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MeToandHi peKOMEHIAIi Al HamucaHHSI Ta O(pOPMIICHHS JTaOOPaTOPHIX
poOiT 3 aucuumutiH 3 «XiMmisn», «TexHiYHa XiMis» Ui CTYACHTIB IEHHOI Ta
3a04HOi (OpMH HaBYAHHS IHXKCHEPHO-TEXHIYHHX CICI[IaTbHOCTEH. —

Kutomup: epxaBuuii yHiBepcuTeT «KutoMupcebka momitexHikay, 2020. —
112 c.

HaBemeHo TeopeTH4HI OCHOBH Ta CKCHCPUMEHTANbHI YaCTHHH
nmabopaTOpHUX POOIT, MO BiAMOBIAAIOTH OCBITHIM IpOTpaMaM IiArOTOBKH
(axiBIiB iH)KEHEPHOTO CIPSIMYBaHHS, 3arajbHi BKa3iBKH 10 BUKOHAHHS Ta
odpopmiieHHs JabopaTopHUX poOIT 3 aucuumuiin  «XiMis» 1 «TexHiuHa
XIMMMIsD» @ TAKOXK 3aBIAHHSI JIs1 CAMOCTIHHOT POOOTH.

Penensentu: k. 1. H., cT. BUKI. Kadeapu ekounorii ['epacumayk O. JL.;
K. T. H., 3aBiyBad Kadeapu po3poOKH POFOBHII KOPHUCHUX
konanuH iM pod. bakka M.T., Bammuacekuit C.1.
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IHHEPEJIMOBA

XiMmiss € omHiel0 3 (QYHIAMEHTATBPHUX NPHUPOTHUYUX AWCIUILIIH,
BUBYCHHS SIKOi TIepeqdadeHo yYOOBHMH IUIAHAMH IS CTY/ACHTIB
IIKEHePHO-TEeXHIYHNX (HEXIMIYHHMX) CIICI[iaIbHOCTEeH, 30Kpema st
Hanpsimy  «[ipHUITBOY», «MamuHOOYayBaHHS», «ABTOMAaTH3aIlisd Ta
npwiafno0yyBaHHSD» 3aTBEpUKEHMX MIHICTEpPCTBOM OCBITH 1 HayKu
VYkpainu.

OpnHiero 3 yMOB IpueqHaHHS YKpaiHu 10 BoJoHCBKoro mpomecy €
BUKOPHCTAaHHS B HAIlOHAJBHINA CHCTEMi OCBITH MEPEJOBHX TEXHOJIOTIH Ta
MiAXOMIB BU3HAHMX Y CBITI. YinbHe MICIe cepel] HHUX 3aiiMarTh
KOMITETEHTHICHUH, 0COOMCTICHO-OPIEHTOBAHM Ta MisUIBHICHUI MIIX0IU 10
HaBYaHHSI. BHpoBa/pkeHHS 1X y HaBUANBHHH IpoIlec HEMOXIHBE 0e3
BiINOBiTHUX METOIUYHUX PEKOMCHIAIHN Ta TUAAKTUIHUX MaTepialis.

Jani MeToanYHI peKOMEHAaIlii € Cpo000 BTUICHHS KOMIIETEHTHICHOTO
MiAX0My 1O TPOBEACHHS Ja0OpaTOPHHUX 3aHATH 1 CaMOCTiiHOI poboth
CTYICHTIB y TpoIeci BHBYCHHS HUMH IHCHUILTIH «XiMmisy, «TexHiuHa
Ximisi». BOHHM pO3’SCHIOIOTH CYTHICTHP KOMIICTCHTHICHOTO TIiIXOAy OO
HABYAHHS Ta YMOBH HOT0 BIIPOBAKCHHS Y HABYAIbHUIA TIPOIIEC.

Hapuanphi aucrumiinu «XiMis», «TexHIUHA XiMis» TOPSI 3 IHIIAMU
MPUPOJHUYNMH JUCHUIUTIHAMH TOCIIAI0Th YiJIbHE MICIIC B CHCTEMI BHUIIIOT
ociti. lle dyHnaMeHTansHUii MpPUPOAO3HABUMH KypC, sIKWil 3abe3neuye
BUBYEHHS BJIACTHBOCTI XIMIYHHX €JIEMEHTIB Ta YTBOPEHHX HHUMH PEUOBUH
JIO3BOJISIE BCTAHOBUTH XapaKTep Ta piBeHb HEOE3MEYHOCTI IIKiIIMBOTO
BIUIMBY BHUPOOHWYMX TIPOIECIB HAa CTaH 3J0pOB’S HACENCHHI Ta
HABKOJIMIITHE CepefoBUINe. B pe3ynbraTi CTYIOCHTH OTPUMYIOTh 3HAaHHS
YMIHHS Ta HaBUYKH, SKi JO3BOJSIOTH iM BHUSBHTH MOXIIMBI TEXHOTCHHI
3a0pynHEHHS Ta HeOE3NeyHi BIUIMBH Ha JIOAWHY Ta TOBKUDIA, JaTH
MOTIEPETHIO OILIHKY MOJJIMBOTO EKOJIOTIYHOTO 30WTKY BiJ BHPOOHHYHX
MPOIIECiB, PO3POOUTH CIIOCOOM HOro 3amoOiraHHIO, a OTXE B MOAAJBININ
npodeciitHiil TisUIbHOCTI 3BECTH HOTO /10 MIHIMyMY.
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Mera Ta 3aBAaHHA HABYAJIbLHOI M CIUILIIHA

Merta. Ximis ogHa 3 HPUPOAHUYHMX (YHAAMEHTAIHHUX HAYK, 3HAHHS
OCHOB #AKOI HeOOXimHe i IDIAHOI IiSUTBHOCTI Cy4acHOTO iHXEHepa,
MOB'SI3aHOT 3 OJEpIKAHHAM, IEPEepOOKOI0 Ta 3aCTOCYBAaHHSIM PEYOBHH 1
BHPOOIB 3 HUX.

CyyacHa XiMiuHa HayKa TPYHTYETbCS Ha JOCSTHEHHSAX, HaOyTHX
3yCWUISIMU 0araThOX MOKOJNIHB 1 Ma€ CYTTEBI 300YTKH B TEOPETHU4Hill Ta
NpakTH4HId Tamy3sx. Lle mae 3mMory BUKOpPHCTaTH [i 3400YTKH s
BUDIIIEHHS pPI3HOMAHITHUX TEXHOJIOTIYHMX 3anmad. Jlanmit kypc €
KOMIUIEKCHHUM 1 BKITIOYAE OCHOBH 3arajibHOI, HEOPTraHiYHOI, KPUCTAILIOXIMIT
Ta reoximii. Bee e HampaBieHO Ha HiTBOBY (PYHAaMEHTAIBHY HiATOTOBKY 3
ximii MaitOyTHIX (axiBIiB 3 HanpsiMy «[ ipHUIITBOY.

3aBHaHHAM KypCy € BUBYCHHS OyZOBH 1 BJIaCTUBOCTEH HEOPraHIYHHX
PEYOBHH, MiHEpaTiB, TiPCHKHUX MOPiA, BUBYCHHS T€OXIMIYHUX IMPOIIECIB, IO
MIPOTIKAIOTh B 3€MHIiH KOpi MiJ] Ji€f0 HABKOJIHUIIHBFOTO CepeoBHUINA, OyaA0Ba
3emuri. 1li 3HaHHSA HEOOXiIHI I OCMHCICHHS THX T'€OXiMIYHHX TPOIIECIB,
SIKI IPOTIKAIOTh PU 00pOOIIi MPUPOJHOTO KAMEHIO.

VY pe3ynbTari BABYCHHS HABUAIBHOT TUCIHUIUIIHY CTYICHT IOBUHEH

3HATH: . - OCHOBHI 3aKOHH 1 KOHIEIIIT XiMiT;

- Cy4acHe Npe/ICTaBICHHS PO OyI0BY PEUYOBHHH;

- OCHOBHI TEpMOJMHAMIi4YHI 1 KIHETHYHI 3aKOHOMIPHOCTI XIMIYHHX

TIPOIIECIB;
- BIIACTHBOCTI XIMIYHHX CJIEMEHTIB, CHOJYK i ix
B3a€MOIICPETBOPCHHS;

- TeOXIMiYHi BIaCTHBOCTI OCHOBHUX XIMIYHHUX €JIEMEHTIB.
BMITH: - BUKOHYBAaTH IIiITOTOBYi 1 OCHOBHI OIepallii pu IIPOBECHHI
XIMIYHOTO E€KCTIEPIMEHTY;

- KOpDHUCTYBaTHCSi  CYYaCHMM  XIMIYHUM  OOJagHAHHAM  JUIs
JOCITI/DKEHb SIKICHOTO 1 KUIBKICHOTO CKJIaJy TipChKMX HOpiJ Ta
MiHepaJis;

- BCTaHOBJIIOBATH B3a€MO3B’SI30K CKJIaay, OYyJOBH, BJIACTHBOCTEH 1
3aCTOCYBAaHHS HEOPraHiYHUX CIIOJYK;

- BMITH TPOBOAWTH TEHETHWYHHWHA 3B’S30K MDK HEOPTraHIYHIMH
peYOBHUHAMY;

- TIPOBOAWTH PO3PaxyHKH, CTaTUCTHYHY 1 TrpadiuHy 0OpoOKY

Pe3yNbTATIB IOCIIPKEHb.
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JladopaTopHa podora Ne 1 BuznayeHHs1 MOJISIDHOI MacH
eKBiBaJieHTa MeTay

KopoTki Teoperuuni Bizomocti
B xiMiuHEX peakmisfix i MpoCTi, i CKJIIAJHI PEYOBHHHU pearymTh B MEBHHUX
BaroBHX CIIiBBIHOLICHHSIX 0€3 3alMIIKy, 1HAKIIe KaXy4dd, pearyloTb B
€KBIBAJICHTHUX KiJIBKOCTSX.

ExBiBajieHTOM ejieMeHTa (IIPOCTOI PEYOBMHHW) HA3HMBAIOTH TaKy
HOro KIiJbKIiCTh, sIKa pearye Oe3 3ajMIIKy 3 8 BaroBUMH YacTHHAMU
OKCHreHy a0o 1 BaroBol 4YacTHHOIO TiIpOreHy. 3BiJICH EKBIBaJEHT
riporeHy AOpiBHIOE 1 Bar. 4acT., €KBIBAJEHT OKCHI'€HYy — 8 Bar. 4acT.
ExBiBaseHT eeMeHTa BUPaXEHUH B rpaMax Ha3MBaIOTh MOJLSIPHOIO Macoro
eKBiBaJIeHTa a00 IrpaM-eKBiBaJICHTOM 1 3aIIHCYIOTh, BIIIOBITHO: M, (H) = 1
r/MOJIb, My = 8 T/MOJIB.

ExBiBasieHTOM CKJIQIHOI PeYOBHHHM HA3WBAIOTh TaKy I KUIBKICTB,
sIKa pearye 3 OJZHHUM €KBIBaJEHTOM OKCHICHY, 00 3 OJHHM EKBIBaJICHTOM
rizporeHy, abo 3 OJHAM €KBiBAJICHTOM Oy KO IHIIOT pEYOBUHH.

3akoH ekBiBasieHTiB. PeuoBMHM pearyloTh MK Cc000l0 B
KUJIBKOCTSX TIPSIMO TPOMOPLIHHO iX eKBiBajeHTaM. MaremMaTudHO Leii
3aKOH MOYKHA 3aITUCATH TAKHUM YHHOM:

ml — Mer«fl

m, M
Je My, My — Mac pedoBHH (T); M1, Megsz — BIATIOBITHO X MOJISIPHI

MacH eKBiBaJICHTIB (T/MOJIb).
OO0uncIeHHsI MOJISIPHUX MAcC eKBiBaJIEHTIB NMPOCTHUX i CKIAIHUX

exe 2

Pe4YOBHH.
1. MonsipHy Macy eKBiBaJIeHTa eJIeMeHTa MOXKHa OOUHMCIIUTH 32
BIJJHOIIICHHSM:

M
exe '
B

ne Mg, — MoJsipHa Maca eKBiBaJieHTa ejeMmeHTa (r/mMoinp); M —
MOJISIpHA Maca aToMa eleMeHTa (T/MoJib); B — BaleHTHICTh IIFOTO EIEeMEHTY.

EkBiBaJICHT eJeMEHTa HE € MOCTIMHOI BEIUYMHOI0, a 3aJICKHTh Bil
BaJICHTHOCTI €JeMEHTa B HOro crosykax. MOJSIpHY MacCy CKBiBaJeHTa
eJeMEHTa MOJKHAa OOYHMCIIMTH 3a 3aKOHOM CKBIBAJICHTIB, SIKIIO BiIOMMIA
CKJal CIOJYKA Yy BIICOTKAaX IIbOrO CJIEMEHTY 3 IHIIUM CIIEMCHTOM,
€KBIBaJICHT SKOTO BXKE BIJOMUIA; SIKIIO BiZIoMa Maca XiMIYHOI CITONyKH
JIaHOT K1JILKOCTI eJIeMEHTa 3 1HIIHUM €JIEMEHTOM, €KBIBaJICHT SIKOT'0 BiJJOMUM,
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a TaKoXX MOJIIPHY Macy €KBIBaJICHTa €JIeMEHTa MO)KHA 3HAWTH IOCIIJHUM
HITAXOM.

2. Momsipra Maca eKBiBaJIGHTa OKCHAY TOPiBHIOE CyMi MOJISIPHHUX
Mac eKBIBaJCHTIB €JEMEHTIB, fKi BXOIATh OO HOro ckmamy abo
00YHCTIOETECS 32 POPMYIIOIO:

M

OKC.

€K8 .0KC. =
B-n

1€ Megg.oxe, — MOJSIDHA Maca €KBiBaJIEHTa OKCHAY; My, — MOJApHA
Maca OKCHAY; B — BaJIeHTHICTB eIeMeHTY; N — KUTBKICTh aTOMIB €JIEMEHTY B
OKCHII.

3. MounsipHa Maca eKBiBaJIeHTa KHCJIOTH JIOPIBHIOE 1 MOJISIpHIH Maci,
IO JUTMTHCSI HA OCHOBHICTh, TOOTO KiJIbKICTh aTOMIB TiIpOreHy B MOJIEKYII,
110 37[aTHI 3aMiIlyBaTUCh HA METAI:

M — MKI/IC/Z
eK6 .KuCl. !
n
a€ Meg, wen. — MOJSIPHa Maca eKBiBaJIHTAa KHUCIOTH; My,
MOJSIpHA Maca KHCJIOTH; N — OCHOBHICTh KHCJIOTH (KUIBKICTH aTOMIB

TiIpOreHy B KUCIIOTI, 110 3[aTHI 3aMilllyBaTUCh Ha METa).
4. MounsipHa Maca eKBiBaJICHTa OCHOBH JIOPIBHIOE 11 MOJISIpHIN Maci,
10 JUTATHCS Ha KUCIOTHICTB, TOOTO KiJIBKICTh T1IPOKCHIBHUX TPYIL:

M _ Mocyoe
eK6.0CHOB. '
n
aec MeK& ocos. — MOJIIpHA Maca eKBiBaJIE€HTA OCHOBH, MOCHOB'

MOJISIpHA Maca OCHOBH; N — YHCIIO TIAPOKCHUIILHHUX IPYIL.

5. MonspHa Maca eKBiBaJIGHTa CEpPENHBOI CONi JOpIBHIOE i
MOJISIpHIA Maci, M0 AIMUTBECS HAa KUTBKICTH aTOMIB MeTaly Ta Ha Ioro
BAJICHTHICTb:

M

_ c.coni

exg.c.comi !
n-B

1€ Megs. c.coni — MOJISIPHA Maca €KBiBaJICHTa CePeaHBOT COMi; M. con —
MOJISIpHa Maca CepefHboi coili; N — KiJbKICTh aTOMIB MeTany B couli; B —
BAJICHTHICTH IILOTO METANy B COJII.

6. MonspHa Maca eKBiBaJIeHTa CKJIaJHOI PEYOBHHM B 3arajJbHOMY
BHITAJIKy HE € MOCTIHOI BETMYHMHOIO 1 3aJIe)KHUTh BiJl peaKIlii 3a ydacTio
mi€i pedoBuHU. JId 3HAXOJDKEHHS MOJSPHOT MacH eKBiBaJeHTa CKJIAJTHOL
PEYOBHMHHY HEOOXiJIHO CKJIACTH PIiBHSIHHS Peakilii i OOYMCINTH eKBiBaJeHT
mici peYyoBHMHHM IUIAXOM OIJIEHHS MOJSPHOI MacH Ii€i pedYoBHMHM HA

KUTBKICTh €KBIBAJICHTIB iHIIOT PEYOBUHH, 3 SIKOKO JIaHA PEYOBHHA PEarye.

7
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7. ExsiBameHTHHH 00’eM Ta3dy um mapu. OO0’eM, mo 3aiimae
eKBIBAJICHT Tra3y 4YHM Ilapd [pU HOPMAJbHUX YMOBaX Ha3HMBA€THCS
€KBIBaJICHTHUM 00’€MOM 1 HO3HAYA€ThCA Veg. Veu(H) = 11.2 a/Mons;
Vs (O) = 5.6 1/MOJIb.

ExcnepumeHTaIbHA YaCTHHA

OO6nafHaHHS Ta pPEAaKTHBH: OapoMeTp, TEPMOMETp, OIOpPETKH,
mpoOipKu, KOPKH 3 Ta30BiABIAHUME TpyOKamH, TYMOBI TPYyOKH, Tepesw,
LIMHK, XJIOPHIHA KHCIIOTA.

Xig podotu

30epiTh YCTAHOBKY JUIsi BU3HAUCHHS MOJISIPHOT Macu €KBIBAJICHTY
MeTtany (puc. 1).
Puc.1. YcraHoBka Al BU3HAYEHHS MOJIAPHOI MacH €KBiBaJeHTa

MeTaiy.

3akpinmiTh B HITaTHBI OIOPETKY, KiHEIb SIKOI I'yMOBOIO TPYOKOIO
3'eiHaliTe 3 HIKHIM KiHIEM iHIIOI OIOpeTKH (3piBHSUIBHOT), 00 YTBOPHUTH
crionydyeHi cyauHH. B 3akpimeHy OIOpeTKy BCTaBTE KOPOK 3 CKIITHOIO
TpyOKOIO, SIKYy TYMOBOIO TPYOKOIO 3'€JHaiiTe 3 Tra3oBiJBiIHOIO TPYOKOIO
npoOipkn 3 5 M kucnotu (1:1). Uepes ropiioBuHy 3piBHSIBHOI OIOpETKH
HAJIMATE BOAM TakuM 00'eMoM, o0 ii piBeHb B 3aKpimieHid Oropetii OyB
Ha HYJIbOBIW TMO3HA4Il, a B 3PIBHAJIBHIAH — Ha caMiii HIDKHIHA MO3HAYIII.

8
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3akpimiTe 3piBHAIBHY Ofoperky. 3Baxkre 0.09-0,11 r mmaKy. HaBaxky
OUHKY KHHBTE B MPOOIPKy 3 KHCIIOTOIO 1 HEraifHO 3akpuiite mpoOipkKy
KOPKOM 3 Ta30BiIBiHOIO TpyOKolo, mo 3'eqHaHa 3 OropeTkoro. ['a3, mo
BHIIIAETHCS, BATHCHE BOAY 3 OIOPETKH.

Komn peaxkiist 3aKkiHIuTHCS (MIPUMTHHATHCS BUIUICHHS OyIb0amox
B peakmiifHid mpoOipIi) 3amuImiTe NPUCTPIA I OXOJOKEHHS M0
KiMHaTHOI Temmneparypu. [IpuBeniTh piBeHb Bogu B 000X OlOpeTkax o
OJTHOTO PiBHSI OIyCKalO4M 3piBHsUIbHY OlOpeTKky. 3anuinite 0o0'eM rasy B
Oroperii, TeMIeparypy B MpUMIIEHH] 1 okazaHHs O6apomerpa. [IpuBeniTh
00'eM BOAHIO, IO BHIUIMBCSA, 10 HOPMAJIBHHX YMOB, KOPHCTYIOYHCH
PIBHSHHSIM I'a30BOTO CTaHy:

Vo Py VP
T, T
ne Vo, Py, Top — BiamoBimHO 00’eM rasy, THCK ra3y i Temmeparypa
ra3y npu HopManbHuX ymoBax ( Po =1 atm abo Py = 760 mm prt. ct.; To =
273 K); V, P, T — BigmoBigHO 00’€M Ta3y, THCK Ta3y i TeMIeparypa rasy B
yMoBax mpoBeneHHA mocuixy ( V — o0’eM Bomu, IO BUTICHUB Ta3 i3
OropeTkH). 3BinCH,

_V-P-T,

0 — ’
Py-T
ne P=P, — PHZO (P; — moka3aHHs 6apoOMETPY, MM pT. CT., PHZO
— mapuiaJibHUA THUCK BOISHHUX MapiB B Oroperui mpu Temieparypi B
npumimenni, mm pr. cr.); T =t°C + 273 (quB. Tab1.).

JloBinkoBa TabmuIls
THCK HACUUYEHOT MapHU BOJIHU MPH PI3HUX TEMIIEPATYpax

t,°%C | 15 | 16 [ 17 18 19 20 21 22 23 24

P,mm |12,79(13,63| 14,53| 15,48 16,48 | 17,53|18,65|19,83 | 21,09| 22,38

XiMi4Ha peakilis, o MPOTIKA€E M 9ac JOCITIY:
Zn+2HCIl—>ZnCl,+H,T,
3BiJICH MOJIIDHA Maca €KBiBaJICHTY LIUHKY:

vz M 112
em( n )0 =,
0
1€ Me(ZN); — MosipHa Maca eKBIBaJIIGHTY LIMHKY OOYMCIIEHA JOCHIIHUM
[UIIXOM, T/MOJIb; M z, — Maca METaJi9HOTO IHUHKY B3ATa JJS JTOCIiTy, T;

9
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11,2 a/monbp — exBiBaieHTHHH 00’eM BOmHIO; Vo — 00’€M BOXHIO, IO
BHUIIUTHBCS TPUBEICHUIA 0 HOPMAIbHUX YMOB, JI.

IMopiBHsiiiTe eKclIepUMEHTAIbHE 3HAYCHHS Me(ZN) 1 3 TEOpeTHYHNM
(M ¢ (Zn) = Mr (Zn)/B), 064HCITITE MOXUOKY AOCITIY 38 GOPMYIIONO:

5=|M (Zn)m_MeK(;(Zn)d|
MeK(s’(Zn)m

PesynbraTn 3aHeciTh 10 TAONHII:

€Ke6

-100% .

Meta | Ha- | O6’e¢ [Temn | Tuck | Tuck |O6’em| Momsapra |BimHoc
T |BaXKa| M |epary|aTrMoc |HacHueH |BOIHIO maca Ha
BomH | pa | dep. o1 H.Y. |exBiBameHTY|HnOXHOK
10 napu MeTary a
Hocm.
@®opm| m,t | V,n | T,K | P, Mmm P Vo, 1 (Mes | Mes | 8, %
y pT. cT nyo! (Zn)x| (Zn)r
Jja MM pT.
CT

3aBaHHs A1 CAMOKOHTPOJIS

1. o Ha3uBalOTH €KBiBaJEHTOM NpocToi i ckmamHoi pedoBuHH? Illo
Ha3WBalOTh MOJISIPHOIO MAacol0 EKBIBAJIECHTA pPEYOBHHH (Tpam-
€KBIBaJICHTOM)?

2. Sk obumcmoeThcs MOJSpHA Maca eKBiBalieHTa enemeHra? [IpuBemiTh
¢dopmymy.

3. OOuucnite MOJSIPHY Macy ekBiBajieHTa (epymy B croonykax FeO,
Fe,0s.

4. OOuucnite mMonsapHy Macy ekBiBasienta ¢epymy (III) oxcumy aBoma
CIIOCO0aMH.

5. O0YHCIHITH MOJISIPHI MacH €KBIBaJICHTIB HACTYITHUX PEYOBUH:
H3AsQy,, Ba(OH)z, A|2(804)3, Na,SO,.

6. OO4YHCIHTH MOJSAPHY Macy €KBiBaJIeHTa METaly, SKIIO MPH 3ropaHHi 5
T #oro yrBoproetscs 9,44 r okcuny.

7. OpHa i Ta X camMa KUIBKICT MeTasly croiydaerses 3 0,2 T KHUCHIO Ta
3,173 r ranoreny. BusHauuTH MOJSIpHY Macy €KBiBaJEHTa TaJOTCHY.
SIkuit e rayoreH, SKIIO B CHOIYI BiH OJTHOBAaJICHTHUIA.
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Jlabopamopna poooma Ne 2 OCHOBHI KJIacH HEOPraHiYHUX CIOJIYK

KopoTtki Teoperuuni Bizomocri
HaiiBasxnuBinmmun KJ1acaMu HEOpTaHIYHUX CHOTYK 3a
(YHKIIOHATPHAMH O3HaKaMH € OKCHAW, KHCIOTH, OCHOBH, aM(doTepHi
T1IPOKCUIHN, COI.

OKcHJaMU HA3UBAIOTHCSI OIHAPHI OKCHICHOBMICHI CHOJYKH, B SKHX
OKcHreH BUSBISE HETaTUBHMH CTYHiHb OKHCHEeHHs. OTxe, 70 OKCHIB
Haje)xaTh Maibke Bci OiHapHI cronyku eneMeHTiB 3 OKCHUreHOM, Kpim
cronyku Oxcureny 3 @®unyopom OF,. Llg cmoiayka BITHOCHTBCS 0
¢TopuaiB, ockinbkn OKCHreH B Hifl Mae CTymiHb OKHUCHeHHs +2. 3a
XIMIYHUMH ~ BJIACTHBOCTSAMH OKCHIM TONUIAIOTBCS HAa COJICTBOPHI 1
HecoseTBOpHI. CONETBOpHI B CBOIO Uepry MOTUIAIOTECS Ha OCHOBHI,
KHCJIOTHI Ta aM(oTepHi.

OCHOBHUMH OKCH/AMH HA3MBAIOThCS OKCHJHM, TiIpaTH SKUX €
OCHOBHHMH. J[0 OCHOBHHX OKCHIB HaJIe)kaThb OKCHJHM MeETalliB (HE BCI):
Li,0, Na,O, K,O, MnO, CrO, BaO, CaO Ta inmii. OCHOBHI OKCHIX 31aTHI
pearyBaTd 3 aHTIIpUIAMH KHCJIOT Ta KHCIOTAMH 1 HE pearyioTh 3
OCHOBHHUMM OKCHJIAMH Ta OCHOBaMHM.

KHCIOTHUMHU OKCHIAMH Ha3MBAIOTHCS OKCHIH, SIKi 3 BOJOI0 YTBOPIOIOTH
KHUCIOTH. TOMY KHCJIOTHI OKCHIM YacTO HA3MBAIOTh aHTIIPHIAMH KHCJIOT.
Jlo KMCIOTHUX OKCHAIB Hamexath V,0s;, CrOs;, MnOs;, SO;, CO, Toimo.
KucnoTHi okcuan He B3aEMOMIFOTH MiXk COOOIO 1 3 KHCIOTaMH, BCTYIAIOTh Y
peakiiii 3 OCHOBHUMH OKCHIaMH Ta OcHOBamu. Hanpukia:

Ca(OH), + N,0; = Ca(NOy), +H,0
80; + CaO = CaSO0,
B pe3ynbpTaTi TaKHX peaKiliii yTBOPIOIOTHCS COTI.

AMOOTEpHI OKCUIN OJHOYACHO BHSBISIOTH BIIACTHBOCTI KUCIIOTHHX i
OCHOBHHX OKCHIB: y pa3i Jii Ha HUX KUCIOT ab0 aHTiAPUIIB BOHH BEIYyTh
cebe sSIK OCHOBHi, a B pa3i il OCHOBHHUX OKCHIB a00 OCHOB SIK KHCJIOTHI.
Hanpuknan, amdoreprmit oxcnny nmHKy ZnO 3 rigpokcuaom Na i
cynb(haTHOIO KHCIOTOO pearye 3a piBHSIHHIMHA peaKIiii:

Zn0 + 2NaOH = NaZnO; + H,0;
Zn0 + H2S04 = ZnS04 + HZO.
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Ho amdoteprnx oxcuaiB Hamexars: Al,Os, ZnO, Cr,0; BeO, SnO,
SnO, Tomo. AMpoTepHi OKCHAN Y BOIII HE PO3IHMHIIOTHCS.

SIKIIo MeTan yTBOPIOE JIeKiJIbKa OKCHUIIB, TO OCHOBHHUMH, SIK IPaBHJIO,
OyBalOTh Ti, IO BUSABIAIOTH HIDKYUHA CTYIIHb OKHCHEHHS MeTary. OKcHIan 3
MPOMDKHUMHE CTYTICHSAMH OKHCHEHHS METaNliB 31e0UThImoro aM(oTepHi, a
OKCHIIM METAJIB i3 CTYNCHIMH OKUCHEHHS 5,6,7 Maibke 3aBKIH KHCIOTHI.

Haiimpocrimi  okcuam  100yBarOTh  O€3MOCEPEIHIM  OKHCHCHHSIM
CJICMECHTIB KHCHEM, TCPMIYHUM PO3KIIQJaHHSIM OCHOB, KUCJIOT 1 COJICH, SKi
Mictath Okcured. [Ipuknanamu MoxxyTs OyTH Taki peakiii:

S+0,=S0;;
Cu(OH), = Cu0O +H,0,
H,50,=S0; + H,0;
CaCO;= Ca0 +CO,T.

IcHye nekinbka HOMEHKJIATYPHHX MpPABHJI OKCHIIB. SIKIIO eleMeHT
YTBOPIOE KiJIbKa OKCHIiB, TO B IX Ha3Bax, 3TiIHO 3 HOMCHKJIATYPHHMH
npasmwiamu I0ITAK, 3a3Ha4ar0Th CTYIiHb OKUCHEHHS €IEKTPOIIO3UTUBHOIO
eNIeMEeHTa PUMCBHKOI0 HU(POIO B TyXKKax Iicis Ha3BH ClONykH. Hampukman:
FeO - ¢epym (II) oxcun, Fe,O3 - pepym (III) oxcun, CuO - xkynpym (II)
okcun, Cu,O - kympym (I) okcu.

OcHOBaMH Ha3WBAIOTBCSI CIOJYKH, 10 CKJIQAy SKHX BXOISTh aToOM
MeTaiy i rijpokcuibHi rpymnu — OH.

Yuciio  TiIpOKCHIBHUX TPYI Yy MOJIEKYJi OCHOBM  BIANOBiZae
BaJICHTHOCTI MeTally i BU3Ha4ya€e KUCIOTHICTh ocHOBU. Hanpuknan, NaOH —
oaHokucaotHa ocHoBa; Ca(OH), — 1BOKHCIOTHA OCHOBA.

JloOyBaloTh OCHOBH JieKiIbkOMa criocobamu. Po3unHHi 0OcHOBY (JIyrH) y
BHPOOHHUIITBI T0OYBAIOTH €IIEKTPOII30M BOJHHUX po3dnHiB ix coneit (NaCl,
KClI Tom1o), a TakoX Ji€r0 HAa pO3YHHH iX KapOOHATIB TallIcHHM BaITHOM:
NaCO; + Ca(OH), = 2NaOH + CaCO3\

VY nabopaTopHHX yMOBax JyrM MO)KHa JOOYTH TaKOX Mi€l0 Ha BOIY
JYKHUMH 1 JIy’KHO3EMEJIbHUMH MeTaaMu a0 IXHIMH OKCHIaMHU.

Hepo3unHHi 0cHOBM 100yBalOTh Ji€I0 PO3UMHHUX OCHOB Ha COJi TOTO
MeTaiy, OCHOBY SIKOTO IIOTPiOHO 100YTH.

CuSO, + 2NaOH = Na,S0, + Cu(OH) |
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OCHOBH B32€EMOJIIOTh 3 KHCIOTaMH Ta KHCIOTHHMH OKCHIAMH 3
YTBOPEHHSIM COJIEH:

Ca(OH),+ 2HCI = CaCl, + 2H,0
Ca(OH)g +S03 = CaS04 + 2H20

3a Homenknarypuanmu npasuiamu [FOITAK pewoBunm, axi mictsats OH-
TPYIH Ha3WBAIOThCA TIAPOKCHIAMH. SIKIIO €IEMEHT YTBOPIOE ICKiIbKa
TIIPOKCHIIB, TO B HOro Ha3Bl MO3HAYAIOTh CTYIIHb OKHCHEHHS MeTaiy
PUMCBKOIO U(POIO B qyKKax micis Ha3eu rigpokcuny: Cu(OH), - kynpym
(II) rigpoxeun, Fe(OH), - depym (II) rinpokcun, Fe(OH); - depym (III)
rigpokcua. IcHyroTh Takoxk iHmI Ha3Bu rigpokcuniB: Fe(OH), - depym
JTUT1APOKCH/T TOIIO.

KucnoTamMy Ha3WBalOTHCS CHOJYKH, IO MICTATH Y MOJIEKYJIaX aTOMH
lNnoporeny, 3maTHI 3aMIiIIyBaTHCh HA aTOMH METaly 3 YTBOPEHHSIM COJICH.
3a KUIBKICTIO TaKUX aToMiB [iIporeHy y KUCIIOTI BU3HAYAETHCSA OCHOBHICTh
kuciot: HCI - omnoocHoBHa kuciora, H,SO, - IBOXOCHOBHA KHCJIOTA,
H;PO, - TppoxocHOBHA TOILIO.

3a MDKHAPOIHOI HOMEHKIATYPOI Ha3BU OE30CHIEHOBMICHUX KHCIOT
CKJIAJIAl0ThCS 3 HAa3BU €JIEMEHTA UM TPYIHU aTOMIB, IKi YTBOPIOIOTh KHCIIOTY
Ta CJIOBa ,,riiporen” 3 fmoxaBaHHsAM cydikca —ix ado —ua. HCl — rigporen
xmopua, HBr — riaporen 6pomin, H,S — murigpores cynsgi.

3a MIDKHApPOJHO HOMEHKJIATYpOI0 HAa3Ba OKCHICHOBMICHHX KHCIIOT
CKJIaJIa€ThCsl 332 HACTYITHOI CXEMOIO: IPH YTBOPEHHI Ha3BU KHCIOTH JIO
KOpPEHs1 IATHHCHKOTO HallMCHYBaHHS €JIEMEHTA J0al0Th:

®  IIpHW HAWMEHIIOMY CTYIICHI OKMCHEHHS JOJAa€ThCs Mpedike Timo- Ta
cyikc —it abo -ur;

e  IpH Jemo OUTBIIOMY CTYIICHI OKHCHEHHS —UT a0 -iT;

®  IIpH BHIIOMY CTYIICHI OKUCHEHHS — Cy(iKe -aT.

Hampuxnan:
HNO, -  HiTpUTHa KHCJIOTA; HNO; — HITpaTHA KHCIIOTA;
H,SO,—  cynbdarna kucnora; H,SO;—  cyneditHa kucnora;
H,CrO,— xpomMarHa KHCIIOTa; H,CO; —  kapOoHaTHa KUCIIOTA;

O cxinagaHHs  (QopMysd KHCIOTH 13 BIAMOBIIHOTO aHTiIPHITY
(oxcupy), HeoOXiqHO 10 POPMYJIIH aHTIIPUAY OAATH BOLLY:

13




Kuromupcbka MinicTepcTBo 0CBiTH | HAyKH YKpaiHu

MoJIiTeXHiKa Jep:xaBHuii yHiBepcuTteT «KHTOMHPCHKA NOJTiTEXHIKAa»
CI'O3 Ml’l207 P2 OS
+ + +
H, O H, O H, O
H2CI'04 H2Mn208 2= HMHO4 H2P206 2= HPO3

XiMi4HI BJACTHMBOCTI KHCJIOT.

1. Kucnmotu pearyioTh 3 OCHOBaMH, BCTYIIAIOUH B peakilito HelTpamizarii, i
3 OCHOBHHMHU okcuaamu. Hanpuxman:
H;PO,+ 3NaOH = Na;PO, + 3H,0

H2S04 +Ca0 = CaS04 +H20

2. BoaHi po3unmHHM po30aBIeHUMX KHCIOT (KpiM HITpaTHOi) pearyriTh 3
MeTalaMH, SKi CTOSTh B psAy AKTHBHOCTEH JBilIe TiporeHy, 3
BuTicHeHHsM H, Ta 3 yrBopeHHsM coneil. Hanpuknan:

Fe +H2:SO4 =FeS04 +H2

3. 3 xonnentpoanoto  H,SO; Ta  HNO; (po3baBieHoro  Ta
KOHLICHTPOBAHO0) METAJIM B3a€EMO/II0Th Oe3 BuaiieHnHs H,. Hampukian:
3Cu + 8HNO;,,,; = 3Cu(NO3), + 2NOT +4H,0

Zn + 2H,80 0, = ZnSO, + SO,T + 2H,0

4. Po3unMHM KHUCIOT KHCJI Ha CMaK, 3aMIiHIOIOTH KOJIp IHJAWKATOPIB:
CHHBOTO JIAKMYCY — Ha YepBOHHMI, METHJIOPAH)XEBOTO — Ha YSPBOHHIA.

Crocobu OACPIKAHHA KHUCJIOT.

1. B3zaemogist aHTiqpUAIB KHCIOT 3 BoJo0. Hampukiaz:
S03 +H20 =stO4

2. Bzaemogmis comneit 3 kuciaotamu. Jlir0ouM Ha PO3YMHHI COJIi CHIBHUMH
KHUCIIOTaMH (SIK MPaBWIIO CYJIBb(ATHOIO), OJCPXKYIOTh Cla0Ki Ud JIETIOUi
kuciotu. Hanpuknas:

NaCl,,; + H»SO ypcony = 2HCIT + Na,S0,.

NaSiO; + 2HCl .y = H5Si03 + 2NaCl

3. CuHTe3 i3 mpocTux pedoBHH. LluM cmocoOoM OAep)KyoTh TiAporeH
€JIEMEHTHI CITIOJIYKH, BO)IHi PO3YUHU HAKHUX SABJIAIOTBCA KHCJIOTaAMU.
Hampuxnan:
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H2 +Clg =2HCI

Coili — 1e CKIIQAHI PEYOBHHH, IO CKIAMy SKHX 3aBXXIH BXOIATH aTOMH
MeTarry (KaTioHH) i KUCIIOTHI 3aUIIKK (aHIOHH).

Cori minsATHCA Ha CEpelHi, KUCIIi, OCHOBHI, TIOABIHHI Ta 3MillIaHi.

Cepenni com SBISIOTBCS TMPOTYKTaMH IOBHOTO 3aMIIIEHHS aTOMIB
TiIpOTeHy B KUCIIOTI HA aTOMH METaly.

IMpu cknagaHHi 3ara’nbHUX (QOPMYJT CepenHix cojied HeoOXiaHO
CHOJIYYUTH aTOMHU METally Ta KHCJIOTHI 3aJIMIIKH B MOJIEKYJY COJIi Tak, oo
CyMapHHH 3aps] aToMiB MeTany OyB pIBHHH 3a BEJIWYHMHOIO CyMapHOMY
3apsily KHUCJIOTHHX 3JTUIIKIB.

IIpu Ha3Bax coJiell HAMOULIBII IUPOKO BHKOPHCTOBYETHCS MIXKHAPOIHA
HOMEHKJIATypa, 3TiHO SKOT Ha3BH CEPEAHIX COJIeH CKIIaJaroThCs i3 Ha3BH
MeTally Ta KHCJIOTHOTO 3aJMIIKy. SIKIIO MeTan Mae 3MiHHY BaJICHTHICTb,
Tak il BKa3ylOTh y IOY)XKaX PHUMCBKAMH LU(paMH TICJIsA Ha3BH MeETaly.
Hanpuknan: CaSO, — xaneuiit cynedat; Fe,(SO,); — pepym (III) cymedar
TOILIO.

