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BBEJIEHUE
Juctunimna «OcHOBBI 0011Iel 1 HEOPraHUYECKOM XMMHUNY» OCBAaWBAETCS CTYJIEHTAMH B TEUCHUE
135 yvacos. Yacts 3Toro BpeMeHu (81 yac) OTBOAMTCS Ha CaMOCTOSATENbHYIO, MJIM BHEAYyIUTOPHYIO,
paboty cryaeHTOB, npyras 4acth (54 waca) — 3TO ayauTopHbie (HOpMBI pabOTHI (JIEKIMOHHBIE U
nmabopaTopHbIe 3aHATHS ), KOTOPBIE OPraHU3YIOTCSI HETTOCPECTBEHHO MPENoaaBaTesieM.

JlaGopaTopHoe 3aHATHE SBISICTCS BakHeHIIer ¢opMol ycBoeHusl 3HaHWUWA. O4YEBUIAHBI TPHU
CTPYKTYpHBIE €T0 YacTH: IpeiBapsionias (MOATOTOBKA K 3aHATHIO), HEMOCPEACTBEHHO cama paboTa
(BBIIOJIHEHNE TPAKTUYECKOW YacTH) W 3aBeplIaroiias 4acTh (paboTa CTYAEHTOB IO YCTPaHEHHUIO
O0OHApYKUBIIMXCS MPOOEIIOB B 3HAHUSX ).

JlabopaTopHoe 3aHSTHE SIBIAETCS CPEICTBOM MPOBEPKH 3HAHHIM, OTPAOOTKU MPAKTUYECKUX HABBIKOB
10 AUCIUIUIMHE. BhInonHss mabopaTopHyio paboTy, CIyHIATeNH JOKHBI MMOKa3aTh YMEHUE BBIICIUTH
OCHOBHBIE TIOJIOKEHUS, U3YUUTh UX JEWCTBUE HA MPAKTUKE, & TAKXKE JlelaTh NPAKTUUECKU 3HAUMMBbIE
BBIBOJIbI U3 TEOPETUUYECKUX TOTOKEHUM.

Ko Bcem nabopaTopHbIM 3aHATHUSM JIaH NepeueHb Hanbosee BaXKHBIX BOIPOCOB, HEOOXOAMUMBIX IS
YCBOGHUS, a TaKkKe MPHUBEIEH CIHCOK OCHOBHOW M JOMOJHUTEIBHON JTUTEPaTyphbl, HEOOXOAUMON s
U3YYEHHUS.

Jnst BBIMONTHEHNS Tab0paTOpHO paboThl HEOOXOAMMO BECTH KOHCIEKT B OTIENBHON TeTpaju. Takoii
KOHCIIEKT MOKET OBITh B (hOpMeE TIIaHa C OMUCAHUE 1IeTH PaOdOThI, OCHOBHBIX MaTepUAaoB U 000pyI0BaHUS,
SKCIEPUMEHTA U BBIBOJIA.

Ecnu cnymarens He BBIIOJHWI Ja00paTOPHYIO pabOTy MM MPOIYCTUI €T0 M0 KAaKOH-TO MpUYUHE
(B ToM umucne W mo OOJE€3HM), OH O0si3aH BO BHEYPOUHOE BpeMsi OTpadOTaTh €€ OTYUTAThCS Tepen
MpenoiaBaTesieM, BeAYIUM 3aHsATHE B rpynne. [Ipu BOSHUKHOBEHUH TPYAHOCTEW MpHU U3YYEHHH Kypca,
HE0O0XO/JMMO TOCETHTh KOHCYJbTAllMIO NpenojaBaTesns, BEIYLIEro 3aHATHS, B COOTBETCTBHU C
rpadUKOM KOHCYJIbTAllMM, KOTOPBIH HMMeeTcs Ha Kadenpe  TEXHOJOTMH MPOAYKTOB MUTaHUS U

TOBApPOBEJCHHUS.



JlaGoparopuasi padora Ne 1
Tema: Kitaccbl HeOpraHm4ecKkux coeIuHeHui

Ilenn Da60mbl: HSy‘-II/ITB XMMHYECKHE CBOMCTBA OCHOBHBEIX M KHMCJIOTHBIX OKCHJIOB M IIOJYy4YaCMbIX W3

HUX THUAPOKCHUIOB, HAYUUTHCA IIUCATb YPABHCHUA peaKuHﬁ B MOJICKYJIIPHOM W HWOHHOM BHIC,
IIOJIYUYCHHUE U CBOMCTBaA aM(i)OTepHOFO THAPOKCHUA, ITOJIYYCHHUE HEPACTBOPUMBIX B BOAC OCHOBaHHI.

Dopmupyemuvie komnemenuuu: YK-1; OITK-2

Teopemuueckaa yacms: B Xumuu Bce MHOrooOpasyue HEOPraHMUECKUX BEILIECTB: MPUHATO Pa3leiiTh

Ha [ABC TIpynInibl — IPOCTBIC H CJIOXKHBIC. HpOCTBIC BCIICCTBA MNOAPA3ACIAOTCA Ha MCTAUUIbl U
HEMeTalllIbl. A CJIOJKHBIE — Ha IMPOU3BOJHBIC OT IMPOCTLIX, 06p330BaHHBIe IMIYTEM HX BSaHMOHeﬁCTBHX C
KHUCJIOpOAOM, BO,I[OfI U MCXKAY CcO0O0H. 3Ty Knaccncbnxaun}o HCOPraHUMYCCKUX BCHICCTB B BHUAC CXCMBbI

n300paXkaroT CICIYIOIINM 00pa3oM:

['l[‘l!pl'ﬂl[l[‘l('fl{ll(' Beecrea
Y 1

[]pDCTbIE' BeMeCTBA Cloansie BOIECTRA
v ' ' : Y 1
Meraaaw Hemeraaae Orenam OcnoBanns Kuncaorni Coan
( warpmii { cepa , xaop, Ca0, 80, || NaOH, KOH, | | 1ICI, 11,50, ,| | KC1, Na] ICO,,
we e ) KHEIOpO ) co Fe( OH ]2 H“n[}_; MgOHCI

OKCHBI (oxucibl) - clIOXKHBIE BELIECTBA, COCTOAINIME U3 JABYX JIEMEHTOB, OJHMM H3 KOTOPBIX
SBIISIETCS KUCIIOPOJ B CTENEHHW OKUCIICHHUS, paBHOH -2. OOmas ¢opmyna moboro okcuaa - 3X0y'2.
Pasnuuaror coneobpasyromnue (ocHosubie: LiO, CaO, MgO ,FeO; amdorepusie: ZnO, Al,03, SnOy,
Cry03, Fey03; kucnotneie: By03 , SO3 , COy P20Os Mn;0O7) u neconeobpasyromue: N,O, NO, CO
OKCHJIbl. DJIEMEHTHI C IEPEMEHHON CTENEeHbIO OKHUCIIEHUs 00pa3yloT HeCKoIbKo okcuaoB (MnO, MnOg,
Mn,0O7, NO, N0z, NO;, N2,Os). B BeiciieM okcujie, Kak MpPaBHIO, dJIEMEHT HAXOJUTCS B CTEIICHU
OKHCJIEHUS, paBHOM HOMepy rpymnmbl. [Io coBpeMeHHOW MEXIyHapOJIHOW HOMEHKJIAType Ha3BaHUS
OKCHJIOB COCTaBISIIOT CJIEAYIOLUIMM O00pa3oM: CIOBO «OKCH]», Jajee pycCKOe Ha3BaHHE 3JEMEHTa B
POJUTENIHHOM MaJIeXke, CTENeHb OKUCIeHUs deMeHTa (eciau oHa nepemenHa). Hanpumep: FeO — okenp
xene3a (1), P,Os — okenn dpochopa (V).

OCHOBAHMS — cnoxxHbIe BEIIECTBA, B KOTOPBIX HA ATOM METAJIJIa MPUXOJUTCS OJHA UM HECKOJIBKO
runpokcorpynn OH'. Crenenb OKUCIEHHUsI aTOMOB MeTailia 00bIuHo +1, +2 (pexxe +3). O6mmas dpopmyna
ocHoBanuii Me(OH)y, rme X — 4YHMCIO THIPOKCOIpyNN — KHUCIOTHOCTH ocHoBaHus. (MeOH -
onnokuciotHoe, Me(OH); — neyxkucnoraoe , Me(OH)3 — TpeXKHCIIOTHOE OCHOBAHHUE).

HazBanust ocHOBaHUSIM JAIOT CIEIYIOMIMM 00pa3oM: «THAPOKCHI», 3aTEM PYCCKOE Ha3BaHHME METaslla B
POIUTENIHHOM MaJIeXke, a B CKOOKaX PUMCKUMU IU(PpaMH — CTEIIEHb OKHCIICHHS, €CIIM OHa TIepEMEHHasl.

Hanpumep: KOH —ruapoxcua kanus, Ni(OH); — ruapokcua aukemns(1l).



KHNCJIOTBI - cnoxxHble BEECTBa, MOJIEKYJIbI KOTOPBIX COCTOSIT U3 OJJHOT'O MJIM HECKOJIbKUX aTOMOB
BOJIOPO/A M KHCIOTHOTO ocTatka. CoCcTaB KUCIOT MOXKET OBITh BhIpakeH o01ieit hopmynoit HiA, rae A
— KHCJIOTHBIA OCTaTOK. ATOMBI BOJIOpOJIa B KHCJIOTaX CIIOCOOHBI 3aMENIaThCsl MM OOMEHHMBATHCS Ha
aTOMBI METAJJIOB, IIPU ATOM 00pPaA3yIOTCS COJIH.

Ecnu kucnora copepkuT OJIMH TaKOH aToM BOJIOpoJa, TO 3TO ogHoocHOBHas kuciora (HCI - comnsnas,
HNO3 - azornas, HCIO - xnopuoBatucras, CH3COOH - ykcychas), nBa atroma Bojaopoaa -
IBYXOCHOBHBIE KucnoTel: H,SO, — cepnas, H,S - cepoBomopomnas; Tpu aroma BoOAOpoaa -
tpexocHoBHbIe: H3PO, — oprodocdopnas, H3ASO4 — opTOMBIIIBSKOBASL.

B 3aBucHMOCTH OT cocTaBa KHCIOTHOT'O OCTAaTKa KUCIOTHI MOJpa3aelisitoT Ha Oeckucimopoaubie (HoS,
HBr, HI) u xucnopoaconepsxkammue (H3POs, HzSOs, HoCrO4). B mMonekymax KuciopoicoaepKammx
KHCJIOT aTOMBI BOJIOPOJA CBSI3aHBI Yepe3 KUCIOpOoX C HeHTpanbHbIM aromoM: H — O — O. Ha3Banus
OECKHCIOPOAHBIX KHCIOT OOpa3yIOTCsl M3 KOPHS PYCCKOTO Ha3BaHMs HEMETalla, COSAMHUTEILHOU
TJIaCHOW -0- W cinoBa «BogopomHas» (H,S — cepoBomopomnas). HasBanusi KHCIOpOJICOAEpKAIIAM
KHCJIOTaM JalT TaK: eClid HeMmeTall (peXe MeTaul), BXOJSIIMHA B COCTaB KHCIOTHOTO OCTaTKa,
HAXOJIUTCS B BBICIHICH CTENCHH OKHCJICHHUS, TO K KOPHIO PYCCKOTO Ha3BaHHS JJIEMEHTa JOOABJISIOT
cybduKchl -H-, -e6-, WK -06- U naanee okoHuanue -asg- (H2SO,4 — cepnas, HoCrO4 - xpomoBsas). Ecnu
CTENCHb OKHCJCHHS IIEHTPAIBHOTO aromMa HIKe, TO wucrnonbdyercs cypoukc -ucm- (HSOz —
cepuuctasi). Ecnu Hemertann oOpasyeT psAd KUCIOT, HCMONb3yloT u apyrue cydpduxcer (HCIO —
xnopHosamucmast, HC10; — xnopucmas, HC103 — xnopuosamast, HClO4 — xn0pnas).

COJIM — HOHHBIE COEIUHEHUS, COCTOAIIUE M3 KAaTHOHOB METAJUIOB (WJIM aMMOHHS) M AHHOHOB
KHCJIOTHBIX OCTaTKoB. JII0OYyI0 COJIb MOXXKHO paccMaTpuBaTh KaK MPOAYKT PEAKIMH HEUTpaTH3aluu
OCHOBaHUS KHCIOTOH. B 3aBUCMMOCTH OT TOTO, B KAKOM COOTHOILIEHUH B3SITHl KHCIOTa U OCHOBaHHE,
noJy4arotcs conu: cpednue (ZnSO4, MJCly) — npoaykT mosIHOM HEHTpaTU3aud OCHOBAHHS KHCIOTOM,
kucnvie (NaHCO3, KH,PO,) — nipu u36siTke kucioTsl, ochosHble (CUOHCI, AIOHSO,) — npu u30bITKE
ocHoBaHus. Ha3BaHus cosiell Mo MeXIyHApOJIHOM HOMEHKJIAType 00pa3yloT U3 JBYX CJIOB: Ha3BaHUS
aHMOHA KUCJIOTHI B UMEHUTEIBHOM TaJIeKe M KaTHOHA METaula B POJUTEILHOM C YKa3aHUEM CTETICHH
ero OKWCIICHHS, €CJIM OHA TIepeMeHHas, pUMCKON nudpoii B ckodkax. Hanmpumep: Cra(SOs4)s — cynbdar
xpoma (III), AICl;3 — xnopun amomunusa. Ha3Banus KucibIx coyieil 00pa3yroT A00aBI€HHMEM CIIOBa
2uopo- Wik oueuopo- (B 3aBUCUMOCTH OT YHCIIa aTOMOB Bojopoja B ruapoanuone): Ca(HCOs), —
runpokapOonar kaiabuusa, NaHoPOy4 - aurunpodocdar natpus. Ha3Banust OCHOBHBIX cojieil 0Opa3yroT
n00aBlIeHHEM CJIoBa ecudpokco- Wi oueuopokco- . (AIOH)Cl, — ruapokcoxiopua aaroMUHUS,
[Cr(OH),].SO4 - nuruapokcocynsdat xpoma(Ill).

Oo0opyooearue u mamepuaivl:




PeaxTnBbl, HeOOXOMMMBIE JJIs1 JAHHOW paOOTHI, BHICTABIIAIOT HA MOJKU Ja0OpaTOPHBIX cTOJNOB. Pemkue
PEaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI W IIENOYM, Maxydde BEHIeCcTBa (HAIpPHMEpP, CEPOBOAOPOL,
OpoMHasi BoJa U Ap.) XPaHAIT B BBITSHKHOM IKady.

OcHoBHasi XUMHYECKasi MOcya: MPoOUPKH (B IUTATHUBE), KOJObI, XUMHUECKHE CTAKaHBI MOCIE PabOTHI
TIIATEIbHO BBIMBITH; BECHl C PA3HOBECOM, NPHUOOPHI, HCIOJIb3yeMas Uil TPOBEACHUS OTAEIBHBIX
71a00paTOPHBIX paboT, BBIAACTCA M CAACTCS YUCTas JJAOOPAHTY.

Texnuka bezonacnocmu npu_8blNOJIHEHUN J1A00PANODHOU_Padombl:

-aKKypaTHO 00palaThCsi CO CTEKISTHHON XMMHUYECKOW MOCYI0N. OCTAaTKH pa30oMTOH mocynbl youparsb
IIOMOIIBIO COBKA U IMIETKU,;

-Bce pabOThl, CBA3aHHBIE C BBIJCICHUEM SIOBUTHIX, JIETYYHX W HENPUATHONAXHYIIUX BEILECTB,
MIPOBOJIUTH B BHITSDKHOM IIKaQy;

-IIpU OTIPEACIICHUM 3araxa BEIIECTB OTBEPCTHE cocyla JepkaTh Ha paccrosHuu 25-30 cM OT nuIa,
HaNpaBJsist K cebe CTPYIO ra3a MoCcTyNaTeIbHBIMH JBH)KCHUSMH JIAJIOHH OT OTBEPCTHS K JIHILY;

-IpY HAJMBAHUU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO H30eKaHHE IONajaHus OpbI3r WK
YaCTHUI] HA JIMLIO WM OAEXKAY. IIPH pa30aBICHUH KOHIIECHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOLY,
HO HE Ha000poT;

-TIpY HarpeBaHUM MPOOUPKHU HE JIePKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCE/Ia. HE HAKIOHSATHCS
Ha/1 HarpeBaeMoi KHJIKOCThIO BO M30eXkaHNe MONalaHus e€ Ha JIUIO0, PyKH WIH OJIeXKIY;

-ropsiue MpeaIMeThl MOXHO CTaBUThb TOJIBKO Ha acOECTOBBIM KapTOH, acOECTUPOBAHHYIO CETKY WU
APYTYIO CHEIHATIBHYIO TIOJICTaBKY,

-HEeJIb3S TI0IB30BATHCS DIEKTPONPUOOPaMH 0€3 COOTBETCTBYIOIIECTO HHCTPYKTAXA. MTPH BKIIFOYCHNUHU UX B
CeTb HeJb3sl IePKaThCsl 3a METAIIIMUECKUE MPeAMETHI (TpYOBl, KpaHbl  T.I1.). 3allpeliaeTcsi BKI0YATh U
BBIKJIIOYATh 3JIEKTPONPUOOPHl MOKPBIMH pPYKaMH, a TaKKe I0Jb30BAThC HEHUCIPABHBIMU WU
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3apelaeTcsi MPUHUMATh MUILY B XUMUYECKOH 1a00paTopuu U MUThH BOAY U3 1aOOPaTOPHOM MOCYABI. -
-KaTerOpHUECKH 3anperaeTcs npoodoBaTh peakTHBBI Ha BKYC;,

-IpH TMIOTAJaHUK Ha JIMLO WIM PYKH OpPBI3r KOHIIEHTPUPOBAHHBIX KHUCJIOT IOCJE CMBIBaHUS BOJOU
MIPOMBITH CITa0BIM PAaCTBOPOM COJBI. IMIENOYh CIEAYET CMBIBATh IO TE€X IOp, MOKA y4aCTOK KOXKH, Ha
KOTOPBIN OHA TIOMala, He MepecTaHeT ObITh CKOJB3KUM; 3aT€M IMPOMBITH CIIA0BIM PacTBOPOM YKCYCHOH
KHUCJIOTHl U HAJIOXKUTh TOBSA3KY W3 BaTbl, CMOUEHHON 3%-HbIM pacTBOpPOM IepMaHraHata Kaimus (U3
anTeyky B TJabopaHTCKOU Kadeapsl);

-110 OKOHYAHHWH PAa0OTHI BHIKIIIOUUTH U3 CETH BCE AJIEKTPOIIPHOOPHI, MIEPEKPHITh TI0Jady T'a3a U BOJBI B
nmabopaTopuro U yoparh pabodee MecTo;,

-000 BCeX HECYACTHBIX CIydasX HEMEJIEHHO COOOIIaTh MPEenoJaBaTesio Wil JabopaHTy.

Ilpakmuueckasa uacmo:




OmnbIT Nel. KucinoTHO-0CHOBHEIE CBOMCTBA OKCHUIOB

PactBOopuTe B BOse B OIHON NpOOMpKE OKCHUJ Kalblivs, B APYrod - AMOKCUA yriepoja. B mepByro
npobupky nob6aBbTe menoTrky nopomka CaO, 2-3 M JUCTWITMPOBAHHOM BOIBI M B30odTaiiTe. Bo
BTOPYIO MPOOUPKY ¢ 3-5 MJI AMCTHILTMPOBAHHOM BOJBI mpornycTuTe Tok CO; n3 GajioHa WM anmnapaTa
Kumna. B kaxnayro npoOupky nobaBpre 2-3 Kauid JlakMyca M IO IIBETY HMHAMKATOpa ONpEIENUTe
XapakTep MOJYy4eHHOro pactBopa. Crenaite BbIBOJ O KUCIOTHO-OCHOBHBIX CBOMCTBAX JTAHHBIX OKCHIIOB
U IMONY4YEHHBIX TruAapokcunoB. Hamummre ypaBHeHus peakuui. ccnenyiite B3aumonencTBue
pacTBOPEHHBIX THAPOKCUIOB IPYT € APYTOM U C paCTBOPOM CEPHOU KHCIIOTHI.

OnbIT Ne2. KucioTHO-OCHOBHBIE CBOMCTBA THAPOKCUIOB

K pactBopam coueit NiSO4 u NapSiOz (2-3 mi) mobaBbre Takoe e KoiuuecTBo ménoun (NaOH) u
kuciotel (HCI). [lpu BbImageHuH OCagKOB TPYTHOPACTBOPUMBIX THUAPOKCHIOB HUKEISI M KPEMHHS
YCTAaHOBUTE UX KHUCIOTHO-OCHOBHBbIE cBoMcTBa, nmpubaBisis k ocaakam HCl wu NaOH. Hanumwre
YpaBHEHHUs peakuil B MOJIEKYJIIPHOM U HOHHOM BUJE.

OnbiT Ne3. [Tonydenue u cBoiicTBa aM(pOTEpHOT0 THAPOKCUIA

B npoOupky Hazneiite 2-3 Mi pacTBopa XJIOpHUIa XpoMa WM XJIOpUAA allOMUHMS (110 BBIOOpPY) M IO
Karsiv nipubasisiite pactBop ménoun (NaOH wmmm KOH) nmo obOpa3oBaHust ycTOWYHBOTO OCajKa.
Pa3znenute ocafok Ha Be NPOOUPKU: B OJHY NPUIIEUTE PacTBOP IIEIOUYH, B IPYTYIO - paCTBOP KUCIIOTHI
710 pacTBOpeHHUs ocaska. CrenaiiTe BBIBOJ, COCTaBbTE YPABHEHUS PEAKIUH.

OnbiT Ne4. [TonydyeHne HEpacTBOPUMBIX B BOIE OCHOBAHUM

B otnenpHBIE TpoOHpKU HayelTe mo 2-3 M pacTBOPOB XJIOPHAA KeJe3a, cyibdaTa Meau U cyibdara
Maraus. [lpuneiite B kaxayro NpoOUpPKyY MO KarisaM pactBop 1ménouu. CocTaBbTe ypaBHEHUS PEaKIIMA,
OTMETBTE IIBET BBINABIINX OCAJKOB.

OnpiT NeS. KrciioTHO-0CHOBHBIE CBOMCTBA COJIEN

A. CpoiicTBa Kucioi conu. [[yst nmonydeHus KUCION COJNM MCHOJIb3YHTE pacTBOP TMIPOKCHIA KaIbIUs
wiu Oapus ¥ AMoKkcu yriepoja. Kakoit u3 yka3aHHBIX peakTHBOB CIEAyeT B3ATh B H30bITKe? OOpaTuTe
BHUMaHME Ha TO, YTO NpH nporyckaHuu Toka CO; yepe3 pacTBOp I'MIPOKCHAA BHaudaie oOpasyercs
0CaJOK CPEJHEHN COJM, KOTOPBII NpU AaJbHEHIIEM MPOIYCKaHUU AUOKCHIA YIJIEpOJa PACTBOPSIETCS U
MEePEXOUT B PacTBOPUMBIN THuapokapOonar. CocTaBpTe ypaBHEHHUs peakmuil. YeM HyXHO
nozencTBoBaTh Ha ruapokapOonar (pactsopoM HCl nnm NaOH), utoObl mepeBecTu ero CHoBa B 0CaJIoK
cpenHei conu?

B. CBoiictBa 0cHOBHO# cosn. [t mosydyeHHst OCHOBHOW COJIM MCHOJB3YWTE pacTBOp cyibdaTa Meau,
nobapisisi K HeMy 1o KarisiM pactBop NaOH u mepemeninBasi conepXMMoe MPOOUPKH CTEKISTHHON
najgoukoi. [Ipu HemoctaTke mEénoun oOpasyeTcs 0caToK OCHOBHOTO cynbdara Menu. Kakoro nsera

3TOT OCAJIOK, M KakoB cocTaB conu? Ilpu nanpHeimemM npudaBieHUuu MENOYN H3MEHSIETCS 1IBET OCaIKa



(Ha kako#?) B CBs3M C oOpasoBaHueM ruapokcuaa. CoctaBbTe ypaBHEeHHMs peakiuid. OT4ér Mo
nabopaTopHoi paboTe oopMHUTE HA IBYX Pa3BEPHYTHIX JUCTAX TETPAIH (JJAOOPATOPHOTO KypHAJIA).

Tpebosanua Kk ohopmaenuro 1a60pamopHou padbomol U OMuUemy:

1.BeimonHenne 1aboOpaTopHBIX paboOT CONMPOBOXKIAIOT 3amHucsiAMU B JabopaTopHOM >KypHane. Ha
TUTYJIBHOM JIUCTE J1aOOPAaTOPHOIO JKypHala JOJDKHBI OBITh IPEICTABIICHBI: Ha3BaHUE YHHBEPCHUTETA,
(bamMuIus 1 MHULMAJIBI YYallerocs, HOMep Kypca U IpyIibl, y4eOHbIN TOA.

2.0T14eT 0 BBIOJIHEHHOH Ta00paTOpHOI paboTe JOKEH CONEPIKATh CICIYIOINE CBEICHUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBIIIOJHEHUs PalboThI;

*IICJIb PaOOTHI;

*000pyZI0BaHUE M MaTEPHUAIIbI;

*KpaTKO€ TEOPETHUUECKOE OINKCAHUE;

*HOMEp M Ha3BaHUE OIBITA;

*KpaTKO€ ONMCaHUe X0Ja paboThl C yKa3aHUEM YCIIOBUI MPOBEJCHUS OIIbITA;

*PUCYHKH M CXEMbI HCII0JIb3YEMbIX IPUOOPOB;

*Ha0JIFOICHM,

*ypaBHEHUS MPOTEKAIOUINX PEaKIHii;

*pacuéThl, TAOIUIBI, TPAPUKH;

*BBIBO/IB.

3.JIabopaTopHBIii )KypHaI HYy>KHO BECTH YHCTO U aKKYPaTHO, 3aIMCH JOJDKHBI OBITh TAKOHUYHBIMU.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBAET NMPENOIaBATENb.

5K cpaue 3au€ra mo mabopaTOpHOMY TMPAKTUKYMYy JIOMYCKAIOTCSl CTYAEHTHI, BBINOJHUBIIME U
MOJINMCABIINE Yy MperojaBaTeliss Bce JOMallHWE U JabopaTOpHble paboThl, CAABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBABIIKE B pab0OTe CEMHHAPOB.

6.CTyneHThl, OMYYHBINNE 3a4€T IO JIAOOPATOPHOMY MPAKTHKYMY, TOIYCKAIOTCS K Cade IK3aMeHa o
KypCy HEOPTaHU4ECKOH XUMHH.

Konumponwvnsie gonpocei :

. OCHOBHBIE KJIaCChl HEOPraHUYECKUX COEAMHEHN. MexXayHapoqHas HOMEHKIIATYpa.
OKcuIbI M THAPOKCUIBI XpOMa

. Enxue menoun

1

2

3

4. Conu HATpUA U Kaaus
5. OOwias xapakTepuCTUKa MOATPYIIIbl OepUILTUS

6. Kampuwmii. Haxoxxnenue B npupoje, Gu3ndeckrue, XHMHIECKUE CBOMCTBRA.
7. Oxcua v THAPOKCU]T KAJIbLIUS

8

Coinu Kanpnus



Cnucok q1umepamypbol .

1.Metoauyeckre yKa3aHUs IO BBITOJHEHUIO JIAOOPAaTOPHBIX paboT mo nucturmuinHe «Heopranudeckas
XUMUSD» 711 CTYIEHTOB HampasiieHus noArotoBku 19.03.04 TexHonorus mpoIyKUUU W OpraHU3ALMs
0OIIIECTBEHHOT'O ITUTAHHUS.

2.Metoauueckue yka3zaHusl I8 OOYYarOIIMXCS 10 OPraHU3allMd M IMPOBEICHHUIO CaMOCTOSITEIHHOU
paboTsl o aucHuIuimHe «Heoprannueckast XuMus» 71 CTYICHTOB HanpasiieHus noarorosku 19.03.04
TexHOoJIOTHS TPOYKIINH U OpTaHU3aIUs OOIIECTBEHHOTO TIUTAHUS.

3.Heopranmnueckas xumusi [DnekTpoHHbIN pecypc]| : maboparopubiii npaktukym / C.A. CokosioBa [u
Ip.]. — DJIEKTPOH. TEKCTOBbIE JaHHble. — Boponex: Boponexckuil ['ocyaapcTBeHHBIM ArpapHbIil
Yuusepcurer um. Ummneparopa Ilerpa Ileporo, 2017. — 93 ¢. — 2227-8397. — Pexum nocryna:
http://www.iprbookshop.ru/72709.html

4.Heopranudeckass Xumust [DIEeKTpOHHBIN pecypc] : madoparopusiid nmpaktukyMm / O.B. JpsikoHOBa [1
ap.]. — DJeKTpoH. TEeKCTOBble NaHHble. — Boponex: Boponexckuil ['ocynapcTBeHHbIl ArpapHblil
Yuusepcurer um. Mmmneparopa Ilerpa [lepBoro, 2016. — 150 c. — 2227-8397. — Pexxum noctyna:
http://www.iprbookshop.ru/72708.html

JlabopaTopnasi paGora Ne 2
Tema: OnpeneseHne dKBUBAJTEHTHON MacChl IMHKA

Heny _padompr: V3yunTh YCTAaHOBKY M METOJMKY OIPEICICHUS SKBUBAJIEHTHOW MAacChl ITMHKA IO

KOJIMYCCTBY BOAOPOAA, BEIACIIAIOIICTOCA B XO/A€ PCAKIINU [IMHKA C COJISTHOM KMCIIOTOM.

Dopmupyemvie _xomnemenuuu. YK-1; OIIK-2.

Teopemuueckasn yacmp:

N3 3akoHa MOCTOSHCTBA COCTaBa, KPAaTHBIX W OOBEMHBIX OTHOIIEHUHW CIEAYyeT, YTO DJIEMEHTHI
COCIUHSIIOTCSA JPYr C JPYroM B CTPOTO OMNPEACICHHBIX KOJIHMYECTBEHHBIX COOTHOIIEHHUSIX, KOTOPHIC
Ha3bIBAIOT HKBUBAJCHTAMH WJIM SKBUBAJICHTHBIMH Maccamu. Jl7si ompeneneHuss SKBUBAJICHTOB U
SKBUBAJEHTHBIX MacC HY)XHO 3HaTh, 4YTO TAaKOE€ MOJIb U MOJbHas macca. Mo/ib- 3TO KOJIUYECTBO
BEIIECTBA, B KOTOPOM COJICPKHUTCSI YUCIIO YACTHUI] JIFOOOTO OMpPEAeNsieMOro COpTa, paBHOE IMOCTOSTHHOMN
ABoraapo (6,02 '1023). Hampuwmep: 3 10% MOJIEKYJI BOABI COCTAaBAT 5 Moib. Moavhaa (monapnas)
Macca BENECTBAa B TpaMMaxX UYMCIECHHO paBHA €r0 OTHOCHUTEIHHOW MOJEKYJSIpHOW (aTOMHOM) Macce,
BBIPQOXEHHOW B aTOMHBIX €IUHHIIAX Macchl (a.e.M.). Macca 1 Mous BemiecTBa BBIPaXKAeTCsl B T/MOJIb.
Hamnpumep: monsipaas macca H,O 1 aTomHast Macca KMCIIOpOJa COOTBETCTBEHHO paBHBI 18 u 16 a.e.m.,
HX MOJIbHBIE MacChl paBHBI 18 r/Moib U 16 r/MONb. IKEUBANEHMOM IIeMeHma HABBIBACTCS TAKOE €T0
KOJIMYECTBO, KOTOPOE COEAMHSETCS 1Cc MOJieM aTOMOB BOAOPOJAa WIJIM 3aMEIIaeT TO K€ KOJIMYECTBO

aTOMOB BOJIOPO/a B XMMHUECKUX peakuusx. Hanpumep, B coequnenusx HBr, H>,O, PH3z skBuBaneHTsI


http://www.iprbookshop.ru/72709.html
http://www.iprbookshop.ru/72708.html

Opoma, kuciopoaa, ¢pochopa COOTBETCTBEHHO paBHBI 1 moib, 1/2 monb, 1/3 Momb. Macca omHOTO
DKBUBAJICHTA HA3bIBACTCS €T0 IKEUBANEHMHOU Mmaccoil. Tak, B TPHUBEICHHBIX BBIIIC MPHUMEPAX,
SKBHBAJICHTHBIC MAacchl OpoMa, Kuciopoaa, gochopa coorBeTcTBeHHO paBHBI 79,9 r/mMonb, 16:2 = §
r/Moab, 31:3= 10,3 r/MONIb. IKEUEAIEHMOM C/IOHCHO20 6eUIECHEa HA3BIBACTCS TAKOE €r0 KOJIUYECTBO,
KOTOpOE B3aUMOJICHCTBYeT 0e3 OCTaTKa ¢ OJHUM SKBHBAJICHTOM BOJOPOJa MIIM C OJTHUM DKBUBAICHTOM
JT000T0 IPYroro BemlecTBa. PacdeTsl, CBI3aHHBIE C OMPEACICHUEM 3KBUBAIICHTHBIX MAacC, IPOBOISATCS
0 3AKOHYy JIKeuealeHmos. Macchl (00BEMBI) pearupylImux JIpyr C JPYroM  BEIIECTB,

MPOIMOPIHUOHAILHEI WX SKBUBAICHTHBIM MaccaM (oO0beMaM). MaTeMaTHYeCKH 3aKOH BBIPAXKACTCS

3aBHUCUMOCTBIO:
m m V. V.
L =2 unu 0411 2asos 1 =2
‘9] 32 ijs.l VJKe. 2

rae: m, (V) - maccsl (00beMbl) pearupyroux BEIIeCTB;
3, (V) - 9KBUBAJICHTHBIC MACChI (00BEMBI).

DKBHUBAJICHTHYIO MAcCy IPOCTOTO BEUIECTBA MOXXHO BBIYUCIHUTH IO (hopMmyIe:

rac M” - MOJIbHas Macca atToMa 3JICMCHTA,

B - BaleHTHOCTH 2JIE€MEHTA.

