1=

MNopnucax: Llle63yxora TathaHa AnekcaHapoBHA
A3k PETHHES4 A0 CToil 3neKTPOHHOI MoANMCHI0

o0 tetones MAHACTEPCTBO HAVKH M BBICIIETO GFPA30BAHHSI POCCHIICKON
7

[omxHocTb: [iupekTop MSTuropckoro MHCTUTyTa (hrnnan) Cesepo—Ka@WAHH:
(efepanbHOro yHMBepcuTeTa DenepajbHOE TOCYIAPCTBEHHOE ABTOHOMHOE

[Nara nonmacanma: 12.09.2023 09:48:390pa3oBaTeibHOE YUpPeKIeHUe BHICIIEro 00pa3oBaHus
Yruanstbii nporpammibiil Ke@EBEPO-KABKA3ZCKUM DOEJEPAJI bHBIA YHUBEPCUTET»

074ce93cd40e392 5B o5i5y1°¢ e Bica, Typusma u am3aiina (gpuuman) CK®Y B r. IlsTuropeke

H.B.bapa6am

METOINYECKHUE YKA3AHUMA 11O BBIITIOJIHEHUIO

JIABOPATOPHBIX PABOT
o ITMCIOMIIJIMHE
XUMUA
Hamnpasnenue noaroroBku 08.03.01 CrpoutenscTBo
Hamnpasnennocts (mpoduns) ['opoackoe cTpoUTENbCTBO U XO35UCTBO
KBanudukarys BbITyCKHUKA bakanasp
dopma 00yueHust 3a04Has
I'on Havana oOyueHUst 2021

[TsTuropck 2021



Meroandeckue yka3zaHus 10 BBITIOJIHCHHIO JTa0OPAaTOPHBIX paboOT IMpeaHa3HAYCHBI
JUIS. CTyACHTOB 3aouHoi ¢opmbl oOydeHus HampasieHus 08.03.01 CtpoutenbcTBo,

HaIpaBJIeHHOCTH (MPoduIh): ['0poaCKOe CTPOUTETHCTBO B XO3SUCTBO.

Meroanueckne yKazaHHs PAcCMOTPEHbI W YTBEPXKICHBI Ha 3acedaHu Kadeapsl
TEXHOJIOTUU MPOAYKTOB MUTAHUS U TOBAPOBEICHHUS

[TpoTokon Ne ot « » 2021 r.

3aBenyromuii kKapeapon TeXHOIOTUN
MPOJYKTOB IUTAaHUS U TOBAPOBEACHUSA E.H. Xononosa



COJEP)KAHUE

Beenenue

Jlaboparopuas padota Nel. Kiaccel HEeOpraHmueCKuxX COSIMHEHHA

Jlabopartopnast pabota No2. OnpeniesieHue SKBUBAJICHTHOW MacChl ITMHKA

Jlaboparopnast pabota Ne3. OnpeneneHue MOJICKYIIPHON MacChl TUOKCHIA yTiiepoa
Jlaboparopuas padota Ned. KoMIuiekCHbIE COSTUHEHUS

Jlaboparopuas pabota Ne5. CKOpOCTh XUMHUYECKHUX PEaKINi U XUMHUECKOoe paBHOBecHue. Karamus
Jlabopartopnast pabota Ne6. PactBoprbl. [IpuroroBieHue pacTBopa 3aaHHON KOHIICHTPAIIHH
Jlaboparopnast pabota No7. Peakuiun oOMeHa B pacTBOpax 3JICKTPOJIUTOB

Jlaboparopuas padota Ne8. ['mnponus

Jlaboparopras padota Ne9. OKHCITUTEIIEHO-BOCCTAHOBUTEIILHBIC PEAKIIUU



BBEJIEHUE
JuctummHa «XuMus» ocBauBaeTcsi cryaeHTamu B TedueHue 108 wacos. YacTe 3TOr0 BpeMeHuU
(103,5 yacoB) OTBOJMTCS Ha CAMOCTOSATENILHYIO, HJIH BHEAYIUTOPHYIO, pa0OTY CTYJCHTOB, APYyras 4acTh
(4,5 gacoB) — aT0 ayauropHbie (HOpMbI pabOTHl (JIEKIIMOHHBIE M JIAOOPATOPHBIC 3aHATHS), KOTOPHIC
OpPraHMU3yIOTCSA HEMOCPEACTBEHHO MPErnoaaBaTeieM.

JlaGopaTopHoe 3aHsATHE SBISETCS BaXHeWmed ¢opmoli ycBoeHuss 3HaHUKA. O4YEBUIHBI TPH
CTPYKTYpHBIE €T0 YacTH: IpeaBapsionias (MOATOTOBKA K 3aHATHIO), HEMOCPEACTBEHHO cama paboTa
(BBITIOJIHEHHE MPAKTHUECKON YacTH) M 3aBepluaromas 4actb (padoTa CTYIEHTOB IO YCTPaHEHUIO
O0OHApYKMBIIMXCS MPOOEIIOB B 3HAHUSX ).

JlaboparopHoe 3aHATHUE SIBJISIETCS CPEACTBOM IIPOBEPKH 3HAHUM, OTPAOOTKH ITPAKTUUECKUX HaBBIKOB
0 AUCIUIUIMHE. BhinmonHss mabopaTopHyio padoTy, CIIylIaTelu JO0HKHBI MOKAa3aTh YMEHUE BBIICIUTD
OCHOBHBIEC TIOJIOXKCHHUSI, U3YUUTh UX JICUCTBUE HA MPAKTHUKE, a TAKXKE JIeNaTh MPAKTHUYECKH 3HAYNMBIC
BBIBOJIBI U3 TEOPETUUYECKUX TTOTOKECHHIH.

Ko Bcem nabopaTopHbIM 3aHATHSM JIaH NepeueHb Hanbosee BaXKHBIX BOIIPOCOB, HEOOXOAUMBIX AJIs
YCBOGHHS, a TaK)Ke NMPHUBEIEH CHUCOK OCHOBHOM M JONOJIHHUTEIBHOM JINTEpaTyphl, HEOOXOIUMOM /s
W3yUYCHHUSL.

Jnst BeImonHeHus: 1abopaTopHOi paboThl HEOOXOAMMO BECTH KOHCIIEKT B OT/AENbHOU TeTpaau. Takoi
KOHCIIEKT MOKET OBITh B (hOpMeE TIJIaHa C OMUCAHUE LIENH PadOThl, OCHOBHBIX MaTepPUaIoB U 000pyI0BaHUS,
OKCTIEPUMEHTA U BBIBOJIA.

Ecnu cnymarens He BBHIIOJHUII Ja00OpaTOpHYIO pabOTy WIIM MPOIYCTUI €ro M0 KaKOH-TO MpUYUHE
(B ToM uyHcae u 1mo 60Je3HH), OH 00s3aH BO BHEYpOUHOE BpeMsl OTpabOTaTh €€ OTYUTAThCS Mepen
mpernojaBaTesieM, BeAYyIIUM 3aHaTue B rpyiie. [Ipy BOSHUKHOBEHHH TPYIHOCTEH MPU U3YYEHHUH Kypca,
HEOOXOJIMMO TMOCETUTh KOHCYJbTAIMIO MPENoJaBaTesi, BEAYyLIEro 3aHSATUS, B COOTBETCTBUU C
rpadMKOM KOHCYJbTAIlMid, KOTOPBIA HMeeTcs Ha Kadeape  TEXHOJOTHH MPOMYKTOB IHTAHHUS U

TOBAPOBCACHUA.



JlaboparopHas padora Ne 1
Tema: Kitaccbl HeOpraHu4ecKkux coeIuHeHui

Ilenn Da60mbl: HSy‘-II/ITb XMMHYECKHE CBONCTBA OCHOBHBLIX M KHMCJIOTHBIX OKCHIOB U IIOJYyYaCMbIX U3

HUX THUAPOKCHUIOB, HAYUUTHCA IIUCATb YPABHCHUA peaKHI/Iﬁ B MOJICKYJIIpPpHOM W HWOHHOM BHIC,
IIOJIYUYCHHUE U CBOMCTBaA aM(i)OTepHOl"O THAPOKCHUA, ITOJIYYCHHUE HEPACTBOPUMBIX B BOAC OCHOBaHHI.

Dopmupyemuvie komnemenuuu: OIIK-1.

Teopemuueckasa uacmp: B XuMuu Bce MHOrooOpa3ue HEOPraHMYECKUX BEUIECTB: MIPUHATO Pa3fcisaTh

Ha JABC TIpyHnIiibl — IPOCTBIC H CJIOXKHBIC. HpOCTLIe BCIICCTBA MNOAPA3ACIAOTCA Ha MCETAJIbl U
HEMeTaJllIbl. A CIIOJKHBIE — Ha IMPOU3BOJHBIC OT IMPOCTLIX, 06p830BaHHBIe IMIYTEM HX BSaPIMO,I[efICTBHH C
KHUCJIOPpOAOM, BOHOﬁ H MCXKIY c000Ii. 3Ty KJIaCCH(bI/IKaL[I/IIO HCOpPraHNM4YCCKUX BEIICCTB B BUJAC CXCMBI

n300paXkaroT CICTYIOMIUM 00pa3oM:

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

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

OKCHU/DbI (okucnbl) - CIOXKHBIE BEIIECTBA, COCTOSIIKME U3 JIBYX AJIEMEHTOB, OJHHUM H3 KOTOPBIX
ABJISETCA KHUCIOPOJ B CTENEHH OKMCIEHHs, paBHOH -2. Obmas (opmyna moboro okcuma - IxOy2.
Pasnuuaror coneobpasyromue (ocHoBubie: LioO, CaO, MgO ,FeO; amdotepnsie: ZnO, Al0z, SnO,
Cr203, Fe20s; kucnorneie: B203 , SO3 , CO2, P20s Mn207) u neconeobpasyromue: N.O, NO, CO
OKCHJIbl. DJIEMEHTHI C MIEPEMEHHON CTENEHbIO OKHCICHHS 00pa3yroT HECKOIbKo okcuaoB (MnO, MnOq,
Mn20O7, NO, N203, NO2, N2Os). B BeicieM okcujie, Kak MpPaBHIO, dJIEMEHT HAXOJWUTCS B CTEIICHU
OKHCIICHUS, paBHOM HOMepy rpymnmbl. [10 coBpeMeHHOW MEXIyHapOIHOW HOMEHKJIAType Ha3BaHHUS
OKCHJIOB COCTABJISIOT CJIEIYIOLUIMM O00pa3oM: CJIOBO «OKCHA», Jajee pycCKoe Ha3BaHHE 3JIEMEHTa B
POIUTENBHOM MaJeXke, CTeIIeHb OKHCIEHHUS dJIeMeHTa (eciu oHa nepeMeHHa). Hanpumep: FeO — okcua
xene3a (I1), P.Os — okenn dpochopa (V).

OCHOBAHMHA — cnoxxHbIe BEIIECTBA, B KOTOPHIX HA aTOM METAJIJIa MPUXOAUTCA OJIHA U HECKOJIBKO
runpokcorpynn OH'. Ctenenb OKUCIEHHUsI aTOMOB MeTailia 00b1uHo +1, +2 (pexe +3). O6mmas dpopmyna
ocHoBaHuii Me(OH)x, rme X — 4YHMCIO THIPOKCOIpyNN — KHUCIOTHOCTH ocHoBaHus. (MeOH -
onnokuciotHoe, Me(OH), — nByxkucnoraoe , Me(OH)3 — TpeXKHCIIOTHOE OCHOBAaHHUE).

Hazpanust ocHOBaHUSIM JAIOT CIEIYIOIIUM 00pa3oM: «THIPOKCHI», 3aTEM PYCCKOE Ha3BaHHME METaslla B
POIUTENBHOM MaJeKe, a B CKOOKaX PUMCKUMH ITU(PPaMHU — CTETIEHb OKHCIICHUS, €CITH OHA IepeMEHHasl.

Hanpumep: KOH —ruapoxcua kanus, Ni(OH)2 — ruapoxcua nukemns(1l).



KHUCJIOTBI - cnoxHble BelecTBa, MOJIEKYJIBI KOTOPBIX COCTOAT M3 OAHOTO WJIM HECKOJIBKUX aTOMOB
BOJIOpO/a M KHCIOTHOTO ocTaTtka. CoCTaB KUCIOT MOXKET OBITh BhIpaKeH o01Ier dhopmynoit HxA, rae A
— KHCJIOTHBIA OCTaTOK. ATOMBI BOJIOpOJIa B KHCJIOTaX CIIOCOOHBI 3aMENIaThCsl MM OOMEHHBAThCS Ha
aTOMBI METAJIOB, IIPU ATOM 00PaA3YIOTCS COJIH.

Ecnu kucnora copepkuT OJIMH TaKOH aToM BOJIOpOJia, TO 3TO ogHoocHOoBHas kuciora (HCI - comnsnas,
HNOsz - azornas, HCIO - xnopuoBatucras, CH3COOH - ykcychas), nBa atoma Bojaopoaa -
IBYyXOCHOBHBIE KucnoTel: H»SOs — cepnas, H2S - cepoBomopomnas; Tpu atoma BoAOpoaa -
tpexocHoBHbIe: H3PO4 — oprodocdopnas, H3ASO4 — opTOMBIIIBIKOBASL.

B 3aBucHMOCTH OT cocTaBa KHCJIOTHOTO OCTaTKa KUCIIOTHI MOJpa3NeNsatoT Ha Oeckucinoponnsie (HaS,
HBr, HI) u xucnoponconepxkamme (H3POs, H2SO3, H2CrOs). B monekynax Kuciaopoacoaepkanux
KHUCJIOT aTOMBI BOJOPOJA CBSI3aHBI Yepe3 KUCIOpOJ C HeHTpaibHbIM aromoM: H — O — 3. Ha3Banus
OECKHCIOPOAHBIX KHCIOT OOpa3yIOTCsl M3 KOpPHS PYCCKOTO Ha3BaHMS HEMETalla, COSAMHUTEILHOU
TJIACHOW -0- W cinoBa «BogopomHas» (H2S — cepoBomopomnas). HasBanusi KHCIIOpOACOACpPKAIIAM
KHCJIOTaM AT TaK: eCld HeMmeTal (peXe MeTaul), BXOJSIIMHA B COCTaB KHCIOTHOTO OCTaTKa,
HAXOJUTCS B BBICIHICH CTENCHHM OKHCJICHHUS, TO K KOPHIO PYCCKOTO Ha3BaHHS JJIEMEHTa JTOOABJISIOT
cybduKchl -1-, -e6-, WU -06- U nanee okoHuanue -asg- (H2SOs — cepuas, HoCrO4 - xpomoBsas). Ecnu
CTENEHb OKHCJCHHS IIEHTPAJIBHOTO aromMa HIKe, TO wucrnonbdyercs cyboukc -ucm- (H2SOz —
cepuuctasi). Ecnu Hemertann oOpasyeT psal KUCIOT, MCNonb3yloT u apyrue cypduxcer (HCIO —
xnopHosamucmasi, HC102 — xnopucmas, HCIO3 — xnopaosamast, HC104 — xn0pHas).

COJIM — HOHHBIE COEIUHEHUS, COCTOAIIUE M3 KAaTHOHOB METAJUIOB (WJIM aMMOHHS) M AHHOHOB
KHCJIOTHBIX OCTaTKoOB. JII0OYI0 COJIb MOXKHO paccMaTpuBaTh KaK MPOAYKT PEaKIMH HEWTpaau3aiuu
OCHOBaHHUsS KHMCJIOTOW. B 3aBHcHMOCTH OT TOro, B KAKOM COOTHOLIEHUH B3SThl KUCIOTa U OCHOBaHUE,
nojy4arotcs coiu: cpeonue (ZnSOs, MgCl2) — npoaykT mosHO#M HeHTpanTu3aui OCHOBAHHS KHCIOTOM,
kucnvre (NaHCO3, KH2PO4) — npu u36biTke kucioTsl, ochosHble (CUOHCI, AIOHSO4) — npu u30bITKE
ocHoBaHus. Ha3BaHus cosell 0 MEXIyHApOJIHON HOMEHKIAType 00pa3yroT M3 JBYX CJIOB: Ha3BaHUS
aHMOHA KUCJIOTHI B UMEHUTEIBHOM TaJIeKe M KaTHOHA METaula B POJUTENLHOM C YKa3aHHUEM CTEeTeHH
ero OKHCJICHHS, ECIIH OHA MepeMeHHas, pUMCKoil nudpoi B ckobkax. Hanpumep: Crz2(SOs)3 — cysbdar
xpoma (III), AICl3 — xnopun amomunusa. Ha3Banusi Kuciblx cosiell o0pa3yroT A00aBI€HHEM CIIOBa
2uopo- Wik oueuopo- (B 3aBUCUMOCTH OT YHCIIa aTOMOB Bojopoja B ruapoanuone): Ca(HCO3z)2 —
runpokapOonar kaiabiusa, NaH2PO4 - aurunpodocdar natpus. Ha3BaHust OCHOBHBIX cojieil 00pa3yroT
n00aBlIeHUEM CJIoBa ecudpokco- Wi oueuopokco- . (AIOH)Cl, — ruapokcoxyiopua aaroMUHUS,
[Cr(OH)2]2SO4 - nuruapokcocynsdat xpoma(lll).

Obopyoosanue u mamepuaivl:




PeaxTuBbl, HEOOXOAUMBIC ISl TAaHHOW pabOTHI, BHICTABIIAIOT HA MTOJKU Ja0OPaTOPHBIX CTOJOB. Penkue
PEaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI W IIENOYM, Maxydhe BemlecTBa (HAmpUMep, CEpOBOAOPO,
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IIKady.

OcHoBHasi XUMHYECKasi MOcy1a: MPOOUPKH (B IUTATHUBE), KOJObI, XUMHUECKUE CTAKaHBI MOCIE PaOOTHI
TIIATEJIbHO BBIMBITH; BECHl C PA3HOBECOM, NPHUOOPHI, HCIONb3yeMas Uil TPOBEACHUS OTAEIbHBIX
71a00paTOPHBIX paboT, BBIAACTCA M CHACTCS YUCTast JJAOOPAHTY.

Texnuka bezonacnocmu npu_8blNOJIHEHUN J1A00PANODHOU_Padombl:

-aKKypaTHO 00paIaThCsl CO CTEKISTHHON XMMHYECKOW MOCYIOW. OCTATKU pa30UTOM mocyabl youpars ¢
IIOMOILBIO COBKA U IIETKU,;

-Bce paboThl, CBA3aHHBIE C BBIJCICHUEM SIOBUTHIX, JIETYYUX M HENPUATHONAXHYLIMX BEILIECTB,
MIPOBOJIUTH B BHITSDKHOM IIKa(y;

-IIpU OTIPECIICHUM 3araxa BEIIECTB OTBEPCTHE COCyla AepkKaTh Ha paccrtosHuu 25-30 cM OT nuIa,
HaNpaBisist K cede CTPYIO ra3a MmocTynaTeIbHBIMH JBH)KCHUSMH JIAJIOHH OT OTBEPCTHS K JIHILY;

-IpY HaJMBAHUU DPEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30ekaHHE IONajaHus OpbI3r WK
YaCTUI] Ha JIMLIO WM OAEXKAY. IIPU pa30aBICHUH KOHIIECHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOLY,
HO HE Ha000poT;

-TIpY HarpeBaHUM MPOOUPKHU HE JePKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCe/Ia. HEe HAKIOHATHCS
Ha/1 HarpeBaeMoi KHJIKOCTbIO BO M30€XKaHKe MOMalaHus e€ Ha JIULO, PyKH WIH OJIEXKIY;

-ropsiude MpeaMeTbl MOXHO CTaBUTh TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY HWIIU
APYTYIO CHEIHATIBHYIO TIOJICTAaBKY,

-HEJb3S TI0JIB30BATHCS DIIEKTPONPUOOpaMu 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXKa. MPH BKIIFOYCHUN UX B
CeThb HeJNb3sl IepPIKaThCsl 3a METAITNYECKUE TIpeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpelaeTcs BKI0YaTh U
BBIKJIIOYATh 3JIEKTPONPUOOPHl MOKpPBIMH pPYKaMH, a TaKKe IOJIb30BAThC HEHUCIPABHBIMU WU
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOpaMH;

-3apelaeTcsl IPUHUMATh MUILY B XUMHUYECKOH 1a00paTopuu U MUTh BOAY U3 JaOOPaTOPHOM MOCYABL. -
-KaTeropuueCKH 3arperaeTcs npoodoBaTh peakTHBBI Ha BKYC;

-IpH TMOMAJaHUM Ha JIMLO WIM PYKH OpBI3r KOHIIEHTPUPOBAHHBIX KHUCJIOT IOCJIE CMBIBaHUS BOJOU
MIPOMBITH CIa0BIM PAaCTBOPOM COJBI. IIENOYH CIEAYET CMBIBATh IO TE€X IOpP, MOKA y4acCTOK KOXKH, Ha
KOTOPBIN OHA TIOMala, He MepecTaHeT ObITh CKOJB3KUM; 3aTEM MPOMBITH CIIA0BIM PAacTBOPOM YKCYCHOU
KHUCJIOTHl U HAJIOXKUTh TOBSA3KY W3 BaTbl, CMOUYEHHON 3%-HBIM pacTBOpPOM IepMaHraHata Kaimus (U3
anTeyku B TabopaHTCKOU Kadeapsl);

-110 OKOHYaHWH PAa0OTHI BHIKIIIOUUTH U3 CETH BCE AJIEKTPOIIPHOOPHI, MEPEKPHITh TI0Jjady T'a3a U BOJBI B
nmabopaTopuro U yoparh pabodee MecTo;

-000 BCEX HECYACTHBIX CIy4asx HEMEJIEHHO COOOIIaTh Mpeno aBaTesto Wil JabopaHTy.

Ilpakmuueckasa uacmo:




OmnbIT Nel. KucinoTHO-0CHOBHBIE CBOMCTBA OKCHIOB

PactBopuTe B BOAE B OAHOW MPOOMPKE OKCHJ KaJbIHs, B JIPYrol - JUOKCHJ yriepoja. B mepByro
npobupky nob6aBbTe menoTrky nopomka CaO, 2-3 M JUCTUITUPOBAHHOM BOIBI M B30odTaiiTe. Bo
BTOPYIO MPOOUPKY € 3-5 MJI AMCTHILTUPOBAHHOM BOJIbI mpomyctute Tok CO2 3 OaisioHa WM anmapara
Kunma. B xaxnyro npobupky no0aBbTe 2-3 Kaluld JIakMyca M IO LIBETY HMHJUKATOpa OINpeAeNuTe
XapakTep MNOJy4EeHHOro pacTBopa. Caenante BbIBOJ O KUCIOTHO-OCHOBHBIX CBOMCTBAX JAaHHBIX OKCHUIOB
U IONY4YEHHBIX TruapokcunoB. Hammmmre ypaBHeHus peakuuil. Hccienyiite B3aumonencTBue
pacTBOPEHHBIX THAPOKCUIOB IPYT C APYTOM U C PaCTBOPOM CEPHON KHUCIIOTHI.

OnbIT Ne2. KucioTHO-OCHOBHBIE CBOMCTBA THAPOKCUIOB

K pactBopam coseit NiSOs u NazSiOs (2-3 mi1) mobaBeTe Takoe ke koiaudecTBo ménoun (NaOH) u
kuciotel (HCI). Ilpu BbImageHnu OCagKOB TPYJHOPACTBOPUMBIX THUAPOKCHIOB HUKEIS M KPEMHHSA
YCTAaHOBUTE UX KHUCIOTHO-OCHOBHBbIE cBoMcTBa, nmpubaBisas k ocaakam HCl wu NaOH. Hanumwre
YpaBHEHHUs peakuil B MOJIEKYJIIPHOM U HOHHOM BUJE.

OnbiT Ne3. [Tonyuenue u cBoiicTBa aM(pOTEpHOT0 TUAPOKCUIA

B npobupky nHaneiite 2-3 M pacTBOpa XJOpuaa XpoMa WU XJIOpHAa altoMUHHS (TI0 BBIOOpPY) U IO
karssM npubasisiite pactBop ménoun (NaOH wmmu KOH) mo oOpa3oBanmsi yCTOWYHMBOTO OCajKa.
Pa3znenute ocafok Ha Be NPOOUPKHU: B OJHY NPUIIEUTE pacTBOP IIEIOUH, B IPYTYIO - paCTBOP KUCIIOTHI
110 pacTBOpeHus ocajika. Caenaite BbIBOJ, COCTaBbTE YPABHEHUSI pEaKIUN.

OmnbiT Ne4. [TonyueHue HepaCTBOPUMBIX B BOJE OCHOBAaHUIM

B otnenpHBIE poOHpKU HayelTe mo 2-3 MII pacTBOPOB XJIOPHAA Kele3a, cyibdaTa Meau U cyibdara
Maraus. [lpuneiite B kaxayro NpoOUpPKyY MO KaruisM pactBop ménoun. CocTaBbTe ypaBHEHUS PEaKIIUM,
OTMETBTE IBET BBINABIINX OCAJKOB.

OmnpiT NeS. KrciioTHO-0CHOBHBIE CBOMCTBA COJIEN

A. CpoiicTBa Kucioi coiu. [[nst nmomydeHus KUCION COJNM MCHOJIb3YHTE pacTBOP TMIPOKCHIA KaIbIUs
niu Oapus U AMoKcu yriepoja. Kakoii U3 yka3aHHBIX peakTHBOB CIEAYeT B34Th B H30bITKe? OOparuTe
BHUMaHME Ha TO, YTO Mpu npomnyckaHuu Toka CO2 yepe3 pacTBOp I'MIpOKCHIA BHadaie oOpaszyercs
0CaJOK CPEJHEHN COJM, KOTOPBII NpHU AaJbHENIIEM NPOIYCKaHUU JUOKCHIA YIJIEpOJa PACTBOPSIETCS U
MEePEXOUT B PacCTBOPUMBIN THApokapOoHar. CocTaBbTe ypaBHEHHUs peakinuil. YeM HyXHO
nozencTBoBaTh Ha ruapokapOoHar (pactsopoM HCl nnm NaOH), utoObl mepeBecTu ero CHoBa B 0CaJIoK
cpenHei conu?

B. CBoiictBa ocHOBHO# cosn. {1t MosydyeHHUsl OCHOBHOW COJIM MCHOJB3YWTE pacTBOp cyibdaTa Meau,
nobapisisi K HeMy o KarisiM pactBop NaOH u mepemerinBas colep:kuMoe MPOOMPKH CTEKISIHHON
najmoukoid. [Ipu HemoctaTke ménounm oOpa3yeTcss 0caloK OCHOBHOTO cynbdara menu. Kakoro msera

9TOT O0CaJO0K, U KaKOB COCTaB conu? HpI/I JanbHEHIIeM HpI/I6aBJ'ICHI/II/I IIEN0YH U3MEHSISTCS LIBET OcagKa



(Ha kakoi#?) B cBs3u ¢ oOpa3zoBaHueMm Tuiapokcuaa. CocraBbTe ypaBHEHHs peaknuid. OT4ér mo
nmabopaTopHoi paboTe oopMHUTE HA IBYX Pa3BEPHYTHIX JUCTAX TETPAIH (JJaOOpaTOPHOTO KypHAJIa).

Tpebosanua Kk ohopmaenuro 1a60pamopHou padbomol U OMuUemy:

1.Beimonnenue 1abOpaTopHBIX pabOT COMPOBOXKIAIOT 3amucsiMu B JabopaTopHoM KypHane. Ha
TUTYJIBHOM JIMCTE J1a00paTOPHOTO KypHajla JAOJDKHBI OBITh MPEACTABICHBI: HAa3BAaHUE YHUBEPCHUTETA,
(baMuIMs 1 MHUIUAIIBI YYallerocsi, HoMep Kypca v rpymibl, y4eOHBIH ro.

2.0T14eT 0 BBIIOJIHEHHOH Ta00paTOpHOI paboTe JOHKEH CONEePHKATh CIEIYIOIINE CBEICHUS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*J1aTy BBINIOJHEHUS pabOThI;

*IICJIb paOOTHI;

*000pyI0BaHUE M MaTEPHUAIIbI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIbITA,;

*KpaTKoe OMHCaHue XoAa paboThl C yKazaHUEM YCIOBUN MPOBEICHUS OIBITA;

*PUCYHKH U CXEMbI UCTIOJIB3YEMBIX MPUOOPOB;

*Ha0JIFOICHMS,

*ypaBHEHUS NMPOTEKAIOUINX PEaKIHii;

*pacy€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IbI.

3.JIaGopaTopHBIii KypHaI HY>KHO BECTH YHCTO U aKKYpaTHO, 3aIFCH JOJDKHBI OBITh TAKOHUYHBIMH.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT MPEINO0/IaBATENb.

5K cmaue 3au€ra mo nabopaTOpHOMY MPAKTUKYMY JOMYCKAIOTCS CTYICHTHI, BBIMOJIHUBIIME WU
MOMMNKCABIINE y TPEnojaBareis Bce JIOMAIllHWE U JIabopaTOpHbIE PabOThI, CHABIINE KOJJIOKBUYMBI,
aKTHUBHO y4acTBOBABIIIKE B pab0OTEe CEMHUHAPOB.

6.CTyneHTHl, OMYYHBIINE 3a4€T MO JTA00OPATOPHOMY MPAKTHKYMY, JTOIYCKAIOTCS K Cade IK3aMeHa 1o
Kypcy HEOPTaHUYECKOW XUMUHU.

Konmponawvnwie eonpocot :

. OCHOBHBIE KJIaCChl HEOPTAHMUECKUX COeAUHEHUN. MexmyHapo1Hass HOMEHKIIATypa.
OKcuIbI ¥ THAPOKCUIBI XpOMa
. Enxue menoun

Comu HaTpuAa U KaJludg

Kanpuuit. Haxoxaenue B npupoze, Gpusnueckue, XUMUYECKUE CBOWCTBA.

1
2
3
4
5. OOmias xapakTepuCTUKa MOATPYIIIbl OepUILTUS
6
7. Okcug v THIPOKCUJ KaIbIUA

8

Coiu Kanpnus
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JlaboparopHasi padora Ne 2
Tema: OnpeneseHne dKBUBAJEHTHON MacChl IMHKA

Henv _pabomoi: I/IBYIII/ITB YCTAHOBKY U MCTOIHUKY ONPCACICHUA SKBHUBAJICHTHOM MacChl IIMHKA IO

KOJIMYCCTBY BOAOPOAA, BEIACIIAIOIICTOCA B X0A€ P€aKINU IIMHKA C COJISTHOM KHCIIOTOA.

Dopmupyemuvie komnemenyuu. OIIK-1.

Teopemuueckan uacmo:




W3 3akoHa MOCTOSHCTBA COCTaBa, KPAaTHBIX U OOBEMHBIX OTHOILIEHUN CIEQYeT, YTO 3JIEMEHTHI
COEUHSIOTCA APYr C JIPYrOM B CTPOTrO OMNPEACNIEHHBIX KOJIWYECTBEHHBIX COOTHOILIEHUSX, KOTOPHIE
Ha3bIBAIOT HKBUBAJCHTAMU WJIM SKBUBAJICHTHBIMU Maccamu. [[s1 ompeneneHuss 3KBUBAJICHTOB H
SKBUBAJIEHTHBIX MAacC HY)XHO 3HaTh, YTO TAaKOE€ MOJIb W MOJbHasg Macca. Mo/b- 3TO KOJIUYECTBO
BELIECTBA, B KOTOPOM COIEPKHUTCS YUCIIO YaCTHUIL JIFOOOTO ONpEAesieMOro copTa, paBHOE MOCTOSTHHON
Asorazpo (6,02 '10%%). Hampumep: 3 10%* monekyn Bompl cocTaBsT 5 Monb. Monbnas (Monapnas)
Macca BEUIECTBA B IpaMMax UYMCIECHHO paBHA €r0 OTHOCHUTEIBHOM MOJEKYJSIpHOW (aTOMHOI) Macce,
BBIPQ)KEHHOW B aTOMHBIX €IMHHUIAX Macchl (a.e.M.). Macca 1 Mol BemiecTBa BBIpa)KaeTcs B I/MOJIb.
Hanpumep: monsipnas macca H2O u aroMHast macca KuCiIopoaa COOTBETCTBEHHO paBHbI 18 u 16 a.e.M.,
UX MOJIbHBIE Macchl paBHbI 18 r/Monb U 16 r/MOINb. IKEUBAIEHMOM INNeMeHma HA3BIBACTCS TAKOE €ro
KOJIMYECTBO, KOTOPOE COEAUHSETCA lc MoJieM aTOMOB BOJOpOJA WM 3aMEIIAeT TO K€ KOJIUYECTBO
aTOMOB BOJIOpoJia B XUMHYeCcKuX peakiusax. Hanmpumep, B coenunenusx HBr, H,O, PH3 skBuBaneHTs
Opoma, kuciopoaa, Gochopa COOTBETCTBEHHO paBHBI 1 Moib, 1/2 Moinb, 1/3 Momb. Macca ogHOTO
SKBHUBAJICHTA HA3BIBACTCS €r0 JIKeusaneHmuoil maccou. Tak, B TPHUBEACHHBIX BBIIIE MpHUMEpax,
AKBUBAJICHTHBIC MacCchl Opoma, Kuciaopojaa, pocdopa cooTBeTCTBEHHO paBHBI 79,9 r/™monb, 16:2 = 8
r/Moab, 31:3= 10,3 r/MONIb. IKEUEAIEHMOM C/IOIHCHO20 6EeU|eCEa HA3BIBACTCS TAKOE €r0 KOJIMYECTBO,
KOTOpPOE B3aUMOJICUCTBYET 0€3 OCTaTKa C OJTHAM SKBUBAJICHTOM BOJOPOJIAa WU C OJHUM SKBUBAJICHTOM
m000ro Ipyroro BemiecTBa. PacueTsl, CBA3aHHBIE C OMpPEIeIeHHEeM SKBHUBAICHTHBIX MAcC, MPOBOJSTCS
10 3aKOHy JIKeueanenmos. Maccbl (00bEeMBbI) pearupyliiux JIpyr C JPYroM  BeIecTB,

MPOMOPLMOHANIBHBI WX SKBUBAJIEHTHBIM MaccaM (oObeMaM). MaTeMaTH4ecKH 3aKOH BbIPAXKaeTCs

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

rre: m, (V) - macchbl (00bEMbI) pearupyronmx BeIecTs;
3, (Vks.) - 5KBHUBAJICHTHBIE MacChl (00BEMBI).