Kucni comni € mpomykraMy HETOBHOTO 3aMillleHHS aTOMIB TiAPOTCHY B
0araTooCHOBHINf KHCIOTI Ha atromu Mertaixy. OmgHoocHOBHI kucnotu (HCI,
HNO; ta iHmi) MICTATh TUIBKM OJWH aTOM TiIpOTEHY, 3IaTHUI
3aMilllyBaTHCh Ha MeTall. TOMy Taki KHCJIOTH KHCJIHMX COJIeH HEe yTBOPIOKOTH.
[Mpuknaau kucnux cousieit ta ix Hasze: KHSO, —xaniit rigporeH cyibdar;
KH,PO, — xaniii nurinporendocoar, K,HPO, — nukaniii rizporex ¢ocdar
TOLIO.

OCHOBHI COJi € TPOAYKTaMU HETIOBHOTO 3aMIMICHHS TiIpPOKCHIIBHUX
TPyl B OCHOBaX Ha KHUCIOTHI 3amumiku. OmHOKHCIOTHI ocHOBH (NaOH,
KOH) mictaTh numie oIHy TiIPOKCHIBHY TPYIY, SIKa MOXKE 3aMillyBaTHCh
Ha KHUCIOTHMH 3amumok. ToMy Taki OCHOBM OCHOBHHX COJICH He
YTBOPIOIOTb.

3apsi KaTioHy OCHOBHOI COJi JIOPiBHIOE anreOpaiuHiii cymi 3apsmiB
MeTally Ta He3aMilleHHX TiApokcuiapbHMX rpym. Hampuxiag: Mg(OH), —
ocroBa, MgOH" — xarion. [Mg*’(OH) "

IIpuknanu ocHOBHUX coyled Ta ix Ha3B: Fe(OH),Cl — depym
murinpokcoxinopun, FeOHCI, — dbepym rinmpokcoxiopun, (MgOH),SO, —
JUMarHii aurigpoxcocynbdar i 1. 1.
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[NonBifiHi comi MICTATH ABa KaTiOHM pI3HAX MeETaliB, 3B’s3aHi 3
OJTHAKOBMM KHCJIOTHHM 3aJIUIIKOM. IX Gopmymnn 3anucyroTs a0 y BHTIIAIL
JBOX couieit uepes kpanky: K»S0,-Al(S0,); abo, pazom KAI(SO,),.

3Mimani coji MICTATH Ba aHIOHHM PI3HHX KHCIOT Ta KaTiOH OJHOTO
metany. Hampuximag: Cl — Ca — OCl a6o CaOCl,.

Croco0u o1epKaHHs COJIEMH.

1. B3zaemomist kucinoT 3 ocHOBamu. Hampuximaz:
NaOH + HCIl = NaCl + H,0

Ca(OH), +H,S0, = CaSO N +H,0

2. Bsaemogmist kucnot 3 cojsmu. Jliis 37ificHeHHs i€l peakiii HeoOXiqHO,
00 Cib, sIKa YTBOPIOETHCS BHUIAaia B ocal, abo 1mob HOBa KHUCIOTa
OyJa OLUTBIIE JICTIOUOTO, HiXk BHXinHa. Hanpukian:

CuCl, + H,S = CuSy + 2HCI

2NaCl,,, + HyS0 40y = NasSO, + 2HCIT

[Mpu i HAAMIIKY KUCIIOTH HA CEPEAHI COMi LIUM METOJIOM OAEPIKYIOTh
KHCJI1 COJIi, TEPEeBOAATH OCHOBHI COJIi B cepeani. Hampukian:

Na;SO,, + H2S04 = 2NaHS04.
CoOHCIl + HCl = COCIZ +H20.

3. B33€M0,Z[i€IO KHCJIOT 3 OCHOBHHMMH OKCHAaAMHU Ta nyraMH — 3
KHUCJIOTHUMU OKCHIaMMU. HGHpI/IKJ'Ia,I[Z
H,S0,+ BaO = BaSO,J + H,0.

2NaOH + CI"03 = NaZCrZO4 + HZO.

4. B3zaemozi€r0 OCHOBHHX OKCHIIB 3 KHCIOTHUMHU. Hanpukia:
t o

CaO + S§i0; = CaSiO;

5. B3aemopmis ocHOB 3 coysiMu. L{yM METOIOM OIIEPXKYIOTh CEepeIHi O,
IHIII OCHOBH, OCHOBHI COJi, INEPEBOISITH KHUCIi COJIi B OCHOBHI.
Hanpuxnan:

FeCl; + 3KOH = 3KCI +Fe(OH) 14

ZnCl, + NaOH = ZnOHCI + NaCl
Ca(HCO;3), + Ca(OH), = 2CaCO3\ + 2H,0.
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6. Bsaemopmis Mix nBoma cossiMu. Lli peaktii mpoTikatoTe 10 KiHII B TOMY
BHUIAJIKY, SIKIIO OJIMH 13 MPOIYKTIB BUMaaa€e B oca. Hampuknan:
BaCl, + FeSO, = BaSO,4 + FeCl,

MnCl, + Na,S = MnS+¥ + 2NaCl.

7. B3aemomiero MeTanmiB 3 KHCIOTaMH. Mertand, SKi CTOATH B PSAy
AKTUBHOCTEH JiBilIe TigpOTeHy 3 PO30aBICHUMH KHCIOTAMH PEaryroTh 3
YTBOpPEHHsM cojiell. Hanpuknan:

Zn +2HCI =ZnClg +H2

3Mg + 8HN02(1,,,35) = 3Mg(NO3)2 +2NO + 4H20

EKCHepI/IMEHTaJlea YacTuHa

Ilpunadu ma peakmuegu: cipka, MarHi€Bi ONIYPKH, METATIYHUNA IHHK,
po3unn nakmycy H,SO, (p = 1,84), pozunnu: CuSO,, Cu(OH),, NaOH,
H,S0O, (1:5), Ba(NO3),, K;,SOy4; nuctunboBana Boja, ximiuni crakanu (100
- 200mm), komba (300mia), mpoOipku, Jilika, QapdopoBa dailka,
¢inpTpyBanpHUE mamip, amapar Kimma, TexHOXiMmiuHI Tepe3u, Halip
HaBa)XKiB, MAIILHUK, CYIIMIbHA Iada.

Hocnio Nel HooyBannust okcugiB SO,, MgO, O0Oe3nocepeaHim
OKHCHEHHSIM CipKM Ta MarHiio.

Tlopsmok BUKOHAHHSA pOOOTH:

[ToMicTiTh Ha METaJIeBY JIOXKEUYKY HEBEJIMKY KUIbKICTh CIPKH Ta HarpiiTe
B nostyM’T ra30Boro naisHuka. Koju cipka 3aroputhCsi BHECITh B CKIISIHKY 3
JUCTUIIHOBAHOIO BOJIOIO, 10 SIKOT MOMEPEAHbO AOAANTE KPaIlIio iHANKaTopa
METHJI-OpPaHXeBOro, Ta 30oBraiite. Takuii camuii mociig HpopoOdiTh 3
MarHi€BUMH OIIYpKaMH, MpOTe B KOJOYy 3 JMCTHIBOBAHOIO BOJIOKO
TIoTIepeIHbO JI0JJaliTe KPaIuIo po3unHy iHANKaTopa GeHona-(raneiny.

3amuc maHux jgocuiny. Hamumnite piBHSHHS peakuiil TOpiHHS CIpKM Ta
MarHiro, piBHSHHSI PO3YMHEHHS NPOAYKTIB 3rOpaHHs Y BoAi. SIKi pe4oBHHU
yrBopriuck? Haseite ix. Sk 3MmiHMBcs Kouip iHmukaropa? 3poliTh
BHCHOBOK TIPO XapakTep YTBOPEHHX OKCHIB.
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Hocnio Ne2  JlodyBannst kynpyM (II) okcuay po3kiiagaHHsIM Kynpym
(I) rigpoxcuny.

Ilopsimox BUKOHAHHS POOOTH:

Hiroun Ha posunH kynpyM (II) cymedary HammwmkoMm Iyry, 1oOyaspTe
kynpym (II) rigpoxcun. Harpiiite #ioro. Cioctepiraiite 3a 3MiHOIO KOJIBOPY.

3amuc gaHux jgocniay. Hanuimite piBHSHHS peakiiil ofepKaHHs KynpyM
(IDrinpoxcuay Ta ioro po3kiiaay. [TosSCHITE 3MiHY KOJBOPY OCay.

Hocnio Ne3 B3aemonis HaTpiio 3 BO1010

Tlopsamok BUKOHAHHSA pOoOOTH:

B xpucranizaTop HanuiATe 0 ITOJOBHHY BOIONPOBITHOI BOAH, AOJalTe
1-2 xpamm iHmukatopa ¢eHon-¢praneiny. Bi3pmiTh miHIIETOM i3 OFOKCa
KyCOYOK METAJiYHOI'0 HATPII0 BEIMYMHOK 3 IIOJOBHHY TOPOLIMHH,
MPOCYIIITh HOTO (iTPTPYBaJbHUM IIAallepOM 1 MOMICTITh y BoXIy. BemiTh
CIIOCTEepEeKEHHS TUX 3MiH, SIKi BiZIOYBaIOTHCS IIiJ] 9ac PeaKilii.

3anwc nanux mociixy. Hamumnite piBHSHHS peakiii B3zaemonii HaTpito 3
BOJ1010. [10sICHITH 3MiHY KOJIbOPY BOAM B KPUCTAIII3ATOPI.

Hocnio Ne4  ]lodyBaHHsI coJieii Ta OCHOB.

Tlopsmok BUKOHAHHSA pOOOTH:

Ho kymnpym (II) okcuay (noOGyToro B momepenHboMy JOCIil, JOOaBTe
tpoxu H,SO, (1:5) i Harpiiite mo moBHOro po3uuHeHHs. (Ska crmomyka
yTBOPHTHCsI?). 3BEPHITh yBary Ha Koiip no0yroro pozuuny. Posnuiite neit
pPO34YMH y 1Bi NpoOipku. Y mepiry HAacWIITe TPOXH 3aJli3HMX OLIYPOK Ta
3600Braiite. Crnocrepiraiite, K 3MIHIOBaTHMETHCS KOJIp PpO3UMHY Ta
omypok. Y apyry Hammidte po3uuny syry (NaOH). Cnocrepiraiite kouip
YTBOPEHOTO Ocaly.

3anuc maHmMx gocuiny. HamummiTe mOCiiZoBHO BCi PiBHSHHSA peakiiii i
JaiTe HaJe)KHE MOSICHEHHS BCIM 3MiHaM, SIKi CIIOCTEPITaH.
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Hocnio Ne5  ]JIoGyBaHHsI coJti 32 JOTIOMOT010 00MiHHOI peakirii.

Ilopsimox BUKOHAHHS POOOTH.

[otpibro mobytm St BaSO,, Buxomsum 3 Ba(NO;), ta K,SO, 3a
PIBHSHHSIM peakii po3paxyiiTe HOTpiOHY KiTBbKICTE 000X coneil. [IpoBexiTh
nocmin. CriocrepiraiiTe, ik BUIagaTHME OCal.

3anwc nasux gocnixy. HamumiTe piBHAHHS peakiii, Ky CIocTepirai,
TMIOSICHITh 3MIHU.

Hocnio Ne6  OpepaHHS ~ MAJIOPO3YMHHOI  OCHOBH  aJIOMiHii
riTpoxcuay Ta BUBUEHHsI fioro XiMiuHoOro Xapakrepy.

Ilopsinok BUKOHAHHSA POOOTH.

B 1Bi mpoOipkW TOMICTHTH 1O YOTHUPH KpaIUIl PO3YUHY aJFOMIiHIH
cymbdaTy i IOmATH TO YOTHPH Kparuli PO3YMHY aMOHIH TiIpOKCHIY.
CrocrepiraiiTe yTBOpeHHs ocany. B omHy mpo0ipKy 3 YTBOPEHHM 0CagoM
JoJaiTe YOTHPU KpPAIUll pO34YHHY CYJIb()ATHOI KHCIOTH, a B IHITY YOTHPH
Kpamti  po3duMHy HaTpiii rigpokcupny. Crmocrtepiraiite 3MiHH, IO
BiOYBaIOTHCS.

3anuc JaHuxX JOCHiay.

Hanuuiite piBHSHHS peakiii, sKi cClocTepirand, MOsCHITH 3MIHU.
3po0iTh BHCHOBOK IpO XIMiYHMI xapakrep J00yTOro —ajroMiHiit
rigpokcuay.

3aBaaHHA A1 CAMOKOHTPOJISA

1. Sxi oxcmam MokHa NOOYTHM HarpiBaHHAM TakuxX pedoBuH: H,Si0;,
Pb(NO3),, Fe(OH); CaCO;? Hanuiiite piBHSHHS peakilii i Ha3BiTh
XIMIYHI CIIOJIYKH.

2. 3 AKMMH 3 TepeiueHnX HIKYe OKCHIIB pearyBaTUMe COJISTHa KHCIIOTa:
Si0,, Cu0O, SO, F,0; P,0; CO, ZnO, K,O? Hanuiiite MOXINB1
PIBHSHHS peakmiid i Ha3BiTh BCi pEYOBHUHH.

3. Yu moxyTh ogHodacHo Oytu B poszunHi NaOH; KOH; NaOH; COy
Ca(OH),, Ba(OH),; KOH; P,0s; Ca(OH),; CO,; KOH; AIl(OH);?

TTosicHITE CBOT BUCHOBKH.
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4. SIxi 3 HaBeOeHHUX HIDKYE TiIPOKCHIIB PO3UMHAIOTECA B nyrax: Ca(OH);,
Sn(OH), Fe(OH); Fe(OH), Mg(OH),, AI(OH);, Zn(OH), Hanumiits
PIBHSHHS MOIJIMBHX PEAKIIiH 1 HA3BITh MPOAYKTH PEaKIIii.

5. SIki KUCTIOTH MOXYTh YTBOPHUTHCS IIpH Oe3mocepemHiidi B3aemomii 3
BOJIOKO OKCHIB, Ha3BiTh ix: P,0;s, CO,, CrO;, SO,?

6. Hammmite piBHSHHS TaKWX peakilii i Ha3BiTh NMPOAYKTH peakiiil 3a
MDKHapOJHOI HOMEHKJIATypOIO:

1) 49,0 + HNO; =...; 8) NaOH + CH;COOH =...;
2) Cr,0; + H,SO,=...; 9) AlLO; + H,SO, =...;

3) Zn + AgNO; =..; 10)Mg(OH), + P,05 =....

4) Ca(OH); + P,05=...; 11)NaOH + Al,0; =...;

5) CaO +Si0, =...: 12)Zn(OH), + NaOH =...;
6) Pb(NOs),+ ZnSO, =...; 13)CaCl, + NayCOs =....

7) AI(SO);+ Na;PO, =:... 14)AI(SO,); + Na;PO, =... .

7. 3a momoMoror SKuX peakmid MoxHa n00ytH CuCl,, BUXOAsSYU i3
Cu(NOj3),? Haruiite BiATIOBiAHI pIBHSAHHS pEaKIIiif.

20




Kuromupcbka MinicTepcTBo 0CBiTH | HAyKH YKpaiHu

moJiiTexHika Jep:xaBHuii yHiBepcuTteT «KHTOMHPCHKA NOJTiTEXHIKAa»
Jlabopamopna podoma Ne 3 Bynosa aTtomiB Ta mepiognynmii 3aKoH
(ceminapcoke 3anamms) eiaemenTiB [I.I. MenaesieeBa

[uTanuda Ta 3aga4i 405 ceMiHapy i cCAMOKOHTPOJIA

KopoTko BHKIacTH palioHaJdbHY CyTh Teopii  OyJZOBM  aTOMiB
Pesepdopna ta bopa, ix HemOMiKH.

[epepaxyBaTy Ta HOSICHUTH OCHOBHI MPUHIIMIK KBAaHTOBOT MEXaHIKH.
o Take enexTpoHHa XMapa, opOitans? [IpuBecTH XapaKkTepUCTHKY Ta
MOXKJIMB] 3HAUEHHSI KBAHTOBUX YHCEIL.

Coopmymoiite mpaBuia KBaHTYBaHHS €JIEKTPOHIB: HpuHLMN [layii,
npasuia XyHzaa, [-me ta II-re npaBuna KneukoBebkoro. SIkuii nopsiaok
3aIOBHEHHS CJICKTPOHAMH PiBHIB Ta MiJPiBHIB B aTOMax?

Sxuil migpiBeHb 3aIOBHIOETHCS B aTOMax ITCTS 3allOBHEHHS MiIPiBHS
5p? Iicnst 3anoBHEeHHs miapiBas 507

o Take mepion? ['pyma?, rojxoBHa Ta mobivHa miarpyma? S-, p-, d-, f-
eeMeHTn?

[peacraButi (HOpPMYIIO Ta CXEeMOIO OYHOBY €JIEKTPOHHUX OOOJIOHOK
atomiB E, Ei¢, Es.

30BHIlIHIH eTeKTPOHHHIT PiBEHb aTOMy eleMEHTa Mae OymoBYy ... 3S°
3p'. BusHauuTH rpymy, miarpyy, mepios, IOPSIKOBHH HOMEp Ta Ha3By
enemeHTa. [IpuBecTH enekTpoHHY (opMyiy Ta rpadiuHy cXemy atoMmy
JIAHOTO €JIEMEHTY B HOPMAJIbHOMY Ta 30y/UKEHOMY CTaHi.

EnexrponHa 6ynoBa atoma exementa 1S” 28 2p° . Skiii i3 npuBeseHnx
yacTMHOK BoHa Bimmosimae: ALY, F°, Na', Mgo? SIki 4YacCTHHKH
Ha3MBaIOTh 130eNeKTpoHHNME? [lpuBecTn enekTpoHHI (opMyaH Ta
rpadivdHi CXEMH 130€JIeKTPOHHUX YaCTHHOK.

10.Yomy Okcuren Tta Cymedyp, OyIydyd TOBHUMH EICKTPOHHUMH

11.

aHaJIoraMH, 3HAXOIIYWCh B OJHIM 1 TIl ke Tpym Ta WiArpymi
MEPiOINIHOT CHCTEMH TPOSBILIIOTH Pi3HY BaNeHTHICTH: y Cymedypy 2,
4, 6 y Oxcureny -2. Bimmosine oOrpyHTyiiTe, BUXOASYH i3 OymoBH
aTOMIB IIUX E€JIEMEHTIB.

3HayeHHS NepIIMX TMOTEHIiamiB ioHi3amii ememeHTtiB [ rpymm
nepioNYHOT CHCTEMH eNIEMEHTIB BiAMOBiAHO aopiBHIOIOTHE(B B): Li —
5,39;Cs —3,9;Cu —7,7;Ag-9,2. Bkazaru: a) y eJeMeHTIB SAKOI MArpyIH
nepmoi Tpynu MeTaliyHi BJIACTUBOCTI OUIbIIE BUpaXKeHi; 0) 4YnuMm
MTOSICHUTH PIi3HUIIIO B 3MiHI 3HAYCHB ITOTEHI[IAIB 10HI3aIlii B MArpymnax.

21




Kuromupcbka MinicTepcTBo 0CBiTH | HAyKH YKpaiHu
MOJIITEXHIKA Jep:xaBHuii yHiBepcuTteT «KHTOMHPCHKA NOJTiTEXHIKAa»

12.1Ilo cminpHOTO i SKa PI3HUIA B €NEKTPOHHIN Oyzxosi atomiB S i Cr ?
BinnoBigs oOrpyHTYBaTH, BHXOISYM 3 €JIEKTPOHHOI OYZOBH aTOMIB
€JICMEHTIB

13.1Ilo Take eHepria ioHi3amii atomy? B  sgKHX OIWHHIIX BOHA
BUMIpIO€THCA? SIK 3MIHIOIOTHCS METaJliuHi (BiTHOBHI) BIACTHBOCTI S- Ta
P-CIIEMEHTIB B Tpymax MepioOgNYHOi CHUCTeMH 13 30UIBIICHHAM
MOPSAAKOBOr0 HOMepy? Buxonsuum i3 BedMYMHM CHeprii ioHi3alii,
BKa3aTW SIKMA 13 TIpUBEICHUX cleMcHTiB: Be, Mg, Ca, Sr, Ba
MIPOSIBIISIFOTH HAHO1LIbII BUPAXKEH] METATiYHI BIaCTHBOCTI?

14.1llo Take cnHopigHeHiCTh A0 eNeKTpoHy? B sKMX OZMHULIAX BOHA
BUpaXaeTbcsA? SIK 3MIHIOETbCS HEMeETaliyHa aKTUBHICTH B psjax
enementiB: a) C, N, OF ; 6) F, Cl, Br, 1. 13 301JIbIIICHHSAM MOPSIAKOBOTO
HoMmepy? BiamoBine oOrpyHTyliTe OymOBOIO aTOMIB BIIOBITHHUX
CIIEMEHTIB.

15.1Ilo Take emekTpoHeraTHBHICTH? SIK 3MIHIOETBCS EICKTPOHETATHBHICTD
€JIEMEHTIB B Iepiojax Ta rpylax HepioAndHoi cucTeMH. BkasaTtu sk B
psnax enemenris: a) B, C, N, OF, ta 6) O, S, Se, Tl - 3miHo00THCS iX
HEMETaiYHi BJACTHBOCTI (IUB. Ta0JI.).

Tabnuys 1
Enement |, B E.eB |EH Enement (I, B E.eB |EH

H 136 | 0,75 2,1 Mg 7,64 | -0,32 1,2
He 24,58 | -0,22 - Ca 6,11 | -0,6 1,04
Li 539 | 0,59 | 0,98 Sr 569 | 0,21 | 0,99
Be 932 | -019 | 15 Ba 521 - -

B 8,31 | 0,33 2,0 S 10,36 | 2,15 2,6
C 11,26 | 1,24 2,5 Sc 9,75 - 2,5
N 14,53 | -0,21 | 3,07 TI 9,01 - 2,1
O 13,61 | 1,47 | 3,50 Cl 13,01 | 3,7 3,0
F 17,42 | 3,52 4,0 Br 11,84 | 3,51 2,8
Ne 21,56 | -0,57 - | 10,45 | 3,24 2,6
Na 514 | 0,34 | 0,93 K 434 | 052 | 0,91
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JlaGopaTopna po6oTa Ne4 Ximiunuii 38’130k i OyaoBa

pe4oBHH

KopoTtki Teoperuuni Bizomocri

3aBIaHHA 3AHATTH:

1) MOBTOPWUTH OCHOBHI BHAM XIMIYHOTO 3B'S3Ky, BIACTHBOCTI i

MEXaHi3M iX YTBOPEHHS;

2) po3BHMBaTH B CIIlyxadyiB yMIiHHS 1 HaBUYKH B CKJIaJaHHI CXeM

YTBOPEHHS PI3HUX BUAIB XIMIYHOTO 3B'SI3KY;
3) BUXOBYBaTH OpPraHi30BaHICTh, CAMOCTIHHICTh, KOMYHIKATHBHI SKOCTI,

BMIiHHS Yy3araJbHIOBATH.

XIMIYHUW 3B’A30K

l |
* - -
- NOHHWW
KOBATNEHTHWIA Mo E
| _ | _ MeTanuHuil — HeMeTaniyHUA
HenonspHun [MNonsapHuK nepexia &
E:E E :E, Me E'——» M¢'E"
OfHaKOBI HEMeTaniuHI piaHi HemeTaniuHi le
anemMeHT enemMeHTH K
L) L) Nﬂ' 'c‘:‘lz_.'Na+Cl_
H-+-H—-H}ZH He +-Cli—>H :Cl: d
H | [Li—Li 152s'=851¢
0,074 e : . _
3H. ++N: —H iN: 0 +g -
. . F—»F
®+®—-<§ﬂ> e
. }5 15°25"2p’ =€ »157252p°
Qrt0r =0 s b Li=+f: —> LitE]
O== : 0,068 me 0,133 =
i . . . 2-0 +: S-—"'S .
N HeN: — I:J@b‘lz %
N =N SQ'O 0,201
,I
l ArperaTHl"lM+CTaH pe4vyoBUH l

TasyBari, TBepi.
piaKi

H,.L.F,, B, N,,0,

IazyBaTi, TBepm1
H,0,HCl

Teepai, kpHcTATIqHI (TeMmepa-
Typa IUTABTIEHHA 1 KHITIHHA
BHCOKA)

NaCl KF
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[puxaaau po3B’si3aHHA 32424
Ilpuknao 1. OxapakTepu3yBaTH MEXaHI3M YTBOPEHHS i0HHOTO 3B’SI3KY.
Piwmenna. 3B’S30K TaKOTO THUITY 3IIHCHIOETHCS BHACITIIOK B3a€EMHOTO
ENIeKTPOCTATHYHOTO MPHUTSDKIHHS MPOTHICKHO 3apsUKEHHX ioHiB. Momu
MOXYTh OYTH MPOCTHMH, TOOTO CKIAamaTHCS 3 aTOMy MEBHOTO XiMigHOTO

+ + - -
eJieMeHTa (HANPUKIAJ, KaTioHH Na , K , aHIOHH F , Cl ) um
CKJIAJHUMH, TOOTO CKJIaZaTHCS 3 aTOMIB [BOX YW OUIbINE XIMIYHHUX

+ _ - 2-
eNIeMeHTIB (HAIPUKIIAI, KaTioH NH4 amiorn OH , NO; , SO4 ).

Ha BiaMiHy BiJ KOBaJIEHTHOTO 3B’S3Ky 1I0HHOMY 3B’SI3Ky HE BJIaCTHBA
HanpsiMieHIicTh. Lle MoscHIOETbCS THM, IO EJISKTPUYHE IToJie HOro Mae
chepuyHy CUMETPir0, TOOTO 3MEHIIYETHCS 3 BIICTAHHIO 32 OJTHUM 1 THM K€
3aKOHOM Yy OyZAb-SKOMy HampsMKy. ToMy B3aeMonisi MK i1oHaMu
3IIHCHIOETBCS OHAKOBO HE3aJICXKHO Bill HAIPAMKY.

JIBa pi3HOIMEHHUX 10HH, LIO NPUTATYIOIOTBCS OIMH IO OIHOTO,
30epiraroTh 3JaTHICTH EIEKTPOCTATHIHO B3aEMOJISATH 3 IHIIUMH i0HAMHU. Y
bOMY MOJIAATAE II¢ OJHA PI3HULSA MK IOHHAM Ta KOBaJICHTHHM THIIAMH
3B’sI3KY: I0HHOMY 3B’SI3Ky HE BJIACTHBA HACHUYCHICTh. BiCyTHICTH ¥ iI0HHOTO
3B’SI3Ky HANpPSAMIICHOCTI Ta HACHYCHOCTI 3yMOBIIOE CXHJIBHICTH 1OHHHX
MOJIEKYJI IO acollialii, To0To 70 X CHONTyYeHHSI.

Mpuknanx 2. Onucaty cxeMy yTBOPEHHS 3B 53Ky B MOJIEKYII €THIICHY
C,H,.
Piwennn. B uiii monexyni arom KapOoHy 3HaxXoIMThCS TakoX B
30yKEHOMY CTaHi.
H H

o |
H—C=C—H

H H
(9
\¢ K“
C VY] Fvv]
v D
T

H H

Puc. 1. Cxema yTBOpEHHS 3B’SI3Ky B MOJIEKYJIi €THIICHY

B aromi Kapbony ribpnansytors Tpu opOitani ojxHa S - opoitains i 1Bi 3
TpbOX p - opOiTaii, a oxHa p - opOiTans B TiOpuau3anii ydacti He Gepe, B
pe3ynbTari iX NEepeKpUBAaHHS YTBOPIOETHCS T - 3B’S30K. TakuM 4YHMHOM,
YTBOPIOIOTECS TPU TiOpuaHi opOiTami, sKi pO3MINIYIOThCS B IUIOLIMHI ITiJ
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kyroMm 120° i 7 - 3B 530K peainidye yeTBepTa OpOiTajb, KA YTBOPIOE IBi
00racTi mepexpruBaHH: HAJ i i IUIOIIKUHOO (pHC. 2).

Puc. 2. 'eomerpuuHa 6y0Ba MOJICKYJIH CTHICHY

Huranus pis ceminapy

1. o Take eTeKTPOHETATHBHICTH?

2. Sxi Tumm XiMigHOTO 3B’s3Ky BaM Bimomi? HasemiTe mnpukiaan
CHOJIYK, III0 YTBOPEHI KOXKHNUM THUIIOM XIMI9HOTO 3B’SI3KY.

SIki  MexaHi3MHM  yTBOPEHHS  KOBQJICHTHOTO  HEHOJISIPHOTO,
KOBQJICHTHOTI'O MOJIIPHOT'O Ta HOHHOT'O 3B’SI3KiB?

4. Ski THIM KpPUCTAJTIYHMX Iparok Bam Bigomi? YuMm BOHH
BIJIPI3HSIOTHCS OZHA Bix 07HOI? SIK BIACTHBOCTI PEUOBHHHU 3aJICXKATh Bix 11
OymoBu?

5. Illo Take cTymiHb OKHCcHEHH:? SIK 3a XIMIYHOIO (POPMYIIOI0 CITOIYKH
BU3HAYUTH CTYNEHI OKHUCHEHHsS aToMiB eneMeHTiB? SIKk 3a CTyneHIMH
OKHCHEHHS aTOMiB €JIEMEHTIB CKIIACTH XiMIiYHY (OPMYIY CITOTyKH?

6. ENeKTpoHM SKOTO €JIeKTPOHHOrO piBHSA NPUHMAOTh Y4acTb B
YTBOPEHHI XIMIYHOTO 3B’S3Ky?

7. OxapaxkTepu3yBaTH YTBOPEHHS Ta BIACTHUBOCTI BOJHEBOTOMY
3B’A3KY.

8. OxapakTepuszyBaTu JIOHOPHO-AaKIIEITOPHUNA MeXaHi3M YTBOPEHHS
KOBaJIEHTHOT'O 3B’S3KY.

9. OxapakTepu3yBaTH BIACTUBOCTI KOBAJICHTHOTO 3B’ S3KY.

10. JIaTi XapakTepUCTUKY METAIEBOMY 3B’SI3KY.

11. SIxumu ciocoGamM¥ MOKe YTBOPIOBATHCH KOBAJICHTHHI 3B’ SI30K?

3aBaanus s CaAMOKOHTPOJIA.

1. BkaxiTe THI XiMIYHOTO 3B’S3Ky B MOJIEKYJ pE4OBHHH, (hopmyia
skoi: A) ZnO; B) H,S. [osicHiTh, yomy?
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2. Braxite hopmyny cnonyku B skiit: A) Cynbdyp TIposBIsie CTyIiHb
okucneHHs -2: a) S; 6) SO,; B) H,S; b) Kap6on nposiBinse ctymins +2: a) C;
6) CO; B) CO,.

3. SIky KpucTaniyHy rpaTKy Mae: A) Hatpii xmopux; b) xiaop? Onumite
IIi TPaTKH Ta BIACTUBOCTI PEYOBHH.

4. Cepen 3a3HadeHUX (OPMYJT PEUOBHH 3HAWTH CIIONYKH 3 HOHHHM
3B’s13k0M: a) KBr; 6) Bry; B) SO;3. [losichutu, yomy?

5. Cepen 3a3HaueHHX (QOPMYJT PpEYOBMH 3HAWTH CIOJIYKH 3
KoBaJieHTHUM TnossipuuM 3B’s3koM: a) HCl; 6) NaCl; B) Cl,. IlosicauTn,
yoMmy?

6. lllo Take crymiHb okucHeHHs? B sikili criosyli cTyniHb OKUCHEHHS
Kap6ony naiiunmii: a) CO; 6) CO,; B)K,CO3? [IpuBectr po3paxyHKH.

7. IIpaBria oOYHCIICHHS CTYIICHEH OKHCHEHHA. B sKill CTIONyIIi CTyMiHB
okucHeHHs Xnopy HaiiHmkuuit: a) KCl; 6) KC1O3; B) Cl,?

8. 3a3HaUMTH CTYNiIHb OKHCIICHHS €JIEMEHTIB y CHONyKax (opmymn
skux: a) HF, Mn,0;, CH,4, CaH,, HCIO;, CO, O,; 6) Fe,03, CS,, K,SOy,
N2Os, N, CF4, SOs.

9. BusHauuTH THI XIMIYHOTO 3B’S3Ky y CHONyKaxX (OPMYNH SKHX: a)
NHs, KBr, Cl,. Ins KBr Bkazatu MmexaHi3M yTBOPEHHS 3B SI3KY.

10. BusHauuTy TN XIMIYHOTO 3B’SI3KY Y CIOJyKax (GOpMYJIH SKHX:
BaO, PHg3, N,. lns PH; Bka3zaTu MexaHi3M YTBOPCHHS 3B’sI3KY.

11. BuszHauutu THO XIMIYHOTO 3B’SI3Ky Y CIHOJyKax YTBOPEHHX Y
pe3ynbTari: a) TOpiHHS Ccipku; 0) B3aeMonii MarHilo 3 cCyJb(aTHOIO
kucyororo. [Tokasatu MexaHi3M yTBOPEHHS 3B’ 3Ky B MPOJYKTaxX peaxuii.

12. Bu3HauuTH THUO XIMIYHOTO 3B’SI3Ky Y CIIOIyKaX YTBOPEHUX Y
pe3ynbTati: a) ropiHHA (ocdopy; 0) B3aeMomii HHHKY 3 XJIOPHIHOIO
kuciororo. [Tokasatu MexaHi3M yTBOPEHHS 3B’ 3Ky B MPOJYKTaxX peaKuii.

13. BusHauTe THO XIMIYHOTO 3B’SI3Ky B CIIOJYKAaX, XiMiuHI (opMyiH
sxux: K,S, Ny, NaCl, SiO,, NH3, H,, CaO, Cl,. osicHits, yomy?

14. Busnaute TN XIMIYHOTO 3B’SI3Ky B CIIOJYKaxX, XiMiuHi (opmyiu
sxux: H,0, SO,, O, KCI, SO3;, MgCl,, P,Os, Na,O. TTosicHiTh, yomy?

15. BusHaute TN XIMIYHOTO 3B’SI3Ky B CIIOJYKaxX, XiMiuHI (opmyiu
sikux: Br, 1, KBr, CO, F,, KF, NO, BaO, NO,,. [TosicHiTh, 4oMy?

16. Oxapakrepu3syiire ximiunuii 38’5130k y mojekyiai CO,. Ckiaamith
CXeMy YTBOPEHHS 3B’SI3KY B Iiif MOJIEKYJIi Ta CTPYKTYPHY (GOpMYITy.

17. Kyru wmix 3B’s3kamu B Mmonekynax CCl, ta BF; cxnagarots
BiamoBigHo 109°28" Tta 120°. IIlo MoXHAa cKa3aTH TPO TEOMETPIIO
(po3MilIeHHS B MPOCTOPI) TAKMX MOJIEKYI?

18. IlpuBectd mNpUKIagM MOJEKYJ, B SIKMX 3B’S30K MK aToMaMH
YTBOPIOETBCS ONHIEIO, JIBOMA, TPhbOMa IapaMu eNeKTpoHiB. st oxHiel 3
HHUX HaIMCaTH CXEMY YTBOPEHHS 3B’S3KY Ta BKa3aTH I€OMETPUYHY OyIIOBY.
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JlaGopaTopHa poGoTa Ne § Enepreruxa xiMiuHuX peakuii

KopoTtki Teoperuuni Bizomocri

XiMigHI peakii, IpoIecH PO3YMHEHHS, 3MIHA arperaTHOTO CTaHy
PEYOBHH CYNPOBOKYIOTHCS BUIUICHHSIM UM HOTIMHAHHAM TeIUIa.

TemnoBuit epeKT po3UHMHEHHS KPUCTATIYHOI PEYOBHHH Y BOAi ab0
B IHIIIOMY PO3YMHHUKY CKJIQIAETHCS 3 SHAOTEPMIUYHOTO e(eKTy pyHHYBaHHS
KPHCTAJIIYHOT IPaTKM Ta eK30TepMidHoro edekry rixparauii (B 3araibHOMY
BUIIAJKy — coyibBaralii) ioHiB. ToMy, SIKIIIO pedyoBHHA JIETKO TiApPaTyeThC,
TO 1i PO3YMHEHHS NPOXOIUTH 3 BUAUICHHSIM TerioTH (Hanpuknaa: CuSOy,
BaCly), a skmio rigpatamis He3HayHa, TO 3 MOIJMHAHHAM TEMIOTH
(manpuknag:  KCl, K,SO4). Po3unHEHHS KpPUCTANOTiAPATiB  TaKOX
CYIPOBOKYETHCS MOTTIMHAHHAM TEIUIOTH.

IHmezpanvHol0 Meniomor po3yuHeHHs HA3UBAETBCA KUIBKICTH
TEIIOTH, SIKa BUIUIAETHCS a00 ITOTTTHHAETHCS IPU PO3YUHEHHI OHOTO MOJIS
PECUYOBHHH B Takiil KiJIBKOCTI pPO3YMHHHUKA, NPH SKiH yTBOPIOETHCS PO3UMH
NEBHOI KOHIEHTpauil. [HTerpanpHa TemuioTa pPO3YMHEHHS 3aJICKHTH BiX
KOHIICHTpAL] 0JIep’KaHOTO PO3UMHY Ta TeMIIEPaTypH PO3YNHEHHSI.

TernoBi epexTH BU3HAYAIOTH 3a JONOMOIOI0 KaJOPUMETDIB.
Haiinpocrimuii kanopumerp — Iie CKISHKA, SKa MOBHICTIO a0 4acTKOBO
TEIJIOI30JIbOBAaHA  BiJi  HABKOJIMIIHBOTO  CEepeloBUINA. B CKISHKY
MOMIIAETHCSI TEPMOMETP Ta CKIISTHA NalluKa-MillIaKa.

TeroBuii edekt mpolecy, SKUH NPOXOJUTh B KaJOPUMETDI,
MOKHa PO3paxyBaTH 3a JOIIOMOTOI0 PiBHSIHHSL:

AH =-C, -At, (5.1

ne Cy — TeIIOEMHICTh KaIOPUMETPA;

At — 3MiHa TeMIepaTypH, IO cTajacs B Pe3yIbTaTi pO3UNHECHHS.

TemnoemMHICTh  KallOpUMETpa  PO3PaxOBYETbCS K  Ccyma
TEIUIOEMHOCTEH #Oro OKpEeMHX 4YacTHH, TOOTO CKIISTHKH, MIIIAJKH,
TepMOMETpa Ta PO3UHHY.
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Puc. 6. I'padiune Bu3HaueHHs At

3MiHa TeMIepaTypu B pE3yJIbTaTi Npolecy BHU3HAYAETHCA 32
rpadikoM Temreparypa — dYac (puc. 6), SKHH BpaxoBYE MOMIHBHU
TEIIOOOMIH ~ KaJopuMeTpa 3  HAaBKOJNMIIHIM  cepeposuimieMm. [lpum
nepeMilllyBaHHI BOJM B CKIISIHII  pOOJISATH  JAEKiJIbKa BHMIpIOBaHb
TeMIepaTypu 4depe3 piBHI npomixkku 4acy (0,5 yu 1 XxB.) mporsirom 5 —
7 xBunuH. L 4acTMHa EKCIEepHMEHTY Ha3MBAEThCS MONEPEIHIM IMEepioIoM.
[Ticnst 1pOro y BOJy BCHIIAIOTH CLMIb 1 €HEPriiHO MEPEMIlIYIOTh PO3YHH 10
MIOBHOTO PO3YMHEHHS COJi, IIPOJIOBXKYIOUH BUMIPH TeMIIepaTypu (TOJOBHHUN
Tepion), 1 BUMIPIOIOTh TEMIEPaTypy HPOTIToM 5 — 6 XBWIMH (3aKITIOTHHN
mepion).

TpuBasicTs TOJOBHOTO IEPiOy BU3HAYAETHCS KPaiHIMH TOYKaMH
a i 6; 3MiHa TeMIiepatypu At — eKCTpaIoJIsILiel0 Ha BEPTHKAaJb, IIPOBEICHY
yepe3 cepeiMHy OJIOBHOTO Iepiofy.