Taxk, HarTpuMep, DKBUBAJIEHTHBIE MAcChl BOJOPOAA U KUCIOPOAA COOTBETCTBEHHO PABHBI:
1 16
Oy :i =12/ monb o :E =8 2/ monb

DKBUBAJICHTHBII 00beM ra3a MOXKHO BBIUUCIHUTH 1O hopMyIie:

_oM
IKe. 224

Taxk, HanpuMep, SKBUBaJIEHTHBIE 00BEMBI BOJJOPO/IA U KHCIIOPO/Ia COOTBETCTBEHHO PABHBI:
12 1-32
ey ———— =11,2.1/ MOnb Voo, == =5,641/ monb
224 22,4
ODKBHUBAJIEHTHBIE MACCHI CJI0KHBIX BELIECTB MOKHO BBIYMCIHUTH 110 (GOPMYINIaM:

M

— okcuda  — o4 8 — KUCA0MbL :1 + KUCA.OCManmKa
OKCHB(] 2 B Kuciaomblt
nO nH KUC/1. OCMamka
— Mocuomum — Mr +17 — Mrmu — Mr + qum.ocnmmm
OCHOBaHUA conu
nOH B BMe 'nMe B Bxum.ocnmmm

No, NoH, NH, NMe — YUCIO ATOMOB KHUCJIOPOJA, TMAPOKCUIBHBIX TPYMI, aTOMOB BOJAOPOJA, MeTajia
COOTBETCTBEHHO B OKCHE, OCHOBAaHWHM, KHUCJIOTE, COJIM; B — BaJICHTHOCTb, 8 — PKBHBAJICHTHAs Macca

KHUCJI0poJa, | — 3KBUBaJIEHTHAsI Macca BOJIOPoia, 17 — 3KBUBaJIEHTHAs Macca T'MIPOKCHIBHOM TPYIIIHI.



Oo0opyooearue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIE ISl TaHHOW pa0OThI, BRICTABIISIOT Ha TOJIKH J1a0OpaTOPHBIX CTOJIOB. Penkue
PCaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIIOTHI U MIENOYM, MMAaXydyue BellecTBa (HAIpPUMEp, CEPOBOIOPO/I,
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IKady.

OcHOBHasi XUMHUYECKasi MOCy1a: MPOOUPKH (B INTATHBE), KOJObI, XAMHUECKUE CTAKaHBI MMOCIE PaOOTHI
TIIATEIBHO BBIMBITh, BEChl C PAa3HOBECOM, MPHOOPHI, UCIONb3yeMasi Ul TPOBEICHHS OTICIbHBIX
nabopaTopHBIX paboT, BEIAACTCS U CIACTCS YHUCTas Ta00paHTy.

Texnuka dezonacnocmu npu_8blNOJIHEHUN J1A00PANOPDHOU_Padombl:

-aKKypaTHO 00pamaThCsi CO CTEKISTHHOM XMMHYECKOM MOCYI0i. OCTaTKH pa30UTON MoCcyAbl youparhb ¢
MTOMOIIBIO COBKA U IIETKHU;

-Bce paboTHl, CBSA3aHHBIC C BBIACICHHEM SIOBUTHIX, JIETYYMX M HEMPUATHONAXHYIIMX BEILIECTB,
MIPOBOJIUTH B BHITSDKHOM IIKa(y;

-IIpU OTIPEACIICHUM 3araxa BEHIECTB OTBEPCTHE cOCyla AepkaTh Ha paccrosHuu 25-30 cM OT JuIa,
HaMpaBIiAg K ce0e CTPYIO raza mocTynaTebHBIMU JIBHXKEHUSIMU JIAJOHU OT OTBEPCTHUS K JUILY;

-IpM HAJMBAHMM PEAKTUBOB HE HAKJIOHATHCS HAJ COCYJOM BO H30exaHHe MomafaHus OpbI3T WIH
YaCTHI] HA JINLIO WM OACXKAY. TP pa30aBIeHUH KOHIICHTPUPOBAHHBIX KUCIIOT BIMBATH KUCIOTY B BOLY,
HO HE Ha000poT;

-IIpY HarpeBaHUM NMPOOUPKU HE JAeprKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCela. HE HAKJIOHAThCS
Ha/1 HarpeBaeMoi KHJIKOCTbIO BO M30eXkaHNe TONalaHus e€ Ha JIUIO, PyKH WIH OJIeXKIY;

-ropsiYre MPEeIMEThl MOXXHO CTaBHTh TOJIbKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY WU
APYTYIO CHENHATBHYIO TIOJICTABKY;,

-HeJb3s MOJIb30BATHCS HIEKTPONPUOOpPaMu 06€3 COOTBETCTBYIOIIEr0 HHCTPYKTaXa. MPU BKIIIOYEHNUHU UX B
CeThb HeJb3sl IePKaThCsl 3a METAIIIMUECKUE MPeAMETHI (TpYOBbl, KpaHbl  T.I1.). 3allpeliaeTcsl BKI0YATh U
BBIKJIIOYATh JJIEKTPONPHOOPHI MOKPBHIMH pPYKaMH, a TaKXe MOJb30BaTbCsS HEUCTPABHBIMU  HITH
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3anperaeTcs NPUHUMATh MUIY B XUMUYECKON J1abopaTopuu U MUTh BOAY U3 JIAOOPATOPHOU MOCYIBI. -
-KaTerOpHUYECKH 3arperaeTcs npoodoBaTh peakTHBBI Ha BKYC;

-TIpU TIOTIAJJAHWK HA JIMIO0 WJIM PYKH OpBI3T KOHIICHTPUPOBAHHBIX KHCIOT TIOCIE CMBIBAHHS BOJIOW
MIPOMBITH CIa0BIM PAaCTBOPOM COJIBL. IIENOYH CIIEAYEeT CMBIBAaTh JO0 TE€X MOpP, MOKA y4acTOK KOXH, Ha
KOTOpPBIN OHa ToMaa, He MepecTaHeT ObITh CKOJB3KKUM; 3aT€M MPOMBITH CIIA0BIM PacTBOPOM YKCYCHOMH
KHUCJIOTHl U HAJIOXKUTh TOBSA3KY W3 BaTbl, CMOUEHHON 3%-HBIM pacTBOpPOM IEepMaHraHata Kaiuus (U3
anTeyky B 1abopaHTCKOU Kadeapsl);

-110 OKOHYaHUH pabOThl BBIKIIOYUTH U3 CETH BCE AJIEKTPONPUOOPHI, MEPEKPHITH NMOAaUy ra3a U BOJbI B
nabopaTopuio U yopaTh paboudee MecTo;

-000 BCEX HECYACTHBIX CIy4asxX HEMEJICHHO COOOIIaTh MPEnoJaBaTeiio Wil JabopaHTy.



Ilpaxmuueckas uacmso:

DOKBUBAJICHT IIUHKA OIMPEENSIOT 10 KOJUYECTBY BOJOPOA, KOTOPHIN BBIJENAETCSA B XOJ€ peakiuu: Zn
+ 2HCI = ZnCl; + H,. Pacuét mpoBoasT COrjIaCHO 3aKOHY 3KBHBAJICHTOB 110 (OopMyIIe:
D, = O
My2

rae D7y — DKBUBAJICHT 1IMHKA;

DH — SKBHUBAJIEHT BOJIOPO/Ia, PaBHBIN 1;

Mzy— Macca 1HMHKA, T ;

Mp2 — Macca BoJopoaa, T .
Paboty BBINONHAIOT B TAKOH MOCIIE10BATENBHOCTH:
1. B3Becutrp rpanyny nuHKa, e€ Macca gomxHa ObITh 0,2-0,3 © (TOYHOCTH B3BEIIMBAHUA Ha
TEXHUYECKHUX Becax Jo/hkHa ObITh = 0,01 T).
2. Onpenenutb 00bEM 00pa3zyroIIerocs BOAOPOa MPUOOPOM (CM. PUCYHOK):
Jlig 3TOrO 3amoiaHUTh BOJOM A0 ropina kosuly 1. [ImoTHo BcraBuTh mpoOKy 2 B ropio koyiobl. CHATh
M30THYTYIO MPOOHPKY 3. OTKPBITH 32KUM 6, 3aNIOJHUTH TPYOKY 5 BOJOM; 3aKphITh 3aXuM. [IpoBeputh
repMETUYHOCTH MPHOOpA: MJIOTHO HANETh MPOOHPKY 3, OTKPHITH 3a)KHM, M, €CIIM BOJAa HE BBITEKACT U3
TpyOKH 5, TO mpUOOp repMeTudeH. 3aKpbITh 3aKUM, BBUINTh BOAY U3 MPUEMHON CKISHKM 7. BopoHkoi
3aJIMTh JI0 TOJIOBUHBI B IPOOUPKY 3 pacTBOP CONSIHON KUCIIOTHI (KOHIIEHTpALUs CONSTHOW KUCHOTHI 1:1).
[TonoxuTh Ha COTHYTOE KOJIEHO MPOOMPKU B3BEIICHHYIO TIpaHyly LWHKA. [[IOTHO mpucoenruHUThH
MpOOUPKY, HaJieB Ha MPOOKY B TpyOke 4. OTKPHITh 3aKUM 6, U, HAKJIIOHUB IPUOOP, CTOJIKHYTh FPaHyIly
B pactBop HCI. Beiensttomuiicss Bogopos OyJeT BHITECHATh BOAY U3 KoJObI 1 B cTakaH 7.
ITocne okoHYaHUs peakUMH (Temreparypa pacTBopa B HpOOHpKe JOJKHA ObITh paBHA KOMHATHOI)
M3MEPHUTH 00BEM BOJIBI B CTaKaHEe 7 MEPHBIM LUJIUHIAPOM, 3amucath temrepatypy t° C u armocdeproe
nasienue P.
ITo hopmyne MenneneeBa-Knaiinepona onpeaeanuTs Maccy MOJIy4€HHOTO BOIOPO/a:

py = MRT
M

rae R — 8,3144 Jx/monbeK.
Tak kak B koj10€ ra3z cCoepKHUT BOJOPOJ U Maphl BOJbI, TO 001Iee qaBieHue ra3a B kojode P = Ppy + Phoo,

OTKYyIa Py = P - PHZO_ I[aBJIeHI/IC mapoB BOJbLI 3aBUCUT OT TEMIICPATYPHI. HGO6XOZ[I/IMLIC JaHHBIC B3ATb

13 TaOINIEL.

T,°C 17 18 19 20 21 22 23 24 25 26

P20, 1,93 2,06 2,20 2,22 2,48 2,64 2,84 2,99 3,17 3,36
klla




VYcnoBus 1 pe3yabTaThl ONbITa 3aMCaTh B Ja00OPaTOPHOM KypHaje B Ta0IHILy:

Macca V, T,OC P PHZO, PHZ,

MeTania, r MII klla klla klla

[Tocne ompenenenus Macchl Boiopoaa mo Gopmyie (2) paccunTaTh SKBHBAJICHT IIMHKA 110 Gopmyie (1).
O0s13aTeNIBHO ONPEACTUTh OTHOCUTEIHHYIO OIIUOKY OIBITA:
32,68 - 9Zn(n) «100% ,
Ommbka, %= —FsFg
muoxka, % 32.68

rae 32,68 — TeopeTrueckoe 3HAUCHUE YKBUBAJICHTA IIMHKA.

Tpebosanus K oghopmienuiro 1adopamoproil padomel u omuemy:

1.BremonHenne nabopaTopHbIX pabOT COMPOBOXKAAIOT 3amuciMH B JaboparopHoMm kypHane. Ha
TUTYJIBHOM JIMCTE J1a0OpaTOPHOTO >KypHaja JOJDKHBI OBITh IMPEICTaBJICHBI: HAa3BaHHE YHUBEPCUTETA,
(dbaMuIHs 1 MHUIUANIBI YYaIlerocsi, HoMep Kypca v rpyIibl, y4eOHBIH ro.

2.0T14eT 0 BBIITOJIHEHHOH Ta00paTOpHOH paboTe JOKEH COIEPIKATh CIICTYIOIINE CBEICHMS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBITIOJHEHUS PaOOTHI;

*IIeTTb Pa0OTHI;

*000pyZI0BaHNE M MaTEpHAIIbI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIbITA,;

*KpaTKO€ ONMMCaHue XoJa padoThl ¢ yKa3aHUEM YCIIOBUH MPOBEICHUS OIIbITA;

*PUCYHKH M CXEMBI HCIIOJIB3YEMbIX TIPUOOPOB;

*Ha0JIFOICHMS,

*ypaBHEHUS MPOTEKAIOUINX PEaKIHii;

*pacuéThl, TAOIUIBI, TPAPUKH;

*BBIBO/IBI.

3.JIabopaTopHBIii KypHaI HY>)KHO BECTH YHCTO U aKKYPaTHO, 3aIMCH JOJDKHBI OBITh TAKOHUYHBIMH.
4.0t1uéT 0 IpoBeIEHHON paboTe MPOBEPSET U MOAMUCHIBAET MIPETO1aBaTelNb.

5K cpaue 3au€ra mo nmabopaTOpHOMY TMPAKTUKYMYy JIOMYCKAIOTCSl CTYACHTHI, BBINOJHUBIIME U
MOJIMCABIINE Y TMPEMoiaBaTelisi Bce JOMAalIHHE W JTa0OpaTOpHBIE pabOThI, CAABIINE KOJUIOKBUYMEI,
aKTHUBHO y4acTBOBABIIKE B paOOTE CEMHHAPOB.

6.CTyneHThl, TOJYYHBIIKE 3a4ET MO JIAOOPATOPHOMY HMPAKTUKYMY, JOIYCKAIOTCS K Clladye 3K3aMeHa 110
KypCy HEOPTaHUYECKOU XUMHUH.

Koumponwvhwie gonpocel :




1.0OTHOCHTEIbHAA aTOMHAs Macca

2.0THOCHUTENbHAS MOJICKYJISIpPHAsI Macca

3.Moub. Monsipaast Macca

4. Xumuueckue 3Haku, (GOPMYIIbl U YPaBHCHUS

5. Xumuueckue peaknuu. Kinaccudukanms peakiiuii.

6.3aKOH COXpaHEHHUs MAacChl BEIECTBA

7. 3aKOH IIOCTOSHCTBA COCTaBA

8.I'a3oBbIe 3ak0OHBI. 3aK0H ABOraipo. MomsipHbIi 00BEM raza
9.0t1kpoeiTue .M. MenaeneeBbIM EPHOIUYECKOTO 3aKOHA
10. Ilepnognueckas cucrema J[.1. MenzaeneeBa

Cnucok numepamypuot.

1.Metoauueckue yka3zaHHs 10 BBIIIOJIHEHHUIO JTA0OPAaTOPHBIX paboT mo mucuurumHae «Heopranumdeckas
XUMUS» JUIsL CTYACHTOB HampapiieHus: moarotoBku 19.03.04 TexHONOTHS MPOIYKIIUU M OpraHU3aIus
OOIIECTBEHHOTO MUTaHMUS.

2.Metoauueckue ykazaHus A1 OoOydaroIUMXCs [0 OpraHu3alMd U HPOBEIEHUI0 CaMOCTOSITENIbHOU
pabotsl o auctumnHe «Heopranuyeckast XUuMus» 7Sl CTyIGHTOB HanpasieHus noarotosku 19.03.04
TexHoNOTHA MPOAYKIIUU U OPTaHU3aIUs OOIECTBEHHOTO MTUTAHUS.

3.Heoprannueckass xumusi [DIeKTpoHHbIN pecypc] : naboparopublii mpaktukyMm / C.A. CokonoBa [u
ap.]. — OJNEeKTpOH. TeKCTOBbIE NaHHble. — Boponex: Boponexckuil I'ocynapcTBeHHBI ArpapHbIil
VYuusepcurer uMm. Mmmeparopa Ilerpa IlepBoro, 2017. — 93 ¢. — 2227-8397. — Pexum moctyna:
http://www.iprbookshop.ru/72709.html

4. Heopranuueckass Xxumus [DneKTpoHHBIN pecypc] : naboparopHslii mpaktukym / O.B. JlpskoHoBa [1
ap.]. — OJNEeKTpOH. TeKCTOBBIE NaHHblEe. — Boponex: Boponexckuil I'ocynapcTBeHHBI ArpapHblil
VYuusepcurer um. Ummeparopa Ilerpa IlepBoro, 2016. — 150 ¢. — 2227-8397. — Pexum poctyna:
http://www.iprbookshop.ru/72708.html

JlabGoparopHasi padora Ne 3
Tema: Onpenenenue MoJICKYJISIPHON Macchl JUOKCHIA YIJiepojaa

Ienv pabompr: OrmipeneneHre MOIEKYSIPHOM MacChl AMOKCHIA YIJIepoJa IO Macce KOJOBI

3anonHeHHoM Tazom (CO;) mons3ysick ypaBHeHuEeM MenaeneeBa — Kianeiipona.

Dopmupyemvie komnemenyuu: YK-1; OIIK-2.

Teopemuueckasn uacmo:



http://www.iprbookshop.ru/72709.html
http://www.iprbookshop.ru/72708.html

MonekynspHas Macca, CyMMa MacC aTOMOB, BXOJSIIIIUX B COCTaB JIAHHON MOJICKYJIbI, BBIPAXKAETCS B
aTOMHBIX eAUMHHUIAX Macchl (a.e. M.). [lockonbky 1 a.e.M. (MHOT/Ia Ha3bIBaeMas JanbToH, D) paBHa U
MAacChl aTOMa HYKJIUJa 2C u B emunmuax maccer CU cocrasiser 1,66057‘10'27 KI, TO YMHOXEHHE
MOJICKYJIIPHON Macchl Ha 1,66057:10%" naer aOCOIFOTHYI0O Maccy MOJIEKYJbl B Kuiorpammax. Yarie
MOJIB3YIOTCS Oe3pa3sMepHON BETHUUHON Moy, - OTHOCHTEIILHOU MOJICKYISAPHO# Maccwl: My =M,/D, tae
M,-Macca MOJICKYIBI X, BRIpOKEHHAS B T€X XK€ AMHUIIAX MacChl (KT, T WU Ap.), 9T0 U D. MonekyspHas
Macca XapakTepus3yeT CPEIHIOI0 MAacCy MOJEKYJIbl C Y4eTOM H30TOMHOrO COCTaBa BCEX AJIEMEHTOB,
00pa3ymIIuX JAHHOE XUMUYECKOe coeqrnHeHre. VIHOT1a MOJIEKYIIIPHYIO MacCy OMPECIISIOT ISl CMECH
pPa3IMYHBIX BEIIECTB M3BECTHOI'O COCTaBa, Hampumep il Bo3ayxa "dh@exkTuBHYI" MOJICKYISIPHYIO
Maccy MOXKHO TPUHATH paBHOH 29. AOCOIIOTHBIMU MaccaMH MOJIEKYJ yI00HO OonepupoBaTh B 00JI1aCTH
(GU3MKN CyOaTOMHBIX IPOILECCOB M PATUOXUMUU, TJE MyTeM HM3MEPEHUS YHEPTHUU YaCTHIl, COTJIACHO
TEOPUH OTHOCUTEIHHOCTHU, OTMPENEISAIOT X aOCOMIOTHBIE MAacChl. B XMMHUM U XUMUYECKON TEXHOJIOTUU
HEOOXOIMMO TPUMEHSATh MAaKPOCKOIMYECKUE SAMHHIIBI W3MEPEHHUS KOJHMYECTBa BemecTBa. Uwcio
TOOBIX YacTHUIL (MOJIEKYJ, aTOMOB, JIEKTPOHOB WJIM MBICIICHHO BBIJICISIEMbIX B BEIIECTBE TPYIII YACTHII,

+ - v
nanpumep nap uoHoB Na™ u Cl' B kpucramnu. pemerke NaCl), paBHoe ABoraapo moctosHHOM Np =

102
6,022:10%, cocraBiusier MAaKpOCKOIMYECKYIO CAMHMIYY KOIMYECTBA BEIECTBA - MOJb. TOra MOXKHO
3anmucath: Moy = MyNa/(D'Na), TO eCTh OTHOCHTENbHAs MOJICKYJIIpHash Macca paBHA OTHOIICHHIO

MacCChbl MOJId BCIICCTBA K NAD Ecnu BeniecTBo COCTOUT U3 MOJICKYJ C KOBAJICHTHBIMU CBA3AMU MCIKIAY

COCTABIIIIOUIMMHU HX aTromMaMmu, To BenuunHa MyNa mpenacrtaBinsier coOOl MOJSPHYIO Maccy 3TOro
BELIECTBA, €IUHUIBI U3MEPEHUS] KOTOPOW Kr-mMojb (Kuiomoisb, KM). [l BemiecTB, HE coaep alinux
MOJIEKYJI, @ COCTOALIMX M3 aTOMOB, MOHOB WJIM pPaJUKaJOB, OHpeneisercs (hopMyibHas MOJIIpHAs
Mmacca, To ecTb Macca Na YacTHIil, COOTBETCTBYIOIIMX MPUHATON (hopMmyse BemiecTBa. PaHee B XUMUU
HCIIONIB30BaIN IOHATHS I'PaMM-MOJIEKYJa, TPaMM-aTOM, I'PpaMM-HOH, TEIEph - MOJb MOJIEKYJ, MOJb
aTOMOB, MOJIb MOHOB, Nojpa3yMeBas moJ 3TUM Na MoJeKkys, aTOMOB, HOHOB M COOTBETCBEHHO HX
MOJIIpHBIE MacChl, BRIPAKEHHBIE B TpaMMax WM KWiorpammax. TpaJuliMOHHO YIOTPEOSIOT B KAUeCTBE
CHHOHMMAa T€PMHUH "MOJEKYJISpHBIA (MOJSPHBIN) Bec", Tak Kak OMpeAeseHHe MAacChl MPOU3BOAMTCS C
noMoInkko BecoB. Ho, B oTaMuue ot Beca, 3aBUCSILIETO OT reorpaguueckux KOOpJHHAT, Macca sBIseTCs
MIOCTOSIHHBIM TapaMeTpPOM KOJIMYECTBA BeLIECTBA (IIPU OOBIYHBIX CKOPOCTSX ABMIKEHHUS YacTUIl B

YCIIOBUSIX XUMUYECKUX peaKIuil), T0O3TOMY IIpaBHIIbHEE TOBOPUTH ""MOJIEKyJIsipHast macca'.

Metoabl onpeaenenus. HMcropuuyecku mnepBbliii Meron (oOocHoBaHHBIM wuccnepoBaHusMu  C.
Kannunuapo u A. Aporajapo) npemioxer K. [lroma B 1827 u 3akirouancsd B U3MEPEHUH IUIOTHOCTU
ra3o00pa3HbIX BEUIECTB OTHOCHTEIBHO BOJOPOJHOIO Ta3a, MOJspHAs Macca KOTOPOTro MpUHHMAJach
MEPBOHAYAIBHO PaBHOW 2, a MOCJE MEPEXoaa K KUCIOPOAHON €IUHUIE U3MEPEHUN MOJIEKYIISIPHBIX U
aToMHbIXx Macc - 2,016 r. Cruegyromuid 3Tam pa3BUTHS SKCIEPUMEHTAIBHBIX BO3MOYKHOCTEH

OIPCACIICHUA MOHGKYHHPHOﬁ MAacCChI 3aKJII04ajiCia B HCCIICAOBaHUU )KHI[KOCTQﬁ " paCcTBOPOB HEC JICTYUUX
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U HE AMCCOLMHUPYIOMIMX BEIIECTB IYTEM H3MEpPEHUsl KOJUIMTAaTUBHBIX CBOMCTB (TO €CTh 3aBUCSIIHUX
TOJIBKO OT YHMCJIa PAaCTBOPEHHBIX YACTHI[) - OCMOTHYECKOIO JaBJICHUS, MOHIKEHUS NaBJICHHS Mapa,
MOHMKCHUSI TOYKHM 3aMep3aHus (KPUOCKOMHS) M IOBBIIMICHUS TOYKA KHUMCHUS (90YIMOCKOIHS)
pPacTBOPOB MO CPaBHEHUIO C YUCTHIM pacTBopuTesneM. OCHOBHBIM METOJIOM OIpEAE/IEHUS aTOMHBIX U
MOJIEKYJIIPHBIX MaccC JIETYYHUX BEIIECTB SIBIIACTCS Macc-cnekmpomempus. [N WcCleqoBaHUs CMECH
coequHeHNl  A((EeKTUBHO  UCHONB30BaHUE  Xpomamo-macc-chekmpomempuu. llpu  manoi
WHTEHCUBHOCTH TIHKA MOJICKYJSPHOIO MOHA NPUMEHSIOT 3¢ (y3nOMETPUUECKHE MPHUCTABKU K Macc-
ciekrpomeTrpaM. Dhdy3noMeTpudeckuii crocod OCHOBAaH Ha TOM, YTO CKOPOCTh BBITEKAaHUS Ta3a B
BAKYYM M3 KaMmepbl 4Yepe3 OTBEpPCTHE, AUAMETpP KOTOPOIrO 3HAYMTEIIBHO MEHBIIE CPEJHEro MyTu
cBOOOHOTO Mpodera MoJeKyJbl, 00paTHO MPOMOPIMOHATIFHA KBAIPATHOMY KOPHIO M3 MOJICKYIISIPHOM
Macchl BEILIECTBA; CKOPOCTb BBITEKAHMSI KOHTPOJUPYIOT IO M3MEHEHHIO JaBJIEHUS B Kamepe.
MorexyssipHasi Macca JISTYYUX COSAMHEHUH ONpEeNeNsaioT TakKe METOIaMH Ta30BoOi Xxpomarorpaduu ¢
ra3oBeiMu BecaMu Maptuna. IlocienHue u3MEpSIIOT CKOPOCTh IMEpEMEIIeHHs Tra3a B KaHale,
COEUHSIONIEM TPYOKH, IO KOTOPBIM TEKYT ra3-HOCUTENb U Ta3 U3 XpoMaTorpaduueckoil KOJOHKH, 4TO
MO3BOJISIET ONPEACNIATh PA3HULY IUIOTHOCTEH STUX Tra30B, 3aBUCAILLYI0 OT MOJEKYJSIPHOW Macchl
HCCIIEyeMOT0 BemecTBa. MOJEKYISIPHYIO Maccy M3MEpSIOT Ui MACHTH()HUKAINN XUM. COCIHMHEHUH,
JUIA YCTAHOBJICHHUSI COJEp)KaHUS OTIENbHBIX HYKIHJAOB B COEAMHEHHUSAX, HalpuMep B BOJE,
HCIIOJB3YEMOM B AaTOMHBIX SHEPreTHUYECKMX YCTAaHOBKAX, a TaKKe IPU HCCIEIOBAHUM U CHUHTE3€
BBICOKOMOJIEKYJISIPHBIX COEIMHEHHI, CBOMCTBA KOTOPBIX CYHIECTBEHHO 3aBHUCAT OT MX MOJIEKYJISPHOM
Maccel. CpenHue 3HA4YEHHS MOJEKYJISPHBIX MacC IIOJUMEPOB YCTAHABIMBAIOT C IOMOIIBIO
MEPEYHCIICHHBIX BBIIIIE METO/JOB, OCHOBAHHBIX Ha KOJUIMTATUBHBIX CBOMCTBaX pa30aBIeHHBIX
pacTBOpPOB, IO YHUCITY JBOWHBIX cBsized ("MATKUM" 030HOIM30M) WM (YHKIIMOHATIBHBIX TPYIII
(MeTomamu (yHKIIMOHAJIHHOTO aHANK3a), a TAKXKE MO TaKUM CBOMCTBAM HX PACTBOPOB, KAaK BSI3KOCTH,
cBeTopaccestuue. CpenHHe 3HAYEHHUS MOJIEKYJISpPHBIX MacC TOJMMEPOB  BBICOKOM  CTENEHH

MOJIMMEPHU3ALUA OTIPEACIAIOT 11O UX PCOJIOTHYCCKHUM XapPaKTCPUCTUKAM.

Obopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIE Il JTaHHOW pabOThI, BHICTABIISAIOT HA MOJIKH J1a00OpaTOPHBIX CTOJIOB. Penkue
pEaKTUBBI, KOHIICHTPUPOBAHHBIE KUCIIOTHI U IIENOYM, MAaXydue BELIECTBA (HAIpUMEpP, CEPOBOJOPOI,
OpoMHasi BoJa U JIp.) XpaHAT B BBITSHKHOM HIKaQy.

OcHoBHasi XUMUYecKasi MocyAa: NpoOUPKH (B IITATHBE), KOJObI, XUMUYECKUE CTaKaHBI MOCIE pabOThI
TIIATEIbHO BBIMBITH, BEChl C PAa3HOBECOM, IMPHOOPHI, HCIOJIb3yeMasl Uil MPOBEIEHHS OTIAEIbHBIX
1a00paTOPHBIX PabOT, BHIAAETCS U CIACTCS YMCTas JTa0OpaHTy.

Texnuxa 6ezonacrnocmu npu bINOJAHEHUU 1AOODAMOPHOU DAOOMDbL:

-aKKypaTHO 00paImmarbCsi CO CTEKISTHHOM XMMHUYECKOW MOCY/ION. OCTaTKU Pa30MTOM MoCcyabl youpars ¢

MOMOIIBIO COBKA U MIETKHU,
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-Bce pPa0OTHI, CBSI3aHHBIC C BBIJCICHUEM SAOBHTHIX, JICTYYMX W HEMPHUATHOMAXHYIINX BEIIECTB,
IPOBOAMTH B BHITSHKHOM HIKady;

-IIpU OIIPEACIICHUM 3araxa BELIECTB OTBEPCTHE cocyla JepKaTh Ha paccrosHuu 25-30 cM OT nuIa,
HaNpaBisist K cebe CTPYIO ra3a MocTynaTeIbHBIMH JBH)KEHUSMH JIAJIOHU OT OTBEPCTHS K JIHILY;

-IpY HAJMBAHUHM PEAKTUBOB HE HAKJIOHATHCS HAJl COCYZOM BO H30eKaHME TOMafaHusi OpbI3T MM
YaCTHIl Ha JIMLO WM OZEXKTy. IPU pa30aBIeHNH KOHIIEHTPHPOBAHHBIX KUCIIOT BIMBATh KUCIIOTY B BOLY,
HO HE Ha000poT;

-TIpY HarpeBaHUM MPOOUPKHU HE JepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCEIa. HE HAKIIOHATHCS
HaJl HarpeBaeMoH JKUIKOCTBIO BO N30€XKaHUe MOMalaHus e€ Ha JINIO, PYKH WIH OJCKIY;

-rOpsiYMe IMPEeIMEThl MOXXHO CTaBUTh TOJBKO Ha acOECTOBBIM KapTOH, acOECTUPOBAHHYIO CETKY WIIU
APYTYIO CHEIHATIBHYIO TOJICTAaBKY,

-HEJIb3S TOJIB30BATHCS DIEKTPONPUOOPaMu 0€3 COOTBETCTBYIOIIET0 MHCTPYKTAXA. MIPH BKIFOYCHUHU UX B
CETh HeJb3sl IEPIKATHCS 32 METALTMYECKUE TIPEAMETHI (TPYObI, KpaHBbI U T.I1.). 3allPEIIaeTCsl BKIOYATh U
BBIKIIIOYATh JIEKTPONPHOOPHl MOKPHIMH pYyKaMH, a TaKXKe II0JIb30BaThCsl HEUCIPABHBIMU HIJIH
MMEIOLIMMH OTOJIEHHBIE TIPOBO/IA TpHOOpamu;,

-3anpemaeTcs MPUHUMATh MHIY B XUMHYECKOH J1ab0opaTopuu U MUTH BOAY U3 Ja00paTOPHOI MOCYHbI. -
-KaTerOPHUYECKH 3arperaeTcs mpoooBaTh pEaKTHBHI Ha BKYC;

-IpY TMOMAJaHUM Ha JIMLO WIM PYKH OpBI3r KOHIIEHTPUPOBAHHBIX KHUCJIOT IOCJIE CMBIBaHUS BOJOU
IPOMBITh CIa0BIM PAacCTBOPOM COJIbI. IIENOYL CIEAYEeT CMBIBATh JIO TE€X MOp, MOKAa y4acTOK KOXH, Ha
KOTOPBIN OHa TIOMala, He MePeCcTaHeT ObITh CKOJIB3KUM; 3aT€M IMPOMBITH CIIA0BIM PacTBOPOM YKCYCHOMH
KHCJIOTHl W HAJIOKUTh TIOBSA3KY W3 BaTbl, CMOUEHHON 3%-HBIM pacTBOPOM IepMaHTaHaTa Kaimus (W3
anTeyky B JabopaHTCKOU Kadeapsl);

-110 OKOHYaHHUM PaOOThI BBIKIIIOUUTH U3 CETHU BCE AJIEKTPONPUOOPHI, MEPEKPHITH [10/1auy ra3a 1 BOJbI B
nmabopaTopuio U yoparh pabodee MecTo;

-000 BceX HECUACTHBIX CIy4asX HEMEJIEHHO coo0IIaTh MPEnoJaBaTellio Uil JIJaOOpaHTy.

Ilpakmuueckasa uacmo:

MonekynspHyr0 Maccy TMOKCHA YIIIepoJa MOKHO OMPEIeNIUTh TpeMs CIIOCOOaMMu:
a) 10 OTHOCUTENBHOM TNIOTHOCTH raza Mco2= 1 * Mposyn (1), e
Mco2 — MonekynsipHas Macca JUOKCH/IA YIIIepo/ia;
Mgo3j — MOJIEKyIsIpHas Macca BO3yxa, paBHas 29 a.e.M.;
JI — mnotHOocTh CO3 110 OTHOUIEHUIO K BO3IAYXY.
b) mo momsipHOMy 00BEMY CO3 22,4 e« Mco2
co2= (2),rne
\Y
Mco2 — Macca JUOKCHAA yriaepoaa, T ;

V  — 06Bém CO; npu HOpMAITLHBIX YCIOBHSIX, oM’



22,4 — o6béMm 1 1/ Moms moboro raza npu HopMaibHbIX yeaoBusax (0°C, 101,325 kI1a), .
C) 1o ypaBHeHHI0 MenpeneeBa-Knaiinepona

Mco2 RT e

M

P — nasnenue CO; B xosbe, paBHOE atMocdepHomy, Klla;

V — 00BéM CO3, paBHBII 00EMY KOOI, oM®;

R — yHuBepcanbHas ra3oBas noctosHHasi, paBHas 8,314 Jx/mounb e K;

T — temneparypa, K.
Ilocneooeamenvrhocmsb 6vinoiHeHUs padomul:
1.  3akpeiTh NpPoOKOH CyXylo Koj0y, MNPUTOTOBICHHYIO JTaOOpPaHTOM IS OMBITa. BOCKOBBIM
KapaHJlallloM OTMETUTh Ha KOJIO€ HIDKHUN Kpal mpoOku. B3BecuTh Ha TEXHUYECKHX Becax KOJOy ¢
BO31yXoM (mj). OnmycTuth B K00y Ha 1-2 MUHYTHI TpyOKy, O KOTOPOH UAET TOK YIJIEKUCIIOro rasa.
3areM MOJHECTU K OTBEPCTUIO TPYOKH TOPSIIYIO TYYUHKY: €CJIM OHA TaCHET, 3HAYUT KOJI0a MOJIHOCTHIO
3arMoJIHEHA VYTJIEKHUCIBIM Ta30M. 3aKpbITh KOJOY MpoOKOW 10 METKH W B3BecUTh (myp). Emé pa3
3aIOJTHATH KOJIOY ra30M U B3BECHTH (M3). Pe3ybTaThl 3TUX IBYX B3BEIIMBAHUN HE JODKHBI OTIIHYATHCS
6onee uem Ha 0,01r. st pacu€TOB MCIOIB30BATH CPEIHHE JAHHEIC.
2.  Bpumth Boay B K00y 10 METKH, 3aT€M MEPENUTh €€ B MEPHBINA HUIHHIP U U3MEPUTH 00BEM BOJIBI
(xon6mI) - V.
3.  3ammcartb Temneparypy (t°C) u naBnenue P, mpu KOTOPBIX TPOBOIST OIBIT.
4.  TlpousBecTH pacyéTsbl:
- npuBecTd 00BEM KOJIOBI - V K 00bEMY NPU HOPMANIBHBIX YCIOBUAX V;
- OINpEAeTuTh MacCy BO3AyXa B KOJIOE My, CUUTAS Maccy 171 Bo3ayxa paBHoii 1,293 T;
~  HalTH Maccy caMoil KOJIO0bI ¢ IPOOKOH Myye:
~  OINpEAETUTh Maccy YIJIEKHCIIOro raza mco; -

VYcnoBus U pe3yibTaThl ONbITa 3aHECTU B TaOIUILY.

