TepmogmHamuka: COHTAHOCT
Ha npouecuTe, eHTponuja u
cnoboaHa eHepruja

TEPMOOUHAMUKATA JA NMPOYYYBA BPCKATA nomery Tomnu-
Hata u paboraTta. Bo I'maBa 6 ce ¢okycupaBMe Ha TepMOXeMHUjaTa, OFHOCHO
Ha MPOMEHNUTE Ha eHTaNNHjaTa (TOIUIMHATA) Ha XeMHICKHUTE PEeaKI[U; TepPMOXe-

MI/IjaTa e obmacrt O] TCpMOAHAMUKATA. Bo rimaBute mTo cjieyBaart Ke oumar
MPOYYEHN TOIIMHCKUTE e(PeKTH MOBP3aHN cO APYr (PeHOMEHN, KaKo LITO ce (pa3HUTE TPOMEHN
1 (hopMHEpamEeTO pacTBOPH.

Bo oBaa rnaBa Ke 06paboTMe TpH OCHOBHM KOHIIETITH:

o Co IOMMOT ClloHIaHOCI Ce 03HAUyBa CaMOCTOjHO (63 HaBOpEIIHa TOMOIII) OfBIBAE
Ha HEKO] MpoIiec.

e EnTtponmja e MepKa 3a Toa Kako €HeprujaTa ce pacmpefenyBa moMery aTOMUTE UITN
MOJIEKYJIUTE BO OfipeieH CHCTEM.

e CnobGopHa eHepruja e TepMOgUHAMUUKa (PYHKIH]jaA, KOja I'M MOBP3yBa eHTANNNjaTa U
EHTPOMNKjaTa co CIIOHTAHOCTA Ha MPOIECOT.

Ho Moxebu HajBaxkHO Off c& € BpcKaTa 1momefly IpoMeHaTa Ha clio0ojHaTa eHepruja u
KOHCTaHTaTa Ha paMHOTeka. OBa OBO3MOXKYBA NPECMETYBakhe Ha KOHCTAHTUTE HA PAMHOTEXKA
Ol 3aiafieHu TeOelapHu BPEeJHOCTH 3a IPOMEHATa Ha cI00OfHATA eHeprHja.

171 3owTOo € BaXHO Aa ce usyvysa

TepMoam Hamukara?

BuCTHHCKOTO 3Haeme € off orpoMHa nonsa. Co I03HaBakETO Ha TEPMOAUHAMUKATA U CO
HEKOJIKY €JHOCTaBHH IIPECMETKHU, HAyYHUIIUTE ¥ MHXKEHEPUTE MOXKAT [ja 3alITeaT MHOTY BpEME,
napu 4 (ppycTpanuy Ipu peanu3sanujaTa Ha HOBU NpoeKTH. [Ja ce moTceTuMe Ha u3jaBaTa Ha Jle
IlfaTenje 3a BaxkHOCTA Off pa30UPamETO Ha XEMUCKATa paMHOTEXa, IITO NPETCTaByBa KIyueH
KOHI[ENIT Ha TepMoAnHamMuKara (crpannma 590).

< CrnoHTaHocTa - CNOCOBGHOCT 32 CaMOCTOjHO OA1BMBaH-E HA HEKOja peakuyja - MOXe Aa Ma MHory
noxenHu edpektn. Ha npumep, co cnoHTaHaTa peakuuja BO koja Of, racoBuTe a3oT U BOAOPOL ce
[o6uBa amoHujak, ce fobuBa ronem Aen of BeLTa4ykoTo rFybpuBO LITO Ce KOPUCTU Hacekaae BO
csetoT. Op Apyra cTpaHa, CoHTaHUTe peakuny MoXe Aa Mmaat katacTpodanHu nocneamum.
Okony 4.000 nyre mopano ga 6unat eBakyupanu og 'puHBya Cnpunre, Konopago, Bo jyHu 2002
roAviHa, nopagv noxapute Ha oKonHuTe puaosu. MoxapoT 6un npeansBrKaH co OfBMBaH-E Ha
efjHa CMoHTaHa peakuuja - ropere Ha NoA3EeMeH jarneH, Koe ce OfBMBarno CO FOANHW.
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714 TnaBa17 o TepmoavHamuKa: CNOHTAHOCT Ha NpoLecuTe, eHTponuja n cno6ogHa eHepruja

A [1Be 3Hayer-a Ha 360pOT ,,CNOHTAH"

Mpw ,,cNOHTaHOTO coropyBane”“ HEKO]
3ananve MaTepujan HaegHall ce
3ananyBa BO, KaKo LUTO e Cry4ajoT co
HeHafejHOTOo U3byBHyBaH€ NoXxap npu
TPaHCMOPTOT Ha r'yMeHW HapakBMLUW BO
BpyknuH, Bo [1BOPOT Ha MOpHapuuaTa
Bo 1995 rogmHa. Bo 06MYHNOT roBop
BennMe [eKka CoropyBak-eTo € CMOoHTaHo,
6uaejkv Toa ce cnyyyBa HaefHall, caMo
of cebe, 6e3 npeTxonHo 3arpeBatrse. Bo
cTpora Hay4yHa cMucna, CroHTaHa e oHaa
peakuuja LWTO UMa NpupoaHa TeHAeHumja
na ce cnyyun. Ho kora Benume aeka
peakuujata e croHTaHa, HULLTO He
KaxyBame 3a Toa fanv peakuujaTta
HaBWCTMHaA Ke ce Cry4Yu, Unn Ke ce cryym
HO Ke ce oaBuBa 6eckpajHo 6aBHO.

AHuMaumja 3a
- asoTTpujoama

ITpakTHYHATa BaXKHOCT Ha TepMOJMHAMUKATa OWJIa MOTEHIMpPaHa YIITEe BO MOYETOKOT Ha
MBAECETTHOT BEK Off Bajiia amepukancku xemudapu, ['. H. JTyuc (G. N. Lewis) u Mepa Pauman
(Merle Randall), konmiTo HarmiIaa BO HUBHUOT H3BOHPE/ICH YICOHUK ™

»Ha xemuuapoiti kojuitio ipoussedysa 00pedenu CYUCTaHUU TepMOOUHAMUKATILA
My Oasa uHgopmauuu 3a UPUHOCONL WO MONCe 0 ce OHeKY8d, 3a Melloouilie co Kou Ke
ce u3bezHaill Hecakanuitie Cyucianyul, 3a OUIUMAAHUONL UHIlep6an HA Temilepaitiypu u
dpuiiucoyu, 3a Upasuanuoill uzbop Ha pacitisopysadi...

Tue co curypHoCT npejiBUjioa ieKa ,,HajroJeMHOT pa3Boj Ha IpUMEHeTaTa TepMOJUHAMUKa
Tpeba na cinemysa“. [lenec, nypu n Jlync u Pennn 6u Guie m3HEHaJileHN Off TOA KOJKY IIHMPOKO
ce MpUMeHyBa TepMOjIMHaMuKaTa. Bo HaleTo npoydyBame Ke BUUMe JileKa TepMOANHAMHUKATa
MOXe Jla ce IPUMEHYBa ypH 1 Ha 0COOEHO CIIOKEH! CUCTEMHU KaKo IITO ce KUBUTE OPraHu3MH,
a He caMo Ha PeakIii BO XeMUCKH caji, 6aTepuu 1 MeYKHN 3a eKCIIO3MBHI peaKInH.

17.2 CnoHTaHa npomeHa

Op HCKYCTBOTO 3HaeMe ieKa HeKOH IPOLIECH ce OfIBUBAAT caMH Off cebe, 6e3 moTpeda off Heune
fiejcTBYBame. Mpas3oT ce TONM BO yalia co JIefIeH Jaj Ha cCoOHa Temieparypa. YeianueH KInHer|
‘procyBa Bo KOHTAKT CO KHCIOPOJ M BOHATA Tapea BO BO3AYXOT. MeTaeH HaTpIUyM 1 TaCOBHUT
XJIOp pearupaaT OypHO Kora Ke J[ojiaT BO KOHTAKT (ciauka 9.3):

2 Na(s) + Cly(g) — 2 NaCl(s)

Cure oBue ce MpUMepH 3a CIOHTaHN npouecu. CioHTaH mpouec € OHOj KOjIITO CAMOCTOjJHO
ce OIBUBA BO OJIPEJICH CHCTEM; He € MOTPeGHO KAaKBO OMIIO /I€jCTBO OAHAJBOP BP3 CUCTEMOT 3a
OJIBUBAaIbE Ha TIPOIECOT.

ITokpaj oBa, 0OPO € O3HATO fieKa HEKOU APYTH POLIECH HE CE CIIOHTAHN; THE HE CE Of{BIBAaT
caMocTojHO. BoyraTa He Mp3He Ha coOHa Temrnepatypa. 2Keae3HHOT OKCHl Ha "prOCaHnOT KITMHET]
HE Ce TIPETBOpa CIIOHTAHO BO XKEJIe30 M KUCIOpoA. LIBpCTHOT HaTPUyMXJIOPU/ HE Ce pa3jioxyBa
Ha MeTaJleH HaTpuyM U racosut xyop. IIpouec mro He e cnonTan He ce 0fiBMBa caM of cebe BO
onpeneH cucteM. OBHE CO3HAHM]ja MOXAT JIa Ce CyMHpaaT BO €Ha PEYCHHIA.

AKko fipoyecoiti e CUOHILAH, 0OPAHUOUWL UPOyeC He e CHOHINAH, UPU WO 8axcl U
00paitiHoIio.

Hexou HecIIOHTaHH IPOLECH HE ce BOOMIITO MOxHH. Ha npumep, He € MOXKHO ia ce 3aMp3He
TeyHaTa BOJa IIpU aTMOc(epcKu NPUTUCOK M KOHCTaHTHA Temneparypa of 25 °C. Hekou
HECIIOHTAHHU IPOLECU MOXHO € [ja ce OfiBHBAaT, HO 3a TOA € HEOIIXO[HO OfPEJEHO JIEjCTBO Off
HajiBOp Bp3 cucTeMoT. Ha npumep, HaTpuyMXIopup MoXKe ia ce IIPeTBOPU BO METalleH HATPUyM
U racoBHU XJIOP CaMo CO IPONYIITalke eJeKTpruHa cTpyja Hu3 croneH NaCl, ofHocHO co mpouecoT
HapeyeH eNeKTpoin3a. KOHTHHYHpaHOTO Teueke Ha eIeKTPUYHA CTPYja NPEIU3BUKYBA Of|BUBALE
Ha HECIIOHTAHUTE IIPOLECH.

IToumor ,,CHOHTaH" He HY[[M HUKAKBU HH(OpMaLuy 3a Op3uHaTa Ha npouecoT. ClIOHTaHaTa
peakiyja noMely HaTpUyM U XJIOp € €KCTPEMHO Op3a; CIOHTAHOTO 'pfocyBambe Ha XKeJIe30TO
€ MHOry no6aBHo. AKo nomemmame racopuT H, u O, Ha coOHa TeMmepaTypa, He TIeflaMe ieKa
foafa o xemucka peakuyja. Cenak, TepMOAMHAMUUKUTE KPUTEPUYMH HU YKaxKyBaaT JeKa
peakuujara Tpeba ga 6upe crnonTaHa. Cropep oBa, TepMOAUHAMUKATA MOXKE [Ia OIfOBOPH JaJIl
TPOIIECOT € .MOoJceH, HO caMO KHHeTHKaTa (riaBa 13) Moxke Ja HI KaXe K0.1Ky 6p3o ce OfBIBa
nponecoT. XeMHCKaTa KHHETHKA IUKTHPa peaknujata noMery H, m O, ia 6upie ekcTpeMHO 6aBHA
pu COOHA TeMIlepaTypa, Hopaju BUCOKaTa aKTUBallMoHa eHepruja. [Tpu nokaueHa remneparypa
TepMOJMHAMKKATa OBTOPHO yKaXyBa IeKa peakliijaTa € CIOHTaHa, a XeMHUCKaTa KUHETUKA
IpefBHAYyBa IeKa peakujaTa Ke oupie 6p3a. Bo cornacHocT co oBue IIpefBUyBaba, IPK I0OKaYeHa
TeMIepaTrypa KUCIOPOLOT U BOJOPOAOT pearupaa co eKCIIO3UBHa Op3UHa.

o TepmopuHaMuKaTa ja olpejenyBa paMHOTEXHaTa cociiojba Ha cucreMoT. Hue ja
KOPHUCTUME TEPMOJUHAMUKATA 32 JIa TO ONpPEIeNIMe OJHOCOT HA IPOAYKTU U PEAKTaHTU
IPUCYTHU BO paMHOTeXa. [Janyu [upeKkTHaTa peakiiyja IPaKTHYHO CE OJ[BUBA LEJOCHO?
Janu ce ogBuBa caMo BO MHOry Maj creneH? [anu nmoctou HeKOja MHTEpMELUEpHa
YPaMHOTEXKEHOCT OMeLy IPOAYKTHUTE U PEaKTAHTUTE?

* G.N.Lewis u M.Randall, Thermodynamics and the Free Energy of Chemical Substances, McGraw-Hill, 1923.



e Kunerukara ro onpepeiyBa iaitioii 1o Koj ce foafa 10 paMHOTexa. BucokaTa ak-
TUBAIMOHA €HEepruja MOXKe ja ja OJIOKMpa peakiyjaTa Hako € Taa TepMOJMHAMUYKA
MOXHa. PeakuunTe Ha coropyBame ce TepMOAMHAMUYKI MOKHH, HO 32 CpeKa 110 SKHBOTOT
Ha 3eMjaTa, MOroJIeMHOT JIeN O HUB Ma BICOKA HEepruja Ha akTuBaluja. AKo He Gere
Taka, IIOrojieM Jiell OpraHcKy MaTepuu Ha 3eMjaTa Op30 Ke coropea MpH KOHTAKT CO
KucIopoy Bo aTMocepara. Criopen oBa, 1 TEpMOJMHAMUKATA U KUHETUKATA CE BasKHI
3a la ce OITOBOPHU Ha MPAIIalkeTo Al elHa peakijuja Ke ce OfBuBa.

Waxo cMe BO caMHOT IIOUETOK Off HAIlIaTa JUCKYCHja, IPeKy IpuMepoT 17.1 mokaxyBaMe Kako
MOXe 1a OTKpUEMeE JJalll efleH Ipoliec € CioHTaH. Ho mocTojaT MHOTY pyrH IpoLecuTe 3a KOu
oBaa (pa3a off HallaTa gUCKycHja He MoxeMe Aa OujieMe CUTYPHU 3a HUBHATA CIIOHTAHOCT.

NMPUMEP 171

JlucKyTupaj aanu cekoj off ClefHUBe NMPOLECH € CIIOHTAaH WM He e coHTaH. Onpenenu ru
CIlyJauTe Kafe IITO He MOXKe CO CUTYPHOCT fia ce [Jajie ONpefieNeH OArOBOP.

(a) [lejcTBOTO Ha KHCEIMHATA IIITO Ce KOPHUCTH 3a THCTere Bo Toanetute, HCl(ag), Bp3 Tamoror
op 6urop, CaCO,(s).

(6) Bpueme Bofa mpu aTMocepcKu IPUTUCOK 1 TeMnepaTypa of 65 °C.

(8) Peaxuujata nomery N,(g) u O,(9) u hopmupame NO(g) npu cobHa Temmeparypa.

(r) Toneme Ha KoOIKa Mpa3s.

PELUEHUE
(a) Ilpu fonaBameTO KUCEIINHA CE CITYIIA IIyMOJIEHE - U3[IBOjYBabE Ha Tac; TOa yKaxKyBa fieka
ce cmyuyBa peakuyja 6e3 Hallle JOIUIOHUTENHO fIejcTBO. BKymHaTa joHcKa peakimja e

CaCOs(s) + 2 H30™(aq) —— Ca’*(aq) + 3 H,0(l) + COx(g)
Peakumjata e ciionitiana.

(0) 3naeme fiexka cTaHmapHATa TOYKA HAa BPUEHE HA HEKOja TEUYHOCT € TeMIeparypaTa npH
KOja IPUTHCOKOT Ha IapeuTe Ha TeyHocTa e 1 atm. 3a Bojara Taa Temnepatypa e 100 °C.
Crnopen oBa, BpreweTo Ha BofaTa npu 65 °C u 1 atm He e ciioniliano 1 € HEBO3MOXKHO.

(B) A30TOT 1 KHCIIOPOJIOT CE HA0aaT 3a¢THO BO BO3[IYXOT, IIPH LITO HE TIOCTOjaT 0KA3M jieKa
THe pearupaat dopmupajku orpoBeH NO Ha coOHa Temmnepartypa. Cropey oBa, ce UMHU
fieka peakmmjaTa Ha popmupame NO(Q) He e conTana. Ho oBa Moxke fa 6mjie iprumep 3a
CIIOHTaHa peakiiyja, Koja ce OfiBUBa eKCTPEMHO 6aBHO, KaKo IITO € CIY4ajoT CO JOOUBAKETO
Ha H,0 on H, n O,. I[ToTpeOHN HY Ce IONOMHUTENHE KPUTEPUYMH 32 J1a TO OATOBOPUME
IpallakbEeTo 3a CIOHTAHOCTA Ha peaKlujaTa.

BEXBA 17.1A
OnroBopH fjau CEKoj Off CEJHUBE IPOLECU € CIOHTaH UMK He € CIoHTaH. KoMeHTHpaj ru
CTy4auTe KaJie IITO He MOXE Jla Ce Jafie HEJIBOCMHUCIIEH OATOBOP.

(a) Pacnafame mapue pBO 3aKOIAHO BO 3eMja.

(6) ®opmupame HaTpuym, Na(s), n xmop, Cl(9), Tpu HHTEH3UBHO MEMIAmHe PAacTBOP Off
Harpuymxiopup, NaCl(aq).

(8B) Joumsanmja na xopoBonopon kora HCI(g) ce pacTBopyBa Bo TeuHa BOfia.

BEXBA 17.16
OpnroBopu any ceKoj O CIEHABE MPOIECH € CIOHTAH WM He € CIoHTaH. KoMeHTnpaj ti
cIyJamTe Kajie MITO He MOKe Jla ce JIafiec HeJIBOCMUCIICH OIrOBOP.

(a) PactBopxkame Ha 1,00 mL Teyen eranon Bo 100 mL Teuna Bofa.

(6) Jobusame Heracena Bap, CaO(s) 1 racoBUT jarepomIMoKcHy off BapoBHuK, CaCO,(s), mpu
nputucok oy 1 atm u remneparypa o 600 °C.

(8) Konpiensamuja na CO,(g) go CO,(s) mpu npurrcok op 0,50 atm.
(r) Mspsojysame Ha H,(g) on 1 M HCI co nejerso na Cu(s) mpu 1 atm.

17.2

CnoHTaHa npomMeHa
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MaBa17 o

» CJIMKA 17.1 Hacoka Ha
HamarnyBak-€ Ha eHeprujaTa: [lanu e Toa
KPUTEPUYM 3a CMIOHTaHa NnpomeHa?

Bo BogonajuTe BofiaTa CIOHTAHO Teve Hajoy,
KOH cocToj6a KaJie MTO MOTeHIIjaTHaTa
eHepruja e nomasa. JlujarpamMot 3a mpoMeHa
Ha eHTaJHjaTa 3a peakuujata nomely H, u O,
1 opmupame Ha H,0 nokaxkyBa HaMayBame
Ha eHTANNHMjaTa 3a 0Baa CIOHTaHa peakiyja
npu 25 °C u 1 atm. OTTyKa, OBa € aHaJIOTHO

CO TEUEHETO Ha BOflaTa BO BOJJOMAJIHUTE.
JlujarpaMor 3a MpoMeHa Ha eHTajImujaTa

3a IPOLIECOT Ha UCIapyBambe Ha BOJaTa

TIpA paMHOTEXEH TapeH NpuTHcok u 25 °C
MOKaxyBa leKa eHTANINHKjaTa pacitie 32 0BOj
TPOLEC, KOJLITO UCTO TaKa € cilonitian. Cropey
0Ba, BO OBOj CITy4aj HE IIOCTOM aHAJIOTHja CO
BOJIONAIATE.

TepMoauHaMuKa: CMIOHTAHOCT Ha npouecuTe, eHTpOHMja 1 cnoboaHa eHepruja

H,(g. I atm) + %Ozlg. 1 atm)

AH=-286 kJ
H,0 (g)
i’
AH =+44 Kkl
H,O (I, | atm) H,0 (1)

dopmupame Bopa pu 25 °C n
1 atm: conTaH npomuec mWTo e
er3oTepMeH.

Wcnapysame Ha Bopja ipu 25 °C
npuricok 1o 0,0313 atm: conTan
HPOLEC ILITO € eHJ0TePMeH.

Hepewmenure caydau Bo npuMepot 17.1 mokakyBaat AeKa e oOpo fla ce UMaaT KpUTEPUyMH
LITO K€ HU TIOMOTHAT IIPU ONPEefieNlyBalkbeTo Ha CIIOHTAHOCTa Ha npouecute. I1pu oBa Moxe fa HU
IIOMOTHE MBOTHOTO MCKYCTBO. 3Haell fieKa JOKOJKY 'O OCTaBHUII aBTOMOOUIOT BO HEYTpaaHa
Op3uHa, a IpU TOA fla He ja aKTUBHMpALI pauHaTa KOYHUIA, KojlaTa caM off cebe Ke TprHe Ha
ynonHuna. Bo BogHUTE TEKOBH, HCTO TakKa, 3Haell ieka BofjaTa Teue Hafoly. BepojaTHo 3Haeln
301ITO ce CIy4yBaaT OBHE PabOTU: aKO He IOCTOU HEKOoja KOHTpACUa, CUaTa Ha FpaBUTalyjaTa
T Blleye NPEMETUTE KOH IeHTapoT Ha 3eMjaTa, OAHOCHO BO HACOKa HAa HAMAAYBArbe HA
MOTEHIMjaTHaTa eHeprHja.

ITo cnuyna noruka, NpBUTE XeMUYapy MPEJIOKUIE eKa CIOHTAHU IIPOLEecH Ce OHHUE IITO
OflaT BO HAacOKa Ha HaManyBame Ha eHeprujaTa. Bo rnasara 6 ja fecpunrpaBMe BHATpEIIHATA EHEP-
ruja, U, Kako BKYyIIHa €Hepruja MITO ja COAPKU CUCTEMOT, 1 AU, Kako IpOoMeHa Ha BHaTpelIHaTa
eHepruja Ipu OfjBUBabE Ha HEKOj IIPOLEC, KaKO LITO € Ha IPUMep, XeMUCKaTa peakuuja. bunejku
MHOT'Y XeMHCKH PeaKkli ce OBUBAAT BO OTBOPEHHU CaJJOBH, IOTOHO € fla ce KOPUCTU (hU3MUKaTa
BeIMUMHA HapeueHa enitiaaiiuja, H, Koja e BO JUpeKTHa Bpcka co eHeprujaTa. [IpomeHaTa Ha
eHTamujara, AH, e eJHaKBa CO TOIUTMHATA HA PEaKIMjaTa, ), OIHOCHO CO KOTHYECTBOTO TOILIIHA
LITO IO IIPUMA UJIK IO OfjlaBa CUCTEMOT BO KOj C€ OfIBMBa XEMUCKA PeaKIyja, a Py Toa IPUTUCO-
KOT BO CHCTEMOT € KOHCTAHTEH.

Cnuxkata 17.1 copefiyBa eieH CIIOHTaH MEXaHUUKU IIPOLEC - TeUeHmhe Ha BojlaTa - CO /IBa
xemucky nponecu. CIIOHTaHOTO Teuemhe Ha BOJaTa BO BOJONAJUTE CE Of[BHBA BO HACOKA Ha
HaMallyBam€ Ha BUCHHATa Ha KOja ce Haofa BOjlaTa, OJHOCHO HaMajlyBame Ha NOTeHIUjanHaTa
eHepruja. BHaTpelHara eHepruja Ha e[leH XeMUCKU CUCTEM € aHaJOTHA Ha MOTeHIUjaHaTa
eHepryja Ha efileH MexaHuuku cucteM. Ho, HaMecTo BHaTpellHa eHepruja, IO3rofHo € fia ja
KOpHUCTUME BeJIMUMHATA eHTanuja, H, koja Hu e BeKe nos3HaTa. ITo aHamoruja Ha BOJjoIajiuTe,
MOXe Jla OueKyBaMe JieKa CIOHTaHa peakiiyja € OHaa IIpU Koja ce HamasyBa eHTannujaTa. Ja ce
HoTceTUMe Off I1aBaTa 6 fieka peakuuja co AH <0 e ersorepmua. OTTyka, MOXKe Jja OueKyBaMe
fleka peakIgja BO KOja pacTe eHTalujaTa He 01 Ouia cionTaHa. Vicro Taka, ja ce IOTCeTUMe ieKa
peakiuu co AH > 0 ce engorepmuu. Cnukara 17.1 nokaxysa feka peakuujaTa Ha (popMupame
H,O(l) ox H,(g) 1 O,(9) e ersoTepmua u cnonTana. Mcro Taka 3HaeMe [ieKa HCAapyBamkETO HA
BopiaTa mpu 25 °C e COHTaHO C& 10 MOCTUTHYBAakbe MapeH nputrcok o 23,8 mmHg (0,0313 atm).
Ho oBoj nporec € eHoTepMeH.

Jlorukara fieKa er3oTepMHUTE Peakliu ce CIOHTAHMU, 2 €HOTEPMHUTE He Ce CIIOHTAHU
MoKe Jla ce MPUMEHHU BO MHOry ciydau. Ho Kako IITO e BeKe MOKaKaHO CO NPUMEpPOT Ha
UcrapyBambe Ha BOfjaTa, IPOMEHATa Ha HTAJINjaTa He € JOBOJIEH KPUTEPUYM 32 OllpefielyBambe
Ha CIIOHTaHOCTa Ha nporecute. Mopa fa ce pasriefaar 1 Apyru (hakTopH.

17.3 KoHuenT 3a eHTponuja

Jla pasrienaMe efieH pe3epBoap 3a MPOIaH MOBP3aH CO yPeaoT 3a MOATOTBYBAmE CKapa.
BeHTunot 3a rac e 0OTBOpeH 1 TacoT Off PE3epBOAPOT Teue KOH TOPUITHUKOT, Kajie MITO Ce Mela
CO BO3AYXOT 1 Moxke fja Ouye 3ananeH. OUUIIeNHo e ieka MOCTON HeKoja JIBIKedKa cuna 3a
OJIBMBa-€ Ha OBOj TIporec. [IpUTHCOKOT Ha MPOMAHOT € 3HAYUTENHO TIOBUCOK Off aTMOC(EPCKUOT
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[loTekno Ha TepMOANHAMMKaTa

HIIHCKHOT npoHaorau Tomac bykomen (Thomas Newcomen)  Orkpurrjata Ha KapHo mofjoliHa craHaze 0CHOBA 32 OTKPUBAHKETO HA

(1663-1729) ja pa3Bwi mpBaTa mapHa MammiHa okoy 1711 rog.  BTOpPHOT 3aKOH Ha TepPMOAMHAMEKATA.

Marmynarta Ha IbykoMeH ja ncnyinTa napeara Bo arMocepaTa
1 e focra HeepukacHa. Ho Guia MHOry ycnemHo KOpUCTeHa 3a
HCIyMIyBame Bofa of jarneHokonure. Bo 1763 roguna, Llemc Bat
(James Watt) (1736-1819) 6un ucmpateH fja ja mOMpaBu MalIMHATA
Ha Ibykomen. IIpu Toa, BaT oTkpui eka Moxe ja ja mogoOpu
e(hUKacCHOCTa Ha MallMHATa CO KOHJICH3UPamhe Ha UCKOPUCTEHATA
napea Bo KOHJICH3aTOp, HaJIBOP Off TNIABHUOT LUIMHAAP, U /1A ja BpaTH
KOHJIeH3UpaHaTa napea Ha3aJ BO IAPHUOT [€HEPaTOp IITO ja [IBIXKU
ManmHaTa. Mako epukacHocTa ce yuire 6uiia Mana, TapHaTa MalliHa
Ha BaT Ouna MHOry momynapHa, 3allITO Hej3MHAaTa MOKHOCT Ouia
YeTUpY NaTu noronema of IbykomeHoBaTa MaluHa.

Huxkona JTeonapg Cemu Kapno (Nicolas Leonard Sadi Carnot) (1796-
1832), dpanuycku (usndap, BOCH HHKEHED U BUCOK JPXKABEH CIIyXK-
OeHuK, ce 00mfeN fa oKaxe Kako MaliHaTa Ha Bat Moxe fa 6uue
nopoOpeHa Ha TeopeTcko HuBO. Bo 1824 ropnna, Kapro ro o6jacHun
HEroBHOT KOHIENT NMPETIOCTaBYBajKM UeanHa MalliHa, HapeueHa
KapHoBa MaluHa, BO KOja TOIUIMHCKATa €HEpruja € UCKOPUCTEHa [0
MakcumyM. Toj mokazkan exa TOINTMHATa He MOXKe J1a ce IPEHeCyBa Off
TI0JIa{HO KOH IIOTOILIO TeNI0, U ieKa e(pUKacHOCTa Ha MAIIMHATA 3aBUCH A TpBata napHa mMaluuHa Ha Bart, npukaxaHa Bo My3ejoT
off TeMIepaTypaTa Ha [lapeata 1 off TeMIepaTypaTa Ha KOHJeH3aTOPOT. Ha HaykuTe BO JIoHAOH, AHrnmja.

MPHUTHUCOK, Ta OTTYKa NMPOMAHOT W3JeTyBa of pe3epBoaport. Cera, ajme fa ro pasriefame
3aMICIICHIOT eKCIIePIMEHT NIPUKaXaH Ha cuKaTa 17.2a, Kajie ITo MOJEKyJINTe Ha IMPOMaH ce
BO JIEBHOT OAIIOH IIPH MPATHCOK Of 1 atm, a MOJIeKyInTe Ha KUCIOPOJ €€ BO IECHUOT GAIOH TIPH
MIeHTHYeH MPUTHCOK of 1 at. [la mpeTmocraBnMe fieKa YeroT IoMery iBaTa GaloH! € OTBOpPEH.
IlITo e ce cmyun? Vako He TIOCTOM pa3NUKa BO IPUTHICOIUTE, [BATa Taca Ke MOYHAT CIIOHTAHO
71a ce MelIaaT u HaOpry Ke ce BOCIOCTaBHM cOCTOjOa Kako OHaa NpuKaxkaHa Ha ciamkara 17.26.
Hue He 61 Mokene fa oueKyBaMe fieKa iBaTa raca Ke ce pasgBojaT CIIOHTaHO I IIOBTOPHO Ke ja
BOCITOCTaBAaT cOCTOj0aTa MpHKaskaHa Ha cimkara 17.2a. O6paTHHOT IpoIiec He € CIOHTaH, IITO
3HAYM fIeKa MPOIecOT Ha MeIlTarhe Ha J{BaTa raca € CIIOHTaH MpoIiec.

Cocema e jacHO JieKa NPOIECOT Ha Melllame Ha TaCcOBHTE HE € HATY er30TepMeH, HUTY
3HAYATETHO eHjoTepMeH. [IpH yCIoBITe ONMMIITAHN HA CITIKATA, TPOAHOT, KHCTIOPOOT 1 racHaTa
cMecaTa ce OHeCyBaaT IPAKTHYHO KaKo UJ[eaTHA TaCOBH, IPH MITO MHTEPMOJIEKYIapHUTE CHIH
ce TMIPaKTHYHO 3aHeMapnuBH. OUHTIIEHO € JleKa [TOCTO! HEKOj APYT (haKTop MTO OBO3MOXKYBA
OJIBEBAaIbE Ha OBOj IPOIIEC.

Toj apyr hakTOp € TepMOANHAMITYKATa BeIMUNHA HapeueHa eHiipolilja; Taa IMa MaTeMaTHd-
Ka MPUpOJia U TEIIKO € Jla ce COo3[jafie eHOCTaBHa (PM3WYKa CIMKA 3a Hea; HO MOXeOn Mal
ICTOpHjaT 3a Hea Ke IOMOTHe BO pazbupameTto. KoHrenTor 3a enTpomnuja 6mn passueH oy Cenn
Kapwo (Sadi Carnot) Bo TeKOT Ha IBaeCeTTHTE TO[MHI Ha IEBETHAECETTHOT BEK, CO BOBETYBAhE
MaTeMaTHYKa paBeHKa 3a IIpecMeTyBambe Ha MaKCAMAITHATa e(pUKaCHOCT Ha TOIUIMHCKATa MaIlIi-
Ha (Ha IpruMep, TapHAaTa MalinHa). Bo 0BOj HCTOpHCKY IOTTIe]] BP3 €HTPOIHjaTa, CTPYKTypaTa Ha
MaTepujaTa Ha MEKPOCKOIICKO HABO He HTpa HUKaKBa yiora. IHTepnpeTanujaTa Ha eHTpONHjaTa
Ha MOIIEKYJIapHO HIBO OWila HalpaBeHa HEKOJNKY ieKanu nogornHa oy Jlynsur Bommman (Ludwig AHnMauMja 32 Mewalbe Ha
Bolzmann).

Crnopen BonmmaH, py MeNIakbeTo Ha HCANHATE TaCOBH, 8KYIHAIA eHepZija Ha CHCTEMOT % racosure
ocTaHyBa HenpoMeHeTa. Ho co MelrameTo ce 3roieMyBa 6pojoT Ha MOXKHOCTH 3a paciipedenba Ha

'.'B Y <« CJIMKA 17.2 CnoHTaHO Mellakwe
('Y racoBu

&
- WL y
e @
‘8 @ * ] ﬁ 0 % (8 (6) Mcrure niBa raca mpuKaxaHu Kora

ﬁ . a CllaBUHaTa € OTBOPEHA. MOJICKyJ'II/ITe Ha
(a) (6) TaCOBUTE CIIOHTAHO CE MEIIaaT.

Y % (a) TTporan 1 KUCIOPOJ BO KOJIOU MOBP3aHH
CO 3ae/{HAYKA CIIABUHA.
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AKTMBHOCT noBp3aHa
- CO TepMOAMHAMUKa Ha

"7 pactBopame

» Cnuka 17.3 ®opmupame ugeaneH
pacTBOp

(a) Cmeca oy GeH3eH 1 TOJTYEH BO Koja
PasiIuYHUTE MOJIEKYJIN OCTaHyBaaT pa3gBOCHI
€ HeBO3MOXHa. (0) PopMupameTo Ha
PacTBOPUTE € TUKTUPAHO OJ] IpOMEHATa Ha
eHTpoIujara.

TPALLAHE: Kon gBe TeyHocTn bu

Aarne pesyrnrtar LUTO € OnuLlaH Kako
HeBO3MOXeH 3a BEH3EH 1 TOJTyeH.

eHeprujaTa BO paMKuTe Ha cucTeMoT. [TopacT Ha eHTponujaTa 3HauM pacnpefienda Ha eHeprujaTa
BO CHUCTEMOT IIpeKy rojieM Opoj MOXKHU eHepreTcku HuBoa. Ha mpumep, nmpu MemameTo Ha
racoBHTE Ha clmKaTa 17.2, 3roneMyBameTo Ha PaCONOXKINBHOT BOMTYMEH 32 MONIEKYIHUTE 3HAUH
IIOCTOEHE HA TONEM OPOj eHepreTcKu HIBoa (roeM 6poj MOXKHOCTH) IIPEKy KOu MOXe fia Oupe
pacmpejieieHa BKyITHATa €HEpruja Ha CUCTEMOT, IITO IpeU3BUKYBa OPACT HA €HTPONHUjaTa.
3a Xal, He € MOXKHO Jia ce co3aje (usmyka cluKa 3a oBaa pacrnpefienoa, UM 3a IHUPEHe Ha
eHeprujaTa BO paMKuTe Ha cucTeMoT. Of Apyra cTpaHa, IIOCTOjaT HEKOU OUUIIICHH CUTYalUU
IITO YKaKyBaaT Ha IPOMEHA Ha CHTPOINKjaTa, KOUIITO Ke OMjjaT HaCKOpo pasriiefiaHu (CTpaHuna
719).

Ymire of BpemeTo Ha Bomiman, HayununuTe 3a6enesxkane feka pacnpefendara Ha eHeprujaTa
BO CHCTEMOT U 3rOJIEMyBameTO Ha EHTPOIHjaTa ce MOBP3aHU CO MOrOJIEMO HUBO Ha (DU3HUKU
Hepef, IorojieMa paceaHocT, Ha MEKPOCKOINCKO HuBo. Ha mpumep, MoxKHOCTa 3a pacnpefienta
Ha eHeprujaTa BO CUCTEMOT, KaKO U CTEMEHOT Ha HEepejl, ce 3roJieMyBaaT Kora MOJIEKYIUTe ce
HopaceaHy, KOra IMa MOXHOCT 3a IIOTOJIeM BHJ| BHATPELIHU Pa3IUyHU ABUXKEHA, KOra IMa
MO3KHOCT 32 AHUCOLHjalyja BO MOMAJIN MOJIEKYJIU WU Ha OAfEIHM aToMu UTH. Pu3uukara
NpeTcTaBa 3a eHTPOMNujaTa oONeHa MpeKy CTENeHOT Ha Hepef € locTa rpyba, HO MOHEKOoTalll €
KOpHCHA 32 IPUKAXKyBame Ha IpoMeHaTa Ha eHTponujata. Ho fa 3amoMHuMe, Hako HOpacToT
Ha HepeJl BO CHCTEMOT MOXKE Jla € TIPOCTIENIeH cO MOpacT Ha eHTPONHjaTa, cenak, BUCTHHCKOTO
3HaueHe Ha EHTPOMNHjaTa € MOBP3aHO cO GPOJjOT Ha PACMONOXKHUBI EHEPreTCKH HIUBOA H CO
MOXKHOCTA THE fia GuAaT MCKOPHUCTEHN 3a pacrpefies6a Ha eHeprujaTa BO CUCTEMOT.

Bo 0B0j MOMEHT MoOKe [la 3aKiIyduMe AeKa UMa [Be IPUPOAHU TEH[CHIUH IITO I'H
OBO3MOXKYBaaT CIOHTaHUTE MPOLECH: TeHACHIUjaTa Ha CHCTEMOT fla IOCTUTHE IOHUCKA eHeprija
1 TeHJIEHIMjaTa eHeprijaTa Ha CUCTEMOT Jia Oujle pacmpefienieHa BO MoroneM 6poj eHepreTcKu
HuBoa. Criopef oBa, pM MpolieHaTa aly MpoMeHaTa Ke Oujie ClIoHTaHa, Tpeba ia OiroBopuMe
Ha JIBe Ipalllama:

o Jlanu eHTamuUjaTa Ha CUCTEMOT pacTe UM onara, i BO KOJIKaBa Mepa?
o Jlanu eHTponMjaTa Ha CUCTEMOT pacTe WY omara, 1 BO KOJIKaBa Mepa?

Kora Bo efien mporiec onafa eHeprujata i pacTe eHTpOIujaTa, JECHO MOXKeE fia ce TIPEABIAH AeKa
TIPOIIECOT € CMOHTAH. []a To pasriejame peTBopameTo Ha 030H (O,) Bo o6udeH kucnopop (O,):

20; —> 30, AH = —285K]

PeakiujaTa e ersorepMHa, 0BO3MOXKYBajK! peakiyjaTa ia ogu HajecHo. Mcro taka pacre u
EHTPOIHKjaTa co OfIBUBAE Ha PeaKijaTa KOH iecHaTa ctpaHa. CucTeM off 6 KHCTIOPOJHN aTOMU
OpraHu3MpaHu BO TpU MoJieKkym O,, uMa norosieM 6poj pacnosioK1BH €HEPTETCKA HUBOA MPEKY
KOM MOYKE J1a Ce pacnpefieNil eHeprujaTa, OTKOIKY CHCTEMOT Off 6 aTOMU OpraHU3HpaH Bo e O,
Mounekyiu. Criopey| Toa, mpeABUyBaMe JieKa OfIBHBAKETO Ha PeakijdjaTa KOH JieCHaTa CTpaHa ¢
CIIOHTaH IpoIiec.

Bo Hekou cyuan mpoMeHaTa caMo Ha €HTaJIIHjaTa, WK, Iak, IPOMEHaTa caMo Ha CHTPOIIH]ja-
Ta € He3HAUUTelHa, Ia BTOPUOT (haKTOp cTaHyBa OfiTyuyBauku. Kako npuMep MoxKe 1a MociysKu

Tonyen (CH,CH,)

Heo3moxken
pesyarar

PactBop
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¢opMEpameTo uaeaneH pacTBop off OeH3eH U TONYeH, puKaskaH Ha cnukarta 17.3. [IpomenaTa Ha
enrannujata e AH =~ 0, GuaejKu He ce OjBUBA HUKAKBa XeMUCKa PeakInja, 1 MefyMOJeKyIapHUTe
CUITH BO PacTBOPOT Ce €HAKBYU CO OHME BO IPBOOMTHHUTE TeUHOCTH. buejku npomMeHaTa Ha eH-
TallNyjaTa € He3HaUNTeHa, IPOMEHaTa Ha eHTPOIIjaTa ja ompefeyBa HacokaTa Ha CIIOHTaHHOT
nporec. Bo ycinosu npukaxkanu Ha ciukaTa 17.3a, kora iBaTa BUfia MOJIEKYJIH C€ pa3ABOEHH, ITOC-
TOjaT oMaJs Opoj eHepreTCKU HIBOA 3a pacipeyienoa Ha eHeprujaTa Ha CUCTEMOT, OTKOJIKY KOTa
€ PacTBOPOT ILITO € NMpUKaXKaH Ha caukara 17.36. MemameTo Ha TEYHOCTUTE U (DOPMUPABETO
PacTBOP Ce CIOHTAHN, CIMIHO KaKO MPETXORHO Pas3riefaHoToO Mellahe Ha HeaTHUTe TaCOBU.

Ho Bo MHOTY cnyyau fBaTa (hakTopu BiMjaaT CIPOTHBHO efieH Ha Apyr. OgHOCHO, "
eHTaIINKjaTa i eHTPOINjaTa MOXKe fia onaraar, WiId 3aeHO Jia ce 3rojeMyBaaT. Bo TakBu ciyuan
Tpeba fa onpefenuMe Koj (pakTop HajiBIaAyBa.

Entponuja

Hocera ro pasriefaBMe OMIITHOT KOHLENT 3a €HTPOIHUjaTa, HO Cera Jja ce 3aip:KIMe MalIKy
nofieTanHo Ha Hero. Hajupso fa nmosTopume, enTponuja (S) € TEpMOAUHAMHUUYKO CBOjCTBO
IOBP3aHO CO HAYUHOT Ha KOj €HeprujaTa Ha CUCTEMOT € paclipefie/ieHa BO EeHEpreTCKUTE HIBOA
HITO CE HA PACIOJIarambe BO CUCTEMOT:

Koaky witio e iioZoaem 6pojoili Ha KOHGUZYpayuu Ha MUKPOCKOUCKUIe Yecliuyu
(aitiomu, joHu, MONEKYAU) ULILO 0B03MONCYBAAT 1102 01eM OPO] PA3AUYHU eHepZ elliCKU HUB0A
60 00pedeHa cocitiojoa Ha CUCitieMolll, OAKY e H0Z0AeMa eHIPONUjaitia Ha CUCTHLeMOTL.

Ja ce noTcetmMe fieKa i eHTannmjaTa (H) n mpomenara Ha eHranmmjata (AH) ce pyrkyuu na
cocitiojoaiia va cucremor (I'maBa 6). HaGpry Ke mokaskeMe Jieka 1 eHTpommjaTa e (hyHKIHja Ha
cocTojbarta Ha cucTeMOT. OJHOCHO, EHTPOIKjaTa IMa eJUHCTBEHA BPEHOCT 32 OLPEENIEH COCTaB
Ha CUCTEMOT U OllpefieJieHa TeMIepaTypa i IpUTUCOK. MIcTo Taka, pa3nukara BO eHTpOIHjaTa
noMery Be cocTojOu, OMHOCHO MPOMeHaTa Ha eHTponujara (AS), IMa TOYHO ONpefeNeHa
BPEJHOCT.

3abenexaBMe ieka eHTponujaTa pacte Ipu (hOPMUPABETO HeaNeH pacTBOP IPHUKaXKaH
Ha ciaukaTa 17.3. ITopacToT Ha eHTponujaTa pu (hOPMUPABETO UAEANEH PACTBOP MOXKE fla ce
IpHKaxe CO U3pasorT

AS=S [Saqy + Se] >0

Kajie mTo S,,ix € EHTPOIIHja HA PACTBOPOT, S, € EHTPOIHja Ha PacTBOpyBaoT A u S e enTponu-
ja Ha pacTBOpeHHKOT B. [Ipyr mpuMep 3a mopacT Ha eHTPOIHKjaTa e UCIApyBambeTO Ha BOJATA,
HpHUKaXkaHo Ha ciaukara 17.4.

ITpu mpoueHara Ha IpOMEHATa Ha €HTPOIHjaTa, pas3riefaj Tu ciaefHuBe (axkropu. Ommro,
EHTpOIIHjaTa pacTe Kora

mixt

e IlBpcra cyncranuyja ce Tonu u (popMupa TEUHOCT.
e Kora uBpcra i TeyHa CyICTaHIUja UCIIapyBaaT BO FaCOBUTA CYIICTAHIHja.

e Kora uBpcra uny Te4Ha cylcTaHlyja ce pacTBopaar, IIpu ITo ce (hopMUpa pacTBOp IUTO
HE € eNIEKTPOJIUT.

e XeMucKa peaklyja Ipy Koja ce 1o0uBat morojueM 6poj MOJIEKYIHU Ha 2dCO6U.
o Ilpu 3arpeBame CyNCTaHIUMU.

IToronema
eHTponuja

ITomana
EHTpoIHja

o KoHuenTt 3a eHtponuja 719

Cumynaumja 3a npoMeHa Ha
= cocToj6ara
-y

<« Cnuka 17.4. TlopacT Ha eHTponujaTa
npu ucnapyBate Ha Boaara.

Ciikara ro MoKaxyBa HCIapyBambeTo Ha
Boftata. Ha MakpOCKOIICKO HIBO Ce UMHH jieKa
HUIITO He ce cirydyBa. Ho Ha MHKPOCKOICKO
HUBO CHTE MOJICKYJIH CE BO JIBIDKEH:E, IIPH IITO
MOJIEKYJIITE Ce 3HAUNTEIHO IOOfalIeYeHH BO
racHa (pa3a (IOrojeMa eHTPOIIHja), OTKOIKY
BO TeyHa hasa (IoMana eHTpoImja).

MPALIAHE: Kora ce o4ekyBa roronema
npomeHa Ha eHTpornujaTa; npu
cybriumaymja Ha egeH Mo Mpas, Uim
npu mcrapyBare Ha egeH Mof TeYHa
Boga?
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Jla 3a6enexume AeKa BO OCTIEHIOT CIIOMHAT CIIy4aj - IOpacT Ha eHTPOINKjaTa co 3rolieMyBa-
e Ha TeMIepaTypara - HeMa KopeJaIyja co ujejaTa ieka co mopacT Ha TeMiepaTypaTa pacTe
HepeyloT, WK paceaHocTa Bo cucTeMoT. Kora ompefieieHo KOJINYECTBO rac ce 3arpesa Mmpu
KOHCTaHTEH BOJYMEH, MPOCTOpHATa pacrpefenta Ha MONEKYIUTe Ha TacoT He ce OfTINKYBa cO
ToroieMa paceaHocT Ha MOJIEKYIIHTe OTKONKY IPH TTOHKCKa TeMiepaTypa. MefyToa, co mopacT
Ha TeMIepaTypaTa pacTe eHeprijaTa Ha racoT, a lapaleTHO cO Toa ffoafa 10 3Ha4UTeNeH mopacT
Ha OpojOT Ha eHePreTCKU HUBOA IIPEKY KOM MOXKE Jla Ce paclpejiesyBa eHeprujata Ha CUCTEMOT
-OJHOCHO pacTe eHTPOIHjaTa.

NMPUMEP 17.2

[MpenBuau Kora goara o MopacT WK o onafame Ha eHTPONKjaTa Ha CUcTeMOT. JIOKOIKY He
MO3Ke J1a ce JIajie jaceH OfiroBOp, 00jacHH 30LITO.

(a) CuHTe3a Ha aMOHHjaK:
Na(g) + 3 Ha(g) — 2 NH;(g)

(6) IIpuroTByBame pacTBOp Of CyKpo3a:

Hy0)
CpH504(s) ———— C|pH0q4(aq)

(8) Mcnapysame 1o fo6uBam-ea BPCTa CyncTaHnuja Ha pactsop ofi ypea, CO(NH,),, Bo Bopa:

CO(NH;)x(aq) ——> CO(NHy)(s)

PELLEHUE

(a) Yetnmpn MolTa raCOBHTH PEaKTAHTH JlaBaaT jBa MOJIa TACOBHT POAYKT. Buyiejku peakumjata
IIpeU3BUKYBa HAMAIlyBare Ha OpOjOT Ha MOJIEKYJIN Ha TacoT, IPe/IBUyBaMe onarame Ha
EHTpOIHjaTa.

(6) Bo mBpcra cocToj6a, MONEKYJIATE Ha CYKpo3aTa ce MPaBHUIHO MOAPECHN BO KPHCTAIIOT,
JojieKa BO PaCTBOPOT THE Ce INCIEPIUPAH 1 3HAUNTETHO OfiflaNedeHn. BpojoT Ha MOKHN
SHepreTCKN HIBOA 3a pacmpefienita Ha eHeprijaTa pacTe, a co Toa MOXKe Jia ce IPe/IBHN I
TIOpAcT Ha EHTPOIIHjaTa.

(8) Kpucrammsanujata Ha ypea off pacTBOp ¢ 0OpaTeH Ipolec off OHoj onuimaH 1of (6),
IITO yKaxyBa Ha omarame Ha eHTpommjata. Ho, HCTOBpeMeHO, PN NCIapyBamkeTo Ha
BOJlaTa, TEYHOCTA Ce MPETBOPA BO rac, IMTO YKaxkyBa Ha MOPACT Ha eHTPONHjaTa (TOTCeTH
ce Ha mpuMepoT 17.4). Be3 gomonHuTENHE WH(OPMAINH, He MOXEMe fa KakeMe Jjain
SHTpONTjaTa Ha CHCTEMOT NOpACHaNa WIN O HaNA.

BEXBA 17.2A

TpenBuju [asm cIeHABE MPOIECH BOAAT 10 TIOPACT MITH IO ONafare Ha eHTpoIujaTa. [JOKOJIKy
He MOXe Jla Ce 1ajie jaceH OAroBop, 06jacHH 30IITO.

(a) NHs(g) + HCl(g) — NH4CI(s)

(0) 2 KClO5(s) — 2 KCI(s) + 3 Oy(g)

(B) CO(g) + HyO(g) — CO,(g) -+ Hy(g)

BEXBA 17.2b

Bo curyanujaTa npukaxaHsa Ha ciukaTa 17.4, TpancopManujata Ha Te4HaTa BOJa BO TaCOBUTA
€ IpocliefieHa co opacT Ha enTponyjaTa. OGjacHH 3011TO TEUHATA BOA LIEJOCHO He ce TpaHCchop-
MHpa BO FaCOBUTA.

[Tonekorai vu € moTpeGHA K6aHILIUIlIAii6HA BPETHOCT 3a IIPOMEHATA Ha EHTpOIjaTa. 3a Aa
ja ompenennuMe BpeHOCTa, MOTPEOHO € /1a ja JOBEeIeMe BO pelalyja IpoMeHaTa Ha eHTpOonnjaTa
(AS) co KONUYECTBOTO TONIMHA, (, , IITO HA PeBEP3UOUIIEH HAYMH CE Pa3MEHUIA IIOMely cucTe-
MOT 1 HETOBaTa OKOJIMHA, ¥ allCOJTyTHATA TeMIeparypa, T:

Arev
T

AS = (17.1)

I'ro moxpasoupame nmop m3pasor (,,,? Kako mro cnomuaeme Ha crpannia 221, AU u AH ce
(pynkumm Ha cocTojbaTa Ha CHCTEMOT, HO ( 1 W He ce. 3a AS fa Oue ¢yHKIMja Ha cocTojOaTa,
Mopa jia TO Oompefie]nMe HaUMHOT Ha IIPOMEHaTa, a Ha ( Aa ¥ 3ajageMe TOUHO OlpeieseHa
BpenHoct. [IpoMenaTa Mopa fia Oupie pegepaubu.nen nporec. PeBep3uOuiieH mpolec He € HUIITO
MoBeKe OTKOJIKY GeCKpajHO Majlo OTKJIOHYBame Off paMHOTeXHaTa coctojoa. OgHOCHO, Toa €



17.3

— KoHn Bakyym ~_ | —— KoH Bakyym

Tac

!
3
?

(a) )

A CJIMKA 17.5 MMpubnuxHo peBep3nbuneH npouec

PeBep3ubunen mporec Moke fia ce O{BUBa BO CIPOTUBHATA HACOKA cO OECKPajHO Mala
MPOMEHa Ha HeKOja Bapujabia Ha CHCTEMOT. (a) PaMHOTEKeH cicTeM LITO ce COCTOM Off

rac BO IMJIMHAAP, 3aTBOPEH CO MOABMKEH KIIMII BP3 KOj € UCTYPEHO OIPENICHO KOIMYECTBO
necok. (0) [1pu oTcTpaHyBatbe 3pHa Off IECOKOT floafa 10 MHOTY GaBHO MOJNTakbe Ha KIUIOT
Topaji eKcan3yja Ha racoT. [Ipu Bpakame Ha 3pHATa MECOK BP3 KIHIOT, ABIXKEHETO Ha
KJIUIOT Ke ja MPOMEHH CBOjaTa Hacoka. Bo peaiHocTa, IpoLecoT He e coceMa peBep3nOuiIeH
OupiejKn 3pHATa MEeCOK MMaart oIpefielieHa, a He 6ecKpajHo Maja Maca.

MPOIIEC IMITO MOXKeE Ja ja TPTHE BO 0OpaTHATa HACOKA MpH OECKPajHO Majia IPOMEHA Ha HeKOja Off
BapujabmuTe. 3a peBep3uOMIIHA pa3MeHa Ha TOIUINHA, Tpeba fja mocTon OecKpajHo Majia pa3inKa
BO TeMIIepaTypara IoMery CHCTEMOT M HeroBaTa OKOJIMHA. MOXKeOu € MOJIECHO fla ce 3aMHCIH
IpoIec MITO € MpUKaXkaH Ha ciaukaTa 17.5 Bo Koj paboTaTa ce n3BefyBa peBep3uOmnIHO.

Bo pasenkata AS = /T, iupeKkTHaTa BpcKa momery AS u g, MOXe Jla ce 00jacHU 3eMajKu
IpeBUJ eKa 3arpeBameTo Ha CYICTAHIUjaTa MPEAN3BUKYBa MOPACT Ha aTOMCKHTE M Ha
MOJIEKYJICKUTE ABIKEHA. 3TOJEMEHUTE IBIKEHa TO 3rojieMyBaaT 6pojoT Ha PaclONIOXKINBI
€HepreTCKH HUBOA BO CHCTEMOT IPEKY KOM MOXKe Jia ce paclpefiesyBa eHeprujaTa, ma oTTyka
pacre u earponmjata. OBa TBpfiee € TOYHO, 63 00SHP 1A CYIICTAaHIU]aTa € [BPCTA, TeTHA WITN
racoBuTa. 3rolIeMEeHNOT OPOj €HePreTCKH HIBOA 3aBHUCAT Off KOMMUYECTBOTO TOIUIMHA, A OTTYKa
AS € IMPeKTHONPONOPIMOHAIHA Ha (.

Bpckata momery AS u KenBunoBata temnepatypa K e 06paTHONIpONOpIOHATHA, KaKO
pe3yaTat Ha (paKTOT IITO IIOPACTOT HAa OPOjOT Ha €HEPreTCKHM HIBOA CO TEMIIEPATypaTa € MorolieM
IpHU MOHKCKA OTKOJIKY MpH IOBHCOKa Temneparypa.Taka, mpu aTcopniuja Ha ONpeeeHo
KOJMYECTBO TOIUIMHA Off CTPaHa Ha IBPCTA CYINCTAHIMja IITO € Ha IOHUCKA TeMIeparypa
IPEAN3BUKYBA IIOTOJIEMO 3roJIeMyBambhe Ha OPOjOT Ha €HEPreTCKU HUBOA, OTKOJIKY KOTa HCTOTO
KOJIMYECTBO TOIUINHA 0N OWMII0 aTcOpOMpaHo Of rac IITO € Ha MOBUCcoKa TeMnepaTtypa. Cnukara
17.6 mpukaxkyBa efHa aHAJIOTHA CUTYyalyja, KOja M € TI03HaTa Ha MHOTY Jyfe.

IIpomenaTa Ha enTanmujaTa npu pa3HO MPETBOpAbE HA CYICTAHIMjaTa, IPH HEKOja Ompe-
fleleHa paMHOTEKHA TeMIepaTypa, € TOUYHO ONpefieneHa BpegHocT. OBaa MpoMeHa Ha eHTal-
njaTa € eHaKBa Ha (|, IITO HA € MOTpeOHa 3a MPECMETYBarbe Ha IPOMEHATa Ha CHTaIHjaTa
3a mporecoT Ha (a3Ho mpeTBopame. Ha mpumep, TonemeTo Ha Mpa3oT npu 273 K moxe fa ce
IpHKaXxe co paBeHKaTa

H,0(s) == H,0() AH,., =601kI AS,. =2

dysnja pysnja
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* o 3.‘,
MmN Y
A CJTUKA 17.6 Ananoruja 3a

3aBUCHOCTa NoMefy NpoMeHaTa Ha
eHTponujaTa u Temneparypara

AHanozuja co cocitiojba tipu HUcKa
uwiemiiepauiypa: Ipu HUCKA TEMIIEpATypa,
OpojoT Ha PACIONIOKIBY EHEPTETCKI HIBOA Ha
CHCTEM Of YECTHI € OTPaHNYeH, U HajroJIeM
Jled1 off HUB BeKe ce 3acatenu. [JemymMHIOT
NOpAcT Ha TeMIepaTypara Mpen3BIKyBa
3HAQUUTEITHO 3roNeMyBae Ha OPOjOT Ha
3acpaTeHn eHepreTcku HuBoa. OBaa cutyanuja
€ CIIMYHA CO CynepMapKeT Kajie ITO NONHUIUTe
ce 106po ypenienn 1 3acaTeHn. 3emjoTpec

ont 5,0 crenenn no Puxteposara ckana 6u
Npeu3BUKAJl 3HAYUTETHO HUBO HA HEPE]] BO
cynepmapkeToT. Bo cymTiHa, 3emjotpecor
OBO3MOXKHUJI MHOT'Y HOBHU PACIIOJIOKITUBI
€HEepreTCKN HUBOA, PaclpefienyBajKu ja
€Heprujata Ha CHCTEMOT MPEeKy MHOTY HOBH
€ocT0jOu (Iopact Ha eHTponujata). Anasozuja
co cocitiojoa fipu 8UCOKA iliemilepailypa:

TIpU BHCOKA TEMIIEpaTypa, 6pojoT Ha
PACIIONOXINBY EHEPIEeTCKH HUBOA 33 CHCTEM
OJ] YECTHIH € TOJIEM, i MaJIOTO 3rOJIeMyBatbe
Ha TeMIepaTypaTa pen3BIKyBa MoMano
3rojieMyBame Ha OpojoT Ha 3aaTeHn
€HEPreTCKH HIBOA, OTKOJIKY COOJIBETHOTO
3roemMyBame Ha 3aaTeHn HIBOA IPH
WJICHTHYEH TEMIEPATYPEeH MOpacT, HO
TPrHyBajKu Off TTOHHUCKA TeMIepaTypa.

OBa e aHaJIOTHO, KOTa CyNnepMapKeToT Ou

ro 3athaTuI yuiTe eficH, BTOp MOTpec off 5
creneHn no Puxrepoara ckasna: HOBHOT
noTpec 61 MpeAN3BIKA CaMO MaJjl MOPAcT Ha
HEPEJoT, KOj BeKe O CO3/1ajieH pH MPBUOT
norpec.
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A CITUKA 17.7 EHTponuja kako hyHKUMja o TeMnepaTypara

I'pacpuuku npukas na enTponujaTa Ha Boopof, H,, u merunxnopup, CH,CI, kako dynkuuja on remneparypata, 3a Temnepatypu o 0 K o 300 K. Ipukaskanu ce
MosapHu BenmuunHu. [Tpukaxanu ce azute NPUCYTHH IPU pa3nuyHa Temneparypa. [Jeaosure of BepTHKATHUTE TMHIN O3Ha4YeHH co (S) + (1) Ha cexoj rpacuk ro
MPUKaXyBaaT MPOLECOT Ha TONEbe, a TnHuUTe 03Ha4eHH co (1) + (g) ro 03HaUyBaaT MPOLECOT Ha HCIApyBake.

MPALLIAKE: 3o1uto € MonapHaTa eHTponuja Ha METUIXIIopUA noronema o4 oHaa Ha BOAOpoAoT npy Temnepatypa o4 okony 175 K go 250 K.

% Cumynaumja Ha [ToToa moxke f1a ja mpecMeTamMe MpoOMEHaTa Ha eHTponujaTa, AS pyanja? HA CTICTHIOB HAYMH:
i TemnepaTypHarTa 3aBUCHOCT
% . AH gia 6.01 kJ _ -
Ha eHTpONMjaTa ASppyy = Tev — Sl _ = 0.0220 KJK ' = 22.0JK™!
T T 273 K

Bo oBaa npecmeTka, eJUHULUTE 32 IIPOMEHA HAa €HTpOINjaTa ce eAUHUIN 3a €HEpruja
NOJIeTIeHH cO eiHnIM 3a Temnepatypa: k K unn J K.

Hackopo Ke ja HCKOpHCTHME €HTpONUjaTa 3a Ae(hUHUpPabe Ha BTOPUOT 3aKOH Ha Tep-
MOJMHAMUKATa, KOj K& HU IOHY/[1 KPUTEPUYMIU 32 OIPEIe/yBatbe Ha CIIOHTAHOCTA Ha IIPOLIECUTE.
Ho HajnpBo fa ru npoyunMe IpecMETKUTE 3a EHTPOIMjaTa U Hej3uHaTa IPOMEHa.

Cranpapanu MoOJIapHH EHTPONINH

AHV”V.'a'-lV'ja Bubpaumu Ha IToBp3yBajku ja eHTponujaTa co OPOjOT HAa EHEPreTCKM HUBOA MPEKy KO MOXKe fia Ouje
kenujarta

P pachpejieieHa eHeprujaTa Ha CUCTEMOT, MOXe Jla Ce 3aMHCIIU CUTYyallija BO KOja eHeprujarta
Ha CHCTEMOT ce Haofa caMO BO €JHO €IMHCTBEHO €HEPreTCKO HUBO, 6€3 MOXKHOCT 32 Hej3uHa
pacnpenienta. Taa 3amucnena cocrojo6a 6u uMana Hyia entpomnuja. [Ipumep 3a Toa 6u Guma
kpucranHa cyncranuuja npu 0 K, kora npecranyBaaT aTOMCKUTE W MOJICKYJICKUTE JIBIKEHA.
TpeTnoT 3aK0H Ha TEPMOAMHAMHKATA MOKe Jla ce (DOPMYJIHpa Ha CIICHUOB HAUMH:

70

Enitipotiujaitia Ha yuc, udeaser Kpuciian moxce 0a ce cmeitia 3a Hyaa iipu 0 K.

MoTceTeTe ce fieka co BHaTpellHaTa TpeTnoT 3aKOH Ha TepMOAMHAMUKATA MOXKE a ce MCKOPUCTH 3a MPeCcMeTyBambe Ha EHTPO-
€eHeprija 1 eHTannujata He cme BO njaTa Bp3 OCHOBA Ha eKcrnepuMeHTanHn nofatonu. [lounyBajkn o TeMnepaTtypa MHOTY OJIHCKa
MOXHOCT Ai@ Onepypame Co ancoryTHi no 0 K, TorymHa GaBHO ce joflaBa KOH CyTICTaHI[UjaTa M ce MEPH MOPACTOT Ha TEMIlepaTypara.
22§ﬁ:§f2)qroocﬁw;iaup; (Ztglmme et co ITpomenaTa Ha EHTPOINHjaTa Ce MEPH BO OJIfICITHA MHEKPUMEHTH CIIOpef u3pa3oT AS =q, /T. bupiejku
’ enrponujaTa npu 0 K e Hyna, Kora Ke ce codepat cuTe IHKPUMEHTH 3a TPOMEHaTa Ha €HTpOIujaTa
ce o0uBa aiicoayiliHailla eHTPONH]ja.

Cnukata 17.7 ja mpukaxkyBa eHTponujaTa Kako pyHKImja o KeaBuHoBaTa TemMnepatypa 3a
JIBE CYNICTaHINH, BOJOPOJ 1 MeTHIXIOpHA. CeKoj rpachik IMa HEKOJIKY HHTEPECHH KapaKTepuc-
Tuku. [TocTon ocrap CKOK Ha EHTPOIHjaTa pH TOYKaTa Ha Tonewe [03HaueHa Kako (S) + (1) 3a
fBata rpadpuuu], ¥ AypH yIITE MOOCTap CKOK MPH TOYKAaTa Ha Bpuewe [o3HaueHa kako (1) + (g)].
IToctou rosemM nopacT Ha pacoIOXKINBATE EHEPreTCKU HIBOA CEKOTalll KOora IIBpCTa CyICTaHIja

ce peTBOpa BO TeUHa, M AyPH YIITE MOTroJIeM OpacT Kora TeYHOCT ce MPEeTBOpa BO rac.
Cnopepysajku ru CH,CI (g) n H,(g) mpu 298 K, refjame ieKa €HTpOMHjaTa Ha METHIIXTOPUIOT
€ MHOTY TTorojieMa OTKOJIKY Ha BOTOpofoT. BakeH hakTop 3a mojaByBame Ha 0Baa pasinka BO



aKO KOHIIENITOT 32 eHTPOIMjaTa Ce OJJHECYBa 32 MUKPOCKOIICKHOT
CBET Ha aTOMHUTE, MOJIEKYJIUTE U jOHUTE, IOCTOU aHAJIOTH]ja BO
MaKpOCKOIICKHOT CBET, KOja MOXKe Ja HU IIOMOTHE 3a Jia ja
pazbepeMe cymTHHaTa. BO MEKPOCKOICKMOT CBET HEKOHM COCTOjOH
ce TIOBEPOjaTHH, IIOCTOH IIOroJieMa MOXKHOCT Ja OHfaT IOCTUTHATH,
a HEKOH JIpYTH COCTOjOM ce MOMAIKy BepojaTHH. BepojaTHocTa urpa
TJ1aBHA yJIora BO MUKPOCKOIICKHOT CBET BO IIOCTUTHYBAKETO HA HeKOja
cocrojoa.
3a mycrpanyja, 1a ro pasriefame AenemheTo Ha YeTHPH KapTH 3a
urpame. 3a ceKoja KapTa ocTojaT ABE MOKHOCTH - fja Oujie 3aBpTeHa
CO JIMKOT WJIX CO OAUMHATA, ¥ OPOjOT Ha MOXKHHU COCTOjOH 32 UETHPH
KapTu e 2* = 16. OBue 16 MOXKHOCTH ce IPUKAKaH! Ha CIUKATa U ce
TIOfIETIEHN BO NIET KaTeTOPUH:

(a) cure KapTH ce 3aBPTEHM CO JIMKOT HArope

(6) Tpu KapTH ce 3aBPTEHH CO JIMKOT, a efHA € CO ONIAYNHATA
(B) ABE KapTH ce 3aBPTEHH CO JIMKOT, a /IBE CO ONaYnHaTa

(r) enHa KapTa e 3aBPTEHH CO JIMKOT, a TPH CO ONavYMHATa

() cuTe KapTH ce 3aBPTEHH CO OMaYMHATA

Op cukara riefjame jeka BepojaTHOCTa KapTuTe fa OufaT BO
cocroj6a (a) u cocrojoa (1) e 1/16. OBue Be cOCTOjOM Ce CO HajBIIC-
oK pef1. BepojaTHocra 3a cocroj6ata (6) e 4/16, a KCTOTO Baku
3a cocrojbata (T). BepojaTHocra 3a cocrojbara (B) € Hajrojiema u
m3HecyBa 6/16. OTTyka, 61 0ueKkyBaje oBaa cocToj0a a ja CpeTHeMe
HajuecTo Npu rojieM 6poj 0OuM Ha JIeIeHhe Ha KapTUTe.