DKBUBAJIEHTHYIO MacCy IIPOCTOrO BEIIECTBA MOXHO BBIYUCIUTH 110 GOopMyIIE:

rac M” - MOJIbHas Macca atToMa 3JIEMCHTA,

B - BaeHTHOCTH 2JI€MEHTA.

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

DOKBUBAJICHTHBI 00BEM Ta3a MOKHO BBIYUCIIHTH 0 (popmyIie:



TaK, HaImpumMep, 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 BEIYHUCIIUTE I10 (I)OpMy.]'IaMi

M M

— okcuda  — r 8 — KUC/10MbL :1 + KUCA.OCTAmKa
okcuda Kucs10mbt
2”0 B nH KUC/1. OCMamka
3 — MO(‘HO@(IHUH — Mr + 17 3 — Mcmu — Mr + qum.ocnmmm
OCHOBQHUA cou
nOH B BMe 'nMe B Bmm.ornmmm

No, NoH, NH, NMe — YUCJIO aTOMOB KHUCJIOPOAA, TMAPOKCUIIBHBIX TPYII, aTOMOB BOJOpOJa, MeTajia
COOTBETCTBEHHO B OKCHJIE, OCHOBaHMHU, KHCIIOTE, COJH; B — BaJEHTHOCTb, 8§ — SKBMBAJEHTHAs Macca
KHCII0po/ia, | — 9KBUBAJIEHTHAs: Macca BOJ0po/ia, 17 — SKBUBaJIEHTHAs Macca I'MIPOKCUIIBHOM TPYIIIBL.

Qobopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIE Il JTaHHOW pabOThl, BHICTABISAIOT HA MOJIKH JJaOOpaTOPHBIX CTOJNOB. Penkue
PEaKTHUBbI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M ILEIOYM, IaXy4yde BellecTBa (Hampumep, CepoBOJOPO],
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IKady.

OcHOBHasi XUMHUYECKasi MOcyna: MPoOUPKH (B IUTATHBE), KOJObI, XUMHUECKUE CTAKaHBI IOCIE PaOOTHI
TIIATEIbHO BBIMBITh, BEChl C PAa3HOBECOM, IMPHUOOPHI, HMCIOJIb3yeMasl Uil HPOBEIEHHS] OTIEJIbHBIX
1a00paTOpHBIX PabOT, BBIAAETCS U CIAETCS YMCTas J1a0OpaHTy.

Texnuka bezonacnocmu npu eévlnoinenuu ﬂaﬁopamopnoﬁ pabomol:

-aKKypaTHO 00pamaThCsi CO CTEKISIHHOM XMMHMUYECKOM MOCyI0M. OCTaTKU pa30oUTOI mocyibl yOUpaTh
MIOMOUIBIO COBKA U IIETKHU;

-Bce paboThl, CBA3aHHBIE C BBIJCICHUEM SJIOBUTHIX, JETYYUX M HENPUATHONAXHYIIMX BEILIECTB,
MIPOBOJIUTH B BHITSDKHOM IIKa(y;

-TIpU OTIPEJICIICHUM 3araxa BEeIIECTB OTBEPCTHE cocyla JepkaTh Ha paccrtosHuu 25-30 cM OT JuIa,
HanpasJysist K cebe CTPYIo ra3a nocTynareabHbIMHU JBH)KEHUSMU JIaJIOHU OT OTBEPCTUS K JIMILY;

-IpY HAJMBAHWU PEAKTUBOB HE HAKJIOHATHCA HaJ COCYJIOM BO HM30€aHHME MONafaHus OpbI3T WIN
YacTHUIl Ha JINLIO WIN OJICKAY. U pa30aBIeHNN KOHIEHTPUPOBAHHBIX KHCIOT BIMBATh KUCIOTY B BONY,
HO HE Hao0OopOoT;

-IIpY HarpeBaHUM NMPOOHPKHU HE JepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCe/Ia. HE HAKIIOHATHCS
HaJ1 HarpeBaeMoi KHJIKOCTbIO BO M30eXKaHNe TONalaHus e€ Ha U0, PyKH WIH OJIeXKIY;

-ropsiYMe MpeIMeThl MOXHO CTaBUThb TOJBKO Ha acOecTOBBIM KapTOH, acOECTUPOBAHHYIO CETKY HWIIU
JPYTYIO CHEIUANIbHYIO TIOJICTaBKY;

-HeJb3$ MOJIb30BATHCS HIEKTPONPUOOPaMu 06€3 COOTBETCTBYIOIIEr0 HHCTPYKTaXa. MPU BKIIOYEHUHU UX B

CCTb HCJIb3d ACPIKATHCA 3a MCTAJNIMUCCKHUEC ITPEAMCTDBL (prﬁbl, KpaHbI U T.H.). 3alpeuracTCs BKIIOYATh U



BBIKJIFOUATh AJIEKTPONPHOOPH MOKPBIMH pYKaMH, a TaKKe II0Jbh30BAThCs HEHUCIPABHBIMH WA
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPAMH;

-3amnpeniaeTcs MPUHUMATh MUY B XUMHUYECKOH 1a00paTopuu U MUTh BOAY U3 Ta0OPATOPHON MOCY/IBI. -
-KaTeTOPUYECKH 3aIlperaeTcs MpoOOBaTh PEaKTHBBI HA BKYC;

-IpU TIOTAJJAHUK HA JIMIO WIH PYKH OpBI3T KOHIICHTPHPOBAHHBIX KHCJIOT IIOCIIE CMBIBAHHS BOJIOW
MPOMBITH CIa0BIM PACTBOPOM COJIBI. INENOYH CIEAYET CMBIBAaTh O TEX IOpP, MOKA y4acTOK KOXKH, Ha
KOTOPBIM OHA TOMalia, He MEPECTAHET OBITh CKOJIB3KUM; 3aTEM MPOMBITH CIIA0BIM PACTBOPOM YKCYCHOM
KHCIIOTHI U HAJIOXHUTh TOBSI3KY W3 BaThl, CMOUYEHHOW 3%-HBIM PAacTBOpPOM IEepMaHraHaTa Kaius (U3
anTeYKy B 1aOOpaHTCKOU Kadeapsl);

-110 OKOHYaHHWH PAa0OTHI BHIKIIFOYUTh U3 CETHU BCE AJIEKTPOIIPHOOPHI, MIEPEKPHITh TI0Jjauy T'a3a U BOJbI B
naboparopuro u yoparh pabouee MecTo;

-000 BCEX HECYACTHBIX CIyJasiX HEMEJIEHHO COOOIaTh MPEeno1aBaTelio Wi JJaO0paHTy.

Ilpaxmuueckas uacms:

DKBUBAJICHT IIUHKA OIPENEISIOT 10 KOJIUYECTBY BOJIOPO/A, KOTOPHIN BBIACISIETCA B XO/€ Peakuu: Zn
+ 2HCI = ZnCl2 + Hz. Pacuér mpoBOASAT COTTaCHO 3aKOHY YKBHBAJICHTOB MO (OpMYyJIe:
) 9H R

Mu2

Ozn=

rIe Ozn — DKBHUBAJICHT 1IMHKA;

OH — 3KBHUBAJIECHT BOJOPOAA, paBHbIN |;

Mzn— Macca LMHKA, T ;

MH2 — Macca BoJopoJa, T .
Paboty BBINONHAIOT B TaKOH MOCIIEI0BATENBHOCTH:
1. B3Becutrb rpaHyny NMHKa, e€ Macca jokHa ObiTh 0,2-0,3 © (TOYHOCTH B3BEIIMBAHUS Ha
TEXHUYECKUX Becax JosnkHa ObiTh + 0,01 1).
2. Omnpenenutb 00bEM 00pa3yroIIerocs BOAOPOIa MPUOOPOM (CM. PUCYHOK):
Jlnist 3TOrO 3amoyIHUTh BOJOU 110 ropna koily 1. I[TnoTHO BcTtaBUTh MpoOKY 2 B Topiio KoaObl. CHATH
M30THYTYIO0 NMPpoOupKy 3. OTKPHITH 3aKUM 6, 3alI0JHUTH TPYOKY 5 BOJIOM; 3aKpbITh 3axkuM. [IpoBepuTh
repMETUYHOCTh MpUOOpa: MIOTHO HA/AETh NPOOUPKY 3, OTKPBITh 3aKHUM, U, €CJIM BOJA HE BBITEKAET U3
TpyOKH 5, TO pUOOp repMeTudeH. 3aKphITh 3aKHUM, BBUIUTh BOAY U3 MPUEMHON CKISHKU 7. BopoHKO#
3aJIMTh JI0 MOJIOBUHBI B MPOOUPKY 3 pacTBOP COJSTHON KUCIIOTHI (KOHIIEHTpALUs CONMSTHOW KMCHOTHI 1:1).
[Tonoxuth Ha COTHYTOE KOJEHO MPOOMPKH B3BELICHHYIO TpaHyly LMHKa. [IOTHO mnpucoenuHuTh
poOUPKY, HaJieB Ha MPOOKY B TpyOke 4. OTKPHITh 3aKUM 6, U, HAKIIOHUB MPUOOP, CTOJIKHYTh TPAHYIy

B pactBop HCI. Beiensttomuiicss Bogopos OyJaeT BHITECHATh BOAY M3 KOJObI 1 B cTakaH 7.



[Tocne oxoH4aHUsi peakiuu (TeMIepaTypa pacTBOpa B MPOOUPKE MOKHA OBITH paBHA KOMHATHOM)
U3MEpUTh 00bEM BOJBI B CTaKaHe 7 MEPHBIM LIUJIMHAPOM, 3anucaTh Temmeparypy t® C u atmocdepHoe
naBiieHue P.

ITo popmyne MenaeneeBa-KiaiinepoHa onpeaenuTs MacCcy MOTYy4SHHOTO BOJAOPOIA:

mRT ,
PV =—
M
rae R — 8,3144 JIx/monbeK.
Taxk xak B koJ0€ ra3 COAEP>KUT BOIOPOJ U TIAphI BOJIBI, TO 001IIee JaBieHue ra3a B konde P = P2 + Ph2o,

otkyna Pr2 = P - Ph2o. JlaBnenue mapoB BojbI 3aBUCUT OT TemnepaTypsl. HeoOXoumbie 1aHHBIE B3STh

U3 TaOINLEL.

T,°C 17 18 19 20 21 22 23 24 25 26

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

VYcnoBus 1 pe3yNbTaThl OMbITA 3aMUCaTh B 1a00OPATOPHOM >KypHaJI€ B TAOIUILY:

Macca V, T,°C P P20, Phe,

MeTajia, T M klla klla klla

[Tocne onpeneneHust Macchl Bojopoaa o Gopmyie (2) paccuntarh SKBUBAJIEHT LUHKA 0 (opmyie (1).
O0s3aTenbHO ONPEeTUTh OTHOCUTEIBHYIO OIIMOKY OIbITA:

32,68 - 921’1(1‘[) « 100% ,
Oumbka, %= — s o
IHUOKa, 7o 32,68

rac 32,68 — TCOPCTUUCCKOC 3HAYCHNEC SKBUBAJICHTA ITUHKA.

Tpeovosarnus Kk oghopmaenuro 1a60pamoprou padbomol 4 omuemy -

1.BemonHeHnne nabopaTopHbIX pabOT COMPOBOXKAAIOT 3alMCSIMH B JaboparopHoM >xypHane. Ha
TUTYJBHOM JIMCTE J1a0OpaTOPHOTO KypHajla JOJKHBI OBITH NMpEACTaBIEHBI: Ha3BaHUE YHHUBEPCUTETA,
(bamMuIus 1 MHULIMAJIB! YYallerocs, HOMep Kypca U IpyIIbl, y4eOHbIN TO.

2.0T4eT 0 BBINOJHEHHOI 1a00paTOpHOI paboTe JOKEH COIepKaTh CIEeYIOIINE CBEICHHS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBINIOJHEHUS pabOThI;

*IIeTTb PaOOTHI;

*000py/I0BaHNE M MaTEpHAJIbI;

*KpaTKO€ TEOPETHYECKOE ONHCAHUE;

*HOMCP WU Ha3BAHHE OIIbITA,




*KpaTKOe OMHCaHKE X0/a paboThl C yKa3aHUEM YCIIOBUI MPOBEEHUS OIbITA,

*PUCYHKH M CXEMbI UCTIOJIb3YEMbIX MPUOOPOB;

*HAOJIIOICHHS;

*YpaBHEHMSI 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 MIPETIO1aBATENb.

5.K cpmaue 3auéra mo nabopaTOpHOMY HPAKTUKYMY [OMYCKAIOTCS CTYACHTBHI, BBIMOJIHHUBIINE U
MOJINKCABIINE y MPEnojaBareis Bce JIOMAIlllHWE U JIabopaTOpHbIe pabOThl, CHABIINE KOJJIOKBUYMBI,
aKTHBHO y4acTBOBABIIKE B pab0OTe CEMHUHAPOB.

6.CTyneHThl, MOMYYHBIIUE 3a4€T MO JIAOOPATOPHOMY MPAKTUKYMY, TOIYCKAIOTCS K c/ade dK3aMeHa 10
KypCY HEOPTaHUYECKOW XHUMUHU.

Koumponasusie gonpocot :

1.0TtHOocuTenbHAS aTOMHAs Macca

2.0THOCUTENBHAS MOJIEKYJISIPHASL Macca

3.Moub. Monsipaast Macca

4. Xumuueckue 3Haku, (POpMYIIbl U YpaBHEHUS
5.Xumuueckue peakuuu. Knaccudukanus peaxiuii.

6.3aK0H COXpaHEeHHUsI MacChl BEIIECTBA

7. 3aKOH MMOCTOSIHCTBA COCTaBa

8.I'a30BbIe 3aKOHBI. 3aKOH ABOraapo. MossipHbIi 00beM Taza
9.01kporTHE .. MenaeneeBbIM IEpHOANYECKOT0 3aKOHA
10. [Nepnonuueckas cucrema J[.V1. Menneneena

Cnucok Jumepamypbol.
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JlabGoparopHasi padora Ne 3
Tema: Onpenesnenue MoJIeKyJISIPHOI Macchl JUOKCHIA YIJiepoja

Lenv padomwpi: OrmipeneneHre MOJIEKYISIPHOM Macchl JAMOKCHJA YIJlepoja II0 Macce KOJIObI

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

Dopmupyemovte xkomnemenuuu: OIIK-1.

Teopemuueckas uacmo:

MonekynsipHas Macca, CyMMa MacC aTOMOB, BXOJSIIMX B COCTaB JIaHHOM MOJIEKYJIbI; BBIPAXKaeTcs B
aTOMHBIX eIMHMIAX Macchl (a.e. M.). ITockombKy 1 a.e.M. (WHOTIA Ha3bIBaeMas JanbToH, D) pasHa /1
MacChl aToOMa HYKJIUJa 12C u B eguuumnax maccet CU cocrasisier 1,66057'10"27 KI, TO YMHOXEHHE
MOMeKyIApHO# Macchl Ha 1,66057-10%" maeT aGcomoTHYI0 Maccy MONEKY/s B Kujlorpammax. Yame
MOJIB3YIOTCS Oe3pa3MepHO BETUUUHON Moy - OTHOCHUTEIBHONU MOJIEKYIIIpHOM Macchl: Mo =My/D, Tae
M,-Macca MOJIEKYIBI X, BRIpOKEHHAS B T€X K€ €AMHUIIAX MacChl (KT, T WU Ap.), 9T0 U D. MonekyspHas
Macca XapaKTepUu3yeT CPEIHIOI0 MAacCy MOJEKYJIbl C Y4eTOM H30TOMHOrO COCTaBa BCEX 3JIEMEHTOB,
00pa3ymIuX JAaHHOE XUMUYECKOe coeMHEeHHne. VIHOT]a MOJIEKYIISIPHYIO Maccy OMPEIeNstoT ISl CMECH
pPa3IMYHBIX BEIIECTB M3BECTHOTO COCTaBa, HampuMmep s Bo3ayxa "dh@exkTuBHYI" MOJIEKYISIPHYIO
MacCy MOXHO TPUHATH paBHOU 29. AOGCOTIOTHBIMUA MaccaMu MOJIEKYJ YA0OHO ONEpPUpOBaTh B 00JIACTH

(bI/ISI/IKI/I Cy6aTOMHBIX nponeccoB U paguoOXuMuu, rac MmyreM HU3MCPCHUA DHCPIruru 4acTull, COrJIaCHO


http://www.chemport.ru/data/chemipedia/article_2499.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

TEOPHUHN OTHOCHUTCIBHOCTH, OIIPEACTIAIOT UX a0COJIIOTHBIE MAacChl. B XMMHMH M XUMHYECKOH TEXHOJIOTHH
HGO6XOI[I/IMO OPUMCHATh MAKPOCKOIMMYECKHUE CIUHHUIIbI HU3MCPCHHA KOJIMYCCTBA BCHICCTBA. Ywucao
JIFOOBIX HacCTHuIg (MOJICKyH, aTOMOB, 3JICKTPOHOB HJIM MBICJICHHO BBIACIACMBIX B BCIICCTBE I'PYIII YaCTHUII,

nanpumep nap noHoB Na* u Cl° B kpucrammmy. penrerke NaCl), pasHoe ABoraapo moctostHHOM Na =

6,022:10%, cocraBisier MaKpOCKOITMYECKYI0 €IUHUIlY KOJUYECTBA BEIICCTBA - MOJIb. TOTJa MOKHO
samucatb: Mom = MxNa/(D'Na), ToO ecTh OTHOCHTENIBbHAs MOJIEKYJIIpHAs Macca paBHA OTHOIICHHUIO

MacCChbl MOJIA BCIICCTBA K NaD. Ecim BCIICCTBO COCTOUT U3 MOJICKYJI C KOBAJICHTHLIMU CBA3AMU MCIKIY

COCTABISIIOUIMMH UX aromMamu, To BennmuuHa MyxNa mpencraBinsier coOOi MOJSIPHYIO Maccy 3TOTrO
BEIIECTBA, €IUHUIBI M3MEPEHHs] KOTOPOH Kr-mMojb (Kuiomoib, KM). [l BemiecTB, He coaepx aliux
MOJIEKYJI, @ COCTOSIIMX W3 aTOMOB, MOHOB WJIM PAJHMKAJIOB, ompeiaensercss (opMmMyibHas MoJsSpHas
Macca, To ectb Macca Na YacTHIil, COOTBETCTBYIOIIMX MPUHATON (hopMmyie BemecTBa. Panee B XuMuu
HCIOJIb30BAJIM MOHITHUSI TPaMM-MOJIEKYyJa, FpaMM-aTOM, IpaMM-HOH, TEHEpb - MOJb MOJIEKYJ, MOJIb
aTOMOB, MOJIb MOHOB, NojpazymeBas moJ 3TuM Na MoJeKys, aTOMOB, HOHOB M COOTBETCBEHHO HX
MOJIIPHBIE MAcCChl, BRIPAXKEHHBIE B TPaMMaxX WM KHJIorpammax. TpaguliioHHO YIOTPEOISIOT B KAUeCTBE
CMHOHMMa T€PMHH "MOJEKYISpHBIA (MOJISPHBINA) Bec", TaK KakK OMpPENeIeHHE MacChl MPOU3BOJIUTCS C
MOMOIIBI0 BecoB. Ho, B oTiMUmME OT Beca, 3aBUCSIIETO OT reorpapuuecKux KOOPUHAT, Macca sSBISETCS
IIOCTOSIHHBIM TapaMeTpPOM KOJIMYECTBA BELIECTBA (NP OOBIYHBIX CKOPOCTSIX IBMIKEHHS YacTULl B

CJIIOBUAX XUMUUYECKUX PEAKIUH ), IOPTOMY IIPaBUIILHEE TOBOPUTH "MOJIEKYIIsIpHAsA Macca'.
b

Metoasl onpeaenenus. lcropuuecku nepBblii Meron (oOocHOBaHHBIM uccinepoBaHusimu  C.
Kannunuapo u A. Aporazapo) npemioxer K. [ioma B 1827 u 3akimtoyasncs B U3BMEPEHUU TUIOTHOCTH
ra3000pa3HbIX BELIECTB OTHOCHUTEIBHO BOJOPOJHOIO Tra3a, MOJSpHAas Macca KOTOPOro NpUHUMAlach
NepBOHAYAJIbHO PaBHOW 2, a IMOCJEe Mepexoaa K KUCIOPOAHON €IMHMIIE U3MEPEHUN MOJEKYISPHBIX U
aToMHbIX Macc - 2,016 r. Crnenyrommii 3Tam pa3BUTHS OKCIIEPUMEHTAIBHBIX BO3MOXHOCTEN
OIIpEAEIIEHUS] MOJIEKYJIIPHOM MacChl 3aKIIIOYAJICA B MCCIEAOBAHUN KUAKOCTEN U PACTBOPOB HE JIETYUHX
U HE JAMCCOLMHUPYIOMIMX BEIIECTB IYTEM H3MEPEHUsl KOJUIMTATUBHBIX CBOMCTB (TO €CTh 3aBUCSIIHUX
TOJIBKO OT YHCJIa PAaCTBOPEHHBIX YACTHI]) - OCMOTHYECKOIO JaBJICHHS, MOHMKEHHUS NaBJICHMs mapa,
HOHIKCHHUST TOYKH 3aMep3aHusi (KPUOCKOMHS) ¥ TIOBBIMICHUS TOYKH KHIEHUS (30YITHOCKOIIHS)
pPacTBOPOB MO CPAaBHEHMIO C YUCTBIM pacTBOpuTeneM. OCHOBHBIM METOJIOM OINpPEAEIIEHUS aTOMHBIX U
MOJIEKYJISIPHBIX MacC JIETYYMX BEIIECTB SBISIETCSA Macc-cnekmpomempus. JIisi MCCIeIOBaHUs CMECH
COeMHEHUN  A(QQPEKTMBHO  HUCIHOJIB30OBAHUE  Xpomamo-macc-cnekmpomempuu.  Ilpu  manmoi
MHTEHCUBHOCTH IUKa MOJIEKYJIIPHOTO HMOHA MPUMEHSIOT 3(PQy3noMeTpuyeckrue MpUCTaBKU K Macc-
ciekrpoMeTpaM. Dpdy3noMeTpuyeckuii crnocod OCHOBaH Ha TOM, YTO CKOPOCTh BBITEKAaHHUS ras3a B
BaKyyM M3 KaMephl 4epe3 OTBEpCTHE, IUaMeTp KOTOPOro 3HAUMUTEIbHO MEHBIIE CPEJAHEro IyTH
cBOOOHOrO Mpodera MoJeKyJbl, 00paTHO MPONOPIHOHATIbHA KBaJIPaTHOMY KOPHIO M3 MOJIEKYJISIPHOM

MacCChbl BCHICCTBA; CKOPOCTb BBITCKAHHA KOHTPOJIHUPYIOT 110 HU3MCHCHHIO MHAaBJICHUSA B KaMcCpe.


http://www.chemport.ru/data/chemipedia/article_4206.html
http://www.chemport.ru/data/chemipedia/article_2680.html
http://www.chemport.ru/data/chemipedia/article_1444.html
http://www.chemport.ru/data/chemipedia/article_8.html
http://www.chemport.ru/data/chemipedia/article_1700.html
http://www.chemport.ru/data/chemipedia/article_1444.html
http://www.chemport.ru/data/chemipedia/article_4206.html
http://www.chemport.ru/data/chemipedia/article_1444.html
http://www.chemport.ru/data/chemipedia/”data/chemipedia/article_1824.html
http://www.chemport.ru/data/chemipedia/”data/chemipedia/article_4437.html

MornekynspHas Macca JIETY4MX COEIMHEHHUH OINpeNesIsaioT TaKXKe METOlaMH ra30Boi xpomarorpaduu c
ra3oBeiIMM Becamu MaprtuHa. [locnenHne H3MepsIOT CKOpPOCTh IEpeMEleHMs Tra3a B KaHale,
COCMHSAIONIEM TPYOKH, MO KOTOPBIM TEKYT I'a3-HOCHUTENb M Ta3 U3 XpOMAaTorpaduyeckoil KOJIOHKH, Y4TO
NO3BOJISET ONPEACHATh PA3HUIy IUIOTHOCTEH 3THX TIa30B, 3aBUCALIYI0 OT MOJIEKYJSIPHOH MacChl
HCCIIElyeMOro BelecTBa. MOJEKYIApHYI0 Maccy U3MEpSIOT Ul MAECHTH()UKALUU XUM. COCIUHEHUH,
IVl YCTaHOBJIEHUS COJEpPXKAHUSA OTHEIBHBIX HYKJIHMJIOB B COEJUHEHUSAX, HAIpuMep B BOJE,
UCIOJIb3YEMOW B aTOMHBIX JHEPreTUYECKUX YCTAHOBKAX, a TaKXe IPU MCCIEIOBAHUU U CUHTE3E
BBICOKOMOJIEKYJISIPHBIX COEIMHEHUI, CBOICTBA KOTOPBIX CYIIECTBEHHO 3aBUCST OT UX MOJIEKYJISIPHON
macchl. CpenHue 3HA4YeHHs MOJEKYJSIPHBIX MacC IOJUMEpPOB YCTAHABIMBAIOT C  IOMOILBIO
NIEPEUYHCICHHBIX BBIIIE METOJOB, OCHOBAaHHBIX Ha KOJUIMFATMBHBIX CBOWCTBaxX pa30aBlIEHHBIX
pacTBOpOB, IO YHCIY ABOWHBIX cCBs3ed ("MATKUM" O30HOJM30M) HIM (PYHKIMOHAIBHBIX TPYIII
(MeTomamu (YHKIMOHAIHHOTO aHAM3a), a TAaKXKE IO TAKUM CBOWMCTBAM MX PAacTBOPOB, KakK BSI3KOCTb,
cBeTopaccestHuie. CpenHHMe 3HAUYEHHUS MOJIEKYJISPHBIX MacC IOJIMMEPOB  BBICOKOM  CTENEHU

noJIuMEpu3atuu OIpCACIIAIOT I10 UX PECOJTOTHYCCKHUM XapPAKTCPHUCTUKAM.

Obopyooearue u mamepuaivl:

PeaxTuBbl, HEOOXOAUMBIE JIJIsl JAHHOW PaOOTHI, BHICTABIISAIOT HA MOJKU Jab0paTOpHBIX CTOJIOB. Penkue
PEaKTUBBI, KOHIIEHTPUPOBAHHBIE KUCJIOTHI W IMIEIOYH, MAaXydyue BEIIeCTBa (HAIPUMEp, CEPOBOIOPO/I,
OpoMHasi BoJa U JIp.) XpaHAT B BBITSHKHOM HIKady.

OcHoBHasi XUMUYeCKasi MOCyAa: MPOOUPKH (B IITATHBE), KOJIObI, XUMUYECKUE CTAKaHBI IMOCIE PabOThI
TIIATEIFHO BBIMBITH, BEChl C Pa3HOBECOM, MPHUOOPHI, HCIONb3yeMasl JUIsl MPOBEICHUS OTICIBbHBIX
1a00paTOPHBIX padOT, BBITAETCS M CAAETCS YMCTast TaOOpaHTy.

Texnuka dezonacnocmu npU_8bINOJIHEHUU J1AD0PAMOPHOU_DPadombl:

-aKKypaTHO 00paIaThCsl CO CTEKISTHHON XUMHYECKOW MOCYIOW. OCTATKU Pa30UTOI MOCY/Abl yOUpaTh ¢
MOMOIIIBIO COBKA U MIETKH;

-BCC pa6OTI>I, CBA3aHHLIC C BBIICJICHUCM SJOBUTBHIX, JICTYYUX W HCHOPUATHONAXHYIINX BEIICCTB,
MIPOBOJIUTH B BBITSDKHOM HIKA(Y;

-TIpH ONPEJICIICHUH 3allaxa BEIIeCTB OTBEPCTHE COCyJa JepXaTh Ha paccTosHUM 25-30 cM OT JuIa,
HaTpaBJIsist K ce0e CTPYIO ra3a MmocTynaTeIbHBIMU JBUKCHUSMH JIAJIOHH OT OTBEPCTHS K JIMILY;

-IIp1 HaJIUBAHWUW PCAKTHBOB HEC HAKJIIOHATHCA HaJd COCyaAOM BO n30exaHue ImormagaHnuAa 6pBISF 1501050
YJaCTHUIl Ha JIMIO W OJCKAY. IIpU pa36aBJ'IeHI/II/I KOHIOCHTPUPOBAHHBIX KUCJIOT BJIMBATH KHUCJIOTY B BOAY,
HO HE Ha00O0pOT;

-IIPH HarpeBaHUM MPOOUPKHU HE JIePKaTh €€ OTBEPCTHEM K ceOe MIM B CTOPOHY COCE/Ia. HE HAKJIOHSITHCS
HaJl HarpeBaeMou JKUIKOCTBIO BO N30eKaHUE MONaaHusl e€ Ha JIMIIO, PYKH WK OJICHKTY;

-ropsiure MPEeaMEThl MOXKHO CTaBHTh TOJIbKO Ha acOSCTOBBIM KapTOH, acOCCTHMPOBAHHYIO CETKY WIIH

JIPYTYIO CHEUANIbHYIO MOJICTABKY;



-HEJIb3s1 TI0JIH30BATHCS IEKTPOIPUOOPaMH 0e3 COOTBETCTBYIOIIECTO HHCTPYKTAXA. IPH BKIIOYCHUHU UX B
CETh HEJb3s ICPIKAThCS 32 METALUTHYECKUE TIPEAMETHI (TpYObI, KpaHbI U T.I1.). 3alIPEIIacTCsl BKIOYATh U
BBIKJIIOYATh 3JIEKTPONPHOOPHI MOKPHIMH pPYKaMH, a TaKKe IOJb30BAThCS HEHMCIPABHBIMHU WIIH
MMEIOIIMMH OTOJIEHHBIE IPOBOA TPUOOpaMH;

-3arpeaeTcs MPUHUMATh THIY B XUMHUYECKOW J1a00paTopyu U MUTh BOJY M3 JIA0OPATOPHOU MOCYIBI. -
-KaTerOPHUYECKH 3arperacTcs mpoooBaTh pEaKTHBHI Ha BKYC;

-IpU TIOTAJJAHUM HA JIMLO WIM PYKH OpBI3r KOHIIEHTPUPOBAHHBIX KHCJIOT IOCJIE CMBIBaHUS BOJOU
MPOMBITh CIa0BIM PAaCTBOPOM COJBI. IIENOYH CIEAYET CMBIBATh JI0 TE€X IOp, IMOKA Y4aCTOK KOXKH, Ha
KOTOPBIN OHA TIOMaJia, He MePEeCTaHeT ObITh CKOJIB3KUM; 3aTEM IPOMBITh CJIA0BIM PAaCTBOPOM YKCYCHOMU
KHUCIIOTHI U HAJOXHUTh TOBS3KY U3 BaTbl, CMOYEHHOU 3%-HbIM PAacTBOpPOM IepMaHraHaTa Kajus (u3
anTeyKy B TaOOpaHTCKOU Kadeapsl);

-110 OKOHYAHHWH PA0OTHI BHIKIIIOUYUTH U3 CETHU BCE AJIEKTPOIPHOOPHI, MEPEKPHITH T0auy T'a3a U BOJBI B
naboparopuro u yoparh pabodee MecTo;

-000 BCEX HECYACTHBIX CIyYasiX HEMEJICHHO COO0IIaTh MPEnoaBaTesIo Wi JJa00paHTy.