Macca k01051 ¢ Macca koa05I ¢ V.M | t°C P, xI1a | Vo,MIT | Mgy Myons Mcos,
BO3IyXOM My,T CO; (my+ m3)/2 -

Mep, T

5. Paccuutarh MOJIEKYJISIPHYIO Maccy JMoKcHa yriepoaa no gopmynam (1), (2), (3). Haiitu cpeanee
3HaveHune. ONpeaennTs OTHOCUTENFHYIO OIINOKY 10 (opmyrte

44 — Mco,

Oumboxka, %= — a2 * 100%,

rae 44 — nelicTBUTENbHOE 3HaUEHHE MOJIEKY I pHOI Macchl COy.




Tpeoosanusa kK ohopmaernuio 1a60pamopHoll padomvl U omuemy.

1.Bemonnenue nabopaTopHbIX pabOT COMPOBOXKAAIOT 3amucsiMH B JaboparopHoMm »kypHaie. Ha
TUTYJIBHOM JIMCTE JTAOOPAaTOPHOTO JKypHala JOJDKHBI OBITh MPEACTABIICHBI: Ha3BaHHE YHHBEPCHTETA,
(dhaMuIHs ¥ MHUIUANBI YYaIerocs, HoMep Kypca ¥ TpyIIbl, y4eOHbBIN TO/I.

2.0T4eT 0 BBINOJIHEHHO 1ab0paTopHOi paboTe JOHKEH COJIePKaTh CIEAYIOIINE CBEICHMUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBITIOJHEHUS PaOOTEHI;

*IIeTTb PaOOTHI;

*000pyI0BaHHE M MaTEPUAJIbL;

*KpaTKOe TEOPETHUECKOE OINKCAHUE,

*HOMEp U HA3BAHHE OTIBITA;

*KpaTKO€ OMHCaHUe X0/a padOThI ¢ yKa3aHUEM YCIIOBUH MPOBEICHHS OIIbITA;

*PUCYHKH M CXEMBI UCTIOJIB3YEMBIX TIPUOOPOB;

*HaOJIFOICHU,

*YpaBHEHHS MPOTEKAIOIINX PEAKIIHIA;

*pacuéThl, TAOIUIBI, TPAPUKH;

*BBIBOJIBI.

3.JIabopaTopHbIii )KypHaT HY)KHO BECTH YUCTO U aKKYPaTHO, 3aMTUCH JIOJKHBI OBITh TAKOHUYHBIMHU.
4.014€T 0 IpoBeAEHHON paboTe MPOBEPSIET U MOAMUCHIBACT MPEMOJABATENb.

5K cpaue 3au€ra mo mabopaTOpPHOMY TPAKTHUKYMY JOIYCKAIOTCS CTYACHTHI, BBHIMOJHUBIIHE U
MOJIMCABIINE Y TMpEIoiaBaTelisi Bce JOMAIIHWE W JabopaTOpHbIe paboThI, CAABIINE KOJUIOKBHYMEI,
aKTUBHO Y4aCcTBOBAaBIIIUE B pabOTe CEMUHAPOB.

6.CTyeHThI, MONYYHBIIHE 3a4€T MO JJA0OPATOPHOMY MPAKTUKYMY, AOMYCKAIOTCS K cllaye IK3aMeHa To
KypCY HEOPTaHUYECKOU XHUMUHU.

Koumponwvhsie gonpocel :

1 OcHoBHbIE TOHATUSA: XUMHUYECKHH OJJIEMEHT, aToOM, MOJEKYyJa, OTHOCHUTENIbHAs aTOMHas H
MOJIEKYJISIpHAsl Macca.

2.ITpocToe u CIOKHOE BEHIECTRO.

3. KonmuectBo BemiecTBa, MOJIb, MOJISIpHAs Macca, DKBUBAJICHT, MOJSIpHAs Macca JKBHBAJICHTA.
4.OCHOBHbIE KOJMYECTBEHHbIE 3aKOHbI XMMHUH: 3aKOH IOCTOSIHCTBA COCTaBa, 3aKOH SKBHBAJECHTOB,
3aKOH KpaTHBIX OTHOLLIEHUH.

5.MeTo1bl onpeieNeHrs MOJIEKYJISIPHON ¥ aTOMHON MacChl.

Cnucok q1umepamypbol .




1.Metoauyeckre yka3aHus IO BBITIOJHEHUIO JIAOOPAaTOPHBIX paboT mo mucturminHe «Heopranudeckas
XUMHS» JUJI CTYJEHTOB HampaBieHus noArotoBku 19.03.04 TexHoiorus mpoIyKIIMU W OpPTraHU3aLMs
0OIIECTBEHHOT'O ITUTAHHUS.

2.Meronuueckue yka3zaHus IS OOydJalolUXCs 1O OpraHW3alid U MPOBEIACHHUIO CaMOCTOSTEIIBHOMN
paboTsl o aucHuIumHe «Heoprannueckast XuMus» 71 CTYACHTOB HanpasieHus noarorosku 19.03.04
TexHOIOTHS MPOAYKIIMK B OPTaHU3AIMs 00IIECTBEHHOTO TUTAHUS.

3.Heopranmnueckas xumusi [DnekTpoHHbIN pecypc]| : maboparopubiii npaktukym / C.A. CokosoBa [u
ap.]. — DJEeKTpoH. TEeKCTOBbIE NaHHble. — Boponex: Boponexckuil I'ocynapcTBeHHbI ArpapHblil
Yuusepcurer uM. Mmnepatopa Ilerpa IlepBoro, 2017. — 93 ¢. — 2227-8397. — Pexum nocryma:
http://www.iprbookshop.ru/72709.html

4. Heopranudeckass Xxumus [DIeKTpOHHBIH pecypc] : madoparopusiii mpaktukym / O.B. JlpskoHoBa [u
ap.]. — DIeKTpoH. TEeKCTOBble NaHHble. — Boponex: Boponexckuil ['ocynapcTBeHHbIN ArpapHblit
VYuusepcurer um. Ummeparopa Ilerpa IlepBoro, 2016. — 150 ¢. — 2227-8397. — Pexum poctyna:
http://www.iprbookshop.ru/72708.html

JlaGopaTopHas padora Ne 4
Tema: KommiiekcHble cOeTHHEHHUSA

+
Lleny pabompi: Tonyuenre akBAKOMIIEKCOB, PEaKIdy TepMoln3a. Ilonydenne akBakommiekcoB Cu’* |

2+ + .
Nl2 y CrS , IOJIY4CeHHC W CBOHCTBA THAPOKCOKOMIIJICKCOB OJIOBA HU  XpOMa, IMMOJIYYCHHUC
AMHWHOKOMIIJICKCOB U alTUIOKOMITJICKCOB, U3Y4YCHUEC HBOﬁHBIX coJeil.

Dopmupyemvie komnemenyuu. YK-1; OIIK-2.

Teopemuueckasn uacmp:

KommuiekcHble cOeIMHEHUsI 3TO MOJIEKYJSIpHbIE WM HOHHBIE COEAMHEHMs, 00pa3yloIiuecs IyTeM
MPUCOEANHEHNS] K aTOMy WM HMOHY MeTajljla WM HEeMEeTalsla, HEUTpaJbHbIX MOJIEKYJ WIH APYTUX
1nOoHOB. OHU CTIOCOOHBI CYIIECTBOBATh KaK B KpUCTaJIE, TaK U B pacTBOpE.

OcHOBHBIE 110JI0KEHHUS ¥ MOHATHSA KOOPAUHALIMOHHOH TEOPHH.

Jlnst 0OOBSICHEHUS CTPOCHHUS U CBOMCTB KOMIUIEKCHBIX coeMHEeHuH B 1893 r. miBelniapckuM XUMHKOM A
Bepuepom Obina mpeasioskeHa KOOPAWHAIMOHHAs TEOpHUsl B KOTOPYIO OH BBEJI [JBa MOHATHS: O
KOOpPJMHAIIMU U O TOOOYHOMN BaJ€HTHOCTH.

Ilo Bepnepy enasHou eanenmuocmvio Ha3bIBAETCSI BaJEHTHOCTh MOCPEIACTBOM KOTOPOW COEAMHSIFOTCS
aTOMbI C 00pa30BaHUEM MPOCTHIX COSNUHEHUHN, TOAYHHSIIOIINXCS TEOPUU

BajieHTHOCTH. Ho, ucuepnaB riaBHyI BaJleHTHOCTb, aTOM CIOCOOEH, KaK MpaBWUJIO, K JajbHeHiemMy
MIPUCOEINHEHHIO 32 CUET NOOOYHOU 8allenmHOCmU, B PE3yJbTaTe MPOSBIECHUS KOTOPOH U 0OpasyeTcs

KOMIIJICKCHOC COCIMHCHUC.


http://www.iprbookshop.ru/72709.html
http://www.iprbookshop.ru/72708.html

[Tox neiicTBUEM CHIJI TJIaBHOW M TOOOYHOW BAJICHTHOCTH aTOMBI CTPEMATCS PABHOMEPHO OKPYKUTH CceOs
MOHAMM WJIM MOJIEKYJIaMH M SBJISIIOTCS TakuM 00pa3oM IEHTPOM HpPUTSHKEHUA. Takue aToMbl
HA3BIBAIOTCS  YEHMPANbHLIMU — ULU  KOMHAeKcooOpazoeamensimu.  VIOHBI WM MOJEKYJIBI,
HEMOCPEJACTBEHHO CBSI3aHHBIC ¢ KOMIUIEKCOOOpa30BaTeIeM, Ha3bIBAIOTCS JUSAHOAMU.

[TocpeacTBoM riaBHOW BaJIGHTHOCTU TPUCOCTUHSIOTCS JIUTAHIBI MOHBI, a MOCPEICTBOM MOOOYHOI
BaJICHTHOCTH — MOHBI U MOJIEKYJIbI.

[IputspkeHne JMraHa K KOMIUIEKCOOOpA30BaTENI0 HA3bIBACTCS KOOPAMHAIMEH, a YHCIO JIMTaHd —
KOOPIMHAIIMOHHBIM YUCIIOM KOMILIEKCOOOpa30oBaTersl.

MoHO cKa3aTh, YTO KOMIUJIEKCHBIE COCAMHEHMSI ITO COCAMHEHUS, MOJEKYJbl KOTOPBIX COCTOAT W3
LEHTPAIbHOr0 aromMa (WM HMOHA) HEMOCPEACTBEHHO CBS3aHHOTO C OMPENEIEHHBIM YHUCIOM JAPYTUX
MOJICKYJT MJTM HOHOB, Ha3bIBAEMBIX JIUTAHIAMH.

B pomn KOMIUIEKCOOOpa30BaTeNell dalle BCEro BBICTYNAKOT Katmombl MeramioB (Co®®, Pt™, Cr'
Cu*?Au™u 1p.)

B kauectBe muranmoB moryt BeicTymath HOHBI ClI', CN', NCS', NO,, OH, SO42‘ TaK U HEUTpaJIbHBIC
mounekynsl NHz, HyO, aMuHbI, aMUHOKUCIIOTHI, CIUPTHI, THOCTHPTHI, PH3, a3dupsr.

Urcno KOOpIUHAIIMOHHBIX MECT, 3aHMMAEMBbIX JIMTAHAOM OKOJIO KOMILJICKCOOOpAa30BaTelIsl, Ha3bIBACTCS
€r0 KOOPOUHAYUOHHOU EMKOCMbIO UU OEHMAMHOCTbIO.

Jluranael, mnpuUCOETUHEHHBIE K KOMILJIEKCOOOpPa30BaTENI0 OJHOM  CBS3bIO, 3aHUMAIOT  OJHO
KOOpJIHHAIIMOHHOe MecTh W HasbiBatoTcs MoHoaeHTatHeiMH (ClI, CN', NCS’). Ecnmu ke nurang
MPUCOSANHEH K KOMIUIEKCOOOpPA30BaTEIII0 TIOCPEICTBOM HECKOJBKUX CBSI3€H, TO OH SBISETCS
nojauaeHTaTtHbiM. Hanmpumep: SO4%, COs® SIBISIOTCS GUICHTATHBIMIL

KomrmekcoobpazoBatenb U JTUTaHIBI COCTABISIIOT 8HYMPEHHIOW cghepy COSTUHEHUS WM KOMILIEKC (B
dbopMynax KOMILIEKC 3aKIIOYaloT B KBaJpaTHble CKOOKM). MOHBI, HE CBsI3aHHBIE HEMOCPEICTBEHHO C
KOMILIEKCO00pa3BaTeeM, COCTABIISAIOT 8HEULHION0 KOOPOUHAYUOHHYIO chepy.

Honbl BHemHEW cdepbl CBA3aHBI MEHEE MPOYHO IO CPABHEHHWIO C JIMTAHJIAMU WM IPOCTPAHCTBEHHO
ylajaeHsl 0T KOMIUIEKCooOpazoBarenst. OHU JIETKO 3aMEMIA0TCs IPYTUMH HOHAMH B BOJIHBIX PACTBOpPAX.
Hanpuwmep, B coenunenuun Ks[Fe(CN)g] xommiekcooOpa3oBareneM siBISETCS Fe'?, nurangamu - CN'.
JIBa nuraHga MPUCOCIWHEHBI 3a CYET TJIABHOW BAJIGHTHOCTH, a 4 — 3a cueT MOOOYHOW BAJICHTHOCTH,
CJIEJIOBATEIILHO KOOPIUHAIIMOHHOE YUCIIO PABHO O.

Won Fe*? ¢ murangamun CN™ cocTaBmsior 6Hympenniolo cghepy unu komniexc, a nonsl K BHemHiono

KOOPJIUHAIIMOHHYIO cepy:

K+ K+

K+



Kak mpaBuiio KOOpAMHALMOHHOE YHCIO PABHO YIBOEHHOMY 3apsy KaTHOHa MeTajia, Hamnpumep:
OJIHO3apsIIHbIE KATUOHBI UIMEIOT KOOPAMHALMOHHOE YHCIIO paBHOE 2, 2-X 3apsaHbie — 4, a 3-X 3apsiAHble
— 6. eciM DJIEMEHT TPOSBISIET TNEPEMEHHYIO CTENEHb OKHUCICHHS, TO C YyBEJIMYECHHUEM €&
KOOPJIMHAIIMOHHOE YMCIIO pacTeT. [Jis HEKOTOPhIX KOMILIEKCOOOpa3oBaTeneii KOOpAMHAIIMOHHOE YUCIIO
+3 pth 43
ABJIAETCS MOCTOSSHHBIM, Hanpumep: Co ™, Pt™, Cr'” uMeroT KOOpAWHAIMOHHOE YHCIIO paBHOE 6, Y HOHOB
+ + + +
B*3, Be'?, Cu*?, Au*® koopamHarmonHoe unciio paBHO 4. st GOIBIIMHCTBA HOHOB KOOPAMHALIMOHHOE
YHUCIIO SIBISICTCS MEPEeMEHHBIM W 3aBUCUT OT NPHPOJABI HMOHOB BHENIHEH cdepbl M OT yCIOBUI

00pa3oBaHMsI KOMILJIEKCOB.

Kiaccudukarius KOMITIEKCHBIX COEIMHEHHI TIPOBOIUTCS 110 Pa3IMYHBIM MPU3HAKAM.
1. Tlo 3aps1y KOMIUIEKCHOTO HOHA Pa3IHYatoT:

-karnonnsie [Cu(NHs),]?

-aHUOHHBIE [Co(N03)6]3'

-eiitpansisie [Pt(NH3)Cl,]°
2. Tlo xapakTepy JUTraHI0B Pa3IHYaroT:

-akBo- [Cu(H20)4]SO4

-ammuHO-[CU(NH3)4]SO4

-anu0- Ko[Cu(Cl)g4]

-ruipokco-Ko[Cu(OH)4]

[Io cTtpykType BHYTpeHHEHW cdepbl pa3ianyaioT BHYTPUKOMILJIEKCHBIE (LIUKINYECKUE) COEIUHEHUS.
Hanpumep, B )KHBOM OpraHu3Me BCTPEUaIOTCs KJICIIHEBUJIHBIE (XETIaTHbIE) NATUWICHHbIE HUKIIbI. OHU
00pa3yloTCsl KAaTUOHOM METajula U a-aMUHOKHCIOoTaMU. K HUM OTHOCATCS T€MOIJIOOMH, XJIOpOQHILI,

BUTaMUH Bqy.

[Tpu cocraBieHNH Ha3BaHUS KOMIUIEKCHBIX COSTMHEHUI PYKOBOJICTBYIOTCS CICAYIOIIMMHU TPaBHIaAMU:

- CHayaja Ha3bIBAIOT BHYTPEHHIO chepy;

- COCTaBHbIC YacCTH €€ HA3bIBAIOT B CIEAYIOIICH MOCIIEI0BATEILHOCTH: JIUTAH/IbI AHUOHBI, JIMTAH/IbI —
MOJIEKYJIbI, KOMILUIEKCOOOpa3oBarelb. 3anuceBaloT GopMyity B 00paTHOI MOCIeI0BATEIBHOCTH.

- K Ha3BaHMSM JIUTAHJIOB — HOHOB J00aBIsiI0oT okoH4yaHue «o» (Cl'xmopo-, CN'unano-). HeifrpanbHbie
MOJIEKYJIbI COXPAHSIOT CBOM Ha3BaHMs, 3a uckimodennem H,O — akBo, NH3 — amuH.

- YHCJIO JIMTAH/I0B YKa3bIBAIOT TPEYCCKUMHU YHCIUTEILHBIMHE: 11, TPH-, TETPa-, IEHTA-, TeKca- U T.].

- B TIOCJIC/THIOIO OYepe/Ib HAa3bIBAIOT MOHBI BHEIITHEH Cephl.

[Mpumep: karnonnsie —[CU(NH3)s ]SO4— Terpaammunokymnpar (II) cynsgar;

anroHHbie — Naz[Co(NO,)g] —rekcanutpokobosbtat (I11) Hatpus;

ueirpansabie [Pt(NH;3)]Cl, - quxmopoanaMmMmuHOIIaTHHA.



Oo0opyooearue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIC ISl TaHHOW Pa0OTHI, BHICTABISIOT HA TOJIKH J1a00OpaTOPHBIX CTOJIOB. Penkue
PCaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI U MIENOYM, MMaXydyue BEUIeCTBa (HAIpPHMEpP, CEPOBOIOPO/I,
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IKady.

OcHOBHasi XUMHUYECKasl MOCy1a: MPOOUPKH (B IITATHBE), KOJObI, XHMHUECKUE CTAKaHBI IOCIE PaOOTHI
TIIATEIBHO BBIMBITh, BEChl C PAa3HOBECOM, MPHOOPHI, HCIOJIb3yeMasi Ul TPOBEICHHS OTICIbHBIX
nabopaTopHBIX paboT, BEIAACTCS U CIACTCS YHUCTas Ta00paHTy.

Texnuka dezonacnocmu npu_8blNOJIHEHUN J1A00PANOPDHOU_Padombl:

-aKKypaTHO 00pamiaThCsi CO CTEKISTHHOW XMMHMUYECKOM MOCyI0i. OCTaTKH pa3OUTOM MmocyAbl yOouparh C
MTOMOIIBIO COBKA U IETKHU;

-Bce paboTHl, CBSA3aHHBIC C BBIACICHHEM SIOBUTHIX, JIETYYMX M HEMPUATHONAXHYIIMX BEILIECTB,
MIPOBOJIUTH B BHITSDKHOM IIKa(y;

-IIpU OTIPEACIICHUM 3araxa BEHIECTB OTBEPCTHE COCyJla Jep:kKaTh Ha pacctosHuu 25-30 cM OT nuIa,
HaMpaBIiAg K ce0e CTPYIO raza MmocTynaTelbHBIMU JBHKEHUSMU JIAJJOHU OT OTBEPCTHUSA K JUILY;

-IpM HAJMBAHMM PEAKTUBOB HE HAKJIOHATHCS HAJ COCYJOM BO H30exaHHe MomafaHus OpbI3T WIH
YaCTHI] HA JINIIO WM OACKAY. IIPH pa30aBIeHNH KOHIIEHTPHUPOBAHHBIX KUCIIOT BIUBATh KHCIOTY B BOAY,
HO HE Ha000poT;

-IIpY HarpeBaHUM NMPOOUPKHU HE JepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCeIa. HE HAKIIOHAThCS
Ha/1 HarpeBaeMoi KHJIKOCTbIO BO M30eXkaHNe TONalaHus e€ Ha JIUIO, PyKH WIH OJIeXKIY;

-ropsiYre MPEeIMEThl MOXXHO CTaBHTh TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY WU
APYTYIO CHEIHATIBHYIO TIOJICTAaBKY,

-HeJb3s MOJIb30BATHCS HIEKTPONPUOOpPaMu 06€3 COOTBETCTBYIOIIEr0 HHCTPYKTaXa. MPU BKIIIOYEHNUHU UX B
CeThb HeJb3sl IepP’KaThCs 3a METAIIIMUECKUE MpeAMETHI (TpyOBbl, KpaHbl U T.I1.). 3allpeliaeTcs BKIOYaTh U
BBIKJIIOYATh AJIEKTPONIPHOOPHI MOKPHIMH pPYKaMH, a TaKKe II0Jb30BAaThCS HEHUCIPABHBIMH WA
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3anperaeTcs NPUHUMATh MUIY B XUMUYECKON J1abopaTopuu U MUTh BOAY U3 JIAOOPATOPHOU MOCYIBI. -
-KaTeropHYEeCKH 3arperaeTcs npodoBaTh peakTHBBI Ha BKYC;

-TIpU TIOTIAJJAHWK HA JIMIO WJIM PYKH OpBI3T KOHIICHTPUPOBAHHBIX KHCJIOT IIOCIIE CMBIBAHUS BOJOU
MIPOMBITH CIa0BIM PAaCTBOPOM COJIBL. IIENOYH CIIEAYEeT CMBIBAaTh JO0 TE€X MOpP, MOKA y4acTOK KOXH, Ha
KOTOPBIN OHa ToMaa, He NMepecTaHeT ObITh CKOJIb3KUM; 3aTEM MPOMBIThH CIa0BIM PACTBOPOM YKCYCHOM
KHUCJIOTHl U HAJIOXKUTh TOBSA3KY W3 BaTbl, CMOUEHHON 3%-HbIM pacTBOpPOM IepMaHraHata Kaimus (U3
anTeyky B 1abopaHTCKOU Kadeapsl);

-110 OKOHYaHUH pabOThl BBIKIIOYUTH U3 CETH BCE AJIEKTPONPUOOPHI, MEPEKPHITH NMOAaUy ra3a U BOJbI B
nabopaTopuio U yopaTh pabouee MecTo;

-000 BCeX HECYACTHBIX CIydasX HEMEJIEHHO COOOIIaTh MPEenojaBaTesio Wil JabopaHTy.



Ilpaxmuueckas uacmso:

OnpiT Nel. [TomyyeHue akBaKOMIIJIEKCOB.

Harpeiite B ¢apdopoBoii wyameuke HEOOJBIIOE KOJUYECTBO KPUCTAIOTHIpATa Cyiabpara MeIu.
OrmerpTe 1BeT Oe3BomHOM comu. Ilocne oxmaxknmenus comu (haphopoByr dYaliKy MOXKHO Oparth
pykamu) nmpubaBbTe Boay. M3MeHeHHe I[BeTa CBSI3aHHO ¢ 0OpazoBaHueM akBakoMmiuiekca. [lomoOHbie
orepaly npojenaiiTe ¢ KpUCTAJUIOTHIpaTaMy Ccylb(aTa HUKeNs, XJaopuaa xpoma. Hanumure peakiuu
TepMonu3a 1 (popmyis akakommiekcos Cu’, NiZ¥, Cré'.

OnbiTr Ne2. B dapdopoBoii uamedke HEOOIBIIOE KOJIMYECTBO KPHUCTAIUIOB XJIOpHAa KoOanbTa
pPacTBOpPUTE B HECKOJIBKUX KaIIIX KOHLIEHTPUPOBAHHOW COJSTHOM KHUCIOTHI (OCTOPOXKHO C KHCIIOTOM,
OMBIT MPOBOAUTH MO Tsroi). OTMeTbTE OKpacKy pacTBopa, KOTopas BbI3BaHa 0Opa3oBaHUEM
TETPaxJI0pKoO0IbTOBOM KHUCIOTHI. [Ipu pazbaBieHue MOJy4eHHOTO pacTBOpa BOAON OKpacka MEHSETCs
Ha PO30BYI0, XapaKTEPHYIO JJIsl THAPATUPOBAHHOIO MOHA KoOasibTa. Hanumure ypaBHeHUs peakuil.
OnpiT Ne3. [TosydyeHne ruIpOKCOKOMILIEKCOB.

K pactBopy conu nunka npubaBbre pactBop ménoun. OOpa3yromuiics 0cagoK THAPOKCHIA B U30BITKE
IENOYM PacTBOPSETCA M MPEBPAIIACTCS B PACTBOPUMBINA THIPOKCOKOMIUIEKC. AHAJIOTMYHO TMOIYYUTE
T'UJIPOKCOKOMITJIEKCHI aJJFOMUHUS, 0JI0BA U XpOMa.

OnbiT Ne4. [TonyueHne aMMHOKOMITIIEKCOB.

A. K pactBopy cynbdhaTta Menu IOCTENIEHHO MpH MMEpPEeMEIIMBAaHUM WIM BCTPAXMBAHUU J00aBbTE
pacTBOp KOHILIEHTPUPOBAHHOrO amMuaka. OOpaTUTe BHUMaHHWE HAa TO, YTO OOpa3yrOIIMHCS CHUHHM
0CaJIOK THJPOKCHJA MeIU B U30BITKE aMMHaKa pacTBOPSIETCS BCIEACTBUE 00pa30BaHUs PACTBOPUMOTO
aMMHakKaTa MeIu. DTO COIMPOBOXKIAETCs pe3KkuM m3MeHeHueMm IBeta. Mon terpagmammunmenu (II)
MO’KHO pPa3pylIMTh J00aBICHHEM pacTBopa cyibpaTta HaTpus. OO0bscHUTE, MoyeMy? DTH K€ OIBITHI
IIPOBEJIUTE C PaCTBOPOM COJIN Ni%",

B. B pactBope ammuaka Xopouio pactBopsiercs xyopuj cepedpa. [lonyunre HeMHOro ocazika xJjopuja
cepeOpa w3 HHTpara cepebpa W PaCTBOPUTE €r0 B HECKOJBKHX KaIUSIX KpPEMmKoro amMMmuaka. M3
MOJyYEHHOTO pacTBOpa XJIOpUAa JAMaMMUHcCepeOpa MOKHO BHOBb BBIJCIUTH XJOpHUI cepedpa
nobasneHreM a30THON KucinoTsl. Ilogemy sto mpoucxomut? Conm cepebpa AeQUIUTHBI, MOITOMY
BBUIMBAWTE UX PAcCTBOPHI MOCJIE MPOBEACHHBIX OIBITOB B CHEIMAIbHbIE OAaHKHU ¢ ATUKeTKOW "Iy cnuBa
cepebpa ".

OnbiT NeS. [TonydyeHne aluI0KOMILIEKCOB.

A. Tlonmyunte HEMHOro ocajka Xjopuja cepedpa, cieiTe pacTBop, a K 0cajJKy J00aBbTe MO KarisiMm
KOHIICHTPUPOBAHHOM COJISTHOM KHUCIOTHI. OcamoK pacTBOPHUTCS B M30BITKE KUCIOTHI C 0Opa30BaHHEM

JIUXJIOPCEPEOPSTHHON KHUCTOTHI.



+ ) o
b. K pactBopy conmn ng n00aBbTE TIOHEMHOTY pacTBOpa Homuma Kaiaus. Beimamaer ocamok noawma
pTyTH, KOoTOphI B M30bITKE KI pacTBOpsiercss ¢ oOpa3oBaHreM OECIIBETHOIO TETpaioAOorHapaprupar
(11)- nowna.
2+
B. K 1-2 mn pactBopa conun Co” 1g00aBbT€ WHIENOTKY KPUCTAUIMUECKOTO POJIAHHUIA aMMOHHS.
OOpazyeTcsi KOMIUIEKCHBIN MOH KoOalibTa cuHero 1Beta. Eciau pacTtBop pa3z0aBuTh BOJIOH, TO OKpacka
M3MEHUTCS Ha PO30BYIO, XapaKTEPHYIO JIJIsl akBaKOMILIeKkcoB kobanbTa (I1).
I'. Ha pactBop comu xene3a (III) moxeiicTByiiTe B 01HOM POOUpPKE pacTBOPOM IIENOYH, a B IPYTroH -
pacTtBopoM pojaHuga amMMOHHUS. OOBACHUTE MPOUCXOASANIME SBJICHHUS. OTH PEAKIMH IO3BOJISIOT
3+
oOHapyxuBaTh B pacTBopax HoHBI Fe . Ha pactBop rekcanuanodeppara (III) kamus Takke
MOJCUCTBYITE pPAacTBOpPOM INEIOYM U poAaHuaa ammoHusa. llouemy BO BTOpOM ciiydae Mbl HE
v +.
Ha0JI0/1aeM peaKIIid, XapaKTePHBIX JIJIS HOHA Fe®?
OmbIT Ne6. J[BoiHBIE COJIH.
JIBoitHyt0 conb - amromokanueBbie KBacibl K;SO4 Aly(SO4); - 24H,O MoxHO paccMaTpuBaTth Kak
KOMIUICKCHOE COCIMHEHUE - JucylbdaroanmroMuHar kaims. B Tpu mpoOupku HajelTe pacTBOp 3ITOH
COJIH, B KQU€CTBEHHOM peaKkluu ONpeeuTe, KAaKue HOHBI €CTh B 3TOM PacTBOpE.
Hannuue B pacTBope HOHA Kaimusl MOXKHO YCTaHOBUTH J00aBICHHMEM TUApOoTapTpaTa HaTpus
NaHC4H;Os. Ilpu 3amemeHun HaTpus KajimeM oOpa3yeTrcs HEpaCTBOPUMOE COCAMHEHHE (OCaIOK
v v +
oOpasyercsi ObICTpee, €Clid CTEKJISIHHOM NaJo4YKoW moTepeTh cTeHku mnpodupku). Monm K™ mporre
otkpbITh pactBopoM Naz[CO(NOy)g]. st aToro k 1-2 MJ1 HCIIBITYEMOTO pacTBOpa A00aBUTh HECKOJIBKO
v +
Karenb KOOANbTUHUTpPUTA HATpus. BbImamaer KenTelii 0CaJiok KOOaNbTHUHUTpHUTA Kanus. VoH Al
o 2-
oOHapyxuBaroT qo0aBieHneM menoun, uoH SO, ocakaaroT B BUE cyibdara 6apus.

Tpeﬁoeanuﬂ K 0¢0pMﬂeHu10 Jlaﬁopamopnoﬁ paoomvlL u omuemy:.

1.BremonHeHnne nabopaTopHBIX pabOT COMPOBOXKAAIOT 3amHcsIMH B JabopaTopHoM >kypHane. Ha
TUTYIBHOM JIMCTE J1a0OpaTOPHOTO KypHala JOJDKHBI OBITH IMPEACTABICHBI: Ha3BaHHE YHUBEPCHUTETA,
(dbaMuIMs 1 MHUIUAIIBI YYallerocsi, HoMep Kypca 1 rpyImibl, y4eOHbIH ro.

2.0T4eT 0 BBITOJIHEHHOH JTA0OPaTOPHOH paboTe JOIHKECH CONEePIKATh CIIECIYIOIINE CBEICHUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBITIOJHEHUS paOOTHI;

*IIeJIb PaOOTHI;

*000pyZIOBaHNE M MaTEPHAIIBI;

*KpaTKOE TEOPETUIECKOE OMUCAHNE;

*HOMEp U HA3BaHHE OTIBITA;

*KpaTKOe OMHCaHUE X0a paboThl C YKa3aHUEM YCIIOBU MTPOBEICHUS OIBITA;

*PUCYHKH M CXEMBI HCIIOJIB3YEMbIX TIPUOOPOB;

*HAOIIOACHUS,



*ypaBHEHUS MPOTEKAIOUINX PEaKITHii;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IBI.

3.JIabopaTopHEIi )KypHaT HY)KHO BECTH YUCTO U aKKYPATHO, 3aITUCH JTOJDKHBI OBITh JIJAKOHUYHBIMHU.
4.0T14éT 0 IpoBeIEHHON pabOTE MPOBEPSIET M MOANUCHIBACT MPEIIOIaBaATENb.

5K cpaue 3auéra mo 1abOpaTOPHOMY TMPAKTUKYMY JOIYCKAIOTCS CTYACHTHI, BBIMOJHUBIINE U
MOJNKMCABIINE y TPENOoAaBaTeis BCE JIOMAIHUE W JIaDopaTOpHBIE PabOThI, CAABIINE KOJUJIOKBUYMBI,
AaKTUBHO Y4aCTBOBAaBIIUE B padOTE CEMUHAPOB.

