Ar(Ca) 40,08

M, (Ca®") = = 20,04 r/mMob
B 2
M, (Mg>") = Ar(yg) _ 24531 = 12,15 /™o,

rjae B — crexuoMmeTpuueckas BaJI€HTHOCTh KaJIBIIUSL 1 MarHusl, paBHas JBYM.
N3 5TUX COOTHOIIEHUHN CIEAYET, YTO OJUH MUJLITUMOJb Ca** puOIN3H-
TEJIbHO paBeH 20 MI' MIOHOB KaJIbIUA, a OJJUH MUJUITUMOJIb Mngr — 12 ™mr no-
HOB MarHus.
Kiaccudukarys BoIbI 110 CTEIEHH )KECTKOCTH MpUBeIeHa B Taom. 11.

Tabmanma 11
XapaKTepUCTUKA KECTKOCTH BOJIbI
Yncao MMOJIB/J HIOHOB Mg2+ uCa” XapaKTEepUCTUKA JKECTKOCTU BOJIbI
<4 Msrkas
4+8 YMepeHHO-KeCcTKas
8+12 Kecrkas
> 12 OueHb KecTKas
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XKecTkas Bojga HEMPUTOJIHA JII MHOTUX TEXHUYECKHUX LENEH, TOITOMY
CHI)KEHHE KECTKOCTH (YMsITU€HUE BOJIbI) SIBIISICTCS BaKHOM 3aaueit. Jr1a 3a-
Jada peliaeTcs B TEXHUKE TpeMs crocobamu: pU3NYeCKUM, XUMHYECKUM U
busuko-xuMuueckuM. CyIIHOCTh 3TUX METOJIOB 3aKII0YACTCs B YAAICHUH U3
BO/JIbI KATUOHOB METAJIJIOB.

Pu3nyecKuid crrocod OCHOBAH HA TCPMHUUCCKOM PA3JIOKCHUU COJIEN:
Ca(HCO3), = CaCOsd + CO,1 + H,0
Mg(HCO;), = MgCO+{ + CO,T + H,0
Fe(HCO3), = FeCOsd + CO,T + H,0
Taxum 06p2130M, IMOCJIC BBINNAJACHUA OCAAKOB COACPKAHNC MOHOB Ca2+,
Mg2+, Fe*" B BOJIE YMEHBIIIAETCS. DTOT CIOCOO MPUTOJEH JIUIIb JIJIs yCTpa-
HEHUsI BPEMEHHOM KECTKOCTH BOJIbI, TaK KaK CyJb(aThl, HUTPATHI U XJIOPHUIbI
9THUX MCTAJIJIOB IIPHU HAI'pCBaHHUH U KUIIMYCHHUN BOJbI OCTAIOTCS B paCTBOPC. B

IIPOMBIIIJIICHHBIX MacimTadax 3TOT MCTOA IIPUMCHACTCA B TCX ClIy4dasaX, KOraa
BOJZia JOJIDKHA IMMOAO0TIPEBATHCA, COIMIACHO TCXHOJIOTMHU, B APYTHUX allllaparax.

XuMu4eckuil criocod OCHOBaH Ha yAaJCHUU W3 BOJIbI HOHOB KaJblIUs,
MarHusi, »eje3a 3a CYET IEepeBOJa MX B MaJOpPacTBOPUMBIE COEIUHECHUS:
KapOOHAaThI, THAPOKCHUBI, TETpadopaThl U Ap. JJIs 3TOro K )KEeCTKOM BoJe J0-
0aBISAIOT peareHThl — ocaautesd. OOBIYHO T00aBIAIOT TallleHY0 U3BeCTh. B
pe3ysIbTaTe ICKTPOJIUTUUECKON JUCCOIMAIIUY U3BECTH:

2+ —
Ca(OH),=Ca +20H
Bo3pacraeT pH Boasl, yTo B coorBercTBUM ¢ npuHuunoM Jle Illarense npu-
BOJUT K CMEIICHUIO PABHOBECHSI PEAKIINN:

OH7 + H2C03 = HCO37 + HQO

_ _ -
OH + HCO3 = CO3 + Hzo

B CTOPOHY 06p2130BaHI/ISI Kap60HaT-I/IOHOB, B PE3YJIBTATC 4YCro HOCTUTACTCA

IMPOU3BCACHUC PACTBOPHUMOCTHU Kap60HaTa KaJblHusg U OH BbBINIAAACT B OCAJ0K:

Ca’ +CO;y =CaCOw; TIP(CaCOy) =510
Kpome Toro, mpu yBeIWYEeHNH KOHIEHTPALUN THUAPOKCHUI-MOHOB TIOCTHTAET-
(6} 1 HpOI/ISBeI[CHI/Ie paCTBOpI/IMOCTI/I FI/II[pOKCI/II[a Marusa, 1 OH TaKXXC BbIIIaga-
€T B OCAJIOK:

Mg" +20H =Mg(OH),d TIP(Mg(OH),) =210
PCaKI_[I/II/I, HpOTeKaIOH_[I/Ie HpI/I BBCACHHUN H3BCCTH, MOXHO 3aIluCaTb
YpaBHEHUSIMU B MOJIEKYJISIPHOM BHUJIE:

Ca(HCOs), + Ca(OH), = 2CaCO54 + 2H,0
Mg(HCO5), + 2Ca(OH), = Mg(OH),¥ + 2CaCO5 + 2H,0
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MeTon M3BECTKOBaHUSI HEMPUTOJICH JJIsi CHYXKEHHSI TTOCTOSIHHOW KECT-
KocTh. s »TuX 1eneit HeoOX0aUMO BBOJUTH PACTBOPUMYIO COJIb, COJIEP-
Kalryto kapOoHaT-uoHbI. OOBIYHO B BOJY J00aBISIOT KapOOHAT HATPHS, KO-

TOpBIN npu auccouuanuu gaet uoHbl CO; _, CBSA3BIBAIOIINE KAaTHOHBI KaJlb-
1us (Maraus):

+ 2— 2+ 2—
Na,CO;=2Na +CO; ; Ca +CO;> =CaCO;l
B MOJICKYJISIpHOM BHUIC OTOT Cl'[0006 MOXHO 3aIIucaTtb ypaBHeHI/IeM:

CaSO, + Na,CO; = CaCO;d + Na,SO,
[Touemy ns ycTpaHeHUs IOCTOSIHHOW JKECTKOCTH HE MPOBOASAT OCAXK-
nenusi cynbdatoB? CpaBHEHHE 3HAYCHUN MPOU3ZBEICHUS PACTBOPUMOCTHU

cylib(aTa Kajablus (6-10_6) U KapOoHaTa KaJIbIUs (5-10_9) MOKa3bIBAET, YTO
cBsi3bIBaHME MOHOB Kaiblius B Buje CaCO; aBnsieTcst 0osiee MpOYHbIM.

VYuutsiBasi, uto optodocdarsl eme MeHee pacTBOPUMBI, 4eM KapOOHa-
Thl, 0OJie€ MOJHOTO YCTPAHEHHS >KECTKOCTH MOKHO JIOCTHYb C TOMOIIBIO
pearenra-ocaautens oprodocdara Harpus:

3CaSO, + 2Na;PO, — Cas(PO4)o¥ + 3Na,SO,;  TTP[Casy(PO,),] = 1:10%°

XHUMHYECKUE METO/bI CBS3aHBI C PACXOJIOM PEareHTOB, MOATOMY B IIO-
CJICTHAE TOJIbI MIMPOKOE PACIpOCTpaHEHUE TOMYyYHST (HU3UKO-XHUMHICCKHUI
METOJ — METOJ HOHHOI'O OOMEHa.

POu3MKO-XMMHUYECKHII METO/I YMATYEHHs] BOJbl OCHOBAH HA HMCIOJIb30-
BaHWU HMOHOOOMEHHBIX CMOJ, B KOTOPBIX MOHBI HAaTpUs WJIH BOAOPOJA, 3a-
KpEIUIEHHbIE Ha TBEPJOM MOJUMEPHON MaTpulle, CIIOCOOHBI 3aMeIlIaThCsl Ha

2+ 2+ 2+
katuonbl Ca , Mg , Fe , comepxaruecs: B BOJE:

2+ + 2+ +
Na,R +Ca- — CaR{ +2Na' RH,+Ca — CaRJ +2H,

rIe R - paarKaj IOJTUMEPHOU IETIH.

Yepes KOJOHKY, 3alOJHEHHYIO TpaHyJIaMH MOHOOOMEHHHWKA, MPOKAYH-
BaOT )KECTKYIO BOJY, KOTOpasi, IPOXOJIs CIION TpaHys, OOMEHHBAET KATHOHBI
KaJIbIIUS ¥ MarHusl Ha KaTHOHBI BOJOPOJIa, B PE3yJIbTaTe YeTO CHUYKACTCS KaK
BpEMEHHasI, TaK U MMOCTOSTHHAS )KECTKOCTbD.

OreHKa KECTKOCTH BOJBI M KaTETOPHUH KECTKOCTH MPOU3BOIUTCS, CO-
rJIacHO Tabnuile 9, ecnu U3BECTHBI 3HAYEHUSI XOTS OBl OJIHOTO M3 DKCIEPHU-
MEHTAJIbHBIX JAHHBIX:

1) macca comepkaluxcs B BOAE COJIEH;

2) 00BeM peaKkTUBa, UCIOIb3YyEMOr0 Ha TUTPOBAHUE BOJIBL;

3) KOJWYECTBO WJIM Macca peareHra, HeOOXOAUMOTO ISl YCTPaHCHHUS
YKECTKOCTH.

PaccMmoTpum Ha mpumepax pacdeT KECTKOCTH BOJIBI C MCIIOJIH30BAHUEM
9TUX JaHHBIX.
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Ipumep 1. BeiunciauTh BpEMEHHYIO KECTKOCTh, €CIIA B OJHOM JIUTPE

2+ 2+

BOJIbI copepxutcs 60,12 mr nonoB Ca™ u 28,37 Mr noHos Mg~ .
Pewernue. Yucino MMOIb DKBUBAJIEHTOB MOHOB KaJIbIIMS BBIYUCIISIEM W3

COOTHOUIEHHS:
1 MMOJIBb Ca2+ — 20,04 mr Ca2+
X — 60,12mrCa’
X = @ = 9 MMOJb
20.04
Hucno MMOJIb 3KBUBAJIECHTOB Mg2+ OIIpelIeNIsIEM aHAJIOTUYHO:
1 mmMoms Mg®™  — 12,15 mr Mg>"
X — 28,37 Mmr Mg
X = 2857 = 4,9 MMOJIb
12,15

OO6miee ynucI0 MMOJIb KBUBAJIEHTOB MOHOB Ca2+ u Mg2+ B pacyeTre Ha
OJIMH JIUTP BOJbI COCTABJISIET:

K=3+25=5,5 Mmmomb/I
CJIEI0BAaTENbHO, BOJIA YMEPEHHO KECTKasl.

IIpumep 2. OnpenenuTs BPEMEHHYIO JKECTKOCTh BOJIbI, COJEPIKALLYIO
ruapokapOoHaT MarHus, eciu Ha TuTpoBanue 100 M1 3TOH BOJBI U3PACXOI0-
BaHo 8,00'M1 0,1 H. pacTBOpa COJSHOU KUCIIOTHI.

Pewenue. 1lpu TUTpOBaHUYN KECTKOW BOJBI COJITHOM KHCJIOTOW IPOHC-
XOJIUT CIIEYIONIasi XUMUYECKasl peaKIUsl:

Mg(HCO3), + 2HCI = MgCl, + 2CO,T + 2H,0

B cooTBeTcTBUU C 3aKOHOM OKBHBAJICHTOB, KOJINMYCCTBA 3KBHUBAJICHTOB
Y4aCTBYIOIIINX B PCAaKIHUKU BCHICCTB IOJIZKHO OBITH OAMHAKOBBIMH, CJICIOBA-
TCJIBHO:

C,x(H,0)-V(H,0) = C,(HCI)-V(HCI),
rae V(H,O) — o0beM TUTpyeMoil xecTKoi Bojbl, V(HCI) — o0beM pacTBopa
HCIl, uzpacxonoBanubiii Ha TUTpoBaHue, C,(HCl) — S5KBUBaJICHTHAs KOHIICH-
Tpauus CoJMIHOU KUCTOThI, Cy(H,O) — SKBUBAJICHTHAS] KOHILICHTPALUS COJEi
JKECTKOCTH B BOJIE.
N3 a10it popmyIb:
8:10°-01
01

CJICOOBATCIIBHO, BOAA XXCCTKasd.

C,.(H,0)= =8-10"% morb/ n= 8 Mvors/ 1,
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BKCHepI/IMeHTaJIBHaH 4acTb

L]envio pabomei SIBASIETCS ONPEIEIECHHE )KECTKOCTU BOJONPOBOAHOM
BOJIbI.

OneiT 1. Onpeaesienne BpeMEeHHOM KeCTKOCTH

BpeMeHnHas :KECTKOCTh OINPENEISIETCS TUTPOBAHUEM UCCIIEyEMOU BOJIBI
JEUUHOPMAIIbHBIM PACTBOPOM COJISTHOM KHUCIJIOTHI B TPUCYTCTBUM UHAUKATOPA
MeTwiopanxa. [Ipy THTpoBaHMHU MPOTEKAOT PEAKIINU:

Ca(HCO3), + 2HCI = CaCl, + 2H,0 + 2C0,T
Mg(HCOs), + 2HCl = MgCl, + 2H,0 + 2CO,T
Fe(HCOs), + 2HCI = FeCl, + 2H,0 + 2CO,T

Xo0 onvima. 1. B 60nbI10i XUMHUECKUN CTaKaH HAIUThH BOJIY U3 BOJIO-
MPOBOAHOTO KpaHa, 1aTh OTCTOAThCS 10 MUHYT.

2. OtmepuTh MepHOU nuneTkoil 50 mMil uccineayeMoi BOAbl U3 CTaKaHa.
Ornepanio MOBTOPUTH TPHU pa3a, HaOpaB 1mo 50 Mu1 BOABI B TpU KOHUYCCKHE
KOJIOBI.

3. J106aBuTh B KaXIyI0 KOJIOY M0 2—3 KaIjil METUIIOpaHXa.

4. 3amoMHUTh MEPHYIO OIOPETKY JACITMHOPMAIBLHBIM PACTBOPOM COJISTHOU
KHUCIIOTBI /IO BEpXHETro (HyJieBoro) neneHust. [IpenBapurenbHo OMOJIOCHYTh €€
TUM pacTBopoM. [Ipocnenuts 3a TeM, 4TOOBI KUCIOTOMN OBLT 3aIIOJTHEH HIK-
HUUW OTTSIHYTBIN KOHEI] OIOPETKHU.

[lepen KaxIbIM CIEAYIONIMM TUTPOBAHUEM OIOPETKY 3aMOIHSATH KUCIIO-
TOW J10 HYJIEBOTO 3HAYCHHUS.

5. IIpoBecTu Tpu TUTPOBAHUS KECTKOW BOJIBI COJISHOM KHUCJIOTOM 10 HC-
YE3HOBEHUS KEJITONH OKPACKH M MOSIBJICHUS OPaHKEBOTO (HO HE PO30BOro!)
1BeTa pactBopa. s aToro B konly Juisi TUTPOBAHUSI MeIJIEHHO (10 Karute!)
BBOJIUTH PACTBOP U3 OIOPETKH, HAKMMas Ha OyCHUHKY B PE3WHOBOM TpyOOUKe
OropeTku OONBIIMM M yKa3aTeIbHBIM MalbllaMU JICBOW PYKH, a TIPaBOU He-
MPEPHIBHO TEPEMEIINBas COAEPKUMOe KoiObl. [Ipu mosiBIeHUn opaHKEeBOTO
[[BeTa TUTPOBAHUE MPEKPATUTh M 3alHCaTh 00HEM HCIOJIb30BAaHHOW HA THUT-
POBaHHE KUCITIOTHI.

HamomunaeM, 4To B MOMEHT OTCUETa MOKa3aHusl OIOPETKH TJia3a dKCIIe-
pPUMEHTATOpa JOJKHBI HAXOAUTHCSA Ha YPOBHE HU)KHETO MEHHCKA PacTBOpa.

Pe3ynbraTel omnbiTa 3aHECTH B TAOIHUILY.

6. [Tonp3ysach NpUMEPOM 2, BBIYUCIUTh BPEMEHHYIO KECTKOCTh BOJBI U
CIeNaTh BBIBOJ O TOM, K KAKOUW KaTeropHuH )KECTKOCTA OHA OTHOCHUTCHI.
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No O6bem xecTkoit Bosibl | OOBEM pacTBopa Cpennuit 00bemM
OIbITa V(H,0), mn KHCJIOTBI, MJI KUCI0ThI V(HCI), M
1
2
3

OmnebIT 2. OnpenesieHne 0011eH KeCTKOCTH

OO11yr0 JKEeCTKOCTh BOJBI OINPEACTSIOT KOMIUIEKCOHOMETPHUUECKUM
TUTPOBaHUEM C IpuMeHeHueM peaktuBa J/ITA (cokpallil€HHOE Ha3BaHUE Op-
TFaHUYECKOT0 COEIMHEHUS STUIIEHANAMMHUHTETPAYKCYCHOM KUCIIOTHI).

3anonHuTh O6t0peTky pactBopoM DJITA (0,02 H.). OTMEpUTH TUTIETKOM
yKa3aHHbBIA TpernojaBareieM 00beM aHATU3UPYEMON BOJIBI U MEPEHECTH e€ B
KOHUYECKYIO0 KOJIOY Juisi TUTpOBaHMs. JlOJUTh TUCTUINIMPOBAHHON BOBI /10
obmero oovema 100 M. JlobaBute 5 Ma Oydepnoro pacrsopa NH,OH +
NH,CI (ms monnepskanus pH B untepBasie 9-10) u 2—3 karmim uHAUKATOpa
HPUOXPOMA YEPHOTO, IPU KOTOPOM PACTBOP OKPACUTCSI B KPACHBIH 1IBET.

[lepememmath pacTBOp M Cpa3dy TUTPOBATh U3 OIOPETKH PACTBOPOM
OTA 1o nepexojia KpaCHOM OKPacKy B CUHIOIO.

TutpoBaHne MOBTOPUTH TPU pasa, KaKk B MPEIbIAYIIEM ombiTe. Pe3yis-
TaThI 3aMUCaTh B TAONHILY, KOTOpas 1Mo ¢hopme mogo0Ha Tadbiuiie B OnbITe 1.

Paccunrtars 0011y10 )KECTKOCTh IO TAaKOH ke (QopMmyJsie, UTO U BpEMEH-
HYI0, TOJIbKO BMECTO 00beMa M S3KBUBAJEHTHON KOHLIEHTPALUU COJITHOM KH-
cioTel OpaTh 00beM D/ITA u ee KOHIIEHTPALIHIO.

[TocTOSIHHYIO KE€CTKOCTh OMPEAEIUTh U3 COOTHOLLICHHUS:

>I<HOCT = >K06111 - >KBpeM-

Cnenate BbIBOJI IO paboTe, yKa3aTh XapaKTePUCTUKY KECTKOCTU BOJBI.

KonTtpoaupyrwumue 3axanus

1. ConepxaHueM coyiei KaKuX METAIJIOB 00YCIIOBJIEHA KECTKOCTh MPHU-
pOIHOM BOMBI?
2. YeM oTiuyaercs BpEMEHHAsI JKECTKOCTh OT IMOCTOSIHHON ?

3. B xakux eAMHUIIaX U3MEPSIETCS KECTKOCTh BOJbI?

4. Tlpemioxute HECKOJIBKO CIOCOOOB YMSTUEHHsS BOJBI, COAEpIKaIIei
ruapokapooHar u cynbdar xemnesa (I1).

5. Paccuunraiite BpeMEHHYIO KECTKOCTh BOJbI, COACPKAILLYIO THAPOKap-
OOHAT KanbIus, €M Ha TUTpoBaHue 50 MII 3TOM BOJIBI H3PACXOIOBAHO 3 MII
0,1 H. pacTBOpa CONSHON KUCIIOTHI.
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Pa6ora 1. TAJIOT'EHbBI

["anorens! (pTop, x0p, Opom, HOa) HAXOJATCA B 3€MHOU KOPE a TakkKe
B BOJIC OKEaHOB, MOPEH U COJICHBIX 03€p B COCTaBE WX COJIEH — rajJoreHH/10B:
NaCl, KCI, NaBr, KBr, Nal, KI, CaF, u np. 13 aTux coeauneHuii rajio-
T'eHBI TOJYYaloT JIJIi TEXHUYECKUX M JIAOOPATOPHBIX IeJed XUMUUECKUMU U
AIEKTPOXUMUYECKUMH METOIaMH.

Bynyun Hemerannamu, TajlOT€Hbl SBISIOTCA OKHUCIUTENSIMHA, HO HUX
OKHCIIUTEIIbHBIC CBOMCTBA B PSIAY (PTOp—XJIO0p—OpOM—HOJ] YMEHBIIAIOTCS, O
YEeM CBUJICTEJILCTBYIOT 3HAUECHHSI CTAHIAAPTHBIX OKHUCIUTEILHO-BOCCTAHOBH-
TEJIbHBIX OTEHI[MATIOB MOTYPEaKIUN:

F,+2e =2F"; ¢’ =2,72B
Cl, +2¢ =2Cl"; ¢'=136B
Br, + 2¢ = 2Br"; ¢’ =1,09B
L+2e =21"; ¢’ =0,54 B

Bbonbmoe Texuuueckoe 3HaueHue uMmeroT rajgorenoBoaopoasl (HF, HCL,
HBr, HI), B 0coOeHHOCTH XJIOPOBOJOPOJ U €T0 BOJAHBIN pacTBOpP — COJsTHAS
KHCJIOTa. B 3TUX COEIMHEHUSIX TaIOreHbl HAXOMATCS B OTPUIIATEIILHOM CTe-
NeHU OKucieHus (—1), mMoATOMy OHM SBJISIIOTCS BOoccTaHOBUTENsIMU. Boccra-
HOBUTEJIbHBIE CBOMCTBA raJlOr€HOBOJIOPOJOB BO3PACTAIOT B MOpPAJIKE, 00pat-
HOM YBEJIMYEHUIO OKUCIUTEIbHBIX CBOMCTB TrajoreHoB. Takum o0pazom,
HanOoJiee CUIILHBIM BOCCTAHOBUTEJIEM SIBJISICTCSI HOJAOBOIOPO/I.

Cpenn MHOTOYHUCIIEHHBIX COEOUHEHHUM TaJOr€HOB B IOJOXHUTEIbHBIX
CTEIICHSX OKHCICHHs ocoboe MecTo 3aHuMaeT xsopat kamus KCIO; (6epto-
JIETOBA COJIb). DTO COECAUHEHHUE SBISETCA CUIIbHBIM OKHCIIUTENIEM, €r0 OKHUC-
JUTEIbHBIE CBOMCTBA MPOSBISIOTCA U B PACTBOPEHHOM, U B PACILIABICHHOM,
U B TBEPJIOM COCTOSIHUSX. B pacTBOpax XJiopaT KaJivsi BOCCTAHABIMBAETCS 110
XJOpHaa KaJlus WK 10 CBOOOJHOTO Xjopa. B kucion cpene mpu cranaapT-
HBIX YCJIOBHUSIX OKUCIUTENIbHBIE CBONCTBA XJIOPAT-MOHOB XapaKTEPU3YHOTCS
CICAYIONIMMU 3HAYCHUSIMU OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX MMOTEHIINA-
JIOB:

ClO; +6H +6¢e =Cl + 3H,0 ¢ =145B
2ClO; + 12H + 10e” = Cl, + 6H, O ¢ =147B

XJopatr Kajiig B TBEPIOM MOPOIIKOOOPa3HOM COCTOSSHHHM BXOIUT B CO-
CTaB CIMYEK, 3)KUTATEIbHBIX CMECEH, OCBETUTENIbHBIX PAKET U COCTABbI JIJIS
deliepBepkoB. B 3TOM cilydae e€ro OKHCIUTEIbHBIE CBONCTBA OOBSCHSIOTCA
pa3I0KEeHUEM MPU HAIPEBAHUU C BBIJIEICHUEM KHUCIOPOAA 10 YPaBHEHUIO:

2KCIO; = 2KCI + 30,7
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BKCHepI/IMeHTaJIBHaH 4acTb

L]envro pabomul ABISIETCS:
1) o3HakomileHHE C JTAOOPATOPHBIMU METOAAMH TOJyUYEHHS TaJOT€HOB
Y UX COCIMHEHUN C BOJOPOJIOM;
2) U3y4eHUE OKHUCIUTEIbHO-BOCCTAHOBUTEIHHBIE CBONCTB raJOT€HOB U
WX BOXXHEMIINX COCMHEHUN;
3) mpoBeJeHHME KaueCTBEHHBIX pEaKIMid Ha TrajJoreHbl U TajJOTCHU-
HWOHEL.

Omnpit 1. ITosryyeHue rajoreHoB

B 1pu cyxue npobupku Baectu 1o ogHomy mukpommnatento KCl, KBr u
KI (mmm NaCl, NaBr, Nal) u mo ogHOMY MHKPOIITIATETIO JTF0OOTO OKUCIIUTE-
a5 u3 yucia KMnOy, MnO, unu K,Cr,O,. BemectBa B mpobupkax nepeme-
marh BCTpsxuBaHueM. Bo Bce mpoOupku A00aBUTH MO 2—3 Kaluld KOHLIEH-
TPUPOBAHHON CEPHOM KHUCJIOTHI U HAOJIOAATh BBIACIIEHHE Ta3000pa3HOro
XJiopa, OpoMa U Hoja, OTIMYAIOIIMXCA OKpAacKou. ["aoreHsl sSBISIOTCS S0-
BUTBIMHM BELIECTBAMH, ITOITOMY OIBIT CIEAYET NPOBOJUTH B BBITSHKHOM
mkady.

YO6enuBmIKCh B MPOTEKAHUM PEAKIUHU, B TPOOUPKU BHECTH 1O 5—6 Ka-
nesb THOCYJb(ara HATpUsl, KOTOPBIH MOJABIISIET BhIJCICHUE TaJOT€HOB, BOC-
CTaHAaBJIMBas UX J10 OE3BPEHBIX raJOreHHUIOB.

XJI0p MOXkHO TaK)Ke MOJIyYUTh U3 COJSTHOW KUCIOTHI. /i1 3TOro B mpo-
Ooupky BHecTH MuKpormmarenas okucautenst (KMnO4 unun MnO,) u 2-3 xammm
KOHIICHTPUPOBAHHOM COJITHOM KHUCIOTHI. YOEIUBIINCH B MPOTEKAHUH PEaK-
1IUH, 100aBUTH B MPoOUPKY 5—6 kamens Na,S,0s.

B oruere onucarh ONbBIT, HANUCATh YPaBHEHUS PeakUUid U yKa3aTb OK-
pacKy raJioreHoB. Bce peakiuu ypaBHATh METOJOM MOy PEAKIUN.

B BbIBOZIE CPOPMYNHPOBATH CYLIHOCTH J1a0OPATOPHOrO METOAA MOJy4e-
HUS TaJIOTEHOB U OOBSICHUTH, TOYEMY 3TOT METOJ HEIIPUMEHUM JJIsl OJTy4e-
Hus dropa.

Omnpit 2. ITosryyeHHe rajoreHoBoA0POa0B

1. Ionyuenue xnoposodopooa. B cyxyio mpoOUpKy BHECTH OJUH MUK-
polmarens KpUCTAUIMUECKOrO XJIOpHUa HaTpus W J00aBuTh 4-5 Kamelnb
KOHILICHTPUPOBAHHOM CEPHOM KHUCJIOTHL. BCIlyuynBaHue XJIOpHUIa HATPUSA H
BBIJICJICHHE Ta3a CBUACTEIbCTBYIOT O MpOTEeKaHWU peakuuu. [lomHectn
npoOHpKEe CMOYEHHYIO BOJOW CHHIOIO JJAKMYCOBYIO Oymary (BMECTO JJaKMyca
MOHO HCIOJIb30BaTh YHUBEPCAIbHYIO WHJUKATOPHYIO OyMary) W HaOJo-
JaTh U3MEHEHHE €€ OKpacku. B oTdere omucaTh ONBIT, HAMKMCATh YpaBHEHHE
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peakuuu U oOBICHUTh U3MEHEHUE OKpacKH MHAMKaTOpa. OOBACHUTD, MMOYe-
MY B OIIBITE€ MCIIOJIB3YETCS TBEPAbIM XJIOPHUJI HATPUS U KOHLICHTPUPOBAHHAS
KHCIIOTa, a HEe PAaCTBOP COJIM U HE pa3z0aBieHHAs KUCIOTA.

2. Ilonyuenue 6pomosodopooa u 1i0006000poda. B nBe cyxue mpoOupku
BHECTH TIO OJHOMY MHKPOIIIATETI0 KPUCTALINISCKUX COJei: Opomuma u
Hoauaa Hatpus (win kanus). JloGaBUTh K HUM 10 4—5 Karejib KOHLIEHTPUPO-
BaHHON opTohochopHON KUCIOTHL. [IpoOupku cierka mogorpeTh Ha IiaMe-
HU CIUPTOBKH. BcrydnBaHuWe CcOseil U BBIJCICHHE Ta30B CBUICTEILCTBYET O
MIPOTEKaHUH PEAKITUH.

CMOYHUTH BOJOW MHAMKATOPHYIO OyMary W mojaepXkaTh €€ y OTBEPCTHS
poOUPOK, HAOTIOIATh U3MEHEHUE OKPACKU MHANKATOPA.

B oruere onmcarb ONbIT, OOBACHUTH U3MEHEHUE OKPACKU MHAMKATOPA,
HaIucaTh ypaBHEHUs peakiuii. OObsICHUTD, TOYEMY B OIBITAX HCIIOIb3YETCS
HE cepHas KuUcioTa (Kak MpHU MOJYyYEeHUU XIJIOpOBOAOpona), a opTrodocdop-
Hasl.

OmnpiT 3. BoccTaHOBHTEIbHBIE CBOMCTBA rajIOT€HOBOA0POA0B
M raJIOreHU/10B

B tpu npoOupku BHecTH no 4-5 kanens pactBopa FeCl; u mo 2—-3 kamnu
pa30aBiIeHHOTO (OJTHOMOJISIPHOTO) PacTBOpa CepHOM KuUcIOThl. Jl00aBUTH MO
3—4 xamu pactBopoB Kl (nmepsast mpobupka), KBr (BTopas) u KCI (Tpetss
npobupka). [lo u3MeHEeHHI0 OKpacKu pacTBOpa OMpPEAeNuTh, B KaKOH Mpo-
oupke npowusonwio BocctaHoBieHue FeCl; no FeCl, u okucnenue raaoreHu-
nona. Hammcate ypaBHeHwe peakiuu. CpaBHUBas  OKHCIUTEIBHO-
BOCCTAHOBUTEJBHBIE TOTEHIIHAIBI TaJOT€HUI-HOHOB C MOTEHIIMAJIOM IOJTY-
peaKIuu:

Fe* +e =Fe™; ¢’ =0,77 B,

OOBSCHUTD PE3YJIHTATHI OTIBITA.

Omnpbit 4. UccienoBaHne OKUCJIUTEIbHBIX CBOMCTB XJIOPATA KAJIUA

1. Bzaumooeiicmeue KCIO; ¢ tioouoom xkanus. B npodbupky BHecTH 4-5
karenb pactBopa KI, mpubaButh 2—3 Kamium pacTBopa XJiopara Kajlus WU
HECKOJIbKO KPHUCTAJUTMKOB CyXO# conmu u 3—4 Karmu pa30aBiICHHON cepHOU
kuciotel. HaOmonmate mosiBieHue Oypoil okpacku pactBopa. OOBSICHHTH
OTIBIT, HAITUCATh YPaBHEHHUE PEAKIUH.

. 1
2. Okucnenue consinou xuciomsl. B mpoOUpKYy MOMECTUTH /3 MHKpPO-
mmnaTess KpUCTAIMYECKOro XJiopaTa Kajlus W npuOaBUTh 2—3 Karulkl KOH-
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HEHTPUPOBAHHOM COJSTHOM KucioThl. Habmonate BeleneHue raza, oOpaTuTh
BHHMAaHUE Ha €ro okpacky. HamucaTe ypaBHEHHE peaklnH.

3. Oxucnenue oxcuda mapeanya (IV). B cyxom dapdopoBom THTIIE
CMeIIaTh MO OJJHOMY MHUKPOIINATENI0 XJIopaTa Kajlus U JAUOKCHIa MapraHia
¥ BHECTH B CMECh OJHY I'paHyJly TBEpIOro IHIpokcuaa kKaius. Ha miamenu
CIIUPTOBKH JIOBECTU CMECh JIO0 PACILIABIEHHOIO COCTOSIHMS U HarpeBaTh He-
CKOJIbKO MUHYT. HaOmrogarh u3MeHEeHHe OKpacKH, YTO CBHUJIETENBCTBYET 00
okucieHud MnQO,. OnucaTh ONBIT U HANMKUCATh YPABHEHUE PEAKIIUU, YUUTHI-
Basi, UTO 3€JIEHBIM LBET MPOAYKTa CBUAECTEILCTBYET 00 00pa3oBaHUM MaHra-
HaTa KaJlus.

4. 3aoscueanue cmecu caxapa u KCIOj; .

(OmnbIT onaceH, MO3TOMY €ro BBIINOJTHEHUE TPEOyeT OCTOPOKHOCTHU!)

HebGomnbmoe xonuyecTBo (1-2 MUKpoMImarens) MEIKO pacTepToil Oep-
TOJIETOBOM COJIM OCTOPOXKHO CMEIIaTh CTEKIITHHOM Majoukor B haphopoBoM
TUTJIE C PABHBIM KOJIMYECTBOM caxapHOM mynpbl. CMech HE pacTupaTh, TaK
KaK MpU pacTUpaHUU BO3MOKHO BocruiameHeHue. K cmecu nmpubaButh (ocTo-
POXKHO, U3 JJIMHHOM MUIETKU) OJIHY KaIUlk0 KOHIIEHTPUPOBAHHON CEpHOM KU-
cioTel. HabmronaTh BCIBIIKY CMECH.

OnucaTp ONbIT, 00BSICHUTh HHUIUUPYIOLLIEE JEHCTBUE CEPHOM KUCTIOTHI,
HaIMCaTh YPABHEHNUE PEAKIUU.

OneiT 5. KayecTBeHHbIE pEaKIMH HA TaJI0T eHbI

B nBe mpoOupku pa3faeabHO BHECTH 10 2—3 Karuid OpoOMHON U HOAHOM
BOZIbl. JI00aBUTH B KXyl MPOOUPKY MO 5—6 Kamens Kakoro-indo opraHu-
YeCcKOoro pactBoputens. PacTBopsl nmepemeniaTe CTEKISHHOW Nanoykou. OT-
METUTh OKPACKy OTCTOSIBILIUXCS CIIOEB B MPOOUPKAX.

B oTdete onucaTh ONbBIT, OTBETUTH Ha CIEAYIOIINE BOMPOCHL: 1) mouemy
rajoreHbl PacTBOPSIIOTCS B OPraHUYECKHUX PACTBOPUTEIAX TOpa3fo Jydlle,
4yeM B Bojie? 2) KaK Ha3bIBAeTCS MPOIIECC MU3BJICUEHUsT Opoma | Hoaa u3 BOJ-
HOT'O pacTBOpa OpraHMYECKUM pacTBoputenemM? 3) Kakoe MPaKTHUYECKOe 3Ha-
YEHUE UMEET U3YUEHHOE SIBJICHHE?