Ilpakmuueckana uacmo:

MoexyssIpHy 0 Maccy AHOKCHAA YIIIepoaa MOKHO OTPEAETUTh TPEMS CIIocOOaMu:
a) 110 OTHOCUTENBHOM MIoTHOCTH Ta3a Mco2= /1 * Mpozn (1), rae

Mco2 — MonekynsipHast Macca JMOKCHAA YIJIepoa;

MBgo3— MoJeKylsgpHas Macca Bo3/lyxa, paBHas 29 a.e.M.;

JI — motHOCTh CO2 110 OTHOIIEHHUIO K BO3IYXY.

b) o momsaprOomMy 00BEMY CO 224 em
) pHomy yCO2 . €02 (5) e
\
Mco2 — Macca JUOKCUAa yriepoaa, I ;
V  — 06Bém CO, Ipu HOPMANTEHBIX YCIOBUSAX, CM® |
22,4 — o6béM 1 1/ Mons moboro raza npu HopMaibHbIX yeaosusax (0°C, 101,325 kI1a), .
c) o ypaBHeHHI0 MeHieneeBa-Kiaiinepona
_ Mco2 RT e
M

P — naBnenue CO2 B konbe, paBHOe aTMochepHOMYy, klla;
V — 00Bém CO2, paBHBI 00bEMY KOOI, cm:
R — yHuBepcanbHas ra3opas noctosiHHas, paBHas 8,314 J[x/mounb e K;
T — temneparypa, K.
Ilocnedosamenvnocms 6blnonnenus padomal:
1. 3akpeiTh TPOOKOH CyXyHO KOJOy, MPUTOTOBJICHHYIO JIAOOpPAaHTOM [JIsi OMbITa. BOCKOBBIM

KapaHJgamoM OTMETUTHL Ha KO0JIOE HMXKHUN Kpaﬁ HpOGKI/I. B3BecuTh Ha TEXHHUYECKHX Becax KOJ'I6y C



Bo3ayxoM (mi). OnycTuth B KoJ0y Ha 1-2 MUHYTBI TpyOKY, IO KOTOPOW MIET TOK YIJIEKHCIIOTO rasa.
3areM NOJHECTH K OTBEPCTHUIO TPYOKH TOPSIIYIO JYYMHKY: €CIIM OHA TacHET, 3HAYUT KO0JI0a MOJIHOCTBIO
3all0JIHEHA YIJIEKUCIIBIM Ta30M. 3aKpbiThb KOJOy MHpoOKOW 10 METKM U B3BecHTh (mz). Emé pa3
3aIlOJIHUTH KOJIOY ra30M U B3BECUTH (M3). Pe3ynbTaThl 3TUX IBYX B3BEHIMBAHUN HE JOJDKHBI OTINYATHCS
6omnee yem Ha 0,01r. [{7s1 pacuéToB UCIIONB30BATh CPEAHUE TAHHBIC.

2.  Bbumth Boay B KOOy 10 METKH, 3aT€M MEPEIUTh €€ B MEPHBIN LIUIMHIP U U3MEPUTh 00BEM BOJIbI
(xombsr) - V.

3. 3ammcarp temneparypy (t°C) u naBienue P, mpu KOTOPBIX MPOBOIST OIIBIT.

4.  TlpousBecTH pacy€Tsbl:

- mpuBecTH 00BEM KOJIOBI - V K 00bEMY IIPU HOPMATIBHBIX YCIOBHAX Vo;

- OIPENENUTh MACCy BO3yXa B KOJIOE Myosn, CUMTas MaccCy 11 Bosmyxa paBroi 1,293 r;

- HalTH Maccy caMoil KOJIObI C MPOOKON Myoxs;

~  OIpEAETUTh Maccy YIJIEKHCIIOro ra3a mco: .

VYcnoBus u pe3yibTaThl ONbITa 3aHECTU B TAOJIUILY.

Macca K005l ¢ Macca k0105l ¢ V,ma | t°C P, xITa | Vo,MIT | Mgosx Mxon6 Mco:
BO3JIyXOM M1,I CO2 (ma+ m3)/2 =

mcp, r

5. Paccuutarh MOJIEKYJISIpHYIO Maccy JTuoKcHa yriepoaa no gopmynam (1), (2), (3). Haiitu cpeanee
3HaueHue. OnpeaeuTh OTHOCUTENBHYIO OIUOKY TIO popMyIie

44 — Mco2

OmmOxa, %= "2 * 100%,

rae 44 — nelcTBUTENbHOE 3HaYEHHE MOJIEKYIIsIpHOM Macchl COx.

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

1.BemonHeHnne nabopaTopHbIX pabOT COMPOBOXKAAIOT 3alMCSIMH B JabopaTopHoM >xypHane. Ha
TUTYJIBHOM JIMCTE JTAOOPAaTOPHOIO JKypHala JOJDKHBI OBbITh INpE/CTaBlIEHbl: HAa3BaHUE YHUBEPCHUTETA,
(bamMuIus 1 MHULMAJIB! YYallerocs, HOMep Kypca U IpyIIbl, y4eOHbIN TO.

2.0T4eT 0 BBITOJIHEHHOH JTa00OPaTOpHOH paboTe JOKEH COIEPIKATh CIICYIOIINE CBEICHMS:

*HOMEp paboThI U €€ Ha3BaHUE;

*JIaTy BBIIIOJHEHUS PalbOTHI;

*IIeTTb PaOOTHI;

*000pyZI0BaHUE M MaTEPHUAIIBI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIbITA,;

*KPATKOC OIIMCAaHUC X0da pa6OTLI C YKa3aHUCM YCHOBI/Iﬁ IPOBCACHUA OIIbITA,




*PUCYHKH M CXEMBbI HCIIOJIb3YEMBIX IPUOOPOB;

*HaOJIFOICHM,

*YpaBHEHMSI IPOTEKAIOLINX PEAKIIUIA;

*pacuéThl, TAOIUIBI, TPAPUKH;

*BBIBO/IB.

3.JIabopaTopHBIii kKypHaI HYy’)KHO BECTH YHCTO U aKKypaTHO, 3alIMCH AOJKHBI ObITh JTAKOHUYHBIMH.
4.0T1uéT 0 IpoBeIEHHON paboTe MPOBEPSET U MOAMUCHIBACT MIPETI01aBaATENb.

5K cpaue 3au€ra mo mabopaTOpPHOMY TMPAKTHUKYMYy JOIMYCKAIOTCS CTYACHTHI, BBINOJHUBIINE U
NOJIMCABIINE Yy IperojaBaTelisi Bce JOMallHUE U J1abOopaTOpHble pabOThl, CAABIINE KOJUIOKBUYMBI,
aKTHMBHO y4acTBOBABILNE B pab0OTe CEMHHAPOB.

6.CTyneHThl, MOMYYHBIIKE 3a4€T MO JIAOOPATOPHOMY MPAKTUKYMY, JOMYCKAIOTCS K C/adye dK3aMeHa 10
KypCY HEOPTaHUYECKOW XHUMUHU.

Koumponwvhbie gonpocet :

1 OcHoBHbIE TMOHATUS: XUMUYECKUH OSJIEMEHT, aTOM, MOJIEKyJa, OTHOCHUTEJIbHAas aTOMHas u
MOJIEKYJIIpHas Macca.

2.IIpocToe U CI0KHOE BELIECTBO.

3. KommuecTBo BemmecTBa, MOJb, MOJIIpHAs Macca, SKBUBAJICHT, MOJSpHAs Macca HKBHBAJICHTA.
4.OCHOBHBIE KOJIMYECTBEHHBIC 3aKOHBl XUMHUH: 3aKOH TOCTOSIHCTBA COCTaBa, 3aKOH JKBUBAJICHTOB,
3aKOH KpPaTHBIX OTHOILLIEHUH.

5.Metozsl onpeenieHrs MOJIEKYJISIPHOW U aTOMHOM MacCHhl.

Cnucok Jumepamypbol.

1.Mapmankus, M. @. Xumus : yueb. nocodbue / M.®d. Mapmankun, U.C. I'puropsn, JI.H. Kosanes
; CeB.-KaB ¢enep.yn-1. - CraBponons : CKOVY, 2015. - 228 c. - IIpuin.: c. 221-225. - bubnuorp.: c. 220-
221

2.Xaxanuna, T. Y. Opranuueckas xumus : yue6. nocobue / T.M. Xaxanuna, H.I'. Ocunenkosna,
A.A. T'ypckas ; noxa pen. T.M. Xaxanunoit. - M. : Beicmas mkona, 2009. - 396 c. - (OcHOBBI HayK). -
bubnuorp.: ¢.396. - ISBN 978-5-9692-0310-5

3.I'muuka, H. JI. O6mias xumus : [y4e6. mocooue] / H.JI. I'muuka. - M. : KHOPYC, 2014-2010- 752
c. :w. - [lpw.: ¢. 721-724. - bubmmorp.: c. 725-726. - ISBN 978-5-406-03623-5I'munka, H. JI. Obmas
xumus : [yue6. nocobue] / H.JL. I'munka. - M. : KHOPYC, 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: TOMCKMI TOCYZapCTBEHHBIH YHHMBEPCUTET CHCTEM YIPABICHUS U
PaZMOIEKTPOHUKH, Onb KonTeHT, 2012.— 170 c— Pexum JIOCTyTIA:

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



4.T'abpuensn, O. C. O6mas u Heopranuveckas xumus : y4ue6. mocodbue / O.C. I'aGpuensn, W.I'.
Octpoymos, E.I'. Typbuna. - M. : Axamemus, 2011. - 480 c. - (bakamaBpuar). - Ha yueGHuke rpud:
Hon. YMO. - bubmuorp.: c. 479-480. - ISBN 978-5-7695-8133-

5. Ilomkog, B. A. O0mas xumus. buodusnueckas xumust. XuMusi OMOTCHHBIX 3JIEMEHTOB | YI€OHHK
st By30B / B.A. Tlonkos, FO.A. Epmos, A.C. bepnsaug ; nox pen. I0.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. KoHcrekT nexiuii Juist cTyleHTOB | Kypca WH)XEHEpHOTo (axyiabTeTa
Hanpasienuit UMb, U/Ib : yuebnoe mocodue / O.A. Eropoa, O.B. KoBansuykosa. - M. : Poccutickuit
YHUBEpPCUTET ApYyxkObl HapomoB, 2011. - 156 c. - ISBN 978-5-209-03615-9 ; To ke [DnexTpoHHBIN
pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=116319 (05.06.2015).

JlaGopaTopHas padora Ne 4
Tema: KomMIuiekcHbIe coeIMHEHHS

Henv pabomor: HOJ'Iy‘lCHI/Ie AKBAKOMIICKCOB, pCaKIIUH TCPMOJIHU3a. HonyquHe AKBaKOMIIJIICKCOB CU2+ )

Ni**, Cr¥, momydemme u CBOICTBA T'MAPOKCOKOMILIEKCOB OOBA M XpOMa, MOIy4eHHE
aMUHOKOMIIJIEKCOB M allUJJOKOMILJIEKCOB, U3yYEHHUE JIBOMHBIX COJIEH.

Dopmupyemuvie komnemenuuu. OIIK-1.

Teopemuueckas uacmep:

KommiekcHble coeMHEHUs] 5TO MOJIEKYJISIPHbIE WM HOHHBIE COEIMHEHUs, 0Opa3ylouluecsl ImyTemM
MPUCOEANHEHNUS K aTOMy WJIM HOHY MeTalljla WM HEeMeTallsla, HeUTPaJbHBIX MOJIEKYJ WIH APYTUX
1noHOB. OHU CITIOCOOHBI CYIIIECTBOBATh KaK B KPUCTAILIE, TAK U B PACTBOPE.

OcHOBHBIE I10JIOKEHHUS ¥ MOHATHA KOOPAUHALIMOHHOH TEOPHH.

Jl11s 0OBSICHEHHSI CTPOCHHUS M CBOMCTB KOMIUIEKCHBIX coeiMHEHUH B 1893 . mBeHapcKuM XUMHKOM A
BepHepom Oblna mnpeanioskeHa KOOPAMHALMOHHAs TEOpUs B KOTOPYIO OH BBEN JIBa IOHATHUS: O
KOOP/AMHAIMU U O TOOOYHOH BaJICHTHOCTH.

Ilo BepHepy enasHou eanenmnocmvio Ha3bIBAETCSI BaJEHTHOCTh MOCPEICTBOM KOTOPOW COEAMHSIFOTCS
aTOMBbI ¢ 00pa30BaHUEM MPOCTHIX COEAUHEHUH, MOAUNHSIOIUXCSI TEOPUU

BajieHTHOCTH. Ho, ucuepnaB riaBHyIO BaJIeHTHOCTb, aTOM CIIOCOOEH, Kak MpaBHIIO, K JajbHEHIIeMy
MPUCOETUHEHHUIO 32 CUET NOOOUHOU BANEHMHOCMU, B PE3ylbTaTe MPOSBICHHUS KOTOPOl M oOpasyercs
KOMIIIEKCHOE COEINHEHUE.

[Tox neiicTBuEM CHI TJIaBHOW ¥ TOOOYHOW BAJICHTHOCTH aTOMBI CTPEMSTCSI PABHOMEPHO OKPYXKHUTH Ce0st
MOHAMM WJIM MOJIEKYJIaMH M SIBJISIIOTCS TakuM 00pa3oM LEHTPOM NpUTsKeHUs. Takue aToMbl
Ha3bIBAIOTCS  YEHMPANbHbIMU — UIU  KOMHIeKcooOpaszoeamenamu.  VIOHBI WA  MOJIEKYIIBI,

HEMMOCPCACTBCHHO CBA3aHHBIC C KOMHHGKCOO6p&30B&TCHCM, HAa3BbIBAIOTCS IUSAHOAMU.



[TocpencTBoM TIIaBHOW BAJICHTHOCTH TPHCOCTUHSIOTCS JUTaHABl MOHBI, a IMOCPEACTBOM MOOOYHOM
BAJICHTHOCTH — HOHBI 1 MOJICKYJIBI.

[IputspkeHne JMrana K KOMIUIEKCOOOpPA30BATENI0 HA3bIBACTCS KOOPAMHAIMEH, a YHCIO JIMTaHi —
KOOPIMHAIIMOHHBIM YUCIIOM KOMILIEKCOOOpa30BaTersl.

MoXHO CKa3aTh, YTO KOMIUICKCHBIC COCIMHEHHS 3TO COCIUHEHHsS, MOJIEKYJIbl KOTOPBIX COCTOST W3
LIEHTPAIBbHOTO aToMa (WM MOHA) HEMOCPEACTBEHHO CBS3aHHOTO C OIPEACIEHHBIM YHCIOM APYTHX
MOJICKYJT UJTM HOHOB, Ha3bIBAEMBIX JIUTAHIAMH.

B pomu KoMmmiekcooOpasoBaTeneil uamie BCEro BHICTYMAIOT KaTHOHHI MeramnoB (Co*s, Pt™, Cr*3
Cu*Au*u np.)

B xauectBe nurangoB moryt Beictynath noHbl ClI, CN7, NCS, NO2", OH, SO4% Tak u HEUTpaJIbHBIC
moutekyibl NHs, H2O, aMuHbBI, aMHHOKHUCIIOTHI, CIUPTHI, THOCTHPTHI, PH3, 3dupsr.

Urcno KOOpIUHAIIMOHHBIX MECT, 3aHMMAEMBIX JIUTAHIOM OKOJIO KOMILIEKCOOOpa3oBaTes, Ha3bIBaeTCs
€ro KOOPOUHAYUOHHOU EMKOCMbIO UL OEHMAMHOCTbIO.

Jluranapl, TNpPHUCOCTUHEHHBIE K KOMIUIEKCOOOPA30BaTEII0 OJHOW CBS3BIO, 3aHMMAIOT  OJIHO
KOOpAMHAIIMOHHOEe MeCcTh M HasbiBaroTcs MoHozeHtaTHeIMH (CI, CN°, NCS’). Ecnm ke nuranpg
MPUCOSANMHEH K KOMIUIEKCOOOpPA30BaTEII0 TIOCPEACTBOM HECKOJIBKUX CBSI3€H, TO OH SBISETCS
nomuaenTatHeM. Hanpumep: SO42, CO32 sBISIOTCSA OUIEHTATHBIMA.

KomrekcoobpaszoBatenb U JUTaHIbl COCTABISIIOT 8HYMPEHHIOW cghepy COSTUHEHUS WM KOMILIEKC (B
dbopMynax KOMILIEKC 3aKJIIOYalOT B KBaJapaTHbIE CKOOKH). MIOHBI, HE CBSI3aHHBIE HEMOCPEACTBEHHO C
KOMIUIEKCOOOpa3BaTeieM, COCTABIISIIOT 8HEUULHION KOOPOUHAYUOHHYIO chepy.

WNonbl BHemHEW cdepbl CBA3aHBI MEHEE MPOYHO IO CPABHEHHUIO C JIMTAHJIAMU WM IMPOCTPAHCTBEHHO
ylajaeHsl 0T KOMIUIEKCooOpazoBaTesnst. OHU JIETKO 3aMEMIAl0TCs IPYTUMH HOHAMU B BOJIHBIX PAcTBOpPAX.
Hanpuwmep, B coemunennn Ks[Fe(CN)s] kommnekcoobpasopareneM sBnsercs Fe'?, nurammamum - CN-.
JlBa nmuraHIa MPUCOCIWHEHBI 32 CYET TJIAaBHOW BaJCHTHOCTH, a 4 — 3a cYeT MOOOYHON BAJICHTHOCTH,
CJIEJIOBATEILHO KOOPIMHAIIMOHHOE YUCIIO PABHO 0.

Won Fe? ¢ murannamu CN° cOCTaBISIOT 6HympenHioo cgepy unu Komniekc, a Wonbl K* BHENTHIOW

KOOPJIUHAIIMOHHYIO cepy:

K+ K+

K+
Kak mpaBmiio KOOpIMHAIMOHHOE YHCIO PABHO YJIBOCHHOMY 3apsily KaTHOHA MeETajlla, HalpuMep:
OJTHO3aPSITHBIC KATHOHBI MIMEIOT KOOPAMHAIIMOHHOE YHCIIO paBHOE 2, 2-X 3apsaHbie — 4, a 3-X 3apsiIHbIe
— 6. eciM DJIEMEHT NpPOSABISIET TIEPEMEHHYIO CTElEeHb OKHUCJIEHHs, TO C YyBEJIMYEHUEM €&
KOOPJIUHAIIMOHHOE YMCIIO pacTeT. IJis HEKOTOPhIX KOMILIEKCOOOpa3oBareneil KOOpAMHAIIMOHHOE YUCIIO

ABJIAETCS TTOCTOSHHBIM, HanpumMep: Co™, Pt™, Cr*3 umeroT KoopauHAaIMoOHHOE YHCIIO PaBHOE 6, Y HOHOB



B*3, Be*, Cu™, Au* xoop MHAIIMOHHOE YHCIIO PAaBHO 4. JUIs GONBIIMHCTBA HOHOB KOOPIHHAIIHOHHOE
YUCIIO SABJIACTCA IEPEMEHHBIM M 3aBHCUT OT INIPHPOAbI MOHOB BHENIHEH chepbl W OT YCIOBHIl

00pa3oBaHMsI KOMILJIEKCOB.

Kiaccudukaiiuss KOMIUICKCHBIX COSIMHEHHI TIPOBOIUTCS 110 Pa3IMYHBIM MPH3HAKAM.
1. Tlo 3apsiiy KOMIIEKCHOTO HOHA PA3JIHYarOT:

-katnonHsle [Cu(NH3)4]?

-aanonHble [Co(NO3)s]*

-aeiiTpansusie [Pt(NH3z)Cl2]°
2. Tlo xapakTepy JIMT'aH/IOB Pa3InYalOT:

-akBo- [Cu(H20)4]SO4

-aMmMuHO-[CU(NH3)4]SO4

-aru0- Ko[Cu(Cl)4]

-ruipokco-Ko[Cu(OH)4]

[To ctpykType BHYTpeHHEH cdepbl pa3ianyaioT BHYTPUKOMILIEKCHBIC (IIUKIMYECKHE) COCTUHEHUS.
Hampumep, B )xMBOM OpraHu3Me BCTPEUAIOTCS KIICITHEBUIHBIE (XEIaTHBIC) MATHWICHHBIC TUKIIBL. OHH
00pa3yroTcsl KAaTHOHOM MeTalla U A-aMHHOKHCIOTaMH. K HUM OTHOCATCS TeMOTJIOOWH, XJIOPO(QHILI,

BUTaMHH B1».

[Tpu cocTaBiieHUN Ha3BaHUsI KOMILICKCHBIX COCTMHEHUHN PYKOBOJICTBYIOTCS CIICAYIONIMMHU TIPAaBUIAMU:

- CHayajia Ha3bIBaIOT BHYTPEHHIOK cdepy;

- COCTaBHbBIC YacCTH €€ HA3bIBAIOT B CICAYIOIICH MOCIIEI0BATEIILHOCTH: JIMTAH/IbI AHUOHBI, JIMTAH/IbI —
MOJIEKYJIBI, KOMIUIEKCOOOpa3oBarTelb. 3amuchiBatOT (GOPMYITy B OOpaTHOM MOCIEI0BATEILHOCTH.

- K Ha3BaHUSM JIMTAHJOB — HOHOB J00aBIsIOT okoHUaHue «o» (Clxmopo-, CN1mano-). HelitpaibHbie
MOJICKYJIbI COXPaHSIOT CBOM Ha3BaHMs, 3a HckitodeHneM HoO — akBo, NH3z — amuH.

- YHCJIO JIMTAH/I0B YKa3bIBAIOT TPEYCCKUMU YHCIUTEIbHBIME: U, TPH-, TETPa-, IEHTA-, TeKCa- U T.]I.

- B TIOCJIC/THIOIO OYepe/Ib HA3bIBAIOT MOHBI BHEIITHEW Cepbl.

[Mpumep: karnonusie —[CU(NH3)4 ]SO4— Terpaammunokympat (II) cynsdar;

anroHHbie — Na3g[Co(NO2)e] —rexcanurpokobonbrat (I111) HaTpus;

Hewrpanbabie [Pt(NH3)]Clo - nuxmopomnaMmMuHOIIIaTHHA.

Obopyoosanue u mamepuaivl:

PeaxTuBbl, HEOOXOIUMBIE NIJIsT JAHHOW PaOOTHI, BHICTABIIAIOT HA MOJKK Jab0paTOpHBIX CTOJIOB. Penkue
PEaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI M IIETOYH, MaxXydue BellecTBa (HampuMep, cepoBOIOPOI,

OpoMHas BoJa U Ap.) XpaHST B BBITSHKHOM IKa(y.



OcHoOBHas XUMHYECKas 1MOCy/1a: MPOOUPKHU (B IITATHUBE), KOJIOBI, XUMHUYECKUE CTAKaHBI IMOCIE pabOThI
TIIATEIBHO BBIMBITH, BECHI C Pa3HOBECOM, MPHUOOPHI, UCIONb3yeMasl Ui TPOBEICHUS OTIEIbHBIX
nabopaTopHBIX paboT, BRIAACTCS U CIACTCS YHUCTas Ta00paHTy.

Texnuka dezonacnocmu npu_8blNOJIHEHUN J1A00PANOPDHOU_Padombl:

-aKKypaTHO 00pallaThCsl CO CTEKISTHHON XMMHUYECKOW MOCYIOHW. OCTaTKU pa30OMTOl mocyabl youpars ¢
IIOMOIIBIO COBKA U IIETKU,;

-Bce paboTHl, CBSA3aHHBIC C BBIJICICHHEM SIOBUTHIX, JICTYYMX U HEMPUATHONAXHYIIUX BEIECTB,
MIPOBOJIUTH B BHITSDKHOM IKa(y;

-[IpY OIPEENICHUM 3allaxa BEIIeCTB OTBEPCTHE COCya JepXkaTb Ha paccTosHuM 25-30 cM OT suna,
HanpasJsisl K cebe CTPYIo ra3a MnocTynareabHbIMU JBH)KEHUSAMU JIaJIOHU OT OTBEPCTUS K JIMILY;

-IpY HAJIMBAHWU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30EKaHHE MOMaJaHus OpbI3T WIN
YaCTHI] HA JINLIO WM OACKAY. IIPH pa30aBICHUH KOHIICHTPUPOBAHHBIX KUCIIOT BIMBATH KUCIOTY B BOLY,
HO HE Ha000poT;

-[IpY HarpeBaHUM NMPOOUPKHU He JAepKaTh €€ OTBEPCTHEM K ceOe UM B CTOPOHY COCea. HE HAKIIOHAThCS
Ha/1 HarpeBaeMoi XHUJIKOCTbIO BO U30€KaHHE OMalaHus €€ Ha JIUL0, PyKH WIH OJIeXKIY;

-rOpsiYre MPEIMEThl MOXXHO CTaBHTh TOJIBKO Ha acOECTOBBIA KapTOH, acOECTHPOBAHHYIO CETKY WIIA
APYTYIO CIICIUATbHYIO IOJICTaBKY;

-HEJb3s MOJIb30BATHCS IEKTPONPUOOpPaMu 0€3 COOTBETCTBYIOIEI0 MHCTPYKTaXa. IPU BKIIIOYEHUHU UX B
CeThb HeJb3sl IePIKaThCsl 3a METAINIMYECKUE TIpeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpelaeTcs BKIOYATh U
BBIKJIIOUYATh JIEKTPONPHOOPHI MOKPHIMH pYKaMH, a TaKKe IOJb30BAaThCs HEHMCIPABHBIMHA WA
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3anperaeTcs NpUHUMaTh MHIY B XUMUUYECKON 1a00opaTopru U MUTh BOAY U3 J1aOOPaTOPHON MOCYbI. -
-KaTeropuyecKH 3arperaercs npooboBaTh peakTHBBI Ha BKYC;

-TIpU TIOTIAJJAHWM HA JIMIO WJIM PYKH OpBI3T KOHIICHTPUPOBAHHBIX KHCJIOT IIOCIE CMBIBAaHUS BOJOU
MIPOMBITH CTa0BIM PAaCTBOPOM COJIBL. IIENOYH CIEAYyeT CMBIBATh IO TE€X IOp, MOKA y4acTOK KOXKH, Ha
KOTOpPBIN OHa Tomaa, He NMepecTaHeT ObITh CKOJB3KUM; 3aT€M MPOMBITH CJIa0bIM PacTBOPOM YKCYCHOM
KHUCJIOTHl U HAJIOKUTh TOBSA3KY W3 BaTbl, CMOUYEHHON 3%-HbIM pacTBOpPOM IepMaHraHata Kaimus (U3
anTeuyky B JabOpaHTCKOU Kaderpsl);

-110 OKOHYaHHWH PAa0OTHI BHIKIIOUUTH U3 CETH BCE AJIEKTPOIPHOOPHI, MIEPEKPHITh T0ady Ta3a U BOIBI B
nabopaTopuio U yopaTh pabodee MecTo;

-000 BCEX HECYACTHBIX CIy4asx HEMEJIEHHO COO0IIaTh MpenojaBaTesto Wil JabopaHTy.

Ilpaxmuueckas uacmso:

OmnpiT Nel. [ToxyueHne akBaKOMIUIIEKCOB.
Harpeiite B ¢apdopoBoii wyamieuke HeOOJbIIOE KOJUYECTBO KPUCTALIOTHIpaTa CyiabdaTra MeIu.

OtmerpTe 1BeT Oe3BonHOM conu. Ilocne oxnaxnaeHus comu (papdopoByro damKy MOXKHO Opatb



pykamu) npubaBbTe BOAy. VI3MEHEHHME IIBETa CBSI3aHHO ¢ OOpa3oBaHWMEM akBakoMmiuiekca. [logoOHbIe
orepaly npojenaiTe ¢ KpUCTAJUIOTHApaTaMy cyib(aTa HUKENs, Xjaopuaa xpoma. Hanummre peakuu
TepMonm3a 1 GopMynsl aksakomiekcos Cu?*, NiZ*, Cr*,

OnbiT Ne2. B dapdopoBoii uamedke HEOOIBIIOE KOJIMYECTBO KPHUCTAIIOB XJIOpUAa KoOanbTa
pacTBOPUTE B HECKOJIBKUX KAIIIX KOHLEHTPHUPOBAHHOW COJSHOM KHCIOTHI (OCTOPOXKHO C KHUCIOTOM,
ONBIT MPOBOJAUTH MONA TAroi). OTMeTbTE OKpacKy pacTBOpa, KOTOpas BbI3BaHAa OOpa30oBaHHEM
TETPaxJIOpKoOOIBbTOBOM KUCIOTHL. [IpH pa3daBieHne MOITyYeHHOTO pacTBOpa BOJIOW OKpAacKa MEHSETCS
Ha PO30BYIO, XapaKTEPHYIO U THIPATHPOBAHHOTO HOHA KoOanbTa. Hanuimmre ypaBHEHUsT peakuii.
OmnpiT Ne3. ITosnyyeHue ruJpOKCOKOMILIEKCOB.

K pactBopy conu nunka npubaBbre pactBop ménoun. OOpa3yromuiics 0ca oK THAPOKCHIA B U30bITKE
IEI0YN PacTBOPSAETCS M INPEBPALLAETCS B PACTBOPUMBINA THIPOKCOKOMIUIEKC. AHAJIOIMYHO IOJIYYUTE
T'UJIPOKCOKOMIIJIEKCHI aJJFOMUHUS, 0JI0BA U XpOMa.

OnbiT Ne4. [TonyueHne aMMHOKOMITIIEKCOB.

A. K pactBopy cynbdaTa MeOu TMOCTENEHHO MpU TMEepEeMEIIMBAHUM WIM BCTPSIXUBAHUU J00aBHTE
pacTBOp KOHIICHTPUPOBAHHOTO aMMuaka. OOpaTuTe BHHUMAaHHE Ha TO, YTO OOpa3yIOUIMIICS CHHHIA
0CaJIOK THIPOKCHIA MeIU B M30BITKE aMMHaKa pacTBOPSETCS BCIEACTBUE 00pa30BaHUs PACTBOPHUMOTO
aMMHaKaTa Meau. OTO CONPOBOXKIAECTCS pe3KuM u3MeHeHueM LBera. Mon terpannammunmenu (II)
MOKHO pa3pylIuTh J100aBlieHneM pacTBopa cynbdara Hatpus. OObsicHUTE, oueMy? DTH K€ OIBITHI
npoBeuTe ¢ pacTBopoM comu Ni%*,

B. B pactBope ammuaka Xopouio pactBopsiercs xJjiopuj cepedpa. [lonmyunre HemMHOro ocajika XJopuaa
cepeOpa w3 HHTpara cepebpa W PacCTBOPUTE €r0 B HECKOJBKHX KaIULIX KpPEmKoro ammuaka. M3
MOJyYEHHOTO pacTBOpa XJIOpUAa JAMaMMUHCepeOpa MOXKHO BHOBb BBIJICIIUTh XJIOPHJ cepedpa
nobasneHreM a30THOM kucnoTsl. Ilogemy 3to mpoucxoaut? Conn cepebpa AePULIUTHBI, MOITOMY
BBUTUBAITE UX PACTBOPHI ITOCIIE TIPOBEICHHBIX OIBITOB B CIEIMAIbHBIE OaHKH C dTUKETKOH "Jjis1 cimBa
cepebpa ".

OmnpIT NeS. [TonydyeHne anuI0KOMILIEKCOB.

A. Tlonmyunte HEMHOro ocajaka Xjopuja cepedpa, cieiTe pacTBop, a K 0CajJKy J00aBbTe MO KaIlIsIM
KOHLEHTPUPOBAHHOM COJSTHOW KHMCHIOThI. OcaJoK pacTBOPUTCS B M30OBITKE KUCIOTHI ¢ 00pa3oBaHUEM
JTUXJIOPCEPEOPSTHHON KHUCIOTHI.

B. K pactBopy comu Hg?" n06aBbTe MOHEMHOTrY pacTBopa Hoauia Kanus. Beimamaer ocaiok Hoauna
pTyTH, KOTOpbIii B M30bITKe KI pacTBOpsiercss ¢ oOpazoBaHMEeM OECIBETHOTO TETpaioaoTrHIpaprupaT
(1)- noHa.

B. K 1-2 mn pactBopa comu Co?* 1m06aBbTe MIEMOTKY KPHUCTAIIMUECKOTO POJAHHIA AMMOHHS.
OO6pasyercsi KOMIUIEKCHBII MOH KoOasibTa cCHHEro 1Bera. Eciau pacTBop pa30aBUTh BOJIOM, TO OKpacka

M3MEHUTCS Ha PO30BYIO, XapaKTEPHYIO Ul akBaKoMILIeKcoB kobainbTa (II).



I'. Ha pactBop conu xene3a (III) moxeiicTByliTe B 0HON POOUpPKE pacTBOpOM MIENOYH, a B APYrou -
pacTBopoM poaaHuaa amMMmoHusA. OOBSCHUTE MNPOUCXOIAUINE SBICHHUS. OTH PEaKUHUU IO3BOJISIOT
obHapyXuBaTh B pacTBopax HoHbl Fe®'. Ha pacrBop rekcammanodeppara (III) kamus Taxxke
MOJICHCTBYITE pacTBOpOM MHIENOYM W pojaHuaa amMMoHusA. [louemy BO BTOpPOM ciy4yae Mbl HE
HaOTI0IaeM peaKiyii, XapakTepHbIX s HoHa Fe**?

