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BBEJIEHUE
JuctummHaa «XuMHs) OCBaUBaeTCs CTyaeHTamu B TedueHue 81 dgaca. YacTh 3TOro BpeMeHU
(40,5 yacoB) OTBOAMTCS HA CAMOCTOSTEIIBLHYIO, HIIM BHEAYIUTOPHYIO, pabOTy CTYIEHTOB, APyras 4acTh
(40,5 gacoB) — a0 ayauropHbie (HOpMBI PabOTHI (JEKIMOHHBIC, MPAKTHYbIECKHE W JIa0OpaTOpHBIE
3aHSATHS), KOTOPbIE OPTaHU3YIOTCS HENOCPEACTBEHHO IIPEN0IaBATEIIEM.

JlaGopaTopHoe 3aHsTHE SBISIETCS BaXKHeWmed ¢opmol ycBoeHust 3HaHUN. OUYEBHUIHBI TPH
CTPYKTYpPHBIE €ro 4acTu: MpenaBapsiomas (IMOArOTOBKAa K 3aHSATHIO), HEMOCPEICTBEHHO cama paboTa
(BBITIOJIHEHHE MPAKTHUECKON YacTH) WM 3aBepluaromas 4actb (padoTa CTYIEHTOB IO YCTPaHEHHIO
OOHapYKUBIIUXCSI TPOOEITIOB B 3HAHUSX).

JlaGoparopHoe 3aHATHUE SIBISIETCS CPEICTBOM IIPOBEPKH 3HAHUM, OTPAOOTKU MPAKTUYECKUX HABBIKOB
10 AUCIUIUIMHE. BhImonHss mabopaTopHyo paboTy, CIyIIATENH JOKHBI MTOKa3aTh YMEHUE BBIICIUTH
OCHOBHBIE TIOJIOKEHUS, U3YUUTh MX JCUCTBUE Ha MPAKTUKE, a TaKXkKe JeNaTh MPaKTUYECKH 3HaYUMbIe
BBIBOJIBI U3 TEOPETUUYECKUX MOTOKECHHIH.

Ko Bcem mabopaTtopHbIM 3aHIATHAM JIaH NIEpevYeHb Hanboee BaKHBIX BOIIPOCOB, HEOOXOIMMBIX IS
YCBOGHHS, a TaK)Ke NMPHUBENEH CIUCOK OCHOBHOM M JONOJHHUTEIBHOM JINTEpaTyphl, HEOOXOAUMOU IS
U3Y4YCHHUS.

Jnst BBINOJTHEHUS 1ab0paToOpHON paboThl HEOOXOAMMO BECTU KOHCIEKT B OTJIENbHON TeTpaiu. Takoil
KOHCIIEKT MOKET OBITh B ()OpME IUIaHa C OIMCAHUE LIENH PabOThI, OCHOBHBIX MaTepUaoB U 000py10BaHUs,
SKCIEPUMEHTA U BbIBOJIA.

Ecnu cioymarens He BBIIOIHUI JJAOOPAaTOPHYIO pabOTy WIIM MPOIYCTUI €ro MO KaKoi-TO MpUuYnHe
(B TOM uynciae U mo 60Je3HH), OH 00s3aH BO BHEYpOUHOE BpeMs OTpabOTaTh €€ OTUMTAThCS Mepen
npernojaBaTesieM, BeAyLUIUM 3aHaTue B rpymime. [Ipy BOSHUKHOBEHUH TPYIHOCTEN NMPU M3YYEHUHU Kypca,
HEOOXOIMMO TMOCETUTh KOHCYJIbTAIMIO TPENoJaBaTeis, BEIYyLIEro 3aHSATHS, B COOTBETCTBUU C
rpadMKOM KOHCYNIbTallUi, KOTOpBIA HMeeTcs Ha Kadeape  TEeXHOJOTMM HPOAYKTOB IHUTAaHHUS U

TOBAPOBCACHUA.



JlabGoparopuasi padora Ne 1
Tema: Kitaccbl HeOpraHu4ecKux coeIuHeHum

Ilenn Da60mbl: HSy‘-II/ITB XMMHYECKHE CBOICTBA OCHOBHBIX M KHCJIOTHBIX OKCHJIOB M IIOJYy4YaCMbIX W3

HUX THUHAPOKCHAOB, HAYUYUTHCA IIUMCATh YPaBHCHHUA pCaKHI/Iﬁ B MOJICKYJIAPHOM HW HOHHOM BHJEC,
IIOJIYUYCHHUE U CBOMCTBaA aM(l)OTepHOFO THAPOKCHUA, ITOJIYYCHHUE HEPACTBOPUMBIX B BOAC OCHOBaHHI.

Dopmupyemoie xkomnemenyuu: OIIK-1.

Teopemuueckaa yacms: B Xxumuy Bce MHOroo0Opasyue HEOPraHMUECKUX BELIECTB: MPUHATO Pa3leiiTh

Ha JIBe TPYIIbl — MpocThlie W cioxHble. [IpocTeie BemecTBa MOAPAa3AENSAIOTCS HA METALIBl U
HEMETaIJIbl. A CJIOXKHBIE — Ha IPOU3BOJIHBIE OT MPOCTHIX, 00pa30BaHHBIC MYyTEM HX B3aUMOICHCTBUS C
KHCIIOPOJIOM, BOJIOH W MEXIy CO00H. DTy KIaCCH(PUKAIUI0 HEOPTaHUYCCKUX BEIIECTB B BUJIC CXEMBI

n300paXkaroT CICIYIOIIUM 00pa3oM:

['l(‘l)pl'ﬂl[ll‘l('fl{ll(' BeHIecrna

Y

Y

[]pDCTbIE' BEMECTBA CnoacHbIC BENCCTRA
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

OKCHU/DbI (oxucibl) - CIOXKHBIE BEIIECTBA, COCTOSILIME U3 JBYX AJIEMEHTOB, OJHUM M3 KOTOPBIX
SBIISIETCS KUCIIOPOJ B CTENEHHW OKUCIICHUS, paBHOH -2. OOmas ¢opmyna moboro okcuaa - 3X0y'2.
Paznuyaror comeobpasyromme (ocHoBHbie: Li,O, CaO, MgO ,FeO; amdpotepusie: ZnO, Al,O3, SnO,
Cry03, Fey03; kucnmotneie: By03 , SOz , COy P20Os Mn;O7) u neconeobpasyromue: N,O, NO, CO
OKCHJIbl. DJIEMEHTHI C MIEPEMEHHON CTENEHBI0 OKUCIEHUS 00pa3yroT HecKobko okcuioB (MnO, MnOo,
Mn,0O;, NO, N0z, NO,, N;Os). B BeiciieM okcujie, Kak HpPaBHIIO, JIEMEHT HAXOJUTCS B CTCIICHH
OKHCJICHHs, PaBHOM Homepy rpymmbl. [lo coBpeMeHHOW MeXIyHapoAHOH HOMEHKJIAaType Ha3BaHUs
OKCHJIOB COCTaBIISIIOT CJIEIYIOIIMM O0pa3oM: CJIOBO «OKCHl», Jlallee PYCCKOE Ha3BaHHE 3JEMEHTa B
POJIMTENBHOM MaJeXKe, CTeIIeHb OKUCIEHHS AJIeMeHTa (ecnu oHa nepemenHa). Hanpumep: FeO — oxcua
xene3a (1), P,Os — okenn dpochopa (V).

OCHOBAHMSI — crioxHbIe BeLIecTBa, B KOTOPBIX HA aTOM METaJljla MPUXOAUTCS OJJHA MM HECKOJIBKO
ruapokcorpynn OH'. CteneHb okucIeHUS aTOMOB MeTasuia 00baHO +1, +2 (pexe +3). O6mmas popmyna
ocHoBanuii Me(OH)y, rme X — 4YHCIO THIPOKCOTPYNN — KHUCIOTHOCTh ocHoBaHus. (MeOH -

onnokuciotHoe, Me(OH), — nByxkucnoraoe , Me(OH)3 — TpeXKHCIIOTHOE OCHOBAaHHUE).



HazBanust ocHOBaHUSIM JAIOT CIEIYIOIIUM 00pa3oM: «THJIPOKCHI», 3aTEM PYCCKOE Ha3BaHHME METaslia B
POIIUTENBHOM MaJeKe, a B CKOOKaX PUMCKUMU LU paMu — CTEIIeHb OKHCIICHUS, €CIIM OHA IepeMEeHHasl.
Hanpuwmep: KOH —ruapoxcun kanus, Ni(OH), — runpokena nukemns(1l).

KHNCJIOTBI — cioxHble BElIECTBA, MOJIEKYJIbl KOTOPBIX COCTOAT U3 OJHOTO WJIM HECKOJBKHX aTOMOB
BOJIOpO/a M KHCIOTHOTO ocTatka. CocTaB KUCIOT MOXKET OBITh BhIpakeH oOmielt popmynoit HyA, rae A
— KHUCJIOTHBIA OCTAaTOK. ATOMBI BOJIOPOJA B KUCJIOTaX CIIOCOOHBI 3aMeNIaThCsl WM OOMEHMBATHCA Ha
aTOMBI METAJJIOB, IIPU ATOM 00pa3yIOTCS COJIH.

Ecnu xucnora coaepKUT OAWH TaKOK aToM BOJopoja, To 3T0 ogHoocHoBHas kuciora (HCI - consnas,
HNO3 - azornas, HCIO - xnopuoBatucras, CH3COOH - ykcychas), aBa aroma Bojaopoaa -
IBYXOCHOBHBIE KucnoTel: HpSOs — cepnas, HyS - cepoBomopoanas; Tpu atoma Bomopoia -
tpexocHoBHbIe: H3PO,4 — oprodocdopnast, HsASO4 — opTOMBIIIBSIKOBASL.

B 3aBucuMoCTH OT cocTaBa KHCIOTHOTO OCTaTKa KMCIIOTHI MOApa3nessaioT Ha Oeckucioponusie (HpS,
HBr, HI) u xucnoponconepxkamme (H3PO, H,SOs, HoCrO4). B Monekymax KUCIOPOACOASPIKAIIUX
KHCIIOT aTOMBI BOJIOpPOJia CBSI3aHBI Yepe3 KHUCIOpOA ¢ IeHTpalbHbIM atromoM: H — O — D. Ha3zBanus
OECKHUCIOPOAHBIX KHUCIOT 00pa3yroTCs M3 KOpPHS PYCCKOTO Ha3BaHUs HEMETallia, COCTUHUTEIbHOM
TJIACHOW -0- | cioBa «BogopomHas» (H,S — cepoBomoponmnas). HasBanusi KHCIOpOJICOAEpKAIIAM
KHCIOTaM MJal0T TaK: eClId HeMeTal (peXe MeTaul), BXOJSIIMHA B COCTaB KHCIOTHOTO OCTaTKa,
HaXOJUTCSl B BBICIIEH CTENEHM OKMCJIEHHS, TO K KOPHIO PYCCKOrO Ha3BaHMs 3JIEMEHTa J100aBIISIOT
cybOUKCHI -H-, -e6-, WK -06- U nanee okoHuyanue -as- (H,SO4 — cepuast, H,CrO4 - xpomoBast). Eciu
CTENEHb OKHCJCHHS IIEHTPAJIBHOTO aromMa HIKe, TO wucrnonbdyercs cypoukc -ucm- (HSOs —
cepuucras). Ecnu Hemerann oOpasyeT psal KUCIOT, Mcmonb3yloT u apyrue cypduxcer (HCIO —
xnopHosamucmast, HC10; — xnopucmas, HC103 — xnopuosamast, HClO4 — x10pnas).

COJIM — HOHHBIE COETUHEHHS, COCTOSIIME M3 KATHUOHOB METAIJIOB (MJIM aMMOHHS) U aHMOHOB
KHCJIOTHBIX OCTaTKOB. JI100YI0 COJIb MOXHO paccMaTpuBaTh KakK MPOIYKT PEaKIUH HEHTpaTu3aiiu
OCHOBAHUs KHCJIOTOW. B 3aBHCHMOCTH OT TOTO, B KAKOM COOTHOIICHWHW B3SITHI KUCIIOTa U OCHOBaHHE,
noxydarorcs conu: cpeonue (ZnSOa, MJCly) — npoaykT noaHO#M HEHTpanTu3aluyd OCHOBAHHS KHCIOTOM,
kucnvie (NaHCO3, KH,PO,4) — nipu u3obiTke kuciotsl, ochosHble (CUOHCI, AIOHSO,) — npu u30bITKE
ocHoBaHus. Ha3BaHus cosell Mo MeXIyHApOJIHON HOMEHKJIAType 00pa3yloT U3 JBYX CJIOB: Ha3BaHMS
aHMOHA KHUCJIOTHI B IMEHUTEIFHOM TIa/Ie)ke M KaTHOHA METajula B POJUTEILHOM C YKa3aHHUEM CTETICHU
ero OKWCIICHHS, €CJIM OHA TIepeMeHHas, puMCKol nudpoii B ckobkax. Hampumep: Crp(SO4)s — cynbdar
xpoma (III), AlCl3 — xmopua amomunus. Ha3zBanus KMCIbIX cojell oOpa3yroT A00aBleHHEM CIIOBa
2uopo- WM oueuopo- (B 3aBUCUMOCTH OT YHCIIa aTOMOB Bojopoja B ruapoanuone): Ca(HCOs), —
ruapokapoonar kameius, NaH,PO, - muruapodocdar marpus. HazBaHus OCHOBHBIX COJieli 00pa3yroT
n00aBIeHHEM CJIOBa ecudpokco- Wi oueuopokco- . (AIOH)Cl, — ruapokcoxyopua aaroMUHUS,

[Cr(OH),]2SO4 - nuruapokcocynsdat xpoma(lll).



Oo0opyooearue u mamepuaivl:

PeakTuBbl, HEOOXOUMBIE ISl JJAaHHOW Pa0OTHI, BHICTABISIOT HA TOJKH Ja00paTOPHBIX CTOJIOB. Penkue
PCaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI U MIENOYM, MMaXydyue BEUIeCTBa (HAIpPHMEpP, CEPOBOIOPO/I,
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IKady.

OcHOBHasi XUMHUYECKasi MOCy1a: MPOOUPKH (B INTATHBE), KOJObI, XHMHUYECKUE CTAKaHBI IMOCIE 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 00pamaThCsi CO CTEKISTHHOW XMMHUYECKOM MOCyI0i. OCTaTKH pa3OUTOM Mocyabl yOuparh 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 JIMLIO WM OCXKIY. IIPH pa30aBIeHUN KOHIICHTPHPOBAHHBIX KUCIIOT BIMBATh KHCJIOTY 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 CTaBUTh TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY WIIH
APYTYIO CHEIHATIBHYIO TIOJICTAaBKY,

-HeJb3s MOJIb30BATHCS HIEKTPONPUOOpPaMu 06€3 COOTBETCTBYIOIIEr0 HHCTPYKTaXa. MPU BKIIIOYEHNUHU UX B
CeThb HeJb3sl IePKaThCs 3a METAIIIMUECKUE MpeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpeliaeTcs BKIYaTh 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. -
-KaTeropHYECKH 3arperaeTcs mpoodoBaTh 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 NMepPecTaHeT ObITh CKOJIB3KUM; 3aTEM MPOMBITH CI1a0BIM 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:

OmnbIT Nel. KucinoTHO-0CHOBHEIE CBOMCTBA OKCHUIOB

PactBopuTe B BOjMEe B OIHOW NMPOOHMpKE OKCHJ KalblMs, B APYrod - AMOKCUA yriepoja. B mepmyro
npobupky nob6aBbTe menoTrky nopomka CaO, 2-3 M JUCTWITMPOBAHHOM BOIBI M B30odTaiiTe. Bo
BTOPYIO MPOOUPKY € 3-5 MJT TUCTHILTUPOBAaHHOM BoJbI iporryctuTe ToK CO2 13 O6ayioHa Wiy anmapara
Kunma. B xaxnayro npobupky no0aBbTe 2-3 KalulM JIakKMyca M 10 LIBETY HMHIMKATOpa ONpEAeINUTe
XapakTep MOJy4eHHOro pactBopa. Crenaiite BbIBOJ O KUCIOTHO-OCHOBHBIX CBOMCTBAX JTAHHBIX OKCHJIOB
U IONY4YEHHBIX TIuApokcuaoB. Hammmwmre ypaBHeHus peakumii. HMccnmenyiite B3auMOIEHCTBHE
PacTBOPEHHBIX TUIPOKCUIIOB IPYT C APYTOM U C PACTBOPOM CEPHOU KHCIIOTHI.

OnpIT Ne2. KucinoTHO-OCHOBHBIE CBOMCTBA TMAPOKCUIOB

K pactBopam coseit NiSO4 u NapSiOz (2-3 mi1) mob6aBbTe Takoe ke koiudecTBo ménoun (NaOH) u
kuciotel (HCI). Ilpu BeImajgeHnn OCaakoB TPYAHOPACTBOPHUMBIX THAPOKCHUIOB HUKENS U KPEMHHUS
YCTaHOBHTE HMX KHCJIOTHO-OCHOBHBIE cBoOiicTBa, mpubaBisis k ocagkam HCl u NaOH. Hamummmre
ypaBHEHUS PEaKINil B MOJIEKYJISIPHOM U HIOHHOM BH/IE.

OnbiT Ne3. [Tonydenue u cBoiicTBa aMm(pOTEpHOT0 THAPOKCUIA

B npobupky nHaneiite 2-3 Ml pacTBopa XJOpuJa XpoMa WM XJIOpHAa aJllOMUHHUS (10 BBIOOpPY) U IO
KarsiM nipubasisiite pactBop ménoun (NaOH mmm KOH) no oOpa3oBaHus ycTOWYMBOTO OCajKa.
PaznenuTe ocasok Ha ABe MPOOUPKU: B OAHY MPUIIEHTE pacTBOP IIENOUH, B JPYTYIO - PAaCTBOP KUCIOTHI
710 pacTBOpeHMs ocaska. CrenaiTe BBIBOJ, COCTaBbTE YPABHEHUS PEAKIUH.

OnbiT Ne4. [TonydyeHne HEpacTBOPUMBIX B BOJIE OCHOBaHMM

B otnenpHBIE poOHpKN HayelTe mo 2-3 M pacTBOPOB XJIOPHAA KeJe3a, cyibdaTa Meau U cyibdara
marHus. [Ipuneiite B kaxayro NpoOUpKY Mo KaruisaM pacTtBop wiénoun. CocTaBbTe ypaBHEHMs peaklui,
OTMETBTE IIBET BBINIABIINX OCAJKOB.

OmnbiT NeS. KucinotHo-OCHOBHBIE CBOMCTBA COJIEH

A. CpoiicTBa KHCI0M conu. [ MONMy4eHus: KMCIION COJIM MCIIONBb3YUTE pacTBOP THAPOKCUIA KaJbLUS
iy Gapusi M 1uokcun yriepoaa. Kakoil U3 yka3aHHBIX peakTHBOB CIIElyeT B3sTh B U30bITke? OOpaTute
BHUMaHME Ha TO, YTO Mpu nporyckaHnuu Toka CO; yepe3 pacTBOp I'MIpOKCHIAa BHadaje oOpasyeTcs
0CaJIOK CpeJHEH COJM, KOTOPBI Mpu AalbHENIIeM MPOIYCKaHUU AUOKCHIA YIIepoJia PacTBOPSIETCS U
MEPEXOUT B PAaCTBOPUMBIN THapokapOoHar. CocTaBbTe ypaBHEHHsS peakimuid. YeM HyXHO
nojieiictBoBaTh Ha ruapokapooHat (pactBopom HCI mim NaOH), 4yToObI mepeBecTr ero CHOBa B 0CaI0K
cpenHei conu?

B. CgoiicTBa 0cHOBHOI1 conu. [jig mosydeHrs OCHOBHOM COJIM MCIIOJIb3YWTE pacTBOp cylibdara meau,
no0aBisisi kK HeMy To KarisiM pactBop NaOH u mepemeruBasi coaepXKUMoe MPOOUPKU CTEKIISTHHOM
nanoukoit. IIpu Hemoctarke mEnoun obpaszyercs OcaJoK OCHOBHOro cynb(ara menu. Kakoro msera

3TOT OCAJIOK, M KakoB cocTaB conu? Ilpu nanpHeinmemM npudaBieHUud MENOYN H3MEHSIETCS 1IBET OCaIKa



(Ha kako#?) B cBsA3M C oOpazoBaHueM ruapokcuaa. CoctaBbTe ypaBHEeHHsI peakiuid. OT4ér 1Mo
nabopaTopHoi paboTe oopMHUTE HA IBYX Pa3BEPHYTHIX JUCTAX TETPaIu (J1aOOpaTOPHOTO KypHAJIA).

Tpebosanua Kk ohopmaenuro 1a60pamopHou padbomol U OMuUemy:

1.BeimonHeHne 1a0OpaTopHBIX pabOT CONMPOBOXKIAIOT 3amMcsiAMU B JabopaTopHOM >KypHane. Ha
TUTYJIBHOM JIUCTE JJAOOPAaTOPHOIO >KypHajla JOJDKHBI OBITh IPEICTABICHBI: HAa3BaHUE YHUBEPCUTETA,
(bamMuIus 1 MHULMAJIBI YYallerocs, HOMep Kypca U IpyIibl, y4eOHbIN TOA.

2.0T4eT 0 BBINOJIHEHHOH Ta00paTOpHOI paboTe JOKEH COIEPIKATh CICTYIOIINE CBEICHMS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBIIIOJHEHUs PalboThI;

*IICJIb PaOOTHI;

*000pyI0BaHUE M MaTEPHUAIIBI;

*KpaTKO€ TEOPETHUUECKOE OINKCAHUE;

*HOMEp M Ha3BaHUE OIBITA;

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

*PUCYHKH M CXEMbI HCIIOJIb3YEMbIX IPUOOPOB;

*Ha0JIFOICHM,

*ypaBHEHUS MPOTEKAIOUINX PEaKIHii;

*pacuéThl, TAOIUIBI, TPAPUKH;

*BBIBO/IB.

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

5K cpaue 3au€ra mo mabopaTOpHOMY TMPAKTUKYMYy JIOMYCKAIOTCSl CTYAEHTHI, BBINOJHUBIIME U
MOJINMCABIINE Yy MpEerojaBaTelis BCe JIOMAlIHME U JTabopaTOpHbIE PabOThl, CAABIINE KOJIOKBUYMBI,
aKTHUBHO y4acTBOBABIIKE B pab0OTe CEMHHAPOB.

6.CTyneHThl, TOMYYHBINUE 3a4€T TIO JIAOOPATOPHOMY MPAKTUKYMY, JOITYCKAOTCS K Cllavye dK3aMeHa 110
KypCy HEOPTaHU4ECKOH XUMHH.

Konumponwvnsie gonpocei :

. OCHOBHBIE KJIACChl HEOPraHUYECKUX COEAMHEHNU. MexXayHapoHas HOMEHKIIATYpa.
OKcuIbI M THAPOKCUIBI XpOMa

. Enxue menoun

1

2

3

4. Conu HATpUA U Kaaus
5. OOmias xapakTepuCTUKa MOATPYIIbl OSpUILTUS

6. Kampuwmii. Haxoxxnenue B npupoje, Gu3ndeckrue, XHMHIECKUE CBOMCTBRA.
7. Okcua v THAPOKCU]T KAJIbLIHS

8

Coinu Kanpnus
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JlaboparopHasi padora Ne 2
Tema: OnpeaeseHne dKBUBAJEHTHON MacChl HMHKA

Henv _padomoi: I/IBYIII/ITL YCTAHOBKY W MCTOAHUKY ONPCACICHUA SKBHBAJICHTHOM MAacChl IIMHKA IO

KOJMYCCTBY BOAOPOAA, BEIACIIAIOIICTOCA B XOA€ PEAKIUU [IMHKA C COJISTHOM KMCIIOTOM.

Dopmupyemuvie komnemenuuu. OIIK-1.

Teopemuueckan uacmo:




W3 3akoHa MOCTOSIHCTBA COCTaBa, KpPAaTHBIX M OOBEMHBIX OTHOIIEHUH CIIEAyeT, 4YTO 3JIEMEHTHI
COEUHSIIOTCA APYr C JIPYTOM B CTPOrO OINpPEAENICHHBIX KOJIWYECTBEHHBIX COOTHOILIEHUSX, KOTOpHIE
Ha3bIBAIOT HKBUBAJICHTAMHU WJIM SKBUBAJICHTHBIMU Maccamu. [lisi ompejeneHus 3KBUBAJICHTOB WU
SKBUBAJICHTHBIX MacC HY)XHO 3HaTh, YTO TAaKOE€ MOJIb W MOJIbHas Macca. Mo/ib- 3TO KOJIUYECTBO
BELIECTBA, B KOTOPOM COIEPKHUTCSI YUCIIO YaCTHUI] JIFOOOTO OINpeAesieMOro copTa, paBHOE MOCTOSHHON
Asorazapo (6,02 '1023). Hampumep: 3 10% MOJIEKYJI BOJABI COCTABAT 5 Moib. Moabvhas (mMoaaphasn)
Macca BEUIECTBAa B IpaMMax YHMCIECHHO paBHA €r0 OTHOCUTEIBHOM MOJIEKYJISIpHOU (aTOMHOM) Macce,
BEIPOKCHHOW B aTOMHBIX €IUHHIIAX Macchl (a.e.M.). Macca 1 Mousi BemiecTBa BBIPAXKACTCSI B T/MOJIb.
Hanpumep: monsipnas macca H,O u aroMHasi Mmacca KUCIIOpOJa COOTBETCTBEHHO paBHbI 18 u 16 a.e.m.,
UX MOJIbHBIE Macchl paBHbI 18 1/M0ib U 16 T/MONb. IK6UBAIEHMOM INNeMeHma HA3BIBACTCS TAKOE €r0
KOJIMYECTBO, KOTOPOE COEAMHSETCS lc MoJieM aTOMOB BOAOPOJa HJIM 3aMEIIAeT TO K€ KOJIMYECTBO
aTOMOB BOJIOpOJia B XUMHYeCcKuX peakiusax. Hanpumep, B coenunenunsix HBr, H,O, PH3 skBuBanenTst
Opoma, kuciopoaa, Gochopa COOTBETCTBEHHO paBHBI 1 Mok, 1/2 Mosb, 1/3 mMomb. Macca ogHOTO
SKBHUBAJICHTA HA3BIBACTCS €0 JIKeusaneHmHuoul maccou. Tak, B TPHUBEACHHBIX BBIIIE IpHUMEpax,
AKBUBAJICHTHBIC MacCchl Opoma, Kuciaopojaa, pocdopa cooTBeTcTBEHHO paBHBI 79,9 r/™mMonb, 16:2 = 8
r/Moab, 31:3= 10,3 r/MOIb. IKEUEAIEHMOM C/IOHCHO20 6EeU|ECHEa HA3HIBACTCS TAKOE €TI0 KOJIMYECTBO,
KOTOpPOE B3aUMOJICUCTBYET 0€3 OCTaTKa C OJIHAM SKBUBAJICHTOM BOAOPOJA WM C OJHUM SKBUBAICHTOM
T000r0 IPYroro BellecTBa. PacueTsl, CBA3aHHBIE C ONpeIeJIeHHEM SKBUBAICHTHBIX MAacCC, MPOBOJSATCS
10 3aKOHy JIKeuseaienmos. Maccbl (00BEMBI) pearupyliiux JIpyr C JPYroM  BeIecTB,

MPOMOPLMOHANIBHBI WX SKBUBAJICHTHBIM MaccaM (oObeMaM). MareMaTH4eCKH 3aKOH BbIPaXKaeTcs

3aBUCUMOCTBIO:
m m V V
—L =—2  yaudnsa 2azoe 1 -2
‘9] 32 ijs.l VJKe. 2

rae: m, (V) - maccel (00beMbl) pearupyroIux BEIIeCTB;
3, (Vo) - SKBUBAJICHTHBIC MAcCChl (00BEMBI).

DKBHUBAJIEHTHYIO MacCy IIPOCTOrO BELIECTBA MOXHO BBIYUCIUTH 1O GopMyIie:

rac M” - MOJIbHas Macca atToMa 3JIEMCHTA,

B - BaeHTHOCTH 2JI€MEHTA.

Tak, HanpuMep, SKBUBAJICHTHBIE MAacChl BOAOPO/A U KUCIOPOJa COOTBETCTBEHHO PABHBI:
1 16
Oy :I =12/ mMonb g :E =8 2/ monb

DKBUBAJICHTHBII 00beM ra3a MOXHO BBIUUCIHUTH 110 hopMyIie:



TaK, HaImpuMep, S5KBUBAJICHTHBIC 00BEMBI BOAOpOJa U KHUCJIOpOJa COOTBCTCTBCHHO PABHBI:

zﬂ =11,24/ monb _132

KE. 22’4 3KE.0 _m

=5,6.1/ Monb

OKBHBaJICHTHBIE MACCHI CJIOKHBIX BEIIECTB MOKHO BBIYHCIUTH I10 (bOpMYJ'IaMZ

— M okcuda  — Mr + 8 — KUC/10MbL _1 + KUCA.OCTAmKa
okcuda 2 - B Kuciombt -
nO nH KUC/1. OCMamka
3 — MO(‘HO@(IHUH — Mr + 17 3 — Mcmu — Mr + qum.ornmmm
OCHoeaHus - B cowt B - B B
nOH Me nMe KUC/1.0CRIamka

No, NoH, NH, NMe — YKCIIO aTOMOB KHCIOPOJAA, TUAPOKCUIBHBIX TPYII, aTOMOB BOJIOpPOAA, MeTalia
COOTBETCTBEHHO B OKCHE, OCHOBAHUH, KHUCJIOTE, COJIM; B — BaJIEHTHOCTb, 8 — DKBHBAJEHTHAs Macca
KHCJIOpoJia, | — 3KBUBaJICHTHAs: Macca BOJ0po/ia, 17 — SKBUBAJICHTHAsI Macca T'dIPOKCUILHOM TPYIIIIHI.

Qobopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIE Il JTaHHOW pabOThI, BHICTABISAIOT HA MOJIKH J1a00paTOpHBIX CTOJIOB. Penkue
PEaKTHUBbI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M ILIEIOYM, IaXy4yhe BellecTBa (Hampumep, CepoBOIOPO,
OpoMHasi BoJa U Ap.) XPaHAT B BEITSHKHOM IIKady.

OcHOBHasi XUMHUYECKasi Mocyna: MpoOUPKH (B IUTATHBE), KOJOBI, XUMHUECKHE CTAKaHBI MOCIE PaOOTHI
TIIATEIbHO BBIMBITh, BEChl C PAa3HOBECOM, IMPHOOPHI, HCIOJb3yeMasl JUll MPOBEIEHHS OTIAEIbHBIX
71a00paTOPHBIX PabOT, BBIAAETCS U CIAETCS YMCTas JTa0OpaHTy.