InoHepuTe BO pa3BojoT HA TEPMOAMHAMUKATA IO PA3BHIE KOH-
IENTOT Ha EHTpONMjaTa 0e3 J1a BOAT CMETKa 3a CTPYKTypara Ha
MaTrepujara - HeKOH IypH M He BEepyBaje BO MOCTOCHETO HA aTOMH.
Jypsur Bonuman (Ludwig Bolzmann) (1844-1906) nps ja mpomoBupai
ujiejata ieka CBOjCTBaTa BO TEPMOJIMHAMUKATA IITO Ce MAHU(ECTUpAAT
Ha MaKpOCKOIICKO HUBO C€ MUKTUPAHU O] 3aKOHUTE Ha MEXaHUKaTa
1 O] 3aKOHUTEC Ha BCpOjaTHOCTa NPUMEHETU Ha aTOMU U MOJICKYJIN.
Ha kpajoT, Toj U3Bel paBeHKa LITO TH NOBP3YyBa €HTPONHUjaTa
BEpOjaTHOCTA:

S=kInW
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EHTponuja u BepojaTHOCT

Bo oBoj u3pa3 S e enTponuja Ha ofpefieHa coctojoa, a W e 6poj
Ha pas3IMyHK KOH(MUrypaluy Ha MUKPOCKOICKHUTE YECTHIHU BO Taa
cocToj0a, KOU ce KapaKTepu3upaar co ucra eHepruja. Koncranrara Ha
IPOIOPLIOHANHOCT, K, HapeyeHa bomManoBa KOHCTaHTa, € eJHAKBA
Ha R/N,, OTHOCHO Ha OfHOCOT MOMely racHaTa U ABOTajpoBarTa
KOHCTAHTA.

AKo ja npumeHnMe boimaHoBaTa paBeHKa Bp3 CUCTEMOT CO
KapTH, Ke TH JJo0neMe CIIeIHABE Pe3yJTaTi. 3a cocTojouTe mo (a) u
(e) mocrou camo efHa MokHa KoH(urypamuja, W =1,In1=0,u S =
0.Cocrojoute (a) u (€) ce coBpIIeH pef, Ma HuBHAaTa eHTponHja ¢ 0.
3a cocrojoute (6) u (T) MOCTOjaT YETUPH PATHIHE KOH(UTYPAIHAH,
1 eHTpormjata e npornopuronanna xa In 4 (1,39). 3a cocrojbara (B)
II0CTOjaT LIECT MOKHOCTH, U €HTPOIHjaTa € MPONOpUIOHANHA Ha In
6 (1,79). 3Haum, KOJIKY € MOroeM OpojoT Ha MOXKHI KOH(UTYpALIHH,
TOIIKY € IIOr0JIeMa eHTPOIHjaTa.

HUcro Taka, fa 3abenexume feka bonmmanoBaTa paBeHKa mpef-
BHJIyBa JieKa EHTpOIHMjaTa Ha 4ucT upeanen kpucran npu 0 K tpeda
na Gupe Hyna; Bo TakBa cocrojoa W = 1. Cnopep Toa, BonmaHnoBaTa
paBeHKa € KOH3UCTEHTHA CO TPETHOT 3aKOH HA TePMOANHAMHKATA.

(a) (Y]l (€
@ Va0 GO FONE ela ()
@ W0 @0 O0a @00 (e Oea0e)
(x) 000x 0040 0«00 @000 4)
&) 0000 @)

A 16 MOXHM cocTOjoM co 4 KapTu 3a Urpame.

YeTnpu kapTu 3a urpame - cpue, pomo, NUcT 1 AeTenvHa - ce
dpreHun Ha nog. KapTute moxe ga nagHaT Ha NMoAoT CO JIMKOT Unun
CO onayvuHata. bpojoT Ha MOXHW KOHGUrypauum 3a cekoja ogaenHa
cocToj6a e AafeH AecHo, BO 3arpaga.

EHTpOIMjaTa € pa3nuKaTa Bo MonekyickaTa crpykrypa: CH,Cl uma ner atomu, fofieka H, uma
nBa atomu. [TeTTe aTomu Ha CH3C| “MaaT MHOTY NTOBEKe HAUMHU Ha IBUKEH-E eTHU BO OAHOC Ha
JIPYTH - OBeKe BUOPALMOHK MOJIOBH - OTKOJIKY IBaTa aToMH BO H,. KosiKy mTo mocrojat noseke
HAYMHY 32 ancopOupame Ha eHepruja, TOIKY € MorojeM 6pojoT Ha €HePreTCKH HUBOA IPEKy KOH
MOZKe Jla ce paclpeyieyBa eHeprujara, a co Toa i eHTpoInyjaTa e norojeMa. Bp3 ocHoBa Ha oBue
CO3HaHMja MOXKe Jla ce TeHepaan3upa cieHaBa 0cOOMHA 3a eHTpONHUjaTa ! Jja ce Aofajie KOH
nUcTaTa Ha OCOOMHYU HaBeJieHu Ha cTpaHuia 719:

Bo oiiwiti cayuaj, koaxy witio e iiozoaem 6pojoill Ha AMIOMU 80 MOACKYAAIA, WIOAKY €
il0Zoaema eHitipoliujaitia Ha Cyucilanyujaiua.

Jpyra ocobuHa mTO MOKe fia ce u3Bejie off cnukara 17.7 e fexa eHTponujaTa € eKCTeH3UBHO
CBOjCTBO - HEj3MHATA BEJIMYMHA 3aBUCH OJI KOJMYECTBOTO CYICTaHIMja, CIMYHO KAKO IITO ce
BHATpeIIHAaTa eHepruja u eHrannujata. CranaapaHaTa MoJIapHa eHTponuja, S°, e eHTponyja Ha
€IeH MOJI CYIICTaHIIMja BO Hej3MHATa CTaHapAHa coctojoa. BoobnuaeHo, crangapiHATE MOJIapHH
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eHTpomuH ce Tabeupanu 3a Temnepatypa ox 25,00 °C (289,15 K). JTucta co KapaKTepUCTHIHA
BPEJHOCTH € JJaficHa BO JOAAaTOKOT B.

Hue Hajuecto Ke r'm KOpUCTHMe CTAaHAAPAHUTE MOJIAPHH €HTPOIMH 32 [ia ja IpecMeTame
CTaHfapAHaTa MPOMEHa Ha eHTPOIKjaTa Ha HeKoja XeMHcKa peakiuja. Hue ke ja pedpunupame
NpOMEHAaTa Ha SHTPONHKjaTa Ha peakiyjaTa MpeKy eHTPOINrjaTa Ha YIECHUITE BO peakiujaTa,
UAEHTHYHO KaKo LITO ja filechHIpaBMe IIPOMeHaTa Ha peakIMoHaTa eHTaNIHNja IPeKy eHTaNIIUTe
Ha (popmupamse [paBerka (6.21)]. Cropep oBa, MOKe ia Ce HAIHIIE U3Pa3oT:

AS = E I/pSO( MPOAYKTH ) — 2 VrSo(peaKTaHTI/I) (17.2)

Bo oBaa paBenka, I ce ojjHecyBa Ha Cyma, a v I v, Ce CTEXHOMETPHUCKHI GPOEBH, OJHOCHO
CTEXHOMETPUCKUTE KOC(UIMEHTH Ha NPOAYKTHTE (V) 1 peakTaHTuTe (v,) BO paBEeHKaTa 3a
peakiujaTa. OBaa paBeHKa Ke ja IpUMEHNIMe KOPHUCTEjKH I'H MOfaToLuTe Of ROZAaTOKOT B BO
npumepot 17.3.

Mpumep 17.3

Kopucrejku ru nogaToLute Bo JORaTOKOT B ipecMeTaj ja cTaHfapaHaTa IPOMEHa Ha EHTPOIHjaTa
npu 25 °C 3a JIeKOHOBHOT MpOIEC - TOA € BUCOKOTEMIIEPATYPHO U KAaTAIUTHIKO NMPETBOPAbE Ha
XIIOPOBOAIOPOT (CTPAaHMYEH TPOAYKT NP OPTAHCKATE CHHTE3W Ha XJIOPHPAhe ) BO XIIOp:

4 HCl(g) + Ox(g) — 2 Cly(g) + 2 Hy0(g)

CTPATETUJA

Bo oBaa 3ajjaya Tpeba JUPEKTHO j1a ce IpUMeHn paBeHKara (17.2), Bojejku cMeTKa ieka Tpeda
Jla OYeKyBaMe omarame Ha eHTponmjaTa (AS°® < 0), 6ujiejKi meT Molla raCOBUTH PEaKTaHTH JaBaaT
YeTHPY MOJIa FACOBUTH IIPOAYKTH.

PELLEHUE
AS° 3a peakuyjaTa ja iepuHIpaMe MPEKy CTaHAapPJHUTE MONAPHH EHTPOINY, S°, HA peaKTaHTHTE
¥ IPORYKTHUTE Ha CIEHIOB HAUUH:

Ase = 2 vpS°(ponykrin ) — E v, S°(peakrantn)

[2 mol X SOClz(g) + 2 mol X SOHZO(g)]
_[4 mol X SoHCl(g) + 1 mol X SOOZ(g)]
(2mol X 223.0 Jmol ' K1) + (2mol X 188.7 Jmol ' K1)

—(4mol X 186.8 Imol ' K1) — (1 mol X 205.0 I mol ' K1)
~128.8 JK™!

MPOLIEHA
Kaxko mro oyekyBaBMme, AS° € HaBUCTHHA HEraTHBHA BPEJHOCT, EHTPOINHjaTa ce HaMayBa.

BEXBA 17.3A
Koprern i mojjatonure Off JORATOKOT B 3a Jja ja mpecMeTan mpoMeHaTa Ha CTaHfapAHaTa
MoJapHa eHTponuja npu 25 °C 3a peakuyjaTa

CO(g) + Hy0(g) — COx(g) + Halg)

Jla 3aGexesknMe ieKa oBa e peakIjaTa HaBeJieHa Mof (B) Bo mpuMepoT 17.2A, 3a Koja Baskele
OfITOBOP fieKa He MOXeE Jla ce MPEMIBUM allyl eHTPOINjaTa Ke pacTe Uiy Ke onara.

BEXBA 17.3b

CrenHaBa peakIyja MOXKe ia ce CIIydyBa IpH BUCOKOTEMIIEPATYPHA U KaTaTUTHYKA OKCUALHja
Ha NH,(g). Kopucru ru nogaronure on [ogaTokoT B 3a f1a ja npecMeTanl NpoMeHaTa Ha CTaH-
IapiHaTa MoJapHa eHTponuja npu 25 °C 3a oBaa peakuyja.

NH;(g) + Ox(g) — Na(g) + HoO(g)  (me e nsennauena)




17.4 o CnobogHa eHepruja v NnpoMeHu Ha crnobogHaTa eHepruja

BTOpI/IOT 3aKOH Ha TEPMOJUHAMHUKATA

Kako mTo Beke BUIOBMe, MPOMEHATa Ha CHTaNMKjaTa Ha peakiujaTta (AH) He MoxKe f1a ce
KOPHCTH KaKO eMHCTBEH KPUTEPUYM 3a OMpefieyBambe Ha CIIOHTAHOCTa Ha mporecute. Jlamm
MOpacToT Ha eHTponujaTa (AS > () MOXe 1a ce KOPUCTH KaKO SAMHCTBEH KPUTEPUYM 3a CIIOHTAH
nporec?

Bo cymTiHa MOXe, HO caMO aKo ja pasriefjaMme IpoMeHaTa Ha CHTPOIHjaTa Ha CUCTEMOT U
Ha Hezoeailla oxoauna. Toa To HapeKyBaMe BKYIHAa IPOMEHA Ha €HTPONUjaTa, WK ApOMEHA HA
EHIUPOULJaTlia Ha YHUBEP3YMOTUL:

= AS =AS__ +AS (17.3)

BKYIHO YHHBEP3YM cucTeM OKONMHA

BropuoT 3aKOH Ha TepMOJMHAMHKATA HU OTKPHBA JIeKa CUTE CIIOHTAHU IIPOLECHU ja 3ro-
JleMyBaaT eHTPOIKjaTa Ha YHUBEP3YMOT.

YHUBEP3YM

AKO 3a BpeMe Ha NpOLECOT EHTPONKjaTa pacTe BO CHCTEMOT U BO HEroBaTa OKOJIMHA,

MPOLECOT CO CUTYPHOCT € COHTaH. cTo Taka, TOYHO € TBPACHETO JIeKa JOKONIKY SHTPOIHjaTa

omafa BO CHCTEMOT M BO HEroBaTa OKOJIMHA, POLECOT HE € CIIOHTaH, M He MOXKeE J1a Ce OJ[BHBA

camocrojHo. IlITo ce ciayuyBa co AS aKo efieH cobnpok off pasenkara (17.3) e mo3utuBeH,

YHHBEP3YM

a IPYTUOT € HeraTuBeH? 3a J1a OirOBOpUMeE Ha OBa Mpalllabe, 1a TO pas3riieflaMe MP3HEHETO Ha

BojiaTa Ha -15 °C:

H,O() — H,0(s)

I'nepame neka AS <0, 6ujiejKn Mpa3oT MMa IOHHCKA EHTPOMNHKja OTKONKY TeuHaTa Bojia. Ho
71a He 3a00paBUMe JieKa KOra BojjaTa Mp3He Taa OjijilaBa TOIUINHA - TOIUIMHA Ha KPUCTAM3alyja.
bBupiejku oBaa TomuHa € ancopbupana off okonunata, AS_ > (). Co mpecMeTKa MOXKE Jja ce
MOKaykKe JeKa BelInurHaTa Ha AS ja HagMUHYBa OHaa Ha AS *. Cnopen oBa, BKyIHaTa

. OKOJIMHa CHCTEM
MMpOMEHa Ha eHTpomujara, ASYH"BQWM. € TIO3UTHBHA, T1a CIIOPE]] TOA BKYIMMHUOT MPOIIEC € CIIOHTaH,
IITO € BO COTJIACHOCT CO HAIIIETO MHTYUTHBHO OUEKYBahE.
Hako AS € CJIMHCTBEH U JIOBOJICH KPUTEPHUYM 3a CIIOHTAaHA NIPOMEHa, HAjuecTo €
YHHBEP3YM . .
TEUIKONPUMEHIIUB, OUJIejKM MHTEPAKIMUTE Ha CUCTEMOT CO OKOJIMHATA HAjyecTo ce MHOTY
cnoxenn. Bo I'maBa 17.4 Ke BupiuMe ieka MoCTOU U MOEAHOCTaBEH MPHO],.

17.4 CnoGoaHa eHepruja U NPOMeHuU
Ha cnoboaHaTa eHepruja

Bo oBaa rinapa Ke BoBe[ileMe HOBA TepMOAUHAMUYKA (DYHKI[Hja 1 HOB KPUTEPUYM 32 CLIOHTaH
pollec, pa3riaefyBajKu ro caMo CUCTEMOT U 3aHEMapyBajKU ja OKOJIMHATA.

3a oBaa 11eJ1 [la 3aMUCIIIME IPOLEC ILITO Ce OfIBIBA [P KOHCTAHTHA TEMIIEpATypa U IPUTHUCOK,
IpH WTO paboTaTa IITO MOXKE fla ja U3BeAyBa pas3rieyBaHUOT CUCTEM € OTpaHMYeHa Ha paboTa
NOPajil IPOMEHA Ha BONYMEHOT M IIPUTHCOKOT (CTpaHa 226). 3a Bakos mpouec, AH_ = q".
Bupejku npouecot ce ofiBEBa IIpU KOHCTAHTHA TeMIepaTypa, pa3MeHaTa Ha TOIUIMHA MOXKe fa

C€ U3BpHIyBa caMoO CO OKOJIMHATa, OJHOCHO qokonvma =- chlcTeM =- AchcTeM' OBOj IIOJJaTOK MO2KE 1a
C€ UCKOPUCTHU 3a NPECMETYBAKC HA AS .
OKOJIMHA
q AH
AS — _loxomma _ cucreM
OKOIHA T T (17.4)

Cera fla c€ BpaTuMe Ha u3pa3oT

AS =AS

YHHBEP3YM cucTeM OKOJINHA

1 J1a 3aMeHIME 3a AS BO paBeHkara (17.4):

OKOIMHA

—_ cucrem

YHHBEP3yM crcTeM T

“ OBaa mpoMeHa Ha EHTPOIHjaTa MOPa Jia ce MPecMeTa 3a XUIOTETHIKN PeBeP3MOMICH MPOIEC IITO NMA HIECHTHYHA TOYeTHA
1 KpajHa cocTojba Kako MPOIecoT BO KOj TIpeliafieHaTa Bofga Mp3He Ha -15 °C.

"3a oBaa paBEHKa f1a Onje ToYHa, OKOJIMHATA MOpa fa nmpuMa ’id ia OfifjlaBa TOIINHA Ha pesepsu()'uMH Ha4uH, OJJHOCHO

[
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A L1. Bunapp 'v6e (J. Willard Gibbs)
(1839-1903), npocbecop no matemaTunyka
dusMKa Ha yHMBEP3UTETOT BO Jejn,

He 61N MHOry No3HaT Kaj HerosuTe
coBpemeHuLm, buaejkn Herosute naen
6une MHory ancTpakTHu 1 objaBeHu
BO HEMo3HaTy Hay4Hu cnucanuja. Ho
LITOM HeroBuTe naeun 6une pasdpaHu
oA Apyrute, 6un NnpusHaeH Kako

efleH of rMraHTUTe Ha xemuckara
TepmoavHamuka.

70

b

TepMoauHaMuKa: CMIOHTAHOCT Ha npouecuTe, eHTpOHMja 1 cnoboaHa eHepera

Cumynauumja 3a cnobogHa
'mbcoBa eHepruja

ITonaTamy MoxKe [1BeTE CTPaHHU ia TM IOMHOXHUME co T:

TAS,,,=TAS —-AH_ =-(AH, —TAS))

CHC:

IToroa MOXKe a MOMHOXNME CO -1, 3a TpOMeHa Ha 3HAIUTE:
—TAS =AH -TAS (17.5)
YHHB cuc cuc

BaknocTa Ha oBaa paBeHKa € BO (paKTOT IITO HEMO3HATATa BEIUINHA Asym e necuHmpana
TIPEKY /IBE BEMMYMHY KAPAKTEPUCTUIHA caMo 3a cucTeMoT, AH_ u —TAS_ . OTTyka, OKoJMHaTa
BOOIIIITO HE MOpa f1a 6uyie pasriefyBaHa.

Bo oBoj MmomMeHT, ajie ga BoBeieMe HOBa TepMOJMHAMHUYKA BEIMUMHA HapeueHa cI000xHa
I'nGcoBa enepruja, G, feunupana npexy u3pasor

G=H-TS

AKO M3pa3oT Ha JieBata cTpaHa ojf paBenkara (17.5) ro oznaunme co AG, HapedeH mpomMeHa
Ha cJI000JHATA eHepruja, ro 100uBaMe CJIeIHUOB Pe3yJTar

AG, = -TAS (17.6)

YHHB

Cera, co komOuHanuja Ha paBeHkure (17.5) u (17.6) nobuBamMe ieka mpoMeHaTa Ha clIo0OfjHATA
eHepruja 3a mpolec Npyu KOHCTAHTHA TeMIepaTypa 1 IIPUTHCOK € 3afjajfieHa co:

AGCHC = AHCHC - TASC“C

Bupejkn cute BeawmumHM ce OfHECYBaaT caMoO Ha CHCTEMOT, O3HaKaTa ,,CUC” MoxKe f1a ouje
n3ocraBeHa. OBaa paBeHKa OOMYHO ce HapekyBa [ ubcosa paseHka:

AG= AH - TAS 17.7)

Bupejkn kpureprymoT 3a cioHTana mpoMerna e AS  >0,aAG=-TAS_ , BTOPHUOT KPUTEPAYM
YHUB yunB’,
3a croHTaH npouec e AG < 0. OTHOCHO, TpOMeHaTa Ha cJI000IHATa eHEPrHja Ha CHCTEMOT MOpa
Jla e HeraTuBHA. Bo 3aKydoK, OBa ce KPUTEPUYMHTE INTO BasKaT 3a MPOIEC MPpU KOHCTAaHTEH
TIPUTHCOK 7 TEMIIEpaTypa:

e Axo AG <0, npouecoT € CIOHTaH.
e Ako AG >0, mporecoT He € CIIOHTaH.

e Axo AG = 0, He € (haBopuU3UpaH HUTY AUPEKTHUOT, HUTY IIOBPATHUOT IIPOLIEC; HE CE
CIlyuyBa HMKAKBa BKYIIHA IPOMEHA U IIPOLECOT € BO COCTOj0a Ha PaMHOTEXKa.

Kopucreme na AG Kako KpuTepHuyM 3a CIIOHTAH NpoLec

HajnpBo ma pasriiefamMe HEKOJKY MpUMEHH 3a Ha ['mOcoBaTa paBeHKa 3a KBaJIUTATHBHA
npoleHa:

AG=AH -TAS

On paBeHkara riefgaMe feka kora AH e HeraTHBHa BpeHOCT, a AS mo3uTHBHA, Toram AG
Mopa fia € HeraTUBHA BPEIHOCT, OAHOCHO TIPOLECOT € CrioHTaH. JlecHo ce riepia feka kora AH e
TIO3UTHBHA BPEHOCT, a AS HeraTiBHa, Torai AG Mopa jia € TO3UTHBHA BPEJJHOCT, 1 POIIECOT HE
e crioHTaH. OBue /1Ba €AHOCTABHM CIIy4yau ce puKaXaHu Kako cny4aj 1 u 4 Bo Tabenara 17.1.

Ta6ena 17.1 Kputepuymu 3a cnoHtaH npouec: AG = AH - TAS

Cnyuaj AH AS AG Pesyntar Mpumep
1 — + — CronTaH npu cexoja T 2 05(g) 305(2)
— — _ CrnionTas npu Hucka T
2 { _ — + } He e cnionran npu Bucoka T Ni(g) + 3 Ha(g) > 2 NHj(g)
+ + 4 He e cnonran npu Hucka T
8 { + + — } CroHTaH 1pu BICoKa T 2H,0(g) > 2 Ha(g) + Ox(g)
4 + _ + He e cnonrau nipu cure T 2 C(Tpagur ) + 2 Hy(g) —> CoHyu(g)




17.4 o CnobogHa eHepruja v NnpoMeHu Ha crnobogHaTa eHepruja

<« CJIMKA 17.8 AG kako Kputepuym 3a
CMOHTaH npouec

AG, AH 1 TAS nmaat epnanim 3a eHepruja. [Ipn
cekoja remneparypa, AG Moxke rpacuuku a ce
IpecMeTa Kako pasiuka nomery npasata 3a AH Munyc
npaeara 3a TAS. OfiHocHO, AG € pacTojaHeTo noMery
nsete auHuE. Ha TemMneparypa npu Koja BeTe JIMHHH
ce cevar, oBa pactojaHie ¢ Hyna (AG = 0) u cucreMoT
e Bo pamHoTexa. [Tog oBaa Bpennoct, AG > 0, u
peakuujata He e cioTana. Haj opaa remneparypa,
AG>0 : AG <0 u peakuujara e cnonrana. CuryanujaTa mro e
TAS OBJIe ONUIIAHA € cITy4ajoT 3 off Tabenara 17.1.

TPALLAHE: Kako Ke nsrnega rpaghvkoT 3a

cnobogHata mbcosa eHepruja 3a criy4yajoTt 2
of Tabenarta 17.1.

Enepruja, KJ

Temnepatypa, K

Curyanuu Bo Ko AH u AS ce HeraTuBHH, ciydaj 2 Bo Tabena 17.1, wim Kora u gBeTe ce
MO3UTHUBHY, ci1yyaj 3 Bo Tabena 17.1, 6GapaaT noBeke pa3muciyBame. [lanu eHa peakuuja e
CIIOHTAHA UJIU HE, ORHOCHO Aaiu AG e HeraTUBHO WM IIO3UTHUBHO, 3aBUCH Off TeMIepartypaTa. Bo
osue cnyyau, AG Ke uMa UCT 3HaK Kako AH Ipu MOHKUCKY TeMIepaTypy U UCT 3HaK Kako -TAH
IpY NOBUCOKHU TEMIIEPATYPH, KaKo IITO NoKaxysa ciauka 17.8. IIpumepor 17.4 nokaxysa Kako
ce onpefenysa 3HakoT Ha AG BO iBeTe CUTYalllu.

NPUMEP 17.4

HanpaBH Knacm(bm(auﬂja Ha CIETHUBE PEAKINN CIIOPEN] YETUPUTE KaTETOPUH TaICHA BO TabenaTta
17.1.

(@) C4H ,04(s) + 6 05(g) —— 6 COx(g) + 6 HyO(g) AH = —2540kJ
(0) Cl(g) — 2 Cl(g)

PELIEHUE

(a) Peakumjara e ersorepmua (AH < 0). Bupejku ce 1o6uBaaT JBaHAECETTE MOJA TACOBUTH
IPOAYKTH TPIHYBAjKU Off €leH MOJI FACOBUT PEaKTaHT, ouekyBame AS > (. Bupejku AH <0

AS >0, ouekyBaMe peakijara jia € CIOHTaHa MpH CUTe Temmnepatypu (cnydaj 1 of Tabenara
17.1).

(6) Enen Mo racoBuT peakTaHT jjaBa iBa MOJIa TaCOBUT HPOJYKT, T1a ouekyBame AS > (. BpenHocra
3a AH He e fganena. Ho 3HakoT 3a AH mMoxke fa Gujie ompesienieH 3eMajKu IpeBHf LITO ce
CITydyBa BO TEKOT Ha peaKiyjaTa. XeMICKH BPCKH Ce PACKIHYBAAaT, HO HOBH He ce (popMUpaarT.
Bupiejku 3a packnHyBarbe BPCKH MOIIEKYINTE MOpa 3a ancopOupaaT eHepruja, peakiujaTa e
enporepmHa. Criopest oBa, AH Mopa fia e mo3uTnBHa BpefiHOCT. buyiejku n AH u AS ce mo3uTuBHI
BPE/JHOCTH, OBaa peaKIyja oaroBapa Ha ciy4ajot 3 oy Tabenara 17.1. OuexkyBame peakumjarta
Jla He € CIIOHTaHa IIPY HUCKU TeMIIEPaTypH, a ja Oujie CIIOHTaHa U BUCOKU TEMIIEPaTYpH.

BEXBA 17.4A

Hanpasu kinacuukanyja Ha ClieJHIBE Peakuy CIIOPEe] YeTUPUTE KATETOPHH TaJIeHH BO
Tabenara 17.1.

(@) Ny(g) + 2Fy(g) — NoFy(g) AH = —7.1K
(®) CcoCly(g) — CO(g) + Cly(g) AH = +1104 K]
BEXBA 17.46

ITpenBuau Koj of 4eTHpuTe ciyyan Ha Tabenata 17.1 ogrosapa Ha clefIHEBE PeaKIUH.
Wckopucrn ja Bpegrocta — 93,85 ki/mol 3a AH', 3a BrF(g); nokonky e moTpeGHO, KOPHCTH I'l
MOJaTOLUTE Off AONATOKOT B.

Bray(g) + BrFs(g) — 3 BrF(g)

2

AKTUBHOCT 3a NnpoMeHa
Ha cnob6ogHarta eHepruja
HacnpoTu Temneparypara
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TepMoauHaMuKa: CMIOHTAHOCT Ha npouecuTe, eHTpOHMja 1 cnoboaHa eHepera

NMPUMEP 17.5 KoHuenuucku npumep

Mounekymure nocrojat Bo TemneparypeH natepsain of 0 K o HekoiKy mitjagu Kensunn. [Ipn
MOKaueHa TeMIepaTypa Tie ANCOnrpaaT Ha aToMu. KopucTejku ja BpckaTa moMery eHTalmmjaTa u
eHTpomnujaTa, 06jacHN 301ITO AUCONMjANIjaTa HA ATOMH € OYEKYBaH MPOIIEC.

AHAJIU3A U 3AKINYHOLIU

3a f1a ce mpeau3BUKa AMCOLMjaIja Ha MOIIEKYJIa IO AaTOMH, MOPa /i Ce BHECE IOBOITHO KOJIMYECTBO
eHepruja, Koe Ke MpeAn3BruKa TOJKY MHTCH3MBHA BUOPAINH MITO K& OBO3MOXKAT Pa3[[BOjyBamke Ha
aToMHUTE; 0BOj Tipotiec ¢ eHorepmed (AH > 0). ITpu npolieHa Ha MpoMeHaTa Ha EHTPOTHjaTa, Mopa
7a 3a0eJ1exnMe Ieka MoJIeKyiaTa uMa IorojeM 6poj pacloloXINBY €HEPreTCKH HUBOA, OTKOJIKY
Hej3MHATe noefnHeynn aToMu. Ho 6ujiejkn Monekynara ce pasioxyBa Ha J[Ba, WM TOBEKe aTOMH,
BKYIHUOT OpOj Ha eHEPreTCKH HUBOA € IOT0JIEM BO CHCTEM CO MHJIUBUAYATHN ATOMH OTKOJIKY KOra
THE ce TTOBP3aHu Bo MosiekyJa (AS > 0). Criopey; Toa, KIy4HHOT (hakTop e Temmepatypara, T. [Tpu
HHCKa TemInepaTypa, AH e KityueH (pakTop; MPOLECOT He € CIIOHTaH 1 MOJIEKYJIUTE Ce CTaOMIIHY BO
OJIHOC Ha CHCTEMOT co ofiesHn aToMu. Ho 6e3 00sup Konmkasa e BpegHoCT 3a AH, cexorar nocron
ompefieNieHa TeMIepaTypa pu Koja mpou3BofoT TAS ja HagmuHyBa BpefHocTa 3a AH. Torar, AG e
HeraTHBHA BPEJHOCT M AUCOLMjalijaTa CTaHyBa CIIOHTaH Nporiec. 3a CuTe MO3HaTH MOJIEKYIIH, OBaa
KPUTHYHA TeMIlepaTypa He € oroyieMa off HeKOJIKY MIIjaJii KeIBUHHU.

BEXBA 17.5A

Axko cnukara 17.8 ce onnecysa Ha nponecot CO,(s, 1 atm) — CO,(g, 1 atm), npu KosnKaBa
Temrieparypa Ke ojie o npecek Ha mnunte? O6jachu (ITomour: Koja macopmanuja T e motpeOHa
Off PETXOJIHATA TJ1aBa?)

BEXBA 17.5b

Co oMo Ha TTIOATONHUTE O IONATOKOT B, 06jacHn 301mTo 61 OUEKyBal UCOLHjaljaTa Ha
A30TMOKCHI JIO a30T M KUCIOPOJ (cuTe ce racou npu 1 atm) a Gujie COHTaH MpoIec MpH CUTE
TeMIEpaTypH, a NUCOLMjaljaTa Ha aMOHHjaK JI0 a30T W BOJOpoy (cuTe ce racoBu mpu 1 atm) ja
OuJie CIIOHTAH MPOIIEC CaMO MPH OTPEJEITICHI TeMIIePaTypH.

17.5 [pomeHa Ha cTaHAapaHaTa cnoboaHa eHepruja, AG®

IIpomena Ha cranpapauata I'uécoBa enepruja, AG®, Ha ejHa peaklyja ¢ IPOMeHa Ha
I'uGcoBata eHepruja Ha peakuujaTa Kora peakTaHTUTE U MPOAYKTHUTE cE BO HUBHUTE CTAHAAPAHU
cocTojou. KonBeHnujaTa 3a cranfapjHa cocroj0a € HieHTHYHa CO OHaa IITO ja KOPUCTEBME 3a
AH, Ha cTpanuna 240: cranfapiHa cocTojoa 3a IBPCTa UK TEUHA CYICTAHIINja € Hej3iHAaTa YiCcTa
cyncranuyja npu 1 atm’ 1 HeKoja olpefiesieHa TeMiepaTypa. 3a TacoBATa CYICTaHIINja, CTaHiapAHa
cocToj0a € uucTaTa racoBUTA CYICTAHIIMja LITO ce OJHECYBA KaKO UealeH rac IIpU IIPUTUCOK Of
1 atm u HeKoja onpefieneHa TeMneparypa.

Enen HauuH 3a ompefieNyBambe Ha IPOMEHaTa Ha cTaHfapAHaTa ['ubcoBa eHepruja e mpeky
T'mGcoBara paBenka:

AG® = AH® — TAS? (17.8)

ITpn xopucTeme Ha paBeHkaTa (17.8) Mopa ga BHEMMaBaMe U fja KOPHCTAME HACHTHYHA
equHAIM 32 AH® n AS°. Ha npumep, Bo Tabenu HajuyecTo cpeKaBamMe KHUJIOIYJIM 3a MPOMEHa Ha
SHTAJINNjaTa, a [IyJId BP3 KEJIBUH 32 IPOMEHA Ha eHTPOIHNjaTa.

Jpyr HauuH 3a npecMeTyBambe Ha AG® e 1a ce KopucTaT TabenapHu BPEJHOCTH 3a CTaHAap/iHa-
ta ['mbcoBa enepruja Ha hopmupas-e. CTanapanara c1060aHa enepruja na popmupame, AG° e
poMeHa Ha cno6ofHaTa ['nbcoBa eHepruja Ha peakijyjata Bo Koja efieH MOJI Off CYIICTaHIjaTa BO
CcTaHfapjHa cocToj0a ce hopMHpa Off YUCTUTE CYNICTAHIMH BO CTAaHJAp/iHA COCTOj0a Ha €JIEMEHTH-
Te LITO BJEryBaaT BO COCTaBOT Ha cyncraHuujata. CTaHgapgHa cocToj0a Ha eJeMEHTUTE €
HHMBHHUOT HajcTabuieH o0muK. Kako v npy craHgapiaHaTa eHrannmja Ha hopMuparme, CTaHaapHa-
Ta cnobopHa I'nbcoBa eHepruja Ha (popMupame Ha €JIEMEHTUTE BO HUBHATA CTaHlap/iHa COCTO0j0a
e Hyaa. JopaTokoT B coppxu nopaTonu 3a crangapaHute ['uGcoBu eHepruu Ha (opMupame
3a MHory cyncradiumu mpu 25,00 °C (298,15 K); oBaa TeMmnepartypa HajuecTo ce KOPUCTH 3a
IPUKaXXyBake HAa CTAHAAPIAHUTE BPEIHOCTH.

3a ja ja mpecMeTaMe IIpOMEHATa Ha CTaHfapjiHaTa CI00O[HA €Hepruja Ha CTaHJapAHUTE
CITOOOHU eHepruu Ha (popMupame KOPUCTIME MACHTUUCH U3pa3 KaKo U IPH NPecMeTKHUTe 3a
eHTalmmjaTa:

AG® = EVP AG;( MpoIyKTH ) — EVr AG? (peakraHTH) (17.9)

* Cranpappies nputicok criopefi IUPAC e 1 bar. Bugejkn pasimnkara nomety 1 bar (touso 100 000 Pa) u 1 atm (101 325 Pa) e
MaJia, Hie I OHaTaMy Ke koprernyme 1 atm.



17.6 o TlpomeHa Ha cnob6ogHaTa eHepruja U pamHoTexa

OBOj METOJI 3a TIpeCMETYBamke Ha MPOMEHATAa Ha CTaHJapjHaTa cI00O/HA eHepruja €

WITyCTpUpaH co npumepor 17.6.

NMPUMEP 17.6
ITpecmeraj ja AG® mpu 298 K 3a peakuujaTa

4 HCl(g) + Ox(g) — 2Cly(g) + 2H,0(g)  AH° = ~1144KkJ

(a) kopucrejku ja ['mGcoBara paBenka (17.8) u (6) KOpHCTEjKH T CTAHAAPIHATE CITOOOHI
eHepruu Ha (hopMHpambe.

CTPATEIMMJA
(a) 3a nma ja kopuctume 'mGcoBaTa paBeHKa 3a cTaHgapAHA cocToj6a, HU Tpebaar
BpeaHocTH 3a AH® m AS°. BpepHocra 3a AH® e 3amajieHa, a BpegHocTa Ha AS° Ke ja
npecMeTaMe O CTaHJJapHUTE MOJIapHU €HTPONUH, KaKo BO npumepor 17.3.
(6) Mopa na tu HajieMe cTaHapAHUTE CIIOOOTHN eHepTruH Ha (DOPMHUPAIHE BO TOAATOKOT
B u 1a ru 3ameHuMe Bo paBenkara (17.9).

PELUEHUE
(a) Bpenrocra 3a AS° 11ITO ja ompefieuBMe Bo ipumeport 17.3 Geme -128,8 J K. 3a j1a ja
u3pasuMe BpeHocTa Ha AH® n AS° BO MCTH eIMHUIM 32 €HeprHja, Ti npeTBopame -128,8
J K1 Bo -0,1288 ki K. TToroa,

AG® = AH® — TAS® = —114.4kJ — [298 K X (—0.1288 kI K 1)]
—114.4KJ + 384 k] = —76.0k]

(0) PaBenkara (17.9) ro mo6uBa 06IMKOT

AG® = 2 AGY[Cly(2)] + 2 AGF[H0(g)] — 4 AG7[HCI(g)] — AGF[Ox(g)]
= 2mol X (0.00 kJ/mol) + 2 mol X (—228.6 kJ/mol)
— 4 mol X (—=95.30kJ/mol) — 1 mol X (0.00 kJ/mol)
= (—457.2 + 381.2) kI = =76.0kJ

MPOLIEHA

I'maBHaTa IpOBEpKa Ha MPAMIAkETo MOf (a) € MPEeKy BpeHOCTa Ha MPOM3BOAOT TAS®, Koja
Tpeba ga 6uge okomy 40 ki (omHOCcHO 300 X 0,13), 1 co6paHa co BpenHocTa 3a AH® Tpeba na
naae BpemHocT AG® »~ -75 kJ. TIpoBepkara 3a (6) e (hakToT mTO pe3yaTaToTr Tpeda aa Guae
MISHTHYEH CO (), KaKO ILITO BIPOUEM U ce J0OuBa.

BEXBA 17.6A
IMTpexy I'mGcoBaTa paBeHKa 3a CTaHAap/iHa COCTOj0a ONpe/IeNH ja IPOMEHATa Ha CTaHAapA-
Hara cio6oHa eHepruja npu 25 °C 3a cIeHUBE peaKiyu:

(a) 2NO(g) + Ox(g) —> 2NOx(g) AH° = —114.1kl  AS° = —1462JK '

+409.0 kJ
—129.1JK™!

(6) 2CO(g) + 2NH3(g) — CyHg(g) + 2NO(g)  AH°
ASe

1l

BEXBA 17.6b

Kopucrejku ru BpeHOCTHTE 32 CTaHJAPJHUTE CIOOOAHN €HEPruy Ha (pOpMHUpame Of
J0AaTOKOT B ompepenu ja mpoMeHaTa Ha CTaHgapjiHaTa ciao0ojiHa eHepruja npu 25 °C 3a
CIIE[HABE PEAKIWL:

(a) CSy() + 2 S,Cly(g) —— CCly(l) + 6 S(s)

(6) NH;(g) + Ox(g) — No(g) + H,O(g)  (me e useonauena)

17.6 lNpomeHa Ha cnoboaHaTa eHepruja n pamHoTexa

Hocera pasrienyBaBme cutyamuu npu Ko AG < 0 (cronTan npouec) u AG > 0 (mporec mTo
He e crioHTaH). Cera ia pa3sriefjamMe IpoIec MITO He € HUTY CIIOHTaH HATY HecnoHTaH. [Ipu BakoB
CIIy4aj He IOCTOM HEKoja BKyIIHA IIpOMeHa, OuiejKU Co efHaKBa Op3KHA ce OfBUBAAT U JUPEKTHATA

U noBpaTHaTa peakuuja. OBa e ycloB 3a paMHOTeXa, Ipu Koj AG = 0:

AG=AH-TAS =0 (ipu pamnoitiexca)
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A (Oposropa Hagony): Monekyncku
MOAENU Ha jofomeTaH, 6eH3eH 1 OKTaH.

H=TAS =0 (apu pamnoitiexca)

ITocnenHaBa paBeHKa MOXKe Ja ce KOPHCTH 3a TIpecMeTyBamke Ha AH off BpefHocTa 3a AS, 1
00paTHO, IpA paMHOTEKHATA TEMIIEpaTypa.

Kora ke ru moBp3eMe eHTalMMjaTa U eHTPOIMjaTa Ha NCIapyBame Ha HEKOja TEUHOCT,
NPV Hej3MHATA CTaHAapiHa TOUKa Ha BPHEHe, TETHOCTA M HEj3MHUTE Mapen ce MPaKTHIHO BO
HHMBHATa CTaHaapyHa coctojoa (1 atm ~ 1 bar). Cnopes Toa, Moske jia paGoTHME CO MPOMEHHTE Ha
CTaHfapiHaTa eHTaNmmja u enrponwmja. [la ro pasriaegame Bpuemeto Ha GerseHoT mpu 80,10 °C:

CeHg(1, 1 atm) == Cg¢Hg(g, 1 atm) AH® = 30.76 kJ/mol

AH 30.76 kJ mol™!

ASS: = = = 0.08708 kJ mol” ' K™!
T (80.10 + 273.15)K

Moske /1a ja M3pa3umMe 1 IPOMEHATa Ha CTaHapIHaTa EHTPOIHja Ha NCMapyBarbhe Ha OEH3EHOT
npu 80,10 °C Bo eguamiu J mol! K.

1000 J
1 kJ

MHOTY TeYHOCTH IMAaT PEYNCH HCHTHYHA BPSHOCT 3a CTAHjapiHaTa MOJIApHA CHTPOIINja Ha
UCIapyBake PU HUBHUTE CTaHIap/IHA TOUYKH Ha Bpuese (TB) - okoiy 87 J mol! K. OBoj mogaTok
e cyMupaH Bo T.H. TpyroHoBoO npaBmniio:

ASS, = 0.08708 kJ mol ' K71 x = 87.08 Jmol ' K7!

AHS Lo (17.10)
ASScn - T— ~ 87 JmOl_ K—v

TB

TpyTOHOBOTO MPaBMIIO UMITHIMPA I€Ka 3rOJIEMyBambETO Ha OPOjOT Ha CIIOOOHN €HEPTreTCKH
HHMBOA NIPU HCIApyBambe Ha €1€H MOJI TEYHOCT € MPUONIKHO €HAKBO 32 PA3IHMYHU TE€UHOCTH.
IIpaBunoTo HajpoOpO BaxKM 3a HENOJAPHU TEYHOCTH, KAKO OHHME MPUKaXKaHW Ha CIMKaTa
17.9. TIpaBunoTo pedncu He BaxKM 32 TEYHOCTH Kaj KOM MOCTOjaT CHIIHM BOXOPOJHH BPCKU.
BopnoponHuTe BpcKu pefn3BUKYBaaT IoMalia €HTpOIrjaTa OTKOJIKY Kaj TEUHOCTH 6e3 BOOPOJHN
Bpeku. OTTyKa, IpOMEHaTa Ha EHTPOIMjaTa Ha HCIIApyBakbe € MorojieMa OTKOIIKY IIITO ce OYEKyBa,

opHOCHO AS® > 87 Jmol” K. Ha npumep, 3a ucnapypameTo Ha Bojiata npu 100 °C, AS®, =109
Jmol! K

CgH 4(2)
—_
i lpomeHata Ha eHTponujata npu
(I) - (g) 3a cekoja cyncTaHumja .
€ PeUrCH UIeHTUYHa AS ., =862
—‘x —
s CqH 5()
818
= CeHgl@) .
i CH.l(g) 668
= B, 0 ]
5]
=
S
& o
= o AS .. =87.1
K AS i =865
e CHg(D)
CH,l(1) 676

A CITMKA 17.9 WnycTtpaumja Ha TpyTOHOBOTO npaBuio

Enrponmure ce 3apaaenn Bo J K mo mMon ncnapena reunoct. Tpure TeUHOCTH MMaaT CTaHJapAHN MONAPHH
eHTpoINN Ha ncrapysambe okoay 87 J Mo K. Ho ciejraBa Tabena mokaxyBsa fieka THe HMaaT i Ipyri
3aCTHUYKHN KapaKTCPUCTUKH.

M Mounapna Ilpu cranpapaHaTa TOUKa Ha BpHeme
OIJ\I,[e KyTapHa Curponuja, AH° ASP
aca, U ] [1 K bp: K nen en
298, & MO kJ/mol Jmolt K
CH,|, jonomeTan 142 163 315,6 21,3 86,5
C,H, bensen 78 173 353,3 30,8 87,1

C,H,,. oxran 114 358 398,9 34,4 86,2
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Mpumep 17.7

Enrannujata na ucnapysame (AH®, ) Ha nenranekan, CH,(CH,),.CH, npu nerosara craniapasa
TOuKa Ha BpHeme € 49,45 ki/mol. Koja e mpu6mmkHO HeroBaTa cTaHjapjiHa TOUYKa Ha BpUEHe?

CTPATErnJA
. o _
Cnopet TpyTOHOBOTO NpaBHII0, MOapHATa EHTPOIMja HA HCTapyBame (AS°, ) Ha HelloAapHu
TEYHOCTH TIpH HUBHATA CTAHJap/IHA TOUYKA Ha Bpuewe e okomy 87 J mol! K. TTeHTajekanoT, Kako
aJIKaH, e HemoJlapHa TeuHocT. [IpinvenyBajK ja paBerkara (17.10) MosKe fa ce mpecMeTa TOUKaTa
Ha BpUEweE, T _.

B

PELWEHUE
Bo pasenkara (17.10) ru 3amenyBame BpefiHocTuTe Ha AH®, 1 AS°® 1 ja pemaBame paBeHKaTa
noT :

Ly

o AHECH
ASp, =———=~87Jmol 'K™'
AHECH

49.45 X 10* I mol”!

1 =1 —1 -1 ~ 570K
87 Jmol ' K 87 Imol ' K

TB

MPOLEHA

3a f1a ja mpoBeprMe TOYHOCTA HA HAIIMOT PE3YJNTAT MOXKE J]a HCKOPUCTHME HEKOj XEMUCKH
TPUPAYHHK. Ke Bupmme eka eKCIIePUMEHTAITHO ONPefiesIeHaTa TOUKa Ha BPUCH-E Ha TICHTAJICKAaHOT
e 543,8 K. Hamata BpeiHOCT € BO MHTEpBal Ha BPEIHOCTH €O 5 % rpelika o BUCTHHCKATa
BPEJIHOCT.

BEXBA 17.7A
Cranpiapnara Touka Ha Bpuerbe Ha ctupen, C.H,CH=CH,, e 145,1 °C. TIpecmeTaj ja MoapHaTa
eHTaJINHKja Ha HCTIapyBambe IPU 0Baa TeMIeparypa.

BEXBA 17.7b

Mlanm 6u ouekyBane BpeiHocTa 3a AS®,  3a MeTanos, CH,OH, 1a Gujie morosnema, momara, uim
peuncu efHakBa co 87 J mol! K1? O6jacuu. Kopucrn ru cranapiHaTa TouKa Ha Bpuewe of1 64,7 °C
1 IOAIATOLATE Of IONaTOKOT B 3a mponena Ha AS®, .

IToBTOpHO pasrienyBame Ha PayioBuoT 3aK0H

Ia ce motcetnme Ha PaynoBmot 3akon ox ['masa 12.6:

= .pPo
pact pact pact

bBunejkn Konn4ecTBeHNOT yfieN Ha pacTBOPYBa4OT BO PacTBOP (xpm) e omai of 1, mapHuoT
IPUTHCOK HA PacTBOPYBAUOT (Ppm) Ha HjealeH pacTBOP € IOMasl OTKOJKY Ha YHCTHOT pac-
TBOpYyBay (P°pm). KonuenToT Ha eHTponyjaTa HE OBO3MOKYBa fia ro o6jacHuMe PaynoBuoT 3aKoH,
cropep wiycTpanujara Ha cnukara 17.10.

ITpu onucoT Ha upeaneH pactBop (cnuka 17.3) BugoBMe fieKa pacTBOPOT UMa MOToJeMa eH-
TPOIHja OTKOJKY YUCTHOT pacTBOpyBay. buejku MHTepMOeNKyIapHUTE CHIIM BO PAaCTBOPOT ce
CTIOPEJIMBH CO OHHE BO YICTHOT PaCTBOPYBaY, OUeKyBaMe EHTaJINujaTa Ha ncnapysame (AH, ) ma
Ouye MPaKTUIHO eIHAKBA 32 NCTIApYyBakETO O PACTBOP U Off YHCT pacTBOpyBad. EHTponujaTa Ha
ncrapyBame Tpeba 1a Oujie HCTO TaKa efiHaKkBa, oufejku AS | = AH  /T. Ho upeannnor pacTsop
uMa 1oroJieMa €HTpoOIHja OTKOJIKY YACTUOT pacTBOpPYBav; OTTYKa ClI€lyBa J€Ka 1 €HTpoIlujaTa
Ha [apeuTe Ha pacTBOPOT MOpa fia € IorojieMa Off OHaa Ha MapeuTe Ha YHCTUOT pacTBOpPYBad.
EnTponujaTta Ha mapeuTe Ha pacTBOPOT ce 3roIeMyBa 3aToa LITO MOJIEKYJIUTE Ce paclpefieyBaar
BO IIOT0JIEM BOJIYMEH, OJHOCHO THE Ce HaoraaT IOf HOHU30K NMPUTHCOK. 3aT0a, PACTBOPEHUTE
KOMIIOHEHTH I'0 HaMajlyBaaT MapHUOT NPUTUCOK Ha paCTBOPYBA4OT.

Bpcka nomery AG® n KOHCTAaHTATa HA PAMHOTEXA, K

TeuHata Bofa € BO paMHOTEXa O MapenTe Ha BofaTa npu nputrcok of 1 atm n 100 °C. Kako
mTo BHAoBMe, AG co 0BOj (I KOj 6HII0 ApYT) IpOIeC BO paMHOTEKA € Hyna. bujejku TeunocTa n
racoT ce BO HIBHATa CTaHAapjiHa cocToj0a, MOXKe [ja HaluIIeMe

H,O(, 1 atm) == H,0(g, l atm) ~ AG3y3 = 0

MNpomeHa Ha cnoGogHaTa eHepruja U pamHoTeXa

Enrtponuja

731

\ Iapen
\ /mpu P <P°

e Hucn
Wneanen

AS pactBop

Yucr
__PpgcTopyBay

A CJIUKA 17.10 OGjacHyBatbe Ha
PaynoBuoT 3akoH Bp3 OCHOBa Ha
eHTponujata

OcoOnHATE IPUKaXKaHH €O JIHjarpaMoT ce:

EnTponmjaTa Ha pacTBOpOT € moroneMa
OJI YNCTHOT PAcTBOPYBAY.

IIpomenata Ha eHTpOmNMjaTa HA
ucnapysate, AS € e[lHaKBa 3a YUCTHOT
pacTBOpyBay 1 HEATHHOT PacTBOP.
Tacnara ha3a Hajg pacTBOPOT € cO
noMaJia ryCTHHa, a €O T0a NMa 1 TTOHH30K
MPUTHCOK, OTKOJIKY HAJl YNCTHOT
pacTBopyBad.
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naea 17

TepMoauHaMuKa: CMIOHTAHOCT Ha npouecuTe, eHTpOHMja 1 cnoboaHa eHepera

HcraTa paBeHKa MOXKe Jla ja HalMIIeMe 3a MCIapyBambeTo Ha Bojiata mpu 25 °C u f1a ja
onpepienume AG®,, Bp3 OCHOBa Ha MO3HATUTE BPEJHOCTH 3a CTaHapjiHaTa clI00OAHA eHepruja
Ha (popMupame.

H,0(, | atm) == H,O(g, 1 atm)  AG5z = +8.590kJ

IMosuTueHara Bpeanoct 3a AG®,, MOKaXyBa jIeKa NPOLECOT He € cnoHTaH. MefyTroa, oBa He
3HauM JieKa BojlaTa He ucnapyBa Ha 25 °C; Toa caMo 3HauH jieka apeuTe Ha BOojaTa He MOXaT
fla Ipou3Befar ipuitucok 00 I atm. OTTyKa, paMHOTeXkaTa e IOMecTeHa HalleBO - KOH CTpaHaTa
Ha TeYHa BOJa - IITO PEe3yJTHpa CO NapeH NpUTUCOK noman of 1 atm. Opn TaGenara 11.2 rnegame
JlleKa PAMHOTEKHIOT MapeH MPUTHCOK Ha Bofara mpu 25 °C e 23,8 mmHg (0,0313 atm), cutyauuja
IITO MOXKE JIa ce IIPUKAXKE CO CIEe[HABA PABEHKA

H,0() == H,0(g, 0.0313atm)  AGagg = 0

Ja 3aknyunme, AG® = 0 e KpuTepuyM 3a paMHOTEXKa IIpU OlpefieieHa TeMieparypa, Kora
CUTe peaKTaHTHU U IPOAYKTU Ha peaklyjaTa ce BO HUBHATA CTaHfapjiHa cocTojoa. Bo ycrnosu Ha
paMHOTEXa IIpU HEKoja Apyra TeMIiepaTypa, HeKOj WU CUTEe PeaKTaHTU U IPOAYKTU HeMa Jia O1-
laT BO HUBHATA CTaHJap/iHa cocTojOa. 3a THe HeCTaHAPJHH YCIOBY, KPUTEPUYM 32 PAMHOTEXA
e AG = 0 (ze AG® = 0). Cnopep oBa, KputepuyMoT AG® = 0 IMa caMO OrpaHIMYeHa PHMEHA, HO
cenak Ke BUJUMeE IeKa € J0CTa KOPUCEH.

CTporuot 10oKa3 3a 0Ba TBPAIEH-E € HajIBOP Off Lie/ITa Ha OB U3J1arame, HO celak Ke oKaxeMe
neka AG = 0 u AG® = 0 ce moBp3aHu IPEKyY PeakUUCKUOT KoeuuueHT Q, NpeKy paBeHKaTa:

AG® = AG° + RT InQ (17.12)

Cera ja mpeTnocraBuMe jieka peakiyjata ¢ BO paMHOTexXa, npu mto AG = 0, u Q = Keq. Osa
pe3yaTHpa co CIeHUOB U3pa3:

0=AG°+RT InKeq (ipu pammoitiexca)

AG°=—RT InKeq (iipu pamHoitiexca) (17.12)

OBa e efHa Of] HajBaXKHUTE PABEHKU HAa XeMHCKaTa TepMOMHAMMKa. Taa OBO3MOXYyBa fia ce
npecMeTa KOHCTaHTaTa Ha paMHOTEKa TIpH flafieHa TeMIiepaTypa ako € Mo3HaTa BpejHocTa 3a
AG° nipu Taa Temnepatypa. [ToToa, Ipeky KOHCTaHTaTa Ha paMHOTEKa MOXe ia TH IpecMeTaMe
PaMHOTEXKHNUTE KOHIEHTPAIMI U PAMHOTEXKHUTE TapIjaIHi MPUTHUCOINH, KaKO IITO BIPOYEM
IpaBeBMe BO MOpAHENIHNTe riasy. [1pn mpuMeHaTa Ha oBaa paBeHKa MOpa 1a BOAUME CMEeTKa
3a CJIEIHOBO:

. R, racHaTa KOHCTaHTa 1nja BpemHocT e 8,3145 J mol! K.,
. T, TeMnepatypa, u3paseHa Bo Keasuuu, K.
. K, MOpa jia umMa 00K WTo Ke Oupie 006jacHeT moyoy.

Koncranra na pamuorexa, K

[la ce norcetnme fieka Bo raaata 14 numysasMe K, Kora KOpuCTEBMe KOHIEHTPAIMK Ha
peakTaHTHTe i IPOyKTATe, 1 K , KOra KoprcTeBMe napiujamti mputncomi. Bo m3pasor AG® =
-RT In K, mmmyBave KoncranTa na pamuorexa K, 0Baa (pusnika BeTUIiHA MOXKE 3HATHTEITHO
fia ce pasnukysa of K u K. Bupejkn Bo u3pa3or 3a mpoMeHaTa Ha CTaHAapiHaTa cI000IHA
eHepruja il KOHCTaHTaTa Ha paMHOTeka ce mojasysa m3pas In K, K Mopa ja ncnonmsysa noce6Hun
ycnou. OTHOCHO, Taa Mopa Jia € 6e30uMeH3UOHaAeH Opoj, OUejKN eMHII He MOXKarT jia ce
JIOrapUTMUpAaar.

Axinueuitieiiuitie ce 6e31UMEH3MOHANHY (PU3MYKU BEJMYUHY, KOU HU CE NOTPEeOHU BO
KOHCTaHTaTa Ha paMHOTeXa. [la ce moTceTHMe Off MPeTXOfHATA IUCKYCHja (cTpaHuIa 684) nexa
aKTHBUTETUTE IPETCTABYBaaT €(heKTUBHU KOHIeHTpauuu. Ho, HaMecTo akTUBUTETHU, HUE MOXKE
Jla 't KOPICTAME BeJIMYAHATE (OHOCHO caMo GPOjHATE BPEAHOCTHN ) Ha PeaTHUTE KOHI[EHTPAIIII
u3paseHd Bo Mol/L uiu Ha mapuyjagHuTe IPUTHCOLY IIPU CIEHUBE YCIOBH:

o 3a uucitia yspcitia uau itieuHa ¢paza, akTHBUTETOT € a = 1.

o 3a 2ac, Hue TNIpETIOCTaByBaMe JI€Ka racoT c€ OJHECYBa KaKO HJC€aJ€eH rac, npu mTo O
BEJIMYNHATa 3a IPUTUCOKOT U3pa3eHa BO atm, T u30craBaMe EJUHUALIATE U TU KOpUCTUME
6pOjHI/ITe BPETHOCTHU KaKO BPEAHOCTH 3a aKTUBUTETH.

o 3a paciieopeHu cyicitianyue 60 600HU pacilieopu TPETIOCTaByBaMe JleKa MHTep-
MOJIEKYJTapHUTE WM MHTEPjOHCKATE MHTEPAKIMN Ce 3aHEMapiuBH (Toa € cydvaj Kora
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PacTBOPOT € pa3peyieH); TOralll TH KOPHCTIME caMo OPOjHUTE BPEIHOCTH Ha MOJTapHOCTa
(omHOCHO KOJMMYECTBEHA KOHIEHTpannja u3paseHa Bo mol/L) kako BpemHOCTH 3a
AKTUBUTCTH.

Mpumep 17.8

Hanumm n3pa3 3a KOHCTaHTaTa Ha paMHOTEXa, Keq’ 3a OKCI/IJIaHI/Ija Ha XJTOpUAHA jOHI/I Cco
MaHTaHAUOKCHJT BO KHCEJTa CpEAUHA:

MnOs(s) + 4 H™(aq) + 2 Cl7(aq) == Mn>*(aq) + Cly(g) + 2 H,0(l)

CTPATETMJA

HajmpBo ke ro Hanmmeme m3pa3or 3a Keg KOpPHUCTEjKN aKTUBUTETH (@), a MOTOa Ke T'| 3a-
MeHHMe OpOJHHTE BPETHOCTH Ha COONIBETHUTE BEJMUMHH CIIOPe] KOHBEHIHjaTa Koja IITOTYKY ja
BOBEJIOBME.

PELWIEHUE

HquyBaMe CO paBCHKaTa

amn?*t X acy, X (aH20)2

amno, X (ag*)* X (aci)?

Keg =

ITpu 3aMeHyBambe Ha BPEAHOCTHTE 32 aKTHBATETH T IPUMEHYBaMe TOpPHATE MPaBAIa:

1. AxrusuretoT 3a MnO,(S) € efuHNIa, 1 TO] MOXKE J1a M30CTaHe

2. 3ajouckure cyncrannun Mn*, H* u Cl- ke ru KopucTiMe OpOjHITE BPEJHOCTH HA HUBHUTE
MOJIapHY KOHIIEHTPAIHH.

3. 3a Cl,(g) aktusuteToT Ke Gujie 3aMEHET co OpOjHATA BPEAHOCT HA MAPIMjaTHUOT MPH-
THCOK.

4. bupejkn BofjaTa ja mMa BO TOJIEM BHIIIOK BO PACTBOPOT, HEj3MHMOT aKTUBUTET Ke Oujie
€THAKOB CO OHO]j Ha JICTATa BOJ, OJHOCHO & = 1.

Co oBme 3aMeHH T0O6MBaMe

P [Mn*"](Py,)
o T

MNPOLIEHA
Ha 3abenexmnme fieka u3pasor 3a K, COpKM 1 KOHIEHTPALIMN U IapIijatHi nputicor. Toj
HE ¢ WICHTHYEH HATY CO M3pasor 3a K , aury co K.

BEXBA 17.8A
Hanmmm u3pas 3a KEq 3a peakijarta

2 Al(s) + 6 H(aq) == 2 Al*"(aq) + 3 Hy(g)

BEXBA 17.8b
Hammmm paBeHKa 3a pacTBOPYBAamETO HAa MAarHE3MyMXUAPOKCHJ BO KHCENT pPacTBOp W MOTOA
HAIHIIN 1O M3pasoT 3a K.

HpeCMeTyBalbe HA KOHCTAHTaTa HaA paMHOTEXa, Keq

Cera cMe TIOATOTBEHN Jla TPUMEHUME TIOBEKEe HAUMHK 3a IPECMETYBake Ha KOHCTAHTAaTa Ha
paMHOTEXa, K_, 1 1a ro TOIKyBaMe HEj3MHOTO 3Haveme. [la ja mpecMeTame Keq 32 NCIAPYBAKETO
Ha BOjiaTa npu 35 °C, 3a IITO MPETXOIHO HANUIIIABME

Hzo(l) ——— HzO(g) AGggg = +8.590kJ
Ke nouneme co npeypeysame Ha m3pazor AG®=—-RT In Keq co
MAGO
RT
Cera ru 3ameHyBaMe BpegHocTute 3a AG®, R u T. IIpu oBa, BpegHocta 3a AG® ja u3pasyBame

He BO kJ, Kako IITO € 3ajiajicHa BO TOpHATa paBeHKa, TYKY BO KUJIONyIH Bp3 Mo, 8,590 ki/mol.
Epunnumnre kJ/mol o3HauyBaar feka GpojHarta BpegHOCT 3a AG® ce OjfHeCyBa Ha CTEXHOMETPHCKH

In Keq =

733
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KOJIMYEeCTBA HA YYECHUITE BO peakilujaTa, IpUKaXaHa co H3paMHeTa XeMHCKa paBeHKa (OfJHOC-
HO, CTEXHOMETPHCKHUTE KOS(DUIMEHTH TH 03HAUyBaaT KOJIMIECTBaTa Ha YUCCHUIUTE)*™.
KomneuHo, ja nperBopame oBaa BpefgHocT Bo 8,590 x 10° J/mol 3a cooBeTHO KOpHCTEHE Ha

CUTE €AMHUIU BO I/IBpa3OTZ
—8.590 X 10° Jmot™"
In Keq = — = —3.465
8.3145 Jmot™" K=+ X 298.15 K

Keq = €734 = 0.0313

Cera fja ro HanuIIeMe U3pas3oT 3a BOAaTa 3a HEj3MHATa paMHOTEXka TeyHOCT - rac. Criopef
JIOrOBOPOT 32 aKTUBMTETH, aKTUBUTETOT Ha H,O(l) € @ = 1, 1 coofBETHHOT U3pa3 3a Ky

ch = P’.[:O(g) = 0.0313

IITO HU KaXKyBa JIeKa paMHOTEXKHHOT TapeH MPUTHCOK Ha Bofarta mpu 25 °C e 0,0313 atm (23,8
mmHg). OBaa npecMeTaHa BPEJHOCT 3a MapPHAOT MPUTUCOK € MACHTHYHA CO eKCIIEPIMEHTATHO
n3MepeHaTa BpeJHOCT IITO € IajieHa Bo Tabemara 11.2.

Mpumep 17.9
Onpenemn ja BpepHocra 3a K, mpu 25 °C 3a peakuujata 2 NO,(g) ——N,0,(q).
CTPATEIMJA

Harra ipBa 3afiava e fa ja ompefieMe BpefHocTa 3a AG® O offaTomuTe Bo Tabenara Bo JOAATOKOT B 3a craHmapgHuTE COGONHY EHEPI UM
Ha popmupatbe. [ToToa Moxke ja ja pecmeTame BpefiHocTa 3a K, kopuctejku ro uspasor (17.12)

PELLEHVE
CranpapHuTe CNOGOIHN eHeprid Ha (hOpPMIPaH:e AG® = AG7[N;O4(g)] — 2 X AGF[NO,(g)]
e o o (10 B e (1 mot 4y x T2 Y (5 w0, x 30K
9). - L2 R (P, 5130k
Y P ML 2 1 ol N,O, 27 T mol NO,
= —4.78 k]
IMoroa ri MeHyBaMe eiumIuTe 3a AG® o kJ Bo AG®° = —4780Tmol ', R = 83145 mol 'K™!, wm T =298.15K

J/mol 1 ru 3anuuyBame pyruTe NOTPeOHH BEMUUMHU
Bo u3pasor (17.12). [Totoa, ro mpeypeayBame u3pasor
(17.12) 3a pa ja npecmerame K.

AG® = —RT'In K.,
—AG® —(—4780J mol™")
In Keq = = . p— =
RT 8.3145 I mol™' K™! X 298.15K

Keg=¢e'" =69

1.93

MNPOLEHA

Bo 0Boj npoGnem, Bpenocta 3a AG® e HeraTuBHa, 1 OTTyKa BpefiHocTa Ha In K Mopa ia e noronema off 1. Ako ja HanpaseBMe BooOMIaeHaTa
¥ YecTa Ipelka, MpH MITOo 1a To 3a00paBeBMe MIUHYCOT MPEJ| M3pa30T Ha JiecHaTa cTpaHa Bo paBenkara (17.12), BpeHocta 3a K., Ke uenapgserne
nomana off 1 (ogHocHo €1 = 0,145).

BEXBA 17.9A
Vickopucty ru nojjatonute off JoAaTOKOT B 3a fa ja onpepenun K., pH 25 °C 3a peakmmjata 2 HgO(s) ——— 2Hg(l) + O,(q)

BEXXBA 17.9b
Vckoprcrn ri mogaroute off gogatokor B 3a na ja onpepemun K mpu 25 °C 3a peakunjara 2 NO(g) + Br,(I) == 2 NOBr(g). Axo NO(g)
npu 1 atm pearupa co utok Br (1), konkas ke 6upe napiujanuuot nputicok Ha NO(g) n NOBr(g) Bo pamuoTexaTa?

*Bo n3pasot paBenka 2 03(g) ———— 3 02(g) AGo=-326.4 ki/mol, BperrocTa 32 AG® ce ofHecyBa CIe[u(ITHO Ha peaKiuja
BO KOja 2 MOJIa 030H IaBaaT 3 MoJa KHCIOPOJ]. AKO KOPACTIMe paBeHKa paBeHKa 03(g) ————3/2 02(g), Toram BpeHOCTa
3a AG® e paBeHKa = -1/2 x 326.4= -163.2 kJ/mol. [1a 3a6esexxuMe eKa KOHCTAaHTaTa Ha paMHOTEkKa 3a BTOpaTa paBeHKa Ke
Guyie KBajipaTeH KOPEH O OHAa 3a IIPBaTa PaBeHKa.
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PamHoTexa
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A CJIMKA 17.11 AG° n HacoKa Ha oABMBaH-€ Ha COHTaHaTa NpomMeHa

TIponykTn
(®)

(a) Ako AG® e roeMo 1 HeraTHBHO: PAMHOTEXKATa ¢ 3HAYMTEITHO IOMECTEHA Ha leCHATA CTPaHa i peakiujata MpakTHIHO Ol 10Kpaj. (6) AG® e rosemo n
MO3UTHBHO: pAMHOTEXATA € 3HAYMTENIHO TOMECTEHA Ha JIeBaTa CTpaHa i peakiujata MpakTHIHO He ce OfjBuBa. (B) AG® He € HUTY rolieMa HUTY Malia BPEHOCT, Koja
€ MO3UTUBHA 1 HeraTuBHA BpegHocT. ToukaTa Ha paMHOTEXa € HeKajle Ha CpefiiHaTa Ha PeakucKIOT mpodui. Ako Q < Keq, BKYITHATa pPeaKifyja ce OfiBIBa KOH

npoaykTuTe. AKo Q > K, BKyNHaTa peakumja ce ofjBUBa BO 00paTHA HACOKA.