6.CTyneHTbl, OMYYHBIIUE 3a4€T IO JTA0OPATOPHOMY MPAKTHKYMY, JIOIMYCKAIOTCS K C/Iade dK3aMeHa To
KypCy HEOPTaHUYECKOH XUMHH.

KoumponwvHbie sonpocet :

1 Kakoii BbIBOJI MOKHO CJI€aTh O POYHOCTH JAHHOI'O KOMILIEeKca?
2. Kax IMMPOTCKACT AMCCONHAUA TAKOT'O THUIIa KOMITJICKCHBIX COGIII/IHGHI/Iﬁ?

3. YcTOoMYMBOCTE KOMIIIEKCHBIX COGI[I/IHCHI/Iﬁ B paCTBOpax

4. KowmrmuiekcooOpa3yrolas crnocoOHOCTb S-, p- U d- 37IeMEHTOB
5. Xapaktep XUMHUYECKOU CBSI3U B KOMILJICKCHBIX COCMHECHUSX
6. CtpoeHue 3IEKTPOHHBIX 000JI0YEK aTOMOB

7. DnexTpoHHBIE (HOPMYIIBI

Cnucok 1umepamyput:

1.Metoauueckue yka3zaHHs 10 BBIOJHEHUIO J1a0OpaTOpHBIX paboT no nucuuminHe «Heopranuueckas
XUMUS» JJI CTYIAEHTOB HanpasiieHus noarotoBku 19.03.04 TexHonorus npoayKuuu M OpraHU3alus
OOIIECTBEHHOT'O TUTaHMUSI.

2.Metoauueckue yKazaHus il OOy4aroIIUXCs MO OpraHW3allMd W TPOBENEHUIO CAMOCTOSTEIHLHOU
paboTsl o aucuumniauHe «Heopranuyeckast XuMus» A7 CTy/I€HTOB HanpasieHus nojarotrosku 19.03.04
TexHon0THA MPOAYKIIUHU U OPTaHU3aIMs OOIIECTBEHHOTO MUTAHUS.

3.Heopranwndeckass xumusi [DekTpoHHBIH pecypc] : maboparopubiii npaktukym / C.A. CokosioBa [m
ap.]. — DIeKTpoH. TEeKCTOBbIe NaHHble. — Boponex: Boponexckuil ['ocynapcTBeHHbIN ArpapHblit
VYuusepcurer uM. Mmmneparopa Ilerpa IlepBoro, 2017. — 93 ¢. — 2227-8397. — Pexum goctyna:
http://www.iprbookshop.ru/72709.html

4. Heopranuueckast Xumusi [D1eKTpoHHBINA pecypc] : maboparopubiii npaktukym / O.B. [IpsikoHoBa [u
ap.]. — DIeKTpoH. TeKCTOBble NaHHble. — Boponex: Boponexckuil ['ocynapcTBeHHbIN ArpapHblit
VYuusepcurer um. Ummeparopa Ilerpa I[lepBoro, 2016. — 150 ¢. — 2227-8397. — Pexum poctyna:
http://www.iprbookshop.ru/72708.html
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Tema: CKOpoCcTh XUMHMYECKHX pPeaKkIuil 1 XuMu4ecKkoe paBHoBecue. Karanus


http://www.iprbookshop.ru/72709.html
http://www.iprbookshop.ru/72708.html

Henv padomwi: VI3ydyeHue 3aBUCHMOCTH CKOPOCTHM pEaKIMM OT KOHUEHTPAalUW pearaHToB,

TEMIIEPATypbl, CTEINEHU W3MEIbYCHUSA BCILECTBA, BIMSAHUSA KaTaJIU3aTOPOB HA CKOPOCTb pEaKIuW,
BIIMSIHMS PEareHTOB U TEMIIEPATYPbI HA XMMUYECKOE PABHOBECHE.

Dopmupyemvie _xomnemenyuu. YK-1; OIIK-2.

Teopemuueckas uacmo:

CKopocmplo peakyuu Ha3bIBA€TCS YHCIO aKTOB XMMHUYECKOTO B3aUMOIEUCTBHS, IPOUCXOIAIINX B
€IIMHMILY BPEMEHH B €IMHHIIE 00BEMA IIPU FOMOTIE€HHBIX IIPOIIECCAX WM Ha €IUHHUIE TIOBEPXHOCTH IIPH
reTEPOreHHBIX MPOIIECCax.

AN _ AN

VAT SAT
O cpeaHell CKOPOCTHM XUMHUYECKOH pEAKIMM CYIAT MO H3MEHEHHUIO MOJISIPHOM KOHILIEHTpalUu

pearupyrouux BEeIECTB 3a ONPeeIEHHbIN HHTEpBaAJl BpEMEHHU:

T+ (c;—¢1)
(T —1y)

rae v - cpeaHsisi CKOpoCTb XUMUYECKON peakiuu; C 1 — MOJISIpHAsi KOHLIEHTpAalMsl BEILIECTBA B MOMEHT T 1
, C 2 — MOJIsIpHast KOHLIEHTpaLys BEIIECTBA B MOMEHT 7 2 . ICTUHHON CKOPOCTBIO XMMHUYECKOM pEaKIuu B

JIaHHBIN MOMEHT Ha3bIBACTCS nepBasa NMporn3BOJHAA KOHIICHTPpAallUU 110 BpEMCHU:

de dc. dc...
P Sl ™ P s

S dr’ dr dr

B romorenHoi CUCTCMCE_CKOPOCTH XHUMHYECKOMN pCaKkiun 3aBUCUT OT NPUPOABLI pCArupyromux BCUICCTB,

X KOHIICEHTpAllM{, TEMIIEpaTypbl, HaJIU4Ms KaTaIn3aTopa, IPUCYTCTBUSA IPUMECEH WM IPUPOIBI
pactBopuTens. B rereporeHHOl cucTeMe B3aMMOJICHCTBHE OCYIIECTBIISIETCS Ha MOBEPXHOCTH paszeria
pearupymomux BelIecTB, MO3TOMY 3aBUCUT OT Audy3uu BelecTBa K MOBepXHOCTU (Iubdy3nOHHBIN
pexum), a ecnu qudGy3us He BIUSET Ha CKOPOCTh PEaKIUU (KHHETHYECKHM PEXHM), TO MPHU MPOUUX
PaBHBIX YCJIOBUAX YBCIIMYCHUC IMMOBECPXHOCTU pa3aciia IMOBBIIIACT CKOPOCTH reTeporeHHoﬁ XUMHUYECKOU
peaknuu. 3aBHCUMOCTh CKOPOCTH PEAKIMHM OT KOHIICHTPAIIMH OMPECIIIeTCS 3aKOHOM JICHCTBYIOIINX
Macc (3akoH ['ympnOepra-Baare): ecnum xumudeckas peakimusi HAET B COOTBETCTBHH  CO
CTEXHOMETPUYECKUM YpPaBHEHHEM, TO CKOPOCTh PEAKIUH MPSIMO MPOMOPIMOHAIFHA MPOU3BEICHUIO
KOHIIEHTPAIlUH pearupyroInux BEIIECTB B CTEMEHSX, PABHBIX CTEXHMOMETPUYECKUM Kod(HIMeHTaM B
YpPaBHEHUU pEAKIIUU.

Jy1st peakiuu 3armMcanHon B o01memM Buae, T.e.:. NA + mB — R + pD, ckopocTh peakunu B
COOTBETCTBHUH C 3aKOHOM JICWCTBYIOIIMX MACC BBIPA3UTCS CIECTYIOIUM 00pa3oMm:

dc

v, [4F[8]"

dr



3neck [A] u [B] — MOnsipHBIE KOHIIEHTpAIlMU PEAarupyIOLIMX BEIIECTB B JAHHBIII MOMEHT BPEMEHU;

N ¥ m - CTeXHOMETpUUYeCKre K03 UIIMESHTHI P pearnpyronmx BeniecTax. Hanpumep, 11 peakiuu:
INO+O, < 1INO,

npsiMasi 1 00paTHasi CKOPOCTH:

- -
T:‘?,.‘.? = k@ci'ﬂ'cﬂ: -;1.55,:? = ksfpc}ﬂz :
Ha MMPAKTUKC NPUXOAUTCA HUMEThb ACJIO0 CO CIOXHBIMU IponecCaMu, COCTOAIIMMU HEC U3 OHHOﬁ, a u3
MHOKECTBA ITPOCTBIX CTa,Z[HI;'I, Ha3bIBACMBIX DJICMCHTAPHBIMU aKTaMH, IJId Ka)KI[OI‘/'I N3 KOTOPbLIX MOXXHO
3amnucarb CBOE BBIPAXCHUE TJIsI CKOPOCTH Ha OCHOBAHHWH 3aKOHA ﬂeﬁCTBYIOMHX Macc. B Takom ciiydae

YHCJIO MOJICKYJ, YHaCTBYIOIIUX B 3JICMCHTAPHOM aKTC, ONPCACTIACT MOJICKYJIAPHOCTD B3aHMOJCHCTBUSL.

Jlnist mpuBEAEHHOTO BBIIIE IPUMEpPa MpsiMast peakus TPUMOJIEKYIIsIpHa, a oOpaTHas OMMOJIEKyJIsIpHa.

B GonpIIMHCTBE ciyyaeB MOKa3aTeNH CTENEHH MPU KOHIICHTPAIUAX B YPaBHEHHUU 3aKOHA JEHCTBYIOIIMX
Macc OTJIMYAIOTCS OT YMCia MOJIEKYJ B YPaBHEHUU PEaklUHUU. ITO NPOUCXOJIUT OTTOrO, YTO YPAaBHEHHE
peaxkiuu oTpaxkaeT JUIllb O0IIUid UTor npouecca. [lokazaTenu m u n B MaTemMaruueckom ypaBHeHuu (1)
Ha3bIBAIOT B TAKOM CIIy4yae MOPSAJIKOM peaKklUy [0 KaKJOMY U3 pearupyrolux Beuects A win B, a ux
cymMmmy (m+n) — OOMIMM TMOPAIKOM peakiuu. B KaXJ10M KOHKPETHOM IIPOIECCe B 3aBUCHUMOCTH OT

YCIOBUN MOXET ObITh pa3IMYHbII MOPAIOK PEAKIIHH.

Koaddunment k HazpiBaeTcs KOHCTAHTONW CKOPOCTH PEAKIIMH U 3aBHCHUT OT MPHUPOJBI PEarupyromux
BEIIECTB, TEMIEPATYPHI U KaTannu3atopa. YNCIEHHO KOHCTaHTa CKOPOCTH XMMHUYECKON peaklnyu paBHa
CKOPOCTH PEaKIMU MPH KOHIIEHTPAIMSAX Pearupyrolux BEIIeCcTB, paBHbIX 1 Moab/1. OgHAKO peakiuu
UIyT, KaK MPaBWIO, MO OTAEIBHBIM CTaJHUsIM M OOIIYI0 CKOPOCTh MpoIlecca OMpeaenseT Haubolee
MeJIEHHO pa3BHBaroIiasics craaus. [loaToMy mokasarenu creneHei Npyu KOHIEHTPALUAX pearupyromux
BEIIECTB HE COBMAJAIOT C MX CTEXUOMETPHUUECKUMHU KO3(PPHUIIEeHTaMH, a KOHIIEHTPAIIUA HEKOTOPBIX U3
parupyromux BEIICCTB BOO6HI€ MOTYT HC BXOAHUTH B BBIPAKCHUEC CKOPOCTU XUMHUYICCKUX peaKuHﬁ.
3aBUCUMOCTh KOHCTaHTBhl CKOPOCTH PEaKLUU OT TeMIlepaTypbl MOXET ObITh BbIpaK€Ha ypaBHEHUEM
AppeHnnyca:
E;’."{”’.

k=k, e &

rne Ea — oHeprus aktuBauumu; K — koHcTanTa ckopoctH; T — temneparypa, K; Ko — koncranra; R —

ra3oBasi [IOCTOSIHHASL.

DOHepruell akTUBAallUM HAa3bIBAETCA TO KOJMWYECTBO DSHEPrHMHM, KOTOpPOE HAA0 COOOIIUTH MOJIO
pearupyromux BeUIecTB ISl MPHUBEACHUS €ro B PEaKIHMOHHOCIIOCOOHOE COCTOSIHHE. JHeprus
aKTUBAIlMU B PEAKIIMH HE MCUE3aeT U YBEITUYHUBACT TEIUIOBOM 3(PPEeKT peakiuu.

[Ipy HU3KHX TemmepaTypax MOXHO CUHTaTh, YTO CKOPOCTh PEAKIIMM BO3pPACTAET MpPH HArpeBaHUU Ha

10°C B 2...4 pa3a (npaBuio Baat-T'odda):



=

T

311ech ¥’ - TemrieparypHbiii ko3 dunuent Bant-T'odda.

Kamanuzamopom wHa3pBaeTCs BELIECTBO, H3MEHSIONIEE CKOPOCTh XHMHUYECKOW pEaKkIud, HO B
pesynbTare e€ caMo OcTaroleecs XMMHYECKH HEM3MEHHBIM. KaramuTudeckne mporecchl CBOAATCS K
IBYM THUIIaM: TOMOTEHHOMY U reTeporeHHoMmy. [Ipu roMoreHHOM KaTtajiu3e pearnpyroliye BelecTBa U
KaTaJ3aTop COCTABIAIOT OAHO(A3HYy0 cucTeMy. lIpm TeTeporeHHOM KaTaiu3e pearupyronme
BEIIECTBA U KAaTAJIM3aTOP COCTABIISIOT CUCTEMY U3 IBYX (a3, U KaTAIUTHYECKHIA MPOLECC MPOTEKaeT Ha
rpanunax paszgena. CKOpOCTh B3aUMOJACHCTBHS B 3TOM CJIydae HpPONOPIHOHAIbHA ITOBEPXHOCTH
pasnena ¢as.

Bce xumuueckne peakuu MOKHO Pa3/IeNHuTh Ha HEOOpaTHUMbIE, HAPABICHNUE KOTOPHIX HE 3aBUCHT OT
BHEIIHUX YCIIOBUH, W OOpaTHMbIe, HAIPAaBICHHE KOTOPHIX MOXKET H3MEHSTHCS B 3aBUCHMOCTH OT
TeMIepaTypbl, KOHIEHTPALMU M JAaBICHHs. bBONBIIMHCTBO peakuuit oOpatumMo. OHHM IMPOTEKArOT
OJTHOBPEMEHHO B JIBYX HAIlPaBJICHUSX, TaK KaK BO BCAKOHW PEaKkLUH IO Mepe 0O0pa30BaHHS MPOIYKTOB
peaKIy BO3HUKAECT BO3MOXXHOCTh B3aMMOACHUCTBHUS MEXITY HUIMU C 00pa30BaHNEM HCXO/HBIX BEIIECTB.

PaccmoTpum obpaTimyto peakiuio B ooiem Bujge: aA + bB «—c C + dD.

[IprMeHMB 3aK0H JIEHCTBYIOIIKX Macc K MPSAMOM U 00paTHON peakIUsIM, OTyUnM:

V1 = k;[ﬁ]a[ﬁ]ﬁ:

v, =k [CFDT.

rae V11V — CKOPOCTH IPSIMON U 0OOpaTHOM peakuui.

ITo mepe npoTekaHus peakuuy KOHLUEHTpALUs UCXOIHBIX BEIIECTB YMEHBIAETCSA, U CKOPOCTh MPSIMOU
peaKiuy yMEHBIIIAEeTCs, a CKOPOCTh OOPATHOM YBEIMUMBAETCS BCIIEICTBUE YBEIMUEHUSI KOHIEHTpPAI[UU
MIOJIYYEHHBIX BEIIECTB.

Uepe3 HEKOTOpOE BpeMs HACTyHaeT COCTOSHUE, KOT/Ia CKOPOCTh OOpaTHOro Ipolecca CTAaHOBUTCS
PaBHOI CKOPOCTH MPSAMOTo: Vi =V ;.

Cocmosnue, npu Komopom CKOpOCMb NPAMOU peakyuu paeHa CKOpOCMU OOpAmMHOU, HA3bIBACMCS
XUMUYecKkumM paeHogecuem, A KOHLEHTpPAlMM BCEX 4YETBIPEX BELIECTB — PaBHOBECHBIMU

KOHIIeHTpanusaMu. Torna u3 cooTHOIeHu# (2) numeeM:
k[4]°[B]" = k,[C)[D]°.

Ortcrona cienyer

K [CI'[D]* _
— =K = - - = T
k, ¢ [4]°[B) J (@) .

K1 u Ko 11st TaHHO# peaKivu pK OJHON M TOH e TeMIIepaType SBJISIOTCS BETHYNHAMHU TOCTOSHHBIMH,

a 3HauyuT, HMX OTHOIICHHUC IIOCTOAHHO: KC — BEJIMYMHA TIOCTOSHHAS W HAa3bIBACTCSA KOHCTAHTOM



paBHoBecus. Jlig peaknuii MexIy Tra3o00pa3HbIMH BEIIECTBAMH BMECTO KOHIEHTPALUH MOXHO
MCIOJIb30BaTh NapliUajibHbIC AaBJIEHUS Ta30B B cMecu. [Ipu 3TOM KOHCTaHTY paBHOBeCHS 0003HAYAIOT
yepe3Ky . Eciii KOHLEHTpaly BbIpaKEeHbl B MOJIBHBIX J0JISX, TO KOHCTAHTa paBHOBECHs 0003HaYaeTcs

gepes Ky . Mexny K ,Kp 1 Ky cymecTByroT cietyroniye 3aBUCHMOCTH

K =K (RT)™,

o=
Kp = K-P‘EPJEI.L,::'

rne Y, — anreOpanueckas CyMMa CTEXHOMETpHYecKHX KoadduimmentoB. KoHcranTa paBHOBecus
3aBUCUT OT TEMIIEPATyphl U IPUPOABI pearnpyrolIuX BEIECTB, HO HE 3aBUCUT OT KaTaJau3aTopa, TaK Kak
HOCJIeTHUI YCKOPSIET U MPSAMYIO, U OOpaTHYIO peaKkiuu.

VYpaBHenue (3) BbITEKAaeT M3 3aKOHA AEMCTBYIOIIMX Macc g oOpaTuMbIX peakiuil. Ero MoxxHo
copmymupoBath Tak: OTHOLICHHE TPOU3BEIACHUS PABHOBECHBIX KOHILEHTPAIMA B CTENEHH HX
CTEXHMOMETPUYECKUX KOI(PPUIIMEHTOB €CTh BEJIMUNHA, IOCTOSHHAS NIPU JaHHOH TeMIepaType.
CMmelieHue paBHOBECHS B 3aBHCHUMOCTH OT HW3MEHEHMs KOHIIEHTPALUH pearupyroliux BeLIeCTB,
TEMIIEpATyphl, JaBieHus (B cilydae ra3oBbIX peakiuil) B oOIIeM ciydyae onpezeinsercss npasuiom Jle-
[llarenbe: eciu 6 cucmeme, Haxoousuielcs 6 pagHogecul, U3MeHUmMs 00HO u3 ycaosuil (t, p, ¢ ), mo
npoucxooum cmeweHue pasHogecus 6 HAnpaeieHuu mou peaxkyuy, KOmopas npenamcmeyem
npoU38e0EHHOMY USMEHEHU .

[Tpumenss npunuun Jle-Ilarense k pa3HbIM ciydasiM, MOXKHO CJIeNaTh CIEAYIOIINE BbIBOBIL:

1) mpu yBenWUYEHWH pPAaBHOBECHOW KOHIIEHTPAIIMM OJHOTO W3 BEIIECTB CHUCTEMa XHMHUYECKOTO
PaBHOBECHSI CMEIIAETCS] B CTOPOHY TOM PEaKIIMU, KOTOpas IIOHIKAST KOHIIEHTPAIIMIO ATOTO BEUIECTBA;
2) mpu yBEIMYEHUU MAABJICHHMS PaBHOBECHE CMELIAETCS B CTOPOHY 00pa3oBaHMsS MEHBILEro 4ucia
MOJIEKYJI ra3a;

3) HarpeBaHHEe CMEIIAET PAaBHOBECHE B CTOPOHY YHAOTEPMHUUECKON PEaKIUH, OXJIaXKIEHHE — B CTOPOHY
9K30TEPMHUUYECKON PEAKIIUH.

Oobopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIE JJIsl TaHHOW pabOTHI, BHICTABIISIIOT HA MOJIKM J1a0OPaTOPHBIX CTONIOB. Penkue
PEaKTHBBI, KOHIIEHTPUPOBAHHBIE KUCIOTHI M INENOYM, NaxXydhe BemecTBa (HampuMep, CepOBOIOPOI,
OpoMHasi BoJia U JIp.) XpaHAT B BBITSHKHOM HIKaQy.

OcHOBHasi XUMHYECKasi MOCy1a: MPOOUPKH (B IITATHUBE), KOJObI, XUMHUYECKHE CTAKaHBI MOCIe paboOThI
TIIATEIbHO BBIMBITH, BEChl C PAa3HOBECOM, INPHOOPHI, HCIOJIb3yeMas s NPOBENCHHUS OTIEIbHBIX
a00paTOPHBIX padOT, BEIAETCS W CIAETCS YMCTas JaOOpaHTYy.

Texnuxa 6ezonacrnocmu npu ebINOJIHEHUU J1A00OPAMOPHON DAOOMbL:

-aKKypaTHO 00palaThCsl CO CTEKISTHHON XMMHUYECKOW MOCYIOW. OCTaTKH pa30oMTOM mocynbl youparsb ¢

MOMOIIIbIO COBKA U MIETKH;



-Bce pPa0OTHI, CBSI3aHHBIC C BBIJCICHUEM SAOBHTHIX, JICTYYMX W HEMPHUATHOMAXHYIINX BEIIECTB,
IPOBOJANTH B BEITSHDKHOM IIKaQy;

-IIpU OIIPEACIICHUM 3araxa BELIECTB OTBEPCTHE cocyla JepKaTh Ha paccrosHuu 25-30 cM OT nuIa,
HaNpaBJisist K cebe CTPYIO ra3a MocTynaTeIbHBIMH JBH)KEHUSMH JIAJIOHU OT OTBEPCTUS K JIUILY;

-IpY HAJMBAHUM PEAKTUBOB HE HAKJIOHATHCS HAJX COCYAOM BO M30€XKaHHE MONalaHHus OpBI3r WIH
YaCTHIl Ha JIMLIO WJIM OZEXKIY. IPH pa30aBIeHNH KOHIIEHTPHPOBAHHBIX KUCIIOT BIMBATh KUCIIOTY B BOLY,
HO HE Ha000poT;

-TIpY HarpeBaHUM MPOOUPKHU HE JepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCEIa. HE HAKIIOHATHCS
HaJl HarpeBaeMoH JKUIKOCTBIO BO N30€KaHUE MTONaIaHus €€ Ha JIMIO, PYKH WIN OJCKY;

-rOpsiYMe IMPEeIMEThl MOXXHO CTaBUTh TOJBKO Ha acOECTOBBIM KapTOH, acOECTUPOBAHHYIO CETKY WIIU
APYTYIO CHEIHATIBHYIO TIOJICTAaBKY;

-HEJb35 TIOJIB30BATHCS DIEKTPONPUOOPaMu 0€3 COOTBETCTBYIOIIET0 MHCTPYKTAXa. IPU BKIIOYCHUHU UX B
CEThb HEJb3sl IePKAThCS 38 METALTHYECKUE TPEAMETHI (TpyOBI, KpaHbl  T.I1.). 3allpeUIaeTcsl BKIOYATh U
BBIKIIIOYATh JIEKTPONPHOOPHl MOKPHIMH pYyKaMH, a TaKXKe II0JIb30BaThCsl HEUCIPABHBIMU HIJIH
MMEIOLIMMH OTOJIEHHBIE TIPOBO/IA TPHOOpaMu;

-3anpemaeTcs MPUHUMATh THIY B XUMHYECKON J1a00paTOpUX U MUTh BOAY U3 J1a0OPATOPHOM MOCY/HI. -
-KaTerOPHUYECKH 3arperaeTcs NpoooBaTh pEakKTHBHI Ha BKYC;

-IpY TMOMAJaHUM Ha JIMLO WIM PYKH OpBI3r KOHIIEHTPUPOBAHHBIX KHUCJIOT IOCJIE CMBIBaHUS BOJOU
IPOMBITh CIa0BIM PAacCTBOPOM COJIBL. IIENOYb CIEAYyeT CMBIBAaTh JO0 TE€X MOp, MOKA Y4acTOK KOXKH, Ha
KOTOPBIN OHa TIOMala, He MepPecTaHeT ObITh CKOJIB3KUM; 3aTeM MPOMBITH CIIA0BIM PACTBOPOM YKCYCHOW
KHCJIOTHl W HAJIOKUTh TIOBSA3KY W3 BaTbl, CMOUEHHON 3%-HBIM pacTBOPOM IepMaHTaHaTa Kaimus (W3
anTeyky B JaOOpaHTCKOM Kadenpsl);

-110 OKOHYaHUM PAa0OThI BBIKJIIIOUUTH U3 CETH BCE 3JIEKTPONPHOOPHI, MEPEKPHITh M0J1auy ra3a U BOJbI B
nmabopaTopuio U yoparh pabodee MecTo;

-000 BceX HECUACTHBIX CIy4asX HEMEJIEHHO coo0IIaTh MPEnoJaBaTellio Uil JIJaOOpaHTy.

Ilpakmuueckasa uacmo:

OmnbiT Nel. 3aBUCUMOCTb CKOPOCTH PEAKIIMU OT KOHIIEHTPALIUH.
[Ipu peakuuu MeX1y THOCYIb(GATOM HATPUS U CEPHOM KUCIOTOM
Na,S,03 + H,SO,4 = H,S,05 + Na,SO4
H,S,03; =SS0, + S + H,O
HepacTBOpHUMasl cepa BbIIEISIETCS B BUAE MyTH. BpeMs oT Hauana peakuuu 10 MOSIBICHHS MEPBBIX
CJIEJIOB MYTH 3aBHCHUT OT KOHIICHTPAIIUU PEarupyroIux BEIIeCTB.
Tpu GropeTKH MOPO3HB 3aMOJHUTE BOJOM, PACTBOPOM THOCYIb(aTa HATPUS U CEPHOM KHUCIOTOMH.
B Tpu TmaTensHO BBIMBITBIE MPOOUPKU W3 OIOPETOK HATUTh YKa3aHHBIE B TaOJMIle KOJIMYECTBA

pacTBopa THOCYJIb(arTa ¥ BoAbl. B Tpu apyrue - mo 2 Mi cepHOi KUCIOTHL. BIUTH B epByI0 MpoOUpPKY €



pacTBOpPOM THOCYJIb(aTa OTMEPEHHOE KOJIMYECTBO CEPHOM KHCIIOTHI M3 BTOPOM MPOOUPKU U, OBICTPO
B300JITaB, OTMETHUThH 10 CEKYHIIOMEPY BpEMs OT CJIIMBaHUS PACTBOPOB O MOMEHTA MOSIBICHHS MYTH.

AHaJIOTUYHBIE OMBITHI MPOJICTATh C PACTBOPAMH B IPYTHX MPOOHPKAX.

Howmep O0BeM, MIT OTtHocuTenbHast Bpems OTtHocuTenbHas
POOUPKHU Na,S,03(a) H,O(b) KOHIICHTpAITs, t,c CKOPOCTb,
al(a+b) v=1/t
1 6 0 1
2 4 2 2/3
3 2 4 1/3

CraenaTb BBIBOJ O 3aBUCUMOCTH CKOPOCTH PEAaKLUU OT KOHLUEHTPALMHU U U300pa3uTh 3Ty 3aBUCUMOCTh
rpaduecKy, OTKJIA/AbIBas MO OCH a0CLMUCC OTHOCUTENIbHYIO KOHLEHTpAlMI0, a [0 OCH OpJAMHAT -
OTHOCHUTEIIbHYIO CKOPOCTh PEaKIINH.

OmbiT No2. 3aBHCUMOCTh CKOPOCTH PEAKIIUU OT TEMIIEPATYPHI.

BnusiHue Temmeparypbl Ha CKOPOCTb PEAKIMHM MOYKHO TakKXe MPOCIEIUTh 10 BPEMEHHM IOMYTHEHHUs
MIOJIKUCIIEHHOTO pacTBOpa THocyb(aTa Hatpus. Hanute B onHy npobupky 4 miu pactBopa NaS;03, a B
apyryio - 4 wmin pactBopa HSO,. O6Ge mpoOMpKH TOCTaBUTh B CTakaH C BOJOW KOMHATHOW
Temneparypsl. Uepe3 5 MUHYT H3MEPUTH TEMIIEPaTypy BObI U BBUIUTH COJIEPKIMOE OAHOMN MPOOUPKH B
apyryt. OTMETUTh, Yepe3 Kakoe BpeMsl MOSIBUIIACh MYTh.

B nBe npyrue npoOupku HaIUTh MO 4 MJI 3THX e pacTBOpoB. IlocTaBUTh B cTakaH ¢ BO/OH, HarpeTou
Ha 10°C Bbie koMHaTHON. CIIUTH COAEPI)KUMOE MTPOOUPOK U MTPOU3BECTH Te k€ u3MepeHus. [loBToputhb
OTIBIT, TOBBICUB TeMIlieparypy emeé Ha 10°C.

Pe3y.]'H>TaTBI OIIBITOB ITPEACTAaBUTH B BUIIC Ta6J'H/II_U:>I.

Howmep onbiTa Temneparypa Bpewms peakun OtHOcHTENbHAS CKOPOCTh,
ombIta, °C t,c v=1/t
1
2
3

Pe3ynbpTaThl omeiTa BBIpa3uTh IpaduyeckH, OTKIAAbIBAs MO OCH abCLUCC TeMIepaTypy, a IO OCu
OpAMHAT - OTHOCHUTENBHYIO CKOpOCTh. Jljisi TemmepaTypbl W CKOPOCTH MacwuTalbl ynoOHee Opatb
pasHble. Bo CKOIBKO pa3 yBeaWUHIach CKOPOCTh PEAKIUH MPU YBEINYECHUH TEMIIEpaTyphl Ha KaXK/Ible
10°C?

OnbiT Ne3. BnusHue cTeneHn n3Menb4eHus BENIECTBA HA CKOPOCTh PEAKIUH.




B cyxoit papdopoBoii cTynke CTEKISTHHOW MaTOYKOH OCTOPOXKHO CMEIIaTh HECKOJbKO KPUCTALTUKOB
HUTpaTa CBUHIIA U MOJUAA Kajius. 3aTeM cMech pactepeTh nectukoM. Uro Habmomaere? OOBACHUTH
MPUYUHY U3MEHEHUSI MHTEHCUBHOCTH OKPACKHU.

OmnbiT No4. Biausinue Kataau3aTopoB HA CKOPOCTh XUMUYECKON PEaKIIUHU.

B nBe npobupku Hamuth 1-2 M1 epokcua BOAOpoAa U NIpuOaBiIsaTh OJHOBPEMEHHO B OJHY - LIEHOTKY
JMOKCH/Ia MapraHiia, B IPYTyIo - TAKOE ke KOJINYECTBO OKCHU/IA XKelle3a.

Habnronate pasnoskeHue MepoKCuaa BOA0po/ia ¢ BeIJCIECHHEM KUCIopoaa (poda TIICIoIel TyYMHKOM ).
OarHAKOBO JIU MIPOTEKAET Ipoliecc B mpobupkax? B kakoit u3 mpoObUpok mporecc mpoTekaeT ovicTpee?
Kakxoe n3 nmoGaBneHHBIX TBEPABIX BEIIECTB SBJsETCS KarainuzaTopoMm? Hamucarh ypaBHEHUE peakiuu
pa3oKeHus MePOKCUIa BOIOPOIa.

OmnpiT NoS. Xumuyeckoe paBHOBECHE.

B mpobupky nHamute 10 mu Boabl m mpubaBuTh 1Mo 1-2 Kammm HacwleHHBIX pacTBopoB FeCls m
NH4SCN. OkpaiieHHbIN B KpacHbBIN I[BET pacTBOP Pa3JIUTh HOPOBHY B 4 IPOOUPKHU.

Hanucatp ypaBHeHHe 00paTUMOI peakiui U BbIPAKEHUE KOHCTAHThHI PaBHOBECHSI.

3areM B mepByK MpoOHpKYy no0aBuTh 2-3 kamiu HaceimeHHoro pactBopa FeCls. Uro nabmromaere?
OO0bscHuTh. Bo BTOpYIO mMpoOupky HaUTh 2-3 Karm HacklmeHHoro pactBopa NH4SCN. OO0bscHUTH
HaOmomaemoe wm3MeHenune. [louemy w3MmeHenue kormeHtpamuu NH;SCN  Be3biBaeT — Oolee
3¢ deKTUBHOE CMEIIEHNE paBHOBECHS, UeM U3MeHeHue konnenTpauu FeCls?

B Tperpto mpobupky no6aButh HemHoro TBEpmoro NH4Cl, cunbHO B30OnTaTh. CpaBHUTH IBET
pacTBOpoB B npooupkax 3 u 4. [late oObsAcHEHHE.

Kak Hajgo M3MEHUTHh KOHIIEHTPALMIO BEIIECTBA, YTOOBI CMECTUTh PAaBHOBECHE PEAKIIMM BIPABO WIIU
BJIEBO?

OmnbIT Ne6. BiausiHue TeMiiepaTypbl HAa XUMHUECKOE PaBHOBECHE.

Hanuts B nBe mpoOupku mo 2-3 Mi pacTBopa Kpaxmaina U J00aBUTh B K&Kyl U3 HUX IO 2 Karlu
oxHoi Boabl. Habmronate mosiBieHue cuHew okpacku. Harpers ogny u3 npobupok. Uro nabmomaere?
Onpenenuth HA OCHOBAHMM HAOMIONEHUH, SBISETCS JIM 3Ta PEaKIUs DHAO- UIU SK30TEPMHUUECKOU.
OOBACHUTH U3MEHEHHUE OKPACKH MPH HArPEBAHUU CMEIICHUEM XUMHUYECKOTO PaBHOBECHSI.

Tpebosanusa Kk ohopmaenuio 1adopamopHou padomsvl U OMYEMYy '

1.BemonHenne nabopaTopHbIX pabOT COMPOBOXKAAIOT 3amuciIMU B JaboparopHoM kypHaie. Ha
TUTYJIBHOM JIMCTE JTAaOOPAaTOPHOIO JKypHala JOJDKHBI OBITh MPEACTABIICHBI: Ha3BaHUE YHHBEPCHUTETA,
(bamMuIusa 1 MHUIHMAJIB! YYalerocs, HOMep Kypca U IpyIIbl, y4eOHBIN TOI.