Texnuka bezonacnocmu npu eévlnoinenuu ﬂaﬁopamopnoﬁ pabomol:

-aKKypaTHO 00pamaTrbCsi CO CTEKISIHHOM XMMHMUYECKOM MOCYJ0M. OCTaTKH pa30UTON Mmocyabl youparhb ¢
ITOMOUIBIO COBKA U IETKHU;

-Bce paboThl, CBSA3aHHBIE C BBIJCICHHEM SJIOBUTHIX, JIETYYUX U HENPUATHONAXHYLIMX BEIIECTB,
MIPOBOAMTD B BBITSHKHOM IIKaQy;

-IIpU ONPEAEJICHUHN 3allaxa BENIECTB OTBEPCTHE COCyJa JepxkaTh Ha paccrosHuu 25-30 cMm oT juua,
HampaBJsis K cebe CTPYIo ra3a MmocTynarelbHbIMH JBH)KEHUSMH JIAJIOHU OT OTBEPCTHS K JIMILY;

-IpY HaJMBAHWU PEAKTUBOB HE HAKJIOHATHCS HAJ COCYJIOM BO H30€XaHHE IONajaHus OpbI3T WX
YacTHUIl Ha JIMIIO WX OJAXKAY. IPpU pa30aBIeHNN KOHIEHTPUPOBAHHBIX KHCIOT BIMBATh KUCIOTY B BONY,
HO HE Hao0OopOoT;

-TIpY HarpeBaHUM MPOOUPKHU HE JIepKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCe/la. HE HAKIIOHAThCS
HaJ1 HarpeBaeMoi KHUJIKOCThIO BO M30€KaHHe MO aHus e€ Ha U0, PYKH WIH OJIeXKIY;

-ropsiYue MpPeIMEeThl MOXHO CTaBUTh TOJBKO Ha acOeCTOBBIM KapTOH, acOECTUPOBAHHYIO CETKY WIIH
IPYTYIO CIELHUANIBHYIO TIOJICTaBKY;

-HEeJb3$ T0JIB30BATHCS HIEKTPONPUOOPaMu 0€3 COOTBETCTBYIOIEI0 MHCTPYKTAXka. IPU BKIIIOUCHUH UX B

CeThb HeJb3sl IePKAThCS 38 METAIIMYECKUE TPeAMETHI (TpYOBI, KpaHbl  T.I1.). 3allpeniaeTcsl BKIOYATh U



BBIKJIIOUYATh AJIEKTPONPHOOPHI MOKPHIMH pPYKaMH, a TaKXe IO0Jb30BaThCs HEHCIPABHBIMH WIIA
MMEIOIIMMU OTOJIEHHBIE MIPOBOIA TPUOOPAMH;

-3anpemaeTcs MPUHUMATh MHIY B XUMHUECKOW Ja00paTOpuu U MUTh BOAY U3 J1a0OPATOPHOM MOCY/BI. -
-KaTerOpHUYECKH 3aMperaeTcs NpoodoBaTh peakTHBHI Ha BKYC;

-IpU TIOMAJJAHUK HA JIMIO WJIM PYKH OpBI3r KOHIICHTPUPOBAHHBIX KHCJIOT IIOCIE CMBIBAaHUS BOJOU
MIPOMBITH CIa0BIM PACTBOPOM COJIBL. IIENOYh CIEAYEeT CMBIBATh JO TEX IOp, MOKA y4aCTOK KOXKH, Ha
KOTOpPBIN OHA TOMaJia, He MePEeCcTaHeT ObITh CKOJB3KKUM; 3aTEM IMPOMBITH CIIA0BIM PacTBOPOM YKCYCHOH
KHUCJIOTHl W HAJIOKUTh TOBSA3KY W3 BaTbl, CMOUECHHON 3%-HBIM pacTBOpPOM IepMaHraHata Kamus (W3
anTe4yKy B JaOOpaHTCKOU Kadeapsl);

-110 OKOHYaHHWH PA0OTHI BBIKJIIFOUUTH U3 CETH BCE AJICKTPONPHOOPHI, MIEPEKPHITh M0J1a4y ra3a U BOJIbI B
naboparopuro u yoparh pabodee MecTo;

-000 BCceX HECUACTHBIX CIy4yasX HEMEJIEHHO coo0LIaTh PENoJaBaTelli0 UiIu JJAOOpaHTy.

Ilpaxmuueckas uacms:

OKBHUBAJICHT LIUHKA OIPEIEISIIOT 110 KOJUYECTBY BOJOPOAA, KOTOPBIN BBIIEISIETCA B XOA€ PEAKLUU: Zn
+ 2HCI = ZnCl;, + H,. Pacuér mpoBOAST COTIaCHO 3aKOHY YKBHUBAJICHTOB MO (OpMYyJIC:
Dy, = O
My2

rae Ozn — DKBHUBAJIEHT 1IMHKA;

OH — DKBHUBAJIEHT BOJOPOAA, PaBHBIN 1;

Mzy— Macca LMHKA, T ;

Mp2 — Macca BoJopoa, T .
Paboty BBINONHAIOT B TaKOH MOCIIEI0BATENBHOCTH:
1. B3Becutb rpanyny nMHKa, €€ Macca jomkHa ObiTh 0,2-0,3 © (TOYHOCTH B3BEIIMBAHUS Ha
TEXHUYECKUX Becax JosnkHa ObiTh + 0,01 1).
2. Onpenenuth 00bEM 00pa3yroIIerocs BOAOPOIa MPUOOPOM (CM. PUCYHOK):
Jlist 3TOrO 3amoyHUTh BOJOW 10 ropna koily 1. ITnoTHo BcTaBUTH MpoOKY 2 B ropio KoiObl. CHATH
U30THYTYIO MPoOupKy 3. OTKPBITH 3aKUM 6, 3alIOJTHUTH TPYOKY 5 BOJIOM; 3aKpbITh 3akuUM. [IpoBepuTh
TrepMETUYHOCTh MpUOOpa: MIIOTHO HAAETh NPOOUPKY 3, OTKPBITH 3aKUM, U, €CIM BOJA HE BBITEKAET U3
TpyOKH 5, TO mpUOOp repMeTHdeH. 3aKpbITh 3aKUM, BBUINTH BOAY U3 MPUEMHON CKISIHKH 7. BopoHKoii
3aJIMTh JI0 MOJIOBUHBI B MPOOUPKY 3 pacTBOP COJISTHOM KUCIIOTHI (KOHIEHTpALUs CONSTHOW KUCHOTHI 1:1).
[Tonoxuth Ha COTHYTOE KOJEHO MPOOMPKH B3BELICHHYIO TpaHyly LMHKa. [IOTHO mnpucoenuHuTh
poOUpKY, HaJieB Ha MPOOKY B TpyOke 4. OTKPHITH 3aKuUM 6, U, HAKIIOHUB IPUOOP, CTOJKHYTh I'PaHyTy

B pactBop HCI. Beiemnsttomuiicss Bogopos OyJeT BHITECHATh BOAY U3 KoJObI 1 B cTakaH 7.



[Tocne oxoHwaHusi peakiuu (TeMIepaTypa pacTBOpa B MPOOUpPKE JOKHA OBITH paBHA KOMHATHOM)
U3MEpHUTh 00BEM BOJIBI B CTaKaHe 7 MEPHBIM IHJIMHIPOM, 3amucarh Temiepatypy t® C u armocdepHoe
naBiieHue P.
ITo popmyne MenneneeBa-KiaiinepoHa onpeaenuTs MacCy MOTYyYSHHOTO BOJAOPOIA:

py =MRT,

M

rae R — 8,3144 Jlx/monneK.
Tak xak B koJ0€ ra3 COAEPKUT BOIOPO U TAphl BOJIBI, TO 001IIee JaBieHue ra3a B konode P = Py + Phpo.

oTtkyna Pyo = P - Pypo. JlaBiieHre mapoB BOJIBI 3aBUCUT OT TeMmmepaTypsl. HeoOXxoaumblie qaHHBIE B3STh

U3 TaOIULBL.

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 3alMcCaTh B JAOOPATOPHOM KypHase B TaOIUILy:

Macca V, T,OC P PHZOY PHZ,

MeTaiia, T M klla klla klla

ITocne onpeneneHust Maccsl BOAOPoAa 1o gopmyie (2) paccuuTaTh SKBUBAJICHT LUHKA 1o popmyne (1).
O0s3aTenbHO ONPEeTUTh OTHOCUTENBHYIO OIINOKY OIbITA:

32,68 - SZH(H) . 100% ,
Oumbia, %= —
IHUOKa, 7o 32,68

rac 32,68 — TCOPECTUUCCKOC 3HAYCHNC SKBUBAJICHTA ITUHKA.

Tpebosarua Kk oghopmiaenuro 1a00pamopHou padbomol u omuemy:

1.BemonHenne nabopaTopHbIX pabOT COMPOBOXKAAIOT 3amMcsIMH B JabopatopHoMm »xkypHaie. Ha
TUTYJBHOM JIMCTE J1a0OpaTOPHOTO >KypHajla JOJDKHBI OBITH IPEICTaBJICHBI: Ha3BaHHE YHUBEPCHUTETA,
(bamMuIusa 1 MHUIHMAJIBI YYalerocs, HOMep Kypca U IpyIIbl, y4eOHBIH TOI.

2.0T4eT 0 BBHIMOJHEHHOI 1a00paTOpHOIl paboTe JOKEH COIepKaTh CIEeYIOINE CBEICHHS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*JIaTy BBITTOJHEHHS PaOOTHI,

*IIeTTb PaOOTHI;

*000pyI0BaHHE M MATEPUATIBL;

*KpaTKO€ TEOPETUYECKOE OIIUCAHNUE;

*HOMCP U HA3BAHHUC OIIbITA,




*KpaTKoe OMHCaHKE X0a paboThl C yKa3aHUEM YCJIOBHM NMPOBEIEHUS OIbITA,

*PUCYHKH M CXEMbI UCIIOJIB3YEMbBIX MPUOOPOB;

*Ha0JIFOICHMS,

*ypaBHEHMS IPOTEKAIOLINX PEAKIIMIA;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IbI.

3.JIabopaTopHBIii KypHaI HYy>KHO BECTH YHCTO U aKKypaTHO, 3aIIMCH JOJDKHBI ObITh TAKOHUYHBIMU.
4.0T1uéT 0 IpoBeIEHHON paboTe MPOBEPSET U MOAMUCHIBACT MIPETIO1aBaATENb.

5.K cmaue 3auéra mo nabopaTOpHOMY NPAKTUKYMY [OMYCKAIOTCS CTYICHTHI, BBIMOJIHUBIIME U
MOAINKCABIINE y TPENnojaBareis BCe JIOMAlllHWE U JIabopaTOpHbIe pabOThl, CHABIINE KOJJIOKBUYMBI,
aKTHUBHO y4acTBOBABIIIKE B pabOTE CEMHUHAPOB.

6.CTyneHThl, TOMYYHBIIKE 3a4€T MO JIAOOPATOPHOMY IPAKTUKYMY, JOITYCKAIOTCS K Clladye dK3aMeHa 110
KypCY HEOPTaHUYECKOW XHUMUHU.

Koumponawusie éonpocot :

1.0THOCHUTEIBbHASA aTOMHAs Macca

2.0THOCHTETbHAS MOJICKYJISIpHAsI Macca

3.Moub. Monsipaast Macca

4. Xumuueckue 3Haku, (POPMYIIbl U YpaBHEHHUS
5.Xumuueckue peakuuu. Knaccudukarus peaxiiuii.

6.3aK0H COXpaHEHHS MaCcChl BEIIEeCTBA

7. 3aKOH ITOCTOSHCTBA COCTaBA
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JlabopaTopnasi pabora Ne 3
Tema: OnpenesieHne MoJIEKYJISIPHON MAaCChl JHOKCHAA YTJIepoaa

Lenv padompi: OrmipeneneHre MOJIEKYISIPHOM Macchl JAMOKCHJA YIJlepoja II0 Macce KOJIObI

3anonHeHHoi razom (CO2) monb3ysck ypaBHeHueM MenneneeBa — Knaneiipona.

Dopmupyemovte xkomnemenuuu: OIIK-1.

Teopemuueckas uacmo:

MonekynspHas Macca, CyMMa MacC aTOMOB, BXOJSIIITUX B COCTaB JTAHHOW MOJICKYJIBI; BBIPA)KAETCS B
aTOMHBIX eAuHHUIaX Macchl (a.e. M.). [Tockonbky 1 a.e.m. (MHOTa Ha3bIBaeMas ainbToH, D) paBHa 1
MacChl aTOMa HYKJIWJa 20y enuuniax Maccel CU cocraBisieT 1,66057'10“27 KI, TO YMHOXEHHE
MOJIEKYJIIPHOM Macchl Ha 1,6605710%" naer aOCOJIIOTHYIO Maccy MOJEKYJIbl B Kuiorpammax. Yare
MOJIB3YIOTCS Oe3pa3sMepHON BETHUUHON Mory; - OTHOCHTEIILHONW MOJIEKYISPHO#M Maccwl: My =My/D, tie
M,-Macca MOJIEKYIBI X, BRIpOKEHHAS B T€X K€ €AMHUIIAX MacChl (KT, T WU Ap.), 9T0 U D. MoneKynsapHas
Macca XapakKTepu3yeT CPEIHIOI0 MAacCy MOJEKYJIbl C Y4eTOM H30TOMHOTO COCTaBa BCEX AJIEMEHTOB,
00pa3ymIuX JaHHOE XUMUYECKOe coeMHeHne. FIHOTIa MOJIEKYISIPHYIO MacCy OMPEAeIsoT sl CMeCH
pPa3IMYHBIX BEIIECTB M3BECTHOIO COCTaBa, HampuMmep sl Bo3ayxa "d(h@eKkTuBHYI" MOJIEKYISIPHYIO
Maccy MOYHO TIPUHATH paBHOU 29. AOGCOTIOTHBIMUA MaccaMu MOJIEKYJ YA0OHO ONEpUpPOBaTh B 00JIaCTH

¢u3uKn cy0aTOMHBIX IMPOLECCOB M PATUOXMMUH, TI€ MyTeM H3MEPEHUs YHEPTUU YaCTHII, COTJIACHO


http://www.chemport.ru/data/chemipedia/article_2499.html
http://www.chemport.ru/data/chemipedia/article_3411.html
http://www.chemport.ru/data/chemipedia/article_2219.html
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http://www.chemport.ru/data/chemipedia/article_2219.html
http://www.chemport.ru/data/chemipedia/article_665.html
http://www.chemport.ru/data/chemipedia/article_3214.html

TECOPHUH OTHOCHUTCIBHOCTH, OIMPECACIIAIOT UX a0COJIIOTHBIE MacChl. B XMMUM U XMMHYECKOH TEXHOJOTHU
H606XOI[I/IMO IMPUMCHATE MAKPOCKOIMMYCCKUE CAWHHUIBI H3MCPECHUA KOJIHMYCCTBA BEIICCTBA. Ywucao
JIFOOBIX HacCTHuIl (MOJIGK}’H, aATOMOB, 3JICKTPOHOB HJIM MBICJICHHO BBIACIIACMBIX B BCIICCTBEC I'PYIII YaCTHUII,

+ ) .
Hanpumep nap nonoB Na' u Cl” B kpucramnuu. pemerke NaCl), paBHoe ABoraapo moctostHHOH Na =

1123
6,022'10%, cocraBiseT MaKpOCKONMUYECKYIO CIMHHILY KOJIMYECTBA BEIIECTBA - MOJIb. Torjga MOXHO
3amucarb: Moy = MyNa/(D'Na), TO €CTh OTHOCHTENIbHAs MOJIEKYJIIPHAas Macca paBHA OTHOIIEHHIO

Macchl MoJist BemectBa K NaD. Eciu BeliecTBO COCTOUT M3 MOJIEKYJ ¢ KOBAJIGHTHBIMU CBSI3SIMU MEXK]Y

COCTABISIIOUIMMH UX aromMamu, To BenmuunHa MyNa mpencraBinsier coOOH MOJSPHYIO Maccy 3TOTrO
BEIIECTBA, €IUHUIBI U3MEPEHUSI KOTOPOW Kr-Mojib (KuioMmoisib, KM). [[1s BemiecTB, HE coAep Kaliux
MOJIEKYJI, @ COCTOSIIIMX W3 aTOMOB, MOHOB WJIHM PAJHMKAJIOB, ompeaenseTcss ¢GopMmyibHas MOJsSpHas
Macca, To ecTb Macca Na YacTHIl, COOTBETCTBYIOIIMUX MPUHATON (hopMmyie BemecTBa. Panee B XuMuu
HCIOJIb30BAJIM MOHITHUS TPaMM-MOJIEKYyJa, FPaMM-aTOM, IpaMM-HOH, TEHEpb - MOJb MOJIEKYJ, MOJIb
aTOMOB, MOJIb MOHOB, NojpazymeBas moJ 3TUM Na MoJeKys, aTOMOB, HOHOB M COOTBETCBEHHO HX
MOJIIPHBIE MACChl, BRIPAXKEHHBIC B TpaMMax WM KHWIorpamMmax. TpaguiiioHHO YIOTPEOISIOT B KAUECTBE
CMHOHMMa TEPMHH "MOJEKYISpHBIA (MOJISPHBINA) Bec", TaK KakK OMpPENeIeHHE MacChl IPOU3BOJIUTCS C
MOMOIIBI0 BecoB. Ho, B oTIMUmME OT Beca, 3aBUCSIIETO OT reorpaguuecKux KOOPHHAT, Macca sSBISETCS
IIOCTOSIHHBIM TapaMeTPOM KOJIMYECTBA BELIECTBA (IIPU OOBIYHBIX CKOPOCTSX ABMIKEHUS YacTULl B

YCIOBHSAX XUMHUYECKUX PEAKLUi), TOITOMY IIPaBUIIbHEE TOBOPUTH ""MOJIEKYIIsIpHast Macca'.

Metoasl omnpeaenenus. lcropuueckun nepBblii Merton (oOocHOBaHHBIM uccinepoBanusiMu  C.
Kannunuapo u A. Aporajapo) npemioxer K. [lroma B 1827 u 3akirouancsd B U3MEPEHUH IUIOTHOCTH
ra3o00pa3HbIX BEIIECTB OTHOCUTENBHO BOJOPOIHOIO ra3a, MOJSpHas mMacca KOTOPOro IMPUHHUMAJach
MEpBOHAYAJILHO PaBHOW 2, a IMOcCJe MepexoAa K KUCIOPOAHON €IMHHIIE U3MEPEHUH MOJEKYISPHBIX U
aToMHbIX Macc - 2,016 r. Cruenyrommii 3Tanm pa3BUTHS OKCIEPUMEHTAIbHBIX BO3MOXKHOCTEU
OIIpEAEIIEHUS] MOJIEKYJIIPHOM MacChl 3aKIII0YAJICA B MCCIEAOBAHUN KUAKOCTEN U PACTBOPOB HE JIETYUHX
U HE JAMCCOLMHUPYIOMIMX BEIIECTB IYTEM H3MEpPEHUs KOJUIMTAaTUBHBIX CBOMCTB (TO €CTh 3aBHUCSIIHUX
TOJIBKO OT YHCJIa PAaCTBOPEHHBIX YACTHI[) - OCMOTHYECKOIO JaBJICHUS, MOHIKEHUS NaBJICHUS Mapa,
MOHW)KEHHS TOYKM 3aMep3aHust (KPUOCKOMHWS) M TIOBBIIICHUS TOYKM KHIleHHS (90yTMOCKOMMS)
pPacTBOPOB MO CPAaBHEHMIO C YUCTBIM pacTBopuTesneM. OCHOBHBIM METOJOM OINPEIEIICHUsT aTOMHBIX H
MOJIEKYJISIPHBIX MacC JIETYYMX BEIIECTB SBIAETCSA Macc-cnekmpomempus. JIs ucciaenoBaHUS CMECH
COeMHEHUN  A(QQPEKTUBHO  HUCHOJIB3OBAHUE  Xpomamo-macc-cnekmpomempuu. Ilpu  manoi
MHTEHCUBHOCTH IHKa MOJIEKYJIIPHOTO HMOHA MPUMEHSIOT 3(Pdy3nomMeTrpuyeckre MpUCTaBKU K Macc-
cektpoMerpaM. D¢ dy3noMeTpuIecKrii crmocod OCHOBAaH Ha TOM, YTO CKOPOCTH BBITEKAHHS Ta3a B
BaKyyM U3 KaMepbl uepe3 OTBEpCTHE, AMAMETP KOTOPOro 3HAYMTENBHO MEHBIIE CPEJHEro IyTH
CBOOOJHOrO Mpobera MOJIEKyibl, 0OpaTHO MPONOPLMOHAIEHA KBAaAPAaTHOMY KOPHIO M3 MOJEKYJISPHOU

MacCChl BCHICCTBA; CKOPOCTb BBITCKAHHA KOHTPOJIHMPYHOT IO HU3MCHCHHUIO [JAaBJICHHUSA B KaMCpe.
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MornekyssipHas Macca JIETy4YUuX COSAMHEHUH ONpeNensioT TaKkKe MEeToJlaMH ra30Boil xpomarorpaduu ¢
ra3oBbiIMM Becamu Maprtuna. [locnenHue HM3MepsIOT CKOpPOCTh IEpeMEleHMs ra3a B KaHale,
COEMHSAIONIEM TPYOKH, MO KOTOPBIM TEKYT I'a3-HOCHUTENb M Ta3 U3 XpOMAaTorpauyeckoil KOJIOHKH, Y4TO
MO3BOJSECT ONPEACHATh Pa3HUIly IUIOTHOCTEH ATHX TIa30B, 3aBUCSILYI0O OT MOJEKYISPHOW Macchl
HCCIIElyeMOro BelecTBa. MOJEKYISIpHYI0 Maccy U3MEpSIOT Ul MAEHTHU()UKALMUU XUM. COECIUHEHUH,
IVl YCTaHOBJIEHUS COJCpPXAHUSA OTHEIbHBIX HYKJIWJOB B COEJUHEHUSAX, HAIpuMep B BOJE,
UCIOJIb3YEMOM B aTOMHBIX JHEPreTUYECKUX YCTAHOBKAX, a TAaKXE IPU HCCIEIOBAaHUM U CHHTE3E
BBICOKOMOJIEKYJISIPHBIX COEIMHEHUI, CBOMCTBA KOTOPBIX CYIIECTBEHHO 3aBUCST OT UX MOJIEKYJISIPHON
Mmacchl. CpenHue 3HAYeHHs MOJEKYJSIPHBIX Macc IIOJUMMEpPOB YCTAHABJIMBAIOT C  IOMOILBIO
NEPEUYMCICHHBIX BBIIIE METOJOB, OCHOBAaHHBIX Ha KOJUIMTATMBHBIX CBOWCTBaX pa30aBIEHHBIX
pacTBOpoOB, IO YUCIY JBOMHBIX cBsized ("MArkuM" 030HOAM30M) WM (PYHKIMOHAIbHBIX TIPYII
(MeTomamu (YHKIMOHAIHHOTO aHAJIM3a), a TAK)KE MO TaKUM CBOMCTBAM HX PAacCTBOPOB, KaK BSI3KOCTb,
cBetopaccestuie. CpenHHe 3HA4YEHHUS MOJIEKYJISPHBIX MacC IOJIMMEPOB  BBICOKOM  CTEIEHM

noJIuMepusanuu OIpCACIIAOT 110 UX PEOJIOTHYCCKHUM XapAKTCPHUCTUKAM.

Obopyooearue u mamepuaivl:

PeakTuBbl, HCOOXOAUMEBIC JUTSI TAHHOW PaOOTHI, BHICTABIISIFOT HA TOJIKH J1a00paTOPHBIX CTOJNOB. Penkue
PEaKTHBBI, KOHIIEHTPUPOBAHHBIE KUCJIOTHI W IMIEIOYHM, MAaXydyue BEIIecTBa (HarpuMep, CEPOBOOPOI,
OpoMHasi BoJa U JIp.) XPaHAT B BBITSHKHOM HIKady.

OcHoBHasi XUMUYeCKasi MOCyAa: MPOOUPKH (B IITATHBE), KOJIObI, XUMUYECKUE CTaKaHbI MOCIE pabOThI
TIATEIHHO BBIMBITH; BECHI C Pa3HOBECOM, MPHUOOPHI, HCIOJb3yeMasi IJisi MPOBEACHHS OTIEIbHBIX
1a00paTOPHBIX paldOT, BHIAETCS M CAAETCS YHCTas TaOOpaHTY.

Texnuka dezonacnocmu npU_8bINOJIHEHUU J1AD0PAMOPHOU_DPadombl:

-aKKypaTHO 00paIlaThCsl CO CTEKJISHHOW XUMHUYECKOHW MOCYION. OCTATKU pa3OMTOMN MOCYAbl YOHpaTh C
MOMOIIIBIO0 COBKA U TIETKH;

-BCC pa6OTBI, CBA3aHHBIC C BBIICICHUEM SAJOBUTBHIX, JICTYUHMX HW HCIPHUATHOIIAXHYIIHMX BCHICCTB,
MIPOBOJIUTH B BBITSDKHOM IITKA(Y;

-IpH OTIPEJICIICHUH 3allaxa BEIIeCTB OTBEPCTHE COCyJa JepXaTh Ha paccTosHuu 25-30 cM OT JyuIa,
HaTpaBJIsisl K ce0e CTPYIO ra3a MmocTynaTeIbHBIMU JBUKCHUSMH JIAJIOHH OT OTBEPCTHS K JIHILY;

-Ipy HaJIUBaAaHWUW PCAKTHBOB HE HAKJIIOHATHECA Had COCyAOM BO n30exaHue IIormagaHust 6pI)13F NN
YaCTHUII Ha JIMIIO WIH OACKIY. IpU pa30aBIeHUN KOHLIEHTPUPOBAHHBIX KUCIIOT BIUBATh KUCIOTY B BOJY,
HO HE Ha00O0pOT;

-IIpH HarpeBaHUM MPOOUPKHU HE JICPIKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCEe/Ia. HE HAKIIOHAThCS
HaJl HarpeBaeMoM JKUIKOCTBIO BO H30eKaHUE MO aHusl e€ Ha JIUIIO, PYKH WK OJICHKY;

-rOpsiYMe MPEMEThl MOXKHO CTAaBUTh TOJBKO Ha acOCCTOBBIM KapTOH, acOCCTUPOBAHHYIO CETKY WIIH

JIPYTYIO CHEUANIbHYIO MOJICTABKY;



-HEJIb3s1 TI0JIH30BATHCS IIIEKTPONPUOOPaMHU 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXA. MIPH BKIFOYCHUHU UX B
CETh HEJb3sl IEPKAThCS 32 METALTMYECKUE TPeMETHI (TPYOBI, KpaHbl  T.I1.). 3allpenaeTcsl BKJIOYATh U
BBIKJIIOYATh 3JIEKTPONPHOOPHl MOKPHIMH pPYKaMH, a TaKKe IOJb30BATHCS HEHUCIPABHBIMU WU
MMEIOIIMMH OTOJIEHHBIE IPOBOA TPUOOpaMH;

-3anpeaeTcs MPUHUMATh IHIY B XUMHYECKOW J1a00paTopuu U MUTh BOIY U3 JIAOOPATOPHOU MOCYIBL. -
-KaTerOPHYECKH 3arpeIacTcs mpoooBaTh PEaKTHBHI Ha BKYC;

-IpU TIOTIAJJAaHUK Ha JIMLO WIM PYKH OpPBI3r KOHIICHTPUPOBAHHBIX KHUCJIOT IOCJIE CMBIBaHUS BOJOU
IPOMBITH CIa0BIM PAaCTBOPOM COJIBI. IIENOYb CIEAYEeT CMBIBATh JIO0 TE€X MOpP, MOKAa y4acTOK KOXH, Ha
KOTOPBIN OHA TIOMaJia, He MePEeCTaHeT ObITh CKOJB3KUM; 3aTEM IPOMBITh CJIA0BIM PACTBOPOM YKCYCHOM
KHUCJIOTHl U HAJIOKUTh TIOBS3KY M3 BaTbl, CMOUEHHOU 3%-HBIM pacTBOPOM IepMaHraHata Kamus (W3
anTeyKy B TaOOpaHTCKOU Kadeapsl);

-110 OKOHYAHHUH PA0OTHI BHIKIIIOUUTH U3 CETH BCE AJIEKTPOIPHOOPHI, IEPEKPHITh T0auy T'a3a U BOJBI B
naboparopuro u yopaTth pabodyee MecTo;

-000 BCEX HECYACTHBIX CIy4asX HEMEJICHHO COO0IIaTh MPEnoaBaTesto Wik Ja00paHTy.

Ilpakmuueckana uacmo:

MonexynsapHyo Maccy AMOKCHIA YIIIEpO1a MOKHO ONPEACIIUTh TPEMs CIIOCOOaMU:
a) 10 OTHOCUTENBHOM TNIOTHOCTH raza Mco2= 1 * Mposn (1), e

Moz — MonekynsipHasi Macca AMOKCHAA YIIIepoa;

Mgo31— MoJekylsipHas Macca Bo3/lyxa, paBHas 29 a.e.M.;

JI — motHOCTh CO> 110 OTHOIIEHUIO K BO3IYXY.

b) 1o momsapaOMYy 00BEMY CO; . 22,4 e Mco2 (2). e
\
Mco2 — Macca JUOKCUAA yriepoaa, T ;
V. — 06béM CO2 IpH HOPMATBHBIX YCTOBHSAX, CM® |
22,4 — o6béMm 1 1/ Mons moboro raza npu HopMaibHbIX yeaoBusax (0°C, 101,325 kI1a), .
C) no ypaBHeHHI0 MeneneeBa-Kiaiinepona
Mco2 RT e
M

P — nasnenue CO; B xonOe, paBHOE aTMocepHOoMy, Kl1a;
V — 00BéM CO3, paBHBI 00EMY KOTIOBHI, CM3;
R — yHuBepcanbHas ra3oBas noctosHHas, paBHas 8,314 J[x/mounb e K;
T — temneparypa, K.
Ilocneooeamenvrhocmo 6vinoIHeHUA padOMbL:
1. 3akpbiTh TPOOKOH CyXyl KOJOy, MPUTOTOBICHHYIO JIAOOPAaHTOM ISl OIbBITa. BOCKOBBIM

KapaHJallloM OTMETUTh Ha KoJIOe HWKHUK Kpail mpoOku. B3BecuTh Ha TEXHHYECKHX Becax KoJly ¢



BO3ayXxoM (mj). OnycTuth B KOJOy Ha 1-2 MUHYTBI TpyOKy, IO KOTOPOM HAET TOK YIJIEKHCIIOTO Ta3a.
3areM MOJHECTU K OTBEPCTUIO TPYOKH TOPSIIYIO JTYYUHKY: €CIM OHA TacHET, 3HAYHUT KO0JI0a MOJHOCTHIO
3aMOJTHEHA YTJIEKUCIIBIM Ta30M. 3aKpbITh KOOy MpoOKOM 10 METKHM M B3BecuTh (mp). Emé pas
3aIOTHATH KOJIOY ra30M U B3BECHTH (M3). Pe3ynbTaThl STUX ABYX B3BEIIMBAHUN HE JOKHBI OTIIMYATHCS
6onee yem Ha 0,01r. [{7s1 pacuéToB UCIIONIB30BATh CPEAHHUE TAHHBIC.

2.  Bobumrh Bogy B K00y 10 METKH, 3aT€M IMEPEUTh €€ B MEPHBIM HUIUHAP U U3MEPUTH 00BEM BOJIBI
(xombsr) - V.

3. 3ammcarp Temneparypy (t°C) u naBienue P, mpu KOTOPHIX MPOBOIST OIIBIT.

4.  TlpousBecTu pacyéTsbl:

- npuBecTd 00BEM KOJIOBI - V K 00bEMY IPU HOPMATBHBIX YCIOBUSX V;

- ONpEAeNuTh Maccy BO3AyXa B KOJIOE Myysy, CUMTAs Maccy 171 Bo3ayxa paBHoit 1,293 r;

~  HaiTH Maccy caMoil KoJI0bI ¢ IPOOKOH Myye:

- ONpEeleTuTh MaCCy YIJIEKUCIIOTO ra3a mco, -

VYcnoBus 1 pe3yibTaThl ONbITA 3aHECTU B TAOIULLY.

Macca K005l ¢ Macca k0105l ¢ V,ma | t°C P, xIla | Vo,MIT | Mgy Myons Mcos
BO3JIyXOM My,I CO; (My+ m3)/2 =

Mep, T

5. Paccuutarh MOJIEKYJISIPHYIO Maccy MoKcHa yriepoaa no gopmynam (1), (2), (3). Haiitu cpeanee
3HaueHue. OnpenenuTh OTHOCUTENBHYIO OUOKY TIO popMyIie

44 — Mco,

OmmOxa, %= "2 * 100%,

rae 44 — nelcTBUTENbHOE 3HaUCHHE MOJIEKYIIsIpHOM Macchl CO».

Tpebosanusa Kk ohopmaenuio 1adopamopHou padomsvl U OMYEmy:

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

2.0T4eT 0 BBITOJIHEHHOH JTa00OPaTOpHOH paboTe JOKEH COJIEPIKATh CIICYIOIINE CBEICHHS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*JIaTy BBIIIOJHEHUS PalbOTHI;

*IIeTTb PaOOTHI;

*000pyZI0BaHUE M MaTEPHAIIBI;

*KpaTKO€ TEOPETHYECKOE ONKCAHUE;

*HOMEp M Ha3BaHUE OIbITA;

*KpaTKO€ OMHCaHUe X0/a padoThl C yKa3aHUEM YCJIOBUH MPOBEICHHS OIbITA;




*PUCYHKH M CXEMBbI HCIIOJIb3YEMBIX IPUOOPOB;

*HaOJIFOICHM,

*ypaBHEHMS IPOTEKAIOLINX PEAKIIMIA;

*pacuéThl, TAOIUIBI, TPAPUKH;

*BBIBO/IB.