3Hayeme HA 3HAKOT 1 BeanmunHarta Ha AG°

Bo I'maBa 14 (ctp. 586) BHgoBMe eKa Bp3 OCHOBA Ha BENMYMHATA HA KOHCTaHTaTa Ha
paMHOTeKa MOsKe IPHOIIKHO a Ce OIeHN JIall peakiujaTa 1oy (a) 61 ofena fokpaj, (6) ganm
BOOIIIITO OW Ce OfIBEBAIA, MM (B) OM MOCTHTHANA COCTOj6a Ha paMHOTE Ka IITO MOXKE Ja Ce OTIHIIe
co BpeprocTa Ha K . Cera, nMajku ja paBerkara (17.12) 3a Bpckara nomery K i AG®,

AG®=-RTInK,,

caMo BpefiHocTa 32 AG® MOXKe Jla ce KOPUCTH 3a IPOLieHa Ha FOpHUTE TpH MoxKHOocTU. Ha cnukara
17.11 HanpTaBMe TpU peakLUCKU NIPOUIIN LITO NOKaXKyBaaT KaKo ce MEHYBa CII00OHATa €HEPIU-
ja, TPrHyBajKu off peakTaHTU BO HUBHATA CTaHJapAHa coCT0j0a, Ha JieBaTa CTpaHa, 10 IPOAyKTU
BO HUBHATa CTaHJjapJHa cOcTOj0a, Ha lecHaTa cTpaHa. MUHUMYMOT Ha PeaKLUCKUOT Ipocu ja
IpHKaxyBa cocTojboaTa Ha pamMHoTexKa. OBOj MUHEMYM MOKeE [a OHUjie IOCTUIHAT TPrHyBajKu
off KOja OIII0 cTpaHa, Off IeCHO (Ol peaKTaHTH KOH MPOAYKTH), WA Off JIeBO (Off IPOXYKTH KOH
pEeaKkTaHTH), BO 3aBECHOCT Off BpeffHocTa Ha Q. IllToM Ke Gijie MOCTHTHAT OBOj MUHAMYM, BKYITHATa
peakiyja noBeKe He ce NPUABIKYBA 110 JOJIXKUHATA HA PEAKIUCKUOT IPOUIL.

Bo cryuajot (a) Ha cukara 17.11, cmoboHaTa eHepruja Ha MPOAYKTHTE € MHOTY IIOMaJia Off
OHaa Ha peakTaHTHUTe. Pa3mukara nomer'y HUB - IPOMEHATa Ha CTaHAapAHaTa cJI000/{Ha EHEpruja
AG® - e rojiemMa HeraTUBHA BPEJHOCT, H PeaKlyjaTa € TOJIKY IIOMECTEHA HajleCHO, IITO BelMe
JleKa Taa Ofj1 AOKPaj, OHOCHO [0 LIEIOCHO TPOILEHE HA PEaKTaHTUTE U HUBHO IIPETBOPAbE BO
npoaykTu. Bo ciaydajor (6), cuTyaumjaTta e o6paTHa: cI0O0fHATA €HEPIrHja Ha MPONYKTHTE €
HOrojeMa off OHaa Ha peaKTaHTUTe, IPOMEHATa Ha CTaHJapAHaTa cl1o00[Ha eHepruja € ronemMa
HO3UTHBHA BPEJHOCT U pAMHOTEXKATA € TOJKY IIOMECTEHA HAJIEBO, LUTO BEJIUME [ieKa peaKijaTa
BOOIIIIITO He ce Of{BuBa. Bo ciydajor (B), pa3nmKkaTa BO cIOOO/{HATA EHEPrHja Ha PEAaKTaHTUTE I
HPOAYKTUTE € Majla U PaMHOTEKaTa JIeXKY HeKafle BO BHATPELIHOCTA HAa PEAKLUCKUOT IPOuIL.

He Moxe mpennsHo fa ce Kaxe IITO 3Ha4M ,,rojleMa”, a MTo ,Mana“ BpegHocT Ha AG°.
MefyToa, oIIITO ce cMeTa JOKONIKY AG® € HEKOIIKY CTOTHLM KUJIOIYIU Ha MO U € HeraTHBHA
BPEJHOCT, TOrall peakijijaTa IPaKTUUHO OAU JOKPaj. AKO AG® € HEKOJIKY CTOTULY KUIIOIIY/IH Ha
MOJIL i € HeraTHBHA BPEHOCT, TOralll peaklyjaTa IpaKTUIHO He ce ofBuBa. Kora AG® e HeraTtusHa
UM IO3UTHBHA BPEJHOCT, Koja € OJ1cKa [0 Hyla, TOrall Mopa ja ce U3BpIIaT MPEeCMETKU
KapaKTEePUCTUUHHU 33 XEMUCKA PAMHOTEXKA.

Cnpernaru peakuun

Ia ro pasriaename pasnoskyBambeTto Ha xuBa(ll)okcugor:

HgO(s) — Hg(l) + $05(8)  AGSs = +58.56k]  AHSg = +90.83kJ

Bupejkn Bo peakimjaTa TPrHyBajKH Off IIBPCTa CE CO3[[aBa TACOBUTA CYIICTaHI[W]a, CHTPOIHjaTa
pacre, AS° > (0. Kora AH® > 0 u AS° > 0, qupekTHaTa peakuuja e (paBopusupana npu IMOBUCOKA
TemnepaTypa (cnydaj 3 Bo tabenara 17.1). bunejku AG®,,, He e 0cOGeHO ronemMa BpPeHOCT,
peakumjata Bo Koja ce go6usa O,(g) npu 0,25 atm cranysa cnontana npu oxony 500 °C. (0,25
atm e MaJIKy HOBMCOK IIPUTHCOK Of MapuujamHuoT nputucok Ha O, (g) Bo armocepara.) OBaa

v

i

AKTUBHOCT 3a €HepreTcku
,qwjarpaMM N PaMHOTEXHU
KOHCTaHTH
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MaBa 17 o

0 SKIBATE OPTaHU3MI, EHEpTHjaTa IMTO € CKIAJUPaHa BO XpaHaTa

- IOTEHIWjalTHa eHEPTHja - Ce MPETBOPA BO KHHETHYKA EHEPTHja

Ha JIBIKEHETO, EHEPrUja MITO I OBO3MOXKYBA JIUIIEHETO,
[IOTUPAmETO, BUTKAKHETO Ha manuute uTH. Kako ce ciyuyBaaT oBHe
eHepreTcKy IpeTBopama? Jlaan Tie ce MOKopyBaaT Ha 3aKOHNATE Ha
TepMOIMHAMUKATA?

Peaknuja mpu Koja omafa cro6ofHaTa eHEprHja ce HapeKyBa
e2sepzona (AG < 0), a oHaa mpH Koja CIOOOHATA EHEPTHja pacre,
enoepzona (AG > 0). Bo XuBHUTe OpraHM3ME Ce OfBUBAaT Er3¢PrOHH
peaKIu’ 32 OfpKyBamhe Ha KUBOTHATE TIPOIECH, HO HCTO TaKa Mopa
Jla ce OfIBMBAAT M CHJEPTOHM MPOLIECH 33 CKIAUpPae Ha CII000fHATa
eHepruja, Koja MoToa Ce KOPUCTH 33 er3ePrOHATE PEAKIIHH.

Bo XuUBHTe OpPTaHW3MH, CIOXEHATE MONEKYIH, KaKO ITO Ce
nporenHute u JTHK, ce fo6uBaaT co cuHTe3a Off MOEJHOCTABHH
Monekyu. OBHe mpoliecr 00MYHO OfIaT CO HaMaITyBarke Ha EHTPOIHja-
Ta (AS <0), mopact Ha eHtanmujata (AH > 0) 1, COOBETHO, CO TOpacT
Ha cioboyiHaTa enepruja (AG > 0):

AG = AH - TAS

OuekyBaMe OBUE TIPOLECH fja HE OUAAT CIOHTAHH; HO KAaKO OBHE
€CEHIjalHO BaXKHN IIPOLECH CE OfBHBAAT BO HACOKA IITO HE € IIPH-
ponHa?

Jla ro pasriefame CIEHOBO: aKO (ppIIMII KHATA, Taa Ke NajHe Ha
HOJOT - COHTaH npolec. Knurata Hema fja ce BpaTu off NOfOT Ha3af
BO TBOjaTa paka - TOa He € CHOHTaH npolec. Ho fa npernocraBuMe
JleKa KHUTaTa Ha MOfl0T € IIOBp3aHa co jaxe, IPeKy Kamapa, o Apyra
noronema kuura. Cera, kora 01 ro ocio0ofune jaxeTo 1 Kora 0u
J103BOJIIJIE IOTOJIEMATa KHITA fla IafHE, T0a Ke ja OoBIeYe Harope Io-
Majtata KHara (BHAH ja cimkara 17.12). CoHTaHROT nporec (arameTo
Ha IIoroyieMara KHira) To 0BO3MO3KYBa OfIBUBAFbETO HA HECTIOHTAHIOT
nporec (MOJUrameTo Ha moManaTa Kaura). OBa e CIpersHaT Iporec,
QHAJIOTHO Ha CIPETHATUTE XEMHUCKH PEAKIIHH.

PeaknujaTa Bo K0ja pacTeHHjaTa CO3jlaBaaT caxapo3a Off efHO-
CTaBHHUTE LIEKepHU IIyKo3a U (pyKTo3a € Mpolec CO MO3UTHBHA
BpefHOCT Ha AG,IITO 3HAa4H IeKa peakljujaTa € eHfieproHa. Peakunujara
Mopa Jia € CIperHaTa co HeKoja Apyra peakiiyja LITo € er3eproxa, Kako
mTo e Xuuponu3ara Ha ATP (ageHo3uH Tpucgocar) 1o ADP (ageHo3nH
macpoccpar). 36MpoOT Ha JIBETE peakUun pe3yaTupa co AG < (:

[nykosa + ¢pykrosa —> caxaposa + H,O AG = +29.3 kJ

ATP + H,O0 — ADP + HPO,2~ AG = —30.5Kk

Tnykosa + ¢pykrosa + ATP ——> caxaposa + ADP + HPO,>~
AG = —1.2KkJ

TepMoauHaMuKa: CMIOHTAHOCT Ha npouecuTe, eHTpOHMja 1 cnoboaHa eHepera

TepMO,D,VIHaMVIKa N XUBUTE OPraHU3IMu

PeaxnuuTe ce cpersaty npeky HHTepMEANepoT rIyKo3a-1-oc-
char. IIpBo, ATP pearupa co Iiryko3a IpH ITO ce (hopMupa HHTEpMe-
JUEpOT, IPU IITO feJl Off eHeprujaTa BeKe CKIIajupaHa BO XeMICKUTE
BpckH Ha ATP ce npeHecyBa BO BpCKATE HA HHTEPMEIUEPOT:

(a) Tmykosa + ATP —— rayko3a-1-cpocat + ADP

Kora naTepmenepor pearipa co (hpyKTo3aTa, 3auyBaHaTa eHep-
THja ce MPEHecyBa 10 MOJIEKyJIaTa Ha caxapo3ara:

(6) 'nykosa-1-pocchar + hpykrosa —— caxaposa + HPO*

Wurepmenuepot, rayko3a-1-ocdaToT, ce TOHUIITYBA BO BKYII-
HaTa paBeHKa MpH COOMpameTo Ha paBeHKuTe [(a) + (0)]:

Tnykosa + ¢pykrosa + ATP
—— caxaposa + ADP + HPO >
AG=-1.2kJ

<« CJIUKA 17.12 AnHanoruja
CO crnperHaTv peakuum

AKo nomarnaTa KHUTa He e
IOBP3aHa CO jaxe CO IoroieMara
KHITa, TOTaIll ToMaaTa KHAra
HeMa J1a ce MOJJUrHe Harope,
OHyIejKN TaKBO ABIKEHE HE

e cnonTal npouec. Kora ke
Oufie TOBP3aHa €O jakeTo CO
IOroNieMara KHura mTo nafa
Hajony (CIOHTAH MPOIEC),
noMajiaTa KHura Ke ce mojjurHe
Harope. CIperHaTHoT IpOLEC €
CIIOHTaH.

MOBOJIHA TEPMOIMHAMUKA Ha peakiujata My oBo3Moxkmta Ha Jozed Ipuctau (Joseph Priestley)
(1733-1804) na ro uzonupa KucinopofoT Bo 1774 1. camo co 3arpeBame xusa(ll)okcup.
Cera n1a ja pa3riiefaMe peakiujara Bo Koja 6akap(l)okcnp ce pa3noxysa o MeTalleH 6akap

1 raCoOBUT KUCJIOPON:

Cu,0(s) —> 2 Cu(s) + 1 Oy(g)

AGSgg = +1499KkJ AH§98 = +170.7 kJ




17.7 o 3aBUCHOCT Ha AG° mn Keq oA Temneparypara

Osjie, AG® e 3HAUMTETHO IOMO3UTHBHA BPENHOCT OTKOIMKY 3a kuBa(ll)okcupor. OTTyKa, Cu,0(s)
MOpa Jia ce 3arpeBa Ha MHOTY MOBHCOKa TeMreparypa oTkoiky HgO(s), ogrocHo Ha 2.500°C, 3a
7a [MOYHEe CIOHTAHO Pa3liokKyBame NpH CTaHAapAHu ycinoBu. OTTyKa, He € JEeCHO Aa ce godue
MeTasleH 6akap o eTHOCTABHO 3arpeBarbe Ha OKCHJIOT.

Ho pa npetnocrasume fieka ro 3arpesame Cu,0(S) BO MPHCYCTBO Ha jariepop. JarneponoT
pearmpa co KHCTIOPOROT MITO ce 0clo6oyBa co pasnoxysameTo Ha Cu,0(s). Bo oBoj cucrem
MOKe ia TH pa3riiefyBaMe MOKpaj MOoeHEeUHNTE Peakny, MoxKe 1a 300pyBaMe 1 32 e{Ha BKYIHA
peaknuja. BkynmHaTa paBeHKa ja joOuBaMe cO coOupame Ha ABETe PABEHKH, a ¥ BPEJHOCTA 3a
AG 3a BKyIIHaTa peakiyja ja fo0uBaMe co cCOOHpare Ha IIOeMHEeYHITe BpeaHocTH 3a AG. OBa e
MIAECHTHYEH HAYMH KaKO OHOj IITO F0 KOPHCTHME IIPH IPeCMETYBAkETO Ha BpefHocTa 3a AH co
npuMeHaTta Ha XecoBroT 3akoH (I'aBa 6.6):

Cu0(s) — 2Cu(s) + 3 0x(g)  AGSeg = +149.9KJ
C(rpadur) + 1 0,(g) — CO(g) AGSes = —137.2K)
Cu,0(s) + C(rpadur) —> 2 Cu(s) + CO(g) AGSg = +12.7KJ

Il

BkynHata peakuuja He e cioHTaHa mpu 298 K, Ho € MHOT'Y HOOJIUCKY [0 CIIOHTaH IPOIIEC OTKOIIKY
peakuyjaTa Ha pa3noxyBame Ha OKCHOT BO OTCYCTBO Ha jarsiepop. OBaa peakuuja cTaHyBa
criontana npu 100 °C; cenak, ga HanmoMeHeMe fieka MPH NHAYCTPUCKOTO NMTPOU3BOJICTBO Ha Hakap
Ce KOpUCTAT MHOTY IIOBUCOKM TEMIIEPATYyPH.

Kora cranyBa 300p 3a KOMOMHaIMja Ha €HOCTaBHM PeaKIUH, IIPU IITO ce KoOHBa HEKoja
BKYITHA peakljyja, ceé KOPUCTH TEPMUHOT CHpersaTn peakuuu. MefyToa, TEpMUHOT HajyecTo ce
oflHecyBa Ha KOMOMHANWja Of e[Ha CIIOHTAHA U e[{Ha HECIIOHTaHa PeakIyja, Py IITO BKyIHATa
peakiyja e ClOHTaHa.

17.7 3aBuUcCHOCT Ha AG° n Keq oA TeMmnepaTyparta

HOCQFH BOCIIOCTaBUBME KPUTEPUYMHU 3a CIIOHTAHOCT Ha MPOUECUTE U HAITIPaBUBME I'OJIEM 6p0]
KBAJIUTATUBHUA U KBAHTUTATUBHU NPOUEHU CaMO BP3 OCHOBA Ha CJICTHUBE IBE PaBCHKU:

fl

AG = AH — TAS
AG® = —RTIn K,

Ho ce unHu fieKa OBJie IIOCTOU €[JHO CEPUO3HO OrpaHuuyBambe. CUTE JOCEralliHi KBaHTHTATHB-
HU IIPECMETKHU ce OfiHecyBaa Ha 25 °C, 6upiejku TabeapHuTe TEPMONUHAMUYKYI BETUYMHU [IABHO
ce ofjHECYBaaT Ha oBaa Temueparypa. Cenak, off IPaKTUYHY LIeNH, 3HaeMe JieKa MHOTY peaKIun
MOpa fia ce OfjBUBaaT IIPH MHOTY APYTH Pa3IMYHA TEMIIEPATypPH.

3a ga ja onpefenauMe KOHCTaHTaTa Ha PAMHOTEXKa IPH pa3lUyHU TeMIepaTypH, Ke IpeT-
nocTaBEMe Jieka AH 1 AS He ce MEHyBaaT 3HAUHTEIHO cO Temmeparypara. ([la ce moTceTnme
JleKa oBaa IPETIOCTaBKa ja CpeTHaBMe 1 Bo cimkara 17.8.) ITokpaj oBa, Ke mpeTnocraBnMe AeKa
BpefgHocTUTe 32 AH® 1 AS® 3a 25 °C Baxart u 3a gpyrure temnepaTypu. OBaa IpeTIOCTaBKa €
coceMa npucdaTiuBa, 6ufejKu cTaHIapJHUTE eHTANNN Ha (DOpMUpae, KAKO U CTaHapiHUTE
MOJIapHU EHTPOIIUM HA CUTE PEaKTaHTUTE M MPOAYKTHUTE CE MEHYBAaT NPAKTUYHO HA HJCHTHYEH
HauMH CO TeMIepaTypaTa.

Cera Ke ja mokaxkeme IpolejiypaTa 3a H3Be/lyBame H3pas ITo ja nospsysa K co Tem-
nepaTypara.

3a fa ja ompefenume BpegHOCTa 32 AG®, Ke
Il ICKOPUCTUME BpefHOCTHTE 3a AH® 1 AS® 3a
25 °C u Ke ja BHeceMe BpefiHOCTa Ha OapaHarta
TemmnepaTypa Bo paBeHkata (17.8)

AG® = AH® — TAS?

IMotoa, 3a f1a ja onpejielnMe BPEIHOCTA 32
K., IpH onpejiesiena TeMIepaTypa, Ke ja ncko-
pucTHME penanujata momery craHjapjiHara cio-
OofiHa eHepruja 1 KOHCTaHTaTa Ha PaMHOTEXa,
omHOCHO paBenkaTta (17.12) .

AG® = —RTIn K,

Bupejku HajuecTo cakaMme ja ja ompefenu- A H°
M€ BpEHOCTa 3a Keq, Ke 'l KOMOMHHIpaMe pa-
Benkute (17.8) u (17.12) Bo efiHa paBeHKa IITO
jamoBp3ysa K co remneparypara.

TAS® = AG® = —RTIn K,
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Co npeypenyBame, fo6MBaMe paBeHKa IITO HA OBO3MOXKYBa fia TH
KOPUCTHME BPEJHOCTHTE 3a SHTAJNKjaTa W 3a eHTpormjaTa npu 25 °C 3a
npecmeTyBatbe Ha K Ipu onpejieniena TeMneparypa.

Axo mpernocraBume fieka AH® u AS° ce KOHCTAaHTHH BPEIHOCTH 32
olpefiesIeH TeMIepaTypeH HHTepBall, n3pa3oT AS/R Moxe a ro cMeTaMe 3a
KOHCTAHTa M paBeHKATa /Ia ja HaliIIeMe BO MO3HATHOT 00uHK (Y = mX + b).

TepMoauHaMuKa: CMIOHTAHOCT Ha npouecuTe, eHTpOHMja 1 cnoboaHa eHepera

—AH® AS°
Ko = %r * R
—AH°
In Koy = —~— + KOHCTaHTHO (17.13)

RT

3abenexu ja cnmyHocTa nomery
BaHTxodoBata n ApeHnycoBaTa paBeHka
LUTO ja cpeTHaBMe Bo rnasara 13.

3adenemika npyu pemiaBambeTo

Mpw pelwaBareTo 3agaymn, BaHtxodosaTa
paBeHka Moxe Aa bvae HanuwaHa 1 Bo
cnefHvBe obnuum:

ple_ a1 1
K4 R n T

K‘] R T]'Tz

AKO ja mpeTcraBuMe Tpauyku 3aBUCHOCTA Ha In Keq Kako ¢yukuuja ox 1/T, fobuBame
npaBa co HakJIoH -AH°/R 1 oTceuok AS°/R. Hajao6ap TecT 3a mpoBepKa Ha MpeTnocTaBKaTa ieka
AH° 1 AS° ce He3aBHUCHU Off TeMIIEpaTypaTa € fia HalpaBUMe IpauK co HEKONKY BPEHOCTH 3a
KOHCTAHTHTE HA paMHOTEKa MU pa3jinyHa TeMIepaTypa 1 jia ce BUM [AaJM TIpU Toa ce JoOuBa
npasa. OBa e npuKaxkaHo Ha ciaukara 17.13.

Co MeTOIOT MpUKaKaH BO JOAATOKOT A, paBenkaTa (17.13) Moske fa ce 3aMeHH cO

K, AH° [ 1 1

In— =

K, R \T, T,

(17.14)

OBaa paBeHKa, HapeueHa BanTxogosa (van’t Hoff) paBenka, rm moBp3yBa paMHOTEKHHTE
KOHCTaHTH Keq, 3a JiBe Temmeparypu. Bpennocra 3a Temmneparypa T, e K|, a 3a T, e K,. Bo 0Boj
n3pa3, AH® e mpoMeHa Ha CTaHapAHaTa eHTaNIHNja, a R e racHa KOHCTaHTa.

AKO paMHOTEKaTa € BOCIOCTaBeHa MOMel'y TEYHOCT WM IBPCTA CYNCTAHIHja 1 HEj3MHUTE
mapeu, Toram KOHCTaHTaTa Ha paMHOTEXa € eJJHaKBa Ha MPUTHUCOKOT Ha mapente. OTTyKa,
MoxkeMe K (KOHCTaHTaTa Ha pAMHOTEKa) Ja ja 3aMeHnMe co P (IPUTHCOK Ha TapenTe ), a HAMECTO
AH° na numysame AH, _° (mpoMeHa Ha cTaHJapjiHaTa eHTaJNuja Ha cnapyBake, 3a0. Ha TIPeB. )
wn AH__ ° (mpoMeHa Ha cTaHfjapiHaTa eHTalja Ha cybaumaimja, 3a6. Ha npes.). [JoOueHara

cybn i . . .
paBeHKa BO OBOj ciyuaj ce HapeKyBa Kaaysuyc-Kaaiiejporosa (Clausius-Clapeyron) paBenka:

Hciiapysarse In— = —_— 17.15
Y P R \1, 1 (17.19)
o]
Cybaumayuja ln& _ AH o 11 (17.16)
P R n T
6.00 —
5.00
X 4.00
3.00
2.00 | | | | | |
1.50 1.60 1.70 1.80 1.90 2.00 2.10
T, K- x 1073

A CJIUKA 17.13 TemnepaTypHa 3aBUCHOCT Ha Keq 3a peakuujata
CO(g) +H,0(g) —— CO,(9) + H,(9)

Bpennocra 3a AH® onpeyiesiena ojf HaKJIOHOT Ha npaBaTa e okouy -40 kJ, mTo e MHOTy GIIHCKY 10 BpeiHOCTa
-41,2 k], konky mrro msnecysa AH,,° masiena Bo TaGemnara Bo fofaToKoT B. Hekom off BpegroCcTHTE IITO CE
KOPHCTEHH 32 LIPTambe Ha rPapuKOT ce NafleHu MOfoIy.

T, K uT Ky InK,,
478 2,09 x 107 210 5.35
533 1,88 x 1073 73 429
588 1,70 x 107 31 343

643 1,56 x 103 16 2,77




17.7 o 3aBUCHOCT Ha AG° mn Keq oA Temneparypara

Mpumep 17.10
Jla ja pasriename ciefHaBa peakuyja npu 298 K:

CO(g) + HyO(g) == COx(g) + Ho(g)  AHg = —41.2K]
Onpepen ja BpeHocra 3a K mpn 725 K.

CTPATEITMJA

I'pacukor mro ja npukaxysa 3asucHocta Ha K kako ¢yrkuuja ox 1/T ce ofnecysa Ha
peakimjaTa mpukaxkana Ha ciukata 17.13. Op rpaukoT He MOXKeMe Jia ja ONpefienMe BPefHOCTa
sa In K mpu 1/T =1/725 K, Gupiejkn oBaa remmeparypa e HajiBop Off OIICEroT Ha BPETHOCTH 33 KOj €
HanpTaH rpacuxoT. Ho Moxe fja 't HCKOpUCTHME NIOAATOLUTE Aa[IeHH BO TEKCTOT Ha c1ukarta 17.13
3a onpefienyBame Ha K, 1 T, BpeIHOCTUTE ITO HU Ce MOTPEOHH 3a IPUMEHa Ha paBenkaTa (17.14).
JIpyruTe moTpeGHHE BpeTHOCTH 3a IPHMEHA Ha 0Baa paBeHKa ce JIAfIeHH BO 3aavara.

PELLUEHUE
Jla mpeTnocTaBuMe fieKa BpeIHOCTUTE IITO cMe I'm u30pase 3a npuMeHa Ha Banrxodosata
paBeHKa ce CIe/JHUBE:

Kx=7 T, =725K  AH° = AHSs = —41.2 kI/mol

OrtTyka, cnopep; paserkata (17.14), pemenneto 3a K, e:

| Ky AHR°[1 1) (-412X 1000)Jmor1< 1 1 )
"k, T R\T, T) 83145 mol 'K ! \643K 725K
K> _ 3 -3 —3\ 11
ln= = =496 X 10°K X (1.56 X 107 = 1.38 x 107)K
1
K,
In— = —0.89
K
K
2= e = 041
K
Ky = 041 X K, = 041 X 16 = 6.6
MPOLIEHA

Jla cmomHeMe fieka off TabenaTa mprKaxkaHa Ha ciukata 17.13 ce rmefia ieka BpefjHoCTa 32 Keq
TOCTENEHO ce HamajlyBa co MOPAcTOT Ha TemnepaTypara. bupnejku T, e morosnema ofi HajBucokaTa
BPEJIHOCT 3a/iajicHa Bo Tabenara, K, Mopa jja mMa BpeiHocT nomasa o 16. OTTyka, mpecMeTaHata
BpeHOCT off 6,6 ce uuHM fleka e mpugaTauso TouHa. [Ipu pemaBameTo, 3a 1a HE ce HAalpaBH
cilyyJajHa TpeliKa Py MPECEeMEeTYBAmETO Ha PE3yATaToOT CO KAIKYIaTop, HajAoopo € BpeHOCTA Ha
uspasor (1/T, -1/T,) na 6une 3amameTeHa BO KalIKyIaTopOT, OTKOJIKY HACTPaHa /la OUJiaT 3amiuIyBa-
HH BPETHOCTUTE 32 OJjIeTHUTE petunpoyunu Temnepatypu of 1,56 x 1071 1,38 x 10 kou ce jo6uBaar
TIPU PEIIaBakbETO Ha 3a/1auaTa. ’

BEXBA 17.10A

Bo npnmepor 17.9 ja onpenenneme Bpeirocta 3a K, mpu 25 °C 3a peakumjata 2 NO,(g) ——
N,0,(9) Konkasa e Bperocra 3a K, 3a oaa peakuyja pu 65 °C? (Ilomouws: Mopa ja 1t KOpHCTHII
TabeTapHATE BPEHOCTH 32 BpegHOCTa Ha AHC.)

BEXBA 17.106

ITpu 25 °C, napHUOT NPUTHUCOK Ha BofaTa e 23,8 mmHg, a eHTannujata Ha ucnapysame e 44,0
kJ/mol. ickopucru ja Knaysunyc-KnanejpoHoBarta paBeHKa 3a PECMETYBAE HA TAPHUOT PUTHCOK
Ha Bopata nipu 40,0 °C. Criopefiu To TBOjOT pe3ynTaT co nogaTouTe Bo tabenara 11.2.

CeoncarteH npumep
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OtnagroTo cpebpo o hororpacckute pacTBOPH UK PYIH 1a00PaTOPUCKU PACTBOPH MOXKE MMOBTOPHO fia ce 00Ke BO 00IMK Ha YHUCT METal
o coofiBeTHA peflokc-peakmumja. Bkymro 100 mL npumepox o Bakos pactop coxpsku 0,200 M Ag*(aq) u 0,0200 M Fe**(aq) jorn. Bo pactBopoT ce
nonasa osonHo xene3o(ll)cyndar 3a 1a ce mocturae KonnenTparuja Ha Fe**(aq) og 0,200 M. Kora Ke ce BocmocTaB: XeMiIcKaTa paMHOTeXa IIpH

25 °C, KOJIKY MOJIOBH IIBPCTO cpeOpo Ke OuaaT MpUCyTHH BO CUCTEMOT?

Ag'(aq) + Fe**(aq) == Ag(s) + Fe**(aq)
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CTPATETNJA

Ag(s) Mopa j1a ce obue o Ag*(aq) jOHETe KOMIITO ce MPHCYTHH BO MOYETOKOT Of peakimjara. Ke ja ompegemive Bpegrocta 3a [Ag*] Bo
YCIOBH Ha PaMHOTEXa, i KONMYECTBOTO Ha Ag(S) Ke ro mpecmerame Kako pasmika [AQ'],, - [Ag'],,,*. [nasuuuara Ha npecmeTkara TpeGa fa
ce Hanpasu cniopef; ICE-dopmaror, koj nperat Gemre 06pasnokeH Bo raaBata 14. Ho HajupBo HE € moTpeOHa BpeHOCTa 32 K., 38 cooBeTHaTa
peakimja. Brpejku oBaa BpeIHOCT He € 3aj1ajieHa, Mopa Jia ja uckopuctime paBerkata (17.12) mTo ja 1aBa BpckaTa momery K,, 1 AG®. Bpenrocra
3a AG° MOXe ia ja olpefeMe Bp3 OCHOBA Ha MOJATOLUTe Off fORATOKOT B. Bo M3Be/yBameTo Ha pelIeHneTo, Ke OiMe o 00paTeH pefocier
O OHOJj IITO I'O ONMMIIIABME OBJIE.

PELUEHUE Agt(ag) + Fe’f(aq) = Ag(s) + Fe*f(ag)

3a onpefienyBame Ha AG® Il IUIITyBaMe AGE 4
COOJIBETHUTE MOAATOLHM Off IOAATOKOT B nop Gy, kJ/mol il — IS —4d

XEMHUCKaTa PaBeHKa, a OT0A ja MPUMEHYBA- A (G° = | mol Fe’t X (—4.7 kJ/mol Fe3+)

Me paBeHkara (17.9).
P 179) — [(1 mol Ag" X 77.11 kJ/mol Ag") + 1 mol Fe®™ X (—78.90 kJ/mol Fe?*)]

= —29%kJ

IMoroa, BpeanocTa 3a AG® Ke ja 3ame- o _ _ —AGT
HIMe BO paBeHkara (17.12) 3a ia ja mpecme- AET = =l Ky T 9 ey = RT
Tame InK_. 2500 o=

mo
In Ky = e =12
83145Tmol K X 298K

Bpennocra 3a K| Ke ja onpepenuve co K. = oK — 612 — 33
CTeTeHyBabe Ha IPETXOMHAOT U3Pas3. eq

Co mpecmeTyBame Ha Q_, MOXe [1a o1pe-
fielmMe Ha Koja CTPaHa ce HACOYMIA PaM-  Pegxyuja: Agt(ag) + Fe2'(aq) == Ag(s) + Fe3*(aq)
HOTEXXHaTa peakuuja. Vlako Bo 0BOj ciyyaj _ _ .
T0a He € HEOTXORHO. BIJIE]KH BO I0YETOKOT Toueiunu konyeniupayuu, M: 0.200 0.200 — 0.0200
HE TI0CTOU MeTajlHo cpedpo, peakuujata  [Ipomenu, M: —X —Xx +x
MOpa fia OflH Ha [IECHATA CTPAHA 32 1A €€ Pyypommiencu konyenmpayuu, M: 0200 — x  0.200 — x 0.0200 + x
topmupa meranno cpebpo. Cera ru BHe-
CyBaMe KOHIICHTPAIIHATE Ha PACTBOPHTE BO
ICE-TabenaTa.

[Fe’™] 0.0200 + x 0.0200 + x
[Toroa ru 3amenyBame BpeiocTuTe 38 Ko = = = =33

- 2
PaMHOTEKHHTE KOHIEHTPAIMHI BO U3pa30T [Ag'llFe™ ] (0.200 — x)*  0.0400 — 0.400x + x

3a K, u ja nmpeypejiyBaMe paBeHKata ia  (0.0200 + x = 0.13 — 1.3x + 3.3x>
no6ue BooOMyaeH 00JUK Ha KBajjpaTHa pa-

BOHKA. 3322 = 23x + 011 =0
2 _ A/
Cera ja peliaBaMe KBajpaTHaTa paBeH- | 23 £ \/(2'3) & X B X 5 - 23+ V53— 15 = 2319 = 0.06
Ka I10 X, BOJIEjKM cMeTKa JieKa X Mopa jia bupie 2 X33 6.6 6.6 ’

nomaio of 0,200.
[ToToa ru onmpenenyBaMe paMHOTEKHH- [Ag+] = [Fe’"] = 0.200 — x = 0.200 — 0.06 = 0.14 M
Te KORUCHTPAIHH Ha JORHT. [Fe**] = 0.0200 + x = 0.0200 + 0.06 = 0.08 M

Koneuno, moxe fia ro ompegennme 2 mol Ag(s) = ([Ag lini — [Ag+]equi1) X 0.1000 L
6pojoT MoJIoBH Ha Ag(S) HCTHCHATH Off pac-
TBOPOT, IIPEKy Pa3MiKaTa oOff MOYeTHATA = (0200 — 0.14) mol/L. X 0.1000 L
PaMHOTE:KHATa KOHIICHTPALIHja, TOMHOKEHA = 0.006 mol Ag(s)

CO BOJIYMEHOT Ha PacTBOPOT.

MPOLIEHA

[Ipm n360poT Ha MpaBWIEH KOPEH HAa KBaJjpaTHATA paBeHKa IITO NMa PeaHoO (hM3MIKO 3HaUeHhe, 6eBMe BofeHn off (hakTot aeka X < 0,200.
OnHocHo, [Ag*] Bo ycoBu Ha pamHoTeka € (0,200 — X) M; mokpaj ApyroTo, BpeHOCTa 3a X MOpa jla € TIO3UTHBHA. BpefHOoCTa 1mTo Tpeba jia ce
orchpmu e X = 0,6. 3a mpoBepKa, KOPACTE]KH TH PAMHOTEKHATE KOHICHTPAIMH MOXKE /A ja IpecMeTame BpefHocTa 3a Q , Koja Mopa Jia € eIHaKBa
Ha Keq. ITpu oBa, Q, = 0,08/(0,14)* = 4. OBa e o6po coBnarame co Keq =3,3, co orne Ha ManaTa MPENU3HOCT Ha pecMeTKHUTe. Manara mpenu3HoCcT
moara of BpeiHOcTa Ha AG®, Koja ja mpecMeTaBMe KaKko pa3iuKa moMery Ba 6poja mTo 6ea peuncr NieHTHIHN.

* [Ag'];, — moveTHa KOHUEHTpalUja Ha cpeGpenn joun; [Ag'],,,,— PAMHOTeXHA KOHIEHTpaLyja Ha cpeCpeHH joHH, (3a0. Ha IPEB. ).
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17.2

17.3

17.4

17.5

3omTo aa ce uzyuysa Tepmoaunamuka? — Tepmoaunamukara oBo-
3MOXYBa fla ce MpefiBUAaT CTAOMIIHOCTa Ha XeMUCKUTE CYNCTAHINN,
JOCEroT ¥ HacOKaTa Ha XeMUCKUTE PeaKluH.

Cnonrana npomena — Cnonran npoiec € OHOj IITO Ce Of[BUBA CaM Off
cebe, Oe3 Biujanue o HaBop. HecnonTan npoiec € OHOj IITO HE MOXKeE
caM Jla ce Of[BUBA.

Konnenr 3a entponnja — Entponnja, S, e Mepka 3a pacmpepientara
Ha eHeprujata Bo paMKuTe Ha cucteMoT. Ilpomena na enrponujara,
AS, e moBp3aHa cO NIPOMEHATa Ha HAaYMHOT Ha KOj eHeprujata BO
CHCTEMOT Ce paclpejiellyBa HU3 €HEPreTCKUTE HUBOA 1ITO Ce Ha pac-
nonarame Bo cucTeMoT. TpeTnoT 3akoH Ha TepMOIMHAMHUKATA BEJIH
JleKa eHTpomnujaTa Ha ufeanen kpucran npu 0 K Moxe fa ce 3eme 3a
Hyna. OBa CIyXH KaKo MOjOBHA TOYKA NMPU €KCIEPUMEHTATHOTO
OlpefieNnyBamhe Ha CTAHJAPHATA MOJIAPHA eHTPOINja, Koja MoToa ce
KOPHCTH 3a IIPeCMETYBabe Ha MPOMEHUTE Ha EHTPOIHjaTa BO TEKOT Ha
XEMHCKHUTE PeaKIun.

HacokaTa Ha cmoHTaHa IPOMEHa € HacoKa BO KOja BKYIIHaTa eHTpoIuja
pacte. [IpomeHaTa Ha BKyIHaTa €HTPONH]ja, KOJjaIITO € HapeyeHa
NPOMEHA Ha eHTPOIHNjaTa Ha YHUBEP3YMOT, € CyMa OJl EeHTPOIMjaTa Ha
CHCTEMOT 1 €HTPOINjaTa Ha OKONUHATA:

AS =AS _+AS
YHUB csc OKOJI

Cnopen BTOPHOT NPUHIUN HA

TEPMOIUHAMUKATA, CHTpOIIl/lja-

CnonTana npomeHa
—_—

& ‘3& . 5 il (Rl
Ta HA YHUBEP3yMOT, SYHM, npu @*““ --. - |ﬂ. &_ Sl
CIIOHTaHU MPOLECA MOpa Jia ce £ ! » u*

— )
3roJieMyBa, OJHOCHO, ASYHM > (). 3rosemeHa CHTPOIHja
CroGonna eHepruja u npoMeHa Ha cJI000HATa eHepruja — ['mocosara
c000aHa enepruja. I'y ce KOPUCTHU 3a ONUIIYBaHke CIOHTAH MPOIIEC.

G=H-TAS

IIpomenaTa Ha ciobofHaTa enepruja, AG, e effHaKBa Ha —TASW“, u ce
OHECYBa caMO Ha pa3TiIeyBaHUOT cUCTeM, Oe3 1a ce BOAM CMETKa 3a
oxkonmHaTa. Taa ce mecpunnpa co I'n6-

coBaTa paBEeHKa:

AG =AH -TAS

3a CHOHTaH Mpolec, MpU KOHCTaHTHA
TemmepaTypa i IpUTHCOK, AG Mopa fia e
HeraTHBHa BpefHOCT. Bo MHOTY ciyuan,
3HaKOT Ha AG MOKe J1a ce Onpefiesn Off
3HAaKOT Ha AH u AS.

3aAH>0uAS>0

AG=0

Enepruja, KJ

Temneparypa, K

ITIpomenn na crangapanara ciodoogna enepruja, AG® — Ilpomenara na
cranjapauara ciodopua enepruja, AG°, Moxe ja ce npecmera (1) co

Tpeba ga 3Haeww

Kora ke ro coBagant MaTCpI/IjaJIOT BO OBaa IjiaBa, Ke MOXKETII:
,Ha ja ONUIIENI pa3jimkaTa HOMny CIIOHTAaHM 1 HECIIOHTAHU ITPOLECH;

Ila 'l KaTeropusupam CeKOleHCBHI/ITE nponecu Kako CIIOHTaHu U
HECIIOHTAHU,

Jla ja gedpuHupam eHTponujaTa Kako AUCHEp3uja Ha eHeprujaTa Ha
CHCTEMOT HU3 PACIONOXKINBUTE MIKPOCKOIICKH €HEPTeTCKH COCTOj0n
Ha CUCTEMOT;

Jla ja moBp3elI anconyTHaTa €HTPONHUja CO peBep3uOMIHATa pa3MeHa
Ha TOIIMHA TIOMEf'y CHCTEMOT 1 HErOBaTa OKONHHA;

Ila ru fecbuHEpar BTOPUOT U TPETUOT 3aKOH Ha TEPMOJIMHAMUKATA;

Jla ro onuuIen BIXjaHUETO HA TeMIepaTypaTa Bp3 (ha3sHUTE NPOMEHH
U EHTPOIIHjaTa Ha CHCTEMOT;

Jla ja xopucTHIl paBeHKaTa 3a NpoMeHa Ha ['mGcoBara cioboaHa
€Hepruja 3a npejiBUyBabe Ha CIOHTAHOCTA Ha XeMICKA peakuuja;

Ila tn omymrent paznukute nomery AG u AG?;

17.6

17.7

3aMeHa Ha CTaHJapJHUTE EHTAJIINN U UHETPOIMH, ¥ TEPMOJMHAMUY-
KaTa TeMmnepartypa Bo ['mGcoBara paBeHKa, WK (2) KOPUCTEjKH I'H
CTaHJapHUTE CIOOOIHN eHepruu Ha (hopMUpame IPEKy U3pa3oT

AG® = Evp AG(nponyxrn) | — S AG(peaxranmi)

IIpomena na c1o0oaHATa eHEPruja H paMHOTEXKa - Y CIOBOT 3a pa-
MHOTeka e AG = (. Bp3 ocHoBa Ha 0BOj ycioB, TpyTOHOBOTO IIpaBUIIO
BEJH JleKa POMEeHaTa Ha EHTPOMNKjaTa Ha MCIapyBambe Ha HEMONapHH
TEYHOCTH BO YCIIOBM Ha PAMHOTEKa € MPUOIMKHO KOHCTAHTHA!

AH
T

[IpomenaTa Ha cTaHmapAHaTa clIOOOAHA EHEPrHja € 0COOEHO KOpHUCHA
3a ONMUIIyBale paMHOTEeXa, OMIejKH € TIOBp3aHa CO KOHCTAHTATA Ha
pamuoTexa, K

ASw, = ~ 87 Jmol™! K™

eq”
AG®=-RT InK__

Enen off ycnoBuTe 3a MPUMEHINBOCTA HAa OBaa paBeHKa € M3pa3oT 3a
K, ia Oupie gepuHupan mpexy GesiMeH3HOHAIHY BEIIIHHI HAPEUCHN
akTuBuTeTH. HO, HAMECTO aKTHUBUTETH, HUE HAJUECTO MOXKE Ja T
MHIIyBaMe caMo OpPOJHHTE BPEJHOCTH Ha MONAPHOCTA (KOJMIECTBCHA
KOHI[CHTPALNHK CO efuHuIa Mol/L) 3a pacTBOpEHN CYNCTAHINH, WK
OpOojHUTE BPEAHOCTH 32 MapUMjAIHATE TIPUTUCOLM 32 FACOBH U3pase-
HU BO atMocepu, M BPeJHOCT 1 3a YMCTH LBPCTU CYNCTAHIUH U

TECYHOCTH. 3a HUTY IPEMHOTY Maso, HUTY

Bpeanocra 3a AG® HajuecTo € OBOJHA mpehOry rafeio AQE
3a J1a ce omnpejenu (a) gaiu peakuujara
6u ofiena aokpaj (AG® e MHOry ronema u
HeraTHBHa BpeHOCT), (0) anu peakuujaTa
BOOMIITO Ke ce ofiuBa (AG® e MHOTY ro-
JeMa MO3UTHBHA BPEJHOCT), MK MaK (B)
peakiujaTa ce OfBUBA O OCTHTHYBAmbE
XEMICKa PAMHOTEKa, TIPH ILITO MOKe [ia ce
NPUMEHAT KapAKTEPUCTUYHHUTE IIPECMETKI
3a paMHOTEXEH XeMHCKH cucTeM (AG® He € MHOTY rojieMa IIO3UTHBHA
WM HeTaTHBHA BPETHOCT).

IToHeKoTall HEeCIOHTaHa PeaKldja MOXe fla Ce OfBHBA JOKOIKY €
KOMOMHHUpaHa co HEKOja CIIOHTaHa peakiuja. 3aefjHO, OBHE JIBE Clpe-
THATH PeakI[iy Pe3yJITHPaaT co BKyIHA CIIOHTaHa PeaKIlyja.

0=k

o)

BAGT-

PamHotexa
Q=Keq

CrnoGopua eneprija, G

Peakranti TIpopykTn

3asucHoct Ha AG° 1 K., o Temmeparypata — Bpennocrute 3a AG®,
AH®, n §° HajuecTo ce TabemapHO MPUKaXaHW 3a TeMIeparypa of
25 °C. 3a ompepenyBame Ha K., IPH ApyrH TeMIepaTypH, 00MYHO
npeTtnocTaByBaMe Aeka AH®m AS° ce He3aBHCHU Off TeMIepaTypaTa.
Co oBaa npeTrnocTaBka MOXKe fa ja n3BefieMe BantxogoaTta paBeHKa
IITO I'Ml TIOBP3yBa KOHCTAHTUTE Ha PaMHOTEXa NpH JiBE pa3IuyHN
TeMIepaTypu.

Jla ja mpecMeTam mpoMeHaTa Ha CTaHJapiHaTa cI00O[HA eHepruja
BP3 OCHOBA Ha CTaHAapAHaTa cI000AHA eHepruja Ha (popMupame Ha
peaKkTaHTHTE U TIPOAYKTHTE;

Jla ru 3HaeI yCIOBUTE M OrpaHMYyBamaTa IPH KOU MOXE Ja ce KO-
puctu TpyTOHOBOTO NIPABHUIIO 3a SHTPONHjaTa HAa HCIApyBambe Ha
TEYHOCTHTE;

o .
Ia mpecmeTyBamt AG® o Keq, 7 06paTHo;
Ja mpecMeryBain AG Ipu HepaMHOTEXKHHU YCIOBU Off MPOMEHATA Ha
cTaHfjapjiHaTa clIo00fHa CHepruja H PEaKUUCKIOT KOS(hHUIUCHT;
Ila ja ommmem BpckaTa moMery roJeMiHaTa U 3HAKOT Ha AG® u mo-
70k0aTa Ha XeMICKaTa PAMHOTEXa;
Ia ru mpecMeTanr IpoMeHaTa Ha KOHCTaHTaTa Ha PAMHOTEXKA CO TEM-
nepatypara, Kopucrejkn ja BanTxodoBaTta paBeHKa, 1 ia ja mpecMe-
TyBaIll IPOMEHATA Ha IAPHIOT IPUTACOK CO TeMIIepaTypaTa KOPHCTE]KI
ja Kimaysnyc-KnanejporoBaTa paBeHKa.
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MaBa 17 o

Mpawara 3a npoBepkKka Ha 3HaeHEeTo

1. Bp3 ocHOBa Ha UCKYCTBOTO, MPEABUAN KOj Off CIIC[HUBE POMEHN €
CroHTaH: (a) MOTKUCeTyBamhe MIIeKO, (6) tobuBame 6akap off 6akapHa
pyaa, (B) "procyBarbe Ha YelnyHa KOH3epBa Ha BlaskeH Bo3ayx. OGjacHu
Tl TBOUTE MPEBUYBaba.

2. Koe op cnepHuBe TBpAeHa MOpa fia € UCIOIHETO, 32 HeKoja peakiyja
J1a ce OJIBMBA CIOHTAHO:

(a) EnTponmjarta Ha cucTeMOT MOpa fia pacre.

(6) EnTanmujara Ha OKONIMHATA MOpA Jla pacre.

(8) IIpomeHara Ha ctoGofjHATA €HEPrHja MOpa fia € HeraTHBHA.

(r) Bpenrocra Ha peakucKuOT KoeuuuenT Q. MOpa Jia € IoroneMa
O} KOHCTaHTaTa Ha paMHOTeXKa, K.

3. Koja op ciieiHUBe MPOMEHH € TIPOCIIefieHa O 3roJIeMyBabe, a Koja co Ha-
MaJlyBame Ha CHTPOIIHjaTa Ha CUCTEMOT: (a) MP3HEHE OL[ETHA KICEIINHA,
(0) cybnmManmja Ha CpeicTBO 3a OpKame MYIINYKY ([apafuxiopoOeH-
sen (C,H,CL,)), (B) ropeme GensuH.

4.  3omro mjejara 3a peBep3NONIICH MPOLEC BO TEPMOAMHAMUKATA € TOIKY
Ba)KHA 3a KOHIIENTOT Ha eHTponmjaTa?

5. 3omrTo npoMeHaTa Ha EHTPOMHjaTa Ha CHCTEMOT HE € CEKOTalll I0BOJIEH
YCTIOB 32 NPEABIlyBabe Ha COHTAHOCTA Ha MPOIECcOT?

6. IllTo HM KaxkyBa BTOPUOT 3aKOH Ha TEPMOJMHAMHUKATA 32 EHTPO-
nujara?

7. llITo e BO ocHOBaTa HA TPETHOT 3aKOH HA TepPMOJAMHAMHKATA?

8. 3omrro ru TabenupaMe BpeAHOCTHUTE 3a CTaHAApAHATA SHTPOIHja HA
CYNICTAHIMHUTE, S°, HAMECTO EHTpoNHMjaTa Ha (hopMHUpame, AS®,, Kako
o npasume 3a AH® 1 AG®?

9. Koja o cieiHIBE CYICTAHIMK OUEKYBAIII J1a IMa ITOroJIeMa alCoyTHa
MonapHa enrponuja npu 25 °C: NOF,(g) nmu NO,F(g)? OGjachu.

10. TIpomenata Ha ctobofHATa eHEpPTHja HA peaKklyujaTa e MepKa 3a:

(a) KOIMYECTBOTO TOIJIMHA OfflaficHO KOH OKOJIMHATA.
Mpo6nemu

Hepep, enTponuja n cnoHTana npoMena

19.

20.

21.

Jlanu ovexkyBalll eHTPOINHjaTa Aa pacTe IPH Of[BUBAC HA CICHUBE
peakiuu? AKO He MOXKE Jia Ce fiafie OffOBOP caMo €O pasriefyBatme Ha
peakuujaTa, Torau jjaj o6jacHyBame 3a Toa.

(a) CH30H(l) —— CH3OH(g)

(®) NyOug) —> 2NOs(g)

®) CO(g) + HyO(g) — COx(g) + Hay(g)

(r) 2 KCIO;(s) — 2 KCl(s) + 3 O(g)

(W  CH3COOH(l) —— CH;COOH(s)

(F) Ny(g) + Ox(g) —> 2 NO(g)

(©) NoHu(1) — Ny(g) + 2 Hy(g)

(k) 2 NH3(g) + H,804(aq) —— (NH4)»S04(aq)

Koj on ciepHuBe npouecu UMa HajrojieMa ancolyTHa BPEHOCT 3a
AS? Koj mporiec Tpeba 1a mma Hajmana BpegHocT? OGjacHH TO TBOjOT
u300p.

(@) H,O(s, 1 atm) —> H,O(, 1 atm)

6) H,O(s, 1 atm) —> H,0(g, 4.58 mmHg)
(®) C(mmjamant, 1 atm) —> C( rpacur, 1 atm)
(r) COs(g, 25 atm) —> CO,(], 25 atm)

OGjacHu ja cuTyanujaTa Ha cnukara 17.3, npeTrnocraByBajku ieka

JIBETE T€YHOCTH ce Bofia i okTaH (CH, ., KOMIIOHEeHTa Ha GEH3UHOT).

11.

12.

13.

14.

15.

16.

17.

18.

22.

23.

24.

25.

26.

TepMoauHaMuKa: CMIOHTAHOCT Ha npouecuTe, eHTpOHMja 1 cnoboaHa eHepera

(6) Hacokara BO KOja ce OfIBBA BKYITHAaTa peakiuja.

(B) IOPACTOT HA CTEIECHOT HAa MOJIEKYJIAapeH Hepe[ MPeIn3BUKaH CO
peakiumjara.

(r) Konky 6p30 ce ofjBUBa peakiyjaTa.

ITpu koja TemnepaTypa (HICKa MM BUCOKA) OUEKYBAI eHa peaKuuja
7la CTUTHE HajaleKy, ako Taa ce Kapakrepusupa co AH <0 u AS > (0?

KakBo e 3HauemeTo Ha CJICOHUBE BECJIMYMHHU 3a €JHa peaKqua:
(a) AG =0, (6) AG® = 0?

3a peakumjara, Br,(g) ——> 2 Br(g), xoja on cenruse penamuu e
TOYHA TIpH Koja GUI0 TeMnepaTypa:

B) AG<0
(r) AS>0

(a) AH<O0
6) AS<0

Koja op cnenHuBe cyncraHuuu He ce IoKopyBsa Ha TpyToHOBOTO Ipa-
BUJIO:

(a) Oensen, CH,
(6) Tonyen, CH.CH,

(B) amomnmjak, NH,

(r) jarmepommucyncpup, CS,

Koe e 3HaYeHETO HAa M3pa30T CHpPETHATH peakuu? 3a MITO Ce KOPUCTAT

CIIPETHATHUTE PeaKInn?

Bo mro ce cimuHOCTa 1 pa3nuKaTa Ha KOHCTaHTAaTa Ha paMHOTEXa Keq
9

coK un Kp.

Kako TepMoanHamMuKaTa 0BO3MOXKYBa f1a Oujie MpecMeTaHa BpeJHOCTa

Ha KOHCTaHTaTa Ha PAMHOTEXa, Keq?

AKo 3a effHa peakija Baxku AG® = (), Torali Koe off ClIeTHIBE PaBEHCTBA

ce OffHEeCYBa Ha peakuujaTa:

(a) AH°=0 ®) K=0

@) AS°=0 r) K=1

OGjacHu IITO OYEKYBall /la HajfIelll 32 KpajHaTa cocTojOa Ha cMecarTa.

AHanorso Ha cimkaTa 17.4, Hanpraj mema mrTo Ke ja NpuKaxke Ipo-
MEeHaTa Ha eHTPOIHjaTa IpH (a) TONehe Ha BPCTa cyncTaHuuja u (6)
KOHJIeH3allja Ha Tapea.

JaneHu ce Tpu NPOJOIIKEHHja Ha MOROIHATA peueHnna. ITokaxu mTo
€ TPEIHO BO HUB ¥ MPEIOXKHI TOUYHO HEj3MHO MPOROIKEeHUe. 3a e0eH
fipouec 0a ce 008UBa CUOHIAHO

(a) eHTpomMjaTa Ha CUCTEMOT MOpa JIa PacTe.
(6) enTpomnmjaTa Ha OKOJIMHATA MOPA fla pacTe.

(B) eHTpomMjaTa Ha CUCTEMOT U Ha OKOJIMHATA MOpA Jla pacTe.

O6jacHu 301TO:

(a) HEKOM er30TepPMUHM PEaKIiH HE Ce Of]BUBAAT CIIOHTAHO.

(6) Hexou TpolecH BO KO €HTPOIHjaTa pacTe He ce OiBMBAaT CIOH-
TaHo.

Ipu egna aTMocdepa, jarnepoainoKCHAOT ce MPEeTBOpa Off IIBPCTa BO
racHa (asa npu 194,5 K. Hanpraj rpacuk 3a jarnepopuokcu Kako
OHOj IpHUKasKaH Ha cuKaTa 17.7 1 {UCKyTHpaj ' HErOBUTE OCOOUHU BO
cnopesiba co coofBeTHUTE rpachuiy 3a Bogopop u CH,CI.

Pasrienaj ja cnegraBa peakiuja

2 S (s, pomGuuen) + Cl,(g) — S,CL(9)



OGjacHu 301ITO € TEUIKO Jja ce 3aKIyud faiu AS® e MO3UTHBHA WK
HEraTUBHA BPETHOCT BP3 OCHOBA Ha METTE OMIITH KPUTECPUYMHU TaICHA
Ha ctpanua 719. O6jacHu 301ITO JONOTHUTETHATE OMIITH KPUTEPUYMI
JajileHu Ha CTpaHuia 723 MoKaT Jia TOMOTHAT IIPU HOCEHhE COOABETEH
3akayyok. [Ipecmeraj ja TouyHaTa BpeHOCT Ha AS® Bp3 OCHOBA Ha
MOJATOIMTE Of] AOAATOKOT B.

CrnodopHa eHepruja u CioHTaHA NPOMeEHa

29.

30.

31.

32.

33.

34.

35.

O0jacHu 301ITO € TOJIECHO fla ce KOPHCTU IpOMeHaTa Ha cIo0oHaTa
€Hepruja Ha CUCTEMOT KaKO KPUTEPHUYM 3a CIIOHTAHA IIPOMEHA, OTKOIIKY
Jla ce KOPUCTHU CaMO IMPOMEHATa Ha eHTPOIujara.

O06jacHu 301LITO 32 peBEP3UOUITHATE MPOLECH 1 AUPEKTHATA 1 IIOBPATHA-
Ta peaklyja MoXe Jja OGujaT CIOHTAHU, HO PUTOA YCIOBUTE MOpa jAa
OUiaT pasIuyuHy.

Hanpapu npTex cImdeH Kako Ha ciukara 17.8 mTo ofromapa Ha
ciay4ajot 1 ox Tabemarta 17.1. O6jacHE ro 3HAYEHETO HA IPTEKOT BO
OJIHOC Ha TIpE/IBUyBamb-aTa afieHn Bo TabenaTa 17.1.

Hamnpasu nprex cauueH Kako Ha ciaukarta 17.8 mTo ofrosapa Ha
ciaydajot 2 of tabenara 17.1. OGjacHu ro 3HAYEHETO Ha HPTEXKOT BO
OJIHOC Ha TIpeIBUAYBamaTa afgeHu Bo Tadbenara 17.1.

TazieHu ce TpU MPOJIOIKEeHHja Ha O0IHATa peveHuna. [Tokasu mTo e
IPEIIHO BO HUB ¥ IIPE/TIOKH HEJ3MHO TOUHO IIPOJIOIIKenue. [Ipomenaiiia
Ha cA0000HATlia eHepZULja Ha PeaKyujailia yKaxcysa

(a) manm peakumjaTta e €HJOTEPMHA WM €T30TEPMHA.

(0) nanu peakuujaTa e IpociefieHa co 3roJIeMyBabe NITH CO HaMallyBa-
1€ Ha PEJJOT Ha MOJIEKYJIapPHO HUBO.

(B) [anu paMHOTEXKaTa Ha peakiujaTa e paBopU3UpaHa Py HICKA U
BICOKa TeMIepaTypa.

Kon koj cimyuaj og Tabenara 17.1 Moxe f1a ce KaTeropu3npaaT HajrojeM
e, aKO He U CUTe, peakIuu Ha coropyBame? ObjacHu.

Hagenu npumep 3a (hasHa IpoMeHa ITO ¢ (a) HeCIOHTAH MPH HICKA,
a CIIOHTAH IPH BICOKa TeMIepartypa, u (0) CIOHTaH NpH HHUCKA, a

IIpomena Ha craHIapaHATA CI000IHA €HEPIHja

39.

40.

41.

Kopucru ru nogatonuTe off [oAaTOKOT B 3a f1a ja mpecMmeTal BpeHocTa
Ha AG® 3a cieHuBe peakuuu pu 25 °C:

(@) FeO(s) + Hy(g) — Fe(s) + HyO(g)
(6) CdO(s) + 2 HCl(g) —— CdCl,(s) + H,0(l)

Kopucru ru noatonute off A0AaTOKOT B 3a 1a ja mpecMeTa BpeHOCTa
Ha AG® 3a ciennuBe peakuud npu 25 °C:

(@) CoHy(g) + Ho(g) — CoHe(g)
) SOs3(g) + CaO(s) ——> CaSOy(s)
Kopuctu ru nogaronuTe off 10AaTOKOT B 3a 1a ru mpecMeTan BpegHoC-

Ttute Ha AH® 1 AS® pm 295 K 3a cnenaBa peakuuja. [Totoa mpecmertaj
ja BpepHOocTa HA AG® Ha J|Ba HAYMHU U CIIOPE/M TH PE3yJITaTUTE.

CSy() + 3 0x(g) — COg) + 250,(g)

IIpomeHu Ha 1000 HATA eHEPrHja H PAMHOTEXA

45.

46.

Tpouenu ja craupapjHa TOUKa Ha Bpuee Ha Xenrtad, C.H
Jieka npu Taa Temnepatypa AH = 31,69 ki/mol.

| 3HACJKH

PedepeHTHITE KHUTHY T'M JIaBaaT CIEIHUBE BPEJHOCTH 3a XJI0pOopM
(rpuxnopmeran) npu 298 K: AH°, [CH,CI(I)] = -132,3 kd/mol u AH®,
[CH,CI(g)] =-132,3 ki/mol. TTpexBunan ja crangapHaTa TOUKa Ha BPUEH:E
Ha XJI0pohopM.

27.

28.

36.

37.

38.

42.

43.

4.

47.

48.
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Mpo6nemu

EKonomknoT npo6ieM IpH KOPHCTeHhe KOH3EPBH O aTyMHHHYM ¢
(haKkTOT IITO 32 HUBHOTO CIIOHTAHO paclararme BO IPUPOJHA € IOTPEOHO
pedncu 6eckpajHo BpeMe. [lamm MoxKe fa KaxkeMe [ieKa pacrarambeTo Ha
AIyMIHAYM BO IPUPOAHATA CPEIMHA He € croHTaH nporec? ObjacHu.

OGjacHN 301ITO € TEIIKO fia ce eNUMUHIPA EKOIOUIKIOT POOIeM co
3arajlyBarmbe Ha MOJ3EMHUTE BOJIM CO PACTBOPIIMBUOT METUII-tert-OyTui
eTep, pasriefyBajKu ja IpOMeHa Ha eHTPONujaTa.

HECIOHTaH MpHU BHcoKa Temmeparypa. KonkaBa e paMHOTeKHaTa
TeMIepaTypa BO CeKOj Of OBHe ciydan?

Jlann odeKkyBamI cexoja oOff CIC[HABE PEAKIUN a Oujie CIOHTaHA MpH
HIHCKA, BICOKa, MM KOja OMII0 TeMIepaTypa:

AH® = —87.9KJ
AH® = +92.2KJ

(@) PCls(g) + Cly(g) — PCl5(g)
(6) 2NH;(2) — Nifg) + 3 Ha(g)
(B) 2N0(g) — 2Ny(g) + Ox(g)  AH° = —164.1K)
(r) HyO(g) + 4 0x(g) —— Hy0x(2) AH® = +105.5kJ
(1) CHy(g) + 2 04(g) —> COx(g) + 2 HO(g)

AHP = —802.3 K]
(f) 2C0(g) + Ox(g) — 2 COxg) AH°® = —566.0kJ

CnepHaBa peakiiyja € CIIOHTaHa NpPHU CTaHAAPAHU YCIOBH U coOHA
TeMIeparypa.

CO(g) + Cla(g) — COCly(g)

3a ga He Ouje CIOHTaHA, any O ja 3rONEeMUI WU HAMAJTHUI TeM-
nepatypata?

Jlanm ouexyBall ciefHaBa peakijja fa Oujie CIIOHTaHa PH CTaHapAHN
yCIIOBH 1 COGHA TeMnepaTypa?

305(8) —> 205(9) AH® = +285.4k]

Kaxkos ke 6ue eeKTOT Ha IpoMeHaTa Ha TeMIepaTypaTta Bp3 CIOH-
TaHocTa Ha nponecot? OGjacHn

KopucTH ru mofaTonuTe Off JORATOKOT B 3a ja ru mpecMeTal BpefHoC-
Tire Ha AH® 1 AS® ipm 295 K 3a ciepnaBa peakmuja. [Toroa npecmeraj
ja BpeHOCcTa Ha AG® Ha [IBa HAYMHA U CIIOPEIH TH Pe3yITaTHTe.

C(rpacpnr) + H,0(g) —— CO(g) + H,(9)

3ommTo npoMeHaTa Ha craHapjHaTa cino0onHa enepruja, AG®, e Toi-
Ky BaXkKHa TP OMpefeyBabe Ha CIOHTAHOCTAa HA MPOLECUTE, HaKO
YCIOBHTE TIPU Of[BUBaMe HAa XeMUCKUTE PEakIUu BOOOHIACHO He ce
ciianoaponu?

IIpu xom ycnoBu AG 3a egHa peakinuja Moxe jja Oue HeraTuBHA
BpPEHOCT, Mako AG® € TO3UTHBHA BPEJHOCT?

CranjjapaTa TOUKa Ha Bpuene Ha cyndypunxinopugot, SO,CL(1) e 69,3
°C. INpenpupu ja BpeiHocTa Ha AH, 32 cyndypunxnopun. Criopeu ro
TBOjOT PE3yNTaT CO Pe3yATaToOT Off A0JaTOKOT B.

CranpapuaTa Touka Ha Bpueme Ha Br,(I) e 59,47 °C. Ilpensuju
ja Bpennocra Ha AH  3a 6pomoT. Copeam ro TBOjOT PE3yJTar co
Ppe3ynTaToT off JOaTOKOT B.
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49.

50.

51.

52.

53.

54.

55.

masa17 e TepmMogMHamMuKa: CMOHTAHOCT Ha NpoLuecuTe, eHTponuja U cno6oaHa eHepruja

ITpu 850 K, 3a peakumjata 2 SO,(g) + O,(g) =— 2S0,(g), AG°=-36.3
kJ. Konky m3necyBa (a) AG 3a pamuorexxkHata cmeca npu 850 K u (6)
KOJIKY € Kp 3a oBaa peaxnuja npu 850 K?

IIpu 765 K, K, = 46,0 3a peaknmjata H,(9) + 1,(9) == 2 HI(g). Koy
nsHecyBa (a) AG 3a paMHOTekHaTa cMeca npu 765 K u (6) AG® 3a oaa
peakuuja npu 765 K?

Hanumm n3pas 3a Keq 3a cnegHuBe peaknnu. Koj of Tie m3pasum e
COOJIBETEH CO W3PA3UTEe 3a KOHCTAHTHTE HA PAMHOTEXKA IITO MOPAHO
I O3Ha4YMBMe Kako K, Kp, K,, ntH?

(a) 2 NaHSO5(s) == Na,SO5(s) + H,0(g) + SOx(g)

(6) Mg(OH),(s) == Mg*'(aq) + 2 OH (aq)

(8) CH,CO0 (aq) + H,O(l) === CH3COOH(aq) + OH (aq)
Hamnum n3pas 3a K 3a cnepnuse peakuyun. Koj of Tie n3pasu kopec-
nonnnpa CO KOHCTAHTHUTE HaA paMHOTe}Ka IToO nopaHo T O3HAYUBME
Kako K, Kp, K,, utH?

(@ 2NO(g) + Ox(g) == 2NOx(g)

(6) MgSO;(s) == MgO(s) + SOy(g)

(8) HCN(aq) + H,0(l) = H;07(aq) + CN (aq)

HWckopucru ru nogaronute off JOLATOKOT B 3a ompenienyBame Ha Kp npu
298 K 3a crefjHUBE peaKIum:

(@ 2S0,(g) + Ox(g) == 2S05(g)

®) CHy(g) + 2H,0(g) == COxg) + 4 Hy(g)

Hcxopucrn ri nogatowute off fopaTokor B 3a onpepenysare Ha K npu
298 K 3a cienHuBe peakium:

@ 2N,0(g) + Ox(g) == 4 NO(g)
() 2NH;(g) + 2 0x(g) == N,O(g) + 3 H,0(g)

3a cybrmmanyjata Ha HachaTaeHOT mpy 298 K BaxkaT clie{HIBe MOAATOLH:
AS° =168,7 k mol! K u AH° = 73,6 kJ/mol. TIpecmeTaj ro IpUTHCOKOT
Ha IapenTe BO paMHOTEKA €O IBPCTUOT HadpraneH mpu 298 K.

CoHg(s) == C,oHs(g)

AG®n Keq KaKo (DYHKIHH Of] TeMIepaTypara

61.

62.

CrneHMBe TEpPMOIMHAMHIYIKH MOJIATOIH CE OfJHECYBAAT Ha TeMIiepaTtypa
on1 298 K. Koprcrejkn ru oBre MOAATOIM ¥ MOJJaTOIATE Of IOATOKOT
B, onpesienn ja Bpeprocta Ha K ipn 45 °C 3a cefHaBa peakiyja:

CO,(9) + SF,(g) = CF,(9) + SO,(9)

AHZ, kJ/mol S, Jmol™'K™!

SFy(g) —763 299.6
CFy(g) —-925 261.6

CrefHaBa peakiuyja ce KOPHCTH 33 MHJYCTPUCKO MPOU3BOJCTBO Ha
THOHUIIXJIOPH], CYIICTaHIAja ITO C& KOPUCTH BO IPOU3BOACTBOTO Ha
HECTHIHIH:

SO5(g) + SClx(l) == OSCly(1) + SO, (g)

CrefHMBE TEPMOIMHAMUYKH TTOJIATOLN CE OJIHECYBaaT Ha TeMIepaTypa
on1 298 K. Kopucrejkn ri OBre MOAATOLM U MOJATOLUTE Off JOATOKOT
B, onpepenn ja Temneparypara npu koja K = 1,0 x 10%.