ExcnepumeHTaIbHA YaCTHHA

Hocnio 1. Busnauennn mennogozo egexkmy po3uunenns coni
Kaiii Xa10puoy.

Ha TexHiyHMX Tepe3ax 3BaXyKOTh CKISHKY, Mamu4ky (1e
HEOOXIiTHO ISl pO3paxyHKiB iX TermoemHocti) i 10 T po3repToi B crymii
comi Kaniii xjopuny. HammBarors B ckmsHKy kanopumerpa 100 mu Bomm.
[TiABilIyIOTH TEPMOMETD, BIIMI4aIOTh INTUOMHY HOro 3aHYpEHHS Yy BOAY 1 3a
JIOTIOMOTOI0 MEH3ypKM BHU3HA4YalOTh 00'€M BUTICHEHOI HUM BOJH, SKHM
JopiBHIOE 00'eMy 3aHYpeHOi YacTMHM TepMoMeTpa. Po3paxoBylOTh
TEIUIOEMHICTD KaJIOPUMETPa, IEPEMHOXKYIOUH Macy HOro 4YacTHH B rpamax i
TeroeMHicTh  MarepianiB B [Dx/(r'K) (oG'em 3aHypeHoi wacTHHH
TEpPMOMETpa MHOXAaTh HA CEPEHIO 00'eMHY TEIIOEMHICTB CKJIA Ta PTYTi), a
TIOTIM MiICYMOBYIOThH TEIUIOEMHICTh CKJIAJJOBUX YaCTHH KaJIOPUMETPA.

[Turomi TeruroeMHOCTI:

- ckia — 0,79 Ix/(r-K);

- nornieruneny — 2,3 JLx/(r-K);
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- Boau — 4,18 JIx/(r-K).

O06'eMHa TETIOEMHICTB CKJIa Ta pTyTi (cepenns) — 1,9 Jix/(em* K).

[IpoBomaTe BHMipH TeMIepaTypH, SIK OyJO CKa3aHO BHIIE;
OynytoTh rpadik i BU3Ha4aoTh 3a HUM At (puc 6).

Po3paxoByrOTh TEIUIOTY pPO3YMHEHHS CONi Kaliii XJopuay 3a

piBHSAHHM, J[X/MOJIB:

AH :—%CkAt, (5.2)

nie Mr — MoIsipHa Maca COJli, T/MOJTb;

0 — Maca HaBaXXKH COJi, T;

Ck — TemoeMHICTh KaropuMeTpa, /K.

Otpumane 3HaueHHS AH comi NOpIBHIOIOTH 13 TaOJIUYHOIO
BEJIMYMHOIO IMUTOMOI TEIJIOTH PO3YMHEHHS NPH CepelHiil Temmeparypi
J0CITiy ¥ 3HaXOIATh 1Mo (popMyIti BiJTHOCHY MMOMHUIIKY BH3HAYE€HHS TUTOMOT
TeioTH po3unHeHHs 6 (AH):

| AH (5.3)
5(AH)=100-

excn meop 1 o
I /0

meop
ae AHg, # AH,e0, — €KCIIEPUMEHTANBHO 3HAMJeHa # Tabmu4yHa
BEJTMYMHH MUTOMOI TeIDIOTH PO3YMHEHHS COJi BiTIOBIIHO.

Ipuxkaaau po3B’si3aHHs 32124

Ipuxnad 1. OOGuuciiTh, YW MOXE Mar”id ropitd B armocdepi
BYIJIEKUCIIOTO Ta3y:

2Mg,, +CO, =2MgO,, +C .

a) mpu T =298 K; 6) mpu T = 800 K. Cranmaprai eneprii ['i00ca yrBopeHHS
peUOBHH, AfGozgg, kJx/Monb: CO, = -394,4;, MgO =-596,6; C,, = 0. 3miHa
crangapTHoi eHTanbmii peakiii: AH p9g = -810,1 k/x/Moab. 3miHa
CTaHAAapPTHOI eHTpoMii peakii:

ASéags = -159,9 Jimors - A, S° (298 K) = —159,9 /Mo - K.
Po3é’azox. 3mina eneprii ['i66ca AG mo3ossie 3poOMTH BHCHOBOK TIPO
MIPUHITUIIOBY MOXJIUBICTh XiMiuHOI peakmii: skmo AG < 0, To peakis
MPUHIOUTIOBO MoiuBa, AG > 0, TO peakuis NPUHIHMIIOBO HEMOJXJIHBA;
AG = 0, To cucTeMa 3HaXOJUTHCS B CTaHI PIBHOBArW.

Enepris ['i66ca yrBopenHs ckiaguux pedoBuH npu P =1 arm. i T=298 K
HA3MBAECTHCA CTAHIAPTHOIO eHeprieio ['i66ca yroperns, nosHauaetsest AGC (298
K), i po3mipHicTb — [kK/MOTIB).
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a) [Ipu T = 298 K 3miHa cranmaptHoi eHeprii 1'i00ca peakuii mopiBHIOE cymi
craHmapTHUX eHeprii [100ca yTBOpeHHsS KIHIEBHX pEYOBHH MIHYC CyMa
CTaHAApPTHUX eHeprii ['i00ca yTBOpeHHs BUXiTHNX PEIOBHH:

AG 208 =Y As G romuin - YAt G 208mx ;
Ipun T = 298 K 3miHa cranmaptHOi eHeprii ['ibcca peakiiii TOpIHHA Marfiro
JIOPIBHIOE:
AGing = 2A¢ Gl(MgO) - YA; G'xg(CO,) = 2:569,6 — (-394,4) = -744.8
k/Ix/Mob
AG < 0, peakitist IPUHIUIIOBO MO>KITHBA.
6) ITpu T # 298 K 3miny cranmapTHOi eHeprii [100ca peakuii MoyKHa OOUHCINTH
3a piBHAHHAM [100ca-T enbmronbra: )

AGHr=AH 25— T ArS 05

e ArHozgg — 3MiHa CTaHAApPTHOI CHTAaJbINi peakiii, a Arsozgg — 3MiHa
CTaHIAPTHOI SHTPOIIiT peaKlii.
IIpu 7= 800 K: )
AGifﬁiﬁ-T = Ar Huzgg— T- Ar S/'298 = '810,1-800 : ('159,9/1000) =- 682,2 KI[}K
AG < 0, peakiiist IPAHIATIOBO MOXKITHBA.

Ilpuxnad 2. OGUuCHiTh, NpU SIKIM TEMIEpaTypi MOYHEThCS BiIHOBJICHHS
¢depym (III) okcumy KOKCOM 3TiTHO PiBHSHHS:

2Fe, 0,  +3C A =4Fe_ +3CO,, .

3MiHa CTaHIAPTHOT CHTAJBITIT PeaKilii: AH’Z% = +463,9 kJI>x/MOIb
3MiHa cTaHIApPTHOT eHTPOTii peakiii: AS g =564,1 Ix/mMoib - K
Po3é’sazoxk. Ha mMomeHT mowatrky peakuii AG = 0, Ttomi Temmeparypa
MMOYaTKy PeaKiii JOpiBHIOE:
A Hs 463900
A,Sy o 564,1
Binnosnenns ¢epym(lll) oxcuay KokcoM HOYHETHCS HpPU TEMIEparypi
822,4 K.

=822,4 K.

3agaui 119 CAMOKOHTPOJIS

1.  OOumcniTe CTaHAAPTHY EHTAJIBINIO 3TOPaHHS PEYOBHHHM A, SKIIO
BiZIOMa CTaH/JapTHA CHTAJIbIIsl YTBOPEHHS PEUOBHHHM A IIpH TeMIeparypi
298 K i craHmapTHOMY THCKY. 3TOpSIHHS BifOyBa€TbCcs /O YTBOPEHHS
CO4(1) i HO(p).

Hampuxmnan: CH4+20,=CO,+2H,0, crangapTHi eHTanbmii yTBOpeHHS |
monst CO;, - -393,51 xJlx/mons, 1 monst HyO(y - -241,8 1k x/Moib
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0
Ne . PeuoBuna A ®opmyna | Ctan AH 08
BapiaHTa x/[x/mMoIs
1 O1ToBa KHCI0Ta C,H,0, p -484,09
2 TerpaxiopMeTan CCl, p -132,84
3 Tpuxsiopueran CHCl, |[r |[-101,25
(x1opoopm)

4 Ernienriaikomns C,H,0, p -4547,90
5 JiazomeTan CH5N, r 192,46
6 Aneron C3HsO p -248,11
7 [Iponinamin C3HsN p -18,83
8 [30ompominoBuii coupT C3;HgO P -318,70
9 [IponinoBuii ciupT C3;HgO P -304,55
10 I'minepuna C3;HgO P -668,60
11 MeTtunrigposin CHgN, P 53,14
12 Byrunoswnii cniupt C4H1,0O P -325,56
13 Tper-Byrunoswnii cnupt C4Hg0O, P -400,80
14 Juetnnosuii etep C4H1,0O P -279,49
15 [ipunua CsHsN P 99,96
16 AwminoBuii ciupt CsH;,0 P -357,94
17 Juxnopbenson CeH4Cl, | p 10,79
18 Hitpoben3on CgHsO;N | p 15,90
19 ®denon CsHsO TB -164,85
20 l'ippoxiHoH CsHsO, TB -362,96

3aBpanns. KoxHuii ctyneHT BUOMpae CBilf BapiaHT 3ajadi, 3TiTHO CIHCKY.
3amucye yMOBY y KOPOTKOMY BHUTJISI/I, OBHHI PO3B’A30K, 3 IPUBEICHHIM
3akoHy ['ecca B 3araibHOMY BHIJISII, 1 HACaMKiHEIb MaTeMaTHYHE
00YKCIIEHHS.
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Jlabopamopna poooma Ne 6. XimiuHa kiHeTHKa i piBHOBara.

KopoTtki Teoperuuni Bizomocri
XiMiyHa KiHETHKa — PO3IiNT XiMii, [0 BHBYA€ IIBUAKICTH 1 MEXaHi3M
XIMIYHUX peakIiil.
IIBUAKICTh XIMIYHOI peakilii — 3MiHa KOHIICHTPAIIIT O/IHIET 3 pearyrounx
pedoBUH a00 OJHOTO 3 MPOAYKTIB peakili 3a OJWHUIO Yacy IpHu
MOCTIHOMY 00’ €Mi CHCTEMH.

A+B=E+D
___ AC
t, —t At '’

V — MBUAKICTh XIMIYHOI peakilii, MOJIb/J'C;

C1, C, — KoHIIeHTpallii (TT0YaTKOBA 1 KiHI[EBA), MOJIb/JI;

ty, t, — gac (mouaTKoOBHIl 1 KIHIIEBUIT), CEK.

IIBuAKICTh peakiii: B JaHUH MOMEHT Yacy  (Ieplia MoXiJHa 10 Jacy)
dakTopu, 10 BILIMBAIOTH HAa NIBUAKICTh pEaKLii:

- OpHUpOJA PEaryruyux peuOBHUH;

- KOHIICHTPAIis;

- TeMImeparypa;

- Karaji3aTop;

- THUCK (15 ra3iB);

- CTyMiHb NOAPIOHEHHS (I TBEPAUX PEUOBHH).

3aeKHICTh NIBUAKOCTI PEAKIIil BiJl KOHIICHTpAIIIl.

ad +bB =eE +dD
v = k‘CaA‘Cb B
Ca — KOHIICHTpAIlisi KOMIIOHEHTa A
Cg — KOHIEHTpallisE KOMIIOTHA B;
a, b, e, d — crexiomerpuuni KoedilieHTH B PIBHAHHI PeaKIlii;
V — MBUAKICTH XIMIYHOI peakIlii, MOJIb/T C;
K — KoHCTaHTa XIMIYHOT peakiii.

IIBuaxicTe xiMiuHO peakmii TpomopiiiiHa M00yTKY KOHIIGHTpAIliit
pearyrouux pPeYoBHH B CTEMCHSX, MO BiJIOBITAIOTH CTEXiOMETPUIHHUM
kKoedilieHTaM B pIBHAHHI peaknii — KIHETHYHE PIBHAHHS peakuil,
OCHOBHHUH 3aKOH XIMIYHOT KIHETHKH.

SIKIIo oxHA 3 pearylYMx PEYOBMH B TBEPAOMY CTaHi (TeTeporeHHa
cHCTEMA):

aA(mg_) +bB=eE+dD
L= kCB
Brnus temneparypyu Ha MIBHIKICTh PEaKIIii.
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[paBuno Bant-Todda: mpm migBumeni TemmepaTypu Ha KoxHi 10
TpaAycCiB MIBUAKICTH OITBIIOCTI peakmill 301IbIIyeThCs B 2 — 4 pasu.
b
— 4y .4 10
U, =07

Dy, Oy — IMBUAKICTB peakiii mpu Temneparypi ty, to;
y — TeMIepaTypHUI KOeQiIieHT IMBUIKOCT] peaKIlii.
XimiuHa piBHOBara
XiMiyHa piBHOBAra BiJIHOCUTHCS 0 00OPOTHUX MPOIIECIB.
CraH pearyroumx pEYOBHH, IIPU SKOMY IIBHJKICTH NPSAMOI peakiii
JIOPIBHIOE IIBUAKOCTI 3BOPOTHOT, HA3UBAETHCS XIMIYHOIO PIBHOBArOIO.
KoHuenrpanii  pe4oBMH B  CTaHi  pIBHOBark  HAa3HMBAaIOTHCS
PIBHOB)KHUMH.

ad +bB — eE +dD

k[AF'[B] =k,[Ef[D;

KoHcTanTa piBHOBarm peaxiii — Ie BiTHOIMICHHS HOOYTKY MOJIPHHX
PIBHOBaXHMX KOHIICHTpALill NPOAYKTIB peakiii M0 TOOYTKY MOJSAPHUX
KOHIIGHTpAallil BUXITHUX pPEYOBHH B CTCHCHAX, SAKI JOPIBHIOIOTH
KoedilieHTaM B piBHSIHHI peakIlii, Py MOCTiHHII TeMmeparypi.

k _[EF[OF _

k, [AF[BT

Brme 30BHINIHIX ()aKTOPIB Ha CTaH PIBHOBArd y3araibHIOE TPUHITHIL
Jle-1llaTenmpe: AKMIO Ha CHCTEMY, IIO Mepe0yBae B CTaHI PiBHOBATH, MOMISTH
330BHi (C, t, p), To piBHOBara 3MinryeThcs B OiK peakilii, 10 MOCIa0IIoe 10
ito.

- npu 30UIblIEHHI KOHUEHTpAlil piBHOBara 3Mil[y€eTbCS B CTOPOHY
peaxiiii, sika MPOXOAMTH 13 3MEHIIEHHSIM KUTLKOCTI MOJIb Ta3iB, MPH
3MEHIIIEHH] KOHIIEHTpalii — HaBIaKHy;

- TIBUINEHHS a00 TMOHMKEHHSA THCKY /IS Ta30BUX peakmii
PIBHOLIIHHO MiIBUIICHHIO 200 MOHMKCHHIO KOHIICHTPAIIIT;

- NiJBUILIEHHS THCKY IIPH MOCTiiHIN TeMneparypi 3Milllye piBHOBary
B HaIpsiMi 3MEHIIEHHS 00’ eMY;

- NJBUINEHHSA TeMIeparypu 3Millye piBHOBary B Hampsmi
SHJJOTEPMIYHOI peakilii, a IOHMKEHHS — B HAIPSAMI €K30TEpPMIYHO].
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ExcnepumeHTaIbHA YaCTHHA

Hocnio Nel 3anexHicTh MBHAKOCTI peakuii Bigx KoOHUeHTpanii
pearyioumnx pe4oBHH

Ilpunadu ma peakmugu: CEKyHIOMip, OIOPETKH Ha 25 MII, ENEKTPOILTUTKA,
mpobipku, Tepmomerpu 3i mkanor 0-50°C, crakanu emuictio 0,5 11, Kamin
XIOpUA KpHUCTamiyHud, posumHH: Na,S,0; 0,1M, H,SO, 1M, FeCl;
Hacuuenuii, NH,SCN nacuuenuii, I, 0,1H, kpoxmains 0,5%.

Harpiii TiocynbdaT po3kianaeTscst B pO34HHI CyNb(haTHOI KHCIOTH 3a
PIBHSHHSIM:

Na2S203 + H2S04 = Na;SO4 + S02 +5+ H20
Peaxkiiist ckmagaeTbest 3 3-X cTamii:
S,0%; + 2H — H,S,0; (Oysrce weuoka cmaoisn)
H,S,0; — H>,S0; + S (nosinbna cmaoisn)
H,S0; — SO, + H,0 (mueuoxa cmadisn)

S,0”;+2H'— S + SO, + H,0

IIBuIKICTH CyMapHOTO MpOIeCy BU3HAYAETHCS MIBHIKICTIO MOBLUIBHOT
Ipyroi cramii.
Iopsnok BUKOHAHHS POOOTH.
B m’sth npobipok Hanmiite 3 Oroperok 0,1M po3uuny Na,S,0; i Bony B
KUTbKOCTSIX, BKa3aHWUX B Tabmuil. B iHmN m’sTe npoOipok HamwidTe 3
Oroperku 1o 5 min 1M H,SO,. 3nuiiTe momapHO NPUTOTOBIECHI PO3UYMHH
Na,S,0; i H,SO, (niepuimii po3uuH MPUIKBATH 10 APYroro). B MomeHT
3MIIITyBaHHS PO3YMHY YBIMKHITE CEKYHIOMIp 1 BU3HAUTE YaC MOSBH JIETKOTO
MOMYTHIHHS (OMaJieCIEHIlis1) po3uMHy. Pe3ynpTraTé mociimy 3aHeciTh B
tabmuiro. Kornenrpaniro pozunHy Na,$;0; B KOXKHIN MpoOipIli 3HAXOAATH
3a CHiBBIIHOIIICHHSIM:

0l-a

—= 2 [monn! 1]
a+6+e

Na,S,0; —

B mocnigax BUMIpIOETHCS HE IIBUAKICTD PEAKIIii, a MPOMIXOK Yacy T Mix il
IMOYaTKOM 1 BHINMHM pe3ynsTaToM. lIpoTe med NpOMIKOK 3BOPOTHO
MPONOPIIHHUIN IIBUIKOCTI peakmii v, TOMYy BeIHYHHY 1/T Ha3WBaIOThH
YMOBHOIO HIBUJIKICTIO PEAKIIT Vyy,.

[MoOynyiite rpadik 3a1e)XKHOCTI MBUIKOCTI peakuii po3kiany Na,S;0; Bin
KOHIICHTpAIIil.
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Ta6mums 1
Ne 0O0’em, MiII X Yac mosBu @
npoOipku | Na,S,0; H,0 H,S0, |c HOMYTHIHHS | Vy.=1/7,
(a) (©6) (8) Nazsaa?l g c ¢!
MOJIB/TT 0,0000
1 1 4 5 0,01 185 -
2 2 3 5 0,02 140 -
3 3 2 5 0,03 90 -
4 4 1 5 0,04 67 -
5 5 0 5 0,05 53 -

Hocnio Ne2  3anesxHicTb IIBUAKOCTI peakuii Bix TemMneparypu

B Tpu npo6ipku Hanmiite o 5 mia 0,1M Na,S,0;, a B Tpu iHII — 110 5 M
IM H,S0,. Tlomimarote Bci npoOipkn B cTakaH 3 BOJOIO 1 yepe3 5-7
XBHWJIMH, 3aMipsBIIA TeMIEPaTypy BOIM B CTaKaHi, 3JMBalOTh Pa3oM BMICT
onHi€l mapu pooipok 3 NaS,0; i H,SO,. ToMinnytoTs 1110 IpoOipKy 3HOBY
B CTakaH 1 BH3HAYalOTh 3a CEKyHIOMIpDOM dYac [0 TOSBH JIETKOTO
NMOMYTHIHHS. HanuBaioTe B cTakaH raps4oi BOAM Tak, OO TeMIiepaTypa
BoaW mimBummiack npubnuszHo Ha 10°C 1 3HOBY BUTPUMYIOTH PO3YHH TPH
it Temrepatypi 5-7 XBWIHMH. 3JHMBArOTH BMICT APYIOi Mapw MpoOipoK 3
Na,S,0; i H)SO, i BU3HAYAIOTh 4Yac A0 MOsABM HOMyTHIHHS. Jlocmim 3
TPEThOI MApOI0 NPOOIPOK IMPOBOAATH NPH TeMIEpaTypi NpUOIM3HO Ha
10°C Buwie Big nonepenHboi. Pe3ysbpratu 1ociiay 3anucyoTh B TAOIHIIO 2.

Tabmuws 2
Ne % Yac nosiBu V=1, | X, UT, K v
m\it ? MOMYTHIHHS, T, C ¢! 0,0000 0,0000 19 D
1 10+273 | 28 1/283 -
2 35+273 | 17 - -
3 80+273 | 7 - -

IMoOynyiite rpadik 3aneKHOCTI jorapudma IMBUAKOCTI peakili Bif
3BOPOTHOI BeNWYMHU abCcoNMOTHOI Temmepatypu. 3 Tpadika BU3HAUTE
TAQHTEHC KyTa HaXIIy MPsIMOI 1 OOYHCIITh eHepriro akTHBalii peakuii: o =
10°, R = 8,31 /I:x/(MoJb * K)

E,=23R1ga
Kopucrytounces mnpasuiom Bant-I'odda, BusHaure TemneparypHuit
KOE(IIIEHT MIBUAKOCTI peaKiii.

[puxnagu po3s’si3aHHs 3a1a4
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Ilpuknad 1. ]Iy TOMOT€HHOI peaKIii:

2HIwy @ Hywy + Ly,
KoncranTa piBHOBaru mpu Aeskiit Temrepatypi gopiBaroe 0,25. O6uuciith
PIBHOBa)XHI KOHIICHTpAIlii pEYOBHH, SKIIO IMOYAaTKOBAa KOHIICHTpPAIlis
[HI] = 2 moub/m.
Po36’a30k. CraH pearyrouux pEYOBUH, NPH SKOMY MIBUAKICTH HPSAMOi
peaxifii  JOpiBHIOE IIBHIKOCTI 3BOPOTHOI, HA3MBAETHCS  XIMIYHON
pisnosazoio. KoHLeHTpalil pedyoBMH B CTaHi pPIBHOBAarM Ha3HBaIOTHCS
PIBHOB&)KHUMH.

KoHcraHTa piBHOBaru peaxiiii — 11¢ BiJIHOIIEHHS JOOYTKY MOJISIPHHX
PIBHOBR)XHHMX KOHIIGHTpalid MNPOAYKTIB peakuii 10 JoOYyTKYy MOJISPHUX
KOHIICHTPALlil BHXITHHX pPEYOBHH Yy CTCNCHAX, SKi JOPIBHIOIOTH
KoedimieHTaM B piBHSIHHI peakIlil, IpH IMOCTIHHIN TeMItepaTypi:

_ [Hz]'[lz] =0,25.
[HIf

3rimHO pIBHAHHA peakiiid, 3 2 Momb HI TOBHHHA YTBOPIOBATHCH
MOJIOBUHHA KUTBKICTB, M0 1 Momp H, i I,. Skmo Ha MOMEHT piBHOBarm
npopearyBaiio x Moib HI, To yrBOpmiock x/2 mMonb I, a 3amummmiocs 2 —

x monb HL
Hlg, Hor ET
[ToyaTkoBi KOHLIEHTpALIT, MOJIB/J 2 0 0
PiBHOBa)XHI KOHIICHTPAILi1, MOJIB/I 2-x x/2 x/2
[TincraBiasieMO pIBHOBaXKHI KOHIEHTpalil y BHpa3 KOHCTAHTH
piBHOBaru:

0,5x-0,5x  0,25x?
0,25="- = .
@-xf  (2-xf

JoOyBatoun KBaJpaTHUH KOpiHbP 3 000X 4YacTWH piBHSHHS,

OJICPIKUMO:
05=2%. y_1,
2-X
PiBHOBa)kHI KOHIIEHTpAIIIT:
x 1
[HZ]piBH. = [Iz]pim. =5 = E = 0,5 mosb/m.

2
[HI] =2-1=1 mMons/m.

pimi.
Ilpuknad 2. B cucremi:

Nowy + 3Hoy @ 2NHj,
piBHOBaXKHI KOHIEHTpanil pedoBUH CKIATH [No] pins. = 4 MOIB/N, [Hy] pisn. =
10 moms/m, [NH3] pipw. = 4 Monbs/n. OGUHCIITE MOYATKOBI KOHIEHTpALil
BOJIHIO 1 a30Ty.
Po36’a30K. 3 pIBHSHHS peakuii:
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NZ(rr+3H2(r) — 2NH3(F)
—_ — = —

1M0ab  3mons 2o
BuaHO, mo 2 Moab NHj3 yrBoprorothest 3 1 mombe N, Tomi 4 moins
yTBOpUiIKCH 3 2 MoJb N,. [loyaTkoBa KOHIICHTpAILlisS a30TY TOPIBHIOE:
[N,]oo =IN,] . +2=4+2=6moms/n.

3 piBHSHHSA peakii cuigye, mo 2 mois NH; yTBOproroThes 3 3 Moib
H,, Toai 4 monms NH; yrBopmiucs 3 6 monb H,. [louaTkoBa KOHIICHTpAIlis
BOJIHIO CKJTAJIa€:
[H,]... =[H.] ... +6=10+6=16 monn/n.

Ilpuknad 3. [y peakiii:
2NO, +Clyy o 2NOCl,,, + 73,6 k]I

(rr

BKa3aTH, SK MOTPIOHO 3MIHMTH KOHIIEHTpaii, THCK 1 TeMIleparypy peakuii,
1106 3MiHUTH PiBHOBAry BIPaBo, B cTOpoHy 36inbmieHns suxomy NOCI.
Po36’a30k. BB 30BHIIIHIX (akTOpiB Ha CTaH PIBHOBAarW y3arajlbHIOE
npunyun Jle-Illamenve: KO HAa PIBHOBaXHY CUCTEMY [iIOTH 30BHIIIHI
(akTopH, TO piBHOBAra 3MIIIYIOTECS B CTOPOHY PEaKIlii, SKa OCIA0IIOE Jif0
30BHIMIHIX (haKTOPIB.
1.Tlpu 30imbIIeHHI KOHIICHTpAIiil piBHOBara 3MIIIyeEThCSI B CTOPOHY
peaxiii, sSKa MPOXOAUTH i3 3MEHIICHHAM KUIBKOCTI MOJb Ta3iB, MpH
3MEHIIICHH] KOHIICHTPAIii — HaBIaKH.
B peaxkuito Berynaoots 3 Monb rasy (2NO + Cl,), a yrBoproroThest 2 MOITb
rasy (2NOCI). Tlpu 30ijblieHi KOHIEHTpAI[ii pPEYOBMH piBHOBara
3MIIIY€EThCS B CTOPOHY NPsIMOT peakiii, sika e i3 30LIbLIeHHSIM BHXOAY
NOCI.
2.TlixBunieHHs: a00 MOHWKEHHS TUCKY JJISl Ta30BHX PEAKI(iii PiBHOI[IHHO
MiIBUIIICHHIO a00 TOHMKEHHIO KOHIICHTPAIII.
3.1lpy migBuILEH] TeMnepaTypu piBHOBara 3MILIYETbCS B CTOPOHY
SHJOTEPMIYHOI peakilii, a MPH TOHKEHH] — B CTOPOHY €K30TepMIYHOI.
[psma peakiist — eHAOTEPMIYHA, TOMY TIPH ITiABUIICH] TEMITEpaTypu
BOHA BiI0YBa€THCsI 3 OLIBIIOIO MIBUAKICTIO, 30inbiytoun Buxina NOCI.
Ilpuknad 4. SIx 3MIHATBCS MBUAKICTH PEAKIIii:
Nowy + 3Hoy @ 2NHj,
SKIIO KOHIIEHTpaIlil BCiX pedoBUH 30inbmnuTu B 2 pasu? IIBuakicTh sSKOi
peaxiiii — mpsMoi 91 3BOPOTHROI CTaHe O1TBIIOI0?
Po3e¢’azok. Peakuist Ny + 3Hyr) @ 2NHj(r) € TOMOTEHHOIO.
I'omorenHi peakmii — Taki, Ki HAYTh B OAHOPIAHNUX cCHCTeMax (MIX ra3amu,
B posumHax). IIIBUIKICTE TOMOTEHHOI peakiii BUMIPIOETHCS 3MiHOIO
MOJISIPHUX KOHLIEHTpAL[I} pearylounx pedyoBHH 3a OAWHHIIIO Yacy:
v==1AC/At.
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3akoH AilOYHMX Mac: TpU TOCTIMHIA Temreparypi IIBHIKICTh
XimMigHOi peakmii TpomopmiiiHa JOOYTKY MOISIPHHX  KOHIICHTpALii
pearyiouux pedyoBHH Yy CTEIeHSX, $Ki JOpPIBHIOIOTH KoedimieHTam Yy
PIBHSHHI peakii.
Peakuist omepxkanast NH; oOepHeHa, OCKUTBKM iime B IBOX
NPOTHIICKHUX HAIpsAMKax. [loyaTkoBa IBUIKICT MPAMOI peaxuii:
V. = ke[NoI[H]°.
ITouaTKOBa MIBHIKICTH 3BOPOTHBOI PEaKIIii:
Uy = kZ[NH3]2'
[Micns 30implueHHS KOHUEHTpauii B 2 pasd IUBUAKICTH HPSMOT
KOHIICHTPAIIIT CKIIAJIe:
Uip. =k[2N,] [2H2]3 =16k,[N,] [Hz]3 !
a IIBMAKICTh 3BOPOTHBOI peakxiii Oyne JOpiBHIOBATH:
Uté_ =K,[2NH,]?* = 4k,[NH,]*.
HIBuakicTh NpsMOT peakiii 3poca B:
L 3
Uy _IBKINIH,T o o
U, KiIN,IH, T
[IBuAKICTH 3BOPOTHBOT pEeakKiiii 3pocia B:
vi, _ 4k2[NH,F
U - k,[NH,J?
[IBuakicTh mpsiMOi peakilii, y MOPIBHAHHI i3 MIBUAKICTIO 3BOPOTHHOT
peaxiii, 3pocte B 16/4 = 4 pasu.
Ilpuxnad 5. Y ckinbku pasiB 3pocTe MIBHIKICTH peakiii mpu 30iNblIeHHI
temrnepatypu Bix 20 mxo 85 °C, skuio TemneparypHuil koeQillieHT peakiii
y=25?
Po36’a30k. 3a npaBuiom Bant-I'odda, mBuakicTs peakiii npH ImiABUIIECHH]
temrnepatypu Ha 10 °C 30inbinyeThest B 2-4 pasu:

=4 pasn.

t,—ty At
— 10 _— 10
Ly, =V Y =V Y
) t—t 85-20
—2=y10 =251 =25% =386.

Ly

1
[IBuakicts peakuii Ly npu mifBuiieHHI Temmeparypu Ha 65 °C
3pocte B 386 pa3sis.
3agauvi 119 CAMOKOHTPOJISA
1. 3uaiitu koHcTaHTy piBHOBard peakiii N,O, 2 2NO,, skmo

noyarkoBa KoHueHrpauist N,O, nopiBaioe 0,08 Monp/n, a Ha
MOMEHT HacCTaHHs piBHOBaru aucorniroBaio 50 % N,O,.
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10.

11.

Bkazary, sSKUMM 3MiHAMH KOHHEHTpALill pearylounx pEeYOBHH
MoxHa 3MmictuTH BrpaBo piBHOBary peakuii COyry + Cepagin &
2CO).
B  sxoMy  HampsAMKy ~ 3MICTHTBCS ~ piBHOBara  peaxiii
Asry *+ Byr) @ 2AB), AKmIO THCK 30imbmMTH B 2 pasum i
ONHOYAaCHO MiJBMIIMTH  Temmeparypy Ha 10  rpanycis?
TemmeparypHi KoeQilieHTH MIBUAKOCTI NpsMOi 1 3BOPOTHOL
peaxiiiii TopiBHIOWTH BimnoBigHo 2 1 3. Skuit 3mak AH® B wmiit
peaxirii?
YoMy JOpIBHIOE MIBUAKICTH XIMIYHOT peakilii, SIKIIO KOHIICHTpaIlis
OnHI€T 3 pearylodnx PeYoBHH Ha IOYATKy peakiiii JOopiBHIOBaja
1,2 momw/11, a gepe3 50 xB. crana mopiHIOBaTH 0,3 MOJIB/TI.
[TouaTkoBa KOHLEHTpALsl ETUJIOLTOBOTO €CTEPY IPH peakmii
ommieHHs nopiBHioBasa 0,02 momb/m. Uepes 25 XB. BOHa cTaja
nopisaroBaty 0,0054 Mo16/11. OOUUCITITE IIBUAKICTH PEaKIIii.
TemmeparypHmii kKoedimieHT peakuii gopiBHIOE 2. SIK 3MiHHATBCS ii
IIBUAKICTB:
a) TpM MiABHUIIEeH] TemrnepaTypu Bix 60 go 100 °C;
0) mpu oxoopKeH1 cyMili, ska pearye, Big 50 no 30 °C;
B) IIpH migBHIIeH] Temnepatypu Bix 80 no 140 °C.
Jns peakuii FeO) + CO) 2 Fe) + COy ) KOHCTaHTa piBHOBATH
mpu Aesikiii remnepatypinopiBHioe 0,5. ITogaTkoBi KOHIEHTpAIil
CO i CO, BiamoBigao mopiBHIOIOTE 0,05 1 0,01 Monb/n. 3HaHAITE 1X
PIBHOBaXXHI KOHIICHTpAILIii.
MertaHon onepxkyoTh 3a peakuiero COq) + 2Hy.) 2
CH30H(,); AH®zg = -127,8 x/lx. Kyau Oyne smimysaTuchk
piBHOBAara mpu MiJBUIIEHHI: a) TeMIepaTypH, 0) TUCKY?
Sk BrimHe Ha BuXiA xnopy B cucteMi 4HCl ) + Oy 2 2Cly) +
ZHZO(pA); AHOZQB = -202,4 KII)KZ
a) MIBUILEHHS TEMIIEPaTypH B peakLiiHil cymini;
0) 3MEHILIEHHs 3arajibHOr0 00’ €My CyMilli;
B) 3MEHILCHHS KOHIIEHTpaIlii KHCHIO;
T) 30UTBIICHHS 00’ €My pPeakTopy;
) BBEJICHHS KaTaiizaropa?
Koncranra piBHOBarn cuctemu Hypy + Iy @ 2HI npu pesxiit
TemriepaTypi nopisHioe 50. Sy kinbkicTs pedoBuHHM H, morpi6HO
B3sTH Ha 1 MoJb I, mo6 90 % 3anmmky nepesecty B HI?
3HalaiTh II0YaTKOBY IIBUJIKICTD peaxuii
Hy050) + 2HIy = 2HyOp,y + byp),  AKmO 3Milanum piBHi  00’eMu
0,02M pozumny H,0, i 0,05 M posuunny HI. Koncranra
mBuaKocTi peaknii 0,06 1/Moib-c.
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12.

13.

14,

15.

16.

17.

18.

OO4HuCHiTh TEeMIEpaTypHUl KOEQIIieHT MMBUAKOCTI peakii
poskimany mypammuoi kuciotn Ha CO, i H, y mpucyrHOCTI
KaTaizaropa, K0 KOHCTaHTa MBUAKOCTI miei peaktii mpu 413 K
CTaHOBHUTH 5,5 * 103 ¢ '1, ampu 458 K-9,2 - 10°%c¢?
Poskman mikapcekoi pedoBHHH (peakilisi MEpHIoro HMOPSIKY) MpH
333K mpoiimoB 3a 10 rog. Ha 5 %. OOYHCHITH KOHCTaHTY
LIBUAKOCTI peaKiii.
Ha ckinpku rpaxyciB He0OXiJHO IiJBHIIUTH TEMIIEPaTypy peakxiii,
mo6 ii mBuakicte 3pocna y 20 pasziB, SKIIO TeMIlepaTypHii
Koe(iLieHT IIBUIKOCTI peakiii CTaHOBHTb 3.
B cucremi COy), + Cly) 2 COCly., xonnenrpanito CO
30umpmiy Big 0,03 mo 0,12 Moip/1, a KOHIEHTPAIII0 XJIOPY — Bil
0,02 mo 0,06 moms/n. B cKiNBKH paziB 3pociia MIBHIAKICTH MPAMOI
peaxiii?
TemmepatypHHiA KOS(ii€eHT MBUAKOCTI MEBHOI peakii JOPiBHIOE
3. B ckinpku pa3iB 301UMBIINTHCSA MIBHIOKICTH i€l peaxiii, SKIIo
MiABUIUTH TeMIiepatypy Ha 30 rpamycis?
Yepes AesKUiA 4ac Mmiciis IOYaTKy peakiil

3A4)+ By 2 2C + Dy,
KOHIICHTpAIlii peyoBuH ckiaanath: [A] = 0,03 mons/m; [B] =
0,01 mons/m; [C] = 0,008 Moab/i. SIKi MOYATKOBI KOHICHTpPAILi
peuyoBuH A i B?
B piBHOBaxHiH cuctemi: Hyqy + Brygy 2 2HBr,, npu nesxii

TeMmepaTypi KoHcTaHTa piBHOBarm K = 1, a TI09aTKOBI KOHIIEHTpAIii

[H]

= 3 Mo/, [Bry] = 1,5 Monw/i1. OGUHCIITE BiZICOTKOBHI 00’ €MHUMIA CKITa

PIBHOB&)KHOI CYMIIIi.
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Jlabopamopna poooma Ne 7. Po3uunu. [IpuroryBanHs po34uHiB.

KopoTtki Teoperuuni Bizomocri

PozumHN 1inkom omHOpimHI cymimri 3 1BoX (abo KiTbKOX) pEeYOBHH, B
SIKHX MOJIeKyJH (2060 i0HM) OIHOI peYOBHHH PIBHOMIPHO PO3MOIIIICHI MiX
MOJIEKYJIaMH 1HIIOI PEYOBMHHU. Y PO3UMHAX NPOTIKae 6arato MpUPOIHHX 1
MIPOMHUCIIOBUX MpOLECiB. 3 HUMH NOB’si3aHe (OPMYBAHHS IOKIIAAIB DALY
KOPUCHUX KOMaJNWH, iX BHIOOYBaHHs 1 mepepoOKa, pO3IiICHHS PEYOBHH,
rM0OKe OYMIIIEHHS TOIIO.

Po3unH — roMmoreHHa, TEpMOIMHAMIYHO CTilika cucTeMa 3MiHHOTO
XIMIYHOTO CKJIaJy, SIKa CKJIaAa€ThCsl 3 POYMHEHOI PEYOBUHH, MOJPIOHEHOT
JI0 PO3MIpiB OKpeMHUX MOJIEKyia 00 i0HIB Ta POYMHHHUKA.

Po3unHeHa peyoBHMHA — II€ iHAWBiAyaJbHA CIIONYKa, sIKa MOXE OyTH
BHJIIJICHA 3 PO3YMHY Ta iCHYBaTH y BIIEHOMY CTaHi.

Po3unMHHUK — 11 KOMIIOHEHT PO34MHY, SKHH HE 3MIHIOE arperaTHOTO
CTaHy TMpH pPO3YMHEHHI abo KOHICHTpALis SKOTO CYTTEBO OibIma
KOHIICHTpAIIi1 iHITNX KOMITOHEHTIB.

KoHueHTpalist po3unHy KUIBKICHO XapaKTepu3ye HOro CKIaj, BMICT
PO3YMHEHOT pedoBHHA(B MEBHUX OMWHHUILIX) B OAMHHII Macu 4 00’eMy
po3unHy. BUKOPUCTOBYIOTH Pi3HI CTOCOOM BHUpPa3y KOHICHTPAIll PO3UUHIB
SK uyepe3 Oe3pO3MipHI BelNWuMHH (MacoBa, MOJbHA YacTKH), TaK i 4yepe3
po3mipHi  BenuyuHMA ~ (MOJSIpHA ~ HOpPMajibHA, MOJISJIbHA, MacoBa
KOHIICHTpAIIil, TUTP).