3.JIabopaTopHbIii kKypHaI HYy’)KHO BECTH YMCTO U aKKYpaTHO, 3alIMCU JAOJKHBI ObITh JTAKOHUYHBIMH.
4.014éT 0 IpoBeAEHHON paboTe IPOBEPSIET U MOANUCHIBAET NIPENOJABATEINb.

5K cpaue 3au€ra mo mabopaTOpHOMY TMPAKTHUKYMYy JOIYCKAIOTCS CTYACHTHI, BBINOJHUBIINE U
NOJIMCABIINE Yy IperojaBaTelii Bce JOMAlIHWE U JabOopaTOpHble pabOThl, CAABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBAaBILIKE B pabOTE CEMUHAPOB.

6.CTyneHThl, TOTYYHBIIKE 3a4€T MO JIAOOPATOPHOMY IPAKTUKYMY, JOIYCKAIOTCS K Clladye 9K3aMeHa 110
KypCY HEOPTaHUYECKOW XHUMUHU.

Koumponwvhbie eonpocet :

1 OcHoBHblE MOHATUSA: XUMHUYECKUH 3JIEMEHT, aTOM, MOJIEKYJIa, OTHOCUTEIbHas aToMHas |
MOJIEKYJISIpHAs Macca.

2.IIpocToe u C10KHOE BELIECTBO.

3. KonmuectBo BemiecTBa, MOJIb, MOJISIDHAs Macca, JKBUBAJICHT, MOJSIpHAs Macca SKBHBAJICHTA.
4.OCHOBHbIE KOJMYECTBEHHbIE 3aKOHbI XMMHH: 3aKOH IOCTOSHCTBA COCTaBa, 3aKOH SKBHUBAJIECHTOB,
3aKOH KpaTHBIX OTHOLLEHUHN.

5.MeTo/1bl onpeieNeHrs MOJIEKYJISIPHON 1 aTOMHOW Macchl.

Cnucok Jumepamypbal.

1.Mapmankus, M. @. Xumus : yued. nocodbue / M.®d. Mapmankun, 1.C. I'puropsn, J[.H. Kosanes
; CeB.-KaB ¢denep.yn-1. - CraBponons : CKOVY, 2015. - 228 c. - [Ipuin.: c. 221-225. - bubnuorp.: c. 220-
221

2.Xaxanuna, T. Y. Opranunueckas xumus : yue0. nmocobue / T.W. Xaxanuna, H.I'. Ocunenkona,
A.A. I'ypckasd ; nox pen. T.M. Xaxanunoii. - M. : Beicas mkona, 2009. - 396 c. - (OcHOBHI HayK). -
bubnuorp.: ¢.396. - ISBN 978-5-9692-0310-5

3.I'muuka, H. JI. O6mmas xumus : [y4e6. mocooue] / H.JI. I'muuka. - M. : KHOPYC, 2014-2010- 752
c. :w - [lpwi.: ¢. 721-724. - bubmmorp.: c. 725-726. - ISBN 978-5-406-03623-5I'munka, H. JI. Obmas
xumus : [yue6. nocobue] / H.JL. I'munka. - M. : KHOPVYC, 2014. - 752 c. : un. - [lpun.: c. 721-724. -
bubnuorp.: c. 725-726. - ISBN 978-5-406-03623-5

3.Yukun E.B. Xumus [DmektpoHHBIH pecypc]: ydeOHOoe mocoOme/ UmkuH E.B.— Diektpos.
TEKCTOBbIE JaHHble.— Tomck: TOMCKHII TOCYJapCTBEHHBIM YHHMBEPCUTET CHCTEM YIPAaBICHUS U
PaguOdIIEKTPOHUKH, Onb KonTeHT, 2012.— 170 C— Pexum JOCTYyIIa:

http://www.iprbookshop.ru/13873.— DBC «IPRbooksy, o mapoJito



4.T'abpuensn, O. C. O6mast u Heopranudeckas xumus : y4ued. mocobue / O.C. I'abpuensn, U.I'.
Octpoymos, E.I'. Typbuna. - M. : Axanemus, 2011. - 480 c. - (bakamaBpuar). - Ha yueOHuke rpud:
Hon. YMO. - bubmuorp.: c. 479-480. - ISBN 978-5-7695-8133-

5. Ilomkog, B. A. O0mas xumus. buodusnueckas xumust. XuMusi OMOTCHHBIX JIEMEHTOB : YI€OHHK
st By30B / B.A. Tlonkos, FO.A. Epmios, A.C. bepnsaug ; noxn pen. F0.A. Epmosa. - 9-e u3n. - M. :
FOpaiir, 2012,2011. - 560 c. : w1 - (bakanaBp). - Ha yue6Huke rpud: Jon.MO. - bubmmorp.: c. 548-
548. - ISBN 978-5-9916-1667-6

6.EropoBa, O.A. Xumus. KoHcnekr jexumii Uit cTyaeHToB | Kypca mH>keHepHOro (akymbreTra
Hanpasienuit UMb, U/Ib : yuebnoe mocodue / O.A. Eropoa, O.B. KoBansuykosa. - M. : Poccutickuit
YHHUBEPCUTET ApYyxKObl Hapoaos, 2011. - 156 c. - ISBN 978-5-209-03615-9 ; To ke [DneKTpOoHHBIN
pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=116319 (05.06.2015).

JlaGopaTopHas padora Ne 4
Tema: KomMIuiekcHbIe coeIMHEHHS

2+
Henv pabomor: HonyquI/Ie AdKBAKOMIICKCOB, p€aKIUK TCPMOJIM3a. HOHy‘IeHI/Ie akBakomiIiekcos Cu )

-2+ + <
Ni , Cr3 , IOJIY4Y€HHEC HW CBOHUCTBA THAPOKCOKOMINNICKCOB OJIOBA W XpoOMa, IIOJYYCHHUC
AMHWHOKOMIIJICKCOB U alTUJOKOMIIJICKCOB, U3Y4YCHUC ﬂBOﬁHBIX COJIeH.

Dopmupyemuvie komnemenyuuu. OIIK-1.

Teopemuueckasn yacmp:

KommiekcHble coeJUHEHUS 5TO MOJIEKYJISIPHbIE WM HOHHBIE COEIMHEHUS, 0Opa3ylouluecs IyTemM
MPUCOEANHEHNS] K aTOMy WM HMOHY MeTajljla WM HEMEeTalsla, HEUTpaJbHbIX MOJIEKYJ WIH APYTUX
1noHOB. OHU CITIOCOOHBI CYIIIECTBOBATh KaK B KPUCTAILIE, TAK U B PaCTBOPE.

OcCHOBHBIE I10JI0KEHHUSA ¥ MOHATHS KOOPAUHAIMOHHOH TEOPHH.

Jl51s 0OBSICHEHHSI CTPOCHHUS M CBOMCTB KOMILUIEKCHBIX coeiMHEeHUH B 1893 . mBeHapcKuM XUMHUKOM A
Bepuepom Oblna mpeasioskeHa KOOPAWHAIMOHHAs TEOpHsl B KOTOPYIO OH BBEJI [JBa MOHATHS: O
KOOP/IMHAIIMU U O TOOOYHOI BaJICHTHOCTH.

ITo BepHepy enasnoti 6anenmHocmvbio Ha3bIBAETCS BAJIEHTHOCTb IIOCPEACTBOM KOTOPOH COECIUHSIOTCA
aTOMbI ¢ 00pa30BaHUEM MPOCTHIX COETUHEHUH, MOAUNHSIOIUXCSI TEOPUN

BajieHTHOCTH. Ho, ncuepnaB riaBHyI BaJleHTHOCTb, aTOM CIOCOOEH, KaK MpaBWUJIO, K JajbHeHiemMy
IPUCOEIUHEHUIO 32 CUET NOOOYHOU 6ANEeHMHOCMU, B PE3YNbTaTe MPOSBIECHUS KOTOPOH U oOpa3syeTcs
KOMILUIEKCHOE COEIMHEHHE.

[Ton neiicTBUEM CHII TNIaBHOM M TOOOYHOI BaJIEGHTHOCTU aTOMBI CTPEMSTCS PAaBHOMEPHO OKPYKUTH ceOst
MOHAaMHU WJIM MOJEKYIaMHU W SBJSIIOTCA TakuM oO0pa3oM IIEHTPOM NpUTsDKeHUs. Takue aToMbl
Ha3bIBAIOTCA  YEHMPANbHbIMU UMY  KOMHAeKcoobpazoeamensmu.  VIOHBI MO  MOJIEKYJIBI,

HCMMOCPCACTBCHHO CBA3aHHBIC C KOMHJICKCOO6pa3OBaTeJIeM, HAa3BIBAIOTCS JIUSAHOAMU.



[TocpencTBoM TJIaBHOW BAJCHTHOCTH MPHUCOSTUHSIOTCS JUTAHABl MOHBI, a IMOCPEICTBOM MOOOYHOM
BAJICHTHOCTH — HOHBI ¥ MOJICKYJIBI.

[IputspkeHue JMraHa K KOMIUIEKCOOOpPA30BaTENI0 HA3bIBACTCS KOOPAWHAIMEH, a YHCIO JIMTaHi —
KOOPIMHAIIMOHHBIM YUCIIOM KOMILIEKCOOOpa30oBaTersl.

MoXHO CKa3aTh, YTO KOMIUICKCHBIC COCIMHEHHS ATO COCAMHEHUS, MOJIEKYJIbl KOTOPBIX COCTOST W3
LIEHTPAIBHOTO aToMa (MM MOHA) HEMOCPEACTBEHHO CBS3aHHOTO C OMPEACIEHHBIM YHUCIOM JIPYTUX
MOJICKYJT UJTM HOHOB, Ha3bIBAEMBIX JIUTAHIAMH.

B poii KOMIUIEKCOOOpa3oBaTeNell dalie BCEro BHICTYIMAOT Kartnousl MeramioB (Co®, Pt™ Cr
Cu*?Au™u Ip.)

B kauectBe nurannoB moryt Beictynath woHbl CI, CN', NCS’, NO,", OH, SO42‘ TaK U HEWUTpaJbHbIC
moutekyibl NHs, HyO, aMuHBI, aMHHOKHCIIOTHI, CTUPTHI, THOCTIHPTHI, PH3, 3dupsr.

Urcno KOOpIUHAIIMOHHBIX MECT, 3aHMMAEMbIX JIMTAHIAOM OKOJIO KOMILJICKCOOOpa30BaTelIsl, Ha3bIBACTCS
€ro KOOPOUHAYUOHHOU EMKOCMbIO UU OEHMAMHOCTbIO.

Jluranapl, mNpHUCOEIUHEHHBIE K KOMIUIEKCOOOPA30BaTEII0 OJHOW CBSA3BIO, 3aHMMAIOT  OJIHO
KOOpAMHAIIMOHHOEe MecTh M HasbBaroTcs MoHozeHtaTHeiMH (CI, CN', NCS’). Ecnm ke nuranpg
MPUCOSANHEH K KOMIUIEKCOOOpPA30BaTEII0 TIOCPEACTBOM HECKOJIBKUX CBSI3€H, TO OH SIBISETCS
nonuaeHTatabiM. Hanpumep: SO4%, CO5> SIBIAIOTCS GUICHTATHBIMY.

KomrmnekcoobpazoBatenb U JTUTaHIBI COCTABISIIOT 8HYMPEHHIOW cghepy COSTUHEHUS WM KOMILIEKC (B
dbopMynax KOMILIEKC 3aKIIOYaloT B KBaJpaTHble CKOOKM). MOHBI, HE CBsI3aHHBIE HEMOCPEACTBEHHO C
KOMILIEKCOOOpa3BaTeIEM, COCTABIISIOT BHEUHIOW KOOPOUHAYUOHHYIO Chepy.

WNonbl BHemHEH cdepbl CBA3aHBI MEHEE MPOYHO 0 CPAaBHEHUIO C JIMTAHJAMHU WM IMPOCTPAHCTBEHHO
ylajaeHsl 0T KOMIUIEKCooOpazoBatensi. OHU JIETKO 3aMEIIal0TCs IPYTUMH HOHAMH B BOJIHBIX PACTBOpPAX.
Hanpumep, B coenunennu Kz[Fe(CN)g] xoMruiekcoobpa3oBareieM sBISIETCS Fe'?, nurangamu - CN',
JIBa nuraHma MPUCOEIMHEHBI 3a CYET IJIABHOW BAJIGHTHOCTH, a 4 — 3a cueT MOOOYHOW BAJICHTHOCTH,
CJIEJIOBATEIILHO KOOPIUHAIIMOHHOE YUCIIO PABHO O.

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

KOOPJIUHAIIMOHHYIO cepy:

K+ K+

K+
Kak mpaBmiio KOOpAMHAIIMOHHOE YHWCIO PAaBHO YABOCHHOMY 3apsjy KaTHOHA MeTajlla, HalpuMmep:
OJIHO3apsAIHbIC KATUOHBI UMEIOT KOOPJIMHAIIMOHHOE YUCJIO paBHOE 2, 2-X 3apsiaHbie — 4, a 3-X 3apsiaHble
— 6. ecnM D2IEMEHT MpOSBISET IEPEMEHHYIO CTENEHb OKUCIEHHSA, TO C YBEIMYEHUEM €&
KOOPJIMHAIIMOHHOE YUCIIO pacTeT. [|Jiss HEeKOTOPhIX KOMILIEKCOOOpa3oBareneii KOOpAMHAIIMOHHOE YUCIIO

+3 pth 3
ABIIETCS MOCTOSSHHBIM, Hanpumep: Co ™, Pt™, Cr'” uMeroT KOOpAWHAIMOHHOE YHCIIO paBHOE 6, Y HOHOB



+ + + +
B 3, Be 2, Cu'? , Au 3 KOOPJIMHAIIMOHHOE YKCJIO PaBHO 4. 17151 OOJIBIIMHCTBA HOHOB KOOPIWHAIIMOHHOE
YUCJIO SBJSIETCS TIEPEMEHHBIM W 3aBHCHT OT MPHUPOJbI HMOHOB BHEIIHEH cdepbl W OT YCIOBUM

00pa3oBaHMsI KOMILJIEKCOB.

Kiaccudukaiiuss KOMITICKCHBIX COCMHEHHI TIPOBOIUTCS 110 Pa3IMYHBIM MPU3HAKAM.
1. Tlo 3apsiiy KOMIIEKCHOTO HOHA PA3JIHYarOT:

-karronnsie [Cu(NHs),]?

-anmonnsie [Co(NO3)s]*

-HEUTpaJIbHBIE [Pt(NHg)C'z]O
2. Tlo xapakTepy JIMT'aHIOB Pa3IHYalOT:

-akBo- [Cu(H20)4]SO4

-ammuHO-[CU(NH3)4]SO4

-anua0- Ko[Cu(Cl)g4]

-ruipokco-Ko[Cu(OH)4]

[To ctpykType BHYTpeHHEH cdeprl pa3ianyaioT BHYTPUKOMIUIEKCHBIC (IIUKIMYECKHE) COCTUHEHHUS.
Hanpumep, B )KUBOM OpraHu3Me BCTPEUAIOTCs KJICIIHEBUJIHbIE (XEJIaTHbIE) MATUWICHHbIE HUKIIbL. OHU
00pa3yloTCsl KAaTUOHOM METajula U a-aMUHOKHCIOTaMU. K HUM OTHOCATCS T€MOIJIOOMH, XJIOpOQHILI,

BUTaMUH Bis.

[Tpu cocTaBiieHUM Ha3BaHUsI KOMILICKCHBIX COSIMHEHUHN PYKOBOJICTBYIOTCS CIICAYIONIMMH TPABUIIAMHU:

- CHayajia Ha3bIBaIOT BHYTPEHHIOI cdepy;

- COCTaBHbIC YacCTH €€ HA3bIBAIOT B CICAYIOIICH MOCIIEI0BATEIILHOCTH: JIMTAH/IbI AHUOHBI, JIMTAH/IbI —
MOJIEKYJIbI, KOMIUIEKCOOOpa3oBaresb. 3anuchiBaloT (HOpMyay B 0OpaTHOM MOCIEA0BATEILHOCTH.

- K Ha3BaHUSM JIMTAHJOB — HOHOB J00aBIsIOT okoHUaHue «o» (Clxmopo-, CN1imano-). HelitpaibHbie
MOJICKYJIbI COXPaHSIOT CBOM Ha3BaHMs, 3a uckitodeHueM HoO — akBo, NH3 — amuH.

- YHCJIO JIMTAH/I0B YKa3bIBAIOT TPEYCCKUMH YHCIUTEILHBIMU: 11, TPH-, TETPa-, IEHTA-, FeKca- U T.]I.

- B TIOCJI/THIOKO OYepe/Ib HAa3bIBAIOT HOHBI BHEITHEH cephl.

[Mpumep: karnonnsie —[CU(NHS3)4 ]SO4 — Terpaammunokymnpar (II) cynegar;

anroHHble — Nag[Co(NO,)s] —rekcanutpokobosbtat (I11) HaTpus;

Heirpansabie [Pt(NH;3)]Cl, - nuxnopomnaMmmuHOIIIaTHHA.

Obopyoosanue u mamepuaivl:

PeaxTuBbl, HEOOXOIUMBIE NIl JAHHOW PaOOTHI, BHICTABIISIIOT Ha MOJKHA JaOOPATOPHBIX CTONOB. Penkue
PEaKTHUBBI, KOHIEHTPUPOBAHHBIE KUCJIOTHI W IIEIOYHM, MMAaXydyuhe BEIIeCTBa (HaIpuUMeEp, CEPOBOJOPOI,

OpoMHasi BoJa U Ap.) XpaHAT B BBITSHKHOM IKa(y.



OcHoOBHas XUMHYECKas MOCYy/1a: MPOOUPKHU (B IITATHUBE), KOJOBI, XUMHUECKHE CTaKaHbBI MOCJE PaboThI
TIIATEIBHO BBIMBITh, BEChl C PAa3HOBECOM, MPHOOPHI, HCIOJb3yeMasi Ul TPOBEICHHS OTICIbHBIX
nabopaTopHBIX paboT, BRIAACTCS U CIACTCS YHUCTas Ta00paHTy.

Texnuka dezonacnocmu npu_8blNOJIHEHUN J1A00PANOPDHOU_Padombl:

-aKKypaTHO 00pallaThCsl O CTEKITHHON XMMHUYECKOW MOCYN0M. OCTaTKU pa3OMTOH mocyzabl youpars ¢
IIOMOILBIO COBKA U IMIETKU,;

-Bce paboTHl, CBSA3aHHBIC C BBIJCICHHEM SIOBUTHIX, JIETYYMX M HEMPUSTHONAXHYIIMX BEILIECTB,
MIPOBOJIUTH B BHITSDKHOM IKa(y;

-[IpY OIPEENICHUH 3allaxa BEIIeCTB OTBEPCTHE COCyZa JepXkaTb Ha paccTosHuM 25-30 cM oT suna,
HanpasJsisl K cebe CTPYIo ra3a MnocTynarelbHbIMU JBH)KEHUSAMU JIAJIOHU OT OTBEPCTUS K JIMILY;

-IpY HAJMBAHWW DPEAKTUBOB HE HAKJIOHATHCA HAA COCYIOM BO HM30EKaHHE MOMAfaHus OpbI3T WIN
YaCTHI] HA JINLIO WM OACXKIY. TP pa30aBIeHUH KOHIICHTPUPOBAHHBIX KUCIIOT BIMBATh KUCIOTY B BOAY,
HO HE Ha000poT;

-[IpY HarpeBaHUM NMPOOUPKHU He JepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCEe/a. HE HAKIIOHATHCSA
HaJl HarpeBaeMoi KHJIKOCTbIO BO M30€XkaHNe MONalaHus e€ Ha JIULO, PyKH WIH OJIEXKIY;

-ropsiYre MPEeIMEThl MOXXHO CTaBHTH TOJIbKO Ha acOECTOBBIM KapTOH, acOECTHMPOBAHHYIO CETKY WIIH
APYTYIO CIIEIUATbHYIO IOJICTaBKY;

-HeJb3s MOJIb30BATHCS HIEKTPONPUOOpPaMu 06€3 COOTBETCTBYIOIIEr0 HHCTPYKTaXa. MPU BKIIIOYEHNUHU UX B
CeTb HeJb3sl IePKaThCsl 3a METAIIIMUECKUE IpeAMETHI (TpyOBbl, KpaHbl  T.I1.). 3allpeliaeTcsl BKI0YATh U
BBIKJIIOYATh JIEKTPONPHOOPHI MOKPHIMH pYyKaMH, a TaKKe IOJIb30BAThCS HEHMCIPABHBIMHA WA
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3anperaeTcs NpUHUMaTh MUIY B XUMUYECKON 1abopaTopuu U MUTh BOAY U3 JIAOOPATOPHOU MOCYIBI. -
-KaTeropHUeCKH 3arperaeTcs npoodoBaTh peakTHBBI Ha BKYC;

-TIpU TIOTIAJJAHWK HA JIMIO WJIM PYKH OpBI3T KOHIICHTPUPOBAHHBIX KHCJIOT IIOCIE CMBIBAaHUS BOJOU
MIPOMBITH CIa0BIM PAaCTBOPOM COJIBL. IIENOYH CIIEAYEeT CMBIBAaTh JO0 TE€X MOpP, MOKA y4acTOK KOXH, Ha
KOTOPBIN OHa ToMaa, He NMepecTaHeT ObITh CKOJIb3KUM; 3aT€M MPOMBITH CJIA0BIM PacTBOPOM YKCYCHOI
KHUCJIOTHl U HAJIOXKUTh TOBSA3KY W3 BaTbl, CMOUEHHON 3%-HbIM pacTBOpPOM IepMaHraHata Kaimus (U3
anTeyky B 1abopaHTCKOU Kadeapsl);

-110 OKOHYAHHWH PAa0OTHI BHIKIIIOUUTH U3 CETH BCE AJIEKTPOIIPHOOPHI, MIEPEKPHITh TI0Jady T'a3a U BOJBI B
nabopaTopuio U yopaTh pabouee MecTo;

-000 BCeX HECYACTHBIX CIydasx HEMEJIEHHO COO0IIaTh Mpeno aBaTesto Wil JabopaHTy.

Ilpaxmuueckas uacmso:

OnpiT Nel. [TomyyeHne akBaKOMIIJIEKCOB.
Harpeiite B ¢apdopoBoii wyamieuke HEOOJbIIOE KOJUYECTBO KPUCTAIOTHIpATa Cyiabpara MeIu.

OtmerpTe 1BeT Oe3BonmHON conu. Ilocne oxnaxaenus comu (papdopoByro damKy MOXKHO Opartb



pykamu) mpubaBbTe Boay. VM3MeHEeHHE 1BeTa CBsA3aHHO ¢ 0Opa3oBaHHMEM akBakomIuiekca. [lomoOHbIe
orepaly npojenaiiTe ¢ KpUCTAJUIOTHIpaTaMy cyib(aTa HUKeNs, XJaopuaa xpoma. Hanumure peakiuu
TepMoni3a i popmyiisl aksakommiekcos Cu?*, NiZ*, Cr¥*,

OnbiTr Ne2. B dapdopoBoii uameyke HEOOIBIIOE KOJIMYECTBO KPHUCTAIUIOB XJIOpHAa KoOanbTa
pPacTBOpPUTE B HECKOJIBKUX KAIUIIX KOHLIEHTPUPOBAHHOW COJSTHOM KHUCIOTHI (OCTOPOXKHO C KHCIIOTOM,
ONBIT MPOBOAUTH MONA TAroi). OTMeThTE OKpacKy pacTBOpa, KOTOpas BbI3BaHa 00pa30BaHUEM
TETPaxJIOpKOOOIBTOBOM KUCIOTHL. [Ipu pa3daBieHne MOIyYeHHOTO pacTBOpa BOJIOW OKpacKa MEHSETCS
Ha PO30BYIO, XapaKTEPHYIO U THIAPATUPOBAHHOTO MOHA KoOanbTa. Hanummre ypaBHeHHS peakuui.
OmnpiT Ne3. ITosnyyeHue ruJpOKCOKOMILIEKCOB.

K pactBopy conu nunka npubaBbre pactBop ménoun. OOpa3yromumiics 0ca oK TUAPOKCUIA B U30BITKE
IENI0YM PacTBOPSETCS M MPEBPAILLAETCsl B PACTBOPUMBIA THIPOKCOKOMIUIEKC. AHAJIOTMYHO MOJIyYUTE
T'UJIPOKCOKOMIIJIEKCHI aJJFOMUHUS, 0JI0BA U XpOMa.

OnbiT Ne4. [TonyueHne aMMHOKOMITIIEKCOB.

A. K pactBopy cynbdaTa Meau TMOCTENEHHO MpU MEpEeMENIMBAHUHM WM BCTPSXUBAHUHU JOOABHTE
pacTBOp KOHIICHTPUPOBAHHOTO aMMuaka. OOpaTuTe BHMMAaHHME HA TO, YTO OOpa3yroIIMiics CUHUM
0CaJIOK THIPOKCHIA MeIU B M30BITKE aMMHaKa pacTBOPSETCS BCIEICTBUE 00pa30BaHUs PACTBOPHUMOIO
aMMHakKaTa MeIu. JTO COIMpPOBOXKIAeTCsA pe3kuM m3MeHenwem I1Beta. Mon terpagmammunmenu (II)
MOKHO pPa3pylIMTh J00aBJICHHEM pacTBopa cyibpaTta HaTpusi. OO0bicHUTE, MoyeMy? DTH K€ OIBITHI
IIPOBEIUTE C PaCTBOPOM COJIN Ni%".

B. B pactBope ammuaka Xopouio pactBopsiercs xjiopun cepedpa. [lomyunre HeMHOro ocajka XJIopHuaa
cepeOpa u3 HHTpara cepebpa W PacTBOPUTE €ro B HECKOJBKHX KaIUISIX KpPEmKoro ammuaka. M3
MOJy4EHHOTO pacTBOpa XJIOpUAa JAMaMMUHCepeOpa MOKHO BHOBb BBIJCIUTH XJOpHUI cepedpa
nobaBneHreM a30THOM KucnoTsl. Iloyemy 3to mpoucxoaut? Cosn cepebpa AeDULIUTHBI, MOITOMY
BBUIMBAWTE UX PacTBOPHI MOCJIE MPOBEACHHBIX OIBITOB B CHEIHAJIbHbIE OAHKHU ¢ ATUKeTKOW "Iy cnuBa
cepebpa ".

OnbiT NeS. [TonydyeHne aluI0KOMILIEKCOB.

A. Tlonmyunte HEMHOro ocajka Xjopuia cepebpa, cieiiTe pacTBop, a K 0CaJKy J00aBbTE MO KaIUISIM
KOHIICHTPUPOBAHHOM COJISTHOM KHCIOTHI. OcCalloK pacTBOPHUTCS B M30BITKE KUCIOTHI C 00Opa3OBaHHEM
JTUXJIOPCEPEOPSTHHON KHUCIOTHI.

B. K pacteopy comn Hg®* mo6aBbTe mOHeMHOTy pacTBOpa Hommma Kaus. Beimamaer ocamok ioamaa
pTyTH, KOTOpbIi B M30bITKe KI pacTBOpsiercss ¢ oOpazoBaHHeM OECIBETHOTO TETPaioJ0THUIpaprupaT
(1)- noHa.

B. K 1-2 mn pactBopa conm Co?* noGasbTe HIEMOTKY KPUCTALIMYECKOTO POJaHUAA AMMOHUA.
OO6pasyercsi KOMIUIEKCHBIM MOH KoOalibTa cHHEro mpera. Eciau pacTBop pa30aBUTh BOJOW, TO OKpacka

M3MEHUTCS Ha PO30BYIO, XapaKTEPHYIO [T aKBaKOMIUIEKcoB kKoOanbTa (II).



I'. Ha pactBop comnu xene3a (III) moaeicTByiiTe B 0THON POOUpPKE pacTBOPOM IIENOYH, a B IPYroi -
pacTBopoM poaaHuaa amMMmoHHUsA. OOBSCHUTE MNPOUCXOIAIINE SBICHHUS. OTU PEaKUUU IO3BOJSIOT
OoOHapyKuUBaTb B pacTBOPAaX HOHBI Fe**. Ha pactBop rekcanmanodeppara (III) kamms Taxoke
MOJICUCTBYTE PACTBOPOM INEIOYM M poAaHWAa amMMoHusA. llouemy BO BTOpOM cllydae MbI HE
HAOJII0[aeM PEeaKIuii, XapaKTepHbIX [uist HoHa Fe®*?

OmnbiT Ne6. JIBOMHBIE COMIH.

JIBoiiHyt0 coib - amoMmokaiaueBbie KBacipl K;SOy Alx(SOy4); - 24H,0O MokHO paccMaTpuBaTh Kak
KOMIUIEKCHOE COeIMHEHuE - aucylbdaroantoMuHar kanus. B Tpu mpobupku Hajeite pacTBop 3TOH
COJIM, B KQUECTBEHHOH pEaKIMK ONPEICINTE, KAKHE HOHBI €CTh B 3TOM PacTBOpE.

Hannuune B pacTBOpe HWOHA Kalus MOXKHO YCTaHOBUTH JOOABICHHEM THAPOTapTpara HATPHUS
NaHC4H4O6. Ilpu 3amemienun HaTpus KanueM o00OpaszyeTcsi HepacTBOPUMOE COeIUMHEHHE (OCalloK
obpa3syercsi ObICTpee, ecIM CTEKISHHOH INaJ0uKoll MoTepeTh CTeHKH mpobupkn). Mom K* mpome
otkpbITh pactBopoM Naz[CO(NOy)g]. s aToro k 1-2 Mi1 HCIIBITYEMOTO pacTBOpa J00aBUTh HECKOIBKO
Karelab KoOaIbTHHHTPUTA HATpHs. Bblmamaer xelrsii ocamok koGanprurutputa Kamms. Mom ALY
Oo0HapyKHUBAIOT 100aBJICHUEM IIETOYH, HOH SO, ocaxuaroT B BUJE cynbara 6apusi.

Tpeoosarnusa Kk ohopmaeruio 1a60pamoprHoil padOmvl U OMYemy:

1.BeimonHeHre 1a00paTopHBIX pabOT CONMPOBOXKIAIOT 3alHCsAMU B JabopaTopHOM skypHaie. Ha
TUTYJBHOM JIMCTE J1a0OpaTOPHOTO >KypHajla JOJDKHBI OBITH IPE/ICTaBJICHBI: Ha3BaHHE YHUBEPCHUTETA,
(bamMuIus 1 MHULIMAJIB! YYalerocs, HOMep Kypca U IpyIIbl, y4eOHbIH TO.

2.0T4eT 0 BBINOJHEHHO 1a00paTOpHOIl paboTe JOKEH COIepKaTh CIEeIYIOINE CBEICHHS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*JIaTy BBIITOJHEHHS PaOOTHI,

*IIeTTb Pa0OTHI;

*000py/I0BaHHE M MaTepHaIb;

*KpaTKO€ TEOPETHUECKOE ONKCAHUE;

*HOMED U Ha3BaHUE OIIbITA;

*KpaTKO€ OMMCaHue X0/a paboThl C yKa3aHUEM YCIIOBUH MPOBEICHUS OIIbITA;

*PUCYHKH M CXEMbI HCIIOJIb3yEMBIX IPUOOPOB;

*HaOJIFOICHMS,

*ypaBHEHUS MPOTEKAIONINX PEaKITHii;

*pacu€Thl, TaOIULIbI, FpaduKy;

*BBIBO/IB.

3.JIaGopaTopHBIii KypHaI HY>KHO BECTH YHCTO U aKKYypaTHO, 3alIMCH JOJDKHBI ObITh TAKOHUYHBIMU.

4.014éT 0 mpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT MPENOJABATENb.



5K cpmaue 3auéra mo mabopaTOpHOMY MPAKTUKYMY JOMYCKAIOTCSI CTYICHTHI, BBINOJHUBIIME U
MOJINKCABIINE y MPEnojaBareis Bce JIOMAlllHUE U JIabopaTOpHbIe pabOThl, CHABIINE KOJJIOKBUYMBI,
aKTHUBHO y4acTBOBABILKE B pab0OTe CEMHHAPOB.