AHZ,kJ/mol  $°, Jmol~'K™!

SCl(1) ~50.0 184
0SCls(1) ~2456 121

56. CrepgHuBe MONATOLM ce OfHECYBAaaT Ha MCIAPyBamETO HA TONYye-
noT, C,H,CH,(I) mpu 298 K: AS® = 99,7 k] mol! K u AH°® = 38 kJ/mol.
ITpecMmeTaj ro IPUTHCOKOT HA NAPEUTE BO PAMHOTEXKA CO TCUHHOT
ToryeH 1pu 298 K.

57. Bo paMHOTeXKHaTa cMeca Ha clej{HaBa peakiyja

CO(g) + HyO(g) —— COx(g) + Hao(g)

npu 345 °C onpefieNieHu ce CIeIHNBE KOMMYMHCKY YAEIH: Xco, = Xy, =
0,320, X¢o = 0,0133 1 X,y,0 = 0,347. (a) [TpecmeTaj ja BpetHocTa Ha AG® 38
oBaa peakuuja pu 345 °C. (6) Bo koja Hacoka Ke ce ofjBiBa BKyIHATa
peakiija ako Bo IIOYETOKOT Ha peakumjaTa ce n3mermaar 0,085 mol CO,
0,112 mol H,0, 0,145 mol CO, u 0,226 mol H, u peakuujaTa CTUrHE [0
cocrojba Ha pamHOTeKa? (B) Onpefiesn ro CocTaBoT Ha paMHOTEKHATa
cMeca MOCTUrHATA BO CIIy4ajoT HaBeaeH nof (0).

58. 3a peakmmjata, CO,(g) +4 H,(9) = CH,(9) + 2 H,0(g), AG® = -32 kJ
nput 440 °C. (a) Konky nsnecysa K 3a oaa peakuuja npu 440 °C? (6)
Bo Koja Hacoka Ke ce OfIBBa BKYITHATa PeaKiija 10 MOCTUTHYBabe Ha
PaMHOTeXka aKo BO IOYETOKOT Ha peakuujata P, = 0,25 atm, P, = 0,65
atm, Pgy,, = 1,12 atm u Py, o = 2,52 atm. (8) Konkasn ce paMHOTEXHHTE
HapIyjalHi IPUTHCOLH 32 paMHOTEkaTa mof ().

59. [lapmeHa e peakumjaTta
CoO(s) — Co(s) + 3 0x(g)  AG® = 237.9K]

Kopucrejku ri nogaTomute off JORATOKOT B, onpeyienu Koj Off cIeHIBe
npouecu Tpeba a Gue CIperHar co ropHarta peaklyja 3a fja Taa
Ouje CIOHTaHa IIPU CTaHJApAHU YCJIOBHU U TeMiepaTypa off 298 K: (a)
okcupanuja Ha C(rpacur) 1o CO(g), (6) oxcupanuja va H,(g) 1o H,0(9),
(8) oxcupranuja Ha CO(g) no CO,(g)? OGjachu.

60. Kopucrejkn ru mogarormre off fogaTokor B, (a) FeO(s) ——> Fe(s) + 1/2
0,(9), (6) CaO(s) —> Ca(s) + 1/2 O,(g), unu (8) MnO,(s) ———> Mn(s)
+ 0,(0) , onpejienu Koj off cleiHuBe Npoleck Tpeba fia ce CperHe co
okcunanmjata Ha Al(s) no AL O,(s) 3a 1a ce foGue BKyIHa peakijija ITo e
CIIOHTaHA NIPU CTaHAAPAHN YCIOBH 1 Temnepatypa off 298 K. O6jacHn.

63. CranpapyHa Ta To4yKa Ha Bpuewe Ha 1-Gyranon e 117,8 °C.
CH;(CHz)zCHzOH(l, 1 atm) —— CH3(CH2)2CH20H(g, 1 atm)
AH® = 4382K]

IIpecmeTaj ja ToukaTa Ha BpUewe Ha 1-6GyTaHON KOTra aTMOC(EPCKHOT
TPUTHCOK € 747 mmHg.

64. CranpgapgHaTta TOUKa Ha BpHeme Ha aueTunerep e 34,66 °C.

CH3CH20CH2CH3(1, 1 atm) _ CH3CH20CH2CH3(g, 1 atm)
AH® = 26.70kJ

IIpecMeTaj ro mapHUOT NPUTHCOK Ha AueTmierep mnpu 32,50 °C.

65. Kopmcrejkn ru BpefHOCTUTE O AOAATOKOT B, mpecmeTaj ja BpetHOCTa
Ha K nipu 155 °C 3a cneHaBa peakumja:

2NO(g) + Oxg) == 2NOy(g)

66. Kopucrejkn ro fogatokor B, mpecmeraj ja BpegHOCTa Ha K., mpu
375 °C 3a peBep3uOuIHaTa peakiuja Bo Koja cyiapypBOLOPOAOT 1
jaraepoinoKCHy| pearupaaT Ipy LITO ce J00MBaaT racoOBHTA BOAA U
kap6oununcyngpua, COS(g).

67. Co noparonuTe O AOAATOKOT B mpecMeTaj ja crangapAHaTa TOUKa Ha
BpHUEHE HA jarIepOATETPAXIOPHL.



68.

69.

Co nogaTonute off AOAATOKOT B, mpecMeTaj ja TemmepartypaTa npu Koja
MapHHOT MPUTHCOK Ha P,(g) cospagen co cy6nuManuja Ha IBPCTHOT
npseH (ocop e 1 atm.

Co momo1 Ha 10faTOKOT B, onpenienu ja TeMnepaTypaTa Ha Koja Mopa
na ce 3arpee Ag,0(s) 3a ia ce foGue O,(g) npu paMHOTEXeH Napiyjanen
nputucok of 0,21 atm, BpeAHOCT eHaKBa CO NMaplLHjalHUOT IPUTHUCOK
Ha KHCIOPOJ| BO aTMocepaTa.

2 Agy0(s) == 4 Ag(s) + Ox(g)

dononHuTenHun npod6nemwm

3agaunTe 03HaYSHH CO * MOKe fla OMlaT MOTEIIKU Off PYTUTe.

71.

*T12.

73.

74.

*75.

76.

*T1.

*T8.

79.

*80.

Ha cnukata 17.5 e npukaxkaHa peBep3uOuIHa ekcrian3uja Ha rac. [lamm
¢ peBep3WOMIIHA eKCIIaH3MjaTa Ha rac mpuKaxkaHa Ha cnukarta 6.8?
OGjacHu.

Bo Hekonky nmpeTXofHu cuTyaluu mpeTnocraBuBMe ieka AH® n AS° ce
MeHyBaaT He3HAUUTEJHO CO TeMIepaTypaTta. 30IITO Taa IPETIOCTaBKa
He MOJXeMe J1a ja HapasuMe 3a AG®? Ako npeTnoctaBuMe fieka AH® o
1 AS°, HE ce MEHYBAaT CO TEMIEPATYpaTa, lajii € MOXKHO Jia MpeT-
NOCTAaBUME JIEKa €J[HA PEAKI|ja IITO HE € CIIOHTAHa IIPU CTaHJapJHN
YCIIOBH MOXKe ia OHjie CIIOHTaHa H IIPH HEKOja IIOBUCOKA U IIPH HEKoja
nonucka temnepatypa? O6jacHu.

IMoppeny ru cneHUBe CyNCTaHIMK CIOPE]] CTENEHOT Ha OTCTalyBake
oa TpyTOHOBOTO MpaBUIIO, TPTHYBAjKM OJf HAJTONIEMOTO U OfiejKI
KOH HajManoTo orcramysame: (a) CH,(CH,).CH,OH, (6) CH,CHO, (B)
CH,CH,0H, (r) CH,(CH,),CH,. OGjacHu.

Jlanu mocTou CAMYHOCT BO BIMjAHMETO HA TEMIIEpATypaTa BpP3 pam-
HOTeXaTa, MITO KBaJUTATHBHO IO NPEABUIOBME BO IIaBaTa 14, u
BIIMjaHUETO HA TeMIlepaTypara Bp3 K, 1TO Oele AMCKyTHPAHO BO
I'napa 17.7?

3a mponecot Ha pasnoxysamero Ha NaHCO,(s) onpenenn ja Tem-
mepartypara pd Koja BKYIHHOT IPUTUCOK Ha CO3JaJICHUTE FACOBU Haj
IBpcTaTa CyIncTaHiuja Ke oune 1 atm.

2 NaHCOs(s) == Na,COs(s) -+ H,O(g) + COs(g)

I[Taprmot nputncok Ha xuapasns, N,H,, mpn 35,0 °C e 25,7 mmHg; npn
50,0 °C Toj e 57,0 mmHg. IIpecmeTaj ja mpomMeHaTa Ha cTaHfapAHATA
crobofiHa eHepruja Ha ucnapyBamweTo npu 25,0 °C, u mpecmeTaj ja
MONPELU3HO CTaTa BEJIMYNHA KOPUCTE]KH TH MOAATOLUTE BO IONATOKOT
B.

NoHy(l) — NoHy(g)

I'acnHa cmeca BO yclnoBH Ha XeMHcKa paMHoTexa npu 727 °C coppxu
0,276 mol H,, 0,276 mol CO2, 0,224 mol CO n 0,224 mol H,0.

COx(g) + Hy(g) = CO(g) + H,0(g)

(a) Konkasa e Bpegnocra Ha AG® mpu 727 °C? (6) Bo koja Hacoka Ke
ce of[BMBa BKyMHaTa peakiyja ako ce uamenraat 0,0500 mol CO,, 0,0700
mol H,, 0,0400 mol CO 1 0,0850 mol H,0? (8) Onpefenu ro cocTaBoT Ha
racHara cMeca jiajieHa oy (0) BO yCIIOBH Ha XeMHCKa paMHOTEXa.

Kora eraH ke ce npomymta Hag KatammsaTop npu 900 K u 1 atm geymHo
ce pa3ioxKyBa 10 eTUICH I BOJOPO.

CH;CHs(g) == CH,=CHa(g) + Hx(®)

TTpecmetaj ro KOMMUMHCKUOT yzien Ha H,(Q) Bo peakumonara cMeca.

IMopomny cnepyBaat BpegHOCcTUTE 32 K IpH pas3inyuHu TeMIepaTypu 3a
cnennasa peakuuja: 2 SO,(9) + 0,(g) === 2S0,(g). ITpu 800 K, Kp =91
x 10% mpu 900 K, K =42 x 10'; mput 1000 K, K =3,2; mpu 1100 K, K = 0,39
unpu 1170 K Kp =0,12. Haupraj rpacuk o Koj MOKe fa ce mpecmeTa
BpefiHocTa Ha AHC 3a oBaa peaxiyja.

YATpacuiIeH CUCTeM 32 BaKYyM MOXKe Ja IO HaMalli IPUTHCOKOT 1O
Bpepsoct 10° mmHg. Jamu cmeTal geka € MOKHO ia ce IOCTHTHE
BAKOB BHCOK BaKyyM 1pu 25 °C aKo BO CHCTEMOT € IIPHCYTEH PAMEPOK
on NH,CI(s) (mornegnu ro nprexot). AKO He € MOXKHO, TOrall Aaji

DononHuutenHun npo6nemn 745

70. PamHOTexXaTa 3a ClIefiHaBa peakiyja ce BocrocTasysa mpu 60,0 °C.

2 BrCl(g) —— Bny(g) + Clx(g)

Axko nouetHuot nputucok Ha BrCl(g) e 1,00 atm, konky uzHecyBa
PaMHOTEXKHHIOT aplujaneH mpuTucox Ha BrCl(g)?

YATPAHUCKUOT NMPUTHUCOK MOXKE Jla Ce NMOCTUTHE CO MPOMEHA Ha TEM-
neparypara? OGjacHu.

Kon Bakyym —

~ NH,Cl(s) <« Uprex 3a

3apavara 80.

81. Kopucru ru nogatouute of f0faToKOT B, 3aegHo co MonapHaTta
eHTaJINMja Ha KpHUCTalM3anuja Ha KuBarta, Koja usHecyna 2,30 ki/mol
IIpU TOUKaTa Ha Toneme off -38,86 °C, 3a 1a ro nmpecmeTail NapHUOT
MPUTHCOK Ha XMBATa MU TeMIlepaTypara Ha cyOiIuManuja Ha CyBHOT
mpas [CO,(s)], koja m3necyna -78,5 °C.

*82. 1lmjaHBOOpOJ CE MPOU3BENYBa BO TOJNEMH KOJMYECTBA TIPU IIPOM3-
BOJICTBOTO Ha ITacTuKa. Bo efleH off HauMHHUTE 3a HETOBO JOOMBaHE Ce
KOpHUcTaT MeTaH (IIpUpojieH rac) 1 amonujak mpu 1.200 °C.

CHy(g) + NH3(g) === HCN(g) + 3 Ha(g)

Peakuuonen cap conpxku CH,(g) u NH,(g), mpu mro nsara raca ce npu
noyeTeH nputucok off 1,00 atm u Temnepatypa op 1.200 °C. Konkas Ke
Guyie BKYIHIOT IPUTUCOK Ha TACOBUTE KOTa CUCTEMOT Ke Oujie JOBEAICH
110 cocToj6a Ha paMHOTEXka?

*83. Pa3noxyBameTo Ha racoT (hO3reH € MPUKaXKaHo €O CIIeHaBa PaBeHKa:
COCly(g) == CO(g) + Cly(g)

IMpu KoNKaBa TeMIepaTypa CTEICHOT Ha JUCOLHjallija Ha IPHMEPOK
on COCL(g) ke 6upe 10 %, ako BKYNHHOT IPUTHCOK € 1 atm? (ITomout:
Mornennu ja 3agavara 86 Bo riasa 14)

*84. KopucTu ru TepMOfMHAMUYKNTE TIOAATONH Off IOAATOKOT B 3a ompe-
TeyBame Ha Keq 3a cIefHaBa peakiyja

Mg(OH)y(s) + 2 NH, " (aq)
— Mg?"(aq) + 2 NHj(aq) + 2 HO()

Ioroa, onpenen ja K, off apyrure Tabeaupani BpEJHOCTH 32 PAMHO-
TEXXHH KOHCTAHTH BO I0IaTOKOT B 1 copenu ru pesynrarute.

*85. Bp3 ocHOBa Ha mojaTouuTe BO AOATOKOT B, ompepenu ja BpegHocTa
Ha Ksp 3a Ag,SO, U CIIOPE/IM IO PE3YITATOT CO OHOJ JIANIEH 3a TabenaTa
3a IPOM3BOJ HA PACTBOPIMBOCT BO AOAATOKOT B.
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86.

*87.

*88.

*89.

MaBa 17 o

Harnpraj rpacuk Ha 3aBucHOCTa Ha AG Of ancolyTHaTa TeMIeparypa
3a (a) er3oTepMHA CIIOHTaHA peakiwja, () ersoTepMHa HeCIIOHTaHA
peakumja, (B) eHAOTEpMHA CIIOHTAaHA peaknuja u (r) eHAO0TepMHA
HeCIOHTaHa peaknuja. Kaksn mogaTonm Moxart fja ce 1o0HjaT Off
HAKJIOHOT M OTCEYOKOT Ha CEKOj rpachuk?

Pasrnenaj ro ucnapysamero Ha Bofata, H,0(l) ——> H,0(g), npu
100 °C, co H,0(I) Bo Hej3unara crannapiHa cocroj6a, Ho CO mapLujaneH
nputucok Ha H,0(g) ox 1,50 atm. Koj o ciepgnuBe uspasu e TOUCH
3a ucnapysamweTo Ha Bojara npu 100 °C: (a) AG® =0, (8) AG =0,
(8) AG° >0, (r) AG > 0? OGjacHn.

Turan ce fo6usa co pepykuuja na TiCl (1), koj, nak, ce npoussesysa of
munepanot pytui (TiO,).

(a) Op nmoparonuTe BO 0AAaTOKOT B, onpenenn ja BpegHocra Ha AG®
npu 298 K 3a peakuujaTa

TiOx(s) + 2 Cly(g) —> TiCly() + Ox(g)

(6) IToxaxu gexa npersopamero Ha TiO,(s) o TiCl,(I) e cnonran mpo-
nec mpu 298 K, ako peakuyjara oj (a) e clpersara co peakiujata

2CO(g) + Ox(g) — 2COxg)

Bo can o 1,50 L ce Baecenn 0,100 mol PCI(g). TemneparypaTa Bo cagor
e ofpkyBaHa Ha 227 °C 10 MOCTHrHYBambe paMHOTexXa. Konkasu ce
MapUyjaTHATE MPUTHCOUN U BKYIHUOT MPUTHCOK HA FACOBHUTE BO CajiOT
BO yCJIOBH Ha paMHOTEXa?

PCls(g) = PCl3(g) + Clax(g)

(Homow:: Kopucty TH mofaTonuTe Off JOXATOKOT B 1 coopBeTHUTE
paBeHKH Of OBaa IiaBa.)

NMpumeHn ro 3HaeweTO

91.

[KomGunupan] Bcenenckn 6poxt Ha mat o Mapc 61 Mopai ja Hocn
roJIeMO KOJNMYeCTBO ropuBo. Efen off npenos3nte 3a HaManyBambe Ha
TOPUBOTO € []a C& HOCU MaJIo KOJINYeCTBO BOfgopo. OBoj Bogopos 6u
pearupai co roJeMHUTe KOMMYECTBa HA jarlepONHOKCHN TPUCYTHH
BO aTMoc(epaTta Ha Mapc, nmpu mrTo 6u ce foduine MeTaH U BOAA.
JTobuenaTta Boja co eJIeKTpoJIu3a Ou Ouna pasioxkeHa 10 BOLOPOA U
Kucnopof. BogopogoT moBTOpHO Gu G MCKOPHMCTEH 3a MPBUYHATA
peaximja, a KUCIOpoAoT 6u O 3auyBan. Ha matot Hazajg 1o 3emjara,
BCEJIEHCKHOT OpOoJ| KakKo TOPUBO OM KOPUCTEJ METaH M KHCIOPOJ,
nobuenn Ha Mapc. [InckyTnpaj ja NIpIMEeHINBOCTa HAa OBOj IUIaH Off
acIeKkT Ha TEPMOJNHAMUKATA.

< VnycTpauuja 3a
3apavarta 91

90.

92.

TepMoauHaMuKa: CMIOHTAHOCT Ha npouecuTe, eHTpOHMja 1 cnoboaHa eHepera

MHory JecTo ce IIpaBU aHAJOTHja HOMely CEKOjIHEBHOTO HCKYCTBO
1 KOHIIENTATEe BO TepMOJUHAMUKAaTa. Bo rmaBara 6 ja KopucTeBMe
aHaJIOTHjaTa co MCKadyBame Ha IUTAHKHA 32 J]a O WIyCTpHpaMe KOH-
HenToT 3a (GyHKIHUja Ha cocTojbaTa (cauka 6.9) U ro KOpUCTEBME
IUKITYyCOT Ha Kpy:KeHe Ha BoJaTa KaKo aHAJIOTHja 3a MIyCTpHpambe Ha
MPBUOT 3aKOH Ha TepMopHaMuKaTa (cimka 6.10). [TocraBu ananornja
3a CIIOHTaHa IIPOMEHA, BP3 OCHOBA Ha JlafeHaTa ororpacuja. ITpu
TOa, OOpHM BHAMAaHHE HAa KHHETHYKATE W Ha TEPMOJAMHAMIUKATE
¢perOMEHN.

A VnycTpauuja 3a 3apadata 90

[Mcropucku] PeakumjaTra kopucrena o Jozed Ipuctin 3a fo6uBameTo
KHCITOpoy BO 1774 rop1. e mpuKaskaHa Ha CTpaHMIa 735 1 € WIyCcTprpaHa
Ha CJIMKATa IOfOy.

(a) IIpoBepu ro TBpEHETO AAECHO BO TEKCTOT JieKa MaplijaTHuOT
mpUTHCOK Ha kucaopoyot mpu 500 °C e 0,25 atm.

(6) Bo npuHumm, Koja off CIEHUBE CYNICTAHINN OM MOXKelNa Ja ce KO-
puCTH BO crpertara peakiuja npu 1 atm u temneparypa o 298,15
K, 3a pasnoxysame Ha xuBa(ll)okcupor u 3a foOuBame TeUHA
KMBa: BOJIOPOJ, IpacuT, jarnepoMOHOKCH]], jarIepoJIHOKCH],
6akap(l)okcun, 6akap(ll)okcuy, a30T, TMa30TMOHOKCH, a30T-

< VinycTpauuja 3a
3apgavara 92




93.

9.

95.

96.

97.

MOHOKCH]I, CYI(YPAROKCH], CYT(DYPTPUOKCH], XJIOP, METaNEH
AITyMUHUYM, METAITHO cpebpo, MarHe3uyMOKcup?

[Buoxemucku] ITpomenara Ha cno6oiHaTa €HEPrija Ha PaCTBOPYBAETO
€ IOBP3aHa co KOHLEHTpaljaTa Ha PacTBOPOT 1 € Ae(hHUpaHa CIIOpef
crepHuoB u3pas: AG = AG’, +RT Inc, kafie 1o C € MonapHa KOHIIEHTpallyja.
KounenTpanujaTa Ha KpeaTuH, aMUHOKHCEMHCKH A€PUBAT LITO Ce
opmupa npu KOHTpaKIuja Ha MycKynure, usnecysa 2,0 mg/100 mL
Bo kpBTa 1 75 mg/100 mL Bo ypunata. IIpecmeraj ja mpomeHaTa Ha
cnoGojiHaTa eHepruja pu NPEeMKUH Ha KpeaTHHOT Off KPB BO ypuHa rpu 37
°C. (ITomows: [Tanu MOXKe Jia COVIEAAll ieKa HeMa oTpeda off IIpeTBopa-
e Ha KOHLeHTpanujaTa og mg/100 mL Bo MonapHa KoHUEHTpanuja?
3o1To He e MOTpeGHO 0Ba?)

[Buoxemncku] AG® 3a xugposmsa Ha ATP m3Hecysa -30,5 kd/mol (crpa-
Huna 736). AG® 3a xuppoinusa Ha riryKo3a-6-chocatoT n3necysa -13,9
kd/mol. Konky n3necyBa AG® 3a ciefjHaBa peakuuja?

ATP + rmykoza —> ruyko3sa-6-cpoccpat + ADP

KonkaBa KOHIIEHTpaIyja Ha TITyKo3a-6-cocdat Bo OHOC Ha TIIyKO3aTa
6u Orta ToTpe6Ha 3a [ja ce IIPEeIU3BIKA CIIOHTAHO TeUeHhe Ha 00paTHATa
peakimja?

[Mcropucku] OGjacHu ro 3HaYeHETO Ha CIaBHaTa u3jaBa Ha Pymnond
Knaysuyc (Rudolf Clausius) nagena Bo 1865 rop. ,,BHECH rO TEKCTOT Ha
repmanckn® (,EHeprujaTa Ha CBETOT € KOHCTAHTHA; EHTPONHUjaTa Ha
CBETOT pacTe KOH MOCTUTHYBahe HEKOja MaKCHMallHa BPEIHOCT.)

[Buoxemuckn] Vimajku ru cnefiHIBE ITOJATOLM, IPECMETa] T BPEJHOCTH-
o .
Te 3a AG® n K 3a msoMepusariija Ha riaykosa-1-cpocpar o pykrosa-

6-cbocdar.
I'mykosa-1-pocchat —> ruykosza-6-coccpar
AG°=-7.28 kJ/mol
Ppykro3a-6-pocpar ———> ruykosza-6-cpocar
AG°=-1.67 kJ/mol

[buoxemucku] ITpecmeraj ja BpegHOCTa 32 AG 3a xupponu3a Ha ATP Bo
MYCKYJINTE, aKO KOHIICHTPAIMUTE Ha peaKTaHTHUTE U IpofyKTuTe ce 3,0

98.

*99,
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molM 3a ATP; 6,0 mM 3a ADP u 4,0 mM 3a HPO,”. He 3a6opasaj fia ja
KOPHCTHII TeJiecHaTa Temmeparypa (37 °C).

ATP + H)0 — ADP + HPO,*”  Kgq = 2.22 X 107

[Mcropucku] EdukacHocTa Ha TapHaTa MaIlKHA € JafieHa CO H3Pa30T
W/q,, Kajie To W e paboTaTa U3BPIIEHA O MAIIMHATA, & (|, € TOTUINHATa
IpeHeceHa Ha Iapeara co COropyBame Ha TOPHBOTO. AKO lelaTa
TOIUMHA Ha MapeaTta OM MOXeJa fla ce IPETBOPH BO paboTa, Torall
opHocoT 6m 6mn 1 n MammuaTta 6u nmana 100 % epukacnoct. Mefyroa,
Kapuo (ctpanuuma 717) 3akny4us jeka oBa HE € MOXHO, Oupejkn
BOJIaTa IITO CE Jajii BO KOHJEH3aTOPOT OBEYBA JIeN O TOIINHATA
Ha BHCOKOTeMIlepaTypHaTa napea. KapHoBaTa Teopema, MOjl0IHA
peneduHEpaHa Kako BTOP 3aKOH HAa TEPMOJMHAMUKATA, CE OfJHECYBa
Ha MaKCUMalIHaTa e(pUKacHOCT, U3P3€Ha BO IPOLEHTH.

1, — T,
Edukacrocr = w_on X 100%

Gh Th

Bo oBaa paBenka, T, e TeMniepaTypa Ha BUCOKOTEMIIEpaTypHaTa napea,
u T, e Temneparypa Ha KOHIEH3aTOPOT. AKO e(prKacHOCTa Ha MallluHATa
e 36%, a Temneparypara Ha KoHaeH3aTopot 41 °C, Toramr:

(2) KonkaBa e MmakcumaHaTa TeMIEpaTypa Ha IapeaTa 1 301TO, BO
CyLITHHA, BUCTUHCKATa Temneparypa € BCpOjaTHO IIOBHUCOKaA O]
npecMeTaHaTa BpCHHOCT?

©

Axo napeata I1of (a) e BO paMHOTe3Ka CO TeYHATa BOJia, IPECMETa]
TO IPUTHCOKOT Ha mapeata. [Ipernocrasu neka AH =~ 40 kJ/mol.

en
(B) INTokaxkm kako paboTaTa Ha MapHATa MAIllHA € BO pejanuja co
KOLKapcKHOT u3pa3 ,,He Moxenr ja moGeui 1 He MOXKeI ia To
HaMHUHEII HUBOTO".

[TaGoparopuja] Kanka mro coppsxu 2,0 M Pb(NO,), ce mema co kanka
pactsop Ha K,CrO,, npu mro ce dopmupa KonT Tajor. Bps ocnopa
Ha OBHE MOJATOILM M MOJATOUUTE Off foAaTokoT B.1, mpecmeraj ja
BpejiHocTa 3a AG®, 3a omoBo(ll) xpomar.

% Mpo6nemu og MynTumMeanMyMckutTe Matepujanm

100.

101.

[TpoGnemaTnkaTta Ha OBHE Tpalllakba MOXKE fla Ce Hajie BO MaTepuja-
JIOT 32 eNIEKTPOHCKO yU€He I BO MONYIOT 3a HHTEPAKTHBHO yUCHE
3a crygenture (ITS) Ha BeG-cTpanunara http:/chem.prenhall.com/
hillpetrucci

Ha6mypayBaj ro ABIKEHETO Ha ATOMHUTE BO aHUManujata Memanme ra-
coBu (I'nasa 17-3). (a) Omuium ro mporecoT NpeKy Koj ce caydyBa npo-
MeHa Ha eHTponyjaTa Ha 0Boj cucreM. (6) Kora cucreMor e Bo cocTojoa
Ha MUHHMMAITHA, @ KOra BO cOCT0j6a Ha MaKCHMAaIlHa eHTpomnoja?

Bo cumynanujarta 3a Ilpomena nHa cocrojoara (aasa 17-3), (a) Bo
KOJ 1eJ Of KpuBaTa Temmeparypa-Bpeme [(a), (6), (B) mmu (T)] ce
cIydyBa HajrojieMa mpoMeHa Ha eHTponwmjaTa? (6) Kako ce meHyBa
TeMIepaTypara BO OBOj Ie]l Ha KpuBaTa?

102.

103.

Bo annManujaTa Budpanun na Kexnjara (Iaasa 17-3), (a) onuum
KaKo TeMIepartypaTa ja peiekTrpa mpoMeHaTa IITo ja HabJbyayBalll
Ha MOJIeKyJIapHO HUBO. (6) Koe cBOjcTBO Ha KpHCTANOT ce MEeHyBa co
MPOMEHa Ha CTENEeHOT Ha cinoboya?

Bo cumynanmjara 3a I'nécoBa cio6oqna enepruja (Inasa 17-4),
(a) 3a xou peakuun AG cTaHyBa IONO3UTHBHA BPEJHOCT CO MOPACT
Ha Temreparypara? (6) [deduHnupaj ru HAaKIOHOT M OTCEYOKOT Ha
rpacukor 3a 'mbcoBara eHepruja Bo oHOC Ha Temneparypara. (B) Koja
TEepMOJMHAMUYKA BEJIMUMHA M HAjrOJIEMO BIIHjaHNE BP3 BPEJHOCTA HA
c106oHaTa eHepruja Npy MakCUMalHaTa 1 MUHIMAJIHATA TeMIIepaTypa
BO UHTEPBAJIOT Ha TeMIePaTyPHI BPEJHOCTH 3a/jajieH Ha IpahuKoT.






Enektpoxemuja

CEKOJ O[] HAC 106po 3Hae KOIKy € KOpUCHa elleKTpryHaTa crpyja. Hea
ja KOPHCTHME 3a IPUTOTBYBaK-€ XPaHa, 3a 3aTPEBAE U JaJIEH-E Ha JOMOBHTE,
3a IBUXKEHE Ha MOTOPHUTE BO IIPABOCMYKAIKHUTE U Ha JPYTH [OMAIIHA YPEH,
3a TeJIEBU30pUTE U KoMmMjyTepuTe. [Ipu [OOMBAKETO €JEKTPUYHA EHEPIHUja

HajuecTo TOIUTMHATA JOOUEeHA CO COTOPYBABETO Ha (DOCHITHUTE TOPHBO Ce IPETBOPA BO MEXaHIY-
Ka paboTa, a moToa BO eJIeKTpHIHa cTpyja. Ho BTOPHOT 3aKOH Ha TepMOJMHAMUKATA YKaXkKyBa
KOJIKaB JieJl Off JoOueHaTa TOIIMHCKA eHepruja MOXKe Jla ce MPeTBOPH BO paboTa: mpH OBa
IpeTBOpae el O TOILUTMHATA CeKorall Mopa fia oue 3ary6eH. Bo oOMYHUTE eNeKTPUuIHH
LEHTPAJIH IIOMAJKY Off TIOJIOBMHA Of] TOIUTHHATA HA COTOPYBame Ce MPETBOPA BO NEKTPHIECTBO.
Jomeka Kaj MOTOPHTE CO BHATPEIITHO COTOPYBalbe, IPETBOPAKETO HA EHEPTHja € YIITE TTIOMAIKY
e(ukacto.

MHory noecuKkaceH HaunH 3a JOOUBaKE CNEKTPUUHA CTPYja € MUPEKTHOTO TMPETBOpakbe
Ha XeMHCKaTa eHepruja BO eJIEKTPUIHA, MPH MITO ce M30ETHYBa MPETBOPABETO Of TOIUIMHA BO
pabora. Enekrpoxemujara ce 3aHMMaBa co BpcKaTa oMery XeMUCKUTE PeaKIiy 1 eIeKTpUIHaTa
crpyja. Bupejku enexTpuyHaTa CTpyja BKIy4yBa TeK Ha eNEeKTPOHH, XeMUCKUTE PEAKIUH IITO ce
MOBP3aHU CO eJIEKTPUYHATA CTPYja ce OHKME BO KOW eJIEKTPOHHU Ce MPEHEeCYBaaT Ol efieH aTOM Ha
IpYT; KaKo LITO 3HAaeMe Off raBara 4, OBHe Peakli ce HAPEKYBAaT OKCUOAUUOHO—PEOYKYUOHU
(pedokc) peaxuyuu.

IIpBo Ke pasriefjaMe eieH KOPUCEH HAUMH 32 M3PAMHYBalbe HA OKCUAALUOHO-PEAYKIMOHH
paBenku. IToToa Ke BUIMe KaKO CIIOHTaHU XEMICKH PEaKI[Ii MOXKAT J]a IPOM3BE/aT eeKTPUIHA
CTpyja # KaKo eNeKTpUYHATA CTPYyja MOXKeE Jla MPeIU3BIKA OflBUBA-¢ HA HECTIOHTAHU PEaKIVN.
Hcro Taka Ke pasriefame HeKO MPaKTUYHH IPUMEHH Ha PEJOKC-PEaKIUUTE BO POM3BOICTBOTO
Ha GaTepuuTe U TOPUBHUTE KEJINM, KAKO H3BOPH HA eNeKTPIYHA €HEPIHja, KOHTPOJIA Ha KOpOo3uja
¥ TIPOU3BOJICTBO HA MHOTY BasKHI XEMUKAIUU U METAJIH.

Oxcupanmja-penykuuja:
MPEHOC HA eJIEKTPOHH

Bopen pactBop mto coapxku 6akap(ll) jonn mma cuna 60ja (Bunnm ja ciukara 16.6), a
METATHOTO cpedpo nma cpebpeHecra 6oja. OBue eJHOCTABHU MOAATOLM HU Tpebaat 3a ja
oGjacHIMe IIITO ce CTydyBa PH BHECYBame 6aKapHa JIEHTa BO BOJICH PacTBOP IITO COAPKE Ag*

< Konara Ha ngHuHaTa Ha ,['eHepan moTtopc” (General Motors) HapeyeHa Xajaja (Hywire)
Gelue npukaxaHa Ha MonemnoT sua, ceBepHo of MekuHr, Bo 2003 roa. XajBaja e cocema HOB BUA
enekTpuyHa kona. HamecTto Bo 06uyHu 6atepun, enekTpuyHaTta eHepruja ce cosgasa BO ropvBHa
Kkenuja kako pesynTaT Ha OfBMBaH-€ CNeLUMUYHI XEMUCKW peakLun. XeMUCKUTE peakLmm WTo
cosfaBaaT eNekTpuyHa cTpyja, Kako 1 XeMUCKUTE peakLum LITO ce Npean3BUKaHN of enekTpuyHa
CTpyja, ce npeAMeT Ha NpoyyyBake BO OBaa rnasa.

COOPXWHA

Okcupaumja - pepykumja: NpeHoc Ha
€JeKTPOHMU
18.1  Nonypeakuun

18.2 TNonypeakuucku meton
3a u3pamHyBatbe peoKc-
peakuun

BonTtuHu kenun

18.3 KBanutatMBeH onuc Ha
BOJITMHA Kenunja

18.4 CraHpappaeH enekTpoaeH
noTeHuujan

18.5 EnektpoaeH noTteHumjan,
CMOHTaH npouec u
pamHoTexa

18.6 BnujaHue Ha
KOHLIeHTpauunTe Bp3
noTeHuujanoT Ha Kenujata

18.7 bartepun: Kopucrewe
XeMUCKU peakuum 3a
[obuBaHe enekTpuyHa

cTpyja
18.8 Koposwuja: Tpoliere Ha
Maran npeky BONTUHU Kenuu
Kenuu 3a enektponusa

18.9 MpepBuayBame Ha
peakuMmMTe Ha enekTponusa

18.10 KsaHTMTaTMBHa enekTponusa
18.11 MpumeHa Ha enekTponusara
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maBa18 e EnekTpoxemuja

)
A CJIMKA 18.1 MWUz3pBojyBawe Ha Ag+(aq) co Cu(s): okcmaauMoHo-peayKLMOHa peakumja

(a) HamoTka ojf GakapHa Xnija € BpoHeTa Bo Ge360eH pactsop Ha AgNO,(aq). (6) ITo Hekoe BpeMe pacTBOPOT MOCHHYBA, & Ha GaKapHaTa XKHIja ce TanoXu cpe6po.
Ha MEKpPOCKOIICKO HUBO, Ha CITMKATa MO/ (a) € MpUKaXKaH MOCIEHUOT CII0j MPABHUIIHO MOJPE/ieHH GakapHi aTOMHU Of KHIATa, KO Ce BO IPEKTEH KOHTAKT €O
0e360jHIOT pacTBOp, KOj COAP KK cpeOpeHn journ (cuBo). Ha MEKPOCKONCKO HUBO, Ha cinKara oy (6) ce npuKkaxaHn GakKapHATE jOHH LITO ce IUCIIePrupase Hu3
PacTBOpOT, A0AieKa, MaK, cpeOPEHHTEe aTOMH Ce HATANOXMIE HA OCTATOKOT Ojf GaKapHaTa KUIA.

S

OkcupaaumcKko-peayKLnUCKN
peakuuu, AHumauuja, |l gen

jonu (cimka 18.1). HamreTo BooOGmuaeHo o6jacHyBame OF r1acesio MpUOIIKHO IeKa ,,0aKapoT ce
pacTBOpyBa, a cpedpoTO ce M3ABOjyBa o pacTBopoT™. Ho f1a ce obuaeme nopeTaino fa objacHuMe
IITO HABUCTHHA CE CIyIyBa.

18.1 Monypeakuunn

Ha cimkara 18.1 rmefgame feka 6akapHUTe aitiomis OJIaBaaT ABa eNEKTPOHH 1 Ce TPETBOpaaT
B0 CU?* jonu. EnekTpoHHUTe OCTaHyBaaT Ha GakapHaTa xkuia, a Cu?>* joHUTe ofiaT BO pacTBOPOT.
Bupejkn okcupamuckaTta coctoj6a Ha 6akapoT pacte off BpegHocT 0 10 +2, 0BOj Ipo1iec ce BUKa
okcupanyja:

Oxcuoayuja:  Cu(s) —> Cu2+(aq) +2e”

Hcrospemeno, Ag* joHUTE Off pacTBOPOT JoaraaT BO KOHTAKT co OaKapHaTa KUIa, T IpUMaar
€JIEKTPOHHUTE 0CI000/IeH! O oKcupanujaTa Ha Cu-atomute o Cu*, u ce Tajoxkat BO BUJI Ha AQ-
aTomu. bupiejkn okcmpamumckara cocrojoa Ha cpebporo ce Hamaiysa off +1 o 0, oBoj mporec e
HapeueH pefiyKuuja:

Peoykyuja:  Ag'(aq) + e~ —— Ag(s)
Osne fiBa mporieca ce HapedeHn nonypeaknud. Iloypeakiuja e caMmo peyKnuja HiIm caMo

OKCHJaIyja, IITO MOKe a ce IPUKaXKe CO COOIBETHA i0AypaseHKd. 3aefIHO, BETE MONypeaKIin
- eJIHa OKCUJAIja 1 efiHA PeAyKIINja - COUNHYBAAT eJHA OKCUIAIIOHO-PEIKIMOHA PeaKIyja.

18.2 WUspamHyBame Ha peAoOKC-paBeHKU KOPUCTEjKU
nonypeakuum

JIBe moypaBeHKN MOXKe Jla ce KOMOMHMpAaT ! fia COUMHYBaaT e[JHa BKYIHA OKCHALHOHO-
peaykimona paBeHka. [Iputoa Mopa fja ce BHIMaBa Ha (hakTOT fileKa OpojoT Ha eNEeKTPOHU BO
MoJypeakiujaTa Ha OKCHAAIIja MOpa fia € eHAKOB CO OpPOjoT Ha €JIEKTPOHH BO MOJTypeaknujaTa
Ha peqtykumja. Bo peakimjata momery Cu u Ag*, cekoj Cu-aTom ocimo6oyBa iBa eJIeKTpOHa, Iofie-
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Ka cekoj Ag* joH mpuMa efieH eneKTpoH. Criopesi Toa, IollypaBeHKaTa Ha peiyKiija Mopa jia oujie
MIOMHOXEHa CO 2, TIPefi /ia ja HCKOPHCTHME 3a JOOMBakbe Ha BKYITHATa PEJOKC-PaBEHKa:

Oxcudayuja: Cu(s) — Cu2+(aq} & et
Peoyxuyuja: 2 Ag'(aq) + 2¢ — 2 Ag(s)
Bryiino: Cu(s) + 2 Ag*(ag) — Cu®'(aq) + 2 Ag(s)

Co OBOj NpUMEp T WITYCTpUPpaBME CYIITUHCKUTE NPUHIUIIN Ha U3paMHYBak€ Ha OKCHUTAlO-
HO-PEAYKIMOHUTE PaAaBEHKHU CO KOPUCTCHE MTOJIYPABEHKU:!

Cuitie ,,0c10600eHU" eaeKIIPOHLL 80 HOAYPeaKyujailia Ha oKcuoayuja mopa oa 6uoaii
LUpumeHu” 8o toaypeaxuyujaitia Ha peoyxuyuja. OOHOCHO, UAKO eAeKIPOHUIe MONCATlL
0a ce pazmeHnysaaili 80 XeMUCKATA peakyuja, e He MOxXcail 0a 6uoaiti co30a0eHU Uil
VHUULIICHU.

MeTonoT MmTO ro HCKOPUCTUBME 32 N3paMHYBame Ha peaknujata momery Cu(s) n Ag*(aq) ru
BKJIy4yBa CJIC[HUBE YEKOPU:

Yekop 1: Pa3nBoj ja peokc-paBeHKaTa Ha e[[Ha MOJypaBeHKa Ha OKCHaldja W eIHa Ha
penykumja.
Yekop 2: 3epHaun ro 6pojoT Ha aTOMHUTE BO CEKOja MoypaBeHKa. [Iputoa, HajpBo H3eTHAYN

ru cute aToMu pasianyan of O u H, a motoa n3pamun ro 6pojot Ha O n H-aTomu.

Yexkop 3: Vi3paMHU o €JeKTPUYHUOT MONHEXK HA CEKOja MOTypPaBEHKa CO JOfABakE OflPENicH
0poj eNeKTPOHH, TaKa IITO BKYIHUOT MOJIHEX fla Ouje eHAKOB Ha [BETE CTPaHU
o nonypaBeHkaTa. [IpuMeHUTE €1eKTPOHM ce MUIIYBaaT Ha JieBaTa CTPaHa Off
HONypaBeHKaTa Ha PelyKIuja; eIeKTPOHUTE LITO ce OCIO0OyBaaT ce MUIIyBaaT Ha
JlecHaTa CTpaHa Off I0JlypaBeHKaTa Ha OKCHjlalyja.

Yexkop 4: IIpucnoco6u ru xoeduUUEHTUTE BO ABETE MOJYpaBEeHKH, Taka IITO OPOjoT Ha
€JIEKTPOHH Jla Oujie eIHaKOB. 3a 0Ba MOXe Jia Oujie MOTPEOHO JBETE NOJTyPABEHKU
fla 6uAaT HOMHOXKEHH CO ONpefie/leHl OPOEBH.

Yexkop 5: CoOepu ru iBeTe MPUCNIOCOOEHH NOTYPABEHKH 32 J1a ja JOOUENI BKYTHATa PaBEHKaA.

Yexkop 6: YIpocTH ja BKyIIHaTa paBeHKa JOKOIKY € HEOIXOAHO. Bo HeKou ciyvau oBa ynpoc-

TYBamb€ 3HaUH IeNIEHhE Ha CUTE KOE(hUIUEHTHU CO HEKO] 3aeHUUKY ienuTel; Bo Hexou
IPYTH CIydau TOA 3HAUYU MPUCIOCOOYBabe Ha HEKOU KOe(hUIMEHTH TaKa IITO CEKOj
y4eCHUK BO peaklyjaTa Ja ce jaBU caMo Ha €lHa CTPaHa Off paBeHKaTa.

Penoxc-peaxunn BO KHC€J1a CpeanHa

TopHaTa cTpaTeruja Ke ja mpuMeHNUME 3a CHeNU(UYHE PEaKIUH BO Pa3lNIHH YCIOBH.
HajnpBo Ke pasriename pemoKc-peakiii BO K¥cena cpefiiHa. Bo oBue peakuunm MOIEKYINTe
BOJla ¥ BOJIOPOJHHUTE jOHH MOXAT Ja ce jaBaT Kako PeaKTaHTH WIM IPOAYKTH, IPH ITO Tpeda
na ouexysame H* m/umn H,0 fia ce jaBat BO ejlHaTa WM BO JIBETE TIONyPaBEHKH, @ M BO BKyITHaTa
paBeHKa. Bo kucenn pacTBopu 3a m3efgHauyBame Ha O-aToMHTe Ke ofaBaMe MOTpedeH 6poj
mojiexym H,0, a 3a u3efiHauyBame Ha H-aTomMuTe Ke ofaBame norpeben 6poj H* joru.

Mpumep 18.1

U3pamHyBame Ha peoKC-paBeHKM KopucTejin nonypeakuun 751

AKTMBHOCT BO BpCKa CO
= n3eaHavyBame Ha pefoKc-

" paBeHku

IToMow npu pemiaBameTo

3a ynpocTyBahe Ha peoKC-paBeHKUTE,
XnapoHuym-joHute, H,O*, BO oBaa rnasa
Ke rn nuwysame camo kako H*. Ucto

Taka, npu usegHavyBakeTO Ha PeAoKe-
paBeHkuTE Ke ro n3berHeme o3HayyBaH-eTO
Ha cocTojbara kako (I) n (ag), ocBeH BO
KpajHaTa n3efHaveHa paBeHka.

B
=
=
=i
!
£

A Kora kopucTume mobuneH TenedoH,
BO HerosaTa baTepuja ce ogsmBaaT
pepokc-peakumn. Kora ro nonHume
TenedoHOT, UCTUTE peaoKC-peakummn ce
ofBvBaaT Bo HeroaTa 6aTepuja, Ho BO
obpaTtHa Hacoka.

[lepmanranaruute jouu, MnO,, ce KOpUCTaT KaKo OKCHIAIMCKH peaKTaHTH BO nabopaTopuja; Trocyndaruute jonn, S,0,7, ce KOPUCTAT KaKO

2=y ?

penyKImcKkn peaktanTi. Hammim n3paMHeTa paBeHKa 3a peakiiijata Ha OBUE jOHH BO KICET BOAIEH PacTBOP, NP LITO KaKo MPOAYKTH ce 100uBaaT

manran(ll) u cyndatau joHn.

CTPATEIrnJA

Mopa npBo /1a ja HamMIIeMe OCHOBHATA PABEHKA IITO TH COAP3KH CAMO OCHOBHHUTE CIIOMHATH PEAKTAHTHU M MPOAYKTH BO PEJOKC-peaKiyjaTa.
Peakran ture ce MnO, 1 5,0 >; mpoprykrute ce Mn** u SO 42'; 3a CeKOj aTOM Ke IO OIpeieJIMMe COOfIBETHAOT OKCHAALUCKH OPO)j.

28 °

1 =3 TE, I, | 42

MnO;~ + $,0;~ — Mn** + SO,*~

+6 -2

(e useonaueno)

3a na ja n3eHauYnNMe OBaa pEAOKC-paBEHKa, MOXKEME J1a I'O CIEINME METOAOT BO noBeKe YEKOpHU MTO MNPETXOAHO 'O ONMIIaBME.
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Yekop 1:  [looeau ja pedokc-pasenkaitia 60 0ee MnO, — Mn>* (ocHOBHA MOMTypaBeHKa 3a pedyKuyija)
iioaypasenku. MnO, ce pepynupa g0
Mn?* (okcupamckuoT 6poj Ha Mn ce Ha-
MaiyBa).

S,0," ce okenpmpa co SO, (OKCHAICKAOT $,03>” — SO,>~ (ocHoBHa paBeHKa 3a okcudayuja)
Opoj Ha S pacre).

o o - 2 :
Yekop 2:  Mspamnu zo 6pojoit Ha aitiomuilie 60 ceKo- MnO;~ —— Mn-" (1 Mn-atom Ha cekoja cTpaHa)
ja ioaypasenka, u itioa Hajilpeo aitiomuitie
pazauqnu 00 O u H. Bpojor Ha Mn-atomu

€ U3PaMHeT.
3a m3pamMHyBame Ha S MuIyBaMe 2 Ha jiec- 52032_ — 280, 2= (2 S-aromu Ha cekoja cTpaHa)

HaTa CTpaHa.

3anspamuysatbe Ha O-aTOMHTE ce HOTPeG- MnO;,~ — Mn*" + 4 H,0 (4 O-aromu Ha cekoja cTpaHa)
i 4 Motekyi H,0 Ha iecHara crpana Bo = 2

PENyKIMCKAaTa OTyPaBeHKa U 5 MOJIEKYJTH S;0;7 + 5H,0 — 2804~ (8 O-aTomu Ha cekoja cTpaHa)

H,O na neBaTa crpana of osypaBeHKarTa
Ha OKCHalHja.

3a uspamuyBame Ha H-aromuTe foxa- MnO;” + 8 HY — Mn?" + 4H,0 (8 H-atomu Ha cexoja cTpaHa)
Bame 8 H+ joHu Ha jeBaTa cTpaHa off 1o- i i ; .
JypaBeHkaTa Ha pefykuuja u 10 H+ jonu 5,0;- + 5H,O0 — 2580,~ + 10H (10 H-aTomu Ha cexoja cTpaHa)
Ha JIeCHaTa CTpaHa Off NIONlypaBeHKara Ha
OKCHjianyja.

Yekop 3:  U3eonauu 20 6KyIHUOUI eAeKTUpUTeH O~ Hoanexu: = 8+ fi= 2+
Hex 60 cexoja loaypasenia co 0ooasare o, B MnO;~ + 8HY + Se — Mn** + 4H,0
eaexiiponu. ENeKTpOHATE ce IpUMaaT
Ipu pefyKumjaTa, I 3aToa ce NUIIyBaaT  BKyileH HoAHexH.: aego:. —likB:—5=2+ decro: 2+

Ha JleBaTa CTpaHa Off OypeakiujaTa Ha

penykumja. JJonaBame 5 eEKTPOHN Ha JTe-

BaTa CTpaHa, PH 1ITO BKYMHHOT TOJHEX

ce HamasyBa off 7+ Ha 2+, a CO TOa o u3e-

IHAYyBaMe CO BKYMHUOT MOJNHEX 2+ Ha

JleCHaTa CTpaHa.

ENeKTpOHT ce 0cnoboyBaaT npn okcn-  T1oAHexHu: 2= 4- 10+ 8—
fianuja, 1a 3aT0a ce M0jaByBaaT Ha lecHaTa e $,0:2 + 5H,0 250, + I10H' + 8e
CTpaHa Off OJypaBeHKaTa Ha OKCH/ALja. # *
JlonaBaMe 8 elIeKTPOHH JIEBO, 32 BKYIHHOT  BKYileH H0AHex: ae6o:  2— oecno: —4 + 10 — 8 = 2—
MOJIHEXK fla ce TIPOMEHM Off off 6+ Ha 2-,

OJIHOCHO f1a GHJie eHAKOB CO BKYMHMOT

NOJIHEXK HA JIeBaTa CTPaHa.

Yexop 4:  IIpuciiocobu 2u koeuyuenitiuiiie 60 Oseitie  Pedykyuja: 8MnO; + 64 H" + 40e” — 8 Mn®t + 32 H,0
floAypaseHKu Waka uiitio 6pojoil Ha eaek- .. . e % =
{tiponu 60 Oeeitie ioaypasenku 0a 6ude Oxcudayuja 58,03 +25H,0 — 10804 + 50H™ + 40 e
eonaxos. TlonypaBeHKaTa Ha pelyKiuja
nMa 5€e, a ToJlypaBeHKaTa Ha OKCHjaluja
nMma 8e. Cropep Toa, MoJypaBeHKaTa Ha
penyKIja Ke ja IOMHOXHUME €O 8, a OHaa
Ha OKCHfaImja co 5.

Yekop 5:  Cobepu 2u Oseitie iipucitocobenu iwoaypa- Bryiiro: 8 MnO, + 5 57012_ +64HT + 25H-0

6eHKU 3a 0a ja 000ueur BKYIHAIA PEOOKC- - 5, Ty 9

pasenxa. — 8Mn-" + 10SO4~ + 50H" + 32 H,O
Yexop 6:  Yiipociuu ja sxyiinaitia pagerka. bunejkn ce 8§ MnO, + 5 37013— + (64 — 50)H+ + (25 — 25)H,0

nojasyBaart 64 H* joun ieBo u 50 H* necHo, =i -, : %

Moxe fa ofzemeMe 50 H* jonn oy iBeTe —— 8 Mn~" + 105804~ + (50 — 50)H" + (32 — 25)H,0

cTpaHM Ha paBeHKaTa. CIu4yHO, OUjejKu
ce mojaByBaar 25 monekynn H,O neso u 32
JiecHO, MOXe Jia ofizeMeme 25 H,0 of cekoja
CTpaHa Ha PaBeHKATa.

Ha kpajoT, paBeHKarTa ¢ M3paMHETa U € 8§MnO; + 5 5303‘1‘_ + 14H" — 8 Mn*" + 10 5042_ + 7H,0
HANUIIAHA BO HAJIIPOCT MOXKEH OBIHK.
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MNPOLIEHA

Boo6uuaeHo, He € HEOIXOAHO ia ce MUIIYBaaT OKCUALICKUTE OpoeBH IIpefl H3paMHyBamkeTo. Bo 0Boj ci1yuaj eiHa off olypaBeHKUTE BKIy4yBa
yecTHIy WTo coppxar Mn (MnO, —  Mn?') agpyrara noypasesKa COpxu yectiy mro cogpxar S (5,0,2- —  SO,%). Ilo n3paMHyBameTO
Ha IOJNypeakUUTe JECHO € fla ce YTBPAU KOj Ipoliec € pefyKLyja, a KOj OKCUpjaLyja.

3a J1a mpoBEpHII Il paBeHKATa € TOYHO M3paMHETa, MPOBEPH i OpOjOT Ha ATOMH M BKYITHHUOT MOJHEXK € N3PAMHET Ha JIBETE CTPAHU Off
BKYITHATA PAaBEHKA.

Peaxinianitiu (77€B0) IIpooykitiu (mecHo)
MH 8 8
C 10 10
(0] 47 47
X 14 14
Tonnex Bx1-)+(5x2-)+(14ul+)=4- (8x2+) + (10 x 2-) =4—

Bupejkn monHeXoT e efHaKOB Ha JIBeTe CTpaHH, a 1 6POjoT Ha Ofjpe/iecH BHJ] AaTOMH Ha J[BETE CTPAHM Off paBEeHKATa € €[HaKOB, paBeHKaTa €
n3paMHeTa.

BEXBA 18.1A

Hamymm n3paMHeTa paBeHKa 3a peakijjata Bo Koja IMHKOT ce okcuaupa o nuHK(I1) joHn Bo pa3pefieH Kucen pacTBOp Ha HUTPATHH jOHIL.
IMputoa ce hopmupa U AXA30TMOHOKCH.

BEXBA 18.16
Hamnmmm u3pamueTa paBeHKa 3a okcuanmjata Ha hocop co a30THA KHCENIMHA CIIOPE]] PaBEHKaTa

Py(s) + H'(aq) + NO3 (aq) —> HyPO4 (ag) + NO(g)

Penokc-peakuun Bo 6a3Ha cpeuHa

Bo 6a3na cpeanna, Hamecto H*(aq), Ke ce mojaBata OH(aq) joun. Bo 0Boj cnyuaj u3pamuy-

BamEeTO Ce M3BeyBa HA MIEHTUUCH HAUMH KaKO peakInjaTa Jja ce M3BeyBa BO KHCella CpeiHa.

IToroa, BO BeTE cTpaHW Off BKYIHATa paBeHKa ce JofaBaaT oHOIKY OH- joHHW KOJKY IITO ce

nojasune H* jonn. Taka, Ha ef{Ha cTpaHa Off BKyIIHaTa paBeHKa Ke nMa effHakoB Opoj Ha H* u OH- 3a0eneika npu penaBameTo

jOHI/I, KOH Ke GI/IHaT 3aMECHETH CO UJICHTUYCH 6p0_] MOJIEKYJIN HZO Ha Apyrarta crpaHa O] paB€HKa- Kako wTto Hay4MBME Ha CTpaHuua 145, Bo

Ta ke ce mojaBat OH- joun. OB0Oj MeTOJ Ke ro IpiIMeHnMe BO pumepoT 18.2. peakuuja Ha AMUCrponopLMoHMpatse, eaHa
cyncTaHumja ce oKcuampa 1 pegyuupa Bo
efHa ucta pegokc-peakumja. Peakuujata
Ha AMCrpornopLMoHMpate e TpeTupaHa Bo
npumepot 18.2.

Mpumep 18.2

Bo 6asna cpenmna, Br,, qucnponopuponupa o 6pomunayu u Gpomathu jonn. Co MOMOII Ha NOJypaBeHKH, H3PAMHHU ja paBEHKaTa Ha OBaa
peakiuja:
Bry(l) — Br (aq) + BrO; (aq)

CTPATEIMJA
Kaxko u Bo mpumeport 18.1, Ke mouHeMe co NUIIyBamke Ha OKCHAALMCKUTE OpOEeBH:

0 -1 45
Br, — Br + BrOj

Bo peaxnyjata Ha IuCIponopIOHUpase, Br, € euHcTBEHHOT M3BOp Ha Br-aTomu, ma ortyka Br, Mopa fia ce Tmojau Ha jieBaTa CTpaHa Off
nBeTe nonypasenku. [lpuroa, Br ke ce nojasu Kako MpOfyKT BO efiHaTa nonmypeakuyja, a BrO, Bo gpyrata. OBue (hakTn ce BaXHHM 3a MPBHOT
4eKop, a IPYTUTe YeKOPH Ce U3BelyBaaT aHAIOTHO Kako Bo mpuMepoT 18.1. Bo nocinegnnot yexop gomumrysame OH- joHu, OuejKu IpoLecoT ce
OfiBMBa BO 06a3Ha cpenHa.
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Yekop 1:

Yexkop 2:

Yekop 3:

Yekop 4

Yexkop 5:

Yekop 6:

ITooeau ja pedokc-pasenkaiiia 80 08e ONYPABEHKU.

H3spamnu Zo bpojoiii Ha ailiomuilie 80 cexoja ioay-
PaeeHKa, U ioa Hajilpso aiiomuitie pasaudri 00 O u H.
ITpBo ro uspamuyBame 6pojoT Ha Br-atomu.

TToroa ro m3pamuyBame 6pojoT Ha O-aTOMH.

KoneuHo, ro n3pamuyBame 6pojot H-aTomu.

H3zeonauu 20 exyiHuoili eaeKiipuier HoAHEN 80
ceKoja lloaypasenKa co 000asarve eAeKiupoHi.

Ipuciiocobu zZu koeguyuenitiuiiie 80 Oseitie HoY-
DpaseHKu ilaka ulitio Opojoill Ha eaeKmpoHUilie 80 08e-
itie fioaypasenku oa 6uoe eoHaxos. IlonmypaBeHkara
Ha pefyKuyja MOMHOXH ja CO 5; MoJTypaBeHKaTa Ha
OKCHJIAIIja OCTABH ja BO HCTUOT OOIIHK.

Cobepu zu Oseitie UpuciocobeHu ToAYPABEHKU 3
0a ja 0obueut 8KYUHAIIA PeOOKC-PABEHKA.

Yipociuiu ja exyiinaitia pasenxa. Cute Koe(pUIIEHTH
BO BKYIIHAaTa paBeHKa LITO ja HANUIIABME BO IIETTHOT
YEKOp ce JICTHBH CO 2.

3a [1a ro HampaBMMe COOJIBETHO MPUCTIOCOOYBABETO
of1 Kucena Bo 6a3Ha cpeinHa, fofgaBame 6 OH- joHn
Ha JIBETEe CTpaHU O paBeHKaTa, OmejK! IeCHO ce
jaByBaat 6 H* joHn.

Ha necnara crpana, 6 H* u 6 OH" jonu faBaar 6 Mo-
nekyma H,0.

bupejku neBo Beke nmocrojat 3 Monekymi H,0, a iecHo
ce mojasuja 6 Monexymn H,0, TOCTeHAOT YeKOop € Aa
ja yIpocTuMe paBeHKaTa CO Of3eMambe 3 MONEKYIU
H,O on iBeTe crpamm.

MPOLIEHA
Maxo nonaypaBeHKHUTE IITO I'M HaNUIIaBME BO 4eKOPOT 1 I 03HauUMBME KAaKO pefyKIuja U OKCHjalija Bp3 OCHOBA Ha IPOMEHATa Ha
OKCHJIAIVICKHTE OpOEBN, He € HEONXOIHO TOJIKY PaHO fia ce MIEHTI(HIKYBaat oBre nporecn. OBaa neHTH(UKanmja (pefyKIyja Ml OKCHaIija)
Moxellle fla Oujie HallpaBeHa AypH [0 U3e[HaUyBalbETO Ha OPOjOT Ha aTOMUTE M BKYITHUOT NONHEX. BO TakoB cilyyaj, HalaTa uieHTH(UKALTja Ha
nporecuTe Ke Gellre 3acHOBaHa Ha (aKTOT Jajli eNEKTPOHH ce MpUMaaT (PefyKIHja) MK ce HCIyImTaaT (OKCHAaIHja) BO TEKOT Ha IIPOIECOT.
Bo nocneHaTta npoBepKa Ha paBeHKaTa 3aKjlydyBaMe iekKa Ha IBeTe CTPaHH Off PaBeHKaTa ce jaByBaaT 1o 1iecT aTomu Br, H u O, a BKymHHOT
TIOJIHEXK MCTO TaKa € 6- Ha ABETe CTPaHL.

BEXBA 18.2A
ujanaTHUTE JOHN IITO CE HAor'aaT BO OTNAJHATE PACTBOPH Off PyIHULIUTE 3a 3]1aTO MOKE J1a Ce OTCTPaHAT cO PeaKIiuja Co XUIMOXIOPUTHI
joHnm Bo 6a3Ha cpeguHa. Hanuim n3pamMHeTa OKCHIAIMOHO-PEAYKIMOHA PaBeHKA 3a OBaa peaklyja.

Peoykuuja:
Oxcuoayuja:
Brs — 2 Br~

Bl'z — BI'O'*‘_

Br, — 2Br~

Brs + 6 H,O — 2 BrO;~

=

Br — 2 Br

Br, + 6H,0 — 2BrO;” + 12H"

Pedyryuja: Brs + 2¢ —> 2Br~
Oxcuoayuja:  Bry + 6 HO — 2BrO; + 12H" + 10e”
Peoykuyuja: 5(Brn + 2e — 2Br)

5Br, + 10e” — 10Br~
Oxcuoayuja: Bry + 6 HyO — 2BrO; + I12H" + 10e”
Bryiino: 6Bry + 6 H;O — 10Br + 2BrO; + I2H"

3Br, + 3H,0 — 5Br~ + BrO;” + 6 H"

3Bry + 3H,0 + 60H — SBr + BrOy + 6H' + 60H"

3Br, + 3H,0 + 60H" — 5Br + BrO; + 6 H-0

3 Bry(l) + 6 OH (aq) — 5 Br (aq) + BrO; (aq) + 3 H>O(l)

OCN (aq) + OCI (aq) + OH (aq) —> CO_;:_(uq} + Ns(g) + Cl (aq) + H,O(l)

(ITomows: 3abeneskn aeka BO OKCHjanuckara nonypeakuja, oq OCN- ce moOuBaar Ba npoaykTa)

BEXBA 18.2b
Bo 6a3Ha cpefinHa, TepMaHTaHATHATE jOHH FO OKCHIUPAAT METAHOJIOT IO Al[eTATHH jOHH, & CAMUTE ce PelyLupaar 1o uspct Mauran(1V)okens.
Hanmum n3efiHaueHa paBeHKa 3a 0Baa pefioKc-peakuyja.
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Boarunn Keanu

»JIIMOH-6aTepujaTa® mpuKaXxaHa Ha ciruka 18.2, coctaBeHa o 6akapHa W UHKOBA JIEHTA
3a00JIeHN BO JIMMOH, € IpUMep 3a BOJTHHA KeJlMja; Toa € Ypend BO KOj ce To0MBa eNeKTpuIHa
CTpyja KaKo pe3yaTaT Ha CIIOHTAHNTE XeMICKH peakuui. OBue ypenu ce IpeMeT Ha N3y IyBambe
BO CIIE/JHABA [IaBa.

18.3

Kora ke BpoHHMe JIEHTa O IMHK BO BOJICH PaCTBOP Ha MHKCYJI(AT, KaKo MITO € TIOKaKaHO Ha
crmukara 18.3, mes o MHKOBUTE aTOMHU OKcuanpaat. Cekoj UHKOB aTOM IITO OKCHAMPA OCTaBa
7iBa eNIEKTPOHM Ha METAJIOT U BJETYBa BO PACTBOPOT Kako Zn** joH:

Oxkcuoayuja: Zn(s) —> Zn2+(aCI) +2e

KBanutatuseH onuc Ha BONTUHA Kenuja

Bo ncto BpeMe, HeKom Zn** joHH Off pacTBOPOT MPUMaaT ABa eNIEKTPOHM Off IMHKOBATA JIEHTa
¥ Ce TaJoXaT Ha Hea Kako IMHKOBHU aToMmiu. [IpuToa, THe ce pefynupaar:

Zn*t(aq) + 2e” —> Zn(s)

CrpoTHBHUTE IIPOLECU HA OKCUAALMja 1 peAyKiuja 6p30 foafaat 0 cocToj0a Ha paMHOTEXKa

Peoykuuja:

Oxkcupanmja

Zn(s) Zn2+(aq) +2e

Penykimja

MeranHara J€HTa HITO c€ KOPUCTH BO EJIEKTPOXEMUCKUOT EKCIIEPUMEHT C€ HapeKyBa

elekTposa. PaMHOTEXaTa IITO ce BOCIOCTaByBa Ha MOBPIIMHATA Off €IEKTpOfaTa, Kora Taa €

MOTOIIEHA BO PacTBOP Ha CONCTBEHUTE jOHH, CE HAPEKYBA eAeKilipoOHa pamHoitiexa. [Ipyr Buy

€JIEKTPOIHA paMHOTEXA € OHaa BOCIIOCTaBeHa Ha OakapHAaTa JIEHTa MOTOIEHA BO pacTBOP Ha
Cu?* joHm:

Oxkcmpanumja

Cu(s) Cu2+(aq) + 2e”

Penykumja

0BOj Zn** joH CTaHyBa
arom Ha Zn

OBoj aTOM Ha Zn ja Hanywta
noBpLUMHATA kako Zn* jon

Bo I'maBa 4 ja KopucTeBMe HU3aTa Ha aKTHBUTET Ha MeTaiute (cnuka 4.15) 3a na nokaxkeme
JeKa UHKOT MOKe JIECHO Jla OKCHJIMpa, OJTHOCHO JieKa e 100ap peayKiucku areHc. Jloueka,
nmak, 6akapoT He OKCHJpa JIECHO, OJHOCHO TOj € ci1ad pefyKuucku areHc. Bontunara Kenmja
mpuKa)kaHa Ha ciauka 18.4 Moxe fa ja HCKOpPHCTUME 3a Jla TIOKaxkeMe Jieka peakiujaTa Ha
oKcHpialyja e moBeKe (haBopu3npaHa Ha UHKOBATa €JEKTPOAa, OTKOJIKY Ha 6aKapHaTa.

EnHa momykeamja ce cocTon off €JIeKTpofia BpOHeTa BO pacTBop Ha joun. Ciamkara 18.4
IPUKaXyBa JBe TONMyKeJun: efHaTa coppxu Zn(s) Bo ZnSO,(aq), a mpyrata coppxu Cu(s)
Bo CuSO,(aq). PactBopuTe Ha [IBETE MOTYKEIHUH Cce MOBP3aHH CO eneKTponmuTeH MocT. Toa e
npesprena U-IieBKa HCTIONHETA CO PACTBOP Ha enekTpomut, Ha mpumep Na,SO,(aq). TToposuuTe
(punTpu Ha KpaeBUTE Off IIEBKATa HE JO3BOJIYBAAT IMIaBHUIATA Of] PACTBOPOT /1a U3Je3¢ Off LIeBKa-
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A CJIMKA 18.2 EpHocTaBHa BONTMHA
Kenuja

JIBe pa3muyHy MeTaIHu NeHTH (6aKap 1
IMHK) ¥ €EKTPOIHT (COK Off JTUMOH) ce
KIIyYHATE COCTABHH JICJIOBH Ha YPEROT IITO ja
IIPEeTBOpA XEMUCKATa CHEPrHja BO CIEKTPHYHA,
HapeueH BoITHHA Kemuja. EnekTponn ce
JIBIZKAT HU3 KUIATA U CIEKTPOMETapOT.
JoHU aTyBaaT HA3 TUMOHOBHOT COK IIOMEry
NBEeTE METaIHH JIeHTH. TEKOT Ha eIIeKTPOHH
¥ jOHH ja COUNHYBA CNIEKTPUYHATA CTPYja.
3HauemeTo Ha GpojHATA BPEJHOCT OTYHTAHA
Ha CNIEKTPOMETAPOT € JUCKYTHPAHO Ha
crpanHnma 757.