OmneiT 6. KayecTBeHHbIC peaKIMH HA TaJI0r¢HU/I-UOHbI

Oo6pazoBanue ocaakoB AgCl, AgBr, Agl sBnsieTcss xapakTepHOU peak-
el Ha rajJoreHua-uoHbl. [lomyunTh yKa3aHHbIE BELIECTBA PEAKIIUSIMU UOH-
HOTO OoOMeHa. PacTBOpBI COOTBETCTBYIOMIUX coliel OpaTh 00bEMOM 4-5 Ka-
nenb. OOpaTuTh BHUMAaHHME HAa BUJ U LBET OcaakoB. HamucaTe ypaBHEHUS
peaknuii B MOJIEKYJISIPHOM W MOHHOUM (opMax. YUHThIBass HEOOIBIIOE OTIIN-
9Ke 0CaJKOB TaJOTEeHUIO0B cepedpa Ipyr OT Apyra, MPejIOKUTh PEaKIuu, C
MOMOIIIBI0 KOTOPBIX UX MOYKHO OTJIMYUTH 00JI€€ JOCTOBEPHO U OJJHO3HAUHO.

148

YUYEEHO-METOAOAVYECKW 3AKPbITb
OOKYMEHT

X




/%Y WHCTUTYT
! é,i;'.'? AMCTAHLHOHHOTO

y

H

KonTposmpyroummue 3aganus

1. OObscHUTE U3MEHEHHUE JIMHBI U HEPTUU CBA3U B MOJIEKYJIaX rajio-
T€HOBOJIOPOJOB, M KaK OHO BJIMSIET HA CBOWCTBA 3TUX COCAUHECHUM.

2. [lokaxxuTe cXeMaMu M ypPaBHEHUSIMU PEAKIHUN XUMHUUYECKUU U DJIEK-
TPOXUMHUYECKUM CTIOCOOBI TTOYUECHHS XJI0pa U3 XJIOpHUIa HATPHS.

3. bbutn IpoBEZIEHBI YETHIPE OMBITA, B KOTOPHIX:

1) cMemanbl pacTBOPBI XJIOPUAA HATPUS U pa30aBICHHOW CEPHON KH-
CJIOTBI,

2) Ha pacTBOp XJIOpHJA HATpUsA NOAEWCTBOBAIM KOHUEHTPHUPOBAHHOMN
CEpPHOM KUCIIOTOM;

3) Ha TBEpABIA XJOPUJ HATPUs MOJAEHCTBOBAIM KOHLEHTPUPOBAHHOMN
CEpPHOM KUCIIOTOM;

4) Ha TBepAbIH XJOpPUJ HATPHUS TMOJEHUCTBOBAIM pa30aBICHHONW CEpPHOMU
KHUCJIOTOM.

OObsicHUTE, YTO OBUIO MOJIYYEHO B KaXKJIOM OIIbITE.

4. O0OBsicHUTE, C TIOMONIBIO KAKUX PEAKIMI U MPU KAKUX yCIOBUSX TO-
nyuyatot razooopaszusie HF, HCI, HBr, u HI u3 cooTBeTcTBYyIOIINX COJEH.

5. OObsAcHUTE, TOYEMY AUCTIPONOPIMOHUPOBAHUE TAJIOT€HOB B BOJIE
MPOTEKaeT 00paTuMo, a B IeI09ax HeoOpaTuMo.

6. Cmech OEpTOJIETOBOM COM C THAPOKCUIOM Kajusi, Ha3bIBaeMasi OKHUC-
JIUTEIIBHOM CMECBIO, MCIOJIB3YETCSA Uil BCKPBITUS MuHEpasioB. Hamwuimmre
YPaBHEHMS BCKPBITHS 3TOW CMECHIO MUHEPAJTIOB IUPOJIFO3UTA U CKOJIAUTA.

7. Cmech OepTOJIETOBOM COJIM U caxapa BCIBIXUBAET U CTOPAET OT OJHOM
Kalld KOHLEHTPUPOBAHHON cepHOM KHUCIOThL. OOBACHHUTE, Kakue mapal-
JIENTBHBIE U TIOCJIEIOBATENIBHBIE PEAKLIUN TPOTEKAOT B 3TOM OIIBITE.

Pa6ora 2. CEPA

Cepa saBisieTCS HEMETANIOM, U B PEaKUHUAX C METAJUIAaMU OHA SIBJISIETCS
okucnuteneM. OHAKO MPU B3aUMOJICUCTBUM C 00Jee CHIbHBIMU OKHCIIUTE-
asmu (QTOp, KUCIOPOJI, a30THAS KUCJIOTa U JIp.) cepa MPOSIBIISIET BOCCTAHO-
BUTEJIbHBIE CBOMCTBA.

B coenunennsx cepa Haxoautcs B cteneHsx okuciaenus —2 (H,S, Na,S,
/nS u I[p.), +4 (SOz, HQSO3, NaQSO3 u I[p) u +6 (SO3, HzSO4, KzSO4 n I[p)
Coenunenus cepsl (II) — BoccranoButenu, cepsl (VI) — okucnuTenu, a cepbl
(IV) nposBIISIIOT OKUCIUTEIIBHO-BOCCTAHOBUTEIBHYIO JIBOMCTBEHHOCTb.

Camoe Ba)XHOE COCAMHEHHE CEPhl — cepHas Kuciota. OHa NpOU3BOAUT-
Csl B OTPOMHBIX KOJIMYECTBaX U MPUMEHSIETCSI B IPOU3BOJICTBE YI00OpEHMU, B
He(pTeXUMUH, NMPU MOJYYCHUH XUMHUYECKUX PEAKTHUBOB, JJi 00pabOTKU Me-
tayuioB. CepHasi KUCJIOTa SIBISETCS OKHCIHUTENEM, MPUYEM OKUCIUTEIbHAsS
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CIIOCOOHOCTh TIOBBIIIAETCS C YBEIUYEHHEM €€ KOHIEHTpAIMH B PAacTBOpE.
KonnentpupoBanHas cepHasi KUCJIOTa OKHCISET METalljIbl, HaXOsIIUecs B
psiy HampspKeHUH 10 cepedpa, a Tak’ke MHOTHUE HEMETaJLIbI.

ITo3HaBaTeNbHOE U MPAKTUYECKOE 3HAUYEHUE MMEET TMAPOJIN3 COEIHHE-
HUW cepbl — CyIb(UI0B, CyIH(OUTOB U CyIb(aTOB, a TAKKE M3yUYECHUE pac-
TBOPUMOCTH CYJIb(HUI0B B PA3IUYHBIX PACTBOPUTEIISIX.

Bce cynbdupl mo pacTBOpUMOCTH NOAPA3ACIISIOTCS Ha YEThIPE TPYIIIBL:

1) pactBopuMbIie B BoA€ (K HUM OTHOCSTCS Cylb(QUIbI MICIOYHBIX ME-
TaJJIOB, CYJb(UIALI Oapus, Kalblus, CTPOHIUS U CYJIb(UI aMMOHUS);

2) HEpacTBOPUMBIE B BOJIE, HO PacTBOPUMBIE B COJISIHOM M pa30aBlieH-
HOI cepHOM KuCH0Tax (K HUM OTHOCATCA CYJb(HIbI IMHKA, IBYXBAJIEHTHOTO
Keye3a U MapraHia);

3) nepactBopumsie B Boje, B HCI u B paz6asnennoit H,SO,, HO pacTBO-
pumble B kuciorax-okucnurensax (HNO;, konuentpuposannas H,SOy, xiop-
HOBaTasi, CeJICHOBAs);

4) pacTBOpHUMBIE B BOJHBIX PACTBOPAX CYJIb(UAOB ILEIOUHBIX U IIET04HO-
3eMEeJIbHBIX METAJIOB U CYyJb(Uaa aMMOHHUS C 00pa30BaHUEM CYJIb(OCOEH.

BonsmmHCTBO Cynb(huI0B UMEIOT OKpacKy (Hampumep, PbS — uepHbrid,
CdS — xentoiit, Sb,O; — opamkeBsIil U T.1.). Paznuane B okpacke u pacTBo-
PUMOCTH CyJb(PHUIOB B Pa3IUYHBIX Cpeax HCIOIb3yeTCAd B aHATUTUYECKOU
XUMUH JJ11 0OHAPY>KEHUS U pa3/iesIeHNs KaTUOHOB.

[lo XMMHUYECKHM CBOWMCTBAM pa3lInyaroT CyJb(PUAbl OCHOBHbBIE, KUCIOT-
Hble U aM(poTepHbie. Paznuune XUMHUYECKUX CBOMCTB CYJIb(UAOB MPOSBIISET-
Csl B peaKlMsIX TMIpOu3a U MpU B3aUMOACHCTBUU CYJIb(PUAOB pa3HOU Mpu-
POJIBI MEXKTy COOOM.

IKCNEePUMEHTAIBLHAS YaCTh

L]envio pabomel sBASIETCS N3yUYEHHE CBOMCTB cepbl U €€ Hambosiee pac-
MPOCTPAHEHHBIX COETUHEHUIA.

OnbiT 1. OKHCAUTENbHBIE H BOCCTAHOBUTEJIbHbIE CBOIICTBA Cepbl

1. Oxucnumenvhvie ceoticmea cepvl. B CyXyw NpOOMpPKY HachIaTh
CMECh MOPOIIKOB IIMHKA (UK aJIOMUHUS, JKeJie3a) C CEPO B COOTHOILICHUU
1:2. IIpoOupKy HarpeTh Ha IJIaMEHU CIIUPTOBKH B BHITSDKHOM Ikady. [loka-
3aTh OMBITOM, YTO 0Opa30BaBIIMICS OENbIA MOPOIIOK COACPKUT B CBOEM CO-
craBe HoH S°. Hammcath ypaBHEHHE PeaKIHH.

2. Boccmanosumenvnvle ceoticmea cepvl. B mpoOUpPKy HachIaTh OJUH
MUKpOITIATeNb MOPOIIKa Cepbl U T00aBUTh 5—6 Kameinb KOHIIEHTPUPOBAHHON
a30THOM KucaoThl. CMech HarpeTh Ha IMJIAMEHH CIUPTOBKHU JO MOJHOTO HUC-
ye3HOBEHMs cepbl. Kakol ra3 npu stoM Beiaensercs? K nmomyyeHHomy pac-
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TBOpY n00aBuTh 1-2 kamm pactBopa xjopuaa O6apus. Ha npucyrcrBue ka-
KOT'0 MOHA yKa3bIiBaeT 00pazoBaHue O0emoro ocaaka?

Onucarb ONBIT U HAUCAaTh YPaBHEHHE B3aHMOJICHCTBUSA CEpHI C a30T-
HOM kucioToi. CrenaTh OO BEIBOJ O XUMHYECKUX CBOMCTBAX CEPHI.

OmnpiT 2. CepoBOAOPOa U €r0 CBOMCTBA

1. Honyuenue ceposodopoda u ezo 2openue. Ipodupky, Ha '/3 HamoI-
HEHHYIO0 MEJIKUMHU Kycoukamu cyibpuna sxenesa (II), 3akpenuts B mraTuse.
JloOaButh B HE€ 5—6 Kareab KOHUEHTPUPOBAHHOM COJISIHOM KUCHOTHI. BhICT-
PO 3aKpBITh MPOOUPKY MPOOKON ¢ OTBOAHOM TpyOKoM. Brimenstommumiics ras
3aKe4yb Y KOHIIa OTBOJHOM TpyOku. Han miamenem ropsiiero rasa mnojep-
’aTh CMOYEHHYIO BOJIOW CHHIOKO JJAKMYCOBYIO WJIM YHUBEPCAIBbHYIO WH]IUKA-
TOpHYI0 OyMaxky. Habmionate nsmeHenue e€ 1sera.

B otuéte onucarte onbiT U HaOMOAeHUS. HanucaTs ypaBHEHUS peakIuii:
1) monyuyeHus cepoBOAOPOA, 2) €ro ropeHus, 3) B3auMOJCUCTBUS C BOJION
rasa, MOJIy4eHHOTO IMpHU TOpeHuu cepoBojopona. OOBSCHUTH H3MEHEHHE
L[BETa MHIUKATOPA.

2. Boccmanosumenvhvie ceoticmea ceposooopoda. B nBe mpoOupku
BHECTH 1O 5 Kallejib MepMaHraHaTa Kajus W JuxpomMara Kaius. PacTBOpsI
MOJKHUCIIUTh CEPHOIN KUCIOTON M B KaXAYI0 U3 MPOOUPOK JOOABUTH MO Karl-
JSIM  CEpOBOAOPOJIHYIO BOAY /0 HM3MEHEHUS OKpPacKd KaxKJoro pacTBOpa.
OOBSICHUTH UBMEHEHHE OKPACKU PACTBOPOB, HAMMCATh YPAaBHEHUS PEaKIUil.
KoaddunmenTs! nepes BemecTBaMu HAUTH METOJIOM MOJTYpEaKIUil.

3. Kucnommuwie ceoticmea ceposooopooa. Uto mnpenctaBisieT cobOoi
BOAHBINA pacTBOp H,S, Kakue MOJEKyIbl U MOHBI HAXOMSTCS B 9TOM PacTBO-
pe? C moMoIpl0 YHUBEPCATHLHOW MHIUKATOPHON OyMard OmpeaenuTh BOJO-
POJIHBIN TTOKAa3aTellb CEPOBOAOPOIHON BOAbI. Hammcarh cXxembl IBYX CTyTIe-
Hel qucconmaruu H,S B pacTBOpe M BhIpayKeHUS 71 pacuyeTa KOHCTAHT JIAC-
COIMAIMH TI0 00€MM CTyNEeHSIM. BhImcaTh U3 CipaBOYHHKA YUCIICHHBIC 3HA-
YeHHUS KOHCTaHT Jaucconuanuu. Caenars BBIBOA O CHIIE CEPOBOJIOPOIHON KH-
CIIOTBHI.

Omnprit 3. Iloayyenue cyibGuI0B U U3yUeHHE HX PACTBOPHUMOCTH

1. Ionyuenue cynvgpuoos. B 5 mpoOUpok moMecTuTh Mo 4-5 kamenb
pacTBOpoB cyib(ara nmuHKa, cyabdarta mapranma (1), autpara csunma (II),
xnopuaa cypeMbl (III) u xnopuga Gapus. B kaxmyro mpoOupKy m00aBUTH
pacTBOp cyiabduma amMmmoHusl Wi cyiabduma HaTpus. B kakux mpobupkax
BbINAN ocanok? Ecnu ocanok He BbINaj, 0ObSICHUTh NPUUUHY. OTMETUTH OK-
pacKy MOTYYSHHBIX OCAJKOB M HAMKMCATh YPABHEHUS PEAKIUN WX TOTYUYCHHUS.
[Tomyuennsie CynbpUIBI COXPAHUTH IS CIIEAYIOMIETO OTbITA.
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2. HUccneoosanue pacmeopumocmu cyrvgpuoos ¢ HCL B npobupku c
MOJIYYCHHBIMHU B OTIbITe | Cynbdumamu, 100aBUTh CONSTHYIO KHCIOTY H OTMeE-
TUTh, B KaKUX MPOOMpKax HaOJI0NAIoCh pacTBOpeHHE ocaakoB. Hamwmcarhb
ypaBHEHUS PEAKITUN B MOJICKYJISIPHOM U B MIOHHOM BH/IC.

3. Uccneoosanue pacmeopumocmu cyrvpuoos 6 HNO;. B npobupku, B
KOTOPBIX OCaJIKU CYJIb(UIOB HE PACTBOPUIIUCH B COJSTHOM KHUCIOTEe, q00a-
BUTh KOHLIEHTPUPOBAHHYIO A30THYIO KUCIIOTY (OMBIT TPOBOAUTH B BHITSHKHOM
mkady!). OrmeTuts BhiieNieHne Ta3a (kakoro?). HanmucaTts ypaBHEeHUs peak-
1M, K03 GUIIMEHTHI epe1 BEIIECTBAMU HAWTH METOIOM MOJTypEaKIui.

ITo pesynbraTtam onbiToB 1, 2 U 3 cOCTaBUTH CBOJHYIO TaOJIHUILY:

No mpoOupku Cynshun PactBopumocTh
B BOJIC B HC1 B HNO;

Omnpbit 4. U3yyeHue cBOMCTB coequnennii cepol (IV)

1. Boccmanosumenvhuvle ceoticmea cynivbguma Hampus. B npoOupky c
5—6 karuIsIMHM TepMaHraHaTa Kajausi 100aBUTh 3—4 Karlld CEpHON KUCIIOTHI U
HECKOJIbKO KPUCTALIUKOB Cylbdura HaTpus. Uro mHabmomaercsa? Hamucath
ypaBHEHUE peaKkIuu, KO3P(HUIMEHTH HAUTH METOJIOM TIOJTypEaKIUH.

2. Hucnponopyuonuposanue cynvpuma nampus. IlomecTuts MUKpO-
HINaTe’lb KPUCTAUINYECKOTO CyIb(UTa HATPUS B CyXYIO IPOOUPKY U HAarpeTh
B IUIAMEHM CIIUPTOBKHU B TeueHue 4—5 munyT. [locie Toro kak nmpoOupka oc-
TBIHET, PACTBOPUTH €€ conaepkumoe B Boje. [lomydeHHbIl pacTBOp pasze-
auTh Ha ABe yacTu. K mepBoil yactu 100aBUTH PEeakTHB Ui OOHAPYKEHHS
cyibpun-nonon. Kakoe apyroe coenvHeHne oOpasyercs MpU AUCHPONOP-
LIUOHUPOBAHUM CyJIb(pUTa HATpUs U Kak ero oOHapyxuth? Hamucare ypas-
HEHUS BCEX PEAKIIUH.

3. Oxuchumenvhvie ceovicmea cyivgpuma Hampus. B CBEKENpPUTOTOB-
JICHHBI pacTBOp Cynb(uTa HATpUs N00ABUTH PAcTBOp Cylbduma HaTpHs.
Otmetuth 0oOpa3zoBanue ocanka. Kakyio (QyHKIHMIO mposBiseT cyiabQuUT MO
oTHoMIeHUIO K cynbhumy? [Touemy pacTBop CynbduTa HATPHS TOKEH OBITH
CBEXKEIPUTOTOBICHHBIM ?

Kakue cBolicTBa — OKHMCIUTENbHbIE MM BOCCTAaHOBUTEIIbHBIE — BbIpa-
YKEHBI CUJIbHEE Y CYJb(UTa HATPUS U APYTUX coenuHeHuit cepol (IV)?
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Omnpit 5. U3yyeHue CBOMCTB CEPHOI KUCIOTHI

1. Hecuopamupyrowue ceoticmea ceprou kuciomsl. CTEKISIHHON ma-
JIOYKOM, CMOYEHHOW KOHUEHTPUPOBAHHON CEPHOM KHMCIIOTOM, HAIIMCATh YTO-
HUOY/b Ha JMcTouke Oymaru. bymary cierka mporperb, Aep:ka €€ BbICOKO
HaJ 1aMeHeM ropesiku. Uto HaOmogaerca? B oTuére ommcaTh OmbIT, 1aTh
ero oObsICHEHHE U CAENATh BHIBO/I.

2. Bzaumooeiicmeue ceproii kuciomol ¢ memaniamu. 1loieicTBOBATh B
TpeX MpoOupKax pa3z0aBICHHONW CEPHOM KHUCIOTOW Ha MarHUM, IUHK U MEb.
Hamnucate ypaBHenus peakunii H,SO, ¢ maruuem u nunakom. [louemy pas-
OaBJICHHAs CEpHAs KUCJIOTa HE B3aMMOJICUCTBYET C MEJbI0?

[ToBTOPUTH ONBIT, NOAEHCTBOBAB HA METAJUIBI KOHIEHTPUPOBAHHOU KU-
cinotoi (moxa Tsroi!), HaOIOAATh BBIJCICHUE Ta30B B MEPBOM U TpETbeu
nmpoOupKax (OmpenenuTh Ta3bl 0 WX 3amaxy) U oOpa3oBaHue O€I0r0 Ocaaka
BO BTOpoil. HammcaTh ypaBHeHUs peakmuii, momgoopath K03(GGUIHMEHTH Me-
TOZ0M Tostypeakiuii. B BeiBosie chopMyupoBaTh riiaBHOE OTIUYUE KOHIICH-
TPUPOBAHHOM CEPHOM KHUCJIOTHI OT pa30aBIEHHOW B OKHUCIUTEILHO-
BOCCTAHOBUTEJIBHBIX PEAKIUAX C METAJIJIaMHU.

Omnbit 6. 'maposus coJieid, cogepsKalmux cepy

1. Obpamumsiii cudpoaus cyrvguoos. Ha monocky yHUBEpcaTbHON WH-
JTUKATOPHOM OyMaru HaHECTH Karlll0 pacTBOpa CyJlb(uaa HATPHUS U KaIlIio
pacTBopa cyibpuna ammonusa. OnpenenuTh BOAOPOIHBIN IMOKa3aTellb pac-
TBOPOB, 3aITUCaTh YPaBHEHUS PEAKIIUN THAPOIIH3a, CAEIATh BHIBOJ] O MIOTHOTE
THIPOJIN3A ITUX COCTUHCHHM.

2. Heobpamumbiii euoponus cynvguoa anomunus. K 3—4 kamism cyiib-
¢dara anroMuHUA NPUOABUTH HECKOJBKO Kamenb cyibpuaa ammoHusi. Ha-
OJro/1aTh BhINa/IeHUe ocaaka. [I[poBepUTh OTHOIIEHHE MOTYUYEHHOIO 0CaKa K
KHUCIIOTaM M IlejiouaM, MpeABapUTeNIbHO pa3esiuB ero Ha ABe yactu. Hamu-
caThb ypaBHEHHS peakUuid TUApoin3a cyibpuia allOMUHUAS U B3aUMOJEHCT-
BUS IOJYYEHHOT'0 0Ca/IKa C KMCIOTON U 1IET0YbIO.

3. Obpamumsiii euopoaus cyrvgumos. C TOMOIIBI0 YHUBEPCATHHON
WHIUKATOpHOU Oymaru onpeaenutbh pH pactBopa cynbdura HaTpus, crenaTh
BBIBOJI M HAITMCATh YPaBHEHUS THAPOJIM3a B MOHHOM U MOJICKYJIIPHOM BUJIE.

4. Heobpamumuiii euopoaus cynvgpuma anromunus. K 3—4 xamism cynib-
daTa aroOMUHHS TPUOABUTH MO KAIUISIM PacTBOP CYIb(PHUTAa HATPUS, KOTOPBIN
PUTOTOBUTH MIPEIBAPUTEIHLHO PACTBOPEHUEM ITOM conu B Boje. HaOmronath
BBITIa/ICHUE OCaJIKa U BBIJICJICHNE Ta3a. HamrcaTh ypaBHEHUE peakiny.

5. Obpamumsiii cuoponus cyavghpamos. C TOMOIIBIO YHUBEpPCATBbHOU
WHIUKATOpHOU Oymaru ompenenuth pH pacTBOpoB cynb(aToB ITMHKA, ajTio-
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MUHUA U Kaamus. HamucaTh ypaBHEHHS WX THAPOJIHM3a B MOJEKYISIPHOM U
nOHHOM Buje. [IpoBecTH aHATOTUYHBIN OMBIT C PACTBOpaMH CYIh(})ATOB Ha-
TpUS U KaJusi, ToYeMy TUJIPOIIU3 dTUX COoJiel He Habmonaercs?

Cnenath OOl BBIBOJI IO OIBITY 6.

KonTpoaupyroummue 3axanus

1. TlokaxuTe ypaBHEHUSIMHU DPEAKLMI OKUCIUTEIbHBIE U BOCCTAHOBH-
TEJIbHBIE CBOKMCTBA CEPBI.

2. B y4eOHoi1 nmuTepaTtype yTBEpKAAeTCsl, YTO CEPOBOJOPO — CUIIbHBIN
BOcCcTaHOBUTENb. Kakas cipaBouHasi BEIMUMHA SBJISIETCS MTOKA3aTENEM OKHUC-
JUTEILHON WIIM BOCCTAHOBHUTEIBHOM criocoOHOCTH? UeMy oHa paBHa JJjis ce-
poBojopoaa?

3. PactBopumocTs cepoBoaopoaa B Boae npu 20 °C paBna 2,6 ma B 100
I' BOJbl. BhIuncianTe MOJIIpPHYIO KOHIIEHTPAIMIO O0pa3yIolieicsi cepoBOIO-
POIOHOM KUCIIOTHI.

4. Cynbpduapl 1Mo COCTaBy M CBOMCTBaM MOAPA3CISIOTCS Ha YEThIpE
TPYIIbI; MPUBEIUTE MNPUMEPHl TpeX CcyiabduuoB kaxaouW rpynmnsl. Kakoe
IPAKTUYECKOE 3HAYEHUE UMEET 3Ta KIacCU(PUKALMS CyTb(HUI0B?

5. C kakoil MakCUMabHOW KOHUEHTPALIMEN MOXKET ObITh MOJTy4Y€Ha cep-
Hucrtas kuciora npu 20 °C? OxapakTepu3ynTe ¢ MOMOIIBIO CIIPABOYHBIX
JTAHHBIX OKHUCJIMTENIbHbIE U BOCCTAHOBUTEJbHBIE CBOMCTBA 3TOr0 COEIUHE-
HUSL.

6. O0bsicHUTE, TOYEMY NPU PACTBOPEHUU CEPHOI KUCIIOTHI B BOJIE UIET
CWJIBHBIN pa3orpeB pacTBopa?

7. OObsICHUTE, YEM OTIMYAIOTCSI OKUCIIUTENbHBIE CBOMCTBa pa30aBiieH-
HOW U KOHLIECHTPUPOBAHHOM CEPHOU KUCIIOTHI.

8. Hamummte ypaBHeHus ruaponusa cyib(uua HaTpus, cyibura Ha-
Tpus, Cyab(dara MUHKA U CYIb(UIA ATFOMUHUA.

Pa6ota 3. JTABHAS MOJAIPYIIA NATOM I'PYIIIIbI
(a3ot, hocdop, MBIIIBSIK, CypbMa, BUCMYT)

CoeauHeHus a30TAa

Cpeny MHOTOYMCIICHHBIX COEMHEHUN a30Ta 0COObI HHTEpEC, B CBSI3U C
IIMPOKUM IPHUMEHEHUEM, BBI3bIBAIOT aMMHUAK, COJIM A30TUCTOM KHUCIOTHI —
HUTPUTHI, a30THasA kuciaora HNO; u ee conu — HUTpATHL.

B npOMBIIIEHHOCTH aMMHUaK MOJY4Yar0T MYyTeM KaTAIUTHUYECKOrO CHH-
Te3a U3 a30Ta U Bojopoaa. B mabopaTopusx i MOITy4YEHUS aMMHaKa HC-
MOJIB3YIOT peaKIUu MexXay cossiMu ammonus (Hampumep, NH4Cl) u meno-
yamu. PeareHTsl OepyTcst B BUI€ TBEPABIX BELIECTB JTMOO B BHUJI€ KOHIIEHTPHU-
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POBaHHBIX pacTBOPOB. Peakuus mporekaer B ABe craauu: 1) oOpa3zoBaHue
TUJPOKCHIa aMMOHHUS;, 2) €ro pa3yioKeHHe ¢ BbljiesieHueM NHs.

AMMHak OeclBeTeH, HO, TEM HE MEHee, OH JIETKO OOHApY>KUBAETCS pa3-
JUYHBIMU criocobamu: 1) 1o 3amaxy; 2) ¢ TOMOIIBI0 BIAKHON WHIUKATOPHOU
Oymaru 1o €€ OKpaIlMBaHUIO O] JACHUCTBHEM Ta3000pa3HOTO aMMHUakKa; 3) ¢
MTOMOILBIO Ta3000pa3HOro XJIOPOBOAOPO/IA, C KOTOPBIM aMMHUAK COEUHAETCS,
o0pa3ysl KpUCTAIUTMYECKUHN XJIOPU aMMOHHUS B BUE OCIIOTO JTbIMa (CTEKIISH-
HYIO0 TaJO4YKy, CMOYEHHYIO KOHIEHTPUPOBAHHBIM PACTBOPOM COJISTHOM KH-
CJIOTBI, MOAHOCAT K MPOOUPKE, B KOTOPOM UIET peakuus).

Ammuak o0J1ajaeT BOCCTAHOBUTEIBLHBIMU CBOMCTBaMU. B razoo0pazHom
COCTOSIHUM TPU HAarpeBaHUM OH BOCCTAHABJIMBAET METAJUIbl U3 OKCHUJIOB, a B
pPacTBOPEHHOM, B KHUCIIOHN cpejie, 00eciBeYnBaeT pacTBOp MepMaHraHaTra Ha-
TpUSL U U3MEHSET OKPACKY JUXpoMara Kamus, oopa3ys coiu mapranua (I1I) u
xpoma (I1I). AMMuak rpu 3ToM OKUcsieTcss ¢ 00pa30BaHUEM a30Ta.

Azotucras kucinora HNO, u e€ conmu HUTpUTHI 00J1aat0T OKUCTUTEIb-
HO-BOCCTAHOBHUTEIIbHOW JIBOMCTBEHHOCTBIO: B PEAKIUSAX C CHIBHBIMU BOC-
cranoutensamu (KI, SnCl,, H,S) onun oxucnurenu (BoccTaHaBIMBAIOTCS 10
okcua aszora (II), a ¢ cunpHbIME okucuTeIsIMH (KMnO,4, K,Cr,O;, KCIO3)
— BOCCTAHOBUTENH (OKUCISIOTCS O HUTPATOB).

JInst a30THOM KMCIIOTBI U €€ COJIEN XapaKTepHbI OKUCIUTEIBHBIE CBOW-
cTBa. B 3TOM KauecTBe a30THasl KUCJIOTA UCIHOJIb3YETCA B PEAKIHUAX C METal-
JaMU U HEMeETaJulaMH, a HUTPAThl — JJI BCKPBITUS MUHEpanoB. BeckpoiTrem
MUHEPAJIOB HA3bIBAIOTCS PEAKIHUH, B KOTOPBIX XMMUYECKU WHEPTHHIC MHUHE-
pasibl upoIito3uT MnQO,, xpoMuT FeOs5-Cr,0s, pytun TiO,, uupkon ZrSiO4 u
Jpyrue MpeBpalaloTcs B PACTBOPUMBIC COCIUHEHUS, YJIOOHbIEC IJisi Aallb-
Helmeil nepepaboTku. BekppiTHe MUHEPAJIOB Yallle BCEro MPOU3BOAUTCS UX
CIUIABJICHUEM CO CMECHIO IIeJI0Uel U HUTPATOB.

Coenunenus gpocopa

Cpenn coemuuenuii (ocdopa HambOIBIIEE MPAKTUIECKOE 3HAYCHUE
UMEIOT opTo(ochopHas KUCIOTa U €€ COJIH.

OptodochopHy0 KUCIOTY B MPOMBIILUICHHOCTH MOJIY4YalOT JEeHCTBUEM
CEpHOM KHCIIOTHI Ha MIPUPOIHOE coeArHenue Gocdat kanbius (cynepdocdar):

C&3(PO4)2 + 3stO4 = 3CaSO4 + 2H3PO4,

a B JJabopaTopusX JUIsl 3TOM 1IeIM UCTOJIb3YIOT peakiinio KpacHoro ¢gocdopa
C a30THOW KucimoToi. OOHAPYXHUTh OpTOHOCPOPHYIO KHCIOTY MOXKHO pac-
TBOPOM MOJHUO/IaTa aMMOHHS, C KOTOPBIM OHa 00pa3yeT KOMILJIEKCHOE CO-
eIMHEHUE SIPKO-KEIITOTO IBETA.

OprodocdopHas kucimora — ciabas, MOITOMY €€ PacTBOPUMBIC COJH
(opTodocdarsl IMIETOYHBIX METALIOB) THAPOJM3YIOTCS MO aHuoHy. Ho
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00pIMHCTBO (hochaTOB HE PACTBOPSIETCS B BOJE, KUCIOTaX, MIENOYaX U ar-
peccuBHBIX cpefax. OOpa3oBaHue HEPACTBOPUMBIX (ocdaToB Ha MOBEPXHO-
CTH METaJUIOB MPUMEHSIETCS JUIsl 3alIUThl METaNIOB OT KOppo3uu. B TexHuke
ATy ONEPAINIO HA3BIBAIOT (POoCPaTUPOBAHUEM.

COGI{I/IHeHHH MbIIIbAKA, CYPbMbI, BUCMYTa

VY MbllIbSIKa, CYPbMBI U BUCMYTA, BCIEACTBUE YBEIIMUEHUS paanyca
aTOMOB, 3aKOHOMEPHO U3MEHSIOTCA XUMUYECKUE CBOMCTBA: MBILIbSIK SIBIISIET-
Csl HEMETAJJIOM, CypbMa — CHJIBHO aM()OTEpHBIN METasll, @ BACMYT — METaJLJ
co cnabpiMu npu3Hakamu aMmdorepHocT. C COeTMHEHUSIMU MBITIBSKA B
y4eOHBIX TAOOPATOPUSX OTBITOB HE TIPOBOIST, TAK KaK OHU OYCHD SITTOBUTHI.
VY cypbMbI 1 BUCMYyTa HANOOIBIIHI HHTEPEC TIPEACTABIISIOT UX COSAMHCHUS
B CTEMEHSIX OKUCJIEHHUA +3 U +5: THAPOKCHUBI, COJIU U CYTb(UIBL.

BKCHepI/IMeHTaJIBHaH 4acThb

L]envio pabomel sBASIETCS TIOTYYEHUE U UCCIEIOBAaHUE CBOMCTB HanOo-
Jiee paclpoOCTPaHEHHBIX COEUHEHUH a30Ta, pocdopa, CypbMbI U BUCMYTA.

Omnpit 1. IosryyeHue 1 o0HApYKEeHHEe AMMHMAKA

CMecp KpUCTaJUIMYECKOTO XJIOpUAA aMMOHMS W THAPOKCHAA HATpUs
(unu KOH), nomecTuTh B IpOOUPKY U OCTOPOKHO HArPETh HA CIIUPTOBKE.

BrieneHne amMmmuaka yCTaHOBUTH C MOMOILBIO BJIAKHOW YHUBEPCAJIb-
HOM MHIUKATOPHOW OyMaru Uiu ¢ MOMOUIBIO CTEKJISTHHOM MajJoYKH, CMOYEH-
HOW KOHLEHTPUPOBAHHOU COJISTHOM KUCIIOTOM.

B oruere omucaTth ombIT U cBOU HAOIOJEHUS, a TAK)XKE YPAaBHEHUS pe-
aKiuii 00pa3oBaHUsl aMMHUaKa U OEJI0T0 JIbIMa OKOJIO CTEKJISTHHOM MaIOUKH.

OmrIT 2. BoccTaHOBUTEIBHBIE CBOMCTBA aMMHAKA

B nBe npoOupku moMecTuTh 1o 5—6 Kamnesib pacTBOPOB MEpMaHraHaTa
KaJlus U JUXpomaTa Kajusi, TOJKUCIUTh UX CEPHOU KUCIOTOW U MPUOaBIsATh
IO KaruIsiM pacTBOp aMMHUaKa J10 00eClBeUNBaHUS TIEPBOTO ¥ U3MEHEHUS OK-
packu BTOporo. B otuére HanucaTh ypaBHEHHUS pEaKIIMKA U HAUTH B HUX KO-
3¢ GUIHEHTH METOIOM TTOTYPEAKITUH.

