MIHICTEPCTBO OCBITH I HAYKHU YKPAIHU

XAPKIBCBKHUH HAIIIOHAJIbHUH YHIBEPCUTET
MICBKOI'O I'OCIHOJAPCTBA imeni O. M. BEKETOBA

T. 1. TAHAHOTOBA

KOHCIEKT JEKIIA
3 JUCLIUITJIIHU

«XIMIS»

Moayas 1

(Ons cmyoeumis 1—2 Kypcieé 0eHHOI ma 3a0UHOi POpM HABUAHHSL
Hanpsamy nio2omosKu
6.040106 — Exonocis, 0xXopoHa HABKOIUUHBO2O CEPEO0BULA
ma 36anancosane NPUPOOOKOPUCHYBAHHS)

XapkiB — XHYMTI im. O. M. bekeroBa — 2016



IManaiioroBa T. JI. KoncrekT nekmiit 3 nuctuiuiiau «Ximis». Moaynes 1 (as
CTyIEeHTIB 1-2 KypciB AeHHOI Ta 3a04HOi (OpM HABYAHHS HAMpPSMY MIATOTOBKU
6.040106 — Ekomoris, oXxopoHa HaBKOJHUIIHBOI'O CEPEJOBHUINA Ta 30ajaHCOBaHE
npupoaokopuctyBanus) / T. JI. IlanaiioroBa ; XapkiB. Hail. YH-T MIChK. TOCII-Ba
iM. O. M. BekeroBa. — Xapkis : XHYMI im. O. M. bekerona, 2016. — 122 c.

ABTOp KaHA. XiM. Hayk, aou. T. JI. [lanaiioroBa

Penienzent kanj. xiMm. Hayk, goi. O. O. MypaeBa

PexomennoBano kadenpoto ximii, mporoxon Ne 3 Bix 23.10.2015 p.



1.1 Atom, Mosekyna, XIMIYHUN €JIEMEHT, KIJTbKICTh PEUOBHUHH ..........
1.2 OCHOBHI 3aAKOHM XIMIT « . tnutteentteeniteeeeeeieeaieeeeineeannneenns
1.3 T@30B1 BAKOHHU ... vveteeeenteeeeteeteteeeeeee e eneeeaeeeeeennens
Tema 2 OCHOBHI KJTACU HEOPI'TAHIYHUX CIIOJIVK.....................
P 0 )7 01 1
B ) 10): 3 S
2000 T L (¢4 (0 2
7 0
Tema 3 [IEPIOJUYHNI 3AKOH JI. I. MEHJIEJIEEBA.........coueen.
T B 5721 (0) - T 1), €2
3.1.1 VsBieHHs PO CKIAJAHICTh CTPYKTYPH QTOMA. .. .vvennreeennns...
3.1.2 KopryckyJipHO — XBUJIBOBA JABOICTICTh €JIEKTPOHA. ............
3.1.3 XapakrepucTriKka aTOMHHMX OpOiTaieil 3a 101MOMOTro0 KBAaHTOBUX

3.1.4 EnextponHi popmynu. bararoenekTpoHHi aToMH ...............
3.2 BriuB e1eKTpOHHOI Oy/10BM aTOMIB Ha BIACTUBOCTI €JIEMEHTIB . ...
3.2.1 IlepionuuHui 3aKOH 1 IEPIOIUYHA CUCTEMA XIMIYHUX €JIEMEHTIB
3.2.2 IlepionnyHa 3MiHa BIACTUBOCTEH XIMIYHUX €JIEMEHTIB. ........
Tema 4 XIMIUHUI 3B SIB0K ....oovvviiiiiiiiiiiiiiciiiiceee e
4.1 KOBATIEHTHUM 3B SB0K. . ..ttt enuteenttteeantteaitte e aeeaieeeaaeeannnn
4.1.1 MexaHi3M YTBOpPEHHS 1 BJIACTUBOCTI KOBAJEHTHOIO 3B’S3KY.
[MOpuAN3aList ATOMHUX OPOITATICH .. euveeveieee ettt eie e eeeaee
4.2 VloHuM 3B’ I30K. BOMHEBHIH 3B A30K. .. \veveveeeeseeeeeeeeeienannns,
Tema 5 EHEPI'ETUKA XIMIYHUX ITPOLECIB.........coocviiiiiiiiiens
5.1 OCHOBHI HOHSITTS TEPMOTMHAMIKH . .. uuvveeneeeennneennneeennneennnnns
5.23aK0H ['€CCA. .. onniii
5.3 Entpomnis. Enepris ['160ca Ta HanpsIMIEHICTh NPOLECIB. ..............
Tema 6 XIMIYHA KIHETUKA I XIMIYHA PIBHOBATA.....................
6.1 TToHATTS PO MBUAKICTH XIMIYHUX PEAKIIIHM. ...oovvveeiiiineenn..
6.2 3alleXHICTh MIBUAKOCTI XIMIYHOI peakiii BiJ KOHIEHTpaIlii
pearyrounx pedyoBUH, TEMIEPATYPH, HASIBHOCTI KATATI3ATOPIB. . ..eeuveeneen....
6.3 XIMITHA PIBHOBATA. ... .'uveteneteennteeanneeenneeannneeanneesanneeennnens
Tema 7 ®IBUKO-XIMIYHI ITPOUECHU Y PO3UNHAX.........ccceiiiin..,
T POBUHMHM. .. ..ot
7.1.1 3aranbHi ySBICHHS PO AUCTIEPCHI CUCTEMM. ....oueerennnnnn...
7.1.2 Xapakrepuctuka po3unHiB. Pi3UyHa 1 XIMIYHA TEOPisl PO3UMHIB.
TTPOLIEC TX YTBOPEHHS . . .veetttteeteeee et ettt tee e et eae e e eeeeeenens
7.1.3 Cnioco6u BUpa)KeHHsI KOHIIEHTpaIlil pO3YMHEHOT pEUOBHUHU. . ..

10
15
16
16
18
20
22
25
25
25
28

29
31
33
33
35
37
37

37
41
42
42
45
46
47
47

47
50
51
51
51

52
54



Tema § BTACTUBOCTI PO3BABJIEHUX PO3UYMNHIB

HEEJIEKTPOJIITIB. ...t e 57
8.1 THCK MAPU HAT POZUMHOM . . ...t eeennnaeeeeannnneeenanneeeananneeeennnes 57
8.2 TemmnepaTypy KUITIHHS 1 3aMEP3aHHS POZUMHIB. ... .uveneeenneannnn.. 58
8.3 OcMoc. OCMOTHYHHUM TUCK Y POZUMHI. .. uvvveeetieeenneeenneneannennn. 60
Tema 9 PO3UMHU EJIEKTPOJITIB......ccooiii e, 61
9.1 EACKTPOIITHYHA JUCOITIAIIIS . . .\ vt v eeveeeenreeenneeeenneeannneeannneennnens 61
9.2 PiBHOBara B po3uuHax ciIaOKux enekTpoiTiB. CTymiHb 1 KOHCTaHTa
EICKTPOIITHIHOT JIHCOIIAITIT. + v e tvvt e et eteeete e et e eiee e et e eaeeeaneenns 65
9.3 KomniraTuBH1 BJaCTUBOCT1 p030aBICHUX PO3UUHIB €JIEKTPOIITIB. ... 67
9.4 Oco0aMBOCTI PO3YMHIB CHUTBHUX €IEKTPOIITIB. .. veuevrenrenennnnnns 67
0.5 JIOOYTOK POBUMHHOCT L. .+ v vt euveeeeneeeeneeaeenaeennseeennneennnneeaneeans 69
9.6 Nucomanis Boau. Bognesuii mokaznuk (pH). KuciotHo-ocHOBHI
THAUKATOPU. BYPEPHI POBUMHU. ...ttt eaea s 71
A B Vi (0T 8 e 10 i (<) SR 74
Tema 10 OKUCHO-BITHOBHI PEAKIIIT. . ..., 80
10.1 CTyIiHb OKUCHEHHS €IEMEHTIB. ...\ vteneteenneeeenneeennnneennneeannnnns 80
10.2 3aranbHi MOHATTA MPO OKMCHO-BITHOBHI PEAKII. ... cuvveueeennnn... 82
10.3 CknaganHs piBHSIHb OKUCHO-BITHOBHUX PEAKIIN. ....evvueeneeeenne, 83
10.4 Tunu OKUCHO-BITHOBHUX PEAKIIIM ... .vvteeteeriiieiieeenieaannnnnns 85
Tema 11 3ATAJIBHI BJIACTUBOCTI METAJIB.......cccvviiiiiiieeen, 85
11.1 TlopiBHsnbHA XapaKTepUCTUKA METaliB TOJIOBHUX 1 MOOIYHUX
11710 0 174 1 85
11.2 KacH(PIKAITIT METATIB. ...\t vteeteeneetteeanteeenneeeaneeanneeanneeeanns 86
11.3 XiMI4H1 BTACTHUBOCTI METAITIB . ..« uv e eetentanteeenneeneeeaneenneannnnn. 88
Tema 12 OCHOBU EJIEKTPOXIMIL. ........coooiiiiiiiiiiiiie e, 91
12.1 OxucHO-BIAHOBHI eNeKTpoAH1 noTeHuiany. PiBusaus Heprcra.... 91
12.2 TaNbBAHIUHT €IEMEHTH . . ... ueeeneeennee et et enee e eateaneeenneanneennn 93
12.3 Kopo3sisg MeTamiB. 3aXUCT BIJL KOPO3IT..uuurerrieeiieeeiineennnennnnn 96

Tema 13 HEMETAJIMA. TAJIOTEHU 1 XAJIBKOI'EHU. HITPOI'EH I
OOCOOP. ITPUPOAHI I AHTPOIIOI'EHHI CIIOJYKM HABEJEHUX

EJIEMEHTIB B KOHTEKCTI EKOJIOTTYHUX TTPOBJIEM................... 100
13.1 3aranbHa XapaKTEPUCTUKA TATOTCHIB. . ..euueenneenienieaneeaneennn 100
13.2 XanpkoreHu, HITporeH 1 DoChop.....c..vvvriiiiiiiiiiieiiiiieeiieeannn. 102
13.3 AHTpOonoreHH1 3a0pyTHEHHS ATMOCHEPH. .. .vvnereenneeenneannnsn. 104

13.4 Cnonyku kap6ony. Krnacudikariis, HOMEHKIaTypa Ta 130Mepis
OpraHiYHMX CHOJYK. XapaKTepH1 BIACTUBOCTI THUIIOBUX MPEICTABHUKIB.
Exonoriyna HeOe3neka OpraHIYHUX CHOJYK SK TMOTEHIIAHUX IMOJIOTaHTIB
D1 (0] 0 1) 11§ SO PR 107
(05007 (0100 Q1 1 (=5 011 P 122



BCTYII

XiMig — 1€ HayKa NpO PEYOBUHHU 1 3aKOHU iXx mnepeTBopeHHs. OO0’ ekToM
BUBYCHHS B XiIMii € XIMIYHI €JIEMEHTH 1 IX CIIOJYKHU.

Ponpb XiMii B IpakTUYHIN JISAJIBHOCTI JIOJUWHU TyXe Beiauka. Hemae ramysei
MPOMUCIIOBOCT] 1 JISJIBHOCTI JIIOAMHM, SIKI HE MOB’si3aHI 3 BUKOPUCTAHHSM XIMIi.
XiMI4H1 peakilii € OCHOBOI TEXHOJIOTIYHUX MPOLECIB y TaKUX rajay3sx HapOJHOTO
rocroAapcTBa, SIK METalypriiiHa, eHepreTUuka, Jierka MpOMHCIOBICTb, OYIIBHUIITBO,
CUIbChKE rOCTIOAAPCTBO, MEIUYHA, XapuOBa MPOMHUCIIOBICTD, €JIEKTPOHIKA.

P03BUTOK MPOMHUCIOBOCTI Ta TPAHCHOPTY, NPOHUKHEHHS JIIOJAMHU B KOCMOC,
iHTeHCHDiKaIlis CUIBCHKOTO TOCTOoJapcTBa (BUKOPUCTAHHS JTOOPHB, 3aCO0IB 3aXUCTY
POCJIMH), TIepeBe3eHHS Ha(TOMPOIYKTIB, 3aXOBaHHS HEOE3MEUYHHX PEYOBUH Ha JIHI
MOpIB Ta OKEaHIB, a TaKOX BIIXOJIB aTOMHHUX €JEKTPOCTaHI[ii, BUIPOOYBaHHS

saaepHoi 30poi — Bce Ie JpKepena TMIOOATbHOTO 1 3pOCTAIOUOro 3a0pyTHEHHS
JTOBKULIS — 3eMJI1, BOAH, TOBITpsi. Y Oiocdepi mocriiiHO nepedyBae OJIM3bKO OJTHOTO
MUTBHOHA PI3HUX XIMIYHHX CIIOJIYK aHTPOTIOTEHHOTO TIOXO/KCHHS — OKCHJIH

Kap6ony, Cynbsdypy, Hirporeny, 030H, MeTaiu (CBUHELb, KaaMid, Oepuitii, pTyTh
TOIIO) Ta iX CIOJYKH, OpraHiuHi pe4YoBHHU (BYIJIEBOJHI, XJopo-, ¢ocdopo-,
HITPOIOX1/IH1), PaJl0aKTUBHI Ta TBEpJl PEYOBUHM (Ca)ka, MW, MICOK, MOMLI),
repOiuan, TECTULIUIN, HITPATH, @ TAKOXK MPOJAYKTH B3a€EMO/IIi BCIX IUX PEYOBUH i1
BIUTMBOM COHSIYHOI'O CBITJIA, SIKI € OLIBIII TOKCUYHUMH, HDK BUX1THI.

XiMig Ta eKoJIOT14H1 mpobieMu B3aemo3B’si3aHi. [loBepxHeBUl morsia Ha iX
3B’SI30K MO’K€ MPU3BECTU JO BUCHOBKY, IO IIi MPoOJEeMU BUKIUKAHI caMme XIMIEIO.
Ane XiMiYHa TPOMHCIOBICTH MOCIAA€ HE Meplle Miclie y 3a0pyAHEHH1 JOBKLLIA,
MOCTYMAIOUUCh TIEPE]l METATYPri€l0, TEIIOCHEPIeTUKO0, TpaHcHopToM. OKpiM TOro,
XIMIYH1 3HaHHS Ta TEXHOJIOT1l BiAIrpalOThb Majo0 HE TOJOBHY POJb Y pPO3B’s3aHHI
EKOJIOTIYHUX MpoOJeM He3aJeKHO Bil JpKepela iX BHHUKHEHHA. [oloBHUMU
HaIpsiMaMy BUBYEHHSI Ta PO3B’s3aHHS MPOOJIeM 30epeKeHHs Ta OXOPOHU JOBKULIS 32
JIOTIOMOTOI0 XIMIii €: MOHITOPUHT JOBKULIS; TOKCUKOJIOTTYHI JOCIIIKEHHS, 30KpeMa
OILlIHKA KAHIEPOreHHOI Ta MYTAareHHOi aKTUBHOCTI XIMIYHUX CIIONYK; CTBOPEHHS
Majo- 1 0e3BIAXITHUX BUPOOHUITB, €HEPro- 1 pecypco30epiraroyux TEXHOJOTIH;
OUHMIIEHHS Ta mepepoOKa CTIYHMX BOJ, BIAXIIHUX Ta BUXJIONHUX Ta3iB, TBEPAHUX
BIJIXO/IIB.

Ponp xiMii B OXOpOH1 MOBITPSIHOTO OaceiiHy Ta BOJONM MOJIATa€ HE TUIbKH B
3HMILEHHI Ta OYMILEHHI BIIXOMIB, aje ¥ y mepeOyJoBl TEXHOJIOITYHHMX MPOLECIB,
TOOTO B CTBOPEHH1 O€3BIAX1THUX TEXHOJOT 1.



Tema 1 OCHOBHI NOHSATTA i 3aKOHH XiMil
1.1 Atom, MoJieKyJIa, XiMiYHUI €JIeMEHT, KiJIbKiCTh Pe4OBHHH

Bci xiMiuH1 peakiii BiqOyBalOThCA y BIATOBIAHOCTI 10 OCHOBHHUX TOHSTH 1
3aKOHIB XiMii. TeOopeTHMYHOI0 OCHOBOIO CYYacHOi XiIMIi € aTOMHO-MOJEKYJISIpHE
BUEHHSI, TOJIOBH1 TTOJIOKEHHSI SIKOTO TaKi:

1. PeuoBuHU CKIIaalOThCs 3 MOJIEKYJ, K1 MepedyBaloTh Y MOCTIHHOMY pycl M MiX
HUMH ICHY€ B3a€MHE IIPUTITAHHS 1 BIIMITOBXYBAHHS;

2. Monexkynu CKIaAaroThCsa 3 aTOMIB, sIKI MalOTh MEBHI PO3MIPU Ta Macy 1 MiJ 4dac
XIMIYHUX peakiliii He 3a3HaI0Th SAKICHUX 3MiH;

3. Moniekynu pIi3HUX PEYOBUH BIIPIZHAIOTHCS MDK COOOIO CKJIAI0M, PO3MipaMH,
(GI3MYHUMH Ta XIMIYHUMU BJIACTUBOCTSIMU;

4. Tlix yac xiMi4HOT peakuii BiIOyBa€THCS 3MiHA CKIIAy MOJIEKYJI 1 eperpynyBaHHs
aTOMIB, YHACIIJOK YOrO YTBOPIOIOTHCA MOJEKYJIH HOBUX CIOJIYK.

OCHOBHUMU MOHSTTSAMH aTOMHO-MOJEKYJISIPHOTO BUEHHS €: aTOM, MOJIEKYyJa,
XIMIYHHUM eJIeMeHT, POCTa PeUOBHUHA, CKJIa/IHa PEYOBHHA.

Amom — ye HatimMeHWa XIMIYHO HeNnoOilbHA eNeKMPOHeUmpaIbHa YacmuHKa
XIMIYHO20 eflemMenma, sika 30epieac 1020 XiMiuHi 81acmu8oCcmi.

ATOM XapakTepH3yeThCsl IMEBHOIO MAacolo, po3MipaMmH, CkiafgoMm. Pajaiycu aTtomiB
CTaHOBIIATH OJIM3bKO0 107" M.

Jlo ckiagy aTtoma BXOASTh NPOTOHH, HEUTPOHM 1 eneKTpoHu. [IpoToHum i
HCHTPOHU YTBOPIOIOTH SIAPO aTOMa, Pajiyc SKOro CTaHOBUTH =~ 107" M, TOOTO B
10000 pa3iB MeHImMI 3a paaiyc atroma. SIaepHi 4aCcTUHKHU (IMMO3UTHUBHO 3apsiKEHi
MIPOTOHU Ta HEUTpalibHI HEUTPOHU) HA3UBAIOTH HYKIOHAMU. ENEKTPOHU YyTBOPIOIOTH
€JIEKTPOHHY OO0OJIOHKY, PO3MIpH SIKOi BH3HA4YalOTh po3Mipu atoma. [lo3uTuBHUIA
3apsin sApa, SIKMM - BIANOBIA€ YUCIY TIPOTOHIB, TIOBHICTIO KOMIIEHCYETHCS
HEraTUBHUM  3apsiiOM  €JIEKTPOHHOI OOOJIOHKM, 10 BHU3HAYAETHCS  YHUCIOM
eNEeKTPOHIB. TOMY amom enrekmporeumpaibHull.

KinbkicHUMHU XapaKTepuCTUKaMHU aToMa € 3apsj sjpa Ta BIIHOCHA aTOMHa
Maca A,. 3apsan sapa aToMa YUCENbHO JOPIBHIOE MOPSAKOBOMY HOMEPY €JIE€MEHTa B
nepioiuyHii cucrteMi. ATOMH, IO MAaIOTh OJIHAKOBUHM 3apsl f1pa, HaleXaTb
MIEBHOMY XIMIYHOMY €JIEMEHTY.

Macu npoToHa 1 HEHTpOHa MPaKTHUYHO OJHAKOBI, a Maca ejekTpoHa y 1836
pa3iB MEHIIIA, TOMY )Cs Maca amoma akmudHo 30cepeoddtcena 8 oo sopi.

AOCONIOTHI Macu aTroMiB Jy>K€ Majl: mMaca aToMa HaWJIEeTIIoro eJleMeHTa
(T'imporeny) craHoBuTH 1,67-10" Kr, a Maca aTomMa OJHOTO 3 HAalBa)XKUMX E€IEMEHTIB
(IlmromOyMy) — 3,410 kr. OmepyBaTH TaKMMHU BEIMYMHAMH HE3PYYHO, TOMY B
pO3paxyHKax BUKOPUCTOBYIOTh HE aOCOJIIOTHI, a BIITHOCHI 3HAYEHHSI Mac aTOMIB.

Monexkyna — 1Ue HauMeHWa YACMUHKA pevyoBUHU, SAKA 30aMHA 00
CaMOCMmIliHO20 ICHYB8AaHHA | 30epieac XIMIUHI 61aCMUBOCMI Yi€i pevosUuHU.

Mornekyna CKIaga€eTbCs 3 aTOMIB, [0 B MEBHIA MOCTIOBHOCTI 3’ €HaHI MK
co0010 XIMIYHUMHU 3B’si3kamMH. CKIIaJl MOJIEKYJU OMUCYETHCS XIMIYHOIO (POpPMYIIOLO.
Jlo ckiiaty MOJIEKYJ MOKE BXOJMTHU PI3HE YHUCIIO aTOMIB, HAIPUKJIIAJ, MOJIEKYJIU ra3iB
(kpiM 1HEpPTHUX) B OCHOBHOMY CKJIaJalOThCsi 3 JBOX aroMmiB (H,,0,,N,,ClL), a
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MOJIEKYJIM OUIKIB — 3 COTeHb THCSY aToMiB. Po3MIpuM MOJIEKYJd CTaHOBIATH
107 —107 M. Maca okpeMoOi MOJICKYJIH TEXK Ma€ IyKe Malie 3HadeHHs. Tak, maca
MOJIEKYJIH BOAM JOPIBHIOE 2,990-107° kr. TomMy B po3paxyHKax BUKOPHUCTOBYIOThH HE
a0COJIOTHI, @ BITHOCHI 3HAYEHHS MOJIEKYJISIPHUX Mac.

Ximiunuit enemenm — ye U0 amomie 3 00HAKO8UM 3apsdom sdpa. Maca snpa
aToMa XIMIYHOTO €JIEMEHTa MOXe OYTH PI3HOIO, B 3aJIeKHOCTI B KUIBKOCTI
HEUTpOoHIB B HboMY. CyKynuicme amomie ejlemeHma 3 OOHAKOBOI MAcCoio
Hazusaemvcs Hykaioom (HYKIIJl — 3arajibHa Ha3Ba aTOMHUX sIIEp 1 aTOMIB), a amomu
00HO020 eNeMeHma 3 Pi3HUMU Macamu (moomo pi3HOo0 KIlbKICMI0 HelUmpoHie 8 s0pi
amoma) HA3UArOMbCA  30monamu. ATOMU  JITaHOTO  XIMIYHOTO  €JIeMEHTa
BIIPI3HSIOTHCA B/l aTOMIB 1HIIUX €JIEMEHTIB BEIMUUHOIO 3apsy siapa, KUIBKICTIO Ta
XapakTepoOM PpO3MIIIECHHSI €JIEKTPOHIB HAaBKOJO sapa, po3MipaMH 1 XIMIYHUMH
BJIACTUBOCTSAMHU. Y HEUTPaJIbHOrO aroMa YHCIO €JIEKTPOHIB Ha E€JIEKTPOHHHUX
000JIOHKaxX JOpiBHIOE 3apsay sjapa. KulbKicTh aTOMIB XIMIYHOTO €JIEMEHTa HE
3MIHIOETHCS B MpoOIIeCi mepediry XiMiuHoi peakilii. s nepeTBopeHHs aToMa OJHOTO
XIMIYHOTO €JIEMEHTa B IHIIUWA HEOOXIIH1 sJepHI peakiii. 30kpema, 3a JI0MOMOTOI0
AJIEPHUX PEaKiliii OTPUMAIOTh HOB1 XIMIUHI €JIEMEHTH, SIKi HE ICHYIOTb B HPHUPOJI.
Huni Bigomo 118 XiMIYHMX elleMEHTIB, 3 HUX 89 BHSBJIEHI B MPHUPOAl, a IHIII
OTpUMAaHI MTYYHO B pPe3yJbTaTI IAESPHUX PEAKIII.

KoxHuit enemMeHT Mae Ha3By 1 CUMBOJI. XIMIYHUN CUMBOJI O3HA4ae, MO-MepIIIE,
Ha3By €JIeMEHTa, MO-Ipyre, — OJUH aTOM LIbOrO €JeMEeHTa MpHu 3amucax (Qopmyl
XIMIYHUX peakiii. OcTaHHIM YyacoM BIAMOBIAHO A0 Jlep>kaBHOrO cTaHIapTy YKpaiHu
(JACTY 2439-94) ykpaiHCbKl Ha3BH XIMIYHHUX €JIEMEHTIB BXKUBAIOTHCS SIK MOX1THI Bij
JATUHCHKUX Ha3B (Tabxa. 1). BoHu 3amucyroTbesi 3 BETUKOI JITEpU Ha BIAMIHY BiA
Ha3B MPOCTUX PEYOBHH 1 atoMiB, Hanpukiad: ['inporen H, Kap6on C, Oxcuren O,
Hitporen N — enementu; Bomenr H,, Byrmeusr C, kucenb O,, azor N, — mpocTi
PEYOBUHH YU ATOMH.

Tabnuus 1.1 — Ha3Bu nedkux XIMIYHUX €JIEMEHTIB

Ximiunui Bumosa Ykpaiucoka nazea
cumeon Ximiunozo XiMiUHO20 elemenma npocmoi pevosuHu Uu OKPeMozo
CUMBOTLY amoma
1 2 3 4
Ag Apreutym Apreutym cpibmo
As ApceHikym ApceH apCeH, MHUII SIK
Au Aypym Aypym 30J10TO
Bi Bicmyr BicmyT OicMyT
C Le Kap6on BYTJICIb
Cl Xiop Xop XJIOP
Cu Kynpym Kynpym Mifb
F dnyopym diyop ¢drop
Fe Depym Depym 3aJ1i30
H A I'gporen BOJIEHD
Hg ligpapripym Mepkypiii PTYTh
Mn Masran Masran MapraHelnb
N En Hitporen azoT
Ni Hikenb Hikenn HIKEJIb
0] 0 Oxkcuren KHCEHb
P e dochop dochop




ITponosxxenns tadbmui 1.1

1 2 3 4
Pb [TmromMOym [TmroMOym CBHHEIb
S Ec Cynbdyp cipka
Sbh Ctubiym Crubiit cypMa, aHTUMOH,
Si Cuuiiiym Curtiniit KpeMHiii
Sn Cranym Cranym OJIOBO, ITMHA

PisnoBun aroma ximiu"oro enemeHnta (E), 1o XapakTepH3yeThCS YUCIOM
NPOTOHIB Z (NOPSAAKOBHM HOMEp) Ta YMCIOM NPOTOHIB 1 HEUTPOHIB pazoMm — A

(MacoBe YKCII0) T03HAYAETHCS CMMBOJIOM 3 iHuekcamu: ,E , ne A = Z+N — macose
yucio; Z, N — BIAMOBIIHO, YUCIIO TPOTOHIB 1 HEUTPOHIB B siapl. PamioakTuBHi sipa i
aTOMM Ha3MBAIOThCA pajioHykKiIinamu. [lpu mo3HauyeHH1 eleMeHTa MacoBE YHUCIO
MUIIYTh BEPXHIM {HIEKCOM Iepe; CHMBOJIOM eeMeHTa, Hanpukian, “He a6o ~ U.
BoxuBaeThest Takoxk nmo3HaueHHs [emiii-3, Ypan-235.

[30TONM MO3HAYAIOTh TUMHU CAMHUMH CHMBOJAMH, 110 1 BIAIIOBIIHAM XIMIYHHI
enemeHT (E), Bkazyroum 3Bepxy 3 JIBOro OOKy CHMBOJIY MacoBe dYHCIO (A).
Hanpukiaz, isorormn Xiopy mosHagarors: > Cl i °'Cl: Xiop-35; Xmop-37. I3otomn
JAaHOTO XIMIYHOI'O €JIEeMEHTa MaloTh OJIHAKOBHM 3apsi]i aTOMHOTO fjipa, TOOTO OJMH
MOPSIAKOBUM HOMEp, 1 3aliMalOTh T€ ) caMe MICII€ B MEPIOJUYHIA CUCTEMI, MAIOTh
OJIHAKOBY KUIBKICTh MPOTOHIB B SIp1 aroMma, ajie BIAPIZHSAIOTHCS OJAUH BiJ OJIHOTO
KUIBKICTIO HEUTpOHIB. XIiMIYHI BJIACTHBOCTI BCIX 130TOINIB OJHOTO €JIEMEHTa
OJIHAKOBI.

[lepeBarkHa OUIBIIICTH 130TOIMIB HE Ma€ CHEIIaJbHUX Ha3B, ajie JJIsl 130TOIIB
JEeSKUX €JIEMEHTIB, 30KpemMa sl 130ToniB ['imporeny, iCHYIOTh creniaibHl Ha3BH 1
HABiTh cremianbHi cumBonn. Tak, i3otom [imporeny 'H HasMBaoTh mpoTiid,
izoton “H —neiitepiit i mo3Hauarots cuMBosioM D a i3oton “H — tpuriit (cumson T).
AToMHa Maca 130TONy, fIKa BUPa)K€Ha y BYIJICLIEBUX OJMHMIISX, HA3UBAETHCS HOro
MaCOBUM YHCIIOM.

KoxHuit eneMeHT Mae JekiibKa 130TOMIB (MPUPOJHUX YU IITYYHUX), TOMY B
NepioJInYHINA CUCTEM1 HABOAUTHCS cepelHsi A, 3 ypaXyBaHHSM DPO3MOBCIOIKEHOCTI
130TommiB y npupoAi. Tak, Xjop Mae aBa 130TONH »Cl icl, TOMY BIIHOCHA aTOMHa
Maca eJIeMeHTa XJIOpY 3 ypaxXyBaHHSIM MPOLIEHTHOTO BMICTY 130TOITIB JJOPIBHIOE:
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3a cKJ1aJI0M yC1 CIIOJYKH MOKHA TIOJIUTMTH Ha MPOCTI Ta CKJIAIHI.

Ilpocmumu nazusaromuvcs peyosuHu, sKi CKIAOAOMbCSA 3 AMoMié 00HO20
enemenma (H,,0,,N,,Cu). Ilpocti peuoBUHU — ye opma icHy8aHHA XIMIYHO20
enemenma y eiibHomy cmani. HuHi Bimomo 118 XIMIYHHMX €JIEMEHTIB, a IPOCTUX
peuoBuH HamiuyeTbess moHan 500. Taka po3ODLKHICTE TOSCHIOETHCS —SBHUIIEM
anotpomnii. Anomponisa — ye 30amuicms eleMeHma ymeoproeamu 0eKilbKa npocmux,
BIOMIHHUX 34 BIACMUBOCMAMU PEYOBUH, AKI HA3UBAIOMBCSA  AIOMPORHUMU
Mooughikauiamu.



Hanpuknan, enemenT OKCUreH YTBOPIOE JB1 aJlOTPOMHI MoaudiKallli: KUCeHb
O, 1 0300 O3, fSKI BIIPIBHAIOTECA CKIamoM Moiiekyd. Emement KapOoH yTBoOproe
aNoTpoIHi Moau@ikaiii, MO0 BIAPIZHAIOTHCS TUIOM KPUCTAIIYHOI I'PATKU: aamas,
rpadit, kapoiH (JaHoXKu UMy ...—C=C—C=C-... un ...=C=C=C=C=...) 1 dynepeH
Ce0, MOJIEKYJIa SIKOTO CXOka Ha (GyTOOJBHUN M’s4, TOMY ISl MoaudIKallisg 1HOMI1
Ha3uBaeThcs OykuoosioM (puc. 1.1).

KapkacHa cTpykTypa Wapysata ‘iT PYKTYpa
anmasy +.rpa§r-lw

g
|
e I
ﬁ%\ Nanutorn kapbiny ‘Nt J:;_‘h

CiTyacTa CTpyKTYpa :
GynepeHy Can Byrneuesi HaHOTPYBKK

s N

Pucynok 1.1 — Anorponni moaudikaiii Kapoony

Cknaoui pevosunu — 1€ peYOBUHU, MOJICKYIIH SIKMX CKJIAJIAlOThCS 3 IBOX a00
OublIe XIMIYHUX enemeHTiB ( H,0, S0,,H,SO0,).

Amomna maca. 3a €IUHOIO NIKAJOK aTOMHHMX Mac MacH aTOMIB 1 MOJIEKYJ
nopiBHIOWTH 3 1/12 wmacw i3otona Kap6ony "“C. Ile 3yMOBIEHO THM, IIIO B I[OMY

pasi BIIHOCHI aTOMHI MacH €JeMEHTIB HaOyBarOTh 3HA4Y€Hb, HAUOIMKIMX O ILIUX
yuces. BinHocHa aromHa Maca enemeHTa ( 4,, r-relative-BiTHOCHUMIT) BU3HAYAETHCA

BIIHOIIIEHHSIM Macu aroma eyemeHTta (m) g0 1/12 4dacTku macu atoma 130TOIY

m .
Kap6ony-12(m,): 4. =———. Tomy, aToMHa Maca IBOTO 130TOMY 3a BU3HAUYECHHAM

1

1"

JOPIBHIOE TOYHO 12 a.0.Mm. 1 a.oM. = 1,66057-107 kr = 1 B.0. OckuIbKM Oararto
XIMIYHHUX €JIEMEHTIB MaloTh MO JEKUIbKa 130TOIIB, TO Maca aToMa B MEPIOJUYHIN
TaOJIMIIl HABOJAMUTHCS SIK CEpeHs 13 CyMHU Mac 130TOIIB I[bOro eixemeHTa. Toal mMaca
aTomMa OyJb-SKOTO €JIeMEHTa JOpIBHIOE JOOYTKY HOro BIJIHOCHOI aTOMHOI MacHu Ha
3HaYeHHA a.0.M., 1€ 1 a.0.M. =1,66057-107" kr. OCKIIbKH a0COIIOTHA Maca aToma
Iy’)Ke€ MaJla, TO KOPUCTYIOTbCSI BITHOCHOIO BEJIMUMHOIO, SIKa HA3WBAETHCS aTOMHOIO
Macol 1 sika MOoKa3ye, y CKUIbKM pa3iB Maca JaHoro ejnemeHrta Outbina 1/12 macwu
atoma ';C. Hampuknan, atomaa Mmaca Okcureny = 16, To6to ioro atom B 16/12 pazis

Baxuuii Big atoma KapOony.



Monexynapnow macoro (M,) peHOBUHHU HA3MBAETHCS Maca 1 MOJICKYIIH,

BUpakeHa B B.0. a00 a.0.M. 3Haiouu (GopMyily XiMIYHOI CTIONYKH, MOKHA BU3HAUUTHU
il MOJIEKYJSIpHY Macy SIK CyMy aTOMHHMX MacC €JIEMEHTIB, $IKi BXOASTh 1O CKJIATy
MOJIEKYJIU JaHOT CTIOTYKH.

Monsapua maca — BiITHOIIEHHS MacH PEUYOBHMHH JO 11 KUIbKOCTL. OIMHUIN
BUMIPIOBaHHS [KI/MOJib]| a00 [r/MoJb]. KiTbKICTh pEUOBUHM BUPAKAETHCSA B MOJISIX.

Mons peuoeunu (n) — 1€ Taka KUIBKICTh PEUYOBHHH, SIKa MICTUTb CTUIBKH
MOJIEKYJ, aTOMiB, HOHIB a00 I1HIIMX CTPYKTYPHUX OJMHHIb, CKUIBKA MICTUTHCS
atomiB y 0, 012 xr i3otona Kap6ony "“C. UHcI0 CTPYKTYPHHUX OJMHHUIIb, 10 MICTHTh
OIMH MOJIb OyAb-IKOT PEYOBMHU HA3UBAIOTh 4YHUCIOM ABoraipo (Ha YecTb

ITAMCHKOTO BUEHOTO (i3MKa i XiMika): N, = 6,02-10% mons .

1.2 OcHOBHI 3aK0HM XIMIl

3akon 30epexxeHHss wmacu pedyoBuH (M. B. JlomoHocoB — 1748,
A. JI. JlaBya3be — 1789). Maca peuosun, wo ecmynuiu 6 peaxyiro, OOpi6HIOE MACI
PEeUOBUH, U0 YMBOPUNUCS HACTIOOK PeaKyii.

3akoH 30epe:keHHsi eHeprii (Maitep — 1840). Enepeis ne eunuxac i3 Hiuo2o i
HIKYOU He 3HUKAE, A OKpeMi ii 6UOU MOH*CYMb 3AEMONEPEMBOPIOBAMUC OOHA 8 OOHY
8 eKBIBAIeHMHUX CNIBGIOHOUIEHHSIX.

A. EfHIITelH yCTaHOBUB 3B’ 130K MK Macolo Tijla m 1 oro eHeprieto E:

E =mc?,

ne C— mBHAKICTH cBiTia (3-10° m/c).

PiBusinust EifHITEiHA € MaTeMaTUYHUM BHPA30M 3aKOHY 30epexeHHs Macu i
€HEeprii, 3T1IHO 3 KUM 3MIHI MacH Ha BEJIMYMHY Am BiJIOBIJA€E LIJIKOM IEBHA 3MIHA
eHeprii AE. Takum uuHOM, T0pu XIMIYHUX pPEAKUIAX, OCKUIBKM BOHHU
CYNPOBOJIKYIOTbCS €HEPreTUYHUMU e(peKTaMu, HaCTIpaB/l BiIOYBA€ThCS 3MiHA MACH.
Onmnak 11 3MIHM HACTUIbKM Maji (HEBEJIMKI eHepreTudyHi edexTu, 1o
CYNpPOBOJIKYIOTh XIMIUHI peakilii, He MOXYTh MPHUBECTU [0 MOMITHUX 3MIH Mac
PEYOBHH), [0 HUMU MOHA 3HEXTyBaTU. BinuyTH1 % 3MiHM Macu CIIOCTEPIraroThCs B
ANIepHI XIMIi Ta €HepreTHIll, A€ E€HEePreTHYHl e€(eKTH BUMIPIOIOTHCA MUIbSPAAMHU
KUTO/KOYIIB. B XiMIUHMX ke peakI[isix He BiI0yBaeThCsA BUMIPIOBAHUX 3MIH MAcH.

3akon crajocti ckaaxy (K. I[Ipyct — 1799). Koowcna ximiuno wucma pewosuna
3 MOAEKYAAPHOIO CIMPYKMYPOIO MA€E CMANULL AKICHUU | KITbKICHUL CKAAO He3aNeNCHO
8i0 cnocoby ii 000y8aHHsL:

S + 02 = SOz,
HQSO3 = SOZ + HQO,
Cu + 2HZSO4(K0HL1.) = CUSO4 + SOZ + 2H20
3akon kpatHux BimHomeHb (/[x. JlanpToH — 1803). fAkmio aBa enemeHTH
YTBOPIOIOTH OJIMH 3 OJIHUM KiJIbKa CIOJIYK, TO HA OJHY U Ty camy KUIbKICTh OJTHOTO 3

HUX TMPUIAJAI0Th TaKl KUIBKOCTI 1HIIOTO, SK1 BIHOCSTHCS MK COOOIO SIK HEBEIUKI
1JT1 YHCJIA.
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Hanpuximana, Hitporer 1 OKCUreH YTBOPIOIOTH OIHH 3 OJHUM I’ SITh OKCHUIIB:
5

OKCH[{ NzO NO N203 NOZ N205
Maca azory 2:14=28 1- 14=14 2:14=28 1-14=14 2:14=28
Maca KHCHIO 1-16=16 1-16=16 3-16=48 2:16=32 5-16=80
Maca KucHI0, 1110
npunagae Ha 1 rasory | 16/28=0,57 16/14=1,14 48/28=1,71 32/14=2,28 80/28=2,85
Kinekicte N 1 1 1 1 1
Kinekicts O 0,57 1,14 1,71 2,28 2,85
CuiBBIHOIIEHHS 0,57 1,14 1,71 2,28 2,85

1 2 3 4 5

3akon ekBiBajieHTiB (I. Pixtep — 1793). Ximiuni enemenmu cnonyuaromscs
0O0UH 3 OOHUM, A PeYOBUHU Peazyiomb MIdC COOO0I0 Y KLTbKOCMAX, NPONOPYIIHUX IXHIM
eK6L8aANeHMAM.

ExBiBaleHTOM Ha3WBalOTh peajbHy a00 YMOBHY YacTKy pe4OoBHHU X, sKa
MOXE TIpUEAHYBATH, BHUBUIbHIOBATU ab0 OyTH OyJb-IKUM IHIIMM YHHOM
€KBIBaJI€HTHA OJHOMY HOHY [igporeHy B JaHii KHUCIOTHO-OCHOBHIM peakiii abo
OJIHOMY €JIEKTPOHY B OKMCHO-BITHOBHIN peaKilii.

[1in yMOBHOIO YacTKOIO PO3YMIIOTh SIK pEajbHO ICHYIOUl YacTKU (MOJEKYIH,
HOHM, €JIeKTpOHM), Tak 1 iX gomi (Hampukian, 1/2 iiony) abo rpynu. KuibkicTb
PEUYOBHUHHU €KBIBAJICHTY € MOb.

daktop exBiBajgeHTHOCTI f ekB.(X) — 1e uucno, sKe Mo3Hayae, sKa JOJs
peanbHOi YacTKM PEYOBMHM X €KBIBAJIGHTHA OJHOMY HoHy ['imporeHy B maHiif
KHCJIOTHO-OCHOBHIM peakiiii abo0 OJHOMY €JEKTPOHY B OKHCHO-BIJHOBHIN peakiiii.
dakTop €KBIBAJIEHTHOCTI pO3PaXxOBYIOTh HA OCHOBI CTEXIOMETPIi JaHOT peaKIlii.

f exB.(X) = 1/z, e z — OCHOBHICTb KHCJIOTH a00 KHCJIOTHICTh OCHOBH JaHOIi
KHCIIOTHO-OCHOBHOI peakilii, a00o KUIbKICTh €JIEKTPOHIB, 10 OepyTh y4acThb y JIaHii
OKHCHO-BIJIHOBHIH peakiiii.

Mousipua Maca ekBiBajleHTa pedyoBUHU X (M (l X)) BHUMIPIOETBCS JOOYTKOM
z
(akTopa eKBIBAJIEHTHOCTI HA MOJIIPHY Macy peYOBHHH X:
1 1
M(;X) = S (X)- M (X) :;M(X).
OnuHuIll BUMIPIOBAHHS MOJISIPHOT Macu €KBIBaJICHTa — I/MOJIb.

11



MosipHa Maca €KBIBaJIEHTHA CKJIAHOT PEYOBHHU JIOPIBHIOE CyM1 MOJSIPHUX

Mac €KBIBaJICHTIB 11 CKIaJ0BUX YacTHUH. Hampukian:
Mg (0OKCHAY) = My (€1€MenTa) + My (Oxcureny);

Mexs.(K20) = Mg (K) + Mg (O) = 39 + 16/2 = 47 r/™M0b;

Mg (KHUCTIOTH) = MeKB.(H+) + Megs. (KUCIIOTHOTO 3QJIHIIIKY);

Mes (H2SO04) = Mg (H) + Mes (SO47) = 1 + 96/2 = 49 r/mous;
Mg (0OCHOBH) = M (MeTaNy) + Mg (OH);
M. (Fe(OH);) = MeKB_(Fe3+) + Mew.(OH) = 56/3 + 17 = 18,7 + 17 = 35,7 r/m0b;
Megs.(cOm1) = Mg (MeTaNMy) + My (KUCTTOTHOTO 3QJIHIIIKY );

M. (NaNO;) = MeKB.(Na+) + Mes.(NO3) = 23 + 62 = 851/MOb.

S0 He BpaxoBYBATH KOHKPETHY XIMIYHY peakilito, TO (PakTop €KBIBaJIeHTHOCTI
PEYOBHUH PO3PaxoOBYIOTh 3a (opMysiaMH, HAaBEICHUMH B Ta0iuI 1.2.

Tabmuis 1.2 — Po3paxyHok ¢akTopa eKBIBaJEHTHOCTI PEUOBUH

YacTKa daKTOp eKBiBaJEHTHOCTI puxaagu
1 2 3
Exement /= 1 fe(S)st = 1/2
° B(E)

ne B(E) — BanenTHicTh enemenTa E

fe(S)st04 = 1/6
fe(C)cH4 = 1/4

IIpocTa pedyoBuHa

1
fomm———s
n(E)- B(E)
ne n(E) — uncno aromiB eneMeHTa
(iHzekc B ximMi4HIi Gopmy:ni), B(E) —
BAJICHTHICTh €JIEMEHTA

J(H)=1/2-1)=1/2
1.(0,)=1/(2-2)=1/4
J.(CL)=1/(2-1)=1/2

Oxkcun /= 1 f.(Fe,0,)=1/(2-3)=1/6
(E)- B(E) f.(FeO)=1/(1-2)=1/2
ne n(E) — uncno aromiB eneMeHTa f.(H,0)=1 /(2 1) = 1/2
(tanexc B ximiuHid popmyini), B(E) —
BaJICHTHICTH €JIEMEHTA
Kucnora 1 f.(HCH=1/1=1

fe:

n(H")

+ . .
ne n(H") — ancno Bigmanux B mporect
peaxuii 10H1B ['igporeHa (OCHOBHICTh
KHUCJIOTH)

£.(H,80,)=1/1=1
J.(H,80,)=1/2=1/2

12




ITponosxxenns Tabmauii 1.2

1 2 3

OcHOBa /= 1 fe(NaOH) = 1/1 =1
n(OH") 1.(Mg(OH),) =1/1=1

ne n(OH") — uucno Bigmanux B mporieci f.(Mg(OH),)=1/2
peaxirii TMIAPOKCUI-10HIB (KUCTOTHICTh

OCHOBH)
Cimb _ ! _ ! 1.(41,(50,);)=1/(2-3)=1/6
© n(Me)-B(Me) n(A)-B(A) (po3paxyHok 3 MeTaiy) abo
ne n(Me) — unciio atomis Merana (iHaekc J.(41(80,),)=1/(3-2)=1/6
B XiMiuHi# popmyini coni), B(Me) — (po3paxyHOK 3 KHCIOTHOTO
BaJICHTHICTh MeTana; n(A) — 4ncio 3aJIHILKY)

KHUCJIOTHUX 3aJIMILIKIB, B(A) —
BAJICHTHICTh KMCIOTHOTO 3aJIUIIKY

Yactka B 1 Fe* +3e = Fé°
OKHUCITIOBAJIbHO- fe a n(e) .
BIJHOBHUX S.(Fe™)= 1/ 3
peaxIrisx

zie n(€) — YMCIO CNCKTPOHIB, sKi 0epyTh | MnO, +8H " + 5¢ = Mn** +4H,0
y4acTh B IPOLIECI OKUCHEHHS a00

BITHOBJIEHHSI J.(MnO;) = 1/ 5
Von 1
fo=1m=
it

£,(80;7)=1/2
e ‘ni‘ — 3apsn fioHa

TakuM 4yMHOM, €KBIBaJEHT OJIHOTO 1 TOTO X €JI€MEHTa MOXKe MpUMaTH pi3Hi
3HAUEHHS 3aJie’KHO BiJ BaJ€HTHOCTI LbOrO e€JeMeHTa. 3HA4YeHHS EKBIBAJICHTA
CKJIQJHOI CHOJIYKH 3YMOBIIIOETHCS XapaKTepoM ii B3a€MOJii B KOHKPETHIN XIMIYHIN
peakiii. Hanpuknan, B peakuii H;PO, + 2NaOH = Na,HPO, + 2H,O Ttiibku aBa
atomu ['iporeHy KUCIOTH 3aMillyloTbcst atToMamMu Hatpis (ToOTO KHUCOTa BUSIBIISIE
OCHOBHICTh 2), Tomy ekBiBaieHToM H;PO, Oyne yMoBHa 4YacTuHKa, sKa
ckianae 1/2H;PO4 ockineku came  1/2 peanpHOi uyactkn — Mousekyian H;POq
€KBiBaJIeHTHA ofHOMY HoHY ['iporena B 1aHiil KUCIOTHO-OCHOBHIM peakiiii.

MaTeMaTHYHUM 3alIMCOM 3aKOHY €KBIBaJICHTIB, SIKUU HUHI (POPMYIIOETHCS SIK:
Macu pedosuH, SKi 83AEMOOIOMb Midc 00010, NPONOPYIUHI iIX MOJAPHUM MACAM
eK6I6AIeHMIE €.

ﬂ — Mexe (1) a m] — m2
m2 Mel(g (2) Mexg (1) Mexg (2) ’

ne m, ,m,,M, (1),M,, (2) — BIINOBIJHO Macu 1 MOJISIPHI MacH €KBIBaJECHTIB
pedyoBUHHU 1 1 peuoBUHU 2.
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[Ipu mpoBeneHHI po3paxyHKIB 3 00’€MaMU ra3iB 3aKOH €KBIBaJEHTIB MOXHa
BHUPA3UTH TaK:

mo_ Vel A
M, () V(1) Vi) Vo)

He I/171/271/31«5(1) QI/e
ra3iB pe4oBHH 11 2 KUIbKICTIO | MOJIb €KBiBaJEHTA.

3 MaTeMaTUYHOI'O 3alUCy 3aKOHY €KBIBAJICHTIB BUIUIMBAE, 110 KUIHKICTh MOJIb
€KBIBaJICHTIB PEUOBHUH JOPIBHIOE OJHA OJIHIM:

Mg (1) = 1, (2)-

(2) — BIAMOBIAHO 00’€MU ra30moiOHUX PEUYOBHH 1 00’ €MHU

K6

3axon Aoraapo (1811 p.). B pisuux 06’emax pizHux 2aszié 3a 0OHAKOBUX
VMO8 MICMUMbCSL 0OHAKOBA KIIbKICMb MOJEK) L.

O Monb Oyap-sKoi pedoBUHHM (a00 OAMH MOJb I1HIIMX CTPYKTYPHUX
OJIMHULIb — AaTOMIB, MOHIB) MICTUTh OJIHAKOBY KUIBKICTh MOJEKyn (abo 1ux
CTPYKTYPHHX OIMHHUIb), Mo gopiBHioe 6,02 -10% . Ile umciio HA3HBAIOTH CTANOI0
ABorajpo 1 mo3Havyaroth Ny N,=6,02 10% moun ™.

Hanpuknan, Imons H,O cknagaerbes 3 6,02-1023 MOJIEKYJ 1 MICTUTH 2 MOJIb
(abo 2-6,02-1023) atomiB H 1 Imonp (abo 6,02-1023) aromie O; Imoms SO,
mictute 6,02:10” jiomis  SO4”, y Tomy umcni 1 momb (6,02:10”) atomis S
i 4 Mmomb (46,02:107) atomiB O.

KinpKkicTh peuOBUHM N MOB’si3aHa 3 YUCJIOM YacTUHOK N 1 cTanorw ABOraapo
N4 pIBHSHHSAM:

Il=N/NA.

Maca 00HO020 MONA peuo8uHU HA3UBAEMBCA MOIAPHOIO MACOI0 YIEI pedosuUHU
BOHa Mo3HauaeTbes vepes M. Monapua maca susHauaemvcs 8i0HOWEHHAM MACU
perosuHU 00 KilbKocmi peuosuHu, axa i eionogioae: M = m/n.

OnuHuiiero BUMiproBaHHS MoJsipHOT Macu B cucteMi Cl € [kr/moinb], ane B
X1Mii yacTilie KOPUCTYIOThCA M03aCUCTEMHOIO BEJIMYUHOIO [I/MOJIb|.

Monspua mMaca M moB’si3aHa 3 BIJHOCHOIO MOJEKYJISIpHOIO Macor M, i
ctasioro ABoraapo N, pIBHSHHSM:

M = M,-N4-1a.0.Mm. (1.2)

Hanpuxnan, BigHoCHa MosiekysipHa Maca cyibhyp(1V) okcuay nopiBHio€e

M,(SO,)=32+2-16 = 64,
a aTOMHA OJIMHUIISI MacHu la.o.M.=1,66-10724 T, TOA1
M(SO,) = 64-6,02-107-1,66-10 ** = 64 r/mos.

ToOGTo MoipHa Maca 4YMCENbHO JOPIBHIOE BITHOCHIA MOJIEKYJISIpHIM Maci,
ajsie Mae 30BCIM 1HIIMKA (i3UYHUI 3MIcT: M, XapakTepu3ye Macy OAHIET MOJIEKYIH,
a M — Macy oHOTr0 MOJIsL, T0OTO 6,02-10% MoMeKyI.

HacJainkm 3 3aKkoHy ABOrajapo:

1. Ooun monb 0y0b-IKO20 2a3y 3 HOPMAILHUX YMO8 (H.).) 3aumac
06’em 22,4 om’ (22,4 1).
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Ieii 06’ eM HA3UBAETHCA MOJIIPHUM 00’ €MOM (ITO3HAYAETHCS V) 1 BAMIPIOETHCS
y 1/Moib aGo M’/mMonb). HopMmaabHUMH yMOBaMH (H.y.) BBaKalOTh TEMIIEPaTypy
t=0°C a6o T=273,15 K i uck P = 101325 ITa = 1 at™ = 760 MM.pT.CT.
2. BigHOIIEHHS TyCTMHHM OJHOTrO Tra3y (p;) A0 TYCTMHH IHIIOro ra3y (p;) 3a
OJTHAKOBUX YMOB JIOPIBHIOE BiTHOIIEHHIO iX MOJIIpHUX Mac M abo BiIHOCHHX
MOJIEKYJISIpHUX Mac M.

[{s BenMMYMHA HA3WBAETHCS BiTHOCHOIO T'YCTHHOIO OJHOTO Ta3y 3a IHIINM i
no3HayvaeThcst OykBowo D:

pPL_M M,
py My, M

BinHocHa rycTHHA MOKa3ye y CKUIBKU pa3iB OJIMH ra3 BayKye 3a 1HIIHM.

n

1.3 I'a30Bi 3aK0OHHU

CraH ra3y XapakTepHU3YyeThCS TEMIIEPATYpPOI0, TUCKOM 1 00’eMoM. Mix IuMu
napameTpaMH ICHY€ 3B’SI30K, SIKHI BUPAXKA€THCS BIAMOBIIHUM 3aKOHOM:
1. 3akon boiins - MapiorTa: npu nocrtiiiHiii Temnepatypi 006’eM AaHOi KUIbKOCTI
ra3zy 00OE€pHEHO MPOIOPIIIHUIN TUCKY, M1 SKUM BiH nepedyBae, TOOTO

npu T =const PV, =P,V, abo PV = const.
2. 3akoHn I'eii-JIoccaka: npu NOCTIHHOMY TUCKY 3MiHA 00’ €My JaHO1 KUTBKOCTI Ta3y
IpsIMO MPONOpIIHA TeMIiepaTypl, TOOTO

v, v,

npu P=const —Lt=-2

L T,

3. 3akon Wlapas: npu nocTiitHOMY 00’€Mi 3MiHA TUCKY JaHOI KUTBKOCTI Ta3y MpsMo

MpoIopiiiiiHa TeMneparypi, TOOTo

abo v_ const.
T

P
pu V = const =—2 abo 7= const.
1 2

~ |t

VY XIMIYHHUX pO3paxyHKax IMpU 3[IHCHEHHI MEpPEeXOoay BiJA OJHUX YMOB JIO 1HIIMX
BUKOPHCTOBYETHCS BUpa3 00’ €IHAHOTO Ta30BOT0 3aKOHY:
oy _ bl
LT
PiBHsIHHS cTaHy i/1eanbHOTO ra3y (piBHsAHHA Kinaneiipona-MeHnae/ieeBa)

v
abo0 — = const

PV =nRT abo PV :%RT,

3 . .

ne P — tuck raszy, Ila; V' — 06’em razy, M’; n — KUIBKICTh MOJIb Ta3y, MOJIb;
m — Maca rasy, r; M — MoJispHa maca rasy, I/Mojib; R — yHiBepcajbHa ra3oBa cTajia
(8,31 Ix/(monw-K); T— temneparypa, K.
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Tema 2 OCHOBHI KJIaCH HEOPraHIYHUX CHOJYK

2.1 Oxcuan
VYci HeopraniyHi CIOMYKH 3a MOMIOHICTIO iX CKJIaMy 1 XIMIYHUX BJIACTUBOCTEH
00€HYIOTh B OKpEMI Ipymnu, abo KiIacH.

Knacughikauia neopeaniunux cnoayk

Heopraniuni pe1oBuHHU

NPOoCTi CKJIAIHI
METAJIM  HEMeTaJu OKCHIH OCHOBH KHCJIO0TH
OCHOBHI OKCHUTeHOBMICHI
KHCJIOTHI 0€30KCHUIreHOBI
amdorepHi
Porep ¥ . v
PO3UMHHI y BOai (J1yrn) cepeaHi
HEPO34YMHHI Y BOAI KHCJII
OCHOBHI
noaABiHI
3Milani
KOMILIEKCHI
Oxkcuau — CcKIaAHI PEYOBHMHM, 10 CKJIaAy SKHUX BXOASATH aTOMHU JBOX

eleMeHTiB, oluH 3 sKuXx — OxcureH. CTymiHb OKUCHEHHS OKCUTEHY B OKCHAAX
3aBX]IM B1Jl"€MHUH 1 JOPIBHIOE — 2.

3a XIMIYHUM XapaKTepOM OKCHJIH MOJLISIOTh Ha COJIETBOPHI 1 HECOJIETBOPHI.
Jlo HeconerBopuux Hanexatrh CO, SiO, NO Ttormio. ConeTBOpHI OKCUIUA MOUISIOTHCS
Ha OCHOBHI, KUCJIOTHI Ta aM(OTEpHI.

OCHOBHI OKCHIM — OKCUAM METaJliB, T1IpaTU SIKUX € OCHOBaMH. B OCHOBHHX
OKCHJIaX METaJIM BUSIBIISIOTh HU3bKUM CTYNIHb OKMCHEeHHS: +1, +2 (NayO, CaO, FeO
To110). ['IApOKCUAM OCHOBHUX OKCH/IIB € OCHOBAMH.

KuciorHi okcmam — OKCHUIM HEMETaldiB 1 OKCHUAM METANB 31 CTYIEHEM
OKHMCHEHHS MeTany +5, +6, +7 (SO, P05, V205, CrO3, MnyO7 tomno). I'inpokcuau
KHCIIOTHUX OKCHJIIB € KUCIIOTaAMH.
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AM¢oTepHi okcMaAM — OKCHJIM TUIBKM  METaliB 31  CTyIEHEM

okucHeHHs 13, +4 (AlpO3; Cr03; FepO3; TiO2; PbO3) Ta okcuau nesakux meTaiiB 31
ctyneHeM okucHeHHs +2 (ZnO, SnO, BeO, PbO). Tepmin ,,amporepHuii” rperibKoro
MOXO/XKEHHSI, 03Haua€e JBOCTOPOHHIN. ToMy ampoTepHi okcuan 3aiiMatoTh TPOMIKHE
MOJIOKEHHSI MI)K OCHOBHUMHU W KUCJIOTHUMH OKCUIAMHU W BUSBISIOTH BIANOBIAHI iM
XIMIYH1 BJacTUBOCTI. [igpokcuan amMpOTEepHUX OKCUAIB TaKOX BUSBISIOTH
BJIACTUBOCTI SIK OCHOB, TaK 1 KUCJIOT.

Homenkaatypa okcuaiB. Ha3Bu OKCHIIIB CKIIQJAlOThCA 13 Ha3BU €JIEMEHTa B
HA3MBHOMY BIIMIHKY Ta CJOBa OKCHUJ. SIKIIO €JIEMEHT YTBOPIOE IeK1IbKa OKCHUIIB, TO
CTYIIHb OKHCIICHHS €JIEMEHTA 3a3HAYa€ThCs B AYKKaX PUMCBHKOIO LU(DPOIO.
BixuBaeTbcst TaKOK HOMEHKIIATYPA, B SAKIH MIAKPECTIOETHCS KUTBKICTh aTOMIB KUCHIO,
0 MpHUMaJae Ha OJMH aToM IHUIOro eyeMeHTta. [Ipu mpoMy Ha mepiie Micie
CTaBJISATh HA3BY BIJIMOBIJHOTO €J€MEHTa Y Ha3UBHOMY BIIMIHKY, Ha ApYyre — CJIOBO
OKCH/I 3 BIATIOBITHUM YUCIIBHUKOBUM TpedikcoM (MOHO-, TU-, TPHU-, TETPaA- TOIIIO).

Hanpuknaa: NoO — nitporen(l) oxkcun; NO — wnitporen(Il) oxcuza, abo HiTporen

MoHokcua; NO; — HitporeH(IV) okeun, a6o Hitporen aunokcua; CrO3 — xpom(VI)
OKCHJI, 200 XpOM TPHUOKCHI.

XiMI4H1 BJACTUBOCTI OKCHJIIB 3ajeXaTh BiJl TIOJOXKECHHS EJEMEHTIB Yy
MepPIOANYHIN CUCTEM1 Ta 3aKOHOMIPHO 3MIHIOIOTHCS 3a TIEPI0JIaMH Ta TPyIaMHU.

B wmexax Manux mnepiofiB 1 psAdIB BEJIUKUX MEPIOAIB 13 30UIBIICHHIM
MOPSAJIKOBOI'O HOMEPY €JIEMEHTIB XapaKTep OKCUAIB 3MIHIOEThCS Bl OCHOBHUX Ye€pe3
aM(pOTEpHI 10 KUCITOTHUX. 3MIHY XIMIYHOTO XapaKTepy OKCHJIIB MOKHA CIIOCTEPIraTu
1 B MeXax Ipyln MNepioJuyHOl CHUCTeMH. [3 30UIbIIEHHAM MOPSIKOBOTO HOMEPY
eJIeMEHTa B MeXax MiArpyn 3pOCTal0Th OCHOBHI BJIACTHUBOCTI BIJIMOBIIHUX OKCH/IIB.
Taky 3aKOHOMIPHICTP MOXHA CIOCTEpIraTH B TOJIOBHIA 1 MOOIYHIA MIATpymax
I rpymu: BeO - amdorepauii, MgO, CaO, SrO, BaO, RaO - o0cCHOBHI,
ZnO — amdotepuuit, CdO, HgO — ocHoBHi, B ronoBHid miarpym I rpymnu:
B,0O;3 — kucnotuuii, Al,O3, Ga,03, In,O3 — amdoTtepni ta Tl,O3 — OCHOBHUI OKCHIH.
B ronosuiit nigrpyni IV rpynu Byrieup Ta KpeMHId YTBOPIOIOTh KHCIOTHI OKCHJIU
CO; 1 S10,, a pemta enemMeHTiB — aM(poTepHi. 3MIHY B XapakTepl yTBOPEHUX OKCHUIIB
MO)XHA CHOCTEpIraTv Ijsi OJHOrO0 M TOr0 CaMOro €JEMEHTa, SIKIIO BIH YTBOPIOE
nekiibka okcuaiB. Tak, xpom yrBoproe okcuau: CrO —  OCHOBHHIA,
Cr,05 — amporepuuii, CrO; — KUCTOTHHIA.