6.CTyneHThl, TOTYYHBIINE 3a4ET 1O JIAOOPATOPHOMY HPAKTUKYMY, JOITYCKAIOTCS K CAadye IK3aMeHa 1o
KypCy HEOPTaHUYECKON XUMUHU.

Konumponwvnvie gonpocel :

1 Kakoli BbIBOJI MOKHO CJIENATh O IIPOYHOCTH JAHHOI'O KOMILIeKca?
2. Kak mpoTrekaeT Jucconmanus TaKoro TUIa KOMIUIEKCHBIX COSAMHEHUI?

3. YcTOMYMBOCTE KOMITJIEKCHBIX COC,Z[I/IHCHI/Iﬁ B paCTBOpax

4. KowmruiekcooOpa3yrolas crnocoOHOCTh S-, p- U d- 37IeMEHTOB
5. Xapaktep XMMHUYECKOU CBSI3U B KOMILJICKCHBIX COCMHECHUSX
6. CrpoeHue IEKTPOHHBIX 000JI0UYEK aTOMOB

7. DnexTpoHHBIE (HOPMYIIBI

Cnucok n1umepamypuol:

1.Mapmankua, M. ®. Xumus : yue6. mocooue / M.®. Mapmankuu, U.C. I'puropsia, [I.H. KoBanes
; Ces.-KaB ¢enep.yn-t1. - CraBpomnouns : CKOVY, 2015. - 228 c. - [pun.: c. 221-225. - bubnuorp.: c. 220-
221

2.XaxanuHa, T. U. Oprannueckast xumus : yuae6. nocodue / T.M. Xaxanuna, H.I'. Ocunenkona,
A.A. T'ypckas ; non pen. T.W. Xaxanunoii. - M. : Beicias mikona, 2009. - 396 c. - (OcHOBBI Hayk). -
bubnuorp.: ¢.396. - ISBN 978-5-9692-0310-5

3.I'munka, H. JI. O6mas xumus : [y4e6. mocobue] / H.JI. I'munka. - M. : KHOPYC, 2014-2010- 752
c. :w. - [lpwi.: c. 721-724. - bubmmorp.: c. 725-726. - ISBN 978-5-406-03623-5I'munka, H. JI. Obmas
xumus : [yue6. mocooue] / H.JL I'muaka. - M. : KHOPVYC, 2014. - 752 c. : un. - pun.: ¢. 721-724. -
bubnuorp.: c. 725-726. - ISBN 978-5-406-03623-5

3.Uukun E.B. Xumus [DnextponHblii pecypc]: yueOHoe mocobue/ Yukun E.B.— Dnextpon.
TeKCTOBbIE JaHHble.— ToMck: TOMCKMH TOCYZapCTBEHHBIM YHHMBEPCUTET CHCTEM YIPABJICHUS U
PaguO3IEKTPOHUKH, 16113 KonreHnr, 2012.— 170 cC— Pexnm JOCTYyIIa:
http://www.iprbookshop.ru/13873.— DBC «IPRbooksy, o mapoiito

4 T'abpuensn, O. C. O6mas u Heopranudeckas xumus : yue0. nmocobue / O.C. I'abpuensn, NU.T.
Octpoymos, E.I'. Typouna. - M. : Axanemus, 2011. - 480 c. - (bakamaBpuar). - Ha yueOnuke rpud:
Hom. YMO. - bubmmorp.: ¢. 479-480. - ISBN 978-5-7695-8133-

5. [lonkos, B. A. O6mas xumus. buopusndeckass xumus. XuMusi OMOr€HHBIX 3JIEMEHTOB | YUeOHUK
s By3oB / B.A. Tlomkos, FO.A. Epmos, A.C. bepnsun ; mox pen. FO.A. Epmosa. - 9-e uzn. - M. :
HOpaiit, 2012,2011. - 560 c. : un. - (bakanasp). - Ha yuebnuke rpud: Jon.MO. - bubnuorp.: c. 548-
548. - ISBN 978-5-9916-1667-6

6.Eropoa, O.A. Xumusa. Koncnekr yekiuili ms cryaeHToB | Kypca mHKeHepHOro (axkynbrera

Hanpasienuit UMb, UJIb : yueOnoe nocobue / O.A. Eroposa, O.B. KoBanbuykosa. - M. : Poccuiickuit



YHUBEpPCUTET ApyxObl HapomoB, 2011. - 156 c. - ISBN 978-5-209-03615-9 ; To xe [DnexTpoHHBIN
pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=116319 (05.06.2015).

JlabopaTopnasi padora Ne 5

Tema: CKOpoCTh XUMHYECKHUX PeaKkIuil 1 XuMU4ecKkoe paBHoBecue. Kartanaus

Ilenv pabomwvi: 3ydyeHne 3aBUCHMOCTH CKOPOCTHM PpEaKIMHM OT KOHLEHTPAallUM pEearaHToB,
TEMIIEpaTypbl, CTEIEHH HM3MEIbYCHUS BCILECTBA, BIMSAHUSA KaTaJIU3aTOpPOB HAa CKOPOCTb PpEaKIuH,
BIIMSIHMS PEareHTOB U TEMIIEPATYPbI HA XMMUYECKOE PABHOBECHE.

Dopmupyemuvie komnemenuuu. OIIK-1.

Teopemuueckas uacmep:

CKopocmplo peakyuu Ha3bIBa€TCS YHCIO aKTOB XHMHYECKOTO B3aUMOIEHCTBHS, MPOUCXOAIINX B
e[[I/IHI/IHy BpeMeHI/I B CAUHUIIC O6’béMa HpI/I TOMOI'CHHBIX Hpoueccax WJIN HA COAUHUILIC HOBerHOCTI/I HpI/I
reTepOreHHBIX MPOIIECCax.

AN _ AN

VAT SAT
O cpeaHell CKOPOCTHM XUMHUYECKOH pEAaKIMM CYIAT MO H3MEHEHUIO MOJSPHON KOHILIEHTpalUu

pearupyronumx BEIIecTB 3a ONpeAeIEHHBIN HHTEPBAJI BPEMEHH:

g=tlazc)
(1, —17)

rac V- CpeaHsAsA CKOPOCTh XUMHYECKOU peakuuu; C 1 — MOJISIpHAsA KOHICHTPAIMA BEIIECTBA B MOMEHT T 1
, C 2 — MOJISIpHasl KOHLICHTpalMs BEIICCTBA B MOMCHT 7 2 . Hctunnoit CKOpPOCTBIO XUMHUYECKOH pcaKkuuun B

Z[aHHI)II\/JI MOMCHT HA3bIBACTCA II€pBasg NPOU3BOJHASA KOHICHTPAIIUX 110 BPEMCHU

1‘=i£:r=—dﬁ £ =+dﬁ?m
dr’ dar dar

B romorenHoi cucreMe_CKOpOCTh XUMHYECKOW PEaKIMU 3aBUCHUT OT MPUPOJIBI PEarMpyIOIINX BEIIECTB,

MX KOHIIEHTpAllM{, TEMIIEpaTypbl, HaJIW4Ms KaTaln3aTopa, IPUCYTCTBUSA IPUMECEH M IPHUPOIBI
pacTBopUTEld. B rereporeHHoON CUCTEME B3aUMOJACHCTBUE OCYILECTBIIIETCS HAa MOBEPXHOCTU paszeiia
pearupyromux BeIecTB, OITOMY 3aBUCHT OT AU(Qy3un BeuiecTBa K MOBEpXHOCTU (IU(PYy3nOHHBIH
pexxum), a ecnu Auddy3us He BIUSET Ha CKOPOCTh PEaKUUU (KUHETUYECKUH PEKUM), TO MPU MPOUUX
PaBHBIX YCIIOBHSX YBEIMYEHHE ITOBEPXHOCTH PA3/€iia MOBBIIIAET CKOPOCTh TE€TEPOr€HHONM XUMHUYECKON
peakuuu. 3aBUCHMOCTb CKOPOCTH PEAaKLMHM OT KOHLIEHTPALMM OMNPENEIACTCS 3aKOHOM JEHCTBYIOIIHX
macc (3akoH ['ynpnGepra-Baare): ecnmu Xxumuueckas peakuuss HAET B COOTBETCTBHHM  CO

CTCXUOMCTPUUCCKUM YPABHCHHUCM, TO CKOPOCTb PCAKIUU MNPpAMO HNPONOpHHOHAIbHA MTPOU3BCACHUIO



KOHIIEHTPALUI pearupyromux BEIECTB B CTENEHAX, PaBHBIX CTEXMOMETPUYECKUM Ko3((UIMEeHTaM B
YPaBHEHHH PEAKILIUU.
Jlig peakuu 3anMcaHHoOM B o01ieM BuzE, T.6.: NA + mB — R + pD, ckopocTs peakuuu B

COOTBCTCTBHUH C 3aKOHOM I[CﬁCTByIOH.[HX MacCC BBIPA3HUTCA CICAYHOUIUM 06pa30M:

V= E = ;'-u [*;-l ][B]w
arT )

3neck [A] u [B] — MOnsipHBIE KOHIIEHTpAIlMU PEarupyrolIMX BEIIECTB B JAHHBIII MOMEHT BPEMEHHU;
n ¥ m - cTeXxuoMeTpuueckre KodpuIueHTs IpU pearupyronmx semecrsax. Hanpumep, 11s peakuuu:

ZNO+ 0O, « INO,
npsiMasi 1 00paTHasi CKOPOCTH:
B B
L Hp = k@c_‘-.'ﬁ?cﬂ: 21 obp = ksfpc_‘-.'ﬂz '
Ha MMPAKTUKEC MPUXOAUTCA HUMETH ACJIO0 CO CIOXHBIMHU IpoHecCaMu, COCTOAIIMMH HC U3 OHHOﬁ, a U3
MHOKECTBA IIPOCTBIX CTEII[HIZ, Ha3bIBACMBbBIX JJICMCHTAPHBIMH aKTaMHU, IJIA Ka)KILOﬁ N3 KOTOPbLIX MOXXHO

3amnucarb CBOE BBIpAXXCHUC JJIA CKOPOCTH Ha OCHOBAHHH 3aKOHaA ILCIZCTBYIOHIHX macc. B takom cjIydae

YHCJIO MOJICKYJ, YHJaCTBYIOIIUX B 3JICMCHTAPHOM aKTC, ONPCACTIACT MOJICKYJIIPHOCTD B3aHMOJCHCTBUSL.

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

B GonbpIHCTBE ciyyaeB MoKa3aTeNy CTENEHH MPU KOHIICHTPAIUAX B YPaBHEHUU 3aKOHA JEHCTBYIONIUX
Macc OTJIMYAOTCS OT YMCJIa MOJIEKYJ B YPaBHEHHUH PEaKLMU. DTO MPOUCXOJUT OTTOrO, YTO YpaBHEHHE
peaxiuu oTpaxkaeT JUIIb 00U UTOT mpoiiecca. [lokazaTenu m u n B MaTeMaTuyeckoMm ypaBHeHuu (1)
Ha3bIBAIOT B TAKOM CJIy4ae MOPSIKOM PEaKIUH M0 KaXJIOMY M3 pearupyromux Bemects A win B, a ux
cymMmmy (m+n) — oOIIMM TOPSJIKOM peakinuu. B KaXJoM KOHKPETHOM TpOIlecce B 3aBUCHUMOCTH OT

YCIOBUN MOXET ObITh pa3IMYHbII MOPSIOK PEAKIIHH.

Koadduurent k HazpiBaeTCs KOHCTAHTOM CKOPOCTH pEaKIMM M 3aBHCUT OT MPHUPOJIBI PEarupyOLINX
BCIICCTB, TCMIICPATYPhlI KU KaTajlnu3aTopa. YuciieHHo KOHCTaHTa CKOPOCTH XUMHYECKOH PCaKkuu paBHA
CKOPOCTH PEaKIMU MPH KOHIIEHTPAIMIX PearupyrolInx BEIIeCTB, paBHBIX 1 Moib/1. OgHAKO peakiuu
UAYT, KaK MpaBWIO, MO OTAEIBHBIM CTaJusM U OOIIYI0 CKOPOCTh Ipoliecca OIpenenseT Hauboiee
MEJIEHHO pa3BHBaroiascs craaus. [loaToMy nokasarenu creneHel Ipyu KOHLIEHTPALUAX pearupyroImux
BCIICCTB HE COBIMAAAIOT C UX CTCXUOMCTPHICCKUMHA KOS(i)(bI/II_[I/IeHTaMI/I, a KOHIOCHTpal HCKOTOPBIX M3
p€arupyromux BEIIECTB BOO6I].[C MOTYT HC BXOJOHUTH B BBIPAXKCHUEC CKOPOCTU XUMHUYICCKHUX peakunﬁ.
3aBUCUMOCTh KOHCTaHTBhl CKOPOCTH pEaKLUU OT TeMIlepaTypbl MOXKET ObITh BbIpaK€Ha ypaBHEHUEM
AppeHnnyca:

o
Eom

k=ky-e ¥




rae Eu — oHeprus aktuBanuu; K — koHcTanTa ckopoctH; T — Temneparypa, K; Ko — koncranra; R —
ra3oBasi IOCTOSIHHASL.

DHepruell aKkTHBAIlMM HA3bIBACTCS TO KOJMWYECTBO OSHEPTUH, KOTOPOE HAMO COOOIIMTH MOJIO
pearupyoomux BeIIeCTB  JUIS MPHUBEACHUS €r0 B PEaKIHMOHHOCIIOCOOHOE COCTOSIHHE. JHEprus
aKTUBALlMU B PEaKIMH HE UCUE3aeT U YBEITUUMBAET TEIUIOBOI 3(PPEeKT peakuuu.

[Ipn HU3KHMX TemIiepaTypax MOXHO CUHUTATh, YTO CKOPOCTb PEAKIIMHM BO3pAacTaeT MpU HArpeBaHUU Ha

10°C B 2...4 paza (mpasuio Baut-T'odda):

=

T

31eck Y’ - TemrnepaTypHblid kodddunueHnt Bant-I'odda.

Kamanuzamopom Ha3pBaeTCs BEIIECTBO, HM3MEHSIONIEE CKOPOCTh XHMHYECKOW pEakiuH, HO B
pe3ynbrate €€ caMo OCTaroleecs XUMHUYSCKH HEM3MEHHBIM. KaTalMTH4ecKue MmpoIrecchl CBOIATCS K
JBYM THIIaM: TOMOT'€HHOMY M T'eTeporeHHoMy. [Ipy rOMOreHHOM KaTaju3e pearupyroliue BellecTBa u
KaTaJIn3aTop COCTABJISIOT OAHO(pA3HYIO CHUCTeMy. [Ipu TeTepOreHHOM KaTaliu3e pearupyromme
BEIIECTBA M KAaTAJIM3aTOP COCTABIISIOT CUCTEMY U3 IBYX (a3, U KaTAIMTHYECKUH MPOIecC MPOTeKaeT Ha
rpanunax paszzaena. CKOpOCTh B3aUMOICWCTBUSL B AITOM CiIydae MPOIMOPIUOHAIBHA IMOBEPXHOCTH
paznena (as.

Bce xumuueckue peakiuy MOXXHO pa3eTuTh Ha HeoOpaTUMbIe, HAllPaBI€HUE KOTOPBIX HE 3aBUCHT OT
BHEITHUX YCJIIOBUW, W OOpaTUMbIC, HAMPABICHHE KOTOPBHIX MOXKET M3MEHSATHCS B 3aBUCHMOCTH OT
TEMIIEPATypPhl, KOHIIGHTPAIlMM W JaBIICHUS. BONBIIMHCTBO peakiuii oOpatumo. OHU TPOTEKAIOT
OJTHOBPEMEHHO B JBYX HANpaBIEHHUSIX, TaK KaK BO BCSKON peaKIMH MO Mepe 00pa3oBaHUsS MPOIYKTOB
peaxiuy BO3HUKAET BO3MOKHOCTh B3aUMOJICHCTBUS MEKY HUMHU C 00pa30BaHHEM HCXOJIHBIX BEIIECTB.

PaccmoTpum obpaTiMyto peakiinio B ooiem Bujae: aA + bB «—c C + dD.

[TprMeHuB 3aKOH IEHCTBYIOIIUX Macc K MPSMOM U 00paTHON peakIusiM, MOTydruM:

V1= k;[ﬁ]a[ﬁ]b:

v, =k [CFDT.

rae V1 UV 2 — CKOPOCTH MIPSIMOI M 0OpaTHOM peaKIIHii.

[To Mepe mpoTekaHus peakuny KOHLEHTPALU UCXOIHBIX BEIIECTB YMEHBIIAETCS, U CKOPOCTh MPAMOM
peaKIy YMEHBIIAETCs, a CKOPOCTh 0OpaTHOM YBEIMYMBACTCS BCIIEICTBUE YBEIMYCHHS KOHIIEHTPAIIMH
MOJTYYEHHBIX BEIIECTB.

UYepez HEKOTOpOE BpeMs HACTYMAaeT COCTOSHHUE, KOTJa CKOPOCTh OOpaTHOTO MpoIlecca CTaHOBUTCS

PaBHOM CKOPOCTHU IPSMOIo: Vi1 =V .



Cocmosnue, npu KOMOpoM CKOpOCMb NPAMOU peakyuu paeHa CKOPOCMU OOpPAmMHOU, HA3bl8Aemcs
XuMu4eckumM pasHogecueM, a KOHIIGHTpPAIlMM BCEX YETHIPEX BEIIECTB — PABHOBECHBIMHU

KOHIIEHTpalusaMu. Toria u3 COOTHOILICHUH (2) uMeeM:
k[4]°[B]’ = k,[CT[D]".

Ortcrona ciengyet
i [CT[D]°
— =K, =——rrr = f(T);
k, [4]°[B]

: 3)
K1 u Ko 1t JaHHO# peakivy Py OJHON M TOM YKe TeMIIepaType SBJISIOTCS BETHYNHAMHU IOCTOSHHBIMH,
a 3HAYWT, MX OTHOIICHHE IOCTOSHHO: K; — BeJMYMHA IIOCTOSHHAs M HAa3bIBAeTCI KOHCTAHTOM
paBHOBecus. [ns peakuuii MEXIy Tra3000pa3HBIMH BEIIECTBAMU BMECTO KOHIICHTPAIIMM MOXKHO
HCIIOJIb30BaTh MapIyaIbHbIC JaBJIEHUS ra3oB B cMecH. [Ipu 3TOM KOHCTAaHTY paBHOBECHsS 0003HAYAIOT

qepeSKp . Ecn KOHIOCHTpAaWKU BbIPAKCHBI B MOJIBHBIX AOJISIX, TO KOHCTAHTA PAaBHOBCCHUA o0o03HayaeTcs

gepe3 Ky . Mexny K ,Kp 1 Ky cymecTByroT cienyronuye 3aBUCUMOCTH:

K =K (RT)™,

b=
Kp = K-rtF:ﬁu_;?

rae Y, — anreOpanuyeckas CyMMa cTexuoMmerpuueckux koddduuuentoB. KoHcTanta paBHOBeCHs
3aBUCHUT OT TEMIIEPATYPHI U MPUPOJIBI PEArUPYIONIUX BEIIECTB, HO HE 3aBUCHUT OT KaTaJlu3aTopa, TaKk Kak
MOCJICTHUM YCKOPSIET U MPSIMYIO, U OOPATHYIO PEaKITUH.

VYpaBHenue (3) BBITEKAaeT W3 3aKOHA JACWUCTBYIOIIUMX Macc g oOpaTMMbIX peakiuii. Ero MoxxHO
chopmynupoBarh Tak: OTHOIIEHHWE TPOU3BEACHHUS PABHOBECHBIX KOHIIEHTPALMA B CTENEHH UX
CTEXHMOMETPUUYECKUX KOA((PHUITMEHTOB €CTh BEIMYMHA, TOCTOSIHHAS TIPH TAHHON TeMIeparype.
CwmelieHne paBHOBECHS B 3aBUCHMOCTH OT HM3MEHEHHUS KOHIICHTPAIMM pearupyromiux BeIIecTB,
TEeMIIEpaTyphl, NaBleHUs (B Clydae ra3oBbIX peakiuii) B oOIIeM ciydyae ompezensercs mpasuiom Jle-
aTenwe: eciu 6 cucmeme, HaXOOUBWIEUC 8 PABHOBECUU, USMEHUMb OOHO U3 ycaoguu (t, p, ¢ ), mo
NpoOUCXO0Um CMewjeHue pasHosecus 6 HANpasleHuu mol peakyuu, Komopas npenamcmeyem
NPOU38EOEHHOMY USMEHEHU .

[Ipumenss npunuun Jle-Illarenbe Kk pa3HbIM Cy4dasiM, MOXKHO CII€JaTh CIEAYIOIINE BEIBOBI:

1) mpu yBeNMYEHHWH pPABHOBECHOW KOHIICHTPAIIMM OJHOTO W3 BEIIECTB CHCTEMa XHUMHUYECKOTO
PaBHOBECHSI CMEIIAETCSI B CTOPOHY TOM PEAKIINU, KOTOPast MOHMKAET KOHIIEHTPAIUIO STOTO BEIIECTBA;
2) mpu yBEIWYCHUM JABJICHHWS PABHOBECHE CMEIIAETCS B CTOPOHY OOpa3oBaHUsS MEHBIIETO YHCIIa
MOJIEKYJI Ta3a;

3) HarpeBaHue CMEUIAET PAaBHOBECHE B CTOPOHY SHIOTEPMHUUECKON PEaKIMU, OXJIAXKIEHUE — B CTOPOHY
AK30TEPMHUYECKON PEaKIIUH.

Oo0opyooearue u mamepuaivl:




PeaxTnBbl, HeOOXOMMMBIE JJIs1 JAHHOW paOOTHI, BHICTABIIAIOT HA MOJKU Ja0OpaTOPHBIX cTOJNOB. Pemkue
PEaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI W MIENOYM, Maxydue BellecTBa (HAIpHMEp, CEpOBOIOPO,
OpoMHasi BoJa U Ap.) XpaHSAT B BBITSHKHOM IIKady.

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 J1A00PANOPDHOU_Padombl:

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

-Bce paboThl, CBA3aHHBIE C BBIJCJICHUEM SIOBUTHIX, JIETYYUX M HENPUATHONAXHYUIMX BELIECTB,
MIPOBOJIUTH B BHITSDKHOM IIKady;

-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 COCYJIOM BO HM30€KaHME MONaJaHus OpbI3r WM
YaCTHUI] HA JIMLIO WM OAEXKAY. IIPH pa30aBICHUH KOHIIECHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOLY,
HO HE Ha000poT;

-TIpY HarpeBaHUM MPOOUPKH HE JePKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCe/Ia. HE HAKIIOHATHCS
Ha/1 HarpeBaeMoi KHJIKOCTbIO BO M30eXkaHNe MOoNaJdaHus e€ Ha U0, PyKH WIH OJIeXKIY;

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

-HEJIb3S TI0JB30BATHCS DIIEKTPONPHUOOPaMHU 0€3 COOTBETCTBYIOIIET0 HHCTPYKTAXa. MPH BKIFOYCHUHU UX B
CeThb HeJb3sl IePKaThCsl 3a METAIIIMUECKUE peAMETHI (TpyOBbl, KpaHbl U T.I1.). 3allpeliaeTcsl BKI0YATh U
BBIKJIIOYATh 3JIEKTPONPUOOPHl MOKPBIMH pPYKaMH, a TaKKe I0Jb30BAThC HEHUCIPABHBIMU WU
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3aIpelaeTcsl MPUHUMATh MUILY B XUMUYECKOH 1a00paTopuu U MUTh BOJY U3 JIaOOPaTOPHOU MOCYIBI. -
-KaTerOpHUECKH 3anperaeTcs npoodoBaTh peakTHBBI Ha BKYC;,

-IpH TMIOTAJaHUK Ha JIMLO WIM PYKH OpPBI3r KOHIIEHTPUPOBAHHBIX KHUCJIOT IOCJE CMBIBaHUS BOJOU
MIPOMBITH CIa0BIM PAaCTBOPOM COJIBI. IIENOYH CIEAYEeT CMBIBATh O TE€X MOp, MOKA y4acTOK KOXH, 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 TabopaHTCKOU Kadeapsl);

-110 OKOHYAHHWH PAa0OTHI BHIKIIIOUUTH U3 CETH BCE AJICKTPONPHOOPHI, TIEPEKPHITH MOIa4y ra3a W BOJBI B
nmabopaTopuro U yoparh pabodee MecTo;,

-000 BCeX HECYACTHBIX CIydasX HEMEJIEHHO COOOIIaTh MPEenoJaBaTesio Wil JabopaHTy.

Ilpakmuueckasa uacmo:




OnbIT Nel. 3aBUCHUMOCTh CKOPOCTH PEAKIIUU OT KOHILIEHTPAIUH.
[Ipu peakiuu MeXay THOCYJIb(PATOM HATPUS U CEPHOUN KUCIOTON

Na,S,03 + H,SO,4 = H,S,03 + Na,SO4

H,S,03 =SS0, + S + H,O
HepacTBOpHMas cepa BBIJCISICTCS B BUAE MyTH. BpeMs oT Haudajna peakimuu 10 TOSBJICHHS TMEPBBIX
CJICJIOB MYTH 3aBHCHUT OT KOHIICHTPAI[UU PEarupyroIuxX BEIICCTB.
Tpu GropeTku MOPO3Hb 3aMOHATH BOAOW, pACTBOPOM THOCYIh(aTa HATPHUS U CEPHOUN KUCIOTOM.
B Tpu TIIaTenhHO BBIMBITBIE MPOOUPKU W3 OIOPETOK HAIUTh YKa3aHHBIE B Ta0JMIE KOJIMYECTBA
pacTBopa THOCYyJbdaTa U BoAbl. B Tpu Apyrue - mo 2 Mi1 cepHOM KUCIOTH. BiIUTh B IepByr0 IpoOUPKY C
pacTBOpoM THOCYIJIb(aTa OTMEPEHHOE KOJIUYECTBO CEPHOU KHUCIOTHI U3 BTOPOM MPOOHPKU U, OBICTPO
B300JITaB, OTMETHUTH [0 CEKYHJIOMEPY BpeMs OT CIMBAHHS PACTBOPOB JI0 MOMEHTA IOSBJICHUS MYTH.

AHaJIOTHYHBIE OTBITHI MPOEIIATh C PACTBOPAMH B IPYTUX MPOOUPKAX.

Howmep O06BéM, M1 OTtHOCuTENbHAS Bpewms OTtHOCHUTENbHAS
POOUPKHU Na,S,03(a) H,O(b) KOHIICHTpAIs, t,c CKOPOCTb,
a/(a+b) v=11
1 6 0 1
2 4 2 2/3
3 2 4 1/3

CraenaTb BBIBOJ O 3aBUCUMOCTH CKOPOCTH PEAKLUU OT KOHLEHTPAIMHU U U300pa3uTh 3Ty 3aBUCUMOCTh
rpaduyecky, OTKJIAJbIBasi MO OCH a0OCIUCC OTHOCUTEIbHYIO KOHIIEHTpAIMIO, a MO0 OCH OpAMHAT -
OTHOCHUTENIbHYIO CKOPOCTh PEaKIUH.

OmnpiT Ne2. 3aBUCHMOCTb CKOPOCTH PEAKIIMK OT TEMIIEPATYPBI.

BnusHue Temmneparypbl Ha CKOPOCTh PEaKLMU MOXKHO TakKKe MPOCIEIUTh IO BPEMEHU ITOMYTHEHUS
MOJIKACIIEHHOTO pacTBopa THOCyb(aTa Hatpus. HamuTe B omHy mpobupky 4 mutr pactBopa NaS;03, a B
apyryio - 4 wmin pactBopa HSO,. OGe mpoOMpKH TOCTaBUTh B CTakaH C BOJOW KOMHATHOM
Temneparypsl. Uepe3 5 MUHYT U3MEPUTh TEMIEpaTypy BOJbl U BBUIUTH COJAEPKUMOE OAHOMN MPOOUPKH B
apyryto. OTMETUTD, Yepe3 Kakoe BpeMs MOSBHIIACh MYTh.

B nBe npyrue npobupku HaIUTH MO 4 MII 3TUX ke pacTBopoB. [locTaBUTh B cTakaH ¢ BOAOW, HarpeToi
Ha 10°C Bbie koMHaTHON. CIIUTH COAEPKUMOE IMTPOOUPOK U MPOU3BECTH Te k€ u3MepeHus. [loBToputh
OMBIT, TOBBICUB Temnepatypy emé Ha 10°C.

Pe?)y.]'II)TaTI)I OIIBITOB MMPEACTAaBHUTH B BUIC Ta6J'II/II_[BI.

Howmep onbiTa Temneparypa Bpewms peakuu OtHOcHTENbHAs CKOPOCTh,

onbiTa, °C t,c v=1/t




Pe3ynbpraThl omelTa BbIpa3uTh Ipaduueck, OTKJIAAbIBAs IO OCH abOCLUCC TEeMIIEeparypy, a IO OCH
OpAMHAT - OTHOCHUTENBHYIO CKOpOCTh. il TeMmepaTypbl W CKOPOCTH MacmTalbl ynoOHee Opatb
pasHble. Bo ckonbKO pa3 yBenMumiIach CKOPOCTb PEAKLUU IPU YBEJIWYEHUHM TEMIIEPATYpbl HA Kaxable
10°C?

Omnpit Ne3. BiusiHue cTenieHH U3MENIbUEHHS BEIIECTBA HA CKOPOCTh PEAKLIUU.

B cyxoii ¢apdopoBoil CTynKe CTEKJISHHONW MajJ04YKOH OCTOPOKHO CMEUIATh HECKOJbKO KPHUCTAIIMKOB
HUTpaTa CBUHIIA M MOJUJA Kalus. 3aTeM cMech pacTepeTh NecTHukoM. Yto Habmromaere? OOBACHUTH
MIPUYMHY U3MEHEHUS HHTEHCUBHOCTHU OKPACKHU.

OmnbiT No4. BiusiHue Kataan3aTopoB HA CKOPOCTh XUMUYECKON PEaKIIUHU.

B nBe nmpobupku HanuTh 1-2 MI1 IEpoKcHia BOAOPOIA U IPUOABIIATH OJHOBPEMEHHO B OJIHY - LIETIOTKY
JIMOKCUA MapraHiia, B Ipyryro - TaKoe K€ KOJIMYECTBO OKCUA XKeJle3a.

HaGimoiaTe pa3inoxeHue mepoKcuIa BOAOPOIa C BEIISICHUEM KHCIopoaa (Ipoda TICIOIeH JIyInHKOM ).
OnuHaKoBO JIM MPOTEKAET Mpoliecc B mpodupkax? B kakoit u3 mpoOUpOK mporiecc mpoTexkaeT opicTpee?
Kakoe u3 no0aBieHHBIX TBEPIBIX BEIIECTB sBJsETCA Kartaiauzaropom? HamucaTh ypaBHEHHE peakiuu
pa3IoKeHus NEPOKCUIa BOJOPOIa.

OmpiT NoS. Xumudeckoe paBHOBECHE.

B npoOupky nHamute 10 M Boael M mpubaBuTh mo 1-2 kamiau HachlleHHbIX pacTBopoB FeCls u
NH4SCN. OxkpartiieHHbIi B KpacHBIN IIBET PacTBOP Pas3iIUTh MOPOBHY B 4 MPOOUPKH.

Hanwucats ypaBHeHHEe 00paTUMOI peakiiy U BbIpaKEHHE KOHCTAHThI PAaBHOBECHS.

3areM B mepByr NpoOMpKYy no0aBuTh 2-3 Kamiu HacelmleHHoro pactBopa FeCls. Uro naOmromaere?
OO0bsicauTh. Bo BTOpyI0 mpoOupKy HamuTh 2-3 kamiu HackimeHHOTO pacTtBopa NH4SCN. OOBsCHHUTH
HaOmogaemoe wu3MeHeHue. Ilouemy wu3menenue koHmentpauud NH4SCN  Bo3eiBaeT  Ooiee
3¢ deKTUBHOE CMEIIEHNE paBHOBECHUS, UeM u3MeHeHue konnenTpauu FeCls?