OmnbiT Ne6. JIBOMHBIE COMIH.

JIBoiiHyto coib - amoMmokaiaueBbie KBacipl KoSOs- Alx(SOs)s - 24H0O MokHO paccMaTpuBaTh Kak
KOMIUIEKCHOE COeMHEHHuE - aucyibdaroantoMuHar kaiusg. B Tpu npoOupku Haneilite pacTBOp 3TOi
COJIM, B KQUECTBEHHOHN pEaKIK ONpeICINTe, KAKUe HOHBI €CTh B 3TOM PacTBOpE.

Hannuue B pacTBOpe HOHA Kamus MOXKHO YCTAaHOBUTH JOOABICHHEM THUAPOTApTpaTa HATPHS
NaHCsH4O6. Ilpu 3amemienun HaTpus KaiueM oOpa3yeTrcs HEpacTBOPUMOE COEAMHEHHE (0CcaoK
o0pasyercsi OBICTpee, €CIM CTEKJISHHOM Ialo4KOW MOTEpeTh CTeHKH mpobupku). Mon K* mpore
otkpbITh pactBopoM Naz[Co(NO2)e]. st aToro k 1-2 Mi1 HCIIBITYEMOTO pacTBoOpa J00aBUTh HECKOIBKO
Karenb KOOAJbTHHHTPUTA HATpHUs. BBIIAgaeT KenThlii 0cafoK KobGansTHHHUTpHTA Kanmus. Mom ALY

Oo0HapyKHUBAIOT 100aBJICHUEM IETOYH, HOH SO4% 0CaKIAIOT B BUJIE cynbsdara 6apusi.

Tpeoosarnusa Kk ohopmaeruio 1a60pamoprHoil padOmvl U OMYemy:

1.BeimonHeHre 1a00paTopHBIX paboOT CONMPOBOXKIAIOT 3amucsiMU B JabopaTopHoM KypHaie. Ha
TUTYJIBHOM JIUCTE JTAOOPAaTOPHOTO JKypHaJa JOJDKHBI OBITH MPECTABICHBI: Ha3BAaHHE YHHBEPCHTETA,
(bamMuIus 1 MHULIMAJIB! yYalerocs, HoMep Kypca U rpymbl, y4eOHbIH ro.

2.0T4eT 0 BBIMOJHEHHO J1a00paTOpHOI paboTe JOKEH COIEepKaTh CIEeIyIOIINE CBEICHHS:

*HOMEp paboThI U €€ Ha3BaHUE;

*JIaTy BBITTOJTHEHHS PaOOTHI,

*IIeTTb Pa0OTHI;

*000py/I0BaHHE M MaTepHaJIbl;

*KpaTKO€ TEOPETHUECKOE OINKCAHUE;

*HOMED U Ha3BaHME OIbITA;

*KpaTKO€ ONMMCaHue X0Ja paboThl ¢ yKa3aHUEM YCIIOBUH NMPOBEJCHUS OIIbITA;

*PUCYHKH M CXEMbI HCIIOJIb3YEMbIX TIPUOOPOB;

*HaOJIFOICHMS,

*ypaBHEHUS MPOTEKAIONINX PEaKITHii;

*pacuéThl, TaOIULbI, FpaduKy;

*BBIBO/IBI.

3.JIaGopaTopHBIii ’KypHaI HY>)KHO BECTH YHCTO U aKKYPaTHO, 3aIIUCH JIOJKHBI OBITh TJAKOHUYHBIMH.

4.014€T 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT MPENOJaBATENb.



5.K cpaue 3auéra mo mnabopaTopHOMYy MPAKTUKYMY JOMYCKAIOTCS CTYACHTbI, BBHINOJIHUBIINE H
MOAMNKCABUINE y TPENnojaBaress BCe JOMAIllHWE MU JIabopaTOpHbIe pabOThl, CIABIIME KOJUIOKBHYMBI,
aKTUBHO YYaCTBOBAaBIIUE B padOTE CEMUHAPOB.

6.CTyaeHTHI, MOJIYYUBIINE 3a4€T TI0 JIA0OPATOPHOMY MPAKTUKYMY, HOMYCKAIOTCS K cllade dK3aMeHa o
KypCy HEOPTaHUYECKON XUMUHU.

Konumponwvhwie gonpocel :

1 Kakoli BbIBOJI MOKHO CJIENATh O IPOYHOCTH JAHHOI'O KOMILIEKca?
2. Kak mpoTrekaeT JuCCcOnManus TaKOro TUIa KOMIUIEKCHBIX COSAMHEHUI?

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

4. KowmrmiekcooOpa3yrorias CiocOOHOCTb S-, p- U d- 3JIEMEHTOB
5. Xapaktep XMMHUYECKOW CBSI3U B KOMILJICKCHBIX COCMHECHUSX
6. CrpoeHue MEKTPOHHBIX 000JI0YEK ATOMOB

7. DnexTpoHHBIE (HOPMYIIBI

Cnucok n1umepamypuol:

1.Mapmankua, M. ®. Xumus : yue6. mocooue / M.®. Mapmankun, U.C. I'purops, J[.H. KoBanes
; Ces.-KaB ¢enep.yn-t1. - CtaBpomnoins : 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 ; nox pen. T.U. Xaxanunoil. - M. : Beicias mkona, 2009. - 396 c. - (OcHOBBI HayK). -
bubmuorp.: ¢.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. - [lpw.: ¢. 721-724. - bubmwmorp.: 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 mnocobue/ Yukun E.B.— Dnextpos.
TeKCTOBbIE JaHHble.— ToMck: TOMCKMH TOCYZapCTBEHHBIM YHMBEPCUTET CHCTEM YIPaBJICHUS U
PaguOdIIEKTPOHUKH, Onb Konrenr, 2012.— 170 C— Pexnm JOCTYyIIa:
http://www.iprbookshop.ru/13873.— DBC «IPRbooksy, mo mapoiio

4 I'abpuensn, O. C. O6mas u Heopranuueckas xumus : yue0. nmocodue / O.C. I'aGpuensn, NI
Octpoymos, E.I'. Typouna. - M. : Axkanemus, 2011. - 480 c. - (bakamaBpuar). - Ha yueOnuke rpud:
Hom. YMO. - bubmmorp.: ¢. 479-480. - ISBN 978-5-7695-8133-

5. [lonkos, B. A. O6mas xumus. buogusndeckas xumusi. XuMusi OMOT€HHBIX IEMEHTOB : y4eOHUK
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 yue6nuke rpud: Jon.MO. - bubnuorp.: c. 548-
548. - ISBN 978-5-9916-1667-6

6.EropoBa, O.A. Xumus. KoHcrekt nexmmii uist cTyneHToB | Kypca MHKeHepHOTro (akymibreTa

Hanpasienuit UMb, /1B : yueOnoe nocobue / O.A. Eroposa, O.B. KoBanbuykosa. - M. : Poccuiickuit



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

JlabopaTopnasi padora Ne 5

Tema: CKOpoCcTh XUMHYECKHX PeaKkIUuil 1 XuMHYecKoe paBHoBecue. KaTanus

Ilenv pabomwvi: 3ydyeHne 3aBUCHMOCTH CKOPOCTHM PpEaKIMM OT KOHLEHTPAallUM pPEaraHToB,
TEMIIEpaTypbl, CTEIEHU W3MEIbYCHUS BEIECTBA, BIMSAHUSA KaTaJIU3aTOPOB HAa CKOPOCTb pEaKIuW,
BIIMSIHMS PEareHTOB U TEMIIEPATYPbI HA XMMUYECKOE PABHOBECHE.

Dopmupyemuvie komnemenuuu. OIIK-1.

Teopemuueckas uacmo:

CKopocmbio peakyuu Ha3bIBa€TCS YHCIO aKTOB XMMHYECKOTO B3aUMOJEHCTBHUS, MPOUCXOISIIMX 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 cpeaHeil CKOPOCTHM XUMHUYECKOW PEAKIMM CYIAT 1O HU3MEHEHHUIO MOJISIPHOW KOHILIEHTpAIUU

pearupyronux BeIecTB 3a ONpeaeIEHHbIN HHTEPBAJI BPEMEHH:

g=tlazc)
(1, —17)

rac V- CpeaHsAs CKOPOCTh XUMHYECKOMN peakuuy; C 1 — MOJISIpHAsA KOHICHTPALMA BEIIECCTBA B MOMEHT T 1
, C 2 — MOJIsIpHasl KOHLICHTpalMs BECIICCTBA B MOMCHT 7 2 . Hctunnoit CKOpPOCTBIO XUMHUYECKOH pcaKkuuun B

Z[aHHI)II\/JI MOMCHT HA3bIBACTCA II€pBasd NPOU3BOAHAA KOHIICHTPAIUU 10 BPpECMCHU:

1‘=i£:r=—dﬁ £ =+dﬁ?m
dr’ dar dar

B romorenHoi cucreMe_CKOpOCTh XUMHYECKOW PEaKIMU 3aBUCHUT OT MPHUPOJIBI pEarupyrolInX BEIIECTB,

X KOHIIEHTpalM, TEeMIIepaTypbl, HaJIW4YUs KaTajau3aTopa, HPUCYTCTBHUS NpUMECEHd U MPHUPOJbI
pacTBopuTensa. B rereporeHHoi cucreMe B3aMMOJEHCTBUE OCYLIECTBIIIETCS HA MOBEPXHOCTH paszeia
pearupyromux BeIecTB, OITOMY 3aBUCHT OT JU(QYy3Un BellecTBa K MOBEPXHOCTU (IU(PPY3MOHHBIH
pexxum), a ecnu Auddy3us He BIUSET Ha CKOPOCTh peakiMy (KMHETHUYECKHH PEXUM), TO MPH MPOUUX
PaBHBIX YCJIOBHUSX YBEIMUYEHHUE IMOBEPXHOCTH pa3jiesia MOBBIIIAET CKOPOCTh FeTEPOT€HHON XMMHUECKOH
peakuuu. 3aBUCHMOCTh CKOPOCTH PEAKIMH OT KOHIIEHTPAIMM OMPEENIeTCs 3aKOHOM JIeHCTBYIOIMIUX
macc (3akoH ['ynpnGepra-Baare): ecnmu Xxumudeckas peakuuss HAET B COOTBETCTBHHM  CO

CTCXUOMECTPUUCCKUM YPABHCHHUEM, TO CKOPOCTb PCAKIUU HNPpAMO HNPONOpHHUOHAIBHA ITPOU3BECACHUIO



KOHIIEHTPALUH pearupyromux BELIECTB B CTENEHAX, PABHBIX CTEXHOMETPUYECKUM KO3 (UIMEHTaM B
YPaBHEHHH PEAKLIHU.
Jlnist peakiiuy 3anucaHHoi B oomem Buze, T.e.: NA + mB — R + pD, ckopocTs peakiuu B

COOTBETCTBHUH € 3aKOHOM JICHCTBYIOIIMX MACC BBIPA3UTCSA CIEAYIOLIUM 00pa3oM:

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

3neck [A] u [B] — MOnsipHBbIE KOHIIEHTpAlMU PEarupyrolIMX BEIIECTB B JAHHBIII MOMEHT BPEMEHU;
n ¥ m - crexuoMeTpuueckre KodhuueHTs IpU pearupyoumx seunecrsax. Hanpumep, 11s peakuuu:

ZNO+ 0O, « INO,
npsiMasi 1 00paTHasi CKOPOCTH:
B B
L Hp = k@c_‘-.'ﬁ?cﬂ: 21 obp = ksfpc_‘-.'ﬂz '
Ha MMPAKTUKEC NPHUXOAUTCA HUMETH ACJI0 CO CIOXHBIMU IpoHeCCaMH, COCTOAIIMMU HE U3 OIIHOf/'I, a U3
MHOKECTBA IIPOCTBIX CTEI,Z[PIIZ, Ha3bIBACMbIX JJICMCHTAPHBIMH aKTaMU, IJIA Ka)KﬂOﬁ M3 KOTOPBIX MOKHO

3amnucarb CBOE BBIpAXXCHUC JJIA CKOPOCTH Ha OCHOBAHHU 3aKOHA ﬂeﬁCTBYIOHIHX macc. B takom cirydae

YHCJIO MOJICKYJ, YH4aCTBYIOIIUX B 3JICMCHTAPHOM aKTC, ONPCACTIACT MOJICKYJIAPHOCTD B3aHMOJCHCTBUSL.

Jljis npuBEeAEHHOTO BBILIE MPUMEpPa MpsiMasi peakliisi TPUMOJIEKYJIIpHa, a 00paTHasi OMMOJIEKYIISIpHA.

B GonbIMHCTBE ciiyyaeB MOKa3aTeNH CTEIEHHU MPU KOHIICHTPAIUSAX B YPAaBHEHUU 3aKOHA JEHCTBYIOIINX
Macc OTJIMYAIOTCS OT YMCJa MOJIEKYJ B YPaBHEHUU PEaKLUHUU. ITO NPOUCXOJIUT OTTOrO, YTO YPAaBHEHHE
peaxiuu oTpaxkaeT JUIIb OOIIU UTOT mporecca. [lokazaTenu m U n B MaTemMaTnueckoMm ypaBHeHuu (1)
Ha3bIBAIOT B TAKOM CJIy4ae MOPSIKOM PEAKIMU M0 KaXJIOMY M3 pearupyromux BeniectB A uiu B, a ux
cymMmmy (m+n) — oOIIMM TOPSJIKOM peakinuu. B KaXJoM KOHKPETHOM TIpOIlecce B 3aBUCHUMOCTH OT

YCJIOBUN MOXET ObITh pa3IMYHBIN MOPSIOK PEAKIIHH.

Koadduurent k HazpiBaeTCs KOHCTAHTOM CKOPOCTH pEaKIMHM W 3aBUCHUT OT MPHPOJIBI Pearupyroumx
BCIICCTB, TCMIICPATYPbl U KaTaJIn3aTopa. YucneHHo KOHCTAaHTa CKOpPOCTH XUMHUYECKOH pC€aKkuuu paBHa
CKOPOCTH PEaKIUU TPHU KOHIEHTPAIMAX PEearupyrolnx BEIeCTB, paBHBIX | Moib/1. OgHaKO peakiuu
UAYT, KaKk MpaBWIO, MO OTAEIBHBIM CTaJusAM U OOILYI0 CKOPOCTh Ipoliecca oIpeenseT Hauboiee
MEJIEHHO pa3BHBaroiascs craaus. [1o3Tomy rnokasarenu creneHel npyu KOHIEHTPALUAX pearupyromux
BCIICCTB HE COBIMAAAIOT C UX CTCXUOMCTPHUICCKUMHA K03(1)C1)I/H_[I/IGHT3MI/I, a KOHIOCHTpAIU HEKOTOPLIX U3
p€arupyromux BEIIECTB BOO6I].[C MOTYT HC BXOOUTH B BEIPAKCHHUE CKOPOCTU XUMHNYCCKUX peaKHHﬁ.
3aBUCUMOCTh KOHCTaHTBhl CKOPOCTH PEAaKIUU OT TeMIIepaTypbl MOXKET ObITh BbIpa)kKeHa ypaBHEHUEM
AppeHnnyca:

o
Eom

k=ky-e ¥




rae Eaer — oHeprus aktuBanuu; K — KoHCTaHTa ckopoctd; T — Temmepatypa, K; Ko — koncranra; R —
ra3oBasi [IOCTOSIHHASL.

DHeprueil aKkTHBAllMM HAa3bIBAETCS TO KOJMWYECTBO SHEPIHH, KOTOPOE HAA0 COOOIIUTh MOJIO
pearupyoomux BeIIeCTB  JUIS MPHUBEACHUS €r0 B PEaKIHMOHHOCIIOCOOHOE COCTOSIHHE. JHEeprus
aKTUBALlMU B PEAKIIMH HE UCUE3aeT U YBEIIMYMBACT TEIJIOBOM APPEKT peaKiui.

[Ipn HU3KHMX TemIepaTypax MOXHO CUHUTATh, YTO CKOPOCTb PEAKIIMH BO3pacTaeT MpU HArpeBaHUM Ha

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

=

T

371ech Y - TemneparypHbiid ko3¢ dunuent Bant-I'odda.

Kamanuzamopom Ha3pIBaeTCs BEIIECTBO, HM3MEHSIONIEE CKOPOCTh XHUMHYECKOW peakiuH, HO B
pe3ynbrate €€ caMo OCTaroImeecss XUMHYSCKH HEU3MEHHBIM. KaTallMTHYecKue MpoIecChl CBOIATCS K
JBYM THIIaM: TOMOT'€HHOMY M T'eTeporeHHoMy. [Ipy rOMOreHHOM KaTajau3e pearupyrolinue BEelecTBa u
KaTaJIu3aTop COCTABISIOT OAHO(pa3HyH cuctemy. [IpM TeTeporeHHOM KaTajlu3e pearnpyrolme
BEIIECTBA M KAaTAJIM3aTOP COCTABIIAIOT CUCTEMY U3 IBYX (a3, M KaTAIUTUYECKUHN MPOIecC MPOTEKAeT Ha
rpanunax paszzaena. CKOpOCTh B3aUMOICWCTBUSL B AITOM CiIydae IPOIMOPIUOHAIBHA ITOBEPXHOCTH
pasnena ¢as.

Bce xumudeckue peakiuu MOKHO pa3/ieiuTh Ha HEOOpaTUMbIE, HANIPABJICHUE KOTOPHIX HE 3aBUCHUT OT
BHCITHUX YCJIIOBUW, W OOpaTUMbIC, HAMPABICHHE KOTOPHIX MOXKET W3MEHSATHCS B 3aBUCHMOCTH OT
TEMIIEPATypPhl, KOHIIGHTPAIIMM W JaBIICHUSA. BONBIIMHCTBO peakiuii oOpatumo. OHU TIPOTEKAIOT
OJTHOBPEMEHHO B JBYX HampaBIEHUSX, TaK KaK BO BCAKOW pPEeaKIUH MO Mepe 0O0pa30BaHHUs MPOTYKTOB
peaKiuy BO3HUKAET BO3MOKHOCTh B3aUMOJICHCTBUS MEXTy HUMU C 00pPa30BaHHEM MCXOHBIX BEIIECTB.

PaccmoTpum obpaTiMyro peakiinio B ooimem Bujge: aA + bB «—c C +dD.

[TprMeHUB 3aKOH JEWCTBYIOIMX Macc K MPsIMOIl 1 00paTHOM peakuusM, MOIyduM:

1 = k;[ﬁ]a[ﬁ]b:

v, =k [CFDT.

rae V11 V2 — CKOPOCTH IpsIMON U 0OpaTHOM peakuui.

ITo mepe nmpoTekaHus peakuu KOHLEHTPALUs UCXOIHBIX BEILECTB YMEHBIIAETCA, U CKOPOCTh MPAMOU
peaKiuy yMEHBIIAeTCs, a CKOPOCTh OOpPaTHOM YBEIMYMBAETCS BCIIEICTBUE YBEITUUYECHUS KOHILEHTPALUH
MTOJIYYEHHBIX BEIIECTB.

Uepe3 HEKOTOpOE BpeMs HACTyHaeT COCTOSHHE, KOTJIa CKOPOCTh OOpaTHOro Ipolecca CTaHOBUTCS

paBHOM CKOPOCTH IPAMOTo: Vi1 =V2.



Cocmosnue, npu KOmMopom CKOpOCMb NPAMOU peakyuu paeHd CKOPOCMU OOPAMHOU, HA3bIBAemCs
XUMu4eckumM pasHogecueM, a KOHIIGHTpAIlMM BCEX YETHIPEX BEIIECTB — PAaBHOBECHBIMHU

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

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

: 3)
K 1 1 K 2 U1 JaHHO#M peaKiyu Py OJHON M TOH e TeMIIepaType SBJISIOTCS BETHYNHAMHU IOCTOSHHBIMH,
a 3HAYWT, HMX OTHOIICHHE IOCTOSHHO: K¢ — BeJHMYMHA IIOCTOSHHAs M HAa3bIBAeTCI KOHCTAHTOM
paBHOBecHs. Iy peakiuii MexIy Ta3000pa3HbIMH BEIIECTBAMH BMECTO KOHIIGHTPAIMA MOKHO
WCIIO0JIb30BaTh IMapIyaIbHbIC ABJICHUS ra30B B cMecH. [Ipu 3TOM KOHCTAaHTY paBHOBECHS 0003HAUYAIOT

qepeSKp . Ecn KOHIOCHTpAIKWU BBIPAKCHBI B MOJIbHBIX HOJISIX, TO KOHCTAHTAa PAaBHOBCCHA o0o03HayaeTcs

gepes Kn . Mexny Kc ,Kp 1 Kn cymiecTByroT cienyromye 3aBUCUMOCTH:

K =K (RT)™,

p =
Kp = K-rtF:ﬁu_;?

rae yn — aiaredbpanueckas CyMMa CTeXHOMETpUuYeckHX KoaddunuentoB. KoHcTanTa paBHOBecus
3aBUCUT OT TEMIIEPATYPBI U IIPUPOJBI PEATHPYIOLIUX BEIIECTB, HO HE 3aBUCUT OT KaTaJIM3aTopa, TaK KaKk
MOCTICTHUI YCKOPSIET U MPSIMYI0, M OOpaTHYIO peaKInu.

VYpaBHenue (3) BbITEKaeT U3 3aKOHA JIEHCTBYIOIIMX Macc s oOpaTuMblx peakuuid. Ero moxHO
copmynupoBath Tak: OTHOILIEHHE IPOU3BEICHNUS PABHOBECHBIX KOHLIEHTPAIM B CTENEHU UX
CTEXHOMETPUYECKUX KO (ULIMEHTOB €CTh BEIMUNHA, IOCTOSIHHAS [IPU JaHHOW TeMIepaType.
CMmenieHre paBHOBECHS B 3aBUCHMOCTH OT HM3MEHEHHUS KOHIEHTpalui pearupyroliuXx BeLIeCTB,
TeMIepaTypbl, JaBleHus (B ciydyae ra3oBbIX peakiuii) B oOiieM ciydae onpenensercs npaBuioMm Jle-
aTenwe: eciu 6 cucmeme, HaxXOOUBWIEUCs 8 PABHOBECUU, USMEHUMb 00HO U3 ycaoguu (t, p, ¢ ), mo
npoucxooum cmeweHue paeHosecus 6 HanpaeieHuu mou peaxkyuy, KOmopdas Nnpensmcmeyem
NPoU36E0EHHOMY USMEHEHU .

[Ipumenss npunuun Jle-Ilarense K pa3HbIM CydasM, MOKHO CAENATh CJIEIYIOLINE BEIBOBI:

1) mpu yBeIMUYEHHMM PABHOBECHOW KOHILIEHTPAL[MM OJHOIO W3 BEIIECTB CHUCTEMa XHUMHYECKOIO
PAaBHOBECHSI CMEIAETCS B CTOPOHY TOM peaKUUU, KOTOpast IOHMKAET KOHLIEHTPALUIO STOTO BELIECTBA;
2) mpu yBEIWYEHUH JaBIIEHUS PaBHOBECHE CMEIIAETCSI B CTOPOHY OOpa3OBaHUs MEHBILEr0 YHUCIIa
MOJIEKYJI ra3a;

3) HarpeBaHME CMEIIAET PaBHOBECHE B CTOPOHY IHAOTEPMHUUECKON peaKluy, OXJIaXkIeHHEe — B CTOPOHY
9K30TEPMHUUYECKON PEAKIIUH.

0Qbopyoosanue u mamepuaivl:




PeaxTuBbl, HEOOXOANMBIC ISl TAaHHOW pabOTHI, BHICTABIIAIOT HA MTOJKU Ja0OPaTOPHBIX CTOJOB. Penkue
PEaKTUBBI, KOHIICHTPUPOBAHHBIE KUCIOTHI W MIENOYM, Maxydue BellecTBa (HAIpHMEp, CEpOBOIOPO,
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IIKady.

OcHoBHasi XUMHYECKasi MOcy1a: MPOOUPKH (B IUTATHUBE), KOJObI, XUMHUECKUE CTAKaHBI MOCIE PaOOTHI
TIIATEJIbHO BBIMBITH; BECHl C PA3HOBECOM, HPUOOPHI, HCHONb3yeMas Uil TPOBEACHUS OTAEIBHBIX
71a00paTOPHBIX padoT, BBIAACTCA M CHACTCS YUCTast JJAOOPAHTY.

Texnuka bezonacnocmu npu_8blNOJIHEHUN J1A00PANODHOU_Padombl:

-aKKypaTHO 00paIaThCsi CO CTEKISTHHON XMMHUYECKOW MOCY/IOW. OCTAaTKH pa3z0HUTOH Mmocyabl youparsb
IIOMOILBIO COBKA U IIETKU,;

-Bce paboThl, CBA3aHHBIE C BBIJCJICHUEM SIOBUTHIX, JIETYYMX M HENPUATHONAXHYUIMX BELIECTB,
MIPOBOJIUTH B BHITSDKHOM IIKa(y;

-IIpU OTIPECIICHUM 3araxa BEIIECTB OTBEPCTHE COCyla AepkKaTh Ha paccrtosHuu 25-30 cM OT nuIa,
HaNpaBisist K cebe CTPYIO ra3a MmocTynaTeIbHBIMH IBUKCHUSMH JIQJI0OHH OT OTBEPCTHS K JIHILY;

-IpY HAJIMBAHWU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30eKaHHME MONafaHus OpbI3r WIK
YaCTUI] Ha JIMLIO WM OAEXKAY. IIPU pa30aBICHUH KOHIIECHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOLY,
HO HE Ha000poT;

-TIpY HarpeBaHUM MPOOUPKH HE JEPKaTh €€ OTBEPCTHEM K ce0e M B CTOPOHY COCela. HE HAKIIOHSThCS
Ha/1 HarpeBaeMoi KHJIKOCTbIO BO M30€XKaHKe MOMalaHus e€ Ha JIULO, PyKH WIH OJIEXKIY;

-ropsiude MpeaMeTbl MOXHO CTaBUTh TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY HWIIU
APYTYIO CHEIHATBHYIO TIOJICTAaBKY,

-HEJb3S TI0JIH30BATHCS DIIEKTPONPUOOPaMHU 0€3 COOTBETCTBYIOIIEr0 HHCTPYKTAXa. IPU BKIFOYCHUHU UX B
CeThb HeJNb3sl IepPIKaThCsl 3a METAITNYECKUE TIpeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpelaeTcs BKI0YaTh U
BBIKJIIOYATh 3JIEKTPONPUOOPHl MOKPBIMH pYKaMH, a TaKXe I0JIb30BaTbCs HEUCIPaBHBIMU MM
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3apelaeTcsl IPUHUMATh MUILY B XUMHUYECKOH 1a00paTopuu U MUTh BOAY U3 JaOOPaTOPHOM MOCYABL. -
-KaTeropuueCKH 3arperaeTcs npoodoBaTh peakTHBBI Ha BKYC;

-IpY MOMAJaHUM HA JIMLO WJIM PYKH OpBI3r KOHIEHTPUPOBAHHBIX KHCIOT IIOCIIE CMBIBaHHUSA BOJIOU
MIPOMBITH CIa0BIM PAaCTBOPOM COJBI. INENOYH CIEAYET CMBIBATh O TEX IMOpP, MOKA y4acTOK KOXKH, Ha
KOTOPBIN OHA TIOMala, He MepecTaHeT ObITh CKOJB3KUM; 3aTEM MPOMBITH CIIA0BIM PAacTBOPOM YKCYCHOU
KHUCJIOTHl M HAJIOXKUTh TOBSA3KY W3 BaTbl, CMOUYEHHOW 3%-HBIM pacTBOpPOM IepMaHraHata Kaiuus (U3
anTeyku B TabopaHTCKOU Kadeapsl);

-110 OKOHYaHWH PAa0OTHI BHIKIIIOUUTH U3 CETH BCE AJIEKTPOIIPHOOPHI, MEPEKPHITh TI0Jjady T'a3a U BOJBI B
nmabopaTopuro U yoparh pabodee MecTo;

-000 BCEX HECYACTHBIX CIy4asxX HEMEJIEHHO COOOIIaTh MPEenoiaBaTeso Wik JabopaHTy.

Ilpakmuueckasa uacmo:




OnbIT Nel. 3aBUCHMOCTH CKOPOCTH PEAKIIUU OT KOHIICHTPAIUH.
[Tpu peakiuu MexX 1y THOCYIb()ATOM HATPUS U CEPHOUN KUCIOTON

NazS203 + H2SO4 = H2S203 + NaxSO4

H2S,03 =SS0, + S + H,0
HepacTBOpHMas cepa BBIJCISIETCS B BUIE MYTH. Bpemsi oT Havaima peakiuu 10 TOSBJICHHUS IEPBBIX
CJICJIOB MYTH 3aBHCHUT OT KOHIICHTPAIIUU PEarupyronux BEIICCTB.
Tpu GropeTku MOPO3Hb 3aMOJHUTH BOAOH, pACTBOPOM THOCYIb(aTa HATPUS U CEPHOUN KUCIOTOM.
B Tpu TmaTenhHO BBIMBITBIE MPOOUPKU W3 OIOPETOK HATUTh YKa3aHHBIE B TaONHIIC KOJIMYECTBA
pacTBopa THOCyJbdaTa U BoAbl. B Tpu Apyrue - mo 2 Mi1 cepHOM KUCIOTH. BiIuTh B IepByr0 poOUPKY C
pacTBOpPOM THOCYJb(]aTa OTMEPEHHOE KOJIMYECTBO CEPHOM KHCIIOTHI M3 BTOPOM MPOOUPKU U, OBICTPO
B300JITaB, OTMETUTH MO CEKYHIAOMEPY BpPEeMsl OT CIIMBAHHS PACTBOPOB 0 MOMEHTA TOSIBICHUS MYTH.

AHAJIOTUYHBIE OIBITHI MPOJICTIATh C PACTBOPAMHE B IPYTHX MPOOHPKAX.

Howmep O06BéM, M1 OTtHOCuTENbHAS Bpewms OtHOCHUTENbHAS
POOUPKHU Na2S203(a) H20(b) KOHIICHTpAIHs, 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 KOHLEHTPAIMU U M300pa3uTh 3Ty 3aBUCUMOCTh
rpaduyecky, OTKJIAJbIBasi MO OCHU aOCIMCC OTHOCHUTEIbHYIO KOHIIEHTpAIMIO, a MO0 OCHU OpJIUHAT -
OTHOCHUTEJIbHYIO CKOPOCTh PEaKIUH.

OmnpiT Ne2. 3aBUCHMOCTb CKOPOCTH PEAKIMH OT TEMIIEPATYPBI.

BnusiHue Temneparypbl Ha CKOPOCTb PEaKLMHM MOXKHO TakKKe IPOCIEIUTh IO BPEMEHU INOMYTHEHUS
MOJIKACIIEHHOTO pacTBopa THOCyIb(aTa Hatpus. HanmuTe B onHy mpobupky 4 mutr pactBopa NazS203, a B
apyryio - 4 wmin pactBopa H2SOs4. OGe mpoOMpKH TMOCTaBUTh B CTakaH C BOJOH KOMHATHOH
Temneparypsl. Uepe3 5 MUHYT U3MEpUTh TEMIIEPATypy BOJbI U BBIIUTH COJIEPKUMOE OJJHOM MPOOUPKH B
Apyryto. OTMETUTD, Yepe3 KaKoe BpeEMS MOSIBUIIACh MYTh.

B nBe npyrue npobupku HaIUTH 1O 4 MII 3TUX ke pacTBOpoB. [locTaBUTh B cTakaH ¢ BOJOW, HarpeToit
Ha 10°C Beie koMHaTHOH. CIIUTH COAEPKUMOE MTPOOUPOK U MTPOU3BECTH Te k€ u3MepeHus. [loBToputh
OMBIT, TOBBICUB Temnepatypy emé Ha 10°C.

Pe3y.]'II)TaTI)I OIIBITOB MPEACTABHUTH B BUAC Ta6J'II/II_[BI.

Howmep omnbiTa Temneparypa Bpewms peakuun OTHOCHUTENBHAS CKOPOCTH,

onkiTa, °C t,c v=1/t




Pe3ynbrarel ombiTa BBIpa3uTh rpaduuecku, OTKIAAbIBas MO OCH abcuucc TeMIeparypy, a MO OCH
OpAMHAT - OTHOCHUTENBHYIO CKOpOCTh. Jljisi TeMmepaTypbl W CKOpPOCTH MacmTalbl ynoOHee Opatb
pasHble. Bo ckobKO pa3 yBelnMumiIach CKOPOCTh PEaKLUU IPU YBEJIWYEHUH TEMIIEPATyphbl Ha KaxK/ble
10°C?

Omnpit Ne3. BiusiHue cTenneHH U3MENIbUEHHS BEIIECTBA HA CKOPOCTh PEAKLIUU.

B cyxoit papdopoBoii cTynke CTEKISHHOW MAJTOYKOH OCTOPOKHO CMEIIaTh HECKOJbKO KPUCTALIUKOB
HUTpaTa CBUHIIA U MOJUAA Kaius. 3aTeM CMech pactepeTh nectukoMm. Uro nabmogaete? OOBSICHUTH
MIPUYMHY U3MEHEHUS HHTEHCUBHOCTHU OKPACKHU.