<« CJIUKA 18.3 EnektpoaHa
pamMHoTexa

LlnHKoBaTa lIeHTa, HAPEUCHA CIEKTPOJA,

¢ OTONEHa BO PACcTBOP Ha ZN** jOHH.
Oxkcupanujata Ha Zn 1o Zn** (oiy Ha
MHKPOCKOIICKATa CJIMKa) U PeyKIHjaTa

Ha Zn** o Zn (Tope) ce OfiBUBAAT 0
BOCIIOCTaBYBake HA PAMHOTEKATa. 3apaju
OE/IHOCTABYBathe, AHjOHUTE LITO CE MOTPEOHH
3a OJIpXKYBabe Ha CICKTPOHEYTPAITHOCTA Ha
PACTBOPOT HE CE NPUKAKAHH.

BontuHa kenuja (1):
8 AHumauuja 3a kenujata 6akap-

LIMHK
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Bontmerap

ENeKTponuTeH MOCT
[Na,S0,(aq)]

ZnSO,(ua)

A CITMKA 18.4 LuHk-6akap BonTUHa Kenuja

(Mukpockorcka ciuka Ha eBata crpana) Ha npHkoBara enekTpoa, Zn-aToMuTe HCIyITaaT eNeKTPOHH 1 HABJIEryBaaT BO PaCTBOPOT BO OOJIHK Ha Zn** jOHH.
EnextpoHuTe ce ABIKAT HI3 HAJIBOPEIIHUOT CTPYeH Kpyr off Zn KoH Cu-enektpoiata. (MUKpOCKOIICKa ciika Ha jiecHaTa crpaHa.) Ha 6akapHara exekrpopa, Cu*t
jOHHMTE IPUMAAT eJIEKTPOHH U Ce IENOHMPaat Ha eleKTpojiaTa kako Cu-aromu. (MuKpocKoncka ciuka npikakana rope.) Murparuja na Na® u SO, jonure. Fcro
TaKa, BO eIeKTPONMTHHOT MOCT MUTPHpaaT Zn* off nepara yarma u SO,* off iecHaTa vamia. Bo cpefiuHaTa Ha IeBETHAECETTHOT BEK, TeserpapecKuTe MMHIN Oue
CHaOflyBaHM CO €NEKTPHYHA CTPYja CO CAMYHI BONTUHU KEJINHI Ha OBaa.

Mpawwarse: Bo koja nonykenuja ce HamasnyBa mMacaTta Ha eflekTpojara co TEKOT Ha BKyrNHaTa peakuuja Bo Kenmjata?

Ta, HO 103BOJIyBaaT MUTPUPAKLE HA JOHUTE HU3 HUB. MeTanHUTe XKUY ['U IOBP3yBaaT eJIeKTPOIHU-
T€ CO KOHTAKTUTE Ha eJEeKTPOMETApOT, HapeueH BOATMeTap. BoaTMeTapoT mokaxysa jgexka
eNIeKTPOHH KOHTHHYHPAHO Ce ABIKAT Off IMHKOBaTa KOH OaKapHaTa enexTpopa. (Boixrmerapor
1 3HaYCH-ETO Ha GpOjHATA BPEHOCT IITO CE OTYNTYBA HA HETO ce IUCKYTUPAHH Ha CTpaHuIa 757.)
Ha 0B0j HauuH ro JoKaxyBaMe TEUEHETO Ha eJIEKTPUUHA CTPYja.

Ha nunKoBaTa eekTpoyia ce ofjBiBa okcuaanuja. [LInHKoBUTE aToMU OfijaBaaT eJeKTPOHU U
BO PacTBOPOT BIeTyBaat Zn* joHu:

Oxcudayuja: Zn(s) —> Zn**(aq) + 2 e~

Ocno6ofeHnTe eneKTPOHN He ce aKyMyJIMpaar Ha UHKOBaTa eJleKTpoa. Tue naTyBaar HU3
SKUIATE ¥ BOITMETApOT 10 OakapHaTa enekTpoa. Ha 6akapHaTa enexTpofa, TEKOT Ha €JIeKTPOHH
ja OHEBO3MOKYBa TEHIECHIMjaTa Ha 6akapoT fa ce okcuaupa. Hamecto okcuparuja, Cu?* jorure of
CuSO,(aq) mpumaar eneKTpOHH Ha GaKapHaTa eJeKTPOfia i ce PEfyIupaaT 10 GaKapHu aTOMH:

Peoykuuja: Cu2+(aq) + 2e —> Cu(s)

Kaxko pesyarar Ha monypeakinuuTe Ha eJIeKTPOIUTE, BO KenjaTa ce Of[BUBA CIEHABA OK-
CHJIALMOHO-PEAYKIIMOHA PeaKIyja:

Bryiina peaxyuja:  7Zn(s) + Cu2+(aq) —> Zn2+(aq) + Cu(s)

Bo foceramnara qUCcKycHja BKIYIIBME caMo Jiell Off LeNOKYIHATa ,,TPIKa3Ha ", eJIeKTPHIHA
CTpyja Ke Teue HU3 CHCTEMOT CaMo JJOKOIIKY eJIEKTPUIHH TTOJTHEKY ce ABIKAT HU3 SKUIUTE, HO N
HM3 PacTBOPHUTE HA MOJTyKeanuTe. TeKOT Ha eNeKTPOHM ja COUNHYBA eNeKTPUYHATA CTpYja HA3
HaJIBOPEIIHAOT CTPYEH KPYT, HO €JIEKTPOHNTE HEe MOXKAT Jia ce ABIKAT HU3 pacTBOpoT. HamecTo
€JIeKTPOHM, KaTjOH! 1 aHjOHH ja HOCAT eJIEKTPUYHATA CTPYja HU3 PACTBOPHTE.

Kaxko 1mtTo HHHKOT OKCHAMpa, OpOjoT Ha Zn** jOHW BO IMHKOBATa MOJyKejHja pacTe, co
TeHJICHIIM]ja 1a TO 3rOJIeMH TIO3UTHBHKUOT TOJHEX Ha pacTBopoT. VicToBpeMeHo, Kako mTo Cu?
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joHHMTE ce peayEpaaT, HUBHUOT Opoj omara Bo GakapHaTa MoJyKeJuja, co HITO Ce CO3/laBa BUILIOK
HEraTUBEH IONHEXK BO pacTBOPOT. EJEKTPOIUTHUOT MOCT He JI03BOJIYBa €JIEKTPU3Upabe Ha
pactBopure. CynhaTHATE jOHI METPIPAAT Off €eKTPOJINTHHOT MOCT KOH [IMHKOBATA IOJTyKenja
3a 7a TO HeyTpalM3MpaaT BUIIOKOT Ha MOJHEX Off HOBUTE ZN** jOHM LITO Ce CO3/aBaatr co
okcunianjata. Mcro taka, SO,* jorute MUrpupaaT off 6akapHaTa oJ1yKemuja BO e1eKTPOTUTHUOT
Moct. MctoBpeMeHo, Na* joHITE Off eeKTPOIUTHHOT MOCT MUTPHpaaT BO GakapHaTa MoJTyKemnja
ma ru gononHat Cu** joHuTte mWTo ce pepynupaie. Vicro Taka, HeKou Zn** joHH MHUTPHpaaT Off
[MHKOBATA MTOMYKEIHja BO EEKTPOIUTHAOT MOCT.

HeKOJIKy BAXKHU €JIEKTPOXEMUCKH NOUMH

OnmToTo UME Ha eEKTPOXEMUCKH CHCTEM COCTABEH O] JIBE MOJIYKENNH, BO KOj U EJIEeKTPO-
IUTEe W PACTBOPHUTE CO COOJIBETHO MOBP3aHH, Ce HAPEKYyBa eleKTpoXeMucKka Kemuja. BontnHara
Kenja 3a KojamTo jocera 360pyBaBMe € BHJl €IEKTPOXeMHCKa Kelrja BO KOja eJIeKTpuIHaTa
CTpyja ce co3jlaBa MOpaju CIOHTaHA pefloKc-peakiyja. [Ja pasrieaMe yIITe HEKOIKY BaKHU
TIOMMH 32 OIHIIYBalhe HA BOJITUHUTE KEJNH.

AHopa e enexTpojia Ha Koja ce ofiBiBa okcupanyja. Karoga e eiekrpona Ha Koja ce ofBuBa
penykumja. Cnukara 18.5 ru minycrpupa oBue npolecu 3a peaknujara oy cnukara 18.4. Bunejkn
aHOJIaTa € U3BOP Ha ENEeKTPOHH BO BOJITHHATA KelHja, Taa € HeraTuBHa elekTpopa. Karomara e
IPHEeMHUK Ha eJIeKTPOHH, I1a CIIOpeJ] Toa Taa € MO3UTHBHA elekTposia. Bo efHa peanHa Kenyja,
KOJIMYECTBOTO Ha eJIEKTPOHHU LITO CEe Pa3MEHyBa € Majlo, 1a CIIOpe] Toa HeMa rojeMa pasiuka
BO BKYIIHHOT MOJHESK PHUCYTEH Ha €IIEKTPOJIATE.

JIpyra BaxkHa pasiauka momefly aHojaTa U KaTojarta € (GakTOT AeKa MOTEHIUjalHaTa
eHepruja Ha eNIeKTPOHUTE Ha aHOJaTa € MOBUCOKA OTKOJKY Ha KaTtofara. Cropef Toa, Kora jiBe
€JIEKTPONIH Ke ce CII0jaT BO BONTHHA KeJnja eleKTPOHH Ke ce JIBIKAT Off aHOJjaTa KOH KaTojaTa.
OBa ¢ UAEHTHYHO CO TeUeHETO Ha BOAATa BO BONONMAJNUTE; Off MECTO KaJie IITO BofjaTa uMa
BHCOKA MOTEHIMjaIHA €HEePrija KOH MECTO CO MOHKCKA MOTeHIjanHa eHepruja. [IpomMeHaTa Ha
MOTEeHIMjaTHATa eHepruja 3aBUCH Off BUCHHATA HAa BOoNafoT. CBOjCTBOTO Ha €NEKTPUIHAOT
KpYT, KO € aHAJIOTHO Ha BUCHMHATA HA BOJOMNAJIOT, € HETOBHOT CJICKTPUUYCH MOTEHIHUjaT™, KOj
ce MepH BO BOJITH U ce Te(UHIpa KaKo eHepruja Ha eIMHEUeH MONTHEK BO JBIKebe. Kako mTo
Gerrie COMHATO BO I1aBaTa 7, IpH! AMCKycHja Ha TOMCOHOBHOT €KCIIEPHMEHT CO KATOTHUTE 3palli,
kyJon (C) e efuHMIA 3 €JIEKTPUIEH MOMHEXK, a MOTeHIHjan off efieH BoaT (V) ce aepuHmpa Kako
eJICH IIyJT BP3 KYJIOH

1V=1JIC (18.1)

BontMeTtapoT Mepu pa3nika Bo eeKTPHYHIOT MOTEHIHjall ToMely IBe TOUKH BO eeKTPUy-
HOTO KOJI0. AKO IBE€T€ TOUKH BO KOJIOTO C€ eJIEKTPOAUTE HA BOIITHHATA Kelllja, IOTeHIUjaHaTa
pasimKa e BIKeYKaTa Ciila 3a MpeHoC Ha eIeKTPOHNTE Off aHOJaTa KOH KaTojlaTa; 3aToa 0Baa
MOTEHIMjalHa pa3jinKa ce HApeKyBa MOTEHIHjal Ha KeanjaTa (Eﬁenuja). Bupejku mepemeTo ce
BpIIK BO BOJITH, IOTEHIMJAIOT HAa KellkjaTa yIITe ce HAPEKyBa €JICKTPHUYCH HAIOH (WIH caMo
HamoH) Ha Kenwmjata. [ToTeHIMjaoT Ha KenrjaTa nprkasxkana Ha ciamkaTa 18.4 e 1,103 V, a oHoj
Ha [MHK/OaKap/muMoH-KenjaTa off cnukata 18.2 e 0,914 V nnn 914 muausoaitiu (mV). Bkynxara

OKCHJIAIIMOHO-PEAYKIMOHA PeaKIija BO KerjaTa ce HapeKyBa peakiyuja Ha Keaujaiia.

1IuHK of1aBa eeKTPOHU
LuHKOT OKCcuagupa
LIuHKOT € aHoja

BakapHHOT joH MpuMa eneKTpOHH
Bakapuuor jou ce penyupa
Bakapor e karopa

* Ce MICIM Ha eJIEKTPHYEH HAIOH, OJJHOCHO HA PA3NIMKa BO JIEKTPHUHUTE NOTEHIMjalu IIoMely IBeTe eNeKTpoan. (3a6.
Ha IIpeB.)
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3acnyraTa 3a OTKpYBaHETO Ha
enieKTpuyHaTa cTpyja ja uma rnaBHo
TNyvmn Maneanu (Luigi Galvani) (1737-
1798). MeryToa, AnecaHgpo Bonta
(Alessandro Volta) (1745-1827) 6un nps
LUTO KOHCTpyvpan kenwvja 3a gobvisarbe
enieKTpuyHa CTpyja LWTo buna cnnyHa co
kenujaTa npukaxaHa Ha cnvkata 18.4;
OTTyKa Aoara TEPMUHOT BOTTUHA Kenuja.
Ho TakBaTa Kenuja noHekoraiu ce HapekyBa
1 ranBaHcka Kenwja.

CnepHaBa acoumjaumja Moxe fa e norogHa
3a NamTerbe Ha pasnukata nomery katoga
1 aHoga.*

Katopa AHopa

A y

Penykuuja T
Okcupaumja

*Mo npenopaka Ha npocecopoT Puuapa C. TpyTtoy
(Richard S. Treptow) of [JpKaBHWOT yHMBEp3UTeT
BO Yukaro.

HajBa)KHVITe €JIeKTPOXeMUCKHU

% AKTMBHOCT BO BpCKa CO
N novmu

<« CJIUKA 18.5 CymapeH npuka3 Ha
eNeKTPoAHUTEe NPoLiecU Ha BONTUHATA
Kenwuja og cnukara 18.4
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IMlemarckn NMpUKa3 Ha €JICKTPOXEMHUCKaA ﬁennja

ITosropeH HauuH 3a MPHUKa3 Ha eNEKTPOXEMHCKA KelHja e MUIIyBamke COOBETHA lIeMa,
OTKOIIKY TIPEKY LPTEX, Ha MPUMep KaKO OHOj TMpHKaxkaH Ha cnukarta 18.4. [Ipu memarckuoT
NIpUKa3, BaXkaT cleHuBe Mef'yHapOHO NMpuaTeHNn KOHBEHIUN:

*  AHoOailia ce NUILIYBA HA Ae6ailia CTPaHa Off LLieMara.

*  Kaitiooaitia ce nutilyBa Ha OecHAlia CTPaHa Of IIIeMaTa.

d}ﬂ I‘\'DRLDS LARGESTY

*  EOuneyna BepTHKAJTHA JMHHU]ja (|) ce KOPHUCTH 3a O3HAUYBabE HA IPAHHIIATA OMETY JiBE
(hasu, kako WTO € Ha MpUMep OHaa Mel'y eJIeKTpoaTa u pacTBOPOT.

G)k

SALT BRIDGE

» Jlsojna BepTukanHa muHyja (I) ce KOPUCTH 32 O3HAUYBALE €JIEKTPONUTEH MOCT WU APYT
BHJ{ TOPO3HA 'PAHUIIA LITO TH Pa3fBojyBa ABETE MOMYKeInN.

A Bo 1991 roauHa cTyaeHT1Te OA Criopeyt 0Baa KOHBEHIM]a, IIeMaTa Ha KelmjaTa off cimkaTa 18.4 e:
BupLunHuja ro HanpaBsuja HajronemMmoT

eeKkTponuTeH MocT. Enektponuturte
Bo Tenara Ha 1.500 cTyaeHTu WwTo ce Arona EnektponwTeH mocT Katona
[Apxea 3a paka 0BO3MOXMW MeEpeHe Ha

NMOTEHLM]jarIoT Ha enekTpoxemumckaTa

kernja. EnexkTpuiHaTa cnposoanmMBocT Zn(s)|Zn*(ag)||[Cu?*(aq)|Cu(s)
nomMery HMBHUTE paue Gelle sronemeHa
CO MOMOLL Ha OCTaToLW Of COMeEH
noMdpuT 1 6e3ankoxonHu nujanaum.

Ionykenuja HMonykenmnja
(oxkcupanmja) (penykumja)

Bo MHOTry cryuau KOpuCTUMe eeKTPOJia ILITO He yuecTBYBa BO OKCHAALMOHO-PEAYKIHOHATA
pamHOTexKa. TakoB BuJ MHEPTHA eIeKTPOfa CaMO OBO3MOKYBa Ha HEj3MHATa IIOBPIIUHA [ja
ce BOCIIOCTABH HEKOj eNeKTpuueH noteHnujan. Ha npumep, 3a ja ce BOCIOCTABH €J1E€KTPOAHA

% AKTUBHOCT BO BPCKa CO paMHOTeKa MoMer'y TaCOBHUT XJIOP U XJIOPUAHU jOHH Ke BpPOHUME JIEHTA Off IIaTHHA BO PACTBOP

: WeMaTCkv NpuKas Ha kenuja Ha xyopupHH jonu, Cl(aq), a OKoy Hea Ke MpoINyIITaMe FracoBHUT XJIOp. Pejokc-paMHOTEKaTa

b

2Cl (aq) =——=Cls(g) + 2e"

ce BOCIIOCTaBYBa Ha MOBPIIMHATA Off IUIATHHATA U CO3aBa COOIBETEH EJIEKTPOAEH MOTEHIHjal
Ha eniekTpopaTa. lllemaTa 3a Kenujata cocrasena off CL/Cl enexrpopia e

Kaxko anona (oxcudauyuja) Pt(s)|CL,(9)ICI (aq)

Kako karopia (pedykyuja) Cl (aq)[CL,(9)IPt(s)

Mpumep 18.3
Omnumy ru nonypeakuuuTe M BKYNHATA peaklyja LITO ce OfBUBAaT BO BOJNTHHA Kejuja
npHUKaXaHa CO ClIe/THaBa LeMa
Pi(s)|Fe?" (aq). Fe** (aq)lIC1 (ag)|Cls(g)|Pi(s)

PELLEHUE

IMonypeakuunte ce OBMBAAT Ha MOBPIIMHATA Off IVIATHHATA; MEfyTOa, TATHHATA € HHEPTHA
¥ IPYI7 YECTHIH Ce BKITyUeHH BO peakuuuTe. Crope] KOHBEHIMjaTa 3a MUANIYBakhe HA [IeMaTa
Ha eIeKTPOXeMICKaTa Kelnja, eJIeKTpofjaTa Ha JieBaTa CTpaHa e aHofa, Kajie IITO ce OJIBHBa
okcuptanuja. OnHOCHO, Fe** okcupupa 1o Fe*:

) 3 55
Okcudayuja: Fe*'(aq) — Fe’*(aq) + ¢
EnexTpopaTa Ha jiecHaTa CTpaHa € KaTojja, Ha KOja Ce OJIBMBa PEYKIHja, OTHOCHO PEyKIHja
Ha aCOBUT XJIOP /IO XJIOPHIHH jOHH:
Peoykuyuja: Clx(g) + 2e” — 2Cl (aq)
3a f1a ru ICKOMOMHIpaMe JIBETe MOTypeakIii BO efiHa peOKC-peakiyja, monypeakujaTa Ha

oKcupanuja Mopa fia ja moMHouMe co 2. [Toroa ja cobupame co monmypeakuujata Ha peyKuuja,
TIPH IITO eJIEKTPOHATE Ce TIOHMIITYBAAT.

Okcudayuja: 2 Fe’'(aq) — 2Fe*f(aq) + 2¢
Peoykuyuja: Clatg)+ 2 — 2CF @)

Bryiina pasenxa na keaujaiia: > Fe*(aq) + Cly(g) > 2 Fe**(ag) + 2 Cl (aq)
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BEXBA 18.3A
Harmmw ja BKyIHaTa paBeHKa 3a BOJATHHATA KeJujaTa MPUKaXaHa Co CIE/JHABa leMa:

Al(s)|A13+(aq)lIH+(aq)|H2(9)IPt(s)

BEXDBA 18.3b
Harmumy mema 3a BonTuHa Kelja Bo Koja BKyIIHAaTa peakljija € OHaa IPUKaXaHa Ha CIUKaTa
18.1.

Ia 3amaMeTnMe eka KOHBEHIHjaTa JeBa—aHOAA U IeCHAa—KaTOfa € CaMO IPOM3BOJICH
morosop. Kora Ke cocraBuMe BONTHHA KeNuja Off IBE HETIO3HATH TIOAYKEIHH BO TabopaTopuja,
MoNyKenujaTa MITO CTOM JIEBO He 3HAUM jieKa ¢ aHoia. MosKe Jja MOTBPANME JIeKa € aHOofja CaMo
CO eKCIIepUMEHTAJIeH 0Ka3 JleKa Ha Hea HaBUCTHHA Ce Of[BHBA Ipoliec Ha okcupanuja. dypu n
aKO HABUCTHHA TMOJyKerjaTa IeBo € aHOJa, 3a APYTHOT eKCIIEPUMEHTATOP IITO CTOU Off APyraTa
cTpaHa Ha jjabopaToprcKaTa Maca, Taa MoJlyKenuja e ocTaBeHa Ha JiecHaTa crpana. [Tomvure
JIEBO W JIECHO BO TPUAMMEH3UOHAJIEH MPOCTOP HE CE HEMBOCMUCIEHN M MPENU3HH, KaKO IITO €
TOA Ha JIACT Off XapTHja.

18.4 CraHpappeH enekTpoaeH noTeHuujan

OnwuiraBMe Kako ce COCTaByBa BOJIITHHA KeIja Off ABE MOTYKEJNU M KaKO Ce MEpH MOTEHIIHja-
70T Ha Kenujara co BoaTMeTap. MefyToa, MOXKHO € Jla ce MpecMeTa MOTEHIU]aloT Ha KennjaTa
6e3 J1a Mopa eKCIepUMEHTATHO fla Oujie M3MepeH. 3a oBaa IIel € MOTPeOHO f1a ce ONpefenaT
KapaKTepUCTUIHUTE MOTEHIIMjalli 3a CeKoja MOoNyKenuja, U MOoToa f1a ce OMpefiel pa3inKaTa
BO MOTEHIHjamnTe (HAMOHOT Ha KennjaTa) Mpu KOMOWHAIKjA Ha JIBE CIENU(PUIHN TOTYKEITHN.
Ho nHAMBHUYaTHUOT €JIEKTPOJIECH MOTEHIjal He MOXe Jla Ce M3MEPH; eJMHCTBEHO LITO MOXKeE J1a
u3MeprMe e IoTeHIjaTHaTa pa3nuka. CuTyal@jaTa € CliiuHa Co Meperhe Ha HaiMOpCKaTa BUCHHA
Ha HEeKOj Touka Ha 3eMjara. HagMopcKkaTa BIUCHHA MOKEMe /1a ja U3MEpUMe caMoO BO OHOC Ha
HeKOoja IIPOM3BOJTHO 3a/1a/IeHa TOUKA CO BUCHHA HYyJIa - BOOOMYAaeHO, TOA € MOPCKOTO HHBO.

Hynrara Touka 3a eeKTPOTHUTE MMOTEHIUjANU € eJIEKTPOJHUOT MOTEHIMjall Ha TTONyKeuja
npuKaskaHa Ha cimkata 18.6, Koja ce BUKa CTaHAap/iHa BOIOPOJHA eIeKTposia. [IpyruTe enekTpoy-
HI MOTEHIHjaJI ce M3MEPEHH BO OJJHOC Ha 0OBaa MPOM3BOIHO Off0paHa HYJTa BPETHOCT.

Bo cranpapanara Bogoponna exexrpopa (SHE*) racoBut Bogopos co IpUTHUCOK TOYHO €fieH
6ap ce MPONyIITa OKONY MHEPTHA MIATHHCKA eNEKTPOJIa, KOja € TTOTONEeHa BO BOJICH PacTBOP BO
KOj akTuBUTETOT Ha H,0* jonuTe e TouHOo a = 1. 3a moeiHOCTaByBambe, HUE K€ KOPUCTHME CHMOOI
H* mamecro H,0*, mamecro a,,. = 1 ke mmmysame [H'] = 1 M," n mamecro P,,, = 1 bar ke nmmysame

H,(g)

| atm —

Meypu og

H,(9) < CJIMKA 18.6 CrtanpapgHa
BoAopoaHa enekTpoaa (SHE)
Jlenta O/l ”HEPTHA IIJIaATUHA NTOCTUTHYBa
TOTEHI]aJ LITO € ONMPEfENeH Off

VepHara Pt obesbenysa pamnoTexara pasenka 2 H'(@=1) + 2 e
MIOBPLLIMHa 3 MPEHOC Ha H,(g, 1 bar). Ycnosor paserka

©€MeKTPOHN “H*= 1 Mo3xe f1a ce anpokcumupa co [H] =
1 M, ycroBor 3a mputucok of 1 bar ga ce
ampokcumupa co 1 atm.

* Kpatenkara SHE ce onsecyBa Ha anrmucknot Tepmus standard hydrogen electrode. (3a6. Ha mpeB.)

T Kako mto cnoMHaBMe BO riaBaTa 17, HaMeCTO MoOJIapHa KOHUEHTpauuja, TpeGa a ce KOPUCTH aKTUBUTET TPEH3HO
ONUIIYBake HA OCOOMHUTE HAa PACTBOPHUTE, KOHCTAHTHTE HA PaMHOTeXa UTH. MefyToa, 3a MOeJHOCTaByBawe, Hue Ke
MPOJIOJIXKIME [Ia 'l KOPUCTUME MOJIAPHATE KOHIEHTPAIMK U MapIHjalHITe TPUTHCOLM HAMECTO aKTHBUTETUTE, a CHTE
JUICKYCHH Ce OJIHECYBAaT KaKo fla CMe KOPHCTeNe aKTHBUTETH.
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Buaejku ctaHgapaHuTe eneKkTpoaHn
noTeHuujanu ce 6asnpaHun Ha peayKUMCKu
npouec, TMe UCTO Taka ce HapeyeHu
CTaHAapAHU pefyKUMCKV NoTeHumjany.

AHumaumja 3a cTaHgapgHW
= peayKUMCKM noTeHuujanu

» CJIUKA 18.7 Mepeme Ha
cTaHAapAHWOT noTteHuumjan Ha Cu?/Cu-
enekTpoaa

CranjapiiHaTa BOJJOPOIHA EJEKTPOJIA € aHOJA,
a Cu**/Cu-enexkrposiara e karofa. Koxrakror
IOMef'y pacTBOPHTE Ha JIBETE TONYKENUH

€ eNEKTPOINTHIOT MOCT, KOj OBO3MOXYBa
MUTpalHja Ha jOHN, HO CIIPeuyBa AMPEKTHO
Melllae Ha [TIaBHAIATa Ha pactBopute. Ha
CITMKATa ce O3HAUEHH HACOKATA HA JIBIXKEHE
Ha eNIEKTPOHUTE ¥ BPEJHOCTA OTYNTAHA HA
BONTMETApOT.

P., =1 atm. PamuoTexara nomel'y H* jonute u H, Moeky/nTe ce BOCIIOCTaBYBa Ha TLTaTHHCKATa
TOBpLIMHA €O peayKuuja Ha H* o H, 1 co okcnpranmja na H, jo H*:

Ha Pt
DHT(IM) + 2" ——— H, (g, latm)  E° = 0V (@iouno)

Bp3 ocHOBa Ha MefyHapoJIeH IOTOBOD, CTAHIAPHUOT eJIEeKTPOAeH noTenuujai, E°, 3a cexoja
noJypeaxkija e fepmHIpaH Bp3 OCHOBA Ha TEHJIEHIMjaTa 3a peAyKIrja Ha Taa enekTpopa. OBue
CTaHJap/IHA OTEHIMjAJIN C€ MEPEHU KOTa CUTE PACTBOPEHH CYIICTAHIMN NMAAT SAMHEYEH aKTUBUTET
(a=1), mTo mpubIMKHO ONroBapa Ha KoHIeHTpanuja 1 M, cure racoBu ce co MPUTUCOK Off 1
bar, mTo npuGnkHo e enHakBo co 1 atm. Kora ce paGoTu 3a HEKOj MeTal MITO ¢ Pa3InieH Off
EJIEKTPOJHUOT MaTepH]jall, MOTEHIMjANOT ce OfJHECYBa HA pAMHOTEXKAaTa IITO Ce BOCIIOCTaBYBa Ha
MHEPTHA MOBPIINHA, KAKO LITO € TOBPIINHATA Ha MeTaHaTa miaTuHa. CTaHAapaHUOT eJIEKTPOJICH
MOTEHIMjall Ha CTaHflapiHaTa BOJOPO/HA €IEKTPOJia, KaKO IITO BeKe CIIOMHABMeE, IO JI0TOBOP
U3HECYBa TOYHO HYJIa BOJITH.

3a Mepeme Ha CTaHIapIHATE TTOTEHIMjAITN Ha IPYTUTE TONYPEaKIMi HAE MOXKE 1a KOHCTpyHpa-
Me BOJITHHA Kellija KaKo OHaa IpUKakaHo Ha cinukara 18.7, Kajie 1ITo cTaHfapiHaTa BOJIOpOHa
eJIeKTPOfIa € MOBp3aHa co cTaHfapiHa 6akapHa enekrpopa. lllemara Ha oBaa Kenuja e

Pt|Hy(g, 1 atm)[H™(1 M)[|Cu®"(1 M)|Cu(s)
(Anopa) (Karopa)

I'memame meka eNeKTPOHH MaTyBaaT Off BOAOPORHATA (aHOAA) KOH OaKapHaTa eJIeKTponia
(kaTopa), a MoTeHIMjaTHaTa pasiarka nzxecysa 0,340 V. OBaa noreHIpjaiHa pa3inka, HapeueHa
cTaHfap/eH NOTeHIMjax Ha Kexnjara (E° € pa3nuKa nmoMery CTaHgapAHIOT MOTEHIXjall Ha
KaTojlaTa M OHOj Ha aHOAATA:

E° = E°(xarona) — E°(anona) (18.2)

ﬁenuja) ’

Wnn, kopucTejKu ja KOHBEHIMjaTa 3a IAIIYBamke Ha [IeMaTa Ha KenmjaTa Kajie IITo aHoAaTa
€ JIeBO, a KaTofjaTa IeCHO, MOXKe JIa HaluIIeMe

E°= E°(neBo) — E°(mecno)

CraHgapHUOT eJeKTPOJeH MOoTeHujan, E°, Ha enekTpojara mToO € [eCHO, OJHOCHO
crangapiaHaTa Cu**/Cu-eJIekTpopa, Ke ro MuIIyBaMe BO CIEIHUOB OOIHK

o
E cuZ* jcu
Enekrponara HaneBo ¢ CTaHiapiHaTa BOTOPOJHA EJIEKTPOJIA Y] IIOTEHIIH]al 110 Ie(DMHUIIH]a ¢
0 —_
E HoH, = 0.000 vV
3a j1a ro ompefieIMMe MOTEHIN]AIOT Ha penykurja Ha Cu>* o Cu(s) muiyBame
0 — o 0 —_
keamja E cu?ticu E HHy — +0.340V
E°_ o+ o, —0.000 V = +0.340 V
0 —
E° v, = +0.340V

TTo3uTHBHATA BPEHOCT HA CTAHTAPIHUOT EIEKTPOJCH MOTEHIMjaa 3Haun jeka Cu** joHute
MO3Ke IMONECHO Aia ce pefynupaar no Cu(s) orkonky H* 1o H,(g).

Bontmerap

Hy(2) _l::neE(TponMTeH MoCT

Cu**(aq)
aM




18.4 o

Bontmerap -

e
Ho(g) [ ]_E_J_l_eKTponnTeH M_OCI _
I atm —= \
e s
| |
£
z“2+{aq)
M 3

Cera ja BuiMMe 1Ito Ke ce Cyun Bo KesnjaTa Ha cimka 18.8, kaye mrro Cu**/Cu-nonyKenujara
e 3ameHeTa co Zn**/Zn-nmonykenuja. BontMeTapot mokaxkysa BpefHoct -0,763 V, a memara Ha
KenujaTa e

Pt|H,(g, 1latm)|H* (1 M)||Zn** (1 M)|Zn (s) E°

OBOj cTaHfapfieH MOTEHIM]jall Ha KennjaTa U CTAaHAApPAHNOT eNEeKTPOAeH MOTEHIHjall ce
MOBP3aHH CIIMYHO KaKo BO ciy4ajot Ha Cu?*/Cu-eekTpopara:

=-0.763V

Kenmja

E® emia = E°(RECHO) — E°(116BO)
Oﬁenﬂja: Ozn2+/Zn - E0H+/H2 =-0.763V
E°, ., —0.000V = -0.763 V
EOZn2+/Zn =-0.763V

HeraruBHaTa BpeHOCT Ha CTAHAAPIHIOT eJIEKTPOJIcH TOTEHIIjall TOKakyBa fieka Zn**(aq)
NOTENIKO ce pefynupa o Zn(s) orkonky H*(aq) o H,(g).

LITo e pu3MiKOTO 3HAUCHHE HA HETaTHBHATA BpefiHOCT Ha E°, . Ha cimkara 18.87 Toa e Bo
BpCKa CO HAYMHOT HA KOj €NEKTPOANTE Ce TOBP3AHH CO BOATMETapoT. [IpaBIITHAOT HAUNH Ha
TIOBp3yBambe 32 fla e OTYATA MO3UTHBHA BPEHOCT € aHOAaTa j1a Omjie MOBp3aHa CO HeTaTHBHIOT
Kpaj Ha BOJITMETApOT, a KaTojjaTa co MO3NTHBHIOT. AKO MOBP3YBAamkETO € 0OpaTHO, KaKo IITO
BIIPOYEM € HalpaBeHO Ha cimKara 18.8, oTunranaTa BpeTHOCT Ha BOJITMETAPOT Ke IMa HeTaTHBHA
BpefHOCT. Bo KenmjaTa mITO ja onmItaBMe HEE IPETIOCTaBUBME ieKa ZN-eeKTPOoaTa € KaTofa,
HO BO CYIITHHA Taa € aHOfa.

Ha cnukara 18.9 e nprkaskaHa ImeMa o TpUTE CTaHapAHA €JIEKTPOHH TOTEHIHjalN MITO
Jocera TH JUCKyTHpaBMe, OAPE/IeHN BO HAacOKa Ha omafame Ha BpefHocTa Ha E°. Hajmecnara

E° [Cu?t(1 M) + 2 ¢~ — Cu (5)] —}— 0340V -

E°[2HY(1 M)+ 2e” - H, (g, 1 atm)] —f— 0.000V
- E?Cﬂllel: ] . ] 03 V
Onarame Ha E°
E° [Zn?*(1 M) + 2 e~ — Zn ()] —— 0763V ~
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<« CJIUKA 18.8 Mepeme Ha
cTaHAapAHWOT NoTeHuMjan Ha Zn%/Zn-
enekTpopa.

Hcro xako n Ha cimkata 18.7, cranyiapaara
BOJIOPOJIHA E€NIEKTPOJIA CE M0jaByBa JEBO,

a MeTanHaTa enekTpofia aecto. Ho, kako

IITO Ce I7Iefla Off HACOKATA Ha JIBUKEHE

Ha JIeKTPOHNTE, KaKo U Off HeraTHBHATa
BPEJHOCT OTUMTAHA HA BONTMETApOT,
CTaHJapjiHaTa BOJOPOJIHA ENEKTPOJA €
Karojia Bo 0Boj ciy4aj. Cropep Toa, Zn**/Zn-
enexTpoparta e anopa. Kora Bontunure Kenun
Ke GupaT KOHCTpYHpaH! Kako Ha cimknre 18.7
1 18.8, TouHaTa BPEJHOCT M TOYHHOT 3HAK HA
CHTE CTaHJap/HA €NEKTPOJIHU MOTEHIHj AN Ke
MOXaT J1a OMAaT TOYHO U3MEPEHH.

- 3a UMHK-BOAOPOAHA Kenuja

% BonTtunu kenum (ll): anumauumja

<« CJTUKA 18.9 Mpwuka3 Ha
cTaHAapAHUTE enekTPOAHM NoTeHuujanm

CranjjapfiHuTe IOTEHIHjaH 32 6aKapoT

1 IIUHKOT Ce NPUKaXKaHH BO OJHOC HA
CTaHJaPJHHOT MOTEHIHjall Ha BOFOPOJIOT.
Iotennujannara pasznmka of 1,103 V momery
6aKapoT I IUHKOT € MOTEHIIjaloT Ha
BOJITIHATA KeNnja NPHKakaHa Ha CIIMKATa
18.4.
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TabenuTe co cTaHaapaHU eNekTPOaHN
NoTEHLMjany NoHeKoraL ce HarnuwaHu no
obpateH pefocres, 0OAHOCHO Ha BPBOT

op Tabenarta co HaoraaT HajCUnHUTe
penyKUMCKN CPeacTBa, OOHOCHO OHUE LITO
HajnecHo okcuampaar.

peayknuja, Cu** o Cu, e mpuKaxkaHa Hajrope BO meMaTa. EJeKTPOAHUOT MOTEHIMjal 3a
HajTelkara peAykiuja, Zn** 1o Zn, e npuKaskaHa Hajaomny.

Ta6enata 18.1 nmpukaxKyBa HEKOM CTaHAAPAHU €JIEKTPONHH MOTEHIMjal U COOIBETHUTE
penyKucky nonypeakiuu. [TofipeyBambeTo e uIeHTHYHO KaKO BO MPETXOHUOT CIy4aj, OTHOCHO
BO Hacoka Ha omafame Ha BpefjHocTa Ha E°. [loronema nucra co oBie BPEIHOCTH € TIpUKaXkaHa
BO JIOIaTOKOT B.

I'mepajkn o neBo BO Tabenara, HajaoOpUTE OKCUAAIMCKU areHCH, OTHOCHO OHKE IITO Hajiiec-
HO ce peflylupaat, ce IPHKaKkaHu rope Bo Tabenara (Ha mpumep F,, O, ntH.). OHIE KOMIITO ce Haj-
c1abM OKCHJIAIMCKY CPEJICTBA Ce MPUKAaXKaH! 0Ny BO Tademara. [efajku Ha jiecHaTa cTpaHa BO

Ta6ena 18.1 Hekou cTaHAapAHM enekTPO4HU noTeHumjanu npum 25 °C

Peaykuucka nonypeakumja E°, Bontn

Kucen pactsop

Fa(g) + 2¢- —> 2F (aq) +2.866
Oi(g) + 2H(ag) + 2¢” — 05(g) + H>0() +2.075
$,05> (aq) + 2e¢~ — 250,42 (aq) +2.01
H,05(aq) + 2 H'(aq) + 2¢” — 2 H,O(l) +1.763
MnO, (aq) + 8 H(aq) + 5¢~ — Mn>*(aq) + 4 H,O(l) +1.51
PbO,(s) + 4 H'(aq) + 2¢~ — Pb*"(aq) + 2 H,O(1) +1.455
Clx(g) + 2e~ — 2Cl (aq) +1.358
Cry0;> (ag) + 14 H (aq) + 66~ — 2Cr**(aq) + 7 H,0() +1.33
MnOs(s) + 4 H(aq) + 2¢~ —— Mn*"(aq) + 2 H>O(l) +1.23
Ox(g) + 4H (aq) + 4¢- — 2 H>0(]) +1.229
2105 (aq) + 12H"(ag) + 10e” — Iy(s) + 6 H,0(]) +1.20
Bry(l) + 2e~ — 2 Br (aq) +1.065
NO; (aq) + 4 H'(ag) + 3¢~ — NO(g) + 2 H,0(l) +0.956
Ag'aq) + e — Ag(s) +0.800
Fe*'(ag) + e~ — Fe?*(aq) +0.771
Os(g) + 2H(aq) + 2e~ — H,05(aq) +0.695
I5(s) + 2e — 21 (aq) +0.535
Cu**(aq) + 2e~ — Cu(s) +0.340
SO4> (aq) + 4H"(aq) + 2~ — 2 H,0(l) + SO5(g) +0.17
Sn**(aq) + 2e- — Sn?'(aq) +0.154
S(s) + 2H"(aq) + 2 —— H>S(g) +0.14
2H"(aq) + 2e” — Ha(g) 0
Pb>(aq) + 2e~ — Pb(s) —0.125
Sn**(agq) + 2e~ — Sn(s) —0.137
Co?*(ag) + 2~ — Cols) -0.277
Fez*(aq} + 2e~ — Fe(s) —0.440
Zn**(aq) + 2¢~ — Zn(s) —0.763
AP'(aq) + 3¢ — Al(s) ~1.676
Mg>'(aq) + 2~ — Mag(s) —2.356
Na®(aq) + e- — Na(s) -2.713
Ca**(aq) + 2¢~ — Cal(s) —-2.84
K'(aq) + e — K(s) -2.924
Li*(aq) + e — Li(s) —3.040
Bbazen pactBop

Os(g) + HO(l) + 2e” — Os(g) + 20H (aq) +1.246
OCl (aq) + H,O(l) + 2¢ —— Cl (aq) + 2 OH (aq) +0.890
05(g) + 2H50(l) + 4e~ — 4 OH (aq) +0.401

2H,0(l) + 2e” — Hs(g) + 2 OH (aq) ~0.828
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MPHUKAKaHUTE NONypeaKInK, OJTHOCHO TJIeIajKK ja o0paTHAaTa peakiiyja, HajioOpuTe peayKIUCKN
areHCH ce MPHUKaKaHu 1oy Bo Tabenara (Li, K, uTH.), a Hajcmabute ce rope.

Ta6enara 18.1 e muory kopucHa. [IpBo Ke ja KOpuCTHMe BO €JHOCTaBHU 3ajlaul, OFHOCHO 32
ompefieTyBambe Ha CTAaHAAPAHUOT IIOTEHIMjall Ha HeKOoja Kelnja, E°kema, 3HaejKu ' BPEHOCTUTE
Ha CTaHAapAHUTE eJIeKTPOAHN noTeHuujany, E°. Ha npumep, kako Ke ja mpecMeTaMme BpejHOCTa
Ha E°, . 3a KenmjaTa Ha ciamkara 18.4:

Zn(s)|Zn*(aq)||Cu*(aq)|Cu(s)

Ce o Tpeba a HallpaBUMe € [la T 3aMEHUME BPEJTHOCTUTE 3a CTAH[JapHUTE €J1EeKTPOIHN
noTeHujanu o Tabenara 18.1 Bo paBenkara (18.2):

Eoﬁmjf E°(kaTona) — E°(anoma)
-_— o] [0]
=E cuticu E Znizn

2+
=0.340V - (-0.763V) =1.103 V

Bo 0BOj BUjI pecMeTKH, TpH BEIMYMHH CEKOTall MOpa fa OuAaT BKIyUeHH: B i E° 32
KarojiaTa 1 E°3a aHopaTa. AKO IMaMe BPEHOCTH 3a KOU OHUJIO [IBE BEJIMUUHU, MOXKEME [a ja
npecMeTame TperaTa. Bo npumepot 18.4 Moxe 1a ja ICKOPUCTUME OBaa Hjeja 3a IPeCMETYBakbe

Ha HENO3HAT CTaHap/ICH CJICKTPOJACH HOTGHHI/IjaH.

Mpumep 18.4

Ipecmeraj ja Bpennocra Ha E°3a pepykipckata nonypeakipuja Ce*(aq) + - ——> Ce*(aq)
aKo NOTEHLHjaNoT Ha KenujaTa

Co(s)|Co2+ (1 M)||Ce** (1 M), Ce*(1IM)|Pt(s)

® E°kmja= 1.887 V.
CTPATEIrnJA

Penykuuckara nonaypeakunyja ce ofjBiBa BO KaTOf{HAaTa MOIyKelNHja, IpUKaXaHa Ha [ecHaTa
cTpana off memara. Ja 6apame BpenocTa 3a E° 4. . 5. Okcupranmekara nonypeakuuja Co(s) ——
Co? + 2 e, ce ofiBHBa BO aHOJHATA MOyKemwja, neBo. Op Tabenara 18.1, ja Haofame BpegHOCTA
E® 4= —0.277 V.
PELWEHUE

Ha uct HaunH Kako BO IPUMEpPOT CO BOATHHATA Kenuja Zn-Cu, mpecMeTKaTa Ke ja HalpaBiuMe
KopHcTejKH ja paBenkara (18.2):

E°Kema= E°(kaToma) — E°(anopma)
= OCe4"/Ce3+ - EOC02+IC0
1.887 V = E° 443+ —(=0.277V)
1.887-0.277 =FE° =1.610V

Cetticedt

MPOLIEHA

I'maBeH u3BOp Ha MOXHA Ipellika MPH KOpHCTee Ha paBeHkarta (18.2) e HeMpaBHIHOTO
KOpHCTEHE Ha 3HALUTE, KOU MOpa YeCTO BHUMATEINHO Jla TH mpoBepyBaMe. Pasmukara momery
eNEeKTPOHUOT moTeHuja Ha Ce**/Ce™, KojuiTo ro 6apaBme BO 3ajauara, i MO3HATHOT eJEKTPOJICH
norennujai Ha Co?*/Co, e I3MEpPEeHNOT NOTEHIIjal Ha Kenujara, Koj u3Hecysa 1,887 V. Bupejku E°
3a C0**/Co (-0,277 V) nma nonncka Bpegroct off SHE (0,000 V), enekrpopauot noteHmujan Ha Ce*/
Ce’** mMopa fa Oupe MO3UTHBHA BPEHOCT, HO MOpa f1a 6ujie u moMasna BpefHoct of 1,887 V, mro e Bo
COTJIACHOCT CO TIPecMeTaHaTa BPEHOCT.

BEXBA 18.4A
Bp3 ocHoBa Ha cnefHaBa mema m mopaTonute off Tabenara 18.1, ompenenu ja BpegHOCTa Ha

EOSmZHSm'
Sm(s)|Sm?* (1M)||I7(1M)|I2(S)|Pt(s) E °m"ja: 321V
BEXBA 18.4b
Bp3 ocHoBa Ha ciefHaBa mema u nopatonute of Tabenara 18.1, onpesenu ja BpegHOCTa Ha
E° .
Clo-Cly

Pt(s)|CL(g)ICIO, (1 M)IICI” (1 M)[CL(@)Pt(s) E°,_  =-0.034V

Kenuja
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A CJTUKA 18.10 TMMoTeHumjanot Ha
kenunjata E°, . e MHTEH3UBHO CBOjCTBO

kenuja
Jlexa MOTEHIMjaOT Ha KelijaTa € HHTEH3NBHO
CBOjCTBO MOXKE /a ce BHAN O (paKTOT MTO
cyBuTe GaTepui NMaa KOHCTAHTEH TOTEHIIHja
on 1,5 V, 6e3 o6sup amn ce paboTn 3a roreMu
D-6aTepnn nn 3a Mamu AA-Gatepnn.
Torenmumjanor Ha Kenujata He 3aBUCH Off
KOJIMYECTBOTO CYNCTAHINH MITO yIECTBYBAaT
O]] peakIyjaTa Ha Kenmjara.

lNpawwar-e: Koj e eauHCTBEHNOT MOXEH
HayYuH 3a npou3BOACTBO Ha CyBU
b6arepuu co HaroH noronem og 1,5 V?

JIBe Ipyru BaskHU HEITa 3a €JIEKTPOHUTE MOTEHIUjaH Ce:

e EnexTpopHNTEe MOTEHIWjaNl U IIOTCHIMjAINTE HA KEIMATE Ce NHTCH3MBHA BEJIMYMHI,
OJHOCHO HUBHHTE BPEJHOCTH CE TOUHO OIpEJieICHN 3a ONpefieIeHN YICCHAIN BO
peakuuTe U onpefeneHu ycnosu. OfHOCHO, OpOjHAaTa BPEJHOCT Ha €NEKTPOJHUTE
HOTEHIUjAITH He 3asuct O (pU3MIKaTa FOJIEMAHA Ha ONMYKeJIMUTE BO BONTHHATA Kelmja.
Cnukara 18.10 ro unycrpupa oBoj hakT IpeKy JOOPONO3HATU IPUMEPH.

e [loTeHuMjamoT MOKe fa Oujie IpecMeTaH 3a HeKOja OKCHAIOHO-PENYKIMOHA peakiyja,
TIPH IITO HE € HEOIIXOJJHO JIa C& COCTaBH COOIBETHATA BONTHHA Kenuja. [IoTouHO, MOXKe
ma Gme mpecMeTaH B ¢emja BP3 OCHOBA Ha peakmujaTa Ha Kenmjata 6e3 mpuToa fa ouse
HaTWIIaHa IeMaTa Ha KenmjaTta. OBa e TmokaskaHo BO mpuMepoT 18.5.

Mpumep 18.5

1 1 (o]
Hspaymn ja criefHaBa OKCHAANMOHO-PEYKIMOHA PABEHKA i ONIPE/IeNd ja BpefocTa Ha B,
3a peakuyjaTa.

0,(g) + H™(aq) + I (aq) —> H,0() + I(s)

CTPATEMMJA

ITpBo Tpeba f1a ja mpuKakeme pefloKc-paBeHKaTa MpeKy JBe MOTyPaBEeHKH 3 OKCH/IAI]a 1 32
penykiuja. [ToToa Ke ja u3paMHUME paBeHKATa BP3 OCHOBA Ha TMOJYPEAKIMATE, CIIOPE] METOAOT
ormrad Bo ['maBa 18.1. [ToToa ke ro fomomHmMe OiroBOPOT Ha 3a/jadaTa KOPHUCTEjKH TH IOATOLUTE
3a E° o TaGenara 18.1 n paBenkara (18.2).

PELUEHUE
W3pamueTnTe nomypeaxiuy, Kako 1 BKyIHaTa pefloKc-peakiiuja ce CleIHuBE

Pedyxyuja: O, + 4H" + 4~ —> 2H,0
Oxcudayuja: 2021 — 1, +2e}
Bryiiro Ox(g) + 4H™(aq) + 41 (aq) — 2 H,O(1) + 21x(s)

AKo0 0OBaa peakigja ce OjIBMBa BO BOJTHHA KeJuja, ONypeakiujata Ha pedykuyija 6u 6una Ha
KaTofara, a MoJypeakujaTa Ha okcudayuja Ha anofara. Cropey; oBa, MO3Ke i Haluieme
0 — [Fo __ o
E — E°(kaTopa) — E°(anopia)

= E°(penykuuja) — E°(okcupammja)
IToroa, BpeHocTrTe 3a E° 3a pefyKIMcKaTa i OKCHIAIICKATA TOITypaBeHKa MO3KE Ja ' Hajjie-
Me Bo TabesaTa 18.1:

° =
Kenuja

B, = +1.229V - 0,535V = +0.694 V

EOZ/HZO -

MNPOLIEHA

ITpBo nma 3abenexnMe AeKa Mako OKCHAANICKATa MONypaBeHKa ja MOMHOXHBME CO JBa,
BpeHocTa 3a E°, - BOOIIITO He ja MpoMeHUBME, OnpiejKn E° e mATEH3HBHO CBOjCTBO. 32 fa ce
yOemuMe fieKa cMe KOpHCTese PABIIHA 3HAIM Ha (PU3MIKATE BEJMIMHI, [1a TOTEHIIpaMe JieKa
JIBETE BPEHOCTH 3a E° ce IO3NTHBHI BEMMUMHN 1 pa3IAKaTa MOMery IorojiemMara BpeHoCT (OHaa 3a
penyKumjaTa) u IoMajaTa BpefHOCT (OHaa 3a OKCHJAIHjaTa) € HCTO TaKa MO3UTHBHA BPEHOCT.

BEXBA 18.5A

Ipecmeraj ja BpegrocTa Ha E°, . 3a cexoja off clieHIBE PELOKC-PEaKIIHHL.

@ 2 Al(s) + 3 Cu®M(ag) — 2 Al*"(ag) + 3 Cu(s)
(6) 2 NO5 (aq) + 3 Pb>"(agq) + 2 H,0(1) — 2NO(g) + 3 PbOy(s) + 4 H'(aq)

BEXXBA 18.5b

Hamumm n3pamueTa paBerKa 3a okcupanujata Ha Mn*(agq) go MnO, (aq) co S,0.7(aq) xoj
ce penymipa fo SO, (aq) Bo Kucela CpefiuHa 1 OMPEJIENH ja BPEJHOCTA Ha E"Ke!mja 3a pefloKc-
peakuujara.




18.5 o EnekTpogeH noTeHuujan, CNOHTaHa NpomMeHa U pamHoTexa 765

18.5 EnexkTpoaeH noTteHuMjan, CnoHTaHa NPoOMeHa u
pamMHoOTexXa

Kora ce cnydyBa HeKOja peakija BO BOJITUHA Kelllja HCTOBPEMEHO Ce U3BPIIYBa HEKAKBa
pabora. OBaa paboTa € HapeueHa eJeKTpU4yHa paboTa, OufejKu € U3BpIIEHa Off €J1eKTPUYHU
TIOITHE KM BO JIBIKEIhe. BKymHaTa padoTa e nmpou3Boy off (1) moTeHnujanoT Ha Kenmjata E oo’ 2)
OpOjOT Ha MOJIOBH €IEKTPOHU Pa3MEHETH MOMeTy eNIEKTPONHTE, N; 1 (3) eIEKTPHYHAOT TIOTHEK
3a MOJI eleKTPOHU-(U3MUKa BeINUnHa HapeueHa PapajneeBa KoHCTaHTa, F, unja BpeHOCT €

96.485 Ky/IOHU Ha MOJL:

w__=nFE (18.3)

€JIeKT Kenmja

IIponssonor nFEKE.Wja UMa eMHUIM BONT x KyJoH. On nedunuipmjaTa 3a Boat, 1V = 1J/1C
(cTpanmma 757), rnename IeKa eMHALA 3a eJeKTpuuHaTa padora e gym: 1J =1V C.
EnexrprunaTa pa6oTa e mMoBp3aHa CoO MPOMEHATa Ha CIO0OJHATA EHEepruja Ha CIICTHUOB
HAYIH: MAKCHMAJTHOTO KOJIMIECTBO KOPHCHA pabOTa MITO MOXKE CIHCTEMOT i ja M3BpIIH € —AG, I
0Ba MaKCIMaJTHO KOJIMYECTBO paboTa MosKe fia Omfie M3BefIeHO KaKo eNeKTpidHa paboTa. OTTyKa,

CIEKTpUIHATa pa60Ta M3BEJICHA O] BOJITUHATA Kennja €

-AG=w___ =nFEC,

€JIeKT Kennja

Cropert Toa, 3a OKCHIAIIMOHO-PEAYKIMOHA peaKIija MOXKe Jla HalnIieMe

AG =-n FE, (18.4)

Kenuja

Ja 3a6emexumMe feKa BO OBaa paBeHKa He Io yIoTpeOuBMe cuM00710T ,,°“. O3HaKaTa Em"ja 0e3
CIIOMHATHOT cUMOOJ 03HauyBa eKa yCJIOBUTE Ha eNIEKTPOIUTE HE Ce CTAaHap[Hu, a PACTBOPHUTE
He MOpa Jla UMaaT KoHleHTpanyja 1 M, Huty racosure nputucok 1 atm. Cauuzo, cum6o10T AG
ynotpeber Ha MecToTo off AG® ce offHecyBa Ha HecraHfapaHu ycirosn. Cemnak, paBeHkara (18.4)
1Ma YHUBEP3aIHO 3HAUEHE U MOXKE J1a ce KOPUCTH M KOTa CYIICTaHIUTE Ce BO CBOjaTa CTaHAap/Ha

COCTOjGa, I1a MO2K€ J1a HalUIIEeMe

AG°= -n FE (18.5)

Kennja

Kputepnym 3a cioHTaHN peOKC-peakun

3name of riaBata 17 jeka XeMucKaTa peakiiyja e ClioHTaHa ako AG UMa HeraTuBHA BPEHOCT.
Pasenkara (18.4) nokaxysa ieka AG e HeraTiBHa BeinunHa, Toram E . Mopa fja e nosutisHa

BPEAHOCT. Osgne Ba Cl)aKTI/I 3a€/THO BOAAT OO CICTHUBE 3aKJIy4OlXd BO BpCKa CO CIIOHTAHU
peakumnm:

o Ako EKeijw € IIO3UTHUBHA BEJINYMHA, TOrall AG e HeraTuBHa BEJIMYMHA, 1 OTTYKa QUPECKTHA-

Ta peakiujara e contana (Off JIeBO KOH JIECHO).

e Axo E, . e HeraTuBHa BE€JIM4YKHA, TOralu AG e mo3uTuBHA BEJIMYMHA, I1a JUPEKTHaTa

Kenmja

peaklyja He € CIOHTaHa.

o Kora peaknmjaTta Bo KeimjaTa ce OiBEBa BO 00paTHA HacoKa, TOTAaIl Eemia B AG ro
MEeHyBaaT 3HaKoT.

IIpu npecmeTyBameTO Ha Emmja CO IIOMOIII Ha CTaHJApJHUTE eJIEKTPOJHU NOTEHIMjaIu TIpU-
KaxkaHu Bo Tabenara 18.1, moOuBaBMe BPEHOCT 3a CilidHOapOHUONI TIOTCHIMjall Ha KeJujaTa,
E° . Chnopep Toa, CeKoj 3aKJIy4OK M3BEJIeH BP3 OCHOBA Ha BpefHOcTa HA E°, . Baxum Kora

Kelnnja X Kemuja |
U peakTaHTU U MPOJYKTH Ha peaklyjaTa ce BO HUBHATa CTaHAapAHa cocTojba. MefyToa,
KeaauiliaitiugHuille 3aKITyIOIH JOHECEHN BP3 OCHOBA HA CTAHAAPAHUTE YCIOBH BasKaT 1 BO IIMPOK
MHTEpBaJ Ha HECTAHJAp/IHH YCIIOBHL.

Bo npumeport 18.6 Ke ru npuMeHNMe HalllMTe HOBM KPUTEPUYMH 32 CHOHTaHA IIPOMEHa U 3a

Kemmja®
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dunm 3a peaokc-xemuja Ha
Xene3oTo u 6akapoT

Mpumep 18.6

Jlanu 6GakapoT MOXe [a TU UCTHCHE CPeOPEeHHUTE jOHU Off BOfgHU pacTBopu? ONHOCHO fanu
peaxuujata
Cu(s) + 2 AgT(1 M) — Cu®" (1 M) + 2 Ag(s)

Moxe /1a C€ OJIBMBa CIIOHTAHO O] T€BO KOH }IGCHO?

CTPATETUJA

Mopa a ja pa3fgBouMe BKYIHATA peakijyja Ha ABe MOy PeaKIyy, a 'Y OIpefeIuMe BpeHOCTH-
Te Ha E° 3a cekoja nomypeaxuyja, a 10Toa Aa ' MCKOMOMHUpaMe THe BPEHOCTH 1 1a ja IpecMeTaMe
BpefHocTa Ha E°, . AKo fobueHarta BpegHOCT Ha E° . e MO3WTHBHA, TOrall AUPEKTHATa

Kenmja Kenmja

peaxiujara e CloHTaHa.

PELLUEHUE
Peoyruuja: 2{Ag"(A1M) + e~ — Ag(s)}
Okcuoayuja: Cu(s) —> Cu* (1 M) + 2e”
e Cu(s) + 2AgT(1 M) — Cu*™ (1 M) + 2 Ag(s)
E"kcn"ja= E°(xaropa) — E°(anopa)
= E°(penykunja) — E°(okcunamnuja)
= EOA -E° 2+,
g+/Ag Cus™/Cu

=0.800V - 0.340 V = 0.460 V

U, .
Bupejku E°, . e TO3HTHBHA BPEHOCT, IUPEKTHATA Peakyja e crionTana. bakapor tpeba a

TH UCTHCHE CPeOPEHUTE jOHU Off pAaCTBOPOT.

BEXBA 18.6A
Hanu peakimjaTa

Cu?*(aq) + 2 Fe?'(ag) — 2 Fe*(aq) + Cu(s)

Ke ce OfIBMBA CIIOHTAHO IPY CTAHJAP/HH YCIOBH?

BEXBA 18.66
Bo peakijata

2 Mn**(aq) + 21057 (aq) + 2 H,O() == 2MnOy (aq) + Iy (s) + 4 H(aq)

CHTE YUECHHIIM Ce BO CBOjaTa cTaHfjapiHa cocTojba. Bo xoja Hacoka peakiujaTa e COHTaHA.
O6jacHm.

[la 3abenesxnMe ieka CIOHTaHaTa peakiyja Bo MpuMepoT 18.6 e nucrata oHaa npukakaHa Ha
cnukaTa 18.1. Tamy BujoBMe JleKa peakuyjaTa ce ofiBUBa Kora JieHTa off 6akap € IMOTOoNeHa BO
BOJICH PacTBOP Ha CPEeOPOHUTPAT.

BaxHo e ja pazbepeme jieKa NpeABUyBambaTa Ha CIOHTAHOCTA HA PEJOKC-PEaKINUTE
M3BEJICHU BP3 OCHOBA Ha KOHIENTOT 3a €JIEKTPOXEMUCKH KEJINH, CIHAKBO BaXKaT M 3a PelOKC-
peaKHI/II/ITC BO KON peaKTaHTI/ITe Ce BO JII/IpCKTeH KOHTAaKT.

HOBTOpeH OCBPT HA HA3ATA HA AKTUBHOCT HA METAJINTE

Cera Moxe [la 1afieMe TeOPeTCKO 00jacHyBabe 3a HU3aTa Ha aKTUBHOCT Ha METaJuTe
mro Gemre BoBesieHa Bo ['naBa 4.4. Bp3 ocHOoBa Ha penamujata nmomery Eﬁw‘ian HacokaTa Ha
CIIOHTaHa IIPOMEHa MOXe Jla IpeABUAUME JieKa HEKOj MeTal A, KOj € BO KOHTAKT CO PacTBOp
Ha jOHU Ha MeTanl B, Moxe [ja 'l HCTHCHYBa OBHE jOHM, ako MeTaloT b e Haj MeTanoTr A Bo
HM3aTa Ha aKTUBHOCT Ha METAJIUTeE, KOja € IOipefieHa BO HacoKa Ha onafame Ha BPEJHOCTUTE
Ha eNEeKTPOJHUTE NOTEHIMjall, MICHTUYHO KaKo Bo Tabenara 18.1. AKo Bo oBaa HH3a O
foflafieMe 1 BOIOPOJOT, TOrall MOXKe a KaxKeMe [ieKa MeTaJIuTe LITO ce II0jaByBaaT BO JIUcTaTa
nop Bogopoyot (Ha mpumep Fe, Zn u Al) Ke pearupaaT co KuceslmHH (pacTBOpH MTO uMaat H*
KaKO eIMHCTBEH OKCHJIAINCKU areHc) 1 IpuToa Ke ce co3fasa H,(g). MeTtanu mro ce Bo Hu3aTa
HaJ| BOJOPOOT (Haj CTaHAapjiHaTa BOJOPOJHA eIeKTpofia), (Ha mpumep Cu m Ag), HeMa fia To
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uctucHysaat H,(g) on pactBopm mro coapxkat H*(aq). OBue 3aKIyqoIH ce MASHTHIHH CO OHIE
IITO ' TOHECOBME MPETXOIHO 32 HU3aTa Ha aKTHUBHOCT Ha MeTanute (ciuka 4.13).

Mpumep 18.7 KoHuenuucku npumep

dororpadujara Ha cnuka 18.11 mpukaxysa neHTH off 6aKap U UMHK, MeI'yceGHO TIOBP3aHu 1
3aegHO BpoHeTH Bo pactBop Ha HCl(aq). O6jacHu 1o ce cydyBa. OTHOCHO, Ha KOj rac ce oJKat
MeypuTe Ha MOBPIIMHATA Off IUHKOT U 6akapoT?

AHATIU3A U 3AKITYYOLIN

Hexkoj MeTan moske fa pearupa co HCl(aq) m mputoa fa ce m3psojysa H,(g) co peaykimja Ha
H*(aq), noxonky metanor e Haj H,(g) Bo Hu3aTa Ha aKTHBHOCT Ha MeTanute (cnuka 4.13), umu e
nonr H,(9) 10KONKY HU3aTa e TofpefieHa Cope]l ONMarameTo Ha eIEeKTPOIHATE IOTEHIMjalH, KaKo
Bo TaGenara 18.1. Bp3 ocHoBa Ha BpeiHOCTHTE 3a E°, IMHKOT I'M HCIOJIHYBA OBHE MPE/yCIOBH:

Pedykuuja: 2HT(I M) + 2e” — Hy(g, | atm)
Oxcudayuja: 7n(s) ~— Zn2+(1 M) + 2e”
Bkyiino: Zn(s) + 2 H (1 M) — Zn?"(1 M) + Hy(g, 1 atm)
E°. ... = E°(penyxunja) — E°(okcupanuja)
! = E° —E°
H*/H, ZnZ*izn

=0.000V —(-0.763V) = 0.763 V
A CJTUKA 18.11 Ypep cocTaBeH of
Cnopen Toa, MeypunibaTa Ha IIMHKOT ce Off TACOBUT BOJIOPOJ, AOOMEH €O peakija nomery Zn 6akap n oa uMHk notonenu so HCI(aq).
co HCl(aqg). Ho 3ourro ce popmupaat racku Meypu Ha 6akapoT Kora Toj e nofi H,(g) Bo Hu3aTa Ha
AKTUBHOCT Ha MeTaNuTe, Wik € Haji H () Kora Moipe/lyBambeTo € Cope]] eNEKTPOAHAOT NOTEHIHjall
KkaKo Bo Tabenata 18.1? Cniopeyt osue nofatomu, Cu e Tpeba fia ro ucrucuysa H,(g) on HCl(aq).

Peoykuyuja: 2H'(1M) + 2¢ —— Hy(g, | atm)
Oxcudayuja: Cu(s) —> Cu®’"(I1M) + 2e”
Bryiino: Cu(s) + 2 H'(1 M) — Cu?"(1 M) + Ha(g, 1 atm)

i E°(penykuuja) — E°(okcupanuja)
—_ 0 (o]
=E H*Hy E cu2*/cu

=0.000V - (0.340V) =-0.340 V

Herarnsrara Bpeprocr 3a E°, . ykaxysa jeka peakumjara Ha Cu(s) co HCI(ag) He e cnonTana.
Cemnak, MOCTOM JIOTHYHO 00jacHYBambe 3a MojaBaTa Ha FaCHU MeypuHmba Ha Oakaport. ['acor e
noBTOpHO H, hopmupan co pefykuuja Ha H*, Ho He mopaau peakuyja co Cu(s). EnekTponuTe mro
ce noTpeGHy 3a pefiyKupja Ha H* 1o H, na Gakaport foafaaT off TMHKOT. bakapoT, Kako H3BOHPENiEH
CJIEKTPUYICH MTPOBOJHUK, KOra € BO KOHTAKT CO NUHKOT, I'M IPEHECYBA €JIEKTPOHUTE O]l [IUHKOT.
Cropept oBa, H,(g) Ke ce (popmupa Ha IMHKOT, HO HeMa Jia ce (hopMupa Ha 6aKapoT JOKOJIKY TOj
He e TIOBp3aH CO LIMHKOBATA JIEHTA.

Ypenor Ha cnuka 18.11 e Bo cymTuHa BonTHHA Kennja. [1eoT off peyKIuicKaTa noaypeakiyja
IITO ce CTy4uyBa Ha 6akapoT e (PU3MUKY Pa3ABOEH Off OKCHIALICKATa NIONypeaKIyja IITo ce CIydyBa
Ha IUHKOT. ENeKTpoHnTe ce ABMKAT Off IMHKOT KOH 6aKapoT.

BEXBA 18.7A
Jlaj moruuHO 06jacHyBake 3a OHA IITO Ce CIyuyBa BO OaTepujaTa of IMMOH Ha ciukara 18.2.