Tabnuus 2.1 — JloGyBaHHS OKCUAIB

Cnoci0d no6yBanHus Hpuxnagu

1 2
1 B3aemonist mpocTHX 1 CKIIaJHUX PEYOBHH i3 KUCHEM | 4Al + 30, = 2AL 03,

CH4 + 20, = CO, + 2H,0O

2 Po3kiiailaHHS OKCHTEHOBMICHHX CITONYK MPH

HarpiBaHHI:

- OCHOB Cu(OH), — CuO + H;0,
- KUCJIOT H,S10; —— SiO; + H,0,
- coneit CaCO; —— Ca0O + CO,
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ITponosxxenns Tadbmui 2.1
1 2
3 BiZHOBIEHHS OKCHU/IIB CO, +C=2CO,

MnO, + H, = MnO + H,O
Cu + 4HNO; = CU(NO3)2 + 2NO, + 2H,0O
C +2H,S04 = CO, + 280, + 2H,0

4 B3aeMopis KUCIIOT-OKHMCHHUKIB 13 MeTajaMH a0o
HeMeTalaMu

Tabauig 2.2 — XiMI4H1 BJIaCTUBOCT1 OKCHU/IIB
OcCHOBHI oxcHIHN ‘ KucaorHi okcuau
1. B3zaemonuist 3 Bomolo

Na,O + H,0 =2 NaOH SO; + H,O = H,SO4,
CaO + H,0 = Ca(OH),
P,Os5 +3 H,O = 2H;3POq4
2. Bzaemognis 3
Kucnoramu OcHoBamu
MgO + H,S0,=MgSO0, + H,0 CO; +Ba(OH), = BaCO; + H,0O
3. B3aemonist 3 am¢poTepHUMH OKCHAAMU Ta TiAPOKCHIAME
BaO + ZnO = BaZn0O, SO;5 + ZnO = ZnSOq4
CrutaBieHHs
BaO + Zn(OH), = BaZnO, + H,0O SO; + Zn(OH), = ZnSO4 + H,0

4. B3aemMoaist 0OCHOBHHX i KHCJIOTHHUX OKCHIIB MiK c00010

Na,O + CO, = Na,CO;

5. BigHOBJIEHHS 10 MPOCTUX PEYOBHH:

3CuO + 2NH;=3Cu + N, + 3H,0 P,0s +5C=2P + 5CO
AMbOTEpHI OKCHIN B3a€EMOIIIOTh
3 KHUCJIOTaMU SIK OCHOBHI 3 OCHOBaMHU SIK KHCJIOTHI
Zn0O + H,SO4 = ZnSO4+ H,O Zn0O + 2NaOH = Na,ZnO; + H,0

Zn0O + 2NaOH + H,0 = Na,[Zn(OH)4]

3 aM(OTEPHUMH OKCUIAMHU

7Zn0 + ALO; = Zn(AlO»),

2.2 OcHoBH

OcHOBM — L€ CKJIAJHI PEYOBUHHU, YTBOPEHI METAIIUYHUM eJeMeHTOM (abo
Ipymnor atomiB NH,') Ta TiIpOKCUIHUMH rpynamu (OH), KiIBKICTh SKMX IOPIBHIOE

BanentHocTi merany (LiOH, Ba(OH),, Fe(OH)3, NH4OH).
KinbKicTh T1APOKCHA-IOHIB B OCHOBI, IO 37aTHI 3aMIN[yBaTUCh Ha KHUCJIOTHI
3QJIMIIKA 3 YTBOPEHHSAM COJIEM, BU3HA4a€ il Kuciomuicms. TOMY OCHOBU MOXKYTb

oytu oonoxucromui (NaOH, NH4OH), odsoxuciomni (Ba(OH),), mpuxucromni
(Fe(OH)3,), vomupuxucromui (Th(OH)y).
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Bci ocHOBM MOHa MOJIUTUTH HA PO3UYMHHI 1 HEPO3YMHHI Y BoAl. Po3unHHUMU €
OCHOBU, YTBOPEH1 JY)KHHMH, JY>KHO-3€MEJIIbHUMH MeTajulaMu. PO34MHHI y BOII
OCHOBU Ha3UBAIOTHCSA 1y2aMU.

Homenkiatypa ocHoB. Ha3Bu OCHOB YTBOpIOIOTH 13 Ha3BU MeTainy (abo
METaJO0NoAI0HOT IpyNnH) B HA3UBHOMY BIIMIHKY Ta CJOBa T1APOKCH[, IIO BKa3ye Ha
HasIBHICTh WOHIB OH ~ . SIKIIO OJUH METall yTBOPIOE JEKLIbKAa OCHOB, MICJS HAa3BU
MeTaly B Iy’KKaX pUMCHKOIO IIU(POI0 TO3HAYAETHCS CTYIIHb HOI0 OKUCHEHHS.

Hanpuxmnaa: Mn(OH); — manran(Il) rigpoxcun, Mn(OH)3 — manran(I11)
T1APOKCHI.

Tabnuus 2.3 — JloOyBaHHSI OCHOB

Cnocié 1o0yBaHHs Ilpuxknaanu

JloOyBaHHSI PO3YMHHHUX OCHOB
1 B3aemonisi akTUBHUX MeTalliB (JIy)KHUX
1 Ty’KHO3E€MEJIbHHUX) 3 BOJIOIO PNa + 2H,0 = 2NaOH + H;?
Ca + 2H,0 = Ca(OH), + H,1

2 B3aeMoist OKCUIIB aKTUBHUX METAJIIB
3 BOJIOIO BaO + H,O = Ba(OH),
Jlo0yBaHHS HEPO3YMHHHUX OCHOB

B3aemoist po34HMHIB COJICH 1 JTYTiB |CuC12 + 2NaOH = Cu(OH), |+ 2NaCl

Tabonuus 2.4 — XiMiyH1 BIaCTUBOCTI OCHOB

Po34yunHi ocHOBH Hepo34yunHi ocHOBH

B3aemonis i3 KHCJIOTHUMH OKCHIAMH

2KOH + CO, =K,CO5+ HQO,

KOH + CO, = KHCO;

B3aemonis i3 kucjaoramu (peakuiss HelTpaJizamii) |

NaOH + HNO; = NaNO; + H,0 Cu(OH),+2HCl = CuCl, + 2H,0

B3aemoaia i3 coasamu |

Ba(OH), + K804 = 2KOH + BaSOs/,

3KOH + Fe(NO;); = Fe(OH); | +3KNOs

Tepmiunuii po3kaang |
t

- Cu(OH), —> CuO + H,0

AM@oTepHi rizpokcuau B3aEMoailoTh |

3 KUCJIOTaMH K OCHOBH: 3 OCHOBAMH SK KHCJIOTH:

ZI’I(OH)2 + HZSO4 = ZHSO4+ 2H20 ZI’I(OH)2 + 2NaOH = Naz[ZH(OH)4]
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2.3 Kuciaoru

Kucnotn — ckiaaHi pedoBUHM, L0 CKIIANalOThes 3 aroMiB [igporeHy Ta
KHUCJIOTHOTO 3aJIMLIKY.
3a XIMIYHUM CKJIAQJIOM PpO3PI3HSIOTh OE30KCUI€HOBI W OKCHUT€HOBMICHI

KHCJIOTH.

KinpkicTh aTOMOBI

[Npporeny B Moisekyi

KHCJIOTH,

3JaTHUX

3aMINIyBaTUCA Ha MeTall ab0 METaJIONOAI0OHY TPYIy aTOMIB 3 YTBOPEHHSIM COJIEH,
BU3HAYAcE 11 OCHOBHICMb.

Tabnuus 2.5 — Knacudikartiiss KUCIOT

3a ckaagom 3a ocHOBHicTIO
OKCUT'€HOBMICHI 0€30KCUTE€HOBI OJIHOOCHOBHI JIBOOCHOBHI TPUOCHOBHI
H NO; HCl H NO; H,CO; H;PO,
HzSO4 st HCl HZSO3
H;PO, HI HI H,S0,
H,CO; HF HBr H,S
H,S0; HBr (omun atrom H) | (nBa atomu H)
H,Si0;
(Tpu atromu H)

HomenkiaTtypa kucaoT. Ha3zBu KHCIOT YTBOPIOIOTh 3 MDKHApOJAHHX Ha3B
KHACJIOTHUX 3aiuIKiB. [Ipy boMy Ha3Ba OKCUTEHOBMICHOT KHUCJIOTH, B K €JIEeMEHT
BUSIBIISIE BUIUNA CTYIIHb OKUCHEHHS, Ma€ 3aKIHUCHHS «Ha».

Hanpuxian:

HNO; — nitpaTHa kuciora (a30THa),
H,SO,4 — cynbdaTHa kucnora (cipuaHa)

SIKIIO KUCIIOTOYTBOPIOIOYMH €JIEMEHT BHSBISE B MOJICKYJl JaHOI KUCIOTH
HWKYUH CTYTIEHb OKHCHEHHS, TO Ha3Ba KUCJIOTH Ma€ 3aKiHUEHHS -UTHA a0o -iTHA.
Hanpuknaa: HNO, — nitputHa xucnora, H,SO; — cynbdiTHa kuciora.

Ha3Bu 0€30KCHUTEHOBUX KHUCIIOT Y TAKUX BHUIIAJKaX MAaIOTh 3aKiHUYCHHS -HIHA
abo -i1Ha.

Hanpuxnan: HCI — xnopuana kuciorta, H,S — cynbdinHa kucioTa.

['pyna aTomiB, 110 3aJUIIAETHCS MICHS BIAMICIUICHHS BiJl MOJIEKYJIH KHCIOTH
aToMiB ['imporeny, Ha3MBa€THCS KUCIOTHUM 3aJTUIIKOM.
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Tabnuus 2.6 — Kucnoru

Hassa kucJjoru ®opmyaa KuciaoTHuii 3aJIMII0K

XnopuaHa (XJI0pOBOJIHEBI, COJISHA) HCl Cl' -  xuopua
Bbpominna (6bpomoBoHEBA) HBr Br - Opomiz
Woauaua (#010B01HEBA) HI I' - Jomun
dTopuaHa (¢hayopoBoHEBA) HF F - bTopua
Cynbdigna (CipKkoOBOIHEBA) H,S S* - cynbGi

HS -  rimporencynbdin
CynbdarHa (cipuana) H,SO4 SO4” - cynbdar

HSO,  rigporencynbdar
CynbditHa (cipuncrta) H,SO; SOs” - cyasbir

HSOs - rigporencynbsdir
HirparHa (a30THa) HNO; NOs3;™ - HiTpar
Hirpitha HNO, NO, - HiTpiT
Optodocdarna (opTodocdopna) PO, - oprodocdar

H3POq4 HPO,*- rigporenoprodochar

H,PO4 - murinporenoprodocdar
KapGonaTna (ByrinpHa) H,CO; COs” - KapGoHaT

HCO3 - rigporenkapOoHat
CunikatHa (KpeMHI€EBA) H,S104 SiO;” - cmumikar

HSi0;5™ - rigporencusikar

Tabnuus 2.7 — JloOyBaHHS KUCIOT

Crocio 1o0yBaHHs

Ipuxaagu

1 B3aemo1ist KUCIIOTHOTO OKCHTY 3 BOJOO
(17151 OKCUT€HOBMICHHUX KHCJIOT)

SO; + H,O = H,SOy,
P,Os5 + 3H,0 = 2H3POq

2 B3aemoist BOJHIO 3 HEMETAJIOM 1 HACTYIIHE
[PO3YMHEHHS OTPUMAHOTO MPOJYKTY Y BOJ1
(17151 6E30KCUT€HOBUX KHUCIIOT)

H, + Cl, = 2HC],
H, + S =H,S

3 B3aeMo1ist KUCIIOT 13 COJIIMU

Ba(NO3)2 + H,SO, = BaSO4l + 2HNO;
Na,Si05 + 2HCI = H,S103 | + 2NaCl
FeS + 2HCI = FeCl, + H,S1
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3a 3BUYallHUX YMOB OUIBIIICTH KUCIOT € 0e30apBHUMU pinuHamMu. Maiixe
BC1 KMCJIOTH PO34YMHHI y BoAl, KpiM cuiikatHoi HpSiO3. Bei kucnmotu Baxdi 3a

Boay. Meski 3 Hux jetki (HCI, H,S, HNO3) 1 MaroTh 3aaynuiuBuii 3anax. [lis
BOJHHUX PO3YMHIB KUCIOT XapaKTepPHUN KUCIUN CMaK 1 3JaTHICTh 3MIHIOBATH KOJIp
1HAUKATOPIB. XapaKTepH1 BJIACTUBOCTI KMCJIOT OOYMOBJICHI HAasIBHICTIO B HUX HOHIB
['inporeny.

Tadnuus 2.8 — XiMiyH1 BIaCTUBOCTI KUCIOT

XimiuHi BJacTHBOCTI puxaagu
1 B3zaemonist 3 ocHOBaMH (peakilist HeTpaizaii) H,SO4 + 2KOH = K,SO4 + 2H,0
2 B3aemois 3 OCHOBHUMH OKCHIAMU 2HCI1 + MgO = MgCl, + H,O

3 B3aemonis 3 Metanamu (y BIIMOBIAHOCTI 3 iX
MIOJIOKEHHSIM Y PSJil HAIIPYT METAJIB)

4 B3aemois 13 COJISIMH 3 YTBOPEHHSM Ta3y 4u H,SO4+ BaCl, = BaSO4] +2HCI,
ocany 2HCI + K,CO;5 = 2KC1 + H,O + CO?

Zn + 2HCl = ZnCl, + H,1

2.4 Coui

Comi — ckiajHi peUYOBHHHM, IO CKJIAJAIOTHCS 3 aTOMIB METaly Ta KUCIOTHHUX
3ayniikiB. CoJli MOYKHA PO3TIISAIATH SIK MPOAYKT MOBHOT'O 200 YaCTKOBOTO 3aMIllISHHSI
atomiB ['iporeHy KUCJIOTH Ha MeTal abo TiAPOKCUIBHUX I'PYNl OCHOB Ha KHUCJIOTHI
3aJIMIIKH.

3a cBOIMHM XIMIYHHMMH BJIACTUBOCTSIMH Ta CKJIAJOM COJII IOIUISIOTHCS Ha
cepelHi, KHCI, OCHOBHI, IMOJBIMHI, 3MilllaHi, KOMIUIEKCHI (MOABIMHI, 3MilIaHl U
KOMIUIEKCH1 COJI1 B IIbOMY PO3/1JI1 HE PO3TIISAAIOTHCS ).

Tabnuus 2.9 — Knacudikariis coneit

Couai dopmyaa HasBa
Cepenni Na,SO4 HaTpiit cynbdar
Kucni NaHCO; HaTpii riAporeHKapOoHaT
OcHoBHI Fe(OH),Cl depym(I1l) nurinpoxcua xmopun
[Monsikini KAI(SO4)2 AMIOMIHIN Kaiii cyibdar
3mimagi CaOCl, KaJIBI[I OKCHUJ XJIOPHU/T
KommnekcHi [Ag(NH3),]Br JiaMIHOApreHTyM OpoMiJ
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CepeoHni (Hopmanwvhi) coni — MPOIYKTH MOBHOTO 3aMIllIEHHs] WOHIB TiPOTeHY
KHCIJIOTH Ha KaTIOHH MeTaJliB (200 MeTaionoA10HO1 Tpynu aToMiB) a00 T1IPOKCHU-
10HIB OCHOB Ha KUCJIOTH1 3aJIUIIKH.

Comi, MmO YTBOPIOIOTHCS MpU 3aMilleHHl HOHIB ['iaporeHy 6araToOCHOBHOT

KHCIIOTH Ha KaTIOHM PI3HUX METajiB Ha3uBatoThes noBiHUME (KNaSOy).

Comi, 1m0 yTBOPIOIOTHCA TPH 3aMIlEHH] TIAPOKCUI-10HIB 0araTOKUCIOTHOT
OCHOBHM Ha Pi3H1 KUCIIOTHI 3aJIUIIKH, Ha3uBaroThes 3Mmimanumu (Ca(OCI)Cl).

Kucni coni (rigporeHconi) — TPOAYKTH HEMOBHOIO 3aMIlEHHs MOHIB
[Naporeny 6araToOCHOBHUX KHMCJIOT Ha KaTIOHW MeTaliB. Jlo CKilajy KUCIUX COJIEH,

KpIM KaTiOHa MeTaly, BXOIATh OJuH abo Kuibka KaTioHIB ['igporeny (NaHSOy,
KH,POy).

OcHoegni coni (eiopoxcudoconi) — MPOIYKTH HEMTOBHOT'O 3aMIIICHHS T1IPOKCHI-
10HIB 0araTOKHCIOTHUX OCHOB a00 amM(pOTepHHX TIAPOKCUAIB KHUCIOTHUMHU

saymmmkamu (MgOHCI, Fe(OH),Cl).
Jlo ocHOBHUX cojed Hajlexarb 1 okcocomi, Hampukiaa, BiOCl, ski
YTBOPIOIOTHCS JIETIAPATAIIIEO T1IPOKCOCOJICH:

Bi(OH),Cl1 = BiOCI + H,O0.

Ix Ha3BU OYIyIOTHCS 33 CXEMOIO: Ha3Ba KaTioHA + CJIOBO «OKCH» + Ha3Ba aHIOHA.
Hanpuxnan, BiOCI — 6icmyT (I11) oxcun xsopu.

Homenknartypa coneil. Ha3Bu cepeownix coineil yTBOPIOIOTBCS 3 JBOX CJIB:
Ha3BM METally y HAa3MBHOMY BIIMIHKY Ta Ha3BU aHIOHA KHUCJIOTH. SIKIIO MeTan
BUSBIISE PI3HI CTYNEHI OKMCHEHHS 1 YTBOPIOE JIEKUIbKA CEpeAHIX COJied, TO B IXHIX
Ha3BaxX CTYMNiHb OKUCHEHHS METaly 3a3HAa4ae€TbCs PUMCHKOIO LHU(PPOI0 B IYKKax,

Hanpukian: CrSO4 — xpom(Il) cynmbdat; Crr(SO4)3 — xpom(Ill) cynsdar. Hazsu
MOABIMHUX 1 3MIIIAHUX COJIEH YTBOPIOIOTHCS TaK CaMo, SIK 1 Ha3BH CEPEJHIX COJICH:
KAI(SO4); — amominiit kamiit gucynbdat; Ca(ClO)CI — kanpliiii TIHOXJIOPUT-XITIOPHU/I.

Ha3Bu xucaux coneit yrBOproiOTh 3 Ha3B aHIOHIB KHUCIIOT, MeTany Ta npedikca
riipores— (TiApo-), SIKUW MIAKPECIIIOE HAsBHICTh MOHIB TJIpOreHy B iX ckiaal. SKIio
MOJIEKYJIa COJIl MICTUTh HE OJIUH, a KiIbKa aroMiB ['1iiporeny, To 10 1 Ha3BM 10AAI0Th
YUCTIBHUKU JH-, TPU, TETpa-, 10 BKA3YIOTh KIIBKICTh IIUX aTOMIB, HaNpHUKIAI:
NayHPO4 — HaTpid rinporenoprodocdar, NaH;PO4 — natpiit
nuriaporeHoptodocdar.

Ha3Bu ocroenux coneli yTBOPIOIOTh 3 Ha3B aHIOHIB KHCJIOT, METaIy Ta CJIOB
rigpokcua  (TiApokco-) abo okcug  (OKCo-), 5Kl MIAKPECTIOITh HASBHICTH
TIPOKCUA-10HIB 200 aTOMIB OKCUTEHY B iX CKJaJi. SIKIIO MoJieKysla OCHOBHOI COJIi
MICTHUTh JIEKUIbKA TIIPOKCU-10HIB a00 atomiB OKCUTEHY, TO M0 1l Ha3BU JOJAIOTh
YUCJTIBHUKYU JU-, TPU-, T€TPa- 1 T.J1., 1110 BKa3yIOTh 1X YUCIIO.

HasBa OyayeTrbes 3a cxeMoro:
Ha3Ba KaTiOHA + CIIOBO «TIIPOKCHU]I» + Ha3Ba aHIOHA.
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Hanpuxian:

Al(OH)Cly—antoMiHi# T1IAPOKCUI XJIOPUI (ATFOMIHIA T1IPOKCOXIOPHU);
Al(OH),CI — antomiHii AUTIAPOKCUA XJIOpU (ATIOMIHINA AUT1IPOKCOXIOPHUN);
Fe(OH),CIl — ¢epym (II1) aurigpokcua Xjaopu;

BiOCl - 6icmyt(III) okcupa xmopua.

Tabauig 2.10 — OnepxadHst conen

Crnoci6é onep:xaHHA

Ipuxaagu

Cepenni coJi

1 B3aemMomis meTaniB 13 HeMeTajlaMu

2Na + Cl, = 2NaCl

2 BzaemMoist MeTaJiB 13 KUCIOTAMU

Zn + 2HC1 = ZnCl, + Hy1

3 B3aemojis MeramiB i3 pO3YMHAMH COJICH MEHII
AKTHBHUX METAJIiB

Fe + CuSO4 =FeSO,4 + Cu

4 B3aeMoziss OCHOBHUX OKCHUIIB 13 KUCIIOTHUMH

MgO + C02 = MgCO3

5 B3aeMojiist OCHOBHHX 1 aM()OTEpHHIX OKCHIIB i3
KHCIIOTaMHU

CaO + HQSO4 = CaSO4 + HQO
A1203 + 3HQSO4 = AIQ(SO4)3 + 3H20

6 B3aemoiss OCHOB 13 KUCIIOTHUM OKCHUJIOM

Ba(OH)z + C02 = BaCO3l + HQO

7 B3aeMmouisi OCHOB 13 KUCIIOTAMH

Ca(OH), + 2HCI = CaCl, + 2H,0

8 B3aemonis coieil 13 KUCioTaMu

MgCO; + 2HCI = MgCl, + H,0 + CO,1

9 B3aeMois JTyTiB i3 pO3UHHAMU COJICH

Ba(OH)z + Nast4 =2NaOH + BaSO4l

10 B3aeMoist po34HHIB IBOX COJICH

AgNO; + NaCl =NaNO; + AgCl |

Kuca

i coui

1 B3aemoist HaUIMIIIKY KKCIIOT 3 OCHOBAMH

KOH + H,SO4 = KHSO,4 + H,O

2 B3aeMozis OCHOB 3 HaJUIMIIKOM KHCIOTHUX
OKCH/IIB

Ca(OH), + 2CO, = Ca(HCO;),

3 B3aemopis cepenHix cojieil 3 0araToOCHOBHUMHU
KHCIIOTaMH

Ca3(PO4)2 + 4H3PO4 = 3C3(H2PO4)

4 B3aeMofist ocHOBHHX a00 aM(OTEPHHUX OKCHIIB 3
0araTOOCHOBHHMH KHCIIOTAMHU, SIKi Y HA/JTUIIKY

KQO + 2HQSO4 = 2KHSO4 + HQO,
Zn0O + 2HQSO4 = ZH(HSO4)2 + HQO

OcHoB

Hi coJi

1 B3aemoist Ha[UIMIIIKY 0araTOKHUCIIOTHUX OCHOB
a00 aM(pOTEpHUX TIAPOKCHUIIB 3 KUCIIOTAMHU

BI(OH)3+2HNO3: BIOH(NO3)2 + 2H20,
BI(OH)3 + HNO3 = BI(OH)2N03 + HQO

2 B3aemMogist cepeHiX colieil 3 OCHOBaMH, IO MAIOTh
OHAKOBUH KaTiOH

CaCl, + Ca(OH), = 2Ca(OH)CI

3 B3aemogis cepenHix comei 3 TyraMu

FeCl; + NaOH = FeOHCl, + NaCl
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Taomuus 2.11 — XiMi4H1 BJI1aCTUBOCTI

coJien

XimiyHi BJacTuBOCTI

IMpuxaanu

Cepenni coJi

1 OOMiHHI peakIlii 3 KUCIOTaMH, OCHOBaMH 1
IHIIUMU COJISIMHA

AgNO; + HCI = AgCl| + HNO;,
FC(NO3)3+3N30H:FC(OH)3l + 3N3NO3,
Na2804 + BaClz = 2NaCl + BaSO4

2 Bzaemogis 3 MeTanuMH, SKi OiTbII aKTHBHI 3a
MeTalJl, 1110 BXOIUTh JI0 CKIIaIy COl

Zn + CuSO4 =ZnS0O,4 + Cu,
Cu+ Hg(NO3)2 = CU(NO3)2 + Hg

3 TepmiuHmiA po3KiIan

CaCO; ——Ca0 + CO,7
2Cu(NO3);—— 2CuO + 4 NO,1 + 0,1

Kuca

i coJi

1 B3aemois 13 iyramu 3 ofiepKaHHSIM CEpeIHIX
coJielt 1 Boiu

Ba(HCO3)2+Ba(OH)2=2BaCO3l + 2H,0

2 B3aeMogis 13 OCHOBHUMU 1 aM(POTEPHUMHU
OKCHJIaMU 3 YTBOPEHHSIM CEpPEAHIX COJICH 1 BOAH

2NaHSO4 + Na,O = 2Na,SO4 + H,0,
ZnHSO4 + ZnO = 27ZnS0O4 + H,O

3 B3aemoid 13 akTHBHUMH METaJaMU 3
YTBOPEHHSIM CEPEIHIX COJICH 1 BOJIHIO

2NaHSO,4 + 2Na = 2Na,SO4 + H,

4 TepMIYHHI pO3KJIaJ 3 YTBOPEHHSAM CEPEIHIX
coJien

Ca(HCO3); —CaCOs] + COy1 + H,O

OcHoB

Hi coJi

1 B3aeMogis 3 KUCIIOTaMU 3 YTBOPEHHSAM
CepeNHIX CoJIeH

Sn(OH)CI + HCI = SnCl, + H,0

2 Bzaemomisa 3 KUCIIOTHUMH OKCUIAMU 3
YTBOPEHHSIM CEpeHIX coJiel

2Mg(OH)NO; + N,0s = 2Mg(N)3), + H,O

3 TepmiuHmiA po3KIan

CaCO; —> CaO + CO,1

Tema 3 [lepiognunuii 3axkoH /l. I. MenaesieeBa

3.1 bynosa aroma

3.1.1 YaBJIeHHS NIPO CKJIAAHICTh CTPYKTYPH aTOMa

ATOM (Bin rpell. dTouoc — HENOJUIbHHN) — HaliMEHIlla YaCTUHKA XIMIYHOTO

eJIeMeHTa, sKa 30epirae Bci HOTo XiMiYH1 B

ACTUBOCTI.

Ho kinmg XIX cr. B XiMii MaHyBajio YSBJICHHS MPO HEMOAUIBHUI aTOM.
3aBASKA JIOCHIIKEHHSM IUIOTO psAAy BYEHUX OYJIO BCTAaHOBJIEHO, WO AaTOM
MOJIUTHHHH 1 € CKIIQJIHOI0 CUCTEMOIO — 1€ BIAKPUTTA KaTogHux mpomeHiB (B. Kpyke,
Jlx. JIx. Tomcon 1879 p.), panmioaktuBHOCTi (A. bekepens, 1896 p.), mporona
(E. Pezepdopa, 1919 p.), netitpona ([.Yensik, 1932 p.).
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ATOM CKJIaa€ThCs 3 TO3UTUBHO 3apSKEHOTO SApPa 1 HEFaTUBHO 3apsKEHHUX
enekTpoHiB. HocieM mNO3UTHUBHOTO 3apsAny sapa € NpoTOHH. B dAnpi Takox
3HAXOATHhCS HEUTpOHU. [IpOTOHM 1 HEUTPOHH — ANIEPHI YACTHMHKU — HA3UBAIOTHCA
HYKJIOHaMH (B1J JaTUHCHKOTO nucleos — s1po).

Anpo cknagae pyHaaMeHTaIbHY OCHOBY aToMa 1 BU3HAYa€ 1HAMBIAYaIbHICTD
€JIEMEHTIB.

IIpoTon (p) — 11e MO3UTUBHO 3apsi/I>KEHA YaCTUHKA, Maca sIKOi JOPIBHIOE OJIHIN
aTOMHIM OJUHUIII MacH (a.0.M.), a 3apsii YMOBHO JIOPiBHIOE +1.

HeiiTpon (n) — 11 eneKTpoHEeUTpalibHa YaCTUHKA, Maca sIKOi IOPiBHIOE OJHIN
aTOMHIN OJMHUIII MACH.

Enextpon (¢) — 1e HEeraTMBHO 3aps/K€Ha YaCTUHKA, Maca SIKOi JIOPIBHIOE
0,00054 a.0.m., a 3apsiT yMOBHO JIOPIBHIOE —1.

YKcII0 NPOTOHIB y SApi BU3HAYAE BENMYMHY TIO3UTHBHOTO 3apsy sapa. Momy
BIJIMIOBIZIA€ TOPSIAKOBUM HOMep eneMeHTa Z. MacoBe umcio A Biamnosinae
CyMapHOMY YHCJIY MPOTOHIB 1 HEHUTPOHIB 1 BU3HAua€ HAOIMIKEHY BEIMYMHY MacH
atoma. Yuciio HeUTpoHIB y siapi N JOPIBHIOE:

N=A-Z.

Snpa BCiX aTOMIB JJAHOTO €JI€MEHTa MaloTh OJHE M T€ K YMCIO MPOTOHIB (Z),
ajie BMICT HEWTpPOHIB, a BIAMOBIAHO, ¥ MacoBe uucio (A) y HHUX MOXYTh
BinpizusaTucs. Hanpuknan: 0,0,%50.

Enementy, B simpax aTtoMiB SIKMX MICTHTBCS PI3HE YHUCIO HEUTPOHIB, alie
OJIHAKOBE YMCIIO MPOTOHIB, HA3UBAIOTHCS 130TONAMHU. 3 iX BIIKPUTTSAM IO-HOBOMY
Oyno cHopMyTbLOBAHO TMOHATTS XIMIYHOTO €JIEMEHTA: ye 6U0 amomis, Wo Maromo
00HAKOBUIL 3aps0 A0pa.

Maca sapa 3aBxad MeHIa apu@MeTHYHOI CyMHU Mac MPOTOHIB 1 HEHUTPOHIB,
0 BXOJATH 10 MOro ckjagy. Pi3HMIISI MK HUMU Ha3UBA€TbCA Oeexmom Macu.
Jlebekt macu BiAMNOBIIAE €HEprii sSapa, sKa BUIAUISIETbCS NpPU MOro YTBOPEHHI 3
OKpEeMHX TPOTOHIB 1 HEUTPOHIB, 1 MOXe OyTH BHpaxyBaHa 3a pIBHSHHSIM
BIJIMOBIHOTO 3akoHy EifHIITElHA.

Cepennsi eHeprisi 3B’SI3Ky Ha OJMH HYKJIOH B MUIBHOHU pa3iB NEPEBUIILYE
€HEPrio 3B 3Ky aTOMIB Yy MojieKysni. ToMy Mpu XIMIYHUX MEPETBOPEHHSIX PEUOBUH
aTOMHI si/Ipa HE 3MIHIOIOTHCS.

VY wnam yac BimoMo O6iu3bpko 300 crivikux 1 1500 HecTIKUX paaioaKTHBHUX
anep. PagioakTuBHICTh OyBa€ MPUPOIHOIO, SIKA CIIOCTEPITA€ThCS 32 3BUYAHUX YMOB,
1 IUTY4YHOIO, KOJU paJiOaKTUBHI TMEPETBOPEHHS BIAOYBAIOTHCSA  BHACIIIOK
30BHIIIHBOTO BIUIMBY, Hampukiaa, OomOapayBaHHS sIep aTOMIB CTaOUIbHHUX
130TOMIB MPOTOHAMHU, HEUTPOHAMH, IHIIUMHU YaCTUHKaAMU abo sJIpaMH aTOMIB
XIMIYHUX €JIeMEHTIB. 3a ()I3UYHOIO0 CYTTIO BOHHM HE BIIPI3HIIOTHCS OJHA BiJ[ OJHOI,
MEXaHI3M paJl0aKTUBHUX NEPETBOPEHb y HHUX OJHAKOBUM. Bmepiie npupoaHa
pamioakTUBHICTh Oyna Binkputa B 1896 p. A. bexkepenem 1jis ypaHy 1 HOTo CIOMYK.
TyuyHy paaioakTUBHICTH ynepiie crnoctepiranu B 1934p. ¢paniy3ski ¢Gi3uku
Openepik Ta Ipen Komio-Kropi. HalimomupeHnimuMu cepesl  paaioaKTHUBHUX
NepeTBOPEHb € anb(ha-po3naa, OeTa-po3majl 1 CIIOHTAHHUM MO sJIep aTOMIB.
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Anbda-po3naa — 1e MepeTBOPEHHs] HECTIMKOTO 130TOMY Ha IHIIMK XIMIYHUN
€JIEMEHT, IO CYMPOBOKYETHCS BUIPOMIHIOBAHHIM aib(a—dacTUHKU (SApa aToMa
reiniro ; He). Ilim dac ambda-posmany 3apsn sapa atoma Z 3MEHIIYEThCS Ha JBi

OJIMHMIII, & MAacoBe YHCJIO A — Ha 4OTUpU. EHepris, mo BUIUIAETHCS BHACIIIOK
anb(a-po3naay, po3noAUISIETbCS MK allb(a-4aCTUHKOIO Ta SIAPOM aToMa €JIeMEHTa,
10 YTBOPIOETHCH.

bera-po3nag — 1e yTBOpPEHHS HOBOTO XIMIYHOTO €JE€MEHTa BHACIIIOK
MEPETBOPEHHS HYKJIOHIB ycepeauHl sipa aroma, HaNpuKIaJ, HEMTpoHa Ha MPOTOH
abo mporoHa Ha  HelTtpoH. IcHye gaBa  pi3HOBUAM  Oera-po3nanay:
1.8" -po3nan, sAKud  CYNpOBOIXKYETHbCS ~ BUIPOMIHIOBAHHAM  €JEKTpOHa (Maca
esniekTpoHa B 1836 pa3iB MeHIIa Macu NMPOTOHA) i YTBOPEHHSM sipa aToMa 3 YUCIOM
MPOTOHIB Z Ha OJIUHULIIO OUTBLINM.

2. B'-posmaj, yHACHiIOK AKOrO BHIPOMIHIOETHCSA TO3MTPOH # YTBOPIOETHCA SAPO 3
YHCJIOM MIPOTOHIB Z HA OJIMHUIIIO MEHIIIHUM.

['amMma-BUIIPOMIHIOBAHHS — €JEKTPOMArHiTHE BUIPOMIHIOBAHHS HaWBUIIOI
eHeprii. OpHUM 13 TpOLIECIB YTBOPEHHS raMMa-KBAHTIB € BUIIPOMIHIOBAHHS
pagloaKTUBHUM SAPOM, ke Oylio yTBOpeHe B 30y/keHoMy cTaHl. ['amMmMa-kBaHT
BUIIPOMIHIOETHCA MPU MEPeXoi Aipa 13 30yKeHOoro crany B ocHoBHMM. [Ipu 1ipomy
HE 3MIHIOIOTBCS HI aTOMHHMM HOMEp, Hi MacoBe uucio sjapa. lle enexkrpomarnitHe
BUIIPOMIHIOBAaHHS Ma€ YK€ BEJIMKY MPOHUKHY 3/1aTHICTb 1 CTBOPIOE BEIHUKY
10HI3yI04Y, XIMIYHY 1 010JIOT1YHY JiIO.

VY 1911 p. E. Pezepdopn 3anponoHyBaB sijiepHy MOJIeNIb OyI0BH aTOMa, 3T1IHO
3 SKOIO B LIEHTPl aTOMa 3HAXOAMUTHCS MO3UTHUBHO 3apsPKEHE SApO, HABKOJIO SKOTO
pPYXaloThbCsl €NEeKTPOHH, YUCIO SIKUX JOPIBHIOE MO3UTUBHOMY 3apsiay sapa, TOOTO
MOPSAJIKOBOMY HoMepy eneMeHTa. CyMmMapHMl HETaTUBHHMM 3aps] eleKTpOoHIB (-Z)
JIOpIBHIOE ~ MO3UTHUBHOMY  3apsay sapa (+Z), ToMy aroM B  LUIOMY
EJIEKTPOHEUTPAIbHUM. SIKIIO MPUHHATH SAEPHY MOJEIb Oy/I0BU aTOMa 3a iICTHUHY, TO
€JIEKTPOH M1 Yac 00epTaHHs HABKOJIO siApa MOBUHEH OE€3MepepBHO BUIPOMIHIOBATU
€HEeprito 1, B KIHI[I-KIHI[IB, BIIACTH Ha SAPO, BHACIIIOK YOT'O0 aTOM MPUITMHUB OU CBOE
icHyBaHHs. OJIHaK aToMm, SIK BIIOMO, € CTIHKOIO cucteMoro. Kpim Toro, cmexrp
BUIIPOMIHIOBAHHS €JIEKTPOHA Ma€ OYTH CYIIUIbHUM, a BIH HaCHpaB/i JIHIHYACTHH.

YcynyB cnabki ctoponu rinote3u Pesepdopnaa, H. bop, 3anmpononysas Teopito,
mo o0’eqHana sIepHy MoOJAeNb OYTOBU aToMa 3 KBAaHTOBOIO TEOPIEI CBITIA,
BucyHytoto M. Ilnankom. H. Bop aifiliioB BUCHOBKY, 1110 €HEPTisl €JIEKTPOHIB B aTOMI
3MIHIOETHCSI CTPUOKOMOAIOHO.

OcHoBHI nosiokeHHs1 cBoei Teopii H. bop copmyiioBaB Tppoma noctynaTamu:
— @JIGKTPOHU MOXKYTh OOepTaTHCs HAaBKOJO siapa HE MO OyAb-IKUX, a TUIBKU IO
JEeSKUX NIEBHUX (CTalllOHapHUX) KOJOBUX OpOiTaxX;

— ENEeKTpOH, 1I0 O0OepTaeThCs Ha CTallOHApHIA opOiTi, HE BUIPOMIHIOE
€JIEKTPOMArHiTHOI €Heprii;

— BUIIPOMIHIOBAaHHS (TIOTJIMHAHHS) €HEprii BiAOYBA€eThCs MiJ Yyac CTPUOKOMOIIOHOTO
Mepexo/ly eJIeKTPOHa 3 OJHI€T cTalllOHApHOT OPOITH HA IHIITY.
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3.1.2 KopnmyckyJISIpHO-XBHJILOBA JIBOICTICTh €JIEKTPOHA

Y 20-x poxkax XX cr. 3aBasku pobotam gne bpoinsa, E. llpeninrepa,
B. T'efizenOepra Ta iH. Oynu po3poOJieHI OCHOBH XBWJIHOBOI TEOpii MPO ABOICTY
KOPIYCKYJIIPHO-XBUJIbOBY TPUPOJY CBITJIOBOIO BHUIPOMIHIOBAHHS, a TaKOX
MIKPOYAaCTHHOK: €JIEKTPOHIB, POTOHIB, HEUTPOHIB TOIIIO.

VY 1924 p. dpannys Jlyi ae bpoiias BUCIOBUB 1/1€10 MPO T€, 110 MATEPisl Ma€ SIK
XBWJIBOBI, TaK 1 KOPIYCKYJISIPHI BIACTUBOCTI. 3T1IHO 3 PIBHAHHAMU e bpois:

mo

€ m 1 v — BIAMOBIIHO 10 MAacH 1 IIBHJKOCTI PyXy MaTeplaibHOI YaCTUHKH,
A — JIOBXXMHA XBWJIi, €JIEKTPOH OJTHOYACHO € YaCTHUHKOIO 1 TOBOJAUTH ce0e K XBUJIA.
XBWIKOBI BJIACTUBOCT1 €JEKTPOHIB Oyl BHSBIEHI IiJl Yac MPONMYCKAaHHS IMydyKa
€JIEKTPOHIB Kpi3b Au@pakmiiHi rpatkd. llpm 1poMy croocTepiranocs sBHILE
mudpakuii, aHamoriyHe Audpakiii peHTreHIBCbKOTO MPOMIHHSA. 3 IHIIOrO OOKY,
eMICIsi eJEeKTPOHIB 3 TMOBEPXHI MeTaly MiA Ji€0 CTpyMmMy abo TeMmiepaTypu
CBITYUTH MPO TE€, IO EJIEKTPOH — YacTUHKA. BUNPOMIHIOBaHHS CKJIaJa€ThCs 3
MIKpPOYaCTHHOK — (DOTOHIB, 110 MEpPEHOCSATh KBaHTU eHeprii. HoBe ysBIEeHHA mpo
€JIEKTPOH MPUMYCHWJIO BIAMOBUTHCH BiJ NMPUUHATOI paHillle MOJEII aToMma, B SKii
CJIEKTPOH PYXA€ThCS IO BU3HAUEHUX TPAEKTOPISAX, HIO BIAMOBIIAIOTH IJIOCKUM
(KpyroBuM 1 einTUYHUM) opOiTaM. ENEeKTpoH MOXke 3HAXOAUTHUCH B OyAb-sIKiA TOYIII
MIPOCTOPY, IO OTOUYE SIAPO, ajie UMOBIPHICTh HOTO nepedyBaHHs B HhOMY (B Till 4M
IHIITIM OTO YacTHHI) HEOITHAKOBA.

Himeuskuit ¢i3uk B. I'eiizenOepr 3anpornoHyBaB NPUHLMI HEBU3HAYEHOCTI,
3riJHO 3 SKMM HE MO’KHa OJHOYACHO BCTAHOBUTH TOYHE MICLIE 3HAXOJKEHHS
€JIEKTPOHA B MPOCTOP1 1 HOro MBUAKICTH 200 IMITYJIBC ( p = mv ).

Cran enekTpoHa B aTOMl MOXXHAa OMNHUCAaTH 3a JOMOMOTOI0 XBHJIbOBOI
byakuii ¥(X,Y,Z), gk (GyHKHii Tppox koopauHaT. Lls QyHkuis HaOyBae pi3HHX
3HAY€Hb B PI3HUX TOUKAX aTOMHOTO MpocTopy. OHAK OCOOIMBUHN 3MICT Ma€E HE caMa
byHKIisg Wy, a 3HadYeHHS W’ sKe BUpa)xkae MMOBIPHICTh 3HAXO/KCHHS €JICKTPOHA B
MEeBHINM AUISHIN MpocTopy. ENEeKTpoH npu 1boMy HIOU pO3NOPOLIEHUN HABKOJIO SApa
no cdepi, U0 BiAAaNeHa BiJ sfApa HA JESIKy BIJACTaHb, YTBOPIOIOUU EJIEKTPOHHY
XMapKy HEPIBHOMIPHOI TI'yCTHHU. MakcuMmajabHa €JeKTpOHHA T'YCTHHA BIATOBIAAE
HaNOUIBIIIA HMOBIPHOCT] 3HAXO/IKEHHS €JIEKTPOHA Y 11l 00J1acTi HABKOJIO SAEPHOTO
IPOCTOPY.

[Ipu npoMmy xBubOBa GyHKIISL, 1O € po3B’sa3koM piBHsAHHA Illpeninrepa,
HA3UBAETBCA OPOiTAJLII0, a ‘P’ BimoOpakae TYCTHHY WMOBIPHOCTI TmepeOyBaHHS
€JICKTPOHA B MEBHIM IUISHILI IPOCTOPY.

KBanToBa MexaHika HE BU3HA€ MOHATTA PO TPAEKTOPIIO PYXy EJIEKTPOHA
(opOiTy) 1 BBOAUTH MOHATTS MPO EJIEKTPOHHUM PO3MOALT 3 MEBHOIO XBHJIbOBOIO
byHKLI€0, Ky TPUUHATO Ha3uBaTU aroMHOI0 opOitamio (AO). KoxHuil enekTpox
3aiimMae JUIIe CBOIO OpOiTab.
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3.1.3 XapakTepucTHKAa aTOMHHUX OpOiTaJjieid 32 10MOMOI 010
KBAHTOBHX YHCeJ]

OCHOBHUMH XapaKTepUCTUKAMU, 110 BU3HAYAIOTh PyX €JIEKTpOHa B aTOMi, €
eHepris Ta IPOCTOPOBI OCOOIMBOCTI BiAMOBimHOI opbiTami. Ix Bu3HAualOTH 32
JIOTIOMOT'O0 KBAHTOBUX YHUCEN.

CraH elleKTpoHa B aTOMI XapaKTEPU3YEThCS 3HAYCHHSMU YOTHPbOX
KBAHTOBHUX YHCeJ:

1 I'onoene Kkeanmoege uucio n BU3HAYAE EHEPTiIO €JEKTPOHA B aTOMi M HOro
BiJICTaHb BiJ snpa. BoHo HaOyBae 3HaueHb HUIMX yncel Biax 1 g0 . Yum MmeHte n,
TAM OLUIbLIE €Hepris B3aeMOAIl €NeKTpoHa 3 sApoM (TUM Onmxkde A0 sapa
3HAXOJIUTHCS €JIEKTPOH). EJeKTpoHM 3 OJHAKOBUM 3HAYEHHSM 7 YTBOPIOIOTH
eHepreTuyHuil piBeHb. KUIbKICTH PIBHIB, Ha SAKUX TNepeOyBalOTh €JIEKTPOHH,
30Ira€TbCsi 3 HOMEPOM NEPIOAY, Yy SKOMY 3HAXOJUTHCA €JIEMEHT y MNeploJuyHIN
cucrtemi. Homepa 1mux piBHIB mo3Hadaroth Iuppamu 1, 2, 3, 4, 5, 6, 7 (abo —
mitepamu K, L, M, N, O, P, Q).

2 Opobimanvne (nobdiune) xeanmose uucno | BuzHayae opmy opOiTami 1
XapaKTEepU3y€e CHEPriro eJeKTpoHa Ha miapiBHI. BoHO Moxe HaOyBaTH 3HAUYCHHS
TUIBKH minux gucen Big 0 1o (n — 1), 1e n — TOJI0BHE KBAaHTOBE YHCIIO:

[=0,1,2,3...(n—1).

OxkpiM 4KCIIOBHX, OPOITAIbHE KBAHTOBE YUCJIO [ Ma€ 1 JIITEPHI MO3HAYCHHS :

UYucnoBe mo3HaueHHsi opOiTaipHOro kBantoBoro | O | 1 | 2 | 3 | 4
gucna (/)
JlitepHe nmo3HaueHHs s|p|d|f| g

EnexTpoHn 3 OJHAKOBUM 3HA4Y€HHSIM [/ yTBOPIOIOTH MiapiBeHb. IligpiBHI
MO3HAYAIOTHCA JIiTepamu s, p, d, f,...

Tak, Ha mepumiomMy eHepreTuyHoMmy piBHI (n = 1) € oauH MiApiBeHb (S), Ha
IPYroMy €HEpreTHYHOMY piBHI (7 = 2) MOKJIMBI TUIBKU JABa MiAPIBHSA (S 1 ), A
akux [ = 0 (s-miapiBens), / = 1 (p-miapiBeHb), HA TpeTbOMY (7 = 3) — TpU MiJPIBHS
(s, p1d 1 T.a KulbKiCTh eHepreTHYHUX MiAPIBHIB JOPIBHIOE HOMEPY JIaHOTO
€HEPreTUYHOro PiBHs, TOOTO 3HAYEHHIO TOJIOBHOI'O KBAHTOBOTO YKCIIA 7.

[TigpiBH1 BIAPI3HSIOTHCS OJWH BiJl OJTHOT'O €HEPri€l0 3B’S3KY EJIIEKTPOHA 3
AJIPOM.

OpOirtani 0HOTO MiAPIBHA MAaIOTh OJJHAKOBY €HEpPTito i dhopmy.
s-opOitane Mmae chepuuny Qopmy, p-opOitanbe mae ¢dopmy TraHteni (BICIMKH),
d- 1 f~op06iTani MatoTh OUTBII CKJIAJIHI (HOPMHU.

[lo3HaueHHs1 opOiTani BKIIOYAE HOMEpP €HEPreTUYHOro PiBHS M JITEpPY, IO
BIJINOB1/1a€ TaHOMY MiJIpiBHIO: 1§, 3d-0opOiTaib.

TakuM yuHOM, €HEPrisd eIeKTPOHA B aTOM1 3aJ€KUTh HE TUIbKU BiJl 3HAUCHHS
TOJIOBHOT'O KBAHTOBOI'O YHWCla 7, ajie ¥ BiJl 3HA4Y€HHS opOiTambHOro yucia [. A 1e
O3HAYaE, 110 eHepeis eeKMpOoHa 6 amoMi 8USHAYAEMbCA CYMOIO 3HaY€Hb T'OJIOBHOTO
1 opOITaIbHOT'O KBAHTOBUX uncen (n + /).
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3 Macnimne xeanmoee uucio m, BHU3HAYA€ OPIEHTAIIO EJIEKTPOHHOI
opOiTani B MPOCTOP1 HA JAHOMY €HEPreTUYHOMY HIAPIBHI I MOXE Y MeXaX MEBHOTO
NiAPIBHSA NpUWMATH 3HAYEHHS LUIUX 4yuceld Bl —/ 1o +/ , y TOMy 4YHCIi 3HaY€HHS
Hynb (—[...0...+/). [leBHOMY 3HaueHHO [ BianoBigae (2/+1) MarHiITHUX KBaHTOBUX
yucen. Tak, npu [ = 0 (e s—opOitanp) moxiuBe Tuibku m; = 0. Lle o3Hayae, 1o
s-0pOiTalib Ma€ OJJHAKOBY OPIEHTAIII0 BIAHOCHO TPhOX ocel koopauHat (puc. 3.1, a).
ITpu /=1 (p-opOitans) m; Moxe HaOyBaTH TPhOX 3HA4EHB: —1, 0, +1.

Ile o3Ha4ae, M0 MOKYTh ICHYBAaTH TpHU p-opoOiTani (px, py, p,) 3 OPIEHTALIEIO
3a KOOpJIMHATHUMHU OCAMH X, V, z (puc. 2, 6). Ilpu [ = 2 (d—opbitans) m; MoOxe
HaOyBaTu I’ ATh 3Ha4YeHb.—2, —1, 0, +1, +2. Ile o3Hayae, M0 MOXKE ICHYBAaTH IT’SITh
d-opOiTaneit 1 Tak maii.

,—OpOiTanb

«—OpOiTaIh

s—opOiTaihb

a 3]

py—opOiTanb

Pucynok 3.1 — 300paxeHHs1 aTOMHUX OpOiTaei:
a — s-op0iTajnb; 0 — p-opOiTaIb

MarHiTHe KBaHTOBE UHCJIO BU3HAYA€ KUIBKICTH OpOiTajell Ha MiApPiBHI, 110
JIOPIBHIOE KIJTbKOCT1 3HAYEHbB 7.

OpO6iTanpHE KBAHTOBE

MarsiTHe KBaHTOBE YHCJIO

UYucno opbiTaneit 3 1aHuUM

yuciio (/) (my) 3HaueHHsAM (2/ + 1)
0 (s) 0 1
1 (p) -1,0,+1 3
2 (d) -2,-1,0,+1, +2 5
3(f) -3,-2,-1,0+1,+2, +3 7

AToMHI opbiTanu 300paxyloTh Y BUIIISIII €HEPreTUYHUX KOMIPOK, KUIbKICTh
SKUX Ha JTaHOMY MiJPiBHI BU3HAYAETHCS KUIBKICTIO 3HAYEHb MAarHiTHOIO KBAaHTOBOT'O

yucina my; = 2/ + 1.
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4 Cninose keanmoese uucio ms Moxxe HaOyBaTH TUIBKU JIBOX 3HAa4eHb +1/2
1 -1/2. BoHu BIANOBIAIOTH JBOM MOXJIMBHUM 1 MNPOTUJICKHUM OJUH OJHOMY
HaIpsIMKaM BJIACHOT'O MArHITHOIO MOMEHTY €JIEKTPOHA, II0 HAa3MBaIOTh CIIHOM (Bix
aHrja. spin — BepereHo). g mMOo3HauYeHHS €JeKTPOHIB 3 PI3HUMU CIHIHAMU
BHKOPUCTOBYIOTH CUMBOIH: T i .

OTxe, cTaH eNeKTpoHa B aTOM1 BU3HAYAETHCA 3HAYCHHSMHU BCIX YOTUPHOX
KBaHTOBHX YHMCEJl, SIKI XapaKTepU3ylThb EHEPrii0 eJIeKTpPOHa, Horo cmiH, (opmy
€JIEKTPOHHOT XMapH 1 ii Opi1€HTALlII0 Y TPOCTOPI.

3.1.4 Eanexrponni ¢popmyin. bararoenekTpoHHi atoMu

bynoBy enekTpoHHMX OOOJIOHOK aTOMIB 3alMCYIOTh 3a JIOIOMOTIOIO
€JIEKTPOHHUX (POpMYIL.

Enekmponna ¢opmyna — ue ¢dopma 3amnucy eJIeKTpOHHOI OynoBM aroma
€JIEMEHTa 3 PO3MOIOM EJIEKTPOHIB 32 PIBHIMHU 1 MIPIBHIMMU.

3anuiieMo eleKTpoHHy OynoBy atoma ['iporeHy, npu bOMYy CKOPUCTAEMOCS

HACTYMHOIO (POPMOIO 3aMuCy:
CUMBOJI KUIBKICTb €JICKTPOHIB HA

€JIEMEHTA \ / T1JIpiBHI
1
H 1SL_

niapiBeHb (TUMI opoOiTai)
HOPSIKOBUI - \
HOMED HOMEp €HEePreTUYHOTO PIBHS
(KUIBKICTB €JIEKTPOHIB) (roJyIOBHE KBAaHTOBE YHCIIO)

EnexTpoHu B aToMi po3MOAUIAIOTECS 32 CHEPreTUYHUMHU PIBHSAMU 1 MiJIPIBHAMU
y BIATIOBITHOCTI JIO TAaKUX TIPABUII:

Ilpunyun Ilayni: B atomi He Moxke OyTHM HaBITh JBOX EJIEKTPOHIB 3
OJTHAKOBUMH 3HAUEHHSMH BCIX UYOTHPHOX KBaHTOBHX uHWceld. Hacmigkom bOTO
IpaBWiia € Te, U0 Ha OJAHIN opOiTani MOXe rnepedyBaTH He OUIbIIE ABOX €JIEKTPOHIB,
[0 MAIOTh MPOTHUJICKHI CITIHH:

— HECIIApEHUH E€JIEKTPOH,;

— CHapeHl eJleKTpoHU (3 aHTUHapajeldbHUMH, ab0 MPOTUIIEHKHO
CIPSIMOBaHUMU CIIIHAMU ).

BukopucroBytoun mnpuniun Ilaymi, MokHa po3paxyBaTh MaKCHUMAaJbHY
KUIBKICTB €JIEKTPOHIB Ha €HEPreTUYHOMY PiBHI i MIPIBHI.

. ) ) ) . MakcuMalibHa KUIBKICTD
[TinpiBeHb Kinbkicth opbOiTanei }
€JICKTPOHIB
s 1 2
p 3 6
d 5 10
f 7 14
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MakcumalbHy KUIBKICTh €JIEKTpOHIB N Ha E€HEpreTMYHOMY  pIBHI
0GYHCITIOTS 3a hopMyio: N = 2n’,
7€ 1 — TOJIOBHE KBAaHTOBE YUCIIO.

Ilpasuno Xynoa: cmitikomy cmany amoma 6i0nosiodac maxuii po3nooil
eJIeKMPOHIB Y MedNHCax eHepeemuino20 NiopieHs, npu AKOMY aOCONOMHE 3HAYEHHS
CYMApHO20 CNIHA € MAKCUMATLHUM.

Hanpuknaz: Ha 2p-migpiBHi MOTPiGHO pO3MIiCTHTH TpH enekTpoHa (2p°):

— CyMapHUH CIiH JOpiBHIOE 3/2, BiANOBIAA€ MpaBuily XyH/a;

[ I CyMapHUM CIiH JOpiBHIOE 1/2, He BIANOBiNAa€ MNpaBUIY
XyHJa.

CrabiibHOMY CTaHy €JEeKTpOHAa B aTOMI BIJIOBiJla€ MiHIMaJIbHE 3HAYCHHS
Horo eneprii. bBynb-akuii 1HIKWI HOro cTaH € 30yTKEHUM, HECTaOIIbHUM, 3 SIKOTO
€JIEKTPOH CAMOBUIBHO MEPEXOJUTh y CTaH 3 OUIbII HU3bKUM piBHEM eHeprii. Tomy
NOCNI008HICMb 3ANO0BHEHHS eeKMPOHAMU eHepeeMmUYHUX pPIGHI8 BU3HAUAEMbCA
npasuIoM HAUMEeHUWO020 3anacy eHepeii:
nepuie Ilpasuno Kneukoeécvko2o (200 TmpaBWIO HAWMEHIIOrO 3amacy eHeprii):
3aNn08HEHHs eNeKMPOHAMU eHepeemUYHUX NIOPIeHI 8i00Y8AEMbCS 34 3POCMAHHAM iX
eHepeii, AKa XapakmepusyeEmuvCs CYMOI 20108HO20 Mda NOOIYHO20 K8AHMOB020
yucaa (n+l);
opyze npasuno Kneukoecvkozo: sxwo cyma n+l 06ox piznux opbimaneii 00HaKosa,
Mo Nepuioro 3an08HIOEMbCS OpOIMab, y AKOi N MeHule.

st Toro, mo6 HamucaTu eNeKTPOHHY (OpMyily aToMa, HEOOXIIHO 3HATH
Horo mopsAKOBUM HOMep Yy Tabmuii MenzaeneeBa (BiH BiANOBIAA€ KIIBKOCTI

€JIEKTPOHIB).
3anumemo enekTpoHHy (opmyny Hirporeny (mopsiagkoBuii HOMeEp CiM,
nepion — apyruif). B artomi Hitporeny 7 enekTpoHIB 3HaXoIAThCs Ha JBOX

EHEePreTUYHMUX PIBHAX. MU BXKe 3HaeMo, 110 Ha 1 PiBHI € TUIBKU OJUH MIIPIBEHB — §, 1
HAa HBOMY MOXYTh 3HAXOIHTHCS MAKCHMAabHO JBa e1ekTponn: 1s°. Ha 2 piBHi € 1Ba
niapiBHS — s 1 p: 2s2p. Ha npyromy eHepreTM4HOMY piBHI Ham Tpeba
posmicTuti 7 -2 =5 enextponis: 2s°2p>. Enextponny GymoBy atoma Hirporeny
MO>KHA 3aITMCaTH 3a JOTIOMOT'0I0 HACTYIHOT (hOPMYIIH:

N: 1s%2s72p’.

[t 1] 1t]
2p3

1
25
1s? — rpadiuHa enexkTpoHHa popmyna (Tpu eneKTPOHU

Ha 2p-niApIBHI PO3MIIIYEMO TaK, 1100 CyMapHUM CIiH 0yB MaKCUMAJIbHUM ).
CknagHilie 3aroBHIOIOTHCA €JIEKTPOHHI OOOJOHKHM aTOMIB €JIEMEHTIB
YeTBEpTOro IMepiofly — B HUX € MO YOTUPU EHEPreTUYHHMX pIiBHI. 3amuIIemMo

EJIEKTPOHHY (OPMYITY 1 CXeMY eJIEKTPOHHOI CTpYKTypu atoma Kariro.
LK 15°25%2p°3s%3p°4s’
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4s!

Thitd[td
3p6

3d°

T4
352

Ha TpetboMy eHepreTMyHOMY piBHI € Tpu MiApiBHI: S, p 1 d, ane micns
3amoBHEHHsS 3p-opOitani 3amoBHIoBaTucs Oyae He 3d, a 4s-opbOitans. Lle
BII0OYBa€ThCS BIANOBIAHO A0 mepioro npaBuia Kieukosebkoro. Crpasai, nis 3d-
niapiBass n=3, [=2 cyma (n+/ )=5, a nna 4s-miapiBusa n=4, [=0 cyma
(n + 1) =4. Otxe, eneprisa 4s-niApiBHSA MeHIIa, HDK 3d-miApiBHS, TOMY 4s-TIAPIBEHb
MOBUHEH 3alI0BHIOBATHUCS paHIIIIe.

3 ypaxyBaHHsM mnpaBui KieuKOBCHKOTO, MOCHIIOBHICTh 3allOBHEHHS
€JIEKTPOHAMU €HEPreTUYHUX TMIAPIBHIB B 0araToeleKTPOHHUX aToMax BinOyBaeThCs
3a TaKOI0 CXEMOIO:

15<2s<2p<3s<3p<4s<3d<4p<5s<4d<5p<6s<4f=5d<6p<7s<5f~6d<7p

JUJIsi KO’KHOTO aromMa MOKJIMBA pI3HAa KUIBKICTh E€JIEKTPOHHUX CTaHiB, IO
BIJIPI3HAIOTHCSA 32 CBOEIO €Heprielo (0OCHOBHUIM Ta 30y)KeH1 CTaHH ).
XIMIYHI €JeMEHTH 3a XapakTepoM 3allOBHEHHS EJEKTPOHHUX IIapiB aTOMIB
MOAUISIIOTh HAa S-€JIEMEHTH (3alOBHIOETHCS S-MIJIPIBEHb 30BHINIHBOTO IIapy), p-
€JIEMEHTH (3allOBHIOETHCS  P-MIPIBEHb 30BHINIHBOTO MIapy), d- eJeMeHTH
(3anoBHIOETBCA d-MIPIBEHb MEPEAOCTAHBOIO EJIEKTPOHHOro Imapy) 1 f-ememeHTH
(BimOyBaeTbcs 3amoOBHEHHs f-MIPIBHIB TPETHOTO 330BHI EHEPTETUYHOTO PIBHS) — TaK
3BaH1 €JIEKTPOHHI CIMENCTBA.