OnpIT 3. OKHCJINTEIBHO-BOCCTAHOBHUTEILHASA IBOHCTBEHHOCTD
HUTPUTOB

1. Oxucnumenvuvie ceovicmea Humpumos. lIpoBectu B npobupke (1o
Taroil!) peakuuro mexay pactBopamu NaNO, (i KNO,) 1 noKUCIEeHHBIM
pactBopoM Nal (unu KI), oOpatuth BHUMaHUE HAa U3MEHEHUE OKPACKH pac-
TBOpa U LBET BBIAEIAIOLIErocs raza. B oruere onucarh ONbIT U COCTaBUTH
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YpaBHEHUS PEaKIUii: a) HUTPUTA C UOJUJIOM B MPUCYTCTBUM CEPHOM KHUCIO-
ThI; 0) okucieHus obpasyromerocs okcuaa azora (II) kucmopogom Bo3ayXxa
Ha BBIXOJIE U3 poOupkHu. [IepByro peakiinio ypaBHITh METOIOM MOTYpPEaKIni.

2. Boccmanosumenvmuvie ceoticmeéa Humpumog. BplOpaTh U3 IITaTHUBA
JIBA U3BECTHBIX OKUCIUTENS U MPOBECTU UX BOCCTAHOBJIEHUE HUTPUTOM Ha-
Tpusi (WM Kanusi) B KUCIOM cpene. Onucarh X0/ OIbITa, HAMKCATh YpaBHE-
HUSI pEaKIuu.

B BbIBOZIE OOBSACHUTH MPUYHHY OKHUCIHTEIbHO-BOCCTAHOBUTEIBHON
JIBOMCTBEHHOCTH HUTPUTOB.

OrneIT 4. B3anMoaeiicTBue a30THOM KHCJIOTHI ¢ MEeTAJLJIAMH

Buumanue! OnbIThI ¢ @30THON KUCIOTOM MPOBOSTCS B BBITSDKHOM HIKady.

B oTnenpHBIX MpoOUpKax MPOBECTH HIECTh OMBITOB MO B3aUMOCHCTBHIO
pa3zbasnenHoit HNOj; (13 mraruBa) u konueHtpuposanHoid HNO; (xpanutcs
B BBITSDKHOM IIKAaQy) ¢ MarHueM, [IMHKOM U MeJIblo. ['paHyJibl IMHKAa U MeIu
MOCJI€ ONBITAa OOMBITH CTPYEil BOJABI U BO3BPATUTH ISl IOBTOPHOTO UCIOJIb-
3oBaHus. Onucarh HAOMIOIEHUS, COCTABUTh YpPaBHEHHUs peakluil U 1mog00-
paTh B HUX KO3 UIIMEHTHI METOJOM TOJypeaKIui, CAeNaTh BbIBOIbI. B BbI-
BOJaX OTPa3uTh BIMUSHUE MPUPOJbI MeTaia (MOJ0KEHUE B PSAAY HampsbKe-
HUW) U KOHLUEHTPALMU a30THON KUCIOTHI HAa COCTaB MPOJYKTOB €€ BOCCTa-
HOBJICHUS B 3TUX PEAKIIMSIX.

OneIT 5. BekpbiTHE MUHEPAJIa PACIVIABJICHHBIM HUTPATOM

Cwmech tBepabix KNO; u KOH pacriaBuThk B TUTIIE Ha TUIAMEHH CIIHP-
TOBKH U J00aBHUTH B paciiaB HeMHoro MnQO,. HaGmrogate oOpa3oBanue B
pacIuiaBe MaHraHaTa Kajus, UMEIOIIEro KpaCuBY0 OKpPAacKy LIBETa MOPCKOM
BOJIHBI WM OMpro3bl. COCTaBUTh YpaBHEHUE PEAKLUH, MOJ00paTh KO3 hu-
LUEHTHI METOJOM TIOJIypPEAKIIUH.

OmneiT 6. ITosryuyenne u ooHapy:kenune GpochopHO KHCIOTHI

[TonelicTBOBaTH KOHIICHTPUPOBAHHON a30THOM KUCIIOTOM Ha HEOOBIIIOE
KOJIMYECTBO KpacHOro Qocdopa (OMBIT MPOBOAUTH MO TArOM, 0OpaTUTh
BHUMAaHHE Ha OKPACKy BbIIeNstonierocsa rasa). K momgyueHHoMy pacTBOpy
npubaBuTh pacTBop MonmbOnata ammoHusi (1-2 kamnu). B oTdere omucath
OTIBIT, pUBECTH ypaBHeHUe peakuuu pochopa ¢ HNO;, ypaBHSIB ero mMeTo-
JIOM TOJTyPEAKIUM.

Haiitn B yueOHBIX TTOcOOUsx (Hampumep, y Kapanetssnna u /[pakuna,
1. 8.4) hopmyy OKpameHHOTO KOMIUIEKCHOTO COSIUHEHUS, KOTOpOe 00pa-
3yercsi npu B3aumoxeiictBuu H3;PO, ¢ monmbmarom aMMOHWS ¥ HamucaTh
ypaBHeHHE ero oOpaszoBaHusi. Kak Ha3pIBaeTCsi KJIacC HEOPTraHUYECKUX CO-
€IMHEHUH, K KOTOPOMY MTPUHAJICKUT 3TO BEIIECTBO?
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Omnpit 7. 'maponus gpocdaron

C noMoib0 yHUBEpCAIbHOM UHAUKATOPHON OyMaru onpeneauTh Cpeay
u pH pacrBopa Na;PO, unu K;PO,. Hanucate MOJEKyJIsIpHbIE U WOHHBIC
YpaBHEHUSI CTYIEHYATOTO TUIPOJU3a 3To conu. Mcmonb3ys TaOaudHbIe
3HAUYEHUSI KOHCTAHT CTYyNEHYATOW auccoruanuu oprodocdopHoil KUCTOTHI
(K, = 7,1:10°, Ky, = 6,2:10°%, K3 = 5,0-10_13), BBIYMCIIUTh KOHCTAHTY THIPO-
JM3a U CTeneHb ruapoinsa B 1 M pacTBope o Kaxao0il CTyleHHu.

B oruere npuBecTH Bce ypaBHEHMS PEakUUi U BCe pacueTsl. B BbIBOIIE
yKa3aTh, Kakasg M3 CTYNEHEW TMApPOJIN3a MMEET NMPAKTUYECKOE 3HAYEHHUE, a
KaKue MOXKHO B 00IIIeM CTydae HE yUYUTHIBATb.

Omnpit 8. [Tosryyenue HepacTBopuMbIX ocdaTon

Ucnonwiys pactBop opTodocdara HaTpust (WU Kaaus) U pacTBOPHI
JIPYTUX COJIEH, UMEIOIUXCA B IITATUBE, TPOBECTHU IO CBOEMY BHIOOPY HE Me-
Hee MSTH HOHOOOMEHHBIX Peaklui MOyYeHUs] HEPACTBOPUMBIX PocdaToB.

B oryere Hanucarh ypaBHEHUS peaKlMi U NMPUBECTU IMOCIE KaXIOH U3
HUX CIIPAaBOYHYIO BEJIUYHHY MPOU3BEACHUS PACTBOPUMOCTU MOJYYEHHOU CO-
7Y, HaIlpUMeEp:

Na;PO, + 3AgNO; = 3NaNO; + Ag;PO4d; TIP(AgsPO4) =1,3-10°

B BBIBOZIC YKA3aTh MPAKTHYCCKOC 3HAUYCHUC ITPOBCACHHBIX peaKHHﬁ; Ka-
KHC M3 HUX UCIIOJIB3YIOTCA TP BOAOIIOATOTOBKEC AJIA «JIOYMATICHU A BOI[I)I?

Onpit 9. IHoryuyenue ruapokcuaoB cypbmbl (I11) u BucmyTa (II1)
U MCCJIeJOBAHUE UX CBOWCTB

1. Ionyuenue ecudpokcuda cypvmul (I1I). B aBe nmpoOUpPKU MOMECTUTH
o 3—4 xaru pactBopa xjopuaa cypbmsl (I111). B kaxayro nmpobupky npubda-
BUTH MO 3—5 Kameib pacTBOpa LIENOYM J0 BBIMAJEHUS ocajaka. B omgHol u3
npoOUpOK Ha ocafok ruapokcuaa cypbMbl (I1I) mongerictBoBaTh CoNISTHONM Ku-
CJIOTOM (T0OaBUTH HECKOJIBKO Karlejhb), B IPYTyI0 — pACTBOPOM IIEIOYH.

HaGnrogats npoTrekanue peakiuii B o0oux ciydasx. B otdyere onucath
OTIBIT, HAITUCATh BCE YPaBHEHUS MPOJEIAHHBIX PEAKIMi B MOJICKYJISIPHOM U
MOHHO-MOJIEKYJISIpHOM Buje. Crnenath BBIBOJ 00 OCHOBHO-KHCIOTHBIX CBOM-
cTBax ruapokcuaa cypbmsl (1II).

2. Ionyuenue euoporxcuoa sucmyma (IIl). TlomyduTh HEPaCTBOPUMBIMA
Bi(OH); B3aumopeiictBuem nutpata BucmyTa (III) ¢ pactBopom mienouwm.
[TonernicTBOBaTH HAa OCaJOK a30THOW KUCIIOTOMU M IIeNIoubto. [louemy ¢ kuco-
TOM TUAPOKCHUJ BUCMYTa B3aUMOJIEUCTBYET, a CO LIET0YbI0 PEAKIU HE UIIET?

B oruere omnwucaTh ONBIT, HaNmMCaTh YPAaBHEHHUS PEAKIHUA MOJIYyYEHUS
ruapokcuaa sucmyTa (I1I) u ero B3aumMoaeicTBUs ¢ a30THOM KHCIOTON B MO-
JEKYJIPHOM U HOHHO-MOJIEKYJISIPHOM BUJIE.
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Omnpit 10. 'mapoaus cosiei cypsmbl (III) 1 Buemyra (I11)

B nBe npoOupku HamuTh 45 kamnens pactBopa xyiopuaa cypbmsl (111) u
autpara sucmyta (I11). B kaxmyto mpoOupKy 100aBIsSTH IO KAIUISIM BOJY,
nepeMeIInBasi pacTBOp CTEKIISIHHOM nano4ykoi. Habmonate momyTHEHHE
PacTBOPOB U BBINAJICHUE OCAIKOB OCHOBHBIX COJIEH.

[TpuGaBuTH HECKOJIBKO Karellb KOHIICHTPUPOBAHHOM COJITHON KHCIIOTHI
K xjopuay cypbMbl (I1I) 1 KOHIIEHTpHPOBAHHOM a30THOM KUCIOTHI K HUTPATY
Bucmyta (III); ocagku mipu 3TOM pacTBOpsitorcs. CHOBAa MPWINTH BOAY, Ha-
OsrogaeTcs BTopuaHoe obpazoBanue ocaaka. OObSICHUTD 3TO siBJIeHHE. B oT-
YeTe HalucaTh B MOJIEKYJISPHOM M HMOHHO-MOJIEKYJISIPHOM BHUJIE YpaBHEHUS
CIEeAYIOIIMX peakuuil: a) ruaponnsa xjaopuaa cypbmsl (II1I) u mHutpara Buc-
myTa (III) B ABe cTymenu ¢ oOpa3oBaHWEM OCHOBHBIX COJEH — XJIOpHUAA JU-
ruapokcocypbMsbl (I1I) u murpata auruapoxcosucmyta (III); 6) paznoxeHus
OCHOBHBIX coJIei ¢ oOpa3zoBanueM okcoxjopuaa cypbmbl (II1) SbOCI u ok-
countpara BucmyTa (III) BIONOjs; B) pacTBOpeHHsI 0CaIKOB OKCOCOJIEH MPHU
MPUINBAHUU KUCIIOT.

B BbIBOZIE OOBACHUTH MIPUUMHY TUIPOIU3A COJIEH CYphbMbI U BUCMYTa, a
TaKXe yKa3aTh, KaKasi U3 COJICH THIPOIN3YyeTCs B OOJbINEH CTETIEHH U TIOYEMY .

Omnpit 11. Iotyyenne u u3y4eHue CBOMCTB
cyiabpuaos cypbmbl (I11) u Bucmyra (II1)

1. Cynvgpuo cypovmet (I111). B mpobupky ¢ 2—3 KaruisiMu pacTBopa XJIOpH-
na cypsmbl (III) mpubaButh 5—8 kamens pactBopa cynbduua HATpus (WIH
cynb(duma ammoHMs), 0OpaTUTh BHUMAaHUE Ha SIPKYI0 OKpacKy oOpasyrolie-
rocs cynasduna cypsmsl (III). [Tocie orcranBanust ocaaka CIUTh C HETO YKHI-
KOCTb, IIOCJIE YET0 J00aBUTh PACTBOP CyIb(puaa HATpUs (MM AMMOHMS).

[lepememmBasl 0CaJOK CTEKJISIHHOM MalOYKOW, HAOII0JaTh €ro pacTBO-
penue ¢ obOpazoBanueMm cyibdocomn Na;SbS;. K momyuennomy pactBopy
npuOaBUTh 5—6 Kamenb KOHIICHTPUPOBAHHOMW COJISTHON KUCIIOTHI, IPU 3TOM
cHoBa oOpa3zyetcs cynbdun cypbmsl (I11) u BeimensieTcst Ta3 ¢ XapaKTepHBIM
3amaxoM. [lo 3anaxy onpenenuts, KaKOH ra3 BbIAEIAETCA.

B oryere onucaTh ONBIT U COCTABUTh YPAaBHEHHUS PEaKIMil: a) MoJIyde-
Hus cyinbduna cypsMmbl (IIl); 6) ero pactBopeHust B cynabduae HATpus; B)
pasnokeHus CyJIb(OoCcoNH CONSTHON KHCIOTOW. B BBIBOJE mpuBecTH oOIiee
Ha3BaHUE BCEX CYNb(HIOB, PACTBOPSIONINXCSA B PACTBOpAX CYIb(HUIOB IIe-
JIOYHBIX METANIOB U aMMOHHUSI. OOBSICHUTH MPUUNHY HEYCTOMUYUBOCTU CYJIb-
(hOKHCIIOT.
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2. Cynvghuo eucmyma (IIl). onyuuts cynbdun sucmyta (I11) mo nono-
oOMeHHOH peakuuu HuTpata Bucmyta (III) ¢ cynbpuaom HaTpus, OTMETUTH
uBet ocajaka. IloxelicTBoBaTh Ha 0cagok pacTBopoM Na,S — ocagok He pac-
TBOpsieTcsl. CIUTh pacTBOp € OCaJKa M MOACHCTBOBATh HA HErO KOHIIEHTPHU-
POBaHHOW a30THOW KHCIIOTOM — OCaJOK pacTBOpsieTCs (AJisI YCKOPEHHUs peak-
MU TPOOUPKY MOKHO TOJIOTPETh Ha TUIAMEHHU CITUPTOBKH).

B oruere onucarth omnbiT. COCTaBUTh YpaBHEHMSI PEAKUUU IMOTYYEHUs
cynbuna Bucmyta (III) u ero B3aumoneiicteus ¢ HNOs;, umest B Bumy, 4to
BTOpAsl PEAKLUsS SIBISIETCS OKUCIUTEIBHO-BOCCTAHOBUTEIBHOM, B KOTOPOM
obOpasytorcs Hutpatr BucmyTa (III), cepnas kucinora m okcua azota (II).
VYpaBHATH peaklui0 METOJ0M moiypeakiuil. OOBACHUTH, TTOUeMy CyJIb(u
BucmyTa (III) He oOpazyeT cynbhocoap Npu B3aUMOJEHCTBUU C PACTBOPOM
cynabuaa HaTPHSL.

KonTpoaupyommue 3aganus

1. Kakue onbITHBIE TAHHBIE CBUAECTEIBCTBYIOT O XUMHUYECKOW UHEPTHO-
CTH a30Ta, KaK OOBSICHAETCS B TEOPETUUECKON XUMUHN UHEPTHOCTH a30Ta?

2. T'a3000pa3Hblii aMMuak OOECIBEYMBAET TMOJKUCIECHHBIN pPacTBOp
nepMaHTraHaTa Kajius; HalUIIUTE YPAaBHEHUE COOTBETCTBYIOIIEH PEaKIIUH.

3. OObscHUTE, MOYEMYy a30TUCTas KHUCIOTa U €€ COJM 00JIaJlafoT OKHC-
JUTEIbHO-BOCCTAHOBUTENBHON JIBOMCTBEHHOCThIO? Hamnuiminre ypaBHEHHS
BCEX BO3MOKHBIX PEAKIMi HUTPUTA KUl C XJIOPATOM Kajlus U YKaKHUTE
Cpeau HUX HanboJiee BEPOATHYIO.

4. Hanumure ypaBHEHHS BCE€X BO3MOXXHBIX PpEaKIUil pa30aBICHHON
a30THOM KUCJIOTHI C IMHKOM U YKa)KUTE TEPMOJMHAMHYECKU Hanboliee BEpo-
ATHYIO PEAKIIHIO.

5. PacimaBnennas cmecb KNO; (NaNO;) ¢ KOH (NaOH) nassiBaetcs
OKUCIUTENbHON cMechlo. OHa MpUMEHSIETCs NPU BCKPBITUM MUHEpanoB. Ha-
MUIINATE YPAaBHEHUE BCKPBITUS 3TOW CMECHIO MUHEPaa MUPOJIIO3UTA.

6. OpTodochopHyIO0 KUCIOTY I XUMAYECKHUX IEJIEH MOIyJaroT B3au-
MoJieficTBHEM KpacHOro ochopa ¢ KOHIEHTPUPOBAHHON a30THON KHUCIIOTOIA.
Hanummre ypaBHEeHHE 3TON peakiny.

7. Uem oTnu4vaeTcst B3aumoaeicTeue As,S; u Sb,S; ¢ KOHIIEHTpUpPOBaH-
HOI a30THOM KUCJIOTOH OT B3auMojeicTBus Bi,S; ¢ 2TOM e KucioTon?

8. Ilouemy cynbduasl As,S;, As,Ss, Sb,S; u Sb,Ss Ha3pIBarOTCSA CyIib-
dboanruapuaamu’? Hanummure ypaBHEHUS COOTBETCTBYIOITUX PEAKITUM.
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Pa6ota 4. TJTABHAS IOJT'PYIIIIA YETBEPTOM I'PYTIIIBI
(yraepoa, KpeMHHM, TepMaHui, 0JIOBO, CBUHEI)

['1aBHYI0 TOATpYIy YETBEPTOM TPYyNIbl MEPUOJUYECKON CHCTEMBI
J.W. MeHneneeBa COCTaBISIOT XUMUYECKHE DJIEMEHTHI YIJIEPO, KPEMHUM,
repMaHuii, 0JJOBO U CBHUHEI. VX mpoCThie BENIECTBA U MHOTHUE COEAUHEHUS
IIMPOKO UCIOJIB3YIOTCS B KU3HU U JACATEIBHOCTH YEIOBEKA.

VYriepoa — OCHOBa OPraHM4eCKOM XMMHUHM, HO U B HEOPraHUYECKON XH-
MHH €r0 COEAMHEHUS MPEJICTABICHBI IOCTATOYHO MOJHO. M3yueHue Heopra-
HUYECKUX COCIUMHEHHN yIJiepoJa HAUMHAETCS C MOJIYyUYEHHUs YIIIEKUCIIOTO Ta-
3a W HEPACTBOPUMBIX KapOOHATOB, C W3YUYEHUS THUAPOIN3a PACTBOPHUMBIX
KapOOHATOB.

[Ipn w3ydeHWW COeaUHEHUN KpPEeMHHS 0C000€ BHHUMAHHE YICISIIOT
KPEMHHUEBOW KHCIJIOTE, TAK KaK 3TO CIIy4yaldl HEPACTBOPUMOM KUCJIOTHI U reje-
00pa3HOTO COCTOSIHUSI BEIIECTBA, C KOTOPBIMU 3HAKOMATCS CTYJEHTHI MpPU
n3yuyeHU XuMuM. [107€3HbI TaKKe OMBITHI MO MOTYYSHUIO HEPACTBOPUMBIX U
TUAPOJIU3Y PACTBOPUMBIX CHUIIMKATOB, TaK KAK OHH MO3BOJISIOT CPABHUTH UX C
aHAJIOTUYHBIMU COSJIMHEHUSIMU YTJIEpOa.

['epMaHuii U €ero coeIMHEHUsI PEIKU, U B YUEOHBIX LIEISAX HE MUCIOJb3Y-
1o1csa. OnoBO, CBUHEI] M KX COCAMHEHHS, HA0O0OOPOT, IUPOKO UCTIOIB3YIOTCS B
7a00paTOPHBIX IEIAX. DTH METaUIhl MOKHO TOJIy4aTh U3 PACTBOPOB UX CO-
Jieil BbITECHEHUEM OoJiee aKTUBHBIMU MeTayuiaMu. OKCHUIBI M THIPOKCHUIBI
ATUX METAJIOB aM(POTEPHBI.

Ocoboe BHUMaHUE YICISICTCS OKHCIUTEIbHO-BOCCTAHOBUTEIHLHBIM
CBOMCTBaM COEMHEHUI 0JIoBa U cBUHIA. XJopua ojioBa (1) ucnonszyercs B
XUMHUYECKUX JTA00paATOPUAX U JIJISl TEXHUYECKUX I[€JIel KaK BOCCTAHOBUTEND,
a IMOKCHUJI CBUHIIA — KaK OJIUH U3 CAMbIX CUJIbHBIX OKUCIUTENCH.

DNeMEeHThl OJTHOW MOATPYMHIBI — ATO B OOILIEM CXOJHBIE JIEMEHTHI, HO
KOKIbIH U3 HUX 00Ji1aJlaeéT MHOTUMHM WHIUWBHUAYaJbHBIMU OCOOEHHOCTSMH.
JInst o70Ba ¥ CBUHIIA OTJIMYWE TIPOSIBISETCS, B YACTHOCTH, MPHU MOJYYECHUU U
pactBopenuu cyibhuaoB. Cyabdua AByXBaJEHTHOI'O 0JIOBa SnS HEPacTBO-
pUM B pa30aBJICeHHBIX KHCJIOTaX, HO pacTBOpHUM B KoHIleHTpupoBanHoi HCl u
B KHCJIOTaX-OKHCIUTENAX; C CyJIbPUIaAMH MICTOYHBIX IJIEMEHTOB U CYIb(U-
JIOM aMMOHHS OH HE B3auMojieicTByeT. Cynb(pua 4eThIpEXBATIEHTHOTO 0JIOBA
SnS, — cynedoaHTHApPUI, T.€. OH B3aUMOJECUCTBYET C PacTBOpaMU CYJb(u-
JIOB TIEJIOYHBIX 3JIEMEHTOB U aMMOHHS ¢ 00pa30BaHUEM PACTBOPUMBIX CYJIb-
doconeit. Cynbbhun qByxBajeHTHOTO cBUHIIA PbS oTHOCHTCS K cynbbhugam,
pPacTBOPUMBIM B KHCJIOTaX-OKUCIHTENAX, a CYIb()HUI YeTHIPEXBATIEHTHOTO
CBUHIIA HE CYIIECTBYET BCJICACTBUE PA3IOKEHUS B MOMEHT 00pa30BaHUS I10
pEeaKIuu BHYTPUMOJIEKYJISPHOTO OKUCIICHUSI-BOCCTAHOBIICHHUS.
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BKCHepI/IMeHTaJIBHaH 4acTb

HeflblO pa60mbz ABJIACTCS IMOJTYUYCHUC U UCCIICOAOBAHNUC CBOMCTB HanOo-
JICC PaCIIpOCTPaHCHHBIX COGI[I/IHGHI/Iﬁ yriiepoaa, KpEMHUA, OJIOBA 1 CBUHIIA.

Omnpit 1. Iloayuyenue okcuaa yriaepoaa (IV) u ero pacrsopeHue B Bojae

CoOpaTh TpOCTEHIIyI0 YCTaHOBKY MJIsi TMOJyYEHHUs OKCHAA Yyriepoja
(IV) mo pucynky 12a nnm 126. B mepBom ciydae ucnonsiyercs koyibda Biop-
ua (1), maotHo 3akpeiBaroliascs mpookoit (3), a BO BTOPOM — KPYIJIOIOHHAS
KoJ10a (2), KoTopasi TakkKe 3aKpbIBaeTCs MPOOKOW CO BCTABICHHOUN B HEe Ta-
300TBOJIHOM CTEKJISTHHOU TpyOKkou (4). B oboux ciiydasix KOHeI] ra300TBO/I-
HOM TpyOKH omyckaeTcs B IpoOUpPKY ¢ BOJIOH (5).

Puc.12. Yemanosku ons nonyuenus ouokcuoa yenepooa

1 — xonba Bropma; 2 — konba; 3 — npoOka; 4 — ra300TBOIHAS TPYOKa; 5 — mpoOupka

B peakunonnsiii cocya (1) nnm (2) nonoxuts 3—4 MaleHbKUX KyCOYKa
MpaMopa, BHECTH 5 Kamesb BoAbl U 10 kanenb KOHIEHTPUPOBAHHOW COJISTHOM
KHUCIIOTBI. BBICTPO 3aKphITh pPEakUHUOHHBIN COCy]l MPOOKOHM, KOHEI Ira300T-
BOJHON TpYyOKH ONMYyCTUTh B MPOOUPKY C IUCTHILIMPOBAHHOU Bojou. I[Ipo-
MyCKaTh ra3z 2—3 MUH, NIOCJI€ Yero MPOBEPUTH CPeay MOITYYEHHOTO B MPOOUp-
K€ pacTBOpa YHUBEPCAIHHOW MHAUKATOPHON OyMaroi.

Onwucate onsIT. Hanmcare cxeMy paBHOBECHSI, CYLIECTBYIOLIETO B BOJI-
HOM pPAacTBOpE AMOKcuAa yriaeponaa. Kak u moyemy cMmemaercss 3T0 paBHOBe-
cHe MpH 100aBJIEHUU B PacTBOP LIEJIOUU U KUCIOTHI?

OmnpiT 2. Ilosry4yeHne MaJ10pacTBOPUMBIX KapOOHATOB

B Tpex mpoOupkax moiayuuTh KapOOHAThl KalblKs, CTPOHIUS U Oapus
B3aMMOJEMCTBUEM PACTBOPUMBIX COJIEH 3THX METAJUIOB C pacTBOPOM KapOo-
HaTa HaTpus. [laTh pacTBopaM OTCTOATHCS, MOCJE YEro U3 MPOOUPOK CIUTH,
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YAQIUTh MUNETKOW WM KyCOYKOM (DUIbTPOBANIBHONW Oymaru BCIO (MM XOTS
Obl 4acTh) >KUAKOCTh. JJ00aBUTH K OCagkaM MO OJHOM Karjie KOHIEHTPHUPO-
BaHHOM COJISTHOW KucioThl. UTo Habmomaerca? HamucaTh ypaBHEHUS MOTY-
YeHUs KapOOHATOB M WX B3aUMOJICUCTBHUS C COJSTHOM KHCJIOTON B MOJIEKY-
JIIPHOM U MOHHO-MOJIEKYJISIPHOM BHJIE.

Omnpit 3. I'maposu3 pacTBOPMMBIX KApOOHATOB

C noMomuip0 YHUBEpCaIbHON MHIUKATOPHOM OyMaru yCTaHOBUTH Cpeay
pacTBOpOB KapOOHATOB HaTpus U Kanusd. Hamucatrh ypaBHEHUs ruapoins3a B
MOJIEKYJIIPHOM ¥ MOHHO-MOJIEKYJIIPHOM BUJIE U OOBSCHUTH, TOYEMY B 000OHX
ClIy4asx cpefa OJMHaKOBasl.

Onpit 4. IlosryyeHne KpeMHHEBO KHCJI0ThI

K 4-5 xarmisim pactBopa cuimkaTa HaTpus 100aBUTH 6—7 Kamenb 2 H.
coJisiHOM kucnoThl. HaOmiomath oOpa3oBaHue Telii KPEMHHEBOW KHCIOTHI.
Hanucarte ypaBHeHue peakiuu. OObsICHUTH, ToueMy (QopMysia KpeMHUEBON
kucnoTel HyS10; siBnsieTcs yClnoBHOM, KaKOB I€UCTBUTENIbHBINA COCTAB Tefsi?

OmnmiT 5. Ho.ﬂyqelme MaJopacTBOPUMBIX CW/IINKATOB

B Tpu npobupku BHecTH 10 3—4 Karu pacTBOPOB XJIopuaa Oapwsi, XJ1o-
puna nukens (II) u cynedara meau (II). [Job6aBUTh B KXyt MPOOUPKY IO
2-3 xarum pacTBOpa CHiHMKaTa HaTpus. OnucaTh OIBIT, HAMMKUCATh YPaBHEHUS
peakiuii B MOJICKYJIIPHOM W HOHHO-MOJICKYJIIPHOM BHJI€, OTMETHUTH I[BET
0CaJIKOB.

OmnpiT 6. 'HAPOJIM3 PACTBOPUMOIO CHIIHKATA

C nomo1ipo YHUBEPCATbHON UHIUKATOPHON OyMaru yCTaHOBUTH CPEAY
pacTBOpa cuiukarta HaTpus. Hamucars ypaBHEHHE TMApOJIM3a B MOJIEKYJISIP-
HOM U MOHHOM BHje. OO0BsICHUTH, MoYeMy cpefa pactBopa Na,SiO; Gonee
uienovHas, yem pactsopa Na,COs.

Omnpit 7. ITosrydeHue 0J10Ba U CBMHIIA

B onny nmpoOupky BHecTH pactBop xjopuzaa osiosa (II), a B ppyryro —
nutpata cBuHma (II). B kaxayro mpoOuUpKy OMyCTUTh MO OJHOM TpaHyJie
uuHka. HaGmonath nosiBjieHUE Ha rpaHyJjiax MEJIKHX KPUCTAJIMKOB METall-
JMYECKOT0 0JI0Ba U CBMHIA. HanucaTh ypaBHEHUs peakuuil U 0ObSICHUTh UX
CaMOMPOU3BOJILHOE MpoTeKaHue. BO3MOXKHO U MpOTeKaHUE TaKUX PeaKIui,
€CJIM TPaHyJIbl LIMHKA 3aMEHUTh Ha Kycouku Meau? ChopmMynupoBaTh BHIBOJ.
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Omnpit 8. ITosryyenue ruapokcuaos o0108a (II) u ceunna (II)
U MCCJIe/IOBAHNE UX OCHOBHO-KHCJIOTHBIX CBOMCTB

1. T'uopoxcuo onosa (Il). B 1Byx npodbupkax NOJy4UTh THIPOKCHU OJIO-
Ba (II) B3aumopeiicTBuem pactBopa xsopuaa osiora (II) ¢ ruapokcuaom am-
MOHHUSI.

Jlns uccnepoBanus cBoiicTB ruapokcuna onosa (II) B onHy mpobupky
N00aBUTH COJISTHYIO KUCIIOTY, B IPYTYIO — U30BITOK PacTBOpa IICJIOUH.

Hanucate MonekyasipHble U HOHHO-MOJIEKYJISIpHbIE YPAaBHEHUS peaKIui
nosiydeHus rugpokcuia onona (II) u B3aumoneicTBus €ro ¢ pacTBOPOM TH/I-
POKCH/Ia HATPUS U COJITHOM KUCIIOTOM, yUNUTBIBAsI, YTO B ILIEJTOYHOM PacTBOPE
o0Opa3syercs THIPOKCOKOMILIEKCHOE COeIMHEHUE.

2. T'uopokcuo ceunya (I1). BzaumoencTBueM pacTBOPEHHOTO HHUTpaTa
ceunua (II) ¢ ruapoxkcuIoM aMMOHHUS TOJYYUTh B JIBYX NMPOOHUPKAX TUIPO-
kcupa ceuHna (II). Otmeruts 1BeT ocaaka. PacTBopuTh ocanok, q00aBiss B
MEPBYIO NPOOUPKY 2 H. a30THYIO KHUCIIOTY, @ BO BTOPYIO — pacTBOP LIEJIOYH.
Hanucate ypaBHeHus peakuuil moisydenusi rujipokcuaa ceunua (II) u B3au-
MOJICUCTBUSI €r0 C KHUCJIOTOM U IIENOYbI0 B MOJIEKYJISIPHOM M HOHHO-
MOJIEKYJIIPHOM BUJIE.

[Touemy mnsa pactBopenus Sn(OH), MOXHO HCHOJB30BAaTh CEPHYIO U
COJISIHYIO KHCIIOTY, a Juist pactBopeHus: Pb(OH), — Henb3s?

ChopmynrpoBaTh BbIBOJI 00 OCHOBHO-KHMCJIOTHBIX CBOMCTBax THIpO-
kcuaoB oJioa (II) u ceunna (II).

OnebiT 9. Ilosyyenne ruapoxcuaa ojosa (IV) u okcnaa ceununa (IV)
U MCCJICA0OBAHUE UX OCHOBHO-KHUCJIOTHBIX CBOMCTB

1. T'uopoxcuo onosa (IV). B nBe mpoObupku BHECTH 10 3—5 Kareib pac-
TBOpa xyopunaa onoBa (IV) m m006aBUTH TUAPOKCHI HATPHUSA JO TOSBICHHS
ocankoB ruapokcuaa onosa (IV). PactBoputh ocaaku, 100aBisis B TIEPBYIO
poOHpPKy pa30aBICHHYIO COJISHYIO KHUCIOTY, a BO BTOPYIO — pa30aBIICHHBIN
pacTBOp rUApoKcuja HaTpus. HamucaTts ypaBHEHUS MOTY4YEHUs THAPOKCUIIA
onoBa (IV) u ero B3auMoJeHCTBUS ¢ KMCIOTOW M pPAaCTBOPOM IIEJIOYU B MO-
JIEKYJISIPHOM U MOHHO-MOJICKYJISPHOM BHUJIE.

2. Amghomepmnwie ceoticmea oxcuoa ceunya (1V). B papdopoBblii TUTENH
BHECTH OJIMH MUKpoImImnaTenb okcuaa cunma (IV), 6—8 kamenb KOHIEHTPH-
POBaHHOTO PAcCTBOpPA THJIPOKCHJA HATPHUS M HArPETh TUTENb Ha CIHUPTOBKE.
[Tocne oxnaxaeHus: 0TOOpaTh MUMETKON B MPOOUPKY 00pa30BaBIIMIACS pac-
TBOp Tekcaruapokcoruiromodara (IV) Hatpust u 700aBUTh K HEMY IO KarljisiMm
KOHIICHTPUPOBAHHYIO COJISTHYIO KHCJIOTY J0 TOSBICHUS OCaJKa XJIOpUa
ceuHiia (IV) xxenroro uera.
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Hamnucare ypaBHeHHMS peakIMii MOJydYeHHUs TeKCcaruapoKcoruiroMbara
(IV) Hatpusa u ero B3auMOJEHCTBUA C COJITHOW KucioTod. Kakue cBoiicTBa
nposBisier okcul cBuHIa (IV) B aTom omnbite?

Kak mMoxHO Ha ombITe YCTaHOBUTH CBOMCTBaA okcuaa cBuHia (IV), mpo-
THUBOMOJIOKHBIE TEM, KOTOPBIE OH MPOSIBISIET IPU B3aUMOJACHCTBUU C THAPO-
KcuaoM HaTpusi? Uem 3aTpyAHEHO MPOBEACHUE TAKOTO OIbITa?