BEXBA 18.76

IITo ouekypam fa ce cyun Ha cimkaTa 18.11 ako (a) HCl(aq) ce 3amenn co CH,COOH(aq); (6)
HCI(aq) ce 3amenn co HNO,(aq): (B) nenTaTa off 6akap Gujie 3aMeHeTa CO TeUHa XIBa HA IHOTO Off
camot co HCl(aq), mpu 1mTo uHKOBaTa JIeHTa f1a ja JOMMpa KuBata.
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KoncranTa na PAaMHOTEXKA 3a PEIOKC-peaKIuu

Pasenkata (17.12) ja maBa BaxxHaTa penanuja nomefy AG® u K_, Koja Baxu 3a Koja 6110
peakumja, AG® = -RT In Keq; o7l ipyra cTpaHa, on paBenkata (18.5) rmegame geka AG® e efHaKBO
Ha —NFE°, criopept Toa, Bpckara nomery K n E°

Kenmja® kemmja "

AG®=-RT InK_ =~ n FE°

OTTyKa, MO2KE J1a HalIMIIEME

Kenmja

RTIn K,
S —— (18.6)

Kennja - nkF

Bo ropuara pasenka, E°, . € cranjapien noTeHuujan Ha Kenujara, R e yHuBep3ansa racua
koHcTaHTa (8,3145 Jmol! K1), T e TepmopnHamMuuka temneparypa, N e 6poj elneKTPOHH BKIYYCHI
BO pefokc-peakijara i F e dapajeesa koncranta. Hajuecro, Bpeocraza E°, . ce mpecMerysa
Bp3 OCHOBA Ha TabenapHu nogarony 3a E°, kou ce ognecysaar 3a 25 °C. Bupejku uspazor RT/F
1Ma 1CTa BPEJHOCT [IPH CUTE IPECMETKH, 3a TeMnepaTypa of 25 °C Toj ce 3aMeHyBa co Heropara
6pojua BpegHoct o1 0,025693 V. ([1a 3a6eneskume eka eannunara V (BOJIT) ro 3aMEHyBa OTHOCOT

J/IC (myn/kymnon))
1 -1

EkBr1BaneHTHWOT n3pas BoO koj purypupa o _ ]jzln K. = 8.3145Jmol " K X 298.15 K InK
BOOBOMYAEHMOT NorapnTam e paBeHKa Kenuja nF €q 1 X 96485 C mol ™! €q
E° i, = (0.059160 Vin)log K, . 3abenexn
feka 6pojoT BO oBaa paBeHKa € eiHaKkoB CO 0.025693 V
OHoj Bo HepHcToBaTa paBeHka (cTpaHuua = InKgy (18.7)
770). n

Bpojor Ha enekTponu N MoXke Aa Oue OMpeleNeH Off MOJIypeaknuuTe: Toa € 6pojoT Ha
€JIEKTPOHH LITO Ce jaByBaaT OMIIO BO PENYKUMCKATA MM OKCHAALMCKATA ITOJypaBeHKa, HO CaMo
OTKaKO KOoe(pUIMEHTHTE Ke OuaT mprucrocoOeHn 3a M3eTHaUyBahe Ha BKYITHATA PETOKC-PAaBeHKA.
OnHocHO, N € 6pOojOT Ha eJIEKTPOHH IITO NP COOMparhe Ha TONYPAaBEHKUTE CE TIOHMIITYBAAT BO
n3paMHeTa peloKc-paBeHKa.

Mpumep 18.8

IIpecmeraj ja BpenHocra Ha AG® u K, nipu 25 °C 3a peakipjara

Cu(s) + 2 Ag™(1 M) == Cu>"(1 M) + 2 Ag(s)

CTPATETUJA

Kora ke mornegHeme BO IOJTypaBeHKUTE, KaKO 1 BO BKYITHATA paBeHKa 3a OBaa peakuuja
3ayiafienn Bo mpumepot 18.6, raefame ieka GpojoT Ha eIEKTPOHH BO CEKOja MOMypaBeHKa € 2,
OfIHOCHO N = 2. BpenHocra 3a E"ke’mja n3HecyBa +0,460. Bpennocra 3a AG® Ke ja jo6ueme co 3aMeHa Ha
BpenocTuTe 3a E° . F1n=2Bo paBenkara (18.5). 3a poGuBame Ha K, MO3Xe fia ja McKopuCcTHME
paBenkara (18.7).

PELLEHUE
3a npecmeTyBame Ha AG® TH 3aMeHyBaMe COOJIBETHUTE BEJIMUMHE BO paBeHKaTa (18.5):

AGO = _nFE(;’zenuja
AG® = —2mole” X 96,485 C/mole” X 0.460 V = —8.88 X 10*J (or —88.8 kJ)

1 o
3a npecumeryBame Ha K, ja samMeHyBame BpepHocTa Ha E°, . Bo pasenkara (18.7), mpu mro

Kennja

HajlpBo Ke ja HajieMe Bpeprocta 3a In K, a moroa BpeniHocra Ha K

. 0025693V
EKeija: ln Keq
0.025693 V
0460 V = === In Kog
x 0.
W = 2RO e

4 0.025693 ¥
=e»8 =4 x 10°

@k
Ry
|



18.5 o EnekTpoaeH noTeHuujan, CNOHTaHa NPOMEHa U paMHoOTeXa

MPOLIEHA

Bo 3aaunTe 0ff 0BOj B MOpA [ja C& OCUTYPUME BO COOABETHOCTA HA OPOJHUTE BPEIHOCTUTE
3a AG® 1 K. AKO 110 rpeiika ro uCymTHMe HeraTHBHUOT 3HAK BO PAaBEHKATa (18.5), ke mobmeme
rojema IO3UTHBHA BpeHOCT 3a AG®, 1TO Ke yKaxyBa JleKa JUPEKTHATa PeaKluja MPaKTHYHO
HeMa Jla Moxe fia ce ofsuBa. Of fpyra cTpaHa, FojleM [O3UTHBEH cTeneH Ha 10 3a BpeHOCTa Ha
K., 3HH [ieKa peakiyjara Ofu NPakTHIHO JOKpaj. AKO ce 1o0ne BaKBa CATyalHja, jaCHO ¢ JieKa
PE3YJITAaTOT € IPELIEH.

BEXBA 18.8A
Ipecwmeraj ja Bpeprocra Ha AG® n K mipu 25 °C 3a peakiyjata

3Mg(s) + 2 AT(1 M) == 3 MgZ"(1 M) + 2 Al(s)
BEXBA 18.85

Ipecmeraj ja Bpejrocta Ha K 3a peakimjaTa Ha MeTaHO cpeGpo co a3oTHa kucennHa. Ilpuroa,
cpebpoTo okcuampa 1o AgF, a HUTpaTuTe ce pegymupaat 1o NO(g).

Tepmopnnamuka, paMHOTEKA U €JIeKTPOXeMHja: 3aKITy40K

Ha momeHnT fga HampaBuMe KpaTKa Tay3a # jia ja morinefneme cimkata 18.12, koja Ke HI
IIOMOTHE Ja ce TIOTCETHME Ha HEKOU BaKHU paBeHKH. Bo IeHTapoT Ha clukara ce MOCTaBeHH
TpHu MeryceOHO MOBp3aHN BeIMInHu, AG®, Keq 1 B,y HUB T ITOBp3aBME CO IIBOJHO HACOUECHU
CTpEJIKH, 32 /la TOKaXkeMe JieKa 3HaejKN ja eflHaTa BeJIMIMHA MOKe Jia ce IIpecMeTa ipyraTa, Ipu
IITO Taa peJalyja BaxXu BO ABeTe Hacoku. Ha TemumbaTa off OBaa TpuarojHa Imema ce 3afajcHu
OCHOBHHUTE €KCIIEPIMEHTATHE METOH 32 ONpefieyBabe Ha OBHE BEMUNHA.

Kanopumerpuckute Meperma ce MHOTY IIPEeL3HA 1 THE Ce BaXKHM 3a ONpefieNyBambe Ha AGP.
EnekTpoxeMuCKUTe Mepeba ce Mel'y HajIpelu3HUTe Meperha IITO MOXKAT ia ce HalpasaT BO

XeMHcKa JabopaTopuja U THE ce BaXKEeH anar 3a ompefeyBame Ha BpefHocTuTe Ha AG®, Koo

n Eomm‘a' Op npyra crpaHa, BpeHOCTa Ha Keq MO3Ke Jla Ce TIpecMeTa MpeKy ONpeieNyBamke Ha

COCTABOT Ha PAMHOTEXKHATA CMECa, HO OBOj METOJ] PETKO €€ KOPUCTH 3a omnpefiesyBame Ha AG® u

E° . Tabenata 18.2 gaBa mononHuTe THN KOMIapaTuBHU nHGpopManun 3a AG®, K m E°®, ..
Kenuja eq Kenuja

_ARE
nkF

Kanopumerpuja:
AH®,

ﬂGc‘:AHn‘_Tb;s: AG°=-nF E°

eq

769

AKTMBHOCT 32 TEepMOAMHAMMKA,
pamHoOTeXa 1 enekTpoxemuja

Enextpuunn

AG® o E?
Kanopumerpuja u /

TEOPETCKU IIPECMETKHU:
S°m AS°

ACJIMKA 18.12 CymapeH npukas Ha penauvuTe Bo TepMoAMHaMUKa, paMHOTEXaTa U enekrpoxemujarta

Ta6ena 18.2 Cnopen6a Ha AG®, Keq i E°

Kkenuja

0 ]
AG Keq E Kenuja
PamHOTE:Ka [IpU CTaHAAPAHA YCIOBH 0 1 0
CrioHTaHa peakIyja IIpu CTaHJapAHU YCIOBU <0 >1 >0
T1pu6uXKeH HHTEPBA Ha BPEJHOCTH ILITO + HEKOIIKY CTOTHII 10+00 + HEKOIIKY

BOOOMYAEHO ce cpeKaBaaT xJ BOJITH

u E°

Mepema Ha E°

Kemnja®
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A Bantep HepHct (Walther

Nernst) (1864-1941) e cnaseH
rnopagm HeKonky AOCTUrHyBaka BO
XxemujaTta. HepHcToBaTa paBeHka

ja dpopmynupan ywre Bo 1889 .,
kora uman camo 25 roguHu. Uctata
rOAMHA ro NPeAnoXun KOHLEeNToT

3a Npou3BO/, Ha pacTBOPNMBOCT. Bo
1906 r. ja npeanoxun xunoTesara LTO
[EHec ja 3HaeMe Kako TpeT 3aKOH Ha
TepmoavHamuKaTa.

18.6 BnwujaHue Ha KOHLEeHTpaLujaTa Bp3 NOTEHUUjanoT
Ha Kenujata

CraHfapAHUOT IOTEHIMjal Ha KenujaTa, E°kmja, € MHOTY KOpUCHA BEJIMYNHA, HO HajTONIEM el
eKCIIEPIMEHTH €O eNIeKTPOXEMUCKa Kenja 1 CO MPECMETKUTE IITO OTOA ClIeflyBaaT ce HalpaBeHN
BO HecTaHfapjHu ycnosu. Hajnpso fa ja mpoyunme Bpckata nomery E° 3a oBaa e 1a
ce BpaTHMe Ha KemmjaTa off cnukaTa 18.4.

Cnopen npuaiunort Ha Jle llarenje, nupekTHaTa peakuyja Ke 6uae (paBopusupana co 3rosye-
MyBame Ha KOHI[eHTpanujata Ha CU?* u/um HaMasyBame Ha KOHI[eHTpanujata Ha Zn**. Kora ce ¢a-
BOpH3Hpa IUPEKTHATa Peakiiyja, ce 3roJeMyBaat BpeHoctute —AG u E oo [ToBpaTHaTa peaximja
Ke Oujie (haBopH3MpaHa co HaMalyBambe Ha KOHIeHTpanyjaTa Ha Cu** i 3roieMyBame Ha Zn*. Bo
0BOj ciydaj onaraat BpegHoctute Ha —AG u E,___ . Peakiunre Bo KenujaTa, Kako 1 IOTECHIH]jaJIOT

Kemija

Ha KeJmjaTa, ce TIpUKaskaHu MOf0JTy IPH CTAaHAAPAHK YCIOBU U TIPH /IBE HECTAHAAPAHH COCTOjON.

Kemnja Kemnja®

3ronemysamweto Ha [CU?] win HamanyBameTo Ha [Zn?'] ja (haBopu3npa MpeKTHATA peaKija

Zn(s) + Cu**(1.5 M) == Zn**(0.075 M) + Cu(s)  E = 1.142V
Zn(s) + Cu*" (1.0 M) == Zn*"(1.0 M) + Cu(s) ES= 1103V
Zn(s) + Cu?t(0.075 M) == Zn?*(1.5 M) + Cu(s) E o= 1.064 V

Hamanysamero na [Cu*] nmm 3roiemysamero Ha [Zn*] ja (haBopu3upa noBpatHata peakuuja

Cera fa ro pasriaefaMme Ipo6aeMOT MalKy IONPEeNU3HO, KOPUCTEJKU HEKONKY IO3HATH
paBeHKH. [la mouHeMme co paBeHkara (17.11), xoja ru nmosp3yBa AG®, AG n peakUUCKHOT
Koeuuument Q:

AG =AG®+RTInQ
BO OBaa paBeHKa MO2KE 1a ' 3aMCHHUME CIICIHUBEC paBCHKI/IZ

AG =-nFE, n AG°=-nFE°

Kenuja Kennja

[Ipuroa ce no6usa
-n FE
TToToa ru MeHyBaMe 3HaLUTE,

N FE =nFE° -RTInQ

Kennja Kennja

=-nFE°, +RTInNQ

Kenmja Keqmja

1 ja pelllaBaMe paBeHKaTa Io E,

Kemmja®

e 0

E - RT,
Kennja Kenuja n
i i Q

AKo ja orpaHmunMe Hamara npecmeTka 3a 25 °C (298,15 K), haktopoT RT/F MoKe fia ce 3aMeHH
co 0,025693 V, kako 1ITO BIpoYeM HanpaBUBME BO paBeHKaTa IITO T moBp3yBa E°, . nK

Kemnja eq”

0.025693 V
=E° 0025693 v InQ

Kemmja  — Kemmja n
OBaa paBeHKa HajuecTo ce MUIIYBa CO KOPUCTEHhE OOMYCH (JIEKaJieH) TIorapuTaM. 3a IPEeTBOPake
Ha MPUPOJICH JIorapuTaM BO ieKajieH, Bpenocta 0,025693 V mopa f1a ja momuokume co In 10, o
e eqaakso Ha 2,3026. OgnocHo, 0,025693 x 2.3026 = 0,059161, mrTo ce 3aokpyskysa Ha 0,0592 V.
OrTyKa, paBeHKaTa Ke ja IMIIyBaMe BO CIIEHIOB OOJIHK:

Kennja Kennja- _l’l— log

=g, 002V, (188)

OBaa paBeHKa, Koja ce BiKa HepHcToBa paBeHKa, ja 1aBa penanyjaTa moMery HOTeHIHjaloT
Ha Kenmjara, E ema» IPY HECTAHAP/THI YCIIOBH CO CTAH/IAP/IHHOT MIOTEHIIMjal Ha Kesujara, E® i
U KOHLIEHTpallijaTa Ha peaKTaHTUTE U IIPOAYKTUTE U3pa3eHa IPEKy PeakUUCKIOT KOe(hULUEHT,
Q. Bo oBaa paBeHKa, N € 6poj Ha €NEKTPOHUTE IITO yYECTBYBaaT BO peaklyjaTa Ha Kelujara.

HepHcroBaTa paBeHKa € 0COOEHO KOPUCHA 3a OIlpefiellyBalbe Ha KOHIEHTpalyujaTa Ha
pasiudIHATE OGMMIA TO YIECTBYBAaT BO peakiujaTa Ha Kelmjara npeky mepeme Ha E, . Mcro

TaKa, paB€HKaTa HU OBO3MOXKYBa J1a pa36epeMe HITO €€ CIIyvdyBa CO BpETHOCTA Ha E. . koraBo

Kemija



18.6 ¢ BnujaHne Ha KOHUEHTpauujaTa BP3 NOTEHLMjanoT Ha KenujaTta

KenmjaTa Teve crpyja. Co TEKOT Ha peakIljaTa pacTe KOHIEHTpalFjaTa Ha MPOAYKTHTE, a onara
Ha peakTaHTHUTE; KaKo pe3ysTaT Ha oBa, Q pacre, a Ekemjﬂ omnara, HOCTUTHYBajKi BPEJHOCT HyJIa
BO YCJIOBH Ha PaMHOTEXa.

Mpumep 18.9

IMpecmeraj ja BpeHOCTa MTO Tpeba fa ce MojaB! Ha BONTMETAPOT 3a BOITHHATA Kenuja
npuKaxaHa Ha caukara 18.13.

Bontmerap

EJ'[eKTpOJII/ITeH MOCT

q y ™\ Pt
f / | i i

N U

[Cu2*] = 0.50 M [Fe2f]=0.10 M < CJIUKA 18.13 WnycTpaumja
[Fe-‘*] —020M Ha npumeporT 18.9
CTPATEIMJA
IIpBo ke ru uckopucrume noparonute of Tabemara 18.1 3a mpecmeryBame Ha E"mma 3a

peakiujata Ha Kenujara. [Toroa Ke To onpefenuMe peakiucKuoT KoeuiueHT Q u co Hero Ke ja
onpepenuMe BpefHocTa Ha E IITO € efIHaKBa CO BPeHOCTA Ha IOTEHIU]aIoT LITO Ke ce 0jaBy
Ha BOJITMETAPOT.

PELUEHUE
Hacoxkara Ha BzKeH€ Ha €JIEKTPOHNUTE IITO € TIOKaXKaHa Ha ciukaTa 18.13 Hu 0Bo3MOXyBa ia
'l IETEKTHpaMe aHOaTa 1 KaTofiaTa 3a CilaHOap OHuilie TIONypeaKIH:

Kenmja’

Kaitiooa (pedykuuja): 2 {Fe* (1 M) + e — Fe2' (1 M)}
AHoOa (okcuoayuja): Cu(s) —> Cu>™(1 M) + 2e”

Bryiino: Cu(s) + 2 Fe®"(1 M) — Cu®t(1 M) + 2 Fe? (1 M)
ESwi= E°(xaToma) — E°(anopa)
= EOFe3+/Fe2+ - E00u2+/Cu2+
=0.771V-0.340V = 0431V

3a BONITHHA Kenmyja 3a koja E°, . =+0431V,n=

Kemija

Cnopen. 0Ba, ja Gange Bpepuocrasa B
2, ¥ peakiujaTa Ha Kejujara e

Cu(s) + 2 Fe37(0.20 M) — Cu?"(0.50 M) + 2 Fe?"(0.10 M)

IMounyBame co HeprcroBaTa paBenka (18.8):

® 0.0592 V
EKeija: El{cnuja_ T lOg Q

2+ 24792
oty 00592V ([CuFe?)

2 [Fe3+]2

0.50(0.10)?

~ouaty 00592V ( 2)

2 (0.20)

= 0431V ~ (0.0296 V X log0.125) = 0431V ~ (—0.027) V = +0.458 V
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NPOLIEHA

Bo peakuujata Ha OBaa Kenuja, BpeHOCTHTE 3a KOHIeHTpanuute ce [Fe*] = 0,10 M u [Cu*] =
0,50 M, mTo oroBapa Ha ejiHa IeCeTTHHA 1 e[[Ha IETTHHA Off CTAHAAPIHATE BPEHOCTH, COOfIBETHO.
Cnopep npunuunor Ha Jle llatenje, oBue KoHIEHTpaluy ja (haBOpU3UpaaT AMPEKTHATA peaKlyja.
IMoBpatHata peakiuuja e (haBopu3upana co ornej Ha (hakToT ieka KoHleHTpanujata [Fe*] = 0,20
M e efiHa MeTTHHA OfI CTaHAp/iHATA KOHIeHTpanuja. CeBKYIHO, (haKTOPHTE ITO Ce BO IPHIOT Ha
AMPEKTHATA PEaKIja HaJlBIajyBaar, Wro sHaw feka E, . >E° .. a KOHKpeTHUTE BPEAHOCTH
ce 0,458 V 3a Emm,d Bo oxHoc Ha 0,431V 3a E°km].a.
BEAXBA 18.9A

Co nmomomr Ha HeprcroBaTa paBeHKa ompefienn ja BpegHOCTa E enja TP 25 °C 3a cnefHUBE
BOIITHHH KEJHH.

(a) Zn(s)|Zn**(2.0 M)||Cu*(0.050 M)|Cu(s)
(6) Zn(s)|Zn?1(0.050 M)||Cu?* (2.0 M)|Cu(s)

BEXXBA 18.9b
Onpepenu ja BpeHOCTA 32 E e TPH 25 °C 3a kemjara Cu(s)|Cu(1.0 M)||CI (0.25)|Cl (g, 0.50atm),
Pt(s). '

KoHueHTpamuckn Keaun

BonTuHarta Kenuja npukakana Ha ciamkaTa 18.14 ce pa3nukyBa of1 JoceraiHuTe KeJiui 3apaiu
TOa HITO ABETE CICKTPOAU CE UICHTUIHU. Ho PacTBOpPUTE BO ABETE HO.Hyl&CJII/II/I nMaart pasauiHa
KOHIIEHTpAINja, a Toa Pe3yITHPa cO MOCTOeHEe Ha IOTEHIMjaTHa Pa3IuKa IoMery eJIeKTPOAUTeE.
AKO TOTEHIUjaIOT HAa BOJITHHATA KENHja € ONpejiesieH UCKIYYNBO CaMO Of pa3invyHaTa
KOHI[EHTpalfja Ha paCTBOpPeHAaTa KOMIIOHEHTA IITO € BO PaMHOTEXa CO JABE MACHTHUYHU
€JIEKTPOJIM, TOTalll KejinjaTa ce HapeKyBa KOHIEHTpamucka kemja. Jla Buume of1 Kajie joara
OBaa pa3jinKa BO NOTECHIMjalIuTe U KaKBa € MPUpojiaTa Ha peakijaTa Ha Kenunjara.

Tlpu cranpapaHy yclnoBH, KOHIEHTpaljaTa Ha pacTBOpUTE OW OUia UCHTHYHA BO JIBETE
nonykesuu. [IpuToa He O Teyena cTpyja HU3 KennjaTa U OTEHIUjaloT Ha Keujata O6u omn E°
=0,0 V. Co Bpennocra E°, . =0,0 V HepHcroBaTa paBeHKa ce YIpocTyBa 1 oOMBa 00IUK

Kenmja

Kenmja

0.0592 V (18.9)
Eksnvxja = T log Q

Ajne na ja uckopucrumMe paBeHkara (18.9) 3a ja ro npecMerame IIOTCHIMjAIOT HA CIIEJHABA
KOHIIEHTpALUCKa KeJuja:

Cu?"(1.50 M) — Cu>"(0.025 M) E._ =2

Kemija

Bontmerap

» CJTUKA 18.14 KoHueHTpauucka
Kenuja

EnexTpopaute ce MACHTHYHN BO JIBETE
MONYKEINH, HO pACTBOPUTE NMAaT pasimiHa
KOHIeHTpanuja. [IBikeukara cuia 3a
peakIjaTa Ha KeJjaTa e TeHACHIIHjaTa

Ha PacTBOPHUTE J]a MOCTUTHAT MCHTHYHA
KOHIEHTpaImja:

Cu#(1.50 M) —— Cu 2"(0.025 M)
MPALLIAHE: [Janu enekTpoHute Ke
nartysaar BO HacoKka Ha cTperikara Ha

crvkata ako Cu?* pacTBopuTe ¢y ro 0.025 M CuSO,‘(aq ) 1.50 M CuSO¢(aq}
3ameHat MecToTo?




18.6 o

PILETO e IyMIIa H3rpafieHa Off MYCKYJIH 1, KAKO CEKOe MYCKYIHO
TKHBO, HErOBaTa KOHTPAKIHja € KOHTPOIMUPAHA Off COOABETHH
€JIEKTPUYHH UMITyNICH. Bo MyckyuTe ce co3jjaBa eleKTpHuHaTa

CTpyja 3apajy ABIKEHE HAa JOHATE HU3 KIETOUYHHTE MEMOpPaHU.

KoHueHTpanujata Ha jOHHTe Ha HATPHYM € BICOKA HaJIBOP Off KJIeTKaTa,

a HUCKA BO Hea; KOHIEHTpalUjaTa Ha KaJuyM-JOHUTE € BUCOKA BO

KJIETKaTa, a HUCKA HafiBop Off Hea. OBHe KOHIEHTPALUCKY TPAHEHTH

CO3[1aBaaT MOTEHIIMjalHa Pa3/IiKa Ha KIeTOYHaTa MeMOpaHa HapeyeHa

MEeMOPAHCKUL HOMIeHYUJaN.

3a pasnuka off PYTHTe MYCKYJH, CPLETO UMa COICTBEH eJeK-
TPHUUYEH CTUMYJIATOP 32 paboTa - Toa pabOTH ypH U KOTa € U3[ABOCHO
OJl HEPBHUOT CHCTEM BO Ten0To. Of Apyra cTpaHa, ako HepBHUTE
3aBpIIETOLY TOBP3aHHU CO palleTe ce OTCeyar, Torall pauere Ke 6uaatr
3aceKoranl napaau3upaHy.

CpueBuTe KIETKH LITO ja KOHTPOIMpPAAT HeropaTa pabora umMaar
IPUPOJICH eNEeKTPHYEH NOTEHIMjall, KOj 3aBUCU TNIABHO O KOHIIEH-
Tpauyjata Ha HaTpUyM U KanuyMm-joHuTe. Cute KIeTOYHI MeMOpaHH
IoceflyBaaT MeXaHU3aM IPeKy Koj I OfpxKyBaaT K* joHute BHaTpe
BO KJIeTKaTa, a Tu ucdpuraat Na* Hagsop of Hea. Cemak, Man el
ofl K* joHuTe MOXe CIOHTAaHO [a M3/e3¢ HaBOp HU3 KIETOYHATA
MeMOpaHa, IITO IPeU3BUKYBa BUIIOK NO3UTUBEH MOJTHEX HA[BOP U
BHIIIOK HEraTUBEH IIOMHEX BHATPE BO KiIeTkaTa. Kora morenmujanor
Ke IOCTHUTHEe HEKOja KPUTHUHA BPEAHOCT, MEMOPAHCKUTE KaHANUTE
3a Bie3 Ha Na* joHuTe ce 0TBOpaaT M THe HaBJIETyBaaT BO KJIETKATa.
OBa pe3ynTHpa co eIeKTPUYHO MPa3HEewHE, OJHOCHO CO MojaBa Ha
CTPYja, Koja peunci MOMEHTAIHO ce IIUPH [I0 APYTUTE CPLEBH KIETKH.
KneTkure pearnpaat OpraHu3upaHo, OpKECTPUPAHO, B CPLETO Oue.

KanuuyMoBHTE jOHUTE HCTO Taka UrpaaT CYLITHHCKA YIOra BO
pabotara Ha cpreTo. [1o enekTpUIHOTO Ipa3Hemhe, Koe Gellie MPEeTXOf-
HO 00jacHeTo, camMo BO Jiell O cekyHfaTa Ca** jOHHTe HaBJIeryBaar BO
knetkara. Kora rekor Ha Ca** joHuTe Ke 3aBpu, K* jOHHTE IOBTOPHO
CIIOHTAHO M3JIEryBaaT HAJABOP Of KJIETKaTa M ja BOCIOCTaByBaaT
IOTEHIYjaTHa Pa3inka Ha KIeToYHaTa MeMOpaHa.

CoopBeTHaTa KOHIEHTpalnuja Ha K* joHHTE € Off KpYLHjallHO
3Hauewe. HopmanHaTta KoHIEHTpalumja Bo KpBTa € of 3,5 1o S mmol/
L. HopmanHHOT OfHOC Ha KOHIEHTpanuu Ha K* joHuTe HajBOp U
BHaTpe BO cpuesuTe kineTku e 30:1. Ako KoHUeHTpanujaTa Ha K*

BnujaHue Ha KOHUeHTpauujaTa BpP3 NOTEHUMjanoT Ha KenujaTta
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Enektpoxemuja Ha cpLeTo

jOHH € TIPEMHOTY HHCKa, jOHCKaTa paMHOTEXKa Ce HapyllyBa U Kiie-
TOYHHUTE KIETKH MMAAT OTOJIEM OTEHIIH]alT; THE Ce OJJHECYBAaT Kako
3aTerHaT MUIITOJ KOjiTo He myka. Co pyru 360poBH, CPUETO HE
0TYyKyBa. AKO KOHIIEHTpalujaTa Ha K* e mpeMHOry BUCOKa BO KPBTa,
MOTEHIM]aJIOT Ha KIETOYHNUTE KIETKH HE € HUKOTALI IOBOJIHO TOJIEM
3a Jla ce CTUMYJIHMpPAAT HEONMXOJHUTE CUTHAIM M CPLETO NMPECTaHyBa
na pabotu. ['ybeme Ha HEKOe TKUBO MOpaju O0necT, IyOemhe TeIeCHN
TEYHOCTH IOPAJIN Iujapeja Wi MHTEH3UBHO TIOBPAKAHE U IONITOTPAjHA
ynotpe6a Ha IMypETHYHH JIEKOBU MOXKE J1a IOBEAT IO OMACHO HUCKO
H1BO Ha K* joHnTe. IHTEH3MBHO KOPHUCTEHE AU TETCKH IOAATOLH HITH
6onectu Ha OyOpe3uTe MITO NPEAN3BUKYBAAT HaMAJIEHO HchpIame Ha
K* joHuTe mpean3BIKyBa BUCOKO HABO HAa OBHE jOHH BO KpBTa. [IBaTa
€KCTPEMH - BUCOKA MITM HUCKA KOHIEHTpanuja Ha K* joHu - loBeiyBaar
JI0 3aTajyBame Ha cpreBaTa pabora.

A KomnjyTepcku cumynupaH MoZen Ha Aen of knetoyHarta
MembpaHa 3aefHo co kaHanuTe 3a K+ joHu (cMHo) n Na+ joHu
(upBeHo). MNpocTopoT HaaBop Of KreTkaTa (rope) e 6orat

co Na+, Ho cupomalueH co K+ joHu. Bo BHaTpeluHocTa Ha
kneTkarta, TeuyHocTta e 6orata co K+, a cupomaluHa co Na+ joHu.

Bo oBoj ciryuaj n =2 u Q = 0,025/1,50. Cnopep Toa,

0.0592V 0.025
— 0g -
2 1.50

= —0.0296 V X (~1.77) = 0.0524 V

E kc}mja:

= —0.0296 V X log 0.017

PeaKHI/IjaTa BO KOHIEHTpanuckara Keija MMOKazyBa JIeKa €IMHCTBEHA NPOMEHa € ITO

HOKOHLEHTPUPAHUOT PACTBOP CTaHyBa Opa3pefieH, a IOpa3peieHUOT CTaHyBa IIOKOHIEHTPUPAH.
Toa, Bo cylITHHA, € HIEHTUYHO CO [I0jaBaTa Kora iBa pacTBOPU CO pa3iIMyHa KOHLEHTpauuja Ke
OUpaT BO JUPEKTEH KOHTAKT. EHTpomujaTa pacTe U IpOLEecOT € CIOHTAH.

Bo KoHIeHTpauuckara Kenyja, IpEpogHaTa TEHAEHIMja Ha PacTBOPUTE fla ce MellaaT €
HCKOPHUCTEHA 3a JOOUBaIbE eNIEKTPUYHA CHEPIHja.

Mepema na pH

Ja mpernmocraBuMe Jieka IMaMe KOHIEHTPAIMCKa KeJnja COCTaBeHa Off /IBe BOAOPOHH
enekrponu. EfiHa e crangapiiHaTa BOOPO/IHA eJIEKTPO/a, a ApyraTa nMa Hermo3HaTa pH-BpenHocr,
oprHOCHO [H] = x. Ako X <1 M, a Toa ¢ HajuecT ciy4aj, Ha HeCTaHAapIHaTa BOJOPOJHA EIEKTPOa
ce ojIBMBa OKcupanmja (aHoia), a pefiyKiiija ce OfBIBa Ha CTaHJap/{HATA BOOPOJ{HA EIEKTPOAa
(karTona).
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A CJTUKA 18.15 CrakneHa enektpoga
u pH-meTap

PedpepenTHaTa eIeKTPOjja U CTaKJIeHaTa
€IIeKTPOJia Ce IOCTABEHH 3ae/IHO BO ej{Ha
KOMOHHHpaHa elekTpofa. [ToTeHnujantara
pasinKa nomery iBeTe eJIeKTPOH,
npetBopeHa Bo pH-Bpeuoct (3,12), e
IIOKaXaHa Ha eKPAHOT Ha YPefoT.

AKTMBHOCT BO BpCKa CO
= HanpeueH npecek Ha cyBa

Kenuja

-y

. Bnaxkna macra
on NH,CI, ZnCl,
u MnO,

- I'pacputHa mpauka
(karona)

— Pasgenysau
(moposen)

. lwunkoBa
KyTHja (aHozA)

A Cnuka 18.16 HanpeueH npecek Ha
JNeknaHweeBa (Leclanché) (cyBa) kenuja

Buaxuata macra ce cocrou of NH,Cl(aq) u
ZnCl,(aq); ITacrara cofpku i I[pH jaraepoy
(XOMOTEeHO pacipe/elIeHn YeCTHI O
jarmepon) 1 MnO,(s).

Pedyruyuja: 2H' (1 M) + 2e” — Hofg tamm)
Oxcudauuja: Hofgrtatm) — 2 H (xM) + 2e
BKyiiHo: 2H*(1 M) — 2H'(x M)

IMoTeHUjaIOT Ha OBaa KOHIEHTpAIMCKa Kelnja e 3ajajieH co CleHaBa MOU(UKyBaHA
HepucroBsa paserka (18.9):

0.0592V  x?
s e e i IOg ey

Kemmja 7 l 2

=

—0.0296 V log x°
—0.0296 V (2 log x) = —(0.0592 log x) V

Il

Il

Buniejku 3a n3paszyBame Ha KHCEIOCTa HA PACTBOP YECTO T'o KoprucTiuMe u3pas3or pH =—log[H"]
= -log x, 3a KOHIEHTpalUCcKaTa Keluja MoXe a HaluieMe

Eke.ﬂnja= (0-0592 pH} V

Cnopey oBa, ako notenumjanor Ha Kemjara £, € 0,225V npn 25 °C, HEMO3HATHOT PacTBOp
nma pH-Bpeguoct ox 0,225 V/0,0592 V = 3,80.

pH-meTap

IIpeTxomHAaTa AMCKYCHja MTOKaXyBa ieKa MOXe J1a ce KOHCTpyHpa KOHIEHTpaIycKa Kelmja
coCTaBeHa Off CTaHJapAHa 1 HeCTaHAap/Ha BOXOPOAHA €IEKTpofa 3a Mepeme Ha pH. MefyToa
cTaHfapAHAaTa BOJOPOAHA EIEKTPOa € TEeHIKO Ja ce KOHCTPYHpa M OAPKYBa, Ta 3aToa BO
TpaKTHKaTa HajuecTo ce KOPHCTH ApyTa pechepeHTHa eNeKTPoJia Co TIpelr3Ha I IT03HATa BPEJHOCT
Ha E°. McTo Taka, HecTaHfjap/{HaTa BOJOPOJIHA NIEKTPOJa MOKE I ce 3aMEeHH €O IpyTa eNeKTpoyia
TO3HATa KaKo ciliakaeHa eaekitipooa. OBaa eNeKTpojia ce COCTOM Off cpeOpeHa Kulla TOKpHeHa
co AgCI(s) n motonena Bo pactsop Ha HCI(aq), ipu mTo 1 Kumata 1 pacTBOPOT ce 3aTBOPEHH CO
TeHKa CTaKJIeHa MeMOpaHa.

Kora emekTpopiaTa e moTomneHa BO pacTBOp co Hemo3HaTta pH-BpegHocT, H* joHnTe ce
pacrpefieTyBaar HII3 CTakJIeHaTa MeMOpaHa. Taka, TOTeHIMjanoT Ha cpebpeHara Kulja Ke 3aBICH
Off KOHI[eHTpaInjaTa Ha H* joHNTE BO HEMO3HATHOT pacTBOp. Taka, MOTEHIWjaTHATa Pa3lNKa
noMery pedpepeHTHaTa eJIeKTPOojia i CTaKIIeHaTa eJeKTpofia Ke 3aBuch off [H'] Bo HemosHaTHOT
pactBop. Cnukara 18.15 mokaxysa TunnueHn pH-merap.

18.7 bBartepun: Kopuctewe XxeMUCKUN peakuunm 3a
AobuBame eneKkTpuyHa cTpyja

Bo cexojgHeBHIOT KUBOT, CEKO] Ypeq LITO ja CKIaupa XeMHucKkaTa eHeprija 3a HOofolHa Off
Hea Jla ce fo0ue eneKTpuyHa cTpyja ce BuKa Oaitiepuja. ITonpenunsHo 360pyBajku, 6aTepuja ce
nerHupa Kako ypes BO KOj iBe UK MOBeKe BONTHHM Kenun ce 3aefHo noBp3aHu. Cropey oBa,
L0aitiepuja® mTO Ce COCTOM Off eHA KeJnja Co JIBE EJICKTPOJIU LITO Ce BO KOHTAKT CO €/ICH WU
noBeKe eNeKTPOINTH, TEXHIUKH TTIeflaHo, He € 6aTepuja, TYKy e oouuHa Keauja. O gpyra cTpaHa,
ABTOMOOMIICKMOT aKyMyJIaTOp € BUCTHHCKA OaTepuja, OuiejKu e 301up of (HajuecTo) mecT BONTH-
Hu Kennn. Bo oBaa rimaBa Ke pasriefiame Tpy pa3nuyiHy BUa KeIuu nin 6aTepui.

CysBa Kenmja

Bo Hajromnem e o1 CBETIICUKNTE ¥ MANUTE €JIEKTPOHCKY YPEIU KOPHCTHME HPUMAPHU KeAul.
Peakumnre Bo mpumapHaTa Kesmja ce mpeBep3uOMITHI, OJHOCHO KeJijaTa He MOKe MOBTOPHO /1a
ce ,HanoiHu"“. Bo TekoT Ha ynotpebaTa Ha GaTepyrjaTa peakKTaHTUTE Ce MPETBOPAAT BO IIPOAYKTH
7 KOTa THe Ke ce MOTpoIIaT, KeamjaTta e ,,MpTBa“. Tunuien npumep e Keaujaitia Ha Jlekaanuie -
Mo3HAaTa M Kako CyBa Kejmja - Koja IeMaTCKy e TprKaXkana Ha cimukaTta 18.16.

HuHKOBaTa KyTHja ¢ aHOAA, & HHEPTHATa TPA(PUTHA IPauKa BO KOHTAKT CO MnO,(s) e kaTopa.
Enexrponurot e Bnaxkua nacta of NH,Cl u ZnCl,. Kenujata e Hapeuena cysa Kenuja Gupiejku
HeMa CI000HO TMOABIZKHA TeuHOCT. KOHIEHTPUPaHHOT PacTBOP Ha €NEKTPONUTOT € 3TyCHAT
BO OOJIMK Ha macrta co ymorpeba Ha HEKOj areHc, Kako MITO € Ha mpuMep ckpoboT. lllemaTa 3a
KenujaTa Ha JlekmaHie e

Zn(s)|ZnCl.(aq), NH,Cl(aq)[MnO(OH)(s)IMnO,(s)|C(rpacmur)



18.7 o Barepuu: Kopucterwe XeMUCKM peakuum 3a [obuBare enekTpuyHa ctpyja 775

PeaxuuuTe mITO ce OBUBAAT KOra Teue CTPyja ce MHOT'Y CIIOKEHH U He Ce LIeJIOCHO IIO3HATH.
Hue ke jageme caMo ynmpocTeHo o0jacHyBame. Kako mTo e mokaxaHo BO IleMaTa Ha KejujaTa,
METaTHAOT ZN Ha aHOJaTa OKCHUpa 10 Zn>*:

Anooa. Zn(s) —— Zn2+(aq) +2e
PenykuuckaTa peaxiyja Ha KaToaTa ce UNHU fieKa e:
Kaitioda:  MnOx(s) + H*(aq) + e~ —— MnO(OH)(s)

IO IITO cIelyBa cielHaBa peaKqua

2 MnO(OH)(s) — Mn,05(s) + H,0O(1)

KennjaTa Ha JleknaHine e eBTHHA W MMa MaKcuMaleH noreHuujan ox 1,55 V, Ho uma jBa
ceprosnu HegocTatouu: (1) 3a Bpeme Ha ynoTpebaTa MOTEHIMjATOT Op30 omara, 3amTo ce
akymynupa Zn?* GIUCKY 10 aHOJaTa U BO HEj3MHATA OKOJIMHA ce MeHyBa PH 1 (2) MeTaTHHOT IUHK
XEMHCKH pearrpa co eJIeKTPOIUTOT AYpH 1 Kora 6arepujara He ce KOPUCTH.

AnkanHuTe KeJIMH ce TIOCKAI OTKOJIKY OOMYHUTE CYBU KeJIHMH, HO TpaaT nofonro. Kyrujata
BO KOja ce CMECTEHH € TIOM3/IPKIINBA U MOKAT MOJIOIITO 1a HU CITyKaT. Bo ankanmHa Kenuja, Hamec-
t0 NH,Cl, ce kopucti NaOH nnu KOH. Petykimckara nonypeakiuuja € uieHTHIHa Kako BO CyBaTa
Kemnmja, caMo IITO Taa ce OfiBMBa BO allKajlHa cpefinHa. LlnHkoBuTE joHM 1ITO ce (hopMHpaaT BO
OKCHJalycKaTa Nonypeakuyja ce mosp3ysaat co OH (aq) jorute u popmupaar Zn(OH),(s):

Kaitiooa: 2 MnOy(s) + HyO() + 2~ —— Mn,0s(s) + 2 OH (aq)
Anooa: Zn(s) + 2 0H (aq) — Zn(OH),(s) + 2 e
Peaxyuja na keaujaiiia: Zn(s) + 2 MnO,(s) + H,O(1) —— Zn(OH),(s) + Mn,05(s)

Oke.vmja = EO(KaTOI[a) - Eo(aHOI[a)
- EI(\)/[“OZ/MUQO3 - E%n(OH)Z/Zn

=0.118V ~ (~1.246 V) = 1364 V
Bo npakrukara, 6ujiejKn yCIOBHTE BO KelnjaTa He ce CTaHJap/iHU, HEj3MHUOT MOTEHIMjal He €
1,364 V, Tyky e MaJIKy IOBUCOK 1 U3HECyBa okomy 1,5 V.
Jpyra BakHa NPEHOCT Ha AKATHUTE KEJINH € ITO HUBHUOT MOTEHIMjall He Ce HaMasTyBa TOJ-
Ky Op30 KaKko Kaj cyBarta Kenuja. Toa e pe3yarar Ha (hakTOT IITO MHKOBY jOHU HE Ce HATPyIyBaaT
OKOIy aHoflaTa 1 PH ocTaHyBa pe4yncr KOHCTaHTHA BPEHOCT OKOJY 0Baa eleKTpofa.

OnoBen akymyJaTop

OnOBHUOT aKyMyJIaTOP ILUTO C€ KOPUCTH BO aBTOMOOUIIUTE CE 3aCHOBA Ha T.H. CEKYH[JapHa
Kenmja, KOja MOXe TIOBTOPHO JIa ce HaIloJTHA. Peakiujata Bo KeltujaTta € peBep3uOIIHA I MOKeE /ia
ce BpaTH BO CBOjaTa IOYETHA COCTOj6a. AKyMYJIaTOPOT MOKE MHOTYIIATH Ja Ce OITHY I Pa3HH.
Cnukara 18.17 noxaxyBa fies1 off efjHa KeJuja BO OJIOBHHOT aKyMyJIaTop.
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<« CJIUKA 18.17 OnoBeH akymynaTtop
(kenuja)

CocTaBOT Ha eNEKTPOUTE, PeaKlyjaTa Ha
KenmjaTa i MOTEHIMjAOT Ce ONHUIIAHN BO
TekcToT. OBJie ce NOKaXaHH JjBe aHOJHH
J104H (CHHO) TIApalleTHO MOBP3aHM.
IMapanenHoTo MOBpP3yBase I' 3roNeMyBa
TMOBPIINHATA HA EJIEKTPOANTE i HUBHHOT
KaraiuTeT 3a NPOU3BEyBake CTPYja.
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Kaitiooa:.
Anooa.

Hexonky aHopu 1 HEKOJIKY KaTO[ 3a€[IHO Ce TIOBP3aHM 3a fia Ce 3rOJIeMH KalaluTeToT 3a
cosaBame crpyja. Cekoja Kemja MMa NOTEHIMjal MaJKy MorojeM o 2 V, u 1mect Kenuu ce
MIOBP3aHH CEPHUCKH, IIPH LITO TO3UTHBHUOT Kpaj Ha eHaTa KeJuja e MOBP3aH cO HeraTHBHUOT Ha
cocefiHaTa, Ipu WTo ce hopmupa daTepuja co moreHimjan ox 12 V.

AHopaTa BO OJIOBHHOT aKyMyJIaTop € U3paboTeHa Off JIerypa Ha OJI0BO, a KaTofaTa e Jerypa
Ha OJIOBO MMIIPETHUpaHa CO OJOBOOKCHJ. EneKTponuToT e paspesieHa cyndypHa KuceanHa.
[TonypeaknuuTe u peakiyjata Ha KeJnjaTa ce:

Ol%enuja: EO(KaTOHa) - EO(aHOHa)
3 {0x(g) + 2H,O() + 4¢~ —> 4 OH (aq)}

4 {Al(s) + 4 OH (aq) —> [AI(OH)4] (aq) + 37}

Peakxuuja na

Keaujaitia: 4 Al(s) + 3 Oy(g) + 6 H,O() + 4 OH (aq) — 4[AI(OH)4] (aq)

o] o o
wemin = Eo o0~ — EAloH), /Al

0401V — (—2310V) = 2711V

Mako ycnoBuTe Bo 0JI0BHaTa Kenuja He ce CTaHAApAHU, IOTEHIUjaIOT Ha KelujaTa € peuuch
HJIEHTUYEH CO BPEHOCTA Ha E°kmja.

Kako mro npoTexkysa peakuujata Ha Kenujara, ce Tanoxu PbSO,(S) u efyMHO ru TOKpuBa
€NeKTpOJuTe, a JOOUEHAaTa BOfa TH pa3pefyBa pacTBOPOT Ha cyjdypHa KucenuHa. [Ipu oBu
YCJIOBH aKyMyJ1aTopoT ce ijpasHu. Co MOBP3yBambe Ha aKyMyJIaTOPOT CO HAJBOPELLIEH U3BOP Ha
€KJIEKTHYHA CTPYja, EIEKTPOHUTE MOXKAT 1a IPOTEKYBaaT BO CIIPOTUBHA Hacoka. [Tonypeaxuuure
U peakuyjaTa Ha Keaujara Ke ce ofjBUBaaT BO 0OpaTHaTa HacOKa 1 aKyMyJIaTOPOT Ke ce oA L.

Peakxyuja ipu iioanere

2 PbSO4(s) + 2 H,0O() — Pb(s) + PbO,(s) + 2 H'(aq) + 2 HSO, (aq)
Elmin= —2.046 V

Herarnsrara Bpegnocr va E° | moKaxyBa jieka peakupjara He e cnonTana. Hajgsopemsuor
U3BOP Ha eJIEKTPUYHA CTPYja Mopa Aa 00e30eiu MUHIMYM IoTeHuujan off 2,046 V 3a cexoja Kenyja,
ofHOCHO 6 x 2,046 V, 3a efleH BooOUYIaeH O0BeH akyMmysaTop o 12 V.

Bo aBTOMOOMINTE, aKyMYJIaTOPOT Ce NMpa3HH MPU BKIyYyBawkbe HA MOTOPOT. Bo TekoT Ha
BO3€HETO, MOTOPOT I'O MPUABUKYBA ICTIOT HAPEUEH alITEPHATOP, KOj MPOM3BE/yBa ENEKTPUUHA
CTpyja 3a MoIHEeHme Ha akyMyaaTopoT. Criopes; oBa, akyMyJaTOPOT MOCTOjaHO Ce TIONHU [ofieKa
paboT MOTOPOT. AKO aKyMyJIaTOPOT MpecTaHe 1a paboTu (Ipa3eH aKyMyJIaTop ), TOraml MOTO-
POT MO2KE J1a Ce BKJTy4YM CO ITOMOIII Ha APYT UCIIPAaBEH aKyMyJIaTop, IIPU ILITO BO TEKOT Ha paboTaTta
MPa3HUOT aKyMyJIaTOpP MOBTOPHO MOXKeE Jla CE HATIOJHH.

Kora ce xopuctn akymynaropot, H,SO,(aq) ce pa3pefyBa, HO KHCETIMHATA IOBTOPHO ce
KOHIIEHTPUpa MPU HErOBOTO MOJHEHe. EfHOoCcTaBeH TecT 3a cocTojbaTa Ha aKyMyJIaToOpoT € fia
ce U3MEpH TYCTHHATA HAa PacTBOPOT Ha KucnuHaTa. KONKy MITO € TOj MOKOHIEHTPUPAH, TOJIKY
€ IyCTHHATA MOroJIeMa.

Bo npuHIum, oMOBHHOT akyMyJaTop OU oueKkyBasie OECKOHEUHO Jla ce KOpUCTH. Bo mpak-
THKaTa TOa He € Cyaj, IIaBHO Mopafl (hOPMUpae TAor Off CHTHH Kpuctamu Ha PbSO,(s) Bp3
EJIEKTPOJIUTE KOTa Ce MPa3HU aKyMyJIaToOpoT. AKO aKyMyJaTOpOT € MOJIONTO Mpa3eH, CATHUTE
Kkpucranu oy PbSO 4(s) MOKe Jla OKpPYIHAT 1 fia ce U3[iBojaT off enekrpoaute. [1o oBaa cocrojoa,
aKyMyJIaTOpOT HE MOXe MoBeKe fja ce HanonHu. OBaa cocTojba, mo3HaTa Kako ,,cyiadaTupame”,
€ eJlHa Off [NIABHUTE TIPUYMHU 33 TPAJHOTO OLITETYBaHhE HA aKyMYJIaTOPOT.

JIpyru cexynpapuu Kemu

[TocrojaT orpomen 6poj pa3nuuHN BUIOBH KEJWH, TIPH IITO TEIIKO € CHTE a ce omdarar
BO OBOj TEKCT, HO K& CIIOMHEMe YIITe HEKOJKY IITO JleHeC NMaaT IMpoKa npuMena. Hukea-
kaomuymosaiia Keauja (NiCd) kopucru kagmiym kako asoga i Ni(OH), kako karopa; Taa MOke
na Oujie HaToNHeTa U ucnpasHera crotuim natu. Kemujara o NiCd uma noreniujan ox 1,2 V,
3a pasnuka of JlekmameeBaTa Kenmja, Koja mMa 1,5 V. OBoj TOTEHIIjaa MOXKe /1a € HeTOBOJIECH
3a HEKOM eNEeKTPOHCKH ypenu. Ha mpumep, ypey mTo e HarofeH Aa (hyHKIMOHUPA CO YeTHPH
ankanuu Kemuu (6,0 V) MoxeOu HeMa a pyHKIHOHUpa TpaBuiiHO co yetupu NiCd-kennn (4,8
V). Huken-kagmMuyMm GaTepuuTe ce KOPUCTAT BO MHOTY OE35KIMUHY allapaTH.



18.7 o Barepuu: Kopucterse XeMUCKM peakumm 3a fobusame enektpuuHa ctpyja 777

Bo3aywHu 6atepumn

031yIIHATE 6aTepPHH KOPUCTAT KUCIOPOJ Off BO3AYXOT KaKO OKCHIALUCKO CPEJCTBO.

PeyKIMCKOTO CpeicTBO € OOMYHO HEKOj MeTal, Ha IPUMEp LUHK WM alyMAHEYM. Bo

AyMIHIYM-BO3/lyLIIHATa OaTepyja OKCHAljaTa ce CyuyBa Ha alyMAHAYMOT, @ PeyKIHjaTa
Ha eNIeKTpojia off jaraepof. EnekTponuToT Kojumro nupkyaupa Bo 6arepujata e NaOH(aq).
AnymuHIyMOT OKcrpupa o Al Gupiejku KoHneHTpanujata Ha OH: joHn e ronema, ce hopMupa
xommiekceH jor [Al(OH),] (cTpana 700):

Kaitiooa: 3 {O0x(g) + 2H,0(0) + 4¢” —> 4OH (aq)}
Anoda: 4 {Al(s) + 4 OH (aq) —> [AI(OH),] (aq) + 3¢}

Bryiinoy Al(s) + 3 04(g) + 6 HO(l) + 4 OH (aq) —> 4[Al(OH)4] (aq)

E¢enmim E°( xaToma) — E°(aHofa)

= Eo,jon~ — Eaon, /Al
0401V — (=2310V) = 2711V

ITpu xopucTeme Ha OGaTepujarta, Taa HajIPBO Ce MOIHA CO GIOKOBH Of ATyMHHUYM H BOJA.
EnexTponuToT IMpKyInpa HaBop Off 6aTepujaTa, Kajie mro ce cosfasa [Al(OH),](aq), koj moneka
ce Tanoxu Bo 00;uK Ha Al(OH),(s). ITo ynorpe6ara, anmymuniym moBTOpHO ce fo6uBa off Al(OH),(s)
Bo (pabpmukn ycmosn. OBaa 6aTeprja MoKe jja ce KOPHCTH 3 eIEKTPIICH aBTOMOOHIT BO OTICET O
HEKOJIKY CTOTHHH KIJIIOMETPH, TIpej] la IMa ToTpe6a TOBTOPHO /i ce HATIONHMA 1 Ia CE OTCTPaHH
cospanenuot Al(OH),(s).

A AnymunHnym-BosgyluiHata 6atepuja
KOPUCTU KNCIOPOZ, Of BO3AYXOT Kako
OKCMOaLMCKO CpencTBO U anyMnuHnuym
KaKo peayKLMCKO CpeacTBo.
BatepwujaTa kopucT metaneH
anymMmHuyMm v Bofa, a co3gasa
anyMUHNYMXuapoKeus,.

Huxea-meitiaaxuopuona kenuja (NiMH) Kopuctu MeTaliHa Jierypa Kako aHOfa IITO COIPKU
BOJIOPOJ, BO OGIMK Ha HECTEXMOMETPHUCKH MeTajleH Xufpujl, Kako mTo e LaNiH . 3a Bpeme Ha
ynoTpebaTa, BOAOPOAOT BO aHOAAaTa OKCHAMpA U ce fobuBa Bofa. buaejku BogopoaoT nma
MHOTY MaJjla peJlaTuBHa aToMcka Maca, NiMH-kenujata e muory nosnecHa oy NiCd-Kenujata
IpY WJIeHTHYHA TOJIeMIHa Ha Keimute. bupejkn ve coppxn xagmuyM, NiMH co3paBa momanky
MpoOJIeMH 3a JKUBOTHATA CPEIMHA MO HEj3MHOTO KopucTewe. Kako n NiCd-kenujata, NiMH nva
notexnujan ox 1,2 V.

Jlutiuymckuitie Keauu UMaaT MPEJHOCT MOPAJid MajaTa ryCTHHA HA JTUTHYMOT U HETOBHOT
MHOTY HEraTHBEH PeyKIMCKN MOTeHnnjal. TunnyHa mutuyMcka OaTepyja uMa IOTEHIUjal Off
3-4 V, BO 3aBHUCHOCT Off KOHCTPYKIMjaTa, U € 3HAUUTEIHO TOJIECHa Off ajKanHaTa 6aTepuja co
COO/IBETHA IUMEH3Hja. [IeHeIHNTe TUTHYMCKN OaTepur He COApXKAT METaJleH JINTUYM, TYKY
JTUTHYM-KOOAITOKCHJ] UM JTUTHYM-MaHTaHOKCHJ KaKO aHoAa. EnekTpomuToT ce cocTon of
OPraHCKM pacTBOPYBAY IITO COAPKH jJOHU HA JTUTUYM. MHOTY MOJIEpHH JIANTON-KOMIjYTepH 1
MOOWITHY TeJe(OHN KOPHUCTAT INTHYMCKA OaTepwu, OWfIejK THe ce JIECHH W IPOW3BeyBaaT
noBeke eHepruja oTkoJAKy NiCd-6aTepuja co upeHTHUHA ToNeMuHa. [[eHec ce MOCTalmHu U
JTUTHYMCKH OaTepuy IITO HE ce MOJHAT M THEe COAPXKAT XKelle30 Kako ajuTuB. XKene3oro ro
HaMallyBa MOTEHI[MjaIoT Ha BpeAHOCT of 1,5 V, 1a oBue 6aTepuu MOXKaT ia ce KOpUcTaT BO ypean
Kajie IITO MOPaHo ce KOpucTene ankannu 6atepun unn Jleknanieesn 6aTepun.

TopuBHN Keann

MopepHaTa UBIIN3aIMja KOPUCTH (DOCUIHN FOPUBA; HO TOPEHETO HAa (POCUIHUTE TOPHU-
Ba, KaKO U IPETBOPAETO HA TOINTMHATA BO €JEKTPUUHA €HEprHja, € eHepreTcKu HeeuKaceH
npolec, co BKynHata epukacHoct e okoay 30%. On pyra crpaHa, BOATHHA Kelija MOXKe Jia ja
MPETBOPU XEMHCKATa SHEPTHja BO €JIEKTPUYHA CO e(PUKACHOCT Of OKoJIy ypu 90%, a BO HEKOM
CIIy4yau IypH U CO YIITe IorojieMa off oBaa. bupejku peakuunre Ha cOropyBambe U peakluuTe BO
BOJITUHHTE KellMU BKIIyUyBaaT pefAyKLHja ¥ OCKHalHja, 301ITO a He ce KOHCTPyHpa BONTHHA
Kenmja BO KOja peakijjaTa Ha KeqjaTa Ke Oujie eKBUBAJICHTHA CO PEeaKIfjaTa Ha COTOPYBambe.
OBaa myieja e BeKe yCIeUIHO pealu3upana, i HayYHUIUTE TH IPOydyBaaT BaKBUTE KeJuH BeKe
nopoaro off 50 rogunn. Tue ce HapeueHN TOPUBHE KEJNH, a peakiifjaTa BO HUB €:

T'opuBo + Kucnopog ——> NPORYKTH Ha OKCHAALyjaTa
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W3Bon
e-I < CJIUKA 18.18 TopuBHa kenuja
= b3 o[, BOAOPOA U 0/ KUCIOPoA,
H,(g) —* v O,(g)
—_— .—— Enexrpopaure ce mopo3Hu u
OBO3MOXKYBaar JIECEH ITpUcTar
Ha racoBUTE 10 €JIEKTPOIUTOT.
Anopa e ‘s Karopa Enexrpopnure Matepujanu ru
KaTalausupaar €JEKTPOAHUTE PEAKIUU.
MPALLIAHE: 3oLwito ropmusHaTa
) \ Kenuja ,He ymupa“KaKo LUTO YECTO
—— —_— . :
o — \ B~ O,2) ce crydyBa co cyBata Kenvja.
Enexrpomnt KOH(aq)

Bo BOJOpOA-KUCIOPO/ TOPUBHATA KeJIHja, TACOBUTUOT BOAOPON U KHCIOPOJ CIOOOIHO
LUPKYJIUPAAT OKOJY MHEPTHN PA3[BOCHM €IEKTPOAN LITO Ce BO KOHTAKT CO €JIEKTPOIATOT
KOH(aq) (Cruka 18.18). Peakunnte Bo KenujaTa ce:

FopuBHaTa kenvja e 6aTepuja, camo LTo Kaitiooa: Oy(g) + 2H,0 + 47 — 4 OH™
coapXuHaTa Ha oBaa 6aTepujaTa e HaaBop _ _
Of1 HEj3NHOTO KykuwuTe. Toa e NpoToyHa Anooa: 2 {Hx(g) + 20H > 2H,0 + 2e }

H6aTepuja. Bo cywtnHa, ropvsHata kenwja
ke paboTu cé foaeka BO Hea ce BHecyBaaT
peakTaHTuTE.

Bxyiina peaxyuja: 2 Hy(g) + Ox(g) — 2 H,O()
E&min= E°( xatona) — E°(anopa)

= Edyon~ — Enyopm,
= 0401V — (—-0.828 V) = 1.229V

OBaa BpeJHOCT Ha E® emia C& OMHECYBA 32 25 °C. Boptopos-Kucnopoy ropuBHATE KeInu 0ONYHO
paboTart Ipy MOBUCOKA TEMIIEPaTypa, PH IITO HUBHUOT paboTeH NoTeHIujan u3necysa 1,0 win
1,1 V. OBoj Buji rOpUBHY KeJIUK IIMPOKO CE KOPUCTEHU BO BCEJICHCKUTE JIeTalla, Kajie LITO IOKPaj
flo0KeHaTa CTpYja, BaxXeH CTpaHUUEH NPOAYKT € JoOueHaTa Bojia.

BopopopoT 1TO ce KOPUCTU BO OBaa TOpUBHA Kelldja HajuecTo ce J0o0UBa Off HEKOj ja-
[JIEBOJIOPO], HajuecTo MeTaH. Bo punuumn, ropuBHaTa Kelilja MOXKe AUPEKTHO ja KOPUCTH METaH
KaKO FOPHBO, IIPY LITO PEAKIUUTE Ce:

Kaitiooa: 2{0xg) + 4H" + 4~ — 2H,0}
Anoda: CHu(g) + 2H,0 — COy(g) + 8HY + 8¢~
Bryiina peaxuuja: CHy(g) + 2 Oy(g) — COx(g) + 2 H,0)

Jpyr HHEIPEKTEH METOf CO KOj ce TIOCTUTHYBA IPAKTHYHO UCTHOT e(PEeKT € CIefHaBa peakuuja:

CHy(g) + H0(g) — CO(g) + 3 Ha(g)
A TMpoTtotunoT Ha [ajmnep-bens,
NECAR 3 ce ABWKM Ha ropusHa Kenwja. Bopopopor miro ce fo6uBa npuToa, NOTOA ce KOPUCTH KAKO TOPUBO BO KeJujara.
BopopopoT ce npousseaysa Bo cammoT Tocrou rosiemMa Hajiesk ieka OBO]j BUJI TOPUBHHU KeJINK Ke ce ynoTpeOyBaaT BO aBTOMOGHIICKATA
aBTOMOGMN OA METAHOT. uHyCTpHja, GUAEjKM He IPOM3BElyBaaT HECAKAHM MPOAYKTH (OCBEH MOTOJNEMA BIAKHOCT Ha
BO3yXOT). BiiaiuHuUTE areHIui OBUE BO3MIIA ['Y KATETOPU3UPAAT KAKO BO3MJIA CO HYJITa EMUCH]a
Ha IITETHA TPOIYKTH.

18.8 Koposuja: rybewe MeTtanu npeky BONTUHU Kenum

Pepokc-peakuunTe TeHEpUpaaT eJIeKTPUYHA CTPYja BO BOJITHHHUTE Kenmu. Bo mcTo Bpeme
HEKOH peJIOKC-peakiii PeN3BUKyBaaT pacnarame Ha METAIATe PEKy KOpo3uja, Iojaa MTo
MMa OrpOMHH eKOHOMCKH nocneniy. Ce npetnocraByBa fieka camo B0 CAJ] kopo3wjaTa oBenyBa
70 munujapau fonapu. Moxe6u 20% oy ceto npoussesieHo xene30 Bo CAJl cekoja ropuna ce
MOTPOIIEHH TOPAIK KOPO3Hja.

Hajnpso f1a ja pasriename KoposujaTa Ha skele30To. Ha BiaxeH Bo371yX, KeJIe30TO MOKe 1a
Ounie oKcuanpaHo o Fe’*, oco6eHo OHaMy Kajie ITO Ma rpeGHATHHH, OTBOPY UTH. EHepreTckarta
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€ocT0j0a Ha OBHE JIETIOBH OJ MOBPIIMHATA HA METAJIOT € MIOBUCOKA BO OJJHOC HA IPYTHOT JIE Off
noppinuHaTa. OBHe JIETIOBU Ce HAPEUEHH AHOOHU PeZUOHU, TIPU TITO OKCHAIH]aTa MONECHO
ce u3BefyBa Bo HUB. Taka, BO aHOJHUTE PETHOHH Ce CO3/[aBaaT MPAa3HUHU ¥ BIIAOHATHHN.
EnexTpoHuTE WITO Ce 0CI000AyBAaT MOPaAK OKCHANKjA CE MPEHECYBaaT HIU3 METAIOT 10
IPYTH IETOBH O HEroBaTa MOBPIIMHA, HAPEYEHN KaTOJHA PETHOHH, Kajie IITO aTMOC(EPCKHOT
kucnopon O,(g) ce pemynupa o OH:

Kaitiooa: O,(g) + 2H,O0() + 4e” —— 4 OH (aq)
Anoda: 2 {Fe(s) — Fe*"(aq) + 2¢7}
Brkyiina peakuyuja: 2 Fe(s) + Ox(g) + 2 H,O(1) —— 2 Fe2+(aq) + 4 OH (aq)

o]
E Kemtja —

E°( xarona ) — E°(anopa )

— o] o o]
= Eoyon~ — Ere?/re

0401V — (-0440V) = 0.841V

KoposujaTa Ha )ene30To € CIIOHTaHa PelOKC-PeaKIja, Kako PEAKIMUTE MITO IPOTEKyBaaT BO
BoaTuHuTe Kemuu. OKcupanygjaTa 4 peykKipjara ce cydyBaaT Ha pa3/IiyHuU JeJIOBU Off METalOT.
EnexTponuTe ce npeHecyBaat MpeKy METANOT, a CTPYJHUOT KPYT Ce 3aTBOpA MPEKY eNeKTPOINI-
TOT BO BoflaTa. Bo ceBepHUTE 3eMjH, 0BO] EEKTPOIUT YECTO € CMeca Off IEMYMHO PacTOIEH CHET
U CONTA LITO C& KOPHUCTH 32 IIOCUIYBabe Ha MATUIITATa; BO PETHOHUTE IIOKPaj MOPCKUOT Oper,
TOa € BlIaraTa ojl MopcKarta Bofia.

Kenesunte jonn Fe** matyBaaT off aHOJHUTE OONACTH 10 KATOJJHUTE, KaJie ILITO CE CBP3yBaaT
co OH" u hopmupaart HepacTBopiuB Kene3o(l1)xugpokcm:

Il

Fe?*(aq) + 2 OH (ag) —— Fe(OH)y(s)

Hajuecro, xene30(ll)XHIpoKCHIOT MOHATAMY OKCHIHpPA CO KUCIOPOLOT OX BO3AYXOT 1O
sxerneso( ) xugpoxemy:

4 Fe(OH),(s) + Os(g) + 2 H,O(1) —— 4 Fe(OH);(s)

Kemezo(lll)xumpokcugoT HajuaecTo MpeTcraByBa xuapaTupan xkexe3o(l1)okeny co cocras:
Fe,0,-xH,0. OBoj maTepujas € mo3HaT Kako 'pfa. BKymHHOT npolec To ro ONUIIaBME € TPH-
KaxkaH Ha ciukara 18.19. 3a fa ja mokaxeMe CIIMYHOCTa CO BOJITHHA Kelllja, Ha cukata 18.19 e
IpHUKakaHa CHTyalyja BO Koja aHOAHUOT ¥ KATOAHMOT PEruOH ce BUINBO oAfateuenu. Yecto
Ha [OBPIIUHATA KaJie LITO ce CIy4yBa KOPO3Hja, CUTE peakI[Uy ce cIyuyBaaT HcToBpeMeHo. OHa
IITO Ha KPajoT To 3a0eliesKyBaMe cO TEKOT Ha BPEMETO € HaTalloXKyBake Ha “pra.

Amnopa:
Fe(s) — FeX(aq)+2e”

Koposuja: ry6erwse meTanu npeky BONTUHU Kenuu
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A KoposujaTta npean3BrkyBa ronemm
3ary6u Bo ekoHoMMjaTa, Kako LITo ce
rnefa of oBOj HanywTeH 6poa.

AKTMBHOCT BO BpCKa €O
> oAaesniHUTe CTeneHn Ha
L}

npoLecoT Ha Koposuja

<« CJITUKA 18.19 Kopo3suja Ha
XeneseH Konel 3abueH Bo BoAa:
eneKTPOXeMM1CKU npoLiec

OBaa ImeMa 'l IPAKaXyBa aHOXHAOT I
KaTOJHIOT PETHOH, HABHITE NOJTypEeaKIHH,
KaKO 1 KOHEYHOTO popMmpame "pra.
KaTopHIoT peruoH e GIIICKY o MOBpIIIHATA,
Kajie IITO IPHCYCTBOTO Ha KHCIOPOXOT

€ HajroeMo. AHOJTHHOT PETHOH € TIOf
IOBpIIMHATA Ha BofaTa. Jonnre Fe*(aq)

IITO ce (hOpPMUPAAT BO AHOJHIOT PETHOH
MHTPHpAaT KOH KaTOJHIOT PErHOH, Kajie TO
ce (hopmupa ’prara.