1. MacoBa 9acTKa PO3YMHEHOI PEYOBHHH ® — II€ BIJHOIIEHHS Macu
PO3UMHEHOT PEUOBHHH 71, ,. 1O MACH PO3UHHY 1l ..

m
= —PP
My
2. MonbHa dYacTKa PO3YMHEHOI pedoBUHH Ny, — Iie BiIHOMIEHHST

KiTBKOCTI MOJb PO3YMHEHOI PEYOBMHM Ny, IO CyMH KiBKOCTEH MOIb
PO3YNHEHOT PEYOBUHH 1 PO3UHMHHHUKA N,y i

n B mp.p./Mp.p

p.p. .
n,,+n m,, /M, ,+m_. /M

He my,, i m,.; — MacH BiJNOBiHO PO3YMHEHOI PEYOBHMHH 1 PO3YMHHHKA;

M, 1 M, ,— BIANIOBIHO iX MOJISPHi MaCH.

pp.

p—Ka p—Ka
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3. Monspua xonnentpamiss Cy abo TONAPHICTE M BHUpaKaETHCA
KUTBKICTIO MOJb PO3YMHEHOI PEYOBMHU B | J1 PO3UMHY; Ma€ PO3MIipHICTH
MOJIB/TT 200 MOJIL/HM3, KMOJIB/M

4. MonspHa KOHIEHTparis ekBiBajeHTa C, BUPAXKAETHCA KITBKICTIO
€KBIBaJICHTIB PO3YMHEHOI PEYOBHHU B | J pO3YMHY; Ma€ pPO3MIpHICTH
Mons/n. B XiMiuHI TpakTHIl MONAPHY KOHIIGHTpAIil0 eKBiBaJeHTa
Ha3MBaIOTh TAKOX HOPMAJBHICTh Ta MMO3HAYAIOTh JiTeporo H.

SIKIO KOHLEHTpaLil pearyloynx pedyoBHH BHUPaKEHI Yepe3 MOJIIPHI
KOHLICHTpALil eKBIBAICHTIB, TO TaKi PO3YMHU pEaryioTh 0Oe3 3aJMIIKYy B
KIJIBKOCTSIX, IPONOPLIHHKX iX exBiBasieHTaM. Toi:

KimbKicTh €KBIBAJICHTIB OJIHI€T PEYOBHUHH N, ;, SKI 3HAXOJUIUCH B
po3uuHi 3 00’eMoM V) i MOJIAPHOIO KOHIICHTpalli€lo ekBiBajieHTa C,;,
JOPIBHIOBATAME KUTBKOCTI €KBIBaJICHTIB NIPyroi pedoBHHH N, B PO3UHHI
00’eMoM V; 1 MOTISIPHOO KOHIIEHTpAIli€r0 ekBiBasieHTa Cpyp.

Nexr = Nexzs Vl' CeKI = VZ' CeKZ-

5. MonsnbHa koHueHTpauis C, ab0 MOJSUIBHICTE m BHPaXKAETHCS
KUTBKICTIO MOJB po3unHeHoi pedoBwHH B 1000r (1 XT) po3uMHHUKA; Mae
PO3MIpHICTh MOJIB/KT.

BrnactuBoCTi po3BEEHHX MOJEKYJISIPHUX PO3YMHIB, sSIKI HE 3aJIeXKaTh
BiJl TPUPOAM PO3YMHEHOI PEUOBHMHH, a BU3HAYAIOTHCS JIUIIE KUIBKICTIO
YaCHHOK B PO3YMHI, HA3MBaIOThCS KOJIraTMBHUMHU BIIACTUBOCTSIMHU. Jlo
KOJIITaTUBHUX BJIACTMBOCTEH Halle)kaTh OCMOTHYHHMH THCK, HNOHIKCHHS
TUCKY HacH4YeHol Iapud HaJ pO3YMHAMH, IOHIKECHHS TeMIepaTypu
3aMep3aHHs Ta ITiJBUIICHHS TEMIIEpaTypH KUITIHHS PO3UNHIB.

OCMOTHYHMH THCK PO3YMHY YHCEJIBHO JOPIBHIOE TOMY THCKY, SIKHH
cTBOpIOBasia 0 pO3YMHEHA PEYOBHMHA, SKOM BOHA 3HAXOJWJIach IPH JaHii
TeMIepaTypi B Ta30N0AI0HOMY CTaHi i 3aiiMaina Toike 00’e€M, IO 1 PO3UHH.
OCMOTHYHHIA THCK OOYUCITIOEThCS 3a 3aKOHOM Bant-T'odda:

OcMOTHYHMH  THCK PO3BEJCHOTO  MOJIEKYJSIDHOTO  pO3YMHY T
MPOTIOPILIHHUIA foro MoJsipHii KoHeHTpauii Cy, 1 Temnepatypi 7'

r=C,RT

IToH>KeHHST TUCKY HAaCHYEHOI Mapy HaJ PO3YHMHOM B 3aJIEKHOCTI BiJ
KOHIIEHTpAIlii BUPAXKatoThCs 1-1M 3akoHOM Payrs:

BIJIHOCHE TMOHW)KEHHS THCKY HACHYEHOI MapH HaJ PO3YMHOM IPSIMO

HPONOPLiliHe MOJIBHIN 9acTLi PO3YUHEHOT pedoBUHHU Ny

PP _ N = Moo _ My /My .
p-p- !
Do Nyp+N, mp.p_/Mp_p+mp7m/Mpfm
ne Po, P — THUCK mMapu BiANMOBIAHO HAJI YUCTHUM PO3YMHHUKOM i

PO34YHHOM;
My, .y Mg — MACH BIJITIOBITHO PO3YMHEHOT PEYOBHHH 1 PO3UUHHHUKA;
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M,, M,,, — MOIApPHI Macu BIANOBIJHO PO3YMHEHO] PEYOBHUHH i
PO3YMHHHKA;

Py — P — IOHW)XEHHS TUCKY Napy;

Py — P/Py — BiTHOCHE TIOHIDKEHHS TUCKY TIapH.

Temneparypu KumiHHA 1 3amep3aHHSA (KpUCTami3almii) pO3YMHIB
3aJI€XKHUTh BiJ TUCKY MapH HajJ PO3YMHAMH Ta BHPAKAETHCS 2-UM 3aKOHOM
Payns:

[onwxkennst Ttemmnepatypu 3amep3aHHs AT, a0o miIBUIEHHS
TEeMIIepaTypu KHIiHHA po3unHy AT, TpsIMO HPOMOPLIHHO MOJISUIBHIH
KOHLEHTpalil po3unHeHoi pedoBunu C,,

ATB’ILM. = KT'Cm ATKun = ET' Cmv

ne Kr — kpilockomiyHa crayna, BOHA 3aJIeKUTh JIMIIE BiJl MPUPOIU
posunnnuka (K{H,0) — 1,86);

E7 — eOymiockomivHa cTaia, BOHa TaKOXK 3aJIC)KUTH JIUIIE BiJl IPUPOIH
posunnnuka (E7{(H,0) — 0,52).

ExcnepumeHTaIbHA YaCTHHA

Ilpunadu ma peakmuegu: HATPIH XIOPHUI, Boaa, HAbip acpoMeTpiB, TepesH,
CTaKaHH, IMIIHAPH, CKIISTHI MaTHYKH.

Hocnio Nel HpuroryBannsa 100 mJa po3umHy HaTpiii Xxaopuay
3a/1aHOI KOHIEHTPALil MEeTOJ0M HABAKKH.

1. Orpumaiite 3aBIaHHA HAa TNPUTOTYBAaHHS PO3YMHY 3 MAaCOBOIO
KOHIICHTpaIi€ro o, = 3 %.
o - . 3
2. B Tabn. 1 3HaMAITh TYCTUHY PO3YHMHY 3a/1aHOT KOHIIEHTPALIT Py, T/CM".

Ta6mums 1
['yCTHHA BOJIHHX PO3YHMHIB HATPii XI0pHY, I/cM’
Konmenrpartis, 1 2 3 4 5 6 7
mac.%
Tycruna, r/cm® | 1,0058 | 1,0125 | 1,0196 | 1,0268 | 1,0340 | 1,0413 | 1,0486
Konuentparris, 8 9 10 11 12 13 14
Mac.%
['ycruna, r/em® | 1,0559 | 1,0636 | 1,0707 | 1,0782 | 1,0857 | 1,0933 | 1,1009

3. BusHaure Macy 1aHOTO PO3YHHY:
m, , =V xp,=100x p, [3]'

4. BuzHauTe Macy po34MHEHOI pEYOBUHU:

43




Kuromupcbka MinicTepcTBo 0CBiTH | HAyKH YKpaiHu
MoJIiTeXHiKa Jep:xaBHuii yHiBepcuTteT «KHTOMHPCHKA NOJTiTEXHIKAa»

Myaer =M,_, - @/100, [2]
5. BusHaute Macy BOJM AJIsI IPUTOTYBAHHS 33JaHOTO PO3UUHY:
m@ = mpfny - mNaCI’ [21

6. 3BaxTe Ha Tepe3ax PO3paxoBaHy Macy HATpil XJIOPHUIY i IepEeHECITh 11 B

crakaH. [{uninapom Binmipsiiite HeoOXigHUH 00’€éM Boau (TYCTHHY BOIH

npuitMaeMo piHoo 1 r/cM®), epenuiite ii B cTakau 3 cinmo i nepemimyiite

JI0 TIOBHOTO PO3YMHEHHS COJIi.

7. 3aMipsiiTe TYCTHHY NPHIOTOBICHOrO pO3uHMHY [DEINONDONICHE
KOPHUCTYIOUHCHh TaOJ., BH3HAYTE KOHLEHTPALIl0 IPUTOTOBICHOTO
pO3UnHY . Sxmmo BuMipsiHE 3HaYEeHHS TYCTHHH P; B TaOJIUII BiIICYTHE,
TO KOHUCHTPALII PO3YMHY 7 3HAXOIATh METOJOM IHTEpIOJIALIi.
[HTEpIONALIs — e 3HaXOPKCHHs NPOMDKHOTO 3HAUYCHHS BEIMYMHH 32
JBOMA 11 HAHOJMKIMMU OUTHIINAM 1 MEHIIIUM 3HAYCHHSIMHU.

[MpuitMeMo, 110 3aNeKHICTh TYCTUHHM PO3YMHY BiJi KOHIEHTpalii HOCHUTH

nmiHifHUN Xapaktep (puc.). Tomi TycTHHA PO3YUHY pP; 3HAXOIUTHCS MK

HAHOIMHKIMMHU MEHIIUM p,, 1 OLTBIIHUM ps; 3HAUCHHSIMHE, @ KOHIICHTPALIIS 1 —

MIX BIJMOBIHAMH 3HAYCHHIMH ©,, 1 05 [HTEPHONALII0 MOXHAa BUKOHATU

rpadiuno, Oyayroun rpadik y BiANOBIZHOMY MaciuTabi, ab0 aHAIITUYHO, 32

(dopmyoro:

o = o, + (v, — )= ( s

OOuucIiTh BIJHOCHY MNOXMOKY O NpH BU3HA4YCHHI ®; pO3paxyire
MOJISIpHY KoHUEHTpaliio C,, MOJSIpHY KOHLEHTpauito ekBiBajeHTy C, i
TUTp T IPUTrOTOBIEHOIO PO3UUHY:

my.c x1000 m 1
C, =—= ,[Mojzb / Jl]; C, = Moy *1000 [mom — exel 1}
M NaCl MeKNaCl
@, —Q,
7= Myac ,[2/sz]; o =—————1x100, [%].

.

Py *
Hde Mpyaci — MONsApHa Maca HaTpid XJIOpHAY; O — BITHOCHA IOXHOKa

BU3HAYECHHS ;. OTPUMaHi pe3yJbTaTH 3alHIIiTh B Ta0I. 1
PesynpraTi BU3HaYeHHs KoHUeHTpalii po3unny NaCl

I'yctuna
3agana . .
I'ycruna, | Po3paxyHKOBI | OTPUMAHOTO . BinnocHa
KOHIICH 3 OtpumaHi KOHIIEHTpamnii
. r/cMm MacH, T pO3UMHY, moxnuoOKa
Tparis 3
r/cM
C
€K
1, CM, T,
® NaCl | H,O MOJIB-
i Px 2 P % | monb/n r/em’
eKB/I

44




Kuromupcbka MinicTepcTBo 0CBiTH | HAyKH YKpaiHu
MoJIiTeXHiKa Jep:xaBHuii yHiBepcuTteT «KHTOMHPCHKA NOJTiTEXHIKAa»

Jocnio 2. TlpuroryBanusa 100 mj po3uuHy HaTpili XJopuay
MeTO00M po30aBJIeHHs.
Buxinauii po3uMH — OTpPUMaHWl B MONEPEIHBOMY IOCTiAI 3

KOHIICHTPALIIEIO ;.

1.

2.
3.

OtpumaiiTe 3aBHaHHS Ha NPHUTOTYBaHHSA PO3UYHMHY 3 KOHIECHTpAII€I0
(Dx2=1 %.

B Ta6.1. 3HANITH IYCTHHY 3a1aHOTO PO3UUHY Pagy I/cM’.

Buznaute Macy po3unHy, KUl HEOOXITHO IPUTOTYBATH:

mp—HyZ =V X pXZ ' [2]'
P03paxy171Te Mmacy BHX1JHOI'O PO3YHHY My, 3 KOHIIeHTpaIIi€IO 1,
HEOOXIJHY IS TPUTOTYBAHHS 33aHOTO PO3UYHHY:

2% mpfﬂyl

a)l - a)XZ mpfny2 - mp—nyl
OOuucniTh Macy BOAM My, HEOOXiAHY Uil NMPHUIOTYBaHHS 3aJlaHOTO
PO3UHHY:

m62 = mpﬂ-tyZ - mpfnyl'
O6uucniTe 06’ €MHU BUXiJHOTO PO3UHHY 3 MAacO0 M., i BoAHM 3 V!
_ 3
V, =M,/ p, [CM

V,=m,/], [CM3]
Hanmwmiite B mmwiiHAp po3paxoBaHWi 00’€M BHUXIIHOTO PO3YHUHY,
mepenuiiTe HOro B CTaKaH, JOJMHTE pPO3paxoBaHWI 00’eM BoaM i
CTapaHHO IepeMilaiire.
Buwmipsiiite aepoMeTpoM TyCTHHY O/IEPYKAHOTO PO3YMHY Py 1 BH3HauTe
KOHIIEHTPAII0 ®,. 06unciiTe Macy NaCl B ojiepkaHOMY pO3UHHI:
OO0uuCIIiTh  MOJIIPDHY  KOHIIEHTpAlilo, MOJSIPHY  KOHIEHTpAIIilo
€KBIBAJICHTA 1 TUTP OJIEP’KAHOTO PO3uuHY. Pe3ysbpraTy 3anumiite B Ta0JI.
2.
Tabmuus 2
PesynpraTn  po3paxyHKiB BU3HAa4e€HHS 00’eMy BOAM  JUIA

posbasnenns po3uuny NaCl

posunH V.. |V,

uyl

Bigno

Konrentpa | Konnentpa | Konmenrpa 006’ emu Konnenrparii cHa

uiﬂTp uiﬂ P Hi;{ p Maca LeHTpan noxuo

o 1 1 33J]aHOTO Ka
BHXIJJHOTO | 3aJlaHOTO | 3aJlaHOTO -

posuuny | Buxia-

PO3YHHY po3uMHy | posuHHY, | M Horo Bomu

o1, % o, % po, T/om® | TP s ® | Cu|Cul| T | 8%
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Ipukiaaau po3B’si3aHHA

Ilpuknad I. OOUMCHiTE HOPMalNbHY 1 MOJSpHY KOHIEHTpaiito 16 %
po3unny NaOH 3 ryctunomw p = 1,18 r/mi1.
Po3¢’azok. Maca 1 1 16 % po3unny NaOH:
m=V . p=1000-118 =1180r.
Maca NaOH B 1 1 po3uuny (1180 1):

B 100 r po3uuny 16 r NaOH,
B1180Tr m(NaOH).
m(NaOH) = 1180-16 188,8r.
Momnsipua maca Mr(NaOH) = 40 r/mMonb, eKBiBaleHTHa Maca

JOPIBHIOE:
Mr, = M% = 401/™MONB.

MossipHa KOHIICHTpAIlis PO3YHHY:

W= _1888_47om
Mr 40
HopMalibHa KOHLIEHTPALlisA PO3UMHY:
c, - _1888_ a0
M. 40

Ilpuknad 2. O6UYNCHiTH MAaCOBY BiJICOTKOBY KOHIEHTparito 2 H pozumny
H,SO, rycrunoto p = 1,07 r/mi.
Po3e¢’a30k. ExsiBanenTna maca H,SO,:
Mr,, (H,S0,) = % = 9—28 =49 r/mMoIb.
1 1 po3unny micTuth 2 - 49 =98 r H,SO,.
Maca 1 1 po3uuny:
m=1000-1,07=1070r
MacoBa BiICOTKOBa KOHIIEHTpALIisL:
B 1070 r po3unny — 98 r H,SO,
B 100 r pozunny — W(H,SOy)

W(H,S0,) = 95136;80 —915%,

ITpuknad 3. O6UUCHITP THUCK TapH HAJ PO3YMHOM, SKHH MicTUTH 60 T
rmoko3u CgH1,05 B 450 T Bogu. TUCK HacWYeHOI Tapu YUCTOi BOAM TPH
20 °C nopiHtoe 17,5 MM.pT.CT.

Po3é’azok. 3rigHo 1-rOo 3akoHy Payns, TOHIKEHHS THCKY Napu Has
PO3YMHOM TPOTIOPITiiHE MOJIBHIN YacTIi PO3YMHEHOT pEUOBUHHU:
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n
R-P=R
n+n,

ne Py — TUCK MTapy HaJl YUCTUM PO3UMHHHKOM;
P — Tuck mapu HaJl PO3YHHOM,;
N; — KUTBKICTh MOJIb PO3YUHEHOT PCUOBHHU;
Ny — KUIBKICTH MOJIb PO3YMHHHKA.

Monsipaa maca riaroko3uw: Mr = 180 r/momb. KimbkicTh MOJB
TITFOKO3H:
n = m_ E = 0,3 MoJ1b.
Mr 180
Monsipsa maca Boau: Mr = 18 r/monb. KimbKicTh MOJNB BOAM
(po3unHHHKA):
3 :E:@:ZSMOHL.
Mr 18
[ToHMXEHHS THCKY Mapy HaJl PO3YHHOM:
175-p=175- _03 =0,21mm.pr.cT,;
0,3+25

p=175+0,21=17,29 MMm.pT.CT.
Ilpuxnad 4. O0YMCIITH TOHIDKEHHS TEMIEpaTypH 3aMep3aHHs pO34uHY,
sk Mmictute 9 1 Bomu 1 4 1 erwneHriikomio C,HgO,. T'yctuna
STHIICHTITIKOTO JopiBHIOE 1,11 /e,
Po3e¢’sazok. 3rimHO 2-TO 3aKoHY Payis, TOHW)KEHHS TeMIlepaTypH
3aMep3aHHs PO3YHHY MMPONOPIIHHO MOJSUTEHIN KOHIEHTpaIil po3uuHy Cp:
At =K-C,.
ne K — kpiockomiuHa cranxa po3YMHHHKA; BOHA JIOPIBHIOE TOHIKECHHIO
TeMIIEpaTypH 3aMep3aHHs OJHOMOJSUIBHOTO pPO3YHHY;, JJIS BOJTU
K=1,86.
Maca 9 1 Bogu (p = 1,0 /M) nopieatoe 9000 r. Maca 4 1 C,HgO;:
m=V - p=4000-111=4440r.
Monsipaa maca erunenriikoiito Mr(C,HgO,) = 62 r/monb; KijbKicTh
PEYOBUHH ETHIICHTITIKOJIIO:
n= ﬂ =71,6 MOJIB.
3HaX0AMMO KIJIBKICTh MOJL erTwieHrimikonmro B 1000 r Boaum
(MOTISUTBHY KOHIICHTPAITII0 PO3UNHY):

B9000 rBomu — 71,26 moan C,HgO,
B1000rsogu — Cp
MosisisibHA KOHIIEHTPALIiS PO3YHHY:
- 1000-76,1 —7.96m
9000
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10.

11.

12.

13.

14.

15.

16.

ToHMKEHHS TeMIIepaTypH 3aMep3aHHs:
At =186-7,96=148 °C.
Ockinbku Bojia 3amep3ae mipu 0 °C, To po3uuH 3amep3He mpu t = -14,8 °C.

33BI[2HHH IAJIS1 CAMOKOHTPOJISL

B sxomy o06’emi 1 M posumny i B sikomy o0’emi 1 H pozumny
Mictutbes 114 1 Aly(SOy4)5?

Bmsnauntn macoBy uwactky CuSO, B pO3UMHI, OTpUMAHOMY IIpH
posumnnesi 50 r migHOTO Kynopocy CuSQOy - SH,0 B 450 T BoztH.
BusHauntn MacoBy 4YacTKy pEYOBHHHM B PO3YMHI OAEPKAHOMY
sminryBaHHAM 300 r 25 %-1o 1400 r 40 %-T0 po3unHIB Li€l pEYOBHUHH.
Husa wmeirpamnizamii 30 mn 0,1 H po3umny ayry HeoOximuo 12 mu
PO3YHMHY KHUCIOTH. BU3HAYNTH HOPMaNbHICTh KHCIIOTH.

3 400 r 50 %-ro po3unny H,SO, BunapoByBanusM Bupammwiu 100 r
Boau. Yomy nopiBHioe MacoBa yactka H,SO,4 B po3uuHi, 1m0 auimuBcs?
3mimranu aBa po3uunH, i sikux o(KOH) nopisHioe BinnosigHo 9 % i
12 %. Maca nepruoro pozunty 120 r, npyroro 380 r. BuzHaure macoBy
yactky KOH B oTpuMaHoMy po3uuHi.

3HaiiTn MacoBy 4acTKy IIIOKO3H B PO34MHI, IKMi MicTUTh 280 T BOIH i
40 r rIIoKO3H.

3naiitn Macy NaNOQOj, HeoOximHy it npurotyBaas 300 ma 0,2 M
PO3UMHY.

3HalTH Macy BOAM HEOOXiNHY Ui mpuroTyBaHHS po3unHy NaCl, mo
mictuth 1,5 mone NaCl ma 1000 r H,O, skmo B3sumn HaBaxky 10 T
NaCl.

3uaiitu  MomsipHicTh 36,2 %-ro posumny HCI, ryctuna sikoro
1,18 r/mi.

Ha weiitpanmizanito 40 mn posuuny syry Butpadeno 24 mn 0,5 H
po3unny H,SO,. Slka HopManbHiCTh po3uuny Jyry. Skuit 06’em 0,5 H
po3urny HCI notpiGHO 1u1st Takoi %k peaxiiii.

OO0unciTh MacoBy BiJCOTKOBY KoHIeHTparito 3 H po3umny H,SO,
(p = 1,07 r/mn).

OO6unciTh MOJsIpHICTH po3unHy Na,S, B 900 mu sikoro mictursest 100
r Na,S.

OO6unciiTh HOpMalbHICTh po3unHy NaBr, B 200 M1 SIKOTO MiCTHTBCS
20,5 r NaBr.

Ipu 25 °C pozunnuHicts NaCl nopisaroe 36,0 r B 100 r Bogu. 3Haiitn
MacoBy yacTky NaCl B HacCHueHOMY PO3YHHI.

Cxkimsku rpamiB FeCl, motpi6ro mis mpuroryBamus 100 mum 2 M
po3unny?
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17. Ckinbku rpamiB Na,SO; HeoOXimHO ANl mpurotyBaHHA 5 1 8%-TO
po3uuny (p = 1,075 r/mm)?

18. Ckinmpku rpamiB Na,CO3z mictuthest B 500 Mt 0,25H pozunny?

19. Ckimpku rpamiB NaOH neoOximHo mist mpuroryBauas 3 1 30 %-ro
po3uunHy ryctuHo0O 1,33 T/™M7I?

20. Ckinmpku Mimimitpis 0,5 M po3unny H,SO, MokHa mpurotryBaHHSA i3
15 M 2,5 M po3uuny.

21. Ckinpku Mininitpie 96 %-ro po3unny H,SO, (p = 1,84 r/mi) notpiGHO
B3sTH A1 npurotyBasss 1 1 0,25 H po3uuny?

22. Yomy nopisHioe maca 6e3sognoro depym(ll) cynbdary, skuit MicTuTbCS
B po3unHi 06’emom 800 ma (p = 1,10 r/mia), 3 MacoBOK YacCTKOIO
pozunteHoi peuouHu 10 %.

23. Slka maca Kj;[Fe(CN)g] motpibno mms mpurotyBanus 3 n 0,1 H
po3unHy?

24, SIka Maca po3UMHEHOT PEYOBHHH MICTUTHCS B pO34HHI Macor 1,8 kr, 3
MacoBoto yacTkoro 20 %, 1 YoMy JOPiBHIOE MacoBa JacTKa PO3UYMHEHOT
PEYOBHUHY, SIKIIIO BOHA MACOI0 75 T MICTHTBCS B pO34HHI Macor 250 r?

25. OOuncniTh MacoBy 4YacTKy M PO3YMHY, SKHA MPHUTOTOBICHHU 3
K,SO,4 macoro 10 1 i Bogu 06’emom 80 mir?

26. Sxuii 00’em 2 M pozunny Na,CO3z moTpiOHO B3ATH ISl IPUTOTYBaHHS
110,25 H po3unny?

217. B sixomy 00’emi 0,5 M pozunny MnSO,4 MicTuTbest 25 T i€l comi?

28. B sixomy 00’emi 2 H pozunny NaOH mictutbest 40 T miel pedoBUHN?

29. [pu 25 °C tuck mapu Bomum pmopisaroe 31,68 rlla. 3HaiimiTe Macy
TIIFOKO3H, SKY TMOTPIOHO pO3YMHUTE Y BoJi Macoro 540 T, mo0 3HU3UTH
THCK napu Ha § rlla?

30. Tuck mapu po34mHy, IO MICTHTh PO3YMHEHY PEUOBHHY KIIBKIiCTIO
0,05 momb 1 Bomy macoro 90 T, mopisaioe 52,67 rlla mpu Temmeparypi
34 °C. YoMy HOpiBHIOE THCK IapH 4YHCTOI BOAM TpH Wil XKe
TemIepaTypi?

31. IMpu sikiit TemmepaTypi NMOBHMHHI 3aMep3aTH PO3YMHH, HPUTOTOBaHI
PO34YMHEHHAM B BoAi 06’emoM 200 mut: 1) caxaposu macoro 20,52 r; 2)
IoKo3u Macor 14,4 r; 3) cewoBuHU Macoro 3 r?

32. Yomy nmopiBHIOE ocMoTHIHHH THUCK 0,5 M po3unny rimtoko3u CgHi,04
mpu 25 °C?

33. Ho 100 mn 0,5 M BoxmHoro pozuuny caxapo3u CioHyp0p1 nomamm

300 Mn1 Bogu. Yomy MAOpIBHIOE OCMOTHMYHHMH THCK OTPHMAaHOTO
po3uuny npu 25 °C?
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Jlabopamopna poooma Ne 8. Exaexrpoaituuna naucomiamis.
Po3unHM eJIeKTPOJITIB.

KopoTtki Teoperuuni Bizomocri

EnextpomiTé — pe4oBHHH, SKi B PO3YMHAX UM PO3ILIABAaX HPOBOIATH
SNEKTPUYHHUIN CTPYM.

EnexTponitiuHa aucouianis — po3mnag MOJEKYJ] PEYOBUHHM B PO3YMHI
YM pO3IJIaBi Ha MO3UTHBHO 1 HETraTHBHO 3aps’KeHI YaCTKH.

Teopis enekTpomiTHIHOT Aucomialii AppeHiyca:

1. eneKTpomiTH TpH PO3YHHEHHI pO3MAmaloThes (AMUCOLIIOIOTH) Ha
MO3UTHBHO Ta HETATUBHO 3aps/KEH] 10HH;

2. WO Oi€l0 eNeKTPUYHOTO CTPYMy, IIO3UTHBHO 3apsKeHi 10HH
(xaTioHM) pyXaloThCS O KaTOAY, a HETaTUBHO 3apsDKCHi (aHIOHM) — HO

aHoIy;
3. aucomiaris — 3BOPOTHUH IpoIIeC.
[puunmra mucomiamii — (Qi3uKO-XiMiYHA B3aEMOMIA  PO3UYMHEHOI

PECYOBHHH 1 PO3YNHHUKA.
CrymiHp qucoIiarii o — BiIHOIICHHS YKCIIa MOJICKYII, (7) IO PO3MaBCsI
Ha 10HM B PO3YMHI YM PO3ILIABI, IO 3aralbHOI KIJIBKOCTI MOJIEKYJ B PO3UHHI

(N):

dakTopu, 10 BILIMBAIOTH HA CTYIIHb €JIEKTPOIITHYHOT JUCOIIALT:

- Ilpupona po3uMHHHKA,

- Temmneparypa;

- Konnerrpamis pozunHy (00epHEHO TPOTIOpIIiiiHa O);

- IlpucyTHicTe B pO34YMHi i0HIB JOMIIIOK, OJXHOWMEHHHX 3 10HAMH

€JIEKTPOJTITA.

CuitbHi 1 crmaOKi eneKTPOITH:

CuIlbHI €JIEKTPOJIITH TPAKTUYHO MOBHICTH JUCOIIIOIOTH Ha 10HH (BCi
po3uunHi comi, kuciotd (H,SO4, HNOs, HCI, HBr) rigpokcumu mys>kHEX Ta
JIy’KHO3EMEJIbHUX METaJliB)

Cnabki eneKTpoJiTH JUCOLIIOITh HA 10HH JIMIIE YacTKOBO (OpraHiuHi
KUCIIOTH, ¢1a0ki MinepanbHi kuciaotu (H,COs, H,S, HNO,,...); Hepo3uunHHi
ocHosu Ta NH,OH).

OCKIiNIbKH €JIeKTPOJIITHYHA JAMCOLialis € IPoLecoM 0OOpOTHHUM, TO SIK
Oynb-sKMii 0OOOPOTHUI MPOIIEC XapaKTePH3YETHCSI KOHCTAHTOIO PiBHOBAry,
sIKa Ha3MBAETHCSI KOHCTaHTOIO ucomiamii K,

Koncranta pgucomiamii — 1e BigHOMmIEHHS JOOYTKY MOJISIPHUX
KOHLICHTpAlil iOHIB B CTENEHSX, II0 MJOPIBHIOIOTH CTEXIOMETPUYHUM
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KoedilieHTaM, 0 MMOYaTKOBOI MOJIIPHOI KOHIIGHTpALii EJIEKTPOJITY MHpH
TIOCTiHHIN TemIeparypi:

K,A, > mK +nd
] o]
AT

Jis CUIIBHUX €JICKTPOJITIB KOHCTAHTU JHCOINalii He iCHY€e, TOMY IO
BOHH AMCOUIIOIOTH MIPAKTUIHO MTOBHICTIO.

EnextpomitidHa Aucomiariis BOAY 1 i0HHUH T0OYTOK BOIH.

Boma € amporepHnM c1abKUM €IIEKTPOIIITOM.

Koncranra nucoriarii Boau Mae BUTIIS:

_#] Jorr]
" [10]

[H']-[oH] = 1-10™*

OpneprxaHuii BUpa3 HA3UBAETHCS I0HHUM JOOYTKOM BOJIH:

[pu 22°C n0o6yTOK MONApHUX KOHUEHTpawiii iowis [H'] i-/OH] e
CTANOK0 BETHYMHOIO, siKa cKiagae 107,

BogneBuii mokasHUK (pH) — JECATKOBHI JTAropumM MOISIPHOL
KOHLIEeHTpalil i0HiB ['iporeny y BOTHOMY pO3UMHI, B3STUH 3 TPOTHIICIKHUM
3HaKOM. Bupaxae xapakrep cepeloBHUILA PO3UHHY.

pH =-1g [H']

pH +pOH = 14

pH < 7 — xucne cepemouiie,

pH = 7 — HelirpanbHe cepenoBuile,

pH > 7 — myxHe cepenosutie.

[HnukaTOpy — pEYOBHHHM, 3a JIOMIOMOTOI0 SIKAX SKICHO BH3HAYarOTh
CEPEeIOBHUIIE PO3UYHHY, B 3AJICXKHOCTI BiJl 3MiHH iX 3a0apBICHHS.

3a0apBieHHS B CepeIOBHIIT
Ingukarop v

KHCJIOMY HEUTpAIbHOMY | JTYKHOMY
Jlakmyc YepBoHuit Cuniii CuHiii
MeTunoBuii opaHXeBUil YepBoHuit OpaHxeBHi Xostnit
denondranein Be3bapeuuii | besbapBHuit ManuHoBuii
MeTuinoBuii 4epBOHUM YepBoHuit XKosTuii Kostuit
Bpomtumornosuii roxyouii | JXKoBTuii Iomy6uit lomy6uit

INgpomis coneit

lNpgpomi3 comelt — peakiiss OOMIHHOTO PpO3KIaxy coileil BOIOIO, B
pe3yabTaTi 4oro 3 10HIB PO3YMHEHOI codi i ['igporeHy 4u riIpokcuay Boax
YTBOPIOIOTh MOJIEKYJIM CJIA0KUX EJIEKTPONITIB 1 3MIHIOETHCS BOITHEBHI
MOKa3HUK CEPEJOBHIIA PO3UUHY.
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Comi yTBOpeHI KaTiOHaAMH CHJIBHHX KHCJIOT Ta aHIOHAMH CIJIBHHX
KHCJIOT HE TiJpOIi3yIOThCA.
TopomizyroThes coui:

1)

2)

3)

Comi yTBOpeHi KaTiOHaMHU CIa0KUX OCHOB 1 KaTiOHAMH CITa0KUX
kuciotT. ['inpomi3 BigOyBaeThcs mo katioHny, pH < 7, cepemoBume
KHCIIE.

NH,CI + H,0 <NH,OH + HCI

NH," +CI" + H,0 < NH,OH + H* +CI'

NH4+ + H20 > NH4OH + H+

Comni yTBOpEeHI KaTiOHAMH CHJIBHHX OCHOB Ta aHIOHAMH CIa0KUX
kuciot. Iigponi3 BinOyBaeThes no aniony, pH > 7, cepenosuie
JIyXKHE.

NaCN + H,0 < NaOH +HCN

Na* + CN + H,0 < Na* +OH" + HCN

CN + H,0 < OH + HCN

Coui, yTBOpeHi KaTioHaMH CIIAOKHX OCHOB Ta aHIOHaMHU CIaOKHUX
KHCIOT. Po34mH TaKoi coui mpakTHIHO HeHTpansHuit, pH =~ 7.
NH,CH;COO + H,0 < NH,OH +CH;COOH

NH,;" +CHs;COO™ + H,0 «<» NH,OH +CH3;COOH

loHOOOMIHHI peakii

XimiuHi peakuii B po3uMHAaxX €JNEKTPOJITIB BiAOyBalOThCsS MiX 10HaAMH
Ha3MBaIOThCS 10HOOOMIHHMMH. PIBHSHHS TakuX peakliil 3anucyloTh B
MOJIEKYJISIpHIH, 10HHO-MOJEKYJSPHIA 1 KOPOTKiH 10HHO-MOJEKYISPHIN

¢dopmax.

[pu cknamaHHI piBHAHP peakiliii B i0HHO-MOJIEKYIBIPHIiHA (hopmax

dbopMynH MalOPO3YMHHHUX CHONYK, Ta3iB, CIa0KUX EJNEKTPOIITIB i
KOMIUICKCHHX CIIOJIYK MULIYTh 0€3 3MiH.

loHOOOMIHHI peakii SIBITIOTECS HEOOOPOTHUMH , IAyTh 31TiBa HAIPABO,
IO KIiHIIS, SIKIIO BHACIIIOK B3a€MOIT MiXK 10HAMHU:

1)

2)

3)

Y TBOprOETHCS 0Cal MaJOPO3UYUHHOI CIIOJTYKHU:
Monekynapue pienannsa peaxuii:

AgNO; + HCI — AgCl + HNO;
ITonno-monexynapue pigHAHHA:

Ag" + NO; + H" + CI" —»AgCl + H + NO; ~
Kopomke ionno-monexynapne pignanusn:
Ag" + CI —A4gClI;

Buninsterscs neTka crosyka:

Na,S + 2HCI — 2NaCl + HS?1

2Na* + S% + 2H" + 2CI' — 2Na* + 2CI" + H,S1
S% + 2H" — H,S1;

Y TBOPIOETHCS CIAOKHI €TIEKTPOIIT:
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HzSO4 + 2KOH — KzSO4 + 2H20
2H" + SO,* + 2K* + 20H —2K* + SO,% + 2H,0
2H* + 20H —2H,0
4)  VTBOPIOETHCS KOMIDIEKCHA CIIONTYKA.
FeCl; + 3NH,SCN + 3H,0 — /Fe(SCN)s(H,0)s] + 3NH,CI
Fe** + 3ClI" + 3NH,” + 3SCN" + 3H,0 — /Fe(SCN)s(H,0)s]
+3NH," + 3CI
Fe** + 3SCN" + 3H,0 — [Fe(SCN)s(H,0)s] + 3CI

EKCHepHMeHTaJ’ILHa JacTuHa

Ilpunadu ma peaxmusu:. pH-MeTp; €NEKTPOILUIUTKA; TPOOIPKH;
crakanu; posunnan 0,1M: HCI, H,SO4, HNOs; posunnu 0,1M: NaON, KOH,
NH,OH; PO34YMHHU 0,1M: NacCl, BaC|2, K,SQ4, ZNnSOy, Alz(SO4)3, Na,SO,,
NaNO;, Na,CO;, FeSO,, FeCl;, CH;COONa, CH3;COONH,; kpucramiuHi:
NH,Cl, CH;COONa; ingukatopu METWIOpaHX, JakMyc, GeHondraieiy,
YHIBepCaIbHUH IHAUKATOP.

Hocnio Nel BusHaveHHs cepeoBUINA PO3YMHIB 32 10NMOMOI0I0
iHaMKaTopiB

B 4oTtupu npobipku momictite mo 2-3 kparmt pozunny HCI i B koxHy 3
HUX gojaiire 1-2 Kpamii iHIUKAaTOpPiB: B HEPIIy — METHIOPAHXKY, B IPYTy —
JAKMYCy; B TpeTo — (QeHondTaneiny i B YeTBEpPTy — YHiBepCATbHHM
innukarop. [ToBTopith mociin, 3aminuBiu po3und HCIl va pozuna KOH.
SIkoro 3abapBiieHHs1 Ha0yBa€ KOXEH 13 IHAMKATOPIB B PO3YMHAX KUCIOTH 1
nyry? OkpemMo BH3HauTe 3abapBiIEHHS IHAMKATOPIB B HEUTPaJIbHOMY
CepeOBUIIll — TUCTUIIbOBaHIH BOI. Pe3yapTaTy 3anumnite B Tabnuiro 1.

Tabmuus 1
Ingukarop 3abapBicHHS IHAUKATOPA B CEPEIOBHIII
KUCIIOMY HEUTPAILHOMY JIY)KHOMY
MeTtunopasx
Jlakmyc

denondranein
YHiBepcabHUAN

THANKATOP

=pH

Hocnio Ne2 Busnavennst pH po3uuHiB noTeHuia10MeTPUYHIM

METOA0M
Jnst TouHoro BuMiptoBaHHS pH pPO3YMHIB IIMPOKO BUKOPHCTOBYIOTH
MOTEHILIAJIOMETPHYHUI METOJ 3 3aCTOCYBAaHHSIM CIIEIiajJbHUX NpHIaIiB —

53



Kuromupcbka MinicTepcTBo 0CBiTH | HAyKH YKpaiHu
MoJIiTeXHiKa Jep:xaBHuii yHiBepcuTteT «KHTOMHPCHKA NOJTiTEXHIKAa»

pH-metpiB, mis sxumx Oa3yeTbcs Ha  BHUMIPIOBAaHHI  IOTEHIliana
IHAWKAaTOPHOTO eNeKTPOo/a, KUl 3aJIe)KUTh BiJ KOHIICHTpAIil iOHIB H' B
JOCITIKYBAaHOMY PO3YHHI.