Omneit 10. 'mapoan3 coJieii osioBa (I) u ceunna (I1)

1. T'uoponuz xnopuoa onoea (Il). B npobupky ¢ 3—4 KamisMu BOJIbI
onmycTuTh 2—3 Kpuctamnuka xjopuna ojosa (II). Pazmemars copepxxumoe
MPOOUPKU CTEKJIIHHOM MaJOYKOM JI0 MOJIHOTO PACTBOPEHHUS KPUCTAJUIOB U C
MOMOIIBIO YHUBEPCAIbHOW MHAMKATOpHOU Oymaru ompenenuth pH pactBo-
pa. JlobaBuTh B mpoOupKy emie 5—6 Kamenb BOAbI, OTMETUTh OOpa3oBaHUE
ocaJika OCHOBHOW coiu — xJyiopujna ruapokcoosioBa (II). IlpubaBnenuem ka-
KOT'0 peakTHBa MOXXHO YMEHbIIUTH Tuaponu3 xjopuaa onosa (I1)? Ilpose-
PUTH CBOE 3aKJIIOUYECHUE ONBITOM. HamncaTh ypaBHEHUSI BCEX peakuuil. YKa-
3ath Tum ruaponn3a U pH cpeapl. OOBSICHUTH BIMSHUE T00ABICHUS BOABI U
KHUCJIOTBI HA CMEIICHUE PABHOBECUS TUIPOIN3a ITOM COJIH.

2. I'uoponuz numpama ceunya (11). TlomecTuTh B IPOOUPKY HECKOIBKO
KpuctaukoB HUTpara ceuHna (I1I) u 3—4 kamim IUCTUIIMPOBAHHON BOJBI.
Pasmemars cogep:kuMoe MpoOUpPKU CTEKIISTHHOM MajoyKoW A0 MOJIHOTO pac-
TBOpeHus: conu. Onpenenuts pH molydeHHOro pacTBopa ¢ MOMOIIBIO YHH-
BepcaibHOro uHaukaropa. Kakosa cpeaa sroro pacrsopa? Harpers pactBop
B IUIAMEHU CIUPTOBKH, J00aBUTH 2—3 Karuiu kapOoHaTa HATpHs, CHOBA Ha-
rpeth. Habmronarh BeImajieHre ocajaka ocHoBHOM conu cBuHIa (PbOH),CO;,
COCTaB KOTOPOH MOXKHO Takke BeIpa3suTh hopmyrnoit 2PbCO;-Pb(OH),. B ka-
KOW KHCJIOTE pacTBopseTcs ATOT ocanok? [IpoBeputh cBOe 3aKIIIOUCHHE Ha
OTIBITE.

Hanucate ypaBHeHue rujponuza Hutpara ceuHia (II) mo mepoii cry-
nenu. Kak Biusier nobaBiieHne kapOoHaTa HaTpusi Ha 3TOT npouecc? [Ipowuc-
XOJIUT JIM 37IeCh B3aUMHOE YCUJICHUE WJIM B3aMMHOE OcCiabiieHne THAPOIIH3a
Pb(NOs;), u Na,CO5? Hanucatb ypaBHEHHE COBMECTHOTO THAPOIU3a HUTpATa
ceuHia (I1) u xkapOonara HaTpus.

OnpiT 11. OKHCINTEIHLHO-BOCCTAHOBHUTEIbHBIE CBOHMCTBA
COeIMHEHUH CBHHIIA U 0JI0BA

1. Boccmanosnenue nepmaneanama xaaus xaopuoom onosa (1). B npo-
OWpKYy C pacTBOPOM TEpPMaHTaHATa Kalus MO0OABUTH IS CO3MAHUS KHUCIION
cpenbl pa30aBIEHHYIO COJIIHYIO KUCIIOTY, a 3aT€M PAacTBOpP XJIOpUIa OJIOBa
(IT). Yro nabmomaercs? OnucaTh ONBIT U HANTUCATh YPAaBHEHUE PEAKIIUU, OTI-
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penenuB cTeXuoMeTpuueckue Kod( UIMEHTh METOIOM Moiypeakiuii. Vc-
HOJIb3ysI CTAHJAPTHBIC 3HAYEHHSI OKHUCIUTENbHO-BOCCTAHOBUTENILHBIX MTOTEH-
nuanoB @° (tabmn. 13, c. 151), mokazaTe BO3MOKHOCTb MPOTEKAHUS PEAKIIUH.

2. Oxucnenue uoouoa xkanus oxcuoom ceunya (IV). B mpobupky BHecTH
OJIMH MUKpoIIaresb okcuaa ceunna (IV), 3—5 kanenb 2 H. CepHOU KUCIOTHI
u 5-6 kanens Woguna kanusi. Harpers mpoOupky Ha cnuptoBke. OTMETUTH
M3MEHEHUE 1IBETa pacTBopa. [lepeHecTn CTeKISTHHON MAJIOYKOUW KaIlIk 3TOrO
pacTBOpa B mpodupky ¢ 8—10 kamismu pactBopa kpaxmana. OTMETUTh MOSB-
JeHue CuHEeH oKpacku pacTBopa. Ha oOpa3oBaHue Kakoro BellecTBa yKasbl-
BAET MOSBJIEHUE 3TOW OKPACKHU PacTBOpa KpaxMaia?

OnucaTe ONBIT W HANMKMCATh YPaBHEHHE PEaKLUHU, ONpPEAESIUB CTEXHO-
MeTpuueckue Ko3(pQPUUUEeHThl MeTOoAOM mnoiypeakiuil. Mcnonb3ys craH-
NapTHBIE 3HAYEHUS OKHCIIHUTEIIbHO-BOCCTAHOBUTEIBHBIX MOTEHIMAIOB ©°,
II0Ka3aTh BO3MOXXHOCTb ITPOTEKaHUS PEAKLIUU.

3. Okucnenue cyavghama mapeanya (Il) oxcuoom ceunya (IV). B mpo-
Ooupky momecTuTh okcu cBuHIA (IV) Ha KOHYHKE MUKpOIITIATENs, T00aBUTh
6—8 Kamenb 2 H. a30THOW KUCJIOTHI M OJIHY KaIUTI0 pacTBOpa Cyib(dara map-
ranua (II). Conepxxumoe npoOUpPKU MPOKUIATUTH, 1aTh PACTBOPY OTCTOSTh-
csi. OTMETUTh OKpPAcKy MOJYyUYEHHOTO pacTBOpa.

Hanucars ypaBHeHue peakuuu, y4UTbIBas, 4YTO 0Opa3oBajach MapraH-
neBast kuciora u conb cBuHIa (I1). Tlo pe3ynpTaram ombiTa CpaBHUTH OKHC-
nuTenbHble cBoMcTBa okcuna cBuHIA (IV) m MnOj -HOHOB M COMOCTaBUTH

pE3yNIbTaThl CPABHEHMS CO 3HAYCHUSMHU (p° COOTBETCTBYIOIIUX IMOITYPEAKITHiA
(Tabm. 13).

Omnpit 12. Toryyenue cyab(pua0B 0J10Ba 1 CBUHIA
U MCCJIeJ0BAHNE UX CBOIICTB

B Tpu nmpoOupKku BHECTH PacTBOPHI COJICH: B TIEPBYIO — XJIOPUAA JIBYX-
BaJICHTHOTO OJIOBa, BO BTOPYI0 — XJjopuaa onosa (IV), B TpeTbio — HUTpaTa
ceunia (II). 1o6aBuTh B KaxIyro MpoOUPKY 1Mo 2—3 Karwiu cyibduaa amMmmo-
Hus (NHy),S. OtmeTuTh 00pa3zoBanue Cyiab(HUI0B COOTBETCTBYIOIINX METaJ-
JIOB BO BCEX MPOOMpKaX, IHEPTHUHO MEepPEeMeIaTh CTCKISTHHON MallOUYKON UX
COJIEP’KUMOE, TTOCIIE Yero pa3feiuTh KK 0caliok Ha aBe dacTu. K ogHOM
U3 HUX MPUOABUTH U30OBITOK Cylb(HIa aMMOHUSA, & K IPYyrod — KOHIICHTPHU-
POBaHHYIO a30THYIO KUCIOTY. Bo Bcex nu npoOupkax HabIto1aeTcs pacTBo-
peHue 0CaIKoB?

B oruere ommcarh ONBIT, HAMUCaTh ypaBHEHUS PEAKIUN TMOTYUYEHUS
CyJb(pHI0OB 0JI0BAa U CBUHIIA B MOJICKYJSIPHOM U MOHHOM BHJI€ U yKa3aThb UX
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nBer. Hamucath ypaBHeHue peakiuu cyibdunga ojoBa (IV) ¢ cymsdugom
aMMOHMUS U C/IeNIaTh BBIBOJ O €ro MPUHAAJICKHOCTH K CYJIb(POAHTUAPUIAM.

OO0bsicauTh, moyemy cynbbuna onosa (II) u cymedun cunma (II) c
CyJb(prIOM aMMOHUS HE B3aUMOJICHCTBYIOT.

Hamnucatb ypaBHEHUSI OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIIUN MPU
B3aumozenicteu  SnS, SnS; u PbS ¢ xoHIIEHTpHpOBaHHON a30THOUN KHU-
CJIOTOM, y4MUTBHIBAsA, YTO MPEUMYIICCTBEHHBIM MPOIAYKTOM BOCCTAHOBJICHHS
KHCJIOTHI sIBIIeTCs okcupt azota (I1V).

PesynbraThl uccneqoBaHusi CBOMCTB CyJIb(UIOB MPEICTABUTh B BHJIC
Tabmmipl (Tabm. 12).

Tadmuma 12

BsaumoneiictBue cyab(pua0B CBUHIA U 0J0BA C CYIb(UIOM aMMOHHUS
U @30THOU KUCJIOTON

Cynbsdun Pearent YpaBHEHUE peakIuu
SnS (NH4)ZS
SHSQ (NH4)ZS
PbS (NH,),S
SnS HNO;
Sl’lSz HNO3
PbS HNO;
Ta6muma 13
CTaHI[apTHBIe QJICKTPOAHBIC ITIOTCHIIMAJIbI nonypeaxunﬁ
[Tonmypeaknus ©°,B
Sn”" + 2e = Sn —0,14
Sn* + 2¢ = Sn*" +0,15
Sn* + 4e = Sn +0,01
Pb*" +2e =Pb -0,13
Pb*" + 2¢ = Pb*" +1,80
Pb*" + 4e = Pb +0,84
PbO, +4H" + 2e = Pb>" + 2H,0 +1,46
MnO; + 8H" + 5e = Mn*" + 4H,0 +1,51
Cr,02 + 14H" + 6e =2Cr’* + 7H,0 +1,33
L+2e=2I" +0,54
Mn?" + 2¢ = Mn -1.19
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KonTposmpyroummue 3aganus

1. ITokaxxuTe ypaBHEHUSIMH pEaKUUN MOJYYEHUE YTIJIEKUCIIOTO Ta3a U3
MPUPOIHBIX COCTUHEHUM (MUHEPAIOB) KAJIBIIUTA, MarHE3UTa U MaJlaXHTa.

2. PactBopuMoOcCTh yriiekucioro raza B Bojae npu 20 °C pasna 87,2 mi
Ha 100 r Bogsl. YUemy paBHA MOJISIpHAsi KOHIIEHTpAIUs 3TOTO pacTBopa’?

3. Hanumure ypaBHeHUs TUAPOIN3a KapOOHATa HATpUs U CUIJIMKATa Ha-
Tpus. Kakas cosp v moueMy ruapoiausyercs nojiHee?

4. OObsICHUTE, TTIOYEMY PEAKIIUS
COz(F) + N&zSiO3 = N32C03 + SIOQ(K)

B pacTBOpax MPOTEKacT B MPSMOM HaIlpaBJICHUH, a B pacliaBax — B 00part-
HOM?

5. PactBOp cunmkara HaTpusi HCHOJB3yeTCs B KadecTBe kies. [louemy
[P XPAaHEHUU B HETEPMETHUYHOM E€MKOCTH 3TOT PAaCTBOP CTAHOBHUTCS MYT-
HBIM U TEpSET KIeslue cBoiicTBa?

6. [lokaxxute ypaBHEHUSIMU peakuuil aM(oTepHble CBONCTBA THIPOKCH-
noB osioBa Sn(OH), u Sn(OH),.

7. IlokaxxuTe ypaBHECHUSMHU PEAKIHH BOCCTAHOBUTEJIBHBIC CBOMCTBA
SnCl, n okucaurensHble cBoicTBa PbO,.

PaGora 5. BOP, ATFOMUHUM

Bop u amtoMuHUN OTHOCATCS K p-deMeHTaM TpeTbeil rpynmbl. CocTos-
HHE MX BAJICHTHBIX JICKTPOHOB XapakTepusyercs obmeit hopMysoii ns’np'.
B cBoux coeauHeHUAX OOp M aTIOMHUHUM MPOSBISIOT €AMHCTBEHHYIO M yC-
TOMYHMBYIO CTENIEHb OKMCJICHHUS PaBHYIO +3, MO3TOMY JUJIsl COeIMHEHUN Oopa
U QIIOMUHUSL KaK OKUCIUTENbHBIC, TAK ¥ BOCCTAHOBUTEIHHBIE CBOMCTBA HE
XapaKTEePHBI.

Kpucrammmueckuit 60p — HEMeTauT U XUMHUYECKA WHEPTHOE BEMIECTBO,
ATFOMUHUI — akTHBHBIN MeTaut (¢° = —1,67 B), HO W3-3a HATMYKS 3aIIUTHOM
OKCHUJIHOM TIJIEHKM MHOTHE PEAKIIUU C aJIOMUHHUEM HJIYT C TaK Ha3bIBAaEMbIM
JIATEHTHBIM MEPUOJIOM, BO BpeMs KoToporo paspymaercs Al,Os.

OKcubl ¥ TUIPOKCUJIBI O0pa U ATFOMUHUS aM(OTEPHBI, TPUIEM Y ITHX
COeIMHEHUN Oopa MpeoOiagaroT KHUCIOTHBIE CBOWMCTBA, a Y COEIUHCHHM
ATIOMHHUST — OCHOBHBIE. HeoOBIUHON 0COOCHHOCTBIO OKCHJIa OOpa SIBISETCS
€ro CKJIOHHOCTB K CTEKJI000pa30oBaHuI0. B 3TOM mposBIISIETCS TUaroHaqbHOE
CXOJICTBO OOpa C KpeMHHUEM. Y CTOMYMBEIC K JICHCTBUIO XUMUYECKUX PCaKTH-
BOB M TE€PMOCTOWKHE OOpaTHBIE CTEKJIa MCHOJB3YIOTCS [JISi M3TOTOBJICHUS
1ab0paTOPHOM MOCYBI.
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N3 coenvHeHn allfOMUHUS CaMO€ IIIUPOKOE NMPUMEHEHUE UMEET CYJlb-
daT anmoMUHUS, KOTOPBIM MCIOJIB3YeTCs] KaK HAMOJHUTEIh MPU MU3TOTOBIIE-
HUU OyMmaru, JUisi OCBETJICHHS BOJbI (OCAXKICHUSI B3BEIICHHBIX YACTHUI]) U B
IPYTUX NPOU3BOJICTBAX.

BKCHepI/IMeHTaJIBHaH 4acThb

Llenvio pabomul gBISIETCSl TOJIyYeHHE M M3Y4YEHUE CBOMCTB Haubolee
XapaKTePHBIX COETUHEHUN O0pa U AIFOMUHUSL.

Omnpit 1. IlosryyeHue opTOOOPHOM KHUCJIOTHI U H3YYCHHE ee CBOICTB

1. Tlonyuenue opmoboproti kuciomol. B mpoOUpKy moMectuTh 5—6 Ka-
Meb HachIIeHHOTO pacTBopa Oypel Na,B407,-10H,0, no6aButh 2-3 karum
KOHIICHTPUPOBAHHOW CEepHOM KUCIOTHI. HabmomaTe BeImazeHue OENbIX KpH-
CTaJIJIOB.

B otuére onmcaTh ONBIT U HANUCATh ypaBHEHHUE peakuuu. CONbI0 KaKOu
KHUCJIOTHI siBisieTcsl TeTpabopar HaTpus? IloueMy B peakiuu moyiydaercsi He
TeTpabopHasi, a opToOOpHas Kuciaora?

2. Kucnomule ceoticmea opmobopHou xuciomel. B aByxX mpobupkax
IPUTOTOBUTH PacTBOpP OpTOOOPHOI KHUCIOTH. B mepByro mpoOupky BHeCTH
KyCOYEK MarHMeBOM JICHTHI, HAOIIOAATh BBIJIEICHHE ra3000pa3HOrO BEIIECT-
Ba. Hamucartp ypaBHeHUE peakuu MarHusi ¢ OpToOOpHOM KUCIOTOM.

Bo BTOpoi#t mpoOupke omnpenenuts pH pacTBopa ¢ MOMOIIBIO YHHUBEP-
CaJIbHOM MHAWKATOpHOM OyMaru. YkaszaTh 3HaueHue pH pacTBopa KUCIOTHI U
HaIlMCaTh CXEMY 3JIEKTPOJUTUYECKON aucconuanuu. Yem aucconuanus op-
TOOOPHOM KUCIOTHI OTJIMYAETCS OT AUCCOLMANMK ApyTrux kuciaot? Kakosa eé
OCHOBHOCTB?

Craenatp BBIBOJ O CHJIe OPTOOOPHOM KHUCIOTHI, KOHCTAHTa AUCCOIUAIIH
KOTOpOii paBHa 5-10'°.

3. Honyuenue sghupa opmobopnoii kucromsei. B dapdopossiii Trrensn
MOMECTUTh HECKOJIBKO KPUCTAILTUKOB OPTOOOPHOM KUCIOTHI, 2—3 Karuid cep-
HOM KHUCJOTBI U 5—6 Kamesnap 3TWIOBOro cnupra. CMech pacTepeTh CTEKIISH-
HOI Nanoykoi U nojpkedb. OTMETUTh OKpacKy IUIaMeHH. B oTduere HanucaTh
ypaBHEHUE B3aWMOJCHCTBUS 3TaHOJA C OPTOOOPHON KHCIOTOH ¢ oOpa3oBa-
HueM OopnosTuioBoro 3¢upa B(OC,Hs);. KakoBa ponb cepHOil KHCIOTHI B
sToi peakiuu? Caenatb BbIBOJ 00 aMPOTEPHBIX CBOMCTBAX OPTOOOPHOM KHU-
CJIOTHI.
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Omnpit 2. I'maposiu3 Terpadopara HATPUS

B npobupke npuroroButs 1-2 miu pactBopa Oypsl. C MOMOIIBIO YHU-
BepCabHOM MHAUKATOpHOM Oymaxkku ompenenutb pH pactBopa. B oruere
HaIMCaTh YPaBHEHUs CTYIIEHYATOr0 THAPOJIK3a TeTpadopara HaTpUs, YUUThI-
Bas, YTO HA MEPBOM CTyneHu oOpa3yeTcsi opToOOpHas KUCIOTa U MeTabopaT
HaTpUsl, @ Ha BTOPO — OpTOOOPHAs KUCIOTA U TUAPOKCU]T HATPHUSL.

OmneiT 3. IlosryyeHne MaJIOpacTBOPUMBIX OOPaTOB

B nBe mpoOupku BHecTH 10 3—4 Kalid HACBIIIEHHOTO PacTBOpa TETpa-
OopaTta HaTpus U J100ABUTH MO HECKOJHKO Kallelh PacTBOPOB: B MEPBYIO —
HUTpaTa cepedpa, Bo BTopyto — cynbdara meau (II). Habmronars BeimageHue
OCAJIKOB.

Hammcate ypaBHEHHs peakiinii, y9uThIBas, 4TO B MEPBOM MpoOupke 00-
pasyetcsi MmeTabopaT cepebpa, a Bo BTopoii — ruapokcomeradopart meau (II).
[Touemy BO BTOpOI MpoOupke oOpazoBaiach OCHOBHAs, a HE CPEAHSIS COJIb?

OmneiT 4. IlosryyeHnue nepJioB 0ypbl

Metabopatsl Xpoma, HUKEIS, K0oOadbTa U HEKOTOPBIX APYIMX METaNIOB
UMEIOT CTEKJIOOOPa3HyI0 CTPYKTYPY M XapaKTEpHYIO OKpPacKy. DTHU I[BETHBIE
CTEKJIa Ha3bIBAIOTCA mepiamMu Oypbl. OHU HCMONB3YIOTCS B aHAINW3E U IpU
W3TOTOBJICHUH XY/I0KECTBEHHBIX U3EIINN U3 [IBETHBIX CTEKOII.

PackaneHHON NIaTUHOBOM WM CTaJbHOW ITPOBOJIOYKOW C YIIKOM KOC-
HYTbCS TIOOYEPEHO KPUCTAIITMKOB Oyphl M coiu KoOanbTa. Harpers moiry-
YEHHYIO KaIlII0 pacIllaBa J0 MOIYYEHUsI OJHOPOAHONW CTEKIOBHIHON MACCHI.
OxnaauTh MOTYYEHHBIN MEPS U OTMETUTh €T0 OKpacKy. TakuM ke crnocoboM
MOJIYYUTh MEPIbl XPOMa, HUKEJISA, MU U JKeJe3a.

Onwucate onbIT U HaOMOAeHs. HanucaTs ypaBHEHHsI peaKiuii:

1) 06e3BOxkMBaHUA Oyphl U €€ pas3ioKeHUsl Ha MeTabopar 1 OKcuJl Oopa,

2) B3aMMOJIEHCTBUS OKCHa Oopa ¢ COMsIMU KOOallbTa, XpoMma, HUKEJ,
MEJIH U JKeJe3a.

OnpIT 5. CBOMCTBA METAJLJINYECKOT0 AJTIOMUHUSA

1. Bzaumooeticmeue c¢ pazbasiennvimu Kuciomamu. B Tpu mpobupku
MOMECTUTH MO 5—6 Kamenb pa30aBICHHBIX COJSHOW, CEPHOW M a30THOM KH-
CIIOT. B xaxayto omycTuTh 1o HeOONbIIOMY KYCOUKY aTIOMUHUEBOMN (OIBIH.
Bo Bcex nu ciyvasx peakuus npotekaeT Ha xonoay? IIpoOupku momorpers.
Uro nabmopaercs? Hamucate ypaBHeHusi peakumil. Kakue razooOpasHbie
BEILECTBA BBIJIEIAIOTCA MPHU B3aUMOJEHCTBUU AIFOMUHUS C pa30aBIEHHBIMU
KHCJIOTaMu?
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2. Bzaumooeticmsue ¢ KOHYeHMpUpoOBaHuviMu Kuciomamu. B tpu mpo-
OMpPKM TTOMECTUTh MO 3—4 Karuli KOHIICHTPUPOBAHHBIX PACTBOPOB COJISHOM,
CEpPHOM M a30THOW KHUCIOT. B KaxAayr0 OMyCTUTh MO KyCOUKy anmroMunus. C
KaKMMH KHUCJIOTAaMHU AJIFOMUHHUM MPU KOMHATHOW TEMIIEpaType HE B3auMO-
neiictByeT? OCTOpOKHO HarpeTh nmpobdupku. Kak Bousietr HarpeBanue?

Onucars onbiT. Hanucate ypaBHEHUs peakiuil, yYUThIBas, 4YTO MPHU Ha-
IPEBAaHUU KOHIICHTPUPOBAHHAs a30THAsl KUCJIOTA BOCCTAHABIMBAETCS AallO-
MUHHEM IIPEUMYIIECTBEHHO J10 okcua azota (IV), a cepHas — 10 cephl.

3. Bzaumooeiicmsue co wenoyamu. B mpoOupKy HaIUTh 2—3 MIJI pacTBO-
pa 1mIesio4Yu U J00aBUTh OJIMH MUKPOIITIATETh aTFOMUHUEBON My Ipbl. UTO Ha-
omomaercsa? [louemy peaknusi HaUMHAETCS HE cpazy?

Onucars onblT. Hanucars ypaBHeHUs1 peakuuii: 1) okcuaa amoMUHUS
CO IIEJI0YhI0 ¢ 00pa30BaHHEM THJIPOKCOKOMIUIEKCHOTO COCIUHCHHS; 2)
JTIOMUHUS C BOJIOM U 1IeI0Ybl0. Bo BTOpOit peakiiuu yka3aTh OKUCITUTENb.

4. Bzaumooeiicmsue ¢ 800oi. B mpoObUpKy ¢ BOJOUN OMYyCTUTH MOJIOCKY
amoMuHUeBOH (onbru. Habmronaercs i B3auMoIeiicTBIE alTFOMUHUS C BOJION?

Bropyto nonocky ¢onbru onyctuts Ha 2—3 MUHYTHI B TPOOUPKY € pac-
TBOpoM HuTpaTta pryTu (II); 3a 3TO Bpemsi B MOBEPXHOCTHOM CJIO€ aJtOMU-
HUeBOUM (onbru oOpasyeTcsi amanbrama amtoMuHus. [loocKky BBIHYTH U3
MpOOUPKHU, BBICYIIUThH (PUIBTPOBAIILHOM OyMaroil 1 OMyCTUTh B MPOOHUPKY C
Booi. HaGmrogats BelieI€eHUE BOAOPOIA.

Omnucarp onbIT. CpaBHUTh OKHUCIUTENBHO-BOCCTAHOBUTEIIBHBIE MOTEH-
LI1aJIbl BOJBI U AJIFOMUHUS, CAEJIaTh BBIBOJ O BO3MOYKHOCTH B3aUMOJIEHCTBUS
AIIOMMHMS ¢ BOoJoW. Hanucarhs ypaBHEHMs peakluii allOMUHUS C HUTPATOM
prytu (II) u Bomoii.

OmpiT 6. [TosrydyeHue U MccIeIOBAHNE CBOMCTB THAPOKCHIA AJTIOMUHUS

B nByx mpoOupkax Mmoixy4uTh TUAPOKCH] aTIOMUHUS B3aUMOJICHCTBUEM
cyabdaTa aTIOMUHHS C THIPOKCHIOM aMMoHuUA. B mepBoii npoOupke Ha oca-
nok AI(OH); moaelicTBOBaTh COISTHOM KHCJIOTOM, @ BO BTOPOM — IIEI0YbIO.

Omnwucarp HaOMIOEHUS W HANMKCATh yYpaBHEHHs peaknuii. Hammcates cxe-
MY IHCCOIMAIINY THAPOKCUAA AIFOMUHUS 110 TUITY OCHOBAHMI U 110 TUITY KH-
ciot. Kak cMerniaercss paBHOBeCHE 3THX MPOLECCOB MPHU JOOABIEHUN KHUCIO-
ThI ¥ mestoun? Caenath BHIBOJ O CBOWCTBAX T'MIPOKCHAA ATIOMUHUS.

Onbit 7. 'maposu3 cosied aTrOMUHMS

1. T'uoponuz cyrvgpama antomurus. Y HUBEpCaIbHOU UHANKATOPHOU Oy-
Mmaroi ompenenuth pH pacTBopa cynsdara amomunus. B otdyere HamucaTh
YpaBHEHUS CTYIIEHYATOTO THUAPOIH3a CyIbh(haTa alFOMUHUS B MOJIEKYISIPHOM
1 noHHOM Buje. [ToueMy ruapoaus 3Tol conu HE UAET A0 KOHIA?
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2. Coemecmubiii 2u0poau3 cyivpama anoMuHus u KapooHama Hampus.
B npobupky BHecTn 3—4 Karm pacTBopa cysibdaTa allOMUHUA U T00aBUTH
CTOJIBKO JXK€ pacTBOpa kKapOoHara HaTpus. OTMETHTH BBINAJICHHUE OCAJKA U
BbIJIeJICHHE Ta3a. B oTdere HamucaTh ypaBHEHHE COBMECTHOI'O THAPOJIN3A
nByx coneil. [louemy B 3TOM cityyae ruIpoJu3 UIeT A0 KOoHLa?

KonTtpoaupyrwmue 3aganust

1. Kucnorsusie cBOWCTBA OPTOOOPHOM KHMCIIOTHI OOBSCHSIIOTCS HEOObIU-
HOM peakuuen, KoTopas IPOTEKaeT IPU PaCTBOPEHUH 3TOM KHCIIOTHI B BOJE;
HAIIMIIUTE YPAaBHEHHUE ITOU PEaKIMH.

2. Tlouemy opTOoOOpHasi KHUCJIOTa SBISETCA OJHOOCHOBHOM KHCIIOTOM,
nouyeMy (GhOpMyITy 3TOH KUCIOTHI YacTO 3aMKMCHIBAIOT B BUJIE OCHOBAHMS?

3. Ilo Ha3BaHWAM HaMUIIUTE POPMYJIIBI CISAYIONINX COCIUHEHUN Oopa:
okcuj O6opa, 6opaH, quOopaH, OOpu MarHusi, MeTabopHas KUCJIOTa, TeTpa-
oopar Hatpus, Oypa, MmeTabopat cepedpa, metadbopat rugapokcomesnu (11).

4. Kak nony4aroT aJtOMUHHUNA B IPOMBIIUIEHHOCTH? KakoBa posib KpHo-
JUTa B 3TOM Iipolecce?

5. Hanummre ypaBHEHUS PEAKIUMUA ATOMUHUS C COJITHOW KHUCIIOTOW,
pa30aBIEHHON CEPHOM KUCIOTOM, C PACTBOPOM U PACILUIaBOM THIPOKCHIA Ha-
Tpusi. Hanuimmre peakuuio ropeHusi amtoMHUHHUS B aTMoc(epe yTIeKHCIOTro
rasa.

6. Hanumure ypaBHEHUs TUIApOiu3a Cylb(dara altOMUHUSA, Cylbpuaa
IIFOMUHUS U COBMECTHOTO THJIPOJIM3a Cyb(dara altoMUHUS U KapOoHaTa Ha-
TpHSL.

Pabota 6. XUMUA s-OJIEMEHTOB

K s-anemeHnTtam, B aToMax KOTOPBIX BaJCHTHBIE 3JEKTPOHBI HAXOIATCS
Ha S-TIOJYPOBHSX, OTHOCcATCA nBa Hemertawia (H, He), snemenTsl rmaBHOM
MOATPYIIIBI TIEPBOM T'PyNIbl (IIEIOYHBIE METAJIbI) M JJIEMEHTHI TJIABHOM
MOJITPYIIIBI BTOPOU Tpyniibl nepuoauueckon cucremsl .M. MenneneeBa. B
JAHHOW paboTe H3ydaroTCcsl CBOWCTBA HamOoJiee paclpOCTPAHEHHBIX —S-
AJIEMEHTOB — METAJUIOB U UX COEAUHECHUM.

[IlenouHble METAIIIBI YPE3BBIYANHO AKTUBHBI B XUMHUYECKHUX PEAKLIUSAX,
MO3TOMY OTBITHI C UX IPUMEHEHUEM ONACHBI U B yUEOHBIX JIA0OPATOPHUSIX HE
npoBoAsaTcsa. Cpean COeMHEHUM MIETOYHBIX METAIJIOB HauOOJIbIIIee MPaKTHU-
yeckoe 3Hauenue uMeroT NaCl, NaOH, Na,CO;, NaHCO;. DTu BemecTBa
MCIIOJIB30BAIMCh BO MHOTHX NPEABIAYIIMX paboTax, OJHAKO HEKOTOPHIC
OTIBITHI MOJIE3HO MOBTOPUTH: TTomyueHue xjopa u3z NaCl, ruaponus Na,CO; u

Jpyrue.
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Cpenu s-371€MEHTOB BTOPOM I'pyHIbl 0CO00€ MOJNOKEHUE 3aHUMaeT Oe-
pWILIUH, TUAPOKCU] KOTOPOTO HEPACTBOPUM U SBISETCS aM(pOTEpHBIM CO-
€IMHEHUEM, a PACTBOPHUMBIE COJIM THIPOJIU3YIOTCS IO KaTuoHy. Ilo-cBoemy
WHTEPECEH MarHui: 3TOT METAJUI HE B3aUMOJICHCTBYET C BOJOW MpPU OOBIU-
HBIX YCJIOBHAX, TaK KaK OOpa3yIOUIMIICS Ha €ro MOBEPXHOCTHU CJIOH THUAPO-
KCHJIa HEPACTBOPUM M 00JIa/laeT 3alMTHBIMU cBoMcTBaMH. Ho mpu Harpesa-
Hun Mg(OH), pactBopsieTcsi, MOATOMY peaklMs MarHusi ¢ ropsderd BOJOH
uaeT 0e3 KHHETHYECKUX 3aTpyJHEHUH. [ uIpoKcu Maruus, Kak U THIAPOKCU]
Oepuius, — cinaboe ocCHOBaHUE, HO, B oTinure oT Be(OH),, on He amdoTtepeH.

Kanbuwmii, cTpoHunid, 6apuii — aKTUBHbBIE IIETIOYHO-3€MENIbHBIE METall-
ab6l. OHM B3aUMOJIEUCTBYIOT € BOJIOM, 00pa3yroluecs Ipyu 3TOM THIPOKCUABI
pPacTBOPUMBI B BOJE U SBJLIFOTCA InenodaMu. Ho MHorme conu mieso4Ho-
3€MEJIBHBIX METAJUIOB, B OTJIMYME OT COJICH IEJIOYHBIX METaUIOB, HEPACTBO-
puMbl B Bojie. OTIBITHI IO U3YUYEHHUIO PACTBOPUMOCTH KapOOHATOB, CyJIb(aToB
Y XPOMAaTOB KaJbIIMsl, CTPOHIIUS M OapHsi UMEIOT PaKTUUYECKOE 3HaUCHHUE.

CoenuHeHus IIETOYHBIX U IIEI0YHO-3EMENBHBIX METAJIJIOB OKpalIUBa-
0T IJIaMsl TOPSIIEro COUpPTa B Pa3IMYHBIC 1IBETA, YTO UCIOJIb3YeTCs B (POTO-
METPUYECKUX METOJaxX aHajau3a. JTOT OMBIT MPOBOAMUTCS IOCIHEIHUM JUIS
BCEU CTYJIEHYECKOU TPYIIIBI IPENOIABATEIEM.

IKCNEePUMEHTAIbHAS YaCTh

Lenvio pabomul SIBASETCS U3YUYEHUE CBOMCTB BaXKHEUIIIUX COCTUHEHUI
HIEJIOYHBIX METAJIJIOB U S-3JIEMEHTOB BTOPOM TPYIIIBI.

Omnpit 1. IlosryyeHue XJa0pa U3 XJIOpHIa HATPUA

[TomecTuTh B Tpu NPOOUPKHU MO OJHOMY MHUKPOUINATENIO CMeced XJI0-
puna Hatpus ¢ paznuuHbiMu okuciautesnsiMu: NaCl + KMnO, (nepBast mpo-
oupka), NaCl + MnO, (Bropas npobupka) u NaCl + PbO, (TpeThs npodup-
ka). JloGaBnsis B Kakayro MpoOHMpKYy Mo 1-2 Karmium KOHIIEHTPUPOBAHHOM
CEpHON KHUCIOTHI (OMBIT MPOBOJUTH B BBITSHKHOM IKady!), HaOmM0AaTh BbI-
nenenue xjopa. Kakyro okpacky umeer 3ToT raz?

B oTtuere HamucaTh ypaBHEHUS peakuil 1 00OBSICHUTD, OYEMY PEaKIIUU
HE UAYT MEXAY TBEPABIMH BEIIECTBAMH B ITHX CMECSAX M MOYEMY OHU HE
UAYT Opu A00aBICHUN (BMECTO CEPHOM KUCIOTHI) BOJIBI?

Omnpit 2. I'mapon3 kapOOHATOB U THAPOKAPOOHATOB
IIEeJT0OYHBIX METALJIOB

C nomol1ib0 YHUBEPCATBHOW MHIUKATOPHON OyMaru OnpeaeiuTh Cpeay
1 BOJIOPOAHBIN MokazaTenb pacTBopoB Na,CO3;, NaHCO; u K,COs.
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B oruere mpuBecTn 3HaueHus pH, HamucaTh ypaBHEHHS THAPOJIU3A U
OTBETUTDH Ha CJICAYIOIIHE BOMPOCH: a) MMOYeMy BOJIOPOJIHBIN IMOKa3aTelb pac-
TBOpoB Na,CO; u K,CO; BbIllIe ceMH B MPAKTUYSCKH OJMHAKOB? 0) rmouemMy
cpeaa pacTBopa ruapokapOoHara 6Jr3Ka K HeHTpaabHOMN ?