2.0T4eT 0 BBITOJIHEHHOM Ta0OPaTOpPHOH paboTe JOKEH COJIEPIKATh CIICTYIOIINE CBEICHMS:

*HOMEp paboThI U €€ Ha3BaHHUC,

*JIaTy BBIIIOJHEHUS PalbOThHI,

*IIeTTb Pa0OTHI;



*000pyI0BaHUE M MaTEPHAIIBI;

*KpaTKO€ TEOPETUYECKOE OIIUCAHUE;

*HOMED U Ha3BaHUE OIIbITA;

*KpaTKO€ ONMMCAHUE XOJa pabOThl C yKa3aHUEM YCJIOBHM ITPOBEICHUS OIIbITA;

*PUCYHKH M CXEMbI HCIIOJIb3yEMBIX IIPUOOPOB;

*HaOJIFOICHM,

*YypaBHEHUS IPOTEKAIOLINX PEAKIIMIA;

*pacuéThl, TAOIUIBI, TPAUKH;

*BBIBO/IBI.

3.JIaGopaTopHBlii kKypHaI HYy>KHO BECTH YMCTO U aKKypaTHO, 3alIMCH JAOJKHBI ObITh TAKOHUYHBIMU.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANKUCHIBAET MIPENOABATENb.

5.K cpmaue 3auéra mo sabopaTOpHOMY NPAKTUKYMY JOMYCKAIOTCSI CTYJCHTHI, BBINOJIHUBIIME U
MOJINHMCABIINE Yy MpPENoiaBaTelisi Bce JOMAaIIHWE U JabopaTOpHbIE pabOThI, CAABIINE KOJUIOKBUYMEI,
aKTHBHO y4acTBOBABILKE B pabOTe CEMHHAPOB.

6.CTyneHTbl, NOJy4YMBIINE 3a4ET 1O JIAOOPATOPHOMY IPAKTUKYMY, JOITYCKAIOTCS K Cadye IK3aMeHa 1o
KypCY HEOPTaHUYECKOW XHUMUHU.

KoumponwvHbie eonpocel :

1. Ckopoctb xumuueckoit peakuuu. [IoHsTHE S3HEPTUU aKTHUBAIUH.

2. ®axTopbl, BIUAIOLINE HA CKOPOCTh XMMUYECKON peaKkIiHy.

3. 3akons! boinsg-Mapuorra, ['eit-JTroccaka, Hlaps.

4. BrausHMe TeMIlepaTypbl, IaBJIeHUS U 00beMa, MPUPOJbl Pearupyrolux BELIECTB Ha CKOPOCTh
XUMHYECKON PEaKIIHH.

5. 3aBHCHMOCTb CKOPOCTH XMMHUECKOW PEaKIIMU OT KOHLIEHTPAIIUH BELIECTB U TEMIIEPATYPHI.

6. DHeprus aKTHBALUH, TEOPHS AKTUBHBIX (3()(EKTUBHBIX) CTOIKHOBEHHI.

7. Tlpubnuxennoe npasuiio Bant-I'ododa.

Cnucok atumepamypbut.

1.MeTtonnyeckue yka3aHHs 1O BBITOJHEHHIO JIAOOPATOPHBIX paboT mo aucuurmuinHe «Heopranmueckas
XUMUSD» I CTYIEHTOB HarpasiieHusa noAroToBkd 19.03.04 TexHonorus nmpoayKUIHUH W OpraHU3ALMs
0O0IIIECTBEHHOIO TUTAHUSL.

2.Meronuueckue ykazaHus ISl OOy4arolIUuXcs MO OpPraHU3allid W TMPOBEICHHUIO CaMOCTOSITEIBHOMN
paboTsl o aucuuruinae «Heoprannueckas XuMus» Uit CTyIGHTOB HampaBieHus noarorosku 19.03.04
TexHOMOTHS MPOAYKITUU ¥ OPraHU3aIHs OOIIECTBEHHOTO MTUTAHUS.

3.Heopraamdeckass xumusi [DnekTpoHHBIN pecypc] : mabopatopubiii mpaktukyMm / C.A. CokojoBa [u
ap.]. — DIEeKTpoH. TEeKCTOBbIE NaHHble. — BopoHnex: Boponexckuil I'ocynapcTBeHHbIN ArpapHblil

Yuusepcurer um. Ummneparopa Ilerpa Ilepsoro, 2017. — 93 ¢. — 2227-8397. — Pexum nocryna:



http://www.iprbookshop.ru/72709.html

4 Heopranuveckass XUMHs [DJIEKTpOHHBIN pecypc] : adoparopHsiid npaktukyM / O.B. JIpsikoHoBa [u
ap.]. — DJEeKTpoH. TEeKCTOBbIE NaHHble. — Boponex: Boponexckuil I'ocynapcTBeHHbI ArpapHblil
VYuusepcurer um. Ummneparopa Ilerpa Ilepsoro, 2016. — 150 ¢. — 2227-8397. — Pexxum poctyna:
http://www.iprbookshop.ru/72708.html

JlaGopaTopuasi padora Ne 6
Tema: PacrBopbl. [IpurorosiieHne pacTBopa 3aJaHHON KOHLEHTPaluu

Ienv pabomei: HpI/IFOTOBJ'IeHI/IC pacTBOpa COJISTHOM KHCJIOTHI Sa,Z[aHHOﬁ KOHLCHTpPAIMK M IIPOBEpPKa

HOPMAJIBHOCTHU ITPHUI'OTOBJICHHOI'O PACTBOPA TUTPOBAHHUCM.

Dopmupyemvie _xomnemenyuu. YK-1; OIIK-2.

Teopemuueckasn uacmo:

PactBop - 93TO TOMOreHHass MHOTOKOMIIOHCHTHAs CHCTeMa, B KOTOPOM OJHO BEIIECTBO
pacmpezieNieHO B cpesie IPYroro WK IPYTuX BEIIeCTB.

PactBOpBbI MOTYT OBITH B Ta3000pa3HOM (BO3/yX), )KUJIKOM U TBEPJOM (CILJIaBbl, LIBETHHIE CTEKJIA)
arperaTHbIX COCTOSTHUSX. Yale Bcero MpuxoauTcs padboTarh ¢ )KUIKHMH PAaCTBOPAMH.

CopepxaHre JaHHOTO BEIIECTBA B CJWHHIIE MAacChl WIM O0BEMa pacTBOpa HAa3bIBACTCS
KOHIIeHTpanuel pactBopa. Ha mpakTuke Hambolee 4YacTO MONB3YIOTCS CIEAYIOIIUMU CIOcOo0aMu
BBIPQXKEHUS] KOHIICHTPAIIHH:

1. MaccoBasi 10Jisl - OTHOIIICHWE MacChl JAHHOTO KOMIIOHEHTa B PacTBOpPE K OOIIEH Macce 3TOro
pactBopa. MaccoBast 10Jisl MOXKET OBITh BBIp@XKE€HA B JIOJISIX €IWHUIBI, mpolieHTax (%), mpomuuie
(ThICST9HAsT YacTh %) M B MIJUIHOHHBIX omsx (Ma?'). MaccoBas [Oasi DaHHOTO KOMITOHEHTA,
BBIp@)KEHHAs B MPOIICHTAX, MOKa3bIBAET, CKOJIbKO IPAMMOB JAaHHOTO KOMIOHEHTa cofepkutcs B 100 T
pacTBopa.

2. MaccoBasi KOHIIEHTPaLMs - OTHOIIICHUE MAacChl KOMITOHEHTA, COJICPIKAIIETOCs B PacTBOpE, K
00BeMy ATOTO pacTBopa. EQUHUIIBI U3MEPEHHsI MaCCOBOM KOHIIEHTPALIUN Kr/M>, /11,

3. Turp T - yucno rpaMMOB PacTBOPEHHOTO BemlecTBa B 1 M pacTBopa. EnuHuUIEl n3mMepeHus
TUTpA - T/MJ1, Kr/em’.

4. MoasipHasi KOHIEHTPAIUS ¢ - OTHOIICHWE KOJMYECTBA BEIIEeCTBA (B MOJISX), COJIEPIKANIETOCS
B pacTBOpe, K 00beMy pacTBopa. EMuHUIBI U3MEpeHHs - Monb/M>, (Monb /). PactBop, mmeromnmii
KOHIIeHTpanuto 1 Monb/i, o60o3HavaoT 1 M; 0,5 Monb/1, o6o3nayarot 0,5 M.

5. MoJsipHasi KOHIEHTPALHUs JIKBUBAJEHTOB C,; (HOpPMaJibHAsi KOHUEHTpPalusi) - 3TO
OTHOIIIEHNE KOJIMYECTBA BEIIECTBA IKBUBAICHTOB (MOJIb) K 00beMy pacTBopa (i1). Equauna usmepeHus

HOpPMAaJIbHOW KOHIIeHTpanuu Moiib/i1. Hanpumep, ¢, (KOH) = 1 monb/n, ¢ (1/2H,SO4) = 1 momnb/m,


http://www.iprbookshop.ru/72709.html
http://www.iprbookshop.ru/72708.html

¢5(1/3 AICl3) = 1 moaw/n. PactBop B 1 11 KOTOpOro coaepurcs | MOJb BEHIECTBA SKBHBAJICHTOB,
Ha3bIBAIOT HOPMAILHBIM B 0003HAYaIOT | H.

6. MosIbHOCTB D - 3TO OTHOIIICHHE KOJIMYECTBA PACTBOPSHHOTO BelecTBa (B MOJISX) K Macce m
pactBopuTtelns. Enunniia u3amepeHus: MoJIsIbHOCTH - Mouib/Kr. Hampumep, b(HCI/H,0) = 2 mosnb/kr.

7. MoJasipHasi 10Jisi - OTHOIICHHE YHUCIIAa MOJICH PAcTBOPEHHOI'O BEIIECTBA K OOIMIEMY YHCITY
MOJICH BelIecTBa M PACTBOPUTEN. MOJISIpHAs JOJST MOXKET OBITh BBIPAKEHA B JOJSAX CIUHHIIBL,
npoueHTax (%), npoMusuie (ThICSIYHAS YacTh %) U B MUJIJTMOHHBIX JOJSAX (ve™).

J11s1 IpUTOTOBJICHHSI PACTBOPOB OIPEICICHHON KOHIICHTPAIIUH, I TOYHOTO U3MEPEHUsT 00bEMOB
MPUMEHSIOT MEPHYIO TIOCY/y: MEPHBIC KOJIOBI, TUTIETKU U OFOPETKH.

MepHbie KOJObI — TOHKOCTEHHBIC IUIOCKOJOHHBIC COCY/ABI C JUIMHHBIM y3KUM TOPJIOM, Ha KOTOPOM
HaHeCceHa METKa B BUE KOJBICBOW YepThl. Ha kaxmoit koj0e 0003HaUYEHBI €€ €eMKOCTh U TeMIIepaTypa,

IIpU KOTOPOii 3Ta eMKOCTh n3MepeHa. Koba 1omKkHa IIIOTHO 3aKPhIBAaThCS TPOOKOH.

s

a - MepHas Koj0a; 6 — muneTKu; B — OIopeTKa.

[TuneTku nCHoAb3yIOT AJIs 0TOOPA OIPEIeIEHHOr0 00beMa MPOObI KHUIKOCTH.

[Tunerkn Mopa mpeacTaBistoT coOoil CTeKkNIsHHBIE TPYOKHM C paciiupeHueM mnocepenuHe. HipkHuit
KOHEeIl OTTSHYT B KamwuIsp, Ha BEpPXHEM KOHIIE HaHECeHa METKa, 0 KOTOpOW ClIeAyeT HaOHupartb
M3MEPSIEMYIO KUAKOCTh. Ha mumeTke ykazaHa 00beMHOCTb.

[IIupoko NpUMEHSIOT TaKXe T'paJyMpOBaHHbIE MUMETKU PA3IMYHOW E€MKOCTHM, Ha HapyXHOH CTeHKe
KOTOPBIX HAaHECEHbI JeieHus. [ HarmoJHeHUs] MUIEeTKU HIDKHUI KOHEIl €€ OIMyCKaloT B JKUIKOCTh U
BTATUBAIOT IOCJIICAHIOIO IIPU IIOMOIIM TIpPyIIH HWIHW CICOHUAIBHOTO HpI/ICHOCO6J'IeHI/I${. )KI/I)]KOCTI)
HaOMparoT Tak, YTOOBl OHA MOJHsUIACh Ha 2-3 CM BBIILIE METKH, 3aT€M OBICTPO 3aKpBHIBAIOT BEpXHEE
OTBEPCTUE YKAa3aTeIbHBIM MAaJbIIEM MPABOM PYKH, MPUAEPKUBAS B TO e BpeMs MHUIETKY OOJIBIINM U
CPeAHMM MajbllaMU. 3aTeM OCHAOJAIOT HAKHUM YKa3aTeNbHOTO Maliblia, B Pe3yJbTaTe Yero >KUIKOCTh
OyZeT MeIUICHHO BBITEKaTh M3 MUIETKU. B TOT MOMEHT, Korja HHKHUN MEHHUCK (YPOBEHB) KHJIKOCTH
OKaXXCTCA Ha OJHOM YPOBHE C MeTKOﬁ, najeny CHOBa IMPHXKUMArOT. BBe}IfI IMUIICTKY B COCYJ, OTHUMAIOT
yKa3aTeJIbHBIN maJiel] ¥ Jal0T KUAKOCTH CTedb M0 CTeHKe cocyna. [locne Toro, Kak >KMIKOCTh BBITEYET,
MUIETKY JIepKaT elle SCeKyH 1 IPUCIOHEHHOM K CTEHKE COCY/a, ClIerKa IIOBOpaunBasi BOKPYT OCH.
BropeTkn npuMeHSIOT Ipu TUTPOBAHUH, TSI U3MEPEHUS TOYHBIX 00BEMOB U T.JI.

Oo0opyooearue u mamepuaivl:




PeaxTuBbl, He0OOXOMMMBIE AJIs1 JAHHOW pabOTHI, BRICTABIIAIOT HA MOJIKM J1a0OpPaTOpPHBIX CTONOB. Penxue
PEaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI W IIENOYH, IaXydue BellecTBa (HAIpHMeEp, CEpOBOIOPO,
OpoMHasi BoJa U Ap.) XPaHST B BBITSHKHOM IKady.

OcHoBHasi XUMHYECKasi MOCy1a: MPOOUPKH (B IITATHUBE), KOJOBI, XUMHUYECKHE CTAKaHBI MOCTE pabOTHI
TIIATEIbHO BBIMBITH; BECHl C PA3HOBECOM, NPHUOOPHI, HCIONB3yeMas Ui MPOBENCHHS OTICIbHBIX
71a00paTOPHBIX padoT, BBAACTCA U CACTCS YUCTas T1abOpaHTy.

Texnuka bezonacnocmu nPu_6bINOJIHEHUU 1A00PDAMOPHOIL_PAdOmblL:

-aKKypaTHO 00palaThCsi CO CTEKISTHHON XMMHUYECKOW MOCYI0N. OCTAaTKH pa30oMTOH mocynbl youparsb
IIOMOILBIO COBKA U IETKY;

-Bce paboThl, CBA3aHHBIE C BBIJCJICHHEM SJIOBUTHIX, JIETYYUX M HENPUATHONAXHYUIMX BELIECTB,
MIPOBOJIUTH B BHITSDKHOM IIKady;

-IIpU OTIPEACIICHUM 3araxa BEIIECTB OTBEPCTHE cocyla JepkaTh Ha paccrosHuu 25-30 cM OT nuIa,
HaNpaBisist K cebe CTPYIO ra3a MoCTynaTeIbHBIMH JB)KEHUSMH JIAIOHA OT OTBEPCTHUS K JIHILY;

-IpY HaJMBAHUU PEAKTUBOB HE HAKJIOHATHCA HaJ COCYIOM BO HM30€KaHHME IONafaHus OpbI3r WK
YaCTHI] Ha JIMLIO WM OAEXKAY. IIPU pa30aBICHUH KOHIIECHTPUPOBAHHBIX KUCIIOT BIMBATh KUCIOTY B BOLY,
HO HE Hao0O0pOT;

-TIpY HarpeBaHUM MPOOHPKHU HE JepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCea. He HAKJIOHIThCS
Ha/1 HarpeBaeMo KHJIKOCThIO BO M30eXkaHNe MOoNalaHus €€ Ha JIMIO, PYKU WIIH OJISXKIY;

-ropsiue MpeaIMeThl MOXHO CTaBUThb TOJIBKO Ha acOECTOBBIM KapTOH, acOECTUPOBAHHYIO CETKY WU
APYTYIO CHENHATBHYIO TIOJICTaBKY;

-HEJb3S TIOJIB30BATHCS DIIEKTPONPUOOpPaMHU 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXA. MTPH BKIIFOUYCHUU UX B
CeThb HeJb3sl IepKaThCs 38 METAIIMUECKUE MpeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpelaeTcsl BKIYATh U
BBIKJIIOYATh 3JIEKTPONPUOOPHl MOKPBIMH pPYKaMH, a TaKKe I0Jb30BAThC HEHUCIPABHBIMU WU
MMEIOIIMMH OTOJIEHHBIE TIPOBOIA TPHOOpaMH;

-3aIpelaeTcsl MPUHUMATh MUILY B XUMUYECKOH 1a00paTopuu U MUTh BOAY U3 JaOOPaTOPHOM MOCYABI. -
-KaTerOpHUYECKH 3arperaeTcs npoodoBaTh peakTUBHI Ha BKYC;

-IpH TMIOTAJaHUK Ha JIMLO WIM PYKH OpPBI3r KOHIIEHTPUPOBAHHBIX KHUCJIOT IOCJE CMBIBaHUS BOJOU
MIPOMBITH CIa0BIM PAaCTBOPOM COJBI. IIENOYH CIEAYET CMBIBATh O TEX IMOpP, MOKA y4acTOK KOXKH, Ha
KOTOPBIN OHa TIOMalia, He MepPecTaHeT ObITh CKOJIB3KUM; 3aTeM MPOMBITH CIIA0BIM PACTBOPOM YKCYCHOW
KHUCJIOTHl U HAJIOKUTh TOBA3KY W3 BaTbl, CMOUYEHHOU 3%-HBIM pacTBOPOM IEpMaHraHaTa Kauus (U3
anTeyKky B Ja0OpaHTCKOHN Kadenpsl);

-110 OKOHYAHHWH PAa0OTHI BHIKIIIOUUTH U3 CETH BCE AJIEKTPOIIPHOOPHI, MIEPEKPHITh TI0Jady T'a3a U BOJBI B
nmabopaTopuro U yopatrh pabodee MecTo;

-000 BCeX HECYACTHBIX CIydasX HEMEJIEHHO COOOIIaTh MPEenoJaBaTesio Wil JabopaHTy.

Ilpakmuueckasa uacmo:




[IpuroroButh B MepHoit komOe 100 ™M pacTBOpa XJIOPOBOJOPOAHOM KHCIOTHI — 3aJaHHOM
konmentpanuun(0,10 - 0,20 H).

[Topsimok paboTHI.

a) KoHLIEHTpHpOBaHHYIO XJIOPOBOJOPOJHYIO KUCIOTY HAJIUTh B LUIMHAP U apEOMETPOM U3MEPUTDH €€
IUIOTHOCTh. DTy OMEpalrIO MPOBOJUTH B BHITSKHOM 1iKady. [lo Tabnuiie B cipaBOYHUKE ONpPEAETUTh
MPOLIEHTHYIO KOHIIEHTPAIMIO KUCIOTHl U BBIYMCIUTH 00hEM KoHLIeHTpUpoBaHHONW HCI, HeoOxoauMmplii
g npurorosienns 100 mu pacTBopa 3aJaHHOM KOHLIEHTpauuu. g pacuéToB MOKHO HMCIOJIb30BaTh

crenyomye GopMynIbL: ’

coo _m m - 1000
W= o c100% T T

rie  Co, — IpOLIEHTHAS] KOHIICHTPALIMS;

Cy — HOpMaJsbHas KOHIICHTpAIIUS,

M — Macca pacTBOPEHHOTO BEUIECTBA;

p — IUIOTHOCTb PAacTBOPA, I/CM°;

v — 00b€M pacTBopa, oM’

D — SKBUBAJIEHTHAs Macca PacCTBOPEHHOTO BEIIECTBA.
Breruncnennsiii 00bEM pacTBOpa U3 OHOpPETKH MEpeluTh B MEpHYIO Koin0y Ha 100 mi, 3areM B KonOy
HaJUTh JIO TIOJIOBUHBI JUCTHIITUPOBAHHOW BOJBI. TIIaTeNbHO B30ONTaTh, OBECTH OOBEM pacTBOpa
JTUCTUJUTUPOBAHHON BOJOW 7O METKH, 3aKPBITh KOJOY MPOOKOW M BHOBBH TIIATEIHHO TEpPEMEIIaTh
pacTBop, epeBopadymnBasi Kouoy.
6) [IpoBepUTh HOPMATLHOCTH MIPUTOTOBIEHHOTO PAacTBOPA.
JIJ1st 5TOTO BCIOJIOCHYTH MPUTOTOBJIICHHBIM PACTBOPOM KHCJIOTHI MUIETKY M 0TOOpaTh mumneTkor 10 mu
3TOl KHCHOoThl. CoJlep’KMMO€E MUIETKU MEPEHECTH B KOHUYECKYIO KOJIOY, Tyna ke 100aButh 20-40 mi
TUCTHJUTHPOBAHHOW BOABI U 2-3 Karau ¢peHonadTarenHa. 3aTeM B 3TOT pacTBOP U3 OIOPETKH MOCTEIEHHO
N00aBJIATh PACTBOP IMIENOYM M3BECTHOW KOHIICHTPAIMH, HETPEPHIBHO B30ANTHIBas KOJIOY 10 TeX TOp,
MTOKa PacTBOP HE OKPACHUTCS B PO30BHIi 1BeT. Ecm okpacka HeycToiunBa (Mcue3aeT), mpruOaBUTh eI
2-3 kamm MEI0YH. DTOT MOMEHT COOTBETCTBYET IIOJTHOW HEWTpaIM3ali KHCIOTHI IETOYBIO.
OnucanHplii MPUEM B aHAIMTUYECKOW XMMHU HA3bIBACTCS THUTPOBAHHEM. TUTPOBaHHE MOBTOPUTH 2-3
pa3za, moka 00bEMBI U3PACX0I0OBaHHOU MIENOUN He OyayT oTiinmyaThes Oonee yem Ha 0,1 mut.
Pacuér xoHIEHTpalMKy KUCIOTHl MPOU3BOAMTCA MO CPEIHEMY 3HAYEHHMIO M3PAcXOJOBAHHOTO 00BEMA
ménoyu. J{s 3TOro UCnoab30BaTh CIEAYIONYIO GOpMYIy:

CH x-161 @ \% K-THl CH mén ©® \% meén s

rae  Cyym— ONpeaensieMas HopMalibHas KOHIEHTPaLus KUCIOThI, M-3KB/J;

V 1 — 00BEM KUCIOTHI, MIT (B JaHHOM cirydae 10 mo);



Ch men— U3BECTHAS HOPMaJIbHAS KOHIIEHTpAIUs MIETOYH, T-IKB/JT;
V e — cpenHee 3HadeHue o0bEMa MIEI0YH, H3PACXOJOBAHHOTO HA TUTPOBAHUE, MJI.

BbruuciuTh 3HaueHNE OMUOKH, JONMYIIEHHOW TPU IPUTOTOBICHUN PACTBOPA 33/1aHHON KOHIICHTPAIHH:

CH TEOp T CH TPaKkT
Omnbka, %= L L

« 100% ,
CH TEop 0

rIe Cu reop — KOHLIEHTpALUS, 3aJjaHHAasl IPENOoJaBaTeNeM, I-3KB/JI;
Cui npaxr — KOHIIEHTpALUsl IPUTOTOBIEHHOIO PacCTBOPA, ONpe/ieaEHHAs TUTPOBAHUEM, I-IKB/IL.

Tpebosanus K ohopmienuio 1ad6opamopHoil padonivl U omuemy:

1.BeimosiHeHHE J1a0OpPaTOPHBIX pPadOT CONMPOBOXKIAIOT 3alHCsIMU B JabopaTOpHOM JkypHaie. Ha
TUTYJIBHOM JIMCTE JITA0OPAaTOPHOTO KypHAaIa JOJDKHBI OBITh NPEICTABIICHBI: Ha3BaHUE YHHBEPCHTETA,
(bamMuTus ¥ THUIHAJIB! YYalIerocs, HOMEp Kypca H TPYIIbL, y4eOHBIN TOI.

2.0T14eT 0 BBITOJIHEHHOH Ta00paTOpHOH paboTe JOIKEH COIEPIKATh CIICIYIOIINE CBEICHMS:

*HOMEp paboThI U €€ Ha3BaHUE;

*JIaTy BBIIIOJHEHHS PaOOTHI,

*IICJIb paOOTHI;

*000pyI0BaHNE M MaTEpHAIIbI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIbITA,;

*KpaTKO€ ONMMCaHue X0Ja padoThl ¢ yKa3aHUEM YCIIOBUH MPOBEICHUS OIIbITA;

*PUCYHKH M CXEMBI HCIIOJIB3YEMbIX TIPUOOPOB;

*Ha0JIIOICHM,

*YypaBHEHHS MPOTEKAIOIINX PEAKIIHIA;

*pacuéThl, TAOIUIBI, TPAPUKH;

*BBIBOJIBI.

3.JIabopaTopHBIii KypHaI HY>)KHO BECTH YHCTO U aKKYPaTHO, 3aITHCH JOJDKHBI OBITh TAKOHUYHBIMHU.
4.0T1uéT 0 IpoBeIEHHON paboTe MPOBEPSIET U MOAMUCHIBAET MIPETIO1aBaTeNb.

5K cpaue 3auéra mo nabopaTOpHOMY TMPAKTHUKYMYy JOIYCKAIOTCSl CTYAEHTHI, BBINOJHUBIIME U
MOJIMCABIIINE Y TMPEMoIaBaTelisi Bce JOMAIlHWE W JabopaTOpHbBIE pabOTHI, CHABIINE KOJUIOKBUYMEI,
aKTHUBHO y4acTBOBABIIKE B paOOTE CEMHHAPOB.

6.CTyneHTbl, NOJyYHUBIIUE 3a4ET MO JIAOOPATOPHOMY MPAKTUKYMY, JOMYCKAIOTCA K cllaye HK3aMeHa Mo
KypCy HEOPTaHU4ECKOH XUMHH.

Koumponwvhsie gonpocel :

1. Yo Ha3bIBaeTCs CycneH3uel, SMyIbcuel, KOJJIOUTHBIM PACTBOPOM U UCTHHHBIM PacTBOPOM
2. Yto Ha3bIBaeTCsl KOHILEHTpanuen pactBopa? KakoBel Haubosiee pacpocTpaHEHHBIE CIIOCOOBI ee

BBIpAKEHUS?



3. Kakve KOHLEHTpalUKK Ha3bIBAIOTCSA MPOIEHTHBIMH, MOJSUIbHBIMHU, MOJISIPHBIMU, HOPMaJIbHBIMU?
Uto Takoe TUTp pactBopa’?

4.ApeomeTp TMOKa3aJl IUIOTHOCTh cepHOMl kucinoTel 1105 kr/m3. KakoBbl ee mpoleHTHas
KOHIIEHTpaIKs, MOJISIPHOCTh, MOJISLIBHOCTh, HOPMAJIbHOCTh U TUTP?

5. Kakoii 06bem 20% comnsiHoM KHCIOThl oTpedyeTcs it mpurotosiieHus 1 3 H. pactBopa?

6. Jlns mpoTpaBiIMBaHUs ceMsiH cyieMoi npuMeHstoT ee pactBopbl 0,1 % xonnenrpaiuu. CKOJIbKO
cyJieMbl Hago B3aTh Ha 20 Bexep pactBopa (BMecTUMOCTh Beapa 20 nutpoB)? MOXKHO U TOTOBUTH
pacTBOp CyJeMbl B IMHKOBOM U KEJIE3HOM Beape?

7.Cxoubko nmpogaxknoro ¢popmanuna (40% pactBop) U BOAbI HEOOXOAUMO B3SITh JIJIsl IPUTOTOBIICHUS
5% pactBOpa?

8. Onpenenure HOPMAITHHOCTS IIETI0UH, coaepxaityto 2 T NaOH B 1 nmutpe pactBopa.

Cnucok tumepamypuot.

1.MeToanueckue yka3zaHHs 10 BBIIIOJHEHHUIO J1a0OpaTOpHBIX paboT mo aucuumuinae «Heopranndeckas
XUMUSD» 711 CTYIEHTOB HarpabiieHus noarotoBku 19.03.04 TexHonorus mpoayKUHMHU W OpraHU3aLMs
OOIIECTBEHHOTO NMUTaHMU.

2.Metoanueckue yKazaHus il OOy4aroIIMXCs MO OpraHu3allMd W TPOBENEHUIO CAMOCTOSTEIBHOU
pabotsl o auctuminHe «Heopranumueckast XuMus» JJ1sl CTYIGHTOB Hanpasienus noarotosku 19.03.04
TexHon0rHA MPOAYKIIUHU U OPTaHU3aIMs OOIECTBEHHOTO MUTAHUS.

3.Heoprannueckass xumusi [DIeKTpoHHbIN pecypc] : naboparopuslii mpaktukyMm / C.A. CokonoBa [u
ap.]. — DIeKTpoH. TeKCTOBbIe NaHHble. — Boponex: Boponexckuil I'ocynapcTBeHHbI ArpapHblil
VYuusepcurer uMm. Mmmeparopa Ilerpa Ilepsoro, 2017. — 93 ¢. — 2227-8397. — Pexum goctyna:
http://www.iprbookshop.ru/72709.html

4. Heopranuueckass xumus [DneKTpoHHBIN pecypc] : naboparopHbii mpaktukyM / O.B. JlpskoHoBa [u
ap.]. — DIeKTpoH. TeKCTOBble NaHHble. — Boponex: Boponexckuil I'ocynapcTBeHHbI ArpapHblil
Yuusepcurer um. Ummeparopa Ilerpa I[lepBoro, 2016. — 150 ¢. — 2227-8397. — Pexxum poctyna:
http://www.iprbookshop.ru/72708.html

JlaGopaTopnasi padora Ne 7
Tema: Peakuun o0MeHa B pacTBOpax 3JIeKTPOJIMTOB

Lleny pabdomei: V3yuuTh peakiu oOMEHa B pacTBOpax 3JEKTPOJIUTOB Ha MpuMepe oO0pa3oBaHUS

TPYIHOPACTBOPUMBIX BEIIECTB, Ta30B, MAIOAUCCOIMUPYIOMIETO AJIEKTPOJINUTA, PEAKIIUU MPEBPAIICHUS
OJIHOTO MaJIOPACTBOPUMOTO BEILIECTBA B MEHEE PACTBOPUMOE BEILIECTBO.

Dopmupyemvie _xomnemenyuu. YK-1; OIIK-2.

Teopemuueckan uacmo:



http://www.iprbookshop.ru/72709.html
http://www.iprbookshop.ru/72708.html

DNEeKTPOIUTHI — MO Geujecmed, pacmeopsvl U PAchiaAébl KOMOPLIX NPOBOOSN INeKMPUUeCcKuti mox.
Pacnian mosnexkys BelecTBa Ha MOHBI Ha3bIBACTCS 21eKmpoaumuyeckou ouccoyuayueti. K anexrponuram
OTHOCSITCSI KUCJIOTBI, OCHOBAaHUS, COJIU. KHCIOTHI — 3TO 3JIEKTPOIUTHI, AUCCOIUUPYIOIINE B pACTBOPAX C
obpa3oBaHHeM KaTHOHOB Bojopoaa: HCN « H' + CN: H,S0, = 2H" + SO,%. OcnoBanust —
AJIEKTPOJIMTHI, JUCCOLUUPYIOIINE B pACTBOPaX ¢ 00pa30BaHUEM I'HIIPOKCHI-UOHOB:

NH4sOH < NH;" + OH:; Ba(OH), = Ba®* + 20H. CymiecTBYIOT 3JEKTPOJIUTHI, KOTOPHIE MOTYT
JTUCCOIMUPOBATh IO THUINY KHUCIOTBI M IO THUIy OCHOBAHHS, TaKHWE OJICKTPOIUTHl HA3BIBAIOTCS
amporepHbiMi. K HHM OTHOCSTCS THAPOKCHIBI aM(OTEPHBIX 3JIEMEHTOB, a TaKXKe THIPOKCHJIBI
METaJ/UIOB, HAXOMSAIIMXCSA B IMPOMEKYTOYHOM cTermeHu okucienusi, Hanpumep: Be(OH),, Al(OH)s,
Zn(OH),, Cr(OH); u MHorue apyrue. Jlucconuaryio pacTBOPEHHON 4acTH aM(pOTEPHOrO THAPOKCHIIA
110 000MM THIIaM MOXHO IPEJICTaBUTh CIAEAYIOLIEH CXEMO:

H*+RO < ROH <> R"+ OH.

B HachIIIICHHOM BOJHOM pacTBOpe aM(OTEPHOTrO THAPOKCHIA MOHBI H*, RO u R*, OH maxomsarcs B
COCTOSIHUU PaBHOBECHUs, TIOATOMY aM(OTEpHbIE THIPOKCHUIbI B3aUMOJCHCTBYIOT U C KHUCIOTAMH H C
ocHoBaHUsMU. [Ipu 100aBICHUU KHCIOTHI PAaBHOBECHE CMEINACTCS B CTOPOHY JUCCOLMAIMH TI0 THUITY
OCHOBaHWUSI, TIPU JTOOABJICHUN OCHOBAHUS — B CTOPOHY JMCCOITUAINH 110 THITY KUCIOTBI.

Conx — 37eKTPOIHTHI, KOTOPHIE MPU PACTBOPESHUU B BOJIC AMCCOIUUPYIOT, OTIICTIISAS TOJI0KUTEIBHBIC
WOHBI, OTJIMYHBIE OT HOHOB BOJOpPOJa M OTpPHUIATENbHBIC, OTIMYHBIE OT THAPOKCHA-WOHOB. Comu
CpeIHUE, KICIIbIe U OCHOBHBIE TUCCOLIUUPYIOT!

Aly(SO4)3 = 2AI¥ + 350,%; CUOHCI <> CUOH" + CI'; KHCO3 = K* + HCO3..