[igroryitre pH-meTp mo poOOTH 3TiTHO IHCTPYKINI MO eKCIUTyaTaii.
CranmapTHUE 1 IHOWUKAaTOPHUH ENEKTPOAM TIPOMHUUHTE AHUCTHIHOBAHOIO
BOJOI0 1 OCymiTh (iIBTpYyBaNBbHEM TMamepoM. B crakan HammiiTe
nociimpkyBanuit po3uns HCI i omyctith B HbOTO eekTpoau. Bumipsiite pH
pO3UHHY.

BuiiMiTh enekTpoan 3 pO3YMHY, NPOMHUHTE X BOJOIO 1 OCYLITh, B
NPOMUTHH JUCTHIBOBAHOIO BOJOI0 CTaKaH HAJIUHTE JOCIIKYBaHUI
posuna NaON i Bumipsiite pH. O6uucnite pH po3unnie HCI i NaON
JlaHOi KOHIeHTpalii. Pe3ynpTaTtu 3amuuriTe B TabIuio 2

Tabmuus 2
Po3unn Konnenrparis, pH
MOJIB/JT BUMIpsSIHE obumucieHe
HCI 0,001M 2,72
NaON 0,01M 11,85
Hocnio Ne3 HeoOopoTHi i 000poTHi ioH000MiHHI peakuil

B 1’ st ip00ipOK MOMICTITH 110 4-5 Kpamens po34rHiB:

BaCl, i Na,S0y;

Na,COj i H,SOy,;

NaOH i HNOg;

FeCl; i NH,SCN;

NaNO; i K,SO,.

B tperio mpobipky mo posuunny NaOH mpomaiite crepiry Kparuio
¢benondraneiny i micas 1mporo — pozurnny HNO;. Illo crmoctepiraerbes B
mpobipkax? HamuimiTe piBHAHHS 10HOOOMIHHHX pEakiiii B MOJICKYISPHIH,
MOBHIH 1 KOPOTKi 10HHO-MONEKYNsApHUX Qopmax. 3a SIKUX YMOB
10HOOOMIHHI peakIii ABJIAIOTHCS HEOOOPOTHUMHU, IPOXOIATH 10 KiHIIA?

Llocnio Ne4 CigpoJis coneit

Ha mmcrox Oimoro mamepy WOMICTITH TI'SITh OKPEMHX CMYXOK
YHIBEpCaIbHOTO iHAMATOPHOTO MAMIPII i HAa KOKHY 3 HUX HAaHECITh KParuTio
posunnie NaCl, K,SO,, ZnSO,, Na,CO;, NH4CH3;COO. TIlopisHsiite
3a0apBICHHS 1HAMKATOPHUX TAIPIiB i3 MIKANOI0, 3anumiTe pH po3dnHiB
coJiedd, OXapakTepu3yluTe MPHUPOAY KOXHOI coii. Pe3ymbraTé 3amumiite B
Tabnuro 3
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Tabmuus 3
Cinp yTBOpEHa PH Yucno
PeuoBuna KHCIIOTOIO OCHOBOIO CTYyIIEHIB
CHIIBH. c1a0. | CHIBH. cial. rigpoinizy
NaCl
K;S0O,
ZnS0O,
Na,CO;
NH,CH3;COO

Ipuxnagu po3s’si3aHHs

Ilpuknad 1. 1llo Take koHCcTaHTa Aucomianii? HamumiiTe Bupa3 KOHCTAHTH
mucorianii CH3COOH 1 o6uuncnite crymiab aucomiamnii 0,2 M po3uuHy
CH,COOH, sixmo K, = 1,74-107.

Po36’°sa30K. OCKITIBKY €NEKTPONTITHIHA JUCOIIIALlis — 00OPOTHHIA MPOIIEC, TO
BOHA MIJIATa€ 3aKOHY JIF0YUX Mac.

KoncranTta nmucomiarii K, — 1i¢ BigHOmICHHS JOOYTKY MOJIIPHUX
KOHLIEHTpalliii 10HIB B CTENEHsX, IO piBHI KoedillieHTaM y pIBHAHHI
JUCOIIiallii, 10 BUXITHOT MOJIIPHOT KOHIICHTPAIIi] €JICKTPOJIITY.

O1ToBa KHCIIOTa — cllabka KHCII0Ta, JUCOIIF0E 000POTHO:

CH;COOH 2 CH;COO + H'.
« _lencoo] ]
’ [CH,COOH]

Koncranta nucomiamii K, crymiHe aucomiamii o i MoJsIpHA
koHneHtpamiss Cy 3B’s3aHi CIiBBIIHOIICHHAM, SKE HAa3WBAETHCS 3aKOHOM
po3BeneHHs OcTBanbaa:

-5
oo % ~9,34.10"° 260 0,93 %.

Ilpuknad 2. OOYUCTUTH CTYIIHb AUCOMIAIii ONTOBOI KHCIOTH y PO3YHHI 3

MOJIIPHOIO KOHIeHTpaniet pedoBuan CH;COOH 0,1 MOTB/ M,

Po36’sa30x. Jlns po3B's3yBaHHs 3agadi HEOOXiAHO B3sATH 3 Tabmmmi 13,

nonaTky b 3HaueHHsI KOHCTAHTH TUCOIIIAIi{ OI[TOBOi KHCIIOTH:
K,(CH;COOH) = 1,74-10.

=174-10"
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K
a=_|=2;
Cy

-5
= [L74107 L 330,
01

Ilpuknad 3. OOYHCHITE MOJSPHY KOHIICHTpAIi0 10HIB TigporeHy i pH

0,01 M pozuauny NaOH.

Po36’a30k. I'inpokcua HATPit0 — CHIIBHA OCHOBA, B PO3BEACHOMY PO3UYMHI

skoi o = 1:

NaOH — Na* + OH,
1moab 1moab
[pu moBHi# nucomiamii 3 1 moxs NaeOH yTBOpIOIOTECS 1 MOJIB 10HIB

OH , a3 0,01 mons NaOH — 0,01 mons OH .

Momnsipaa koHueHtpaiisi [OH| = 102 MOJIB/JI, KOHIICHTpAIis 10HiB

TiIpOTeHy OOYHCIIOIOTh BUXOSYU 3 I0HHOTO JOOYTKY BOJIH:

[H*][oH]=10%,

3BifCH:

] 10 14 10714
[ OH" ] 102
pH=—-Ig (10™**) =12.

Ilpuknad 4. OGumcnmite pH 0,001 M posumny NH,OH, xkoncranta

nqucorianii sxkoro K, = 1,8 10°.

Po36’sa30k. PO34MH TIiIPOKCHIY aMOHII0 — CIIa0KUil CIEKTPOJIT, SKU

JIMCOLIIOE B HE3HAUHII Mipi, 000POTHO:

NH,OH 2 NH," + OH<.
Crymiae aucomiamii ciabKoro eNeKTPOIITY OOYHCITIOETHCS 3TiTHO
3aKk0oHY po3BesieHHs OcTBaNIbA!

-5
oo [Ko_ 18107,
C,, 10

3 piBHSHHS qucoIiiamii ciiaye, mo 3 1 Mojb ¢1abKoro eaeKTposiTy
NH,OH yrBoproetbess oo Monb ionis NH," i o mons iomis OH’; Toni 3
Cwm Mons NH,OH yTBoputscst Cy-a ioniB NH," i Cya ionis OH .

MorsipHa KoHIEeHTpanis ioHiB OH ckilajiae:

[OH]= Cyra= 0,001-0,134=1,34-10"* mos/11.
MomnsipHa KOHIICHTpAIIiS 10HiB H* cknanae:
14 —14
e
[ OH ] T134.10
pH=—Ilg (7,46-10") =1013.

[H* =10"*monb/1,

=7,46-10" " mombp/m.
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3aBaaHHA 119 CAMOKOHTPOJIS
1. KoncranTra mucomianii macmsaroi kucinotu CzH,COOH nopiBHIOE

10.
11.

12.

13.

14.

15.

16.

17.

18.

1,5 10°°. O6uucauTH cTymius ii qucomianii B 0,005 M po3uuHi.
3HaiiT cTymiHe aucoriamnii rimoxmoputraoi kuciotu HCIO B 0,2 H
pO3UuHi.

Cryninp amcouiauii mypammzoi kucnmothn HCOOH B 0,2 H
po3uuHi nopiBHOoe 0,03. Bu3HAYMTH KOHCTaHTY JAMCOLIAIi
KHCJIOTH.

Cryninp auconianii kapoonatnoi kucimotd H,COjz 3a mepumm
cryneieM B 0,1 H pos3umHi mnopiBHIOE 2,11-10%. OGuncnurn
KOHCTaHTY JAHCOMiaIii Kél )

[Tpu skiii KOHLEHTpAaLil PO34YMHY CTYHIHb AUCOI{AIil HITPUTHOI
kuciotu HNO, Oyne nopisutoBaru 0,2?

B 0,1 H po3uuHi cTymiap mucormiarmii orToBoi KUCIOTH JOPIBHIOE
1,32:107. Tlpu skiii koHueHTpanii HitpuTHOI Knciaotn HNO, fi
CTYIIiHB Iucoriamii Oyae Taka cama?

Ckimekn Bomu moTpiOHO momate mo 300 mm 0,2 M po3umHy
OIITOBOI KUCIIOTH, 00 CTYIiHb JUCOMiallii KHCIOTH HOIBOIBCS?
Yomy nopiBHIOE KoHLeHTpaiis ionis [H'] y BoaHoMy posumHi
mypamuHoi kucnotu HCOOH, sxmo o = 0,03?

O6uuciuty [H] B 0,02 M posumni CcynbdiTHOI KHCIOTH.
Jluconiani€ero KMCIOTH 3a IPYTUM CTYIIEHEM 3HEXTYBAaTH.
OGuucutu [H'], [HSe] 1 [Se?] B 0,05 M posuuni H,Se.

B 1 1 0,01 M po3unHy ouUTOBOi KHCJIOTH MiCTHTBCS 6,26-10%" ii
MOJIEKYJI Ta 10HIB. BU3HAYHTH CTYIiHB AUCOMIAII.

3HaiiTH MoJApHY KOHIeHTpalito ioHis H' B BOJHMX po3uMHAX, B
SIKMX KOHIICHTpALis TiIpOKCHI-I0HIB (B MOJB/T) mHopiBHIOE: 1) 10
4 2)3,2:10%3) 7.4-10™.

3HaiiTi MOJSIpHY KOHIeHTpaliro ioHiB OH B BogHHX po3unHaXx, B
SIKUX KOHIICHTpAIlisl 10HIB H* (8 Momw/m) mopiBHIOE: 1) 10'3;
2)6,5-10% 3)1,4-10°°.

O6uuciut pH posumuis, B fAKUX KoHIeHTpamis iowis H' (B
Moitb/11) mopiBrioe 1) 2:107;2) 8,1-107; 3) 2,7-107™.

O6uncnutn pH po3umHiB, B Akux KoHIeHTpamis ioHiB OH (B
MoJ1b/1T) opiBrioe 1) 4,6:10;2) 5-10°;3) 9,3-10°.

O6uncmutn pH 0,01 H po3umHy OLTOBOI KHCIIOTH, B SKOMY
CTYHiHB aucolianii kucnoru nopisaioe 0,042.

Buznauntn pH posumny, B 1 x sikoro mictutsest 0,1 T NaOH.
Jucormialtito JIyry BBa)KaTH MOBHOIO.

Busnauntu [H'] i [OH'] B po3uusi, pH sixoro popisHioe 6,2.
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19. O6uncmutn pH HactymHmx cnmabkux exekrponitis: 1) 0,02 M
NH,OH; 2) 0,1 M HCN; 3) 0,06 H HCOOH; 4) 0,01 M
CH3;COOH.
20. Yomy nopiBHIOE KOHIIGHTpAIlil PO3YMHY OITOBOi KucioTw, pH

21.

22.

23.

24.

25.

26.

217.

SIKOT'O CTAHOBHTH 5,27

O6Guucnut Macy ocamxy AQCl, skuif BUOIUTHTECS TIpH 3MilTyBaHHI
100 ma1 NaCl konmentrpamiero 0,5 moms/m i 50 mm AgNO;
koHueHrpartieto 0,1 Monb/.

Yu Bumage B ocan Oapii cynb(ar mnpH JoJaBaHHI PO3UYHHY
cynabdaTHoi kucimotH o0’emom 100 M3 3  KOHIEHTpaLi€ro
0,2 Monb/n 10 po3umHy Oapiii XJIOpHIY Takoro X o00’eMy, 3
HOPMaJIbHOIO KOHIeHTpauieto po3unny 0,02 monb/n? JloOaBieHa
KUTBKICTh ~ cynmb(haTHOI ~ KHUCIOTH €  CKBIBAJICHTHOI YU
HaJUIHIIKOBOIO?

Yu Bumage B ocan mwnomoym(Il) cymsdar (PbSO,), skiro mxo 1
po3unHy cymbdpaTHOI KHCiHoTH 3 KoHmeHtpamiero 0,001 mMoxp/n
nonatu crionyky Pb(NO3),, 3 konuenrpamiero 0,0002 mosb/n?

Un yTBOPIOETHCS OCal, TMpPH 3MilTyBaHI pIBHUX 00’eMiB
nacuueHoro posumny CaSO,; 3 posumbom (NH,),C,0; 3
koHieHntparieto 0,0248 r/n?

Cepen HaBeleHHMX COJISil BKasaTu Ti, IO HE TiApPOJI3YIOTh, a JUIs
TUX, IO TiAPOJI3yI0Th, BKazatu Tum Tigponizy: K,SO,4 Na,Se,
BaS, RbNO;, LiCl, NH4NO;, ZnCl,, K,SO; NazPO, KCIO;,
HCOOK, NH,CIO,, NaClO,, KBrO, Ca(ClO),, CuSO,,
KAI(SO,),, (NH,),Fe(S0,),, CaCl(ClO), CrCI)NO;,,
Sr(CH3COO0),, Bi(NO3)s, (NH,),SO,4, Fe(CH3;COO);, AISO,NO3?
Hanwcatu piBHSHHA TigpoJli3y B 10HHO-MOJEKYISpHIA (opMi st
oHi€T 13 coeit.

Hanmmite piBHAHHA Tigpomidy B MOJIEKYISIPHIA Ta 10HHO-
MOJIEKYJISIpHiiT hopMi 1o KoskHOMY creneHto st cojeld: 1) CuSOy,
2) FeClz, 3) NazPO,.

SIki 13 mepepaxoBaHMX HWXKYE COJed MiIJAIThCs TiIpoIizy:
NaCN, KNO;, KOClI, NaNQO,, CH;COONH,, CaC|2, NaC|O4,
HCOOK, KBr? Jlast kokHOT i3 COJICH, 110 TiapoJIi3ye, HAMKUCaTH
PIBHSHHS peakmid Tigpoiizy B 10HHO-MOJNEKYISApHIH ¢opmi Ta
BKaszatu pH 11 BOgHOTO po3uuHy.
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Jlabopamopna poooma Ne9. OxucHO-BiHOBHI peakuii

KopoTtki Teoperuuni Bizomocri

XiMiyHI peakmii, B XOHi SKHX 3MIHIOIOTBCS CTYIEHI OKHCHEHHS
€IIEMEHTIB y CIIOJYKaX, HA3WBAIOTHCS OKHCHO-BiTHOBHUMH peaKUisiMu.

CTyniHb OKHMCHEHHS — YMOBHHH 3apsi]l aTroMa ejeMeHTa B CIIOJIyKax,
SIKUH OOYHCITIOIOTH, JOITYCKAIOUH, 110 BC1 CIIOJIYKH CKJIQIAIOTHCS 3 10HIB.

[TpaBuna 00UKCIICHHS CTYIICHS OKMCHEHHS

1. CrymiHb OKHUCHEHHs €JeMEHTa B IPOCTHUX PEYOBHHAX JOPIBHIOE
HYJII0, HANIPUKIIA], H', 0,°,3° Fe’.

2. Cryninp okucHeHHs ['imporeny B cnomykax +1, a Okcureny — 2,
HATIpUKIA], H2+1SO4'2.

3. Bummil cTymiHb OKHCHEHHS eJIEMEeHTa, SK IPaBWIIO, JOPIBHIOE
HOMepy rpymu. EneMeHTH — MeTain y CHoJyKaX MaroTh JIMIIE HO3UTHUBHI
CTYIICHI OKUCHECHHS.

4. EneMeHTH —HEMeTalu, KpiM IO3UTHBHHMX, MArOTh 1 HEraTHBHI
CTyIleHI OKHCHEHHs . MIiHIMaJdbHUN HETaTHBHUN CTYHiHb OKHUCHEHHS
eneMeHTa-Hemetasa gopieuioe (Ne rpymi — 8).

5. Cyma CTyIeHIB OKMCHEHHs BCiX aToMiB a00 10HIB, IO BXOIATH 0
CKJIaJly CIIOJYKH, JOPIBHIOE HYIIIO.

CyMa cTyIieHiB OKHCHEHHS BCIX aTOMIB B CKJIaJli i0HA IOPIBHIOE 3apsiay

ioHa.
KvFanXO4-2 (SXO4-2)2-
+1+x-24=0 X—24=-2
X=+7 X=+6

Peakmiss OKMCHEHHS — TMpoIleC BiAgadi €JICKTPOHIB 3 ITiJBUINCHHIM
CTYIEHS! OKUCHEHHSI.

OKHCHHK — eJIEMEHT, SIKUi y Tpolieci peakuii npuiiMae eJIeKTpoHH, IIpH
LOMY CTYITiHb OKHCHEHHS 3MEHILYEThCSI.

Peaxiiss BiZHOBJIEHHST — TIPOLIEC IIPHEJHAHHS  EJNEKTPOHIB 13
3MEHILICHHSM CTYIEHS OKUCHEHHSI.

BiIHOBHUK — €I€MEHT, SIKMI B MPOIIECi peaKilii BiAmae eneKTpOHH, IIPH
LOMY CTYIIiHb OKHCHEHHS IIiIBUIITYETHCS.

PiBHSIHHSI OKHMCHO-BITHOBHHMX pEaKIii CKJIaJaloTh , KOPHUCTYIOUHCH
MIPaBUJIOM €JIEKTPOHHOTO OaJIaHCy:

KiJIBKICTh €JIeKTPOHIB, SKi Bijytae atoMm (i0H, MOJIEKyJa) BiJHOBHHKA,
MIOBUHHA JIOPIBHIOBATH KINBKOCTI €JIEKTPOHIB, SIKI IIPUETHYIOTh YaCTHHKHU
OKHCHHKA.
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BusnaueHHs KOeQillieHTIB B PIBHAHHSAX OKHCHO-BITHOBHUX peaKIiit
METOJIOM eJIEKTPOHHOTO OalaHcy.

H,S + KMnO,4 + H,SO4 — S + MnSO, + K,SO4 + H,O

BusnragaeMo cTyrnieHi OKHCHEHHS €JICMEHTIB:

H,"S2 + K™'Mn*"0,% + H*,5"°07%, — §° + Mn*?s*°0%, + K*',5*°0%,

+H",07?

BuninsemMo eleMeHTH, Kl 3MIHUIH CTYIiHb OKUCHCHHS:

H;ﬁ + K+1M04—2 + H+128+60—24 N S_O + MS+60—24 + K+1ZS+60—24

+ H+1ZO-2

CkJ1aiaeMo eNeKTPOHHI PIBHSHHS JUIsl €IEMEHTIB, SIKi 3MIHHUJIM CTYIiHb
OKHCHEHHS:

§?-26 &

Mn*" + 5¢ — Mn*?

BusHagaeMo elleMEHTH: BiHOBHHK, OKHCHHUK, PEAKIiF0 OKHCHEHHS i
BITHOBJICHHS:

BigHoBHUK S?- 26 — S° — okucHenus

Oxucuuk  Mn*’ + 56 — Mn*? — BITHOBJICHHS.

3anucyemMo KiJbKiCTh €IeKTPOHIB B peakIlii OKUCHEHHS 1 BiTHOBJICHHS:

§?-26 & 2

Mn*" + 56 - Mn*? | 5

3H2axo,unM0 %nim)He KpaTHE IUX YUCET:

S%-26—S 2 ‘ 10

7, &5 2
Mn*" + 56 — Mn* 5
JimuMmo crminbHe KpaTHE Ha KUIBKICTh CIIEKTPOHIB, TP IIHOMY
0JIepP>KyeMO KOe(illieHTH MIPH BiTHOBHUKY i OKHCHUKY

§?-26—9° 2 5

Mn*" + 5¢ — Mn*? 5 2

CraBUMO I1i KOe(iIlieHTH B JTiBill YaCTHHI pIBHIHHSI:

5H,''s? +2K™Mn"'0,? + H",8"07% — §° + Mn'’s"07% +

K+1ZS+60-24 + H+120—2

3piBHIOEMO YHCIIO aTOMIB, SIKI 3MIHWJIM CTYIEHI OKUCHEHHs, B MpaBiii
YaCTHHI PIBHSHHSL:

5H,S + 2KMnO, + H,SO, — 5S + 2MnSO, + K;SO, + H,0

3piBHIOEMO HYHCIIO AaTOMiB, IO HE 3MIHWJIN CTYNEHI OKHCHEHHS
(mepenocranHio uepry npu ['izporeni, B ocranHio — npu OKCUreHi):

5H,S + 2KMnO, + 3H,50, — 5S + 2MnSO, + K,S0O, +8H,0

‘10

EKCHepI/IMeHTaJIBHa YacTHHA

Ilpunadu ma peaxkmueu: npodipku; posunan: KMnO, 0,5H, H,SO,
2H, NaOH 2H, K,SO; kpucraniyauii.
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Hocnio Nel OxucHi BI1acTUBOCTI Kadiii mepMaHraHaTy B 3aJ1€5KHOCTI
B 3aJie;kHOCTi Bin pH cepenoBumia

B tpu nmpobipku nmomictite no 2-3 xparuti pozunay KMnO, 1 goxatite: B
niepiry npodipky — 2 kparmii po3unHy H,SO,, B IpyTy — CTUTBKH K PO3UHHY
NaOH, B Tperto — auctunboBaHoi Boau. B KkoxHy mpoOipKy BHeciTh Ha
KiHunky mmarens mo kpynuHii K,SOjz; i mepemimmaiite. Sk 3MiHHUTBCS
3abapBiieHHS B KOXHIN 1poOipii? Maiite Ha yBa3i, o crioryku MaHrany 3
PI3HMMH CTYINEHSMH OKHCHEHHS MAaloTh XapakTepHe 3a0apBiICHHS: 10H
MnO, - dionerouii, Mn?* — MPaKTUYHO Oe30apBHUM, 10H MnO,> —
seneHuii, miokcua MnO, — Malopo3ddMHHA CHoJyKa Oyporo KOJIbopy.
Cknanite piBHAHHSA peaknii 3a ydactio KMnO, i K,SO; B kwmcmomy,
JY>)KHOMY 1 HEHTpaJbHOMY CepeOBHIIAX, BU3HAYTE OKHUCHHK i BiTHOBHUK.
o sxux cTyneHiB okucHeHHs BigHOBMOeThcst KMNO, pu pH < 7?7 pH =
7?pH>T1?

Ipukaaam po3B’si3aHHsA

Ilpuxnad 1. MetonoM HamiBpeakuii po3TaBTe Koe(illieHTH Ta BHU3HAUTE
MOXKITMBICTB Mepediry Takoi peakiii 3a CTaHIapTHUX YMOB:
KI+ KMnO, + H2804 =L+ MnSO4 + K2504 + H,0.

Po36’a30k. CxilalacMo 10HHI CXEMH TPOLECIB OKUCHEHHS Ta BiJHOBJICHHS,
YpiBHIOEMO peakmito. J{Is BH3HAYeHHS HAIMpPSIMKY Tepediry OKHCHO-
BiTHOBHOI peakmii y gomatky b, Tabmwmms 16 3HaXommmo cTaHAapTHI
eJIEKTpOoAHI ToTeHmiamu Ta obuucmoemo EPC peakmii 3a cTaHmapTHHX
YMOB, TIiICYMOBYIOUYH CTAHIAPTHI €ICKTPOIHI IIOTCHIIATH HaITiBpEaKIiii.

20 -2=1, | 5 0.°=-0,54B

MnO, + 8H' + 5¢=Mn* + 4H,0 | 2 9, =+151B

10T + 2MnOy + 16H" = 51, + 2Mn** + 8H,0; ¢° = 1 "+¢,° = 0,97B.

Y MonexyispHii Gpopmi piBHSIHHS MaTUMe TaKHH BUIJISA:

10KI + 2KMnOy4 + 8H,SO,4 = 51, + 2MnSO, + 6K,S0, + 8H,0.

Koncranta piBHOBarW 1i€i peakuii 3a CTaHAAPTHUX YMOB
K = 1QnE70:0% Oyne 3HayHO Oimbmioro Bix oaumHuii. OTXe, piBHOBara
3MimeHa B O6iK yTBOPEHHS MPOIYKTIB PeaKIlii.
Ipuknao 2. Cknanite piBHAHHI OKHCHO-BIIHOBHOI peaKiiii:

KMnQ, + Na,SO, +H,SO, - MnSO, +Na,SO, +...:
1 YpIBHSIMTE METO/IOM EJIEKTPOHOTO OaaHcy.
Po36’°a30K.
1. BusHayaemMo cTyIieHi OKUCHEHHSI €IEMEHTIB:
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KMnO, + Na,SO, +H,50, - MnSO, + Na,SO, +...
e e —
+1+x-2-4=0  +1-2+x-2-3=0 +x-2=0 +1:2+x-2-4=0

2. Bwu3HauaeMO OKHCHHK, BiJJHOBHHUK, CKIJIQJIa€EMO EJIECKTPOHHI

PIBHSIHHSI IIPOLIECIB OKMCHEHHS 1 BITHOBJICHHSI.
Mn* 3HAXOOUTLCS B BHILNOMY CTYIIEHI OKHCIEHHA +7, BIH —
b
okuCHHK; S™ 3HAXOIUTECS B NPOMIKHOMY CTYIEHI OKHCICHHS +4, BOHA —
BIJHOBHHK.
Oxucruk  Mn*7 + 56 — Mn*? BITHOBJICHHS.
BigHoBHHK S _ 26— §* OKHCHEHHS.

3. 3a MeTomoM eNeKTPOHHOTO OajaHcy mindmpaeMo KoedimieHTH
mepesl OKHCHUKOM 1 BIZHOBHHKOM: YHCIO €JCKTPOHIB, MNPHHHATHX
OKHCHHKOM, TIOBUHHO [OpPIBHIOBAaTH YHWCIy €JIEKTPOHIB, BiJJIaHUX
BITHOBHUKOM.

+7 = +2
Mn™" + 5¢ — Mn 2
§*-26—8" 5
4. 3anucyemo Koe(illieHT 2 mepes CHoykaMH, o MicTate Mn*
2 .l . 4 .
Mn*?, koediuienr 5 mepex crmonykamu, mo Mictste S i S B oGox
YaCcTHHAX PIBHSIHHS:
2KMnQ, +5Na,SO, +H,SO, —» 2MnSO, +5Na,SO, +...

5. Jlonucyemo B 1ipaBiii 4acTHHI GOpMYIIH PEHOBHH, SIKUX HEBUCTAYAE.
Skmio B mpasiii yactuHi HeBUcTayae atomiB H abo O, To nuiyts Gopmyiy
Boan. bamaHCyeMo KiNBKICTH aTOMIB BCiX €JlEMEHTIB B 000X dYacTHHax
PIBHSIHHS:

2KMnQ, +5Na,S0, + H,SO, —» 2MnSO, +5Na,SO, + K,SO, +3H,0.
L5 peakiis HaJeKUTb A0 MIKMOJICKYJISIPHHX OKHCHO-BiJHOBHHX
PeaxIiiif, TOMy 10 OKHCHUK 1 BiTHOBHHK — Pi3Hi pEYOBUHH.

o]

7 .
1

3aBaaHHA 1J151 CAMOKOHTOPOJIS

1. KopucTyrounch NpaBWIOM eIEKTPOHHOTO OallaHCy YpPiBHATH
PIBHSHHS ~ OKHCHO-BiTHOBHHX peakIliii, BU3HAYUTH OKHCHUK 1
BIJITHOBHHUK, BKa3aTH MPOLIECH OKHCHEHHS Ta BIJHOBJIEHHA ¥ THII
peaxiii:

1) HClO, — CIO, + HCIO, +H,0;

2) KCIO, — 0, +KCl

3) 1, +H,0, - HIO, +H,0;

4) AgNO, — Ag+NO, +0,;

5) HCI+MnO, — MnCl, +Cl, +H,0;

6) H,S+HNO, —S+NO, +H,0;

7) As,S, + HNO, + H,0 — H,AsO, + H,S0, + NO;
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8) Zn+KOH+H,0 — K, [Zn(OH), |+ H,;

9) H,S+KMnO, + HCl —S+MnCl, + KCl+H,0;

10) NH,NO, — N,0+H,0;

11) H,MnO, —HMnO, + MnO, +H,0;

12) cl, + KOH— KCIO, + KCI+H,0;

13) FeS, +0, —Fe,0,+S0,;

14) ¢,H,0H+KMnO, — CH,COOK +MnO, + H,0+KOH;

15) Zn+HNO, — N, +Zn(NO,), +H,0;

16) Mgl, +H,0, +H,S0, — 1, +MgSO, +H,0;

17) NH,NO, — N, + H,0;

18) s0, +HCIO, +H,0 — HCI+H,S0,;

19) NaNO, + KMnO, +H,SO, — NaNO, + MnSO, +
+K,SO, +H,0.

20) NaBr+MnO, +H,S0, —MnSO, + Na,SO, +Br, + H,0;

21) H,80,+Cl, +H,0 — H,SO, +HClI;

22) KNO, +KI+H,S0, — NO+1, +K,S0, +H,0;

23) Na,SO, +K,Cr,0; +H,80, — Cr,(SO,), + Na,So, +
+K,SO, +H,0;

24) HI0,+H,0, > 1,+0, +H,0;

25) NO, + KMnO, +H,0 — KNO, + MnO, + HNO;;

26) MnSO, +PbO, +HNO, — HMnO, +Pb(NO, ), + PbSO, +H,0;

27) FeSO, +HNO, +H,S0, — Fe,(SO,), + NO+H,0;

27) Cu+H,SO, —CuSO, +S0, +H,0;

28) KNO, +KMnO, +H,0 — KNO, +Mn0O, + HNO;;

29) H,S+HCIO —S+HCI+H,0;

30) Al+HNO, — AI(NO, ), + NH,NO, +H,0;

2. lonuiiTh piBHSHHS OKHCHO-BITHOBHUX PEAaKIIii, BU3HAYTE OKUCHHUK
i BiTHOBHHUK, BKaXITh IPOIECH OKHCHCHHS Ta BINHOBICHHS W THI
peaxiii; ypiBHSTE piBHSIHHS METO/IOM €JIEKTPOHHOTO OanaHcy:

1) KCIO+KI+H,S0, - KCl+1, +K,S0, +...;
2) KBIO, +HCl— BiCl, +Cl, +...;

3) KCIO, +KNO, —KCl+.. ;

4) KCIO+KI+H,0 > KCl+1, +...;
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5) FeSO, +HNO, +H,S0, — Fe,(S0,), + NO+...;
6) Zn+HNO, > N, +...;

7) Mg+HNO, — NH,NO, +...;

8) H,S+H,0, >H,S0, +...;

9) s+ HNO,—H,SO,+ NO+..;

10) ca(OH), +Cl, — Ca(OCI)Cl +...;

11) ca(OH), +1, —»Ca(10,), +...;

12) H,MnO, - HMNO, + MnO, +...;

13) HCIO+H,0, - HCl+.. ;

14) PH, +KMnO, +H,S0, - H,PO, +...;
15) NaBr+NaBrO, +H,S0, — Br, +...;

16) Cu,S+HNO, - NO+...;

17) Ni(OH), + HCl > Cl, +.. ;

18) Mgl, +H,0, +H,S0, —...;

19) KMnO, + MnSO, + H,0 —MnO, +...;
20) Mn(OH), +Cl, + KOH—>MnO, +...;
21) MnO, +0, + KOH— K,MnO, +...;

22) FeSO, +Br, +H,S0, —...;

Jonuiiith Ta ypiBHSNTE Ti pIBHSAHHSA, B SIKHX OKHCHHKOM €
KOHILICHTPOBaHa HiTpaTHa KUCIOTa!

1) C+HNO, »CO, +..;

2) sb+HNO, —> HSbO, +...;

3) Bi+HNO, - Bi(NO,), +...;

4) PbS+HNO, —PbSO, + NO, +...;

Jonuinith Ta ypiBHSNTE Ti pIBHSAHHS, B SIKHX OKHCHHKOM €
KOHIIEHTPOBAaHa CyJIb(paTHA KUCIOTA:

1) HBr+H,S0, > Br, +...; 3) Mg+H,SO, ->MgSO, +...;
2) S+H,S0, »S0, +...;

64




Kuromupcbka MinicTepcTBo 0CBiTH | HAyKH YKpaiHu
MoJIiTeXHiKa Jep:xaBHuii yHiBepcuTteT «KHTOMHPCHKA NOJTiTEXHIKAa»

Jlabopamopna poooma Ne 10. Enexrpoximiuni npouecu

KopoTtki Teoperuuni Bizomocri

EnkTpoxiMidHUMH TIpOIleCaMH HAa3WBAIOTh OKHUCHO-BIIHOBHI peakxiiii,
sIKi BiOYBalOTBCS B po3unMHaxX abo po3IUiaBax eNeKTPOJITIB Ha MOBEPXHI
CJICKTPO/IIiB 1 CYMPOBO/DKYIOThCS a00 IMOSIBOIO B CHCTEMI CICKTPUYHOTO
CTpyMy, a00 BiIOyBarOThCS MpH TiJBEAEHHI CTPYMY BiJ 30BHIIIHBOTO
JpKeperna.

Enextpon — ne miactuHka 3 Merany, rpadity abo iHIIOro marepiany,
SKHH Ma€ eJNeKTPUYHYy IPOBIJHICTH 1 OIylieHa B po3yuH abo posIuiaB
€JICKTPOJTITA.

Pi3HHIIT TOTEHIIANMiB HA MEXi PO3IUTY METal-pO3YHH EJNEKTPONITY
Ha3MBAKOThCS CIEKTPOAHMM MoTeHUianoM (¢). EnexrpomHoMy moTeHmiary
NPUAHATO NPHIHMCYBATH TOM 3HAK, SKWIl BUHUKAE Ha MOBEPXHI METaly B
MTOIBIHHOMY €JIEKTPHUIHOMY IIapi.

EnexTpomHnii MOTEHIIAN METATY 3aJIeKHUTh BiJl HACTYITHUX (PaKTOPiB:

1) mpupoau MeTaly, Sika BU3HAYAETHCS BEIMYMHOIO HOro CTaHAapTHOTO
€JICKTPOHOTO MaTepiany q)OM@/Me,ﬁ;

2) temneparypu 7,

3) 3apsiny ioHA METany #;

4) Bing axkTUBHOCTI (MOJIIPHOI KOHIEHTpauii) 10HIB €JIeKTpoIsiTa B
po3umHi. L5 3anexHicTh BUpaxaeTbes piBHIHHSIM HepHera:

R

(/)M/Me,wr wMeMA/| Nt In a

ExcnepumeHTaIbHA YaCTHHA

Ilpunadu ma peaxmugu: BOILTMETP; IalbBAHOMETP; BUIIPSIMIIAY;
crakauu Ha 100 MUI; TUIACTMHHM 3 Mifl, IUHKY, 3aji3a; MigHa JIPOTHHA,
SNIEKTPONITUUHUNA KJIFOY; TpaHyldd LWHKY; CMYXKH OLIMHKOBAHOTO 1
nypkenoro 3amiza 1x10 cm; rpadirosi emextpoau; pozuunu: CuSO,, 1M;
FeSQO,4, 1M; ZnSO,4, 1M; Kj[Fe(CN)e¢], 0,5H; KI, 0,5H; Na,SO,, 0,5H;
Kkpoxmaib, 0,5%; denondranein; yHiBepcalbHUN 1HAUKATOPHUI Harip.

Jocnio Nel l'aabBaniuni enementu Janiens-SAxo6i

B crakan 3 IM pos3unny ZnSO, omycTiTh 3a4MIIEHy HAXKIAYHUM
rarnepoMm i MPOMHUTY AMCTHIBOBAHOIO BOJIOIO IIMHKOBY IIJIACTHHKY; B APYTUi
crakad 3 1M pozunHom FeSO, onycTiTh aHAJIOTIYHO MiJrOTOBICHY 3aJi3HY
IUTACTHHKY. 3’€IHalTe CTaKaHU EJIEKTPOXIMIYHUM KIIFOYEM, a €JIEKTPOJIH —
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MPOBITHUKaMU 3 BoIbTMeTpoM. Crmoctepiraiite BIIXWIEHHS CTPUIKA
mpuiaxy. 3aMiHITh [HHKOBHH  €IEKTPOA MPUTOTOBICHHM  MIiIHUM
€IIEKTPOIOM. B AKy CTOpOHY BiAXWIMIACH CTPiJIKa BOJBTMETpa? 3aMiHITh
TIOCTITOBHICTD 3’ €THAHHS €IIEKTPOMIB 3 BOIIETMETPOM.

Hamumrite cXeMH IMHK-3aJII3HOTO 1 3alli30-MIZHOTO TrajlbBaHIYHUX
€IIEMEHTIB, BKaXITh aHOJ, KaToJ. B sKOMy Hamps MKy NepeMillylOThCS
EJISKTPOHH B 30BHIIIHHOMY JIAHLIOTY LUX ejleMeHTiB? Hanumite piBHSAHHS
peakuii Ha eJIEKTpOoJax eJIEMEHTIB, CyMapHi piBHSIHHS peakuii. B 3HalmiTh
TaOJIMYHI 3HAYCHHS CTAHJAPTHHUX EJEKTPOJHHMX IOTCHLIAIIB METalliB i
00YHCITITh CTaHAAPTHY HAIPYTY IHX TaIbBaHIYHUX €JIEMEHTIB.

Locnio Ne2 lanbBaniunmii esieMeHT BoJibTa (KOHTaKTHA
eJIeKTPOXiMiuHa KOpo3isi MeTaJliB)

B npoGipky Habepite 1 M pozunny H,SO,, possenits 1-1,5 M Boaw i
MIOMICTITh TpaHyNmy NUHKY. CroctepiraiiTe moBiTbHE BUAUICHHS BOJHIO Ha
MTOBEPXHI MeTalry (Kopo3ist HHHKY). OMyCTiTh B pO3YHMH KHUCIOTH 3aYHIICHY
MigHy JOpoTmHy. YW BHTiCHAE Migp BomeHb 3 posumHy H,SO,?
JIOTOPKHITBCS IPOTHUHOIO 110 Tpanyiu 1uHKy. [1{o BinOyBaeThcs?

CkiamiTh cXeMy KOpPO3IMHOrO  MIKpOTaJIbBaHIYHOTO  €JIEMEHTa,
HaNUIIITh PIBHAHHS peakliil Ha enekTpojax. YoMy mpu KOHTaKTI LUHKY 1
Mii B PO3YHMHI KHCIOTH BOJCHb BHAISIETRCS HAa TMOBEPXHI Mimi, a
HIBUJKICTh KOPO3il UHKY 3pocTae?

Hocnio Ne2 Kopo3sist 0lilUHKOBAHOIO i JIyAKEeHOr0 3aJ1i3a

B nBi ipo06ipku mo 0,5 M pozuuny H,SO,, nomaiite 5 M Boam i 2-3
kpami posunny Ks[Fe(CN)e], sikwmii € uyTmiBiM peaktiBoM Ha iorn Fe ** i
Zn %, B mepmy npoGipKy IOMICTiTh CMYKKy OIMHKOBAHOTO 3ali3a, a B
Jpyry — ny/pkeHoro. CrioctepiraiiTe HosiBy )KOBTOTO 3a0apBJICHHS B MepIiii
npobipui BHacHigok yrBopeHHs Komiuiekcy Zng[Fe(CN)gl, i cunboro B
JpyTiii — 3a paxyHok Komiuiekcy Fe [Fe(CN)g]o.