OmnbiT No4. BiusiHue Kataan3aTopoB HA CKOPOCTh XUMUYECKON PEaKIIUHU.

B nBe npobupku HamuTh 1-2 M1 epokcua BOAOPOAa U IpUOaBIATh OJHOBPEMEHHO B OJIHY - LIETOTKY
JMOKCHJIa MapraHiia, B IPYTYIO - TAKOE e KOJIMYECTBO OKCHU/IA Kelle3a.

HaGimoiaTe pa3inoxeHue mepoKcuia BoAOPO/a C BEIICICHHEM KHCIopoaa (Ipoda TISIOIeH JIyInHKOM ).
OauHAKOBO JIU MIPOTEKAET IMpoliece B mpodupkax? B kakoil u3 mpoOUpok mporece mpoTeKaeT ovicTpee?
Kakoe u3 nmoOaBneHHBIX TBEPABIX BEIIECTB SBJsETCS Karanu3aTopoMm? Hamucath ypaBHEHUE peakiuu
pa3oKeHus MepoOKCUIa BOIOPOIa.

OmpiT NoS. Xumudeckoe paBHOBECHE.

B npoOupky nHamuth 10 M Boael M npubaBuTh mo 1-2 kamiau HachlleHHbIX pacTBopoB FeCls u
NH4SCN. OxkparttieHHbIH B KpacHBIN I[BET PaCTBOP Pa3IUTh MOPOBHY B 4 MPOOUPKH.

Hanwucate ypaBHeHHE 00paTUMOI peakiiiy U BhIpaKEHHE KOHCTAHThl PaBHOBECHSI.

3areM B mepByK NpoOMpKYy no0aBuTh 2-3 Kamu HacelmleHHoro pactBopa FeCls. Uro naOmromaere?
OO0bsicauTh. Bo BTOpyIo mpoOupky HanuTh 2-3 kamium HackieHHOTO pacTtBopa NH4SCN. OObscHUTH
HaOmogaemMoe wu3MeHeHue. Iloyemy wu3menenue koHueHTpauud NH4SCN  Bbi3piBaeT — Oonee
3¢ deKTUBHOE CMEIIEHNE paBHOBECHS, UeM U3MeHeHue koHnieHTpauu FeCls?

B Tperbto mpoOupky no6aButh HemMHoro TBEpaoro NH4Cl, cuinbHOo B30onTath. CpaBHUTH IIBET
pacTBopoB B pooupkax 3 u 4. [late oObsIcHEHHE.

Kak Ha/mo0 M3MEHHUTh KOHIIEHTPALMIO BEIIECTBA, YTOOBI CMECTHTHh PAaBHOBECHE PEAKLMU BIIPABO WU
BJIEBO?

OmnbiT Ne6. BiausiHue TeMiiepaTypbl HA XUMHUYECKOE PaBHOBECHE.

Hanute B nBe mpobupku mo 2-3 Mi pacTBopa Kpaxmana U J00aBUTh B K&Kyl U3 HUX IO 2 Karlu

HonHoit Boabl. Habmonate mosiBneHue cuHeil okpacku. Harpets onHy u3 npooupok. Uro Habmonaere?




OmpenenuTh Ha OCHOBAaHWHM HAOJIONCHHUM, SBISCTCS JU 3Ta PEAKIUSA DHAO- WM 3K30TEPMHUYCCKOM.
OOBACHUTH U3MEHEHUE OKPACKHU TIPU HATPEBAHUH CMEIIIEHUEM XUMUYECKOTO0 PABHOBECHS.

Tpebosanus K ohopmienuio 1adopamopHoil padonivl U omuenty:

1.BeimonHenre 1abopaTopHBIX paboOT CONMPOBOXKIAIOT 3amucsiMU B JabopaTopHoM XKypHaie. Ha
TUTYJIBHOM JIMCTE J1a00paTOPHOTO KypHajla JAOJDKHBI OBITh MPEACTABICHBI: HAa3BAaHUE YHUBEPCHUTETA,
(dbaMuIKs 1 MHUIUABI YYalllerocsi, HoOMep Kypca U rpyIiibl, y4eOHbIN TO/I.

2.0T4eT 0 BBIOJHEHHO 1a00paTOpPHOI paboTe JOIKEH COACPKATh CICIYIOIINE CBEICHHS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*J1aTy BBINIOJHEHUS pabOThI;

*IICJIb paOOTHI;

*000pyI0BaHUE M MaTEPHUAIIbI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIbITA,;

*KpaTKoe OMHCaHUE X0a paboThl C yKa3aHUEM YCJIOBHIA IPOBEICHUS OIIbITA;

*PUCYHKH U CXEMbI UCTIOJIB3YEMBIX MPUOOPOB;

*Ha0JIFOICHMS,

*ypaBHEHUS NMPOTEKAIOUINX PEaKIHii;

*pacy€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IbI.

3.JIabopaTopHBIii KypHAI HY>)KHO BECTH YHCTO U aKKYpaTHO, 3aIMCH JOJDKHBI OBITh TAKOHUIHBIMH.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT NPENOJABATENb.

5K cpaue 3au€ra mo mabopaTOpHOMY TMPAKTUKYMYy JOMYCKAIOTCS CTYAEHTHI, BBINOJHUBLIME U
MOJINMCABIINE Yy MperojaBaTeliss Bce JOMallHWE U JabopaTOpHble pabOThl, CAABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBABIIIKE B pabOTE CEMUHAPOB.

6.CTyneHTHl, OMYYHBIIKE 3a4€T MO JIA0OPATOPHOMY MPAKTUKYMY, OITYCKAIOTCS K c/1ade dK3aMeHa 10
KypCy HEOPraHU4ECKOM XUMHH.

Konmponawvnwie eonpocot :

1. Cxopoctb xumMuueckoi peakiuu. [loHsTHE SHEPrUN aKTUBALUU.

2. ®DaxTOopBl, BIUSIONIME HA CKOPOCTh XHMUYIECKON PEaKIIHH.

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

4. BnusHue Temmeparypsbl, AaBIeHHS U 00beMa, MPUPOJbl PEArHPYIOUIMX BEIIECTB HA CKOPOCTh

XUMHYECKON PEaKIIuu.

o

3aBUCUMOCTh CKOPOCTH XUMUYECKOU PEAKIMH OT KOHIIEHTPAI[UH BEILIECTB U TEMIIEPaTyphl.
6. DHeprus akTHBAllUU, TEOPHS AKTUBHBIX (3()()EKTUBHBIX) CTOIKHOBEHUI.

7. Tpubmmxennoe npasuiio Bant-T'odda.
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bubmuorp.: c. 725-726. - ISBN 978-5-406-03623-5

3.Yukun E.B. Xumus [DnextponHbIH pecypc]: ydueOHoe mocodme/ Ymkun E.B.— Dnextpon.
TeKCTOBbIE JaHHble.— ToMck: TOMCKMM TOCYyIapCTBEHHBII YHHMBEPCUTET CHCTEM YIPABJICHUSA U
PaarO3IEKTPOHUKH, O1b KonTeHT, 2012.— 170 c— Pexxum JIOCTYyTIA:
http://www.iprbookshop.ru/13873.— DBC «IPRbooksy, o mapoJio

4.T'abpuensn, O. C. O6mas u Heopranudeckass xumus : y4ed. mocodbue / O.C. I'abpuensu, N.I.
Octpoymos, E.I'. Typouna. - M. : Axagemus, 2011. - 480 c. - (bakanaBpuar). - Ha yueOuuke rpud:
Jon. YMO. - bubnuorp.: c. 479-480. - ISBN 978-5-7695-8133-

5. [lonkos, B. A. O6mas xumusi. buogusndeckas xumus. XuMusi OMOT€HHBIX JIEMEHTOB : y4eOHUK
s By3oB / B.A. Tlomkos, F0.A. Epmos, A.C. bepnsnn ; mox pen. F0.A. Epmosa. - 9-¢ u3n. - M. :
Opaiir, 2012,2011. - 560 c. : wi. - (bakanaBp). - Ha yue6nuke rpud: Jon.MO. - bubmuorp.: c. 548-
548. - ISBN 978-5-9916-1667-6

6.EropoBa, O.A. Xumus. Koncnekt nexuuii 1yist ctyaeHToB | kypca MHKeHEpHOro (axympTeTa
Hamnpasnenuit UMb, UJIb : yuebnoe nocobue / O.A. Eroposa, O.B. KoBansuykosa. - M. : Poccutickuit
VHUBEPCUTET APYKOBI Hapojo, 2011. - 156 c. - ISBN 978-5-209-03615-9 ; To ke [DneKTpOHHBIIA
pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=116319 (05.06.2015).

JlabopaTopHasi padota Ne 6
Tema: PacrBopbl. [IpuroroBienue pacTeopa 3aIaHHON KOHIEHTPALMU

Llenv padompi: ITpUrotoBieHUE pacTBOpa COJISIHOW KHUCIIOTHI 3a/JlaHHOM KOHIIEHTpPAlMU U INPOBEpKa

HOPMAJIBHOCTU MPUTOTOBJICHHOI'O PACTBOPA TUTPOBAHUCM.

Dopmupyemuvie komnemenyuu. OIIK-1.

Teopemuueckas uacmo:

PaCTBOp - OTO TOMOI€CHHAasd MHOI'OKOMIIOHCHTHasA CHCTCMA, B KOTOpOfI OJHO B€IICCTBO

pacnpeaciiCcHo B Cpeac APpYyroro Ui Apyrux BCIICCTB.



PactBopbl MOTYT OBITH B Ta3000pa3HOM (BO31YyX), )KUIKOM M TBEPAOM (CIUIaBBI, IIBETHHIC CTEKJIA)
arperaTHbIX COCTOSTHUSX. Yarie Bcero npuxoauTcs padboTaTh ¢ KUAKUMH pacTBOpaMH.

CopnepxaHue MaHHOTO BEIIECTBA B EOUHMIIE MacChl WiIM O0ObeMa pacTBOpa Ha3bIBAeTCA
KOHIIeHTpauueil pactBopa. Ha mpaxTuke Hambonee 4acTo MOJB3YIOTCS CIEIYIOIMMH CIIOCOOaMu
BBIPKEHUS] KOHIICHTPAIIH:

1. MaccoBasi 10151 - OTHOIIIEHHE MacChl JaHHOTO KOMIIOHEHTAa B PacTBOpe K OOIIei Macce 3Toro
pactBopa. MaccoBast 10Jisl MOXKET ObITh BBIpaX€Ha B JIOJISIX €IWHHUIIBI, mporeHTax (%), mpoMuiLie
(ThICAuHAs dYacTh %) M B MHIUTMOHHBIX f07ax (man?!). MaccoBas 10718 JAHHOTO KOMIIOHEHTA,
BBIp@)KECHHAs B MPOILICHTAX, MOKa3bIBAET, CKOJHKO TPAMMOB JAHHOTO KOMIIOHEHTa coaepxkutca B 100 r
pactBopa.

2. MaccoBasi KOHIIEHTPalHs - OTHOIIIEHUE MAacChl KOMIIOHEHTA, COJICPIKAIIETOCs B pacTBOpE, K
00BEMY 3TOr0 pacTBOPa. EIMHUIIBI H3MEpEHHs MACCOBOM KOHIIEHTPAMK _ KI/M°, /1.

3. Turp T - 4uciio rpaMMOB PACTBOPEHHOIO BeIIecTBa B 1 MiI pacTBopa. ENMWHUIEI M3MEpEeHUS
THTpA - I/MII, KI/CM®.

4. MosasipHasi KOHIEHTPAIUs ¢ - OTHOIICHWE KOJMYECTBA BEIeCTBA (B MOJISIX), COJIEPKAIIETOCs
B pacTBOpe, K 00BbeMy pacTBOpa. EMMHMIBI M3MepeHHs - MOnb/M°, (Monb /m). PacTBop, mMeromimii
KoHIleHTpanuto 1 Moiw/i1, 0603HaqaroT 1 M; 0,5 Moie/11, o6o3Hauatot 0,5 M.

5. MoasipHasi KOHUEHTPAUUsi 3KBHBAJIEHTOB C>x (HOPMAJIbHAS KOHUEHTpauMs) - 5TO
OTHOIIICHHE KOJIMYECTBA BEIIECTBA IKBUBAJIEHTOB (MOJIb) K 00BbeMy pacTBopa (11). Eaunuiia namepenus
HOpPMaJIbHOW KOHIIGHTpanuu Moiis/i1. Hampumep, ¢o(KOH) = 1 monb/n, ¢x(1/2H2SO4) = 1 moms/m,
cs(1/3 AICI3) = 1 monw/n. PactBop B 1 11 KOTOpOro comepkutcs | MOJb BEHMIECTBA YKBUBAJICHTOB,
HA3BIBAIOT HOPMAIBHBIM M 0003Ha4aioT 1 H.

6. MoJasiIbHOCTD D - 5TO OTHOIIIEHHE KOJHYECTBA PACTBOPEHHOTO BEIECTBa (B MOJISIX) K Macce m
pactBoputensi. Equnuia u3smMepenus: MoisuibHOCTH - MoJib/kr. Hanpumep, b(HCI/H20) = 2 mosb/kr.

7. MoasipHasi 10Jisl - OTHOIIEHHE YHMCJIa MOJIEH pPAacTBOPEHHOIO BEILIECTBA K OOILIEMYy 4YMCITY
MoOJIeli BelIecTBa U pacTBOpHUTENs. MossipHas OO0JS MOXET OBbITh BBIpaKE€HA B JOJNSAX EIUHUIIBL,
nporenTax (%), IpoMuIe (ThICAUHAs YacTh %) U B MUIUTHOHHBIX J0MAX (MIH D).

J1JIs IPUTOTOBIICHUST PACTBOPOB ONPE/ICIICHHON KOHIICHTPAINH, JIJIsl TOYHOTO U3MEpPEHUsT 00BEMOB
MPUMEHSIFOT MEPHYIO ITOCY/Ty: MEPHBIC KOJIOBI, MUTIETKHA U OFOPETKH.

MepHble KOJOBI — TOHKOCTEHHBIE TUIOCKOAOHHBIE COCYIBI C JUTMHHBIM Y3KHM TOPJIOM, HA KOTOPOM
HaHECeHa MeTKa B BHUJIE€ KOJbIIeBOM 4epThl. Ha kaxmoit konbe 0603HauUeHBI €¢ eMKOCTh U TeMIIepaTypa,

MIPU KOTOPO# 3Ta eMKOCTh m3MepeHa. Konba moimKHa TIIOTHO 3aKphIBATHCS MPOOKOA.



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

[TuneTky UCHONIB3YIOT 711 0TOOpa OIpeieIeHHOr0 00beMa MPoObI KUIKOCTH.

[Tumerkn Mopa mpeacTaBisitoT coO0H CTEKISHHBIE TPYOKH C pacIIMpeHueM mocepeanHe. HrpkHwmii
KOHEIl OTTSHYT B KamWUIAp, Ha BEpXHEM KOHIIE HaHECEHa METKa, JI0 KOTOpOH clieayeT Habupartb
U3MEpSIEMYIO KUAKOCTh. Ha mumerke ykazana 00beMHOCTb.

[[Iupoko HMPUMEHSIOT TaKke TI'paAyMPOBAHHBIC MUMETKU PA3TUYHON E€MKOCTH, HAa HapYXHOW CTEHKE
KOTOpBIX HaHECEHBI JeleHus. [[1s HamoJHeHHs] MUIETKH HUKHUK KOHEIl €€ OMYyCKAaloT B JKUIKOCTh U
BTATMBAIOT IIOCJIEIHIO IpPU IOMOILIM TIPYyIIM WIM CIEUUAIbHOIrOo mpucrnocobnaeHus. JKuakocts
HaOWparT Tak, 4ToObl OHA MOJMHSUIACH HA 2-3 CM BBIIIE METKH, 3aT€M OBICTPO 3aKpPBIBAIOT BEpXHEE
OTBEpCTHE yKa3aTelIbHBIM MalIblIeM MPaBO PyKH, MPUIEPKUBAs B TO ke BPEeMs MUIETKY OOJBIINM U
CpeIHUM MajbllaMH. 3aTeM OCHa0JSIOT HaKUM YKa3aTEJNbHOTO Malblia, B Pe3ylbTaTe Yero >KUIKOCTh
OyZeT MEIUICHHO BBITCKATh W3 MHIIETKH. B TOT MOMEHT, KOT/Ia HIKHUH MEHUCK (YPOBCHbB) JKUIKOCTH
OKa)XETCs Ha OJIHOM YPOBHE C METKOMH, Iajel] CHOBa MPKUMatoT. BBeas MUNETKy B COCYJ,, OTHUMAIOT
yKa3aTellbHbIN MaJiell ¥ JaroT KUJIKOCTU CTeUb IO CTeHKEe cocyaa. Ilocne Toro, Kkak *UAKOCTh BHITEUET,
MUTIETKY JePKaT elie SCEeKyH I IPUCIOHEHHOU K CTEHKE COCY/a, CJIETKa MOBOpadynBasi BOKPYT OCH.
bropeTku npuMeHSIOT Mpu TUTPOBAHUH, JJI U3MEPEHHS TOUHBIX 00BEMOB H T.]I.

Obopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIE Il JaHHOW pabOThI, BHICTABISAIOT HA MOJKH Ja00paTOPHBIX CTONOB. Penkue
PEaKTHUBbI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M INEIOYM, Naxyyhe BellecTBa (Hampumep, CepoBOJOPO/,
OpoMHast BoJa U JIp.) XpaHAT B BBITSKHOM HIKaQy.

OcHoBHasl XUMUYecKasi MocyAa: NpoOUPKH (B ILTATHBE), KOJObI, XMMUUYECKUE CTaKaHbl MOCIE pabOThI
TIIATEIbHO BBIMBITH, BEChl C PAa3HOBECOM, IMPHOOPHI, HCIOJIb3yeMasl Uil HPOBEIEHHsS OTIAEIbHBIX
71a00paTOPHBIX PabOT, BBIAAETCS U CIACTCS YMCTas JTa0OpaHTy.

Texnuka 6e3onacnocmu npu eéblnoinenuu ﬂaﬁopamopuoﬁ pabomol:

-aKKypaTHO 00pamiaThCsi CO CTEKISTHHOW XMMHMUYECKOM MOCyI0i. OCTaTKH pa3OMTON Mmocyasl youpars C
IIOMOUIBIO COBKA U IIETKHU;

-Bce paboThl, CBA3aHHBIE C BBIJCJICHUEM SJIOBUTHIX, JETYYUX M HENPUATHONAXHYIIMX BEILIECTB,
MIPOBOAMTD B BBITSHKHOM IIKady;

-IIpU ONPEACJICHUHN 3allaxa BEHIECTB OTBEPCTHE COCYJa JepxaTh Ha pacctoaHuu 25-30 cm oT juua,

HaIrpaBJIAd K cebe CTPYIO ra3za NNoCTyHaTCIbHBIMU JBUXXCHUSAMU JIAAOHU OT OTBEPCTHUA K JIUIY,



-IPY HaJMBAaHWW DPEAKTUBOB HE HAKJIOHATHCS HAJ COCYIOM BO HM30C)KaHHWE MOMAfaHWs OpbI3T WIN
YaCTHI] HA JIUIIO WM OACKIY. TP pa30aBIeHNH KOHIIEHTPUPOBAHHBIX KUCIIOT BIUBATh KHCIOTY B BOAY,
HO HEe Ha000poT;

-TIpH HarpeBaHUM MPOOUPKHU HE JepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCEa. HE HAKIIOHATHCS
HaJI HarpeBaeMoi KHUJIKOCTHIO BO H30€KaHKE TIONAIaHus €€ Ha JTUII0, PYKH WIH OJICKILY;

-ropsiYMe MPEIMEThl MOXXHO CTaBHTh TOJIBKO Ha acOECTOBBIM KapTOH, acOSCTHMPOBAHHYIO CETKY WIIH
APYTYIO CHEIHUATIBHYIO TOJICTAaBKY;

-HEJb3$ MOJIB30BATHCS HIEKTPONPUOOpPaMu 06€3 COOTBETCTBYIOIIET0 HHCTPYKTAXa. IPU BKIIOYCHUHU UX B
CETh HEJb3sl ICPKATHCS 32 METALTMUECKUE TIPeAMETHI (TPYOBI, KpaHbI U T.I1.). 3alIPEIIacTCsl BKIIOYATh U
BBIKJIFOYATh JICKTPONPHOOPHI MOKPHIMH PYKaMH, a TaKXe IO0Jb30BaThCs HEHCIPABHBIMH WIIH
MMEIOIIMMH OTOJIEHHBIE IPOBOA TPUOOPaMH;

-3anpemaeTcs MPUHUMATh MHIY B XUMHYECKON J1a00paTopuu U MUTh BOAY U3 JIAOOPATOPHOU MOCYIBI. -
-KaTerOpHUYECKH 3arperaeTcs MpoOdoBaTh pEaKTHBHI Ha BKYC;

-IpU TIOMAJJAHUY HA JIMIO WIM PYKH OpBI3r KOHIICHTPUPOBAHHBIX KHCJIOT IOCJIE CMBIBaHUS BOJOU
MPOMBITH CIa0BIM PACTBOPOM COJIBI. INENOYb CIEAYET CMBIBATh O TEX IOpP, MOKA y4acCTOK KOXKH, Ha
KOTOPBIH OHA TIOMaJia, He MePEeCTaHeT ObITh CKOJB3KHM; 3aTEM MPOMBITH CIIa0BIM PACTBOPOM YKCYCHOM
KHUCJIOTHl W HAJIOKUTh TIOBSA3KY W3 BaTbl, CMOUYEHHON 3%-HBIM pacTBOpPOM IepMaHraHaTa Kaiuus (W3
anTeYKy B JaOOpaHTCKOU Kadeapsl);

-110 OKOHYaHHWH PAa0OThI BHIKIIFOUUTh U3 CETHU BCE AJIEKTPOIPHOOPHI, MEPEKPHITh TI0Jjauy T'a3a U BOJbI B
nmabopaTopuro U yoparh pabodee MecTo;

-000 BCceX HECUACTHBIX CIy4asX HEMEJIEHHO coo0IIaTh MPEnoJaBaTelIo Uilu JJaOOpaHTy.

Ilpakmuueckas wacmo:

[TpurotoBute B MepHoil konGe 100 My pacTBopa XJOPOBOJOPOJHOM KHCIOTHI 3aJaHHOM
konnentpanuu(0,10 - 0,20 H).

[Topsinox paboTHI.

a) KoHIIeHTpHpOBaHHYIO XJIOPOBOJOPOJHYIO KUCIOTY HAIUThH B IWJIMHAP U apeOMETPOM HU3MEPHUThH €&
IUIOTHOCTb. DTy OINEPALMIO MIPOBOIUTH B BHITSKHOM mIKady. [To Tabnuie B cipaBOYHMKE ONpeAeIUTh
MPOIICHTHYIO KOHIEHTPAIUIO KUCJIOTHI U BBIYUCINUThL 00bEM KoHIeHTpupoBanHoW HCI, Heobxoaumbrit
quist npurotosieHuss 100 M pacTBopa 3agaHHON KOHUEHTparuu. i1 pac4éTOB MOKHO HCIIOIb30BATH

cnenyromue GopMynsl: ’

Coz M m - 1000
% — pv . 100% CH_ 9 ]

TJIe Co — IpOLIEHTHAs KOHIICHTPALIHS;

Cu— HOpMaJIbHAsA KOHLICHTPAIUA;



M — Macca pacTBOPEHHOTO BEIECTBA;

p — IIOTHOCTh PAacTBOPA, I/cM>;

v — 00BEM pacTBopa, cM>;

D — >KBUBaJICHTHAs Macca paCTBOPEHHOTO BEIIECTBA.
Brruucnennsiii 006€M pacTBOopa M3 OIOPETKU NEPEIUTh B MEpHYI0 Koia0y Ha 100 mui, 3atrem B KoOJOy
HQJIUTh 10 TOJOBUHBI JUCTHIUIMPOBAHHOW BOJbI. TmiarenbHO B30ONTaTh, JOBECTH OOBEM pacTBOpa
IUCTUUTMPOBAHHON BOJOW 10 METKH, 3aKpHITh KOJOYy MpOOKOHl M BHOBH TIIATENBHO IMEepeMenIaTh
pacTBop, epeBopavyuBasi KoJuoy.
6) [IpoBepuTh HOPMATILHOCTH IPUTOTOBIEHHOTO PAcTBOPA.
Jist 3TOTO BCHOJIOCHYTH MPUTOTOBJIEHHBIM PACTBOPOM KHCJIOTHI MUIIETKY W O0TOOpaTh nunetkoi 10 mut
3TON KUCHOThl. Collep’)KMMOE MUIETKH MEPEHECTH B KOHMUYECKYIO K00y, Tyzaa ke 100aButh 20-40 mu
TUCTUIUTMPOBAHHOW BOABI U 2-3 Karu ¢peHoadTanenHa. 3aTeM B 3TOT pacTBOP U3 OIOPETKH MOCTEIIEHHO
N00aBJIATh PACTBOP IMIENOYM M3BECTHOW KOHIIGHTPAIMM, HETIPEPHIBHO B30ANTHIBas KOJIOY 110 TEX MOP,
[I0OKa pacTBOp HE OKpacuTcs B po30BbIi 11BeT. Ecian okpacka HeycToH4MBa (MCYE3a€ET), IPUOaBUTH €1IE
2-3 xamm 1ménodyd. DTOT MOMEHT COOTBETCTBYET IOJHON HEHTpaNM3aluy KHCIOTHI IIENOYBIO.
OnwucanHblii TPUEM B aHATTUTHYECKOW XMMHUH Ha3bIBA€TCS THTPOBaHUEM. THTpOBaHHE MOBTOPUTH 2-3
pa3za, moka 00bEMBI U3paCcX0I0BaHHOU MIENOUN He OyayT oTiinyaThes Oonee yem Ha 0,1 mut.
Pacuér xoHIEHTpalMy KUCIOTHI MPOM3BOAUTCSA MO CPEeIHEMY 3HAUCHUIO M3PACXOJ0BAHHOTO 00BEMa
ménoyn. {7 3TOro nCnonbp30BaTh CISAYIOMYIO POpPMYITy:

Caxrst ® Viersn = Crmen ® Vgn

rie  Cyxm— ONpeaensieMas HopMaJibHas KOHLIEHTPalus KUCIOThI, M-3KB/J;

V «r1— 00BEM KUCTOTHI, MIT (B JaHHOM cirydae 10 mo);

Ch wen— M3BECTHAs HOPMaJibHasi KOHIIEHTpALUs IENO0YH, T-3KB/IT;

V wen— cpeHee 3HaueHue o0bEMa MIEN0YH, U3PACXOJOBAaHHOTO HA TUTPOBAHUE, MJI.

BbruncnuTh 3HaueHHEe OMIMOKH, TOMYIIEHHON IPU MPUTOTOBICHUH PACTBOPA 3aJaHHOW KOHIEHTPALUU:

OmmGKa. Y%= CH Teop — CH TPaKT
2

. 0
Cu Teop 100%

rie  Cyreop — KOHLEHTpALIMSA, 3aJJaHHAsI IPEI0/IaBaTeNIEM, T-9KB/JI;
Ch npaxr — KOHIIEHTpAIIHsI IPUTOTOBJIEHHOTO pacTBOpPA, ONpeie€éHHasi TATPOBAHUEM, T-9KB/II.

Tpeovosarnusa Kk oghopmaenuro 1a00pamoprou padbomol 4 omuemy -

1.BremonHeHnne nabopaTopHBIX pabOT COMPOBOXKAAIOT 3amHcsIMH B JabopaTopHOM >kypHane. Ha
TUTYJIBHOM JIMCTC na60paT0pH0ro KypHajia OOJIKHBI OBITH MNpEaACTAaBJICHBI: HAa3BAHUC YHUBCPCHUTECTA,
(dbaMuIMs 1 MHUIUAIBI yJallerocsi, HoMep Kypca 1 rpymimsbl, yueOHbIN To.

2.0T14eT 0 BBITOJIHEHHOH JTa00OPaTOpPHOH paboTe JOKEH COJIEPIKATh CIICYIOIINE CBEICHMS:

*HOMEp paboTHI U €€ Ha3BaHUE;



*J1aTy BBIIIOJHEHUS pabOThI;

*IIeJIb PaOOTHI;

*000pyI0BaHUE M MaTEPHUAIIbI;

*KPaTKO€ TEOPETUUECKOE OIHCAHUE;

*HOMEp U HA3BaHME OIbITA;

*KpaTKOe OMHCaHKE X0a paboThl C yKa3aHUEM YCJIOBUIA IPOBE/ICHUS OIIbITA;

*PUCYHKH M CXEMBbI HCIIOJIb3YEMbIX IPUOOPOB;

*HAOJIIOICHHS;

*YpaBHEHHSI MPOTEKAIOIINX PEAKIIHIA;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBOJIBI.

3.JIaGopaTopHBIii KypHaJI HY>KHO BECTH YHCTO U aKKYPaTHO, 3aITUCH JJOJDKHBI OBITh TAKOHUYHBIMH.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBAET MIPENOABATENb.

5K cmaue 3au€ra mo nabopaTOpHOMY MPAKTUKYMY JOMYCKAIOTCS CTYICHTHI, BBIMOJIHUBIIME U
MOJMNKCABIINE y TPEnojaBaTess BCe JOMAIlHWE U JIabopaTOpHbIe pabOThI, CIABUINE KOJUIOKBHYMBI,
aKTHUBHO y4acTBOBABIIKE B pab0OTE CEMHUHAPOB.

6.CTyneHThl, MOMYYHBIIKE 3a4€T MO JIAOOPATOPHOMY MPAKTUKYMY, OIYCKAIOTCS K c/ade dK3aMeHa 10
Kypcy HEOPTaHUYECKON XUMUHU.

Koumponawusie éonpocot :

1. Yro Ha3bIBaeTCs CyCHeH3UEN, SIMYIbCUEN, KOJJIOUIHBIM PACTBOPOM U UCTUHHBIM PacTBOPOM

2. Yto Ha3bIBaeTCs KOHIEHTpanmen pactBopa? KakoBbl Hambosee pacipoCcTpaHEHHBIE CIIOCOOBI ee
BBIPAKEHUS?

3. Kakue KOHIEHTpaluy Ha3bIBAIOTCS MPOLEHTHBIMU, MOJISUIBHBIMH, MOJIIPHBIMH, HOPMaJIbHBIMU?
Urto Takoe TUTp pacTBOpa?

4.ApeoMeTp TMOKa3al IUIOTHOCTh cepHOM kuciotel 1105 xr/m3. KakoBbl ee mnpolueHTHas
KOHLEHTPALUs, MOJISPHOCTb, MOJISUIBHOCTh, HOPMAJIbHOCTD Y TUTP?

5. Kaxkoit 06bem 20% comstHOM KUCTIOThI TOTpedyeTcs s MpUroToBienus 11 3 H. pacTBopa?

6. [t mpoTpaBiMBaHUsS CEMSH CyJeMoil mpuMeHsIoT ee pactBopbl 0,1 % xonnenTparuu. CKOIbKO
cyJieMbl Hazo B3ATh Ha 20 Bemep pactBopa (BMecTUMOCThH Beapa 20 mutpoB)? MOXXHO JTU TOTOBUTH
pacTBOp CyJEMbI B IIMHKOBOM U KEJIE3HOM Beape?

7.Cxonbko npoaaxHoro gopmanuna (40% pacTBop) U BOAbI HEOOXOIUMO B3ATh JJISl IPUTOTOBJICHUS
5% pacTtBOpa?

8. Onpenenure HOPMATBHOCTS TIETI0UH, cojepxantyio 2 T NaOH B 1 iiutpe pactBopa.

Cnucok tumepamypbol.
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JlaGopatopnasi padora Ne 7
Tema: Peakuuu o0MeHa B pacTBOPax 3J1eKTPOJIMTOB

Henv padomei: 3yuuth peaknuu oOMeHa B pacTBOpax 3JIEKTPOJIMTOB Ha MpuMepe 00pazoBaHUs

TPYAHOPACTBOPHUMBIX BCHICCTB, I'a30B, MAJIOAUCCOLMUHUPYIOLICTO 3JICKTPOJINTA, PCAKIUN ITPCBPALLICHUA
OOHOTO MAJIOPACTBOPUMOTO BEHIECTBA B MCHEC paCTBOPHUMOC BCIICCTBO.

Dopmupyemuvie komnemenyuu. OIIK-1.

Teopemuueckas uacmov:

DNEeKTPOIUTHL — MO0 8eujecmeda, pacmeopsvl U pPAcniagbl KOMOPLIX NPOBOOSM dNeKMPUUeCKUuti mox.