B Tperpto mpobupky nodaButh HemHoro TBEpmoro NH4Cl, cunbHO B300dTaTh. CpaBHUTH IBET
pactBopoB B pooupkax 3 u 4. [late oObsAcHEHHE.

Kak Ham0 M3MEHHUTh KOHIIEHTPALMIO BEIIECTBA, YTOOBI CMECTHTHh PAaBHOBECHE DPEAKLUHU BIIPABO WU
BJIEBO?

OmnbiT Ne6. BiausiHue TeMiiepaTypbl HA XUMHYECKOE PAaBHOBECHE.

Hamute B nBe mpoOupku mo 2-3 Mi1 pacTBopa Kpaxmayia U T00aBUTh B KaXAYI0 M3 HUX MO 2 KarulH

fonHo# Boabl. HabmonaTe mosiBneHne cuHeit okpacku. Harpets onny u3 npobupok. Uro Habmomaete?




OmpenenuTh Ha OCHOBAaHWHM HAOJIONEHWMN, SBISETCS JIM dTa PEAKIUS SHI0- WU K30TEPMHUYECCKOM.
OOBACHUTH U3MEHEHUE OKPACKHU ITPH HATPEBAHUH CMEIIIEHUEM XUMHUYECKOT'O0 PABHOBECHS.

Tpebosanus K ohopmienuio 1ad6opamopHol padonivl U omuemy:

1.BeimonHeHne 1a0OpaTopHBIX pabOT CONMPOBOXKIAIOT 3amMcsiAMU B JabopaTopHOM >KypHane. Ha
TUTYJIBHOM JIUCTE JIJAOOPAaTOPHOIO JKypHala JOJDKHBI OBbITh IPEICTABICHBI: Ha3BaHHE YHMBEPCHUTETA,
(bamMuIus 1 MHULMAJIBI YYallerocs, HOMep Kypca U IpyIibl, y4eOHbIN TOA.

2.0T4eT 0 BBINOJIHEHHOH Ta00paTOpHOI paboTe JOKEH COIEPIKATh CICTYIOIINE CBEICHMS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBIIIOJHEHUs PalboThI;

*IICJIb PaOOTHI;

*000pyI0BaHNE M MaTEpHAIIbI;

*KpaTKO€ TEOPETHUUECKOE OINKCAHUE;

*HOMEp M Ha3BaHUE OIBITA;

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

*PUCYHKH M CXEMbI HCIIOJIb3YEMbIX 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 MIPENOJaBATENb.

5K cpaue 3auéra mo nabopaTOpHOMY MPAKTHUKYMYy JOMYCKAIOTCS CTYACHTHI, BBINOJHUBLIME U
MOJINMCABIINE Yy MperojaBaTeliss Bce JOMallHWE U JabopaTOpHble paboThl, CAABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBABIIKE B pab0OTe CEMHHAPOB.

6.CTyneHThl, TOMYYHBINUE 3a4€T TIO JIAOOPATOPHOMY MPAKTUKYMY, JOITYCKAOTCS K Cllavye dK3aMeHa 110
KypCy HEOPraHU4eCKON XUMHH.

Konumponwvnsie gonpocei :

1. Cxopoctb xuMuueckon peakiuu. [loHsTHE SHEPrUK aKTUBAILUH.

2. ®axTOopHl, BIUSIONIAE HA CKOPOCTh XHMUYECKON PEaKIiH.

3. 3axonsl boitns-Mapuorra, I'eii-JTroccaxa, [apms.

4. BnusHue Temneparypsbl, JaBleHHs U 00beMa, NMPHUPOJBI PEarHpyIONIUX BEIIECTB Ha CKOPOCTh

XUMHYECKON PEaKIIuu.

o

3aBHCHMOCTh CKOPOCTH XUMHUYECKOW PEaKIMK OT KOHIICHTPAI[MH BEIIECTB ¥ TEMIIEPATYPBHI.
6. DHeprus akTHBAllUH, TEOPHS AKTUBHBIX (3()()EKTUBHBIX) CTOIKHOBEHHI.

7. Tpubmmxennoe npasuio Bant-T'odda.
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JladopaTopuasi padora Ne 6
Tema: PacrBopbl. [IpuroroBienue pacTeopa 3aIaHHON KOHIEHTPALMU

Llenv padomei: 1TpuroroBieHHe pacTBOpa COJITHOM KHCIIOTHI 3aJaHHOM KOHIIEHTPAllMU U IPOBEpKa

HOPMAJIbBHOCTHU NMPUTOTOBJICHHOI'O PACTBOPA TUTPOBAHUCM.

Dopmupyemuvie komnemenyuu. OIIK-1.

Teopemuueckas uacmo:

PaCTBOp - OTO TOMOI€CHHAasd MHOI'OKOMIIOHCHTHasd CHCTEMA, B KOTOpOﬁ OJHO B€HICCTBO

pacnpeesieHo B Cpeie APYroro WK IpYruX BELIECTB.



PactBopbl MOTYT OBITH B Ta3000pa3HOM (BO3/YX), KHUAKOM U TBEPJAOM (CIUIABHI, IBETHBIC CTEKJIA)
arperaTHbIX COCTOSTHUAX. Yarie Bcero mpuxoauTcs padboTarh ¢ )KUJIKHUMH PACTBOPAMH.

CopepxaHre JaHHOTO BEIISCTBA B CIWHUIIE MacChl WIM 00beMa pacTBOpa Ha3bIBACTCS
KOHIIeHTpauueil pactBopa. Ha mpakTuke Hamboiee 9acTo MOJB3YIOTCS CIEIYIOIIUMH CIIOCOOaMu
BBIPKEHUS] KOHIICHTPAIHH:

1. MaccoBasi 10Jis1 - OTHOIIIEHHE MacChl JAHHOT'O KOMIIOHEHTa B PacTBOpE K 00IIel Macce 3TOro
pactBopa. MaccoBast 10Jisl MOXET ObITh BBIpaXK€HA B JIOJISIX €IWHULBI, npoleHTax (%), mpomuiuie
(ThICAIYHAs 4YacTh %) MU B MWUIMOHHBIX JIOJISIX (MJIH?l). MaccoBast [0Ji1 JAHHOTO KOMIIOHEHTA,
BBIp@KECHHAs B MPOIICHTAX, MOKa3bIBAET, CKOJIbKO I'PAMMOB JaHHOI'O KOMIOHEHTa cojepkutcs B 100 r
pacTBopa.

2. MaccoBasi KOHIIEeHTPalMsl - OTHOIIIEHUE MAaCChl KOMITOHEHTA, COJIEPIKAIIErocs B PacTBOpe, K
0GbeMy 9TOro pacTBOpa. E/IMHMUIIB! H3MEPEHHs MACCOBO KOHICHTPALHHE _ Kr/M°, T/1L.

3. Turp T - 4uciio TPaMMOB PACTBOPCHHOIO BemlecTBAa B 1 Mi pacTBopa. EnuHUIEI m3MepeHus
THUTpA - T/MJI, Kr/em®.

4. MosasipHasi KOHIEHTPAIUs ¢ - OTHOIICHWE KOJMYECTBA BEIeCTBa (B MOJISIX), COJIEPIKAIIETOCs
B pacTBOpe, K 00beMy pactBopa. EnuHuibl uaMepeHus - MOJIB/M’, (Monb /m). PacTBOp, MMerOmui
KOHIIeHTpanuto 1 Monb/i1, o603HaqaroT 1 M; 0,5 Moie/1, o6o3ragaror 0,5 M.

5. MousipHasi KOHIEHTPAUHUs JKBHUBAJIEHTOB C,, (HOpMAjbHasi KOHLEHTpauus) - 5TO
OTHOIIIEHHE KOJMYECTBA BEIIECTBA IKBUBAJIEHTOB (MOJb) K 00beMy pacTBopa (11). Enunuiia nsmepenus
HOpPMaJIbHOW KOHIIeHTpanuu Mojis/i1. Hanpumep, ¢, «(KOH) = 1 monb/n, ¢ (1/2H,SO4) = 1 moms/m,
¢5(1/3 AICIl3) = 1 monw/n. PactBop B 1 11 KOTOpOro cojepHuTcs | MOJIb BEHIeCTBa SKBHBAJICHTOB,
HA3BIBAIOT HOPMATBHBIM M 0003Ha4aloT 1 H.

6. MoJasiIbHOCTD D - 5TO OTHOIIIEHHE KOJHYECTBA PACTBOPEHHOTO BEIIECTBA (B MOJISIX) K Macce m
pactBoputensi. Equnuia u3MepeHus: MoJsuibHOCTH - MoJib/kr. Hanpumep, b(HCI/H,0) = 2 mosb/kr.

7. Moasipaasi 10Jisl - OTHOIICHHWE YMCJIa MOJIEH PAacTBOPEHHOTO BEMIECTBA K OOIMIEMYy YHCITY
MoOJleli BelIecTBa W pacTBOpHUTENs. MosipHas A0Js MOXET OBbITh BBIpaK€HA B JOJSIX EIUHHIIBL,
npouenTax (%), mpoMUIIIe (THICAYHAs 4acTh %) U B MIJUTHOHHBIX JOTSIX (MIH ).

J1JIs IPUTOTOBIICHUST PACTBOPOB ONPE/ICIICHHON KOHIICHTPAITUH, JIJISI TOYHOT'O U3MEpPEHUs 00BEMOB
MIPUMEHSIFOT MEPHYIO ITOCY/Ty: MEPHBIC KOJIOBI, TUTIETKA U OFOPETKH.

MepHable KOJIOBI — TOHKOCTEHHBIE TUIOCKOAOHHBIE COCYABI C JIUTMHHBIM Y3KHM TOPJIOM, Ha KOTOPOM
HaHECeHa METKa B BHUJIE KOJbIIeBOM 4epThl. Ha kaxmoit konbe 0003HaueHBI €€ EeMKOCTh U TEMIIEpaTypa,

IIpU KOTOPOI 3Ta eMKOCTh n3MepeHa. Konba 1omkHa MiI0THO 3aKphIBaThCs MPOOKOH.



a - MepHast koi10a; O — MUIeTKH; B — OI0peTKa.

[TuneTky uCHoONB3yIOT AJsi 0TOOpa OIpeeIeHHOro 00beMa MPOObI KUIKOCTH.

[Tummerkn Mopa mpeAcTaBisSIIOT cOOO0W CTEKJISIHHBIE TPYOKH C paciiupeHreM mnocepeauHe. HwxHuit
KOHEI[ OTTSHYT B KalWUIsp, HA BEpPXHEM KOHIIE HaHEeceHa METKa, 0 KOTOpOH clieyeT HaOupaThb
u3MepseMyIo JXKUIKocTh. Ha nuneTke ykazaHa 00beMHOCTb.

[[Iupoko MPUMEHSIOT TaKKe TI'PaAyMPOBAaHHBIC MUMETKU PA3TUYHON E€MKOCTH, HAa HapYyXHOW CTEHKE
KOTOPBIX HaHECEHBI JeneHud. [[s HamoJIHeHHs MUMETKH HIDKHHUN KOHEIl ee OMYCKAaloT B JKUAKOCTb U
BTATMBAIOT IIOCJIEIHIO IpPU IOMOILIM TPYyIIM WM CHEHHAIbHOro mpucrocodnenus. KuakocTb
HaOWparT Tak, 4TOOBl OHA MOJHSUIACH HAa 2-3 CM BBIIIE METKH, 3aT€M OBICTPO 3aKpPBIBAIOT BEpXHEE
OTBEpPCTHE yKa3aTelbHBIM MaJIbLIEM MPaBO PyKH, MPUIEPKUBAs B TO ke BPEeMs MUIETKY OOJBIINM U
CpeIHUM MajbllaMH. 3aTeM OCIA0ISIIOT HAXKUM YKa3aTeNIbHOTO Majiblla, B PE3YJIbTAaTe YEro >KUIKOCTb
OyJeT MeJJICHHO BBITEKaTh M3 MUIETKH. B TOT MOMEHT, Korjja HWKHUH MEHHUCK (YPOBEHb) KUIAKOCTH
OKa)XeTCs Ha OJIHOM YpPOBHE C METKOMH, Majel] CHOBa MPKUMatoT. BBeJs MUNEeTKy B COCYJ,, OTHUMAIOT
yKa3aTellbHbIN MaJiell U JaroT KUJKOCTU CTeUb IO CTeHKe cocyaa. [locnme Toro, kak »KUAKOCTh BBITEYET,
MUTIETKY JEPKAT elie SCEeKyH I IPUCIOHEHHOU K CTEHKE COCY/a, CJIETKA OBOPAYMBasi BOKPYT OCH.
bropeTku npuMeHSIOT Mpu TUTPOBAHUH, I U3MEPEHHS TOUHBIX 00bEMOB U T.]I.

Obopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIE Il JTaHHOW pabOThI, BHICTABIISAIOT HA MOJIKH J1a00OpaTOPHBIX CTOJIOB. Penkue
PEaKTHUBBI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M INENOYM, Naxydue BellecTBa (HalpuMep, cepoBOJIOPO/,
OpoMHasi BoJa U JIp.) XpaHAT B BBITSHKHOM HIKaQy.

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

Texnuka 6e3onacnocmu npu eéblnoinenuu ﬂaﬁopamopuoﬁ pabomol:

-aKKypaTHO 00pamaThCsi CO CTEKISIHHOM XMMHMUYECKOM MOCYI0i. OCTaTKH pa30UTON MmocyAbl youparthb ¢
IIOMOUIBIO COBKA U IIETKHU;

-Bce paboThl, CBSA3aHHBIC C BBIACIICHHEM SIOBUTHIX, JIETYYHX W HEMPUATHONAXHYIINX BEIIECTB,
MIPOBOAMTD B BBITSHKHOM IIKady;

-IIpU ONPEACJICHUHN 3allaxa BEIIECTB OTBEPCTHE COCyJa JepxkaTh Ha paccrtosHuu 25-30 cMm oT juua,

HampaBisist K cebe CTPYIo ra3a MmocTynaTelbHbBIMH JBH)KEHUSMH JIAJIOHU OT OTBEPCTHS K JIHILY;



-IpY HAJMBAHUHM PEAKTUBOB HE HAKIOHATHCS HAJ COCYAOM BO H30eKaHHME TOMagaHusi OpBI3T WIN
YaCTHIl Ha JIULO WM OZEXKIy. IPU pa30aBIeHNH KOHIIEHTPHPOBAHHBIX KUCIIOT BIMBATh KUCIIOTY B BOLY,
HO HEe Ha000poT;

-TIpY HarpeBaHUM MPOOHPKHU HE JIepKaTh €€ OTBEPCTHEM K cebe UM B CTOPOHY COCela. He HAKJIOHIThCS
HaJl HarpeBaeMoH JKUIKOCTBIO BO N30€KaHUe MOMalaHus e€ Ha JINIO, PYKH WIH OJCKY;

-rOpsiYMe MpeIMEThl MOXXHO CTaBUTh TOJBKO Ha acOECTOBBIH KapTOH, acOECTUPOBAHHYIO CETKY WIIU
APYTYIO CHEIHATIBHYIO TOJICTAaBKY,

-HEJb3S TOJIB30BATHCS HIEKTPONPUOOpaMu 6€3 COOTBETCTBYIOIIETO HHCTPYKTAXa. MPH BKIIFOUYCHUU UX B
CETh HEJb3s IEPXKATHCS 38 METAJUTMYECKIE TPEAMETHI (TPYObl, KpaHbI U T.II.). 3aPEIIACTCs BKIIOYATh U
BBIKIIIOYATh JIEKTPONPHOOPHl MOKPHIMH pYyKaMH, a TaKXKe II0JIb30BaThCsl HEUCIPABHBIMU HIIH
MMEIOIIMMH OTOJIEHHBIE IIPOBOIA TPUOOpaMH;

-3anpemaeTcs MPUHUMATh MHIY B XUMHYECKON J1ab0paTopru U MUTH BOAY U3 JIAOOPATOPHOU MOCYIBL. -
-KaTerOPHUYECKH 3arperaeTcs mpoooBaTh pEakKTHBHI Ha BKYC;

-IIpU TIONaJaHUU Ha JIMIO WM PYKH OpBIT KOHIIEHTPHPOBAHHBIX KHCJIOT IMOCIE CMBIBAaHHS BOJOMN
IPOMBITH CIa0BIM PACTBOPOM COABI. IIENOYB CIEAYET CMBIBAaTh A0 TEX IOp, MOKA y4acTOK KOXKH, Ha
KOTOPBIN OHa TIOoMala, He MePEeCcTaHeT ObITh CKOJIB3KUM; 3aTeM HMPOMBIThH CIIa0BIM PAaCTBOPOM YKCYCHOM
KHCJIOTHl W HAJIOKUTh TIOBSA3KY W3 BaTbl, CMOUYEHHON 3%-HBIM pacTBOPOM IepMaHraHata Kaimus (W3
anTeyky B JabopaHTCKOU Kadeapsl);

-110 OKOHYaHUM PAaOOTHI BBIKJIIOUUTH U3 CETHU BCE AJIEKTPOIPUOOPHI, MEPEKPHITh MOJauy ra3a U BOJbl B
nmabopaTopuio U yoparh pabodee MecTo;

-000 BCceX HECUACTHBIX CIy4yasX HEMEJIEHHO coo0IIaTh MPEenoJaBaTellio Uil JabOpaHTy.

Ilpakmuueckas wacmo:

[TpuroroButs B MepHoi konGe 100 My pacTBopa XJOPOBOJOPOJHOM KHCIOTHI 3aJaHHOMN
konnentpanuu(0,10 - 0,20 H).

[Topsinox paboThI.

a) KoHIIeHTpHpOBaHHYIO XJIOPOBOJOPOJHYIO KUCIOTY HAIUThH B IMJIMHAP M apeOMETPOM HU3MEPHUThH €&
IUIOTHOCTh. DTy OINEPaLHI0 MPOBOIUTH B BHITSHKHOM Ikady. [1o Tabmuie B cripaBOYHUKE ONpPEIETUTDH
MPOIICHTHYIO KOHIIEHTPAIUIO KUCJIOTHI M BBIYUCINUTh 00hEM KoHIIeHTpupoBanHoW HCI, HeoOxoaumbIii
quist npurotosieHuss 100 M pacTBopa 3agaHHOM KOHUEHTpauu. i1 pac4€TOB MOKHO HCIIOJIb30BATH

cnenyromue GopMyIsl: ’

Cop = m m - 1000
%= pv * 100% Cu= 9.

riue Co, — IPOLIEHTHASI KOHIICHTPALIHS;

Cy — HOpMaJsbHasl KOHLIEHTpALUs;



M — Macca pacTBOPEHHOTO BEIECTBA;

p — IUIOTHOCTb PAacTBOPA, I/CM°;

v — 00bEM pacTBopa, oM’

D — >KBUBaJICHTHAsl Macca paCTBOPEHHOTO BEIIECTBA.
Brruucnennsiii 006€M pacTBOpa M3 OIOPETKU NEPEIUTh B MEpHYI0 K00y Ha 100 mi, 3aTteM B KOJIOY
HAJIUTHh 70 TIOJOBUHBI JUCTUIUIMPOBAHHON BOJBI. TmiaTenbHO B30ONTaTh, JOBECTH O0BEM pacTBOpa
TUCTHJUTMPOBAHHOW BOJOW 10 METKH, 3aKpbITh KOJIOy MpPOOKOW M BHOBH TIIATEIBHO IEPEMENIATh
pacTBop, epeBopavyuBasi KoJuoy.
6) [IpoBepuTh HOPMAILHOCTH IPUTOTOBIEHHOTO PacTBOpA.
JIJIs 3TOTO BCIOJIOCHYTH IMPUTOTOBJIICHHBIM PACTBOPOM KHCJIOTHI MTUTIETKY W OTOOpaTh mumeTkord 10 mi
9TON KUCIOTHI. COAEep)KMMOE MUIIETKH MEPEHECTH B KOHMYECKYI0 KOOy, Tyna ke m06aButh 20-40 M
TUCTUJUTMPOBAHHOW BOABI U 2-3 Karu ¢peHonadTanenHa. 3aTeM B 3TOT pacTBOP U3 OIOPETKH MOCTEIEHHO
N00aBJIATh PACTBOP IMIENOYM M3BECTHOW KOHIIGHTPALMM, HETIPEPHIBHO B30aNThIBasi KOJIOY 10 TEX MOp,
MOKa PacTBOP HE OKPACHUTCS B PO30BHIi 1BeT. Ecu okpacka HeycToilunBa (1cue3aet), nprubaBUTh eI
2-3 xamm 1ménodyd. DTOT MOMEHT COOTBETCTBYET IIOJNHOH HEHTpaln3alud KHCIOTHI INENOYBIO.
OnucanHplii MPUEM B aHATMTUYCCKOW XMMHU HA3bIBACTCS THTPOBAHHWEM. THTPOBAaHHE MOBTOPHUTH 2-3
pa3za, moka 00bEMBI U3pACX0I0BaHHOU MIENOUN He OyayT oTinyaThes Oonee yem Ha 0,1 mit.
Pacuér xOHIEHTpaIMy KUCIOTHI MPOU3BOAUTCS MO CPEIHEMY 3HAYEHHIO WM3PACXOIOBAHHOTO 00BEMaA
ménoyu. [ 3TOro Cnoab30BaTh CIEAYIONUIYIO GOpMYIy:

CH k-l @ V K-TBI CH wén @ V meén s

rnie  Cy oy — OmpenaesnseMasl HopMaiabHasi KOHIEHTPAIUsl KUCJIOTHI, T-3KB/JT;

V 11— 00BEM KUCIOTHI, MIT (B JaHHOM ciydae 10 mn);

Cy men — W3BECTHAS HOPMaJlbHAsI KOHIICHTPAIUS IET0YH, T-OKB/T;

V e — cpenHee 3HaueHue o0bEMa MIEN0YH, U3PACXOJOBAHHOTO HA TUTPOBAHUE, MII.

BoeruncnuTh 3HaueHne OIMOKH, TOMYIIIEHHON Y MPUTOTOBJICHUH PacTBOpa 3aJJaHHOW KOHIIEHTpAI1H:

CH TEOp ~ C
P H IPaKT
Omnbka, %=

¢ 100%
Cy Teop 0

rIue Cui reop — KOHILIEHTpALU, 3aJJaHHast IPENOoJaBaTeNeM, T-3KB/II;
Cui npaxr — KOHIIEHTPALUs IPUTOTOBJIEHHOTO PACTBOPA, ONPEeIEIEHHAs TATPOBAHUEM, T-DKB/IL.

Tpeovosarnusa Kk oghopmaenuro 1a00pamoprou padbomol 4 omuemy -

1.BemonHeHnne nabopaTopHBIX pabOT COMPOBOXKAAIOT 3amucsiMU B JabopaTopHOM >KypHane. Ha
TI/ITy.]'H)HOM JINCTEC na60paT0pH0ro >I<ypHa.Ha JOJIKHBI 6BITB HpeJICTaBJ'IeHBIZ Ha3BaHUC yHI/IBepCI/ITeTa,
(haMUIHs ¥ MHUITHATBI YYaIerocsi, HOMep Kypca M TPYIIIbI, y4eOHBIH oI

2.014eT 0 BBIMOJTHEHHOH JIa00paTOPHOM paboTe OJDKEH COAEPKATh CICIYIOIINE CBEICHHUS:

*HOMEp paboTHI U €€ Ha3BaHUE;



*J1aTy BBINIOJHEHUS paOOTHI;

*IICJIb PaOOTHI;

*000pyI0BaHUE M MaTEpHAJIbI;

*KpaTKO€ TEOPETHUUECKOE OIHCAHUE;

*HOMEp U HA3BaHUE OIIbITA;

*KpaTKoe OMHCaHUE X0a paboThl C yKa3aHUEM YCJIOBHIA IPOBE/ICHUS OIIbITA;

*PUCYHKH M CXEMBbI HCIIOJIb3YEMbIX IPUOOPOB;

*HAOJIIOACHUS,

*ypaBHEHHS MPOTEKAIOIINX PEAKIIHIA;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBOJIBI.

3.JIabopaTopHBIii )KypHaI HYy>KHO BECTH YHCTO U aKKypaTHO, 3aIMCH JOJDKHBI ObITh TAKOHUYHBIMU.
4.014éT 0 IpoBeAEHHON paboTe IPOBEPSIET U MOANUCHIBAET MIPENOABATEb.

5K cmaue 3auéra mo maGopaTOpHOMY MPAKTUKYMy JOMYCKAIOTCS CTYIEHTHI, BBIOJHUBIINE U
MOMMNKCABIINE y TPEnojiaBareis BCe JIOMAIllHWE U JIabopaTOpHbIe pabOThl, CHABIINE KOJJIOKBUYMBI,
aKTHUBHO y4acTBOBABIIKE B pab0OTEe CEMHUHAPOB.

6.CTyneHThl, OMYYHBIINE 3a4€T MO JIAOOPATOPHOMY HPAKTUKYMY, JOITYCKAIOTCS K Clladye dK3aMeHa 1o
Kypcy HEOPTaHUYECKOW XUMUHU.

Konmponawvnwie eonpocot :

1. Yo Ha3bIBaeTCs CycneH3uel, SMyJIbCUeN, KOJJIOUTHBIM PACTBOPOM U UCTHHHBIM PacTBOPOM

2. Yto Ha3bIBaeTCs KOHIEHTpanuen pactBopa? KakoBel Hambosiee pacipocTpaHeHHBIE CIIOCOOBI ee
BBIPAKEHUS?

3. Kakue KOHIEHTpaluy Ha3bIBaIOTCS NMPOLEHTHBIMH, MOJISUIbHBIMH, MOJIIPHBIMH, HOPMAJIbHBIMU?
Urto Takoe TUTp pactBOpa?

4.ApeoMeTp TMOKa3zal IUIOTHOCTh cepHoW Kuciotel 1105 xr/m3. KakoBel ee mnpoieHTHas
KOHLEHTPALHUs1, MOJISPHOCTb, MOJISLIBHOCTh, HOPMAJIbHOCTD Y TUTP?

5. Kaxkoit 06bem 20% comstHOM KUCIIOTHI TOTpedyeTcs s MPUroToBieHus 11 3 H. pacTBopa?

6. [t mpoTpaBNIMBaHUS CEMSIH CylIeMoil mpuMeHsIoT ee pactBophl 0,1 % xonneHTpamuu. CKOIBKO
cyJieMbl Hazo B3ATh Ha 20 Bexep pactBopa (BMecTUMOCTh Beapa 20 mutpoB)? MOXKHO 7T TOTOBUTH
pacTBOp CyJEMbI B IIMHKOBOM U XKEJIE3HOM Beape?

7.Cxonbko npoaaxHoro gopmanuna (40% pacTBop) ¥ BOABI HEOOXOIUMO B3ATh JJIS1 IPUTOTOBJIECHUS
5% pacTBOpa?

8. Onpenenute HOPMAITBHOCTH IIET04UH, coaepxaniyto 2 T NaOH B 1 nutpe pactBopa.

Cnucok numepamyput.
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JlaGopaTopuasi padora Ne 7
Tema: Peakuuu o0MeHa B pacTBOPAX JIEKTPOJINTOB

Ienv padomei: 3yuuth peakiuu oOMeHa B pacTBOpax 3JEKTPOJIMTOB Ha MpuMepe 0o0pazoBaHUs

TPYAHOPACTBOPHUMBIX BCHICCTB, I'a30B, MAJIOAUCCOLNUHUPYIOUICTO 3JICKTPOJINTA, PCAKIUN ITPCBPAILCHUA
OIHOT'0 MAJIOPACTBOPUMOTO BEIICCTBA B MCHEC paCTBOPHUMOC BCIICCTBO.

Dopmupyemuvie komnemenyuu. OIIK-1.

Teopemuueckas uacmo:

3HCKTpO.HI/ITI>I — 9mo eeujecmeda, pacmeopsvl U pacniasbl KOmMopblx npoeoc)ﬂm Sﬂekmpuuecmtd MOK.

Pacnan Monexyn BemiecTBa Ha HOHBI HA3BIBACTCS 2IeKmpoumudeckol ouccoyuayueti. K anekrponuram



OTHOCSTCS] KHCJIOTBI, OCHOBaHMUSI, COJTU. KHUCIIOTBI — 3TO AIIEKTPOJIUTHI, JUCCOIMUPYIOIINAE B PACTBOPaX C
oOpa3zoBanreM KaTHOHOB Bojopoga: HCN <« H* + CN; H,SO, = 2H" + SO42'. OcHoBaHUA —
ANEKTPOJIUTHI, TUCCOIUUPYIOLTUE B PACTBOPAX ¢ 00pa30BaHUEM THIPOKCUI-MOHOB:

NH4sOH < NH;* + OH; Ba(OH), = Ba* + 20H. CymecTByIOT 3JICKTPOIUTEI, KOTOPHIE MOTYT
JTMCCOIIMUPOBATh TI0 THUIY KHCIOTHI W MO TUIY OCHOBAHMsSI, TaKHE SJICKTPOJIUTHI HAa3bIBAIOTCS
amdorepHbiMd. K HHM OTHOCATCS THIPOKCHIBI aM(OTEPHBIX DIEMEHTOB, a TAaKXe THUAPOKCHIIBI
METaJJIOB, HAXOISIIMXCS B MPOMEXKYTOYHOM crerneHH okucieHus, Hanpumep: Be(OH),, AlI(OH)s,
Zn(OH),, Cr(OH)3 u MHuorue mpyrue. Jluccouuaryio pacTBOPSHHOM YacTH aM()OTEPHOrO T'MIPOKCHUIIA
1o 000MM THITAM MOYKHO TIPEACTABUTH CIICIYIOIIEH CXEeMOH:

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

B HachIIIICHHOM BOJHOM pacTBOpe aM(OTEPHOTrO THAPOKCHIA MOHBI H*, RO u R*, OH maxomsarcs B
COCTOSITHUM PaBHOBECHS, MO3TOMY aM(OTEpHBIC THIPOKCHBI B3aWUMOJCUCTBYIOT U C KHCIOTAMU H C
ocHOoBaHUsAMU. [Ipu moOaBiICHUH KHUCIOTHI PABHOBECHE CMEIIACTCS B CTOPOHY JMCCOLMAIUU 10 THITY
OCHOBaHUsI, MPH T0OABJICHUU OCHOBAHUS — B CTOPOHY TUCCOIMAIIAY 110 THITY KHCJIOTHI.

Conu — 31EKTPOJIUTHI, KOTOPBIC TIPH PACTBOPCHUU B BOJC JUCCOIMUPYIOT, OTIICIUISS TOJOKUTEIbHbIC
WOHBI, OTIMYHBIC OT WOHOB BOJIOPOJIa W OTPHUIATENbHBIC, OTIMYHBIC OT THAPOKCHI-WOHOB. Conu
CpeIHUEe, KICIIbIC U OCHOBHBIC TUCCOLUUPYIOT !

Aly(SOyu)s = 2A1F* + 350,%; CuOHCI <> CuOH" + Cl'; KHCO3 = K* + HCO3..

[Io cmocoOHOCTM K AMCCOIMAIIMM SJICKTPOIHUTHI JAENSATCS Ha CHIbHBIE U ciabble. Y CHIBHBIX
AJIEKTPOJIUTOB B PACTBOPE AWCCOIMUPYIOT HA MOHBI MPAKTUYCCKH BCE MOJICKYJBI, y CIA0bIX - JIMIIb
9acTh MOJIEKYJ. K CHIIBHBIM 3JIEKTPOJIUTAM OTHOCSTCS IOYTH BCE COJIM, OCHOBAHUS WICJTOYHBIX W
IEJIOYHO3EMENBHBIX MeTaIoB, a u3 BaxHenmux kucior: HClO4 H,SO,; HNOjz, HCI, HBr, HJ,
HMnO,.

K cmabeiM 2JIeKTpoIMTaM OTHOCSTCS TOYTH BCEe oOpraHudeckwe Kuciaorbl, Hampumep, CH3COOH,
neopranuueckue coenunenus: HoCOs, H,SO3, H,Si03, HCN, HNO,, H3PO4, HF, NH4OH, H,O u 1. 1.
Peakumu B pacTBOpax 53IEKTPOIUTOB TMPOTEKAIOT MEXAY HOHAMH U HIYyT HEOOpaTuMoO, €CIH B
pe3ynbTaTe peakiuu OO0pa3yITCs OCAlKH, ra3bl M cladble ANIEeKTpoNuThl. OOBIYHO TaKHe pEaKIuu
M300paXKaroTCs MIPH TIOMOIIA HOHHO-MOJICKYJISIPHBIX ypaBHeHHH. OCaIKkh, Ta3bl U CIIA0BIC SJICKTPOIUTHI
MTUTITYTCS B BUE MOJICKYJI, XOPOIIIO PACTBOPUMBIC CHIIBHBIC JIEKTPOJIUTHI — B BUJIC HOHOB.