[To cmocoOHOCTH K JAHMCCOIMAIMH SJCKTPOIMTHI JENATCS Ha CHIBHBIE W ciadble. Y CHIIBHBIX
ANEKTPOJIUTOB B PACTBOPE AMCCOIUMUPYIOT Ha MOHBI MPAKTUYECKH BCE MOJICKYJBI, y CIAa0bIX - JIMIIb
gacTb MOJIEKyN. K CHIIBHBIM JIE€KTPOJUTAM OTHOCSTCS TOYTH BCE COJIM, OCHOBAHUS IIETOYHBIX U
[IEJOYHO3EMENBHBIX METaUIoB, a u3 BaxHenmmx xucior: HClO4 HSO, HNOs, HCI, HBr, HJ,
HMnO4.

K cmabeiM »nekTponutaM OTHOCSTCS TOYTH BCe opraHudeckwe kuciotbl, Hampumep, CH3COOH,
Heopranuueckue coenunenus: HoCOs, H,SO3, H,Si03, HCN, HNO,, H3PO4, HF, NH4OH, H,O u 1. 1.
Peaknmm B pacTBOpax 3JEKTPOJUTOB TPOTEKAIOT MEXAY HOHAMH W HIyT HEOOpaTUMO, €Clid B
pe3ylibTaTe peakiWu OOpa3yITCs OCAJIKH, Ta3bl M cla0ble AJIEKTPOIUTH.. OOBIMHO TaKHE PEaKIuu
M300pakaroTCs MPH MOMOIIM HOHHO-MOJICKYJISIPHBIX ypaBHeHHH. Ocaaku, ra3bl U CIa0bIe SJIEKTPOIUTHI
MUIITYTCS B BUAE MOJIEKYJI, XOPOIIIO PACTBOPUMBIE CUIIBbHBIC JIEKTPOIIUTHI — B BUJIE HOHOB.

PaccMoTpuM THIIMYHBIC BAPUAHTHI PEAKIIMKA B paCTBOPaX JICKTPOJIUTOB:

a) 3AgNO3 + FeClz = Fe(NO3); + 3AgCl| — MonekynspHOe ypaBHEHHE

3Ag" + 3NO; + Fe3* + 3NO;3" + 3AgCl| — monHOE MOHHOE ypaBHEHHUE

Ag" + ClI'= AgCl| - coxpallleHHOE HOHHOE ypaBHEHHE



6) Na,CO;3 + HySO, = NapSO,4 + H,0 + CO,t

2Na" + COs% + 2H" + SO, = 2Na* + SO,* + H,0 + CO,1

2H" + CO3* = H,0 + CO,7.

8) HCI + NaOH = NaCl + H,0

H"+ClI'+Na"+OH =Na" + Cl +H,0

H"+OH =H,0

IIpn cocraBneHUM MOHHO-MOJIEKYJISIPHBIX YPAaBHEHUH CIIEyeT IIOMHUTb, YTO CYMMa 3JIEKTPUYECKUX
3apsiIoB B JIGBOM YacTH JIOJDKHA OBITh paBHA CyMME DJICKTPUYECKHX 3apsI0B B IPABOW YacTu
YpaBHCHUA. O,Z[I/IHaKOBbIe HOHBI U3 00enX yacTen YpaBHCHHS UCKIIFOYAIOTCA.

Obopyooeariue u mamepuaivl:

PeaxTuBbl, HEOOXOAUMBIE JIJIsl JAHHOM PaOOTHI, BHICTABIISAIOT HA MOJKU J1a00paTOpHBIX CTOJOB. Penkue
pEaKTUBbI, KOHIIEHTPUPOBAHHBIE KUCIIOTHI U IIENOYM, MMaxXydue BellecTBa (Hampumep, cepoBOJOPOI,
OpoMHasi BoJa U Ip.) XPaHAT B BEITSHKHOM IIKady.

OcHoBHasi XUMUYecKasi oCcyAa: MPOOUPKU (B IITATHBE), KOJObI, XUMUYECKUE CTaKaHBI MOCIE PabOThI
THIATENIFHO BBIMBITH, BEChl C Pa3HOBECOM, IMPHUOOPHI, HCMONb3yeMas g MPOBEICHHUS OTACIbHBIX
1abopaToOpHBIX PaboT, BEIAACTCA M CIASTCS YMCTast JIAOOPAHTY.

Texnuka bezonacnocmu nPU_GbINOJIHEHUU 1A00PDAMOPHOIL_PAOOmbL:

-aKKypaTHO 00pamathCs cO CTEKJITHHOM XMMUYECKON TMOCY/IOH. OCTaTKU pa3OUTOH MOCyabl yOUpats ¢
MIOMOIIBIO COBKA U LIETKU;

-BC€ pa6OTI)I, CBA3aHHBIC C BBIICJICHUCM SJOBUTBHIX, JICTYUUX HW HCHPHUATHOIIAXHYIIMX BCHICCTB,
MIPOBOJIUTH B BBITSDKHOM TIKa(y;

-TIpH OTIPE/ICTICHNH 3araxa BEeIIeCTB OTBEPCTHE COCyAa JAepKaTh Ha paccTosHuM 25-30 cM oT jwmua,
HarpaBJisis K cebe CTPYIo ra3a MmocTynaTelbHbIMU JBIKEHUSIMH JIAIOHU OT OTBEPCTHS K JIUILY;

-Ipy HaJIUBAHWUW PCAKTHBOB HE HAKJIIOHATHBCA Had COCyAOM BO n30exanme IIornagaHus 6pI>I3F HIIN
YJaCTHIl Ha JIMIO W OJCKAY. IpU p336aBHeHI/IH KOHICHTPUPOBAHHBIX KUCJIOT BJIMBATh KUCJIOTY B BOAY,
HO HEe Ha000poT;

-IIpH HarpeBaHUK MPOOUPKHU HE JepiKaTh €€ OTBEPCTHEM K ce0e MIIM B CTOPOHY cOocella. He HAKIOHSTHCS
HaJl HarpeBaeMou JKUIKOCTBIO BO U30eKaHUE MOoNaiaHus e€ Ha JIMIO, PYKH WIIH OJCKIY;

-rOpsiYMe MPEMEThl MOXHO CTAaBUTh TOJBKO Ha acOECTOBBIM KapTOH, acOCCTUPOBAHHYIO CETKY WIIH
APYTYIO CIICIHATBbHYIO TIOJICTABKY;

-HeJb3s MOJIb30BAThCS AIIEKTPOIIPUOOpaMH O€3 COOTBETCTBYIOIIETO HHCTPYKTAXA. IPH BKIIOUYEHUU MX B
CEeTh HEeJb3sl IePKAThCA 3a METAJUIMUECKHE MTPeIMEThI (TpyObl, KpaHbl U T.I1.). 3alpeIIaeTcs BKIIOYATh U
BBIKJTIOYATh DJICKTPOIPHOOPHI MOKPBIMH PYKaMH, a TakKe II0JIb30BaThCsl HEHCIPABHBIMH I

MMEIOIIMMH OTOJIEHHBIE POBOA TPUOOpaMU;



-3arpemaeTcs MPUHUMATh THIY B XUMHYECKOW J1ab0paTopuu U MUTh BOAY U3 JIAOOPATOPHOU MOCYIHL. -
-KaTerOPHYECKH 3arpeIaeTcs MpoOooBaTh PEakKTHBHI Ha BKYC;

-IpU TIOTIAJJaHUK Ha JIMLO WM PYKH OpBI3T KOHICHTPHUPOBAHHBIX KHCJOT IIOCIIE CMBIBAaHHUS BOJIOW
IPOMBITH CIa0BIM PAaCTBOPOM COJBI. IIENOYb CIEAYEeT CMBIBAaTh JI0 TE€X MOpP, MOKAa y4acTOK KOXH, Ha
KOTOPBIN OHa TIOMaJia, He MePEeCTaHeT ObITh CKOJIB3KUM; 3aTeM HPOMBITH CIIA0BIM PACTBOPOM YKCYCHOM
KHUCIIOTHI U HAJOXHUTh MOBS3KY U3 BaThl, CMOUEHHOW 3%-HBIM PAacTBOPOM IepMaHraHaTa Kajus (u3
anTeyKky B JaOOpaHTCKOH Kadenpsl);

-110 OKOHYaHHUH PAOOTHI BBIKIIIOUUTH U3 CETHU BCE AJIEKTPOIIPUOOPHI, MEPEKPHITh M0Jauy r'a3a U BOJBI B
nmabopaTopuro ¥ yopath pabodee MecTo;

-000 BCEX HECYACTHBIX CIy4asx HEMEJICHHO COOOIIaTh MPENnoIaBaTeso Wik Ja00paHTy.

Ilpaxmuueckas uacms:

B3auMopeiicTBre 7IEKTPOUTOB CIIEAYeT pacCMaTPUBATh KAaK PEAKIIMH MEXIYy MOHAMH. DTH PEaKlUu
UAYT B CTOPOHY HauOOJee IOJHOrO CBSA3BbIBAHUS HOHOB B TPYIHOPACTBOPUMBIE, Ia3000pa3Hble U
MaJIOJUCCOLMUPYIOLIHUE BEILIECTBA.

ITpu BbInosHEHNH pabOThl ypaBHEHMSI BCEX PEAKIMNA MUCATh B MOJIEKYISIPHOM U HOHHOM BU/JIE.

Onwvim Nel. OGpa3oBaHu€ TPYHOPACTBOPHUMBIX BEIIECTB.

[TonGepute Takue peakTUBBI U3 HAXOAAIIUXCS HA MOJKE, B3aUMOJCHCTBUEM KOTOPBIX MOKHO IOJTYyYUTh
0CaZku cynb(duaa IMHKA, TUAPOKCHIA HHUKeNs M KapOoHaTa Kanblus. OcaJku JOJDKHBI OTCTOSIThCA.
ITocne orcTanBaHus pacTBOPHI CIUTH, @ OCAJKH COXPAHUTH JJIS CIIEIYIOIINX OIBITOB.

Onwvim Ne2. OOpa3oBaHHE Tra30B.

K cynpduny nmnHka, a 3areM K ocaiky kapOoHara Kaiblus, OpuOaBuUTh 2-3 MJ pacTBOpa
XJIOPOBOAOPOAHOM KucioTel. Kakue rassl Beigenstorcss? OOparute BHUMaHUE, YTO BO BTOPOM CIydae
MIOMHMO ra3a 00pa3yercsi MaJoJUCCOLMHPYIOIIEe BELIECTBO.

OMBIT MPOBOAUTH B BHITSHKHOM IIKAQYy.

Onwvim Ne3. OOpa3zoBaHN€ MaJIOUCCOIMUPYIOIIETO IEKTPOJINTA.

A. K ocanky runpokcuaa Hukenst (onbIT Nel) npubaButh pactBop aMmmuaka. OOpa3yeTcst paCTBOPUMBII
MaJOAUCCOLMUPYIOUINi HOH TeTpaaMMUuHHUKENA(ID).

B. B npobupky HamuTh 2-3 M1 pacTBOpa XJIOPOBOJOPOAHOW KUCIOTHI U MOMECTUTH B HETO I'PaHyIy
MeTali4yeckoro nuHka. HabmionaTh MHTEHCHMBHOE BblAelieHHE Bojaopoaa. Jlo0aBUTH B HPOOHPKY
LIETIOTKY KPUCTAJUIMUECKOTO arerara HaTpus. OTMETUTh M3MEHEHME B MHTEHCUBHOCTH BBIIEICHUS
Bojloposia. Hamucath ypaBHeHUE peakluu, KOTOpas MpOM301UIa Mociae NpuOaBiIeHUs aleTara HaTpus,
yKa3aTh MPUUKHY 3aMeJIJICHHS Mpoliecca BbIIeJIEHUS BOIOPOAa.

Onvim Ne4. CMelieHre HOHHOTO PAaBHOBECHS.

A. Hamute B mpoGupky 3-4 Ml TUCTHIUIMPOBAHHOW BOJBI, MPUOABUTH KAIUIIO KOHLEHTPUPOBAHHOM

YKCYCHOM KHUCJIOTBHI U 1-2 Kaniau MHIUKaTopa METHIOBOrO opaHxkeBoro. Kakyro OKpacKy HpHHHMaeT



pactBop u mnouemy? CocTaBbT€ ypaBHEHHME AMCCOLMAIMM YKCYCHOW KHCJIOTBI U BBIpAKEHHE IS
KOHCTaHTbl HOHU3ALUH.

PaznenuTh pacTBOp MOPOBHY Ha ABE MPOOMPKH M K OAHOM 4acTH NPUOABHUTH LICTIOTKY alleTaTa HaTpHs,
B300JITaTh U CPAaBHUTH OKPACKY PACTBOPOB B 00eux npodupkax. J[ate 00bsICHEHUE OTIBITY.

B. IlpoBectu ONBIT aHAJIOIMYHO HPEIBIAYIIEMY, B3sIB BMECTO KHCJIOTHl PAacTBOpP aMMHaKa, BMECTO
METHJIOBOTO OpPaHXeBOro - (eHosdranenH M BMECTO aleraTta HaTpus - XJOpuA aMMOHMs. JlaTb
00BSICHEHUE, UCXO/1 U3 KOHCTAHTHl PaBHOBECHSI.

Onwvim Ne5. [Ipou3sBeneHre pacTBOPUMOCTH MAJIOPACTBOPUMBIX BEIIECTB.

Buectu B npobupky u3 Oroperku 1 mu 0,1 H pacTBopa HUTpaTa CBUHIA U J00aBUTh K HEMY HEMHOIO
6onbiie no 06béMy 0,1 H pacTBOpa cyibdara HaTpus. [loyueHHbIH ocaoK AOKEH OTCTOsATheA. ClauTh
HAJ0CaJ0YHYI0 XKUAKOCTh (Win otoOpaTth nunerkoi). K ocanky npubaBute 1 M pactBopa xpomata
Kanuss M nepememiats. HaOmrogath IOCTeeHHOE WM3MEHEHME LBeTa ocaika. Kakoe BelecTBo
obpasoBanocsk? Ha ocHOBaHMM OMBITa C/IENATh BBIBOJ O BEIMYMHE MpousBeneHus pactBopumocTa (I1P)
MaJIOpaCTBOPUMBIX cosied. CpaBHUTh CBOM BBIBOJ C JaHHbIMH TaOnuubl. HamucaTh ypaBHEHMS
IIPOU3BECHUS PACTBOPUMOCTH ITHUX COJIEH, moacTaBuB 3HaueHus [1P.

Omnpit Ne6. KoHTposibHOE 3a/1aHueE.

DKCIEpUMEHTAJIBHO OCYILIECTBUTH CIIEAYIOLINE MPEBPAIICHHUS:

CuSO4 — Cu(OH),; — [Cu(NH3)4](OH), — CusS.

CocTaBUTh YpaBHEHUS pEaKIii.

W3 3TOrO OmBITA ClEAYyeT, YTO MHOIJA B JIEBOM M MpaBOM 4YacCTSIX ypaBHEHHS MOTYT OJHOBPEMEHHO
HaXOJUThCSI MaJIOAMCCOLMUPYIOIIME U TPYIHOPACTBOPHUMBIE BemiecTBa. UTOOBI MpaBUIIBHO PELIUTh
BOIIPOC, B KaKyl0 CTOPOHY CMECTHTHCSI paBHOBECUE, HY)KHO MPOU3BECTH YUET TAaKUX KOJIMYECTBEHHBIX
XapaKTepUCTHK, KAK KOHCTaHTa TUCCOLMAIINY, IIPOU3BEIEHIE PACTBOPUMOCTH, KOHIICHTPAIHsl HOHOB.

Tpeovosarusa Kk ohopmaenuro 1a60pamopHoi padomel u omuemy:

1.BemonHenne 1abopaTOpHBIX PadOT CONMPOBOXKAAIOT 3amUCSIMH B JIaOOpaTOpHOM >KypHaie. Ha
TUTYJIBHOM JIMCTC na60paT0pH0ro KypHajia OOJIKHBI OBITH MMPEACTAaBJICHLI: HAa3BAaHUC YHUBECPCUTCTA,
(bamMuIus 1 MHUIKMAJIB! YYalIerocs, HOMep Kypca U IpyIIbl, y4eOHbIH TOI.

2.0T4eT O BBINOJHEHHOH 1a00paTOpHO paboTe JOIHKEH COAEPHKATh CIEAYIOIINE CBEICHUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBIIIOJHCHHA pa60Tr,1;

*IIeJIb PaOOTHI;

*000py/IOBaHHE M MaTepUaIbI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp M Ha3BaHHE OIIBITA,;

*KpaTKoe OMHCaHKe X0a paboThl C yKa3aHUEM YCJIOBUI MTPOBE/ICHUS OIIbITA;



*PUCYHKH M CXEMbI UCTIOJIb3YEMbBIX MPUOOPOB;

*HaOJIFOICHM,

*YpaBHEHMSI IPOTEKAIOIINX PEAKIIMIA;

*pacuéThl, TAOIUIBI, TpaUKH;

*BBIBO/JIbI.

3.JIaGopaTopHbIil )KypHaI HY>KHO BECTH YUCTO U aKKYPaTHO, 3aIIMUCH JIOJKHBI OBITH JIAKOHUYHBIMHU.
4.014€T 0 IpoBeAEHHON paboTe MPOBEPSET U MOAMUCHIBACT MPETIOABATEIb.

5K cpaue 3au€ra mo mabopaTOPHOMY TMPAKTUKYMY JOIMYCKAIOTCSl CTYACHTHI, BBINOJHUBIINE U
MOAMNKCABUINE y TPEenojaBaress Bce JOMAIIHHE W J1a0opaTOpHbIE padOThI, CHABIIUE KOJIOKBUYMBI,
aKTMBHO Y4acTBOBAaBIIUE B pabOTe CEMUHAPOB.

6.CTyIeHThI, MOJTYYUBIINE 3a4€T MO Jab0OpaTOPHOMY MPAKTUKYMY, JOMYCKAIOTCSA K CAade IK3aMeHa 1o
KypCY HEOPTaHUYECKOW XHUMUHU.

Koumponwvhbie eonpocet :

1. CocraBbTe MOJEKYISPHbIE M HOHHO-MOJIEKYJSpHBbIE YpPaBHEHUS pEaKUUi B3aUMOJICHCTBUS B
pactBopax Mexay: a) KoS u CuSOy; 6) AgNO3; u NH,CI,

B) Na,SiO3 u HpSOy; 1) CaCO3 u HNO:s.

2. CocraBpTe 1O [Ba MOJEKYSIDHBIX YpaBHEHHUS pPEaKIWH, KOTOpPBIE BBIPAXKAIOTCA HOHHO-
MOJIEKYJISIPHBIMH YPaBHEHHSIMHU:

a) Fe*" + 30H" = Fe(OH)3; 6) H" + OH™ = H,0; B) Cu** + $% = CuS.

3. MOXHO JTi TPUTOTOBHUTH PACTBOP, COAEPKAIINNA OTHOBPEMEHHO ClIeyroIure napsl Beniects: a) KOH
u Ba(NOs)2; 6) Cr(OH); u NaOH; B) Pb(NO3),; u KCI; r) CuCl; u Na,S? TlpencraBbTe BO3MOKHBIC
PEaKIMU B MOJIEKYISIPHOM U MOHHO-MOJIEKYJISIPHOM BHUJIE.

4. CmemmBatot nomapao pactBopbl: a) KOH u Mg (NOj3),; 6) LioCO3; u HCI; B) Fe(NO3); u KOH; r)
NH4CI u NaOH. B kakux ciaydasx peakiuu MpakTUYecku mnoiayTr no konua? IlpenctaBeTe ux B
MOJICKYJISIPHOM U MOHHO-MOJIEKYJISIPHOM BHUJIE.

5. CocraBbTe MOJEKYISIPHbIE W HOHHO-MOJIEKYJISIDHBIE YPaBHEHUS pEaKLUUi B3auMOJICHCTBUSA B
pactBopax Mexy: a) BaCO3 u HNOgs; 6) Feo(SO4)3 1 KOH; B) HCI u K5S; 1) CH3COOK u HCI.

6. CocraBbTe MOJEKYISIPHbIE W HWOHHO-MOJICKYJISIPHBIE YPAaBHEHUS pEaKIUi B3aUMOJICHCTBHSI B
pactBopax mexnay: a) Mg(OH), u CH3COOH; 6) NH4CI u NaOH; B) Ca(OH); n K,CrOy; 1) AICl3 1
Ba(OH)s.

Cnucok ntumepamypbol:

1.Metoauyeckre yka3aHUs O BBITIOJHEHHUIO JIA0OpaTOPHBIX paboT mo nuctuminHe «Heopranuwdeckas
XUMHS» JJI CTYJAEHTOB HampaBieHus noarotoBku 19.03.04 TexHonorus npoayKiMyd U OpraHU3aLMs

0O0ILLIECTBEHHOI'O TUTAHUSL.



2.Meronuueckue ykazaHus Il OOy4arolIUXcsl 1O OpraHU3alMd U MPOBEICHHUIO CaMOCTOSITENbHOM
paboTsl o AucHuIuIMHe «Heoprannueckast XuMus» 71 CTYACHTOB HamnpasyieHus moarotroBku 19.03.04
TexHomorHs NPOAYKIMHU U OPTaHU3aIMs 00IIECTBEHHOTO TUTAHUSI.

3.Heopranwnueckas xumusi [DnekTpoHHBIN pecypc]| : maboparopubiii npaktukym / C.A. CokosioBa [u
Ip.]. — DJIEKTPOH. TEKCTOBbIE JaHHble. — BopoHnex: Boponexckuil ['ocyaapcTBeHHBIM ArpapHbIil
Yuusepcurer uM. Mmnepartopa Ilerpa IlepBoro, 2017. — 93 ¢. — 2227-8397. — Pexum nocryma:
http://www.iprbookshop.ru/72709.html

4.Heopranuueckass Xxumus [DIeKTpOHHBIH pecypc] : maboparopusiii mpaktukym / O.B. JlpskoHoBa [u
Ip.]. — DJIEKTPOH. TEKCTOBbIE JaHHble. — Boponex: Boponexckuii ['ocygapcTBeHHBIM ArpapHbIil
Yuusepcurer um. Mmmneparopa Ilerpa [lepBoro, 2016. — 150 c. — 2227-8397. — Pexxum noctyna:
http://www.iprbookshop.ru/72708.html

JlabopaTopHas padora Ne 8
Tema: I'mapoan3s

Leny pabomour: N3yuenue pabotsl pPH-MeTpa u onpenenenne PH HEUTpaIbHOTO, KUCIOTO U IIETOYHOTO

pacTBOpoB C mnomouiplo PH-MeTpa, BH3yanbHOE OIpEECIIEHUE LBETOB HMHIMKATOPOB JIAKMYcCa,
METHJIOBOTO OpPaHXKeBOro U (eHon(TagenHa B HeMTpaaIbHON, KUCIION U IIET0YHOM cpelie, onpeeneHe
PH cpenbl rUAPOIU3YIOUIMXCS CONEH C MOMOUIbIO MHIMKATOPOB, BIUSHUE TEMIIEpaTyphbl HA TUAPOIIU3,
HeoOpaTUMBbI MOJHBINA THIPOIIU3.

Dopmupyemvie komnemenyuu. YK-1; OIIK-2.

Teopemuueckasn uacmp:

I'maponus — 3TO pasnokeHue BewecTB BOJAOM. Boga — oaHO W3 caMmbIX aKkTHBHBIX BemiecTB. OHa
JEHUCTBYET Ha CaMble Pa3IUYHbIC KJIACCHl COCAMHEHUI: COJIM, YTJIEBOJbI, O€IKH, YPUPHI, KUPHI U T. 1.
[Ipu ruaponm3e cCoeMHEHN HEMETAIIIIOB OOBIYHO 00pa3yIOTCsl IB€ KUCIOTHI, HATIPUMED:

PCl; + 3 H,O = H3POs + 3 HCI

[Ipu 3TOM U3MEHSAETCS KUCIOTHOCTh PACTBOPOB MO CPABHEHUIO C KHCIOTHOCTBHIO PACTBOPUTETIS.

B Heopranmveckoit XMUH Yaie BCEro MPUXOIUTCS UMETh JIEJI0 C TUIPOIU30M COJIeH, T.e. C OOMEHHBIM
B3aMMOJICHICTBHEM MOHOB COJIM C MOJIEKYJIaMH BOJIbI, B pE3yJbTaTe KOTOPOTO CMEMIAETCS PaBHOBECHE
AIEKTPOJIUTUYECKON JUCCOLMAIIIHN BOJIBI.

I'anponu3om comu Ha3bIBaeTCS 0OpATUMOE B3aUMOCHCTBHE HOHOB COJIM C MOHAMHU BO/IBI, IIPUBOJISIIEE
K M3MEHECHUIO PaBHOBECHS MEX Ty HOHAMU BOAOPO/Ia U THAPOKCHIA B PACTBOPE.

[Muaponus sBHseTCA pPe3yNnbTaTOM MOJSPHU3ANMOHHOTO B3aMMOJICHCTBHUS MOHOB COJIM C WX THUIPATHOU
000I104KOl B BOJHOM pacTBope. Uem 3HaunTeNbHee 3TO B3aUMOICHCTBUE, TEM HHTECHCHUBHEE MPOTEKACT

THIIPONIN3. YTIPOLIEHHO CYIHOCTh MPOLIecca THIPOIN3a MOKHO MPEACTABUTH CIEAYIOIINUM 00pazoMm.


http://www.iprbookshop.ru/72709.html
http://www.iprbookshop.ru/72708.html

Katnonst K" cBa3pIBaloTCS B pacTBOpe ¢ THAPATHPYIONIUMH HX MONEKYJaMH BOJBI JOHOPHO-
AKLENITOPHOM CBS3bIO; JOHOPOM SBISIIOTCSL aTOMBI KHCJIOPOJA MOJIEKYJIbl BOJIbI, MMEIOLIUE JBE
HETOJICJICHHBIE JJICKTPOHHBIE Taphl, AaKIENTOPOM - KAaTHOHBI, HMMEIOIIME CBOOOIHBIE AaTOMHBIE
opbutanu. YeMm Oomblne 3apsa KaTHOHA U YeM MEHBIIE €ro pa3Mep, TeM 3HAUYMTENIbHEe MOJPU3YIOIIee
neiicreue K™ ma H,0.

AHHOHBI An~ CBSI3bIBAIOTCS C MOJIEKYJIAMU BOJIbI BOJIOPOJHOM CBs3bt0. CHIIBHOE BO3JEHCTBUE aHUOHOB
MOJKET MPHUBECTU K MOJIHOMY OTPBIBY MPOTOHA OT Mojekyinsl HoO — BogopoaHast CBS3b CTAaHOBUTCS
KOBaJIGHTHOH. B pe3ynbrare oOpasyercs kucnota win anuo tuna HS™, HCOs™ u t. 1.

BiaumopeiicTBue aHHOHOB An~ ¢ IPOTOHAMHU TE€M 3HAUMUTEIbHEE, UeM OOJIbLIe 3apsi aHHOHA U MEHbIIIE
ero paauyc. Takum 00pa3oM, MHTEHCUBHOCTh B3aMMOJICHCTBHS BEIIECTBA C BOJOU OIMpeNesieTcsl CHIION
nonspusytoniero Bausans K™ m An~ Ha wmomekymsl H,O. Tak, KaTHOHEI I€MEHTOB MOGOUYHBIX
MOArPYII ¥ HEMOCPEICTBEHHO CIEAYIOLIUX 32 HUMH 3JIEMEHTOB MOJBEPraloTcsi 00Jee UHTEHCUBHOMY
TUJIPOJIU3Y, YEM JIpyTU€ MOHBI OJUHAKOBBIX C HUMHM 3apsijia U paauyca, TaK KaK sfapa MEepBbIX MEHee
3¢ (HEeKTUBHO IKPaHUPYIOTCS d-3IIEKTPOHAMH.

I'unponu3 — mporecc oOpaTHBIA peakuuu HeWTpanuzanuu. Eciu peakuus HEHTpadu3aluu Mpolecc
9K30TEPMHUUECKUN U HEOOPATUMBI, TO TUAPOJIN3 — MPOLIECC IHAOTEPMUUECKUN U OOPATUMBIH.

Peakuus Heltpanuszanuu:

2 KOH + H,S03 — K,S03+ 2 H,0O

CHJIbHBIN cNaOblil CHIIbHBIN cra0ObIit

2 OH™ + H,S03 = SO5* + 2 H,0

Peakuus ruaponusa:

K>S03+ H,0O <> KOH + KHSO3

SO3” + HOH <> HSO3™ + OH"

[Ipu rugponuse cmemiaeTcsi paBHOBECUE AMCCOLMAIMKM BOJIbI BCIIEJACTBHE CBSI3bIBAHUS OJIHOTO U3 €€
nonos (H" wmm OH)) B cmabwii smexrponut comu. Ilpu cesaseBanmu woHoB H' B pactBOpe
HakaruimBatoTcs:i MoHbl OH , peakuusi cpeapl OyzneT IuenovHas, a Npu cBs3biBaHuM MoHOB OH
HakannuBaioTcs nousl H' - cpena 6yner kucnas.

PasnuuaroT yeTbipe BapraHTa JEHCTBHS BOJIBI HA COJIH.

1. Ecnu xaTHOHBI M aHMOHBI UMEIOT HEOOJBIINE 3apsiibl U OOJbIINE pa3Mepbl, TO UX MOJSIPU3YIOLIee
BIUSHUE Ha MOJIEKYJIBI BOJBl HEBENIMKO, T. €. B3aumojeictBue conmu ¢ HoO mnpaktuuecku He
TIPOMCXOIHUT. DTO OTHOCHTCSA K KaTHOHAM, T'MAPOKCHIBI KOTOPBIX SBIAIOTCA Ienodamu (Harmpumep, K*
" Ca2+) ¥ K aHMOHAM CHJIbHBIX KHCJIOT (Harmpumep, ClI™ u NO3™). CnenoBarensHo, coau, 00pazosanHbvie
CUTIbHBIM OCHOBAHUEM U CUTbHOU KUCIOMOU, 2UOpoausy He noogepearomcsi. B 3ToM cilydae paBHOBecue
JUCCOLMAIUH BOJIBI

H,O < H" + OH"~



B TMPUCYTCTBUM HMOHOB COJIM TPAKTUYECKH He Hapymaercs. llosTomy pacTBopel Takux cojeit
HertpanbsHbl (pH = 7).

2. Ecnu conw 0bpazosana kamuoHom CUIbHO20 OCHOBAHUSL U AHUOHOM CAAOOU KUCTIOMbl (SZ', Cng', CN-
U Jap.), TO npoucxooum 2udpoaus no auuowny. Ilpumep — ruaponus comu CH3COOK. HMonwr comu
CH3COO u K* B3aMMOJICUCTBYIOT C HOHAMH H" u OH u3 BOBL ITpu stom anerar-uonsl (CH3COO )
CBA3BIBAIOTCS ¢ MoHaMu Bojopona (H') B Momexymbl ciaGoro »1eKTpONHTa - YKCYCHOM KHCTOTBI
(CH3COOH), a wonst OH HakamiuMBarTCS B PacTBOpE, COOOIIas eMy IICI0YHYI0 PEaKIMI0, TaK Kak
nousl K™ He moryT cBs3aTh nonst OH (KOH siBisieTcs CHIIBHBIM 371eKTpoautom), pH > 7.
MounekynspHoe ypaBHEHHUE THIPOIU3a:

CH3COOK + H;0 « KOH + CH300H

[TonmHOE MOHHOE YypaBHEHHE THAPOIIH3A!

K"+ CH3COO + HOH < K"+ OH + CH3;COOH

COKpAIIlEHHOE MOHHOE YpaBHEHUE THAPOJIH3a;

CH3COO + HOH < OH + CH3COOH

I'unponuz comu NayS mpotekaer crynenudato. Conb oOpazoBaHa cuiibHbIM ocHoBaHueM (NaOH) u
ciaboii aByxocHOBHOMN kuciaotoii (HpS). B aToMm ciyuae anmon comu S° cesisiBaet nousl HY BojbI, B
pactBope HakarumBaroTcs MoHbI OH . YpaBHEHHE B COKpALICHHON MOHHOW M MOJEKYJISPHOH (hopme
UMeEeT BUJI:

l.S>” + HOH < HS™ + OH"

Na,S + H,0 < NaHS + NaOH

II. HS + HOH < H,S + OH

NaHS + H,O < NaOH + H,S

Bmopasa cmynenv ecudponuza npaxmuuecku He Npoxooum npu O0ObIYHBIX YCI08UAX, TaK Kak,
HaKarmBasch, HOHBI OH  coo0maroT pacTBOpPY CHIBLHOMIEIOYHYIO PEAKIIHIO, YTO TIPUBOIUT K PEAKIIUN
HEWTpaNIM3allii, CABUTY PABHOBECHUS BJIEBO B COOTBeTCTBMM ¢ mpuHuunom Jle Ilarense. I[loatomy
THAPONU3 coliel, 00pa3oBaHHBIX CHJILHBIM OCHOBaHMEM U CIa0OW KHUCIOTOM, MOJaBIsSETCS
npuOaBIeHUEM MIETOYH.

Uem Oouipllie TOJSAPU3YIONIECE BIUSHUE AHWMOHOB, TEM HWHTEHCHBHEE THApPOIN3. B cooTBeTcTBUHM C
3aKOHOM JIEHCTBUS MacC 3TO O3HAYaeT, YTO THUIAPOJIM3 TMPOTEKAeT TeM HWHTEHCHBHEE, 4YeM ciabee
KHCJIOTA.