Pacnan MOJICKYJI BEIIECTBA HA NOHBI HA3BIBACTCS 3]Z€Kmp0ﬂumull€CK012 Ouccouuauueﬁ. K QJICKTPOJIUTAM



OTHOCSATCS] KHCJIOTBI, OCHOBaHUS, COJIA. KHCIIOTBI — 3TO AJNEKTPOJIHUTHI, TUCCOIIMUPYIOIINE B PACTBOPaX C
obpazoBaHmeM KaTHOHOB Bojopoaa: HCN « H' + CN; HzSOs = 2H" + SOs*. OcHoBamus —
ANEKTPOJIUTHI, TUCCOIUUPYIOLTUE B PACTBOPAX ¢ 00pa30BaHUEM THIPOKCU/I-MOHOB:

NH4sOH <« NHs" + OH’; Ba(OH), = Ba** + 20H. CymecTBylOT 3J€KTPOJIHUTHI, KOTOPHIE MOTYT
JMCCOIIMUPOBATh TI0 THUIY KHUCIOTHI W 1O TUIY OCHOBAHWsSI, TAaKHE JJICKTPOJIUTHI Ha3bIBAIOTCS
amdorepHbiMd. K HHM OTHOCATCS THIAPOKCHIBI aM(OTEPHBIX DIEMEHTOB, a TAaKXe THUAPOKCHIIBI
METaJJIOB, HAXOISIIMXCS B MPOMEXKYTOYHOM CTerneHu okucieHus, Hampumep: Be(OH)z, AlI(OH)s,
Zn(OH)2, Cr(OH)3 u mHuorue apyrue. Jluccouuaryio pacTBOPCHHON YacTH aM()OTEPHOro IMIPOKCHUIIA
10 000MM THITAM MOYKHO TIPECTABUTh CICIYIOIIEH CXEMOM:

H*+ RO «> ROH < R*+ OH.

B HacheImeHHOM BOAHOM pacTBope amdorepHoro ruapokcuaa nousl HY, RO u R*, OH maxonsrcs B
COCTOSIHUU DPaBHOBECHs, MOITOMY aM(OTEpHBIC T'MIPOKCHIbI B3aUMOJCHCTBYIOT M C KHCIOTAMH H C
ocHoBaHusAMH. [Ipu 100aBICHHUU KHUCIOTHI PAaBHOBECHE CMEIIACTCS B CTOPOHY JMUCCOLHUAIIMM 110 THITY
OCHOBaHUsI, MPH T0OABJICHUU OCHOBAHUS — B CTOPOHY TUCCOIMAIIAY 110 THITY KHCJIOTBI.

Conu — 3IEKTPOJIUTHI, KOTOPBIC TIPU PACTBOPEHUU B BOJE JAMCCOLMUPYIOT, OTHICIUISS ITOJIOKUTEIIBHBIC
WOHBI, OTJIIMYHBIC OT HOHOB BOJOPOJAa W OTPHUIATEIbHBIC, OTIMYHBIC OT THUAPOKCHI-UOHOB. Coiu
CpeIHKE, KUCIIbIE U OCHOBHBIC JUCCOIUUPYIOT:

Aly(SO4)3 = 2AP* + 3504%; CuOHCI «<» CuOH" + CI'; KHCO3 = K* + HCO3 .

[To cnocoOHOCTH K JAMCCOLMAIIMM AJICKTPOJMTHI JENATCS HAa CWIbHBIE W cladbie. Y CHJIBHBIX
AJIEKTPOJIMTOB B PAcTBOPE JUCCOIMUPYIOT HA MOHBI MPAKTUYECKH BCE MOJICKYIIBI, y CIA0BIX - JIMIIb
4acTh MOJIeKyd. K CHIIBHBIM 3JIEKTPOJHUTaM OTHOCSATCS TOYTH BCE COJIM, OCHOBAHHUS INEIOYHBIX H
IEJIOYHO3EMENBHBIX MeTaIoB, a u3 BaxHenmux kucior: HClOs, H2SOs, HNOsz, HCI, HBr, HJ,
HMnOs..

K cmabeiM 3JIeKTpoiMTaM OTHOCSTCS TOYTH BCE OpraHuYeckwe Kuciaorbl, Hampumep, CH3COOH,
neopranuueckue coenunerus: HoCOz, H2SO3, H2SiO3, HCN, HNO2, H3PO4, HF, NH4OH, H20 u . 1.
Peakiium B pacTBOpax 3JCKTPOJUTOB MPOTEKAIOT MEXIY HOHAMH W HIAYT HEOOpaTHMO, €CId B
pe3yabTaTe peakiuu OOpa3yrTCs OCAIKH, Ta3bl M cia0bie AEKTPONUThL. OOBIYHO TaKWEe pPEaKIUH
M300pakaroOTCs TPU MTOMOIIKM HOHHO-MOJIEKYJISIPHBIX ypaBHeHHH. Ocaaku, ra3sl U cja0dbie SIEKTPOIUTHI
MUIITYTCS B BUJIE MOJIEKYJI, XOPOIIIO PACTBOPUMBIC CHIIBHBIE DJIEKTPOJIUTHI — B BUJIC HOHOB.

PaccMoTpuM THITMYHBIC BAPUAHTHI PEAKIIUH B pACTBOPAX JICKTPOIUTOB:

a) 3AgNOs3 + FeClz = Fe(NO3)3 + 3AgCl| — MmonekynspHOe ypaBHEHUE

3Ag* + 3NO;s + Fe*" + 3NO3z + 3AgCl] — moiHOe HOHHOE YpaBHEHUE

Ag® + Cl= AgCl| - cokpallleHHOE HOHHOE ypaBHEHHE

0) Na2CO3 + H2SO4 = Na;SO4 + H20 + CO21

2Na* + COz% + 2H" + SO4 = 2Na* + SO4> + H,0 + CO2t



2H* + COs* = H,0 + CO21.

B) HCI + NaOH = NaCl + H20

H*+ClI'+Na*+ OH =Na*"+ Cl + H.0

H*+ OH = H,0

HpI/I COCTAaBJICHUHU HOHHO-MOJICKYJISIPHBIX ypaBHeHI/Iﬁ CJICAYET IOMHUTH, YTO CyMMa JBJICKTPHUYCCKHUX
3apsa10B B JIEBOM YacTu JOJI’KHaA 6BITB paBHa CYMMC DOJJICKTPUYCCKHX 3apsaA10B B npaBoﬁ qacTu
ypaBHeHHs. OMHAKOBBIC MOHBI M3 00ENX YacTel ypaBHEHUS UCKITIOYAFOTCS.

Oobopyoosanue u mamepuaivl:

PeaxTuBbl, HeOOXOMMMBIE JJIs1 JAaHHOW paOOTHI, BHICTABIISIOT HA MOJIKU Ja0OpPaTOPHBIX CTONOB. Pemkue
PEaKTUBBI, KOHIICHTPUPOBAHHBIE KUCIOTHI W MIENOYM, Maxydue BeUiecTBa (HAIpHMEp, CEPOBOIOPO,
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IIKady.

OcHOBHasi XUMHUYECKasi MOCy1a: MPOOUPKH (B IUTATHBE), KOJOBI, XUMHUECKHE CTAKaHBI IOCIE PaOOTHI
TIIATEIBHO BBIMBITH, BECHl C PAa3HOBECOM, IMPHOOPHI, HMCIOJb3yeMasi Uil TPOBEIEHHS OTICIbHBIX
71a00paTOPHBIX padoT, BBIAACTCA M CAACTCS YUCTast JJAOOPAHTY.

Texnuka dezonacnocmu npu 6blNOJIHEHUN J1ADOPAMOPHOIL_DAOOMbL:

-aKKypaTHO 00pamaThCsl CO CTEKISTHHONH XMMHYECKOW MOCYIOW. OCTATKU pa3z0HUTOI Mocyabl youpars ¢
IIOMOIIIBIO COBKa M MIETKHU,

-Bce paboThl, CBA3aHHBIE C BBIJCJICHUEM SJIOBUTHIX, JIETYYUX U HENPUATHONAXHYIIUX BEILECTB,
IIPOBOJIUTDH B BBITSKHOM IIKa(y;

-TIpU OTIPEICIICHUM 3araxa BEeIIECTB OTBEPCTHE cOcyla JepkaTh Ha paccrtosHuu 25-30 cM OT nuIa,
HaTpaBisist K cebe CTPYIO ra3a MoCcTyNaTeIbHBIMH JBIKEHUSMH JIAJIOHH OT OTBEPCTHS K JIHILY;

-IpY HAJIMBAHWU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO H30€KaHHE IMONaJaHus OpbI3r WIH
YaCTHI] HA JILIO WM OAEXKAY. IPH pa30aBICHUH KOHIIECHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOLY,
HO HE Hao0OopoT;

-TIpH HarpeBaHUM NMPOOHPKH HE JIepPKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCe/Ia. HE HAKIIOHATHCS
Ha/1 HarpeBaeMoi XHJIKOCThIO BO M30€KaHHe MO aHus e€ Ha JIUL0, PyKH WIH OJIeXKIY;

-ropsiue MpeIMeTbl MOXHO CTaBUThb TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY HWIIH
APYTYIO CHEIHATIBHYIO TIOJICTAaBKY,

-HEeJb3S1 TI0IH30BATHCS IEKTPOIPUOOPaMH 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXKa. MPH BKIFOYCHUN UX B
CeTh HeJb3sl IePIKaThCs 32 METAIUTMYECKUE TIpeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpelaeTcs BKI0YaTh U
BBIKJIIOYATh 3JIEKTPONPUOOPHl MOKpPHIMH pPYKaMH, a TaKKe I0JIb30BAThC HEHUCIPABHBIMU WU
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3aIpenaeTcsl MPUHUMATh MUILY B XUMUYECKON J1a00paTopu U MUTh BOAY U3 1aOOPaTOPHON MOCYABL. -

-~KaTCTOPUUCCKHU 3aIIPpCIIACTCA HpO60BaTL PCaKTHUBEI HA BKYC,



-IpY TIOTIAJJAHWK HA JIMIO WM PYKH OpPBI3T KOHIICHTPUPOBAHHBIX KHCJOT IOCIE CMBIBaHUS BOIOH
MIPOMBITH CIa0BIM PACTBOPOM COJBI. INENOYH CIEAYET CMBIBATh JI0 TEX IOp, IMOKA YYaCTOK KOKH, Ha
KOTOPBIM OHA TOMalia, He MEPECTaHET OBITh CKOJIB3KUM; 3aTEM MPOMBITH CIIA0BIM PACTBOPOM YKCYCHOM
KHCIIOTHl U HAJOXHTHh TOBS3KY U3 BaThl, CMOUYEHHOUW 3%-HBIM PAacTBOpPOM IEepMaHraHaTa Kaius (U3
anTe4yKy B JaOOpaHTCKOU Kadeapsl);

-110 OKOHYAHHWH Pa0OTHI BHIKIIFOUYUTH U3 CETH BCE AJIEKTPOIPHOOPHI, MIEPEKPHITh M0ady ra3a U BOIbI B
naboparopuro u yoparh pabouee MecTo;

-000 BCEX HECYACTHBIX CIy4asX HEMEJIEHHO COO0IIaTh MPEeno aBaTesio Wil JabopaHTy.

Ilpaxmuueckas uacmso:

B3aumoaeincTBUE AIIEKTPOJINTOB CIEAYET PAaCCMAaTpPUBaTh KAK PEAKLUU MEXIYy MOHAMH. DTH PEAKLUHU
UAYT B CTOPOHY HamOOJee IOJHOIO CBSA3BIBAHUS HOHOB B TPYIHOPAaCTBOPUMBIE, I'a3000pa3Hble U
MaJIOUCCOLMUPYIOLIIE BEIIECTBA.

[Ipu BbINIOJIHEHUU paOOTHI YpaBHEHUSI BCEX PEAKLMM MUCAaTh B MOJIEKYJISIPHOM U HOHHOM BHUJIE.

Onwvim Nel. O6pa3oBaHue TPYAHOPACTBOPHUMBIX BEILIECTB.

[TonGepure Takue peakTUBbI U3 HAXOMISAIIMXCS Ha MOJIKE, B3aUMOIEHCTBHEM KOTOPBIX MOXHO MOJYYHUTh
OCaJKu cylb(uaa IUHKA, THIPOKCHJA HUKENS M KapOoHaTa kanblus. Ocaiku JOHKHBI OTCTOSITHCS.
[Tocne orcTauBaHust pacTBOPHI CIUTh, @ OCAJAKU COXPAHUTH AJIS CIEIYIOIINX OIBITOB.

Onwvim Ne2. O6pa3oBaHue Ta30B.

K cyappuny numHka, a 3areM K ocalky KapOoHaTa Kajblus, OpubaBuTh 2-3 MI pacTBopa
XJIOPOBOAOPOAHON KHCIOThl. Kakue ras3sl Boiaenstorca? OOpaTute BHUMAaHHUE, YTO BO BTOPOM cllydyae
IIOMUMO ra3a 00pa3yercsi MaJIOJUCCOLMUPYIOIIEE BEMIECTBO.

OmnbIT NPOBOAUTH B BBITSDKHOM LIKadYy.

Onvim Ne3. O6pa3zoBaHNe MaJlOJUCCOLUUPYIOLIETO 3JIEKTPOIUTA.

A. K ocaaky runpokcuna Hukens (onsIT Nel) mpubaButh pactBop ammuaka. Obpasyercst pacTBOPUMBII
Majofuccouuupyoumii noH TerpaaMmMuHHuKemsA(1D).

B. B nmpobupky HaiuTh 2-3 MJ pacTBOpa XJIOPOBOJOPOJHOW KHCIOTHI M IOMECTHUTHh B HETO TPaHyly
MeTaJuIn4eckoro mnuHka. HaOmionaTh HMHTEHCHBHOE BhIJENEHHE Bojaopona. /[oGaBuTh B HpoOUpPKY
HIETIOTKY KPHUCTAJUIMYECKOTo arerara HaTpus. OTMETUTh W3MEHEHHE B WHTEHCHUBHOCTU BBIIEICHUS
Bojiopoja. Hamucare ypaBHeHHE peakliiy, KOTOpas MPOU30LLIa Mocie MpUOaBlIeHUs aleraTa HaTpus,
yKa3aTb IPUUMHY 3aMEJIEHHs IPOLIECCa BBIIEIEHUS BOJIOPOAA.

Onvim Ne4. CMmellieHne MOHHOTO PaBHOBECHS.

A. Hamute B mpoOupky 3-4 M AUCTUIUIMPOBAHHOW BOJBI, NMPUOABUTH KaIUIK0 KOHIEHTPUPOBAHHON
YKCYCHOM KHCJOTHI M 1-2 KamiM MHIMKAaTOpa METHJIOBOIO OpaHykeBoro. Kakyrw okpacky nmpuHHMaeT
pactBop u mnoueMy? CocCTaBbT€ YpaBHEHHUE JHUCCOLMALMU YKCYCHOM KHCIOTBI M BBIPAKEHUE JUIS

KOHCTaHTbl HOHHU3alluH.



Pa3znenuts pacTBOp MOpOBHY Ha JIB€ MPOOUPKU M K OJHOM 4acTu MpuUOaBUTH LIENOTKY alleraTa HaTpus,
B300JITaTh U CPABHUTH OKPACKY PACTBOPOB B 00enx mpodupkax. JlaTb 00bsICHEHNE OTIBITY.

B. IlpoBectu OMBIT aHAJOTHYHO MPEIBIAYIIEMY, B3sIB BMECTO KHCJIOTHI PAacTBOpP aMMHAaKa, BMECTO
METHJIOBOTO OpPaHXXEBOTro - (QeHondranenH M BMECTO aleraTta HaTpus - XJOpHI aMMOHHA. JlaTh
00BsICHEHHE, UCXOS U3 KOHCTAHTHI PABHOBECHSI.

Onwim Ne5. [IpousBenieHre paCTBOPUMOCTH MAJIOPACTBOPUMBIX BEIIECTB.

Buectu B npobupky u3 Oroperku 1 mu 0,1 H pacTBopa HUTpaTa CBUHIA U JOOABUTh K HEMY HEMHOTO
6ombire mo 00bémy 0,1 H pacTBopa cynbdara HaTpus. [omydeHHBIH 0CaOK JOIKEH OTCTOAThC. CIUTh
HAJ0CaZ0YHYI0 KUAKOCTh (M otobpath mumnetkoi). K ocanky nmpubaBute 1 mMi pactBopa xpomata
Kanusi W 1nepememats. HaOmrogath MOCTeneHHOE W3MEHEHHE LBeTa ocaika. Kakoe BeliecTBo
obpasoBanochk? Ha ocHOBaHWU OmbITa C/AENaTh BHIBOJ O BEJIHMUMHE Ipou3BeneHus pacrsopumoctu (I1P)
MaJIOpAaCTBOPUMBIX coieil. CpaBHHUTh CBOM BBIBOJ C JaHHbBIMH TaOnuubl. Hammcath ypaBHEHHS
MPOU3BEICHUS PACTBOPUMOCTH 3TUX COJIEH, NOACTaBUB 3HaueHus [1P.

OnbiT Ne6. KoHTpopHOE 3a/1aHKeE.

DKCIepUMEHTAIIBHO OCYIIECTBUTH CIIEAYIONINE PEBPAIICHHUS:

CuSO4 — Cu(OH)2 — [Cu(NH3)4](OH)2 — Cus.

CocTaBUTh YpaBHEHUS PEAKIIHA.

W3 3TOTO OmBITA CIIEAYET, YTO MHOTJA B JIEBOM M NMPAaBOH 4YacTAX YpPaBHEHUS MOTYT OJHOBPEMEHHO
HaXOJUTHCSI MAJIOJAUCCOIMUPYIOIINE U TPYIHOPACTBOPUMBIE BeliecTBa. UTOOBI MPaBUIIBHO PEIIUTH
BOIPOC, B KaKyl0 CTOPOHY CMECTHUTHCS PaBHOBECHE, HY)KHO MPOU3BECTH YUET TAaKUX KOJTMUYECTBEHHBIX
XapaKTePUCTHK, KaK KOHCTAHTa TUCCOIMAIINH, IPOU3BEICHIE PACTBOPUMOCTH, KOHIICHTPAIIHS HOHOB.

Tpeﬁoeanuﬂ K 0¢0pMﬂeHu10 Jlaﬁopamopnoﬁ paoombvlL u omuemy:

1.BoimonHeHne 11abopaTOpPHBIX pabOT COMPOBOXKIAIOT 3amUCSAIMU B JlabopaTopHoM KypHaie. Ha
TUTYJIBHOM JIMCTE J1a00OpaTOPHOTO KypHalla JAOJKHBI OBITh MPEACTABICHBI: HAa3BAaHUE YHHUBEPCHUTETA,
(baMuIMs 1 MHUIUAIIBI YYallerocsi, HoMep Kypca v rpymibl, y4eOHBbIH ro.

2.0T4eT 0 BBHIMOJHEHHOM JIA00PaTOPHOU paboTe TOJDKEH COACPIKATh CISAYIOIINE CBEICHMUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBITIOJHEHUS paOOTHI;

*IIeJIb PaOOTHI;

*000pyZI0BaHUE M MaTEPHUAIIBI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp U HA3BaHHE OMbBITA;

*KpaTKoe OMHCaHue Xoa paboThl C yKa3aHUEM YCJIOBUN MPOBEICHUS OIbITA;

*PUCYHKH M CXEMbI UCIIOJIb3YEMBIX MPUOOPOB;

*HaOJIFOICHMS,



*ypaBHEHHS MPOTEKAIOIINX PEaKINHi;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBOJIBI.

3.JIabopaTopHEIi KypHAT HY)KHO BECTH YUCTO U aKKYPAaTHO, 3aITUCH JIOJDKHBI OBITH JIAKOHUYHBIMHU.
4.0T14éT 0 IpoBEeIEHHON pabOTE MPOBEPSIET U MOANUCHIBACT MPETIOaBaATENb.

5K cpaue 3ayéra mo 1abOpaTOPHOMY TMPAKTHUKYMY JOIYCKAIOTCS CTYACHTHI, BBINOJHUBIINE U
MOJNKCABIINE y TPENOaBaTeis BCE JIOMAIHUE W JIaDopaTOpHBIE PabOThI, CHABIINE KOJUIOKBUYMBI,
aKTUBHO Y4aCTBOBAaBIIUE B padOTE CEMUHAPOB.

6.CTyIeHThI, TTOTYYHBIIUE 3a4€T 1O JTA0OPATOPHOMY MPAKTUKYMY, JIOIMYCKAIOTCS K c/1ade IK3aMeHa 10
KypCy HEOPTaHUYECKOH XUMHH.

Koumponavubie sonpocot :

1. CocraBbTe MOJNEKYISIpHBIE W HOHHO-MOJICKYJSIPHBIE YpaBHEHHS pEaKIuil B3aUMOICHCTBUS B
pactBopax Mexy: a) KoS u CuSOs; 6) AgNOs u NH4Cl;

B) Na2SiO3z u H2SO4; 1) CaCO3 u HNO:s.

2. CocraBbTe MO JBa MOJIEKYJSIPHBIX YPaBHEHMsI PpEaKIMil, KOTOpbIE BBIPAKAIOTCS HOHHO-
MOJICKYJISIPHBIMUA yPaBHEHHUSMHU:

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

3. MOHO 1 IPUTOTOBUTH PACTBOP, COAEPIKAIINI OJJHOBPEMEHHO cleaylomlue mapel BemecTts: a) KOH
u Ba(NO3)2; 6) Cr(OH)s u NaOH; B) Pb(NO3)2 u KCI; r) CuCl2 u NaS? IlpeacraBbTe BO3MOXHBIC
peaKIyy B MOJIEKYISIPHOM U HOHHO-MOJICKYJISIPHOM BHJIE.

4. CmemmBatot nomapao pactBopbl: a) KOH u Mg (NOz3)2; 6) Li2COs u HCI; B) Fe(NO3)s u KOH; r)
NH4CI u NaOH. B kakux ciaydasx peakiuu MpakTudecku moiayT no konna? IlpenctaBeTe ux B
MOJIEKYJISIPHOM U MOHHO-MOJIEKYJISIPHOM BUJIE.

5. CocraBbTe MOJEKYISPHbIE W HWOHHO-MOJICKYJISIDHBIE YPAaBHEHUS pEaKIUi B3aWMOJICHCTBHS B
pactBopax Mexy: a) BaCOs u HNOs; 6) Fe2(SOa4)3 1 KOH; B) HCI u K»S; 1) CH3COOK u HCI.

6. CocraBbTe MOJIEKYJISIPHBIE U HOHHO-MOJIEKYNISPHBIE YpaBHEHHs pEaKIHi B3aWMOJEWUCTBUS B
pactBopax Mmexny: a) Mg(OH)2 u CH3COOH; 6) NH4Cl u NaOH; B) Ca(OH)2 u K2CrOgy; 1) AlICl3 u
Ba(OH)..
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JlabopaTopnasi padora Ne 8
Tema: I'maposu3s

Henwv pabomui: I/I3yquI/Ie pa6OTBI pH-MeTpa " OIIpCACIICHUC pH HeﬁTpaHLHOFO, KHUCJIOTO U MICIOYHOT'O

pacTBOpoB ¢ TmoMoulblo pPH-meTpa, BU3yalbHOE ONpPEJEICHHE IIBETOB WHJIUKATOPOB JIAKMYycCa,
METHJIOBOTO OpaHXeBOro U (peHondranenHa B HEUTpanbHOU, KUCIION U IIEJIOYHON cpejie, onpeiesieHne
PH cpenbl ruAPOIU3YIOMUXCS COJNEH ¢ MOMOIIbI0 MHIUKATOPOB, BIMSHUE TEMIepaTypbl Ha THIPOJIN3,
HeoOpaTUMBbIH MOTHBINA THIPOIIH3.

Dopmupyemuvie komnemenyuu. OIIK-1.

Teopemuueckas uacmov:

FI/I,Z[pOHH?) — OTO PAa3JIOKCHUC BCUICCTB BOI[Oﬁ. BOI[a — OOJHO H3 CaMbIX AKTHUBHBIX BCIICCTB. OHa
HeﬁCTByeT Ha CaMbIC pPa3JIMYHBIC KJIIACCHI COCHHHCHHﬁ: COJIu, YIJICBOIBI, 6CHKI/I, 3(prLI, JKHUPBL U T. I.
[Ipy TUAPOIN3E COEIUMHEHUH HEMETAIUIOB OOBIMHO 00PAa3yOTCs BE KMCIIOTHI, HAIPHMED:

PCl3 + 3 H20 = H3PO3 + 3 HCI

HpI/I 9TOM U3MCHACTCA KUCJIOTHOCTb paCTBOPOB IO CPABHCHHUIO C KUCIIOTHOCTBIO PACTBOPUTCIIA.



B Heopranndeckoil XuMmuM yaie BCEro NpUXoaUTCsl UMETh /110 C TUAPOIU30M COJIeH, T.€. ¢ OOMEHHBIM
B3aMMOJCHCTBUEM HOHOB COJIM C MOJIEKYJAaMHU BOJBI, B PE3yJlbTaTe KOTOPOIO CMELIAECTCS PAaBHOBECUE
NEKTPOJIUTUYECKON TUCCOLUAIIUHN BOJIBL.

I'uaponm3om coim Ha3bIBaeTCs 0OpaTUMOE B3aMMOJICHCTBHE MOHOB COJIM C MOHAMHU BOJIbI, IPUBOJAIIEE
K U3MECHEHHIO PAaBHOBECHUS MEKy HOHAMM BOJOPOJa U THAPOKCHIA B PACTBOPE.

I'maponus sBIsSETCS Pe3ysIbTaTOM IOJIAPU3ALMOHHOTO B3aMMOJCHCTBUS MOHOB COJIM C MX T'MIPaTHON
000JI04YKOIi B BOJHOM pacTBope. Yem 3HaunTeNbHEE 3TO B3aUMO/ICHCTBUE, TEM HHTEHCUBHEE POTEKAET
THIIPOJIN3. YTIPOIIEHHO CYIIHOCTh MPOIIecca TUAPOIN3a MOXKHO MPEJICTABUTD CICAYIOIIMM 00pa3oM.
Karuonst K™ cBsI3bIBatOTCS B pacTBOpE € THAPATHPYIOIIMMH HMX MOJICKYJIaMH BOJBI JOHOPHO-
aKLENTOPHOW CBA3BI0; JOHOPOM SIBIISIFOTCS aTOMBI KHMCJIOPOJA MOJIEKYJIBl BOJbI, HMMEIOIIUE JIBE
HETOJICJICHHBIE 3JIEKTPOHHBIE Taphl, AaKIENTOPOM - KaTHOHBI, HMMEIOUIME CBOOOJIHBIE AaTOMHBIE
opbutanu. YeM Oomble 3apsia KaTHOHA U YEM MEHBIIE €ro pa3Mep, TeM 3HAUUTENbHEee MOJSpU3yIomiee
neiictBue K™ ma H>0.

AHNOHBI An~ CBA3BIBAIOTCS C MOJIEKYJIaMH BOJBI BOJOPOIHOM CBA3bI0. CHIIBHOE BO3CICTBHE aHMOHOB
MOJKET MPHUBECTU K MOJHOMY OTPBIBY NpOTOHA OT Mojekyiasl H,O — BogopoaHasi cBA3b CTaHOBUTCS
KOBaJIeHTHOH. B pe3ynbrare oOpa3yercs kucinora uinu anuoH tuna HS™, HCOz™ u T. m.

B3aumopeiicTBue aHMOHOB An~ ¢ IPOTOHAMHU TE€M 3HAUUTEIbHEE, UeM OOJIbLIE 3apsi aHMOHA U MEHbIIE
ero paauyc. Takum o0pa3oM, HHTEHCUBHOCTb B3aMMOJEHCTBUS BEIIECTBA C BOJAOM ONpeseNseTcs: CHIION
nonstpusytontero Biustus K™ u An™ Ha monekyinsl H2O. Tak, KaTHOHBI 3JE€MEHTOB MOOOYHBIX
MOATPYII ¥ HETMOCPEICTBEHHO CIEAYIOLIUX 32 HUMH 3JIEMEHTOB MOJBEPraloTcsi 00jee MHTEHCUBHOMY
TUJIPOJIN3Y, YE€M JIpyTrue MOHBI OJUHAKOBBIX C HUMHM 3apsijia U paauyca, TaK Kak sapa MEepBbIX MEHee
3¢ HEKTUBHO IKPaHUPYIOTCS d-31€KTPOHAMHU.

I'maponns — mpouecc oOpaTHBIM peakuuu HeiTpanuzanuu. Ecnu peakuus HeWTpaiau3alMy MPOLECcC
AK30TEPMHUUECKUI U HEOOPATUMBIH, TO TUAPOIIN3 — MPOIIECC IHAOTEPMUUECKUN U OOPATUMBIH.

Peaknus HeliTpanusanuu:

2 KOH + H2S03 — K2SO3+ 2 H20

CHJIbHBIN CITaObIi CUIIBbHBIN Cl1a0bIi

2 OH™ + H2S03= SO3” + 2 H20

Peakuus ruaponusa:

K2SO3+ H20 «+» KOH + KHSO3

SOs* + HOH «> HSO3™ + OH~

[Ipu rugponuse cMmemlaeTcsi paBHOBECHE AMCCOLMAIIMKM BOJIbI BCIIEJACTBHE CBS3bIBAHUS OJIHOTO U3 €€
wonoB (H' wimu OH') B cnalObiii snekrponut comd. Ilpu cBsassiBanuu noHoB H' B pactBOpe
HakaruimBatoTcs MoHbl OH™, peakuus cpeapl OyneT IuenovHas, a NpU CBs3biBaHUM HMoHOB OH™

HaKaruMBarTcs HoHbl H - cpcaa 6yneT Kucjiasd.



PaznuyaroT yetsipe BapraHTa AEHCTBUS BOJbBI HA COJIH.

1. Ecnu xaTHOHBI U aHMOHBI UMEIOT HEOOJBIINE 3apsiibl U OOJbIINE pa3Mephl, TO UX MOJSPU3YIOLIee
BJIUSHUE Ha MOJIEKYJIbl BOJbl HEBEJIMKO, T. €. B3aumojeiictBue conu ¢ H20 npaktuuecku He
IPOMCXOUT. DTO OTHOCHUTCS K KATHOHAM, MHAPOKCHJIBI KOTOPBIX SBJSIOTCS Iieioyamu (Hanpumep, K*
u Ca’") u Kk aHMOHAM cHIBHBIX KucioT (Hanpumep, CI™ u NO3”). CiefioBaTenbHO, conu, 06pazoeantvle
CUTIbHBIM OCHOBAHUEM U CUTIbHOLL KUCTIOMOU, 2UOpoau3y He noogepzaromcsi. B 3ToM cilydyae paBHOBecue
JUCCOLMAIIUH BOJIBI

H.O « H* + OH~

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

2. Eciut conb 06pazoéana KamuoHoM CULbHO20 OCHOSAHUS U GHUOHOM craboii kuciomsl (S*, COz>, CN~
U ap.), To npoucxooum eudpoaus no anuowy. Ilpumep — rugaponus comu CH3COOK. HNousl conm
CH3COO™ u K" B3aumopeiicteyror ¢ monamu H™ 1 OH™ u3 Bogsl. IIpu s1om anerar-uons (CH3COO™)
CBA3BIBAIOTCA ¢ MOHamu Bojoponaa (H') B Momekyasl ¢iaboro 37IeKTpPOHMTa - YKCYCHOM KHCJIOTBI
(CH3COOH), a nonst OH™ HakaruMBarOTCsA B PacTBOpE, COOOIIas eMy MICJTOYHYIO PEaKIIHio, TaK Kak
nonbl K He moryt cBsizath noust OH™ (KOH siBiisietcst CutbHBIM 3J1eKTpoauTom), pH > 7.
MounekynspHoe ypaBHEHHUE I'HIPOJIU3a:

CH3COOK + H20 < KOH + CH300H

[TonHOE MOHHOE ypaBHEHUE TUIPOIIH3A!

K"+ CH3COO™ + HOH « K"+ OH™ + CH3COOH

COKpAIIeHHOE HOHHOE YpaBHEHHE TUAPOJIN3A:

CH3COO™ + HOH <~ OH™ + CH3COOH

I'maponns comu NazS mpotekaer crymendaro. Cosb oOpazoBaHa cuiibHbIM ocHoBaHueM (NaOH) u
cnaboii nByxocHoBHOH Kucnotoil (H2S). B atoM ciyuae anuoH conu S? csseiaer noHsl HY Bojbl, B
pactBope HakamuBaroTcs MoHbl OH . YpaBHeHHe B COKpallleHHOW MOHHOM M MOJEKYyJIspHOU ¢dopme
UMEET BUJL:

|. $" + HOH < HS™ + OH~

NazS + H20 <> NaHS + NaOH

Il. HS” + HOH < H2S + OH™

NaHS + H20 <> NaOH + H»S

Bmopasa cmynenv eudponusa npaxmuuecku He npoxooum npu O0ObIYHBIX YCI0GUAX, TaK Kak,
HakarauBasick, HoHbl OH™ coo0matoT pacTBOpYy CUIBHOLIEIOYHYIO PEaKILIHI0, YTO MPUBOIUT K PEaKIuu
HEWTpaNIU3aliy, CABUTY PABHOBECUS BJIEBO B cooTBeTcTBMM ¢ npuHuunom Jle Ilarense. Ilostomy
THJIPOJIA3 COJIeH, OOpa30BaHHBIX CHJIBHBIM OCHOBAaHMEM M CJIa0OH KHCIOTOM, MOJABISIETCS

HpI/IGaBJ'ICHI/IeM ICJI04Hu.