OmnbiT 3. I'mapokcua OepuJLIUA U €ro CBOMCTBA

[TomecTuThs B npoOupKy 5—6 Kamenb pacTBOpa coiu Oepuiuiusg U 100a-
BUTH (ITO KaIUJIsIM) pacTBOP IIEJIOYHU 10 0Opa3oBaHUs Oocajka THapoKcuaa oe-
puust. Ocaiok pa3feiuTh Ha JIBE YacTH; Ha OJIHY YacTh Ocajika MoAeHCTBO-
BaTh COJISHOW KUCJIOTOM, Ha IPYTYIO — U30BITKOM IIIEJIOYH.

B oruere omucarh ONBIT U MPUBECTH YPAaBHEHUS PEAKIMN TOJYUYEHUS
Be(OH), u ero B3aumoaecTBUs ¢ KUCIOTOU U 1mignoubto. CaenaTh BBIBOJL O
CBOMCTBaX THApOKcHaa Oepwiiusa. HamucaTth cXembl €ro JHCCONMAIIAN TI0
OCHOBHOMY U KHMCJIOTHOMY Tuny. [IpriBecTH Ha3BaHWE KOMILJIEKCHOT'O COEJIH-
HeHus1, oOpasyromierocs: npu B3aumozeiictBun Be(OH), ¢ u30bITkOM 11emio-
gu. OOBACHUTH, TTOUEMY OepriTuii 00pa3yeT KOMIUICKCHBIE COCIUHEHUS U
MOYEMY €r0 KOOPANHAIIMOHHOE YUCIIO PABHO YETHIPEM.

Omneit 4. I'maposaus coseil Oepuimns

C noMonip0 YHUBEpCaTIbHOW MHANKATOPHON OyMaru onpeieuTb BOI0-
POJIHBIN TMOKa3aTellb pacTBOpa Xjopuaa (WM HuTparta) oepusuius. B oTuere
pUBECTH 3HaYeHHe pH u HamucaTh ypaBHEHHE THAPOJIU3a B MOJICKYJISIPHOM
Y MIOHHOM BH/IE.

OneIT 5. B3aumopaeiicTBe Maraus ¢ BoAoM

B34Th Kyco4ek MarHueBOM JIEHTBI U OYUCTUTH €€ MTOBEPXHOCTh OT OKCH-
Ja HaxaadHou Oymaroi. B mpoOupky BHecTH 6—7 Kameilb NUCTUIUTHPOBAH-
HOM BOJIbI ¥ OIYCTUThH B HEE OUUIIIEHHBIM MarHuii. OTMETUTH OTCYTCTBHUE pe-
aKIUU MPU KOMHATHOM Temneparype. Harpers npobupky Ha ciupToBke. UTo
HaOmopaercs? [IpubaBuTh K MOTYYEHHOMY pPAacTBOPY OJHY Karutmio (eHOJI-
¢ranenna. O6pazoBaHne KaKUX HOHOB B PAacTBOpPE MPHUBOJUT K MOSBICHUIO
okpacku ¢eHondranenna? B oryeTe onmucaTh OMBIT, OTBETUTH HA BOTIPOCHI U
HaNnMcaTh YPaBHEHUE B3aUMOJICHCTBUS MarHus ¢ BOJAOM IPY HATPEBAHUM.

OrneIT 6. B3anMoaelictTBue MAarHus ¢ KHCJI0TAMHU

B yetbIpe npoOUpKH OMYCTUTh IO KYyCOUYKY MarHMeBO# cTpyKku. B oj-
HY IpOOUPKY BHECTH 5—6 Karenb 2 H. COJSHON KUCIOTHI, B IPYTYIO TAKOE ke
KOJIMYECTBO Kameib 2 H. CEPHOW KHUCIOTHI, B TPEThIO KOHLEHTPUPOBAHHOM
CEpHON KHUCIIOTHI, B YETBEPTYIO — 2 H. @30THOM KHUCIOTHI (OnbImbl ¢ KOHYEH-
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MPUPOBAHHOU CEPHOU U A30MHOU KUCIOMAMU NPOBOOAMCI 8 GbIMANCHOM
wraghy!). 1o okpacke W 3amaxy ONpPENETUTh BBIACISIONIUECS U3 TPOOUPOK
ra3el. B oTyeTe onucath ONBIT U HANMKUCATh YPABHEHUS PEAKIIUN.

OmnpiT 7. Ilosry4yeHne OKCHIa MATHUSA M B3aMMO/IeiicTBHE €ro ¢ BOAOMH

B3a1h mumnmamMu Kycouek MarHMeBOM CTPYXKKH U MOJKEUb €ro B Ijia-
MEHHM CIUPTOBKHU. Kak TONbKO MarHuii 3aropuTcs, BBIHYTh €ro U3 MIAMEHU U
nepkath Haa TuriieM. O0pa30BaBIIMNCA OKCUJl MarHusi COPOCUTh B TUTEb,
NpuOaBUTh TyJa K€ HECKOJIbKO Kareidb JAUCTUUIMPOBAHHOW BOJIBI, pa3me-
maTh BCE CTEKJISTHHOM MaIOUKON M MEPEIuTh COAEPKUMOE TUTJIS B MPOOUP-
Ky. [lowemy sxwuakoctb MyTHasi? Jloka3aTh o0Opa3oBaHHEe B pacTBOpeE
Mg(OH),, no6aBuB oaHy Karuio GeHondraicuHa.

B otuere ommcarp ombiT. HamucaTth ypaBHeHUs peakiuii oOpa3zoBaHuUs
MgO u ero npespamenus B Mg(OH),. O6bsacuuth, nouemy mnpu oopadoTke
OKCHJIa MarHusi BOJOM IOJy4aeTCs MyTHBIA PacTBOP.

OmnpiT 8. ITosry4yeHne rTHAPOKCHIA MATHUS
M B3aUMOJeicTBHE ero ¢ KHCJ0TON U COJIIMH AaMMOHU S

B nByx npoOupkax mosydyuTh THIPOKCU]] MarHus JIEUCTBHEM pacTBOpa
IIEJIOYHM Ha PacTBOP COJIM MarHus. B olHy nmpoOupky nprOaBUTH MO KaIuisiM
2 H. COJISIHYIO KUCJIOTY A0 MOJHOTO pacTBOpPEHUs ocaaka. B npyryto npooup-
Ky BHECTH IO KAaIUISIM 2 H. pacTBOp XJIOPUJA aMMOHHUS TaKXe J10 MOJIHOTO
pPacTBOpPEHHUS OCAJIKa.

B ortuere onucare onbiT. Hamucars ypaBHEHMS peakUUil NOJIY4YECHUS
Mg(OH), u ero B3aumopericteus ¢ HCl u NH4Cl. O0bsacHuTh, mouemy Tuji-
POKCHJI MarHuisi B3auMOJEHCTBYET C KUCIOTOU U C XJIOPUJIOM aMMOHHS.

OnpiT 9. ITosyyeHne OKCHAA U THAPOKCHAA KAJIbIUSA

Kycouek mMpamopa momectuTh B cyxou ¢aphopoBbIii TUredb U MOCTA-
BUTh IPOKAIMBATHCSA B rOpsAuylo My(QenbHy0 neuyb npu temmneparype 900—
950 °C. IpumepHo uepe3 20—25 MUHYT MIHIIAMH [IEPEHECTH THIE/Ib B OKCHU-
karop. [locne oxnaxaeHust BRIHYTh TUTENb U3 DKCUKATOpa U JOOABUTh B HETO
8—10 kanenpb Bonbl. Pa3zMemniaTte 00pa30BaBIIMIICS THAPOKCH]T KAJIBLIMS U AaTh
0CaJIKy OTCTOATHCS. HEeCKOJIbKO Kamnenb MOJYyYEHHOI'O PacTBOpPa MEPEHECTH
MUTIETKONW B MPOOUPKY M J100aBUTH OJHY Karumo (enondranenna. Habmro-
JIaTh U3MEHEHHUE OKPACKH UHANKATOPA.

OnucaTh ONBIT M HAMKCATh YPABHEHUSI PEeaKIUil pa3ioKeHus kapboHaTta
KaJIbLHS IPU HAIPEBAHUU W B3aUMOJECHCTBUS OKCUAA Kalblusa ¢ Bogou. Kak
HA3bIBAETCs BTOpask peakuus B TexHuke? Kakoe TeXHHYECKOe Ha3BaHUE UMEET
ruapokcu kanpuua? Kak Ha3bIBaeTcs pacTBOP T’MAPOKCUAA KaJIbLMS B BOjE?
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Onpit 10. KapOoHaT 1 ruApoKapOoOHAT KAJbLMS

1. Honyuenue CaCO; u Ca(HCO;),. HanonuuTh npoOUpKy Ha MOJIOBH-
Hy €€ BBICOTBI U3BECTKOBOM BOJIOM U IPOITYCTUTh YEPE3 HEEC YIVIEKUCIIBIN a3
u3 annapara Kunna. OTMeTuTh nosiBieHHE B3BecH KapOoHata Kanbius. [Ipo-
JIOJDKATh IIPOIYCKAaTh JUOKCUJ YIVIEpOAA 0 MCUYE3HOBEHUS B3BECHU BCIEICT-
BHE 00pa30BaHus paCTBOPUMOTIO rupokapOoHaTa Kanblus. Kak Ha3biBaeTcs
BOJA, COJAEpXaliasi pacTBOPEHHbIE THAPOKAPOOHATHI KaJlbLMS U MarHus?
PacTBOp coxpaHuTh AJis cieqyroliero onsita. B oTtuere onucare Habm0qae-
MbI€ SIBJICHMSI M HamucaTh YpaBHEHUs peakLuii: a) oOpa3oBaHus KapOoHaTa
KaJIbLUs [IPU B3aMMOJEHCTBUM YTJIEKHCIIOTO ra3a ¢ M3BECTKOBOM BOJOM; 0)
pacTBOpeHMs KapOOHaTa KajiblMsl MMOJ AeHCTBHEM JUOKCHIA YIJIepoJia U BO-
bl ¢ oOpa3oBaHMEM TIHApokapOOHaTa. YKazaTh MPAaKTUUYECKOE 3HAYEHHE
JAHHOTO OIIBITA.

2. Yempanenue spemenHot sxcecmkocmu 600bl. Pa3fnenuThb Noay4YeHHbBIN
B onbiTe 10a pacTBOp rugpokapOoOHaTa KaiblUsl HA JABE YACTH, MEPEIUB MO-
JIOBUHY €ro B JIpyryto npoOupky. B oany mpoOupky noOaButh 1-2 kamiu
pacTBopa Imienouu, HaOmonath oopaszoBanue ocaaka CaCOs. Ipyryro mpo-
OMpKY MPOKUIATUTh HAa crnupToBKe. HalOmionaTe oOpa3oBaHME Takoro xe
ocaJiKa.

B oryere onucarh ONBIT U NPUBECTH YPABHEHUS PEAKIUI pa3pylleHUs
rUApOKapOOHaTa KajabIusl MPU KUTITYEHUU U TIPU B3aUMOJICHCTBUU CO IIEJI0-
Ybl0. YKa3aTh NPAKTUYECKOE 3HAYEHUE JAHHOTO OIIBITA.

Omneit 11. CBOMCTBA HEPACTBOPUMBIX COJIEH

1. Kapbonamul kanvyus, cmponyus, oapus. [lonydauts B Tpex mpoOup-
Kax OCaJKu KapOOHATOB KaJIbLIMsI, CTPOHIUS U Oapus B3aUMOJEHCTBUEM pac-
TBOPOB COOTBETCTBYIOLIUX COJIEU ¢ pacTBOPOM conbl. [loaeinicTBoBars Ha 10-
Jy4yeHHbIE KapOOHAThl PACTBOPOM 2 H. COJITHOM KHUCIOTHI, 100aBisis €€ 1o
KarsiM. B oTyeTe HanucaTh ypaBHEHUS pPEeaKUid B MOJIEKYJISIPHOM U HOHHOM
BHJI€, OOBACHUTH UX MPOTEKaHUE. YKa3aTh NPAKTUYECKOE 3HAUCHHUE JJAHHOTO
OTIBITA.

2. Cynvghameit xanvyus, cmponyus, o6apus. Ilonyduts B Tpex nmpoOupkax
OCaJIKi CyJb(aTOB KaJlbIIMsI, CTPOHLIUS U Oapusi B3aUMOJCHCTBHEM pPaCTBO-
POB COOTBETCTBYIOLIUX COJIEH ¢ pacTBOpoM cyibdarta Hatpus. [lomeiicTBo-
BaTh Ha MOJIy4eHHBIC CyJIb(aTsl 2 H. COMIHON KucnoToil. Habmrogaercs mu
MpU 3TOM MpOTEKaHuEe peakuuii? B oTuere HamucaTth ypaBHEHUS pPEaKIIMid
oOpa3oBaHus Cyinb(haToB U OOBICHUTH, TOYEMY OHH HE B3aUMOJICHCTBYIOT C
COJISTHOM KUCIIOTOM. YKa3aTh MPAKTUYECKOE 3HAYCHUE JAHHOTO OIBITA.

3. Okcanamul kanoyus, cmponyus, 6apus. IlonyuuTs B Tpex npoOupkax
OCaJIKi OKCaJIaTOB KaJIbIUs, CTPOHIIUS U Oapusi B3aMMOJCHCTBUEM pPacTBO-
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POB COOTBETCTBYIOIIMX COJIEH C pacTBOPOM OKcajlaTa aMMOHHMs. McmbITath
JIEMCTBUE COJITHOW KHUCJIOTBI Ha OCAJKM OKcalaTroB. B oryere Hamucarthb
ypaBHEHHUsI peakuuil 0Opa30BaHUSl OKCAIATOB U UX PACTBOPEHUS B COJISTHOM
KHCJIOTE.

4. Xpomamul kanoyus, cmpouyus, oapus. 11odyduTs B Tpex mpoOupKax
OCaJK XpOMAaTOB KaJbIIHsl, CTPOHIIMS M Oapusi B3aUMOJICHCTBIEM PacTBOPOB
COOTBETCTBYIOILIUX COJIEW C pacTBOPOM Xpomara Kaiaus. OTMETUTh UX LBET.
HcnbiTaTh 1€MCTBHE YKCYCHOM KMCIIOTBI HAa OCAaKU XpoMaroB. Kakoi u3 Hux
HE PacTBOPSIETCA B YKCYCHOU kucinoTe? XpomaT, HE pacTBOPSIIOLIUNACS B YK-
CyCHOW KHCJIOTE, MOJYYHTh MOBTOPHO M MOJACHMCTBOBATH HA HErO COJISHOU
KHUCJIOTOM.

B oruere Hamucath ypaBHEHHUS peaklMii a) oOpa30BaHUS XPOMATOB
KaJIbLIUS, CTPOHLIMS U Oapusi; 0) UX B3aUMOJEHCTBUSA C YKCYCHOM KUCIOTOM;
B) B3aUMOJCHCTBUE XpoMaTra Oapusi ¢ COJSIHOM KUCIOTOM. YKa3aTh MPaKTH-
YECKOE 3HAYEHUE JAHHOTO OIIBITA.

5. [pobnoe ocadicoenue cyrvghama u kapoonama kanvyus. 11onyduThb
cyibdar kanblus, 106aBuB Kk 3—4 kamisim pactBopa CaCl, 5—6 kanensb pac-
TBOpa cynb(arta HaTpus. JlaTh pacTBOPY OTCTOSTHCS U MUIETKON MEPEHECTH
€ro OCBETJIEHHYIO YacTh B YUCTYIO MPOOUPKY. B pacTBop BHECTH HECKOJIBKO
Karfeyb pacTBOpa KapOoHaTa HATPUS; YTO MPU 3TOM HaOIr0AaeTCs?

B oTBeTe ommcarth OmbIT, HaMHMCaTh ypaBHEHUS U OOBSICHUTH, MMOYEMY
pacTBOp, Mmocjae TOro Kak u3 Hero Bbiman ocanok CaSO4, cHOBa oOpasyer
ocanok nipu aerctBuu Na,COs. [Ipu 00bsiCHEHNH UCTI0JIB30BATh CIIPABOYHBIC

aHHble U3 Tadmaub! 14.
Taomuna 14

[IpousBenenus paCTBOPUMOCTH
COCTMHCHUM OSpWILTHS, MAarHUS U IET0OYHO-3EMEIbHBIX 3JIEMEHTOB

Coenunenus I1P Coenunenus I1P
Be(OH), (Be*", 20H) 6,3-10> CaCrO, 7,1-10™
(BeOH', OH) 2:10™ SrCO; 1,110
Mg(OH), (Mg™", 20H) 7,1:10™" SrSO, 3,2:107
(MgOH", OH) 2,7-107 SrC,0,4 1,6:107
Ca(OH), (Ca*", 20H) 5,510 SrCrOy 3,6:107
(CaOH", OH) 1,410 BaCO, 4,0-107"°
CaCO; 3,8:107 BaSO, 1,1-107"°
CaSOy 2,510 BaC,0, 1,1-10”
CaC,0, 2,3:107 BaCrO, 1,2:107"°
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OnpiT 12. OxkpaminBanue NJIaMeHH COJISAMU
IIEJTOYHBIX U 1eJT0YHO-3eMeJIbHbIX METALIIOB

OnpIT MPOBOAUTCS B BBHITSKHOM 1IKady. B mects GpapopoBeix TUrIEH
MIOMECTHUTH MO TIOJIOBUHE MUKPOLINIATENSI COEIMHEHNUN JINTUS, HATPUS, Kalus,
KaJIbIUs, CTPOHIMS, Oapusi. 3aJUTh COJM A0 MOJOBHHBI 00beMa THUTJICH ITH-
JIOBBIM CIIMPTOM, IIEPEMEMIATH C LEJIBI0 HEKOTOPOIO PACTBOPEHMS COEIHUHE-
HUIl B cnupTe U nojpkedb. HabmiogaTh OKpaliMBaHME IUIAMEHH, KOTOPOE
0COOEHHO 3aMETHO B KOHIIE TOpeHUsl. B oTdeTe onucath ONbIT U yKa3aTh €ro
MPaKTUYECKOE 3HAYEHUE.

KonTposmpyoummue 3aganus

1. O0bscHUTE, KaKue XMMHUYECKUE CBOMCTBA XapaKTEpHBI JJIs IIEJI0Y-
HBIX METAJJIOB U KAK OHHM M3MEHSIOTCA B PSAY JIMTHUM — HATPUM — KaJIUi —
pyOumnii — me3ui.

2. Xuyiopu HaTpusl SIBIASETCS MUCXOIHBIM BELISCTBOM JIJIsl MOJIyYEHUS B
OOJIBIIIOM KOJIMYECTBE €IKOT0 HaTpa. ONMUIINUTE 3TOT MpoIiecC.

3. Xmopua HaTpus SBISIETCS WCXOJHBIM BEIICCTBOM JUISl TMOJyYCHUS B
OOJIBIIIOM KOJIMYECTBE KaJbIIMHUPOBAHHOM co/ibl. OMUIIINUTE 3TOT MpoIiecC.

4. OObscHUTe, MOYEMYy cpeaa pacTtBopa cpenHux coneit Na,CO; u
K,CO; menounas, a kucibix cosieid NaHCO; u KHCOj; — HeittpaiibHasi.

5. Ilouemy 4YeThIpe S-3JIEMEHTA BTOPOU TPYIIBI NEPUOAUYECKON CHUCTE-
MbI (KalmbllUi, CTPOHIUHN, Oapuii, paauil) UMEIOT 00IIee Ha3BaHHUE «IIEJI0Y-
HO3EMEJIbHBIC 2JIEMEHThI», a OCpUIUIMIA U MarHUH K HUM HE OTHOCSITCS?

6. O0OBACHHTE, KaK U3MEHSIOTCS XUMUYECKHE CBOMCTBA OKCHJIOB B PAIY
BeO — MgO — CaO — SrO — BaO; HanumuTe ypaBHEHUSI COOTBETCTBYOIIHNX
peaKuumii.

7. OOBsICHUTE, KaK HU3MEHSIOTCS XHMHUYECKHE CBOMCTBAa OCHOBAHHI B
panxy Be(OH), — Mg(OH), — Ca(OH), — Sr(OH), — Ba(OH),; mamummure
YPaBHEHUSI COOTBETCTBYIOIIMX PEAKLIUM.

8. Ecnu uepe3 MyTHYI0 B3BeCh KapOOHATa KalbIUs WIM MarHus MpoIryc-
KaTh YIJIEKUCIBIN ra3, TO B3BECh NOCTENEHHO UCYE3AET U PACTBOP CTAHOBUT-

Cs MMPO3PAYHbIM, HO MPU KUIITYEHUH 3TOTO PACTBOPA B3BECH MOSIBISIETCS CHO-
Ba. OOBSCHUTE ATOT ONBIT YPABHEHUSIMU PEAKIIUH.
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Pa6ora 7. XPOM U EI'O COEJAUHEHUSA

XpoMm — 310 Metaiun cpeanei aktuBHocTH (@° = —0,74 B). O B3aumo-
JIEUCTBYET C KUCIOTAMH-HEOKUCIUTEISIMHA, HO TACCUBUPYETCS B KOHIIEHTPU-
POBAHHBIX KHCJIOTaX-OKUCIUTENAX: a30THOMU, CEPHOM, XJIOPHOM M XJIOPHOBA-
TOM. XapaKTepHBIMU CTETICHSIMU OKHUCJICHUSI XpOMa B COCIMHEHUSIX SIBIISIOT-
cst +2, +3 u +6, HO HanboJee BCEro pacnpoOCTPaHEHbl U YCTOWYUBBI COEIUHE-
Hus xpoma (+3).

Oxcup u rugpokcust xpoma (II) mposiBIsSIOT OCHOBHBIE CBOMCTBA U SIB-
JS0TCSL CHIIbHBIMU BoccTaHoBuTesiMu. Coenunenus xpoma (III) — cambie
ycToiunBbIe U MHOrouKcieHHble. Okeun u ruapokcu xpoma (I1I) amdoTtep-
Hel. C kucinoramu u pactBopamu menouedt okcun xpoma (III) mpaktudecku
HE B3aMMOJICHCTBYET, HO MPHU CIEKAHWH C KapOOHATOM Kalvsi M HIEI0YaMu
00pa3zyeT XpOMUTHI.

CaexenpurotoBieHHbI rugpokcu xpoma (I11) nerko pactBopsiercst u B
pacTBOpax KUCIOT, U B PaCTBOpax MIEIOYEH ¢ 00pa3oBaHNEM aKBAKOMILJIEKC-
HBIX U TUJIPOKCOKOMIUIEKCHBIX COJIeH, HAPUMED:

2CI’(OH)3 + 3HQSO4 + 6H20 = [CT(H20)6]2(SO4)3
Cr(OH); + 3KOH = K3[Cr(OH)]

B crenenu okucnenus +6 xpom oOpaszyeT coeqMHEHUs, CBOMCTBEHHbIE
HeMeTaiuiaM: 3T0 XpoMoBblid anruapun CrOs;, xpomosas H,CrO4 u aByxpo-
MmoBasg H,Cr,O; kuciiora u coiu 3TuX KUcJIOT. OHU M3BECTHBI CBOMMHU OKHC-
JUTENBHBIMUA CBOKWCTBAMM, KOTOPbIE OCOOEHHO 3aMETHBI B KHCIION CpeJie:

Cr,077 + 14H' + 6¢ = 2Cr>" + 7TH,0 ©°=+1,33B

BKCHepI/IMeHTaJIBHaH 4acTb

L]envio pabomel sIBASIETCS MOTYyYEHUE U U3YUEHHE CBOMCTB XpoMa U €ro
HanOoJiee pacIpOCTPAHEHHBIX COCTMHEHUN.

OnbiT 1. B3auMoaeiicTBue XpoMa ¢ KHCJIOTAMHU

B nBe mpoOupku momMecTuTh mo 6—8 Kareib KOHIIEHTPUPOBAHHBIX pac-
TBOPOB COJISIHOM U a30THOM KHCIJIOTHI, B KaXIyK OMYCTUTh MO KyCOUKY Me-
TaJUIMYECKOro XpoMa. HaOmrogaTe BbIJICIICHHE B IEPBOM IpOOHMpKE raza u
TOSIBIICHNE CHHEil OKpacky, xapakrepHoii ms nona [Cr(H,0)q]*". Habmoma-
€TCA JIU B3aUMO/JICHCTBHE XpOMa C a30THOM KHUCJIOTOW? BhUINTH a30THYIO KH-
CJIOTY U3 IPOOUPKHU, MPOMBITh METAILT BOJIOM U 100aBUTH COJISHYIO UIIU CEp-
HYI0 pazbaBieHHyI0 Kuciaoty. HabmomaeTcs au peakuus B 3ToM cirydae?

Onucarp onbiT. HamucaTe ypaBHEHHE peaklMM XpoMma C COJISTHOM KH-
cinotoi. OOBACHUTH, KaKOE JICMCTBUE OKA3bIBACT a30THASI KUCJIOTA HA XPOM.
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Omnpit 2. Coennnenus xpoma (I1I)

1. Ilonyuenue u ceoticmea oxcuda xpoma (I111). B dapdopoByto yamky
MIOMECTUTh TOPKOM KPUCTAJUIMYECKHI AUXpOMAT aMMOHMS. 3aKKEHHOU
CIUYKOM MPUKOCHYTHCS K €ro NoBepxHOCTH. YTo HaO/II0AaeTCs B XOA€ pPeak-
uuu? Onucarb Xof peakuuu. Hanucath cxeMy peakuuu, y4UTbIBasl, 4TO MPO-
JTyKTaMu pasznoxeHus seisercsa okcup xpoma (I11), cBoGoaHbIl a30T 1 BoAA.
VYpaBHATH peakiuio METOJIOM AJIEKTPOHHOro OanaHca. KakoB Tum 3To# peak-
nuu? Kakoe npuposHoe SBJI€HHE B YMEHBIIEHHOM MaciliTa0e OHa HAIOMHU-
HaeT? Kakoil 1iBeT umeeT nojy4yeHHbl okcua? IIpoBeputh aeiicTBUE HA OK-
CUJ KACJIOTHI U IIEJIOYH.

HeGonpmryto vacte momyudeHHoro okcuga xpoma (III) momectuts B
dbapdopoBbIil TUTEIN, J00ABUTH PABHBIA 00beM KapOOHaTa Kajlus U CIUIABUTh
cmech. OXnaauTh NPOAYKT CIUIABIEHUS, PACTBOPUTH €ro B Boae. OTMETUTH
uBeT pactBopa. Hanucare ypaBHeHue B3aumojiericTBust okcua xpoma (I11) ¢
KapOoHaTOM Kanus ¢ oOpa3zoBaHueM xpomuTa Kainus. OTMETUTh HHEPTHOCTD
Cr,03 B pacTBOpax KHUCIIOT M 1ienoueid. CrenaTs BBIBOJ O CBOMCTBAX OKCH/IA.

2. Hlonyuenue u ceoticmea euopoxcuoa xpoma (Ill). Tlonyuuts B mpo-
oupxke ruapokcu xpoma (II1), goGapisisi kK pacTBOPY €ro COJM pacTBOP pas-
0aBJIEHHOTO THAPOKCHUAA HAaTpus (OCTOPOXXHO, 0 Karuisim). [TonoBuHy mody-
YEeHHOT'0 OCajiKa MEePEeHECTH B ApYyTyio mpoOupky. Ha ocraBmuiics B nepBoit
poOUpKe OCaZOK MOJECUCTBOBATH COJIIHOM KHCIIOTOM, Ha COJAEPKUMOE BTO-
poit mpoOupku — TeM ke pactBopoM NaOH. OTmeTuTs 11BET 00pa3oBaBLINX-
Csl PaCTBOPOB.

B oTuere HamucaTh ypaBHEHUS peaklUid MOJyYEHUs THAPOKCUAA XpOMa
(III), ero B3auMoOIEHCTBUSI C COJITHON KUCJIOTON M MIENOYBIO, YUUTHIBAS, UTO
U B TOM, U B IpyTrOM cllydyae 00pa3yroTcsi KOMIUIEKCHBIE COJIU: XJIOPU]] T'eKca-
akBaxpoMma (II1) u rexcarunpokcoxpomar (III) natpus. Caenats BbIBOJ O KH-
CJIOTHO-OCHOBHBIX CBOMCTBax ruapokcuaa xpoma (III).

3. Tuoponus coneii xpoma (I111). Onny karto pactBopa coyiu xpoma (III)
MOMECTUTh Ha KyCOYEK YHHUBEPCAJIbHOM MHAMKATOpHON Oymaxku. Omnpene-
mute pH pactBopa. Hammcate ypaBHEHHME TMApPOJIM3a B MOJEKYJISIPHOW U
MOHHON (Qopme. OOBICHUTH, BIUSHUE HAarpPEBAHUs pacTBOpa Ha CMEIICHUE
PaBHOBECHSI TUAPOIIN3A.

4. Boccmanosumenvhubie ceoticmsa coneu xpoma (111). B mpobupke mo-
ayuuth rekcaruapokcoxpomat (III) kamms (cMm. omsIT 2). K pactBOpy mnpu-
JTUTh 2—3 Kamm OpOMHOUM BOJBI, MPOOMPKY ciierka momorpers. Habmomats
M3MEHEHHUE OKPACKHU pacTBOpA.

B oruere nHammcate ypaBHenue okucienus CrCl; B mienouHout cpene
OpOMHOI BOJOM, YUUTBHIBAS, YTO TOSIBICHUE >KEJITOU OKPACKH CBUJICTEIIbCT-
ByeT 00 00pa3oBaHUU XpoMarta. Y paBHATh PEAKIUI0 METOJIOM MOJTYPEaKIIUMA.
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Omnpit 3. Coennnenus xpoma (VI)

1. Ilonyuenue manopacmeopumvix xpomamos. B nByx npoOupkax k 5
KaIUIIM pacTBOPOB XpomaTa U AuXpomaTa Kainus 100aBUTh Mo 2-3 Kariu
pactBopa xjopuaa Oapus. OTMETUTh pazNU4Usl B OKPACKE IMOITYYEHHBIX
ocankoB. Habmronate 3a M3MEHEHUSIMH, POUCXOIALIIMMHU B MPOOUPKE C JIU-
XpOMAaToM.

B oruére HanucaTh ypaBHEHHUS peakUuid B MOJIEKYJISIPHOM M MOHHOM
BU/JIC, YUUTHIBAs, YTO MPU B3aUMOJCHCTBUU XJopuaa Oapus ¢ XpoMaramu U
TUXpOMAaTaMy IIEJIOYHBIX METAJUIOB 00pa3yeTcsl OJHO U TO K€ BEIIECTBO —
xpomat 6apus. OObsICHUTH SBJICHUE C YUETOM IPOIIECCOB, MPOUCXOASIINX B
pacTBOpE C IUXPOMATOM KaJus:

2Cr,0 + H,0 5 2CrO,* + 2H".

2. Cmewenue pasnogecusi medxcoy xpomamamu u ouxpomamamu. B
MpOOUPKY MOMECTUTh 2—3 KaIljli pacTBOpa XpomaTa Kaius, NpuOaBUTh He-
CKOJIbKO Kamelb pacTBOpa CEpHOM KHUCIOThl. OTMETUTh U3MEHEHHE LIBETa
pactBopa. Croa >xe 100aBUTh HECKOJIBKO Kallelb pacTBopa 1iesnodyu. Pactsop
npuoOpeTaeT nepBoHavaIbHy0 OKpacKy. ONbIT MOBTOPUTH JIBa—TPHU pasa.

Onucate onbiT. Hanucars ypaBHEHHsI B3aMMHBIX MEPEXOJOB XpPOMATOB
B quxpomatbl. ChopMynupoBaTh BBIBOJ O BIMSIHUM CpPEbl HA CYIECTBOBA-
HUE PACTBOPUMBIX XPOMATOB U JUXPOMATOB.

3. Oxucnumenvhvie ceoticmea coeounenuti xpoma (VI). B Tpu npobupku
BHECTH TO 4—5 Kamenp pacTBopa AMXpoMara Kaimus, A00aBuTh 3—4 Kariu
CEpHOM KHUCIIOTHL. B mepByto npoOHpKy NPUINTH HECKOJIBKO Kareilb pacTBopa
fonuaa Kajaus, BO BTOPYIO J0OaBUTh OJMH MUKPOIINATENb CyJIb(UTa HATPUS
U TPOOUPKY clierka MOAOTPeTh, B TPETHIO MPOOMPKY BHECTH OAMH MHUKPO-
mmatens cynbdarta sxenesa (II). HaGmronaTs n3aMeHeHrne okpacku pacTBOPOB.

Omnwucarp onbiT. Hanmucath ypaBHeHHs peakuuid, KOdP(GUIIUEHTH Mepen
BEIIECTBAMU HAUTU METOAOM IOIYpPEAKIIUH.

KonTposmpyoummue 3aganus

1. Hanumure MOTHYIO 3J€KTPOHHYIO (OpPMYJTy aToMa Xpoma. YKaKuTe
€r0 BAJICHTHBIE JJIEKTPOHBL. [[JIs1 BaJCHTHBIX AJIEKTPOHOB ITOCTPOMTE JJIEK-
TpoHHO-Tpaduueckyto popmyrny. KakoBbl BO3MOXKHBIE CTETIEHH OKHCICHHS
xpoma?

2. Ykaxure HauboJjee XapakTepHble CTEIIEHH OKHCIEHUS XpoMa, IprBe-
auTe (GopMylsibl OKCHIOB M THAPOKCHIIOB XpOMa B YKA3aHHBIX CTENEHAX
OKHUCIICHUS.
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3. HanummMre ypaBHEHHs peakldid, C MOMOIIBIO KOTOPBIX MOXKHO OCY-
HIECTBUTH CJIEAYIOIINE IPEBPALICHUSA:

O\IH4)2CI'207 — CI'203 — KCI’Oz — CI'(OH)3 — CI'(NO3)3 — CI'203

4. Onumute cBocTBa ruApokcuaa xpoma (I11).
5. B kakoii cpene 6osee yCTOMYMBBI XpOMaThl METAJNIOB, a B KAKOU JU-
xpomathbl? Kak U3 quxpomara Kainus MoJy4uTh XpoMat Kaunus?

Pabora 8. MAPTAHEIl 1 EI'O COEIMHEHUSA

N3ydyeHrne XMMHUYECKUX CBOMCTB MapraHila U €ro COCIWHEHUW HMEET
00JIBIIOE MMO3HABATENILHOE 3HAUEHUE BCIEIACTBUE UX Pa3HOOOpA3usi U LIUPO-
KOT'O MPUMEHECHMUSL.

Mapranen — MeTau1 CO CpeJTHUMH BOCCTAHOBUTEIIbHBIMU CBOMCTBAMU: B
pSALy HaIlpsHKEHWM OH HAXOJMTCS MEXKIYy aJlOMUHUEM M LIUHKOM, €ro JJIEeK-
TPOJHBIN moTeHuuan orpuuarened (—1,18 B). Mapranen akTUBHO B3anMO-
JNEUCTBYET C KUCIIOTaMH, HO HE B3aUMOJECHUCTBYET CO LIETIOYaMHU.