Hamuuiith  cXeMu MIKpOKOPO3IMHOIO — IMHK-3aJII3HOTO 1 3aii3o-
0JIOB’SIHOTO r'ajibBaHIYHOTO esieMeHTiB B po3uuHi H,SOy 1 piBHsAHHS peakiii
IIpU TIOPYIIEHHI HOKPHUTTIB. 3p0OiTh BHCHOBOK IPO 3aXHCHY 3JaTHICTh
LIMHKOBOTO 1 JIyJPKEHOT'O IMTOKPUTTIB HA 3aJi3i.

Hocnio Ne3 Esextpouis Bognoro posuuny Kl 3 inepranmn
eJIeKTPOAAMH
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B U-nioni6ny TpyOKy Hanuiite Ha % ii Bucotn po3unHy Kl i momicTite
B obuaBa KojiHa TpadiTOBi eIEeKTPOAM, BCTABIEHI B TYMOBI MPOOKH.
3’eqHaiiTe TPOBIMHUKAMH EIEKTPOI-KAaTOM 3 KJIEMOK (-) BHIpSIMIIAYA, a
agox — 3 kiemoro (+). B mpuxaromHumit po3zumH nomaiite 5-6 Kkpamens
¢eHondraneiny, a B NPHAHOAHWUN — CTUIBKH X PO3YHHY KPOXMAIIO.
Brurto9iTe BUIIPSAMIITY, TIOZAI0YN Ha EIEKTPOIM PI3HHUITIO MOTEHIianiB ~2B.
Cnocrepiraiite BunineHHs Oynpbamok rasy (skoro?) Ha HOBepXHI kaToza i
3MiHYy 3a0apBICHHS PO3YHHIB 011 NCKTPOIB (YOMy?).

Hanuite piBHSHHS peakiiif Ha eleKTpoJax, CKIaAiTh CyMapHe
PIBHSIHHSI €JIEKTPOJII3Y.

Ipuxaaau po3Bsa3aHHs

Ilpuxnao 1. 3a faHUMU CTAHJIAPTHUX EIEKTPOIHUX ITOTEHIIATIB KyNpyMy i
nuHKY pospaxyiite EPC enemenTa, ckitaieHOTO 3 HaIliBEJIEMEHTIB:

Zn | Zn** (Cm = 0,02 M) || Cu** (Cm = 0,30 M) | Cu
Po3é’a30k: Pozpaxyemo EPC 3a piBHSIHHSIM:

Ap = @2 — @1 200 4p= ¢,~ ¢,

s RT ao/
o =¢; +—Ig( X )’
nkF 4Red

23RT  23-8,314-298

= 0,059 B.
F 96487

3HayeHHs CTaHJAPTHUX CJIICKTPOAHUX HOTeHHiaJ'IiB 3HaXo0JuMO B

JOBiTHUKY q,gy ~40337B; ¢°, =—0763A- Tak SK MiTHWHA
cu® Zn%*
HiBEJIEMEHT OLIBII EIEKTPOIIO3UTUBHUM B €JIEMEHTI KATO/I, TO:

0,059 Cep
AP =gy | 0y O

Zn?*

0,059 0,3
tg ;
2 70,02

Ap=0,337-0,763+ ¢=1,135B.

Ipuxnad 2. na peakuii Zn + 2HCl., = H, + ZnCl; (,.,) BcTaHOBITH
HaTIpaBJIEHHS peakiii B CTAaHJApTHUX yMOBax 3a JaHUMH IPO CTAaHAAPTHI
€JIEKTPO/HI TOTEHIIANN 1 JalTe CXeMy BIIMOBITHOTO EIEKTPOXiMiYHOTO
€JICMEHTA.

Po36¢’sa30k: 3amucyeMo pIBHAHHS OJHIET 3 MOXIUBUX EICKTPOIHUX
PeaKIiii:

2H' +26=H, 1)
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i BIIHIMAaEMO Horo B1J 3aralbHOTO
PiBHSHHA, 3allUCAaHOTO B i0HHIH hopMmi:

Zn+2H" =Zn* + H,

2H++2€_:H2
Zn* +2¢=7Zn* 2)
CrampmapTHI ETeKTpPOOHI MOTEHIOIANHU

erTekTponHuXx peaknii (1) i (2) 3HaxOoAHUMO B

JOBIOTHUKY 0,=0; @, = -0,763A. Tak sx (010 > (pg TO BiI PIBHAHHA

peaxiiii (1) BigHiMaemo piBHSHHS peakiii (2) i oTpuMyemo:
2H' +Zn = H, + Zn*".

3anucyeMo cxeMmy €JIeMEHTa BIAMOBIAHO J0 3HAYCHBb EJICKTPOTHHUX
MOTCHIIaIB!

Pt, Zn | ZnCl, || HCI | H, | Pt

Ilpuxnad 3. OOYMCIITH TOBIIMHY XPOMOBOTO IMOKPHUTTS Ha CTall, SIKIIO
ImiC/Is XPOMYBAHHS Maca CTalbHOI MIACTHHKH mwromero 100 cM” 3pocia Ha
3,5 r. I'ycruna xpomy p =7,19 r/em’.
Po3¢’a30k. Maca TOKpPUTTS M 3B’s3aHa 3 IUIOMICI0 S, TOBIIMHOIO i
T'YCTHHOIO XpPOMY CITiBBiTHOIICHHSM:
m=S-h-p,

3BiJIKM TOBIIMHA MTOKPHUTTS JIOPIBHIOE:

. m 35
~S.p 100-7,19
Ilpuknad 4. Ckimbkd dYacy TOTpPiOHO, MO0 TMOBHICTIO BHIUTHTH
EIIEKTPOITi30M XJIop, sikuii Mictuthes B 1 1 1 M pozunny NaCl, npu cui
ctpymy 10 A?
Po36’a30k. PiBHSHHA peakii Ha eNeKTpoax:

NaCl — | Na’ |+ |CI

HOH 2 |H" |+ | OH

.

=0,0049 fil.

karox (-) (+) anoxn
2H" +28 > H, T Cl-—g>Cl°
Na*+OH~ — NaOH 2CI° > Cl,

CymapHe piBHSHHS €JeKTPOIi3Y:
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NaCl+H,0—%2%_,0 5H, + NaOH +0,5Cl,.

B omHomy mitpi omHOMOIsipHOTO po3unny NaCl mictutees 1 Moib
comi macoro Mr(NaCl) = 58,4 r.

ExBiBanenTHa Maca xJ0py Mr ., (Cl) = 35,5 r/moib.

1 mosp NaCl mictuts 1 mons Cl.

3rigao IlI-ro 3akona dapanes, A7 BUAUICHHS CKBiBaleHTa XJIOPY
notpibuo Q = 96500 K enexkrpuku.

KinbKicTh e1eKTpuKy:

Q=17
3BiIKM 9ac, HeOOXiTHUH U1 BUAITICHHS XJIOPY, JOPIBHIOE:
r=Q_ 90500 _gqq0
| 10

Ilpuknad 5. O0UHCHITE Macy peYOBUH, SKi BHIULIOTECA Ha ENEKTPOIAX

npu enexTpodizi BogHoro posunHy NiSO4 cunoro crpymy 10 A mpoTsirom

2,5 rox. i mpu BUXozi 1o cTpymy 98%.

Po36'a30xk. PiBHAHHS peaxIliii Ha eNeKTpoIax:
NiSO,— [Ni** | +[SO,~
HOH= | H' |+ OH

karoz(-) (+)anox
Ni** + 2¢ — Ni° 20H - 46 > O, + 2H"
ZHJr + 5042_ — H2504
CyMapHe piBHSIHHS €JIEKTPOIi3Y :
NiSO, + H,0 —E1%%L; Ni + 0,50, + H,SO,.
3rigHo 1-ro 3akony dapajes, Maca peYOBUHHM M, SIKA BUALISETHCS
Ha eJIEKTPO/Ii, MPOMOPIIifHA KITBKOCTI EICKTPUKH:

m:K~Q:K~I-r:M;
F
ne [ — cuna ctpymy, A;
T — 4ac, CeK;
Mre, — MOJSIpHa €KBiBaJICHTHA Maca PEYOBHHHM, SKa BUAUIIETBCA Ha
€JICKTPOII;

F — aucno ®@apanes, F = 96500 Kir;
K — enexkTpoximMiuHUI €KBIBaJICHT:

Mr,
K== [r/Kx]
F
MomsipHa Maca exBiBasieHTHa Hikermo:

Mr(Ni) 587
2

M(Ni) = = 29,35 r/moib.

MonspHa Maca exBiBaneHTa OKCHUTEHY:
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Mt,, (0,)=8 r/voms.

Macu PE4YOBUH, K1 MOXHa TCOPETUIHO OACPIKATH HA CICKTPpOAAX:
m(Ni) = Ml 17 2935:10-25-3600 o,
F 96500

3aBaaHHsA AJIs1 CAMOKOHTPOJISI
1. Hanumite piBHSHHS peakuid, sSKi NPOTIKalOTh B HACTYNHHUX
eJIeMEHTax:
1) Zn|ZnS0O4 || CuSO, | Cu;

2) Cu|CuCl,| AlCI;| Al
3) Pt|Cd|CdSO, || Hg,SO, | Hg | Pt

4) Ptl H, I H,SO, || H92804 | ngsO4(T) | Hg I Pt;
5) Cu, CU(OH)Z(T) I H,O I Na(OH)(p_H) | H, | Pt.
2. Sk moBuHHI OyTH CKJIaJeHi €JIeMEHTH Ta HalliBEJIEMEHTH,II00
B HHUX MPOTIKAJIN peaKLii:
1) Cd+ CuSO,=CdSO, + Cu;
2) 2Ag"+H,=2Ag+2H";
3) Ag’+1=Aglg;
4) Ag(T) + I(T) = Agl(p-n);
5) H, + Clz = 2HCI;
6) Zn+2Fe* = Zn®" + Fe**;
7) H"+OH =H,0;
8) Li+%F,=Li"+F;
9) H2 + ]/202 = HzO/
3. Pospaxyiite EPC enemenra:
Zn| zn* || Cd*" | Cd
Cu=5-10"M Cv=02M
4.  HamuuiTe piBHSHHS peakuii JJis elneMeHTa:
Pb | Pb(NOs); || AGNO; | Ag
Cu=1M Cuy=1M
O6uucunits EPC.

5. 300pa3iTh CXeMaTHMYHO TalbBAHIYHUM  E€JIEMEHT, 3aIlUIIiTh
HariBpeakIlii aHOJHOTO Ta KaTOJHOTO NpOolEciB, 00YMCIITH HOTo
EPC, sKI1I0 BiH CKJIaI€HHIHA:

1) 3 MigHOrO Ta LMHKOBOIO ENEKTPO.iB, 3aHypeHux B 1 M
PO34MHH iX cynbdaris;

2) 3i cpibuoro Ta 3amizHoro (III) enexrposis, 3anypernx B 1 M
PO3UYMHH iX HITPATIB;

3) 3 KaaMi€BOTO Ta MIJHOTO ENEKTPOJiB, 3aHypeHnx B 1 M
PO3YMHH iX XJIOPHUAIB;
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10.

11.

12.

13.

14.

15.

16.

17.

4) i3 30J0TOTO Ta KaJMIEBOTO ENEKTPOMIiB, 3aHypeHHX B 1 M
PO34YMHH iX HITPATIB;
5) 3 MarHieBOro Ta IMWHKOBOTO €JEKTPOiB, 3aHYpeHHX B 1 M
PO3UMHH iX cynb(arTis;
6) 3 aTOMIiHIEBOTO Ta OJIOB’SHOTO EIEKTPOIiB, 3aHypeHUX B 1 M
PO3YMHH iX XJIOPHIIB.
6. Tlpu enextpomnisi pozunny CuCl, Ha aroni Buminuioce 560 mi
raszy. 3HaiTH Macy Mifi, 110 BUAIINIACH HA KaTO].
OOumcnut Macy cpibia, MmO BHIUIMIOCH HAa KAaTOAI TIPHU
MIPOITyCKaHHI CTPyMy CHIIOI0 6 A 4Yepe3 po3uMH apreHTyM HiTpary
3a 30 xB.
CkinbKM 4Yacy TOTPIOHO Uil TMOBHOTO PO3KJIany 2 MoOJed BOAM
CUJIOKO CTpyMy 2 A?
Sk enekTpomiTHUHO oTpuMartd Jitiit rigpokcun (LIOH) i3 comi
nitiro? Slka KinbKicTh cTpyMy HeoOxinHa mus orpumanns 1 T LIOH?
CKJIamiTh CXeMH €JIEKTPOIHHX MPOIIECIB.
3HalTH 00’e€M KUCHIO (H.y.), SKAH BUAUTUTBCS IPH TIPOITyCKAaHHI
cTpyMy cuioro 6 A npotsirom 30 xB. uepe3 BoaHuid pozuuH KOH.
3Haiitn 00’€M BOAHIO (H.Y.), SIKHH BHUAUIMTBCS NPHU NPOINYCKaHHI
CTpyMy cuiiol0 B 3 A mpoTsaroM 1 Toj. 4epe3 BOJHHI PO3UYHH
H,SO,.
SIka KijbKiCTh CTPYMy HEOOXi/THA AJIsl BUAIJICHHS 13 PO3UHHY:!
1) 2 r BogHio;
2) 2 r xucHo?
Ipu enexrpomnizi BogHOro po3uuny Cry(SO,); cTpymMOM CHIIOO B
2 A macca karony 30utbmiack Ha 8 T. CKUIBKH 9acy TPOBOIUBCS
€IIEKTPOITi3?
Ipu enekrpomnisi BogaHoro po3uuny SNCl, Ha aHOMI BHIITUIOCH
4,48 1 xmopy (H.y.). 3HaTH Macy BHILIEHOTO Ha KaTOli OJIOBa.
3a 10 xB. i3 pO3UMHY IJIATHUHOBOI COJIi CTPYM CHJIOKO 5 A BHALUIHMB
1,517 r Pt. BuzHauntu MOJISIpHY Macy eKBiBaJICHTA IUIATHHH.
YoMy JOpIBHIOE MOJISIpPHA Maca eKBIBaJIeHTa KaJMII0, SIKIIO ISt
BUIJICHHS | T KaaMito 3 pO3UMHY HOTO COJIi HPOTIOHO MPOMYCTHTH
yepe3 po3unH 1717 K enextpuxu?
[Ipn mpoxomkeHi depe3 PO3UMH COJi TPEXBAJCHTHOTO METalIy
ctpymy cwioo 1,5 A mporarom 30 XB. Ha KaTojAl BUAIIMIOCH
1,071 r metany. OOUHCINTH aTOMHY Macy MeTaly.
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Jlabopamopna poooma Ne 11. Enementn VI rpynu  rosaoBHoi
niarpymu. Cyasgyp

TeopernuHa yacTHHa

Cynbdyp Hamexurb 10 eneMeHTiB VI rpynm rojoBHOI migrpynu
MIEPiOUIHOT CHCTEMH CJICMCHTIB.

ATOMH €NeMEHTIB T'OJIOBHOI HIArPYHH y 30BHIIIHBOMY €JIEKTPOHHOMY
mapi micTats s°p*-enexrporn. V Cynbypy BaICHTHHME MOXYTh OyTH He
mue 3S i 3p, a it 3d-op6Gitani. Tomy B pasi 36ymxeHHs atomiB Cynsdypy
BOHH MOXYTh MICTUTH JI0 IIIECTH HECTIAPCHUX CJICKTPOHIB.

Hnsa Cynedypy 3apakTepHi Taki CTyNeHI OKHUCHEHHS: —2 (cynbdimHa
kuciota, cymedinn); +4 (ocux cympdypy (IV), cymbditHa kucnora,
cynmbditn); +6 (cynbdaTHa KHCI0Ta, CyTb(paTh).

Bumict Cynshypy B 3eMHiii kopi cranosuts 5-102 Cymedyp B npupoxi
TPAIUIAETHCS Y BUIBHOMY CTaHI (caMOpoaHa cipka). Jlo HalBa)KIHBIIIHX
npupogaux croinyk Cymehypy Hamexats cynbdaru: rimaybepoBa cimb —
Na,SO4-10H,0; rinc — CaSOy4- 2H,0; cynbdian i momicynshiau — MMHKOBA
obMmanka ZnS; mimuuit 6muck — Cu,S; kinoBap — HQS; cBuHIICBHUil OIUCK
a6o ranenit — PbS, 3anizuuii komuenan abo mipur — FeS,. Benuki kinbkocTi
cynbdaTiB mepeOyBalTh Yy PO3YMHECHOMY CTaHI B MPUPOIHUX BOJaX.
Cynbdyp BXOIUTH 0 CKIa1y OLIKOBUX PEYOBHH.

I'a3 H,S omeprxyroTh mpu B3aeMoIil cyib(iIiB METaliB 3 KHCIOTAMH:

MgS + 2HCI = H,S + MgCl,

[Iponyckaroun ra3 CipKOBOAEHb Yepe3 BOAY OACPXKYHTh CyiabdiaHy
kucnoty. CynpdigHa kucinora — ciabka KHCIOTAa, y BOJHHX PO3YMHAX
JIMCOLIIFOE 3a IBOMA CTYICHAMH:

H,Se> HS + H*
HS « S* +H*

Cynbdigun meraniB 1 Ta Il rpyn po3umHHI y BOAI 1 TiApOdi3yIOTH 3
YTBOPEHHSIM JIy’)KHOTO CepeIOBHIIA:

Na,S + H,O = NaHS + NaOH.

B XiMi9HHX pIiBHAHHIX peakmii cynb(ian TpOsIBISIOTh TUIBKH BiTHOBHI
BJIACTHUBOCTI.

ExcnepuMeHTaTbHA YaCTHHA
Mpunanu ta peaktusu. [IpoGipkn muniaapuyHi. Turens ¢daphopoBuii.

Yammka ¢dapdoposa. [Tpunax nns opepxanns H,S. [punan st onepixanss
SO, ra3y. AsbecroBa citka. Ilinner. Mikpo-crakaHnuuk. DinbTpyBasbHUI
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mamip. Cipka. Migs. Cymnpdin mHatpiro. Huak. 3amizo. JlakmycoBuii mamip.
Benzon. CiupT eTHIIOBHIA.

Po3zumnu: Bry, I, H,S, Na,S, KI(O,IM), Na,SO, (O,SM), HgN03 (O,SM),
HNO; (2m), HNO3 (2m), HCI (2m), H,SO4 (2m), (NH,4),SO4 (0,5M), BaCl,
(0,5m), FeCls (0,5m), KMnO4 (0,5m), K,Cr,0; (0,5M), MnSO,4 (0,5m),
Pb(N03)2 (O,SM), AgN03 (O,IM), N32803 (O,SM), N32803 (O,SM)

Hocnio Nel BignoBHi BiacTHBOCTI cyabdinis.

Bukonanusi po6oru. B Bi mpoOipku IOMICTHTH HACTYIHI PO3YMHH: B
nepiry — 5 kpanenb KMnO, Tta 2 kparuti 2M po3unny H,SO,, y apyry —
crimeku k% K,Cr,0; Ta H,SO, . B k0okHY i3 mpoOipoK MO Kparisax JoAaTh
po3unHy Cynb(imy Kamilo M0 3MIiHH KOJNBOPY KOXXHOTO PO3YHHY Ta HOTO
MTOMYTHIHHS BHACIIIOK BUALJICHHS CipKH.

3anmuc ganmx gociixy. Hammcatn piBHAHHS BINMOBIMHUX —pEaKIiid,
BpaxoByroud, mo MnO, mepexomuts B ioH Mn 2+, Cr,04 Zp —2Cr% -
10H.

Locnio Ne2 Onep:xanns oxkcuay cyiabdypy (IV) Ta iioro po3uuHeHHs
y BOji.

Buxonanusi pogoru: IlpuroryBatu 1Bi npoOipKu: OJHY 3 PO3YHMHOM
HEWTPaIBHOTO JIAKMYCy, NOPyry — 3 AWCTWIIBOBAHOKO BOAOI0. I[Ipobipky
HanoBHUTH Ha 1/3 11 00’emy kpucramamu K,SO;, nomatu 6-8 kpamens 4H
po3unny H,SO, Ta mBHIKO 3aKpUTH KOPKOM 3 Ta30BiIBIIHOIO TPYOKOMO.
I'a3, axuil BUAITSIETHCS MPOMYCTUTH B MPOOIPKY 3 HEUTPAILHUM JIAKMYCOM
Ta IUCTHIILOBAHOIO BOJIOIO HA MPOTs3i 2 — 3 XBWIMH. SIKIIO BUAITIEHHS ra3y
MPOTIKa€ HE JIOCHTh EHEPTiiiHO, MpoOipKy obOepexkHO mimirpitu. Sk
3MIHHMBCSI KOJIp JIAKMYCY, Ha sKi BJIACTUBOCTI BOJHOTO po3uuHy SO, 1e
BKazye?

3amnc manux gocaixy. Hamwcatu piBHsSHHS peakiii oxepxkanas SO,,
Horo B3aeMoiii 3 BOJIOIO Ta CXeMY PiBHOBAard B OJlep)KaHOMY poO3uMHi. Sk
3MICTUTBCA I piBHOBAara npu J0AaBaHHi Iyry?

Hocnio Ne3 OxncHOBaIbHI  Ta BIiJHOBHI BJIACTHBOCTI CHOJIYK
Cyaedypy (IV)

Buxonannsi po6orn. B 1Bi mpoOipku, i3 SKHMX OJHA i3 pPO3UYMHOM
cynpdiny kamio, a apyra 3 HoamHoo Bojgolo (3 — 5 Kkpamemb y
JIMCTUIBOBAHIN BOJI), IOJATH IO JIEKiIbKa Kparnenib po3uuny cyabdyp (IV)
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OKCHIy Y BOJi, OIEpXXaHOTO B MOIEPEeIHbOMY Mociimi. Bimmiturth, sxi
3MiHH BiIOYyJIHCS B PO3UMHAX.

3anmuc ganux pocainy. HammcaTn piBHAHHS BIANIOBINHMX peakmiii Ta
BKa3aTH , ski BiactuBocTi mposiBisie cymbdyp (IV) okxcum B 000x
BUITA/IKaX.

Hocaing Ne4. [lerigpaTHi BJIacTHBOCTI Cy1b()aTHOI KHCIOTH.

Buxonannsi po6orun. Ha mucrouky ¢inbTpyBasibHOTO mamepy 3a
JIOIIOMOT'0I0 CKJISTHOT MaJIMYKH 3pOOHUTH HAamlMC 2H PO3YMHOM cCyibdaTHOT
kuciory. [lamip npocymmTH.

3anmuc gaHUX AOCTiAy. BiAMITHTH Ta MOSICHUTH 3MiHH, SIKi CTAIHUCh HA
manepi. SIKy BIacTHUBICTH MPOSBIIAE CyNb(aTHa KHCIOTA B IEOMY TOCTii?

Hocaix NeS. Bzaemonisi cy1b(paTHOI KUCJIOTH 3 MeTaJIaMH.
A) B3aemonist po3dasiaenoi H,SO, 3 MmeTanamu.

Buxonannsi podoru. B Tpu npoOipku BHecTH no 5 — 8 kpanenb 2H
pozunny H,SO, Ta mo kycouky MmeraniB: B mepuiy - Zn, B apyry - Fe, B
Tpetio — Cu. SIKIio peakuist MpoTiKae MOBUIBHO, TPOXU MiAIrpITH NpoOipKu
HaJl HEBEJIMKUM TIOJTyM SIM.

3anuc gaHux gocainy. B skomy Bumaaky peaxuis He mpotikae? Yomy?
Hanwmcatu piBHAHHA peakmii, mo BigOymuch. SKuil eneMeHT B IHMX
PEaKIisX € OKUCHUKOM?

B) B3aemonis xonumentposanoi H,SO, 3 meTanamu.

Bukonannsi po6oru. B mpobipky momictut 5-10 kparmenb
KOHLIEHTPOBaHOI CyJ1b()aTHOT KUCIIOTH 1 3aHYPUTH MiZHY JAPOTHHKY. SIKIIO
peakiisi TPOTIKae MOBUIBHO, TPOXM HIAIrPITH NPOOIPKY HaJ HEBEIMKUM
TIOJTyM ’SIM.

Skimo B pe3yibTaTi  peakiii BHIUIIETHCS Ta3, MIAHECTH BOJOTHMA
JAKMYCOBHMIH  Tamipers, BiAMITHTH 3MiHy Horo komsopy. Ilo 3amaxy
(00epekHO) BUBHAYUTH, SIKUH Ta3 BULISETHCS.

3anuc manux pochaigy. Onmcatm  sIBUINA, SIKI CIIOCTEPIraroThCs,
MOSICHUTH 11l 3MiHW. Hanmcaty piBHSAHHS peakiiil Ta BKa3aTH, SIKUH eJIeMEHT
B MoJiekyni H,SO, € okucHUKOM.

Hocain Ne6. Pisna po3umHHicTh cyabdity Ta cyiabdary Oapiio y
KHCJIOTI.
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Bukonanusi po6oru. B 1Box mpobipkax omepxatn OOMIHHOIO
peaxmiero cymbdiT Ta cymbdar Ba, mis mporo B3t mo 3 — 4 kpamm
po3unHIB BigmoBigHUX coied. CrocrepiraTh yTBOpEeHHS ocadiB B 000X
npobipkax. IlopiBHATH pPO3YMHHICTE CymbdiTy Ta cymsdaTy Oapiro y
KHUCJOTI, momaBmm B oOuaBI mpoOipkm mo 1-2 kpamni 2 HNOj;. 1Mo
crocTepiraethes? U MOXKHA Wi€l0 peakiieio posmissat ioms SOs” Ta
S0,*?

3anuc gammx pgocainy. Hamucatn piBHSAHHSA peakuiidi  oxepKaHHS
cynbdaty i cyabdiTy 0apiro Ta pO3YMHEHHS OCTAHHBOTO Y KUCIIOTI.

Hocaix Ne7. Tiocyansdar narpito Ta iioro Baacrusocri. HecriiikicTn
Tiocyab(dary B KMCIOMY CepeaoBMILL.

Bukonannsi po6oru. BHectnm B mpoOipKy 5 — 6 Kpamenms po3dHHY
Na,S,0; ta 3 — 4 xpammi H,SO,.

3anuc panux pocainy. Bimmitutn  BumamaHHs cipku. [lo 3amaxy
BHU3HAYHTH, SKWH ra3 BuAUieTbes. [IpuBectu rpadiuny dopmyiry Na,S;0s.
Hanwucatu piBHAHHS peakiiii B3aeMoil Tiocynb(haTy HATPIIO i3 CyIb(paTHOO
KHCJIOTO0. BKa3aTu OKUCHUK Ta BiTHOBHHUK.

Hocain Ne§. KontpoJsabnmii.

OpnepxaTtH y BUKJIaada Cyxy Ciilb, PO3YMHHUTH ii B TUCTHILOBAHIA BOAI
Ta PO3MIIIATH CKIISTHOIO NaJIMYKOI0. BCTaHOBUTH BiIOMHMHM BaM peakilisiMH,
YUM € JaHa Cilb: cyiabdaroMm, cymb(iToMm, TiocynbdaTroM 49 cyrbhigoM.
Onwmcatin MeTomuKy poOOTH Ta sBHINA sKi crocTepiramm. Ha ocHOBi
CIIOCTEpEKEHb 3pPOOWTH BHUCHOBOK TIPO TMPHCYTHICTH YH BiJCYTHICTBH
KO’KHOTO HOHA. 3amnucaTy PiBHAHHS peakiil.

3aBaanns ais CAMOKOHTPOJIA.

1. Hanmcatu enexktpoHHi ¢opmynu cyiabdimy cemeHy Ta Tenypy B
HOpMaJIbHOMY Ta 30y/’KEHOMY CTaHi.

2. B sxomy crynmeni oxucHeHHs Cynbdyp Moxe OyTH: a) Jume
BIZJTHOBHHMKOM; 0) Jimie OkucHHKOM. [IpuBecTH mpukiagu peakuii ta
YPIBHATH iX.

3. B sxomy cryneni okucHeHHs Cynbpdyp Moxe OyTH 1 OKMCHHKOM i
BigHOBHUKOM? [TpHBeCTH MpUKIaIU BiAMMOBIIHUX pPeaKIliil.
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4. Hammcatu piBHSHHA Tigpomizy  cyiapdimiB:  Nap,S, CuS B
MOJIEKYJISIPHOMY Ta iOHHOMY BHUTJIISI.

5. Hammcatn piBHAHHA Tigpomidy cyiapdity Na,SOz B MOJEKyIsIpHOMY
Ta IOHHOMY BHUTJISIIL.

6. Hamucatu rpadiuny ¢opmyny Tiocymbdary HaTpifo, BKa3aTH CTYIiHb
okucHeHHS Cynpypy B miit cmosrymi. [loscHUTH #iorO HECTIHKICTH B
KHCIJIOMY CEpEeIOBHILII.

7. Hammcatu B i0HHOMY 1 MOJIEKYJISIPHOMY BUIJISJI PIBHSHHS peaKIiii:
(NH4)28+F9C|3: .

H28+F9C|3: e
H2$O3+chlz =...

8. Jlomucatu piBHSIHHS peakxiii Ta MOCTaBUTH KOe(illieHTH:

Nazs + HNO 3(komi) — -
K,Cr,0O; + Na,S + H,SO, = ...
Na2803 +Zn + HCI(pmG') =...
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Jlabopamopna poooma Ne 12. Kapoon i Cuuiniit

TeopeanHa YacTHuHA

Kapbon i1 Cuminifi nHamexars no IV Tpymm rojoBHOI miarpymu
nepiognyHoi cuctemMn enemeHtiB  J.I.Menneneesa. Ha 30BHImIHBOMY
S€HepTeTUYHOMY DiBHI aTOMIB 3HaXOOUTHCA MO 4 eneKTpoHu. s HHUX
XapakTepHUH cTymiHb OKWUCHEeHHS +2; +4. Kapbonm i Cumimiit — THmosi
HEMETanH, I1X TiAPOKCHAX TMPOSBISAIOTh JIMIIE KHUCIOTHI BIACTHUBOCTI
(H,CO3; — xap6onatna kucnora i H,SiOz — cumikatHa kuciaora). Enementu
YTBOPIOIOTH ra3omno/ioHi Boauesi cnoiayku CHy— meran, SiHy — cinaw, 3
KHCHEM yTBOpIOITh okcuau — CO — wagnwmii ra3 (okeun kapoony (II), CO,
— Byruiekucuii ras (oxcua kapoony IV) , SiO,

Crnonyku KapOony 3 metanamu Ha3uBarwThcs kapbOimamu CaC, — kap0in
Kan6ito, a Cuiniro — cuminigamu Mg,Si — cuninig marairo. Oxcugun CO
i SiO — HeconerBopHi. Jiokcunu CO; 1 SiO, — e aHTiqpUIN BiAMIOBITHUX
kucior — HyCOz , HySiO; . O6uasi kuciaoTH ayke ciabki i TepMidHO
HeCTilKi. Bennke 3Ha4eHHS MarOTh colli mUX KUCIOT — Kapbonatu (Na,COs,
K,CO3, CaCOj) i cumikaru (Na,SiOs, K,SiO3, CaSiOs), rinpokapbonatu
(NaHCO;,  Ca(HCOs),). binburicte kapOOHATIB 1 CHIKATIB [OTaHO
PO3UMHSIOTECS y BoIi. BomHI po3umHU KapOOHATIB 1 CHIIIKATIB MAaroTh
JIy’)KHY peaKIlio.

Elccnepuzneumaﬂbna uacmuHna

Mpunagu i peaktuBu. KamenpHa numeTka, Ipwiiag Ui OJCpKaHHS
okcuniB kapoony (II) i (IV), pinmeTpyBampHMii namip, akTHBOBaHE BYTLILIA,
(GyKCHH, OKCHIl KympyMmy, MapMmyp, Kpeiaa, BamHsHa Boja, OpoM, JJaKMYcC
HeWTpanbHuii po3unH; po3unnan: Pb(NOs),, KI, KMnO,, AgNO;, Na,COs3,
K,CO3, H,SO, , HCI, CaC|2, N325i03 , NaOH, CuSOQO,, NH4C|, NH,OH;
MTOPOIIOK CHITIKATreI0 TMPOKaJCHHA, KBapIEBUN TTICOK.

Ilpuzomysanna cunikazemo: 3mimartd B (GappopoBii  dammi piBHI
o0’emu (1o 50 mur) pigkoro ckna ta HCl (37 %-noi xoHuenTpaunii) (p =
1,79r/cm® ). Cymim nuimmTH BigcTooBaTHCh Ha 100y. YTBOPEHHH reib
po3pi3aTn Ha KycKM 1 IIPOMHTH B CTaKaHi JeKaHTAli€lo 1O IIOBHOTO
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BUjaNeHHd 10HIB Xyopy (nmpobda Ha AgNOj). 3nmutu Boxy 1 NPOMHTHMA
res cymmTy npu Temmepatypi 40 — 50°C Ha mpoTssi 24 roguH, HOTIM mpH
50°— 100°C na npotszi 10-12 roaus.

Jocain Nel. AxcopOuiiiHi BjacTHBOCTI Byrisnis.
A) AxcopOuisi KOJbOPOBUX PEYOBHH i3 PO3YMHY.

Bukonanusa podoru. B mpobipky g0 monmoBuHH i 00’€My HAIHTH
CBITJIO-pOXeBOTO (yKCHHY. BHecTH B po3unH aktuBoBaHe Byriwis. LinpHO
3aKpUTH MPOOIpKYy Ta eHepriiiHo motpsctd 11 2 — 3 xBunuHU. [aTu
PO3YMHY TMOCTOSITH, CIIOCTEPIiraiiTe 3MiHU.

3anuc nanux gociiny. [loscHUTH 3MiHH, IO CIIOCTEPIranCh.

B) AncopOuist ioHiB i3 po3unny .

Bukonanusa po6oru. B mpobipky BHectH 2 — 3 kxpammman 0,01H
posuny Pb(NOg), . Homatu mo HpOro oany Kparmio 0,11 pozunny KI.
o cmocrepiraere? B inmry mpobipky mo Toro x posuuny Pb(NO3z),
BHECTH HEBEJMKY KIIBKICTh aKTHBOBAHOTO BYTULIA (aHAJOTIYHO MEPIIOMY
JOCIiy), TOTpscTH mpooipky. [loTiM momatu onHy kparummay 0,1H po3unHy
KI. TTopiBHATH KUTBKOCTI OJEpKaHUX OCaliB y TEPIIOMY Ta IPYroMy
BUMaaKkax. YUM NOSICHUTH BiAMIHHOCTI?

3anuc npaHux pocainy. Omumcatn, mo cnocrepiraerbea. Ckiactu
PIBHSHHS peaxiiii, 3p00UTH BUCHOBKH.

Hocmin Ne2. BinHosHi BinactuBocti KapOony. BigHoBIeHHS ByriisiM
okcuny kympymy (II).

Bukonannsa po6oru. Ha mictky ¢uIeTpoBaHOTO mMamepy 3MIMIaTH
oxuH 00’eM mopouiky okcuny kynpymy (II) 3 nBoma 06’emMamu HOpPOLIKY
Byriunii. [IpuroroBneny cymini IIOMIiCTHTH B IMJIIHAPUYHY TPOOIpKY, SIKY
3aKpiNMUTH B IUTAaTUBI TOpU3OHTAIBHO. HarpiBati cymim Ha mpotssi 10 —
12 xBuwnumH Ha cwibHoMy mnomym’i. Ilicnms — oxomomkeHHS mpoOipKH,
Bucumatu ii BmicT Ha JmcT  Oimoro mamepy. Cmocrtepiraiite Kodiip
OJIEpKAHOTO TMPOIYKTY. 3BEpHITh yBary Ha KOJIp HaIbOTy Ha CTiHKax
pobipKu.

3anuc panux gociiny. IloscHitTe cioctepexenHa. Hamumite piBHAHHS
peaxiii.
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Jocain Ne3. Opnep:xkanns okcuny Kapoony (IV) Ta iforo po3unHeHHs
Y BOai.

Buxonannsi po6ormn. IlpuroryBaru mnpoOGipky 3 HEHTpaJbHUM
po3unHOM JakMmycy (5 — 6 kpamens). B xonOy mokmactu 3 — 4 KyCOYKH
Kpeiinu. 3akpinmuTe KO0y B IITAaTHBI, BHECTH 10 Hel 5 kpamenb Bogu Ta 10
kpanens koHmeHTpoBanoi HCL. I[IBuako 3akputé KoJOy MPOOKOIO 3
ra3oBigBigHOIO TpyOKoro. Kinmenmp TpyOkm omyctuTm B mpobipky 3
HEWTpaJbHIM PO3YMHOM JAKMyCy 1 TpomycKath ra3 2 — 3 XBHJIMHH.
BinMiTHTH 3MiHY KOJBOPY JIAKMYCY.

3amnc ganmx gocainy. Ommcati mpopoOsieHy poOOTy, HaMallOBAaTH
npwiaa. Hamucatm cxemy piBHOBard, sika BCTaHOBWJIACH Y BOJHOMY
po3unHi okcupy kapoony (IV). Sk 3MmicTuThCcs U piBHOBara mpu
nojgaBaHHi B po3uumH ayry? Kucmoru? Bkaszaté npuyuHy — 3MIiNCHHS
PIBHOBArk B KOXXHOMY BHUIIAJIKY.

Hocain Ne4. T'inpoJiiz kapOoHaTty Ta rigpokapooHary Hartpilo.

Bukonannsi podorn. B 1Bi mpoOipku BHectH 1o 3 — 4 Kpammi
HEHTpaILHOTO PO3YMHY JIaKMyCY. B onHy 13 mpo0Oipok momatu 1 — 2 xparmii
po3umHy  KapOoHaTy  HaTpilo, a B IHOIy — TaKy > KUIBKICTh
rirpokapOoHaTy HaTpito. BiAMITHTH BiIMIHHICTH B KOJIbOPI JIAKMYCY.

3anuc maHux Aocaixy. Hamucatu B MOJEKYJISIPHOMY Ta 10HHOMY
BUTJISII  PIBHSHHS peakiii rigpomisy mepmoi Ta apyroi com. B sikomy
BUIAJKY TiJpoJIi3 mpotikae cinadme? Yomy?

Jlocain Ne5. Bruus iony COz> Ha rigposis aqesikux coseii.

Bukonannsi podoru. [lo posumHiB coneit xmopuny Pepymy (1) ta
xnopuny Cranymy (IV) (3 — 4 xparuti) mogatu  mo 3 — 5 kparnesib pO3YHHY
Na,CO; .

3anuc maHux Aocaixy. BiaMiTuTH — BHIUICHHSA Ta3y Ta yTBOPEHHS
ocaiiB mpu Tigpomizy coneit ®epymy Ta Cranmymy. Hamucatu piBHSHHS
peaxiii Tigposizy BKa3aHUX COJICH B MOJEKYISIPHOMY Ta 10HHOMY BHTJISAI
npu momaamHi 10 Hux Nay,CO; . Yomy B mpucytOcTi  jioHiB CO5”
TiAPOITi3 MPaKTHYHO TPOTIKAE 0 KiHIA?

Hocain Ne6. Tepmiunuii po3kan kapooHaTiB.
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Buxonannsi po6orn. B 1aBi TpoOIpKM BHECTH OKPEMO HEBEIUKI
KijpkocTi cyxux couneit (1/8 mpobipku) (CUOH),CO3, CaCOs. IIpobipky 3
(CuOH),CO;3 3akpinuTH B WITAaTHBI MiJA KyTOM, 3aKpUTH ii MpPOOKOIO 3
ra3oBiIBITHOI0 TPYOKOIO, KiHEUb $KOI OIMYCTHTH Y BaIlHSHY BOY.
[Ipobipky oOepexHO HArpiTH HeBenWdKuM HoiyM’siM. [llo BimOyBaeThes 3
BaIlHAHOIO BOJOI0. AHAJOTIYHUNA JOCTI TOBTOPUTH 3 CaCOas.
[pokamroBaras CaCO3 BecTH OLIBII €HEPTIHHO.