3.2 BIuiuB eJIEKTPOHHOI 0y/I0BH aTOMIB HA BJIACTHBOCTI €JIEMEHTIB

3.2.1 llepioanyHui 3aKO0H I NePioaAMYHA CHCTEMA XIMIYHUX €JIEMEHTIB

KibKiCHOIO XapaKTepUCTUKOIO, sIKa BU3HAYA€E XIMIUYHY NPUPOAY €JIEeMEHTa €
HOTO MOpsAIKOBUN HOMED Z, SIKUH TIOPIBHIOE YHCITY TIPOTOHIB Y spi (3apsaay sapa), a
HE Maca aToma, sk nependayaB MeHnzenees.

Iepionnunnii 3akon 3a JI. . MenneneeBum: «BrnactuBocTi mpocTux Til, a
TakoX (OpMH 1 BIACTUBOCTI CIOJIYK €JIEMEHTIB Iepe0yBaloTh y TMEpIOANYHIMN
3aJIEKHOCTI B1Jl BEIMYMHU aTOMHUX MaC €JIEMEHTIBY.

CydacHe (opmyitoBaHHS NEPIOJUYHOrO 3aKOHY: «BIacTUBOCTI eleMeHTiB, a
TakoX (OpPMH 1 BIJIACTUBOCTI CIIOJIYK €JIEMEHTIB MepeOyBaloTh B MEPIOANYHIN
3aJIeKHOCTI B1JI 3apsi/iiB siAep iX aTOMIBY.

I'padpiune 300parkeHHS NEPIOJUYHOTO 3aKOHY — TMEpioAUMYHA CHUCTEMa
enemenTiB /. I. Menneneena. Ilepioquuna cucteMa CKiIagaeThes 3 7 mepioaiB (€ mMai
Ta BENUKi), 8 rpym (rojoBHI Ta MOOIYH1).

Iepiox — 11e TOpU3OHTANTBHUMN PSJ, B IKOMY MICTATHCS €1€MEHTH, aTOMH SIKHX
MalTh OJHAKOBY KUIbKICTh €HEpPreTMYHMX piBHIB. EineMeHTH po3MilieHi 3a
3pOCTaHHAM iX 3apsay sjapa (mopsaKoBUX HoMepiB). Ilepioan moauIAOThECA HA Mai
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(I, I, ) Ta Benuki (IV, V, VI, VII). Manuii nepion cki1aJaeTbcsi 3 OAHOTO ALY, a
BEJIUKUM — 3 IBOX ( MAPHOTO Ta HEMAPHOTO).

VY nepuiomy nepiojii ABa €JIEMEHTH, Y IPYTroMYy 1 TPETbOMY — MO 8 €JIEMEHTIB.
VY enemMeHTiB Ipyroro nepioay 3amoBHIOEThCS IIap 3 (n=2): croyatky 2s-opOitalb, a
MOTIM MOCHIIIOBHO TpHU 2p-opOiTani. Y eJeMEHTIB TPEThOro Mepioly 3amOBHIOETHCS
map 3 ( n=3), skuii cknanaerbes 13 3s-, 3p- 1 3d—-opbitaneit. Ha Biaminy Big Apyroro
nepiogy B TPEThOMY TEpiojii Ha 30BHINIHBOMY IIapi BUIBHUMH 3aJIUIIAIOTHCS
3d-op6itani. Benuki nepioau dyeTBepTHil 1 I’ ATUN CKiIagaroThes 13 18 enmemeHTiB. Y
aTOMIB €JE€MEHTIB YETBEPTOro Mepiofy MOUYMHAE 3allOBHIOBATHCH 4s—-0pOiTaib, a HE
3d-opOitans. Aje npu MNOJAIBIIOMY 3pOCTaHHI €()EeKTUBHOTO 3apsny sapa, y
HactynHoro micis Kanbuito enementa Ckanpio ctan 3d crae eHEpreTMYHO OuIbIl
BUTIAHUM, HIK 4p. Tak moctynoBo 3amoBHIOIOTHCS 10d-opOitanedt y Tak 3BaHHMX
nepexigaux enemeHtax. Komu 10 d-op6itani 3amoBHWINMCH, 3alOBHIOETHCS 1
30BHIIIHINA 4p map — 6 enemeHTiB. OTxe, 6a4nMMO, 110 y BEIMKOMY NEPIOal MIX S- 1
p-opOiTaisiMu  «BKJIMHIOIOTHCS»  d-opOiTani. AHAJOTIYHO YEeTBEPTOMY NEPIOay
3anoBHIOETHCS 1 11’ ATuid. [llocTuit nepion MICTUTH 32 €IEMEHTH 1 TeXK MOYHMHAETHCS 13
3anoBHEHHs 6s-opOitanei. [ToTim 3amoBHIOEThCS nepenocTanHii map 5d y Jlantana.
[loTim, 3aBASKM 3HOBY > Taku 30UIbIICHHIO €(EKTUBHOTO 3apsay sapa y BCiX
HACTYNHHMX 3a HUM 14 elieMeHTIB, 3amoBHIO€Tbes 4f-opOitani (1ie Apyruii 330BHI
map). [lotim no Hg no3anoBHIo€ThCs Sd-m1ap 1 3aBepiryeThesi 6p-map. AHAIOTTYHO
3aIOBHIOETHCS CbOMUM Tiepio] — HenoBHUM. OTke, B Mipy 3pOCTaHHS 3apsay sapa
BIIOYBA€EThCS 3aKOHOMIPHE MEPIOAUYHE TMOBTOPIOBAHHS BIACTUBOCTEU E€JIEMEHTIB.
Kynpym, Aypym 1 Apreatym, He JUBJISYUCH HA Te, IO e d-eleMeHTH, BITHOCATHCSA
no rojoBHO1 miarpynu I rpymu. Ile Tomy, mo Ha 30BHINIHROMY IIapi € TIIBKH
lenexTpoH, a npyruil 13 4s-eneKTpoHiB «mpoBaiduBces» B 3d-, 4d- 1 Sd-migmapu
BianosigHo ansa Cu, Ag, Au.

I'pyna — ue BepTUKaIbHUN CTOBMYUK, IO MICTUTh €JI€MEHTH, Oy/l10Ba aToMa i
BJIACTUBOCTI sikuX moAiOHl. KokHa rpyma mnoauisieTbCsi Ha TroJIoBHY (A) Ta
no6iuny (B) miarpymy, eleMeHTH SIKUX BIIPI3HSIOTBCS MDK CO00I0 3a OYyI0BOIO
30BHIIIHBOIO E€HEPreTUYHOro pIBHA Ta BIAacTUBOCTAMH. Homep rpynu mnokaszye
KUIbKICTh BaJ€HTHUX €JEKTPOHIB, a OTXe, MAKCUMaJbHy BAJICHTHICTH €JeMeHTa (€
BUHATKM). JIJIs1 €J1eMEeHTIB rOJIOBHUX MIATPYI XapaKTepHE 3allOBHEHHS S-TIJIPIBHS (S-
ejeMeHTH) abo p-miApiBHA (p-€JIeMEHTH) 30BHINIHBOTO €HEPreTUYHOro piBHs. s
€JIeMEeHTIB  NOOIYHMX  MIATpYH  BiAOyBaeTbcsl ~ 3aloOBHEHHS  d-MigpiBHA
nepeIoCTaHHBOTO piBHA (d-€JIeMeHTH), Yy JTaHTAHOIIIB Ta aKTUHOIIIB 3alIOBHIOIOTHCS
BiAnoBiAHO 4f- 1 Sf-minpiBHi (f-enemenTH). Y eneMeHTIB roJIOBHUX MIArPYH BaJIEHTHI
€JIEKTPOHU PO3TAIIOBAaHI HA 30BHIIIHBOMY EHEPreTUYHOMY pIBHI, Y €JIEMEHTIB
noOIYHKUX MIATPYH — Ha 30BHIIHBOMY (OCTaHHBOMY) pIBHI Ta Ha MIAPiBHI
nepeaocTaHHboro piBHsA. Hanpuknan:
oS 15725?2p°35%3p*3d";

,Cr 15725°2p°3s73p°3d 45’

HaBeneHi enemMeHTH MarOTh OJIHAKOBY KUIBKICTh BaJE€HTHUX €JEKTPOHIB, HaJEKaTb
70 OJIHIET Tpynu, ane pi3HUX MNIATPYH 1 NPUHIMIIOBO BIAPI3HSAIOTHCS 32 CBOIMU
BIacTUBOCTAMHU (S — HemeTal, Cr — meTan).
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3.2.2 IlepioguvHa 3MiHA BJIACTUBOCTEN XIMIYHUX €JIEMEHTIB

XiMiuHa pUpPOJa €IeMEHTa 3yMOBJIEHA 3/IaTHICTIO Oro atoMa BTpayaTH abo
npuiiMaTi enaexkTpoHu. Ti 3 HHUX, fIKI JIETKO BIJAIOTh €JIEKTPOHH, HA3UBAIOTHCA
MeTajamu, a Kl MPUHMalOTh — HeMeTalnaMu. ATOMU METaliB, BIIJIal04YM €JIEKTPOHH,
MEPETBOPIOIOTHCS B TMO3UTUBHO 3aps/KeHH1 HoHu (Me""), TOOTO OKHMCHIOIOTHCS,
MPOSBIISIIOYH B CBOIO Yepry, CUJIbHI BIIHOBHI BIIACTUBOCTI: Me—ne = Me"" .

ATOMHM HEMeTalliB, HaBMaKU — € CWIbHUMHU OKHCHUKaMH (IIPUEIHYIOTH
€JICKTPOHM ).

3mina enacmugocmeti no epynax.

HaiiGinble 3HaueHHs A1 XIMIYHOI XapaKTepUCTUKU €leMEeHTa Mae OynoBa
30BHIIIHBOIO €HEPreTUYHOIO PIBHS, TOMY IO €IEKTPOHM camMe LbOTO PIBHA MalOTh
MaKCUMaJIbHUM 3amac €Heprii 1 npuiMaroTh y4acTh B YTBOPEHHI XIMIYHUX 3B’s13KiB. B
OJIHIM 1 TiM XK€ TPYI 3HAXOASITHCA €IEMEHTH, aTOMHU SKUX TPHU OJHAKOBINA KUIBKOCTI
30BHIIIHIX (BAJIEHTHHUX) €JIEKTPOHIB BIAPI3HAIOTHCS YUCIOM €JIEKTPOHHUX PIBHIB.

30BHIIIHIM €HEePreTUYHUM piBeHb €JEMEHTIB TNEpIIoi TPYNHU TOJIOBHOI
HIATPYIN MA€ TAKUN BUTIIS:
3L1 1 S22S]
11Na 15*2s*2p°3s'
10K 15%25%2 p®35*3p°3d°4s'

3arasibHy (GOpMYJly 30BHINIHHOTO €HEPreTHYHOIO0 PIBHS MOXKHA 3amucaTv
Tak:ns', 1€ n — HOMEp Iepioay, IO JTOPIBHIOE 3HAYCHHIO T'OJOBHOTO KBAaHTOBOTO
quca.

Hns enementiB I — VII rpyn romoBuux miarpyn (A) 3aranbHi (opmynu
30BHIIIHBOTO €HEPTrEeTUYHOTO PIBHSI MAaTUMYTh BUTJIS:
I-A rp. — ns'
I-Arp. —ns’
III-A rp. — nsnp'
IV -Arp. —ns’np’
V-Arp. —ns’np’
VI-Arp. —ns’np’
VII -A rp. — ns’np’
VIII -A rp. — ns’np°

BincTtanp enekTpoHiB 30BHINIHKOTO €HEPTETUYHOTO PIBHA BIJ Siapa 3pOCTae i3
3pOCTaHHSM TIOPSJIKOBOTO HOMEpa eJieMEeHTa (3BepXy BHHU3), HOro 3B 30K 3
MMO3UTUBHUM SIJIPOM CTa€ CIAOKIIINM, 3JaTHICTh aTOMa BiJIJIaBaTH €JICKTPOHH (TOOTO
3IaTHICTh aTOMa TMPOSIBISTH METAICBI BIACTUBOCTI) MOCHITFOETHCA.

3mina enacmusocmeii 3a nepiooamu. B olHOMYy TIepioji MICTATHCS €JIEMEHTH,
aTOMHU SIKMX MalOTh OJJHAKOBE YHCJIO €JICKTPOHHUX pPIBHIB, a YHWCIO 30BHIMIHIX
€JICKTPOHIB 3pOCTa€ 3JIiBa-HAMPaBO 1 OJHOYACHO 3pOCTa€ 3apsj sapa. UuMm MeHIne
€JICKTPOHIB, TUM cjalllle BOHM 3B’s3aHl 3 SIAPOM 1 Kpalle MNpOsBISIOTH BIIHOBHI
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BrnactuBocti. ToOTo, B mTepiogax 3iiBa — HANpaBO MeETaJeBl BIACTUBOCTI
3MEHIIYIOThCS, @ OKUCIIOBAJIbHI — 3pOCTAIOTb.

KinpkicHO 34aTHICTH aTOMIB MpPHUEAHYBAaTH a0O0 BiJjJaBaTU E€JIEKTPOHU
XapaKTepU3yIOThCS TAKMMH MOKa3HUKAaMU SIK pajilyc atoma rA (HM), eHepris 10Hi3awii
I, (xI>x/M0J1B), €IEKTPOHETAaTUBHICTb.

Paoiyc amoma (rA)- 1ue BiACTaHb BiA sAApa aToMa N0 30BHIIIHBOTO
€HEPreTUYHOr0 PIBHS.

3a rpymnoro 3BepXy BHHU3 pajlyc aToMa 30UIBLIYETHCS, TOMY IO 3pOCTA€E
KUIbKICTh €HepreTMyHux piBHIB. Yum OulbmMil pajiyc aroma, TUM ciaOiie
YTPUMYIOTbCSI 30BHIIIHI €JIEKTPOHM 1 Kpalle BHpa)K€H1 BIJHOBHI (MeTaJieBi)
BJIACTUBOCTI ¥ HaBnaku. HailtOuiblii pajiycu MaroTh aTOMU JTY>KHUX METaIB, SIK1 €
HaWCWIBHIIIMMHU BIJHOBHUKaMH. Jlami B Mexax KOXXKHOTO TIEpIoAy pajliycH
3MEHIYIOThCs. Pajiilycu aToOMiB rajoreHiB HaiMeHIIII.

OT1xe, B IpyIli 3BepXy BHU3 METAJIEB1 BIACTUBOCTI 3pocTatoTh. Cepesr XIMIYHUX
eneMeHTiB | rpynu HallakTUBHIIIMM MeTasioM € ¢paHuiid. HemeraniuHi BIacCTUBOCTI B
rpymi (A) 3BepXy BHU3 caatoTh. SKio po3riasuytu enementy VII rpymnu, To MmoxkHa
3pOOUTH BUCHOBOK, 1110 HAHAKTUBHIIIUM HEMETAJIOM € (TOp.

Enepeis tionizayii (I) — ue eHepris, siky HEOOX1THO 3aTpaTUTU JJIA TOTO, 1100
BIJIIPBATU E€JEKTPOH BiJl HE30YIKEHOTO aToMa 3 IMEPETBOPEHHSIM OCTAaHHHOTO Ha
MO3UTUBHO 3apsypkeHuil WoH. Enepris Houizamii Bupaxkaetbcs B KJk/Mosib abo
eB/atrom. B ocraHHbOMY BUNAJAKy BOHA JOPIBHIOE TIOTEHLIANy HOHI3AIli
(BUpaxkaeTbcs B BoOJIbTax). lle KUTbKICHA XapaKTepUCTUKA MIPU «METaJIYHOCTI»
eJIeMEHTAa: YUM MEHIIIe 3HAaUEHHs eHeprii HoH13allil, TUM aKTUBHIIKK MeTan. B rpymi
(A) 3BepXy BHU3 eHepris HoHI3alli criajjae, METaliuyH1 BIACTUBOCTI 3pOCTAIOTh.

Cnopionenicmo 0o enexmpona. CropigHenictio 1m0 enektpoHa (CE)
HA3MBAEThCS  CHEPreTUYHHM edekT mpolecy TMNpUETHAHHS  EJIEKTPOHa 10
HEHUTPAJIbHOTO aToMa 13 MEepeTBOPEHHSIM Horo B HeratuBHUM HoH. HalOiibiny
CE matots enementu VII rpynu. Halimenmy CE maroTh aTromu i3 3aBEpILIEHOIO 2S-
koH(irypamieto (Be,Mg, Zn) 2s6p (Ne, Ar, Kr).

Enekxmponecamuenicms — 1€ BEJIMYMHA, fKa TOKa3zye 3IaTHICTh aToMa
MIPUTATYBATU J10 ce0e eleKTpoHUu. BoHa € MIpoI0 «HEMETaTIdYHOCTI» €JIeMEHTa: YUM
OUTbIlIE 3HAYEHHS EJNEeKTPOHETaTUBHOCTI, THUM CHUJIBHIIUMK HeMmeTrand. Miporo
€JICKTPOHEraTUBHOCTI € apupMeTuyHa cymMa €Heprii HoHi3auii 1 CIOPIIHEHOCT A0
enekTpoHa. HalGunbmr Bimoma mikana enekTpoHeraTtuBHOcTi I[lominra. 3a iforo
IIKAJIOI0 eNleKTpoHeraTuBHICTh DTOpy AopiBHIOE 4,0 1 € HakOUIbmOW. HalimeHum
3HAUEHHSM EJEKTPOHETaTUBHOCTI XapaKTEepHU3yIoTbca s-eleMeHtd | rpymnm, a
HalOUTbIIUMH — p-eneMentH 7 rpymu: (F —4; O —3,5; C1—-3,25; Br—2,8 i T. 1.).
3axonomiprocmi nepiooudHoi cucmemu:

VY rpynax (roJoBHMX HIATpyNax) 3BepXy BHHU3 TMO3UTUBHUN 3apsn sapa
3pOCTa€, KUIbKICTh BaJEHTHUX €JEKTPOHIB CTajla, KUJIbKICTh €HEPreTUYHUX PIBHIB
30UTBIIYETHCS, pajlyc aToMa 3pOCTae, eHepris HoHi3alii chmamae, MeTalidHi
BJIACTUBOCT1 3pPOCTal0Th, E€JICKTPOHETaTHUBHICTh CIajla€, HEMETaJI4Hl BIACTUBOCTI
CHajaroTh.

VY mepiogax 3JiBa HampaBO NO3UTUBHUM 3apsj sapa 3pOCTa€e, KUIbKICTb
BaJICHTHUX €JICKTPOHIB 3pOCTA€, KUIbKICTh €HEPIreTUUYHUX PIBHIB CTasa, pajiyc aToMa
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3MEHIIY€EThCS, CHEpris MoHI3aIii 3pocTae, MeTalidyHI BIACTHMBOCTI CHAJal0Th,
€JIEKTPOHETaTUBHICTD 3pOCTAa€, HEMETANIYH1 BIACTUBOCTI 3POCTAIOTh.

OTXe, NMPUYUHOIO TEPIOJUYHOTO MOBTOPEHHS BIIACTUBOCTEH E€JNEMEHTIB 13
30UTBIICHHSIM TIOPAJIKOBOIO HOMEpa € TMeploJUYHE TOBTOPEHHSA EJIEKTPOHHOI
KOH(Irypailii 30BHIIIHBOIO €HEPreTUYHOTO PIBHS aTOMIB IIMX €JIEMEHTIB. Y I[bOMY
noJiArae GI3MYHUNA 3MICT NEPIOJUYHOTO 3aKOHY.

Tema 4 XiMiuHHUM 3B’ 130K
4.1 KoBaJIcCHTHUH 3B’ 30K

4.1.1 MexaHi3M YTBOPEHHH i BJJACTUBOCTI KOBAaJIEHTHOI'O 3B’ A3KY.
I'iOpuamn3aunisa aroMmHux opoiTanen

¥Yci mpocti 1 CKIIaJiHI PEYOBUHU YTBOPIOIOTHCS 32 PaXyHOK BUHHKHEHHS MIXK
aToMaMu, 10 BXOJATh J0 iX CKJIaay, MIIHMX 3B’SI3KIB, SIKI HA3UBaIOTh XIMIYHHUMH.
[Tig xiMIYHUM 3B’SI3KOM CIIIJT PO3YMITH CHITy, sIKa Jli€ MK aToMaMu 1 3abe3nedye
CIIOJIYYEHHS iX Y MOJIEKYJy a00 KpucTall. XIMIYHUHN 3B’ 30K BUHUKAE BHACIIIOK
€JIEKTPOCTATUYHOT B3a€EMOJIi TMO3UTHUBHO 3apsKEHUX SJAep aTOMIB 1 HEraTUBHO
3apsKEHUX €JIEKTPOHIB, 110 MPUBOIUTH /10 3MEHIIICHHSI €HePrii CUCTEMHU.

OcHoBHI mapaMeTpu XiMIiYHOr0 3B’SI3KYy — €HEprisi, JOBXHMHA, KYT MIX
3B’SI3KaMM Ta TOJISIPHICTh. 3alie)KHO BiJl TMPUPOJU 3B’SI3aHUX aTOMIB PO3PI3HSIOTH:
KOBAJICHTHHI, HOHHUM, BOJJHCBHI Ta METAIIYHHUM 3B’ I3KHU.

Kosanenmmnuuii 36’430k — 36°430K, AKUl 30iUCHIOEMbCA 3 00NOMO2010
CNINbHUX eNleKmpOoHHUX nap. B yTBOPEHHI XIMIYHOTO 3B’SI3Ky OepyTh y4acTb
TUTBKM 30BHIIIHI HECMapeHi eJEKTPOHM, YHCIO SKUX BHU3HAYa€ BaJICHTHICTh
eleMeHTa. Banenmuicmos — ye ocobau8icms amoma 00HO20 ejleMeHma NPpUEOHy8amu
00 cebe BU3HAYEH) KIIbKICMb amoMi8 iHUuL020, ab0 30amHICmb 11020 00 VIMEOPEHHS.
XimiuHux 36’a3kie. BoHa BHM3HAYA€THhCS KUIBKICTIO HECMApPEHUX EJEKTPOHIB, SKI
MICTATBCA B aTOM1 ( S—p — 30BHIIIHIX, d-f — epeocTanHiX).

KoBanenTHu#t 3B’ 5130k MOXKe€ BUHUKATH MDK OJITHAKOBUMH aTOMaMH HEMETAiB,
Hanpukian, Hy, Oy, Cly, 1 Takuii 3B’SI30K Ha3UBAETHCS KOBALEHMHUM HENONAPHUM
(criiyibHA €NIeKTPOHHA Mapa CUMETPUYHA BITHOCHO aTOMIB):

e
1] - ] ':.ll
Hs + +H—H o H

:f) + 'E_i:—;f:"n‘{fﬁ:

v,

KoBaneHTHu# 3B’SI30K MOXKE BHHUKATH MDK aTOMaMHM PI3HMX HEMETalliB,
nanpukian, HCL, H,O, NHj, 1 Takuii 3B’s130K HA3UBAETHCS KOBANEHMHUM NOJAPHUM.
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[lonsapHicTh 3B’ 3Ky BUHHUKA€E BHACIIOK 3MIILIEHHS CIUIBHOI €IEKTPOHHOI Mapu y 01K
OUIBII €JIEKTPOHETaTUBHOIO €JIEMEHTA!

He + +{::}:—} H’:;Ci H* — CI*

HpI/I ObOMY Ha aToMl OLIBII CICKTPOHCTATHUBHOTO CJICMCHTA BHHHUKAE
YaCTKOBUN HEraTUBHUU 3apian 5_, a Ha aTOM1 MEHIII CIICKTPOHCTATUBHOT'O CJIICMCHTA

BUHHUKAE YaCTKOBMI TTO3UTHBHUI 3apsia O . MoneKyna ImepeTBOPIOeThCSA Ha JTHIIONb.

Junons — 1e cucremMa 3 JABOX 3apsjaiB, OJAHAKOBUX 3a BEJIWYMHOIO 1
MPOTHJICI)KHUX 32 3HAKOM.

Pi3HOBHIOM KOBaJIEHTHOTO MOJSPHOrO 3B’SI3KYy € 3B’S30K, YTBOPEHUU 3a
JOHOPHO—-AKIIENTOPHUM MexaH13MOM. JIOHOpHO-aKIeNTOPHUM MeXaH13MOM
HA3MBAETHCS MEXaHI3M YTBOPEHHS KOBAJIEHTHOTO 3B’SI3KYy 3a PaXyHOK HEMOAUIbHOI
napu eJeKTPOHIB OJHOI0 aToma (JOHOpa) 1 BUIBHOI OpOiTaji 1HIIOro (aKIenTopa).
Takwuii 38’ 430K €, HAIpUKJIaz, y iioHax amoniro NH"'

AN
H—N{ + H* - |[H—N—H

| S L |
H aKuenrop H

[AOHOD

Takum 4yuHOM, YTBOPEHHSI XIMIUHOTO 3B’SI3KY, AKUW 31IMCHIOETHCS 32 PAXyHOK
€JIEKTPOCTATUYHOT B3a€EMO/I11 TO3UTHBHO 3aPSIKEHUX SJIEp 1 HETAaTUBHO 3aPSIKCHUX
€JICKTPOHIB MOXKJIUBE, SIKIIO:

— TIpH 30JMKEHHI aTOMIB TTIOBHA €HEPris CUCTEMHU 3MEHIITY€EThCS;

— EJIEKTPOH 3HAXOJUTHCS CTPOTr0 MIXK SIApaMHU aTOMIB, SIKI B3a€EMO/IIIOTh;

— CIIIHA  €JIGKTPOHIB, 110 YTBOPIOIOTH CHUIBHY €JIEKTPOHHY mapy, €
aHTUTIApaJICIbHUMU.

HaiiBaxiuBini XapaKTepUCTHKH KOBAJIEHTHOIO 3B’ A3KY

HacuuenicTh. HacudueHicTh KOBaJIGHTHOTO 3B’SI3Ky 3yMOBJEHa TUM, IO B
XIMIYHUX B3a€EMOAISIX O€pyTh y4acTh €JIEKTPOHHM TUIbKM 30BHIMIHIX €HEPreTUYHHUX
PIBHIB, TOUHIIIIE OOMEKEHE YUCIIO EIEKTPOHIB.

Hanpasaenictb. EnexTpoHHI XMapu aTOMIB MaiOTh BHU3HAUYEHY IMPOCTOPOBY
OpIEHTAIII0 1 00JIACTh MEPEKPUBAHHS E€IEKTPOHHUX XMap 3HAXOAUTHCS B MEBHOMY
HaIMpPsIMKY BITHOCHO B3a€MOJIIFOYMX aTOMIB.

MoasipHicTb 3B 'I3KY. SKIIO NMOEAHYIOTHCS aTOMHU OJHOTO 1 TOTO K €JeMEHTa
(H2, Cl2, I2...), TO KOXHE sIpO aToMa 3 OJHAKOBOI CHJIOK MPUTITYE Tapy
eNeKTpoHiB.  Takuih  3B’A30K  HA3MBAETHCA  HEMOJSAPHO  KOBAJEHTHM
(romeomnonsipHuit).  SIKIIO  B3a€EMOJIIFOYlI  aTOMU  XapaKTEPU3YIOTHCS  PI3HOIO
€JIEKTPOHEraTUBHICTIO, TO CIIJIbHA Mapa eJeKTPOHIB 3MIIIY€ETHCS 10 SApa 13 OUIBIIO0
€JIEKTPOHEraTUBHICTIO atoMa ( HCI , NH, ) Takuii 3B’ 130K Ha3UBAETHCS MOJSIPHUM.
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MiuHicTh KOBaJIEHTHOIO 3B 'sI3Ky. Mipoto MILHOCTI 3B’SI3Ky € €Heprisi hWoro
po3puBy. MIilIHICTh TOB’sI3aHa 13 CTYIEHEM MEPEKPUBAHHS €JIEKTPOHHUX OpOiTanei.
KoBanenTHuit 38’130k — HalmMiH1mmi 3 ycix. [lopsimok MIITHOCT1 HOTO BUIB:

o>1>0 ~ (200+1000 x/[>x/M0b).

KpaTtHicTh KoBajleHTHOro 3B ’A3Ky. /[Ba aromMu MOXyTh OyTH TOB’si3aHi
OJIHOIO 200 JIBOMa, a00 OUTBIION0 KUIBKICTIO Map eaeKTpoHiB. KoBajgeHTHUM 3B’ 130K €
onunapHuM (Hz, Cl2), nonsiitnum (C2H4), notpiiinum (N5).

I'iOpuaunsanisa aroMmHux opoiTanei

3alie’)KHO BIJ HAMpPSIMKY MEpEeKpUBAHHS aTOMHUX OpOiTaneil po3pi3HSIOTH
G-, 0-, T-3B’SI3KMU.

6-3B 430K BHHHKAE MpPU MEPEKpUBaHHI aTOMHUX OpOiTajield B3JOBX OCi, fKa
3’€JIHY€E si7pa B3aEMOJIIFOYUX aTOMIB.

0-3B’5130K BUHHUKAa€e NpH TNEepekpuBaHHI aBOX d-opOiTtanield, po3MIlIEHUX B
napajieIbHUX IUIOIINHAX.

T-3B’SI30K BUHUKA€E MpPHU IMepeKpuBaHHI opOitaneil mo oOuaBa OOKM OCl sKa
3’€JIHYyE sipa aTOMIB.

Bei i Tpu 3B’SI3KM MOXYTh HAKJIaJaTUCS OJWUH Ha OJHOTO, YTBOPIOIOUU
MOABIMHI 1 TOTPIKHI 3B’ A3KU. 3T1IHO 3 TEOPI€IO T1OpUAN3alLIil IPU YTBOPEHH1 MOJICKYI
B1I0YBalOThCA 3MIHU (POPMU 1 €HEprii aTOMHUX OpOiTaneil, BHACIIOK YOTO 3aMichb
HEepPIBHOYIHHUX (HANPUKIao, s- i p- opoimarei) ymeoprowmvcs piBHOYIHHI 3a (hopMOI0
i enepeicio (06i sp-opbimani) 2ibpuoHi opbimani, moomo npPoxooumsv 2iopuUOU3aAYisl
(3MimyBaHHS atoMHUX opOiraneit). [Opuauzamiss NPU3BOAUTH [0 3MILHEHHS
3B’SI3KIB, MJIBUIIIEHHS CTIMKOCT1 MOJIEKYJIU, IOHWYKEHHSI €HEPT1i CUCTEMHU.

JInsi mosICHEHHS BIAMIHHOCTI BaJIGHTHUX KyTiB B MoJjiekynax H,O (104,5 ©)
1 NH; (107,3°) Bim 90 ° cmig B3ATH A0 yBaru, 10 CTIKOMY CTaHy MOJIEKYJH
BIJIMOBIZA€E i TeOMETpUYHA CTPYKTYypa 3 HaMEHILIOI0 MOTEHLIHHO0 eHepriero. Tomy
[Py YTBOPEHH1 MOJIEKYJIH (opMa 1 B3a€EMHE PO3TAIllyBaHHS aTOMHUX €JIEKTPOHHHX
XMap 3MIHIOETbCS B IOPIBHSIHHI 3 X (POPMOIO 1 po3TallyBaHHSAM y BUIbHUX aToMax. B
pe3yNbTaTi JOcCsATraeTbesi OUTbII TIOBHE MEpEeKpUBaHHS oOpOiTaneil mpu yTBOpPEHHI
XiMi4HOrO 3B’s3Ky. Taka nedopmallis e1eKTPOHHUX XMap BUMAarae BUTPATH €HEPTii,
asie OUTbII OBHE MEPEKPUBAHHS IPUBOJIUTD /10 YTBOPEHHS OUIBII MIIIHOTO 3B’SI3KY, 1
B I[UIOMY BUXOJUTH BUrpall B eHeprii. Llum 1 mosiCHIOEThCS BUHUKHEHHS T10pUAHUX
opOiTaei.

dopma riOpuaHOT OpOiITANi MOXKE OyTH BHU3HAYeHAa MATEMAaTHYHO IUISIXOM
J0/IaBaHHS XBWJIBOBUX (PYHKIIIN BUXITHUX OpOITANICH:

O 8 ¢

s-opOiTaib p-opbirtans sp-op0itaib

VY pesynbrati cCKIagaHHs XBUIOBUX (QYHKIIIH s- 1 p-opOiTaneit 3 ypaxyBaHHIM
. . . . . 2
X 3HaKiB BUSBIISE€THCA, IO IILIBHICTh €1EKTPOHHOI XxMapH (BenuuuHa | ¥ |7) 3 ogHOrO
OOKYy BiJ si/[pa MABUIIIEHA, a 3 THIIIOTO — 3HUIKEHA.
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VY uimomy mpoiiec ridpuan3aliii BKJIIOYa€E HACTYIHI eTanu: 30y/HKEeHHS aToMa,
riOpuau3zanis opOitaneil 30yIKEHOro aroMa, YTBOPEHHS  3B’SI3KIB 3 1HIIUMHU
aToMamu. Butpatu eneprii Ha mepiii ABa eTany KOMIEHCYIOThCS BUTpallleM €Heprii
IPU YTBOPEHHI OUIBII MILHUX 3B’SI3KIB 3 T10puaHuMu opOitansMu. Tun riopuaunszanii
BU3HAYAETHCS TUIIOM 1 KUIBKICTIO opOiTaneH, mo 0epyTh B Hiil y4acTb. Po3risHemo
MPUKIaAN PI3HUX BUJIIB riOpuaAn3alii s- 1 p-opoOitanei.

[Nopunuzanis onniel s- 1 ofHiel p-opOitani (sp-Tidpuauzailis) BiqOyBa€eTbhCs,
HaIMpUKJIaa, MPU YTBOPEHHI TaJIOTeHIAIB OEpuililo, LUHKY, KaaMilo 1 pTyTi. ATOMH
IIMX €JEMEHTIB B HOPMaJIbHOMY CTaHI MalOTh B 30BHIIIHbOMY IIapi JIBa CHAPEHUX S-
eJieKTpoHa. B pe3ynbTaTi 30yKeHHS OAWH 3 S-€JIEKTPOHIB MEPEXOIUTh B p-CTaH —
3 SBJISIETCS 1BA HECMIAPEHUX €JEKTPOHA, OJMH 3 SKUX S-, a IHIIUN p-eseKTpoH. [lpu
YTBOPEHHI XIMIYHOTO 3B’A3KY IIl JB1 Pi3HI OopOiTaii, sIKi BIAPIZHAIOTHCS (POPMOIO 1
€HEPri€l0, MEPETBOPIOIOTHCA Ha JIBI OAHAKOBI TiOpuaHI opOitami (sp-opOitani),
crpsiMoBani miag kyroMm 180 © ogHa 10 OHOI, — JBa 3B’SI3KM MarOTh IMPOTUJICKHUM
HarnpsMok (puc. 4.1).

Cl Be Cl
N S
p 5p 5p p

Pucynok 4.1 — [lepekpuBanns sp-opOiraneii bepuiito 1 p-opoitaneit Xnopy
B MoJiekyni BeCl,

ExcriepumeHTanabHe BU3HAYEHHS CTPYKTYpHu Moiekyn Bel',, Znl',, Cdl',, Hgl,
(I' — ranoren) moka3zasno, IO 111 MOJIEKYJIH € JIHIMHUMH, 1 00MABA 3B’SI3KM METally 3
aTOMaMHM rajoreHy MaroTh OJIHAKOBY JIOBXKHUHY.

[ibpuausanis oxHiel s- i gBOX p-opbiTameil (sp -ribpuamsanis) Mae Micie,
HaIMpUKIaa, TP YTBOPEHHI cHodyK Oopy. 30ymkeHuil atoM O60py BOJIOJIE€ TPhOMa
HECMapEeHUMU €JIEKTPOHAMHU — OJTHUM S-€JIEKTPOHOM 1 IBOMA p-€NEeKTPOHAMU. 3 TPhOX
opGiTalieii yTBOPIOIOTHCS TPU eKBIBaTEHTHI sp -riOpHIHi opOiTanmi, ki po3TamoBani B
onHIM 1omuH1 mix kKyrom 120 © ogna no oxgHoi (puc. 4.2). JlificHO, SIK MOKa3yIOTh
EKCIIEpUMEHTANbHI  JOCHIIPKEHHS, MOJIEKYJIM TaKuX CHOJIyK  Oopy, K
BI'; (I'-ranoren), B(CHj); — Tpumetin6op, B(OH); — 6opHa kuciaora, MaloTh INIOCKY
OoynoBy. Ilpu npomy Tpu 3B’s13Ky OOpYy B 3a3HAUYEHHUX MOJIEKYJIaX MalOTh OJTHAKOBY
JOBXKHHY 1 pO3TaIlloBaHi mij kyrom 120 °.
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PucyHok 4.2 — [lepexpuBanns sp’-opbitaeii 6opy Ta p-opbitaieii xopy
B MoJiekyni BCly

libpunmsaris ommiei s- i TphoX p-opGitameit (sp -riOpmm3alis) XapakTepHa,
Hanpukiaa, s KapOony 1 fioro ananoriB — Cininito, ['epmanito. B 1ipomy Bunmanaky
4OTHpPH TiGpuHi sp -opbiTaii posTamoBani mix Kyrom 109° 28 oxHa 10 0HOT; BOHH
crpsiMoBaH1 10 BepiuH TeTpaeapa (B mosekymnax CHy, CCly, SiHg, GeBry 1 in.).
BanenTni kytu B monekynax H,O (104,5 °) 1 NH; (107,3 ©) He TOYHO BiMOBIIAIOTh
B3a€EMHOMY PO3TAlllyBaHHIO «4YUCTUX» p-opOitaneit (90 °). Ile oOyMOBIEHO €KUM
BHECKOM S-€JIEKTPOHIB B YTBOPEHHS XIMIYHOTO 3B’s3Ky. Takuii BKJIaJ € HE 110 IHIIE,
AK T10puan3anis. BareHTHI eneKTpOHU B IIUX MOJIEKYIaX 3aiiMaloTh YOTUPHU OpOiTaii,
ski Gau3bki 70 sp -riOpmmmuM. HesHauyna BiAMIHHICTH BaJeHTHHX KyTiB Bin
terpaeapuyHux 109 28" MosSICHIOETHCS TUM, IO TOpUIM3aIlisl B JAHOMY BUIAAKY €
HEIMOBHOIO.

B 6aratbox Mosekynax HEHTpaIbHUNA aTOM HE MiAaeThes riopuausarii. Tak,
BaJieHTHI KyTH B Moiekynax H,S, PH; Ta in. bausbki 1o 90°, T06TO yTBOpEHHS
3B’SI3KIB  B1IOYBA€THCS 3a Y4YaCTIO «UHCTHX» p-OpOiTanei, po3TalloBaHUX i
MPSIMUM KYTOM OJTHA JI0 OHOX.

4.2 NUonunii 38’ 130K. BoaHeBuii 3B’ 130K

Honnuii 36’a30k — XiMiuHMil 3B’S30K, 3YMOBJICHHUH eIEKTPOCTATUYHHM
MPUTSITAHHSAM PI3HOWMEHHO 3apsPKCHUX HOHIB, HAa sKI TIEPETBOPIOIOTHCS aTOMH
BHACJIIJIOK BiJJaBaHHs a00 MPUETHAHHS €JICKTPOHIB.

Nounuii 38’s130K YTBOPIOETHCSI MK aTOMaMH TaKHX CJIIEMEHTIB, SKI 3HAYHO
BIJIPI3HAIOTHCA 33 CBO€IO enekTpoHeratuBHicTio. Lle tunmosi meranu (Na, K, Ca) 1
tunosi Hemetanu (Cl, F, O).

le
—* e - -
Nas ++Cl2— Na® + [:CIi]” — Na' [:CE]"
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Jlist ioHHOTO 3B’SI3KY XapaKTepHa MoJisipu3alisi, TOOTO Takui B3a€MOBILJIUB
HOHIB OJIMH HA OJHOTO, KOJIM iX €JEeKTPOHH1 000JOHKU JAehOPMYIOTHCS 1 JIOBXKHUHA
HOHHOIO 3B’SI3KYy 3MeHIIyeThcs. YuM OubIIMi 3apsii oHa 1 MEHIIUN Horo paiiyc,
TUM OUIBIIY MOJSpHU3alidHy 3/aTHICT Mae HoH. Ha BigMiHy BiJi KOBaJEHTHOI'O
3B’s13Ky MOHHUI 3B’ 30K HE Ma€ HaNpaBlIeHOCTI. BiH «HacuYeHUI».

Cnig 3a3Ha4YUTH, LIO CIONYK, Y AKUX ICHY€E TUIbKU HOHHM 3B’ 30K, IPAKTUYHO
HeMae. 3aBXIM MDK CYCIAHIMH aTOMaMu B KpHUCTaldl BUHHUKAIOTh 1 KOBAJIECHTHI
3B’ SI3KHU.

BoaneBui 3B’SI30K BUHUKAE MIJIC MOJEKYAAMU, 10 CKIAAY SIKUX BXOIAUTH
atoM ['iporeHy 1 aToM CHUJIBHO €JIEKTpOHEraTuBHOro enemenrta: dmyop, OKcHUreH,
Hitporen, pigme — Xnop, Cynbdyp. YV Takiif MojieKyJi CHiIbHA €JIEKTpOHHA Mapa
CWJIBHO 3MilleHa Bix atoma ['igporeHy 0 aToMa eJIeKTPOHEraTMBHOTO €JIeMEHTa, a
MO3UTUBHUM 3apsn ['igporeHa CKOHLEHTpOBaHUN B Manomy o0’eMi. IIpoToH onHied
MOJIEKYJIM B3a€EMOJIIE€ 3 HEMOAUICHOIO €JIEKTPOHHOIO MApOI0 aToMa 1HIIOI MOJIEKYIIH,
YCYCHUIBbHIOOYH ii. Pe3yiabTaToM Takoi B3a€MOIi € yTBOPEHHS 3B 43Ky, IO JICTaB
Ha3By BoaHeBoro. Ha mnucbmMi BOAHEBUH 3B’A30K NO3HAYAETHCA TpbhoOMa
KpanKaMu:

i+ 20 i+ 2 i+ 20-

.H—=0 H—O H—0O0. .

1 I I
H* H* H*

B yTBOpeHHSs1 BOAHEBOTO 3B’ 53Ky, KPIM €JIEKTPOCTATUYHOIO MPUTITAHHS MIXK
MIPOTOHOM Ta MOJISPHOIO FPYIOI0, pOOUTH BHECOK 1 JIOHOPHO-aKLENTOPHA B3aEMOIIs.
JUiss 1poro 3B’SA3KYy XapakTepHI HampaBlEHICTb y MPOCTOpl 1 HACUUYBAHICTb.
BoaneBuii 3B’s130k Habarato ciaOKIMIMK HIK KOBaJIEHTHHM 3B’S30K. AJle caMe BiH
BIJIMOBIZIA€ 3a acoliaimio Mojekyn. HasBHICTIO BOJHEBUX 3B’S3KIB MOSICHIOETHCA
OUTBII BHCOKa TeMIlepaTypa KHUIIHHS BOJMU TMOPIBHAHO 3 BOJAHEBUMHU CHOJyKaMU
NIATPYNU KUCHIO: H,S, H,Se, H,Te (MOTpIOHO BUTPATUTH JOJATKOBY E€HEPrii0 IJis
pYHHYBaHHS BOJIHEBHX 3B’ SI3KIB).

BoaneBuii 3B’430K BiAIrpae BaXKJIMBY poJib M 4Yac acouianii MOJIEKYJ, Y
npoliecax pO3UMHEHHS, KpUCTali3allii, eeKTPOIITHYHOI AUCOLIaIli]l TOMIO.

Tema S Enepreruka XiMmivyHUX npouecis

5.1 OCHOBHIi OHATTSH TEPMOAUHAMIKH

[Ipu mpoTikaHHI XIMIYHOT peakiii BiI0yBa€ThCS 3MIHA €HEPTETUYHOTO CTaHy
cuctemu. Hayka, 1o BuBYae nepexij eHeprii 3 ofHiei GopmMu B 1HIILY, EHEPreTUYH1
e(heKTH, 0 CYIPOBOKYIOTh XIMIYHI Ta (DI3UUYHI MPOIECH, MOKIUBICTH 1 HAITPSIMOK
nepedbiry TOro 4 I1HHIONO MPOLECY B 3aJaHUX YMOBaX HA3MBAETHCS XIMIYHOIO
MepMOOUHAMIKOIO.
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OcHo6HI noHAMMS MEPMOOUHAMIKU.

XiMiYHa CUCTEMA € OKPEMHUM BUIIAJKOM TEPMOJUHAMIYHOT CUCTEMH.
Cucmemoro Ha3WBAIOTh TUIO YU TPYMy TiJ, SIKI 3HAXOAATHCS y B3a€MOJIL 1 YSIBHO
BIJIOKPEMJICHUX B1Jl 30BHIIIHBOI'O CEPEOBHIIIA.

l'omoeenna cucmema — 1€ Taka CUCTEMA, 1110 MA€ OJTHAKOBI 10 BCbOMY 00’ €My
TEPMOJIMHAMIYHI BJIACTHUBOCTI 1 HE Ma€ IMOBEPXHI MOAUTY (CKIATAEThCS 3 OAHIET
dazn).

T'emepocenna cucmema Mae MOBEPXHIO MOLTY (CKIATAETHCA 3 AEKUTBKOX (a3).
TepMoguHamiyHa cucteMa MOXe OyTU 6iokpumoro (MDK CUCTEMOIO 1 JTOBKULISAM
MOXJIMBUM 1 Maco- 1 TemIOOoOMiH); 3axpumoro (MOXJIUBUW JIHUIIE TEIJIOO00MIH);
i301608aH010 ( HE MA€ MOXIIMBOCTI OOMIHY pPEYOBMHAMHU UM €HEPri€l0 13 30BHILIHIM
cepelloBUIIEM 1 Mae mocTiHuii 00’eM). Ilporecu, ki MPOXOASATh B TaKiil cUCTEMI,
Ha3UBAIOTh adiabamuumu (an1adaTUIHUMU) .

CraH cucTeMH BU3HAuYaeThCs TepMoauHamiyHuMK napametpamu (P, T, V..)) 1
HA3UBAETHCS PIBHOBANCHUM, SIKIIO 1X 3HAUEHHS OJIHAKOBI B yCiX TOUYKAX CUCTEMHU 1 HE
3MIHIOIOTHCSI MUMOBOJII B Yacl.

Bynb-sxkuii mporiec — 11e 3MiHa mapaMeTpiB cTaHy cuctemH. [Iponecu, siki IpoXoasiTh
Opyu  MOCTIHHOMY  THCKY, Ha3uBalOThb  i300apuumu, TPU  TOCTIHHOMY
00’ eMi — i30XopHUMU, & TIPU TIOCTIHHIN TeMIIepaTypi — i3omepmivHUMU:

1) nzobapuwmii mporiec (P=const , To6TO AP=0);

2) uzoxopHuii nporec (V=const , T06T0 AV =0);

3) 13otepmiunmii npouec (T=const, TO6TO AT =0);

4) apiabatuunuii nponec (Q=const).

CraH cucTeMH MOXKHA MPEACTAaBUTH Y BUTIISII PIBHSHHS CTaHy, 1110 3B’ s3Y€ BCi
napameTpu cucrtemu: f(P,V,T)=0. KOHKpeTHUN BUIJISA PIBHAHHS BIIOMUN IS
i1eanbHUX ra3iB — piBHsAHHA Knaneiipona — MengeneeBa. [[ns GUIbIIOCTI peanbHUX
CUCTEM PIBHSIHHS CTaHy B SIBHOMY BHUIJISI/I1 HEBIOME, TOMY JUJIsi TEPMOJIMHAMIYHOTO
OMHCY CHUCTEMHM BUKOPUCTOBYIOTh (yHKIIi cTany: BHyTpimHIO eHepriio (U),
entanenito (H), entpomito (S), eneprito ['166ca, abo 1300apHO-130TEPMIUHUMA
noteniiain (G), eneprito ['enbmromnbiia, ado 130xopHo-130TepMiunuit noteHiian (F).
3HadyeHHsT MuX (YHKIIA 3aJeKUTh JIMIIE Bil CTaHy CHUCTEMH, TOOTO TUIBKH Bij
MOYAaTKOBOI'O0 Ta KIHLEBOIO CTaHy CHUCTEMM 1 HE 3ajeXaTh BiJ HUIAXY Mepeodiry,
TOOTO:

AU = Ug— U],' AH:HZ—H]; AS :SZ—S]; AG= GZ—G]; AF= FZ—F].
[Tpu upomy Teriora (Q) 1 pobota (A) He € QyHKIISIMU CTaHY CUCTEMH.

36opomuuii  mepmoounamiuHuli npoyec — 1€ TPOLEC, SIKUU JIOMyCKae
MOXJIMBICTh TIOBEPHEHHS CHCTEMHM B TOYaTKOBUN cTaH 0e3 Oyab-IKUX 3MIH B
30BHIIIHBOMY Cepe/IOBUII. B mpOTUIeKHOMY BUIAJIKY MPOLEC € HE360POMHUM.

Buympiwnsa enepeis — ue TepMoauHaMiyHa (QYHKIIS CTaHYy CHCTEMH, sKa
XapaKTepU3ye 3arajbHUN 3amac €Heprii CUCTeMH, TOOTO €HEprilo MOCTYMAIBHOTO i
00epTaIbHOTO PYXY MOJIEKYJ, EHEPrii0 BHYTPIIIHLOMOJIEKYJISIPHUX KOJIMBAHb ATOMIB
1 aTOMHHUX TPYIl, EHEPril0 PyXy €JNEKTPOHIB B aTOMaX, BHYTPIIIHbOSIEPHY €HEPrio,
TOOTO yCl BUAM €HEprii, OKpiM KIHETHYHOi 1 MOTEHIialbHOI €HEeprii CUCTEMHU B
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uiomy. Aocontomny eenununy U MOKU 10 BUMIPSATH HE BIATIOCS, aje 3aBXKIU MOKHA
BUMIpsATH 3MiHY AU.

Eumanvnia — tepmonuHamiyHa (YHKIS CTaHy CHCTEMH, SiKa BHU3HA4ae ii
teriosmict: H=U+pV,
1e p — TUCK, V — 00’ €M CUCTEMH.

Pi3HuI eHTanbMii pU Mepexo/ii CUCTEMH 13 OJHOTO CTaHy B IHIIMI BU3HAYAE
TeroBuii edekt nporuecy (AH).

[Ipouecu, npu SIKUX BUIUISETHCS TEIUIO, HA3UBAIOTh eK30MepMIiUHUMU, a TIPU
SAKUX TIOTJIMHAEThCS — eHoomepMiuHumu. B TepMOIWHaMIIll NPUHHATO BBaXaTH
JOIATHOIO TEIUIOTY, ska ToriauHaeThess (AH) 1 Bix’eMHOI, SIKa BUIUISETHCS
cucremoro (-AH).

Tennoma — cnoci®6 (popma) 3MIHM BHYTPIIIHBOI €Heprii 6e3 BUKOHAHHS
poboTH.

Poboma — nin BeAMYMHOIO A pO3yMiIOTh poOOTY, IO MPOTHUAIE BCIM CHIIaM,
AK1 I1IF0Th HA CUCTEMY (30BHIIIHIN THCK, €JIEKTPUYHE 1 MArHITHE TOJIfA, TOIIO).

Enepeis — mipa HEBHOPSIKOBAHOCTI 1 XaOTUYHOCTI CHUCTEMH, Mipa pyXy
YaCTHHOK.

Ilepwuit 3axkon mepmoounamiku: 6 0Y0b-AKiU 1301b08aHill cucmemi
3aeanvHull 3anac enepeiil 3oepicacmocs cmanum (AU = 0).

AGO 6 O6yOb-siKOMY Npoyeci niosedeHe 00 cucmemu Mmenio UMPAYAEMbCI HA
3MIHY BHYMPIWHLOI eHepeii | BUKOHAHHA pobomu yieto cucmemoro npomu Oii
306HIWHIX CUJL:

Q=AU+ A.

CHiBBIZHOIIEHHS MDK TEIUIOTOIO, 3MIHOIO BHYTPILIHBOI €Heprii 1 poboToro
BCTAHOBJIIOE TEPIIUNA 3aKOH TEPMOJAMHAMIKH, SKUI BUpPaKae 3aKOH 30epexeHHs
eneprii. [[ns 1300apHO-130T€pMIYHOTO MPOIECY, KOJM HAa CUCTEMY HE JIIOTh >KOJIHI
IHIIl CWJIHM, OKpIM TOCTIMHOTrO THCKY, €JIMHHUM BWIJISAOM poOOTH € poboTa
PO3IIMPEHHS

A=p(V2— V1) =pAV,
TOJI1 MepUINI 3aKOH TEPMOJIMHAMIKY MOKHA 3alUCaTH y BUTJISIL
Q=AU+ pAV,a
AH = AU + pAV.

s i30xopHoro npouecy (V = const): O, = AU, ToOTO Bce MIABEICHE TEIUIO
Wje TUIbKY Ha 3MIHY BHYTPILIHBOT €HEPTi.

Hns 1300apHoro npouecy (P = const): O, = AH.

3MiHYy eHTaJbIIIi i yac nepediry pi3HUX MpoLeciB BUBHAYAIOTh TaK caMo, sK 1
3MIHY BHYTPIIIHBOI €HEprii, TUIbKM BU3HAYEHHS MPOBOJATH 3a YMOBU CTajoOCTi
TUucKy. Tak, mpu HarpiBaHH1 pEYOBUHU

AU=Q,=nCAT 1 AH = Q, =nC,AT,

1€ 1 — KUIbKICTh MOJIb PEUOBUHU;

C, — MOJIbHA TEIJIOEMHICTh PEUOBHUHHM 332 YMOBHU CTAJIOCTI 00’ €MYy;
C, — MOJIbHA TEIUIOEMHICTh PEYOBHHU 33 YMOBH CTaJIOCTI THCKY.
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5.2 3axkon I'ecca

3akon I'ecca. 1lin yac XIMIYHUX NEPETBOPEHb BUBUIBHIOETHCS TIIBKUA YAaCTHUHA
€HEeprii, IKy MaloTh peuoBUHU. TemnoBuid eeKT peakilii — 1e 3MiHa eHeprii cucTeMu
IIpU MPOTIKaHHI XIMIYHO1 peakiii mpH 1300apHo-130TepmiuHoMy nporeci (Qp = AH).

J17151 130X0OpHO-130TepMIYHOTO TIpoliecy TerioBuid edpekt Qv = AU.

TemnoBi edexTu XiMIYHUX TpolieciB BuB4Yae mepmoximis. 1106 3abe3neuntu
MOXJIMBICTb TMOPIBHAHHS TEIUIOBUX €(EeKTIB pI3HUX peakliid, TepMOXIMIuHi
PO3paxXyHKU CIiJI pOOUTH BITHOCHO | MOJb PEUOBMHM 32 CTAHIAPTHUX YMOB.
TemnoBuii edexT peakuii, po3paxoBaHWW BIIHOCHO OJHOTO MOJIb CIIOJIYKH 3a
temmeparypu 298,15 K (25°C) i tmcky 101325TIa (1 aT™), Ha3HBAIOThH

CTaHJIAPTHUM TETUIOBUM edekToM AH ), .

VY TepmoxiMii mpouecu 3anucyroTh 3a JI0MOMOr0l0 TePpMOXiMiYHUX PiBHSIHb,
10 Ha BiAMIHY BiJ XIMIYHUX PIBHSHb JOTOBHEHI BKa3iBKaMH MpPO arperaTHi CTaHU
PEYOBHH 1 JaHUMHU TPo TemoBui edext peakuii AH. Bennuuny TernoBoro edexrty
3aMKMCYIOTh CIpaBa BiJl PIBHAHHS 13 3HAKOM «MIHYC», SKIIO peaklis eK30TepMIiuHa
(AH <0, a Q> 0), 131 3HaKOM «IUTIOC» — SKIIO eHgorepmiuHa (AH >0, a Q <0).
Hanpuxnan,

A1203(K) + 3SO3(F) = AIQ(SO4)3(K); AH = —753,31()1){(

CrangapTHa TemnoTa yrBopeHHs AH ([, (f — fomation) XiMi4HOi cnonykn — 1e

3MiHa eHTambIii (TeroBui edexT) y mpoueci yTBOpeHHS | MOJb i€l CHIOTYKU 3a
cTaHAapTHUX YMOB. CTaHIapTHI TEIUIOTH YTBOPEHHS B1IOMI JIsi 6aratb0X peuoBHUH.
OCHOBHHMMHU 3aKOHAMHU TEPMOXIMIT €:

— 3akoH A. JlaBya3be i II. Jlannaca, sxi goBenu, 110 menioma po3Kia0aHHs
OaHOI CHOJYKU HYUCENIbHO OOPIBHIOE MENIOMI il YMBOPeHHs, ale MAE NPOMULEHCHULL
3HAK,

— 3akoH I'.T'ecca, gxkuil JNEXUTb B OCHOBI TEPMOXIMIYHHMX PO3PAXYHKIB 1
(bOPMYITIOETECS TaK: Meniosull eghekm peakyii 3anrexcums milbKu 8i0 NOYAMKOBO20
ma KiHyes020 CMAHI8 GUXIOHUX peuosuH ma npooyKmie peaxyii i He 3aiedcumsv Gio
NPOMINCHUX CMAOill npoyecy.

3akoH ['ecca cmpaBemsMBUi JIMIIE 33 YMOB CTaJOTO TUCKY abo 00’eMmy.
Hacninku 13 3akony ['ecca maroTh 3MOry OOYHMCIIOBATH TEIUIOBI €(EKTH XIMIYHHMX
peaKIlii:

— cmaHoapmuuil mennosuil egexm peaxyii OOPIBHIOE CYMI CMAHOAPMHUX
menjiom YmeEOpPeHHs npooyKmié peaxyii 3 BGIOHIMAHHAM CYMU CHAHOAPMHUX
Meniom YmMEOPEeHHs BUXIOHUX pPeYyo8UH 3 YPAXYBAHHAM IX CmMexioMempuyHux
Koeghiyienmia:

AH = nAH . . (nponyxtn)— > nAH{ . . (Buximsi peu.),

7€ N; — CTEXIOMETPHUYHI KOe(II[I€EHTH PIBHSHHS PEaKIIii;
— CcmaHoapmuuil mennosull egexm peaxyii OOPIBHIOE CYMI CMAHOAPMHUX
meniom 320psHHA AH, uXiOHUX peuosun 3 GIOHIMAHHAM CYMU CMAHOAPMHUX
menyiom 320pAHHA NPOOYKMIB peakyii.
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5.3 Entponisi. Enepris I'i00ca Ta HanpsiMJIEHICTb NPOLECiB

binbuiicte mpoueciB  CYMPOBOJXKYETbCS Tepeayero eHeprii Ta 3MIHOIO
YIOPSIKOBAHOCTI YaCTUHOK y cucteMi. bynp sika cucremMa Hamaraetbcsl MepeuTu 3
MEHII HEBMOPSAKOBAHOTO CTaHy B OUIbLI HEBNOPSAKOBAHUN cTaH. KinbKicHoo
Mipoio Heenopsaokosanocmi cucmemu € ewmponis S. UaM OulbllIa €HTPOIis, TUM
BUILIMI CTYNiHb HEBHOPSIKOBAHOCTI JaHOi cuctemMu. Ha BiaMmiHy Big Apyrux
TepMOAUHAMIYHMX (PYyHKIIIM, aOCOMIOTHI 3HAYEHHS EHTPOINIi MOXXHA BHU3HAYUTH
€KCIIEPUMEHTAIbHO. YCKJIQJHEHHS MOJIEKYJ 3YMOBIIIOE 3pPOCTAHHS EHTPOIIIi.
Hanpuxian:

Sis(0) =161 oic / (mons- K); Sy (0,) =205 [Ioie | (monb - K); Sie (0y) = 239 [oie | (monw - K);

[lepexin cucteMu B CTHOH 3 MIHIMAQJIBbHOIO €HEPri€l0 MOXKJIMBHUM JHILIE TOJI, KOJIU
AS = 0. Y craHi piBHOBaru crnpaseaiuBa piBHICTb: AH = TAS

XIMIYHI TPOLECH XapaKTepU3YIOThCS CBOIMM TE€BHUMHU MOTEHIIaaMHu, SKi
3MEHIIYIOTbCSI B Ipoliecax, 1o BigOyBaroThCs camouyuHHO. I[loTeHuian, sSKuil €
PYLIIAHOIO CWJIOI XIMIYHUX MpoLeciB, 110 BinOyBaioTbes 3a ymoB P, T = const,
HA3MBalOTh 1300apHO-130TEPMIYHUM MOTEHIiIaIoM, abo eHeprieto ['106ca G.

3mina edeprii ['i066ca mig dac mepediry peakiii 3a yMOB CTaJOCTI THUCKY 1
tTemriepaTypu aAopiBHioe: AG = AH — TAS.

YMOBOIO  MPUHIMIIOBOTO  3[IMCHEHHS  Mpolecy, TOOTO  MOXIJIHMBOCTI
CaMOYMHHOTO Tepediry peakiii y mpsMomy HampsiMKy, € HepiBHICTh AG <0. Ile
O3Hayae, II0 3a YMOB CTaJOCTI TEeMIEpaTypu 1 TUCKY peakilisi BinOyBaeTbcs
CaMOYMHHO Yy OIK 3MeHIIeHHs eHeprii ['106ca.

3navenHs AS, AG peaxiiii 00YUCITIOIOTh 32 METOJIOM, aHAJIOTTYHUM METOIY

obuncnennst AH (Hacminok 13 3akony ['ecca). [lepebiry nporieciB cipusitoTh YMOBH:.

AH <0; AS>0; AG <0.
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Tema 6 XimiuHa KiHeTHKa I XIMIYHA piBHOBara

6.1 IloHATTHA NPO WBUAKICTH XiMIYHHMX peakuii

Poznin ximii, 1110 BUBYAE MIBUIKICTH MEPEOITy XIMIYHUX peaKiliii, HA3UBAETHCS
XIMIYHOI0 KIHEMUKOIO.