PaccMoOTpuM TUITMYHBIC BAPUAHTHI PEAKIIUH B pACTBOPAX JICKTPOIUTOB:

a) 3AgNO3 + FeClz = Fe(NO3); + 3AgCl| — MmonekynspHOe ypaBHEHUE

3Ag" +3NO;s + Fe®" + 3NO3 + 3AgCl| — monHOe HOHHOE ypaBHEHHE

Ag’ + CI'= AgCl| - cokpareHHOE HOHHOE ypaBHEHHE

6) Na,CO3 + H,SO,4 = Na,SO,4 + H,O + COzT

2Na" + COz% + 2H" + SO, = 2Na* + SO,* + H,0 + CO,?



2H" + CO3* = H,0 + CO,1.

8) HCI + NaOH = NaCl + H,0

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

H"+ OH =H,0

HpI/I COCTAaBJICHHUHU HOHHO-MOJICKYJISAPHBIX ypaBHeHI/If/'I CJICAYET IMOMHUTH, YTO CyMMa JJICKTPHYCCKHUX
3apsa10B B JIEBOM YacTu JOJI’KHaA 6BITI> paBHa CYMMC DOJJICKTPUYCCKHX 3apsaA10B B npaBoﬁ qacTu
ypaBHeHI/ISI. OI[I/IHaKOBBIG HOHBI U3 06enx qaCTeﬁ ypaBHeHI/ISI HNCKIHOYAKTCA.

Qobopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOAMMBIE Il JaHHOW pabOThl, BHICTABISAIOT HA MOJIKU JaOOpaTOPHBIX CTONOB. Penkue
PEaKTHUBbI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M ILIEIOYM, IaXy4yde BellecTBa (Hampumep, CepoBOIOPO,
OpoMHasi BOJa 1 Ap.) XPaHAT B BBITSHKHOM IIKady.

OcHOBHasi XUMHUYECKasi MOCy1a: MPOOUPKH (B IUTATHBE), KOJOBI, XUMHUECKHE CTAKaHBI MOCIE PaOOTHI
TUIATEJIbHO BBIMBITH, BEChl C Pa3HOBECOM, MPUOOPHI, MCIONb3yeMasl sl MPOBENEHUS OTIENIbHBIX
1a00paTOPHBIX PabOT, BBIAAETCS U CIAETCS YMCTas J1a0OpaHTy.

Texnuka dezonacnocmu npu 6blNOJIHEHUN J1ADOPAMOPHOIL_DAOOMbL:

-aKKypaTHO 00pamaThCsi CO CTEKISTHHON XUMHUYECKOW MOCYI0H. OCTaTKU pa3OMTOl MOCyabl yOupaTh ¢
IIOMOIIIBIO COBKa M MIETKHU,

-Bce paboThl, CBSA3aHHBIE C BBIJCJICHUEM SJIOBUTHIX, JETYYMX M HEMPUATHONAXHYIIMX BEILIECTB,
MIPOBOJIUTH B BHITSKHOM IKa(y;

-TIpU OTIPECIICHUH 3araxa BEeIIECTB OTBEPCTHE cocyla JepkaTh Ha paccrtosHun 25-30 cM OT nuIa,
HaIpaBJissd K cede CTPYIo raza NocTynaTelbHbIMU JIBUKEHUSAMU JIAZJOHN OT OTBEPCTHUS K JIUILY;

-IpY HaJMBAHUM DPEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30eaHHE MOMafaHus OpbI3r WIH
YaCTHI] HA JIMLIO MK OAEXKAY. TP pa30aBICHUH KOHIIECHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOAY,
HO HE Hao0OopoT;

-TIpY HarpeBaHUU MPOOUPKU HE JIep’KaTh €€ OTBEPCTHEM K cebe WM B CTOPOHY cOoce/la. He HAKJIOHAThCS
HaJ1 HarpeBaeMoi KHUJIKOCThIO BO M30eXKaHNe TOMNalaHus e€ Ha JTUIO0, PyKH WIH OJIeXKIY;

-ropsiue MpeaMeThl MOXHO CTaBHThb TOJIbKO Ha acOecTOBBIM KapTOH, acOECTHMPOBAHHYIO CETKY WIIU
JPYTYIO CHEIUANIbHYIO TIOJICTaBKY;

-HEeJIb3sl MOJIb30BATHCS AIEKTPOIIPHUOOpaMu 0€3 COOTBETCTBYIOIIETO0 HHCTPYKTAXKa. MPU BKIIIOUEHUH UX B
CeThb HeJb3sl IePKaThCs 38 METAIIIMYECKUE TpeAMETHI (TpYOBl, KpaHbl  T.I1.). 3allpeliaeTcsl BKI0YATh U
BBIKJIIOYATh 3JIEKTPONPHOOPEl MOKpPHIMH pYKaMH, a TaKXe IO0Jb30BaThCs HEHMCIPABHBIMHU WU
MMEIOLUMH OroJIEHHBIE IPOBOIAa MPUOOpaMu;

-3aIpelaeTcsi MPUHUMATh MUILY B XUMHUYECKOH 1a00paTopuu U MUTh BOAY U3 1aOOPaTOPHOM MOCYABI. -

-KaTerOpHUYECKH 3arperaeTcs npoodoBaTh peakTHBHI Ha BKYC;,



-TIpU TIOTIAJ]TAHWK HA JIMIO WM PYKH OpPBI3T KOHIICHTPHUPOBAHHBIX KHCJIOT IIOCIIE CMBIBAaHUS BOJOU
MPOMBITH CIa0BIM PACTBOPOM COJIBL. INENOYh CIEAYEeT CMBIBATh JO TE€X MOpP, MOKA y4acTOK KOXH, Ha
KOTOPBIM OHA MOMalia, He MEPECTaHET OBITh CKOJIB3KUM; 3aT€M MPOMBITH CIIA0BIM PACTBOPOM YKCYCHOM
KHCIIOTHl ¥ HAJOXHUTHh TOBSI3KY U3 BaThl, CMOUYEHHOW 3%-HBIM PAacTBOpPOM IEpMaHraHaTa Kaius (W3
anTe4yKy B Ja0OpaHTCKOU Kadeapsl);

-110 OKOHYaHHWH PAa0OTHI BHIKIIFOUUTh U3 CETH BCE AJIEKTPOIIPHOOPHI, MIEPEKPHITh TI0Jjauy T'a3a U BOJbI B
naboparopuro u yoparh paboyee MecTo;

-000 BCeX HECYACTHBIX CIy4asX HEMEJIEHHO COO0IIaTh MPEenoIaBaTesio Wil JabopaHTy.

Ilpaxmuueckas uacmso:

B3aumoaeincTBue IEKTPOJINTOB CIEAYET PACCMATPUBaTh KAK PEAKLUH MEXIYy MOHAMU. DTH PEAKLUHU
UAYT B CTOPOHY HauOOJjee IOJHOrO CBS3bIBAaHUS HMOHOB B TPYIHOPACTBOPHUMBIE, ra3000pa3Hble U
MaJIOUCCOLMUPYIOIIUE BEIIECTBA.

[Ipu BBINIOJIHEHUU paOOTHI YpaBHEHMSI BCEX PEAKIMM MUCAaTh B MOJIEKYJISIPHOM U HOHHOM BHUJIE.

Onwvim Nel. O6pa3oBaHue TPYAHOPACTBOPHUMBIX BEILIECTB.

[TonGepure Takue peakTUBBI U3 HAXOJAIIMXCS HA MOJIKE, B3aUMOIEHCTBHEM KOTOPBIX MOXHO MOJIYYUTh
ocaaKku cynb(duaa NWHKA, TUAPOKCHIA HHKENs M KapOoHaTa Kaimbus. OcaJKu TOJHKHBI OTCTOSTHCAL.
[Tocne orcTauBaHust pacTBOPHI CIUTH, @ OCAJAKH COXPAHUTH JJIS CJIEYIOIINX OIBITOB.

Onvim Ne2. Obpa3oBaHue ra3oB.

K cyappuny unmHka, a 3aTreM K ocaJky KapOoHaTa KajblMs, HpubaBUTh 2-3 MI pacTBopa
XJIOPOBOAOPOAHON KHCIOTHl. Kakue rassl Boiaenstorca? OOparure BHUMaHKE, YTO BO BTOPOM Ciydae
ITOMHMO Ta3a 00pa3zyeTcsi MaJIoAUCCOLIMUPYIOIIEE BELIECTBO.

OmnbIT NPOBOAUTH B BBITSDKHOM LIKadYy.

Onvim Ne3. O6pa3zoBaHne MaJlOJUCCOLMUPYIOLIETO 3JIEKTPOIUTA.

A. K ocaaky runpokcuna Hukens (onsIT Nel) npubaButh pactBop ammuaka. Odpasyercst pacTBOPUMBII
Majofuccouuupyroumii non TerpaaMmuHHuKems(1l).

B. B nmpobupky HanuTh 2-3 MJ pacTBOpa XJIOPOBOJOPOJHON KHCIOTHI U ITOMECTHUTH B HETO TPaHyly
METaJUIMYEeCKOro mMHKa. HalmionaTh MHTEHCHBHOE BhIJENEeHHE Bojopoaa. Jl00aBuTh B MPOOHMPKY
HIETIOTKY KPHUCTAJUIMYECKOro arerara HaTpus. OTMETHTh W3MEHEHHE B WHTEHCHUBHOCTU BbIIETICHUS
Bojiopoja. Hamucare ypaBHeHHE peaklMy, KOTOpas MPOW30LLIa Mociie MpruOaBieHus aleraTa HaTpus,
yKa3aTb IPUUMHY 3aMeUIEHHS IPOLIECCa BBIIEIEHUS BOJLOPOAA.

Onvim Ne4. CMmellieHne MOHHOTO PaBHOBECHS.

A. Hanutp B mpoOupky 3-4 M AUCTUIUIMPOBAHHOW BOJbI, MPUOABUTH KaIUTI0 KOHUEHTPHUPOBAHHOM
YKCYCHOM KHCJIOTHI M 1-2 Kamim WHAMKATOpa METHJIOBOTO OpaHkeBOro. Kakyroo Okpacky mpuUHUMAaeT
pactBop u mnoueMy? CocTaBbT€ ypaBHEHUE AMCCOLMALMM YKCYCHOM KHUCJIOTBI M BBIp@XKEHHE IS

KOHCTAaHThI HOHU3AIlUH.



Pa3znenuth pacTBOp MOpPOBHY Ha JIB€ MPOOUPKU M K OJHOM YacTH MPUOAaBUTH IIEMOTKY aleTaTa HaTpHs,
B300JITaTh U CPAaBHUTH OKPACKY PACTBOPOB B 00eux npodupkax. /laTb 0OBbsICHEHHE OIBITY.

B. IlpoBecTu OmbIT aHAJOTMYHO HPEIBIAYILIEMY, B3SB BMECTO KHCJIOTHl pacTBOpP aMMMaKa, BMECTO
METHJIOBOTO OpPaHXEBOTo - (eHondransenH W BMECTO aleraTta HaTpus - XJOpHA aMMOHHS. JlaTh
00BsICHEHHE, UCXO/IS1 U3 KOHCTAHTHI PAaBHOBECHSI.

Onwim Ne5. [IpousBesieHre paCTBOPUMOCTH MAJIOPACTBOPHUMBIX BEIIECTB.

Buectu B npobupky u3 Otoperku 1 mut 0,1 H pacTBopa HUTpaTa CBUHIA U JOOABUTH K HEMY HEMHOTO
6ombire o 00béMy 0,1 H pacTBopa cynbgara Harpus. [lomydeHHBINH 0CaIOK JOHKEH OTCTOAThCA. CIuTh
HAJ0CaZ0YHYI0 XKUAKOCTh (MK oTobpaTh mumnetkoi). K ocanky mpubaButs 1 mMi pacTBopa Xxpomara
Kanusi W 1nepememats. HaOmrogath MOCTeeHHOE W3MEHEHHME I[BeTa ocaika. Kakoe BerecTBo
obpasoBanocsk? Ha ocHOBaHWM OTBITa CIENaTh BBIBOJ O BEIMYMHE MpousBeneHus pactBopumocTa (I1P)
MajopacTBOPUMBbIX cosieil. CpaBHUTh CBOM BbIBOA C JaHHbIMM Tabnuubl. Hamucarhs ypaBHEHus
MPOU3BEICHUS PACTBOPUMOCTH 3TUX COJIEH, NOACTaBUB 3HaueHus [1P.

OmnbiT Ne6. KoHTpospHOE 3a/1aHKeE.

DKCIEpUMEHTAIBHO OCYIIECTBUTH CIEAYIONINE MPEBPAIICHHUS:

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

CocTaBUTh YpaBHEHUSI peaKLUi.

W3 storo ombiTa cieayeT, 4TO MHOI/IA B JIEBOM M MPaBOM 4YacTAX YpaBHEHHS MOTYT OJIHOBPEMEHHO
HaXOJUTHCS MaJIOJUCCOLMMPYIOLINE U TPYAHOPACTBOPUMBIE BellecTBa. UTOOBI MPAaBUIBHO PELIMTH
BOIIPOC, B KaKyl0 CTOPOHY CMECTHTBCSI PABHOBECUE, HYKHO ITPOU3BECTH YUET TAKUX KOJIMYECTBEHHBIX
XapaKTepUCTHK, KaK KOHCTAHTA JUCCOLMAIUH, TIPOU3BEACHUE PACTBOPUMOCTH, KOHIIEHTPAIUsI HOHOB.

Tpeﬁoeanu}l K 0¢0pMﬂeHu10 Jlaﬁopamopuoﬁ paoombvlL u omuemy:

1.BoimonHenue J1abopaTOpHBIX pabOT COMPOBOXKAAIOT 3amUCSIMH B JabopaTopHOM kypHane. Ha
TUTYJIBHOM JIMCTE J1a0OpaTOPHOTO >KypHala JOJDKHBI OBITh TMpPEICTaBICHBbl: Ha3BAaHUE YHHUBEPCHUTETA,
(dbaMuIMs 1 MHUIUAIIBI YYallerocsi, HoMep Kypca 1 rpyImibl, y4eOHbIH ro.

2.0T4eT 0 BBHIMOIHEHHOM JIA00PATOPHOU paboTe TOJKEH COAECPKATh CICAYIOIINE CBEICHMUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBITIOJHEHUS paOOTHI;

*IIeJIb PaOOTHI;

*000pyZI0BaHUE M MaTEPHAIIBI;

*KpaTKO€ TEOPETHYECKOE OINHCAHUE;

*HOMEpP U Ha3BaHUE OMbITA;

*KpaTKOe OMHCAaHUE X0a paboThI C YKa3aHUEM YCIIOBHIA IPOBEICHUS OIIBITA;

*PUCYHKH M CXEMbI UCTIOJIb3YEMbIX MPHUOOPOB;

*HaOJIFOICHM,



*YypaBHEHHUSI POTEKAIOIINX PEAKIIHIA;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBOJIBI.

3.JlaGopaTopHblii xKypHaAT HY>)KHO BECTH YHCTO U aKKYPATHO, 3aMUCH JTOJKHBI OBITh JTAKOHUYHBIMH.
4.014éT 0 npoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT MPENOJaBATENb.

5.K cpaue 3auéra mo nabopaTOpHOMY NPAKTUKYMY [OMYCKAIOTCS CTYICHTHI, BBIMOJIHUBIINE H
MOJMKCABIINE y TPENOoAaBaTess BCce JOMAIHUE W JIA0OpaTOpHBbIC PaOOTHI, CIABIINE KOJUIOKBUYMBI,
AaKTUBHO Y4aCTBOBAaBIIUE B padOTE CEMUHAPOB.

6.CTyeHThI, MOJIyYHBIINE 3a4€T 10 JIaOOpATOPHOMY MPAKTUKYMY, JAOMYCKAIOTCS K cllaye IK3aMeHa I0
Kypcy HEOPTaHUYECKON XUMUHU.

KoumponwvHbie sonpocet :

1. CocraBbTe MOJICKYJSIPHBIE M HWOHHO-MOJICKYJSPHBIC YPAaBHCHHS pEaKIUW B3aUMOJICHCTBUS B
pactBopax Mexy: a) KoS u CuSOy; 6) AgNO3 u NH4CI;

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

2. CocraBbTe MO JBa MOJEKYJISIPHBIX YPaBHEHMSI PpEaKIMii, KOTOpbIE BBIPAKAIOTCS HOHHO-
MOJICKYJISIPHBIMH YPaBHCHUSIMHU:

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

3. MOXHO 1 IPUTOTOBUTH PACTBOP, COAECPKAIIUNA OJHOBPEMEHHO CleIyrolIue mapsl Bemiects: a) KOH
u Ba(NOs)2; 6) Cr(OH); u NaOH; B) Pb(NO3), u KCI; r) CuCl, u Na,S? IlpeacraBbre BO3MOXKHBIC
peaKIyy B MOJIEKYISIPHOM U HOHHO-MOJICKYJISIPHOM BHJIE.

4. CmemmmBarot nonapuo pactBopsl: a) KOH u Mg (NOs),; 6) LioCO3 u HCI; B) Fe(NO3)s u KOH; r)
NH4CI u NaOH. B kakux ciaydasx peakiuu MpakTudecku moiayT no konma? IlpenctaBeTe ux B
MOJIEKYJISIPHOM M HOHHO-MOJIEKYJISIPHOM BH/IE.

5. CocraBbTe MOJEKYISPHbIE W HWOHHO-MOJICKYJISIPHBIE YPaBHEHUS pEaKIUi B3aUMOJICHCTBHS B
pactBopax Mexay: a) BaCO3 u HNOg3; 6) Fey(SO4)3 1 KOH; B) HCI u K5S; ) CH3COOK u HCI.

6. CocraBbTe MOJIEKYJISIPHBIE U HWOHHO-MOJICKYNISIPHBIE YpaBHEHHS pEaKIMi B3aUMOACHUCTBUA B
pactBopax Mmexny: a) Mg(OH), u CH3COOH; 6) NH4Cl u NaOH; B) Ca(OH), u K»CrOy; 1) AlICl3 u
Ba(OH)..
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JladopaTopHasi padota Ne 8
Tema: I'maposus

Lenb padomur: Vzyuenue pabotel pH-meTpa u onpenenenue pH HelTpanbHOTO, KUCIOTO U MIETOYHOTO

pacTBOpoB C momouipro PH-MeTpa, BH3yanbHOE OIpEEIEHUE LBETOB HMHIMKATOPOB JIAKMYcCa,
METHJIOBOTO OpaH)XeBOro U (heHondranenHa B HEUTpanbHON, KUCION U MIEIOYHOM cpejie, onpeesieHue
PH cpenbl rUAPOIU3YIONINXCS CONEH C MOMOUIBIO MHIMKATOPOB, BIUSHUE TEMIIEpaTyphbl HA TUIAPOIIU3,
HEOOPaTUMBIH MOJHBIA THIPONIH3.

Dopmupyemuvie komnemenyuu. OIIK-1.

Teopemuueckas uacmov:

I'maponus — 3TO pasnokeHue BewecTB BOJAOM. Boga — oaHO W3 cambIX akTHBHBIX BemiecTB. OHa
JEMCTBYET Ha caMmble Pa3IMYHBIC KJIACCHI COSAMHEHUMN: COJIU, YIIIeBOJbI, OCNKH, d(UPBI, KUPHI U T. 1.
[Ipu ruaponm3e cCoeMHEHN HEMETAIIIIOB OOBIYHO 00pa3yIOTCsl IB€ KUCIOTHI, HATIPUMED:

PCl; + 3 H,0 = H3PO3 + 3 HCI

HpI/I 9TOM HU3MCHACTCA KUCIIOTHOCTb paCTBOPOB IO CPABHCHHUIO C KUCIIOTHOCTBIO PACTBOPUTCIIA.



B Heopranmueckoi XMMHH Yallle BCEro MPUXOIUTCS UMETh JIEJI0 C TUIPOIU3OM COJIEH, T.€. ¢ 0OMEHHBIM
B3aMMO/ICIICTBIEM HMOHOB COJIU C MOJEKYJaMHU BObI, B pPe3y/lIbTaTe KOTOPOrO CMEIIAETCS pPaBHOBECHE
NEKTPOJIUTUYECKON TUCCOLUAIIUHN BOJIBI.

I'uaponm3om coiu Ha3bIBaeTCs 0OpaTUMOE B3aUMOJICHCTBHE HOHOB COJIM C MOHAMHU BOJIbI, IPUBOJAIIEE
K U3MEHEHUIO PAaBHOBECHS MEKy MOHAMH BOJOPOJIa U TUAPOKCHIA B PACTBOPE.

I'unponu3 sBisieTCsl pe3yabTaToOM MOJIAPU3ALUOHHOIO B3aMMOJCHCTBHUS MOHOB COJHM C UX THAPATHON
000JI04YKOIi B BOJHOM pacTBope. Yem 3HaunTeNbHEE 3TO B3aUMOJICHCTBUE, TEM HHTECHCUBHEE POTEKAET
THIPONIN3. YTIPOLIEHHO CYIIHOCTH MPOLIECca THAPOIN3a MOKHO MPEACTABUTH CIEAYIOIINM 00pazoMm.
Katnonsr K" cBa3pIBaloTCS B pacTBOpe ¢ THAPATHPYIOIIMMH HX MOJEKYIaMH BOJIBI JOHOPHO-
aKLENTOPHOW CBS3BIO; JOHOPOM SIBIISIFOTCS aTOMBI KHCIOpPOJa MOJIEKYJBI BOJbI, WMEIOLINE JIBE
HETIOJICTICHHBIE JJICKTPOHHBIC TAphl, AaKIENTOPOM - KAaTHOHBI, HMMEIONIHE CBOOOIHBIC AaTOMHBIE
opbutanu. Yem Oomblie 3apsia KaTHOHA U YeM MEHBIIE €ro pa3Mep, TeM 3HAYUTENIbHEE MOJISIPH3YIoIIee
neitcteue K™ ma H,0.

AHHOHBI An~ CBSA3BIBAIOTCS C MOJIEKYJIaMH BOJBI BOJOPOJIHOM CBsA3bI0. CHIIbHOE BO3CHCTBHE aHHOHOB
MOKET MPHUBECTU K MOJIHOMY OTpPBIBY MpPOTOHA OT MoiyieKkyinbsl HpO — BogoponHas CBA3b CTaHOBUTCS
KOBaJIGHTHOH. B pe3ynbrare oOpasyercs kucnota win anuon tana HS™, HCOs™ u t. .

B3anmoneiicTBre aHHOHOB An~ ¢ IPOTOHAMH TE€M 3HAYUTEIbHEE, YeM OOJIbIIE 3apsil aHHOHA U MEHBIIIE
ero paauyc. Takum o0pa3oM, HHTEHCUBHOCTb B3aMMOJAEHCTBUS BEIIECTBA C BOAOH OINpeeNseTcs: CUIIoN
nonspusytomero Biusaus K u An~ ma momexynsl HpO. Tak, KaTMOHBI 3JIEMEHTOB TOGOYHBIX
MOATPYII ¥ HETMOCPEICTBEHHO CIEAYIOLIUX 32 HUMH 3JIEMEHTOB MOJBEPraloTcsi 00jee MHTEHCHUBHOMY
TUJIPOJIU3Y, YEM JIpyTue MOHBI OJUHAKOBBIX C HUMHM 3apsijia U paauyca, TaK Kak sfapa MEepBbIX MEHee
3¢ HEKTUBHO IKPaHUPYIOTCS d-31€KTPOHAMHU.

I'maponns — mpouecc oOpaTHBIM peakuuu HeiTpanuzanuu. Ecnu peakuus HeWTpaau3alMu MPoOLEce
AK30TEPMHUUECKUN U HEOOPATUMBI, TO TUAPOIIN3 — MPOILECC IHAOTEPMUUECKUN U OOPATUMBIH.

Peakuus HelTpanuzanuu:

2 KOH + H,S03 — K,S03+ 2 H,0O

CWJIbHBIN cNaObIil CHIIBHBIN ca0bIit

2 OH™+ H,S03 = SO5™ + 2 H,0

Peakuus ruaponusa:

K,S03+ H,0O <+ KOH + KHSO;3

SO3” + HOH «> HSO3™ + OH"

[Ipu rugponuse cMmemiaeTcsi paBHOBECHE AMCCOLMAIMKM BOJIbI BCIIEJACTBHE CBS3bIBAHUS OJIHOTO U3 €€
moHoB (H' wim OH) B cnaGerii »mextponut comu. Ilpu cBs3bBanmu WoHoB H' B pactBope
HakaruimBatoTcss MoHbl OH , peakuusi cpeapl OyneT ImenodHas, a Npu cBs3biBaHuM MoHOB OH

HakannuBaioTcs nousl H' - cpena 6yner kucnas.



PaznuuaroT yeThipe BapraHTa AEHCTBUS BOJIBI HA COJIH.

1. Ecnu kaTHOHBI U aHUOHBI UMEIOT HEOOJIbIINE 3apsiibl U OOJBIINE pa3Mephl, TO UX MOJSPHU3YIOIIEe
BIMSIHUE Ha MOJIKYJbl BOJBI HEBEIMKO, T. €. B3auMmojeiictBue comu ¢ HpO mnpakrtudecku He
IPOMCXOIUT. DTO OTHOCUTCS K KATHOHAM, THAPOKCH Bl KOTOPBIX SBNSIOTCA mienouamu (Harpumep, K
u Caz+) U K aHUOHAM CHJIbHBIX KHCJIOT (HarmpuMmep, ClI™ u NO3™). CnemnoBarensHo, coau, 00pazosanHvie
CUTIbHBIM OCHOBAHUEM U CUTIbHOLL KUCTIOMOU, 2UOpoau3y He noogepzaromcsi. B 3ToM cilydyae paBHOBecue
TMCCOLIMAITUH BOJIBI

H,O — H" + OH~

B MPUCYTCTBUM HMOHOB COJIM MPAKTUYECKH He Hapymaercs. llosTomy pacTBopel Takux comeit
HerTpanbHbl (pH = 7).

2. Ecnu conb 0bpazosana kamuoHoM CuibHO20 OCHOBAHUS U AHUOHOM CIAOOU KUCIOMbl (Sz', Cng', CN~
U 1p.), To npoucxooum eudpoaus no anuowy. Ilpumep — rugaponus comu CH3COOK. HNonsl conm
CH3COO ™ u K* B3aumoneiictytor ¢ monamu H' u OH ™ u3 Bozsl. IIpu stom anerar-uonst (CH3COO)
CBA3BIBAIOTCS ¢ MOHaMH Bojopona (H') B Momekymbl cnaGoro »eKTpONHTa - YKCYCHOH KHCIOTBI
(CH3COOH), a nonst OH HakariMBarOTCs B PacTBOpE, COOOINAs €My IICTOYHYI0 PEaKIUI0, TaK Kak
nousl K* me MoryT casats nonst OH ™ (KOH siBisieTcst CHIIbHBIM 251eKTponuToM), pH > 7.
MorexyssipHOe ypaBHEHHE THAPOIIN3a:

CH3COOK + H,0 «» KOH + CH300H

[TonHOEe MOHHOE ypaBHEHUE TUIPOIH3A!

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

COKpaIleHHOe HOHHOE YpaBHEHUE THIPOIIH3a:

CH3;COO + HOH < OH + CH3COOH

I'unponu3 comu NayS mpotekaer crynenuato. Conb obpazoBaHa cuibHbIM ocHoBaHueM (NaOH) u
ciaboii aByxocHOBHOMN kuciotoil (HpS). B aToMm ciyuae anmon comn S° cesi3siBaeT nousl HY BojbI, B
pactBope HakamuBatotcs MoHbl OH . YpaBHeHHe B COKpallleHHOW HMOHHOM M MOJEKyJIspHOUH dopme
UMeEeT BUI:

. S>” + HOH <> HS™ + OH"

Na,S + H,O <> NaHS + NaOH

II.HS + HOH < H,S+ OH

NaHS + H,0O < NaOH + H,S

Bmopasa cmynenv eudponusa npaxmuuecku He npoxooum npu OObIYHLIX YCA06UAX, TaK Kak,
HakarauBasick, HoHbl OH  coo0matoT pacTBOpYy CUIBHOLIEIOYHYIO PEaKLIHI0, YTO MPUBOIUT K PEaKIUU
HEUTpaJIU3alluK, CIBUTY PAaBHOBECHs BJIEBO B cooTBeTcTBMM ¢ npuHuunom Jle Illarense. [ToaTomy
THIPOJIA3 COJIel, OOpa30BaHHBIX CHUJIBHBIM OCHOBaHMEM M CJIAa00H KHCIOTOW, IOAaBIseTCs

npubaBIeHUEM LIETIOYH.



Uem Oombllie mossipu3yioliee BIMsSHHE aHHMOHOB, TEM HHTEHCHBHee THIpoiu3. B cooTBeTcTBHM C
3aKOHOM JIEHCTBUSI MacC 5TO O3HAYaeT, 4YTO TUAPOJIM3 MPOTEKAaeT TEeM HHTEHCUBHEE, 4eM cliabee
KHCIIOTA.
3. Ecau conv obpazosana kamuoHom ciabo2o OCHOBAHUA U AHUOHOM CULLHOU KUCAOMbL, MO
npoucxooum 2uopoaus no kamuowny. Hapumep, 310 umeer mecro npu ruapoause comun NH4Cl (NH,OH
- cnaboe ocHoBanue, HCI - cunpnas kucnota). OTopocum noH Cl , Tak Kak OH C KATHOHOM BOJIbI JaeT
CWJIBHBIHN 3JICKTPOJINT, TOT/Ia YPaBHEHUE THIPOIN3a IPUMET CIICTYIOIINN BU/;
NH;" + HOH <> NH4OH + H" (cokparueHHOe HOHHOE ypaBHEHHE)
NH,CI + H,O <> NH;,OH + HCI (MonexynspHOe ypaBHEHUE)
W3 cokpalieHHOTO ypaBHEHHsI BUIHO, yTO HOHBI OH  BOJBI CBS3BIBAIOTCS B CIA0BIN AJIEKTPOIUT, HOHBI
H" HakanamBaroTCs B pacTBOPE M cpea cTaHoBUTCs Kucioil (pH < 7). Jlo6aBIeHue KHCIOTH K PACTBOPY
(BBeIeHME IPOYKTa peakiuu kaTuoHos H') cisuraer paBHOBeCHE BIIEBO.
I'uaposn3 comu, 00pa3oBaHHONW MHOTOKHCIOTHBIM OcHOBaHueM (Hampumep, Zn(NOgs);) mporexaeT
CTYIIEHYATO MO KaTUOHY CIa00r0 OCHOBAHMSI.
. Zn?* + HOH < ZnOH" + H* (cokpalleHHOe HOHHOE YpaBHEHUE)
Zn(NO3); + H,0 «» ZnOHNO3 + HNOj3 (MosiekyiisipHOE ypaBHEHHE)
Nonst OH cBsi3biBatoTest B citaboe ocuoBanue ZnOH', noust H' HakarmmmBaroTes.
Bmopasa cmynenv eudponuza npaxmuuecku He NpPOUCXOOUM NpU OObIYHLIX YCIOBUAX, TaK Kak B
pe3ynbTaTe HakorieHus noHoB H' B pacTBope co3aaeTcs CHIBHOKHCHAS CPeia U PaBHOBECHE PEaKINK
THJIPOJTN3a TI0 2-0i CTYIIEHU CMEIIEHO BIIEBO:
I1. ZnNOH" + HOH <« Zn(OH), + H" (cokpameHHOe HOHHOE ypaBHEHHE)
ZnOHNO3; + H,0 < Zn(OH); + HNO3 (MonekynsipHOoe ypaBHEHHE)
OueBHHO, YeM cliabee OCHOBaHHE, TEM MOTHEE UIET THAPOIIU3.
4. Conv, 0bpazosanHHas KAMUOHOM ClA6020 OCHOBAHUS U AHUOHOM CAAOOU KUCIIOMbl, N008ePeaemcs
2uopoauszy no kamuowy u no avuouy. Ilpumepom ciyxut nporecc ruaponusa coau CH3COONH;.
3anuiieM ypaBHEHHE B HOHHOM (hopme:
NH;" + CH;COO™ + HOH «> NH;OH + CH;COOH
IManponu3 Takux cosield MpoTeKaeT OYeHb CHIILHO, ITOCKOJBKY B pe3yJbTaTe ero o0pa3yroTcs u ciaboe
OCHOBaHHE, U CJ1abas KHCIIOTA.
Peakuust cpenbl B 3TOM cllydae 3aBUCUT OT CPAaBHUTENHHOW CHIIBI OCHOBAaHHUS M KHCIOTHI, T.€. OT UX
KOHCTaHT aucconnamu (Ky):

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

o eciu Ky (ocHoBanus) < Ky (kucnotsr), To pH < 7.
B ciyuae ruapommza CH3COONH,:
Ky (NH;OH) = 1,8-10°; K (CH3COOH)=1,8-10",



MMOATOMY PEAKIIHs BOJHOTO pacTBOpa 3TOH conu OyaeT mouTu HelTpanbHoi (pH = 7).