3. Ecnu conv obpaszosana kamuoHom ciabo2o OCHOBAHUA U AHUOHOM CUNLHOU KUCAOMbL, MO
npoucxooum 2uopoaus no kamuowy. Hampumep, 3o umeer mecto npu ruaposuse comun NH4Cl (NH,OH
- cnmaboe ocHoBanue, HCI - cunpHas kucnota). Oropocum noH Cl , Tak Kak OH C KATHOHOM BOJIbI Ja€T
CWJIBHBIN 3JIEKTPOJINT, TOT/Ia YPaBHEHUE THIPOIN3a IPUMET CIICTYIOIINN BU/;

NH;" + HOH <> NH4OH + H" (cokparueHHOe HOHHOE ypaBHEHHE)



NH,CI + H,O <> NH;,OH + HCI (MonexkynsipHOE ypaBHEHUE)
W3 cokparieHHOro ypaBHeHHs BUIHO, yTOo MOHBI OH  BOJBI CBSA3BIBAIOTCS B CIA0BIM 3JIEKTPOIUT, HOHBI
H" nHakanamBaroTcs B pacTBOPE M cpea cTaHoBuTes Kucioil (pH < 7). JloGaBaeHue KHCIOTH K PACTBOPY
(BBeIeHME IPOYKTa peakiuu katuonos H') ciBuraer paBHOBecHe BIIEBO.
I'uaponus cosim, oOpa30BaHHOW MHOTOKHCIOTHBIM OcHOBaHueM (Hampumep, Zn(NOs);) mpoTekaeT
CTYIIEHYATO MO0 KaTUOHY CJ1a00r0 OCHOBAHHSI.
I. Zn** + HOH < ZnOH" + H* (cokpatenHoe HOHHOE ypaBHEHHE)
Zn(NO3); + H,0 «» ZnOHNO3 + HNOj3 (MosiekyiisipHOE ypaBHEHHE)
Nonst OH cBsi3piBatoTCs B ciiaboe ocroBanue ZNOH', nonst H' HakarmBatoTes.
Bmopasa cmynenv eudponuza npaxmuuecku He NpPOUCXOOUM NpU OObIYHBIX YCIOBUAX, TaK Kak B
pe3ynbTate HakomieHns HoHoB H' B pacTBope co3jaeTcsi CHILHOKHCIIAS CPEla M PABHOBECHE PEAKIIHH
THJIPOJIN3a 0 2-0i CTYIIEHU CMEIIEHO BIIEBO:
I1. ZnOH" + HOH <« Zn(OH), + H" (cokpameHHoe HOHHOE ypaBHEHHE)
ZnOHNO3; + H;0 < Zn(OH); + HNO3 (MonekynsipHoe ypaBHEHHE)
OueBHHO, YeM criabee OCHOBAHHE, TEM IOJHEE UIET THAPOIIU3.
4. Convb, 06pazosanHas KAMuoOHOM c1ab020 OCHOBAHUS U AHUOHOM CAAOOU KUCIOMbl, NOO0BEpeAemcs
2uopoauszy no kamuowy u no avuouny. llpumepom ciyxut nporecc ruaponusa coau CH3COONH;.
3anuiemM ypaBHEHHE B HOHHOM hopme:
NH4" + CH;COO™ + HOH «> NH4OH + CH;COOH
IManponu3 Takux cosield MPOTeKaeT OYCHb CHIIBHO, TTOCKOJBKY B PE3YNIbTAaTe €ro 00pa3yroTcs U ciaboe
OCHOBAaHHE, U cj1a0as KUCIOTa.
Peakuust cpenbl B 3TOM cllydae 3aBUCUT OT CPAaBHUTENBHOW CHIIBI OCHOBAaHHUS M KHUCIOTHI, T.€. OT UX
KOHCTaHT auccouunanun (Ky):

o ecimu Ky (ocHoBanus) > Ky (kucnotsr), To pH > 7;

o ecimu Ky (ocHoBanus) < Ky (kucnotsr), To pH < 7.
B ciyuae ruaponnza CH3COONH,:
Ky (NH;OH) = 1,8-10°; K (CH3COOH)=1,8-10",
MMOATOMY PEAKITHs BOJHOTO pacTBOpa 3TOH cou OyaeT mouTu HelTpanbHoi (pH = 7).
Ecim ocHOBaHWe M KUCIIOTa, 00pa3yIoIIHe COJIb, SBJSIOTCS HE TOJBKO CIA0BIMH 3JICKTPOIMTAMHU, HO U
MaJopacTBOPUMBI WJIM HEYCTOWYHMBBI U paszNiaraloTcsi ¢ 00pa3oBaHUEM JIETYYUX MPOJYKTOB, TO B 3TOM
cllydae THJIPOJIU3 COJMU MPOTEKAeT MO BCEM CTYMEHAM A0 KOHIa, T.e. 10 oOpa3oBaHHUS clIaboro
TPYTHOPACTBOPUMOTO OCHOBAHHS M CJTa00H KHCIOTHL. B 3TOM ciydae pedb HJIET O HeoOpamumom uiu
NOJIHOM 2UOPOTU3E.
NMeHHO TONHBIM TUAPONHU3 SABISETCA MPUYUHOW TOrO, YTO BOAHBIE PACTBOPBI HEKOTOPBIX COJIEH

npurotToBuTh Helb3s, Harpumep Cry(COs3)s, AlxSz u ap. Hanpumep:



Al,S; + 6H,0 — 2A1(OH)s| + 3H2S7
[TosToMy cynbhua aqrOMHHHS HE MOXKET CYIIECTBOBATh B BHJIE BOJIHBIX PAacCTBOPOB, MOXKET OBITh
MOJIy4YEH TOJBKO "CyXUM criocoOoM", HarpuMep, U3 3J1€MEHTOB MPHU BHICOKOM TeMIlepaType:
2A1 +3S - AlS;,
U JIOJDKCH XPAHUTHCS B TEPMETHYCCKUX COCY/IaX, UCKITFOYAIONIHX TT0NaIaHke BIIary.
Peaknueit oOMeHa B BOJHOM pacTBOpE TaKWe COCAMHEHUS HENb3s Moiy4uTh. [Ipu B3ammomeicTBUU
coneit A1**, Cr*" u Fe** B pactBope ¢ cynbdunamu i kapboHATAME B 0CA0K BHITAIAIOT HE CYIbMUIB U
KapOOHATBI THX KaTHOHOB, a UX THAPOKCHU/IBI:
2AICl3 +3NazS +6H,0 — 3H,S1 + 2AI1(OH)3| +6NaCl
2CrCl3 + 3Na,CO3 + 3H,0 — 2Cr(OH)3z| + 3CO,1 + 6NaCl
B paccmoTpeHHBIX puMepax MPOMCXOIUT B3aMMHOE ycuieHue ruaponu3a nByx conei (AlCl3 u NayS
i CrCls u NapCO3) u peaknus uIeT 10 KOHIIA, TaK KaK MPOAYKTHI PeaKIMH BBIICISIOTCS 3 pacTBOpa
B BHJIE OCaJIKa ¥ rasa.
I'uaposns coneit B psne ciiydaeB MOXKET MPOTeKaTh odeHb cliokHO. (IIpocThie ypaBHEHUS peakiuu
THIPOJIN3a B OOIICTIPHHSATOW 3allUCH YacTO SIBISIOTCS YCJIOBHBIMHU.) [IpOAyKTBI THIPOJIM3a MOYKHO
YCTaHOBHThH JIMIIb HA OCHOBAaHMM aHAJIMTHYECKOrOo HccienoBanus. K mpumepy, MNpoayKTaMu
THIPOJIA3A COJICH, COJCPIKALIMX MHOTO3aPsIIHbIC KATHOHBI, MOT'YT OBITh TOJIHSIICPHBIC KOMIUIEKCHI. Tak,
eci B pactBopax Hg®' comepikarcs TOIBKO OQHOSIEPHBIC KOMILICKCHI, TO B pactBopax Fe®' mommmo
kommuiekcoB [FeOH]?" u [Fe(OH),]" oGuapyxuBaercs aByxbsepHsii kommieke [Feo(OH).]*'; B
pacTBopax Be®* B OCHOBHOM 06pa3syloTcs MHOTOSIEPHBIE KOMIUIEKChl coctaBa [Bes(OH)s]*; B
pactBopax Sn®* o6pasyrorcs kommexcusie nonbl [Sns(OH)4]%, [Sno(OH),]%, [SNnOH]'; B pacreopax
Bi* Hapsay C [BiOH]2+ HaXOOATCSI KOMILJIEKCHBIE MOHBI COCTaBa [Bie(OH)12]6+. Peakuuu rugponusa,
MIPUBOJISIIUE K 00Pa30BAHUIO TIOJIHSIIEPHBIX KOMIUIEKCOB, MOXKHO MPEJICTAaBUTh CIICTYIONIIM 00pa3oM:
mMM** + nH,0 < My(OH),™ V" + nH*,
rae m u3MeHsiercss or 1 70 9, a n MoxeT npuHUMaTh 3HadeHus oT 1 mo 15. Takoro poma peakuuu
BO3MOJKHBI JIJII KaTHOHOB Oosiee ueM 30 3JIeMEHTOB. YCTaHOBJICHO, YTO KaXJIOMY 3apsjy HOHa B
GOBIIMHCTBE CIIY4acB OTBeuaeT olpejencHHas popma komiuiekca. Tak, mis noHoB M®* xapakrepHa
dopma aumepo [Mo(OH)*, wns nonos M3 — [MA(OH),]*, a ans M* — dopma [Mo(OH)s]** 1 Gonee
crioskHble, HanpumMep [Zra(OH)g]®" .
[Tpu BeICOKMX TemIiepaTypax U OOJIbIINX 3HaUeHUSIX pH 00pa3yroTcss 1 OKCOKOMIUIECKCHI:
2MOH < MOM + H,0 unu
OH ﬂ§

.\!"lui“l“‘r ‘H/ H/—l- =-M-0-M-0-M- + nH30
VA W4 \D,f ®
OH H

Hanpuwmep,

BiCls + H,0 — Bi(OH),Cl + 2HCI



Katnon Bi(OH)," nerko Tepsier MoieKyiy BoJbl, 06pa3ys KaTHOH BUCMYTHIa BiO”, KoTopsIii ¢ Xmopu-
MOHOM JaeT Oelblil KpUCTaNTnYecKuil 0cagokK:

Bi(OH),Cl — BiOCl| + H,0.

CTpyKTYpHO NONUSIACPHBIE KOMIUICKCHI MOKHO TPEJCTABUTHh B BUJE OKTAdJIPOB, COCIUHEHHBIX MEXKIY
co00ii 1o BepiInHe, pedpy WiIM IpaHu MOCPEACTBOM pa3nuyHbix MocTukoB (O, OH u ap.).

CnoxHblif cOCTaB HUMEIOT NPOAYKTHI THUAPOIIU3A KapOoHaTOB psaa MeTawioB. Tak, mpu
B3aHMOJICIICTBUN pacTBOpUMSBIX coieil Mg?*, Cu®, Zn®*, Pb*" ¢ kapGoHaToM HaTpHs 0Gpa3yrOTCS HE
cpenHue KapOOHATHI, a MEHEe  PacTBOPHUMBIC ecudpoxcokapbonamsl, uHampumep Cuy(OH),COs,
Zns(OH)g(CO3)2, Pb3(OH),(CO3),. B kauecTBe mprMepa MOKHO IPUBECTH PEAKIIHH:

5MgS0O,4 + 5Na,CO3 + H,0 — Mgs(OH)2(CO3)4) + 5NaySO4 + CO27T

ZCU(NOQ,)Z + 2Na,CO;3; + H,O — Cuz(OH)QCO:),l, + 4NaNO3 + CO,1

KonnuecTBeHHO rUIPOIIN3 XapaKTepU3yeTcs CTENeHbI0 Tuapou3a h u koHcTanTo# ruaponusa Kr.
Crenenp rujipoian3a NoKa3bIBaeT, Kakasi 4acTh COJIM, cojepskauiasics B pactBope (Cyi), M0JABEpIiach
ruApoiu3y (Cyiryy) U PACCUNTHIBACTCS KaK OTHOILICHUE!

h = Cum rux / Cum (100%).

OueBuaHO, 4TO A1 0OpaTumoro mpoiecca ruapousa h < 1 (<100%), a gt HeoOpPaTUMOTO THAPOIH3a
h =1 (100%). Kpome mnpupoasl COHM, CTENEHb THUAPOJIU3a 3aBUCHT OT KOHIICHTPALMU COJNA U
TEeMIIEpPaTyphl pacTBOPA.

B pactBopax ¢ yMepeHHOH KOHIIEHTpalueld pacTBOPEHHOTO BEIIECTBA CTEMEHb TUAPOIH3a IPHU
KOMHAaTHOW TemmepaType oObldHO HeBenuka. st comel, oOpa30BaHHBIX CHUJIBHBIM OCHOBAHHUEM H
CHJIbHOW KHUCIIOTOM, OHA MPAaKTHYECKH PaBHA HYIIO; /Ul COJel, 0Opa30BaHHBIX CI1a0BIM OCHOBAaHUEM U
CHJIBHON KHCIIOTON WJIM CHJIBHBIM OCHOBaHWEM U cnmaboi KHciIoToi, oHa coctaBister =~ 1%. Tak, mus
0,01 M pactBopa NH4Cl h = 0,01%; s 0,1 1. pactBopa CH3COONH,4 h = 0,5%.

I'unponus — npotiecc 0OpaTUMBIi, TO3TOMY K HEMY IPUMEHUM 3aKOH JIEHCTBYIOIIUX Macc.

Koncmanma eudponusa ecmv koncmanma pagnogecus npoyecca uopoausd, v o CBoeMy (pu3maeckomy
CMBICTYy OTpeNeNseT CTeneHb HeoOpaTuMocTu Tumpoiu3a. Yem Oomnbime Kr, Tem HeoOpaTtumee
ruaponu3. Kr uMeeT cBoe BhIpaKEHUE IS KAXKIOTO Cllydas THAPOIU3a.

BriBeniem BbIpakeHHE Ui KOHCTAHTHI THAPOJIH3a CONMU cIab0il KHCIOTHI M CHJIBHOTO OCHOBAaHUS Ha
npumepe NaCN:

NaCN + H,0 < NaOH + HCN;

Na" + CN™ +H,0 < Na* + OH™ + HCN;

CN + H;O <> HCN + OH"

Kpass = [HCN][OH] / [CN][H,0].



[H20] umeet HanOOBIIYIO BEIUYHUHY, KOTOPAs B XO/I¢ PEAKIIUU MPAKTHYCCKUA HE M3MEHSICTCS, TOITOMY
€ MOXKHO YCJIOBHO CYHMTaTh MOCTOSIHHOM. Torma MOMHOXXMB YHCIHMTEIb W 3HAMEHATeNlb Ha
KOHIICHTPAIIMIO MPOTOHOB U BB MOCTOSHHYIO KOHIICHTPAILIUIO BOJbI B KOHCTAHTY, IMOJYUHM:
Kpasu [H20] = Kw / Kjyoauen) = Kr
tak kak [HCN] / [H'][CN] = 1/ Kxgauen)
[Tockonbky Ky BemMurHa MOCTOSIHHASI M paBHA 10 , OYEBUJIHO, 4TO yeM MeHbIle Ky caaboii KUcioThl,
AHUOH KOTOPOI BXOJUT B COCTAB COJIU, TeM OoJbIe Kr.
AHaJOTUYHO, [T COJIM, THApONu3yronielics mo katuony (Hanpumep NH4Cl), momydnm:
NH;" + H,0 <> NH40H + H" (cokpareHHoe ypaBHEHHE THPOIIN3a)
Kpass = [NHOH]J[H'] / [NH,"1[H20]
Kr = Kpass [H20] = Kw / Kjgoen)
B »TOM BBIpaXX€HMM YUCIWUTENb M 3HAMEHarenb Apobou ymHoxuiu Ha [OH]. OueBugHO, 4TO uUeM
menblre Ky cnaboro ocHOBaHMS, KATHOH KOTOPOTO BXOJMT B COCTaB COJH, TeM Oombiue Kr.
Eciu comp obOpazoBana cinaObiM oOcHOBaHMEeM M cinaboi kucnorod (Ha mpumepe NH4CN), 1o
COKpaIlleHHOE YpaBHEHUE TUPOIIN3a UMEET BU/I;
NH;" + CN + H,0 <> NH,OH + HCN
Kpass = [NH;OH] [HCN] / [NH4 J[CN],
B srom BeIpaxkeHun ansd Kpay yMcnnTens M 3HaMeHaTeNnb JPOOHM yMHOXKAaeM Ha [H']-[OH ], [I03TOMY
BhIpakeHHe st Kr mpuHuMaeT Bua:
Kr = Kw / (Knucaorsy Krioem)-
Kak crnenyer u3 mnpuBEACHHBIX BBIPAKEHUU, KOHCMAHMA 2UOPOAU3A OOPAMHO NPONOPYUOHATILHA
KOHCmanme ouccoyuayuu ci1aboeo 31eKkmpoauma, y4acTBYIOIIETO B 00pa3oBaHMM CONMU (€CiIH B
o0pa3oBaHWM COJIM YYaCTBYIOT JIBa ClalbIX »ayekTponuTta, To Kr o0paTHO mpomopiuoHasbHa
MIPOM3BEICHUIO X KOHCTAHT JUCCOITUAIIUN).
PaccmoTpum ruaponn3 MHOTO3apsiHOro HoHa. BozbMeMm NayCOs.
. CO3” + Hp0 « HCO3 + OH~
Krqy = [HCOs 1[OH ]/ [CO31[H.0] x ([H'T/ [H']) = Kw / K,
TO €CTh B BBIPOKEHHE JJII KOHCTAHTHI THAPOJIN3a 1O MEPBOM CTYNEHU B 3HAMEHATENb BXOIUT BTOpAs
KOHCTaHTa JIMCCOIMAIINH, U 11T BTOPOU CTYTNIEHU THAPOJIN3a

Il. HCO;3; + HyO « H,CO3+ OH"
Kraiy = [H2CO3][OH] / [HCO3 1[H20] x ([H']/ [H']) = Kw / Kpq
Ky = 4x107 Kpay=2.5x10"
Kray = 5.6x10™" Kpgy = 1.8x10™
Takum obpaszom, Krgq >> Kr, KOHCTaHTa, a Cled0BaTeIbHO, U CTEHNEHb IEPBOIM CTaguM THUAPOJIN3A

MHOTO OOJIBIIIE TTOCEAYIOIHX.



Cmenens euopoausa SIBISICTCS BEIMYNHON aHAJIOTUYHOMN CTETICHH JAUCCOLMAIUK. B3auMOCBs3b CTEneHn
Y KOHCTAHTBI TUAPOIIA3a aHATOTMYHA TAKOBOM ISl CTENIEHU ¥ KOHCTaHTBI JUCCOIHAIIIH.
Ecnu B oOmieM ciyyae HMCXOAHYIO KOHIICHTPALMIO aHMOHA CJIa00N KHCIOTHI 0003HauuTh depe3 C,
(Momb/11), To Coh (MOJB/IT) — KOHIIGHTpAIMS TOM YacTH aHWOHA A, KOTOpast MOABEPIIIaCh THAPOIHU3Y U
obpazoBanock C,h (Mosw/im) crnaboit kucaorel HA u Coh (MOJIB/1T) THAPOKCHIHBIX TPYIIIL.
A +H;O < HA +OH,
Co-Coh Coh Coh
toraa Kr = [HAJ[OH ]/ [A] = Coh-Coh / (Co-Coh) = Coh? / (1-h).

Ipuh << 1 Kr = C,h* h =Ky / C..

OueHb MOX0Xke Ha 3aKOH pa3baBneHus: OcTBaibaa.
MosxHo paccuutath pH pactBopa, eciu uzBectHbl C, 1 h. YuuThiBas, uto
[HA] = [OH] = C,h, momy4nm:

Kr = Coh-Coh / Co = [OH]% C,, oTKY 1A

[OH ] =VK-C,.

AHaJOTMYHO, MOXHO MOKa3aTh, YTO MPHU TUIPOIIH3E 110 KATUOHY

[H*] = VK- Co.

Takum 06pa3om, CIOCOOHOCTH COJIEH MOIBEPraThCs THAPOJIM3Y 3aBUCUT OT JBYX (haKTOPOB:

e CBOICTB HOHOB, 00Pa3yIOLINX COJIb;
e BHEMIHUX (PAKTOPOB.

Kak cnBuHyTh paBHOBECHE ruApoIn3a?
1) JobGaBieHue OJHOMMEHHBIX HOHOB. [IOCKONBKY MpH OOpPaTUMOM THAPOJIN3E YCTAHABJIMBACTCS
JMHAMHYECKOe pPaBHOBECHE, TO B COOTBETCTBHU C 3aKOHOM JCWCTBHS MacC PaBHOBECHE MOKHO
CMECTUTD B Ty UJIU UHYIO CTOPOHY BBEJICHUEM B PACTBOP KUCIOTHI UM OCHOBaHUs. BBeleHne KHCIOThI
(xatmoroB H') mopaBnser rmaponns mo KaTHOHy, noOaBieHue menodn (anmoHos OH) momapmiser
THJIPOJIA3 IO aHUOHY. DTUM YacTO MOJIB3YIOTCS IS YCUIICHUS WM TIOJJABJICHUS TTPOIecca THIPOIIN3A.
2) U3 popmynsl s h BunHo, 4TO pazbasienue cnocobcmeyem eudpoausy. POCT cTeneHu TUaposm3a
KapOoHaTa HaTpus
Na,CO3 + HOH <> NaHCO3 + NaOH
3) [IloBbimieHUWe TeMIepaTypbl CrHocoOCTByeT ruaposin3y. KoHCTaHTa — aucconMaid  BOJBI
YBEJIIMYUBACTCSI TIPU TIOBBIIICHUH TEMIIEpPaTypbl B OOJNBIIECH CTEMEHH, YeM KOHCTAHTHI JHCCOIHMALIUN
MPOJYKTOB THAPOIN3A - CIa0bIX KUCIOT M OCHOBaHUi, MOATOMY MPU HArpEeBaHWUU CTETMEHb THIPONIH3a
Bo3pacraeT. K 3ToMy BBIBOAY JIETKO NMPHIATH W MHAYE: TaK KaK PEeaKIus HEUTpaIu3aluy dK30TEPMUIHA
(DH= —-56 x]Ix/Moib), TO THAPOJIN3, OyAy4H MPOTHBOIMOJOXKHBIM €H IMPOLECCOM, SHIOTEPMHUCH,

MMO3TOMY B COOTBCTCTBUU C IPUHIUIIOM JIe IllaTenne Harp€BaHuC BbI3bIBACT YCUJICHUC ' IPOJIN3A.



B xuMuueckold mTpakTHKE BeChbMa pACIPOCTPAHEH THAPOIN3 1O KATHOHY COJed, 00pa3oBaHHBIX
MHOT'03apsIHBIM KaTHOHOM U OJIHO3apsAHbIM aHuoHOM, Hampumep AlCls. B pactBopax 3Tux coineit
MEHEee JUCCOLMUPOBAHHOE COeTMHEHHE 00pazyeTcs B pe3ysbTaTe MPUCOCIMHEHUS OJHOTO THAPOKCU -
MOHA K HOHY MeTaiuia. YuntsiBas, uto noH Al** B pacTBOpe rumpaTipoBaH, MepByIo CTAMIO THAPOIN3a
MO>KHO BBIPa3UTh ypaBHEHUEM

[Al(H20)6]*" + HOH < [Al(H,0)s0H]*" + H30"

[Tpu 06b14HOI TeMIepaType THAPOIN3 COJCH MHOTO3apsAIHBIX KATHOHOB MPAKTUYECKH OrPAaHHYUBACTCS
9TOM cranue. [Ipu HarpeBaHUK MPOUCXOIUT THAPOJIN3 110 BTOPOU CTYIICHU:

[Al(H,0)s0H]?* + HOH < [Al(H,0)4(OH),]* + H;0*

Takum o0pa3zom, Kuciasg peakuuss BOAHOTO pacTBOpa COJIM OOBACHSAETCS T€M, YTO THAPATUPOBAHHBIN
KaTHOH TepsieT npoToH U aksarpymnmna H,O npespamaercs B rugpokcorpyniny OH™. B paccMoTpenHOM
mporecce MOTYT 06pasoBaThCsi M Gonee CIOKHBIE Komiuiekchl, Hampumep [Alg(OH)is]**, a rtaxke
komruiekcHsie HoHsl Buma [AIO(OH)4> u [AlO2(OH),]*. ConepkaHme pasiHuHBIX MPOLYKTOB
THJPOJIM3a 3aBUCUT OT YCIOBUH NPOBENEHUs peakiuu (KOHLEHTpalMs pacTBOpa, TeMmIepaTypa,
IPUCYTCTBUE APYrHX BellecTB). ViMeeT 3HaueHue TakKe JIMTEIbHOCTh IMPOTEKAaHUs Mpolecca, Tak Kak
paBHOBECHE MTPH THIPOJIN3E COJIEH MHOTO3apSAHBIX KATHOHOB OOBIYHO JOCTHTACTCS MEIJICHHO.

Qbopyoosanue u mamepuaivl:

PeakTuBbl, HeOOXOAMMBIE 1JIs1 JTaHHOW pabOTHI, BHICTABISIIOT HA MOJIKM J1a0OPaTOPHBIX CTOJIOB. Penkue
PEaKTHUBbI, KOHLIEHTPUPOBAHHbIE KUCIIOTHI M INENOYM, Maxydyue BellecTBa (HampuUMep, CepOBOIOPOI,
OpoMHast BoJia U Ip.) XpaHAT B BBITSKHOM HIKaQy.

OcHoBHasl XUMUYecKasi ocyAa: NpoOUPKU (B IUTATHBE), KOJIObI, XUMUYECKUE CTaKaHbI 1OCIE PabOThI
TIIATEIbHO BBIMBITH, BEChl C PAa3HOBECOM, INPHOOPHI, HCIOJIb3yeMas MJIsi NMPOBEACHHS OTIENbHBIX
71a00paTOPHBIX Pa0OT, BHIAAETCS U CAETCS YMCTast JJAOOPAHTY.

Texnuka bezonacnocmu nPU_BbINOJIHECHUU 1A00PAMOPHOUL Da60mbl.'

-aKKypaTHO 00pamaTbCsi CO CTEKISIHHOM XMMHMYECKOM MOCYq0i. OCTaTKH pa30UTON Mmocyabl youparthb ¢
IIOMOUIBIO COBKA M IETKU;

-Bce paboTHl, CBSA3aHHBIE C BBIJCICHHEM SJIOBUTHIX, JIETYYUX M HEMPUATHONAXHYIIUX BEILECTB,
MIPOBOAMTH B BBITSKHOM HIKady;

-IIpU ONPEAEJICHUHN 3allaxa BENIECTB OTBEPCTHE COCyJa JepxkaTh Ha paccrosHuu 25-30 cMm oT juua,
HanpaBJsis K cebe CTPYIo ra3a MmocTynareIbHbIMU JBH)KEHUSMH JIaJIOHU OT OTBEPCTUS K JIUILY;

-IpY HaJMBAHWM PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO H30€XaHHE MMOMafaHus OpbI3r WIH
YacTHUIl Ha JINILIO WX OJICXKAY. PU pa30aBIeHNN KOHIEHTPUPOBAHHBIX KHCIOT BIMBATh KUCIOTY B BONY,
HO HE HA00O0POT;

-IIpY HarpeBaHUM MPOOUPKU HE JepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCE/Ia. HE HAKIIOHAThCS

HaJ| HarpeBaeMoU KUIKOCTHIO BO H30eKaHUe MONadaHus €€ Ha JIUI0, PYKH WU OJEKIY;



-ropsiYde MpeaIMEThl MOXHO CTaBUTh TOJIBKO Ha acOECTOBBIM KAapTOH, acOECTHPOBAHHYIO CETKY WIH
APYTYIO CHEHUATIBHYIO MOJICTAaBKY;

-HEeJb3$ TOJIB30BATHCS IIEKTPONPUOOPaMu 0€3 COOTBETCTBYIOIIETO HHCTPYKTaXa. MPH BKIIIOYCHUU UX B
CeTb HEJb3sl IePKAThCA 38 METALTHUECKUE TPEAMETHI (TpyOBI, KpaHbl  T.I1.). 3allpeUIaeTcsl BKIOYATh U
BBIKJIIOUaTh 3JIEKTPONPUOOPHl MOKpPBIMH pPYyKaMH, a TaKXe II0Jb30BAThCA HEUCIPABHBIMU WIIH
MMEIOIIMMU OTrOJIEHHBIE POBOA IPUOOpaMU;

-3anpemaeTcs MPUHUMATh MHIY B XUMHYECKON 1a00paTopruu U MUTh BOAY U3 JIADOPaTOPHON MOCYIBI. -
-KaTerOpHYECKH 3arperaeTcs NpoodoBaTh peakTUBHI HAa BKYC;

-IpY MONAJAaHUM HA JIMLO WIM PYKH OpBI3r KOHIEHTPUPOBAHHBIX KHUCJIOT IOCJIE CMBIBaHUS BOJOU
IPOMBITh CIa0BIM PAacCTBOPOM COJIbI. IIENOYL CIEAYET CMBIBAaTh JI0 TE€X IOP, ITOKA y4acTOK KOKH, Ha
KOTOPBIH OHa TIOMala, He MePEeCTaHeT ObITh CKOJIB3KUM; 3aTeM HPOMBITH CIIa0BIM PAaCTBOPOM YKCYCHOM
KHUCJIOTHl W HAJIOKUTh TIOBSA3KY M3 BaTbl, CMOUYEHHON 3%-HBIM pacTBOPOM IepMaHraHaTta Kaimus (W3
anTeyKky B 1a0OpaHTCKOH Kadenpsl);

-110 OKOHYaHUM PAaOOThI BBIKJIIOUUTH U3 CETHU BCE AJEKTPOIPUOOPHI, IEPEKPHITh NOJauy ra3a U BOJbl B
naboparopuio u yopaTh pabouee MecTo;

-000 BCceX HECUACTHBIX CIy4yasX HEMEJIEHHO coo0LIaTh MPENoJaBaTelIio Uil JIAOOpaHTy.

Ilpaxmuueckas uacms:

Omneit Nel. Onpenenenune pH pactsopa.

A. OsHnakoMbTech ¢ mpaBujgamMu paboTbl Ha pH-MeTpe, monb3ysach MHCTpyKuueidl k mpubopy. C
nomotbo pH-Merpa onpenennre 3HadeHne pH HEHTpanbHOr0, KMCIOrO M MIEIOYHOTO pacTBOpOB. Jliist
9TOr0 B TPH CTaKaHYMKa HaJeWTe COOTBETCTBEHHO IUCTWUIMpOBaHHYl Boxy, 0,1 H pacTtBOp
XJIOPOBOAOPOAHON KHUCIOTH U 0,1 H pacTBOp rMApOKcHIa HAaTpUs U U3MepbTe ¢ nmomouiplo pH-meTpa
pH cpensl. PezynbpTarsl 3anummre B Ta0auiy 1.

B. ConepxxuMoe Kaxa0ro U3 CTakaHOB MPENbIAYILEro ONbITa pasjieiite B Tpu npobupku. JJo0aBbTe B
KOKIyI0 U3 TpEX NmpoOUpok mo 2-3 Kaluli MHAWKATOPOB, COOTBETCTBEHHO: JIAKMYCa, METHUIIOBOTO
opamxkeBoro u ¢enondranenna. OnpenennTe OKpacky HMHIMKATOPOB B ITHX pacTBopax. Pe3ynbraTsl

onbIToB A 1 B ohopmuTte B Buje TabIuIIbI.

WNHunukarop; Cpena

nokaszanusi pH-metpa Heitrpanbnas Kucnas [lemounas

[IBet nakmyca

3nauenne pH

Ilokazanus

pH-meTrpa

IIBetr MeTHIIOBOTO

OpaHKEBOTO




3nauenue pH

TTokazanusa
pH-meTpa
Ber

dbenondranenHa

3nauenue pH

ITokazanusa pH-merpa

B. Jlns npubnmxenHoro omnpeaeneHus pH pacTBopa HCHOIb3yHTE YHUBEpCAlbHbIE WHIMKATOPHI,
NpeACTaBIsIoMre cO00i CMECh HECKOJIBKMX WHAMKATOPOB C PAa3JIMYHBIMHU OOJIACTSIMH TEpexoa, WIn
YHHUBEpCAIbHYI0 HMHIUMKaTOpHyl0 Oymary. Ilo mpumaraemoid K HEH WHAMKATOPHOW —INKaje
yCTaHaBJIMBaTh, IPU KaKUX 3HaueHUsX pH mHaukaTopHas Oymara OKpalMBaeTcsi B TOT WIM HHOM IIBET.
CrexJIIHHOM Najlo4ykoll mepeHecuTre 2-3 Kaluld HCCIENAYEMOrO pacTBOpa Ha YHHMBEPCAIbHYIO
MHAMKATOpHYI0 Oymary. CpaBHMTE OKPACKY €llle ChIPOro IsATHA C LBETHOW 1ikanoil, Caenaiite BBIBOJ O
npuOIMKEHHOM 3HaYeHnU pH TexX jke pacTBOPOB, KOTOPHIE UCCIIOIB30BAINCH B onbiTax A u b.

OmnpiT No2. Onpenenenue pH cpensl rupoanu3yIOMUXCs COJCH.

B 4uncTo BBIMBITBIE MPOOUPKHM BHECHUTE IIMATENEM IO LIEMOTKE XJIOpUAA HATpHs, KapOoHaTa HaTpus,
cynbdara ammonus. Jlo6aBbre 3-5 MiI IUCTHJUIMPOBAHHOW BOJABI M, BCTPSIXMBas, PACTBOPUTE COJIH.
Buectu 2-3 kamnMm MHIMKATOpa M, CpaBHMBas LBET WHJUKAaTOpa C LIBETHOM TaOiuleH, ompenenuTe
3HaueHue pH pactBopa comu ¢ TouHocThio a0 1-2 enumuuusl pH. MHaukaropamu MOryT OBITh:
METHJIOpaHX, JakMmyc, QeHondranenH, Tumondranens u ap. OnpeaenuB pH cpensl B mpoOupke,
HaIUIIATE HOHHOE U MOJIEKYJISIPHOE ypaBHEHHUE TUAPOIIN3A.

OmprT Ne3. JlelicTBrE pacTBOPOB THIPOJIU3YIOIIMXCS COJIEH HA METAJLIIBI.

B pacTtBOp XJI0pHa aMMOHHUS BHECUTE T'paHyJy aJIOMUHHUS WM IMHKA. Takol e OMBIT MPOBEIUTE C
pacTBOpoM KapOoHata HaTpus. [louemy B 3THX ciydasx MeTaibl pacTBOpsoTcs? OOBSICHUTE ONBIT U
COCTaBbTE YPABHEHUS PEAKIUIL.

OmnbiT Ne4. I'niposn3 KUCHBIX COJIEH.

B nBe mpoOupku BHecute 1o menotke coseid Na,CO3 u NaHCO3. Jlo6aBbTe 2-3 MIT TUCTHILIHPOBAHHON
BOJBI M 2 Karuld HEoOXOAMMOro MHAMKaTropa. OTMEThTE OKPAacKy pacTBOPOB, OOBSCHHUTE pa3ivyus B
3HaueHusax pH 31ux pactBopoB. CocTaBbTE HOHHBIE U MOJIEKYJISIPHBIE YPAaBHEHUS THAPOIIH3A.

OmnbiT No5. CnBur paBHOBECHS THAPOIIU3A.

B npoOupky naneiire 0,5-1,0 Ma pacTBopa coyii a30THOKHUCIIOIO BUCMYTa U MOCTENIEHHO pa30aBisiTe
pacTBOp AMCTHIIIIMPOBAHHOM BO/IOM. Bhimaner 6ernblif 0ca ok OCHOBHOMN COJIH.