3anuc panmx pocainy. Omnwmcatn 1 TIOSACHUTH CIIOCTEPEIKEHHS,
BIIMITHTH BiIMIHHICTP B TEPMIUHIA CTIHKOCTi cojxeil. HammcaTu piBHSIHHA
peaxiriii.

Hocaixg Ne7. Onep:xkanHs rejsi Ta 30/151 CHIIIKATHOT KMCJIOTH.

Buxonannsi podotu. B 1Bi npoGipku BHecTH 10 4-5 Kparenb B OAHY -
CWIKaTy HaTpito, B JpYry — KOHIIEHTPOBaHOI COJSIHOI KHCIOTH (p=
1,19r/cm®). Jlonati B meprry mpobipky 6—7 kpameis 26 posunny HCI, a B
apyry — 1-2 kpamni HacuueHoro posunHy Na,SiO; . 3akpute npoOipky
Ta motpycutd. CroctepiraTd yTBOPEHHS Telisl CHJIIKATHOI KUCJIOTH B
nepiuii npoGipii 1 3o - B Apyriin. Opepxanuit 30mp HpSiOz  Harpitu
HEBEJIIMKMM TOJIyM’SIM JIO MEpexoAy B Tesib. SIK  Ha3sUBA€TBCS  IMPOILEC
nepexony 301 B renb? Slke 3HaYCHHsS Mae HarpiBaHHs?

3anuc panux gociiny. Omumcatm npopobieHy poboty. Hammcatn
PIBHSHHS peakilii oepIKaHHsS Na,SiO; (mana ¢opmyna yMoOBHa, B
JIMCHOCTI CKJIaJd KPEMHIEBOI KHCJIOTH OUIbII CKIAZHUNA 1 MOXe OyTu
BHUpaXXeHHH 3aranbpHoio Gopmynoro  SiO, - HyO.

Hocain Ne8. AncopOuiiini BjacTuBOCTi cujikaresio.

Bukonannsi podorn. [Tomictutn B TpoOipKy 5-7 Kpamenb po3YHHY
cynmbdaTy TeTpaaMiHOKyNnpyMmy. B po3uwmH BcumaTh JApiOHWH CHITIKareib.
3akpuTH TMpoOIpKy ManbleM 1 eHepriiHO MOTPSICTH, HEPEMIlIaTH PO3UHH.
Cnocrepiratu 3a0apBiIeHHS CHIIIKareJo Ta MociabIeHHs KOJIbOpY PO3UNHY
BHACIIZOK axcopOuii cmmikaremem ionie [Cu(NHg),]** . Jlati posunmy
MOCTOSITH, 3MUTH Horo i3 cumikaremo. Cumiiikareab TpoOMUTH 2-3 pasu
TUCTUIILOBAHOIO Bonoro. Jlogatm 5-10 xpamenb COJNISIHOT KHCJIOTH.
Croocrepiratn  3a0apBI€HHS  CWJIIKAaredl0  BHACHIOK  pyWHYBaHHS
3a0apBIICHUX 10HIB COJITHOIO KHCIIOTOIO.

[Cu(NHs),J** + 4H" = Cu** + 4NH,*
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3anuc gammx gociaixy. Omucat npopobieHy poOoTy 1 3poOuTH
BHUCHOBKH.

Hocaig Ne9. Cosi kpeMHi€BOI KHCTIOTH.
A) Onep:xaHHs cHIIiKaTy HaTpilo.

Bukonanus podoru. Iloctautn trrens Ha (GappopoBUil TPUKYTHIK,
MOKJIACTH B HBOTO IiHIETOM Kycodyok NaOH BenHYMHOIO B TOPOLIMHY.
Harpitn Tturems 0 MOBHOrO pO3IUIAaBICHHS Jyry. B posmiaBieHy macy
BHECTH OJIMH MIKPOILTATelb IPOIUIABICHOIO CHJIIKArelto i 3HOBY HarpiTu
Macy 10 TOBHOro posmaeieHHs. [1[o0 BHEBHUTHCH B YTBOpPEHHI couli
KPEMHI€BOT KUCIIOTH, IPOBECTH CIIAYIOUHA qociia. TUremb OXOJOIUTH i
JoaatH 5-8 Kparmenb AMCTHIBOBAHOI BOMW 1 N10Ope BHMIIIATH CKIISTHOIO
nan4Koro. Jlekiibka Kpareib PO3YHHY NEPEHECTH MHUIETKOIO B MPOOIPKY.
Jo po3unHy noxatu piBHuid 006°em 2H HCl iHarpitu Ha momym’i.

3amuc ganux gociaigy. Ommcatn mpopobieHy poborty. BimMmituru
yrBopenHs remo H,SiO3. Hamucatu piBasHHsS peakuil oxepxanns H,SiOz
(cuImikaTHOT) KHCIIOTH.

Hocaix Nel0. I'igpoai3 cuiikaty HaTpilo.

Buxonanusi po6oru. B 1Bi npoOipku BHecTH mo 5-6 kpamenb
PO3YMHY CHIIIKAaTy HAaTpilo, B OJHY 3 HUX J0JaTH Kparuio ¢eHondraneiny.
BigmiTuTH 1OSIBY 4epBOHOTO KoyibOpy. Ha Ha/uiMIIOK SIKOTo i0HY 1ie
Bkazye? B mpyry npo0Oipky gonatu 4-5 kpaneip NH4Cl po3uuny.

3anuc gaHmx gocainy. BiamiThTa siBuIna, sKi  cnocTepirarand i
MOSICHUTH BiJIMIHHOCTI B cTymeHi rizponizy Na,SiO; B wwmcriit Boxi i B
MPUCYTHOCTI ~ XJIOpHUAY aMoHifo. Hammcatm MONEKyIsIpHI Ta 10HHI
piBHSHHS 000X BHUHAKiB Timpomizy. [IpucyTHICT sikoro HOHY 301IBIIyeE
CTYIIIHB TIAPOII3Y Y APYroMy BHIAIKY? SIK CIIOBITBHUTH TiAPOII3 CHIIIKATY
Hatpio?

3aBaaHHs AJIA CAMOKOHTPOJIS

1. Hamwmcatu piBHSHHS peakiidi OoAepKaHHA OKCHAYy KapOOHY TpbhoMa
PI3HUMH CTIOCOOaMH.
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2. Tlosicuntu ytBOpeHHs 3B’s3KiB B Mousekydi CO wmeromom B3. Sflka
KpaTHIicTh 3B 513Ky B Mouiekyii CO?

3. Skuit Tvn ribpunu3anii aToMHuX opOitaneit aroma Kapbony mae micue
npu yrBopeHHi Monekynu CO,? SIky reoMeTpuuHy QopMy Mae s
MoJekyna? [IpuBecTy BigNOBiAHY CXeMy.

4. Binpmie, yu MeHIIe ceMH 3HadueHHS pH B po3unHi KapOOHATIB JIyKHUX
MeTariB? BiamoBine oOTpyHTYHTE, HAIMCABIIN BIAIOBIAHI PiBHAHHS.

5. 3akiHYNTH PiBHAHHA pPeaKIiii:

Si + HF + HNO3; = NO + H,SiFg +
Si+ NaOH + H,0 =

MQZSI + NH4C| = S|H4 + NH;3 +
S|Oz + HF =

Na28i03 + NH4C| + Hzo =

6. .dk omepkaTd i3 KBapueBOro micKy: a)kpemHiit; 6)SiF,; B)Na,SiOs
Hanncarty piBHSHHS BiATIOBITHUX PEaKIii.

7. XiMmiuHMH CKJIaJ OpPTOKJIa3zy BHpaxkaeTbes ¢opmyinoo — K,O-AlO;
-6S10,. Hanmcatn piBHSHHS TMPOIECY BUBITPIOBAHHS OPTOKIA3y ik
oM CO, ta H,0.

8. Iicns mpomyckanus 1M° mosiTps depes posumnn Ba(OH), yrBopmmocs
2,64r. xkapbonaty Oapiro. O6uncnuru % Bmict CO; B OBITPI.

9. Ormmcarn XiMiYHHIA CKJIa]] 3BHYAIHOTO, KBAPIIEBOTO Ta PiKOTO CKIa?

10. Ckinbku MOTPIOHO B3ATH MarHiro, mo0 JO00yTH y BUIBHOMY CTaHi
kpeMmHii 3 0,31 ynucroro kBapiry?

11. Ckiax 3BMYalHOTO CKJIa MoOkHAa mnojatu (opmyiaow Na,O-CaO-

6SiO, . O6YHCIUTH TEOPETUYHY BHUTPATy CHPOBHHH (COMH, BAIHSKY,
KpEeMHEe3eMy) Ha BUTOTOBJICHHS OJIHI€l TOHHH CKIIa.
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JlaGopaTopna po6ora Nel3 EsiemenTn apyroi rpynu
(A migrpyma — Be, Mg, Ca,
Sr, Ba, Ra)

Kopotki Teoperuuni Bizomocri

Jo npmpyroi Tpymum TOJOBHOI MIATPYHNH BiTHOCATHCS XiMidHI
emementn  Be(bepumiit), Mg(Marniit), Ca(Kampmiit), Sr(Crponiit),
Ba(bapiitf), Ra(Paniit). Ha 30BHIIHROMY eHepreTHYHOMY piBHI (Ha S -
MiAPIBHI) aTOMIB IUX CIIEMEHTIB IMepe0yBae 1Mo 2 eIeKTPOHH, SKi BOHU
JIETKO BIiJJIAIOTh, INPOSIBISIIOYM CTYNiHb OKWUCHeHHA +2. I3 3pocraHHsIM
MOPSIIKOBOTO HOMEpa EJIEMEHTIB TOJIOBHOI HIArpYNH Ta i3 3MEHIICHHSIM
10HI3aIIHHOTO MOTEHIliAy aKTHBHICTh METAJIB 3pocTae. Y MPUPOJI BOHHU
3YCTPIYAIOThCS TUIBKH B CIIOJYKaX. 3 KHCHEM BCI €JIEMEHTH TOJOBHOL
HiArpynu yTBoprotoTh okcuan tuy MeO. Okeua Oepuiito amdoTepHuid, a
iHIII MalOTh OCHOBHI BJIACTUBOCTI , SIKI MOCHITIOIOTHCS IMPH MEPEXOMdl BiX
MgO no BaO. Oxcumu 1i€i rpynud B3aeMOIIIOTH 3 BOJOIO YTBOPIOIOYH
rigpokcuan ckiaaxy Me(OH),. Cuia oCHOB 30UIBIIYETHCS Bifl MarHifo 0
6apiro. Be(OH), — am¢orepruii. [inpokcuan myxH03eMenbHUX MeTamiB (Ca
, Sr, Ba) no6pe po3unHAIOTECS y Boai. CIIONYyKH X METANTIB 1 cami MeTajn
3a0apBIIOIOTH TOJIyM s Ta30BOT0 ITAIBHIKA B XapaKTEePHI KOJIbOPH.

EnexTpoHHI CTPYKTYpH 30BHINIHIX €HEPreTUYHHUX PIBHIB aTOMiB
€JIEMEHTIB JApPYrol Tpynu TOJOBHOI MIATPYNH MEPIOJUYHOT CUCTEMH
BEJIMYMHM PaJiyciB Ta iOHI3AI[IHUX MOTEHIiaNiB HOAaHO B TAOJIHII.

HOpﬂil Ko AToMHa Enexrpon Paniyc ITorennian
Enement BUI Ha L
maca 6 aToMa 10H13a1111
HOMEp ya0Ba
Bepuniit 4 9,01 280 15 9.32
Marwiit 12 24,32 oo 382 1.62 7.64
Kanbuii 20 40,08 oo 487 1.97 6.61
Crponuiit 38 87,63 .. 582 213 57
Bapiit 56 137,36 | ...58° 2.17 52
Paniit 88 226,05 | ...78° 2.45 —
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EKCHepI/lMeHTaJIbHa YYacTuHa .

PeaktuBu i marepianm. Ilunui, ¢apdopoBa uamka, razoBuid
MaJBbHUK, CTPY)KKa METaliYHOro MarHito, amapar Kimma, okcua Kaibliito
(mopomIok).

Po3unnu. Xmopunu Ca , Sr , Ba; marpiii kapOoHaT, 2H PO3YNH
COJISTHOI KHCIIOTH, MarHiii xmopui, HaTpili murimporeH ¢ocdaT, KabIIii
cynbdart, Martiii cymedar .

Jocnio Nel: Jlobysanns i enacmugocmi MazHiti OKCUoy.

Iopsnok BUKOHAHHS Po60TH. B3aTH mMNusMu Kijlbka KyCOUKiB
MarHieBoi CTPYXKKH 1 3alaUTH IX y MOJAyM’i Ta30BOro IMajibHHKA.
YTBopeHuit okcun Martito (0imii mopomok) 3i6patu y papdopoBy yamiky i
3MOYHUTH BOAOI0. BunpoOyiiTe 4YepBOHMM JIaKMYCOBUM mamipueM abo
(deHONPTaNeIHOM peaKiro BOAHOTO PO3UHHY .

3anuc panux gocaigy. CkimamiTe pPiBHAHHSA peakmii i 3po0iTh
BHCHOBKH.

Hocaig Ne2. BracTuBocTi KaabIiii OKCHAY.

Iopsinok BuKoHAHHS podoTH. HeBenmKy KiUTbKICTh KaJbLIii OKCHITY
00epeKHO 3MOUUTH Y (haphOpOBIt YaIlIl KUTbKOMa KpaIUTMHAMH BOM . 3BEPHITH
yBary Ha Xapakrep peakiii. S[k BoHa HasuBaeThes y TexHimi? Jlomaiite Bomu i
BUIPOOYHTE PeaKilito po3urHy heHoaDTaneiHOM .

3anuc ganmux gociiny. Hanuiite piBHSHHS peakuii, naite
BIZINOBI/II HA ITOCTaBJICH] TUTaHHs, 3p00ITh BUCHOBKH.

Hocuaig Ne3. 3a6apBiaeHHS] IOJYM’sl COJISIMH JIY>KHO3eMeIbHUX
MeTaJiB.

Iopsinox BHKOHAHHS Po0OTH. O3HAWOMUTHCH B SIKMH KOJIp
3a0apBIIOIOTE  TIOAYM’sST ~ Ta30BOrO0  MajbHUKA  JIETKI  CIIOJIYKH
JTY’KHO3EMEJIBHUX MeTamiB. /g 1mporo Bi3BMITh HIXPOMOBY IPOTHHKY,
3MOYiTh MOTPIOHUM PO3YNHOM COJIi 1 BHECIThH B TIOJIYM s Ta30BOT0 MABHUKA

84




Kuromupcbka MinicTepcTBo 0CBiTH | HAyKH YKpaiHu
MOJIiTeXHIiKa Jep:xaBHuii yHiBepcuteT «2KHTOMHPCHKA NOJTiTEXHIKAa»

3anuc manux gocaixy. Ojepxartd y BHKIagada KOHTPOJIBHI
PO3YMHHU cojedl 1 3a 3a0apBiEHHSM TMOJYyM’st BCTAHOBHUTH 1X. OMHMIINITH
popobIeHY POOOTY .

Hocaig Ned. lodyBaHHs KapOOHATIB Jy:KHO3eMeJIbHUX
MeTaJiB.

Mopsinok BukoHaHHs podoru. Jlo po3umHiB comeit Ca, Sr, Ba,
B3ATHX B OKpPeMHX IMpoOipkax, momuiite mo 1-2 M po3umHy HATpiit
kapOoHaTy. YTBOpeHI ocaau NOAUIITH momanaM. Jlo OjHIE] YacTUHH
00epexHO JozaiiTe 2H PO3UMH COJISTHOT KHCIIOTH, a IPYry YacTHHY 3aJIHIITE
JUTSL HACTYITHOTO JOCIITY.

3anuc ganux gociaigy. Hanmuuite piBHSHHS NPOBENSHHUX peaxiii
B MOJIEKYJSIDHOMY Ta 10HHOMY BHTJISII.

Hocain NeS. lo0yBanHsI rizporeHkap0OOHATIB JIyKHO3eMeJIbHHUX
MeTaJiB.

Hopsaaok BukoHAHHS podoTH. [[0 HEBEMUKUX MOPLil KapOOHATIB,
JOOYTHX y TOTEPeIHBOMY IOCIii, JONHUATE MO 2—3 MI BOJH i B KOXHY 3
HUX MIPOMYCTITH 3 amapara Kirma ByTriIleKucinii ra3 10 YTBOPSHHS MPO30pUX
po3uuHiB. 11i npo3opi po3unHK MOALTITE mononaM. OQHY YaCTHHY KOXKHOTO
3 HHMX Harpifite B moiym’i ra3oBoro MajbHUKA, a APYry 3aJHUINTE IS
MTOPiBHSIHHS.

3anuc gaHux gociimy. Hanwmite piBHAHHS peakuii i 3po0iTh
BIJIIOBIIHI BUCHOBKH.

Hocaix Ne6. SIkicHi peakuii Ha eJieMeHTH APYroi rpynu.

Hopsinoxk BuKoHAHHS PpoOoTH. Y TpoOipKy HamuTH 1-2 MI
pPO34YMHY coJi MarHio i jo6aButéd 2M poO3UMHY aMOHIiH TiIpOKCHAY IO
YTBOPEHHS OCajy, a MOTIM CIOAW X JOJHUTU PO3YMH aMOHIH XJOpUAy 10
PO3YMHEHHS Ocasy.

J10 yTBOPEHOI'O MPO30POro po3unHy aoaatd po3unud Na,HPO,,

MgCl, + NH,OH + Na,HPO, = MgNH4PO, + 2NaCl + H,0.
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Hamutn B mpoOipky 1-2 Mi po3umHy cosi KaibLilo 1 JOJUTH
CTUIBKH K PO34YMHY aMOHi# okcanary. Hamutu B mpobipky 1-2 Mi po3unHy
codi Gapiro i rogatu 1-2 M1 po34nHy Kajii Xpomary.

3anuc gaHuX Aocaixy. Skuil ckian i xapakTep YTBOPEHHX ocaiiB?
Hanuuite piBHSHHS peakiiiii i 3po0iTh BiANOBIHI BUCHOBKH.

Hocaig Ne7. IlopiBHSIHHS PO34YMHHOCTI cyJb(paTy i kKapooHaTy
KaJbIilo.

Mopsaxok BukoHanHs podotu. Jlo 1-2 mi po3unny CaCl,
Jonuiite cTinbky K po3unHy Na,SO,. Kosm Bunane ocaz, 10 mpo3oporo
po3uuHy aoaatH e 2—3 kpamiHu po3unny Na,SO,. Ocan He BUNanae.
ITpo mio ue cBiguuTH?

J1o 1BOT0 3K MPO30POro PO3YMHY JOJATH KiJlbKa KPAIIMH PO3UUHY COJIH.
Mo cnocTepiraerbes?

3anmc nanux pocainy. Kopuctyroducs npaBuinom 100yTKy
PO3YMHHOCTI, HOSCHITH SBHIIA SKi COCTEPITaOTHCS.

Hocaig Ne§ . BusHaueHHs1 TBepAOCTi BOAU

TBepaicTe Bomu 00yMOBIICHa BMICTOM B Hill po3unHHUX coner Ca
ta Mg, rinpokapOoHaTiB, XIIOPHUIIB i CynbdaTiB. PO3pi3HIOTE THMYACOBY Ta
MOCTIHHY TBEpIICTh BoAM. THMUacoBa TBEpAICTh BU3HAYAETHCS BMICTOM Y
BOJli pO3YMHHUX rifipokapOonariB Ca ta Mg. [Ipu kun’sTiHHI Boan
ripokapOOHaTH NEPEXOAATh B MAJIOPO3YHHHI KapOOHATH:

Ca (HCO3)2 = CaCO; + CO, + H,0;
Mg (HCO3)2 = Mg CO; + CO, +H,0

TakuM dYHHOM THMYacoBa TBEPAICTh JikBigyeThess. Cyma
TUMYacoOBOI Ta IOCTIHHOT TBEPAOCTI OOYMOBIIOE 3arajbHy TBEPIICTE.
BupaxaeThcst TBEPICTh BOAM B Mimirpam-ekBisanentax iouis Ca 2*, Mg **
Ha OoAWH JiTp Boam (Mr—exs/i). Boma 3 TBepmicTio meHme 4 Mr—eks/n
Ha3MBAETHCSI M SIKOIO, Bi 4 10 8 — cepenHbolo; Bix 8 nol2 — Ha3MBaeThCS
TBEPAOIO.

A. Bu3HaueHHsI THMYacOBOI TBePIOCTi.
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Mopsinox BukoHaHHS poGorn. Tak 5K BoJa, sKa MICTHUTh
ripokapOOHATH KaJbI[F0 Ta MAarHII0O Ma€ JIy)KHY peakiilo (domy?),
BU3HAYCHHS! KapOOHATHOI TBEPAOCTI MPOBOJIUTHCS Oe3nocepeHiM
TUTPYBAHHSM BOJM COJISIHOIO KHCIIOTOIO B IPHCYTHOCTI iHAMKaTopa
METHJIOBOTO OpPaH)KEBOTO. BimMipsATH MINMETKOI0 BKa3aHUI BHKIaJadeM
00’em gocmimkyBanoi Bogu (100—50 mi) i nepeHecTH ii B KOHIYHY KOJIOY
st tuTpyBaHHA. Jlomatm 2-3 KpalunMHM IHAMKAaTOpa METHIJIOBOTO
opamkeBoro. B mpurorommeHy pamime Oroperky HamuthH 0,1M
TUTPOBAaHMH PO3YHMH COJISTHOI KHCIOTH. BCTaHOBUTH piBEHB pianHH Ha
HYJIBOBY TOJLIKY 1 IO KpaIuisix MPUIMBATU COJISIHY KUCIOTY B BOAY 1O
3MIHH KOJBbOPY PO3YMHY BiZI >KOBTOTO JI0 IOMapaH4eBO-POKEBOTO.
Busnauntu 00’em ButpaueHoi Ha tutpyBaHHs HCI i 3anucaru ioro B
tabnuio. TUTpyBaHHS NOBTOPHTH 1€ JBa pas3H, KOXHOTO pa3y
JIOJIBAIOYM B OIOPETKY KHUCIIOTY J0 HYJIHOBOI MOJIUIKH 1 MUIOUU KOJIOY
JUIsL TUTpYyBaHHS. BinxwuieHHss B 00’e€Mi KUCIOTH TPH TUTPYBaHHI He
NOBUHHO nepesuiyBaTt 0,05 mir.

3anuc gaHux Aocaixy. PesynpraTi qOCmiaiB 3aMcaTé B TAOIHUIO:

No 00’em 0O0’em Cepenmiii ?TZPMMLHI
TI/_ITp}IBaHH MIIEeTKH, po3unny HCl, | 00’em —
4 00’em H,0, SIKFH TIIIOB HA | PO3YUHY HC
Vi M TUTPYBaHHS HCI, V, mi ’
NH,CI,

Tum4acoBy TBEPIICTh BOAM B MIIT-E€KB/J1 pO3PAXOBYIOTh 33 (POPMYJIOLO:

_ Niic -Vorei - 1000
k v '

1H,0
ne T,— TBepaicTh TUMYacoBa (kapOOHATHA);
Npci — HOpMaTbHICTh COJITHOT KUCJIOTH;
Vhcr — 00°€M BUTpavYeHOT HA TUTPYBAHHS COJITHOT KUCIIOTH;

V1iH20 — 00°€M OCTiKyBaHOT BOJIH.
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b. BuzHaueHHs 3arajJibHOI TBEPAOCTI.

3aranbHy TBEPAICTH BOJW BU3HAYAIOTh KOMIUIEKCOHOMETPHYHHUM
METOJIOM i3 3aCTOCYBaHHSIM pPO3UMHY TPIJIOHY b — murigpaTy muHATpi€BOi
coni eTwieHaiaMinTeTpaaneraTHoi kuciaotu (EJTA).

Iopsnok BUKOHAHHS PO0OTH. 3alIOBHUTH OIOPETKY TUTPOBAHHM
pozunnoM EJITA (0,02 m). BigmipsATn mineTkol BKa3aHWH BUKIJIAJa4eM
00’eM JocnmijKyBaHOI BOIM 1 TepeHecTH ii B KOHIYHY KOOy Juis
TUTPYBaHHA. JIONNMTH AMCTHIBOBAHOIO BOJOIO 1O 3arajbHOro o6’emy 100
MII (Bozy BiaMipsaATH MeH3ypkorw). Jlomatu 5 mu (OydepHoro po3unHy st
migTpuManHs pH B iHTepBani 9-10 i 2-3 KpamwmimHH iHOUKATOpa epixpoma
YOPHOTO, TPH SKOMY pO34YHMH 3a0apBIIOETbCS B UYEPBOHMH  KOJIIp.
[Nepemimatu po3umH i Bigpasy TUTpyBatu i3 Otoperku pozunHom EJITA no
MIepexo/ly YepBOHOTO KOJIbOPY B CHHIN. TUTpYBaHHS MOBTOPUTH TpPH pasu.

3anuc ganmx gociigy. Pesympratm 3ammcaTél B TaOMUIIO (SK B
nocmigi Nel). 3arampHy TBepIicTb BOAHM (MIIT-€KB/NI) pO3paxyBaTH 3a
(dhopmyroro:

N -V -1000
T ENTA 2 EJITA

n
1H O
2

ne Ty — mocrTiiiHa TBepAiCTS,
NEjira — HOPMaJIBHICTh PO3UHHY TPHIOHY b;
Voenra — 00’em  posumny EJITA, mo ButpaTuBcs Ha
TUTPYBaHHS;
Vo — 00°€M TOCTiIKYBaHOT BOIH.

OO0YHCIUTH TIOCTIHHY TBEPICTH BUPA30M:

Teepmicte mocriitHa = TBepmicTs 3araiapHa — TBepaicTh KapOOHATHA
(Tn=T3 - Tk)
J10 SIKOTO THITY >KOPCTKOCTI1 BITHOCHUTHCS JOCHIIKyBaHa Boaa?.

3aBaanns Aaa CAMOKOHTOPOJISA

1. B s#AKii TOCHIZOBHOCTI 3MEHIIYETHCS PO3UMHHICTE Cynb(daTiB
JTy’KHO3EMEJIbHUX METaJiB y BOI?

2. Sk BinOyBaeTbcs MEPETBOPEHHS KapOOHATIB y TiApoKapOOHATH i
HaBIaKu?
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3. CkiJbKH JITPIB BOAHIO MOXKHA JOOYTH MpH B3aeMozii 24 r KanblLiio 3
BOJIOIO TPH TUCKOBI 728 MM.pT.CT. 1 Temneparypi 15 °C?

4. Sxi BnactuBocTi MgO BUKOPHCTOBYIOTHCS, IPH 3aCTOCYBaHHI HOTO LISt
BUPOOHMIITBA BOTHETPUBKUX MaTepiaiis?

5. Sk moOyBalOTh METATIYHUN MarHii, KaJIbIIH, CTPOHLI 1 Oapii?

6. ki mpomecm BimOyBarOTBCA Ha aHONI 1 KaTOAi TIPH EIEKTPOIIi3i
pOS‘lI/IHiB MgCIZ, CaClz, Ba(N03)2 ?

7. 3akiHdYiTh pIBHAHHS PEAKIIiH i Ha3BiTh YTBOPEHI IPOITYKTH:
CaCIZ + Na,HPO, + NaOH =.. ;
CaCl, + NasPO, =...;
Ba(N03)2 + A|2(804)3 = ..
CaCIZ +K,CO3=...;
SI’CIZ + NazPO, =...; Ca+H,0O =..;

8. 1o Take TumMuacoBa (kapOonarHa) mocrtiiiHa TBepaicte Boau? B skux
OJIUHUIISAX 11 BUMIPIOIOTH?

9. SlkuMmH MeTOJaMU MOKHa YCYHYTH TUMYAcOBY TBEPIICTh BOJM?

10. YoMy B TEmIIOBOMY TOCIIOJAapCTBI HE MOXKHA 3aCTOCOBYBATH TBEPAY
Boxay?

11. Yomy 3actocyBaHHS TBepHoi BOAW MJs TIPaHHSA OUMM3HH 30LTBITYE
BUTpaTy Muna?

12. Ckinbku rpaMiB rameHOT0 BalHa MOTPiOHO TOMaTH 10 2 M 8 BOJIH, 11100
YCYHYTH 11 THMYaCOBY TBEPHICTb, sika qOpiBHIOE 3,0 Mr-eKB/mn?

13. 'V nitpi Bogu Mictuthest 0,32 1 kanbLiil rizpokapbonaty. Slka TBepicTh
miei Boau?

14. Boaa 3 TUMYAacOBOIO TBEPIICTIO, IO JOPIBHIOE 2 Mr-€KB/JI, MICTHTh
TUIBKK MarHiil rizpokap6onat. Ska KijgbKicTh L€l COJI MICTUTBCS B 5
M Boan?

15. Ha tutpyBanus 100 mx H,O Butpagaerscst 2 mi 0,1 M po3unHy COISHOT
KHUCJIOTH. BU3HAUNTH KapOOHATHY TBEPIICTh BOAH?

16. ¥V gomy moisirae mporec 3HECONOBaHHS BoAn? SIKi CHHTETHYHI CMOIH
3aCTOCOBYIOTBCS IUISI IHOTO?

17. Bu3HAYWTH THMYAacOBY TBEpPIICTb BOIM, 3HAIOUM, IO HA PEAKIII0 3
rizpokapOonaToM, skuid MictuThes B 100 Mt miel Boan, moTpiOHO 5 M
0,1 M pO34HHY COJISTHOI KUCIIOTH.

18. Ckinbku auHATpili KapOOHATY MOTPIOHO AOAAaTH JO 5 J BOAM, MO0
YCYHYTH 3arajbHy TBEPIAICTh, IO TOPiBHIOE 4,6 MT-eKB/1 ?

19. Mpu kum’stiai 250 MiT BOAHM, sIKa MICTHTH Kajbliid TiapokapOoOHAaT,

BHITaB 0caJl Macor 3,5 mMr. YoMy MOpiBHIOE TBEPAICTh BOIU?
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JlabopaTopHa podora Ne 14 MeTtanu roJ10BHUX Ta MOOiYHUX
niarpyn. ®epym, KoéansT,
Hikeanb

Koprki Teopernuni Binomocri

B ronoBHEX miarpynax nepioJUYHOI CHCTEMHU 3HaXOISTHCS CIEMEHTH, Yy
SIKHX 3alOBHIOIOTBCS €IIeKTpoHaMH S, abo P-TiApiBHI  30BHIMIHIX
eNeKTpOHHKUX piBHIB. [lepemocranHi mimpiBHi 3amoBHeHi 8§, abo 18
SNIEKTPOHAMHU, & TOMY € CTIHKMMH. BalleHTHI eNeKTpOHM 3HaXOISAThCS
TUILKH Ha 30BHIIIHBOMY DiBHi. IX KiJIbKiCTh BM3HAYa€ThC HOMEPOM TIPYITH
NepioUYHOT CUCTEMH.

SIkmo aToMH MaroTh He3HauHe 4uciio (1-4) BaICHTHHX EJIEKTPOHIB, TO
JUII HUX € XapaKTEPHOK TEHJCHINS M0 X BiAmadi i BOHH MPOSBISIOTH
BiIHOBHI (M€TaJIi4Hi) BJACTHBOCTI.

B mepiogax i3 30iIpIICHHSAM 3apsAAiB sSApa 1 4YHCIa BaJCHTHUX
CIIEKTPOHIB, a TaKoXX i3 3MEHIICHHAM paJiycy aTOMIB MeTajiuHi
BIIACTHBOCTI CIa0IIAIOTh.

B rpymnax 3BepXy BHH3 METaNidHi BIACTHBOCTI 301UTBITYIOTHCS, OCKUTBKA
30LTBITYETHCS YHCIIO PIBHIB i 3pOCTa€ 00’€M aTOMy eJIeMEeHTa.

®epym (Fe), Kobanst (Co) i Hikon (Ni) BimHOCSTBCS MO mepeximHux
MmetaniB VIII rpynu 4 nepiogy. AToMu Ha 30BHIIIHIX €JIEKTPOHHHUX PIBHAX
MAIOTh 10 [Ba S-eeKTpoHH (4s) Ta Ha 30-HiApiBHAX MEpeIOCTAHHBOrO
PiBHS — BiANOBIAHO 6, 7, 8 €IEKTPOHIB.

Ipu nepexoni Bix ®epymy no Kobanery i Hikons mobaBisieTbes nuie
no oxHoMy ejekTpoHy Ha 3d — minpiBeax. Tomy Bci Tpu Metamu 3a
BJIACTHBOCTSIMH CXOXi OZWMH 3 oxHMM. lle mocuTh TBepAi, TYrormiaBki
pedoBUHU. B psimi akTHBHOCTI BOHU CTOSITS JiBimie 3a ['iporeH i pearyroTs 3
KHCJIOTaMH 13 BUALICHHAM BogHio. Ha moBitpi KoGamet i Hikon criiiki B
HACINIZOK TIOKPHUTTS IIOBEpXHI IMITPHAMH OKCHIAMH, a 3ajli30 piKaBie,
OCKUTBKH HOTO OKCHIH PHXIIL.

B ximiuanX crionykax @epym HposBIsSE€ CTYNEHI OKUCHEHHS +2, +3, +6.
Kobanst i Hikom — +2 1 +3.

Haii6inbur xapakreproio aist depyMy € CTymiHb +3, ToMy crionyku Fe?
€ BiIHOBHHKaMH, a Fe'® — Tyke CHIIbHUMH OKHCHHKAMH.

V Kobanbry i Hikoms xapakrepHoio € crymins +2. Tomy cromykn Co*
Ni*® € cunbHIMH OKHCHHKAMH:

2C0*¥(OH); + 6HCI" = Co*™Cl, + Cl,0 + 3H,0
®epym, Kobansr i Hikon yreoprorote okcuau (FeO, CoO, NiO) i
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rimpokcuau (Fe(OH),;, Co(OH),, Ni(OH),), sixi MaioTh crnabki OCHOBHi
BJIaCTHBOCTI:
FeO + H,SO, = FeSO, + H,0

Maiike Bci COJ CHIBHUX KHCJIOT 1 TIAPOKCHUIIB JaHUX EJIEMEHTIB 3i
cTymeHem +2 po3dMHHI y BOji i 3aGapeieni B 3enenysaruii (Fe?*), poxenuii
(Co™) i senemmii (Ni*") xompopm. Tigpokcuam HeposumHHI y Bomi i
YTBOPIOIOTBCA TIPH B3AEMOJIi PO3YMHIB JIYTiB 3 PO3UUHAMU COJIEH:

FeSO, + 2KOH = Fe(OH),4 +K,S0,
Kucenr moBiTps, a TakoX iHIN OKHCHUKH Timpokcuan (1)
nepeTBopioioTh B riapokcuan (I11):
4Fe*}(OH), + O, + 2H,0 = 4Fe™(OH),
2Ni(OH), + Br, + 2KOH = 2Ni(OH); +2KBr
Oxcuu i rinpoxcunu @epymy (111) marots ampoTepHi BIacTHBOCTI:
FE(OH)g + 3HCI = FeC|3 + 3H,0
Fe(OH)3 +KOH = KFeOZ + 2H20

Comni ®epymy, KobansTy, Hikosto B BOJHHX pO34YHMHAX TiAPOJI3YIOTH i
3MiHIOI0TH pH cepenoBua:

FeCl + HOH <> FeOHCI, + HCI
2NiSO, + 2HOH < (NiOH),SO,4 + H,SO,

Comi, 0co0nMBO 3 aHIOHAaMH CIA0KMX KHCJIOT, MOXYTh MiJIaBaTHCS
MTOBHOMY TiJ{pOJTi3Yy.

Karionu Fe, Co, Ni, sk i0oHM TmepexiIHUX MeTaTiB —
KOMILIEKCOYTBOpIoBadi. KoopamHatiiiHi 4rcia B KOMILIEKCaxX PiBHI 6:

N|SO4 + 6NH3 g [Nl(NH3)5]SO4
FeCl, + 6KCN «> K [Fe(CN)g] + 2KCI
KoMIIIeKCHI CIONyKH MarTh 3a0apBieHHS, TOMY iX BHKOPHUCTOBYHOTbH
JUTSL BIAKPUTTS KaTiOHIB:
2FeS0, + 2K;[Fe(CN)g] = 3K,S0, + Fes[Fe(CN)goy
(TypHOyneBa cuHb)
4FeCl; + 3K,[Fe(CN)s = 12KCl + Fe,[Fe(CN)gla
(GepiHCHKa 1a3yp)

[Tpu B3aemonii okcuny dpepymy (I1I) 3 myramm B IpHCYyTHOCTI OKUCHUKIB
YTBOPIOIOTECSL coii (epparu, B sikux @DepyM 3HAXOAWUTHCS B CTYIEHI
OKHCHEHHS 16!

Fe,"0; + 4KOH + 3KN*0; = 2K,Fe*®0, + 3KN*30, + 2H,0

IIpore ¢eparna xucinora (H,FeO,) i ¢eparanit anrigpua (FeOs)

HeBigoMi.

Depym
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depym — Lie 4eTBEPTHH eNIeMEHT 3a HoIupeHicTio Ha 3emiti. B mpuponi
3HAXOJMTHLCS Y 3B’SI3aHOMY BUIJISI: BXOJUTH IO CKJIATy TiPCHKUX TOPIiI, a
TaKOXX MICTHTBCS B XKHBHX opraHizmax. [lo ckiaay MiHEpalbHUX JKEpel
BX0/Th cyJbdat FeSOy i rinporenkapbonat dpepym (1) Fe(HCO3),.
Minepanu:
OKCHIU
e wmarserut (MarHiTHHIT 3ami3HaK) (Fe''Fe,™)O,,
e rematuT (4epBOHUI 3ami3HAK) Fe,03,
e smMmoHiT (Oypuii 3amni3usik) Fe,03 - nH,0;
KapOoHaTH
e cupepur (3amizHuii mmat) FeCOs;
cybdiau
e mipur (3aNi3HKH KoYenaH, cipuaHuil kordenan) FeS,,
e mipoTuH (MarHiTHUI Koruenan) Feggr7S;
CUJTIKaTU
e onuBin (Mg, Fe),SiO,.

KobaabT.

3ycTpidaeThCs JHIIE Y 3B’ s13aHOMY BUTILSAL pa3oM i3 Hikomem.
Minepanu:

o cmantuH COAS,,

e koOanbTHH (KOOanpTOBHUH OKick) COASS,

e iHelT (KoOanbTo-HikoNeBHit Komueaan) (Co, Ni)3S,.

Hikean

B 3emHili kopi 3ycTpidaeTbcs TUNBKH B 3B’sS3aHOMY BUIILANI (iforo
cynyrauku: Co, As, Sb).
Minepanu:
e HikeliH (YepBOHUIT HiKONIEBHI KouenaH, KyndepHikens) NiAs;
e xjoantut (6inuit Hikonesuit kouenan) (Ni, Co, Fe)As,;
L4 FapHiepnT (Mg, N|)6(S|4011)(OH)5 . Hzo,
e wmarHiTHui kouenan (Fe, Ni, Cu)S.

EKCHepl/lMeHTaJILHa YacTuHa
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Mpunagu Ta peakTHMBH: NPOOIPKM IMIIHAPWYHI, (INBTPyBaJIbHUHI
Tarip, JJAKMYCOBHH marip.

Po3zuunn: NaOH (2H), kucnora (2u), FeSOy, FeCls, NiCl,, CoCl,, KJ,
NH,CI, NH,OH, Br,, K3[Fe(CN)e], Ks[Fe(CN)g].

Hocaig Nel. Orpumanns i rinpoxcuais ¢pepymy (II) i Hixomro (II).