XiMiuHa KIHETHKa BUBYA€ K TOMOTEHHI, TaK 1 reTeporeHHi peakiii. 'omorenHi
peakilii Bi0yBarOThCS B OJHOPITHOMY CEPEAOBHII (TOMOT€HHIA CUCTEMI) B YChOMY
00’eMi cuctemu. ['ereporenHi peaxiii Bi1OyBalOThCS B HEOJHOPIAHOMY CEPEIOBHUIII
(reTeporeHHii CUCTEMi) — MDK pPEUOBHHAMH, sIKI MepeOyBaloTh y pPi3HHX (a3zax.
XiMi4Ha B3a€EMOJIIS y IIbOMY pa3i BiIOYBA€EThCSI HA MEXK1 PO3MOALTY (a3.

da3za — e YacTUHA CUCTEMH, SKA BIIOKpeMJIeHa BIJ IHIIUX 1i YaCTUH
MOBEPXHEIO TMOAULY, B pa3l Mepexoqy uepe3 5Ky BIACTHUBOCTI 3MIHIOIOTHCS
CTpUOKOIOA10HO.

VY 3aragbHOMY pO3yMIHHI IIBUJIKICTh PEaKIlii BIAMOBIAAE YUCIY €JIeMEHTapHUX
aKTIB B3a€MOJI11, 110 B1IOYBAIOTHCS 3a OJUHUIIIO Yacy: JJIsi TOMOT€HHUX PeakIii — B
OJIMHULIL 00’ €My, JJI FeTEPOreHHUX — Ha OJJMHUIII TUIOLII TOBEPXHI oAty ¢a3.

HIBUIKICTH peakilli XapaKTepHU3yeThCsl 3MIHOIO MOJISIPHOI KOHIIEHTpalii 0yib-
SIKO1 3 BUX1IHUX PEYOBUH a00 KIHIIEBUX MPOAYKTIB peaKilii 3a OJAMHUITIO Yacy.
J1J1si TOMOTe€HHOT peakIlii MBUAKICTh MOXKHA 3allUCATU TaK:
dc . . o
V= id— (MUTTEBA MIBUAKICTH peakiiii, TOOTO MIBHIKICTh peakilii B JaHUN
T
MOMEHT 4acy);

c, —¢ c .
V=t2—"1=4— [yom/(irc)] - CepelHs MBUKICTD,
T, — T, At

ne V — MBUAKICTh PEaKIIii;
c1 1 ¢; — MOJSpHI KOHUEHTpalli OJHIET 3 pearylouux PEvYOBHH Yy pI3HI
MOMEHTH 4acy T; 1 T, BIAMOBIIHO.

3HaKu «+» 1 «—» BKa3yloTh, 3@ SKOI 3 PEUOBUH BHU3HAYAIOTH IIBUAKICTH
peaxiii: SIKIIo 3a BUXIIHOIO — 3HAK «—» (KOHIIEHTpallid BUXIIHUX PEUOBUH MiJ Yac
nepediry peaxuii 3MeHIyeTbesi, Ac < 0, a IMBUAKICTD 3aBXK/IM BEJIMYMHA MO3UTHBHA),
AKIIO 32 KIHIIEBOIO — 3HAK «1».

HIBUIKICTh XIMIYHOI peakiii 3aJeXUTh Bl MPUPOAM PEAryrouux pPEuOBUH,
iXHBOT KOHIIEHTpallli, TeMIlepaTypu, a TaKOX B MNPUCYTHOCTI Kamanizamopa
(peuoBHHA, sIKa MPUCKOPIOE PEakKIlilo, a cama MpU I[bOMY HE 3MIHIOEThCS), abo
in2ioimopa (pe4oBUHA, SIKA CTIOBUIHHIOE PEAKIIIIO).

6.2 3ajiexkHiCcTh IIBHAKOCTI XiMIYHOI peakiil Bil KOHIeHTpAaIil
pearylo4ux pe4oBHH, TeMIepaTypH, HAABHOCTI KaTaJli3aTopiB
3aJIeKHICTh IIBMJIKOCTI XIMIYHOI peakiii BiJi KOHLEHTpalli pearyruux

pPEUYOBUH BU3HayaeThcs 3akoHoM nii Mac (3axkoH K. M. I'ympnGepra 1 II. Baare):
weuoKicms XiMiuHOI peakyii 3a cmanoi memnepamypu npsamo nponopyitna 000ymky
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KOHYeHmpayii peazyodux peuyosuH Yy CHMYNEeHAX, WO OOPIGHIOIOMb  IXHIM
cmexiomempuyHuM Koe@iyiecHmanm.
Jns peakii aA + bB — ¢C + dD 3akoH nii Mac MOXKHa 3alTUCaTy TaK:

V=k[AT[B].

e [A], [B] — MonsipHi KOHIIEHTpaIlii peuoBuH A 1 B;
a, b — crexiomeTpuuHi KoeilieHTH;
k — xoedilieHT TPOMOPIIKHOCTI, [0 HA3UBAIOTh KOHCTAHTOKO MIBUIKOCTI
peakiii.

Koncranta mBuakocTi peakmii (k)  BiINOBiJae MIBUAKOCTI peakiii 3a
KOHIIEHTpAI[lll pearyounx pedyoBHH, 110 JOPIBHIOIOTH 1MOib/1. BoHa 3amexuTs Bin
MPUPOAM pearyrounx peuoBHH 1 TEMIIEPATyPH.

JUisi TeTeporeHHUX peakiii y BuUpa3l MIBUAKOCTI KOHIIEHTpAlis TBEPAUX
PEYOBHUH HE BXOAUT.

Hanpuxman, nns peakmii C(TB) + Oz(r) = COZ(F)

V=k[O,]

XiMiYyHa KIHETHKA KOPUCTYETHCS TaKUMU MOHSITTSIMH, SK MOJEKYISPHICTH 1
MOPSIIOK peakilid. MonexynsapHicmes peaxiliii BU3HAYAIOTh KUIBKICTIO MOJIEKYJ, IO
OepyTh ydacTb B €JIEMEHTapHOMY aKTi XIMI4uHOi peakuii. MoHOMOJIEKYIspHI
peaxiii — peakuii po3Kiaay, HapUKIad, po3KJiag MOJIEKYJIU KOy Ha aTOMU:

L,=1+1.
Komm > npoxomkeHHs peakilii BU3HAYa€ThCsl B3AEMOJIIEIO IBOX MOJIEKYJI pearyouux
PEYOBHH, TO TaKa PEAKIis HA3UBAETHCSA OIMOJIEKYISPHOIO:
I,+H,=2HI .

3ne0utbIIoro 0yBaroTh MOHOMOJIEKYJISIPHI, O1IMOJIEKYJISIPHI Ta TPUMOJIEKYJISAPHI
peakuii. OCKUIbKHM OJJHOYACHE 3ITKHEHHS BEJIMKOI KIJIbKOCTI MOJIEKYJI MaJIOMMOBIpHE,
TO peakiii, B AKUX Oepe ydacTb OUIbIIE TPHhOX MOJIEKYJ pearylouux pEYOBHH,

BIIOYBalOTbCA uepe3 Kibka cTaaid. ToMy mpakTHYHO Hema peakuiid 3 BHILOIO
MOJIEKYJISIPHICTIO, HIXK TPH.

[lopsok peakiii BU3HA4YalOTh CYMOIO MOKA3HHMKIB CTYNEHIB KOHIIEHTpALid y
BHpa3l 3aKOHY Altounx Mac. OTxe, MOPSAOK 1 MOJEKYJSAPHICTh peakilii He 3aBXKIu
301raroThCsl.

3 MiIBMILEHHAM TEMIIEpAaTypU WIBUIKICTh XIMIYHMX PpEaKIId 3/1e0LThIIOro
3poctae. 3riqHo 3 npasunom Baum-Iogpgha: npu niosuwenni memnepamypu
cucmemu Ha xodicHi 10 epadycie weuokicmo Oinvuocmi peakyiii 3pocmac 8 2-4 pasu.:

V, bt
2 = 10
V

t

1
e Vtz " th — MIBUAKOCTI peaKilii BIAMOBIIHO 10 TTOYATKOBOI #; 1 KIHIIEBOT £,
TeMIeparypax;

v =2 +4 — TemnepatypHuil KoeQilieHT MBUAKOCTI peaKIlii.
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[IpaBuno Baut-I'odhda — emmipuuHe mnpaBuiio, sKe JO3BOJISIE B TEPIIOMY
HAaOJMKEHH1 OLIHUTH BIUIMB TEMIEpAaTypyd Ha MIBUJKICTh MPOTIKAHHA XIMIYHOI
peaxiiii B HeBeJIMKOMY TemmeparypHoMy iHTepBani (3a3Buyait Big 0 °C mo 100 °C).
Bono Mae oOMmexeny oOnacte 3actocyBaHHs. bararo peakumiii Homy He
MIAKOPSIIOTHCA, HAIPUKIIA, peaKilii, 10 BiA0YBalOThCS MPU BUCOKHUX TeMIEpaTypax,
Ay’Xke IBUAKI Ta ayxe mnoBuibHI peakiii. IlpaBuny Baut-I'odpda Ttakox He
MIAKOPSIIOTHCA Peakilii, B SKUX OepyTh Y4acTh BEJIMKI MOJICKYJIU, HAPUKIIA] OUTKHU B
010JIOTIYHUX cUcTeMaX. TemmepaTypHy 3alIeKHICTh IIBUAKOCTI peakiii OuIbIl
KOPEKTHO OMNHCY€ pIBHSAHHSA AppeHiyca ( BCTAaHOBIIOE 3aJ€KHICTh KOHCTAHTU
IMIBUAKOCTI XiMiuHOi peakii &k Big remneparypu T):

b= Ao F/RT

b
1e 4 — NepeIeKCIOHCHIIIMHUN MHOKHUK: A= Z - F .

Heo0xiqHo10 yMOBOIO NPOTIKAHHS PEaKIlii € 3ITKHEHHS IBOX MOJIEKYJI:

Z —(akTop 3iTKHEHb (CHIByAapsHb), MPOMOPLIHHUI  HMOBIPHOCTI
3ITKHEHHS JBOX YaCTHMHOK B OJMHUIII 00’ €MY 3a OJMHUIIIO YaCY;

P — cTepuuHuil (MpocTOpoBUil) (hakTOp, MPOMOPIIHHUN HMOBIPHOCTI TOTO,
[0 B MOMEHT 3ITKHEHHS YacCTUHKH OYyIyTh MaTH ONTUMAalbHY IS MPOTIKAHHS
peakIlii B3a€EMHY ITPOCTOPOBY OpPi€HTAILi10;

% — eHepria axTHBALii — MiHIMaIbHA HAIJIMIIKOBA €HEPris, MOPIBHAHO i3
CEPEIHbOIO EHEPriEr0 MOJIEKYJ, IO HEOOX1IHA JIJIs MPOTIKaHHs mpouecy. Bona
HeoOXigHa s OcnabJIeHHS XIMIYHUX 3B’S3KIB Yy MOJIEKYJAaX BUXIIHHUX
PEYOBHUH 1 17151 MOAOJAHHS BIAIITOBXYBAHHS MIXK €JIEKTPOHAMHM IpU 30JIMKEHH1
MOJIEKYJ peareHTiB. UuM OuibIlia €Hepris akTuBallli, THM MEHIIIa MIBUIKICTb

peakuii. Mounekynu, eHepris skux OuIplIa 4yu piBHa £E,, Ha3UBalOTh

akmugHumy. 3 nioBUWEHHAM — memMnepamypu po3noaAll  MOJIEKyl  3a
HIBUAKOCTSIMU 3MIHIOETHCS TaK, WO 4ACMKA AKMUBHUX MOJIEKY]l 3pOCmae, a
3HAYUMb 3POCMAE | WBUOKICMb PeaKyii.

BruinB THCKY Ha HIBHAKICTH XiMiYHOI peakuil

Tuck BIIKMBae Ha MIBUIKICTh TUIBKK TUX PEAKIIH, SK1 MepediraloTh B ra3oBiii
¢da3i. 30UIbIICHHS THUCKY MPU3BOAUTH 10 30UIBIIEHHS KOHIIGHTpallli, a OTXe, 1
HIBUIAKOCTI peaKilii.
3aje:kHiCTh IIBUAKOCTI XiMIYHOI peakuii Bil kaTaaizaTropis

Kamanizamopu — 11e pe4yoBUHH, 1110 HE BUTPAYAIOTHCS B PE3yJIbTATl peakilii,
asie 30UTbLIYIOTh ii IIBUAKICTb.

Karanizatropu KuIbKICHO 1 SIKICHO HE 3MIHIOIOTHCSI B XO/I1 peaKIlii, ajie MOXYTh
3MIHIOBaTUCh (I3MYHO. BOHM 3MEHIIYIOTh €HEprilo axkTUBalii, THUM CaMHM
3MIHIOIOTh MEXaHI3M peakiii (BOHa MNPOTIKAE€ MO-IHIIOMY, E€HEPreTUYHO OUIbII
BUTIAHUM HUIIX0oM). Ha craH piBHOBaru kaTajii3aTOpd HE BIUIMBAIOTh, OCKUIBKU B
OJIHAKOBIM Mipi MPUCKOPIOIOTH SIK MPSIMY, TaK 1 3BOPOTHY PEAKIII.
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PeuoBrHM, 110 CHOBUIBHIOIOTH XIMIUHI pEakilli, Ha3WBAIOTKLCS iH2iOimopamu
(inhibere —ranbMyBaTH) abo cmabinizamopamu. PedoBUHM, $KI 3HIDKYIOTH a0o
MOBHICTIO 3HUINYIOTh AaKTUBHICTh KaTali3aTopa, Ha3UBAIOThCS KaTaITUYHUMU
OTpYyTaMH, a pEYOBHMHH, 1110 MIABUILYIOTh aKTUBHICTh KaTaii3aTopa — HpOMOmopamu.

Bbionoriuni karanizaTopu Ha3UBAIOTHCS (hepmeHmamu.

Po3pi3HAIOTH TOMOr€HHUM 1 TeTEepPOreHHUH KaTami3. JSIKIo KaramizaTtop
nepedyBae B OfHIA (a3l 13 pearyro4MMH pPEUYOBUHAMH, TO KAMAji3 Ha3UBAETHCS
2omoeeHHuM (nam. homos — ooHakoguil), a SIKIIO B PI3HUX — 2emepoceHHuUM (am.
heteros — iHwuii).

6.3 XimiuHa piBHOBara

XiMiyH1 peakiii OyBalOTh HE0O0OpOoTHI ¥ oOopotHi. HeobopoTHi peakirii
BiIOYBalOThCA A0 KiHIA (TIPOAYKTH, IO YTBOPIOIOTHCSA, BUBOAATHCA 31 chepu
peakIlii — BUNAAAIOTh y BUIVIAAL OcCaZy, BUAUIAIOTHCA Y BUIJIAAL Taasy,
YTBOPIOIOTHCS MAJIOIMCOITII0I0Y] CITOJIYKY, HAITPUKJIA/ BOJA):

NaCl + AgNO, — NaNO, + AgCI
Na,CO, +2HCI — 2NaCl + H,0+CO, T,
HCIl+ NaOH — NaCl+ H,O.

OO6opoTHi peakiii Bi1OyBalOThCS HE 0 KIHII, IPU IIOMY OJHA 3 pearyrunx
PEUYOBHUH HE BUTPAYaA€ThCS MOBHICTIO. OOOPOTHI peakiii MOXKYTh BiIOyBaTuCA SIK Y
npsMoMy (37iBa HampaBo), TaK i B 3BOPOTHOMY (CrpaBa HaNiBO) HampsMKax 1
3aKiHUYIOThCSA BCTAHOBJIEHHSM XiMiUYHOI PIBHOBAaru — Takoro CTaHy CUCTEMU
pearylouynx peduoBUH, 3a IKOTO IIBU/IKOCTI IPSAMOI Ta 3BOPOTHOI peakIliil CTaloTh
OJTHAKOBI.

aA +bB 5 cC + dD (o6opoTHa peaxitist)
aA +bB — cC + dD (npsima peaxiiis)
cC + dD — aA + bB (3BopoTHa peaxiiis)
Vip. = kip[AF'[B’; Vi, = ki [C][D]".
KinbKiCHOIO XapaKTepUCTUKOIO XIMIYHOI PIBHOBAry € ii KOHCTaHTA.
Jliist o6opoTHOT peaknii  aA +bB S ¢cC +dD
Vip. = kup [AI'[BI°, Vi = ki [CIDI%, 7, =V,

362
c d
ok _[CT[D]
k. [AT[B]

ne K — KoHCTaHTa XIMIYHOT pIBHOBAry;

[A], [B], [C], [D] — piBHOBa)xHI KOHIIEHTpallii (KOHIEHTpallii, II10
BCTAHOBJIIOIOTHCS B CTaH1 XIMIYHOI pIBHOBAaru) KOMIOHEHTIB.

JUisi TeTeporeHHUX peakuid 10 BUpa3y KOHCTAHTH PIBHOBarM BXOISATH
KOHIEHTpaIlli TUIbKM TUX PEYOBHH, sIKI MepeOyBaloTh y Ta3oBiid a0o piakid ¢asi.
KoHcranTa XiMi4uHOT pIBHOBAarM BHU3Haya€e TIIMOMHY Mepediry mpouecy Ha MOMEHT
JOCSITHEHHSI CTaHy PIBHOBArH.

TOMY
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Cran XxiMi4HO1 piBHOBaru MO’KHa 3MICTUTH B TOW abo iHIIMI O1K 3MIHOIO
30BHIIIHIX YMOB: TeMIIepaTypu, TUCKY, KOHIICHTpAIlli peuOBHH, 110 OEPyTh y4acTh y
peakiii. Ili 3MiHM BHU3HAYAIOTHCS MPUHIIMIIOM JUHAMIYHOI PIBHOBAaru — MPUHIIUIIOM
Jle laTenwe: 308HiwHA il HA PIBHOBAJICHY CUCMEMY 3MIWYE PIBHOBALY 8 HANPAMI
ocnabnenns egpexmy yiei Oii. 13 npunnumy Jle IllaTenbe BumnauBae:

1. Tlpu 36invwenni xkomyenmpayii OAHIET 3 pearyOYMX pPEYOBHH pIBHOBAra
3MINIY€EThCS Y OIK BUTpPayaHHs Ii€] PEUOBUHH, a MPU 3MEHUIeHHI KOHYeHMpayii — y
01K i1 yTBOpEHHS;

2. 3MiHa THUCKY 3MIIIy€E PIBHOBArYy TUIbKH B Ta30BUX CUCTEMaXx. 31 30L1bUEeHHAM
mucky piBHOBara 3MIIIYeTbCS y OIK 3MEHIIEHHS 00’eMy (KUIBKOCTI) ra3omomiOHuX
PEUYOBMH, i3 3MeHWEeHHAM mucky — y Olk 30ulblieHHs 00’eMy (KUIBKOCTI)
ra3onoAiOHUX pPeYoBUH. SIKIO peakiliss MPOXOAWTh 0€3 3MIHM YHCcia MOJICKYI
ra3ornoAi0OHX peuOBHH, TO TUCK HE BIJIMBAE HA CTaH PIBHOBAru;

3. Ilig 4vac nidsuwenns memnepamypu piBHOBara 3MiIIyeTbCsa y OIK mepediry
EHIOTEPMIYHOI peakIlii, Mia Yac 3HudxceHHs memnepamypu — y OIK €K30TEpPMIYHOT
peakiii.

Tema 7 ®izuKo-xiMiuHI IpoHecH y poO34uHAX

7.1 Po3uuHn

7.1.1 3arajibHi ysIBJI€HHS PO AUCHEPCHI CUCTEMH

Bci po3unHu BigHOCATBCA 10 AucrnepcHUX cucrteM. Cuctema, B sKiid ogHa 3
PEUYOBHUH Yy BUIJISAl AYyKe OpIOHMX YACTUHOK PIBHOMIPHO pO3MOALIEHA B 00’e€Mi
1HILIO1, Ha3UBAETHCA ducnepcHoro. Ilpu 1boMy PO3PI3HAIOTH ABA MOHSATTS: TUCIIEPCHA
daza Tta gucnepciiiHe cepenosuie. /ucnepcna ¢paza — e gucneproBaHa
(moxgpiObHeHa) pedoBUHa, TOOTO Ta YaCTHHA JAMCIEPCHOI CUCTEMH, KA PIBHOMIPHO
posmnozauieHa B 00’ eMi iHmoi. CepenoBuiie, B SKOMY po3MojiijieHa nucrnepcHa ¢asa,
HA3UBAETHCS Oucnepcitnum cepedosuuiem. Po3unH 1ykpy y BoAl — i€ JAMCHEpPCHA
cuctemMa, B SKIH IyKOp € JAucnepcHol (a3oro, a Bojga — JUCHEPCIHHUM
CEpelIOBULIEM.

3a cTymeHeM JUCHEpPCHOCTI (CTymeHeM TNOoJApIOHEHHS PEYoBHUHU), TOOTO
3aJIeKHO BiJ JIIHIMHUX PO3MIpPIB YAaCTHMHOK JHUCIEpPCHOI (a3u, JUCHEPCHI CUCTEMU
MOAUIAIOTh Ha 2pybooucnepcHi, B SKUX YaCTUHKHA MAarOTh PO3Mip Oumbine 107 M,
MOHKOOICnepcHi (MiKpozcemepozenHi) 3 PO3MIPOM YacTHHOK Bim 107 g0 107 M,
KOJIOITHOAUCTIEPCHI (yJIBTPaMiKpOTeTepOreHHi) 3 YacTUHKaMU po3MipoM Bim 107
10 107 M.

Jlo rpy0oaucnepcHuX CUCTEM HajlexXaThb cycrneHsii 1 emynbcii. Cycnensia — e
cuctemMa, B SKId jaucrepcHol0 (a3ol € TBEpAa pPEUOBHMHA, a JUCHEPCIHHUM
CepelloBUIIEM — piAMHA (CYCIEH31s KpeWau, sika YTBOPIOEThCS NpH 300BTYBaHHI
CaCO,3 BON010). EMynwcia — 1ie nucriepcHa cucTeMma, B sk 1 nucnepcHa ¢dasa, 1
AUCTIEpCiiiHE CepeIOBUIE — PIAMHM, IO € TPAKTHYHO B3a€EMHO HEPO3YMHHUMU
(emynbcist  OeHzony y Boai). Ilpum  BIACTOIOBaHHI €MYNbCIA  PO3AUIAETHCS
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(po31IapoBy€ThCSI) Ha CKJIQJ0BI YacTUHHU: JucnepcHy a3y 1 JucnepciiiHe
cepenoBuuie. s Toro, mo0 3amoOirTd po3MIapOBYBAHHIO €MYIbCii, TOOTO
CTaOUTI3yBaTH iX, B €MYJIbCIi I0AaI0Th PEUOBUHU — emyabveamopu. OTxe, CyCleH3ii
Ta eMYJIbCIl — 1€ HECTINKI CUCTEMH, K1 PO3IIAPOBYIOTHCS MiJ] AIEI0 CUJI TpaBITaLlii.

B komoigHMX po3uMHAxX po3Mip IUCIEPrOBaHMX YACTUHOK KOJMUBAETHCA B
Mexxkax 1 — 100 HM, TOMy iX MOXKHa TMO0QYUTH JIMIIE 33 JOMOMOTOIO
yIBTPAMIKpOCKOIIa 200 eIeKTPOHHOTO MIKPOCKOTIA.

7.1.2 XapakTepucTuKa po34uHiB. Pizu4Ha i XiMiuHa Teopis po34MHIB.
IIpouec ix yrBopeHHs

Sxio peuoBuHa (aucriepcHa ¢aza) IUCIEProBaHa J0 PO3MIPIB MOJICKYJT abo
HOHIB (pO3MIp YaCTMHOK MEHIIE HDK | HM), TO YTBOPIOETHCS TOMOT€HHA CHCTEMA —
icmunnuil po3uun, abo TNPOCTO po3yun. Y Po3UMHAX MIK JUCHEPrOBAHHOIO
PEYOBHUHOIO 1 JUCTIEPCIHHUM cepeIOBUILEM (PO3UMHHUKOM) HEMAE MOBEPXHI PO3ALTY
1 TOMY PO34YUH € TOMOT€HHOIO CUCTEMOI0. BiJICYTHICTh MOBEPXHI PO3JILTY 3YMOBIIIOE
TaKOX BHCOKY CTIHKICTb pPO3YMHIB, YOr0 HE MOXKHa CKa3aTH MpPO TE€TEepPOreHHI
CUCTEMH, B AKUX € IOBEpXHS po3auly. Bmpomorx TpuBasoro 4acy po3dvMHU HeE
PO3AUIAIOTHCS HA CKIIAJJOB1 KOMIIOHEHTH.

TakuM 4UHOM, PO3UUH — 20MO2eHHA MEPMOOUHAMIUHA CMITIKA CUCMeMAa 3MIHHO20
CK1a0y, AKaA CKIA0AEMbCa 3 080X 00 OLbUIO20 YUCIA KOMNOHEHMIE.

3aJie)KHO BIJ] arperaTHOro CTaHy pO3YMHEHOI PEYOBMHM 1 pPO3UYMHHUKA
(nucniepciiHOTO CepeloBUIIa) PO3UYMHU OYBalOTh ra30mo/110H1, TBEP/1 Ta PIIKI.
T'a30n00i6ni po3uunu — 11e CyMIllli ra3iB.

["'omorenHi meepoi po3uunu MOXYyTh YTBOPIOBATH COJI1, METAJIK a00 OKCHU/IH.

Pioxi po3uunu yTBOPIOIOTHCS TPU PO3UYMHEHHI ra3onoi0OHUX, PIIKUX ab0 TBEPAUX
PEUYOBHH B PIAKOMY JIHUCIEPCIHHOMY cepefoBHINi (po3urHHMKY). el Tun po3uunHiB,
Kl HajeXaThb JO0 PIAKUX OAHO(PA3HUX CHUCTEM, € HAWBaXKIUBINIMMHU, OCKIIBKH
OUTBIIICTh O10JIOTTYHMX, T€OJOTTYHUX 1 XIMIYHHMX MPOLECIB BIIOYBAETHCS 33 YUACTIO
PIAKKMX po3uuHIB. PO34MH CKJIaJaeTbcs 3 PO3UYMHEHOI PEYOBHMHHM 1 PO3YMHHHUKA.
3a3Buyail pO3YMHHUKOM BBAXKA€THCS TOW KOMIIOHEHT, SIKHH B YMCTOMY BUIJISI/I1 ICHYE
B TOMY X arperaTHOMy CTaHi, 110 1 OTpuMaHuil po3urH. Hanmpuknaz, y pa3i BOJIHOTO
PO3YMHY COJIl, PO3UMHHUKOM € BoJa. Ko oOuiBa KOMIIOHEHTH IO PO3UMHEHHS
3HAXOJUJIUCA B OJHAKOBOMY arperaTHOMy CTaHl, TO PO3YMHHUKOM BBa)KA€THCSA
KOMITOHEHT, KUTBKICTh SIKOTO TIEPEBAXKAE.

QDi3uKo — XiMIYHA Meopis PpO3UUHIE.

Panime po3unH po3risaaiy sk MeXaHI4YHy CyMII, MK KOMIIOHEHTaMU K01 He
ICHyBaJIO  HISKOI  XIMIYHOT  B3a€MOAII. ®dizuyHa  Teopii  PO3UHUHIB,
OCHOBOIIOJIOKHUKaMU K01 Oynu BimoMmi pizukoximiku A. Baut-T'ohd 1 C. Appeniyc,
pO3IJIsAJIae MPOLIEC PO3UYMHEHHS SIK MPOCTUH PO3MOAUT OAHIET PEUOBHMHH y BChOMY
00’eMi 1HIIOL. 3a (PI3UYHOIO TEOPIEIO POIUYMHHUK — 1€ 1HAIPEPEHTHE CepeOBHILE, B
SAKOMY XaOTUYHO PO3IMOAUICH] YACTUHKH PO3YUHEHOT pEYOBUHHU.

3rigHo 3 XIMIYHOIO TEOpI€I0 pO3uuHIB, po3podiieHoi /. I. MenneneeBum, Mix
KOMITIOHEHTaMU PO3YMHY 3[1HCHIOETHCS XIMIYHA B3a€EMOJISI.
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VY cBoix mpamgx . [. MenaeneeB mokaszaB, 110 B PO3YMHI € CIOJYKH, SIKi
YTBOPIOIOTHCS 3aBASKH B3a€MOJIT MOJIEKYJ PO3YMHEHOI PEYOBMHHM 1 PO3YMHHHUKA.
Taki cnojlyku Ha3UBaIOTHCS conbeamamu (Ziopamamu), a MPoIeC iX YTBOPEHHS B
pe3yiabTaTi B3a€EMOJII KOMIIOHEHTIB PO3YUHY — cojibeamauicto (2iopamauicio).
TepMin «rigpaTti» 1 «rigpaTaiis» 3aCTOCOBYIOTh, KOJIU PO3YMHHUKOM € BOJA.

IcnyBanHs conbBaTiB (TiApaTiB) B PO3UMHI HIATBEPIKYETHCS BHUAUICHHAM
CHOJIYK 13 PO3YUHIB y BUTJIAI1 KPUCTAIOCOIbBATIB 00 KpUCTaloriaparis. Tak, sSKIIO
PO3YMHUTU y BOJ1 Oe3BoaHI coii, Hanmpukianx CuSO, NaSO4 TO MOTIM 3 PO3YHHY
BOHM BUIUIAIOTBCS Yy  BUIJSAAL  KpuctanoriapatiB  ckiany: CuSO4-5H,0,
Na,SO4-10H,0O. IlomiOHMM 4YMHOM HOBOAATH Ce0e€ OUIBLIICT, COJIEW 1 JIesKl
MPEJICTAaBHUKHU 1HIIUX KJIACIB HEOPTraHIYHUX CIONYK. 3 HEBOAHUX POIUYMHHUKIB TAKOXK
MOkHa J00yTH KpucTanoconbBaTu. Hampuknan, CaCl, 3 MeTUJIOBUM CHUPTOM
ytBOproe conbBaT CaCl,-6CH;OH.

[Ipo yTBOpeHHS CONBBATIB MOXKHA CIOCTEPIraTv 3a 30BHINIHIMHU 3MIHAMH, SKi
BII0YBAIOTHCA 3 PO3UYMHAMU, HAMPUKIIAJ, 32 3MIHOIO KOJILOPY PO3uMHY. Po3unHeHHs
6e3BosiHoi 61101 coni CuSO4 CynmpoOBOKYETHCS TOSIBOIO IHTEHCUBHOT'O OJIAKUTHOTO
3a0apBIICHHS 32 paxyHOK yTBOpeHHs kpuctanorigpaty CuSO,4-5H,0.

TakuM 4MHOM, PO3YMHEHHS — 1€ CKJIAJHHUM (PI3UKO-XIMIYHUN Mpolec, KU MOXKe
CYNPOBOJI)KYBAaTUCA TEIJIOBUMU e(eKTaMu, 3MIHOIO 3a0apBIEHHS, 3MIHOIO 00’ eMy.

[Ipy po3uMHEHH! PIAKUX 1 TBEPAUX PEUYOBHH Yy BOJI BIAOYBarOThCSA JBa

MPOLIECHU
1. Po3puB 3B’3KiB MDK CTPYKTYPHUMH OJUHUISIMU PIIUH Ta KpPUCTAJIB
(enmorepmiunmii npouec, AH, >0 );

2. T'igparanis MoJieKysd, Ta MOHIB, TOOTO YTBOPEHHs 3B’3KiB (eK30TepMidHUIA
npouec, AH, <0).

3MiHa EeHTajJbIli MpPU PO3YUHEHHI OJHOTO MOJS PEUYOBUHHM HA3UBAETHCS
eHMabni€l0 PO3YUHEHHA 1€ PEYOBHHU B 1aHOMY PO3YMHHUKY (AHposq ) 1 TOpIBHIOE
anredpaiuHiii cymMi IUX MPOTHIICKHUX €HEPreTUYHUX e(DEeKTIB:

AHposq. = AH; + AH,.

3Hak TemnoBoro edexry posunHeHHS AH,.. 3aJI€KNTh BiJ| CHIBBIAHOIICHHSA
aOcomrorunx 3Hadens AH; 1 AH, . Sxmo |AH1 |> | AH2| PO3YMHEHHS
CYNPOBOJKYETbCSA NMOINIMHAHHAM Tema 1 AHpy > 0 — engoTrepmMivyHMi mpomec
(po3unnenns NH4CI y Boai). Akino | AH; | < | AH, | , PO3UMHEHHS CYIIPOBOIKYETHCS
BUALIEHHAM Temla 1 AHpe,y < 0 — ex3orepmiunnii npouec (pozunHeHHA HrSOy4 cou
y BO/I1).

[Ipu 3mimyBanHi 100 mn Boaum 31 100 Ma €TWJIOBOrO CHHMPTY 3aMICTh
ouikyBauux 200 mu po3umHy BuUXoAuTh Jume 180 mi, TOOTO B pe3ynbTarti
PO3UMHEHHS BiOYBa€TbCS 3MEHIIECHHS 00’eMy. SIBUIEe 3MEHLIEHHS 00’eMy MpH
3MIIIYBaHHI PIIMH BIIOMO IiJ] HA3BOIO «KOHTpakKiis». BOHO BHHHKAae 3a paxyHOK
B3a€MO/I11 KOMIIOHEHTIB, K1 3MIIITYIOThCS.

TakuM 4MHOM, ICHYBaHHS B pO3YMHAX 1 TBEPJOMY CTaHl COJbBATIB (TApPATIB),
TEIIOB1 €PEKTH, IO CYIPOBOKYIOTh IPOLIECH POIUMHEHHS, 3MEHILIEHHS 00’ €My IIpH
3MIIlyBaHHI pIOUMH CBiIYaTh MpPO T€, U0 MDK PO3YUHEHOI PEYOBHUHOIO 1
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PO3UMHHHUKOM ICHY€E B3aemoiia. CydacHa Teopiss po3UMHIB € 00’ €IHAHHIM (I3UYHOI 1
XIMI9HOT TEOPiii.

Cywmimi, B mpoiieci YTBOPEHHsS SIKUX BIACYTHI TEIJIOBI Ta 00’e€MHI e(deKTH,
T00T0 AH = 0 1AV = 0 Ha3uBalOThCA 1I€aIbHUMU po3uMHaMU. BriactuBocti
IealIbHUX PO3YMHIB, MOJIOHO BJIACTUBOCTAM PO3PLIKEHUX Ta30BUX CyMilled, He
3ajmexaTh Bl NPUPOAM PO3YMHEHOI PEYOBMHHM, a BHM3HAYAIOThCA JIMIIE il
KOHIIeHTpaIli€lo. [lo HUX 3aCTOCOBaHI 3aKOHH 1/1€alIbHUX Ta3iB, TOOTO (i3uyHa Teopis
po3unHiB. Jlo ie€anbHUX PO3YMHIB JyXe OJM3bKI po30aBieHl PO3UMHH. Y TaKUX
PO3UYMHAX YACTKU PO3UYMHEHOT PEUYOBMHU 3HAXOJATHCS HA BENUKIM BiACTaH1 OJHA BIA
OJIHOT 1 4Yepe3 1€ B3aEMOJIEI0 MDK YaCTUHKAMHU PO3UYMHEHOI PEYOBMHH MOKHA
3HEXTYBaTH, & PO3YUHHUK MPAKTUYHO HE 3MIHIOE CBOIX BJIACTUBOCTEH.

Po3unHM NOAUISAIOTh HAa HaACUYeHi, HeHacudeHi i nepecuyeni.

Hacuuenuii pozuun — 1e Takud pO3YUH, SKUA MOKE HEBU3HAYEHO JOBIO
3ajMIIaTUCS B PIBHOBA31 3 TBEPAOI (ha3010 PEYOBUHM, IO pO3UMHAETHCA. ToOTO B
HACMYEHOMY pPO3YHMHI BCTAHOBIIOETHCS PIBHOBAra MDK PEUYOBHHOIO B PO3UHMHI 1
pedoBUHOIO B ocaii. IIIBuAKICTh pO3UYMHEHHS PEYOBHHU JOPIBHIOE IMIBUAKOCTI HOro
KpHUCTaTi3alii.

Henacuuenuti po3uun — 11€¢ PO3YMH 3 MEHIIOK KOHIEHTPALIEID PO3YMHEHOI
PEUYOBUHM, HDK B HACHUYEHOMY po3uuHi. [lepecuuenuii po3uur MICTUTH OLIbIIE
PO3UYMHEHOI pEeUYOBMHU, HI’)K HACUUEHUM NpH AaHii TemmnepaTypi po3uul. Lle cucrema
TEPMOJIMHAMIYHO HecTiika. [lepecuyeHunil po3ynMH HE MOXKE CHIBICHYBATH 13 CBOEIO
TBEpAOI0 (a3010. SKIIO BHECTU O MEPECHUYEHOTO TOMOT€HHOTO PO3YMHY KPHUCTad
PO3YMHEHOT PEYOBUHHM, TO TTOYMHAETHCS MPOLIEC KPUCTANI3a1lll peYOBUHHU.

Miporo po3YMHHOCT] pEYOBMHU 32 MEBHUX YMOB € KOHIIEHTpALlid i1 HACHUYEHOT O
po3urHy. PO3UMHHICTD PI3HUX PEYOBHH Yy BO/I1 pi3Ha. BoHa 3a5eXuTh Bij MOJSPHOCTI
MOJIEKYJI, MPUCYTHOCT] IHIIUX PEYOBUH, TEeMIEpaTypH, TUCKY (aJis rasiB). Skiio y
100 r Boau po3uMHsIETbCS OUThII HIK 10 I peyoBHMHM, TO BBa)aroTh, IO PEUYOBHHA
n00pe po3unHEeHa, K0 MEHII Hik 1 T — Mallopo34ynHHa, a skmo MeHm Hix 0,01 T —
pPEUYOBHUHA MPAKTUYHO HEPOZYMHHA.

Ha npakTtuiii HeoOXiIHO BMITH TOTYBaTH PO3YMHHU Pi3HOT KOHIIEHTpalii, 3a
pe3ysibTaTaMH aHajli3y BUpa)XKaTH KOHIIEHTPAI[II0 PO3UMHY 1 MEPEeXOJUTH BiJl OJAHOIO
croco0y BUPaKEHHS KOHLEHTpalii OO0 I1HIIOr0, a TaK0X, 3HAIOUU PO3YUHHICTH
PEUYOBUHM B MEBHUX YMOBAX, OL[IHIOBATH MOXJIUBICTh ICHYBaHHS PO3YMHIB 3a7aHOT
KOHIEHTpaIlli 1 BUAUISTH PEYOBUHU 3 HAMMEHIIIMMH BTPAaTAMHU.

7.1.3 CnocoOun BHpaKeHHS KOHLUEHTPALil PO3YNHEHOI PeYOBUHH

Konyenmpayis poszuunenoi peuosunu (ne posuumy!) — ye eemuuuna, ujo
BUMIPIOEMBCSL KILKICMIO OO0 MACO PO3YUHEHOI peuOBUHU, KA MICIHUMbCA Y NeBHIl
maci yu 06’emi po3uuny abo po3duHHUKA.

KoHueHntpatiis — 1e BiIHOIIEHHS HE OJHOTUIIHMX BeJIWYUH. BinHomeHHs
OJTHOTUIHUX BEJIWYHMH, HANPHUKJIAJ], BIJHOIICHHS MAacH PO3YMHEHOI PEUYOBUHH 0
Macy pO34HMHY Ha3UBAETHCS YACTKOIO.

IcHyIOTH pi3HI CTOCOOM YHCEIBHOT'O BUPAXEHHS CKIIaly pO3YMHIB.
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MacoBa yacTka pe4yoBHHM B PO34MHi — (X) — 1€ BIHOIICHHS Macu
pPO34YMHEHOI pedoBUHU m(X), IO MICTUTBCS B PO3YMHI, IO 3arajbHOI MacH IbOTO
PO3YHHY M4y

o(X) =X 460 wx) =" 100%.
Mp-ny Mp-ny
OnuHULA BUMIpIOBaHHS BigHOCHA. JlOMyCKaeThCsl BUpaKaTH MAacoOBY YaCTKY
PEUYOBMHHU Y YacTKaX OJAMHUIN a0o0 BimcoTkax. ®(X), sika BHpaKeHA Yy BiJCOTKax
HA3MBAETHCS TaKOX BIJCOTKOBOIO (MPOLEHTHOIO) KOHLEHTPALIEID 1 JOPIBHIOE Maci
pedoBuHH (T), 110 MicTUThCS y 100 T po3unny.
Hanpuxmnan, o(NaCl)=5 % o3nadae, mo 100 T po3uuHy MICTUTBHCS 5 T PEUOBUHHU

NaCl195 r Bogu.

Mousipaa KoHUeHTpauisi pedoBUHU X y po3unHi — ¢(X) — KUIBKICTh MOJIb
PEUOBHHHM, MmO MicTHTBCS B 11 (a0 AM’) pPO3UMHY, BHPAXKAECTHCS Y MOJB/IL
MOJIB/IM’; JOPiBHIOE BiZHOLICHHIO KimbkocTi pedoBHHH 7(X), MO MICTHTBCA B
pO3uMHi, 10 00’ €My BOTr0 Po3UUHY (Vpy):

_nX)__ mX)
c(X)= 7 =7 X Vom (Mob/1).

Po3uuH, B 0JHOMY JIITp1 SKOTO MICTUTHCS OJMH MOJIb PO3YMHEHOI pEUOBUHU,
HA3MBAETHCS OJHOMOJISIDHUM 1 TMO3HadaeTbess sk 1M. Po3umH 3 MoisipHOIO
KOHIIeHTpalli€elo pedoBUHU 0,1 MOJB/1 HA3UBAETHCS NEUUMOISPHUM 1 MO3HAYAETHCS
sk 0,1M.

Hanpuknaa: 1M NaOH — onHoMousipHUNA pO34YMH HATPIN T1IAPOKCUIY;
0,1 M NaOH — genumosnisspHuit po34rH HATPI T1IPOKCUAY;
0,01 M NaOH — cantumomnsipHu#l pO34rH HATPii T1IPOKCUAY;
0,001 M NaOH — miniMoisipHHil pO3YUH HATPiM TIPOKCUIY.

JIJisi To3HA4YEeHHSI MOJIIPHOI KOHIIEHTpallli PeYOBUHU 1HOJII BUKOPUCTOBYIOTh
KBaJIpaTHI AY>KKH, B IKUX 3aMUCYETHCS (hopMysia BIAMOBIIHOT pEYOBUHHU.
Hanpuxnan: [CH;COOH] = 0,01 mons/i; [CO,] = 0,1 Mmons/m.

MonsipHa KOHUEHTpalisi eKBiBaJleHTa a00 HOpPMaJbHAa KOHLEHTpAalis

pe4oBUHH X y PO3UYMHI — c(l-X).
z

YV XiMii 1IUPOKO KOPUCTYIOTbCA TIOHATTSAM €KBiBaJieHTa Ta (akTopa
€KBIBaJEHTHOCTI.

ExBiBaeHTOM Ha3MBaIOTh peajbHy ab0 YMOBHY 4YacTKy pPEUOBHMHU X, sKa
MOXX€ TPUEAHYBATH, BHUBUIbHIOBaTH a00 OyTH OyAb-SIKUM IHIIUM YHHOM
€KBIBaJI€HTHA OJHOMY HOHY [igporeHy B JaHiil KUCIOTHO-OCHOBHIM peakiii abo
OJIHOMY €JIEKTPOHY B OKMCHO-BITHOBHIN peaKilii.

[1in yMOBHOIO YaCTKOIO PO3YMIIOTh SIK p€alIbHO ICHYIOU1 YACTUHKU (MOJIEKYJIH,
HOHU, €JICKTPOHM), TaK 1 JOJ1 TaKMX YaCTUHOK (Hampukiazn, 1/2 fiony) abo ix rpymnmu.
KibKiCTh p€UOBHUHU €KBIBAJICHTA € MOTb.

DaKTOp €KBIBAICHTHOCTI feis (X) — 1€ UMCIIO, SIKE TMO3HAYAE, sIKA JIOJIS PeabHO1
YaCTKM PEUYOBMHHM X €KBIBaJ€HTHAa OJHOMY HOHY ['iIporeHy B JaHiii KHCIOTHO-
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OCHOBHIM peakiii ado OJHOMY €JEKTPOHY B OKHCHO-BIIHOBHIN peakiiii. dakxTop
€KBIBaJIEHTHOCT1 PO3PAXOBYIOTh Ha OCHOBI CTEX10METPIi AaHOT peakilii.

fexs(X) = 1/z, ne z — OCHOBHICTh KHCJIOTH a00 KHUCIOTHICTH OCHOBHM JIaHOI
KHCIIOTHO-OCHOBHOI peakilii, a00 KUIbKICTh €JIEKTPOHIB, 110 OepyTh ydacThb y JaHii

OKHUCIIIOBaJIbHO—BIIHOBHIM peakiii. MonsipHa Maca eKBIBaJIEHTa pPEYOBHHU X
1 . . .

(M (=-X)) BuUMIpIOETECSA OOYTKOM (akTopa €KBIBAJICHTHOCTI HAa MOJISIPHY Macy
z

peuoBUHU X:
M(LX) = fua(X)- M) =L M(X).

OnuHuIll BUMIPIOBaHHS MOJISIPHOT Macu €KBIBaJICHTa — I/MOJIb.
Monsapna KonHuyenmpauyia exgieanenma (HOPpMAIbHA KOHUEHMPAYIL)—

1 o : : :
¢(=-X)— KiIbKiCTh MOJb €KBIBaJICHTIB PEUOBHHH, IO MicTHThCS B 1 11 (abo am’)
z
3 . . . .
PO34YUHY, BUPAKAETHCS Y MOJIb/JI, MOJIb/IM”; JTOPIBHIOE BIAHOIICHHIO KUTBKOCTI MOJIb

€KBIBaJICHTIB n(l-X) y po34HHi 10 00’ €My 1BOT0 pO34uHY (Vpuy):
z

c(% - X)=—~2— (MoIb/M).

Vp-Hy

MomnsipHa KOHIIEHTpaIlis 1 MOJISIpHA KOHIIEHTpallisl €KBiBaJeHTa MOB’s3aH1
CIIBBIHOIICHHSIM:

c(%-X) =z-c(X).

MouisipHy KOHIIEHTpAIlil0 €KBIBAaJEHTAa BUPAXAIOTh Y MOJIB/JI 1 MO3HAYAIOThH
mitepoto «H». OcHoBHa nepesara nux (0,1 u; 0,01 H 1 T.4.) pO3UUHIB MOJATAE B TOMY,
10 PO3YMHU OJJHAKOBOI KOHIEHTpAIIll pearyroTh M co00I0 B OJHAKOBUX 00’ €MHHUX
cniBBinHOomeHHAX. Tak, ansg HeWrpamizauii 11 1 H po3urHYy XJIOPUAHOI KHUCIOTU
noTpibHO TOYHO 17 1H pO3uUMHY HATpid TIAPOKCHUIY, OCKUIBKM KOXEH 13 ILHX
PO3YMHIB MICTUTh IO OJJHOMY €KBIBAJIEHTY PEYOBUHU B 1 1.

3p0o3yMUIO, IO YUM OUIBII KOHIEHTPOBAHMM PO3UYMH MM MAEMO, THM Y
MEHIIOMY 00’ €M1 HOro MECTUMEThCS TaKa caMe KUIbKICTh PO3YMHEHOI pEYOBUHH, SIK 1
B MEBHOMY 00’eMi OUIbII po30aBieHOro po3unHy. OTxe, MK 00’€MOM PO3YHHY 1
HOro MOJSPHOIO KOHIIEHTPAIIEI0 €KBIBaJeHTa ICHYe OOEpHEHO MpomnopiiiHa
3aJIeKHICTh:

Vi ¢
—L==2a6o ¢V =cV,.
V 1 1 2 2
2 c]
3a 1i€10 3aJeXHICTI0O MOKHA HE TUIBKM OOYMCIIOBATH 00’€MH PO3YUHIB, SIK1
HEOOX1H1 JUIsl TPOBEICHHS peakiiii, a i 3a 00’eMaMu PO3YMHIB, 110 OEPYTh y4acTh y

peakIlii, 3HaXOUTH TXH1 KOHIICHTpAIlii.
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MoJisiibHICTH PO3YMHEHOI pe4OBUHHU B po34MHi — H(X/Y) — KUIBKICTh MOJIb
pedyoBuHH X, 1m0 MicTUTHCSA B 1 kr (1000 1) po3unHHuKa Y; JOPIBHIOE BITHOIIEHHIO
KUTbKOCT1 pedoBUHM 7(X) (MOJB), IO MICTUTBCS Y PO3YMHI, JO MAacH PO3UYMHHHKA
m(Y) (xr) 1poro po3unny. @opma 3amucy:

X

pxy) - 20 mX)
m(Y) M(X)-m(Y)
n(X)-1000  m(X)-1000
m(Y) — M(X)-m(Y)

(Momb/kr), a00

h(X/Y) =

(Mon/1000 ).

Hanpuxnan, monsbHicTs HCl y BomHOMY pO34nHI 3aITUCYETHCS TaK:
HCI) m(HCI)
h(HCI/H.O) = "¢ -
( .0) m(H,0) M(HCI)-m(H,0)

(MOTIB/KT).

Tump po3uuny T(X) — KOHIIEHTpalisd pO3YMHY, fKa IMOKa3y€e KIIbKICTh
PO3YMHEHOI PEYOBHHHM Y T, 110 MICTUTHCS y 1 MJI pO3UUHY:

m(X
T(X)= V(—) (r/™mm).
p-Hy
Moabha (MosisipHa) yacTka peuoBuHHU (N) — KOHIICHTpaIIlis, sika BUpaKeHa
BIJTHOIIICHHSIM YMCJIa MOJIEH PEYOBUHU JI0 3arajbHOi KUIBKOCTI MOJIEH BC1X PEYOBHH,
110 € B PO3UYHHI:

n
_
N,= R
n;

ne N,— MOJIbHA YacTKa PEYOBHHHU A B PO3YMHI;

n, — KUIBKICTb MOJIb PEUOBHUHHU A, IO MICTUTHCS B PO3UMHI;
D n,— cyMa KillbKOCTi pPEYOBHHH BCiX KOMIIOHEHTIB PO3UHUHY.

Tema 8 BaactuBocTi po30aBiieHHX PO3YMHIB HEEJIEKTPOJIITIB

Jlesiki BIacTUBOCTI po30aBIIEHUX PO3YMHIB HEENEKTPOJITIB HE 3alie’KaTh BiJ
XIMIYHOI TPUPOJIM PO3YMHEHOI PEYOBUHHU, a BU3HAYAIOTHCS TUIBKU 3arajlbHUM
yuciioM YacTUHOK. [1oai0H1 BiracTUBOCTI 0OYMOBIIEHI JIMIE KOJEKTUBHUM BILIMBOM
YaCTHMHOK, TOMY iX Ha3MBAaIOTh KOJITATUBHUMH (KOJEKTUBHUMU) — BiJ] JATUHCHKOI'O
«colligatus» — 36uparu. J[o yuciaa KOJIIraTUBHUX BJIACTUBOCTEH PO3YMHIB BITHOCSTH
3HIDKEHHS THUCKY IMapu HaJl PO3YMHOM, MIJBULICHHS TEeMIepaTypy KUITIHHS 1
3HIDKEHHS TEMIlepaTypud 3aMep3aHHs pO3YMHIB B TOPIBHSHHI 3  UYHUCTUM
PO3YMHHUKOM, OCMOTUYHUHN THCK y PO3UYHUHI.

8.1 Tuck napu Hag poO34YMHOM

VYHacHiI0Kk BUMApOBYBaHHS HAJl PIIMHOI0 YTBOPIOEThCA mapa. OgHOuYacHO 3
€HJ0TEPMIYHUM IPOLIECOM BUMAPOBYBAHHS BIIOYBAE€THCS 3BOPOTHHUM €K30TEpMIUYHUI
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HpOHeC KOHHeHcaHﬁ. 33 IICBHUX YMOB MI)K MU HpOHecaMI/I BCTAHOBJIFOETHCSI
piBHOBara:
—
(HZO)pi()uHa ~ (HZO)napa

Pisnosaocnuii  cman cucmemu  piouna-napa 3a NesHoi memnepamypu
Xapakmepuzyemocs muckom Hacuyeroi napu. Ilim yac po3UuMHEHHS B pPigUHI
Oy/Ib-SKOi HEJIETKOI PEYOBMHH THCK HACHYEHOT Mapy HAJl M€ PITMHOIO 3HUKYETHCS.
Ile MO>kHa TIOSICHUTH THM, 110 KOHIICHTPAIlis pPO3YMHHUKA B Pa3i YTBOPCHHS PO3UHHY
3MCHIIYEThCS (MOJIbHA 4YacTKa po3dynHHHMKa N;<l) BHACIiJOK YOro piBHOBara
CUCTEMHU piuHa-Iapa TNOPYyIIyeThcsA. 3rimHo 3 mnpuHnunom Jle IllaTtenbe,
MMOYMHAETHCS TPOIIEC, CIPSIMOBAHWNM Ha 3MCHIICHHS 30BHINTHBOTO BIUIMBY, TOOTO
BiIOYBAETHCS TPOIEC KOHACHCAIll, a 1Ie ¥ MPHU3BOAUTH JI0 3HMIKEHHS TUCKY TapH.
OTxe, muck napu po3uuUHHUKA HAO PO3UUHOM (P) MeHwull, HidC HAO YUCMuMm
posuunnukom (P,). Pi3HULIO MK IUMU BEeIUYMHAMH AP =P —P  Ha3uBalOTh

. P, —P AP
SHW)XKXCHHAM THCKY IIdpHU HaA PO3YUHOM. BIJIHOH_ICHHSI 0 =—— Ha3HuBaKOTb

55

BIJIHOCHHUM 3HIDKCHHSIM TUCKY TIapHy HaJ PO3YHMHOM.
s pozbasnenux po3uunis
P=P-N,,
ne P, — TUCK ITApH HAJl YUCTUM PO3UYNHHUKOM;
P — THUCK Mapyu pO3YMHHUKA HAJ PO3YUHOM;
N, — MOJIbHA YacTKa PO3YMHHUKA.

Ockinbku Ny +N,=1,T0 P=PF(1-N,)=F-PN,; —~—=N,,

¢ N, —MOJIbHA YaCcTKa PCYOBHHHU.

3aNeXXHICTh 3HUKEHHS THUCKY IMapu PO3YMHHHKA HAJl PO3UYMHAMHU HEJIETKUX
PEUYOBHUH BiJ IXHIX KOHIIEHTpaliil naeTbcs 3akoHoMm Payusi: gionoche 3nuodicenHs
MUCKY HACUYEHOI Nnapu pPO3YUHHUKA HAO PO3YUHOM OOPIBHIOE MOJbHIL YACYI
PO3YUHEHOT pe4OBUHU :

P-P
¢ =N, abo £:N2,
F F

N oM m,/ M,
2

n+n, m/M +m,/ M,

8.2 Temneparypu KumniHHS i 3aMep3aHHA PO3YMHIB

VY npsimiil 3a7€XKHOCT1 BiI TUCKY HACHMYEHOI Mapy pPO3YMHHUKA HaJ PO3YMHOM
HEJETKOT PEYOBMHM 3HAXOJATHCS TeMIEpaTypu KHUMIHHS 1 3aMEp3aHHsS PO3UHMHIB.
Pinuna 3akumnae B TOM MOMEHT, KOJM THCK ii HaCHMYEHOI Mapu CTa€ TaKuUM, WIO
JOpiBHIOE 30BHIIIHBbOMY THCKY. Boma mix Tickom 101,3 xITa xumurs npu 100 °C
TOMy, 110 caMe Mpu ILiil TemiepaTypi THCK BoJsHOI mapu nopiBHioe 101,3 klla.
OCKkUTbKM THCK Tapu HaJ pPO3YMHOM (P) HUXKYE THUCKY Mapud HaJ YHUCTUM
PO3UMHHUKOM ( P)), TO JUIsl JOCSTHEHHS TOYKM KHUIIIHHS PO3YMHY MOTpiOHA BUIIA

TeMmreparypa, HiXK 4YUCTOMY PO3YMHHUKY. Lleii BUCHOBOK cTa€ OUIBII 3pO3yMUTHUM
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IIPU O3Sl PUCYHKY 8.1, Ha sIKOMY 300pakeHi KpUB1 3MIHU THCKY HACMYEHOI apu
HaJ BoJ010 (1) 1 pO3UuMHOM, 1110 MICTUTh HEJIETKY PEUOBHHY (2).

7

JNBEH

. ] 0
?ETEMEFH TS-E!A'.':FH T]LI.[[I TK]!H T

Pucynok 8.1 — IligBuilleHHs TeMIiepaTypy KUIIHHS 1 3HUKEHHS TeMIIepaTypu
3aMep3aHHs po30aBIEHUX PO3UMHIB

[Tpu Oynb-sikiit Temmepatypi P <P’ 1 TeMIepaTypHa KpHUBa 3aJIeKHOCTI TUCKY
napyu pO3YMHHUKA HaJl PO3UYMHOM 2 PO3TAIOBYETHCS HIKYE KPUBOI THUCKY Napu
yuctoro po3unHHUKa 1 (puc. 8.1). Tobto mpu OyAb-IKOMY 30BHIIIHBOMY THCKY
P.os TEMIIEpATYpa KUIIHHS PO3YMHY 7Ty, SKMM  MICTUTHh HENETKlI PO3UYMHEHI
PEUOBMHH, BHIIA 33 TEMICPATYPy KHIIHHS PO3UMHHUKA T . Pi3HMIE  Mik
TeMmreparypaMu KUIiHHS PO34uHy 1 po3uyuHHUKA ( A T),,;) Ha3UBAETHCS MIABUIIICHHIM
TeMIlepaTypu KUITIHHS PO3YUHY:

AT, = T = T -

Temneparyporo 3amep3aHHs pIIMHU € TEeMIEpaTypa, 3a KO THCK HACUYEHOI
napu i€l piIMHU Haj i piaKoro (a3oro cTae TakKuM, 10 JOPIBHIOE TUCKY MapH HaT ii
TBepAol0 (dazoro. TemmepaTypa 3amep3aHHs pO3YMHY BIAMNOBITAE MOMEHTY
BUJIUICHHS 3 HHOTO NEPILIOTO KpucTaja TBepaoi ¢ha3u (Kpuctanizalisi pO3UMHHHUKA).
BHacninok kpucramizaimii pO3YMHHUKA KOHIIGHTpalis po3uuHy 3poctae. llpu
PO3UYMHEHH1 y BOJ1 OyAb-sIKOi HEJIETKOiI PEYOBMHM, KOHIIEHTpALlis BOJAM B PO3YMHI
3HMKYETHCS, 110 MPU3BOJIUTH /10 3MIIIEHHSI CTaHy PIBHOBaru MiX PiJKOIO 1 TBEPIOIO

hazamu:
(HZO)me :: (HZO)piO.

Ile B cBOIO Uepry, y BianoBigHocTi 3 mpuHIiunoM Jle [llatense, mpusseae a0 mnporecy
IUIaBlIeHHS Jboay. s BCTAHOBJIEHHS HOBOiI pIBHOBArd HEOOXIIHO 3HU3HUTH
temriepatypy. Otxe, Temmeparypa 3aMmep3aHHs po3uuHy (7,,) HIKYa, HIK

TeMIepaTypa 3aMep3aHHs po3unHHUKA (77 ).

3am
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[e#t BUCHOBOK CTa€ OUIBII 3pO3YyMUTUM MPHU pO3IIIsAal pucyHKy 8.1. ko npu
3aTBEp/IHHI PO30aBIECHOTO PO3YMHY HENETKOI PO3YMHEHOI PEUOBUHU BUAUISIOTHCA
KPUCTAIM PO3YMHHHUKA, TO MPH TeMIEpaTypl MOYaTKy KpHUCTali3alii JiHIS TUCKY
pO3UMHY 2 TMOBHMHHA IEPETUHATH JIIHIIO TUCKY Mapu TBEPAOro po3uumHHuKa 3. I3
pucynka 8.1 BHUIHO, IIO TeMmIeparypa IMOYaTKy 3aMmep3aHHs PO3YUHY Tsuuep; OyaAE
HIDKUOIO, HDK TemIepaTypa 3aMep3aHHs po3uMHHWKa 7. . PBBHUIS MK

3amep3

TEMIIepaTypamMu 3aMep3aHHs PO3UMHHUKA 1 pO3UUHY( AT, , ) Ha3UBAETHCS 3HUKEHHSAM

TeMnepaTypI/I 3aMep3aHH51 p03III/IHy:
AT =T°

3am 3am

.

Jocnipkyoud — Temrneparypd  KWAIMIHHS 1 TeMIepaTypd  3aMep3aHHs
po30aBIeHUX PO3UYMHIB 3aJ€KHO Bl 1XHbOI KOoHIeHTpalil, ®. Payns chopmynioBas
CBOi BUCHOBKH Yy BUIJISIl 3aKOHY: NiOGUWEHHS MeMnepamypu KUNiHHA i 3HUMNCEHHS

memnepamypu 3aMep3anHs NPAMO NPONOPYIUHT MOJISLTIbHOCHI POZYUHEHOT PeUOGUHIL:

AT = gp—p.MX):1000 .
M(X)-m(Y)’

AT — jop — g (X)-1000
M(X)-m(Y)’

1€ b — MOJISUIBHICTh HEJIETKOI peYOBUHH;

m(X) — Maca pO3UMHEHOI pEYOBUHH, T;

m(Y) — Maca pO3UMHHHKA, T}

M(X) — monsipHa Maca po34MHEHOI PEUOBUHU, T/MOJIb;

E 1 K — BianoBinHO eOyiiockomiyHa 1 KpPIOCKOMIYHA KOHCTAHTH, SIKI HE
3ajmexaTh Bi TOpupoau po3zuuHeHoi peuyoBuHU. Koedimientu K 1 E €
XapaKTepUCTUKAaMU JAHOTO PO3YMHHUKA 1 MOKa3ylTh 3HIKEHHS TeMIlepaTypu
3aMep3aHHs abo MIABUINCHHS TEMIIEpATYpPH KUITIHHS, SKE BUHUKAE TIPU PO3UYNHEHHI
1 Moib peuoBuHHM B 1 KT 1IbOTO po3urHHUKA. T0OOTO, (DI3UYHUN CMUCI IMX KOHCTAHT
noyisirae B Tomy, o E (K) — 1ie migBuiieHHs (3HUKEHHS) TEMIIEpaTypu KHUIIHHS
(3aMep3anHs) ogHOMOJIsIIbHOTO po3unHy. s Bogu E=0,52; K=1,86.