MPALLAHE: 3owwto noctaByBatbe Ha
UBpcTa nnactu4Ha obrora Ha rpaHuyata
romery Bogata v BO34yxoT bu ro
Hamanurio CTeneHoT Ha Kopo3suja?
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OTnopHoCTa Ha anyMUHUYM KOH Koposuja
MOXe Aia Ce 3rofieMun co NpoLec HapeyeH
aHoau3auuja, objacHet Bo nasa 21.3.

A TanBaHu3uMpaHu KNHUM ce fobusaat
CO NOTOMYyBake YENUYHU KNUHLM

BO CTOMEH LWHK 3a Aa ce NPOAOIKM
HVBHWOT BEK.

XKprseHa
Mg-aHoaa

P

A XpTBeEHaTa MerHusmymoBa aHoga
LITO € 3aKkayeHa 3a YenuyHaTta CTpykTypa
Ha 6pogoT obe3benyBa 3alTuTa o4
Koposuja.

ANYMHHHYMOT OKCHIMPa MOJIECHO Of] XKeJe30T0.3HaejK! To 0Ba, O OUEKyBaJle allyMUHHY-
MOT J1a KOpOAKpa MoOp30 O KeJNe30T0; HO OBaa NMPETIOCTaBKa € CIPOTHBHA Ha (PaKTOT AeKa
QITYMHIHIYMCKHUTE KOH3EPBH 3a MMBO M COKOBHU (PPJICHNU MOKpAj MAaTUILITATA C& UCKITYUYUTETHO
ponrorpajHu. Kako e MOKHO oBa? AJTyMHHIYMOT KOTa € M3JI03KEH Ha BO3yX Op30 ce MOKpUBa
co okcufieH cnoj. OBOj TEHOK OKCHyieH (PUIIM € HEIPOIYCTIIMB 32 BO3AYXOT U ja ITUTH MOBPIIH-
HaTa Ha METaJOT Off TOHaTaMOIIIHA OKCHalja. 3a pasjmKa Off HeTo, Kele3HnoT okenp (’praTa)
€ IIOPO3€eH, IPHU LITO ¥ HOBATAa NOBPIIMHA HA METANOT € H3JI0KEeHA Ha TOHATaMOIIIHA KOPO3uja.
Pasnukara Bo ocoOMHUTE Ha MPOU3BOAOT HA KOPO3MjaTa Kaj KeJe30TO U allyMUHUYMOT €
06jacHyBamETO 30IITO KOH3EPBHU Off Kelle30 01 ncue3Hane KOMIUIETHO, a ATyMIHIYMCKHUTE ce
YKHY fleKa ce BeUHH.

HajepgHocTaBHIOT HAUMH 3a 3aIITUTA HA XKENE30TO O KOPO3Hja € Jia ce MpeMayvka HeropaTa
MOBPIINHA U 1A €€ 3aIUTUTH O KOHTAKT cO KUCIOpoy. [Ipyr nproj Mozxe jja Oujie NpernoKpuBame
Ha XeJe30TO cO TEHOK (hUIM Off APYT IOMAIKy aKTHBEH MeTall, KaKo LITO € CIy4ajoT co
NIPENOKPUBAKHETO HA YEINYHUTE KOH3EPBHU O Kanaj. M Bo ABara ciy4am, 3aIlITUTAaTa Tpae ce
Jlofieka MOBpIINHATA He ce u3rpebe, HanykHe uiny u3aynyu. Konsepsure o6uyHo ’procyBaaT
HajIIpBO Ha MECTOTO Kajie IITO IOBPLINHATA € U3rpebaHa uin ckplieHa. Kanancanure KoH3epBu
061yHO Op30 'pfocyBaaTt Ha MECTOTO Kajie LITO ce MPOAYITUCHN MM IIOBPILINHATA € HAIlyKHATA.
Koposujara Bo 0B0j citydaj e 3a0p3aHa 3aToa IITO NOMAJIKY aKTUBHUOT METaJl Kajiaj urpa yjora
Ha rojiemMa KaToja Ha Koja ce Of[BMBa PelyKIICKaTa IIONypeakiinja, KOPUCTE]KH ' eleKTPOHUTE
NOOUEeHN CO OKCHalja Ha JOTHUOT CJI0j Off KeIe30TO0, KOj € aHOJEH PETHOH.

IenocHO pa3nuueH NPHOJ € [ja Ce 3AIITHUTH KeJIe30TO CO HoaKiliuéer MeTal, Kako IITO
€ NPEenoKpUBakEe CO LUHK; OBA JKEJIe30 € M03HATO KaKo rajJBaHU3NpaHo xene3o0. OKcugHaTa
3alITHTa HA IUHKOT, CIMYHO KAaKO Kaj alyMHHUYMOT, € TeHKa, IIBPCTa W HENPOIYyCTINBa
3a Bo3ayxoT. He e BaskHO fany oBaa LMHKOBA IIPEBJIaKa Ha XeJle30TO Ke HalykKHe Hiau Ke
ce omTeTH. Bo TakoB ciyyaj HMHKOT MPOAOIIXKYBA 1a KOPOAUpa, OUAejKN IUHKOT MOJIECHO
OKCHJIMIpaA Off >KeJIe30TO.

JIpyr MeToj WITO € 3aCHOBAH Ha UJEHTUYEH NPUHIMI € TO3HAT KaKo KaTOAHA 3allTuTa. 3a
HEKOj XeJle3eH WM YelnyeH 00jeKT fja Oujie 3aITUTEH, Ha 1p. 6pof, IIEBKOBOJI, pe3epBoap,
60jep, 3aITHTEH CUCTEM BO 6a3eH - ce MOBP3yBa AUPEKTHO WIIH CO KHUIIA, CO HEKO] TTOAaKTHBEH
MeTall, Kako LITO € MarHe3uyM, IUHK Unu anymMuHuyM. IToBpuinHaTa Ha Xene30To fo0uBa
€JIEKTPOHM Off MOAKTUBHUOT META 1 ja MOIpsKyBa KaToHaTa monypeaknuja (pepykumja). Ce
fofieka MOCTOU KONMYECTBO Off HOAKTUBHUOT METaJ, Kele30To € 3aTuTeHo. [ToakTHBHHOT
MeTal ce HapeKysa ,Jcpitieena anooa”. EnHa ol BaxKHUTE yIOTpeOM Ha MarHe3uyMoT € Kako
SKpTBeHa aHopia (okoiy 12 MunnoHn ToHu cexoja roguaa Bo CAJI).

Jpyr npuMep 3a eleKTpOXeMHCKa KOHTPOJIAa HAa KOPO3HUjaTa € OCTaNnKaTa 3a OTCTPaHyBambhe
Ha IpeBjakaTa To ce popmupa Ha cpebporo. OBaa mpeBlaka IIaBHO Ce COCTOH Off LpH
HepacTBOpaUB cpebpocyndui, Koj ce ¢opmupa Kora cpebpoTo Ke [10jie BO KOHTAKT CO
Cyn(pypHI COelMHEHNUja IPUCYTHHN BO aTMocepaTa uil BO XpaHaTa, Kako IITO ce Ha TIpUMep
jajuara. Hue Moxe 1a ro nonupame cpeOGpoTo 3a ia ja OTCTpaHUME NPeBIakaTa, Ho Ha TOj HAYNH
ryoume u fien off cpedpoTo.

JIpyr MeTox 3a UucTeme Ha cpeOpoTOo € Toa Jla ce NOBEfie BO KOHTAKT CO allyMUHIMYMCKa
¢onuja u 1a ce noronu Bo NaHCO,(aq). Konuentpanujata na Ag* joHMTE BO PACTBOPOT ILITO
€ BO KOHTakT co AgQ,S(s) Ke Oue eKCTPEMHO Mala, HO CeNaK alyMHHHYMOT € TOJIKY CHITHO
PEAYKIMCKO CPEICTBO 1ITO Ke I peayuupa Ag* joHUTe 10 eleMeHTapHO cpebpo. Pesynraror
e IITO efieH OJ1aropojieH MeTal ce Jo0KuBa Ha CMETKa Ha €BTUH METa:

3 Ag'(aq) + Al(s) — 3 Ag(s) + Al*(aq)

Hatpuymxugporenkap6onator (NaHCO,) (mo3HaT Kako JoMallleH IPaIoK 3a eYuBO) Urpa
yJlora Kako eJIeKTPOJIUT 32 OBO3MOXKYBahe Ha peakliyjaTa BO BOATUHATA Kellyja.

Mpumep 18.10 KoHuenumucku npumep

Ha cukara 18.10 JeJe3Hn KIMHIN ce CTaBeHH BO TOIOJ KOJIOMJIEH PacTBOp Ha arap BO BOJa.
Bo oBaa fiucriep3uja yiire ce ofiajieHl HHARKaTop heHondTatenH u Kammympepuiujanug. Kora
SKOJITHOT JIUCIEP3EH CHCTEM Ke Ce OJIajiHl M K Ce OCTaBH Jja CTOM HEKOJKY Yaca, ce IPeTBOpa BO TeJl
1 HaCKOpO IIOYHYBAAT fia ce (hopMupaaT 060EHH PETHOHH - PO30B OKOJY CpE[IHATA Ha IIajKaTa i
CHH Ha fiBaTa Kpaja. OGjacHu TO ce cydyBa Ha ciukara 18.20a.



18.8 o

ACJINMKA 18.20 [dokas Ha
KOpoO3ujaTa Ha Xene3oTo

(a) (©)

AHAJIU3A U 3AKNTYYOLIU

Bo rmaBara 5 mayuusme niexa cenondranent e pH-mHINKATOp, KOj € 6e360eH BO KHcena n
HeyTpaJHa CpefiiHa, HO po30B BO cpefnHa co pH moronema oy 10. IIpnunHaTa 3a po3oBata 6oja e
nojaBata Ha OH" joHn Topan KaTogHATA MONypeaKIyja MpH KOpo3Hja Ha KeIe30To:

Kaitiooa: O,(g) + 2 H,O(l) + 4¢~ —> 4 OH (aq)
He moxe j1a nma karofiHa Ge3 aHoHA mojypeakimja. Taa e:

Anooa: Fe(s) — Fe’'(aq) + 2e”

Hobuenute Fe** jonn pearnpaar co [Fe(CN)J* dopmupajku Tanor co cuna 60ja, HapeueHa
,TPHOYIIOBO CHHO“ (BO €BPOICKATa JIMTEpPaTypa MO3HATO KaKo ,,0EpIMHCKO CHHO, 320. TPEB.).
Cunata 60ja Ha KpaeBUTE Off KIIMHEIOT IIOKaxKyBa ieKa TaMy ce aHOHUTE O0JIACTH; THE HajIeCHO
OKCHJMpAaT 30LITO KIMHEIOT BO THE IETIOBY € 3a0CTpeH (MMa OBHCOKa eHepruja). PozoBara 6oja
BO CpEIMHATa YKaXyBa ieKa TaMy Ce KailioOHUlie IeTOBNL.

BEXBA 18.10A
O6jacHu mTo ce ciydyBa Ha ciukara 18.206 u 301mTO Taa cuTyanyja ce pa3auKyBa BO eieH
JeTalb o] OHaa Ha ciamkaTa 18.20a?

BEXBA 18.18b

IpernocraBu ieka mpyu NPUTOTBYBAKETO HA EKCHEPUMEHTOT Ha ciuka 18.20 orcycrByBaar
(enondranennor n GepunujaHugoT. Bo BakoB ciyyaj, To Ke MOXKe Ja ce 3a0eJeXu BO TEKOT
Ha eKCNepUMEHTOT?

Kesuu 3a ejiekTposinsa

Bo I'maBa 18.3 cnoMHaBMe jileka KOMOHMHALMjaTa Off IBE MOJYKEJINU COOJ[BETHO MOBP3aHU
ce BHKa eJeKTPOXeMHCcKa Kenmja. AKO Keiujara co3jiaBa eJeKTpUYHa CTpyja MPeKy CHOHTaH!
peaxuuu, ce BuKa BosiTuHa Kenuja. Cera j1a morsiefHeMe Off CIPOTHBHATA CTPaHa - HECIIOHTaH!
peaKkuy BO eNEKTPOXEMUCKH KEJTHN.

Kora enexTpuuHa cTpyja of HaJ[BOpELIEeH N3BOP MPOTEKYBa HU3 eNIEKTPOXEMICKa Keluja, BO
KeJmjaTa ce OlBUBaaT HECIIOHTAH! XEMUCKH PeaKIin, KOM Ce HApeKyBaaT eNeKTPOJIN3a, a Keluja-
Ta ce HapeKyBa KeJjirja 3a elleKTposin3a. Bo IoHaTaMOIIHUOT fies Ha OBaa IiaBa Ke pasriefame
HEKOM PEaKIuy Ha EJIEKTPONIN3a U HEKOJIKY KeJIM BO KOU CE Of]BIBA EJIEKTPONIN3aTa.

AKO KOpHUCTHME M3BOP Ha €[HOHACOYHA €JIEKTPUYHA CTpYja - OaTepuja Uil elNeKTpuIeH
reHepaTop - 3a Jla CIIpOBeieMe eJIeKTPUYHA CTPyja HU3 PacTOl Ha HATPUYMXJIIOPHU/, HACKOPO Ke
3a0eseKuMe JIeKa Ha ejIHa O] elIEKTPOAUTE CE 3/IBOjYBa KOJITO-3€JIeH TaCOBHUT XJIOp, a Ha ipyrara
eJlekTpojia ce popMupa TeueH MeTal co cpebpena 60ja, Koj MoeKa ce pacupefenysa 1 IIuBa
Ha MOBpIIMHATA Off pacTonoT (cnuka 18.21). HaiBopemHUOT H3BOP Ha €JIEKTPUYHA CTPYja Urpa
yJI0ra Ha ,,JIIyMIIa 3a €JIEKTPOHU .

Oxcuoayuja: 2 CI- — Cly(g) + 2 e

Kopoawuja: ry6etse meTanu npeky BontuHu kenun 781

Cl,(g)

SRNONNERCN]

A CJIUKA 18.21 Enektponu3sa Ha
pacTon of HaTPUyMXIOpuUA,

Ha ciukara e npukakan upTex Ha [layHosa
Kenuja 3a enekrponusa. Enexrponuror e
cronen NaCl(l) co many gopageHo KonmmyecTBo
CaCl2 3a HamaiyBame Ha TOUKATa Ha TONCHE
Ha NaCl(s). Teuen HaTpryM-MeTai ce jo6uBa
Ha YeIMYHATa KaTojla, a FACOBUT XJIOp Ha
rpacuTHaTa aHofa. Yennuna Mpexa ru
pasfiBojyBa XJIOPOT U HATPUYMOT 3a J1a

He pearupaat i MOBTOPHO a (popmMupaar
HATPHyMXJIOPH.
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Toj ru Bieye eJIeKTPOHUTE O €IEKTPOAaTa Kajie MITO OKCHAMPAAT XIOPUHUTE jOHH, U TU
HOCH Ha eJIEKTpOJiaTa Kajie IITO ce CAyuyBa PefyKIja Ha HATPUYMOBUTE jOHU:

% AHxnmaumja Bo Bpcka co Peoykyuja: Na® + ¢~ —— Na(l)
- eneKkTposin3a Ha Boaa .
3 Bkynnara peakuuja e
2 NaCl(l) —225 2 Na(l) + Cly(g)

OG6jacHyBajKku ja KenmmjaTa 3a eJIeKTPONN3a, HHe Ce YIITe ' KOPUCTIME TIONMUTE le(pIHIpaHT
3a BOJITHHHTE KElMM: aHOJA 3a eleKTpojiaTa Kaje ITO ce OfBHBa OKCHAalMja M KaToia 3a
eJIeKTpOyiaTa Kajie ITO ce Of{BEBA peyKuuja. PakToT IITO eIEKTPOHH ce OABEyBaaT Ha aHOAATa,
a ce BOBEJ[yBaaT BO CHCTEMOT IPEKY KaTofaTa UCTO TaKa OCTaHyBa eIHAKBO a BaKH 3a JiBaTa
BUa Keimu. MefyToa, 3HaKOT (IIOIApUTETOT) HA eNEeKTPOANTE Kaj KelmjaTa 3a eNeKTpoin3a
e obpaTeH off TOj Kaj BonTuHATa Kenmja. Toa e pe3ynraTa Ha (paKTOT IITO Kaj KenujaTa 3a
eJIEKTPOJIM3a HacoKaTa Ha JBIKEHe Ha eJIEKTPOHUTE € KOHTPOJIMpaHa Off HaBOPEIeH U3BOp
Ha eJIeKTPHIECTBO. bujiejKn HaJBOPEIIHNOT M3BOP Ha €NEKTPHUUYECTBO T'H BieUe €JIeKTPOHUTE
Ol aHOJIaTa, Taa eJIEeKTPO/a NMa HEJOCTHT Off eNIEKTPOHN M NMa {03uiliuéeH TIONHEX BO OJHOC Ha
karopaTa. [Topaiy BUIIOKOT eNEKTPOHH IITO HABOPEIITHAOT H3BOP I'M HOCH Ha KaTofaTa, Kaje
LITO Ce CIIydyBa peAyKIyja BO KenmjaTa 3a eJIeKTPONN3a, KaTofaTa IMa HeZaililiéeH TIONHEX BO
OfIHOC Ha aHOpaTa.

18.9 [lpeaBupyBame Ha peakuuuTe Ha enleKTponusara

Ct nofeka MOTEHIMjaHaTa Pa3lKa IoMely eJeKTpOAuTe IpUKaXaHy Ha cnukara 1821 e
IOBOJTHO ToleMa (IpuOIIKHO moroiema off 4 V), enexrponmsara Ha NaCl(l) mepmanenTHO ce
oxuBa co nfodusame Ha Na(l) u Cl,(g), xako egunctenn npoyktu. Ho ako Bo Kenujata nmame
s00en pactBop Ha NaCl(aq), Toramr ce go6mBaaT APYrU MPORYKTH HA ENEKTPOIH3ATA.

YecTo, IPOAYKTUTE HA €IEKTPONIU3aTa MOXKE 1a ce MPEABUAAT CO PAa3rIefyBake Pa3iuyHu
OKCHJJALIUCKM 1 PEAYKIMCKHU MOypeaKkuy ITO OM MOXKeEJIEe [ja ce ClydaT U fla ce IpeABUU KOU
OJl HUB OU ce cllyuyBaje IPY HajMasa IOTeHIUjalHa Pa3juKa.

Enexrpoim3a na Boaen pactsop ox NaCl(aq)

Ila 3ammcnmMe Kenuja 3a eJIeKTPONIn3a BO KOja fiBe MIATHHCKY eJeKTPOHU ce MOTONEHHN BO
BojieH pactBop Ha NaCl, moBp3anu co Garepuja. HaBOpeIHMOT W3BOP Ha €NEKTPUYHA CTpYja
Ke ja MpeTBOPHU efHaTa eJEKTPOfia BO aHOfA, a ipyraTa Bo KaTofa. [IBe MOXKHHM MOTYpEaKIny ce
OHHe TIOKaxkaHM Ha ciukaTa 18.21. MefyToa, BO BOJieH pacTBOp YIITE IBE peakI[i Ce MOXKHIU:
OKCHalMja U pefyKuyja Ha BofaTa. Taka, MpuKaXyBajKi 'l MOXKHUTE MOJTypeakuy BO HacoKa
Ha omararme Ha CTaHJapHNOT PEIYKIMCKH TIOTEHIINjal JoOuBaMe:

AHnooa (oxcuoayuja):
2Cl (aq) — Cly(g) + 2¢” EEIZ/CI‘ = 1358V
2H,O0() —> 4 H+(aq) + Ox(g) +4e E(O)z/Hzo = 1229V

Kaitiooa (pedykuuja):

2H,0() + 2¢~ — 2 0H (aq) + Hy(g) Efyom, = —0.828 V
Na*(aq) + e~ —— Na(s) EXa*na = —2713V
[la mpeTnocraBuMe fieKa MOTEHIMjaIOT Ha KenmjaTa E° ro ONpefielyBaMe Ha BOOOMYAEH

Kemnja

Ha4yuH:

Oke]mja = E°(kaToma) — E°(anopa)

Cure koMOMHanUK noMery Koja Ouio KaToj{HAa U aHOAHA Peaklijja Pe3yJaTHpaaT co HeraTUBHA
BPEHOCT 3a E°Kema, HO TOA CaMo 3HAUM JieKa MPOIECOT Ha eJIeKTPONIN3a He € CIIOHTaH. MerfyToa,
Pa3yMHO € 1a Ce 0UeKyBa [IeKa PeakIuiTe IITO JaBaaT HajMa/la HeraTuBHa BpefHocT 3a E° - na
ce cIyuyBaaT BO KeJmjaTa 3a eneKTponu3a, OujiejKu 3a HUB Ke 6ujie moTpeOHa HajMalia BpeJHOCT
Ha NpUMEHET MOTEHNUjall off HaABOpeImHUuoT u3Bop. Cropen oBa, (paBopu3mpaHa KaTOAHA
peaxuuja 6u 6una pegyknujata Ha H,0 (E° = -0.828 V), a He penykuujaTa Ha Na* (E° = -2.713V).
Kcro Taka, ce uMHM JieKa Ha aHofiaTa € (aBopusupana okcuaauujara na H,0 (E° = 1.229 V)
oTKoJKy Ha xiop (E° = 1.358 V).
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Mefyroa, uMa 1 pyru ojiyyyBauku ¢akropu. Enen of hakTopute € mTO peakTaHTUTE U
MPOJYKTUTE MOZKE J1a HEe ce BO CBOjaTa CTaHAapHa cocTojoa. Ha nmpuMep, npu MHIycTprcKaTa enek-
tposu3a Ha NaCl(aq) pH ce ompkysa Ha BpepHocT 4. Toa He e pH = 0, Kako mTO 61 ce 0YeKyBao
BO craHpiapiHara cocrojoa co [H*] ~ 1 M. O oBue nmpuunHY, NOTSHIM]aIOT HA OKCHIalMja Ha
sopata 2 H,O(l) — 4 H*(aq) + O,(g) + 4 €. e namanysa op BpeaHocT E° = 1.229 V na E° =
0.99 V. Co namasyBame Ha OKCHALMCKUOT MOTEHIHM]jaJl, peaknujaTa Ha okcuaauja va H,0 o O,
e ymre noseKe (haBopusupana Bo offHoc Ha okcuplanmjara na Cl-jjo Cl,.

ITocrou apyr akTop MITO NMa CHIPOTUBHO BJIMjaHHE Off NPETXOAHO ONUIIAHUOT. Bo MHOTY
HOJIypeakIuy, MHOTY 4eCTO BO NOJypeakIUu IIpU KOU ce J0oOHMBAaaT racoBH, racoT CTaIlyBa BO
Hajpa3InyHi HHTepaKIUHU co elekTpopiaTa. Kako pe3ynTar Ha oBue HHTepaKIUU, HOTEHIHjaIOT
HOTpeOeH 3a OAABIBAE Ha €JIEKTPOAHATA PeaKilija € MHOTY IIOroJIeM Off IIPeCMeTaHaTa BPeHOCT
Ha E°. O oBue mpuuuHU € MOTpeGeH HeKOj BUINOK MOTEHIMjal (HAHATIOH) BO OTHOC Ha
MpecMeTaHnoT noTeHnujan E° 3a na ce onBuBa enektponusaTta. HaHamoHOT 3a U31BOjyBambe Ha
H,(9) Ha KaTozaTa € peuncy Hyna, HO HAIHATIOHOT Ha aHOJaTa 3a M3/[BOjyBame Ha O,(g) e romem,
3HAYMTETHO MOTONIEM Off HOTEHIUjaloT MOTpebeH 3a n3aBojyBame Ha Cl,(Q).

BxymHuOT edexT, off oBM ABa (paKTOpH, € AieKa caMO BO MHOTY pa3pefieH! pacTBOpPH Ha
NaCl(aq), kucmopoy ce U31BOjyBa Ha aHOAATa, HO Off TIOKOHIIEHTPUPAHN PACTBOPH Ce M3/IBOjyBa
camo Cl,(g). ITpu xomepumjanuata enektponusa Ha NaCl(aq), Koja mofonHa Ke ja omuueMe BO
I'masa 18.11, BKynHaTa peakuyja e:

2 Cl (aq) + 2 HyO() == 2 OH (aq) + Ha(g) + Cly(g)

I/IHepTHI/I CJICKTPOIU U AKTUBHU €JICKTPOIU

Enektponute mTo 6ea ynorpebenn npu enekrponuzata Ha NaCl(l) u NaCl(aq) ce nnepTHE
eJeKTpoAu; THe 00e30eyBaaT caMO NOBPIINHA HA KOja ce BPILIM pa3MeHa Ha eJeKTPOHH,
OJIHOCHO IIOBPIINHA Ha KOja ce OfiBHBaaT MOJlypeakluuTe Ha oKcujlalja i peaykiuja. OcBeH co
0Ba, THE Ha HUKAKOB HAUUH He y4eCTBYBaaT BO nojypeakuuute. Ho HeKou Apyru enexTponu ce
aKiueHU eJIEKTPOAM; THE TUPEKTHO YUECTBYBAaT BO eNeKTpofHuTe peakuuu. Cropey oBa, Ipu
IpeaBUAYBABETO HA €JIEKTPOHATE peakUuy HUE MOpa fia ja 3eMeMe IIPeiBUjl IpUpojiaTa Ha
€JIeKTPOJHUTE peaKlluy, KaKo LITO € II0KaxKaHo BO IpuMepor 18.11.

Mpumep 18.11

Jla ce npeaBuay peakuujata Ha enektpomtsa Ha AGNO,(aq) Kora (a) ce KOopuCTaT IIATHHCKH
eIIeKTPOK 1 (6) Kora ce KOPHCTH cpeOpeHa aHoja i INIATHHCKA KaTofa.

CTPATErnJA

Buyiejku maTHHCKUTE eNEKTPOAH ce HHEPTHH, BO CIIy4ajoT (a) Tpeba jia ce pasriefjaaT caMo
jOHHTE IPUCYTHH BO pacTBOPOT, ofHocHo Ag* 1 NO,, u monekymute H,0. Bo ciyuajot (6), mokpaj
peakluuTe Ha OBUE yecTull, Tpeba fa ce 3eMe MpeaBuf feka cpedpeHaTa eleKTpofia MoxXe fa €
aKkTuBHa enekTpofa. [Ipu enexrponusara Bo Koj OO0 BOJEH pacTBOp He Tpeba fja ce 3a00paBu Ha
OKcHJjalyjaTa I pefyKuujaTa Ha BojaTa, OfHOCHO Ha peakljujaTa Ha el1eKTpolu3a Ha BojjaTa:

€NEKTPONIH3A
_—

2 H,O) 2Hy(g) + Ox(g)

PELLEHUE
(a) CpebpeHnTte joHM JECHO ce pefynupaaT, KakKo IITO MOXKe fla ce BUAM Of TabemaTta co
nonypeaknun 18.1:

AgT(aq) + e7 — Ag(s)  Exgt/ag = 0.800V
Ogaa peakija Mopa jla JOMIHIpA Hajl pefyKIjaTa Ha BOJaTa 3a Koja BasKu:
2 H,0() + 2e” — Hy(g) + 2 0H (aq) Eom, = —0.828V

Ha crpanara na okcupiarjata, NO,” joHHTE HE MOXKAT J1a OKcuapaaT 3atoa mto N e Beke Bo
CBOjaTa HajBICOKA MOSKHA OKCHJIANMCKA cocToj6a (+5). Cnopey Toa, eMHCTBEHATA MOXKHA
OKcHJalyja € OHaa Ha BOJlaTa:

2H,O(l) — Oy(g) + 4H'(aq) + 4™  Ed mo = 1.229V

783
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Cropey; 0Ba, MOTEHIMjAIOT HA KeJHjaTa e

[¢]
Kennja

= E°(karopa) — E°(anopa)
=0.800V -1.229V =-0.429V

A peakuyjaTa Ha eJI€KTPOIIU3A €

€IEKTPONI3a
—_—

4 Ag*(ag) + 2 H,0O() 4 Ag(s) + 4 H'(g) + Ox(g)

(6) Pemykumckarta momypeakiiija Ha KaTofjata € uieHTHIHa Kako mop (a):
Ag'(aq) + ¢ — Ag(s) E2g+/Ag = (0.800 V

Ho, 3a pa3znuka opf maTunara, cpedpeHaTa aHOfa € aKTUBHA M CPeOPOTO OKCHAHPA:

Ag(s) — Ag+(aq) +e EZg’r/Ag = 0.800V
Criopef Toa, BpeIHOCTA 3a MOTEHIHj 0T Ha KeslujaTa e

0l'(eija = EO(KaTOHa) - Eo(aHOHa)

=0.800V-0.800V=0V

MPOLIEHA

Bpennocra Ha E°mﬂja =-0.429 V 3a mpanameTo 1oj (a) MOoKaxKyBa ieka peakiujata Ha eIeKTPOITH-
3a He € CIIOHTAaHa, KaKo 1ITO BIPOUEM M ce 04eKyBa. 3a fa ce mocTurye enekrponusa Ha AgNO, (aq)
NpUMeHeTaTa MOTEHIMjaTHA Pa3inKa Of] HaIBOPEIIHUOT H3BOP Ha €IEKTPUYHA CTpyja Tpeba a oujie
noronema o 0,429 V. Bo npatrameTo mof (6), BpeaHocTa E°mﬂja =0V He 3HauM ieKa eNEKTPOIMN3aTa
MO3Ke JIa ce OfiBuBa 6e3 1a Oujie NPUIIoKeHa MOTEHIMjaTHA Pa3yKa Off HaJ[BOPEIICH N3BOP Ha €JeK-
TpuuecTBO. Majia moTeHIMjaHa pasinka e moTpedHa 3a 1a Ce OBO3MOXH TEK Ha €NeKTPOHU HU3
HAJIBOPEIIHUOT CTPYEH KPYT U TEK Ha jOHH HU3 pacTBOPOT. EnexTponusaTa Bo cymITHHA BKIyUyBa
NPEHOC Ha cpeOpO HI3 PACTBOPOT, Of aHOJIaTa KOH KaTofaTa, BO 00JIMK Ha AQ* jOHH:

eeKTPOTIH3A
Ag(S) anoma Ag(s)xarona

BEXBA 18.11A
ITpenBmyy ja peakuyjaTa Ha €IEKTPOIN3a Bo pacTBop Ha KBr(aq) co KopucTeme IIaTHHCKH
€IIEKTPOJIH.

BEXBA 18.11Bb

IpexBumy ja peakuujaTa Ha emeKTposu3a Bo pactsop Ha AGNO,(aq) KoprcTejkn cpeGpeHa aHo-
na u 6akapna karopia. Koj e mpubamKHIOT HaiBOpEIIeH IOTEHNIHjal IITO Tpeba Aa Gujie MPUIoKeH
3a OfIBUBakE Ha eNeKTponu3ara?

Mpumep 18.12 KoHuenuucku npumep

JIBe eeKTpOoXeMHICKH KeNuu ce MOBP3aHi KaKo IITO € MOKaXaHo Ha memaTa. LluHkoBuTe
€IIeKTPOJIM Off IBETE KeJInH ce Me'yceGHO MOBP3aHH, a HCTOTO BAXKH 1 32 JIBETe OaKapHH eNEKTPOJN.
(a) Mamm Ke Tede cTpyja BO CHCTEMOT, (6) jaiu Ke Tede CTpyja BO HacOKa Ha [PBEHATE CTPEIKH 1
(B) manmum Ke Tede cTpyja BO HACOKA HA CHHATE CTPENKH?

F 1)

e i
Zn(s)| Zn2*(1 Myl Cu2*(0.10 M) | Cu(s)  Zn(s)| Zn2*(0.10 M) || Cu2*(1.0 M)| Cu(s)
1" J

Kenuja A Kenuja B

AHAJIU3A U 3AKITY4YOLn

Jla 3abenexxnMe JieKa OBa ce [BE BOJNTHHU KelMH, KaKo Ha cnukarta 18.4, mocTaBeHH eiHa
HacIpoTH fipyra. TeKoT Ha eJeKTPOHHM IITO joara Off efHaTa Keluja ce CpeTHyBa CO TEKOT Ha
€NIEeKTPOHN Off ipyraTa Kejuja. BKyIHHOT TeK Ha eNeKTpoHN Ke 61jie BO HAaCOKA AMKTHpPaHa Off OHaa
Kenyja Kajie IITO OCTOM MOrosieMa MOTEeHIHjalHa pa3iinKa KOH KellijaTa co IoMana MOTeHIHjalHa
pasiuka. AKO JiBeTe KeJluu ce WAeHTHYHH, TOorall BpefHocTa 3a E Ke Oujie elHaKBa M HEMaA

Kennja
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BOOIIIITO Ia Ce CITy4yBa TeK Ha eneKTponn. Ho 6mpiejKu BeTe Kenn He ce eIHaKBH, TOTAll CTpYja
Ke Teue BO CHCTEMOT, a 0Ba € OfITOBOP Ha MpalIameTo Tof (a).

Kora kenmnnre pa6oTaT Kako BOJITHHY KeJINH, TOTAII peakiyjaTa Ha KemmjaTa, Kako MTo BeKe
BHJIOBME, €

Zn(s) + Cu?'(ag) — Zn*T(aq) + Cu(s)

Bo kennjara A, Konuentpamuure ce [Zn®] = 1,0 M (cranmapuna cocroj6a) u [Cu®*] = 0,1 M
(mopaspefieH pacTBOp OTKOJKY BO cTaHAapfHa coctoj6a). Cropen npuaunot Ha Jle lllaredmje,
6m ouekyBane peakiujarta fa 6muae TOMaiKy (haBOpU3NpaHa OTKOJKY MITO 6W Omita BO YCIOBH Ha
CTaHjjapjHaTa coctoj6a, 1 OTTyKa B i < B cenmiar

Kenujara b ru uma ciegnuBe KouueHtpauuu: [Zn*] = 0,1 M (mopaspeieH OTKOJKY BO
cranappHa coctojoa) u [Cu*] =1,0 M (crannappna cocrojoa). Ciopen npuniunot Ha Jle llaTemnje,
61 ouekyBase peaknmjara ga oue haBopm3upana Bo copenda Kora 6 ce OiBIBAJIa BO CTAaHJAPAHA
YCIIOBH, U OTTYKa Ek,mja > E°K,mja.

PasriregyBajKu ro CHCTEMOT BO LIETHA MOXKEMe /1 3aKITyInMe JIeKa eNEKTPOHH OH ce JABIKeTe
of Zn-elekTpoaaTa Ha Keimjata b Kon Zn-ernektponaTa Ha Kenmjata A. OpHOCcHO, Kenmjata b e
BOJITHHA KeJIHja, Koja I'M I'i (popcupa eITeKTPOHNTE KOH Za-KaTofjaTa Ha Kenmjata A, Koja urpa yiora

Ha Kenmja 3a enekTposm3a. Vcro Taka, elekTponu ce ofBefyBaat of Cu--aHonaTa Ha KenmjaTta A.

BEXBA 18.12A
Harmmmy BKynHa joHCKa peakuyja 3a Kenujata A u b xora Tue ce MefyceGHO MOBP3aHU KaKo
IITO € NIOKaXaHo Ha caukara 18.12.

BEXBA 18.12b
O6jacHu 301ITO CTPYja He MOXKe GECKPajHO JONITO [1a TeUe BO CUCTEMOT CO JIBE KEJTUH IPUKAXKaH
BO npumepot 18.12.

18.10 KBaHTMTaTMBHa enekTponusa

OcHOBHTE Ha KBAHTHTATHBHATA EJIEKTPONN3A IVIABHO ce moctaBeHn o Majkn dapanej
(Michael Faraday). KonuuecTBOTO Ha peakTaHT IITO CE TPOILM, MK HAa MPOAYKT IITO ce J0OUBA
3a BpeMe Ha eJIeKTpoJu3aTa, ¢ mop3aHo co (1) MomapHaTa maca Ha cyncraHnujara, (2)
KOIIMYECTBOTO eJIEKTPHIECTBO IITO MPUTOA € HCKOPHUCTEHO 1 (3) OpOjOT Ha eNIeKTPOHU BKIYUESHH
BO €JIEKTPOfIHATA pPeaKIyja.

ITonmHeKOT MTO ro HOCHU efieH eleKTpoH e -1,6022 x 10 C. EnekTpuuHara cTpyja, n3pa3eHa
BO amnepu (A), e MepKa 3a Op3uHaTa Ha MPOTOK Ha €JIeKTPUYHMOT nosHeX. Exen ammnep e cTpyja
BO KOja e/IeH KYJIOH eIeKTPIUYECTBO IPOTEKyBa 3a e[JHA CeKyHAa:

1A=1Cls (18.10)

Cnopep 0Ba, BKYTHOTO €JIEeKTPHYECTBO NCKOPUCTEHO BO TEKOT Ha EIEKTPONN3aTa € IIPOU3BOJL
Of1 CTpyjaTa M BpEMEeTO Ha IPOTEeKyBame Ha CTpyjaTa:

A Majkn ®apapej (Michael Farady)

Enexrpuuen nonnex (C) = crpyja (C/s) Bpeme (S) (18.11)  (1791-1867) e nosHaT no HerosuTe
) OTKpUTHja BO €NEKTPUYECTBOTO 1
OBoj m3pa3 Hu1 e moTpebeH, 3aeHo co PapageeBaTa KOHCTaHTa, off I'masa 18.5 (9,6485 C/mol &) MarHeTU3MoT 1, LOMOMHUTENHO, BO

3a KBAaHTUTATUBHY MPECMETKY NpH enekTponu3aTa. Hamara BooGnvaeHa crpareruja Ke ouye: xemujata. Papagej He GuUn matTemMaTUIKK
obpa3syBaH, HO UMarn HeBuaeHa
MHTYUTUBHA CNOCOBGHOCT 3a pasbupare
Yexkop 2: [lpeitisopu 20 KOAUHECTIBOULO eAeKITPULECTIBO 80 KoAUudecliso eaekiiporu: 1 mol Ha uanYk1TE HheHOMEHN.

e =96485C.

Yekop 3: Bp3 ocnoea na iloaypeaxuyujaitia, Oepunupaj ja epckaitia iiomezy koau4eciiéoitio
eAeKIIPOHLL U KOAUHECTHBOTLO PeaKIaHIll Ul POOYKIlL HA eAeKIPOOHATLA PeaKulja.
Ha npumep, nonypeakuunjata Cu?*(aq) + 26~ ——> Cu(s) ro gaBa pakTopoT % AKTUBHOCT 3a efleKTponusa

Yekop 1:  Tpecneitiaj 20 kKoAU1eCIBOUWIO eACKIUPULECIIBO - TPOUIBOO 00 CHUPYJailia U 8pemeiiio.

1 mol Cu
2 mol e-

Yexkop 4 Hsspuiu ipeitieoparbe 00 KOAUUECIUBO PeaKIMAHIL Uil UpoOYKIl, 60 uauuxaiia
8eAuyUHa wilio ce 6apa, Ha TP. BOIYMEH Ha rac, uTH.

3a Hekow 3afaun Tpeba fja n3BpIMMe MoinuKanyja Ha oBaa crpateruja. Ha mpumep, Bo
Besk6aTa 18.13A e moTpe6HO e /1a ce MpUMEeHN OBaa CTpaTerrja Mo oOpaTeH pefocies, YeKop
432,1.
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Mpumep 18.13

EnekTponm3arta MoxKe Jja ce KOPHUCTH 3a ONpeJeyBarbe Ha YAeNIOT Ha 371aTO BO HEKOj MPUMEPOK. [IpIMepoKOT ce pacTBOpa, | LET0TO 371aTO
ce mpeTBOpa Bo 06IMK Ha AU**(ag), Koe moToa ce pefyLpa nak no Au(s) Ha enekTpofia co mo3HaTa Maca. [TomypeakiujaTa Ha penykimja e Au*(aq)
+3 e —> Au(s) Konky 3maTo Ke ce U3/1Bou Ha KaTojiaTa 3a BpeMe Of1 efieH yac co crpyja ox 1,5 A.

CTPATEInJA
Ke ja mpumeHnme roprara cTparteruja BO YeTHPH YE€KOPHL.

PELLUEHUE

Yekop 1: Oiipedeau 2o koaueciisoiio eaexitipudeciiso. Toa Ke ro npec- 1.50C % 1h X 60 min < 60s — 540 X 10°C
MeTaMe Ol TO3HATOTO BPeMe M eJIEKTPUYHA CTpY]a. S 1 1min )

Yekop 2: [Ipeitisopu 20 KOAUUECTHIBOILO eAeKIIPULECITIBO B0 KOAUYECIIBO 540 X 103C X I mole = 0.0560 mol e~
eaekitiponu. 3a Toa HU e ToTpeOHa PapajieeBaTa KOHCTAHTA. ' 96,485 C

Yekop 3: Bps ocnosa na pasenkailia Ha foaypeakuyujaiia ioe8p3u 20 Ko- 0.0560 mol e~ X 1 mol Au — 0.0187 mol Au
AUHECIIBOTIO eAeKIPOHU €O KoauUeciigoitio ipodykii. Cropefn ’ 3mole” ’
penyKImcKara nonypeaximja, 3 MOJIOBH €IeKTPOHH ce TOTPEOHH
3a JoOuBambe efeH Mol Au(s).

R TiayaT 7 5 = = 197.0 g Au

Yekop 4: M3epuu tipeiiigoparse Ha MOA0BUILE B0 2PAMOBL UPOOYKII. 0.0187 mol Au X = 3.68 g Au

MacaTa Ha AU € TpON3BOJ] Ha MOJIOBATE 1 MOJIapHATa Maca. I mol Au

MPOLIEHA
ITa 3aGemeskuMe Jleka 0Baa IPECMETKA MOXKE Jla Ce HAIPaBH BO efieH 4ekop. [IpecMeTKaTa BO efIeH YeKOp UMa MPEHOCT WITO IO H3GErHyBa
3a0KPYKYBABETO HA PE3YJITATOT, ITO MOXKE JIa CE HANPABH BO CEKO] OJJIENIEH YEKOP, TITO MAK HA KPAjOT PE3YIATHPA CAMO CO NPUOIMKHO TOUEH
pesyarar. Cenak, BoO 0BOj KOHKPETEH CIy4aj, PE3YNTaTOT € HIEHTHYEH:
60 min 60 s Imole” 1ImolAu _ 197.0g Au

C
?7gAg = 150— X 1h X X — X X — X = 3.68 g Au
S 1h 1 min 96,485 C 3mole 1 mol Au

BEXBA 18.13A
Korky Bpeme Tpeba fia Tpae enekTponusata Ha pactsop ofi CuSO,(aq) 3a fia ce go6ue nenosut off Cu(s) co maca 1,00 g co crpyja ofy 2,25 A?

BEXBA 18.13b

Kynomerap e ypef 3a Mepee Ha KOTHYECTBOTO eleKTpuIecTBO. EfieH BUj KynoMeTap IPeTcTaByBa Kejluja 3a eJIeKTPOIIN3a CO IIAaTHHCKH
enexTpou Bo pactsop Ha AGNO, (aq). Axo 2,175 g Ag(s) ce ienoHnpaaT Ha KaToflaTa 3a BpeMe Ha eIeKTposu3a mTo Tpae 21 minu 12 s, (a) Konkaso
€ KOIMYECTBOTO ENIEKTPUUECTBO U3PA3EHO BO KYJIOHH IITO IOMUHANO HU3 KenujaTa 1 (8) KONKaBa € eeKTPHYHATA CTPYja U3pa3eHa BO aMIepu?

Mpumep 18.14 [Mpumep 3a npoueHa

Bes 0a epuwiuw Oetliaanu tipecmeitiku OTIPENIEITN Off KOj pacTBOP Ke ce M3JBOY HajrojeMa Maca
MeTal Ha IUIAaTHHCKA eJIEKTPOfia 3a BpeMe Ha elekTponu3a co crpyja of 1,50 A 3a 30,2 min Bo
pactBop Ha: CuSO,(aq), AgNO,(aq) umu AuCl.(aq).

AHAIU3A U 3AKNY4HoLU
Moske 1a TOYHEME CO CIIOPE/yBakhe Ha KATOXHATE MOy PEaKI:

AKTMBHOCT BO BpCKa CO Cu*™ +2e” — Cu(s) Agh+e — Ag(s) AU +3e — Aus)
= enekTpogenosunuuja Ha Op paBeHKHTE MOKe 1a BUIME IeKa CO CEKOj MOJI €JIEKTPOHH € MOYKHO fia ce fo0ujaT
i meTanu

%mol Cu(s) mwm 1 mol Ag(s) wm %mol Au(s)

Co kparok nornept Bp3 nepuogHuoT cucreM (Cu = 63.5 u; Ag = 108 u; Au =197 u) moxe fa
3aKIyunMe

Macara Ha % mol Cu <Macara Ha% mol Au < Macaranal mol Ag



18.11 o

On pacrsopot Ha AgNO,(aq) Moxe f1a ce Jo0He Hajronema Maca MeTaJ. [la cnoMHeMe JieKa He
Mopa fia TH KOpPACTAME BPETHOCTHUTE 3a CTPyjaTa M BpeMeTo, OHejKi ToYHaTa Maca MeTal IITo Ke
ce fo6ue He Tpeda fia ja mpecMeTame.

BEXXBA 18.14A

be3 etanHu npecMeTKH, OMpeJIeITH KOj Off CIICJJHUBE PACTBOPH Ke J1ajie HajroemMa Maca rac (mpu
CTaH/ap/ieH IPUTHCOK ) HA INIATHHCKA aHOJA aKO SJHAKBO KOJIMIECTBO ENEKTPHICCTBO IOMIHE HU3:
Mg(NO,),(aq), NaCl(aq) nmm Kl (aq).

BEXBA 18.14b
Omnpepenu Koj o cnefauBe pacTBopu Ke aaze 1,00 g qBpeT MeTan Ha IIaTHHCKA KaTofa 3a
HajKpaTKO BpeMe MpH eNeKTposm3a co cTpyja ox 2,50 A: (a) 100,0 mL ox 1,00 M NaCl(aq), (6) 50,0
mL ox 0,50 M CuSO,(aq), (8) 150,0 mL ox 0,25 M AgNO,(aq) u (1) 125 mL ox 1,00 M NiCl,.

18.11 [pumeHa Ha enekTponusara

ITocTojaT MHOrY pUMepH 3a MPaKTUYHA NIPUMEHA Ha eneKTposnusarta. OBaa riasa Ke ja
3aBpIIIME CO Pa3srieflyBaibe Ha HEKOIKY Off HUB.

HpOI/BBOIICTBO Ha XeMHKA/TUU CO €JICEKTPOJIn3a

EnexkTponu3ara urpa BaskHa yiIora BO MPOMW3BOACTBOTO HA MHOTY CYICTAHIUH: HATPUYM
(cmuka 18.21), kamumym, Maraesny™, anymunuym (Imasa 21.3), 6akap, IMHK, cpeGpo, BOXOPOT,
XJ10p, (hIIyop, BOTOPOATIEPOKCH], HATPUYMXUAPOKCHA, KATMYMINXPOMAT 1 KaTMyMIIEpPMaHTaHaT,
KaKo ¥ MHOTY Apyru. EfHa off KoMepIujaiHo HajBaXKHUTE eleKTpoiu3u ¢ oHaa Ha NaCl(aq).
BkymHaTa peakiyja Ha oBaa eJeKTpOJIn3a BO jOHCKH OOJIMK ja HaMIIaBMe Ha cTpaHuIa 783, Ho
OBJIe MO3Ke TIOBTOPHO JIa ja HaluIIeMe BKIy4yBajku ru 1 Na* joHuTe:

2Na*(aq) + 2ClI” + 2H,0(1) — 2 Na'(aq) + 2 OH (agq) + Hx(g) + Cls(g)
Harpuymxunpoxcnn Bonopon Xnop

Hajuecty IpogyKTH ce TaCOBUT XJIOP ¥ HATPUYMXHUIPOKCH]] BO PACTBOPOT. 3aT0a, €l1eKTPOInu3aTa
Ha NaCl(aq) ce HapekyBa X10poajKajeH mpolec.

EnHa BooOnyaeHa xjiopoaikaiHa Kenuja, HapeueHa Kenuja co aujacparma, e HapTaHa Ha
cmukaTa 18.22. HajaxHo Bo 0BOj TIpoliec € a ce cnpeun Memmame Ha Cl(g) co pacTBopoT Ha
NaOH(aq), buaejku XI0poT TUCIPONOPIHOHIpa Bo aikaiHa cpenuna o ClO™ u Cl. Tujadpparmara
Ha KelujaTa ja cipeuyBa oBaa peakiuja. XaopoaakalHaTa Kellija Mopa Jja FO CIIPeyur X MEIambeTo
Ha Cl(g) u H,(9), 6upiejku oBue racoBU MOXKAT EKCILTO3UBHO J1a pearupaar.

——Hiihl—

Cly(g) Hy(2)

JfL JtL_ﬁ\

AHopneH Tnjacppama Karonen
IpOCTOp 1 KaTojla IpOCTOP

MpumeHa Ha enekTponusata 787

dunm 3a enekTpoaenosuumja
- (ranBaHu3auuja)

<« CJIUKA 18.22 XnopoankarnHa
kenuja co gujacdhparma

AHopata e u3paboTeHa Ojf TUTAH ITO €
ob6paboteH Ha moce6eH HaunH. [lmjadparmara
1 KaTofiaTa ce H3paboTeH! Ol KOMIO3UTHU
MaTepHjal COUMHETH Off cMeca Ha a30ecT 1
NONUME JIETIOHNPAHH HA YeTTMYHA MPEXKa.
PaznukaTa BO HUBOTO Ha JIBaTa pacTBOPH ce
ofpkyBa co HapieryBatbe Ha NaCl(aq) Hu3
nujacpparmara.
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IIpumena

[lenosuuujata Ha cpebpo e noyHMdopmMHa
o pacteop Ha [Ag(CN)]-(aqg) oTkonky of,
pactBop Ha Ag*(aq). 3aToa umjaHugHm
pacTBOpM YeCTO ce KopucTaT npu
fenosvuuja Ha cpebpo.

A anBaHu3auujaTa ce KOpUCTM 3a
Aa ce nogobpar usrnefoT u TpajHocTa
Ha pas3nuyHn NpeameTy, NOYHyBajku
op 6ebeLuky 4eBnn [0 aBTOMOBUMICKK
Kapocepuu.

CeondpateH npumep

Enextpoaeno3unuja Ha MeTaau (rajJBaHu3anuja)

EnexTtponusarta Moxe Jla ce ICKOPHCTH 32 MPEOKPHUBALE Ha €leH MEeTall CO APYT, U TOj POLIeC
ce HapeKyBa eJeKTPOfENO3MLja Ha MeTaJ! U 2a1eanusayija. OGUYHO MPEAMETOT ITO Tpeda
fla ce rajIBaHU3KpA, Ha IpUMep JIakuLa, € U3paboTeH off eBTUH MeTall. [ToToa ce mpenokpusa co
TEHOK CJI0j OYOaB CKall METaJ, OTIIOPEH Ha KOPO3Hja, KaKo LITO € Cpedpo miu 3naTo. PUHATHHOT
IIPOM3BOJ] € MHOT'Y ITOEBTHH OTKOJIKY Ia € U3pabO0TeH LeTIOCHO Off CKAIIMOT MeTaJL.

Kesmja 3a ransanmsanuja co cpebpo e mpuKaskaHa Ha caukata 18.23. AHopaTa e mapue
4uCTO cpedpo, TaxkuIaTa e KaTofia, a PaCTBOPOT Ha CPeOPOHUTPAT € eNeKTPOIIUT. 3aMUCIH ieKa
JaXWIaTa ja 3aMeHyBa INIaTHHCKATa eNeKTPOojia CIoOMHATa Bo npumepoT 18.116, ma peakiujata
Ha eJIEKTPOJIM3a Ke TH Oufie jacHa:

Ag(s, amoga) ——> Ag(s, kaToma)

Barepnja
|||||—‘\\'
o
Ag
‘1 _ JTaxxuma
--],—— Ag*

| Ag* <CJIMKA 18.23 EnekTpoxeMucka
Kenuja 3a nocpebpyBame

| AmHopiata e napue cpedpo, a KaTojaTa e

= JKEJIE3Ha JIaXKuLa.
h: AgNO;(aq)
———

CrnyueH e ¥ MpoLecoT Ha rajBaHM3alyja 3a MPevyncTyBame 0akap, KOj MHOTY IIMPOKO ce
KOPHUCTHU BO MHAYycTpHujaTa. bakap co BHCOKa YHCTOTA € MHOTY Ba’K€H 3a MPOM3BOACTBO Ha
ypenu Kajie IITo eJeKTpUYHaTa CIPOBOAIMBOCT Ha 0akapoT e BaxHa. OOMYHO, rojeMa KaToja
op 6aKkap Co MpUMEeCH I TeHKa KaTojfia Off 4icT 6aKkap ce IOTomyBaaT Bo pacTsop Ha CuSO,(aq).
Kako 1 Bo cityuajoT co cpeOpoTo, IEJOKYITHHOT NpolieC € IPEHOC Ha aTOM Ha 6akap Of aHojiaTa
Ha KaTopara:

Anooa: Cu(s, oneuncren) —> Cu?*(aq) +2 e
Kaitiooa: Cu*(aq) + 2e- —— Cu(s, uncr)
Bryiina peaxyuja: - CU(S, oneuncren) Cu(s, umcr)

Enextponmusara ce ofjBuBa ce fofeKa He ce MOTPOLIN aHOAAaTa, a KaTofaTa fia cTaHe Aedena
Iova.

Bupejku 6akapoT mojaecHo OKCHMpa OTKOIKY cpeGpOTO 1 371aTOTO, OBHE J[BA METAIH TOKOJI-
Ky ce IPUCYTHH BO OHEUNCTEHNOT Oakap, OTnaraar of aHofiaTa 1 ce TaJoxXaT Ha JHOTO Off CajjoT
3a esqekTponn3a. OBOj T.H. aHOIEH TAJOT Ma BHCOKA BPETHOCT M CO HEr0 OOMYHO IIETIOCHO Ce
MOKPUBAAT TPOLIOIHTE 32 eNeKTpopauHIpameTo Ha 6aKapoT.

Baxen n3Bop Ha cpedpo € HHIYCTPHCKHOT IIPOLEC BO KOj ce JOOMBA ONOBO Off ONOBHA PYAH. [IpoleHTOT Ha cpeGpo BO MPUMEPOK Ha OJI0BO
co maca 1,050 g ce ompepienyBa Ha ClIeTHIOB HAUWH: IPIMEPOKOT CE€ PacTBOpa BO a30THA KucenHa, pu mTo ce fodmsa 500,0 mL pacTBop mto
compxu Pb**(aq) jonn u Mano konmyectBo Ag*(aq) jorn. Bo pacTBOpOT ce BHecyBaat JIeHTa Off YHCTO cpebpo, AJ(S), M CTaHap[iHa €NeKTpofIa
m3paboTena o cpedpo-cpedpoxiopuy. [IoToa ce Mepu MOTEHIMjaTHATA pa3uKa IOMery IBEeTe eNeKTPOH, IPH LITO JIEHTATa Off YICTO CPedpo
ce TpeTnpa Kako Karoja. Bo efieH Bako ciyuaj e onpejienesa noreHuujansa pasmuka og E, . =0.281 V. Konkas e MaceHnoT yaen Ha cpeGpoto

n3pa3€H BO MPUMEPOKOT Off 0110B0?
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CTPATEIMJA
Harma ipBa 3aaua e (i) 1a T mpeno3naeMe MomypeakuuTe Bo hopMupanara Kemmja, (i) 1a ri onpepieive HIBHATE CTaHAAPAHI TTOTEHIH] T
u (iii) ga ja ompenenume BpeHocta E°, . 3a Kemujara. [ToToa MokeMe fia ja HanuieMe HepHcToBaTa paBeHKa 3a peakijujata Ha KeJmjaTa, fia ja

Keama
o . : 1 +
TIOBpP3EME U3MEpEHAaTa BpEAHOCT Eﬁen"jﬂ CO BpE€THOCTa E° M OTTYKa J1a Ja HajIEME BPEJTHOCTA 3a HETIO3HAaTaTa KOHICHTpalnja [Ag ] Ha cpereHI/ITe

Kkemija®

jonn. Kora Ke ja 3HaeMe KOHIIEHTpalujaTa, Ke MOXKe Jia 'l ONpefielnMe KOINYECTBOTO 1 MacaTa Ha cpebpoTo Bo mpuMepokoT. [ToToa Moxe fja
TO IpecMeTamMe TIPOLEHTYATHIOT Y/es Ha BOOONYAaeH HAuMH.

PELWWEHUE
[Tonypeakiunte 1 HUBHUOT CTaHAapfeH Io- Ag+(aq) +e —— Ag(s) ° = 0.800V

TEHIIMjaJl MO3Ke J1a Ce ONpefieNaT Off I0AaTOKOT B. B B
! . AgCl(s) + e —— Ag(s) + Cl (aq) E° = 02223V

Bo BKynmHaTa peakiuja Ha KemujaTa, pelyK- Peoykuyuja: AgT(aq) + e~ — Ag(s)
1ujara ce OfBMBA Ha cpebpeHaTa Katoya, a oK- Ot Ag(s) + CI(aq) AgCl(s) + ¢
cujaljaTa Ha cpedpo-cpedpOXIOpHIHATA AaHOMA. -

Bieyitua Ag'(ag) + CI (ag) — AgCl(s)
peaxuyuja:

1 o
HoToa ja ompenenyBame E temja 38 BKYTHATA E%Mia: E°( xaroma ) — E°(aH0ua)
peaxuja.
= E°(penykumnja) — E°(okcunanmuja)

= 0.800V — 0.2223 V = 0.578 V

Cera ja 3anmiryBaMe peakijijaTta Ha KenmjaTa, Ag'(xM) + CI'(1 M) — AgCl(s) E =0281V
3a€[IHO CO U3MEPEHATa BPEJHOCT 32 Em“ja. [pu-
TOa, HeMO3HaTaTa KOHIEHTpanyjaTa ja iepunupa-
Me kako [Ag'] = X, a koHueHTpauujata Ha Cl e
crangapyHa, u uzHecysa [Cl] = 1 M, 6upnejku ce

paboTH 3a cTaHgapIHa eJIeKTPOya.

o 0.0592 vV
IMoroa muumyBame HepHcToBa paBeHKa Bp3 Eiin= Eons— —— log Q
OCHOB2 Ha OBUE MOJJATOLH. iz
0.0592V 1

0.281 V = 0.578 V — og
1 [AgT]ICl]

1
0.281 = 0.578 — 0.0592 log—1
70

1 —0.297
) Ja E)emaBaMe 0Baa paBeHKa 10 Helo3HaTaTa log— = — 502
X = [Ag*]. x  —0.0592
1
— = 0 = 1l 3¢ 7Y
x
x=10X107°M
, 1.0 X 10 > mol Ag*  107.87 g Ag” L
Ja xopucTMe 0oBaa BPEHOCT 3a f1a ja ompe- 7gAg = 0.500L X X =54 X 10"%g Agt
nenuMe Macara Ha cpe6poro Bo 500 mL pactBop. IL 1 mol Ag
lgA
54 %X 107 gAgt X %
Koneuno, mpn npecMeTyBameTO Ha MACEHHUTE % Ag = g Ag X 100% = 0.051% Ag
MIPOLIEHTH Ha CPedpPO BO MPIMEPOKOT, CMETaMe 1.050-g Tlpamepox

fieKa [eJ0TO MPUCYTHO Cpedpo BO MPUMEPOKOT
OUII0 IPUCYTHO ¥ BO PACTBOPOT.

NPOLIEHA

bBupejku cpeGpoTo € MPUCYTHO KaKo OHEUHCTYBake BO IIPUMEPOKOT, Tpeda fja 0ueKyBaMe IPOLEHTHHOT Y/iell Ha cpeOpoTo fa Oujie Mai. Bo
OBOj TIOTJIE]] HALIETO pelIeHre U3riefa pa3yMHo. Hajuecra rpemka npy BAKBH IPECMETKH € BO COO{BETHO KOPUCTEhE HA 3HALNTE BO PABEHKATE,
1 TOA Ha CTaHAApIHUTE eNeKTPOJHN MOTeHIujamu E°, Ha moTeHnujanoT Ha Kenujata E, . Kako M Ha 3HAKOT MpeJ] JOTapuTaMCKUOT M3pa3 BO

Kennja,

Hepncropara paBenka. Cekoj 4eKop MOpa BHIMATENHO [la Ce IPOBEPH [IANM € HCKOPHCTEH MPABIJIEH 3HaK BO TEKOT HA IPECMETKATA.
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I'Ipernep. Ha OCHOBHMUTE KOHUEenT™ n Kny4vyHn nommmn

18.1

18.2

18.3

18.4

18.5

HMonypeakunu — Bo enekTpoxemnjara ce pasriefyBaaT XeMUCKH pe-
aKIMI BO KOW Ce CIyuyBaa pa3MeHa Ha eNeKTPOHH, OJTHOCHO peaKInn
Ha OKcHjalmja u pepykumja (penokc-peakunn). Eqna pefokce-peakumja
MOKe JIa ce TIOJIeJIN Ha JIBE MOoJIypeakiynin, e[Ha 3a OKCHaLuja, a Apyra
3a penykuuja. Ha npumep:

Okcudauyuja: Cu(s) — Cu®'(aq) + 2¢~

2Ag"(aq) + 27 — 2 Ag(s)
Bryina peaxyuja; Cu(s) + 2 Ag*(aq) — Cu2+(aq) + 2 Ag(s)

Peoyruuja:

NzepnavyBame Ha peJoOKC-peakiyy co oMo Ha noxypeaknun — ITo-
JIypaBEeHKHTE Ha IOJIypeaklUuTe MOXKe Jla C& N3PAMHYBaaT MOOMMEITHO.
Kora gBete nomypaseHku Ke ce cobepar 3a fja ce fobe u3pamMHeTaTa
BKYIIHA PEJJOKC-paBeHKa, OpOjOT Ha eNeKTPOHH LITO ce 1oOUBaaT BO
noJypeakiijaTa Ha OKCHalyja Mopa jia € eJHaKOB co OpojoT Ha erne-
KTPOHH LITO Ce TPOLIAT BO NOJIypeaKkuyjaTa Ha peayKuuja.

BonrMerap

KBaanrarueeHn onuc Ha BOJITHHATE KeJnn
— Bo Bositnna Kesmja, CIOHTaHa pefjoKc-
peakImja ce KOPHUCTH 3a JOOMBame eleK-
TpuuHa crpyja. [Tonypeakiuure Moxe fja
ce oABMBaaT BO nonmykenuu. Enekrpopure
BO JIBETE NMOJIYKeJInH ce MOBP3aHu CO XKUIIA,
a eJIEKTPOJIMTHUTE PACTBOPH BO ABETE 110-
JyKeNnuu ce MOBP3aHU CO eJIEKTPOIUTEH
Mmoct. Co coofiBeTHa KOMOMHAIja HA BE -
noayKenun ce 1o06uBa eIeKTpoXeMucKa
Kenuja. OKcupanyjata ce OfiBiBa BO aHO[[HATA OJTYKeIHja, a peflyKiuja-
Ta BO KaTOJHATa NmonyKenuja. [IBixkeuKaTa cCujla ImTo € IPUIKHA 32 Of-
BHBaIb€ Ha XeMHCKATa peaklija Ha eNeKTPOXeMHICKaTa KeJlnja ce BUKa
NOTEHIHjal HA KejaTa, E, .. [loTeHuujanor na Kenujara ce Mepi BO
sourtu (V) ¥ peTcTaByBa MEpKa 3a eHeprujaTa (J) Ha eJUHUIA TOTHEX,
Kajie ITO eANHeYHNOT nosHeX ¢ Kynou (C). lllemaTa Ha Kenmjara ce
THIIYBa CO AHOJjATa Ha JIeBaTa CTPaHa 1 KaTofara Ha iecHata. PaszHure
IPAHUIM ce O3HAUYBaaT CO BEPTUKAJIHA NUHH]A ([), @ €NEeKTPONUTHUOT
MOCT HJIM HEKOja ipyra Hopo3Ha Gapuepa co ABOjHa BepTUKAJIHA JTHHIja
(). KoHuenTpauunTe Ha pacTBOpUTE MOXKE Jla ce BHEcaT BO IEMaTa,
KAaKO ILITO € HAIPABEHO BO CJICHUOT IPUMEp:

Zn(s)|Zn?(0.10 M)||Cu*(0.50 M|Cu(s)

Cranpgapien elxekTpojen morennujan — Crangapaaara BogopoaHa
enekTpona nma H* jorn co aktupurer equanmua (~ 1 M) Bo pamHOTe-
’Ka co TacoBuT Bogopox H, (g, 1 bar ~ atm) na mHepTHa MmIaTHHCKA
enekrpona. CTaHapHAOT eNeKTPOIeH NoTeHIumjal, E°, 3a penykiucka
TMoJIypeakimja, ce OmpefeNlyBa MpeKy Cropeada co CTaHTapaHaTa BO-
TOPOJIHA €IEKTPOJa, Ha KOja i € PHIMIIIAHa BPEAHOCT 32 CTaHIapIHAOT
MOTEHIMjall HyJ1a BOITH.

Enekrponuren
MocT

¥ ﬁso,," N:;\: 1
o .LI’ v pil

E Yz so 2y g

B

Anona Karopa

PiH,(g. | atm)[H*(IM MCu(IM)ICu(s)

(aHopa)

(xaroya)

CrangapaHuOT MOTEHIHjall HA Keaujara, E® cemint
CTaHJlap/JHUOT TOTEHIIMjall Ha KaTofjaTa i aHOjlaTa:

€ pasnuka nomefy

0 — [Eo, N =)
E® emia = E°(xaTona) — E°(anopa)
EnexTpoann noTenujanm, CHOHTaHa NPOMeHa i paMHoTexa — Pefokc-
peakmujaTta 3a Koja E___. > 0 ce ogBuBa cnonraHo. Ako B, <0,
J kenuja kenuja
peakumjaTa e HecloHTaHa. YecTo OBHEe KPUTEPHYMH ce OfJHECYBaaT Ha
. .
CTaHJapAHN YCIIOBY, 1a BpenocTa 3a E°, . ce mpecmeTyBa KoprcTejku
TabelapHy BPEJHOCTH 3a CTaHJApPJHATE eJIEKTPOJIHU TOTEHIH]alH.
BasHo e mTo off BpefHocra 3a E° MO3Ke J1a ce TpecMeTaaT Bpey-

HocTHTe 32 AG® 1 Keq:

AG°=—-nFE°, =-RTInK
Kenmja eq

kemnja

18.6

18.7

18.8

18.9

CranjjapjiHaTa IpoMeHa Ha cl00OJIHATA €HEeprHuja € MOoBP3aHa co
GpOjoT eIEKTPOHH IPEHECEHH BO BKyIHaTa peakuuja (n), apageesara
koncranra (F) 1 craHgapgHUOT NOoTeHIuja Ha Kenmujara (E°

g Noco: ol
AG°= RTIHK/ \fcw— aF MKy
AG®

E°

emia)

AG®=-nF E°
Edexr Ha KOHIeHTpamjaTa Bp3 moTeHImjanor Ha Kemmjara — Heprucroara
paBeHKa ro IOBP3yBa IOTEHIIjaoT Ha KelijaTa IpH HeCTAHapIHH YCIOBI
CO CTaHJlaP/IHKOT NOTEHIMjan Ha Kenmujata E°, - . 6pOjoT Ha enekTpoHu (n),
peaxuucknoT KoedumueHT (Q). JJoKONIKY TOTEHIMjanoT € H3pa3eH BO BONTH
11 JIOKOJIKY Ce OJJHECYBa 3a TeMnepaTypa of 25 °C, paBeHKata I1aci

0.0592
—— o

— Fo
Kenmja n g Q

Kenuja -
Bo konuenTpamucka Kemja, HOTyKeIUUTE Ce COCTOJAT Off HACHTUIHI
€NIeKTPOJHU U eJIEKTPOIUTHI PACTBOPH, HO PACTBOPUTE UMAAT Pa3Iuy-
Ha KoHIeHTpanuja. Bo oBoj cnyuaj HepHeroBata paBenka n3paseHa Bo
BOJITH T0OMBa 00K

—0.0592
:T log O (1a?25 °C)

Kenuja
Barepnja: Kopucreme Ha XeMHCKHTe peakinn 3a J00MBame eIeKTPHIHA
crpyja — [Ipu KomeprpjansaTa ynorpeba, BOITHHATE KEIMH Ce KOPUCTAT
MOEAINHEYHO, I TIOBeKe Kenmn MeryceOHO TOBp3aHM, 3a J0OHBame Ha
HEKOja M0CaKyBaHa MOrojieMa BPEJJHOCT Ha ENeKTPUYHNOT HAIIOH MIIN
cTpyja. Bo npumapHrnTe Kenmu eneKTpoHATE PeaKIii ce NPeBep3NOITHIT,
BO CEKYHJIapHHUTE Kenuu THe ce peBep3udunuu. Cropey oBa, IpuMapHATe
Kenmu He MOXKaT IMOBTOPHO fla Ce HAIIOJTHAT, @ TOA € MOXKHO Kaj CeKyHAapHN-
Te Kennn. Bo ropuBHa Kenuja, HEKOe TOPUBO 1 KUCIOPOJ O BO3YXOT ce
COEAIMHYBAAT, MPH IITO ce F00MBAAT OKCHAIMCKA IPOAYKTH 1 XeMUCKaTa
eHepruja ce 0ca000/1yBa BO 00JINK Ha ENEKTPHYECTBO.