Bukonanua poéoru. B aBi mpoOipku TOMICTHTH TO JBI Kparuii
po3uuHiB coxeit pepymy (1) i mikomro (II). JJoGaBuTn HammwMmIOK (4 Kparoii)
po3unHy Jyry. Un criocrepiraeTbcsi pO3UMHEHHS OCAiB B HAJUTULIKY JyTy?
3po0uTH BUCHOBOK PO OKHUCHIOBAJILHO-BiTHOBHI BJIACTUBOCTI T'iPOKCHIIB
(bepymy 1 HIKOIIIO.

Jlo oTpuMaHHX oOcaiiB JOAaTH MO CTiHKaX HpoOIpoK Mo 2 Kparui
Oopomuoi Bomu. CrocrepiraTu 3a 3MIiHOIO KOJIBbOPY OCaay B pPe3yJbTaTi
OKHCHEHHSI.

3anuc gaHux jgochaigy. Hamumcatu piBHSHHS peakuii OTpUMaHHS 1
OKHCHEHHS T1IPOKCHIIB. 3pOOHTH BHCHOBOK IPO OKHCHIOBaJIHHO-BiTHOBHI
BiactuBocTi rigpokcunis (1I).

Hocain Ne2. OxkucHIOBaJIbLHI BJIaCTUBOCTI Fe*,

Bukonanns podoru: [lo nBox kpanens xiaopuna epymy (II1) momatu 2
Kparuti po34rHy HOIUIy Kalilo.

3anuc panux gocaiay. [loscHUTH 3MiHY KOJBOPY HAlMCAHHIM
piBHAHHS peakuii. 3poOWTH BHUCHOBKM IPO OKHCIIOBAJIHO-BiJIHOBHI
BiactuBocti Gpepymy (II).

Hocaix Ne 3. T'igpoJi3 coJeid.

BukonanHsi po6orn. 3a J0MOMOTOI0 YHIBEPCAJILHOTO iHIUKATOPHOTO
nanepy BuzHaunTH pH cepenosumia po3unis coneit pepymy (11 1 III).

3anuc AaHUX Aocaixy. 3poOHUTH BHCHOBKH IIPO BIUIMB 3apsily KaTiOHY
Ha CTYHIHB Tiponi3y coui. Hanmcaty piBHAHHS peakuil rifpoizy.

Hocaig Ne4. OTpuMaHHSA KOMILIEKCHOI CIIOTYKH KOOAIbTY.

Bukonanusa pod6oru. /lo 2 xpamens po3umny kobamsTy (II) momatm

CTUTBKM X PO3YMHY XJIOPHIY aMOHII0 i Hamaumiok (4 Kpamuii) po3uuHy
amiaxy Crioctepirat yTBOPEHHS KOMIUIEKCY (hi0JIETOBOTO KONBOPY.
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3anmc qanux gocaixy. Hamucatu piBHSHHS peakiii.
Hocaixg NeS. BinkpurTs kaTioniB Fe?* i Fe¥.

Bukonanusi podoru. B aBi npoOipku B3STH NO JABI Kparuli PO3YMHIB
coneit pepymy (II i III). B posumn 3 cinmo Fe”" momatu kpammo po3uuny
qepBoroi kpoB’sHoi comi Ks[Fe(CN)g] mo Fe** - kparumio xo0BTOi KpoB’sHOI
coJIl — K4[F€‘(CN)6]

3anuc gaHux gocainy. Hammcatu piBHSHHS peakiii yTBOpEHHS OCaliB.
Bka3zatu sik BOHH Ha3MBaIOTHCSL.

Hocaig Ne6. 3mina 3a0apBieHHs coJeil K00aabTY.

Bukonannsa podoorn. Ha 6imoMy JIMCTKY mamepy HammMcaTH ACKUIbKa
3HaKIB PO3UYMHOM cOJIi KoOanbTy. [lanip o0epekHO HArpiTH Haj MOJYM’sIM
CHMPTIBKHU (IIPOCYLIHUTH).

3anuc ganux gocainy. [loscHuTH ABHIIE, IO CIIOCTEPIraiy.

3aBaaHHA 1J1s1 CAMOKOHTPOJIIO

1. Hamwucatn enektponi popmyin kationis Fe?*, Fe®,

2. Hammcatu piBHAHHSA peakmid poO3YHMHEHHS (QepyMy B  COJSHIMH,
po3baBiieHii 1 KOHIEHTpPOBaHi Cynb(haTHIH KHCIOTax, po30aBieHii
HITpaTHii KUCIIOTI.

3. Hamumcatu piBusiHHs peakiiiii B3aemomii rimpokcuais Fe(lll), Co(lll),
Ni(lll) 3 consHOI KHCIOTOW i3 BpaxyBaHHSIM OKHCHIOBAIBHUX
BiacTuBOCTeH KaTioHiB Metainis (II1).

4. Hamucatu ¢opMmysid KiHIEBHUX IPOAYKTIB 1 PO3CTaBUTH KOE(illi€HTH B
HACTYITHUX PIBHSIHHSX Ha OCHOBI JICKTPOHHOTO OaNaHCy:

FeSO, + KMnO,4 + H,SO, =
Fez(SO4)3 + KNO, +H,S0, =

5. Hanucatu piBHsHHS Tigpomnisy comi Fey(SOy4)3 B MoNeKymspHii Ta ioHHi#

¢dopmax, Bkazatu pH cepenosuina.
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JlaGopaTopna po6oTta Ne 15 BuszHaveHHs1 MOJIEKYJISIPHOI Macu
BHCOKOMOJIEKYJISIPHUX PeYOBUH
Bi3KO3UMETPUYHUM METOI0M

Kopotki Teoperuuni Binomocri

MoutekynsipHa Maca BHCOKOMOJIEKYJsIpHHX pedoBuH (BMP) €
OJIHI€I0 3 HAaWBaXKIHMBIIIUX XapaKTEPUCTHK MOJIMEpy, IO BHU3HAYae HOro
ximiuHi, Gi3ugHi Ta TexHONOTIYHI BacTuBocTi. Ockinsku BMP ckiamaeTbes
3 MAaKkpOMOJEKYN pi3HOI MOJEKYIApHOi Macu (Pi3HOTO  CTyICHA
noJTiMepu3aiiii), To TOBOPSTH PO CepeIHE 3HAUEHHS 11 MOJIEKYISIPHOT Mach
(Mr). 3HadeHHss Mr CKJIJIa€ThCs 3 MACH BCIX MOJIEKYJI, KA YCEPEHIOETHCS
260 3a iXx umcnoM (cepeqHbOYHCENbHA MOJEKyNsipHa Maca M,), abo 3a
Macor Okpemux ¢pakiiii (cepeAHpOMAcoBa MOJEKYJSIpHA Maca M, ).
BeuunHa 1BOTO CEPEHBOTO 3HAYEHHS Mr 3aleKUTh Bil METOMy, WO
BUKOPHCTOBYETHCS /IS HOTO BU3HAYEHHS.

Jlns BusHaueHHs Mgy BHKOPHCTOBYIOTH METOIHM, OCHOBAaHi Ha
BU3HAYCHHI 4YHCJIAa MOJIEKYJ Y pPO3BEACHHX pPO3YMHAX MOJIMEpiB:
KplocKorito, e0yJOCKOIi0, OCMOMETPII0, METOAM BHM3HAYEHHS KiHIIEBUX
TPy Y MaKpOMOJIEKYJIax.

Jlnss BU3HAUeHHS My, BHKOPHCTOBYIOTH METOIH, B OCHOBY SKHX
TIOKJIAJICHO0 3AJIeXKHICTh BJIACTUBOCTEH pO3YMHIB Bl MacH OKpEMHX
MaKpOMOJIEKYT (IUQy3if0, CBITIOPO3CIIOBaHHS, CEOUMEHTAII0 Ta iH.).
Cepen pi3HHX METOJIIB BU3HAYEHHSI MOJISKYJIIPHUX MAac MOJIIMEpPIB IIHUPOKO
BUKOPHCTOBYEThCSI BICKOBUMETPUYHHUIT MeTo. OTprUMaHa 32 IMM METOJIOM
CepeIHbOBICKO3UMETPUYHA  MOJICKYJISIpHA  Maca  HaOJIMKAaeTbCs 10
CepeHbOMACOBOi  MOJEKYJSIpHOi Macu mojiimepy. s Bu3HAYeHHS
MOJICKYJISIDHOI MacH BUKOPHCTOBYIOTh EMIIIPUYHY 3aJEXKHICTh MK
TPaHMYHUM 3HAYEHHSM B’A3KOCTI po3unHiB BMP (xapakrepuctnuHoO
B’s13KicTIO) [n] 1 #HOro MoyeKynspHOIO Macoio (y3arajbHEHE pIBHSHHS
rayninrepa):

[n]=K - M%, (15.1)
ne: K — koHcTaHTa, 1110 3aJIeKNTh BiJ NPUPOIN PO3YHHHUKA 1 MOTIMEpY;
0. — KOHCTaHTa, fKa Xapakrepusye (opMy MakpOMOJIEKYJH, BOHA MOXXE
Habupatu 3Ha9eHHs Big 0 (Ut r100ym) 10 2 (11 aBCOIOTHO KOPCTKUX
MaKpOMOJIEKYJT).

Busnadyenns B’s3kocTi po3umHiB BMP ocHOBane Ha BHMipIOBaHHI

4yacy BUTIKaHHS PIIMHU 3 Kamiisgpa BickosuMeTrpa. J[Jis HEHbIOTOHIBCHKUX
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piAMH, SKHMH € pO3BEICHI PO3YMHM TMOJIMEPiB, TMPHU CTaI[lOHAPHIN
JAMIHAPHIA Teuii AN PO3PaxyHKY B’A3KOCTI BHKOPHCTOBYIOTH PiBHSHHS
Ilyazeitns:
z-rt-Ap-T
8:1-n
ne: V — 00’eM piJuHH, 10 BUTIKAE 32 9ac T, om’;
I — paxiyc Kamisipa, cMm;
Ap — pi3HHUIA THCKIB Ha KiHIIX Kamispa, [1a;
| — moBXxwWHa Kamispa, CM;
1 — abCoIIOTHA B’A3KICTh PiTUHH.
SKmo piauHA MPOTiKae yepe3 KaIijisIp I Ti€l0 BIACHOI Bard, TO
Ap =p-g-h, (15.3)

V= , (15.2)

Jie p — TYCTHHA PiAMHH;
g — IPUCKOPEHHS CHIIM TSKIHHS;
h — BucoTa cToBMma pimuHY, 1110 CTBOPIOE TiAPOCTATUYHHI THCK.
[Micns mincranoBku 3HaueHus Ap (15.3) y pisustaus [Tyaseiins (15.2)
1 pO3B’s13aHHsI HOTO BiTHOCHO 1| OTPUMYEMO:

_”.rA.p.g.h.T
T o8lv
abo
n=K-pr, (15.4)

I8 K — 7z-r*-g-h (crana ickosumerpa).
8-1-V
Omxe, 3HAIOYM CTANTy BICKO3UMETpa i BU3HAYMBIIM Yac BUTIKaHHSI
PLAMHY 3 Kaisipa, MOXKHAa OOYHCITUTH aOCOMIOTHY B’ SI3KICTh pimuHU. OqHAK
3BUYAHO NpPH BUMIPIOBaHHI B’A3KOCTI PO3YHMHIB JOCTATHHO BH3HAYHMTH
BiTHOCHY B’S3KICTh PO3YHHY Mgz — BIJHOIICHHS B’S3KOCTI PO3YUHY 1) IO
B’SI3KOCTI PO3YMHHHKA 1o

M = - = L5 (15.5)
Mo Po 7o
1€ po — TYCTHHA PO3UMHHHKA, KI/CM;
Tp — 4ac BUTIKaHHS PO3YMHHHUKA, C.
Jnst po3BeNEHMX pPO3YMHIB MOXKHA IPUIYCTHTH, IIO TyCTHHA
PO3UYMHY Majlo BiIpI3HAETHCS BiJl TYCTHHM PO3YMHHHKA (p = pg) 1 Toxi
piBasHHA (15.5) HaOyBae Burisiny:

T
Moinn = — (15.6)

(0]
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3Hal04u BiTHOCHY B’SI3KiCTh, PO3PaxXOBYIOTh IUTOMY B’SI3KIiCTh:

e =00 =L 1 =g -1, (15.7)
o o
[otiM BU3HAYAIOTH MIPUBEIEHY B’ SI3KICTh:
_ 77FII/IT
77np = T (158)

ne: C — konnentpanis BMP, MoIb/eM;
i OymyioTh Tpadix 3ameKHOCTI 77%: f () (puc. 15.1). Lla 3amexHiCTh

JiHilHa:
77 e
- — a+eC, 15.9
s (159)
eKCTparnoJIsLis ii Ha HyJ1bOBY KOHIIGHTpALIO 1a€ 3Ha4YeHHS a = [1].
N rwar
C
-
C
Puc. 15.1. 3anexHicTh PUBEICHOT B I3KOCTI Bl KOHIIEHTPAIIT pO3UHHY

BMP
ExcnepuMeHTAIbLHA YACTHHA

Pobory BukoHyloTh Ha Bickosumerpi OctBaipaa (puc. 15.2).
Bickosumerp Mae cnomydeHi ckiistHi TpyOokm (1) i (2). Tpybka (1) mae
posumpenHst (3), mo nepexoauTs y kansp (4). JocnimkyBana piguHa mija
Zi€ro BIACHOI Baru mIpotikae gepe3 Tpyoky (1) i xamissip (4) y tpyoky (2).
Bumie i Hmkue posmupenHs (3) Ha Tpy6mi (1) € mitkm (5) 1 (6). O6’em
po3mupeHoi YacTUHH TpyOku nopiBHIOE 3 — 4 mur. IIpu BUTIKaHHI pO3UHHY Y
BickozumeTpi OcTBanbla BiZOYyBa€ThCS TOCTYIIOBE 3MEHIICHHS BHCOTH
croBma piguHn  Ah, 1m0 TPUBOAWT, O  YTBOPEHHS  3MiHHOTO
rizpocratnyHoro TUCKy. Tomy y Bickosumerp OcTBanbla HaJIMBAIOTH
OJIHAKOB1 00’ €MH PO3UHHIB.
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1
5
2
3
o
] [

Puc. 15.2. Kaninsapauii Bickozumerp OcTBanbaa:
1, 2 — cxnaHi TpyOKH; 3, 7 — po3UIupeHHs; 4 — xaniip; 5, 6 — MiTka

BuBuaroTh 3anekHICTh B’S3KOCTI BOAHMX posunHiB BMP Big ix
KOHIIEHTpAIIT NPH KIMHATHIN Temneparypi (pu iHIIUX TeMIeparypax i s
OLIBII TOYHHUX BUMIPIOBaHb BUKOPHCTOBYIOTH TEPMOCTAT).

VY BICKO3UMETp, BCTaHOBJCHUI BEPTHKAIbHO, HAIMBAIOTH TaKHH
00’eM Bo/M (Hazaui — Takuid ke 00’ €M PO34KHY), 11100 TTOBHICTIO 3aIIOBHUTH
posummpensst (7) (mo Mitku). Jani 3aCMOKTYIOTH BOAy B po3iuupeHHs (3)
BHUIIIC BEPXHHOI MITKM 1 BH3HAYAIOTh 4YaC BUTIKAHHS BOAM BiJl BEPXHBOL
MITKH JI0 HWKHBOI. IIpOBOIATH HE MEHIIE IT'STH BUMIPIOBaHb, 3 SKHX
PO3paxoByIOTh CEpeHE 3HAYCHHS. AHAIOTIYHO BH3HAYAIOTh 4ac BUTIKaHHS
KO)XKHOTO PO3YHHY, TMOYHHAIOYH 13 HaHOUTBII po3BereHOro. Hampukinii
poOOTH BICKO3UMETpP MPOMHUBAIOTH BOJIOKO (OCOOIMBO PETENBHO — KAIIIAp) 1
3HOBY BHMIpIOIOTh 4Yac BHTIKaHHS Boxu. JlaHi eKCIepUMEHTy Ta
PO3paxyHKiB 3aHOCSATH y TaOJIUIIIO:

Temnepamypa docnioy, °C ... BMP ... Pozuunnux ...

Konuenrparis C, Yac BUTIKAHHA T, C MNoimm Mo MNup M
%

1 2131415 cepeaHii

O0podKa ekcepUMEHTAJIBLHUX JaAHUX
Po3paxoBYIOTE Mgiz, Muurs Mup 33 piBHsHHAM (30.6) — (30.8) s

KOXKHOTO po34nHy. BynyroTs rpadik sanexsocti M _ ¢ ©) 1 BU3HAYAIOTh
C

XapakTepucTuuHy B’s3kicTh [1] (puc. 37). Po3paxoByrOTh MOIEKYISIPHY
macy BMP 3a piBusinusam (30.1). Koediuienrn K i o 3a3Haueni B nogatky B
(tabmuus 19).
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3anuTaHHs A8 KOHTPOJIS
1. Ilo Bu3Havae BinactuBocTi BMP?
2. CyTb cepeTHbOTrO 3HAUCHHS MOJICKYJIIPHOT MacH.
3. Bin 4oro 3anexurs cepenne 3HaueHHss BMP?

4.

SIki METOAMW BUKOPUCTOBYIOTH [JIsI BU3HAYCHHA CEPCAHBO

YHCEIhHOT MOJNIEKYIIPHOT Macu?

5.

SIki MeToTM BUKOPUCTOBYIOTH JJIsl BU3HAYCHHS CEPeIHbOMACOBOT

MOJIEKYJISIpHOI Macu?

6.

Skift Merox HaWdJacTimie BUKOPUCTOBYETHCS UISI BH3HAYCHHS

MOJIEKYJISIPHOT MacH MoJiMepiB?

7.
8.
9.

OxapaxTepusyBaru piBHsHHS lTayainrepa.
Bin 9oro 3anexuTh B’SI3KIiCTh BOOHHUX po3unHiB BMP?
[TosicHNTH SIKUM YMHOM BH3HA4alOTh B’SI3KOCTI po3unHiB BMP.

10. INosicHuTH NpUHLUI POOOTH BiCKO3UMETpa.
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JOJATKHA
Taoauus 1
®@i3uko — ximiuHi crami
Hasga 3Ha4YeHHS

I'pasiramniiina crana, G =6,6720 - 10 H- m/kr?
IIBuaxkicTs MOUIUPEHHS | C =2,99792458 - 10° Mm/c
€JIEKTPOMATHITHUX XBHJIb B BAKyYMi,
MarHiTHa IPOHUKIIUBICTH BAKYyMY, o =1,256637061 - 10° | Tu/m
EnexTpuyHa NPOHUKIMBICTD BAKyYMY, | &y = 8,85418782 - 102 | ®/m
Crasia [Tnanka, h =6,626176 - 10* | Jbx/T
ATOMHA OIMHUIIA MacH, a.oM. | =1,6605655 - 1077 KT
Maca enekTpoHa, me =9,109584 - 10" KT
Maca npoToHy, m, =1,6726485 - 10%7 | xr
Maca HelTpoHa, my =1,6749543 - 107 | xr
EneMeHTapHU# eNeKTPHIHUIT 3apsi, e =1,6021892 - 10%° Kn
Kracu4nuii pajgiyc enexkTpoHa, [ =2,817938 - 10™° M
Crana Asorazpo, Na | =6,022045 - 102 MOIb
Crana ®@apanes, F =9,648456 - 10* Kn/mons
Crana Jlomwminra, N_ | =2686754-10° [’
VYHiBepcasbHa ra3oBa craja, R = 8,31441 JLx/(K-moip)
HopmanbHi ymoBH:

~THCK, p =1,01325 - 10° Ia

—TeMIeparypa, T = 273,15 °K
MounsipHuii 06’eM rasy, Vy | =2,241383 - 107 M/MoTh
Crana bonpmana, k =1,380662 - 10 Jox/K
MarHiTHHIT MOMEHT eJIEKTPOHA Le =0,284832 - 10 A - M

Tadauns 2

IIpucraBku QJist yTBOPEHHSI KPATHHX i JiTeHUX OXMHUIb

ITpucraBka MHOXHHUK ITpucraBka MHOXHHK
Tepa, T 10% Herm, 1 107
[ira, I’ 10° Canry, ¢ 107
Mera, M 10° Mii, M 107
Kino, x 10° Mixkpo, MK 10°
I'exro, T 10° Hano, 10°
Jexka, na 10? ITiko, i 1072
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Ta6auns 3
®@iznko—ximiuni Besimuunm i oqunuui Mixkaapoanoi cuctemu (CI)

Beauyuna Opmununi CI
Buytpimns enepris, U JuKoyinb, Jx
Yac, t CEKyHJIa, C
Tuck, p rmackaib, I1a
JInnonabHUI MOMEHT, U KynoH-meTp, K- M
Jlosxuna, | METp, M
KinpkicTe pedoBuHH, v MOJIb, MOJIb
Kinpkicts Temra, Q JOKOYITB, JIKk
KisbKiCTB eNEeKTPUKH, KynoH, Ki

Maca, m

KiJIOTpam, K

Mousipna maca, M

KiJIorpam Ha MOJIb, KI/MOJIb

Mousipanii 06°eM, Vi

Ky6.METp Ha MOIIb, M>/MOJIb

ModsimbHa KoHIeHTpatis, Cy,

MOJIb Ha KUJIOTpaM, MOJIb/KT

ModsipHa koHIEeHTpanis, Cy

MOJIb Ha Ky6. METP, MOJTB/M°

[oTyxHicTs, P

Bar, Bt

006’em, V Ky6iunmii MeTp, M°

I'yctuHa, p KiTOrpaMm Ha Ky6. MeTp, Kr/M°
[Tnoma, S KBAJIPATHHIT METp, M°
IloBepxHeBuUil HATAT, G JDKOYNb Ha KBaap. Metp, Tx/v®
Po6ora, W JOKOYIb, JIK

Pi3uuns nmorenuianis, AU BOJIBT, B

Cuna, F HbIOTOH, H

Cua ctpymy, | amrep, A

IIBuakicTs peakii, v MOJIb B CEKYH]y, MOJIB/C
Temneparypa TepMoauHamiuna, T KenbBiH, K

Temmepatypa Lenscis, °C

rpagyc Lemscis, °C

Tennoemkicts, C

JOKOYJIb Ha KenbBiH, JHK/K

Enepris, E

JOKOYIB, JIK

Enepris ['i66ca, AG

JOKOYIB Ha MOJTb, J[/MOITb

Enranemis, AH

JOKOYIB Ha MOJTb, J[/MOITb

EnTtpormis, S

JHKOYIb Ha KebBiH-MOoub, JIx/(K- MoIh)
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Kuromupcbka

MinicTepcTBO OCBiTH | HAyKN YKpaiHu

noJiTexHika Jep:xaBHuii yHiBepcuteT «2KHTOMHPCHKA NMOJTITEXHIKa»
Taoauusn 4
BignocHi aToMHi MacH XiMiYHHMX eJiIeMeHTIB

Eaemenrt A; Eaement A Ejaement A,
go*Ac 227,0278 o7 Fr 223,0197 0 15.9994+3
47Ag 107,8682+3 21Ga 69,723+4 2608 190,2+1
13Al1 26,98154+1 64Gd 157,25+3 15P 30,97376x1
95*Am 243,0614 2,Ge 72,5943 q1*Pa 231,0359
18Ar 39,948+1 H 1,00794+7 goPb 207,2+1
33AS 74,9216+1 ,He 4,002602+2 46Pd 106,42+1
A 209,9871 oHf 178,49+3 61 °Pm 1449128
720AU 196,9665+1 soHg 200,59+3 54*PO 208,9824
5B 10,811+5 s7HO 164,9304+1 5oPr 140,9077+1
seBa 137,33+1 53l 126,9045+1 2gPt 195,08+3
+Be 9,01218+1 49lN 114,82+1 94¥Pu 244,0642
gaBi 208,9804+1 271r 192,22+3 gs*Ra 226,0254
97*Bk 247,0703 10K 39,0983+1 37Rb 85,4678+3
3sBr 79,904+1 26Kr 83,80+1 sRe 186,207+1
6C 12,011+1 104*Ku [261] 4Rh 102,9055+1
2oCa 40,078+4 57 La 138,9055+3 g6 Rn 222,0176
48Cd 112,41+1 5L 6,941+2 wsRU 101,074+2
5gce 140,12i1 103*(Ll") 260,1054 lGS 32,0662|:6
98 *Cf 251,0796 LU 174,967+1 5:5b 121,75+3
17Cl 35,453+1 10.*Md 258,0986 21SC 44,95591+1
96Cm 247,0703 1,Mg 24.305+1 2aSe 78.96+3
27C0 58,9332+1 2sMn 54,9380+1 14Si 28,0855+3
24Cr 51,9961+6 »Mo 95,94+1 62SmM 150,363
55CS 132,9054+1 <N 14,0067+1 505N 118,710+7
29CU 63,546+3 11Na 22.98977+1 285K 87,62+1
6sDY 162,50+3 4Nb 92,9064+1 sTa 180,9479+1
= 167,26+3 soNd 144,2443 65Th 158,9254+1
99 ES 252,0828 1oNe 20,179+1 13¥TC 97,9072
s3EU 151,96+1 2gNi 58,69+1 soTe 127,60+3
oF 18,998403+1 |10*(No) [259,1009 o 232,0381
s6Fe 55,847+3 93*Np 237,0482 2»Ti 47,8843
100*Fm 257,0951 105*NS [262] 81T| 204,383i1
6oTM 168,9342+1 54 Xe 131,29+3 402" 91,224+2
ooU 238,0289 29Y 88,9059+1 *106 [263]
2V 50,9415+1 20Yb 173,04+3 *107 [262]
74W 183,85+3 302N 65,39+2
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noJriTexHika

MinicTepcTBO OCBiTH | HAyKN YKpaiHu
JlepxaBuuii yHiBepeuTteT «JKuToMupchbKa noJiTexHika»

Tab6auus 5

CrannaprHa enTanbnisa yreopennsi AH°(298), enrponist S°(298) i

eneprisi 'm60ca yrsopenns AG°(298) nesxux

CY0BHH

PeuoBnna AH®qg, KJK/MOTB | S%q9g, Jk/MOTb K | AG®qgg, KIIK/MOJIB

1 2 3 4

TIpocTi pedoBUHH
Adn 0 42,55 0
Al 0 28,33 0
Feq 0 27,15 0
Hyn 0 130,52 0
How 0 75,90 0
Mg 0 32,68 0
N 0 191,50 0
Osn 0 205,04 0
St pows) 0 32,9 0

XiMiYHi CIIOJIYKH
AQ,0¢ -31,1 121,0 -11,3
AgNO3, -124,5 140,9 -33,6
Al,O3 -1676 49,9 -1582
Aly(SO4)3m) -3442 239,2 -3101
B,Hsn 38,5 232,0 +89,6
BaCOgzy -1202 112,1 -1164,8
BaO, -553,54 70,29 -525,84
Ba(OH),, -943,49 100,83 -855,42
COp -110,53 197,55 -137,15
COyxy -393,51 213,66 -394,37
CaOy -635,09 38,07 -603,46
CaCOgy -1206,83 91,71 -1128,35
Ca(OH),y -985,12 83,39 -897,52
CS, +88,7 151,0 +64,4
CHyy -74,9 186,2 -50,8
CoHy +226,75 200,82 +209,20
CoHyy 52,3 2194 68,1
CrClsy -556,47 123,01 -486,37
FeO(T) -264,8 60,75 -244.3
Fezog(ﬂ -822,16 87,45 -740,34
FesOum -1117,1 146,2 -1014,2
Fe(OH)ym -561,7 88,0 -479,7
Fe(OH)3wm -826,6 105,0 -699,6
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[TpomoBxeHHs TadbIUI 5

1 2 3 4
HCl, -92,31 186,79 -95,30
H,0. -2901,85 (39,33) -
H,0 -285,83 69,95 -237,23
H,00) -241,81 188,72 -228,61
H,0,) -187.8 109,5 1204
HCN, 135,0 113,1 1255
H,S040) -813,99 156,9 -690,14
HNO4, -173,00 156,16 -79,90
HgCly, -229,00 2423 -1974
HgO -90,9 70,29 -58.,6
HgSe -59,0 82,4 514
KCl, -436,68 82,55 -408,93
K,Cr,.07 -2067,27 291,21 -1887,85
KMnOy -828,89 +171,54 729,14
KNOa) -4932 132,93 -393,1
KzSOui -1433,69 175,56 -1316,04
MnOy,y -521,49 53,14 -466,68
MgCyy -601,49 27,07 -569,27
MgSO.rm -3089,50 348,1 -2635,1
NHa -46,2 192,5 16,1
NH,Cl -314,2 94,5 -203,2
NoHa -50,50 12,1 149,2
NaBr, -151,86 62,1 -
NOy, 91,26 210,64 87,58
NO. 33 240,2 515
NaOHy, -426,35 64,43 -380,29
Na,SO0s -1089,43 146,02 -1001,21
Na,SOu( -4324,75 591,87 -3644,09
Pb304a) 723,41 211,29 -606,17
PbCly -359,82 135,98 -314,56
PbOyey -276,56 71,92 -217,55
PB(NO3)s -451,7 217,9 -256,9
SO -296,90 249,1 -300,21
SOq, -439,0 122 -368,4
TiOy0 -938,6 49,92 883,33
ZnOy, -350,6 43,64 -320,7
Zn(NO3),-6H,0 -2306.8 4263 -1174.9
Zn(NO3)x(n -483,7 - -
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Tadnanusa 6
Koncrantu auconianii 1eskux cJJa0KUX eJeKTPOJITIB

Enekrtpouir PiBusiHHA qucomiaiii K
HitpuTHa Kuc0Ta HNO, < H* + NO; 4,0-10™
AMOHis TifipokcuIy NH,OH <> NH] + OH~ 179-107
Boparna kucnora (I crymiHb) H,BO, < H' + H,BO; 6,0-107"
Bona H,0 < H' +OH- 18-107°
CuutikaTHa KHCIIOTa H,Si0, < H* +SiO; 32-10

16-1077
HSiO; < H" +Si03”
dopmiaTHa KUCIOTA HCOOH < H' + HCOO™ 18-107
CynbditHa kucnoTa H,SO, < H" + HSO; 13-107
6-10°
HSO; < H' +S0%”
Cynbdiana Kucnora H,S< H' + HS- 89-10°°
B . ” 1,3-108
HS”" < H" +S
Kap6oHaTHa KHcioTa H,CO, < H' + HCO; 431-107
HCO; < H" +CO;3”
dropuaHa KUcuIoTa HF<H" +F 74.1074
ArieraTHa KHCIIOTa CH,COOH < H + CH,COO™ 1,86-107°
®docdarHa kucIOTA H,PO, & H' + H,PO, 75107
.
H,PO; < H* + HPO? 2622118
HPO? < H* + PO} ’
[lianigHa KUCIOTA HCN < H' +CN~ 7,2-107
OkcanaTHa KHCIOTa H,C,0, < H' + HC,0, 59-107
64-107
HC,0, < H'+C,0;
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Taéauusa 7

J00yTOK PO3YHHHOCTI MAJIOPO3YHMHHUX PEYOBHH Y BOII

®opmyaa t,°C AP ®opmy.aa t,°C P
Tigpokcuau Xpomaru
A1(OH), 25 1,9-10°% Ag,CrO, 25 9,0-10*2
Cr(OH), 17 5,4-10°% BaCrO4 25  [2,4-10%°
Fe(OH), 18  [3,810% CaCrO, 18 [2,3:107
Fe(OH), 18  |4,8-10% PbCrO, 25 1,8-101*
Mg(OH); 25 5,0-10% SrCrO, 25 3,5-10°
Mn(OH), 18 [4,0-10% Cynbatu
Zn(OH), 20  |1,0-10Y
Tanorenigu Ag,50s 25 7.7:10°
BaS0O4 25 1,1-10-10
AgCl 25 [1,6:10T CaS0, 25 [6,3:10°
AgBr 25 (7,710 PbSO, 25 [2,2:10°
Agl 25 [1510% Srs0, 25 [2,8:10°
PhCl, 25  [2,4-10° Kap6onaru
Pbl, 25  |8,7:10°
Cynbdinum Ag,CO; 25  [6,2:10™
BaCO, 25 8,1-10°
AQ,S 25 [1,6:10% CaCO, 25 [4,810°
As,S, 18  [4,010% MgCO; 25 [1,0-10°
CdS 18 36107 SrCO,4 25 1,6:10°
CuS 25 8,5-10%° docharu
FeS 25 |3,7-10°%
HgS 18 [4,010™ AgsPO, 20 1,8-10%
MnS 18 1,410 Cag(POy)3 25 3,5-10°%
PbS 18 1,1-10% CaHPO, 25 ~5-10°
Zns 25 1,2:10% MgNH,PO, 25 2,510
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Kuromupcbka MinicTepcTBo 0CBiTH | HAyKN YKpaiHu

noJiiTexHika JlepxaBnnii ynisepcuteT « ) Kuromupcebka noJitexnika»
Tadoauus 8
CTaHAapTHI eJIeKTPOAHI NOTEHIiaJIM MeTAJiB

Exexrtpoa EnexTpoana peakuis E° B
Li*/Li Li*+e 2Li -3,045
K+/K K'+e 2K -2,925
Rb*/Rb Rb*+e” 2Rb —2,925
Cs*/Cs Cs'+e 2Cs -2,923
Ca”/Ca Ca”+2e 2Ca —2,866
Na*/Na Na'+e 2 Na —2,714
Mg®*/Mg Mg> +2e 2 Mg -2,363
AIF/Al Al+3e 2 Al -1,662
Mn?*/Mn Mn®* +2e" 2 Mn -1,179
Zn?/Zn Zn*"+2e 2 7n -0,763
cr¥*/Cr Cr*+3¢ 2Cr -0,744
Fe?'/Fe Fe +2e 2 Fe -0,440
cd*/cd Cd*+2 =cd -0,403
Co*/Co Co* +2e 2 Co -0,277
Ni**/Ni N +2e" 2 Ni -0,250
Sn®*/Sn Sn®* +2e 2 Sn —0,136
Pb?*/Pb Pb*" +2e” 2 Pb -0,126
H*Y/,H, H +e 2Y,H, +0,000
Cu®/Cu Cu'+2e 2Cu +0,337
Ha,2*2Hg Hg,?" +2e" 2 2Hg +0,788
Ag'/Ag Ag'+e 2 Ag +0,799
Au¥/Au A +3e 2 Au +1,498
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noJiTexHika Jep:xaBHuii yHiBepcuteT «2KuTOMHPCHKA NOJTITEXHiKa»
Taoauus 9
CTaHAapTHI eJIeKTPOAHI MOTEHIiaJ I OKHCHO-BiTHOBHUX cucTeM (25 oC)
(:l::;)c];l::na Binnosiena gopma Etextponua peakiist E° B
2H* H, 2H" +2e” 2 Hg 0,00
S s> S+2e 25% 0,51
PbSO, Pb + S0O,* PbSO, + 2e 2 Pb + SO,* -0,356
sn* Sn?* Sn* +2e” 2 Sn?* +0,15
cu?t cu? Cu**+e 2 Cu* +0,153
SOZ +2H" | SO5* +H,0 SO,% +2H" +2¢” 2 S05* + H,0 | +0,22
[Fe (CN)s]> | [Fe(CN)g]* [Fe(CN)]* + & 2 [Fe(CN)g]* +0,36
1,0, + H,0 20H" 1,0, + H,0 +2e” 2 20H" +0,401
U1, I Li,+e 21 +0,536
MnO,” MnO,% MnO, + e 2 MnO> +0,564
MnO, +2H,0 | MnO,(t) + 40H  |MnO, +2H,0+3e™ 2 +0,57
2 MnO,(r)+40H"
Fe® Fe?* Fe* + e 2 Fe? +0,771
2Hg™ Hg,?" 2Hg? + 2¢” 2 Hg,*" +0,910
NO; + 3H* HNO, + H,0 NO; + 3H"+ 2e” 2 HNO, +H,0 | +0,94
NO; + 4H* NO + 2H,0 NO; + 4H" + 3e” 2 NO +2H,0 +0,96
HNO, + H* NO + H,0 HNO,+ H"+e 2 NO + H,0 +1,00
Y,Bry(x) Br- Y,Br,+e 2 Br +1,065
10, + 6H* Y,1,+ 3H,0 10, +6H" +5¢ 2 Y, 1,+3H,0 [ +1,195
0, +4H" 2H,0 0, + 4H" + 4e” 2 2H,0 +1,229
Cr,0,% + 14H" | 2Cr* + 7TH,0 Cr,0,% + 14H" + 66 2 +1,36
2 2Cr* + 7TH,0
Y, Cl, cl Y,Cl,+e 2 CI° +1,36
ClO; + 6H* ClI" +3H,0 ClO; +6H" +e 2 Cl + 3H,0 +1,44
PbO, + 4H"* | Pb?" + 2H,0 PbO, + 4H* + 2" 2 Pb?* + 2H,0 | +1,455
MnO, +8H* Mn?*+4H,0 MnO, +8H* + 56" 2 Mn®**+4H,0 | +1,51
H,0,+2H* 2H,0 H,0,+2H" + 2e” 2 2H,0 +1,77
Co** co? Co¥+e 2 Co?* +1,82
S,08> 250" S,05% +26e 2 250,> +2,01
1, F, F Y Fte 2 F +2,87
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Ta6auusa 10

CriiikicTh JeIKHX KOMIUIeKCHUX i0HIB Y BOAHUX po3unHax npu 25 C

Kommiaekco- |PiBHsHHS quconianiii KOMILIEKCHHX i0HOB Ku Ker
yTnomeaq
Ag* [Ag(NH3),]" 2 Ag® + 2NH; 6,8-10°8 1,510
[Ag(CN),]” 2 Ag* + 2CN" 1,0-10% 1,0-10%
Al [AIFg]® 2 A1* + 6F 2,010 5,0-10%
Co** [Co(NH3)e]* 2 Co®* + 6NH; 8,0-10°° 1,3-10%
cu? [Cu(NH3)]*" 2 Cu®* +4NH;4 4,6-10% 2,1-10%°
[CuCl,]* 2 Cu® +4CI 2107 5-10°
FeZ [Fe(CN)g]* 2 Fe?* + 6CN- 1,0-10° 1,0-10%
Fe* [Fe (CN)g]* 2 Fe** + 6CN™ 1,0-10% 1,0-10*
Pt [PtCI,]* 2 Pt* + 4CI 1,0-107% 1,0-10%
Zn? [Zn (NH3),]*" 2 Zn®* + 4NH, 40107 2,5-10°
[Zn(CN),]* 2 Zn*" + 4CN” 6,3-1078 1,6-10%
N [NH,]" 2 NH; + H* 6,0-10%° 1,5-10°
Taoauna 11

MOJ'lﬁpHa Maca Ta ryCTuHa A€siIKUX NMOBEPXHEBO-AKTUBHUX PEYOBUH

AP M 105, kr/m®
IIpomninoBuii ciupt 60,09 0,804
[30aminoBuii ciupt 60,09 0,789

byTtunosuii ciupt 74,04 0,804
[300yTHIIOBHI CTTUPT 74,04 0,800
ANinoBuii cnupT 88,10 0,815
[30aminoBuii ciupt 88,10 0,810
Ernnenriaikois 62,00 1,113
OrnToBa KHCjIoTa 60,03 1,049
IIpomioHOBa KHCIIOTA 74,05 0,992
MacnsHa Kuciaora 88,06 0,964
Banepianosa kucnora 102,08 0,932
[30BanepiaHoBa KucIOTa 102,08 0,931
KanponoBa kuciorta 116,10 0,929
MoJiouHa KucaoTa 90,05 1,240
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3aXUCTy HaBKOJIUIITHBOTO CEPEOBHUINA, ISHHOI Ta 3a09HO01 (hOpM HaBUaAHHS
BinmosimaneHuit 3a Bumyck I'.B. Ckuba
Penakrop O.JI. 'epacumuyk
Komm’rorepue Bepctanns T.1. Cikau

CJICKTPOHHE BUAAHHA

VM. Ipyk. apk

Bunasaunrso [epxaBHuil yHiBepcUTET «KUTOMUPCHKA MO TEXHIKAY
10007, m. XKurtomup, Byi.. Uyaniscbka, 103

112