3akony Payinst mianmopsiaKoByIOThCS TUIBKU ideaibHi po3yunu. PoO3unHHU, K1 HE
HIATOPSAIKOBYIOThCS 3aKOHY Payiis , Ha3UBaIOThCS peanrbHUMU.

8.3 Ocmoc. OcMOTHYHMI THCK Yy PO3YHHI

SIBumie ocMocy TMOB’A3aHO 3 BJIACTHBOCTSIMHU TaK 3BaHUX HaMIBIPOHUKHUX
neperopook. HamiBOpoOHUKHI MEpPEeropojkd MaroTh 3[aTHICTh MPHUIYCKATH TLIBKH
MOJIEKYJIM ~ PO3YMHHHMKA 1 3aTpUMyBaTH YAaCTHUHKMA PO3YMHEHOI PEYOBHHH.
HaniBnpoHUKHUMH TEeperopoakaMyu MOXYTh OYTH TUIIBKH POCIIMHHOTO 1 TBAPUHHOTO
MOXO/XKEHHSI, IITYYHI MOJIMEPHI IUTIBKH.

SIBuIle MPOHUKHEHHS MOJEKYJ PO3YMHHHUKA B PO3UYMUH KPi3b HAMIBIPOHUKHY
IIEPETrOPOJIKY HA3MBAETHCA OCMOCOM. MOXHa CKa3aTH, 110 OCMOC — II€ OAHOOIYHA
audy3is.

JUist crocTepiraHHsi SIBUIIA OCMOCY BHMKOPHUCTOBYIOTH TaKW MpHIal: y
MOCYJUHY 3 YUCTUM PO3YMHHUKOM 3aHYPIOIOTh LMJIIHAP 3 PO3UMHOM IIYKPY, JHOM
AKOTO € HamiBIPOHUKHA TMeperopojaka. Cucrema, 1o yTBopuiacs — HEpIBHOBaXKHA,
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TOMY B HIi TMOYMHAETHCS CAMOYMHHUN TMpOIEC BUPIBHIOBAHHS KOHUEHTpAIIiil.
Mouiekynu poO3YMHHHKA MEPexXoldaTh Yy IWIIHAP 3 PO3UYMHOM IyKpy. Bracmigok
ocMocy 00’€M pIAMHM B HMIIHAP1 30UTBIINTHCS, PO3UMH MoyHe mifgiiMaruch. 11[o0
OPUIUHUTH OCMOC, MOTPIOHO 330BHI /0 PO3YMHY MpHUKIacTd Tuck. Lled TuCk
BUKJINYE 3BOPOTHUHN MPOIEC — BUXIJ MOJIEKYJl PO3YMHHUKA 3 pO3uuHy. THUCK, SIKUU
CJIJl MPUKIACTU O PO3YMHY, 1100 OCMOC NPUIIMHUBCS, HA3UBAETHCS OCMOTHUYHUM
THUCKOM.

Sk nokazaB Baut-I'opd, ocmomuunuit muck pozuuny uucenvno oopienioce
MUCKY, AKUI YUHULQ OU PO3YUHEHA Pe4UOBUHA, AKOU 60HA Npu MIill dxHce camiil
memnepamypi 3HAX00U1AcA 6 2a30n00i0HOMYy cmaui i 3aimana 00°em, w0
oopieHtoe 06’emy pozuuny. lle 1 € 3axon ocmomuunoeo mucky.

Bant-I'opd 3BepHyB yBary Ha Te, 10 OCMOTMYHUN THUCK pO30aBIECHUX
PO3UMHIB MIAKOPAETHCS 3aKOHAM 1iealIbHUX Ta3iB. 3BIIKK BiH 3pOOHMB BHCHOBOK, IO
OCMOTMYHUN THUCK MOKHA po3paxyBaTH 3a piBHSHHSAIM MennaeneeBa-Knamnelipona.
Baut-I'opd BcTaHOBUB, 1[0 OCMOTHMYHHMI THUCK HE 3al€XHUTh BiJ NPUPOIU
KOMIIOHEHTIB PO3YMHY 1 30UIbLIYETHCS MPOMOPLIAHO KOHIIEHTpAlii PO3UMHEHOI
PEYOBHUHU 1 TEMIEpaTypi:

P = %RT = C(X)RT (xIIa),

ocm

1€ n — KUIbKICTh PEYOBUHU, MOJIb;
V — 006’eM po3uuny, I,

C(X) — MoJiipHa KOHIIEHTpAIIisl, MOJIb/JI;

R — yHiBepcalibHa ra3oBa crana (8,314 o / (monv- K) );

T — abGcomoTHa Temmepatypa, K.

Tema 9 Po3unnu esieKTpoJIiTiB

9.1 EjlekTpoJiTHYHA JUCOLiais

Bant-I'ohd BcTaHOBHB, 110 €KCIIEPUMEHTANIbHI 3HAYEHHS BeJIMYUH Ap, P,
At Aty TIISL PO3YUHIB KUCJIOT, OCHOB 1 COJICH OLIBIII 32 TEOPETUUHO PO3PaxOBaHi
3a BIANOBIAHUMU 3akoHamu Payns 1 Baut-I'odda. [Ins ominku Mipu BIAXHIEHHS
Baut-I'opd 3ampononyBaB BBecTH nonpagounuti, ado i30moHiyHUli KoepiyicHm i
AKUM TIOKa3ye, y CKUIBKM pa3iB €KCIEepUMEHTaJbHI 3HAYE€HHS BEJIUYMH
AT ,AT! ,p!., Ap' OUIbLIl BIAMOBIAHUX TEOPETHUYHO pO3paxoBaHux AT, , AT

3am ? Kun 3am xun 9
p ocm ? Ap

! ! ! !
P — AT — ATkun — poc,w _ Ap

sam
1

AT, AT Poew O

ExcriepumeHTaaIbHO BCTAaHOBJIEHO, IO 130TOHIYHUM KOE(ILIEHT I 11 pO3YUHIB
KHCJIOT, OCHOB 1 COJIEH, sIK TTPaBUJIO, OLIbIIE OJUHUII 1 HOTO 3HAYEHHS 3aJICKUTh Bij
MPUPOAN PEYOBUHM 1 ii KOHIEHTpAIli B PO3UHHI.

Ockuibku BenmuuuHu AT, , AT, P,.. Ap € (QYHKII€I0 YHClla YaCTUHOK

3am Kun 3

PO3YMHEHOI PEUOBUHH, TO BIIXUJICHHS PO3YMHIB KHCJIOT, OCHOB 1 COJICH BiJ] 3aKOHIB,
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AKl ONUCYIOTHh TMOBEIIHKY PO3UYMHIB HEEIEKTPOIiTIB, 00yMOBIEHE 30UIbIICHHAM B
HUX KOHIIEHTpauii yacTUHOK. KpiM TOro, mpu BUBYEHHI BOJHHUX PO3UYMHIB IHMX
PEUYOBHUH BCTAHOBJIEHO, 1110 BOHM A0OpE MPOBOJATH €IEKTPUUHUNA CTpyM. PedoBuHm,
PO34YuHU 200 PO3IIABH AAKMX NPOBOIATH €JEeKTPUYHHUHA CTPYM, Ha3UBAKTHCS
€JIEKTPOJIiTAMU.

106 mosicautu ui daxtu, C. AppeHiyc 3anpornoHyBaB rinoTe3y, BIANOBIIHO
710 SIKOT1 B PO3YMHI MOJICKYJIM €JIEKTPOIITIB pPO3Ma atoThes Ha MoHu. Ha migcraBi miel
rinore3u Oyia CTBOpEHA TEOpis €IEKTPOJITUYHOI JUcOoIlialli, CydacHUN 3MICT SIKOI
MO>KHA 3BE€CTH J0 TPHOX MOJIOKEHb:

1. Enexmponimu nio wac po3uunenus y 600i po3nadaromscs (OUcoyirooms)

HA UOHU — NO3UMUGHI | He2amueHi.

HNonu nepeOyBaloTh y CTIMKIMIKUX €JIEKTPOHHUX CTaHax, HOK aToMH. BoHu
- + 2+ 3+ .
MOXYTb CKJIaIaTHCS 3 OJJHOTO aroMa — mpocTi onu (Na', Mg™', Al’") abo 3 KuIbKOX
: - - 2- 3-
aToMiB — cknanani Houu (NO;5, SO47, PO,™).

Cama Ha3Ba «HOH» — y HIEpeKJajl 3 IpelbKoi O3HaYae «MaHAPIBHUI». Y
PO34MHI HOHU 6€371aJHO MEePEMIITYIOThCS («MAHPYIOThY») Y PI3HUX HANPIMKAX.

2. 11io odieto enekmpuuno2co cmpymy UOHU HAOYBAIOMb HANPAMIEHO20 PYX):
NO3UMUBHO 3APA0N*CEHT UOHU NepeMiyyiomucs 00 Kamooda, HecamueHo 3apsaodceHi —
00 anooa.. Tomy nepwi nazusaromvcsa KAamMioHamu, a Opy2i — AHIOHAMU.

3. Jucoyiayis — o6opomHuil npoyec: napaieibHo 3 po3ujenieHHAM MOLeK)l
Ha UoHU (Oucoyiayisn) 8i00y8aemvbcs npoyec CNOoay4eHHs UOHI8 (acoyiayis).

ToMy B piBHSIHHSIX €JEKTPOIITUYHOI JUCOINAIlli 3aMICTh 3HAKA «IOPIBHIOE»
CTaBJISITh 3HAK OOOPOTHOCTI.

VY poborax I. A. KabnykoBa 1 B. A. KicTsikoBcbkoro Oysna po3BUHEHa Teopis
CJIEKTPONITUYHOI ~ JucoIiamii Ha  OCHOBI  XIMI4HOi  (TiApaTHOi)  Teopii
po3unHiB JI. I. Menpeneesa. byno Bii3HaueHo, 110 MiJ YaC PO3UUHEHHS BIOYBAE€THCS
XIMIYHA B3a€EMOJIISI MK PEYOBUHOIO 1 pOZUMHHUKOM. Tak B BOJAHUX PO3YMHAX KOXKEH
HOH €JIEKTPOJIITY MPUTATYE A0 ceOe MOJSIPHI MOJEKYJIU BOJAU TUM OOKOM, SIKUU Mae
3aps]l MPOTUIIEKHOTO 3HaKa. MoJIeKylu BOJU OTOUYIOTh KOXKEH MOH €JIEKTPOJIITY, 110
MPU3BOAUTH JI0 X B3a€EMHOTO BIJJAJICHHS; 3B 30K MK HUMH MPHU IIbOMY HACTLIBKU
MOCIa0JIFOETHCS, 1110 BOHU MOYMHAIOTh BECTH ce0€ SIK CaMOCTIHHI YaCTHHKH.

EnexrposiTuyna aucouiania — me po3najx MOJEKYJ eJIeKTPOJIITY Ha HOHHU
i BILIMBOM MOJISIPHUX MOJIEKYJ PO3YUHHHMKA.

HasBHicTh B po3umHl HOHIB, sIKi O€3MEPEPBHO  PyXalOThCS, 3YMOBIIIOE
€JIEKTPOIPOBIIHICTh PO3UMHIB €JIEKTPOJITIB.

Mexanizm aucouniamii. I'mapaToBani HoHu. YsBumo co0i, 10 HOHHUH
KpUCTaJ, HAIPUKIAaJ KPUCTal HATpik xyopuay, BHeceHHil y Boay. KoxkeH HoH, 110
3HAXOJIUTHCS HA MMOBEPXHI KPUCTaNa, YTBOPIOE HABKOJIO ce0e eJIeKTPOCTaTUYHE TOJIE.
[loOnu3y Big Na® CTBOPIOETHCS MOJ€ MO3UTHUBHOTO 3HAKy, a mnoomusy CI° —
HeraTuBHEe. BmiiuB 1ux moseil mpocTaraeTbCsi Ha AESKY BIICTaHb BiJ KpHucTana. Y

PO3YMHI KpHUCTal 3 yciX OOKIB OTOYYIOTh MOJSPHI MOJEKYJIU BOIU — , 1110
0e3naaHo pyxaroThes. lloTparuisitoun B mojie il €IEKTPUYHO 3apsKEHUX HOHIB,

62



BOHU 3MIHIOIOTH CBill pyx (puc. 9.1): y 6e3nocepeaniii 6Ju3bKOCTI Bl KpUCTaIa BOHU
OPIEHTYIOTHCS TAaKMM YMHOM, IIO O HETaTHBHO 3apsJKEHOro HOHA XJjopa AUMOJI
BOJM BUSIBIIAIOTHCS HAIIPABIECHUMHU MMO3UTUBHO 3aPSPKEHUM KIHIIEM, a J0 MO3UTUBHO
3apsKEHOT0 oHa HATPII0 — HETaTUBHUM KIHIIEM.

>

iplg
JiE
G2,

a8

Pucynok 9.1 — Cxema enekrponituunoi aucomiaiii NaCl y BogHOMY po3uuHi

Take sBuie, ske BiIOYBAa€ThCS B EIEKTPOCTATUYHOMY I10JI1, HA3UBAETHCS
opieHmayier noaapHux moaexyi. Mk iloHaMH 1 TUTIOJISIMHA BOJU JIFOTh KYJIOHIBCHKI
CWJIM TIPUTATHEHHS. B pe3ynbpTaTi MOH-IUMONBHOI B3a€EMOJIT BUAUISIETHCS €HEPTis,
sIKa CTIPUSIE PO3PUBY HOHHUX 3B’S3KIB B KPUCTaJIl 1 IEPEBEICHHIO HOHIB 3 KpUCTalia B
PO34UH, B IKOMY 111 HOHU YTBOPIOIOTH KOMIUIEKCH 3 MOJIEKYJIaMH pO3UMHHUKA, TOOTO
cosibBaTH (y BUNAAKY, KOJIM PO3YMHHUK BoJa — rigpatu) (puc. 9.1).

SBuine B3aemMojii MOHIB 3 MOJIEKYJIaMH BOJIM, BHACIIJIOK YOTO B1AOYBAETHCA
YTBOPEHHSI TiIpaTHOI OOOJIOHKH, HAa3UBAEThCH c2idpamayicto Uownie. ['maparoBaHi
HOHU, 10 MAarOTh MPOTUJICKHI 3apsIyd, MOXYThb B3a€EMOJISITH OAUH 3 OAHUM. AJe
OCKUTbKM MOHHM pyXaloThCs B PO3YMHI Pa3oM 3 TIApPaTHUMU OOOJIOHKAMH, IO
YTBOPWJINCS HAaBKOJIO HUX, TO CHJIa 1X B3a€MOJIIi, sKa 3aJICKUTh BiJ] BIACTUBOCTEH
PO3YMHHUKA, 3HAYHO MEHIIIA 1 BOHU 3/IaTHI1 10 CAMOCTIHHOT'O ICHYBaHHS.

Jlemio iHakmie BiOyBaeTbCA AMCOLIALIS €JIEKTPOIIITA, KU MICTUTH MOJSpPHI
MoJekyiu (puc. 9.2).

PosrnsiHeMO po34YMHEHHS TONSPHUX CHOJAYK Ha npukiaai  HCI. llpu
PO3UYMHEHH1 TIAPOreH XJOpPUAY Yy BOAl BiIOYBaeTbCs OpI€EHTAllld JUIOJIB
BOJIM HABKOJIO MOJIGKYIU HCI, U0 BHUKJIMKAE Ie OUIbIIy MOJSpU3AIli0
OCTaHHKOI (puc. 9.2).

S =k

Pucynok 9.2 — Cxema enekrponituunoi aucouianii HCl y BonHoMy po3uunHi
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[onsapuuii 38’30k MixK aromamu ['igporena i1 Xiopa nepexoauTb B HOHHMIA.
[Ipy ubOMy chijibHa €JEeKTPOHHA Mapa IIJIKOM 3MILIYEThCS O aToMa XJIopa, KU
MEPETBOPIOETHCS HA TIPAaTOBAHUM MOH XJIOpa, a MPOTOH 3 MOJIEKYJIOI0 BOJU YTBOPIOE
CKIIaJIHY MO3MTUBHO 3apskeHy uacTky H;O', o HasuBaeThes 2idpokconiem. Takum
YUHOM, YHACJIJIOK JUCOIallii yTBOPIOIOThCS BJIacHE HE MOHU, a KOMIUIEKCH HOHIB 3
MOJIEKYJIaMU pO3YMHHUKA (TiapaTu HoHiB). [IpoTe B pIBHAHHIX peakiid aucoIiamii
JUISL CIIPOLLEHHS MUIIYTh 37e0u1bioro gopmynu npoctux HoHiB. [lponec nucoranii
€ 00OPOTHHM:

NaCl <= Na* +CI;
HCl <= H" +CI".

3 HaBEJIEHUX TMPUKIAIIB BUIHO, IO EJIEKTPOIITAMU MOXYTh OyTH TLIBKH
CIIOJIYKM 3 HWOHHUM a0O0 TOJISIPHUM 3B’SI3KOM, TOOTO COJi, OCHOBH 1 KHCIIOTH.
3’sicyBasacs 1 pojb PO3YMHHUKA: €JICKTPOJIITH MOXKYTh JUCOIIIOBATH HA HOHU TUTbKH
B MOJISIPHUX PO3YMHHUKAX.

EnexTpomnpoBiAHICT, B PO3YMHAX EJNEKTPONITIB 3AIHCHIOEThCS HOHAMH, Ha
BIIMIHY BiJ] METaJliB, B IKUX MPOBIIHICTh 31IMCHIOETHCS €JIECKTPOHAMU.

Jucomiaiiisi e1eKTPOJITIB Y BOJHUX PO3UYMHAX JA€ MIJCTAaBU KiIacU(iKyBaTH
KHCIIOTH, OCHOBHM , COJIl 3a BHUJAMH WHOHIB, SIKI yTBOPIOIOTHCS BHACIIAOK LIBOTO
mporecy.

3rigHO 3 TEOpI€l0 ENEKTPOJITUYHOI JUCOLIAlli, KUCIOmMamMu HA3UEAIOMb
e1leKmponimu, AKi ymeopowms y 600HUX POZUUHAX NOZUMUGHO 3aPAOHCEHI HOHU
T'iopozeny i ne oarome HIAKUX IHWUX NOZUMUGHUX TIOHIE.

Hanpuxian:

HCl == H* +CI;
>

HNO, =— H" + NO; .
BaFaTOOCHOBHi KHUCIIOTHU I[I/ICOHiIOIOTB CTyHiHIlaCTO:

Icr. H,S0, < H" + HSO,,
Il cr. HSO, <= H* + SO} .

Ocnosamu nazueawomo e1eKmponimu, AKi y 600HUX PO3ZUUHAX YMEOPIOIOMDb
He2amueHoO 3apa0X ceHi 2IOPOKCUO-IOHU | He 0alomb HIAKUX THUWUX He2amUBHUX
lLOHIB.

Hanpuxian:

NaOH <= Na® +OH ;
KOH <~ K'+OH".

baratokuciioTHi OCHOBH JII/ICOI_IiIOIOTB CTYHiHLIaCTOI

Icr. Ca(OH), < CaOH' +OH ™ ;

—

Ilcr. CaOH® <= Ca* +OH .
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3 morisAgy Teopli eNEeKTPONITHYHOI Jucouialii, CULTI0 HA3U6AEMbCA
e1eKmponim, AKUM y 600HUX POZYUHAX YMEOPIOE NOZUMUBHO 3aPAOIHCEHI TUOHU
Memasny i He2amueHo 3apa0XceHi UOHU KUCIOMHO20 3aauKy (CepeiHl coui):

NaCl <= Na* +CI;
AL(S0,), <= 2AI°** +3S07 .

[Ipu aucorianii xucaux coneil yTBOPIOEThCS KaTIOH METaly Ta aHIOH KHUCIIOTO
KHUCJIOTHOTO 3QJIHIIKY:
NaHCO, <= Na' + HCO; .

IMoganemia aucomiamis #ony HCO; (HCO; <= H* +CO}") BinOyBaeThes
HaJ3BUYaiiHO Majo. ToMy mnpu HamucaHHI WOHHUX PIBHSHb MU LIed MpPOLEC HE
¢bikcyemo.

OcHoeni coni pU aucoIliallii yTBOPIOIOTH TiIPOKCOKATIOH METally Ta aHIOH
KHCJIOTHOTO 3aJIUIIKY:

CuOHCl <= CuOH" +Cl".

Iloositini coni mpu aucoliarii yTBOPIOKTh MIPOCTi HOHM:
KMgCl, <= K*+ Mg* +3Cl"

Komnnexcui coni  NUCOIIIOIOTH 3 YTBOPEHHSIM IMPOCTOTO 1 CKJIAQTHOTO
(KOMILIEKCHOT0) MOHIB:
K,[Fe(CN),] == 3K* +[Fe(CN),]".

9.2 PiBHOBara B pO34MHAaX CJIA0KHUX eJeKTPOoJiTiB. CTymiHb i
KOHCTAHTA eJIEKTPOJITUYHOI AN COIiaIil

KinbkicHa 31aTHICTh €JEKTPOJITa JAHUCOLIIOBATH Ha HOHI OIHIOEThCA 3a
JIOTIOMOTOI0 CTYNeHsl Aucoliamii o, KU TOPIBHIOE BITHOIICHHIO YHCJIa MOJEKY,
[0 pO3Majucs Ha MOHHU, MO 3arajibHOro0 4YKCJia MOJEKYJI PO3YHMHEHOI PEYOBHHH.
Inakme kaxydw, o — JOJS MOJIEKYJ €JNEKTPOdITy, IO po3Najiucs Ha HOHH.

HNoro 3HaueHHs TMOJA€ThCA B 4YacTKax OJMHUINI ab0 y BIJICOTKax 1 3MIHIOETHCS
Bim 0 mo 1 (0 — 100 %).

3a BEJIMYMHOIO CTYTEHS TUCOIIaIli eIeKTPOJITH NOAUIATh HA CUIbHI 1 CLAOKI.
CUnbHUMHU € eJIeKTPOJNITH, CTyHiHb aAucomiamii skux y 0,1 H BoAHOMY poO34yuHI
nepesurye 30 %, cnabkumu — cTymiHb aucomianii skux y 0,1 H BOQHOMY pO3UHMHI
MeHIHi 3a 3 %.

o cunvnux enexmponimis nanexats kuciomu: HySO4, HNO;, HCI, HBr, HI,
HCl10O4, HMnOy; rigpoKcuan dy>KHUX 1 JIyKHO-3€MEJIbHUX METaNlIB; PO3YMHHI COJI.
Cryninp aucormiamii CHJIBHUX €JIEKTPOJITIB TMPAKTUYHO HE 3aJCKHUTh BIJ
KOHIEHTpAI[li pO3UHHY.
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Binomo, 110 nporiec nucoriaiiii € 000pOTHUM,TOMY MPHU PO3UUHEHHI CIa0KOT0
CJICKTPOJIITY B pO3YMHI BCTAHOBIIOETHCS PIBHOBAra

— ; _
K, A, = nK™ +mA"".

KilbKiCHO €JeKTpOJITUYHY JUCOLIAII0 K PIBHOBAaXXHUN OOOPOTHUM MpOIIEC
MOXHA OXapaKTepu3yBaTH KOHCTAHTOIO PIBHOBAru, $Ky Ha3MBAIOTh KOHCTAHTOIO
nucoranii (HoHi3arlii), o BU3HAYAETHCS 3aKOHOM JIFOYMX Mac:

o KT T

A [K,4

m

I[JISI mnmponecy I[I/ICOI.IiElLIﬁ TaKoro ciaadbKoro GJIGKTPOJIiTy, JAK all€TaTHa KHUCJI0Ta:
CH,COOH <= H" +CH,COO",
KOHCTaHTa III/ICOI_IiaI_Iﬁ MaTHUME TaKuH BUT'JIAO:
| H* ][ CH,COO" ]

4 [cH,COOH]

3po3yMiio, 1m0 4YMM OUIbIIa BEJIWYMHA KOHCTAHTH JUCOIlIAIlli, TUM OUIBII
JTMCOIIIOBAaHOO OyJIe TaHa CTOJTyKa.

SIKu1o BUXIJHA KOHIEHTpALS €JIEKTPOJITY CTAaHOBUTH ¢ MOJB/J, a CTYMiHb
aucoriamnii «, TO KOHIEHTpallis KaTIOHIB 1 aHIOHIB, IO YTBOPWJIMCS IIi dac
JucoIianii [H+]=[CH3COO_]=COC (MoIb/JT), a KOHIEHTpallisl HEIUCOIIHOBAHUX
MOJIEKYJ JTOpiBHIOE (¢ — «c¢) MoJb/l. Toal piBHSHHS KOHCTAHTH IUCOLIAIT JJIs
aleTaTHOi KUCJIOTU Ma€ BUTJISI:

(cca) o’ ca’

K = = :
c—ca c(l-a) l-a

a

Le piBHSIHHA € MaTeMaTUYHUM BUPA30M 3aKOHY po3basnents Ocmeanvoa:
2
c-a
K, = .
I-a

Jis  OuUIbIIOCTI CcHAOKUX ENEeKTPOJITIB o <<l, TOMYy pIBHSIHHS MOXHA

CIPOCTUTH:
L2 K
K,=ca’, 3810k O = c’l .

Ile piBHSIHHSI BUpa)Ka€ 3aJIKHICTh CTYMNEHS JUCOIIAIlii CTa0KOro €JIEKTPOJITY
BiJI KOHIIEHTpAIlii: 13 30UIbIICHHSIM KOHIICHTpAaIlli peYOBUHM CTYMIHb 11 JAUCOIIaIii
3MeHIyeThcsl. KpiM KOHLIEHTpallli, Ha CTyHiHb AMCOLIallll BIUIMBAIOTh TEMIIEpaTypa
(MIBUILIEHHS TeMIlepaTypu MNPU3BOAUTH 1O 30UIBIICHHS CTYHEHS JIUCOIialii) Ta
MPUCYTHICTh OJJHOMMEHHUX HOHIB.
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9.3 KoJsliraTuBHi BJIaCTUBOCTi P030aBJICHUX PO3YHHIB €JICKTPOJIITIB

VY po3uMHax eneKTPOJITIB II BIACTUBOCTI BHUpa)xeHl OuIbIIO Miporo. B
dbopmynax sl po3paxyHKIB 3’ IBUThCS i30moHiuHuil koeivienm Banm-Ioggpa (i):

i=l+o(k—1),
JIe 0. — CTYIIHb JUCOITIaIIiT;
k — KUIBKICTh MOHIB, Ha 5IK1 IUCOIIIOE OJIHA MOJIEKYJIa EJIEKTPOIITY.
Hanpuxnan:
AL(SO4); — 2AP + 380>, k=5.

1. 3nustcenna mucky nacuuenoi napu po34uHHUKA HAO POZUUHOM:
Ap  in(X) _ im(X)/ M (X)

p, inX)+n(Y) imX)/MX)+m(Y)/ M(Y)’

2. Kpiockonisn :AT;,, = To— T, = i-K-b(X)= i-K%,
3. Eoyniockonia: ATy, = Ty — To=i-E-b(X)= i-E % ’
4. Ocmomuunuit muck: Py, = i-¢(X)-R-T= i-ﬂ

M(X) ) I/pos’l{.

9.4 Oco0MBOCTI PO3YHHIB CHJIbHUX €JIEKTPOJIITIB

st po3uunie cunvhux enexkmponimise piBHIHHS OCTBajbja 3aCTOCOBYBATU
He MOJICHA.

OcoOnuBOCTI PO3YMHIB CHJIBHUX EJIEKTPOJITIB (IUCOLIIOIOTh TMOBHICTIO)
3YMOBJICHI THM, 1110 WOHW B PO3YHHI B3a€EMOJIIIOTh MK CO0OI0 3aBISKH HAsBHOCTI
3HAYHUX ENEKTPOCTATUYHHUX CHJI, IO J1I0Th MK HUMHU. Ll B3aeMoJlis MOCUIIOETHCS
13 30UIbLIEHHSM KOHILIEHTpalii pO34YMHY, TOOTO 13 3MEHIICHHSM BIJCTaHI MIX
HoHaMu. Y 1bOMY pa3i KOXXE€H HOH YTBOPIOE HABKOJIO ceOe OO0O0JIOHKY 3 HOHIB
MPOTUJIEKHOTO 3apsy, Tak 3BaHy HOHHY aTMocdepy. EnekTpocTaTuHa B3aeMo[is
HOHIB 3 iX HOHHUMH aTMocdepamMu BIUIMBA€ HA BIACTUBOCTI EJIEKTPOJITY: HOHU
BUSBIIAIOTHCA HE LIUJIKOM BUIBHUMHU y CBOEMY PYCl, 1 BC1 BJIACTUBOCTI €JIEKTPOTITY,
110 3aJIeKaTh BiJ iX KUIBKOCTI, BUSIBISIOTHCS claOKiiie, HiX BapTo Oyso O o4yikyBaTu
IIpU MOBHIM ucoNialii eIeKTPOJIITY 32 YMOB, 1110 HOHHM HE B3aEMOJIIIOTH M1k CO0O0IO.
Edexkr miei B3aemMoii 3a1€KUTh B1J BETUYMHH pajilyca HOHHOT aTMoc(epu Ta HOHHOT
CWIM PO3YMHY, SIKa BU3HAUAETHCA SIK MOJOBHMHA CyMHU JOOYTKY KBaApaTiB 3apsiiB
HOHIB Ha 1X KOHIICHTpAIIIIO:

]:%Zq z7,

1ie ¢;— KOHIIGHTpallii, a z; — 3apsIu BIJIMOBIAHUX HOHIB.
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OTxe, BCl BIACTUBOCTI HE JyK€ pO30aBIE€HOTO PO3UYHMHY EJEKTPOJITY, IO
3aJIeKaTh Bl KOHIEHTpallll MOHIB, BUSBISIOTHCA JEHI0 CJaOKilie 1 BKa3ylOTh Ha
3MEHILEHHsS e(QEeKTUBHOI KOHILEHTpalii enekTpoisity. ToMy mjig XapaKTepUCTHKU
BJIACTUBOCTEH PO3YMHIB E€JIEKTPOJITIB KOPUCTYIOTHCA MOHATTAM HE KOHIIEHTpalii
HOHIB, a 1X akmueHocmi. AKTUBHICTD 10HIB — II€ BEJIMYMHA, Y pa3l MiJICTABICHHS SKO1
3aMICTh KOHILIEHTpAliid y pIBHSHHS 3aKOHY [1i Mac OCTaHHE CTa€ CIPABEIJIMBUM 32
OyIb-SIKMX KOHLEHTpalld pO3YMHY EJNEKTPONITy. I[HIIMMHU cloBaMH axkmueHicmo
HOHIB — 1Ie iXHS e(peKTHBHA, YMOBHA KOHIICHTpallisi, sgKa MOB’s3aHa 3 (HaKTHUUHOIO
KOHIEHTpAIIEI0 PIBHAHHIM

a=fC,

Jie @ — aKTUBHICTb HOHA;
¢ — hakTUYHA KOHIICHTpAIlis;
f — xoedilieHT aKTUBHOCTI (BHOCHTH MOMPABKy Ha B3a€EMOJII0 IEBHOIO
HOHAa 3 HAaBKOJIUIIIHIM CEPEIOBUIIIEM).
Jlist y»xe po30aBieHUX po3uuHiB f~ 1 1a = c.
KoediieHT akTUBHOCT1 MOKHA PO3paxyBaTH 3a PIBHAHHSIM:

lg £=-0,52V1,

1€ z — 3apsl MOHa;
[ — 1ioHHa cuia pO34YuHY.

i toro, o0 BCTAaHOBUTH HampsiM Iepediry peakilii 3a ydacTio
€JIEKTPOJITIB B PO3UMHI, PIBHAHHS XIMIYHHUX pEakiiid MPeAcTaBlslOTh B HOHHOMY
(MOHHO-MOJNIEKYJISIPHOMY) BUIJISIAL. B  HOHHO-MOJIEKYNISAPHUX PIBHSHHAX CHIIBHI
€JICKTPOJIITH 3alUCYIOTh Y WOHHOMY BUIJISA/I, a CJAOKl €JIEKTPOJITH 1 €JIeKTPOJITH
CEpEeIHbOI CHJIM, HEPO3UMHHI 1 ra30MoAi0H1 peYOBUHU — B MOJIEKYJISIPHOMY BHUTJISII.
[Ipy ckiagaHHi TakWX pIBHSHB CIOYaTKy HEOOXIIHO HamucaTH MOJEKYJSIpHE
PIBHSIHHSI, TOTIM TOBHE HOHHO-MOJEKYJISIPHE 1 CKOpOYeHE MOHHO-MOJEKYJspHE
PIBHSIHHS (CKOPOTUTH OJIHAKOBI MOHM B 000X yacTHHaX). B HlOHHO-MOJIEKYyJIIpHOMY
pPIBHSHHI TOBHMHEH 30epiratucs OamaHc 3apsiaiB. 3a CKOPOYEHUMH HOHHO-
MOJIEKYJIIPHUMU PIBHSHHSMH MO>KHA BCTAaHOBMTH, SIKI caM€ MOHM Ta MOJEKYJH
OepyTh yyacTh y peakiiii 1 Hanpsam nepediry peaxiii.

Peakiiii, B pe3ynbTaTi AKUX BIIOYBA€ThCS 3B’ sA3yBaHHS WOHIB 3 YTBOPEHHSIM
C1a0KOro EJNEeKTPOdITy, Ocaly, ra3onoai0HOT PEUOBUHU MPOTIKAIOTh MPAKTUYHO 0
kiHisg.  KoXkHOMYy  cKOpodeHOMY  MOHHO-MOJIEKYJISIPHOMY  PIBHSHHIO — MOXeE
BIJIMOBIZATU ACKIJIbKA MOJIEKYJISIPHUX PIBHSHb.

[Ipy ckimagaHHi  MOJEKYJISPHOIO  PIBHSHHA 3a JIAaHUM  CKOPOYEHUM
HOHHO-MOJIEKYJIIPHUM PIBHSHHSIM HEOOXIJTHO BpaxyBaTd, IO KOXXHOMY HOHY B
HOHHO-MOJIEKYJIIPHOMY pPIBHSHHI TOBHHEH BIANOBIAATH CUJIBHUNA €JEKTPOJIT B
MOJIEKYJIIpHOMY piBHSIHHI. ToMy mnpu mepexoial Bil CKOPOYEHOTO JI0 TOBHOIO
HOHHO-MOJIEKYJIIPHOTO PIBHAHHS JO KOXHOrO MHOHAa HEOOXITHO JO0JaTH Taki
MPOTUIICKHO 3apsJKeH1 HOHM, 1100 11iif mapi BiAMNOBIIAB CUJILHUN €JIEKTPOJIIT.
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Hanpuxian:

BaCl, + Na,SO, = BaSO,d + 2NaCl (Monekynaphe piGHAHHA);

Ba® + 2CI + 2Na" + SO*> = BaSO4 + 2Na' + 2CI (nosue
LUOHHO-MOJIEKYISIPHE PIGHAHHSL);

Ba™ + SO = BaSO4 (ckopouene iionno-wonexyispne piensnns).

NaOH + HCI = NaCl + H,O (moxrexynapHe piguanms);

Na" + OH + H + CI' = Na" + ClI' + H,O (nosue tionno-monexynaphe
Ppi6HAHHA);

OH + H' = H,O (ckopouene tionso-monexyiapme pieHaHHA).

CaCO; + 2HCI = CaCl, + H,O + CO,T (monexynspue pisnsnns);

CaCOs; + 2H' + 2CI = Ca*" + 2CI + H,0 + CO,T (noswe tionno-monexynspue
Ppi6HAHHA);

CaCO; + 2H" = Ca*" + H,0 + CO,T (ckopouene itionno-monexyuspne
DIBHAHHS).

9.5 100yTOK PO3YMHHOCTI

[ToHATTS «700YTOK PO3YMHHOCTI» IOB’S3aHE 3 PO3YMHAMHU MaJOPO3UMHHHUX
CWJIbHHMX €JIEKTPOJIITIB. BUIBIIICTh MAaJOPO3UYMHHUX E€JIEKTPOIIITIB B 1y>KE€ PO3BEACHUX
pPO3UYMHAX JHMCOLIIOIOTH TMOBHICTIO, TOOTO iX MOXHA pO3MJISAATH SK CHUJIbHI
enekTponiTd. ToMy Bci HaBeleHI HMK4Y€ MIPKYBaHHS BITHOCSTHCS HE TUIBKH J10
PO3UHUHIB COJEH, alie i 10 po3uuHIB OCHOB, Takux sk Al(OH),, Fe(OH),, Cu(OH), 1
iH. Ilpm mocTiiiHIil Temmeparypi B HAaCHMYEHOMY PO3YHMHI MaJIOPO3UYUHHOIO
€JIEKTPOJIITY BCTAHOBIIOETHCS PIBHOBAra Mi>k TBEpAOIO (a3oro Ta HOHAMU B PO3UHMHI:

Y+ X-
KxAY s xK' "+ YA
TBEpJa HacHYeHUN
¢baza PO34MH

abo KxAy(T) s KxAy(p) s XI(Y+ + YAXZ
3 ypaxyBaHHAM MOBHO1 I[I/ICOI_Iia]_Iﬁ CJICKTPOJIiTy:
KxAy(T) s XI(Y+ + YAXi

3acTocyeMo 110 11i€1 piBHOBaru 3aKOH JIIOYMX Mac Ta 3alMIIeMO BUPa3 IS
KOHCTAHTH PIBHOBAru:

[0 (A ]
[KXAY(T)]

KonnenTpariist TBepnoi dazu [KXAY(TJ = const, TOMY:

K=

K- [KAyq =K }X [AX ]Y = JIP = const .
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[Ipu mocrtiiiHill TemmepaTypl B HACUHYEHOMY PO3YMHI JTOOYTOK pPIBHOBKHHUX
KOHIIEHTpaIliil (a00 aKTUBHOCT1) HOHIB, Ha SIK1 JUCOIIIIOE €JIEKTPOJIIT, 3 ypaxXyBaHHIM
CTYIIEHIB, BIAMOBIIHUX CTEXIOMETPUYHUM KOe(]Ili€EHTaM Yy pIBHSHHI JUcCOIaIli, €
He3MiHHMM. Moro HasuBaioTh A06YyTKOM po3umHHOCTI (JP) MAanopo3uMHHOTO
CJIEKTPOIITY.

3HaueHHs /(P — J[OBIIHMKOBa BEJIMYMHA, sKa XapakTepusye 3A10HICTh
CJIEKTPONITY PO3UMHATUCSA. UMM MeHIe 3HauyeHHs /[P, TUM Tipllie pO3YUHSAETHCA
crionyka. ITpy BHeceHHi B po3unH Haamuuiky #onis K¥ ' a6o A* Bumame nomartkosa
KUIbKICTh OCajy, 3MIHATHCS KOHLIEHTpalli HOHIB B PO34YMHI (3MILIEHHS PIBHOBAru
nucoriamii BiiBo 3a npudHiunom Jle Illatenwe), ane Benmuwua /P 3amumiuThes
MOCTIHHOIO MPU HE3MIHHIN TeMIlepaTypi.

YMOBOI0O YTBOPEHHSI 0Caay € IepeBHIIEHHS J00yTKY KOHUEHTpauil
YTBOPEHHUX MOHIB HAX BEJIHYHMHOKW N00YTKY po3umuHOcTi: ¢*(K¥")-¢’(A*)>/P.
SIkmo B posumHi ¢*(KY")-¢"(A*")< JIP ocan He YTBOPIOETHCS, EIEKTPOIIT Oyre
PO3UMHSATHUCS A0 THUX Mip, MOKU JOOYTOK KOHLEHTpallii HOHIB HE 3pIBHIETHCS 31
3Ha4YeHHsAM /[P.

Po3zuunHicTe S, 1m0 JOPIBHIOE MOJSPHIA KOHUEHTpAlli pPEYOBUHU B
HACUYCHOMY pPO34HWHI, 1 JOOYTOK PO3YMHHOCTI /[P MajopO3YMHHOTO EJIEKTPOIITY
B3a€MOIIOB’s13aH1. PiBHOBa)XH1 MOJIIpHI KOHLIEHTpallli HOHIB HACMYEHOI'O0 PO3UMHY
OB’ s13aH1 3 PO3UYUHHICTIO CITIBBIIHOIICHHSIMU:

[K“] =X - S Monb/J1;

[AX‘] =y - S MOJIB/I.

Omxe: JJP=(x-S)*-(y-S)" .

Jlns Toro, mo0 BU3HAYMTH PO3YMHHICTH COJII B MOJIB/JI, Tpeba HamucaTu
PIBHSIHHS ucoltiaiii coii. Po3risHemMo aucorriaiito apreHTyM KapOooHarty:

Ag,CO,52Ag" +CO;T .
2 _
AP=[Ag"]-[CO; .
Sxmo xoHueHtpauia Ag,CO, Oynma S Moub/a, TO [Ag+] =2-S mounp/n,
a [CO?‘} =S Moab/11, Toai

10-12
IP=(2-S)2-S=4.5°; S:z/ﬂng/l’z ZO ~0,67-107* momb/.

3a ymoBu, mo M (Ag,CO,)=276 r/mons, §=0,67-10"-276=1,85-10" r/m.
[I{o6 Bu3HauMTH, 4M OyJe yTBOPIOBATHCS OCa] apreHTyM KapOOHATy IIpH
KOHIICHTPALIIAX MOHIB, HaIPHUKIAI, c(Ag")=5-10"" mons/m;

¢(CO;7)=1-10"° mob/m1, Tpeba po3paxyBaTu 100yTOK KOHUeHTpaIii ioniB (/K):

JK =(5-107192-1-107 =2,5-107% < /[P — ocaj HE BUIMAJIAE.
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JIoOyTOK PO3YMHHOCTI J103BOJISIE BUZHAYUTH YMOBU YTBOPEHHS 1 PO3UMHEHHS
ocany. Skmo A00yTOK piBHOBaXHUX KOHIIEHTpALll HOHIB y HACMUEHOMY pPO3UYMHI
nopiBHIOE /[P Mamopo34yMHHOTO €NEeKTPOIITYy, TO FEeTEPOreHHa CUCTeMa 3HAXOIUThCSA
y CTaHi pIBHOBAaru:

AgCl <= Ag™ +CI™.

JPaqc= [Ag]-[CI].

Manopo3unHHUN eJIEKTPOIIT BUIMAJAE B OCal, KOJIU JOOYTOK PIBHOBAXKHUX
KOHIICHTpAIliil HOH1B OUTbIINIA 3a 3Ha4YeHHs JIP:

[ Ag'T[ CI'T> [IPagcr.

Ockinbkn  JIP mpu meBHIM TeMmIepaTypi € CTaJOl0 BEJIMYHUHOI, TO
IJBUILNICHHS KOHIIEHTpAIlli OJJHOTO 3 HOHIB, Ha SKi JUCOI[IIOE€ CIOJIyKa, TPU3BOIUTH
710 3MEHIIEHHsS] KOHIeHTpalii iHimoro. ko 10 Hacuuenoro po3unny AgCl nonartu

. o + _ . — + _
PO3YMH CIIONYKH, sika MICTUTh WOH Ag abo CI, To piBHOBara AgCl = Ag* +Cl
NopylIyeTbes 1 3rifHo 3 npuHuunoMm Jle HlaTenbe 3MilyeThCcs JiBOPYY, TOOTO 3
po3uuny noune Bumnagatu AgClL

VY cBo depry ocaj pO3UMHSETHCA, KOJU OJWH 3 HOro HMOHIB YTBOPIOE
MaJIOPO3YMHHY CHOJYKY, CIa0KUIl e1eKTPOJIiT, KOMIJIEKCHUI oH abo Oepe ydacThb y
peaxiiii OKUCHEHHS-BIIHOBJIEHHS. SIKIIIO 10 TeTepOreHHO1 CUCTEMH, SIKa CKIAAa€eThCs
3 ocagy AgCl 1 HacM4eHOro po34rHy WOro WOHIB, J0JAaTH KOHLIEHTPOBAaHUN PO3UUH
NHj3, To BHACIIIOK KOMILIEKCOYTBOPEHHS

Ag +2NH; <= [Ag (NH;3),]"

. . . + .
3MEHIIYEThCS KOHIICHTpAIlisl KaTIOHIB Ag y pO3YHMHI, 110 CIPUYUHSE J10JATKOBE
po3uuHeHHs ocany. lle Mae Benuke mpakTUYHE 3HAUEHHS B MPOIEcax OCaKyBaHHS,
PO3YMHEHHSI, BUCOJIIOBAHHS B aHATITUYHIN X1Mii Ta XIMIYHIHA TEXHOJIOT'i.

9.6 Iucouiauia Boau. BoaneBuit noxkazuuk (pH).
Kuciorno-ocHoBHi ingukaTopu. bydepHi po3unnu

Yucra Boja € cllaOKUM €JIEKTPOIITOM, SKUH B HE3HAUHIA Mipi MPOBOJIUTH
enektpuuHuit ctpyMm. Hacnpasai, nmpu 22 °C 1i CTyniHb €JEKTPOTITUYHOI JucoIialii
nopiaioe 1,8-107, To6T0 Aucomitoe TiMBKH 0HA MONEKyIa 3 555 000 000 MomeKy
Boau. OJHIEI0 3 MPUYMH Takoi HE3HA4YHOI AMCOIliaIlii BOAW € Te, IO Iel Mpolec
MPUTHIYYETHCS JIIEI0 BOJHEBUX 3B’S3KIB, Kl TUIOBI IJis1 BoAu. Jlucorriaiiro BOAH
MOXHA 3alUCaTH TAKUM YHHOM:

2H,0 <= H;0" + OH..
JlJist cipoIlieHHsI 1 3pYYHOCT1 PIBHAHHS 3alUCYIOTh Y TAKOMY BUTJISIL:

H,O <= H + OH..
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3acTocyBaBIlIY 70 II€T PIBHOBArU 3aKOH JIFOYMX Mac, MA€MO:
A ][oH ]

8= Tio)

ne K, — KOHCTaHTa CIICKTPOITUYHOT JUCOIiallii BOAM, sika JOPIBHIOE 1,8-107'°.

M:LS-IO‘M

b

a
[#,0]
OCKUIBbKH CTYIIHb TUCOIIAIT BOJAU AyXe MaJeHbKa BETUYMHA, TO TPAKTUYHO
[H;O] = const (KUIBKICTb JAMCOLIMOBAHUX MOJIEKY]l HE BpPaXOBYIOTh).

[H,O] = 1000/18 = 55,56 (monw/m), Toai K, -[H,O] = 1,8:107°-55,56 = 10™*. Takum

YUHOM,
[H']J[OH]=10".

JIoOyTOK KOHIIEHTpalii WOHIB TIAPOreHy 1 TIAPOKCHI-I0HIB 3a CTaoi
TEMIIEpaTypH € CTAJIOI0 BETMYNHOIO, IKY HA3UBAIOTh HOHHUM A00yTKOM BoJU Kipo.

Ko =[H'J[OHT]=10".

[Ipu kiMHaTHI TeMmiepaTypl HEUTpajdbHI PO3YMHU MaAIOTh OJHAKOBY
koHIeHTpanito: [H'] = [OH] = 107 moms/n u Ko = 107", Take x came
3HaueHHs Ky,o MaloTh Nnpu Takiid e TemnepaTypl 1 BOJAHI PO3YMHU KUCIOT 1 OCHOB.
Tomy, sikoro 6 He Oyna KOHUEHTpallis HOHIB TiiporeHy, KOHIEHTpaLis T1IPOKCH/I-
I0OHIB HE MaTHMMe HYJIbOBOIO 3HAaueHHs 1 HaBnaku. ILle pgae MOXIHMBICTH
pospaxoByBaTH KoHneHTpamnito [H'] a6o [OH], Ko o/Ha 3 IMX BEIWYHH BiloMa:

107 107"
H )= [oH = .
R e

V uncriit Bogi [H]=[OH]=1-10" wmoub/m.
V kucnomy pozunni [H'] > [OH ] (to6To [H'] =10, 107, ...Moumb/1).
V nyxszomy posunsi [H'] < [OH ] (to6to [H'] =107, 107, ... Moxs/n).

[IpoTe 3ammcyBaTH KoHIEHTpamifo ioriB H ab6o OH depes Bin emmwmil
CTyMiHb HE 30BCIM 3py4yHO. OCh YOMY KHCIOTHI BJIACTHBOCTI PO3YMHIB JATCHKUM
oioximik C. Cepercen (1909 p.) 3anmpornoHyBaB XapakTE€pU3yBaTH BEIWUYHUHOIO
800He6020 nokazHuka pH, KUl BU3HAYAIOTH 32 CIIBBIIHOUICHHSIM:

pH = —Ig[H'];

aHAJIOTIYHO  KOHIIEHTPAIlll0 TIAPOKCHUJI-IOHIB  XapaKTepU3yIOTh 2iOPOKCUOHUM
NOKA3HUKOM:

pOH = —Ig[OH J;

pH + pOH = 14.
Binnosinuo y uuctiit Boai pH = pOH = 7 (neitTpanbpHe cepenoBuiie).
VY kucnomy po3uuni pH <7, a pOH > 7.
VY nyxHomy po3uuni pH > 7, a pOH < 7.
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Po3uunu, 3nauenns pH sikux 3Haxonstses B iHTepBaii Bifg 0 10 3, Hanexarthb 110
cuibHOKMCUX; Tipu pH = 4...6 — cnabokucne cepenouie. CrabomayKHI pO3UUHU
maroTh pH = 8...10, a cunpHO nyxH1 — pH = 11...14.

Posumrn, B skmx [H'] > 1 wmone/m MaroTh HeraTuBHi 3HauenHs pH. Tak,
sk [ H* ] = 2 mounw/n, To pH = - 0,3.

Hpu [H']< 10" mons/n pH > 14. Tax, sixuto [ #*]=0,5-10", To pH = 14,3.

VY pa3i po3uMHIB CUJIBHUX EJIEKTPOJITIB 3aMICTh KOHIIEHTpALlli KOPUCTYIOThCS
aKTUBHICTIO. ToMy IIpH HEOOXITHOCT1 OUIBII TOYHUX PO3PAXYHKIB B TAKUX PO3UMHAX

ciin Bu3Havat He pH, a pa(H):
pa(H’) = -lga(H") = pH - 1gy(H").

Bumipsatu pH MoxHa MOTEHI[IOMETPUYHUM METOJOM 32 JOMOMOI'OI0 CKISTHUX
€IEKTPOIIB, TOTEHIIAll SKMX 3MIHIOETHLCS B 3aAlIEKHOCTI BiJl akTMBHOCTI KaTioniB H
B po3uuHi. [Ipubnu3ne 3HaueHHs pH MokHa BU3HAUUTH 32 JOMOMOI'OIO KHCIIOTHO-
OCHOBHUX 1HAUKATOPIB. Kuciomno-ocrho8Hi iHOuxamopu — 1€ PEUYOBHHH, SIKi
3MIHIOIOTH 3a0apBieHHs B 3ajexxHocTi Big pH po3umny. IHaukatopu — ue cnabki
OCHOBU a00 KuciaoTu (OapBHHMKM OPraHIYHOTO IMOXOJKEHHsS), AKi mpu 3MiHi pH
PO3YMHY 3MIHIOIOTH CBOIO CTPYKTYPY 1 BIIMOBITHO 3a0apBIICHHS.

Hanpuxian:

HInd = H+ + Ind-,
3a0apBienHs I  3abapsuenns 11
abo

Ind OH = Ind ++ OH
3a0apBieHHs [ 3a0apBieHHs 1

Haiiyacrinme BUKOPUCTOBYBaHI IHIUKATOPH:
1) TuMONOBUIA CHHIN (YEPBOHUIN — )KOBTHI):
—nepua 3miHa npu pH=1,2+2,8;
— npyra 3miHa (koBTuM — cuHiil ): pH=8+9,6;
2) MeTUIOBUH opaHkeBUl (UepBoHU — xoBTUi): pH =3,2+4,4;
3) 6poMkpe3onoBut 3eneHuit (;koBTHil — cuHii); pH =3,8+5,4;
4) MmeTunoBuil yepBoHui (>3koBTHI — yepBoHuii); pH =4,8+6,0;
5) 6poMTHMOIIOBHI CUHIN (KOBTUM — cuHii); pH =6,0+7,6;
6) TUMOJIOBUI YepBOHUI (KOBTUI — YepBOHUM); pH = 6,8 +8,4;
7) benondranein (6e30apBuuil — poxxkenuit); pH=8,2+10.

Koxunuit iHankaTop Mae neBHUM iHTepBain pH, B sxomy BinOyBaeThcs 3MiHA
roro 3abapmieHHs. Lleil 1HTepBan Ha3MBAETHCS IHTEPBAIOM IEPEXOAY IHAMKATOPA.
SIkuo iHTepBan TmepexoAy 3HaxoAuThcs B Mexax pH<7, iHaukaTop MoOXe
BUKOPUCTOBYBATUCS JJI BH3HAUEHHS KHCIOTHOIO CepefoBHINa (METUIOPAHXK),
axio pH>7 — s BU3HAYEHHS JTY>KHOTO cepefoBuiia (peHnondranein).
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[naukaTopu 3MiHIOIOTH 3a0apBieHHS B JYyK€ BYy3bKOMY iHTepBaii pH, Tomy

HalyacTillle BUKOPUCTOBYIOTh YHiBepCaJbHWH iHAMKATOP — 1e CyMill
IHIUKATOPIB, fiKa JIa€ TOCTYNOBY 3MiHy 3a0apBJIeHHS B UIHPOKOMY
piamazoni pH. 3a 3a0apBieHHSAM pO3YMHY MOXKHA MPUOJIU3HO BHU3HAUYUTH

3HaueHHsa pH.

BuBuenns pH po3unHiB Mae BenuKe NMpakTUYHE 3HAYEHHS B XiMii, 010J0T1ii,
MEJUIMHI, Xap4yOBiil MPOMUCIOBOCTI, CLLILCHKOMY T'OCIIOAAPCTB1 TOMIO.
Bydepni pozunnn. Y ximii, 610510ri1i, MEIUIIMHI, Y TPOMHUCIOBOMY BUPOOHUIITBI s
nepebiry Tux abo IHIIMX TPOIECIB YacTo MOTPIOHO 3abe3neuyBaTH CTaiCTh
3HaueHb pH. Jns 3aGe3neuenHs cranoro 3HaueHHs pH BUKOpPUCTOBYIOTH OydepHi
PO3YMHH.

bygepnumu Ha3zuBaoTh po3unHu, pH AKUX MPaKTUUYHO HA 3MIHIOETHCS BIJ
JOJIaBaHHs 10 HUX HEBEJIMKUX KUIBKOCTEH CHIIBHOI KMCIOTH a0 JIyTy, a TaKOX IpH
po3BeneHHi. HaltnpocTimuit 6ydepHuit po3unH — 11e Cymimn ¢j1adbKoi KUCIOTH 1 COl,
0 Ma€ 3 LI€I0 KUCIOTOI0 3arajlibHUi aHiOH (HANmpHKJIaA, CyMIIl OLTOBOI KHUCIOTU
CH,COOH 1 aueraty HaTpito CH,COONa ), a00 cyMmilll c1labKOi OCHOBH 1 COJIi, 110 M€

3 I[IEF0 OCHOBOIO 3araJIbHUM KaTioOH (HampuKIIajJ, CyMIll TIAPOKCUY aMOHI0 NH,OH
3 XJIOpUJOM aMOHii0 NH,CI).

Koxxen OydepHuii po3unH Mae neBHy 0ypepHy eMHICTh. BygepHna emuicms
BU3HAYAETHCSA KUIBKICTIO €KBIBAJICHTHUX Mac KUCIOTH (JIYTY), SIKY CJ1J 10JaTH, 11100
BenuurHa pH 1 11 6ydepHoro po3unHy 3MiHUIACH HA OJUHUILIIO.

9.7 I'iapoJti3 coJieit

B3aemonis peyoBUHU 3 BOJOIO, sIKa MPU3BOAMUTH JI0 CHOJYYEHHS CKJIaJ0BHX
YaCTHMH PEYOBMHU 31 CKJIAJOBUMU YacTUHAMU BOJM HA3UBAETHCA TiIPOJI30M
(rimpoiti3 y mepekyiaai o3Hauae «po3KJIaJaHHS BOJOIO»). ['1iApoiizyBaTUCS MOXYTh
XIMIYH1 CHOJYKM PI3HUX KJIAaciB: COJi, BYIJIEBOIAW, OUIKH, €TE€pH, >KUPU TOLIO. Y
BOJHUX PO3YMHAX BIAOYBAE€THCS pEaAKIlisl B3aeMOAll MK HOHamu coii ¥ Boau. Y
pe3ynbTaTi Takoi B3aeMmosil onuH 3 HoniB Boau (H' a6o OH') 3B’s3yeThesl HOHAMHE
coJii B ¢1a00 JUCOIIOBaHY YaCTUHKY a00 BaXXKO PO3UYMHHY PEUOBUHY, a APYTUM HOH
BOJM HAKOMIMYYETHCS B PO3UMHI 1 Ha/Ia€ HOMY KUCITY 200 JIY>KHY PEaKilito.

Ilpoyec 06MminHOI 83a€MO0ii 1IOHI8 CONl Ul 800U, BHACINIOOK 4020 PIBHOBA2A
eleKmpoaimuyHoi oucoyiayii 6oou nopywyemocsa (3minroemocs pH cepedosuwa),
Hazusaemwcs 2ioponizom. Hacniokom 2ioponizy € ymeopenHs ciabkozo eiekmponiny.
['inpomni3 nepebirae mo-pisHOMY, B 3aJI€KHOCTI B/l CHJIM KUCJIOTHU Ta OCHOBH, 3 SIKHX
yTBOpUJIACS CUIb:

MA +H,0 <~ MOH + HA .
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[Ipomec rimpoisizy — 1€ mporec 3BOPOTHIM, TOMY i HBOTO MOXHA
BU3HAYUTH KOHCTAHTY piBHOBaru K abo KOHCTAHTY Tiapodizy coii K :

K- [MOH]:[HA]
[MA]-[H,0]
3 toro, o [ H,O | = const st po3BeseHUX PO3UYUHIB, 3 {OIO BUIUIHBAE, IIO:
. B B _[MOH]-[HA]
K-[H,0O]=const=K, K= MA]

3naveHHs K cojii xapakTepu3ye 3MaTHICTh JAHOIL COJIi A0 TiAPOJIi3y: YUM
Oinbme K., Tum y Olnbiuiii Mipi ciib migyisirae rigposisy.

VY 3aJIe)KHOCTI BiJl CUJIM BUXITHUX KUCJIOTH 1 OCHOBH, COJII MOYKHA PO3MOIUTATH
Ha YOTHPU THIIH:

1. Coui, 10 yYTBOpEHI CHJIBHOIO OCHOBOIO 1 cJ1a0KO10
kuciotoro: NaCN,CH,COONa,Na,CO,,Na,S;

2.Comi, 1O YTBOpPEHI CJabKOW OCHOBOIO 1 CHJIBHOIO KHCJIOTOIO:
NH,CI, Cu(NO,),,ZnSO,,FeCl;;

3.Com, 1m0 yTBOpeHI CJIaOKOIO OCHOBOK 1 CJIaOKOI  KHCJIOTOO:
NH,CN,CH,COONH,,(NH,),S,Cu(NO,), ;

4.Comi, 1O YTBOPEHI CHUJIBHOIO OCHOBOIO 1 CHJIBHOIO KHCIOTOIO:
NaCl,K,SO,,Ca(NO,),,CsBr.

Couni nepuoro-TpeTboro TUMIB MIAAAI0THCS TIAPOJI3Y, COJ1 YETBEPTOro TUIY
T1APOTI3Y HE MiJIIaI0ThC.

Posrnstnemo rigposni3 coneit KoKHOTO TUITY:

1. TigpoJi3 3a aHioHOM

Comi, 1m0 yTBOpPEHI ClabKumu Kuciomamu i CUTbHUMU  OCHOBAMU,
T1IPOJII3YIOTHCS 32 AHIOHOM:

NaCN+HOH <= NaOH+HCN;
Na*+CN~ +HOH <= Na®+OH™ +HCN;;
CN™+HOH <= HCN+OH™ ; pH > 7 (cepenoBuuie JIyxKHe).

Otxe, CN™ sk iloHM c1a0KOi KUCIIOTH B3a€EMOJIIIOTH 3 BOJIOIO, BIATATYIOTh BiJT
Hei ['i1poreH 1 yTBOPIOIOTh CIA0OKU eNeKTpoT (LiaHiAHY KUCIO0TY). TakuM 4uHOM,
MpU TiAPOMI31 COJi, IO YTBOPEHA CJIA0KOK KHCIOTOI0 1 CHJIBHOK OCHOBOIO, 8
Ppeaxyito 3 600010 6CMYNAE MINbKU AHIOH.

Bongni po3umHu cojied, YTBOPEHUX CIIAOKMMM KHCJIOTaMH 1 CHJIBHUMU
OCHOBaMH, MalOTh JIY>KHY peakilito cepenouia (pH > 7).
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JUJist Takoro TUITY COJIel KOHCTAHTY Tipojii3a BU3HAYAIOTh 3a PIBHSHHSIM:

_ [HCN]-[OH™ |-[H" |

' [CN"J[H"]
Ky o
K= .
F KK_mu

ne K H,0 ~ HOHHMI 100YTOK BOJM;

K, ., —KoHcTaHTa aucouianii cnadkoi kucnotu HCN.

K

Yum Outbln cnabkoro Oyjae KUCIOTa, THM CHIbHIIMIE 11 COJI MHiAIATaloTh
riIpoizy.

2. T'igpoui3 3a KaTioOHOM

Comi, 1O yTBOpeHI CJIaOKUMHU OCHOBaAaMU 1 CHJIBHUMU KHCJIOTaMH,
riIPOJII3YIOTHCS 32 KATIOHOM:
NH,Cl+HOH <= NH,OH + HClI ;

NH,* +Cl” + HOH <= NH,OH + H* +CI1;
NH," + HOH <= NH,OH+H" ; pH< 7 (cepenoBuiue Kucie).

VY peakiito 3 BOAOIO BCTYMA€E TUIbKHU KaTioH. BogH1 po3unHu coneil, yTBOpeHUX
CIa0KMMHU KUCJIOTaMH 1 CUJIBHUMU OCHOBaMH, MAalOTh KHCIY PEaKIlilo cepepoBHIlA
(pH <7).

JUJist TakoTo TUITY COJIeH KOHCTAHTY Tipoiii3a BU3HAYAIOTh 3a PIBHSHHSIM:

_ [NH,OH]-[H"|-[OH" | _Kuo

' [NH,*] {OH™| K, ~

ne K, — KoHcTaHTa aucouianii cnadkoi ociou NH,OH.