Kopo3uja: 3ary6a na meramm npeky popmuparme
sosrTunu Kemnn — Koposujara Ha Metanure ce
OJIBUBA BO QHOJIHU PETHOHH, KaJie IITO METANOT
OKCUIMPA, i BO KATOJHH PETUOHHU, Kajie IITO
KUCIOPOJOT Of1 BO3AYXOT Ce PeAyLupa u ce 0~
OuBaaT XUAPOKCUIHU jOHH. MeTaloT Moxe ja
ce 3alITUTH Off KOPO3Hja MPEeKy MPenoKpHuBa-
e Ha HeroBaTa MOBPIIUHA CO IPYT METal LITO
OMaJKy Kopoaupa. Bo MeTojjoT HapeueH KaTofjHa 3allITUTa, HEKO]
aKTHBEH METall ce KPTBYBA 3a fja OWjie 3allITHTCH HEKOj APYT MeTall,
KOj € TOMAJIKy aKTHBEH, IIPH LITO {BaTa METAIIM CE MOBP3aHU 3aC[IHO
BO BOJITHHA Kenuja.

Oylg) O4tg)
_ Popmmpatbe
P *pfa

Karona

Anopa

IIpenBuayBame Ha peaknuuTe HA eJeKTpoanM3a — Bo Kenuja 3a enek-
TPOJIN3a CO TOMOII Ha €JHOHACOYHA CTPYja AOBEJIeHa Off HaIBOPEIIEH
M3BOP Ha CTPYyja ce OBO3MOXKYBa OfIBUBAIC HA HECIIOHTAHH XEMUCKHI
peaknun. MoXHHATE IPOYKTH HA peakijaTa Ha eJIeKTPOoIIn3a MoXKe
7la ce MpEeBUAIaT BP3 OCHOBA HA BPETHOCTUTE 3a CIEKTPOJHUTE IO-
TEHIWjaJIl, NaKo W ApPYru hakTopu Tpeba fa bupar 6ugar 3eMeHN
npensuy. [ToHeKkoram noreHnujan mro e norosieM off E° rpe6a a 6upe
TPEMEHET IPH eJIEKTPONIN3aTa, KOj Ce HapeKyBa HaHANOH.

18.10 KBanTuraTnBua enexkrpoiamsa — KoamuecTBOTO Ha TPOAYKTH

NOOMEHN €O eJeKTPOIN3a 3aBUCH Off KOJTUUYECTBOTO €JIeK-
TPUYECTBO UCKOPUCTEHO 32 BpeMe Ha enekTpoausara. Op
Jipyra CTpaHa, KOJIM4eCTBOTO €JEKTPUYECTBO 3aBUCU Off MC-
KOpHCTEHaTa eJeKTPUUHA CTPYja W3MepeHa BO ammnepn (A)
U BpeMeTo NoTpebHO 3a ejekTponusata. Enen ammep ce fe-
¢uHIpa Kako

1A=1C/s

18.11 Ilpumena Ha enexkrpoam3ara — Enexkrponusara ce Kopucru

3a NpOU3BOACTBO HAa XEMHUKAJINU, pa(bI/IHI/IpaH)e METalu u
HaHECyBalk€ METAJIHN JICTIO3UTH - NPOUEC IMMO3HAT KAKO €JICK-
TPOXEMUCKaA nenomunja Ha ME€Tajii uin I‘aJ'IBaHI/IBaHI/Ija.



Tpeba pga 3Haeww

Kora ke ro CoBIagant MaTepI/IjaJIOT BO OBaa rjaaa, Ke MOKeII:

Jla ru onuIIe OCHOBHUTE MPOLECH BO €EKTPOXEMUCKITE KeNUHI IPEKy
peakiuuTe Ha OKCUAAIN]a U Ha PEAYKIHja.

Jla HanuIIen meMa Ha eIeKTPOXeMICKa Kellija, M BO MOCTOjHA 1IeMa
J1a TU IPENO3Hacll BKITYYCHUTE KOMIIOHCHTH.

Jla To ompejenuIl CTaHAAPAHUOT MOTEHIUjall Ha KelujaTa IpeKy
CTaHJapHUTE €JIEKTPOHH MOTEeHIUjaH.

Bp3 ocHOBa Ha CTaHJapiHUTE €ICKTPOJHH NOTCHIUjAIN [ia ja IPEJBH-
JIMII CIIOHTAHOCTA Ha peakijaTa Ha KelmjaTa.

Ila ru npecMeranr BpefHOCTHTE Ha AG® u K., O BpejHOCTa 32 CTaH-
JapHNIOT MOTEHIMjasT Ha KeJujara.

Jla ro ompepeuIl NOTEHIUjIOT Ha KeJijaTa BO HECTaH{aPIHH YCIOBH
npeky HepHcroBata paBeHKa.

Mpawara 3a camonpoBepka

1.

10.

Koja e pasznmkaTta moMery OKCHIAIMCKO-PENYKIMCKA peakiuja u 1Io-
nypeakuja?

1lITo o3HauyBaaT cleHUBE TOUMH:

(a) enexTpopga (r) xaroga
(6) momykenmja (m) anoma?

(B) BONTHHA Kenwja,

Koja e ynoraTa Ha eJIeKTPOTIMTHHOT MOCT BO €JIEKTpOXeMHCKa Kennja?

Kou ce cnimunocTuTe 1 pa3nuKuTe noMery BOITUHATE KeJIMU U KeTATe
3a enekTponuza’?

Kon Ofl CIETHUBE TBPJICHA CE€ TOYHU BO BPCKa CO MPETBOPAKBLETO Ha
NpO?** Bo Np*?

(a) Toa e mpouec Ha okcupanyja.

(6) Moxke j1a ce ofBUBa caMO BO €JIEKTPOXEMICKA KeJnja.
(8) Toa e pegyKuucku mporec.

(r) Toa e okcHanUCKO-peNyKIUCKA IpoLEeC.

Bo enexTpoxemucka Kenmja mTo paboTu KakKo BONTHHA Keinja, Koe Ot
CJIeTHIBE TBPJEHa € TOUHO?

(a) EnexkTpoHute ce ABMKAT Off KATO[aTa KOH aHOJ|aTa.
(6) EnexTponure ce [BIKAT HA3 €NEKTPOIUTHHOT MOCT.

(r) EnexTponurte MOXe fia ce BIZKAT WM Off KaTOflaTa KOH aHOAaTa,
WITH Of aHOflaTa KOH KaTojaTa.

(m) PenmykumjaTa ce ciyuyBa Ha KaTofara.

Kou opf cniefiHuBe MapoBH TEPMUHI HMAAT HICHTHYHO, 8 KOU PA3IHIHO
3Hauewe? ObjacHu.

(a) Hanon Ha KenujaTa uin NOTeHIUjas Ha KenujaTa.
(6) EnexTpopeH NoTeHNujal U CTaHAapACH eNeKTPOJICH MOTEHIHjall.
(8) Ilomykenmja n momypeakimja.

Hekou cTangapiHu €JIeKTPOJHA MOTECHIMjal UMaaT MO3UTHBHH, a
HEKOM HeraTHBHU BPEIHOCTH. MO3Ke 1M eJIEKTPOJJHUTE MOTSHIHjalIn 1a
ce epMHMpAaT Ha TAKOB HAUMH LITO K& OBO3MOXKH CHTE []a MMaatT UCT
3HaK?

Bpepnocrana E°, . 3a peakunjara Zn(s) + Pb*(1.0 M) —— Zn*(1.0

M) + Ph(s) ¢ +0,66 V. Konkaga ¢ Bpegrocra Ha E, . 3a peakumjara Zn(s)
+Pb?*(0.01 M)—— Zn#(0.1 M) + Ph(s)?

(@) 0,72V (8) +0.66V
) 10,69V (r) +0,63 V.

Koj e KpuTepuyMoT 3a CIIOHTaHa XeMHCKa IPOMEHA CIIOpef] BpeHOCTa
Ha IIOTEeHIHUjaIoT Ha KenujaTa? O6jacHH.

11.

12.

15.

16.

17.

18.

19.

20.
21.

22,

23.

24.
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Mpawaksa 3a camonpoBepka

Ja ja kopuctuin HepHcToBaTa paBeHKa 3a IIPECMETYBambe Ha NMOTEH-
LUjajIoT Ha KenlujaTa BP3 OCHOBA Ha 3aaJIeH BPEJHOCTH 33 KOHIEH-
TpaluuTe BO MOMYKEIUUTE, UK [1a ja IpecMeTall NoTpeGHaTa KOHIEH-
Tpalyja 3a Jo0MBambe HEKOja II0CaKyBaHa BPEIHOCT Ha MOTEHIUjaNoT.

Jla ru onmiren ocoOMHUTE Ha MPUMapHATE 1 Ha CEKyHlapHATe GaTepuu,
a 1 Ha TOPUBHUTE KEIHH.

Jla ro ommImern mpounecoT Ha KOpo3uja Bp3 OCHOBA HA OKCHAALUCKH U
PEeRYKUUCKH TOTypeaKIum.

Ha TU OpeABUIUII NPOAYKTUTE HA €JIEKTPOJIU3aTa Bp3 OCHOBA Ha
CTaHAAPAHUTE CJIEKTPOTHUA HOTCHIII/IjaJ'II/I.

Jla ro mpecmeral KOJMYECTBOTO CYNCTaHIMK WTO Ke ce gobujaT
UM NOTPOIIAT 32 BPEME Ha €NEKTPOJIM3aTa NMPeKy MOTpolleHaTa
eNeKTPUYHA CTPYja M BPEMETO Ha eJIEKTPOJIM3aTa.

Kou f1Ba MeTasu off ce[fHaBa rpyma Hema Jja ce pacTBOpaT BO pacTBOp
mrro coppxku 1,0 M H* jorn: Mg, Ag, Zn, Fe, Au?

OG6jacHn 301ITO BPETHOCTHTE HA €IIEKTPOAHHATE IIOTEHIN] Al MOXKeE /1A
ce ICKOPHCTAT 3a IIPefiBUlyBatbe Ha CIOHTAHOCTA I HA XeMUCKHI PEaKIHH
IITO HE ce OfBHBAAT BO ENEKTPOXEMICKH Kenn. [lai ocTojaT peak-
1N 3a KOM He MOXKe JIa ce JoHecaT BakBH 3aKinyyoru? OGjacHH.

Axko E°kmj“< 0, mamy CIOHTaHOTO Of[BUBA-E HAa peaKIyjaTa Ha KeJmjaTa

€ NCKITy4eHo npu Kou 6mino ycnosn? OGjacH.

IITo e koHneHTpanycka Kennja? Konkasa e BpegHocra Ha E, . 3a

KOHI[eHTpalmcka Kennja? KakBa e BKymHaTa XeMHCKa IIPOMEHa Kora
BO BaKkBa Kenmja Teve crpyja’?

EnHa KOHIEHTpaIKCcKa KeJnja € cocTaBeHa Off CTaHAap/iHa BOJOPOJiHA
eNeKTPOfia 1 Off BOJOPOJIHA €JIEKTPOJIA CO HEMO3HATa KOHIEHTpaluja
Ha H* jonuTe, Unj MOTEHIHU]an U3HECYBa Eemin = +0,256 V. Konkasa e
BpeHOCTa Ha PH 3a HEMo3HaTHOT pacTBOp?

Koja e pasnukaTa momery npumapHa 1 ceKyHaapHa Kenuja? [1aj mo efen
TpUMeEp 3a CEeKOj BUA.

IlITo e ropusHa Kennja? Koj € OCHOBHHOT NpUHIMI Ha paboTa HA OBO]
ypen?

O0jachu ja eleKTpoxeMuckaTa nIpupopa Ha koposujata. Mckopucri ja
KOpO3HjaTa Ha XeJle30To KaKo MpuMep.

OGjacHu 30IITO XKeNe30TO N0OP30 KOPOAUpa Off ATYMUHUYM, HAKO
KEJIe30TO € MHOTY IIOMAJIKy aKTHBEH METall Off allyMHHAYMOT.

IlITo e karopua 3amrura? Kako ce o6e36eqyBa 3amrura nputoa?

Kaxko moxe J1a ¢e omnpeaean HallOHOT HOTpCGEH 3a CJEKTpOoJIiM3a Bp3
OCHOBaA Ha €JIEKTPOAHUTE HOTCHHI/IjaJ'II/I?

Peaxmujata Cu?(aq) + 2 Cl (aq) —> Cu(s) + Cl,(g) uma BpegHOCT 32

E"m"ja =-1,02 V. Koj op cieHuBe ncKasy € ToueH?

(a) PeaknujaTa MoXKe ia ce U3Be[lyBa BO Kelllja 3a eJIeKTPOoJIn3a.

(0) PeakuujaTa MOXe J1a ce HICKOPUCTH 3a JOOMBAbE €JIEKTPHYHA CTPY-
ja BO BOJITHHA KeJnja.

(B) PeaxmmjaTa ce ogBmBa cekoramr Kora BO BOJIEH PacTBOp Ke ce
cpernar Cu* u CI-.

(r) Peakmmjata MoxXe fla ce ciaydyBa BO KHCElN, HO HE U BO 0a3eH
pactBop.

Janu nmpegmeToT To Tpeba Aa ce raaBaHu3upa Tpeda aa buae KaTtona
WM QaHOJA BO KenpjaTa 3a eeKTpoiau3a? 30IITo e BasKHO oBa?

KonndecTBOTO €n1eKTpUiecTBO WITO € MOTPeOHO 3a Jo0uBame Ha 4,5 ¢
Al co penykumja Ha APP*(ag) Moske J1a MpOU3BENIE BOJYMEH Off FACOBUT
BOJIOPOJI TIPH CTaHJJap/IHH YCIIOBH OfI:

(a) 448L (r)112L

(©) 224L (W) 5.6L.
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25.

26.

27.

28.

nasa18 e Enektpoxemuja

Mpo6nemu

OKcnaanucKo-peyKIICKH peakuun

HOHOHHI/I TA 1 U3PaMHU T'¥ CJI€THUBE MOJYPaBEHKH, U O3HAYU T'O MPO-
1IecOT KaKo OKCHfalija UIu peRyKuuja.

(@ HN,O(aq) —— NO,(g) (xucen pacrsop)
(®) PbOZ(S) — PbO(S) (xucen pacrsop)
() CH,CH,OH(aq) — CO,(9) ()

JIOTOHY I'M 1 U3PaMHH T CIIE[JHUBE MOMYPABEHKH U O3HAYM IO TIPOILie-
COT KaKO OKCHJIALja MM PEAyKIHja.

(@ ClO,(g) — CIO, (xucen pacrsop)
(%) MnO[(aq) E— MI’]OZ(S) (6a3en pacTBop)
(8) SbH,(g) — Sb(s) (6asen pactsop)

Co METOAOT Ha IOJypEaKIMi U3paMHU I'M CIIE€[AHUBE PEIOKC-PAaBEHKU
LITO Bazart 3a KuceJsia cpeinHa.

(@ Fe*(aq) + Cr,0,*(aq) — Fe**(aq) + Cr**(aq)
®) S,(s) + O,(g) — SO,*(aq)
® Fe**(aq) + NH,OH,"(ag) — Fe*(aq) + N,O(9)

Co MeToioT Ha nonypeaknuuum Uu3paMHU I' CIIETHUBE PEOKC-PABEHKU
HITO BazKart 3a KHuceJsia cpeinHa.

@ Ag(s) + NO, (aq) — Ag*(aq) + NO(g)
%) H,0,(aq) + MnO, (ag) — Mn?"(aq) + O,(g)
® Cl,(g) + I (ag) — Cl (aq) + 10, (aq)

EnexkTponnn noTeHmujaam i BOJATHHH Kellnn

ITo norpe6a kopuctu ru nogarouute of Tabenara 18.1 u fogaToxor B.

33.

3a HalpTaHaTa BONTUHA KeNlyja HAIHUIIY ja peaklujaTa Ha Kenujata u
OIIPEJIeIH ja BPEHOCTA IITO Ke Ce [0jaBi Ha BOITMETAPOT aKO METajIoT
M e (a) Sn, (6) Zn u (B) Cu. [Ta cnomMHeMe jieKa BOITMETApOT MOKeE J1a
OTYATYBA [IO3UTUBHA W HETATHBHH BPEJHOCTH.

Bontmerap

Enexrtponuren
MocT

V341 M),
VM)

29.

30.

31.

32

34.

Co METOAOT Ha MOJYpEaKIUN U3paMHU T' CIEJHUBE PENOKC-PaBEHKUA
IITO BaxkaT 3a 6a3Ha cpeauHa.

(@) Fe(OH),(s) + O,(g) — Fe(OH),(s)
@) Sy(s) — S,0,7(aq) + S*(aq)
® Crl(s) +H,0,(aq) — CrO,(aq) + 10, (aq)

Co METOAOT Ha MOJYpEaKIun U3paMHU T' CIEJHUBE PENOKC-PAaBEHKUA
IITO BaxkaT 3a 6a3Ha cpeauHa.

(@ CrO,*(aq) + AsH,(g) —— Cr(OH),(s) + As(s)
(6) CH,OH(aq) + MnO, (ag) —> HCOO (aq) + MnO,(s)
® [Fe(CN)J*(aq) + N,H,(aq)

— [Fe(CN) J*(aq) + N,(9)

Hanumn n3paMHeTa paBeHKa 3a (a) peakiyja Ha OKcallHa KUCEIMHA
(HOOCCOOH) 1 mpeMaHraHaTHH jOHH BO KUCEJa CPEJIUHA, IPH ILITO ce
no6usaat Manras(ll) jouu u rac jarnaeponauokcuy, (6) peakiuja momery
Cr,0,> n UO*, npu mrro ce fo6usa UO,* u Cr** Bo Kucena cpefiuna, (B)
peaxiyja Bo 6a3Ha cpefiiHa moMel'y HUTPATHY jOHH ¥ IMHK, TP LITO ce
106UBAAT HUHKOBU jOHH U TACOBUT AMOHH]aK.

Hammmmm m3pamHeTa paBeHka (a) 3a peakumjaTa Ha THOCYI(hAaTHA
W TIepMaHraHaTHH jJOHU BO KHCella CPEeMHA, NIPH LITO ce 1oOMBaaT
cyscparhu jorn u Manras(ll) jorwu, (6) 3a peakiujata Ha IepMaHTaHATHH
jonnu 1 anerannexu (CH,CHO) Bo Gasna cpejiuna, mpu ImTo ce fo0uBaat
Manrat(lV)okenp 1 aueTaTHH joHH, U (B) 32 AUCTIPONIOPLUOHNPAETO
Ha MaHraHaThu jonn (MnO,*) o mepMaHraHaTHU jOHH M IBPCT MaH-
rau(IV)okcuy Bo 6a3Ha cpefinHa.

Op 3ajaieHnTe BPEAHOCTH 33 CTaHJApHIOT MOTCHIMjal Ha KeJujata

OTIpefiesIH ja BPeJHOCTA HAa CTAHAapAHUOT EJIEKTPOJCH MOTEHIHjal,

E°, 3+ @KO MeTasIOT €: () In, E°, . =0,086V (6) Cr,E° . =-032V
amja Kennja

() TI,E° =1,14 V.

Kennja

Bontmerap

cR M),
LCrYI M)



35. la ce ompepenu BpefHOCTa Ha E° 3a momypeakuumjaTa
3V(s) + 2 SbhO*(aq) + 4 H*(aq)
—— 3V2(aq) + 2 Sh(s) + 2 H,0(I) E°

Kenmja

=1334V

3HaejKu eka E° ».,, = -1,13 V 1 eka BKyIHaTa peakiyja Ha KenyjaTa e

SbO*(aq) + 2 H*(aq) + 3~ — Sh(s) + H,0O(l)
36. [Ta ce ompenenu BpetHOCTa Ha E° 3a mosrypeakmmjara
2 Cul(s) + Cd(s) — Cd*(aq) + 2 I (aq) + 2 Cu(s)
Eokeﬂuja =+0.23V

3HaejKn eka E° p. ., = -1,13 V 1 ieka BKynHaTa peakuuja Ha KemmjaTa €

2Cul(s)+2e —> 2 Cu(s) + 21 (aq)

37. 3a BonTHHATA Kenmja IMeMa, BpeTHOCTA Ha CTAHAAPAHNOT MOTEHIHjal
Ha Kemmjatae E°. . =147 V.

V(S)I\‘/z*(l M)lICu*(1 M)|Cu(s)

M o
Onpenenn ja BpejHocTa Ha E° . .

38.  3aBonTHHATa Kenwja meMa, BpeIHOCTa Ha CTAaHAAPAHNOT MOTEHIHjall
Ha Kenmjatae E°. . =373 V.

Kennja

Y(s)Y?**(1 M)JICI (1 M)|CL(g, 1 atm)|Pt

1 o
Onpenenn ja BpeiHocTa Ha E° 3.

E° N CIIOHTAHOCT HA PEIOKC-peaKnnn

Kemmja
ITo morpe6a xopucrn ru nogaronute off Tabenara 18.1 n gogaroxor B.

43. Jlanu cnennHuBe peakuuu ce cnontanu? [IpeTnocraBu geka curte yuec-
HMIIY ce BO HUBHATA CTaHap/iHa COCcToj0a.

(@ Sn*(aq) +2 I (agq) — Sn*'(aq) + 1,(5)
) 2 MnO,(s) + 3 CIO (aq) + 2 OH (aq)
— 2MnO, (aq) + 3 CI (aqg) + H,0(l)

44. [lanu ciegHUBE peaknuy ce cionTann? [IpeTnocraBu feka cuTe ydec-
HIIN ce BO HUBHATA CTaHAapAHa COCTOj0a.

(a) Sn(s) + Co?*(aq) ——> Sn?(aq) + Co(s)
(6) 6 Br (ag) + Cr,0,*(aq) + 14 H*(aq)
— 2Cr¥*(aq) + 7 H,0(l) + 3 Br,(l)

45. TlpeaBuju fanu Ke IMa 3HAYUTETHO (BOOWINBO) OJIBUBAKLE HA CIIC/IHUBE
POLECH:

(a) Penykuuja na Sn**(aq) go Sn** (aq) co Cu.
(6) Oxcupanuja na l,(s) 1o 10,7(aq) co O,(g) Bo Kucena cpefuHa.

(8) Oxcupanmja Ha Cr(OH),(s) zo CrO,*(aq) co H,0, Bo Ga3Ha cpe-
JUHA.

E° s AG°, K.,

Kemmja,

51. Ompepnenu ru BpeJHOCTATE Ha E°m“iu1/1 AG® 3a ciieffHIBe peaKIuHu:
@ O,(9) +41(ag) +4 H"(aq) — 2 H,0(I) + 21,(s)
%) Cr,0,(aq) + 3 Cu(s) + 14 H*(aq)

—> 2Cr¥*(aq) + 3 Cu*(aq) +7 H,0(1)

39.

40.

41.

42.

46.

47.

48.

49.

50.

52.

793

Mpo6nemu

Hanmmm ru paBeHKHTe Ha MOIypeakIHUATe U BKyNHATA peakiyja Ha
KenmjaTa M MpecMeTaj ro MOTeHINjaloT Ha KelamjaTa 3a ceKkoja off
BOJITHHATE KEJINA YUK MEMH ce IPUKAXKAHA TIOfOIY:

(a) Pt|Fe**(aq), Fe**(aqg)||Cr,0,*(aq),Cr* (aq)|Pt
) PtINO(g)INO, (aq), H*(aq)||H*(aq), H,0,(aq)|Pt

Hannmm ru paBeHKHTE Ha IHOIypeakIHUuTe U BKyIHATA peakiyja Ha
KenmjaTa M IMpecMeTaj ro IMOTEHIMjaloT Ha KelmjaTa 3a ceKoja off
BONTHHHATE KEJIMH YNHU IIEMH Ce IIPUKasKaHI OJOIY:

(@) PHI,(s)II (aq)IICI (aq)(CI,(g)[Pt
@) Pt|PbO,(s)IPb*(aq), H*(aq)lIS,0, (ad), SO,* (aq)|Pt

Cekoja ofi IOJIONyHaBEICHUTE PeaKiliy ce Of[BUBA BO BOJNTUHA Kellyja.
Hannmu ru paBeHKATE Ha NONypeakUUATE W BKYIHATa peakiuja.
Hannmm ja memaTa Ha Kenmjarta v mpecMeTaj ja BpeiHocTa E°

(a) Fe*(aq) + Sn?*(aq) —> Fe?*(aq) + Sn*'(aq)
@) Cu(s) + H*(aq) + NO, (aq)
— Cu?"(aq) + H,0(l) + NO(g)

Cexkoja o1 TOFOIYHABEICHATE PEAKI[HH CE Of]BUBA BO BOJITHHA KelHja.
Hanuiy ru paBeHKUTE HA MOJypeakIMUTe W BKYIHATA peakiuja.

kemmja®

Hamwmm ja memata Ha KenmjaTa U MpecMeTaj ja BpefHocTa E°
(8) Zn(s) +Ag'(aq) — Ag(s) + Zn*(aq)
@ Fe*(aq) + O,(9) + H'(aq) — Fe*(aq) + H,0(1)

Kenmja®

IpenBuan nanu Ke MMa 3HAYNTENHO (BOOUWINBO) OfIBUBAK-C HA CIIC{HUBE
MPOLECH:

(a) Ucrucuysame Ha Cd**(aq) co Al(s).
(6) Oxcupanmja va Cl(aq) o Cl,(g) co Br(l).
(8) Okcupammja na Cl-(aq) no o ClO, (aq) co H,0, Bo Ga3na cpenuHa.

Cpebpoto He pearnpa co HCl(aq), no pearupa co HNO,(aq). (a) OGjacun
ro PasIMYHOTO OffHECYBae Ha CPEOPOTO KOH OBHE [IBE KHUCEIHHN.
(6) Hanmm ja MOXHaTa paBeHKa BO jJOHCKH OOJINUK 3a peakiujata Ha
cpebpoto co HNO,(aq).

HaJ'II/I MO2K€ J1a KOPUCTUME METAJICH HATPUYM 3a UCTUCHYBaHE Ha Mger
O] BOIE€H paCTBOp? Ako e MO2KHO, TOramtl IIpUKaXu Ir'u ojiypeakuuure
1 BKYyITHaTa peaKm/Ija. Axo UCTUCHYBAKETO He € MOKHO, TOTalll HalIIINn
ja paBE€HKaTa 3a peaKuI/IjaTa ITO ce CiIy4dyBa.

IManaguyMoT € pefok MeTall LITO e KOPUCTH KAaKO KaTaau3aTop.
Bakapot u cpeGpoTo 6u ru uctucHane Pd** joHuTe Off BOJHU PacTBOPH.
Camuor manajuym 6u pearupan co HNO,(aq), mpu mto ce fo6uBa

Pd*(aq) u NO(g). MI3Bpiun npolieHa Ha MOKHATa BPEIHOCT Ha B, o, .

PojyMOT € pefjok MeTal ITo ce KOPUCTH KaKO KaTanm3aTop. Meranor
ue pearupa co HCl(aq), no pearupa co HNO,(aq), pu 11ro ce go6uBa
Rh¥(aq) u NO(g). Bakapot Moxe ia ru ucrucHe Rh¥ jouure off BogHu
pacTBOpH, HO cpebpOTO He MOXKe. MI3BpIIN MpoIeHa Ha MOXKHATA

o
BPEJIHOCT HA B 31 0.

o o .
Onpepenn ri BpejHocTHTe Ha E° | 1 AG® 3a crieiHiBe peaKiyi:

(a) Al(s) +3Ag*(aq) Al*(aq) + 3 Ag(s)
(6) 4103 (aq) + 4 H'(agq) — > 21(s) + 2H,0(I) + 5 0,(9)
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53.

54.

EdexT Ha konuentpanujara sp3 E,

maBa18 e EnekTpoxemuja

Hamumu ro n3pa3oT 3a KOHCTaHTaTa Ha paMHOTEXa 3a ceKoja Off
CIIe[IHUBE PeakIlui 1 onpefieny ja GpojHara BpeHocT Ha K 3a 25 °C.

(@ PbO,(s) + 4 H*(aq) + 2 Cl (aq)
= Pb*(aq) + 2 H,0(I) + Cl,(9)
6) 30,(9)+2Br(aq) == 2BrO, (aq) (casen pacrsop)

Hanuum ro u3pa3or 3a KOHCTaHTaTa Ha paMHOTEXa 3a ceKoja off
CIICTHABE PeaKIiy 1 ONpeieNy ja GpojHaTa BPEHOCT Ha K, 32 25°C.

@ Ag'(aq) + Fe**(aq) —— Fe*(aq) + Ag(s)

Kenmja

ITo norpe6a kopuctu ru nogarouute of Tabenara 18.1 u fogatoxor B.

57.

58.

59.

60.

IIpecmeraj ja BperocTa Ha E, . 38 ceKOja Off CIEIHABE PEaKIlHi KOra
THe OU Ce Oj{BUBaJIe BO BOJTHHA Kellnja.

(@ Pb(s) + 2 H*(0.0025 M)
— Pb?"(0.85 M) + H,(g, 0.95 atm)
) CIO, (0.65 M) + 3 Mn#(0.25 M) + 3 H,O(l)
— CI(1.50 M) + 3 MnO,(s) + 6 H*(1.25 M)

ITpecmeraj ja Bpepnocra Ha E__ . 3a cekoja off CIeJHUBE peakUiu Kora

Kemija

THE OU ce OJBHBAJIC BO BOJITHHA Kem/[ja.
(a) Fe(s) +2Ag*(0.0015 M) — Fe*(1.33 M) + 2 Ag(s)
@ 4 VO0?(0.050 M) + O,(g, 0.25 atm) + 2 H,0(1)

—— 4V0*(0.75 M) + 4 H*(0.30 M)

ITpecmeraj ja BpegHocTa Ha E___ . 3a BONTHHA KeJnja umja mema e

Kemija

Pt{H,(g, 1 atm)|0.0025 M HCI||H*(L M)|H,(g,1 atm)|Pt

IIpecmeraj ja BpennocTa Ha E,

Kennja

3a BOJITHHA Kenuja umja mema e

PtH,(g, 1 atm)[0.0675 M HCI[j0.0250 M KOH|H,(g,1 atm)|Pt

61. BonrTmHaTa Kenmja 4ymja mema € jjaficHa MOAO0NY MMa BPEJHOCT 3a

MOoTeHIujanoT Ha Kenujara E, . =0,108 V.
Kemija
barepun

65. Omnuum ru MOXXKHATE eNeKTPOJHN Peaklid U peaknujaTa Ha KejujaTa
BO Kesrja Bo Koja Mg e anopia, a O, e xatopa. Onpenienn ja BpejHOCTa

o
Kenuja®

66. Omuim ru MOXKHHUTE eNEKTPOIHN Peaklui U peakiujata Ha KeanjaTa

BO Kesja BO Koja Zn e aHofia, a Cl, e katoga. Onpenienu ja BpejHOCTA
o
Kenmja®

67. bBartepunrte n3paboTEeHH Off MHK M cpeOpPO M3riefaaT Kako Komye,
MHOT'Y C€ TeHKH 1 C€ KOPHUCTAT BO PAYHH YACOBHUIM, JUTHTPOHH, YPEH
3a ciyliame 1 Bo Kamepu. barepujaTa e onuiana co ciefjHaBa mema:

Zn(s), ZnO(s)|KOH(e ngopur, aq)|Ag,O(s), Ag(s)
Kopo3snja

69. 3omTo 3a KOpo3ujaTa Ha XKeJIe30TO ce MOTPEOHN BOJa, ENEKTPOINT 1
Kuciopoy?

70. XKexe3oTo MoXe fja GHJiE 3aIITATEHO Off KOPO3Hja CO MPETOKPUBAFHE CO
6akap uim co uHK. M Bo iBaTa ciryyan 3amTuTaTa e epuKkacHa, JOKOIKy
3aIITHTHATA IPeBIaka He ce omTeTH. Ho Kora npepiakaTa e OmTeTeHa,
CelaK Kopo3wujaTa € MHOTY oOaBHa KOra Taa € Off IIMHK BO cropeda co
6akapHarta. O6jacHu ja oBaa pa3nuka.

71.  OGjacHH 30IITO TEPMHUHOT ,,)KPTBEHA aHOMA™ € COOABETEH IIPU ONUCOT
Ha METOJIOT 32 3alLITHTA Ha XKele30T0?

72. OG6jacHu KaKo TeMHATa IIPEeBiaka IITO CIIOHTAHO Ce CO3/iaBa Ha cpedpo-
TO MOXKeE JIa ce OTCTpaHu 6e3 MpuToa ja ce ryou cpedpoTo.

73. Tlpumepot 18.10 m Bexx6ata 18.10A 1 18.105 ce ogHecyBaar Ha ciukaTa

18.20 (a) u 18.20 (6). Ha cimukara ecHo, oy (B) € npuKakaHa xKeJe3eH

174
[

56.

62.

64.

68.

74.

(6) MnO,(s) + 4 H*(aq) + 2 CI (aq)
—— Mn?(aq) + 2 H,0(1) + Cl,(9)
(®) 20Cl (ag) === 2Cl (aq) + O,(g) (6asen pacrsop)

Bakapua nenra e Bponera Bo 1,00 M Ag*(aq) pacrsop mpu 25 °C. Koja
peakimja putoa ce ofBuBa? KonkaBn ce paMHOTEKHUTE KOHIICHTPA-
LIMH TIPH BOCIIOCTABYBAE XEMUCKA PAMHOTEXA?

Jlenta op Kanaj e Bpoxera Bo 1,00 M Pb*(aq) pactsop npu 25 °C. Koja
peaxkuuja npuroa ce ofgsusa? Kosikasu ce paMHOTEKHUTE KOHIEHTpa-
LMK HA BOCIIOCTABEHATA XeMUCKa paMHOTeXa?

Pt, H,(g, 1 atm)[H*(x M)||H*(1 M)|H,(g, 1 atm), Pt

Konky e pH Ha HenmosnaTuot pacTsop?

Bontunara Kenuja umja miema e fafeHa Mofojly UMa BPeHOCT 3a IOo-
TEHLWjaloT Ha KenujaTta E =-0,015 V. IlpecmeTaj ja BpeaHoCTa Ha
[Ag*] Bo KenujaTa?

Kenmja

Pt|Fe*(0.125 M),Fe*(0.068 M)||Ag*(x M)JAg(s)

Be3 oa epuwuw Oeitiaanu tipecmeiliku, TPEABUAYN KOja O CICTHUBE
BOJITHHHU Kenuy Tpeba [ja UMa HajrojiemMa BPeJHOCT 3a IOTEHIUjaloT
Ha KennjaTa. OGjacHH o TBOETO Pa3MUCIYBaE.

(a) Cu(s)|Cu?(1.25 M)||Ag*(0.55 M)|Ag(s)
(@) Cu(s)|Cu?(0.12 M)||Ag*(0.60 M)|Ag(s)

Be3 0a spuuw Oeltiaanu ipecmeiiiki, MPEJBUAN KOja Of CICHUBE
BOJITHHH Kelliu Tpeba /la iMa HajrojieMa BPe[JHOCT 3a KOHI[EHTpaljaTa
Ha Cu* jounte. O0jacHH rO TBOETO Pa3MHUCIYBAbE.

(@ Zn(s)|Zn*(1.00 M)[|ICu*(? M)ICu(s) E,, . =1.06V
6) Zn(s)|Zn?*(0.10 M)||Cu?*(? M)|Cu(s) B = 115V
®) Zn(s)|Zn?*(1.0 x 10-2 M)||Cu?*(? M)|Cu(s)

E =116V

Kennja

Hej3nHnoT KanmauureT e OKOJy IIeCT NaTH MOroJIeM OTKOJIKY OJIOBHATA
GaTepuja co ucta ronemrHa. Hamuim ru paBeHKuTe 3a oaypeakiunTe,
KaKo M BKyIIHaTa paBeHKa Kora 0aTepujaTa co3jaBa cTpyja.

Kusnnara 6aTepuja, Koja IOPaHO MHOTY ce KOPUCTEILe, € OT(pIeHa off
ynoTtpe6a nopaju npodaeMuTe co TOKCHYHOCTA Ha XKUBATA IPU HEj3UHO-
TO OTIOXKYyBae 10 ynorpebara. [ToeHocTaBeHa eMa 3a oBaa GaTepuja
e

Zn(s), ZnO(s)|KOH(e ngopur, aq)|HgO(s), Hg(l)

Hamuig ru paBeHKUTE 32 MOMypeakiuuTe, KaKo 1 BKYITHATA paBeHKa
Kora 6arepujaTa co3jiaBa CTpyja.

KJnHeln 06BueH co IMHK. O6jacHy 30I1TO OBaa CUTYallja ce pa3iuKyBa
Of] OHaa MpHKaxkaHa Ha cnukaTa 18.20a.

OGjacuu 3011TO IeNOT (T) Off A0MHATA CIMKA CE PA3JINKyBa Off ClIUKATa
Ha 18.20(a). MeTanoT 1mro ro 0GBUTKYBa KIHHELOT € Gakap.

(r)



Enexrtponnsa

75.

76.

71.

78.

79.

80.

Harmurm ja BKyNHaTa joHCKa paBeHKa 3a eektponusara Ha Cu(NO,),(aq)
u3Befiena co (a) OakapHa aHopa M 6akapHa Karopa, (6) nHepTHa Iuia-
THHCKA aHOJIa U KeJIe3Ha KaTofia 1 (B) [ABE IIATUHCKH €EKTPOJIN.

Hanuimu ja BKyIHaTa joHCKa paBeHKa 3a elekTposusaTa Ha NiSO,(aq)
u3BefieHa co (a) aHofa Off HUKEJ 1 3KeJle3Ha KaTojia, (6) aHofa Off HUKel
1 MHEepTHA INIATHHCKA KaTo/1a 1 (B) MHEPTHA IUIATHHCKA aHOA M KaToj1a
O] HUKEJL.

Kopucrejku ri mofaToluTe 3a eNeKTPORHNUTE TTOTEHINjall IPEeABUAN
'Y MOXKHHTE IPOAYKTH Ha €IEKTPOIIM3aTa P IPUMEHA Ha MUHIMAITHO
noTpeOHa MOTEHIMjaTHa pa3iIuKa MoMery ABe MHePTHH IIATHHCKH
ENEKTPOAN BO:

(a) BaCl,(I) () NaNO,(aq)

Kopucrejku ru mojaTonuTe 3a eIEKTPOHATE TTOTEHIN] AN TIPEBAAN
T'M MOKHUTE TIPOAYKTH Ha JIEKTPOJIM3aTa P NPIMEHA Ha MUHIMAJTHO
notrpebHa MOTEHIWjaTHA pa3iiiKa MoMery [Be HHEPTHHU IMIIATHHCKH
€JIEKTPOJH BO:

(a) ZnSO (aq)

(6) HBr(aq)

(6) MgBr,(l) (®) NiCl(aq)

Konky rpamMoBu cpeOpo ce fAenoHupaie Ha MIIaTHHCKA KaTofa MpH
enekrposusa Ha AgNO,(aq) co enexTpuyna crpyja off 1,73 A 3a Bpeme
2,05 h?

Konky mL H,(g) mepenn npu 23,5 °C u 749 mmHg, ce cosgaBaaT Ha
IJIATHHCKA KaTofa Ipu enexTponusa Ha H,S0,(aq) co enexTpuyna
crpyja o 2,45 A 3a Bpeme oxt 5,00 min?

dononHuTenHun npobnemwm

HpO6J’ICMI/ITC 03HAYEHH CO * MOKEe fla € NMOTCIIKU Of APYyIrUTe.

8s.

86.

*87.

88.

89.

Kora P (s) Bo 3arpeana Bofia ucnponopiuonupa 1o PH,(g) n pocdopna
kucenuHa? Hanuiy n3paMHeTa XeMrcKa paBeHKa 3a OBaa peakiumja.
OTnagHuTe PACTBOPH IITO COAPYKAT TOKCHYHH I[MjaHUAN MOXKE Jla ce
HEYTpanu3npaar co A0laBar-e raCOBUT XJIOP BO Oa3eH OTNajieH pacTBOp.
Tlpuroa, uujanunHuTe joHU ce npeTBopaat Bo uujanatu (OCNY), a
XJIOPOT €& PeAyLMpa 10 XINOPUAHA jOHH. AKO BO OTNAJHAOT PacTBOP ce
Jofajie MaJIKy KUCEJNHa, PH IITO Ce HaMaJId MaJIKy HeroBata 6a3HoCT,
peakmmjaTa co XJOop Ofiu A0 AoOMBambe XHAPOTEHKApOOHATHH jOHU
(6ukapGoHATH) M racOBUT a30T. Hamuim n3paMHeTH paBeHKH 3a OBUE
JIBE PEAKINN.

W3paMuu ru ClefHUBE PeTOKC-PABEHKU CO MPUMEHa Ha METOJOT Ha
OJTypeaKIyu.

(@) B,Cl; + OH™ —— BO,™ + CI™ + H,0 + Hy(®)
(6) CH;CH,ONO, + Sn + H*

—— CH5CH,OH + NH,0H + Sn*" + H,0
(8) F5ScOF + OH™ —— Se0,>” + F~ + H,0 + Oy(g)
(r) AsyS; + OH™ + H,0, — AsO,>™ + SO, + H,0
(¢) XeFg + OH™

—> XeOg*™ + F~ + H,0 + Xe(g) + Oy(g)

Mako MeTofioT co MONypeaKIm ro KOPUCTEBME 3a U3paMHYyBambe Ha
PENOKC-paBEHKH 3 POLECH BO BOJHU PACTBOPH, TOj MOXKE 1 MOLIMPOKO
la ce KOpHCTH. VM3paMHH ja cliejHaBa paBeHKa CO UCTHOT METON M
o0jacHu 30IITO TOj MOXKE ¥ BO OBOj CIIy4aj 1a ce MPIMEeHN.

NO(g) + Ha(g) — NHj(g) + HyO(g)

Cnukara 18.3 o6jacHyBa 1ITO ce cIyyyBa KOTa I[MHKOBA €IEKTPOJa
e BpoHeTa Bo pactBop Ha ZnSO,(aq). Janu moxe fa ce faje Camy-
HO o0jacHyBame 3a eneKkTpoaa o HatpuyM Bponera Bo NaCl(aq)?
OG6jacHu.

81.

82.

84.

90.

*91.

92.

93.

94.

95.

96.

*97.
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OononHutenHu npobnemu

KonkaBo KOm4ecTBo eNeKTpUIECTBO, H3pa3eHo BO KYJIOHH, € TOTPEOHO
3a genonuparme Ha 25,0 g Cu(s) Ha KaTofaTa Mpu eJIEeKTPOIU3a Ha
CuSO,(aq)?

KonkaBa enekTpuuHaTa cTpyja, n3pa3eHa BO aMIepH, € norpedHa
3a nenonHnpame Ha 212 mg Ag(s) Ha katopa 3a Bpeme off 1.435 s npu
enekrposusa Ha AgNO,(aq)?

Fes 0a epuwuwu Oeitiasnu iipecmeitiku TPEBANU KOj Off CICHUBE
pacTBopH Ke OBO3MOKH JIeIIOHHPahe Ha HajrojieMa Maca MeTas Ha
IIIATHHCKA KaTOofla PY eJleKTpon3a co crpyja ox 1,00 A 3a Bpeme of
1 h. O6jacuu ro TBOjOT U360P.

(@) Cu(NO,),(aq)
() AgNO,(aq)

() Zn(NO,),(aq)
(r) NaNO,(aq)

Bes 0a epuuw Oeitiannu fipecmeifiky TPEABHAN BO KOj PacTBOP Bpe-
METO Ha eJIeKTpolH3a Ke Oujie HajoNro, ako eJIeKTPONH3aTa ce u3-
Be/lyBa IIPH CJICHHUBE YCIOBU: PACTBOPUTE MMaaT ¢HAKOB BOJYMEH,
eIIEKTPOJIN3aTa ce H3BelyBa CO MHEPTHHU INTATHHCKH eJIEKTPOIHM 1 CTPYja
on 1 A. EnexTponusara 3ammpa BO MOMEHTOT KOr'a KOHIIGHTpAIHjaTa
Ha pacTBOPOT € MONIOBIYHA BPEHOCT Off oueTHaTa. OGjacHi Io TBOjOT
n360p.

(a) 0.50 M Cu(NO,),
) 0.75M HCl

() 0.80 M AgNO,
(r) 0.30 M Zn(NO,),

Jla o pasriaename mocpeGpyBamkETO Ha JKeJIe3HaTa JTaskKHIa IPUKasKaHoO
Ha ciaukaTa 18.23. ITokaxu jeka, Bo npuHuun, Ag* Moxe ja ougat
penyumpanu 10 Ag(S) camMo o IIOTONYBakbe Ha JTaXKUIaTa BO PACTBOP Ha
AgNO,(aq). Cenax, 301TO cMETaMe IeKa Ce BPIIIH eJeKTPOJIETIO3UIIM]a
Ha cpeOpo HaMECTO NCTUCHYBamke Ha AQ* jOHH O pacTBOPOT?

Konky mununurpu O,(g) moxe fia ce coGepat Haj Boa npu 20 °C
U HaJBOpellleH NpUTHCOK of 761,.5 mmHQ Ha nmuaTHHCKa aHOAa, aKo
HCTOBPEMEHO Ha ITATHHCKATa KaTofa ce Aenonupaie 1,02 g Ag(s) npu
enekrposuza Ha AgNO,(aq)?

Enexrponusa na 0,100 L 0,785 M pacrsop na AgNO,(aq) ce n3ejysa co
TUIATHHCKHY eNIeKTPOyH 1 cTpyja o 1,75 A. KonkaBa e KOHIIEHTpanujaTa
Ha PacTBOPOT 1o 25 Min enekTposnmn3a?

Bp3 ocHOBa Ha BPEHOCTHTE 3a €IEKTPOAHUTE MOTEHUMjANH JOKAXKI
neka MnO,(s) He TpeGa jja pearupa co HCl(ag) co ocnoGopyBame Ha
Cl,(9). Cenaxk, npu 3arpesame Ha MnO,(s) 1 xoruenTpupana HCl(aq) ce
ocnoGopysa Cl,(g). Bupouem, oBa € Boo6u4aeH 1a60paTOPIUCKH METOR
3a obusame Ha Cl,(g). OGjachu 301TO ce clydyBa OBaa peakuujara’?

Koj e HeonxogHIOT MOTpeOeH HATIOH 3a /la Ce HAMOJIHK OJIOBHA baTepu-
ja? Axo ce ymoTpeOH MOrojeM HAOH O MHUHMMAJTHO MOTPEOHMOT,
MOXe Jla ce CO3/ajie eKCIUTO3MBHA cMeca racoBH Bo Oarepujara. OGjacHu
3011TO OU Ce CIyYyBajo OBa.

ITpecmeraj ja BpegHocTa Ha E . 3a crefHaBa BOJITHHA Kenuja:

Kemmja
Pt, Ho(g, 1 atm)|CH5COOH(1 X 107* M)l
H"(0.010 M)|H,(g. 1 atm), Pt

Ipecmeraj ja BpegHocTa Ha E,_ . 3a crejHaBa BOJITHHA Kenuja:

Kemmja
Pt|H(g, 1 atm)/H(0.010 M)
NH;(0.45 M), NH,*(0.15 M)|H,(g, | atm)|Pt

Konxkasa e Bpegnocra Ha E 3a ciefiHaBa Kenuja

Kenmja

Cu(s)|Cu(0.10 M)||Ag,CrO, (e ngopur, aq)|Ag(s)



796

*98.

*99,

*100.

101.

*102.

103.

maBa18 e EnekTpoxemuja

Konkasa Tpe6a a 6uje konentpamujata [Cl] Bo anoHaTa momykesnn-
ja 3a cieHaBa Kenmja ja IMa oTeHmmjan E =0,100 V?

Ag()]AgCIs)|CI(x M)|ICu?T(0.25 M)|Cugs)

IlITo ce ci1ydyBa cO MOTEHIM]aNOT HAa KOHIEHTPAIUCKA Kelja MpH-
KaaHa Ha cnukarta 18.14 co TeKOT Ha BpeMeTo Ha Hej3uHaTa paboTa?
OpHOCHO, lany NOTeHIUjaIoT pacTe uiny onafa? Ako Kenujara paboTu
IepMaHeHTHO, IallH Taa BO ¢leH MOMEHT Ke IIpecTaHe 1a co3JaBa CTpy-
ja? Bo TakoB ciy4aj, KakBa e cocToj6ara Bo IoIyKeauure?

daxTopoT Ha epuKacHOCT, ¢, HA TOPUBHA KeJuja € AeHUHUpPaH co
paBenkaTa ¢ = AG°/AH°. KonkaB e ¢akTOpoT Ha e(UKacCHOCT Ha
MeTaH-KHCIOPOJ] FTOpHBHA Kesnja npuKaxaHa Ha cTpanuna 7787 Koja e
TeopeTcKaTa BPeHOCT 3a E"m“ja Ha oBaa Kenyja?

Bo opururanHaTa mocraHoBKa Ha CraTyara Ha clio60jaTa 61iIa KOpHC-
TeHa YeIMYHa MpesKa IIOKpIeHa CO TeHKU GaKapHH INIOYH cO AebemHa
ox 2,5 mm. bakapHaTa noBpIINHA GHJIa pa3gBOCHA OJ YeIHYHATA
MpezKa co a30ecT, KOj Co BpeMe ce 3aryOmil, a YeIYHaTa MpeXa TOJIKY
KOpOJiEpala ITO HEKOH [IeJIOBH 3aryOuie moBeKe Off IIONIOBHHATA Off
HIBHATa IIOYEeTHA Maca, 3a BpeMe of 100 ropuHm, Impey cratyara Aa
6upie pecraBpupana. 3a osue 100 rogunu 6akapoT 3ary6un camo 4 % op
cBojaTa Maca. Bp3 ocHOBa Ha eJIEKTPOXEMUCKHTE IPHHIUIY 00jacHH TH
oBue (heHOMEHI.

I'padmuknoT npuka3 fajgex Ha ciamkara 18.12 mokaxyBa geka BpefHOC-
Ta Ha K, MOXe 1a Gujie IpecMeTaHa Bp3 OCHOBA Ha HEKOM IIOAaTOLH Of)
eNeKTPOXEMUCKH Meperba. 3a BOJITHHATA KeJrja MpUKaskaHa Mofony
(a) namum ja memara Ha Kenujata u (6) ¥ Off HOAATOLMTE Ha CIIMKATa
npecmetaj ja Bpepnocta 3a Ko Ha Agl(s).

Bonrmerap

Enekrponuren Mmoct

KNO;(aq)

IMoTceTn ce Ha UCKyCHjaTa 3a aTyMHHIYM-BO3AYIIHATa GaTepHja Ha
crpannia 777. (a) Konky rpamMoBu amyMHHIYM Ke ce IOTPOLIAT aKO BO
GarepujaTa ce obua eIeKTpUIHa cTpyja co jaunHa 10,0 A 3a Bpeme of
4,00 h? (6) ickopucTi T MOATOL|TE Off CTpaHuuaTa 777 u OfaToKoT
B 3a p1a ja onpepiemmm Bperocta AG°{[AI(OH), ] }.

*104.

*105.

*106.

*107.
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111.

IMpumepox ox 0,1000 M pactBop Ha CuSO, co Bomymen 250,0 mL e
TIOJVIOKEH Ha eJIeKTposmn3a co crpyja of 3,512 A 3a Bpeme o 1.368 s.
Ilo enexTposnu3aTa Bo pacTBOPOT € fofafen NH, 3a KoMmmeKkcnpame
Ha cnobopute Cu** jorn. KonnenTpanujata va NH, Bo pacTBOpoT 10
KoMIuIekcnpameTo n3necysa 0,10 M. [lanm pacTBopoT Ke ce o60u CHHO,
3HaejKu leKa MUHUMAaJTHATa HEOXO/{HA KOHI[EHTPAI[H]a Ha KOMILIEKCOT
IITO MPEIU3BUKYBa CUHO 000jyBame ¢ 1 x 10° M?

Ilotcetn ce Ha enekTpoxemmckaTa Kenmja of npumeport 18.12. Kom-
KaBa € KOHIL[EHTpalyjaTa Ha JOHUTE BO NOJTyKENUUTe BO CEKoja Kemnja
OMHMIIIAHA BO MPUMEPOT, KOTa eJIEKTPUIHA CTpYyja He Teue MOBeKe Hu3
cHCTEMOT?

Pasrnenaj ja ciegHaBa peBep3nOMIHA peaknyja, Koja MOYHAIa Jja ce
OJIBUBA CO MJEHTUYHH BPEHOCTH HA MOYETHUTE KOHIEHTPALMH Ha
jonure. KonkaBa Ke Oujie KOHIIEHTpalyjaTa Ha jOHATE Kora Ke ce
HOCTUTHE PaMHOTEXaTa?

Hg?™(0.250 M) + 2 Fe?™(0.180 M)

— 2 Fe**(0.210 M) + Hg(l)
Kora ke ce nonane AgCI(s) Bo pactBop Ha Br jonu, ce ciydyBa ciejHaBa
peBep3UOHIHA peakImja:

AgCl(s) + Br (ag) == AgBr(s) + Cl (aq)

AKo moueTHaTa KOoHIEHTpanuja Ha Br jorute e 0,4000 M, xonkaBa e
HMBHATA PAMHOTEXHA KOHIEHTpanuja’?

IToTeHnujanor Ha GakapHaTa eleKTpojia BPOHETa BO pacTBOp Ha Oa-
kapHu(Il) jorn e MepeHa Bo ofHoc Ha SHE 3a pasinnyHn KOHIEHTpaun
Ha 6akapuute(ll) joun. IIpu rpacpuuxu npukas, Koja BelnuunHa Tpebda
7a Omyie MpUKaykaHa Ha arncuycara 3a jia ce fobue npasa nuHrja. Konkas
€ HaKJIOHOT Ha npaBaTa? [laiau HaKIOHOT Ke Ouje pasiauyeH ako ce
paboTu 3a cpebpeHa eneKTpoya MOTOIEeHa BO PACTBOP CO pasinyHa
KOHIIEHTpalyja Ha cpeOpeHn joHn?

Kopucrejku ru eIeKTpOXEMUCKATE TEXHAKH XeMHYapUTe MOXe Ja
olpefienaT MHOTY HECKH KOJIYeCTBa Ha HEKOH METalIHH joHI. Bo efien
BHJ] aHaNM3a IITo BKiIydyBa Cd** joHM, MOXe [ia ce OIpefein cTpyja
on 1 mukoammep (pA) 3a Bpeme of 1 munucekynaa (ms). Konkaso e
KoJmyecTBOTO Ha Cd?* jOHH (BO MOIIOBIT) OIPENENICHO CO OBaa TeXHUKA?
Kounkas 6poj Cd?** jonu nputoa ce onpefeneHn?

IIpecMeTaj ja MacaTa Ha METAJIHOTO OJIOBO IITO Ce PACTBOPYBa BO
ABTOMOOMJICKMOT aKyMYJIaTOP TP HETOBO KOPHCTEH-E 3a BpeMe of 30 S.
Boob6uuaeHo, jaunHarta Ha cTpyjaTa nputoa u3necyBa 80 A. [ToTceTn ce
Ha JIUCKycHjaTa 3a ONIOBHATA GaTepHja 3a la 'M OIPEJIEIIHUII COOJIBETHATE
HOypeaKIHH.

Enexrpomusara na Na,SO,(aq) ce n3BenyBa Bo Be Pa3jiBOCHH HONYKEHH,
MOBP3aHNU CO EIEKTPOIUTEH MOCT, KOj MCTO TaKa COJPXKH PacTBOP Ha
Na,SO,(aq). EnexTponusara ce n3BejlyBa co €IeKTPHUYEH HAMOH O 6 V.
IllemaTa Ha oBaa enekTpoIHU3a e

Pt|Na,SO,(aq)||Na,SO,(aq)|Pt
Bo cekoja nonykenuja e gofajgeH HHANKATOpP (heHoapranen .

(a) Kou ce MoxHHUTEe MOJypeakluu WITO ce OfBUBAaaT Ha aHOAATa
n Katoplata? [lanm Ke ce mpomeHn 6ojaTa Ha pacTBOPHUTE BO IO-
nyKkenuure?

(6) Janu enexTponusara MoxKe [a ce U3Befie KopuCTejKu cyBa GaTepuja

co HanoH ofg 1,5 V? OGjacHn.

(8) Ilo enexrpomnmsara, ABaTa pacTBOPU ce Memmaar. [lanu Ke ce ciny4n

npoMeHa Ha 6ojaTta Ha pactBopute? O6jacHu.

(r) OGjacuu 301ITO OArOBOPOT MO (B) HE 3aBUCH Of] KOHIIEHTpAIHjaTa
Ha pacropure Ha Na,SO,(aq), BONIYMEHOT Ha PaCTBOPHTE BO 1O-
JTyKeJTUnTe, KOJINIECTBOTO HAa CTPyjaTa HCKOPUCTEHO 3a eJIeK-

TPOJIN3a, HUTY OJ1 BDEMETO Ha €JIEKTpOIM3aTa.

(m) Bo npyr ekcrnepument, pactBop Ha HCl(agq) co Hemo3HaTa KOH-
neHTtpamnuja u BonyMmen on 10,00 mL e gopamen Bo KaTogHaTa
noJyKenuja 3aefiHo co penosdranennort. [Ipuroa, enexkrponusara
€ M3BefieHa co cTpyja of 23,2 MA, a pacTBOPOT CTaHall pPO30B IO
8 min u 22 s. KonkaBa Guia KOHI[EHTpal#jaTa Ha pacTBOPOT Ha

HCl(aq)?
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112. Bo BcesieHCKHUTE OpPOJOBU CE KOPUCTAT KHCIOPOJ-BOAOPOJ FOPHBHI

KeJmu 3a 0OnBambe eIEKTPUIHA CTPYja.

(a) Hanmum ru nonypeakuunte, 03HauH Ha KOja €JIEKTPOJia Ce OfIBUBAAT
¥ HAIIIN ja BKYIHATA peakiiyja.

@) ;I(}))GCMCTaj ro E;, IpeTHocTaByBajku geka Po, = 2,0 atm u Py, =
,0 atm.

(B) AKO BCeIIEHCKHOT OpOJ] HOCH JIBa LIIIMHPHU CO BOMyMeH of 225 L 3a
BOJIOPOJI M KHCITOPOJ TpH TeMriepaTypa 298 K, KoIKaBo KOJINYeCTBO
€Hepruja n3pa3eHo BO KWIOIYJIM MOXKE Jla TIPOM3Be/ie TOPUBHATA
KeJnja ako Hej3nHaTa epukacHocT e 82%?7

MpumeHU ro 3Haew€TO

114. [JlaGoparopuja] 3a npakTuuHa ynorpeba, 3acHTeHaTa KalOMeJIoBa

eJIeKTpofa n cpebpo-cpebpoxnopuaHaTa eIeKTpojia ce MOMOTOfHA
pedepeHTHN eTeKTPON OTKOJIKY CTaH[apfiHaTa BOAOPOJHA EIEKTPOIA.
[onypeaxmuute ce Hg,Cl,(s) + 2e- —> 2Hg(l) + 2 Cl (aq) n AgCI(s) + e
—> Ag(s) +Cl (aqg). [IBeTe pehepeHTHN €IEKTPONIH KOPUCTAT 3aCUTEH
pacrBop Ha KCI. OGjacHu 3011TO HUBHUTE IIOTEHIUj i C€ KOHCTAHTHU.
IlITo ke ce ciyum coO MOTEHIMJANIOT - Ay Ke Ouje MOMO3UTHBEH WIN
TIOHETaTHBEH - aKO MOpacHe Temneparypara?

[[TaGoparopuja] ITpu Ky TOMETPUCKUTE TUTPALII PEATEHCOT CE CO3aBa
€JIeKTPOXEMHUCKH, KOJIITO MOTOA pearupa co CyNncTaHuujaTa MmTo
Tpeba fja Guie omnpefeneHa. buiejKu peareHcoT ce TPOLIM BO MHOTY
KPaTOK BPEMEHCKH MHTEPBAJ MO HETOBOTO CO3aBame, TO] MOXE a
Gujie XeMUCKH HecTabmIIHA CYICTaHIMja. 3a ONpefiellyBambe TPark Off
IMKIOXEKCaH BO OoTnajgHu (pabpuyKu BOAM c€ KOPUCTU PacTBOP Ha
Gpomupn, Off KOj eNEKTPOXEMHUCKH ce 0OMBa eneMeHTapeH 6poM, Koj
II0TOA pearupa co NUKIOXEKCaHOT:

CGH 10 + Br2 _— C(,H 10BI'2
KynomeTtap mro kopuctu crpyja ofg 9,65 A 3a Bpeme o1 235 s co3nasa Jio-
BOJIHO KOJINYECTBO GPOM 34 Jla pearnpa CTeXHOMETPHUCKH CO IPUCYTHHOT
mukoxekcan. [TpecMeTaj ja MacaTa Ha IUKIIOXEKCAHOT BO PACTBOPOT.

[Buoxemuja] Hurpornunepunor (1,2,3-rauuepuiaTpuHUTPaT) € MHO-
Iy eKCIUIO3UBEH, HO BO Mallil KOJIMYECTBA ce KOPHCTH NMPOTUB GOJKa
BO rpajure (aHrMHA) MpefU3BUKaHA OJl CTECHETH (3auyeleHu) cp-

*113.

*117.
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(r) Acxo ropusHara Kenmja ce kopuctu 10 ieHa, KonaBa e Hej3WHATa
ecuKkacHOCT W3pa3eHa BO BaTh?

(n) Kou ce anpokcumanuuTe Ipu OBHE MPECMETKM IITO BJIMjaaT BP3
Ipelnu3HocTa Ha pe3ynTaTure?

IIpu 25 °C, noTeHnujaIoT Ha clefHaBa Keuja n3necysa 1,172 V.

Pt|H,(1 atm|NaOH(1 M)|Ag,O(s)|Ag(s)

Bp3 ocHoBa Ha OBHME MOJATONH, KAKO M MOJATOLUTE BO JOJATOKOT
B, ompepienu ro mapiujanHUuOT NPUTUCOK HA KUCIOPOJOT LITO € BO
pamHoTeXa co cpebpooKkcuaoT u cpedporo npu 25 °C. Janu uuctoro
cpebpo CIIOHTaHO OKcuArpa Ha Bo3nyx? O0jacHu.

LeBH apTepHy. Bo opraHm3MoT cyncraHnujarta ce pegyuupa po 1,2-
[IALEPUIINHATPAT 1 HUTPUTHE joHH. HUTpUTHUTE jOHN ce pefynupaar
BO MUTOXOHJ[PHHTE 1O a30TMOHOKCHJ - CHTHAJIHA MOJICKYJIa LITO TH
IPOLINpPYBa IPBEHATE KPBHY 3PHIA I TO 3rOJIEMYBa IPOTOKOT HA KPB
BO CPLEBHOT MYCKyII. (a) JloceramHoro o6jacHyBame IPUKAXKK IO CO
nonypaBeHka (Bo kucena cpeauna). (6) IIpermocraBu ieka apyrara
ToJTypeaxuuja e

NADH — NAD" + H" + 2e”

a[I0TOA HATIMIIN ' ¥ H3PAMHH Tl IBETE peOKC-paBeHKu. ([omous: 12,3-
TIALEPUITPUHATPAT U 1,2-IIUIepUIANHATPAT UMAAT UCTa CTPYKTypa
KaKoO IJIULEPOJI, CaMO LITO HAMECTO XUAPOKCUIIHU IPYIN UMAaT ABE N
Tpu -ONO, Tpymnu, COOBETHO.

[IaGoparopuja] Kuceno-6a3na Tutpanuja ce nu3BefyBa BO €lEKTPO-
xeMHucka Kenrja Bo koja 100,00 mL o 0,0350 M NaOH(aq) u Bojoponsa
€JIEKTPO/Ia Ce aHOJHATA ITONyKelyja, a CTaHapAiHaTa BOJOPOJIHA €IIeK-
Tpopa e KaTofgHaTa Kenuja. Onpepenn ja pH-BpegHOCTa BO aHOAHATA
HonyKenuja u E i 10 IONIABALETO Ha creHuBE BoMymenn 0,150 M HCI:
(a) 0,00 mL (6) 5,00 mL (8) 10,00 mL (t) 15,00 mL () 22,00 mL () 23,00
mL (e) 24,00 mL (k) 25,00 mL (r) 15,00 mL. Hampraj ABe TUTpanucKu
KPHBH, €/IHa BP3 OCHOBA Ha PH-BpejiHOCTa, a Apyra Bp3 OCHOBa Ha E
BpefHocTa. [Janu KpuBuTe ce crnopepnusu nomery cede?

kemmja

% NMpo6nemun og MmynTumeanymMckuTe martepujanu

ITpoGnemaTukaTa Ha OBUE Mpalllarba MOXKE A CE Hajjie BO MaTCPHjanoT

3a €IEKTPOHCKO YUCH-E U BO MOAYIIOT 32 HHTCPAKTUBHO YUCH-E 32 CTYACHTUTE
(ITS) Ha BeG-crpanuuara http://chem.prenhall.com/hillpetrucci

118. Bo aHmManujata 3a OKCHAANHCKO-peAyKnmucknTe peaknun (pex 1)

(I'nasa 18-1), (a) onmpeneny aam Macata Ha IMHKOT pacTe WIIHM ce Ha-
JIaMyBa BO TEKOT Ha PeakKiujaTa, 3a CeKoja Off IPUKaskaHATEe peakiun?
(6) Manu npoMeHaTa Ha MacaTa Ha IIMHKOT Ke Oujie moroyieMa 3a npBaTa
WK 32 BTOpaTa peakiyja ako 6pPOjoT Ha pPa3MEHETH €NEKTPOHHU €
€/THAKOB 3a JIBeTe peaxiun?

Bo annmanujaTa 3a cranaapaan pexyKuuckn norenujam (Iaasa 18-4)
(a) koja e coHaTaHaTa peakifyja mTo O¥ ce OfJBUBANIA IPH COC/IHYBAE
Ha aBete nonykenuu? (6) Ompenenu ja BpeAHOCTa 3a CTAHJAPHUOT
MIOTEHIHjall Ha KenyjaTa 3a oBaa CIIOHTaHa peakiuja.

120. Bo anumarnmjara 3a Boarunu kemnn (11) (KeamjaTa quHK-BOgOpoON),

(I'nasa 18-4) npenBuyn ja Kako Ke ce MeHyBa E___ 3a IpBaTa eJIeKTpo-

Kemija

121.

122.

XeMHCKa peakiyja ako (a) ce 3roleMu MovYeTHaTa KOHIEHTpaluja
Ha Zn**(aq) u (6) ce Hamanu noyetHaTa KoHuenTpanuja H,0*(aq). 3a
BTOpaTa peakiiyja, KakoB 6u 6ui ecpekror Bp3 E aKO ce OTCTpaHU
racoT Hajl PacTBOPOT BO BOJJOPOjiHATA Kesunja?

kenmja

3a ¢punaMoT pemrokc-xemuja Ha xKenezo n 6akap (Iaasa 18-5) (a)
HAIWIIN ja MoJypeaknujaTa 3a npukakanuotr npouec. (6) Haupraj
cIMKa Ha aTOMapHO HUBO 3a Jla TH WIYCTPHpAII MIPOMEHHATE IITO Ce
ciIydyBaaT Ha TpaHMIATa IoOMery IBeTe (pa3h KaKo Pe3yiTaT Ha BeTe
TOJTyPeaKIHIL

Bo peaxuujaTa npukaxkaHa Bo (OUIMOT 3a elleKTpojieno3unmja (I rasa
18-11) (a) npecmerTaj ja cTpyjaTa noTpeOHa 3a fenosuiuja Ha 0,15 g
metaneH Cr 3a Bpeme o 10 min, u (6) mokaxu Ha Koja eJIeKTpoja
(kaTopa nM aHOfA) Ce ICTIOHNPA XPOM.
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