Yem Oomblle moNsipU3yloliee BIMSHHE aHUOHOB, TeM HHTEHCHBHEE THIPOJN3. B cooTBeTCTBHH C
3aKOHOM [IEHCTBHS MacC 3TO O3HAYaeT, YTO THAPOJHM3 MPOTEKAaeT TeM WHTCHCHUBHEE, YeM cliabee
KHCIIOTA.
3. Ecau conv obpazosana kamuoHom c1abo2o OCHOBAHUA U AHUOHOM CUNbHOU KUCIOMbL, MO
npoucxooum 2uopoaus no kamuowny. Hapumep, 310 umeer mecro mpu ruapouse coarn NH4Cl (NHsOH
- cnaboe ocHoBanue, HCI - cunpnas kucnota). OTopocum nod Cl™, Tak Kak OH C KATHOHOM BOJIbI Ja€T
CWJIBHBIN 3JICKTPOJIHT, TOT/Ia YPABHEHHUE THIPOIIN3a IPUMET CIICTYIOIIHIA BU/I;
NHs" + HOH <> NH4OH + H" (cokpallieHHOe HOHHOE ypaBHEHUE)
NH4CI + H2O <> NH4OH + HCI (MonexynsipHOe ypaBHEHUE)
W3 cokpailieHHOTO ypaBHEHHUsI BUIIHO, YTO HOHBI OH ™ BOJBI CBS3BIBAOTCS B CIIA0OBIN AJIEKTPOJIMT, HOHBI
H" HakammBaroTcs B pacTBOPE M cpejia cTanoBuTCs Kucioi (pH < 7). JloGaBiieHHE KUCIOTHL K PacTBOPY
(BBEIIEHHE TIPOYKTa peakiuu KaTnoHoB H™) caBuraer paBHOBECHE BIIEBO.
I'uaposnn3 comu, 00pa3oBaHHONW MHOTOKHCIOTHBIM OcHOBaHuMeM (Hampumep, Zn(NOz)2) mporexaeT
CTYIIEHYATO 110 KaTHOHY CJIA00T0 OCHOBAHUSI.
I. Zn?* + HOH <> ZnOH" + H* (cokxpamieHHOe HOHHOE ypaBHEHHUE)
Zn(NOz3)2 + H20 «» ZnOHNO3 + HNO3 (MosiekyiisipHOE ypaBHEHHE)
Honsl OH™ cBs3biBaroTes B cnaboe ocHoBanue ZnOH', nonsr H™ HakammuBarorcs.
Bmopas cmynenv eudponusza npaxmuuecku He NpoOUCXooum npu OObIYHLIX YCIOBUAX, TaK Kak B
pesynbTaTe HakoruieHus noHoB H' B pacTBope co3faeTcs CHIILHOKMCIIAs CPeia U PABHOBECUE PEAKIMU
THJIPOJTN3a IO 2-0i CTYIIEHU CMEIIEHO BIIEBO:
Il. ZNOH" + HOH «> Zn(OH); + H" (cokpamienHoe HOHHOE ypaBHEHHE)
ZnOHNO3 + H20 < Zn(OH)2 + HNO3 (MonekynsipHoe ypaBHEHHE)
OueBHHO, YeM cllabee OCHOBaHHE, TEM IMOTHEE UIET THAPOIIU3.
4. Conv, 0bpazosaHHas KAMUOHOM ClAOO20 OCHOBAHUS U AHUOHOM CAAOOU KUCIOMbL, NOOGEPeaAemcsl
2uopoauszy no kamuowy u no avuouy. llpumepom ciyxut nporecc ruaponusa coau CH3COONHa.
3anuiieM ypaBHEHHE B HOHHOU (hopme:
NH4* + CH3COO™ + HOH < NH4OH + CH3COOH
IManponu3 Takux cosield MPOTeKaeT OYeHb CHIILHO, TOCKOJBKY B PE3y/IbTaTe €ro 00pa3yrTes U ciaboe
OCHOBaHHE, U CJ1abas KHCIIOTA.
Peakuust cpenbl B 3TOM cllydae 3aBUCUT OT CPAaBHUTEIBHOW CHIIBI OCHOBAaHUS M KHUCIOTHI, T.. OT UX
KoHCTaHT nuccoruanuu (Kp):

e ecmu Ky (ocHoBanus) > Kj (kucnotsr), To pH > 7;

e ecmu K (ocHoBanus) < Ky (kucnotst), To pH < 7.
B ciyuae ruaponnza CH3COONHz:
Kn (NH4OH) = 1,8:10°; Ky (CHsCOOH)=1,8-10"°,



MMOATOMY PEAKITHs BOJHOTO PacTBOpa ATOM cou OyaeT moutu HernTpanbHoi (pH = 7).

Ecnu ocHoBaHue U KucioTa, 00pa3yroue coiib, SBISIOTCS HE TOJNBKO CIa0bIMH 3JIEKTPOIUTaMU, HO U
MaJIOPACTBOPUMBI MJIM HEYCTOMUYMBBI U PA3NIaraloTcsi ¢ 00pa3oBaHHEM JIETyYUX MPOAYKTOB, TO B 3TOM
cllydyae THJIPOJIM3 COJM IMPOTEKAeT MO BCEM CTYNEHSAM [0 KOHIA, T.e. JO OOpa3oBaHHs Ci1aboro
TPYIHOPACTBOPUMOTO OCHOBAHHS M claboi KUCIOTHL. B 3TOM ciyuyae pedub UAET O HeoOpamumom uiu
NOJIHOM 2UOPOU3E.

NMeHHO TNONHBIM TUAPOJIM3 SABISETCA MPUYUHOW TOrO, YTO BOJHBIE PACTBOPBI HEKOTOPBIX COJIEH
NpUTOTOBUTH HElb3s, Harpumep Cr2(CO3)s, Al2Szu n1p. Hampuwmep:

AlS3 + 6H20 — 2A1(OH)s| + 3H2S1

[ToaTomy cynbdun anrOMUHUS HE MOXKET CYIIECTBOBAaTh B BUJE BOJHBIX PACTBOPOB, MOKET OBITh
II0JIYYEH TOJBKO "CyXuUM criocoboM", HapuMep, U3 JIEMEHTOB IIPU BBICOKOW TeMIIEpaType:

2Al +3S —“— AlS3,

U JI0JKEH XPAHUTHCS B TEPMETUUYECKUX COCY1aX, UCKITIOYAIOIINX MONaJaHUE BJIAry.

Peakuueii oOMeHa B BOJHOM PAacTBOpPE TaKHE COEAMHEHHS HeNb3sl MOMy4uTh. llpu B3ammoneicTBUU
coneit A1®*, Cr®* u Fe*" B pactBope ¢ cynbduaamMu u kapOoHATAMH B 0CaI0K BHINAJAIOT HE CYIbGUIBI 1
KapOOHAThI TUX KATHOHOB, & UX T'MJIPOKCH/IBI:

2AICl3 +3NazS +6H20 — 3H2S1 + 2AI1(OH)s| +6NaCl

2CrClz + 3Na,CO3 + 3H20 — 2Cr(OH)z| + 3CO21 + 6NaCl

B paccMoTpeHHbIX puMepax MPOUCXOIUT B3aUMHOE ycuiieHue ruaponusa aByx coneid (AlClz u NapS
unu CrClz u NapCOz3) 1 peakius uieT 10 KOHIIA, TaK KaK MPOIYKThI PEaKIIMU BBIJEISIOTCS U3 pacTBOpa
B BU/JIE OCaJIKa U rasa.

I'mpponus cosell B psfe cilydaeB MOXKET MPOTEKaTh OoueHb CioxkHO. (IIpocThie ypaBHeHus peakuuu
THAPONU3a B OOIIEHPUHATON 3aMUCH YacTO SBISAIOTCS YCIOBHBIMH.) [IpoaykThl ruaponnsza MOKHO
YCTAaHOBUThH JIMIIb HA OCHOBAaHMM aHAJIMTUYECKOro HccienoBaHus. K mpumepy, mnpoaykramu
TUJIPOJIN3a COJIeH, coiepKallliX MHOT03apsiIHbIe KaTHOHBI, MOT'YT OBITh HOJUSAEPHBIE KOMIUIEKCHI. Tak,
ecnu B pactBopax Hg?* comepkaTcs TOTBKO OHOSAEPHBIE KOMILIEKCH, T B pacTBopax Fed* mommmo

1** u [Fe(OH)2]" ob6mapyxmBaeTcs mByXbsajaepHblii kommaekc [Fea(OH)2]*; B

komiiekcoB [FeOH
pacTBopax Be?" B OCHOBHOM 00pa3yloTCs MHOTOsEepHBIE KOMIUIeKchl coctaBa [Bes(OH)s]®'; B
pacTBopax Sn’* o6pasyrorcs xommiekcHble nonbI [Sn3(OH)4]%, [Sn2(OH)2]?*, [SNOH]*; B pacTBOpax
Bi** mapsany ¢ [BiOH]** maxomarcs koMmmnekcHble HOHBI cocTaBa [Big(OH)12]®". Peakmuu rumponusa,
MPUBOJIAIINE K 00Pa30BaHUIO MOUSIEPHBIX KOMIUIEKCOB, MOKHO MPEJCTABUTH CIEAYIONIIM 00pa3oM:
MM + NH20 <> Mm(OH),™<-"* + nH*,

rae m u3Mensercs or 1 10 9, a n MoxeT npuHUMaTh 3HadeHus oT 1 mo 15. Takoro poma peakuuun

BO3MOXHBI AJ11 KaTHMOHOB oomee uem 30 B3JIEMEHTOB. yCTaHOBJ'IeHO, 4TO KaXXJOMYy 3apsAay HMOHaA B

OOJIBIIIMHCTBE CJIy4acB OTBCYACT OIIPCACIICHHAA (I)opMa KOMIIJICKCA. TaK, JJIs1 TOHOB 1\/[2+ XapaKTCpHa



dopma aumepos [M2(OH)]?*, s monos M3 — [M?(OH),]*, a s M* — dopma [M2(OH)s]°" u 6onee
cnoxxable, Hanpumep [Zra(OH)s]®* .

[Tpu BeICOKMX TemrepaTypax 1 O60sbIHX 3HaueHUsIX pH 00pa3yroTcst 1 OKCOKOMILIICKCHI:

2MOH < MOM + H20 umu

OH ©
Ny q‘u/_..-u-o—u-n—u-mﬁzn

A FARN
OH H

Hanpuwmep,

BiCl3 + H2O — Bi(OH).Cl + 2HCI

Karuon Bi(OH)2" nerko tepsiet MoJieKyiry BoJibl, 00pa3yst KaTioH BiucMyTmiia BiO*, KoTopblii ¢ X10pu-

MOHOM JaeT OeJblii KpUCTAIUTMYECKUI 0CaI0K:

Bi(OH).Cl — BiOCl] + H20.

CTpyKTYpHO NONUSZCPHBIE KOMIUIEKCHl MOKHO MPEICTaBUTh B BHJE OKTad3JIPOB, COCIMHEHHBIX MEXKIY

co00# 1o BepIIMHE, pedpy WK TPaHH MOCPEICTBOM pa3nudHbIx MocTHKOB (O, OH u ap.).

CHOXHBI COCTaB HMEIOT MPOAYKTHl THAPOIH3A KapOOHATOB psila MeTauloB. Tak, mpH

B3aMMOJIEIICTBIM pacTBOPUMBIX comeif Mg?*, Cu?*, Zn?*, Pb?" ¢ xapGoHaTOM HaTpus oOpa3yroTcs He

cpenHue KapOOHAThl, a MEHee  PacTBOpHUMBbIE ecudpoxkcokapbonamul, nHanpumep Cuz(OH)2COs3,

Zns(OH)s(CO3)2, Pbz(OH)2(CO3)2. B kauecTBe mprMepa MOYKHO IPUBECTH PEAKIIHH:

5MgSO4 + 5Na,CO3 + HoO — Mgs(OH)2(CO3)4| + 5SNaxSO4 + CO21

2CUu(NOs3)2 + 2Na,CO3 + H20 — Cuz(OH)2CO3| + 4NaNO3 + CO21

KonuyecTBeHHO rHAPOIIN3 XapaKTepu3yeTcs CTeNeHbo Tuaponu3a h u konctanToit ruaponusa Kr.

CreneHnp I'MJIpoin3a MOKa3bIBaeT, Kakas 4yacTb COJNH, cojaeprkamiasics B pactBope (Cwm), moasepriach

ruposn3y (Curun) ¥ pACCUUTHIBACTCS KaK OTHOIICHUE:

h = Cwm rux / Cm (100%).

OueBHIHO, 4TO TS 0OpaTuMoro mpoiecca ruapouza h < 1 (<100%), a a1 HeoOPaTUMOro THAPOITH3A

h =1 (100%). KpoMe mpupoibl coiM, CTENEHb THAPOJIM3a 3aBUCHT OT KOHICHTPALUH COJNU U

TeMIIepaTyphbl pacTBOpA.

B pacTtBOpax ¢ yMepeHHOW KOHIIEHTpAIMeldl pacTBOPEHHOTO BEIIECTBA CTEMEHb THAPOJIH3a MpU

KOMHAaTHOM TemnepaType oObluHO HeBenuka. (s coseilf, 0Opa3oBaHHBIX CHJIBHBIM OCHOBAaHHUEM U

CHJILHOW KHUCIIOTOM, OHA MPaKTHYECKU paBHA HYJIO; JUIS COJiei, 00pa30BaHHbBIX CaObIM OCHOBaHHUEM U

CHUJIbHOW KHCIIOTOM WJIM CHJIBHBIM OCHOBAaHHEM M CIIa00H KHCIIOTOH, oHa cocTaBiseT =~ 1%. Tak, mus

0,01 M pactBopa NH4CIl h=0,01%; s 0,1 1. pactBopa CH3COONH4 h = 0,5%.

I'maponus — mporece 00paTUMBIi, TO3TOMY K HEMY IIPUMEHUM 3aKOH JIeHCTBYIOIIUX Macc.

Koncmanma euoponusa ecmv koncmanma pagnogecus npoyecca uopoausd, U o CBoeMy (pusnueckomy

CMBICTY OINpeNeNseT cTeneHb HeoOpaTuMocTH ruaponuza. Yem Oombimie Kr, Tem HeoOpatumee

THOPOJINS. Kr nmeet cBoe BBIPAXKCHUC JJIA KAXKIO0T0 ClIydasda ruapojin3a.



BriBenem BbIpaskeHUE AJi KOHCTAHTHI THAPOJIHM3a CONM €1a0O0il KUCIOTHI M CHJIBHOTO OCHOBaHHS Ha
npumepe NaCN:

NaCN + H20O < NaOH + HCN;

Na* + CN~ +H20 < Na* + OH™ + HCN;

CN™ + H20 <> HCN + OH™

Kpasu = [HCN][OHT] / [CNT][H20].

[H20] umeet HanbobIIyI0 BETUYNHY, KOTOPAsk B XO/I€ PEAKIIUU TPAKTUYCCKH HE U3MEHSIETCS, TO3TOMY
€ MOXHO YCJIOBHO CYHTAaTh TIOCTOSHHOW. Torma MOMHOXXMB 4YHCIHTENIh W 3HAMCHATENh Ha
KOHIEHTPALMIO IPOTOHOB U BB MOCTOSIHHYIO KOHIIEHTPALIMIO BOAbI B KOHCTAHTY, MOJIYYHM:

Kpasu [H20] = Kw / Kngeuen) = Kr

tak kak [HCN]/ [H][CN] = 1/ Knuen)

[ockombky Kw Benmmumnna nmoctosHHas 1 pasHa 107 | oueBnno, uto uem mMenpime Ky caboit kucioTl,
aAHMOH KOTOPOM BXOJUT B COCTaB COJIH, TeM OoJbIe Kr.

AHaJOTUYHO, IS COJIH, THApoau3yolelics no katuony (Hanpumep NH4Cl), momyunm:

NH4* + H20 <> NH4OH + H* (cokpaleHHoe ypaBHEHHE THAPOIIH3a)

Kpasu = [NH2OH][H™] / [NH4T][H20]

Kr = Kpasua [H20] = Kw / Kriocn)

B »TOM BBIpaX€HUHM YHUCIUTENh U 3HaMeHaTesnb Apobu ymHOoxkwiu Ha [OH']. OueBugHO, 4TO uUeM
MenbIe Ky cnaboro ocHOBaHUs, KATHOH KOTOPOTO BXOJUT B COCTaB COJH, TeM Ooubiie Kr.

Eciu conp obOpazoBaHa cinaObiM ocHOBaHMeM M ciaboi kucinorod (Ha mnpumepe NH4CN), 1o
COKpAIICHHOE YpaBHEHUE THAPOIIH3a HMEET BU/I:

NH4* + CN™+ H20 <> NH4OH + HCN

Kpasu = [NH2OH] [HCN] / [NH4"J[CN],

B stom BbipaxkeHUU IS Kpan YHCIHMTEND W 3HAMEHATEND JpobOu ymHOkaeM Ha [H']-[OH], mosromy
BBIpaxeHHe sl Kr mpuHUMaeT BUI:

Kr = Kw / (Knucrorsy Kagoen))-

Kak crnemyer W3 TpHUBEACHHBIX BBIPAKEHUU, KOHCMAHmMa 2uopoau3a 0OpamHo NpOnoOPYUOHATbHA
KOHCmaume ouccoyuayuu ciaboeo 3J1eKmpoiuma, y4acTBYIOIIETO B 0Opa3oBaHHM coyik (€clid B
00pa3oBaHWM COJM Yy4YacTBYIOT JIBa CJa0bIX »JJeKTposiuTa, TO Kr 00paTHO mpomopiuoHaibHa
MIPOU3BEICHUIO UX KOHCTAHT JAUCCOIHAIINH).

Paccmotpum ruaponu3 mHOro3apsaHoro noHa. Bossmem NaxCO:s.

. CO3* + H20 « HCO3™ + OH~

Krqy = [HCO3J[OH] / [COs*][H20] x ([H*]/ [H']) = Kw / K,

TO €CTh B BBIp@XXEHHE JJIs1 KOHCTAHTHI THPOJIH3a MO MEepPBOI CTYNEHU B 3HAMEHATENh BXOIUT BTOpas

KOHCTaHTa AuCCOoualun, u 1Jis BTOpOﬁ CTYIICHU TUAPOJIN3a



II. HCO3 + H0 « Ho.CO3z+ OH-

Krany = [H2COs][OH] / [HCO3][H20] x ([H']/ [H']) = Kw / Ky
Knay = 4x107 Ky =2.5x108
Kran = 5.6x101 Krgy = 1.8x107™
Takum o6pazom, Kray >> Kran, KOHCTaHTa, a CIeOBAaTEIbHO, U CTEIICHb TEPBOM CTAIUKM THIPOJIN3A
MHOTO OOJIBIIE MTOCIEAYIOIINX.
CmeneHb euoponuza SBISETCS BEIMYMHON aHAIOTUYHOM CTENEHH JUCCOUanui. B3auMocBs3b cTenenu
Y KOHCTAHTBI THAPOJIN3a aHAIOTUYHA TAKOBOH IS CTETIEHU M KOHCTAHTBI AUCCOLUALIHH.
Ecmu B oOmieM ciydae MCXOAHYIO KOHIICHTPAIMIO aHMOHA CJIA00H KHCIOThI 0003HAaYuTh 4epe3 Co
(moub/), To Coh (MOJIB/IT) — KOHIIEHTpALKsA TOM 4acTH aHHOHA A~, KOTOpas MOABEPIiach THIPOINA3Y U
obpazoBanock Coh (Moib/i) cnaboit kuciaoTel HA u Coh (MOJTB/IT) THIPOKCHIHBIX TPYIIIL
A"+ H;O <~ HA + OH,
Co-Coh Coh Coh
toraa Kr = [HA][OH] / [A7] = Coh-Coh / (Co-Coh) = Coh? / (1-h).

ITpuh << 1 Kr = Coh? h = VKj / Co.

Ouenb Moxoxe Ha 3aKoH pa3zbaBieHus OcTBaba.
MoxHo paccuutath pH pactBopa, eciiu uzBectHbl Co 1 N. YuuThIBast, 4To

[HA] = [OH] = Coh, monyunm:

Kr = Coh-Coh / Co = [OH 1%/ Co, oTKyna

[OH] = VKr-Co.

AHaJOTUYHO, MOKHO TIOKa3aTh, YTO IPHU TUIPOJIH3E 110 KATHOHY

[H*] = VKr-Co.

TakxuMm 00pa3om, CHIOCOOHOCTH COJIEH MOABEPTaThCs TUAPOIINU3Y 3aBUCUT OT ABYX (PaKTOPOB:

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

Kak cnBuHyTh paBHOBECHE TUApPOIN3a?
1) JobGaBiaeHne OMHOMMEHHBIX HOHOB. IIOCKONBKY TpPH 0OOpaTMMOM THAPOJIH3E YCTaHABIUBACTCS
JMHAMHUYECKOE PaBHOBECHE, TO B COOTBETCTBHHM C 3aKOHOM JICHCTBHS MacC pPaBHOBECHE MOYKHO
CMECTHTD B Ty WJIU HHYIO CTOPOHY BBEJICHUEM B PACTBOP KHCIIOTHI WJIM OCHOBaHUS. BBeeHNE KUCIOTHI
(xatronoB H') momaBiser ruaposims Mo KaTuoHy, noOasieHue mienoun (amuonoB OH™) momasiser
THIPOJIU3 TI0 AaHUOHY. DTUM YaCTO MOJB3YIOTCS sl YCUIICHUS WM TOAABJICHHUS MTPOIecca TUAPOIIN3A.
2) U3 popmynsl s h BugHo, 9TO pazbasnenue cnocobcmeyem 2udpoausy. POCT cTeneHn THAPOIHM3a
KapOoHaTa HaTpus

Na.CO3z + HOH < NaHCO3 + NaOH



3) [IloBbimieHHe TemIepaTypbl —CrmocoOCTByeT ruaponu3y. KoHcTaHTa IUCCOLUAIMU  BOJIBI
YBEJIMYMBAETCS MPHU MOBBIIICHUH TEMIIEpaTypbl B OOJbIIEH CTENEHH, YeM KOHCTaHThl TUCCOLMAIUU
MPOAYKTOB THIPOJIM3A - CIA0BIX KUCIOT U OCHOBaHMMU, IOITOMY MpPHU HAIPEBAaHUU CTETIEHb THAPOIH3a
Bo3pactaer. K 3TomMy BBIBOJY JIETKO NMPUNTH M MHAYE: TaK KaK PEaKIUsl HEUTpAIM3AUU YK30TepMUIHA
(DH= —-56 x]Ix/Mo0ib), TO THAPOJIU3, OYAy4H MPOTHUBOIMOIOKHBIM €H IMPOIECCOM, 3HIO0TEPMHUYEH,
03TOMY B coOTBeTcTBUU ¢ npuHIunoM Jle lllarense HarpeBaHue BbI3bIBACT YCUIICHUE THIPOIU3A.

B XxuMmuueckoil mpakTUKE BeChbMa pPACIpPOCTPAaHEH THIAPOJIM3 1O KAaTHOHY COJIeH, 0Opa30BaHHBIX
MHOTO03apsITHBIM KaTHOHOM M OJHO3apsaHbiM aHuonoMm, Hampumep AICls. B pactBopax stux coineit
MEHee TMCCOLIMUPOBAHHOE COEANHEHHE 00pa3yeTcs B pe3yibTaTe MPUCOEIUHEHUSI OJJHOTO THAPOKCHI-
MIOHA K HOHY MeTaina. YuuThIBas, uTo HoH Al®* B pacTBOpe THApaTHpOBaH, MEPBYIO CTAIMIO THAPOIN3A
MOJKHO BBIPa3UTh ypaBHEHUEM

[Al(H20)6]** + HOH « [Al(H20)s0H]?* + H3O*

[Tpu 0OBIYHOM TeMITEpaType THIPOIN3 COJIEH MHOTO3aPSTHBIX KATHOHOB MPAKTUYCCKH OTPAaHUIUBACTCS
sTOM cTaauei. [Ipu HarpeBaHUU MPOUCXOAUT THAPOIU3 IO BTOPOM CTYIEHHU:

[Al(H20)s0H]?* + HOH < [Al(H20)4(OH).]* + H3O*

Takum oOpa3zom, Kucias peakiusi BOJHOTO PacTBOpa COJIM OOBACHSIETCS TEM, YTO TUAPATHPOBAHHBINA
KaTHOH TepsieT npoToH u aksarpymnmna H2O npepamaercs B rugpokcorpyniny OH™. B paccMoTpeHHOM
Tpolecce MOTYT oOpa3oBaThcs M Ooiee ClIoxkHbIe Kommekchl, Hampumep [Alg(OH)is]®*, a Taxxe
KomriekcHsle MoHbl Buaa [AIO(OH)4]* m [AlO2(OH);]*. CopepkxaHue pa3aMyHBIX MPOLYKTOB
THIPOJIA3a 3aBUCUT OT YCJIOBHU TPOBEACHUS peakiuu (KOHIIEHTPAIlUsl pacTBOpa, TeMIleparypa,
MPUCYTCTBUE APYTUX BemlecTB). MiMeeT 3HaUeHne TaKkKe JIUTEIHLHOCTh MPOTEKAHHUs MPOoIecca, TaK KakK

PaBHOBECUC ITPU THAPOTIN3C colen MHOT'03apsAJHbIX KaTHUOHOB 0OBIYHO JO0CTUTACTCA MCAJICHHO.

Oobopyoosanue u mamepuaivl:

PeaxTuBbl, HEOOXOIMMBIE NIl JAHHOW PaOOTHI, BHICTABIIAIOT HA MOJKU JabOpaTOPHBIX CTONIOB. Penkue
PEaKTUBBI, KOHIIEHTPUPOBAHHBIE KUCJIOTHI W IIEIOYHM, MAaXydyue BeHIecTBa (HarpuMep, CEPOBOJOPOI,
OpoMHasi BoJa U JIp.) XPaHAT B BBITSHKHOM HIKady.

OcHoBHasi XUMUYECKasi MOCyAa: MPOOUPKH (B IITATHBE), KOIObI, XMMUUYECKUE CTaKaHBI MOCIE PabOThI
TIIATEIHHO BBIMBITH, BECHI C Pa3HOBECOM, MPHUOOPHI, HCIOJb3yeMasi IJisi MPOBEACHHS OTIEIbHBIX
a00paTOPHBIX padOT, BHIAETCS M CAACTCS YHUCTast TaOOpaHTY.

Texnuka bezonacnocmu npu_8blNOJIHEHUU J1AD0PAMOPHOU_DPadombl:

-aKKypaTHO 00pamaThCsi CO CTEKISTHHOW XMMHUYECKOHN MOCYI0i. OCTaTKH pa3OMTOM MOCyAbl yOupaTh C
MOMOIIbIO COBKa U MIETKH,
-BC€ palOTHI, CBS3aHHBIE C BBIICIICHUEM SJIOBUTBHIX, JIETYYMX W HEMPHUATHOMAXHYIIMX BEIIECTB,

IIPOBOJIUTH B BHITSKHOM IKa(y;



-IIpU ONpEEJICHUU 3araxa BElIEeCTB OTBEPCTHE COCyJa Jep»aTh Ha paccrosHuu 25-30 cMm oT i,
HaMpaBJisAd K cede CTPYIo raza MmocTynaTelbHbBIMU IBHKEHUSMU JIAJJOHU OT OTBEPCTHUS K JIUILY;

-IpY HAJMBAHWU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30€KaHHE MOMafaHus OpbI3T WIK
YaCTHI] HA JIMLIO WM OACKAY. IPH pa30aBieHNH KOHIEHTPUPOBAHHBIX KUCJIOT BIUBATh KHCIOTY B BOAY,
HO HE HA00O0POT;

-TIpY HArpeBaHUU MPOOUPKU HE JIep>KaTh €€ OTBEPCTHEM K cebe HIIM B CTOPOHY coce/la. He HAKJIOHAThCA
HaJ1 HarpeBaeMoM KHUJIKOCThIO BO H30€XaHKe MO anus e€ Ha U0, PyKH WIH OJICKIY;

-ropsiYMe MPEIMEThl MOXXHO CTaBHTh TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHMPOBAHHYIO CETKY WIIH
JPYTYIO CHEIUAIbHYIO TIOJICTaBKY;

-HEJIb3sl MOJIB30BATHCS AINEKTPOIIPHUOOpaMu 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXKA. MPU BKIIIOUEHUU UX B
CeTh HEJb3sl IePKAThCS 32 METAIUTMUECKUE TPeAMETHI (TPYOBI, KpaHbl U T.I1.). 3alpPEIIaeTCs BKIOYATh U
BBIKJIIOYATh 3JEKTPOIPUOOPHl MOKpPBIMH pyKaMH, a TaKXe I0Jb30BaTbCsl HEUCIPABHBIMH WJIU
MMEIOLIUMMU OroJIEHHBIE IPOBOIa MPUOOpaMu;

-3ampelaeTcs MPUHUMATh MUILY B XUMHUYECKOH 1a00paTopuu U MUTh BOAY U3 1aOOPaTOPHON MOCYABI. -
-KaTerOpUYECKH 3allpelaeTcs MpoOoBaTh PEaKTUBBI HA BKYC;

-py TONAJaHUM Ha JIMLO WM PYKU OpBI3T KOHIEHTPUPOBAHHBIX KUCJIOT IOCIE CMBIBAaHUS BOJOU
IIPOMBITH C€1a0bIM PacTBOPOM COJIbl. IIEIOYB CIAEAYET CMbIBATh /10 T€X IOp, IMOKA y4acTOK KOXH, Ha
KOTOpBIM OHA MOMala, He MEePECTaHeT ObITh CKOJIB3KUM; 3aTEM MPOMBIThH CIa0bIM PACTBOPOM YKCYCHOM
KHCIIOTHI U HAJOXHUTh TOBS3KY U3 BaTbl, CMOUYEHHOW 3%-HBIM PAacTBOpPOM IepMaHraHaTa Kajus (u3
anTeuyky B JabOpaHTCKOU Kaderpsl);

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

-000 BCEX HECYACTHBIX CIydasX HEMEJIEHHO COOOIIaTh Mpeno aBaTesto Wil JabopaHTy.

Ilpaxmuueckas uacmeo:

OmprT Nel. Onpenenenue pH pactBopa.

A. OsnakoMmbTech ¢ mpaBuiamMM paboTbl Ha pH-MeTpe, monb3ysach MHCTpyKuueidl k mpubopy. C
nomo1uso pH-Merpa onpenenure 3HadeHue pH HeHTpanbHOr0, KMUCIOrO U LIEJI0YHOTO pacTBOPOB. s
3TOr0 B TPH CTaKaHYMKa HajJelTe COOTBETCTBEHHO IUCTWUIMpOBaHHyr Boay, 0,1 H pacTtBOp
XJIOPOBOIOPOAHOM KHCIOTHI M 0,1 H pacTBOp TMIpOKCHIA HAaTpUS W U3MEPbTE ¢ momoumbio pH-Merpa
pH cpensl. PesynpTarsl 3anummre B Ta0nuiy 1.

B. CozmepxuMoe KakI0ro M3 CTaKaHOB MPEAbLAYILETo OINbITa pa3ieiTe B Tpu npodupku. Jlo6aBbTe B
KOKIyl0 U3 TpEX mpoOupok mo 2-3 Kaluli MHAWKATOPOB, COOTBETCTBEHHO: JIAKMYCa, METHUIIOBOTO
opamxeBoro u (enondranenna. OnpeneanuTe OKpacKy HHIWKATOPOB B 3TUX pacTBopax. Pe3ynbTarhl

onbIToB A u B ohopmuTte B Bujie TabIuIIbI.

WNuaukarop; Cpena




nokaszanus pH-merpa Heittpanbnas Kucnas [lenounas

[IBeT nakmyca

3nauenue pH

TTokazanusa

pH-meTpa

IIBeT MmeTHIIOBOTO

OPaHXEBOTO

3nauenue pH

ITokazanus
pH-meTpa
Liset

(dbeHondTanenHa

3nauenue pH

IToxazanusa pH-metpa

B. Jlns npubnmxenHoro onpeaeneHus pH pactBopa uCHoib3ylTe yHHUBEpCalIbHbIE WHIUMKATOPBI,
IIpeICTaBIISoNINE CO00M CMECh HECKOIBKUX MHAMKATOPOB C Pa3IMYHbIMHM O0JacTSIMM NEpexoja, Wiu
YHHUBEpCAbHYI0 HMHIUMKAaTOpHYyl0 Oymary. [lo mpumaraemoid K HEH WHAMKATOPHOW —INKaje
yCTaHaBJIMBaTh, IPU KaKUX 3HaueHUsAX pH uHaukaTopHas Oymara oKpalMBaeTcsi B TOT WIM HHOMU IIBET.
CrexyIIHHOM majo4ykol mepeHecure 2-3 Kaluld HCCIENAYEMOrO pacTBOpa Ha YHHMBEPCAIbHYIO
MHAUKAaTOpHYI0 Oymary. CpaBHUTE OKpacKy €Ile ChIpOro IsiTHa ¢ IBETHOW miKanoi, CaenaiiTe BIBOJ O
pUOIMKEHHOM 3HaueHuu pH Tex ke pacTBOpOB, KOTOPBIE UCCIOIL30BANINCH B onbITax A u b.