Yum Outbll ciabka OCHOBA, TUM y OUIBIIIN MIpl MIUISATalOTh TIPOJI3y COdi,
10 YTBOPEHI HEIO.

3. T'igpoJti3 3a KaTIOHOM i aHIOHOM (CHJIbHUIA TIAPOTI3)

Comi, 10 YyTBOpEHI CIa0KMMH OCHOBaMHU 1 CJIAaOKUMHM  KHCIIOTaMH,
TiIPOJII3YIOTHCS 1 3@ KaTiOHOM, 1 3a aHIOHOM. ['iposi3 Moxe BiTOyBaTHCS 3HAYHOIO
MIPOIO:

CH,COONH, + HOH =~ NH,OH + CH,COOH ;
CH,COO™ +NH,*+HOH <= NH,OH + CH,COOH .
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VY peakuito 3 BoJAOI0 BcTynae 1 kaTioH 1 anioH. pH ~ 7 (ocHoBa 1 kucIOTa,

SAKUMU yTBOpPEHA CLIb, OJIU3bKI 32 CUJIOI0), TOMY HEMa€ HAJUIMILIKY Hi HOHIB [H+] , Hl
HOHIB [OH_].
JJist TakoTO TUITY COJIe KOHCTAHTY T1poJii3y BU3HAYAIOTh 33 PIBHSIHHSIM:
K _ KH20
r— s
KK—TI/I ’ KOCH

ne K, _ ., — koHcTaHTa nucomniaiii cinabkoi kuciotu CH;COOH,
K., — KoHcTaHTa nuconianii ciaadkoi ocaou NH4OH.
Yum Okl ciiaOKi KUCIOTA 1 OCHOBA, TUM Oulblie Oyae K, 1 TUM B OUIBIIIM
MIpi CUTb MiAJIATAE TIAPOTIZY.

4. Cuib, 110 YTBOPE€HA CWIBHOK OCHOBOIO i CHIILHOK) KHMCJIOTOIO TiAPOJIi3y
He MiJIsirae:

KCl+HOH <= KOH + HCI;
K"+Cl"+HOH << K*+OH +H" +Cl;
HOH <= OH™ +H"*.
[Ipouec rigpomnizy cojeil, I0 YTBOPEHI CHJIBHOI OCHOBOIO 1 CHIIBHOIO
KHCJIOTOIO 3BEJEHUH /10 TpOIleCcy AUCOIialii MOJIEKYJ BOAU 1 BECTH PO3MOBY IPO
riipoiii3 He BapTo. TakuM YMHOM, COJIi, IO YTBOPEHI CHIILHOIO OCHOBOIO 1 CHIJIBHOIO

KHUCJIOTOIO TiApOJI3y HE MIUISraloTh, TOMY IO piBHOBara MiK HEIHUCOLIHOBAHUMHU
MOJIEKYJIaMU 1 HOHaMU BOJIM HE MOPYIITY€ETHCS.

[Naponiz coiseit, MO yTBOpPEH1 CIa0KOK 0araTOOCHOBHOI KHCIOTOI abo
c1abKo10 0araTOKUCIOTHOI OCHOBOIO, Mepedirae MOCTynoBO y AeKUIbKa CTaIii:

Ier Na,CO, + HOH == NaOH + NaHCO,,
CO,”” +HOH <= OH™ + HCO;,".
K

— HZO
K(/)r =
K

(1) H,CO

Ilcr.  NaHCO, + HOH == H,CO, + NaOH,
HCO,” + HOH =~ H,CO, +OH" .

Ko
anr = g s
(H,CO,4
ne K 1 K — KOHCTAHTHU aucolyanii KapOOHATHOI KHCJIOTH 3a
(I)H,CO, (INH,CO,

MEPIIUM 1 JPYTUM CTYTICHEM.
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Kyu,co, > Kaym,co, BIANOBIIHO Ky > K. ToMmy rigpomis 3a mnepuuim

CTYNEHEM 3aBXIM Iepedirae B 3HAYHO OUIBIIIN Mipi, HDK 3a IpyruM. [imponi3 3a
TPETIM CTYIIEHEM — MPOOIeMaTUUHUIA:

Icr. FeCl, + HOH <= FeOHCI, + HCI,
Fe’* + HOH <= FeOH** + H* ;

Ko
Kor =& o om

(II1)Fe(OH),

II cr. FeOHCI, + HOH <= Fe(OH)2 Cl+HCI,
Fe(OH)** + HOH <= Fe(OH); +H*;

K
K(H)r :%.

(11)Fe(OH),

III cr. Fe(OH), C1+HOH <= Fe(OH), + HCI — mpaxTidHo He mpoTikae
Fe(OH); + HOH <= Fe(OH), + H*;

H,0

K

(I)Fe(OH),

K(m)r =

IMoBumii rigponis. /{is moBHOro mMpoOTIKaHHS TipoJii3y MOTPiOHO, MO0 CLIb
Oyna yTBOpeHa Iyxke ClIa0KOK KHCJIOTOK 1 JyXke cla0kor ocHOBO. KpiMm Toro,
O0axaHo, 1100 OJMH 3 MPOYKTIB T1APOII3Y HUIIOB 3a c(HEeporo peakilii y BUTIISII rasy.
(Manopo3unHHI pPEYOBUHH, IO 3aJMIIAIOTHCS B KOHTAKTI 3 PO3UYMHOM, B3araii
KaXy4dd, He HAyTh 3 cdepu peakxilii, OCKUIbKM BCE€ OJHO B SKIACH MIpl
PO3UYUHAIOTHCS). TOMYy MOBHOMY T1APOII3Yy MiAAAIOTHCS 3a3BUYAl COJII Ta30MOAI0HUX
a00 HECTIMKUX KUCIOT: Cyib(iaHOi, KapOoHaTHOI, moyacTu — cyibditHoi. Coui, sKi
MOBHICTIO TiApONI3YIOThCs (KapOoHatu, cynbdinu amoMinito, xpomy (III), 3amiza
(IIT)) He ™MoXHA OTpUMATH peakIisiMU OOMIHY Yy BOJHHUX PO3YHMHAX. 3aMICTh
OUIKYBaHUX MPOAYKTIB y pe3yibTaTl peakiii MU OTPUMAEMO MPOIYKTHU TiIPOJi3Yy.
[Nnppomni3 ycknanHioe nepedir 0araTb0X IHIIUX peakiliii oOMiny. Tak, mpu B3aeMoAii
KapOoOHaTy HaTpito 3 CylbhaToM Mil B 0caj 3a3BUYail BUTaJa€ OCHOBHUN KapOOHAT
Mijl (CuOH)2 CO;. VY r1alboumi poO3YMHHOCTI JJIsi COJEH, 10 TMOBHICTIO

riIpOJI3YIOThCS, CTOITh pucKa. [IpuKkiiagqom Takoi coii € Cynbdia amoMiHIO:

ALS, +6H,0 — 2A1(OH), +3H,S.

[Nnpponi3 mepebirae B OHY CTail0 1 M0 KiHI (MOBHHUM Tigpoii3), TOMY IO
TIpOIIi3 KaTiOHA 1 aHIOHA MIICKIIIOETHCS OJMH OJIHUM 1 pIBHOBAra 3MIlIYEThCS B O1K
YTBOPEHHS KIHIIEBUX MPOIYKTIB.
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BaxxnuBuM € npoliec NOCUJIEHHS T1IpoJi3y B pe3yJbTaTi peakiiii oOMIHy MiX
consimu. Hanpuknan:

2Al(NO;), +3Na,S+6H,0 — 2Al(OH), +3H,S+ 6NaNO;.

Mana O yTBopUTHCA CUIb — CYJIb(1 aFOMiHIIO, ajJe T1IpoJii3 Takoi coJl e
710 KIHIIS, TOMY B peakilii oOMiHy yTBOPIOIOTHCA OApa3y MPOAYKTH T1APOII3Y COJIi:
AI(OH); s H,S. Jlns moaiOHuX cosieid y TaOiauIll PO3YMHHOCTI CTOITh PUCKA.

KinbKiCHO T11p0oJii3 OLIHIOIOTH 32 CTYIIEHEM 1 KOHCTAHTOIO Tipoini3y. CTymiHb
riIpoiizy 4 BHpa)kae 4YacTKy T1IPOJII30BAaHUX MOJIEKYJ 1 MOXe OyTH BHUpa)KeHa
BIIHOIIIEHHSIM YHKCJia MOJIIB COJIi, IO MIAJATUCS T1APOMi3y, 10 3arajibHOTO 4YHCIa
MOJIB cOJi, a00 BIHOIICHHSIM KOHIIEHTpAIlli cOoJIi, 10 Migfaiacs TIAPOII3y Cr, 110

KOHIICHTpAIlli po3uuHEeHO1 coi ¢: h=-L. CTymiHb T1IAPOII3Y 3aJICKUTh Bil IPUPOIH
c

coJil, 1i KOHUEHTpalil 1 TeMmmeparypu po3uuHy. 3 po30aBiIEHHSM 1 MIABULICHHSIM
TeMIIepaTypu PO3UMHY CTYIIHb T1JIpodii3y 3pocTae. [loBHIlIEe XapakTepu3ye riapoii3
KoHcmanma 2ioponisy K.

Benuuuna xoumcmanmu 2ioponizy K, 3aleXuThb BiJ] BEJIUYMHU KOHCTaHTH
JUCOITiaIlii BIAMOBITHOTO CJIA0KOTO €JIEKTPOITY 1 JJIS

. . , 0o
1) rizpomisy 3a anionom: K = T
K—TH
i i ; H,0
2) riapoini3y 3a KaTioHoMm: K = e .
OCH
i i i L aHi H,0
3) rizpoaisy 3a KaTioHOM i aHiOHOM: K| =——2—.
KK—TI/I ’ KOCH

SIxuro rigponi3 codii BinOyBaeTbea Yy NB1 CTajii, TO KOHCTAHTY TIAPONI3y 3a
MIEPIIIOI0 CTAIEI0 PO3PAXOBYIOTH 3@ BIAMOBIIHUM PIBHSIHHSIM

K, K

O H,0

Kor =22 a6o K,y =22,
(IDx—Tn

(IT)ocu
a 3a JIPyroro CTai€lo:

K K

0 H,0

K(H)r = *— abo K(H)r :—K —,
(Dx—1n

(I)ocH

e Ko 1 Kipeons Kipoon 1 Kiijoey — KOHCTAHTH JHCOLUALT 332 MEPUIAM i

APYT'MM CTYHEHEM BIAMNOBIIHO KUCIOTH (Y BUIAAKY TIAPONI3Yy 3a aHIOHOM) abo
OCHOBHM (y BUITQJIKY T1APOII3y 3a KaTioHOM). OCKIIbKM KOHCTaHTH JUCOIlIAIl] KUCIOT
1 OCHOB 3a TEpIIMM CTyIEHEM, SIK MPaBWIO, 3HAYHO OUIbIII HIK KOHCTAHTH
adcomianii 32 gpyrum  crymeneMm, 10 K <<K .. Tomy B mnpubausHux

pO3paxyHKax, 10 MOB’s3aH1 3 TAPOTI30M cojiel clabKkux 0araTOOCHOBHUX KHUCIIOT
ab0 cnaOkux 0araTOKMCIOTHUX OCHOB, MOXHa OpaTH 10 yBaru TUIBKU T1IpoJii3 3a
TIEPIIIOI0 CTAIIETO.
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Benuuunu K, 1 cTyness rigponizy /s noB’s3aHi MiX cO00I0 CIIBBIIHOIICHHSM,
1110 aHAJIOTTYHE /10 3aKOHY po30aBieHHs OcTBanpaa:

K, =hc/(1 - h),

a IpU MaJIMX 3HAYCHHSX /i K. =hec.

ToOTo, cTymiHb TiApoNi3y TUM OLUIbIIa, YUM HUXKYA KOHIIEHTPALS PO3YUHY.
['ppomni3 — mpoliec €HAOTEPMIYHHUI, TOMY KOHCTaHTa TIAPONI3y 1, BIAMNOBIIHO,
CTYIIHb TAPOII3Y 3 MIJBUILEHHAM TEMIIEPAaTypH 301IbLIITYIOTHCS.

Tema 10 OxucHO-BIIHOBHI peakuil

10.1 CTtynmiHb OKHCHEHHS €JIEMEHTIB

XiM14H1 3B’SI3KA MK aTOMaMHU Pi13HUX €JIEMEHTIB HecuMeTpudHi. B Monekynax
CKJIQAHUX PEYOBUHAX MAIOTh MiCIle, K MPaBHJIO, MOJIAPHI KOBAJEHTHI 3B’SI3KH. B
MOHHMX CHOJYKax L HEPIBHOMIPHICTh PO3MOAUTY €JIEKTPOHIB MaKCMMalbHa — MPH
YTBOPEHHI PEUOBUH 3 HOHHUM 3B’SI3KOM BAJICHTHI €JIEKTPOHU MPAKTUYHO MOBHICTIO
nepexoAsTh BiJl aromMa OJHOIO €JeMEHTa JO0 aroMa IHIIOTO eJeMEHTAa.
HepiBHOMIpHICTh PO3MOJLTY €JIEKTPOHIB MDK aTOMaMH B CIOJIyKaX JICTana Ha3By
OKHUCIIOBAHOCTI. [Ipy 1IbOMY e€leMEHT, €JIEKTPOHU SKOro 3MIIIYIOThCS /10 aTOMIB
HIIIOT'O €JIEMEHTA, BUSIBIISE MO3UTHUBHY OKUCIIOBAaHICTh. ElleMEHT, 10 aTOMIB SIKOTO
3MIIIYIOTbCSI  €JIEKTPOHM, TIPOSBIISE HEraTUBHY OKHUCIIOBAaHICTh. s 00Ky
Mepepo3noAUTy €JIEeKTPOHHOI MIUIBHOCTI, SKWW BiOYBAa€ThCS B MPOIEC OKUCHO-
BIJTHOBHO1 peaKIii, BBOJUTHCS MOHATTS CTYNEHS OKUCHEHHSI.

Cmyninb OKUCHEHHA — ye YMOBHULL 3apsl0, K020 HAOY8 Ou amom 8 MOJeKy, 3a
VYMOBU, WO eleKMPOHHI napu, sKi 30TUCHIOIOMb XIMIYHUX 368 30K, NOGHICMIO 3MIUjEHI 8
oix  Oinbw enekmponecamuenoco amoma. CTyIiHb OKHCHEHHs, Ha BIIMIHY BiJ
BaJICHTHOCTI, MOX€E MaTH MO3UTUBHE, HETaTUBHE 1 HYJIbOBE 3HAUeHHS. Lle 3HaueHHs
31 3HAKOM IUTIOC YW MIHYC Mepes apaOChkoro MU(POI0 3a3HAYAETHCS HAJ CUMBOJIOM
enemenrta. Hampuknan:

+1 2

Clz H>0 Clz,

HpaBuna BHU3HAYCHHA CTYIICHH OKUCHCHHA

1. AnreOpaiyHa cymMa CTyl€HIB OKUCHEHHS BCIX aTOMIB Y MOJIEKYJIl Ma€ JOPIBHIOBATU
HYJIIO, 4 y CKJIaJHOMY HOHI1 — 3apsiay HoHa.
2. CTymniHb OKMCHEHHS aTOMIB y MMPOCTUX PEYOBUHAX JOPIBHIOE HYJIIO.
3. CTyniHb OKUCHEHHS METATIB y CHOJYKaX 3aBXKI1 MO3UTHUBHUM.

[leBH1 MeTanu MarOTh CIM AU CIYNEHb OKUCHEHHA:

Li, Na, K, Rb, Cs, Fr (iyxH1 MeTanu) B yCiX CHOJyKaX MalTh CTYICHb
OKHCHEHHS +1;
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Be, Mg, Ca, Sr, Ba, Ra (myxHo-3eMesbHI) Ta Zn MarOThb CTYIICHb
OKHCHEHHS +2; y Al +3.

[H1111 MeTaM MarOTh 3MIHHUHN CTYIICHb OKUCHCHH:
+2 -2 +3 -2

FeO, Fe,0:;.

4. T'inporeH y OUTBIIOCTI CIIOJIYK Ma€ CTYIiHb OKUCHEHHs +1. BuHATKH — rigpuaun
+1 -1 +2 -1
MeTallB, e ['inporeH mae ctynenb okucHeHHs -1: NaH, CaH..

5. Cryninb okucHenns dnyopa — 3aBxau —1.

6. OKcUTeH y OUTBIIOCTI CTIONYK MAa€ CTYN1Hb OKUCHEHHS —2.
+1 -1 +2 -1 +2 -1

Bunsatku: H.O,, BaO,, OF,.
7. CTymniHb OKHUCHEHHS METAIIIB Y COJIAX PaXy€EThCs 3a 3apsAJIOM KUCIOTHOTO 3aIULIKY.
8. CTyIiHb OKUCHEHHSI aToMa, SIKHH YTBOPIOE MPOCTUN MOH (CKIATAETHCS 3 OJHOIO
aToMa) JIOPIBHIOE 3apsy LbOTO HoHa:

Ca®" — (3aps HOHa MO3HAYAIOTH MPABOPYH BiZl CHMBOJY 3i 3HAKOM ILTIOC UM
MIHyC Ticas apaOcbkoi IUGPH, a CTYNEHb OKUCHEHHS HajJ cuMBosioM). Kanbliii
MPOSBIISE CTYNIHb OKUCHEHHS +2.

Buiuii cTyniHb OKUCHEHHS €JIEMEHTa y CIOJyKax JOPIBHIOE HOMEPY TpyIH
NepioIMYHOT CUCTEMHU, B SKIM 3HAXOAUTHCS €IEeMEHT (BUHATOK — enemeHTH Il
nepiony, siki He MaroTh d-miapiBas — O, F, Metanu miarpynu mifai, MeTajld BOCbMOI
rpynu). MiHIMaabHUM CTYNiHb OKMCHEHHS HEMETalllB HeraTUBHHM 1 JopiBHIOE N-§,
ne N- HoMep TpynH, B AKii 3HAXOJAUTHCS €JIEMEHT.

Hanpuknan, y Hirporena wmoxke OyTH pi3HUH CTyNmiHb OKHUCHEHHS B

CIIOJIyKax: I\3IH3 , I\+Il2 O, NO ,I\+I32 0,, I+\4IO2 , I\+152 O.. HaiiBuuuii cTyniHb OKHCHEHHS
JOPIBHIOE +5, a HAWHWKYUI TOpIBHIOE —3.

BpaxoByroun BuIe3a3HaueHl NpaBWiia, MOXHA pO3paxyBaTH CTYIiHb
OKHUCHEHHSI Oy/b-SIKOTO €JeMEHTa B HOro croiykax. BuszHauumo, Hampukiai,
cTyninb okucHeHHs: Manrany B KMnQO,, [lo3HaunMo cTyniHb OKMCHEHHSI MaHTaHy 3a
x. Toxi, mam’siTatouu, MO CTYMIHb OKUCIEHHS Kallito +1, a KUCHIO -2, MAaTUMEMO:

+1 x 2
KMnO,; +1+x+4(-2)=0
x=+7.
Bu3HaunMo cTymiHb OKHCHEHHSI XpOMY Y CKIaJHOMY i0Hi1 Cr,0:" :

MO3HAYMMO CTYIIHb OKUCHEHHSI XpOMY 3a X, TOJ1 MATUMEMO:

2x +7(-2) =-2;

2x=-2+14=12;

X = +6.

[Ilo6 BCTAaHOBUTU CTYIIHb OKHUCJIEHHS €JEMEHTIB Yy CHOJyKax, MOXKHa
KOpHUCTyBaTHcs Tabnuuero enekrpoHeratuBHocTel (EH) enemenTiB, Mawouu mnpu
bOMY Ha yBa3i, 110 MPU YTBOPEHHI XIMIYHOIO 3B’A3KY €JEKTPOHH 3MIIIYIOTHCS 10
aToMa OUIBII eJEeKTpOHeraTuBHOro ejemenrta. Y cnonyui Pl; EH(P) = 2.2;
EH(I) = 2.6, cnuibHI €NEeKTpOHU 3MIIIEHI A0 aTOMIB HOIy 1 CTYINEH1 OKUCIEHHS
dbocdopy 1 oy JOpIBHIOIOTH BiAMOBIAHO +3 1 -1.

He cnig miuyTaTd TOHSATTS «CTYNIHb OKHUCJIEHHS» 1 «BAJIGHTHICTHY.
BaneHTHicTh — 11€ KUIBKICTh XIMIYHUX 3B’SI3KiB, YTBOPEHUX aTOMOM €JIEMEHTa, MpU
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IIbOMYy He OepeThCcsi 70 YyBaru eJEKTPOHETaTUBHICTh €JEeMEHTa 1 3MIIICHHS
eJIEKTPOHHUX XMap. BaneHTHICTh HE MOXKe OyTH MO3UTHUBHOO a00 HETaTUBHOIO.

10.2 3arajbHi NOHATTS PO OKMCHO-BITHOBHI peakilil

XiMI4H1 peakiiii Mo>kKHa OJUIUTH Ha JBA TUIIU:
— peaxiiii, 1m0 Bi10OyBarOThCS 0€3 3MIHU CTYNEHSI OKMCHEHHS :
CaCO, — CaO+CO,;

— peaxiiii, 1m0 Bi10yBarOTHCS 31 3MIHOIO CTYICHS OKUCHEHHS:

C+0,— CO,.

OKucho-8i0HOBHI peakyii — 1€ peakKilii, K1 CyMPOBOKYIOTHCS 3MIHOIO CTYIICHIB
OKHCHEHHSI aTOMiB, 1110 BXO/STh JIO CKJIQJy pearyrouruxX peuoBHUH.

OKucHenns — 1€ TPOLIEC BIJJaBaHHS EJICKTPOHIB aTOMOM, MOJIEKYJIOK abo
HOHOM; CTYIiHb OKHCHECHHSI TIPU 1bOMY ITiIBUIIYETHCS

Al -3e= AP,
H,-2e=2H",
Fe*t —e=Fe™.

Bionoenenns — ue npoliec npueIHAHHS €JIEKTPOHIB aTOMOM, MOJIEKYJI0I0 abo

HOHOM; CTYNIHb OKUCHEHHS MPU IIbOMY 3HUKYETHCS
S+2e=8",

Cl +2e=2CI",

Fe'" +e=Fe™.

AtomMu, MoJnekyau abo ¥OHHM, IO BIAJAIOTh E€JIEKTPOHH, HA3UBAIOThH
gionosHuxamu.  Ili0 uac peaxyii onu oKucHmMbvCcsa. ATOMH, MOJIEKYIH abo
HOHU, 110 TPHUEAHYIOTH EJIEKTPOHH, HA3UBAIOTh oKkucHukamu. 11io yac peaxyii 6onu
BIOHOBIIOIOMbCA.

OKHUCHEHHS 3aBXKIU CYNPOBOJKYETHCS BIAHOBJICHHSIM; BIIHOBJICHHS 3aBX]IU
OB’ si3aHE 3 OKUCHEHHSIM, 1[0 MOKHA 300pa3uTH BIAMIOBIIHUMU PIBHSIHHSIMH:

BIJHOBHHUK — € = OKHCHUK,

OKHCHUK +¢€ = BiIIHOBHI/IK.

Y 1mux peakuisX YHCIO €JEKTPOHIB, BIAJAaHUX BIAHOBHUKOM JOPIBHIOE YHCITY
€JICKTPOHIB, MPUETHAHUX OKUCHUKOM.

Enemenmu, AKi 3HAX00AMbCA Y GUUIOMY CHIYNEHI OKUCHEHHA, MOMICYMb
minbKu 6ionosa06amMUCa, moomo oOymu minbKu OKUCHUKAMU, TOMY 1O 1X aTOMHU
CIIPOMOJKHI1 JIUIIIE IPUUMATH €JICKTPOHHU.

Enemenmu, AKi 3HAX00AMbCA Yy HUNCUOMY CHIYHEHI OKUCHEHHA, MOMICYMb
Juute TIpUAMATH €JEKTPOHH TOOTO Oymu minvku eioHoeéHukamu. PedoBuHH, 110
MICTATh €JIEMEHTH B MPOMDKHHUX CTYNEHSIX OKMCHEHHS, MOXYTh SIK BiJIaBaTH, Tak 1
[IPUUMATHU E€JIEKTPOHHU.

Tuno6i OKUCHUKU:

— IPOCT1 PEYOBHMHHM 3 BUCOKHM 3HAYEHHSIM eJleKTpoHeraTuBHOCTI: F,, Cl,, Brs,
Jz, 02, N2 Ta IH,
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— CHOJIYKH, IO MICTATh aTOMH €JIEMEHTIB 3 MAaKCHMAJIbHUM CTYIEHEM
okucHeHHs: KMnOy, K,Cr,07, HNOj3, PbO,, Mn,07, CrOs, H,SO 4op., HC1O04 T2 1H.

Tunoei eionosnuxu:

— Bcl MeTanu B efeMeHTHOMY cTaHi: K, Na, Ba, Ca, Fe, Zn, Mn Ta iH.;

— CIIOJIYKH, IO MICTATh aTOMH €JIEMEHTIB 3 MIHIMAJIbHUM CTYIICHEM
okucuenns: HJ, HBr, HCI, H,S, NH;, KJ, NaBr, Na,S, FeSO4, MnSOy, Cry(SO04)s;,
HNOQ, HQSO3 Ta IH,

— JesIKl HeMeTalu B eleMeHTHoMmy ctaHi: H,, C, S, P, B T1a iH.

10.3 Cxi1axaHHs piBHAHb OKMCHO-BIIHOBHUX PeaKIlii

MeToa eJIeKTPOHHOIO 0aJIaHCy. Bynb-sikuii  OKMCHO-BIAHOBHHMI IpolieC
YMOBHO MOHAa TOJIUTUTH Ha JIB1 HAINIBPEAKIIii, OJ{HA 3 SIKUX € PEaKIII€l0 OKUCHEHHS, a
Apyra — peaxii€lo BIAHOBICHHS. B mUX peakuisix KUIbKICTh €JIEKTPOHIB, SIK1 BiAAae
BITHOBHUK Ta MpUKAMae OKMCHHUK, MOXKe OyTH PI3HOIO, a JUIsl CKJIAJaHHS PIBHSIHb LA
KUIbKICTh TMOBMHHAa OyTH OJHAKOBOIO. TOMy MpH CKJIaJaHHI OKHUCHO-BIIHOBHHMX
peaxiiii 3aCTOCOBYETHCS METOJ €JIEKTPOHHOrO OallaHCy: A1 4ucia BIJAaHUX 1
MpPUEIHAHUX €JEKTPOHIB y HaMiBpeaklisX 3HaXOsATh HalMEHILE CIUIbHE KpaTHE
YHCIIO, 32 SKUM JIeTKO 3HAWTH HaWMEHIy KUIBKICTh MOJIEKYJl OKHCIIOBayda 1
BITHOBHUKA, SIK1 OpaJii y4acTh y peakilii, 1 po3CTaBUTH KOE(II[IEHTH B PIBHSHHI.

Ilpasuna cknadanus pieHAHL MEmMOOOM €/1eKMPOHHO20 DAIAHCY

1. Bu3snauarotb CTyHeHi OKHCHEHHS €JIEMEHTIB.
HaHpI/IKHa}I, JIIsL peaKui'l':
KMI’IO4 + H3PO3 + HQSO4 — MI’ISO4 + H3PO4 + KQSO4 + HQO

+1 +7 2 +1 43 -2 +1 +6 2 +2  +6 2 +1 +5 2 +1 46 2 +1 2

KMnO;+H;POs;+ HSO4s > MnSO4s+H;POs+ K, SO +H, O

2. Bu3zHavaioTh aTOMHU, SIK1 3MIHIOIOTh CBIM CTYIIHb OKMCHEHHS:

CTyMiHb OKMCHEHHS 3MiHIOIOTH Mn 1 P.

3. 3anucyloTh PIBHSHHS €JIEKTPOHHOrO OajiaHCy, 1 PO3pPaxOBYIOTh KUIBKICTh
€JIEKTPOHIB, SIK1 BiJIZ]a€ BIIHOBHUK 1 MPUIIMA€ OKHCHUK.

4. 3piBHIOIOTh KUIBKOCTI TPUEAHAHUX 1 BUIJTAHUX €JIEKTPOHIB BBEACHHSIM
MHOXKHUKIB, BUXOJASYM 3 HAMMEHIIOrO 3arajlbHOrO KpaTHOTO MJsi KOe(DILI€HTIB Y
MpoIecax OKUCHEHHS 1 BIIHOBJICHHSI.

+3 +5 .
P-2¢=P 5  (peakuist OKUCHEHHS)
+7 +2 10

Mn +5e= Mn 2 (peaxiyis BilHOBJICHHS)

5. 3ualineHi KoedIiIEHTH MIACTABISAIOT, y PIBHSHHS peakuii mnepen
BIAMOBITHUMH (DOpMYJIaMU PEUOBHUH Y JIIBiH 1 [TpaBiil yacTUHAX:

2KMI’IO4 + 5H3PO3 + HQSO4 — 2MI'ISO4 + 5H3PO4 + KQSO4 + HQO

6. ITinGuparoTs KoeilieHTH I PEIITH YYACHUKIB peaKIIli:
2KMI’IO4 + 5H3PO3 + 3HQSO4 = 2MI'ISO4 + 5H3PO4 + KQSO4 + 3H20
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Memoo nanigpeakuiii TpyHTY€ThCS HA CKJIAJJaHH1 HOHHUX PIBHSHB ISl TIPOIIECIB
OKHCHEHHS 1 BIIHOBJICHHS 3 MOJAJIBIINM iX MiJICYMYBaHHSM BIATIOBIIHO JI0 3araJIbHOTO
PIBHSIHHSI, OCKUTBKHA B PO3YMHAX EJIEKTPOJITIB PEaKIlii nepediraloTb He MK OKPEMUMU
eJEMEHTaMH, a MDK HOHaAMM.

Ilpasuna cknadanns OKUCHO-8IOHOGHUX PeaKyill HOHHO-E1eKMPOHHUM MEMOOOM
(memooom nanispeaxuiii)

1. Po3paxoBytOTh CTYyIEH1 OKUCHEHHSI €JIEMEHTIB.
Hanpuknan, nns peaxuii:
KMI’IO4 + H3PO3 + HQSO4 — MI’ISO4 + H3PO4 + KQSO4 + HQO

+1 +7 2 +1 43 -2 +1 +6 2 +2 +6 2 +1 +5 2 +1 46 2 +1 2

KMnO;+H;POs;+ HSO4s >MnSO4s+H;POs+ K, SO +H, O
2. 3anucyloTh PeaKIliio y BUIJISAl HOHHOTO PIBHSHHSA 1 3’ COBYIOTb, €JIE€MEHTH
AKUX YACTUHOK (MIOHIB 200 MOJIEKYJT) 3MIHUJIM CTYMIHb OKUCHEHHS.

K*+MnO; +H,PO, +2H"+S0; —Mn*+SO; + H,PO, +2K"'+SO7 + H,0
VY 1upoMy BUNAJKY 3MIHWIM CTYNEHI OKUCHEHHS: P, SKUil BXOAUTH O CKIIATy
monekyn H3;POs ta H3PO,, a takoxx Mn, sSkuil BXOAMTH 10 CKiaay #oHiB MnOj

ta Mn*",

3. 3anucyloTh pIBHSHHSA HAaIMIBpEaKIid, IS SKUX PO3PAXOBYIOTH KUIBKICTh
€JIEKTPOHIB, SIK1 BiJIZJa€ BIIHOBHUK 1 MPUIIMAaE OKMCHUK.

4. 3piBHIOIOTH KUIBKOCTI TPHEIHAHUX 1 BIAJAHUX EJEKTPOHIB BBEACHHSAM
MHOYKHUKIB, BUXOJASYM 3 HAMMEHIIOrO 3arajlbHOrO KpPaTHOTO MJsi KOe(DILI€HTIB Y
npoIecax OKUCHEHHSI i BITHOBJICHHS. A TaKOX 3PIBHIOIOThH KUIbKICTh aTOMIB €J1€MEHTIB
y HamiBpeakiii. Cni0 nam’amamu, 10 B OKHCHO-BITHOBHHUX PEAKLISAX BEJIUKY pOJIb
BIJIITpae XapakTep cepefoBHIna (KUcie, JIyKHe, HeUTpanbHe). Y Kuciomy cepeoosuunii
najmmok OKCUreHy B HoHi 3a6upaeThes ionamu H', menonik kommnencyerscs H,O; y
JYHCHOMY | HEUmpPAIbHOMYy cepedosunjax Haamok OKcUureHy B WOHI 3a0MPAETHCS
H,0, nenonik komnencyerbess OH ioHamu.

H;PO; + H,O — 28 — H;PO, +2H" 5 (peakilisi OKUCHEHHS)
MnO; + 8H' + 58 —Mn* + 4H,0 10 | 2 (peaxuist BimHOBJIECHHS)

5H;PO; + 5H,0 + 2MnO;, +16H — 5H;PO, + 10H + 2Mn* + 8H,0O
4

Cxopouyemo MOA10H1 YJIEH! PIBHSAHHS 1 OAEPKYEMO:

5H;PO; + 2MnOj +6H™ — 5H3PO,4 + 2Mn* + 3H,0

5. 3anucyioTh pIBHSHHS B MOJIEKYJSIPHOMY BUIJISIL, MPU IbOMY TMEPEHOCATH
3Hal/IeH1 KOe(IliEHTH Ta IPOBOSATH EPEBIPKY:

5H3PO3 + 2KMI’IO4 + 3HQSO4 = 5H3PO4 + 2MnSO4 + KQSO4 + 3H20
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10.4 Tunu OKUCHO-BITHOBHUX peaKii

Bci ok1MCHO-BITHOBHI peakiiii MOAUISIIOTh Ha TPU TPYIIU:
— MIJCMONEKYAApHI peakyii, B SKUX CTYNIHb OKMCHEHHS 3MIHIOIOTH aTOMH
€JIEMEHTIB, 1110 BXOJSATh JI0 CKJIaly PI3HUX PEYOBHH:

0 0 +1 -1
H>+Cl,=2HC(I;
— BHYTPILIHBO MOJIEKYJISIPHI peakKilii, B SKUX aTOMHU €JIEMEHTIB, 10 3MIHIOIOTh
CTyMiHb OKHCHEHHS, BXOJATh JO CKJIaAy OJHIET CrOIyKU (1HOJI 1€ aTOMH OJIHOTO

€JIEMEHTA 3 PI3HUMU CTYNECHIMU OKUCHEHHS);
+1 +5 =2 +1 -1 0

2K ClO,=2K Cl+30, ;

— peaxiiii TUCTIPONOPIIIOHYBAHHS (CAaMOOKHUCHEHHSI-CAMOBITHOBJICHHSI ), B SIKUX
aTOMHU OJIHOTO ¥ TOr0 camMoOro €JeMEHTa 3 MPOMINKHUM CTYIIEHEM OKHCHEHHS € SK
OKHMCHHUKAMH, TaK 1 BIlIHOBHUKAMU:

0 -1 +1
ClL+H,0=HCI+HCIO.

Tema 11 3arajibHi BJ1aCTHBOCTI MEeTAJIiB

11.1 IlopiBHSIJIbHA XaPAKTEPUCTUKA METAJIIB I'OJIOBHHX i
NOOIYHUX MiArpyn

ATOMM MeTaliB, K MPaBUJIO, MAIOTh y 30BHIIIHBOMY €JIEKTPOHHOMY Iapi 1-3
enekTpoHu. lloTeHmian HoHi3alli MeTandiB Ma€ HU3bKE 3HAYEHHS, TOMY AaTOMHU
METa]iB JIETIIe BIAJAaI0Th CBOi €IEKTPOHU, HUK MPHUENHYIOTH iX, 1 IEPETBOPIOIOTHCSA
Ha MO3UTUBHO 3apsi/KeH1 HOHH.

Ile o3Hauyae, MO Ti EIEMEHTH, aTOMH SKHX MAaiOTh S p°-KoH(irypariio
€JIEKTPOHIB MEPEIOCTAHHBOIO €HEPreTUYHOro PIBHS 1 MICTATH 1—2 €NeKTpOHH Ha
OCTaHHbOMY pIBHI, BHUSIBIISIIOTh BHINY METaJi4Hy aKTUBHICTb. Y MIATpynax
AKTUBHICTh TAKUX METAJIIB 3POCTAE 31 30UIbIIEHHSM MPOTOHHOTO YKCIIa iXHIX aTOMIB.

Tax HallakTUBHIIIMMHU € MeTalu rojoBHOI miarpynu I rpynu. OcoGauBo Fr.
AKTHUBHUMHU METaJIaMH € TaKOX €JIEeMEHTH rojioBHOI miarpynu Il rpynu, 1 cepen Hux
HaWaKTUBHIIINN MeTall — paJiii.

ATomMu MeTaniB MOOIYHUX MIATPYH MAalOTh, SK MPaBWIO, Yy 30BHILIHBOMY
CJIEKTPOHHOMY MIapi 1-2 eleKTpoHu, a B NEPEeIOCTaHHBOMY — OUIbIIE BOCHMH.
3HaYeHHS MOTEHI[IANIB HOHI3aIli aTOMIB IIMX MCTAJIB BHIII, a IX aKTHBHICTH 13
30UTBIIEHHSIM TMPOTOHHOTO YHCJIAa 3MEHIIYeTbcd. Tak, HaWaKTUBHIIIMM METAJIOM
no014HOT MATrpynH | rpynu € mMiib, HAMMEHIII aKTUBHUM — 30JI0TO.

B aromax mepexigHUX METaJliB E€JEeKTPOHU 3alOBHIOIOTH BHYTPIIIHI
€HEPreTUYH1 piBHI, TOMY YTPUMYIOTHCS SIAPOM CUIIBHIIIE, HIXK €€KTPOHH, PO3MILIEH1
Ha OCTaHHBOMY €HepreTuyHomy piBHI. LluM 1 moscHIO€ThCS TOM (akT, 10 paaiycu
aTOMIB €JEMEHTIB MOOIYHUX MIATPYN MEHIl, HDK mnependadanucs 3a aHajori€lo 3
aTOMaMH METaIIB TOJOBHUX MIATPYI 3a HOPMAJBHOTO 3alOBHEHHS €JIEKTPOHHUX
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mapiB. ToMy ¥ BUHUKAaE pi3Ka 3MiHA aKTMBHOCTEH METaJIIB T'OJIOBHUX 1 MOOIYHUX
iATpyM.

I3 Bimomux Ha crorogHi 118 emnementiB Outbmie 80 BIACOTKIB € MeETallaMU.
CnoBo «meTanu» MOXOAMTH Bill rpeubkoro metallon — maxra, xonanuHa. OgHak 3
4acOM HAaNOBHEHHsI TepMiHA 3MIHWJIOCA 1 TeMep B HHOTO BKJIAJAIOTh IHIIUN 3MICT.
Memanamu Hazusaromvcsa pevosuHu, AKI 3 36UYAUHUX VMOS8 BUABIAMb O0COONIUBL
XapakmepHi  81ACMUBOCMI:  BUCOKY  eleKMPONpOGIiOHICMb, MeNnI0npo8iOHICMb,
8I0 EMHULL meMnepamypHuil Koegiyienm enekmpuyHoi nposioHOCMI, BAACMUBICIb
000pe giobusamu c8imn08i X8ui, NIACMUYHICTb.

Metanu B TBepAOMY CTaHI — KPHUCTAJIIYHI PEUYOBUHU 3 METAIIYHUM THUIIOM
3B’s13Ky. Y MEpexiHUX MeTajax 3B’s30K MK aTOMaMHM YaCTKOBO € KOBAJICHTHUM. Y
NPUPOAI METalu ICHYIOTh MEPEBAKHO Y BUIJIAMI CHOJYK — OKCHAIB, CYJIb(DiiB,
cynb(dariB, XJI0pUIiB, KapOOHATIB, ocdaTiB 1 HITPATIB.

VY BUIBHOMY CTaHi B 3€MHIA KOp1 TPAIUIAIOTHCS JIMIIE Millb, PTYTh, CpibIIO,
30J10TO, MJIATUHA.

VYci meTanu, KpiM pTyTi Ta (PpaHiiio, 3a 3BUYaHOI TEMIIEpaTypH — 11€ TBEP/l
PEUYOBUHM KPHUCTATIYHOI OyJOBU. Y KPUCTAIIYHOMY CTaH1 BOHU JI0Ope BiIOMBAIOThH
CBITJIO 1 TOMY HEMpO30pi, MAIOTh XapakTepHU MeTamiuHuii Onuck. Haiikpaiue
BIIOMBAIOTH CBITJIO 1HAINA Ta Cpi0i0, TOMY iX BUKOPHUCTOBYIOTH Il BUTOTOBJICHHS
I3epKall y mpoxekTopax 1 pediekropax. Maiike BCi MeTanu (3a BUHATKOM 30JI0Ta Ta
Mif[1) MaloTh OUTUi abo Cipuil Komip 3 PI3HUMH BIATIHKaMH. Y MOPOIIKONOAIOHOMY
CTaH1 OUIBIIICTh METaliB Ha0yBa€e YOPHOTO ab0 TEMHO-CIPOro KOIhOpY. YCi MeTaiu
no0pe TNpPOBOAATH EIEKTpUYHUN CTpyM 1 Teriory. Haiikpamii npoBiZHUKA
EJIEKTPUYHOTO CTPYMY Ta TEIUIOTU — CPI10JIO 1 Mijib.

Mertanu — miIacTU4yHI pe4yoBUHU. [lmacTuyHicTh — 1€ 34aTHICTh JIETKO
3MiHIOBaTH GOpMy T JIEI0 30BHINIHIX CWI 1 30epiratu ojaepkaHy Ghopmy Micis
npunuHeHHs wiei nii. HailOuibln nnacTuyHMil MeTan — 30J10TO. 3 HBOTO MOKHA
MPUTOTOBIIATH JYyK€ TOHKY (OJBIY 1 TATHYTH TOHKI HUTKHU. XapakTepHi (i3uyHi
BJIACTUBOCTI METaJiB TOSCHIOIOTHCS OCOOJMBOCTSAMHU IX BHYTPILIHBOI CTPYKTYpHU:
HAsIBHICTIO «EJIEKTPOHHOTO Tra3zy» — BAJICHTHHMX EJEKTPOHIB, JEJIOKaIi30BaHHUX TIO
BCbOMY TIPOCTOPY KPUCTAJIIYHOI TPATKH, 110 YTBOPEHA MO3UTUBHUMHU HOHAMHU
MeTaity.

TakuMm YWHOM, BaJEHTHI EJEKTPOHH, SIKI 3IIMCHIOIOTh XIMIYHUN 3B’S30K,
HaJeXaTb HE KOHKPETHUM aToMaM, a BCbOMY KpHUCTaly. 3B’SI30K, YTBOPECHHMA
M011I0HUM YUHOM Ha3WMBaIOTh METAJIEBUM.

11.2 Knacudikauis MeraJis

IcTopuuHo cKJIaBcs 2ceoximiynuii  TIONIT MeTaniB: uopui (3amizo Fe,
Mapranenb Mn, xpoMm Cr); ko1b0posi — periTa MeTaiB.

Hacnpapai icuye 6araro kimacudikaliiiii MeTadiB — 3ajieKHO BiJl XapaKTepHOI
O3HAKH, siKa po3risAaaeThes. [Ipu boMy OJMH 1 TOH camMHil MeTal MOXe OJHOYACHO
HaJEeXaTu J0 Pi3HUX KiIacu(]ikamiifHUX rpym. 3 TOUYKU 30py XiMii HAHBaKIIUBILIOIO €
Kjacu@ikalis Ha MiJCcTaBl €JEKTPOHHOI Oy10BH aTOMIB.
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3a  ejieKTPOHHOKW KOH(irypauiew BajeHTHUX opOiTaneil  Meranu
MOJUISAIOTHCS HA €JIEKTPOHHI POJIUHU:

— S-Memanu — JIYXKHI Ta JIy)KHO3EMEJIbHI MeTalld, a TaKkoX MarHii Mg i
oepuniii Be;

— p-memanu — amominii Al, ramiii Ga, iaa1# In, tamiii T1 (ronosna niarpyna III
rpynu), repmaniii Ge, onoBo Sn, cBunenb Pb (ronosna miarpyna IV rpynu), 6icmyt
Bi (ronosna niarpyna V rpynu), nosioHnii Po (ronosna ninrpyna VI rpynm);

— d-memanu — enemenT nooiynux miarpyn [-VIII rpyn nepioguunoi cucremu;

— f-memanu — TAaHTaHOIAM 1 aKTUHOI/IH.

[lepmii 1B rpynu (s — 1 p—MeTaiu) 1HOMA1 Ha3UBAIOTh NPOCMUMYU METANIaMH, a
nBl octanHi (d— 1 f-Meranun) — nepexionumu, OCKUTbKM BOHU BUKOHYIOTH (DYHKIIIIO
HEHaue CIOJIyYHOI JIaHKM MIK S— 1 p-MeTajaMd 1 BUSBIAIOTh BTOPUHHY
NEePIOIMYHICTh y 3MIHIOBaHHI MOTEHIIIANIB HOHI3a1[li, aTOMHUX PajilyciB, QI3UYHUX 1
XIMIYHUX BJIACTUBOCTEH.

3a NpUPOAHUM MOXO:KEHHAM (TOOTO 332 CYMICHUM 3HAXOJ/PKCHHSIM B OJHUX 1
THUX MiHepajax, TOPHUX MOpOoJaxX UM PyJAHUX KOMAJIUHAX) METAIH MOJUISIOTh Ha TaKl
TpyIu:

— ayacui (mitiid Li, Hatpiit Na, kanii K, py6iaiit Rb, nesiit Cs, dpaniiit Fr);

— ayarcHozemenvhi (kanpiiiit Ca, ctponiiid Sr, 6apiii Ba, paniii Ra);

— poouna 3aniza — 3ani3o Fe, kobanst Co, Hikenb Ni;

— naamunosi — pyteHin Ru, ocmiit Os, mamaniit Pd, ponii Rh, ipuniit Ir,
miatuHa Pt;

— aaumanoiou — 14 MeTtaliB, 1O CTOSTh y MEPIOAUYHIN CHUCTEM1 €JIEMEHTIB
TICTIs TaHTaHy s7L.a — Bix nepito sgCe 1o moTertito 7;Lu;

— akmunoiou - 14 MeTaJliB MICJIsl aKTUHIIO g9AC, TOYMHAOYM BiJ TOPito oo Th, 1,
3aKIHYYIOUH JIOYPEHCIEM jo3Lr;

— piokosemenbHi — CKaH1H Sc, iTpik Y, anTad La 1 maHTaHOinM.

3a xapakTepHMMH O3HAKaAaMHM 3 YypaxyBaHHSM MEXaHIYHUX, (I3UYHUX,
XIMIYHHUX Ta IHIIUX 0COOJIUBOCTEH METaIN MOAUIAIOTHCS Ha YUCJICHHI TPYIIU:

— 6avicKi, TYCTHHA SKUX TEPeBHILye 5 r/cM’, Hampukiax: migs Cu, HHHK Zn,
cBuHens Pb, pryts Hg, Hatisaxcuum memanom € ocmiii (22,6 t/em’);

— Jleeki, MO0 MaloTh T'YCTUHY MEHIIE 5 r/em’, Hanpukian: kami K, Hatpiit Na,
MarHid Mg, amominiit Al, navinecwuii meman — nimiu (0,53 F/CM3);

— JIe2KONAA6Ki, TEMIIEPATypH IUIaBIEHHS SKUX He nepeBuinyrors 1500 °C; mo
JIETKOIUJIAaBKUX METaIB HajexaThb (paHiliii, 1e3ii, ramid, Kamaid, HATpid, OJIOBO,
nainezkonaaexiwui meman — pmymo Hg (Tpae= —38,9 °C);

— myeonnaexi, TeMIEpaTypd IUIaBieHHs skux Bume 1500 °C: 3aimizo,
MoJtiGeH, ocMill, natimyzonnaskiwutl meman — 60nbdpam W (Ty5,=3420 °C);

— pIOKi, BMICT SIKUX y 3€MHIA KOpl HAATO HU3bKUW, Hampukiaa: miTid Li,
py6iniit Rb, uesiit Cs, monionen Mo, Bonbppam W, Oepuniit Be, uupkoniii Zr,
radniit Hf, Banazaiit V, Hio61# Nb, Tantan Ta;

— pO3CisHi — MeTald, 10 HEe YTBOPIOIOTh CAMOCTIMHUX MIHEpaliB, a
3HAXOATHCS Y POJIOBUINAX IHIIUX METAIB K JOMIIIKH, 10 HUX HajlexkaTh raiii Ga,
taniii T, py6iniit Rb;
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—Onazopooni, SK1 BUABIAIOTH MIJBUILEHY XIMIYHY CTIMKICTh BIJHOCHO
OKHCHIOBAJIbHUX 1 arpeCUBHUX pEareHTIiB; OJaropoJHUMU MeTajlaMu € 30JI0TO Au,
cpibsno Ag, mratunHa Pt, mananiii Pd, poniit Rh, ipuniii Ir, pyreniit Ru, ocwmiii Os;

— padioakmugHi — 1€ METaJId, ycl I130TONU SIKUX MAaloTh pPaJalOaKTUBHI
BJIACTUBOCTI: TeXHEl M 43T¢c, mpomertiit ¢ Pm, mosoniit g4Po 1 Bc1 MeTanu 3 OUIbIINMH,
HDXK y TOJIOHII aTOMHUMHU HOMEPaMHU.

11.3 XiMiuHi BJIACTHBOCTI MeTAJIB

3 XIMIYHOI TOYKHU 30py ME€TajaMu Ha3UBaIOThCS MPOCTI pEYOBUHU, ATOMH SIKHX
Ha 30BHINIHIA OOOJIOHII MICTATh HEBEIUKY KUIBKICTh eNeKTpoHiB (1-3), maioTh
BeNMKl e(PeKTHBHI pajiycu, HU3bKI 3HAYCHHS IOTCHINANIB HOHI3alii Ta BUCOKI
BITHOBJTIOBAJIbHI BJIACTUBOCTI. BOHM Jerko BTpayalOTh BaJE€HTHI €JIEKTPOHH,
MEPETBOPIOIOYKNCH HA TTO3UTUBHO 3apsXKEeH1 HOHU — KaTIOHHU:

0 - +
Me —€ »> Me .

Bionowenna 0o eoou. JlyxHl W IyKHO3EMEJIbHI METalld B3a€EMOJIIIOTH 3
BOJOI0. BHachiok peakiii BUAUIAETbCS BOJECHb 1 YTBOPIOIOTHCS CUJIBHI OCHOBH —
JyTH:

2Me + 2H,0 — 2MeOH + H,.
Me + 2H20 —> MC(OH)2 + Hz.

B3aemooin 3 enemenmapnumu oKucHukamu. 3aBISKUA BEIUKINA BITHOBHIM
aKTUBHOCTI JIY’KHI METaJIM B3a€EMOJIITH 3 OUIBIIICTIO €IEMEHTIB, YTBOPIOIOYHM Ol1HApHI
CIIOJIYKH, B IKUX HEMETAJIM BUSBJISIOTh HETAaTUBHI CTYIEHI OKMCHEHHS, Halluacriie —
MiHIMaIbHI. BigHOCHO [0 JIY)XKHUX METaJIiB BCl €JIEMEHTU 3 BHCOKHUMH
€JIEKTPOHEraTUBHOCTSIMU € OKUCHUKAaMHU, B TOMY YMCJI1 i BOJICHb.

3 Kuchem TUIbKY JITI OKUCHIOETBCA 10 OKCudy, peuTa JIy>)KHUX METajiB Ja€e
nepoxcuou

4Li+ 0, — 2Li,0;
2 Na + 02 —> Na202.

Mertanu, ki po3MIlIEHl B pANYy AKTUBHOCTI BiJ MAarHil0 1O BOJHIO, TaKOX
B3a€EMOJIIIOTh 3 KMCHEM MOBITPsI MpU 3BUYANHINA Temmeparypl, aje Ha iX MOBEPXHI
YTBOPIOETBbCS OKCHJIHA 3aXMCHA IUTIBKA, fAKa 3axHIlae MeTal BiJ MOJANbIIO]
B3a€EMOJIIL:

4Al + 302 —> 2A1203
PTyTh 1 Mib BCTYyNaloTh Y B3a€MOJIII0 3 KMCHEM MOBITPsl TUIbKU MPU HarpiBaHHI, a

cpibjo, 300TO 1 IJIATUHOBI ~ METalM 3  KHCHEM  HE  pearyroTb.

— 3 600HeM TY>XKH1 METaJIN YTBOPIOIOTH 2iopuou
2Li+ H, — 2LiH;
— 3 a30mMom — Himpuou;
6Me + 3N, —» 2MesN;
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— 3 2anozenamu — 2aniou
2Me + Hal, — 2MeHal,
ne Hal — F, Cl, Br, I;

—3 ghocgpopom — pociou

3Me + P — Me;P;
— 3 cipkow Ta ii anamoramu (Se, Te) y po3IaBIeHOMY CTaHI YU TIPU

HarpiBaHHI — Xa/1bKO2eHiOU

2Me + S — Me,S;

— 3 epaghimom — kap6iou
2Me + 2C —» MCQCQ;
— 3 KPeMHIEM — CUNiyuou
4Me + Si —> Me,Si.

Bionowennsa oo xucnom. B3aemonis MeTaiaiB 3 KHACJIOTaMH BH3HAYa€THCS
MOJIOKEHHSIM METaIB B PSAAY €IEKTPOXIMIUHUX MOTEHIIIAJIIB 1 CAMOIO KUCIOTOIO.
3a xapakTepoM Jlii Ha MeTaJIl KUCIOTH YMOBHO MOJUISIOTh HA JBI IPYIU:

a) kucinotu «okucHoi 1ii» (HNO3z; H2SOy (commy » H2S€Oy);
0) xucnotu «HeokucHoi Aii» (HIMam; HySOy (possys H3POy 1 1H1I1).

VY KucnoTax «HEOKUCHOT J11» OKUCHIOBAIBHY (DYHKIIIIO B pEakiisiX 3 MeTajlaMU
o + . .
BUKOHY€E HoH H' 3rifHO 3 pIBHSHHSM:

Me +nH" = Me" + n/2H,.
[Iponykramu peakiii OyJayTh BIJINOBIAHA CLIb METAy 1 BOJAEHB. Peaxiis
MO>KJIMBA, SKIIO:
a) CJIEKTPOJHUN MOTEHIlal MeTaly MEHIIMA BiJ] MOTEHI1aly BIIHOBIICHHS
BOJHIO;
0) MPOJIYKTOM pEeakIii € pO3UMHHA ClIb, SIKa HE YTBOPIOE 3aXMCHOI IUTIBKH Ha

MOBEPXHI MeTay.

3a CTaHAApTHUX yMOBaX 3 TaKUMHU KHCIOTaMU MOXYTh B3a€EMOJISITU BCl
MeTaJjH, 110 3HAXOAThCA Y Psiil aKTUBHOCTI 110 ['iiporeny.

Hanpuxnao:
Zn + 2HCI = ZnCl, + Hy;
Fe + HySO4 (poss) = FESO4 + Ho;
Cu+ HCI — peaxkiiis He BiTOyBa€ThCS.

SIKu10 yTBOpEHaA CUIb € HEPO3UUHHOIO 1 YTBOPIOE HA MOBEPXHI METaNy IIUIbHY
TUTIBKY — OCaJi, TO HACTa€ MacuBallisi MeTaly 1 1oro po3unHeHHs npunuHsieThes. Lum
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SABUILEM TOSICHIOEThCS CTiMKicTh cBUHLEBUX BUpoOIB 70 Ali HCI 1 HySOs (hosm)
saim3aux — no a1 H3PO, toro:

Pb + 2HCI = PbC12 l+ Hz,
Pb + HQSO4 (posB) — PbSO4l + Hz;
3Fe +2 H3PO4 = FC3(PO4)2 l, + 3H2

Came TOMy CBHHEIIb BUKOPHCTOBYETHCS SIK KUCJIOTOCTIMKHAN MaTepian TaM, Je
MOXJIMBA JIi1 PO3BEICHUX XJIOPHUIHOI YK CYJIb(aTHOI KUCIOT. 3ali3Hl JeTalll epea
(dhapOyBaHHIM 00po0IISIIOTH PocdaTHOIO KUCIOTOIO (hochaTyBaHHS) 111 CTBOPEHHS
Ha MOBEPXHI 3aXMCHOT TUTiBKU. OTHAaK BITHOCHA CTIMKICTh CBUHITIO /10 Jii pO3BEACHUX
XJIOPUAHOT 1 Cylb(aTHOI KHCJIOT HE € 3alOpPYyKOI CTIMKOCTI WOro 10 Aii 1HIIUX
KucioT. Hanpukiman, BiH MOPIBHSAHO JIETKO PYHHYETHCS TaKOK CIIA0KOI0 KHUCIOTORO,
SIK OIITOBA, OCKLTLKYA YTBOPCHHH alleTaT CBHHINIO — PO3YMHHA CiJIb:

Pb + 2CH;COOH = (CH;COQ),Pb + H,.
Otrxe, B mepuioMy HAOMIKEHHI 3 KHUCIOTaMU «HEOKHCHOI Mdii» MOXYTh

. . . 0 . .
pearyBaTi MeTaH, IO CTOATH B Pl aKTUBHOCTI 110 I'inporeny (@, <0), 1 comi

e?t /Me
SAKUX HE YTBOPIOIOTH 3aXMCHOI IJIIBKM HA MOBEpXHI MeTany. He3paxkarouu Ha Te, 110
TEOPETUYHO METal MOXE BCTYNAaTH Yy B3aEMOJII0 3 OyAb-KUM OKHCHUKOM,
0

AKIIO Prter) Me< (), € psin peakuid, siki HacmpaBAl He BinOyBawThcs. Jlo Takux
peaxiiiii HauexaTb, B MepUIy Yepry, peaxiii B3aeMOJii JYKHUX 1 JIyKHO3EMEIbHUX
METaIiB 3 PO3BEJICHUMHU POZUMHAMH KUCTOT 1 cosieid. JIykHi 1 Ty’)KHO3eMebH1 MeTallu
B3a€MO/IIIOTH 3 BOJIOI0, KOHLIEHTpAIIsl SIKOT Y PO3UMHI € 3HAYHO BUILOI0, HIK KUCIOTH
4y coiii. Tomy HMOBIPHIIIMM € y IbOMY BHIIQJIKy B3a€MOJISl METaly 3 BOJIOIO, HIK
BUTUCHEHHS BOJIHIO 3 KUCJIOTH YU MEHII aKTUBHOI'O METajy 3 oro codii.

JI0o KHUCIOT «OKHCHOi nii» HajexaTb Tl KHUCIOTH, B SIKMX OKHCHIOBaJIbHa
(yHKIIisl KHCIIOTOTBOPHOTO €JIeMEHTa MepeBakae HaJ OKUCHOIO (yHKIiewo HoniB H'.
J10 «OKHMCHIOBaJNbHUX» KUCIOT HanexaTh HiTpaTHa (HNO3) Oyab-sK0i KOHIIEHTpallii,
cynbdatna (H,SO,) konmentpoBana, cenenatHa (H;SeO,), xpomatHa (H,CrO,),
nepmanranatia (HMnO4), nepxnopatna (HCIO,) 1 psaa iHmux. Halimompenimumu
y BHUKOPHUCTAHHI € HITpaTHa 1 cyJb(aTHa KUCIOTU. SIK TPHUKIAAH, PO3TIITHEMO
B3a€EMOJIII0 METAIIB CaM€ 3 [IUMHU KHUCJIIOTaMHU.

[Ipu B3aemonii MeTamiB 3 KOHIICHTPOBAHOK CYJIb(ATHOIO KHCIOTOIO
BiTHOBIIOETHCA He ['iaporen kucnotu, a Cynbsdyp 1o H,S, S ado SO,., 3anexHo Bif
aKTUBHOCTI METamy:

— aKTUBHI MeTalu (JIyXHI, JIy)KHO-3€MEeJIbH1 MeTalu Ta MarHii) — BuauiseTocss H,S:
4Ca + 5H2804 (koHI) — 4CaSO4 + HQS + 4H20,
— METaJIi CepeIHbOI aKTUBHOCTI ( B/l AJIFOMIHIIO JI0 BOJIHIO) — BILISETHCS S:
37Zn + 4HQSO4 (koHI) — 3ZI'ISO4 +S + 4H20,
— MaJIOAKTUBH1 MeTaJIX (IT1CIIs BOJIHIO) — YTBOPIOEThCS SO;:
Cu + 2HQSO4 (KoHI) — CUSO4 + SOQ + 2H20
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A30THa KHUCJIOTa HE3aJleXHO BiJl KOHIEHTpAIll B3aeMOJIE 3 MeTajaMu 3
YTBOPEHHSM Pi13HUX NpoaykKTiB BiaHOBIeHHS HNOs. Bonenb He Buauiserses! Cknan
MPOJYKTIB 3a/1eKUTh Bl KoHLeHTpalii HNO; 1 akTUBHOCT1 MeTany:

— npu B3aemoAii HNO; (ouyy 3 aKTUBHMMM MeETalaMu N BigHOBIIOETHCS
1o N,O:

4Ca + 10 HNO3 (KoHI) — 4C3(NO3)2 + N20 + 5H20,
— IIpH B3a€MO/II1 3 MAJIOAKTUBHUMU BaXKKUMU MeTanamu — 10 NO,:
Co+4 HNO3 (KoHI) — CO(NO3)2 + 2N02 + 2H20,
3a 3BUYaHMX yMoB Taki wmeranu, sk Cr, Al, Fe, Au, Pt ta nmeski iHmi 3
KOHIIEHTPOBAHOIO a30THOIO KUCJIOTOIO HE PEaryioTh;
— nipu B3aeMoaii HNOj3(pos5) 3 aKTHBHUMH METalIaMH N BITHOBJIIOETHCS JIO N7
(NH4NO3):
4Ca + 10 HNO3(pO3B) = 4C3(NO3)2 + NH4NO3 + 3H20,
— IIPU B32€MOJII1 3 MAJIOAKTUBHUMHU BaKKUMU MeTanamu — 10 NO:
Co+ 10HNO3 (po3B) — 4CO(NO3)2 + NO + 5H20

Bionowennsa 0o coneir. B3aemonmis — MeTagiB 3 COJSAMH BU3HAYAECTHCS
MOJIOKEHHSIM METANIB B PANY €IEKTPOXIMIYHMX MOTeHIiamiB. JlyxHi meranu, sKi
PO3MIIIYIOTHCSL HA CAMOMY TMOYATKY PAY HANpyT, HAJIEkKaTh 10 HAMOLIbII aKTUBHUX
BITHOBHHUKIB, TOMY IIPH BHECEHHI1 iX Y 800HI po3uuHu coseli MaJOAKTUBHUX METaJiB
BCTYNAIOTh Y B3a€MOJIIIO HE 3 CAMOIO CULITIO, a 3 BOJIOI0, 1110 MICTUTBCS Y PO3UHUHI.