B nepuoanueckon cucreme Maprasel pacriojoKeH B CEIbMOM IpyMIIE.
B ero aTroMe MMEeTCsi CeMb BAICHTHBIX JJIEKTPOHOB B cocTosHuu 3d°4s”. B
COCIMHEHUAX MapraHel] NPOsBIIAET CTEIIEHU OKUCIeHus +2, +3, +4, +6 u
+7. MakcuMasibHasi CTENEHb OKUCIIECHHSI COOTBETCTBYET €r0 ITOJIOKEHHIO B
MEPUOANYECKON CUCTEME M YKCIIy BAJICHTHBIX AJIEKTPOHOB B ero arome. Ca-
Masi yCTOMYMBasi CTENEHb OKUCIIEHUS MapraHua +4, KOTOpyI OH MPOSBIISIET B
IIPUPOJTHOM COEIMHEHUHN — MUHEpase nupoiiro3nute MnQO,.

Y OJHOTHUNHBIX COCAVMHEHHMI MapraHiia NPy yYBEJIMYEHUU €r0 CTEIECHU
OKHUCJICHUS] HaOJIIOAAaeTCsl 3aKOHOMEPHOE U3MEHEHUE OCHOBHO-KUCIOTHBIX U
OKHCIIUTEIIbHO-BOCCTAHOBUTEIBHBIX CBOMCTB. Tak, B psay OKCHUAOB OCHOB-
HbIE CBOMCTBA YMEHBIIAKOTCS, @ KUCJIOTHBIE YBEIUYNBAKOTCS:

MnO Ml’lzo 3 Ml’lOz MHO3 Ml’l207
OCHOBHOM  OCHOBHOM am(pOTepHBIN KHUCJIOTHBIN KHUCJIOTHBIN

Taxxe U3MEHSIOTCS OCHOBHO-KHUCJIOTHBIC CBOMCTBA THAPOKCHUIOB:

Mn(OH), Mn(OH); Mn(OH); wmm H,MnO;  H,MnO, HMnO,
OCHOBaHHE  OCHOBAaHHE amponut KHCJIOTa  KHCJIOTa

OKUCIUTENBHO-BOCCTAHOBUTEIIBHBIE CBOMCTBA COEAMHEHUN MapraHia
3aBUCAT OT CTEIIEHU €r0 OKUCIICHUS: METAJUIMYECKUA MapraHel — BOCCTaHO-
BUTEJIb, COCIMHEHUSI MapraHia (+7) — OKUCIHUTENIH, a COSJUHECHHS B TIpOMe-
JKYTOYHBIX CTETCHIX OKHCJICHUS 001a1a10T OKHCJIMTEIILHO-
BOCCTAaHOBHUTEIBHON JBOMCTBEHHOCTBIO.
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B xumuyeckoil NMpakTUKE B KAUYECTBE OKHMCIIMTEINSI 4acTO MCIOJIb3YETCS
nepmanradatr kanuss KMnO,. Ero okuciurtenbHble CBOWCTBA U MPOAYKTHI
BOCCTAHOBJICHUS 3aBUCAT OT CpPEllbl PAaCTBOPA, YTO BUAHO U3 YPAaBHEHHH I1O-
JypeaKkyyi U UX NOTEHIHAJIOB:

KHCTas cpea MnO; + 8H' + 5¢ = Mn*" + 4H,0, ¢’ =1,531 B;
HEHTpalbHas cpefia  MnpO; + 2H,0 + 3e = MnO, + 40H", ¢° = 0,621 B;
IIeJI0YHAas cpeaa MnO; +e=MnO;, ¢’ =0,558 B.

BKCHepI/IMeHTaJIBHaH 4acThb

Llenvio pabomwl SBASETCS MONYYEHUE U HCCIIEIOBAHUE CBOWCTB Map-
rafija u ero Hanbosee paclpoCTPaHEHHBIX COSIMHEHUM.

OmnpiT 1. ITosryyeHne MapraHia u ero B3auMo/JieiicTBue ¢ KMCJI0TaMH

1. Honyuenue nopowroobpasznozo mapearnya. B cyxymo mpoOHpKy To-
MECTUTh KPHUCTAJUIMYECKUN OKCAJIAT MapraHlla U HarpeTh B IUIAMEHU CHUP-
TOBKHU JI0 Pa3lIOKEHUs COJIM ¢ 00pa30BaHMEM MEJIKOIAUCIIEPCHOTO MeTasljia.
Bricbinath U3 npoOUpKHU C OOJBIION BBHICOTHI HA METANTMYECKYIO MOBEPX-
HOCTb MEJIKOJIUCTIEPCHBIM METall, HA0II01aTh BCIIBIIIKH.

Onucath ONBIT, HANIMCATh YPAaBHEHUE PEAKLIMM PA3JIOKEHUSI OKcajaTa.
Kak Ha3bpiBaeTCs ABJIECHHE CAMOBOCILUIAMEHEHUS METAJVIOB B TOHKOJMCHEPC-
HOM COCTOSHHUHU?

2. Bzaumooeiicmeue mapeanya ¢ kuciomamu. B T NpoOUPOK HAUTH
MO0 HECKOJIbKO Kamelb KHUCJOT: COJSHOW, CepHOW pa30aBlIEeHHOW, CEepHOM
KOHIICHTPUPOBAHHOM, a30THON pa30aBIE€HHOW, A30THOW KOHIICHTPUPOBAH-
HOM.

Bo Bce npoOupky BHECTH MOPOIIKOOOPA3HOTO MapraHua, moJy4eHHOIro
B IpeAbIayIIeM onbiTe. Onucath X0/ peaklivii, HalMcaTh UX YPAaBHEHHUS.

Omnpit 2. ITosryyeHue U MCCIe0BAHNE CBOMCTB
ruapokcuaa mapranua (I)

B Tpu mpoOupku BHECTH 1O 2—3 Karik pacTBOpa Cyib(dara mapraHia
(IT) u B xaxayro 1006aBUTH MO 2—3 Kamid pacTBOpa IMIEI04YHr; HabI0aaTh 00-
pazoBanue ocagka Mn(OH),, oTMETUTb LIBET OCaKa.

B nepByto npobupky q00aBUTh 5—6 Kamnenab cepHOMl KUCIOTHL. YTO mpo-
UCXouT ¢ ocagkoM? Coaep:KkUMoe BTOPON MPOOUPKH NEPEMEIIATh CTEKIISH-
HOI MajoyKkol — 0CaJOK M3MEHSAET OKpacKy. B TpeTbio mpoOHUpKy NpUIUTH
5—6 xarmnenb OpOMHOM BOJbI — OKpacKa 0CajKa TakKe U3MEHSETCS.
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Onwucate onbIT. HanucaTe ypaBHEHUsI peaklMii: a) MOJYYEHHUS] TUIPO-
kcuna mapranmna (II); 6) B3aumopeiictBuss Mn(OH), ¢ cepHOIl KUCIOTOMH; B)
OKHUCJICHHS €r0 KHUCJIOPOJOM BO3yXa (IIpH MepeMeninBaHuu) ¢ 00pa3oBaHu-
em ruapokcuna mapraunna (IV); r) ero okucinenus 6poMHO# BO0i ¢ 00pa3o-
BanreM MnO,.

Cnenatb  BBIBOJL OO0  OCHOBHO-KHCJIOTHBIX W OKHCIIHTEIBHO-
BOCCTAHOBUTENBHBIX CBOMCTBaX ruapokcuaa mapranma (II).

OnpiT 3. OKHCINTETBbHO-BOCCTAHOBUTEIBbHBIE ¢cBOlicTBa MnQO,

1. OxucaumenvHule ceovicmea okcuoa mapeanya (IV). B cyxyio mpo-
OWpKy BHECTH MUKpoImarelb okcuaa mapranna (IV) u nmpummrs3—4 xammm
KOHIICHTPUPOBAHHOU CcOJIIHOW KucHoThl. Habntonate Beienenue xiopa. Ec-
JIM XJIOp HE BBIACIACTCS, MPOOUPKY ToA0TpeTh. OMBIT MPOBOAUTH MO TATOM!

Hanucars ypaBHenue peakuun. Kakosa posis MnO, B 3TOM peakuun?

2. Boccmanosumenvuvie ceouvucmea MnQ, B tureir moMecTHTh HeE-
CKOJIbKO TpaHyJl TUJIPOKCHUJIA KaJIusl U OJUH MUKPOIIIATE]Ib HUTpaTa Kaus.
CMmech pacIulaBUTh B IJIAMEHU CIIMPTOBKU M BHECTH HA KOHYMKE MHUKPOIIIIA-
T€Jsl HECKOJBKO KPUCTAJUIMKOB JUOKcHAA MapraHua. OTMETUTh 1BET MOJIY-
YEHHOTI'O pacIljiaBa.

B otueTe HanucaTh ypaBHEHHE peakiuu okuciaeHus MnO, 1o K,MnO,
(MaHraHat Kayus), oa00paTh K03PPUIUEHTH METOIOM MOTYpPEaKITHil.

Omnpit 4. ITosly4eHHEe ¥ CBOWICTBA MAHTaHATA KAJIUS

1. Ilonyuenue maneanama xkanus. B mpoOUpKy BHECTH 5—6 Kameiab KOH-
ueHTpupoBanHoro pacrsopa KOH (wmmu NaOH). JloGaButs 3—4 karum pac-
TBOpa MEepMaHraHaTa KaJisg U HarpeTh CMEChb Ha CHUPTOBKE JI0 MU3MEHEHUs
L[BETA PaCTBOPA HAa U3YMPYAHO-3€JIE€HBIN.

KMHO4 =+ 4KOH(KOHL{) = 4K2M1’104 + Oz + 2H20

PacTBop MaHranarta paznuTh B TpU NMPOOUPKU M HCIOJB30BaTh B Clie-
IYIOIIKX OMbITax. B oTdyere HamucaTh ypaBHEHHE PEakiMu M yKa3aTb, K Ka-
KOMY THITy OHA OTHOCHUTCHI.

2. Bzaumooeiicmeue mancanama kanus ¢ xaopom. K pactBopy MaHraHna-
Ta Kajgusl B MEpBOM NpOOUpKE NpUIUTh 4—5 Kamelb XJIOPHOW BOABI (WA
OpoMHOI1) — HaOII01aeTCs U3MEHEHHUE OKPAaCKH pacTBOpa. YKazaTh, Kak W3-
MEHSIETCS OKpacka pactBopa. Hammcarte ypaBHeHue peakuuu. OmnpeneiuTb
pou Ko;MnOy4 u xmopa (6poma) B aTolt peakiuu. KoadduimenTs HaiTH Me-
TOJIOM MOJIypeaKuil.

3. Bzaumooeiicmsue K;MnQO, ¢ cyrvgpumom nampus. Bo BTOpyro mpo-
OMpKy ¢ pacTBOPOM MaHTraHaTa Kajusl 100aBUTh MUKPOIIIATENb KPUCTAIUIN-
yeckoro cynbpura HaTpus. HabmrogaTh oOecliBeunBaHUE pacTBOpPA U IOSB-
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JeHue KopuuHeBoro ocaaka MnQO,. KadecTBeHHO# peakuueld Ha cyibdat-
non SO4~ I0Ka3aTh ero 06pasoBaHue B X0/ peakiui. Hamucats ypaBHeHHe
B3aMMOJICUCTBHS MaHTaHaTa Kajius ¢ CyJIb(OUTOM HATPHS U OMPEIETUTH POITU
KoMnOy4 u Na,SO; B 9T0M peakiui.

4. [lucnponopyuonuposanue maneanama Kaiusi 6 HEUMpaibHoU cpeoe.
MaHraHar Kanus yCTOWYMB B CWJIBHOIIENTOYHOU cpene. 1Ipu HenTpanuzannu
IIEJI0YM KUCJIOTOM OH pasnaraercs. B mpoOupKy ¢ MOITy4eHHBIM ILEI0YHBIM
pacTBOpOM MaHraHata Kajaus (TpeThsi NpoOMpKa) MpUOaBIATH M0 KaIUISIM
pa30aBJIEHHYIO CEpHYIO KUCIOTY. [Ipu 3TOM Habmo1aeTcsi U3MEHEHUE OKpa-
CKM PacTBOpa U BBINAJEHUE OCAJIKA, YTO CBUACTEIBCTBYET O IIPOTEKAHUU pPe-
aKLWK:

KQMHO4 + stO4 —> MIlOz + KMI’IO4 + KzSO4 + Hzo

OnpenenuTs TUI peaKklyU, YPaBHATH €€ METOA0M mnonypeakuuil. Che-
JaTh OOIIMI BBIBOJI 00 OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX CBOMCTBAX MaH-
raHaToB.

OmneIT 5. BiausiHue cpebl HA CBOMCTBA EPMAHIAHATA KAJIHUS

B Tpex mpoOupkax mpoBecTH MapajuieJbHO TPU PEAKIUU MEXIY Tep-
MaHTaHaTOM KaJIsl ¥ CyJIb(UTOM HATpHUS.
B nepBoii mpoOupke peaxiys MpoBOJAUTCS B KUCIION Cpejie:

KMIIO4 + N&zSO3 +HQSO4 = ...
Bo BTOpOI#i poOupke peakuus MpOBOAUTCS B HEUTpaIbHOU cpefe:
KMl'lO4 =+ N&zSO3 +H20 = ...
B TpeTneit mpoOupke — B MIETOYHON Cpee:
KMHO4 + N212803 +KOH = ...

OnucaTh U3MEHEHUS B KaXA0W U3 MPOOUPOK MPHU NPOTEKAHUH PEAKIUH.
3aKOHYUTH YPAaBHEHUS BCEX TPEX PEAKLMi, UMes B BUY, UTO B KHUCIION Cpese
TepMaHTaHAT-HOHBl BOCCTAHABIMBAIOTCA O MOHOB Mn’', B HeliTpanbHoil
cpene — a0 okcuaa mapranua (IV), a B menoyHoi cpene — 10 MaHraHat-
MOHOB. CrenaTh BBIBOJ O TOM, KaK M3MEHSIOTCS OKUCIUTEIBHBIE CBOMCTBA

NepMaHraHara KaJusl Ipy Mepexojie OT KUCION Cpelibl K HEUTpaIbHOM U I11e-
JIOYHOM.

KonTtpoaupyrwmue 3aganust

1. Beimumure Bce 3JIEMEHTHI, BXOIAIIME B MOATPYNIy MapraHua. Yka-
KUTE XapaKTep UBMEHEHUS CBOMCTB 3THX 3JIEMEHTOB.

2. Kakumu cBoiictBamu obnanaetr okcua mapranna (II)? Hanummure He-
CKOJIBKO YPaBHEHUI pPeaklMii, OATBEPKIAIOIINE ETO CBOMCTBA.
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3. [lpuBeauTe mpuUMepbl COSIUHEHUN Maprasia, o0JagarolIuX TOJBKO
OKHUCJIUTEIBHBIMU, TOJBKO BOCCTAHOBUTEIIBHBIMU CBOWCTBAMU U OKHCIIH-
TEJIbHO-BOCCTAHOBUTEIIbHBIMUA CBOMCTBAMM.

4. Hanummure ypaBHEHUS! PEAKLHU, C MOMOIIBI KOTOPBIX MOYXHO OCY-
LIECTBUTH CIIEAYIOLINE MPEBPALLCHHUS:

Cl
MnO, —X9%HKM_, ¥ MnO, —=> X; — MnCl, — 5 X, — Mn(OH),

5. Paccumraiite o0beM kuciopoaa (H.y.), KOTOPbIA MOXHO MOJYYUTh
npu aevctBun 500 mun 0,5 M pacTBopa nepMmaHraHara Kajavs Ha HNEPOKCH]
BOJIOpPOJA B KUCIIOHN Cpee.

Pa6ora 9. 2JKEJIE30, KOBAJIBT, HUKEJIb

Kenezo, k00aabT U HUKEIb — d-dIE€MEHTHI (METAJIbI) BOCBMOM TPYIIIIBI
nepuoandeckor cuctembl. OHU OMM3KKM TO (PU3UYECKUM U XUMHYECKUM
CBOMCTBaM, O3TOMY HX U3Y4YalOT COBMECTHO KaK «CEMEUCTBO JKEJIe3a».

B 371€KTpOXMMHYECKOM Py HANPSHKEHUN 3TH METAJUIbl PACIIOI0KEHBI
B cpeAHel vacTH, 10 Bogopoaa. OHU B3aMMOJACICTBYIOT C COJSHOM M pas-
OaBJICHHOW CEpPHOM KHUCIOTOW C BBIICICHUEM BOJIOPOJAa U OKUCIECHUEM [0
JBYXBAJICHTHOT'O COCTOSIHUS. B KOHIIEHTPUPOBAHHBIX CEPHOW M a30THOU KH-
CJI0TaxX METaJUIbl MMAaCCUBUPYIOTCS, YTO TMO3BOJSIET KOHIEHTPUPOBAHHYIO
H,SO, nepeBo3uTh B kene3HbIX HucTepHax. C pa3daBiIeHHONW a30THOU KH-
CJIOTOM >Kee30 M KoOadbT B3aUMOJIECHCTBYIOT ¢ oOpazoBaHueM Fe(NO;); u
Co(NOs);, a Hukenb — ¢ oopazoBanueM Ni(NOj),. Hukenb ycroiiuus k aei-
CTBUIO IIEJIOYHBIX PACTBOPOB U PACIUIABOB; KEJI€30 U KOOAIbT B3aUMOICHCT-
BYIOT C KOHIIEHTpupoBaHHBIMU (>50 %) pacTBOpamu Iienoyeit nmpu HarpeBa-
HUU, 9TO CBUJETEIBCTBYET 00 NX ci1aboit aM()OTEPHOCTH.

JIst Bcex Tpex SJIEMEHTOB B COEJUMHEHUSIX XapaKTepHa CTENEHb OKHC-
JieHus +2, OJIHAKO COCAMHEHUS IBYXBAJICHTHOTO kKeJje3a, Kak TUIPOKCHI, TaK
U COJIM, OKUCTSIIOTCS O TPEXBAJIEHTHOTO COCTOSIHUSL KHCIOPOJAOM BO3TyXa.
Coeaunenust kodaneta (1) u Hukens (II) ycroliumBee momoOHBIX coeqUHE-
HUM >kene3a; Hanpumep, coenuHeHus Hukens (II) oxucnsiorcs A0 HUKENS
(IIT) neficTBreM OoJiee CUIIBHBIX, UeM Kuciiopo, okuciuteneit: HO,, NaClO
u T.1. 13 aToro caenyer, uto coenunenus: kobanpTa (I11) m aukens (III) o6-
JAJal0T OKUCIUTEIIbHBIMU CBOMCTBaMHU. J[€MCTBUTEIBHO, 3TU CBOWCTBA Ha-
omonarotcs npu Bzaumoaerictsun Ni(OH); u Co(OH); ¢ consHol KUCIOTOI:
BMECTO OOMEHHBIX HIYT OKUCIUTEIbHO-BOCCTAHOBUTEIHHBIC PEAKIIMU C BbI-
nenenreM xjopa u oopazoBanueM NiCl, u CoCl,.

OxkucnutenbHble CBOMCTBa coeanHeHui xenesa (I11) Beipaxkens! cnabee:
OHM HE BBIIEIAIOT XJIOP U3 COJSTHOM KUCIIOTHI, HO C 10/I0BOJIOPOJTHON KUCIIO-
toit HI u e€ comamu (Mioguaamu) OKUCIUTEIbHO-BOCCTAHOBUTEIbHbBIE PEaK-
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U ¢ o0pa3oBaHUEM oa BO3MOXKHBI. OKUCIHTETbHBIC CBOMCTBA CONICH XKe-
ne3a (III) Takxxe MOXHO HAOMIOAATH TIPU UX B3aUMOJICUCTBUU C CyIbduIaMu
IIEJIOYHBIX METAJIJIOB U aMMOHUS: B 3THX peakiusix kene3o (III) Boccrtanas-
JUBAETCs CyIb(OUI-UOHAMH JIO JABYXBAJIEHTHOTO COCTOSIHUSI U HaOII0/1aeTCs
oOpazoBanue FeS u cepsi.

Jliis xxene3a, KoOarbTa U HUKETST XapaKTEPHO CYIIECTBOBAHUE OOJIBIIIO-
ro YUCJIa KOMIUIEKCHBIX coenuHeHnid. OCOOCHHO MHTEPECHO HAOII0IaTh 00-
pa30BaHUE OKPAIICHHBIX aMMHUHOKOMITJIEKCHBIX COCTMHCHHH KOOAIbTa U HU-
KeJii M IMAaHOKOMIUIEKCHBIX COEIUMHEHUHN >KeJe3a: OEepIMHCKON Jazypu u
TypHOYyeBoit cuHu. COBPEMEHHBIMH HCCIICTOBAHUSIMU YCTAHOBJICHO, YTO MX
COCTaB OJIMHAKOB, a pa3Has OKpacka OOYyCIIOBJIEHA Pa3iIHYHBIM CTPOCHHEM
STUX BEIIECTB.

XKene3o oTmmuaeTcs OT K0OaIbTa U HUKETS CyIIeCTBOBaHUEM (heppaToB
— COCIMHEHUH B CTETEHU OKUCICHHS +6. VX Moay4aroT B IMEI0YHBIX Cpeax
nerictBueM cuiabHBIX okuciuteneit (Cly, Br,, Oz, NaClO u 1.1.) Ha THApO-
keun xenesa (I1I). Bee dpeppatsl — cunbHbIE OKUCTUTENH.

IKCNEPUMEHTAIbHASA YaCTh

Ue]lbIO pa60mbz SIBJISICTCSI MCCJIEAOBAaHUE CBOMCTB METAJIIOB CEMEHCTBA
JKEJIC3a; IMOJIYUYCHHE 1N UCCIICJOBAHNC CBOMCTB COGI[I/IHGHI/Iﬁ KCJIE3a, KoOaJbTa
1 HUKCIIA.

OneiT 1. B3auMoaelicTBue MeTALJIOB ¢ KHCJIOTAMHU

1. Bzaumooeticmsue diceneza ¢ xkuciomamu. B Tpu mpoOUpKU BHECTH
1o 5 Karelsb 2 H. paCTBOPOB COJISIHOW, CEPHOM U a30THOW KHCIJIOT. B ueTBep-
Tyl NMPOOUPKY BHECTH 4 KaIuTM KOHIIEHTPUPOBAHHOW CEpPHOM KHUCIOTHL. B
KOKIYI0 MPOOUPKY IMOMECTUTH MO OJHOMY KYCOUYKY JKEJIE3HOW CTPYXKKH.
[IpoOupKy C KOHIIEHTPUPOBAHHOW CEPHOW KHCIOTOW OCTOPOKHO HArpeTh.
Habnronats npoucxoasuiue peakiuu.

B kaxmyro mpobupky m00aBUTH MO OJAHOW Karuie pacTBOpa pPOJaHHIIA
KaJIisl, KOTOPBIN SIBJIIETCS Ka4eCTBEHHBIM PEaKTUBOM Ha MOHBI xkene3a (+3).
Y6equtcs B TOM, 4YTO B COJITHOW M pa30aBICHHOW CEPHOM KHUCIIOTE 00pa3y-
IOTCSI MOHBI Kene3a (+2), a B a30THOM U KOHIIEHTPUPOBAHHON CEpHOU KUCIIO-
Te (Ipu HArpeBaHUM) — HOHBI Xkene3a (+3).

B otuere omnucarh ONbIT, HANKMCAaTh YPAaBHEHMs peakuuid U chopmyiu-
poBaTh OOLIUH BBIBOJ O B3aMMOJICHCTBUHU Keje3a ¢ KUCTOTAMH.

2. Bzaumooeiicmsue xobanbma u Hukens ¢ kuciomamu. [lomecTuTs B
TpHU NPOOUPKH N0 MAJIEHBKOMY KYCOYKY KOOAIbTOBOW CTPYX KU U B KAKIYIO
n00aBuTh no 10 kamenb 2 H. paCTBOPOB COJISTHOM, CEPHOM M a30THOW KHUCIIOT.
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[TpoOupkm ciierka HarpeTh U HAOMIOIATh BBIACIECHUE ra3000pa3HBIX MPOIYK-
ToB. OOpaTTh BHUMaHUE Ha OKPACKY 00pa3yIOIIMXCsS PAaCTBOPOB COJIEH.

B otuere omucarh OMbBIT, HANKMCaTh YPAaBHEHHs peakuuil U chopmyu-
poBaTh OOIINI BBIBOJ O B3aMMOJICHCTBUN KOOAIhTa C KUCIOTAMH.

[IponmenaTh TOYHO TaKWE KE OMBITHI, UCTIOIB3Ys HUKEIECBYIO CTPYKKY.
OTMeTuTh OKpacKy 0OpasyIoUIuxcs pacTBOpPOB coseil. B oTdere ommcath
OTIBIT, HATIUCATh yYPaBHEHUS PEAKIUN U CHOPMYITUPOBATH OOIIUI BHIBOI O
B3aMMOJICUCTBUH HUKEJIS C KHCITOTAMH.

Omnpit 2. IlosryyeHue u uccieJ0BaHHe CBOICTB
rugpokcuaoB xkese3a (II), kodaabra (II) n Hukeas (II)

1. T'udpokcuo scenesa (11). PactBopsl coneit xxenesa (I) Hukorga He ro-
TOBST 3apaHee, TaKk KaK OHU JIETKO OKHUCISIOTCS KHUCIOpoAoM Bozmayxa. [lo-
ATOMY B OMbBITaX HCHOJB3YETCsS HamOoJiee yCTOWYMBAas KpUCTaUIMYecKas
nBoiHas cosb — coiib Mopa (NH,),SO4FeSO46H,0 unm e€ pactBop, KOTO-
PBIA TOTOBUTCS HEMOCPEICTBEHHO IEpe]] OMbITOM (B MPOOUPKY HACHITIAIOT
OJIMH MUKpoIINaTeab codu Mopa U pacTBOpsAOT B 6—8 Karuisix Bojbl). B
YpaBHEHUSAX peakiuii BMecTo (Gopmyinbl comu Mopa MOXKHO TOJIB30BATHCS
dbopmyioli cynbdara xenesa (11).

B npobupky ¢ 6 xamnsimMu pactBopa conr Mopa 100aBUTh MO KaruisiM
2 H. pacTBOp wenouu a0 BeimageHus ocajaka Fe(OH),. O6patuts BHUMaHUE
Ha [BET MOJYYEHHOTO ruapokcuaa. [lepemeniars moy4eHHbIH 0CaI0K CTEK-
JISHHOW TMaJIOYKOM, HaOJI0/1aTh MOCTENEHHBIN IEepexo/] OKpacKh B OyphIi
IBET BCJEACTBUE OKHCIEHUs ruapokcua xeneza (II) B rugpokcua xenesa
(I11), popmyny koToporo cienyet 3anucbiBath B Bujie FeO(OH), T.kx. kKaTHoH
xene3a (+3) obnmagaeT CUIBHBIM TOJSAPU3YIOMIUM JEUCTBUEM, CIEICTBHEM
KOTOPOTO SIBIIAETCS MpOTeKaHue B MOMeHT oOpazoBanus Fe(OH); peakuuu:

Fe(OH); = FeO(OH) + H,0

B oryere Hammcarth ypaBHEHUS peakiuii: a) oOpa3oBaHUs THIPOKCHIA
xene3a (I1); 6) ero okucnenus B rugpokcun xenesa (1) mox aeiictBuem ku-
ciopoza Bo3ayxa U BoAbl; B) npespauienus Fe(OH); B ruapokcu okcoxene-
3a (II).

2. T'uopoxcuo xobanema (I1). B nBe mpoOupku BHECTH MO 6 Kameyib pac-
TBOpa coiu kobanbsTa (1) u 106aBUTH MO KaruisiM pacTBOp mienoun. Peakius
npoTekaeT cryneHuato. CHavana MmosBIsSETCS] CHHUN 0CaZOK OCHOBHOM COJU
CoOHCI, xoTopbIil 3aTeM CTAHOBUTCS PO30BBIM, YTO YKa3bIBaeT Ha 00pazo-
BaHue rujpokcuaa kobanbsta (II). Ocagok B onHON mpoOupke pa3MeraTh
CTEKJITHHOM MaJIOYKON M OCTaBUTh HAa BO3[yX€, a B IPYryr0 MpuOaBUThH 2—3
ka3 %-ro pactBopa nepokcuaa Bojopona. B kakoil u3 mpoObupox Ha-
OJroaeTcsl OKMCIIeHUE ThaApokcHuaa kodanbTa (11)?
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B oTuere omucaTh OMBIT W HamwcaTh ypaBHeHUs peakmuid. [IpoGupky c
ruapokcuom kobanesta (I11) coxpanuts nms omnbita 3.

3. Tuopokcuo nukensa (II). B Tpu npoOupku moMecTuTh 1o 6 Kareib
pactBopa conu Hukens (II) u 106aBUTH MO KaruisiM pacTBOP ILIEIOYH JIO BbI-
nageHus: ocagka Ni(OH),. OtmeruTs 11BeT ocaaka. B mepBoii mpobOupke oca-
JOK MepeMenaTh CTEKISIHHOM NMajloyKoM M OCTaBUTh Ha BO3/yX€, BO BTOPYIO
nobaeuth 2—-3 kamu 3 % pactBopa H,O,, a B TpeThio — 1 karmio 6poMHOMI
BoAbl. B kakoMm ciyuae npoucxonut okuciaenue Ni(OH),?

B oTyere onucaTh onbIT M HAamUcaTh ypaBHEHMs peakiuil. [[pobupky c
ruapokcugom Hukens (11I) coxpanuTe 115 omnbita 3.

o ombiTy 2 cnenarh 00K BEIBOJL 00 U3MEHEHUH BOCCTAHOBUTEIBHBIX
cBoicTB coenuneHudt B psaay Fe(OH), — Co(OH), — Ni(OH),

OngiT 3. OkucaurenbHbibie cBoiicTBa Co(OH); n Ni(OH);

CnuTh KUIKOCTH ¢ 0caakoB ruapokcuoB kodansTa (I11) m Hukens (I11),
MOJTyYEHHBIX BO BTOPOM OIIBITE, U MOJCHCTBOBATh HA HUX KOHLIEHTPUPOBAH-
HOU COJITHOM KUCIOTOM (OMIBIT NPOBOAUTH B BHITSLKHOM IKady!). [Ipobupku
MOJIOTPETh HAa CHUPTOBKE, MIPUKPHIB UX (DUIBTPOBATBHON OyMaroi, CMOYEH-
HOM pacTBOpoM Hoauaa kanus. Habmonate oOpazoBanue iioga Ha Oymare.

B oTdere onumcaTthk ONBIT U HANUCATh YPaBHEHUS PEaKIIUi: a) B3aUMO/IeH-
ctBus ruapokcuoB kobanbta (II1) u Hukens (III) ¢ consnoit kucnoToii; 6) 00-
pa3oBaHus Hona Ha GUIbTpoBaIbHOM Oymare. ChenaTh BBIBOJ 00 M3MEHEHUU
OKHUCJIUTEIBHBIX CBOMCTB coenuHenuit B pany Fe(OH); — Co(OH); — Ni(OH);.

OmbIT 4. OKHCIUTEIHbHO-BOCCTAHOBUTEIBbHBIC CBOCTBA
coenuHenui xeje3a (II) u :xenesa (IIT)

1. Boccmanosumenvhvie ceoiicmea uonos Fe’™. B MpOOUPKY MOMECTHUTH
6 Kameib pacTBOpa IUXpOMara Kajius, MOJKUCIUTHh pa30aBICHHOW CEpHOMN
KUCIOTOM (5—6 Kamenp), 3aTeM 100aBUTh OJAMH MHUKPOIINATENb KPUCTAIIIN-
yeckoro cynbdata xxenesa (II). Habmrogats n3MeHeHne OKpacku pacTBOpa.

B oTdere HamucaTh ypaBHEHHE PEAKIIMH, YPABHATH €€ METOJOM IMOIype-
akuui. Vcnonb3ys 3HaU€HUS OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX MOTEHIIHA-
JIOB TOJIypeaKifii, MpuBeAeHHbIE B Tabmuue 15, onpeneianTb, BO3MOKHO JIH
oxucienue coneit Co”” n Ni*' uxpomarom kamust. ClienaTh BBIBOJ O BOCCTa-
HOBHTEJIBHBIX CBOIicTBaX noHOB Fe*' B cpaBnenuu ¢ monamu Co™" u Ni*".

2. Oxucnumenshuie ceoticmea uonos Fe'*. VIcronb3yst 3HAUCHHS OKHCITH-
TEJIbHO-BOCCTAHOBUTEIBHBIX INOTEHIMAIOB IOJIypPEAKUUH, MPUBEICHHBIE B
Tabnure 15, onpeaenuTs, KakKoW raJIoreH MOXKHO MOJIYYUTh B MOJIEKYJISIPHOM
BU/JIE 110 PEAKIINU:

2FeCl; + 2Nal' =T, + 2FeCl, + 2NaCl
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[IpoBecTu peakiuio MOJyYEHHUs ITOTO rajoreHa u MoJATBEPIUTh ero 00-
pa30BaHUE KAYECTBEHHOM peakuuer. B oTdyeTe onucarh ONBIT U CAEIATH BbI-
BOJI 00 OKUCIIMTENBHBIX CBOMCTBaX coeauHeHuit sxenesa (I11).

TaOmura 15

CrangapTHbIE OKUCITUTENbHO-BOCCTAHOBUTEIBHBIEC MTOTEHIIUAIIBI
HEKOTOPBIX MOJTYpPEaKIHii

DaeMeHT [Tomypeakmuust ¢°, B
Kenezo Fe — 2¢ = Fe?' —0,44
Fe*' — ¢ =Fe** +0,77
Fe(OH), + OH — ¢ = Fe(OH); —0,56
Fe(OH); + 50H - 3¢ = FeO,” + 2H,0 +0,72
KoOanbT Co—2e = Co2+ —0,28
Co™ —¢ =Co’" +1,81
Co(OH), + OH —e = Co(OH); +0,17
Huxens Ni—2e =Ni*" 0,25
Ni*" - ¢ =Ni** > +2
Ni(OH), + OH — ¢ = Ni(OH); +0,49
HApyrue 0, + 2H,0 + 4e” = 40H +0,40
Cl, +2e =2CI +1,36
Br, + 2¢” = 2Br +1,07
L+2e =2T +0,54
S*—2¢’ =8 -0,48
H,S —2¢ =S+2H" +0,14
MnO, +8H' + 5¢ = Mn>" + 4H,0 +1,51
Cr,0.> + 14H" + 6¢ = 2Cr*" + 7H,0 +1,33

OmneiT 5. 'mapoan3 coJiei xejie3a

1. I'uoponus FeSO,; u FeCl;. 1IlpurotoBUTh WM B3ATh U3 IITATUBA TOTO-
Bble pacTBOpbl cyibdara xene3a (II) u xmopuna xkenesa (III). C momomibro
YHHUBEPCAJIHHOTO WHAMKATOPA OMPEISIUTh BOJAOPOIAHBIN MOKa3aTelb pacTBO-
pOB.

[Tpo6upky ¢ pactBopom FeCl; mogorpers Ha CIUPTOBKE, CPABHUTH 3HA-
YEHHS BOJOPOIHOTO IMOKA3aTeNsl HarpeToro U X0JI0JHOTO pacTBopa.

Omnwucarp ONBIT, HAMKCATh YpaBHEHUs THApoau3a obenx coneid. Kakas u3
Hux (FeSO, unu FeCl;) u moyemy B Oouiblliel CTENEHH MOABEPTAETCs TUIPO-
au3y? OTBET MOTHUBHMPOBATh, UCIOJIB3Ysl MPEJICTABICHUS O MOJSPU3YIOLIUX
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CBOMCTBaxX KaTMOHOB. Hamucarh ypaBHeHus Tuaponn3a xjaopuaa sxenesa (I1)
npu HarpeBaHuu. Yem oObsCHAETCS pa3iauune B 3HadeHUsX pH xomoaHoro u
HarpeToro pacTBopa 3Tou coiau?