CocraBbTe ypaBHEHHE peakuuu Tuaponu3a. [IpuGaBbTe HECKONBKO Kareidb a30THOM KHCIOTHL. YTO
IPOUCXOIUT ¢ ocagkoM? KoHIEHTpanuio KakuX HOHOB B PAacTBOpE CJIENYET YBEIUYUThb, UYTOOBI

MOJTYYUTh TIPO3pauHblii pacTBop? KakoBa poss BOIBI B CABUTE PABHOBECHS THAPOIN3a?



OnbiT Ne6. BnusiHue TeMneparypsl Ha TUAPOIIU3.

Hanetite B mpobupky 2-3 xamnu penondranenna. Harpetite pactBop a0 kunenus. OOpaTuTe BHUMaHHE
HAa W3MEHEHMsA OKpacku HHauKatopa. Jlaiite oOBsACHEHHS, COCTaBUB HOHHOE M MOJEKYISPHOE
ypaBHEHHUs ruiponun3a. YTo HabroaeTe Npy OXJIaKIeHUU?

Kakoe BiamsiHMe Ha CTeneHb T'MIPOJM3a OKa3blBaeT MOBbIIIeHHE Temmeparypsl? Kak usmensercs pH-
pactBopa?

Omnprt No7. TonHbli THIpOIIH3.

K pactBopy xmopuia, HuUTpaTa WM cyiabpaTa aMMOHHUS Hpujeite pacTBop coxabl. Habmionaiite
BBIICTICHUSI MY3BIPHKOB raza MU oOpas3oBaHue ocaaka. Jlaiite oObscHeHue. CocTaBbTe ypaBHEHUS
peaxkuuii B MOJIEKYJIIPHOM U MOHHOM BUJIE.

Tpebosanus K oghopmienuio 1adopamoproil padomsl u omuemy:

1.Bemonaenne nabopaTOpHBIX PadOT CONPOBOXKAAIOT 3amUCSIMH B JIaOOpaTopHOM >KypHaine. Ha
TUTYJIBHOM JIMCTE JTa0OpAaTOPHOTO >KypHala MOJDKHBI OBITH INPENCTAaBIICHBI: Ha3BaHUE YHHBEPCHUTETA,
(dbaMuIHs 1 MHUIUAIBI YYaIlerocsi, HoMep Kypca v rpyIibl, y4eOHBIH ro.

2.0T14eT 0 BBINOJIHEHHOH 1a00paTOpHOU paboTe JOMKEH COAEePKATh CIEYIOINE CBEICHUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBIIIOJHEHUS pabOThI;

*IIeTTb Pa0OTHI;

*KPaTKO€ TEOPETUUECKOE ONNCAHUE;

*HOMED U Ha3BaHME OIbITA;

*KpaTKO€ ONMMCaHKE X0a paboThl C yKa3aHUEM YCJIOBHH MTPOBEICHUS OIIbITA;

*PUCYHKH M CXEMbI HCIIOJIb3YEMbIX TPUOOPOB;

*HaOJIFOICHMUS,

*YypaBHEHMSI POTEKAIOIINX PEAKIIHIA;

*pacuéThl, TaOIULbI, FpaduKy;

*BBIBO/JIBI.

3.JIabopaTopHBIii )KypHAT HY>KHO BECTH YUCTO U aKKYPaTHO, 3aITUCH JTOJKHBI OBITh JIJAKOHUYHBIMHU.
4.014éT 0 mpoBeNEHHON pabOTE MPOBEPSET U MOAMKUCHIBACT MPEMOTABATENb.

5.K cpaue 3auéra mo nabopaTOpHOMY NPAKTUKYMY [OMYCKAIOTCS CTYICHTHI, BBINOJIHUBIINE H
MOJINKCABIINE y TPEnojaBares Bce JOMAIHUE U JIa0opaTOpHBbIE PaOOTHI, CIABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBABILKE B pab0OTe CEMHHAPOB.

6.CTyeHTbI, MTOJIyYHBIINE 3a4€T 10 JIaOOpaTOPHOMY MPAKTUKYMY, JOMYCKAIOTCS K cllaye IK3aMeHa I0
KypCy HEOPTaHMYECKOW XUMHH.

Konmponvnuie gonpocet :




1. CocraBbTe ypaBHEHHE THIPOJIM3a COJIell B HOHHOM M MoJeKy/sipHoi ¢opmax: a) KCIO, 6) Na,SiOs,
B) Zn(NO3),. Ykaxure cpefy.

2. Yrto HaspiBaercs runponmzoM? IlpuBeante mpumepsl coseil, KOTOpbIE MOABEPTaIOTCS TUAPOIU3Y, U
CoJIed, KOTOpPbIE THIPOJIU3Y HE MOABEPTatOTCs, U OOBSICHUTE TOUYEMY.

3. Kak mporekaeT ruaponu3 coym, oOpa3oBaHHOW: a) CHIIBHOM KHCIIOTOM M Cl1abbIM OCHOBaHHEM; 0)
CUJIBHBIM OCHOBAaHHUEM U CJ1a00W KHCIIOTOM; B) CJIa0bIM OCHOBAaHHEM H CJIA00M KUCIOTOM?

4. IloueMy pacTBOp HUTpATa AJIFOMHHMSI OKpAIIUBAETCS B KPACHBIN I[BET NpU A00aBIEHUHU JaKkmyca?

5. Tlowemy pacTBOp cCynbpuAa Kaaus OKpAIIMBACTCs B MAJIMHOBBIA [BET MpU J00aBICHUH
dbenondranenna?

6. [Touemy pacTBOp XJopuaa Oapusi He U3MEHSET BT Jlakmyca 1 peHondranenHa?

7. Ilouemy mpu ruaposuse cyiab(uTa HaTpUs HE BBIACIAETCS CEPHUCTAs KUCIOTA, a MPHU TUAPOIIH3E
cynb(dara aTFOMUHUS HE OCAKIACTCS THAPOKCU/T ATFOMUHUS?

Cnucok numepamypbol;

1.MeTtonnyeckue ykazaHHs MO BBIIOJHEHHIO JIAOOPATOPHBIX paboT mo aucuuminHe «Heopranuueckas
XUMUSD» ISl CTYJIEHTOB HarpaBieHus noarotoBku 19.03.04 Texnosorus npoAyKIuu U OpraHu3alus
0OIIECTBEHHOT'O ITUTAHMS.

2.Meronuyeckue ykKa3zaHUs Ui OOyYJaIONMUXCS 10 OpPraHW3alid U TPOBEIACHHUIO CaMOCTOSTCIIBHOMN
paboTsl o aucuuruinae «Heopranuueckas XuMus» JUis CTYIGHTOB HampaBieHus noarorosku 19.03.04
TexHoMOTHSA MPOIYKIIMH U OpTaHU3aIUs O0IIECTBEHHOTO MUTAHUS.

3.Heopranmnueckass xumusi [DnekTpoHHBIN pecypc| : mabopatopubrii npaktukym / C.A. Coxkososa [u
ap.]. — DIeKTpoH. TeKCTOBble NaHHble. — Boponex: Boponexckuil I'ocynapcTBeHHbI ArpapHblil
VYuusepcurer uM. Mmmneparopa Ilerpa IlepBoro, 2017. — 93 ¢. — 2227-8397. — Pexum goctyna:
http://www.iprbookshop.ru/72709.html

4.Heopranuueckast Xumusi [D1eKTpoHHBIN pecypc] : maboparopubiil npaktukyMm / O.B. [IpsikoHoBa [u
ap.]. — DIEeKTpoH. TEeKCTOBbIe NaHHble. — Boponex: Boponexckuil ['ocynapcTBeHHbI ArpapHbiit
VYuusepcurer um. Umneparopa Ilerpa Ilepsoro, 2016. — 150 ¢. — 2227-8397. — Pexxum poctyna:
http://www.iprbookshop.ru/72708.html

JlabopaTopuasi padora Ne 9
Tema: OKHCINTETHHO-BOCCTAHOBUTEIbHbBIE PEaAKIHH.

Llenv padomwi: VI3yueHue OKHMCIUTEIBHO-BOCCTAHOBUTENBHBIX pPEAaKIMH Ha IMPUMEPE pPEaKLUil Ha

IIpUMEpPE PEaKIMil METAJUIOB ¢ KUCIOTAMHM U IEJIOYAMHM, BIUSHHUE XapaKTepa Cpeibl Ha OKUCINUTEIbHO-
BOCCTAHOBUTENBHBIA  IPOLIECC, OKHUCIUTEIBHO-BOCCTAHOBUTEIBHYIO  JIBOMCTBEHHOCTH  BEILECTB,
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHYI0  PEAKLUUU  JUCHPOPOPLIUOHUPOBAHUS, BHYTPUMOJIECKYJISIPHOU

OKHCIIUTEIEHO-BOCCTAHOBUTEIIHLHOM pCaKkIuu.


http://www.iprbookshop.ru/72709.html
http://www.iprbookshop.ru/72708.html

Dopmupyemvie komnemenyuu. YK-1; OIIK-2.

Teopemuueckas uacmo:

OKUCIINTENIBHO-BOCCTAHOBUTENIBHBIE PEAKLMM — O3TO PpPEeakLUUd, COINPOBOKAAIOLIMECI IEPEXOI0M
QJICKTPOHOB OT OJHHUX ATOMOB WJIM MOHOB K JAPYIruM, APYIrUMH CJIOBAMHU — 3TO PCAKLUHU, B PEC3YyJIbTATC
KOTOPBIX U3MEHSIOTCS CTENIEHN OKMCIIEHUS JJIEMEHTOB.

CreneHb OKMCIEHHS — 3TO 3apsj] aToMa 3JIeMEHTa B COEAMHEHHUM, BBIYMCICHHBIM W3 YCIOBHOIO
MMPCAIOJIOXKCHUA, YTO BCC CBA3H B MOJICKYJIC ABJISAFOTCSA HOHHBIMU.

CreneHb OKUCIIEHUS MPUHATO YKa3bIBaTh apaOCKoi nu(poil HaJ CHMBOJIOM 3JIEMEHTA CO 3HAKOM ILTIOC

Wi MUHYC riepen mudpoii. Hanpumep, ecim cBs3b B Mosiekyine HCI nonHasi, To BOZOPO/ U XJIOP UOHEI €
+1 -1
sapsynamu (+1) u (—1), ciegosarensuo HCL,

I[JIS[ TOr0 4YTOOBI pacCcUuTaTtb CTCIICHb OKHCJICHHA JIF000T0 9JICMCHTA, HGO6XOI[I/IMO IIOJIB30BaTHCA

CICAYOUUMH IIPaBUJIAMMU .

0 0

0 0 0
H2,Cl2,0:,C,

1. CreneHb OKHCIEHHS aTOMOB B MMPOCTBIX BCHICCTBAX pAaBHA HYJIIO: Me (MeTaHJI

B CBOOOTHOM COCTOSIHUH).
2. Crenenb okucienust (+1) Bo BceX COENMHEHHMAX MMEIOT mienouyHble metamisl (IA rpymma) u

BOJIOPOJ, 32 UCKJITFOYEHUEM THAPUJIOB aKTUBHBIX METAIJIOB, T/I€ CTETICHb OKMUCIEHHUS BOJIOPOJA
+1 -1 +2 -1

paBHa (—1), Hampumep NaH, CaH,.

3. CreneHb OKHCIECHHS +2 BO BCEX COCIUHEHUSX HMEIOT IeJouHo3eMenbHbie Metamasl (I A

rpymma).
4. Kuciaopon uMeeT CTeNeHb OKHCIeHUs (—2), BO BCEX COEAMHEHUSIX, KpPOME IEpPOKCHIOB
+1 -1 +2 -1 +2-1
(H202,Ba 02y 4ropuna kucnopona O F2.
5. AunreOpanueckas cyMMa CTEIIEHEH OKHCIIEHUS! BCEX YaCTHUI[ B MOJIEKYJI€ paBHA HYIIO, 4 B HOHE —
HC NO; - (NOs3)’! 3(¢-2)=1
sapsany noma HCl - +1-1=0, 37 (NO3) = +5+3(-2)=1
+2 -1

> —
6. CremneHb OKUCIEHUS HOHA JIEMEHTA PaBHA 3apsily HOHA: CaClz < g2+ 4 o0I™,

7. He crnenyer myTaTh MOHSATHS «BAJICHTHOCTHY» U «cTeneHb okucieHus». Tak B Nz, NHsz, NaHa,

NH,OH BaneHTHOCTh (KOBaJEHTHOCTh) a30Ta paBHAa TpeM, TaK KaK a30T oOpasyer Tpu

0 -3 -2 -1

KOBAJICHTHBIE CBS3M, 4 CTEIIEHb OKUCJICHU pa3InYHa: N2, NH3, N2 H,, NH,OH.

Oxwucienne W BoccTaHoBlIeHHE. OKHCICHHMEM Ha3bIBACTCS oTJadya DSJICKTPOHOB, B PE3YIbTATC YCTO
CTCIICHb OKHCIICHHUS »dJIEMEHTa IIOBBIIIaeTcsI. BoccTaHOBIEHHEM Ha3BIBaCTCS NMPpUCOCAUHCHUC

QJICKTPOHOB, B PC3YJIbTATC YCTO CTCIICHL OKUCIICHUS 3JICMCHTA ITOHUKACTCA.



OKHCIUTENbHBIE U BOCCTAHOBUTEIILHBIC MPOIIECCHI TECHO CBSA3aHBI MY COOOM, TaKk KaK XMMHYECKast
CHUCTEMa TOJBKO TOIJIa MOXET OTJaBaTh 3JICKTPOHBI, KOTJa Jpyras CHCTEMa HX MPUCOCIUHSICT
(oxucrumenvno-6occmanosumenvhas cucmema). IIprucoeUHAIONIAS JCKTPOHBI CUCTEMA (OKUCAUMEIb)
camMa BOCCTaHABJIMBaeTCs (IIPeBpallacTCs B COOTBETCTBYIOIIMN BOCCTAHOBUTEINb), a OTIArOIas
AJEKTPOHBI CUCTeMa (8occmanosumenv), cama OKHUCIIETCs (IpeBpaliaeTcs B COOTBETCTBYIOIIUH
OKHCJTUTEIND ).
K munuunvim okuciumensivm OTHOCST:

1. Dnementapusie BemecTBa — Cly, Brp, Fy, I, O, Oa.

2. CoenuHeHUs, B KOTOPBIX 3JIEMEHTHI MPOSBIISIOT BBICIIYIO CTEIICHb OKUCICHHUS (ONpeaesseTcs

HOMEPOM T'PYIIIIbI) —

+7 +6 +6 +5 +5 +7
KMnO,, K,Cr.0,,H, SO,, HNO,, KClO,, KClO,,

+7 +5
KIO,,KIO;mur.a

3. Karnon H' 1 MOHBI METATOB B UX BBICIICH CTEIICHH OKHUCIICHUS — Sn‘“, Cu2+, Fe**ur. II.
K munuunvim 6occmanosumensim OTHOCST:
1. DnemeHTapHble BelleCTBA — MeTaUIbl (HAWOONbIIAs BOCCTAHOBUTEIbHAS CIOCOOHOCTH Y
miesnoyHeix Meramion), Hyp, C, CO.

2. COGI[I/IHGHI/ISI, B  KOTOPBLIX DOJEMCHTHI IIPOABJIAIOT HU3SMIYKO CTCIICHb  OKUCJICHUA —

-3 -2 -1 -1 -2
NH,,H, S,HI, HC], K, S ut.a.

3. HoHbI METAILIOB HU3IIEN CTENEHN OKUCIECHUS — Sn2+, Cu’, Cr3+, Fe?"
OKHCIUTENTEHO-BOCCTAHOBHTEIbHAS  JBOMCTBEHHOCTh. (CoeduHenuss evicuieli CmeneHu OKUCIeHUsl,
MPUCYIICH JaHHOMY 3JIEMEHTY, MOTYT B OKHCIHTEIHbHO-BOCCTAHOBUTEIBHBIX PEAKIUSX BBICTYIATH
TOJIbKO B KauecTBE OKHUCIHTEJIEH, CTENneHb OKHUCIEHHUS JJIEMEHTa MOXET B 3TOM Ccllydae TOJBKO
noHnxarbcs. Coedunenus Huswielw cmenewu  OKUCTeHUsi MOTYT OBbITb, HA0OOPOT, TOJBKO
BOCCTAaHOBUTEISIMH; 3J7IeCh CTCIICHb OKHCICHHUS JJICMEHTAa MOXKET TOJIbKO IOBBIMATECA. Ecim ke
AJIEMEHT HaXOJHUTCS B MPOMEKYTOYHOM CTENIEHU OKHCIICHHUS, TO €r0 aTOMBI MOTYT, B 3aBUCHMOCTH OT
yCIOBUHM, TPUHUMATH SJIEKTPOHBI, BBICTYIMAs B KadecTBE OKHUCIUTENS WJIH OTJaBaTh SJIEKTPOHBI,
BBICTYTIAsl B KAYECTBE BOCCTAHOBHTETIS.

Tak, HampuMep, CTETIEHb OKHUCICHUS a30Ta B COCAMHEHUSX M3MEHseTCs B mpezenax or (— 3) mo (+5)
NH3, NH4OH - Tonsko BoccTaHOBUTETN

HNO3, conmu HNO3 - TOIBKO OKHCIUTENIHN

CoenvHeHUs € TPOMEKYTOYHBIMU CTETCHSIMH OKHCJICHHUS a30Ta MOTYT BBICTYMaTh B KauyeCTBE
OKHCIIUTEJICH, BOCCTAHABJIMBASACH IO HU3IIUX CTETICHEH OKUCIICHHS, I B Ka4eCTBE BOCCTAHOBHTEIICH,

OKHCIIAACH OO0 BBICHINUX CTEIICHEH OKHCIICHUS



Meton  snexkTpoHHOro  OanaHca  ypaBHHUBAaHMSI — OKHUCIMTEIbHO-BOCCTAHOBUTENBHBIX  peakUuit
3aKJIIOYAETCS B BBINOJHEHUHU CIEAYIOIIETO MPABWIIA: YHUCIO JIEKTPOHOB, OTJAHHBIX BCEMH YaCTULIAMU
BOCCTaHOBUTEJICH, BCEra PABHO YKCILY 3JIEKTPOHOB, ITPUCOEINHEHHBIX BCEMH YaCTULIAMHU OKHUCIIUTENEH
B JIAHHOM pEaKLIHH.

Oo0opyooearue u mamepuaivl:

PeakTuBbl, HCOOXOMMBIC ISl TaHHOW Pa0OTHI, BHICTABISIOT HA TIOJKH Ja0OpaTOPHBIX CTOJIOB. Peakue
PCaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI U MIENOYM, MMaXydyue BEUIeCTBa (HAIpPHMEpP, CEPOBOIOPO/I,
OpoMHasi BoJa U Ap.) XPaHST B BBITSHKHOM IIKa(y.

OcHOBHasi XUMHUYECKasi TIOCYy/1a: IPOOUPKH (B IITATHUBE), KOJOBI, XUMHUYECKHE CTAKaHBI IOCIE PaOOThI
TIIATEIBHO BBIMBITh, BEChl C Pa3HOBECOM, MPHOOPHI, HCIOJIb3yeMas Il MPOBEICHHS OTICIbHBIX
1abopaToOpHBIX PaboT, BEIAACTCS U CIASTCS YMCTast JIAOOPAHTY.

Texnuka bezonacnocmu npu_6bINOJIHEHUL 1AOOPDAMOPHOIL_PAdOmblL:

-aKKypaTHO 00paIaThCsi CO CTEKISTHHONH XUMHUYECKOHW MOCYIOH. OCTaTKU pa3OMTOMN MOCYAbl yOHpaTh C
MIOMOIIBIO COBKA U IETKY;

-Bce paboThl, CBA3aHHBIE C BBIJCJICHUEM SJIOBUTHIX, JETYYUX M HENPUATHONAXHYUIMX BELIECTB,
MIPOBOJIUTH B BHITSDKHOM IIKady;

-IIpU OTIPECIICHUM 3araxa BEIIECTB OTBEPCTHE COCyla JepKaTh Ha paccTosHuu 25-30 cM OoT nuia,
HanpasJsisl K cebe CTPYIo ra3a nocTynarelbHbIMU JBH)KEHUSMH JIaJIOHU OT OTBEPCTUS K JIUILLY;

-IpY HAJMBAHUU DPEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30ekaHHe MONafaHus OpbI3r WIH
YacTHUIl Ha JINLIO WIN OAEKIY. IpU pa30aBIeHUN KOHLIEHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOJY,
HO HE Hao0O0pOT;

-IIpY HarpeBaHUM NMPOOUPKHU HE JepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCe/a. HE HAKJIOHAThCS
Ha/1 HarpeBaeMo KHJIKOCThIO BO M30eXkaHNe MOoNalaHus €€ Ha JIMIO, PYKU WIIH OJISXKIY;

-ropsiuyMe MpeIMEeThl MOXHO CTaBUTh TOJBKO Ha acOECTOBBIM KapTOH, acOECTUPOBAHHYIO CETKY WIIU
JPYTYIO CHEIHANIbHYIO TIOJICTaBKY;

-HeJb3$ MOJIB30BATHCS HIEKTPONPUOOPaMu 6€3 COOTBETCTBYIOIIEr0 HHCTPYKTAXa. MPU BKIIOYCHUHU UX B
CeThb HeJNb3sl IeP>KaThCs 38 METAIIMUECKUE TPeAMETHI (TpyObl, KpaHbl  T.11.). 3allpeliaeTcsl BKIYaTh U
BBIKJIIOYATh 3JEKTPONPHOOPHl MOKPBIMH pyKaMH, a TaKXe I0Jb30BaThbCsl HEHCIPABHBIMH WIIU
MMEIOLIUMH OroJIEHHBIE TIPOBOIAa MPUOOpaMU;

-3anperaeTcs NPUHUMATh MUIY B XUMUYECKON J1abopaTopuu U MUTh BOAY U3 JIAOOPATOPHOU MOCYIBI. -
-KaTerOpHUYECKH 3arpelnaeTcs NpoooBaTh peakTHBBI Ha BKYC;

-py TIOMAJaHUM Ha JIMLO WM PYKU OpBI3T KOHIEHTPUPOBAHHBIX KHCJIOT MOCIE CMBIBAaHUS BOJOU
IIPOMBITh CIa0BIM PAacCTBOPOM COJBL. IIENOYL CIEAYET CMBIBATh O TE€X IMOp, MOKA y4aCTOK KOXH, Ha

KOTOPBI OHA TOMaja, He MEePECTaHeT ObITh CKOJB3KHM; 3aT€M MPOMBITH CIA0BIM PACTBOPOM YKCYCHOMH



KHUCJIOTHl U HAJIOKUTh TIOBS3KY W3 BaTbl, CMOUEHHON 3%-HBIM pacTBOPOM IepMaHTaHaTa Kaimus (W3
anTe4yKy B JaOOpaHTCKOU Kadeaphl);

-1I0 OKOHYaHWH PaOOThI BBIKIIOYHTH U3 CETH BCE AJICKTPONPHUOOPHI, IEPEKPHITH MOAaYy ra3a U BOJBI B
naboparopuro u yopaTs pabouee MecTo;

-000 BCEX HECYACTHBIX CIyJasiX HEMEJIEHHO COO0OIaTh MPEenoaBaTesio Wik Ja0opaHTy.

Ilpaxmuueckas uacmso:

Omnpit Nel. B3anmopelicTBre METAJIJIOB € KMUCJIOTAMHU U IIEJI0YaMHU.
N3ydyeHnne B3auMMOJEHCTBUS IIMHKA C  pacTBOpaMU CEpHOM  KHUCIOTHl  (pa30aBieHHOH U
KOHIEHTPUPOBAHHOMN) U C paCTBOPOM ILEIOYH. B Kakj0M omnbITe B MPOOMPKHU HanelTe 2-3 MJI pacTBOpa
KHCIIOTHI WJIM IIET0YU U OpOChTe MO OJHOM rpaHyie HHUHKA.
Paz6epurech, Kakoil MOH B KaXJIOM CIIydae sIBIISICTCS OKHCIUTENIeM. Bo Bcex ompITax ¢ OKHCIUTEIBHO-
BOCCTAHOBUTEIbHBIMU PEAKIUSMH COCTAaBBTE AJICKTPOHHO-WOHHBIE CXEMBI, HaWauTe KO3()UIIMEHTHI
IIPY OKHUCIIUTENE U BOCCTAHOBUTEIIE, ONPEICIIUTE CPEAY IPOTEKAHUS MPOIiecca, OABEAUTE UTOT B BUIE
HMOHHOTO0, 3aT€M MOJIEKYJISIPHOTO YPaBHEHUSI.
Omnpit Ne2. Biusinue xapakrepa cpeibl Ha OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIN ITPOLIECC.
A. Ilpoenute peaknuro KMnOy4 + Na;SO3 + . — B KUCII0M, HEHTpaTIbHON | IeI0YHOM cpenax. J[ins
3TOro B MpoOupKy K 2-3 mi pactBopa KMnO4 mpubaBbTe KHCIOTH WM MIETOYHM U BHECUTE MIETIOTKY
coma NaySOs. BerpsixHuTe mim nepememaiite pactBop B mpoOupke. B mepBom ciydae oOpasyercs
6ecueTHbIil MnSO4, BO BTOpOM BhINagaeT TerpabopaTa HaTpusil ocagqok MnOy, U B 1IEIOYHON cpese
obpazyercs 3en€nbIi pactBop KoMnOa.
b. Onpenenure, B kakoi cpeae (HEUTpaIbHOM, KUCIOW W 1IE10YHON) OyAyT MpOTEeKaTh peaklyu.
MnO, + Kl +  —
CrCl; +Br+  —
B mepBom cnydae B mpoOHpKy BHOCST IIEMOTKY cyxoro moporika MnQO;, 3arem pactBopa KI u
OTIPE/ICTISIOT CPEly PeaKkltu.
OmnpiT Ne3. OKHCIUTETBHO-BOCCTAHOBUTENBHASI IBOMCTBEHHOCTD BEIIECTB.
A. K noakucnenHoMmy pa30aBieHHOM Kuciotoil pactBopy KMnOs noGaBbTe 10 0OeciBeunBaHUS
pactBopa NaNO,. K mogkucieHHOMY CEpHOW KHCIIOTOW pacTBOpY HoAWAa Kaiaus 100aBbTE HEMHOTO
pactBopa NaNO,. Uem oObsicHsieTcs BO3HHKarollee okpaminBaHue pactBopa? Kakosa ponb NaNO; B
TOM WU IpYrod peakuu?
b. K nonkucnenHomy cepHoit kuciotoi pactBopy KMnOs noGaBbTe HeOOJbIION 00BEM pacTBOpa
nepokcuga Bogopoja. OOpatuTe BHHMaHue, Kakod Bblaensercs ra3. K moakucieHHOMYy cepHOM
KHCJIOTOM pacTBOpPY Hoauaa Kanus nooaBbTe HebombImoe konmaectBo HyO,. Uto mpoucxonut? Kakosa
poib HyO, B aTtom cimywae? OOparuTe BHMMaHHE Ha COCTABJICHHUE AJICKTPOHHO-HUOHHBIX CXEM C

ydacTueM MEPOKCUAa BOJOPOa.



OmbiT No4. Peaknnn caMOOKHCIICHUSI-CAMOBOCCTAHOBIIEHUS (AUCTIPOIIOPIIMOHUPOBAHUS).

Kpucrannuk fiona pactBopute B HeOOIbIIOM 00beMe pacTBOpa WIENOUH MTPU cIaOOM HarpeBaHUU.
3aKOHUUTE YpaBHEHUE pEaKLUu:

I+ NaOH —»NalOs + ...

Peaknus qucnponopuyOHUpPOBaHUS HIET B INEJIOYHOM cpele. Eciy IoJydeHHBIM IIOCIIE pEeakLUH
pacTBOp NOJKUCINTH, TO PEAKIH MIPOIIeT B 00paTHOM HarpasiieHHH. [IpoBepbTe 3TO Ha OMBITE.

OnbIT NoS. BHYTpUMOJNIEKYIIPHOE OKUCIIEHUE-BOCCTAHOBIICHHUE.

HlenoTky KpUCTAJUIMKOB AUXpoMaTa aMMOHHS MOMECTUTh B (pap(opoByrO 4alieuky U Harperb [0
Havyala pasiokeHus. OOparure BHMMaHHE Ha XapakTep OOpa3yIOIIUXCs MPOIYKTOB M 3aKOHUUTE
YPAaBHEHUE PEaKLIMU:

(NH4)2Cf207 — Cr203 + N2 +

[IpaBuna Texuuku Oe3omacHocTu. CoOmogaiiTe OCTOPOKHOCTH MPU PabOTe ¢ KOHLEHTPUPOBAHHOMN
CEpHOU KHUCJIOTOM, 0coOeHHO ropsueii. He nomyckaiite nonaganus e€ B 1j1a3a U Ha KOXY.

Tema: "OKuCANTENBHO-BOCCTAHOBUTEIbHBIE PEAKIIUH".

[Ipo6nemuas cutyanus . B pesynbrare moiydeHHUs MPOMBIIIJICHHBIM CIIOCOOOM a30THOM KHCIOTHI
Boiensiercss NO. Pazpabotaiite croco6 skumakodasznoro okucienuss NO g0 Oojee BBICOKOW CTElEeHU
OKHCJIEHUS a30Ta, COEIMHEHUE JI0JIKHO OBITh YCTONYMBBIM.

[Ipo6nemuas curyanus II. B mpoMmblluieHHBIX CTOYHBIX Bojax umeercs ¢ropuj Bogopona. Kakxum
COEIMHEHUEM HaJl0 MOAEHCTBOBATh, YTOOBI MOIYYHUTh HEPACTBOPUMOE COeJUHEHne GpTopuaa?
[Ipo6nemuas curyarus 1. B crounoit Bome ¢propua mon ocaxaeH B Buia CaF, 1eMEHTHOH MbUIbIO,
coctaB kotopoir CaO - CaS , cpena kucnas. Kakoil ra3z OyneT BbLAEIATHCS IPU OCAKIECHUH?

Kakum okucnureneM He00X0AUMO MOJIEHCTBOBATh, YTOOBI 00€3BPEAUTD ATOT ra3?

Tpeﬂoeanuﬂ K Od)ODMfleHlllo ﬂaﬁopamopnoﬁ paoomvL u omuemy.

1.BemonHeHue 1a0opaTOpHBIX pabOT COMPOBOXKIAIOT 3alKCsIMH B JlabopaTopHOM >xypHaie. Ha
TUTYJIBHOM JIMCTE JTaOOPAaTOPHOIO JKypHala JOJDKHBI OBITh MPEACTABICHBI: Ha3BaHUE YHHBEPCHUTETA,
(bamMuIus 1 MHUIHMAJIBL yYalerocs, HoMep Kypca U rpyIIibl, y4eOHbIH To.

2.0T4eT 0 BBITOJIHEHHOH JTa0OPaTOpPHOH paboTe JOKEH COJIEPIKATh CIICYIOIINE CBEICHMS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*JIaTy BBIIIOJHEHUS PaldoThI,

*IIeTTb Pa0OTHI;

*000pyI0BaHUE M MaTEPHAIIBI;

*KpaTKOE TEOPETHYECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIIbITA;

*KpaTKO€ OMHCaHUe X0/a padoThl C yKa3aHUEM YCIIOBUH MPOBEICHUS OIIbITA;

*PUCYHKH M CXEMbI UCTIOJIB3YEMBIX MPUOOPOB;



*HAOIIOACHUS,

*ypaBHEHHS MPOTEKAIOIINX PEAKIIHIA;

*pacuéThl, TAOIUIBI, TPAUKH;

*BBIBO/IBI.

3.JIabopaTopHbIii )KypHaI HY>KHO BECTH YUCTO U aKKYPaTHO, 3aITUCH JIOJKHBI OBITh JTAKOHUYHBIMU.

4.014éT 0 mpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT MPENOJaBATENb.

5.K cnage 3au€ra no sabopaTOpHOMY HPAKTUKyMY JOIYCKAIOTCS CTYACHTBI, BBIIIOJIHUBIINE U
MOJIKMCABIINE Yy MpEerojaBaTesisi BCe JOMAIIHUE W JabopaTopHble paboThl, CAABIINE KOJUIOKBUYMBI,
aKTMBHO Y4acTBOBAaBIIUE B pabOTe CEMUHAPOB.

6.CTyaeHTbI, MOTYYUBIINE 3a4€T MO TAOOPATOPHOMY MPAKTUKYMY, TOMYCKAIOTCS K caue dK3aMeHa
[0 KypCy HEOPraHUYECKOW XUMHUH.

Koumponwvhsie eonpocet :

1. OxucauTeN U BOCCTAHOBUTEIU

2. Knaccudukanus OKUCIUTETbHO—BOCCTAHOBUTENBHBIX PEAKIIUi
3. OcHoBHbIE ITpaBuia cocrasienuss OBP

4. O6mue 3akoHOMEepHOCTH npotekanust OBP

5. OcHoBuble cxembl OBP

5.1. Cxema BOCCTaHOBJICHHS IEPMAHTaHATOB

5.2. CxeMa BOCCTaHOBJICHUS XpOMATOB/OUXpOMaTOB

5.3. Pa3noxeHnue HUTPATOB

5.4. OxucnuTenbHbIe CBOMCTBA a30THOM KUCIOTHI

5.5. B3anmoiencTBre METAIIOB C CEPHOU KUCIOTON

CRucok qumepamypol.

1.Meronnyeckue yKa3zaHuhsd 1O BBIIOJHEHUIO JJAOOPATOPHBIX pabOT MO  JUCLUILINHE
«Heoprannyeckast XuMusi» JJisl CTYAEHTOB HanpaBieHus moArotoBku 19.03.04 TexHomorus npoayKuuu
Y OpraHusanus oOIIeCTBEHHOTO MTUTAHUS.
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VYuusepcurer uMm. Mmmeparopa Ilerpa IlepBoro, 2017. — 93 ¢. — 2227-8397. — Pexum moctyna:
http://www.iprbookshop.ru/72709.html
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[1 ap.]. — DneKTpoH. TeKCTOBbIE NaHHble. — BopoHnex: Boponexckuii I'ocynapcTBeHHbIN ArpapHblii


http://www.iprbookshop.ru/72709.html

Yuusepcuretr uMm. Ummnepatopa Ilerpa IlepBoro, 2016. — 150 ¢. — 2227-8397. — Pexum noctyma:
http://www.iprbookshop.ru/72708.html



http://www.iprbookshop.ru/72708.html

		2021-08-31T14:31:07+0300
	Шебзухова Татьяна Александровна