Omnpit Ne2. Onpenenenne pH cpenbl ruApOIN3YOMUXCS COJNEH.

B 4ucTo BBIMBITBIE MPOOUPKHM BHECHUTE ILIMATE]IeM IO LIEMOTKE XJIOpUAa HATpHs, KapOoHaTa HaTpHs,
cyiabpata amMoHus. J[ob6aBbTe 3-5 M AUCTHIUIMPOBAHHOW BOJBI M, BCTPAXUBAs, PaCTBOPUTE COJIU.
Buectu 2-3 kamim MHAMKAaTOpa M, CpaBHMBas I[BET WHJUKATOpa C LIBETHOM TaOJMLEH, OmpeennTe
3HayeHue pH pactBopa comum ¢ TouHOcThiO A0 1-2 eaununsl pH. MHIukatopamu MOTyT OBITh:
METHJIOpaHX, JakMmyc, QeHondranenH, Tumondranens u ap. OnpeaenuB pH cpensl B mpoOupke,
HaMUIINTE HOHHOE U MOJIEKYJISIPHOE YpaBHEHUE TUAPOIIN3A.

OmnbiT Ne3. JleiicTBHE pacTBOPOB THAPOIU3YIOMIMXCS COJIEH HA METAJLIbI.

B pacTtBOp XJIOpHa aMMOHHS BHECUTE I'paHyJly aJIOMUHHS WM IUHKA. Takol e OMNBIT MPOBEAUTE C
pacTBopoM kapOoHata HaTpus. [louemy B 3THX ciy4asx MeTauibl pacTBOpsAt0TCsA? OOBSCHUTE OIBIT U
COCTaBbTE YPABHEHHUS pEaKIIUil.

OmnbiT Ne4. I'niposn3 KUCHBIX COJIEH.



B nBe npo6upku BHecute o menotke cojieid Na;COsz 1 NaHCOs. Jlo6aBpTe 2-3 MIT AUCTHILUIUPOBAHHOM
BOJABI U 2 Kaliu HeoOXoauMmoro mHAukatopa. OTMETbTEe OKpacKy pacTBOPOB, OOBSCHUTE pa3ivuus B
3HaueHusX pH »Tux pactBopoB. CocTaBbTE HOHHBIE U MOJIEKYJISIPHBIC YPAaBHEHUSI TUIPOJIN3A.

Omnsit Ne5. CaBur paBHOBECHS TUAPOIIN3A.

B npob6upky naneiire 0,5-1,0 M1 pacTBopa coyii a30THOKHCJIOTO BUCMYTa M MOCTEIICHHO pa30aBIsiiiTe
pacTBOpP IUCTUIUTMPOBAHHON BOJIOM. BhImamer Oenblii 0caiok OCHOBHOM COJIH.

CocraBbTe ypaBHEHUE peakuuu ruapoiusa. [IpubaBbTe HECKOJBKO Kameilb a30THOM KUCIOTHL. UTO
MPOUCXOTUT C ocaakoMm? KOHIEHTpanuio KaKuX HOHOB B PACTBOPE CIEAYET YBEIUYUTH, UYTOOBI
MOJIYYUTh IPO3pauHbIil pacTBOp? KakoBa poib BOJIbI B CIBUTE€ PAaBHOBECHS TUAPOIH3a?

OnbiT Ne6. BnusHue TeMneparypsl Ha THAPOIIU3.

Haneiite B mpoOupky 2-3 karum ¢enondranenna. Harpeiite pactBop a0 kunenus. OOparute BHUMaHUE
Ha M3MEHEHHUS OKpacku wuHaukatopa. Jlaiite OOBACHEHHS, COCTaBUB HOHHOE U MOJICKYJSPHOE
ypaBHEHU ruApoan3a. Yto Habro1aeTe Mpu OXJIaKICHUH?

Kakoe BimsiHME Ha CTeNeHb T'HAPOIN3a OKa3blBaeT MOBbIIICHHE Temmeparypol? Kak nismensercs pH-
pactBopa?

Omprt No7. TonmHbIi THIPOIIHU3.

K pactBopy xmopuaa, HuUTpaTa WM cyidbhaTa aMMOHHMS NpuJeTe pacTBOp coxabl. HalOmiomaiite
BBIJIETICHUSI MY3BIPBKOB raza u oOpa3oBaHue ocaaka. Jlaiite oOwbscHeHue. CocTaBbTe ypaBHEHUS
peaxkuuii B MOJIEKYIIPHOM U MOHHOM BHUJIE.

Tpeﬁoeanuﬂ K 0¢0pMﬂeHu10 Jlaﬁopamopnoﬁ paoombvlL u omuemy:

1.Bemonaenne 1abopaTOpHBIX PadOT CONPOBOXKAAIOT 3amUCSIMH B JIaOOpaTopHOM >KypHaime. Ha
TUTYJIBHOM JIUCTE JTAaOOPAaTOPHOIO >KypHala JOJDKHBI OBITh MPEJCTABICHBI: Ha3BaHHE YHMBEPCHUTETA,
(bamMuIusa 1 MHULIMAJIB! YYallerocs, HOMep Kypca U IpyIbl, yueOHbIH rof.

2.0T4eT 0 BBHIMOJHEHHOM JIA00PaTOPHOU paboTe OKEH COACPkKAThH CISAYIOIINE CBEICHMUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*JIaTy BBIIIOJHEHUS PalboTHI;

*IIeTTb Pa0OTHI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIBITA,;

*KpaTKO€ ONMMCcCaHue Xoa paboThl ¢ yKa3aHUEM YCJIOBUH MPOBEICHUS OIbITA;

*PUCYHKH M CXEMBbI HCIIOJIb3YEMbIX IPUOOPOB;

*HaOJIFOICHMS,

*ypaBHEHUS MPOTEKAIONINX PEaKITHii;

*pacuéThl, TAOIUIBI, TpaUKH;

*BBIBO/JIbI.



3.JIaGopaTopHBIii KypHaJI Hy’KHO BECTH YMCTO U aKKYpaTHO, 3alIMCH AOJKHBI ObITh JAKOHUYHBIMH.
4.014éT 0 MpoBeNEHHON pabOTE MPOBEPSET U MOAMKUCHIBACT MPEMOAABATENb.

5K cpaue 3au€ra mo maboOpaTOPHOMY TMPAKTHUKYMYy JOIMYCKAIOTCS CTYACHTHI, BBINOJHUBIIME U
MOJINHMCABIINE Yy MpErojaBaTelisi Bce JOMAaIIHUE U JabopaTopHble pabOThl, CAABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBAaBILKE B pabOTE CEMUHAPOB.

6.CTyeHTbl, NOJy4YMBILIKE 3a4€T 1O JIAOOPATOPHOMY IPAKTUKYMY, JOIYCKAKOTCS K cllaye 3K3aMeHa 110
KypCy HEOPTaHMYECKOU XUMHUH.

Koumponavubie sonpocot :

1. CocraBbTe ypaBHEHHE THIPOJIM3a COJIel B HOHHOM M MOJeKy/sipHoi ¢popmax: a) KCIO, 6) NazSiOs,
B) Zn(NO3)2. Ykaxure cpery.

2. Yrto HaspiBaercs runponuzoM? IlpuBeaure mpuMepsl coseild, KOTOpbIe MOABEPTaIOTCS TUAPOIU3Y, U
CoJIed, KOTOpPbIE THIPOJIU3Y HE TTOABEPTalOTCs, U OOBSICHUTE TTOUEMY.

3. Kak mporekaeT rumponus coim, 00pa3oBaHHOM: a) CHIIBHON KHCJIOTOW WM CIIadbIM OCHOBaHHUEM; 0)
CHJIbHBIM OCHOBAHHUEM H CJIA00W KUCIIOTOH; B) CJIA0BIM OCHOBAaHUEM U CIIA00H KUCIOTOM?

4. [Touemy pacTBOp HUTpATa ATFOMHUHHS OKPAIIMBACTCS B KPACHBIH IIBET NIPU JT00ABICHUH JIakMyca?

5. Ilouemy pactBop cynbduma Kaausg OKpaIlIMBAeTCS B MAJIUHOBBIA I[BET NpHU J00aBICHUHU
denondranenna?

6. [Touemy pacTBOp XJIopuaa Oapusi HE U3MEHSIET IBET JakMyca U (eHodTanernHa’?

7. TloyeMy mipu THIpOJK3E CyIb(HTa HATPHS HE BBIACISACTCS CEPHHUCTas KUCIOTA, a MPH THIPOJIU3E
cynb(dara aTFOMUHUS HE OCAKIACTCS THIPOKCH/T ATFOMUHUS?
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JlabopaTopuasi padora Ne 9
Tema: OKHCIUTEIBHO-BOCCTAHOBUTEIbHBIC PEaKIMU.

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

IIpUMEpe peakluii METAJUIOB C KUCIOTaMU M IIEJI0YaMH, BIMSHUE XapaKTepa Cpeibl HA OKUCINUTEIbHO-
BOCCTAHOBUTEJBHBIM  MPOLECC, OKHUCIUTEIBHO-BOCCTAHOBUTENIBHYIO  JIBOMCTBEHHOCTh  BEIIECTB,
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHYI0  PEAKUHUH  JUCIPOPOPLMOHHUPOBAHUSA,  BHYTPUMOJIEKYJISIPHOMN
OKHUCIIUTEIbHO-BOCCTAHOBUTEIILHON PEAKIUU.

Dopmupyemuvie xkomnemenuuu. OIIK-1.

Teopemuueckas uacmo:

OKHCIUTEITEHO-BOCCTAHOBUTEILHBIE p€akuuu — OTO PpPCaKIUH, COIMPOBOXKAAOIIHUECA TEPEX0I0OM
QJICKTPOHOB OT OJHHUX aTOMOB WJIM MOHOB K JAPYIr'UM, APYIUMH CJIIOBaMU — 3TO pCAKLUH, B PE3YJIbTATEC
KOTOPBIX U3MCHSAIOTCA CTCIICHU OKHUCJICHUSA 3JICMCHTOB.

CrerneHb OKHCIEHUS — 3TO 3apsgaa aroMa J3JIEMCHTa B COCIAWHCHHH, BBIYMCIICHHBIN W3 YCJIOBHOTO
MPEANOJIOXKCHUA, YTO BCC CBA3H B MOJICKYJIC ABJIAIOTCA HOHHBIMU.

CrereHb OKMCICHHS IPUHATO YKa3bIBATb apa6c1<0171 I_[I/I(l)pOI\/'I Haa CMMBOJIOM 3JICMCHTA CO 3HAKOM IIIHOC

Wi MUHYC niepen uudpoii. Hanpumep, eciu cBsa3pb B Mosekysne HCI nonnas, To BOZOpOA U XJIOp HOHBI €
+1 -1
sapsamu (+1) u (—1), cnenoparensno HCL

I[JBI TOr0 YTOOBI pacCcUuTaTtb CTCIICHb OKHCJIICHUA I000ro 9JICMCHTA, HCO6XOJII/IMO IIOJIB30BAaTHCA

CICOYIOIIMHU ITPABUITAMMU .

0 0 0 0 0

H>,Cl2,03,C,Me

1. CremneHp OKUCICHUSI aTOMOB B IIPOCTHIX BEIIECTBAX PaBHA HYJIIO: (meramn

B CBOOOTHOM COCTOSIHUH).



2. Crenenp okucneHus (+1) BO BCeX COCIMHEHUSX MMEIOT mienouHble Metamibl (A rpymma) u

BOAOPOMd, 3a UCKIIFOYCHHUEM THAPHUIO0B aKTUBHBIX MCETAJIOB, TAC CTCIICHb OKUCICHUA BOOOPOIa

+1 -1 +2 -1

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

3. Crenenp okuclneHHS +2 BO BCEX COCIMHEHUSX HMMEIOT MIEIOYHO3eMelbHbIe MeTayubl (II A
rpymnmna).
4. Kucmopojq wuMeeT CTelneHb OKHCIACHHS (—2), BO BCEX COCIMHEHHSIX, KPOME IEPOKCHIOB

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

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

5. Anre6pqueCI<a;1 CyMMa CTEIIEHEH OKHCIICHMS BCEX 4JaCTHUI 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. Crerenn OKHUCICHHS HOHA YIEMEHTA paBHa 3apsty noma: Ca Cl2 < Ca?* + 2CI%,

7. He cnenyer myraTh MOHATHUS «BAJECHTHOCTBY» M «CTeneHb okucieHus». Tak B N2, NHz, NaHg,

NH20OH BaneHTHOCTh (KOBaJIeHTHOCTH) a30Ta paBHa TpeM, TaK Kak a30T o0pasyeT Tpu

-3 -2 -1

0
KOBAJICHTHBIC CBA3U, 4 CTCIICHb OKUCJICHUA Pa3JIMdHa: NZ’ N H3’ N> H4’ N H2OH ’

Oxwuciienue u BoccTaHOBiieHUE. OKHCIEHHEM Ha3bIBaCTCS OTIadya JJIEKTPOHOB, B pe3yJbTaTe dYero
CTCTICHb OKHUCIICHHS O3JICMCHTA TIOBBIIIACTCA. BOCCTAaHOBIIGHWEM HAa3bIBACTCS IMPUCOCTUHCHUE
JJIEKTPOHOB, B PE3yJbTATE YETO CTCIICHh OKUCIICHHSI DJICMEHTA TTOHIKACTCSI.
OxucauTenbHble U BOCCTAHOBUTENBHBIE MPOLIECCHI TECHO CBSI3aHBI MEXKIY COOOHM, Tak KaKk XUMHUYecKas
CHUCTeMa TOJBKO TOTJla MOXET OTJaBaTh DJJEKTPOHBI, KOTJa Jpyras CHUCTEMa HX MPUCOCTUHSET
(oxucnumenvro-eoccmanosumenvnas cucmema). IIprucoeUHAIONIAS JCKTPOHBI CUCTEMA (OKUCAUMEIb)
caMa BOCCTaHaBIMBaeTCs (TMpEBpamiaeTcss B COOTBETCTBYIONIMI BOCCTAHOBUTENB), a OTJAroMIas
ANEKTPOHBI cUCTEMa (8occmanosumenv), cama OKHUCHISeTCs (NpeBpallaeTcs B COOTBETCTBYIOLIUI
OKUCJIUTEIND).
K munuunvim oxuciumensm OTHOCST:

1. Dnementapusie BemecTBa — Cl, Bra, F2, I2, O, Oa.

2. CoenuHeHUs, B KOTOPBIX AJIEMEHTHI MPOSIBIISIOT BBICIIYIO CTETICHb OKHUCICHHS (OMpeenseTcs

HOMEPOM TPYIIIbI) —

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

+7 +5
KIO,,KIO;ura

e3*

3. Karnon H' ¥ MOHBI METAUTOB B UX BBICIIEH crerenn okucienus — Sn**, Cu?*, Fe®* u T. .

K munuunvim 6occmanosumensim OTHOCHT:



1. DnemeHTapHbIC BeEIIECTBA — MeETAUIbl (HAMOOJBINAsS BOCCTAHOBHTENIbHAS CIIOCOOHOCTH Yy
mienoyHeIx Meramios), Hz, C, CO.

2. COGI[I/IHCHI/ISI, B  KOTOPBLIX OJCEMCHTHI IIPOABJIAKOT HU3SMIYKHO CTCIICHb  OKHCJICHHA  —

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

3. VoHBI METAUIOB HU3IIEH CTeNeHn okucienus — Sn%t, Cu®, Cré*, Fe?*,
OKHUCIUTEIBHO-BOCCTAHOBUTEIbHAS TBONMCTBEHHOCTh. Coedurnenus evlcuiell CmeneHu OKUCTeHUS,
NPUCYIICH JaHHOMY 3JIEMEHTY, MOTYT B OKHUCJIHMTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIUSAX BBICTYIATh
TOJILKO B KAQueCTBE OKHUCIHUTEINCH, CTCNEeHb OKHUCJICHHS JJIEMCHTA MOXET B 3TOM CJydae TOJbKO
noHwkatecss. Coedunenusi Huswiell cmeneHu  OKUCAeHUsi MOTYT ObITh, Ha00OPOT, TOJBKO
BOCCTAaHOBUTEIISAMH; 3]1€Ch CTEIEHb OKHCJIEHHUS DJJIEMEHTa MOXKET TOJIBKO IIOBBINIATHCA. Ecim ke
AJIEMEHT HaXOIMUTCS B MPOMEKYTOYHOU CTEIEHU OKHCJICHHUS, TO €r0 aTOMbl MOT'YT, B 3aBUCHMOCTH OT
YCIIOBH, MPUHUAMATh 3JCKTPOHBI, BBICTYIAas B KayeCTBE OKHCIUTEIS WIH OTJaBaTh OSJCKTPOHBI,
BBICTYIIasi B KAYECTBE BOCCTAHOBUTEIIS.

Tak, HanpuMep, CTEICHh OKUCIICHHS a30Ta B COCIMHEHUSAX M3MEHsETCs B mpenenax oT (— 3) mo (+5)
NH3, NH4OH - Tonsko BoccraHOBUTENN

HNO3, com HNO3 - TOIBKO OKHCIUTENIN

CoenuHCHHUST C TPOMEKYTOYHBIMH CTEICHSAMH OKHCJICHHS a30Ta MOTYT BBICTYNIaTh B Ka4yeCTBE
OKHCIIMTENIEH, BOCCTAHABIIMBAsACH JI0 HU3IINX CTENEHEH OKUCIECHHS, I B KAYECTBE BOCCTAHOBUTEEH,
OKHCIISISICH JIO BBICIIUX CTEIIEHEN OKUCIECHUS

Metonx  2IEKTpPOHHOTO  OajlaHca  ypaBHHBAHHS  OKHCIMTEIbHO-BOCCTAHOBHTEIBHBIX  PEaKIHii
3aKJII0YAeTCsl B BBIMOJHEHUH CIIEIYIOMIETO MPAaBHJIA: YHUCIIO 3JICKTPOHOB, OTAAHHBIX BCEMH YaCTHUIIAMHU
BOCCTAHOBHUTEJICH, BCET/Ia PABHO YKMCITY AJIEKTPOHOB, IPUCOCINHEHHBIX BCEMH YaCTHIIAMU OKHCIUTEICH
B JIAHHOW PEaKIINU.

Obopyoosanue u mamepuaivl:

PeaxTuBbl, HEOOXOIUMBIE NIl JAHHOW PaOOTHI, BHICTABIISAIOT HA MOJKU J1ab0paTOpPHBIX CTOJIOB. Penkue
PEaKTHUBbI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M INENOYM, Naxy4yue BellecTBa (HampuMep, CEepoBOJOPO/,
OpoMHas BoJia U Ap.) XPaHAT B BBITSXKHOM IKaQy.

OcHoBHasi XUMUYecKasi MocyAa: NpoOUPKH (B IITATHBE), KOJObI, XUMUYECKUE CTaKaHBI IOCJIE pabOThI
THIATENIbHO BBIMBITH, BEChl C Pa3HOBECOM, MPHOOPHI, HCHOJIb3yeMas [UIsl MPOBENEHUS OTIENIbHBIX
1a00paTOPHBIX PabOT, BBIAAETCS U CIACTCS YMCTas JTa0OpaHTy.

Texnuka bezonacnocmu npu_8blNOJIHEHUU J1ADOPANOPHOU_Padombl:

-aKKypaTHO 00pamaThbCsi CO CTEKISIHHOM XMMHMUYECKOM MOCya0i. OCTaTKH pa3OuTON mocyasl youparh C
MOMOIIbIO COBKa U MIETKU,
-Bce paboThl, CBA3aHHBIE C BBIJCJICHHEM SJIOBUTHIX, JETYYMX M HEMPUATHONAXHYIIMX BEILIECTB,

IIPOBOJIUTH B BHITSKHOM IKa(y;



-IIpU ONpEEJICHUU 3araxa BElIEeCTB OTBEPCTHUE COCyla JepxkaTh Ha paccTtossHuu 25-30 cMm oT JHIia,
HaMpaBJissd K ce0e CTPYIO raza MmocTynaTelbHbBIMU IBH)KEHUSIMU JIAJOHU OT OTBEPCTHUS K JUILY;

-IpY HAJMBAHWU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30€KaHHE MOMafaHus OpbI3T WIK
YaCTHI] HA JIMLIO WM OACXKAY. TP pa30aBICHUH KOHIICHTPUPOBAHHBIX KUCIOT BIMBATH KUCIOTY B BOLY,
HO HE HA00O0POT;

-IIpY HArpeBaHUU MPOOHPKH HE JIep:KaTh €€ OTBEPCTUEM K ceOe MIIM B CTOPOHY COCE/Ia. HE HAKJIOHSThCS
HaJ1 HarpeBaeMoM KHUJIKOCThIO BO H30€XaHKe MO anus e€ Ha U0, PyKH WIH OJICKIY;

-ropsiYMe MPEeIMEThl MOXHO CTaBHThb TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY WIIU
JPYTYIO CHEIUAIbHYIO TIOJICTAaBKY;

-HEJIb3sl MOJIB30BATHCS AINEKTPOIIPHUOOpaMu 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXKA. MPU BKIIIOUEHUU UX B
CeTh HeJb3sl IePIKAThCS 32 METALUTMYECKUE TIPeAMETHI (TpYObl, KpaHbI U T.I1.). 3allPEIIaeTCsl BKIOYATh U
BBIKJIIOYATh 3JIEKTPOIPUOOPHl MOKpPBIMM pPyKaMH, a TaKXKe I0Jb30BaTbCsl HEUCHPAaBHBIMU WU
MMEIOLIUMMU OroJIEHHBIE IPOBOIa MPUOOpaMu;

-3ampelaeTcs MPUHUMATh MUILY B XUMHUYECKOH 1a00paTopuu U MUTh BOAY U3 1aOOPaTOPHON MOCYABI. -
-KaTerOpUYECKH 3alperiaeTcs mpoOoBaTh PEaKTHBBI HA BKYC;

-Ipy TIONAJaHUM Ha JIMLO WM PYKU OpbI3T KOHUEHTPUPOBAHHBIX KHUCIOT IIOCIIE CMBIBAHHS BOAOH
IIPOMBITH C€1a0bIM PacTBOPOM COJIbl. IIEIOYB CIAEAYET CMbIBATh /10 T€X IOp, IMOKA y4acTOK KOXH, Ha
KOTOpBIM OHA MOMala, He MEePECTaHeT ObITh CKOJIB3KUM; 3aT€M MPOMBITH CIa0bIM PACTBOPOM YKCYCHOM
KHCIIOTHI U HAJOXHUTh TOBS3KY U3 BaTbl, CMOUYEHHOW 3%-HBIM PAacTBOpPOM IepMaHraHaTa Kajus (u3
anTeuyky B JabOpaHTCKOU Kaderpsl);

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

-000 BCEX HECYACTHBIX CIy4asxX HEMEJIEHHO COOOIIaTh MPEenojaBaTesto Wil JabopaHTy.

Ilpaxmuueckas uacmeo:

OmpiT Nel. B3anmoielicTBie METAIIOB C KACIOTAMH U IIEIT0OYaMH.

W3ydyeHnue B3aMOJEHCTBUS IIMHKA C pacTBOpaMU CEpHOM  KHUCIOTHl  (pa3OaBieHHOW U
KOHIIEHTPUPOBAHHOMN) M C paCTBOPOM IIENOYH. B Ka)K70M ombITe B MPOOMPKHU HanelTe 2-3 MJI pacTBOpa
KHUCJIOTHI WJIK TIENOYH ¥ OPOCHTE MO OAHOU rpaHyJsie IIUHKA.

Pa30epurech, Kakoil MOH B Ka)KJJOM Cllydae SIBJSETCsl OKucauTenaeM. Bo Bcex OmbITax ¢ OKHUCIUTEIbHO-
BOCCTAHOBUTEIHHBIMU PEAKIHUSIMH COCTABbTE AJIEKTPOHHO-UOHHBIE CXEMBI, HailiuTe KOA(PHUIIUEHTHI
MIPU OKHUCIIUTEJIE U BOCCTAHOBUTEIIE, ONPEACIIUTE CPEly MIPOTEKAHUS MPOLECcca, MOABEIUTE UTOT B BUIE
MOHHOTI'0, 3aTE€M MOJIEKYJIIPHOTO YPaBHEHHUS.

OmnbrT Ne2. BiausiHue xapakTepa cpeibl Ha OKACIUTEIbHO-BOCCTAHOBUTENIBHBIN MTPOLIECC.

A. Tlpoeenute peaknuto KMnOs + NaxSO3z + . — B KHCIIOH, HEHTpATBLHOW M MIEIIOYHON cpenax. Jlis

3TOTO B MpoOUpPKY K 2-3 mut pactBopa KMnOs mpubaBbTe KUCIOTHI WA MIETOYN U BHECUTE IIEMOTKY



comu NapSOs. Berpsxuute mim mepeMemniaidiTe pactBop B npobupke. B mepBom cimydae oOpasyercs
oecrBeTHbIi MnSOs, BO BTOpOM BHINIAAAET TeTpadbopaTta HaTpusiii ocamok MnO2, U B IIEIOYHON cpesie
obpasyercs 3enénblii pactBop KoMnOa.
b. Onpenenure, B kKakoii cpeae (HEUTPaIbHON, KUCION MK IEIOYHOM) OyAyT MPOTEKaTh PEaKIIHH.
MnO, + Kl + | —
CrClz +Br2+ .. —
B mepBom ciydae B mpoOMpKY BHOCST INEMOTKY cyxoro mopomka MnQOz, 3atem pactBopa KI u
ONPEIEIAIOT CPEAY PEAKLIUH.
OmnbiT Ne3. OKHUCIUTENbHO-BOCCTAHOBUTEIBbHAS IBOWCTBEHHOCTD BEIIECTB.
A. K moakucieHHOMYy pa30aBieHHON KkucioToi pactBopy KMnOs nobGaBbTe 10 0OeCIBEUMBAHUS
pactBopa NaNO2. K nogkucieHHOMY CEpHOW KHUCIOTOM pacTBOpY Hoauzaa Kaius J00aBbT€ HEMHOTO
pactBopa NaNO;. Uem o0bsicHseTCS BO3HHKarollee okpamirBaHue pactBopa? Kakosa pons NaNO: B
TOHM WM IPYroil peakuu?
b. K nonmkucnenHoMmy cepHoit kucioroil pactBopy KMnOs no6aBpre HEOONBIION 00BEM pacTBOpa
nepokcuga Bogopoja. OOpatute BHUMaHuE, Kakod Bblaensercs ra3d. K moakucieHHOMYy cepHOM
KHCIIOTON pacTBOpy Hoauaa kamusi 100aBpTe Hebobmoe kommuecTBo HoO2. Uto mpoucxoaut? Kakosa
pons H202 B 3TOM ciywae? OOpaTuTe BHUMaHHWE Ha COCTAaBJIICHHE DJIEKTPOHHO-MOHHBIX CXEM C
y4acTHEM IEPOKCHJIa BOJOPOa.
OmnpiT Ned. Peakiiuu caMOOKHCIEHUSI-CAaMOBOCCTAHOBIICHUS (AUCTIPONIOPLIMOHUPOBAHUA).
Kpucrannuk #ioga pactBopute B HEOOIBIIIOM 00BEME pacTBOpa MIENIOYH MPU CTa00M HarpeBaHUU.
3aKOHYUTE YPaBHEHUE PEAKIINU:
I+ NaOH —NalOz + ...
Peaknus aucnponopuyoHUpOBaHUS HIET B IIETOYHOM cpene. EcnuM monydyeHHBIM mocie peakinuu
pacTBOp MOJKUCIUTb, TO peaKus IpoiiieT B 00paTHOM HampasiieHuu. [IpoBepbTe 3TO Ha OMBITE.
OmnsiT Ne5. BHyTpUMOINEKyIIpHOE OKUCIEHHE-BOCCTAHOBIICHUE.
[[{ermoTKy KpUCTAIIUKOB AMXpOMaTa aMMOHHUS MOMECTUTh B (Gap(opoBYIO dYalledKy U HarpeTh J0
Havana pasnojKeHus. OOpatuTe BHHUMaHHME Ha XapakTep OOPa3yIIIUXCS MPOIYKTOB W 3aKOHYHTE
ypaBHEHUE PEAKIUH:
(NH4)2Cr207 — Cr203 + N2 + .
[IpaBuna Texuuku Oe3omacHocT. CoOMOIAaTE OCTOPOKHOCTH MPU PAdOTEe ¢ KOHIEHTPUPOBAHHOMN
CepHOM KUCIIOTOM, 0cOOeHHO ropsiueii. He nomyckaiite nmomnaganus e€ B 1j1a3a U Ha KOXY.
Tema: "OKHCIUTENBHO-BOCCTAHOBUTEIBHBIE PEAKIIUN".
[Ipobnemuas cutyamust [. B pe3ynpTaTe mosydeHHsS TPOMBIIUICHHBIM CIHOCOOOM a30THOM KHCIIOTHI
Beifiessiercs NO. Pa3zpabotaiite cnoco6 xkuakodaznHoro okucienuss NO g0 0osiee BBICOKOW CTETICHH

OKHCJICHHA a30Ta, COCAMHECHUC JOJIZKHO OBITh yCTOfI‘-IHBBIM.



[Ipo6nemuas cutyanus II. B mpombInIeHHBIX CTOYHBIX Bojax umeercs (Gpropua Bomopoma. Kakum
COEIMHEHNEM HaJI0 MMOACUCTBOBATh, YTOOBI MOJIYYUTh HEPACTBOPUMOE coeuHEeHue Gpropuaa’?
[Ipo6nemuas curyarus 1. B crounoit Boge ¢ropua mon ocaxacH B Bua CaF, 1EeMEHTHOH MbUIBIO,
coctaB koTopoit CaO - CaS , cpena kucnas. Kakoi ra3z Oyaer BELICIATHCS TPH OCAKICHUH?

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 J1a00paTOPHOTO KypHajla JOJDKHBI OBITh MPEACTABICHBI: HAa3BaHUE YHUBEPCHUTETA,
(haMuIHs 1 MHUITUATBI YYaIlerocsi, HOMep Kypca u TPYIIbI, y4eOHBIH ToI.

2.0T14eT 0 BBINIOJIHEHHOH Ta00paToOpHOI paboTe JOIKEH COIePIKATh CICIYIOIINE CBEICHMUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBITIOJHEHUS paOOTHI;

*IIeITb PAOOTHI;

*000pyZI0BaHUE M MaTEPHUAIIBI;

*KpaTKO€ TEOPETHUECKOE ONKCAHUE;

*HOMEp U HA3BaHUE OTIbITA;

*KpaTKO€ OMMCAaHKE X0/a paboThl C yKa3aHUEM YCJIOBUM NPOBEIECHUS OIbITA,

*PUCYHKH U CXEMBI UCTIOJIb3yEeMbIX TPHUOOPOB;

*HaOJIFOICHM,

*ypaBHEHHUSI IPOTEKAIOIINX PEAKIIHIA;

*pacu€Thl, TaOIULBI, FpaduKy;

*BBIBO/JIBI.

3.JIabopaTopHbIii )KypHaT HY)KHO BECTH YUCTO U aKKYPaTHO, 3aITUCH JTOJKHBI OBITh JJAKOHUYHBIMHU.

4.014€T 0 mpoBeAEHHON paboTe MPOBEPSET U MOAMUCHIBAECT MPEMOIABATENb.

5.K cpaue 3au€ta mo sabopaTOpHOMY MPAKTUKYMY JIOMYCKAIOTCS CTYICHTHI, BBIMOJIHUBIINE W
MOJINKCABIINE y MPENnojaBareis BCe JIOMAlllHUE U JIabopaTOpHbIE pabOThl, CHABIIME KOJJIOKBUYMBI,
aKTUBHO Y4acTBOBAaBIIKE B pa0OTe CEMUHAPOB.

6.CTyaeHThl, MOTYYHBIINE 3a4€T MO TaOOPATOPHOMY MPAKTUKYMY, TOMYCKAIOTCS K cjaue dK3aMeHa
M0 KypCy HEOPraHUYECKOW XUMHUH.

Koumponwvhwie gonpocelt :

1. OxucnuTeIn 1 BOCCTAHOBUTEIIH

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

4. Obmue 3akoHOMepHOCTH TIpoTekanus OBP

5. OcuoBHbIe cxeMbl OBP



5.1. Cxema BOCCTaHOBJICHUS IEPMAHTAHATOB

5.2. Cxema BOCCTaHOBJICHHS XpOMATOB/OMXpOMATOB
5.3. Pa3noxeHnue HUTpAToOB

5.4. OKUCIIUTCILHBIC CBOMCTBA a30THOM KHCIOTBI
5.5. B3aumoieiicTBUE METAIIOB C CEPHOM KUCIOTOM
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