Tema 12 OcHoBH e1eKTpPOXiMil

12.1 OxucHO-BiTHOBHI eJeKTPOaAHI noTeHuiaau. PiBusinusa Hepucera

Po3p13HSI0TH 1B1 OCHOBHI I'PYNH MNPOBITHUKIB €IEKTPUYHOTO CTPYMY:
NpOoBIOHUKU — nepuioco  pody, eINeKTPUYHA TMPOBIIHICTH SKUX O0O0YMOBJICHA
eJIEKTpOHAMU (METalM Ta iX CIUIaBU) 1 MPOBIOHUKU OpY2020 pody, SIKI MalOTh HOHHY
MPOBIIHICTH (BOJHI PO3UUHHU COJIEH, KUCIIOT, JIYTiB).

S0 3aHypUTH MeETaleBy IUTACTHHKY (€JIeKTPOJ) y PO3UYMH COJII I[OTO
MeTaly, KaTiOHU MeTally, sIKIi 3HaXoIAThCsl B IMOBEPXHEBOMY IIapl €IeKTpoja,
rIpaTyIOTHCS MOJSIPHUMH MOJIEKYJIAMH BOJIM 1 MEPEXOASATh y po3uuH. B pe3ynbrari
MOBEpXHs MeTalny HaOyBae HAUIMIIKOBOIO HEraTMBHOrO 3apsijay. BuHukae
€JIEKTPOCTATUYHE MPUTATYBAHHS MIXK KaTiIOHAMU MeETaiy, skl MepelIuid B PO3UHH, 1
MOBEPXHEI0 METAJNIeBOi IMJACTUHKHU. Y CHUCTEMI BCTAHOBIIOETHCA JIMHAMIYHA
piBHOBara: po34MHEHHS WOHIB METajly HE MPUIUHSAETHCSA, a MPOTIKAE 3 TIEI0 CAMOIO
HIBUAKICTIO, SIK 1 3BOPOTHHUI TIpoliec — BUIUICHHS KaTiOHIB 13 po3unHy. Ha mexi
MeTajl — PO3YMH YTBOPIOETHCS MOABIMHUN €NEKTPUYHHUH 1Iap, a TPAaHUYHY PI3HUIIO
MOTEHIIIAJIIB  HA3UBAIOTh €JEKTPOJHUM TMOTEHIIaJOM MeTany. Takum YUHOM,
EJIEKTPOAHUIN TOTEHIlIa)l METaly — L€ PI3HMIS €NEKTPOCTATUYHUX IMOTEHIIaTiB Ha
MEX1 MK METAJIOM Ta PO3UYUHOM E€IEKTPOJITY.

Meran, 3aHypeHHI y pO3YMH COJI1 LOTO METaNly Ha3UBAIOTh €1eKMPOOOM, A
pi3Ky 3MIHY NOTEHIIialy Ha MEX1 PO3MOAULYy MK METajioM 1 PO3YMHOM Ha3UBaIOTh
e/1eKMmpOoOOHUM NOMEHUIATIOM.
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AOCONIOTHI 3HaUY€HHSI MOTEHI[1aT1B BUBHAYUTH HEMOXKIIMBO, TOMY BHU3HAYaIOTh
iX BITHOCHI 3HAYE€HHs, MOPIBHIOIOUM 3 TMOTEHIIAJIOM CTAHJAPTHOTO EJIEKTPOo/Ia.
CranpapTHUM OOpaHO BOJHEBUU €JEKTPOJ, MOTEHIaJl SKOTO0 NMPUUHATO BBAXKATU
piBHUM Hymto. CraHAapTHUA BOJHEBUM €IEKTPOJ SBIsSE€ COOOI IJIATUHOBY
IUIACTHHY, fIKa TOKPUTa TMOPHUCTOI0 IUIATUHOIO 1 3aHypeHa B PO3YUH CyJb(aTHOI
KHMCJIOTH 3 aKTUBHOIO KOHIeHTpamiero iownis I'inporeny a(H') =1 mons/n. Uepes
po3urH 3a crangaptHux ymoB ( p(H,) = 1.013:10°TMa = lamm, ¢t = 25°C)
MPOITYCKAETHCS BOJCHb.

OKUCHO-8I0HOBHUM eNeKmMPOOHUM NnomeHyiaiom, abo PeIOKC-TOTSHIIATIOM
CUCTEMH, HA3UBAIOTh PIZHMIIO MOTEHLIATIB MK €JIEKTPOJIOM, 3aHYpEHUM Yy AaHy
XIMIYHY CUCTEMY, 1 CTAHIAPTHUM BOJHEBUM €JIEKTPOJIOM.

Cmanoapmuuii enexmpodnuii nomenyian (¢°) — Iie 3HAYCHHS IOTEHINATY, SKe
BU3HAYECHO BITHOCHO HOPMAIbHO20 B00HEB020 €1eKmpooa 33 CHAHOAPMHUX
ymoe (t =25 °C, p=1.013-10° ITa, c(Me*") = 1 moms/n).

3Hauenna cmaHOApmMHUX e1eKmpoOHUX NOmeHuianie HageoeHi y paoli
Hanpyz memanie:

Li K Ca Na Mg Al Mn Zn Cr Fe Cd Ni Sn Pb
o', B -3.04 -292 -287 -2.71 -236 -1.66 -1.18 -0.76 -0.74 -0.44 -0.40 -0.25 -0.14 -0.13

H, Cu Ag Hg Au
o B 0 034 080 0.85 1.50

Binvw axmueni memanu maoms nuxncui snauenns ¢'. I3 spocmannam ¢’
6IOHOBHA 671ACMUBICIb MEM ALY 3MEHULYEMbCA.

HeoOxigHo Bi3HAUMUTH, 110 HABEJCHUMN pAJl XapaKTepU3ye MOBEIHKY METaliB
i ix comeii TiTBKH y BOAHMX po3drHax mpu TemmepaTypi 25 ° C i koHieHTpauii fioniB
Metany | Momb/i.

3HaueHH 1 3HAK €JIEKTPOJHOTO MOTEHIIaNy 3ajieXaTh BiJ MPUPOAN YUACHUKIB
€JIEKTPOIHOTO Tpoliecy Ta iX KoHmeHTparlli. KiabKiCHO 1151 3a/Ie)KHICTh BUPAKAETHCS
piBHsAHHSIM HepHcra:

RT .
(PMeZ+\Me - (Pi/[e”\Me + F Inc (Me )

0 2,3RT
+ -

Paterrime ~ Prterme -F

Igc(Me™),

ae ¢ . .. — CICKTPOJHUI IOTECHIIAT METAIa;

0

(PMeZ+ Mo CTaHJAPTHUHN €JIECKTPOTHUMN MTOTEHITIAT;
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R —ra3zoBa crana, R = 8,314 J{x/(K-Momb);

T — temnieparypa B K;

F —aucno ®apanes, F'= 96500 Ki/mornb;

Z — KUIBKICTh €JIEKTPOHIB, M0 OepyThb ydacTb B €JIEMEHTApHOMY

eJIEKTPOXIMIYHOMY Tpolieci (Hanpukiaa, Me”" +ze — Me);
+ .. . .
c¢(Me”") — KOHIIEHTpAIlisl iIOHIB METAIy B PO34HHi, MOJIB/II.

2,3RT
3a ymos T'=298 K (¢ =25 °C) MHOXHHK nepes norapupmom % _ 0,059 B.
Tomy Mmaemo:
0,059
— Y et z+
(PMeZ+|Me - Me?*|Me + z 1gC(Me )9
0,059
— n0 9 zZ+

a60 (PMeZ+|Me = (PMeZ+|Me + Z 1g[Me ]

Posminyroun Metanu B MOPSAKY 30UIBIICHHS iX CTaHAAPTHUX EICKTPOTHUX
MOTEHIIIANIIB, OAEPKUMO TaK 3BaHUM psiA Hanpyr (psan eIeKTPOXIMIYHUX
MTOTEHITIaIIB).

I3 psimy HAanpyr BUTLIMBAE:

— YUM MEHIIIa ajrebpaiuHa BeJIMYMHA €JEKTPOJHOTO MOTEHIIATy MeTary (Yum
OJIbKUe 3HAXOJUTHCS METall 10 TIOYaTKy psy), THM BUIIA BiIHOBIIIOIOYA 31aTHICTh
aTOMIB ~ MeTaJly 1  HI)KYa  OKHCHIOBaJIbHA  3JIaTHICTh  HWOro  HOHIB;
— METalH, SIK1 PO3MIIlIEH] B sy €IeKTPOXIMIYHUX MOTEHL1aliB 10 ['inporeny, 31aTHI
BUTICHSITH KOTO 3 KUCIIOT-HEOKUCHUKIB,;

— KOK€H MeTajJ Ma€ BJIACTUBICTh BHUTICHATH BC1 HACTYITHI METaJIH 3 BOJHUX
pO3uMHIB  iX cojsed  (OKpIM  JYKHHUX 1  JIYKHO-3€MEIbHUX  METalB);
— BOJICHb 13 BOJIM 3/1aTH1 BUTICHATH TUIBKU T1 METaH, CTAHAAPTHUN MOTECHITIA SIKHX
3HayHO HWwkK4Yud HiK —0,41 B (ue w™meTtanu mnoyatky psaay eneKTpOXIMIYHHMX
noteHmianie: Li — Mg). Meranu, sKki po3MillleHI MDK MarHieM 1 KaJaMmiem, 3a
HOpPMaJIbHUX YMOB HE 37]aTHI BUTICHSATH BOJICHB 13 BOJIU, OCKUIBKH Ha MOBEPXHI IIUX
METaJliB € 3aXMCHI OKCHJIH1 TUTIBKM. MarHiii BUTICHSI€ BOJIEHb TUIBKHU 3 Taps4u0i BOJIU.

12.2 I'aabpBaHIYHI eJICMEHTH

XimiuHi mkepena crpymy (XAC) 3a3Buuail Ha3UBAIOTh 2aylb8AHIUHUMU
enemenmamu. Y cydacHii kinacudikauii X/[C noaingroTs Ha nepBUHHI (OaTapeiiku)
1 BTOpUHHI (akyMynsiTopu). JlaHi Ha3BM BUHUKAIOTh 3 TOTO, 110 310paHi B OaTapenky,
MIEPBUHHI JHKepesia CTPyMY CIyKaTh JKEPEIOM €HEeprii caMi mo coli, a BTOpUHHI —
JIUIIIE TIePEaloTh EHEPTii0, OTPUMaHY BiJ 3apsAHOTO MPUCTPOIO.

[Mpuniun aii Oynb-axoro XxiMmiy"oro mkepena ctpymy (XIC) monsirae B
MEePETBOPEHHI XIMIYHOT €Heprii OKUCHO-BITHOBHOI peakIlii Ha eJIeKTPUUHY.
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Hns  crBopenns XJIC HeoOXiHO MaTH JBa ejleKmpoou, 3’ €THaHHUX
MPOBITHUKOM, OJIMH 3 SIKUX Ma€ OyTHU 3JaTHUM BIJJaBaTH €JICKTPOHHU, a IHIIHN —
npuiiMatu. Hanpuknan, Taky CcHUCTeMy MOXHaA CKJIacTM 3 JBOX IUIACTHH,
BUTOTOBJICHUX 3 PI3HUX METaliB (TOOTO, 3 PI3HUMH CTaHAAPTHUMHU EJIEKTPOTHUMHU
noteHiaiaMu). Po0oTy XIMIYHOTO JKepena CTpyMy MOXKHA pO3TJISSHYTH Ha
npukianai einementa AxoOi-aniens (puc. 12.1). YV 1pomMy eleMeHTI ITMHKOBA
IJIaCTUHKA (OJMH €JIEKTPOJ) 3aHypeHa y PO3YMH IIMHK cyibdary, a MinHa (apyrui
enexktpoa) — y pozuuH kynpyM (II) cynedary. CrionyduBiid ITMHKOBUN Ta MiTHUM
€JIEKTPOAM 3 TajJbBaHOMETPOM, 3’€IHYIOTh po3unHH U-mofi0HOI TpyOKOIo,
3anoBHeHOI0 po3unHOM enekTpoiita KCl abo NHy4NO; (compoBuii Mict, abo
CJICKTPOJIITUUHUHN KJTtou). Taka cuctemMa Ja€ MOKIIMBICTh TPOCTOPOBOTO PO3LIICHHS
MIPOIIECIB OKMCHEHHS Ta BITHOBJICHHS.

— L= - | -
o —  Zn (T —
| — 7500 — 08, .

Pucynok 12.1 — I'anbBaniunuii enement SAko6i-laniens

[Ticnst BCTaHOBJICHHS Y TallbBAHIYHOMY KOJII KOHTAKTy CTPLJIKa TaJilbBaHOMETpa
BIIXWJISIETHCS Y HAMPSAMKY J0 MITHOTO enekTpona. Lle cBimuuTh mpo Te, 1o mij Jac
poOOTH TAIbBAHIYHOTO €JIEMEHTa €JIEKTPOHU PYyXaloThCs Bl IIMHKOBOTO €JIEKTPOja
JI0 MIIHOTO.

laabBaHiuHM eJIeMEHT — ye npulao, wo CiyIcums OJisl NepemeopeHHs
XIMIYHOT eHepeii OKUCHO-8IOHOBHOI peakyii Ha enekmpuyHy. Y TalbBaHIYHOMY
€JIEMEHTI €JICKTPOHH MEePEeXOAATh BiJ BIIHOBHUKA JI0 OKHMCHUKA HE Oe3MocepeiHbo, a
110 TIPOBITHUKY €JIEKTPUYHOIO CTPYMY — MO 30BHIITHBOMY Koay. Lleit HanmpsmieHuit
MOTIK €JIEKTPOHIB 1 € EJICKTPUYHUM CTPYMOM.

Ha muakoBoMy eeKkTpo/Ii BiIOYBAETHCS PO3YMHEHHSI IMHKY 3 TIEPETBOPECHHSIM
1oro aroMiB Ha HOHH, TOOTO TIPOIIEC OKUCHEHHS:

7Zn’ — Zn*" + 2e.
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A BHUBUIBHEHI €JIEKTPOHH MO MPOBIIHUKY MEPEXOASITh HA MITHUN €NIEKTPO, A€
BIIOYBa€eThCS PO3psAKEHHsT KaTioHiB Kynpymy (mpouiec BIIHOBIEHHS), WIO
CYNPOBOJIKYETHCS BUAIIICHHSIM METaTI4HOI MiJIi:

— 0
Cu™ +2e=Cu.

CyMapHe pIBHSHHS peakilii, BHACIIOK SKOI Y KOJi BHHHUKAE EICKTPUYHHUIN
CTPYM, MaTUME BUTJISII;

Zn’ + Cu*" =Zn*" + Cu’.

Taxkum urHOM, 3aBJSIKU MPOTIKAHHIO I11€T OKUCHO — BIIHOBHOT XIMIYHOT peakIlii
y MIIHO — HIMHKOBOMY T'aJIbBAHIYHOMY €JIEMEHTI YTBOPIOEThCS Oe3MepepBHUN MOTIK
€JIEKTPOHIB (E€JIEKTPUUHUI CTPYM).

Enexmpoo, na sikomy 8i00yeacmuvcs npoyec OKUCHEHHS, HA3UBAEMbCL AHOOOM
(Meman 3 MeHWUM NOMEHYIANoM), a eleKmpoo, HA AKOMY 6i00y8acmuvcs npoyec
BIOHOBNEHHS — KAMOOOM (Memain 3 OilbuUM 3HAYEHHAM eleKMPOOH020 NOMEHYIAy).
VY MiTHO-IIMHKOBOMY €JIEMEHTI aHOJOM € IIUHKOBUH €JEKTPOJI, a KATOJAOM — MITHHM.

CxeMaTn4HO rajabBaHIuHUM enemMeHT Sko6i—/laniens 300paxyoTh Tak:

(=) Zn|ZnSO,||CuSO,|Cu (+).

Crnoyatky 3anucyroTh MeTall, aKui € aHoaoM. [1oTiM po3unH 106pe po3YnHHOT
COJIl I[bOTO MeTany. PO34MH BIJOKPEMIIIOIOTH Bil METady OAHIEI0 BEPTUKAIBHOIO
niHier0. KoHTakT ABOX PO3UMHIB MOKA3yIOTh ABOMA CYUUIBHUMHU JIHISIMHU, SIKIO MDK
pO3UMHAMM 3HaxXoauThcsi conboBuii MicT (U-monmiOHa TpyOKa, ska 3amoBHEHA
po3uunom enektpodiita KCl a6o NH4NOj3). ¥V takomy pasi moTeHItiaji, o0 BUHUKAE
HAa MeXI TMOAULY JBOX poO34uuHIB (Iudy3iiiHuil noTeHian), 3BeACHUN 10
MIHIMaJIbHOTO 3HAYEHHS 1 3JIMIIAETHCS CTAJIUM II1/1 YaC BUMIPIOBaHb.

BaxxmBo1o XapakTepUCTUKOIO TAIbBAHIYHOTO €JIEMEHTA € e1eKmpopyuiiina
cuna (EPC) enemenma — E (B), sixa 10piBHIOE PI3HHUIII €IEKTPOAHUX MOTEHI[IATIB
HOro MiBEJIEMEHTIB:

E = (PK - (pA 9
ne Py — morennian xkarona (IpaBuii MiBeNEMEHT);
(P, — morenuian anona (J1iBuii miBegEMEHT).
E = —
A60 (Pcu2+|cu (PZIl2+|ZIl s

EPC ranpBaHiYHOTO e€leMEHTa 3aBXKIW TO3MTHBHA, TOMY IO BiAMOBigae
npoLecy, SKUi BiIOyBa€THCS CAMOBUIBLHO 3 TO3UTUBHOIO poOoToto (AG < 0).
KoHneHTpamiiHuM eJIeMEHTOM Ha3MBA€ThCSA EIEMEHT, B SKOMYy poOoTa
CIIEKTPUYHOTO CTPYMy BHHHUKA€ BHACTINOK CaMOBUIBHOTO  BHPIBHIOBAHHS
KOHIICHTpAIlii MK BOMa PO3YMHAMHM OJHOTO I TOTO K €IEKTPOIITY.
CxeMaTHyHO KOHIIEHTPALlIHHUHN €IeMEHT 3alUCYIOTh TaK:

(—)Zn|ZnSO, | ZnSO,|Zn(+).
Cq C
IIpu ¢; < ¢, niBUM €NEKTPO 3apSAAUTHCSI HETATUBHO (AHOJ), HA HBOMY BIJOYBA€THCS
PO3YUHEHHS [TUHKY.
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12.3 Kopo3sist MmeTaJiB. 3aXucT Bi KOpPO3il

Kopo3zist — camouunnuii npoyec pyiinysanus memanie abo cniasié Ha ix 0CHOGI
nio 0i€l0 HABKOAUWHBO2O cepedosuua. BHACTIMOK KOpO3li MeTan MepexoJuTh B
OKHCHEHUH CTaH 1 BTpavyae XapaKTepHI JIJis HbOI0 MEXaHI4H1 BIacTUBOCTI. Kopo3zisa —
ye XiMIiYHUll OKUCHO-8IOHOBHULL Npoyec.

Kopo3iitHi mpoiiecu po3pi3HAIOTH 3a:

— MEXaHI3MOM peakIlii B3aeMOli MeTaja 3 cepeaoBuIeM (XIMIYyHA Ta
EJIEKTPOXIMIYHA KOPO3is);

— XapaKkTepoM KOpO31MHOTO cepenoBulla (razoBa, aTMoc(epHa, B PO3UMHAX
€JIEKTPOJITIB, MiA3EMHA, 010KOpO3isl, eEKTPOKOPO3is, paaialliiiHa, KOpo3is mia JI€0
MEXaHIYHUX HaBaHTa)KCHbB Ta 1H.);

— TUIIOM PyWHYBaHb.

3a TUIOM pYyHHYBaHb KOpO3isi OyBa€ cyyibHo0 1 Micyegoro.

[Ipy piBHOMIpHOMY pO3MOAUII KOPO3iiHMX pYyHHYBaHb IO BCIA TOBEpPXHI
MeTally KOPO3i0 HAa3UBAIOTH PI6HOMIpHOIO, ab0 cyyinbHolo. BoHa He siBisie c00010
Hebe3neKy g KOHCTPYKIil 1 anapaTis. [i Hacmigku MOkKyTh 6YTH MOPIBHAHO JIETKO
BpaxoBaHi. SKIo % 3Ha4YHA YaCTHHA NMOBEPXHI METally BUIbHA BiJ KOPO3ii i OCTaHHS
30cepe/KeHa Ha OKpeMUX AUISHKAaX, TO il Ha3WBalOTh Micyesorw. Bona Habarato
Hebe3MeyHille, Xo4a BTPaTH MeTaly MOXYTh OyTH i HeBeIMKMMHM. li HeOesmeka
MOJIATAE B TOMY, 110, 3HIKYIOUM MIIHICTh OKPEMHX JUISHOK, BOHA PI3KO 3MEHIIYE
HAJIMHICTh KOHCTPYKIIH, criopya, amapaTiB. MiclieBiii KOpo3ii COpUsSIIOTh MOPChKa
BOJIa, PO3YMHU COJIEH, 30KpeMa TaJOTeHIIHMUX: XJIOPHUJ HATPIil0, KalbI[1l0, MArHio.
Oco0nuBO BENMKI HEMPUEMHOCTI MOB’A3aH1 3 XJIOPUJIOM HATPIIO, SKUH PO3KHUIAIOTH B
3MMOBHI Yac Ha JAOporax i TpoTyapax Jjisi BUJaJIeHHs CHITY Ta JIbOJY. Y NPUCYTHOCTI
coJieil BOHU IUIABJISITHCS, 1 PO3UMHU, SIKI YTBOPIOIOTHCS, CTIKAIOTh B KaHali3allliH1
TpyOu. Coill € akTUBaTOpaMu KOPO3il 1 TPU3BOAATH /10 MPUCKOPEHOTO PYWHYBaHHS
MeTaliB, 30KpeMa TPAHCIOPTHUX 3aCO01B Ta MiI3EMHUX KOMYHIKAI[IH.

Bupaskoea (y BUrIsal TUIsIM  PI3HOT 8eluyUHU),  MOYKOBA,  WILIUHHA,
KOHMAKMHA, MINCKPUCMANIYHA KOpo3ia — HAWOUIBII XapakTepHI TUIU MICUEBOI
kopo3sii. ToukoBa — ogHa 3 HalOuIbIl HeOe3nmeuHux. BoHa mosnsirae B yTBOpEHHI
HACKPI3HUX MOPA30K, TOOTO TOYKOBUX TOPOKHUH — HImMmiHe.

Koposiiine pozmpickyeanns BUHUKAaE MPU OJHOYACHOMY BIUIMBI Ha MeETall
arpeCUBHOTO CEPE/IOBUINA 1 MEXaHIUHMX HAmpyr. Y MeTail 3’ sBISIOThCSA TPIIIUHU
TPAHCKPICTATITHOTO XapakTepy, AKlI YacTO MPU3BOJATH JO MOBHOTO PYWHYBaHHS
BUPOOIB.

Tunu koposii

Ximiuna Kopo3zia — 1ie Tpolec pyHHYBaHHS METalliB 32 PaxXyHOK XIMIYHOI
B3a€EMOJIIi METaJleBOi IMOBEPXHI 3 HABKOJMUIIHIM CEpPEJOBHILIEM, SIKUH He
CYNPOBOJ/IKYETHCS BUHUKHEHHSIM  €JIEKTPOXIMIYHUX  (€JIEKTPOJHUX) MPOIECIB
Ha Mexi1 ¢a3. HaltuacTiiie 11e OKUCHEHHS METalliB CyXMMH T'a3aMU — OKHUCHUKAMH
(O,, Cl,, SO,, NO, To1110), TOMY TaKy KOpO3iI0 I[¢ HA3UBAIOTh 2a306010. J10 XIMI4HOT
KOpPO3ii BIAHOCATH 1 KOPO31l0 B pO3UMHAX HeeleKTpodiTiB. el Bua Kopo3ii mpoTikae
B OCHOBHOMY pPIBHOMIPHO MO BCili MOBEpXHI MeTany. Y 3B’A3Ky 3 IIUM, XIMI4Ha
KOpO3isi MEHII Hebe3eyHa, HiK eJIeKTPOXIMIYHa.
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EnextpoximiuHa kopo3sis — 11e npoiec pylHyBaHHS METaNiB, KU BUHHUKAE
IPH X KOHTAKTI 3 PO3UMHAMH €JIEKTPOJIITIB 3 BUHUKHEHHSAM €JIEKTPUYHOTO CTPYyMY.
J1o enexkTpoXiMiuyHOT KOpO3ii BITHOCITh aTMOC(HEPHY, KOHTAKTHY KOPO31I0 Ta KOPO3it0
B BOJIOTOMY I'PYHTI.

ATMocdepHa KOPO3isi — OKMCHEHHS] METaJIIB KCHEM, PO3YMHEHUM Y BOJSIHIN
TUTIBIIL, SIKa YTBOPIOETHCS BHACIOK KOHEHCAIlli BOAM Ha MOBEPXHI MeTay. 3TiIHO 3
TEOPI€I0 EJIEKTPOXIMIYHOI KOpo31i Haijerme pyHHYIOTbCS METald 3a HasBHOCTI
€JICKTPOJIITIB Ta IHEPTHUX JOMIIMIOK (KapOiau, METaIM 3 BUIIUMH 3HAYCHHSIMHU
CTaHJAPTHUX MOTEHIIaTiB). Y IUX BUMAAKAX CTBOPIOIOTHCS YMOBHU JJII BUHUKHEHHS
raJIbBaHIYHOTO €JIEMEHTA.

YuHHMKAMU, 110 BIUIMBAIOTH HA IHTEHCUBHICTh KOPO3Ii €:

— KIIIMaTUYH1 HapaMeTpu;

— 3a0pyIHEHICTh MOBITPS, OCOOJIMBO KUCIUMHU ra3amu;

— JIOMIIIKH, K1 MICTSAThCS B METaJIax;

— CTaH MOBEPXH1 METaly;

— HEpIBHOMIpHA aepallis;

— HasIBHICTH rajbBaHONAPH, 110 BUHUKAE TPU KOHTAKTI JBOX METaJIIB.

Anoonuii npoyec — nepexi MeTajgy B PO3UYMH Yy BUIJISAJAI HOHIB (OKMCHEHHS
MeTaldy) 3 3aJMIIECHHSIM €KBIBAJICHTHOI KUIBKOCTI €JIEKTPOHIB y MeETall; aHOJ —
MeTall, IKUA PyUHYETHCS.

Kamoonuui npoyec — acuminsuisg HaJJIUIIKOBUX €JIEKTPOHIB, 110 3’ SIBUINCS B
Metani, aenosgpuzatopoM. KaTomom € mMOBEepxHS 1HEPTHOI JOMIIIKH, Ha SIKIA
BIJTHOBJTIOETHCSI OKUCHUK (KUCEHb a0o0 ioHu ['iporeny).

HaliBaxmMBIIIMMU OKMCHUKAMHU, L0 CHPUYUHSIOTH €JIEKTPOXIMIYHY KOPO3ilo,
€ pO3YMHEHUH y BOJI1 KUCEeHb a00 Honu ['igporeny, K1 34aTHI 10 BITHOBJICHHS.

KoposziitHi mporecu, B AKUX KaTOJHA ACHOJISIpU3allisl 3J1IMCHIOEThCS HOHAMHU
['inporeny, Ha3UBaIOTh MPOLIECAMU KOPO31i METAJIIB 3 80OHEB0I0 0enoIAPUIAYIEID.!

2H" +2e¢—>H,.

KoposiitHi mporecu, B SKUX KaTOJHA JACHOJISIpU3allis 3I1MCHIOETHCS
PO3UMHEHHM Yy BOJ1 KHCHEM, Ha3MBAIOTh IMpOIlecaMu KOpO3li METaNliB 3 KUCHEBOH
oenonspuzayicro. lle HaOUIBII TOMIMPEHUH TUN KOPO3li MeTalny y BOJII, B
HEUTpaIbHUX 1 HABITh B CJIAOOKHUCIIMX COJIbOBUX PO3UMHAX, B MOPCHKIM BOJI1, B 3e€MIIi,
B aTMocdepi NOBITPSL.

3araJibHa cXeMa KHCHEBOI1 Jemnojiipu3aliii 3BOAUTHCA 10 BITHOBJICHHS
MOJIEKYJISIPHOTO KUCHIO J10 HOHA TAPOKCHIIA:

0, +2H,0+4e— 40H" .

OCKUIbKM MOTEHIIAJ, U0 BIJMOBIIAE €IEKTPOAHOMY mpouecy 2H +2e—> H, B
HelTpaabHOMY cepenoBuiili qopiBHOE — 0,41B (¢ =-0,059; pH = -0,059-7 =-0,41), TO
Honu I'igporeny, mo MICTATBCSA y BOAl a00 B HEUTpaJIbHOMY BOJHOMY CEPEAOBHIII],
MOXXYTh OKHCIIOBATH TUIBKM Ti MeETajd, 3HAYECHHsS MOTEHI[IaNIB SKUX MEHIII
3a - 0,41 B, ToOT0 MeTanu Bif TMOYATKYy POy €IEKTPOXIMIYHMX MOTEHIANIB J0
KaaMio. MeTasiu, MOBEepXHs SAKUX BKPUTA 3aXMCHOIO OKCHIHOIO TUTIBKOIO, HE 3/1aTHI
okucHioBatucs HoHamu ['igporeny. IloTeHuian, IO BIAMNOBIAAE EIEKTPOAHOMY
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npouecy O,+2H,0+ 4e—40H nopieaioe +0,40 B. Omxe, po3uumHEeHU y BOJI
KHCEHb MOXE OKHCIIIOBATH METajy, NoTeHuian skux menuie +0,40 B.
Cxema atmocdepHOi KOpo3ii YaBYHY 1 CTalli:
(-)Fe|0,,H,0|Fe,C(+) — MiKporaabpBaHonapa
(-)A:  Fe-2e—> Fe*
(HK:  0,+2H,0+4e—40H
2Fe+0,+2H,0 - 2Fe(OH),
4Fe(OH), + 0, + 2H,0 — 4Fe(OH),
2Fe(OH), — Fe,0,-3H,0 (ipxa).

KontakTHa KOpO3if BiIOYBA€THCS, KOJU B E€JIEKTPOJITUYHOMY CEpelOBHUIII
nepedyBaroTh B KOHTAKTI PI3HI METaJIu:

(-)Fe|0,, H,0|Cu(+)

(-)A:  Fe-2e—> Fe*
(HK:  0,+2H,0+4e—>40H" .

[IIBUAKICTH KOHTAKTHOT KOPO31i TUM OLbIlIa, YUM OUTbIIA PI3HUILI MTOTEHIIIATIB
KOHTaKTYIOUHX METalliB.
Kopo3zis y Bostoromy rpyHri
(-)Fe|0, . H,0|epynm|0,, H,0|Fe(+)

HH3 BCPX

Hezaxumieni MetaniyHi KOHCTPYKIIIi, 0 3ariau0iieH] y BOJIOTUH IpyHT (0omopH,
TpyOu, nerani (GyHAAMEHTIB), IIBHUIKO PYHHYIOTbCS. [IpUYMHOIO €NEeKTPOXIMIYHOT
KOpO3ii € HEepiBHOMIpHa aeparlisi 3ariu0JIeHOi YacTMHM KOHCTpyKuii. bivxye mo
MOBEPXHI KOHUEHTpAIllsl KUCHIO B TIPYHTOBIM BOJI BHINA, OTXKE YTBOPIOETHCS
KOHIIEHTpalliiiHa TajlbBaHI4YHA Mapa.

PeyoBuHU, SIKI MPUCKOPIOIOTH KOPO3iI0 METaliB, HA3UBAIOTh aKMUSAmMopamu
xoposii (C1°, O, H', OH)).

EnexTpoximMiyHy KOpO3it0, KpIM IHEPTHHUX JOMIIIOK, MOXYTb BHUKIHUKATH
€JIEKTPUYHI CTPYMHU CTOPOHHIX JKepesl (MaHIpiBHI CTpyMH). MaHApPIBHUI CTpyM,
MOTPAIUISIOUN B MiJ36MHY METaleBy KOHCTPYKI[IIO, IPOXOJUTh MO Hil; Ta YacTUHA
KOHCTPYKIIli, B IKY BXOJUTh CTPYM, BIJIrpa€ poiib KaToJa, a MPOTHIIC)KHA YaCTUHA
KOHCTPYKIIii 3a3Ha€ Kopo3ii (BOHA — aHO[).

MeToau 3axucTy MeTaJiB Bil KOPO3ii.
CydJacHMil 3aXUCT METaJliB Bil KOPO31i 0a3y€ThCsl Ha HACTYIMHUX METOAaxX:

— NIABUIICHHS XIMIYHOT'O ONOPY KOHCTPYKIIIHHUX MaTepiaiis;

— 130J1A1111s1 TOBEPXH1 METajy BiJl arPECUBHOT'O CEPEIOBHIIIA;

— MOHUKEHHS arpeCUBHOCTI BUPOOHUYOTO CEPEOBUIIIA;

— 3HWKEHHS KOpPO3i1l HAKIAJaHHSIM 30BHIIIHBOTO CTPYyMY (€JIEKTPOXIMIYHUHN
3aXHCT).
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[Iupoko 3acTOCOBYIOTH TaKi OCHOBHI BHPIIIEHHS 3aXUCTy METaJIeBUX
KOHCTPYKI[IH BiJ KOPO3Ii:

1. Cmeopenns cniagie¢ 3 aHMUKOPO3IUHUMU BAACMUBOCMAMU — OJHH 3
HaWBXJIMBIMIUX HANpsIMKIB OOpOTHOM MPOTH KOpPO3iiiHUX BTpaT. BBemennsm 1o
ckiagy craii 6muszpko 12 % xpomy no0yBaloTh HEpKaBilO4y CTajb, CTIHKY MPOTH
Kopo3ii. J[o6aBku HiKet0, KOOAIBTY 1 MiJll MOCWIIOIOTH AHTUKOPO31iH1 BIACTHUBOCTI
CTasl, OCKUTBKH MIJBUIIYETHCA CXUIBHICTh CIUIABIB JI0 MTACUBAILI.

[lepexin y psli KOHCTPYKIIIM BiJi METaJIeBUX O XIMIYHO CTIHKHX MarepiajiB
(TIacTUYH1 BUCOKOMOJIIMEPHI MaTepiaiu, CKJIO, KepaMika 1 iH.).

2. 3axucHi noxkpumms — 3071AYil NOBEPXHI Memaiuié 8i0 acpecusHozo
cepedosuya WIAXOM HAHECEHHs HeMeMAIIuHUX ma MemaiidyHux NoOKpUmy.

a) HEeMETaJIIYHl TOKPUTTS OTPUMYIOTh HAHECEHHSM Ha IMOBEPXHIO PI3HUX
HEMETaJIIYHUX MaTepiaiiB — JakoapOHUX, KayuyKOBUX, INIACTMACOBHUX, KEPAMIUHHUX
1 1. Haiibupm mnommpeHi jakodapOOBl MOKPUTTS, SKI MOXKHA PO3AUIUTH 32
npu3HayeHHs M  (aTMocdepocTiiiki, OOMEXeHO aTMOoc(epocCTiiKi, BOJOCTIHKI,
crieniajgbHi, Macao0€H30CTINKI, XIMIYHO CTIiKi, TEPMOCTIHKI, EJIEKTPOI30IAIIiHI,
KOHCepBalii) 1 1O CKIaay IUIBKOyTBOploBaua  (OITyMHI,  €MOKCHJHI,
KpEeMHIMOpraHiuHi, MoJilypeTaHOB1, NeHTa(TaNeBl 1 1H.);

0) MeTasiuH1 MOKPUTTS MOXYTh OyTH aHOJHUMH 1 KATOJHUMHU.

KaToaaum Ha3uBa€eThCS MOKPUTTS METANy 3aXHUCHUM IIapOM MEHIIl aKTUBHOTO
MeTaly, HalpUKJIad, MOKPUTTS 3aJ1I3HOTO BUPOOY 0JIOBOM (JTYJKEHHS 3aJ1132):

(-)Fe|0,,H,0|Sn(+)
A:Fe—2e—> Fe*
K:0, +2H,0+4e— 40H" .

Bono 3axuiae TUIbKM MPU BIACYTHOCTI MEXaHIYHOTO MOPYIIEHHS LLTICHOCTI
MOKPUTTSL.

AHOJIHMM Ha3UBAETHCS MOKPUTTS METAJIIYHOrO BHpPOOY OUIBII AKTUBHUM
MeTajoM, HallpUKJIad, MOKPUTTS 3ajli3a MapoM Zn:

(-)Zn|0,, H,0|Fe(+)

A:Zn-2e— Zn*
K:0,+2H,0+4e—40H .
Jli1 Takoro TMOKPHUTTS HE TPUIHHIETHCS HABITH MICJIS TMOPYIICHHS MHOTrO
IIJTICHOCTI.
Merasnesi TTOKPHUTTS PO3AUISIFOTHCS TaKOX 3a crnocoOooM ix

OTpUMAaHHS (€JIEKTPOJITUYHE OCAIHKCHHsI, XIMIYHE OCA/KEHHS, Tapsye 1 XOJOJHE
HaHeCEeHHs, TepMoandy3iitHa 00poOKa, MeTai3allisl HATUICHHSIM).

Toxpumms, wo ompumyroOmvcs XiMiyHow0 i e1eKMpoXiMiuHOI0 00POOKOI0 NOBEPXHI

[luMH MOKPUTTSAMU € IUTIBKM HEPO3YMHHHUX MPOAYKTIB, IO YTBOPUIIHUCS B
pe3yibTaTi XIMIYHOT B3a€MOJIi MeTajiB 13 30BHIIMIHIM cepeaoBuiieM. OCKUIbKU
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0araro 3 HUX € MOPUCTUMH, BOHH 3aCTOCOBYIOTHCS MEPEBAXHO SIK MIAUIAPU 1]l
Mactuia 1 JakopapOoBl MOKPUTTS, 30UIBIIYIOUM 3aXMCHY 3JaTHICTh MOKPHUTTS Ha
MeTail 1 3abe3neuyroun HajaliiHe 3ueryieHHs. MeToau HaHeCEeHHS — OKCHYBaHHS,
¢docdaryBaHHs, TaCUBYBaHHS, aHOAYBAaHHS.

3. 3mina cknady azpecugrnozo cepedoguwyd, 3acmocy8ants iHeibimopie Koposii.

[Ipuknagamu Takoi OOpPOOKM MOXKYTh CIYKUTH: HeUTpamizamis abo
3HEKUCHEHHSI KOpPO31MHMX CEpEeJOBMIL, a TaKOX 3aCTOCYBaHHS PIZHOIO pOAY
1HT101TOP1B KOPO3Ii.

Ineibimopamu Kopo3ii Ha3UBaIOTh PEUOBMHM, HEBEJIMKI JTO0ABKH SIKUX J10
KOPO31I{HOTO CcepelloBUIlla CHOBUIBHIOIOTH KOpo3ito MeTamiB. Halwacrime 1e
OpraHivyHi peYOBUHU — aMiHH, YPOTPOIiH, hopmatiH Toio. Jlis 1Hri6ITOpiB noysrae B
TOMY, 1110 Ha MOBEpPXHI MeTaja BOHU YTBOPIOIOTH aJCOPOLINHY IUTIBKY, SIKA 130JI0€
MeTaJl BiJl CEpEeIOBHIIL.

4. Enexmpoximiuni memoou — NIpOTEKTOPHUMN Ta KATOJIHUM 3aXUCT.

[IInsixom KaTtogHOi ab0 aHOMHOI MOJsApHU3allii Bil CTOPOHHBOTO JHKEpelia
CTpyMy a0o0 TpHEIHAHHSAM JI0 KOHCTPYKIii, IO 3aXUIIAE€ThCS, MPOTEKTOPIB,
MOTEHIIIAJI METaly 3MIIYETHCS O 3HAYEHB, IPU SIKUX CHUJIBHO CIIOBUIBHIOETHCS 200
MOBHICTIO MPUITUHSAETHCA KOPO3Iis.

CyTb nmpomexkmopHozo 3axucmy TONSITa€E B TOMY, IO A0 O0’€KTa 3aXUCTy
MPOBITHUKOM MPUEAHYIOTH MPOTEKTOP — JIUCT 3 OUIbII akTUBHOTO MeTany (Mg, Al).
B pe3ynbrari yTBOPIOETHCS rajbBaHIYHA Mapa, B AKIA MeTanieBa KOHCTPYKLi Oyne
KaToJOM, a MOBUIBHO OyJ€ OKHCIIOBATUCHh MpoTekTop. IIpoTekropoM 3axumiaroThb
00’ €KTH BiJl KOpO3ii Ha BiACTaHAX 10 50 M.

[Ipu katogHOMY 3axXHUCTI 00’€KT CIOJIy4alOTh MPOBIJHUKOM 3 HETaTHBHHUM
MOJIFOCOM JKepesia MOCTIMHOIO CTPYMY HEBEIMKO1 HAMPYTH, a TMO3UTUBHUN TOJIIOC
3a3eMJIIOIOTh 200 CIOJIy4aroTh 31 IIMAaTKOM MeTanoOpyxTy. Paniyc naii kaToaHoro
3axucty gocsirae 2000 m.

Tema 13 Hemerauu.
I'asnorenn i xanbkorenu. Hirporen i @ocdop. Ilpupoani i
AHTPOINOTeHHI CIOJYK! HABEIEHNX €JIEMEHTIB B KOHTEKCTI
€KOJIOTIYHMX MPodJIeM

13.1 3arajpbHa XapaKTepUCTUKA rajJ0reHiB

Ho enementiB VII (A) rpynu nHanexats ®@nyop (F), Xnop (CI), bpom (Br),
Won (I), Actat (Af). Hasa 1ux eneMeHTiB — 2aozenu (rped. «Ti, 10 HAPOKYIOTH
cojii»). B OCHOBHOMY CTaHi aTOMM TajlOT€HIB MalOTh €JIEKTPOHHY KOH(DIrypariito
ns’np’. Bci TaloreHn BiZHOCATHCS 10 p—eieMeHTiB. J[0 3aBepIICHHS eIeKTPOHHOI
OOOJIOHKM iM HE BHCTa4a€ OJHOTO EJIEKTPOHA, TOMY TaJlOTeHW MAaloTh BEIUKY
CTIOPIHEHICTh 10 €JEKTPOHY 1 € CHJIbHUMH OKHCHHKaMH. BrmacTuBicTh 10
NPUETHAHHS €IEKTPOHIB XapaKTepU3Y€E TAOTCHH K THIIOBI HEMETAIH.
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3 NiABUIICHHSAM MOPSAKOBOTO HoMepa y psial F — At 30u1blyroThest pagiycu
aTOMIB, 3MEHIIIYETHCS €JICKTPOHETAaTUBHICTD, CIA0IIAI0Th HEMETaIIuH1 BIACTUBOCTI ¢
OKHCITIOBaJIbHA 3/IaTHICTh eeMeHTiB. HallOou1bin BUpakeH1 HeMeTaliqH1 BJIaCTUBOCTI
y ®nyopa, Haiimenun — y Hopa.

VY BUILHOMY CTaHi TaJIOTEHU YTBOPIOIOTH MPOCT1 PEYOBUHHU, 110 CKJIAIAIOTHCS 3
nBoxaToMHUX Mojekyi: F,, Cl,, Bry, J, . 3B’43ku M aroMamMu — KOBaJICHTHI
HernossipHi . Kpucraniuna rpaTka rajJoreHiB MOJEKYJISIPHOTO THUITY.

3 rajoreHiB y 3eMHii KOpi HaWIMOMMPEHIII XJI0p 1 PTOp:

CaF, — nnaBukoBuii mimar; Naj [AlFg] — kpionit; Cas (PO4);F — dropanarur.
MacoBi 4acTKH y 3eMH1i KOP1 CTAHOBJISATD:

C1-0,045 %; F— 0,027 %; Br— 1,6:10* %, J - 3-10” %.

AcTar TparsIEThCS Yy NYXKE€ HE3HAUYHUX KUIBKOCTSIX y TPOAYKTaxX po3maay
MPUPOJIHUX PATI0AKTUBHUX PEUOBUH. ['ajloreHH y MPUPOJIl MOMIMPEH] BUKIIOYHO Y
3B’S13aHOMY CTaHi — B OCHOBHOMY Yy BurJsiai coneit: NaCl — kam’siHa cutb; KCI —
cuibBiH; KC1-MgCl,-6H,0 — kapuanit. OCHOBHUMH NPUPOAHUMU JixkepenaMu BriJ
€ Mopchka BOja, OypoBa BOja, Boa o3ep. Mox MICTHTBCS y BOJOPOCTSX,
TparsieTbes y Burisial coneit — KJO; 1 KJO4 , sixi € cynytHiMu mokianiB NaNOs;
(cenmitpu B Yini 1 bomnigii).

®di3znuHi BJIaCTUBOCTI

dTOp — ra3 CBITIO-3eeHOr0 KOMbOPY i ayxke otpyiiuuii (p = 1,11 r/cm’). drop
HE MOXKe OyTH PO3UMHEHUH y BOJI1 Uepe3 Te, 110 BiH B3aEMOJIE 3 HEIO.

XJ0p — ra3 KOBTO-3€JICHOr0 KOJIbOPY 3 PI13KUM, HEIPUEMHUM 3araxoM. XJop
TSOKUUA 32 MOBITPS, pO3UMHHUEN y BoJl (B 1 00’emi Boau 00’€MH  XJIOPY), YTBOPIOE
XI0pHY Boay (p = 1,568 t/cm’).

BpoMm — piguHa yepBoHO-0yporo 3abapBiIeHHS 3 HEIPUEMHUM 3alIaxoM, Y BOJI1
PO3UMHSIETHCS TIOTAHO, YTBOPIOIOYM OpOMHY BOJy. Po3uMHSIETHCS B OpraHIYHUX
pO3YMHHUKAX — OeH3oiii, xjopodopmi. Skimo 0 OpoMHOI BOAM J0JaTH OEH30My 1
no0pe 300BTaTH, TO MICIs PO3MIAPYBAHHS PIAWH MOXHA MOMITUTH, sIK OeH301 3 Br,
3a0apBIIOETHCS B SICKpaBO-OpaHkeBUM Koiip. Lle moscHIoeThCs TUM, 110 OpOM Kpaliie
pO3UHHSETHCS Y GeH3071, HiK y Boai. bpom Tspkunii Bix Boau (p = 3,12 r/em’).

Mox — xpucTaniuna pedoBHHA, TEMHO-CIPOT0 KOJLOPY, y Mapax — (hioneToBoro.
[Ipu HarpiBaHHi BIH 3 TBEPAOIrO CTaHy 3pa3y NEPEXOAUTh B Ta3omoaiOHUN CTaH
(cy6uimanis). Mox moraHo po3duHseThCS y BOAi (CBITIO-KOBTA [OAHA BOIA), aje
no0pe po3uuHseTbes y cnupTi. Lle BukopuctoByroTh miis mpurotyBanHs 5—10 %
po3unHy Moy B crmupti (fomHa Hacroiika). Mom myxe DoOpe pO3UMHSETHCS B
PO3YMHI BIACHUX COJIEH, HAMIPUKJIAA B PO3YMHI KaJllid HOAUIY.

XimMi4Hi BJaCTHBOCTI
Cryninb okucHeHHss ®dayopy B yciXx HOro crnonykax MIHYC OJMH. ATOMH
Xnopy, Bpomy, Hony maroth HesaBepurenwuii d-minpisens, Tomy s Xiopy i #oro
aHAJIOTIB TaKOX XapaKTepHI 1 MO3UTUBHI CTyNEHI OKuUCHeHHs: +1, +3, +5, +7.
HaiiGinpi peakiiifHo 31aTHUM 13 rajoreHiB € ¢ayop. BiH B3aeMoie O6e3mocepeHbo
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31 BciMa enieMeHTaMu nepioguunoi tabnui . . Menneneesa, kpim He, Ne, Ar. B
atMocdepi pTopa 3ropstoTh BoAa

2H20 + 2F2 = 4HF + Og
U CKJISTHA BaTa

SIOZ + 2F2 = SIF4 + Og.

XJ0p 1 loro aHamoryu pearyrTh 3 BOAOIO BIANOBIIHO IO PEaKIIii:
X, + H,O S HXO + HX.

Koncrantu 1iei piBaoBaru ansa X = CI, Br, [ mamni, ocobnuso aist X = Br, I,
TOMY OpOM 1 MO/ IPU PO3UMHEHH] Y BOJI1 3AJIMILIAETHCS B OCHOBHOMY B MOJIEKYJISIPHIM
bopwmi Br;, u L.

VYci rajioreHy — akTUBH1 OKUCHUKUA. BOHM eHepriiHO B3a€EMOJIIIOTH 3 METajlaMu
1 OUIBIIICTIO HEMETaliB, JIETKO OKHCIIOIOTH PI3HI CKJIAJHI CHOJYyKU. BigHOBHI
BJIACTUBOCTI XJIOp BUSIBJISIE JIMIIE M1/ YacC B3aEMO/IIT 3 PTOPOM.

Xaoposoaens (HCl) y nmpomMucioBocTi 100yBalOTh CHHTE30M 13 TMPOCTUX
PEYOBHH, PO3UMHAIOTH Y BOJI1 1 OTPUMYIOTh KOHIICHTPOBaHY XJIOPUIHY KHUCIIOTY, SIKa
mictuts 37 % HCL, rycruna ii craHoBuTs 1,19 r/cM® (XHMyda XIOpHAHA KHCIOTA).
OxcurenoBmicHi crnonyku Xiopy: HCIO — rimoxnoputna xucinora, HCIO, —
xnopucta kuciora, HCIO; — xmopuyBara kuciora, HCIO, — xmopHa kucinora.
[lopiBHIOIOUM OKCUTE€HOBMICHI KHCIOTH XJIOPY 32 OKMCHIOBaJbHUMHU BIACTUBOCTSIMU
1 CHJIOI0, MOXKHA 3pOOMTH BUCHOBOK: 31 30UIBIIEHHSM CTYNEHS OKHUCHEHHS XJIOpY
CHUJIa KUCJIOTHU 3pOCTA€, a OKUCHIOBAJIbHA 3JaTHICTh 3MEHILYEThCSI:

ITigBuIeHHS CUIIH 1 CTIAKOCTI

»

HCIO HCIO, HCIO; HCIO,4

A

IlocuiieHHsT OKMCHIOBAJIBHOL 3Z[aTHOCTi KHCJIIOTHU

13.2 Xaabkorenu. Hirporen i ®ocgop

3aranpHa Ha3Ba eneMeHTiB VI (A) rpynu, 10 ckiagy sikoi BXoasTh OKCHUTreH,
Cynsdyp, Cenen, Tenyp 1 pamioakTuBHUM eneMeHT [lofoHINM — XaJIbKOT'€HH, IO B
HepeKyiaZil 3 TpPeubKoro O3Hayae «yTBOpIOOUl pyau». EnextpoHHa ¢opMmya
BAJICHTHOI 0GOJOHKM aTOMIB XalbKOreHiB — ns” np* .Y pasi mepexoxy Big OKCHreHy
1o Ilononito paaiycu ixHiX aTOMIB 30UIBIIYIOTHCS , @ €HEpris HoHi3alii Ta BIIHOCHA
€JIEKTPOHEraTUBHICTh — 3MEHIIYIOThcs. ToMmy HalWOmmkue [0 MeTaliB Clij
po3mimryBatu [lononiil. Bei iHII eneMeHTH 1€l Tpynu — HeMeTanu. AKTUBHICTh iX
K HeMeTaliB Bij Okcureny 1o Teaypy mociaabroeThesl.

Cynbghyp y TpuUpOJl TpaIusiETbCcsl y BUIBHOMY CTaHi (caMopojHa cipka). Jlo
HalBaXIUBIUX NpUpogHux cnoayk Cynedypy Hanexarb cyiabdaTu: riayoepoa
cutb — Na,SOy, rinc — CaSOy -2 H,O, cynbdiam 1 momicynbdiaym — IMHKOBAa 0OMaHKa,
MigHul 6nrck CuS. Benuki KIIbKOCTI Cylib(aTiB epedyBaoTh y pO3YMHEHOMY CTaHi
B IIPUPOAHUX BojAaX. BusiBneHo cyiabdyp B MeTeopuTax y BUrsial pepym cyiabdiny.
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s Cynedypa xapakTepHi Taki CTyNeHI OKUCHEHHS: — 2, +4, +6. Cipka € TUIIOBUM
aKTUBHMM HeMeTaioM. Tak mnpu HE3HAYHOMY HArpiBi BOHA OKHUCIIOE TIPOCTI
PEUYOBHMHH, ajie i caMa JIETKO OKHUCIIOEThCSl KucHeM. Taki meTanu, K Mijb, cpibJio,
CBUHELb, KaJIMii, PTYTh MaIOTh MiJIBUILIEHY CHOPITHEHICTh A0 CIPKHU, TOMY BC1 BOHU
TPAIUIAIOTHCS Y MPUPO/I1 IEPEBAYKHO Y BUMIISAL CYIb(ITHUX MIHEPAIIB.

CipkoBOJICHb — BEJIbMU TOKCHYHA criojyka. Bomuuii po3unau H,S — crmabka

kuciora. Cynbdiau Ta CIpKOBOJICHb € CUJIBHUMHU BIIIHOBHUKAMU:
2H,S + 30, —»2S0; + 2H,0 (na noBiTpi)
2H,S + 20, —2S + 2H,0 (na noBiTpi)
Binomo kutbka cnonyk Cynbdypa 3 Oxkcurenom. Ilpaktuune 3HaueHHs MalOTh ABI 3
Hux: Cyns@yp(IV) okcun ta Cynsdyp(VI) okcua.

Cynehyp(IV) okcua — BeIbMH TOKCUYHUN Ta3, SKUWA YTBOPIOETHCS IMpHU
CHAJIOBAaHHI CIPKH, MiJ 4ac nepediry MeTalypriiHuX MpONECIB, MPU CHATIOBAHHSA
KaM’sTHOTO BYTULIS, A0 CKJIANy SIKOro 3aBxau BXoAuTh cipka. Cynedyp(IV) okcun
n00pe pO3UMHSAETHCS Y BOJI1 3 YTBOPEHHSM CYJIb(ITHOT KUCIOTH:

SOQ + HQO —)Hz SO3

ITin gac B3aemonii Cynbdyp(VI) okcuay 3 BOJOI YTBOPIOEThCS Cyib(daTHa
KHCIIOTA:

SO3 + HQO —)Hz SO4

Himpoeen — enement V(A) rpynu. Y mnpuponi Oubwicte Hitporeny
Tparuii€eTbcsl y BUIBHOMY CTaHl, Yy BHUIUISIII MPOCTOi PEYOBHMHM — a30TYy.
Hailinommpenimum MiHepanoM, 00 MICTATh y CBOeMY ckiiazl HitporeHn, € unmiiicbka
cemitpa NaNOs;, pigme TpamisieTbes kamiiiHa cemitpa KNOs;. Maroun 1m'4ath
€JIEKTPOHIB Yy 30BHIIIHBOMY €JEKTPOHHOMY IMapi atomMa Hitporen  BusiBis€
HEMETaJIIUYHl BJIACTUBOCTI. MiHIMadbHa CTyHiHb OKHUCHEHHs Hitporeny -3,
MaKcHMaJjbHa +35.

MouekynsipHUil a30T € IHEPTHUM 3aBASKU MOTPIiHOMY 3B 3Ky MK aTOMamu
Hitporeny. Tomy 3a 3BHYaiiHOi TeMmIlepaTypu a30T pearye TUIbKH 3 JITIEM, MpHU
MIABULIEHINA TeMIiepaTypi — 3 JESKUMH METajlaMHu: MarHieM, KaJlbllieM, YTBOPIOIOUU
HITPUIM; TPU BUCOKUX TeMIlepaTypax Oe3Mocepe/lHbO CIOJIYHYaeThCsl 3 BOJHEM 1
KHCHEM.

Amoniax (NH3) yTBOprO€ThCS IpH B3a€MOJIi a30Ta 3 BOJHEM Yy pa3l MPOMyCKaHHs
€JIEKTPUYHOT ICKPH:
N, + 3H, <= 2NH;.

AMOHIaK — ra3 3 pi3KUM 3amaxoM, Ao0pe pO3YMHSEThCS y BOJAl. OCKUIBKH
Hitporen y amoHiaky Mae HaWHMIKYY CTYIiHb OKUCHEHHsI (—3), B OKHUCHO-BITHOBHUX
peaKIlisix aMOHIaK € BITHOBHUKOM.

OxcurenoBmicHi cmoayku Hitporeny. Hitporen 3 OkcureHom yTBOpIOE
mricte okcuAiB: N,O, NO, N,Os;, NO,;, N;O4 N;Os, B AKuUX BUSBIS€ CTYIEHI
OKHMCHEHHS BiAnoBinHo +1, +2, +3, +4, +4, +5. Bci okcuan HiTporeHny 3a BUHSITKOM
N,O nyxe otpyini. JJns NO xapakTepHa OKMCHO — BIJHOBHA JIBOIiCTICTb:

2NO + 02 —> 2N02,
2NO + 2H2 —> N2 + 2H20
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Hitporen(IV) oxcug NO, — Oypuil TOKCMYHMH Tra3 € NPOAYKTOM BHKHUJIIB
HIANPUEMCTB XIMIYHO1, MeTanypriitHoi mpomucinoBocTi. NO, — CUIbHUI OKUCHUK.
Hitporen(Ill) okcuny N,O; Bianosimae HiTputHa (azoTucta) kuciaora HNO,. Ile
cnabka KuCiOTa, sika yTBOptoe coiii — HiTputu. Hitporen(V) okcuay Binmosinae
HiTpaTHa (a30THa) kucinora HNO; — cuinbHUI OKHCHHUK.

@ocgop — enement V(A) rpynu, y BUIBHOMY CTaH1 y IPUPO/I1 HE TPATUISIETHCSI.
OcHoBaumu MiHepasiamu @ochopy € hochopur Caz(PO,), ta anatut. s @ochopy
XapaKTepHl Taki cryneHl okucHeHHs: —3 (pochin PH;), +1 (marpiii rimodocdir
NaH,P0O;), +3 (docdirna xucmora H3;PO;3), +5 (dbocharna xuciora H;PO,).
HaiixapakTepHilliuM JIJIsi HbOTO € CTYIIHb OKUCHEHHS +3.

docdop akTUBHO pearye 3 rajoreHaMmu, CipKolo, METalaMH, PO3UMHSETHCS B
HiTpaTHIM kucioti. [lim yac HarpiBaHHs 3 MeTajaMu yTBOpIOWOThCa (ocdimu. Ha
BIIMIHY Bia a30Ty, (ocdop 3 BogHeM He B3aeMojie. ["azononiouuii pochopoBoaeHb
(pocdin) nobysatoTh rigponizoM Kaibliit pochigy. Pochop XIMIYHO aKTUBHIMIHMA 32
a3oT. lle mMmosACHIOETBCS THUM, IO MPOCTI 3B’SI3KM MK aroMamu Qocdopy y
KPUCTAIIYHUX TpaTKaxX MPOCTOI PEHYOBMHM calIli 3a MOTPIHHI MDK aroMaMu B
MOJIEKYJIaX a30Ty.

OxcurenoBmicHi crionyku Gocopy(Ill) maroTh cuiabHI BIZHOBHI BIACTUBOCTI.
®docdop(Ill) oxcuny P,O; Bignmosimae kuciora H;PO;. ®ochop(V) okcuny P,Os
BianoBiaae kuciaota HiPOy.

13.3 AuTponorenHi 3a0pyaHeHns atmocdepu

[Tin 3a0pyaHeHHsIM aTMOocepu PO3yMIIOTh 3MIHY 11 CKIaay MpU HAAXOIHKEHH1
JOMIIIOK MPUPOJHOTO a00 aHTPOIMOTEHHOIO MOXOHKEHHS.

PeyoBuHu — 3a0pyAHIOBaYl HAIXOAATh B aTMoc(epy y BUIJISI ra3iB, MUy 1
aepo30JiB. 3a0pyIHIOIY1 PEYOBUHH, IO HATXOAATH B aTMOchepy 0e3nocepeiHbO
3 JOKEpeJl, pO3rIsSAaloThCsl SK MEPBUHHI 3a0pyAHIOBaYl, a MPOAYKTH iX XIMIYHHUX
NepeTBOPEHb B aTMoc(epi — sIK BTOPUHHI 3a0pyJHIOBAYI.