2. Cosmecmmnuiti euopoaus FeCl; u kapbonama nampus. K 3—4 xanmsm
pactBopa xsopuzaa sxeneza (III) mpubaBuTe Mo KarmisiM pacTBop kKapOoHaTa
Hatpus. HabGmogaTs BeimageHnue Oyporo ocaaka rugapokcuaa sxenesza (II1) u
BbIIeTIeHne ra3a. Kakoil ras Beiaensiercs? B ordeTe OOBACHUTH, MOYEMY B
NPUCYTCTBUHM KapOOHaTa HaTpus ruaponu3 xiuopuna skenesa (III) wmmer mo
KOHIIa M HAIlMCaTh YpaBHEHHUE PEaKInu.

Omnpit 6. [TosryyeHuHe U MCCIeI0BAHUE CBOMCTB CYJIb(UI0B Kejie3a

1. Cyavghuo ouceneza (II). B nBe mpoOUpPKU MOMECTUTh TI0 5—6 Kamenb
CBEXEMPUTOTOBJICHHOTO pacTBopa cyib(dara xenesa (II). B omny mpobupky
100aBUTH JIBE KaIlIM CEPOBOJOPOHOM BOJIbI, B APYTYIO — JIBE KAIlIM PacTBO-
pa cynbduaa Hatpus. B kakol mpoOupke BbINad 0cajok Cyibduaa xeies3a
(I)? ITpoBepuTh pacCTBOPUMOCTH OCa/IKa B pa30aBIECHHON CEPHOIl KUCIOTE.

B oTtyere onucaTh OnbIT U O0BACHUTH, MOUeMy cysbdu xeneza (I1I) ne
BhITIafiaeT npu aericteuu H,S, HO oOpa3yercs npu nerictBuu Na,S? BwiBoa
MOATBEPAUTH, MAaTEMATUYECKUMHU pacueTaMu. HamucaTe ypaBHEHHS peakiuid
oOpazoBanusa FeS u ero B3auMoJIeCTBUS C COJITHOM KHUCIOTOM B MOHHOM M
MOJICKYJISIPHOM BHJIE.

2. Jleticmeue H,S u Na,S na conu scenesa (I1l). B nBe npobupku nmomec-
TuTh 110 3—4 Karmnu pactBopa FeCl;. B nepByto 100aBUTh JIBE Karuiv cepoBo-
JIOPOAHOW BOJIbI, BO BTOPYIO — JIB€ KaIlJid pacTBopa cyiabduna Harpus. Ha-
Oomonath 0oOpa3zoBaHuEe B 00eMX MPOOHMPKAX KOJUIOUIHOHM cepbl. OTMETHUTH,
4YTO MNpU ACUCTBUU Cyib(puIa aMMOHHSI 00pazyercs, KpOMe CEepbl, OCaJ0K
cynbduna xenesa (II), Torna kak mpu nericrBuu H,S Takoii ocajok He BbINa-
naet. B otuere 00BICHUTDH, MOYEMY B 00eUX MpoOUpKax oOpasyercs cepa u
nouemy FeS oOpasyercs ToiabKo nipu IecTBUM CyIbhuaa HATPHUSL.

OmnepiT 7. Ilosry4yeHne u ucclieloBaHue CBOiiCcTB (peppaToB

B npoOupky moMecTUTh MUHLIETOM HECKOJBKO TPaHyJ THAPOKCHIA Ka-
nust, 106aBuTh 1-2 karm HaceieHHoro pactBopa FeCl; u nBe kamiu Opoma
(OTIBIT MPOBOAUTH B BBITSHKHOM IIKady!).

[Tocne cnaboro HarpeBanusi oopasyercsa (pUOIETOBBIA pacTBOp (eppara
kanus K,;FeO,4, B KOTOpOM kefie30 HaXOJIUTCS B CTETIEHU OKHUCIIeHus 6.

Brectu B mosydeHHBIH pacTBOp 3—4 Karid pacTBOpa XJiopuaa Oapus,
HaOJI01aTh BhIMAICHUE KpacHO-ProieToBoro ocajaka geppara 6apus BaFeO,.

Ob6a deppara noxyyeHsl B HIEIOYHONU cpeie, B KOTOPOW OHU yCTOWYH-
Bbl. [IpoBepuTh Ha OmMBITE YCTOWYMBOCTH (peppaToB B Kucioil cpene. s
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ATOTO OCTOPOXKHO CIUTH ¢ ocanka BaFeO, kuakocTh M H00aBUTH K OCAAKY
0 KarwisiM pa30aBICHHYIO COJITHYIO KUCIOTy. HabmonaTh BHauaie BbIee-
HUE ra3a U U3MEHEHHE IBETa 0CaJIKa, a 3aTeM II0JTHOE PACTBOPEHHE OCaJIKa.
Onwucarp ONBIT M HANMMCATh YPABHEHUS PEAKIUI: a) OKHCICHUS XJIOpUIa
xene3a (1) 6pomoM B miemouHo cpese; 6) 00pa3oBaHUS MAIOPACTBOPUMO-
ro (eppara Oapusi; B) pasnoxkeHnus (eppara O6apus Nmpu ACHUCTBUU TIEPBBIX
karenb HCI ¢ o6pazoBanmem Fe,O;, O,, BaCl, u H,O (k xakomy TuIry oT-
HOCHTCS 3Ta peakuus?); r) pacrBopenusi Fe,O; B U30bITKE COMITHON KUCIOTBHI.

OmnpiT 8. KoMILIeKCHbIE COeTUHEHHUS JKejle3a, K00aabTa U HUKeJIs

1. Ilonyyenue mypnoynegoti cunu u bepaunckot razypu. IlIpuroToBuTh B
npoOupke pacTBop cynbdara xene3a (II) u 7o6aBUTH OHY KaruIro KpacHOMN
kpoBsiHOH coymt K3[Fe(CN)g]. Habmomate oOpa3zoBanre ocaaka KOMILIEKCHO-
ro COEAMHEHUSs, TPUBUAIBHOE Ha3BaHHE KOTOPOTO «TypHOyJeBa cuHb». Ha-
MUCaTh YPAaBHEHHE PEAKIMH B MOJEKYJISIPHOM M MOHHOM (opMe, IPUBECTH
HOMEHKJIATypHbIE Ha3BaHUs 000MX COEAMHEHUH.

[TomecTuth B nmpobupky 2—3 karmiu pactBopa xjiopuaa xkenesa (I1I) u
N00aBUTH OJIHY Karuio pacTtBopa skenrod kpoBsiHou coiu Ky[Fe(CN)g]. Ha-
OJr0/1aTh BBIMAJCHHE OCaJKa KOMIUIEKCHOTO COEJAMHEHHS, TPUBUAIBHOE Ha-
3BaHUE KOTOPOTo «OepiMHCKas Ja3ypby. HanmucaTs MOJIEKyISIpHOE U HOHHOE
ypaBHEHUs 00pa30BaHUS KOMIUIEKCHOTO COEIMHEHUs, NMPUBECTH €ro Ho-
MEHKJIaTypHOE Ha3BaHUE.

B oruyere OTMETHUTH, UTO COBPEMEHHBIE MCCIEAOBAHUS MMOKA3AJIN HJICH-
TUYHOCTh COCTaBa TypHOYJIEBOI CUHH M OEpIIMHCKOM Ja3ypH, KOTOPbIE OTIIH-
YaroTCsl TOJIBKO cTpoeHreM komruiekcoB (AxmeroB H.C. O6mmas u Heopranu-
yeckasd xumusd. Yacte BTopas, paszaen I1I, riasa §).

2. Axsaxomnaexc koboanema (1) u eco paspywenue. Hanucarb CTEKIISH-
HOM TMaJouKoi, CMOYEHHOUM pacTBOpoM xJopuaa kodanbTa (I1), kakyro-nmu6o
uudpy WM ciIoBO Ha PuiIbTpoBaigbHOM Oymare. [loacymuTe Oymary 10 mod-
TH TIOJIHOTO MCYE3HOBEHMSI HAJIIUCH, a 3aT€M MOJOTPETh Ha TUIAMEHH CIHp-
TOBKH, TIOKa HAJMUCh HE CTaHET BUAMMON. OOpaTUTh BHUMaHHE Ha MOCIIE-
nyroniee 00eCBEYMBAHNE HAJIIMCH MIPU OXJIaXKIEHUU OyMmardu.

Omnucarh U OOBICHHTD OIBIT, UM B BHAIY, 9TO IPOCThbie HOHBI Co*'
MMEIOT CHHIOIO OKpacKy, a akBakomiutekcusie [Co(H,0)s]*" — po3oByro.

3. AmmunokomniexcHoe coedunenue kobaroma (I1). K 6 kamam xio-
puna kobaneta (II) mpubaBuTh mo xarisim 25%-i1 pacTBOp amMMuaka 10 BbI-
nazeHus: ocaaka ruapokcuaa kobamsra (II). ITlomydeHHbIil ocamok pacTBO-
pUThH B M30BITKE aMMHaka. PacTBop mepemeniath CTEKJISTHHON MaJIOYKOM, Ha-
0JIF0/1aTh U3MEHEHUE OKPACKH pacTBOPA BCIEACTBUE OKUCIEHUS MOJYyYEHHO-
ro KOMILIEKCHOTO coeauHeHus koOanbTa (II) B KOMIIEKCHOE COeIMHEHUE
koOanwTa (II1) kuciopogom Bo3ayXAa.
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[Ipunuth B npoOUpKy pacTBop cyibuaa HaTpus (2—3 kamium), HaOJro-
JIaTh BBITIaJICHUE Ocajika (KaKoro BemecTBa?).

B oTyete onmcaTh ONBIT U HANUCATh YpaBHEHUS peakiuii: a) oOpa3oBa-
HUS aMMHUHOKOMIUIEKCHOTO coenuHeHus koOanbTa (II); 6) ero oxucnenus
KHCJIOPOJIOM BO3/lyXa; B) B3aUMOJCHCTBUS aMMUHOKOMILIekca kobanbta (I11)
C Ccyab(UI0M HATPHUs.

Cnenatb BBIBOJ 00 yCTOMYMBOCTH CTEMEHEW OKuciaeHus +2 u +3 mis
KoOajbTa B HEKOMIUICKCHBIX M KOMILUIEKCHBIX COCIUHECHUSX, UMEesS B BUIY,
41O 0OBIYHBIE coenuHeHust (conu) kodbanbra (II) KHMCIOpomOM BO3myxa HE
OKUCJISIFOTCSI, ¥ TOJBLKO Tuapokcu] kodanbTa (I1) okucisercs oueHb MeIJICHHO.

Takxe ykazaTh B BBIBOJIC IPUUHUHY Pa3PYIICHUS] aMMHUHOKOMILIEKCA KO-
oanbta (II1) cynsuaom HATpUsl, UCTIONB3YS 3HAYEHUSI KOHCTAHTBI HECTOMKO-
i komtekca (4-107) u npomsBeenust pactBopumoctr CoS (4:1072).

4. Ammunoxkomniexcnoe coeounenue nuxens (I1l). K 6 xamism pactBopa
conu Hukens (I1) mpubaButh mo kamsim 25%-i1 pacTBOp aMMHaka A0 BbITa-
neHusi ocanka rugpokcuna Hukens (II) m ero nmampHeiiero pactBopeHus
BCJIEICTBUE 00pa30BaHUsl KOMILJIEKCHOTO coenuHeHusl. OTMETUTh, KaK U3Me-
HSIETCA TPU ITOM IIBET pacTBopa. J(00aBUTH K MOITYyYEHHOMY pacTBOpy 2-3
Karim pactBopa cyibduaa Hatpud. HaGnronaTe BeinajgeHue ocaaka (Kakoro
BelecTra?).

B oTyere onucaTh ONBIT U MPUBECTH YpaBHEHUS peakivil oOpa3zoBaHus
aMMUHOKOMIUIEKCHOTO coenunenust Hukens (II) u ero B3aumomeicTBus c
cyibdunom HaTpus. OOBSICHUTH MPUUUHY Pa3pyLICHUS] KOMIUIEKCa CyIb(u-
JIOM aMMOHHUSI, UCTIOJNB3YSl 3HAUEHHUS KOHCTAHTBI HECTOMKOCTH KOMIUIEKCA
(2:10”) u mpousBenenus pacropumoctu NiS (1,4-107%).

[lo ombiTy 8 copMynrpoBaTh OOIIMI BBIBOJI O CBOMCTBAaX KAaTHOHOB
xKese3a, KoOallbTa U HUKEIIS B PEaKIHMsIX KOMIUIEKCOOOpa30BaHusI.

KonTpoaupyroummue 3aganus
1. YUem 00yCIOBICHO CXOACTBO XMMHYECKUX CBOMCTB METAJUIOB TPUAIbI
KeJe3a U UX COeAMHEHU?

2. YKaxuTe BO3MOXKHBIC, XapaKTEPHBIC M YCTOWYUBBIE CTEIIEHNU OKHCIIC-
HHS JKelle3a, KoOabTa, HUKEIS.

3. Hanumure ypaBHEHHUS peakiui, KOTOpbIE HUIUTIOCTPUPYIOT pa3iiny-
HBIE CTIOCOOBI TTONTy4YeHHs Tuipokcuaa xxenesa (I11).

4. Hanmmure ypaBHEHMS peaKkIMM I LETIOYKU IPEBPALICHUN:

HCI Nal NaOH

> X5 > Xy

Fe(OH), —2% 5 X, > X,
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5. Beruucnure KOHCTAHTY PaBHOBCCHUA pCAKIINU:

FeS + 2HCI S FeCl, + H,S.
CaenaiiTe BBIBOJ O HAIIPABJIEHUU €€ IPOTEKAHMUS.

6. 3aKOHUNUTE YpaBHCHUS PEAKIIUI:
Fe(OH); + HCl — Co(OH); + HCI — Ni(OH); + HCl —

Cnenaiite BbIBOA 00 M3MEHEHUU YCTOMYMBBIX CTETICHEW OKUCIICHHS B TpUAJE
xKenesa.

Pa6ora 10. MEJIb 1 CEPEBPO

Mens, cepebpo U 30JI0TO OTHOCATCS K d-MeTayiaMm MepBOil TpyMIbl —
3TO e€ mo0oYHas MOArpyNIa. DT IEMEHTHI U3BECTHBI YEIOBEKY C ITyOOKOM
JTPEBHOCTH.

®du3nvecKue CBOMCTBA MPOCTHIX BEHIECTB ATUX DJIEMEHTOB OUYEHb OJIU3-
KM ¥ BO MHOT'OM YHHUKAJIbHBI: M€Jlb, CEpeOpPO U 30J10TO 00JIaIat0T HAUBBICIIIECH
TEIUIO- U DJIEKTPONPOBOJHOCTHIO, OYEHb IJIACTUYHBI, KPUCTALIU3YIOTCS B
OJIMHAKOBOW KyOWYECKOW pemieTke. B AlIeKTpOXUMUYECKOM Py HampsiKe-
HUN 3TU METAJIbI PACIOI0KEHBI TTOCIIE BOJOPO/Ia, TOITOMY C pa30aBJICHHOM
COJITHOM M CEepHOM KHCIIOTaMH OHH HE B3aMMOJICUCTBYIOT. Menb u cepedbpo
B3aUMOJICMCTBYIOT C a30THOW M KOHLICHTPUPOBAHHOM CEPHOM KHUCIIOTOM, a
30JI0TO PACTBOPSIETCA B CEJICHOBOM KUCIIOTE U «LIaPCKOM BOJKEY.

Menaps B COCIMHEHMAX OBIBacT B cTeneHsX okucienus +1, +2, +3. Ho
MPEUMYIIECTBEHHOHN cTeneHbto okucienus sisisiercs +2 (CuO, CuCly, CuSO,
U JIp.); COEANHEHUS CO CTENEHbIO OKUCIeHUs +1 MeHee yCTOMYUBBI U, KaK
MPaBUJIO, B PACTBOPAX TUCHPONOPLIUOHUPYIOT:

Cu"=Cu* + Cui,

a coeuHeHus Menu (+3) SBISIFOTCS CUIIBHEHIIIMMU OKUCITUTEIISIMH.

Jlist cepeOpa XxapaKkTepHOU CTENEHBIO OKUCICHHUS SIBIsieTCs +1, 4TO 00b-
SCHSIETCS TOBBIIEHHONW YCTOMYHMBOCTBIO MPEIBHEIIHETO MOJHOCTBIO 3amoJi-
HeHHOro ouektpoHamu d-momgyposrs (4d'%), cdopmuposaBmrerocs eme y
namuiagus. CaMoe pacrpocTpaHEHHOE COEMHEHUE OJJHOBAJICHTHOTO cepedpa
— 9370 ero HuTpat AgNQO;, KOTOPBIM HCOIB3YETCS B AHATUTHUYECKON XUMUU
KaK HaJI&KHBIN peareHT sl 00OHApyKEHHUSI B paCTBOPaX TaJIOTCHU]I-MOHOB, a
B MEJIMIIMHE KaK JEKAPCTBEHHBIN MpenapaT «JIAmIcH.

I'uapokcuast Menu (II) u cepedpa (I) — HeycTONUYMBBIE COCTMHEHUS:
nepsbiil pasnaraercs Ha okcua CuO u Boxy mpu 40-50 °C, a Bropoii — mpu
KoMHaTHOU Temnepatype. Conu cepebpa, 0COOCHHO XJIOPUI U OPOMUJI, BBU-
Iy X CIIOCOOHOCTHU pasiiaraThCs MO BIUSHUEM CBETa C BbIJCIICHUEM METall-
JUYECKOTo cepeldpa, UCOIB3YIOTCS 171l M3TOTOBIIEHUS (POTOMATEPHUAIIOB.
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Hanbonee xapakTepHasi cTeneHb OKUCICHHS 30JI0Ta B COCIMHEHUSAX +3,
HO OOBIYHBIX COCIMHEHUH 3TOr0o 3JIEMEHTa MaJlo, T.K. OHM, KaK IPaBUJIO,
TEPMOJUHAMHUYECKH HEYCTONIMBEI.

Menp, cepebpo M 30J0TO BXOASAT B COCTaB MHOTHX KOMIUIEKCHBIX CO-
equHeHnit. Ha oOpa3oBaHUU OJHOTO M3 KOMIUICKCHBIX COCIMHCHUIN — JUIIHA-
Hoaypara (I) HaTpusi ocHOBaH HauboJee pacnpoCTPaHEHHBIN CIOCOO H3BJIE-
YEHUS 30JI0Ta U3 MeCKa U TOPHBIX TIOPO/I.

N3-3a pasznuuusa cocraBa U XMMHYECKHX CBOMCTB COCAUHEHUN MEIU U
cepedpa, OHU PacCMATPUBAIOTCS OTNIENBbHO. 30JI0TO M €r0 COCAMHEHUS H3-3a
JIOPOTOBH3HBI B YUEOHBIX XHMHUYECKUX JTA00PATOPHSIX HE TPUMEHSIOTCS.

3KCHepI/IMeHTaJ'II)Haﬂ acCTb

Lenvio pabomul ABNSETCA U3yYEHUE CBOWCTB METAUTMYECKOW MEIu U
BOKHEUIIINX COCTMHEHUI Meu U cepedpa.

Omnpit 1. IlosryyeHue Mmeau U UCCJieI0BaHue €€ CBOICTB

1. Ilonyuenue medu eoccmanognenuem uz pacmeopa. B npodbupky Ha-
TuTh pacTBOp cyibdara menu (II) m omyctuts rpanyny muaka. Habmomats
BBIJICJICHUE KPUCTAININYECKON MEIU HA TOBEPXHOCTHU LIMHKA.

B oryere nammcath ypaBHeHHE peakuuu. Mcronp3ys 3HauyeHUS DIIEK-
TPOJIHBIX MOTEHLMAJIOB, PUBECTU IMPHUMEPHI JIPYTUX METAJIOB, CIOCOOHBIX
BBITECHSTh MEJIb U3 PACTBOPOB €€ COJICH.

2. Bzaumooeiicmeue meou c kucnomamu. ViccnenoBarb B3auMoeiiCTBUE
MEJIM C COJITHOM, pa30aBIICHHON CEpHOM, pa30aBICHHON a30THOW KHCIOTaMHU
Y C KOHIICHTPUPOBAHHOM CEPHOM U A30THOM KHMCIIOTAMH.

B oTuere HamucaTh ypaBHEHHs peakuuil, Ko3(UIHEHTH M0100paTh
MeTO0M Monypeakunii. OOBACHUTH pa3HbI COCTaB MPOTYKTOB B3aUMOJIEH-
CTBUSI MEIM C pa30aBJICHHOW M KOHLIEHTPUPOBAHHOM CEpHOM, ¢ pa30aBlicH-
HOM U KOHLIEHTPUPOBAHHOU a30THOU KUCIIOTAMMU.

Omnpbit 2. ITosryyenue u cBoiictBa coequnennii meau (II)

1. Ilonyyenue u ceoticmsa euopoxcuda meou (I1). B ueTbipéx mpobupkax
MOJIyYUTh ocalok ruapokcuaa meau (1) B3aummoneiicTBUeM pacTBOpa Cyib-
dara meau (II) ¢ pactBopom mienoun. McmbITaTh OTHOINICHHE THIPOKCH]IA
menu (II) k HarpeBaHuUIO, K pacCTBOPaM CEpHOM KUCJIOTHI, aMMHAKa U IIEJIOYH.

Onucate onbiT. Hanucate ypaBHeHust peakuuii. ChopmyanpoBaTh Bbl-
BOJI O TEPMHUUECKOMN ycTounBOoCTH Tuapokcuaa meau (I1) u ero cBoiicTpax.

2. Ceoticmsa oxcuoa meou (II). Oxcun meau (I1), momyueHHbIN npu Ha-
rpeBaHuu ruapokcuaa Meau (II), ucnpiTaTe K AEMCTBUIO KUCIOTHI U IIETOYH.
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B otuere Hanucarh ypaBHeHUs peakuuidi. Caenath BBIBOA O CBOMCTBAX OKCHU-
na meau (11).

3. Honyuenue cynvgpuoa meou (I1). B mpoOupky ¢ 5—7 karusimu cyibda-
ta meau (II) mobaBUTH CTONBKO k€ pacTBopa cyiabduaa Hatpus. OTMETUTH
IBET BBINABILETO Ocajika. Pa3nenuTs ocanok Ha aABe yacTu. B oaHy 106aBUTH
HECKOJIbKO Kareidb KOHIIEHTPUPOBAHHOM COJITHOW KHUCJIOTHI, B APYryH —
KOHIIEHTPUPOBAHHOM a30THOM. B kakoii mpoOupke ocagok pacTBOPUIICS?

B otuere HanucaTh ypaBHEHUS MOJYyUYEHUS CyJIb(PHUaa MEIU U €T0 B3au-
MOJEHUCTBHS C OJHOMN U3 KUCJIIOT.

K kakoii rpynne cynbdpunao otHocutcs CuS? MOXKHO 11 €ro moayyduThb
JNEUCTBUEM CEPOBOJIOPOIHOM BOJIBI HA COJIb MeU?

4. I'uoponuz conu meou (I). B npoOUpKy MoMecTUTh 5—6 Kareib pac-
TBOpa cyibdarta meau (II) 1 ¢ MOMOILIBIO MOJOCKU YHUBEPCAILHOTO UHANKA-
TOpa ONpPENIETUTh CPelly pacTBopa. 3aTeM B MpOOUPKY BHECTHU 5—O6 Kareb
pacTBopa KapOoHaTa HaTpus, OTMETUTh OOpa3oBaHHE 3€JIEHOr0 OcajKa Oc-
HoBHOTO KapOonata menu (I1) (CuOH),CO; (TpuBHaiibHOE Ha3BaHUE - MaJia-
XUT).

Onwucate oneiT. Hanucare ypaBHEHHsI peakUuid B MOHHOM M MOJIEKY-
aspHoM Buze. Ilouemy npu B3aumopeiictBuu conu meau (II) ¢ pactBopom
COJIbI HE BBINMAJIAET CPeAHHUM KapOOHAT Meaun?

5. lonyuenue ammunoxomniexcnozo coedunenus meou (Il). K 4-5 kan-
asm pactBopa cynbgara meaun (II) go6aButhl-2 kamim pacTBOpa amMMHaKa.
Hab6mronate Bemazenue ocaaka ocHoBHOU conmu (CuOH),SO,4. PactBoputh
ocasiok B u30bITKe aMmmuaka. OTMETUTH IIBET pacTBopa. BHecT B mpoOUpKy
5-7 xamnenb cepoBOOPOIHOM BOIbI. UTo HabmogaeTcs?

Omnucate onbiT. Harmucats ypaBHeHus peaknuii. [10ab3ysch 3HAYCHUSIMUA
KOHCTaHThl HECTOMKOCTH aMMHHOKOMIUIEKCA MEIU (2-10'13 ) U IPOU3BEACHUS
pacTBopuMOCTH cyibduaa Menu (6-107°), 06bsicHuTs 06pasosarue Cus.

Omnpit 3. ITosryyenue u cBoiictBa coeqnnenunii meau (I)

1. Ilonyuenue tioouda meou (I). B mpobupky ¢ 5—6 xarisiMu pacTBOpa
cynabdata menu (II) BHecTu 5-6 xamenb pacTBopa Moauaa kamusi. OTMETUTH
BbIMA/IEHUE OCaJIKa U OKpalIuBaHue pacTBopa. C MOMOIIBI0 KpaxMaia JoKa-
3aTh, YTO B PEAKIMH 00PA30BAJICS MOJEKYIISIPHBIA HOI.

B oruere Hammcarth ypaBHEHHE W ONpENenuTh THN peakmun. OObsc-
HUTH, IOYEMY B PAaCTBOpPE HE MAET HOHOOOMEHHAs PEeakIis U He o0pa3yercs
woaua meau Cul,.

2. llonyuenue komnnexcrnoeo coeounenus meou (1). B npobupky ¢ onu-
nom meau (1), moMy4eHHBIM B TPEBIIYIIEM OIBITE, MPUOABUTH HECKOJIBKO
Kareiab pacTBopa THocylb(ara HaTpusa. HabmonaTe pacTBOpeHne ocaaka.
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B oTuere Hamucarh ypaBHEHHE 00pa30BaHUS KOMIUIEKCHOTIO COEIHMHE-
Hus menu (I), yuuteiBas yto koopauHaronHoe yucino menu (I) pasno 2, a
THOCYJb(PAT-UOH SBISETCS MOHOJIEHTATHBIM JINTAHJIOM.

Omnpit 4. Ilosryuyenue okcuaa cepedpa (I)

B npobupky ¢ 3—4 xarmsimu HUTpata cepedpa (I) mpuiiuTh CTOJIBKO Ke
pacTBOpa ruapokcua HaTpus. OTMETUTH LBET BBINABIIETO OCAJKa OKCHUIA
cepeopa (I).

Hamnucare ypaBHeHUs: o0pa3oBaHus THAPOKCHIA cepedpa U €ro MrHo-
BEHHOTO DPAa3JIOKEHUS, OOBSICHUTH MPUYNHY HEYCTOMYMBOCTU THAPOKCHUIA,

o +
YUHUTBIBAs CUJILHOE MOJIIpU3YIolliee JEHCTBUE KaTHOHA Ag .

Omnpit 5. ITosryyeHHe MAJI0PACTBOPUMBIX rajoreHu10B cepeopa (I)

B Tpu mpobupku BHecTH mo 2—3 Karuld pacTBOpa HUTpara cepedpa U
100aBUTh MO 2—3 Karld pacTBOPOB XJIOPUAA HATpHsl, OpoMuaa HATPUs U KO-
muaa kaimus. OTMETUTh LBET BBINABLIMX OCAJIKOB M COXPAHUTh WX IUISI Clie-
JYIOIIEero omnbiTa. B oTyeTe Hanucarh ypaBHEHUsI peakUuid B MOJIEKYJIIPHOM
1 HoHHOM Buze. Kakol ranoreHuA-voH sBisieTcsi Hauboyiee 4yBCTBHUTEIb-
HBIM PEareHTOM Ha KaTHOH cepedpa, eciii MPOU3BEIEHNUs paCTBOPUMOCTH T'a-
JIOTEHUJI0B cepedpa paBHBI:

[IP(AgCl) = 1,78-107"°, TIP(AgBr)=7,7-10", TIP(Agl)=8,3-107"
Omnpit 6. [TosrydeHHe KOMIJIEKCHBIX COeIMHEHUI cepedpa

Kaxnpiii ocaiok, MOJIydeHHBIH B ONBITE 2, pa3AeauTh Ha ABe yactu. K
nepBor J00aBUTh PacTBOP aMMHaKa, KO BTOPOM — pacTBOp THOCYJbdaTa Ha-
Tpus. Bce im ocaaku pacTBOPUIIKCH?

Onucares ONBIT. I/ICHOJIBB}/}I 3HaQUEHHUS KOHCTAHTHI HECTOMKOCTH KOM-
miekcoB — Ky([Ag(NH;),]") = 9,3-10°°, K.([Ag(S:05).]7) = 2,5:10"* — 06-
SICHUTD, IIOYUCMY fIO,Z[I/I,Z[ cepe6pa HC PaCTBOPACTCA B N30BITKE aMMMaKa, HO
pacTBOpsIeTCS B PaCTBOPE THOCYJIb(aTa HATPUSI.

OneIT 7. OKHCIUTEIbHBIC CBOCTBA KATHOHA Ag'

B npobupky BHectu 1-2 kammum pactBopa AgNOs;, 3—5 xamenb 3%-ro
pacTBOpa MepoKcuaa Bojgopoaa u 1-2 xarmam pactBopa menouu. Habmronats
00pa3oBaHME MEJIKOJUCIIEPCHOTO METaInYeckoro cepedpa. B oTuere Hamm-
caTh YPaBHEHHE PEAKIIMH, YPABHATH €€ METOI0M MOJIypPEaKLUM.
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KonTposmpyroummue 3aganus

1. Kakue crerneHr OKHUCIEHMS SBIISIFOTCS XapaKTEPHBIMH Uil Meau?
[TpuBeauTe NpUMeEpbl COEAMHEHNI MEU B JAHHBIX CTENEHSIX OKUCIICHHUS.

2. Kakoil u3 peakTUBOB IO3BOJIUT NEPEBECTH METAJUINYECKYI0 MEIb B
pactBopuMoe coctosinue: HCl, H,SO4(xonn), HNOjz(xomm), H;SOy4(pas6),
ZnS0O4, HI, NaOH, Pb(NO3),? Hanumure ypaBHEHHsI peaKIIHil.

3. Hanummre ypaBHEHMsI peakLUid, C IMTOMOIIBIO KOTOPBIX MOXHO OCY-
LIECTBUTH CJIEAYIOLINE IIPEBPALLCHHUS

Cu — CuCl, — Cu(OH), — CuO — [Cu(NH;),]J(OH),

4. O0OBsAcHUTE MIPUUYMHY YCTOWYMBOCTH CTENEHH OKUCIeHus +1 y cepebdpa.

5. K mutpary cepebpa mpuinwim pacTBop mienoun. Kakoe coeamHeHue
BBINIAJIO B 0Cai0K. Hanuinre ypaBHEHUE peakiuu.

6. Kakoii u3 rajoreHusioB cepedpa pactBopsieTcsi B Bojae? OObsicHUTE
MPUYHUHY €r0 XOpOIled pacCTBOPUMOCTH.

Pa6ora 11. HUHK, KAIMUWUI, PTYTh

[uHK, KaAMUHA W PTYTh HAXOIATCS B MOOOYHOW MOATPYIIIIE BTOPOM
IpYNIbI EPUOINYECKON cucTeMbl. [1ojIHOE 3amoIHeHne AIEKTPOHAMHU TIPei-
BHEIIHUX d-OopOuTaneil U BHEIIHUX S-OpOUTaneil OOBSCHSIET CBOMCTBA ITHX
AJIIEMEHTOB.

Zn, Cd, Hg — msarkue, JIeTKOIJIaBKHE METaJUIbl, MX TEMIIepaTyphl IJIaB-
JICHUSI HIDKE TI0 CPaBHEHUIO C APYrUMH d-MeTalljlaMu, Tak Kak criapeHHbie d-
AJIIEKTPOHBI ATOMOB HE MPUHUMAIOT Y4acTHsl B 00pa30BaHUU METAILTUYECKON
cBsi3U. PTyTh, MMeroImas TeMneparypy miasieHus —38,8 °C, sBIsSeTCS caMbIM
JIETKOTJIABKUM METAaJUIOM, YTO TTO3BOJISET UCTIONB30BaTh €€ B TEPMOMETPAX.

B cBoux coequHEHUSX NMHWHK, KaAMHUH W PTYTh BCETJa JIBYXBAJICHTHBHI.
JIst pTyTH M3BECTHBI COCAMHEHMS, B KOTOPBIX OHA, OYIydYd TBYXBAJICHTHOU
(3neKTpOHHAsT BaJCHTHOCTH) IMPOSIBIISIET CTENCHh OKUCICHHs +1, Hampumep
Hg,Cl,, Hgy(NOs3), u np. Takue coeIMHEHUS CO CBS3BIO METaJlI—-MeTasul (Ha-
npumep: Cl-Hg—Hg—Cl) na3piBatoTcsa KiactepaMu (OT aHTJIMMCKOTO CJIOBA
cluster — rpo3ap). OOpa3oBaHHE TAKWUX COEIUHEHHM y PTYTH OOBACHSETCS
TOBBIIICHHOM YCTOHUMBOCTBIO 65 ~COCTOSHHUSI.

OObpazoBanue XUMHUYECKOUM CBSI3U B JIBYXaTOMHBIX MoHax Hg,” mpowuc-
XOJIUT 110 JOHOPHO-AKIENTOPHOMY MEXaHU3MY:

Hg: + [(Hg*" = [Hg - Hg]*",
rjae [ | — 6s-opOuTars.
B psiny Zn — Cd — Hg yBenuuuBaeTcsi XUMHYECKOE «0JIaropoJICTBOY Me-
TaJJIOB, 4YTO IOATBCPKAACTCA 3HAYCHUAMH IJJICKTPOAHBIX ITOTCHIHMAJIOB: —
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0,76 B (Zn), —0,40 B (Cd), +0,85 B (Hg). [TosToMy IMHK ¥ KaJMUH B3anMO-
JEUCTBYIOT Kak ¢ pa30aBiICHHBIMH, TaK U C KOHIICHTPUPOBAHHBIMHU KHCJIOTa-
MH. PTyTh ¢ KMCIIOTAMU-HEOKUCIUTEIAMU HE B3aUMOJIEUCTBYET, a C A30THOU
KHCIIOTOM B3aMMOJICHCTBYET CBOCOOPA3HO: B 3aBUCUMOCTH OT KOHIIEHTpAI[UU
1 n30bITKa KUCITOTHI 00pasyrotcs wim Hg(NO;),, mmm Hg,(NOs),:

3Hg + 8HNO; = 3Hg(NO3), + 2NO + 4H,0 — npu u36sirke HNOs,
6Hg + 8HNO; = 3Hg,(NO;), + 2NO + 4H,0 — npu nemocrarke HNO;.