Ecnu ocHoBaHue U KUCIIOTa, 00pa3yroliue Coiib, SBJSIOTCS HE TOJNBKO CIa0BIMH 3JEKTPOJIMTAMHU, HO U
MaJOpacTBOPUMBI WJIM HEYCTOWYMBBI M pa3iaraloTcs ¢ 00pa3oBaHUEM JICTYYHUX MPOIYKTOB, TO B 3TOM
cllydae THJIIPOJIU3 COJU MPOTEKAeT MO BCEM CTYNEHsSM 10 KOHIa, T.e. 10 oOpa3oBaHHUS cIaboro
TPYJHOPACTBOPUMOTO OCHOBAHHS M cIaboi KUCIOTHL. B 3TOM ciyuyae pedb HAET O HeoOpamumom uiu
NOJIHOM 2UOPOU3E.

NMeHHO TNONHBIM TUAPOJIM3 SABJISETCA MPUYUHOW TOrO, YTO BOAHBIE PACTBOPBI HEKOTOPBIX COJIEH
npuroToBuTh Helb3s, Harpumep Cry(COs3)s, AloSz u ap. Hanpumep:

Al,S; + 6H,0 — 2A1(OH)sz| + 3H2S7

[ToaTomy cynbdun anrOMUHHS HE MOXET CYIIECTBOBaTh B BUJE BOJHBIX PAcTBOPOB, MOXKET OBITh
MOJIy4EeH TOJBKO "CyXuM crocoOoM", HarpuMep, U3 JIEMEHTOB MPU BHICOKOM TeMIepaType:

2A1 +3S —“— AlS;,

1 JIOJDKEH XPAHUTHCS B TEPMETHUYECKUX COCYIaX, MCKITIOYAIOIIHMX MOMAaHIe BIIATH.

Peakuueii oOMeHa B BOJHOM DPAacTBOpE TaKHE COSTUHEHHS HeENb3sl MONy4uTh. llpu B3aumoneicTBUM
coneit A1%, Cr** u Fe** B pacrBope ¢ cynphuaamMu 1 KapOOHaTaMU B OCAJIOK BBIMAIAIOT HE CYIbGUIbI U
KapOOHATBI ATUX KATUOHOB, a MX THIPOKCH/IBI:

2AICI; +3Na;S +6H,0 — 3H,S1T + 2A1(OH)3| +6NaCl

2CrCl3 + 3Na,CO3 + 3H,0 — 2Cr(OH)3z| + 3CO,1 + 6NaCl

B paccMoTpeHHBIX MpuMepax MPOUCXOIUT B3aMHOE ycuiieHue Tuaponnsa aByx coner (AlCl; u NapS
unmu CrClz u NayCOs3) 1 peakius ueT 10 KOHIIA, TaK KaK MPOIYKThI PEaKIIMU BBIIEISIOTCS U3 pacTBOpa
B BHJIE OCaJIKa ¥ rasa.

I'unponu3 conelt B psne ciiydaeB MOXKET MpOTeKaTh oueHb ciokHO. ([IpocThie ypaBHEHUS peakiuu
THAPONN3a B OOIIENPUHATON 3aMUCH YacTO SBISIOTCS YCIOBHBIMH.) [IpOayKThl THIpOIH3a MOKHO
YCTAaHOBUTH JIMIIb HAa OCHOBAHHWHM AaHAJIMTHYECKOTO HCclenoBanus. K mpumepy, TpoayKTaMu
THJIPOJTN3a COJICH, CoIepKaIUX MHOT03apsTHbIC KATHOHBI, MOTYT OBITh TOJUSAICPHBIC KOMITICKCHI. Tak,
€CII B pacTBOpax Hg2+ COJIEP>KaTCsl TONBKO OJHOSAEPHBIE KOMILJIEKCHI, TO B PacTBOpax Fe** nommmo
kommiekcoB [FeOH]?" u [Fe(OH),]* obmapyxuBaercs aByxbsmepHsii xommiekc [Fe,(OH)o]**: B
pacTBopax Be®* B OCHOBHOM 06pa3syloTcs MHOTOSIEpHBIC KoMIUIeKchl cocraBa [Bes(OH)s]*; B
pactBopax Sn®* o6pasyrorcs kommexcusie nonbl [Sns(OH)4]?, [Sn(OH),]%, [SNOH]'; B pacteopax
Bi* Hapsay C [BiOH]2+ HaXOOATCI KOMILJIEKCHBIE MOHBI COCTaBa [Bie(OH)12]6+. Peakuuu rugponusa,
MPUBOJIAIINE K 00Pa30BAHUIO MONUSIEPHBIX KOMILIEKCOB, MOYKHO TIPECTABUTH CIEAYIOUIIM 00pa3oM:
mMM** + nH,0 < My(OH),™ V" + nH*,

rae m uaMeHsiercss or 1 70 9, a n MoxxeT mpuHUMaTh 3HadyeHus oT 1 mo 15. Takoro poma peakuuu
BO3MOXHBI /I KaTHOHOB Oojnee yeM 30 31MeMEHTOB. YCTaHOBIICHO, YTO KAXKIOMY 3apsjly MOHA B

GONBIIMHCTBE CIIy4acB OTBEdaeT ompesencHHas popma komruiexca. Tak, mist moHoB M?* xapakrepua



dopma aumepos [Mo(OH)*, ans nonos M3 — [M*(OH),]*, a ans M* — dopma [Mo(OH)s]** u Gonee
cioxusle, Harpumep [Zra(OH)g]®" .
IIpu BEICOKHX TeMIepaTypax U OONbIINX 3HaYeHNsIX pH 06pa3yroTcss B OKCOKOMILIEKCHI:

2MOH < MOM + H,0 nnu

OH ©
Ny q‘u/_..-u-o—u-n—u-mﬁzn

A FARN
OH H

Hanpuwmep,

BiCl; + H,O — Bi(OH),ClI + 2HCI

Katuon Bi(OH)," nerko Tepsier MosieKyiy Bobl, 06pasys KaTuoH BucMyTuiaa BiO®, koTopsrii ¢ xiopus-

HMOHOM J1aeT OeNbIi KPUCTATUIMUECKUI 0CaI0K:

Bi(OH),Cl — BiOCl] + H,0.

CTpyKTYpHO HONUSIZCPHBIE KOMIUIEKCHl MOKHO MPEJICTaBUTh B BHIE OKTadJIPOB, COCTMHEHHBIX MEXKIY

co00# 1o BepIIMHE, pedpy WK TPaHH MOCPEICTBOM pa3nuiHbix MocTHKoB (O, OH u ap.).

CnoxHbIf cOCTaB HMEIOT HNPOAYKTHI TUAPOJIU3A KapOoOHaTOB psifa MeTtayioB. Tak, mnpu

B3aUMOJICHICTBUU PAaCTBOPUMBIX COJICH Mg2+, Cu®, zn*, Pb** ¢ KapOOHAaTOM HaTpus O0pa3yloTcs He

cpenHue KapOOHAThI, a MEHee  PacTBOpPHUMBIE 2cudpoxcokapbonamsl, Hamnpumep Cu(OH),COs,

Zns(OH)g(CO3)2, Pbz(OH),(CO3),. B kauecTBe mprMepa MOYKHO IPUBECTH PEAKIIHM:

5MgS0O,4 + 5Na,C0O3 + H,0O — Mg5(OH)2(C03)4L + 5NaySO4 + CO21

2Cu(NOs3); + 2Na,CO3 + H,O — Cup(OH),CO3| + 4NaNO3 + CO,1

KonuyecTBeHHO rHIPOIIN3 XapaKTepu3yeTcs CTelneHbo ruaponu3a h u koncranToit ruaponusa Kr.

CreneHp I'MJIposn3a MOKa3bIBAaeT, Kakas 4yacTb COJH, cojaepkamasics B pactBope (Cy), moasepriach

ruipoau3y (Cuiruy) U PACCUNTHIBAECTCS KaK OTHOILLIEHUE!

h= CM U / CM (100%)

OueBuHO, 4TO JJIs1 0OparuMoro mpouecca ruapoiusa h < 1 (<100%), a A HeOOPaTUMOTO THAPOITH3A

h = 1 (100%). Kpome mnpupomsl CONH, CTENEHb THIPOJIM3a 3aBHCUT OT KOHICHTPAIMH COJNHA |

TEeMIIEpaTypbl pacTBOPA.

B pactBopax ¢ yMmepeHHOHl KOHIEHTpalueld pacTBOPEHHOTO BELIECTBA CTENEHb TUAPOJIN3a MpU

KOMHAaTHOM TemmepaType oObluHO HeBenuka. [[ns coseilf, oOpa3oBaHHBIX CHJIBHBIM OCHOBAaHHEM U

CHJIbHOW KHUCIIOTOM, OHA MPaKTHYECKH paBHA HYIIO; /Ul coJiel, 00pa30BaHHBIX CIa0bIM OCHOBAaHUEM U

CHUJIbHOW KHCIIOTOM WJIM CHJIBHBIM OCHOBAaHHEM M CJIa00i KHCIIOTOH, oHa coctaBiseT = 1%. Tak, mis

0,01 M pactBopa NH4CI h=0,01%; s 0,1 1. pactBopa CH3COONH, h = 0,5%.

I'uaponus — mporece 00paTUMBIi, MO3TOMY K HEMY ITPUMEHUM 3aKOH JCHCTBYIOIINX Macc.

Koncmanma eudponusa ecmv koncmanma pagnogecus npoyecca 2uopoau3d, u o cBoeMy (pusnueckomy

CMBICITY OTpENesieT CTeNeHb HeoOpaTuMocTH Tuaposms3a. Yem Oombime Kp, TeM HeoOpatumee

ruaponu3. Kr umeeT cBoe BeIpakKeHUE I KaXKI0TO Cydas THAPOIIH3a.



BriBenem BwIpaxkeHue JIsi KOHCTAHTBI THAPOIN3a COJIM CIA00W KUCIOTHI M CHJIBHOTO OCHOBaHMsS Ha
npumepe NaCN:

NaCN + H,O <> NaOH + HCN;

Na" + CN™ +H,0 < Na" + OH™ + HCN;

CN + H,O < HCN + OH"

Kpasn = [HCNJ[OH ]/ [CNT[H.O.

[H20O] umeer HanboMbIIyI0 BEITHUNHY, KOTOPAsi B XO/I¢ PEAKIIUU MPAKTUYCCKA HE U3MEHSETCS, TOITOMY
€ MOXXHO YCJIOBHO CYHTAaTh IOCTOSHHON. Torma MOMHOXUB 4YHCIHUTENh W 3HAMEHATENh Ha
KOHIICHTPAIIUIO MPOTOHOB U BBES MOCTOSHHYIO KOHIICHTPAIIUIO BOJIBI B KOHCTAHTY, ITOJTYYHM:

Kpass [H20] = Kw / Kjygauen) = Kr

tak kak [HCN] / [H+] [CNT =1/ Knuen)

[Tockonbky Ky BenmnurHa NOCTOSIHHAS M paBHA 10 , OYEBUJIHO, 4TO YyeM MeHble Ky caaboil KUCIoThl,
AHMOH KOTOPOM BXOJIUT B COCTaB COJIH, TeM OosbIe K.

AHaJOTHUYHO, IS COJIM, THApoNu3yolelics no katuony (Hanpumep NH4Cl), momydnm:

NH," + H,O <> NH,OH + H* (cokpaleHHOE YpaBHEHHE THAPOTIU3a)

Kpass = [NHZOH]J[H'] / [NH4"][H0]

Kr = Kpass [H20] = Kw / Kjgoen)

B »TOM BBIpaX€HHHM YHUCIUTENh U 3HaMeHaTenb Apobu ymHOXkmwiu Ha [OH ]. OueBugHO, 4TO uUeMm
MmenblIe Kj cmaboro ocHoBaHMs, KATHOH KOTOPOTO BXOJUT B COCTaB COJM, TeM Oosbiie Kr.

Eciu conp obOpazoBaHa cnaObiM ocHOBaHMeM M ciaboit kucinorod (Ha mnpumepe NH4CN), Tto
COKpAIICHHOE YpaBHEHUE THAPOIIH3a HMEET BU/I:

NH;" + CN ™+ H,0 <> NH4OH + HCN

Kpasn = [NH4OH] [HCN] / [NH4"][CN],

B stom BeIpaxkeHun 1A Kpag, 4nCIUTENs M 3HAMEHATENb JAPOOM YMHOXKAEM Ha [H]-[OH ], moaTomy
BBIpakeHHe sl K mpruHIMaeT BUI:

Kr = Kw / (Knauenors Krioen))-

Kak crnemyer W3 TpHUBEACHHBIX BBIPAKEHUU, KOHCMAHMA 2UOPOAU3A 0OpAMHO HNPONOPYUOHATbHA
KOHCmaunme ouccoyuayuu ciaboeo 31eKkmpoiuma, y9acTBYIOIIETO B 0Opa3oBaHWM coyid (€cld B
0o0pa3oBaHWM COJM Y4YacCTBYIOT JIBa CJa0bIX »JJeKkTpointa, TO Kp 00paTHO mpomopIruoHaibHA
MIPOU3BEICHUIO UX KOHCTAHT JUCCOIHAIINH).

Paccmotpum ruaponn3 MmaOoro3apsaHoro noHa. Bossmem NayCOs.

l. CO3* + H,0 « HCOz + OH™

Krq) = [HCOs 1[OH ]/ [COZ*1[H.01 x ([H']/ [H']) = Kw / Kxa,

TO €CTh B BBIp@XXCHHE JJIs1 KOHCTAHTHI THIPOJH3a MO TMEePBOM CTYNEHU B 3HAMEHATENh BXOJUT BTOpas

KOHCTaHTa Aucconuanmvu, 1 AJ1d BTOpOI>'I CTYIICHU THAPOJIN3a



1. HCO;3; + H,O « H,CO3s+ OH™

Kray = [H2COs][OH ]/ [HCO3 1[H20] x ([H']/ [H']) = Kw / Kyq
Ky = 4x107 Kyay=2.5x10®
Kray = 5.6x10™ Kpgy = 1.8x10™
Takum ob6paszom, Krq >> Kran, KOHCTaHTa, a CIeJOBaTelbHO, M CTENEHb IEPBOM CTaluM THIPOIH3a
MHOTO OOJIBIIE MTOCIEAYIOIINX.
CmeneHb euoponusa SBISETCS BEIMYMHON aHAIOTUYHOM CTENEHH JUCCOUanui. B3anMocBs3b cTenenu
Y KOHCTAHTBI THPOJIN3a aHAIOTUYHA TAKOBOH JUISI CTETIEHU M KOHCTAHTHI JUCCOIMAIIUH.
Ecmu B oOmieM ciydae MCXOAHYIO KOHIICHTPAIMIO aHMOHA CJIA00H KHCIOThI 0003HAaYMTh depe3 C,
(mMoatw/11), T0 Coh (MOJIB/TT) — KOHIIGHTPAIMS TOM YaCTH aHWOHA A, KOTOpast MOABEPIIIaCh THAPOIH3Y U
obpaszoBanock Coh (Moiw/i) cinaboit kuciaoTel HA u Coh (MOJTB/IT) THIPOKCHIHBIX TPYIIIL
A+ H;O <~ HA + OH,
Co-Coh Coh Cih
toraa Kr = [HAJ[OH ]/ [A ] = Coh-Coh / (Co-Coh) = Coh? / (1-h).

Ipuh << 1 K = C,h? h =Ky / C..

Ouenb oxoxe Ha 3aKOH pa3zbaBieHus OcTBalba.
MosxHo paccuutath pH pactBopa, eciu uzBectHbl C, 1 h. YuuThIBast, 4To

[HA] = [OH ] = C,h, monyunm:

Kr=Coh-C,h/C, = [OH7]2/ C,, OTKyza

[OH ] = VK-C..

AHAJIOTUYHO, MOKHO TTOKa3aTh, YTO MPH THIPOIIA3E MO0 KATHOHY

[H] = VK- Co.

Taxum 00pa3oM, CIOCOOHOCTH COJIeH MOABEPraThCs TUIPOIN3Y 3aBUCHUT OT ABYX (DaKTOpPOB:

e CBOWCTB HOHOB, 00pa3yIOIINX COJIb;
e BHEIIHUX (AKTOPOB.

Kak cnBuHyTH paBHOBECHE THAPOIH3A?
1) JloOaBieHHE OJHOMMEHHBIX HMOHOB. ITOCKONBKY TpH OOpaTMMOM THAPOJH3E YCTAHABIUBACTCS
JMHAMHUYECKOe PaBHOBECHE, TO B COOTBETCTBHHM C 3aKOHOM JIEHCTBHS MacC paBHOBECHE MOYKHO
CMECTHUTH B Ty WJIH HHYIO CTOPOHY BBEJICHHEM B PAaCTBOpP KUCIIOTHI HJIM OCHOBAaHUs. BBeZeHNe KHCIOTHI
(xatnonos H') mopaBnser rmaponus mo KaTHOHy, noOaBieHue menodn (anmoHos OH) monapmiser
THIPOIIU3 TI0 aHUOHY. DTUM YaCTO MOJIb3YIOTCS JUISl YCUIICHUS WM MOAaBIICHUS TIPOIecca THAPOIIH3a.
2) U3 popmynsl s h BugHO, 9TO pazbasnenue cnocobcmeyem 2udpoausy. POCT cTeneHn THAPOIHM3a

KapOoHaTa HaTpuUs

Na,CO3 + HOH < NaHCO3 + NaOH



3) [IloBeimieHWe TeMIepaTypsl  CrmocoOCTByeT ruaposin3y. KoHCTaHTa —aucconuanvd  BOJBI
YBEJIMYMBAETCS MPH MOBBIIICHUHU TEMIIEpaTypbl B OOJbIIEH CTENEHU, YeM KOHCTAHTHI JHCCOLMALUU
MPOAYKTOB THAPOJIM3a - CIA0BIX KUCIOT U OCHOBaHMIA, OITOMY IIPH HArpEBAaHHH CTEMEHb T'HIIPOJIH3a
Bo3pacraer. K 3TOMy BBIBOAY JIETKO MPHITH U MHAYE: TaK KaK Peaklus HEUTpaIu3aluy 3K30TEPMUYHA
(DH= —-56 x]I/Mo0ib), TO THAPOJN3, OyAy4d MPOTHBOIOJIOKHBIM €H IPOLECCOM, 3HIOTEPMUYECH,
M03TOMY B coOTBeTcTBUU ¢ npuHIunoM Jle lllarense HarpeBaHue BbI3bIBACT YCUIICHUE THIPOIH3A.

B xuMmuueckoil mpakTUKE BeChbMa pPACIPOCTPAaHEH THIPOJIM3 IO KATHOHY COJeH, 0Opa30BaHHBIX
MHOTO03apsIIHBIM KaTHOHOM M OJHO3apsAaHbiM aHuoHoM, Hampumep AlCl;. B pactBopax stux coieit
MEHee TMCCOLIMUPOBAHHOE COEANMHEHHE 00pa3yeTcs B pe3yjbTaTe MPUCOCAMHEHHS OAHOIO TUIPOKCH/I -
MOHA K HOHY MeTailia. YuntsiBasi, uto no Al** B pacTBope rumpaTipoBaH, IepByIo CTAMIO THAPOIN3A
MOJKHO BBIPA3UTh yPaBHEHUEM

[Al(H,0)6]** + HOH «— [Al(H,0)s0H]** + H30"

[Tpu 06BI9HOI TeMIepaType THAPOIN3 COJCH MHOTO3apsHBIX KATHOHOB MPAKTHYECKH OrPaHMYUBACTCS
sTOM cTaauei. [lpu HarpeBaHUU MPOUCXOAUT THIPOIU3 IO BTOPOM CTYIIEHHU:

[Al(H,0)s0H]** + HOH < [Al(H,0)4(OH),]" + Hs0*

Takum oOpa3zom, Kucias peakiusi BOJHOTO PacTBOpa COJIM OOBSACHSETCS TEM, YTO THAPATHPOBAHHBIN
KaTHOH TepsieT npoToH U aksarpymnmna H»O npepamaercs B rugpokcorpyniny OH™. B paccMoTpeHHOM
mpolecce MOTyT 00pa3oBaTbcs M 0OOjee CIOKHBIE KOMIUIEKCHI, HampuMep [Ale(OH)15]3+, a TaKxe
KOMILUIEKCHBIE HMOHBI BHJA [AIO(OH)4]3' u [AlOg(OH)g]?". CognepxaHue pa3IMYHBIX TPOIYKTOB
THIPOJIA3a 3aBUCUT OT YCJIOBHH TPOBENEHHUS peakiuu (KOHIEHTpAIMs pacTBOpa, TeMIepaTypa,
MPUCYTCTBUE APYTUX BemlecTB). MIMeeT 3HaueHne TaKXkKe JIUTEIHHOCTh MPOTEKAHUs MPOoIecca, TaK KaKk
paBHOBECHE MPH TUAPOIIN3E COJNCH MHOTO3aPSIIHBIX KATUOHOB OOBIYHO JOCTUTAETCS MEAJICHHO.

Oobopyoosanue u mamepuaivl:

PeaxTuBbl, HEOOXOIUMBIE NIl JAHHOW PaOOTHI, BHICTABIISAIOT HA MOJKU J1a00paTOpHBIX CTOJIOB. Penkue
PEaKTHBBI, KOHIIEHTPUPOBAHHBIE KUCJIOTHI W MIEIOYM, MaxXydyhe BelecTBa (HAmpHUMep, CEpOBOIOPOI,
OpoMHasi BOJa U JIp.) XPaHAT B BBITSDKHOM HIKady.

OcHoBHasi XUMUYECKasi MOCyAa: MPOOUPKH (B IITATHBE), KOJIOBI, XUMUYECKUE CTAKAHBI IMOCJIE PabOThHI
TIIATEIHHO BBIMBITH, BECHI C Pa3HOBECOM, MPHUOOPHI, HCIOJb3yeMasi IJisi MPOBEACHHS OTIEIHHBIX
a00paTOPHBIX padOT, BHIAETCS M CHACTCS YMCTas JTaOOpaHTY.

Texnuka bezonacnocmu npu_8blNOJIHEHUU J1AD0PAMOPHOU_DPadombl:

-aKKypaTHO 00pamiaThCsi CO CTEKISTHHOW XMMHUYECKOW MOCYI0M. OCTaTKH pa3OUTON MOCYABl yOupaTh ¢
MOMOIIbIO COBKa U MIETKH,
-BC€ palOTHI, CBS3aHHBIC C BBIJACICHHEM SIOBUTHIX, JIETYYUX M HEMPHUATHONAXHYIIUX BEIIECTB,

MIPOBOJIUTH B BHITSKHOM IKa(y;



-IIpU ONPEACIICHUHN 3allaxa BEHIECTB OTBEPCTHE COCyJa JepxkaTh Ha paccrtosHuu 25-30 cMm oT Jjuua,
HaMpaBJiAd K ce0e CTPYIO raza nmocTynaTelbHbBIMU JIBHKECHUSMU JIAJJOHU OT OTBEPCTHUS K JUILY;

-IpY HAJMBAHWM DPEAKTUBOB HE HAKIOHATHCA HAJ COCYIOM BO HM30EKaHHE MOMAafaHus OpbI3T WIH
YaCTHI] HA JIMLIO WM OAEXKAY. IIPH pa30aBICHUH KOHIICHTPUPOBAHHBIX KUCIOT BIMBATH KUCIOTY B BOLY,
HO HE HA00O0POT;

-IIpY HarpeBaHUU MPOOUPKH HE JIepKaTh €€ OTBEPCTUEM K cede HIIM B CTOPOHY cOcella. HE HaKJIOHAThCS
HaJ1 HarpeBaeMoM KHUJIKOCThIO BO H30€XKaHKe TONaIaHus e€ Ha U0, PyKH WIH OJICKIY;

-ropsiYre MPEeIMETbl MOXXHO CTaBHThb TOJIBKO Ha acOECTOBBIM KapTOH, acOECTUPOBAHHYIO CETKY WIIU
JPYTYIO CHEIUAIbHYIO TIOJICTaBKY;

-HEJb3sl MOJIB30BATHCS ANEKTPONPUOOpaMu 0€3 COOTBETCTBYIOIIETO MHCTPYKTaXKa. IIPU BKIFOUEHUH UX B
CEeTb HEJIb3sl IEPKAThCA 3a METAJUIMUECKUE MTPEAMETHI (TPYOBbl, KpaHbl U T.I1.). 3alpeLIaeTCs BKIOYATh U
BBIKJIIOYATh 3JIEKTPOIPUOOPHl MOKpPBIMH pPYKaMH, a TaKXe I0J]b30BaTbCsl HEUCIPABHBIMU WJIU
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOpaMH;

-3aIpelaeTcs MPUHUMATh MUILY B XUMHUYECKOH 1a00paToOpuu U MUTh BOAY U3 1a0OPaTOPHOM MOCYABI. -
-KaTerOpUYECKH 3arperiaeTcs mpodoBaTh peaKTHBBI HA BKYC;

-Ipy TONAJaHUM Ha JIMLO WM PYKU OpBI3T KOHIEHTPUPOBAHHBIX KUCJIOT IOCIE CMBIBAaHUS BOJOU
IIPOMBITH C€1a0bIM PacTBOPOM COJIbl. IIEIOYB CIEAYET CMbIBATh /10 T€X IOp, MOKAa y4acTOK KOXH, Ha
KOTOpPBIM OHa ToMaa, He MepecTaHeT ObITh CKOJIb3KUM; 3aT€M MPOMBITH CIa0bIM PacCTBOPOM YKCYCHOM
KHUCJIOTHl U HAJIOKUTh TOBA3KY W3 BaTbl, CMOUYEHHOU 3%-HBIM pacTBOPOM IEepMaHraHaTa Kauus (U3
anTeyky B JabopaHTCKOU Kadeapsl);

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

-000 BCeX HECYACTHBIX CIydasXx HEMEJIEHHO COOOIIaTh Mpeno aBaTesto Wil JabopaHTy.

Ilpaxmuueckas uacmo:

OnbiT Nel. Onpenenenue pH pactBopa.

A. OsnakombTech ¢ mpaBuiamu paboTbl Ha pH-MeTpe, monb3ysach MHCTpyKuueidl k mpubopy. C
nomo1uso pH-Merpa onpenenure 3HadeHue pH HEUTpanbHOr0, KMCIOrO U LIEJIOYHOTO pacTBOpOB. st
3TOr0 B TPU CTaKaHYMKA HAJIEUTE COOTBETCTBEHHO IHUCTWIUIMPOBaHHYHO Boxay, 0,1 H pacTBOp
XJIOPOBOIOPOAHOM KHCIOTHI M 0,1 H pacTBOp T'MIpOKCHIA HAaTpPUS W U3MEPbTE ¢ nmomombio pH-Merpa
pH cpensl. PesynpTarsl 3anummre B Ta0nuiy 1.

B. CozmepxuMoe KakI0ro M3 CTaKaHOB MPEABLAYILETo OIbITa pa3ieiTe B Tpu npobupku. Jlo6aBbTe B
KOKIyl0 U3 TpEX NmpoOUpok mo 2-3 Kaluli MHAWKATOPOB, COOTBETCTBEHHO: JIAKMYCA, METHIIOBOTO
opamxeBoro u (enondranenna. OnpeneanuTe OKpacKy MHIUKATOPOB B ATHX pacTBopax. Pe3ynbrarsl

onbIToB A 1 B ohopmuTte B Bue TabauIIbI.

WNunukarop; Cpena




nokazanusi pH-metpa Heittpanbnas Kucnas [lenounas

[IBeT nakmyca

3nauenue pH

TTokazanusa

pH-meTpa

IIBeT MeTHIIOBOTO

OPaHXEBOTO

3nauenue pH

ITokazanus
pH-meTpa
Liset

(dbenondranenHa

3nauenue pH

IToxazanusa pH-metpa

B. Jlns npubnmxenHoro omnpeaeneHus pH pacTBopa HCHoib3ylTe yHHBEpCalIbHbIE HHIUMKATOPSI,
IIpeICTaBIsoNINE CO00M CMECh HECKOIBKUX MHAMKATOPOB C Pa3IMYHBIMHM OOJACTSIMH NEpexona, Uiu
YHUBEpCAJbHYIO HHAUKaTOpHyto Oymary. [lo mpumaraemoil K HeH MHAMKATOPHOM IIKaje
yCTaHaBJIMBaTh, IPU KaKUX 3HaueHUsIX pH mHIukaTopHas Oymara okpalMBaeTcsl B TOT WIM HHOM IIBET.
CrexJIIHHOM majo4ykoll mnepeHecuTre 2-3 KalulM HCCIENAYEMOrO pacTBOpa Ha YHHMBEPCAIbHYIO
MHAUKAaTOpHYI0 Oymary. CpaBHUTE OKpacKy €Ile ChIporo IsTHa ¢ IBETHOW 1iKanoi, CrenaiiTe BBIBOJ O
pUOIMKEHHOM 3HaueHuu pH Tex ke pacTBOpOB, KOTOPBIE UCCIIOIB30BAINCH B onbiTax A u b.

Omnpit Ne2. Onpenenenne pH cpenbl ruApOIN3YOMUXCS COJNEH.

B 4ncTo BBIMBITBIE MPOOUPKHM BHECHUTE IIMATENEM IO LIETMOTKE XJIOpUAA HATpHs, KapOoHaTa HaTpHs,
cynb(ara ammonus. Jlo6aBbre 3-5 M NUCTWIIIMPOBAHHOW BOJABI M, BCTPSXHBAsi, PACTBOPUTE COJIH.
Brectn 2-3 xamnmm wHIMKATOpa W, CpaBHUBAS I[BET WHIAMKATOPA C IIBETHOW TAOJIUIICH, OMPECITHTE
3HayeHue pH pactBopa comu ¢ TouHOCThiO a0 1-2 eaununsl pH. WHaukatopamu MOTYT OBITh:
METHJIOpaHX, JIakMyc, QeHondrarenH, tumondranens u ap. OnpenenuB pH cpensl B mpoOupke,
HaMUIINTE HOHHOE U MOJIEKYJISIPHOE YpaBHEHHUE TUAPOIIN3A.

OmnbiT Ne3. JleiicTBHE pacTBOPOB THAPOIU3YIOMIMXCS COJIEH HA METAJLIBI.

B pacTtBOp XJIOpHa aMMOHHUS BHECUTE I'paHyJly aJIOMUHHUSA WM IMHKA. Takol e ONBIT NPOBENUTE C
pacTBOopoM KapOoHata HaTpus. [louemy B 3THX ciydasix MeTayulbl pacTBOPstOTCA? OOBSCHUTE OMBIT U
COCTaBbTE YPABHEHHUS pEaKIIUH.

OnbIT Ne4. 'uapoau3 KUCIBIX COJIEH.