AHTpOIOreHHi1 JKepena 3a0pyAHEHHsI 3yMOBIIEH] TOCIOaPCHKOI0 TISTIbHICTIO
moaunu. HallGinpiny HeGe3neKky 3 TOUKU 30py 3a0pyAHEHHsI aTMOC(hEpH 1 MOKIUBUX
€KOJIOTTYHHMX HACIIJIKIB MPECTABIISIOTh:

* CIAJIIOBAHHS  TOPIOYMX  KOMAJIWH, SKE€ CYINPOBOJIKYETHCS ~ BUKHIOM
BYIJICKHCIIOTO Tra3y, 10 MPU3BOJUTH 0 HAKOMMYEHHS II€i pEYOBUHU B aTMocdepi,
AK€ MOJKE€ MPUBECTH J0 KIIIMATUYHUX 3MIH;

* poOoTa TEMJIOBUX €JIEKTPOCTAHIIIN MPU3BOAUTH A0 BUKHIY JIOKCHIY CIPKH,
AKa YTBOPIOETHCS  TPHU CHATIOBaHHI BHUCOKOCIPUMCTUX BYTULIS 1 MasyTy, UIO
BUKJIMKA€E BUNIAJaHHS KUCIOTHUX OMa/iB;

* JUKEpesia O30HOPYMHYIOUMX PpPEYOBUH, 3JaTHUX BHUKJIMKATA BUCHAXKEHHS
030HOBOTO IIapy B cTpaTocdepi: BUXJIONH CydacHUX TypOOPEaKTUBHUX JIITaKiB, 110
MICTSITh OKCHJIM a30TY, @ TaKOX BUPOOHMIITBO 1 3aCTOCYBAHHS JETKUX (PEOHIB, SKi
BUKOPUCTOBYIOTBCS B a€pO30JIbHMX YIAKOBKaX, XOJOJAWJIbHUX YCTAaHOBKaxX 1
KOHJUI[IOHEPAX, 3aCTOCOBYIOTHCS SIK POZYMHHUKH 1 MIHOYTBOPIOBAYi;
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* BUPOOHMYI JKEpesa 3BaXEHUX YacTOK, L0 YTBOPIOIOTHCS MPHU TIPHUYHMX
poOoTax, a TakoX NoaApiOHEeHH], acyBaHHS Ta 3aBaHTAXXEHHS TBEPAUX MaTeplaiiB;

* ra3d MPOMUCIOBUX BUPOOHHUIITB, HacaMmIiepe]] METaIypriiHuX KOMOIHATIB,
MNIANPUEMCTB XIMIYHOT Ta HaQTOXIMIYHOI MPOMHUCIOBOCTI, IO MICTATh YHCIICHHI
BHCOKOTOKCHUYHI PEUOBUHHU;

* CIIAJIIOBaHHS NanuBa B (aKeJbHUX Te4aX, B Pe3yJIbTaTl YOro YTBOPIOETHCS
HaliMacoBIIUH 3a0pyIHIOBAY — MOHOOKCH/T BYTJIELIIO;

* CIIAJIIOBAHHS MajliBa B KOTJIaX 1 JABUTYHAaX TPAHCIOPTHUX 3aco0iB, IO
CYNPOBOJIKYETHCS YTBOPEHHSIM OKCHUIIB a30Ty, $KI Jal0Th TOKCHYHI MPOIYKTH
(GOTOXIMIYHUX peaKIliil;

* BEHTWIALIIMHI BUKUAM 3 BHCOKOIO KOHIIEHTPAIIEI0 O30HY 3 NPHUMIIICHb 3
yCTaHOBKaMHU BHCOKHX €HEPTiil (mpucKoproBayi, yabTpadioseToB1 JKepena).

HakonuveHHs «IIApHUKOBHUX» ra3iB

«ITapHUKOBUMU» Ta3aMU Ha3MBAIOTh KOMIIOHEHTH aTMOc(epH, 3aTHI JTOCUThH
IHTEHCUBHO TMOIVIMHATH 1H(QpayepBOHE BUIPOMIHIOBAHHSA, IO BUITYCKAETHCSA
noBepxHer 3emuti, HarpiToro Conuem. HakonuyeHHst nux rasiB B atMocdepi Moxe
MPUBECTH 10 30UIBIICHHS CEpeHbOI TJI00aNbHOI TeMmepaTypu aTMOC(hEpHOro
MOBITPS 1 10 3MIHM KJIIMaTy 3eMIl.

3a BKJIAJI0OM B aHTPOIIOT€HHO 0OYMOBJICH1 3MIHM TEIJIOBOTO OanaHCcy 3emil Il
ra3d MOXKHa MPEACTAaBUTH TaKUM YUHOM: Jlokcuj Byrielo (49 %), mertan (18 %),
bpeonu (14 %), okcun azoty (I) (6 %) 1 mesiki iHIII pEYOBUHH.

[lopsn 3 crnamoBaHHSAM NPHUPOJHOTO MajuBa 10 30UTbIICHHS HAJAXOMKECHHS
BYIJIEKHCIIOTO Ta3y B aTMoc(epy MpU3BOAMTH AeryMi(ikallisi TpyHTIB B pe3yJbTaTi
IHTEHCUBHOT OOpOOKHM 3eMJli, a TaKOX TpHUBar4Ye 3BEJCHHS JIICIB, OCOOJMBO
JKBiAALis TpomiuHOi pociuHHOCT. LI mpomecu B 3HAuHIA MIpl CHPUSIOTH
MOPYLICHHIO PIBHOBArv Mk 3B’ I3yBaHHSM 1 BUJAJICHHSAM JIOKCUAY BYTJICLIO.

Bin3Hauaetbes 30UIbIIEHHS BMICTY B aTMocdepl W IHIIUX MapHUKOBHUX ra3iB,
3o0kpema N,O, SO,, NHj3, O;, dpeonis. Tak, konuentpaiist N,O B atmocdepi 3 KIHIIS
MUHYJIOTO CTOMITTS 3pocia Outbil HK Ha 20%. OCHOBHOIO MPUYMHOIO IILOTO €
3pOCTaHHs BUPOOHMIITBA Ta 3acTOCyBaHHS 100puB. dpeoHu, Ha BIIMIHY BiJ HIIMX
MAapHUKOBUX ra3iB, € peYOBUHAMHU YHCTO aHTPOIIOTE€HHOTO MOXO[KEHHS.

Cnig 3a3HauMTH, L0 NPUCYTHICTH B atMocdepi Muiay 1 aepo3oiiiB, HaBIAKH,
MPU3BOAUTH N0 3HW)KEHHS TEMIEepaTypH MOBITPS, TaK SIK 3MEHIIYETbCS KUIBKICTb
COHSIYHOT'O BUIIPOMIHIOBAHHS, 1110 AOCATA€ TTOBEPXH1 3€MIIL.

[Iporno3oBaHe Ha HaWOMMKYE CTOPIUYS YOTUPHUPA30BE 30UIBLICHHS BMICTY B
aTMocdepi 3BaXKEHHX YacTOK 37aTHE B 3HAYHIA Mipl KOMIIEHCYBAaTU «IIapHUKOBHII»
edekrt. Tak ym iHaKIIEe, aHTPOMOTEHHUM (HaKTOp 3AATHHUIM 3pOOUTHU ICTOTHUI BILJIUB
Ha TEIUIOBUN PEXUM IUIAHETH, HACTIAKHU SIKOTO BaXXKO MepeoadyBaHi.

HakxonuyeHHs 030HOPYHHYIOYHMX PEYOBUH
O3zoHoBUM mmap y crTparochepi BUKOHYE BaXKIJIMBI €KOJIOTTYHI (PYHKIII:
nornuHae 10 99 % KOpPOTKOXBUJILOBOTO YJIbTPadioeTOBOTO BUIPOMIHIOBAHHS,
3ryOHOrO JJis JKMBUX OpPraHi3MiB, a TaKOXX TIpa€ Ba}XJIMBY pPOJb B MIATPUMIII
TerioBoro OanaHcy ruianetd. [Ipoiec po3kiagaHHS O30HY KaTali3yeThCS aTOMaMH
rajioreHiB, okcuaoMm azory(ll) i1 peskumu iHImIUMHM yacTkamu. HaaxomxeHHs B
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cTparochepy O30HOPYWHYIOUHUX PEYOBHH MPHU3BOAUTH IO 3MEHILIEHHS CTAI[lOHAPHOT
KOHIIEHTpaIlli 030HY, TOOTO 10 PO3PIKEHHS 030HOBOTO 1Iapy. Brepiie po3piaxeHHs
030HOBOTO TImapy Oyn0 3adiKCOBaHO CYNyTHUKOBUMHU CIIOCTEPEKEHHSAMHU HaJ
MiBJIGHHUM TOJIIOCOM Ha mo4vatky 80-X pp. MUHYJIOro cToiiTTa. «O30HOBA Alpa» HAJ
AHTapKTHIOK | 4acTKOBO Haj ABcTpamicro B 1987 p. 3aiiMana ruiomy 8 MIH KM,
IPUYOMY, KUTBKICTh 030HY B 11ii1 00acTi ckopoTtuiacs 3 1983 mo 1987 pp. na 50 %.

Jkepenamu aTtoMiB XJIOpY B cTpaTocdepli MOXYThb CIYXUTH MOJEKYIH
(GpeoHiB — JITKUX 1 XIMIYHO IHEPTHUX XJOPPTOPBYIJICILIB, Kl HE PYHHYIOTbCA B
Tponocepi. B armocdepy ¢peoHrn nNOTparisioTh 3 aHTPONOIEHHUX JKeped,
OCKUIbKU HMIMPOKO BUKOPUCTOBYIOTHCS SIK XJIAJI0AT€HTH B XOJOAMIBHUX YCTaHOBKAX,
KOHJUI[IOHEpaX, TEIJIOBUX HACOCaX, a TAKOX SIK HOCIi B aepo30JIbHUX OaJOHYMKAX,
MIHOYTBOPIOBAaYl y BUPOOHMIITBI MOPUCTUX MOJIMEPIB, POZYUHHUKH ISl OUUILEHHS
KOMIT t0TepHUX MikpocxeMm. Came 3 hpeoHamu 6arato B 4oMy 3B’sI3yBajll yTBOPEHHS
TaK 3BaHUX «O30HOBUX [ip» B cTparochepi. OpeoHH BIIPIZHIIOTHCA BUCOKUM
TepMiHOM TniepedyBaHHs B Tpomnocdept (29-205 pokiB), 3 Tpomnochepu BOHH
IudyHIYIOTh B cTpaTocdepy, Ae M Ai€l0 yabTpadioNeTOBOr0 BHUIPOMIHIOBAHHS
CoHlsl po3MafatoThCs 3 YTBOPEHHSIM aTOMIB XJIOPY, SIKMUW TMOTIM 1HILIIOE XJIOPHUUN
LUK

CF,Cl, + hv — CFCl, + C1 CFCl; + hv — CFCl, + Cl (A <230 um)

HeGe3neynumMu 030HOPYMHYIOUMMU PEYOBHHAMM, 3JaTHUMHU TPOHUKATH B
cTparocdepy, € TaKokK OPOMUCTUI METHII, SIKUH BUKOPUCTOBYETHCS B IKOCTI TOOABKU
0 aBTOMOOUIBHOT'O TMajuBa, 1 OpraHiuHi CHOOJYKH, M0 MICTATh OpoM 1
3aCTOCOBYIOTBHCS JIJISl TACIHHS TIOKEK.

AHTPOIIOTeHHUMH  JIKEpPENaMH  O30HOPYMHYIOUMX  PEYOBHUH  TaKOX €
HAJ3BYKOB1 JIITakKM 1 paKeTH, IO BHUKUJAIOTh OKCHUIXM a30Ty 1 Tapud BOJH
OesnocepenHbo B crpaTtochepy. 3 OKCHAIB a30Ty, IO YTBOPIOIOTHCA Ha IMOBEPXHI
3emuti, HeOe3meKa AJii 030HOBOTO HIApy MpeacTasise nuine okcup azoTy(l), mo mae
JOCUTh BEJIMKHUI TEPMIH KHUTTS 1 TOMY 3aTHUIA MOAOJATH II00aJbHUN 1HBEPCIMHUN
O6ap’ep, mo po3aursie Tpomochepy 1 crpatocdhepy. Y crparochepi 1ed ras
nepeTBoproeThes Ha okcut a3oTy(Il), skuii 1HIIII0€ A30THUHM TTUKIT.

3a0pyaHenHs: aTMocdepu KHCI0TOYTBOPIOIYHUMH PeYOBHHAMH

KucnotoyTBoproroui pedoBUHH B aTtMoc(epi MpeacTaBlieHi B OCHOBHOMY
okcugamu cipku (SO,) 1 azory (NO, NO,), ki HAAXOIATh K 3 NPUPOTHUX, TaK 1 3
aHTPONOreHHUX JiKepeln. [lpuponHuMu mxepenaMu IOKCHIY CIPKM € ByJIKaHIYHA
JISUTBHICT, @ TAKOXK OKUCJIEHHS CIPKOBOJHIO, IO HAAXOJIUTh B aTMocepy sK mpu
BUBEpKEHHI BYJKAHIB, TaKk 1 3 OIOJOTIYHUX JpKeped. TakoX 3 MTPUPOAHHUX
010JI0T1YHUX JKEpeIl B aTMOc(hepy HAIXOAATh OKCUJIU a30TYy.

AHTpPOIIOreHH1 HAJXO/PKEHHS OKCHIIB CIpkM B arMmochepy moB’s3aHi 31
CHAJIOBAaHHSAM IajiMBa, HacaMmIepea Kam’ sHOro BYTULIS, 10 CKJIaay SIKOTO BXOJIUTH
cipka. JDxepenamu ytBopeHHs SO, TakoX € MeTalypriiiHa MPOMHUCIOBICTh
(mepepobka cynbpiTHUX PyA Mili, CBUHIIO 1 IIUHKY), @ TaKOX MIiANPUEMCTBA 3
BUPOOHHUIITBA CyIb(aTHOI KHUCIOTH Ta mnepepoOku HapTu. Jliokcua Ccipku B
atMocdepi 3a3Hae XimMiuHI nepeTBopeHHs. [lin 1i€r0 COHAYHOrO BUIIPOMIHIOBAHHS B
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ra3zoBiil ¢a3i BifOyBaeThCsi HOT0 OKUCHEHHS B TpHOKCHU (SO3), SIKU, pO3ZUYUHSIOUNCH
B YacTUHKaX arMochepHOi BOAM, YTBOPIOE cCylb(aTHy Kuciaory. OKHUCIeHHS
BIIOYBA€ThCS TAaKOXK y pinkid (a3l micas abcopOuii SO, B Kparisix atMocpepHoi
BoJIOTH a00 y TBepaii ¢asi micis aacopOirii Ha YaCTUHKAX OKCHIIB METAIIB.

AnTpororeHHi 3a0pyAHeHHS aTtMochepu OKCHAaMH a30Ty TMOB’s3aHl 31
CHAJIOBAaHHAM YCIX BHJIIB MPUPOJHOIO TMAaJMBa, BHUKUIOM BUXJIONHUX Ta3iB
aBTOMOOUIBHOTO TPAHCIOPTY Ta 3 Ta30BUMHU BUKHUJIAMU MIANPUEMCTB XIMIYHOT
MIPOMHUCIIOBOCTI.

KucnoTHi onany HeraTUBHO BIUIMBAIOTh Ha HA3€MHI 1 BOJAHI €KOCUCTEMHU, iX JIis
MOJIATAE SIK B MPSMOMY BIUIMBI Ha OpraHi3MH (Hampukiaa, pyWHYBaHHS BOCKOBOT'O
MOKPUBY JIUCTS POCIWH, IO pOOUTH I1X MJOCTYIHUMHU JJisi XBOPOOOTBOPHHX
MIKpOOpraHi3MiB), Tak 1 HEIPSIMOMY, Yepe3 BIUIMB Ha CEPEIOBUIIEC ICHYBAHHS.

Kucnotni omanu n0pu3BOAATH 10 pyHHYBaHHS Oy[iBeNb, MeETaJIeBUX
KoHCTpykiid. Ilim giero kucnoT BiAOyBaeThCs pyHHYBaHHA KapOOHATHHUX
OyaiBeNbHUX MaTepialiB (BamHsK, Mmapmyp). Lli Matepianu pyHHYIOTbCS MPUPOJHUM
nusixom Bxe npu pH 8,6 — 6,2 min aiero atmocdepHoi Bojiory, sika Mictutb CO;:

CaCO; + CO, + H,0 5 Ca® +2HCO;.

KucnoTHi onaau npu3BOAsATh A0 PO3UMHEHHS! KapOOHATIB:

CaCO3 + HQSO4 + HQO — CaSO4 2H20 + C02

3 O0eToHy Ta IHIIMX MIHEPAJbHUX OYyIBEIbHUX MaTepialliB, a TAKOXK 13 CKJIa Mij
niero atMoc(epHUX omaAiB 13 3HWKEHUM pH BMIIYroByeTbcs HE TUIBKM KapOOHATH,
ane 1 cwrikatu. Skmo pH onazais nocsirae 3HadeHs 4,5 — 3,0, mOYMHAIOTH BUMUBATHUCS
3 KPUCTAJIIYHOI TpaTKW WOHMU aytoMiHito. KuCIOTHI omajau MiACUIIIOIOTH KOPO3iI0
MeTajeBUX BUPOOIB, MPU3BOATh A0 PYHHYBAHHS I'YMHU 1 IHIIMX MaTepiatiBb.

Jliis monepeskeHHsT HeOEe3MeYHOro BIUIMBY KUCIOTHUX ONajiB Ha €KOCHCTEMHU
1 cnopyiu HEOOX1THO TOOUBATHUCS 3HMKEHHSI BUKHUIIB B aTMOC(hepy OKCHJIIB CIPKHU Ta
a3oTy.

13.4 Cnoayku kapoony. Kiiacugikauisi, HOMeHKIaTypa Ta
i30Mepisi OPraHivYHUX CHOJYK. XapaKTEePHi BJAaCTUBOCTI TUIIOBHUX
npeacTaBHuKiB. Exosioriyna He0e3nmeka OpraHiyHuX CHOJIYK K
NMOTEHIIHHUX MOJIOTAHTIB TOBKILIA

OpraniyHa XiMmisi — L€ Hayka dYotupuBajieHTHoro KapOoHy, 37aTHOTO
yTBOpIOBaTH MK c00010 MilHiI 3B’si3ku  —C—C— y BUIJsAi KapOOHOBUX CKEJETIB
(OpsIMUX  4Yd  pO3rajyKCHUX JIAHIIOTIB, PI3HOMAHITHUX IUKIIB Ta 00’ €MHUX
CTPYKTYD).

[IpoBecTn pi3Ky MeXy MIDK OpraHIYHUMU Ta HEOPraHIYHMMH CIOJYKaMH
HEMOXJIMBO, OCKUIbKM TMEpIli, TEBHOI MIpOI, MOKHAa BBaXKAaTU MOXIJHUMU
KapOOHATHOT KUCJIOTH.

Knacughikauia opzaniunux cnoayx
OcHoBOIO cyyacHO1 KiIacudikaiii OpraHidyHUX CHOJIYK € CTPYKTYpHO-
(GYHKITIOHATBHUN MIAXIT.
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Knacugirayia 6 3anesxcrnocmi 8i0 6y0osu (cmpykmypu) 8yeneyeso2o 1anyea.
Bci opraniuHi CHONYKH MOAUISIOTHCS HA JIBa THUIW: allUKIiUuHI Ta mUKIigHL [0
anuKIYHUX (Q1ipaTAYHUX) BIIHOCITH CIHOJYKH 3 BIIKPUTUM (HE3aMKHEHHM)
JAHIIOroM. 3a 0y10BOI0 KapOOHOBOTO JIAHIIIOTa MOJIEKYJIH NOAUISIOTh Ha alniaTHyHi
HACHMYeH1 1 HEHAacH4YeHl cnojdyku. HacuueHi MICTAThH JuIlE MPOCTI 3B’S3KM aTOMIB
Kapbony, a HeHacuyeHi — MarOTh KpaTH1 (MIOABIMHI Ta MOTPIiiH1) 3B’SI3KKM aTOMIB
KapOony:

CH;—CH,—CH; — nponas (HacuyeHa anipaTuyHa CroiIyKa);

H,C=CH—CHj; — nponuieH (HeHacuueHa aitipaTuyHa CIOIyKa).

[uKkI14H1 CMIOJIYKH MICTSTh Y CTPYKTYpP1 3aMKHEH] JIAHLIFOTH aTOMIB — IUKJIH. B

3aJIEKHOCTI BIJ] IPUPOAM aTOMIB, IO BXOASATH A0 CKJIANY LIUKIY, IX pO3NOAUISIIOTH Ha
KapOOLMKIIIYHI Ta reTepouukiIiyHi. KapOouukIiuH1 COAYyKH MICTATh Y IUKITYHOMY
ckeneti yumie aroMu KapOGoHy. I'eTepOolMKIIUHI CHONYKH MICTSATh Y IUKIIYHOMY
CKeJIeTl aToMu KapOoHy 1 1HIIUX eneMeHTiB (Haituactime N, O, S). Bouu O0yBaioTh
HACUYEHUMU, HEHACUYCHUMH Ta apOMaTHYHUMH.
B Mexax K0KHOTO 3 psi/IiB OpraHiyHi CIOJIYKUA MOAUIAIOThCA Ha kiacu (Tadm. 13.1).
Cnonyku, MOJEKyJIH SKUX CKIagaloTbess 3 aroMiB Kapbony Tta T'igporeny,
YTBOPIOIOTH KJIac BYTJeBOAHIB. [Ipu 3aMilieHH] y BYTrJIeBOAHIX OJHOTO UM KUIBKOX
atoMiB ['i1poreHy Ha BIANOBIAHY (YHKI[IOHAIbHY T'PYIy YTBOPIOIOTHCS 1HII KIacu
(GyHKL10HATBHUX OPraHIYHUX CHOJYK.

Tabnuusg 13.1 — Kinacu opraniyHux crojgyk

CrpykTypHuii pparmeHT CrpykTypHuii pparmeHT
1 2 3
1 | ByrneBonni: 4 Etepu
R_H R’—O—R’ 2
1.1 ankann 5 Kap6oHutbH1
CITOJIYKH: //O
‘ 5.1 anpperiu; R—C
N\
‘ 5.2 KeToHH R_(ﬁ_R'
O
1.2 ankenn 6 Kap6oHoBi
C—C KUCJIOTHU /
‘ ‘ R—C\
OH
1.3 ankinu 7 Ecrepun 0O
Vi
c=C R—C\
O—R'
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[TponoBxenHs Tabaumi 13.1

1 2 3
1.4 anxamieHu 8 AMIHHN R-NH,
/C:(‘j—(‘j:(j\
1.5 apenu 9 Hirpocnonnyku | R-NO;
2 | 'amorennoxigHi R-Hal 10 Hirpunm
(Hal=F, Cl, Br, I) R—C=N
3 | Couptu.®enonu R-OH, Ar—OH

Knacugirayia 3a ¢pynxkyionanvnorw o3nakorw

OyHKI[IOHAJIbHA TpyHa — CTPYKTYPHUHN (PparMeHT MOJEKYJIH, SIKUi BU3HAYa€E ii
XIMI4YH1 BJIacTUBOCTI. ByrneBojHi 3 0JHAKOBUMHU (YHKI[IOHAJbHUMU Tpynamu ado
CTPYKTYPHUMH (hparMeHTaMu YTBOPIOIOTH TOMOJIOTIUHI psiiv. ['OMOJIOTIUHUN psij —
O€3KIHEUHUU PsAJl CHONYK, Kl BIAPIZHSAIOTHCS OAMH BiJ ogHoro Ha rpymny (—CH,) —
TOMOJIOTTYHY PI3HMIIIO Ta MalOTh MOoAI0HY OyI0BY 1 XIMiuHI BllacTuBOCTI. Hampuknazn,
TOMOJIOTTYHUH psiJl ajKaHiB, Mae 3arajibHy popmyny C,Hap .

HomenkiaTypa opratHiuyHMx CIOJYK

OCHOBHUMH THUIIAMH CYYaCHOI HOMEHKJIATypud OpPraHIYHUX CIOIYK €:
TpHBIaJbHa, palioHanbHa Ta MbkHapoaHa (IUPAC).
Tpusianvna nomenxnamypa. llepuil Ha3BH, SKI JaBajyd OPraHIYHUM CIIOJIYKam,
HallyacTime BimoOpaxanu crnocoOu Jo0yBaHHA PEYOBMH (Miporayjon — MPOIYKT
MIpOJII3y TaJIOBOI KUCIOTH), iX BIIMIHHI BJIACTHUBOCTI ab0 MPUPOIHE KEPENo, 3
AKOTO CHOJYKYy Brepiie OyJa0 BHIAUIEHO (MypallMHa KHCJIOTa, JIMMOHHA KHCIIOTA,
Toio). Taki Ha3BU CKJIaIal0Th TPUBIAILHY HOMEHKIIATYPY.

e Payionanvna  HOMeHKIAMYpA. ['onoBHUN  HpUHUUI ~ paliOHATBHOT
HOMEHKJIATypu TMOJIATae B TOMY, IO OyIb KU 4jieH Oynb SKOro psay
PO3IJIAIA€THCS K MOXIAHE BIJ POJOHAYAIbHUKA IOTO pany. Ciia BiA3HAYUTH,
[0 JJis Ha3B CKIAJHUX XIMIYHMX CTPYKTYp pallioHajdbHa HOMEHKJIATypa He
MpUaaTHA.

Mixcuapoona Homenkiamypa. AJNKaHU PO3Taly>KEHO1 OyI0BU PO3IIIAIAIOTHCS SK
MOX1IHI HOpMAJILHUX aJIKaHIB, B MOJIEKYJIaX IKUX OJIMH a00 Kiibka atoMiB ['igporeny
3aMillleH] Ha paJuKail (3aMICHUKH, allKUIbHI TPYIIN):

® 33 OCHOBY Ha3BU aJKaHy BUOWPaAIOTh HAWAOBIIMN KapOOHOBHH JIAHIIIOT
(roJIOBHHMIA JTAHIIOT), @ 3B’s13aH1 3 HUM O14HI aJIKUIbHI TPYIHU PO3TISAAIOTh SIK
3aMICHHKH;

® TOJIOBHUM KapOOHOBUI JIAHLIOT HYMEpPYIOTh apaOCbKUMHU LUPpaMH 3 TOrO
KIHIISI, OJMK4Ye 0 SIKOrO PO3MILIYEThCS OUIBIIICTh OlYHMX ankiiiB. biuni
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NKUIBbHI TPYNOU OJIEPKYIOTh HOMEpPU BIAMOBIAHO 3 I1X TMOJOXKEHHAM Y
KapOOHOBOMY JIAHITIO31;

® SKIIO Yy CHONYII € JBa PI3HUX OIYHMX aJKUIM, PO3MIIIEHUX OJIHAKOBO Bij
MOYaTKy 1 KIHIS TOJOBHOIO KapOOHOBOTO JIAHIIOTa, TO MOro HyMepariio
MOYMHAIOTh 3 TOrO KIHIM, ONMXK4Ye 10 SKOTO MICTUTHCA QKU1 3 MEHIIOIO
KUIbKiCcTIO aToMiB KapOoHny.

[Ipy yTBOpEeHHI Ha3BM pO3Tajly>KEHOTO ajKaHy BCl OIYHI aJKUIbHI rpylm
PO3MINIYIOTh B ai(aBITHOMY MOPSAKY (MpU LbOMY Tpedikcu aAu-, TpU-, TeTpa-,
TaKOX H-, BTOp-, TpeT- HE OepyTbcs A0 yBaru), apabCbKUMU LHUPPaMH BKa3yIOTh
MOJIOKEHHSI aJKUIIB B TOJOBHOMY KapOOHOBOMY JIAHIIO31 1 JOJAlOTh Ha3BY
HOPMAJILHOTO ajlkaHy, KM 3a KUIbKICTIO atomiB KapOoHy BinmoBinae TOBXKUHI
rOJIOBHOTO JIaHIIora. Mix mudpamu 1 Ha3BOIO aJIKUTy CTaBIATh Aedic.

I3omepist opra"iyHux cnoIyK

I3omepisi — sBullEe ICHYBaHHS PEYOBUH 3 OJHAKOBOIO MOJIEKYJISPHOIO
dbopmynoro, ane 3 pI3HUM TOPSAJIKOM CIOJYYEHHS aTOMIB Yy MoJieKyjaax abo ix
pO3TalllyBaHHIM Yy TPOCTOPI, BHACIIIOK YOT0 BOHU BIIPIZHAIOTHCA (I3UYHUMH Ta
XIMIYHUMH ~ BiacTUBOCTSAMHU. CIHONYyKH, 110 BHSBISIOTH TaKl BIACTHBOCTI,
HA3MBAIOTh 130MEpaMHu.

BinnoBiiHO 10 CydacHUX YSBJIEHb PO3PIZHAIOTH JBAa OCHOBHI BUIU 130Mepii —
cmpykmypHy (130Mepist 0yJI0BU) Ta npocmoposy (CTepeoizomepis).

CmpykmypHi i30Mepu — CIIOIYKH, SKI MalTh OJIHAKOBY MOJEKYISPHY
dbopmyny, aine BIIPIZHSAIOTHCS TMOPSAKOM CHOJIYyYeHHs aToMiB y Mojekyni. Cepen
CTPYKTYPHHX  130M€pIB  BUAUIAIOTH  130MEpU  JIAHIIOTA,  [OJIOXKEHHS  Ta
(GyHKLIOHATBHUX TPYIIL.

[Bomepiss  kapboHOB020  naHyro2ca OOYMOBJIEHA  PI3HOK  MOCIIJOBHICTIO
CIOJIyYEHHS aTOMIB y MOJIEKYJ, sIKI yTBOPIOIOTH 1 KapOoHOBHiIl ckener. Tak
HacuyeHuil ByrieBoJeHb ckinany CqHjo icHye y BUrIsiA1 1BOX 130MepiB (J1HIHHOTO Ta
PO3Taly’>KeHOr0):

CH, CH;-CH;-CH~CH, CH;~CH—CH,
- CH,
1300VTaH

I30mepis nonooicenns — 0OyMOBJIEHA PI3HUM IOJIO)KEHHSAM KpPaTHUX 3B’SI3KiB,
(GyHKU1OHATBHUX IPYI a00 3aMICHUKIB Y MOJIEKYIIi:

1 2 3 4 1 2 i g
C.Hg CH=CH—CH;-CH, CH;-CH=CH—CH,
oyren-1 OyTeH-2
C;H,Cl {?H:—CH:—{ZHE CH~CH—CH,
Cl Cl

l-xnopnponad l-Xnopnponas
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I3omepia  @yHkyionanbhux 2pyn 3yMOBIIEHA HAsBHICTIO B OJIHAKOBUX 3a
CKJIaZIOM MOJIEKyJax pi3HUX (YHKLIOHaIbHUX Ipyn. KilacmuHuM mpuKIIagoM TaKux
CIIOJIYK €:

C,H,0 CH—CH—OH CH—O—CH,

CTAaHOI OUMETHIOBHT ETEp

ByruaeBoaHi. AnkaHu

AJKaHM — 1€ BYTJIEBOJIHI, Y MoOJIeKyJax sSkux aroMu KapOoHy He MaioTh
[UKITIB 1 TOEAHYIOTHCSI MIXK COOOO JIMIIIE G-3B’ I3KAMH.

Knacugirayia. [3omepisa. Homenxnamypa

Anxanu (napadinyu, HACUYEHI1 BYTJIEBOJIHI) — BYIJIEBOJHI alnihaTUYHOTO Py, B
MoJIeKylax skux Bcl aromu KapOoHy 3B’si3aHi MK COOOIO JHIE MPOCTUMH
3B’SI3KaMHU. X Ille Ha3MBaIOTh HACHYEHUMH BYTJIEBOAHAMH, OCKIILKUA BOHU HE MICTATh
BUIbHUX BaJICHTHOCTEH 1 0 HUX HE MOKE MPUETHATHUCS BOJICHb.
3aranbHa dpopmyna ankaHiB CpyHyy, + 2

HaiinpocrimuMm npencTaBHUKOM HAaCUMYEHUX BYTJIEBOAHIB € METaH, B MOJIEKYJI1
sakoro arom KapOony 3B’s3anuii 3 wotupma atomamu [igporeny (CHy). Ankanu
YTBOPIOIOTH TOMOJIOTTYHUHN psif (homos — moaiOHuM, BIANOBIIHMI), B SIKOMY KOXKEH
HACTYNMHHUM MPEACTAaBHUK BIJIPI3ZHIETHCS BiJ MONEPEIHbOro Ha oguH atroM KapOony i
na aromu [igporeny, tTo6tro Ha CH,-rpyny (MeTusneHoBa rpyma), SKy
HA3MBAalOTh TOMOJIOTIYHOIO  pi3HUIEI0. Kos)keH — 4YjieH  TOMOJIOTIYHOrO  psify
HA3MBalOTh TOMOJIOrOM. 3/IaTHICTh YTBOPIOBATH TOMOJIOTIUHI PAIM € CIUIBHOIO
BJIACTUBICTIO yCIX OpraHiyHuX cnoiyk. Hukue HaBeneHO popMynu 1 Ha3BU OKPEMHX
MPEICTABHUKIB TOMOJIOTTYHOTO PSIAY alKaHIB:

CH,4 MeraH
C,Hg CH;-CH,4 Eran

C;Hg | CH3-CH.—CHj3 ITponan
Cs;H;y | CH3—-CH.-CH.—CHj; byran
CsH;, | CH3—-CH.-CH.—CH.—CHj; IlenTan
C¢H,4s | CH3-CH.—CH.-CH.—CH.—CHj; I'excan
C/H;¢ | CH3-CH.-CH.-CH.—CH.—CH.—CHj I'enran
CgH,;s | CH3—-CH.-CH,~CH.—CH.—CH.—CH.—CHj Oxran
CoH,y | CH3-CH.-CH.~CH,~CH>.—CH.—CH.—CH.—CHj Honan
CioHy, | CH3~CH>—CH.—CH.,—-CH>~CH.-CH.~CH.-CH.—CHj; Hexan

Bci HaBesieH1 Bulle BYrieBOIHI MalOTh JIIHIMHUN (HEpO3raayKeHUM) JaHIIOT 3
atomiB KapOony, B sskomy koxeH 13 aToMmiB KapOoHy 3B’sA3aHuil 6e3mnocepeiHbo He
OubLI, HIXK 3 1BOMa atoMamu KapOony. Taki ajgkaHd Ha3uBarOTh HOPMAJILHUMH, a00
CKOpPOYEHO H-aJKaHaMH. I[CHYIOTh ajKaHHW, B SKUX OJUH ab0 JeKibKa aTOMIB
KapOony 3B’s3aHi 3 TpboMa abo yoTupma cycigHiMu atromMamu KapOony, TOOTO
MaloTh po3raytyeHHs. Taki ajJKkaHu Ha3UBaIOTh 130aJIKaHAMMU.
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Hanpuxian:

CHz—CH3
12 3 4 s 6 7 8
H;C—CH,—C——CH—CH,—CH,—CH,—CH;
3,3-nieTuin-4-130MpoNiIOKTaH
CH2 CH_CH3

CH; CH;

YTBOpEeHHs paJuKalliB Ta iX Ha3Ba:
— OJTHOBAJICHTHI1 PaJIUKAIM HACUYEHOTO Py YTBOPIOIOTHCS MPHU BIAHIMAHHI BiJ
MOJIEKYJIH BYTJIEBOJIHIO OJJHOI'O aTOMA T'iIpOreHy:

CnH2n+2 —> CnH2n+1
BYI'JICBOJICHD paarukal
> H3C_CH2-CH2—

MIPOTILIT
H3C _CHZ-CH3 -]

nponaH

L+~ H;C—CH—CH;

130MpoMiI

— Ha3Ba paJuKady YTBOPIOEThCA BiJ HAa3BU BIJIMOBIJHOTO HACUYEHOTO
BYIJIEBOAHIO NIUIIXOM 3aMiHM cydikca -aH Ha -un (-u1). Hanpuxnan, paaukanu
OyTaHy MarOTbh TaKl Ha3BU:

CH
e H,C—CH7~CH—CH, CHy—CH—CH, B
HC—CH—CH—CH; S, H,C _':l: —cH,
by THI ETOp-byTHI 1206 yTHI TpeT-byTHI

AKIIO BIJ MOJIEKYJIM METaHy BIAHSATH JIBa aTOMM ['1IporeHy, TO YTBOPIOETHCS
panukain —CH, (MeTuieH), a mpu BiIHIMAHHI TPhOX aTOMIB (METHH).

Dizuuni 61aCMUBOCNI ATKAHIE

[Ipu ximuatHiii Temnepatypi ainkauu C;-C; — rasm, Cs-Ci; — pigunu, a
nourHarouu 13 Cig — TBep/il pe4oBUHU. 31 30UTBIICHHSIM MOJEKYJISIPHOT MacH aJKaHIB
MIABULIYIOTECS iX TeMIEepaTypH IUIABJIEHHS Ta KUITIHHS. AJIKAHU 3 PO3rajyKeHOIO
OyZIOBOIO MAalOTh HIKYl TEMIIEpaTypu KHITIHHS TOPIBHSHO 3 HOpPMaJbHUMU
130MepamMH.

Ximiuni enacmueocmi aiKamie
38’513k C—C Ta C—H B ankaHax € Majo MOJSPHUMH 1 JOCUTh MILIHUMH, TOMY
aJKaHU MalOTh HHU3BKY pEakliiiHy 37aTHICTh, 3a WIIO 1X Ha3Ballu napaginamu.
OckiTbKM BC1 3B’SI3KM B aIKaHAX HACUYEHI, JI1 HUX XapaKTePHUMU € TUIbKU peakIlii
3aMilleHHs a00 TaKi, M0 CYNMPOBOIKYIOThCsS po3puBoM C—C 3B’A3KY.
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[Ipu 3BUYaiiHId TemmepaTypi MiA BIUIUBOM PO3CISHOTO CBITJIAa  aTOMH
['inporeny B MoJieKyJll ME€TaHy MOCIAOBHO 3aMIIIAIOTHCA aTOMaMu XJI0py:

o CHy;+Cl, —=— CH3C1 + HCl
« CH;Cl+ Cl, —— CH,Cl, + HCI
« CH)Cl, +Cl, —~— CHCI; + HCI
o CHCI; + Cl, —— CCly + HCI

Braciiok peaxiiii yTBOPIOETHCSA CYMIlll XJIOPOMOXITHUX METaHy.
Oxucnenns: CHy+ 20, - CO, + 2H,0O +880 xJ[x.

Kpexine ananie — npouec TepMIYHOTO PO3KJIaJJaHHS BYTJIEBOJHIB 3 YTBOPEHHIM
CIIOJIYK 3 OUTBII KOPOTKUM JIAHIIOTOM (YTBOPIOIOTHCS aJIKaHU 1 aJIKCHH ):

C4H10 — CH3—CH3 + CH2=CH2

Iliponi3 — nepeTBOopeHHs ankaHiB npu BuiIux Temmneparypax (700-1000°C) 3
YTBOPECHHSIM alleTUICHOBUX BYTJIEBOHIB, Caxki a00 KOKCY, BOJHIO TOIIO.

CH4 — C2H2 + H2
CH, —» C +2H,
JlerinpyBaHHs — 1€ peakiiis BIAIICIICHHS BOIHIO &

CH3—CH3 — CH2=CH2 + Hz

AJIKeHH
Anxenu (onediHu, HEHACHYEHl BYTJEBOJAHI) — II€ BYIVIEBOJHI 3arajbHOI
bopmynu C,Hjy,, 1110 MICTATH Y MOJIEKYJI1 OJUH TTOABIAHUM 3B’ S30K.
Henacuueni eyenesooni (anxenu, anrkinu)
HenacrueHnMU Ha3uBaOTHCS BYTJIEBOIHI, 1110 MalOTh X04a O OJMH MOABIAHUM
a00 moTpidHUM (KpaTHUM) KapOOH-KapOOHHUU 3B’s30K. ByrieBoaHi, 110 HaleXaTh
70 TOMOJIOTIYHOTO PSITy alKeHIB (HEHACHUYEHUX BYTJICBOJHIB PsIAy €TUJIEHY), MAlOTh

ONWH TOJBIMHUN KapOOH-KapOOHHUU 3B’sA30K. Y IXHIM Ha3Bl CydikC - aH
3aMIHIOETHCS HA - €H.
Hanpuxian:

eteH (etunen): CH,= CH,,

nporeH (npomniien): CH,= CH — CHj,

[lepmnii mpecTaBHUK TOMOJIOTTYHOTO PSAAY aJIKEHIB — €TUJICH.

AnKiHu — e OJIMH TOMOJIOTTYHHUM psiJi HEHACUYEHHMX BYTJEBOAHIB , IO MICTITH Y
CBOEMY CKJIaJll MOTpPiiiHUMN KapOoH-kapOoHOBUH 3B’ 5130k —C=C—. 3aranpHa popmyina
ankinis C,Hjpos.
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Ha3Bu ankiHiB moXoasTh Bl Ha3B alikaHIB, MPU IIOMY CY(DIKC -H 3aMIIA€ThCS
Ha cy]ikc -1H.
[lepmmuit mpecTaBHUK TOMOJIOTTYHOTO PsAy alkiHiB — anetuwiieH C,H,
CrpykrypHa popmyna: H-C=C-H

Tabmuis 13.2 — [lpencTaBHUKY TOMOJIOTTYHUX PsJIIB JIKAHIB, AJIKEHIB, AJIKIHIB

Ankanu Ankenu AnKiHU
Hasga dopmyna Hasga dopmyna Hasga dopmyna
Etan C2H6 Eten C2H4 ETin C2H2
CHs— CH; (eTmiieH) CH,= CH; (ameTu- CH=CH
JIeH)
[Iponan C;Hg [Iponen C;sHs [Tponin Cs;Hy
CH;—CH,—CH3 | (mpomuieH) CH,= CH-CHj; CH=C-CH;4
BYTaH C4H; 0 BYTGH-I C4Hg BYTIH C4H6
CH37(CH2)27CH3 CH,=CH—CH,—CHj3 CH=C-CH,—CHj3;
IlenTan C5H12 IlenTen-1 C5H10 Ilen- Cng
CH;—(CH;)s—CH3 CH,=CH—(CH;),—CH3 | Tin-1

CH=C—(CH,),-CHs

VY HeHacHYeHHMX BYIJIEBOJAHIB KpiM

[30mepin anxenie i anKinis

130Mepii 3a BYIVICLIEBUM KICTAKOM

3 SBISIETbCSI HOBUM BUJ 130Mepii — i130Mepis 3a MOJOKEHHSIM KpPaTHOTO 3B S3KY.
[TonoxeHHs: KpaTHOTO 3B’ A3KY BKAa3yeThCs U(PPOIO HAPUKIHII HA3BU BYTJIEBOIHIO.

Hanpuxian:
CH, = CH - CH, — CH, — 6yTen-1;
H,C — C = C - CH; — OyTin-2.

Paxytots atomu KapOony 3 Toro 00Ky, 10 SIKOro Omk4ue KpaTHUM 3B’ SI30K.

4-MeTUJIIeHTEH- |

Hanpuxian:
5 4 3 2
H3C_CH‘_CH2—CH=CH2
CH,
AJIKeHH

Di3uuni ma XIMIYHI 61ACMUBOCTMI

[lepmi mpencTaBHUKU BYTJIEBOJIHIB €THJICHOBOTO pSAYy — €TeH, NpOIEH,
OyreH — raszu, onedinu ckiany Cs — Ci;g— 6e30apBHI pIUHU, BUIII MPEICTABHUKU
TBepAipeuoBUHU. Ha BigMiHY Bii alikaHiB, aJIKEHHM € BHCOKOPEAKIIMHO3IaTHUMHU
cnosiykaMu. Lle 3yMOBII€HO HasBHICTIO B iX CTPYKTYp1 noaBiiHOTrO 3B’ 513Ky C=C. Jlns
QJIKEHIB XapaKTepH1 peakilii NpueaHaHHs, sIKiI BIIOYBaIOThCS 3 PO3PUBOM p-3B’SI3KY 1
YTBOPEHHSIM JIBOX HOBUX TNPOCTHX (S-) 3B’sA3KIB. XapakTEpHOI OCOOJIUBICTIO
BYIJICBOJIHIB €THJICHOBOTO psJly € 3AaTHICTh JO TMOJiMepu3allii, 10 BeAe 10
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YTBOPEHHSI BHUCOKOMOJICKYJIIPHUX CIOJYK. AJIKEHM BCTYMAIOTh TaKOX Yy peakiii
BIJTHOBJICHHS T4 OKUCHEHHSI.

IIpueonamnns 600u0

CH=CH, +H, Pt CH—CH,
eTILIEeH eTaH
CHCH, + Br, c‘l,H—(le

Br Br

1,2-mibpomeran
[Ipu B3aemonii anakeHIiB 3 OpPOMOM CIIOCTEPIraeTbcs 3HEOAPBICHHS >KOBTO-
Oyporo 3abapsieHHs Opomy. lle omgHa i3 HalicTapiMX Ta HAUIPOCTIIIMX SIKICHUX
peakIliii Ha HEeHACUYCH1 BYIJIEBOJHI, OCKLJIBKM aHAJIOTIYHO pearyioTh TAKOX aIKIHU
Ta aJIKAII€HU.

Ilpueonamnns canoeeno800Hi6
Y BuUDAAKy eTWIeHYy a00 CHUMETPUYHHMX AQJKCHIB pEAKIlisd IpPHUETHAHHS
BiIOYBAETHCS OJTHO3HAYHO 1 BEJIC 10 YTBOPEHHS JIUIIIE OJHOTO MPOAYKTY:

CHFCHJ +~HBr —= CH_;—CH:—BT

BpomeTaH

[Ipu B3aeMofli TaJIOT€HOBOJHIB 3 HECUMETPUUYHMMHM ajlKkeHamMu aTtoM [iaporeny
INPUEIHYETBCS 33 MICIIEM PpPO3pUBY TMOJABIMHOrO 3B 43Ky A0  HalOUIbII
rizporeHizoBaHoro aroma KapOoHy, TOOTO A0 TOro, mio 3’€HAHUNA 3 OUIBIIOIO
KUTbKICTIO aToMiB ['inporeny (mpasuiio MapKoBHIKOBA):

H,C—CH=—CH, + HCl — H3;C—CH—CHj

nporeH- 1 Cl
2-xjoprpomnaH

Ilpueonamnns 6oou
AJNIKEHH TPUETHYIOTH BOJY Y TMPUCYTHOCTI KHUCIOTHMX KaTali3aTopiB.
Haiiuacrime  BUKOpPUCTOBYIOTH  cyibdartHy abo oprodochaTHy  KHUCIOTH.
[Ipoaykramu peakuii € COUPTH:

H,SO,
CHZ=CH, +H,0 ———= CH;~CH;OH

ETAH O
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OxkucHnenHs

AJKeHH, Ha BIAMIHY BiJ] aJKaHiB, JIETKO BCTYINaIOTh B peaKilii OKUCHEeHHs. Tak,
€TWJICHOBI BYIJVIEBOJIHI TMpH KIMHATHIM TeMIepaTypl OKHCHIOIOThCA  Kallii
nepmanranatoM (peakiiiss Baruepa). Ilpu oOpoO11i ankeHiB po30aBIeHUM PO3UUHOM
KMnOy yTBOPIOIOTBCS IBOATOMH1 CIUPTH, SIK1 MICTSATh JB1 TAPOKCUIIbHI TPYIIN:

3CH,=CH, + 2ZKMnO, +4H,0 — (I:H i (lfH: + ZKOH + ZMnO,
OH OH

ETHIEHT KO TE

[ls peakiis Mae aHaJIITUYHE 3HAYEHHS, OCKUIBKM MpU 1 MPOXOIKEHHI
¢iosieToBUIA PO3UMH KaJlii IEpMaHraHaTy 3He0apBIIOeThC. Tak caMo sIK 1 peakilis 3
OpOMHOI0 BOJIOIO BOHA € SIKICHOIO HA HEHACUYEH1 BYTJIEBO/IHI.

Peaxyii nonimepuzayii
OpraHiyHi CHOJYKU 3 KPaTHUMHM 3B’SI3KaMU 3[1aTHI CIOJYYaTUCh MK cO00I0 3
YTBOPEHHSM JIOBIUX JIAHLIOTOBUX MOJIEKYJI. SIKIIO Bl MOJIEKYJIM CIIOJIYYatOThC MK
co0010, TO MPOAYKTOM peakiii € quMmep, Ko Tpu — TpuMep 1 T.4. CroiaydeHHs
BEJIMKOI KUIBKOCTI MOJIEKYJ MDK c00OI0 Bele 10 YTBOpEHHs mojimepy (rp. poly —
0araro, meros — 4acTuHa). Tak MOJIEKYJIM €THJIEHY BHACIIJIOK PO3PUBY MOABIHHOIO
3B’SI3KY 3/1aTHI 3B’ S3yBaTHUCh M1 COOOI0 3 YTBOPEHHSM MOJIICTUIICHY:

nCHE=CH, —= —£CH—CH3:

2THIIEH [0 e THIEH

Peakiiito moniMepu3aiiii Mo>kKHa ySIBUTH SIK PE3yJbTaT PO3PUBY MOABIHHUX 3B S3KIB B
MOJIEKYJIaX HEHACUYEHOI CMOJIYKH 1 HACTYIHOTO CIOJIYYEHHS IIUX MOJIEKYJ B OJIHY
BEJIMKY MOJIEKYIY.

ApoMaTuyHi ByIJieBO/IHI
(Apenn)

ApomaTuyH1 BYTJIEBOAHI (apeHH) — BYTJICBOAHI, B MOJICKYJIaX SIKUX MICTUTHCS
olHe 4M Ounplie OeH3WHOBUX (O€H30JbHUX) sAnep. Taky ICTOpUYHY Ha3By apeHHU
oJIeprKaju 4epe3 Te, 10 MepIili BiJOMI CIIOJTYKH apOMaTUYHOTO Py OysI0 BUILICHO 3
MIPUPOJITHUX 3aaAITHUX PEUYOBUH a00 BOHU cami Majid IPUEMHUM 3ariax.
HaiinpocrimMm npeacraBHuKoM apeHiB € 6enzeH CqHg,

Himenpkuit Buenuit A. Kekyne 3anpononysas (GopMyiy, 110 Halkpaiile BijoOpaxaina
piBHOILIIHHICTH aToMiB KapOony:

\\D
/fI

T
|
Df
)
0
T
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Onnak BOHA HE TOSICHIOBAJIa, YOMYy OEH3€H, Malooud KpaTHi 3B SA3KH, 3a
3BHYAaHMX YMOB HE€ BCTYIaB Yy peakiii nmpuenHanHa. Yepes3 kinbka pokiB Kekyie
BUCYHYB 1]I€10, 110 TOJBIMHI 3B’S3KM HE 3aKpilJieHI B MOJIEKYJl, a MOCTIMHO
nepeMilllyroThes BiJ oHOro aroma KapboHny 1o iHmoro:

[TomanbIni gocmiKEHHs MiATBEPAUIN PIBHOIIHHICTE aToMiB KapOony. OTxe,
B MOJIEKYJl O€H3eHy Hemae MPOCTUX 1 MOABIMHUX 3B’s3KiB. EjexkTpoHHa ryctuHa
po3Mo/ilJieHa PIBHOMIPHO, a TOMY Bci 3B’A3KM MiX atomamu KapOoHy B Mosexyni
OenzeHy piBHOLIHHI. HaliTouHime 1ie BimoOpaxae CTpyKTypHa (GopMyna y BUTJISAIL
MPaBUIIBLHOTO IECTUKYTHUKA 3 KOJIOM YCEpEIHHI:

Dizuuni ma XiMIiuHi 61ACMUBOCMI
benszen — nerkozaiimucra Oe30apBHa piguHa 13 CHEHUGIYHUM 3aMaxoM.
Temneparypa kuminas 80 °C, temneparypa masienns 5,5 °C. Bensen € otpyiiHoI0
pedyoBuHOt0. HaiixapaktepHimmmu s O€H3eHy Ta IHIIMX apeHIB € peakuil
eeKTPOLILHOTO 3aMIIICHHS.

DyHKIIOHAJbHI NOXiIHI OPraHiYHHUX CHOJYK
Cnupru, peHonn

CnupTHn — 11 OpraHiyHl CIOJYKH, IO CKIIaay SKUX BXOJUTH OJIHA ab0 KiIbKa
rinpokcunbHux Tpyn —OH, cnomydeHuX 3 BYIJIEBOJHEBUM paguKaioM. SIKIIO
rigpokcunbHl Tpynu — OH crnonydeHi 13 apoMaTHYHUM SIAPOM, TO TaKi CHOJYKH
Ha3MBalOThCA (peHoIamu.

3aranpHa (GopMysia OAHOATOMHUX CIHUPTIB Ta (EHOJIB, 110 MAIOTh Yy CBOEMY
CKJaJl JIMIIEe OJIHY TiIpOoKCWiIbHY rpymny, R — OH. B 3anexHocti Bij mpupoau Tta
OynoBu paaukany R BoHM OyBalOTh: HACUMYEHHMMH, HEHACUYEHUMHU, apOMATUYHUMU
tomo. CHoupTd MOXYTh YTBOPIOBaTH CBOi TOMOJIOTTYHI psau. Tak, CHOUPTH
HacMYeHoro psay MawTh 3aranbHy (opmyny C,H,,,OH. B 3anmexHocti Bin
KUIBKOCT1 TIAPOKCWJIBHUX TPYyN COUPTH TMOAUISIOTh Ha OJHOATOMHI (3 OJIHUM
TIPOKCUIIOM), IBO-, TPhOXaTOMHI Ta O0araroaTomMHi. B 3aieXHOCTI Bil TOTO, 3 SIKUM
aTOMOM KapOOHY CIoJIydeHa TiAPOKCUIIbHA TPYIa, PO3PI3HAIOTh IEPBUHHI, BTOPUHHI
Ta TPETUHHI CIIUPTH.
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Hassa 3a nomenkinaryporo [UPAC: ByrneBoaens + cydikc -on + nudpa, mo
BKa3ye noJiokeHHs rpynu —OH:

HazBa 3a  paaukanbHO-QYHKLIOHAJIbHOIO  HOMEHKIATYypoOlO:  HasBa
BYIJIEBOJIHEBOTO paJMKAITY + CIIUPT

CH;0H METaHOJ METHJIOBUM CIUPT
CH;-CH,-OH €TaHOJI €TUJIOBUI CIIUPT
CH " CH—CH—OH @ nponaon —1 MPOILUIOBUN CIUPT
CH,—CH—CH, 130IPONUIOBU I
-2 : MIPONaHoJI-2
OH CIUpT

Dizuuni ma XiMIiuHi 61ACMUBOCMI

[lepmii 15 4ieHiB TOMOJOTIYHOTO PANY — PIAMHM, pelTa — TBEP/Al peYOBUHHU.
Huxui ciupty MaroTh cieliugiyHui 3amnax, BUIll — 0e3 3anaxy.

Cnuptu € nyxe ciaOKMMU KUCJIOTaMHU 1 pearyloTh 3 aKTUBHMUMH MeTajaMu 3
BUJIUICHHSIM BOJIHIO; OKHCIIOIOTBCSI 110 alibJIETiIB; TOpATh Yy TMOBITPi; pearyroTh 3
OpraHIYHMMHM Ta HEOPraHIYHUMH KHUCJIOTaMH 3 YTBOPEHHSM ecTepiB (CKIaIHHUX
edipiB); BCTYNalTh B PEAKIIIIO 3 TaJOr€HOBOIHIMHU, B PEAKIIIO JeriipaTaliii.

®eHoIM — CIIONYKH, B SKUX TIAPOKCUIIBbHI TPpynu Oe3nmocepeHb0 3’ €IHAHI 3
atomamu KapOony OeHe3eHoBoro kuibllsl. CBOWO Ha3By BOHH JICTAIM Bij
Halnpocrimoro npeacraBuuka — ¢genony CqHsOH, cuctemaTtnyHa Has3Ba SIKOro —
riipokcubeH3eH, a crapa — kapOosioBa kucioTa. 3anuiok C¢Hs Ha3uBaeThes ghenin.
Dizuuni ma XiMIiuHi 61ACMUBOCMI

Y gpcToMy BHrISAL (eHo — Ge30apBHa KpucTaTiuHa pedouHa (t,, = 41 °C) 3
XapaKTepHUM «(hEeHONIBHUM» 3amaxoM. PeHoJ, TOCTYNOBO OKHMCHIOIOYUCH, HAOyBae
pokeBoro 3abapBieHHs. BiH Malopo3uMHHHMI y BOJl 3a KIMHAaTHOI TeMIEpaTypH.
@®eHOo — OTpyHHA PEYOBUHA.

@deHoNu, TMOPIBHAHO 13 CHOUPTAMH, € CWIBHIIIUMH KHUCIOTaMH, YHM
MOSICHIOEThCA 3AaTHICTh (DEHONY, HA BIAMIHY BiJ CHOUPTIB, pearyBaTh HE TUIbKHU 3
MeTajlaMH, ajie ¥ 3 JiyramMu 3 yTBOpeHHsSM (enonsaTie. ["anorenyBanHs ¢eHony
Bi10yBa€eThCs HabaraTo Jieriie, Hix OeH3eHY (3HeOapBIIIOE OPOMHY BOJY).

AJIbJETiIN — TIOX1IHI ~ BYIJIEBOJHIB, Y  MOJIEKyJaX SKUX  MICTUTHCS
kapOoHUTbHA (OKcorpymna) rpynmna C=0, 3B’s13aHa xoua 0 3 ofHUM atoMoM ['igporeny
Ta BYTJIEBOAHEBUM 3QJIUILIKOM.
3aranbHa dhopmyna anpaerigie  R—CHO.
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Kap6oHoBi kuMc10TH — MOXiJHI BYIJIEBOAHIB, IO MICTATh Yy CBOEMY CKJIaAl
kapookcwibHy Tpynmy —COOH. Bona wMoxe OyTu crHojgydeHa 3 aTOMOM
INaporeny (MetanoBa kuciota H-COOH) a6o 3 ByrieBogHeBuM 3anuimkoM (R-
COOQOH). 3a kiIbKICTIO KapOOKCUIBHUX TPYINI KUCIOTH MOAUISIIOTh HA MOHO-, M-,
TpHU- Ta MOJIIKApOOHOBI, a 3a XapaKTepOM BYIJICBOJHEBOIO 3aJUIIKY — Ha HACHUYECHI,
HEHACUYeH1, apOMaTU4H1 TOUIO.
3aranpHa (opMmylia 4JIeHIB TOMOJOTIYHOTO psAY HACHUYEHHX MOHOKapOOHOBHX
kuciot C,H,,+1COOH.

Dizuuni ma XimMiuHi 61ACMUBOCTI
Hacuyeni MoHOKapOOHOBI KHMCIOTH — 0e30apBHI piguHU ab0 KpUCTaIiyHi
PEYOBHUHHU 3 TOCTPUM 3anaxoM. Huxdi KuciaoTu po3urHH1 y BOIIL.
HalicunpHilia B TOMOJOTIYHOMY psiili KapOOHOBUX KHUCIOT — METaHOBa
(mypammna). KapOoHOBI KHCIOTH pearyioTh 3 MeTalaMH, OCHOBHUMH OKCHJIaMH,
COJISIMM, CTUPTaMU (peakilisi ectepudikaiii).

Tabnuus 13.3 — Ha3Bu kapOOHOBHUX KHCIIOT

CucreMaTH4YHA HA3BAa CtpyktypHa dopmya | Tpaguuniiina nazsa
MeraHnoBa KuciIoTa HCOOH MypainHa KuciaoTa
EranoBa xuciora CH;COOH O1roBa KACIIOTa
[IponanoBa kucmota C,H;COOH [IpomnioHoBa kuciaota
byranoBa kucnora C;H,COOH Macisaga Kucinora
IlenTanoBa Kucnora C4HyCOOH Banepianosa kucnora
I"'excanoBa kucmora CsH;;COOH Kanponosa kuciora
I'excamexaHoBa KHCIOTa Cy5H3COOH [TanmeMmiTHHOBA
KHCJIOTa
Ecrepu — 1e mnoxigHi KapOOHOBUX KHCJIOT, B SKUX aToM [igporeny

KapOOKCHJIBHOT TPYIH 3aMIllIEHUI BYTJIEBOIHEBUM 3aTUIIIKOM. BOHM yTBOPIOIOTHCS B
pe3yibTaTi peakiii ecrepudikarlii — B3aeMo i KapOOHOBUX KUCIIOT 13 CHIUPTAMHU.
3aransHa popmyia ectepiB C,Hzp:1COOR, ne R — ByriieBogHeBUI 3aIUIIIOK.

>

Exonociuni numanus

Exonoriydi mnuTaHHd XiMIi OpPraHiuHMX CHOJYK IOB’s3aHl, Mepul 3a Bce, 3 iX
noOyBaHHsM (HadTOBa, ra30Ba, BYriIbHA MPOMUCIIOBICTH), IEPBUHHOIO MEPEPOOKOIO
(HadTonepepoOHI 3aBOJIU, ra3onepepoOHi 3aBOJM Ta KOKCOXIMIYHI 3aBOJIM) Ta iX
BUKOPUCTAHHSM SIK CUPOBUHU ISl XIMIYHUX MIANPUEMCTB, a TAKOX SIK MOOYTOBOTO
Ta MIPOMHUCIOBOTO NAIBHOIO:

— po3nuBH HaTH NpH ii JOOyBaHHI Ta TPAHCHIOPTYBAHHI;

— CHAJIOBAaHHA CYNYTHIX ra3iB npu HadToq00yBaHHI;

— 3a0pyIHEHHS TepUTOpii, TMOB’s3aHe 13  TPAHCHOPTYBaHHSIM  Ta
00CIyroByBaHHSIM Ha(pTOBUX Ta ra30BUX MaricTpaliei;

— YTBOpPEHHs NIpU A00YBaHHI BYTUUIS BEJIUKUX TEPUTOPINA («TEPUKOHIBY), 1110
noTpeOyIOTh PEKYJIbTUBALIlL, @ TAKOXK MUTAHHS MIITOIUICHHS BIANPAIbOBAHUX 1IAXT;
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— poOoTa TEIUIOBUX €JIEKTPOCTaHIIA, M0 CYNPOBOMKYETHCS BUKHUIIOM
BEJIMYE3HOT KUIBKOCTI TOKCHUYHUX Ta3lB y arMochepy Ta HaKOIMUYEHHSIM
BIJIIIPaI[bOBAHOT 30J1H;

— po0oTa 3aBO/IIB XIMIYHOT'O KOMIUIEKCY;

— poOoTa MUIBHOHIB JABUTYHIB BHYTPIIIHBOTO 3TOPSHHS JIETKOBHX Ta
BAaHTQXXHUX aBTOMOOUIIB, IO KOXXHUU JE€Hb CYINPOBOUKYETHCSA BHUKHIOM B
aTMoc(epy BeJIMUe3HOI KUTbKOCT1 «ITapHUKOBHX» ra3iB: okcuiB kapoony (CO,, CO)
ta HiTporeny (NOy).

I[li mpobnemu HoOcATh ri00adbHUM XapakTep. [J00aiibHE MOTEIUTIHHS
(«mapHukoBuii  e(deKkT») TMOB’S3YyIOTh 13  BIUIMBOM  HaJIMBHO-€HEPre€TUYHOIO
KOMILJIEKCY BCIX KpaiH cBITYy. JlJis 3MEHILIEHHS KPUTUYHOTO 3HAYEHHS TJI0OAIBHOIO
noremwtinHg (o 2°C 3a motouHi 100 pokiB) Bci MpOBIAHI KpaiHU CBITY MOBUHHI
smeHmuTy BUkuau CO, Ta IHIIMX MapHUKOBUX ra3iB 10 2025 poky Ha 6-8 %.
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