OCHOBHBIE CBOWMCTBA OKCHJIOB U THJIPOKCHUIOB YBEJIIMYUBAKOTCS OT LUH-
ka K prytd. Coenunenusi nuHka ZnO u Zn(OH), B3aumoaeicTByIOT ¢ pas-
OaBJICHHBIMU DPACTBOPAMHU IIEJIOYEH MPU OOBIYHBIX YCIOBUAX. AMQoTep-
HOCTb THUJPOKCHAA KaJMHs MPOSIBISETCA B OoJiee KECTKUX YCIOBHUSX: OH
B3aUMOJIEUCTBYET C KOHLIEHTPUPOBAHHBIMU PACTBOPAMM €IKUX ILIEJI0UEH MpU
HarpeBaHuu. OKCUI PTYTU MPOSBIISET TOJIBKO OCHOBHBIE CBOMCTBA, & TUIPO-
KCHJI PTYTH HE CyIIECTBYET (pa3jaraeTcsi B MOMEHT 00pa3oBaHus).

Kak u Bce d-metamnsl, IMHK, KaAMUN U PTYTh — KOMILJIEKCOOOpa3oBarte-
au. JUId MHKAa M PTYTH XapaKTEpPHO KOOPAMHALMOHHOE YWCJIO, PABHOE 4e-
TBIPEM, JUIsl KaaMusl — 1ecTH. KOMIUIEKCHbIE COeIMHEHNs IMHKA, KaaAMUs U
PTYTH O€CLIBETHBI BBUAY MOJHOTO 3alOJHEHUSI 3JIEKTpOHAMH d-II0TypOBHSI.

3KCHepI/IMeHTaJ'II)Haﬂ acCTb

L]envio pabomul sBNsETCA U3yUYE€HUE XUMUYECKUX CBOMCTB IIMHKA, Kaj-
MU, PTYTH U UX XapaKTEPHBIX COCIUHECHUMU.

Onsit 1. UcciienroBanne XUMHYECKUX CBOMCTB METAJLJIOB

1. U3yuenue ceoticmeé memannos. B nse mpoOUpKU BHECTH MO 5—7 Ka-
nesb pacTBOPOB cyib(ara kaamus u Hutpara prytu (I1). B kaxmayro mpobup-
Ky OIyCTUTbh TpaHysy HuHKa. HabmionaTe BhIIENIeHNE METAIJIOB HAa MOBEPX-
HOCTH IIMHKA. OnuUcaTh ONBIT, IPUBECTH YPABHEHUS PEAKIIHMI, CPABHUThH BOC-
CTAaHOBUTEJIbHbIE CBOMCTBA IIUHKA, KaIMUS U PTYTH, MOJb3YyACh 3HAUCHUSIMU
CTaHJAPTHBIX 3IEKTPOJIHBIX TOTEHIIUAIOB.

2. Bzaumooeiicmeue yunxa ¢ xucromamu. B detsipe mpoOUpKu momec-
TUTH TI0 OJTHOU TpaHyJie IMHKA U 100aBUTh 10 8—10 Kamemb KUCIIOT: COJSTHOM,
pa30aBIEHHON CEpHOM, KOHIIEHTPUPOBAHHON CEpHOU (IPOOUPKY MOIOTPETH),
paz0aBieHHON a30THOM. BrimeneHue kakux ra3oB HabOmonmaercsa? OnucaTh
OTIBIT, HAITUCATh YPABHEHUS PEaKIUii, ypaBHATh UX METOJIOM IOJIyPEaKIIU.

3. Bzaumooeiicmeue yunxka co wenoyamu. B mpoOHpKy C pacTBOpoOM
THIPOKCUIA HATPUS OMYCTUTh TPaHyJy IIMHKA, HAOTIOATh BIICICHUE Ta30-
oOpa3Horo BemecTBa? Hamncars ypaBHEHUE PEaKIMU, YUYUTHIBAs, YTO B HEH
y4acTBYET BOJia U 00pa3yeTcsi TUAPOKCOKOMILIIEKCHOE COCTMHEHUE.
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Omnpit 2. 'mapokcuabl METAIOB

1. Ilonyuenue u ceoticmea 2u0poxkcuoo8 yuuwka u kaomus. B nBe mpo-
OMpPKM TOMECTUTH O 5 Karelb PacTBOPOB COJIeH IMHKA W Kaamus. B kax-
Iyt 100aBUTH MO 2 Karjid pacTBopa mienoun. [lomydeHHble ocaaku pasje-
JIUTh HA TPU YAaCTH U MCCIIEIOBATh B3AaUMOJCHCTBUE TMIPOKCUIOB C PACTBO-
paMu COJISTHOM KHUCJIOTHI, IIEJIOYH U aMMHaKa.

B oruere onucars onbiT. Hanucars ypaBHEHUS peakLUii B MOHHOM U
MOJIEKYJISIPHOM BHUJIE, IPUHUMAsI BO BHUMaHUE, YTO B KOMILIEKCHBIX COE/U-
HEHUSX KOOPJMHAIIMOHHOE YMCIIO IIMHKA paBHO 4, a kaaMus — 6. Caenathb
BBIBOJ] O KUCJIOTHO-OCHOBHBIX CBOMCTBAaX I'MJIPOKCHUJIOB LIMHKA U KaJMUS.

2. Bzaumooeuicmsue coneu pmymu co wenousvio. B oHy npoOupky BHe-
cTU 5 Kanenb pactBopa HuTpara pTyTH (II), B Apyryto — CTOJIBKO ke HUTpaTa
prytu (I), mo6aButh 1o 3 karum pactBopa NaOH. OTMETHTh 1IBET BBIMABIINX
ocaJKoB. B oTuere Hanmucarh ypaBHEHUs PEaKIUii, UMesd B BUIY, YTO B MEP-
Bol mpobupke obpazyercs okcua pryTtu (II), a BO BTopoit — cmech MeTaliu-
yeckoil pryTd u okcuzaa prytu (II), momyumBHIMXCS B pe3ysibTare AUCIPO-
nopuuoHupoBanus okcuna pryta (I). Cnenats BBIBOJ 00 YCTOWYHMBOCTH THI-
pokcupaa prytH (II) u rugpokcuna prytu (I).

Omnpit 3. IlosryyeHue MaIOpPacTBOPUMBIX COJIeil HIMHKA, KaAMUsl, PTYTH

1. Honyuenue cynvgpuoos yuuka, kaomus, pmymu. B Tpu npoOUpKu c
pacTBOopaMH cojiel IMHKA, KaaAMus U pTyTH (3—4 xamim) 106aBuTh 1-2 Kariu
CBEXEIPUTOTOBJIEHHOIO pacTBopa cyibpuiaa aMMoHusA. OTMETUTh LBET 00-
pa3oBaBIIUXCA 0CAIKOB. B kaxayto mpoOupky 100aBUThH 2—3 KaIljiu COJSTHON
KHUCIOTHL. B Kakoil npoOupke HabIt01aeTcs pacTBOPEHUE OcaaKa?

B otuere onucare onbiT. Hanucars ypaBHEHUsI peakuuil B MOJIEKYJISIP-
HOU 1 noHHOH (popme. OOBSICHUTH PA3IUYHYIO0 PACTBOPUMOCTD CYJIb(PHUIOB B
COJISHOM KHCJIOTE, HCIIOJIb3ysl 3HAYEHUS MPOU3BEACHHUS PACTBOPUMOCTH:
[IP(ZnS) = 1,6:10*; TIP(CdS) = 1,1-10%; TIP(HgS) = 3,0-107°. Kakue cy1b-
(bUIBI METAIIJIOB MOATPYIIIHI IIMHKA MOYKHO TIOJIYYHUTh 110 PEAKIIUHN:

Me?" + H,S = MeSY{ + 2H"

2. Ilonyuenue xnopuoos pmymu. JIeicTBUEM pacTBOpa XJOpHua HATPHUs
Ha pacTBophl coset Hg(NOs), u Hgy(NO3), nonyunts xmopun pryt (1) u
xsopun prytu (II). Kakoit u3 xmopu10B BeIagaeT B 0CaI0K?

B oruere HanmucaTh ypaBHEHUS peakiuid, CPAaBHUTh PACTBOPUMOCTH CY-
nembr HgCl, u kamomenn Hg,Cl,. ['ie mpuMeHst0TCs 3TH COeqMHEHUS ?
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OmnpiT 4. KoMjieKCHbIE COeTUHEHUS UHKA, KAAMUS, PTYTH

1. Ilonyyenue amMmMuHOKOMNIEKCHbIX coeOunenuti. B Tpu npoOupku mo-
MECTHUTh MO 3 KaIlll pacTBOPOB COJICH LMHKA, KaAMHs U pTyTU. JJ00aBUTH
2 xamM pactBopa amMmuaka. HabGmromath BbimajieHHe ocaakoB. B kaxmyro
MpoOUPKY MO KarjisiM NMpuOaBUTh U30BITOK pacTBOpa aMMuaka. B kakoi mpo-
Oupke ocajok He pacTBopuiica? OnucaTh ONBIT. Y PaBHEHUSIMU PEAKIUH T10-
Ka3aTh 00pa3oBaHUE TUJIPOKCUIOB LIMHKA, KaJAMHS U PTYTU U PACTBOPEHUS
HEPBBIX JIBYX B U30BITKE aMMHAaKa.

2. Honyuenue mempaviodocuopapeupama (Il) xanus. B mpoOupky
¢ 3 karmamu HuTpata prytd (II) BHecTn 2 kamnu pacTBopa Hoauaa Kajaus.
OtmeTuTh 1BET BblNaBuiero ocanaka. [IpubaBuTh M30BITOK Honuaa Kajus.
Yrto HabOmromaeTcsa?

B oruére Hanucarh ypaBHEHUs peakuuil noiayuyeHus woauna prytu (II)
U KOMIUIEKCHOTO COEMHEHUSI B MOJIEKYJISIpHOM M MOHHOM (opme. Hamucath
CXEMBbI JUCCOLMALIMM U BBIPAKEHHSI KOHCTAHThl AUCCOLMALNHA U KOHCTAHTHI
HecToHKocTH TeTpaonoruapaprupata (I11) kamms.

OmneiT 5. IlucniponopuuoHupoBanue coennnennii pryru (I)

B Tpu mpobupku BHectn mo 3 kamnu pactBopa HuTparta prytu (I). B
IEPBYIO 100aBUTH 2 KaIlJIM PacTBOpa ILEJI0UYH, BO BTOPYIO — CTOJIBKO JK€ pac-
TBOpa HoauJa Kallvs, B TPETbiO — CyJlb(uaa amMmmonus. OTMETUTh LBET BbI-
MaBIIUX OCAJKOB.

B oruere HanucaTh ypaBHEHUs peaKlUi, yUUTHIBAsI, UTO B pacCTBOPE Ka-
TioHbI Hg,”" He YCTONYHMBEI H AHCHIPONOPLHOHUPYIOT IO CXEMe:

ngz+ = Hgi« + Hg2+.

CpaBHuTth ycroiunBocth coegunenuid prytu (I1) u pryru (I). Ilpuectu
IpPUMEPHI YCTOMYUBBIX coearnHeHui pTyTH (1).

KouTtpoaupyrwiue Bonpocol

1. Kak cka3bIiBaeTcs Ha CBOMCTBAX IMUHKAa, KaAMUs, pPTYTH U UX COCOAUHC-
HUM HAJIM4HME MOJIHOCTHIO 3aI0OJIHEHHBIX S- U p-HO,HypOBHCﬁ?

2. C moMoIIpI0 KaKuX PeaKIuii MOXXHO J0Ka3aTh aM(OTEPHOCTh OKCH/IA
Y TUJpoKcuaa NMHKa? Hanuimmre ypaBHEHUS 3TUX pEaKIUi.

3. CpaBuute cBoiicTBa (aM(pOTEPHOCTh, YCTOWYUBOCTH) THUJIPOKCHIIOB
[IUHKA, KQJMHS ¥ PTYTH.

4. Kakoit u3 cynb(huI0B IMHKA, KaJAMHUS U PTYTH B3aUMOJIEUCTBYET C
COJIIHOM KucnoToi? Hanuiure ypaBHEHHE pEaKIIUH.

5. Hanumure ¢popMyIibl KaJIoMenH U cyjieMsl. ['1e oHu npuMeHstorcs?
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Pa6ora 12. CHUHTE3 HEOPTAHUYECKUX BEIIIECTB

Mertoauka CHHTE3a HEOPTAHUYECKOTO COEUHEHUS] — 3TO COBOKYITHOCTD
MIPUEMOB, MMO3BOJISIIOLINX MOJIYYUTh 3aJaHHOE BEILIECTBO.

Hcnonb3yroTes, B OCHOBHOM, IIECTh METOJOB CUHTE3A.

1. CuHTe3 B BOJHOM pacTBOpe Ha BO3AyXe. JTO Hambojee MIMPOKO
MIPUMEHSIEMBIH, EMIEBBIA U TPOCTON METOJ. DTUM METOJIOM MOJIy4at0T MHO-
TUE COJIU, KPUCTAINIOTUAPAThI, KOMIUIEKCHBIE COEIUHEHHUS], TUIPOKCHIBI.

2. CuHTe3 B BOJHOM pacTBOpe B MHEPTHOU atMocdepe. [Ipumensercs
JIETKO OKHCIISIIOIIMMCS] MM BOCCTaHABIIMBAIOIIMMCSI Ha BO3/lyX€ BEIECTBaM
(runpoxcunsl xene3a (II), sanagus (II), kobanera (II) u gp.).

3. CuHTe3 B BOJIHOM PacTBOPE C MCIOJIb30BAHUEM DJICKTPUUYECKOTO TO-
ka. Mcronp3yeTrcsa sl CHHTE3a CHIBHBIX OKHCIUATENIEH U BOCCTAHOBUTEIIEH
(mampumep, (NH4),S,05 1 1p.).

4. CuHTe3 B HEBOAHOM pacTBope. Mcnosib3yeTcs sl OIyYEHUs HEYyC-
TOMYMBBIX B BOJIE BELIECTB (TUIAPOIUIYIOLIUXCS, OKUCISIOMIUXCS BOJOW U
T.1.). B HEBOJIHBIX pacTBOpaxX CUHTE3UPYIOT MHOTHE O€3BOJIHBIE TaIOTEHU/TBI.

5. CuHTE3 IpHU BBICOKOU TemrepaType. ITOT METO/ MPUMEHSIIOT JIJIsl Peak-
1, HEBO3MOXKHBIX WJIA CHJIBHO 3aTOPMOKEHHBIX MPU OOBIYHBIX TEMIIEpaTy-
pax. [IpuMepom MOKET CITy>KUTh CHHTE3 XPOMAaTOB, MAaHTAHATOB, (PEPPUTOB U Jp.

6. CuHTe3 pu HU3KOM Temrieparype. Ero ucnonas3yroT AJis modydeHust
BEIIECTB, HEYCTOWYMBBIX TIPU OOBIYHOW TEMITepaType WIHA B CIy4dae HCTOJb-
30BaHUs HU3KOKUIIAIIUX pacTBopuTened (KuUIkuil amMMmuak u apyrue). Ha-
npuMep, Tak MOJYyYArOT FEKCAXJIOPOILTIOMOAThI, EPOKCU HATPUS U .

CuHTE3 HEBO3MOXKEH 0€3 MpeaBapuTeIbHON MoAroToBKU. [loarotToBka k
CUHTE3Y BKIIIOUAET CIICIYIOIIEE.

Ycranosienue Gopmysibl, CTPYKTYPhl U CBOWCTB MOJIy4aeMOTO BEIECT-
Ba, 33JlaHK€ €r0 HEOOXOAMMOT0 KOJIMYECTBA UITU MACCHI.

O3HakoMJIEHHE ¢ BO3MOYKHBIMHA METOAaMU MOJYYEHUS 3TOTO BEMIECTBA U
BBIOOP HAWJIYUIIETO JUIsl TaHHBIX YCIOBUU U TPEOOBaHUH, C yU€TOM TEPMO-
JTUHAMUYECKUX U KUHETUYECKHX (PAKTOPOB M JTOCTYIMHOCTH MCXOJHBIX BE-
IIECTB, MATEPUAJIOB, aNMNapaTypbl, KOJIMYECTBA, BBIXO/1a, YUCTOTHI U T.I.

Br1i6op MeTonoB paszneneHus, MO3BOJSIFONINX (€CIU 3TO HEOOXO0IHUMO)
OYKCTHUTH 3TO BEIIECTBO OT IPUMECEM.

Onucanre MeTOI0B UICHTU(DHUKAIIMN U aHAIM3a TIPHUMECEH.

[TonGop anmapaTypbl, HICXOJHBIX BEIIECTB M MaTepHUalIOB, COOpKa ycTa-
HOBKHU JJIsI CUHTE3A.

O6pazoBaHue 0CaIKOB U3 PaCTBOPOB (OCAXKIEHHE) — HAauboJIee pacipo-
CTpaHEHHas oTmepalus NpenapaTUBHOW XMUMHUHU (TaK HA3bIBAIOT pasjiell XH-
MHUH, KOTOPBIA M3y4yaeT U pa3pabaTbiBaeT METObl CUHTE3a XUMHUYECKUX CO-
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eaunenuit). [Ipu npoBeaeHUN 3TON onepany HEOOXOJIMMO YYHUTHIBATH pac-
TBOPUMOCTb, THAPOIN3 U KOMITJIEKCOOOpa30BaHUE.

Kpucrammueckre ocaaku IMOJE3HO BBIIEPKATh HECKOJIBKO 4YacoB, CY-
TOK B MaTOYHOM PacTBOPE, TJi€ TPOUCXOIST MPOIECChl X KPUCTAILITU3AIINH.
[Tpu 3TOM MenKHe YaCTUYKU PACTBOPSIOTCS, a KPYITHBIE PaCTyT.

[Ipy ocaxieHHH OCaJKOB IMPOUCXOAUT COOCAXKACHHE MPHUMECEH; €ro
HEOOXOAMMO YYWUTHIBATH W TMPEIOTBPAIIATh TP TOTYYEHUU UYHUCTHIX BE-
miectB. OYHCTKY PacTBOPUMBIX OCAJKOB OT COOCAKICHHBIX MPUMECEH MOXK-
HO OCYILIECTBIISATh METOJIOM MHOTOKPATHOW MEPEeKpPUCTAIUIM3ALNU, T.€. TO-
BTOPEHHUEM LIMKJIOB PACTBOPEHUE — OCAXKICHHE.

[TIpombIBaHME OCAJKOB MPOU3BOIUTCS METOAAMU JICKAHTAIIMK U MPOMBI-
BaHMEM Ha QUIbTpe. B KauecTBe MPOMBIBHBIX KHIKOCTEH HCITOIB3YETCS BO-
1a, pa30aBieHHbIE PaCTBOPBI KUCIOT U 1Iesovel (A1 npeoTBpallleHus THI-
poJii3a), a Tak)Ke OpraHuyeckue KUAKOCTH. [IpoMbIiBaHue ropsiueil Boaou
PEKOMEHIyeTCsl IPU HU3KOH pacTBOPUMOCTH OCAJKOB M €€ ciaboil 3aBUCH-
MOCTH OT TE€MIIEPaTypHI.

BricymuBanue ocagkoB 3aBHUCHT OT uX cBoWcTB. Coju, oOpasyromue
KPUCTAJUIOTHAPATHI, BRICYIITUBAIOT B BaKyyMe, B CIICIIHAIBHBIX CYXHUX KaMe-
pax uinu sKcukaropax. IIpu 3ToM B KadecTBe OCYHIMTENEH HMCIONb3YIOTCS
6e3Boanbiii pochopueii anruapun P,Os, xmopun xameius CaCl,, xoHIIEH-
TpUpPOBaHHAs cepHas KucioTa, aHrupoH Mg(ClOy),, cunmkarenb, HEOTUTHI.

Ha Bo3myxe mpu OOBIYHON TeMIEepaType BBICYIIMBAIOT HEYCTOWYHUBBIC
IIpY HArpeBe HETUTPOCKOMMYHBIC BemliecTBAa. HarpeBaHueM B CYIIMIBHBIX
mkadax BRICYNIMBAIOT yCTOWUYMBBIE BemecTBa. [Ipy aToM Temmneparypy moj-
HUMAIOT HE Cpa3sy, a MOCTENEeHHO BO U30ekaHue pa30opbI3ruBaHus BEIIECTBA.

XHUMHUYECKHE PEAKTUBBI KIACCUPUIUPYIOTCS MO COACPKAHUIO TpPHUME-
ceil (o Mepe YMEHbILIEHUS X COEep>KaHUs) HA TEXHUYECKHUE (TE€XH), YUCThIE
(4), yncThie I aHaM3a (Yaa), XUMHUYECKU YUCThIE (X4) U 0COOOM YUCTOTHI
(ocu). Heobxoanmasi cTeneHb YUCTOTHI PEareHTOB OMpEesieTCsl Kak Tpebo-
BaHUSIMH K MPOAYKTY, TaK U LIETbI0 cHMHTe3a. Kak mpaBmiio, UCXOIHBIE Tpe-
napaThl JIOJDKHBI UMETh TY K€ WX 00Jiee BBICOKYIO CTENEHb YHUCTOTHI, YeEM
TpeOyemas as npoaykra. Ho ecnu B nporecce oTaeneHus NpoayKTa Ipouc-
XOJUT €ro O4YHCTKa, TO 3TO TpeboBaHue otnanaer. Hampumep, npu momyde-
HUU Fa30B YaCcTO MPUMECH HE 00pa3yroT JIETYUUX COCAUHEHUN.

J71s OOBIYHBIX TAOOPATOPHBIX CHUHTE30B U aHATN30B JIOCTATOYHO UMETh
IpernapaThl MapKH «4a» WU JaKe «I».

UroObl HE 3arps3HATH PEAKTUBBI, HEOOXOJUMO COOIOAATh HEKOTOPHIE
AJIeMEHTapHbIE TIPaBuUIIa.

XpaHUTh PEaKTUBBI B TIOCYJIE C MAPKUPOBKON (ITUKETKOI), Ha KOTO-
pOif YeTKO yKa3aHbl Ha3BaHUE, POpMyIia, YUCTOTA, JaTa U3TOTOBIICHUSI.
PeakTtuBbl u3 6aHok Opath cyxumu hpapHopoBbIMHU HITIATETSIMHU.
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He cemarh momoOpaHHBIE CO CTONA U HEUCIIOJIb30BAHHBIC PEAKTUBBI
13 1a00paTOPHOM MOCY/IBI 0OPATHO B yIAKOBKY (OaHKY).

B3BemmBanue MPOBOIUTH TOJBKO B CYXHX YHCTHIX OIOKCax, JaIllKax,
Ha KaJIbKe; TUTPOCKOIMYHBIC PEaKTHBHI JIOJDKHBI B3BEIIMBATHCS B OaHKaxX
W KOJI0aX C MPUTEPTHIMHA KPBIIIKAMH WU MPOOKAMH.

[Tpu paboTe HEOOXOAUMO CTPOTO COOMIOAATH KaK O0IIHe MpaBmia 6€30-

MACHOCTH, TaK W CIICIUATbHBIE MEPHI MTPEIOCTOPOIKHOCTH, YKA3aHHBIC B OIH-
CaHHHM K KaKJIOMY CHHTE3Y.

BKCHepI/IMeHTaJIBHaH 4acThb

HeflblO pa607’l1bl ABJACTCA OCBOCHHC IIPOCTBIX MCTOIOB CHHTC3a HCKO-
TOPBIX OOBIYHBIX ¥ KOMIUIEKCHBIX COC,Z[HHGHHﬁ.

OmngpiT 1. CuHTE3 aJIIOMOKAJIHEBbBIX KBacCloB

[TonyunuTts y nmpenogaBaTens 3aJaHue — CKOJIBKO TPaMMOB aJTIFOMOKaJHe-
BbIX KBacioB KAI(SO,),12H,0 HeoO6X0auMo CHHTE3UpOBaTh (711 OCBOSHUS
Metoauku goctarouHo 10-20 r). [lo ypaBHeHHIO peakluy paccyuTaTh Maccy
cynb(dara kanus u cynbdaTa amOMHHHUS, TEOPETUUECKH HEOOXOAUMYIO IS
MOJIyY€HHUSI 3aJJTaHHOW MAcChl KBACIIOB.

Xoo cunmesa. 1. B3BecuTh TEOpETUYECKU HEOOXOAMMBIC JJIsi CHHTE3a
Macchl cyib(hara Kaius U CyyibdaTa ATFOMUHUS Ha TEXHOXUMUYECKHUX BECaX.

2. PacTtBOpuTh CynbdaThl B IBYX OTACTHHBIX CTaKaHAX B MUHUMAJIbHBIX
00BEMax BOABL: IS Cyib(aTa Kanus Maccy (M YUCICHHO PaBHBIN Macce 00b-
€M BOJIbI) B35Th B 4 pa3za 0OJIbIlle HABECKH COJIH, a JUIsl CyJib(aTa aTFOMUHUS
— Ha 10 % MeHblIIe, YeM HaBECKa COJIH.

2. YCTaHOBUTH C MOMOILBIO YHUBEPCATbHOU MHAUKATOpHOU Oymaru pH
pacTBOpoB. HarpeTb pacTBOpbl 1O KWUIEHUS, HAKPBIB CTaKaHbl YaCOBBIMHU
CTEKJIAMH.

3. T'opsiuve pacTBOpHI CIIUTh BMECTE (B CTakaH C CyJb(aToM Kamus) u
pa3sMelIaTh CTEKISSHHON NaJO4YKOU.

4. TlomyueHHbll pacTBOp oxyaauTh. [Ipu ObicTpoM oxnaxaeHuu (Ha
CHETY) M MEepEeMENIMBAHUN TOTYYaIOTCd MEIKUE KPUCTAIUIBI, IS TTOJTYyYSHUS
KPYIHBIX KPHUCTAJJIOB pacTBOp 0€3 MepeMelInBaHus OCTaBUTh JJI MEJICH-
HOT'O OXJIQXJICHHUS.

5. Kpucramisl ordpunbsTpoBaTh Ha BopoHKe broxHepa u, He mMpoMbIBasi,
YAQIUTh BUIAMYIO YacTh BOJBI TMOMOIIbIO (DMIBTPOBAIBHON OyMaru; s
MOJIHOM OCYHIKHA OCTaBUTh KPUCTAJIIBI CYIIUTHCA HAa BO3/IYXE€.

6. [Tocne BbIChIXaHUsI B3BECUTh, OMPEICIUTh BBIXO] B IPOIICHTAX.

7. OnMH MUKpOIINATENb KBACIIOB PACTBOPUTH B BOJIE (B MPOOUpKE), yC-
TaHOBUTH pH pacTBOpa U MPOBECTH KaU€CTBEHHBIE PEAKIIMU HA BCE UOHBI.
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B oruere nOmMKHO OBITh OTPAXEHO: YpaBHEHHE PEAKIIMH U PaCUETHI;
ONKMCAaHKME XOJla CMHTE3a, pacyeT BBIXOJA MPOJIYKTa M OOCYXKICHUE MPUUUH
noTepb (HU3KOTO BHIXOa) KBACIIOB.

OmnpiT 2. CHHTE3 XPOMOKAJIHEBbIX KBACIHOB

OmguH w3 cmocoOOB  TIOJNIYYCHHMS ~ XPOMOKAJIHMEBBIX  KBacCIOB
KCr(SO4),-12H,0 — BoccTaHOBICHUE AUXPOMATa KaIHs dTHIOBBIM CITUPTOM
B IIPUCYTCTBUHU CEPHOM KUCIIOTHI:

K,Cr,07 + 3C,HsOH + 4H,S0,4 + 12H,0 = 2KCr(SO04),-12H,0 + 3C,H,40.

B sToM cniocoGe 1t cMHTe3a MCHOMB3YIOTCS AUXPOMAT Kaius (Cyxas CoJb),
cepHas kucinota (® = 96 %, p = 1,84) u stunoBsiii ciiupt (0 = 96 %, p = 0,8).

Xoo cunmesa. 1. Paccuntath Maccy nuxpomara Kaius, 00beMbl BOIbI,
CEpHOI KUCIIOTHI U CIIUPTa, HEOOXOAUMBbIE Il cuHTe3a 50 I XpOMOKaJIMeBbIX
kBacuoB. O0beM BOJBI paccyuTaTh Ha ocHOBaHUU pacTBopuMocTtu K,Cr,0O7:
B 89 r Boabl ipu 20 °C pactBopsiercs 11 1 comu. Kucnorsr B3sts Ha 20 % u
cnupta Ha 50 % GoJbIle pacueTHOTO MO YPAaBHEHUIO PEAKIIHH.

2. JIuxpomar Kajusi U3MeJIbUNTh, B3BECHUTh HEOOXOIMMYIO MAacCy, TIOMeC-
TUTh B (pap(opoBbIid CTakaH U NPWIUTh BoLy. PacTBop mepemeniaTs U MpH me-
pPEMEIIMBAHUM JIOJIUTh MAJIBIMU TOPLHUSIMH PAaCCUUTAHHBIA O0BEM CEpHOU KH-
ci0Thl. CTakaH IIOMECTUTD B BAHHY CO CHErOM U OXJIaqUTh ipuMepHo 10 5 °C.

3. IlpunauTh ManbIMM MOPUUAMH CIIUPT, BCE BpEMs NEpEMEIINBAsi pac-
TBOP M CJIE/IS 3a TeM, YTOOBI TeMIepaTypa He moBsimanachk Boime 50 °C. Ok-
packa pacTBopa JOJKHA U3MEHUTHCA OT OPAaHKEBOW B CHHE-3€leHyr0. Ecnu
pacTBOp HE MPUHSAI CHUHE-3€JIEHYI0 OKpackKy, TO CleIyeT A00aBUTH elle
3—5 M cepHoit KucnoTsl v 5—10 M criupra.

4. PacTBOp OXJaauTh B BaHHE co cHeroM 10 10-15 °C u ocraBuTh Ha
HEJEJIIO IJIS 3aBEPIIEHUS KPUCTAJUIM3ALUU.

5. Uepes Henemnto BBIMABIIME B 0CAIOK KPUCTAILIBI KBACIIOB OTHUIBTPO-
BAaTh Ha BOPOHKE bIOXHEpa, MOACYIINUTh U B3BECUTh CYXOHM NMPOAYKT. Paccuu-
TaTh BBIXOJ KBacLOB B % OT 3aJJaHHOM MAaCCBI.

B otuere onucarh X0 CUHTE3a, TPOBECTH PACUEThI, OOBSICHUTh HU3KUN
BBIXO/I KBAacIllOB, onucaTh (hOpMy U LBET KPUCTAJIIOB.

OmneiT 3. Cunres cyiabsdara terpaamunmenu (1)

Kpucramnoruapar (moHorumpat) cyibdara terpaammuamenu (I11) cun-
TE3UPYIOT JeHCTBHEM aMMHaKa Ha pacTBop cyibdara meau (1I):

CUSO4 + H20 + 4NH3 = [CUO\IH3)4]SO4H20

Jlnst cuHTe3a He0OXOAMMBI BEChI TEXHOXMMUYECKHE, BOPOHKA broxHepa,
crakaH Ha 150 mi, MepHble TUIUHAPBI EMKOCTBIO 50, 25, 10 MII, KOMIUIEKT

205

YUYEEHO-METOAOAVYECKW 3AKPbITb
OOKYMEHT

X




1

(]
SS2/9  MHCTAHUHOHHOO
OGPA3OBAHHA

H

é:*a\ HHCTHTVT

A

NpoOUPOK, CIHUPTOBKA, (PUIBTPHI OyMakHbIe, IKCHUKATOp, >KEJe3Has TIuia-
ctuHka. PeaktuBsl: cynbdar meau (II), 25%-i1 pacTBop ammuaka, 3THIOBBII
CIIUPT.

Xoo cunmesa. 1. [lonyuuTs y npenoaaBaTelns 3aJlaHue — CKOJIBKO TpaM-
MOB Ipenapara (KOMIUIEKCHOTO COETMHEHMS) CIEAYET MOTYYUTh.

2. Paccumrats, kakyto maccy CuSO4 5H,0 u xakoit 006éM NH; HE0OXO0-
JIIMO B3ATh JUIsl CHHTe3a. AMMUaK Oepercs B BUJE PacTBOpa; 3Has €ro IUIOT-
HOCTb M KOHLIEHTpALMIO, pacCuyuTaTh 0ObEM pacTBOpa, HEOOXOAMMBINA ISt
MPOBENCHUS peakuuu. s cuHTe3a MCIONb3YIOT PacTBOpP, COAEpKAIIUA He
Menee 20 % NHj; ero 6epyT B ABa pasza 0oJbliie, ueM TpeOyeTcs 1Mo ypaBHe-
HUIO peakUuu. JTO JIeJaeTcs AJsl CMEIICHUs] paBHOBECHS PEaKIMK BIPAaBO U
YBEJIMYEHHUSI BBIXO/1A MMPOYKTA.

3. B3BecuTh MeAHBIA KyNOpOC, MEPEHECTH €r0 B XMMHUYECKUN CTaKaH,
100aBUTh B HETO PacTBOpP aMMHUaKa U NEPEMEIIUBaTh CTEKISTHHOW MajgouyKon
JI0 TE€X TOp, IIOKA BCS COJIb HE NEPEUIET B pacTBOP.

4. K nonyyeHHOMY pacTBOpYy 100aBUTh ATHIIOBBIA CIIUPT, 00BEM KOTO-
poro paBeH MOJOBHHE 00bEMA pacTBOpa aMMHUaKa. JTO BbI3BIBAET BhINAJICHUE
kpuctaiioB komruiekca [Cu(NH3)4]SO4-H,0O, xoTopslii B ciupTe pacTBOPUM
3HAYUTEIBHO XYK€, 4eM B Boje. [loHOTa ocakaeHus: KOMILJIEKCa BO3pacTa-
€T, €CIIM CTAKaH C €ro COAECPKUMBIM ITOCTaBUTh HA 15-20 MUH B KpUCTAJUIN-
3aTOp CO JIbJAOM UJIU CHETOM.

5. Ilocne oxJiaxaeHus! NOJy4YEeHHOE BEIIECTBO OTPUIBTPOBATH HA BO-
poHke broxHepa, IpOMBITh HEOOIBIINM KOJIUYECTBOM ITHIIOBOTO CIIUPTA.
[IpocymuTs 1ucTamMu GUIBTPOBAIBLHON OyMaru U B3BECHUTb.

B oTuére nomkHO ObITH OTpaXkeHo: 1) ypaBHEHUE peaKkIuu U e€ BHEII-
HUE MPU3HAKH; 2) CTEXMOMETPUYECKUE pacueThl; 3) onrcaHue Xo4a CHHTE3a;
4) pacdeT BbIX0/1a KOMIUIEKCHOU COJIM; 5) 00BSICHEHHUE OTKJIOHEHHS BBIXOAa
IIPOJIyKTa OT TEOPETUYECKOTO.

KonTtpoaupyrwmue 3aganust

1. Kakum 06pa3zom 1o CTeNEeHHU YUCTOThI MApKUPYIOTCS XUMHUECKHUE pe-
aAKTHUBBI?

2. B KakoW XMMHYECKOHU IOCYAE MOXKHO XPAaHUTh TMI'POCKOIMYHBIC BeE-
niecTsa’?

3. Kakue coeaumHeHusi HazbiBaroTcs kBacuamu? IlpuBegute (opmyiibl
BaHA/IMUKAIMEBBIX U MapraHelKaJINEBbIX KBACIIOB.

4. Hanumure ypaBHEHHE OUCCOLMALMHN AIFOMOKAIHMEBBIX KBacloB. C
MOMOIIBIO KAKUX XMMUYECKUX PEaKLUid MOKHO JI0Ka3aTh HAJIUYME KaTHOHOB
Y aHHOHOB B pacTBOPE JaHHOW COIMU?

5. Iloyemy KpHUCTaJIbl XpOMOKAJIMEBBIX KBAaCLOB MMEKOT OKTadApHye-

CKy10 opmy?
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