B nBe npo6upku BHecute 1o menotke cojeit Na;CO3 1 NaHCOs3. [lo6aBbTe 2-3 MII TUCTHIUTUPOBAHHOM
BOJABI U 2 Karim HeoOXoaumoro uHaukaropa. OTMETbTEe OKpacKy pacTBOPOB, OOBSCHUTE pa3iuuus B
3HaueHusX pH »Tux pactBopoB. CocTaBbTE MOHHBIEC U MOJIEKYJISIPHBIE YPAaBHEHUSI TUIPOJIN3A.

Omnsit Ne5. CaBur paBHOBECHSI TUAPOJIN3A.

B npob6upky nHaneiire 0,5-1,0 M pacTBopa coyii aQ30THOKHUCIIOTO BUCMYTa M MOCTEIICHHO pa30aBIsiiTe
pacTBOp IUCTUJUTMPOBAHHON BOJIOW. BhImamer Oenblii 0caiok OCHOBHOM COJIH.

CocraBbTe ypaBHEHUE peakuuu ruapoiusa. [IpubaBbTe HECKOJIBKO Kameib a30THOM KHUCIOTHL. UTO
MPOUCXOTUT C ocaakoM? KOHIEHTpanuioo KakuX HOHOB B PACTBOPE CIEAYeT YBEIUYUTH, YTOOBI
MOJIYYUTh IPO3pauHbiil pacTBOp? KakoBa poiib BOJIbI B CIBUTE PAaBHOBECHS TUAPOIH3a?

OmnbiT Ne6. BiausiHue TemiiepaTypbl Ha TUAPOIIU3.

Haneiite B mpoOupky 2-3 xarm ¢enondranenna. Harpeiire pactBop a0 kunenus. OOparute BHUMaHUE
HAa WM3MCHCHHSI OKpacKH WHAWKaTopa. JlaiiTe OOBSICHCHHs, COCTAaBUB HMOHHOE W MOJICKYJISIPHOE
ypaBHEHU ruApoan3a. Yto Habr01aeTe Mpu OXJIaKICHUH?

Kakoe BimsiHME Ha CTemeHb T'MPOIN3a OKa3blBaeT MOBbIIICHHE Temmeparypol? Kak usmensercs pH-
pactBopa?

Omprt No7. TonmHbIi THIPOIIHU3.

K pactBopy xmopuaa, HuTpata WM cyibhaTa aMMOHMS MpuieiTe pacTBop coabl. HaGmromaiite
BBIIETICHUS TY3BIPPKOB Traza W oOpa3oBaHue ocaaka. Jlaiite oOwbscHeHue. CocTaBbTe ypaBHEHUS
peakuuii B MOJIEKYJISIPHOM U HOHHOM BHJIE.

Tpeﬁoeanuﬂ K 0¢0pMﬂeHu10 Jlaﬁopamopnoﬁ paoombvlL u omuemy:

1.BemonHenne mabopaTOpHBIX Pa0OT CONMPOBOXKAAIOT 3amHUCSIMHA B JlabopaTopHOM >kypHaie. Ha
TUTYIBHOM JIMCTE J1a0OpaTOPHOTO KypHala JOJDKHBI OBITH IMPEACTaBJICHBI: Ha3BaHHE YHUBEPCHUTETA,
(dbaMuIHs 1 MHUIMANBI YYaIllerocsi, HOMep Kypca U TpyIIbl, y4eOHBIH ro.

2.0T4eT 0 BBHIMOJHEHHOM JIA00PAaTOPHOU paboTe TOJKEH COACPKATh CICNYIOIINE CBEICHMUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBITIOJHEHUS paOOTHI;

*IIeTTb PaOOTHI;

*KpaTKOE TEOPETUIECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIBITA,;

*KpaTKO€ OMHCaHUe X0Ja padoThl C yKa3aHUEM YCIIOBUI NMPOBEICHUS OIIbITA;

*PUCYHKH M CXEMBbI HCIIOJIb3YEMbIX IPUOOPOB;

*HaOJIFOICHMS,

*ypaBHEHUS MMPOTEKAIOIINX PEAKITHIA,

*pacuéThl, TAOIUIBI, TpaUKH;

*BbIBOJbI.



3.JIaGopaTopHBIii XkKypHaI Hy’KHO BECTH YMCTO U aKKypaTHO, 3alIMCU JOJKHBI ObITh JTAKOHUYHBIMU.
4.014éT 0 NpoBeIEHHOMN paboTe MPOBEPSET U MOANUCHIBACT MIPENO1aBaTEb.

5K cpaue 3au€éra mo mabopaTOPHOMY TMPAKTHUKYMY JIOIYCKAIOTCSl CTYACHTHI, BBINOJIHUBIINE H
MOJINHMCABIINE Yy MpPENojaBaTelisi Bce JOMAIIHWE U JabopaTopHble pabOThl, CAABIINE KOJUIOKBUYMBI,
aKTHBHO y4acTBOBABILNE B pab0OTe CEMHHAPOB.

6.CTyeHTbl, NOJy4YMBIIKE 3a4€T 1O JIAOOPATOPHOMY IPAKTUKYMY, JOIYCKAIOTCS K clladye 3K3aMeHa 110
KypCy HEOPTraHHUYECKOW XUMHUH.

Koumponavubie sonpocot :

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

2. Uro HaspBaetcs runapoiu3om? lIlpuBenure nmpuMepsl cojiel, KOTOPBIC MOABEPTAIOTCS THIPOIU3Y, H
CoJIel, KOTOpPbIE THIPOJIU3Y HE MOABEPTalOTCs, U OOBSICHUTE TTOUEMY.

3. Kak mporekaer ruaposm3 coim, 0Opa30BaHHOMN: a) CHIIBHON KHCIIOTOH M ci1aObIM OCHOBaHHEM; O)
CHJIBHBIM OCHOBaHHEM U CJ1a00¥ KUCIOTOM; B) ClIaObIM OCHOBaHHEM U clIa00N KUCIOTOM?

4. [ToueMy pacTBOp HUTpATa ATIOMHUHHUS OKpPAIIMBAECTCS B KPACHBIH LIBET IPpH J100aBICHUH JIJakMyca?

5. Ilouemy pactBop cynpduma Kaausg OKpaIlIMBAeTCS B MAJIUHOBBIA I[BET MpHU J0OaBICHUHU
denondranenna’?

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

7. Ilouemy mipu ruaponuse cynb(ura HATPUS HE BBIACISACTCS CEPHHUCTAs KHUCIOTa, a MPU TUIPOIH3E
cynb(aTa aTFOMHHAS HE 0CAXKIACTCS THIPOKCHT ATFOMUHUS?
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JlabopaTopuasi padora Ne 9
Tema: OKHCIUTEIBHO-BOCCTAHOBUTEIbHBIC PEaKIMU.

Ienv pabomoi: I/ISY‘ICHI/IG OKHUCINTCIIbHO-BOCCTAHOBHUTCIIbHBIX peaKI_II/Iﬁ Ha IIpUMEpC peaKHI/Iﬁ Ha

IIpUMeEpe peakluii METAJUIOB C KUCIOTaMU M IIEJI0YaMH, BIMSHUE XapaKTepa CPeibl Ha OKUCINUTENBHO-
BOCCTAHOBUTEJIBHBIM  MPOLECC, OKHUCIMTEIBHO-BOCCTAHOBUTENIBHYIO  JIBOMCTBEHHOCTh  BEIIECTB,
OKHCJIUTEIBHO-BOCCTAHOBUTEIBHYK)  PEAKLUUU  JUCHPOPOPLHUOHUPOBAHUSA, BHYTPUMOJIEKYJSIPHOU
OKHUCIIUTENBHO-BOCCTAHOBUTEIILHON PEAKIUU.

Dopmupyemovie xkomnemenuuu. OITK-1.

Teopemuueckas uacmo:

OKHCIUTETEHO-BOCCTAHOBUTEILHBIE p€akuun — OTO PpPCaKIMH, COIPOBOXKIAAOIIHUECA TMEPEXO0I0OM
QJICKTPOHOB OT OJHHUX aTOMOB WJIM MOHOB K JAPYIr'UM, APYIUMHU CIIOBAMHU — 3TO PCAKIUHU, B PE3YJIbTATC
KOTOPBIX U3MCHSAIOTCA CTCIICHU OKHUCIICHHUSA 3JICMCHTOB.

CrelneHb OKHCIIEHUS — 3TO 3apsga aromMa JJIEMEHTAa B COCAMHCHUU, BBIYMCIICHHBIA M3 YCJIOBHOTO
MPEANOJI0XKEHUA, YTO BCC CBA3H B MOJICKYJIC ABJIAIOTCA HOHHBIMU.

CrerneHb OKHCICHHS IPUHATO YKa3bIBATb apa6c1<0171 I_II/I(I)pOI\/'I Haa CUMBOJIOM 3JICMCHTA CO 3HAKOM IIJIIOC

Wi MUHYyc niepen uudpoii. Hanpumep, eciu cBs3p B Mosekysie HCI nonnasi, To BOAZOpOA U XJIOp HOHBI C
+1 -1
sapsamu (+1) u (—1), cnenoparensno HCL

I[JBI TOr0 YTOOBI pacCcUuTaTb CTCIICHb OKHCJICHHUA I000ro0 QJICMCHTA, HCO6XO,Z[I/IMO IMOJIB30BAaTHCA

CICOYIOLIMHU IIPABUTIAMMU .

0 0 0 0 0

H>,Cl2,03,C,Me

1. CremneHp OKUCICHUSI aTOMOB B TIPOCTHIX BEIIECTBAX paBHA HYJIIO: (metamn

B CBOOOJTHOM COCTOSIHUH).



2. Crenenp okucieHust (+1) BO Bcex COCIMHEHUAX WMEIOT IiesouHble Metauibl (IA rpymnma) u

BOAOPOMd, 3a UCKIIFOYCHUEM THAPHUAO0B aKTUBHBIX METAJIOB, TAC CTCIICHb OKHUCICHUA BOJOpPOJa

+1 -1 +2 -1

pasna (~1), nanpumep 1N H, CaH,.

3. Crenenp okucieHHs +2 BO BCEX COCIMHEHHUSAX HMMEIOT IIelI09HO3eMenbHble MeTamwisl (II A
rpymnmna).
4. Kuciaopon uMeeT CTeNeHb OKHCIeHus (—2), BO BCEX COCAMHEHMSIX, KpPOME IEPOKCHIOB

+1 -1 +2 -1 +2-1

(Hz Oz,B802) u bropuma kucropoma O F 2|

5. Anre6pqueCI<a;1 CyMMa CTEIIEHEH OKHCIICHHS BCEX 4JaCTHI B MOJICKYJIC paBHA HYJIIO, @ B HOHE —

+1 -1 i +5-2
sapsny wona H Cl, +1-1 =9, NO3 = (NO3) 'S 4+543(¢-2)=1

+2 -1

> —
6. CreneHb OKMCIICHUS HOHA DJIEMEHTA PaBHA 3apsly HOHA! CaClz <= g2+ 4 oc)t,

7. He cinenyer myraTh NMOHATHS «BAJIEHTHOCTbY» U «cTeneHb okuciaeHus». Tak B Nz, NH3z, NaHa,

NH,OH BajeHTHOCTh (KOBaJIEHTHOCTh) a30Ta paBHa TpeM, TaK Kak a30T o0paszyeT Tpu

-3 -2 -1

0
KOBAJICHTHBIC CBA3U, 4 CTCIICHb OKUCJICHUA Pa3JIndHa: NZ’ N H3’ N> H4’ N H2OH ’

Oxucnenrie M BoccTaHOBieHHE. OKHUCIEHHEM HA3bIBAETCsl OTJada dSJEKTPOHOB, B PE3yNbTaTe Yero
CTCTICHb OKHCIICHWS O3JICMECHTA TOBBIMIAeTCA. BOCCTAaHOBIIEHWEM HA3BIBACTCS IPHCOCAMHEHUE
AJIEKTPOHOB, B PE3YNIbTATE YETO CTEIIEHb OKUCIICHUS DJIEMEHTa TIOHMU)KAETCSI.
OxucIUTEeNbHBIE U BOCCTAHOBUTENBHBIE MPOIECCHl TECHO CBSI3aHBI MEXAY COOOM, TaK Kak XMMHUYECKas
CHUCTeMa TOJBKO TOTJla MOXET OTJaBaTh DJEKTPOHBI, KOTJa Jpyras CHUCTEMa HX MPUCOSIUHSIET
(oxucnumenvro-soccmanosumenvhas cucmema). [IpucOeAMHSIONIAs AIEKTPOHBI CUCTEMA (OKuUCIUMmMeND)
caMa BOCCTaHaBIMBaeTCs (MIPEBpallaeTcs B COOTBETCTBYIOIIMN BOCCTAHOBUTENB), a OTJArOIIas
ANEKTPOHBI CcUCTEMa (8occmanosumenv), cama OKHUCHSeTCs (IpeBpalaeTcs B COOTBETCTBYIOIIUI
OKHUCITUTEND).
K munuynvim okuciumensm OTHOCHAT:

1. Dnementapusie BemecTBa — Cly, By, Fa, 12, O, Oa.

2. CoenuHeHUs, B KOTOPBIX AJIIEMEHTHI MPOSBIISIOT BBHICIIYIO CTETIEHb OKUCICHUS (OMpeaensieTcs

HOMEPOM T'PYIIIbI) —

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

+7 +5
KIO,,KIO;ura

+ o + + +
3. Karuon H' ¥ MOHBI MeTa/IOB B UX BhICIIEH CTENEHH OKMCIeHHs — Sn , Cu? , Fe**ur. II.

K munuunvim 6occmanosumeinsim OTHOCHT:



1. DnemeHTapHBIC BEIIECTBA — MeETAUIBl (HAMOOJBINAsS BOCCTAHOBHTENBbHAS CIIOCOOHOCTH Yy
menoyHbIX Metamios), Hy, C, CO.

2. COGI[I/IHCHI/ISI, B  KOTOpPBLIX OJJEMCHTBHI IIPOABJIAKOT HU3SMIYKHO CTCIICHb  OKHCJICHHA  —

-3 -2 -1 -1 -2
NH,, H,S,HI, HCL, K, S ur.j

3. HoHbl MeTa/uI0B HU3LIENH CTEIIEHU OKUCICHUS — Sn2+, Cu®, Cr3+, Fe?*,
OKHUCIUTEIBHO-BOCCTAHOBUTEIbHAS IBOMCTBEHHOCTL. Coedunenus evlcuiell CmeneHu OKUCTeHUS,
MPUCYIICH JaHHOMY 3JIEMEHTY, MOTYT B OKHUCIHTEIHbHO-BOCCTAHOBUTEIBHBIX PEAKIUSX BBICTYIATh
TOJIbKO B KadeCTBE OKHUCIIHUTEJICH, CTENEHb OKHCICHHUS JJIEMEHTa MOXET B 3TOM Cllydae TOJbKO
noHmwxkarecs. CoeduneHuss Hu3wiel cmeneHu OKUCAeHUsi MOTYT ObITb, Ha0OOPOT, TOIBKO
BOCCTAaHOBUTEISAMH; 3JI€Ch CTEIEHb OKHCIEHUS DJJIEMEHTa MOXKET TOJBKO IOBBIMIATHECA. Eciom ke
AJIEMEHT HaXOJHUTCS B TPOMEKYTOYHOM CTENEHU OKHUCIICHHUS, TO €r0 aTOMbl MOTYT, B 3aBUCHMOCTH OT
YCIIOBUH, MPUHUMATH D3JCKTPOHBI, BBICTYIAass B KAueCTBE OKHUCIHTENS WM OTIaBaTh JJICKTPOHBI,
BBICTYIIasl B KAYECTBE BOCCTAHOBHUTEJIS.

Tak, HanpuMep, CTCICHh OKUCIICHHS a30Ta B COCIUHEHHUSIX M3MEHsACTCS B mpejenax ot (— 3) mo (+5)
NHs, NH4sOH - Tonpko BoccTaHOBUTETH

HNO3, comu HNO3 - TOJIBKO OKHCIUTEIN

CoeMHEHUST C TMPOMEKYTOYHBIMU CTCTICHSIMH OKHCIICHHS a30Ta MOTYT BBICTYNIaTh B KadyeCTBE
OKHCIIMTENIEH, BOCCTAHABIIMBASACH JO HU3IINX CTEIICHEH OKUCICHHMS, NI B KAUECTBE BOCCTAHOBUTEJICH,
OKHCIISISICH JIO BBICIIUX CTCIICHEH OKUCICHUS

Meton  aneKkTpoHHOTO  OajaHca  ypaBHHBAHHS — OKHUCIHTEIHLHO-BOCCTAHOBHUTEIBHBIX  PEaKIUi
3aKJIFOYAETCsl B BBITIOJHEHUH CIICAYIOMIETO MPABHIIA: YUCIIO 3JIEKTPOHOB, OTJAHHBIX BCEMH YaCTHI[AMHU
BOCCTaHOBUTEJIEH, BCET/Ia PaBHO YHCITY JIEKTPOHOB, IPUCOSIUHEHHBIX BCEMU YaCTUIIAMU OKUCITUTENEH
B JJAHHOW PEaKIINH.

Obopyoosanue u mamepuaivl:

PeaxTuBbl, HEOOXOIMMBIE NIl JAHHOW PaOOTHI, BHICTABIIAIOT HA MOJKU J1ab0paTOPHBIX CTOJIOB. Penkue
pEaKTUBBI, KOHIIECHTPUPOBAHHBIE KUCIIOTHI U IIENOYM, MAaXydue BELIECTBA (HAIpUMEpP, CEPOBOJAOPOI,
OpoMHas BoJa U Ip.) XPaHST B BBITSHKHOM IKa(y.

OcHoBHasi XUMUYecKasi MocyAa: NpoOUPKH (B IITATHBE), KOJObI, XUMUYECKUE CTaKaHBI MOCJIE PabOThI
THIATENIbHO BBIMBITH, BEChl C Pa3HOBECOM, MPHUOOPHI, MCIONb3yeMas [UIsl MPOBENEHUS OTIENbHBIX
1a00paTOPHBIX PadOT, BHIAAETCS U CIACTCS YMCTas JTa0OpaHTy.

Texnuka bezonacnocmu npu_8blNOJIHEHUN J1A0OPANOPHOU_Padombl:

-aKKypaTHO O0paImarbCsi CO CTEKISTHHOM XMMHYECKOW MOCY/ION. OCTaTKU Pa30MTOM MoCyabl youparh ¢
IIOMOIIIBIO COBKa M MIETKHU,
-BCC paGOTBI, CBA3aHHLIC C BBIJCJICHUCM SJOBUTHIX, JICTYUUX W HCIPHUATHOIIAXHYIIHUX BCHICCTB,

MIPOBOJIUTH B BHITSKHOM IKa(y;



-IIpU ONpEAEJICHUU 3alaxa BENIECTB OTBEPCTHE COCyJa JepxkaTh Ha paccrtosHuu 25-30 cMm oT juua,
HaMpaBJiAg K ce0e CTPYIO raza nocTynaTelbHbBIMU JIBHKEHUSMU JIAJJOHU OT OTBEPCTHUS K JUILY;

-IpY HAJMBAHWM DPEAKTUBOB HE HAKIOHATHCA HAJ COCYIOM BO HM30EKaHHE MOMAafaHus OpbI3T WIH
YaCTHI] HA JIMLIO WU OACKAY. IPH pa30aBICHUH KOHIICHTPUPOBAHHBIX KUCIOT BIMBATH KUCIOTY B BOLY,
HO HE HA00O0POT;

-TIpY HAarpeBaHUU MPOOUPKH HE JIepKaTh €€ OTBEPCTUEM K cebe WM B CTOPOHY cocella. He HAKJIOHAThCA
HaJ1 HarpeBaeMoM KHUJIKOCThIO BO H30€XaHKe TONaIaHus e€ Ha U0, PYKH WIH OJICKIY;

-ropsiYre MPEeIMETbl MOXXHO CTaBHThb TOJIBKO Ha acOECTOBBIM KapTOH, acOECTUPOBAHHYIO CETKY WIIU
JPYTYIO CHEIUAIbHYIO TIOJICTaBKY;

-HEJb3sl MOJIB30BATHCS ANEKTPONIPHUOOpaMu 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXKA. MPU BKIIIOUEHUU UX B
CEeTb HEJb3sl IEPKAThCA 3a METAJUIMUECKUE MTPEAMETHI (TPYOBl, KpaHbl U T.I1.). 3alpeLIaeTcs BKIOYaTh U
BBIKJIIOYATh 3JIEKTPOIPUOOPHl MOKpPBIMH pPYKaMH, a TaKXe I0J]b30BaTbCsl HEUCIPABHBIMU WJIU
MMEIOLIUMMU OroJIEHHBIE IPOBOIa MPUOOpaMu;

-3apelaeTcsi MPUHUMATh MUILY B XUMHUYECKOH 1a00paToOpuu U MUTh BOAY U3 1a0OPaTOPHOM MOCYIBL. -
-KaTerOpUYECKH 3arperiaeTcs mpodoBaTh peaKTHBBI HA BKYC;

-Ipy TONAJaHUM Ha JIMLO WM PYKU OpBI3T KOHIEHTPUPOBAHHBIX KUCJIOT IOCIE CMBIBAaHUS BOJOU
IIPOMBITH C€1a0bIM PacTBOPOM COJIbL. IIEIOYBL CIEAYET CMbIBATh 10 TE€X IOp, MOKAa y4acTOK KOXH, Ha
KOTOpPBIN OHa ToIMaa, He NMepecTaHeT ObITh CKOJIB3KUM; 3aT€M MPOMBITh CJIA0BIM PacTBOPOM YKCYCHOM
KHUCJIOTHl U HAJIOXKUTh TOBSA3KY W3 BaTbl, CMOUYEHHON 3%-HbIM pacTBOpPOM IepMaHraHara Kamus (W3
anTeyky B JabopaHTCKOU Kadeapsl);

-110 OKOHYaHUH pabOThl BBIKIIOYUTH U3 CETH BCE 3JIEKTPONpPHUOOPHI, MEPEKPHITh MOJIady ra3a U BOJAbI B
nabopaTopuio U yopaTh pabodee MecTo;

-000 BCeX HECYACTHBIX CIydasXx HEMEJIEHHO COOOIIaTh Mpeno aBaTesto Wil JabopaHTy.

Ilpaxmuueckas uacmeo:

OmngiT Nel. BzauMoaeiicTBre METAIIOB ¢ KUCJIIOTAMHU U IIEJIOYaAMH.

W3ydyeHue B3aMMOJCHCTBUS IMHKA C pacTBOpAMU CEpHOW  KHUCIOTHl  (pa3OaBieHHOW U
KOHIIEHTPUPOBAHHOMN ) M C paCTBOPOM IIENOYH. B KaK70M ombITe B MPOOMPKHU HanelTe 2-3 MJI pacTBOpa
KHUCJIOTHI HJIK TIENO0YH ¥ OPOCHTE TIO0 OAHOU IpaHyJsIe IIUHKA.

Pazbepurech, kakoil HOH B KaXJAOM CIIy4ae sIBISETCS OKUCIUTENIeM. Bo BCceX OmbITaX ¢ OKUCIUTEIBHO-
BOCCTAHOBUTEHHBIMU PEAKIHUSIMH COCTABbTE AIICKTPOHHO-UOHHBIE CXEMBI, HailuTe KOI(PHUIIUEHTHI
MIPU OKHUCIIUTEJIE U BOCCTAHOBUTEIIE, ONIPEACIUTE Cpey IPOTEKaHUs MPOIECcca, MOABEAUTE UTOT B BUJIE
HMOHHOTO, 3aT€M MOJICKYJISIPHOTO YpaBHEHHUSI.

OnbiT No2. BnusHue xapaktepa cpeibl Ha OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIN MTPOIIECC.

A. TlpoBenute peakiuto KMnO,4 + Na;SO3 + | — B KUCIIOM, HEUTpaIbHOUN M TIeI0YHON cpenax. [[ms

3TOTO B MpoOUpPKY K 2-3 mur pactBopa KMnO4 npubaBbTe KUCIOTHI WA MIENOYN U BHECUTE IIETOTKY



comu NapSOs. Berpsaxuute wim mepeMemniaidTe pacTBop B npobupke. B mepBom cimydae oOpasyercs
OecrBeTHbIi MnSO4, BO BTOpOM BhINAAaET TeTpadbopaTta HaTpusiii ocaqok MnQO,, U B IIEIOYHOU cpese
obpasyercs 3enénblii pactBop KoMnOa.
b. Onpenenwure, B kKakoi cpeje (HEUTpaTbHOM, KUCIIOW WITU IIEJI0YHON) OYIyT MPOTEKATh PEAKIIHH.
MnO, + Kl +  —
CrCl; +Bro+ —
B mepBom ciydae B mpoOMpKY BHOCST INEMOTKY cyxoro mopomka MnQOj, 3arem pactBopa KI u
ONPEIEIAIOT CPEAY PEAKLIUH.
OmnbiT Ne3. OKUCIUTETLHO-BOCCTAHOBUTEIbHAS IBOMCTBEHHOCTD BEIIECTB.
A. K monkucieHHOMY pa30aBiIeHHON KUCIOTOW pactBopy KMnO, nobGaBbre 10 0OCCIBEUHMBAHUS
pactBopa NaNO;. K MoakucIeHHOMY CepHOW KHCJIOTOW pacTBOpY Hoauaa Kamus 100aBbTE HEMHOTO
pactBopa NaNO;. Uem o0bsicHseTCS BO3HHKarollee okpamirBaHue pactBopa? Kakosa pons NaNO; B
TOM WK APYTOi peaKkuu?
b. K nonkucnenHoMmy cepHoit kucnotoit pactBopy KMnO4 nmo6aBbTe HEOONBIION 00BEM pacTBOpa
nepokcuga Bogopoja. OOpatuTe BHHMMaHue, Kakod Bblaensercs ra3. K mnoakucieHHOMy cepHOM
KHCIIOTON pacTBOpy Hoauaa kaimus 100aBpTe Hebobmoe kommuecTBo HyO,. Uto mpoucxoaur? Kakosa
pons H,O, B aTOoM cimywae? OOpaTuTe BHHMaHWE Ha COCTAaBJIICHHE DIEKTPOHHO-MOHHBIX CXEM C
y4acTHEM MEePOKCH]Ia BOJOPOa.
OmbiT No4. Peakinivi caMOOKHCIICHUSI-CAMOBOCCTAHOBIIEHUS (AUCTIPOIIOPIIHOHUPOBAHNS).
Kpucrannuk iioga pacTBopuTe B HEOOIBIIIOM 00bEME pacTBOpa MIETOYH MPU CTAO0M HarpeBaHUHU.
3aKOHYUTE YPaBHEHUE PEAKIIMU:
I+ NaOH —>NalOs + ...
Peakuus aucnponopuyoOHUpPOBaHUS HAET B IIEJIOYHOM cpene. Eciy moiydeHHBIM MOCie peakiuu
PacTBOP MOJKHUCIUTD, TO PEAKIIUS TPOKIET B 00paTHOM HarpaBieHuH. [IpoBepbTe 3TO HA OMBITE.
OmnbiT NeS. BHyTpUMOJEKYISIPHOE OKUCIEHHE-BOCCTAHOBJIEHUE.
[leroTKy KpUCTAIITUKOB AMXpOMaTa aMMOHHUS TOMECTUTh B ¢Gap(opoBYIO HYalleyKy W HarpeTh J0
Havana pasnojKeHus. OOpatuTe BHHUMaHHE Ha XapakTep OOPa3yIOUIUXCS MPOAYKTOB W 3aKOHYHUTE
ypaBHEHHUE PEaKIINH:
(NH4)2CT207 — CrpO3+ Np +
[IpaBuna Texuuku Oe3omacHocTu. CoOMOIANTE OCTOPOKHOCTH MPHU PAOOTE€ C KOHIEHTPUPOBAHHOM
CepHOM KUCIIOTOH, 0cOOeHHO ropsiueii. He nomyckaiite nmomaganus e€ B 1j1aza U Ha KOXY.
Tema: "OKHCIUTENHHO-BOCCTAHOBUTEIBHBIE PEAKIIUN".
[Ipo6nemuas cutyamus I. B pesynprare mosydeHUss MPOMBIIUICHHBIM CITIOCOOOM a30THOM KHCIOTHI
BeiziessieTcs NO. Pa3zpabotaiite cnoco6 xuakodazHoro okucienuss NO g0 Oosnee BBICOKOW CTEIICHH

OKHCJICHHA a30Ta, COCAMHCHUC JOJIZKHO OBITE yCTOI\/JI‘-II/IBBIM.



[Ipobnemuas cutyarnus 1. B mpombInmieHHBIX CTOYHBIX Bojax umeercss Gpropua Bomopona. Kakum
COEIMHEHNEM HaJI0 MOACHCTBOBATh, YTOOBI MOJIYYUTh HEPACTBOPUMOE coeAuHeHue Gpropuaa’?
[Ipo6nemuas curyarus 1. B crounoit Boge ¢propua mon ocaxaeH B Bujg CaF,; IEMEHTHOH MbUIBIO,
coctaB koTopoit CaO - CaS , cpena kucnas. Kakoii ra3z OyaeT BELACIATHCS TIPH OCAXKICHUHN?

Kakum okucnuTeneM HE00X0UMO MOICHCTBOBATH, YTOOBI 00€3BPEIUTh ATOT ra3?

Tpebosanus K opopmaenuro 1adopanopHol padomel u omuemy:

1.BemonHenue 1abopaTOpHBIX pabOT COMPOBOXKIAIOT 3alHCsIMH B JlabopaTopHOM >KypHaie. Ha
TUTYJIBHOM JIMCTE J1a0OpaTOPHOTO KypHalla JAOJKHBI OBITH NMPEACTABIICHBI: Ha3BaHUE YHHUBEPCUTETA,
(haMuIHs 1 MHUITUATBI YYaIlerocsi, HOMep Kypca u TPYIIbI, y4eOHBIH ToI.

2.0T14eT 0 BBINTOJIHEHHOM Ta00PaTOpHOH paboTe JOIKEH COIEPIKATh CIICTYIOIINE CBEICHMS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBITIOJHEHUS paOOTHI;

*IIeITb PAOOTHI,

*000pyZI0BaHUE M MaTEPHUAJIbI;

*KpaTKO€ TEOPETHUECKOE OINHCAHUE;

*HOMEp U HA3BaHUE OTIbITA;

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

*PUCYHKH M CXEMBI UCTIOJB3YEMBIX TIPUOOPOB;

*HaOJIFIOICHN,

*YpaBHEHHS MPOTEKAIOIINX PEAKIIHIA;

*pacu€Thl, TaOIULBI, FpaduKy;

*BBIBOJIBI.

3.JIabopaTopHbIii )KypHaT HY’)KHO BECTH YUCTO U aKKYPaTHO, 3aIUCH JTOJKHBI OBITh JIAKOHUYHBIMHU.

4.014€T 0 mpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT MPEMOIABATENb.

5K cnmadge 3auéra mo J1abopaTOpPHOMY MPAKTUKYMY JOIYCKAIOTCS CTYACHTHI, BBITOJHUBIIUNE W
MOJIMCABIIINE Y TPEMoIaBaTelisi Bce JOMaIlHWE W JabopaTOpHbBIE pabOTHI, CHABIINE KOJUIOKBUYMEI,
aKTUBHO Y4aCTBOBAaBIIKE B padOTe CEMUHAPOB.

6.CTyaeHThI, MOTYYUBIIHE 3a4€T MO TAOOPATOPHOMY MPAKTUKYMY, TOMYCKAOTCS K caue dK3aMeHa
M0 KypCy HEOPraHUYECKOW XUMHUH.

Koumponwvhvie gonpocet :

1. OxucIuTeNN U BOCCTAHOBUTETHN

2. Knaccudukanus OKUCIUTETbHO—BOCCTAHOBUTENBHBIX PEAKIIUi
3. OcHoBHble nipaBuia coctaBieHuss OBP

4. Obmue 3akoHOMepHOCTH TIpoTekanuss OBP

5. OcuoBHbIe cxeMEl OBP



5.1. Cxema BOCCTaHOBJICHUS TIEPMAHTaHATOB

5.2. Cxema BOCCTaHOBJICHHSI XpOMATOB/OMXpOMATOB
5.3. Pa3noxenue HUTPAToOB

5.4. OxucnuTenbHbIe CBOMCTBA a30THOM KUCIOTHI
5.5. B3aumoieiicTBHE METAIIOB C CEPHOM KUCIOTON

Cnucok q1umepamypol.
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